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R ¢ :oladoln=g} olags JEFY HFA Y B4 S 70 3022 3o poly(acryamide-co-so-
dium acrylate) E&AE 953 ¥ (inverse emulson polymerization)o.2 ¢ o) EF 53}
AAZ F@NE L YAEE 29 AP vAE FFS 2AEAT. 29 A water-in-
oild FH3A (main emulsifier) & TEo2 Algde ZLEY A54 -84 B(HLB) 3tol
EL& ZH3A (coemulsifie) E& H718 o T3 A@go] FYES dsuth & F TFH 4 do|
ZoEE £ AP L A FA4 ALL Byl EF SHAAE £ AS A4E Y29
St FA3HA 2 ZASMAEY AFA7IES 9AF H5 (bulkiness)7t & A% AKX F
7betgen olE g FFS FHaA A% AAIt 2HA A% AR o AA Vel

Abstract : Water-soluble copolymer, poly(acrylamide-co-sodium acrylate), was synthesized by the in-
verse emulsion polymerization method. It was found that incorporation of high HLB (hydrophilic-lyo-
philic balance) coemulsifier in addition to the water-in-oil type main emulsifier increased the rate of
polymerization significantly. Some type of phase transfer catalyst also increased the polymer conver-
sion significantly. The emulsifier mixture system with bulky lyophilic group resulted in good latex
stability possibly due to formation of a steric barrier which prevented the particles from agglomera-
ting.
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2o Z3ET I93 FHHol Ak & ¢
HE g5 R0 A F712 st LERY]
FFS 20% ol 2717t gET. £ ¥ &
Ho| ojef§n HAgo| TolNHA LEA HE7]
2] 7hd hgo] dojue Aol . HR3t
%% (inverse emulsion polymerization)S ©]&-&}
H 82 g 30~40% 74 4E £ Qon w
T35 S HE SHEE & EAFY

A& B BEAE 5 e o1Fo] Uth
{3 F3H-E 1962 Vanderhoff5ol 28
& wEHN0H,® 1970 o) nEA SHAS B
A F3goz B3 J&3 3Pl
water-in-0il8 9] F43}A4)(main emulsifier) 0] 2 oj]
44 —-3%A 8] (HLB : hydrophilic-lyophilic
balance) 7} ¥& 4£%9 Z{3H4(coemulsifier) &
718 S e &, A E gE g g9z
£ 9 gH A0 YT E F7ANE F Aol 5H
28S 53 g4 9okt £ f3AA 9%
of g AAH] dFe BEFd B dFdXMe
DA E ofAdoln| =9} o2 YA VEFYE 70 1 30
mole H|2 A& APH o2 F2 AMHI Y=
potassium persulfate =84 7|AIAE AMLE G4
3l FEkgolA T2t e 4% FR3A ¥
ZH3AE AR S b SN YA 9% ¥
A etEl 2o kg Aol thia] ZAIATh of&E
ZF3A e AFE e 2 TRY 4 Hol
(phase transfer catalyst) 2] &%) e HEE}
Ak
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2 Age AHgE dEFAQ ofadoln|= (/3
Algtotn| =)= F8FE ot2¥ 2AH(Junsei Chemi-
ca) & AFAIFE a2 Agsich &l IP
solvent(isoparaffinic solvent) & o]43}& 0 2 H €
4, AAGle] AHEsI T Water-in-oil 3 9] F4
3}A4)2 2  Sorbitan monooleate (Span 80 ; HLB
4.3),Sorbitan sesquioleate (Arlacel 83 ;HLB3.7),
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Table 1. List of Surfactants used in the Experiment

Trade Name  Chemical Formulation HLB value
Span 80 Sorbitan Monooleate 4.3
Arlacel 83 Sorbitan Sesquioleate 3.7
Hypomer B-246 Polymeric Emulsifier 6.0
Tween 20 POE(20) Sorbitan 16.7
Monolaurate

