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ABSTRACT

Crosslinked polystyrene latex with divinylbenzene can
he prepared by emulsion polymerization(batchreaction).
Experimental results show that, rate of polymerization increase
rapidly in initial stage and reach maximum conversion within 3
hours. The particle of latex which disperse in water phase is
small (approximated 80 mnm.) and uniform. The glass transition
temperature of polystyrene is proportional %o quantity of
divinylbenzene

Phase transfer +technique involves the titration of the
anionic stabilized latex with cationic surfactant aqueogus
solution in the presence of a non-water miscible organic solvent.
At a certain concentration of added cationic surfactant (critical

transer concentration,CTC),particle whiph have neutral charde



would be +transfered from aqueous phase into organic phase . The
end point of titration is obtained by observing instantaneously
the translucent mixture and finally the clear aqueous phase. The
ability of transfering the particle into organic solvent (%p) is
nearly 100% . The optimum volume fraction(f) of organic solvent
is no more +than 0.5. Organic solvents which have solubility
closed to crosslinked polystyrene would enhance the phase
separation with no effect to CTC. This technique can be
applied in determining crosslink density of latex particles and
preparation of polymer blends between crosslinked polystyrene

and polybutyl acrylate.
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uanaazﬂsatamTuTuLuaiawuwsnLﬂaaunﬂuTuauanaasﬂsatanawLﬂﬂﬁTQaﬂwoaug7m
4.1.2) 1T RU2ILTINIRNA LB WAL NaorATaLamaN LN (%TSC)
v ]
IINUANITINAIDIMIMANEN ATY  leAdLadaLes  %TSC woslualnha
a € 1w Y v
PLATALANATLINELNANY 10.60% 1ALUIREN
4.1.3) iwwinTuLaqaLaﬁﬂuaaTuﬁﬁaﬁaaun?anam
anwanwsnaaaewwuﬁwunTuLaqauaeTuauanaauﬂsanam NILUIN L AT EN
AENTEUIRMT WA L N0 LT tunuliaAuasunudlaty  Tagarats lua1Tasainavding
v (Y] [- 3 on . v v ‘Q -9 ‘ v o
LAITAAI IR RN TOLI1AINTIT IHR(Flow time) AIEOULULIRNIE ANLADT  LOWas

ANTIN 4.1, zﬂﬁ 4.2 WALMITIIN 4.2, zﬂﬁ 4.3 @uAeU

1719 4.1 WAAINKENUDI IWATINADEATA L AAT L ATENAINNTEUIBANT

1w§tua1snm¥uunuﬁaéﬁgmwgﬁ 25° o

aeu|%auidn | aaidads |1aarlua | adawia | adamie Clay 1/c |y /c
v v o v v § a
199817 | 1u109ANT [1an1e9 |[dwing | 91w
ALAN avaE(e) |aTavany |y (y .0
r L B}

-3 a o
x10 g/ml (3 um)

1 0.0358 0.36 73.1 1.012 0.012 33.13 33.83
2 0.0718 0.72 74.0 1.025 | 0.025 34.30 34,72
3 0.1434 1.43 76.2 1.056 0.056 38.10 39.16
4 0.1210 1.21 77.3 1.071 0.071 40.11 41,52
5 0.2898 2,80 81.4 1.127 0.127 41.23 43.70

6 29 10 % 72.2 K 1 = -
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AT 4.2 HAAARLATDY WAt RaoraTaL aan L aTaNaINNTELIUNNT

