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CATIONIC GRAFTING FROM CARBON BLACK. IX. 
CATIONIC RING-OPENING POLYMERIZATION 
AND COPOLYMERIZATION OF 3,3-BIS- 
(CHLOROMETHY L)OXETANE I NIT1 ATED BY ACY LI U M 
PERCHLORATE GROUPS ON CARBON BLACK 

NOFUO TSUBOKAWA,* W JIAN, and YASUO SONE 

Faculty of Engineering 
Niigata University 
8050, Ikarashi 2-nocho, Niigata 950-21, Japan 

ABSTRACT 

The cationic ring-opening polymerization of 3,3-bis(chloromethyl)- 
oxetane (BCMO) was found to initiate by acylium perchlorate groups 
on carbon black, introduced by the reaction of acyl chloride groups 
with silver perchlorate. It was confirmed that poly-BCMO propagated 
from carbon black and effectively grafted from the surface. The per- 
centage of grafting of poly-BCMO increased with increasing conversion 
and reached about 50%. The grafting efficiency, however, decreased 
with the extent of polymerization. This suggests that ungrafted poly- 
mer formed by chain transfer at higher conversion. The activation 
energy of the polymerization was estimated to be 28.5 kJ/mol. Further- 
more, acylium perchlorate groups on carbon black are able to initiate 
the copolymerization of BCMO with tetrahydrofuran (THF). Poly- 
(BCMO-co-THF)s of various compositions were grafted from the sur- 
face; depending on the propagation of the copolymer, the percentage 
of grafting was as high as about 40%. The poly-BCMO-grafted and 
poly(BCM0co-THF)-grafted carbon black gave stable colloidal disper- 
sions in organic solvents. 
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INTRODUCTION 

In this series of papers we have reported on the use of carbon blacks con- 
taining acylium perchlorate groups, which were introduced by the reaction of 
acyl chlorides with silver perchlorate, for the cationic graft polymerization of 
styrene [ 11, lactones [ 2 ] ,  cyclic formals [3] , and cyclic ethers [4, 51. Further- 
more, the acylium perchlorate groups were able to initiate the cationic ring 
opening copolymerization of tetrahydrofuran (THF) with cyclic acid anhy- 
drides [6 ]  and the cationic ring-opening terpolymerization of THF-chloro- 
methyloxirane-cyclic acid anhydrides [7] . In these systems, polymers were 
grafted from the carbon black surface. 

3,3-Bis(chloromethyl)oxetane (BCMO) undergoes cationic ring-opening 
polymerization to give polyethers with chloromethyl groups [8- 111 . Poly- 
BCMO is a well-known engineering plastic. The polymer has high resistance 
to acid and alkali, solvent, and heat. 

initiated by acyliurn perchlorate groups on carbon black and the grafting of 
poly-BCMO from the surface were investigated to improve the miscibility 
of carbon black (CB) and poly-BCMO. Furthermore, the grafting of BCMO/ 
THF copolymer by the ring-opening copolymerization of BCMO with THF 
initiated by acylium perchlorate groups was examined to improve the dis  
persibility of BCMO-grafted carbon black. 

In the present paper the cationic ring-opening polymerization of BCMO 

S 0 C l 2  A g C 1 0 4  
CB-COOH - CB-COC1 - C B - C 0 + C 1 O 4 -  (1) 

CH2C1 
C H 2 C l  C B - C O + C 1 0 4  - t I 
C H Z C l  II 

C B - C + O - C H 2 - C - C H 2 k  
I 

C H Z C l  0 

(2) 

C H 2 C l  C B - C O + C 1 0 4 -  
+ LJ * 

C H Z C l  

C H 2 C 1  
I 

(3) 

CB-C-0-CH - C - C H 2 - 0 , t C H 2 F  
2 1  

C H 2 C l  
II 
0 
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EXPER IMENTA L 

Materials 

Carbon Co.; BET specific surface area, 906 mz /g) and FW 200 (Degussa 
A.G.; 460 m2/g), and furnace black Philblack 0 (Philips Petroleum Co.; 
79.6 mz/g). The carboxyl contents of Neospectra 11, FW 200, and Phil- 
black 0, determined by the method of Rivin [ 121, were 0.40,0.61, and 0 
meq/g, respectively. The carbon blacks were dried in vacuo at 110°C before 
use. 

BCMO was prepared by ring-closure of trichlorohydrin of pentaerythritol 
with potassium hydroxide according to Kambara and Hatano [9], purified 
by refluxing over calcium hydride, and distilled under reduced pressure. THF 
was refluxed over calcium hydride and distdled before use. Guaranteed- 
reagent-grade silver perchlorate (Kojima Chemical Co. Ltd., Japan) was dried 
in vacuo at 130°C before use. All other reagents and solvents were used after 
ordinary purification. 

