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Polymer Graft onto the Carbon-Black Surface

stoprfatw 9 oh 3t FY3et#t (Kyu Suk Choi and Byung Kwon Chang, Dept. of Industrial Chemistry,
College of Engineering Hanyang University, Seoul, 133-791, KOREA)
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Table 1. Functional Groups on the Surface of the Car-
bon Black®”

OH (=0 COOH
Sur- cle Group Group Group
face dia. (meq. (meq. (meq.
(m*/g) (nm) GG
Furnace|Philblack 0* 796 294 878 002 018 0
Black |Philblack I* 1168 286 823 005 023 0
FW-200** 460 13 20 010 142 061
CarbolacI*** 8392 9 30 016 114 054
Neospectra 906 13 30 024 092 040

H*t**

Sp.  Parti-
Kinds Trade Name

Channel
Black

* Phillips Petroleum Co. (), ** Degussa (%)
*+* Cabot Corporation (®]),
**++ Columbian Carbon Co. (7])

o Z wpgdigko 2 AR R

3) CBEWe #%7]e) w4718 IR Evs

2 A7 HhY

xqﬁonl:: 1ol woz 1atx ey} fsg ot
agZE JFsd ZEuvl vdRer2 A$sE o
Ui, 1FALELE & Qo] Ao A o} Hole
2) 2 39 el o3t v 1T E3} Bol
AES D gtk 3)9 A9 IHZEZAIE &
oo] BAeke AT & e 54

ZTELY HwE #rh

to
A
K
%2
K
M

%

CBER A H3Ee) A 97(<

selF)urgel &% ez

MAANE o] 43 22}= 3] K. Ohkitat BPOY
AIBNS 7HAIA R o] 83t ezto] ThE HIH K
2 F84712 CBERAA Yojuhs 1414 2ol
4% uizse) 49 wee AH 2
Ach59 ojre AdME HEHE Reno egto]
iR A Ffol wEA SRS A FA44 |
Az ztoizt ERlH i A& CB—EeiH 9 4=
=1}, Fig. 19 BPOE A}8-3}il Philblack 12] &
Aol 2R W MMAS] F@&— A7t F4L
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Polymerization bate ( %)

Time (h)
Fig. 1. Polymerization of styrene and methyl methacr-
ylate with carbon black, Philblack I, 1.0g : BPO, 0.3
mol : monomer, 0.2mol, 60C((), A) . no carbon
black (@, A) : with carbon black

Table 2. Graft Polymerization of MMA with CB/1,3
diketone(R,—CO—CH,— CO—R,)

1,3 diketone Polym. Graft
Solvent

R, R, (mmol) Rate(%) Rate(%)
Me Me 20 Benzene 53 34.7
Me Me 20 Dioxane 10.2 30.0
Me Me 20 DMF 26.3 32.9
Ph Me 20 Benzene 10.5 41.3
Ph Ph 20 Benzene 10.2 40.9
Barbituric acid 4  Dioxane 6.1 364
Dimedone 6.8 Benzene 10.5 32.5

1,3-Indanion 6.8 Benzene 12.3 35.8
Neospectra 11, 0.30g : MMA, 10.0 ml : H,O, 2.0 ml
Total amount, 18.0 ml : 70T : 6hrs.

vebdc}, 3t n-Butyl lithium& o] &3}= 2]
F35HA0 1} SnCl & o] 88 ol FEA 2 oy
iM% CBol9] Hd ZFe)vj9] Otz ES7} 7h53t
th

CB/1,3-diketone 7HAJA|<] 2]& 22=E : Tsu-
bokawas-& acetyl acetoneo|} barbituric acid 52
1, 3-diketone (R,-CO-CH-CO-R,) = CB& =33+
A= MMAS] il 3ol 7iAEle RE 2ds)
%t ® Table 20 3479 &g Jepdch
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o]7)4 aEtTE o] 40% 71 Wi AT dojAH,
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wrje) kol FFo] MAHIL o]ZE AdAME
CBo) Zgul7} etz Esh= AL A AU
r}, 15~20

