WEMASEN L2 %R
J. Radiat. Res. Radiat. Process.

#5305 1M
2012452 A

ARAEEESFIAUFNERREERCH
BHANRRSPHNEA

VA BT N 1= S~ =z vk
U R ERHEE B RAL S S AR 230026)
2 OhEFBREERAR K S S THEREES TIER A8 230026)

WE HERAR ARG, AR ES T —Mr B AR HES F IR NG TR IE L lE-2,4-F ok —
FHIRES- . FFEE 4 1 (HEA-TDI-PEO), AL AR A AN At FE vl 3l i 2% PEO 54> F R o 1
TR . TR IR LR AN FLIRR A R N TS & B, HEA-TDI-PEO 78 4E A FLAL T I [A] I A2 21

Vol.30, No.1
February 2012

WREE R R, FER 3 0 225 5 A0 SLI0RI BAZ IO , (2R I 548, SRR, 24 PEO 73 754 2000
i, ] HEA-TDI-PEO JLALFIRCHI A0 LA R W AE , WLy TSI — o X Ffra] A (KL AT DL 34

Berm e, fE A= R AR BN FH AT 5.
eSS
LI
FESES 06213492

AMALBER G IR T HATH IR G 1 20
S, EEAFEMEF AR, R AL, A
FHFLIBCR & RENS S IR A5 i ARO9B0 21 28 45 i FLE
FLZ T8 —xF—f#5 DL, RIS P2 RNRAR 2245 7]
P, WA PR S R Z RN g
(RIRRE e 2 Ja I SRR S A 55 A R LA R R
ROERM LR R R ED], I DL EE KB ML
SEMIHLEL. FUALFIRIBIRE R S5t 2 M2 4, il
LR R eIk i U2 e e I e AN | e i I T
PR T I AL,y S B AN LI R A AN
A, RGEPLBE IR A 5 . A R —Fh
Py 5 [ I & B ASE SRR FLAL R AR, % v o
VP2 LA B RRUE 7 7 T A AE S D PR fEA
AL, I L AR LB R A E LA R 55
D2 RAT T B S AR AL 2 T AR ST A L
U&7 7RI A2 T 4 HTPB 440 FLH A
RMBRER, IR SIS NIk, RE
S N A L B RS E A+ /N BE (CAY PR, W
AL AR A s, Hit— kI HTPB 5
FIREERT PEG 4 2R £ ) SR e B mT LU 461
R MANFLETY . @R PEG MK T

ARG AR FAMR,  NRIRIE CNE-2,4 R " S ulRNE- 1 PR O 0, fagt MR s, K

ZALRY) > TR E, 2 PEG BERAE™
KRR, ZICRY T R L shae, b
iR EEAL G /), RIVAT[R] N HAT FLAL R 5 BhASE 71 K 2

At
1 SEEMRFNGE

1.1 ERSEFEKR

WIEIR ¥ 416 (Hydroxyethyl acrylate, HEA)
(IR ZETRE G EOKFE Th 3 BRI ) 2,4-F 2K
—HEBRIE (2, 4-Diisocyanatotoluene, TDI) (54
EZEWAH S, B EIRF) . A lEE 60-90TC
(Petroleum ether, f£224f), L[ (ethyl alcohol,
gD LR TS (N-Butyl acetate, BA). — H
FEfE — T A8 (Dibutyltin dilaurote, fL2#41) FI&
A 40 | e 25 A il =il A E] . R
IR " (Polyethylene glycol monomethylether,
M,=350 750 19000 WyHJ[H Alfa Aesar 4w,
TP s (St A FH AT R 28R, ARIEOR
fFo IR b P Al R K38 0 25 1K
FEFRH A R

H5 @REEES (No. 51073146). 2010 e S A EEARIIY 4% 9 4 T5 % 4 A0 22 048 AR B S: (No. 09041496) % 1)
FAEE: W, %, 197348 A, 2000 HF R EBEERR K S0 TAEYEL T RG220, BB NGRS
RS Z M RRT B A2 TAE, T, Email: pstwmz@ustc.edu.cn

WekR HHH: W% 2011-10-27



TEWEGTAE: Al SRS AR B 1 LA 15 B S LA R L0 S A LR £ v (X S 15

N2 ¥4 £ CH,=CHCOOCH,CH,OH (HEA)

NCO

(TDI)

