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Microencapsulation of Surface-modified Carbon Black by Miniemulsion Polymerization
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Abstract — Carbon black has been widely used in composites, tonor resin, and ink materials. Since carbon black readily
agglomerates, it is important to disperse carbon black in real applications. Aiming to improve dispersion stability, carbon
black was chemically oxidized to possess hydroxyl groups using a phase transfer catalyst at room temperature. The modified
carbon black (CB-OH) was grafted by a silane coupling agent, p-methylacryloxypropyltrimethoxysilane, to carry tem-
inal vinyl groups. The modified carbon black was subsequently used in miniemulsion polymerization to achieve encap-
sulted core-shell structure. Finally, well-encapsulated carbon black by polymer was obtained in the size range of 100-
500 nm. Throughout the polymerization, the effects of surface modification, types of monomers, initiators, and emulsi-

fiers were investigated.
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Scheme 1. Surface modification of carbon black using a phase trans
fer catalyst followed by grafting of a silane coupling agent.

Fig. 1. TEM micrograph of raw carbon black.
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Fig. 2. TGA thermograms of raw, hydroxylated, and silane-grafted
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Fig. 3. The change in the tranmission of light throughout the carbon
black dispersion analyzed using Turbiscan: 0.01 wt% (a) raw
carbon black, (b) hydroxylated carbon black.
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Table 1. Elemental analysis of raw, hydroxylated, and silane-grafted
carbon black analyzed by EDX

Elements [atomic %]

Run C 0 S Na_ K Mn ol
RawCB  97.19 281 - : : 100
CB-OH 7847 991 - - 049 1113 100

CBSilane 9153 623 026 - ; - 100

9] FREE A o] FullE ARl sl AR E 7=
CB-OH, silane coupling agents A3l 3o silanes =43+ CB-
Silane &S vl 4] Sigich. FHEEHE A o5 FHE o)E
sto] ka7 2 2] 3ksl7] Helli= WA $hFo] carbon 97.19%,
oxygen 2.81%= UEls o A2 WS V1A st Foll=
oxygen®] o] 9.91%= 571t A& HI) o]AS 3W A o
AlelA -OH] =] 11 o] T7Ist Ao ® kv KoF Mn
o] = Al F4o] HG oL} o] A Fuljel] ARGE Alofe]] 3
Shel Aams AlFY FEE S Ak AXA =W AA 2
T 3lom, o] 3 FAole S nIAA] et mpA e R
MPTMSE AH-3te] AZ28k CB-Silane®] 7395 H¥ Mo VieR}
A 9= silicon UA7F 0.26% UEhR= 210 Hop 7RiBe) 1w
o] silane coupling agent’} 52402 &8] Fti= AS glg
T AUt

3-2. Bl ERL OEAL HES

Kew o] Fell oJFh 7hEEe] it Hasl ks dofr
7] $1519 styrene, methyl methacrylate (MMA), butyl acrylate (BA),
4-vinyl pyridine (4VP) & 47F4] &7-<] RieHE ARE-Slo] vy
31%e ygell 23] Stk 12lal 71 9FS Table 200 LFERAICH
ARG TREEE ] ke RicH T O] 1%% 1 skgler, ot
B AE oA 2 ko ® A4 st

Fig. 404 Z1zke] Ricm 5 ARgsle] 1t} ashs ofols v
o] Ak 4] e sto] TEM AL AR R QIrt WA, styrene
= HrE ARE (a)9] Aol At dRke FREEE At 1
of 1:12] &R &SP} o]Fo] 2 A& oGl o Kol B
FHEEHo] 1A} bl Fias) HHA 1A Aas e e
% o]Fo] Frh BAE AMEEH (c)9] Z-F-olli= poly(butyl acrylate;
PBA)®] Tg7} -54 °Cx Gro} QP IARE G484 xahal o4
wo] FRE BT | S H o] ek S Hashe xkE ¢
A Z3elem, 4vpe] B-9-(d) 7REE o] kA Eshal g §
ojg)7} ¥o] glom A}t §IAF AAE vy {3t FHoE e
T U= ABErfe] IR YR AZ3HA| ZEHlth. P4VPe] -
A1) 2173 (amphiphilic)ell 719181 F71&53}ke] 13Pgo] vl$-
Fste], i Ao RieHE AREE A TRAEE e 3ol

Fig. 4. The effect of monomers on the encapsulation of surface-modi-
fied carbon black: (a) Styrene (b) MMA (c) BA, and (d) 4VP.
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e Atk olygt AvE EdiE & o, v RievE 1ot
styrenes AHE-3 797} FREEH FiEslel 7P At E
glom o]Fof o]FofX|= BE A= styrene FrHE AN
sto] Agdainh. A mUfsiael 71 del AReEE O
A= 2o tigt ga=7) 7P W2 styreneC |t

3-3. 7h223 =®M JiE4 0ER} Has

7hiEEe] Jid A3 529 FHast YeE dohny] flsto] A9
= A3 391ck. Fig. 59 (el 39 A2fE A8 544 92 raw
FHEEAE AFEE Aol il S ARk 23 iR A
ol ehh= 21e & o et o] whgell A7tk Riewrt 7
B AH87do] ol FhaEs hds] A Eakar whE §)
2z BdE ozl Agolrt. A|RE (b)e] 95 BA =W olF
22k §I2FE W & 4= gl o)+ silane coupling agent® Al
MPTMSell EAISH= ¥Rk o] 3ho] 3ol Fofste] B
e o) Ftol] RES-SHAl HHA Al FREEo] nlo] I = HE
spPF JsE Ao @ Ao=w P @ = QIt} Fig. 5% Sl 7+
EEH| FARE E8lekal I ¥, MPTMSE 7idste] 2t
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Table 2. Formulation of miniemulsion polymerization to investigate the effect of monomers

Run Monomer Phase Medium Phase
Carbon black (g) Monomer (g) Initiator (g) Co-stabilizer (g) Water (g) Surfactant (g)
Mi CB-Silane 0.02 styrene 2 AIBN 0.02 HD 0.06 20 SDS 0.06
M2 CB-Silane 0.02 MMA 2 AIBN 0.02 HD 0.06 20 SDS 0.06
M3 CB-Silane 0.02 BA 2 AIBN 0.02 HD 0.06 20 SDS 0.06
M4 CB-Silane 0.02 4VP 2 AIBN 0.02 HD 0.06 20 SDS 0.06
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Fig. 5. The effect of surface modification on the encapsulation by
miniemulsion polymerization using (a) raw carbon black and
(b) silane-grafted carbon black.
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4 3.

