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W (= 99% ), BigEIENERA RA
A, 298RS R IR AR A A 5 T IR iR 4
(V50, = 98% ), 1L ZR AL T4 PR w5 28K 1
AN S 2 Fg (Span60, TV %) , L9081 % A
WAL T R W L rk %%t PEG-7 ®E R K ( DCP,
= 99% ), Phoenix Chemical Inc. ; & B 4 75 3& ik
(ASE, 99% ) , GRINRFE R AT BR 2 7 5 = H BE N

1.1

BEEE W (15) Bt =W R B (TPET, =
98% ) ,Sartomer Company Inc. . H &3 F ¥ H
af, HHEAE .

L2 HRFEMERE M

R A B AR AT BT s

TERCAH TR R B AR T AT N
1000 mL PO F B HH H, n A 43 804 BT IE 2 %t 606
mL 3 HH) SR W B R A e PEG-7 @5 R IiK (DCP)
7 0. 189 g Hl Span60 3 0. 189 g, 7840 Hit $F , 1l &
SUKAE ; 7E 500 mL BEAR I A TR 57. 72 g, UK
T A 2 22 18 T i AR Ak K T2 100
mL(9.6 g NaOH + 100 g /K ) /1 Hil, S8 J5 - i A 52
Bk ASE 0.354 g F1 TPET 0. 0236 g, R4 1%)
J5 , A8 AN 1000 mL Y RS b FE E i FE R
5 EC B iR A R A B IF WG THRE
50 °C, FH I W U =1 1) SR 1R 2 v i in 191 456 C 4 1
V50 51 &5 K % W (0. 2886 ¢ [y V50 ¥ T 50 mL
AKer), 1 h i 5e, gk 2L fE il N 3 hy ARl &=
64.5 CiKIE N 85% J& , o H )5 kL, lE £ IEE
e, 16 H 23 HEAS H 100 °C HE T, 45 B BRCIR R Bl
JI - FH R A 3 00 S T BBORE v SR DU 3 i B I
AR BR R A A [F] B A A Y B AR A R R A
BIFIE QT EMINP SRR €' SR

1.3 BE&~=Eae ik
1.3.1 JESimse

B RN e AR AR TR R R BORE , R A O 4
g AL XPN-203E 2 (g K 7 b A0 88 A BR 2
A ) BRI B RN 3 A R A AR R R B R
Wy FORCTHD e 1 2 e A A AR AR b 5 L, LS B 4
Je B 5% S-520 Y (Hitachi 23 ] ) X JE 3l
153 #r.

1.3.2 ZEEEENERGY MR /> F i

L1 mol/L By NaCl 7K % W by %5 51, Tie 1
0.002 g/mL [ BA YR, (25 £0.05)°C F H 5

KREE (B HNE: 0.4 ~0.5 mm) , RH—
FEDE R W R () B T R R
AKX [n] =kM)H58, Hd £ =0.01547, o =
0.9.

1.3.3  1.0% W3R -E W) /K HRE B LS G B /)l
E

R AR B A R FHBC T 0 e R R A
B 0.2% ~1.5% /247, R A S 56 DA rp [B) (B
L.0% MEREWKIEWR RIS, IFSHER
Lubrizol 23 w] R A 5 7 i 14 2 B2 0325 O 32 09 K
W75 3k 1647 0 3

FH 500 mL 4 F L 300 mL 22 8 F 7K T 500
mL () BEA AR JE R R G WA (3.0
0.005) g 189 A K, in e s (8] 4% ) 78 30 ~ 45
s Z[a], hEdk 2R 8 2 R 3951 (29 30 min) | 3%
F1E 300 r/min (43 B 0P 18% S AL
BV WA T pH B 7. 30 ~7. 80 CR AT w (/K HEHE) :
w(7K) =1:10 By LB 4T pH (R A I3 | 4 4 i
6] 245 10 min K¢ o AL B9 R PR W A 150 mL 3%
BSOS TS 25 C FHEIR 1 he
Brookfield-RVT % i i1 (6" %4 1) 75 4% ¥ 2 20 v/
min NG G B B T RRUE AE 30 ~45 s BEEREL

W ER RS B R G, 7E UV-1700 #Y
SR UG FE (9 %8 S0-43 06 06 BE 1T B E A =420 nm
WK T MBE e (5845 W R A WK WAE
P KT IEm e, B 6 2R 100% ) .

