ML I RFFRCARFFR,H 39 %, % 3 M,2018 F 5 A
Journal of Zhejiang Sci-Tech University (Natural Sciences)

Vol. 39, No. 3, May 2018

DOI:10. 3969/j. issn. 1673-3851(n). 2018. 03. 006

1 Bl S B 1 o 7 R L AT AR

mf B S

Ef

XNE&EFR ,BOFE,F M, W ,IEE,BER ,EEXE
(ILHTRIRKFAREG MBS HEHRHAFTHRETELERET M 310018;
2. Wi oM B AR A R R 8] B AR AL 311121

O OE. SRAMKMRAELE RS RAREE T @AAEEART, 43X — B, AR R IR AL
F L ASHEAEER FARAGBRTE NN —FEAAGREFTEAARBRAXRER, AR TUH LGS H TFILAE
MARBEF ABAEA>RA RAES RS R HETLBBEST 180 C.LB4EF 4~54%, & B R 0 4
iE 30 min 9 FHIB A KK, BIBEEHSN LFREBRE BB T IREFERETEALT A KKK

B4R TG R R B E MR B R AR B R,

FERT T RBEA E R AN S 5T O IR AR R 8 A

Hof, A I G o T B RKIRAN B S0 SR A R 0 LA R A 3 IR AR R R,

KR : BFREABIKME, LBA ;L ek
HESES: TB324

0 51 &

PR Bl i R 218 0 J5 0 2R 5 W0 5 BE A G 1) A 2 i
(€2 ey I I RL SR 7S o G R 2 Sl e Y R £
% i o R A 2 K i i B 7 A 2 5 R ARE A Y R
il FHEAE AR R i AL L T SR AR SE AR A5 T T AT E 2
R o AR, X 2R SR &0 A5 DR Ak
Ak ) A T Bl ) 5 SR T8 AR R I xS A
— PSR PR R TR N L v PR A R LA S A R Y
o AR I PR RE

FIFI S 202 ROk 1) ) 4 5 ik E A B2 1 [ Y
Bt 0 SC IR AR T 32 R DR A
Jet S SRR TR B A T A L T I A T R Ak R
o PRI OBk B4 S RE ) 32 R R AL e BE 2R
B AL SR 58 RE SR S W L) L ek ) R
L H o3 A7 25 A2 2R R W) o DAL OGOk A v
RE RO S 2T T EL i Y R I A R R R
£ i A Y P B A LA ST, A ab o] 5 T R R g
IR K WOR B A BRI R . T WS AR T

YR BT 2017—10—29 ¥ 2% R H 1. 2018—01—08
REEUH . BEARPHELSTH (51573168)

X kAR ARED

XEHS: 1673-3851 (2018) 05-0292-07

e k) B A 0 AR R 1) A A B R e R 1 BE A T
K s Jonsson SFBIE T T S I ) 0 B K SRR AE
R E T IR P B B R RO A BE T T
Y R A s T 14 e T R YO WK 8 5 e LR T PR RE
AW T e R P IR ROk B T L HOR
T AR 5 SO0 R X A 2 G R ) e 96 TR R ik
REAIAIT ST 0 K SOk i) e i A M RE T ST 4
ARSCAERT N BB FEHER - 38 5 0] 7€ BE B 75 HH i
T RINETER G J5 ik il 5 3 2w I K 1k RE AN A B
e i ARV PR BE A PRk . RV R IAET-BL R 4L
F 5 SR 511 216 7 R ok 7 1 O B D 3R X RO
SRR AR MR AL L B0 R i R ) SRR S B AT

1 KIEERS

L1 EZEG R ER

PG CAND « CP, W7 71085 i B 50 B4 A FR A
Al N N- N5 BE I (DMAA) . CP. i VT8 18
P4 B 03 A7 B 2 ) 5 HY 3 79 04 i (MAAAD | 3R T 4
i G (MMAD : AR, K H i BR 2% BR Ak 22 318 70 A BR

