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Abstract—Latex particles which consist of poly(n-buty! acrylate) [p(n-BuA)] core and poly(methyl metha-
crylate) [PMMA] shell were prepared by two stage emulsion polymerization and the grafting efficiency(GE)
of these latex particles was determined by the solvent extraction method. Kinetics of emulsion polymerization
was applied to the grafting reaction and the grafting efficiency was calculated from the kinetic expression.
The calculated result showed similar trend to the experimental values. The approximate value of the grafting

reaction constant was obtained using this method.
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Table 1. Factors of influence on grafting reactions in
core/shell latexe

- Polymerization method

- Polymerization temperature

- Crosslinking density of seed latices
- Initiator type and concentration

- Chain transfer agent/Initiator ratio
- Surface area of seed latices

- Monomer/Polymer ratio

2ol EolA core/shell oA TEA YAk
3 U gz wkgol] g o= Min, Sundberg,
Chern 5ol 8J3}o] o] F-0 4 o.rj, Min[1] 5-& styrene
(St)2 poly(n-butyl acrylate)ell o3 FFgA17 F
TEME o] &8]A A 7o)l wrE qlatgefste] WHatE 1
Qe FAss AYE Psidcey 2 An a2
Azt AL 235 Y2 it e et L
Agsjo] dumbell Fel2 qlA}adeste] Watis FAto)
=9}, Sundberg[2] 5 interval IIIoA Sto]
ﬁ?—}—‘? e}t] <l (polybutadiene : PB) ¢iz}ell 225 5

132 E7Y A core/shell) 22 HPAHTH

E2 Algte g Eojrie Aoz (free radical)
°J ape] AR ael FEHIT T4 R JF
o7t il 2 =g poly(St)olvt Ak
g2 Edl &S WA s, 23 % cross termination
2o 2 g vAA e MAEEHAY =3
Chern[3,4] $& M= ofjdd ukgol T £=E
2d-& AAgon o]F olLafx PB/StA] i
oz 58S P o5& QJAtelA 2T

FAstA 2E5A =k 232 Sundberge] 2o
EFUdg 2r)de) 2o} gr|zke] @ik (desorption)
HAre wad wde AMAIZ oA, o] Rdg olf
)4 Al&A-o)Al(chain transfer agent), 7§ A|A, vk
A/ E=) Felrjale] ¥ 5] Wl W& 228 &
&9 A5E Fala ® A el vwylch

B o3 7oA poly(n-butyl acrylate) seed §l1z}S
A Z3}3 o]o] methyl methacrylate(MMA)S F34)
7€ 294 FEH SR core/shell 29 S AE A
Z3pgion, o] F AMte) n#Zeldl HxE Sl
e g Fatedo) 1544 F§ el A seedd] 7t A2
A=g 2437 st sladgAe 28 293}
goni olo we} 2P AEE ti2A byl
=% Chern?] 28 poly(methyl methacrylate)/poly
(n-butylacrylate) Afell dlsja 283l 22 A
P2 AYaEs} vwsigion o) §F ARERE
zg) whgo] &% A4E TEch

o ad o & l

sist2 e M322 MSE 19944 108

g9 - 3 AF

i

2. 0] g

2-1. J2H=8 {F&(Grafting Efficiency)
Poly(n-butyl acrylate)/methyl methacrylate 7] o] 4] 2]
a2 whg-E off e} o] el 4 gt

PBA+ PMMA-ﬁ) PBA: +PMMAH

PBA+MMA- —EP—*PBA +MMAH

7)ol 4] PBA: WH 7l 2 dolsls PBA &
99 Fxoli, PBA-& JulZ MMAS} Fitste] 2
Hzelgd PMMAS A3tA & ejcizde|ch

