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Na sababa biz polimerlar iiciin stabilizatorlardan istifads edirik?

Polimer materiallar hal-hazirda miiasir hayatinizda ¢ox miihiim yer
tutur. Bu giin siisa, farfor, metal, kagiz, agac kimi genis yayilmug
materiallar polimer materiallarla ovaz oluna bilir.

Polimerlordon uzun miiddatli istifads tocriibasi gostarir ki, bu maddalor
isigin, istiliyin, oksigenin tasiri altinda qocalmaya moruz qalr ki, bu
sababdon do onlar svvalki davamhihgim va elastikliyini itirir, ronglori
solqunlagsir, borkiyir, strukturunu itirir vo dagimaya moruz qalir. Lakin
polimer materiallarm torkibinds termostabilizator, antioksidant va isiq
stabilizatorlart kimi alavalor olarsa bu arzuolunmaz proseslori longitmak
vo ya tamamils aradan qaldirmaq miimkiindiir.
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bioloji vo bu kimi qocalma proseslorini aradan qaldirmaq néqteyi-nozerinden {izvi
birlasmolar, polimerlar, kompozisiya vo materiallara slavalor kimi bir sira kimyovi
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keyfiyyatinin uzun miiddat saxlanmasimna kémok edir, yeyinti mohsullarinin xarab
olmast vo qaxsimasmin qarsisini alir, dorman preparatlarinin istifade miiddstini
artirir.

Toqdim olunan monoqrafiyanin baslica magsadi bu birlogsmalorin miithiim
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ONSOZ

AEROB OKSIDLOSMO PROSESLORININ UMUMI
GORUNUSU

Uzvi birlosmoalorin aerob oksidlosmo proseslori tobiot
elmlori i¢orisinds on mithiim yerlordon birini tutur vo elm vo
sonayenin  aktual problemlorinin  halli  istiqgamotino
yonalmisdir.

ogor S + O,— oksidlasmo — ¢evrilmd moahsullar:
iizro aerob oksidlosmo prosesini nozordon kegirsok (burada
S — iizvi substrat — neft, polimer, karbohidrogen, boyaq
maddosi, dorman preparati, yeyinti mohsulu, otriyyat
mayesi, sellilloza va s.-dir), bu proseso iki diametral-oks
movqgedon yanasmaq miimkiindiir:

1 —oksidlogsma-¢evrilmo maghsullar1 arzuolunandir

2 — oksidlsmo-gevrilma  reaksiyalar1 arzuolunan
deyil.

Oksidlogma-gevrilmonin birinci yolu kimyagilar iigiin
giymotli  kimyovi mohsullarin  alinmasinda  somorali
oksidlosmo proseslori aparma imkani yaradir. Bu zaman
proseslorin aparilmasi {i¢iin uygun sorait — oksigenin
tozyiqi, katalitik sistemlor, zaman vo temperatur rejimi,
reaktorlarin qurulusu vo s. secilir ki, bu da tolob olunan
mohsullarin magsadyonlii olaraq alinmasina imkan verir.

Oksidlosma-gevrilmonin ikinci yolu iizro olan todqi-
qatlar tamamilo oks mogsod — substratin ovvalki qiymatli
xassalorini saxlamaq mogsadi dasiyir. Belo ki, maddoalor
yiksok temperaturun tosirindon destruktiv siialanmadan,
aqressiv mithitdon, giiclii oksidlosdiricilordon, atmosferin
zororli tosirindon miithafizo olunurlar. Bu magsadlo ilkin
maddonin saxlanilmasi, istifadssi vo emalinda yumsaq rejim
secilmoklo yanasi, az miqdarda olavalorinin totbiqi ilo
effektiv miidafiogi rolunu oynayan miixtolif protektorlar,



stabilizator vo konservantlarin vasitasi ilo substratlarin
stabillogsmasi do tamin olunur.

Oksidlosma proseslori iizro qeyd olunan hor iki
istigamot kimya elmindo mithiim ohomiyyat kosb edir vo
onlar bu sahodo moévcud olan bir ¢ox fundamental vo
praktiki iglords 6z oksini tapmisdir.

Hazirki monoqrafiya diqqati ikinci istiqgamat {izorin-
do comlomis vo polimerlorin stabillogsmasini tomin edon an-
tioksidantlara hosr edilmisdir. Polimerlorin nizaminin
pozulmasina (destruksiyasi) sabab olan proseslorin miixto-
lifliyi vo onlarin aradan qaldirilmasi {isullar1 hagda mate-
riallar kitabda ardicilligla verilir. Bu zaman asas diggot
polimer materiallarinin antioksidlosdirici stabillogdirilmasi-
nin daha vacib noazori vo tocriibi cohatlorini isiqlandirilma-
sina yonoldilmisdir. Polimer kompozisiyalar1 vo materiallari
iiclin yeni vo perspektiv antioksidantlar kimi fullerenlor,
bir- va ¢oxdivarli karbon nanoborular1 nazordon kegirilmis-
dir.

1. Polimerlorin qocalmasi, polimer materiallarin
destruksiyasinin  miixtalif novlori haqda qisa
malumat

Polimerlorin qocalmasi vo onlarin stabillosdirilmasi
problemi polimer materiallarinin yaradilmasi, emali, sax-
lanmasi vo onlarin istismar xassolorinin tonzimlonmosi ilo
mosgul olan polimer materialsunaslhigi adlanan elmin boyiik
bir bolmasini toskil edir. Hazirda bu movzu otrafinda ¢ox
zongin vo boyiik shomiyyat dasiyan praktiki material mov-
cuddur.

Polimerlorin otraf miihitin tosiri altinda bas veran
gocalmasi vo ya koéhnolmosi, onlarin emall, istismari vo
saxlanmasit zamani xassalorinin dénon vo dénmoyon kimi
doyisikliklors (pislosmoya) gotirib ¢ixaran fiziki vo kimyovi
proseslorin miirokkob kompleks toplusudur. Cox zaman
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«gocalma» termini avazino «destruksiya» (dagilma) termini
isladilir.

Qocalma proseslori fiziki vo kimyavi olmaqla iki yera
boliiniir. Fiziki qocalma proseslori donardir. Bu proses
polimer zoncirin dagilmast vo ya tikilmasino gotirib
cixarmir. Misal olaraq kristallasma vo yenidon kristallasma
proseslorini, polimerin torkibinoe arzuolunmaz holledicilorin
daxil olaraq kristallararas1 korroziyaya vo polimer
momulatlarin mexaniki xassalorinin pislosmasina sobab olan
proseslori gostormak olar.

Kimyovi qocalma proseslori iso geri donmoyondir. Bu
proseslor kimyovi rabitolorin qirilmasina, bazon iso makro-
molekullarin tikilmosino, polimerin kimyovi qurulusunun
doyismosing, polimerin molekul kiitlosinin azalmasina vo ya
artmasina gotirib ¢ixarir.

Polimerlorin stabilliyi — onlarin emali, istismar1 vo
saxlanilmasi zamani otraf miihitin tosiri naticosindo xasso-
lorinin doyismomasi qabiliyyati demaokdir. Polimerlorin sta-
billosmosi dedikds iso polimer vo polimer momulatlarinin
gocalma siirotini asag1 salan kimyovi vo fiziki metodlarin
totbiqi nozordos tutulur.

Stabillosmonin fiziki metodu asas etibarilo garsiliqh
tosirdo olan hissociklorin diffuziya siirotinin doyismosi ilo
olagoalondirilir. Masalon, polimerlorin hidrolitik destruksiya
proseslorini longitmok mogsadilo aqressiv miihitin (suyun,
tursu, osas vo duz mohlullarinin va s.) polimer matrisaya
diffuziya siirotini asagi salmaq olar.

Stabillosmonin kimyovi {isulu polimerin qocalmasina
(destruksiyasina) cavabdeh olan aktiv hissaciklori (esason,
atom, radikal vo ionlar1) tutub saxlayan miixtolif kimyovi
birloasmalorin polimerlars alava edilmasi ilo saciyyalanir.

Hal-hazirda dunyada polad, ¢uqun, alvan metallar
vo s.-nin birlikdo goétiirilmiis istehsali qodor polimer
materiallar buraxilir. Istehsalin dinamikasi da miihiim
amillordon biridir. Polimer istehsalinin artim tempi metal
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istehsali artim tempini 25-30 % istoloyir. Aydindir ki,
istehsalin belo genis hocmi iiglin buraxilan mohsulun
keyfiyyati birinci doracali ohomiyysato malikdir. Polimer
momulatin dmriiniin iki dofs uzadilmasi bu maddslorin
istehsalinin iki dofo artmasina borabordir.

Basga bir mosalo — polimer materiallarin davamlili-
ginin miqdari cohotdon prognozudur. 9gor polimerlorin
etibarli istismar miiddoti asag1 diisorso, bu zaman polimer-
don hazirlanmis detallarin ehtiyati titkonmomis onlar isti-
fadodon konarlasdirilacaqdir. Bu iso iqtisadi cohatdon sorfoli
deyil. Istifado miiddati artirildigda iss polimer momulati is
osnasinda siradan ¢ixa bilor ki, bu da qozaya vo ya daha
agir naticalora sabab ola bilar.

Daha bir masalo iso destruksiya prosesindon polimer
momulatlarin modifikasiya olunmasinda bir metod kimi
istifado etmokdir. Bu metoddan triasetat selliilozadan ha-
zirlanmis saplarin nazik iist qatinin hidrolitik destruksiyasi
zamani miivoffoqiyyatls istifads olunur ki, bu da elektriklos-
moyon, ¢irkotab (toz hissociklorini 6ziino ¢okmoyon), yaxsi
ronglonon parcgalarin alinmasinda istifado olunur. Belo ki,
sapin iist qatinin tzorindo miirokkobefirli asetat qruplari
ovazing (tabistco hidrofob olan va bu sobobdon do elektrik-
loson) hidroksil qruplart amols golir ki, onlarin da {izorindo
elektrik yiiklori axib gedir.

Dordiincii masolo - artiq islonmis vo ya qocalmis
polimer momulatlariin tokrar istifadosi ilo baghdir. Hal-
hazirda 6z istifado miiddatini basa vurmus polimer momu-
latlardan ibarst tullantilarin miqdar kifayot qodor ¢ox ol-
dugu sobobindon polimerlorin tokrar emali, monomerlorin
regenerasiyasi, polimer tullantilarinin pirolizi kimi masalalor
boyiik aktualliq dasiyir.

otraf miihitin miihafizasi vo iqtisadi mosalolor do
mithiim problemlordon sayilir. Polimer materiallar {i¢iin
xammal olan neftin daha uzaglarda — simal vo sorqdo, do-
nizin dibinds vo yerin dorin gatlarinda oldugu nozoro ali-
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narsa, golocokdo polimerlorin qiymoti arta bilor. Polimer
tullantilarinin zibilxanalarda yandirilmasi iso kiilli miqdar-
da zohorli maddslorin, eyni zamanda, sianid tursusu vo dok-
sinin amoalo golmasing sabob olur.

Altinci problemi do geyd etmok moagsodouygundur —
bu, birdofolik istifadoyo malik 6z-6ziino pargalanan poli-
merlorin alinmast vo onlarin totbiq saholorinin axtarisi
problemidir. Bu ideyanin maqgsadi sarnir (hancomo) qruplari
ilo birlogsmis bloklardan polimer yaratmaqdir. Bir sortlo ki,
bloklar davamli olmali, sarnir qruplar1 iso bir soraitdo
davamli (istismar zamani), digor soraitdo iso (istismardan
sonra) davamsiz olmalidirlar. Belo sarnir qruplar1 bir qayda
olaraq, is1ga vo hidrolitik proseslora qarsit davamsizdirlar.
Buna goro do istifadodon sonra tullanti halima kegon
polimerlor bu gqruplasmalar {izro asanca blok-oligomerlora
parcalanirlar ki, bu maddalor dos torpaqda yaxs1 hall olur vo
sonradan bakteriyalarla mohv edilir.

1.1. Polimerlorin termiki destruksivasi (piroliz)

Termiki tosir noticosindo vo oksigensiz mithitds poli-
mer materiallar kimyovi rabitolor iizro pargalanirlar. Poli-
merlorin bu ciir destruksiyasi termiki destruksiya adlanir.

Polimer zoncirinin iki osas par¢alanma novii vardir:
bu depolimerlosms (polimerlosmo prosesinin aksi) vo poli-
mer zoncirdo moévecud olan istonilon rabitonin pargalanma
ehtimali eyni olan pargcalanmadir.

Monomerin son radikaldan qopma siiratinin omsalt:
k =103 & E/RTg-1 burada 1013 - A — B rabitosindo A vo B
atomlarinin rogsi horokotlorinin miqdarini gostoron omsal-
dir. E = Ep + q, burada E, - monomerin makromolekula
birlosmosinin aktivlosmo enerjisi, ¢ — monomerin makrora-
dikala birlogsma istiliyidir (q no goder az olarsa, depolimer-
losmo ehtimal1 da bir o godar ¢ox olar).



Zoncirvari mexanizm iizro polimerlorin termoparga-
lanmasini nazardoan kegirak. Karbon zancirli polimerin timu-
milosdirilmis formulunu yazaq:
~CH,-CHX-CH,-CHX~, burada X — hoar hansi heteroatom
va ya qrupdur.
ogor X - C\\- OCH; qrup olarsa, bu zaman polimer polilme-

0]
takrilatdir, X — xlor olduqda iso polimer polivinilxloriddir
(PVX).
Polimerin parcalanmasi qiciglandirma marhalosin-
don baslayir. Oksor hallarda bu parg¢alanma asagidaki kimi

bas verir: )
1 . :
~CH,-CHX-CHx-CHX~ - ~CH,CHX + CH,-CHX-

Polimer molekulunun belo qirilmasi naticosindo iki
radikal (molekul qaliglar1) omoalo golir. Makroradikallar
sonradan asagidaki sxem {izro monomerin amals golmasi ilo
naticolonan depolimerlosmo prosesine moruz qala bilor:

2 :
~CHy-CHX-CH-CHX - ~CH,CHX + CH,=CHX

Polimer molekulun qirilmasi naticesindo iki radikal omolo
golir (molekulun golpalori).

Novbati iki mithiim morhalo — zoncirin molekuldaxili va
molekularasi 6tiirtilmasi marholosidir:

: ks :
~CHXCH,CXH-CH,-CHX - ~CHXCHCX-CH,-CH2X,

. Ku
~CH,-CX-CHy-CHyX + ~CH,-CHX-CH,-CHX~ — ~CH,-

-CHX-CHp-CHoX + ~CHb-CX-CHp-CHX~
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Daha muhim bir morhalo makromolekulun

destruksiyasidir:

: Ks :
~CH,-CX-CH,-CHX-CHx-CHX~ - ~CH,-CX=CH, + CHX-
-CH,-CHX~

Zoncirin qirilmasi iki radikalin goriismosi noticosindo bas

Verir.
Ks
R+ R - R-R vayaxud — RH +onedun.

Qeyd olunan radikal parcalanma mexanizmindon
basqa (bu mexanizm daha ¢ox miisahido olunur) ion tipli
(esas etibarilo poliformaldehid vo basqa hidrozoncirli
molekullar belo parcalanir) vo molekul tipli parcalanma da
movcuddur.

Misal olaraq daha bir par¢alanma — PVX-in
pargalanmasini gostorak. Temperuturun artmasi naticosindo
polivinilxloriddon HCl molekulu ayrilir vo ikiqat rabito
yaranir. Bu ikiqat rabito sonraki dehidroxlorlasma {i¢iin
katalizator rolunu oynayir. Qeyd etmok lazimdir ki, bu
rabito PVX-nin parcalanmasini 10 dofs artirir:

~CHy-CHCI-CH=CH~— ~CH=CH-CH=CH~ + HClI

Bu zaman ~CH=CH-CH=CH~ qrupu dehidroxlorlagsma
prosesini ~CH=CH~ qrupu ilo miigayisado 1000 dofs artirir
va naticads PVX-do polien ardicilligi alinir.

Beloliklo, polimerin termiki pargalanmasi
makromolekulun sonlarindan (depolimerlosmo) vo ya
molekulun ortasindan (tosadiifi bas veron pacalanma)
baslaya bilor. Depolimerlosmonin garsisini almaq ii¢iin belo
polimolekulun wuclar1 blokada edilmalidir. Masalon,
polioksimetilends (poliformaldehid) polimolekulun uclarini
- OCHj3 gruplari ils blokada etmok miimkiindiir:

~CH,O-CH,O-CH,O-CH,OCH;
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Tosadiifi bas veron parcalanma molekulda rabito
enerjisi ilo toyin olundugundan onun qarsisin1 almaq
miimkiin deyildir. Lakin biitiin m6évcud sarbast radikallari
sorbast radikal reaksiyalar1 ingibitorlarinin kémoyi ilo
neytrallagdirmaq olar. Bu reaksiyalarin mexanizmi asagida
nozordon kegirilocokdir. Yiiksok temperaturlarda termiki
pargalanma piroliz do adlanir.

1.2. Polimerlarin termooksidlasdirici destruksiyasi

Ancaq hidroperoksidlorin omalo goldiyi maye fazada
iizvi — RH (polimerlor do daxil olmagla) birlosmalorin
oksidlosmo prosesinin mexanizmi asagidaki kimi ifads
oluna bilor:

Sxem 1.

ko'
RH+ G - R +HO,
Ko zoncirin yaranmasi
2RH+Q - 2R + H,O»

K1

R +0 - RO’
Ko zancirin davami
RO, +RH - ROH +R

ks
RO-OH- RO +'OH zancirin saxalonmasi

Co
R + R- R-R
Ks
R + RGQ - IL?OOR zancirin girilmasi

6
RO, + RGQ,’ - ROOR
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ki siirat sabiti ko-don dofslorle ¢ox oldugundan alkil
radikallar1 boyiikk siirotlo RO»" peroksid radikallarina
cevirirlor. Polimerin oksidlosmo siirati bu zaman
Wo, = W, *k, / ks~ [RH] diisturu ils tasvir olunur, burada
Wi — inisiatorla (qiciglandiric1) aktivleson oksidlosma
prosesinin siiraitidir (adaton zoncirlorin omologolma va
saxolonma siiratlorinin comina barabardir).

1.3. Ozonun tasirindon kaucuk, rezin vo plastiklorin
gocalmasi

C=C ikigat rabito saxlayan maddslorin ozonla
reaksiyasinin siirati C-C birqat ratibali maddoslorin ozonla
reaksiya siiraotindon 100 000 dofs ¢oxdur. Buna goéro do, ilk
noévbads ozonun tosirindon kauguk vo rezinlor zoror ¢ekir.
Ozon ikiqat rabito ilo qarsiigh tesirdo olaraq araliq
kompekls omolo gotirir.

K31 Q
O3+ R-CH=CH-R - !
R-CH=CH-R

Bu reaksiya 0°C -don asag1 temperutardu kifayat qodor tez
gedir. Kompleks iki ciir ¢gevrilmaya moruz qala bilor:
1) molozonid amalo gotirs bilor:

?3 k2 /X
-~  R— R
E-CH:CH-R H/C\O/CTH
vaya

2) olefinin (kaugukun) digor molekullar1 ilo toqqusaraq
ilkin maddalori omalo gatirs bilor.
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O3 ks
! + R-CH=CH-R- O3+ 2R-CH=CHR
R-CH=CH-R

Eksperimental olaraq miisahido olunan reaksiya siiratinin
omsali:

K miis. edilan. = k3,1 [k2 /ko + k3 (olefin fragmenti)

Ikiqat rabitoli oksor birlosmolor iiciin ks 104105
I/mollsan togkil edir. Doymus birlogsmalor {i¢lin ozon sadoco
olarag adi  oksidlosmo  reaksiyasinin  inisiatoru
(quciglandiricist) rolunu oynayir.

RO "+ HOy

RH + 03<' T Gpr OR
\ ROOOH — RO '+ HOy,
RO, + OH
Kauguk va rezinlorin ozonun tesirindon bas veron
destruksiyasinin qarsisint almaq iiglin osas yol ozonun
kauguk vo rezindo mdvcud olan ikigat rabito ilo qarsiligh
tosiro daxil olmazdan avval ozonla daha tez reaksiyaya giro

bilon maddoalorin axtarisidir.

1.4.Polimerlarin fotodestruksivasi

Isigin tosirindon polimerds miixtalif cevrilmalor bas
verir ki, bu da sonda onun dagimasma gotirib ¢ixarir.
Giinos 15181 A>200 nanometr dalga uzunlugu olan
kvantlardir. Yer sothindo qisadalgali spektr sorhadi A=290
nanometra uygun golir. 200 nanometrdon 290
nanometrodok dalga uzunluqlu isigin bir hissosi atmosferlo
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otrafa yayilir. Ultrabon6vsoyi stialarin  bu sahasinda
doymus karbohidrogen molekullar1 is1g1 uda bilmir.
Ultrabonovsayi stialarin A>290 nm dalga uzunlugunda isiqi
oksigen vo azot dasiyan qruplar, ikigat rabitolor, aromatik
niivalor, doyiskon valentli metal birlosmolorinin qarisiglari
(polimerlosmo katalizatorlarinin qahglar1) udurlar. Isigin
udulmasi, radikallarin omolo golmosi vo polimerlorin
destruksiyasi ilo miisayiot olunur. 9gor polimerin daxilindo
onun oksidlosmo mohsullar1 varsa, masalon ketonlar, bu
zaman bu maddolor polimerin (RH) parcalanma
reaksiyasinin fotoinisiatorlar1 (aktivlosdiricilori) rolunu
oynayirlar.

R,COR, » RiICO +R,
R,CO - R/ +CO,

R:" (vaxud R’) + RH - Ri{H (R,H) + R
R + O - RGOS

Sxemin davami oksidlosmo prosesino uygun olaraq
gostorilir.

1.5.Polimerlorin radiasivanin tasirindon destruksivasi

Isiq udularkon onun tezliyi molekulun udulma
tezliyino uygun  golorso, radiasiya enerjisi  biitiin
molekullarla udularaq ionlasma aktim1 yaradir vo
molekullar hayocanlanmis voziyyato kecir. Ionlasdirict
siialanma 2 ndve - korpuskulyar (elektronlar, protonlar,
neytronlar, alfahissociklor, elektron veron atomlar) vo
elektromaqnit stlalanmasi (rentgen siialanmasi,
gammasiialar) névlorina ayrilir.

«A» maddasinin ionlasdirict stialanma ilo qarsiligh
tosirinin ilkin reaksiyasinin sxemini verak:
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A AT +e

Burada A* - miisbat yiiklonmis hissacik, e- - elektrondur.
At +e - A* (A* - hoyocanlanmis hissacikdir)
A+ € - A-
At+A 5 A¥+ A
A* — R1.+ Rz.
(hayacanlanmis hissaciyin radikala pargalanmasi)
A*+RH - AH+ R’
(polimerdan hidrogen atomunun qopmasi)
Sonra oksidlosma prosesi davam edir.
Stialanma noticosinde molekullar noinki qirilir, bu
zaman tikilmo do bas vero bilor. Kaugukun radiasiya
noaticasinds vulkanlasma prosesinin sxemi asagidaki kimidir:

RH RH" +¢€

RH +e” - RH
RH* - R+H; H+RH- R +H,
R+R - R-R; RH+RH- R—-R +H;"
Polietilenin do radiasiya noticosinds (radiasyon)
vulkanlagmasi bu sxem iizra bas verir.

1.6.Polimerlorin hidrolitik destruksivasi

Molumdur ki, hidroliz prosesi radikal mexanizmi
iizro deyil, ion mexanizmi {izro bas verir. Bu hal hidroliz
prosesinin garsisini almaq liclin antioksidantlardan istifado
etmok imkanmi yox edir. Hidrolizin siirotinin asagi
salinmasinda osas metod — aqressiv miihitin (su, osaslar,
tursular vo duzlar) polimer matritsaya c¢atdirilmasini
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¢otinlogdirmokdir. Misal olaraq amid rabitoli (kapron,
naylon) birlosmalarin tursu ilo hidrolizini géstormok olar:

T
= - C-NI- == M oy
0
I w| (”:+NH O HOOC- + NH
~C-NH-~ — ~C 2 o ~ -
+(%_H
==~ CNH~ —<X>

Amid rabitasinin elektron qurulusu protonlagsmanin
iki miimkiin yolunu miioyyon edir: amid qrupundak: azota
vo karboksil qrupundaki oksigens goOro protonlasmasi.
Birinci forma reaksiya qabiliyyotlidir, ikinci forma iso
stabildir. Azotla protonlasma sonradan  oksigenlo
protonlasmani gadagan edir vo oksino.

1.7.Polimerlorin mexaniki destruksivasi

Eyring \£) Uotsona goro polimerlorin
mexanokimyovi destruksiyasinin mexanizmi R' + R”
yerdayisms qlivvasi , R+ R" sxemi iizro gedir. Omolo

golmis makroradikallar havada peroksid radikallarina
cevrilir vo sonradan inisiatorun istiraki ilo mexanokimyovi
reaksiya vasitosilo aktivlosdirilmis oksidlosdirici destruksiya
prosesi  bas  verir. Mexaniki  gorginliyin = (o)
makromolekullara tosiri naticasindo destruksiya
reaksiyasinin aktivlosmo enerjisi azalir vo beloliklo do,
prosesin slirati artir. Destruksiyanin siirat sabiti
k = ko Cexp (E -yo / RT) san.-!-dir.

Burada y - proporsionallasma amsalidir. Bu tonlik Jurkov
tonliyil adlanir. Lakin bu tonlik bozi adi hallarda
olveriglidir. Adoton, bu tonlik islonilmir, ¢linki
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mexanodestruksiya prosesi oksor hallarda daha miirokkab
mexanizm iizra bas verir.

1.8. Polimerlorin bioloji destruksiyasi

Bioloji destruksiya dedikds polimerlorin
bakteriyalarla qarsiliglt tosiri nazords tutulur. Bu zaman,
bir qayda olaraq, polimerlorin hidrolitik fermentativ
par¢alanma prosesi bas verir. Fermentlor xeyli bdyiik
Olcliys malik olduglarindan polimerlor matrisanin daxiling
niifuz edo bilmir vo polimerlorin bioparg¢alanmasi adston,
polimer momulatin sothindo bas verir.

Polimerlorin  destruksiyasimin  yuxarida nozaordon
kecirilon novilari arasinda termooksidlogdirici destruksiya
daha genis yayilmig vo ¢cox miihiim shamiyyato malikdir. Bir
cox destruksiya novlori natico etibarilo termooksidlasdirici
destruksiyaya gatirib ¢ixarir. Termooksidlosmo ingibitorlar: —
antioksidantlar eyni vaxtda miixtalif energetik vo agqressiv
tasirloro moruz qalan polmerlarin stabillosmasinda ohamiyyatli
vo yararhdirlar.

2. Polimerlarin oksidlasmasi va destruktiv proseslarin
aradan qaldirilmasi iisullar

Antioksidantlarin tesir mexanizmini aydin tosovviir

etmok ii¢iin polimerlorin oksidlosmo proseslorini asagidaki
piktogram soklinds nazordon kegirak:

18



(R Alkyl Radical

RO- Alkoxy Radical
Po|ymer nergy; Shear; HO. Hydroxy Radical
elt Processing; ROO. Peroxy Radical

talyst Residues | ROOH  Hydroperoxide |

pOIymer Oxygen
Cycle Il Cycle |

R~

RO- + «OH + ROO -
Energy (UV Light, Heat) Polymer

Catalyst Residues

=== Path of Degradation

TACS01 - 7.

Sokil 1. Polimer materiallarin oksidlosmo morhalolorinin
sxemi

Piktogramdan goriindiiyii kimi, miixtolif energetik
tosirlor vo  qarisiqlar polimerin destruksiyasina gotirib
¢ixaran radikal-zoncirvari oksidlogsmonin iki dovrasini amalo
gotirir. Gostorilon energetik tasirlor naticasinds radikallarin
omolo golmasi, bir qayda olaraq, polimerin karbohidrogen
zoncirindon hidrogen atomunun qopmasi naticosinda bas
verir (RO, + RH - RO:H + R’- zoncirin davami
reaksiyasi, bax Sxem 1)

Polimerin tobiotindon asili olaraq hidrogenin
gopmasi makromolekulun miixtalif yerlorindo bas verir.

e

-CHZ-CIZH-CH -
Poliolefinlor — R
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-CH=CH-CH »-

Doymamis polimerlor —

-CO-NH-CH -
Poliamidlor —
-CO-NH-CH -
Poliefirlor —
-CO-NH-CH »-
Poliasetallar -

I-ci coadvalds polimerin oksidlesdirici destruksiya
zoncirinin inkisaf prosesini miioyyon edon C-H rabitosinin
dissosiasiya enerjisinin qiymatlori verilmisdir.

Cadval 1. Karbon-hidrogen rabitosinin dissosiasiya enerjisi

(Dr-n)
R-H Dg-n, kkal/mol Rabitanin tipi
CH,=CH-CH:-H 85,1 Allil
(CH3):-C-H 91,1 Uclii
(CH3)-CH -H 94,4 Ikili
Antioksidantlar  oksidlosmo tsikllorini  istonilon

morhalods qira bildiyindon, adaton, 2 mithiim sinfs — sorbost
radikal akseptoru kimi tosir edon ilkin (baza) vo ya osas
antioksidantlara vo ikinci dorocoli - hidroperoksidlorls
garsiligh tesir noticosindo molekulyar mohsullar omolo
gotiron antioksidantlara boliniir.

Polimerlorin ingibitor istiraki ilo  oksidlogmosi
sxemini daha doqiq asagidaki kimi géstormok olar:
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Sxem 2*.

Zancirin enerji  alkil radikallarinin
yaranmast RH(polimer) - R’ omalo golmasi (1)
(siirat W)
k3
Zancirin - RO2;" + RH - ROOH + RO;’ 2)I(3)
davam +0;

*Qksidlosmonin elementar reaksiyalari tigiin diinya adabiyyatinda
gobul olunmus némralonmadon istifads olunmusdur.

RO, +InH  —KZ~ ROOH + In- )
In" + ROOH %» InH + RO, -7)
In'+ RO,  —2> molekulyar mohsullar (8)
ROy + In’ Ko InH + molekulyar mohsullar 9)
RH + In° 'jg’z InH + RO, (10)
In"+In’ —Ka molekulyar (11)

hsull
InH + ROOH — K12, | monsufiar (12)
InH + ROOH & sarbost radikallar (13)
InH+R - % In"+ RH (14)
| InH+0, —2 In"+HOy (16)

Sxemda: RH — polimer, R* vo ROy’ - uygun olaraq alkil vo
peroksid  makroradikallari, ROOH - polimer
hidroperoksididir, InH - ingibitor — antioksidant, In’ -
ingibitor - antioksidantin radikali, m — hor hansi radikal vo
ya molekulyar mahsuludur ki, bu maddalarls qarsiligh tosir
noticasindo 6z xassaloari ilo ilkin molekuldan forqlonon yeni
ingibitor-antioksidant molekulu omolo golir, i — antioksi-
dant xassoli ingibitor-antioksidant vo ya onun mohsullari-
nin radikallarini gdstoron vo nozors alan indeksdir.
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Sxemdo gostarilon biitiin reaksiyalari longimo proses-
lorino tosir noqteyi-nozorindon dérd yers - zoncirin oamolo
golmosi, davami, qirilmast vo molekulyar reaksiyalara
bolmok olar.

Ingibitor-antioksidantin bir cox reaksiyalarda istirak
etmosino baxmayaraq, yalniz bazi osas reaksiyalar prosesin
longimoasini qgorarlasdirir. Ik ndévbeda, bu, InH ingibitor-
antioksidantin oksidlosmosinin aktiv morkozi — RO
peroksid radikali ilo qarsiligh tosir reaksiyasidir (7). Belo
reaksiyalara homginin (8), (9) vo (11) reaksiyalari, ingibitor-
antioksidantin sorbast radikalinin molekulyar mohsul omals
golmosi istigamotindo gedon rekombinasiya reaksiyalarini
vo aktiv radikallarin geyri-aktiv radikallarla avaz olunmasi-
na gotirib ¢ixaran doyismo reaksiyalarimi (14), (15), hom-
¢inin ingibitor-antioksidant molekulunun regenerasiya (-7),
(9), (10) vo (11) reaksiyalarini gdstormok olar.

3. Osas antioksidantlar — radikal akseportlari

Osas antioksidantlar oksidlosma zancirini {i¢ asas ra-
dikal tipi - alkil, alkoksil vo peroksid radikallari ilo qarsiligh
tosir naticasinda qirir (sokil 2).

Folymer
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Sokil 2. Radikal akseptorlar wvasitosi ilo oksidlosmo
zoncirinin qirilmasi sxemi

Fozavi-gotinlogsmis fenollar va ikili aromatik aminlor
peroksid radikallar1 ilo qarsiligh tosirde olaraq oksidlogsmao
tsiklini qirmaqla oksidlogsmoni longidir (7-ci reaksiya, sxem
2). Bu reaksiya analoji reaksiya - zoncirin davami reaksiyasi
ilo rogabot aparsa da, o, daha siirotlo gedir. Masalon,
kumilperoksid radikallarinin reper antioksidant olan 2,6-di-
tret-butil — 4 metilfenolla (ionol) qirilmasinin siirot
omsalinin 333 K-do zoncirin davaminin siirotino nisboti
toxminon k7/ks =104- o borabordir. Bu sobobdon polimerin
peroksid radikallar1 osas antioksidantlarla daha yaxsi
qgarsihigh tosirdo olur vo zoncirin inkisaf reaksiyalari
zoifloyir. Omolo golmis antioksidant radikallar1 bir gayda
olaraq, passivlesdirmo prosesini giiclondirmoklo zanciri 2-ci
dofs qurir (reaksiya 8, sxem 2). Peroksid radikallar ilo
garsiligh tesir siirotinin ¢ox forqlonmaosi sobabindon asas
antioksidantlar polimers ¢ox az miqdarda olavo olunur.
Masalon, termoplastik polimerlar iigiin - 0,01- 0,05 kiitlo %-
1, doymamis elastomerlor vo akrilonitril-butadienstirol
sopolimerlori {i¢iin - 0,5-2 kiitlo %-i istifads olunur.

3.1. Fozavi-catinlosmis fenollar

Fozavi-gotinlogmis fenol tipli antioksidantlarin tosir
mexanizmi ionol misalinda gostorilmisdir (sokil 3).

Passivlosdirmo zamani antioksidantdan  tokrar
ingibitor aktivliyi gdstoron mohsullar — mosoalon, xinonlar
alina bilor ki, (3-ci sokilds 2, 3 va 5-ci birlosmoalor) bunlar da
alkil radikallar iigiin yaxs1 akseptor rolunu oynayir.

Aminli birlosmolordon forqli olaraq fenol tipli
antioksidantlar polimerin rongini doyismir vo onlar eyni
zamanda ronglonmis polimer materiallarini rongsizlosdira
bilmoyon birslosmolor sinfino daxildirlor.
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Yoy
l:-{; CH,
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H ﬁ
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(
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CHy (
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Sakil 3. Fozavi-¢gotinlogmis fenol tipli antioksidant — 2,6 —
di-tret-butil — 4 metilfenolun ingibitor istiraki ilo oksidlosma
morholasinda ¢evrilmoalarinin sxemi.

Orto-vaziyyatdo he¢ olmasa bir boyiik alkil qrupu
olan fenol-hidroksil qrupu sterik mithafizo olunmus olur vo
ylksok antioksidantliq xassalori gostorir. Gostorilon fozavi
cotinlosmolor 10-cu reaksiya {lizro (sxem 2) fenoksil
radikallarinin polimer zoncirdon - substratdan hidrogen
atomunu qoparmasi gabiliyyatini azaldir. Bu akt (reaksiya
10) peroksid radikallarinin yenidon yaranmasina va zancirin
inkisafina gotirib ¢ixarir ki, noticads antioksidantin aktivliyi
kaskin asag diisiir.

Para voziyyotdo olan metil qrupunun tglii alkil
qrupu ilo ovaz olunmasi antioksidlosmo aktivliyini azaldir.
Meta voziyyotdo olan alkil qruplar1 orto-ovozedicilorin
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istiraki ilo orto-para ovozedilmis fenol antioksidantlarina
xas olan yiiksok aktivliyl saxlamaqla vo tokrar ovozetmo
effekti adlanan prosesi reallasdirmaqla o6zlorini para-
vaziyyatindoki ovozedicilori kimi aparirlar. Praktiki olaraq
senayedo istifado olunan biitiin fenol tipli antioksidantlar
bu effekt iizorindo qurulmus vo orto-para voziyystlordo
miixtolif ovozedicilor dasiyirlar. Sian vo karboksi qruplar
kimi giiclii elektron-akseptor qruplari fenolun peroksid
radikalina hidrogen atomunun 6tiirmasi qabiliyyatini asagi
salir vo bununla da antioksidantin effektivliyini azaldirlar.
Umumiyyotlo, sterik avezlonmis fenolun polimerlor
iiclin antioksidant kimi effektivliyi onun radikallar1 tutub
saxlama qabiliyyatinin daracasindon, polimer matrisada hall
olmasindan, materialin mixtolif goraitlorindo istismari
zamani uguculuq doracesindon asiidir.  2-ci coadval
fenollardan antioksidantlar kimi somoarali istifadasi edilmasi
iictin bu faktorlarin shomiyyatini daha aydin oks etdirir.

Cadval 2. 140°C emperaturda polipropilends (PP)
hidrodarg¢in tursusunun efirlorindon ibarat antioksidantlarin
hollolma vo uguculuq xassolorinin onlarin effektivliyino
tosiri

n | tl/, saat ** PP-ds antioksidantin Dodekanda

istifado miiddoati, saat istifado
O2-nin Hava miiddati, saat

udulmasi aximnda

1 0.28 95 2 25

3.6 312 2 23
12 83 420 2 20
18 660 200 165 20
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OH

(CH3)3C C(CHg)3

O

CH2CH Z_C_ OCnH( 2n+1)

(6)
** - 140°C-ds azot axininda antioksidantin polipropilends (PP)
yarimpar¢alanma dovriidiir.

* _antioksidant =

3,5-di-tret-butil-4-hidrodar¢in ~ tursusunun  alkil
efirlorinin ekvimolyar miqdar1 polipropilends (PP) miixtolif
soraitdo 140°C-do smaqdan kegirilmisdir. Hava axininda
aparilan sinaqlarda yalniz yiiksokmolekullu oktadesil efiri
(6-c1 birlosmo, n = 18) polipropilends yiiksok aktivlosmo
effekti niimayis etdirir. Eyni soraitdo daha asagi molekullu
homologlar yiiksok uguculuq xiisusiyyotino malik olmasi
sobobindon effektiv olmamisdir.

Buxarlanma ilo bagh itkilorin minimuma salan
gapali sistemdo oksigenin udulmasina goéro aparilan
smaqlar homologlarin  miuxtolif effekt gdstormosini
mioyyon  etmisdir.  Bu  mixtolifliyi  homologlarin
polipropilenin amorf fazasinda forqli doracods hoallolmasi ilo
izah etmok olar. Dodekanda maddoalorin holl olmasi
praktiki olaraq eyni oldugundan miixtaliflik yox olur vo
maddolor eyni effektivliyo malik olur.

Stabilizatorun molekuluna uzun alifatik fraqgmentlo-
rin daxil edilmosi antioksidantlarin uguculuq xiisusiyyatini
asag salir vo karbonzoncirli polimerlords onlarin hollolma-
si1 artirir. Bu faktorlar, siibhosiz ki, yiliksok molekullu fe-
nol tipli antioksidantlarin istismar gostoricilorini yaxsilasdi-
rir, lakin antioksidantlarin aktiv torkib hissalorinin ekvi-
valent kiitlosini artirir. Bunun qarsisini almaq mogsadilo
sonayedo, asasan, asagl ekvivalent ¢okili va az ugucu olan di,
tri- vo polifenol kombinasiyali osas fenol tipli
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antioksidantlarin garisigindan istifado olunur. Misal olaraq
daha genis yayilmis di- tri- vo polifenol kombinasiyali fenol
tipli antioksidantlar1 géstormok olar ki, onlar da asagidaki
polimerlords istifado olunur: bisfenol 2,2" - metilen- bis (6 -
tret-butil-4-metilfenol) vo ya antioksidant 2246, trifenol-
1,3,5 — trimetil-2,4,6 — tri (3,5-di- tret -butil-4-hidroksi-
benzil) benzol vo ya irqanoks 330 vo polifenol — tetra — (3-
(4-hidroksi-3,5-di- tret -butilfenil) propioniloksimetil) me-
tan va ya Irganoks 1010:

OH OH
{CH;}}.CM

(CH3)5C ) C(CHa);

OH \ /

(CH;3):C

k OH

C{CHa);
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kY
/ = C(CH3)3
f U =“f-l‘l Ill
|

¢ | cH;—0—C—CH;CH; ’:\ O |

\ C(CHa) /4

3.2. Aromatik aminlor

Difenilamin
/O/ NH2
HoN toromolorindon olan antioksidantlar

peroksid radikallarmin ¢ox effektiv akseptorlaridir vo
polimeri asagidaki sxemo uygun qoruyurlar (sokil 4.).

Onlar hotta asan oksidlogon iizvi polimerlorin — mo-
solon, doymamis elastomerlorin stabillosmasi zamani fenol
tipli antioksidantlardan daha effektivdirlor. Lakin bu an-
tioksidantlar va onlarin mohsullar1 4-cii sokildon gorindiiyii
kimi, polikonyuqo olunan birlosmoalordon sayilir, polimeri
ronglomok xiisusiyyatlorino malik olduguna gors asas etiba-
rilo tiind hislo doldurulmus materiallarda istifado olunur.

vo  p-fenilendiamin
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Sokil 4. Aromatik aminlorin ingibitorlarin istirak: ilo bas
veran oksidlogsmo reaksiyalarinin sxemi

Digor antioksidant siniflori ilo miiqayisodo N,N'-
diovozolunmus-p- fenilendiaminlordon — N-fenil-N'-(1,3-
dimetilbutil)-p-fenilendiamin  (Santoflex 13 vo ya
antioksidant 4020, birlosmo 10), daha genis istifads olunur.

LiZHg Tﬂg
CH;—CHC Hzc:Hg—CHN—{w‘N M
| /|
H H
(10]

Gostorilmis amin tipli antioksidantlar doymamis
elastomerlori aerob oksidlosmadon vo ozonun dagidic
tosirindon effektiv mithafizo edir.

N,N'-di-sec-butil-p-fenildiaminin  kimi alkillogsmis
para-fenilen diaminlorin kigik dozalarindan benzin vo agiq
rongli neft mohsullarinda antioksidlosdirici oslavolor kimi
istifado olunur.
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Alkillogsmis difenilaminlor (11) vo dihidroxinolinin
(12) vo 2, 2, 4-trimetil-1,2-dihidroxinolin polimerinin (13)
toromolori polimer materiallarinin
p-fenilendiamino nisboton daha az rongloyirlor va bu
sobobdon do yarimrongloyici antioksidantlar sinfino aid
edilirlor. Dihidroxinolinin téromolori hom do heyvanlar
iigiin yemok va alavalorin stabillosmasinda istifads olunur.

H
)

(113

\\‘_-/{:‘ N "'<\r ;? CH
L ﬂ\\/ {;; " 3
\

-
C

_CH;

I
ol
=
Z

| CH;
H

(13),n=0-6
Difenilaminin téromasi - 4, 4'- bis (aa' - dimetilbenzil) -
difenilamin  (Nauqard 445, Dbirlosmo 14) polimeri
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ronglomoyo daha az meylli oldugundan miitoxassislor
torofindon onlardan hom plastik maddolordo, hom do
elastomerlordas istifads etmok tovsiya olunur.

CH; H CH;

SN L e
WanWanWaaW,
CH;, CH-

(14}

3.3. Fozavi-cotinlosmis aminlor

Fozavi-gotinlosmis aminlor poliolefinlor vo digor
polimer materiallar iiglin  fotodestruksiyaya  qarsi
miibarizodo daha effektivdirlor. Bu birlosmolor, asas
etibarilo antioksidant kimi deyil, is1q stabilizatorlar1 kimi
tosnifata ayrilir. Sonayedo istifado olunan  sterik
ovozolunmus isiq stabilizatorlarinin oksariyyati 2, 2', 6, 6
tetrametilpiperidinin (15) téromoloridirlor (diinya kimya
adobiyyatinda bu birlosmalor HALS kimi isara olunur).

H.C
7\ _CH;,

NH

\7{

HaC CH,
(15)

Bu stabilizatorlar, bir qayda olaraq, isiga davamh
antioksidantlar ~ kimi  tosir  gOstorirlor. Onlarin
antioksidlosdirici  tosirini asagidaki elementar aktlar
soklinda gostormak olar (sakil 5).
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Sokil 5. 2,2'.6,6' tetrametilpiperidinin  téromolorinin
antioksidlosdirici tosir mexanizmi

Bu mexanizmo asason, fazavi-g¢otinlogsmis aminlorin
toromolori oksidlosmo zoncirini polimer-substratin peroksid
vo alkil radikallar1 ilo garsiight tesirde olaraq qirir. Bu
zaman >NO- nitroksil radikalinin yaranmasi zoncirin
coxsayll qirilmasina vo noticodo antioksidantin tutumu vo
effektivliyinin artmasina gotirib ¢ixarir. Bu sobabdon do belo
sterik-¢otinlogsmis aromatik aminlor polimers c¢ox az
gatiligda alava edilir.

