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SUMMARY 

I n t r o d u c t i o n  o f  i s o c y a n a t e  (NCO) g roup  o n t o  c a r b o n  b l a c k  
s u r f a c e  was a c h i e v e d  by t he  t r e a t m e n t  o f  c a r b o n  b l a c k  w i t h  
t o l u e n e - 2 , # - d i i s o c y a n a t e .  I n  a d d i t i o n ,  c a r b o n  b l a c k  h a v i n g  
a e y l  a z i d e  (CON3) g r o u p ,  a p r e c u r s o r  o f  NCO g r o u p ,  was p r e p a r e d  
by t he  r e a c t i o n  o f  COt1 or  COOCOOCzH s g roup  on c a r b o n  b l a c k  
w i t h  NaNa. The CONa group  on c a r b o n  b l a c k  was r e l a t i v e l y  s t a -  
b l e  a t  be l ow  20~ bu t  r e a d l l y  decomposed t o  NCO group  by h e a t -  
i n g  ( C u r t i u s  r e a r r a n g e m e n t ) .  By t he  r e a t i o n  o f  NCO g roup  on 
c a r b o n  b l a c k  w i t h  h y d r o x y l  g roup  o f  p o l y m e r s ,  such as p o l y -  
p r o p y l e n e  g l y c o l ,  p o l y e t h y l e n e  g l y c o l ,  and p o l y v i n y l  a l c o h o l ,  
t h e s e  p o l y m e r s  were found  to  be g r a f t e d  o n t o  c a r b o n  b l a c k .  

INTRODUCTION 

The g r a f t i n g  o f  v a r i o u s  k i n d s  o f  p o l y m e r s  o n t o  c a r b o n  b l a c k  
s u r f a c e  has been e x t e n s i v e l y  s t u d i e d  i n  ou r  l a b o r a t o r y  ( 1 ) .  For  
i n s t a n c e ,  we have r e p o r t e d  t he  a n i o n i c  g r a f t i n g  o f  p o l y e s t e r s  
(2~4)  and p o l y - ~ - a l a n i n e  ( 5 ) ,  t he  c a t i o n i c  g r a f t i n g  o f  p o l y s t y -  
rene  ( 6 ) ,  p o l y e s t e r s  ( 7 ) ,  p o l y e t h e r s  ( 8 } ,  and p o l y a c e t a l s  ( 9 ) ,  
and t h e  r a d i c a l  g r a f t i n g  o f  v i n y l  monomers f rom c a r b o n  b l a c k  
( 1 0 ) .  F u r t h e r m o r e ,  i t  became a p p a r e n t  t h a t  p h e n o l i c  h y d r o x y l  
and c a r b o x y l  g roups  on t he  s u r f a c e  o f  c a r b o n  b l a c k  r e a c t  w i t h  
p r e p o l y m e r  h a v i n g  a t e r m i n a l  NtO g roup  t o  g i v e  p o l y m e r - g r a f t e d  
c a r b o n  b l a c k  ( 1 1 ) .  M o r e o v e r ,  c a r b o n  b l a c k  was found  to  be a b l e  
t o  g e l a t i n i z e  u r e t h a n e  p r e p o l y m e r  h a v i n g  t w o - t e r m i n a l  NCO g roups  
(12)  and epoxy  r e s i n  ( 1 3 ) .  

However ,  t he  g r a f t i n g  o f  p o l y m e r s  o n t o  c a r b o n  b l a c k  by t h e  
r e a c t i o n  o f  c a r b o n  b l a c k  h a v i n g  r e a c t i v e  s u r f a c e  g r o u p s ,  such 
as NCO g r o u p s ,  w i t h  f u n c t i o n a l  g roups  o f  v a r i o u s  k i n d s  o f  p o l y -  
mers has n o t  been i n v e s t i g a t e d .  

