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PN E S NG B2 80k w3 i — 56 1 gk
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R (AA) MTTTER APl A MBS, £ DMF
2, A R (5 =24, 8) V45 B I% B Wy 5%
IKEBERE, MAES LHEE S B ZEE RN LR 2
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— ). FRATIN ¥ ) 5 B R ARG SR v AH EAR
JHAR A fi7 2 3 4 1] Hildebrand 35 B 2 %00k 10 17
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1.2 REMREKAH &
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120 R/min [ TEEK B RG 45, R B K R 1
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Table 1 Hildebrand solubility parameters and Hansen three

dimensional solubility parameters of the chemicals used in TMPTA-St

polymerization (MPa'/?)

Chemicals St TMPTA EtOH H,0
5 19.0 19.6 26. 6 47.8
3, 18.6 17.1 15.8 15.5
5, 1.0 3.5 8.8 16. 0
s, 4.1 8.8 19.4 42.3

TRA IR (8, ) TR A3 (6) WYV 1 2 Hidy
TR A IE SR 56 S 2 e
EYRVERESHET ) R 8, R 6, , X LY AR 43 BL
N, Mgy, XMAMEE PRI G WIEES
Bl 65 =8,0, +8,, TR, WM HRS
PR (8, ) FHRE SR (8, ) MR EES B TR 2.
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Table 2 Hildebrand solubility parameters and Hansen three dimensional solubility parameters of the monomer mixture and H, O-EtOH mixed

solvent (MPa'’?)

Mixture TMPTA/St ( by mass) H,0/EtOH (by volume)
ratio 2/8 4/6 6/4 8/2 5/95 10790 15/85 20/80 22/78 24/76 28/72
) 19.1 19.2 19.3 19.5 27.7 28.8 29.8 30.9 31.4 31.8 32.7
84 18.3 18.1 17.8 17.4 15.8 15.8 15.8 15.7 15.7 15.7 15.7
Sp 1.4 1.9 2.4 2.9 9.2 9.5 9.9 10.3 10. 4 10.6 10.9
8, 4.9 5.8 6.7 7.7 20.6 21.7 22.9 24.1 24.5 25.0 25.9
NN 40
2 #RE5ite
2.1 TMPTA/St REtt A 2/8 Bt & ZEEFI KB %w
2 30l
ARAFHTEES o}
76 1.2 WHE B W& 1T, 45 TMPTA/ ERE:
: -
SU T FE R 2/8 , [ 20 b B AR ] 4k 1 K A g 10
WA HEAT T TMPTA-St I IE L B 4. B4 g
N . > /1 7 |V O
SERLE M E TR & ] B R A W Ak = 2 L e A A
FAREEAR R (K 1), B 1 o, BEE IR A %R 0 : : : :

K B I, R 7 R R B B A R R B
P, WAT R AW RERAL X2 TREK
TR, WIEHERE Y SR A R A
ROk 2, BRAR T RIS W ARV R b I
T, DTG R ER Y 7 R

FH SEM X R [A] K & & & T il & P
(TMPTA-St) 8k i JE B ilE A7 T RAE, B 2 4
TERARES I R SEM X fsER R~ i A2 45
TR, ERSHER PR T E M, 5
BRI SF B AE /. KRR 5.0 vol% B, Bk
BORLAR 107 wm, 7K & 3G 222, 0 vol%

0 5 10 15 20 25
H,0 in H,0O-EtOH solvent (vol%)

Fig. 1  Yields of soluble oligomers ( A ), microspheres
(O) and monomer conversion ( @) as function of H,0
content (vol% ) in H,0-EtOH mixed solvent in TMPTA-St

polymerization with TMPTA/St mass ratio at 2/8

B, B RIAEFE ZE 0.54 wm. 4k S 38 IR A VA 7
oK R, Ok BV AR 22 HLEr BRI AL X 3R
B K 33 m B AR 1 1R 2 v SR 5 R0 IE A K2R
M AR Z , A T 00 R A A, B AR R
T 1 SR A L B, BRRORLAR (R 0 T

Fig. 2 SEM photographs of P(TMPTA-St) microspheres obtained by TMPTA-St polymerization with TMPTA/St mass ratio at 2/8 in H,0-