1.3.4 AR WOLLEST (DLS) il &

DLS #£ ZE [E Brookhaven BI-200SM #f i 24 4
JEIGTO AL AT IR EE Ol 25°C , He-Ne 8
JCUR A K 532 nm.

2 #HRE5ITR

R A I Bz AL 3R K R 3R

i J§ DCP/Span60 ( H f& Ji & ) 0.6% ;
w(DCP) /w(Span60) =1) & £33 #7, IE B e
SITIAN BT, A B0 4 TR R KV R (PR PR ) v
FIEE 3 30% ) 73 R/ IN R i 23 T 1E B e (K
B HE o 2.5) , VS0 (B BT 9 0. 5% ) o 51 % 59
R NER ST RS ERMHEIFRS T, R
B W ) JORE 1o R AN S T e 2 5 W) B IR E 25
LAERE , s B 2R A R B AR . TR,
AR BR T RN A R R A ORE I B, AT 1 B
7 R O R I B K I U A A3 R R
FVERTE  AE AR 2 BOSRER (& 1 (a) ). B

2.1
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IV I ] P4 4 D B AR e A 3 (0 i 85, R PN DRV A
R AR DRSS I 3 (1 1(b) ). Sk
IR K, 5 B R KV W2 I I 2 B
TR ZR R TR AE A [ B (B 1 (e)) , HE I

BRI BOK R R A EHR, 2L AR EY
Bobr (1 1(d)). LLESEREN], RA MR 2 PR
(16 77 2R A A SR

Fig. 1 Microscopical photos of the inverse suspension polymerization mixtures at a constant temperature of 50 C for 5 min (a) and 240 min

(b), and after azeotropic water removing for 120 min (c¢) and 180 min (d)

HE— 25 P A4 H B X S A i RS A R
WG W) B SRR AT 0 b, OF 5 H BT B9 T0TE
KRG TITEEM = G AT OB, S5 R WL IEL 2. 5 ITvE R
AR BT A B 89 T8 E B B AR A IR A 18] (2
(a) ), RAHEE R A5 2 7 AR X L8 1 B3Rk~
WERERG , B ARTEL 70 pm 245 (K 2(b)). T
SER B AR BRI A i ) e B B A L 3k
#0.65 g/cm’ L T I ELMIER 0. 21 g/cm’.
DL S5 SR R, 30 o S A 2 7 R G L R4S T HE
TRV vy AR BRI R B A

TE S AHETE R A & b, 43 BIGR) i b 26 F0
i AR R 2 R B SRS IR R AR E M, DT R T
FRYIRLF B A SEER WO A LR T, ok 4
Span60 JJy 7RI, R G R R AR E, FECR S
PRS2 17 Bl A Y 2R — 1 BR ik e PEG-T B R

fig ( bCp, H 45 # W ® R® N
I\llle I\l/Ie (I)H
SiO-—Si—CH,CH,CH H,CH H,CH,0—P=

—Qll }n—lu CH,CH,CH,0{-CH,C 20);0 ,CH0—P=0
Me Me OH )

w(# DCP 5 Span60 & & fif A i 73 HURICR #8 R
U, ORI FR RS AE | TORE BE IR 25 e L4 A
FIEF N A, F AR H DCP/Span60 52 45 73 Bl A
Z. L Bi % %€ T DCP/Span60 &2 &

S3 TR B ISR W0 SR 5, T e SR
fF, M5 BOR A& 0.6 wi% T FEF 0.3
wt% B, 72 R AR 2 70 wm 3 K2 110 pum,
I PR T OREZE (I 2 (e) ) 5 10025 23 #5000 A it
SR, I KCE] 0.9 wi% BE, 7R A ) B g AR
AN, Y35 pm £ (B 2(d) ), BARRLF A XT3
A RS AH R TR R i R b T RE 4
A DR A
2.2 BAERMZHHF
2.2.1  RA O AR5 R OCR

