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2 ©f: Poly(butyl acrylate) (PBA)E& coreZ 33 poly(methyl methacrylate) (PMMA)E
shell2 &= core/shell T}37x 1T YAE F DAl RF3FHez Az} Core F§ol
e seed {3IEFHOZ YAt & Ao, shell FHolA= semi-batch whHo
PMMA & A9 ¥4& dASAh vk s, 7HAA, f3iA & 5 uhex7e el

& PBA core 4219 2719} BEXE AR, HAZANA core YAE FAstL, o] 9ol
shell & 3AA|A core/shell 2o FFYAE AUt Corest shell 7+ ajxele] &9} 1
E2EE 4ui3EPy azviEay WP R FARBIYL. HF HA §AE core/shell Y=}
9 £37F dxA7| = 137 nmAEe|P o, 1 IH &L 60% =0l

ABSTRACT : Core/shell rubber particles, which contain poly(butyl acrylate) (PBA) as a rub-
bery core and poly(methyl methacrylate) (PMMA) as a glassy shell, were prepared by two-
step emulsion polymerization. A seeded emulsion polymerization with semi-batch process was
employed to keep the particles free of shell-only particles. Particle size was controlled by reg-
ulating the reaction temperature, contents of initiator and emulsifier. Grafting of PMMA
onto PBA and its efficiency were determined by a solvent extraction and a chromatographic
technique. The core/shell particles with the number average diameter of 137 nm and the
grafting efficiency of 60% were obtained by an optimized polymerization condition. b

Keywords: core/shell particles, emulsion polymerization, grafting.

M B o)1, FEEHoZ YR thE: Lz

olof ¥ct! P FTZe] YL HAsMA

I8 Mg FERANE 2EUL e OET
% core/shell 182} QYA= & = 2 oJAte] o
2 P45 e 7Y nEA YAES gt d
o] Bo| WA FHARAAZ 7)5& e 30
Ae FAEY AdRa719 B8-S VAL g2 EE

Fe2lof #2098 A3E 19963 54

o] Hateo] glojof 3t YIFEES 4 ol gty
Q FAWE R85 3o 2WTEY oJsf do
Ak, 5353 = shello] core §Jol T ZTEFY
FYe FAZ FA=7] HsiAlE core, shell& o] F
= 2R AR A, &5 A ALY, &

535



¢+ H

de

% H

Mol 2%, gl 3t &8s, Bl u)E, APy
H, 734, 7HAAY TR0 4 5 B2 AR 1
i Eojol g}, o] AxtEe] NHHA ¥ A I
H 2 shell 4¥0) $8% cores} 25 core
A Wi domaing YAHAY BFYE shell
2 AT + At dE B9 4840l gle poly
(butyl acrylate)/polystyrene (PBA/PS)
shell )] z}oll A dumbbell 3el,° raspberry =)’ &
2] ETARE RYgEe] BIFGLeH, o= PSst
PBA 7te] ®j4t8A4Jo] el oz HQlt). Lee
5< PS9 242 ofg) kX2 BEA% styrene-bu-
tadiene FZUHE #8135k core/shell 1],
&z, core/shell BRI LA T IS
A& A} shelld) coreol| thyt HIgo] EF4+F, 4
|40l T8 HFE FF2E 4o, shellg] v
&o| ZopAE vEpgoly vt o2 shello] &4
He AL BEEAGS T3 A4 122 YA F9
o] B]AEA 4AFA DHAE YA 2 £ A
TA LAY} 294 182 M2 A2 E 1Y Cin-
verted core/shell’ 7x7} VYEl}7 % Fic}0

2 d7olAe o8 e VA FRI FAY
= A& WAt gulE core/shell FZ2E ¥7] ¢
st} BEZ0 4840 A= BASL MMAE 9
A2 AR PBAE PMMAG)] H|s] A34]9)
aH feHolLEr}t ¥e uRAAOZ o|g JtuAA
core JEOFZ AHE3IH FABANE & £ UL A
o2 Ay7so) AAsPtt. MMAE BAd) vl A
el an fEide R g fed 1AL, 9
£°] polycarbonate 3} HE2Q] A84L 7Hx 2
2 shell YR o Z HAsF}.