EtOH mixed solvent: (a) 0% , (b) 5%,

(¢) 15% and (d) 24% of H,0 in H,0-EtOH, all by volume
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Table 3 Size (D, ), size distribution (D /D) of polymer microspheres and the differences between the solubility parameters of the monomer

mixture and those of H, 0-EtOH mixed solvent with TMPTA/St mass ratio at 2/8

H,0/EIOH (vol) 0/100 5/95 10/90 15/85 20/80 22/78 24/76 26/74 28/72
D, (pm) 0.83 1.07 0.98 0. 68 0.59 0. 54 0. 46 0.58 N/A
D,/D, 1. 006 1. 008 1.011 1.015 1.017 1. 020 1. 030 1.045 N/A

A&' (MPa'"?) 7.5 8.6 9.7 10.7 11.8 12.3 12.7 13.1 13.6

A8, (MPa'”?) -2.5 -2.5 -2.5 -2.5 -2.6 -2.6 -2.6 -2.6 -2.6
AS,"(MPa'"?) 7.4 7.8 8.1 8.5 8.9 9.0 9.2 9.3 9.5
A8, " (MPa'?) 14.5 15.7 16. 8 18.0 19.2 19.6 20. 1 20. 6 21.0

"A8 =85 ~ 8y, A8y =845 ~Ban» A8, =85 —8,x, A8}, =85 — 8y 5 Subscript “S” stands for solvent, “M” for monomer

HRA SEM 38 25 2R 4045 T 1R & 8 A bk &
i AR A oF 17 2R A ) OR B B R (D) A
SELRE(D, /D), BRI TR 3. WA Bk
KRS R D, /D, <1.03 PLA 4 sk >
TR RS E RS ER T KHERZ T 24
vol% I}, WRAFEI T M BUMOR. k4R mIR G
AR, TR R G 2 6 9
B, e Z BB I RBOOIR DA —,
FRCE R B

R 2 op T 510 1k A 19 000 AR 5 BRI 10 1 2
SR, W& I SRR IR AU T R A A 1
MRS B2 220047 TIHR (32 3) . 3R 3 i iy
THE R B X BARTEC Lt TMPTA/St 2y 2/8 1) 7 41 512
%, RRA PR S EESHOE AL, t Tk
& EESBHR T QB Y m CBE g diim A
K, IRE 7 F i) Hildebrand 1% & 2440 #1 Hansen
YRR E SRR 2 AR, IRE RN SR A R
(45 T 55 T BB 22 (8 - 8y ) IR BTN K. T
K LT O S A8 AR W IT, K BIA
X B R A (B T B8 6, L SR A R
(OB BE S 402 AS, S H . R 3 R, M
RATER K S BAET 24 vol% i, Frid R4
PIpoaRk RN —, RO, RN T 0.5 ~1.0
. 0F O B TR 5 R A5 B B = AR S R
2% AS AT 7.4~9.2 2, A, /r T 14.5 ~20. 1
Z A 24 AS F1 A, & T LA b DX IE] _EBRAE M, fir ™
HRE Y BER, W ROk, HOR/ANA
—. A8, FI AS, fi 25 LA b DX R] 1 BRAE G, 1A & o
R BER Y B2, K& ik 28 vol% IR (X 1
A5, =9.5, A5, =21.0), REFEMGC AR
F R, Y AR BRI . AR TTTE RS AL
B Roek 0 R A T 3R B T VA R X L % i
14 5% G 4y e v 140 A T T ) 25 T 52 BEL VA Ik
YN G B ) S AR SR T — E T N
I, 5 o3 5 TR ROk 3R T 2R 5 ) R BE VR KT A

—IERKE s B R R K S R B, %R Tx
OK R TR S Y KB WA 5, Ik E 2
M, PH IR R G WOk R I E AR N, 2R3 5
R, EREKRS, BRSTXMBREREREY
o e T T R o R AR MR SR,
VR AR b Tes .
2.2 H{KEEL TMPTA/St 4 4/6 B {E ZEEfn
KEEBFFHRNERSE

