M B
%:&}%i}(emulsion polymerization)-& 4L,
. A#H4), coating 5 TS $xrZ ALEEHE

%io}E%}——] J—’\L‘Z}'(latex)‘g‘ ntEs e T
Hol sl}olr}. o]2)3t polymer colloidE& H3F
calibration standard. diagnostic testol] <&} o] 3
A IR AT

FaEge Ya(buk), £94 ¢ 457 }’1
7}2] 2 free-radicalel 2]3F B7158 WS 5%
Qo] o] L3ta Pk, Y¥tH o 2 free-radical -7}
23} "k-2& jnitiation, propagation, termination Z
chain transfer ¥+-2-9] 4942 A2k /35 g
2.0l B 99| 4¢hA] wr-So] E 8 (heteroge-
neous phase) oA A ECH= FJolt}, F 4TA yt
S5o0] Fgole] A&, growing particleS o] ¥
o oy dojd 5= sl FolM & 3FF
o) 3 WS o] "uf, oldEe EFE vH
A Tori} g ol g3t YAT 2719 latex YAbE
S vbE 42 9lul, TEzIEES polymerd & 5
2 4g 5 9on, FF§3H] oy G
98 4 i, ®o] 71 A% functionalized mor-

phologys 7}3 latex%-% #Azdh= & 7153}

_y_

wo

o

71k gk,

A P P P P,

F5=¢ 512 Mechanism

FetEe v dEde 25, 2% 23, £¢
&3 Bol wel @-E ZolE ERER ﬂ“é%]
3}7} %] mechanismo 2 2E F3153% wkgo A%
£ AYd o gk a2t gy 21 s BEs
T oA FEEE S Btd 5L oldE
= uh & 58 o] ©x &, d#@A, F34
2 A A RS 233, el g A 9 S8k
Hol B8] polymers= T &35 = 73

Agztgi}, oleigt faked v AI7E el 9
mechanisme] g4 el 4w-o Harkins'ol ol =
& NEFRer 1% go Wuv} ooy i

£-8H4) 7} critical micellar concentration(cmc) ©]
qo| sEg Foll £t F3hA #AHE-S mice-
lleS 3 A3}A ), o)2]) 3} micelleE-& 2k 10097

#ahA 2AER AR R4 el Fie] 9t
%o WA #7o] o 50A Fro] FHL o)L
Ak £ AMEEE 84 T2 YA AL

ub o] &

1971 M&df &3+ # (T84

1973 M &df g}st3 &t
(&84

1982 University of Southern
Mississippi (¥ &HeFAL)

1982~ v]| 2 Dresser Industries,

1987 Inc. (Senior Chemist)

1987~ A &) o =-5H

da  zus

Ax g eby 31423 87} Lee-Soon Park, Dept. of Polymer Science, Kyungpook National Univ., Taegu 702-701,

Korea)

216

Polymer Science and Technology Vol. 1, No. 4, july 1990



3 B 0]2] 8 micelleEo] & Imld o 107}
Je XA "tk o7l styrened o] Eo
L=} v dFAE autstel £4Y3HA HH &
(e 1% A=) o dHAE micellef g &35 o]
E0}7F4 monomer swollen micelle(Qef 379 ok
20N EL A3 VR 99% 9 FEFA = micelle
o 84 Z(9F 10, OOOA) monomer dropletE
At BEX&A 5 o] 28k monomer dropletES =
FE ol f3hAEo] F-3Eo] tstatA €k, wygt
3l styreneo] FU= ) turbidity7} #ZE =0 o]
7o 2 2E] micelle WZ GA7} &350 U
S <o £ 9, 89 1mld monomer dropletol
FE ¢k 10 Fxolth, walA £33 02 mice-
lleE°] monomer droplet®tc} 9] ¥3d °f mo-
nomer droplets] £H & AAHs] K micelleo] 8
% 10°cm?/cm® agueous phase, monomer droplet 7}
3%10%cm?® BE7} F8 micelleZ2] FHAo] YA
¢ At} % continuum diffusion theoryol] ¢J3}%
Ze YAESl micelleSol 2 YA monomer
droplet Bt} 7/fA A free radicalE& ¢ & X8¢
4 Aol 4HA A,

