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Abstract : The current research progress and development trend of flamed retarded polystyrene (PS) were summarized. The

current studies of various kinds of PS flame retardants containing halogen flame retardant, phosphorus flame retardant, intumescent

flame retardant, silicon flame retardant and metal hydroxid flame retardant, were summarized. The advantages and disadvantages of

flame retarded modification methods such as copolymerization, extrusion blend and suspension polymerization, which can prepare

intrinsic flame retarded PS and additive flame retarded PS, were analyzed. The research and development of a new and efficient flame

retardant system is the emphasis of flame retarded PS through scientific preparation method in the future.

Keywords : polystyrene ; flame retardant ; flame retarded modification

RIARLNE (PS) & —FP IR Tote  JowE & W] iy APk
kL, BA LR A 1 2E Tk Re R AERE A RS RRE
11 e DN R S o Y SN B P [ e =51 A 4
FFW R B R KR AT H R AR S A
il M, B2, PS 5 F#hbe, FLRBERT =2k K i i i 7%
PHEB I BB, X AT AE i R 772 A A 1 B R A T A
W X AE—ERREE LR T PS N B, PS st
FEAR AL TR A-RE ST 4 SE BRIV T o
1 FRBFRRE

AT PS AUBHAAAR 2R 24 00 RBHMMA R ol AR BHAR
R IR SRR R R 2R BHBRAA 3R I 4 S 4 Ak HLK
R,

1.1 5 & MRAE R

<7 2R BELAR ) 3 A0 45 VR R A R P RSB R) , th T
kARG S i/ BHIRRCR & AR E R SR AW
AHZSVEGF HLREOR 5 55 W e A ) AL 1 A 45 4 A, ST
by ER TS b g Rl VS R I BRI P c—x
(X 2N Br 50 C1) BEMYBEREBLAR, 2 T3t , 70 fi i J3 — A AE

200 ~ 300°CYLH, 5 PS A/ ifkili B L BT, PRIk, v &R B
BRFINT PS AYBHBABOR AR H W25 o o R BRI EZ Ao i)
PRI KA1 3 3, BB R PS AR IR A~ A= i H -,
HO - [ i, I BE WA e i =X S i, ik BIBHAR 9 H 195 5
B, v ZR BELR R TIT 77 A SR MR 1) il A S AR, e Al LI
WA TREMM BRI, R AL S ER L R EY
AR TR SR BE R R, DI ER B IR i H 1
1 KRB — R Sb,0, Be Gl , Rk S E ALY
BELBASICR 7,

P 2R BRI A 7S IR FR - Zobe IR Rk R
TORRE R IR Sk RIS AR O A A
I AR FORES (HJE, ) R FHBARIERR e B v, 2577 AR K
A 7 H A I 5 XA WG B PR K, TR i i 2
BEAA A B 2 4 25 B, %P N2 B i ) B K
W%, TR, — 2 [ R B2 TF IR AE FH 43 1 &R BRI 7
2003 4, BREAAAG 1 “OC THEH T as th AR A H Y B ds

WRR N IR, 1, EEA e 5T LA R 5T

Wi F1381: 2016-05-05



杨超


138 TR R

2016 4F 55 44 45,55 7

47 (RoHS) Fl “HfeJ s H # i #4647 (WEEE) PSR 4>,
JUASHE R F LSRN IR R R A E YR, I,
TF 5 v b e, ARG/ K8 14 JC 1 BELIA T 7= it 15 Ay 3 45k BELASR
Rl AT AT R — 1