FhiEee] ke g 3 A3ke] TEM AR Fig. 60 L2AT8)
Aom, Aol AMgH FHEEC] ok 7M7) (a) 2%, (b) 3%, (c)
5% 7 o}‘-’*t} A @< (b= Eml 22k Ak} A flol Tkt
=99 fespt AAHEE dek. AR (ellAE
A 22k %’JXH rgo] TRl l—~ 7hEEEe] o] oA

Uy f3F T3 Tl % S t"fHo}Oi uehd 2o & 4= 9l
of. whebA HojR AR 5 Qs TREE Y] 2 e d%ﬂ] 5%

ool AREE = SlE& & Stk Fig 72 T § Fojxl A
g Az, AN TGA l?}é Arjolc}, o] Lol B 4
0], AREE T1Ake] sl oF 400~500 °C AfolellA] TSt
u% o]_ﬁroﬂ ko zpx T}“ 7].113?)1/] tﬂ—al:o] l:—o]-lei u].;q
gholl =2 char®] 0] szoPAi= AE 291 & = QM Fig. 2

ol Bzl FhEEeE 800 °C2] oM )Pslr] wiitel

Fig. 6. TEM micrographs of encapsulated carbon black prepared with
an increasing amount of carbon black: (a) 2%, (c) 3%, (d)
5 wt% to monomer.
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Fig. 7. TGA thermograms of encapsulated carbon black prepered
with an increasing amount of carbon black: (C1) 2%, (C2)
3%, and (C3) S wt% to monomer.

& ofe FHEBdo) e Zo% ¥ 4 glom ol Wi s
@] oo Zkgel weh thitel ApRREo] Asel F7les
3% oJulait.

Table 3. Formulation of miniemulsion polymerization to investigate the effect of the amount of carbon black

Run Monomer Phase Medium Phase
Carbon black (g) Monomer (g) Initiator (g) Co-stabilizer (g) Water (g) Surfactant (g)
C1 CB-Silane 0.04 styrene 2 AIBN 0.02 HD 0.06 20 SDS 0.06
C2 CB-Silane 0.06 styrene 2 AIBN 0.02 HD 0.06 20 SDS 0.06
C3 CB-Silane 0.10 styrene 2 AIBN 0.02 HD 0.06 20 SDS 0.06
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Table 4. Formulation of miniemulsion polymerization to investigate the effects of initiators and emulsifiers

Run Monomer Phase Medium Phase
Carbon black (g) Monomer (g) Initiator (g) Co-stabilizer (g) Water (g) Surfactant (g)

Ml CB-Silane 0.02 styrene 2 AIBN 0.02 HD 0.06 20 SDS 0.06
1 CB-Silane 0.02 styrene 2 V-50 0.02 HD 0.06 20 SDS 0.06
12 CB-Silane 0.02 styrene 2 KPS 0.02 HD 0.06 20 SDS 0.08
S1 CB-Silane 0.02 styrene 2 AIBN 0.02 HD 0.06 20 NaDDBS 0.06
S2 CB-Silane 0.02 styrene 2 AIBN 0.02 HD 0.06 20 CTAB 0.06

3-5. ZAHQE THAIRIS] R0 E DEX eS|

wpA e 7 FAbAof TRAIA o] F7F Ak Q1gh TREEE o)
Aastell A= P 123H7] 2181e] Table 40l whek A3 %1
& stk 94 AAAR st J3S AR 28l 84 A
A1 V=502 KPSE AdEiste] ARgsigint. KPS Unt {353l
g AR TAAR Al Aks Aol 2o 28 Eail= 2
S AT V-50 azoA| 9 e 56 °Ce] R 1E TS A
3 787 7WAIAolt}. Fig. 8ol olF THAIAIR F3tet YAke] TEM
ARE YERSIEE (@9} (b)ell ZH2t V-502 % 122t JastE ot
ARIZE KPSE F9hsh ARlE YERAGITE. o] ARlellA & 4= Q1%
o] & aAREe] 22} YAt A w1 JHEEEe] g oR 1
e eJsto] AEstEA] Johs 2le & AUl ol ARt
A1 Y FlEgelr 84 7AAl Bik= X873 JIAAIE A
&3k o9t Ak S AINAIZE SRRl Hof Q0= Qo]
SEe] xgio] FHEE ] A slellA] o] X1 = 5 Q= TFs
do] FolA7] WiEo R ke oIt

AR 7 vl A= Qe tisli A= Fig. 90l TEM AR C.=
morphologyE #23}¢lth o]e] AFg% 4kAl= NaDDBS
(C,,H,580,Na)e} CTABr ((C,¢H;;)N(CH;);Br)Z NaDDBSE £©]

Fig. 8. Effect of types of initiator on the degree of encapsulation of
carbon black: (a) V-50 and (b) KPS

Fig. 9. Effect of types of emulsifier on the degree of encapsulation of
carbon black: (a) NaDDBS, and (b) CTABr
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