The carbon blacks used were channel blacks Neospectra I1 (Columbian 

Introduction of Acylium Perchlorate Groups onto Carbon Black 

The introduction of acylium perchlorate groups onto carbon black, i.e., 
the pretreatment, was carried out by the reaction of acyl chloride on carbon 
black with silver perchlorate in nitrobenzene according to the previously re- 
ported method [ 11. The content of acylium perchlorate groups introduced 
onto Neospectra I1 and FW 200 was determined to be 0.37 and 0.41 meq/g, 
respectively [6]. 

Polymerization Procedure 

After the pretreatment, without isolation of the carbon black with the 
acylium perchlorate groups, 10 mmol of BCMO was added to a flask that 
contained the pretreated carbon black, and the polymerization was con- 
ducted with stirring under nitrogen. After the reaction the product was 
poured into a large excess of methanol to precipitate the polymer-contain- 
ing carbon black. The conversion was calculated by 

precipitate (9) - carbon black (g) 
conversion (%) = x 100. (4) monomer used (g) 
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734 TSUBOKAWA, JIAN, AND SONE 

Percentage of Grafting and Grafting Efficiency 

To separate polymer-grafted carbon black from the reaction product, it was 
Soxhlet extracted with cyclohexanone. The extracting solvent for the copoly- 
mer of BCMO and THF was chloroform. The percentage of grafting and graft- 
ing efficiency were determined by 

polymer grafted (9) 

carbon black used (g) 
percentage of grafting = x 100 

polymer grafted (g) 

total polymer formed (g) 
grafting efficiency (%) = x 100. 

Stability of Dispersion of Polymer-Grafted Carbon Black 

Polymer-grafted carbon black (0.30 g) was dispersed in 100 mL cyclohexa- 
none or chloroform with a magnetic stirrer, and the dispersion was allowed to 
stand at room temperature. After a given time, 5.0 mL dispersion liquid was 
removed with a pipet, and the content of dispersed carbon black was deter- 
mined. The stability of dispersion was determined by 

carbon black dispersed after standing (g) 
carbon black dispersed before standing (g) 

stability of dispersion (%) = x 100. 

(7) 

RESULTS AND DISCUSSION 

Evidence of Initiation by Acylium Perchlorate Groups 

The cationic ringopening polymerization of BCMO is initiated by cationic 
catalyst to give polyether [8- 1 I ] .  We have found that acylium perchlorate 
groups on carbon black are able to initiate the cationic ring-opening polymer- 
ization of three-, five-, and seven-membered cyclic ethers [4-71. Therefore, 
the ring-opening polymerization of BCMO was carried out with carbon-black 
carrying acyl chloride groups and silver perchlorate under various conditions. 
The data in Table 1 show that acylium perchlorate groups introduced onto 
carbon black initiate the polymerization of BCMO. 
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CATIONIC GRAFTING FROM CARBON BLACK. IX 735 

TABLE 1. Ring-Opening Polymerization of BCMO Initiated by Acylium 
Perchlorate Groups on Carbon Blacka 

Carbon black AgC104 9 g Conversion, % 

None 0.20 

Untreated Neospectra I1 - 

Untreated Neospectra II 0.20 
Neospectra 11-COCl - 

Neospectra 11-COC1 0.20 

0 

0 

0 

0 

21.3 

aPretreatment: Neospectra 11, 0.30 g; nitrobenzene, 3.0 mL; room temper- 
ature; 2 h. Polymerization: BCMO, 10 mmol; 9OoC; 3 d. 

Initiation by Various Kinds of Carbon Black Carrying 
Acylium Perchlorate Groups 

The relationship between the initiating ability and the acylium perchlorate 
group content of various kinds of carbon blacks was examined. As shown by 
the data in Table 2, the initiating ability of these carbon blacks decreased with 
decreasing content of acylium perchlorate groups. Philblack 0, which has no 
carboxyl groups, failed to initiate even after it was treated with thionyl chlo- 
ride and silver perchlorate. Evidently, the polymerization of BCMO is initiated 
by acylium perchlorate groups previously introduced onto carbon black surfaces. 

TABLE 2. Ring-Opening Polymerization of BCMO Initiated by Acylium 
Perchlorate Groups on Various Carbon Blacksa 

Carbon black Acylium perchlorate group, meq/g Conversion, % 

FW 200 0.41 25.2 

Neospectra I1 0.37 21.3 

Philblack 0 Trace Trace 

aPretreatment: Carbon black-COC1, 0.30 g; AgC104, 0.20 g; nitrobenzene, 
3.0 mL; room temperature; 2 h. Polymerization: BCMO, 10 mmol; 90°C; 3 d. 
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90'C 

0 2 4 6 
T i m e  ( d )  

FIG. 1. Ring-opening polymerization of BCMO initiated by acylium per- 
chlorate groups on carbon black. Pretreatment: Neospectra 11, 0.30 g; 
AgC104, 0.20 g; nitrobenzene, 3.0 mL; room temperature; 2 h. Polymeriza- 
tion: BCMO, 10 mmol. 

