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2 ©F: Sorbitan ester (Span)®} 2,2 -azobis(2-methyl propionamidine) dihydrochloride
(AIBAYE Zt2t gaitgAle} 7fAlA 2 A8t cyclohexane #AtofellA] acrylamide (AM)<]
g FeEFHE g FH UM A3ty A= poly(acrylamide}(PAM) dglxt
9] QJ=E, FFEAH, F43E F& ZABIYC. detd ez PAM dea7 L YAtgA o
55, A&, 84 AE F B9l o] FrHge weh, Ee AAAY B, 38 220 24
ol we} 4tk PAM 3§ PR 2@ 52, gAEAe] s20t F
71l wet, = JRAAY vk, FH &5, 74 AEF B RV 24T ot Fhskd
th 2 dydA Qejxd PAM d€iate F&8e oF 2~50 mm HAS YAH L o 800~
1200%te] P FEAEE JERA T

ABSTRACT: Inverse suspension polymerization of acrylamide (AM) in cyclohexane was car-
ried out to study the effects of concentrations of sorbitan ester (Span) stabilizers and 2,2 -
azobis (2-methyl propionamidine) dihydrochloride (AIBA) initiator, amount of monomer, shak-
ing speed, and polymerization temperature on the particle size of the resulting poly
(acrylamide) (PAM) beads and their molecular weights. It was found that the particle diame-
ter, in general, decreased with increasing concentration of stabilizer, shaking speed, and water
content in the aqueous phase, and with decreasing concentration of initiator and
polymerizatipn temperature. The average molecular weight of the resulting PAM beads was
also found to increase with increasing concentrations of monomer and stabilizer, and also with
decreasing concentration of initiator, polymerization temperature, and water content in the
aqueous phase. In this study, PAM beads ranging 2~50 u#m in diameter, with 8000000 ~
12000000 in the weight average molecular weight were successfully prepared in almost 100%
conversion.

Keywords: acrylamide, inverse suspension polymerization, span stabilizer, shaking speed,
average molecular weight.
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FEA nEAE? 3P EY 2GRN
s Fasit. £84 EAF oAM=
(acrylamide, AM)#A 1EAEL ¥ 2} 44, 4
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A W&o A A 2 nEA A3l Azl
da] o] &= vk 2y AR kAol 4%
AMA 228 AZ87) ofWI 60% olAtel 1Y
& 2717t 87V d] i ¥ el 1 A
o] ZHAZ IEA MaAe] Pl RTEH Ut
FZ 9= Allied ChemicalsdlAiE 4 e3¢
(inverse suspension polymerization)d] &% &3
Ble} PAMA 84 ¥ Hajd g gasle daf
g3t ol TEHe] ¥l A AL 95% 9]
o] nBEFH AYAFAL 2 &4, AHgo] Aot

AHg el AR B3 i g
& 2gjojglot A delola Y olES} & F
£ DAt 2@ o] Qe e F8A4 S
A& o] &% 4 FeFo U drrnstt 9
2 284 AdA g 43 2 d7dMe &
4 TR ofmdopu=e] HA HEFEE HE
o] £3 tiYd F UM FYile FRATE
o ulzgl A= PAM dATFEe] JAA 22}
o, AL, 43 Fo Y& zABIATH

rr
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Al ok 2 AFdA A1EF AM (Junsei) TEHH)
= AAFe] glo] 2z AMEsiArh YARMRA =
sorbitan ester?! Span 20, Span 40, Span 60, Span
803 Span 85 ICDE A3t 7HAAZE
AIBA (2,2’ -azobis(2-methyl propionamidine)
dihydrochloride, Aldrich) & A §o] glo] Al&3}
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Table 1. Standard Recipe Used in Inverse Suspen-
sion Polymerization

materials weight %
H,0 125
aqueous phase acrylamide 12.5
AIBA 0.8¢
. span 0.4%
oil phase cyclohexane 75.0

% Based on monomer wt. ® Based on cyclohexane wt. Weight
ratio of oil versus aqueous phase : 3/1. Polymerization condi-
tion: 40 C, 140 cycles/min for 36 hrs.