Tween 21 POE(4) Sorbitan 13.3
Monolaurate

Tween 60 POE(20) Sorbitan 14.9
Monostearate

Tween 61 POE(4) Sorbitan 9.6
Monostearate

Tween 80 POE(20) Sorbitan 15.0
Monooleate

Tween 81 POE(5) Sorbitan 10.0
Monooleate

Tween 85 POE(20) Sorbitan 11.0
Trioleate

G-1086 Polyoxyethylene Sor- 10.0

bitol Hexaoleate

NP-10 POE(10) Nonylphenol 14.0
PEO 600 Poly(ethylene oxide)
Mw : 600
PEO 2000 Poly(ethylene oxide)
Mw : 2000
CTMAB Cetyltrimethyl ammoium
bromide
DCH-18-C-6 Dicyclohexano-18-Crown-6

Hypomer B-246 (HLB 6.0)%& ICI Chemical 9}
AlobEE AHEE e o9 ZtE Z2H3A 2 4
Ho| ZujEo] Table 1o e glct.

oladeln| = WA o] T3 FAME EFE
U Hol 54 o2& A|Ash=d A& Versenex
80 (chelating agent)+ Dow Chemical®] A|%Fg<&
AHESATE T wlEke, olME, Y&t F redox A
AJA| 2 AFE¥E potassium persulfate, ferrous sul-
fateT S AFAIE 22 ARkt Ajdl AL
/4 5o distilled deionized water (Millipore ;
10" Qem)g ALg3Act

Preemulsion gl 233 ZsHI2
A3t SIS MAEH] oA GFA %
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9} & preemulsion A|Z a7} g}, ©EEA] £
4} (aqueous phase) ] HAZE & o]& Fo olad
22 =2l ¥ Orion ResearchA}e] pH meter (Mo-
del 811) & ©] &, FAIIEF 58402 pHE 10
o2 A3t oW F3dd o3 %7} Tt
e oladste] S& WAIEH] 93 ice bath&
AHREIH T, o] 8o ofTY ol = GHAE 52U
t}2 Versenex 80 (0.1~0.2g) & #7138l Ho| &
& o] g LY EIAA FHEAAY B4E A
At 7180 A (oil phase) 8] AZE o4 ut
2t o) A FS Hlo|Ad ¥ W/O0F FH3HA)
2 HLB#o] & Z/3AE U ¥ A& 2
uketgich

s 4712 254, 74 ] 2 Ai: F
A7 AR E 250ml 37 FHAIE AMSIIETH
WA F7180) 3 v 870 FY ARAFEA
g AL 718la 25T A4 7]738klA] 450 rpm
o2 3087 wukste g A g2 X33 89
ol 7180 A& 2ate water-in-oil (W/0)
o] 94 {3ldoz preemulsion AZFTh TS
redox 7|A1Al Sd& FSI8te FF wH3-S Al
3 27} A3t HE N-L71E e Yol
Wzh5E 53 Azles A He e E 40CE #X
ek WA 3ARE A 23|

8 MaEe £3

A531 S8 o dojF FE 2= W/OF #3
Ao EYM] Qo gEAE 33 (inversion)
ANHA 84 TEAL §402 ghgojof g,
2HA el YH4E 2g8 800gY & o] Foll £t
A17] % NP-10 (HLB=10.0) AHEAA| 1g& 7}
@t 84 TRAYe g THEQh o] £RS
FAH) 50 : 502] HEE—olHE &7 &ulol] wyt
sl Y3t 84 nEAY FAE AUk Hy-
pomer B-246% FH3}HA 2 A& F¢= U S4t—
ofigkg (60 140 FAH]) EF B9E AHE3ITH
FAE T84 A= oHELRE 3] A F£45
T AF Azx7A FF AZANE FAE AF
AL AdsHh

Eoio] A4 A6z 1990d 12¢

2| A S| oA

Af3 TP dolj W/0F gExe 54
o) O/WY gl 28 2= 2e) A7) R 4ol
EA7E @o) Aol A £ dR73 T 23
252 BHA AF5de] £ 5L Ehtgo e
PAHES] A 23 coagulumel HAJo) €T},
B AgeA e A7) REA] HEEE el B
9] shz gl AIFE 3 wuke 3 A A
Wol Whro] 2 3o A 7d AE WA F, A
& YA HPAJE o videl] @& FEX A
829 74 HEg (33 FHzhH= vehhuct.