& 52 K AH 1 51 & #) V50 (1.36 x 10 ° mol/
L) BRK (3.82 mol/L,30% HFlJE& ) | 52 Bk B {4
(FAAR LT 14 0. 63% ) (VR B, 43 1055 FH 42 R
KB BT 0. 6% /K BTl 2.5, 7F 40 ~ 55
°C Y0 1B Py o872 T B R AT SR B SO AN [ B R
5 A =2 - I [a] i 26 181 3 fv R, Bl R G iR 3
i, A By AR WY om k. i dn, 7 55 CF 65
min [ SR AL F 855 91. 6% | itk 40 C T 84
AR AL 35% ARFER iR B 55 C i, )b
O A B R B R, B R R R AR
FESR 50 C ARG HURE B, RA B PR
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Fig. 2 SEM photographs of PAA particles prepared by precipitation polymerization (a) and inverse suspension polymerization using 0. 6

wt% (b), 0.3 wt% (c) and 0.9 wt% (d) DCP/Span60 as dispersants
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Fig. 3 The relationship between conversion and time at

(V)40 C, (A)45C, (O)50%C and () 55 C

X 51 ARGy i 51 KR R LR
AR AL RN
R, =k[1]'[M]"

Hh R R kB L 1922 AL Arrhenius J7

=8
Ho

Ink = InA - E /RT
PRI, 2R A5 TR O 80U AT RO
InR, = 1nA + In[1]°[M]" - E,/RT

XFE 3 Hwh B B (AR R < 10% ) 19 5% 4k
- Fof () i e AT e T, ol 1 4R R R A B AN T
BTG REHEE R L InR X 1/T fEE 15
B -FHZL (K 4). HEMFEREA -E/R (R
FAEER) R R IZRHERERAG KRN
FATGALAE £, 78.0 kJ mol ™.
2.2.2 RN R 51 B

50 CF,7E 2 ~4. 82 mol/L i B P4 o 4% /K AH
AR R T RO S5 AR b 2020 1 T B A
e B X A RN R 5 . DL InR X In[ M ]
YR, 15— EHZanE 5 FroR. i HERRR RS
AR SRR [ M RBOCR Y 1.36, 1)
Ryooc [M]" W2 i) [ i B R A R BOE R

-6.0
Y=225-939X%
-6.3
-6.6
£ 69
72}
=75
3.04 3.08 3.12 3.16 3.20
UTX 107 (K™
Fig. 4 Dependence of polymerization rate on the

temperature (40 ~55 °C)
[V50] =1.36 x10 *mol/L; [M] =3. 82 mol/L

Y=-3.06+1.36X

IgR,

0.3 0.4 0.5 0.6 0.7
1g[M]

Fig. 5 Dependence of polymerization rate on the monomer
concentration (2 ~4.82 mol/L) at 50 C
[V50] =1.36 x10 > mol/L

1.0 B ES L B0 01 A U T K R X R (o
R PE B AL 38 T L L/
PR B A 695 W ok R o EELA 8
{20 Y 4 1 90 0 9 A 9 L L 1 6 1
P B BT M BRI TR, 6 2 1k LT
TR R, 5 558k, AR RS T 5]
R LS SECR, G MG T 11
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MG R FNHE  AE3.0x1077 ~7.0x107°
mol/L i Fil W24k, FE S A5 AR R] L, B 4651 Kk
FR R JRE Xk B O R AR A R0, TR N R R 5
KN E [ T] B9 SCZNTEL 6 Fro , ol LI i InR %
In[T]5 R R, i ELRFRRA RS
[11290.70 WRI5RAR L2 — e 51 ARG &
Zb 7 OB ZR 9 A EE R AR R 0.5 0%
i, UL SR A 1A 2R R B R 23 T Al i ) UL
bk 7 RSN A7 A6 35 K Op 15 I ih 2 1 B 2
BELC AR B, RIS R B 3 500 9 A i R &
I A