Qeyd etmok lazimdir ki, torkibinda nitroksil radikali
dasiyan maddolor stabil nitroksil radikallar1 sinfino
(iminoksil, azotoksid) aid olunurlar vo sintetik {isullarla da
alina bilorlor. Onlarin oksoriyyoati fordi olaraq tsiklik
aminlordon ayrilmis (I-VIII) vo 2, 2, 6, 6" tetrametil-
piperidin - 1 oksil (I) birlogsmasi osasinda sintez edilmisdir.

L
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Xarici odobiyyatda 2,2',6,6' tetrametilpiperidin -1
oksil (I) stabil radikali TEMPO adini dasiyir. Bu radikalin
stabililiyi nitroksil fragmentin 4 odod qonsu metil qruplar
torafindon toéradilon fozavi ekranlagma ilo baghdir.

Stabil nitroksil radikallar1 alkil radikallarinin
effektiv akseptorlarindan sayilirlar vo oksidlogsmonin ilk
morholasinda zanciri qirmagqla substratin
(polimerin) alkil radikallarmin peroksid radikallarina
cevirildiyi 2 reaksiya (sxem 2) ilo roqabot apara bilon
antioksidantlar tipino aid edilirlor. Antioksidlosmonin elo
bu mexanizmi iizro digor alkil akseptorlar: - xinonlar, yod,
kondenslonmis aromatik birlosmolor, homg¢inin nanokarbon
birlogsmalari, asasan da, fulleren vo karbon nanoborular: da
tosir gostarirlor.

Son illords HALS-in polimer materiallarin
torkibinds termo-oksi stabillosdirmo funksiyasi da siibuta
yetirilmisdir. Maye model sistemlordo vo bir sira
poliolefinlor iizorindo aparilmis sinaqglar noticosindo goti
miloyyon olunmusdur ki, Chimassorb, Lowilite, Cyasorb va
s. sinfino aid molum sonaye tipli HALS isiq stabilizatorlar
termooksidlosdirici destruksiyanin qarsisinin alinmasinda
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¢ox giicli effekt gostorirlor. Bu antioksidantlarin model
kumilalkil radikallar1 ilo garsiliqlt tosirinin siirot sabitlori
hesablanmis vo 333-353K temperatur intervalinda 107-108 1/
molldan. kimi yiiksok gostoriciloro malik olduglari
tapilmigdir.

3.4. Hidroksilaminlar

Hidroksilaminlor, demok olar ki, nisboaton yeni
stabilizatorlar sinfino daxildirlor vo sonayedo totbiqi 1996-c1
illora tosadiif edir. Bu birlogsmalorin tasir effekti oksidlosmo
reaksiyalarinda hidrogen atomunun ¢ox giiclii donoru vo
sorbost radikal akseptoru kimi ¢ixis edon hidroksilamin
qrupu ilo baghdir (sokil 6).

H
H R
R NN O/ +R ‘N0 _*tR- R%\
— e =g 4 -
. , R—H R v R—H ) N—o
H H R* R
R—K\ RA< R _< -
N—Q — N—O _,;EH N—O0
R R R
+'R_~
P ‘R—H .
R* R’ R
R / + R- R : +'R R r\ + —
N—QOQ — N—O e A
R~ R —
H H R R

Sokil 6. Hidroksilaminlorin  antioksidlosdirici  tasir
mexanizmi. **R- = alkil radikali

Hidroksilaminlorin istifadasi zamani ¢ox maraql bir
fakt nozoro almmisdir. Belo ki, tosir effektino goro
ekvivalent ¢oki migdarina hidroksilaminlorin tokco fenol
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tipli antioksidantlarla deyil, homg¢inin polimer orintilorinin
fosfit tipli stabilizatorlar1 ilo do miigayiso oluna bilmosine
baxmayaraq, onlar orintido polimerlorin emali zamani
sorbast radikal akseptorlar1 kimi bork polimerlorin
uzunmiiddatli termoqocalmasinda oldugundan daha boyiik
effekto malikdirlor. Basqga sozlo, hidroksilaminlor radikal
akseptoru kimi osas fenol tipli antioksidantlardan daha
forqli temperatur intervalinda 6zlorini biiruzs verirlor.
Poliolefinlorin stabilizasiyasi ii¢iin bir gayda olaraq
alkilovazlonmis hidroksilaminlordan istifads olunur.

3.5. Benzofuranonlar (laktonlar)

1997-ci ilda benzofuranonlar adli yeni perspektivliya
malik antioksidant sinfi irali stiruldi ki, bu maddalorin da
tosir mexanizmi yalniz polimerin avtooksidlogsmosini longit-
mok xiisusiyyati ilo deyil, homg¢inin bu prosesin inkisafinin
ilkin morholalorinds onun tam olaraq qarsisini almasi ilo so-
ciyyalonir. Benzofuranonlarin belo geyri-adi stabillosdirma
aktivliyi benzil qrupunun zoif birlosmis olan hidrogen ato-
munu Otiirmasi hesabina stabil benzofuranil radikallarinin
0z-0z1ind amolo golmasi ilo baghdir (sokil 7).

4\

yiiksok aktivliyo malik olan radikal

Sokil 7. Arilbenzofuranonlarin  osas  antioksidlosma
morholoalori. R- = karbon vo ya oksigen-morkozli radikaldir.
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Rezonans-stabillosdirilmis benzofuranil (laktonil) ra-
dikallar1 ya dimerloso, ya da digor sorbast radikallarla gar-
siligh tasirds ola bilirlor (sakil 8).

Model eksperimentlor vasitosilo miioyyan olunmus-
dur ki, benzofuranonlar hidrogenin aktiv donoru olmagqla
sorbost karbon morkozli alkil, homg¢inin oksigen -morkozli
alkoksil vo peroksid radikallarinin akseptoru rolunu oyna-
yir, basqa so6zlo, benzofuranonlar ¢oxmorkozli tesiro malik
antioksidantlardandirlar.

Sakil 8. Karbon-moarkazli radikallarin arilbenzofuranonlarla
tutulmasi mexanizmi

Bir daha geyd etmok lazimdir ki, osas fenol tipli
antioksidantlar oksidlosmo zoncirini osas etibarilo oksigen-
morkozli alkoksil vo peroksid radikallar ilo qirdig1 halda,
benzofuranonlar biitiin tip radikallar iigiin akseptor rolunu
oynaya bilirlor. Bu sobobdon benzofuranonlardan adoton
polimerlorin oksidlogsma prosesinin saxolonmasinin gqabagini
alan osas ingibitorlar kimi istifado olunur. Qeyd etmok
lazimdir ki, karbon-morkozli radikal akseptorlar1 - stabil
nitroksil radikallari, fullerenlor vo nanorkarbon borular1 vo
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liflori, materialin «destruksiyasina nozarot» rejimindo
isloyon ononovi fenol, amin vo fosfit stabilizatorlarindan
forqli olaraq daha ¢ox «qarsisin1 alan - preventiv» stildo
tosir gostoran stabilizatorlardandir.

Hidroksilaminlor kimi benzofuranonlar da ekviva-
lent ¢oki miqdarinda polimer orintilori iigiin asas fenol vo
fosfit tipli antioksidantlardan daha effektiv stabilizatorlar
sayilir.

Bu sobabdon do benzofuranonlarin temperatur inter-
vallar1 ononovi sonaye tipli osas antioksidantlara nisboton
daha yiiksokdir ki, bu intervalda da onlar daha giicli
effektivliyo malikdirlor.

3.6. Xinonlar

Xinonlarin bazi tiplori alkil R- radikallariin effektiv
akseptoru olan birlosmalor sinfino aiddirlor. Osas etibarilo

bu birlogsmoalor 1,4- benzoxinonun
toramaloridirlar. o =<:>:o
3-cu sokildo gostorildiyr kimi,

ingibitor istiraki ilo gedon proseslor naticasinda fenol tipli
antioksidantlardan antioksidlogsmo aktivliyino malik 2, 3 vo
5 birlosmolori  kimi mohsullar alina bilor. Bu birlosmalor
polimera oksigenin mohdud miqdarinda vo diffuzion
nozarot soraitindo daxil edilmosi zamani termooksidant
kimi istifado oluna bilor. Lakin onlar polimerlorin
isigstabillosmosi zamani daha effektivdirlor.

Odobiyyatda  xinonlarin  digor  téromolori -
xinonometidlar (sokil 9) do 6z oksini tapmisdir ki, onlar da
xiisusi ingibitorlasdirma aktivliyine malik birlogsmalordir.
Buna baxmayaraq, polimerdo onlarin aktivliyi 120°C
temperatur  hoddindo  mohdudlasir. Eyni zamanda
xinonometidlor fenol tipli antioksidantlardan «in suti»
omola goldiyi toqdirda poliolefinlor iigiin stabiliztorlar kimi
daha effektivdirlor.
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HCH, CH,
o 12 Sokil

9. Xinonometidlorin niimayandalori

Qeyd etmok lazimdir ki, antraxinonlar va onlarin
toromolori iso oksina, iizvi substratlarin oksidlosmoasinda
fotosensibilizator rolunu oynayirlar.

Molekulunda haor iki ingibitorlasdirma funksiyasini -
alkil vo peroksid radikallar1 akseptoru dasiyan birlogsmalor,
moasalon, fenol- xinonometidlor vo bis-fenol-aminoxinonlar
antioksidant kimi genis yayilmslar (sokil 10).

tBu
N N R=
OH
oo
tBu
OH
R=
tBu
/

in
H
HZ
o H
HC CH Ry iR
: PPN
0

Sakil 10. Coxfunksiyali tosiro malik antioksidantlar - fenol-
xinonometidlor vo bis-fenol-aminoxinonlar

Bis-fenol-aminoxinon birlogsmalori sinfi poliolefinlor-
do yiiksok stabillosmo xiisusiyyati gostormiglor. Belo ki, bu
birlosmalor is181n, ultrabondvsoyi stialanmanin tosirindon va
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ya metal qarisiglari ilo (masalon, misls) qiciglandirma nati-
casinda yaranan oksidlosdirici destruksiyani effektiv sokildo
stabillogdira bilirlor. Bundan oslavo, qeyd olunan stabiliza-
torlarin 6zlori do ¢ox yiiksok termodavamliliga malikdirlor.

3.7. Karbon hisi vo polikondenslosmis aromatik kar-
bohidrogenlor

Bozi oksidlosmo ingibitorlarinin, xiisusilo do, tobii
neft antioksidantlarinin  Syronilmosi zamanmi mixtolif
kondenslogsmis aromatik vo qarisiq politsiklik birlogsmolorin
antioksidlosmo aktivliyinin nozoro alinmasi problemi ilo
garsilasmaq macburiyyati yaranir.

Odobiyyatdan politsiklik aromatik birlogsmalorin
karbohidrogen vo polimerlorin oksidlosmo reaksiyalarinda
effektivliyl vo mexanizmi barado heg bir doqiq vo birmonali
molumat yoxdur. Politsiklik aromatik karbohidrogenlorin
aldehidlorin oksidlosmo reaksiyalarinda yaxs1 peroksid
radikali akseptoru, eyni zamanda, bozi karbohidrogen vo
polimerlorin oksidlosmasinds is9 zaif peroksid vo giiclii alkil
radikali akseporu olmasi hagqda odobiyyatda miioyyon
molumatlar verilir. Bu prosesin asagida gostorilon
mexanizm iizra bas vermoasi ehtimal olunur:

R ROy | + ROOH

Alkil radikali qosulmus aromatik sistemo birlosorok
aromatik qosulmani dien qosulmasina ¢evirir, peroksid
radikali iso dien radikali ilo disproporsiyaya daxil olaraq
aromatik qosulmani borpa edir. Konyuqali aromatik
holgalorin say1 ¢ox oldugundan maddonin yaxsi qoruyucu
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xassolori tomin olunur. Gostorilon mexanizm  giiclii
kondsenslosmis  sistemlordo,  oksigen {i¢iin  moh-
dudlasdirilmis diffuziya soraitinds, masalon, bark polimer-
lordo daha yaxs1 tosir gostorir. Oksigenin kifayot qodor yiik-
sok gatihiginda (10-2 + 10-3 mol/l) alkil radikallar1 R* komiy-
yatjo peroksid radikallarina RO;" ¢evirilir ki, bunun da nati-
cosindo politsiklik aromatik karbohidrogenlorin ingibitor
qabiliyyati zaifloyir.

Kumol vo stirolun inisiatorlu oksidlosmo model
reaksiyalarin vasitosi ilo asagida verilon politsiklik kon-
denslogsmis aromatik karbohidrogenlorin ingibitor aktivliyi
toyin edilmisdir.

naftalin fenantren Xrizen perilen

Mioyyon olunmusdur ki, hagigoton do, gostorilon
politsiklik  karbohidrogenlor model karbohidrogenlorin
peroksid radikallarina qars1t biganadirlor, lakin kumil va
stirolalkil radikallarinin yaxsi akseptorlaridirlar. Bu zaman
kondenslosmis hoalgolorin sayinin ¢oxalmast va uygun
olaraq, molekulda elektronlarin delokallasma doracosinin
artmasi1 gostorilon birlogsmolorin antioksidlosmo indeksini
artirir.

Siloksan kauguklarinin radioaktiv sualanmasi no-
ticosindo yaranan destruksiyasi zamani antrasen (An) 6ziino
sorbast alkil radikallarini birlosdirorok R- An- R voyaR -
An - An - R tipli birlogsmalor omalo gotirir. Asagi tempera-
turda (77 K) naftalin, antrasen va fenantren asqarlari alavo
olunmus polietilenin radiolizi zamani polietilen makrora-
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dikallarinin politsiklik aromatik karbohidrogen olavalori ilo
tutulmasi miisahido edilir.

Radikal mexanizmi iizro gedon makromolekulyar
reaksiyalarin Oyronilmosi sahossinds aparilan xeyli sayda
islor gostormisdir ki, karbon hisi alkil radikallarinin effektiv
akseptorudur. Onun alkil radikallar1 ilo garsiligh tosirds ol-
mas1 xassasi stirolun, metilmetakrilatin, vinilasetatin toluol
mohlulunda sorbast radikal mexanizmi lizro azobisizobu-
tironitril (AIBN) va benzoil peroksid (BPO inisiatorlarinin
istiraki bas veron polimerizasyasinin Oyronilmasi zamani
miisahido edilmisdir. Qeyd olunmusdur ki, gostarilon poli-
merizasiya proseslori karbon hisinin tosirindon ohomiyyatli
doracads longiyir. Stirol vo 4-polivinilpiridinin, stirol vo ma-
lein anhidrinin homo vo sopolimerlorinin termiki disso-
siasiyasi naticesindo yaranan va zoncirin sonu 2,2°,6,6'-
tetrametil-1-piperidiniloksi (TEMPO) qruplarindan ibaraot
biitiin polimer radikallarinin karbon hisinin polikondeslos-
mis aromatik fragmentlori ilo birlosmasi fakti miioyyon edil-
misdir.

3.8. Fulleren va karbon nanoborular1 antioksidlasdirici
ingibitorlar kimi

Karbonun yeni birlosmolorindon sayilan vo bagh
karkas struktura malik olan fullerenlor 1985-ci ilda bir sira
ingilis vo amerikali alimlor qrupu torofindon lazerin tosiri
altinda qrafitin buxarlanmasindan omolo golon karbon
buxarlarinda askar edilmisdir.
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Sakil 11. Fulleren Cso vo C7o-in molekul qurulusu

1996-c1 ilds tobiotsiinasliq sahosindo Nobel miikafa-
tina layiq gorilimiis bu kosf fullerenlorin unikal fiziki vo
kimyavi xassalorinin dyranilmasi ii¢iin ¢oxsayl tadqgiqatlarin
aparilmasina boyiik stimul yaratmigdir.

Fulleren molekullar1 iizori kondenslosmis tsiklik sis-
temdo birlogon qosulmus birqat va ikigat rabitalor sistemi ilo
Ortiilmiis i¢i bos olan sferik formaya malikdir. Fullerenlorin
bu ciir elektron qurulusu molekullara giiclii elektrofil
xassalori verarok elektronlari, sarbast radikallari, anionlari,
hidrogen atomu kimi nukleofil hissaciklorini birlosdirmak
gabiliyyatinin yaranmasina sobab olur. Fullerenlor iigiin
elektrona horislik (elektron gqohumlugu) qiymotlori ¢ox
boyiikdiir vo molum fullerenlor {iciin bu hadd 2,65 eV-don
(Ce0) 3.5 eV-dok (Css) toskil edir. Elektronlarin intensiv
olaraq birlosdirilmoasi hommorz substrati oksidlosdirir vo
fulleren niivosindo menfi yiikiin yaranmasina sobob olur,
sarbast radikallarin birlogsmasi iss fulleren molekulunda iki-
gat rabitonin qirilmasi naticasindo qosalasmamis tok
elektronun omoalo golmosing gotirib ¢ixarir. 9gor birinci xii-
susiyyot fullerenin oksidlosmo-reduksiya xassasini stimullas-
dirirsa, ikinci — sorbost valentliyin yaranmasi ilo radikallar-
da zoncirin qirilmasini reallagdirir.

Beloliklo, elektrona harisliyin yitksok qiymati bir ¢ox
elektron azlig1 olan iizvi radikallarin intensiv olaraq birlos-
dorilmosine imkan yaradir. Misal olaraq, benzil va tret-butil
radikallarinin ikiqat fulleren rabitolorinoe birlosmasini gos-
tormok olar. Bu sobobdon hotta fullerenlori «radikal siin-
gorlori» do adlandirirlar. 12-ci sokilds tret-butil radikalinin
fullerenin sothina birlosmasi naticasindo omalo golon radikal
adduktun piktoqrami gostorilmisdir.
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Sokil 12. Cso bakminsterfullerenin radikal adduktunun
fragmenti.

Alkil radikallarinin fullerenlors intensiv birlosmasi
fakti, homginin aparilan tadqgiqatlar naticosinds bu reaksiya
{iciin alinan siirat sabitinin yiiksok qiymatlori kceosr = 107
Msan™ ilo ds siibut olunmusdur.

3-cli codvoldo odobiyyatda mdévcud olan mixtalif
radikallarin Ceo vo Cy0 fullerenlors birlogsmasinin siirat
sabitlorinin qiymatlori verilmisdir

Cadval 3. Radikallarin Cg fullerena birlogsmoasinin siirat
sabitlori

R(radikal) k, M-1s1 TeK Metod
- CH3 (4.6£2.0)x108 | 295 | Impulslu radioliz
- C(CH3)3 (2.2£0.5) x107 | 293 | EPR (spin tolosi)
EPR (lazer
- C(CH3)3 3.0x10° 293 | impulslu fotoliz /
radioliz)
- CCN(CH3)» 3.0x10¢ 295 | EPR (spin tolosi)
- CCN(CH3)» 1.8x10° - EPR impulslu
radioliz)
- CH2Ph 4.5 x 100 241 EPR (fotoliz)
- CH2Ph 6.7 x 100 263 EPR (fotoliz)
EPR (lazer
- CH2Ph 9.3x 108 293 | impulslu fotoliz /
radioliz)
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(Ce0/Cr0:93/7,

- CH2Ph 2.7x 103 293 | EPR (spin tolosi)
- CH2Ph (1.4 £0.2)x107 | 298 EPR (fotoliz)
EPR (lazer
- C(CCl3)3 (2.7£0.5)x108 | 293 | impulslu fotoliz /
radioliz)
EPR (lazer
- O0C(CCl3)3 20x 106 293 | impulslu fotoliz /
radioliz)
Lazer impulslu
- C(CCl3)3 1.3x10° - fotoliz / radioliz)
- CH, CHx(l EPR (lazer im-
2.6x10° - pulslu fotoliz /
radioliz)
- C(CHs3)2Ph (2.0 0.8)x108 | 333- Mayefazal
353 | oksidlosma model
reaksiyasi (kumol)
Mayefazali
-OOC(CH3)2Ph | (3.1 £1.1)x102 | 303 | oksidlosmo model
reaksiyasi (kumol)
- C(CHs3).Ph 8.1x10° 295 | EPR (spin tolosi)
CCI;CH, CHPh 8.5x 105 295 | EPR (spin talosi)
- CoHss (5.3+£0.4)x10° | 293 | EPR (spin tolosi)
‘CH2(CH2);CH;s | (4.5£0.4)x10° | 293 | EPR (spin tolosi)
-CHCH3CHs | (4.8 £0.2)x10° | 293 | EPR (spin tolasi)
-CH,CH=CH> | (6.5%0.5)x105 | 293 | EPR (spin tolosi)
- C=CH:Ph (9.0 £ 1.5)x107 | 333 Mayefazal
(Ce0/Cr0: 3/1, oksidlosmo model
hisso) reaksiyasi (stirol)
- C(CHs3)2Ph (1.9£0.2)x108 | 333 Mayefazal
oksidlosmo model
reaksiyasi
(kumol)
- C(CH3)2Ph (2.3£0.2)x108 | 333 Mayefazali

oksidlosmo model
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%) reaksiyasi (kumol)

"C(CH3),Ph | (2.7+0.2)x108 | 333 Mayefazali

(Ce0/Cr0: 3/1, oksidlosmo model
doli) reaksiyasi (kumol)

- C(CHs3).Ph (3.0£0.3)x108 | 333 Mayefazal
(Cro) oksidlosmo model

reaksiyasi (kumol)

Beloliklo, fullerenlor zoncirvari proseslordo, eyni
zamanda polimerizasiya vo destruksiya proseslorindo
effektiv sorboast radikal akseptorlar1 kimi istirak edirlor. Bu
proseslor alkil vo alkil-peroksid radikallarinin istirakilo bas
verir va bu sababdon doa bels radikallarin tutulmasini hoyata
kecirmok qabilliyyotino malik  birlosmolor torofindon
ingibitorlasmaya hassas sayila bilorlor. Hogigaton da, Ceo vo
Cyo fullerenlori miivafiq eksperimental testlordo polimerlarin
termiki \6) termooksidlosdirici destruksiyalarinin
longidicilori  kimi  6zlorini  gostorirlor.  9dobiyyatda
fullerenlorin istiraki ilo polimer kompozisiyalarinin termiki
vo termooksidlosdirici destruksiyyalar: barads kifayat qodor
asaslandirilmis islor vardir. Bu islords asas etibarilo bir ¢cox
polimerlordo bas veran destruksiya proseslorina Ceo vo Cro
fullerenlorin stabilizator kimi tasiri oks olunmsdur.

Belo ki, fulleren Ceo-in stabillogdirici effektinin
molum «Irganox 1076» polimer stabilizatorunun analoji
effekti ilo demok olar ki, eyni olmasi iki {sulla siibuta
yetirilmisdir: inisiator istiraki ilo kumolun oksidlogsmasinin
model reaksiyasinin kémaoyi ilo; vo fulleren Cgo saxlayan
polistirol (PS) va polidimetilsiloksan (PDMS) kaugukunun
termooksidlosdirici destruksiya prosesinds siiratlondirilmis
smagqlar1 zamani.

Gostorilmigdir ki, Ceo vo Cro fullerenlori polimerlor
iigiin yiiksok temperaturlu yeni antioksidantlardandir va
oksidlogsmods istifado olunan molum ingibitorlardan daha
yiiksok effektivliyo malikdirlor. Miioyyan olunmusdur ki,
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PS-in termooksidlosdirici destruksiyast zamani fulleren Ceo
Ph3Sb vo fenil-2-naftilaminlo (neozon-D) sinergik garisiq
omolo gotirir. Fullerenasasl bu sinergik qarisiglar1 PS {i¢iin
yeni, effektiv yliksok temperaturlu antioksidant kimi toklif
olunmusdur.

Kiitlo-spektrometrik termiki analiz vo differensial-
skan kalorimetriya (DSK) tisullarinin kémayi ilo 1-4%-1i Ceo
vo  Cy fullerenlorin istiraki ilo  poli-2,6-dimetil-1,4-
fenilenoksid vo onun qarisiglarinin termiki destruksiyasi
zamani fullerenlorin stabillogdirici effekti Oyronilmisdir.
Mioyyon olunmusdur ki, fulleren olavolori termiki
destruksiya proseslorini, gaz halinda mohsullarin alinmasi
ilo gedon polimerlorin oksidlosdirici dagilmasi vo homolitik
parcalanmasit  proseslorini  daha yiliksok temperatur
istigamatina yonoaldir. Bu zaman fulleren Cy-in ingibitor
xiisusiyyati Ceo-dan daha giiclii olmusdur.

Fulleren Cso tobii kaucuk vo sintetik sis-1,4
poliizopren iigiin termiki stabilizator vo antioksidant kimi
todqiq olunmusdur. Bu todqiqat olavesiz  kauguk
niimunolori vo toyin olunmus miioyyon miqdarda fulleren
olavalori olan niimunolor iizorindo aparilmisdir. Tocriibalor
avvalco tosirsiz gqaz (azot) axini soraitindo, sonra iso paralel
milqayisoedici nozarot ilo hava axininda aparilaraq
termoqravimetrik  (TQ) vo diferensial-termiki analiz
tisullarindan (DTA) istifado olunmusdur. Noticalor
gostormisdir ki, fulleren oksigensiz mithitds 1,4-poliizopren
iigiin effektiv termostabilizator kimi tosir effektino malikdir
ki, bu da onun, polimer zoncirinin termiki dagimasi
noticosindo omoalo golon poliizopren makroradikallart ilo
aktiv qarsihighh tosirdo olmasi ilo izah olunur. Oksino,
termooksidlagdirici destruksiya soraitindo (hava
coroyaninda) fulleren Cgo yalniz miloyyon soraitdo —
temperaturun artma siiroti 5°C/daq.-don ¢ox olmadiqda sis-
1,4 poliizopren {g¢ilin  antioksidant rolunu oynayair.
Temperaturun daha yliksok artan siirotindo (20°C /doq.)
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fulleren Ceso hec¢ bir antioksidant effekti gOstormir. Bu
moqalonin miialliflori torafindon izah edilon bu fakt nozori
calb etmoklo yanasi, daha boyilik diqgoto layiqdir. Bu fakt
intensiv  oksidlosmo  soraitindo  (glicli hava axini,
temperaturun koskin artmasi) polimerin makroperoksid
radikallarinin qatiliginin koskin artimi zamani fullerenin
antioksidantliq effektinin itmasini tosdiqloyir ki, bunun da
sobobi izah olundugu kimi, fullerenin oksigen morkozli
radikallara qars1 fullerenin indeferent (tosirsiz) olmasidir.
Bu molumatlar kondenslogmis sistemlorin aerob oksidlosma
proseslorindo fullerenin ikili funksiyast haqqinda bizim
ovval iroli slrdilyimiiz konsepsiya vo son miiasir
todqiqatlarin naticasi ilo yaxs1 uzlasir.

Izotaktik polipropilenin (i-PP) fulleren Ceo, fulerenin
levopimar tursusunun adduktu, nanokarbon vo karbon hisi
ilo termiki stabillogsmasi proseslori xemiliiminessensiya (XL)
tisulunun kémaoyi ilo todqiq edilmisdir.

1-PP niimunolorinin termiki oksidlosmasi hava
atmosferindo 170, 180 vo 190°C temperaturda aparilmisdir.
XL intensivliyinin qiymotlorino osason, miixtolif kinetik
parametrlor — oksidlosmonin induksiya vaxti, destruktiv
gevrilmolor dovriiniin  50%-1, oksidlosmo siiroti, XL-in
maksimum intensivliyi vo oksidlosmonin maksimum
miiddotlori hesablanmisdir. Stabillosmonin tosir effektino
gora additivler asagidak: aktivlik siransina diiziilo bilor:
fulleren Cgo < nanokarbon < karbon hisi < fulleren Ceo
adduktu.

Fulleren Cgo-in  polimetilmetakrilatin  (PMMA)
termiki vo termooksidlosdirici destruksiyasina tosirinin
Oyranilmasing hasr olunmus kifayat qodor islor vardir.

0,06 % oksigen dasiyan helium axminda vo 282,
2380C-da tomiz oksigen axininda DSK vo TQ iisullarindan
istifado  etmoklo fulleren Cg-in PMMA vo PS-nin
destruksiyasina tosiri istigamotindo todqiqat islori yerino
yetirilmisdir. Miioyyon olunmusdur ki, fulleren Ceo
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polimerlorin destruksiyasini longidir. TQ iisulundan alinan
noticoyos goro, fullerenin istiraki ilo bas veron proseslordo
polimerin kiitlosinin azalmasinin destruksiya zamanindan
asilihq oyrilorindo induksiya periodu nozoro c¢arpacaq
doracads artir. DSK metodu ilo iso miloyyon olunmusdur ki,
fulleren C¢o  polimerin  destruksiyasinin  baslama
temperaturunu kifayot qodor artirir. Todqgigat isindo
fullerenin istiraki ilo bas veron polimerlorin destruksiya
mexanizminin biitiin  detallar1 nozordon kegirilmisdir.
Alinmis naticalorin iimumilosdirilmasindon sonra belo fikir
irali striilmiisdiir ki, termiki destruksiya zamani fulleren
Ceo-in  longidici effkti, onun R" makroradikallar1 ilo
qarsiligh tosirdo olaraq daha az aktiv birlosmolor omolo
gotirmasi ilo alagadardir. Eyni zamanda, gqeyd olunmusdur
ki, PMMA-nin yiiksok temperaturlarda termooksdlosdirici
destruksiyast zamani fulleren Ceo-1n ingibitor effekti, onun
R’ vo oksigendasiyan radikallarla garsihiglh tosirds olaraq,
daha az aktiv mohsullar omalo gotirmasi ilo sociyyalonir. PS
iclin iso fullerenin destruksiyani longidici rolu asas etibarilo
onun oksigen dasiyan radikallarla qarsiligh tesiri ilo izah
edilmosino baxmayaraq, fulleren Ceo-in R° radikallar ilo
qarsiligh tosiri do istisna olunmur.

Olavo olaraq 5-15 mol/% vahid metilmetakrilatin
PMMA-ya yeridilmasi qonsu somonomerlor arasindaki
qarsiligh tesir naticesindo anhidrid holgoalorin omolo golmosi
sobobindon termooksidlosdirici destruksiyanin siirotini
azaldir. Fulleren Cso oalavasi MMA-nin stirol, butilakrilat,
qlisidilmetakrilat vo hidroksietillmetakrilatla omolo gotirdiyi
sopolimerlorin  termooksidlosdirici  destruksiyasini uzun
miiddoto longidir. Aparilan todqiqatlardan alinan naticolor
osasinda daha hoqgigatouygun reallasan sxemlor toklif
olunur ki, bu da fulleren Cgo-1n sopolimerlorin termooksid-
losdirici destruksiyast boyu yaranan makroradikallarla
reaksiyasini tam oks etdirir vo fullerenin ingibitor effektini
tam toforriiati ilo izah edir.
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Eyni zamanda, «sorbost radikalll PMMA-nin»
termiki va termooksidlosdirici destruksiyasi vo bu proseslora
fullerenin tosirinin dyronilmosindon alinan naticolor togdim
olunmusdur. Bu tadqgiqatlarda DSK, TQ, DTA, diferensial-
termoqravimetrik (DTQ) vo kiitlo-spektrometriya (KS)
metodlarindan istifado olunmusdur. Miloyyon olunmusdur
ki, PMMA-nin havada bas veran oksidlosdirici destruksiya-
s1 zamani eyni vaxtda ii¢ proses bas verir: polimer zoncirin
qurilmasi ilo bas veron destruksiya; oksigenin polimer
zoncirin daxilino kegmasi vo ya oksidlogsmasi; destruksiya
mohsullarinin sublimasiyasi.

Fulleren Cgo-1n az miqdarda sistema slavo olunmasi
polimer zoncirds fullerenin oksigeni ovoz etmosino vo ya
todricon polimeri oksidlosmodon «xilas etmoyo» gotirib
cixarir ki, bunun da naticosinds birinci morholods yalniz az
miqdarda destruksiya vo oksidlosmo mohsullar1 omalo galir.
PMMA-nin oksidlosdirici destruksiyasi zamani Cep mole-
kullar1 iki qrupa bolindir:

1) PMMA makroradikallari ilo birlogmis (toxminon 20%);

2) PMMA makroradikallari ilo birlosmomis molekullar.
Fulleren Cso-in makroradikallarla birlosmoyan bu mole-
kullar1 da 6z ndvbosindo oksidloson vo eyni zamanda
oksidlosmo vo destruksiya bas vermodon buxarlanan
molekullara boliiniir. Fulleren Ceso-in termooksidlasdirici
destruksiyaya ingibitor effekti osas etibarilo iki proseso —
torkibindo fulleren dasiyan PMMA zancirin yaranmasina va
geyri-zoncirvari ingibitorlasmaya, yoni longimoyo gotirib
cixartr. PMMA matrisast da Cgo-in termiki davranigina
ohomiyyatli doracads tosr gostorir. Fulleren Cgo-in bu ciir
O0zlinli aparmast PMMA-nin ataktik, anion, sindiotaktik vo
izotaktik novlorino do samil edilir. Bununla bagh belo bir
fikir irali striilir ki, PMMA-nin termiki vo termooksidlos-
dirici destruksiyasindan alinan fullerensaxlayan polimerlor
PMMA-nin oksidlosmoasinin geyri-zoncirvari ingibitorlas-
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masi ilo yanasi, fullerenin stabillosdirici effektinin yaranma-
sina da sobab olur.

Fulleren Cso homg¢inin PMMA va metilmetakrilatin
metakril tursusu ilo sopolimerlorinin yiiksok temperaturlu
oksidlosdirici destruksiyasini da longidir. Metilmetakrilatin
metilakrilamidlorlo sopolimerlori PMMA-nin 6ziino nisbo-
ton termooksidlosdirici destruksiyaya daha az moruz qalir.
Fulleren Ceso-1n alavalori bu zaman destruksiyani longidir.

Fulleren (Ceo-C70) polimer (PMMA, PS) sistemlori-
nin termiki vo termooksidlosdirici destruksiyasi zamani ful-
lerenin stabillosdirici effekti {iclin onun qatiliq haddi toyin
edilmisdir ki, bu hodd ds fullerenin polimerlords hall olma-
sindan asilidir. PS vo PMMA ii¢iin bu qiymotlor miivafiq
olaraq 4 x 103 vo 8 x 103 mol/ kq toskil edir. Polimerlorin
fullerenin istiraki ilo bas veron termiki vo termooksidlosdiri-
ci destruksiyasi homginin ingibitorlarin effektiv tosirinin
temperatur mohdudiyyatlorinin mévcud olmast moévgeyin-
don do xarakterizo olunur. Fulleren Cgo vo ya Cro torkibli
osas PS sistemlori ii¢iin termiki destruksiyanin temperatur
hoddi 380°C-ya borabar oldugu halda, asas PMMA sistem-
lori ticlin (miivafiq olaraq fulleren Ceo vo fulleren Cyo iigiin)
bu parametr 339 vo 336°C toskil edir. Bu polimerlorin vo po-
likarbonatin termooksidlosdirici destruksiyasi zamani 335-
3480C temperatur intervali fulleren Ceo tiglin antioksidant
kimi oan yiiksok temperatur hiidudu olmusdur. Bu maksi-
mum temperatur hoddi fullerenin intensiv oksidlosmasinin
baslanmasina uygun golon temperaturdan, yani 370°C-don
¢ox asagidir.

Kiitlo spektrometriya termiki analiz tisullarindan
DSK, DTQ vo rentgenanalizdon istifade etmoklo fullerenda-
styict iki tip polimer sistemin (FDPS) termiki vo ter-
mooksidlogdirici destruksiya proseslori dyronilmisdir:

1) polimerlorlo kovalent rabitolor vasitasi ilo birlogsmis
fullerendon ibarot FDPS  vo
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2) fulleren Ceso-in polimerlorlo omoalo gotirdiyi qarisigdan
ibarat olan FDPS. Bu garisigda komponentlor arasindaki
rabito yalniz Van-der-Vaals qiivvolori hesabina reallasir.
FDPS-in hor iki névii liclin elektron akseptoru xassasi
miisahido olunmusdur. Birinci néviin bazi sistemlorindo
polimer komponentinin termiki stabilliyinin giiclii artmasi
geydo alinmisdir; ikinci nov sistemlords iso fulleren Ceo-1n
sorbost radikallar {i¢lin tolo rolu oynamasi xassasi qabariq
torzds 6zinl gostormisdir. Polimer matrisanin fulleren Ceo-
m termiki davranisinda ohomiyyatli baracads rolu oldugu
miloyyoan olunmusdur. O ciimlodon, fulleren polimerin
destruksiyast zamani bas veron kimyovi proseslordo xiisusi
zond rolunu da oynaya bilor. Torkibinds 1-10 kiitlo % Ceo
(FDPS) olan PS vo PMMA-nin miixtalif niitmunalori tadqiq
edilmisdir.

Fulleren Cg/C70 vo Cr-in PS do go6stordiyi
antioksidant xassolorinin toyini {izra ikimorhalali tadqgigat
isi yerino yetirilmisdir. Birinci marholods stirolun inisiator
istiraki ilo oksidlosmosinin model reaksiyasindan istifads
etmoklo,sonra iso PS-lo qarisiglar iizorindo aparilan
siiratlondirilmis sinaqlarda Ceo/C70 vo Cyo fullerenlorin an-
tioksidlogsmo aktivliyi 6yronilmigdir. Miioyyon olunmusdur
ki, model reaksiyanin qiciglandirilma vo oksidlosmo siirot-
lari Ceo/C70 vo Cyo fullerenlori istirak etdikdo nazors garpa-
caq doracado asag diisiir. 11k dofa olaraq stirolun alkil radi-
kallarinin 60°C-ds fulleren Cso/C70-0 birlosmasinin siirot SA-
biti toyin edilmis vo bu qiymat ki33sk) = (9.0 £ 1.5) x 107 M-
I's'l, DTA vo TQA metodlari ilo miioyyon olunmusdur ki,
fullerenlor polistirolun torkibinds polimerin termooksidlos-
dirici destruksiyas1 zamani stabillosdirici effekt gostorir. Bu
zaman fullerenlos stabillogsmo effekti, fenol tipli Irganox 1010
vo amin torkibli Agerite White kimi giiclii foza-¢atinlosmis
antioksidantlardan alinan analoji effektlo tam {list-iisto diis-
miisdiir. Qeyd olunan isdo fullerenlorin longidici effektinin
onlarin R* makroradikallarla garsiligh tosirdo olaraq daha
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az aktivliyo malik radikal adduktlar1 omalo gotirmosi ilo ola-
godar olmasi gostarilir.

Fulleren Cgo olavalorinin butildon heptilodok poli-n-
alkilakrilatlarin, vo miivafiq olaraq PMMA-nin termo-
destruksiyalarina vo termiki davranigina tosiri Oyronil-
misdir. Analiz dinamiki rejimds, TQA-dan istifado etmoklo
vo piroliz qaz xromatoqrafiyasinin kémoyi ilo izotermik
rejimdo 400-600°C temperatur intervalinda aparimisdir.
Fullerenlor yaxst molum effektiv radikal akseptorlari
oldugundan pargalanma proseslorinin mexanizmini radikal
yoldan geyri-radikal somto ¢evirmoklo akril polimerlorin
termiki destruksiya proseslorino shomiyyatli doracods tosir
edirlor. Poli-n-akrilatlar iiglin fulleren olavalori qeyri-
radikal mexanizmi ilo reallasan destruksiya prosesinin
mohsullarindan olan olefinlor vo spirtlorin ¢iximini atirir.
Digor torofdon, asas polimer zoncirin nizamsiz qirilmasi no-
ticosindo bas veron piroliz prosesinin mohsullarinin, yoni
monomer, dimer, doymus efir, trimer, miivafiq asetat vo
metakrelatin ¢iximi asagl disiir. Termoqrafimetrik ekspe-
rimentlor zamani aliman vo maksimum kiitlo itkisinin bas
verdiyli miioyyon olunmus temperatur bir qodor artir ki, bu
da fullerenin istirak: ilo izah edilir. Poli-n-alkilmetakrilat-
larin termiki davranisi zamani fullerenlorin effekti daha
gabariq sokildo nozora ¢arpir. Maksimum Kkiitlo itkisinin
temperatur artimi 19-25°C toskil edir. Torkibindo fulleren
olan qarisiglar monomerin ¢iximinin shamiyyatli doracads
asag1 diismosino sobab olur vo eyni zamanda, omolo golon
olefin vo metakril tursusnun miqdarini artirir. Radikal
akseptoru kimi tosir gdstoron fulleren proseslorin inkisafini
longidir vo radikal olmayan qeyri-zoncirvari reaksiyalara
gotirib ¢ixarir.

Karbon nanoborular1 (sokil 13) fullerenlor kimi
yiiksok elektrona horislik, elektron qohumlugu xassosi
gostormosi  sobabindon  polimerizasiya vo  destruksiya
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proseslorinin zoncirvari reaksiyalarinda effektiv radikal
akseptorlar1 kimi hipotetik olaraq tévsiyo oluna bilorlor.

Sakil 13. Birdivarli karbon nanoborusu (SWCNT).

Karbon nanoborularinin radikallar1 tutmaq vo oksid-
losmo zoncirini qirmaq kimi potensial xassoyo malik olma-
smma rogmon, onlarin polimer materiallarin torkibindo
miloyyon antioksidant vo stabillosdirici funksiya yerino
yetirmosini gézlomak olardi.

Hogqigoaton do, torkibinde asqar kimi karbon nanobo-
rular1 dasiyan polimer kompozitlori siibhosiz polimerdo
Joul istiliyinin generasiyasini yaradan yiiksok sixligh elek-
trik coroyani dasimaq gabiliyysatino malikdirlor. Bir sira tod-
giqatcilar polimer kompozitdon birbasa coroyan kegorkon
onun yiiksok dorocado qizmasini (>200°C) miisahido etmis-
lor. Buradan bels bir natica ¢ixarmaq olar ki, yiliksok tempe-
raturda karbon nanoborularinin polimerin stabilliyins neco
tosir etmosini bilmok ¢ox vacibdir. Bu masaloys dair artiq
miloyyon material mévcuddur. TQ vo XL oyrilorinin profil
gorlinlisline  osason, miloyyon olunmusdur ki, karbon
nanoborular1 polietilen (PE), PS, PP va polivinilidenflorid
asaslt polimer kompozitlorindo antioksidant kimi tosir gos-
torirlor. Karbon nanoborularinin 5%-dan qatiliginin ¢ox ar-
tirilmast antioksidant effektinin yalniz ohomiyyatsiz doraco-
do artmasina gotirib ¢ixarir. Polivinilidenflorido goldikds
1s9, goriiniir, bu zaman karbonborular1 hom antioksidant,
homdo halogenlorin adsorberi kimi tosir gostors bilirlor.

Karbon nanoborularin ingibitor aktivliyinin toyin
edilmoasi sahasinda aparilan son islor ¢ox maraqli naticolor
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vermisdir. Belo ki, alman alimlori ilo birgo hazirlanmis la-
yiha ¢argivasinda, bu kitabin muollifi torafindon kumolun
inisiator istiraki ilo oksidlosmasinin model reaksiyasi iizo-
rindo aparilan tocriibalor belo bir faktin miioyyan edilmo-
sino imkan vermisdir ki, karbon nanoborular1 yaxsi sarbast
radikal akseptorlar1 olmaqla yanasi antioksidant effekti do
gostorirlor. Lakin gostorilon bu effekt karbon nanoboru-
larinin torkibinda, asas etibarilo bu borularin sintezinds is-
tifado olunan katalizator galigi kimi Fe, Ni, Co va basqa
metal gatisiglarinin olmasi sobabindon shomiyyatli doracado
zdifloyir. Karbon nanoborularinin aktiv stabillogdirici rolu
prinsipial planda PE, polietilenvinilasetat, polivinil spirti,
polikarbonat, poliamid vo PMMA-nin termiki vo termook-
sidlosdirici destruksiyasinin todqiqi zamani miloyyan olun-
musdur.

Belalikls, analiz olunmus material Ceo vo Cro fuleren-
lorinin polimerlorin termiki vo termooksidlosdirici radikal
destruksiyasi reaksiyalarinda ehtimal olunan ingibitor vo
stabilizator kimi rolunu miioyyon edir. Xiisusi olaraq geyd
etmok lazzimdir ki, oksor ¢ap olunmus islordo fullerenlors
osason karbonmorkozli radikallarin birlogsmosi gostorilir ki,
bu da fullerenlorin hor seydon avval antioksidant kimi deyil,
termostabilizator kimi tosir mexanizminin iistiinlitylinii tos-
diqloyir.

3.9. Hidroperoksidlorin dagidicilari

100°C-don yuxar1 temperaturlarda peroksid vo hidro-
peroksidlorin sorbast radikallara homolitik parcalanmasi
bas veron proseslori intensivlesdirir vo oksidlosma siiratini
¢oxaldir. Lakin bir sira birlosmalor var ki, onlar da hid-
roperoksidlorlo aktiv qarsiligh tosirde olaraq geyri-radikal,
molekulyar mohsullar omoalo gotirirlor. Hidroperoksidlorin
radikalsiz mohvedicilori rolunu oynayan bu birlogsmalorin
vozifasi oksidlosmo prosesinin hidroperoksidlor vasitosi ilo
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qiciglandirilmis inkisaf morholosini maksimum doracodo
asagl salmaqdan ibarotdir. Bu birlosmolor polimer
materiallarin stabillogdirilmasi praktikasinda genis yayilmis
va ikinci doracali antioksidantlar adlandirilirlar (ssas fozavi—
¢otinlosmis fenol vo ya aromatik amin tipli birinci doracali
antioksidantlardan sonra).