Tu%Lua17tﬁiuuuu5§aiuﬁqmmgﬁ 25° o

No [xuiiy | Aawidudu| 1aanlua | aavuwia | @dnamda|ciny 1/c | /e
fuu09anT | fuveeanT |iaduues | duimd | drine
AvAY avanace) |a1Tavans| (v ) .0
x10 Yg/m1| (Juam
1| 0.0246 | 0.246 75.8 1,053 | 0.053 | 209.23 [215.45
2| 0.0522 | 0.522 80.7 1.121 | 0.121 | 218.81 |231.80
3| 0.0754 | 0.754 85.5 1.188 | 0.188 | 228.48 [249.34
a| 0.1002 | t.002 91.7 1.274 | 0.274 | 241.68 (273.45
5| 0,1250 | 1.250 98.0 1.861 | 0.361 | 246.58 |288.80
6| 0.1516 | 1.516 101,9 {1.415 |0.415 | 228.98 [273.75
7| 0.1762 | 1.762 116.4 |1.616 |0.616 | 272.50 |349.60
8| 0.2012 | 2.012 122.4 | 1,700 |0.700 | 263.75 |347.94
9| avdlau - )] 8 - -
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snns e Livlesn Tedtduaant fouTadlaldat unduiintin - An
a d b A X - v v {9
gmmgunﬁsLﬂaﬂuanﬁuznﬁwaunaauLuuuuﬂaﬂ Toadinrtadusiug lui 3L AunTe  waw
mnq‘mmlima T LlRguaniueranguitt A NnTanseAnuIERUTIWNITLANNT
- . . a a { - a v
Soulgs(tcrosslink demsity) 1991uaalnFuarinnduuu fouTlaetlians

Toaldaraduviugannaunisn s

(X} > a o é nl
4,2.2) n171mnuﬁaagn1ﬂnao1waa1m1uawLnnﬁuuutﬁauTﬂa
u o a 1 a' \”J a
awnnwsamwwmuwmagnwmnaaTuaa1m7ua1LnnmuuutnauTaena 3  fue

Tﬂﬂ‘l‘ﬁlﬂ%‘ad Submicron Particle Size Analyzer (Coulter model N-4)

1AuaRIRNTIIN 4.5 - 4.7

a a ¢ =
n1719 4.5 uaaanuwmagnwavaaTuaa1m1uawLnﬂﬂuuutnauTﬂa

] v
2! 0-5%1ﬂ11ﬁalﬂ“ﬁ%ﬂﬂ?%ﬂﬁﬂaﬂ1uuﬁ

Parti . ‘ \ 1 ¢ 3

Numberof run | 'veight diameter | Number Diameter | = o
(nm) (nm)

1 65.0 64.0 5
2 69.9 64.1 0
3 75.6 65.7 0
4 71.9 65.2 2
5 72.7 63.0 2
6 . 72.0 65.3 2
7 72.9 65.7 2
8 76.0 - 65.9 0
9 72.5 65.5 0
10 71.2 64.9 3

Average value 72.4+2.2 . 64.94+0.9 .
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MTI9 4.6 WaRIEIaoRINATe s Iwaa lnFuat innduuu FouTas
q

] v
Al 1%1ﬂ11ﬁa1uu%unnisnwaa%\uu1

Number of run Weight diameter | Number Diameter Dust
(nm) (nm)

1 J2e5 63.5 0
2 (63.0) (45.8) 2
3 73.4 66.0 2

4 74.7 66.5 0.5

5 - 013 67.0 0.4
6 77.0 67.9 0
7 75.6 67.1 1
3 E: § 65.9 0
9 (69.5) (55.5) 0
10 73.6 66.1 ¥4
74.5+1.5 66.510.8. -

Average value
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A1918 4.7 uansuueauntaeod ludaladuat i nndunu foula s
9

[} v v
2 o + o -]
daa 1.sxlalaiacundufinTeanaed luduin

% w
Number of run Weight Diameter | Number diameter Dust
(nm) (nm)
1 85.8 75.7 0.8
2 84.5 74.1 0
3 80.7 70.5 1
4 (76.3) (54.3) 0
3 80.5 70.4 0.1
6 TR 69.8 1
7 81.5 71.3 0
3 81.5 71.2 0
9 80.4 70.3 0.2
10 §2.3 69.2 0
-Average value $1.942.0 71.442.0 -

a o [1 - ) a a a
QﬂﬂvuﬁﬂauﬂﬁﬂTwaa1m7uaﬁLﬂﬂﬂuUULﬁauTﬂﬂﬂﬁﬂﬂTmﬁm1ﬂ13uaLuuﬁu
A

0.5, 1 WRY1.5%DVB RWNWTQ@TﬂiﬁﬁGWﬁTWGﬁ 4.8
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ANT19 4.8 uamauuwmagnﬁﬂmaoagnmeu§a1m%uaﬁLﬂﬂiuuntiauTaaﬁqaﬂ%mﬂm,