FEF RS s KRR (1990 — ), B IR AR PR B L WP 50 A, BN A WL 20 75 i T AT 5T

EAEVE# . KW, E-mail: zhcao@zstu. edu. cn



% 34

) <5 RS < ik A 2R g A AR T Rk Y o 8 B G R AT S B 293

T i E AL R (BPO) | & 40 T RS2 BE ) (P
T FEF(DVBY L SR N e =N IR R
(TMPTA) 5 JHE .+ Z B B R 41 (SDS) : AR, i
PLTRA s F ke AR, B m b THR A AR
AL EN: AR, C8 TR AL T A R A A Stk
BE AR, R HE T BOIE A 2 3 5 A BR A Al Ak
AR, Rt @A TAHBRA A .
1.2 EBALIR IR

E I B FLAL AL FA2S, g sh & g A
PR &) 5 30 kL BE 43 BT 4 . Mastersizer 2000, % [
Malvern 2 7] 5 £ 4 H1 5 (SEM) : JSM-5610LV . H
A F (JEOL) 5 )62 W 3UBE . b i 5 52 15 P Bk 2% A
AR
1.3 AR SR i 1 25

¥ — 2 m A AL S LA T R ok,
E 1 SKIEWR . B —E w KA AL EE L SDS A
WASRR NS T 28 7K 58 2 SKER. HEG
A 1 SAKIEREGRA 2 SoKE R L Bt
P 1 SIKE R 75 B o BOR Y pH (B I 26,
TEN B IR R AR AR AN, GRS ANCMMA,
MAA .DMAA FIZE 8 FIE G+ T8 A 7 0 P —
JER Y BPO I T FiR R W 5 #H A — &
R R b IR A AR R AR R A
RZR AR B R K S ORI AR TR G T )
G AR B VRV K A I B TR R B R R
R, BRI, TR I B BRI S T R
TP AE LR 20 h 5 . e E CERE L HORE R i
U8 T O E S TR R L AR TR B PR K K
1.4 P Ak ko 42 K HL 4 A3 (0 o2

B 1~2 g IR OERAE & i E] 20~30 mL &
B K RS RO S 0E L O RE BE G 2 FAE
JIK TR BR A S X A2 L AR o A 48 B A KDy, —
D10 /D5y 315, Hod Doy oDy Fll Dy 3 3 F s — AR
i 8 R BURLAR 43 A B 43 BGE F 9026 .50 Y0 F1 10 U6 B
JT st 7 B AR BT BB RS RF /N Tz ki 4%
8 IR o S ORE B 1433 R 9096 .50 Y0 F 10 %6 .
1.5 Ak SR R 50 0 2%

FH G 5 5 L 58 R T 25 LA B2 JH SEML L 5%
I Bk ek 26 DR SR U0 7 R S 3. DD R RE
R B T AN R AR DU S R S e TP R AT
HEL A RG TR AR F TR 0R ) Fr .
1.6 foik & vt 1 fig i) I3k

FRER 0.1 g TR GOKAE AL B T 25 mL A9yl
K 2 A R A A T S [ TR A B A

FEER TR 4> K 05 o 1 3% B2 B I f R 19 22 WL A4 R, 45
B R S U0 T 55 R I MOR 2 AR R g b 2 L o sk
I B R AR F5 /N 3 B R AR i ) e 1
T Te . RGBSR 2 W AT IS M TOERAE 5,
ORI A SE T 200 AN & WO RIS SOk R AR, 1A
P FA BRI AR d, B d FFH P& (0 HU (B (d/d,)
TENIRER I K AT . KRR E T 185 C R HLAR
TCSREARER T b & 90 22 HH ISR 1) B T o e SOR
BRI ], FH - RAEIAERTE = T T AR e M

2 GRS

2.1 FRME IR AR 0 UKL R AR
2.1.1 B AK IR A R A% B HL o A

FHOCRLBE AN 8 T 877 2R G vk il 4 19 2 ik
TR BRSO 1. BT 1 AL B
BRAPRLAR T2 A 7R 20~250 pm JWE N, IL Dy,
Do Fl Do BiA2 43009 32, 2.67. 4 pm 1 148, 9 pm,
AR (Dyo-Dio ) / Dso T3 AT B TR K SOk 1 A2
ZOrEAE R R 1.7, AN R T BIRTE/NT 10 pm
A8 DX N AT — /N A W Bl B R i TP A A D A
UKL ; KT 250 pm XU Y B T — /N 1L 3X
ARG Oy b TR S A SO TE 4 Bl 2 A
B e TR .