1.2 Bf & FLRAK &

W AR BRI LA JE T AR JC R S, R &2
FAT 2 SR N 5w (4 — 28 T i BRI . 9 2R BELAA 711
FFALFEA HLBE R BRI AL R BRI . A LB R BH
AR T BRI A DLBSEE BRI BRI B IR 4 R
A5 TOHURE 22 BELASR) 220 A MRl £h 2L MR BERR EL (APP)
S0 CLWR R — Tl 5 B g oo 1) AL 2R BELR ), 2T 2 4R
JE77H: PO - 1 B A, T S A AR AL H - MTHO - A H
BB IR BE N AT . 53 A, 2L 32 I A s
M2 , AR 7 5 S W bR R TE B A0 )2, BELAR RT AR <M
AR TIC , - B 4 S 0 4 e AR AR A A P 35 3 BELAA
H. 2Ii 52 AL (ATH) s AL (MH) %52 B, 1T
$2 = X PS M BHLIAROR IR AS RAF A BRSO P YL T
H. Quach 55 " /58 T APP 57k i A1 2 B BELIA 1A Z %t PS 1Y
PEARRCR , 55501, APP SfEK A & BLf FH R %4 = PS
(AR 2 1, B PR AIK PS A BRI 2R I (E (PHRR) 5 7
Bhpertfih, APP WS RAIRHE T SRR TR B APP Sk
TRAT I e A S B RR TR 0 Ah 5 7 55 T MR
AT, MBI Al T AT R SR ) AP 4 H8C, BRARR T B ke
120 Tai Qilong % ') & plt— P 8 R AA R —— R
B , 0 SRt 5 R o (BP) FIBINRREE (ZnB) X} PS iF
FTREIR AT , 24 30% SR M B i FH B, PS A AT 1
PN IR 2 )2, A BR 445 £ ( LOT ) 35 3] 22.5%, T A e
UL (MCC) MRE5 SRR, R BE (HRC) M 729 T/
(g K) FEIRZE 510 1/ (g K), BB (THR) M 35.8 kI/
g P& % 289 kI/g. & & WM BP X ZnB )5, HRC Al
THR 52 R I SR Wi e o 25945 O KR A . 2B
J& BP 1 ZnB R&AIL T PS #A43-fiff 207 136 AL RE , TTIE 3 0
R T AE PS SR, $ i T PS AR et

A AL ZR BELIA ) 52 2853 ] 77 A TR, I AR SR M
PR A5 0T, BT AR R Y K A 3 ) 0 m] (o 55 W bk
FEAH K AT U5t B, B 4 S0 S 1 AR AN s A, BELAS AL
6] R G AR AL 3, SR BIBHIR E Y. S LA A R T S B
AT BEIR — KRR (TPP) . IR BBk A ER (RDP) AL} A WL
( ZARILWERRIE )(BDP)., 2N HIFE Rk IR (EP).
RERMR TG (PC) FUERBRIRRR / NG — T 0 — R L&
kL (PC/ABS) & 4 th U il RBHMAFIAE PS BHLAA st A7
JUIZIH, INLTHE BERR = TR . TPP O RBERR . APP 4F P,
C. Kaynak 25 P9 F5 T 4Kk + . = &S TPP & fitbH

R PS, 45 R3RW], 1E TPP (Y SUMHBHIAFIZA KA i BER AR FH
BROVILEVE R, 5% M998 KAk - 10% A = 2R UK FI 15%
i) TPP & Mt BE A %% 3 755 PS A9 LOI & 23.3%, PHRR &A%
%309 kW /m’, THR F# ik & 38 MJ/m’ (4 PS () LOI /&
18%, PHRR J& 672 kW /m’, THR /& 60 MJ/m’), $£ & T
PS fFHAAMERE .

1.3 RKA FLRAR &

JigZ I B BHAR ) (TFR) & — g 2800 o BELRA R, H R I
BRI =FB 530 & IR IR R G W2 U5,
MR AR B — 23 510 Z AL IR R )2, T BR4ash 3t
SRR HE AR RS () LA PR AR R
BEARAA 22 4T PS A BELR AR B, 2 8 2 058 SR BELA BT
i B 75 PR A 22 £ AT APP  ZR I VU B (PER) il = SR UL
(MEL) 41 i, Yan Hong %5 ™) )} 57 1 % 2K Bk (PPE) Fll IFR
fic & (0 F X PS BHAER ISR, 25 R 3R WL, S8 40% 1) IFR
H120% K PPE B, REIE BUBUE )2, 2 G W ik o i iR 5]
36%,LOLik % 30.5%, PPE Fll IFR HA L 35 (1 [l BELIR SR .