i 2. 1 5 ERER 5k, AU R R A ik
TMPTA/St /i & Itk 4/6, 16 £ B fin A 4]
YK AR BN A BT kAT T TMPTA-St It 3 4L R
. BEZBUERENE TR PR EREY
k™= 2 DL K AR AL 2 (K] 3). 5 TMPTA/
St BT fE bl 2/8 RASLEARLL, K 3 Bk Anm]
VPR SR W 7= 32 L K B A i A 32 BB TR 5 1 70 rhok
FH BB AR fE A A — 2, (HE 3w ek = R
BRG4GB g Lk TMPTA/St 3 2/8 B /5. X
FEHIH N BE K] TMPTA 4, R TR 459
TR Py AT RN BOR ) A B RS K, R
TR B4 i B A
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Fig. 3 Yields of soluble oligomers (A ), microspheres ( O )

and monomer conversion ( @ ) as function of H,O content
(vol% ) in H,0-EtOH mixed solvent in the polymerization of

TMPTA-St with TMPTA/St mass ratio at 4/6
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D,/D 3| T 4. [§] TMPTA/St i 2/8 WtAHML, 1%
BRI Bt 1R 5 7050 v oKk 3 8 0 I AR H R
3R 4 MRORRLAS Al WL, 75 LB P AT RS
I P A B TE LU 45 4 T kBRI AR AR 2, BAE 2
-7 A R f, TMPTA 5 8 i) $ 5 00 45 ok
RIARAE /N, X F W] TMPTA (%88 i 4 3 sk 1) % H
DI EC RN IR 2 S S L OF N T e N
TMPTA f) 38 1T T e 5 T [R]RE A9 2R & HLEE.

R 2 #p T 510 1k A 198 500 AR & S0 B0 1 2
2R, XA FR S| (TMPTA/St =4/6) A [a] K H iR
VR R & SR X I B B S ez 22 AT 1At
H(XR4). SR RExR, REEL R LK P

TMPTA B JH & 3% fn 82 5 7 ik 19 7 22, (H e 48
ARAT By HOBOER TR G v R ok & i R (24
vol% ) JF AR, K& & T 24 vol% B i 13 3%
BRARG RN —, Hop Bt s Ty 38 4 45 i
AR T, BRI R BHOK IR A S
IBA RN =4 B S8 2 2 AS AT 6.9 (LK
CWE) 2 8.7 (KE RN 24 vol% ) ZI[a], X Nify
AS A F 13.6 (TL/KLEE) 2 19.2 (K& &R 24
vol. % ) Z [a]. 4 A5, fm T 8.7 5 A, = T 19.2
BF, Brr= ARG BER, W ek, A
HR/NAS—. A5, F1 AS, it 25 LA T X [A] #o , 1k &
TERGWEERY B Z , K E 75 28 vol% B (X
I A8, =9.0, A5, =20.1), RAEYWEERIL, B
B R PN RA YRR,

Fig. 4 SEM photographs of P(TMPTA-St) microspheres obtained by TMPTA-St polymerization with TMPTA/St mass ratio at 4/6 in H,O-

EtOH mixed solvent: (a) 0% , (b) 5%,

(¢) 15% and (d) 24% of H,O0 in H,0-EtOH, all by volume

Table 4 Size (D), size distribution (D, /D) of polymer microspheres and the differences between the solubility parameters of the monomer

mixture and those of H, 0-EtOH mixed solvent with TMPTA/St mass ratio at 4/6

H, 0/EtOH (vol) 0/100 5/95 10/90 15/85 20/80 22/78 24/76 26/74 28/72
D, (pm) 0. 87 0. 86 0.83 0.71 0. 60 0.55 0. 54 N/A N/A
D,/D, 1. 008 1. 009 1.010 1.012 1.013 1.015 1.018 N/A N/A
AS(MPa'"?) 7.4 8.5 9.6 10. 6 11.7 12.2 12.6 13.0 13.5
A8, (MPa'?) -2.3 -2.3 -2.3 -2.3 -2.4 -2.4 -2.4 -2.4 -2.4
AS, (MPa'?) 6.9 7.3 7.6 8.0 8.4 8.5 8.7 8.8 9.0
A8, (MPa'?) 13.6 14.8 15.9 17.1 18.3 18.7 19.2 19.7 20. 1

2.3 TMPTA/StRELtH 6/4 1 8/2 M7 Z

MAKBREBRFARHNTERE

IR T 5€ 42 A ) B9 52 06 A% 0F, 4k 2k

TMPTA/St ) it & b & 6/4 1 8/2 ¥ 17

=1

[
T

TMPTA-St Ly L R &, % T SEM &l J #f H A
oI, 5 A5 T TMPTA/St i & [ 8/2 B3R
AW ERE SEM [ R, Z B WoR, $7 BEET DUR
B A K B iR WA BRI B i AR, 7
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TMPTA 5 & 45 2% 8 T BB G 1Bk 9 3% 770 3 K i
PR A 2 5. E TMPTA/St hy4/6 (F4) &4 F,
K HE Dy 24 vol% B mJ UL 43 iR 2 T O3 Aii Y B
BR, KN 26 vol% I A LA WLERIE = 4.