I n  t he  p r e s e n t  p a p e r ,  t h e  i n t r o d u c t i o n  o f  NCO g roups  o n t o  
c a r b o n  b l a c k  by t he  r e a c t i o n  o f  t o l u e n e - 2 , 4 - d i i s o c y a n a t e  (TD1) 
w i t h  p h e n o l i c  h y d r o x y l  and c a r b o x y l  g roups  on c a r b o n  b l a c k  
(Eq. I )  and t h a t  o f  CON~ g r o u p s ,  t h e  p r e c u r s o r  o f  NCO g r o u p s ,  
a c c o r d i n g  t o  Eqs. 2 and 3 were e x a m i n e d .  F u r t h e r m o r e ,  t h e  
r e a c t i o n s  o f  t h e s e  r e a c t i v e  c a r b o n  b l a c k  samp les  w i t h  f u n c -  
t i o n a l  p o l y m e r s  such as p o l y p r o p y l e n e  g l y c o l ,  p o l y e t h y l e n e  
g l y c o l ,  p o l y v i n y l  a l c o h o l ,  and s o l u b l e  s t a r c h  were c a r r i e d  o u t .  
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CB-OH + O C N ~ C H 3  ~ C B - O - C - N ~ C H 3  
II / ( E q .  I ) 

"NCO 0 H ~N C O 

SOCl2 NaN3 
CB-COOH ~ CB-COC1 ~ CB-C-N3 

. (Eq.  2) 
0 

(Et)jN EtOCOCI 
CB-COOH ~ CB-COO-N+H(Et)3 

NaNs 
CB-C-O-C-OEt m CB-C-N3 (Eq. 3) 

II II II 
0 0 0 

EXPERIMENTAL 

M a t e r L a ~ s  
Carbon b l a c k  used was c o l o r  c h a n n e l  b l a c k  N e o s p e c t r a  I I  

( C o l u m b i a n  Carbon C o . ,  s p e c i f i c  s u r f a c e  a r e a ;  906 m 2 / g ) .  I t  
was d r i e d  Zn macuo a t  110~ b e f o r e  use .  The c o n t e n t  o f  p h e n o l i c  
h y d r o x y l  and e a r b o x y l  g roups  was 0 .2#  m e q u i v . / g  and 0 .40  mequ i v .  
/ g ,  r e s p e c t i v e l y .  

T o l u e n e - 2 , # - d i i s o c y a n a t e  o b t a i n e d  f rom Wako Pure C h e m i c a l  
Co. L t d . ,  Japan ,  was d i s t i l l e d  unde r  r educed  p r e s s u r e  b e f o r e  
use .  Sodium a z i d e  ( K a n t o  C h e m i c a l  Co. I n c . ,  Japan)  was a c t i -  
v a t e d  a c c o r d i n g  t o  the  method o f  l w a k u r a  ~ a~.  b e f o r e  use ( 1 # ) .  

m - X y l e n e  was washed w i t h  c o n c e n t r a t e d  H2SO~, r e f l u x e d  ove r  
sod ium,  and d i s t i l l e d .  D i m e t h y l  s u l f o x i d e  (DMSO) was d r i e d  ove r  
CaH 2 and d i s t i l l e d  unde r  reduced  p r e s s u r e .  A l l  o t h e r  r e a g e n t s  
and s o l v e n t s  were a l s o  used a f t e r  o r d i n a r y  p u r i f i c a t i o n .  

Po lymers  
D i o l - t y p e  p o l y p r o p y l e n e  g l y c o l  (PPG) and p o l y e t h y l e n e  

g l y c o l  (PEG) o b t a i n e d  f rom Wako Pure C h e m i c a l  Co. L t d .  were 
d r i e d  i n  v~cao a t  110~ b e f o r e  use .  The a v e r a g e  number m o l e c -  
u l a r  w e i g h t  o f  PPG and PEG was 2000 and 6000,  r e s p e c t i v e l y .  
P o l y v i n y l  a l c o h o l  (PVA: m o l e c u l a r  w e i g h t = 6 . 6 x l O  ")  and s o l u b l e  
starch were also dried in vacuo at 50~ 

