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T HERRAE P R BRI SRR D, X — T TR XTI BT R BN RS . M 2004 4E
2, RTHREEIFE. SN SRECYEAE, XU S AR R R R H 5 o B
AFRE. 2008 F2f5, KT TR KRS TR SR U BRE @D . /5, BRI
HMFSHREETT R, BN TR _FRTIR, HRLBAMROTE. FFREHE .

YE# 2T 1995~2010 “E7E P B4 M _E PURAEY A FAHKSCHRIEST T 464, WA 2-3. A 2-1
K 23 ATUEH, EAXNLDRNE A —HENXE. ERERME 2004 FEZ GRTEXTHE
IR J AT S A SCRR S S0 114 0 B 40 L a3 TTAH B3 5 T RO A % B
FAI SRR B 8 AR, X AR U0 0 D0 0By A £ — R AL L 23 T 2RI . €€ 2008
£ J VUSRS A KISCEREOR IHBRSC > o BT RO el « SX AT RE AR pit T RK BRI X+ IR SRR R
5% 25 BALIE S I FE 6 K 2010 SE BT 8L HBERI S 3 5B 4 H5 8 BIIE R B AT T IR S A
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A 24 1995~2010 £EP HBCD AY3CHREE
YEE R 1995~2010 £EAE P EaM LR FNRF T 5 MSCRRBET T 226485, WE 24.
ME 24 FTLAE W, 2006 4FLLRTE AR ANRIF+ ZH e S TP RERE D, X aER th TARKT+
— AT IR (2011 4F 8 A MR 65000~70000 T/, T F— I R R FERA S g
1Lk 30000~40000 Jo/ml) TiEEMNRBE A E®. B 2-5 1, 2006 45T MSCREHILT 7
BA8M, XA I E TR T EAHKBEERN R RS T AR+ 5raH, 3R
T HSR .

3 BHIBBREE PR BT Tl st R :

LAY, BT E R R B AR A B AR B RS AN , b B HR X )
Y, ERMRKUKE. LAY, LA UR EBTSHE. NSBRRSHIHEHRE, £
HABX FRg AL BB o e 29 b £ BB B0 38.2%; LR RT R 4L, BT 5 L2l 29.5%F1 18.3%.
HEPRISEHAYE, REHIRERERAIT G EEEPEUBR=ARK =P 04 g
z[ZJ.

: BUEZE 2011 4, IHMRFERGERAG, HCHCTBRRaERAE, WHFRLLT
A PR A R AR BB L T PR A B R B N A7 s AR R ER AR B R A N Rk . _E5R DU SR BRHATR)
Az 4k 2009 FEBERR= ( -RERE) B (TCPP) MR HHERTHE= ( -FZE) M
(TCEP) XM= ( , *-“HFKHE) B (TDCP) ML/ ~&, 294 40,000 P,
CEEXTEN 9,10-—5-9-82%-10-BEHIE-10-F L P(DOPOY I & F S £ER K BERR £ 4 F 34T
T4, WM 3-1. 3-2. AWK 3-1 aTLLE H E A XT DOPO BIcE R R, HERBAEFEL
¥, BARTHIOIACRSE— ST . AE 32 TG, ERRBREMPresees, HEWW
AR ER S BRI LSRR D .
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4 - BEMRFI TR | |
ZititE = HENER, RE=RIBENRREMCAF AT KENER, MEHERAY
WA T ER80E, ERE AP SRR k. B 4-1 5t T RE 2009~2011 48 8 A, MCA
Fefle. FEREOAEAL. W 4-1 WL N, L3 EREN MCA RSB 20%LA L, RIEH
RIRMBRRHES, BT MCA AR RMRBRER. ARLREY, REEER MCA 7
b HEH B A EE AT MBS — R T ER MCA HRRRA, CHNAE T
BT B FEASTRMO~AMEL, B MCA RHHBHMEHAS (2011 £E>
it MCA 7= 35450 16500 JT/ME, Tk O 7= 394 RI#A 42000 Jo/mize4) B,
o ERMERE-HEENERMMN, GER-FERANIERN. ANRESRISREK
| MRS, Er=RUERL TN 120 3K, Hin 2009 FRE=REEES <5
&P 105 JiM; AGEREH 20%-40% = REUEH O, ETHOBKM. EM. EMFBK
FTSHK, L DR E S R =RAURTR SR 10%54, EEFTS EAHS SR TN,
20 142 80 FAUKRHA, A FFATIREIL S YIRIBFRM AT IR . SXDIBIE 20 EMRE, RE
LWL S WA, S AR BRI/ T — e R 4% Xt 20002010 4F CNKI.
b SDOL. John Wiely. Springlink Bkl %1 )5_LBRESIBMANR & RISIT T Hbet, WK 4-2.
. ME 42 TLUEH, SELER, ERIERESLRAN S AR E 5@ EREY, MRESH
L HEFREAR. K, 66%NEFRXTRMSEMMNHE, 3M%RETHA. Kitt
MERTERHRRME. BT, BAUEHN KRB AL, EEFEDEP= R0
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B 4-3 1989 FESEARMRRA A R B ERRT
YEZ Xt 1989 ¢§Alwxmm} (APP) ERENANERHTT S, LB 43, BAx
RRRENTREL BT, 20 e 80 44 WBEFF T AR AR AR SR AY, 1R,
M 43 PATLE N, BE 21 tHEVIE AHEXSFIA HELKIENK . B E P SR MRk AR IS L
REAWERRE, EHA— LSRR AEP AR R, PRast— bR . FFk
R RIN, PN K. B4, BT, BT, M. RS H R L T H Ay
RERPREEAE DM, X E N R B 2 I E IR AR.

5 FEAUBRMRH T it R

. YEE ST RBE R T AR RIS E RGBT T 2%, BB 5-1. ME 5-1 7
BARIUEFR E 3 TREMBEHE CEMTTRAER T FE: ML T, SErenRms:

SNRABAEEENR. BT EHFLAEEENCSMERITEEE, SELEIEiRE ke

THENRRE, SBUERTIRAIMA . TIR AT, X 2 Ak DL MR AR vt 47 3 T s it

RIDESL, AL, BURBS: HIERRTEES RS FREM AT F R A 4R 5 T
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(1) REBMTWSE=HERRREERT BRI, Bl o4t 16,000 KEM
AR NY Bt 220 MEMABITTEIOE ., Kb, MR EES N ETEER. &
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(2) BIEE 2011 48, #EEp, HERERN. HHBRRIISHEMRN . B-REMRA. Th
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(3) BUEZ 2011 4E, DOPO. KMk, MASKHMASHREMAERACZH BM
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THE STATISTICAL ANALYSIS ON DEVELOPMENT S OF FLAME RETARDANT

INDUSTRY IN CHINA

YANG Rongjie, LIANG Jiaxiang, XIE Songming, LI Xiangmei, DU Jianxin
National Laboratory of Flame Retardant Materials, Engineering Research Center of Fire-Safe Materials and Technology, Ministry of
Education, Beijing Institute of Technology, Beijing 1181

Abstract The dev"elopments of flame retardant industry in China are introduced in this paper. It focused on
the distribution of flame retardant enterprises in China, and the statistical analysis on the articles and patents
of halogen-,contaiﬁing flame retardant, organic phosphate flame retardant, phosphorus-nitrogen flame
retardant, inorganic flame retardant in China. :

Keywords flame retardant, developments of industry, halogen-containing flame retardant, organic phosphate
flame retardant, phosphorus-nitrogen flame retardant, inoiganic flame retardant

24



2012 -+ B BB F R F R0 A B

— AT B A XU Th BE T o1 BELAA B 14 37 B o) 42 % 7 B BRI A G
| Rz F
T, BB, BB, W

(RPN TR, E¥THR)I15 800 €, 200240)

W E AEMBEY ST RIFOPMIRE . %k, LS RmEiee, EE AT T A
WHEBRHE. RTTGASHES FHN—R, FERLDRIM, Tl b B 024 50 PRI E L.
B TR FRRRRAE R, FA R - %@Fﬂﬂ%ﬁ%ﬂﬁﬂ‘ﬁﬁl‘r&%B)i\t)bﬂ?ﬂﬂﬂ"éﬁiﬁﬂwfﬂ#!ﬁ.
i fTE Tk b SESRIF AR L Y08 I ST BRI R e SERLA TR Rk Rt

AXU=RARFEREALNEN R, ART R RDHER . SE LA R RS RS T
DR RUR ARSI R MM AR, FIR ARG TEREURIR S BLEARIZ B A0S 0E . LRI L IR 4
SPRCR AT T RAE. BLRIGRBIMMEL S 270C, Bk MRS 380°C. 600°CHYERBI M=K
36.2%. IR BALI5 LB EF SR 47 A B0 B 464, FIiRiT 1.6mm UL 94 VO 4, N Bens {r 4435 e o34 130°C.
KER  FEHNG: BN CoTRIm: BRLRAsR

IEEEYSANE

ARSI REHRAT AP (FT-IR Spectrometer, FTIR), %€ Paragon 1000, Perkin Elmer 227, LA
KBr d&h A 4,

BHILIR{L (IHNMR, 31IPNMR) TS Mercuryplus 400 & . ATFILIRMZR: 400 MHz, &7
1% FH T8 DMSO;

IS (TGA) 1L, %5 TA Q5000IR thermo gravimetric analyzer. EAUSUR T, FHAME S 10T
© /min, SEFEN 40 mL/min, JRRE TR L ZHRE 700C.

L3, SX-2.5-10, HANTTHUIER I WA AT

86X, X5 Thermo Fisher Scientific DXR laser Raman spectrometer. $LE{ES%3E 615K
633nm, E{R FHBOCEHN 4mW LLEEH A PEEN 2 om-1. BEERRITEREN 64s.

SURE(LOD, 11T FTA Il. #iA#rAE: ASTM D 2863-77. RE&R~F: 100x 6.5 x 3 mm3.
FEEMEE (UL-94) iR, BE ZCF-3. FEfhnd: ASTMD 635-77. #4UF: 127x 127x 1.6

- mm3

# 1 FIH T W AsiaEbER (BPAN) RRIFIRIBEILH (DDS) 4TI SR S Ao IR L8R
RIBALL R, WKW, LELFCY DDS i, FEAMERASWNRIRKRRE 20%, RBHH
W% BEABEE T ULY4 3k, E4L7 BPAN ZBHU4E DDS SErUM HSEATE(LRT, FREUR
HE%A%HWEMﬁﬁE‘ﬁﬁ%ﬁH 3 BPAN P62 9 DDS B, BlEAE a8k s 25, HTTL
Wit UL 94V1 (1.6mm) % 4% 6 4319 DDS B}, [E{LYIT LU UL 94 VO(1.6mm). 564&H
BPAN #HAT LR, EUHSMET BUXF] 30, X4 R 0A [E 1657 BPAN XFEREUR IR R RIFAIEE

FE, pingweilsjlu. edu.cn’
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PREEHE .
#1 ﬂiﬁmﬁlﬁmmﬂﬁﬁﬁﬂ UL 94 MikR

Sample Lot UL94 (1.6mm)
DGEBA/BPAN 30 VO

DGEBA/ BPAN /DDS(1) 28 Vo

DGEBA/ BPAN /DDS(3) 27 Vi

DGEBA/ BPAN /DDS(5) 25 V1

DGEBA/ DDS(7) 20 - B

100 -}

700

80
§ 60 -
=
2
2
40 - N :
e DGEBA/BPAN
) | o DGEBA/BPAN/DDS(1)
—— DGEBNBPAN/DDS(3) .....
204 —— DGEBA_/BPAN/D}DS(S)
——efp— DGEBNDDS(7) R . .
100 200 300 400 500 600

@ | DGEBA/BPAN.