Molum sonaye tipli ikinci dorocali hidroperoksid
dagidicilar1  olan antioksidantlarin  boyitkk oksoriyyati
ikivalentli kiikiird vo tigvalentli fosforun téromoloridirlor.
Tiodipropion tursusunun dialkil efiri 20 moladok
hidroperoksidi parg¢alamaq qabiliyyatino malikdirlor. Bu
birlosmolorin antioksidlosmo mexanizmini oks etdiron bozi
reaksiyalar 14-cli sokildo wverilir. Bu mexanizmo goro
hidroperoksidlor spirtlora ¢evrilir vo sulfid qrupu bir sira
stexiometrrik reaksiyalar naticasindo proton tursusu vo Luis
tursusunadok oksidlosir. Omolo golon mohsullar — sulfin
(21), sulfon (22) va sulfat tursulari, hamginin kiikiird g
oksid hidroperoksidlorin radikalsiz parcalanmasini kataliz
etmok gabiliyyatino malikdirlor vo tiodipropion tursusunun
osas efirlori Uiclin hidroperoksidin pargalgnmasinda yaxsi
dayaq rolunu oynayirlar.
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Sakil 14. Tiodipropion tursusunun efirlorinin antioksidlos-
dirici tosir mexanizmi

Tiodipropion tursusunun efirlori asagi temperaturda
istifado zamani zoif antioksidant kimi tosir gostorirlor.
Lakin onlarin mokani-¢otinlogsmis fenollarla garisiglarinda
bu birlosmolor genis temperatur intervalinda gozol sinergik
effekt gostordiklorindon poliolefinlor, ABS plastik, zorbays
davamli PS kimi polimerlorin stabillosdirilmosindo genis
istifado olunur. Lakin tiodipropion tursusunun efirlorinin
catismayan cohoti do vardir. Belo ki, polimerlorin yiiksok
temperaturda emali zamani onlar qismon destruksiyaya mo-
ruz qalirlar ki, bu zaman yaranan qoxu yeyinti mohsullar
iiclin polimer gablasdirma materialinin hazirlanmasinda
onlar1 yararsiz edir.
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Torkibinds kiikiird olan antioksidantlar kimi fosfo-
run {igvalentli birlosmolori do hidroperoksidlori spirtlora ge-
virir vo eynilo oldugu kimi, osas, birinci doracali antioksi-
dantlarla — fozavi-¢atinlogsmis fenollarla olan kombinasiya-
lar1 kauguk vo plastik kiitlolorin stabillosdirilmosindo genis
istifado olunur. Bu zaman onlar polimer materialin istifads
prosesi miilddotinds onun ranginin saralmasinin qarsisini a-
magq kimi oalavo somorali xassoys do malik olmalar1 ilo saciy-
yolonirlor. Bilavasito fosfor torkibli stabilizatorlar bozi fenol
vo amin tipli stabilizatorlardan forqgli olaraq polimer mate-
riallarin rongini doyismirlor.

Alifatik spirtlor vo adi asagimolekullu fenollarin téro-
moalorindan olan fosforit tursusunun efirlori, masalon, tri-no-
nilfenilfosfit (24) asan hidroliz olduqlarindan istifadodon
ovval su vo yas atmosferlo kontaktdan miihafizo olunmalari
iclin yiiksok, maksimum hazirhq tolob edir.

[ /= \
P-0—4 CoHjg
\ Q -

/3
124)

Qeyd olunan hidroliz naticesindo amolo golon fosforit
tursusu aqressiv korroziyaya ugrama xiisusiyyatino malikdir
vo xiisusilo do, yliksok temperaturda avadanliq va cihazlar
iiclin boyiik tohliikko dasiyir. Praktikada belo fosfitlorin
hidroliz prosesi trietanolamin kimi azaciq miqdarda xiisusi
olavalorin kémayi ilo aradan qaldirilir.

Effektiv fosfitlorin alinmasinda digor alternativ tisul
onlarin sintezindo fozavi-¢otinlogsmis fenollardan istifado
edilmigdir.  Bu  efirlor, mosolon  tri-(2.4-di-tret-
butilfenilfosfit) (25) vo ya tetra-(2.4-di-tret-butilfenil)-4.4—
bifenilen- difosfonit (26) hidroliz olunmaya garsi nisbaton
daha davamhdirlar.
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Son illords hidroperoksidlorin radikalsiz par¢calanma-
si1 tomin etmok xiisusiyyotini saxlayan hidrolitik — stabil
fosfitlorin alinmasi sahasindo ohomiyyatli iglor goriiliir.
Noticodo dikumilfosfit kimi ikinci doracali yeni sonaye tipli
antioksidantlar hazilanmis vo polimerlords istifadods iigiin
tovsiya edilmisdir.

Ikinci doracali antioksidantlar1 nozorden kecirarkon ef-
fektiv radikal akseptoru kimi yuxarida toqdim olunan hid-
roksilaminlori do xiisusilo geyd etmok lazimdir. Hidroksila-
minlor radikallar1 tutmaq gabiliyystino malik olmaqla yana-
s1, homginin sxemds gostorildiyi kimi, hidroperoksidlorls
qarsiligh tesirdo olmaq kimi goézal xiisusiyyato do malikdir-
lor (sokil 15).
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Sokil 15. Hidroksilaminlorin hidroperoksidlorlo qarsiligh
tosir reaksiyalari

Bu zaman qarsiligh tesir noticosindo spirt vo nitron
omoalo golir ki, sonuncu adigokilon maddo stabil nitroksil
radikallarinin prekursorudur. Belaliklo, hidroksilaminin bir
molekulu birinci va ikinci doracali antioksidant funksiyasini
yerina yetirmoklo yanasi, eyni zamanda, alava olaraq alkil
radikallar1 akseptorlarin1 generasiya edir. Bu sobabdon
hidroksilaminlor polimer sonayesindo giiclii ¢oxmaorkozli
tosir mexanizmino malik birlogsmalor kimi tévsiys olunurlar.

3.10. Metallarin dezaktivatorlar:

Praktiki olaraq biiriin polimer materiallarin torkibindo
kecid metallarin gatisiglar: vardir. Bu qatisiglar, bir gayda
olaraq, polimerlorin sintezindo istifado olunan katalizator-
larin qaliglaridir. Keg¢id metallarin qatisiglart hidroperok-
sidlorlo garsiligh tasirde olaraq, onlar1 pargalamaqla, sor-
bost radikallar omolo gotirir vo bununla da polimerlordo
oksidlosmo proseslorini giiclii kataliz edirlor. Bir elektronlu
kecidi reallasdiran metallar — Cu, Co, Fe, Mn, Cr, Ni daha
aktivdirlor. Qarsilight tosir molum Qaber-Veys sxemino
uygun olaraq bas verir (sokil 16):
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ROOH + M" — ROO- + ]"-"ll“_“+ + H
ROOH + M1+ — RO-+ M"T + OH”

2RO0OH — ROO- + RO- + HyO

Sokil 16. Kecid metallarin  hidroperoksidlorlo qarsiligh
tosirindon radikal hissociklorin amologolmo sxemi (Qaber-
Veys sxemi)

Metallarin oksidlosmo proseslorini kataliz etmok
xassasi polimer sistemo metal dezaktivatolarinin slavs olun-
masi ilo aradan qaldirila bilor. Bu stabilizatorlar polimerdo
metal ionlarim1 xelatlasdiraraq, onlarin oksidlogsmis vo re-
duksiya olunmus voziyyatlari arasindaki potensiallar forqini
artirirlar. Basqa so6zlo, bu birlosmolorin metallarla kompleks
omoalo gotirmasi Qaber-Veys sxemindo bir elektronlu kegid
enerjisini vo metallarin katalitik xiisusiyyatlorinin miivafiq
dezaktivlogsmosini ohomiyyatli doracads artirir.

Polimer materiallarda istifado olunan sonaye tipli
metal dezaktivatorlarina misal olaraq oksalil-bis (benzili-
den) hidrazid (27), N,N-bis-(3,5-di-tret-butil-4-hidroksitsin-
namoil) hidrazin (28), 2,2 - oksamidobis-etil (3,5 — di-tret-
butil-4-hidroksihidrotsinnamat) (29), N,N-(disalisiliden)-
1,2-propandiamin (30), etilendiamintetrasirko tursusu (31)
vo onun duzlari, hoamginin, limon tursusu (32) kimi birlog-
molori géstormak olar.
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4. Miixtalif antioksidantlardan istifadonin
temperatur intervallari

Yuxarida gostorildiyi kimi, antioksidantlarin radikal
akseptoru olmasi xiisusiyyati shomiyyatli doracads tempera-
tur intervalindan asilidir. 17-ci sokilds ayani olaraq miixtalif
antioksidant siniflori l¢iin 09C-don 300°C-dok effektiv
temperatur intervali géstorilmisdir.

Long—term thermal stability

(No melt—proce ssing is.tabi.h'ryj.l

Hindered amina

Lon g—termg thermal stabi lity Melt—processing sitabi lity

Hindered phenol

Long te rm%th ermal stability ? pmoessié]g stability)
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Phosphite | (No .fong—réerm thermal stability) Melt-processing stability
Hydroxylamine | 0
Lactone

ce-tecopherol

a 50 100 150 200 250 300
Temperature, °C
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Sokil 17. Miixtalif antioksidant siniflori ii¢lin effektiv
temperatur intervallari.

Sokildon goriindityli kimi, fenol tipli antioksidantlar
orimo temperaturundan asagi temperaturlarda polimerlori
mithafizo etmok qabiliyyatine malik olmagqla, polimer
materiallarin  uzunmiiddatli istifadesi zamani 150°C-dok
temperatur soraitindo onlari stabillosdirmakls yanasi, arimo
temperuturundan  yuxart temperaturda da  polimer
orintilorinin yaxsi stabilizatorlarindan sayilirlar. Bu zaman
geyd olunan bu xiisusiyyat praktiki olaraq fenol tipli an-
tioksidantlara aid edilir. Tiosinergistlor mokani-¢otinlogmis
fenollarla kombinasiyada polimerlorin oarimo temperaturun-
dan asag temperaturlarda stabilizatorlar paketinin aktiv
komponentlorindon sayilirlar. Miistosna hallarda, tiosiner-
gistlordon ikinci doracali polimer orintilorinin stabillogsmasin-
do istifado olunur. Bu, bir gqayda olaraq, tokrar emala
moruz qalan va torkibindo yiiksok migdarda hidroperoksid
qruplar1 olan materiallardir.

Fozavi-gatinlosmis aminlor praktikada ultrabonovse-
yi UB isiq stabilizatorlar1 kimi molumdurlar vo eyni zaman-
da 1509C-dok temperaturda polimerlar iigiin effektiv stabili-
zatorlar rolunu oynayirlar. Lakin daha yiliksok temperatur-
larda bu aminlor 6z effektivliyini itirdiyindon onlardan poli-
mer materiallar {iglin polimer orintilorinin effektiv sta-
bilizatorlar1 ilo kombinasiyada istifado olunmasi tovsiya
olunur.

Fosfitlor, hidroksilaminlor vo laktonlar polimerlorin
orimo temperaturlarinda daha effektivdirlor. Bu zaman
onlar ya radikal akseptorlari, ya da hidroperoksidlorin
mohvedicilori kimi tosir gostorirlor. Lakin onlar verilmis
temperatur soraitindo istismari zamani bark polimerlorin
uzunmiiddatli mithafizosini tomin edo bilmirlor. Fosfitlar,
hidroksilaminlor vo laktonlar polimerlorin orintidon emali
prosesindo sorf olunaraq ohomiyyatli dorocods fenol tipli
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stabilizatorlarin vozifolorini 6z iizorino gotiirmoklo onlarin
sorfini asagi salir vo bununla da polimer maddaslorin gonast
olunmus osas fenol tipli antioksidantlarla sonraki uzun-
miiddatli stabillogsmasini tomin edirlar.

Polimerlorin  stabillosdirilmasi  ndqteyi-nazorindon
fozavi-¢otinlosmis fenol tipli antioksidantlar sinfino aid olan
Tokoferol (E vitamini, Trolox) istisna toskil edir. Ondan
istifado praktikas1 gostormisdir ki, tokoferol duru poli-
merlor Gi¢iin daha effektiv stabilizatorlardir vo bu sabadon
do istehsalcilar torofindon osas etibarilo axici-6zIlii halda
polimerlorin emalinda istifads etmok tovsiys olunur.

5. Antioksidantlarin kombinasiyasi

Polimer materiallarin emali vo istismar1 proseslorinda
miixtolif nov destruksiyalarin garsisin1 almaq ii¢iin prakti-
kada stabilizatorlar paketindon istifado daha mogsodouygun
hesab olunur. Polimerlorin stabillogdirilmasindas istifads olu-
nan fenol vo fosfit tipli birlosmolorin qarisiqlarindan ibarat
antioksidant kombinasiyalar1 daha genis yayilmisdir. Digor
genis yayillmis kombinasiyalar igorisindo uzunmiiddatli istis-
mar prosesindo bark polimerlorin stabillosdirilmosi moagso-
dils istifado olunan fenol tipli antioksidantlar vo tioefirlorin
garisigindan ibarot kombinasiyani misal gostormok olar.
Fenol, fosfit vo lakton tipli antioksidantlar kombinasiyasi
daha effektiv sistem hesab olunur. Bels ki, bu antioksidant-
lardan hor biri ayrica stabillosdirmo mexanizmino malikdir
va polimerlarin stabillogdirilmasinds bir-birindan asili olma-
dan tosir gostorirlor. Ogar polimerin rangsizlosdirilmasi ma-
terial Uiclin «fenolsuz stabillosmo» tolob edon asas faktorlar-
dan sayilirsa, onda faozavi-¢otinlogsmis aminlor vo hidroksia-
minlordon ibarat sinergik qarisiqlardan istifads olunur (ben-
zofuranonlar vo fosfitlor qarisigl). Bu halda orintido islonmao
vo bork halda uzunmiiddatli istismar zamani polimerin tem-
peraturun tosirindon hortorafli miihafizasi reallagir vo mate-
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rialin isiqstabbilosdiriciliyi tomin olunur. Belo stabillogsmo
lentlorin, liflorin vo poliolefinlordon ibarot termoplastik
materiallarin istehsalinda genis istifads olunur.

5.1. Antioksidantlarin sinregik garisiglari

Miixtalif mexanizmlor {izro foaliyyot gostoron
antioksidant qarisiqlari sinergik vo antoqonist ola bilar. Si-
nergik qarisiglar polimeri hor bir antioksidantin ayri-ayri-
ligda gostordiyi tesir effektlorinin comino nisboton daha
yiiksok soviyyodo miihafizo edir. Basqa s6zlo, sinergik effekt
antioksidantlarin additiv effektini istoloyir. Radikal aksep-
torlar1 vo hidroperoksidlor dagidicilarinin kombinasiyasi
praktikada istifado edilon genis yayilmis sinergik qarisiqlar-
dandir. Optimal sinergik qarisiq daha yiiksok noticalor ali-
nanadok, onu toskil edon maddalorin faizli nisbatinin ¢ox
zohmot tolob edon eksperimental se¢im yolu ilo yaradilir. Bu
zaman mixtolif siiratlondirilmis sinaqlardan istifade olunur
ki, burada da asas amil kimi polimer materiallarin istismar
parametrlori gotiiriiliir.

5.2. Antioksidantlarin antogonist garisiglari

Antioksidant qarisiglarindan istifado zamani bozon
son effekt additiv effektdon asagi olur, yoni antioksidantlar
bir-birine moanfi tasir gostarirlor. Misal olaraq, polimer ma-
teriallarin stabillogmosi {i¢iin fenol tipli antioksidantlar, iki-
valentli kiikiird birlosmolori va fazavi-¢otinrlogsmis aminlor-
don ibarat stabilizator paketindon istifads etmok olar ki, bu
da prinsip etibarilo momulatin istifadasi zamani onun émri-
niin uzunmiiddatli olmasini vo materialin isigstabilliyini to-
min etmolidir. Lakin antioksidaqntlarin gostorilon ahongdo
birlosmosindon istifado zamani temperaturun tosirindon kii-
kiirdtorkibli antioksidantlarin oksidlogsmasi naticosindo tur-
su mohsullarinin alinmasi miisahids edilmisdir ki, bu moah-
sullar aminlorlo qarsiligh tosiro girorok kompleks bir-
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losmolor omoalo gotirirlor. Bununla da aminlor radikallar
tutmaq xassasini itirorak, radikal akseptorlar1 kimi oksidlos-
mo morhalosindon ¢ixirlar (sokil 1). Bu antaqonizm todqi-
qatgilara yaxst molumdur vo toforriiati ilo dyronilorak isteh-
salcilara miivafiq tovsiyalor soklinds togdim olunmusdur.

Digor antaqonist qarsiliqh tosirlor bir qayda olaraq
sistemdo Brensted vo Lyuis tursu vo osaslar1 daxil olmaqla
giiclii tursu vo ya osaslarin olmasi ilo alagedardir ki, bu
maddolor do antioksidantlar1 kimyovi gevirilmolora colb
etmoklo qarsiligh tosirds olaraq onlarin orijinal antioksid-
losma gabiliyyatini he¢a endirarok bu birlogsmalari polimerin
stabillosmasi prosesindon konarlasdirir.

6. Antioksidantlarin polimerlards tatbiqi

Parktiki olaraq biitiin polimerlor materilin ilkin mii-
hiim fiziki xassolorini saxlamaga zomanot veran vo polimer
momulatlarin émriiniin uzunmiiddatli olmasini tomin edon
antioksidant olavalori tolob edir. Bu vo ya digor antioksidant
secimi polimer materialin tobistindon vo onun isloma soraiti
Vo totbiq olunma mogsodindon asilidir.

6.1. Poliolefinlor

Oksidlogdiricalorlo tamasda olarkon (oksigen, hava,
ozon) oksidlosma proseslorini longitmok {i¢iin PE vo PP-nin
sintezindon dorhal sonra vo onlarin izolyasiya olunmus
halda ayrilmasindan ovval bu maddolora asagi qatiligda
antioksidant olavo (<0,01%) olunur. Daha yiiksok qatiliqh
olavalor polimerin donovar soklindo formalasmasinin
sonraki morholslorinds hoyata kegirilir. Polimer materialin
iimumi vo ya xiisusi toyinatl istigamoatdo olmasindan asili
olaraq, istehsalg1 torofindon antioksidant garisigin kompo-
nentlori vo gatihiglart segilir.

Adi praktikada poliolefinlor ekstruziya, sixilma vo
ya tozyiq altinda tokmao proseslori zamani 300°C-dok tempe-

65



ratura moruz qala bilorlor. Bu zaman belo islonmoys moruz
galan polimerlor onlarin ozliiliiyiiniin (basga sozls, ilkin
molekulyar kiitlonin saxlanmasini tomin etmak) vo ronginin
doyismoasinin qarsisini almaga imkan veron birlosmalarls
stabillogirlor. Belo stabillosmo iigiin fosfitlordon, masalon,
tri-(2,4-di-tret-butilfenil) fosfit (25) vo ya bis-(2,4-di-tret-bu-
tilfenil) pentaeritritol difosfitin oktadesil — 3,5 — di-tret-
butil-4-hidroksihidrotsinnamat (6) kimi fenol tipli oksidant-
larla kombinasiyasindan istifado etmok olar. Bu maddolor
poliolefinlorin néviindon vo emal soraitindon asili olaraq
0,01-dan 0,5 kiitls %-dok gatiligda gotiiriils bilar.

Poliolefinlorin uzunmiiddatli islomasini tomin etmok
ti¢iin tetra- [metilen(3,5-di-tret-butil-4-hidrotsinnamat)] me-
tan (9) (Irganoks 1010) kimi davamli va effektiv antioksi-
dantdan istifado olunur ki, bu da iimumi stabilizator pake-
tino 0,1-don 0,5 kiitlo % -dok qatiligda slave olunur. Ma-
mulatin maya doyarinin asagi salinmasi {i¢iin torkibindo kii-
kiird birlosmolori olan sinergik stabilizatorlar qarisigindan
istifads olunur.

1409C-do PP-ni stabillosdirilmasi zamani hidrope-
roksidlorin dagidicilardan (dilauriltiolipropionat, DLTDP)
(33) vo radikal akseptorundan (Irqganoks 1010, 9-cu birlos-
mo) eyni vaxtda istifado zamani1 alinan sinergik stabillogsmo-
nin effekti oyani olaraq 4-cii codvolds verilmisdir:

S(CH,CH,—C—0C;H;s);
(33)

Cadval 4. Polipropilenin 140°C-do oksidlosdirici destruksi-
yast zamani fazavi-¢otinlogsmis fenol vo kiikiird torkibli an-
tioksidant arasindaki sinergizm
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Irqanoks 1010, DLTDP, kiitlo % Induksiya dovri,
kiitlo % giinlor

0.0 0.3 4

0.1 0 16

0.1 0.3 45

Caodvoldon goriindiiyii kimi, hor bir antioksidantin
tosirindon alinan {imumi stabillosmo effekti 20 giin toskil et-
diyi halda, bu antioksidantlarin birgo tosirindon polimeri
mithafiza effekti 45 giinadok artir.

Oligomer fazavi-gatinlosmis aminlor (HALS) isig-
stabillosdirmo ilo yanasi, PP-nin effektiv termiki antioksi-
dant1 sayilirlar. Belo ki, torkibindos 2,4,6-trixlor-1,3,5-triazin
vo 2,4,4-trimetil-2-pentamin fragmentlori (34-cii birlosmo)
dasiyan N,N’-bis (2,27,6,6 - tetrametil-4-piperidinil) -1,6-
heksadiamin polimer stabilizatorunun 0,5% miqdarda sla-
vasi coxdamarli polipropilen materialini 120°C temperatur-
da sobada siirotli hava verilmosi soraitinds, oksidlosmadon
47 giin arzinda qorumagq xiisusiyyatino malikdir. Analoji so-
raitlordo adi fozvia-¢otinlogsmis 3,5-di-tret-butil-4-hidrok-
sitoluol (ionol, 1-ci birlosmo) materiali yalniz 14 giin orzinds

AQL N

J/ ,. N—i(_ Hziﬁ—N_"
"' C CH'}

A—C ‘H,—C CH,

H3 CHa
34
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Mis elektrik nagqillori iiglin izolyasiyaedici material
kimi totbiq olunan poliolefinlorin tokco asas antioksidant-
larla deyil, metal dezaktivatorlar1 ilo do stabillosmosine
ehtiyac duyulur. Hor iki, 28 vo 29 birlosmoasi metal
dezaktivatorlar1 funksiyali bifunksional antioksidantlardir.
Antioksidant 27, homg¢inin, misin effektiv dezaktivatoru
olmagla, poliolefinlor ii¢iin miivafiq antioksidant paketindo
istifads olunur.

6.2. Poliamidlor

Poliamidlorin yiiksok temperaturlarda yiiksok mexa-
niki xassalors malik olmasi sobabindon bu birlogsmalor va
homg¢inin, mineral vo siigo-asqarlardan togkil olunmus ma-
teriallar praktikada genis totbiqin tapir vo sonayenin miix-
tolif sahalorinda, masalon, avtomobilgayirmada bu maddale-
ro boyiik ehtiyac duyulur. 9dobiyyatda poliamidlorin sta-
billosmasino hasr olunmus nisbaton az miqdarda islor vardir.
Osas etibarilo, alifatik poliamidlor — PA 6; PA 4,6; PA 6,6;
PA 11; PA 12 nozordon kegirilir. Poliamidlorin stabilliyi
amorf vo kristal fazalarin sixligindan asilidir. Ciinki yalniz
bu iki faktor polimer matrisaya oksigenin miqrasiyasini
nozaratdo saxlayir.

Aromatik poliamidlor alifatik poliamidlora nisbaton
daha stabildirlor vo praktiki olaraq stabillogmoni tolob et-
mirlor.

Alifatik poliamidlor {i¢lin ononvi stabilizatorlar mis
duzlar1 sayilir. Tipik stabilizatorlar sistemi misin, yod vo
brom duzlariin az qatiliglarindan ibarat (< 50 ppm) slave-
lora asaslanir. Poliamidlorin stabillosmoa mexanizmi axiradak
aydinlasdirilmamisdir. Amma, toxmini olaraq, demok olar
ki, bu mexanizm metal ionlar1 ilo hidroperoksidlorin katali-
tik dagilmasina osaslanir. Poliamidlor {i¢iin stabilizatorlar
paketi digor polimerlor {i¢iin yararl deyil. Masalon, mis sla-
volori poliolefinlordo 6zlorini promotor vo ya destruksiya

68



katalizatorlar1 kimi aparir. Giiclii dispersiya olunmus mis
niimunolori daha effektiv sayilir. Onlar miisbot (poliamidlor
iiclin) vo ya monfi (poliolefinlor {i¢iin) isarali tosiro malik
polimerin istismar xassalorinin asas faktorundan sayilir.

Mis duzlar1 suda hall olundugundan, bir sira hallar-
da polimerin torkibindo yuyula bilor ki (mosslon, boyayici
vannalarda istifado zamani), bu da tobii olaraq, onlarin ef-
fektivliyini vo gobul olunmus ekoloji statusunu asag: salir.
Aromatik aminlorin uzunmiiddatli tasirs malik ¢ox effektiv
stabilizator olmalarina baxmayaraq, onlar shomiyyatli dora-
cado polimerin rangini doyisir vo bu sababdon do onlarin
poliamidlords totbiqi hislo doldurulmus materiallarla moh-
dudlasir.

Fenol tipli antioksidantlarin bilavasito polikonden-
sasiya reaksiyalarinin gedisinds olaovo edilmasi, osason asagi
temperaturlarda poliamidlorin avvalki rongini vo termiki
stabilliyini yaxsilasdirir. Poliamidlordo miixtalif stabilizator
sistemlorinin keyfiyyati 5-ci cadvalds gostorilmisdir.

Cadval 5. Poliamidlordo miixtalif stabilizator sistemlorinin
istifadasinin {istiinliiklori va ¢atismayan cohatlori.

Antioksidantlar Ustiinliiklor Catismayan cahatlor
sistemi
Mis/haloid Yuxari Polimerin rongsiz-
duzlar temperaturlarda | losdirilmasi (rongin
(>150°C) yiiksok doyismosi)
stabillogsmo effekti | Yas atmosferlo kon-
taktda polimer
Az miqdarda matrisadan yuyulma
dozalar Xirda- dispers nii-
munolari talab olu-
nur
Aromatik Uzunmiiddotli Polimerin
aminlor istismarda rongsizlosdirilmasi
polimerin yiiksok (rongin dayismasi)
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mithafizo effekti Antioksidantin
yiiksak dozalari
talab olunur

Fenollar Mis duzlari totbiq | Yiiksok temperatur
olunmadigr halda | soraitindo effektiv
asagl temperatur- | deyil, masolon, avto-
larda effektivdir. mobilin qabaq
Uzun miiddat or- | acilib-baglanan 6r-

zindos avvalki rongi | tliylinin (kapot) da-

sabit saxlayir. xili hissasinda

6.3. Polistirollar

Modifikasiya olunmamis polistirollar, masalon adi
kristallik PS, nisbaton stabil toromolordon sayilir vo oksar
hallarda bu maddalors antioksidantlarin slava edilmasi tolob
olunur. PS-in tullantilarinin stabillogdirilmasi moaqsadila
onlarin tokrar emali zamani fozavi-¢otinlosmis fenol tipli
antioksidantlarin asag qatihiglarindan ( 0,1 kiitlo % )
istifads olunur.

Stirolakrilonitril sopolimerlori  220°C-don yuxari
temperaturlarda emal proseslorindo rongini itirirlor.
Horgond ki, rongitirmo hadisosi oksidlosmoa proseslori
sobobindan bas verir, lakin, fenol tipli antioksidantlar vo
fosfitlorin kombinasiyasindan ibarat olavolor miioyyan
doracads sopolimerin ronginin doyismosinin qarsini alir.

Zorboyadavamli PS-in torkibindo doymamis buta-
dien kauguku fragmenti oldugundan o, oksidlosdirici
destruksiyaya daha hossasdir. Antioksidantlar zorboyada-
vamli PS ya polimerin alinmasi prosesindo, ya da
polimerlosmodon sonra olavo olunur. Antioksidantlar
polimerizasiya prosesi zamani alavo olunduqda polimerin
rongi vo PS-in zorboys davamliligi bir gayda olaraq daha
yaxsi olur. Lakin bu zaman fosfitlorin polimerlogsmonin
peroksid inisiatorlari ilo qarsiligl tosiri naticasindo prosesin
kinetikasina monfi effekt géstormaosi ehtimali artir.
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Akrilonitrilbutadienstirol sopolimeri stirolun akri-
lonitrilo emulsiyali asilanmasi vo sonradan butadien kaugu-
ku ilo garigmasi naticosindo alinir. Akrilonitrilbutadienstirol
sopolimerinin hansi ndviiniin alinmasinin lazim olmasindan
asili olaraq, kaucuk stirolakrilonitril sopolimeri ilo miixtalif
nisbotlordo qarisdirilir. Burada antioksidantlar kauguk
fazasinda  oksidlosdirici  proseslorin  qarsisini  almaq
mogsadilo hazir sopolimerin koaqulyasiya vo qurudulmasi
proseslorindo tolob olunurlar. Antioksidantlarin sinergik
kombinasiyasi — fozavivi-¢otinlogsmis fenonlar (0,25 kiitlo %)
vo tioefirlor (0,5 kiitlo %) daha yaxsi effekt niimayis
etdirirlor.

6.4. Poliefirlor

Polietilentereftalat kifayat qador stabil polimer olub,
termiki islomo prosesindo azaciq miqdarda (vo ya heg
tolobat olmur) antioksidant olavolori tolob edir. Bozi
hallarda rongin yaxsilasmasi mogsodilo xirdalanma zamani
polietilentreftalata fosfitlor olavo olunur. Polietilentreftala-
tin alinmasinda polikondensasiya zamani sistemo eyni
zamanda fosforun besvalentli birlosmoalorindon olan trifenil
vo ya trimetilfosfat kimi birlosmolor ds slavs oluna bilarlor.
Bu additivlor yenidon eterefikasiya katalizatorlarinin qaliq-
lar1 ilo (mangan, qalay, sink duzlari) komplekslor omaolo
gotirmoklo azalmis miqdarda son hidroksil qruplart olan
polietilentreftalatin omalo golmasine zomin yaradirlar. Alin-
mis polimer hidrolitik stabilliys vo sabit rongo malik olur.
Polibutilentriftalat makromolekulunda yiiksok miqdarda
karbohidrogen hisss oldugundan o, polietilentreftalatla mii-
gayisado daha ¢ox termooksidlosdirici destruksiyaya moruz
galir vo miivafiq olaraq fenol tipli antioksidantlar (0,05- 0,1
kiitlo %) vo fosfitlor (0,1 kiitlo %) kombinasiyas1 ilo sta-
billosdirilir.
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6.5. Polikarbonatlar

Polikarbonatlar termooksidlosmoys nisboton, fo-
tooksidlogsmoys daha ¢ox hossasdirlar vo emal prosesi zama-
n1 antioksidantlar bu polimerlords lazimi rong tonunu va
yitksok soffafligi tomin edirlor. Islonmo prosesinde lazim
olan rongin saxlanmasi1 mogsadilo polikarbonatlara fosfitlor
(0,1 kiitlo %) olave olunur.

Miioyyon olunmusdur ki, polikarbonatlara xas olan
stabillik bilavasits son fenol fragmentlorinin migdarindan
asilidir — bu fragmentlor no godor ¢ox olsalar, polimer bir o
godar az stabil olar. Polikarbonatlarin nom atmosferds is-
lonmasi zamani tursularla kataliz olunan hidroliz naticasin-
dos belo son qruplarin miqdari ¢oxalir. Bu sobobdon do isti-
fada olunan fosfitlor elo segilmalidirlor ki, fosfit tursusunun
katalitik migdarda omalo golmasi istisna olunsun.

6.6. Poliasetallar

Poliasetallar temperaturun tosirindon daha ¢ox de-
polimerizasiya proseslorino moruz qalirlar. Miioyyan olun-
musdur ki, depolimerizasiya makromolekulyar zoncirin
sonundan baslayir va bir qayda olaraq tursularin istiraki ilo
kataliz olunur. Bununla slagadar olaraq, poliasetallarin sta-
billosdirilmasi metodlarindan biri, son qruplarin tocrid
olunmasi vo ya inkisaf edon zoncirin qirilmasini tonzimlo-
mok {i¢ciin somonomerlorin daxil edilmasidir.

Depolimerizasiya prosesi avtokatalitik prosesdir, be-
la ki, bu zaman amals golon formaldehid asanligla polimerin
parcalanmasini kataliz edon qarisqa tursusunadok oksidlo-
sir. Poliasetallar vo onlarin asasinda kompozisiyalarin sta-
billasdirilmasi iigiin formaldehidin qarisqa tursusuna keg-
mosini tocrid edon birloasmalor, homg¢inin fenol tipli antioksi-
dantlar totbiq edilir.
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6.7. Poliuretanlar

Poliuretanlarin oksidlosdirici stabilliyi onlarin yiik-
sokmolekullu spirt komponenti vo izosianatin kimyovi
tobiotindon ohomiyyatli doraco asilidir. Belo ki, miirokkaob
poliefirlorin vo yiiksokmolekullu spirtlorin téromalorindon
olan poliuretanlar sado poliefirlor torkibindo osas olan
poliuretanlardan daha stabildirlor. Sado poliefirlordo efir
rabitosino qonsu olan metilen qrupu, hotta adi saxlanma
prosesindo belo hidroperoksidlors asanligla oksidlosir. 9gor
ingibitorlasma aparilmasa, yigilmis hidroperoksid kiitlosi
yliksokmolekullu spirt va izosianatin ekzotermik reaksiyasi
noticasindo materialin dohsotli destruksiyasina gotirib ¢ixara
bilor. Foazavi-¢atinlosmis fenollar (0,2 kiitlo %) vo aromatik
aminlorin (0,1 kiitlo %) qarisiglari, adoton, poliefir
sistemlorin saxlanmasinda istifads olunan stabilizatorlardir.
Onlar poliuretandan hazirlanan penomateriallara go6zol
sabit rong verir. Belo stabilizatorlar paketi az migdarda
olmaq sortilo yiiksokmolekullu spirtlorin  miirokkab
poliefirlorinds do istifads olunur.

6.8. Kaucuklar

Polidoymamis elastomerlor  oksidlosmoys  ¢ox
hossasdirlar. Bir qayda olaraq, stabilizatorlar quruma va
saxlanma prosesindo elastomerlorin mithafizosi mogsadilo
vulkanizasiya prosesindon ovvol onlara olavo olunur.
Homginin polimerlori ronglomoyon stabilizatorlardan olan
butillogsmis hidroksitoluol (ionol, antioksidant 1), 2,4-bis-
(oktiltiometil)-6-metilfenol, 4,4-bis(a,a-dimetilbenzil)
difenilamin (antioksidant 14) vo ya fosfitdon, masalon,
tri(nonilfenil) fosfit (antioksidant 24) 0,01-don 0,5 kiitlo %-
dok  qatiligda  istifado  oluna  bilor.  Rongloyici
stabilizatorlardan olan N-izopropil-N-fenil-p-fenilendiamin
(antioksidant 35)-don sin istehsalinda istifado olunur. Bu
antioksidantlar eyni zamanda yaxs1 antiozonantlar
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olduglarindan vulkanlagsmis kauguklar1 yiikiin tossirinden
dagilmadan vo onun ¢atlamadan effektiv olaraq qoruyur.

Hy
ety JLH\ D

Sinlorin mohkamhylm artirmaq mogsadilo istifads
olunan karbon hisi yuxarida adlar1 ¢okilon stabilizatorlarin
materiali ronglomosino mane olur. Texniki tolobata uygun
olaraq, 3 kitlo %-dok miqdarda antiozonant aktivliyino
malik amin tipli stabilizatorlar vulkanlasmadan ovval
bismomis kauguk materialina slavo olunmalidir. 9gor amin
tipli antioksidantlar hesabina polimerin ronglonmasi gobul
edilmis normadan yuxari olarsa, bu zaman kauguklarin
gorunmasi moqsadilo yarimrongloyici antioksidantlardan
istifado olunur. Belo maddsloro polimerlosmis birlosmo 13
vo birlosmo 14-1t géstormok olar. Lakin bu antioksidantlar
antiozonant aktivliyo malik deyillor.

Avtomobil sonayesi {iciin araliq qatlarin, kipgoclorin
(salnik) va rezin borularin hazirlanmasinda istifado olunan
kauguk materiallarinin stabillosdirilmosi {iciin yag vo
benzinlo ekstraksiyaya davamli antioksidantlara iistiinliik
verilir. Karbohidrogenlordo az holl olan vo kaugukdan
yavas siirotlo ekstraksiya olunan belo antioksidantlara misal
olaraq aromatik amin tipli stabilizator N-fenil-N-
(toluolsulfonil)-p-fenilendiamini (birlosma 36) gdstormok
olar.

jNHf —NH—S0, —-{/_\7

136)
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Sopolimerizasiya, modifikasiya vo ya calag yolu ilo
antioksidantin elastomerlo kimyovi birlosmosi, avtomobil-
gayirmada kauguklarin stabillosdirilmasi probleminin halli
yollarinda yaxs1 naticalor verir. Butadiennitril kaugukunun
polimerizasiyast zamani N-(4-anilinofenil) metakrilamidin
(birlosmoa 37) olave edilmasi karbohidrogenlor torafindon
ekstraksiyaya qarst yiiksok sabitliyo malik antioksidant
bloklu polimerin alinmasina gatirib ¢ixarir.

(|:|1 ‘TH_}
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Torkibinds 1,5 kiitlo % kimyovi yolla birlogsmis antioksidant
37 olan bismomis utadiennitril kauguku metanola intensiv
ekstraksiyadan sonra ilkin kauguku  oksidlosmoyo
davamliligini 92%-dok saxlayir. Torkibi adi aromatikamin
tipli antioksidantdan ibarat kaucuk, masalon, oktillosmis di-
fenilamin analoji islonmoado 6zliniin ilkin antioksidlosdirici
stabilliyini yalniz 4% saxlaya bilir. Molekulunda sulfhidril
qrupu olan aromatik amin tipli antioksidantlarin elasto-
merin 9sas molekulyar zoncirino kimyovi asilanmasini da
hoyata kecirmak olar. 4-(merkaptoasetamido) difenilaminin
(birlosmo 38) etilenpropilendien kaucukuna olavo edilmosi
vo bu kompozisiyani firlanan qarisdirici cihazdal5 doaqige
miiddatinds 150°C temperaturda qarisdirilmasi naticasinda
bu birlosmonin 87 faizi elastomerlo kimyavi olaraq birlosir.

0
C}—NH—(QZ/\—N H—ﬂi—C:HESH
(38)
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Belo qisamiiddotli qarisdirma noticosindo  elastomer
mexaniki vo termiki tosiro moruz qalir vo bunun da
noticasindo polimer zoncirin qirilmast antioksidantin osas
makromolekulyar zonciro asilanmasini  qiciglandiran
radikal qirintilart omalo gotirir.

6.9. Polivinilxloridlor

Polivinilxloridlor vo onlarin téromolori oksidlasdirici
atmosferdo qismon stabillik xassosi gostormolorino bax-
mayaraq, termiki tosiro qarsi ¢ox davamsizdirlar. PVX-nin
termiki destruksiyasi dehidroxlorlasma reaksiyasina sobob
olur vo polimerin qorunmasi ilk névbado ayrilan hidrogen-
xloridin birlosdiricilik xiisusiyyatindon asilidir. Bundan ola-
v, hal-hazirda PVX-nin stabillosdirilmasi {i¢lin antioksid-
losdiricilik funksiyasini yerino yetiron additivlor toklif olu-
nur. Ilalxiisus aralkilfosfitlor, PVX {i¢iin termiki stabiliza-
torlar paketinin effektiv antioksidlosdirici komponentlorin-
don biri sayilirlar.

6.10. Yanacaq vo vaglar

Benzin va aviasiya yanacaqlarmin torkibindo saxlan-
ma miiddoti orzindo asan oksidlogon vo naticods gotran bir-
losmolori vo ¢okiintiilor omolo gotiron doymamis birlosmolor
vardir. Karbohidrogenli neft xammalinin stabillogdirilmasi
iigiin 2.4,-dimetil-6-tret-butilfenol, 2,6-di-tret-butil-p-krezol
(birlosma 1), 2,6-di-tret-butilfenol kimi radikal akseptorlari
vo 5-10ppm qatiliq intervalinda alkillogdirilmis parafenildia-
minlar totbiq olunur.

Yanacaq vo yaglarin oksidlosmosino gotirib ¢ixaran
digor faktor metal qatisiqlaridir. Yanacaq vo yaglarda
oksidant rolunu oynayan misin katalitik aktivliyi 5-10 ppm
gatihgda gotiiriilon N,N’- disalisiliden-1,2-diaminopropan
(birlosmo 30) kimi metal dezaktivatorlarindan istifado
etmoklo neytrallasdirila bilor. Miiasir stardartlara goro,
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avtomobillorin benzin mithorriklori tigiin yaglar vo siirtkii
yaglart hotta on sort soraitdo belo ¢ox davamli olmalidir.
Mosolon, miihorriklordo porsenin divarlarinda nazik yag
gat1 temperaturun, oksigenin, azot oksidlorinin vo mexaniki
tozyiqin tosirlorino moruz qalir. Bu sobobdon siirtkii
yaglariin stabillosdirilmasine béyilik digget yetirilir. Bunun
iiclin  nisboton  yitksok  qatihigh  birinci  dorocali
antioksidantlar 1 kiitlo%-dok fozavi-¢otinlosmis fenollar vo
aromatik aminlor garisigindan, mosolon, alkillosdirilmis
difenilamin vo fenil-a-naftilamin qarisigindan vo homginin
yiksok qatiliglt sinergist, 1 kiitlo %-o qgodor sinkdialkil-
ditiofosfat (birlosmo 39) qarisigindan istifado olunur.
Sinkdialkilditiofosfat - elektronverms ilo bas veran radikal
akseptoru mexanizmina asason oksidlosma zoncirini qirma-
ga malik olan vo radikal omolo gotirmodon hidroperok-
sidlori parcalayan c¢oxfunksiyali vo ucuz antioksidantlar-
dandir. Eyni zamanda, antioksidant 39 korroziya ingibitoru
vo yeyilmayo qarst asqgar funksiyasini yering yetirir. Lakin o,
avtonoqliyyat tullantilarinin torkibinin normal saxlanmasini
tonzimloyan katalizatorlar1 dezaktivlosdirmoak qabiliyyatino
malik oldugundan miuasir standartlara uygun olaraq
onlarm 0,1 kiitlo% qatihiqda totbiqi ilo kifayostlonmok
zorurati yaranir.
I ﬁ
RO—P—S—2Zn—S—P—O0R

OR OR
R =C3Hq, CgHys
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7. Sinaq metodlari
7.1. Polimerlor

Polimerlorin  oksidlosmoa  stabilliyinin  simnaqdan
kegirilmasinin miixtalif metodlar1 vardir. Mixtalif tosirlor
noticasindo polimerin torkibindo bas veron doyisikliklor,
fiziki vo estetik (vizual) olmagqla, iki yero bdliiniir. Fiziki
cevrilmolor dedikdo molekul ¢okisi, molekulyar kiitlo
paylanmasit vo kristalliq doracasinin doyismosi, estetik
transformasiya iso rongin doyismosi, bulanighgin omals
golmosi vo mikroskopik catlar naticasindo polimerin iist
gatmin parlagliginin itmasi nazards tutulur. Fiziki vo estetik
cevrilmolorin - qiymatlondirilmoesi iizro apaliran sinaqlar
ASTM-do oks olunmus (mosolon, qirilmaya davamliliq
hoddi, zorboyo davamliliq, ronglonmonin intensivliyi,
oksidlosmonin induksiya dovrii, termoskafda siini qocalma)
standart sinaqlar sistemindo sado metod vo cihazlarin
komoyi 1ilo aparila bilor. Lakin istismar soraitindo
oksidlosma stabilliyinin qiymotlondirilmasi uzunmiiddatli vo
daha miirokkob omoliyyatlarin aparilmasini tolob edir. Bu
zaman oksidlosmo noticasindo polimerin xarab olmasina
lazzim olan vaxti qisaltmaq moqgsadilo siiratlondirilmis
metodlardan istifado olunur, o climlodon, real islomo
temperaturundan daha yiikksok temperatur vermoklo
sinaqlar aparilir. 9rimo ndqtosindon asagr temperaturlarda
polimerin siirotlondirilmis termoqocalmasi uzunmiiddotli
istismar soraitindo polimerin termostabilliyinin toyini
metodlarindan biri sayilir. Bu zaman miixtolif temperatur
dastindon istifads olunur ki, bu da oksidlosdirici destruksiya
siirotinin temperaturdan Arrenius asililigini qurmaga vo
bununla da polimerin pargalanma siiratini istismarin real
temperatur soraitino ekstrapolyasiya etmoyo imkan verir.
Bozon konkret simmaq temperaturunun polimerin hansisa
xassosinin - miloyyon soviyyodo oldo olunan zamandan
(mosolon, kovrokliyin, méhkomlik hoddinin vo termoqocal-
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ma zamani elastikliyin 50% saxlanmasi) Arrenius asililigini
qurmaq lazim golir. Lakin nozoro almaq lazimdir ki, po-
limer matrisada bas veran real proseslor kifayot godor mii-
rokkob oldugundan Arrenius asililign - polimerin dagilma
vaxtinin oks temperaturdan logarifmi — diiz asililigdan oho-
miyyatli dorocods konara ¢ixa bilor vo ekstrapolyasiya za-
mani ciddi sohvlora sobab ola bilor.

