Carbon Centered Radical
Traps Improve Efficiency

elt Processing; F CH
atalyst Residues of Traditional Stabilizers

/R Oxygen
Cycle Il Cycle |

Polymer nergy; Shear;

R .
RO+ + «OH ROO »
Phenolic AOs react with Phosphites react with Phenolic AOs react with
free radicals to yield inactive hydroperoxides to yield i
products (ROH and H,0) inactive products (EOH) oxygen cantered radicals

Path of Degradation Path of Stabilization



I"HBOOIZ I +++ +)+#S 11 )*&1/0
1 23456789 $:/ [+#$* *(/:*:<:<

+%),$ ), $*1++1$0 =>=(
LG*-/* (G +1$

! #
#$ #
% % #
## "
%  # " % &
! # # A
# " # !

(SpecialChem: Polymetditives & Colors)

% 47, @4ABBC
1



E
% D, FABBCGHIAE

ISBN 978-9952-453-37-9

1" $%& ' %I%N& $% #% %(%N& ) % %NS& %I & % % W&
M +% * $%%.,( - ' %% ., ,1,'0%1.2 %. . 2%
o # &-%' &$ -2% %0 "% $% % *% $%0 %
*0n # - $%$ 3.%#H % %) . 4 *06 %2 & %.3%% & . %% .&
. %2..& % & #$5 & $.' . & WH#, * * 0 .. * 0o #
" %) - %' % ' $%0 - '%.% 3% % & %.' $
0 .. %% %.% 2 & '$ % 0.( ..0%%
$'0)%00 %.%. 2. L9 & 0'0%. % Lt
o # L &L .. % %) %.%
5,% .. ., )%0..*#( , %* *% # %,
%00 %.% .2 ,-%' "% % %) . %5% .
%%) % , " % %, 6 L% % $ )
, - %)%$L/2. " . %S% # $% %0 %. %% *% #
"% . 0% .%$% . %% %1) '...$ ' % $*.
L F , "% %# % 7 %, - %' "%
$-2%%0 . $%*%. % 5% . . $% %0%.%. %
".%2%.%. /0 .% %.& .. *0%, . % %, %.
0/. %# %
., )%0 89 :<=< 89 :>7? @ ''$ .0 ..
*2 & 6%.%. ., )%0.. %)%.%. %, . %*
"% %# %
., )%0 - %' "% ..$%0 ,%0 %. $%
% "% & -% . $ . 6. "% '% %#H%
A2 *0(. % %. H# , % L H# % . . *
., )%0 .. %.3% % % %. %. 6- 2 .#
1701000000

655(07) - 2009



) J K

B. /2 A* $% # -' %% %
3/ .#CCCCCC CCCCCCCCCCC C D
E J LK F M
N ") % , ,
CCCCCCCCCCCCCC C 000 P
QEQE %' %. ' %$% ' $%0 G-% %2HC |
QEAE %' %. ' $% #% %(%
" $9%0 CCCCCCCCCCCC cccc EJ
QEHE2.. %%. . $6%$& '2%. - %$ %.
,( C  ccececececececececececeee CC EL
QEIEF %' %.) ' $%0 CCCC CCC EM
QERE %' %. % %0.. %%. .' $%0 C ED
QEPE %' %. % %%$' $%0 CCCCC El
QESE %' %. ™.%$% ' $%0 C  CCC EN
QETE %' %.*% +% ' $%0 CC CCCCC EO
J J JUJ VI VM ]
L CCCCCCCCC CCCCC  EO
L # G M cCc cC JJ
HEQP 2 %16 %. #%#). CCCCCCCC cc JL
HEAR %$ %. CCCCCCCC cccce  Jo
HEHP 2 %16 %. #%# %. CCCCC CCCCC LE
HEIEQ% $% %. CCCCCCCCCC CCCC LM
HERR'.2) .. G $ . HCCCCCC CCC LD
HEPB%.. CCCCCCCCCCCC CCCCC LN
HESE *. %% - %$ .. # %# %%
$*% 3. CCC CCCCCCCCCC C LU
HET® ''. $*. ..* L% $% # % %(
%.%*%  $% %CCCCCCC  CCCCCC ME
HECD% - $% %. % ( CCCCCCC C DM
HEQBE .'2$%  CCCCCC ccc DU
M " %) .%$%. . % %) % -
%.' CCCCC  CCCCCCCCCC IE

3



D A%$% . .$ *%. %0 CCC CCCC IL

REQB.%$% . . %.'3%$, #, CC cC IM
REAR. % $% . ..,% , #, CC C M
| M JJJWL CC ccc ID
PEQE % "%. CCCCCCCCCCCCCC ID

PEAE % % CCCCCCCCCCCC ccc 10
PEHE % % CCCCCCCCCCCCC CC NV
PEIEF %)% CCCCCCCCCCCCCC C NE
PERE %$ *. CCCCCC CCCCCCC  NJ
PEPE % ' CCCCCCCCCCC ccc NJ
PESE % ' . CCCCCC cccccce ¢ NL
PETH 6$ CCCCCCCCCCCCCC C NL
PECE % %.%" % CCCCCCCCCCCCC NI
PEQBE, 0 CCCCCCCCCCCC NI
N 4.,' CCCCCCCCCCCCCC  NO

SEQE %' CCCCCCCCCCCCCCCC NO
SEAE 30 CCCCCCCCCCCCCC OV

o ! JVIX JJ CCCCCCCC OE
TEQEV6 ( ,CCCCCCCCCCCCCCCC  OJ

TEABV 0. ,CCCCCCCCCCCCCCC cC 0J
TEHE.3 ,CCCCCCCCCC ccc  0J
TEIEP%2%$% CCCCCCCCCC CCCCCC  OL
TERKX ,"CCCCCCCCCCCCC cC oL
TEPH .' 3.%$ $ %2%$)$ CCC OL
TESE, % % ( ."))'$% %$CCCCCCCC oM
U*YJ UJIWNN N OOOOOOE TR
EVIIN M E cccccec EVJ
EE# VJE Y J W Ju J N

LN N C EVJ



2(/z"
L$:% -/* +#)# $:l 1+#S*(*( =)<)*

\Z$:(:[:
Y2%*% # %. '"*$% # - ' % *%
"% %6 % %. . 0" .*% %.% '
.0%. % - *" %.%. % % %, %.

Ol %# %

73 /]: a—> JUJG V JJ
2 "*$% # - '%%.2 .$6% $G*
| Z 2% * Z.)&-%'&S$*% 3.&*0,

%& . -'- & 00%.% & %00

0%& ' 2  1%H&* - ' %$% %' 1$
[).0.#, $. [

EZ$S% # 16' % # 2 ..

JZ $%#16 %  '$%0 2
'0%

K$% # 16' % .%.*%%.(%0 $%06 6.
%0 % $%0 % L %
$% # - ' % - %$. 0 R 2.
- %, - 6. 0. # % Z $%3.%.
20%,%8& $ %%$ % ' & 2 . - +% %&
'$ ., # '6% % $%& * *

., 0L, %S, %

K$% # 16' % .%. %$%.(% 0 2 . %1
, % $ ., Z * . $% %0 %
" %% ", , % #0 R $%&
0$$ ' . %% .' $% # . &
% % & 3( $% #%%% & ) %.
2 % %% . )%2 . R , % $%.
%. ". &% %) % ' . O#, '+%
6% $ 0.#& 2 %, %.%. *%,% %
N$%  )%6% . 0.0. " %) -'$ &



*% %2 $." . . % % % *
% # % %.

K$% # - ' % 2 0 ..  %$%
% %, $%0 ' %. %00 $ * '%
* (. %% 6" ). "

- $%%$% %# 12 $%.% - #
Q2 %% ., )0 %, % %$%.(% % %, 2 %.1

( %# -%' % *% # %% %.' C 1
% $ % . "% %H% F %' %. .%2
22 . G'" $%0 H ** .- ' % "1
%) %0% . . ., ,o1
% $%* (, '%% R 2. %,
S %' % .. . %$% #%%WB% *% #%% %l
Y%, (%*.2% (*%( %% %#, . 1
L0l % %#H% F %' $ - 2% %0 "%
6.0% - -"$% .%$%. $%%)'". &
%1 6"% $*...* .2 .$'6%% %# 1
%

QE J LK F M

N XJY VI L L
J

F %' %.,( L % H%% %
SF'%-%' ‘% .0 &' & "1
. L% % " %%. 2% . % %
.- %' % #. L %.%0$

% *1 %% #$% '% Q2 * /2 ). 6 !
2.3%. *0$ %00 #0.-3$%%$% '% /1
(

F%' % ) %% %% . *# '.
( 0 $/. %& . .' & % %
"2 0" %% .. [.0.$%%
0%#%$ %$ G-% # OH 3 % %* 6" .)%2%$% % O
- %, $BP*F - - \" 2 .



L( "N %% 2% ] $%0~"G H' %%
%t % %

(- %)%2%%% $%0 %, %%$% 0
* . P%2%$% , ( - % /. % R -'
-%' 2.(%%. 0 %%$% %. 3 % %*
6" % 3% # = " =ab c
- %%& - %'%. W% 2 .2 '% (% %.
"% , 3% $ 2%00 - %'

. " .%%% " %.%.-% # %. **
- %3 %

T%O0 %,( - ' %% 3%/ 0.% R
- $%0 % *% %., &*2.% $ 1
'S . %P% %. & - %' %. $%0 % , #.
0%# %.&-%"'%. $ $ %% 2 . O

.3 %%*6"

F%' % *% % 0% Z . .' & % %
"2 . ) %% %% . %( % " 1
%.%. 0%# % ,*% %00 % '$% F %' %. 1
% # % "% % - %' - %' .
( %% #  .$%0 % )%2%$%
*06,% . 2

4 *% # .%. )%2%%$% "%* % , #
% . % (%$ %. %))2%0  %.%. 0%# % %
, % %% &-%" %. % % %$ $ %0
- %% 3% %, % L, % %% GO &
#& 2 .. H-%"' % 0

%)) 2%0  %.% #
4 %% # %.$%0 % - %'%.,(

G' $%0 .H(* .3$% % (%$ %G .&
& %$  %. H * "0. " %) $%0 %
Y% # %.- %' "% %% (%00 .%
Q12 0 - &6,& .
1.9%. *% %$ 3/ # %' , -%'
op  x o YL %. %$
% . *%%% F %' %' .. "% !

7



% ' "-%.% JD1LV d 0% A0 . $%&

%' . % 3%H# (% 6. * " . .
$0)%00 % *% %.(% (% %00  %$% F %'
%% ) 2 * %.
%' .. %$% ) . * * %
R# *% Z-%'" ‘% . 1
%, % (. -,.2 T3 -%' %,
%% % % % # # &*2 .- %' 1
L2 U# %0 S, %H . % %1
) .$. # (, R% %% %( . ) %
'0% %) % % - %' ot

L J6" *% $%&* ,20 O

. %( * kX0

X *% % ' $%0 - '%. .- %'

L %)%$ %0 . . % ' $% %
%% '$% R ' . %' ' 2. 1
2 . H# - .2%$ .. % %% $ %0
2 . ). %00 % %) . $%&* ''$ %$ #1
0.&6%$ *G 2 % (%$ %% /2. 6$ 0.H& 0"#
3..-6 . . . %% . R $%&
2% Y% % -
2%. G *% (% )* . * ** . ''$ %$1
#H % $% , - 3% $%& . . 2 %.
"$ %$0$ % "*3'%

Xl ( 1, %# .%# 0 ,( #
- %' % %% %% * Q 1
2 2% %) %.9% *#  H#-%' 1

. % .. %, $%O0 , 6" 1
KKh - %' % $ ' & .' %
3 %0 &- %' . ..-% %2% $% %
0% $ , #0

7)) %% )%2 % % % %

S .0 F%' '% 6.
"% 2, Z#H%  #,& 1
%2%. %*%. 0'%. %., . ) 1

8



&3 ($ -%' % %0 % *% F %'
.. 2%*%". 0. % $ % %, 1
2 %  %&'0%2 .& %.% #  $1
%.%. 3 %. **
A(-*% 0'$, 0. Z
*& 0 ) %S % %) 0 %$ /21/2. -6 .. - %l
"%, S %.%. " #
S *'0%% R %'0.. , %# % G .(H, -
% *%b H%H*S$ .-%'0 , R% #
* $ &H % ,- % *% # %
G% % 2 .H& %3 # % % G% %
CH 2 R #.%,- *% ,0
& %H % %US- ' L # 2
R. 3 %% . . .. $6.
S0 k- # 2 (*$1 %,
-6 . $%&* -, 0"#
*$ %0 "% %

QEQE _J N M ‘a

5 %$% % . %( %. $%3.%2 % - %l

% $%0 % *% 2 -6 . F %l
"%k (' $%0 ' %$% ' $ %0

F %' 2.(%%% %$% -6 . ./ [
L0 # G- %' # - '%%. $%H
2% I( .% % . *% % -6 .
"% '0% .-6 .

%, . %$ .- %%, |

$%&

- %1

$»ELx' Zef5 1R *  EV ELZAZR *% %. A R

o, % % %% %, . 3 .

ege -h,&* e -1 .'% $ '$
* # %.%. $% # "+ W&, Z . '%. $
% *% # % % %0% % G, . , 2 & '-
# ' % *% , 6" H

1

1

%'1



i(% % "%2 2 -%' % ' -61
L2 . $6% ST *.2.% %- %'%. 1
% #%% %#) .02
~CHpy-CHX-CHp-CHX~, * Sz . "

0, -
73 S -\\-ocH;,- &*2 .- %' - %'l
$% &SZ" , % -%' - %%%" %
GFjSH
F%'% -6 . (. %.1
KHO0 TS x .6 . # S %%
Y# %[ )
1 . .
~CHp-CHX-CHp-CHX~ ® ~CHCHX + CH-CHX-
F%' '$ ..* | . %( %. %$%
%$ G '$ ,, H 3% $ %$
o S M2 % 3 %%
L% .- % # - "%, 2, Y% |
2K .
~CHp-CHX-CHp-CHX ® ~CH,CHX + CH=CHX
F%' '$ ., C%( %. %$%  %S$
3%G '$ ., - %H
K/ * % %$% Z2.(%% 'S "%%

'$ /% %%

: Ks :
~CHXCH,CXH-CH,-CHX ® ~CHXCHCX-CH,-CH2X,

. Ka
~CHy-CX-CHy-CHoX + ~CHy-CHX-CH-CHX~® ~CH,-

-CHX-CHp-CHoX + ~CHb-CX-CHp-CHX~

10

%



X *0p $ % .
' $%0 [
Ks

~CHyr-CX-CHy-CHX-CHy-CHX~ ® ~CH,-CX=CH, + CHX-
-CH,-CHX~

(%%, %% %S .3 # % . %( %. * 4
"%
Ks
R+R® R-R 0" RH +
‘0 . %% -6 . ".%2%. .

*H G %2 6" #% .H%. %%
G %% -%) '% “H#Ho % 2.(% %
'$ * -6 .H 'S %%-6 .

/(

% , *% -6 . Z FiSl.
-6 . .3 $5- . .% %
- % %%" % .Q '$ 0 %$%,  *%
0. R %$%, *% .$ '% " # 6.
$ %2 .00 '0'$ 2 $%&*
*% FS1..-6 . .EV ) [

~CH;-CHCI-CH=CH~  ~CH=CH-CH=CH~ + HClI

R 2.  ~CH=CH-CH=CH~, - '% " #
- '%.9% ~CH=CH~, - % ,0% EVVWV )
. %( FjS1 - % ( .

R %$ & -%'%.  '%$% -6 .
$ '$. . .. G-% #H 0
'$ . .. G )% *# '. -6 .H
*HO % X-%' # %, # . 6.
% . (S '% %% &

S %$% %", G- %) '%H-% '$ . (
1KIQL,- % *3$ " $ $. |

~CH,O-CH,O-CH,O-CH,OCH;

11



5 )% *# '. -6

+% % % 0%.

$.0% % m$%. * . /( *  %S$

|$ *%
, #

* %$ '$ %0 %.3%*% $/ 0% %
b cn R "$%0 . "™.%2% #

2 . $6%% ($% !$$ - ' %% %
-6 . -% %2
QEAE _J JU K N

A, % - $% 3 %0% 0')2
2% Z Q G- %' "% , H *% # %.
$% # - '%%. ".%2% # $ $%% %)
% |
X 1.
ko'

RH+Q,® R +HO,
cc
2RH+G® 2R + H0O;

K1
R+0,® Il?(oz'
2
RO, + RH® ROH + R
K3
RO -OH® RO + OH

I
R + R® kR- R
5
R + RO ® IL?OOR

6
RO, + RG, ® ROOR

2 .(%%.0 .

2 .(% %.

2.(%%. #" . %

2 .(% %. ,

12



$e *% % $31 . ) 6" L %
%$ */0 $ K 7 S% %S
6'%% F %' % $% # %*2 .
Wo, =W, *k, / ke~ [RH] % % .&*
8 Z %%% G(,. (H $% #. $% #
- %%, %%% G . 2.(% % 3
#ro %.%. ( %. * * %H
QEHE J J F Vi M J

LK

= %%$%, *% "O0. %. 2.
'$%0 .. % Il *%, %* % %. 2.
'$%0  %. .EVWVW ) 6" R.3 &%$
J* 2., %% .$6%$ 2% 2 6% %
K2. %$%, *% % ,# , % L
$-'$ 3 %%

K31 Q
O; + R-CH=CH-R ®
R-CH=CH-R

R '$%0 VM1.# '- $%)O0 , 2
3% T-'$%$%( 6 % 0 2, *% [

EH 2.% 3% *% [

Os 2 /X
R— R
E-CH:CH-R H/C\O/CTH

0

JH %.%. G$ 6$.H %3
% $%. % 3% *%

13

'$

%

”# )



O3 ks
+ R-CH=CH-R® O;+ 2R-CH=CHR
R-CH=CH-R

e$-"%".
[

$ 0w, 0P fSh$ .G )%.) ,". %H

$%, *% % $ % # 6. $ LeeEWVLEVY
f x., #$% '% XO #*% # 6. 2.
, % $% # "$%0 .. %.% %
G(,. (H . o00

, #% .. "$%0 %.%.