Temperature (°C)

DGEBA/BPAN/DDS kA5 DGEBA/DDS %M TGA dhtk

Q.0 oo an
-0.4 -
& ]
} .0.8
= | 3
g 4.2
2 '
g 1.8 - —— DGEBA/BPAN
) — BGEBAIBPANIDDS(‘I)
i DGEBNBP,ANIDDS(3)
A2MF ] e DGEBAIBPANIDDS(S)
] ——s— DGEBA/DDS
100 - 200 , 200 400 500 800 700
Temperature CC)
2 DGEBA/BPAN. DGEBA/BPAN/DDS L5 DGEBA/DDS 4 #6) DTG ek
% 2 DGEBA/BPAN, DGEBA/BPAN/DDS #! DGEBA/DDS {k %) TGA 1 DTG 3 '
Sample Td5% Tmax C.Y. (500C) C.Y.(600T)
DGEBA/BPAN 282 331 23.7 216
DGEBA/BPAN/DDS(1) 286 314 2_3_.3' o 215
DGEBA/BPAN/DDS(3) 309 388 26.9
DGEBA/BPAN/DDS(5) 289 350 252

s
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DGEBA /DDS 400 423 14.3 12.8

1@ BPAN 1 DDS FE SEER TR TR AR HEAT B (L5 B B SR LR A MR Ba s I Bl
DDS KM EM~4EH BN (LB 1 X% 2). % DDS FHEN 3 486 (10 458D B, Td5%
A Tmax fEIXBIBOKME, 450% 309 1 388°C. X T AEA M T-UkE BPAN il DDS ZEiXA Lo )i
RIEAYE BT esh U El B Ak R 5B 5 B b 88— B4k ik & DGEBA/BPAN TR, iXTIHER
e T AR AR R P P AR S R 5 M TT LUE AT AR R AL O TR BT 2

DGEBA/BPAN/DDS (7
DGEBNBPAN/DDS S
DGEBA/BPAN/DDS (3)

Raman intensity

DGEBA/BPAN/DDS (1)
DGEBA/BPAN

1000 2ooo
Wave number (cm™)

@ 0 DGEBA/BPAN. DGEBA/BPAN/DDS ¥u DGEBA/DDS ﬂ:ﬂi#ﬂ'ﬁ!x&l

1580 —— 14
G position

R value

1588

1580

G position (cm™)
Rvalue

1575 -

%

YL 0
LU e

LU0
JLLL 7
////////

V770770777

‘ ////

8

M 4 DDS FREIEARMAREHBRSOBREN R @ G GBI LERE

1 8 FI TR LS KW FLH) BPAN BULHFERISE, AR URAMRANEENE (B 3 FE
4). PIVEETS AR ) DGEBA/BPAN 4 B I MR ISUH S MMM R D> T 42%. (AR E 2t
JEREHtk DGEBA/DDS S RMKT 42%L&4 (B 5), Xi%H DGEBA/BPAN kR EMREET
hERSYETHART —BEPERE, TUESEEOMESE— S0, XHERES5 Lol Al
UL 94 JRAIL: REYISH .

1570

~

DDS usage (g)
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. aag|-r—veEsamos o
400 A '_DGEB"’B?AN"::: : v ﬁ

@ 5 DGEBA/DDS 1 DGEBA/BPAN {&F 7R BB MiR 3 dh 48

& i - |
(1 £ RIS 85 S SLMRIEL L 77] BPAN ST AU8 A SREUIRHAE (DGEBA) AT Hothl 18
1k i B AT A0 S MRERE S Y, XA W@ 1.6mm UL 94 VO £, MBS AR
TTi4 130°C. DGEBA/BPAN A F ) v JHOS 8 (U ( F £ i R (B Lk DGEBA/DDS AR T
42%7c45, XU DGEBA/BPAN S AZEMEEIB P ER A WREMML T — BRI HERE, T
EE BRI —RES. 22 0F BPAN /50 B L, FERERAMOREAREIH
K AN— BRI M B R G5 M T 8 BB S 5 44 o

B

BEERKARREMRE CRESS: 51173106 £ 51133003), il h EREKFE KK ER R R
WBHE R AE TRy T A A AR A # B ' |




2012 S B A F RF L T iR A

—Fhr B o PR AT FE R IS ARl i R
VFE%, BE, BN, B, EEm-

KSR S RIS TH SIS L . RN THEU B TEISP.L. FRNES THEEX RS TR
KRS, FAB 610064)

W E KR T FA RN —F B E ISR YT g MR AR FIPTPERI SRS F 1 5 R Mk (APP) I HY

}m&mmﬁﬂ*ﬁﬂxﬁﬂmﬂm&%. RAEZMFPPR MR A BATUAMN E DI AL XR-608 T 5

FRAARIE, {HRAR —FIERIFNRMBICEAMBN. M, MSPTPESAPPEMISMLANE. FnEd

wit% 4ASFIEEMEA 1.5 wt%it, PPHIRMBAIHBLOLARI32.0 %, EHMFEUV-94IAHIV-0L.

X TR, TR o '

5 5

RS (PP) RERZE. BENZBZERHMETAMWE~S, RALEN. £&F. S
PP e . Dbt R AT LA, AeRFRBRKMERMEZ — WEHT
¥. S8, B, RTARSRETIL. REBMERRERE (LoD k174, BE
AP, BRI KB, AHRK, R SETHR (nhTFHRag. Bgds. 3
WA S B RRIESE) MR T RG], R REERBE S THEH K5 R ERFK
KERRIR KRB, BEEAEREA BTN ERERAREAERE . TIRAETS2T
SYIMEGYE, BT REEFROFHEMA, M TFRHRROBS FEAWARK, 5
NEERMER S AT EENEX, FAREE BOTEEE. RIOILBET:DIRFRL
FhRIRIZ T a SHIAF, SR BEIMRFIC I T Tolkdh, BERTIG. B0, BRAIFF R RIIHXR-60
0 IR BELR T, ZEBRTI M TP (U B3 h017.5wt% Bl AT i B PR I LOLA B30LL L. EEMFEV0
R, I EAEKEAIRARESERAT AR EMAME2). FTFFRRERT 5 —H kA
FlE R, REFAMRMELE BT ROXR-0MEAMMINE, BREE T BN MEE.

2 XEEs

21 sERNSRE

WEIER YT MM PTPE, (thl: SRBERREE (APP), DUJIHABHTAEH BUB MM
RAF, T 4A ST, BERDELTRAT XUB-BUTREAN., ¥ 8 ERRHAE R L
TR GEREHIN " HC2C WEMAIEHAN, BRL T BRETRAF,; CZF2 BE
EMFERRN, BRI T AT REARAF: RO, NETZSCH TG 209 F1. #H.

a) BEMARSN PTPE MO AR
AR FAINETZSCH TG 209 F1RME S TACGHITIRR. FHREEHN10 C/min, N
ML N40-700 C, BESHMESEAR.
b) HMMBAMEEEREHI%
" APP. PTPE. 4A% FISZEELAMAN P T80 °CFF4R8 h, R/5 5PP— RN Rt HHTHR

"EXRERFEESESTE N (50933005); BRAH: EXL. E-mail: polymers@126.com, Tel. & Fax:
028-854102595%85410755 http://chem.scu.edu.cn/polymer/yzwang/
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7, Eﬂﬁ%ﬁﬂ?ﬁﬂi}tﬁﬁfﬂj Wi, . BEWREN—X180°C, —K190°C, =X200 °C.
I 200°C, FHK190°C, Hl35180°C. HItif#rsh FAXLB-EIFARERALHLT200 °CTER, Ti#k6
min, FE10MPaF#E6min. EAXWH, HBYAR130 mm x 6.5 mm x 3 mmRTEFAER IR SRR
%0 %130 mm x 12.5 mm x 3 mm4RAETE B MBI %

¢) RAEWRK

LOI ik, A HC-2C RU4HS il e PURIBPRHE ASTMD2863 et AR RE ST IR, EE
WREgEHR, Fi CZF-2 T B HAESGRIEFRYE ASTMDG635 B R Fr 7 BEMRHE St AT .

3 HLR5iHE

& 1 FE 2 4 514 PTPE A2 SAMESFPHREHEAHS REME, K10 PIPEE
S EARE AU TG & DTG Mi£8 4 R B PTPE 7S SRR P M0 5 AR
MERK, EEARPUESTPHMREER, RRBIK. 600CE 700CKR, FRPAIM
HEGEBREEE— SRS, BRREHE—DED.

—a—Allt DTGA% uin)

|t fAIRY LS I —e— N, DTG min)

—— % (N2}

£
g 3
é “ 34
i
204 E Fy
[} R
HIME? "R A P ag spg A magre Y ' AT P AR A A PR P A
i Temiperasure("C) “Temperatord"C)
B 1. PTPE ERSHFMMMH b oA E dh 2% 2. PTPE ZE A MMASNPAINS AR

R 1 PTPE EEAFFFAFRY 76 & 016 phiR IR

The rate of The char residues (%)

Samples Tonst{ T Toxi{ C Traxz{ T T, T .
P e C) () «(T) wai( ) Tmae(%/min) 500C 600C 700C
Inair 772 292 398 665 464 387 7494 6.05

InN; 274 296 424 443 421 42.4] 32.85 25.20

F2FRIAPTPEA FRAB N HMIEEEIE. NRPITLFL, HPTPELSRBEME(APP)
AR LB E R, BN KN25.0 wi%ht, HREIBHLOLAEI33.5 %, EEMPEUV-94EHIV-O0
. MM4PTPELS RBEME(APP) IR 13RS LEHI SRS, #ME H20.0wt%E, RREIBHLOLLK
I3, TIEEMRIEUV-94TSH. F4AL TSN, HPTPESAPPHN] - 3RS AT,
FMEA18.5 wit%. A FREEME KR 1.5 wi%h!, HEEIRHLOLAT|32.0 %, EHMRLHEUV-94
XBIVOE. ] u%m. 4ASY T IR SRR B R BRI .

2 2 PTPE AT AR AR A RITRE

Samples LOV% Uv-94
PP PIPE% APPI%
100 9 0 176 NR
75 15.0 10.0 28.5 NR
75 125 125 280 NR

5 .. SR (1 X+ 150 . . 310 Vo0
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15 83 16.7 315 Vo o
75 625 18.75 : 335 V-0 X
80 50 A 150 125 NR L
80 40 16.0 315 NR
80 33 16.7 30.0 NR

= 3 BL4A TR PTPE AT RBRA S ERERE . !
PP/ FR(PTPE: APP=1: 3)/% A FII% LOV% Uv-94 y
50.0 195 05 296 WK “
30.0 19.0 1.0 310 V-0
80.0 18.5 1.5 320 V-0
80.0 180 20 324 NR f
82.5 17.5 0 305 : NR i
82.5 16.5 1.0 315 " NR b
825 16.0 1.5 315 NR i

82.5 15.5 2.0 315 NR

&% it |

Zi)tﬁ?HT*W%iB‘Jﬁ#‘E%\l‘H#&%U. G B ARE E, ERR T A R IR
B, AR TERMEERE R RE TR, ARSI MR EHR SV REROFE R . LA 4A 2T IR
BN SRR A TR AR T B R BEAOR .

APPLICTION OFA NOVEL HALOGEN-FREE RETARDANT IN

POLYPROPYLENE

XU Zhao-zan ,YAN Yuan-wei, CHEN Li, WANG Yu-zhongz

Center for Degradable and F| lame-Retardant Polymeric Materials, College of Chemistry, State Key Laboratory of Polymer Materials

- Engineering, National Engineering Laboratory of Eco-Friendly Polymeric Materials (Sichuan), Sichuan University, Chengdu 610064,
: China
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BEZ BTG EBRHR
BNs, WES, B, EEE
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LHE, WM 610064)

# E OEMEA—MHEATHEMFAAPIXREEZM (PS) HATHM. B EEMPMRIEBIATIH
HRPSHERE, BT T M Al . RS SIR LS R R Y HPShHMFIAP1 (& BABI25%0, #

. MUL-SABRELABIV-04, FIREARI25.6. HELREVIAPIMMARIR T H B MG WE R U LB A#
- R, BE T HEORAH BEETRRE.
KR JCoaPMRN. JELM, MiEtERe

1 81 &

EAAREHRIEZ —HBRZE (PS) E—FHAEARHAEHRESY, RARIFMR
~HRGE P, RS M AE AL AR E I, R SIT LA T L RS TP ) AN . TR, 2010
FEHRAREZIBOTRELD 1804 M, TREABEEZENRENILET] 450 7k, H 50%

PLEAF T asTlh. KR, PS ARXBHEREY—H, —B5KEEMEIM SR, BITX

BEaERYE, EBGhER. REEX, HRBEEESAG. Hik ¥ Ps BT HSEEREKE
AR, DHHHATEMED . AR T —# B O A BT SRR R Z ST
FEAR.

2 KW
2.1 EEFHSRE

RELE (PS), WAL, A%fhﬁ‘?ﬁ*ﬁﬂﬁﬁ‘ﬁl‘ﬁ"_] T BRI AP11, TRELH: N ]

SRATHF G, SLI230 &Y, DU)IIFE B SR A ] LQ-60 ZUMTIHIL, FMTTHIREBIUM

ARAT: XLB-BPARELHL, FHERBIARARHTSBRENM; HC-2 BHFRER

AR CZF-2 HEEMFERRG LT MR R ETR A, 41‘45}1‘)?1)( NETZSCH, TG 209 F1,
#HE.
2.2 [AHR PS Ml &
TR RIPEAAT AP11 F0 PS 51— HLBIR A4 F ARSI NP R EF Y . DR,
R B EEFRBRALHL_E A I35 R BT AR 4%
2.3 FEHR PS HH A GE TR :
BFRERBER: LOI Fi HC-2 BB PREIR SR IEFRAE ASTMD2863 W52. LOI ﬁﬂ&#&
AR R 120.0%6.5%3.0cm’.
T EMPRRR: UL-94 5K CZF-2 B HMRFEAR CURB M ASTMDG63S #IE. AR
FEA B SF2h 120.0x12.7%3.0cm’. |
TGABIR: 7E60mYminfIE TSR T, KA, LI10°C/minfFHRFEXTLEPS K MK
BUEPSHI R BERRAT A ATHT R . HEMAREN4-Sme, HIBH=EMAZIEH K.