10
N Y
"
s 6f i
I
' 4l J \
I ] \
! "
2+ 2 n
I . .
N ...
10 100 1000
R R F/pum

1 A M R 1 A 5 A i

2.1.2 IAREAK Ok BT840

B 2 Ca) 2 P K fod ok 1) o2 S B R, el 1
AT sk A Al DAY BR A, KR A3 Bk i RO AE
60~70 pm JEE P, LA FE M PR T /R
SERYIBURL, HER S 8~9 pm, iR g5 R 5ok AR
G RAM —2. H SEM it — B 8F 58 T $U K i Bk
HITE SR AE 25 S LR 2(b) . I 2(b) Al 1, #4Jig
i Atk B4 8 BE HH B TR 1 TR R RS Ak R
HI 5 7 BE B BL B S B R A0k 9 A0 e ik 22 5
. MR A RS5O AR R — R T #



294 W oM Lok ¥ ¥ R

2018 4F % 39 %

Ve 2 5 WO B TE ORI B Be R PR BR A 4 L TR
PR 3T S SRR P A0 A T 22 L SRS ek i 4 . fH
ZIE RPN €255 N e S o RN i D L R0 WA 51
ANEERAAR T BT A A B e I T 3R T ]
e 8 A8 P R . 3R PR g AR K Bk 19 52 BE 2 B
PR PP 5 PR A TR T TG R BB TR i S 1 A B
B TTAR R, A 2 i 2 O R ) L LAY e BE SR
PR 4 it o1 [ 7K R BAT R Y
WP, 5 S R B ST UL AR AN ) S A T AN B 2] I
A BT AR B ERIR . 18] 2 Co) 2 PR K ok U1
FJG R SEM L iy AT, AR K sk A — B
9 RIS TR Y R W e BE R AE 3~ 4 pm Z W],
iy bkl BT R A R A T B e g
Hey HL5 8 149 20 1) B K ARl K

{(b) SLEMPE

(e} T sEME
B2 R BBR () SOULIE 55

2.2 HRIBIKWOR K WAT N

IR OER 1 A2 1 AT 0 1AL 3 s . AR
JEE 5 T 1 I (s 22 0 A BR Y 5 2 i 4k (T8 3 (a)) T
R i ] ol Bk B4R 46 VLT 2 O 140 °C L AR 155~
165 °C i [l PN B2 K I fRe A 4 AR I 25 084 L 24 200
TR IR H] 185 CJ5 » Sk iy I Ik A FRE A LR B A AE
i I 2 I ol ok 2 3 30 i R IR JKOIR 2, 0K 185 C e
SR B B AR E T

fEEmL

0 X 1 L L L 1 L 1 L 1 L L n 1 1
125 135 145 155 165 175 185 195 205
miESEe
(a} AEEUE SRS RER MR NG 00 Rk A

(b S A~ LA oy DR BB Sk ) it He
3 BB SRR I AT
Sk BE E it b R AE AR K TROBR 1 & 1 B L AR i

R A T BT A5 B T sk & AT I Y B R
T IF e W B L R ek B R A L A ik
TAOER 19 627 8 A 1 DL P14, pl TR 9 el R
OB B BRI S (68 4213) pm , HMOIRTE 185 °C 4414
TR B RS R ) T (3004+£120) pm, 7]
TR R MRG0 4.4 £,

(a) &I

(o BN
B4 B IR i ot 2 B R (K]