/RO'+H02'
RH +03<'R'+Oz+'OH
\ ROOOH — RO '+ HOy,
RO, + OH
T6S$ 2%. %. 2.. %%. . *# ' .
"$%0 .. , # . , 6. o 2..
$6% 2%. /( . %%%, *% % , # ,
% "% 2. 2. 2 '$%00 3%
*0p . %. " #
1.4. J Y N
# . %%. .- %' " %) 6" % *H#
"% $%& * .. . 3% % 6"
o.# OU# | pJvv ..' 2. )
$ . I %. , -'$ % | gJUV
! 0. 3% NAVAY N [ B AV

S 2., %H Y% % % )

14



) 00 W *J#0% # . * %
O# $*% 3. '$  %# *% %
W */#0%# . I1plUV. 2. . %#,
$%3. 2 #0.,- &%$%, *% & %$
L& O%HS. L% ' 0 # %%, , #,
G-%' # $ %2 .., , H #
&  %$ . 3 %  -%' %,

' $%0 % #0% . 73 - %'%. "% %.
. $% # & .%.&*

2 . o+ - %'%. GQH -6

'$%0 .. ) %.% % G$% #9% %% %H
0.0

h .
RiCOR, ® R,CO + R,

R,CO ® R, +CO,

R/ (0" Ry)+RH® RH(RH)+R

R + O® RO,
4" %, $% # - '% 03.
3 % %
15 ] N J J N

#, $. .. 2% 0% '$ .
2%0%. 0. 3 & % %0 +%% * .
'$ . %.# $. 0
'$ O(..# 2%00 $6% .# (

. JJ 1%$-%30 G''$ . &- . &

0. & )% (%S & 'S . . H
S % # . G.3. # . &
L # HJ % 0

@ %% %.# (# . % ,#
% %.%. % $%. '$%0 .. " %.% ' 9|

15



A A" +€

R A M1 * 0% .%# % (%$%&' 11''$ .
Arh'1® AgGAgl O(. . # % (%$%H
Ah'1® Al
AhPhA1® AghA
Ag® €eh
GO(..#% (%0%. %$ -6 . H
Agh Q ® AQh

G-%'.% 3. .., H
4. $% # - '% %
ro.oL%( % P .%$%, &*

2 . %$% “# %% T 6$. % %0
C%(%. $.# - '%%. "% H# $ $%%%]

RH RH" +¢€

RH+ ® R~

RH*® R+ ; +RH® R+
R+R® R—R; RH+RH® R—R + ;'
F %' % .%. % %0 . %(%. G % 0.H

$.# * M2 *#H'%

1.6. J N

$%& % %2 - '% %S ".%2%
2 0%&%. "%2% 2 *# '% R % %2
- %%, , H# . ,6..%$%. .% %)
'$ %S$.. 0" '% Q% %2%. %.%. #
o " Z % %% G& &
# 2 H -%' %0 6

16



6 % #% $% % , % *% % G$- &
0 H*% # %. # % % %2%.%3/ $ |

O
= (llj—NHz(l)~ = M* L,
0O
o | e e, O b
”'C_NH”'_ ~+ 2THOOL~+NH2~
+(|)_H
e - CENH-
A% *% %%.''$ ., # - .#..
%$% $.0 . 00.'%[ % ,-.$ 2
$*$% ,-.$ $%3. 3/ - . #
R% %.(% ) '$%0 ,*% %00 % %& %$%.(% ) %
*% % A2 - L # .. $%3.
- L H#HL., % $%.
1.7. J X N
e0 %., W . 3/ -%' %.
".$%0 % ' $%0 .. "M.%2% ¢ h 2
0 0%# , % > Ch 22"0% 2 3% 7
3 %# $ %S “$%  %$
6' % % . L% %% . %H% S % M.$%0 %
'$%0 % % $% #% % %H $% # % %(% '$ %0
- '% * "% " %%$% 3 3%. %0%. GH
$ '$ %% . %( %. ' $%0
'$%0 .. $% # +%% 2 * %% &
- '%. % X" $%0.. *% %
$g$vx"-Gelgsf 5H . 1H %
R 1--%. # R .%$s$
. %00% : m $%. * %3 *2% %

"%HF%N% A & * L% %H# % & 6 .$%

17



ML $%0 - "% B $$*
%2 2 *#'%

QETE J W d N
R% +% " $%0 " %% -%' %.
*$' %0 , H o, %% .2 R 2 &
% ,0 & -%" % % %%$ ). %
-6 . - "% *# "% P "0% *0$
/160 %% , ..-%"' % .. "% %.
2" % % - %' %. *%-6 . &
- %' . %, %
$||
$" #
# ) #
" " % "
% ! #

AE J JuJ VJ VM J

A%S$S% . . % ".%2%% O .
'$6.-%" % $% # - ' %% #
%S, #$%. .2 .$6% $

18



RO- Alkoxy Radical

HO. Hydroxy Radical

ROO. Peroxy Radical
ROQH Hydroperoxide )

nergy; Shear;
elt Processing;
talyst Residues

pOIymer Oxygen
Cycle Il Cycle |

ROO

Energy (UV Light, Heat) Po|ymer
Catalyst Residues

Polymer

~
R- Alkyl Radical

R

=== Path of Degradation
'ACS - T-

b QEF%' "% . $% # %.%.
III%

F®$, .3/.0 $%%%& " %) '3 %$
% , H, %%, " $%0 . 3 % %*
6" . %$12.(% % $% # .%. %$% / %.%
3%% o % .. 3% % . %( %. %$

3 %& *% ,0 & -%"'%. % * % 3.

2.(%%. . % 3. e %( %, *#
'% Gtuy htv ® tugav ht 1 2.(%%.
"'$%0 &*"4™ EH

F%'%. *% %. .
- 0% L " %0 % H %

, % 3.%.

e

-CHZ-CI:H-CHZ-
F % Y%. Z R

19



-CH=CH-CH »-
X0 #-%' Z

-CO-NH-CH ,-
F% % Z

-CO-NH-CH ,-
F %)% Z

-CO-NH-CH »-
Fo%' 1
E1% ( - %'%. $% #% %% ' $%0

2 (% %.%. %.$%#) - '%.% 00.'.IZQ *% %. %.
% % %0 "' +% %.%.,%0 % '% %# %

JVI QET *1% 3. *% %.%. % % %0 ""+% %

GXwoH
$4e . gaeF | $wWJ M
WV s gwviwv 531V OD&E A %
Gwvhlw 1v UE&E Y6
GwuvHlwv 1v UM&M $% %
A %$% . $% # % %% % % .

% 9%0%. .& .&J %) Z *
%$ $'- $%% % '.%$%. G*2H O
% $% . %$%.(% (% 1 % - $%
HE L % . %( %  '$0
3% ..%%$% . * .
F%' % %3%% %#%S$ % $% # %
"%% %, # $$%%3 $ |

20



/X _AgE

"J K d
N $e ® $ JJ

"J K $: A ]%e C@H KKQh $: a
V |

gK$% # %.''". '$%0 6. .0 *%00 .
L H#L . % %) L #

ROy +InH  —K2» ROOH +In°
In* + ROOH ::-7 InH + RO

In"+RO; —38»> N J
ROy + In’ Ko, & i] N J
RH + In° 'ig’z InH + RO
In"+ In° — ki, N

InH + ROOH — K12 | 7

K
InH + ROOH —13 JwWJ

INH+R " —>t14 In"+ RH
Ing+m  —15= InH,

| InH+0, _ 116, In"+ HOy

" $e Z-%'& $  $ A10.
- $% $ % & $:e

1)

_Aaf Ha

()
(-7)
®)
9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)

$%

- 0p'

% - $%%%& 0e Z %3%% Z .%$% .&" 1

%.3%% 1 .%%$% .. %$ & Z
0 '$0 $%& * C#
C%(%. 12" %% %$%. 'S L), .
%.3%% 1.%$% . '$ 3 %&
L % %.3%% 1.%$% . O

%$ .3 . .2 .%'$%

21

%$

%
. 0%
.% $ %l



4" 3/ % .* . '$%0 3% - '1
%. % ./,'0%1.2 %. ./ 0 12.(%%.

3 %& & , '$0 '$%0
*/ $
3%*% 1.%%$% . .*% 6" '$%0 %HN $
" %. *"0 ,&0.2*2% '$%0 - '%.
3% %% , # $./* &*& X.Q %.3%*% 1

%8% .. $% # %% $% $2% Z K
8% %S % ,H#H, % "$N0 GNH R’
'$ %0 6%.%. GOH& GUH GEEH '$ %0 & %.3%*% 1
%% .. * %% .. $0
3 % % %, %. 3. '$*% %0 '$%N0 .

$% %$ .,0%1$% %P 2 .1
. 3%%* 6" . 0%# '$%0 . GEMH& GEDH& 1
6%.%. %.3%*% 1.%%$% . '$ .. '3 %0 GINH&
GUH& GEVH GEEH '$%0 .3/ $

HE # G M

7 . %$%. $% # 2.(%%%6 1
%S %%l $%& $$% - $% %S % ,# ,
% . %( %. , G#$% JH

Folymer

22



J AE %% $'- % % % $% #
2 (% %.%. , "%

P2 %16 %. #%# ). %$% % %S %.
8% %S % L, H#, %, $% #
%$%.%, , $% # % .3%% GN1(% '$%08& ™
JHR '$%0 . +% '$%0 12.(%%.  '$%0
% ¢ - & & 3' % &
$%-$% % .. .%$% . .J&I1 %1
1% Z M '%). G%.H , ..

CLLL T1 2.%%. .. %. %* %
"0h.$ NELWEWL * * 0 R ** - 05 0%,
“$%  %$ % $% . 0"#

CH L % 2.(%%. %.$%#) '$%0
2%) 0% 7 3 %# .%$%. %S  *% ,0

&- % #% - '%%3(.% $ 2.(%% J1(%
), G'$%0 O& "™ JH F $% %$ %
CH L % %9%.6"),. % **%. .

%$% . -%' 6" 2 %, .

&' - %$-%' 6.1V&VELV&VD$ d1

%& 0 # ' $% % %1* %'. %
- %' % 6.1V&D1JS$ d1% % %)

HEQEjJ V4J JU UY

P2 %16 %. #%# ). %-% .%S$% . . %
" %2%%. % . 3/ % %#% G#S$% LH

F % #% 2 . .%$%. . $
%.3%*% $% %0% 3/ . zZ & "%..
%% $%& GL1(%#$% J&L D1(%*% #*.H
$% %$ 6.0"# $- . 0.0

A%.% *% # . )., % ., ). %%
% $% . -%'%. .3%% 0%#% . '0.%
2 . 3.%H-%' '% . 3%2#%

% 0.%%# #  %.)%. "% %

23



OH o
(CHynC J

( Sy~ CICHs (CH3lsC Ay ~ClCH3n
ROO + U — L + ROOH
o o

P i

CH; CH3
1
o ]

(CH;3)3C \EJ\\“/C&H;E cCHz.nC'\ﬁH,C[C'Hm

[

H; CHy

l I"oo

H
(CH3);C L _C{CHy), (CH3)sC C(CH3)3 (CH3)3C- C(CH;),
T“ T R T -

HyC” ooR

(CH313C C(LH3J3 (CH3)3C
{ —cracH— — —of  Het =2_\3=CHLH
o~ ) \ / /-

V4 \_<
(CH;):C C(CHz)3 tCH3I3L C (CH3)3
4 5

-

LICH3I3

[0 HE P2 %16 %. #%# ). %-% .%$% . ZJ&l Z
%1 '1* % ZM "%). .%.3%*% %#% $ %S % #
%. 6" % %.%. "%

K 12%00 '6 *% *0$ $% , -

1% $% , - %S %2 . #
0% .%$% . ," %3 % o %.) 2 %
6 %. # EVI( '$%0 2 G™ JH ).$%
% ..-%' 2.% .1 * . % 3.

- M%O%00 %% 2 R $ G'$%O0
EVH- $% %S$ ..0.% .0 . . 2.(%%.

%.9%#). 3 % %*6" $%&. %( %% ..$ % %0%
$ % # #

F 2%00 . '% ,-.. 6 %
, - % 2 . %% # $% %0%.% 2
' 2%00 . %, - 1 22%(% %.

24



WHY% $% %  1- 2% %H ). .%S$% .
" .0$% $% %0% ", $ 2
NE% .. o- % # L, 2 %% - 1
2%00 %. $% 2'%(% % $% % -  F $%$%
0 % %) .. F L) %% .%$% .
NS 2 %, # 1-  2%00
") 2%((% #0  4%. $*$%, -
$%% 3( "'$ 1% - ). . - $%
%$ . % 3. ../ %, *% %00 %.% #

0 %$% . .))'$% %0%.% 2

Y %00 & '%$ 2 .%#). .- %'
6. .%$% . $%% ))S% %0% .. %$ *
" %06 9600 %.%. ( %. .&- %' %

L& % . "% # % % % %
2. 6(, (%.. J1% (
Y. .. %$% . $%% %% % %'% %
6.*)$ . %00 %% 0.$'%%

JVJ AE  EMY - - %- -%'. GFFH
% 6. # ..7% %. .%* .%S$% . .

6(, " %% . . )% %0%.
% %

daF g9 4] :
YJ JF Y J
i eV JF

E VvV JO ub J JD

I LI LEJ J JL

EJ OL MJIV J JV

EO 1A% JVV EID JV

25



OH

(CH3)C C(CHg)3

O

gZ .%%$% . g CH,CHz—C—0CnH (2n41)
(6)

gg4 QM1 2 ".. .%$%..-% -%'. GFFH

0O -6 ./

L&D1%1 '1* % 1IM1% 6. # .. $%
% %.9%.'$% 0 %, - %- %' GFFH " %)
# % EMWML ., .$6%% %#% Q ..
- .., 0.205%'% $'% %%
GI1( *% # & . g EOH - %- -%'. 0$$ $% #
N)'$% . 0%#' %% e0.% # % # s

, 0$$ 6( ," %00 % %$
**06 S % #
R" . % *3 %S$% %. %%
- % $%3.%. .3 - .
. L. " %) NS 3 %%
00. "%#% R " %)%0% ;o
S % -%'%. ))2 . ).% ( %
%2 ' $ X'$. %.
-$%$%  , 0% .. " %) %$ 0"
'0.%")'$ % %0 %$
4% %2 . 'S . 2. %) %$),. 1
%. "% '% % .%$% . .6(," %00 %.%
# $*2.(% %-%' . . 1
. R)$ &#* %2$%&0$ $ '$ )1
%-% .%$% . .% % 3/ %% %%0"# # 1
& $%. .%S$% . . $% S$%* % %% 'S %l
LS %% R..,# . , , %
0& &# $% .63%% 26( .%&
%1 - %), $ *%. %0 Y. %%

26



%$% . ., # .. %% . %
39%#00 # %l %l - %). $ *%. %0 ).
%-% .%%$% . 3/ $ $%& . # $
S %' % %) . [*%). J&J ¢1'%"'1*% GI1
"1* % IML'%). H 0 .%$% . JIMI& %). 1
E&QL&D Z %'% 1J&M&I Z % GL&D1%1 ' 1* % 1M1% $ %l
¥*206H*2 0 ,.$LLV -%). Z' ZGL1
GM1% $%I1L&D1%1 ' 1* %).%H - -% % $H '1
0 ,.$ EVEV[

{CH;}}.CM

(CH;3)5C C(CHa);
OH OH
(CH3)3C C(CHa);

27



M
/ 0 f{_{CH’_'.;]'_'-! \‘\"

I
' CH;—0O—(C 'H-C
C IIILHz C _—CHzLH;MDH
\ c(C HJ}3

HEAE ! J

H
|

SA®
X%)'.% %. -1).%". % %.
HoN

I % . . . %$% .
%% % .. 6" N$% $-
- %'%# $ ™ 0., 0 GH#HS$% MH
K. L $% #.2%-%" % Z 1

& 0 #' ' % Y% # %2 . ).
%-% .%$% . . NV$% % m% * .1
%$% . . . M1( #$% .3/ .0
$%%& - %$.0, ..*% # . 0 &-% ' 0%
3 $" %00 %. %$ 3.3 %1
% . % #'% % %)

28



H
— | T~ RO —\ __/,f:\_
\ Jb—N—{\ p X—-—&\J}—N \ / X + ROOH

ROO
Y

Disproportionation

[s]
J. _ - | TN
N _{D}_‘{ @}—N{/—X + RO

R
P *

E /l 0—R
Polyconjugated _ROO \I/ T B }_IL :\_X
olyconjugate - N4<—5\, + Quinonediimines, etc N \/
systems l W }

Py | roo

~

0
— | —
X L))

where X = H. MHR'

b _IE A %$ %. % %3%% .%#%3$ % *#
L% # '$N0 .. "%

X%3 .%$% . %.%) % % ,0% k&k d
% 2 . #1-1 )% % %. . Z k1).% 1k AGE&L1
%'%* % H1-1).%" % %. G4.)"™ EL 0
L% $% . MVIV&*% # EVH&  3'.%%# % %)

CH, CH;

| | /=N /7N
CH;—CHCH,CH,—CHN N
THARRTENTN /T T\
H

H

(10}

of % %# %. %-% .%$%. O #
g T $% # . 2., (
%%. .)'$% %2 '%

ye&k @ %1 '(1* % 1-1)'% % %.%. $% %  $% # %#
- 1).%". % %. %. $%6%$ 2 . .*.2%. 6,
3% .) . %S % #% %% $% %
% %)

29



A$% #%# %)% %. GEEH % % "%. %.%.
GEJH J& J& M1 % '% 1E&J1 % % "%. %. - %' %.%. GELH
I %-%" "%

-1).% "% %. %* . 2 .3 0% *
%0 30%% .%S$% . %)% %
"% % X% % "%. %.%. / % 0.
6.0'$ %. *% # %. % %)
H
R—@—N—“\ )—R
(113

(CHa),\
H;C |/"~‘e:~_\~ - / '|
=\ | 1 ..