"ERERB RS A WEY (50933005); MAMFH: LS. E-mall: polymers@i26.com, Tel. & Fax:
028-854102595%85410755 http://chem.scu.edu.cn/polymer/yzwang/
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3 #ZR5ite , -
R 1 AR FEMRAE B PS (B EMPEAURMGE R, MERRITTUBE, S0 S e R
IRIE, FUF 17,0, TAEBEMETSE, SIEMA APLL FIEEAHN 20%, 25%, 30%Ef, ps
. MRS BIATIA ] 24.5, 25.6 LUK 26.0; UL-94 454 512% V-2, V-0 BLR V-0, BIBEATLLE Y,
AP11 MIIMA BB AR K% PS AUREMRMERE, 7T EBEH API1 S B, PS RELMATE B RRAT .

B 1FRE AP SR PS BERBIISNMN LR

Sample PS (wt %) AP11 (wt %) . LOI UL-94
PS 100 0 17.0 NR
PS/20AP11 80 20 24.5 V2
PS/25AP11 75 25 25.6 V0
PS/30AP11 70 30 26.0 V0

R T WP R R B AR 22 M B R B ARAT 4, BATXPEHEST T 3E 7. 18 1 %5 PS LUK AP11
FRAFN PS hRERSRB T TG thek, TEHEMN TGA YamF TR 2. hlE 1 TTLLEH,
26 PS WHESHRRIRBE K 365.5C, % 500 Hf R HA F4MEsES, T#s AP11 j&, #iiaeas
SRR BT BTIRAR, XA 1 T KE AR B3R AT 40 B LAY L4 BELHRA 7 A 5 -t 4 48 BELIA 4 R 14 Tmaxz

L PS 0 Toex ATIRRF, EBAMAMBREAFHE. PYAPI ARA—EMRLY, BRAY
SR AR S T 2 a

100 L
g0}
] L R U
§ 60
g —~—u— neat PS.
E o] [—e—Psizoar
2 ™1 |-<—psnsar
2= {1 |-v—Ps/0apP
20 |[—v-AP
LR
T v T T v T T T v T T T T ¥
) 100 200 300 400 500 600 700 800
Temperature (°C)
B FEAPI1T S RAPSHER A AL T this
#2 FTEAPH SR PS hFAL ToA BB
Residue at 700 °C Mass loss rate at Tue
(-7 T 0 T (-]
Sample Tonas (°C) (%) maxt (°C) man2 (°C) (%/min)
Ps 365.5 0.3 - 415.6 -304
AP11 3292 71.9 3342 4326 -12.5
PS/20AP1 1 3423 , 13.7 ' 3431 420.1 21.5
PS/25AP11 3420 16l 3434 4219 - 212
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PS/30AP11 340.2 24.0 3424 4222 -16.6

4 % it .
AR T J6 55 S BEPEAR T AP1L mwz,ﬁaﬁmmmm. SRR AP11 BI& BIEE
25%H+, PS i UL-94 %45 feikE] V-0 4%, S 1aPukF 25.6. TGA LR ER AP11 BMARETRK

MAMEEARAYIE, BEREARIREE.
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HALOGEN-FREE FLAME-RETARDANT MODIFICATION OF POLYSTYRENE

YAN Yuan-wei, JIAN Rong-kun, CHEN Li, WANG Yu-zhong3
Center for Degradable and Flame-Retardant Polymeric Materials, College of Chemistry, State Key Laboratory of Polymer Materials
Engineering, National Engineering Laboratory of Eco-Friendly Polymeric Materials (Sichuan), Sichuan University, Chengdu 610064,
China

Abstract A kind of halogen-free phosphorus-containing flame retardant, AP11 was used to improve the
flame retardance of polystyrene. The results of LOI test and UL-94 test showed that when the content of
AP11 was 25%, the LOI value of PS/AP11 composite was 25.6, and a UL-94 V-0 rating could be achieved.
The TGA data indicated that AP11 could improve the thermal stability of PS composites in the high

temperature zone.
Keywords halogen-free flame retardant, polystyrene, thermal stability, flame retardance

3 E-mail: polymers@126.com, Tel. & Fax: 028-85410259 http:/ichem.scu.edu.cw/polymer/yzwang/
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— P B W E LY R A P R 2 B A
R, WEE, RET, KER, BYE K. TR

KA R R SRS FHRHRDL., FHRTRITHEAETRIERR DA, FREESTHERXEIBA TR
WK, A 610064)

W E VMASRMZAERNAEBE R AR ZHE)WMA (BHEEB), BHEEBS M= F®., Z =8
HAFI[(6-ARLAR-6H- “HFH{c, el 1,214 MANTIF-6-5) PH] T & (DDP) A EMI AR T —FeF LML
PBPET. fi'H NMR. ICP-AESXItRBIMSHIATT RIE, FATGA. LOL UL-94RtHMGAME, PR
FHATTHIR. %A%, BHEEBT LRI REM A E, 2 Smol%BHEEB 5 4.8mol%DDP f]
PET, HTGABSRT600 *CTFEFHR (wtz®@) Ai518.0%. MIEPIRKW, P,sB,PETAIR IS (LOD
37.0, EEMEIAV-05%, 3 Bl M ABHEEB( 3 [ A A2 2800 Sl B BRI R 0N AT 4

RR RS, DR, BURR, TCRZE)WMA

BNE M Z BEEPETE N BRI B E R ER, 8 Z A T AR M. R,
I TPETEIFH K GMRE, EHRAELETN, WBaTREe. BRI REFER. ETAN
éﬁ?}{uﬁ% SRR SN2 TR EER, ARSFHEIE K| RHERK KT
'fﬁSZHﬁa*ﬁﬂiEIJiE, EFRME R ER M BT Sk H a3 in. B BT -FPETRERRIE & EMAAFI - % R
TR, T ZEREAANISC I MR I — A IR RS (R HEPETIR T, {08 K04 T 7T U
IR AOPET T 1 R R AR EA SR PSR BISRIAM B 0. TR, 7e/R2NASURnERA
FRAE), WA SRR A, BRI SRR G004 RS AR AR B M AT BEL AR A TT 8 S B Bt
R TR T2, 2R SOSRH RUBY AL BT 2495 T 8 IR 18 ) e ek A AR (25 228 UMY A
(BHEEB), 3 FER3EEe 77 5546 3 15 B A B A (6-BLAR-6H-— 3 c, e][1,2] PN CFF-6-25)
3] 7 " (DDP) SIABIPETE &SR, 48T —F R4 — R HuMs Wbk i 5 2 SR JL TR
BPET, Jt%iPBPETHIMERE M. MEMRIERIGURRIMEBEAT T WFR0>,

| RIERS

1 Bt S {RBHEEBRY & A

BHEEBA R S SCHR16. 15214.0 gWBIA (1 mol), 90.0 g Z BB (2 mol, WK
B F12.0 ghEALFIRALAT A RIS DR, B NAE160 °C, HRPEESE SRS FF
Bk, MR NBTH=EORABRY P EARETSEENEEL 2B410 h. RNSEEE
BHTRY . PP 500 mLE S (1 mol/L) YEWIR, HIZEMMAKYERIK, ik, MTER
BERORE K, %85 %. 'HNMR (400 MHz, CDCl;, §, ppm): 7.15 (4H, d), 6.80 (4H,
), 4.10 (4H, t), 3.90 (4H, ©), 1.65 (6H, s).

.2 HBEEAEA _
PETHIP, (PETHII & 7 RIRBA 1T MBI BTN, KRR WScheme 1F1Scheme2 F7R -

B QRHEES (XS S50033005. 20824024) KBy BRERA, E-mail:yzwang@scu.edu.ci
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Scheme 2 Synthesis of PBPET
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3.1 EHEIRRIE E |
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PRl ENZ1 gLIRREAE S 56 RS0 mLAYERY - Z 5000 A ) CRFREE N 101 3847, TER250 mL
FRETTRE, M8 FIENACIRE &S CRCOODEME, #ITERMMNR. JLRMBPETA!
P,sB;PETHI ARSI E 4 S0E 1. B 2505, BOKRIES 44 W 8 4 DDP ) - 15 2B
ERER . SURRLIREY, SV ABHEEB X MR8 4DDPE I BIPETS T4, il
o B TR TR L 48 BB SABHEEBEA B0 R 1517
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Fig. 1 'H NMR spectrum of copolymer. BPET

[ S 3
o [} m
uo-(gOélxtn,),c};(-g.-c'||~gig-ocu,¢:|l,o)‘-(¢':~clll-gfg-qu,q,oO—I—Ouﬁum)—
cH, CH i~ o, "
oF-g S wsk-a
o0 OO
9 4 o @
: 9 CH
—-(gOc»qclm.o-O-l—Omn,ul,n):u
<y
o P qr H t u
Al AV A A N
7‘; pA1 ») b4 ] 24
(pre) d(rom)
\ / T k,,\ \ |

8..5 80 75 70 65 60 55 50 435 40 35 30 25 20 1.3
8 (ppm)

Fig. 2 'H NMR spectrum of copolymer P .B,PET

.2 MEBAE

 FREASE TR (ICP-ABS) MILEMRMM ST THE, KAIRIS Adv. &
W T AR A S TR AR . BX£40.03 gL R MM F1I0 mLERM-TUE Z50R W
B B4R, FAISO mLERESITIIE, fhi8: FiAsskREGSEREELS,
R T25 mLAERATEH (0.01 mol/L), FH#HTHARSSE AR ERER. MR in
R 1FiR. ARPTUSHHRRESHA B SIREEEE, RUIE4) MR E ADDPE E R
SIAS RS T
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Table 1 Basic characteristics of Samples

Samples Theoretii:{EEB (nlli(;lj:zimenml s DDP (mol%) Theoretical P(M%];xpedmenlal ° [nl (d1/e)
PET 0 - 0 0 - 0.80
BsPET 5 7 438 0 0 1.13
Py sPET 0 - 48 0.73 063 0.83

P44BsPET 5 4.8 48 0.69 0.60 0.84

. Calculated from NMR;  : Calculated from ICP-AES
3.3 AR e ,
1 P #4347 (U3 SEPETAI 3¢ 28 B 0 #h il M REAT T BT R IMEHH (TGA) KRHAME

NETZSCH TG209F1 BB EAMTAL, FHEMEN10 °Cmin, WRFAHANEURE, TAILESO
mL/min, FEMES mekits. B INREREARTHOREMSE, MRGRI TR 2787, R 2T
UES, BHEEBMISIA, HBLRMIMEIRRE (Te) WHAR, M3969 CHRFHT
398.2 °C; TilHPAFIDDPHIANA I {E AR S A IR AR BTFEIE (9.8 °C). iX R 1 TR
DDPH&#P-Clt, HEEE (264 kl/mol) LLC-Of# (343 kI/mol). C-CH# (344 kl/mol). C-H§g (415
W/mol). C=OfE (708 ki/mol) KP-O%f (352 kJ/mol) HibiziiBasTE’, MUkP-CRRETEN
B AR B SCHTEE, DOPOKMEE MILIRERS T R REMR ., T S B TR AE M AR TR AT,
765540 LB A 45 # (Y BHEEB 3 | A I & DDPHIBE ML IR A 1562 o, W1 LU BORH & B 44DDP
BIABTIE B MM AT, {218P, sBsPETHLZ Py sPETHIA A R R 4.3 °C.

- ——PET
100  sere —— B,PET

b ——P, PET
% L‘?‘R“:\ — ~—P,BPET]

48 4
16
He——
204 o T
Bt S
wpr—ar—a—raa—a
0 [ 598
— T
[ 100 200 300 400 500 600

Te-peratlre('é)

Fig. 3 TGA thermograms of Samples in Nn

it Bk 29 RERE600 CF IR R (W) AT UF, FHRBAIRKELES mol%BHEEB
HBIAZ G A, &3 T13.0 wi%; 4.8 mol% DDPHIIMAHEAPETHIRR B H11.3 wt%kE
1£E9.8 wit%. {HR2, MDDPIBHEEBILFEFATHREMEEZ P, HRMIARREST 7R
AR R, KET18.0%, # PABHEEBAMY # (Rt ERMRBERT BaR, T AR5 H MR 88 4ADDP< 4=
—EMBHRBRIER, KERHIRMBAHRRE.

