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Abstract

Uniform polyurea (PU) microspheres were prepared through precipitation polymerization using
isophorone diisocyanate (IPDI) as the only monomer in mixed solvent of water-acetone (H20-AT)
or water-acetonitrile (H20-AN) under shaking or with a quiescent process. The effects of IPDI
loading, H,0/AT and H,0/AN mass ratio on the formation of PU microspheres were studied, and
the properties of the microspheres obtained were tested. The results showed that the yield and
size of the microspheres increased with the amount of IPDI added. The yield of the microspheres
obtained was basically the same under shaking or quiescent process, while higher IPDI loading
with better uniformity of the microspheres was achieved under the quiescent process. To get uni-
form PU microspheres in H,0-AT mixture under the quiescent condition, the maximal IPDI loading
was 11.0 wt% with the yield of the microspheres of 88.5%. With acetone replaced by acetonitrile,
the maximal IPDI loading reached 21.0% combined with a yield of 93.1%, a significant increase in
the productivity of the microspheres in comparison with the yield obtained by polymerization in
H20-AT mixture. Infrared and thermo gravimetric data showed that the PU microspheres were
rich in amine groups, and of higher thermal stability.
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1. 5]

LS R LI REL] . (5T I2) . O S [STRI T 1) 5 SR 2 I, Jf
Gl 5 T TR A IS]s SR A )R BRI B R R ATV A . B IS8 7 s AU Y 42 T
PERISRE R, KIS TR, B TR G IR IORI, R AR S U

LR 26 5 3 OR Y BRIV 7 5 TV USRS 7 (R B IR T 6 8] [9]
[10]. {EIE A Fh LT 2 5 RN 1 PRI 2.0%, A REALE RBP4
BA&(<70%) [10] [11] [12] [13]. Stover 4F[10] [LUAZ MR, 48— ZHFHEH(DVB) 5 it
(FUTRE bl T AP IOOR, FFUR I T BRI KHURILL], SEsh R R ASAE 2097247, 70°C
IR 24 h I SR K 195 L % HEE 70%. Choe S5[12)44 U P AR P I 5 DVB JE{T368HI % 7 541
MR, PR RIE 2.0%; Irgum 131K LA % DVB SRk TR A, KA X
SRR T 4,090 A TG AN MORER, T4 112 h BURRP 5 U4 23%.
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FIZE5R, PRI 1 VAR T EEMT S A F 0] iR 7 SR RUREAR A RO, i e 21 A/ 24 0 B o ek (9 1 2 45
R R REHEAT 1 WD RAL .

2. SEIGER4y
2.1, SCIGJER

SR B — 5 E IR EE(1PDI), ok, 18[E Degussa A#: HWEAFZNE, iral, REE TR L
AIRATE ZIRZEBK, LI E A

2.2. BER(PU)MEREYHI&

78 120 mL MO 90.0 g — & 5 i L /K TR B 3K/ 2 VR A5 & 10.0 g IPDI Ak, YA
A ek R M E T 70°CHRTEIRIEZ K, 7F 120 osc/min R4 F B A 2 h. #HE &M T RAMNEERE
VRGN IPDI AR BRG], BEFHET 70CHERAKRH, JFEATE HUZE B (SRR g
FI)VREAR RIERU B N 2387, TGRS RN 2 he a4k A4 12,000 r/min #E FES O, 208
R E Y MER B PESS 2 Ik, SRIGTE 80°CHEAE tF T4 12 h 753 PU fERk 4 .

2.3. PU Y EKBOSRAE

{8 ] Hitachi /A & S-2500 R4 $ L7 & B (SEM) WL EE ORI 3t . W73 SEM [ Ay B BUR > T
200 AHLFHORLAE, TF SRR ) T 49 (D) U (Do) Ki g J2 4341 (Du/Dy) - A£JT] Perkin-Elmer /A ] ff)
Spectrum GX {8 HLH- AR 2T S8 35 A KBr e v i i BRIEAT 214053 41 - R FH Perkin-Elmer 24 ®] Diamond
TG/DTA MENHAX, ETFHERHEZR 10°C/min [ Ny {37 26 4F T 6 ik ik 47 #4240 #r

3. &R5118
3.1 BARMEHIE

AT AELL IPDI Ry Bk, FIIFH 5K B 2 AR, A2 M HLEE H ] 1 44 H . IPDI H 3R 4 7 5
TR TG (NCO) 4 5 7K s AR Bk I A B AR B2 SR R %, [ CO,. BfiE, R R MR 57K R N
) NCO 542 il ) il i i3 A0 T8 A 15 SRR [16] [17]. HhFsegt i F v K i & AR NCO 3l &,
FEENJG NCO 58484k, TRy Tl 3 i
3.2. LUKFAERAR KT RERTHEE THIE PU B EIRER

e, DUKFITRER N [ SAY R, 76 B B 70°C IR 452 120 osc/min (15544 1 AN R K/
PR o L ATAN ] IPDL A 34T S8, E 1 TR it L2 /bR, a5 R IWAE 1.