\_ 7/ ~F /“‘\,_ " __CH,
e \/,\ :

Pq_jff L}il \\\f .
W CH; \ \N T""C'H-‘
| cH;
H
GELH& gV 1l
X%).% %.%. /| % 1 M& M *% &ac¢l %' %*.2%H 1
%).% %. Gk, MMD& *% # EMH - %'%

30



3 0 2 0% " %
)%. . . . - %$ &
o % %) ' $/ %0
CH1 H CH%
c N )
OO0
CH:
(14)
HEHEjJ VvV4J JUU J
P2 %16 %. #%# %. - % "%. %3
- %' "% 6. ) ' $%00 ,#
* 002 NS % % R *% # &
"%* % .%%$% . $% % '0% & %H, *% %2 % %
.%0) 0 4.0 % %) ' %%
2 . # %H, *%%2 . $ %00 % J& J ® 1& ¢
"% -%-"'%%.%. GEDH / %% G .0 $%0
*%00 . * *% #  vz{; $% % %# . H
H-C
7\ _CH;,
NH
\ /
HaC CH;
(15
R *% %2 & *% ,0 & Yot
% %% . $% % % 3 % K. .
L% 5% # % %(% %%.% # $ ''. $
#$5%. 3/ $ G#%$% DH

31



radicals O ™

NH NO-
-

NS

AN
NO- + R- — NOR
o

NS

A .
NOR + R'O0- —= NO- + R—0 + R'OH
# ~

[J RE J&&I& ' "% -%-"%%.%. /| %.%.
%% #% %% % ".%2 %

R ™.%2 & )2 %16 %. #%# %. %.

/ % $% # 2.(%%%-%"'1* .- "'$%
$% %$ % , # , % ' R
2 . pyu % $% %% .. 0 . 2 .(% %.
6"0 , . .%( .%$% ..
7)'$ % %0%.%. .3 %%*6" R ** ., *
'%$16 %. # %# %$ %. -%' 6" 2
. "% %
0" % 2 P& %% % $% %3
#0. % % $%  %$ %.)%.
G%%.$%& 2 $%H % . %. ' %$
. *% K. . $ %00 % ) % . %% %%
%. . 0 # Gx1|xxxH J&J & I&¢€' "1
%-"'%%.1E $% GxH *% # % . %.'2'% %# %
Lk
o

32



C(CH,)
s 3/3

_T_
C(CH,), ©

2
J

Vil
S %(%
$% GxH *%

)%. .
4 *%
N$% S
%. 2.(% %,
G- %' %H $%

6'% % %0% J
%$% . %-%.

X062 06 2

$.'. . %#

% # o %&
% 3/ %

4. %
$%*%. ' 1$%

0' % % %# %

- % Y%. 2 %.
00 .
%.)%. %

' $% #% %(%

*%600
%$ }~eu
*% % %0% % $% ) ,".%. M
[ % .)2 %'$ . # % *
2% $%

%3  $%
%$*% # & 6%.%.

&) ' $x.

Ol 1

C(CHj);

C(CH,;),

J&IKI&E

%$

Vil
"% -%-' % %.
%$ .
"% i

1E
#0 R
, H

$% %$

0 $% # %. %$

*

%$

'$%0 G™
"% %

%
$'-

vz{;1.
*% #%

- H

JH

- 0p'

% ]

- $% %n$ .
% ,* *% .
A%S% # %. '
1"%.. &0 &

R T

% .
) .$ %0 *
*0%

C%( %.

. # $%& w€=caa 9& {?==b&w a 9
. 0" %- % vz{; %#,

*% %2

' $%0.. ,# ..

33



6"3( NS 3/ % R .%$%. . °

$% $% %S % ,#, %%%. % %
'*  # LLLILDLT '~ %.' . EV NLEY f
x. $%% 0% $ 3/ %% %$

- #
HEIE e J

Q% $% %. & '$ $%& %* . 0%
% %2 %.)%. "% % .0 *9%,% EUUIL(
% )'% R *% # %. % )%  $% #
'$%0 . % 3. ..6"3(

* b $- $N% 6"# . % $% %.
, - % * G# $% IH

H
H R—
R_\N O/ +R N—O- TR R—l\
_ L AR L
R , R—H R s R—H ) N—o
H H R* R
R‘L\ RA< . — B
N—Q — N—O it M N0
+‘R‘/
P ‘R—H .
R* R’ R
R / + R- R : +'R R r\ + —
N—QOQ — N—O- - — A
R~ R —
H H R R’

[J P Q% $% %. %. .%%$% #% %% %
".%2% goteg $% %%

Q% $% %. %.% %) %2 .6" , *%
)$ .2 . # R O$%& % )$%. 3/
'$% . 6%% %, . % $% % % $( ).

34



%-% .%$% . 0% & 6%.%. - %' %.% %.%.

) )% %% *%%2 % 0% . *% %.
"0 & . %% -%' % ' 2 .

* %$  $- $%% *$ - %' %.
2. %' .. *0$

NS %$S% R# 2& % $% % %$
$- $%% ). %% .%$% .
)L % ' % L 12 %%* 2 "%

F % Y%. %. *%%2 %0 6.%% ,0
$% 2 .%# % $% %. .% %)

HERE % " Y a

EUUNL(% % *.2) ..  0.%- -'$% %0
%S .%$% . %)% % % % $%& * % .
% ".%2%0 .2-%'%. $% # %% .3% 1
$" %00 % % '0%& 6%.9%.* - '%. %.$%#) ..
% $%. %. .. L H L % 1
(%00 % R'.2) .. .* 0%l % *% #%
$% %0% *.2% , -..2%) *% #%# . % 3. 1

L% Rl R M 2) % %S
212. 3 %% * G#$% NH

K,
— -

N J VNI

[ SE A%*2) .. . % $% #
% teg$ *. 0 $%3.1 $2% %$

35



2..1 *% #%% %#*2) % G $ %H 1

%$ 0 %' #&0 %3 *  %$ 1
# ., %  *%% G#$% OH
' $-% % % 00, . #1
$%& *2) .. % 3% $% .
g r. $2% $%& 6%%. $%3.1 $
$$% - $% %$ ..$- . O

0 &*#, 2&*2) .. 6" $2% % %%
L% $% .

[ TET*1 $2% %$ . %*.2) ..

" %62 %

R 0'$ 2 S$%& ). %%
%$% . $% # 2.(%%% % % $%
$2% $3% - 3% %$ %
®2) % % %$ 6.%- .

0.0 6% R **.*2) .. . .
S %' %. $% # - '%Y%. H#" . %.%.,*

L %.%% $%% % %) . _'0'$
2 $%&$*.1 $2% %$ $- 1 *%
% $% %$ &) 'L .. $*.*

36

) q o
| - #
>t\[/\\| v ” “ | ‘\7
j/ - N/
—

2%



%) %& ‘% . ]' $%0 . .2 N +%%.
%HO. ..% ). & % ) )%  *% %2
), % , B6"],# . .1 -'uunr %
% 3/ . *%%2 .
Q% $% %. $%% *2) .. '$% 1
' 6%$% %, . -%' %% % 6. ).
) )% %-% .%$% . . )$% *% %2
0
R ** . *2) . ' 91
% .0 %%  .%$% . %* .
0% $% $%& * %." . 3(
N'$% %0 %$ %

HEPE k

S%.. .*2% %- % $% to %$ ..")$%
$- L% # %)% % % 7 % %

* *0 # E&M1 *2"%. ..
/ % % o=<:>:o
L1( #3% 3/ % %0% $% %&
%.3%*% %#% $ % 3' .- " . %( %. ). %- %
%3% . . %S% # $% %0%. %P I&L
D*% # % $% % . %% R *0o #
-%' $%3.%. %, . %)) 2% .
2 # % %. "% '% % 2 . ' $%.
$% % % %) . % m $%. . - %' %.
%#H, *% # %2 . 7)'$% %
7 *%00 "%.. . %3 /I % 1
"%.. '% G#%$% UH /2 $%.% - # 3$%& .
" % %.3%*% # $% %0%. %% *% # %

R. *"0,& -%' . . $% %0% EJV v
%. #  e0% 2 .
"%..'% ). %% .%S$%. . ]= ab=
3 %0% ,% - % Y%. 6. *% %2 $% %
N)'$ % %

37



0 o 0
H=—T HCH, CH,
B d2 [

CES%.. ' % %.. 0. %
0"'"$ 2 $N& . "%..

I % % $%.& 2% * . $% # %
) %% %2 . 0.0
'$ . %$% %.3%% # ).$%0 . 1
$% - $% %S $-  #0.*% # &

&) 1"%.. "% % 1). 1 %."%..
%$% . $%%3.%#00 # G#3$% EVH

H )
tBu
R‘N)LN’R R= H
07N \_/_<_<
Hz R tBu
H
HC CH N o z §°H
OA\N/&O B
A /
0]

[J OBE\").$%0 % %$ .%$% . 1).1
"%.. '%  *%1). 1 %."%..

RO 1). 1 %. "%..*% # % %.)% - % "%. 1
0$$ *% # " %00 % 3/ %# R $%& *
Y # O%# & *JHO%H ... %%. .

38



0"' ,#, % G &% H,(,. . %1
(%. 0 ..$% #%%(% ' $%0. ))$% #$%

"% #9% *%% R.. &,0 .. *%%2 1
12 % 6"0$ $" %% %
HESE - W vl M JU U 4
W hJ
R2% $% # %3%% .&" % & *%%
D L%$% . .. /0% % 2 . " %)
$.. H#%H %S, #,- % %S %S % # %.
% $% # $% %0%%. .2 . -*'% %
CH #, (%00 %0 .
7 *%00 . - % %$%S %NS U # %.

$*% 3. -%'" % $% # '$%0 .
NE% %0% ™. %2%* '6*% %, *%N .
0" F % %% %$ %% $*% 3. %.

"% %. $% # '$%0 . O0"# - $%
%$ $- &'0% 2 .&*2% $* % 3.
“ %' % $% # % % 2%)- $% 3 ( $%
%$  $- . *%00  00.
'%% R - '%. # 3 %.

%2 2 Y %' % .|

R ROy | + ROOH

A$% %S L # # %S % % # $
%S H# . W. # . 6%%E& - $%
%$ % %. %S % %-- %00 "%
%$ ,# . *- '% T.0, %$
. %. 0 6" .. 9%.0"#, 0

39



% %. . o % . ™.9%2 3(

$.. H#%HE %' & $%3. 6. 1
B O# %)2%0 # %% & & *$- % "1

0"# % 3/ % K$%3.%. $%)0 , 0$ 1

$, . GEV U EW fH $% %$ t $ %01

0+-$% %$ .tu 76 %%% $%&*.. . %1

(%. - % %$ %$ %% $* % 3. % %.3%*%
, *% %00 % 2 %) 0%

T % . %.% % $% # '
'$%0 .. % % % # "% . - % %$%$ $.1
LOHYH %% S * % 3. % %3%% $% %0%
0%. "' % %# %

) %. ). " 052", 2%,

0 (2

00. . # $%& %, . &3 % .

- % %$%$ $* % 3. ' $ % 3. %,
S $% %S . L # *%U3.% & $%. $ %
% $% %S ..0"H $- R 2
$.. #%# , % O0.. 6" 03.
& 8 VS . LTS # ( %.%.
3 % . % # %. .%$% # %.'$% %
4% $.%$6% .. %% # . .1
%(%. 0 ..' $%0 2 . . .GAH/2.
%% %$ . % #% $tlz. 1t 0tl
2.12.1t %% *% # 3 %% A# ]
GNNTH.) %& . " ).." #
CH-%%'%. % %2% 2 . - %' %' $ 1

40



% ..- % %SNS N$S * % 3. % %
#% "%%
% ".%2% 2 3. $ $0

'$%0 . /0% % % - ."0% O
%H# 3/ %H% $%&S *. %% $% %S .. )%
$- K. $% %S % ,#, % 1

"% % &% S% & %% .
. * %S ".%2% 2 2*%%2*1
% % % GARKH *.2% -'$% GRFK %.% %

%HY% $ *H#H ' . -%'%20 ../0 % % 2 .
% '% %#H% 0 . # $%&3 % .- %1
'%2 %0 - ' %S *. %%%. %%. . %00 %
( 3%0% 4% M1 % %.% -% % %.%.& % 1
'%. . % %.%. - %' %.%. ' %$% % 1
% %0 . %(% 0 .. 2.%% . J&  &&ll
' % 1E1-%-' % %.% $% G5e FKH , - . . %*
o %' %S .. $*. %%%. - %S$. #1
%H  %$),. %% *% # %)$ 00.' % 1
%t %
HETE_j VI W W JU K
h W
T*..0% *% # %. . 0. *
$$ $  %$ .)'. EUODL% % *%
%.3% % %S % ,- )% . 2'%. % %
)% %. *t L. 3. $*.
U HS % %# %

41



b QQEP "I w | n%. '$ , #

EUUIL( % *% #. , % k* $)1
. 0%, 3/ #* $#H)) . % %3 )%2%$ %
$%0 %" %9%./0 % %6.6"0 %, .
- .*0$ % 0 #

P'". '$ 2%S$.. #%# %S$%$ % 1
CoRn #L# HY%, %$%, % % "% %
| #%6%*# .)%$) 0O %$% P ' %.
(s, #0'$ 3('"S )%

"% $'S . & * %S & %. &

% 3.  $%% .$')% % (%S %% *% #% $

%% %00 %.%. 0 . . ** P'. 6.

"$ . % %$ G'$S ., H %0 % 6"

*/0 $ ) . 6.* J&ID 1.

GlwvH L&D j1 $ Gloid #$% '% e'$ . . %.". %
L% H%% % 2 *  $% #%%

) "L %, )% 0$.0 . . ** &

oS Y% # %% ) 'L 'S . %$%1

. % %. C%( %, H#H# # $

"$ .. 3 % 3 %% 6" 73 *%%.(% "1
%00 ) "'%. $% #1'$%0 " %% % #1
& %$%.(%Z * . %0% 0 . % %$ 1
2.(%%., . ' #

R %$ &'$ . % %0%.0$ $,%0 % *% 6"
.2 2% %S .%..% % #1
% %. %$.0 %  &*2% 1 %
%S .. %3$%, ) '. *U %. *% # %. % 3/1

$ R **. ) ' %] %$ 1
3 % . EJL(% #$% '1* % %$ .
) "%, %. *% # %. %( %. 3 . %$

$.-%S, 3 % %HY

42



[J QAE lw *$%. ') ""%. %$ $..
), %
A$% %$ ) %% % # %
)$ & 6%.%. - 9%, . %(%. *'$ %0
6. .. *009%.%.0$ $,%0 % K s0wr = 10!
Mt T L #
L1( ( %600  /( " %)
% .1 v [ 'n) ' *% # %.%.
*%  %.%.,%0 % '% %# %
VI HE %$ .1 w) ' *% # %.%.
*% %
! bF7 40mMR 35 )
* WV L GMIfJVHEVW | JUD - % %2
e WGW\ H GJIJfVDHEW | JUL | eF G-%. %H
eFG 2
s WGW\ H LV"EW JUL | %- ) %2f
% %?2H
e wwyGwv  H L V'EV JUD| eF G-%. %H
e wwyGwv  H EO EW 1 eF % -
% %2H
e WV j°€ M D" EV JME eF G) %2H
e WV j°€ IN " EV JIL eF G) %2H
eF G 2
« WV 3o€ UL"EW JUL | %- ) %2f
% %?2H

43




o WV jo€ JN"EW JUL| eF G-%. %H
o WV jo€ GEM fVJIHEW | JUO eF G) %2H
eF G 2
e wGwwH GINfVDBEW | JUL | %- ) %2f
% %2H
eF G 2
e uuwGww L H JV" EV JUL | %- ) %2f
% %2H
m2' % -
e wGwwH EL"EW 1 ) %2f % %2H
* WV 3 WV JW eFG2 %1
JI"EW 1 - ) %2f
% %2H
s WGW\ H€ GJVfVOHW,| LLL1 0) 2
LDL | $% # '
'$%0 G$ H
0)2
euuwGwv |H€ | GLEfEEHW | LVL | $% # '
'$%0 G$ H
e WGW\ H+€ OE"EW JUD| eF G-%. %H
WW LWV g* WVeE OD EW JuD eF G -%. %H
* W3V D GDLfVMBEV | JUL | eF G-%. %H
‘wv,GwysHhHwv . | GMDfVMEY | JUL | eF G-%. %H
ewwwv Wyvp | GMOfVIEV | JUL | eF G-%. %H
ewvywvgwv 5 | GIDfVDHEW | JUL | eF G-%. %H
e WgWv o€ GUV fEDBEW | LLL 0)2
Gw/fwnOLTE& $% # '
% H "$ %0 G % H
e WGW\ H€ GEU fVvVJBEWw | LLL 0)2
$% # '
'$ %0
G$ H
* WGW\ H€ GJLfVJIHEW | LLL 0)2
Gw/fwnDULIN& $% # '

44



dH '$%0 G$ H
s WGW\ H*€ GINfVIHEW | LLL 0)2
Gw/fwnOLFE& $% # '
%H '$%0 G$ H
«WGWVH€ | GLV fVLHE® | LLL 0) 2
Gwh\H $% #
'$%0 G$ H
R %$& ) ' 2.% % -' & '0.%
2 . - %"'%2 %0 "$%0 - ' %.
N$% * %S $'- $% % %# % $' % R
- $% $% 1" $% % ..%H% $ * 4
"0 * xx X 0K . . 0
$6% $ ,*% %00 %. %$ *% # )%. .
2%.3%*% # O 0 *% Q.,%, . &l Y
Iw) " % )%, '$-%. ' - %' %.
" %%$% " S% #% %% " $%0 ..
3% %% % $%% /2 %% 3/ % 7 *%00
) ' %. %H% $ % - %' $-2%%0 .. ' %%$%
C$% #%%(% ' $%00 *  $%)0
. # %# R %# "%* % *0 6"
- %' *HULU $%0 - %. | v o onv
) "%, *%%2 $%% %% $ . #
R $%& ) ' | wl1. *% #%%(% ')'$ %.%.
x@ , EVNI* - %' * %2 .. . +%
N$% % '$ $%& '0.% %%$% *
0% % %# %[ %.%9% %#% $ % $ . $% #.%.
" '$%0 .. $/ 0% % ... ) ' v " 0.
-% % GF4H - %% '% % $ . GFX4H $6%.
"% #% %% ' $%0 - '%. . % % %o#t
., 2 .
o/ % %#% $%& W\ | w) . % - %'
6.0%9% '- 0% .%%% .
$% # % %) .. %.3%*%

03 % ))$% %0 %$%  00. .# $%&
45




F41%. ' $% #%%(% ' $%0 2 .) ' | v
€19 )9%1J1.)% % G.2.1tH %.'3%$ , #,

3%% P ' * %'3%$, #, F4 6.
0.%&)$% 0$$ ' . %$% . $%% $ %)
#
T 1-% ' %$ ' %$% . %2 %)% -
$.% %' %0 GX4TH  ..$/ 0% % EIMd1 % v
I w ) ' % %H% S % - %1J&I1 %' % 1E&M1
Y% . $% .., #, .. ' %$% ' $%0
2 .0) ' % % #% %% )$% /0 % %H %
00. . # $%& ) ' % ' %$%
" $%0 - ' %.%& ,2 . .
% 3 .- %' %. $% #% %% % %$
-6 . - %% 0% -
% %, %. 0. % R 2 .) '" | L%, %.3%*%
" %00 %Il w1l . 3( #
Pl v *%% $6% %.' %$ % 1E&M
- %%2-". 6. ' %$%  *%b %2 %$% . $% %
%, . # R %, %2 $6%
% 0% .# 00. %, ) '
% . 2% - # 5(*

( % %2,2G2H". # %% & . % - '
0% '%(% .2 % "

', %' %$ G5 H %)% 1' %$% . %2
.. GX5AH % %) C# ok %(

3 %H% $%&) . $%3.%2 % E&ML- %%2 .