Effect of Temperature on Polymerization 

As shown in Fig. 1, the rate of polymerization was found to increase with 
rising temperature. The Arrhenius plot for these data gave a straight line, and 
the apparent activation energy for the polymerization was 28.5 kl/mol. This 
value is similar to that of the ring-opening polymerization of THF or oxepane 
with chloromethyloxirane promoter [4, 51. 

Proof of Grafting from Carbon Black 

As shown in Fig. 2, the percentage of grafting increased with increasing 
conversion. The effect of temperature on grafting, however, is negligible in 
the range from 50 to 90°C. It is apparent from Fig. 2 that to obtain poly- 
BCMO-grafted carbon black with a higher percentage of grafting, the polymer- 
ization should be extended to higher conversion. In contrast, grafting effi- 
ciency decreased with increasing conversion, as shown in Fig. 3. 

Based on the above results, it is concluded that grafting proceeds from 
acylium perchlorate groups on the carbon black surfaces (Eq. 8) and that 
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iBp/ 
0 90°C 
o 70°C 
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FIG. 2. Relationship between conversion and percentage of grafting of 
poly-BCMO. 

0 
0 10 20 30 

Conversion ( % )  

FIG. 3. Relationship between conversion and grafting efficiency. 
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738 TSUBOKAWA, JIAN, AND SONE 

ungrafted polymer is gradually formed by chain transfer with contaminants, 
such as traces of water (Eq. 9). 

R - nBCMO I 

0 R 

1 

R 
I 

1 + H 2 0  v CB-CfO-CH2-C-CH +,OH + H C 1 0 4  I 2 n + l  

R 
II 
0 

(9) 

R 
H C 1 0 4  + n 03" I 

R 
R 

Copolymerization of BCMO with THF 

The cationic ringopening copolymerization of BCMO with THF is initiated 
by cationic catalysts such as triethylaluminum and boron trifluoride etherate 
[ 13-15] . Therefore, to improve the solubility of poly-BCMO-grafted carbon 
black, the copolymerization of BCMO with THF initiated by acylium perchlo- 
rate groups was carried out, and the grafting of the copolymer onto carbon 
black was investigated. 

Table 3 shows that the copolymerization of BCMO with THF is initiated by 
acylium perchlorate groups. Ungrafted polymer obtained from the copolymer- 
ization was identified by IR and NMR spectra as a copolymer of BCMO and 
THF. The mole ratio of THF in the copolymer was almost equal to that of 
the monomer charged (see Table 3). Saegusa et al. reported that the reactivity 
ratios for copolymerization of BCMO with THF vary with the nature of the 
catalyst [ 141 . The reactivity ratios for copolymerization initiated by acylium 
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TABLE 3. Ring-Opening Copolymerization of BCMO with THF Initiated by 
Acylium Perchlorate Groups on Carbon Blacka 

Monomer charged Conversion, polymer Percentage of 

BCMO THF % BCMO THF grafting, % 

Mole ratio in 

0.70 0.30 7.4 0.77 0.23 41.8 

0.50 0.50 7.5 0.47 0.53 35.9 

0.30 0.70 7.8 0.18 0.82 40.1 

aPretreatment conditions as in Table 1. Polymerization: BCMO + THF = 
20 mmol; 50'C; 5 d. 

perchlorate groups were found to be analogous to those initiated by boron tri- 
fluoride etherate. Accordingly, it is concluded that BCMOlTHF copolymers 
of various compositions can be grafted from carbon black surfaces by acylium 
perchlorate groups. 

Stability of Dispersion of Polymer-Grafted Carbon Black 

As Fig. 4 shows, BCMO-grafted carbon black gave a stable dispersion in 
cyclohexanone, but it immediately precipitated from chloroform. This may 
be due to the fact that chloroform is a poor solvent for poly-BCMO. 

Poly-BCMO-grafted carbon black was also found to have good miscibility 
in cyclohexanone solutions of poly-BCMO. 

Figure 5 shows the stability of dispersion of poly(BCM0-m-THF)- 
grafted carbon black. Ungrafted carbon black precipitated completely 
after 10 h. In contrast, poly(BCM0-co-THF)-grafted carbon black gave 
a stable dispersion even in chloroform because poly(BCM0-co-THF) is 
soluble in chloroform. Increasing the THF content of the copolymer 
was found to increase its stability of dispersion in chloroform. Evidently, 
the stability of dispersion of carbon black in organic solvents can be im- 
proved by grafting polymers onto it. 
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FIG. 4. Effect of solvent on the stability of dispersion of poly-BCMO-grafted 
carbon black. (0) In chloroform; (0 )  in cyclohexanone. 
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