B4E core/shell Yzp7} FL3 FAHE 2A8)7)
A3l seed 35T WP AHES FREATS
Seed F3}53L core TEFH o] d¥) a2 FE9)
GFAE SgHoZ {IAFHI} F, o|AL HIe
seed 2 3to] MZE Az} AR FEF {3
9] ol 2EE AeolA DFAE FYso] YRS
Tt Haoltt. 73EE o W 2AES =
el Jxte] z:7]9} cores} shell 7o) ejzE)
=g 28 ¢ Y& Aog YAEYoH, Y
37]%& core JAE 100nm AE, core/shell Y=}
£ 150nm °|stE ZAHsH 1 g} o=

core/

core/
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Al2F 9 RHE. Methyl methacrylate (MMA)$}
butyl acrylate (BA) @#34|= Junsei ChemicalA}
o] AFLS AHEs o, SHIXNA AAE A5t
10 wt% NaOH 8802 33], 2755+2 33 +F
& 7, -5 CE YRR Ao ALgsAn. 7}
WA & AldrichA}2] 1,4-butanediol dimethacrylate
(BDMA), 34+ hydrophilic-lipophilic balance
7} 409) AlcolacAl®] sodium lauryl sulfate
(SLS), 7HA)AM & potassium persulfate (KPS)&
AldrichAle] E-FA|SF 22 AREsach. B1eoz
2 A3 EL Aqua SenseAl?) Ultra Pure
Water System& Agate] & %9 o|2g AAF
% A8k

7858 Core/shell Jz2to] {315HL seed %
A ol 837 core Mz} shell Ao FHAZ
o] Jsiict. $4 wher)o] B3 R E ¢
I 250 rpm o2 AYIEIHA BFERER 247 o
+ Ao AL} core A BA2 1/6 (£
H1)& FRIS & 1ARRE F9F WHSAIA seed YJAE
DE B8, Uslx] DRAE 2476 2H FYshe
semi-batch WH 22 core YA& A|=Z35+4ch. Core
Uzt Az AHEE ALE Table 1o UERAY
th. Shelle] F44& HFant wkg7)o) &, core 2+
g2, F3A4, NAAE g B T dge o
B SEZ 2/l A FUY3EA 2A)F T A
&3 M2 Table 29} 2ol Aol B fAe
2wt% MgSO, T84 o2 g3 ¥ A3y g
A%3t core/shell I1F Y2E AYLH.

£ M. Core ¥ core/shell 2}8]~90] HF Ux}=
7] 2 F7|BEE MatecAl9) capillary hydrody-
namic fractionation 7|71 Z234s}¥t). o] ZRE
THEYARIY Y=v|el BEE PG
GPCe ZHE 4% Waters
150 CVE A1£3l99 2™ polystyrene F& 02 24

microstyragel
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Poly(butyl acrylate)/Poly(methyl methacrylate) t} & 3% 124zt A%

Table 1. Recipes for the Preparation of PBA
Core Rubbers (The Recipe Used for the Next
Step is C3)

Series  Series A

Series B Series C

Component Al A2 A3 Bl B2 B3 C1 C2 C3
BA(g) 250 250 250 250 250 250 250 250 250
BDMA (g) 25 25 2.5 25 25 25 25 25 25
Water (g) 636 636 636 636 636 636 636 636 636
SLS(g) 36 36 3.6 3.6 36 36 30 36 45
KPS (g) 17 17 17 10 15 20 17 17 17
Reaction 60 70 80 70 70 70 70 70 70
Temperature(C) — —

Table 2. Recipes for the Formation of PMMA
Shell

Series D Series E Series F

Component DI E1 E2 E3 Fl1 F2 F3
Core Latex(g) 200 200 200 200 200 200 200

BDMA in

Core Latex(moi%) 05 ¢ 0 0 0520 35
MMA( g ) 85.6 187.0 93.3 56.1 85.6 85.6 85.6
Water(g) 180 180 180 180 180 180 180
SLS(g) 30 3.0 30 30 30 30 30
KPS(g) 16 16 16 16 16 16 1.6
Reaction 70 70 70 70 70 70 70
Temperture(°C)

sk, " EPEHe CDCLE &uiz 3§y
Bruker AC 3002 ARE3ISiT).