Table 2 TGA Datas of Samples in N2

Samples Tax (°C)* Touas ('C)" wig™ (wt%)*
PET 396.9 436.8 n3
B;PET 3982 4348 13.0
PusPET 387.1 ' 4370 9.8
P,sBsPET 3914 , 4352 18.0

* Temperature of 5 wt% weight loss ; " Temperature at the max rate of weight loss; “: Weight residue at 600 °C
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pE ATt
SEITRATARBEHE AR SIA SR 00 RAR SR EUIR MR (Limiting Oxygen Index, LOD) R BE A
:(UL-94), @RGSR IITE 39 MEFREAREE BT/ £ M2 XK12-024-003 6B AR BAL,
ZIEWHAFENRFESL. LOTHRAAHC2CH A I8 8 = (2 RIFH:
B/T2406-1993) #HATRR. B 3THLIES, APETAMLOIR#22.0, B4i5| ABHEEB/SLOI
$24.0. 24BHEEB 5 FE#R &2 ADDPIL RIS | APET4 F4EAT, LOIH: R4 4.8mol%DDP K B M3t 52
Py sPETIR ¥ T 4.5 847, Z5-AATRTGIIAR REE, i IBHEEBEL 5 HARFIDDPIL RI4ER,
S TR B AR SR ERRE IR £ B 660

UL-948iA R ACZF 2B H MR (S HARHE: GB/T2408-1996) #EiTRIR. MR 3HAIUE
SPETHEEREF R RE V24, B—RAREHERTX SURBER, HAMZEX; B
WASSHPETRERI =, MELLIHE, (EREAAEEMEY. SIAS mol%MBHEEBZ 5, %—RA
BABEEL2H, BATERPRAERBRTESE, BREKBMWIOFSURRIER, SRR
T V2LER: 5B R AR SR B RIS N B, WY T-108. TR MA4.8 mol%HEH#AT
1P, sPET, H—K SRS RBEECHS-8%, KL THPET, W AMERECH8-15%, HIEH
BIMARRIRHE, FEK10sPIEEEM, AHV-04%. *4BHEEBS MRS 4DDPILESIAPETA F4EnT,
AR TS R 3, KRR AR WA OURT 5T, SEAKT R MDDP X BEMAIL B BHP, PET,
HEEEBEKER, BMEASIRIRENE, RERESENVOL. TR, Stk 4BHEEBSDDP
A P ERT LM TR RO R AT LA — R L R AR . A

Table 3. LOI and UL-94 Test Results of Samples

Drippin
. Samples . Lol UL-54 (3.2mm) After First ignition = After second ignition
i PET 220 ' V-2 5 —_
.. BsPET 24.0 V-2 1-2 7~10
. PagPET 335 Vo 5~8 8~15
PusByP 3 5~7

. PasBsPET 37.0 V-0

030 1 B A B S B SR (R Z.35) UM A (BHEEB) 5IABIRMI:ES, WLEH
BRI E MEH . E£95MAS mol%F14.8 mol% i ., BHEEBL FH#MREADDP
R P T L BB RS F 600 *CRiRIA%118.0%, FISBMLOLARI37.0, IHEMUL-94EEM
HEVAOR, FACHIRE T S BEEMLRER R, FIREEE T RERYR MR
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A NOVEL FLAME-RETARDANT AND ANTI-DRIPPING COPOLYESTER

GUO Deming , JING Xinke , WU Jianing , OU Yingqing , ZHAI Feiyu , CHEN Li , WANG Yuzhong*

(Center for Degradable and Flame-Retardant Polymeric Materials, State Key Laboratory of Polymer Materials Engineering. Natlonal
Engineering Laboratory of Eco-Friendly Polymeric Materials (Sichuan), Sichuan University, Chengdu 610064, China)

Abstract Poly(ethylene terephthalate) (PET) is a common thermoplastic polymer and widely used in dail
life. However, the combustibility and serious dripping during combustion hugely limit the applications o
PET. Dripping in combustion exhibits potential hazards in fires, especially for the secondary ignition an
scald resulted from the extremely hot melting drips. Flame retardation of traditional phosphorus-containin;
PET could be mostly achieved through dripping, which removed the fire from flaming part. Thus, the flame *
retardancy and anti-dripping of traditional phosphorus-cbntaining PET during combustion hardly coexist. In

this paper, a novel flame-retardant and anti-dripping copolyester (PBPET) was synthesized by
polycondensation with terephthalic acid (TPA), ethylene glycol (EG), bis(hydroxyethylether) of bisphendl A
(BHEEB) and [(6-Oxido-6H-dibenz[c,e]{1l,2]oxaphosphorin-6-yl)methyl]butanedioic acid (DDP). The:
chemical structure of the PBPET was characterized with 'H NMR spectroscopy and inductively coupled
plasma atomic emission spectroscopy (ICP-AES), and the thermal stability was investigated by
thermogravimetric analysis (TGA). The flammability of the copolyesters was characterized by the limiting
oxygen index (LOI) and UL-94 vertical test. TGA results suggested that BHEEB could effectively improve
the thermal stability of the copolyesters, and the residues at 600 °C in N, (wtz®®) of PBPET reached 18.0
wt%. The flame-retardant tests proved that by incorporating BHEEB and DDP together, the resulting-
copolyester exhibited expected flame retardance with an LOI value of 37.0 and a UL-94 V-0 rating.
Moreover, the anti-dripping ability of copolyesters.was enhanced by the incorporation of BHEEB.

Keywords copolyester, flame retardance, anti-dripping
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Fig 2.The effect of content of SBS on the mechanical property of composite materials
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Tab 1.The effect of different flame retardant agents on the mechanical property and flame retardation of composite materials
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THE PREPARATION OF FLAME RETARDANT,LOW TEMPERATURE

RESISTANT AND HIGH IMPACT HIPS

CHEN Liuqun, LI Chunlin , HAN Chen, JIN Jiangbin

ThiZhou City HuangYan MingJing Plastic CO..LTD. ZheJiang TaiZhou,318026
Abstract With HIPS as matrix resin, the toughening modification of flexibilizer SBS,K rubber or PC
powder on HIPS was studied,and the effect of category and quantity of toughening agent on mechanical and
cold weather curability properties of HIPS composite materials was also studied.With decarbromodiphenyl
ether,Sd,0; and asistant agent as flame-retardant system,the flame retardant composite material was prepared
by melt extrusion.The results showed SBS had excellent toughening effect on HIPS.The composite material
had good mechanical property, processability and flame retardancy,good to meet the requirements of low
temperature resistant,when the content of SBS in HIPS up to 30%, by using appropriate plasticizer.
Keywords HIPS, Antiflaming, Cold Weather Curability, Toughening
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KB (A); FRELEALER(MeCl,.6H,0, M= 203.30 g/mol )10.165 %, €0.05mol) . FLHF(ZnC
M=136.3 g/mol) 3.4075 % (0.025mol), #T 100ml % KPR A 5 ALK L C
PRIV BB (NaD, ., Na,CO; M=105.99 g/mol) 1.3249g (0.00625mol) X M4 (NaD;, NaX
(0.00625mol) ¥ET 100ml i) BEF/KPRAMERARFE (O '
FIRHE (A) A1 (B) WESHBMA (C) #HP, BistE 15 54 (X R%), AHIBIRR
F S AL B /K S 5 R BEH PH {520 11-14, T 80°C FIk4L 6 /T, . K¥eEkE PH=7~8
g, MOBT/KIEBRME., EHRITEY, T got'Fﬁt\ﬂF,' X BN SRR 1.0 MR
BIUER Zn-Mg-Al BRIRISKIEH (ZR-1).
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R 2.2.1 SR AT £ FAILUURTE, ¥ XOn ™ BR S A AR F (34 T HIE RS-
HKBE RAIRE B AR A MIRE S EZEM Zo-Mg-Al BRIKES. HIERR 4 MRER (R
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B Wy 51 D—— @)
. R, LYEET (hkl) SEHTHRBRAD (am): d ASRMGBEE (nm) A WAL
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24 FEHHNEE .
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2h, $HES/LDPE=40: 60 FREX— 52 B B4t T-9FE S F1 LDPE, B TREE AP HRBFA R 100T

184




2012 4 B BRF RE 2T Y

7 100-110°C F LB B2 4-Smin, BREBA 10min, REHTHE. _
PRl BEHE A4S 1R R/LDPE 3 TRE YN SUBHFHF H HL b
HEHRE: FHEENEBE LDPE 45K,

S5 HERERIR
5.1 Bt

R HBENETZSCHZA 7 7= STA 449CH S 44706 % 2, Bﬁ#\ﬁﬁu&ﬁi& EEZSHET,
Ak BASK/min R FHER 3 2 M 50°Cm#F800°C .

HRIGAE RE I E

(1 A% (oD FsE

RAB RIS K 088 710 HC-2 BU3e8i, %M GB/T2406-93 Y84 A% 1 g gl
Tr R BOERARE B IS, BB R A 125.0%10.0%4.0mm;

(2) K ERIE 1 3,

KABRTHL TR 488 720 CZF-3 Bk P55 B4 IEAL, 1218 GB/T2408-96 YEE
ot MR T5 Bk ik SRR S KK P HARE LB, ESBROBER R~k 130.0%13.0%3.0mm;
(3) FxEMME

I 5g M S BT 384 F 500°C it 20min J5+5.
2.5.3 jJaLﬁ“E;mlna

RABYITTB = BA B 2 R A FFEM CMT4104 Bes 75 RBSCIEHL, #%:IE GB/T1040-9

BB RIS T, ﬁlﬂE’ENLJ%#T#Eﬁt#?&%ﬁﬁﬁﬂﬂﬁf*ﬁﬁﬁﬁﬁﬁﬂn f@fﬂﬁﬂﬂ‘]?ﬂ"ﬁ%‘ﬂ
BE, BrRPKER M.

KB H =B R EHT R A 71 ZBC1400-2 DIRERppi LI ML, M GB/T1043-93
08 R 28 e 1 S SR el R 7 e 0 SRR Al I e S L

254 MBS

1ﬁmﬂzmﬁ)ﬁmlwm WHRMEANT &4 )5 H SEM MBS 3R LR,
3 &R 518

3.1 HMR2IKB RN XRD FIE

% 2.2.2 MUK BEBIZ T8, S0 4 MER (ZR-1-A~D), 3XEHEE M XRD &0
B 1-1 B

185




2012 %% B B FRAF LRI it AN

- (oo8)

{003)
(009)

\LU (110)
% ZR-1-D
w RAC
\\U ZR-18
MM.‘ ZRA-A
o 20 0 00 © 100

20 (")

-1 FBERAKRE N XRD 38
#£1-2 ﬁﬂl‘ﬁﬂ?&*‘i’!‘ﬁ&ﬂ’-ﬁﬂﬁﬂﬁ&ﬁﬁmﬁlﬁiﬁ
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iR £ AT DB e s B B T [k LDHs fIE4RE:#91(003). (006)FI(009)dh HIHIHE
ERTETE AN R B R AR G54 0 (110) R E AOFEERT W8, EELR(RT WA B ARSI U,
IR R, RARR—. BILETEA R ABERISK B ER A JIATH LDHs BEiR G . 1&%"1“
(1) FEE ZR BT RRR2INE 12 iR, 8 XRD ST, EMBARH AT AR
iy 4 ABLIRIKIBER (ZR) REFS (ZR-1-A. ZR-1-B. ZR-1-C. ZR-1-D) 13 G LR /DS
7E 31.93-40.91nm 2 [&]; Fﬂﬁﬁmﬁ‘é&%ﬂ%ﬂh*ﬁﬁimw;&/kﬁr PRS- ERR, F)fﬂ%l
G K BURLRL 2B K B AR AT m%m&%ﬁmﬁwmﬁ%mmwﬁwmm (i &E ey
ERhm Mg? . APY, Zn®'. OH'. COy & E TR H0 SRS F 2 MKMEXHESIRE, #8
TR BB R F R ERESh IR, Eiﬂ BETEHBEP, T EEEARNOER, ATIERIE ‘
RBKERL. TIRIBAR (2) HEEFRMN (003) BEERMENE 12 FiR. BEER dnia>
dzp10> dzrac> dzrise AT 1-2 FTELE H ZR-1-A SRR, BRREESA. EMBHRS T
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SUERIMEE R T, HEEEWNIKERERSH.