1ol st uviuanag TﬂﬂiﬁﬂﬁnuasTaaiﬁuauagnﬁﬂ

1inTudalnFuan innduuy mwneunA (1 Tuiaae) b/ @
saaiFualalriat uudu Tagswin Taganuiu
(weight diameter) (number diameter)
0.5% 72.4 +/- 2.2 64.9 +/~ 0.9 1.1
1% 74,5 +/= 1.5 66.5 +/— 0.8 1.1
1.5% 81.9 +/- 2.0 74.4 +/- 2.0 1.1

d v a o ¢ - 2 a ve a a

aeviniadn TR laTuatinnduuui fenTasninTunlone 3 wialvue
a u ' a bonan a 4 °
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A a s v a o 4 &
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4.3 NITANHYANAUALWA-NTIUALWBT
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Inoinalan  (io 1w lana lnuosinetauaranuiTaL Fonann e i runvasae b1l
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; r-"] = -9 J“‘ ]
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. ﬁ v aa ¢ o
- ¢ (fractiom LluladgfiinuaniientTida-nsud i doTR i RaNEau
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N HALDY %P WOAN CTC
-3 2 o ‘ ﬂ'ﬂg o
NNNTENHIEALE 1B NBBN AT MDA LT (N 0.20 - 0.98
nfu) Misadsadiatdudunenings (c1o) lduadauansluangieh 4.0

1919 4.9 HAUDY %p ADAN CTC

no |  wwincndw £ [YFynTa1Tan | CTC | w.uw.@78Eane | %p
arinnd| TwQSu WTIReEatle | x107° %Qauw (nTa)
' ﬂisguanﬁ1i flowdu  WAIoU
(cc.)
1 | 2.04 £0.09{10.39{0.32] 1.3 7.80 | 3.6520 0.0679 | 97.0
2 | 2.02 20.18|10.22|0,31 1.3 7.88 | 4.7152 0.0897 | 97.2
3 | 5.00 15.43{10.20{0.33] 3.2 7.83 | 5.7206 0.2655 | 100
4 | 5.03 115.33{10.30{0.34] 3.3 8.03 | 2.7829 0.1269 | 99.3
5 | 9.94 f0.28(10.24/0.34 6.4 7.88 | 3.8964 0.3398 | 99.7
6 | 10.0100.30(10.33(0.34] 6.2 7.83 | 4.3068 0.3727 | 99.2

o ] = v la‘ v
¥YELHG  CTC Sy Tua/ndauo 9an i nntnus g
d llla' a ['4 f > o
awnmanﬁsnaaaﬂauLvu1QQWﬂQﬂgmmua1317nn1ﬁuaLﬂasagnwﬂﬂae Tud
alaFvarinnduuy doulas aﬁnﬁuuﬁuwaﬁuﬂaamanﬁasawaauﬂsa1mvmm1uﬂunnu1m
- ™ a d v &
' 299970 %p (AU 100% uariIuIRUS RN LNNELR 9L auNE L uN1TNARD I way
iwuauﬂaaagnWﬂuaﬁnuaiiﬁﬁuadadﬁ CTC ($2939NUINITNGADY A1 CTC NipAow
173 | TR (%) =~ ﬂl -8 v
TalnatAgny e CTC  Ladalssunm  (7.88 +/-0.08) x 107" Tua/ndy
o v
YDA AMATRUR 3
R IBBLNALALUR-NTIBR L WOTR naawuw7n1ﬁuaﬂagnwmnadTwaa1m7u

¢ o vy Vo a
annduuut TonTusoonsntuin ldedr e dussdndau
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W ANTANKINAUDY f MoAn CTC
[- ) L TR ) 4 o o ﬂ‘ o a’ﬂ LI
LﬂuﬂﬁﬁﬂnﬁwaaaaunaamvnﬁauawﬂaunfﬂTnQau NiuanaA1AIY
v v a a a ' a u o a ad
\iadiufianingd  CTO) Tozutias funrsaruauiFanars siirasatgsunssuay
q