6.))$% ' *%%2 $%% % ))'S$ %. %% %

$%& * L& - %' 2.(%%%. ' %$%

. %( %. 3. -%%2-. $ %S %

$% ,#, % % %2 . 7$%.&

' $% #%%% ' $%U0  # % %. G

(0..H )" | v 0.2 00. # % Z

K % D Mf,1.6" , %1

E&M - %%2-'. 6. .%$%. . 0.0

52 . 0%$ . % GV ML H

46



) "Ll w6 % . %S$% . )$% 3/ % R

L %, %) % )%. . %2 "% .*)$ . 2 %
(*''$ 0.#& *0$ %, 0% % R )$
%." % $% # # %%  G3( " &
LS $%. H-%'% $-$%

% .., ..$ 3% 2 . ) "%

L%$% ., )$%.%. % %% %, 0% $%& *..
£ 062 . $%%& ) ''%. $%3. $2%

% L # ) "% %.)". G % %2H
R S H%H % % ' *$% #
S %, ) %, %$%% ).$%0 . *%2%

% % 0 2 $.-%0 L%
%, .. %( %% O"# 2 #
2 $%$- %- -%'%. G=1eH) "1 Ww&) "%
"% # .. $&..$*. $*. %%
% " %$% *% # %- ' %"% %.’'".% O GSmH
S 0% % %, % %#H %
%lee . . %%. ' %$% $% # %
) %. ENV&EOV EUVM '~ - #

Sm %.'.% %0%.%. %0 %. .& " %) $%.' %$
S Z $% # % % $%0 "& ' $%
6 % / .. DVd1%& $% # %& Sm1%.

$ % %.". % %0% $% # % $%

% L H# A% # % % S %.
3 %% # S $% %S .. 2 % [
) 'l vt S RS YD %% F) v
$

P " vi. -%'%"'"$% . GF AH
" %%$% 3% #% %% ' $%0 . % %. %.
0% % . #$%)0 , %#

V&VI d $%3. #0. "% ".. JOJ&
JLOIL %2 $%3. ".. X4T 5. ..
%% '$ ). | vi. FA  F4l..
" $%0 . %% % %, %. 2% , %# % 0'% .
0'% % %# % 00. . # $%& ) ‘.| \%

47



- %' %. ' $%0 . 3%% 5 .. .
L %(0 3/ &) "% %H% $ % *# .-
S %'%. $ %% 2 ..' $%0 2
, 0% %. % $%0 -% .2 6 -(,
( X4T' % % 00. .# $ %&
)"l v -%'%. ' $%0 .. *#
L $%)0 5 %, %#%.
) %, %H% S % *H . -%' % ' $ %0
" 062 %.9%. * . 2 . $6% % %# %
A #.% % %H%% % . . * )%$%
% % # $%& ' %$% ' $%0 2 . ) '
lwl. 3%%% N$%& .. t $ %S %
CH L % L2 $% *% #
3% %% , e0%2 .&,0 .#
$%& F AL..0$ $ - 'S # % %(%
' $%0 2 L) ' vl. %.3%%% ))'S%& ..
t $%3.#0. %S L H#, % &
2 $% 3% %% (%00 % F 4
6.% ) '"%. ' $%0. .3% %(% ' %* %
L $%3. #0. %S L, # ., %% % %2
"% %. *"0 &) ' | vl t %% %
CH L %% % %. .
7 ,DIED fd % '% ' $%
FAID 0%% % ,.# . . $
CH L % L %(%. % % |, %. 3 %
¥ . ' $9% #%%% ' $%0.. % %
2 P ' v % Al.. % &* % $% &
%% % '$% % $% % ' $% 3 % %0%
- %' %. ' $% #% %% ' $%0 . 2
3% % A . %, . ...%(
. Y%, 0. ' #. "  $%)
. W& * ) vl - %' % ' $%1
#%%% ' $%0 *0 0 .. $ %$
'$%0 . $'%% ) "% %.3%% ') $%.%
) % %2 '%

48



0% 2 .& ] * %% FALA
' 06$% ' $% H#% %% ' $%0  * - !
) "%, % %.%. /0 % %. . ...%( %
 # R %, XAT&5 & X5A& %) "% 1
', %' %$ GX5H $ 1-$ ' %0 GT4H
. % %) . # 00. .#
$%&F AL. *#'.$% #% %% ' $%01
2 .'09% " 6- ' *#'%[-%' 2.(%%.
, % *# . ' $%0.. $%3.%. - %'
2.(%%. "%% $6 % 0 $% # %... ' $%0
. *% %0
Pl wl.2% %" .
“ %' 2.(% ) "% $%3.% 2' %. 0
%(. -%'% $% # . I'% ' 0~ 3 %%
6"  $%&*.. . %( %. *% %.(% 0. 2 2
%, ' $%0 $% # 3 %
FAL. $% #% %% ' $%0 2 . | vl
$ %$%, - .
EHFA $ %$ % *0% #%#G "%..JVdH...
JHEA $ %$ % *% # %# '$

Pl wl. $ %$ *% #0.* 'l

$ 2 0% %. $% #. ‘0% 2 .

$% # C %0 *# L xt

$ 4. P ' vl. " $% #9% %%
' $%00 %.3%% )$% '%* % %$% - ' Z

$%*%. ) ''. #0.F A2.(%%.0 .

J0%12.(% % %.3%% # 0& 0.% .3% 0 3 % %*
6" FA % | vl ' %$% L #.
%00 % ( 3 % P vl * (
2. - FAL. $%$& .%.& %. % $%$

%2 $%$ ./ % #% '%% R.. * * * %
)%$% % %  $%&F AL.. ' %$% ' $ % #1
% %% ' $%0 .. ..)'."0.-%"

FAL. $% # %.9%. ,0%12.(% % %.3%% #1

49



% 0.#&) ""%. *% #%%(% "))$%.%.0 .1

* *

P "' v 6%%. FA '%'$%

"$% # % -%' %% 0% $ '-

$% #% %% ' $%0 . 3%% '% "' $%

"% $% % -%' % FAL./2. %* 1
3% #% %% ' $%00 2 2,

P "l vl . %*2 .'" $%0. 3% %

P '".Gl wllnH- %' GF A& FAH % ' %1
2. " %3% ' $% #% %% ' I 2 . ) 1
""9%. *% #% % (% ))$% 6. .., % 0%.
"% %# % $%& * ) ""%.- %' 1
.. FA FA 6.* %0 )%,

,M"EV 1L O"EVH 3 #3% '% F %' %.
) ""%.%#% $ % *# . %% ' $I% #% %1
% ' $%0 6%.%. %.3%*% . NE% % %.%.
L %00 %.%. /( /,'0%.1

"$'%2 . P ' v 01 wnw $%*%

FA4 %' % 6. "' %%$% ' $%0.. '-

% LOVM10 * * & FA %'l

% 6.G ), ,)'"I vo) nv 6 .H
* - ' LLU LLI M #%% '% R - %' %. -1
%% *. . " $% #% %% ' $%0 2 . LLD1
LM® - %."' ) "L v 6. .%%$% .
$%% .0$ $ '- # R $%1

b %) ""%. % "% $% # % .%.
*#. .. 0.3 . "' & 0.% LNV M1 .
6" #

T “$ %0 " %$% . %2 ..

X4T& X5 3. %2 . % %) ' $ ) ' 1
#O0( %%% %- - %' % '%. GPXF4H ' %%$% 1
$% #% %% ' $%0 - ' %/0 .% %# %[

EH - %' $ . *% % % % *% #% #
) 'L %* PXF4

50



JHY "1 Wl - %' 3 % %0% , #, .

%* .PXFA R, #, $-.. . $
% 0.2 (.11 , % '*. ' #
PXF41%. %$% ./ 6.''$ . $- " %

# % H# O R%W%.(% /. *2% %' %.
-%" $ - %%. " %$%  *% %0%.%. 3 (

0 L H L %S%.(% . % % ) . | wil.
* %% 6. 0. " %,*

2 /2.3 %#H% F %' %..) " Aol
D %$% L #. %00 % * (

0. .# K( &)'" -%'%,

' $%0 2 . *# ' .$%0 %- ' " %

2. . 0.0*% 5$%% EIEVS$ dI v

GPXFAH . F4 FAlL.. " %). . % ,%,
"% %# %

P " | vl Ny | n1%. F4 3/ %0%
%%% . " %.%. 0%.% 2 %%$% % % |,
%#% 0'%. 0'% % %# % R% %.(% % %.% %
%% $ % P$% # %% ' '$%0 .. % %)
"$&. % F41 | #, 2 %. - .

L% % %# ., | vl v 1 onv) "L %, L1
%%% # $% % 0% /0 % %#% 00. . #
$%& " "$%0..,(, . $% # 1
%Il v T nv) " % %H% $' %S .2 6 -1
(, ( # # $) , % . % %1
$ ..Iv M1 ) "I vl nvi*% # %.%. 4A1
*% % 0%.'% %# * %0 $cmgGUYV f EDH"EVI
EIEXS5A 5 A" % 00. .# $%&
) 'L % % . $%%. - %'%. $% #1
%%(% ' $%0 2 . *% #% %% ")$ 3/ % R
2 )" % # ))SW&). %-%x@ ,EVEV
%. $%*% z@ ='8€=b $% % 3( )216 %. # U#
%%% . . ... t%')'S 1 #1
# 0 ..%# ) ' % .3% %% "))'$ %.%.
T %% CH o, % :

51



2 $% %0 %$ %$ $ 3% %% 1
, 3 %%
Pl w %% *% ."-% $- %11

$% $% & Y%, , FAL.'1
' $%0 . ' %$%  .#. %% /0 %1
%t % A. %2 %. %$% +% &5 Al .% %) ' $
% %2 ,2 ", )%0 .. $/ 0% % %2 ' %$
%  MVVLIIVM 2 %' . - #
P ' O"# V%  %$  $-

L6 .- %%, M %2%.% %$
0 ., 0%l %$ 6% $ $% - %' %
' 06$% ' $%0 - ' %. %00 % ( %
"%  F %Z.1$% 6. ) ' % ,'0 %1

%S  "%2% % ' #. ' $%0 - '%.%.

Lo )%. % %. 6" .
X%3 ) .& -%'2.%%. %2 2, 1
%( %. *# '.-% %2 - '%.%. & 0.%
& %'& O#)%& %'& )%,
'$' 6" # # 5 )% %S$'$-1
%'. 2. .. $% $ %$%%%. *#
' 00% 00. . #'- *% $%8& *

) '%. %H% S % %2 '%% F %1l $% '$% 1

'0$% L # 2 . ) 'L %. )%
L HS% .2 6- $% $ % $% %.%.
EU1JD MO#S% '% 5 $%*%. ) .

L #, % 6" .. %00 % (

B # % *x 0% 2 .& 3 .

%.  '$%  #.. %, . %$

$- $%% % 3/ .) '- ' % %. $%# ) .

3% % %$ 0.,0%12.(% % '$%0
3 %%*6"

T*. ..  G#$% ELH ) '". $%%
0$$ 'S . % %$& ''$ . , "%
3 % **%. . - %' %2 %0 ' $ %0

52



S %% 2.0% % '$%0 . )%  %S$
$-  $%% %- '%$ L/ %0 . *%

[0 QHER% % $*...* G;8wy}H

T*. ..% .. %$ . %1
#2.(%%%, ,$%%-".% " 0 %$ 1
L& . -% % L $%*%.

00. .%$% . % #9% %% ).$%0 0 %.

0% %.9%32 $
Q,%, . & $%%. # $%%$ *...*1
#O. - %' $-2% % #* %2 - %'

S % %%0%.9%. 3. %0 .0 .0$$ ", "'$1

%$( 0. # ,,"%%00 %. %$% R% 1

%, 6 -%' $-2% .*%*# (0.$6S$.

..0$S$ ( ,2 .G SIVWIH # % ' %#1
R .* "% . %(6" , $%&0$ $° 1
$*.r - %%, *% 9%0%. .

% ' %% *% $6" (%*% R 0 % ,
00. '% /( 5. Sm 0% %.9%. - )%

3 #. & 00. . # $%& $*.
¥ - %' %' GFeH& FA& FF - % %% %') %
S %' $-2% % .%S$% . $%% % 3/1
% T*...* ..Ddl., ..6" 1
L% $% . ))$%.%.0 .2 %00 %2 (1
. 3%%* 6" F%%%%') % 3 %$
% &3/ . &* 2 . $ ** % $% . &
3. % Y%$%% % 3 %%
T*. % .. %3%% $% %0%.%. 0%.
"% % %. - . .9%# 6" , . %(

53



'%H% R O$%& . % % % *%3 2 . # 1
0% 66% % &* $% *. %)% )%. .$

%.%% %H#% $ % $% # %% ' '$%N0 21
%. - . (* * *%)$. 00. '% 1
%. %$. " %H#H%N PN&S$ *...* o"# *

%S $- C0.H %% . NS %

3 % m$%. 3/ % .* N $*...* 1

o $%%. & "% % ** . %.2% . %1

%) % %2, $%%T&Yy=&W *H#

YL #, L. **%. . %00 % (

2%) 0% T*...* .. $% *% #% %%

-%.%-% -. Fe& - % %" %% ' &- % %% -% %&
-%$ . &-% % FAL.'%$% ' $1

% #% %% ' $%0 .. %%2 . 00. . 1
#

R'" %% & . %2 . # '% | v o) 'L
%.%. - %' %. ' %$% ' $% # % % (% %$
3% '$W0 . % .. %.3%*%

% %2 $%% . 00.'% S % ,,0
' 2 $N& $ 6- . H#HWHE ) '\

8 $2% %S % # %3 %% $%&
* ) ' %, #0 . %%$% . $% % ' 0% &
Y% %2 $% % % M.%2%.%. . 0. 1
%, 0%

HECEe M J K

EVML .0" - 8% % 1
% % * %$ % %$ - 6 .
H - % %% #%% $% # %.%
6"  m$%. *% % # $%8& . % 1
“$%  $% ,H#, % 0%l % $ &
'$ 0 3%% Q% - $% %.
%$ 2 '%% % . 0.0.* *% # %.
200) % $% # - '%%. % - $% % % %

54



(. # %.$%H) %% $% (

# L. % % R % # - %'
"% . % #%% %- $%S . 3.%#00 #
%$%.(% (% .%$% . . G )2 %z

6 %. #%#). 0  %$ %. %-% *% %.(% ( %
%$% . . .H
0 % % %$%.(% (% % - $%

( . %$% . . *0$ $ %00 %
%$% . % $$ 6. %)) ./ %%
5% %- %. # .. % $% %% JV $
% - $%% -6 , ,*%%00 %. %$% R
% # % .%$% # "%2%% $ ' % . * 2%
'$%0 EML1( #$% ‘%% R ".%2 3/
% - $% % 6 %% )% , - *0/h
"% ' %$ '$%0 . %(%. - . # m %
#.% $% #% 7 3 . Z )%.
GJEH& ). GJH ) # & 6%% $$ 6
$% % - $% % %S 2-6 . .$ %2
' $, %% %00 %. %S$ % % %- -% . #

% % 6. % - $%%. -66. . 0"#
0, . 0.0

55



0 0

(ROCCH:CH:)28 2 (ROCCHCH;),S==0 + ROH

(16} [k

Y
0]

I
ROCCH,CH,SOH + ROCCH=—CH;

(18) _ ROOH (19)
‘-"'-'_F_ _H__"---._\_.‘
0 O 0
[ | | 4
ROCCH;CH;S—SCH,CH,COR + Hy0 RO(_.‘{.‘HZ(_.‘HIS\ + ROH
OH
20y 21
 ROOH
heat \
Y
0] 0
ROCCH>CH;S—S80OH + (19) ROCCH,CH,S0;H + ROH
22) 23
/T{OOH

SO5, Hs80; + ROH, etc

[J QIE 5% %- -%. # .."% %.%. .%%$% #1
% %(% % "™ .%2 %

5% %- -%. # ..%% % # -
% %) 2 . 2%) .%$%. $%% % 3 %
m$%. . . $.16 %. #%# ). , #, .
* k00 # 30H# 'S %' . 32 % 3%$
NS 3 %S %. .- % Y%. & AR4 - %$& 2 *0
F4 $%% - %' %. *% #%% %. 3.%#

% %) . m$%. % % %. # ..)% %.%.
6 #0.( % R $%& - %' %. 0$ $
2 0 % . $%00 1
2, $%&* 2 .0 ..," 00%. %
6. -%' ,*# % .. 2
0 2'%

56



5 $%%. $$ . .%S$% . $%%))1

L6 %% # % % - $% % % 6'1
%% '0.% $% %& & *%%.(% (% .% $ %l
Z)2 %16 %. # %t ). . $ *%. %0 1
$6% - %S % % H#%% %. 3. %#
% %) . R2.. -%' '% .% %)
- % %. .. .3%.%. L H 1
, $% % %" 0  %S$ % (%01
0% R% % )) $%*% *%%2 *2 %).
%. %% *%%2  .),% ,-%' 1
% . .3%.% O0%# %

A %) %$ -% %# 'S )y .1

%. . .))% # ..)% %& & %1.1
9%).9%) )% GIMH . % %2 , .. % %)

0# ) $.% . )%2
6.0$38& $% 2 , *'%

[ /= \
Pr-O0—=% CoHjg
\ Q -

/3
124)

0 .. % %2 . %( %. 3.))%
# ,"% $ 2%00 " %00 %. %% %
"% &0$S$ - N (7
6. 0% $ #0 F$%S * ))% %.
% %2- "% %' . %.%$%% 2(, %, " %

%. $/ 0% % .

eN$% ))% % . . %3 . %

L %.'2%. )2 %16 %. #%# ). . % %)
"% %# % R % & . %1GIM1%1 '1

*9).%) )%HGIDH 0 ' 1GIJM1%1 '1* % )19 MZ
%)% "1 %) ).% GJH % %2 .0, # %*

57



\.