#0 3 nF

oy A&

A3 Sl AN EF F3AAT TF v
L AAGE e 2e] Qb vX e FTS HES}
7] ool BrtA] whg-o) Mg &, #eie] 1
2 FEHAPE), FEA/F/718wd FAH], )
A, WRtEE 58 dAT 2 §XE 2
871 gleEg old Uig ou A4¥g At

w3 #HF eped 2o nEA g g A4
Hog go| o]&F ofAYolv|=A FTFHA g
gzo] mER §Fo] 30~40% W owz?
£ A3 dojMe HE et 29 nga §FE 35
%2 1372 Yo,  gHre A FFE
35% 2 g JEHQ JH{3} S kS Aol
Table 20 Ueht Stk gtel 2o 82} g8 35
%2 18 LAY/ F7I8ES FANE ©
3N o) F§ AgEL Fig. 1o]A B bk} 2ol
TABZE oF 21 164 HF z70] dojFoerng o]
FAHE ool wkgo AHR3dTh % A E
o 2 FeSO,+& 4 (400 ppm) 3} potassium pe-
rsulfate =84 (0,04g/mol)S ©]-&3} redox 7JA]
AAE A3 ©] A AgAFe] AP
AAM Eo £xrt FAsR oY FHA AT B
& p 5 go|L =(distilled deionized water ; Mili-
pore, 10 Q em™) & gtk = 54 #3
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ZoM e} sl 2 G738 S A=
Wyt £571 £93o dujAd A preemulsion
oMo mEt £T = 450 rpm o2 B A F4
¥ wyt $2F 300 rpme 2 IAYAA FHEA

E3t RalHA L A&

53 TS FaF A= FEAARA
AL W/O 39 94 {f3d4e B0 F= F/F
A}t A7HAR FoFe ZRIAZ 7EE F e
o & A¥A &3 FEAAE FAsheu AHET
H3AE9 EFE Table 19 YeERAATH

HA G438 T kSl Yoz FR3HA|
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Fig. 1. Effect of amount of water on the conversion

of inverse emulsion polymerization : Polymerization

recipe ; AM/AA/NaOH/Versenex 80/LP. solvent/Span

80/Tween 85=19.90/8.65/4.80/0.10/25.0/4.80/1.40 (wt
part) Water ; 28.65(0), 33.65(C), 38.65(A), 43,65(10).

Table 2. Typical Inverse Emulsion Polymerization

Recipe

(a) Aqueous Phase
Acrylamide Acrylic acid Water NaOH Versenex-80
1990 g 865g 3365g 4.80g 010g

(0.28 mol) (0.12 mol) (0.12 mol)
(b) Oil Phase
Span 80 G-1086 NP-10 IP Solvent

480¢g 200g 06¢g 250¢g
Initiator Solution : K;$,0s aqueous solution 0.04(g/
ml) : 1g and FeSO, aqueous solution 400 (ppm) : 1g
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2 7P o] #o]3 U sorbitan monooleate
(Span 80, HLB=4.3)& F #3172 18 HLB &
o] £ ZFAES A7 W FF JFE 7
= g&ol Fig. 20 veht Qloh Fig. 2004 B
o] F£/2}A(Span 80)E YEo 2 & wHo =
f3AE H7SA T3 M8 FYES B &
Atk E ZFIAES H7HE o f3d HAY
HLBgtol whe} Q3g ke & glomzll 54 ¢
SHAAE ¢ 9ol Al HA e HLBE 6.12 43
3lA &A1&tk o] o polyoxyethylene ©$j¢] 2
0]7} 71 NP-10 ZF-38A & WolF4H 53 AL o]
AA 3 F7ketdoth

et Z/34A¢] polyoxyethylene 7]2] Zojd)
g 9T 1) 93to A Fxze FAREAT
polyoxyethylene 7]9] Zol7} th& ZHKBHAES 3
7tete] FF vhe-S SRR en S A8 W
3}7} Table 3 & Fig. 3o} Jel} . o5& £H
ZF31AE Foll Al polyoxyethylene 71¢] Z20]7} 3
AE0] NS FANHE & F AJh o] 3
2ox {3t A e] HLBRS 6.18 nA3}7] )
& s FE =AU

A Mo| x0He| At

OF Ao A FF8A =4 Span 805 231 ZF 9

100

80 1

60

401

Conversion (%)