FLFJEER Z " CH;3(OCH,CH,),OH (PEO)

12 AIR&EEIEBEFAKT HEA-TDI-PEO H)

B

A A ALK HEA-TDI-PEO [#) & i i £
DL 1. fRlb G s g, T R s R 2 5K
FONA R COLMY, TR e AR B N IR EAT, A0
WL (D P RNAETRICKIS&AE AT (2
TDI Wit &, DAMRIESR IR L (PEO) H
HH—ANREREKRN, mAsh— 5 RR 55
TN HEA OV HARE it B F

NCO NHCOO(CH,CH,0), CH;
Cat.,60°C ,2h
CH;(OCH,CH,),OH  + solvent: BA
NCO —
CH, CH,
PEO TDI

NHCOO(CH,CH,0),CH;
CH,=CHCOOCH,CH, OH N

|
[l )

60°C/10h NHCOOCH, CH,00CCH=CH,

CH;

L1 HEA-TDI-PEO

Fig.1 Synthesis of polymerizable nonionic emulsifier HEA-
TDI-PEO
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Table 1 Recipe of condensation reaction

Samples PEO/g TDI/mL HEA/mL
HEA-TDI-PEO(350) 35 2 2
HEA-TDI-PEO(750) 7.5 2 2

HEA-TDI-PEO(1900) 19 2 2

G S 1 I = T R S| s R
HEA-TDI-PEO(350) . HEA-TDI-PEO(750) Al
HEA-TDI-PEO(1900). HH1 455 tF % 70%& PEO
¥ ¥% 4 F ®& . HEA-TDI-PEO(350) Al
HEA-TDI-PEO(750) 7t % i F 2 KR, 1M
HEA-TDI-PEO(1900) 7E%# i F 2R AR

1.3 AEA5E 3 47 HEA-TDI-PEO AF St &
SHAFLIR B SR

(1) ¥4k: #5—& &M HEA-TDI-PEO Ji%|
LK, BEEE 30 min EINN St A, 4REHH
¥ 30 min;

() ¥t ¥ (D PIANFRIREWIE T
75 {X (As3120 , Tianjin Automatic Science
Instrument Co., Ltd.)", #/~ 15 min, 52FER
P 5

(3) #E51k St AILWHR S ) FR e 4
FIgHFLIE I N, 10 min PAFR . ZHERK
HET “Co y HLEimMH(F BB FH A K ) H
I 17 h, FIEZER 63.8 Gy/min, SIGIE N
65kGy-.

14 RIiE

141 A mIVA G EAE (1) R4
(FTIR) 23#7. F& S Al KBr WA 0B §115
] KBr dih, fEZ4MGIE{C (VECTOR22FT-IR)
58 414k )% i 9 %€ . HEA-TDI-PEO(350) Al
HEA-TDI-PEO(750) Tl A2k, 25
LR, ARG R OARTE KBr dh v b, F5 SIEdE
RIG AT IR

(2) X W FRERE (XPS) 9 #T. FLIKKE
RIMICE B 5x10° Pa EAE FH X W46 h
FHEWEAL (ESCALAB 250 ) HEAT740HT.

(3) CMC {EM5E . A ST S Ak
JE (CMC) /Zifiid TENSIONMENTER K9 7% i
fk A (KRUSS) £E 25°C [IEIEKS i
142 FURKGHRIE  KOIGWILHEE ST
R~ (P TE B sk i W 7 B WS (TEM, Hitachi
H-800, 200 kV) WM& FLIERL ¥ I E kAL

(D, ), FEHHifR(D, )AL AR 1 A2 5

i, kit (PDD A 3 AR, HiL
R EEERE AL 4 M, BRI
IR 2k, AT S N Bl )5



16 LA R/ I [ N

30 %

D,=Y.ND,/>N, (D

D,=>ND!/Y.ND} 2)

PDI=D,/ D, (3)

x == (4)
W,p

A, NSRS A D IR EE s D AR
kA wy TG E R W o ELe B3
WA E R W, WILRER; oW RIS R x
h AR AR

143 RIBAGURAG-FHRT M HARBIRE A
REWRLT K22 O sh & E i (DLS,
ALV/DLS/SLS-5022F) Wl 5& o A4 1 o 45
St LRIV, 38 G0 B RS J BAAA ) K TR 10 RS R 22
REWWEH 28T RMR, WMBGIRIREY N
5%0 ZiAi, F 450 nm (Wl g S, e Hok
o3 A o LM DLS SR AR 3 23RS
FURRRAR I 2 2 ilde 4L PDL. [FRF, @A 5
AN 6 VHEAE B P AR E H (N ) B
HYRTEH (N p):