OCN—R—NCO + H,0 — 5 OCN—R—NH, + H,N—R—NH, + CO,

IPDI
H,;C CH;, IPDI

R = CH, Q
HZNJ[R_HN_&_NH]LR_NH2
H,— :
Linear polyurea

Figure 1. Chemical reactions involved in formation of PU through reaction of IPDI with H,O

& 1. IPDI 57k & Rl & PU B9 Rz
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Table 1. Influence of H,O/acetone mass ratio and IPDI loading on the formation of PU microspheres in polymerization un-

der shakin
=1 %’fﬁ%ﬁ%#?*ﬂ% PU fEKET7K/A BRI R =L & IPDI F =S
H,O/ 74 i Ji £2: Lt IPDI H 5 (Wt%) TER T 2.(%) Hif% D, (um) Du/Dy

50/50 3.0° 84.52 8.96 1.242
40/60 4.0 76.91 6.18 1.006
40/60 46 79.52 6.78 1.007
40/60 5.0" 82.69 9.50 1.022
30/70 8.0 86.17 6.72 1.006
30/70 8.8 86.39 6.83 1.008
30/70 9.0" 79.01 6.54 1.048
20/80 9.0 84.35 9.54 1.458

kR AEIERLR .

B AT L, 247K/ P 5 & LG A 50/50 AT 20/80 B ATAS PU FER (IRLAT 40 AT 2 2 (Dw/Dy) 5, FER )
AR ZE . K 2K 2004 T RPN L T BT REk SEM B, B el WETAS PU BRI K
INAR— . K/ BT EE 9 50/50 K IPDI FI &)y 3.0%I, IPDI F&E i 1AM, BARAE %t A RE
SEAVE T AR PTG A TE o IR BRI I TR S KANAERE, BT 5K T S R A, T R
EYIER . KIPIEAE LG 20/80 B TR A S, A4S SR IR M S S A 53 T 1 R BT Ak F B[]
K, HFFEMIRIBAZ K, TG AR KNS —, DW/Dy K. 47K/ i & Ll 40/60
TR 7= e FORAR B A A4 R BB WG N, AR £ B BUROSR I A = i 4.6% (1] 2(D)), HikH &
RTHE 5.0%00 Fr B S MER K NA—(& 2(c)), Xje d T i Bk g bt 1 AR, BAARAE
BRI R BT AV AR . SRR A VAR PR A & 2 70%, RI/K/IEAR S G 30/70 B, BG4
BRI B FH B S e v, A EI T 8.8% (I 2(d)), FERFERILE] T 86.39%. FATIAK, X HT
VBB AT R S R P = 3 n g T IPDI VAR .

3.3. RUKHAEN R M T RERESHTHIE PU f[HEk

DL R TR B A s SEAY o, [ S SEiR R 70°C, TEER BANIERE 26 A N AT R A 4% PU BBk, R
T KI5 B Je IPDI FH FERE SR A i RN sk B o B g s, S5 R 2. EERE AT, KN
i Ji 5 LG > 40/60 A1 30/70 B AEAS I 755 73 BT PU BRI 3), X 5418 % 4544 T il £ B 7 Uk K K/
PR L 58 AR R (UL 22 1) ANEI, 7EFR B0 T 4 50 2 U BRI (1 B4 F 2 0 4 s o MoK TR B
4 40160 I, i) 5 873 BSOS PR B4 B8 A s 4 5.4% (151 3(b))» 7K/ A EE 2 30/70 I B4 P EETA 5] 1 11.0%
(1 3(d)), W1 E TR ET 4.6%F1 8.8%M LR & (7% 1), AT, X i T B 24T Tk R/
PN NS, Stover [11]55 8 H5 1, VIVE A1 R ki1 1A 8 E ZAOI T RWOR R 11 R A& Was R K
MG A K EBRE RS EMREERES, SABRREERET RS PR 7R A SR T 7
FERZAL. SFAKRRINE, YR aHEREN, BRRTNFEZ, RrREEglr, 8 EER
FHMAEAR REEE . MAFESN TSI X B G . X TR B B R A, 3R 1 Tl &
PR BRI AR (4 f K FH B DR U BRI . 0 1E 2 B T B R IR BN/, A &R Aok B AR AR G
W, (EFRE M NS RERN B (DWD,, 35 2)H B B B S TR 2 P IERGE 1), A4k,
Phede 1 F0E% 2 WpARBRIG =28 mT A, 24K/ DA R LU R SR A S A TR, oK/ A L S 40/60 K IPDI &
N 4.0%H, B SR T ER A7 2R EEAAH [F] (77%) » 15t B B b 7 20 ek P R s R B
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Figure 2. SEM photos of PU microspheres prepared in mixed solvent of different H,O/acetone mass
ratio and IPDI loading under shaking (H,O/acetone ratio & IPDI loading: (a) 50/50 & 3.0%; (b) 40/60
& 4.6%; (c) 40/60 & 5.0%; (d) 30/70 & 8.8%; (e) 30/70 & 9.0%; (f) 20/80 & 9.0%).