I,- 1':.. Hg F}C .\".

| —
P—I—o—( >—ua Ha) .3

\ ;"3
(25)

(CH3)3 (CH3)5Cy

(CH3e—( ,}—C{Lﬂg}g
\
/ N/ / :~ SN

CH Lf C(CH
(CHa)s / \ ij— (CHz)3

C(CH;3); (CH1):C

(26)

4.% % - $% % %$ 2-6 .1
. %' $" %00 %.9% "0. % %%$Z *%
) )%  %. %. %00 % %# 3/
K9%( %S$ %) )% $% % %3$%.(% (% 0% O % %
%$% . 2 .# -%' %% 6.
I %0 ' % %# %

$%.(% (% .%$% . .2 .$6% $.' )1
)$% %$ $'- $%%O0" % .. %1
$% %. % " % 0'$ 2 Q% $ % 1
%.  %$ L %% %00 %. %$ , 0.1
#& 6%9%. " 3 % %0% $%%& % - $%
CH L, %, $%%3/2 " %00 %$ % 1
G# $% EDH

58



Rj /H R—,{.k\
N—O + ROOH — Nt— O~ + ROH + H,(r
R fr R.. ...r'lf
G* Z $% , - Z | QL& lEQun& 13vQmE
| 3;Qmid O

R;N—OH + R'O0OH — RR—CH=N*—0" + R'OH + H,0

[J QREQ% $% %. %. % - $% , #

% '$ %0

R2 .,#, % .%(% -% Y0 .

3% $%& .. 6%% . % % $
%$ ..-'$ R %$ & % $% %.%
'S *06%.(% %$%.(% (% .%$% .).$
0% 0% $ 0.#&'0%2 . & . $%
%% $'- . 3 %W '% R *r
% $% %. -%' .0% 3( 6" $2%
% " .%2%. %$*% # $% % / %0

HEQBE ) Y
F$%$% ,* .-%' '% . $%%.
$6% ' ., #, R, #, &*% ,0
& - %' %, %.'2%. % %) ..$ %2
S, Te% L, #, % S
% L H#, % & . -6 &
* %S 3%% *.. - %'
$% # - ' %%3( $ %2'% R% '
$6%% ' # .' ZI&I&P& .&1&k%
$% % _#, % %150 " %.
0. ,*# % G#$% EIH|

59

%

. *%

[EEN



ROOH + M" — ROO- + ]"-"ll“_“+ + H
ROOH + M1+ — RO-+ M"T + OH”

2RO0OH — ROO- + RO- + HyO

[0 QPET6% ' . % - $% ,#,
%%. . %S % (%S %. 3 "%G_* 1
0 " %H
CLS% H# - %% S %2 'S
%% %' ' 2%$% .. 1
% ., *% R *%%2 - %'
%, LM # & . . S% H%H 1
$%0 . # 2%00 % .$-"% ), %%
R# 12 &**% # % ' $- '$
3% % _*1/0 "% *% ''$ . $6%
V4% %% . $ % %S %00 %%. )%,
2$% # %% %00 % (
F%' '% %% .. .0 %%
C28% . %, $ %1%% G*.2% %1

'"H % 2% GINH& k&k1*% 1GL&D1 %1 '1* % 1Mb %0.B

. %H % 2%. GJOH& J&J 1 $ % *% 1'% GL&D Z %1 '1

*%IM1% $%% %.. H GIUH& k&k1G % % %% .
E&J1- -.% %. GLVH& "% "% %.' %$ # GLEH
.2 & 6%%& % . # GLIH $% % *% #1
%3 $

60



[
QCH=N—NH—C—C—NH—N=CH©

(CH3)sC 0 ﬁ CiCHy )y
HO@— CH,CH,C —NH—NH__¢—CH, CH, Qouz
(CH3)C C(CHa)s
-3
(CH3):C O 0 0 0 C(CHy)y
I [ [
HO CH,CH,—C—OCH,CH,NH—C —C—NHCH;CH,0— C—CH, CH, OH,
(CH;)C C(CHah
29
Cl, HOOCCH;\ /c H,COOH ‘cl) TH:COOH
CH— NCH;J‘.HN=C]—[ NCH,CH,N HO—C—C—0OH
HooccH;” NCHaco0H |
OH HO 2 CH,CO0H
30 al a2

IE )XJY Y J
M Vv

1" 3/ % %0% $% %& .%$% . . %$
$- " %00 % %00 % ( -1
%.' .. EN1(%#$% 0.% , " %

%$% . %%) % 6. VML . LW M1 $ )$%
% 3 % %H%

Long—term thermal stability

- (No melt—processing siability)

Hindered amina

Melt—processing s

Long—tern"é thermal st&:bilib,r tability

Hindered phenol

Long te rm%th ermal stability (No mérfﬁ'—pmoessi. g stability)

Thiosynergist (& Phenaol)

Melt—p:mcess ing stability

a 50 100 150 200 250 300
Temperature, °C

Phosphita
Hydroxylamine
Lactone
ce-tecopherol

(No .fcng—r%srm thermal stability)

61



b QSE " %) .%%$% . %% % 6. )%
I_I %-I

r$% .3/ .0 $%%&). %-% .%$% .
% - L # - “ %' %
%2 ' $ %% %00 %. %$ & - %'
% . 2. % % %) % 2 . EDV vl $
O %%, . %% #% $ 0.#& %
N R - %'
%.% %.9%.0"# *%%2 .. 0 R 2.
O L% " %00 - $%$% L ). %-% .1
%$% . % '%% 5% %.'3%  $.16 %. #%#
Y. $*%. %0 -%' % % '- .1
L # 0% %2 -$'%.%. $%
$-1 % . 0 . & % %.'1
3% . %$%.(% (%-%' %.% %% *% # %.1
% %) . R&*% ,0 & $
2, . $%% 0%$ % % - $%
- %
P2 %16 %. #%# %. - $%$  *./#1
0% WR %#, *%%2  $% % '0.%2 .1
EDWL $ ' -%' 6.9)$% *% %1
2 . 0.0 m$% O0$$'- 1
Y 06 27))'$% %0%.% % % %0%. . . .- %1
% 6. %' %.% %.9%. ')$% 1
*0h 962 % $*%. %0 % %) . | %0

P)Y% & % $% %. $. -%' %.
% - V8% % R 2 .
0 %$ $- &0 % - $% %.
%% % $%% % 3/ % m$%. . ‘%  Y#
O# %% %% 2. *$-%' %,
2. % %2 %% %. ' *% % P )% &
% $% %. $. -%' % %.%.'
- %, ) ., %00 % (). %- %

62



Y602 . 2%) %.9% /2 2 %. 3/ $
)%.% # R 7% %. , .
H ). %% .%$% . .$ 241
% *0% # %% %.' %
F%' % *% #%% % ./,'0%1.2 %. .
)2 %16 %. #%#). %-% .%$% . %.)%. % .
53) Ge % %.%&5 "H % %. #3$% '% K.

% %) -$%S 3/ %H% $%N& $) - %1
6. NS% %% %2 X

%' 6 )% . % % "(1/2
- %' %' . % %) ' $/ %0
RE ! W N

F%' '% .' %% - ' %.

") ' $%0 ., # . ,6.-$%1l
$ % %2 -$'%. .% %) , 0.
v F %' % *% #%% % %% ) 1
) ) )% %% % # %, #, .. 0+
% $% . $ *%. %0 3.9%#00 # X%3
3.9%#00 #$ *%. %0 %6 %%. 2. %% % 1

S %, *$-%' % *0b H%% % 1
% % %) ..). %% .%S$%. % % %.

CH L% $*%. %0. % 3/ $
P.&))%  $. %% .%$% . $*% % O

VW% % ' '* . R $%&* .%S$% 1
%% 0 ( *% #% ".%2%. %$%
- %' %. *U% #%% %. *% 1*% %. . 1
. % 3 % 73 - %'%. .3%2 #%% % 1
% 6.]). 2 *% #A ' )$ 1
.0 & . )2 %16 %. H%# % % $%1
%. .%* %.3%$, #, .% %) . G * 1
2) .. ))% , # HR %. % bt
*$ 2. %% % 2 .-%'% 'l
S %% . )% )%2 % ' # 1

63



% . %#, % #% %% % 0% %. . R *%#

L %.& %) %. - % N%. . %* ' - %$
"% %' . 3.%#% %)
REQE ! h L UL
" %) ".%2 2 ) %00 3/ .
%$% ., #, % 3%$ .,% % 4%1

J3%$, #, -%'% *% .%$% .. 0101
. 3 %0% % ) %.%. (%. %* .
0$$ %00 %2 '% R# /2 & %. 3%$"))'$

%$% . . %% )N$%% 0% %S $' -1
% - $% ( .. $ *%. %0
- $%$ % %) '% .3.%#00 # %.3%$, #, 1
. OK-% %'3%$, #, 0% $. % 1
C$& . HS% . %.)%2% .%* %.%. 6"
2 *''$ 0% 6% 0 % O R
2 . %) . %% %H# ., .% %) .
$%& * % $%%- %' ‘% . %#%
- %3
REAE ! L L UL
A%S% . , #, ..%% 2 .*2.
NS %% NS . # &0.% .%$% .
Y0 1%06%. )% % 3/ % %  &-% ' 1
"% . "% # % 6.). %% .%S$% . & %$%1
L% S$S % # % )2 %16 %. #%# %. 1
%t % %2 -$%. . % %) 'S S %8& *
- %. %- ' %* % % %) %2 . ../ 1
20 % . "% . %#, *% %0%.% 1
%.' %% m$%. .%$% ., .3/ %. .3
% # % . % %) 2 .- . %%. . $1
$ $%*% .%$% . . $% # % . %( %. 1
# oL H% "% %HY% $%& * 1
%. ,# o, % 3% $ $-3% % 1

64



# 3 % % R. %. %$

%% %% $& %S $- $% % $ % #1
%. .6" G#$% EH R .,.%2 % 1
, 6 O0"# ) % /0% $%° 1

6 )%, | %0 #$%. ,% . #

X%3 .,% ,#, % *% ,0
%' R.' m0% # "%
3( # O . % ,  $%& *

%$% . $%0 % 6'%%  (*

S H ., %, . . %% . %$ % 1
# %% %00 %.% '6 % $* *% # % - %' %.
Y% # %- '%. .$. #

PE ! M JJJWL

F$%N$% ,* .- %' "% . % $%. 1
)%2%$% " %% " 2 . ', -%'
o020 % . %. "
L% $% . % **% R 0 %3 .%%$% .
6% %- %" "% . *% %. . ..%# # % %
*%, ., %. .

PEQE Y J

K$ % # % %( $.G$%3& &
2H$% # - ' %% 3% $ 6.Fe FF 1.%.
%. '2%. . . .. %20 %0 . #

o .. * # o,
%$% . GIV&VEdH . X 0$$,

S %'%. . #$%. ) # ..
. $ %. 0 $6%%% F %' '%

% 0" % 0% % %, .

&%' 6 )% . .%$% ., # .$ - 1
L%, ., 6% %

A% - $%$ - % )%. '$ 2%0& "
0 20%, . /$ - ' %2 .LW M1 $ -1

65



2, *% R2 .* %# .0 2

, =% . .12 0.. G*#, 2 & % $%.
$0$ % ". . %' $H .3%.%.
0%# %.%. , # . %$. . % #

Y #9% R % # 6.))% .&

%1GJ&M1 %1 '1* %).% H) )% GIJDH 0 *% 1GI&M1 %1

%).%H -. "% % %) )%%. $ '% Z L&D Z1%1

*%HIM1% $%% %. GIH$% %). % % $% .1
$*%. %0 ..% % '$ R

- % Y%. %. ... ' # %%. . ,

V&VELl .V&D$ d1$, , 3/ *%

Fo% %. % 2. %%# %% %' _ $
6.' 1% ' %'GL&D1%1 '1* % 1IM1% %.. HS '1
.GUH G ,.$ EVEVH $% % V% . %$ %l

% %) . S%&* % *%%2 -$
%. V&GE1 .V&D'$ d1$, .

0 0%% # . 6. $%*%. $1
$ % # % . %.'3%$ *%%2 , # .
% %) .

EMYL FF1.% *% #%% % 2 . % -1
$% %. ( .G% % % %- -%. & Xm5X  FH
GLLH  %$ $- ..G,.$ EVEV&UL( *% #1
H'0% " % %) 2 . ..%.'3%$ *% #1
%.)$% 0.% ,ML(( '% %H#%]

&

1
1

S(CH,CH,—C—0C;H;s);

(33)

JVJ IE F %- %'%. EMM1 $% #% %(% ' $ %1
0 2 .)2 %16 %. #%#). $$ $%* % .1
%$% . .$ %. 3%2

66



.. $ EVEV& | Xm5XF&$ d . $%0 / &
$ d 3.
V'V VL M
VE Vv El
VE VL MD
| .3/.0 $%%& *% .%$% ..
%%. . .. % *% # N$%JIV3. #$% "1
%0% & * .%$% . .*%3 %% .-%'%

)%2 )$% MD 3. $
K%, ' )2 %16 %. #%# %. GQAm4H %#,1
% #% % O0.#& FF1.%. )$% ' %$% .%$ %1
0 R $%& $%*%. J&M&I1 %" 1E&L&D12%.
JEMEML %' % 1J1-. %. ) ,'. % GLM1( *% # H
#0. k&k 1% GJ&IEIL ' '% IM1-%-' % %.% H 1E&I1
'S % %. - %' *%%2 ..V&Dd %, 1

% 6" -%- -%". '% . EJV M'- 1
* % "% % H# %% & $% # .
MN3. 2%. , ," %00 %. %$% A. +%#1
% % )2%16 %. #%# L&D1 %1 '1* % 1M1 %l

% G%.&E1(%*% #H '% 0 .2EM3. 2%.

’0 ij*rf

J/ N—i(_ Hziﬁ—N_"
"' C CH'}

A—C H,—C CH,

H3 LLH:.,
34

67



% "'$ %$ .,% % 6.%2 0 %0'%% %
$%% *%, ..-% Y. % $( .%$% 1
0% & ' '2$% % Y% # %.

"%0( 0 Q %$%& JO  JU *% # %
2$% ) $%0 *%) $%. .%$% .
A%$% . IN& 6%9%.8& %% )$% '2$%
L &-% Y%. 6. )%, .%$% . -3 %.

% %)
PEAE J
F%% %.0$$ " - 0% % "1
%$% " %$ KHQp K KOh #
6%.%.& %.  HH#L1# . #% . # 1
"% - $%$ 3.%# *%%. -  .0.%. "1

%) % & & *%,0 * 1
$0$"' %0( O 7 *%00 -% % %. 1
% # %. CH%* .2 %, %#
7 "% % & %) %$- % % ZFAIL.. FAME&L.. FAI&I...
FAEE.. FAEJ .2 .$6%%% F % % %. *% %0%
) $% )2 ... \.$% 0 .2
* %%$% )$ - %' % 0 $%3.%. %, %0 .
2 "0
A %S-%% %) %S-% % %* .
% % - $%$% , ‘% # % *° 1
%
A%) %$-% % 6. ..% *%%2 %
2 0 5%%S$ *% %2 % '% 9% %.& O
x 2 .02, ., L % G <DV-H 1
CF% % % *% # ".9%2%" $
0.# # A& "%% ,&'S$

$%&* ".%2 ' %. % % -"$% %. $ %1

%% . . F% % 6. *%%2

-$% %3 - %' 6.0 '0% & % 1
% - % %. /12 %% - o' $ %0

68



$ %2  $%% - o %- %0 . # %
% N$% 0 K. * G- % %

6H O )%G-%Y%. 6.H%# % % %$
S %'%.% % " %% )$ .. 0
% 2 L& % 1

- %'%. $%*%. 00 *% $% G .&*00(
% %) 2 .H&* %% & . .)1

)$% %0%.% ,* . #'S +% . #
A %S % % 2. % % %$6"")S %
*0b 062 L*"0 & . %00 % 1
( - %'%. .3%% 0%#% * **. | .
- % % *06,% % # % 1
#
P. %% .%$% . .*% % - %$.'.1
%0 '$%0 . .3 %#H%. % %& . #
S % % %.  $% .3%.% ' %$%
"% %0%.% 0"# # F % % " %) *%% 2
% ' 9%.%. $'0)%00 % D1(% ( 3/ % %# %
JVJ REF % % " %) *%%2 %' %.%.
% %) %%. .$ % 6 #0.( %
A %S$% . Y . $ \ 0.
% ' %
%f % B F % %. .3%21
2 %% %G .3%.
GPEDIHO$ $ 0%# %H
Y% # N$% | 1# ) $.1
$ - %'
A2 %, % .00
2 S 1%- .1
% * 1
A %3 W2, % F % %.
%. % % 3%2 #%% %
- %'%.0$ $ G .3%. 0%# %H

69



%2 N$% | A %S$% . .
0$$ 2
P % 2 %, 1$$ -
. # %%. )'$ %
# -1 0% & & 1
NS % % % %. , * |
w2, 1 6 *1* ../1
2%. $% 3% | 0..G$-H 1
*% "0 "% % % %.
PEHE
%)%$ %0 . #H-%% & . %
$% %$ FA& %* . *% | . 0 $

* %S$% . . ‘% % *

F41%. . .. *% #%% % %
L% T 20 )2 %16 %. #%H ). %%
%$% . . # , , ..GV&E $ dH
% %) .

4% $% % % -%' % JIVML. O"
o %, 3%% % %%

Q6. $%& 3%% % % $% # - ' %
xR0 K 068 $%.& ). %% .%S$% .
) )% %. $ *%. %0 .. %* 00.

( -%"%. .3%.%. 0%# %.%., #.
I *0 F41%. $%*%. 0 # * 1

%. $6$ ), % .. & $% #%%%
' $%00 A%S$% . 2*0 1
F4 0 -%'% . - '% & 0
S % H# . LA %S% .
- %'%2 %0 - '% 2 . - %' %.
3% F41%. 2 *0 Y% 0
0"# ms$%. * 2 .))% % - %' # .%.
8% %% % % L, # ., %%. %( % - '%.