Polimer materialin estetik xassolorinin meyarlari
0zlinds rongin doyismasi, parlagligin itmasi, tutqunlasmanin
artmasi, laylarin yaranmasi, sothin hamarliginin itmasi,
torlomo hoddi, polimerin asagi molekullu fraksiylarinin iizo
cixmast vo lokolorin omoalo golmosinin qiymotlondirilmasini
sociyyalondirir.

Fiziki vo estetik xassolorin qiymotlondirilmasi zamani
nozors almaq lazimdir ki, sothin hocmo dogru sahosinin
artmasi polimerin oksidlosmo hassasligini artirir ki, bunun
da sobabi buxarlanma naticasnido antioksidant itkisinin bas
vermosidir.

ovvallor yiiksok temperaturlarda polimerin oksidlos-
mosi zamani oksigenin udulmasina osaslanan oksidlogsmo
stabilliyinin toyini metodu genis totbiq edilirdi. Bu metod
¢ox gdzal naticalor vermok imkanina malikdir, lakin hal-ha-
zirda digor yanasmalardan, masalon, oksidlosmo zamani in-
duksiya dovriiniin toyini, DTA vo XL tisullarindan istifads
olunur. Udulan oksigenin hacminin 6l¢iilmasino asaslanan
metodun totbiqi zamani miloyyon hocm oksigenin udulma-
simna lazim olan vaxt oksidlogdirici par¢alanmanin dorace-
sinin gostaricisidir vo polimerin fiziki-mexaniki xassslorinin
doyisilmasinin haddi ils korrelyasiya oluna tonzimlono bilor.
Lakin bu tip testlor intensiv hava axininda polimerin effek-
tiv islomo miiddatini tam qiymatlondirmok tigiin kifayot de-
yil.

Polimerin nisbi oksidlosmo stabililyinin Oyronilmo-
sindo oksidlogsmonin induksiya dovriiniin toyini tisulundan
genis istifado olunur. Bu tocriibolor, adston, sort sinaq sorai-
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tindoa, bir gqayda olaraq, polimerin arima temperaturundan
yiiksok temperaturlarda vo oksidlosdirici kimi oksigendon
istifada etmoklo aparilir. Qeyd etmok lazimdir ki, bu metod
uzunmiiddoatli istilik stabilliyi barado gabacqadan molumat
oldo etmok {i¢iin gobulolunmaz sayilsa da, miixtolif sta-
bilizator sistemlorinin potensial antioksidlosmo aktivliyinin
daha tez dyronilmesindo ¢ox yararl vo effektivdir.

Xemiliimessensiya isulunun totbiqi ilo slagodar olan
tocriibalordo proses yuxarida noazordon kegirilon induksiya
dovriine gora aparilan eksperimentlorlo oxsarliq toskil edir.
Xemiliiminessensiya {isulu eyni miivoffoqiyyatlo polimerin
destruksiyasimnin baslangic morhalolorindo vo oksidlosdirici
dagilmanin dorin konversiyalar1 (¢evrilma) zamani istifado
oluna bilor. Oksidlogsmo zamani xemiliiminessent siialanma-
nin intensivliyi omoalo golon peroksidlorin migdarina mi-
tonasibdir vo polimer matrisada bas veran oksidlosma pro-
seslorinin intensivlik meyarlarindan sayilir. Son 10 illiklordo
islonib hazirlanmis bu {iisul todqigatg¢ilara polimerin oksid-
losmo stabilliyi barads az bir zamanda — siiratlondirilmis ter-
moqocalma iisullarina sorf olunan zamandan daha qisa
miiddotds va oksidlogsmonin induksiya dévriiniin toyin olun-
dugu soraitlo miigayisado oksidlosdirici qocalmanin real so-
raitino daha ¢ox uygunlasdirilmis soraitlor {iciin qiymatli vo
faydali malumat verir.

7.2. Siirtkii yaglar

Motor yaglarinda istifado olunan antioksidantlarin
Oyranilmosinds xeyli sinaq testlori seriyast mévcuddur. Belo
laboratoriya testlorin don on genis yayilani diinya
praktikasinda istifado olunan ISOT (Indiana Stirring
Oxidation Test) sinagidir. Testin mahiyyati neft niimu-nasi-
nin hava atmosferindo vo metal katalizatorlar1 kimi istifads
olunan mis vo domir 16vhalorinin istiraki ilo 165,5 °C-ds qiz-
dirilmasi vo intensiv garisdirilmasindan ibarstdir. Qizdiril-
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ma boyu dovrii olaraq goatran ¢okiintiilorinin artimla omolo
golmoasing, Ozlililyiin vo tursu ododinin todqiq olunan nii-
munado artmasina nazarat olunur. Tursuluq adadinin 0,4
mq KOH/q qiymotinos ¢atdigi zaman bohran noqtosi hesab
olunur. Bu testdon kegon siirtkii yaglari sonradan avtomo-
bil mitharriklorinds real sinaglardan vo daha sonra ¢ox kilo-
metrli yariglarda istirak edon miixtolif avtomobillords son
yoxlamalardan kegir.

Gostorilon laboratoriya testindon basga torkibindo
mixtalif antioksidantlar olan yaglarin oksidlosmo stabililyi-
nin toyin edilmosindo eynilo polimer materiallar iiglin is-
tifado olunan test sinaqglari totbiq olunur.

Piy vo yag stabilizatorlar1 kimi antioksidantlarin ef-
fektivliyi do aktiv oksigenin miloyyon olunmasi iisulunun
koémayi ilo hidroperoksidlorin amolo golmo siirotino osason
toyin edilir.

Qida maddoalorinin torkibindoki antioksidantlarin
aktivliyinin vo bu maddoslorin saglam saxlanilma vaxtinin
toyin edilmosindo, sinaqdan kegirilon birlogsmoalords yaranan
aciligin vo ya xarab olarkon omolo golon gqoxunun inten-
sivliyinin 6l¢iilmosino gora testlor totbiq olunur.

8. Antioksidantlarin slava xassalori

Polimer materialin stabilliyini tomin edon antioksi-
dantlara radikal akseptorluq xassasi gostormok vo hidrope-
roksidlori radikalsiz parcalamaq qabiliyystindon basqa di-
gor toloblor do qoyulur. Effektivlik xassosindon oslave an-
tioksidantlar qarsisinda uguculuq, uygunluq, rong stabilliyi,
fiziki forma, dad, qoxu, maya doyori vo s. kimi xassolora,
xiisusilo do, gida maddolori antioksidantlarina alava taloblor
goyulur.
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8.1._ Ucuculuq

Additivlorin boyiik oksoriyyati orinti halinda emali
zamani vo polimerizasiya morhalosindon sonra polimera
olavo olunur. Emal prosesi polimer momulatin sonraki
formalasmasi prosesindo oldugu kimi materiala tosir edon
istilik yiikli ilo miisahido edilir. Mohsulun saxlanilmasi da
isti yerlordo hoyata kegirilir. Bu amoliyyatlar zamani an-
tioksidant vo onun antioksidlosmo aktivliyino malik gevril-
mo mohsullar1 polimerin torkibindon buxarlanmamalidir.
Bu sobobdondir ki, oksar sonaye tipli antioksidantlar els sin-
tez olunmali, modifikasiyas1 edilmali vo islonmolidir ki, no-
ticado yiiksok molekul kiitlasino malik antioksidantlar alin-
sin.

8.2. Uygunlugq

Antioksidantlar polimer materiallarda yaxs1 hall ol-
malidirlar. 9ks toqdirds, polimer matrisada onlarin mig-
rasiyast gec bas verir. Bir neg¢o vaxtdan sonra an-
tioksidantlar polimer materialda {izo ¢ixaraq materialin ron-
ginin tutqunlagsmasina sobob olur. Antioksidant nazik pards
soklinds polmerin sothinds torloyir ki, bu da materialin par-
laghiginin vo hamarliginin azalmasina sobab olur. Noticado
polimer borklosir vo plastik formalasma va reproduksiya
iglin yararsiz hala dusiir.

8.3. Rangadavamhihig

Antioksidantin polimerin rangini doyismomosi ¢ox
mithiim sortlordon biridir. Belo ki, bu hal arzuolunmaz ok-
sidlosdirici gevrilmolorin inkisafi kimi qiymaotlondirils bilor.
Bozi antiodksidantlar tobiot etibarilo polimerlo qarisan kimi
onun rangini doyismoys meyllidirlor. Bazilori iso oksidlosdi-
rici tosir prosesinda rongin doyismasina sobab olurlar. Bazon
belo arzuolunmaz doyismolori gizlotmok iigiin pigmentlor-
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don istifado olunur ki, bu pigmentlor antioksidantlarin va
ya onlarin ¢evirlmo mohsullarinin tosirindon polimerin osas
ronginin hotta ohomiyyotsiz doyismosini do aradan qaldira
bilir.

8.4. Fiziki hal

Coxlu migdarda toz omolo golmonin garsisini almaq
moqsadilo antioksidantlar istehsalgilara donovor vo ya
hoblor soklindo toklif olunur. Duru vo ya orimis an-
tioksidantlar polimer materiallar1 ilo yaxs1 garisdiglar
iiclin, digor alternativ forma kimi istehsalgilar {i¢iin daha
boyilik maraq kosb edir. Lakin polimer sonayesindo xirda
dispers formali antioksidantlara tolobat halo do galmaqda-
dir. Bunun da sobabi belo formali antioksidantlarin hablos-
dirilmis antioksidantlarla miiqayisodo polimerin orinti
halinda emali prosesino godor onun additivlorlo garismasini
daha yaxs1 tomin etmosidir.

8.5. Dad va qoxu

Qida maddalori ilo tomasda olan vo soxsi, homg¢inin
moisot mogsadilo istifado olunan polimer materiallarin
torkibindoki antioksidantlar {icin dad vo qoxu osas
faktorlardan biri sayilir. Insanin qoxu organi bozi analitik
cihazlardan daha ¢ox hassasdir vo birlosmolordo yarana
bilon qoxunu milyardda bir doqiqliklo hiss etmok
gabiliyyatino malikdir. Buna goéro do belo antioksidantlar
iigiin dad vo qoxuya qgarsi ¢ox sart toloblor qoyulur.

8.6. Kanserogenlik va tohliikasizlik faktorlar:

Antioksidantlarin tohliikssizlik faktorlarinin totbiqi
heyvanlar iizorindo aparilan bir sira test sinaqlarinda yox-
lanilir. Agiz bosluguna, nofos yollarina, gézo vo dori 6r-
tilyiino diison antioksidantlarin kanserogenliyi {izorindo
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testlor aparilir. Antioksidantlarin mutagen aktivliyinin si-
naqdan kegirilmasi xiisusi torzdo aparilir. Sinaqlar bir nego
heyvanin koskin zohorlonmasinadok antioksidantin polime-
rin torkibindon qida mohsulu ilo ekstraksiyasi noticosindo
gidanin torkibinds yaranan qatiliginda aparilir. Bu zaman
antioksidant elo qatiligda gotirilir ki, o, tobiostco qida
mohsuluna oxsar hor hansi holledici ilo polimerin torkibin-
don yuyula bilsin. Antioksidantlarin kanserogenlik faktoru
vo onlarin tohliikasizliyinin totbiqi {izro vahid Diinya Stan-
dartlar1 Sistemi moévcuddur.

8.7. iqtisadi cohotdon effektivlik

Stabilizatorlarin totbiqinds asas masalolordon biri uy-
gun tip antioksidantin va real islonmo soraiitindo polimerin
effektiv ~ stabillosmosi  iiglin  antioksidantin  rasional
istifadosinin se¢imidir. Mosolon, ogor hor hansi bir osya
birdafalik istifads {i¢lindiirso — misal olaraq sobatlor vo ya
sellofandan hazirlanmis qida Ortiiklori - antioksidantin
novii vo qatihigr elo secilmoalidir ki, polimerin stabillogsmosi
ilo bagh olava xorclor ortaya ¢ixmasin. Bu zaman antioksi-
dant orintido kompaundlasma (komponentlorin polmerlo
qarisigl) vo son momulatin alinmasi marhalalorinds polime-
rin stabillogsmosini tomin etmak ii¢iin tolob olunur. Praktika-
da, adoton, momulatlarin tullantilari, qiriglart tokrar emala
moruz qalir ki, bu da materialin iqtisadi cohoatdon gonaoti
demokdir.

Ogor material uzunmiiddotli istismar {i¢iin nazordo
tutulursa, mosalon, geosintetik materiallardan olan mem-
branlar, kabellor vo elektrik moftillori {i¢iin izolyasiyaedici
material, qaz-boru va su komorlori — bu zaman antioksidan-
tin tipi vo qatilifn obyektlorin etibarli islomasinin tomin
olunmasi istigamotinds se¢ilmolidir. Bu tip antioksidantla-
rin istifadosi ilo bagl xorclor momulatlarin uzunmiiddotli
stabil foaliyyati ilo kompensasiya olunur.
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10. Sonaye tipli antioksidantlar

Poliolefinlorin stabillogdirilmasi igiin diinya miqya-
sinda istehsal olunan antioksidantlarin asas novlari va sinif-
lori asagida olavodo verilir. Miixtolif kimya miiossisalori,
kompaniyalar1 vo korporasiyalar1 torofindon alinan 214
adda miixtalif ¢esidli antioksidantlar verilmisdir.

11.9lava.

Poliolefinlorin stabillosdirilmasi iiciin
dimya miqyasinda istehsal olunan
antioksidantlarin siyahisi
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Ciba Specialty Chemicals

Additives

-
Polymer Additives clba

Ciba “CHIMASSORB “ 119 FL

Monomeric Hindered Amine Light Stabilizer (HALS)

Characterization

CHIMASSORB 119 FL is a monomeric, sterically hindered amine light stabilizer. The main
advantage of ‘CHIMASSORB 119 FL over other commercial HALS is that it enhances the
color yield of the pigmented polyolefin articles. Because of its high molecular weight
structure, it is the light stabilizer of choice for all applications calling for low volatility and
high migration resistance. CHIMASSORB 119 FL is also effective as antioxidant and
contributes significantly to the long term heat stability of polyolefins.

Chemical Name

CAS Number

Molecular weight

1,3,5-Triazine-2,4,6-triamine,N,N""'-[1,2-ethane-diyl-bis [ [ [4,6-bis-[butyl (1,2,2,6,6-
pentamethyl-4-piperidinyl)amino]-1,3,5-triazine-2-yl] imino]-3, 1-propanediyl] ] bis

[N',N"- dibutyl-N',N"-bis(1,2,2,6,6-pentamethyl-4-piperidinyl)-

Preparation ( 106990-43-6, 90%)

Structure CHIMASSORB 119

RNH—(CH,)~NR—(CH,)=NR=(CH,)NHR

.AHE

G,
whereby R = —||/N\j—hll

N 2N

N—

CHy—N N—

2286

Applications

CHIMASSORB 119 FL is particularly effective in polypropylene, polyethylene, o-olefin
copolymers and blends with EPR, EPDM, ERR, PE, EVA, EAA, EVOH and filled PP.

It can be also used in elastomers, e.g. EPDM, SBS, SIS, SEBS, styrenics and a-methyl
styrenics, e.g. ABS, SAN, AES, ASA, IPS, SMA blends or alloys of these polymers with others,
adhesives, hot melts, flexible and rigid PVC, PVDC, polyurethanes, polyamides, e.g. PA 6,
PA 6,6 , PA 12, POM (homo- and copolymers), PPE, PET, PBT and blends PMMA cast sheels
and thermoplastic resins, UPE, PET and PA fibers.

Features/ Benefits

Benefits of using CHIMASSORB 119 FL is the high light-stabilizing perfformance, particularly
in PP fibers. It has broad compalibility and can be easily dispersed.

CHIMASSORB 119 FL shows a unique long-term thermal performance in filled PP thick
articles, specifically when conlaining carbon black. It is therefore recommenced in under-
the hood automotive applications when sulfur-containing stabilizers are undesirable
because of odor. CHIMASSORB 119 FL significantly enhances the color yield of many

Date first Edition: Dec-75
Printing Date: Nov-99

Product Name: CHIMASSORB 119 FL page 1
“Ciba Specialty Chemicals, Inc.
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organic pigments and therefore it finds broad usage in PP fibers. Combined with other
HALS it gives rise to synergistic mixtures, e.g. TINUVIN 111,

Product Forms

Code:
CHIMASSORB 119 FL

Appearance;
slightly yellow granules

Guidelines for use

Thick sections UV stabilization of PP

Fibers UV stabilization of PP

0.15 - 0.5%

0.05 - 1.0%

Physical Properties

Melting Range 115-150°C
Flashpoint 278°C ASTM D92 - 78
Specific Gravity (20°C) 1.03 g/em’

Vapor Pressure (20°C) 4.7 E-11 Pa

Bulk density 500 - 600 g/l

Solubility (20°C)

g/100g Solution

Acetone ~2
Chloroform 20
Ethanol 5
Ethyl acetate ~1
n-Hexane ~1
Methanol -1
Methylene chloride 20
Toluene 25
Water < 0.01

Volatility (pure substance; TGA-dala, heating rate 20°C/min in air)
Temperature (°C) % weight loss

200 0.7
250 1.3
300 2.7

Handling & Safety In accordance with good industrial practice, handle with care and avoid unnecessary
personal contact. Protect skin. Prevenl contamination of the environment. Avoid dust
formation and ignition sources.

For more detailed information please refer to the material safety data sheet.

Registration The registration status for CHIMASSORB 119 FL is derived from the single components.

The components are registered in: Australia, Canada, China, EU, Japan, Korea, Philippines,
USA.

They are approved in various countries for use in food contact applications. For detailed

information refer to our Positive List or contact your local sales office.

IMPORTANT: The following supercedes Buyer's documents, SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements herein are to be construed as inducements to
infringe any relevant patent. Under no circumstances shall Seller be lioble for incidental, consequential or indirect damages for alleged negligence,
breach of warranty, strict liability, tort or contract arising in connection with the praduct(s). Buyer's sole remedy and Seller's sale liability for any
claims shall be Buyer's purchase price. Data and results are based on controlled or lab work and must be confirmed by Buyer by testing for its
intended conditions of use. The product(s) has not been tested for, and is therefore not recommended for, uses for which prolonged contact with
mucous membranes, abraded skin, or blood s intended: or for uses for which imamn[azion within the human body is an.

Date first Edition: Dec.-75 Product Name: CHIMASSORB 119 FL
Printing Date: Nov-99

page 2
“Ciba Specialty Chemicals, Inc.
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Ciba Specialty Chemicals

Additives

Polymer Additives

Ciba” IRGANOX"® 1010

Phenolic Primary Antioxidant for Processing and Long-Term Thermal
Stabilization

Characterization

IRCANOX 1010 - a sterically hindered phenclic antioxidant - is a highly effective, non
discoloring stabilizer for organic substrates such as plastics, synthetic fibers, elastomers,
adhesives, waxes, oils and fats. It protects these substrates against thermo-oxidative
degradation.

Chemical Name
CAS Number

Structure

Molecular weight

Pentaerythritol Tetrakis(3-(3, 5-di-tert-butyl-4-hydroxyphenyl)propionate)

i
HO: {CHyl—C—0—CH; C
4

6683-19-8

IRGANOX 1010

1178

Applications

IRGANOX 1010 can be applied in polyolefins, such as polyethylene, polypropylene,
polybutene and olefin copolymers such as ethylene-vinylacetate copolymers. Also, its use is
recommended in other polymers such as polyacetals, polyamides and polyurethanes,
polyesters, PVC, styrene homo- and copolymers, ABS, elastomers such as butyl rubber (lIR),
SBS, SEBS, EPM and EPDM as well as other synthetic rubbers, adhesives, natural and
synthetic tackifier resins, and other organic substrates.

Features/ Benefits

IRGANOX 1010 has good compatibility, high resistance to extraction and low volatility. It
is odorless and tasteless.

The product can be used in combination with other additives such as costabilizers (e.g.
thioethers, phosphites, phosphonites), light stabilizers and other functional stabilizers. The
effectiveness of the blends of IRGANOX 1010 with IRGAFOS 168 (IRGANOX B-blends) or
with IRGAFOS 168 and HP-136 (IRGANOX HP products) is particularly noteworthy.

Product Forms
Powder :

Code: Appearance:

powder white, free-flowing powder
FF (C) white, free-flowing granules
DD white to slightly green pellets

Date first Edition:
Printing Date: Oct-99

Product Name: IRCANOX 1010 page 1

“Ciba Specialty Chemicals, Inc.
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Guidelines for Use  Already 500 ppm - 1000 ppm of IRGANOX 1010 provide long-term thermal stability to the
polymer. Concentrations up to several percent may be used depending on the substrate
and the requirements of the end application.

In polyolefins the concentration levels for IRGANOX 1010 range between 0.05% and 0.4%
depending on substrate, processing conditions and long-term thermal stability
requirements. The optimum level has to be determined application specific.

Concentration levels of IRGANCX 1010 in hot melt adhesives range from 0.2% to 1%, in
synthetic tackifier resins, IRGANOX 1010 concentration ranges between 0.1% and 0.5%.
Extensive performance data of IRGANOX 1010 in wvarious organic polymers and
applications are available upon request.

Physical Properties

Melting Range (*C) 110-125

Flashpoint (*C) 297

Specific Gravity (20°C) 1.15 g/em®

Bulk density powder: 530 - 63049/l
FF(C): 480 - 570 g/l
DD: 450 - 55040/l

Solubility (20°C) /1009 solution

Acetone 47

Chloroform al

Ethanol 1.5

Ethylacetate 47

n-Hexane 0.3

Methanol 0.9

Methylene Chloride 63

Toluene 60

Water <0.01

Handling & Safety  In accordance with good industrial practice, handle with care and prevent contamination
of the environment. Avoid dust formation and ignition sources.
For more detailed information please refer to the material safety data sheet.

Registration IRGANOX 1010 is listed on the following inventaries:
Australia:  AICS Canada: DSL China: First Import
Europe: EINECS lapan:  MITI Korea: ECL
Philippines: PICCS USA: TSCA

IRGANOX 1010 is approved in many countries for use in food contact applications.
For detailed information refer to our Positive List or contact your local sales office.

IMPORTANT:  The following supercedes Buyer’s documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No stalemenis hereln are fo be construed os inducements to
infringe any refevant patent. Under no circumstances shall Seller be fioble for incidental, consequential or indirect damoges for olleged negligence,
breach of warranty, steict lobility, tort or controct anising in connection with the product(s). Buyer’s sole remedy and Seller’s sole Rability for any
claims shall be Buyer’s purchase price. Date ond reswlts are based on controlled or fab work and must be confirmed by Buyer by testing for its
intended conditions of use. The product{s) has not been tested for, ond is therefore not recommended for, uses for which prolongad contact with
miucous mambranes, abraded skin, or blood is intended, of for uses for which implantation within the human bady is intended.

Date first Edition: Praduct Name: IRGANOX 1010 page 2
Printing Date: Oct-99 “Ciba Specialty Chemicals, Inc.
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Ciba Specialty Chemicals

Additives

Polymer Additives

G

Ciba” IRGANOX® 1035

Antioxidant and Heat Stabilizer for Wire and Cable Applications

Characterization

IRGANOX 1035 is a sulfur containing primary (phenolic) antioxidant and heat stabilizer
used for the process stabilization of polyethylene wire and cable resins.

Chemical Name

CAS Number

Structure

Thiodiethylene bis[3-(3, 5-di-tert-butyl-4-hydroxyphenyl)propionate].
41484-35-9

IRGANQX 1035

HO {CH,);—C—O0—(CH,)s-S

2

Molecular weight 643
Applications Carbon black containing wire and cable resins

LDPE wire and cable PVA

XLPE wire and cable Polyol/PUR

PP Elastomers.

HIPS Hot melt adhesives

ABS

Features/ Benefits

The world's most widely used antioxidant for PE and XLPE wire and cable resins, IRGANOX
1035, provides efficient processing stabilization and long-term thermal stability with
excellent system compatibility and low color.  The high quality of IRGANOX 1035
eliminates the concern over microcontaminants that can effect the insulation properties of
the wire. Compared with other wire and cable base stabilization antioxidants, IRGANOX
1035 offers better heat stability and is less likely to exude. IRCANOX 1035 prevents
scorching of PUR flexible foams in combination with an aminic antioxidant such as
IRGANOX 5057 and is used as a replacement for BHT.

Product Forms Code Appearance:
powder white to off-white crystalline powder
FF white to off-white crystalline granules
Date first Edition: Au-73  Product Name: IRCANOX 1035 page 1

Printing Date: Sep-99

®Ciba Specialty Chemicals, Inc.
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Guidelines for use  In XLPE or carbon black containing polymers, IRGANOX 1035 offers optimum performance
when used in combination with the thiosynergist, IRGANOX PS 800. Recommended
levels:

IRGANOX 1035 0.2-0.3%
IRGANOX PS 800 0.2-0.3%

In polyol, the recommended concentration of an IRGANOX 1035/ IRGANOX 5057 blend is:
IRGANOX 1035 0.3-0.4%

IRGANOX 5057 0.3-0.4%
Physical Properties
Melting Range (°C) 63-67
Flashpoint (*C) 279
Specific Gravity (20°C) 1.00 gfem’
Vapor Pressure (20°C) 10" Torr
Bulk density powder: 530 - 6300/l
Bulk density FF: 480 - 570 g/l
Solubility (20°C) q/100g solution
Water < 0.01
Acetone 56
Benzene 56
Chloroform 35
Cyclohexane 56
Ethyl acetate 45
n-Hexane 5
Methanol 5

Handling & Safety In accordance with good industrial practice, handle with care and avoid release to the
environment. Avoid dust formation and ignition sources.
For more detailed information please refer to the material safety data sheet.

Registration IRGANOX 1035 is listed on the following inventories:
Australia:  AICS Canada: DSL China: First Import
Europe: EINECS Japan:  MITI Korea: ECL
Philippines: PICCS USA: TSCA

IRGANOX 1035 is approved in many countries for use in food contact applications
For detailed information refer to our Positive List or contact your local sales office.

IMPORTANT: The following supercedes Buyer's documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements hergin are to be construed os inducements to
infringe any relevant patent. Under no circumstances shall Seller be flable for incidental, consequential or indirect damages for alleged negligence,
breach of warranty, strict lobility, tort or controct arising in conmection with the product(s). Buyer's sole remedy and Seller’s sole liabiiity for any
claims shall be Buyer’s purchase price. Data and results are based on controlied or lab work and must be confirmad by Buyer by ltesting for its
intended conditions of use. The product(s) has not been tested far, and Is therefore nat recommended for, uses for which profonged contact with
micous membrangs, abraded skin, or blood i3 intend i for wses for which implantation within the human body is intended.

Date first Edition: Aug-73  Product Name: IRGANOX 1035 page 2
Printing Date: Sep-99 Ciba Specialty Chemicals, Inc.
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Ciba Specialty Chemicals

Additives

Palymer Additives

Ciba® IRGANOX® 1076

Phenolic Primary Antioxidant for Processing and Long-Term Thermal
Stabilization

Characterization

IRGANOX 1076, a sterically hindered phenolic antioxidant, is highly efficient, non
discoloring stabilizer for organic substrates such as plastics, synthetic fibers, elastomers,
adhesives, waxes, oils and fats. It protects these substrates against thermo-oxidative
degradation. " ¥ s odorless, stable to light and has excellent color retention. It has
good compatibility with most substrates, low volatility and high resistance to extraction.

Chemical Name
CAS Number

Structure

Molecular weight

Octadecyl-3-(3,5-di-tert.butyl-4-hydroxyphenyl)-propicnate

2082-79-3

HO (CHy)y ——C—0——CHy

531 g/mol

Applications

IRGANOX 1076 can be applied in polyolefins such as polyethylene, polypropylene,
polybutene-1 as well as in other polymers such as engineering plastics, styrene homo- and
copolymers, polyurethanes, elastomers, adhesives, and other organic substrates.

Features/ Benefits

IRGANOX 1076 can be used in combination with other additives such as costabilizers (e.g.
thioesters, phosphites, phosphonites), light stabilizers, and other functional stabi-lizers. The
effectiveness of the blends of IRCANOX 1076 with IRGAFOS 168 (IRGANOX B-blends) or
with IRGAFOS 168 and Lactone HP-136 (IRCANOX HP- products) is particularly
noteworthy.

Product Forms Code: Appearance:
IRGANOX 1076 white powder
IRGANOX 1076 FF (C) white, free-flowing granules
IRGANOX 1076 FD white, free-flowing, dust free pastilles
Date first Edition: Feb-76  Product Name: IRCANOX 1076 page 1

Printing Date: Oct-99
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Guidelines foruse 500 ppm - 2000 ppm of IRGANOX 1076 provide long-term thermal stability to the
polymer. Concentrations up to several percent can be used depending on the substrate
and the requirements of the end application.

In polyolefins the concentration levels for IRGANOX 1076 range between 0.1% and 0.4%
depending on substrate, processing conditions and long-term thermal stability
requirements. The optimum level is application specific.

WCANGE 1078

is recommended for styrene homo- and copolymers at a concentration level
ranging from 0.1 to 0.3 %.

Concentration levels of IRGANOX 1076 in hot melt adhesives range from 0.2% to 1% and
in synthetic tackifier resins between 0.1% and 0.5%.

Extensive performance data of IRCANOX 1076 in various organic polymers and
applications are available upon request.

Physical Properties

Melting Range 50- 55°C
Flashpoint 273°C
Vapor Pressure (20°C) 2.5E-7 Pa
Bulk density Powder: 260 - 320 g/l
Volatility (TGA, in air at 20°C/ min)

Temp. at 1% weight loss 230°C

Temp. at 10% weight loss 288°C
Solubility (20°C) % wiw
Water < 0.01
Acetone 19
Benzene 57
Chloroform 57
Cyclohexane 40
Ethanol 1.5
Ethylacetate 38
n-Hexane 32
Methanol 0.6
Toluene 50

Handling & Safety In accordance with good industrial practice, handle with care and prevent contamination
of the environment. Aveid dust formation and ignition sources.
For more detailed information please refer to the material safety data sheet.

Registration IRGANOX 1076 is listed on the following Inventories:
Australia:  AICS Canada: DSL China: First Import
Europe: EINECS lapan:  MITI Korea: ECL
Philippines: PICCS USA: TSCA

IRGANOX 1076 is approved in many countries for use in food contact applications.
For detailed information refer to our Positive List or contact your local sales office.

IMPORTANT:  The following supercedes Buyer's documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. Mo statements herein are to be construed as inducements to
infringe any refevant patent. Under no dircumstances shall Seller be fable for incidental, consequential or indirect damages for alleged negligence,
breack of warranly, strict fability, tort or contract arising in connection with the product(s). Buyer's sole remedy and Seller’s sole liability for any
claims shall be Buyer's purchase price. Data and results are bosed an controlied or lab work and must be confirmed by Buyer by testing for its
intended conditions of use. The product{s} has not begn tested for, and is therefore not recommended for, uses for which prolonged contact vith
mucous membranes, abraded skin, or blood is Intended: or for uses for which implantation within the human body is intended,

Drate first Edition: Feb-76  Product Name: IRCANOX, 1076 page 2
Printing Date: Oct-99 *Ciba Specialty Chemicals, Inc.
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Ciba Specialty Chemicals

Additives

Palymer Additives

“IRGANOX 1081

High Performance Antioxidant and Heat Stabilizer for Wire and
Cable Applications

Characterization

IRGANOX 1081 is a sulphur containing, high performance primary (phenolic) anti-xidant
and heat stabilizer used for the base stabilization of polyethylene wire and cable resins.

Chemical Name
CAS Number

Structure

Molecular weight

6,6'-di-tert-butyl-2,2"thiodi-p-cresol.
90-66-4

IRGANOX 1081

358.5

Applications

XLPE wire and cable resins
EPM
EPDM

Features/ Benefits

The outstanding compatibility of IRGANOX 1081 provides an exudation free antioxidant
and heat stabilizer. IRGANOX 1081 offers unmatched processing and thermal stabilization
in cross-linked polyethylene wire and cable systems.

Product Forms

Code: Appearance:
powder white to light yellow crystalline powder

Guidelines for use

When exudation of the base stabilization package occurs in XLPE systems, 0.2-0.5%
IRGANOX 1081 offers the highest standard of performance and compatibility for wire and
cable systems.

Date first Edition: May-80  Product Name: IRGANOX 1081 page 1

Printing Date: Oct-99

“Ciba Specialty Chemicals, Inc.
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Physical Properties

Melting Range (°C) 81-86
Flashpoint (*C) =150

Specific Gravity (20°C) 1.15 gfem®
Vapor Pressure (20°C) 1.5x10% Torr
Bulk density powder: 530 - 630 g/l
Solubility (20°C) 9/100g solution
Acetone > 50

Benzene > 50
Chloroform > 50

Ethyl acetate > 50

n-hexane 28

Methanol 35

Methylene chloride > 50

Water < 0.01

Handling & Safety In accordance with good industrial practice, handle with care and avoid unnecessary
personal contact. Protect skin. Prevent contamination of the environment. Awvoid dust
formation and ignition sources.

For more detailed information please refer to the material safety data sheet.

Registration IRGANOX 1081 is listed on the following inventories:
Australia:  AICS Canada:NDSL Europe: EINECS
lapan: MITI Philippines: PICCS USA: TSCA

IRGANOX 1081 is approved in many countries for use in food contact applications.
For detailed information refer to our Positive List or contact your local sales office.

IMPORTANT: The following supercedes Buyer's documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements hereln are fo be canstrued os inducements to
tnfringe any relevant patent. Under no crcumstances shali Seller be Tiable for incidental, consequential or indirect domages for alieged negiigence,
breach of waranty, strict iabiiity, tort or contracl arising in connection with the praduct(s). Buyer's sofe remedy and Seller’s sole flabifity for any
claims shall be Buyer's purchase price, Data and results are based on controlled or iob work and must be confirmed by Buyer by lesting for its
tntended canditions of use. The product{s} has not been tested far, and is therefare not recommended for, uses for which prafonged contact with
rfor uses for which i ithin the human body is Intendad.

Date first Edition: May-80  Product Name: IRGANOX 1081 page 2
Printing Date: Oct-99 “Ciba Spetiaity Chemicals, Inc.
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Ciba Specialty Chemicals

Additives

Palymer Additives

Ciba® IRGANOX"® 1330

Phenolic Primary Antioxidant for Processing and Long-Term Thermal
Stabilization

Characterization

IRGANOX 1330 - a sterically hindered phenolic antioxidant - is as highly effective stabilizer
for organic substrates such as polymers, synthetic fibers, elastomers, adhesives, waxes, oils
and fats. It protects these substrates against thermo-oxidative degradation.

Chemical Name
CAS Number

Structure

Molecular weight

3,3',3'5,5', 5" hexa-tert-butyl-a,a’,a"- (mesitylene-2,4, 6-triyl jtri-p-cresol

1709-70-2
IRGANOX 1330
T s
e
Pa S
T //\>\/
L’/L‘:H
775

Applications

IRGANOX 1330 is used in polyolefins e.g. polyethylene, polypropylene, polybutene for the
stabilization of pipes, molded articles, wires and cables, dielectric films etc. Furthermore, it
is applied in other polymers such as engineering plastics like linear polyesters, polyamides,
and styrene homo- and copolymers. It may also be used in PVC, polyurethanes, elastomers,
adhesives, and other organic substrates.

Features/ Benefits

IRGANOX 1330 has good compatibility with most substrates, high resistance to extraction
and is odorless. It offers also excellent dielectrical properties.

The product can be used in combination with other additives such as costabilizers (e.qg.
thioethers, phosphites, phosphonites), light stabilizers and other functional stabilizers. The
effectiveness of the blends of IRCANOX 1330 with IRGAFOS 168 (IRGANOX B-blends) is
particularly noteworthy.

IRGANOX 1330 is particularly recommended for polyolefin applications requiring good
water extraction resistance combined with low color development. Furthermore, IRCGANOX
1330 reduces water carry-over in polypropylene tape extrusion.

Date first Edition: Nov-80  Product Name: IRCANOX 1330

Printing Date: Oct-99

page 1
%Ciba Specialty Chemicals, Inc
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Product Forms Code: Appearance:
Powder : powder white, free-flowing powder
FF: white, free-flowing granules

Guidelines for Use  In polyolefins, the concentration levels for IRGANOX 1330 range typically between 0.05%

and 0.3% depending on substrate, processing conditions and long-term thermal stability
requirements. The optimum level is application specific.
Concentration levels of IRGANOX 1330 in hot melt adhesives range from 0.2% to 1%, in
synthetic tackifier resins, IRGANOX 1330 concentration ranges between 0.1% and 0.5%.
Extensive performance data of IRGANOX 1330 in wvarious organic polymers and
applications are available upon request.

Physical Properties

Melting Range (°C) 240 - 245

Flashpoint (*C) 32

Specific Gravity (20°C) 1.04 gfem®

Bulk density powder: 530 - 630 g/l
FF: 480 - 570 g/l

Solubility (20°C) ag/100g solution

Acetone 18

Chloroform 28

Ethanol

Ethylacetate 27

n-Hexane 10

Methanol 3

Methylene Chloride 34

Toluene

Water <=0.01

Handling & Safety In accordance with good industrial practice, handle with care and prevent contamination
of the envirenment. Avoid dust formation and ignition sources.
For more detailed information please refer to the material safety data sheet.

Registration IRGANOX 1330 is listed on the following inventories:

Australia:  AICS Canada: DSL China: First Import
Europe: EINECS Japan:  MITI Korea: ECL
Philippines: PICCS USA: TSCA

IRGANOX 1330 is approved in many countries for use in food contact applications.
For detailed information refer to our Positive List or contact your local sales office.

IMPORTANT: The following supercedes Buyer’s documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements hereln are lo be construed as inducements to
Infringe any relevant patent. Under no circumstances shall Seller be Rable for incldental, consequential or indirect damages for alleged negligence,
breach of warranty, strict iability, tort or contract arlsing in connection with the product(s). Buyer's sole remedy and Seller’s sole Habliity for any

claims shall be Buyer’s purchase price. Data and results are based on controlied or lab work and must be confirmed by Buyer by testing for its
intended conditions of use. The product(s) has nol been tested for, and fs therefore not recommended for, uses for which profonged contact with
mucous membranes, abraded skin, or blood is intended: or for uses for which implantation within the human body is intended.

Date first Edition: Nov-80  Product Name: IRCANOX 1330 page 2
Printing Date: Oct-99 “Ciba Specialty Chemicals, Inc.
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Ciba® IRGANOX® 1425 WL

Phenolic Antioxidant

Characterization

IRGANOX 1425 WL is a combination of Irganox 1425 and Wax (ratio 1:1). IRGANOX 1425
is a calcium phosphonate derivative of IRGANOX 1222 It is characterized by a very high
extraction resistance and extreme low volatility. IRGANOX 1425 WL provides thermo-
oxidative stability to polyolefins.

Chemical Name

CAS Number

Structure

Molecular weight

1:1-Combination of Phosphonic acid, [[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]
methyl]-, monoethylester, calcium salt (2:1) and polyethylene-wax

Preparation

IRCANOX 1425

IRCANOX 1425: 695

Applications

IRGANOX 1425 WL is particularly well suited for polypropylene fibers, when combined
with IRCAFOS 168.

Features/ Benefits

IRCANOX 1425 WL in combination with IRGAFOS 168 (IRCAFOS B 501 W) gives good
processing stability during polypropylene fiber preduction. It shows good gas fading
resistance and low color development during storage. IRGANOX 1425 WL performance is
practically not influenced by alkaline additives (e.qg. spin finishes, HALS, antacids). It makes
PP fibers brilliant, which is of particular interest in some BCF/CF applications. Its long-term
thermal performance is unmatched by any other phenolic in the market.

Product Forms

Code:
IRCANOX 1425 WL

Appearance:
white to off-white powder odourless

Guidelines for use

Recommended use levels are 0.10-0.25%.

Date first Edition: 1981
Printing Date: Nov-99

Product Mame: IRGANOX 1425 WL page 1
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Physical Properties

Melting Range (°C) 90 - 300
Flashpolint (*C) > 150

Vapor Pressure (20°C) <0.01

Bulk density 420 - 460
Solubility (20°C) @/100qg solution
Water <0.01%

Handling & Safety In accordance with good industrial practice, handle with care and avoid unnecessary
personal contact. Avoid continuous or repetitive breathing of dust. Use only with adequate
ventilation. In case of insufficient ventilation wear suitable respiratory equipment. Avoid
dust formation and ignition seurces.

For more detailed information please refer to the material safety data sheet.

Registration The registration status for IRCANOX 1425 WL is derived from the single components.
The components are registered in: Australia, Canada, China, EU, Japan, Korea, Philippines,
USA.

They are approved in many countries for use in food contact applications. For detailed
information refer to our Positive List or contact your local sales office.

IMPORTANT: The foflowing supercedes Buyer's documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements herein are fo be consirued as inducements ta
infringe any relevant patent. Under no crcumstances shall Seller be llable for incidental, consequential or indlrect damages for alleged negligence,
breach of warranty, strict liability, tort or contract arksing in connection with the product(s). Buyer’s sole remedy and Selier’s sole iinbillty for ony
claims shall be Buyer’s purchase price. Data ond results are based on controlled or iob work and must be confirmed by Buyer by lesting for its
interded conditions of use. The product(s) hos ot been tested for, and fs therefare not recommended fos, uses for which profonged contact with
v for uses for which implantation within the human body is intended.

il is membrangs, abraded skin, or blood is inten
Date first Edition: 1981 Praduct Name: Irganox 1425 WL page 2
Printing Date: 24.01.2000 “Ciba Specialty Chemicals, Inc
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Additives

Polymer Additives

Ciba® IRGANOX® 3114

Phenolic Primary Antioxidant for Processing and Long-Term Thermal
Stabilization

Characterization

IRGANOX 3114 - a sterically hindered phenoclic antioxidant - is a highly effective, non
discoloring stabilizer for organic substrates such as polymers, synthetic fibers, elasto-mers,
adhesives, waxes, oils and fats. It protects these substrates against thermo-oxidative
degradation and contributes to their light stability.

Chemical Name
CAS Number

Structure

Molecular weight

1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-1,3, 5-triazine-2,4,6(1H,3H,5H)-trione.
27676-62-6

IRGANOX 3114

784

Applications

IRCANOX 3114 can be applied in polyolefins, namely polyethylene, polypropylene, poly-
butene as well as in other polymers such as styrene homo- and copolymers. It may also be
used in linear polyesters, PVC, polyamides and polyurethanes, elastomers such as SBS, EPR,
EPDM and other synthetic rubbers, adhesives, natural and synthetic tackifier resins and
other organic substrates.

Features/ Benefits

IRCANOX 3114 has good compatibility with most substrates, high resistance to extraction,
and low volatility. It is odorless and stable to light.

The product can be used in combination with other additives such as costabilizers (e.g.
thioethers, phosphites, phosphonites), light stabilizers and other functional stabilizers. The
effectiveness of the blends of IRGANOX 3114 with IRGAFOS 168 (IRGANOX B-blends) or
with IRGAFOS 168 and HP-136 (IRGANOX HP products) is particularly noteworthy.

Date first Edition: Sep-87
Printing Date:Oct-99

Product Name: IRGANOX 3114 page 1
“Ciba Specialty Chemicals, Inc.
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Product Forms Code; Appearance:
Powder : powder white, free-flowing powder
FF white, free-flowing granules

Guidelines for Use  In polyolefins, the concentration levels for IRGANOX 3114 range typically between 0.05%
and 0.3% depending on substrate, processing conditions and long-term thermal stability
requirements. The optimum level is application specific.

Extensive performance data of IRGANOX 3114 in various organic polymers and
applications are available upon request.

Physical Properties

Melting Range (°C) 218-223

Flashpoint (°C) 289

Specific Gravity (20°C) 1.03 g/em’

Bulk density powder : 530 - 630 g/l
FF: 480-5709/1

Solubility (25°C) g/100g solution

Acetone 29

Chloroform 21

Ethanal 1.5

Ethylacetate

n-Hexane 0.6

Methanol 0.5

Methylene Chloride

Toluene

Water 0.01

Handling & Safety  In accordance with good industrial practice, handle with care and prevent contamination
of the environment. Avoid dust formation and ignition sources.
For more detailed information please refer to the material safety data sheet.

Registration IRGANOX 3114 is listed on the following inventories:
Australia:  AICS Canada: DSL Europe: EINECS
|apan: MITI Korea: ECL Philippines: submitted
UsA: TSCA

IRGANOX 3114 is approved in many countries for use in food contact applications.
For detailed information refer to our Positive List or contact your local sales office.

IMPORTANT: The following supercedes Buyer's documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. Mo stafements hereln are to be construed os Inducements to
infringe any relevant patent. Under no circumstances shall Seller be liable far incidental, consequential ar indlrect damages for alleged negligence,
brzach of warranty, strct Hability, tort or contract arising in conriection with the product(s). Buyer’s sole remedy and Seller’s sole Hability for any
claims shall be Buyer's purchase price. Data and results are based on contralled ar fab wark and must be confirmed by Buyer by testing for its
intenazd conditions of use, The product{s) has rot been tested for, and s therefore nat recammended for, uses for which prolonged contact with
ntended; or for uses for which implantation the human bady {5 intended.

Date first Edition: Sep-87  Product Name: IRGANOX 3114 page 2
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Ciba" IRGANOX" B 215

Synergistic Processing and Long-Term Thermal Stabilizer System

Characterization

IRGANOX B 215 - a processing and long-term thermal stabilizer system - is a syner-gistic
blend of IRGAFOS 168 and IRGANOX 1010.