P =E §82 7lug coreg: XSt SEA
A gujzaoz siasR %L core/shell
glel A= thin layer chromatography/flame ioni-
zation’ detection® (TLC/FID)& <] &3} &A%
t}. gujEaie HzE HYAE 2wthZE ace
toned} 4jo] 48417 Tt &% ¥ A4HRYE
=o 2o BAE ZA3 At TLC/FID
= latroscanAle] MK-5 71718 AH&sigct. Axd
Zlel 22 THFe] 5x107%g/LE EAsln o8
TLC chromarodesi ®& F c}A] Az ol &
A HAZ toluene, F HAE methyl acetateE A}
g3l A)sta FIDZ 243t

ot U oF

Core 2JXt2] H|=. Core YAt TG Yxt=a7]

FEalo] 209 3% 1996'd 59

£ A7) 948tod seed REFFYULETN "l Az
Q. AR g IR 2¥E G {3A,
ARG} go) Wi 83 seed YAHE THE O
U R0 ©ekA & A3 FU3I g 53
A+l (monomer-starved)dl A S8t Y=k 71
o sojutA] %A 3t} Core 2t Az F W 2
=, AR &, f3AY 4 Tol /EFEH 4R
7] R BE v FFE o15S HIATIEA
ZA131gcH(Table 1). °l& ¥ #HAHY 210& 44
3ted core YAE ARSL o]lF thETAIR! shell
8ol AHE3i

Table 19] Series Ax 7}AIQl BDMA, 7HA1A|
Q1 KPS, #3418l SLSS| 4& 1T ¥ ¥HEE
The W37 AqgEelth FHELE7) 40 T B¥
ol ¥SEET} vl g =3 12417t0] BANE A}
g 9¢ F gilen, 90 T oA FEo|E9
Aol A PR o] Lout Bl A7t §
AE X ggtct. w27} 60 CollAl 80 CE M3
gl wet £HFYA=E717F 112 nmefA] 70 nmZ
ZolAn BEE FolF & AU (Fig. 1). ol
e £xoA /MAA L B4R, & ST B4
&57t ARA Fgel AAEE YA F7F BolA)
I wEA e 27171 Folxle Ao R Az

Fig. 2 Series B, & 7taA¢} 43419 4& 1
At 7AAA L] F& EBAFIHA 70 T4 core
UAE FABRE w) HAIA ol whE dAt=7] Z
By E 29l Aotk sHAIAS o] 3.3 mmole/L
A 6.6 mmole/L7HA] F7Hgel wet +¥FY A=
717} 145 nmollA 90 nm7HR] FopAw B¥E Fo}
Aok 2 = /KA Gt RG] ol B
#ale] F71slEg JHAAY el F7ige] uet
JA} 71 BolR| AL seed A YA FUT GF
Ao cE&EE WelKA FHo] Yz Z7iet EX
7} A Z2sle AL E BdE

Series ColA: 7taAl, 7HRAS 2E& 1A
70 CAA #3AQ %& HIAAIH FHIAAA.
Fig. 3o 8¢l v} Zo] {3 o] 10 mmole/
LollA 15 mmole/L7}#] Z7}3te) whet ¢lxte] =7
= 135 nmoiA 102nmE Z4sH Z7)1EEE &
o}Zt}. ol fEHAlCl 93| vl 7ig7t Boldd
upg} 2= 7]7) FHelx e f3F e dukA
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Figure 1. Particle size distributions of core latices pre-
pared at 60 C (dotted curve) and at 80 °C (solid
curve).
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Figure 2. Particle size distributions of core latices pre-
pared with different Initiator concentrations; 3.3 %
1073 mol/L (dotted curve), 4.9x 1073 mol/L (broken
curve), and 6.6 x 1073 mol/L (solid curve).
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Figure 3. Particle size distributions of core latices pre-
pared with different emulsifier concentrations; 1.0 x
10~ 2mol/L (broken curve), 1.2x1072mol/L (dotted
curve), and 1.5 % 10~ 2 mol/L (solid curve).

o]de d¥ZAFAZRE] AF 100 nm FEE| core
JAHE Axd7] fgte] RIE2E 70 C, 7haA9)
% 0.5mol%, 7RAIAIS) & 5.6 mmol/L, §3HA9)
9F 15 mmol/L (recipe C3, Table 1)& vlegZH o
2 AFstd 3L, ©)E h2EAQ core/shell
ZHe 2~ Aol AMSIFT o] AHoz AxE Yzt
9 72X E AT A, FHFFUYR27) /3
FYRZ7|2 BAIEE E4ARAG7F 1.05 Feel &
EXE Btk 22 A 7luAE ¥x] g &
A3t core YA} BAlFE GPCZ &A% Ax +3
TERFFo] 5.3x10% BAR|$E 2.90]91ch.