$%.'%$ . )%)$ 3 %' %

70



A% % %* %'. % -%'% % . $%1

% % ' %0 # . LY %.$61
$% , # .%(% . AS% % %* % . %
S % %%, . .. . ..2 ..
&$S6% % $% % % - %' %% " o)
Y * , # R  .%$%. $6%
)2 . $% #% %% - ' %. ., # . ,
L% 2 -%'%.$,0 %0
S % L A%$% . . %! 3%$

$ *%. %0 Z)2 % %16 %. #%#).. GV&IDS$ dH
%)% GV&D $ dH  0"# 'S . 0%#
' % %

PEIE Y J

F% %' $%)0 , *% - %' * &
' 0$% %# - '%. 2(, %, G 0 '6
* H .%$% . % * '% R2%

3%. 0" # % " . 2.
S % %) ) )% . F % %" N1
L. -%$.. %0 2 . %' '0.%
2 ) LFH %% # %, . . %), %
0 %'%)) $% % *% # . %
R %% 0% .'")%$ %0 $ %2 .., 1
% G..&, 0& %$ 2 HS$-'$
3% $ 2 # % . % $% ,- .
%' %) . 3 % 2%.0 A1
H-%' % %%$ *% %0 % .3 %$
F% %.% $ '$. 0$$ %,
$* % 3. % L& %% 1
, 0% 6" $% #% %% ' $%00 2
, Y%, ). %-% .%$% . GV&VDILV&E
$ dH ))% GV&E $ dH $ *%. %0 % 1
0% # % % %

71



PERE w

F%$* ' $% #0 .%* & )1
$% #0 6" bl 92 1
%$% . * - %' 2 % .3
0$$#)) % '% #. - '% 2
C3%. ", % -%$F. ) )%
GV&E$ dH

00. .# $%&- %$*. " .
Y% %S Y% % .). ), %.%. %,

Z*),. ., 6" &-%'* %
L2 % F%S*. .. ) %# 1
%2 . # 0 0$ %2 .. % %2. %% 1
¥ - % 6" R **. % %1
) L) )% ' 6% %%  $%&) )% # .
$ % %S %, 3 %% %.

PEPE

F%' ' . %% . 6"'1
S %'%2 %0 - ' %. 2, 0. . 1
B O$%& -%'%2 %0 $ '$0 2.(%%.
LFHO %% 0, # . %H% S %
$ %2 . R.. &- %" . 1
% #%% % ' .. *%%& . ,- . ( %
.0 %$%#).2.(%%., . 2% 1
$6. .' % "% '% %%

X-%'%2 %0 - '% $ %%$- ' %&*1
$%&*2 . 3.) ‘% ., -%' %.
-6 . .% %2'.,# #.$%$% 1
#% F % ' L. L $-2%%0 . 1
% #%% % 6.) '%%. , # # .§ 61
%.% (% ' .*% # & 6%.9%.). %- % .%$ %1

*%, ' % %

12



PESE

F%'. . $% #%%(% *% %0% . .0$1
$'% % $-.% %2 %. . $%0 %
*% %. . %00 % ( R $%& $$ *
- %)% %. 0$%$ 'S % %. / %. .
7 S %)% $%*%. .
S % .. % % 4 - %)% ) %
% %. H# . %', -& % .
S % % - $% ., $% #% 73
%.3%*% # - &0 # % “$% $ %

0$$ 'S % %2 %. .'$2" %$ '$%0
C%(%. ‘% . # %' $%0 .3 %%*6 "

% P2 %16 %. #%# ). GV&I$ dH % $
%. %. GV&E $ dH , #, & & - %)%
%' %. ". . % %) .. *% %2

Ko -%'.. 2 .. - "% 3/2

% 3 '% R *% %2 -$% 2 %,

, # % 03$%$'$ %  %. $$ *
S %)% %. % %)

PETE -
F%oO0 # ' $% #0 6"
R% ,0 & *%%2

- % % %2 %, %

$.%2 %0 - '%. . .
Q6%%. -%' % 3 0. *%%2 . .

o HUH % $% G%. & .%S$% . EH& J&AMY% 1
G$% % '%HLI1' %). & ME&M 148 13% ' % *.2% H
%)% %. G.%$% . EMH 0 ))% .& .&
%G. .%).%H) )% G.%$% . JIMH V&VEL . V&DE

$ ., . % %) L% 3 0%(%
0602 . . kK1%2- -% 1k1)'.% 1-1)'.%". % %.
G.%$% . LDHL . #%. % ' . % %) . R
%$% . 0% 2. 0" .%2..

73



, .. $.##$6% 0%, %%. .

6 .)$% ,, 0
CH-
- f‘lf—‘ f'f{:
CH,—CH H—(\\ / —(\\ /
(35)
r%. %. /$ %0%.% , . % % %)

85 %%O0" 6$% . *% %2
"% 3 %. 5"%%$% * 0.

& LS diI$ %, L% 2., $% %0%.
% %. %-% *% %2 $.# .
*NH %HS 6$ "% . . 73 %.
%-% .%%% . '*.-%'% 3. %,*
"% %# . . 0" &* 2 .%$69%

.. % 0 30%% .%%$% . .
% %) . R -%" #%H %N # EL

% # EM1 3/ $ m$%. * .%$% .
%2.. $% %0 %$ '0%
A *% .0%6. ,, .&$%3( %.
G %$H 2%.* . 2 . . % %)
$6$ ‘% .. *% #%% % 6. 0
*2%. '$ $%00 % $% . . $
%% T *% 3. 2 . $6%$.
0O# '$ $%0 ..* .%$%. %
, %$  %. %-%  *%%2  k1).% 1K1
G ).%HL-1) %" % %% G*% # LH 3/ $

<j ~/_\>—NH sn—-{/_\f

(36)

74



4- %' %2 %0& %)%$ %0 0 ( O %
%$% .. ' $%O0 % *% # %&  *%1

0 $6% . % #%% 9% - *'%%. %

0 . 0" .% '% R %.% % $68$..

- %'%2 %0 2 . KIGM1.%%.).%H ' $% % %.

G*% # LNH % % $* % 3. )%. .
'$ $%00 ,# 0$$ *% %0 %NS .%$% .
*$ -%'%. . .3 %%*6"
O CH;
{ y—w—  H—nn ﬂ'—tl'—c'H
L‘ ”rjﬁ_ w | ]
(37

5 %$%*%. E&QD$ d$%0 %0 *% #%# .%$% .
LN . *06# %# %.% % $6%$ '. %%
'$ $%0 . . %%$%. $6% $% #O0

. UJd1$ "0 5 8%% % %$ %.
%-% .%%$% . .%* $6%& &I #% # %1
)% %. . +% %# . [2..%$%. . %% # % %(%
*% %0%.% 0 .2Md "0 *%% '$ . )% %

A %% %. %-% .%$% . .' 1
' %. '$0 2.(%% $%0 % # . .

0 $6% $ M1G'$- ' % H %).% %.%.
G*% # LOH '%'- -%".%'. $6%. "% %
*$-2%%0.) .., # ( (% 2ED %,

%. EDV M '~ , H# . %( %.
* %% # .%.0N)%2%' ' $%0 % ,*% #%
= I
—_— f/:\_ | ) I
\ J}—NH—(\\:\ )NH—C—CH,sH
(38)

75



R' % |, # . %( %.

" %% ' %% % 2 *
C%( %. - %' 2.(%%. % $% . .
$ $0 2.% # . . ,( . .
%$ , . 3 %%

PECE_ V. X J
F %%%" % ol % $% #% %(%

Y % . % %$ " % 3 % *"1
0 &' %$% % ,# 6" 2  FjSL..
' %%$% ' $%0 ‘% " # '$%0 . **

- %'%., . %$./* 0 .% 3. 1
" % %. *% # % %(% %S$ " %00 %. . R.. 1
& 12% FiSl.. *% #%% % 6. .%$% 1
H% %% %$).$%0 . 0%. 0% . %% $% 1

7" $%))% &FjS 6. ' %$% *0 962 1
-$'%.%. )% .%$% #%%%$ - .. %.1
%% 0
PEQBE& KLVJN
R.2%. % %0 0.(, .. $%*%. " .1
% 2%. . $% #. .%( , .*% 1
# % 6/$. 3% .0 #*% #
T*0% 3.%.)" .. *% #%% %

6.J&M&L1% "% 111 '1* % ). & J&I1 %1 '1* %1$'2
G*% # EH& J&I1%1 '1* %). $% % %$ $'-
D1EV-- , ,%."' $% #% % %#- ).% %1
%. *%, .

(¢, 0 .$% # %. 3 %%*6"

%3 )$ ', #, 1.(, O
$% . . 0.0. %% $ %%S$ $% %0% DIEV -

., 3 . k&k 1 % % % % '"1E&J1 % %. - -.

G*% # LVH $%% ' 2%$% .. % %)
' 0 # *% % 3 &

76



%  %. *'.2%. %$ % 6.0 $

0 . # % ¥ e"

& %S -#% % . .2%$ 0
, Y & S%3I%& 2 $% %% M.%S$
20%,%. % %. 2 , R **. $
0 .. *0%b #%% %. *0S$ %, 0%%% R
6. %*. 0%$% ., , %% (% ( %
%$% . ES$ dl $)2 %16 %. #%# ).

%S %. , # ..& & $% #%% %#
%).% %. ).%1lal)% %., # ..  6%.%.
0$%, , %'3%&ES$ dl , %$% $
%%)) G*% # LUH , # .. % %)
4%$% $% % %)) 1'$ .' % *#'. %
$- M%2%. . $% # 2.(% %%,

%$ . %S 3% . % - $1

% % -6 0.6").$%0 (2 .%%$% . 1
. €0.%2 . & .%$%.LUS 2%0 %.3%*%
00% 0, # # ).$%0 .0%. 0%% mS$%.

L, %00 . .. $%*%.%.. . .
2% 0.$ %2 2$% #% $,*% %00 %.
% .. % . 0.
. . V&E $ d, , *%% % $%)0 .$
2 %0

I I
RO—P—S8—Zn—S—P—O0R
OR OR
R =C;3Hy, CyHyy

(39}

77

%

%1



SE/ L

SEQE J

Fo%' % $% # *% %0%.%. oy
$6% % %.%. " %) ' " %) %
C%( %. - %'%. $%*%. *# ' . 0%#%N$ %N &
)%2%%$% ' "%$ G%2 H o, & %$% 0 */ . PY%B$%
6' % ' %$ 'S 63$%%& '$0 $
-0 . $% ( %.%. 0%# %& ' '%$

) %0 %  .3%. 0%# %& * ., .
3 % %S $-%$ 6 . %% - %'%.
e % %2 P%2%$% ' %S
6% % %0 .%% % 2 - . .,
A5l $ . #G &, O ,
%& 2 *0 &  .3..%. %.'.% %0%&
$% # 9%. %. $%0 / &' #$) % ,( H
L % "%, ! % 2 .
$/0% % - % m$%. % % # %%.
$% # *% %0%.%.,%0 .%% % 2. %
$$* %00 .- . *'% R
2 . $% # . %( % -%'% " * .
2 .t % % % Yot
L % %) L& (& ' %#
I 0$$ - '$
- T% % . # -
- %" %, %% %H# ' (2. %
% % # %% - %'%. ' *% %0%.%. 0%.%
U % 0 R 2. " %) -
%. .% %) . $%&* $% #% %(% ' $ %0
%.%. ' . A% ,
. -%'%. -6 . %% %% .
# %% 'S -0%0 ' 0 %S$.
R2.$.$' ., '" ..-%'%.
" %.9%. 00. %00 2.
G &% $%0%& /$ %S %% ' ,( 1

78



2 . " %$%0%.Dvd ". HA '%

L, 02 3% m$%. .2, 2 $%& -1
%' % *#'.' -' $%0 , 1
$$* .. A% 1- %" %.
S L %%z 2 . 1
%00 % ( $. 6" *% '$ -0%0 21
(% % )
F%' '% .''%$ " %% 0
2. 3%. 0%# %&- , .% %& ,.# ..
& 0 .0 . & %. . % %&
%&- %'%. # 'S ) $%0 .. 2
6" $ % 3 %% %0 .%% % Y%

(%00 . % %
P%2%$% ' '%$"  %.,%0 .%% %2

2,2 $%&  %. ( %.%.
- %'%. $% # . $%& *
KR *" 0% % .%$% . % $% %.%. *#
' 0% %
7 0%$$°'- - %'%. $% #1
% 2 . $%3.%. L S% #

% %0%.%. 0%.% ' 3.%# *%, %% % R
6"32 . %( ' $%S$.. %S%& $%. 11

2 %3 0.# & &$% # 2 .%1

$%0 / .. 0%.%& X5A Sm . .% %)
W . $%3.%. (%.%. /6 %. ..

'L %96%2 . 00. ( $%3.%. 1

2 Lt $% #%%B% -6 ... (1

%.%. 3/ %% % % - %' %. )%2%$%1 " .%$% " %.%.
0%#% %.%. %% $ '0 %0 . 2% . *%
m$%. * %- ' %% .. - %'%.")$ 1
% b %.% %0 .% $ 6.%%)0 1

0%

F%'%. %*% $% # *%%0%.%. /0 .% 1
%. $% # .%. %. $%0 / .. 0%.% .
3%H% %) . R (* & & . H# %l

79



%. &*% ,0 &-%'%. % '- ..
0$$ - $% #% %% $% % $ %3 .
%% '$ - 0" $ 2 $WK*
2. %% %% *% %0%* ,*( .
'$6.,* .20 & "% 1
% %2 %' %.%.-"% .%$% # $% % 0%.%.
210 % %. 6"0 N)'$ % %

S% 'L%0 .. *%% % .
(* -'0" .2 .$6%%.% $% 0
[ .3 - $-%. B, H#$% %
S'% %. . %0 '0.% )),%00 - %'%.
' $%0 .. K# . ( %. $% #%% (%

. %.%8."%0 G6 % H2 . % %)
% K$% # 2 "% %' # L1

%% %0% 3 .- $% % %, . 1
L% % - %' % *H'.$% # -1
%.%.%.".% %$'0 .. 0 4.EV% %$
Vol %+ 2 . #* %, 6 - %'%. $ % 1
B0 %0%* 2*% 2 . Z  .%% %# "1
( ) a2

$% # %.%. $%0 / .. 0%. .1
# % 0% $% #%%0%,( .. ' # 1

%%. 6" 0.# ## % 6.%0 %
)0 "%

SEAE/ N
0 . %% .. .%$%. .
0% % "0% .,' % '%0 /( R'
* %0 ' % . . 3%# 00 . .0
-3%3 . % %) .. X4K5 Gx.%. 4% %.3
K,= b= }abH . 5 9%. %00 %.). 1. % 1
%. Y%, % %2 $%% % %)
. % % /| %.9%.%#% $ % EID&D M1 ,21
%."% , # ) 2 1

80



0 [ ,, .6/%. %.%.

3 %.&/12 0. # %% %, ...
. . .2 . 5# ., 9%9%. V&M
,TKQf, %0 %. 6 2 .* .. % '*
. R"' .$6. $0 . . 1

% %$ %. ' ., . . 6"$% 1
' %0 #  %H% B . " %) *%
0"  .$'6%

of % . * %0 '%. .*# $%*%.
") .%$% . .0 .$% # *%%O0%
%. 0%. '% %. '0% -%' '% 6.%
%) .. ., %%,

F%0 0  *% %2 $%% .%$ % .
)$% %0% $% $%3'.%. 00. .
$/0% % % - $% % 3 %.
0%. ' % %

% %.%. $%*%. $% . % $% .
$% %0%.%. * %.
0%.'% %. & ., .$6%% .*% # O .
(. 0"* $. 3 .,"..%"'1
% %0%.%./6 %. 3/ ' *0,

TE! JVIX JJ

N1

F%' "% . *% %0%.% %. "' . .%$%1

$ $- " %3 $ % -1

$% % %$ 2-6 ,,*% %00 %. . *#, %l

3 % 0 e)$% %s" %. . 1

%$% . ,# . 6(.,&0.,& .3 *% %0%
)%2%$% ) & & ,"& 0 0%  $%% "
"% &% % .%$% . . *

0

81

&

e

&



TEQE< K L

A %% % *0$ $ %00 % %.% .
2 . - %'%2 %0 %. . . - %'

e - "% - %' . .3
) # - '%. $%% '% % .
% %%$ 0% % #% %%
% % O 0 $6%%% R %00 2 . .1
%$% . ...%%% # $% %0%. %6 % 1

- %'%. $%*%. . *" .

R ** . % $%& $ .0 %% .%$% . %.1
2 . & %% W0 ‘% % %H . %% $% &.1
% 0% 'S S % %S .%$% . 1

TEAE<N L

A%S$S% . -%' '% 0" 1
7% % &-%' % . . %1
%0 3( *# '% R% 6 " . . 1
%$% . -%' '% 26", '% . .1
3%.9%. ,.# . ** A %$% . .2%S$-
#$%. - '%. %. 0% $%&*  '% -1
L2 R K 9(
“ %' *SH% - %) # - $%0
6.0 2 #

TEHE$JhJ V L

A%$% ..-%"%. .3%% 0%# % 6"

# %% % R'O$%& * 2 .2 $1
% #9% %% 6" %  %. %.$%#) $% % ,%0 .%%
R2% .% $% . % "%* % - %' |, #. $% %
. 3%% 0%# 0 '0%% R2% %% $% #%l
%% % - '%. .3%. 0%# %. ** R2.

2 .2 0%# % 3%2 $ 6.-%,. 1

82



. % %) . P%& %, . %$% .

0. .6% . % %. .- %' %.
:3%.%. %00 %2 0%# 9%.% .
*0% %
TEIE]
\" %, 2 3 % ,# .
L% . %$%. %' 6 . 0
* #$%.  $%) . X 0 %%# .1
%$% . -%' ‘% % O"# , #,
6.& %3 '.% ) $%% %' 6 6.
0% ,$*'% m$%. - %' .0%. "
%- )  .%S$% . * , L1
R.. **6* ) . %$% . . * #1
%% %# .%S$% . 0% - %'%.  %. %
- %, L %%, #
0% %.' %%
TERE. VJLX
% % % . B %&  6%.%.
%, % % %) .. -%' %
$%*%. $% .%$% . 6.
)$ . *%% 0 . ...," . *2% . % %$
%2 . 6" % # 0 .
% . ", %0 *% %, %$ % ' $
%% %00 %. %$% R. 3/ * .%$% .
6. ,"0,#6" * 0
TEPE- h VJJ J Y
A%$% . . $%W%S)$ .. *%%
0. 2% - .*% ' ., . 0"
. A2*# .&.) 0 .&3/2 % /1
0. #. .%$%. . $.'3.%0% 2 %.