Y=-119+070X

=25 24 -23 2.2
Ig[l]
Fig. 6 Dependence of polymerization rate on the initiator

concentration (3.0 x10 73 ~7.0 x10 = mol/L) at 50 °C
[M] =3.82 mol/L

2.3 FEEFIM-FRMAS AT SN

T Y i 5 ) P 3 R A S KV P G A
e R R ), A A 5 B P I A — 5 R 1 55 B
F 5 5 TR A 0 Y 40 T R G R LSRR G g 7
SRE, OF T EE R AT LB SRS B O BT BT b Ae
SN e BT R T A R MR B A 58
I AR O AT JE 8 ( ASE) T ASE 9 XU A
Ja T KL T 25 0, S IO % AR X A1, 5 106 A 3
MRS, R 5 S B SR S i . R
R AT BRI SE B 4 SRR, AR R P A
B =W ENERAZH (15) B =16 %% R iR
(TPET) A2 1k B {A i), 75 5 A W0 58 19 14 [ I, o5 52
IKHERE LI BB A T BAWE -, =W
F) R 245 M il A 01 2 8 O R R 5 L2 Y
TPET fil A3 2, i1 T 35 79 445 1% g LSt F) 2 17 %
AR OE 5 1, L5 AW 7 ) 6 52 W 5 A R 8
5, BTN M I, 3o 415k i ASE #1520
B TPET 3L /E N & & 38 B B 4K (w (ASE) /w
(TPET) =15), {35 How 5B AR AR, 43 3%

58T SCHRI A P A X BT A5 R A I 89 2 1 B B
JEE R 7 A5 T 1Y B2
2.3, 1 SIS I X 2014 B R R DL R B
M

AL 7 Al 3R 5 W 1 i B A S IR R T 4
F8 S DT Rl S IR LA A SR S I i A
5 IR SR IE IR M B A — E B0 2 AR IR
5K, RE W T RHCR. 5 Z AR, 7R
RS I 7 V8 ) 286 R DR /N A R 2R T R A 2 S TR
FMA A A F 0.6 wi% i, K B IR K % R
(1.0% ,pH =7) i) 5k 2 Bt 35 22 15 FH k69 3450
WA 5 3C BR G FH  HE 1 0. 6 w9 B, B B B % A8 Bk
FR P A B 384 0 52 TR R 52 e K E P R A IR 4
A 7 118 S R 3R 2 W /A% 38 R e fOE 17 8
A1 2 A IR 1 A, S B R A,
TRV K T M TR P S A S B T R, 2 BE T e L
Je SCHR IR R i, R OR SR SRy, (E 5 e B AL
HR B 22 i 2R 5 0 1) e KW KAV 31 I TR L 3 5
al 3 8 AE I B R

{21

18}

|m]

7 /\”
& 16} 18
ey
£
o 14l {157
= =
X o X
2z 12t 112 £
= 10F 19

8 16

0.4 0.5 0.6 0.7 0.8
Crosslinking agent content (wt%)
Fig. 7 Effect of crosslinking agent dose on viscosity ([])
of carbomer resin aqueous solution (1.0% ) and viscosity-

average molecule weight ( O)

SR P Xk S BB DR K I R 3 0 R
TE KW ORI AR K/ (AR g 22 42, h DLS il
SE ) B R DL 8. il 52 IR A R B 8 i, Dl
FN FEMRLAR AT L T 9 8 . (E SZ R GR) /9 i A
EIEIME] 0.6 wi% B, BRI EELRIFAE 95% 72
A AH R BT I JS0 K B B KL AR A g 2 ELAR)
WEN, 2305 45 pm. |y EIR TS R, BE B K
W 1 R A B fir K E (17500 mPa-s) , B3 A 4%
b 2 YR Y AR R T 0.6 wi% I, 7
W) SZ WL BE , JEA W 1 B A T R R b R 2
)7 R, T 8 K B JEORE T HURE A BRI i
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ANREFT ATV i, o 15 7= W 1) 385 't 2R R 286 152 () st B
R R N A2 15 ) A R 0. 8 wi% B, S RS
2% 2 R (1AM ULRSA A ', DU A5 21 i) K B
BLAR R L2 155 pm, 3217 1) 9 7K 5 IOKE 1%
st

100

1150 =~
g
96} 2
IS o 120 8
~ (5}
8 of g
g 1903
£ £
- 88 feo £
& / 2
e 130 =
gol__° . . . .
0.4 05 06 0.7 0.8

Crosslinking agent content (wt%)

Fig. 8 Effect of crosslinking agent dose on transmittance of

(O ) and

carbomer resin aqueous solution ( 1.0% )
hydrodynamic diameter ([J) of carbomer (in 0. 1% aqueous

solution) .