I n t r o d u c t i o n  o f  NCO Group on to  Carbon B~ack 
I n t r o d u c t i o n  o f  NCO group  o n t o  ca rbon  b l a c k  s u r f a c e  was 

a c h i e v e d  by t he  t r e a t m e n t  o f  c a r b o n  b l a c k  w i t h  an excess  o f  TDI .  
A t y p i c a l  examp le  was as f o l l o w s .  I n t o  a t h r e e - n e c k e d  f l a s k  
e q u i p p e d  w i t h  a r e f l u x  c o n d e n s e r  and an i n l e t  o f  n i t r o g e n ,  3 .0g  
o f  N e o s p e c t r a  I I ,  O.7g o f  TD1, and 60ml o f  m - x y l e n e  were added .  
The m i x t u r e  was r e f l u x e d  f o r  30h w i t h  s t i r r i n g  u s i n g  a m a g n e t i c  
s t i r r e r  u n d e r  n i t r o g e n .  A f t e r  the  r e a c t i o n ,  the  ca rbon  b l a c k  
was f i l t e r e d  and e x t r a c t e d  w i t h  benzene u s i n g  a S o x h l e t  appa-  
r a t u s  unde r  d r y  n i t r o g e n  f o r  5Oh. The c a r b o n  b l a c k  was d r i e d  
i n  vacuo a t  90~ 

I n t r o d u c t Z o n  o f  CONs Group on to  Carbon B~ack 
Method 1 (Eq.  2 ) :  Carbon b l a c k  h a v i n g  COCI group (CB-COCl) 

was p r e p a r e d  by the  r e a c t i o n  o f  o a r b o x y l  g roup w i t h  SOC12. The 
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procedure  was d e s c r i b e d  in d e t a i l  in the  p r eced ing  paper  (6 ) .  
Then, CB-COCI was t r e a t e d  with a c t i v a t e d  NaN3 as f o l l o w s .  

To a d i s p e r s i o n  of CB-COCI (3 .0g)  in 50ml of t e t r a h y d r o f u r a n  
(THF), 1.6g of NaN3 in lOml of water  was added and the  mixture  
was stirred at O~ for 2h. After the reaction, the resulting 
carbon black was filtered, washed with ice-cold water, and 
dried in uacuo at room temperature. 

Method 2 (Eq. 3): To a dispersion of Neospectra II (5.0g) 
in 50ml of THF was added a solution of 0.6g of triethylamine in 
lOml of THF. After the reaction at O~ for 2h, the reaction 
mixture was cooled to -lO~ and the 0.56g of ethyl chloroformate 
was added. The resulting reaction mixture was stirred for lOh 
at -lO~ and then a solution of O.#g of activated NaN3 in lOml 
of water was added. After the treatment at -2%0~ for lOh, the 
resulting carbon black was filtered, washed with ice-cold water 
and THF, and dried in uaouo at room temperature. 

Determination of NCO Group on Carbon B~ack 
Carbon b lack  having NCO group was r e a c t e d  with lOml of 

0.025N di-n-butylamine toluene solution at room temperature for 
3h with stirring. After the reaction, unreacted di-n-butylamine 
was titrated with 0.02N HCI using bromophenol blue as an indi- 
cator (15). 

Datermination of CON3 Group on Carbon B~ack 
Aeyl az ide  group on carbon b lack  was r e a r r a n g e d  to NCO 

group by hea t  t r e a t m e n t  a t  130~ fo r  l b .  Then, the  c o n t e n t  of 
NCO group was de te rmined  by t i t r a t i o n  d e s c r i b e d  above.  

R e a c t Z o n  o f  Carbon B~ack  HavZng NCO Group wZth  Po~umars  
Hav ing  H y d r o x y ~  Group 

The r e a c t i o n  o f  c a r b o n  b l a c k  h a v i n g  CON3 g r o u p  (CB-CON3) 
w i t h  PPG and PEG was c a r r i e d  o u t  i n  b u l k .  For  i n s t a n c e ,  a m i x -  
t u r e  o f  CB-CON3 ( 0 . 3 5 g )  and 5 . 0 g  o f  p o l y m e r  was h e a t e d  a t  130~ 
i n  an e l e c t r i c  o v e n .  On t h e  o t h e r  hand ,  t h e  r e a c t i o n  o f  CB-CON3 
w i t h  PVA and s o l u b l e  s t a r c h  was c a r r i e d  o u t  i n  s o l u t i o n  u s i n g  
DMSO as s o l v e n t .  Thus ,  CB-CON3 ( 0 . 2 5 g )  was added  t o  a s o l u t i o n  
o f  PVA ( l . O g )  i n  7 . 0 m l  o f  DMSO and t h e  m i x t u r e  was s t i r r e d  w i t h  
a magnetic stirrer under dry nitrogen at 130~ 