Lee[5] & Afeitizd cfoit shehx e
A2 GEAMEA & A L Qo B & ohefdh vk A
7} Aok et FAdch 27} styrene & & 3§ odFrol
mew St ejoje] whgAd-e PS gofze) whgA e
4 v Az FHEAY o2 K, Kqel vle o
1:10 =2 7143k °] H-Aule A S
AH A4 ZolEt ¥ v sl Al =&
el s 87t %1‘45’— Er} £ A7l A= MMA
giiZe] wle} PMMA=lT e wlE 1:104=2 7}
Ao o} uizl Aitel] £FE o] o2 gofl vl A
order of magnitude”} 3-4FE o7} fEm 2 AAHE
ol E 225 7tH LR = dderh

a2y 5§88 Fs AA PMMAS] ool tis) 4
poly(butyl acrylate) coreell 3}s}¥d o2 73 PMMA
o] v 2 A3 4= glony, B olFo 4 Sunberg[2] 2]
3712 7R o) &dct A, 2 zElxl PMMA A}
%3 24 PMMA Ab&2] ol #okh $4, 2l Z25g
PMMA b3} 2k PMMA AF49] cross termination
npg-e Bl z-lg_i a}r,} ), ek o] core =}
shellgo] Ful A4

o]ol w2} "]7¥°“ “H“} jéﬁ‘ e
Aoz & 4 gloh

%2 ohgel

Rate of formation of PMMA chains
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Table 2. Constants used in calculation

Table 3. Basic recipe for preparation of poly(BuA) seed

Constants Value Reference latexes
Xk 1.09X 1073 [I/min] 8 Components Amount(wt%)
k, 34800 [dm?/mol min] 7 100/0 99/1 96/4 92/8
Kpm 0.80 [dm®/mol min] 8 n-Butyl acrylate(Junsei, 28.077 27.796 26.594 25.831
k 1.32 7 Japan)
a 0.87 7 1,4-Butanediol dimethacry- 0  0.281 1.123 2.246
[MTo 7.54 [mol/dm?] late(Aldrich, USA)
[Two 183 [mol/dm®] DDI water(Aqua Sense,  71.429 71.429 71.429 72.429
N 557X 10" [1/dm?] USA)
R 75 [nm] Sodium lauryl sulfate 0401 0401 0401 0401

glol] wh=ks) 42 (monomer droplet)e] 31| o=
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(HLB 40, Alcolac, USA)
Potassium persulfate
(Aldrich, USA)

0093 0.093 0.093 0.093

Table 4. Basic recipe for preparation of core/shell latex-

es
Components Amount(wt%)
Seed latex 42.265
Methyl methacrylate(MMA) 18.090
DDI water 38.039
Sodium lauryl sulfate(SLS) 1.268
Potassium persulfate(KPS) 0.338
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Fig. 1. Particle size distribution of seed latex and core/
shell latexes.
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Fig. 2. Conversion-time curve of 99-1 seed and methyl
methacrylate emulsion polymerization.
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Fig. 3. Number of radicals in core(N.), sheli(N;), core/
shell latex(N) in 99-1 seed/methyl methacrylate
emulsion polymerization.
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Fig. 4. Grafting efficiency vs conversion curve for 99-1
core/shell latex.
* : experimental data

Time .vs Conversion 96—4

1a0 o
© e
o .-

(4]

v time (mim 120

Fig. 5. Conversion-time curve of 96-4 seed and methyl
methacrylate emulsion polymerization
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Fig. 6. Number of radicals in core(N.), shell(N;), core/
shell latex(N) in 96-4 seed/methyl methacrylate
polymerization.
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Fig. 7. Grafting efficiency vs conversion curve for 96-4
core/shell latex.
* : experimental data
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Fig. 8. Grafting efficiency according to the extent of core
crosslinking.

TAFA Y Fo] FrIgtd we} 1 Le Fgo] WA
oz Zzlske 74%E Borh Coredel ojrAx
ool stmAgel EAEH 7IRFAY Yo 2A <3
FubA] ok Aoz Hol HAAH] Frt AL &
ool 4] AH27 7ha A A2 14-butandiol dimeltha-
crylate”} coreAtel]l 2 =¥ &AL AlF-stn v

2 Ao 47 ¥ 4 Uk
54 &

E AP 1A coretEFAl E4] BuA, 2%H4)
shelld=FA 24 MMAE AH8-3}= 254 -3t 345
AH8-3ked 4] core/shell Fx22 }e]2 daHE A Zs)
on, gnjFEon Ty H&E P HEE
Ml ndalg FaA obed) e 428 98 F gl
gl