2.3.2 SZHRGR AR 50 5 U0 RE B 2 0
Vi 34 B 50) , AL ESR BAT B 00 34 B A5CR
17 HL 30 )3 2540 85 U1V AR, B AE AH 24 58 19 35 11 )
0 T PR DR A5 HC 3 B P . S e IR AT R AN R 32
HRF) & i 7 W 1% WKW (pH = 7)), 4l
Brookfield %3t (6*%#:+) ,#£ 0.5 ~100 r/min 2
[i) 328 20 T e 5 U0 AR 1 R B X A
DU R % 3 T (0.5 v/min) Fr 45 25 B2 (1 i 59 ) 3
/N BT ) B R e T A N AR A
A AE B EAE DL 0.5 v/min 5 80T BT 45 2 2 1)
T o3 R 0 SR NG T B D) R i A R R
WA B ., SR R B B BT DD PE RE s A B, v
8 B U7 3 A i R 28 R (R R T B, 3R A
BA B2y ey VI rEae. Bk, ] FiZ A 5ok
FHEFE Yy 04 P 87 U 4 BE ( shearing resistance ). %
TR E KT 0.6 wit% i P FE IS B R0R T
W 9280 e FUX S 6 F 0.6 wi 5 Bt 97
YA BB IR RE . W& 9 FToR, P H BBy

P BB B 2 S IR 5 B3I R iR AR, R A
WK A 2 1 3R 5 W) i B A ik 0 U1 ) R By AR L
], SRA WK E ST UIVE RERC S . A SR X 3R A Wt
Frfbsa sk, s MR B =Y o TR R e
I 2 DXIR H , ATTT 4 w ECpTB U0 A

Crosslinking agent content (Wt%)
—_1 O
—0—04
——0.6

100+

75+

S50

25¢

Shearing resistance (%)

10° 10" 10°

Brookfield shear rate (r/min)

Fig. 9 Shearing resistance of the carbomer resin prepared

with different amounts of cross-linker

LT ~9 RO S B R s, 2 B R X R
W R 0 Pk e A 20 52w, L0 ) i R DR A R
R 0. 6 wt% s B, H 2 ™ Wy k47 1%
JEE A Tk BT it g R R AR R P Y UM g i
22 fi P A T ) 4 35 15 7™ ) ) % A v, IR IR HL 338 Ok
RN R ROR.

3 4

i S AR R A JT A T BROIR R
i A B JORE i AR A WL 2R 45 SRR W R IR R
1 MY B R G R AR, 7 W BB B o3 A
RWIRL I A A 1 HE B B0 BRI R BB AR %
SRR T IR A5 W 3R G AR B AR JEE 15 5 vk
JE R G 3 24 1,36 0. 70. F 5 IO Y 3R
WLTE AL BE A 78. 0 kI mol ~'. 2 I XF % AR 1 A
PEREA B R A 3 B S Ik H AT A B4R W)
F% H AR R B T B DT e
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SYNTEESIS OF SPHERICAL CARBOMER RESIN BY INVERSE
SUSPENSION POLYMERIZATION

Man Hua'?, Yuan-yuan Gong’, Hui Liang', Jiang Lu'
("' School of Chemisiry and Chemical Engineering , Sun Yat-Sen University, Guangzhou 510275)
(* Guangzhou Tinci Materials Technology Co. , Ltd, Guangzhou 510760)

Abstract Spherical carbomer resins were synthesized by inverse suspension polymerization, using acrylic acid
as monomer, azobi-sisobutryamide chloride ( V50 ) as initiator, sorbitan monstearate ( Span 60 ) and
dimethicone copolyol PEG-7 phosphate ( DCP) as dispersants, allyl sucrose ether ( ASE) and ethoxylated
(15) trimethylolprpoane triacrylate ( TPET) as crosslinking agent and hexane as continuous organic phase.
Nucleation process for the inverse suspension polymerization and the images of the obtained carbomer resin
were investigated by optical microscopy and scanning electron microscopy , respectively. The results showed that
the polymerization system behaved typical characters of inverse suspension polymerization, and spherical
particles of carbomer resin with high bulk density (0. 65 g/cm’) could be successfully obtained by the inverse
suspension polymerization technique. Also,the study on the polymerization kinetics indicated that the reaction
orders of polymerization rate corresponding to monomer concentration and initiator concentration were 0. 70 and
1. 36, respectively,and the apparent activation energy for polymerization was ca. 78. 0 kJ/mol. The cross linker
amount used in the polymerization system had great effects on the obtained carbomer resin,including viscosity,
transmittance , hydrodynamic diameter and shearing resistance of the aqueous solutions. Thickening performance
and shearing resistance were enhanced when the carbomer resin was slightly crosslinked with suitable amount
of ASE/TPET.
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