9] o)A #slEde] B¢ 7HAA radical >
Zg ol Aboll A 50C e} S oF 108 free radicals/ml
/sece] BI& 2 AAE] FHdEh NAA radical &
o] micelleo| EZ&5]H micelle Wo] @A Fx7}
BE 4.5mole/1 FE7} oo g FA] Fio] Yo
UA =z olgA “H-37 H micelleF& 18 ool
da) =7)e) 2508 FEZ WA= monomer-
swollen polymer particleE-& A3} €}, mice-
lleEo] “H 3" 1 B35 micelle5 o] Hﬁﬂﬁ}ﬂl
o w 89 Fol| FAse FAE 2L ”
3" 94 % micelleSo EAde RG] B
315} polymer particled] A2 FAvke 74 &
Ho g olgH o] 22E A Hrt. 5 Al monomer®
monomer dropletZ RE} polymer particleZ ©]
=5t} o] A)17]1& F3E§ ol A particle nucleation
32 Interval Ie]a}n -2 batch £¢9] 4% B

2 monomer conversiono] 2~10% ol A Interval I

oty 7)e A 19 4% 19909 7Y

o] gu A ¥}, o] A nucleation period7} oJH
A7 conversionol Al A A H= @ido] do
A He ol fretAe £2 8 Fds Bozy
o 4= th. Polymer particleo] ztebetoll wel #3
AEo] “B3"L)A) e micelleEE HE wz
7tnz §3tEA] 942 micelleSE AEHA drh
o] g 3t pEANe] Fa A FE7t cmeol H
3}al 53152 942 micelleSo] 25 gloiAIH par-
o o] UojupA A et o]
717k, & Interval 1 9¢F B% 10%/cm®9] polymer
particlego] 849t} metA micelleSo] “H31”
H Ege o AR Ao YEF). o] FREE A
A== 7IA A radicalEe] el polymer parti-
cle 22 #919c), fitstd polymer particles
9} %=2}7} monomer droplet o} €4 gon,
o]’ nucleation®] HYP= A k7] WfFolt}, FE o]
AL & dy7iA] HeEg n83A Z& oty
FetFdol A5 AAE AYS dristedor A
o] ¥ 3} Harkins®] ¢]4# 9l modeldll A 185
] ¢ £33 A5 2= /A A radical &) ionE9
93] polymere] end groupe] Y=+ FHe ol
o #HE Ako] gl o]5o| stabilizer2 &3}
24 5 5 Ak, HAZ JAAIE T o7 H73
A {3155 w0l shEstthe AR o] 9] whEol
"ok

Particle nucleationo] ©] oj4} X3 x)x] gfow F
3}58He Interval T2 gojzit), Interval M7} A&
2 u ok 90% o) A7} monomer dropleto] &£
&3 o330 4848 monomer droplet] (10"
em®) Bod oF 10008] =& polymer particle5 9]
HH &3x5]e] Slck. Fgo] 73] wat mono-
mer droplet9) Sz} L ¥3)7} 7}F43}31 conversion
o] oJ= A% 7} =l monomer dorpletEo] AEE]
Al €lo] Interval I7} BuA g o] 7|13 Hot
%23 wal® polymer
particle ol monomer %7t AAEA SR Hh