3.2 RAEKBR (ZR) KRS
% 1-3 X RRSHEREUFEES FHERER In-Ng-Al BBIGGRE (R AN

SRS ZR-1-A ZR-1-B ZR-1-C ZR-1-D
(¥ &+LDPE)
TG H— KRB/ % 16.01 10.28 13.82 19.35
TG B KE/% 55.32 57.28 61.12 59.82
TG H=WKE/% 1.86 228 4.39 134
BREC% 26.81 30.16 20.67 13.49
DSC B—%hMsHHEBHEEA1 (T) 194.09-236.72 181.00-225.51 196.34-235.63 197.51-234.46
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il ZR-1-C % LDPE H# 4 RIASMR Y . ZR-1-D 3t LDPE ﬂﬁ#bﬁﬁmﬂﬂs&%&‘[ﬂ##ﬂ.
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M 14 FTUAE th7E LDPE "SI 40%H0 RIBEM, ZR-1-A/LDPE f15 A+ B B Ies
ZR-1/LDPE X 1%, BB 47 BEMRAI4EFH . BSinBEIRTRIS » /K TEHRESIB AL Bk 3 FH-1 23 CEp
SR HRBEB 25mm PR MR ISBIMER BN, MACTIREE TR b LRSI IR B AESE T X — A5,
ZR-1-A/LDPE IS A+ E#%%3] 16mm SRIBK T, T ZR-1 /LDPE (95 &HEHAEES] 22mm A48
K: HREBEAGEHE, NHLOERERS. HE ZR-1-A HBKHBE K ZR-1 #iA 16.20,

HAMBEBUR 2. TIRLRE ZR-1 th ZR-1-A R—&, ZR-1/LDPE EA&MERE/S MM RE T

%. LR BARYE e B ST T 4 ZR-1-A HO%] LDPE H(Jlﬁﬂmﬁtt ZR-1 B44F, T ZR-1 MR R

£ 1-5 ¥EMFH ZR-1 F1 ZR-1-A O MR E5 R
F1-6. ZR-1 1 ZR-1-A B Ptk

2 I T #PIRBE/MPa B R R /% TR E/K).m?
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 ZR-1-A/LDPEfJHI /P38 BE LEZR-1/LDPEF Frit & F A ZR-1-AR BB HHZR-1 /N, TIRBAR A, K
- BEGRSEAYE SRR, RN AR TSR SRR — R BT, &2
_ RAMNERAERN, 2T HAEROEIPIRA . FILZR-1-ARH0IREE HZR 145 BT8R,
©(3) HRINT FFBERAIE, ZR-1-A/LDPES &5 T RN K R A T IR A BTRR. AT
 FEMFIZR-1-AMEMES A TEMAVLDPES & F R EIE, (B8 i 75 40 #8701 (R A5

187



2012 & B MK FEARF LA L ik AN
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MHE 12 TTBAE . (1)4E LDPE #5e/E IR MR AR RAKBRK, RE BN F#: 54 LDPE
FALG, WMBAMAAIAY LDPE £5-R A s in T Mps R B i R BGE ARG, 5% 145 }-
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FEMIRIR R S, B KIS E. B—0E, RAERATEA, ATRBMELE#ER. &
{ETT IR SRR B R IR AE R, ATTEZERMHURIER . A0 UENFE &/ PIE
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4 & it
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B (ZR-1-A) SRR, SRR %X 365,36 SZR-1-B.
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RESEACH ON FLAME-RETARDANT PROPERTY OF DIFFERRENT ANIONS

lNTERCALATION HYDROCTALCITE BY MICROWAVE RADIATE
ZHOU Xiuhua

CFudian Inspection and Research Institute for Product Quality FuZhou 350002 )

Abstract A kind of acid radical XOn™ and carbonate which difference gram-molecular intercalation
* Zn-Mg-Al Hydrotalcites are prepared by coprecipitation under the microwave radiation this research , then
" accede the 4genus received hydrotalcites to LDPE, the compound materials are preparated. The samples are
analyed by XRD and thermal decomposition. The results of thermal decomposition show that acid radical
XOn™ and carbonate which gram-molecular is 1:0 intermix intercalation Zn-Mg-Al Hydrotalcite(ZR-1-A)
has excellent effect on the thermal decomposition of LDPE,and the temperature breadth of thermal
decomposition come to 365.36°C. Contrast to the ZR-1 and ZR-1-A, we discover that the OI of ZR-1-A/PE
(ZR-1-A/PE=40/60) is the best,which up to 29; but the OI of ZR-1/PE (ZR-1/PE=40/60) only 28; The effect
of ZR-1-A/LDPE composite material’ smoke elimination(maximum smoke density, Dm=16.44) less than
ZR-1/LDPE(maximum smoke density',Dm=0.24);Both‘ flame retardant test passes FH-1 level; the tensile
strength,elongation at break and impact strength of ZR-1-A has advanced than ZR-1; from the image of SEM,
we find that burnt ZR-1-A/LDPE has a compact and solid covering which consistent with the effect of flame
retardant property .

Accordingly,this kind of hydrotalcite has the functions of ﬂame-retardatnon,smoke elimination,which use
as a new kind of high-efficiency flame-retardant agent is probably.

Keywords hydrotalcite, flame retardant, microwave, coprecipitation, oxygen index, smoke density,

mechanical property
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THE RESEARCH STATUS, TREATMENT TECHNOLOGY AND

DEVELOPMENT TENDENCY ABOUT DOMESTIC AND INTERNATIONAL
~ WOOD FIRE-RETARDANT
HE Ming-ming, YU Guang-he, SUN Yu-quan

; Shandong Supervision and In.rpec!io;r for Product Quality.Jinan,Shandong,250103 )
Abstract This paper introduced the foreign wood fire-retardant research status and its treatment technology
systematically and comprehensively from the aspect of wood fire retardant, fire-retardant treatment
technology and environment characteristics. And on this base this arttcle point out that the development of
highly efficient intumescent wood flame 1s the future development trend, the enhancement of the
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eability of the flame retardants in wood, the acceleration of fixing reaction between wood and fire
ants and the development of new type of flame-retardant treatment process being adapted to the needs
new flame retardant. And environmental characteristics of timber fire-retardant treatment is focused on
roblem of waste disposal in p;oduction of fire-retardant wood. In addition, to make the researchers have

vhole kﬁowledge on the current domestic timber wood fire-retardant technology and research, and to
[develop wood fire retardant technology for domestic wood species and market, the article also gave a simple
stration to wood fire retardant standard. which can provide new ways for more scientific and more
» élent use of domestic wood resources.

ywords wood fire-retardant, research status, treatment technology, development tendency.
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HiEN 1010 - Tikd | i

- BN 168 TR hids

2 ERPEENFIRE o ,
FoeaBE#R TPE #OEIN T, BB R E TN AR & W3R 2
#2 TPEHBNT. RRATANEBRNMTE

RELR s ET K
: IR HFH L Prism 16mm Eurolab ERMAAE
| RGN  TMS50+35 . qﬁ,ﬁmﬂ
RAMERBAT IR DGG9104B LRBETRRBERAT
: SR AST 1004050 EKH ATS FAAR |
R T r AREeN WDW3020 KEFIRRABHTRAF
VW-1 SN YCCT6012 ﬁ!ﬂlﬁiﬁﬁﬂgﬁ&#&%’ﬁﬁ’z}
‘ éaiﬂﬁumﬁmﬁzb‘c DSL—001CZ AEHERTFREFTRAR
Bish RizBa e E ] LHS-100CL LR RBARAR

1.3 FEEBRTPER#E TRt
3 R TPE AR QIR 26T phr

% 1 2 3 4 5 6 7 8 9
F401 30 30 30 30 30 30 30 30 30

YH-501 45
YH-502 45
YH-503 45 45 - 45 45 45 45 45

32 25

68# 25
100# 25 ’ 25 25 25 25 _ 25 25
JLS-PNP 35 45 - 55 65 75 55 55 55 55

10
30

45

25
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1010 02 02 0.2 0.2 02 0.2 02
168 01 0.1 0.1 0.1 0.1 0.1 0.1

*1E: JLS-PNPID PP iR, 7ePPeh ALA IR A REIRYE . I YRR BT .

1.4 HRH&E
141 HIETZHE

o o o v [ o v o/ =]

142 ST EERH

(1) HFriEn
RELMRFIZE 90°CHUE T T4 3 /BT R 3, Y5 A LR A 385 B I SURAT B th LR O

s, KA, SRR, TR 100rpm, JICRBE 1601
-190°C. ‘

(2) HriHek L
5 S R IBCE AT T4E 100°C IR R T4k 4h, IO R AL B IR, SR T

KA . SRFFFHLRESH00: FRERE 170C-200C, UEHF$E# 60rpm.
2 HR5E

2.1 FEHBME v

| n&mw#kmkmmm,m@ﬁ\%ﬁﬁﬁﬁzﬁﬁﬁﬁm.Hﬁﬁ%&msﬁ&ﬁw%«
zﬁﬁﬁﬁmmMﬁﬁ.%Mﬁﬁmmm%Wmeg,ﬁﬁ?ﬁ&ﬁﬁﬁ%ﬁﬁM%ﬁ,ﬁﬁ*
I, RS R AR A FERBERIRES (41 230T-290°C), BRIBHERUKIIME
T R A EA AL R R, SRRl AR R AR R U 5t IR AT R
ETE S TLASK SRR B K A AE . XA BT AR 1 R

BRI
™ ¥ O ZAp T
. ‘ || BERSLEE
H, — B&ﬁ\ ﬁ?@» ‘
il e | !
P 1k REBH LW
wiwmEs | | BT
| -
RS '
P L — purmeeus |
A KA, 300CLAF X T 300C

1JLS-PNP #£ TPE hENRH2
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)20 )3 3 438 BE AR TPE M4 %} 01 3 FI JLS-PNP B SR A TPERE4TUL1581 Y VW-1 BE IR Pl
SRR, SR Sh B A BE MR At kel . I PR TPEM B A K3 WE =M (E2), TR
JLS-PNPREMAFIMTPERM B K S48 RITF (E3), JEALEE T VW-1313.

2.2 FRTPE BH#A14 4E 0 %00 B 3%

XBiA%, 7€ PP/3Eih SEBS H‘Jﬁﬁu%ﬂﬁ*mﬁﬁm)\%ﬁﬁﬁmﬁ}. —J51Hi P LABF{& SEBS
BT, B— NS RSB AR F A RKE, BR_RKMAMKFAESE TPE
EAS RS, FEEEME R EMA. Wik, Bk E R IR R REELT T U

2.2.1 FEMAF& B % TPE SHARH:RETIHLME PGB 5 el
4 TERIRNE RERIEREMYURIERET L
ne PNP(phr) BB (%)  RfBIREE (MPa)  LOW%) VW-1

T 35 601 16.3 27 NG

2# 45 535 152 249 NG

3# 55 425 14.3 26.1  'PASS
a# 65 355 18 276  PASS
s# 75 31 84 28.1  PASS

% 4 QTHRR LB L, TPE i LOI Bi# PNP S RMMT L7, 24 PNP ¥4 S5phe
B, AL LOI A 26, AL UL1S81 B VW-1 Jik. FIRT, Bii% PNP &Hi#i. TPE ih
(R AT AT ALK Ry R T A, UL62 F 105° G EHMREDR, HMBEREAT
13.8MPa, BiBM# 2 A T 200%. T, PNP #5in& SSphr ATH5 2 SRR PEREFBLIE ERRAIZER .
2.2.2 BALMAITPER MR RNE

£ 5 wiLmA MM TPE RRIEAEN M

&S Wbl KRRFORR ot

5 (@ 6]
34 100# 230 26.1 PASS
6# 68#% 200 24.9 NG
T 32.# 180 24.1 NG

A 5 RATLAE W, Boibhid A%t TPE MRS RER WSk, SR, LOI M, ik
DA A0 230°C A0 10043 0% & it VW-1 UK. X2 i T-8EIA5) PNP 7E 230°CHY FFARREIRA

205




2012 ﬁr—qvma'ﬂ#&f‘**%ﬁ}x ik AN

RS, ":‘lﬁ‘rhniiﬂ‘m]ﬁﬁ]‘ 230°CH, ‘ﬁ‘rh/fh"‘%ﬂﬂﬁ&?ﬂlﬁ#‘i‘iﬁﬁ*ﬁFﬂﬁ*fF)ﬁZﬁﬁﬁZi‘#
wRke, M IHCBEMEE. REERTS, ﬂt:éﬁli]}f\ki: 230°C R4k .

2.2.3 SEBSH M SEFIHM I RE RO RS
% 6 FI4F R0y SEBS 3 TPE EAEAEABM

S SEBSEE® SEBS TR (w) WEMKE (%)  HMBWE (MPD)  LOK%) VW-1

3%  YH-503 22 ] 425 143 26.1 PASS
8#  YH-502 10 511 124 243 NG
9%  YH-501 7 596 9.7 23.1 NG

WEER 617, FALSFRREN SEBS HIE ML HEM TPE BA B MMM AR .
XRBATHEF SEBS 4 FRBK, HAOFEMER MM, HHMBERY FF, HRHKET
K [FE, SEBS 4+FEBK, 4 FRIHFIEESE, MEERENEROREREE, AR
TEFNIRHEEIEA. FEitt, SEBS A4 TFE=>22w i) YH-503 SAHERE.