D e t a r m Z n a t Z o n  o f  g r a f t Z n g  RatZo 
A f t e r  the  r e a c t i o n ,  the  carbon b lack  r e a c t e d  with PPG was 

d i s p e r s e d  in benzene,  and the  d i s p e r s i o n  was c e n t r i f u g e d  a t  104 
rpm. The carbon b lack  p r e c i p i t a t e d  was e x t r a c t e d  with benzene 
to remove u n r e a e t e d  polymer and d r i ed  Zn vacuo a t  lO0~ The 
e x t r a c t i n g  s o l v e n t  fo r  PEG was methanol and t h a t  fo r  PVA and 
s o l u b l e  s t a r c h  was wa te r .  The g r a f t i n g  r a t i o  of polymer onto 
c a r b o n  b l a c k  was c a l c u l a t e d  by t h e  f o l l o w i n g  e q u a t i o n .  

o f  p o l y m e r  g r a f t e d ( g )  
o a r b o o  

RESULTS AND DISCUSSION 

Carbon B~ack  HavZng NCO Group 
I n  t h e  p r e v i o u s  p a p e r ,  we have d e s c r i b e d  t h a t  p h e n o l i c  
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Figure I. Stability of NCO 
group on the surface of car- 
bon black 

(0): stored in a desiccator 
(silica-gel) at room 
temperature. 

( �9 ): stored in vacuum at 
room temperature. 

h y d r o x y l  and c a r b o x y l  g r o u p s  on the s u r f a c e  o f  c a r b o n  b l a c k  
r e a c t  w i t h  a t e r m i n a l  NCO g r o u p  o f  p r e p o l y m e r  and t h e  p r e p o l y m e r  
was g r a f t e d  o n t o  c a r b o n  b l a c k  s u r f a c e  w i t h  a m i d e  o r  u r e t h a n e  
bond  ( 1 1 , 1 2 ) .  T h e r e f o r e ,  i t  was e x p e c t e d  t h a t  when c a r b o n  
b l a c k  was t r e a t e d  w i t h  T D I ,  one o f  t h e  t w o  NCO g r o u p s  o f  TDI 
r e a c t s  w i t h  p h e n o l i c  h y d r o x y l  o r  c a r b o x y l  g r o u p  on c a r b o n  b l a c k  
and t h a t  TDI i s  f i x e d  on t h e  c a r b o n  b l a c k  s u r f a c e  as shown i n  
Eq.  1 .  

A c c o r d i n g l y ,  c a r b o n  b l a c k  N e o s p e c t r a  I I  was t r e a t e d  w i t h  
an excess of TDI in m-xylene at 130~ After the purification 
by Soxhlet extraction with benzene to remove unreactcd TDI, the 
content of NCO group on the surface of carbon black was deter- 
mined to be 0.31 mequiv./g by titration. The result indicates 
that the amount of NCO group introduced onto carbon black was 
about one-half of the total functional groups, i.a., phenolic 
hydroxyl and carboxyl groups. 

It is well known that NCO group is very moisture-sensitive. 
Therefore, the stability of NCO group on carbon black was inves- 
tigated. CB-NCO was stored in a desiccator (silica-gel) or in 
vacuum (0.1%0.5 mmHg). Then, the content of NCO groups on car- 
bon black was determined at given intervals. The results are 
shown i n  F i g u r e  1 .  

As shown i n  F i g u r e  1,  t h e  c o n t e n t  o f  NCO g r o u p  on c a r b o n  
b l a c k  d e c r e a s e d  r a p i d l y  i n  d e s i c c a t o r  ( s i l i c a - g e l ) .  Even i f  
i t  was s t o r e d  i n  vacuum d e s i c c a t o r ,  t h e  c o n t e n t  o f  NCO g r o u p  
g r a d u a l l y  r e d u c e d  t o  t w o - t h i r d  o f  t h e  i n i t i a l  c o n t e n t  a f t e r  9Oh. 
T h e r e f o r e ,  t h e s e  r e s u l t s  i n d i c a t e  t h a t  CB-NCO i s  u n a b l e  t o  
s t o r e  f o r  a t o n g  t i m e  and has t o  be u s e d  as soon  as p o s s i b l e .  