Hem  FHPRANEE  cyclohexane (A FUH,
Shinyo), R+ 22AFHTE AMESH T 15t
AHE-EE Aok 2% AF1FEE FAlFe] glo] 2o
2 At

HE 0|83 HY HEFE & o83 44 4
a2 9589 /e (2.7 (D)x85(L)cm)&
Z2E4712 A8l Table 1o Yebd #84 A
g A FEE7I g3 olojA FEAA HEE F
7VEted A4 FEbel 387 HR S F 53 40 C
2 fA¢ W% 2% (reciprocal type)dlA] 364]
e A x 23 FaAc) od AgET
£ 140 cycles/mino & #A&tgch B AqdA &
g3t A4 HebpHe 25 98% ol HE|EE
e At

HEhg &% T3] F8e ¥ 44T PAM
YAHE 50 mLe] cyclohexaneo 2 2¥ A3l ¢
AQEAE AAT F ololA 1 mLe FHEFAAE
o} (0.06 g monomethyl ether of hydrocarbon/
20 mL isopropanol)e} -2 100 4.2 acetoned}
AqNA 147t M w2 wdtsle] vigkg DA E
AAGT F JF 28 (40 T)oA 2441 A=3}A
o Aol ofs HEe& 2

Az% PAM #49 AR 74 (g)

Foo 45F AM 9249 34 (g ¥

AL (%) =

PAM 2iXt2| giXtg. FHl ola Al=d PAM
ARl daAE EHEE Jeol 6400 FA}AUWA
(SEM)& AMgsle] 15 KVolA ZAg SEM AMA &
ol g-3te] AAsYrt. PAM YAAIE+= aluminum
stud 9ol YX§ 72 Hol=Zge HAZFT YAlse
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2 9 =¥3% & & (Au)2 2 sputter-coating &t
o AMg-3t

PAM QiXle| BEXIZF &5F. B d7fdA Azg
PAM @=tagdel Bxge 307, VISCO
G6000PW y; +G5000PW; +G3000PWy, Zda}
differential refractometer detector7} &g gel
permeation chromatography (GPC, VISCOTEK
Model T60A)E o] €3t ZH3l¥ct. 0.3 M sodi-
um acetate®} 0.3 M acetic acide] Eg4e Loz
ARSI 829 poly(acrylamide) B&E:AIE
(PAAM 60K, 350K, 1000K, 6000K, 9000K:
American Polymer Standards Corporation)& o]
83 02w/v% e Aa%E, 100 Mo A8 FA}
%, 0.8 mL/ming] EE&E3l S35t

#ot ¥ 0F

HE O|B3 i sESE. € dFdME g

< FEAAY dFE 2AIE] A8l Table 14
vehd 712 F reciped o] 839 A4 dHEEg
& 73 Ao 2% F£& Jue] PAM a7t 44
HAR 98% o] HEEE VeRNT

2AXIHYA B/ ¥ 522 F&. PAM Az
£ fgle B AFelA AR YRIMEAIE 2% 5
% (Span 20, 40, 60, 80, 85)2.&2 8.6~1.8 H¢ 9
HLBztg&" z2E=v}. Table 2= 5%2] Span =}t
A4 (0.06 g) & AM2-3le] Table 19 Jehd =¥z
3t Z3 recipedtoll A Azd PAM Y=te] 274
Aot BAlgEy 498 voFo Ay 23 4.3~
8.6 H$le] HLBgE ze 4%2] Span YAHEA
sl A FEHE e B/E Zte PAM At Az
H gt} whHol Span 85 (HLB : 1.8) =x}etAA <)
¥ 7F=¥H9 A Ackd PAM folgv}
A3t duty oz RN N Heg
e 4FHo Y] A 4 oA B
FAE A4 LA A PeFos B
AZ i FEARANN FEYAS FE) 9
g 3| §te] Jed & AAE £ s YRHEA Y
A9 2 FRze o] g3 Fasith dwry
o8 3~6 W99 HLBgHe! 2= gAMRA7} 4
S D%BA o GAEEEH AMEE I Aok 439
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Table 2. Effect of Span Stabilizers

ol phase  aqueousphase Partide  molecular wt.