2.3 FRTPERIBHE Bt AE ‘ _

BTFEMNERAFERRT— S MRENEE, Fit, SR mEyT R e mn s 2
BHEFHENTURRNOERTRZ —. RAOTX I 104K YEAT INsEhT th 54 b 510, BRI A
. fE85CHIRE F M85%RHAVIEE {H B 4 h i 5 168h.

SRMBENFTR, 1045 SR E LTS B AT 1Y, Ta3#RE MR Hs, BB RN,
10#1$FHBfJBﬂmiﬁJJLs-PNPmafJ%APPEMHWHJ, Efxﬁffppr!uﬁﬁﬂﬂmmw&*ﬂﬁ%ﬂﬁ.
BaET5TPEMAMRE, &8 X HmTK, HTPER)REE(E % A WP, 55 T PNPIDZER L
RO A4 T AT 25100 7 S T 0 L T SR 0 ST M (B T 3#5 F IPNPRE R ol b 25 5 4y
MRE, STPERHRITHOMAAN, BASILERETK, BRL b 1) b ZE IR PO T H T .

3 & #

1.PP/SEBS A 244G o BELHATPE AT BEL #A # R {)&Bﬂm;‘mﬁmgﬂsﬂuﬁ. X 5SEBSHIA Fit
MBAHMN ST, TREREH, HILS -PNP#RINSSphr, SEBSEF 4+ F222WLL L 8 #4,
REA R R230CLL LA B R, TR R, S8 PEREAE R A9 s JE R TPE.

2.5K R BERFRIPNP i A9 5 o BE MR TPE L A 0. 5B O R SE A8 k.
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I g &= ¥R AT HAPCP B S RiAE
waig?, XNEF

1. JEREBTREMEER JLR 100081
2. ﬁmﬁaﬁx#k#—%ﬂﬁﬂ##ﬁ #A 550025

@ B KBRS (HCCP) RXPRERAEONM, A EHRERARA (TRERAE) F=
{F(HAPCP), B At 18 T 72 B FE s RS A HAPCP A AE MR IR, 'H-NMR, C-NMR, > P-NMR
25, FA TGA #1DSC R HAR X SE A RBUEAT T 4T

g GRS =R, & LR E

gl B
. = g AR S B L SR — 2B EEE. FUEF AR HFIN TN A PRFLED, =k )
FHABLERYEST, SURSE, MR HHER/D, BUh RS AT R, €5, [y ke A T T
3, HAPCP %Eﬁﬂ‘]i‘ﬁlﬁi%&'ﬂﬂ%ﬁﬂﬁlﬁﬂwI*ﬁl%, T R RIS PR 6
- EEIREE, R 530S B AR (in DOPO %) 5 i & T R, SR JE 1 SRR
3P Tt 4 T o B TR SR R S -
HAPCPHI& AUl %R FIHCCP. X k. WIS . TR . JoKBRIR R
ZZREERE. 7.8 7 FAER T Z R A b R R, it ¥8. R4 mE. E4RARLE
SR BRI, BERAT0%~95%, 5 RER [l ik 20~ 50/, ASCEAHCCP. SRR
C ORRNER, =2, EE@L&I*%?&#&?T%&WRELM,'Ecrﬁ%ﬂ:ﬁﬂl. [t /i1 1'¢
OB, CHREE, RBCATERAEYERT.
1 KEHERS
1.1 EEEH
NEF=RB(HCCP), B, B 112-1147C; SR EEEE, T, 9% Bk
AR AR LEHARANE N EF= S, B R JE e P W S T AT TR AL 2 .
1.2 AGHREFEE)F=RMNEMN

EEAWT . BB, L RS S A4 R B 6 B 1Y 250ml FR=OFRD, IMAIERE
YRS 16g FITUEREN 60 ml, WHBNE, FAMAZZE(TEA) 20 ml J5 BB R .
KRBT ENTE 60C, FRHE 7g ARFAZHEET SOmITHF F, HEGRSERE, BR
MABIRE AR RS, B BB e EHi 3L, HHEEERRERFE, WNFEEHBRE
St gmB, EfRMN 15h. :
Eéﬁcm;‘&%mﬁ)ﬁﬁﬂﬁ*ﬁﬁmzaﬁaéfﬁlwﬂl?ﬁﬁf_ﬁ.ﬁﬁ. EHEREAIOeR
K, % Z Bk E T IEA E AR AEE, BEHAGMKHZMZEMESSR 2 K, 50C

“ THESTE 12h, BB HAPCP.
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OHC CHO

1 HAPCP B& R

1.3 Mk 5 R4
XTSB B0 A A AL R T RHMSC Y638 FTEEAMTAX, Vario El, #%[H Elementar 2 7);
TSR EHRAT S L (FTIR), Paragon 1000 &, KBr KA, £ PE A, B IR A,
BRUKER AV400, Fit BRUKER A%, Ll DMSO h##]; DSC-TGA: Mettler Toledo A, 7E
BARHT, MEELL 10°C/min F+Z 800°C.
2 HBR5iTie
2.1 BARMRSTEST "
LXTSBRE IR Rl s2 LR, BERMBAN: 158.5—160C, S5TMEYE, BHART
ANCTEEE RS H)A =G, HAifrRer.

TERAMRESBU%) BiRH: C: 58.55, H: 3.50, N:4.88; *J!J{E C: 58.63, H: 3.65, N:4.67,
& AR
2.2 SNBSS

‘WJ » o '\"a ,"{;f ‘ lgh:f ]
N ‘ i HE -
o RN
1 : f; ol
--------- AR AT SRR n-ﬁl: ::;:,;,;.,;_L;.:,;;L_;i_,.

™

B2 HCCPHLIsM M B3 HAPCPHYLTSiltE
HAPCP MILL4M 6% 3 BT7R, v=3030 cm™ 9 3FR C-H 45 HR3NB & v=2810 cm™, 2760
om -CHO _E C-H SERERANMAERMME, RIS, v=1705 om™ HEEE C=0 145
wBNBBIE: v=1600 cm™,1505 cm™ KFKIR KB LT IRENBBE: v=830 cm™ ! HFTRIEACHAY
FFERYCHE: v=1210 cm™,1150 cm™, 1100 cm™ 2 P=N H{FGEIREIBIC: v=887m ' P—N UK
WriE; v=060 cm” P—O—C FRINR T, F A XS B K PR A B B3I A BIRSRE S F o kA,
PR S RSN TR = RS AA Sk (18 2) AL, 7 v=601cm ' b4 P-C1 SR ERUL
SRR, BLU R ARIE =B L SUR THOMBUS, St BiaY HAPCP. v=1210
cm’ HHIE P=N (IR IUE3EAE R, HCCP MIAA P-ClEBAM KT AR L X AR TS,
FERIBAK, 4FH P=N SE{Ra12H T, ﬁﬂi*i’&ﬁlﬁi’ﬂ)l’r\’.ﬁir“ BSi#1T.

2.3 BB IR 4T
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HAPCP MitZRE IR 'H-NMR /& 4 Ji7s. HAPCP H 3 i H AT 4350 A B R AR
FABLE K8 FHP §=9. 9264ppm ( 6H, —CHO ). 5=7.7872. 7.8080ppm (12H, —CgHs—),
~7.1711. 7.1918 ppm (12H, —Ce¢Hs—)> RERF RS R T8 R —5 (405 1:2:2),
s LR AL 2 RS £ 5 T S

HAPCP MR EIRBEE 1P-NMR 11 5 BiiR. &= 744 ppm [REAMEANBEHEIF L P BT &,
A=A BT LI BEAR ], BIARF =B EhEE T2 E .
HAPCP MRt iRmIE PC-NMR 18 6 fi7R. §=191.70 ppm 1714 b RE3E—CHO HF1iE i,
" 2 6=121.13~153.73ppm (] 4 M5 IR HF—Cell— L) C Tk,

3

~

| Bl
T T T T v T v ¥ T T T T T T T T 1
o0 95 90 B3 80 75 70 ppm 40 30 20 10 o0 -10 -20 30 ppm
E4 HAPCPRY'H-NMRi%E . @S5 HAPCPHY'P-NMRiftE
I v l% T
199 180 10 180 160 140 130 ppm

M6 HAPCPHIC-NMRifitH
2.4 TG/DSC4Hf

M TG/DSC WAL B4, FrEidES HAPCP T 15843 CHiAERY, BAMBIRALE
162.33°C, #HREME(EZE 160.43°CRE, EIF-#IMME AL 160CAL, XSHARMREREL—EL.
HAPCP fIBS R Eh 59.12)/g.

HAPCP ZEES P MR IA MR N 308 'C, MREXF 5%, MBLA 4234C, KE 10%
RHEEE 492.8°C, RiE 15%MHEME N 5404C, 600 CHIRHKEN 86.2%, 700 CRIERHKEN
84.2%, S00°CHIFEBREN 81.7%, %r=¥I7E MR A4 TR BIRA, R\ —F#iaE s
RN AL S
3 4

(1) BAHR. TEENH. FTIR. NMRAITG/DSCE 4 #gs REW, XFELRHTKARSHIT
B, TATLAf R0t & HAPCP. _ '

(2) HAPCPR—#p#iaE thAE ¥ i M-I
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RESEARCH ON SYNTHESIS AND CHARACTERIZATION OF HAPCP

, BAO Dongmei ? , LIU Jiping !
1:School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China
2:College of Chemistry and Environmental Science;: Guizhou University for Nationalities; Guiyang 550025, China

Abstract Hexakis(4-formacylphenoxy)cyclotriphosphazene (HAPCP) was obtained via a nucleophili
substitution of hexachlorocyclotriphosphazene (HCCP) with 4-hydroxybenzaldehyde. The structures o
HAPCP were characterized by IR, 'H-NMR, "*C-NMR, *'P-NMR. Thermal properties of HAPCP wer:
investigated by TGA/DSC.

Key words Hexakis(4-formacylphenoxy) cyclotriphosphazene, Synthesis, Characterization
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AR B Z RSk R 8 5 B SR AR A LA
| TR 1,2"

' (L HAE R SRR, 2 A S RRIIFRR A 2 730046)

B OB CEMERZRNRKEE B R B EGIR T TR, ST RRZ A, R T 30k
il

XA REZIBREKEE, MR G LLBAME, B

HEAMF T RO RKKEGLARHRLE, EREHXEHRRE. BXHBTRIIARA
REBEFAMSERBRERE A § (R, DUHERIHREE. R4k R, FREHSHRE. B
SRR BT HEFRHE GBR624—1997 RAARURITRT, #ELAEE LArxt B A BHRPetk AR
FIEGER, BWTENTSHPOME M, MREERRTEMFERRE TRK85kE. Hik,
81Tk GB8624—2006, iZARHEF“HE T M RHIEE, BORIBFRE AW, WHHMFES, MHEEMHT
FEHRHERR Bi. B, MRS H. HE GB/T10801.1-2002: 455k Fl 44 18 5 2 7, 4% o0 ok 28 L Hn
GB/T10801.2—2002: HYEAREZFHEKBEBRAERMREENE R GBR626 #ATHIR, KRUTHS
%% GB8624—1997, R EMPEtERE, A3 B, ZNAHK. HESHUWHEBRESR . BEZ
Rk E K (EPS. XPS) MIBEMSRE T IirAE, Wi BEM%—BIT XPS MIbRMER #2
XPS frlk KRR,
1 BUSEFARRG s A AR RIE . FIEM—xtEe ™

F 1. GB3624—1997 RIRIERERIB R FASH B 2R

%% - WA, T

TOR-T ¢ =N
& GB/TS464 Wik, IUIMAYeIt BBRE AT
aP R ESEAAET 50C;
bR T RF LM it () A AT 20s,
oA BRI KB AMT 50%
QEAHN: EHTREMER, HMistiast A &.
AGR a)Bk GB/T8625 HITIE, WEFMTIIMKKE 35 an (P A MMKLEE>20 an), HE RN PHIE
% ERME<2ST, AEYEEETRENE. _
MH by GB/TSe27 TR, KEEASEY (SDR) <15, GERAES RS
c)i& GB/T14402 1 GB/T14403 HTHER, HAEAM 42MIke, HXPAREBRMMBEME 168MYm?; -$HE M5 .
WS BHERNL BBIERE LCy<25me/L.
KHTRERNHN, HMpetanseh B, 4.
ayBk GB/T8626 BT, ILMIEILABRLAR] GB/TS626 Itz iighs, AT AVFHMESME YT MBI BLE
BB byl GB/TS62S iATHR, BEFHTIIRKCR1S on GLPE—RARIMKICES0 on), BRI TINIES
2 aEpe@ont,
ME o) GB/TS627 TR, HIERASE (SDR) <I5.