Chemical Name
CAS Number

Structure

Molecular weight

67 % IRGAFOS 168 ; 33 % IRGANOX 1010
Preparation

IRGAFOS 168 IRGANCX 1010

G46.9 1178

Applications

IRGANOX B 215 is used in polyolefins and olefin-copolymers such as polyethylene,
polypropylene, polybutene and ethylene-vinylacetate copolymers. The blend can also be
used in other polymers such as engineering plastics, styrene homo- and copolymers,
polyurethanes, elastomers. adhesives, and other organic substrates. IRGANOX B 215 can be
used in combination with light stabilizers of the TINUVIN and CHIMASSORB range.

Features/Benefits

IRGANOX B 215 is a convenient blend addressing a range of stabilization needs. In the
recommended applications IRGANOX B 215 provides significant advantages, such as
+ Maintenance of original melt flow

« Low color formation
» Improvement of long-term thermal stability

IRGAFOS 168 - an organophosphite of low volatility and particularly resistant to hydrolysis -
protects during processing organic polymers which are prone to oxidation. [RGANOX 1010
- a hindered phenolic antioxidant - contributes synergistically to the po-lymer's stabilization
during processing and provides long-term thermal stability by preventing thermo-oxidative
degradation during service life

Doate first Edition: Apr-8&
Printing Date: FEB-01

Product Name: IRGANCK B 215 page 1
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Additional performance improvements can be achieved in synergistic combinations with
other Ciba additives (e.g. thioethers). Blends of IRGANOX 1010 and IRGAFOS 168 with HP-
136 (IRGANOX HP products) are particularly effective.

Product Forms Code: Appearance:
Powider : powder white, free-flowing powder
FF: white, free-flowing granules

Guidelines for Use  In polyclefins, the concentration levels for IRGANOX B 215 range typically between 0.1%
and 0.25%, depending on substrate and processing conditions. The optimum level is
application specific. Extensive performance data of IRGANOX B 215 in various organic
polymers and applications are available upon request.

Physical Properties  Bulk Density powder 530 - 630 g/l
FF 480 - 570 afl

Handling & Safety  IRGANOX B 215 requires no special safety measures provided the usual precautions for
handling chemicals are observed. Avoid dust formation and ignition sources.

For more detailed information please refer to the material safety data sheet

Registration The registration status for IRGAMOX B 215 is derived from the single components.

The components are registered in: Australia, Canada, China, EU, Japan, Korea, Philippines,
USA

They are approved in many countries for use in food contact applications. For detailed
information refer to our Positive List or contact your local sales office.

IMPORTANT: The following supercedes Buyer's documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements herein are to be construed as inducements to
infringe any relevant patent. Under no circumstances shall Seller be llable for incidental, consequential or indrect damages for alleged negiigence,
breach of warranty, strict liability, tort or contract arising in connection with the product(s). Buyer’s sole remedy and Seller’s sole liability for any
daims shall be Buyer's purchase price. Data and results are basad on controlled or lab work and must be confirmed by Buyer by testing for its
intended conditions of use. The product(s) has not been tested for. and s therefore not recommended for, wses for which prolonged contact
with mucous membranes, abraded skin, or blood i fn:engaa’. orforuﬂ for which implantation within the human body is fnceniea’.

Drate first Edition: Apr-86  Product Name: IRGANCX B 215 page 2
Frinting Date: FEB-01 “Ciba Specialty Chemicals, Inc.
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Ciba” IRGANOX® B 501W

Synergistic Mixture of Phenolic Antioxidant with Phosphite

Characterization

IRGANOX B 501W is a synergistic mixture of IRCANOX 1425 WL and IRGAFOS 168 (ratio
1:1). It is highly effective in polypropylene fibers against thermo-oxidative degradation.

Chemical Name

CAS Number

Structure

Molecular weig ht

1:1:2-Combination of Phosphonic acid, [[3,5-bis(1,1-dimethylethyl}-4-hydroxyphenyl]
methyl]-, monoethylester, calcium salt (2:1); polyethylene-wax and phenel, 2,4-bis(1,1-
dimethylethyl)-, phosphite

Preparation

IRGANOX 1425 WL and IRGAFOS 168
HO CHz—h—0CH, ca” Lo
101
2 3
695 647

Applications

IRGANOX B 501W is particularly well suited for polypropylene fibers.

Features/ Benefits

IRGANOX B 501W gives good processing stability during polypropylene fiber production. It
shows good gas fading resistance and provides superior long-term thermal performance.
IRGANOX B 501W gives brilliance to PP fibers, which is of particular interest in some
BCF/CF applications. It is not influenced by alkaline additives.

Product Forms Code: Appearance:
IRGANOX B 501W white powder
IRGANOX B 501W FF white, free-flowing granules
Date first Edition: 1982 Product Name: IRGANOX B 501w page 1

Printing Date: Oct-99

Ciba Specialty Chemicals, Inc
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Guidelines for use  Recommended use levels are 0.15-0.25%.

Physical Properties

Melting Range (*C) 50- 300

Flashpoint (°C) =150

Bulk density (g/) Powder: 420 - 460
FF: 400 - 500

Solubility (20°C) g/100g solution

Water <0.01%

Handling & Safety In accordance with good industrial practice, handle with care and avoid unnecessary
personal contact. Avoid continuous or repetitive breathing of dust. Use only with adequate
ventilation. In case of insufficient ventilation wear suitable respiratory equipment. Avoid
dust formation and ignition sources.

For more detailed information please refer to the material safety data sheet.

Registration The registration status for IRGANOX B 501W is derived from the single components.
The components are registered in: Australia, Canada, China, EU, Japan, Korea, Philippines,
USA.

They are approved in many countries for use in food contact applications. For detailed
information refer to our Positive List or contact your local sales office.

IMPORTANT: The following supercedes Buyer’s documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements hefein are 1o be construed as inducements to
tnfringe any relevant patent. Under no circumstances shall Seller be lable for fncidental, consequential or indirect damages for alleged negligence,
breack of warranty, strict lability, tort or controct arising In connection with the product(s). Buyer’s scle remedy and Sefler’s sole lability for any
cigims shall be Buyer's purchase price. Data and results are based on controlled of fab work and must be confirmed by Buyer by testing for its
Intended conditions of use. The praduct(s) has rot been lested for, and is therefore not recommended for, uses for which profonged contact with
¢ blpod is Intended; is intenided.

MUCOus membr

Date first Edition: 1982 Product Name: IRCANOX B 501W page 2
Printing Date: Oct-99 “Ciba Specialty Chemicals, Inc
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CIBA® IRGANOX® HP 2215

High Performance Melt Processing Stabilizer System

Characterization

IRGANOX HP 2215 - a processing and long-term thermal stabilizer system - is a synergistic
blend of IRGAFOS 168, IRGANOX 1010 and HP-136.

Chemical Name
CAS Number

Structure

Molecular weight

57 % IRGAFOS 168 ; 28 % IRGANOX 1010 ;15 % HP 136
Preparation

IRCAFOS 168 IRCANOX 1010
[e]

%
A N1 S B o

3

646.9 1178 3505

Applications

IRGANOX HP 2215 provides outstanding processing stability in a variety of substrates and
applications. The increased effectiveness over conventional stabilizers such as IRGANOX B
215 or IRCGANOX B 561 is particularly pronounced in Polypropylene and for demanding
processing applications in Polyethylenes.

IRGANOX HP 2215 can also be used in other polymers such as engineering plastics
including aliphatic polyketone, styrene homo- and copolymers, polyurethanes, elastomers,
adhesives, and other organic substrates.

Features/Benefits

The relatively high phosphite content of IRCANOX HP 2215 addresses applications with
demanding processing conditions. In the recommended applications IRGANOX HP 2215
offers superior performance and increased productivity over conventional antioxidant
systems in terms of:

+ Improved melt flow control
+ Low initial color and outstanding color maintenance
+ Superior effectiveness at high processing temperature for demanding applications

* Lower use levels leading to improved additive compatibility.

The lactone HP-136 functions as a carbon-centered radical scavenger which inhibits
processing induced oxidation as soon as it starts.

IRGAFOS 168 - an organophosphite of low volatility and particularly resistant to hydrolysis
- protects the polymer during processing by decomposing the hydroperoxides.

Date first Edition: Mar-97  Product Name: IRCGANOX HP 2215 page 1

Printing Date: Oct-99

Ciba Specialty Chemicals, Inc.
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IRGANOX 1010 - a hindered phenolic antioxidant - contributes synergistically to the
polymer’s stabilization during processing and provides long-term thermal stability by
preventing thermo-oxidative degradation during service life.

Additional performance improvements can be achieved in synergistic combinations with
other Ciba additives (e.g. thioethers).

The lactone HP-136 present in the blend can also be beneficial for the reduction of the
monomer level in the final polymer such as styrene homo- and copolymers.

Product Forms Code: Appearance:
FF: white, free-flowing granules

Guidelines for Use  In the recommended applications the concentration levels for IRGANOX HP 2215 range
typically between 0.05% and 0.15% depending on substrate and processing conditions.
The optimum level is application specific. Extensive performance data of
IRCANOX HP 2215 in wvarious organic polymers and applications are available upon
request.

Physical Properties
Bulk Density FF 480 - 570 g/l

Handling & Safety IRGANOX HP 2215 requires no special safety measures, provided the usual precautions for
handling chemicals are observed. Avoid dust formation and ignition sources.
For more detailed information please refer to the material safety data sheet.

Registration The registration status for IRGANOX HP 22135 is derived from the single compenents.
The components are registered in: Canada, EU, Japan, Korea, USA.
They are approved in many countries for use in food contact applications. For detailed
information refer to our Positive List or contact your local sales office.

IMPORTANT: The following supercedes Buyer's documents, SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements herein are to be construed as inducements to
infringe any relevant patent. Under no circumstances shall Seller be liable for incidental, consequential or indirect damages for allaged negligence,
breach of warranty, strict liability, tort or contract arising In connection with the product{s). Buyer’s sole remedy and Seller’s sole ffability for any
claims shall be Buyer's purchase price. Data and results are based on controlled or lab werk and must be confirmed by Buyer by lesting for its
intended conditions of use. The praduct{s) has not been tested for, and (s therefore not recommended for, uses for which prolonged contact with
mucous membranes, abeaded skin, or blood i Intended; ar for uses for which implantation within the human body is intended.

Drate first Edition: Mar-97  Product Mame: IRCANOX HP 2215 page 2
Printing Date: Oct-99 “Ciba Specialty Chemicals, Inc.
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CIBA® IRGANOX® HP 2225

High Performance Melt Processing Stabilizer System

Characterization

IRGANOX HP 2225 - a high performance melt processing stabilizer system - is a syner-gistic
blend of IRGAFOS 168, IRCANOX 1010 and HP-136.

Chemical Name
CAS Number

Structure

Molecular weight

42.5 % IRCAFOS 168 ; 42.5 % IRCANOX 1010 ; 15 % HP-136
Preparation

IRGAFOS 168 IRGANOX 1010 HP-136

/

~./
O e
4 \_ o—F C CH:—O—(u—CH;—CH: d \) OH
3 4 CH,
646.9 1178 350.5

Applications

IRGANOX HP 2225 provides outstanding processing stability in a variety of substrates and
applications. The increased effectiveness over conventional stabilizers such as IRGANOX B
215 or IRGANOX B 225 is particularly pronounced in Polypropylene and for demanding
processing applications in Polyethylenes.

IRGANOX HP 2225 can also be used in other polymers such as engineering plastics
including aliphatic polyketone, styrene homo- and copolymers, polyurethanes, elastomers,
adhesives, and other organic substrates.

Features/Benefits

In the recommended applications IRGANOX HP 2225 offers superior performance and
increased productivity over conventional antioxidant systems in terms of:

+ Improved melt flow control

+ Low initial color and outstanding coler maintenance

+ Superior effectiveness at high processing temperature for demanding applications

+ Lower use levels leading to improved additive compatibility.

The lactone HP-136 functions as a carbon-centered radical scavenger which inhibits
processing induced oxidation as soon as it starts.

IRCAFOS 168 - an organophosphite of low volatility and particularly resistant to hydrolysis
- protects the polymer during processing by decomposing the hydroperoxides.

Date first Edition: Mar-97  Product Name: IRGANGX HP 2225 page 1

Printing Date: Oct-99

“Ciba Specialty Chemicals, Inc.
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IRCANOX 1010 - a hindered phenolic antioxidant - contributes synergistically to the
polymer’s stabilization during processing and provides long-term thermal stability by
preventing thermo-oxidative degradation during service life.

Additional performance improvements can be achieved in synergistic combinations with
other Ciba additives (e.g. thioethers).

The lactone HP-136 present in the blend can also be beneficial for the reduction of the
monomer level in the final polymer such as styrene homo- and copolymers.

Product Forms Code: Appearance:
FF white, free-flowing granules

Guidelines for Use  In the recommended applications the concentration levels for IRGANOX HP 2225 range
typically between 0.05% and 0.15% depending on substrate and processing conditions.
The optimum level is application specific. Extensive performance data of
IRGANOX HP 2225 in various organic polymers and applications are available upon
request.

Physical Properties
Bulk Density FF 480 -5704g/

Handling & Safety  IRGANOX HP 2225 requires no special safety measures, provided the usual precautions for
handling chemicals are observed. Avoid dust formation and ignition sources.
For more detailed information please refer to the material safety data sheet.

Registration The registration status for IRGANCX HP 2225 is derived from the single components.
The components are registered in: Canada, EU, Japan, Korea, USA.
They are approved in many countries for use in food contact applications. For detailed
information refer to our Positive List or contact your local sales office

IMPORTANT: The following supercedes Buyer’s documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements hergin are to be construed as inducements to
infringe any relevant patent. Under no circumstances sholf Seller be liabie for incidental, consequential or indirect damages for alleged negligence,
breach of warranty, strict fability, tort ar contract arlsing in connection with the product(s). Buyer’s sole remedy and Seller’s sole ffability for any
clalms shall be Buyer’s purchase price. Dato and results are based on contralled or lab work and must be confirmed by Buyer by testing for its
intendad conditions of use. The product{s) has no! been tested for, and is therefore not recommended for, uses for which prolonged contact with
rucous membrangs, abrodad skin, or blood is intanded; ar for uses for which implantation withi human body s intended.

Date first Edition: Mar-97  Product Name: IRGANOX HP 2225 page 2
Printing Date: Oct-99 Ciba Speciaity Chemicals, Inc,
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Characterization

CIBA® IRGANOX® HP 2411

High Performance Melt Processing Stabilizer System

IRGANOX HP 2411 - a high performance melt processing stabilizer system - is a synergistic
blend of IRGAFOS 168, “IRGANOX 3114 and HP-136.

Chemical Name
CAS Number

Structure

Molecular weight

42.5 % IRGAFOS 168 ; 42.5 % IRGANOX 3114 ;15 % HP-136

Preparation

IRGAFOS 168 IRGAMOX 3114 HP-136
H A
~
?Z\ri\j)i Vs
/ B - f.?“{
- [ L. H
N CH, =N
\. o—p O M0 \U/l </7\:\})—CH3
~ N M., \ T '
3 74 . ~CH, \ s
2y, CH, :
-
HO
646.9 784 350.5

Applications

IRCANOX HP 2411 provides outstanding processing stability in a variety of substrates and
applications. The increased effectiveness over conventional stabilizers such as IRCGANOX B
1411 or IRGANOX B 1412 is particularly pronounced in polypropylene (e.q. injection
molded applications, filled grades, fibers..).

IRGANOX HP 2411 «can also be used in other polymers such as engineering plastics,
styrene homo- and copolymers, polyurethanes, elastomers, adhesives, and other organic
substrates.

Features/Benefits

In the recommended applications IRCANOX HP 2411 offers superior performance and
increased productivity over conventional antioxidant systems in terms of:

+ Improved melt flow control

+ Low initial color and outstanding color maintenance

+ Superior effectiveness at high processing temperature for demanding applications

* Lower use levels leading to improved additive compatibility.

Date first Edition: Mar-97
Printing Date: Oct-99

Product Mame: “IRCANCGX HP 2411 page 1

Ciba Specialty Chemicals, Inc.
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The lactone HP-136 functions as a carbon-centered radical scavenger which inhibits
processing induced oxidation as soon as it starts.

IRGAFOS 168 - an organophosphite of low volatility and particularly resistant to hydrolysis
- protects the polymer during processing by decomposing the hydroperoxides.

IRGANOX 3114 - a hindered phenolic antioxidant - contributes synergistically to the
polymer's stabilization during processing and provides long-term thermal stability by
preventing thermo-oxidative degradation during service life.

The lactone HP-136 present in the blend can also be beneficial for the reduction of the
monomer level in the final polymer such as styrene home- and copolymers.

Additional performance improvements can be achieved in synergistic combinations with
other Ciba additives (e.g. thioethers).

Product Forms Code: Appearance:
FF: white, free-flowing granules

Guidelines for Use  In the recommended applications the concentration levels for IRGANOX HP 2411 range
typically between 0.05% and 0.15% depending on substrate and processing conditions.
The optimum level is application specific. Extensive performance data of
IRGANOX HP 2411 in wvarious organic polymers and applications are available upon
request.

Physical Properties
Bulk Density FF 480 - 570 g/l

Handling & Safety IRGANOX HP 2411 requires no special safety measures, provided the usual precautions for
handling chemicals are observed.Avoid dust formation and ignition sources.
For more detailed information please refer to the material safety data sheet.

Registration The registration status for IRGANOX HP 2411 is derived from the single components.
The components are registered in: Canada, EU, Japan, Korea, USA.
They are approved in many countries for use in food contact applications. For detailed
information refer to our Positive List or contact your local sales office.

IMPORTANT:  The following supercedes Buyer's documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. Na statements herein are to be construed as inducements to
infringe any relevant patent. Under no circumstances shall Seiler be able for incidentol, consequential or indirect domages for alleged negligence,
breach of warranty, steict liability, tart or cantract arising in connection with the product(s). Buyer’s sale remedy and Seller’s sole Nability for any
claims shall be Buyer’s purchase price. Data and results are based on controlled or fab work and must be confirmed by Buyer by testing for its
intended conditions of use. The product(s) has not been tested for, and is therefore nat recommended for, uses for which prolonged contact with
fmucous membranes, abraded skin, ar blsod is intends e for wises for v nplantation within iman ady is intended.

Date first Edit Mar-97  Product Mame: IRGANOX HP 2411 page 2
Printing Date: Oct-99 “Ciba Specialty Chemicals, Inc.
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Ciba® IRGANOX® HP 2921

High Performance Melt Processing Stabilizer System

Characterization IRCGANOX HP 2921 - a processing and long-term thermal stabilizer system - is a syner-gistic
blend of IRCAFOS 168, IRGANOX 1076 and HP-136.

Chemical Name 57 % IRGAFOS 168 ; 28 % IRCANOX 1076 ; 15 % HP-136

CAS Number Preparation
Structure IRGAFOS 168 IRGANOX 1076 HP-136
i
o-b—p HO CHy—CH—C—OCH,;
3
Molecular weight 646.9 531 350.5
Applications IRGANOX HP 2921 provides outstanding processing stability in a variety of substrates and

applications. The increased effectiveness over conventional stabilizers such as IRGANOX B
921or IRGANOX B 900 is particularly pronounced in demanding processing Polyethylenes
applications.

IRGANOX HP 2921 can also be used in other polymers such as engineering plastics
including aliphatic polyketone, styrene homo- and copolymers, polyurethanes, elastomers,
adhesives, and other organic substrates.

Features/Benefits  The relatively high phosphite content of IRGANOX HP 2921 addresses applications with
demanding processing conditions In the recommended applications IRCANOX HP 2921
offers superior performance and increased productivity over conventional antioxidant
systemns in terms of:

« Improved melt flow control

+ Low initial color and outstanding color maintenance

« Superior effectiveness at high processing temperature for demanding applications
* Lower use levels leading to improved additive compatibility.

The lactone HP-136 functions as a carbon-centered radical scavenger which inhibits
processing induced oxidation as soon as it starts.

Date first Edition: Mar-87  Product Name: IRGANOX HP 2921 page 1
Printing Date: Oct.-99 Ciba Specialty Chemicals, Inc.
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IRGAFOS 168 - an organophosphite of low volatility and particularly resistant to hydrolysis
- protects the polymer during processing by decomposing the hydroperoxides

IRGANOX 1076 - a hindered phenoclic antioxidant - contributes synergistically to the
polymer’s stabilization during processing and provides long-term thermal stability by
preventing thermo-oxidative degradation during service life.

Additional performance improvements can be achieved in synergistic combinations with
other Ciba additives (e.g. thicethers).

The lactone HP-136 present in the blend can also be beneficial for the reduction of the
monomer level in the final polymer such as styrene homo- and copolymers.

Product Forms Code: Appearance:
FF white, free-flowing granules

Guidelines for Use  In the recommended applications the concentration levels for RGANOX HP 2921 range
typically between 0.05% and 0.15% depending on substrate and processing conditions.
The optimum level is application specific. Extensive performance data of
IRGANOX HP 2921 in various organic pelymers and applications are available upon
request.

Physical Properties
Bulk Density FF 480 -57049/1

Handling & Safety IRCGANOX HP 2927 requires no special safety measures, provided the usual precautions for
handling chemicals are observed. Avoid dust formation and ignition sources.
For more detailed information please refer to the material safety data sheet.

Registration The registration status for IRGANOX HP 2921 is derived from the single components.
The components are registered in: Canada, EU, Japan, Korea, USA
They are approved in many countries for use in food contact applications. For detailed
information refer to our Positive List or contact your local sales office.

IMPORTANT:  The following supercedes Buyer's documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements fiereln are to be construed as inducements ta
infiinge any relevant patent. Under no circumstonces shall Seller be fiable for Incidental, consequential or indirect damages for alleged negligence,
breach of warranty, strict Nability, tort or controct arising in connection with the product(s). Buyer’s sole remedy and Seller’s sole iabliity for ony
elaims shall be Buyer’s purchase price. Data and results are based on controlled or fab work and must be confirmed by Buyer by testing for its
intended conditions of use, The product{s) has ol beer tested for, and s therefore not recommended for, uses for which prolenged contact with
mucous membranes, abraded skin, or bload is Intended; or for uses far i

Date first Edition: Mar-97  Product Name: IRCGANOX HP 2921 page 2
Printing Date: Oct.-99 Ciba Specialty Chemicals, Inc.
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Ciba® IRGANOX® XP 620

High performance stabilizer system

Characterization

IRGANOX XP 620 provides highly effective protection of polymer properties across a broad
range of processing conditions. IRGAFOS 126, IRCANOX 1010 and HP-136 perform
synergistically for improved stabilization and reduced stabilizer use-levels.

Chemical Name
CAS Number

Structure

Molecular weight

33 9% IRCAFOS 126 ; 50 % IRGANOX 1010 ;17 % HP-136
Preparation

IRGAFOS 126 IRGANOX 1010

604 g/mol 1178 g/mol

350 g/mol

Applications

IRGANOX XP 620 provides outstanding processing stability in a variety of substrates and
applications. The increased effectiveness is particularly pronounced in HDPE, when
processing conditions are particularly demanding. IRGANOX XP 620 can also be used in
other polymers such as polypropylene, engineering plastics including aliphatic polyketone,
styrene homo- and copolymers, polyurethanes, elastomers, adhesives, and other organic
substrates.

Features/Benefits

IRGANOX XP 620 provides cost/performance improvements in polymer stabilization.
IRGANOX XP 620 offers

« improved melt flow control

+ low initial color and outstanding color maintenance

« superior effectiveness at high processing temperature for demanding applications

+ upto 50% reduction of phosphite concentration

The lactone, HP-136, functions as a carbon-centered radical scavenger which inhibits
processing induced oxidation as soon as it starts. IRCAFOS 126, an organic phosphite of
low volatility, protects the polymer during processing by decomposing the hydroperoxides.
IRGANOX 1010, a hindered phenolic antioxidant, contributes synergistically to polymer
stabilization during processing and provides long-term thermal stability by preventing

degradation during service life. Additional performance improvements are achieved with
synergistic combinations of, IRGANOX hindered phenolics and thioethers.

Product Forms

Code: Appearance:

Daate first Edition:Sep-98
Printing Date: Oct-99

Product Marme: IRGANOX XP 620 page 1

Ciba Specialty Chemicals, Inc.
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Powder white, free-flowing powder
oD white to slightly green pellets

Guidelines for Use  In the recommended applications, concenfration levels for IRGANOX XP 620 range
typically between 0.05% and 0.15% depending on substrate and processing conditions.
The  optimum  level is  application  specific.  Pedormance  data  of
IRGANOX XP 620 in various polymers and applications are available upen request.

Physical Properties
Bulk Density Powder 450 - 550 g/l
[s]»] 480 - 580 g/l

Handling & Safety IRGANOX XP 620 requires no special safety measures, provided the usual precautions for
handling chemicals are observed. Avoid dust formation and ignition sources. For more
detailed information please refer to the material safety data sheet.

Registration The registration status for IRGANOX XP 620 is derived frem the single components. The
components are registered in: Canada, EU, |apan, Korea and USA. They are approved in
many countries for use in food contact applications. For defailed information refer to our
Positive List or contact your local sales office.

IMPORTANT: The following supercedes Buyer's documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No slatements frerein are to be construed os inducaments to
infringe any relevant patent. Under no circumstances shall Seller be lable for Incidental, consequential or indirect damages for alleged negligence,
breach of warranty, strict Nabfiity, tort or contract arfsing In connection with the product(s). Buyer’s sole remedy and Seller’s sole Rabliity for any

claims shall be Buyer's purchase price. Data and reswlts are bosed on controlled or lob work and must be confirmed by Buyer by testing for its
intended conditions of use. The product{s) has not been tested for, and is therefore not recommanded for, uses for which prolonged contact with
mucous membranes, abrodad skin, or blood is intended; or for uses for which implantation within the human bady (s intended.

Date first Edition: Sep-98  Product Nama: IRCANOX XP 620 page 2
Printing Date: Oct-99 Ciba Specialty Chemicals, Inc,
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Ciba“ IRGASTAB® CABLE KV10

High Performance, Multifunctional Antioxidant and Heat Stabilizer
for Wire and Cable Applications.

Characterization

IRGASTAB CABLE KV10 is a liquid, sulphur-containing, high performance primary (phenolic)
antioxidant and heat stabilizer for the base stabilization of polyethylene wire and cable
resins.

Chemical Name
CAS Number

Structure

Molecular weight

4,6-bis (octylthiomethyl) -o-cresol
110553-27-0

IRGASTAB CABLE KV10

424.7 g/mol

Applications

XLPE wire and cable resins

Features/ Benefits

IRGASTAB CABLE KV10 provides high efficient processing and long-term heat aging stability
combined with excellent system compatibility. IRGASTAB CABLE KV10 performs highest
scorch resistance and simultaneously has low impact on crosslinking efficiency. IRGASTAB
CABLE KV10 is a liquid and thus allows total purity control by filtration. IRGASTAB CABLE
KV10 is highly effective at low levels and can be used alone without costabilizers

Product Forms

Code: Appearance:
IRGASTAB CABLE KV10 low viscous. pale yellow liquid

Guidelines for use

The normal usage levels for IRGASTAB CABLE KV10 range between 0.05 and 0.3%
Extensive performance data for IRGASTAB CABLE KV10 are available on request

Physical Properties

Melting Range ~ 14°C

Date first Edition:Jun-01
Printing Date: Jun-0r

Product Name:IRGASTAE CABLE K10 page 1
Cila Specialty Chemicals, Inc.
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Flashpoint

Density (20°C)

Wapor Pressure (20°C)
Dynamic Viscosity (20°C)

Solubility / miscibility (20°C)
Water

Acetone

Chlorofarm

Ethanol

Ethyl acetate

n-Hexane

Methanol

Methylene chloride

Toluene

= 200°C

0.98 g/icm®
2E5Pa
85-90 mPas

Y wiw
=001
> 50
=50
=50
=50

= 50
=50

= 50

> 50

Handling & Safety

In accordance with good industrial practice, handle with care and prevent contamination of

the environment.

For more detailed information please refer to the material safety data sheet.

Registration

IMPORTANT: The following supercedes Buyer’s documents,

IRGASTAB CABLE KV10 is listed on the following countries:

Australia, Canada, China, EU, Jlapan, Korea, Philippines and USA.

It is approved in many countries for use in food contact applications. For detailed
information refer to our Positive List or contact your local sales office.

SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,

INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements herein are to be constiued as inducements to
infringe any relevant patent. Under no circumstances shall Selier be Kable for incidental consequential or indirect damages for alleged negligence,
breach of warranty, strict §ability, tort or contract arsing in connection with the product(s). Buyer's sole remedy and Seller’s sole Wability for any
caims shall be Buyer's purchase price. Data and results are based on controled o lab work and must be confimed by Buyer by testing for its
intended conditions of use. The product(s) has not been tested for, and s therefore not recommended for, uses for which prolonged contact with
miucous membranes, abraded irﬂ or blod i m'imtd or forug for which inlﬂwm within the human body & iﬂ{enfd

Date first Edition: Jun-01l

Printing Date:Jun-01

Product Name: IRGASTAB CABLE KV10
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Ciba® IRGASTAB® FS 301

Phenol free Processing Stabilizer System

Characterization Ciba” IRGASTAB" FS 301 is a system composed of a phosphite processing stabilizer (Ciba
IRGAFOS 188) and a high molecular weight hydroxylamine (IRGASTAB FS 042). It is
designed specifically as a powerful non-phenclic processing stabilizer system with excellent
color control, compatibility, low volatility and high resistance to extraction.

CAS Number Preparation

Chemical 50% Ciba IRGASTAB FS 042 & 50% Ciba IRGAFOS 168
Composition

Structure IRGASTAB FS 042: Oxidized bis(hydrogenated tallow alkyl) amines

OH
CisHyiN—CysHy;
Molecular weight: 508g/mol

IRGAFOS 188: Tris(2.4-ditert-butylphenol)phosphite Hindered amine derivative

Molecular weight: 647g/mol

Applications IRGASTAR FS 301 is used as a processing stabilizer in polyolefin applications where low color
and low gas fade discoloration are required. IRGASTAB F5 301 is particularly suited for PP
fiber applications such as carpets, hygienic non-wovens and apparel as well as in
polypropylene meoldings (such as automotive TPO's and outdoor construction applications)
where high UV stability is required. When post processing thermal and Jor UV stability is
required, IRGASTAB FS 301 should be used in combination with a hindered amine stabilizer.

Features/ Benefits  IRGASTAR FS 301 provides outstanding processing stability to polyolefins while virtually
eliminating gas fade discoloration that may occur when phenclic systems are used. When
used in combination with a Ciba CHIMASSORE or Ciba TINUVIN hindered amine stabilizer,
the system also provides both long-term thermal stability as well as a higher level of light
stability in comparison to phenolic processing stabilizer systems. Furthermore IRGASTAB FS
systems also enhance the ability of hindered amines to act as light stabilizers.

Product Forms Code: Appearance:

Date first Edition: Mar. 00 Product Name: Ciba IRGASTAE F5 301 page 1
Printing Date: 03.01.2002
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IRGASTAB FS 301 FF Granules

Guidelines for use  IRGASTAB FS systems are effective as processing stabilizers when used at 0.05 -0.15%
depending upon the polymer substrate, processing conditions and application. They are
generally effective at 50 to 60% of the concentration of conventional phenelic - phosphite
pracess stabilizers.

Physical Properties IRGASTAB FS 301 FF
Melting Range (°C) = B8
Bulk Density (g /cm®) 0.434

Handling & Safety  In accordance with good industrial practice, handle with care and avoid unnecessary
personal contact. Protect skin. Aveid continuous or repetitive breathing of dust. Use only
with adequate ventilation. Avoid dust formation and ignition sources.

For more detailed information please refer to the material safety data sheet.

Registration The registration status for IRGASTAB F5 301 is derived from the single components. The

components are registered in:

Australia: to import. agreement is required from Ciba Specialty Chemicals

Canada : free for marketing

China: free for marketing

Europe : to import, agreement is required from Ciba Specialty Chemicals

lapan : to import. agreement is required from Ciba Specialty Chemicals

Korea: free for marketing

Philippines: free for marketing

USA: free for marketing

They are approved in many countries for use in food contact applications. For detailed
infarmation refer to our Positive List or contact your local sales office.

IMPORTANT: The following supersedes Buyer’s documents. SELLER MAKES NO REPRESENTATION OR WARRANTY
EXPRESS OR IMPLIED, INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
No Statements herein are to be construed as inducements to infringe any relevant patent. Under no
circumstances shall Seller be liable for incidental, consequential or indirect damages for alleged negligence,
breach of warranty. Strict liability, tort or contract arking in connection with the product(s). Buyer’s sole
remedy and Sefter’s sole liability for any claims shall be Buyer’s purchase price. Data and results are based
on contralled or lab wark and must be confirmed by Buyer by testing for its intended canditions af use. The
product(s) has been tested for, and is therefore not recommended for, uses for which prolonged contact
with mucous membranes, abraded skin, or blood ks intended: or for uses for which implantation within the
human body is intended.

Date first Edition: Mar. 00 Product Name: Ciba IRGASTAB FS 301 page 2
Frinting Date: 03.01.2002
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Cltia Specialty Chemicals

Additives

Palymer Additives

Ciba "RECYCLOBLEND *~ 660

Granulated stabilizer system with repair properties

Characterization

RECYCLOBLEND 660 has been specifically developed for desensiblization of polyolefins
against the negative influences of impurities such as paint or ink residues during processing
and heat aging. Furthermore it acts as a deactivator for compounds such as carbon black,
fillers etc.

Chemical Name

CAS Number

Blend of antioxidants, co-stabilizers and reactive additives.

Preparation

Applications

RECYCLOBLEND 660 has been specifically developed to re-stabilize and improve the
mechanical properties of recycled plastics. The product enhances the processing, long-term
stability and the mechanical properties of the recyclate,

Itis intended to be used for:

e PP/EPDM contaminated with paint residues, e.q. TPO bumper scrap

+ polyolefins containing fillers andfor carbon black

e post consumer polyolefins, degraded

e PC/polyester blends contaminated with paint residues, e.q. PC/PBT bumper scrap

+ compatibilization of impurities in the polymer matrix

Features/ Benefits

RECYCLOBLEND 660 is a ready to add additive package which the compounder [ recycler
can use without further premixing. The granulated non-dusting product form provides safe
handling and metering. Improved mechanical and long term thermal properties combined
with preserved rheological properties add value and enhance the application possibilities of
the recyclate. RECYCLOBLEND 660 helps to desensiblize plastic recyclates against the
negative influences of impurities such as paint or ink residues during processing and heat
aging.

Product Forms

Code: Appearance:
RECYCLOBLEND 660 off-white granules

Guidelines for use

Depending on the residual stabilizer content and the amount of impurities of the recyclate,
RECYCLOBLEND 660 can be used in quantities from 0.1% to 2.0 %.

Date first Edition: Aug-98
Printing Date: Dec-99

Product Name: RECYCLOBLEND 660 page 1
Ciba Specialty Chemicals, Inc
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Physical Properties
Melting Range > 79°C
Bulk density 0.68 g/cm”®

Handling & Safety In accordance with good industrial practice, handle with care and avoid unnecessary
personal contact. Avoid contact with skin. Prevent contamination of the environment.
Avoid dust formation and ignition sources.
For more detailed information please refer to the material safety data sheet.

Registration The registration status for RECYCLOBLEND 660 is derived from the single components. The
components are registered in: Australia, Canada, EU, |apan; Korea, Philippines and USA

IMPORTANT: The following supercedes Buyer’s documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURFOSE. No stotements herein are to be consirued s Inducements Lo
infringe any relevant potent. Under no circumstances shall Seller be fable for incidental, consequential or indirect damages for alfeged negligence,
breach of warranty, steict liability, tart or cantract arising e connection with the praduct(s). Buyer's sole remedy and Seller’s sole Nability for any
claims shall be Buyer’s purchase price. Data ond results are based on controlled or lob work and must be confirmed by Buyer by testing for its
intendad conditions of use. The product{s) has not been tested for, and is therefare not recommended for, uses for which prolonged cantact with
ous membranes, abroded skin I bodly is Intende:

Date first Edition: Aug-98  Product Name: RECYCLOBLEND 660 page 2
Printing Date: Dec-99 Ciba Specialty Chemicals, Inc
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Ciba Specialty Chemicals

Additives

Ciba

Polymer Additives

Ciba ® TINUVIN ® 622

Oligomeric Hindered Amine Light Stabilizer (HALS)

Characterization

TINUVIN 622 is the light stabilizer of choice for all applications calling for low volatility and
minimal migration, because of its oligomeric structure with high molecular weight.
Furthermore TINUVIN 622 is effective as antioxidant and contributes significantly to the
long term heat stability of polyolefins and tackifier resins.

Chemical Name

CAS Number

Structure

Molecular weight

Butanedioic acid, dimethylester, polymer with 4-hydroxy-2,2,6,6-tetramethyl-1-piperidine
ethanol

65447-77-0

TINUVIN 622

o~<;\§—CH2—CH:—o—|c|—CHE—CH:C|
n

M, = 3100- 4000

Applications

TINUVIN 622 areas of application include polyolefins (PP, PE), olefin copolymers such as
EVA as well as blends of polypropylene with elastomers.

In addition TINUVIN 622 is highly effective in polyacetals, polyamides and polyurethane
applications.

Features/ Benefits

The effectiveness of TINUVIN 622 surpasses significantly that of UV absorbers, particularly
in pigmented systems. Combinations of TINUVIN 622 with UV absorbers, e.g. TINUVIN
range or other HALS, e.g. CHIMASSORE range in many cases result in synergistic effects.
Typical examples are TINUVIN 783 and TINUVIN 111.

Product Forms

Code:
TINUVIN 622 FB
TINUVIN 622 LD

Appearance:
colorless to light yellowish granules
coarse, white to slightly yellow powder

Guidelines for use  Thick sections UV stabilization of HDPE, LLDPE, LDPE and PP 0.15 -0.5%
Films UV stabilization of LDPE and LLDPE 0.1 -1.2%
Tapes UV stabilization of HDPE and PP 0.2- 0.8%
Date first Edition: 1977 Product Name: TINUVIN 622 page 1

Printing Date: Nov-99

Ciba Specialty Chemicals, Inc
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Fibers UV stabilization of PP fibers 0.1 -1.0%
*The presence of a UV absorber (e.q. TINUVIN 326/327/328 and CHIMASSORE 81) is recom-
mended in unpigmented or slightly pigmented articles or to improve the light fastness of certain
arganic pigments.

Physical Properties

Melting Range 50-70°C
Flashpoint »>250°C Cleveland
Specific Gravity (20°C) 1.22 gfem’
Vapor Pressure (20°C) 2.5E-6Pa

Bulk density

TINUVIN 622 FB 500 - 700 g/l
TINUVIN 622 LD 300 - 500 g/
Solubility (20°C) q/100g Solution
Acetone 4.0
Chloroform > 40

Ethanol 0.08

Ethyl acetate 3.0

n-Hexane < 0.01
Methanol 0.05
Methylene chloride > 40

Teluene 15

Water < 0.01

Volatility (pure substance; TGA-data, heating rate 20°C/min in air)

Temperature (°C) % weight loss
200 0.1
225 0.2
250 0.4
275 1.1
300 31
325 8.4

Handling & Safety In accordance with good industrial practice, handle with care and prevent contamination
of the environment. Avoid dust formation and ignition sources. For more detailed
information please refer to the material safety data sheet.

Registration TINUVIN 622 is listed on the following Inventories:
Australia: AICS Canada: DsL China: First import
Europe: polymer, monomers on EINECS Japan: MITI
Korea: ECL Philippines: PICCS USA:  TSCA

TINUVIN 622 is approved in many countries for use in food contact applications.
For detailed information refer to our Positive List or contact your local sales office.

IMPORTANT: The foliowing supercedes Buyer’s documents. SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED,
INCLUDING OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. No statements hereln are to be construed as inducements fo
infringe any relevant patent, Under no circumstances shall Selfer be liable for incidental, consequential or indirect damages for alleged negligence,
breach of warranty, strict Wabifity, tort or contract arising in connection with the product(s), Buyer’s sole remedy and Seller’s sole Nability for any
claims shall be Buyer's purchase price, Data ond results are based on controlled or fab work and must be confirmed by Buyer by testing for its
Intended conditions of use. The product{s) has rot been lested for, and s therefore not recommended for, uses for which profonged cantact with
the human bady is Intended.

fiucous membranes, abraded skin, or blood is intended; or for uses for which implantotion wit

Drate first Edition: 1977 Product Name: TINUVIN 622 page 2
Printing Date: Nov-99 “Ciba Specialty Chemicals, Inc.
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Additive
Light Stanitizer | UV Absorber
Heat Stabilizer >>
aid »m«: Processing Ald
Light Stabilizer | UV Absorber >> HALS, Hindered Amine
Processing aid
Antioxidant >> Amine

Physicat farm; Powder
Fond sentact approval. e
Masterbatch / Ona Pack: Ko

Product description

35 high b axtraction and low volstility.

Hlend of hydrexylamine , hindered amine and & hydrewtically stabie phosphite, Cifers very

Basi suitable Polymer

+ PP, Poiypropylens

+ PE| Poiysihylona

Typical properties Value Uit |
Melocul weigh 2100 4000 il
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Additive

Processing aid
Antioxidant >» Amine

Fhysical form: Granules
Food cantuct approval: Yes
Masterbalch | One Pack: No

Product gescription

Bast suitable Polymar
| »PP, Palypropylane

. +PE, Polysthylana
Typical properties
Mulscular wnight

Mixture of hydrosyiamine and hindered amine. Offers very good compalibility,
stability. Imgarts both lang tarm thermal stability as wall as a higher level of light

Antim)
Search amongst 10,000+ Additives and Modifiers

ility. Possesses high resistance 1o extraction and low valstility. Provides oulstanding processing
Stabdity
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Tochnics Assistance
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Additive
Light Stabilizer | IV Absorber
Heat Stabllizar >> Organic

Processing ald >> Polymeric Processing Ald
Light Stabilizer f UV Absorber >> HALS, Hindersd Amine

Search amongst 10,000+ Additives and Modifiers

Processing ald

‘Antioxidant >= Amine

Physical farm: Grandes

Food contact approval Yes

Masterbatch | One Fack: No

Product description

Bixture of high melecular weight hydroxylaming and & high malecular weight hindered amine. Cffers very good P y, Exhibits high {0 exiraction and
tow volatility. Provides very good processing stability, Impans long-term tammal stability as wall 25 2 higher laved of light stability.
Best sultable Polymer

+ PE, Polysthylene

PP, Pulyprepylena
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Antimerobial Center
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Tachnical Aysistones

Additive

Processing ald

Light Stabilizer | UV Absorber >> HALS, Hindersd Amine
 Antioxidant »> Biend

Physica form: Graniles
Food confact approval, Yes
Mazterbatch | (ina Fack: Mo
Product descripion

Ehibils bolh long-term thermal stabiby us well as highar kevel of ight stabilly.

Best sultable Polymer

+ER,F e
LPE Py

Typical prapartios
Weling ringe

W e % Search amongst 10,000+ Additives and Modifiors
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Bignd of phesphite and hydrasylamine. Used as & processing stabllizer for PP fiber appllcations such as camets, hyglanle nan wovens and appared as well as in PP
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o sspsa ey, Search amongst 10,000+ Addtives and Modifiers

Additive

Light Stabilizer | wmv

Heat Stabilizer >> Organic

Processing akd >> Palymeric Processing Ald

Light Stabilizer | UV Absorber >> HALS, Hindered Amine

| Cener
Shsomnmueny, S

oy Etreation and low volatility,
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Processing aid
Antoxidant == Amine
Physical form: Granules
Food contact sppeaval; Yes
Rastarbleh | One Pack: Na
| Praduct descriptinn
Blend of hydroylamine and hindered amine. Used as & processing siablizer. Offers very good Providas high
Impans oulslanding processing stabiity. mmmmmmumuu-mnmumlmmuw
Best sultsble Polymer
+ PP, Polypropylens
* PE, Polyethyiene
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Tachnical Assisiance ' -
Vo o, Search smongst 10,000+ Aditves and Modifiors Uhsonmum, S,

Ad
Light Stabilizer | UV Absorber
Heat Stabilizar >> Organic

g aid >> Paly e ing Aid
Light Stabilizor | UV Absorber 5> HALS, Hindered Amine

Progessing aid
Antioxidant >> Amina

Physical form:
Masterbeich / One Pack: No

 Product description
Mixturs af phosphite . hydroxylamine and hndered amine. Used 85 & processing stablizer. Imparts very good process centrol. Possesses vary good long-lerm thermal
stabity and light stabdity,

Best suitable Polymer

« PP, Palypropylana

* PE. Polyethylane

Typleal propérties Valug Linit
Meting mige - 1m <
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Addltive
Anfioxidant

Chemical composition:

Phiysical fom: Liguia
Masterbaich | One Pack: No

Product description
Liquid thio-ether Suitania far

Best sultable Polymer

« PP, Folyprogylens

« PE, Polyethylens >> LOPE, Low Uensily Polyethylens.
* PUR. polyurathane

= P8, Palystyrens

- A, Polyamide

* ABS! SAN! ASA, Acrylonilrile-Slyrenic based

* PE, Palyaitylens >> HOPE, High Densily Polyetnyiens
« BT, Folybulyiens Therephinalate
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Additive

Antioxidant >> Phenalic

Physical form: Powdar
Food contact approval: You
Mastarbatch | One Pack: Mo

Product description
Highly affective phenalic anticxidant. Used for the prateciion of varlous polymers, Dffers lang lerm thermal siabikly with oulstanding extraction resistance.