Kb T v R TR BRI B S BR L AR R S Y TR AR
WHERE IR R v Hi e B B 4. 455 A 3
Al 7E 185 C MY EE & F T L 78 10 min NIER Y



% 34

X 4 i S5 T A B IR A B R ) 1 8 B HE AT R Y 295

2 3o A A 445 oL K R Y I B] AE K 30 min,
i SERibE e SaN: Tk W = v iDLV & P o N
BRI T 29 185 °C L 7E 1% AW i F ek KA L
B 2 K A E A e LR TP RE
2.3 SRR TR K RR S AT S 19 5 o
2.3.1 ZSCHRHIZER

TEPR A HA S B S BN R B 26 F R BT &2

{a) TMPTA

¥ .
L
R | ‘

g, X

(dy TMPTA

{h) DVR

(e) DV

IR 1) 28 AR 3 AU ik Bk & 0 AT oM i s e . F L 2(b)
5 Ca) — Co) AT AL, AN ] S BRI 2 AL 26 4 K & i
TR 17 Sy Al U] 7 BRAAS , 2 1T A7 76 458 22 1 M B 32 BB
7R 28 %o A K R A T B R A . L 4 ()

A5 Cd) — (O AT A 78 45 7€ 7Y 23 il 2T X 28 ik
BRHTBE 52 B o (H SR 3 47 R A5 S B 28 R 4% 1)
MK,

{fy LGDMA

B 5 AN [ B2 ) 25 70 2% 1 ol 45 1 FAUIE K Ak & T AT 9 SEML I (a— o) S #AV Mk Bk & U5 19 0 2 W BB BB R (d— D

1 T RSB FIZERINF Te & A5 R RS i
B 5F Z pERE 2 . 3R 1 T, L TMPTA
Sy BRI AR R A Ay 2.9 A%, B /N T
PSR e S F T A5 B S ER . DR A A BOER B ik S
ot FErp ik & BLLL TMPTA b 52 565 /Y ik 1 3
TREZMBERNS . ARG R UL Z ek i 5 BE
PR I K M RE#R 2%, X AT B2 1 T TMPTA
N = O FE ) SR AR AR ) A S BRI R AR T
TMPTA R8JE BUHE 2 1) 58 1k A, 5 3050 B AR B i il

T LRGSR A R T = Fh 3 W 5 22 B
# . HE DVB.EGDMA & o+ F 2887 P1. 5
TMPTA # Lt 2 I 2 M FE W s B A S o B T 32 Bk
SR BE R W, o BE MR XS L B K M RE AR 4F. DU
DVB > 28 1 ) B B R 14 & 1A% R 3G = 3. 3 £,
2048 W ) 2L L DVB Ry 28 8659 9 3 BR 7 % 3t 2
PP AT AAAE — R E A 24 4 . U W 3 39 ) g2
JIK B8 1 5 ek 5e BE (4 AR BE ) (B DE B AN 2, =
ORI R 1 ST BETE I ik ok R e

R OTERAIRB R MR R0

ST T A A I/ (mol %) T:/C RWAEHR/(d/d,) R B )" /min
1 TMPTA 0.033 190 2.9 9
2 DVB 0.033 189 3.3 8
3 EGDMA 0.033 188 4.5 12
4 o F RIS B Pl 0.033 185 4.4 27

T ca FROREE T IR B BUEE K ik s b FORIELE A 185 C I, KI5 IR AU AR @I 1]

LI EGDMA F P1 by 52 5K 55 B o f0 sk 19 2 A
R EWINFAT 4. 5 fi5, BL7E A& B b ok h B
BRSNS . UL LI EGDMA I P1 Sy 52 B 7 6l
13 1 SRk 52 BE (19 TE A8 RE 1 A 5 B 5 & 9 500 0 B ik
RE 77 DG PP 5 4, TR) ahb o 2 96 590 1 B2 ik Bk 5 B
By o s = B AR BRI & A R B . (AT
52, DL EGDMA b 32 B 57 ) ol BR B A 48 1)
R M RE AR m R AR I R R AN . 76 185 C R L