B 2. EIRHEHTK/AERRELL R BRAERERFE PU B SEM B A (K/AERHEL&IPDI
FE:(a) 50/50 & 3.0%; (b) 40/60 & 4.6%; (c) 40/60 & 5.0%; (d) 30/70 & 8.8%; (e) 30/70 & 9.0%; (f)
20/80 & 9.0%).

Figure 3. SEM photos of PU microspheres prepared in mixed solvent of different H,O/acetone mass
ratio and IPDI loading under quiescent polymerization (H,O/acetone ratio & IPDI loading: (a) 50/50 &
3.0%; (b) 40/60 & 5.4%; (c) 40/60 & 5.6%; (d) 30/70 & 11.0%; (e) 30/70 & 12.0%; (f) 20/80 &
11.0%)

B 3. ERERHTAEK/AEREL X2 ARSI PU Bk SEM B (K/AEREE&IPDI
F=: (a) 50/50 & 3.0%; (b) 40/60 & 5.4%; (c) 40/60 & 5.6%; (d) 30/70 & 11.0%; (e) 30/70 & 12.0%;
(f) 20/80 & 11.0%)

Table 2. Influence of H,O/acetone mass ratio and IPDI loading on the formation of PU microspheres under quiescent poly-

merization
2. EBRERAEHTHIE PU MEkFK/AEIREEL X IPDI 895200
H,O/ 74 i Ji £2: Lt IPDI H 5 (Wt%) TER T 2.(%) Hif% D, (um) Du/D,

50/50 3.0 85.01 9.54 1.043
40/60 4.0 77.21 7.02 1.005
40/60 5.4 83.45 8.64 1.006
40/60 5.6 80.40 11.36 1.153
30/70 8.0 84.87 8.61 1.006
30/70 11.0 88.46 10.45 1.006
30/70 12.0" 89.05 8.58 1.206
20/80 11.0 86.34 10.46 1.075

"tk AR -
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3.4. UKMZBERBFIERERG THI&E PU RIEK

TEAE Ay S8 rh, [ R RN 70°C, HREAREB NI, KM ZFREERIPHITRS, 5
TKIZNE B LE AT IPDI SR 7= SRR AR S R (2 3). ERER AT L, M/K/Z IS &L by 25175 K
15/85 B FT#3 PU FERRIAR AL 58, 14 4(a) FTIE] 4(d)25 Hi I SEM BE B SR TSk /N AR — o 20K
125 E 9 20180 S spAk 2 AIK T 22.0% 0, AT 4555 B PU BER (1] 4(b)) o B4R 2N 219%I0 X B H
BRI ZA B T 93.13%. HHE AT, A 25 /K RV G TR0 R IS T 1 % B 4 UK
BRI B B BR324 B B 2 A v

WIHTETR, &40 H HETTE R G T & R AW 550 BUMERI R BAK . H % B RAH &8 2.0% 5
AREEAGE TO%THEL, i — I S B 38— IR 2 R AR 3R1S ) 14 Kg BEW ek, MLm=, &
TAE & R AW BURER IR W53 m . DK TR A I R SR 7E B B 461 ) 4% B0 0 U BRI
R B R TIA 11.0%, fHERFE N 88.46%, — I B 38— IR A 3RAFL) 97 Kg KAWL BUER, 3k
BRI L AL LT IE T 1% o 2458 FH KR 286 D9 ORI TN, 3 8 A B 0k 21.0% A AWosk 7 26 93.13%
THR, — W N 28— 2 T 3R 20 195 Kg HLo- BURER AR S 2 A FH /A OR P R A Jse A Joi B 1) 2
%, LG E MBI R AR RN 14 52 2. [FR, A TR 585 BUMERIS JC 75 AT 5 Bk S IR 5 %
By PR K BERERUIK, A AT SRR S UM ER R AL A