Monomer droplet7} A25H #8582 Inter-
val o2 YA}, o] AJH2 AMHE TdIAE9

ticle nucleation2

.Lr_

pa

monomer? transfer ratew

217



Z§Fo) e} d= Ak styrene®] A9 conversiono]
ok 40% Y ol dojdr}, Interval Mol A+ polymer
particle} 2] monomer7} ARE wj7tx] Fgo] o
ojuin] 23 S5 Hzl A" Interval ol A
9% Q22+ AH monomerE A3} e F
A7} ek, & whg-o] & goj whe} branching £-2
cross-linking 5 #9kg-0] dojih= Holu}, o] AL
53] ol EAvE H 58 2k A,

O, Lb
=

0 [
TTE T iz h(‘)"}?:il

chain-transfer agent2] Ap&,
g olggrh

Harkins©] model @ ojo] W& f3Hd
nism& o)<l A5 7Hgg Hol
2y 9 ukg 27, PS4 FAEE AES W
A Helelg alds) & 5 Acke PollA F&
gtch, ool ©AY f3tEd #Fol Fig. 1ol o
bt 9lok. Fig. 2¢)3= latex particleWoll Al ingre-
dientg o] g 4ol veRt AUk

Kinetics

QF A9} #43hHS mechanismol m& 2k Q) 3
412 Smith s}k Ewartoll 2]} 502 ol oz om!
1% 22 AE7) Hugioh,

] 00 interval |
no micellar soap
monomer in droplets /0/»0/0

monomer in polymer particles
constant number of particles

80 1

N ]
S60r |
~— Interval (1]
1
[ —_—
Q no droplats
» - -
5 l monomer in polymer particles
<>: | constant number of particles
o -
o 40 I
o
20+ | Interval |
| manomer 1n micelles {diam —100A)
monomer in droplets{diam 100543
o monomer i polymer particle s
,l/ growing number of polymer particles
0 1 1 1 Il

Time(hr)

Fig. 1. Course of an emulsion polymerization.

218

Interval I nucleation periodo]D] latex particle
o AA AHHo| faA AA &7t RAs= &
2y} g w 2o] vAl g Ahg 7hds] 87
&) 238o] AJZE| A latex particle?] @& o] A7t
toll we} A S & (w2 7ot 2skah 27]
micelle2] ] Z-& FAISPE A7t cuf A1 particle 2]
AlzE ol A o] A A w(t—1) 2 FAET, o] +8<9]
particle] EHH(a )& (1) HFA|HC}

a,=[(4m"* 3u(t-1) ] (D

Micelle5o] “§-3}" ==
cals/cm?/sec)gtiL 3} pdr THE9] latex particle

o] A1zt duget YA At webA] ARk o} A4 la-
tex particle52] HH & 1)5(2) Moz FAHECh

£& pleffective radi-

A=L(4m Y2 30 ’(t(t—r)m odt
:06 [(47’1’)1/2 3/1]2/3 pt5/3 (2)

Fabo] Axshe HAH, SE

g A3 e
et Fakog vebd FEetal &,

o5 Interval
o] Bihy= A7kt oM ko] 2(3)e] A§idct

p—

35810,6[(411)1/2 3#]2/3 ptcrs/:; )

Free radicale] #A4 %= 8& 2l(4) 2 A H

Z=2Lk,[1] @)

of 714 L& Avogadro®] F=olt}, Micellego] "%
d'H e Frn(p v AG)E Yebd &

Free — radical

Monomer

Emuisifer transport

Propagation

R. - M .R.

Chan — transfer agant,
Chain transter
solvent, ect

A -TX P T.

Termmnation

Free —racical R-A. P Emulsifier

oligomers

Desorption

Fig. 2. Transport phenomena and reactions within a
latex particle © R+ = macroradical ; P=dead polymer.