/4
Noi=g—
gan,iSPmWw
(5)
Wm
Nor =3 1
—7R ; w,
30" (1A=-X)/p,+X/p,
(6)

K, R AVIEHER A2 Ry MR EWIRL T

oy Wy NHARE R, W, IR ER: oy

St B (090 glem®); p, N PS (%

(1.05g/em®); X R ARIEEALEE . FTAT I 4E

1E 25°C FikT,

2 ZRE5E

1.5 AEBEAE3.4F HEA-TDI-PEO RYFERIE
K2 g5t T 3 FiANE 3121 HEA-TDI-PEO

RPN FTIR %K. WEHRRATATLUE R, FE5

oA AR R R E 2T MR (2270 em™), Wt

WA ity o AT R S [ S SR B - 3299 e (vivn)
1725 em’ (ve=o) F1 1539 em™ (van) 05 IE IR

WG TR A R 0 o (AR R, #E 1603 cm
(ve-o) MR —ANJF W CRE TR ED, & TDI
57K RN IR R 20 AR, (E AR T
1724 em™ (veoo) AMEHE TR ISR 1A AL 6 e 13 588 3
1855, 1B IGE] RN LI AR 2

L 1 1 1 1 J
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm™

Fig.2 FTIR spectra of (A) HEA-TDI-PEO(350), (B)
HEA-TDI-PEO(750) and (C) HEA-TDI-PEO(1900)
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Fig.3 The relationship between the surface tension (y) and
concentration of (A) HEA-TDI-PEO(350), (B)HEA-TDI-PEO
(750) and (C)HEA-TDI-PEO(1900)
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Table 2 Average diameter of emulsion droplets and latex particles measured by DLS

Run Droplet size / nm Particle size / nm Conversion / %
D, D, PDI D, D, PDI
394 41.7 1.06 25.7 31.1 1.21 25.0
2 79.7 98.8 1.24 33.2 36.4 1.10 249
56.8 78.3 1.38 25.0 334 1.34 32.1
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Fig.4 XPS spectra of PS latex particles: (A) Run 1, (B) Run 2, and (C) Run 3

Fig.5 TEM images of final PS latex particles of the systems with: (A) Run 1 (25.0% conversion),(B)Run 2 (24.9% conversion),(C)

Run 3 (32.1% conversion)
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Fig.6 Polymerization conversion of (A) Run 1, (B)Run 2 and
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Table 3 Recipes of miniemulsion with different content of HEA-TDI-PEO (1900)

Run HEA-TDI-PEO (1900)/ g Content of emulsifier / % Styrene / g H,O/g
4 0.010 1.0 1 8.990
5 0.016 1.6 1 8.984
6 0.020 2.0 1 8.980
7 0.025 2.5 1 8.975
8 0.030 3.0 1 8.970

Fig.8 TEM images of latices using different content of HEA-TDI-PEO(1900) after polymerization: (A) Run 4, (B) Run 5, (C) Run

6, (D) Run 7, (E) Runs)

Wik % %24 F PEO % T-# 1) HEA-TDI-PEO
YRR RSt sgm, X MRS Sk St
TG FLIAAR JR PR A LR R AR AR A, BL A
FUAL T B UKL I TESR I e m, R
) AT 2 A YA E B - FL 4L 77 HEA-TDI-PEO 1] [A] i}
BB FL AR B RS e FIRIVE R, TE ROk & (1) St 415
W TMHES I St ARG B ) 2H WAr G415
O AZ I RRE . DI R SR B A S AE 1 43
T AR M AR, A ] RE RN S
IR B E R Zh R, TE A FLIRIA R -

W9 KB, HEA-TDI-PEO JLAL I &5 Ak
FERTFLIR AR R AR M M e A SRR TE S &5 7= AR B
B . %FT HEA-TDI-PEO Z) ki, HA Y
PEO 4rF&A 1900, FLUANKEN 2%-2.5% I}
A Rt BB A AR A I FLERL T« PEO 43 T K
/N, HEA-TDI-PEO ¥ J& fli iy B M {1 T Js 2L b 1