Yan Yuanwei 45 " i =l 37 1) 1% 5] (CA) Fil APP
2 i1 T OB AR A S, 6 PS BEAT BEL MR ke, 45 W,
24 APP Fll CA FH 1= 43 5l 35 5] 22.5% F1 7.5% B, LOI ik |
32.5%, UL94 T A IA S V-0 91, 3R ik ] 17.6 %
(500°CHt ), PHRR F&fX % 68 kW /m’, THR F&fXZE 40 MI/
m’, JER FEE CA (R & MR e LS80 1 I ik ke
J2, NI HE R T PS (BRI PERE
1.4 FZFLRIK R

Tl % PRS2 — P AR AR T b BELASR) . ik R BELAR
FITEMR T — L5 W HEAAA S BEAAE BE A [ B 38 AT i
TN TAERE AP RESE 1T EL X IR TS e 1 R PR 23
S TEHLAE B AT HLAE BRI P R, 5 T PS BHIR 1Y
AR R AR EUREAE . MRS Al i ik 2R B AT i
B BISEb F10T, TE BB E 1 SRR AL, AT SRR B
S B A AT P& AR P AEHC BRI AN &, 1 5 B B
FIPEIRC A

Liu Lei % P70 ¥ S MU ik 4008 (POSS) AT UKL + 42
BCER 2] PS Febtvh, G- A= B 2 IR 12 , A AU AR R
THR {4 8% (SPR) . /L KB (TSP). CO il CO, Bt
T U TEERY S, B 5% 1Y POSS Fiff A A HLKS +
i, POSS FAG HLAL B H BH 19 52 B &R, XS i 25%
1 POSS F1 5% HIATHLKS -1, 5% e i35 5] 22.1% (600 °CHY ),
PHRR M 885 kW /m’ &K% 289 kW /m’, CO REjiiH Ik
BN 0.0253 g/ s FEARZE 0.0069 g/s, CO, B 0 {1
M 0.766 g/s FEAKE 0.290 g/s. ¥ POSS SIARGY /T
e ATGE PS AR E MR BEERE . A4S Y


杨超


SRAEAL, %5 - PS BRI 72 v 139

H b U Y BB BB POSS ks 1, 31 A iR A
il £t PS /POSS HLH Yy, 54l PS Lh#%, {4 & POSS Fi
T IIFEAEXS SR Y o T HE 38 S B A BELAS VR, (i 15
W) 00 B B AL A IR R LAl PS 2 T 10°C L E . BB E
A PR T I R IR R A 19 PS /R 2 TR AR R A
K fE A bE (OPS) &G M RHW IR AL PR B S BRI PR R, 45 R 3R
B, 76— E BT YI3R T, OPS RYANAfH PS BOHG 7 1 1L fiE
A TR, 24 OPS AR Jy 8% If, 546 PS 4 1t , 5% 2k
TEEHRE T 6°C, BRI 3.96%, LOT k%] 21%, & A+
RO IFEERBLRATEBERS B T A R . X &S B s
TIERIRIE R PS /N (U347 ) POSS B A H kY
BRPEERE, 45 R ,20% 1 30% (9 POSS ¥ it Al i Hige
PS B AR LT I S ARG A, 1 52 5 B4 FHEY PHRR 43
SIBEAR 31.7% 1 54.6%, CO BRI H M (E 43 I R AIR 55.3%
1 66.1%, CO He FEWEAHE 533 FAIK 66.2% Fil 70.8% , CO, B
AU AL 73 ] FAARS 23.8% F1 53.1%, CO, HREE AR 43 B A
31.1% il 62.0%.
1.5 &k AR R