B W[
! # GB/T8626 iHATIR, HMAFEFEARIYIAS] GB/T8626 BT iR MiRiF, B SFH RPN MBS

wn
gy JURSESS (SDR) <75,
B\ & &
wm AR T B B ZRTTMARISN, HmpsH ey B,
o

AR AR B, BETEF, ERARTEN. KRAFDEERNEfnT. Kid. =, BRGNS THE, OR
FiLIC208. Comil: Wxp65510126. com, H1iE: 13919196904, MMt EMAIERA PR 438 . IR 730046
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{2 GB3624—2006 BRI sEAB RS RIIR
BRiRE HBFIR M4 &
GBT5464* A AT<30C,H m<50%, H t,==0 CGiFZERye)
GB/T14402 PCS<2.0MJ/kg* B
PCS<2.0MJ/kg® B
PCS<1.4MJ/kg" B
PCS<2.0MJ/kg' B
GBT5464* 8% AT<S0T,HAm<50%, H t,=20s
GB/T14402 A PCS<3.0MJ/kg" B PR A
PCS<4.0MVkg® B MR
PCS<4.0MJ/kg" B
PCS<3.0MJV/kg' H
GB/T20284 B FIGRA CREESHCHEEIRSD <120W/s B
LFS CKIGIRMBERE) <i{fa%k A
GB/T20285 THR<7.5MJ IR
GB/T20284 FIGRA <120W/s A kA
LFS<i®#rihk H 3o pot T
THR<7.5MJ
GBIT8626" KM/ 605 i Fo<150mm
30s B :
GB/T20285 e -1
GB/T20284 H FIGRA<250W/s A i if- i1
‘ LFS<iiffiatk H b ox bk el
THR<15MJ
GB/T8626° A K Bt Bl 60s P Fael SOmm
30s B
GB/T20285 PR
GB/T20284 A B FIGRA<750W/s PR B
GB/T8626" £ KBt  60s A F.<150mm MR/
30s B ’
GB/T8626" £% :X Bt [@]  20s P3 F,<150mm MBERE S/

15s B

Tt ABER

IR BRI LA RO R Z S 53 4
#£3  GB8624-—1997 FiS 2006 {E#iTRE LB SMT
WA 1997 2006

R o® RA KGR MM ES S P RBBGARERE. DR, iﬂﬁﬁ‘

ek,

wE. BRSO TR AR, RPe. AN RN AR (SBD.
AW ERY. AEEERE{E.
Aiv Ay, B. C. D\ E. F-E4 88

& A A . B)s By, ByUASR
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H B BB TR RMHE: B&: ¥ GB/T20284 #1{7

)}tk GB/T8626 BT, JLiMie FIGRA <120W/s A

| PrAREVIAD) GB/TS626 BT fysR LFs<ibitingk A
ix. AR HREREY I8 THR<7.5MJ
MBS, 60s W F,<150mm
b)ik GB/T8625 HATHERA, &4 CH: FIGRA250Ws H
FIERRIERE>15 om (FepiE— LFS<i#ia%k A
REONKKE>0 ), BEXK THR<ISMI
BIS TIR AR R <200C; 60s A F,<IS0mm
oyl GB/T8627 ST, JLHE D#%: FIGRA<750W/s A

. BE%ME (SDR) <75. BykifisRsk 60s A Fi<150mm
FRLFRAENEDIMeE E&: ‘
R, KR U R 158, 7E 20s wxm&a

H5RANMERERAEY 150mm.
3 & it

O HTBRRAME IR KK IERBKAFR KA E O, KFHNEREZSE (XPS. EPS)
HARERHE RS MESMRRMA B A SRS RENAKBE, XPS RiZKBH P EHR
JITEH—R, FHEEERE XPS REHEMR, BB RERM KSR, TS
WABARSRARAE, ZERRI PR NIT RIS B E X ET, RENBHAMRIRENEE0ITSS
JRARHE GB8624 (EIFM B A B MEEERE NS H1T. B THRECRENEEME TN, hitg
KKARBEB KR, B A GB8624—2006, {HZEHLIT IR H 245k 185} GB/T10801.1—2002
1 GB/T10801.2—2002 KR GB8624—1997 14> Bk, iﬂﬁﬁﬁ“ﬂsﬂ B, BAW, SEHREN
AHEHCEF M B K500 A BHOEK,

O HEFA R, FERIER B, £ (D% GB/T8625 (R FAM LM MR i) . GB/T8626
CAIRIE R 770\ GB/T8627 UMRKERLARAIEE BERIRHTEE) 1 GB2406.2—2009 ¢k,
RYCAR AW EITAE 2 M4 FRIRK) WEIFHRE. B, i1 LOI GRIREKRE) >32%, B,
#1 LOB>26%; (QFI#iF{E XPS BHSHRSMRRM B MRt gE, FEMNHTTEE: K—
HETCH AR, B —FRURED, HRARRERE (LOD HRHRENIGRE. Ml
BB R R RS ASE, BRHA GB2406 EISBURR M HEE: QMR SRS B feak
MEERIBES), HIMREE T CEEMEAZED —RUNEER, BIAEH0MREEIT 0 0 R R B
B R M B GB8625—2006 AEMR RIS FENE.

O, EEERNHIES R TR (EN). REASTM). #EDN). BAQIS)%E5bR#E/NE
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Fact The recent research of non-halogen ﬂame retarded pdiylgptic acid (PLA) has been reviewed in this
e methods of flame retardancy for PLA include halogen-free flame retardant, hanocomposites, inherent
retardant polymer, etc. The novel halogen-free flaine retardants for PLA include D

1 . OPQ, phosphazene
natrix network polymer, melamine phosphate, et As fo

r the new types of intumescent flame retardant

ements such as phosphorus, nitrogen, or flame retarded substitute to the chains of PLA by méans.of reaction,

ords Polylactic acid, Halogen-.Fr;;ée Flame retardancy, Intumescent Flame Retardant,
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Investigation on the flame retardant technology and condensed phase mechanism of

polymer
Hu Yuan®
2 State Key Laboratory of Fire Science, University of Science and Technology of China,
443 Huangshan Road, Hefei, Anhui 230027, P.R. China.
Abstract According to polymer combustion properties, the polymer can be given a flame-retardant
properties through the condensed phase flame-retardant, etc.. The roles of condensed phase flame-retardant
are preventing the thermal decomposition of the organic polymer and the release of flammable gases, for
example, adding heat decomposition endothermic flame retardants, the formation of char layers. Based on
the condensed-phase flame retardant mechanism, some different flame retardants and materials were
introduced.

Keywords Flame retardant, the condensed phase, mechanism.
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B SIREE &E*%E&ﬁ%ﬁ%ﬁﬂ%ﬁ A
BB, XIEWL, TE,

(IERATRERTERTERS FHENEAERE, Jhm 100029)
S

BAE (PP) RNARSENERZ—, BASMTSMRRNEAE, ENATE
VRS 2T, B PP ITREEME PP LB REE (FIEEU N 17~18), MREHER
BEREERR, AMRE T REEMEEN R E RS R ITI PN Fik, Xt PP HBHMRME
A BRIEE EE.

/K% (Layered Double Hydroxides, fAi#% LDHs)E —ZMIBFHERNEY, HALZEH R
BN M LM (OH) I AY )yamEL0, Hf, M. M*ARIRE M =MERBEETF, A™
JoBEIBIEF. T LDHs MEi B REMAER AR Z BT R, ACEBm
TERAE TR KR A BRI RRIRIRE T, A TSI AT RRIRE B E Ot R
St B TR 0 S5 1 B U
1 SRIRERS
1.1 J&%Y ,

PP: [ 130s, JR&A1L; Mg-Al-COy LDH & Mg-Al-H,PO,-LDH: i3 skt i
HADFRI R TTE 5. :

1.2 FEFERINE

WHBAL, SK-160B, LIFHREHIIR s B, QLB-D, ZRIGULTHME " 7kt
FIFEANL, HY-W, FHCE AR FIEEN, IJF-3, MEMTLTMMXES) " EER
Bei, CFZ-3, BIRTIIL TS HMARESHL, TAQ-5000, HAREAT; &RHYL
AMEIEIY, Nexus670, 32[H Nicolet A F]: X SHEEATE Y, D/max-2500, HAM A2/ F
1. 3 M HRYH &

MUEAKIE A Sl = DERS—E B MEEAGE R 2 BT CO, =B Tk P Hil ik
T, RS S TR B R B BN, InaiRe, FRMAHERIETT PH &
4.5 e R BRI EER 1.5h 5 HEE FRBEE™ Y, TiET RS

AN : PP 100phr, 84k Mg-Al-CO;* LDH K Mg-Al-H,PO, LDH [ &.

7E & 160x 320 ZIXUFRFFHRHL LN PP, EHA4R, fIEEZESR/, A LDH, 7£ 160CF
Fer TR 20min J& R HRA S R AR 2ETARTR AL _E IR SUBCRE A, SKBR 45444 200°C*10min.
1. 4 PEREML

WIRFATEE (LOD) AR ANIE FMRGEIRI 5314 GB/T2406-93 FI GB/T2408-80 HEAT

TSRS (TGA) KA BARB AT AT TG AR LT, FHREZE ) 10C/min, &

A, BEIMEN 50ml/min.

AT
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KA H 7 D/imax-2500 B X SHERATSAGHAT XRD 247, B HIE 40KV, BB 50mA, CuKa
8, A=0.154nm, FRGEZEN 10%min, FTHTEE N 3~70°. WREEH=E.

T it 1 GB/T 1040-92 4# H YT = B BRI AR AT LI GMT4104 B T4 7y

PUEATIR A

AR R TAEREIRILT, 7E 400°CHID3RHH i3 30min I, SFEINEET/E B0RE R
RSB, PERRST: 20%20x3mm’,

P KBr [k fri%, 7E3£[E Nicolet 22 7] ] Nexus670 {37 4TS E38AX_E 3ottt 2T 43T S 1
RMEATERM LI, RAEBBAE R EEA TN 210 T AMGEA X Sk K IBE LR
PRIRBEATEILLAM T, TR 400~4000cm™ .
2 ER 5
2.1 TR —SIRBR MK B AR
2. 1. 1FTIR 43#f

ET S 1 AT 40, LDH F TR M08 A - 3440cm™ dab e 2 M B8 4 7Kk R84 457K F)-OH R B 01 M—OH

M BN HIPEAEIRBNE: 1365cm LR ERMIFHIBIBETF CO ST RRIENGE 3RS0 e
780cm™ &b/ LDH ZHR I Mg-0-AL {R4FIRSIE; 680cm 4bJ2 Mg-OH-AL (IS HifE5hiE, 2 HPO,
HWAZKBRERE, B HILTBERET P0. P=0 SiIRsIEMIE, 12450m ARIIEE PO,
M SRR LIRSS, 10800m™ AL R PO, IR FRIPLEIRSD, 1010cm™ L1 U6 P-OH fOIR4EIRS),
£ 1365cm I O HOZE FFAE B, X UL E S CO° BLE 4 PO SE 2 TN fE,
—LOH{M-4}

MaH2PQ4-LDH
e NaH2P 04

4,000 3,600 3,200 2,800 2,400 2,000 1,600 1,200 BOC 4c0
wavenumber/cm-1

Figurel FTIR spectra of NaH,POs. MgAI-CO5*-LDHs and MgAl-H,PO,-LDHs
2.1.2 XRD FfE

Xt LDH et LDH % XRD 4347, REEnE 2 .
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003

16000
009 ~———MgALCO,~ L DHs

] 005 e MgAFH, PO, -LDHs
12000 0 o

006

009 110

Figure2 XRD pattern of Mg-Al LDHs

M 2 FETLLE H, MgAl-CO," LDHs 7=t Sl () SR AT ST 0%, (003). (006). (009) S
TATHT IRV 43 ) HIAAE 11.58° . 23.3° F134.58° , d (003) Jy 0. 76nm, 53CHk—HL.
H.PO,E/2 5, MgAl-H.PO, LDHs Y (003). (006). (009) & THHTSk & 5 MgAl-COs" LDHs #H bk [f)
A ERE, 2 0A%3IH7.3° . 14.6° F121.98° , AN d (003) HEKE 1. 21nm, AR
KRR T AR5 1Y BP0, $EZE3EAZ] LDH 28], JEAK MgAl-H.PO, LDHs. (009) & 5
AT PR g5, 0 PO, B AFHE R BIHE AR, B2 T 2 18 s T A AR L
Fhb, 60.8° BHIEHY (110) FFaTIEAr BRA RAESAS, XiHHE LPO HEHARREE,
fEEEERED, BREWFHBREZIZM. R 1 4 H T H MgAl-C0o," ~LDHs Al
MgA1-H.PO, ~LDHs f] XRD ¥ &l WS4

Tablel Corresponding crystal parameter of MgAl-LDHs

Crystal Parameter 20/° d100/nm
003 11.58 73 0.76 1.21
006 233 14.6 0.38 0.6
009 34.58 21.98 0.26 04

2. L.3IAES

NaH:P0;MgA1-CO0," ~LDHs F1 MgA1~H.PO, LDHs f{') TG Hh £k 4n 8 3 Bz, M 3 tH AT LA NaH.PO;
¥E 155°CZHISEli/K /Y, 210-230°C 2 (A1 4 BAEWEIR 4, 330-350°CAMfif b IR, 2k
EHY 30. 3% MgAl-COy LDHs HUMRERZENH AN B, F—MHBRAE 60-240C2 (6], TE
o B EKRI AR BB K A B, REEZAN 7%, MY ERAE 240-520CZ[H], FEy
BAGREN R EERRARK 2R UK ER S YTE, KRERLAN 24% MgAl-H.PO, LDHs
IR EEE BB, F—NBIE 210-520°C 2 (8], =T 2 ) 7K A Ft B 2 B R b
IKHIBERR, RERLN 6%, 2 ANMEAE 240-520C 2 (8, EENEWRRENNEE. RS
R EUKEREM TR, RERAN 16 % 24 PO WHEAREE, H— BB E
WREEIRAT, 58 AN B RS R SRSk UL S T, B2 T MENN RS EE . IR HPO, MRS
HEMBEERSS, ELASRZUIMEACE, BT RMR M B m R AL, fi ﬁwMHm&mP,ﬂﬁmwm
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TEH . [N HoPO, B2 M B 474 PO A HIZE, ’ﬂ‘E"EUI&C H. HO H k.