Polymer Science and Technology Vol. 1, No. 4, July 1990



p=2[1-A/aS] (5)

o] 714 A/a St free radicale) 719bo] AWAH la-
tex particleZ EolZ 288 vehdd. 9] &3
AelstA Interval [o] Evhe Al t,.0] (6)4o&
FAE

lbl

tcr_ 0.37¢ agS/Z) 06 #-2/5 (6)

w2} A nucleation period(Z Interval 1) 7} £y
o s GRbe N2 A(7) ZAE

N=pt,=037(a,S)*® (z/w)"* D

oF "ol 4| AFsrA o] Mg Nghe of 10%%em®
H,07} "ok A(7)elA 83 2& No| f3hA
2 (8)9 0.6 1Ejal Z (1o sz 7| A
#H) F29] 0,450 vld$rhe Abdolo}, Interval I
7ZF Z g0l we) BT 9 whe) Ak o 108~
10%74e] g2 grjzte] AR Y} shigd H
THe 2 10~100x Ft 2hr]zho] ahiy
mo]L} wita] YAt g gi B woof 10~100
HAog wg F¥o] IHHAGH AUkt
2 BkREl] Foh o] Eojo V&9 gro-
wing radical@= 1072 ole] W £ 2 termi-
nation ¥Hg-o] Uoju} Fjto] FA A Hoh.

Interval 0= micellar emulsiffier7} 485 ¢ pa-
rticle nucleation t] o]4 doji i ¢k& Az =
t}, o] 7|7k <ol dzbr Nol d4stal mono-
mer dropletol] 4] growing particlet &2 T 7} 5

o] OTE]}:

u i-N

i

ol ME S5 §Y9ne 94 9 F=
(Cy)el f=xEch olmf FREE(R) T 4oz
A ek,
d[M] 1N
Ry= —_(i__k M][M - ]“‘E fkpCM (8)

o7)1A ol F&FHY FeE B 9
© o2 Jatex particlel] 8] Ht 2}z F2(n) 9] &S
1/25 #H3lgoh oleidt 7h4& o] 8§44

oAl ol Uy YRR FYE YAkEe
Bal7} 835 A dd o 79 termina-

IEXoE Js A 14 43 1990 79

tion ¥Hgol Wl Wb of EE A(8)e] A(7)
& st 2(9)7F dojzioh,
R~ - diM]
dt
=037(a,8)" (2/w"* (k,Cy/2L) (9

*'(Q)E%’—Ei Interval Dol X £¢E5EE 5344 9
A 0,450 vHATE & 5 Ak o

/W 2= WA A Fol wialstaL ojuf 7R AT Al In-
terval [ 42] WA FEUE Fgslop gt o
214 Interval I 71A1A & o HrlEtom $8455
v 9¢E A Yvrh

A AAAE o 2 2 A4S S3=0P),
Askg A A "o, ol A7 f9 £=
2 patal ¥ p=Zrx2 FEANED, 37 re= £
AgzA 18T B2 ot dof gad, AIiE &
& r& (0)Hes HAHM FHd FE:
(DP), &

2
rir

r=p/N=yZ/n=2k,[II/N (10)
R, Ahd G AvES dAT Huz
FYEE UFolE atol HER (9), 1)z 7
B (1) 4 g+th
(DP), =k,Cy N/2yLky[1] (11

A 71el (4), (D) 2g BQ3hd (12) 48 deoh

0.37k, Cy(a)"® 8%
(szd)O.G )’(/1)0'4 [I]().B

(DP),= (12)

b ol f3tEgte 48 FEEEE A
(9)28E &34 559 0.6%, HAA 2 0.4
ol vlEsln, =] F3A Fx9 0.6%, 7N
AlAl Bl —0.6%0) H#HEA Hrh

Free radical-& vj7H& 3+ Oh& SM5E, & 2
W 3ol ol B¢ v MAA =2 1/2
Zo) iR $EE NAA e —1/2%
of wjg et wetA 2H 7Hs
A sE 7R Holmg UHI A

3} parameter 7} 7| A]

TE 21

219



glol A T FEE AT &3 FEEE 28
F A= el gith. 1y A(9) B2 A(12) oA
HXo] {3kl Ao doMe faAly v
g TN FF £28 HojelA ¥ FF
g F7HE § de 53] Urh