Best suitable Palymer

* Rubbers

= PAVC rigid; polyvinfychlorida
« Thermoplastics, ather => POM, Palyacatal, Polyformaldhebyda
* PP, Polypropykina

. 5, ather >> PRO), Oxide

+PA, Pol

‘alyamide
= ABS| BAN! ASA, Acrylonitrie-Styrenic based
- AT, B
«PFET { PETG , Polyethy / Pol
- PE, Polyetiylene == HOPE, High Densty Polyethylene
Typical properties Valus Unit
Mating Fain. 185 187 ~
Mamcuni Waight 45
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Additive
Antioxidant >> Phanolic

| Chemical compositian n-actadacyl-3-{4'-ydroey-3, §-di--butyiphenyiipropionate
| Physical form:

CAS Number: 2082-79-3

Food centact appioval Yes

Masterbatch / Ona Pack: Mo

Product description

Highly effective antioxidant. Offers good compafibility with most commaon polymess. Possessss good substilute for BHT.
Best suitable Polymar

~Rubtiers

« Rubters >> EPDM, Ethylene Progylens Diene Rubber

* PP, Polypropylena i

+ ABSI SAN! ASA, Acrylonitrie-Styrenic based

~PE, Polyethylene

= PS5, Polystyrane

Meing Pairt &0
Matmor Weight oy
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o s,

Additive
Antioxidant >> Phenolic

Chemical composdion: Tatrakis|melhylena]d S-di--bulyl-4-fiydroxy hydrocinnemate)methane
Physical form: Powder

CAS Nurmber: BEB3-10-B

Food contact approval Yes

Maslerbalch | One Pack: No

Praduct doscription
ersalile and highly affective antioxdant. Offers synergistic activity with phesphite process stabllisers. Provides long term thermal stability,

Best sultable Polymer
+ Rubbers =» EPDM, Ethylene Propyiane Diens Rubber
- PS5, Poly.
+ Rubbars = 58R, Styrana-butadiona rubbor
* PP, Palypropylene

* Tharmoplastics, othar

+ A, Palyamide

+ ABS! SAN/ ASA, Acrylonirile-Styrenic basad

« PHT, Polybutysena Tharephthalate

PE, Palyeihylans

. Pobycarbonate

Typical properties Value Unit

Meting Foint e €

Muolecilar Weig'n "
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Pl infurmation o the eract nsture of food seoroval ln!lll Esbian ba othe apeiiationm wed sther countries.
© 7000 SpeciiCham 5. 4.
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Heugimman

Additive
Antioxidant => Phosphite
Chemical eomposition: Bis{2 &-di-lar-bulyl-dmathylpheny|)pentaerythritol-di-phosphite
Physical form Powder
GAS Number: BOGE3-00-1
Food contact approval: Yes
| Masterbatch | Dne Pack: No

Broduct description
Phosphite. Used In food packaging, Offera vary good process stabillly and colour al higher

Bast sultable Polymer

B/ SAN A5 & Acrylonitrila-Styrenic hasad
« PE. Palyethylane

Typical proporties Valus Unit

Mnking Paint oy L

Mnecular Weight =

Baliily 3 in Watir ) ey

Beulbty @ 25°C In Acutons s preoy

B 247G In Tnlsang 2 Wiedy

Eciulbiy @ #5°C in e-hucae o1 @ity
Eohlbiliy @ 25°C is Mathanol pre] icog

Hctuibiity @ 35°C n Teuchimmethane 2 wingg
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| Additive
Antioxidant >> Phosphite
Physical farm: Flakes
Food cantact approval; Yos
Mazgberbateh / One Pack o

Praduct description
Phasphite, Cifers very goad colour stabiity and high meit stasiity. solubillty

Best sultable Polymer
+ P8, Pokystyrane
i pi

9 Giyeal

+ PAT, Potybutyiene Therephinatate

Typizal properties Value Unit
Mokezular Waighl ™
Softering i 8 e

Cnctsmar
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Additive
Antioxidant > Phosphits

Physical form: Liquid

Food contact approval: Yes
Masterbatch | One Pack: Mo

Produci deseription
Phosphile stabiizer,

Best sultable Polymer

«PETIPETG.

IF
+ PE, Poiyelnylena >> LLDPE, Linear Low Donsity Poiyethylens

+ P8, Polystyrana
+ PP Polypropylana
. 5. othor >= PPO, Oxide

- PA, Polyamide
+ ABS! SANI ASA, Acrisniirle-Styranic baswd
+ PAT, Poiybutyiens Therephinalate

+ PE, Polysihylena >> HOPE, High Density Polyethyiens:
|+ PG, Polycarbonate
 dci o

Typieal properties.

\iszouty @ 15°C

f
15
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Food contact approval:

Priysical Term: Powder
fes
Masteraich | One Pack; No

Product description
Misture of FEP-8 and CA-ST.

Bast suitable Palymer
« FE, Polyatnylena >> LLDPE, Linear Low Density Poyatnylens
« PE, Folyathylena >> LOPE, L.wrn-nwrmpm

«PET/PETG.
+ P§, Palystyrane
« PA, Poiyamide
= ABSI SAN/ ASA, Acrylondirle-Styrenic based

 BE, Polysiniens > HDEE, Hgn Density Polyeinyene
| = PC, Poiyearbonale
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Addltive
Antiaxidsnt »> Phosphits

Physical form: Liguid
Food contact approval:
Masterhatch / One Pack: ™

Product description
Phosphils stabilizer

Bast suitible Folymar

+PET/PETG , F h IF

+ PE, Palyathylenn = LLOPE, Linear Low Dansily F
+ P5, Polystyrsna

+ PP, Polypropylena
. T ather > PPD, Pelyphanyiens Cuide
+ PA, Polyamide

+ ABS! SAN) ASA, itrile-Styranic: basad

+ PET, Palybatyiena e

+ PE. Polyathyiene >> HOPE, High Dendty Polyethylana
+ PG, Polycarbonate.

ViBCORDY B 25°5
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Additive

Antloxidant >> Phenolic

Fivysical form: Fowdor
Magterbuich | Coe Pack; Ho
Product descripton

Hindaree phanol siabilizer. For PP eompositas and PE cabiies. Frotection ram Mermal degradetion,

Best suitable Polymar

. other =» POM, Polyacatal, Polyformaldhohyde

«PET(PETG, iF lane T ithalate Glyssl

<PB, P

3k stics, ather >> PPO, Oxide

+PE, >> LDPE. Low Density

P, Polyamids

» ABSI SAN ASA, itrle-Styrenic. nased

+BE_Polyaihylene >> HOPE, High Densty Polysinylens

*+ PET, Palybuiylene Therephihalate

Typical properties Valus _Unig
Msting Foint a0 ©
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Anticxldant 3> Phenallie

Phiysical form;

Food contact apprmovat:
Masterhatch { Ore Fack:
Product description
Hindarad phanal stabilizes.

Best suitabie Polymer
- Thermaplastics, ciher == POM, Palyacetal, Polyfermaldhetys
» Thermoplasiics, oiner

- PP, Palypicoylene

= Tharmoplassics, ofher > PPO, Palyphenylene Oxide
+ PET/PETG , Polyth I Polysthyl

L PeT i * P ¥
.;E:Mw- LLDPE, Lingar Low Density Polyethylene
H i y

« PE, Polyathylans >> HDPE, High Dansily Palyelhytens

Tl prosrib

Makny Pyl
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Physical form: Liguid
Food contact approval;
Masterbatch | One Pack: Na

Product description
Heal and calor stabllizer for high lemperature processing.

Best suitable Polymar
«PET/PETG , F ephisiate ! g
-;g.mm” LLOPE, Lingar Low Dansity Polyeinyiens
|- PP, Palypropylene

.P& other == PPO, F Oxide

PBT, Poiybutylene The thatate
-W.FWS“W"%‘.MWWM
* P, Polycarbonate

Molezular waght 188
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Additive

Antioxidant > Phenolic

Charmical composition. Tetrakis [methy (3,5 en-butyl-4-hy methans
Physical fam: Powdar

Mastarbalch | One Pack: Na

Product description

Appicalion i piastcs, rubiber, latex, vamishes, adnesies, TPR's and Hot Malts.

Best suitable Polymar

« Rupbers == S8R, Styrne-butsdiens rubber

+ Rubbers == I, Pelysioprens

+ Tharmoglasiics, m-rw POM, Polyacelal, Palylarmaidhehyde
. o

. > EPOM, Efhylane Prapylens Diene Rubbar

+ PE. Polyaihylens

P, Polycarbonata
« P/ rigid, pesyviniychloride
- PS, Polysiyrena

Typigal properties Valug Unit
Mating Panl e 135 <
Ash Goemest =01 -
nlnths Mater <958 .
Acatons Suluulty ot 20°C. 47 *
Chiorstm Sty ol 20°% n L
ater Sahuniry uf 20°C m “
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Phenolic
Light Stabilizer { UV Absortier >> HALS, Hindersd Amine

Chemical composition: Sterically hindered amine
Physical form; Powder

CAS Number: 124172-53-4
Mastnrbatch / One Pack; No

Product description

Sterically hindered amine. Used as ight stabilizer for

Best sultatls Polymer

Sonbiiy @ 20°C in Water

polyoleting, ABS
&nd mylons. Ofers very high tastness to light and weathering, Exhibits very Ktlle water camy-over from the quanch bath during the manutscture of PP film taps.
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Additive

Antioxidant

Heat Stabilizer

Light Stabllizer | UV Absorber

Physical form-
Faood contact approval:

Product description

Liguid
Yee

| with an
inermoaxidative degradation.

Best sultable Polymer
« TPU, Tharmoptastic Polyurethans
CPRB .

- PE, Polyeifylene

« Tharmaplastic Efastamess, TRE
E————

Dansiy § 29T

‘statilizer intented for protecting organic subsirates against

e
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Additive
Antioxidant >> Phosphite
| Chemical compositon:
| Physical form;

CAS Number:
Mazierbaich ¢ One Pack:

Product description
Bigiz4

163
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Additive
Antlexidant >> Phasphite

Chemical composition: Trig (nonylphencl) phosphite
Physicat farm: Liquid
Food centact approval. a5

Product description

e ester, Non-loxic s phosphite.
Possesses & wide approval lor feod contact 3 )
Commanly us2d lo boost the peformance of calcumizing stebised fiexible and rigid PYG farmulations Tor nen-iexic applications,
Al has 2 high resistance 1o hydkolysis and is 8 major for ABS and

Best suitable Polymaer
PV o poyetionds
-mwmmm.mnrwm
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ditive
Anfioxidant >> Phenclic

Product description

Bast suitable Polymer
* Rubbers => NR, Natural Rubber
¥ Kubbi

ernaplastic Fiastomers, TRE
.-Thmmphnlﬁ. oiter => Palyvinyl (exchuding PYC)

PE, Palyeihylens Cansity Polyathylona
'FEFB'MMI»FI’FE WDU\WF‘W

Typical
Epehe Gradly,
Py

A

Bk Diniity

Chemical compostion: 26Dl butyi-paca-cresal
Physical form. Crystals
Mastertaich | Cne Pack: No.

165

Usad in waxes, insecticides, mmmm paints, Prolacis palymers against ihe effect of heat and oxygen during drying operations. Reduoss e danger of
eycization dunng storags & processing and als0 helps o protect wicanizalos agains! autoxidation.




Charmical composition: Staaryl 343 5-d-ler-bulyl-4-
Physical form: Powder

Mastarhatch | One Pack: Mo

Product description

Used in plastics. rubber, lslex, vamisnes, adhasives, TPR's and Hol Melis.

Bast suitable Polymer
* Rubbers »= |R, Palysioprene
bt = ‘56#, Styrans-butadiens rubbier
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Product deseription
Improved propertise In palymars sxpesed 1o sour gasaline. Excellent axtraction resistance in fuels and ois

‘Best suitable

» PE, Polyeliytana

+ Ruhbers => EPDM, Elhykene Propytens Diane Rubbar

167
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Additive
Antioxidant > Blend

Physical form:
Food cantact approval:
Maaterbatch | One Pack:

Product description

Isa blend of a primary and secondary stabilizar in one easy 1o handie liquid form: 50% Weston 388, 50% Ulirenox 276, Improves color and inhiblis degradation of
molecular waignt. Pre-blending of antioxydanis: are elimnated. Easy handling- accurale leeding rales. s a low cost statilizer

Best suitable Polymer

. :\E’.ﬂme >> LLDPE, Linsar Low Density Polysthylens
+ ABS SAN/ ABA, Acrylonilile. Styrenic based
«PE, Polyalhylene >> HOPE, High Densiy Polyathylona
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Physical farm: Liquid
CAS Number; 26523-78-4
Food contct approval: Yes
Masterbatch / Ona Pack: Mo
Product description

Best sultable Polymer

= PV rigid; petywntychioride }

» Rubbers >> SBR, Styrene-buladiena rubbar

« PE, Polyethylane >> LLDPE, Linear Low Dansity Polyethylens
- ABE) SANI Acrylonilrile-Styrenic basad

+ PE, Palyethylens >> HDPE, High Density Polyethylene

Desmity
SpecAogrmity § 5 CHS ST

Chemical composiian; Trignonylpheny! Phoschite

Used whan high pusity stebiizers ara required. Impraves color and processing stablity during recovary, drying,
othar stabilizers.

169

ing and end usa.
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Physical form:
Faad contact approval: Yes

Product description

Biand of 75% Westan TNPP phosphita and 53% Uliranox 278 A
of - FRigk af

Best suitable Polymer

+PE_Folyathylens >> LLOPE, Linear Low Density Polyothylene
+ PUC rigid pelyvinlychioride

= ABS! BAN! ASA, A bazed

« PE, Falyathylone == , High Dansity Palysthylaria
Typical properties.

Speeiiic ey

Finn Puin, cheand oup

Sabditeasn Tamperature

Colir, APHA

Acid number, KOH

Denany gy 25°C

170

2 Bl foom to b5 salt,
aro woeroes and variability are minimizes. Easy handiing-accurate

of a primary and

faeding rates.

2 &4 1
ig 3

Pra-blending




Additive
Antioxidant >> Bland

‘Prysical form;
Food contact approval

Praduct description

Blend ol 75% VWaston TNPP phosphile and 33% Ultranox 276, al room
of Risk of and -

varability ars
Best suitable Polymer

« PE, Polyethylens >> LLOPE, Linear Low Dansiy Polyethylane

* PYC rigid;

gid;
~ ABS! SAN! ASA, Acrylanitriie-Styrenic based
+PE. Polyathylane >> HDPE, High Density Polystiylans

osr

<100
3
21

171

Easy handiing-accurale fading ratas.

of @ prmary and secendary anboxidanis. Fre-blending




Ocladacyl-3-(3 5--tert-butyl-4

Physical form: Pawdor

CAS Number: 2082-79-3

Mastorbatch / One Pack) No

Product description

Starically hindersd phensiic volatiity, good High

172

1 sxudalion &nd |s non-discolaring

2
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| Product description
| Stengally hindarod phenalic antiexidant. Possesses low volatility, good

Bost suitable Palymer

* TPU, Thermoplaste Polyurathans
* PP, Pafyprogylans

+ PA, Polyamide 3

* PV rigid: palyvinlychloride

« Thermeplasiic Elastomers, TFE
Madtiog rarge

‘Spachic gravey @ 30°0
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Bast suitable Palymer

- P, Polystyrens

.pg,;:fum >> LLOPE, Linear Low Density |

+ Rubbers >> EFDM, Ethylana Propylena Diane Rubiber

> HOPE, Density Folyethylens:

fathyh
futhy

3-3,5-0-L butyl-4
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Additive
Antioxidant >> Amine.

Bast suitable Palymer

+PE, lene >> LLOPE, Linaar Low Density Polyethylans
+PE, S‘?.{’v:".'-fm» m&mmm%

+ PE, Palysthylene > HOPE, High Dansty Palyethylons

Designed for carbon black fed systoms such ss wire and cabée and geomembranaes.
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Chemical compasition: rizad 1,2-dihydro-2.2 4 -
Physical Tarm: Pasiilles

heasterbateh | One Pack: Mo

Product description

e
e




Chemical compasition: Blend of hindersd shenalic and diphanylaming

Physical farm: Granules
Food contact approval; Yes
Masbervatch | One Pack: Na

Product description

Bestauitabla Polymar
« PE, Palyathylors )
« Thermoplastic Elaslomers, TRE »» SBE, styrene block cope (SBS, SEBS, 515)
B Eil. Ethylena Vinyl Azstate Copolymar
« ubbers >> SBR, Styrmne-buladians mbner
. >> NBR, 18 Rubbar
« Rubbers >> BR, Butindiens Rubber, Palybuiadians
Typical propertins

Calar
| Epacif graviy  35°C

| Finsh psinl, 602
| Malscalar mrkg 2

Y3%s

176

Granular biend of hindered phenclic and diphenylamine. Provides synergistic shor and leag-lerm hermsl protection. Exniits wery good cofor and viscosity stabllily,




Antioxidant
Heat Stabilizer >> Organic

Chemical composition;
Physical form:

Food cantact eppraval;
Nastarbatch | One Pack:

Product description

Best sultable Polymer

+ FE, Poryolh

« EVA, Ethylane Viny! Acatate Copalymer

« P4, Poiyamide

+ Rubbers == 5BR, mmt-butm rubber
+ Rubbers == NBR. Acrylonir

Typical propartiss
Cator

DV WeDSiE b betEve b

w il i i v for infarmative puiposes pady. whal cortmct manufaciure ate |
! ..L'.....n..."”""‘ e retiagin, e ot 1 rorelan ATt gk wetfanOss af sy VA Boe dskOs #eR T o Rl 1 FUDGHACA U 6 SHNFAEL

Elend of hindered phanalic and diphenylamne
Granules

Yos
Ha

Granular blend af hindered phenolic and diphenylamine.
gaod color and viscosily stabllily. Offers gelation and skinning resistance

yiona
+ Thermoplastic Elastemers, TPE »> SBC, siyrane block copo (SBS, SEBS. SIS}

tadiene Rubber
+ Rubbers => BR, Mdlnniﬂ:m Potybutadiens

rawye,
et
= contact

raprewenting s indurait, conssquantl e B
BN A DETEVR £ v FECHwg 4 550 CALACL APDTYAR O O Give) QENCAT # 8 GEN COUTTY, Flease contac: ol meppimr f

mmdi:mmmdbﬂmmll profection agains! oddation in polypropylene. Exhibits vory

ES ABHA
118
) ©

e e 1.

Hr cauniries
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Product description

Best sultable Polymar

+ PP, Polypropylens

+ Rubbars

+ PE, Polysthylana

Typical propertios

Wclooutar weigm

‘st point

Weigh inss @ J58°C i air, SO

Distearyl thiodiproplonate. Used 25 an anfiaxidant far polyolefins and other palymenic systeme and as an auxiliary stabilizar in conjunction wilh primary antioxidant far
polyprapylens, polyeihylena, and synitetic nibbers to promete kng-term smbient aging preperies. Ofters very good

178

calar, procassing and aging statility.

sagé
H
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Praduct description

y 2 Usad ag an for and ather a5 an auxiary siabllizer in conjunciion with antioxidant for
potypropylane, poyeinylene, snd synihatic rubbers fo promote long-term ambient aging properties, Dffers vary good color, processing and slabiity,
Best suitabla Polymer
. :ﬂ Polypropylene.
« PE, Polysthylane
Haila gt a3
ul peini & i
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Product description
Cost effective, gunaral purpase, antiasidant.

Best suitable Polymar

= PP, Petypiopyiene
+ PS5, Palystyiene

180
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Praduct description
Octadecyl 3,5-di-Lbutyl4- hydrogynysracinnamate,.

¢ »» HOPE, High Dansity o
. Pilmﬂm=’ln!‘5. LWMPm

181

s15-525
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Product description

Ihinaster. Lisad a5 an anlioxdant for

Lowsvaiatisty, odor-Iree. high malecular waight,
Can be usad in

exiraclion resistancs. Suis for high

waler pipe, a and

Best sultable Poiymer

- ﬁl Pabystyrene

« ABET SANS ASA, Acylarilie-Styrenic basas
+PE, Polyeihyieno

Typical proparties

Moiecusar weght

Mot poirt

Spocitc graviy B 54T

Pk danifty

owht oas @ TG

182

PR, PE, ABS, palystyrane and other engineerng
slability

L high-temperaturs, lang-term PP,
wih 2 Enmay hindared phenolic antioxdant 1o improve siahility. Provides sutstanding calor

and very goad




Additive
Antloxidant >> Phenolic

Chemicat compasitian: Beditbutyh4
Physical form: Pawaar
Mastsrtateh | One Pack: e

Produst description
Bediet-bulyl-+ \ised as @ versatile anlicxidant. Provides long-term siabity.

Bast suitabla Palymer
+FELP

e
»> LLOPE. Linear Low Dansity Polyettylene
+ PE. Polyathylane >> HOPE, High Densty Polyethyiens.

Typical propertiss. Unit
ngn 5= 12 £

Cala, Traes @ 20°C -

‘Spesie gravty @ 29°C 12

P paint = b

Molecutar moght e
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Antioxidant >> Phenolic

Product description
0 and nan-di hindered

‘Best suitable Polymer

'g’lgb:ﬂ?’sl'w. Elnyiane Propylena Diens Rubbar
+PE, m"'-”mm.mmw-
~ ABS( SAN/ ASA, Acrylonitrie- based

« PE, Palyethylana == HDPE, High Denaity Polysthylens

Chemical compasition: 4.4'-thiobis (2-(11'-dmethyl)-E-methyl} phenal
Physical form: Pawder

Food contact approval: Yoz

Masternaten [ One Pack: Mo

184

Usad for food packaging, high voltage cablos and greenhousa films.

sra g




Antioxidant =» Thioester

Physical form:

CAS Numbar

IMasterbateh | One Pack:
Product descrption

Sulfur containing antioxidant.

185
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Addltive
Antioxidant => Thioester

Sultur contalning anflakidant. Used In same food packaging applications,

‘Best sultable Polymer

« TPU, Thermoplastic Polyurethane

- PP, Poiypropylene

+ PVG rigid, palyvinlychioride !

~ ABSI SANT ASA, Acrylaniiie-Styrenic based
* PE, Foyelhylens:

Chemical composition: Ciiauryl-3, 3 Miodiproplonate
Physical form: Salid

CAS Numbar; 123.284

Mastertiatch | One Pack: Mo

Product gescription

186




Additive
| Aatioxidant >> Phenolic

Physicai farm: Powdir
Food coniact approval: Yes
Masterbatch / Ona Pack: Na.

Product deseription

Best sultable Palymer
+PS, Polysyrana

< PE, Poelnyiie »» LLOPE, Linet Law Deraly Pobysnylns
'ﬁﬂpmbhaﬁ.,mwmmlm

 Rubbore oo 26R, Siyrans:butaions ribbor

+ EVA, Ethylene Vinyi fAcatata Copolyriar
gmummwmkhm

|+PE, m,unmnwe High Dunsity Palyathylene

| +PC. Poycamanate
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Physical form: Powder
Food contact approyal: es
Iastarbateh [ One Pack: Na

Product description

Best suitable Polymer
« Rubibers > SER, Styrene-butadiena nibber

+ Tharmaplastics, ather >> POM, Palyacetsl, Poyformaldhenyde
+PP,

+ PE, Py lene >= HDPE, High Densily Polysihyiens

+ PE, Polyeihylens >> LLOPE, Linsar Lew Density Polyethyiene
+ Rubbers *> BR, Butsdiena Aubber, Polybuladiene

188




Duist free, Free flowing.

* Rubibers >= 581, Styrene-butadiens nibber
« P, Poly ate
+ ABS! SAN/ ASA, Acrylonirile-

+ PE, Paiyethylens >> LLDPE, Lingar Low Densily Folyethyiene

189




BRI IR,

Additive
Antioxidant >> Phenolic

Physical farm- Powdar
Foad contact approval: Yen
Masterbateh | One Pack: Ma

Product description

Best suitable Palymer
. Thw:mplum! wiher >» POM, Polyacatal, Folyformaldhehyde

= ABS! SANSASA, Acrylondtrile-Styrenic besed
= A, Palyamine

190



‘besad
+PE, Palyethylena >> LLDPE, Linsr Law Dedsity Palyathyiens
« PE, Polyeliylena >= HOPE, High Density Poyatnylene
+ PBT, Folybutylane Therephihuisls
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Additive
Antioxidant >» Blend

Physical
Food contact

form; Liquid
val! Yes
Masterbatch | One Pack; No

Product description

Pr-bianding of

Best suitable Palymer
femPnOyMu > LLBPE Linear Low Density Folyethyiene
ﬂﬂhl‘

mm
-PE nwmwumns wwvmm
Typleal properties
Speifis Gy
Flush Poet, closnd cup
Bordhcaton ergermee
Ackl ramber. KOH
Donsity @ 23S

mammm;mmnm l.lmu: 276, wmumwmn  clear viscous fiquid.

a primary and

and varisbily are minimizes, Ezsy handling-accurate fseding ralas.

192
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ditive
Antioxidant >> Bland

Physizal fam: Liguid
Food contact approval: es
Maslertiatch | Ona Pack: Mo

Product descilption

193

15 @ blend of  primary 8ad secondary stsbiizer in one essy to handia fiquid form: B3% Weston TNPP, 17% Uliranox 278, |
at arg stabilizer.

mnlecilar weight. g Ensy handling- accursie feeding rales. |s a low cost
Best suitable Polymer

« PE, Polyetnylens »> LLDPE, Linear Law Density Palyainylens

« ABSI SANI ASA, Acryloniirile-Styrenic hasad

+ PE, Poiyeinylens >> HIPE, High Densily Poiyathylena

Typical properties Value
Camr. APHA Al
Lrenn AT -2
hcat numbar 91
Specio gty @ 25°C ot
Doty @ 38°C [+
Phosprenu Gonent 35
Flash Ponl, dosed cap =
‘Sakaitiealon temparature. -

improves color and inhibits degradation of

adey g
j 2




Additive
Anticxidant >> Biend

e

| Physteal form; Liguid
| Food contact approval. b
Masterbaich / One Pack; No

Product description

Blend of 0% VWeslon 384 phosphite and 20% Liiranox 276, at raom
blending of sntl are Risk of comy

s somi-son. of & primasy and ¥ Pre-
&rore and variabity are 5. Easy Teeding rates.

Best suitable Polymar

« PE, Polysifylene >> LLOWE, Linear Low Density Polysihylens

* PV nigid; potyvinlychloride

« AHS! SAN! ASA, Acrylonitrile-Styrenic based

+ PE, Palysthylene >> HOPE, High Danstty Palysthylens

Typleal properties Walue unit
Bppeifc Grisity o8

Flash Poiet. cised cup 218 o
BokdAitatun eeper sy k] ‘c
Color, AFHA « 100
Acid mamear, KOH <u1 mg KOHg
Densily @ 25°G i i
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e 3

Additive
Antioxidant >> Blend

Physical form: Liguid
Food contact approval: Yes
Masterbalch | One Pack: No
Product deseription
Blend of B0% Woston TNPP phosphite and 20% Litranox 276, Appearance at room tempanmture is sami-sofl. of a primary
blending af " i Risk of  and variabily are minkmizes. Easy handing-acourate feeding rates
Best sultable Palymer .
+ PE, Poiyeifyiene >> LLDPE, Linear Low Density Polyeihylens
= PV ngid: polywinlychiarida
« ABS/ SANI ASA. Acrylonilrile-Siyranic based
« PE, Paiyethylene == HOFE, Densily Palyelnylens

i Walue Unie
‘Epeciic Grawly LTy
Flash Point, dosed cup m ©
Balkfifictien lamporaturs. = <
ot APHA ‘<109 i
At pumbar, KOH <@ my Kiakiy
Diwnsity @ 35°C a2z Eigal

195




Vet

Additive

Antioxidant >> Bland

Physical form: Liguis
Food contact approval: Yes
Masterbatch { One Pack: Na

Produet description

muﬂ%mmmmmaa*umwzﬂ of a pimary and
compounding errors and varfability sce minimizes. Easy handling-accurate fesding rates,

Best suitable Polymer

. ?Emmmﬂm == LLOPE, Linsar Low Dansity Polyathylens
< ABSI swbmhwummsww

<PE, Pmm» HEPE, High nmm Potyettylens

196

idants, Pre-blending of antioxidants are eliminates. Risk of




Additive
Antioxidant >> Phenolic

Physical form: Powder
Food contact approval: Yes
Masterbatch / One Pack: No

Product description

Best suitable Polymer

+ P8, Polystyrene

+ PP, Polypropylene

« PE, Polyethylene >> HDPE, High Density Polyeth

+ PE, Polyethylene >> LLDPE, Linear Low Density Potymwm

197



Thiodiproponate polyester
Salid

‘along with phenolle primary

198

plastica, Dffers very gaod stability In high-temperature




1,3,5-is(3, 5-ci-lerl-butyl-4

Powder
CAS Number; 20676-62-6
Food contact approval, Yos
Mesterbatch / One Pack: Na

Produet description

Iriazine-2 4 8-{1H 3 SH)-rone

1.3,6-Tris(3,5-di-tart-butyl-4-hydrosytenzyfl-o-nazine-2,4 6(1H.3H SHtdone. Offe ¥ good gas fad,
Provides high perfermanca in filled polysiefins,

Best sultable Polymer
o 4
« PE, Polyelhyiene

199

wery good for colar sensitve applications

Unit |




approval: Yes
Maslerbaleh | One Pack: Mo

Product description
Sulphur containing costabilizer,

Bast suitable Polymer
« PP, Fotypropylene

+ PE, Polyatiylene >» HOPE, High Density Folysthylana
Acid puTter

Py

oy

<28

<os

";;ﬁ
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Anticxidant
Heat Stabliizer »> Costabliizer

Physical form: Powder
CAS Number 2500-88-1
Food contact appraval; Yes
Masterbalch / One Pack: Ha
Praduct deseription

Sufphur containing costablizes ot piasics.

Best sultable Palymar
+ Tharmeplastic Elagtomars, TPE
+ PP, Polypropylens

Typical propariles
Srap put

5682
34

201




tioxidant
Hoat Stabilizer >> Costabilizer

Product description
Sulphur containing coslabilizer for plastics,

Best sultable Polymer

= Tharmeplasiic Elasiomers, TPE
+ PP, Folypropylene

Grap pont

Physieal form: Granles
GAS Nurmber 2500-86-1
Masterbatch ( Ona Pack: Mo
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Additive

Antioxidant => Phosphite

Physical famm. Powder
CAB Numbes: 26741-53.7
Fond contast approval: Yes
Masterbatch | One Pack. No
Praduct description

Aromatc phosphite based processing stabilizer.

Baesat sultabla Polymer
+PET{PETG . P s

Thermopiastic Elastomers, TPE

+ PP, Polypropylona

« PE, Palyeifiylene == LLDPE, Linsar Low Density Pofyathylens
+ P4, Polyamida

Typical proparties
Aeid numbar
efling peim

‘vinlatiry
La-deten-bulptrnol

<1a
17018
<08
<12
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Additive
Matal deactivator
| Antigxidant >> Phosphits

|

I

Physical form:

CAS Number

Food conact spprovak
Masterbaich | One Pack:

Product description
Best sultabla Palymer
+ PE, Palyethylane
Meking poist

olatiby
Pty

32687.78-8
Yoz

| Stabilizer and matal desactivator for pastic matenals. Used for wire & cable applications,

204
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Matal deactlvator
Antioxidant >> Phosphite

Physical form:

CAS Number

Faad conlact approval.
Masterbateh ! One Pack:

Produet description

Best suitable Poiymer

Powder
326E7-TB-B

Stabilizer and metal desactivator for plastic materals. Used for wire & cable applications,
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Additive
Heat Stabilizer

Antioxidant .
Heoat Stabillzer >= Organic

Physical form: Powrer

CAS Number 41454.35.9

Food cortact approval Yea

Mastarbaich | One Pack: Mo

Product description
Good synergy kading lo & significant Impravement of long larm thermal stadility.

Bost suitable Polymer

+ PE, Palyethylena

-mﬁwwmm

< PE, Polyelhylane >> HOPE, High Dansity Polysihyisne
L RGN ASh, Acryonirie Srenc based

+ PR, Polyamise

Typleal propHle

Mating poni
Vaaily

| Ash coment
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Antioxidant
Heat Stabilizer >> Crganic

Phiysical torm: Granuies .
CAS Number. BEE3-10-8; 32509-66-3
Food contact

approval:
Masterhaich { e Pack; o

Product description
for ans. Used in HOPE blaw or injection molded articles or PEP pipes.

| Best suitable Polymar
+ PP P
« PE, Palyethylene »> HOPE, High Density Polyelhylens
* PS5, Falystyrene
: i 0K, P aldhah
. astics, athier >> POM, ,
< Tharmapigdia; svic >> M, Polisesis, Sobetm yie
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Additive
Antioxidant => Phenalic
Haat Stabilizer >>

Priysical form; Pander
CAS Murmber; 32600.88-3

Food contact approval: es
Masterbateh / One Pack; Ne

Product desaription
Fi o high extraction

Bust suitabie Paiymer

« Thermoplecc Easiomers, TPE
';;P:’P' ; HIOPE, High Dansity Polysthylene

vpe, lana .

« PA, Polyamide

| Typleat proparties :
[ <10

| s =87
‘M <10

208
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Additive
Antiaxidant >> Phenolic

Phongiic anlioxidant. Offers high extraction resistance.

Best suitable Polymer
+ Thesmoplastic Elastomars, TPE
+ PRAMA, Polymethyimethacryiate
“ PP, P tl
+ PE, Polyethylene >> HOPE, High Density Polyashylans
+ ABS! SAN! ASA, Acryionitrile-Styrenic based
+ P, Polyamide:
—
Coler
Muting poenl
vl

Heat Stabllizer >> Organic

Physical farm; Frills

CAS Numbas: 32608-88-3°
Food contact approval: Yoz
Masterbaich / One Pack: N

Produst description
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CAS Numbar: 2082-79-3

Fond contact approval Yeos
Masterbatch / One Pack: Mo
Product description

Phenolic antioxedant for plastics n particstar for d
Best suitabla Palymer

* Tharmoplastie Elagtomars, TRE

P
+ PE, Folysthylene >» LLOPE. Linsar Law Dansity Polysthylana
+ PP, Polypropylens

<EM o Acatate Copalymer

+ ABS! BAN/ ASA, I based

« FE, Folyathylang >> . High Dansity Polyathylone
+ P, Polycarbonats

Tyical proparties

Party

vsiatbty

Walug

“04
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Additive
Antioxidant >> Phenolic
Hest Stal

biiizer >» Organic
form: Granuies

CAS Number- 2082-78-3

Food contact approval Yes

Masterbaten | Gne Pack: Ha

Product description

Phenolk far plastics in particular for d angl ]

+ PE, Palyethylene > LLDPE, Lineac Low Densily Palyethyiene
PP, P

+ TPU, Thermoplastic P

+ PE, Palyaihylane => LOPE, Law Density Polyethylane

+ EVA. Ethylens Vinyl Acetat

+ ABS! SAN! ASA, Acryfoniiriie-Styrenic based
+ PE. Polyethylens => HDPE, High Danstly Polyethylane
* PC, Polycarbonate:

oical Pl
Purky

Vo
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Product description
Phenalic anioxdant for plastics in particutar for polyakefing and engineering thermoplasic elaslormers.

Bast suitable Polymer

+ Tnermopiastic Elastomars, TPE

+ PS, Polystyrana

« PE, Polysthylens => LLDPE. Linear Low Density Folyathylana

« ABS! SAN! ASA, Acryfonitrile-Styronic based

+ PE. Polysthylens == HDPE, High Density Palyethylens
* PG, Polycarbanate

Typical properties

.Eg
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Additive

Antioxidant >> Phenalic

Heat Stabilizer »> Grganic

Physical form;: Powder
CAS Number. 2TETE-B2-6
Faad contact agproval: Yes
Masterbiaion | One Pack: No

Product description
Phenalic antixdant. Offars longtarm thermal stabilization,

Best sultable Polymar
* PS5, Palystyrana

« PP, Polyprogylons

« TPU, Thermoplastc Polyurethana

+ PA, Palyamide

+ ABS! SANS ASA, Aerylonirile-Siyrenic based
« PET, Poiybutyiens Therophthatatn

1F ¥
lene >> HOPE, High Dansily Polyathylens

Typical properties.

Meting poist

«PETIPETG , Poyel
- PE, Palyathylene
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Additive
Antioxidant => Phanalic
Heat Stabilizer >> Organie

Physical form. Powder
CAS Numbar- 6683108
Maslarbalch / One Pack: hio

Product description
Phenollc antioxdant.

Best sultable Polymer

« P, Polyamide

+ ABSS SANI ABA, Acryloniirile-Styrenic based

+ PET, Folybutylens Therephihalale

+PET/PETG, { i1 F h Glyenl

+ PE, Polyethylena == HDPE. High Density Potyathylens

Typical properties Valus
alstilky <08
Purity »bb

==§
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Additive
Antioxidant 3>

Phenofic
Heat Stabilizer >> Organic
Physical form Pawder
CAS Number B8543-10.8
Faod conlact approvat: Yas.
Masterbaion ( One Pack: No

Praduct descripbion
Fhenoic antioxidant.

Best suitable Polymar

Typleal proparties
Vet

<us
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Antioxidant >> Phenalic
Heat Stabilizer >> Organic

Bhysical form: Powdar
CAS Number- BBE-16-6
Faod cantact approval: Yes
Mastarbatch | Ona Pack: Na

Product description
Phenolic antiaxdant,

Beat sultable Polymer

-:&M\memmwm

+ Tharmoplastics, oiher >= POM, Pofyacatal, Polyfarmaldhehyde

I-PEI'IIW p | Poly Ghyool

+ PE, Palysttylane >> HDPE, High Density Palyelhylene

——— : —-—
WVolasity <08
e

! !
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Additive
Antioxidant >> Phanalic
Heat Stabilizer >> Organic

Physical form:
IMNumfnr.

| Food contact approvat:
| Masterbiatch / One Pack:
Ermumunmmn

| Phenolic antioxidart.

Best suitable Polymar

Pawdar
E883-10-8
Yes.

PET/ o F

Ik
« PE, Palyethylane > HOPE, High Densly Polyeihylene

Typical properiies
vasatiny
Pusty

217
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Additive

Antiexldant
Physical form; Granubes
Masierbaich | Gne Pack; o

Product description

Phenol-phosphile blend in vanous ratios. Also available as pawder

Best suitabie Polymer
« PE, Polyethylens => LLOPE, Linear Low Density Polysthylens

« PE, Palysinylena = LOPE, L ow Density Potyethyiona
<PETPETG , Poiye ! Polyaity Pl
+ 5. Polystyrene

+ PE, Polyetnylena »» HOPE, High Dansily Falythylens
« EVA, Elfylene Viny! Acatale Copolymer
-fswmmm-ﬂvmﬂﬂhm

+ P, Polycarhanate

« FAT, Poiybulybene Therephihaiale
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Physical form; Fowder
Faod contact approval: Yes
Masterbatch | Cne Pack: No

Product description

Best sultable Polymer
“PETIPETG, ne T !

+ PE, Polyetiylene >> LLOPE, Linear Low Density Polyetnyiene
+ PP, Palypropylene

* 5, Palystyrene i

« PAT, Polybulylene Therephinaiate

+ PA, Palyamice

+PE. ol 0 >> MDPE, High Density Palysthylene
“FC, onale
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Physical form;
Masterbatch / One Pack:

Product description
Dust Free, Free fowing

Bast suitable Polymar
+ PP, Palypropylen:

e
+ ABS! SAN! ASA, Acrylonitrie-Styrenic based
Cinaa 3114, comant
crinas S soniem
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ditive
Antioxidant >> Phenolic

Physical farm: Powder
Fooa contact approval as
Masterbatch | One Pack: Mo
Product dascription

Best auitable Polymer

- PYC 1 polpchode

-PE, > LLDPE, Linear Law Denslty Polysthylons
+ EVA, Ethylens Vinyl Acatste Copolymer

< PE, Polysthylena > HDPE, High Densily Polysthylene

221
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Additive

Antioxidant >> Phenalic

Physical form: Powder
Food contact approval: Yas
Masteratch [ One Pack: o

Product description

Frea fiowing, Dust free.

Best suitsble Polymer

+ PE, Polyathylens > LLDPE, Linear Low Densty Folyettylana
. ;‘ﬁ Polystyrena

Ry SAn m‘. Acryionitrile-Styrenic based

+ EVA, Ethylene Vinyl Acatale Copolymer

PE, ylena >» HOPE, High Densily
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Preduct deseription

Best suitable Polymer
+ PE, Polyathylene == LLOPE, Linear Low Donsity Polysthylana

« PP, Polypropylang ;
« ABIS! SAN! ABA, Acrylonitrie-Styranic based
+PE, Polyathylene == HDPE, High Dansity Polysthylana
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Additive
Antioxidant >> Phenolic

Physical form:
astarbatch | One Fack:

Product desaription

Best sultabie Polymer
|+ PETIPETG fh

pRE
L PE
|+ PAT, Powybutylene Therephinaiate
P, Pwmnqh

iyl > HOPE. ign Danly Ptyeiyans

1" p Giyeol
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+ Physical form: Emulsion
Masterbaten | Cne Pack: No

Product description

Is & mill white emuision of liquid stabilzers in watar wiff (5% approx ) af

h:-wmhmnz‘lnxlummdn wwnm This mmhemﬁmmaﬁawmwm“wmlmlm-
lasiing affact of thisasters and ihe high lemperature protecton of phosphites. The resull i 3 wall balanced formulation, having a wige spectrum of protaction o the

gative effects of oxidatian, light and heat.
"A:Immnummriu‘u";rm conlaining resins and elastomers, seasilive [ sbove mentioned effects, particulary: natural latlices, SBR and NBR latiices,

eopolymers; PUA and EVA laliices: resing dispersad in walar {rosin eshers, hydrocarbons, therpanics. aic.).

Best sultable Polymer
. »=> SBR, Slyrene-butadiens ubber
* R.ubhers == NBR, Acrylonitrie-butsdiens Rubbsr

EVA, Ethylana Vinyl Acelate Copalymer
wpmr proparties Wl Unit
Salkia contenl B8 .
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Masterbaich / One Pack; L]

Product deacriptian

ety dispersed inwatar. in order o be essily added io elastomersiresing dispersions.
wnmmma;mlmqwmmwmmwxhw af thioesters and the high emporatirs protection of

ephites,
mwuhammﬂmm having a wide stabliisation spectrum to the negative effects of exidatian, light and heal.
5 wiset for all water sysiems, containing resins and olastomeds, sensilve o bove mentioned effects, particularly: netural Iattices, SBR and NER Iatticas, copolymers;
PV and EVA latices, P.U, mmn-mmnm(mmmmmua)

Best suitable Polymer

« Rubbers »> 53R, Styrana-butadiens rubber

» Rubbers >> NBR, Acrylonirila-buladiene Rubber
« EVA, Emylene Viny! Acatale Copolymer
"

‘idcasity, Bmakfnd

asi

o
Boks cotlun|
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Maslorbatch [ Ona Pack:

Product descripion
Used as basic stablliser,

Bost suitable Polymer
* PE, Polyathylene

227




Additive
Antioxidant >> Phosphite
Antioxfdant >> Phenolic

Chamical compostion:
Physical form:

CAS Number,
Masterbatch | One Pack:

Product description

Best suitable Polymer

+ PUR, potyurelnans
P3P

Tatrakis {3-(3, 5-di-terl-butyi-4-hyd

Granules
BEBI-19-8 and 31570-04-4

Stable synargestic blend of phenalic and phosphite compounds. Used as an excefieni
original malt flaw,

PET/PETG P
+ PP, Paly

+ Rubbers >>

+ Rubbéds >= SER. Styrene-butadiane rbbar
L Rubber, Polybuta
+ PE. Folyathylene >» LLOPE. Linear Low

+ PA_ Polyamide

+ EVA, Elfylena Vinyl Acetate Copolymar

+ ABS! SAN! Aﬂ%lﬂo—&mﬂkm

+PE. Polyathylene > LDPE, Low Censity Palyeihylene
+ PE, Polyathylene >> HDPE, High Density Polyathylans
+ PET, Polyputylana Therephthalal

Typical propartias.