FE B PS B g vh i 4% £ 1) 4 Jm S R Ak ) 2 BT
ATH fIl MH, N R AN R AT @4t s P &
J& A ALY JFORL R MR KR, BV AT RS R
PRI IHRCR AT o 42 I8 AU A i 32 R P SR BELRA T
FH , BELIATAAE 53 fife o A2 v B2 MAC A o (1 08, ] e ™ EE R 7K
FRA, DTV E R BELAR 1Y) e o, s o R ORIk B2, 5 3 BELR
B E . B, BT BHMARCR A S , — ARG Th 3
IR, Kbk U SRS I RHE) ) 2 P R AR K
S, R, 42 )8 S A — R S L BN & e A
Liu Jichun %5 P SR A HLECHESE B+ (OMMT) Fl MH & Fid
Xf PS HEATBHAAAL B, 45 3R 3R B, PS HE4f A £ OMMT K )2
Z AT AN KA 2 454, MH KL F7E PS &K A HG R Yy
5]; OMMT M5 | A W4 = T 2 SRR E M et
BAPRHERRBe I R b A RS T BOR A )25, HA B8 A 0
TR NPUIA RV F L 24 U8 48.5% 1) OMMT Al 2.9% (1
MH i, LOI i # 25.8%, A7 2L 457 , H.fiE A 48, PHRR ML
1120 kW /m® FE{E 2 219 kW /m’, THR M\ 107 MJ/m” [%
fRZE 74 MI/m®, 5% B A5 34%, & 354250 1 ARG B
PERE.

— il AR A A AR A Y R A AR 2
A A % BELAA ) £ A A KA Rl 2 T N R T el A
T E SR AWARZE . Cui Wenguang 25 P 5@ 4 %)
ATH AT K, 5 2005 52 Fe PR S bt of PS (PS-HI), 45
SRR, YK ATH 5 2105 52 0 R A A4 =5 PS-HI (¥ BELAA M
fie, UL94 T AR A 5] V-0 9, bk Pds e Mt i

Hitm.
2 PEBREUETE
2.1 AARFAER PS

PS AR BRI PE J5 v, 8 S B 50 5 S
PRI A SR FIIEA T L3R 78 PS 20 T4 51 AL B ik X
WA BRR T 2R, DA i 4 BELR PSP, b il 45 07 05 1 A
5, BBRICRAE PS Ko FHE L5150 10 , R G B th FiE %
N4 1 AR BEIATERE , B4R ) 2 P e — i e 1551
BFF. MFTEPS o ik LS IA T — @B PR TT K iX
LT FR AT RE A PS —LL A PR AR A R, 5, X TR
fRPS, H R e A BRI & B 5 H PG E A G,
LA BRSPS A BAER S PR BTG, Rt 7 R R AR
PS i, B> LR Y RN

Yan Li % 0408 206 5 O SRR . btk LR Bk
PRI = & LN M Tt W IR TS WA IR TP RS D A4 T 4R £ R 55
T IR ER BRI IR 215 8] — R 5 PS 4y T HEMIL 5
A BECR AL RY) , @ K B (TG) 430 2875 F 4 i 4R
(DSC). LOI A F B Uit 7 LR 1455
IPERE S BHBREREZINISE R . 25 IR, SRR 44
O3 FRIACR AR RIS, AE IR B St i v BR T B 2 MR A A 2%, DA
AL T M55 e T LR Y1) LOIL, 3R W & B L M 2
HET S IRYI A BERABLRAYE T . Guo Yani %5 7 i) S AU
A SRR R Bc R AR PS pFEE L, 5
TRGE1 PS AH L , LR W) W 4 70 ik Uk 8 B i S oA 4
B RS- 5 h  & SG nmTE n, MBENE PR ITIA B 75%
B, TSR W R 43 A B 42 55 61 °C, 850 °C B 1Y 4% i ik ik
3 24 %,

— BRI X L SR LA S AL SR AR PE 2 1]
K RIAT THFSE. Yan Li %5 B9 il & 7 W Rl & B TR R 2K
AR, —Fh B R BERR R S5 , o) —Fh BA B AR A )
GERE 5 SRR X RN AR 50K IR AT B B SRR 2 RSk
W, A R R WA TR T 45 44 1) 2 W SR AR PS i BEARAICR:
Vb B8 22 T AU P 235 4 1 5 B L R B PR T A i Y LOT Dy
27.0%, W1 8 5 T 5 % (1 24.2%, H UL94 T B R BE 25 905k
F V-0 G, FLAT BRI R T8 251 114 15 A 04 R PR R A1 ik
LRI 2 I A, B3 ¢ ik ik B 36% (500°C ), REAIK 1 X i
A B TR BT R, R, RTLAACK , BN
WRIRA BAMIE R IR RGN — KA R IR AR A
Dumitrascu 25 PV AT 5 MORRN O S A TR R 2
I A R AR IR G 10 7 K HL 5 I B PS 40 14 1, B
WREA 5 AR E SRR T PS SE R WY B KA A 8 FEE K
pér , ORI A W 0 RATG, 3 i T AT R BELA PR RE . AT
FRY KT R AT RS AR PS 4254, gl