Interval Mol A= J=} o] whats] Fx27) 7hA
SRA FFo] AEHD, o] FitlAe vk
3ol et kinetics7t S A =0 o}F Y@
¥ kinetics o]£0] Fg5o] Q1A gt o] It F
olc w7t nzdse] 7HH YAl polymere] 3
=7t Z7keHA |1, 3 4£%9 polymer?] glass
transition temperature2}o] #A7} £A7} . &
cheka) 9] conversiono] 100% 7} 7] 98] A+ pol-
ymer®] Tg7} 53 &% Bt} wolopnt gk, Sty-
rened] 4% W7 FFH7F 3~4wt% A o) A} f
polymer-monomer A ¢] Tg7} 60Co] olz4 Hrl,
I8} vinyl acetate @Al H9-<= poly(vinyl
acetate) ] Tg7} 28Co)7] Wi ot &A7} ¢l
=

Interval MoA & #7124 §AL a7t oz
slo] 7ol whe} 8 W) A w5t HA
Zastez RA A L] Bafjo) 93 primary radical &
o] oligomer3} 3}A] R332z {1z} o el il
e Holt}h, ol& #ZA3}7] $8)A Interval Mo
vl SAlol= organic AZHE7 E WAAE H
7t FAYG £ Aedo] e 9FAE HUlE
Fol gzEe] §h #F4E EXAFIA ok
A vinyl chloride #3123 2] ul 22t @A oA vi-

nyl acetate® H7HA]71= Zol F& ofojrh
ojatx ol R3FE HE2Z FE Hold

oF "ol A o] 433l #F385 %2 58 mechansim
2 kineticso] T3] Agsich. vt digEe 4
A F3EFEe o4E ALRRE Hold #A
Zo JehlA "t 27HA g BY)Z 8hAL

M2 DA 2 polymer7}t ol A3e &3
2 7hda) £89 FoA Fgo] dojubdl H T

220

34 99 FF 2 YA latex particle?] F
(N)7} Z718HAl "k Neoj dA3] AAH xd
Hit 2 4(R) 7} 1/20)8k2 Dol A A go o]t
9] AFoz By oA =HH, acrylonitrileo)
o] 7ol Fg3ich

% 2(10) 9l A EXo] A& Zo| X No| F7}ahd
ol 9 A7 Aoy o] A9 gldziy
HA} olggol F743te no| #AEA "o EE
macroradical9] o]&€&& FZ|gt vinyl acetate} 3
o] chain transfer constant”} 2 ©atdlo] go] A=
22 gt g Eo] AAdE o] ojgdgo] AXA Hf &
o]¢H &3} T &l 23} chain trans-
fer HF2-8 F- A3} A9t £3] nonionic surfactant

.
£ % 3% ol8|F transfer W2 FAR + g

Vinyl chloride, vinylidene chloride 2 acrylonit-
rile®] 7390l A2} o] WA H polymer?} 2tzte} &
Aol =2 gk Baut 2 A s it
FEHol X Fgo| FrIERE og§o] oA
Al =] nel FAE 7t 8 Yo vy
AAE YRl Bl Ege] T8 £ A HER
n7b 0.58 1t AXA €ch o3& 53] daEAv}
polymere] &ui7} 5= 797 styrene® methyl
methacrylated] #3553l A conversion©] %-&
A&, §7F 0520 29 Fig. 19] Interval
A Pl A d & R 3 F8o] F7sH
Hrh

ol9]ol] {31FF Whgol] 2ol ZHE HAtAE &
inhibitor, retarder, mercaptan®} 72 chain trans-
fer agent, 7]€} electrolyte, ionic monomer %<
Aol 2a) o] FHd FaEFY AvoRFEH B
Hzs el A = o] 7b Aol wat a4
ata] HQ g 245 tofof #rt.