Veiaifies

Moting poim

Flash pairi

Dacermpasition temperstes

Spaciic gradly

<05
110 - 188
> 150

102108
L)

heal stability. Farms law eslar and keeps

idﬁd#g




_ s

Additive
Antioxidant >> Phosphite
Antioxidant > Phanolic

| Chemical composition: Dctadecyi-3-{3,5.dderi-4 d Trs (2, d-dl-lert.t 1) phasphits
| Prysicai foem Granulas

CAS Number; 2082-78-3 and 31570-04-4
Wasierbatch { One Pack: No

Product description

Stanle of phosghite Used as an excelleni anfioxidant for procassing and leng-tenm heat stabllity, Farms iow color and keeps.
original melt fiow,

Bast suitable Palymer
-FuR.pahmmm
+PET ! PETG hihalate Glysel
-PE Powawmn»unpe memqu
FP_P
W”SBR Smnﬂwlnlmhbw
w BR. Butediene Rubber, Polybutadiane

PA, Polyarmige
. E\M. Ethylona Vinyl Acatate Copotyner

-PE Pomlmncm Low Density Poyetnylans
+ PE, Polyathylane == HDPE, High Denssty Polyeihylens
Thlriohlhul

+ BT, Polybutylena

Typical properiies Value Unit
Wodaitien <04 *
Meting pon - 188 ’g:
Flash pairf > 180 k-
Docempostion iempsesture =330 ]
Eppoific gravly. 02108 gams
P (1% 3aksan] 588
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Additive _
Antioxidant >> Phosphits
Antioxidant >> Phenolic
Chamizal composition:
Phvysical form:

CAS Number:

Masterbatch / Cne Pack; No
Product description

origiral el fow,

Best suitable Polymer
+ PUR, polyurathana

+ P§, Polystyrens
+PET (PETG , P IF

Granules
BE83-18-8 and 31570-04-4

+PR.P 5

+ Rubbars >= SER. Styrenc-butadione nibbar

* Rubbers »» BR, Buladiens Rubber, Polybutadions
Theraphihalats

+ ABSI BAN! ASA, Acryloniinie-Styrenic based

+ PE, Palysthylens => LLOPE, Linear Low Density Poiysthylene
+ PE, Palyetiylene >> LOPE, Low Dansity Polyelh;

+ PE, Palyelnylens ”HDPE‘WMMW”::Q

Vaimitas
Malling puitn

Fuash pont
Dscompasition lmpsatus

£ (1% ssfutbon)

Pentagrythrilol Totrakls (3-(3,5-di-tort-bulyl-4

Stable synergesic blend of phenolic 30d phosphite compounds, Used as & good antloxidant for processing and jong-term heat stabillty. Forms fow color and kesps

Value
<05
119- 188
=150

182-105
e

wrd Tris (2,4-di-12r1 phosphile

gﬁédf-g
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Additive
Antioxidant >> Phosphite
Antioxidant >> Phenolic

Chemical composition: F
acal form; Granules

CAS Number: B583-18-8 and 31570-04-4

Masterbelch / One Pack; No

Produtt description

Tatrakis (3-(3,5-ditert-buly-4-hydr

and Tri (2,4-di-tart hi

and good long-term heat stability, Farme law color and keepe

Stable synergesti
oniginal malt fow.

Bast suitable Polymer
* Rubbers == BR, Buladiena Rubber, Polybutadiens
L]

231
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Chemical campasilian: Octadacyl-3-{3 5-t-fori-4

Physical farm; Granules

CAS Number £683-19-8 and 31670-04-4
No

Product description
Blable synergesic blend of P o Used as an for p

oniginal mel fiaw.

Best suitabl Polymer

~FET/PETG, F i
*+ PE, Polyethylena >» LLDPE, Linear Low Density Potyethylene

“PR,
- Rubbers >» AR, Butadiane Rubbar, Peiybulsdiens

-PUR,

=) Eummw

“EVA, Acetate

~ BS) SAR ASA. eyl Sy vasad

; + PE, Palygihylans >> LOPE, Low Density Polyaihylene
+ PE, Palysthylans >> HOPE, High Density Polyethylena
« PAT, Palybutyiena Therephthalate

232
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and good kang-lerm heal stabilly, Forms low colar and keeps

=0k
1o 18
150
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s
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Additive
Antioxidant 3> Phosphite
Antioxidant >> Phenofic

Chemical compasiion;
Physical form:

CA5 Number:
Masterbatch | One Pack:

i Tatrakis (3-{3, 5-ci-tert-butyl-4-hy i i and Tris (2.4-di-tert hesnhil

Granules
G683-19-8 and 31570-04-4
Mo

Product description

Stabi synergeslic blend of phanallc and
ariginal mef flow

Bast sultable Polymer
+ PUR, patyurethane
+ S, Poystyrane
« PET / PETG , Polyethylans IF Gyoal
- PP, Pelypropylene
+ Rubbers »» EBf, Styrene-butadiens rubber
+ Fubbers >> BR, Butadiene Rubber, Polybutadiens
tylena Thersphihalate

ASA, Acrylonitrile-Styrenic based
+ PE, Polyeinylens >= LLDPE, Linear Low Density Poiyathylans
+ PE, Polyelhylane >> LDPE, Low Densily Polyethylene
~ PE, Polyethylena >> HDPE, High Density Palyethylena
Typical proparties
valatles
Metiegg poim
Flash paint
Decomposifien emperatirs

Hpeahc grauey
£ 1% sonution)
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for processing and good long-term hesl stabaty. Forms jow calor and keeps

Value Unit
<08 »
10 - 108 -3
» 150 ‘e
=380 &)
103108 i

L




Bhysicat farm:
CAS Mumber; 2082-T9-3
Misstertatch | One Pack: No

Product description

Chemical comgesiion; Octadecl-3-(3 5-di-tert-4-hydroxyphenyl)-propionate
Granisles.

Stable, stericaly hinderad phenolic compound. sed as an for
high rosistance to extraction and is odortess,

Best sultable Polymer

+ Tharmoplastic Elastomers, TRE >> SAG, styrena block cope (GBS, SEBS, §15)

+PUR, potyureihiane

+ PP, Polypropylenn

. olhar >> HIFS, High Impact Potystyrene
Tharaphihalata

Ie hased
«PET/PETG , Polynthy I Polyethylens Tharep Glyeal
Poyeihylens

234
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Additive
Antioxidsnt >> Phanalle

Chemical composition: Cetadecyl-3-(3 5-di-en-4-hydroxyphenyl}-propianate
Physical form: Fowdar

CAS Murnbar 082-T8-3

Mastarbatch | Cne Pack; No

Product description

Stable, slancally hindered phanolic Used as an for C [ g e jangtenn thermal Puossesses good compatibaty,
high resistance to exiraction and i adoress.

Best suitable Polymer

+ Tharmoplastic Elsstomers, TPE »> SBC, slyrana block copo (SBS, SEBS. SI8)
B Foyoraptone

+ Themmaglasiics, olher >> HIPS, High Impact Poysiyrene

Bpsulic graviy @300 e
Buls dunedy 80320

£
i
:
s
S R
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Physical form: ) Pawder
CAS Number 27676626
Masteratch | Ona Pack: Mo

Product description
Stable phanol Used asan for leng-larm hermal stabilizaton.

B_Inl\ihblu Polymer

+ Thermoplastic Elastomers, TPE >> SBC, styrene block copo (SBS, SEBS, SI8)
+ Tnermopéastics, ofhar == HIPS, High impas! Polystyrens

P, lane

* PVC rigd, palyvinlychionce

. .qssfm ASA, Acrylonitle-Styranic based

004
<83
Waeiting poim 20 -2
Melnrutnr waigh! (Lt

236
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Chemical compasilion: F Tetrakis {3-(3.6-c-lurl-butyl-4

Physleai farm: Granules

CAS Number; 6683-19-8

Masterbatch / Ona Pack: o

Product description

Stabla, sterically hingered phenobs compound. Usad as for ring, £ : and lang-term thermal Possesses good

resistance 1o extraction, low volaliily and is odordess.

Bost suitable Polymer

* Rubbers = EPM/ EVM, Ethylana based

« Rubbers »> EPUM, Ettyiens Propylane Diana Rubber

= PV rigid; polyveniychloride.

-;l;hpm-wmF plastic Eiastomers, TPE >= SBE. styrene block copo (SBS, SEBS, SIS)
+ Thermoplastics, sther => POM, .

« Thermaplastics, other >» HIFS, High Impact Polystyrane

+ PBT, Paiybulysene Therephtnaiate

“PA,P

+ EVA, Efhylene Vinyl Acstate Copolymer

« PE, Palyathylano

+ PUR, polyurethane

=P, P B

+ PETIPETG, 1 Pulywthyl ate Glycol

Typlosl properties - Malug Unit
o =01 "
nlaisle <ot %
Calar, APHA <4

Mishing puist 196+ 128 R
Fimst il . 27 G
Bpashic graviy @ 20°C 118 g
Bk danuify 450 - 570 wl
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Additive
Antioxidant >> Phenollc

Chemical compasdion; Teirakis (3-(3 Sci-tert-butyl-4
Physical farm: Bowdar

CAS Number- BBE3-19-B

Masterbaich { One Pack: Mo

Product description

Stabie, slencally hindered phenciic Usad a5 far and lang-torm thermal F w P ¥, high
resistance 1o xtraction. low voiallity and i odoriess,

Best sultable Polymer

* Rubbars >> EPM/ EVA, Ethylone
* Rubbers >> EFDM, Emm Prwy-m Diene Rubber
[l l'N. polywniyciloida
-rmup \astic Elastomers, TPE >= SBC, styrene block copo {SBS, SEBS, 515)

PP, Palypropylens
-mmpum other =» POM, Polyacatal, Polyformaldhetyde
+ Thermoplastics, ciher == HIPS, High Impect Palystyrene
erephthaiate

+ PET, Poiybutyiens Th

+ PA, Polyamide

+ EVA, Etfylene Viny! Acatate Gopolymer

+ PE, Polysthylene

* PUR,

* PS, Polysiyrene

+PET ( PETG ,F 1 Poi Glycal

Typlcal properties Valug,

Ash LR

Noaiies «05 -
Cinior, APHA. <40

Mnting pin o128 Lt
Fiush patint E “
Boeclic gravly @ 20°C m womd
Bk cematy sa0 - 830 “
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Tris (2 4-ditert-butylphenyl) phosphite
Pawdar

570044

No

Product description

slable phospnie 0 stabdizer Usedasa.

Hydromlically v antio Reacts diiring
nd diacolosation,

Best suitable Palymer

= PVC rigid, podyviniychloride

- PET (PETG ' b
=PPy

Giyeol

L , TPE »» SBC, siyrene block copo (5BS, SEBS, 515)

» Rubbers == BR, Butadiana Rubbar, Polybutadiena

« PA, Polyamide

TEVA, Etnyone Viny Adsisin Copohymer

« ABSI SAN! ASA, Actylenitrie-Styrenic based

+ PE, Polyathylens

* PC, Polycarbonale

«FBT, Polybutylans Therephihalate

Typical proparties. Valug
Wolalbes <03
‘Meiting poim 183 - @7
Bpeatio grmviy @ F0°T

103
‘Bulk senaky 480 570

239
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Additive
Antioxidant >> Aming

Food centect approval:
Mastertazch / One Pack:

Praduct description

Mised
rubber appications such as belts and tyres. and is espedilly efactive
woltage polysthylena cablas.

Bast suitable Polymar
+ Aubbers
+ PE, Polyethylona

wvary low volalifity and low stasnin Providns rosis to haat and flex faligua in general
in Lise in cabile for the pratection of medium and high
Valug Uit
e
e mPas
108
s
1098
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Additive
Antioxidant
Hoat Stabilizer >> Organic
Charmieal eomposltion: Talrakis 3 (35 -dli-tart-Dutyl-4 mathane
Physical form: Powdar
CAS Mumber: BE83-10-8
Mastarbaich ! Qne Pack: Na
Product description
malecutar Bniiodant. )
Emu.:q\iw non-discosoring stabitzar that p Wmunllmmhmmw, i il during p g and sedvica life,
Also pru\ddua puud compatibility with mm: and excellent extraction Tesista)
Can be applied -umus, polyprog : and alafin cop nmm,immmn
m;mmmma ich as and ', glyrang homeo- end copalymers, ABS,

wlastormons sech s butyl rubber, S85, aaws EPM and EPDM as wail as siher synthatic rubbars, latex, mm‘c mrul m synthatic tackifier resins,
Ais0 suggeslad for use with polyethylens mmummmnmmunwm synifietic diester flusds, ails, mmgmmnmtm

Best sultable Palymer

. TPE »= 88G, copo (SBS, SEBS, 515)

-W&EHMVW\MW
nSA, Acryionlinie-Styrenic basod

Mol waght ey
Heking o 16128 "
Volssles <as %
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Additive

Anticxidant => Phosphite

Chemical composition: Trigl2 4-di-tart-butyiphenyljphosphite
CAS Number: J1570-04-4

Mastarbaich | Ope Pack: Mo

Product description

Secondal {when ined with Mayzo's

Low

1 Flrﬂmﬂh:vwllﬂhmlﬂd provides excalient protaction 10 arganic polymers.

Acetale co

mmmuudhmmm mdwmmn tackifier resing.
B used in with L nd light

mnmman-m

Prevents discoloration.
Protects polymers from chain scission and crossfinking, and s resistani to hydmlysis,

o provide

l. Bast suitable Polymar
| » Rubbers »>> BR, Butadisns Rubber, Polybutadiens
I¢ PS5, Palystyrone
] « Rubbers == IR, Polysioprens
- FP, pquq-,m

1
Thermaplastics, cth
i L E.UA. Em:-u\nnyt Copolymer
A, Acrylonitrile-Styrenic based

Typlcal properties
Mgincular weight

1
1+ PC. oy
‘m-u

Voleties
Spentiugraviy @ 20°C
Decnmpositicn lampeiutirs

242

y usefil in poly &nd elhysene vinyl
Vatug Unit
847
83 - 187 b
<05 -
e ] i
=300 -




Produet description

Impraving eary color of PP and PE.
Rigid PYCaelling proemter,
Chelstar for PV,

Best suitable Polymer

+ PP, Palyprapylana

+ PE, Palyelhylene

‘Tpeciic gty & 2570 (2]

Rfraciin indes @ 25°C + 420

Viscoaty @ 2470 800 - 1400 i
Hel kax <04 -
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Additive
Antioxidant »> Phosphite

Chemical
Physical farm:
Mastertatch | One Pack:

Product description

Il enabies goad weatherablly and ight stability.

Flesible PV geliing promater,
\iscasty cantralier far PVC sol
Improving restoration properly (PVC feam).

Bast suitavle Polymer

+ PP, Polypropylens

- PVG i lychiorde

- hBSS ASA, Acrylonilrile-Styrenic based

Dighanyl tridecyl phosphite
Liguid

1o
1.5
4l Ll

244




Antioxidant >> Phosphite

Chermical composition: [Diphenyl isodecyl phosphile
Fysical form: Liquid
Masterbaich | One Pack: Ho

Preduct description

245



Physical form:
Masterbatch / One Pack:

Praduct description

weatherabity and light statity,

t enabies pood
Fiexlble PV geliing pramater,
\iseasdy contraliar for PYC sol,

Best suitabla Polymer
* PP, Polypropylene

*PVG | palyvinlychiorde
-mﬂ%f ASA, Acrylonitrie-Styrenic based

246
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dditive
Antioxidant >> Phanalic
Heat Stabilizer >= Organic

Chemical composition: e Bis[3-(3,5-ci-tert-butyl-4
Physical form; Powder

CAS Number. 41484-35-8

Mastertmich | Dne Pack: Hao

Preduct description

FEffeciive, noa-discaloring, sulfur contalning stabifzer that provides smﬂaﬂtmmhnd atability by -oxldativ
\Mﬂnlruuulnrh rocess stabiizalion of polyelhylena wire and cable resins, lor ;m mmumnuundlnn
clnmbcmuodilwmn pdymmmpﬂmunmmmﬁalmum and for carte H late,

mommamw in edhir p products such as lurbing ail and in and highar alp sueh as 1-bulena and 4-melhyl-| pentene
s block ARS, and olher nibiber modifiad polymers,

rubber and

Bast sultabla Polymer
+ Rubbars >> EFDM, Ethylans Propylens Dione Rubber
* Rubbars >> 5BR, Styrene-tutadiens ubbar
# nmur

i
ia_t:d g

¥
Spoatic gravly @ 20°C 1.0

Diecisimas
AR Lechnica ifarmativs on s Bt is glven Tar informetive gapuses sy, Belere wiel iy product, use YhEl CoMBCL PRCUC ASMRCIUTS b Brder T feceivy Comiplete Dlavatien sbout the
‘Peoduicts Infgrmebian o this weiske It belleved to be rebable, however, nm-mn-mnm wmranties of wey Wind. Speciaichem shall not be fiable or obbgated under sve centract, negigence,
“mhwamhﬂlnrﬂuu-u —ymym-q--n reseing (s o r e, Mlem.mdwwnﬁqmwa merams, e ¥ wtetuend
of the poacibity af such demages. Praducts mentaned as faad contact el i or & Gvin apglcatian o B ghen country. Phass cantect oficlsd susphier far
B A o8 W 44 ot 9 et A i rod 3 i 5 it PPARA gAY o b coTs

& 2005 Specialtrem §. A,
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Additive
Antioxidant >> Phenalic
Heat Stavilizer > Organic

Chemical compasition; Stearyl-3-(3' 5'-i-teri- butyl.4.
Physical farm: Pwdor

CAS Number: 2082-70-3

Mastarbateh [ One Pack: Mo

Product description

Effectiva. non-discohoring stabizer that provides excallant long-term haat stabillly by Ihermo-oxidative during pi g and service lifs.
Alsa provides good campatibility with resins and excellen! extraction resistance,
wmummmuwwmmmmmam tves, wanes, ils, and fats.
mbaapmnmmﬂﬂl. as polyethylena, palyprepylans, polybutene-1 and oihar polymars such W&mumumwmm.
and other org styranics, nubbaer modified styranics including ABS, and ssgmenled block copolymars saturated
| and unsstursted siasiomers, FYG, unsthsne and g and products.

Best suitable Palymar

* PVE rlgid; patyniychioride
?Pihﬂﬂﬂoﬂm other => Elylens copolymer
PP, P .
+ ABSI SAN/ ASA, Acrylonitrile-Slyrenic basad
+ PE_ Palysthylana
* PUR, polyurathane
Tywical propoeries Varlus Ukt
Mulacular wegh! B3R
Mating ange e &
Vaalfas. <08 “
Ashy <ot u
Déacliaimur
Ml bechecal Infirmaben oa this sie Is Qhen for wlonnative S Wt o GOy P O A A AN e NSt xSt
produriy Tistarmatinn an thi welinite & bebeves i ne rrilsie, M.mmnw impliad warTnkie of any kind, Spacaichem snadl nat be linne or chiigated undec any oireet, negligance,
munnnumi-nn-mnhmwmuwn-w-mw-mwmmmm”uumunuwmmmmm special st punllive Sainages, e If Jvised
Wl g paRRGILIY OF BUCT Samages, TR MEtooen 43 000 CONMACE 4RORSVER ATE GELSVES 10 NAve recevei 8 Vel far 4 nw upper tor
Tl e, natuire of foed agprmval and its extension to sthar scplicatinns and sthe countrins,
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Additive
Light Stabilizar | UV Absorber >» Benzotriazole
Antioxidant >> Bland

Charmieal composition: Mixturs of z S-bils (1,1 ooy, |Satnoecyl ester
Physical form: Liguid

CAS Numbar: BATABB-624

Food cantacl approval: Yes

HMasterbaich | One Pack: Na

Product description
UW absorber in tha 300-400 nm ragion,
degres of photostatity as its characiofisfics and struclure are uachenged ovsr long periods of fight sxposure
Provides ullravisiet protection in a wida variaty of polymers
immmwmmwt—wm—ahman
omdiEing

| Exceliont agenis used i
:Ihpnﬂs littho urmwnll mlnrm-uhm- Daes nat Hmlnrmom whmm‘mﬂ and tharmal propedies.
Best sultabis Polymar

= Rubbers >> BR, Buladiens Rubdar, Polybutadene
ubbers == NBR, Acrylondrile-buladiens Rubber

« Rubbers >> S8R, Styrane-butadiana rubbar
wwmm&n o-Slyrenic basad

+ PE, Palyathylene >> Low Density Polyotylens

“PE, WMM-»LLM&HWMFMM

Typical proparties WValug Unit

Moszular waight asa7 |

Bifs gy @ 25T e pema

Freszs Pt K] ©

ot Paint B b

Vg Pnsauio@30°C 18 ]

Dinchmimar

A8 ekt Frsrmation o0 1 #5t B fi f iemots purgokst sl Bikcn wardoy st s fodducy e ahad curtet g res in wrdar b reoelve mmpist ut she
ninrrmaran en 1his weste is Sxlieved to o rolable, hawever, ihe ata i provdod mihout ingiod maeies of n.mmumumﬂmnumwmaummr

rict Wbty of other ega) U1 SquItabIE IEOTY (D By PATTY Tor ary ATOUTS mmcmm.lummnﬂ.m-m e cirmet, Cansaguanilal, o puriive demages, sven

of the possibiity af mach damages. Products mantinned ay facd contmet spproved are belivyeil (o have receiead o faod oot approvel for & gven appication m & grven coumiry. nnummrmuwwm

llMn—hnnnNMMHMHIMMDHBMMEHHIMMHM(M

& 2006 SpacialChem 5. A,
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.u PN wRm—

Additive
Anticxidant
Heat Stabilizer

Mastarbatch ! Cne Pack; Ma

Synargisiic bisnd of BNX 1010 and Bensfos 1680. )
Provides moelient heat stabllity and with good ity ﬁmmnmwmm-mnm 5
blend is used i pol and olefin.cop an mn:wmpwmn
elastomars, . and ather organic subsirates.

|
Product description J
|

Synargistic a8 s
Gan alsa be usad In other podymers such as enginesring plastics, styrene nomo- and copelymers, polyurethanas,

PUR, polyurathane
|+ YA, Eiene Vi Acatte Copctymer |
* BE, Polyethylena

Typical properies:
BN 1013 cantant

250



CAS Nurnbar: BEEI-15-8; 31570-04-4
Food contact spprovel: Yes
hasterbatch { One Pack: Na

Product deseription
Bland of tetrakis 3 (35 -di-teri-butyi-A-nyd h 4 and iris {2, 4- di-tert- te, Offiers long-barm Mharmal statty .
Provides low color farmation and low valatility.

Best suitable Polymer
« Thermopiastc Elastomars, TPE

* PP, Polypropyiens

* PE, Polyathylena

~PUR, polyurethans

Dincinimar

Al lmennical inforiation a0 Ehis site b6 given: for Informathes gamnaes esby, Rifoos wirking MEh sny predust, wee $hall contact product manufacturer in oier 3 receive romamte infarsatin abou the
mmmn-.u-ummum.m.mmummm-mnmmmmnumn under iy cantract, negigenee,

strict ahiEryo¢ cbner 18l oF GOUEELNE LeSey. EB WY FATEY for ANy amovet ropresentng s of rem et s of prifts, oas of busness e Adesct, al, ‘o pusitivg damages, eves

ut such cammges. cf gy i betered o heve recetymd @ food Conlac appreal o B ghen ARpRCatin = & UhEn CUNiry, lesse cantact oifcial sepler fil

Tull e s couniles.

£ 20010 Spacisichem 5. A. |
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Product description
Synergistic Biend of BNX 1078 and Benafos

Provides excedant haal stabllity and antioxidatian, with gosd compatibliity with resins and axcelient exiraction resislance,
Lised in poiyethylens and ethylene-copolymars such as sthylane-vinyl 4CELale copolymers,
Can also ba used In siher polymers such a3 pi 3 i ty and
othar organic substrates,
Best suitable Polymar
*+ PUR. palyuretians
» Thermoplastics, ather
« BE, Polyeshylens .
- EVA, Ethylene Vinyl Acetals Copolymer
= PC, Poiycarbanate.
properties Valus Uit
EMNK 1078 conten 1752208 *
Bunetns 1680 cootant Tr5-n28 x
olaties <% ~

252
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Chermécal composition; ?:I.:;\d Thindipropionate

Physical form:

CAS Numbsr: 123284
Food contact approval: Yes
Masterbalch | Ono Pack: Ho

Praduct deacription
Dilaury! Thistipeapionate. Offers very good compabbiily with plastics, rubber, patroloum, Improves the waather and heat resistance.

Beat sultabla Polymer
+ Thermoplastics, other

+ P8, Polypropyiane

» Rubbers »> NR, Natural Rubber

« AHS! SAN! ASA, Acrylonilrile-Styrenkc based
« PE, Polysihylang

Mozl wiighl
Multing rangs 42
Fiast poin el
Spaotic Gty 21":
Ao valie
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Chamical composition;
Phiysical fom:

CAS Number

IMasterhatch | Ona Pack:

Protuct gescription

Antioxidant and metal deactivator highly effective
Nmmmmnnodhunlnmu peroxide

1,2-0i8(3,5-dl-terl-butyl-+

Powdar
32687-T8-8
Mo

thermaplastic eiastamors used mymummmmu

in hindering e harmil efact of copper conductors upon polypropylans, high and low density polyethylena and sama.
i arve, mylon, petyacetal and othar organic subsirates #nd for evaluation n poiybutene.1,

‘eatatylic metals. oifs and lubricants |

styranic polyviny! chigride.
mwmmmmmm pdm'wm”mwmmmw or plastic gaskels and plastc fabricated

and alner polymers wharm mactve metals m-;smm:
paris
acid acceptor in stal and ofher polymers,

Bast suitable Pojymer

- Rubbors > EPDM, Elhyens Propylens Digne Rubber
Rubbers

I'Mrm lastics, other >> Polyvinyl jexcluding PVE)

& Thmuplluﬂsz
« PE, Polyaiylena = LOPE, Low Folyethylens

+PE.P 55 HDPE, Paiysinylene
lyeiylane Fign

254

Value Uit
a3

24229 ‘c
cus L]
=180 ]
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Chemical compasiion: 2,2 xamidobisfothyl 3-(3,5-d1 butyl-4

Physical form: Powdar

CAS Numbar T0331-84-1

Food contact approval; ‘fes

Masterpatch { One Pack: No

Product description

Hindersd Phenolic Antoxidant. Used for wire and cable inautallon, ey and sheet ire as well as parts. Provides long berm thermal stabiization
propartias. Exhibils very good metal deaciivation properties.

Best sultable Polymer

+ Rubbars =» EPDM. Elhylens Propylene Diene Rubber

* Rubbers

+ Thermaplastics, oiher > Polyvinl (sxdiuding PVC)
Thi wihs

« Thermaplastics, ohar
« PE, Palyathyiena 3> LOPE, Low Danstly Polyefhilene
2= HDPE, High

(PE : Density F
- PVC ﬂddy;‘:mam
* PUR, pal

Tyestaepeetis Vi Uit
okt o ;

Welling rnge: 175180 ©
Spewi gravty 112
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Antioxidant >> Amine

Chemical compastion: Tetrakis 243, 5-dilart-butyl-4
Physical form: ‘arious

CAS Numser. BfiE3-10-8

Food contact approval: Yes

Mastarbateh | One Pack: Mo

Praduct description

Totrakis | .43, 5-dl-tert-butyl-4
eiasiomers, Provides long lenm heat stability. Exhibits a synergistic effect

Best sultable Polymer
+ PA, Polyamida
+ PE, Polyethylena
<PET/PETG, P IF
+PP,
+ PVC rigid, "NM
+PVC. fiexible; palyviniychioride
+ Tharmeglastc Elastomers, TPE
> POM, Polyacetal, F

Giyoat

. ofhar ==

st Mo Wil Sy gt il uear

110 - 135
a1
05
4
=85
nm

methano. Lissd 85 an anlissigant for organic polymars PE, PP, POM, PA, PET, PVG, and

PRELEGE

mmmmmmw

=il mat be lissie or
onpeguential,

specisl ar e am—-. e

foust o

m-q
s S
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Additive
Antlowidant >> Amina

Chemical compasition:
Physical farm;

CAS Number,
Mastestaich | One Pack
Product description

1,2 Bis 3, 5-d-far-butyl-4.

1,2-Bi8. (3,5~ ert-butyl-4

Various
32687-78-8
Mo

Best sultable Polymer

:hu_mnammemwm
* PE, Polyelnylene
+ PP, Polypropylens

-

Volatin ka5

Lo
ctocolar welght

Elasiomars, TPE
olnar >> POM,
Propylens Diens Rubber

Used as an

257

for wire and cabie. Provides high lavel of extraction resistance,

g
<gso
»a8

snvd?




Product description

3 S dBrt-Duty4.

b (343 5-0i-tort-Butyl 4

Best suitable Polymer
+ PE, Polyethylene
Making e

Aan

Votatie lnss

Asany

Mnlecutir weight

ylene b (3435 y
volatility, Exhibits long-larm heat stabilly,

258

>ah
<010
<030
08

for PE - i:a. wire and cable rasing. Pravides figh molecular welght and kew

S!!d%




Chemical compasition: O 2yl-3-(3, 5--dert-outyl-4-hy
Prysical form; Warious

CAS Number 2082-79-3

Food contact approval: Yes

Mastorbaich | One Pack; No

Product description

Octadacyb 3085 "

c ¥
Provides long tarm hoat stabily. Prodects physical properiies
Exhibits nan-discalonng, nonstaining, ordoress and lastslose. Possesses synengistic effect,

Best sultable Palymar

Usad @8 prismary
during slorage and usa of end-product,

25

far prganic polymars PE, PC. PVB. PVC, PU. acylics, styrenics, and laslomers.

Valus “Unit.
an
<01a
<980
o
s

sreg

9



Product descripton

3-(3, 5-di-tert-buty-4-hyd i

badecy-3-{ raxyphenyl) propionale. Used as prmary fort
“such as BR, CR, EPEM, NBR and S8R, Provides very good long farm heat stabiity. Exhibis &

Best suitabls Folymer

» Rubbers == EPOM, Ethylene Propylena Diene Rubber
+ Rubbers »> CR, Chiorinaled rubber Chisroprens

iz

260

Valu Unit
<010 »
02 *
470

<1200 s
0852 0452

1489 1,500

Including ABS, acrylics, PE, P, PV, and elastomers,
eftect in with phas :




¥ Jr—"

Typical proporties
Meing runge

Ash
Wolatin bas
Asnwy

namamide), Used as an

Additive

Antioxidant

Chemical compasiion: NN
Physical farm- Various
CAS Number 23126-T4-7
Masterbatch { One Pack: No
Product description

N N-Hexamathylanebis (3,5-di-w-butyl -4-hydroxyhydrocin
primary msulation. Provides effective tharmal stability and very good
Best sultable Polymer

PP, Polypre

I HOPE, High Density Polyethylens

+PE, Polyetfiylens > i

+ PE, Polyethylena => LOPE. Low Deasity Polystnylane

{3.5--tert-buityl-4

metsl deactivation.

261

for wire and cable

156 - 182
«pi0
<030
88

of PP, HDPE, LDPE and efasiomers far

Uit
T
R
-
u




fen-ociyl-3-{3.5

Liquid
125643-61-0
No

Product description
Pibbers s as 6% NGR and BB Frovdes
rubbers such as BR. NBR and :

Best suitable Polymer
+ Rubbars > BR, Buladiens Rubber, Polybutadiens
« Rubbers > NBR,. :
+ Rubbers »> 5BR, rubbar
based

proplanate. Used as
very good lang term

clitni-batyld

primary anticdant thal can be usad in a wide range of organic polymers, sueh as ABS, PE, PVC. and
stability, Exhibits stic affect # with

=050
©850- 0479
14881 503
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Additive
Antioxidant

Chemical compasition;
Physical form:

CAS Numbar:
Maslerbateh | One Pack:

Product description

Tris-(3,5-dl-4e
“Exhibils a

when usad

Used as primery antioxidant for organic polymers, Provides iow volatility, good colar stab@ty and high edracticon
anfioddants.

in with phosghite anic

Bast suitable Polymer
+ PP, Polypropylens

tm jeit

Mompaiar waght

Moting point

Woatie Loss

Avvay
Fa Cantanl

263

Value. Unit
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e
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CAS Number: B15T0-04-4 | 27676626
Food gontact approval; Yes
Masteratch / One Pack: Mo

Product description

Midure of SONGNOX 1600 and SONGNOX 3114, Used as pdrmyhhdmndpnmunu anfiaxidant, Provides very good mait Mmmwumm precessng of
anmm-umummumm-mmemmmmmwwuwmm g Blerage and In the end use applications. Exhibits ges fede resistance in polyolefins and
avaids the nagative effacts of discolorstion,

Best suitable Polymer
4 PF mewnl

Polyethylane
wl properiies Value
Wolalik Loss <08
Golor of sifinn 425am b
Golor of wlulicn S000m =9t

’#?E
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Additive
Antioxidant

CAS Numbar:
Fuod coniact approval:

Mastedbatch | Ona Pack:

Product description

avolds the nagative effects of discoloration.

Mixfure of SONGNOX 1680 and SONGNOX 3114, Used as primary hindared phenolic antioxidant. Provides very good
poiyolefins. Affords term hest stability by i) age and In the and use

mait-flow and color processing of
s and

physcal

265

<08
=8
=

protection during
Exhibits gas fade maistance In palysiefing

| !a:;



Additive

Antioxidant

Chamical composition; 4,4"-Thiobis (&-lerl-butyl-mr-cresal}
Physical form: Powder

CAS Number. G6-68.5

Masiarbatch | One Pack: Mo

Product deserption
‘compatibility with peroxises and snows OWSE GO0 SYnengEsm with

Best sultable Polymer

+ PVC rigic; palyvinlyehicride
<P, Polysiyrene

»EPBM Ethylene Progylens Dians Rubber
-F\I'C ; polyviniychloride

+PE, MW»HDPE High umﬂyr-ommm-
SA, Acrylonitrils-Styrenic based

clypropylens
-HE anwmn»mPE Low Density Polyetiylans
Ash 0.0
Mulesibes wehi e

Meting pont 80184
Vaintie Lt <030

Assay =H

wEg rg

266

4.4 Thickis (5-tert-btyl-m-cresal), Used 45 an antiexidant in HOPE, m@shrmmmmwmmmonmmwmummm ]
dagradation. Provides very gead




Additive
Antioxidant

Prysical farm:
CAS Wumbar: 123-784
Wastorbatch { One Pack: N

Product description
Dilauryt Usedas an

Bust suitable Polymar

* PE, Polyathylene

+ PP, Palyprapyiens.

- Thermoplastics, ather == HIPS, High Impact Polystyrana
+ ABS! SAN! ASA, Acrytanitrile-Styrenic pesed

+ B Palyamide

+ PE. Palyathylene > HDFE, High Density Falyelhytene

Chemical composition: Dilaury! hisdipropionate
Fowder

Enhances aging and light stability,

267
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Additive

Antioxidant

Chemical compasilian: Distearyl thiodipropionate
Phiysical farm: Powder

CAS Number: 693-36-T

Masterbatch | One Pack: Mo

Product description

Disteeryl thicdipropionate. Used as an antioxidant, Entances aging and light stability.

Besi sultable Polymer
+ PP, Polypropylene
Thenmopiaalcs, atner => HIPS, High Impast
P Faainian e HOPE. Hoh By Felyantans
+ ABE! BAN! ABA, Acrylonitrile-Styranic based
PA, Poyamide

A15-885
<05
“an
<008

268
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Physical form: Powder
| Masterbatch / One Pack: No

Praduct description

Vary soluble in chiorofarm and toluene,
Moderately in acetone.
Slightly sciubla in ety alcshol, haxane and gasoline.

in water.
\ary effective synergistic antingdant for filled and urfiled polypropylena.

Best suitable Pelymer
+ PP, Poiypropylens
Bk dursiy

Dwnily @ 35°C

Miefling k. il
ash

269
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Additive
Antioxidant

Physical form;

Masterbatch / Ona Pack:

Produtt description

Very saluble in chisroform and toluene.
Moderately seluble in acatons,

Slightly saluble In eihyl alcohol hexene and gascline.
Insolubie in water.

Very effeclive synergistic anfioxidant for fled and unfilled palypropylane
Best suitable Polymar

+ PP, Polypeogylene

Typical properties
Denany @ 25°C

270

£
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Additive
Antioxidant >> Blend

Physieal form:
Masterbatch / One Packi

Preduct deseription
Antioxidan! biand,

Best sultable Polymar
+ PE, Polyaihylans
Typical properties
Deraity @ 26°C

Zic (Z0) ntani

282
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Physical form: Powdor

Masterbaich i Ona Pack: No

Product description

‘ery soluble in scetane, chioratorm and dimethyformamide.
solubie In folsane.

Slightly seluble in meihancl, hexane and patroleum ather,
Insoluble in water

Chemical campositian Trie-{3,5-di-tart-bulyl-4-hy

Poly p poly #a well as other paly

Best suitable Polymer

272

oxdation stability.

210
1

503
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Additive

Antioxidant => Phenolic

Ghamical composifion: 3-{3,5-di-bet.-putyl-4 eyl
CAS Number: 1817.88-1 :
Masterbatch | Ona Pack: Mo

Product description
Non-staining stencally hingered phenalic antioxidant with law volantlity dus to the high malecular weight.

Best auitable Potymer
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Additive
Antioxidant > Amine

Chemical 2.2 4-Trimathyl-1,2-dihydroquinaline, polymer
CAS Number: 26740-86-1

Wasterbaich / One Pack: Ho

Product description

Used for the stabiisation of tiack elastomers based on SBR, MR, IR, BR, NBR and latices,
Ao used n FE and kibricants,

Bast sultable Polymer
+ Rubbers >> NER, Acryloniirie-sutadiens Rubbor
Rubbars ubber

. =3

3 Rubbe
Rutibers => SBI, Styrane-buladiens nitbar

+ PE, Polysthylens
« Rubbers >> BR, Butadiena Rubiber, Polybutadiana
= Rubbers = IR, Palysicprans:

275
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Additive
Antioxidant => Blend

Phiysica form: Pawdaer
GAS Number 29598-76-3; 6683-10-8
Masterbatch | One Pack: Mo

Preduct description

Best sultable Polymar

+ MBS, SAN ASA, Acrylonilrile-Styronic based

« PG, Polycarbonate

+ PE, Polyelhylens >> LLDPE, Linear Low Density Polyethylens

« PE, Folyolnylea »> LOPE, Low Danstty Palyelhylens

+ PE. Poiyothylens = HOPE, High Density Polyatiylens

Typical proparties. Value
aan <61
Mating poii =45
Hone 4 <5

ISE
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Additive
Antioxidant >> Blend

Physical farm: Powder
CAS Number
Mslorbateh | One Pack:

Product description

Best suitable Polymear

« Rubbers »» BR, Butadiena Rubiber, Polybuladians
* PUR, palyurethens

. athylene == LLOPE, Linsar Law Densily Folystylans
. :E:momm >> LOPE. Low Density Palyethylene

- e
Mg pani =4
Heal luis <03

277
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Additive

Anticuidant >> Blend
l Physical form; Powdar
| CAS Number; 28508-76-3, 40501761
| Masterbaich / Ore Pack: Mo

| Product description

Best suitable Polymer

Faiyethylsna > LLDFE, Linear Low Density Polyethylane
Faiyethylena >> LOFE, Low Densily P
Patyathylena == HOPE, High Density Poiyalnylens

EEREE

:
i
H
H
H

g1 *
=45
<03 »

i
'z
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Additive
Antioxidant >> Phenolic

Charmical cemposition:
Physical form.

CAS Number

Foad contact approval:
Mastarbaleh | One Pack:

Product dessription

Bast suitable Polymer

1,3 5-irmetnyl-2,8 8 -Anis-{3,5-di-tert -butyl-4
Powdar

1700-70-2
Yes
Na

PA, Palyamide
= MBS/ SAN( ASA, Acrylonitrile-Styrenic basad

Paryalnylens

= PE, Palyelhylene »» LLDPE, Unear Low Densily
« PE, Polyethylens == LDPE, Low Density Polyethylane
< PE, == HOPE. High Density
Typleal propertios
 Wolwosiar malgrn
Mallieg paint
Heat iney
s
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Antioxidant == Thicester

Chemical compesillan: thal tatrakis-3-
Physical farm;

Pawder
CAS Number: 20508-T8-3
Masterbaich | One Pack: Ha

Product description

Best sultable Polymer

« PS5, Polystyrane
« PMMA, Palymatnyimethacrylate

- PET | PETG , Palysthyli ref I Palyelhy
- B, Polypropytena

other == POM, Poly L

+ PUR, polyursthans

=PE, Pol > LLOPE, Linear Low Densily Polyethylene
« PHT, Palybutylene Theraphihalats

parties

280
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Food contact approval Yes.

Product description

Bast suitabla Polymer

v PUR‘M' >= BR, Hulsdena Rubter, Polybutadians
« PUR, polyurethane

+ BP. Palyprapyiens

Rubbers >> SER, Styrene-butadiane nubber

P8P
P ne >» HOPE, High Density Polyeinyiene

; 1 ASH, >
PE, P >= LLOPE, Linear Low Density Polyethyians
+PE; FWMMW”I.DPE.WUM W{‘h

281
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Additive
Antioxidant 3> Thicester

Ghamical composition: didodecyl niodipraplonate

Physical torm; Fowder
CAS Number: 173284
Food conlact spprovat: Yes
Masterbalch | Cne Pack: No

Product description

Best sultable Palymer

F ..
PET/FETG, 1 Paty

« PP, Polypropyiena 3

¥ i ather => POM, Polyacatal, Pofyformaidhenyde
= PUR. polyurethana .
+PE, nes >> LLOPE, Linear Low Densily Polyethyiene
= PET, Polybutylena Therephinalate

« PE, Polyethylene >> LDPE, Low Density Polyathylena
+ PE, Palyethylens > HOPE, High Density Polyethylene

te
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form: Powdar
CAS Numbar. 16545-54-3
Faad contact sparoval: Yos
Mazterbatch | Ona Pack: No

Product description

Best suitable Polymer

- PS, Palysiyrone

PAMA, Polymethyimethacrylato
PET/PETG , Polyethy! 1 Poly

Thmplnm other == POM, Potyacetal, Polyformaldnetyde.
5 Mnmyhn. = LLOPE, Linear Low Density Polyetnylene
FET, Polybatylene ‘I'namlhlllil

.ng’srpguwm Acrylonitrie-StyrEnic

. E:';:m:mpe EEE T o
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Additive
Antioxidant >= Thicestr

Chamical composition: divetadecy| thiodipropianate
form:

GG Number; B85-36-7
Foad contacl approval: Yas
Magteraich f Ona FPack: Ha

Protuct deseription

Bast sultabls Polymer

« PS5, Poyystyrann

« BMA, Polymelyimetnacrylain —
‘EEl‘rPE:g':‘. vl i | Glyeal
- ather >> POM, Paly , Poly!

* PR, polyuretnan
-PE.Pwd'wm:oLLupe.mwmmeowm

- PAT, Polybutylene Therephthalate

« PA, Polyamide

IR T
g 83
HEH 0 e
Aah
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Metal deactivator
Antioxidant => Phenslic

Chemical comgosition.

1,2-Bi43 5-di-fart-butyl-4-nyzraxyhydrodnnamoly) hydeazine

Prysical farm:

CAS Number A26HT-T8-5

Product description

1,2-Bis(3, 5 urt-butyl-4-ydrowyhydrocinaamoly) hydrazine. Used s matal desctivator and antioxidant for wire and cable.
‘Best suitable Polymer

« Thermeplastic Elastomers, TPE

+ PP, Polypropylene

* PE, Polynitiylene
+~ Rubbers >> EPDM, Ethylena Progylene Dlene Rubber

P i

Mang pant .13
Ash “010
Waiallie losa. 2050
Arany =5
Makecule waight
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atl i

i L
W Fa ( Tech Search amongst 10,000+ Additives and Madifiers
Direct
Additive
Antioxidant >> Phenolic
Chemizal compositcn =hl-3-3 <8ri-butyi-4-f1y i
Hhiysical foim Liguid
CAS Munibie 125645 51 O
Praduct description
Isnriddeasyl-3-{2 B-dteri-butyl-4 . Usid i primary arlioddant for siganic polyiess. Providos vory goed Iong term heal statidily Exhibils a

synigslic affact

Eest suitabla Polymer

» Hubgers == MER, Acylonilrile-buladiena Rubher
= Ruthars »» 817, Buladiens Ruster, Aalybutadions
- BV tiaxible; palyvinlpchionize

+ Aushars =» SHH, Styrane buladiens nobar

+PE, Fayrihyiana

~ ARES SANG ASA, Acrylor

e-Styranic based

LRV
P&, Palysly
Typloal properties walue unit
LIS =010 e
=08 “
Lar gl
iy 5 260 300- 500 i
Bl gty 825G LS
At il 75°C 14901 4o

2 this ste I ghei far
Hhr mahistie is b
o7 Bthe lepal o enqutasy |
1Ev 1w Prod)
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Additive
Anlinurant s> Bhoephte
Antosddant == Phinali
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°. _SML Patymer

AT e .
Search amongst 10,000+ Additives and Madifiers b

Additive
Antioxidant >> Thicestar

Chemical sompositsn Tshearyl thisdieey
Physical fom
A8 Nuniber GG

Praduct deseription

Dy thiodipropionate. Used as secondary @t lioedan] for arganic polyiners. Tnhances aging and light stabilly,

Bast suitable Polymar

« Thamieplastics, caher = HIFS, High Irpact Polystyrens
+ PP, Pelpprepyleas

+ PE, Palyethylens

+ AES! SAN ASA. Acrycaitrile-Siyranic based

P4, Falyamide

Typical properiies Value Lnit

ek g <£7t KO
ea3
<l APHA
35685 =
<o £y
<o %
~ag £

e is glven fo narabue purpcses only Delors wokicg e any pduct. user skal tontact preduct manufactuser In arder £ re:
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i elion  Toch Soarch 10,000+ Additivas and Modifi A e o B

Mirect
Additive
Antioaidant => Phenolic
Cnarrcal compesiion 1, 1 2 Inis g -meihyl-4- by drosy-5'-1-cutylphenyljbutane
Physeal foem Solid
CAS Numbar 1R45-00-4
Mastarbalen ¢ Gna Fack: Ma

Product dascrption
Hign perfomanca mndarad phanal anloxgant. Frovides very good estracilon resstance ang color parformance

Best suitabla Polymar
+ PP, Pulyprapy
< BT, Mhesibile, polgisiechiorice

« FE, Polyethylere = HFE, High Genalty Feiyathylene
« PE, Palyeiiylene == LDPE, Low Densily Polysihyiene

Typical progerties
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o Special 3 i

Saarch

1:-II Fpamst Fn o o ( Jech Search amongst 10,000+ Additives and Modifiers
Direct

Additive

A

Autioxidant
Light Stabilizer | UV ADBOrDer => Mickel organic

Chormical compestinn: Hiel Dbl baarale
Friysical farm: Pamwder
agtersatch / Ona Pack Ho

Product descipticn

Ol prvarde

Slaining,

Anliowddant for Hypalon { 8 & registered tregemark of Dupont)

Bestsultable Polymer
5 =5 SR, Blyranehuldiens wbber
R, fciyloniliile-buladiens Rubiber

BB Polypopylen
< PE Polyetiylng
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iy et wer seall Ganlait e rer i zeilur I o i b

Iafies wavarties of any ki Spedakean shal net o falve o slligatad odin ang g,
s, Insn oF i Ines b husieess or |ndrech, connequestis, special ar punkice dameges, sven F rovissd

i v iz Procuits ol ant Leheval 15 i 1 o T ] sprmeal for o abnn i a g o 3m ekt ol suppier te

U1 INIDTAEAN 67 ME BeATE NZURE F 000 APARCSA B IS SIS I INer ROpIRTIOT 0 GEer COuTTRE

008 Soesiakrem 5. A,

R altnE P

a
-aut

302



Search amongst 10,000+ Additives and Modifiers

Additive

Antiozonant

| ANUOXIGANL >> Thioestar

| Light Stabilizer ! UV Absorber >= Nickal arganic

Chemizal composition Micka dibulyidihiocarbamate
Mastorbatch { One Pas: Mo

Product description

Beat sultable Polymer

sthars == S0A, Slrene-buladiens rubber

« Fubbers == NER Acylonidle butadiens Rubber
+ 7F Polyelhylna

DRl WEn any praae,
0

U
products lintenration an ths
STkt ey e s luigal <1 o
of the possisiliy o sucr camages. Precucs
I Informatian oo e esack nerurs of fea
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10,000+ Adelitives and Madifi

Additive
Antioxidant == Phenolic

harm sl compessilion 2.2"-alhylideretisi4,G-di--butylphenol)
Physical faeam: S0lia

CAS Humber: 35053306

Mazterbaich 7 Ona Fack: Mo

Produrt dascrption
ignly atectve, stancally nindared bsphenal antiosidant.