83



' - A%S% . . 3. $% %0%.%. 1

L $6%% %t % 2 - 4., *0 6
0..$%%.2 . % $.%$%..-%'1
%.  $%*%. . % % '$ $%0 . %( %
% .. $%*%. 0 .., . - R 2.
%$% . ', , 3 $%& & *% ( %

"4 L %% % - %'%. $% *0/.1

.00 *% %. A.%$% . .$.' 3. .%$)$
. % %2%0%.%. *%,% 2 % X.0 4.1
4% "% I (

TESE *L KJJJ YY V

4 %% %2 . *%,%. %% % 01
D% . %S$% .. ' %H . # %%%. - % ' %.
VE% % # % 6. .%$%.. %.

% %) %.%. '6% % % & 3 % #0
% ) %$ % %) 6. Z % , * 0
Y.L 2 L # % IS %1l . %$% . .
I 6% %% $%& - %'%. *% # %
% * "( 06" .R2..%$%1

%.% $-.# G$-.. % -

CHH L %. - %' 1
%. *% # %% %.' $6. * . F $%$ 1
& & L. &, ., 8

2, $%&*  '% %% % ( .,. %
"%

73 "% 2. % %% 6..2

& &3 % '% '% . . 'l
*&$* S %S )% % 6. %2 0 %0’ % (%
"% &, 21* $ %Z*2 ..%$% .1

%% 'S %. %t %#H  %.%. %.

% %, %. '6% %% R % .%$% . 1
L% %) % % * " ( 2. %
*0% ) %00 % % $ - %0 .

84



CE*

Y J UJJW NN N

Ahmad S., Pawelke B., Zulfigar S., Habicher WiN&w
stabilizers for polymers on the basis of IPDI protected
2,2-thiobis(4-methyl-6-tert-butylphenol) and hindered
aminesPolym Degrad Stab 2001; 72(1) : 47-51

Allen N.S. In: Allen N.S., editorDegradation and
Stabilisation of Poly- olefind.ondon: Elsevier Science
Publishers Ltd; 1983; ch.8

Allen N.S., Edge M. Fundamentals of polymer
degradation and stabilisationChichester. Chapman
and Hall, 1992.

Allen N.S., Ortiz R.A., Anderson G.L., Sideridou I.,
Malamidou E. Comparison of the thermal and light
stabilizing action of novel imine and piperazine based
hindered piperidine stabilizers in polyolefin®olym
Degrad Stab 1994; 46 (1): 85-91

Allen N.S., Zeynalov .B., Sanchez K.T., Edge M.,
Kabetkina Yu.P., Johnson Eomparative evaluation
of the efficiency of a series of commercial antioxidants
studied by kinetic modelling in a liquid phase and
during the melt processing of different polyethylenes
Journal of Vinyl & Additive Technology 2009; (in
press).

Al-Malaika S., Scott G. In: Allen N.S., editor
Degradation and Stabilization of Polyolefinsondon:
Elsevier Applied Science Publishers, 1983; ch.6&7.
Anacleto J.F., Boyd R.K., Pleasance S., Quilliam M.A.,
Howard J.B., Lafleur A.L., Makarovsky Y.YAnalysis

of minor constituents in fullerene soots by LC-MS using
a heated pneumatic nebulizer interface with
atmospheric-pressure chemicaCanadian Journal of
Chemistry — Revue Canadienne de Chimiel992;
70(10):2558- 658

85



8. Antioxidation and antioxidant$ New — York — London
Terscience Publisher, 1961 — 62, ch.4.

9. Arsalani N., Geckeler K.ERadical bulk polymerization
of styrene in the presence of fullerene [6Blillerene
Science and Technology 1995(5):897-912

10. Bakry R., Vallant R.M., Najam-Ul-Hag M,Rainer M.,
SzaboZ., Huck C.W., Bonn G.K.Medicinal
applications of fullerenes.International Journal of
Nanomedicine 2007; 2(4): 639-49

11. Belz T., Schlogl RCharacterization of fullerene soots
and carbon arc electrode depositSynthetic Metals
1996; 77(1-3) : 223-6

12. Bocchini  S., Frache A., Camino G., Claes M.
Polyethylene thermal oxidative stabilisation in carbon
nanotubes based nanocompositBsiropean Polymer
Journal 2007; 43 (8) : 3222-35

13. Borghi R., Lunazzi L., Placucci G., Cerioni G.,
Plumitallo A. Photolysis of dialkoxy disulfides: A
convenient source of alkoxy radicals for addition to the
sphere of fullerene C-6Qournal of Organic Chemistry
1996; 61(10) : 3327-31

14. Borghi R., Lunazzi L., Placucci G., Krusic P.J., Dixon
D.A., Knight L.B. Regiochemistry of radical-addition
to C-7Q Journal of Physical Chemistry 1994; 98(21) :
5395- 98

15. Bulgakov R.G., Ponomareva Yu. G., Maslennikov S.
l., Nevyadovsky E. Yu., Antipina S. Mnertness of
C60 fullerene toward RO peroxy radicals Russian
Chemical Bulletin, International Edition, 2005; 54(8) :
1862-65

16. Bystrzejewski M., Huczko A., Lange H., Drabik J.,
Pawelec Elnfluence of C-60 and fullerene soot on the
oxidation resistance of vegetable oil$-ullerenes
Nanotubes and Carbon Nanostructures 2007;15(6) :
427-38

86



17. Camp A.G., Lary A., Ford W.T. Free-radical
polymerization of methyl-methacrylate and styrene with
C(60). Macromolecules 1995; 28(23): 7959-61

18. Cao T., Webber S.Eree radical copolymerization of
styrene and €. Macromolecules 1996; 29 (11) : 3826-
30

19. Cataldo F.On the reactivity of C-60 fullerene with
diene rubber macroradicals. I. The case of natural and
synthetic cis-1,4-polyisoprene under anaerobic and
thermo-oxidative degradation conditiong-ullerene
Science and Technology 2001; 9(4):407-513

20. Chasan D., In J. Pospisil and P. P. Klemchuk, eds.,
Oxidation Inhibition in OrganidVaterials, Vol. 1, CRC
Press, Inc., Boca Raton, Fla., 1990, pp. 291-326

21. Chen Y, Lin KC.Radical polymerization of styrene in
the presence of C-6Qournal of Polymer Science Part
A-Polymer Chemistry 1999; 37(15): 2969-75

22. Chi Y., Bhonsle J.B., Canteenwala T., Huang J-P.,
Shiea J., Chen B-J., Chiang L.Movel water-soluble
hexa(sulfobutyl)fullerenes as potent free radical
scavengersChemistry Letters 1998; 5: 465-66

23. Cioslowski J. Electronic Structure Calculations on
Fullerenes and Their Derivative®©xford University
Press, New York, Chaps. 3-5. 1995

24. Costache M.C., Wang D.Y., Heidecker M.J., Manias
E., Wilkie C.A.The thermal degradation of poly(methyl
methacrylate) nanocomposites with montmorillonite,
layered double hydroxides and carbon nanotubes
Polymers for Advanced Technologies 2006; 17(4):
272-80

25. Crecely R.W., Charles E.D. Analytical methods for
additives in plastics.In: Pritchard G, editor. Plastic
Additives. London: Chapman&Hall, 1998. p.26-31

26. Cremonini M.A., Lunazzi L., Placucci G., Krusic P.J.
Addition of alkylthio and alkoxy radicals to C-60

87



studied by ESRJournal of Organic Chemistry 1993;
58(17): 4735-38

27. Dexter M., In: Kroschwitz J. I., ed., Encyclopedia of
Chemical Technology, 4th ed., Vol3, Wiley-
Interscience, New York, 1992

28. Dimitrijevic N.M. Reaction of trichloromethyl and
trichloromethylperoxyl radicals with C-60 — A pulse-
radiolysis studyChemical Physics Letters 1992; 194(4-
6): 457-60

29. Dimitrijevic N.M., Kamat P.V., Fessenden R.W.
Radical adducts of fullerenes C-60 and C-70 studied by
laser flash-photolysis and pulse-radiolysis. Journal of
Physical Chemistr§993; 97(3):615-18

30. Dixon K.W. In:.Brandrup .J, Immergut E.H., Grulke
E.A., editors. Polymer Handbook. New York:
JohnWiley, 1999; % edition, II

31. Emanuel N.M, Zaikov G.E., Maizus Z®xidation of
organic compounds Oxford: Pergamon Press
N.Y.,1984

32. Emanuel N.M., Denisov E.T., Maizus Z.K.iquid
phase oxidation of hydrocarbonSlew York: Plenum
Press, 1967

33. End MJ, Davis LH, Vulic I. Proceedings 2nlorld
Congress - Polypropylene in Textiles Queensgate
Huddersfield,UK. 2000; p.295-313

34. Enes, R.F., Tome A.C., Cavaleiro J.A.S., Amorati R.,
Fumo M.G., Pedulli G. F., Valgimigli LSynthesis and
antioxidant activity of [60]fullerene-BHT conjugates
Chemistry-A European Journal 2006; 12(17):4646-53

35. Ford W.T., Graham T.D., Mourey T.Hhcorporation
of C-60 into poly(methyl methacrylate) and polystyrene
by radical chain polymerization produces branched
structuresMacromolecules 1997; 30(21):6422-29

36. Ford W.T., Lary A.L., Mourey T.H.Addition of
polystyryl radicals from TEMPO-terminated

88



polystyrene to C-60Macromolecules 2001; 34(17) :
5819-26

37. Ford W.T., Nishioka T., McCleskey S.C., Mourey
T.H., Kahol P.Structure and radical mechanism of
formation of copolymers of C-60 with styrene and with
methyl methacrylate. Macromolecules 2000;
33(7):2413-23

38. Foti M.C. Antioxidant properties of phenoldournal of
Pharmacy and Pharmacology 2007; 59(12): 1673-85

39. Gasanov R.G., Kalina O.G., Bashilov V.V., Tumanskii
B.L. Addition of carbon-centered radicals to C-60.
Determination of the rate constants by the spin trap
method Russian Chemical Bulletin 1999; 48(12):2344-
46

40. Gasanov R.G., Tumanskii BAddition of (Me2CCN)-
C-center dot, (Me2CPh)-C-center dot, and
(CCI3CH2CHPh)-C-center dot radicals to fullerene C-
60. Russian Chemical Bulletin 2002; 51(2):240-42

41. Geckeler K.E., Samal. Rapid assessment of the free
radical scavenging property of fullereneBullerene
Science and Technology 2001; 9(1):17-23

42. Gensler R., Plummer C.J.G., Kausch H.H., Kramer E.,
Pauquet J.R., Zweifel H.hermo-oxidative degradation
of isotactic polypropylene at high temperatures:
phenolic antioxidants versus HABolym Degrad Stab
2000;67(2):195-208

43. Gharbi N., Pressac M., Hadchouel M., Szwarc H.,
Wilson S.R., Moussa H60]Fullerene is a powerful
antioxidant in vivo with no acute or subacute toxicity.
Nano Letters 2005; 5(12): 2578-85

44, Ghosh H.N., Pal H., Sapre A.V., Mukherjee T., Mittal
J.P.Formation of radical adducts of C-60 with alkyl
and halo-alkyl radicals - Transient absorption and
emission characteristics of the adducisurnal of the

89



Chemical Society-Faraday Transactions 1996; 92(6):
941- 4

45. Gijsman P., Gitton MHindered amine stabilisers as
long-term heat stabilisers for polypropylenBolym
Degrad Stab 1999; 66(3): 365-71

46. Gijsman P., Gitton-Chevalier MAliphatic amines for
use as long-term heat stabilizers for polypropylene
Polym Degrad Stab 2003; 81 (3): 483-9

47. Gijsman P.The mechanism of action of hindere amine
stabilizers(HAS) as long-term heat stabilizelPnlym
Degrad Stab 1994; 43(2):171-6

48. Ginzburg B.M., Shibaev L.A., Kireenko O.F.,
Shepelevskii A.A., Melenevskaya E.Y., Ugolkov V.L.
Thermal degradation of fullerene-containing polymer
systems and formation of tribopolymer filnfolymer
Science A 2005; 47(2):160-174

49. Ginzburg B.M., Shibaev L.A., Ugolkov V.lEffect of
fullerene C-60 on thermal oxidative degradation of
polymethyl methacrylate prepared by radical
polymerization.Russian Journal of Applied Chemistry
2001; 74(8):1329-37

50. Ginzburg B.M., Shibaev L.A., Ugolkov V.L., Bulatov
V.P. The effect of fullerene C-60 on the
thermooxidative degradation of a free-radical PMMA
studied by thermogravimetry and calorimetiyechn.
Phys. Lett. 2001; 27(10):806-9

51. Ginzburg B.M., Shibaev L.A., Ugolkov V.L., Bulatov
V.P. Influence of C-60 fullerene on the oxidative
degradation of a free radical poly(methyl methacrylate
Journal of Macromolecular Science — Physics B 2003;
42 (1):139-66

52. Grassie N.Developments in Polymer Degradation.
London: Elsevier Applied Science Publishers, 1985

53. Grattan D.W.,Carlsson D.J.,Wiles D.MRolyolefin
photo-stabilization mechanisms. Reactions  of

90



tetramethylpiperidine derivatives in model systems.
Polym Degrad Stab 1979; 1(1): 69-84

54. Gross R., Dinse K.R.ight-induced formation of C-60
radical adducts as studied with Fourier transform EPR
. Recent advances in the chemistry and physics of
fullerenes and related materiakd(s): Kamat P.V.,
Guldi D.M., Kadish KM vol. 7 Book Series:
Electrochemical Society Series 1999; 99(12) : 18-27

55. Gugumus F. Advances in the stabilization of
polyolefins Polym Degrad Stab 1989; 24(4): 289-301

56. Gugumus FAspects of the impact of stabilizer mass on
performance in polymers. 2. Effect of increasing
molecular mass in polymeric HALS in PPolym
Degrad Stab 2000; 67(2): 299-311

57. Gugumus F.Current trends in mode of action of
Hindered Amine Light Stabilizer®olym Degrad Stab
1993; 40(2): 167-215

58. Gugumus F. Mechanisms of thermooxidative
stabilisation with HAS Polym Degrad Stab 1994,
44(3):299-322

59. Gugumus F.New trends in the stabilization of
polyolefin fibers Polym Degrad Stab 1994; 44(3): 273-
297

60. Gugumus F., In H. Zweifel, edRlastics Additives
Handbook 5th ed., Carl Hanser Verlag, Munich, 2001

61. Guldi D.M., Ford W.T., Nishioka TRate constants of
reactions with 2-cyano-2-propyl radical and triplet
state lifetimes of low molar mass and polymeric
substituted [60]fullerenes. In: Recent Advances in the
Chemistry and Physics of Fullerenes and Related
Material, Eds. Kamat P.V., Guldi D.M., Kadish K.M.,
vol. 7 Book Series: Electrochemical Society Series
1999; 99(12):315-18

62. Guldi D.M., Hungerbuhler H., Janata E., Asmus K.D.
Radical- induced redox and addition-rections with C-60

91



studied by pulse-radiolysislournal of the Chemical
Society-Chemical Communications 1993; 1:84-6

63. Hirsch A. Addition-reactions of Buckminsterfullerene
(C-60). Synthesis-Stuttgart 1995; 8 : 895-913

64. Jensen A.W., Wilson S.R., Schuster [Biological
applications of fullerenes (Review articporganic
& Medicinal Chemistry 1996; 4(6):767-79

65. Jipa S., Zaharescu T., Santos C., Gigante B., Setnescu
R., Setnescu T, Dumitru M., Kappel W., Gorghiu L.M.,
Mihalcea 1., Olteanu R.LThe antioxidant effect of
some carbon materials in polypropylen®lateriale
Plastice 2002; 39(1):67-72

66. Kanowski M., Vieth H.M., Luders K., Buntkowsky G.,
Belz T., Werner H., Wohlers M., Schlogl R.he
structure of fullerene black and the incorporation of C-
60 investigated by C-13 NMRCarbon 1997; 35(5):
685- 95.