K BIERAE 12 min J5 82 BT i i . LA
P1 g W A Rk » A (U AR 4 19 12 ik P B i L
HAE R e ELRS B I JIK S 1Y BOeR 78 185 °C
BOHERT HHOECE 27 min 5 oK 1 BT A W 4. D
EGDMA Hl P1 Jh Z2 1 50) (9 fRR 1 i i A2 9 1 fig

B S 2 25 5 T RE R N O PR o 1 SR TR U
P1 SZ R 73 5 B (0] BE 2 22 12 3% KT EGDMA 2Bk
(7> T4k . TEATR 8902 KA 2R . L EGDMA 52



296 W B T Kk % % R

2018 4F % 39 %

WRAIE B F) Tk 7 BE 5 5 W B T 32 1) PR L ) B
PL P12 S2 B 500 ) 7 BE 3R 5 Wk o DRI L P12 S8 Bk
HA PR A S AR R RE . 28 LT R
19 1 USRI P Sy S IR TV IS o ) A 2 B Bk AN
AT W IR R BE 36 BA 05 09 IR AR PR RE

2.3.2 EGIH&E

F 2 T AZBEH] PL X Te & HWAE R A
Fato it 8] 45 K MR RE R SE A, R 2 T, SR BRI
FH LR OR ) & WM RE AR AR BRI, il A2 B 7
FH S (0 38 i, ik 2 R EE T

R2 BOTEIEN P AEXNREKE AHENEN

KPS P1 it/ (mol %) Te/(C) KA/ (d/d,) R[] /min
5 0 184 - -
6 0.016 189 4.0 12
7 0. 049 192 2.2 7
8 0. 066 195 1.6 6

TEra FOREE T IR 10 BB R i b FORIRLEE S 185 C I, KI5 ORI AR @i ]

P 6 Ca) Sy AN 7] 32 156 7] FH 4 1) R & 3t )5 1 R
F s FH P TT R ik i BR 1 2 0 kL AR R P1 O
Rohn 5 SE R KRG R R s Sy iE— 20 4 s Bk
FH B R & 0 M BE Y 5 ), FH O 2% BB R T
KRG HOEK IR B, 25 R W 4 () A 6(b) — (e),
1 ] 6 Cb) Al T, o 28 B A B BR B v, LT T A 1Y

(d) 6,049 mol%

TR T BE U0 (HFG vp o 1 BT 4 22 8 U ) i
JE R BER . UL i BRI B Y R RE T L (H
SR B2 S B TAORRAR PR L B 4 L X R e
SRR WG R RE N TR
PRSI BEAS A DY b T 3 3l e 48 3 24 3 i) it
TR AL AR R A SRR i B R LA R

{e) 0.066 mal%

B 6 AN TR 2 106 500 T 2% AR 1 T ] Rk K U A IR e RO 2 S B TR R

M 0. 016 mol %6 iy 3 BRI 5 & i 5 T Bk 1
WA R B B30 (6 Cad ) o SR 1 % T A% R 3k F)
T 4.0 %, UL IE AL 5] A D BRGNS S R R
B Kk Be 0 IR Rt Re A T B E R T
WFFE & B, e AL i 38 1655 4 R 0. 033 mol 6, i 1
BRI 5 B B R 2 AR R, B A Rk 4. 4
£ AL IZ AR Y W R B R R o R A A 1 L
BR RS MR A BT A GA 8] T 27 min, #F—2
HEIM A R A A L 7% 0 K v A BRI BORK A K v A
PIRT G, BRI E 6 (DA 6(e) iR
o 38 BT FH S 9 TR R i R A A — 2 R R R Y
Kk, b 22 16 ) A & A 0. 049 mol % Al 0. 066
mol Y6 I ALIRAE it vf 4333 29 30 26 i1 60 20 B fBK AR
FM . e SEHR I A B, 58 2 R A W Y A8 Bk R i