201

0 30 60 90 120 150 180

Polymerization time (min,)
Fig. 2. Effect of emulsifier mixture on polymerization
conversion : Polymerization recipe ; AM/AA/Water/
NaOH/Versenex 80/LP. solvent =19.90/8.65/33.65/
4.80/0.10/25.0(wt part) : (O) Span 80/Tween 81/NP-
10=4.80/1.20/0.20, (A) Span 80/Tween 81=4.80/1.40,
((J) Span 80=4.80.
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Table 3. Effect of Polyoxyethylene(POE) Unit Length
on Conversion

Table 4. Effect of Phase Transfer Catalyst on Polymer
Conversion

Sampl Emulsifier Mixture Conversion( %) Sampl Emulsifier Mixture Conversion
" Span 80(g) Coemlsifier(g) " Span80 Tween81 PTC (%)
[EA4 438 Tween 20 : 0.8 835 IEA-82 48 18 None 450
IEA-7 48 Tween 21 : 1.2 28.5 IEA-80 48 18 PEO 600 : 0.2 40.2
[EA.9 48 Tween 60 © 1.2 92.0 IEA-81 48 18 PEO 2000 : 0.2 38.6
: IEA-83 48 1.8 CTMAB : 0.2 836
IEA-10 48 Tween 61 : 2.5 35.5
IEA-84 48 1.8 DCH-18C6 : 0.2 87.3
[EA-11 48 Tween 80 1.0 870 *Polymerization recipe : AM /AA / Water / NaOH /
1IEA-12 48 Tween 81 : 2.0 450

*Polymerization recipe | AM/AA/Water/NaOH/Ver-
senex-80/ 1. P. solvent=19.90/8.65/33.65/4.80/0.10/
25.0

*HLB of Emulsifier Mixture : 6.0~6.1

*Tween 20 . POE(20) Sorbitan Monolaurate(HLB=
16.7)

Tween 21: POE(4) Sorbitan Monolaurate(HLB=
13.3)

Tween 60 : POE(20) Sorbitan Monostearate(HLB=
14.9)

Tween 61: POE(4) Sorbitan Monostearate(HLB=
9.6)

Tween 80 : POE(20) Sorbitan Monooleate(HLB=
15.0)

Tween 81:POE(5) Sorbitan Monooleate(HLB=
10.0)

100

80

60+

40

Conversion (%)

20+

0 T T T T T T
0 30 60 90 120 150 180
Polymerization time (min,)

Fig. 3. Effect of polyoxyethylene unit length on poly-
merization conversion : Polymerization recipe ; AM/
AA/Water/NaOH/Versenex 80/1.P. solvent/Span 80=
19.90/8.65/33.65/4.80/0.10/25.0/4.80 : Tween 20 ; 0.80
(O), Tween 21 : 1.20(A) (wt part)

Zo|of A4 A6Z 1990 12¢¥

Versenex 80/1. P. Solvent =19.90/8.65/33.65/4.80/0.
10/25.0
*PEO 600 : Poly(ethylene oxide) Mw : 600

PEO 2000 : Poly(ethylene oxide) Mw : 2000
CTMAB : Cetyltrimethyl ammonium bromide
DCH-18C6 : Dicyclohexano-18-Crown-6

BN

F3AEL H7159S 9 polyoxyethylene 719
o]7} 71 ZRBAEC] £ LS P AL S
Bgith, Poly(ethylene oxide) && 1 zHA7F 4 A
o] Zujg] YFoluZ o]ES ETHF TUhE A Ho
Zu)So| G733 Y Vel vAE T ZABH
9 or A7} Table 40 vieht ik,

Table 4¢)| A poly(ethylene oxide) 71 AHA= F3
AL TS v)X|A] o} cetyltrimethyl am-
monium bromide F-& dicyclohexano-18-crown-6
5o 5% A82L AI8 T ANE E 7 U

o]A& cetyltrimethyl ammonium bromide2] 7%

I

quaternary amine group©] potassium persulfate 7}
AAe] goleg W = dicyclohexano-18-
crown-62] A& /MAA oS complexd} st
o ANAEY AWzt olFol £ =7 ol
Aztdth, &3 dicyclohexano-18-crown-69] 739+
AR o] 2 FERF F3ARA 4TS T F °l
o 33 AY/LE A AU B F
Atk

Beiaol okay

o AelA EFF F3AA T A8 IFES
o3& Btk EF 3AAE A4E HEid
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Fig. 4. Effect of emulsifier mixture on the long period
storage stability of inverse latices.