R4 43 A HSAE E «

{H 4, HEA-TDI-PEO FLAt7I M ] T4 4 40 5L
MR WA LLA, WRAHRN, HLRAE,
Ttk ok

S5 3k

1 Landfester K, Bechthold N, Tiarks F, et al. Miniemulsion
polymerization with cationic and nonionic surfactants: a
very efficient use of surfactants for heterophase
polymerization. Macromolecules, 1999, 32: 5222-5228

2 Asua J M. Miniemulsion polymerization. Progress in
Polymer Science, 2002, 27: 1283-1346

3 Tang P L, Sudol E D, Silabi C A, et al. Minemulsion
polymerization - A Comparative-study of preparative
variables. J Applied Polymer Science, 1991, 43:
1059-1066

4 Cochin D, Zana R, Candau F. Photopolymerziation of

micelle-forming monomers 2. Kinetic-study and



LA R/ I [ N %30 %

mechanism. Macromolecules, 1993, 26(21): 5765-5771 Science, 2007, 285: 1093-1100

Lacroix Desmazes P, Guyot A. Reactive surfactants in 9 Tiarks F, Landfester K, Antonietti M. One-step
heterophase  polymerization. 2.  Maleate  based preparation of polyurethane dispersions by miniemulsion
poly(ethylene oxide) macromonomers as steric stabilizer polyaddition. Journal of Polymer Science:
precursors in the dispersion polymerization of styrene in Polymer Chemistry, 2001, 39: 2520-2524

ethanol-water media. Macromolecules, 1996, 29(13): 10 LiCY, Chiu WY, Don T M. Preparation of polyurethane
4508-4515 dispersions by miniemulsion polymerization. Journal of
Abele S, Zicmanis A, Graillat C, et al. Cationic and Polymer Science: Part-A: Polymer Chemistry, 2005, 43:
zwitterionic  polymerizable surfactants: Quaternary 4870-4881

ammonium  dialkyl maleates. 1. Synthesis and 11 WEE, XY, a4 BEWTLB A R G

characterization. Langmuir, 1999, 15(4): 1033-1044 M. HRR, dbat A2 Tl R, 2007

Wang H, Wang M Z, Ge X W, et al. One-step fabrication CAO Tongyu, LIU Qingpu, HU Jinsheng. The Synthetic
of multihollow polystyrene particles from miniemulsion Principle, Properties and Application of Polymer Latex
system with nonionic surfactant. Polymer, 2008: (SE), Beijing: Chemical Industry Press, 2007

4974-4980 12 Miller C M, Sudol E D, Silebi C A, et al. Polymerization
Wang H, Wang M Z, Song L Y, et al. Miniemulsion of miniemulsions prepared from polystyrene in styene
polymerization of styrene costabilized with polyurethane solutions. 1. Benchmarks and Limits. Macromolecules,
via ®Co y-ray radiation initiation. Colloid and Polymer 1995, 28: 2754-2764

Synthesis of polymerizable nonionic emulsifier and its application in

radiation miniemulsion polymerization of styrene
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?(Department of Polymer Science and Engineering, University of Science and Technology of China, Hefei 230026, China)

ABSTRACT A polymerizable nonionic emulsifier, hydroxyethyl acrylate-2, 4-diisocyanatotoluene-polyethylene
glycol (HEA-TDI-PEO), was designed and synthesized to explore its role in the stabilization of miniemulsion system.
The hydrophilicity and solubility in oil or water of HEA-TDI-PEO can be controlled by adjusting the molecular
weight of PEO and the total molecular weight. It was found that HEA-TDI-PEO could combine the function of
emulsifier and costabilizer, which would be solely used to prepare stable St miniemulsion. The stability of the
miniemulsion system with HEA-TDI-PEO with different molecular weight and concentration were investigated by
dynamic light scattering, transmission electron microscope and X-rays photoelectron spectroscopy analysis. The
kinetics of the polymerization of St, which was initiated by *°Co y-rays, is in accord with droplet nucleation
mechanism. Only 2%-2.5% weight percent of HEA-TDI-PEO(1900) based on the monomer can form a stable
miniemulsion and further result in uniform PS latex particles.

KEYWORDS Polymerizable nonionic emulsifier, Hydroxyethyl acrylate-2, 4-diisocyanatotoluene-polyethylene
glycol (HEA-TDI-PEO), Radiation miniemulsion polymerization, Styrene
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