P2 X

7S g

o
oH

#31% %2 batch, semibatch, & continuous
system2 AH&3led =R, o]2ig vk

Polymer Science and Technology Vol. 1, No. 4, July 1990



2 operation ¥ F353 kinetics 2 A ¥ la-
tex?] Agdo Q3L nA,

Batch Process

Batch processo| e B8 AEES %79 vk
zol] £33t F8-g A7lct. Batch reactors bot-
tle polymerization2] ofofl A 9}zto] A& I A} 7|
uho]] 2 o] 85|31 9l o1} acrylic coating$- latex,
adhesive 5 A7FRE QA= U AMSEHY, 1

s ©Hol 9ler, batchE
A shiold,

Semibatch Process

o3 71 ol olg¥x
2 A reciped] YHES Hke
Ag Y S22 ukg %iﬂlOﬂ A
B % wge) 2ol golaln AAY

7]

tex_J
s Z3 % 7bs3tt}. Semibatch processE o] 9}t

== o = o = . .
Ay T8 B 2 T2 W] oy kAo of fdAdol F& whd fluid level?} ¥ mixing
Fulflo fitt

water ) < 1 M ¢ Monomer from storage tank

==

Pipe to. e

—

safe M Monomer from storage tank

location SS s

Rupture!

disc

Tankemeter

TKO

VESSEL [A] same size as B
VESSEL [C] 1. 25 size of B

Legend
SS — Stainless steel
F —Filter
M — Meter
RM — Rotameter
TKO - Tankometer
CAT —Initiator
ACT — Activator
FE — Fiitration equipment
P —Pressure indicator
TH —Thermometer ©
ARR —Flame arrester

Drum

filing
Dial l
scale

Bulk storage

1FE

Pu

Vamﬂ 14 mesh screen

Pxpe safe location

Vacuum
et

Cooling water

Rupture
disc

Addition
tank

—
Beam Scale

—-—

mp Strainter

Fig. 3. Plant for emulsion polymerization.

X e Jjs A 1d 45 19909 7H

221



£4|, heat control ¥4, 18]1l cycle timeo] Zlo]
e $HE k. Plantd
Fig. 3ol “eRt Q)

Continuous Process

A& K35 %L SBR3} 22 th e latex s
T AL&-% 1 reactor output 7} E 12 latex 2] 3
Azalw Fol=t), o2& B¥E continuous stirred-
tank reactors(CSTR) 2] #Agtoz £o) 9t}.® La-
tex AEeo) WyPo] HAl FAHL WA guw vhE
3le, 713 o]sle) latex product 52} Ha|% £o]&}
=3

%7)9] “cold” SBR& CSTRE-& & =7]9] vt
$71E8 10~1570 A= AZ3te Hom BE feed
stream©] A ¥ 7B E3l Bolov G AR
s o7l Wi WME SR particle nuclea-

tion & 2.2 2+e reactor® HA Fi &, £ mul-

semibatch reactor 7}

ar 2 o

tiple-feed point¥ % particle nucleation®) tubular
prereactor& AH4-3l= o] glch CSTRE) Fhefm
7} Fig. 4ol tbeh} glch,

CSTR9] A4} AHE] operationS batchi} semiba-
tch ¥+2-7)9] process data®} T2 X & pilot scale?]
CSTR operation dataZ A}&-3tejop g}, CSTRo)
M 8 78 2 94 TR Fr1Ed dEe] 9
on ol of3}ls] zHsh=u}7} operation?] T
A e 2l CSTRS AHgstol sty-
rene?] 35§ 4| start-up dataz} Fig. 50 v}eht
Ak, 2710 FH F&9 cycleo] aA yrhal
gol WalHol W} cycleo] AL ¥ & Ach

Reactor tran

i Product to
monomer
recovery

Water

Monomer

Emulsier cn-m
Shortstop
Moditer saupment

Catalyst

Fig. 4. Flow diagram of typical continuous reactor sy-
stem.