R T I A A Bl ok U R A = BB
KA R T LR R ORBE A Bk, it
B o i SCITR FHE  BOER S o T AU AR RN L B LAAE
UL S WOBR A R 00 70 I K i 7 A ) 9 R 3
UL AFE BRI AN 22 PR T . 52 )2 R G IR & 2
FUBR A e T3 - 5 28 T BU05 BE L B0 A4 8] P
H BN AR L B B 22 Y R AR R fE

35

P R AL RE T 1 M A fROK 2B SR K L
R BT R O AR LI f) BRAA 3R T A AR — o R B Y
MU . DL 2 AF T il 45 1 ek A i il B 2 185 °C
FAUGFRATIK 4.4 7% B KR 00 BORRAE A0 I T
R I AT 30 min, HAT L R Y2 K 1 BE A =



% 34

X 4 i S5 T A B IR A B R ) 1 8 B HE AT R Y 297

R PERE . 5T A B2 JR 790 216 B 0 X R 1)
WRE A BRI, 5= LB WA RN+
XL H SZ IR FVAR LE » LA 2 s 5 5 53 1 2 52 16 )
P14 323500 i, T ahll SRk 1) 22 168 5] 182 I BE 0 R sl sk
FCRER B WL A8 BE J1 A B I DEBC I 2545 3L
PEREDL S . Bl w0 T B SRR PLOAT & A9 08 s ot
SR P 2 A% 3 R g R 9 I [V 2 SRS NS T e
JER 208

TEJ5 219 AR R X 3 sk 7 BE 1) 2 - 42 96 i
JEE T 58 BE 55 W R0 ORG 5 PE-TRORK K 1 AT A TR] B R
KA Bk 7 BE A A Js I Jik 1 RE ) DT JC 4 45 ] e
TEIETE IR IR S 04T o 1) BR A L S B TR K
HLAT R RS A R S o 30 AR i o 0 T R A e i
I K ek mT A 3R S 2 A SR R 4 T ) 5 )
[ R E S YL ST (o

SE K

[1] Jonsson M, Nordin O, Kron A L, et al. Thermally
expandable microspheres with excellent expansion
characteristics at high temperature [ J ]. Journal of
Applied Polymer Science,2010,117(1) :384-392.

[2] HuJ, Zheng Z, Wang F, et al. Synthesis and characterisation
of thermally expandable microcapsules by suspension
polymerisation[]]. Pigment & Resin Technology,2009,
38(5) :280-284.

[3] Benita S. Microencapsulation: Methods and Industrial
Applications[ M]. 2nd Ed. Florida: CRC Press,2006.

[4] Whinnery L, Goods S, Even B. Expancel foams: Fabrication
and characterization of a new reduced density cellular
material for structural applications[ R]. Sandia National
Labs. Albuquerque, NM (US); Sandia National Labs.,
Livermore, CA (US),2000-08-01.

[5] Ahmad M. Flexible vinyl resiliency property enhancement
with hollow thermoplastic microspheres[ J]. Journal of
Vinyl & Additive Technology,2001,7(3),156-161.

[6] Morchouse D S, Tetreault R J. Expansible thermoplastic
polymer particles containing volatile fluid foaming agent
and method of foaming the same: US3615972[P]. 1971-
10-26.

C7] PIVEBE X0 . T B2 K A R < 201210109302,
3[PJ]. 2012-04-13.

[8] Nakayama N, Kida S. Process for preparing a thermo-
expandable microspheres: US4287308 A[P]. 1981-09-01.

[9] Tsuda Y, Uekado K, Nakamoto H, et al. Thermal insulation

foamed material having carbon dioxide absorbents and
method for manufacturing same: US 5792801 PJ. 1998-
08-11.

[10] Satake Y, Asai G. Thermally foamable microsphere
and production process thereof: US 7252882 B2[ P].
2007-08-07.

[11] HouZ S, Kan C Y. Preparation and properties of
thermoexpandable polymeric microspheres[ J]. Chinese
Chemical Letters,2014,25(9):1279-1281.