Cur~on B~ack Hav ing  CON3 Group 
I n  g e n e r a l ,  a c y l  a z i d e  g r o u p  i s  r e l a t i v e l y  s t a b l e  a t  room 

t e m p e r a t u r e ,  b u t  u n d e r g o  f a c i l e  f r a g m e n t a t i o n  t o  p r o d u c e  NCO 
g r o u p  and n i t r o g e n  by h e a t i n g  ( C u r t i u s  r e a r r a n g e m e n t ) .  T h e r e -  
f o r e ,  we h a v e  e x a m i n e d  t w o  r o u t e s  ( c . f .  Eqs .  2 and 3)  f o r  t h e  
i n t r o d u c t i o n  o f  CON3 g r o u p  o n t o  c a r b o n  b l a c k  s u r f a c e .  

The u s u a l  p r o c e d u r e  o f  o b t a i n i n g  a c y l  a z i d e  c o n s i s t s  o f  
t r e a t i n g  a c i d  c h l o r i d e  w i t h  NaN3 ( ] 6 ) .  Boehm has i n t r o d u c e d  
-NHCOOC2H 5 g r o u p  o n t o  c a r b o n  b l a c k  by t h e  r e a c t i o n  o f  c a r b o n  
b l a c k  h a v i n g  COC1 g r o u p  w i t h  NaN3 i n  e t h a n o l  ( 1 7 ) .  H o w e v e r ,  
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F i g u r e  2 .  F o r m a t i o n  o f  NCO 
g r o u p  by r e a r r a n g e m e n t  o f  
CONs g r o u p  on c a r b o n  b l a c k  
by h e a t i n g  f o r  l h  

c a r b o n  b l a c k  h a v i n g  CONs g roup  was n o t  i s o l a t e d .  
The f i r s t  method to  i n t r o d u c e  CONs group  o n t o  c a r b o n  b l a c k  

i s  e s s e n t i a l l y  a n a l o g o u s  t o  t h a t  o f  Boehm ( 1 7 ) .  As shown i n  
Eq. 2, t h i s  i n v o l v e s  two s t a g e s :  ( i )  i n t r o d u c t i o n  o f  COCI g roup  
o n t o  c a r b o n  b l a c k  by t he  r e a c t i o n  o f  c a r b o x y l  g roup  w i t h  SOCI2 
and ( i i )  r e a c t i o n  o f  COCI g roup  w i t h  NaN3. 

The second method~ as shown i n  Eq. 3, i s  an a d a p t a t i o n  o f  
the  method o f  We ins tock  ( 1 8 ) .  T h i s  i n v o l v e s  t h r e e  s t a g e s :  ( i )  
t r e a t m e n t  o f  e a r b o x y l  g roup  on c a r b o n  b l a c k  w i t h  t r i e t h y l a m i n e ,  
( i i )  r e a c t i o n  w i t h  e t h y l  c h l o r o f o r m a t e ,  and ( i i i )  r e a c t i o n  w i t h  
NaNs. 

The c a r b o n  b l a c k  h a v i n g  CONs g roup  ( p r e p a r e d  by t he  second 
method)  was h e a t e d  a t  v a r i o u s  t e m p e r a t u r e  f o r  l h  and t hen  NCO 
group  c o n t e n t  o f  c a r b o n  b l a c k  was d e t e r m i n e d  by t i t r a t i o n .  F i g -  
u re  2 shows the  r e l a t i o n s h i p  be tween t he  t e m p e r a t u r e  o f  t he  
h e a t i n g  and t he  amount  o f  NCO g roup  fo rmed on t he  c a r b o n  b l a c k  
by t he  r e a r r a n g e m e n t  o f  CONs g r o u p .  The r e s u l t  i n d i c a t e s  t h a t  
CONs g roup  i n t r o d u c e d  o n t o  c a r b o n  b l a c k  was r e a r r a n g e d  com- 
p l e t e l y  i n t o  NCO g roup  by h e a t i n g  a t  130~ f o r  l b .  