% TMPTA/StU 5 5 8/2 1F (1 5) , A B
TR 24 vol% I HUER 7 FL A 843 WO (18 S
(d)); IKERZE 26 vol% B EERAB I AT UL, H
BERNMAR—(E5Ce)).

Fig. 5 SEM photographs of P(TMPTA-St) microspheres obtained by TMPTA-St polymerization with TMPTA/St mass ratio at 8/2 in H,O-

EtOH mixed solvent: (a) 0% , (b) 10% , (c¢) 20% ,

i TMPTA/St fiit -~ 6/4 1 8/2 %A F fr1s
TR RS B Ho o A R AT 13 HE, a5 R 5 T
FSE6. FThEIEIH, TMPTA/St Jy 6/4 i}
HIBARAN T K &0 24 vol% B T 15 i ek
KiA2 R 0.81 wm, Kif25r A8 %k 1.035, B
T AR SCI AT R E B kL AR R I A (E
(1.030), 45 AT ¥ A 25 23 BCER . 24 TMPTA/
St $2 75 2 8/2 B, X I T K & &tk 24 vol% ]
PRIRERRIAE R 0.72 wm, Kif2sr A dE 4R 1. 028,
h4b T A 3C BT BR 5E B9 R AR 5 4 Ry i A E
(1.030) Z . XREER S5IRA LIREE S

(d) 24% ,

(e) 26% and (f) 30% of H,O in H,0-EtOH, all by volume

M5 7R, TMPTA/St fy 6/4 I HIR A R A
BT K B il 24 vol % I A 5 SRR G W Ak
PR E S 892 AS, =8.2, AUBIEE SR AS, =
18.3; 1fij TMPTA/St 3 8/2 i HIR G B & /i p
KB R 24 vol% B R 5 B ARTR & W 0 A M v
ES R NS, =7.7, [HEESHE AS, =
17.3, BP0 AS, A1 AS, #F /N T TMPTA/St
4/6 HIRGRE A K & &8 24 vol% [y X}
NEAE , DA BE S 822 F W Ak T T8 1 B0 43 OOk 1
X Al Z .

Table 5 Size (D), size distribution (D /D) of polymer microspheres and the differences between the solubility parameters of the monomer

mixture and those of H, O-EtOH mixed solvent with TMPTA/St mass ratio at 6/4

H,0/EtOH (vol) 0/100 5/95 10/90 15/85 20/80 22/78 24/76 26/74 28/72
D, (pm) 0.90 1.05 0.95 0.92 0. 82 0.71 0. 81 N/A N/A
D,/D, 1.010 1.011 1.013 1.015 1. 028 1.031 1.035 N/A N/A
AS(MPa'’?) 7.3 8.4 9.5 10.5 11.6 12.1 12.5 12.9 13.4
A8, (MPa'?) -2.0 -2.0 -2.0 -2.0 -2.1 -2.1 -2.1 -2.1 -2.1
AS, (MPa'?) 6.4 6.8 7.1 7.5 7.9 8.0 8.2 8.3 8.5
A8, (MPa'?) 12.7 13.9 15.0 16.2 17.4 17.8 18.3 18.8 19.2
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Table 6 Size (D, ), size distribution (D /D) of polymer microspheres and the differences between the solubility parameters of the monomer

mixture and those of H, 0-EtOH mixed solvent with TMPTA/St mass ratio at 8/2

H,0/EtOH (vol) 0/100 5/95 10/90 15/85 20/80 22/78 24/76 26/74 28/72
D, (pwm) 1.20 1.15 1. 10 0.98 0.95 0.93 0.72 0.99 N/A
D,/D, 1. 006 1.007 1.009 1.016 1.021 1.025 1.028 1.151 N/A
AS(MPa'?) 7.1 8.2 9.3 10. 4 11.4 11.9 12.3 12.7 13.2
A8, (MPa'?) -1.6 -1.6 -1.6 -1.6 -1.7 -1.7 -1.7 -1.7 -1.7
AS, (MPa'?) 5.9 6.3 6.6 7.0 7.4 7.5 7.7 7.8 8.0
A8, (MPa'’?) 11.7 12.9 14.0 15.2 16. 4 16. 8 17.3 17.8 18.2