Polymerization recipe : AM/AA/Water/Versenex 80/L
P. solvent=19.90/8.65/33.65/4.80/0.10/25.0 (wt part).
Span 80/Tween 81/NP-10 : 4.80/1.20/0.20(Q), Arla-
cel 83/Tween 81/NP-10: 4.80/1.40/0.40(A), Hypo-
mer B-246/Tween 81 : 3.0/3.0((]).

Table 5. Effect of Coemulsifier Structure on Latex
Stability

Emulsifier Mixture Latex Stability

1o
SampmMain Emulsifier Coemulsifier (mass left, %)
Span 80  Tw-81 NP-10
-14 300
IE 4.80 120 020
Span 80 Tw-85 NP-10
-18 15.0
1B 4.80 120 020
Span 80  G-1086 NP-10
- 5.
E-33 4.80 200 060 0
*Polymerization recipe . AM/AA/Water/NaOH/Ver-

senex 80/1. P. solvent =19.90/8.65/33.65/4.80/0.10/
25.0

*Tw-81 . POE(5) Sorbitan Monooleate (HLB=10.0)
Tw-85 : POE(20) Sorbitan Trioleate (HLB=11.0)
(G-1086 : Polyoxyethylene Sorbitol Hexaoleate (HLB
=10.2)

*Latex Stability : mass left when inverted after 7
days

HAE BAA. o] W) EF FIAAE o) FE=
FHatAlet 2/3A Y F271 BA7) Do) F98
A& sorbitan monooleate (Span 80) .2 A3}

EREAE vHrAS o el Ao kY Aelle] @

SEE S

EERRE 2 E

o] Table 50| Yeht Qlch. Table 5914 B%0) G-
1086 (polyoxyethylene sorbitol hexaoleate)& =8
34 2 AL o Tween 810)1} Tween 85 ¥t} o)A
A {718 oz 3l AR YAF R
¥ (bulkiness) 7} #H Ao w2} mass lefte] o] 7+
adte] AAE e Ao gt ol gES e
Atk E W/O 3o F/HIAE vpo] FAE df
A1t AR ghelxe Pk WS E FH 5o
Fig. 4o veplidich. 7)ol Bo] Ff314) 9]
F+27} sorbitan monooleate (Span 80) ol 4] sorbi-
tan sesquioleate (Arlacel 83) 2 A-B-A block copo-
lymere] 7% & 712 Hypomer B-2462.% &71E
¢} bulkiness7} #2455 ghel 0] Qg Ao] Sty
Ak ol2idt HAE Frke ZFIAE] %
AAEG FRIFHNES v E o PR o
ol o AA YR

2 8

oladoeln| =gl ofad At YEF dafxe] B
£ 70 : 3028 3 poly(acrylamide-co-sodium ac-
rylate) S3AE 973 8 (inverse emulsion
polymerization) & & Z§& w &3 {-3AA 2
& uhg 2 AARE el kg Aol n) Al 93
ZAreHE T A#Eel A3 water-in-oil E F3HAl
(main emulsifier) & @08 ALR3= A$HT}
A — 2743 ] (HLB) gto] =& Z-/3H4l(coe-
mulsifier) & A7} o) 8 A3E (conversion)
ol FHEE & F AATh E FAR FERE e
Ho] &4 FFAES ZHAZ & 7% polyoxye-
thylene 719 Zol7} 71 ZF8AIE0] 2 FAE E

O T AEES o ARl #AHUT ook
st 2 FRel A dolEeiEe] 973t FH

3ol 43e AES A cetyltrimethyl ammo-
nium bromide @ dicyclohexano-18-crown-6 &
ST AR A AsAHE ¢ F U} &
& f3AAE & AS A48 gEe tFAge

FHEA 2 2RFAEY 21547159 bulkiness
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7} & A% FA ol g e ol gL
FHSA S A% JFo] ZRIAE 27 AR
o =2A Jebgtcl,

ZHAle] 2 d7E 19889 % 32 aEhaiThe)
A8)(883-1005-012-2) Aol 2}3] olFojxon
2 5 A A=Y,
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