100
1 -—&— Nall,PO,

95+ —a— MgAI-H,PO, -LDHs

204 ——&— MgAI-CO,*-LDHs
= B854
S~
> |
3 804

75

70

65 T T T T T ¥ T v T v T

100 200 300 400 500 600
T/C

ngure3 TG curve of NaH;PQ;. MgAl-COs>"LDHs and M gAl H1Pb4_LDHS
2.2 BRIAKEA RS — SRERENIEKBER X PP S5 SR ELNE
J 75 fERIALL LDH A2 8l FA %?/MMMEH’J%H/M%E » Bl LDH2 B R — SR 2
BB '
2.2.1 % PP IR EMERI ST
Bl 4 FE 5 93512 PP 0 PP/LDHs 40KE &#EH TG F1 DTG L&, 48R 104 i8R 7
% 2,

100 <
—a—PP
80 ~—e— PP/3phrLDHs
—a— PP/6phrLDHs
—w— PP/9phrLDHs
60 - —4— PP/12phrLDHs
g
73]
73]
2 404
20 <
0 4 ' . ' . . ¥
200 300 400 ’ 500 600 700

T/C

Figure4 TG curves of PP and PP/LDHs composites
ME 4 R LAE H, PP/LDH (¥R RIS T4 PP 1, BT EJy LDH (45 5K
TR BT B BRIE R FY, (B2 PP/LDH A28 s 4 iR 403 4 PP, B35 LDH f-2-51ein
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TIEH R, BRKIREL 10C. F4b, PP/LDH 49K E SR EME 5%F0 50%I 15 2 th 5E
LDH & & MmIER, &l 5ie& 48.5°CHl 21°C, ;xﬁﬂﬂ LDH KA T PP/LDH
PREEM BRI EN, EE T HMPREEE,

0.000 - —
-0.006-
- —a— PP
S o -0.012- —e— PP/3phrLDHs
w2 —a— PP/6phrLDHs
= T —v— PP/9phrLDHs
RS -0.018+ —«— PP/12phrLDHs
-0.024 -
v T B T T ' 1
300 400 500 600

Temperature/C

Figure5 DTG curves of PP and PP/LDHs composites

ME 5 RETLUE H, PP/LDH QI*J/KEAH+ mekﬂu&ﬁﬁcﬁmmfﬁ Rk LDH & BN
TF =, kgl PP &4 16°C. FH¥ii T LDH J%Lﬁh:m PP/LDH &4 4 Fa e ALt
ZERIVER g

Table2 TG and DTG data of PP and PP/LDH nanocomposites

Practical

Samples T-5%/°C T-50%/C . Char/% : Tondo
PP 381.5 437 0 441

PP/3phrLDH 3975 451.5 .19 452.5

PP/6phrLDH . 416.5 454.5 3.5 453.5
PP/9phrLDH 420.5 457 4.9 ‘ 456
PP/12phrLDH 429 458 59 457

Mk 2 PHIRTT LR N, BE% LDH ANINEMIE-K, PP/LDH B & EHH R EE WS,
XKV LDH SR AR SRR BINIER . XZF N, —HM LDH MKZHE K, KBIHER
W FHESEN LDH 2 (8], FEAS T PP 4 FHEMIES), WTTIRE T #EHEZ 4, Ait, LDH
ZANTIER I EEEMEIRE, TER— EAGMHRERNEE, RIS R R E50
oK, SR T SRAI0EM, ST IETH, WIS THEHIMRM, B THE
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Rt .
2.1.2 LDH2 %} PP # EI&E’J%F}

& 6 F1HE 7 ﬁﬁﬂm PP 1 PP/LDH2 4KESHE TG #1 DTG MLRE, ABRE 447 50
ER3 . NE 6 FATLAEH, PP/LDH2 MIFIIASAREBERT4E PP 19, XFE X% LDH i
& KRB K B R BRIE R, B2 PP/LDH FI4E 54 i BF 3 & 44 PP, H 6% 1DH 4
SRR RS, BKIRRY 12°C. B4, PP/LDH 40K 5 &M BRR 5%F 50% N fHiE
FERBE LDH M& 838 mmiE K, RET o5 43.5°CH 25°C, X8 LDH Hﬁbn)\ﬁmT
PP/LDH YK E K ATREN, EE T AR FEE,

100 o

—a—PP

~a— PP/3phrLDH2
—&— PP/6phrLDH2
wy— PP/9phrLDH2
—4— PP/12phrLDH2

80

60

Mass/%

204

00 300 400 500 600 700

NO

Figure6 TG curves of PP and PP/LDH2 nanocomposites

ME 7 PITUE Y, PP/LDH 492K 8 & #1089 B K B IOE IR B K25 LDH 14k 0
TOFH=Er, FHELSE PP 4R1E4Y 20.5°C . AHXT T A2 U A A K 50%5% 5 F R s
GRS — e R T, S0 T B2 — SR )2 LDH 5 A 412 PP/LDH 8 &M B #dE
RE VEFNIE R IAPRAR A TEFT

0.000
_ -0.0054
B -0.010 1 - PP

=3 —e— PP/3phrLDH2

+ 5-0.0154 —a— PP/6phrLDHZ

R ] —o— PP/9phrLDH2

e ~—<— PP/12phrLDH2
-0.020
-0.025

T T T T T v ]
300 400 500 500
T/C

Figure7 DTG curves of PP and PP/LDH2 nanocomposites
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HR 3 PEAETTLAE H, B LDH2 iINERIEK, PP/LDH2 & &4 K R R E FBH FHE,
XRY LDH2 B EARERKENER. XEFEY, —J/7H LDH fK&Etthigk, KEK PP
S THER#A LDH2 B[R], BT PP H4-THMIEs, WiRE THE#HiEE M, i, LDH2
ZANTHIFEEEMERY, ER—EEEHERERNARTE, RS2 SiE2=4 S 450
ghEOK, R4 T 5EAKEM, BT RAETR, NMEE T HERMEE, =Ee Tk
BRI . EAREMEKIBAMLL, MBI BRERS, XTELRE B TR SR E st
J&, BT HPO, MEF A MBS, AABINEAME, TTUMEMMERERNL, feigmiie

3 3 PP 1 PP/LDH2 4R E-&4# M TG & DTG #iE
Table3 TG and DTG data of PP and PP/LDH2 nanocomposites

' Practical
Samples T-5%/°C T-50%/C ractiea Tenio

Char/%

PP 3815 437 0 441
PP/3phrLDH 4165 454 3.7 457
PP/6phrLDH 425 458.5 5.9 459
PP/9phrLDH 421 ‘ 461.5 6.9 460
PP/12phrLDH  aas e 79 o461

2.2.2 %% PP FEIATERYS20

% 4 5T PP/LDH 40K E-& KL LOI A1 UL-94 454% . R LDH RINERIE I, &
S EHG LOI EIFAE &S, &k 18.9, BT LDH WHRINEE D, FrLARAEAT] UL-94
S, (B BT RI A 8% LDH R IR AE RS K. X2FN LDH AHREEE
PRGNV . 5 LDH [/ PP AR EZ2A, fEMped i, BWRIAKmA b
MEHRTE R R, XF GRS R AFIRERR <, PRI T A8 A 38 5 S I R AT He F i
BE®, SAFNESMLUBAME A, TE LDH MR R —NR G R, FIN7=4k7E
SN CO,, FEGHBIFEIER, Bt ST EEAEM .

Table4 Flame retardancy of PP and PP/LDH nanocomposites

Samples LOI . UL-94 Driping ; Driping Time/second
PP 178 o C Yes - s
PP/3phrLDH 182 A “Yes : ‘ 6
PP/6phrLDH 18.5 A ’ Yes 11
PP/9phrLDH 18.7 A Yes 23
PP/12phrLDH . 18.9 A Yes 30
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R 5 45T PP/LDH2 iﬁJ/KEAHHE'J LOT #1 UL-94 %% B LDH2 FS N8 pign,
REMER LOI EUARMNBE, BEiE%21.2. BT LDH2 WHRNEED, FrUlkisss]
UL-94 %%, B ILATR EI’JHTIETJISL% LDH2 FJ#INE 3G i & 8ihn . J&EIJJ LDH EH1E
) ’EAWMG%% HERIFEF

Table5 Flame retardancy of PP and PP/LDH2 nanocomposites

Samples LOI UL-%4 ’ Driping Driping Time/second
PP 17.8 A Yes 5
PP/3phrLDH2 184 - A , Yes . 9
PP/6phrLDH2 18.8 A Yes 15
PP/9phrLDH2 193 A Yes 30
PP/12phrLDH2 21.2 A Yes 38

A LDH2 (B R AR E R ZRRE, EMREELTEd, B4Rk LDH AbfesteliR B
WIE, XS IRATER S, MR T MR R 54 R M B A B T, AR
ZEAMELNHEARPE N ES, T H LDH2 AR R — MR HGLRR, RT3 COo,. fi
EBMREEN, FIRE T MR . SREMEABAML, RInER GRS — SR
JREEKIRA, LOLA—ERERE, %0 12 407 LOT #2587 2.3%, MARINTTLLRIN, #H%t
FREMKER, BTHEANT PR -SARER, M55 LDH ISk, fosssom k.
OB B SRR, BERE T 44K A B S 4P A AT I 5 S AT, REI TR *M‘EIWH' YEFH
2.3 LDH %t PP R BEEMI SRS DRI EZ I

KRR G4 PP 5 PP/12phrLDH JRE R, B9 H RSB 10k R 25 M 5 TB A, 3¢ b B
4 PP A1 PP/12phrLDH B0 A4 BABE BT AOBUDAR . WTLLE B, 4 PP IS JL 52 2 (847,
JLTREEY, KA OBREEEYRATR, T PPA2phrLDH £ JIALEE, RHER T —BE
PR, TEJLT R A TEA, KRR LDH 25 T MR aGasEt, ®ings, 5 TG 4
e —5.

(a)PP (b)PP/12phrLDH
Fig.8 Digital pictures of PP and PP/LDH2 composites before and after combustion

R AP PP 5 PP/12phr Btk LDH JakEfh, DR HIRIRIS kR4 STE A H k.
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& 44l PP 1 PP/12phr Btk LDH PIFIEHEIHIAREHTE FIEHSHE Fr. FTLLEZ], 48 PP IN#YE
TreeE, JLTFTREY, AEOEREREYRAFR, T PP/12phr it LDH ﬁ,—ﬁ.d‘,w;%)ﬁ,
RUFTERL T — BRI, TE/LTREREEES, SREKEaEHELL, REERIFE,

R T8 B ¢ R AR X T AR e Mk T SR Ui SN B » IX R PR kit LDH oF I BEIR — S ARTE R 4
SHERBIKER, PR T AMRHERE T?E Wk, 5 TG 745 LM% LOT SR A1 i
MBS —E.

. Fig.9 Digital pictures of PP and PP/LDH2 composites before and after combustion
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XEY, SRR T R TR 6 MR A Bk, T B s 5

H I RUR B UF T AR vEIR AT

T [ ¥ J T 1] + ¥ i 13 P i H
3500 3000 2500 2000 1500 1000
Wavenumbers(cm-1)

Figure 1. FTIR spectra of a) untreated MWNTs; b) MWNTs after purification; c) MWNTSs afier acidization
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