(1) $284 mdaglo] &) Aitgl 2zh==] 88
Agel) 23 3T v=d AEFE vt whex
e sl e Addg 2aE Bk

(2) md=lel o A4kl 2=z &7 AEH
ol g wag Az gz whg &5 A7 o
ZH2ql g 4 F Aok B0 HEE e o 7A
Aol M7l Ze} g3 ole] Rdle] Y Ho=
. Eag3l=1

(3) Core # x4 F4 1—‘& 7 A g o) 2l M=
g ze Fgo] o3 wSE Ao, FA) U

7t A A S AHE Ex

N oo

2
=

euzeg e AT 2

ab

=& 657

AU R AgA Y Aoz Tze Fgo] 27
s o 7 ddek

g A

£ A7E QAN G Qo] ey S
Qv Aol A=Yy,

Appendix A

Determination of grafting levels using the solvent ex-
traction procedure

1. Seed latex?] 7}88-8(SS)==

BA latexA) £ HAz3le 2wt% oM E £98 A
23 F 48217 &7 &3] A4l E-e]3te] ol &l
& A5 5g dulw Al w=bA] AzAZ] F
T} A=x3 Fge] Dela s

Sg= D g seed latex extracted/5g sample

0.02 g polymer/1 g sample

2. FF Ashgo 44O
wt dried latex(g) —Xs * wt wet latex(g)
wt wet latex(g) * Xm

LC=

Xs=wt seed solids in recipe(g)/total recipe wt(g)
Xm=wt monomer in recipe(g)/total recipe wt(g)

3. BA/MMAS] A4 FF¢A e =24 2H

wt stage II copolymer(A) = (wt. of MMA monomer
in recipe) X LC

wt seed latex in recipe=B

wt surfactant in recipe=C

stage 11¢) #&%4 28=A/(A+B+C)=E

stage 11¢] seed®&=B/(A+B+C)=F

stag 119} surfactant 2&=C/(A+B+C)=G

4, Grafting® FFA 2 & ZHGAAA7E 1eo)

AR F 229 F AW

ol Eoll o) Horie] 27] FE=0.02g/1g(0.02
g/cc)

seed latex®] soluble fraction=(0.02 g/1g) (F)(SS)
=W2

Surfactant] soluble fraction=(0.02 g/1 g) (G) =W3

Total corrected soluble fraction of polymer=W1—
(W2+W3)=W4
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Tatal amount of soluble stage II polymer=(0.02 g
/g) (1 g basis) (E)=W5

% soluble stage II polymer=W4/W5=W6

Total graft polymer=1- fraction of soluble polymer
=(1-W6) X 100%

ARBY(E

D(z) :free radical density function

f : initiator efficiency

(1], :initiator concentration in water [mol//-H,O]

k : rate coefficient for first order loss of free radi-
cals from particle by exit [1/s]

K, : rate constant for decomposition of initiator [1
/sec]

Ks  :chain transfer rate constant for monomer [I/
mol-sec]

Ki  : grafting rate constant for polymeric free radical
[¢/mol-hr]

K,' :grafting rate constant for monomer unit free
radical [//mol-hr]

K, :propagation rate constant [//mol-hr]

[M], : monomer concentration in particle [mol/]

n : average number of free radical per particle

n : free radical population in core-phase

n, : free radical population in shell-phase

N : total number of particle per [-water

Nav  : Avogadro’s number

Qm :fraction of free radicals which are monomer-
unit radicals

P, : probability that a given free radical terminated
by an initiator end group

R : radius of reference particle [A]

r, : radius of core-phase [&]

I

: radius of overall particle [A]

B3 X|32H HSE 19944 108

w4 - weF - e -

A/
X
z

a

T e R

~]

2% - A5

: volume of a monomer swellen particle [/]
: fractional conversion
: normalized distance from surface
2lo|& EX}
: “fate parameter” of exited free radicals
: volume fraction of core-phase
: first order rate coefficient for entry of any free
radical entity into latex particle [1/s]
: first order rate coefficient for entry in the ab-
sence of desorption [1/s]
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