67. Kelar K. Polyamide 6 modified with fullerenes,
prepared via anionic polymerization of epsilon-
caprolactam Polimery 2006; 51 (6): 415-24

68. Kimwomi R.R.K., Ko mehl G., Zeinalov E.B., Gitu P.
M. & Bhatt B.P.Polymeric antioxidants from vernonia
oil. Macromol Chem Physics 2001; 202(13): 2790-
2796

69. Kirkwood K., Stewart D., Imrie C.TRole of Ggin the
free radical polymerization of methyl methacrylate.
Journal of Polymer Science Part A- Polymer Chemistry
1997; 35(15):3323-25

70. Klemchuk P.P., Gande M.Etabilization mechanisms
of hindered amines.Polym Degrad Stab 1988;
22(3):241- 274

71. Klemchuk P.P., Gande M.E., Cordola Hindered
Amine mechanisms: Part Ill- Investigations using
isotopic labelling Polym Degrad Stab 1990; 27(1): 65-
74

92



72. Krusic P.J., Wasserman E., Keizer P.N., Morton J.R.,
Preston K.F. Radical reactions of C60.Science
1991; 254(5035):1183-85

73. Lens M., Medenica L., Citernesi Wntioxidative
capacity of C-60 (buckminsterfullerene) and newly
synthesized fulleropyrrolidine derivatives encapsulated
in liposomesBiotechnology and Applied Biochemistry
2008; 51:135-140, Part 3-4

74. Li J., Tong L.F., Fang Z.P., Gu A.J., Xu ZBhermal
degradation behavior of multi-walled carbon
nanotubes/polyamide 6 compositéolym. Degrad.
Stab. 2006; 91 (9): 2046 — 52

75. Liauw C.M., Quadir A., Allen N.S., Edge M. and
Wagner A, Effect of Hindered Piperidine Stabiliser
Molecular Structure And UV Absorber Addition on the
Oxidation of HDPE Films: Part I: Long Term Thermal
and Photooxidation Studies. J. Vinyl Additive
Technol., (2004), 10 : 79-87

76. Maillard B., Ingold K.U., Scaiano J.Rate constants
for the reactions of free radicals with oxygen in
solution.J Amer Chem Soc 1983; 105(15) : 5095-5099

77. Markovic Z., Trajkovic V.Biomedical potential of the
reactive oxygen species generation and quenching by
fullerenes (C-60)Biomaterials 2008; 29(26):3561-73

78. Mathis C., Schmaltz B., Brinkmann MControlled
grafting of polymer chains onto C-60 and thermal
stability of the obtained materialsComptes Rendus
Chimie 2006; 9(7-8): 1075-84

79. Minsker K.S.The Chemistry of Chloride — Containing
Polymers: Degradation StabilizatiprbynthesesNew
Horizones Vova Sci. Publ., Inc., Commack, USA, 2000

80. Minsker K.S., Kolesov S.V., Zaikov &.. Degradation
and Stabilization of Polymers on the Base of
VinylChloride Pergamon Press, 1988

93



81. Morlat-Therias S., Fanton E., Gardette J.L.,
Peeterbroeck S., Alexandre M., Dubois P.
Polymer/carbon nanotube nanocomposites: Influence of
carbon nanotubes on EVA photodegradatidfolym.
Degrad. Stab. 2007; 92 (10): 1873-82

82. Morton J.R., Negri F., Preston K.Rddition of alkyl
radicals to C-60.3. The EPR-spectra of R3C60 radicals
and a theoretical study of HC60 and H3C60 radicals.
Canadian Journal of Chemistry — Revue Canadienne de
Chimiel 994; 72(3) : 776-82

83. Morton J.R., Negri F., Preston K.Addition of free
radicals to C-60 Accounts of Chemical Research 1998;
31(2):63-9

84. Morton J.R., Preston K.F., Krusic P.JEPR
spectroscopy of fullerene adducts Hyperfine
Interactions 1994; 86(1-4):763-77

85. Morton J.R., Preston K.F., Krusic P.J., Hill S.A.,
Wasserman [ESR studies of the reaction of alkyl
radicals with C-60.Journal of Physical Chemistry
1992; 96(6):3576-78

86. Pabin-Szafko B., Wisniewska E., Szafko Carbon
nanotubes and fullerene in the solution polymerisation
of acrylonitrile. European Polymer Journal 2006;
42(7):1516-20

87. Pace M.D. EPR of C-60 thermal/photochemical
reactions  with  polystyrene and  polymethyl
methacrylate. Applied Magnetic Resonance 1996;
11(2):253-61

88. Parfenov E.A., Zaikov G.BBiotic Type Antioxidants.
Utrecht: VSP Intern. Sci. Publ., 2000.

89. Pliss . ., Aleksandrov A.LRelative rate constants
of an interaction of alkyl radicals of methacrylates and
acrylates with oxygen and stable nitroxyl radicals.
lzvest AN SSSR, chem. iss. 1977; 4: 753-756

94



90. Pospisil J. Aromatic and heterocyclic amines in
polymer stabilizationIn: Adv Polym Sci, 124. Berlin:
Springer, 1995, p.87-189

91. Pospisil J.Chemical and photochemical behaviour of
phenolic antioxidants in polymer stabilization — a state
of the art report. Part I. Polym Degrad Stab
1993;40(2):217-232

92. Pospisil J.Chemical and photochemical behaviour of
phenolic antioxidants in polymer stabilization — a state
of the art report.Part Il. Polym Degrad Stab 1993 ;
39(1):103-115

93. Pospisil J., Klemchuk P.P., edQxidation Inhibition
in Organic Materials Vols. |1 andll, CRC Press, Inc.,
Boca Raton, Fla., 1990

94. Rabek J.FPhotostabilisation of Polymers: Principles
and Applications.London: Elsevier Applied Science
Publishers, 1990

95. Roginsky V.A.Phenolic Antioxidants: Efficiency and
Reactivity.M.: Nauka, 1988

96. Rozantsev E.GOrganic Chemistry of Free Radicals.
M.: Khimiya, 1979

97. Schroeder H.F., Zeynalov E.B., Bahr H., Rybak Th.
Analysing the content of antioxidants in PP materials.
Polymer & Polymer Composites 2002; 10(1):73-82

98. Schroeder H.F., Zeynalov E.B., Bahr H., Rybak Th.
Proceedings 7 International Plastics Additivies and
Modifiers Conference - Addcon World 2001; paper 20

99. Schwarzenbach K. In: Plastics additives handbook
(Eds.: Gachter R, Muller H.) Munich: Hanser; 1989,
ch.l.

100. Schwarzenbach K., In H. Zweifel, edRlastics
Additives HandbogkHanser, Munich, 2000, pp. 1-137

101. Schwetlick K., Habicher W.DAntioxidant action
mechanisms of hindered amine stabilizeRolym
Degrad Stab 2002; 78 (1): 35-40

95



102. Scott G. Atmospheric Oxidation and Antioxidants.
London: Elsevier, 1993

103. Scott G., Atmospheric Oxidation and Antioxidants
Amsterdam: Elsevier, 1965

104. Sedlar J., Marshal J., Petruj Photostabilizing
mechanisms of HALS -a critical reviewPolym
Photochem 1982(3): 175-207

105. Sedlar J., Petruj J., ZahradnickovaRhotostabilizing
activity of sterically hindered piperidines-i: Peroxide
decomposing and hydrogen donating abiliEyr Polym
J1980; 16(7) 659-662

106. Seno M., Fukunaga H., Sato Kinetic and ESR
studies on radical polymerization of methyl
methacrylate in the presence of fulleredeurnal of
Polymer Science Part A- Polymer Chemistry 1998;
36(16):2905-12

107. Seno M., Maeda M. and Sato Hifect of fullerene on
radical polymerization of vinyl acetatelournal of
Polymer Science Part A- Polymer Chemistry 2000; 38
(14): 2572-78

108. Shibaev L.A., Egorov V.M., Zgonnik V.N., Antonova
T.A., Vinogradova L.V., Melenevskaya E.Y., Bershtein
V.A. An enhanced thermal stability of poly(2,6-
dimethyl-1,4-phenylene oxide) in the presence of small
additives of G and Go. Polymer Science A 2001,
43(2):101-5

109. Shlyapnikov Y.A., Kiryushkin S.G., Mar'in A.P.
Antioxidative Stabilization of Polymeisondon: Taylor
and Francis LtD., 1996

110. Stewart D., Imrie C.T.Role of C-60 in the free
radical polymerisation of styrene. Chemical
Communications 1996; 11:1383-84

111. Taylor R. The pattern of additions to fullerenes.
Plilosophical Trans.Royal Soc. A- Mathem. Phys.and
Engineer. Sci. 1993; 343(1667): 87-101

96



112. Thilen M, Shishio R. Proceedings 2nworld
Congress - Polypropylene in Textiles.Queensgate
Huddersfield,UK. 2000; p.87-97

113. Troitskii B.B., Domrachev G.A., Khokhlova L.V.,
Anikina L.I. Thermooxidative degradation of
poly(methyl methacrylate) in the presence of C-60
fullerene.Polymer Science A 2001; 43(9):964-9

114. Troitskii B.B., Domrachev G.A., Semchikov Y.D.,
Khokhlova L.V., Anikina L.L., Denisova V.N.,
Novikova M.A., Marsenova Y.A., Yashchuk L.M.
Fullerene-C-60, a new effective inhibitor of high-
temperature thermooxidative degradation of methyl
methacrylate copolymerdRkussian Journal of General
Chemistry 2002; 72(8):1276-81

115. Troitskii B.B., Troitskaya L.S., Dmitriev A.A.,
Yakhnov A.S. Inhibition of thermo-oxidative
degradation of poly(methyl methacrylate) and
polystyrene by C-6(European Polymer Journal 2000;
36 (5):1073-84

116. Tsepalov V.F., Kharitonova A.A., Zeinalov E.B.,
Gladyshev G.P. Investigation of antioxidants in
complex compositiongzerb Khim Zhurn1981; 4:113-
116

117. Tsepalov V.F., Kharitonova A.A.,Gladyshev G.P.,
Emanuel N.M.Determination of the rate constants and
inhibition coefficients of phenol antioxidants with the
aid of model chain reactions / Determination of rate
constants and inhibition coefficients of inhibitors using
a model chain reactionKinetics and Catalysis1977,;
18(5) : 1034-41/18(6) : 1142-51

118. Wakai H., Shinno T., Yamauchi T., Tsubokawa N.
Grafting of poly(ethylene oxide) onto C-60 fullerene
using macroazo initiatorsPolymer 2007; 48(7):1972-
80

97



119. Walbiner M., Fischer H.Rate constants for the
addition of benzyl radical to C-60 in solutiadournal
of Physical Chemistry 1993; 97(19):4880-81

120. Yongcheng Y.Thermal oxidation of polypropylene
containing hindered piperidine compound®olym
Degrad Stab 1992; 37(1):11-17

121. Zaharescu T., Kaci M., Hebal G. et alhermal
stability of gamma irradiated low density polyethylene
films containing hindered amine stabilizeiacromol
Mater Eng 2004; 289(6): 524-530

122. Zaikov G.E. Degradation and Stabilization of
PolymersN.Y.: Nova Sci. Publ., 1999

123. Zeinalov E.B., Kossmehl G. Kimwomi R.R.K.
Synthesis and reactivity of antioxidants based on
vernolic acid and 3-(3,5-di-tert-butyl-4-hydroxyphenyl)
propionic acid. Angew Makromol Chem1998; 260: 77-
81

124. Zeinalov E.B., Komehl G. Fullerene £ as an
antioxidant for polymers. Polymer Degradation and
Stability 2001; 71(2): 197-202

125. Zeinalov EB, Schroeder HF, Bahr Betermination
of Phenolic Antioxidant Stabilizers in PP and HDPE by
Means of an Oxidative Model ReactidProceedings
6" International Plastics Additivies and  Modifiers
Conference - Addcon World 2000; paper 3

126. Zeynalov E.B., Aliyeva A.Z., Friedrich J.FFactors
affecting the intrinsic anti-oxidative activity of carbon
nanofibers: metallic impurities Materials Testing
(Materials and Components ,Technology and
Application) section Nanotechnology and Polymer
Materials 2009; 51(4), 210-14

127. Zeynalov  E.B., Allen N.S. Simultaneous
determination of the content and activity of sterically
hindered phenolic and amine stabilizers by means of an

98



oxidative model reactionPolym Degrad Stab 2004;
85(2): 847-53

128. Zeynalov E.B., Friedrich J.FAntioxidant properties
of multiwall carbon nanotubes: first measurements
using a model oxidative reactidtolymers & Polymer
Composites 20064(8), 779-85

129. Zeynalov E.B., Friedrich J.FAntioxidative activity of
carbon nanotube and nanofiberThe Open Materials
Science Journal 2008; 2 : 28-34

130. Zeynalov E.B., Friedrich J.FAnti-radical activity of
fullerenes and carbon nanotubes in reactions of radical
polymerization and polymer thermal/thermooxidative
degradation (A review)Materials Testing ( Materials
and Components ,Technology and Application), section
Polymer Materials 2007; 49(5), 265-70

131. Zeynalov E.B., Magerramova M.Y., Ischenko N.Y.
Fullerenes C-60/C-70 and C-70 as antioxidants for
polystyrenelranian Polymer Journal 2004; 13(2):143-8

132. Zeynalov E.B., Vasnetsova O.Kinetic Screening of
Inhibitors of Radical ReactionBaku : EIm, 1993

133. Zeynalov .B., Allen N.S.Modelling light stabilizers
as thermal antioxidantsPolymer Degradation and
Stability 2006; 91(12):3390-96

134. Zeynalov .B., Allen N.S., Salmanova N.Radical
scavenging efficiency of different fullerenes C60-C70
and fullerene sootPolymer Degradation and Stability
2009; 94(8): 1183 -89

135. Zuev V.V., Bertini F., Audisio GFullerene Go as
stabiliser for acrylic polymersPolym Deg Stab 2005;
90(1) : 28-33

136. Zweifel H. Stabilization beyond the year 2000.
Macromol Symp1997; 115:181-201

137. Zweifel H. Stabilization of Polymeric Materials
Berlin: Springer, 2000.

99



138. Zweifel H. Stabilization of Polymeric Materials
Berlin: Springer-Verlag, 1998,
139. - -

-, 1979
140. # $. ., % & . L

141. (. -
oo D) , 1963
142. : -
/ * : +, | ,
1959
143. o+ -. -

144, - /. ;
145. - L # o $ -

146. 0 + .. % $ ?
+1 #2 #) - 31 4 . 2000;
6(12) :48-55
147.0 + .. C -
L R 1. 5.(! , 1993
148.01 6.5. -
& ! $+ :6! ,1988
149. 0 /.. 1+ 3 6 !
6+* 7 8 9 "8 21" 1986
150.:)3! +1 Coy .., 10 5. .
)+ - # , -
' Lo 1976
151. +1 8.,/ 0. .

( Lo
1" 1980
152. * R &.,0 + . H#
4 )$ &
" 1987



$ + " +
+ ,1988
154. | S -$# ) (
)!
, & .$+ :6! ,1992
155. : 1, "
$ P
1972
156.=" 8 5.& * $ -
$ ', 1979
157. 6! >3 ! +
$ (714t + .
< ,1970
158. 6! >3 o $%% + (.
* "
$ ..+ ,1988
159. 6! >3 a3 %% + (. *
+ 1984
160. 6! >3 .o A J.,? -
* 5. . 55, +1 :
$ _@ ) +
' < ,1973-51.f/ * /
161. 6! >3 o .-
?* 5. ., 55, +1
$ -@
, + " < ,1976-36. * *
162. 6! >3 .o I, 1) 0:..0%
& !
+ 1965

101



QBE/JN M
F% Y%. %. *% #% % % 6. .0 %,01

L% L %S$% . . % %. %)1
% # %% " %) $%0 % %&
$ -.%0 $ - %0 )%. . .. JEM

" %) 6%% % .%$% . % %H%
11.# VJIE

Y J W Ju J

N LN

N

102



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
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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” 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
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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

“Ciba Specialty Chemicals, Inc.
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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 Specially Chemicals

Additives

Patymer Additives

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

#Ciba Specialty Chemicals, Inc
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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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Ciba Specialty Chemicals

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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Cila Sp=cialty Chemicals

Additives

Potymer Additives ci b a

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
Ciba Specialty Chemicals, Inc.
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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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Cibia Specialty Chemicals

Additives

-
Polymer Additives < Iba

.

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

121



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
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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
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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
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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
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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.
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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
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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.
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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
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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
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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
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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.
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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
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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
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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.
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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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W e, e Search amongst 10,000+ Additives and Modifiers NMhsnnmome S,
Additive
Antioxidant >> Phenalic
Chermical composifion 2 2-Enylidanebis (4, 5-di-tart-tutyiphanal)
Prysical torm; Powder
CAS Number, 25980-30-6
Food confact apprval Yeu
Masterbaich § One Pack: No
Product description
22 (4, B-di-tart-nutyl Used 33 an for especially polyothylene (LOPE and HMWHDPE), Ofters low volstilty and high

resistance fo extraction,

Best sultable Polymer
« PE, Powyalhylena >> LOPE, Low Dansity Palyelhylene
* PE, Polyethylena >> HDPE, High Density Potyethylane
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Technical Assistancs

and Madifiers .&annu- Baue,

o _mmapatro riomae, @y Search amongst 10,000+ Addit

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

———

» o0 i ste rpasen ey, v rsduct uses 3K coekiact DU anTbCEul I Bidur e Tecaiva Compula nformato) abaid the
‘moducts. fnfarmetion oo (his website It belleved to be refiable, however, the dats it provided withou! imafies warranties of sy und. m-mvmuuﬂlmumllm
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o the pussihisty ot feod contact appreval for @ grven apECAGAN In & Gves Coantry. Fease canlact oicial suppher tor

wuch dnmagen. are beiieved
mmnmmdhnwﬂuwnmmmm and niher oo
£ 2003 SpecalChen 8, .

Provides outstanding processing stabiity, |mwummmmdmmwnwun igher lavel oiugm stabillly.
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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

0!t sy &)

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

! o
Antimerobial Center

Shasonmumy  Saane
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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

145

Antinicrobil Center

el

Miamnmue, S

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
moldings {such as TPOYs and suldoor consdruction appllcalions). Offees very goad color contral, campaliblity and kow volatity, Provides high resistancs o extraction.
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Technical Azsistance

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




)

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 <
Batuning o a7 e
Tl Coeraly Q4G - 050 wm
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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

148
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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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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 "
Disclaimer
A inchnicl infarmatisn om this alin & givan dar infaemative purpeses only. Bafore woriing with sny groduct, usar shall contatk prodect messtecturer in orar tn receive complete nhirmatien sbout the
MJMMH o0 s e eV W D4 IR, Moveva, e TN GOV vk IMpbad wATTATLRS of a0y M. sun-m Shal ot 06 ekl of abégatas under my conkis, reghgEe,

o gehes segel o equilabis theory o any Jart fuE AV pccs e rumantiog it O revsmuas, lout of el okt e commecuential, special or pusitive demages, eve

dm. p-.-m o bty darmagus, rasiuts mestiomad 88 food nnbaet appraved s habaver £ N recesd & fed cantart appreval far o ﬂ—"-wll-nlln in 8 ven eauniy, Pleass contact aflcisl l-wl-: hr

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
Dinctnimer

Al tachrical inkenatinn wn bhis s b5 gives ss cnly, Beforn warking ¥ raduch, e shil antact g, atufecurt 18 o o ey e OGN A U
bt bt o o el 5 ke . 55 PeAm. Iu-m.mmn wnu .mmm.m ey Mid, Spatiaichem shiwl ok e Ratie s sblipated uncer any tnirect, negikgnc

siriet babfity ar ofer fegal o St Sk oy B Moy of revenoes loss of pafis, m-ulmlnm--w-m. mnm.-puwo,num..m-pq_mnu--m
of e possbiity of such dumages, Prducts mantioned ummmmwndmulhdwiunmmdu contart agsraval foe a given anslication in @ ghven csntry. Pissse conenct affeial uppies for
tul Infarmiatian an the exact 0 m-um-mummwmwmw and wthar =

T 2009 Specialhem 5, A,
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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

A1 pachnidal mfarmstion. on (58 Aila 8 g fuc isfpratove purposes anly, Befare workig Wi sy prRGUCt, wer shell caobest product manulaciurer I seer by recsive comefel jalomeaton abo te
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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

156

E

h




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

159



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
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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
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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.
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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
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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
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