Best sultable Polymer

« P rigitd; prarpvinlychilini
+ Rubibeers =2 FPOR, Fihylene Propy
« P, Palypropylana

« IPA, Polyamde

+ F5, Palgstyrans

= PUR polyuretnana

Dgne Rubber

Typical propertios Valua Unit
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Miggct o

Additive

Antinxidant => Phanolic

Chemizal compositio 2.2 thiodistryl 0s-(3,5 di lert-Sutyl-4-hydrmeyphenyli-proponate

Physical form: Saild

<45 Number: A1dEd-05.0

IMaslarbalen /e Pack M

Praduct description
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Salzstralie 131

BriiggemannChemical 7.

ermany

Kommandi
Phone: +497131/1575-0
Fax: +49 713111575 - 165

www brusggemann com

TECHNICAL DATA SHEET servico@brueggemann.com

Polymer Addi

€S

BRUGGOLEN® H 161

Heat Stabilizer and Antioxidant for Thermoplastics

Product Description BRUGGOLEN® H 161 is a mixture of phenolic antioxidants and synergists.
Application and BRUGGOLEN®H 161 is a non discolouring antioxidant and heat stabilizer
Properties with outstanding performance especially in polyamides ( PA 6, PA 66,

PA 11, PA 12, PA - Copolymers ), but also suited for polyesters ( PET,
PBT ), polycarbonates ( PC ) and their blends, as well as styrenics ( PS,
ABS, SAN ) and polypropylenes ( PP ).

Besides the use in injection moulded applications this stabilizer can also be
used in film and fibre applications.

BRUGGOLEN®H 161 provides excellent protection against embritlement
and premature fatigue of the mechanical properties of the finished parts
under long term stress, both in unreinforced and glassfibre reinforced or
mineralfilled polymers

Typical applications and advantages of this stabilizer are as follows:

Long term heat stability in applications up to 150 *C

Efficient process stabilization against yellowing and degradation.
Low volatility during processing

Excellent compatibility, low extractability.

Long term protection of bright coloured polymers against yellowing.

High efficiency especially in glassfibre reinforced or mineralfilled
types.
Complete dispersion, giving clear transparent films and fibres.

YY YYYVYVYY

No deposits (‘plate — out’) in fibre spinning.

Dosage The recommended level of addition of BRUGGOLEN® H 161 is about 0.2 —
0.8 %, depending on the polymer and the desired properties of the finished
parts

The effect of long term stability will be achieved at 05-08 %

An addition of 0.2 — 0.4 % should be used for a basic stabilization.
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Paolymer Additives BRUGGEOLENY H 161
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% BriiggemannChemical >
L.Bri L g ft Phone: +48{0) 7131/ 1575-0
Fax  +49(0)7131/1575- 165

Website: www brueggemann.com
e-Mail:  service KA@brueggemann. com

TECHNICAL INFORMATION

Polymer Additives

BRUGGOLEN®H 175

Heat Stabilizer and Antioxidant for Thermoplastics

Product Description BRUGGOLEN®H 175 is a synergistic mixture of sterical hindered phenolic
antioxidants and phosphonates

Application and BRUGGOLEN® H 175 is a highly efficient non discolouring antioxidant and

Properties heat stabilizer with outstanding performance especially in polyamides

(PAG6, PA66, PA11, PA12, PA-Copolymers), but also in other
thermoplastics such as polyesters (PET, PBT), polycarbonates (PC) and
their blends, styrenics (PS, ABS, SAN) and polypropylene (PP).
BRUGGOLEN®H 175 is giving an excellent protection to the finished parts
against embrittlement and premature fatigue of mechanical preperties under
aggressive conditions, both in unreinforced as well as reinforced and filled
polymers

Typical applications and advantages of this stabilizer are as follows:

Long term heat stability in applications up to 150 °C

Efficient process stabilization against yellowing and degradation.
Best protection of organic pigments against discolouration at

high processing temperatures up to approx. 320°C.

Low volatility during processing

Excellent compatibility, low extractability.

Long term protection of bright coloured polymers against yellowing
under aggressive conditions (heat, moisture, chemicals)

¥ YVVY ¥VY¥

Very effective in glassfibre reinforced or mineral filled polymers.
Dosage The best level of addition of BRUGGOLEN® H 175 is about 0.2 - 0.6 %,
depending on the polymer and the desired properties of the finished parts.
Long term stability will be achieved as a rule at 0.4 — 0.6 %
As a rule an addition of 0.2 — 0.3 % should be used for a basic stabilization
Processing The addition to the polymer is best done by compounding on twin screw
extrusion machines.
Alsa dry blending along with the polymer granules will often lead to the
desired homogenous dispersion of the additive in the melt during injection
moulding. Preparing a ‘dry blend’ an adhesive oil should be used
additionally, like 0.2 % BRUGGOLEN® P 50
Please note also our Technical Information: Methods of Dosage and Product
Form
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Polymer Additives BRUGGOLEN® H175

Typical Properties Appearance white powder
Composition mixture of phenolic antioxidants and synergistic
co - stabilizers
Melting range (DSC) >150°C
Bulk density 400-500 g/l

Labelling BRUGGOLEN® H 175 has to be labelled according to the EEC - Guideline
Regulatory Information:
R - Phrases : R 52/53
S —Phrases : S 61

Please note the corresponding and valid up-to-date material safety data
sheet according to 91/155/EEC.

Packing 50 kg (110 Ibs) drums with PE-inliner.

Storage and If kept properly unopened under standard conditions (dry, 25°C) the shelf life

Shelf Life of BRUGGOLEN®H 175 is at least 12 months. Protect against heat and
moisture

Transport HS-Code 38 1230 20

Additional For other specific applications especially tailored BRUGGOLEN® - additives

Information can be offered

For more detailed information please contact our technical service
department under our phone number ++49 (0) 7131-1575 - 179 or see our
website http://www brueggemann.com.

QM-System
ﬁ DIN EN IS0 9001 sirce 1094
@ _ng DIN EN ISO 14001 since 2000
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L.Briiggs Kemmandi Phone: +49(0) 7131/ 1575-0
Fax: +49 (0) 7131/ 1575 - 165

Website: www.brueggemann.com
e-Mail: service KA@brueggemann.com

TECHNICAL INFORMATION

BRUGGOLEN" H 1761

Heat Stabilizer and Antioxidant for Thermoplastics

Product Description BRUGGOLEN®H 1761 is a synergistic mixture of sterical hindered phenolic
antioxidants and phosphonates

Application and BRUGGOLEN®H 1761 is a highly efficient non discolouring antioxidant and

Properties heat stabilizer with outstanding performance especially in polyamides

(PAG, PAG66, PA11, PA12, PA-Copolymers), but also in other
Engineering Thermoplastics such as styrenics (PS, ABS, SAN), polyesters
(PET, PBT), polycarbonates (PC) and its blends and polypropylene (PP).
BRUGGOLEN®H 1761 is giving an excellent protection to the finished parts
against embritilement and premature fatigue of mechanical properties under
aggressive conditions. Typical applications and advantages of this stabilizer
are as follows

> Long term heat stability in applications up to 150 °C
3 Efficient process stabilization against yellowing and degradation
> Best protection of organic pigments against discolouration at
high processing temperatures up to approx. 320°C.
> Low volatility during processing
3 Excellent compatibility, low extractability.
> Long term protection of bright coloured polymers against yellowing
under aggressive conditions (heat, moisture, chemicals)
> Very effective in glassfibre reinforced or mineralfilled polymers.
» Recommended for applications in contact with food stuff.
Example of Protection of PA 66 GF 30 against embrittiement (polymer degradation)
application: under the influence of hot water ( 80 to 90 °C). During application time only
Stabilization against very small quantities of polymer components may be absorbed by the water.
hydrolysis of PA Very good results can be achieved with the following combination :

03-05% BRUGGOLEN®H 1761
(colour stable heat stabilizer and antioxidant)

02-05% BRUGGOLEN®P 12
(hydrolysis protection agent, mould release agent, good
surface)

005-02% BRUGGOLEN®P 22
(nucleating agent for a fine crystalline structure, improved
dimensional stability, less warpage).

Dosage The best level of addition of BRUGGOLEN®H 1761 is about 0.2 — 0.6 %,
depending on the polymer and the desired properties of the finished parts.
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Polymer Additives BRUGGOLEN® H 1761

Processing The addition to the polymer is best done by compounding on twin screw
extrusion machines.
Also dry blending along with the polymer granules will often lead to the
desired homogenous dispersion of the additive in the melt during injection
moulding. Preparing a ‘dry blend” an adhesive oil should be used
additionally, like 0.2 % BRUGGOLEN® P 50
Please note also our Technical Information: Methads of Dosage and Product

Form.
Typical Properties Appearance white powder
Compaosition mixture of phenolic antioxidants and synergistic
organic phosphite
Melting range =150 *C
Bulk density 400 —500 g/l
Labelling BRUGGOLEN®H 1761 has not to be labelled according to the EEC -

Guideline, but however using this product, the conventional industrial
protections should be applied

For further information please note the corresponding, valid up-to-date
material safety data sheet according to 91/155/EEC.

Food Contact The ingredients of BRUGGOLEN®H 1761 are recommended according to
Applications BgVV - regulations (Bundesamt fur gesundheitlichen Verbraucherschutz und
Veterinarmedizin, Germany) and to the FDA - regulations (Food and Drugs
Administration, USA) concemning incorporation of additives into plastics used
in food packaging
In an actual case please consult our service — department.

Packing 50 kg (110 Ibs) drums with PE-inner liner.

Storage and If kept properly unopened under standard conditions (dry, 25°C) the shelf life

Shelf Life of BRUGGOLEN® H 1761 is at least 12 months. Protect against heat and
moisture.

Transport HS-Code 38 12 30 20

Additional For other specific applications especially tailored BRUGGOLEN® - additives

Information can be offered

For more detailed information please contact our technical service
department under our phone number ++49 (0) 7131-1575 — 179 or see our
website hitp://www brueggemann.com.

QM-System
ﬂ DIN EN ISO 9001 since 1994
@ _Q g_ DIN EN ISO 14001 since 2000
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BRUGGOLEN®L 20

Light Stabilizer for Engineering Thermoplastics

Product Description

Application and
Properties

Dosage

Processing

Typical Properties

BRUGGOLEN®L 20 is a mixture of HALS — UV Stabilizer, UV — Co
stabilizer, a sterical hindered phenolic antioxidant, a processing stabilizer
and a special dispersion auxiliary.

BRUGGOLEN®L 20 is a non discolouring light stabilizer and antioxidant with
outstanding performance in Engineering Thermoplastics such as polyamides
(PA 6, PA 66, PA 11, PA 12, PA - Copolymers), polyesters (PET, PBT),
styrenics (ABS, SAN) and polyolefins (PP, HDPE), giving a powerful
protection against ageing and embrittlement to all kinds of unreinforced and
reinforced types.

The advantages using BRUGGOLEN® L 20 are

Long term UV - stabilization in outdoor applications.

Good surface gloss over a long period.

Protection of coloured plastics against discolouration.

Long - term heat stabilization in applications up to 150 °C.

Efficient process stabilization against yellowing and degradation.

Low volatility during processing.

YVYVVYVYY

Excellent compatibility to polymers, low extractability

The recommended level of addition of BRUGGOLEN® L 20 is about 0.5 —
1.5 %, depending on the polymer and the desired properties of the finished
parits

The addition to the polymer granules is best done by compounding on twin
screw extrusion machines

But alsa dry blending along with the polymer granules will often lead to the
desired homogenous dispersion of the additive in the melt during injection
moulding.

Preparing a ‘dry blend' an adhesive oil should be used additionally, such as
0.2 % BRUGGOLEN® P 50 or 0.1 % BRUGGOLEN® P 60.

Please note also our Technical Information: Methods of Dosage and Product
Form.

Appearance White powder

Composition Mixture of UV - stabilizers, antioxidants and
processing auxiliaries

Melting range >120°C

Volatile matter max. 0.5 %

Bulk density approx. 700 g/l
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Polymer Additives BRUGGOLEN®L 20

Product Safety According to 98/24/EC an the protection of the health and safety of workers
from the risks related to chemical agents at work BRUGGOLEN®L 20 is
defined as a chemical agent which meets the criteria for classification as a
dangerous preparation.

For this reason an assessment of the risks is required. The information on
safety and health provided by the corresponding safety data sheet has to be
taken into consideration.

The aforementioned remarks are deducted from the European legal system

Deviating or additional regulations in other legal systems must be observed
accordingly when using the product

Packing 25 kg cardboard boxes with PE-inliner.

Storage and Shelf Life If kept properly unopened under standard conditions (dry, 25°C) the shelf life
of BRUGGOLENTL 20 is at least 12 months. Protect against heat and
moisture.

Additional Information For other specific applications especially tailored BRUGGOLEN® - additives
can be offered.
For more defailed information please contact our technical service
department under our phone number +49 7131-1575 - 179 or see our
website http://www brueggemann cam.

since 1994 since 2000
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R.f ) Technical Data Sheet
Ionlon TDS Number: 1005

Product Name

Specifications

Handling&
Safety

THANOX 412s Thioester Antioxidant
A sulfur containing antioxidant with the high molecular weight and high heat-resistance.

Pentaerythrityl tetrakis (3-laurylthiopropionate)
CAS No.: [29598-76-3]

Typical Properties

Appearance White, Crystalline Powder

Bulk density, ka/L 0.52

Molecular Weight 1162

Specific Gravity @ 55T, g/ml 0.93
Eilzﬂsz(CHz)zCOzCHz}C Melting Range, 'C 48-54

4 TGA(10mg@10 T/minute under N)
Weight Loss, % 1 5 10 15
Temperature, 'C 295 335 351 361
Solubility@20 C(g/100g solvent)

Water Insoluble Toluene Soluble

Cyclohexane  Soluble n-Hexane Soluble

Appearance: White Crystalline Powder

Melting Range: 48.0-54.0C

Volatiles: =

Ash:

Assay(HPLC)

Acid No.(mgKOH/g):

THANOX 412s is a sulfur containing antioxidant with high molecular weight, and the
characteristics of low volatility and high continuous performance, showing outstanding
heat-resistance and low leaching properties. Therefore, it performs as a better synergist
with phenolic antioxidant than THANOX DSTDP and THANOX DLTDP etc. It mainly used in
PP, PE, ABS and engineering thermoplastics, etc., especially suitable in polyolefin products,
which easily suffer from water soaking or need to be used under the strict climate condition.
And it has high application value in polymer fibre.

The use of proper protective equipment is recommended. Excess exposure to the product
should be avoided. Wash thoroughly after handling. Store the product in a cool, dry,
well-ventilated area away from incompatible materials. Unless stated, proper storage will
permit usage of the product for 24 months from the date of manufacturing. For additional
handling and toxicological information, consult the RionlonChem Material Safety Data
Sheet

If agglomeration occurs in the process of storage, it is a normal and don’t effect the quality.

Rionlon(Tianjin)Chemical Co., Ltd. Revised: April 2006
BLDG 7-A-7 No.15 Rongyuan Road,

Huayuan Industry Development Area, Tianjin 300348 China

TEL: +86-22-83718817 FAX: +86-22-83718315 Page 10f1
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R-’ ) Technical Data Sheet
|°n|on TDS Number: 1010

Product Name

Specifications

Handling &
Safety

THANOX 1010 Phenolic Antioxidant

A high malecular weight hindered phenolic antioxidant that provides very low volatility and
excellent resistance to extraction from polymer compounds.

Tetrakismethylene(3,5-di-t-butyl-4-hydroxyhydrocinnamate)methane
CAS No.: [6683-19-8]
Typical Properties

Appearance White, free flowing solid
Bulk Density, kg/L 0.55
Molecular Weight 1178
Specific Gravity @ 20°C, g/ml 1.045
H Melting Range, T 110-125
Flash point, T 299
5 . i TGA(10mg@10 T/minute under N;)
Weight Loss, % 5 10 25
Temperature, C 350 365 387
Solubility@20 C(g/100g solvent)
Water 0.03 Benzene >100 Methanol 2
Chlorofarm =100 Acetone >100 Hexane 0.45
Appearance: White to off-white powder or granules
Melting Range: 110.0-125.0°C
Volatiles
Ash
Transmittance
(5g/50ml Toluene)
@425nm
@500nm
Assay(HPLC):

THANOX 1010 is particularly effective against polymer degradation during long-term aging.
It is also very effective as a process stabilizer. THANOX 1010 exhibits good resistance to
discoloration at the high temperatures that are encountered in thermoplastic polymer
processing.

The use of proper protective equipment is recommended. Excess exposure to the product
should be avoided. Wash thoroughly after handling. Store the product in a cool, dry,
well-ventilated area away from incompatible materials. Unless stated, proper storage will
permit usage of the product for 24 months from the manufacture date. For additional
handling and toxicological information, consult the RienlonChem Material Safety Data
Sheet.

Rionlon(Tianjin)Chemical Co., Ltd. Revised: April 2006
BLDG 7-A-7 No.15 Rongyuan Road,

Huzyuan Industry Development Area, Tianjin 300348 China

TEL: +86-22-83718317 FAX: +86-22-83718815 Page 1 of 1
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o ) Technical Data Sheet
Rlonlon TDS Number: 1007

Product Name

Specifications

THANOX 1035 Phenolic Antioxidant

A sulfur containing primary (phenalic) antioxidant and heat stabilizer used for the process
stabilization of polyethylene wire and cable resins

2,2 -Thiodiethylene bis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate]
CAS No.: [41484-35-9]

Typical Properties

Molecular Weight 642
Appearance White, free flowing solid
Specific Gravity @20C 1.01g/ml
I Melting Range, C 63-83
s TGA(10mg@10 C/minute under N;)
H:j;j’vl Weight Loss, % 5 10 25
2 Temperature, C 291 309 335
Solubility@20 C(g/100g solvent)
Water <0.01 Mineral oil 0.27 Acetone »50
Methanol 6.0 Chloroform >50 Hexane(@50C) 4.5
Ethyl acetate 48
Appearance: White to off-white powder
Melting Range: 63.0-82.07C
Valatile: =0.50%

Ash

Transmittance
(1g/50ml Methanol)

@425nm =97.0%
Assay(HPLC) =98.0%

.10%

Handiing&
Safety

The world's most widely used antioxidant for PE and XLPE wire and cable resins, THANOX
1035, provides efficient processing stabilization and long-term thermal stability with
excellent system compatibility and low color. The high quality of THANOX 1035 eliminates
the concern aver microcontaminants that can effect the insulation properties of the wire.
THANOX 1035 offers excellent heat stability and is very unlikely to exude. THANOX 1035
prevents scorching of PUR flexible foams in combination with an aminic antioxidant and is
used as a replacement for Antioxidant BHT.

The use of proper protective equipment is recommended. Excess exposure fo the product
should be avoided. Wash thoroughly after handling. Store the product in a cool, dry,
well-ventilated area away from incompatible materials. Unless stated, proper storage will
permit usage of the product for 24 months from the manufacture date. For additional
handling and toxicological information, consult the RionlonChem Material Safety Data

Sheet

Rionlon(Tianjin)Chemical Co., Ltd. Revised: April 2006
BLDG 7-A-7 No.15 Rongyuan Road,

Huayuan Industry Development Area, Tianjin 300348 China

TEL: +B6-22-33718817

FAX: +86-22-83718315 Page 1 of 1
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Ionlon TDS Number: 1011

Product Name| THANQOX 1076  Pnenolic Antioxidant

A high molecular weight hindered phenolic antioxidant available in both powder and
granular form.

Octadecyl-3-(3°,5'-di-t-butyl-4’-hydroxyphenyl)propionate
CAS No.: [2082-79-3]
Typical _Properties

Appearance White, free flowing solid
Bulk density, kg/L 0.45
Molecular Weight 531
Specific Gravity @ 20°C, g/ml 1.07
o Melting Range, C 50-55
on_chy I lash point, C 273
; TGA(10mg@10 C/minute under N,)
Weight Loss, % 5 10 25
Temperature, C 260 278 302
Solubility@20 C(g/100g solvent)
Water Insoluble Xylene 104 Methanol <1
Acetone 50 Chloroform 140 Mineral oil 10
Ethyl acetate 95 Hexane 52
Specifications Appearance: White powder or granules
Melting Range: 50.0-55.0C
Wolatile: =0.20%
Ash: =0.10%

Transmittance
(59/50ml Toluene)

@425nm 97.0%
@500nm 98.0%
Assay(HPLC) =98.0%

THANOX 1076 effectively reduced oxidative degradation of most polymeric substances
during processing and end-use applications. THANOX 1076 is an excellent stabilizer for
polyolefins, impact modified styrenics, block co-polymers, elastomers, adhesives, PVC and
polyurethanes.

Handling & | The use of proper protective equipment is recommended. Excess exposure to the product

Safety | should be avoided. Wash thoroughly after handling. Store the product in a cool, dry,
well-ventilated area away from incompatible materials. Unless stated, proper storage will
permit usage of the product for 24 months from the manufacture date. For additional
handling and toxicological information, consult the RionlonChem Material Safety Data
Sheet

Rionlon(Tianjin)Chemical Co., Ltd. Revised: April 2006
BLDG 7-A-7 No.15 Rongyuan Road,

Huayuan Industry Development Area, Tianjin 300348 China

TEL: +86-22-83718817 FAX: +86-22-83718815 Pagelof1
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Ionlon TDS Number: 1004

Product Name| THANOX 3114  Phenolic Antioxidant

A high molecular weight hindered phenolic antioxidant that provides very low volatility and
excellent resistance to extraction from polymer compounds.

1,3,5-Tris(3,5-di-tert-butyl-4-hydroxybenzyl)-1,3,6-triazine-2,4,6(1H,3H,5H)-trione
CAS No.: [27676-62-6]

Typical Properties

Appearance White crystalline powder
R Specific Gravity @20°C 1.03g/ml
nn%:,}ﬁ"; f@ Melting Range, C 218223
teten TGA(10mg@10 C/minute under N)
Weight Loss, % 5 10 25
o Temperature, ‘C 305 319 337

Solubility@20 T(g/100g solvent)
Water Insoluble  Methanol 0.5 Chloroform 32
Ethanol 1.5 Acetone 22 n-Hexane 0.1

Specifications Appearance: White to off-white powder
Melting Range: 218.0-2230°C

Volatiles

Ash:

Transmittance:
(59/50ml Chloroform)
@425nm
@500nm

Assay(HPLC):

THANOX 3114 is an antioxidant with photo-and thermo-stability, not volatile, insoluble in
water, no pollution and no discoloring under the process temperature. Suitable for PP, PE,
polystyrene, ABS, PVC, nylon, polyurethane, etc. The synergistic action appears when
THANOX 3114 is used with light stabilizer.

Handling& | The use of proper protective equipment is recommended. Excess expasure to the product

Safety | should be avoided. Wash thoroughly after handling. Store the product in a cool, dry,
well-ventilated area away from incompatible materials. Unless stated, proper storage will
permit usage of the product for 24 months from the manufacture date. For additional
handling and toxicological information, consult the RionlonChem Material Safety Data
Sheet

Rionlon(Tianjin)Chemical Co., Ltd. Revised: April 2006
BLDG 7-A-7 No.15 Rongyuan Road,

Huayuan Industry Development Area, Tianjin 300348 China

TEL: +86-22-83718817 FAX: +86-22-83718815 Page 1 of 1
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R./—j Technical Data Sheet
Ionlon TDS Number: 1013/1014

Product Name | THANOX B215/ B225 Phenolic /Phosphite Blend
A family of binary synergistic blends used to protect polymers during processing and long term aging.
THANOX 1010 THANOX 168
0 % 3
Tetrakismethylene(3 5-di-tert-butyl-4- [ Tris-(2 4-di-tert-butyl phenyl) phosphite
-hydroxyhydrocinnamate)methane CAS No. [31570-04-4]
CAS No. [6683-19-8]
[THANOX B215 33% 67%
|[THANOX B225 50% 50%
Specifications THANOX B215 THANOX B225
Appearance: White to off-white White to off-white
powder or granules powder or granules
Volatiles: =0.50% =0.50%
Transmittance:
(59/50ml Toluene)
@425nm =06.0% =96.0%
@500nm =07 0% =97 0%
Content of THANOX 1010 28.3-38.3% 45.0-55.0%
Content of THANOX 168 61.7-711.7% 45.0-55.0%
The combination of a high molecular weight hindered phenol, THANOX 1010, and phosphite,
THANOX 168, provide excellent protection in polyolefins. The low valatility of THANOX 1010,
and THANOX 168, allows the THANOX B215/B225 to be use at relatively high temperatures
while providing excellent resistance to extraction from polymer compounds. The blends are
active during polymer processing and provide excellent stabilization against thermo-oxidative
degradation during long term aging. THANOX B215/B225 are used for process stabilization of a
wide range of thermoplastic polymers such as polyolefins (PP, HDPE, LDPE, LLDPE),
polycarbonates, ABS, and polyesters.
THANOX 1010 and THANOX 168 are allowed by the FDA for use in food packaging
applications in accordance with regulations.
Adhesives Acrylic and Modified Acrylic plastics
Elastomers used in Rubber articles Ethylene-vinyl acetate copolymers
Nylon Olefin polymer
Polycarbonates Polystyrene and Rubber Modified Polystyrene
THANOX B215 and THANOX B225 may be used in articles, which may come into contact with
foodstuffs according to the regulations of different countries.
Handlig& | The use of proper protective equipment is recommended. Excess exposure to the product
Safety | should be avoided. Wash thoroughly after handling. Store the product in a cool, dry,
well-ventilated area away from incompatible materials. Unless stated, proper storage will permit
usage of the product for 24 months from the manufacture date. For additional handling and
toxicolagical information, consult the RionlonChem Material Safety Data Sheet
Rionlon(Tianjin)Chemical Co., Ltd. Revised: April 2006

BLDG 7-A-7 No.15 Rongyuan Road,
Huayuan Industry Development Area, Tianjin 300348 China
TEL: +86-22-83718817 FAX: +86-22-83718815 Page1of1
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R-/ ) Technical Data Sheet
Ionlon TDS Number: 1021

Product Name | THANOX B220 Synergistic Processing and Long-Term Thermal Stabilizer System

THANOX B220 - a processing and long-term thermal stabilizer system
- is a synergistic blend of THANOX 168 and THANOX 1010

Chemical name | 750: THANOX 168 + 25% THANOX 1010

CAS number | preparation
Structure | THANOX 168 THANOX 1010
0
C—(HI—D—‘C‘—CHZ—CH oH
P
3 = —a
Molecular weight 646.92/mol 1178g/mol
Applications

THANOX B220 is used in polyolefins and olefin-copolymers such as polyethylene,
polypropylene, polybutene and ethylene-vinylacetate copolymers. The blend can also be used
in other polymers such as engineering plastics, styrene homo-and copolymers, polyurethanes,
elastomers e.g. Butyl, Polyisoprene (synthetic and natural), adhesives, and other organic
substrates. THANOX B220 is also recommended for use in combination with HALS type and UV

absorber type light stabilizers.

Features/benefits
THANOX B 220 is a convenient blend addressing a range of stabilization needs. The relatively

high phosphite content of THANOX B220 addresses applications with demanding processing
conditions. In the recommended applications THANOX B220 provides significant benefits, such
as

+ Maintenance of original melt flow

+ tow color formation

+ tong-term thermal stability

Blends of THANOX 1010 and THANOX 168 are particularly effective.

Guidelines for use | | polyolefins, the concentration levels for THANOX B220 range typically between 0.1% and

0.25% depending on substrate and processing conditions. The optimum level is application
specific.
Extensive perfarmance data of THANOX B220 in various arganic polymers and applications are

available upon request.

Product Form

Code: THANOX B220
Appearance: White, free-flowing power
Physical Properties | Bulk Density Powder 530-630g/!
Business Unitor Polymer Additives 2007-3

Division  Rionlon(Tianjin) Chemical Co., Ltd.
Mo. 6 Huangshan Road, Chemical Park, TEDA Tianjin 300480 China
TEL.: +86-22-83718817 FAX.: +86-22-83718815 Page 1 of 2
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Handling & Safety | The use of proper protective equipment is recommended. Excess exposure to the product

should be avoided. Wash thoroughly after handling. Store the product in a cool, dry,
well-ventilated area away from incompatible materials. Unless stated, proper storage will
permit usage of the product for 12 months from the date of manufacturing. For additional

handling and toxicological information, consult the RionlonChem Material Safety Data Sheet.

Registration | THANOX 168 [Tris(2,4-ditert-butylphenyl)phosphite] and THANOX 1010 Pentaerythritol
Tetrakis(3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate) are listed on following inventories:

The components are registered in:

Australia AICS

Canada DSL

China Draft Inventory
Europe EINECS

Japan ENCS

Korea ECL

Philippines PICCS

UsA. TSCA

THANOX 168 and THANOX 1010 are approved in many countries for use in food contact

applications. For detailed information please call your local sales representative.

IMPORTANT: The following supercedes Buyer's documents.

SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED, INCLUDING OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE.

No statements herein are to be construed as inducements to infringe any relevant patent. Under no circumstances shall Seller be liable for
incidental, conseguential or indirect damages for alleged negligence, breach of warranty, strict liability, tort or contract arising in
connection with the productis). Buyer’s sole remedy and Seller’s sole liability for any claims shall be Buyer’s purchase price. Data and
results are based on controlled or lab wark and must be confirmed by Buyer by testing or its intended conditions of use. The product(s)
has not been tested for, and is therefore not recommended for, uses for which prolonged contact with mucous membranes, abraded skin
or blood is intended; or fur uses for which implantation within the human body is intended.

Business Unitor Polymer Additives 2007-3
Division Rionlon(Tianjin) Chemical Co., Ltd.
No. 6 Huangshan Road, Chemical Park, TEDA Tianjin 300480 China
TEL.: +86-22-83718817 FAX.: +86-22-83718815 Page 2 of 2
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Ion I o n TDS Number: 1022

Product Name

Chemical name
CAS number

Structure

Molecular weight

Applications

Features/benefits

Guidelines for use

Product Form

THANOX B561  synergistic Processing and Long-Term Thermal Stabilizer System
THANOX B561 - a processing and long-term thermal stabilizer system

- is a synergistic blend of THANOX 168 and THANOX 1010
80% THANOX 168 + 20% THANOX 1010

Preparation

THANOX 168 THANOX 1010
Il
€t CHy— 0 C——CHy—CH, OH
p
3 = 4
646.9g/mol 1178g/mol

THANOX BS561 is used in polyolefins and olefin-copolymers such as polyethylene,
polypropylene, polybutene and ethylene-vinylacetate copolymers. The blend can also be used
in other polymers such as engineering plastics, styrene homo-and copolymers, polyurethanes,
elastomers e.g. Butyl, Polyisoprene (synthetic and natural), adhesives, and other organic
substrates. THANOX B561 can be used in combination with light stabilizers of the THASORB
UV range.
THANOX B 561 is a convenient blend addressing a range of stabilization needs. The relatively
high phosphite content of THANOX B561 addresses applications with demanding processing
conditions. In the recommended applications THANOX B561 provides significant benefits, such
as

* MWaintenance of original melt flow

* tow color formation

* tong-term thermal stability

Blends of THANOX 1010 and THANOX 168 are particularly effective.

In polyolefins, the concentration levels for THANOX B561 range typically between 0.1% and
0.25% depending on substrate and processing conditions. The optimum level is application
specific.

Extensive performance data of THANOX B561 in various organic polymers and applications are

available upon request.

Code: THANOX B561
Appearance: White, free-flowing power
Physical Properties | Bulk Density Powder 530-630g/!
Business Unitor Polymer Additives 2007-3

Division Rionlon(Tianjin) Chemical Co., Ltd.
No. 6 Huangshan Road, Chemical Park, TEDA Tianjin 300480 China
TEL.: +86-22-83718817 FAX.: +86-22-83718815 Page 1 of 2
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Handling & Safety | The use of proper protective equipment is recommended. Excess exposure to the product
should be avoided. Wash thoroughly after handling. Store the product in a cool, dry,
well-ventilated area away from incompatible materials. Unless stated, proper storage will
permit usage of the product for 12 months from the date of manufacturing. For additional

handling and taxicological information, consult the RionlonChem Material Safety Data Sheet.

Registration | THANOX 168 [Tris(2,4-ditert-butylphenyl)phosphite] and THANOX 1010 Pentaerythrital
Tetrakis(3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate) are listed on following inventories:

The components are registered in:

Australia AICS

Canada DSL

China Draft Inventory
Europe EINECS

Japan ENCS

Korea ECL

Philippines PICCS

USA. TSCA

THANOX 168 and THANOX 1010 are approved in many countries for use in food contact

applications. For detailed information please call your local sales representative.

IMPORTANT: The following supercedes Buyer’s documents.

SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED, INCLUDING OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE.

No statements herein are to be construed as inducements to infringe any relevant patent. Under na circumstances shall Seller be liable for
incidental, consequential or indirect damages for alleged negligence, breach of warranty, strict liability, tort or contract arising in
connection with the product{s). Buyer’s sole remedy and Seller’s sole liability for any claims shall be Buyer's purchase price. Data and
results are based on controlled or lab work and must be confirmed by Buyer by testing for its intended conditions of use. The product(s)
has not been tested for, and is therefore not recommended for, uses for which prolonged contact with mucous membranes, abraded skin
or blood is intended; or fur uses for which implantation within the human body is intended.

Business Unit or  Polymer Additives 2007-3
Division Rionlon(Tianjin) Chemical Co., Ltd.
No. 6 Huangshan Road, Chemical Park, TEDA Tianjin 300480 China
TEL.: +86-22-83718817 FAX.: +86-22-83718815 Page 2 of 2
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Product Name | THANOX B900  synergistic Processing and Long-Term Thermal Stabilizer System

THANOX B561 - a processing and long-term thermal stabilizer system
- is a synergistic blend of THANOX 168 and THANOX 1076

Chemical name | g00; THANOX 168 + 20% THANOX 1076

CAS number | preparation
Structure THANOX 168 THANOX 1076
0
I
— H CH,—CH, (0 CH
olp N/ -
N
'3

Malecular weight 646.9g/mol 531g/mol

Applications THANOX B900 is mainly used in polyethylene and ethylene co-polymers, such as

ethylene-vinylacetate copalymers. The blend can also be used in other polymers such as
engineering plastics e.g. polycarbonates, polyesters, styrene homo-and copolymers,
polyurethanes, elastomers, adhesives, and other organic substrates. THANOX B900 is also
recommended for use in combination with HALS type and UV absarber type light stabilizers.

Features/benefits | yyanOX B90O is a convenient blend addressing a range of stabilization needs. The relatively

high phosphite content of THANOX B900 addresses applications with demanding processing
conditions. In the recommended applications THANOX B900 provides significant benefits, such
as

* Maintenance of original melt flow

+ tow color formation

* tong-term thermal stability

Blends of THANOX 1076 and THANOX 168 are particularly effective.

Guidelines for use In polyethylenes and ethylene co-polymers, the concentration levels for THANOX B900 range

typically between 0.1% and 0.25% depending on substrate and processing conditions. The
optimum level is application specific. Extensive performance data of THANOX B900 in various

organic polymers and applications are available upon request.

Preduct Form

Code: THANOX BS00
Appearance: White, free-flowing power
Physical Properties | Bulk Density Powder 530-630g/I
Business Unit or Polymer Additives 2007-3

Division  Rionlon(Tianjin) Chemical Co., Ltd.
No. 6 Huangshan Road, Chemical Park, TEDA Tianjin 300480 China
TEL.: +86-22-83718817 FAX.: +86-22-83718815 Page 1 of 2
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Handling & Safety | The use of proper protective equipment is recommended. Excess exposure to the product
should be avoided. Wash thoroughly after handling. Store the product in a cool, dry,
well-ventilated area away from incompatible materials. Unless stated, proper storage will
permit usage of the product for 12 months from the date of manufacturing. For additional

handling and toxicological information, consult the RionlonChem Material Safety Data Sheet.

Registration | THANOX 168 [Tris(2,4-ditert-butylphenyl)phosphite] and THANOX 1076 Octadecyl
3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate are listed on following inventories:

The components are registered in:

Australia AICS

Canada DSL

China Draft Inventory
Europe EINECS

Japan ENCS

Korea ECL

Philippines PICCS
Switzerland BUWAL

USA. TSCA

THANOX 168 and THANOX 1076 are approved in many countries for use in food contact

applications. For detailed information please call your local sales representative.

IMPORTANT:  The following supercedes Buyer's documents.

SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED, INCLUDING OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE.

No statements herein are to be construed as inducements to infringe any relevant patent. Under no circumstances shall Seller be liable for
incidental, consequential or indirect damages for alleged negligence, breach of warranty, strict liability, tort or contract arising in
connection with the product(s). Buyer's sole remedy and Seller’s sole liability for any claims shall be Buyer's purchase price. Data and
results are based on controlled or lab work and must be confirmed by Buyer by testing for its intended conditions of use. The product(s)
has not been tested for, and is therefore not recommended for, uses for which prolonged contact with mucous membranes, abraded skin
or blood is intended; or fur uses for which implantation within the human body is intended.

Business Unitor Polymer Additives 2007-3
Divisien Rionlon(Tianjin) Chemical Co., Ltd.
No. 6 Huangshan Road, Chemical Park, TEDA Tianjin 300480 China
TEL.: +86-22-83718817 FAX.: +86-22-83718815 Page 2 of 2
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Ionlon TDS Number: 1024

Product Name | THANOX B921 Synergistic Processing and Long-Term Thermal Stabilizer System

- a processing and long-term thermal stabilizer system
- is a synergistic blend of THANOX 168 and THANOX 1076

Chemical name | g0, THANOX 168 + 33% THANOX 1076

CAS number Preparation
Structure THANOX 168 THANOX 1076
o
Il
— H CHy—CHy——C—0—CgH.
o-Le N 7 o
N/
Molecular weight 3
646.9g/mol 531g/mal

Applications THANOX B921 is mainly used in polyethylene and ethylene co-polymers, such as ethylene-vinyl

acetate copolymers. The blend can also be used in other polymers such as engineering plastics
e.g. polycarbonates, polyesters, styrene homo-and copolymers, polyurethanes, elastomers,
adhesives, and other organic substrates. THANOX B921 is also recommended for use in
combination with HALS type and UV absarber type light stabilizers.

Features/benefits | TyaNOX B921 is a convenient blend addressing a range of stabilization needs. The relatively

high phosphite content of THANOX B921 addresses applications with demanding processing
conditions. In the recommended applications THANOX B921 provides significant benefits, such
as

* Maintenance of original melt flow

* tow color formation

* tong-term thermal stability
THANOX 168 - an organophosphite of low volatility and particularly resistant to hydrolysis-
protects during processing organic polymers which are prone to oxidation. THANOX 1076 - a
hindered phenclic antioxidant-contributes synergistically to the polymer’s stabilization during
processing and provides long-term thermal stability by preventing thermo-oxidative
degradation during service life. Performance can be impraved in synergistic combinations with
other additives (e.g. thioethers). Blends of THANOX 1076 and THANOX 168 are particularly
effective.

Guidelines for use In polyethylenes and ethylene co-polymers, the concentration levels for THANOX B921 range

typically between 0.1% and 0.25% depending on substrate and processing conditions. The
optimum level is application specific. Extensive performance data of THANOX B921 in various

organic polymers and applications are available upon request.

Business Unit or Polymer Additives 2007-3
Division  Rionlon(Tianjin) Chemical Co., Ltd.
No. 6 Huangshan Road, Chemical Park, TEDA Tianjin 300480 China
TEL.. +86-22-83713317 FAX.: +86-22-83718815 Page 1 of 2
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- ) Technical Data Sheet
on I o n TDS Number: 1024

Physical Properties | Bulk Density Powder 530-630g/!
Code: THANOX B921
Appearance: White, free-flowing power

Handling & Safety | The use of proper protective equipment is recommended. Excess exposure to the product

should be avoided. Wash thoroughly after handling. Store the product in a cool, dry,
well-ventilated area away from incompatible materials. Unless stated, proper storage will
permit usage of the product for 12 months from the date of manufacturing. For additional

handling and toxicological information, consult the RionlonChem Material Safety Data Sheet.

Registration | THANOX 168 [Tris(2,4-ditert-butylphenyl)phosphite] and THANOX 1076 Octadecyl

3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate are listed on following inventories:

The components are registered in:

Australia AICS

Canada DSL

China Draft Inventory
Europe EINECS

Japan ENCS

Korea ECL
Philippines PICCS
Switzerland BUWAL

USA. TSCA

THANOX 168 and THANOX 1076 are approved in many countries for use in food contact
applications. For detailed information please call your local sales representative.

IMPORTANT: The following supercedes Buyer’s documents.
SELLER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED, INCLUDING OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE.

No statements herein are to be construed as inducements to infringe any relevant patent. Under no circumstances shall Seller be liable for

incidental, consequential or indirect damages for alleged negligence, breach of warranty, strict liability, tort or contract arising in

connection with the product{s). Buyer's sole remedy and Seller’s sole liability for any claims shall be Buyer’s purchase price. Data and

results are based on controlled or lab wark and must be confirmed by Buyer by testing for its intended conditions of use. The productis)
has not been tested for, and is therefore not recommended for, uses for which prolonged contact with mucous membranes, abraded skin
or blood is intended; or fur uses for which implantation within the human body is intended.

Business Unit or
Division

Polymer Additives 2007-3
Rionlon(Tianjin) Chemical Co., Ltd.

No. 6 Huangshan Road, Chemical Park, TEDA Tianjin 300480 China

TEL.: +86-22-83718817 FAX.: +86-22-83718815 Page 2 of 2
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Ionlon TDS Number: 1002

Product Name| THANOX MD-1024 Phenolic Antioxidant/Metal Deactivator
An excellent metal deactivator that additionally acts as a hindered phenolic antioxidant
1,2-Bis(3,5-di-tert-butyl-4-hydroxyhydrocinnamoyl) hydrazine
CAS No.: [32687-78-8]
Typical Properties
Appearance White, free flowing solid
Bulk Density, kg/L 1.1
Molecular Weight 553
Melting Range, C 221-232
r F TGA(10mg@10 C/minute under N»)
e fv'% Weight Loss, % 5 10 50
L “J2 Temperature, ‘C 284 295 330
Solubility@20 C(g/100g solvent)
THF 12.0 Toluene <0.01 Acetone 1.0
yﬁl‘gr‘i’gz"e 025  Water 001 Paraffin Ol <001
Specifications Appearance White to off-white powder
Melting Range 221.0-232.0C
Volatile
Ash:
Transmittance:
(1g/50ml Methanol)
@425nm =098.0%
Assay(HPLC): 98.0%
THANOX MD-1024 combines both an antioxidant and a metal deactivator for outstanding
protection in a variety of polymers including polyolefins and elastomers used in applications
such as wire and cable insulation. It provides excellent protection from the auto-oxidation
process that can occur with the presence of trace metals in polymers from such things as
catalyst residue. Its ideal melting range allows for ease of incorporation into many polymer
systems without dispersion problems. THANOX MD-1024 can be used in conjunction with
phenolic antioxidants phosphates/phosphonites, thio-synergists and other coadditives. The
compatibility of the product with these coadditives is very good
Handling& | The use of proper protective equipment is recommended. Excess exposure to the product
Safety | should be avoided. Wash thoroughly after handling. Store the product in a cool, dry,
well-ventilated area away from incompatible materials. Unless stated, proper storage will
permit usage of the product for 24 months from the manufacture date. For additional handling
and toxicological information, consult the RionlonChem Material Safety Data Sheet
Rionlon(Tianjin)Chemical Co., Ltd. Revised: April 2006
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