The c o n t e n t  o f  CONs group  on c a r b o n  b l a c k  o b t a i n e d  f rom 
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F i g u r e  3. S t a b i l i t y  o f  CONs 
group  on the  s u r f a c e  o f  
c a r b o n  b l a c k  
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F i g u r e  4. G r a f t i n g  o f  PPG by 
the  r e a c t i o n  o f  CB-CON3 w i t h  
PPO 

N e o s p e c t r a  I I - C O N 3 ,  0 . 3 5 g ;  
PPO, 5 . 0 g ;  130~ 

t he  methods 1 (Eq. 2) and 2 (Eq. 3) was 0 .27  m e q u i v . / g  and 0 .28  
m e q u i v . / g ,  r e s p e c t i v e l y .  T h e r e f o r e ,  no d i f f e r e n c e  i n  t he  con-  
t e n t  o f  CON3 g roup  i n t r o d u c e d  o n t o  c a r b o n  b l a c k  be tween two 
methods was o b s e r v e d .  M o r e o v e r ,  t he  amount  o f  CON3 g roup  i n -  
t r o d u c e d  o n t o  c a r b o n  b l a c k  was a b o u t  70% o f  t he  c a r b o x y l  g roup 
c o n t e n t  o f  c a r b o n  b l a c k  s u r f a c e .  

F u r t h e r m o r e ,  t he  s t a b i l i t y  o f  CON 3 group  on c a r b o n  b l a c k  
upon s t o r a g e  was e x a m i n e d .  The r e s u l t  i s  shown i n  F i g u r e  3. 
I n  c o n t r a s t  w i t h  NCO g roup  on c a r b o n  b l a c k ,  as shown i n  F i g -  
u re  3, CON3 group  on c a r b o n  b l a c k  was s c a r c e l y  decomposed i n  a 
d e s i c c a t o r  a t  be l ow  20~ a f t e r  30 days .  

G r a f t L n g  on to  Carbon B~ack by t h e  R e a c t i o n  o f  NCO Group on 
Carbon B~ack w i t h  P o l y m e r s  Hav ing  Hydroxy~ Group 

I t  has been reported that glass f i b e r  having NCO group, 
which was prepared by the react ion of s i l a n o l  group on the 
f i b e r  surface with TDI, reacts with d i o l - t y p e  polyester (19). 

The react ion of NCO group on the carbon black surface, 
which was formed by the heating of CB-CON3, with PPG ( d i o l -  
type, Mn=2000) was carr ied out and the g ra f t i ng  of the polymer 
onto carbon black was examined. The resu l t  is shown in Figure 
4. 

Figure # shows that NCO group on carbon black reacts with 
terminal  hydroxyl group of PPG to give PPG-grafted carbon 

z~ 
C B - C - N 3 ~  CB-NCO + H 0 ~vv~P -~D- C B - N- C- 0 ~vvvvvv~ p 

I I  i I I  
0 H 0 

black. The g ra f t i ng  r a t i o  a f t e r  heating at 130~ for  30h was 
determined to be 21.9%. This indicates that 41% of NCO group 
is reacted with hydroxyl group of PPG. 

Table I shows that  PEG, PVA, and soluble starch are able 
to g ra f t  onto carbon black by the react ion of NCO group on 
carbon black with hydroxyl group of these polymers. 

In conclusion, by the use of carbon black having CON3 
group, i t  became feas ib le  to g ra f t  various kinds of polymers 
having hydroxyl groups onto carbon black surface. This 
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TABLE I 
G r a f t i n g  onto Carbon BLack by the Reac t ion  of CB-CONa 

w i t h  Polymers Having Hyd roxy l  Group 

PoLymer ~nxlO -s DMSO Temp. Time G r a f t i n g  r a t i o  
(m i )  (~ (h)  (%) 

PPG 2.0  - 130 10 21.9 a 

PEG 6.0 - 130 5 26.7 a 

PEG 6.0  - 130 I0  29.7 a 

PVA 66.0 7.0 130 10 32.4 b 

PVA 66.0 7.0 130 30 43.4 b 

Starch  - 7.0 130 30 23.0 b 

~PoLymer, 5.0g; CB-CONs, 0.35g. 
Polymer, l.Og; CB-CONs, 0.25g. 

g r a f t i n g  method enabled us to c o n t r o l  the m o l e c u l a r  we igh t  of  
g r a f t e d  po lymer  c h a i n s .  F u r t h e r  a p p l i c a t i o n  to  v a r i o u s  k inds  
of f u n c t i o n a l  po lymers  i s  now under i n v e s t i g a t i o n .  
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