-3 .0' g ‘ [ w ﬂ‘
N17AUANUTUIWEINURAT LN 1ﬂﬂaﬂ0mﬁ7ﬁﬂﬂ 4.10
q

#1979 4,10 ©au09 f §aA7 CTC

A0 San ¢ ndan £ 1FanTarTaaus CTC
annnd | Tnﬁﬁu ﬁaﬁaﬁﬁﬂﬂ1s§uan x 10°°
t 2.18 | 38.02 | 10.10 | 0.19 1.4 7.86
2 5.00 |18.29 | 10.27 | 0.3t 3.2 7.84
3 2,03 {20.09 | 10.39 | 0.32 1.3 7.84
4 2.02 |20.19 | 20.08 | 0.47 1.3 7.88
5 10.10 £ 10.03 0.50 6.5 7.88

6 2.01 20.06 | 30.10 0.58 50an3@qﬁ1ﬁ1ﬁiﬂtau

ANWANITNORDINUIY  NITIEAT £ TiRuEdu aui1ﬂ1unﬁ7§atﬂq
ngficend point) 1adnLauln wavAd cTC AldanwaniTneanslianlng A eiy
q

o - o d w -
TouiafadTeann  (7.86 +/= 0.02) x 10°°  lua/A5910981innduRe 49 £
ﬂ' -] “w o r- 3 ( ﬂ: - v-1
RirunzanamTuivaa loTuainnduunt doulae A7 <= o.5
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! 103.% 3%.4 | o
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3 1029 . 33 - . 0

T4 .162.% 99 | 0
‘5 103, 9%.% 0.7

6 103 - SR 0
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ANTIIMAGINY | WaUDY % conversion N1391781019910¢ TwAnTiaoraTaian

¢
Aninnt

L3R Wh. | WR.ANTUS | uu.A0T (1T M [ uu.antus | uu.@77 |%conver
MY | +anT Fasu | +a1wdeou | suuke sion
min | (g (g (g) (g) (g () ()
30 |0.343 | 1,208 0.865| 0.090 | 0.427 0.420 | 85.55
60 |0.295 | 1.143 0.848 | 0.088 | 0.380 0.085 | 96.59
90 {0.317 | 1.388 1.07t | o0.111 | 0.420 0.103 | 92.79
150 {0.817 | 1.108 0.786 | 0.081 | 0.396 0.079 | 97.53
180 [0.372 | 1.573 1.201 | 0.124 | 0,495 0.123 | 99.19
210 |0.250 | 1.080 0.830 | 0.086 | 0.335 0.085 | 98.84
240 |0.298 | 1.442 1.144 | 0.199 | 0.417 0.119 | 100.0
270 [0.269 | 1.216 0.947 | 0,098 | 0.367 0.098 100.0
300 [0.243 | 1.547 1.304 | 0.135 | 0.378 0.135 | 100.0
360 (0.224 | 0.924 0.700 | 0.073 | 0.298 0.024 | 100.0
420 (0.315 | 1.349 1,034 | 0.107 | 0.423 0.108 100.0
480 |0.254 | 1.090 0.836 | 0.087 | 0.342 0.088 100.0

o a a o (
WNWHLWQ M @2 HQ“ROHQ?RLRQTNT“LNOT

‘0’ (Y] -9 o -9 ‘ v
BIRENIINADTATAL AR 13 181 10T 52 nYy

LINUNTINUD IR TN %A 501.65 NYY




ﬂ: . al' A 1 28 a8 ’ (
MNTIINAENINA 2 WaUDY %conversion fire12a@19q 1o Twdaladuan innd

0.5% lal7%aiuudu

V81| BB | WenTNE | ww.dnT |USuna M . MNUUE  (WU.ATT | Econver
AU | +a31T Fade | +a1Imdeon |ouue sion

min | (&) (g () () (€ (g) (g)

5 |0.397 | 0.915 0.518| 0.054 | 0.401 0.004 | 7.4t
50 [0.430 | 1.282 0.852 | 0.088 | 0.493 0.063 | 71.59
74 {0.283 | 1.011 0.728 | 0.076 | 0.342 0.059 | 77.63
90 |0.223 | 0.861 0.638 | 0.066 | 0.236 0.053 | 80,30
100 [0.298 | 0.902 0.604 | 0.063 | 0.350 0.052 | 82.54
120 (0.277 | 0.906 0.629 | 0.065 | 0.330 0.053 | 81.54
160 |0.215 | 0,973 0.758 | 0.079 | 0.278 0.063 | 79.75
190 0.213 | 1.347 1.134 | 0.118 | 0.330 0.117 | 99.15
220 {0.235 | 0.959 0.724 | 0.075 | 0.314 0.079 | 100.0
250 [0.268 | 1.082 0.814 { 0,084 | 0.355 0.087 100.0
280 0.275 | 1.249 0.974 | 0.101 | 0.376 0.101 100.0
310 [0.222 | 1.043 0.821 | 0.085 | 0.312 0.087 100.0
340 |0.205 | 0.980 0.775 | 0.080 | 0.292 0.087 100.0
375 (0.183 | 1.158 0.975 | 0.101 { 0.285 0.102 | 100.0
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o a ] ! o a 4
MITIIAANUINN 3 WRUDY %conversion NYIILIIINTLY ﬂﬂﬂTWﬂﬂiﬂTuﬂWlﬂﬂﬂ