杨超


140 TR R

2016 4F 55 44 45,55 7

LA R B PERE . Shu Wei-Tye 25 U 5L = I 4 5t
RELE SR O R 5 SR pAGE i A i SRR A5 8] S fE L
M PS IR Y, 25 R W REC R B 5 ARE 542 PS 4k
KU AR IR, i HAA ] 65°C L, 3R e i B JinE)
22.9% LA b, S AN T 31.3%, AR G 1k AN BELA
A E . C. Martin 45 " BTG 0L T A BUK L0 E
e % B IR 5, 5- W (SR SR 20 )-2- 2R3k 1,3,
2] 4RIk (BVPDB), 45 3], BVPDB 52 L&yt
R IR E VR B B YT R A LR Y T ik
1.6% I, LR Y11 LOT 42155 1 3.4%, Wbk o i IR $E i 1
35°C, 700 CHF AT A AR 15% , 423 T RRHEESR A A
VEHT A3 T MR B PERE

Tai Qilong % ™ & L 1 — v 7 3 WU RA Z BELAA R,
WL SR CIEIEAT A A MRS B S A BT 2 1 PS 3k
Y, R TG, DSC K MCC sk, 45 801 B LAY 5 A
P AL R PR P, Y BRI B il 20% B, B4R 43
AR T 11°C (28U ), 500 CIF YR i M 1.49%
1255 5 9.60%, PHRR M 914 kW /m’ JEAEZE 709 kW /m’,
FLFR ) i AR v A AN RRUE 1 2, LR AL 1R, )R
B RUE IR YIS i A
2.2 FAm[LRA PS

USSR AL SR A A 1A 7 il e B rh AN
() A2 SR RL S AR B 253 K AR A EAIRONE, BT DA, 2
BELIRFR) 2 LA BN 5 07 240 BT R B, I 55 2R
AW B PERE . FLAT, PS G 1 B 3 B30 1
Rl T T2 TN o AR T8 I, 28008551y
AT 3% A SR PS, I sl = U R B R £ LK
WERRSE KA 52 2L &2 APP, TPP, POSS, MH, ATH 4 41
W7 FA B T BRI PR [T B )0 AR 7 A
REAFHE A FR S RN T35 A E —SE B S (R, n BELASR
TR 43 PR e 35 AR 1 43 HIOSORS , BELASR) 2 A1 2R 5
AR RO R 12 MR RE T R, XN T8 4% 119 ol A,
B, A6 N e A v BELSATR 2 4 K RN il S BOBELARSCR T
[£8

PS AJ3E o 8 VR B T A A5 B K PR SR A n B 3R A
RER RS LA 2] S A BRI PS A5,
A DL SR RN T3 ) — LA, AR BRI 51 S BT 3R
B R RIFHCR . 2t rh i R B IR R A
Pl TS R AORBRIRES 506 A 9OKAT S S5
TNFRI PS B A ARk, 148 R 7R RE 54 1 43 1O PS Sk
e, NI T 3R A W R e M 2 b M, Zhang
Cunwei % " 38 1 B IF R A4 T PS/TPP 4k & &4
K BHER ] TPP M4k T H 5 00T PS L4k b, 3575