Figure 4. SEM photos of PU microspheres prepared in mixed solvent of different H,O/acetonitrile
mass ratio and IPDI loading under quiescent polymerization (H,O/acetonitrile ratio & IPDI loading: (a)
25/75 & 10.0%; (b) 20/80 & 21.0%; (c) 20/80 & 22.0%; (d) 15/85 & 21.0%)

4 BEBRUTARKZEREL R A KAEIFE PU #IKE SEM B H (K/AEILL&IPDI
F=: (a) 25/75 & 10.0%; (b) 20/80 & 21.0%; (c) 20/80 & 22.0%; (d) 15/85 & 21.0%)

Table 3. Influence of H,O/acetonitrile mass ratio and IPDI loading on the formation of PU microspheres under quiescent
polymerization
3. BERASEZHTHIE PU MEKFIZK/ZHERELL R IPDI AE/FM

H,O/ Z. i i & Lk IPDI i & (wt%) TER T 28.(%) Hif% D, (um) Dw/Dy
25/75 10.0 89.45 7.895 1.120
25/75 15.0° 92.45 9.879 1.251
20/80 18.0 92.01 11.45 1.008
20/80 21.0 93.13 8.11 1.008
20/80 22.0" 85.06 11.88 1.142
15/85 21.0 90.75 7.956 1.312
ik AR o
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3.5. PU fBkRAE

I LR E B B AR 5 25 A T DL RIVE R il (1 PU BERIEAT T 3RAE, 45 ERIAREY
LLAMRSOGTE 56 A AR ], R B AT & R G MROR B A B M R A4 . K 5 451 7 70°C NEKFIZ
IR A V77 (20/80 J53 &L L) Hh BT ek IO AT AR B o AT LA, B T IPDI SR AT A RE

Kl rh 2247 et A SIS R e T IPDI H NCO R ZEIR BN 51 1. MIELZ T, PU 3% EI7E 2247
om AL EAT IR IS, B IPDI J A JE NCO #/K 58 23l 48 - IREE R C=0 {45 RS 06 H BLAE #E 1637 cm ™
fbo 7E PU REREGTEE A, 7E 3371 A1 1558 om ™ FrIBE A IS I 4 53 A2 Eh T 3 e 4 R 5 A 25 R 3 5 2
(1, IXROIGERE S RLEE, (BT ek — b ohRe b A N R FE .

XF B PU KRBT TR E (K] 6). 45 REW], HiREACT 300°CHHEk L PR A RE,: iR
T % 365°CHY, fERKCE L) 5%; iR LS 370°CINF, PU MIE /3 f#, £ 400°C Ik L) 80%. X
KB PU KR AW B A Bum A Fa e v

— IPDI
2247
—PU
3371
2953
163
1558 . .
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm®)

Figure 5. Infrared spectra of IPDI and PU microspheres
5. IPDI & PU fEkRILISMEE

100 200 300 400 500

Temperature (°C)

Figure 6. TGA curve of the PU microspheres
6. PU fEkEY AR EfhZk

100
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5 8 8
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T
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LA IPDI sl 43 BIFEAKFI TR B2 /K AN 2.5 PR B 7 rp g A7 e SR A il 4% 1 B2 ) SR IR Ak
SRR, TEIRG S B RMAT RS, R B T TS ek e A [E], i AT
FrAS TR o e TR 4 . iR R A S0 B R G WA O R T Lo, ERR ORIk v B SR BRI T AR T
HERGTE TR R EE S, FFEEREXETITRS, WRIRAERIEmRIL, LR
HEA T 40/60~30/70 18] (7K B 50, AT 4S50 BOMOSR (1 B AR i i & 9 11.0%, TR 30
88.5%; LAJii &Ly 20/80 [R)7K/ LG Fyis T, R4S 5 03 BUMOBR 1) SRR B v FH 9 21.0%,  ABER™ ]
K 93.1%. A TAEHI & AW R BUHER R R LA I B R DUE RS R R &S, RESTEN
14 1%, AR T SLIRERE B A . PSR e S ks, (T 3ATDhRe b N, RIS BTk B
e iaErk, 7E 365°C Ak HEAL N 5%.

B W

JEGHHE K [ SRR 243 42 (21274054, 21304038 Al 51473066). 111444 = A& 11(2017GGX202009)
FGE R K 2E R 42 (XK Y 1604) 1 5 B
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