Table 30] Z+%& CBol whsled isobutyl vinyl
ether?] /A 5L AR AHE vebi

Fa2 7|7 % CBYFE FEMAsHo] 2
o, JlaBA7)5 22 ¢e furnace blackolX&=
235 Eo] goks A FE7NACl CBo 7F
22477} 7l9gstan ke AE ¢+ ek =
&} Table 40]%= channel blackol] 23 ZHE H|E®
wolo) 284S UERYD, of7]0]A egko] —0.80]
o] RinSo] F§4e) ke AL & F A
o} %

3 o)L FANA 22 CBEHEA 2
g TESLS 10~15% AZo)AT FPEAHEL
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Table 3. Polymerization of isobutylvinyl Ether using
Various Carbon Black.
COOH OH Graft

Carbon Black (g) Group Group Tzecg;p. T(ige Rate
(meq/g) (meq/g) (%)

FW-200 01 061 010 20 2 840
Carbolac 1 01 054 0.16 20 2 446
Neospectra I 0.1 0.40 0.24 20 2 291
Philblack 0 10 O 0.02 5 24 0
Philblack 1 05 0 0.05 5 24 0
Vulcan SC 05 008 013 50 24 17

iso-butyl vinyl ether 3.8mol/1: CCl, 10.0ml

Table 4. Initiation Ability of Cationic Polymerization
Using Channel Black

Monomer e Value Ability of
Polym.
iso-Buty! vinyl ether -1.770 0
N-Vinyl carbasol —1.400 0
a-Methyl styrene —1.270 0
n-Butyl vinyl ether —-1.200 0
Ethyl vinyl ether -1.170 0
N-Vinyl-2-pyrrolidone —1.140 0
Indene —1.030 0
2-Methyl-2-propene —0.960 Dimer
Styrene —0.80 X
2-Vinyl pyridine —0.50 X
4-Vinyl pyridine —0.280 X

9} 20]& CBotel ukgo oJaf 1e}LEsl7} z18)
dckn Aae,

CB'COOH+9H:CH2 ——— CB-CO0~ + “CH-CH;
|
X X
nM
— CB-CO0~ + C‘H‘CHZ—(~C[H—CH27)n71—CHCH3
{
X X X

termination
Pl

CB—C00—(—CH—CHz~)a—
CGral) (~CH—CHz =)= CHCHy

X X

CBEW #AHA 22=E T

CB/&zbel &4 2 943 CBRYEEH gol& 1
T E  Hile CBet 97 548 THF S A gt
SAA 44 Bl ol Es =yt o] H
oA ~E|AG TS Wdt ok 50% ] I1HLE
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Polymerization rate (%)
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Fig. 2. Hydrogen transfer polymerization of AAm by
CB-OLi : Neospectra I, 0.3g: BuLi, 0.56mmol, N-
phenyl-8-naphthyl amine, 0.01g: room temp.: lhr.
polvmerization : AAm, 2.0g : Dioxane, 20.0ml : 100T.
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Ag a7

o] & Ao M= AAme] Ul & 30 2 9] HEE
287} S48 37, 12008 SN
90% B Fojxul zZF Zgloin|=el &40l
fo N2g CB-18t2E g7} oA},
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0]

CB—oL;j MAAm,

CB-OLi/Crown ether Al 2]3 &o]& 12 ZE
CYwrgo g %ol F§AG crown ether(CE) &
H7sha Lol Lol FAsteof A3 Zufjo] FEIA
s2jo] Zulgtth, ? Fig. 30 CE(18-crown-6)2] &
A3t CB-OLi-S vl 2 3] 2Eldle] Fol2 ¢
AAE Ve

oroll A 71438 A3 ¢ CB-OLi& ~El#e] o]
F8g WAshs sEol W8 gl whstef’ CEE
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Polymerization rate (%)
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Fig. 3. Graft polymerization of styrene by CB-OLi/CE
styrene pretreatment : Neospectra 1, 0.30g : Buli, 0.
59mmol © tolune, 5.0ml : room temp. : 1hr. polymeri-

zation © stvrene, 0.025mol : 0T.