i x10% & P

amples W1%) (wi%) dlam:l:etﬂ ( A_{;}% DI
CH® stahlier HO AMABAC (o) 33 pp
AT S"gzdm 125 125 08 2~2% 35 100 29
B 7 S"g‘:,w 125 125 08° 2~% 48 117 25
cC 5 S"g’;,w 125 125 08 2~24 41 105 25
D 7 P 55 105 08 2% 43 101 23

04

CH: Cyclohexane. ® AM: Acrylamide. ¢ AIBA: 2,2 -azobis(2-
methy! propionamidine) dihydrochloride. ? Rased on cyclohex-
ane weight. ¢ Based on monomer weight.

Span QjzRbgA st WAPF Y= =F HLB
gholl “3aglol 2~30 pm WA Y YA TR
EXE VeI B £§, gAY EF
o] Arsglo]l <F 10007E~1170% 2] Fekgpiajek
¥} ¢f 2.59] FAFEEE YeRAAT

Figure 13} Table 3& Span 60 QAIAA =%
o] 4% (0.03~0.09 g)& ZAsl7] 9438led Table 3
9 vebd FHEA FF recipediilld A zxd
PAM fi7te] SEMARI# Bx1&4 A7E RAZ
o ARMEA FErE F74ee) w3 YAtEe)
A3 tEol AAdREY Ha YA L HAs
Bage 27t dutdoz A9 Aty
A F=7t Fohe et dEagdN PAsle
4 aRA B € FEUYA FAHA FHH <t
e & Uds FAUH] FriEol YRt 3
2 FEAo] AU B e YaEe o
A A Aok £F YA ] Fole)
mWEE OEA A gae dAshe 238d
o] F4tg £ol3lA 3ln FRA 2EE ¥A §4
224 FRUYH WA Arettide] e}
AettdEe] FAHSEEE Hho] FIHo =
EAge] F718 71AE Aoz 7Tt

ZIEtEr el AE. Figure 29 Table 4= 2%F9)
42} 2t A (Span 603 Span 80) &}l A 2714 t}
& AgrEr (903 140 cycles/min) o] d8e =4}
3}7] $18te] Table 4o Yepd F3233 % rec

o
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Figure 1. Effect of Span 60 concentrations: (A) 0.2,

(B) 0.4, and (C) 0.6 wt%.

Table 3. Effect of Span 60 Concentrations

cilphase  aqueousphase  Partidle mde‘?hf wt
(wt%) (wt%) diameter (X IE )E PDI
sampls range MM,

CH Span60 H0 AMABA () 7 M, PDI

A 5 02 125125 032° 4~28 40 97 24
B 75 04 125125 032* 2~24 41 105 25
C 75 06 125125032 1~16 48 110 23

“ Based on cyclohexane weight. 5 Based on monomer weight.

=2 A25Y A4z 2001 74

ipedloll A A =% PAM zte] SEMARRIZ Ht&
A& Aag BoFEtl. 49 A¥ AEHEv F
7igtel waEl YRRMEA FTHO dEgle] MG
PAM u|#zte] Jx74e ad gasigen B
& Z78e EgY. dutdos ofF 4~40 m HY
o] YR AT o 8009 ~1200%re] FRAFEAZS
7t PAM vzt SR dRtdo g ey
el A ik A e Fat nvkEEe AU 2
7l A JEe vNotm LA U F, w
ezl bl e) o] Frigtel ulel A A
Ao 3rie a3 angze vl ga2s
o] ZFriAAe Bt e dEd e 4AE
A4 9 23] ot Bl 7 ¥E 253
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ek (11809H) & ey ich

AM cigtd| sTo| Hak Table 55 AM B3|
5o A4 (1~3g)& A 9189 Table 54
Uehd 28287 F8 recipestdlA A2 PAM
Azte) QYAAH S BAREY HAHE RAEC
AM @371 194 3gez Zvigd wet 233
FEbEFo] oF 760 A oF 1160%te g )8k
t}. o] #ALe G Fvld wE A dBEH A
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o] Z7Hgl " Vsl AR 28y, WEA 5=
Z7lel g gAY Wl BEE S gtk

AIBA JHAIM| ST & Table 62 AIBA 7
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Figure 2. Effect of shaking speed (1: 90, 2: 140 cycles/min): (A) Span 60 and (B) Span 80.