Core/Shell 2{E{A2| H|=. PBA core zZ}el A ¢
Zloll MMA @2 Eoiste] semi-batchZTAF o=
PBA/PMMA core/shell 2}el ~8 A zxs}lgT). o]
shell ¥4 F PMMA 7o) 2x19]2150] ABAE
AE Haglslr] fgteldnt. $4 dEAE @
Holl F43he= batch FAAA A7kl Wi HES
o] A5 E 3l o) & vlE o E semi-batch TR0
A A Y FAEEE HIAh 99 C3 xge
2 A E core Yx2HFE] Table 29} D1 oz
shell& gatHA AL 2 A 241 W
ol 100% 77 HHEEe =28t S a3

fr dr

=
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Figure 4. Particle size distributions of core (dotted
curve) and core/shell (broken curve) latices.

&ttt webA semi-batch FAoIA e 24170 2
] a7t FYHTE A shellE FAAR.

Fig. 4= D1 %o =9 core/shell &2
o) Jzp=7) R BXE core Y9} vlwdt Zojrk,
Core QA18] H#F z27]e 100nm ATo|gom
core/shell ¢z}l =7] 137 nm x|}, Core/
shell QJz}ke] YAta7) BARFE= 1.25F core YA
o) A4 1054 w3 F7ME & 2R ole
BE core Yzl MMAZ 21% FE=EA g3t7]

o Bojl, JEUF YA AHE +
oot I/ R ¥ T Ao] bimodale] obd FHOoZRE
PMMAG®E] 2x13]21e] Aol JASASS s
o], 23]xke) AYAde] Koz X9 fdlo] ohd g
& A9l 8 Be ANMA taAlg ¥X @
1 233 coreE EF3H= core/shell Yz} £z}
Fg GPCZ 243 23 FHFEAF] 1.0x105
AR & 7.001Tt.

JeEE 8. 2ABJAE core/shell YAE
AR 918l M= cores} shell 7He) §1&Ago) 5
938, shelld) coredllo] TMTEE o] E 7}53H
gle § whHo)l "t Core 2o 23427 A
71A] ¢A. 3PHA] shell HFAHE TI5HE shell &
FA e core YAE HFRAA = FA U8 A

FEely #2078 A3E 19963 59

AlAle] ojs) 2= yEbgo] dojubAl ok, PBA
of ZefTe)E PMMAS ¢& 8aiFEys TLC/
FID 2402 ¥13lHr}.

£} 32 2 acetoned core/shell YIS EAMA
711 AAREEl 58 BEE AXAA o9 2
g Ae Aort. o] WM THZHEHA] &
PMMA7Z} 2 &€ ZlolY, 7tasA] &2 PBA
coreo] ZPTEY PMMAL 7tmslx] & PBA
o} A Zold& RO E AZEHUL. ol EIEV
231y acetoned ZL& HEE methanol2 AFHA
AlA o] NMR £4& & ZAi FAE 5 Y& A
T2 ulAg £ PBAVE Zof Qe ZoE B
Helch. weld PBAE difE 7tasd e 2L
2 3e £ dled, acetoned]| F&2F PMMA
9] kg AT MMAY 422 Uir g& 1Ty
FEE Y ¢ I

o zy §8E AY ot Wyez TLC/FID
248 Pttt ol &olol =& core/shell At
& aotEaHae] YHog A, et 74
o] ¥FuE FHs= PP R, fuiFEPol vl
st e Pyolrt.lt ol B s &l
e YAt ¥eslgleng sladg ¥A %L
core25E] core/shell YAE A|Z31, ©|& tolu-
ened} ethyl acetate® F ¥H 75K R HA Q)
AWM ZAo] = PBAE PMMAS PBA-g
PMMAZRE E23ta, ¥ HRY N2 F4o)
a2 g ZEFR ¢ PMMAE PBA-gPMMA®
FE 2 § At o] & FIDZ 2481H A ¥
2o dgulg ¢+ U a8y &8 AF &
A% 4 A "ol o] e dsta 4UHoeR
A3t £ AgolAigl Zo] ZtuwdE nEAAE
A" 4 glch mEks £ AYeAE 7tad core
YAE EFh= core/shell YAt BuiFEHoE,
7haER] & core/shell A= TLC/FID wpy o
2 JH=8 5§ Ptk