150% £ Yol CB-OLi/CEAo X =3] Agol =
A CBEHo) A Z2j2Elle] g0l Aol Aot
= AL ¢ 5 A
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1) B-Propiolactone] 7R 3t

22 57 2o 9ge 35 Ttagidd o
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Fig. 4. Graft rate and graft effciency of polyester th-
rough the ring opening polymerization of PL using
CB-COOK.
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Polymerization rate ( %)
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Fig. 5. Ring opening copolymerization of GMA and
MAn using CB-COOK Neospectra I-COOK, 0.3g,
GMA=MAn=0.01mol : N-phenyl-8-naphthyl amine,
0.01g ; nitrobenzene, 1.0g ; 120C.

CB-CO*CI0, | A2) ofo]& 1al=E

D 2o agzE $%

R-COCIZ AgClO,ste] whg-ox 2 R-CO™
Clo, "ol oja) ZEale) ol F3to] HASHE A
o] ¥4 Uch® W CBEHY 7l2BA7=
SOCLE #ashd COCl7lz W 3 e
CB-COClI# AgClO,ste] whg-o <js) CBEW
CO*Clo,” & E3l3ke AL AE T Y™ Ta-
ble 56 CB-COCIz} AgCIO, o 2§ ~Elale] =
A& 2R 238 JEhdth

Table 5. Cationic Polymerization of Styrene Using
CB-CO*Cl0O,~

Carbon Black AgClO, (g) Polym. Rate(%)

none 0.20 0
Neospectra 1 - 0
Neospectra I 0.20 0
Neospectra I-COCI - 0
Neospectra I-COClt 0.20 87.3

Pretreatment : Neospectra I, 0.30g . Nitrobenzene,
5.0ml : room temp : 48hrs.
Polymerization : styrene, 10.0ml : 40T : 4hrs.
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CB~-COOH % CB—COCl ﬂoi CB—-CO*Cl0,~

t.
LN CB—C (~CHyCH—)y -1 ~CHCH*CI0,~
| |
0 Ph Ph

2) 2EF F 1TE FFH

Table 69 CB-CO*ClIO,” & ZW& o]&3}d
PL, &-valerolactone(VL), &-caprolactone(CL)¢]
Mg 23 P 2x2 Jehdch ojv] JEd
CB-COOKol 2|3 &E2) Z§-2 PL| S8Hd 3]
A5k CB-CO*ClO,” & o] &3k Fol2 FA A
E 742 AE ZEoAH2E CBEHAY 1gZE
7} FPsEtheR e ¢ & Ao

Table 6. Ring Opening Polymerization of Lactones
Using CB-CO*CIO,~

Temp. Hour Polym. Rate Graft Rate

Lactone "oy () (%) (%)
PL 40 144 112 3.1
PL 70 60 188 302
VL 10 48 330 585
VL 40 15 380 400
CL 4 15 300 132
CL 70 15 72.5 520

pretreatment . Neospectra [-COCI, 0.30g ; AgCIO,,

0.20g, Nitrobenzene, 5.0ml : room

temp. ; 48hrs.
polymerization . lactone, 4.5 mol/l

0]
|
CB-CO CIO, + n(@C:O—*

CB—C—(-0—(-CH;—}n—C—)—
i I
0] 0]

3) }doldlz g $ £age) aLe T
CB-CO*ClO, " &3] THFY Z2dd SAlo]
=(PO) 59 &dde2 % EgfSitoll 1L.3-4%
A 53 e g x2240) e Fio A
a1 CBEHol Z4zte] Zejole2 9 £g] ohaEol
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Table 7. Gelation of Urethane Prepolymer having
NCO Functional Group with Various Carbon Black
Surface

COOH OH Gel Fraction
Carbon Black (meq/g)  (meq/g) %)
none - - 0
Philblack 0 0 0.02 4.3
Philblack I 0 0.05 54.2
Neospectra Il 0.40 0.24 70.0
Carbolac 1 0.54 0.16 68.0

Urethane prepolymer, Mn=5100 : CB, 10 wt% 3
130T : 10 hrs.
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Table 8. Curing Reaction of Epoxy Resin with Va-
rious Carbon Black

Temp. Hour Gel Fraction

Carbon Black ) (%)

none 170 30 0

FW-200 130 30 98.5
FW-200 150 10 96.7
Neospectra II 150 30 314
Neospectra I 170 30 58.3
Philblack 0 150 30 29.0
Philblack 1 150 30 19.9
KOH-treat Neospectra I 150 30 86.1

Epoxy resin(EP 1004), 5.0g : CB, 1.0g
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