222

ole] %t cycle /42 excessive nucleation#} particle
growth7} RHE 5] 7] mf ol vEldt), o] 8 2Hé}7)
$13) tubular reactor® -0 seed &% WHo] 29
th.” Ray & CSTRel| th$h 52814 modeling W
& AXEg 2,8 Hemielec & CSTRe] AA ¢
on-line monitering Holl T 71&styc},?

wetEge

olo

=2
S

RN A oSt o] o FE 2 latex A F-2 se-
mibatch processol] 2] A =¥ o)nf Z+E ingre-
dients ¥ o]g<9] ¥ W¥ 5 operation proce-
dureol u}e} latexo] E2]# A& 2 performance”}
#A3] deizirk, A7|AE latexo] 7|8 JH P
&8 Bt nEstaz} gl

Latex 2IX}2o| o4

353l A MAE latex ok Ajo] A7} ©L),

A2ty HFAE =ofdte 7|E-F]] o]&L dou-
ble layer theory'*7} glt}. o) modelol] 21&h4 latex
particle?] $o]2& £ A Foloz yA4d
stern layerv= J2} Aol Yaky]o] ¢fxbe} ol &
FEHA vpgo 2 =58 Fol fEo] glof o4
o AR wheio R F At Hitdw o M2
7 B A A8-sA frch o9 “1¢le] Fig. 6

70 T T T T T T T

£ ()] [=2]
(=] (=] o

Conversion (%)

w
o

N
o
t
[
»
L

"Olll|lllllflLlll
0 40 80 120 160 200 240 280 320

Runtime (min )

Fig. 5. Variations in polystyrene conversion at start-
up A, stage 1, 100C : B, stage 2,70 ; C, stage 3, 70

o,

C.

Polymer Science and Technology Vol. 1, No. 4, July 1990



Adsarbed
anonic surfactant

Electron.c double 2
lavel theory
A. Total potential
B, Zeta potential
C. Stern layer

Plane of shear

D. Diftuse layer

Fig. 6. Model of latex particle stabilized via electronic
double layer.

of Vel qlch, o A HEE wA) g
79 steric barrier @Aog ¢FQE Y} ¥ ¥

“entropic” stabilizationo] 9] 2.1 o]+ nonionic sur-
5ol o }jrbEe] HPstE dEa Eoh
Functional Monomer2| &t

Coating % HzAl& latexSoll oMz

ek A7bele o) AL la-

factant 3

carboxylic monomers
tex2] -3 & 2 rheology®E Z A3 Fr & filmifo]
59 S uf crosslinking & adhesion site 2 =88l
Z7] wjFojt}, o]& el B% acrylic acid, me-
thacrylic acid -2 itaconic acidi-o] 1~4% ¥ 9]¢l
A Fg #or) o]#ldt acid monomerE-
latexol] Hol-& 7% stageo] W& Y} HH EEI}
Fig 79 et 9t} o] &3k acid location analysis

¥ 0 2 = conductometric titration®go] »2lch !

acrylic

Acrylic latexol] A functional monomer= #8]
acid monomerE2 core-shell 7729] shell partol
Zg Byyn o83 carboxy WA latex & ‘%3}7]
2 238}3}H shell part) expansiono] wE WH3E
B %4 9tk ©]# 3 expansiong FHIE 4
H o 2= sedimentation rate(S/S)E 438}
H

#} dilute suspension viscosity ZAHo] flon]

o

=

nExiotEn 7l A 14 43 19909 7Y

Acid Acid addition in Aci (2
monomer mo
used stagel slagell both localgo):l
1 8 2 soluble
S:{rilw CZ?{‘COOH 98 91 99 surface
§ (1) 1) -~ buried
N -CH -~ = -
{CHy=C 3 soluble
COOH 100 100 100 surface
| Methacrylic -- -- -- buried
| 24%
CH2CO0H 34 62 37 soluble
[CH2=C 64 40 62 surface
COOH - - buried
*itacon. 3.6%