I ZE BEE A7) A5t shell 4
U271 S gelslHA 1=y §8&9] HIlE 4
wokch. A3 shelle) F& Astr] 8] shell A
9] Mg HEe] shello] ¢ H3lo) g JYF& Z
Ao, cored] 7FRAEE IWTE Qi) 4
FE F AR AZEo] ZtmA Y] ol whE Jaz
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Figure 5. Grafting efficiency as a function of conver-
sion of shell polymerization.

o &S ARIEH.

Fig. 55 t®3<Q core/shell AxxA, & C3/
D19 Ao 2 XY= shell Y49 Aego] wle
aIERe] &S BHAF Aot HEgo] wolA
o wgt §&& Z4asted, ol a#ZH ¥hgo)
gl we} TR E B2 shell A7 o=
Az OotEA =W cored] Z#iTEEE ART
+ PMMA ©d A7} A=) ggog 4zt
"o} o] 9 2-& T/} shell BFA %o] Wlo) o
AL BAFHAT}. Fig. 62 Table 29] Series E
9} o] coreoll thgt shell THAY F& thEA 3
Az 2 =ZE 8L 259} Shell/cored] Bv]7}
718 we} el ZE) 588 Z4age] BRIAUE
o], o|g} 22 A= shell Pate] A7 Ao u}
2} girjde] corecli7ix] AEY o] olxn &
A FHA7E 42 BEL M A 99 2o
olfr Yo Aztrc},

Cored] 7lw Y=o wle Ty F&& 437
A8t core FAgdolA] coreoll iRt 7taA| Q] F&
05, 2.0, 35mol% & T=A 3 core Yx}oj w3
shello] J#)ZH] §8&2 ZARIYL}. Fig. 70 =
B9} o] 0.5 mol% 2] 7l £ Qe 7tm
A @& coredll Bls] 1Ly F o] ZadTr}
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Figure 6. Grafting efficiency as a function of shell to
core ratio by weight.
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Figure 7. Grafting efficiency as a function of cross-
linking agent content in core polymerization.
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Poly(butyl acrylate)/Poly(methyl methacrylate) T2 72 18 x}e] A=z

MMA7} asiZe5o)A & 7laA FEdAe] 22
=y &9 F7pt B Ao Ay, L
THZR §&S ME =L VlaA 5ot /2
Aoy, §9FEY Zel 93 0.5mol% ) 7tu
AMZE YRE PBA7L 7la=HASS FRIBIYL
o, g 7haAe =6 93 TR F&o
S7lE 32X gong 0.5mol% o4 7tuA £¢)
£ HF AYoA n2istR) gl

4 B

SHARFAR AH83517] 9% PBA/PMMA core/
shell 12RY2E A 25Yct. Core PBA Yal=
seed FEFWHE o83l YA 8 AN
11, shell®] HAANAME semi-batch HPH L A}235}
PMMA®R] Q127 4714 ¥EE 3t uhg &
=, ZAAAL, AERGA S} Foll ahE core Y] 2
719} 28 2AVI] 100nm XY core YAHE
M Z8a o] € core/shell {IAPAI=Zo] A3}
HZF Yoz Y core/shell Jrb= FHFYA
3717} 137 nme|gle, core Yol v1&] YA=
719t 2xFe E¥7F QAck. 8m3EH TLC/
FID o2 cores} shell 719 zejTEje) Z=A&
Qlet 7 F&ES 25t 2y 88 A
&3} shelle] $47} S718+E Zadyen, 7}
TAE] el wWEtMe AT Fbe AYS
B9},

W2l A20d A3% 19963 59

ZA 2 £ A7 3Ty 53712d
T (FAM E 94-0502-08-03-3) =P oH o]
o ZA=guc}h
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