1% lal s uudu

AT Wk BN ONMuE | B30T |UTHW M [uu.antus | wu. 879 | %conver
MAeue | +a1T Sudu  [+a1Tedeou | suude sion
min | (g (g) C(g) (g () (g) ()
10 |0.240 | 1.034 0.794 | 0.082 | 0.251 0.011 13.41
20 |0.288 | 2.107 1.819 | 0.188 | 0.350 0.062 | 32.98
30 [0.178 | 1.152 0.974 | 0.101 | 0.222 0.044' | 43,56
50 [0.192 | 1.779 1.587 | 0.164 | 0.295 0.103 | 62.80
80 {0.221 | 1.440 1.219 | 0.126 | 0.334 0.113 | 89.68
100 (0.248 | 1.415 1,167 | o.121 | 0.as57 0.109 { 90.08
120 |0.203 | 1.500 1.297 | 0.132 | 0.331 0.128 | 95.52
150 {0.190 |'1.295 1.105 | 0.114 | 0.302 0.112 | 98.24
180 |0.180 | 1.406 1.226 | 0.127 | 0.305 0.125 | 98.24
210 |0.215 |1.561 1,346 | 0,140 | 0.353 0.138 | 98.57
240 |0.211 |1.431 1,220 | 0.126 | 0.336 0.125 | 99.2t
270 |0.198 |1.285 1.087 | 0.113 | 0.310 0.112 | 99.21
300 [0.233 |1.415 1.182 |0.123 | 0.356 0.113 100.0
360 |0.197 |1.185 0.988 |0.102 | 0.299 0.102 | 100.0
420 |0.197 |1.432 1.235 |0.128 | 0.325 0.128 100.0

o8 r- ] ‘ -9 o~
gL M Ao alaFulaTuivotuar lal i uudn
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uﬁwuna1m7uuaz1a1auatuumu 52.007 0Ty
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AITIINANRINM 4 WAUDY %conversion NUIVLIRIANNA ﬂﬂﬂTWﬂﬂ1WT“ﬂﬁlﬂﬂ1

1.5% laladaiuudu

V387 W | WRANTUE | WU.RANT |UTNO@ M [un. DN1ue Lu.aﬁt %conver
AUy | +a1g (Guds | +a1Twseou) sk sion
min | (g (g) (g) (g) (&) () )
20 |0.238 | 2.386 2.148 | 0.223 | 0.294 0.056 | 25.11
40 |0.161 | 1.571 1.410 | 0.146 | 0.260 0.099 | 67.81
60 |0.251 | 1.710 1.459 | 0.151 0.395 0.144 | 95,36
80 |0.241 | 0.960 0.719 | 0.074 | 0.310 0.069 | 93.24
100 [0.235 | 1.02t 0.786 | 0.081 0.312 0.077 | 95.06
130 |0.245 | 2.012 1.767 | 0,183 | 0.426 0.181 | 98.91
190 {0.428 | 1.663 1.235 | 0.128 | 0.555 0.127 | 99.22
220 |0.447 | 1.896 1.449 | 0.150 | 0.596 0.149 | 99,23
250 {0.318 | 1.416 1.098 | 0.114 | 0.431 0.113 | 99.30
280 |0.229 | 1.219 0.990 | 0.103 | 0.331 0.102 | 99.03
310 |0.244 | 1.569 1.325 | 0.137 | 0.381 0.137 100.0
340 |0.227 | 1.058 0.831 | 0.086 | 0.313 0.086 100.0
370 |0.349 | 1.324 0.975 | 0.101 0.450 0.101 100.0
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AT \'l.ﬂ"\ﬂﬂu')ﬂ'?l 5 r-i’\msavmﬂ( solubility parameter, d)