(127 A JEUBH L 5% 23 I, X e, 45 D9 05 i 79 0 TR PR 3 2R AT
L AT Bl e 2B ) o A 5 PR RE LT L MORE Tk L 2013, 41
(5):96-100.

[13] Safajou-Jahankhanemlou M, Abbasi F, Salami-Kalajahi
M. Synthesis and characterization of thermally expandable
PMMA-based microcapsules with different cross-
linking density[J]. Colloid and Polymer Science,2016,
294(6) . 1-10.

[14] Kawaguchi Y, Itamura Y, Onimura K, et al. Effects
of the chemical structure on the heat resistance of
thermoplastic expandable microspheres[ J]. Journal of
Applied Polymer Science,2005,96(4):1306-1312.

[15] Hou Z, Xia Y, Qu W, et al. Preparation and properties of
thermoplastic expandable microspheres with P (VDC-
AN-MMA) shell by suspension polymerization [ ] ].
International Journal of Polymeric Materials & Polymeric
Biomaterials,2015,64(8) :427-431.

[16] Kawaguchi Y, Oishi T. Synthesis and properties of
thermoplastic expandable microspheres: The relation
between crosslinking density and expandable property
[J]. Journal of Applied Polymer Science,2004,93(2):
505-512.

[17] Jonsson M, Nordin O, Malmstrom E. Increased onset
temperature of expansion in thermally expandable
microspheres through combination of crosslinking
agents[ J]. Journal of Applied Polymer Science, 2011,
121(1) :369-375.

(187 T o, 0 e , 28 5 A7, A5 2 1 400 0L e 0l Al e 208 114 1) 4% M
HON e P RE B2 WL 5 L) . #OKE Tlk . 2012,40(6)
244-28.

[19] Jonsson M, Nordin O, Kron A L, et al. Influence of
crosslinking on the characteristics of thermally expandable
microspheres expanding at high temperature[ J]. Journal
of Applied Polymer Science,2010,118(2):1219-1229.

(207 ARBUA XV, 6 S dar S5 3% H L TR0 TR 1) 1o 3R 2 YL 1%
R A L B H R v RE B L) . 2R Tk, 2013, 41
(4):14-18.



298 W B T Kk % % R 2018 4F %5 39 &

Preparation and foaming behavior of heat proof

high-temperature thermally expandable microspheres
LIU Jinlin'» YANG Shaoping®+ LI Sheng® » YANG Lin' » SUN Yangyi' » QI Dongming" » CAO Zhihai *
(1. Key Laboratory of Advanced Textile Materials and Manufacturing Technology and Engineering Research
Center for Eco-Dyeing &. Finishing of Textiles, Ministry of Education, Zhejiang Sci-Tech University,
Hangzhou 310018, China; 2 . Zhejiang J Color Technologies, Hangzhou311121, China)

Abstract: It is often difficult for high-temperature thermally expandable microspheres to have both
high foaming ratio and high stability of expanded microspheres at high temperatures. For this problem,
heat proof high-temperature thermally expandable microspheres were synthesized through suspension
polymerization by using alkanes with low boiling points as the foaming agent, acrylonitrile as the main
monomer, methyl methacrylate, N, N-dimethylacrylamide, and methacrylic acid as comonomers, high-
molecular compound containing double vinyl groups as the cross-linking agent, and magnesium hydrate as
the dispersing agent. The microspheres prepared under the optimized condition could be expanded at
temperatures above 180 °C, and the foaming ratio could be as high as 4-5 times. More promisingly, the
expanded microspheres could be stored at the foaming temperature for around 30 min. The particle size,
morphology., foaming ratio and high-temperature stability of thermally expandable microspheres were
characterized by the granulometer, optical microscope, and scanning electron microscope. The effects of
type and dosage of cross-linking agents on foaming properties of thermally expandable microspheres were
systematically studied. The results show that the microspheres prepared with macromolecule cross-linking
agents own the optimal foaming ratio and high-temperature stability.

Key words: suspension polymerization; thermally expandable microspheres; cross-linking agent;

foaming performance
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