Table 4. Effect of Shaking Speed

10 /m

oil phase (wt%) aqueous phase (wt%)

samples

agitation speed particle diameter range

molecular wt. ( x 1076
& PDI(M,/M,)

stabilizer H,0 AM AIBA  Cycles/min (sam) M. M, PDI
Al 75 S";‘;am 125 125 032 90 3~38 28 85 31
A2 75 S"ngo 125 125 032° 140 2~18 45 118 26
Bl 75 SpoazaSO 125 125 032 90 4~42 29 85 29
B2 75 sp;zaso 125 125 0.32¢ 140 1~22 39 96 25

¢ Based on cyclohexane weight. ¢ Based on monomer weight.

YAES AT % S 4 F o 2 IR
PAM sizbeg g4sh €t

THAIH BF<2 Yk Table 7& PAM ¢4AE A
Z37] g AR A FEANAA A AIBA, po-
tassium persulfate (KPS), ammonium persulfate
(APS)2}  F&A7/1 AR

azobisisobutylonitrile
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(AIBN)& A}Hg-3led Table 7o vebhd Z¢z13
3 recipedliAl A EZF PAM =be] ¢ixpAab
B EAEEY g BAEd. 7ud v} o)
T8N A A AR Fgol dold B -840
A A diEiA s Fiel BrbeEdh & £49 o
BFAH /& WEA T84 AAA EfE e 7
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Table 5. Effect of AM Concentrations

] particle molecular wt.
npls oil phase (g) aqueous phase(®) . (104) & DI

CH span 60 H,0 AM AIBArange(um) M, M, PDI

A 15 006 25 10 002 2~30 20 76 38
B 15 006 25 20 002 2~28 29 93 33
C 15 006 25 30 002 2~30 50 116 23

Table 6. Effect of AIBA Concentirations

' partide  molecular wt.
amples U1 P15 (8) aaueaus phase(®) i oter  (x109)& PDI

CH span 60 H0 AM AIBArange(um) M, M, PDI

A 75 04° 125125 04° 2~27 50 122 24
B 75 04 125125 08 2~34 46 113 24
C 75 04° 125125 16 2~35 26 92 35

% based on cyclohexane weight. ® based on monomer weight.

Table 7. Effect of Initiator Species

oil phase (g)  aqueous phase (g) partice wt

samples diameter (x10°%) & PDI
CH span 60 H,0 AM Initiator range{sem) ¥, M, PDI
A T 04 125125 A;l;;‘\ 2~38 27 101 37
B 7 04 125125 ?;E 3~48 23 82 36
C ™ 04 125125 I;l;? 2~40 34 84 25
. ABN
D 75 04 125125 08 no poln

APS(ammonium persulfate), KPS(potassium persulfate), AIBN
(azobisisobutyronitrile).

“ Based on cyclohexane weight. b Based on monomer weight.
Polymerization condition: 40 °C, 90 cycles/min for 36 hrs.

2o goxgtel AT 3Fe FHAAMAIAS
(0.02 g)oll Al oF 820~1000%F Wele] Zekg &=}
#Ze zke PAM 92 Axslgen AIBA
MRS A 713 & 223 PAM deHdA
7t BAEAT AAA FFH W YAE 2 2
o] Wizt FAY 4 grh

Elec o] A8, Figure 37 Table 8& £%2%
o] 38k (30~55 C)& A7) 9sled Table 84l
vehd 3243 5§ recipedlellA] Az PAM
J2te] SEMARIS HFPARSF ARE HAF
t} dutd o g L7} Frigd] wel AR

Fa2lol A25 A4z 2001d 74

[

10 pm
Figure 3. Effect of polymerization temperature:
(A) 30, (B) 40, and (C) 55 C.