PDINIMIALITLUN I1UR

Solveat .., 3 1/62 -3 ° 3.1/2 H-dondlog
U/m ] - 10 (cai/em ] Group
Bromostyvene (ortho) 20.1 - 9.8 ?
Butadiene=1,3 . 14.8 - 7.1 -]
Butane (normal) 13.8 8.8 P
Butanedtoi-1, 3 23.7 11.6 s
Butanedlal-1, 4 24.8 12.1 )
Butaned{ol-2, 3 22.7 111 s
Butyl acetats (iso) 17.0 8.3 m
Butyl acetate (normal) 1.4 8.8 m
Butyl acetats (secondaty) 16.8 8.2 m
Butyl aerylate (iso) 17.4 3.5 m
Butyl 2erylate (normal) 1.0 2.3 m
Butyl alechol (is0) 21.§ 0.3 ]
Methyl {scbutyrate 1.0 ‘8.3 m
Methyl {sapropyl ketone 17.4 8.8 m
Methyl Isovalerate '16.2 7.9 m
Mathyl methacrylate 1.0 8.8 m
Methyl nonyl ketone 18.0 1.8 m
Methyl-2-pentanediol-1, 3 211 10.3 8
Methyl-2-pentanediol=2, 4 19.8 - 9.7 s
Methy!-2-peatanediol Byl £
ethes  (Pentaxol) 17.4 8.8 m
Methyl propicaate 18.2 8.9 m
Methyl propyl ketone 17.3 8.7 m
Methyl propyt suifoae ‘25,68 12,5 m
Mathyl pyrroiidone-2 (N) 2.1 A3 =
Socal Solvent No. 2 16.2 . 7.9 P
Socal Soivent No. 3 15.8 7.1 P
Solvesso 100 - 17.8 8.8 P
Solvesso 150 17.4 . 8.8 ? | |
Styrene 19.0 9.3 P
Stycene oxide . 21.3 10.8 m
Succinic anbydrde 3.5 15.4 8"
Tespeae 3 - 112 8.4 P
Tetrachlotoethane-1,1,2,2 19.8 9.7 ]
Tetrachleroethylene (perchloro-
ethylene) 19.0 2.3 P
Tetraethylens glycol 20.3 - 9.9 1
Tetrahydrofuran 18.6 9.1 m
Tetrahydronaphithalene 19.4 9.5 P
Tetramethylene sulfone 27.4 13.4 m
Tetramethyloxamide 23.3 11.4 m
Thiophene 20.1 9.8 m
Toluene 18,2 8.9 P
Tolylenediisocyanate 23.7 11.8 s
Tributylamine 15.8 1.7 ]
Trichloroethage-1,1,2 19.8 9.8 p
Trichloroethylene 18.8 .2 p

A1 LONANT91 999 8



ANTFIINARUINA 6 AINNTArAnE (solubility parameter,

-3 ‘ o
N INDILADTUTIAUR
v-358 SOLUBILITY PARAMETER VALUES
Polymes su/=1? .10 Stcal/em’] /2 Method % References
s.8 Poly(stvrenes)
17.52 3.58 s
17.53-17.48 3.59-8.53 s
20.18 9.85 cale. 3
17.36-17.92 8.73 ar 8,76 13
17.34,18.56 8.72, 9.07 vise, 3%y
18.6 9.1 20
18,72 9.15 33 3
15,62 9.10 av. 23
1562 9.10 swelling 23
13.68 9.12 ale, 23
19,09 9.33. 25 34
18,68 9.12 cale. s
5.8 .91 cbs, (UY 5
17.2-19.8 8.6-9.7 obs, (1Y a
1.4 8.8 4
17.8 8.6 . s
1.4 9.0 . 18
13.28 9.42 cale, 36a
: a1 10,3 cale, 38
7.52 8.38 36
17.2¢ 8.72 8,31 -
13.4 2.1 33
17, 617.8 8.6-8.7 21
18.8 9.1 28
Poly(styrene =ca-divinylbenzene) 18.8 8.1 obs, (U0 s
17.39 8.50 4

N1
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