T RAFHBHBATERE, LOLEE T 7%, UL94 Tk LA LR S5 91
IKF) V-2 2%, PHRR M\ 1015 kW /m’ FEAEZE 548 kW /m’,
THR M\ 133 MJ/m’ [EMKZE 86 MJ/m’, TEILHERN 1, X
TR A RS T PR 7 1 £ 1 PS / TPP E 411
PERESEAT 1% FUAFSE , G5 53R i R R A Tl & 1 PS /
TPP 52 &5 R BELIA T BE RN 7 27 P RE 208 s Rl 1 vk ol
) PS/TPP AR ™. Ik, 7558 2R R A B B A
RELIA TR , 3 2ok BV SR A 1 48 2 A LA ) BELRR PS 12—
i LA BTIA I T o
3 HiE

PS VR —FP a2 5 o3 F-BORE, 1 FH R B2 %
PR LR okl ey o TP R TC I IR A R BELIR A R 1y
PS Ji 145 & e i B k. ST RN G 3 R AR B AR
515 e BELAR AR 2 2 7 B g PO BELAA SRS 3 Al 2 T8 1 BELASR PS 11—
AEBELRRI I IR B A SOt ik B
B IR AR AR BHARMA R 245 PS BHMARC I SE
) T SR S Tl s

B %3k

[1] Chaukura N, et al. Resources, Conservation and Recycling,2016,
107:157-165.
[2] “Xu Qiang, et al. Journal of Thermal Analysis and Calorimetry,
2014,115:1651-1 660.
[3] Papachlimitzou A, et al. Journal of Chromatography A,2012,
1219:15-28.
[4] Guido G, et al. Polymer Degradation and Stability,2013,98:306—
315.
[5] Takigami H, et al. Chemosphere,2014, 116:24-33.
[6] Kay H, et al. Journal of Analytical and Applied Pyrolysis,2014,
105:301-308.
[7] Azarmgin S, et al. International Polymer Processing,2015,
30(1):29-37.
[8] Kemmlein S, et al. Journal of Chromatography A,2009,1216:320—
333.
[9] Besis A, et al. Environmental Pollution,2012,169:217-229.
[10] Nuria O, et al. Chemosphere,2015,123:64-70.
[11] Zheng Zaihang, et al. Journal of Materials Science,2016,
51:5857-5871.
[12] Yu Zhuoli, et al. Polymer Degradation and Stability,2015,115:54—
62.
[13] WA, 5 R TAPRRE S TR, 2014,30(9):164-169.
Gao Yanlei, et al. Polymeric Materials Science and Engineering,
2014,30(9):164-169.
[14] Quach Y T H, et al. Polymers for Advanced Technologies, 2013,
24:104-113.
[15] Tai Qilong, et al. Journal of Polymer Research,2012,19:9763—
9769.