Fig. 7. Effect of reaction stage on incorporation of acid

monomer.
dxpel 49 N13) 2 FAY A% A E & F
A
S,/S=1+X/R (13)
n./n=(1+2.5Ca +14.1C%?) (14)

o] 71| A S, /St relative rate of sedimentation©]
1. R& radius of particle core, Xi= thickness of
expansion layero]t}, X n 9 .+ dilute suspen-
sion viscosity @ solvent viscosityES UERY Ce
dry volume fraction, a¥- expansion factorg e}
W}, Carboxy WA acrylic latexe] pHoll & ex-
pansion factor7} Fig. 8¢l veht dch,

Polymer Composition2} Latex Particle Mor-

phology

Coating & latex &l JojA] ©afaje] Hejo] F
8% o]= AT polymer 2 latexe] 4] &ol
J&rg nmacl, BE¥E Y 5L vinyl acetate, me-
thyl methacrylate, styrene, VCM % hard mono-

223



1.8: /

{q) Viscometric ‘ﬁ___./

Expansion factor
-
-
.

CVEIE |
Sedimentation: {
/l”'"\
1.2 v N
A )13 \h
1.0¢

4 5 6 7 8 9 10 11 12
pH

Fig. 8. Variation of expansion factor with pH. [@] vi-

scometric expansion factor (o) : [lB] viscometric ex-

pansion factor(linear a'?) ; [ W] sedimentation expa-

nsion factor(SyS).

mer®} ZHE acrylated i+ butadiene % soft mo-
nomer2 FAIY FFHES FrdkA €.

o 7]e A F8E A= 6} = A4 = copoly-
mer?] glass transition temperatureo]® o]Z-&-
MFFT(minimum film forming temperature) 2} I
#s]e] rk. Latex polymer?] T, ¢ pH¥ s}ol} a}-&
expansion A& dataz} Fig. 9o Yeht o} oA
© 2 %E] shell part polymere] T,#s}ol] m& stiff-
ness®| A& & + Urh

Latex polymer® compositionol] W& FHR F
83} 2lzlg = polymer?] polar solubility parame-
tero]t}, ]}if_’_ A(15) 2 P99k

polar solubility parameter=y/8; +8,  (15)

Fig. 10l 4 latex?] shell part polymer®] polar
solubility parameter?} 5.5 o]4o] sloo} alkali 5=
Solloff ] latex2] WAo] dojhE & = Urh

Latex2| Core-Shell Morphology

3l epd #3158 ofF-E kinetic data

224

1.}
1.0}
0.9} s

0.8

0.7 5 6 7 8 9 10 11 12

pH
Fig. 9. Expansion of butyl acrylate/methyl methacry-
late copolymer acid bearing 2% latexes. [ W] 50/50,
Tg 15C : [@] 37.5/62.5, Tg 33T : [Aa] 31/69, Tg 44
c . [M] 25/75, Tg 54C : [@] 0/100, Tg 105C.
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Fig. 10. Effect of glass transition and polarity on ex-
pansion of 2% acid bearing latexes.
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Fig. 11. Expansion of two-stage latexes with core-shell
morphology. [ Ill] uniform copolymer 50/50 BA/MMA
(Tg+15C) with 2% acrylic acid in second stage ;
(@] soft core 75/25 BA/MMA (Tg—15C) and hard
shell 25/75 BA/MMA (Tg+54C) with 2% acid in se-
cond stage.
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Fig. 12. Expansion of two-stage latexes with core-shell
morphology. [ ] uniform copolymer 25/75 BA/MMA
(Tg+54C) : (@3 hard care 100 MMA(Tg 100C) and
soft shell 50/50 BA/MMA(Tg+ 15C) with 2% acrylic
acid in the second stage.
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