2.4 TMPTA/StRELXNNEREMBKBLEDN 2.5 ZEE-KBEBEFH TMPTA/St BEF
A1) BOMMKNBESHEG

Syt — T f TMPTA/St JiT 5 Lo X UTUE R & Xf F TMPTA-St 7£ £, Fist- 7K 1 & 95 500 rh A DU
sz, &6 45 i 7 AN[E TMPTA/St it & b F RBE, DIRAWE N 5IE G 1K) Hansen ¥ £ 5
PRORA A LRGSR RER G W PR BEE MW & F, % TMPTA/St A A BS i LA
HAEAEL. ZEBRTIR R OREERORE KRR oA R K I A] R 8  H ek i
KIBEHER RGN, "HEERGYWHMEREY AS, IR 7 5 1R & Sk 2 18] 1 S5 1 2 80

TRCER B 7 ARER Bl 2 1R & S MR h TMPTA i J 1
WS 190, X 3 B S IR TMPTA (9 38 i ml LAY
ROhE e R AR (R AR SR W 4 s 0 1 Ky

28) A A8, (IR A ¥ 1) 55 1R & B 1k =2 ) ) Bl e v
JEZHE) AR LIS B 7 Frs 59215 1Y
NI VU BT B A 4 A B AR TR

M. —W R JE, AN TMPTA/St it &
teanfar Az 4, BETR AR KT BT R A
TR 7 AR ARAT B S 0, 100 AT P P 2R S W R AR
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Fig. 6  Yields of microspheres ( full symbols) and of soluble
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precipitation polymerization in H, O-EtOH mixed solvent with

varying H, O amount and TMPTA/St ratio
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REQUIREMENT ON HANSEN SOLUBILITY PARAMETERS FOR THE
FORMATION OF UNIFORM POLYMER MICROSPHERES IN
PRECIPITATION POLYMERIZATION OF TMPTA-STYRENE

IN WATER-ETHANOL MIXED SOLVENTS

Xiao-li Zhu, Li-na Zhang, Xu-bao Jiang, Xiang-zheng Kong
(College of Chemistry and Chemical Engineering, University of Jinan, Jinan 250022)

Abstract With ethanol and water mixture ( H,O0-EtOH ) as the solvent, precipitation polymerization of
trihydroxymethyl propane triacrylate ( TMPTA, the crosslinker monomer) and styrene (St) was carried out
using 2 ,2"-azobis-(isobutyronitrile) ( AIBN) as the initiator. Microspheres of uniform size were obtained in
most of the polymerizations done with varied TMPTA/St mass ratio and in H,O-EtOH with different water
amounts. The yields of the microspheres and soluble oligomers were determined. Results indicate that both the
yields increased with increased TMPTA in the monomer mixture; whereas with increased water amount in the
polymerization solvent, the yield of the microspheres was promoted while that of the soluble oligomers was
reduced. Number average size and size distribution of the microspheres were obtained from SEM. Hansen three
dimensional solubility parameters (§,,8, and §,) were calculated for the monomers and H,0-EtOH binary
solvent,and so were the differences between their solubility parameters. Boundary limitations for the formation
of the uniform microspheres were established based on the difference (A8 ) of polar solubility parameters (§,)
between the solvent and the monomer mixture, and that ( A§,) of hydrogen bonding solubility parameters
(8,). With three sets of A, and A8, at (5.0,12.4),(9.2,20.1) and (6.0,10.0) (expressed as A§,,
AS, ) ,an enclosed experimental zone was set,uniform microspheres can be expected when the polymerization is
conducted within the limits of this enclosed zone.

Keywords  Precipitation polymerization, Uniform microsphere formation, Hansen solubility parameters,

Trihydroxymethyl propane triacrylate, Water-ethanol mixed solvent