杨超


SRAFEAL, 55 - PS BRI 72 v

141

[16] Fu Shugqin, et al. RSC Advances,2015,5(82):67 054-67 065. Yang Rongjie, et al. China flame retardant industry and
[17] Ren Yanyan, et al. Fire and Materials,2015,39:557-569. technology[M]. Beijing:Science Press,2013.
[18] Wawrzyn E, et al. Polymer Degradation and Stability,2014, [32] Liu Jichun, et al. Polymer Composites,2016,37:746-755.
106:74-87. [33] Cui Wenguang, et al. Fire Safety Journal,2007,42:232-239.
[19] Lai Xuejun, et al. Journal of Applied Polymer Science,2015, [34] Price D, et al. Degradation and Stability,2007,92(6):1 101-1 114.
125(3):1758-1765. [35] Yan Li, et al. Chinese Chemical Letters,2009,20:881-884.
[20] Wawrzyna E, et al. European Polymer Journal,2012,48:1561— [36] Hu Weizhao, et al. Polymers for Advanced Technologies,2014,
1574. 25(6):631-637.
[21] Liu Jichun, et al. Polymer Degradation and Stability,2014, [37] Guo Yani, et al. Journal of Applied Polymer Science,2011,
105:21-30. 121:3137-3 144.
[22] Liu Jichun, et al. Polymer Degradation and Stability,2015, [38] Yan Li, et al. Journal of Applied Polymer Science,2010,
121:261-270. 115(2):1032—-1038.
[23] Xia Yin, et al. Polymer Degradation and Stability,2014,102:186— [39] Dumitrascu A, et al. Polymer Degradation and Stability,2011,
194. 96(3): 342-349.
[24] Kaynak C, et al. Journal of Fire Sciences,2013,31(4):339-355. [40] Shu Wei-Jye, et al. Journal of Applied Polymer Science,2006,
[25] Yan Hong, et al. Polymer-plastics Technology and Engineering, 102(4):3369-3 375.
2014,53:395-402. [41] Martin C, et al./Reactive and Functional Polymers, 2006,
[26] Yan Yuanwei, et al. Polymer Degradation and Stability,2012, 66(10):1 0471 054.
97:1423-1431. [42] Tai Qilong, et al. Polymer Degradation and Stability,2010,
[27] Liu Lei, et al. Journal of Thermal Analysis and Calorimetry,2016, 95:830-836.
124:743-749. [43] Yan Hong, etal. Advances in Polymer Technology,2016,
(28] FZEME, A AL AU TR A SRBE R, 2009, 36(6):43+ 35(2):208-214.
47. [44] - Liu Jichun, et al. Polymer Degradation and Stability,2015,
Gou Jungqi, et al. Journal of Beijing University of Chemical 121:208-221.
Technology:Natural Science,2009,36(6):43-47. [45] Qiu Shuilai, et al. Industrial & Engineering Chemistry Research,
[29] BT 5 . WRPRHE ,2008,36(7):32-36. 2015,54(13):3 309-3 319.
Zhao Chunbao, et al. Plastics Science and Technology,2008, [46] Yan Juntao, et al. Polymer Engineering and Science,2011,
36(7):32-36. 51(2):294-301.
[301 X, %5 . P EPBREHAR KA, 2006, 36(1):29-33. [47] Greesh N, et al. Polymer International ,2012,61(5):834-843.
Liu Lei, et al. Journal of University of Science and Technology of [48] Zhang Cunwei, et al. Chemistry Letters,2015,44(12),1762—
China,2006,36(1):29-33. 1764.
[31] #oeds, 5 . A EBHAAR Tl 54 AR M. st - Bl i st [49] Zhang Cunwei, et al. Chinese Journal of Polymer Science,2016,
2013. 34(6):1-9.
( FEE127 ) philic polymers:Sustainable route to polymer foams in a continu-
Gong Wei, Li Hong, Zhang Chun, et al. Effect of shape of inorganic ous process[J]. Polymer,2013,17(17):4 645-4 652.
powder on foaming behavior polypropylene composite[J]. Engineer- [8] Ezquerro C S, Ric G I, Mifiana C C, et al. Characterization of
ing Plastics Application,2012,40(2):78-82. montmorillonites modified with organic divalent phosphonium
[5] Z50 . RMARE M 4 OBSH/ MMT &4 % i) Jo 3 & 047 cations[J]. Applied Clay Science, 2015, 111:1-9.
SHESE [D]. bt - Jestfb ToR2%,2015. [9] Shekarabi A S, Oromiehie A R, Vaziri A, et al. Investigation of the
Li Jing. Preparation of OBSH / MMT composite foam blowing effect of nanoclay on the properties of quince seed mucilage edible
agents via colloid-modified and its foaming behavior[D]. Beijing: films[J]. Journal of Comparative Neurology, 2014,2(6):821-827.
Beijing University of Chemical Technology,2015. [10] FHZE, ZETHs, 2R, 55 . SN O 38 £ KL 28k e P i 4 52

(6]

(7

Medina-Gonzalez Y, Camy S, Condoret J S. ScCO, / green
solvents:Biphasic promising systems for cleaner chemicals
manufacturing[J]. Acs Sustainable Chemistry & Engineering,2014,
2(12):2623-2 636.

Rizvi A, Tabatabaei A, Barzegari M R. In situ fibrillation of CO,-

JBE LS5 R PRI RS (1), 98KE, 2015, 44(1):51-53.

Tian Qin, Qin Shuhao, Zhou Rong, et al. Effects of reaction
medium on structure properties of hydroxyethyl quaternaryphos-
phonisum salt modified super-refined montmorillonite[J].Plastics,

2015,44(1):51-53.


杨超