o FHere Fvhe AREud 445 4 8
gozee] FANEEESE F7H7IM B
Eo) APAZte) st tlEo] Babge &g V)
Heth FHewrh 30 ¢ B oF 12009+

HEEades veigich B8 F3exe] 37
AAAA R qiEe] A ES HaAA
B 5§ % & oA gAEe] M 9

>
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Table 8. Effect of Polymerization Temperature

oil phase (wt%) aqueous phase (wt%)
samples

polym. temp.

o molecular wt. (< 1075)
particle diameter range & PDI(M,/H,)

CH Span60 H,0 AM AIBA (sam) M. M, PDI
A 75 04 125 125 08 1~12 55 120 22
B 75 04 125 125 08 2~26 46 113 24
C 75 04 125 125 08 3~38 33 89 27

“ Based on cyclohexane weight. ® Based on monomer weight.

Table 9. Effect of Water Content in Aqueous
Phase

. partide  molecular wt.
oil phase (g) aqueous phase (g) " (x10% & PDI

CH Span 60 H,0 AM ABArarge(um) M, M, PDI

A 15 006 20 25 002 1~34 41 91 22
B 15 006 35 25 002 1~28 39 86 22
C I5 006 50 25 002 2~19 30 73 24

Table 10. Effect of Cyclohexane Content in Oil
Phase

partiie  molecular wt.
; oil phase (g) aqueous phase (g) i (x10°% & PDI

CH Span 60 H0 AM ABArange(sm) M, M, PDI

A 10 006 25 25 002 1~26 35 96 27
B 15 006 25 25 002 1~24 41 103 25
C 20 006 25 25 002 2~24 40 95 24

B£¥9 3718 7HA e

TEY 4B § ERr 559 98 Table 9&= &
4 BE F FFrHEY ¥ (2~58)8 ZAEY)
#38ld Table 9o el =73 F3 reciped}
A Az PAM dzte] Qi3 Helst gFEx
P54 ANE BRAZo F44 AR F FR
Fo] F7tgel uiet YEEaiy FFYAAFo|
Z423dn. O olfe FFFYY Fl e gt
A PR Foll DA Fro hae) Gk 54
Aeo] HEgdse 718k R g}

784 4 & Cyclohexane 5T 2| Hgk Table
10& #84 48 F cyclohexane #fakel 9%
(10~20g)& A3 918l Table 109 ehd
F¥2179 59 recipedtoll A A=¥ PAM )zl
AR HY e B EAESY A8 BEd. 4
A 4B 2 cyclohexane %& Z7139 wet A4

ozt Aadke Wb Exjgge] Wse #AY £ gl
o

a2 B

Al 2k Sorbitan ester (Span)®} 2,2’ -azobis (2-
methyl propionamidine) dihydrochloride[ AIBAT,
cyclohexane& 2tz U=t H 9} MAA|, FEEA
2 AMg-3hd ohokdt FgEAs A acrylamide
(AM)el d4 He33e 33 d3d9 ¥
=, AAAY w7k, 84 F7 2 B, ks
5, FUHLE, FR4 AE F BY 32 59 2%
Qe wia} WAL= poly(acrylamide) (PAM) &
@)z A, oA, S35 52 =AM
o &7 Ze AEE A

1) s TN HE o] 43 4 Yet
FHE FUT Ay oEAHE¥e 7 g9
PAM SIxi7} B 98% olde] Agsg o
R ATt

2) 4.3~8.6 H9e] HLBgE 2= 4%9) Span
PAIA BN A e oA e PAMY
A ZHY 3 Span 85 (HLB:1.8) ¢xiqtAAIe] #
T Aol Brtwsidn

3) PAM d=RIzEe dAtdAe &, Ag
&5, 84 3% F B vzl Fo1E) oal,
E= ARG %, 28 257 Zadd uet 7
A3t

4) PAM #et33de] HE#A3e d@ged 5
=, ARMgA Y Frrl g wal, T R4
Ao F=, 8 %, F44 48 F B9 w27}
Zagel we} Folstgch

5) &89 % 2~50,m P YAHEI o
800~1200%te] FRPTEAFE e PAM d¢
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