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A ML) 5 PTT MLMRPERE Fo ) b 69 % ofr, SRl it & & (TG) 24T, £ R 46 F # (DSC) AL, 124 & F B 4L
(SEM) # 2 FLMAMUIZ BEAT AT ST o SR 3o 25 R A, Rn i 2 445 10% %9 ADP B, [ PTT £ 3] V-0 2, AR A5 4 (LOI)
ik %) 30.0%, ADP %725t R AR b K AR FAMEAE ) 5 Fm R 2 54 20% 9 MCA B, FA¥ PTT 5 2] V-0 28, LOL £ 3|
24.9%, MCA T %{e A48 F X 3E[LIKAE A ; ADP 55 MCA #9mAHREIK T I PTT #9424 A F 4., TG #= DSC M|
X% RHLH, ADP 5 PTT [ 69485 BAF, 7T VAR ZO0AREE PTT s i -4 344 a9 FARK A8 ; MCA 5 PTT J4 6948
Mg £ H MCA *F PTT AR KA Hh. AT E 24 5% 49 ADP F= 10% 69 MCA B, LXK PTT 34 3] V-0 4,
LOI £ %) 26.9%, 3L ADP 5 MCA A Wrak MERAE R
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Study on Halogen-Free Flame Retardant PTT
Li Fei?, Jiang Guowei’, Sun Chunrong’, LouDawei', Zhou Guangyuan’
(1. Jilin Institute of Chemical Technology, Jilin 132022, China ;
2. Key Laboratory of Polymer Ecomaterials, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022, China)
Abstract : The use of halogen-free phosphorus flame retardant two ethyl aluminum phosphinate (ADP) and nitrogen flame
retardant melamine cyanuric acid (MCA) as the flame retardant, maleic anhydride grafted polyolefin elastomer (POE) as toughening
agent to flame retardant modification of poly (trimethylene terephthalate) (PTT), the effects of two kinds of flame retardants on flame
retardancy and mechanical properties of PTT were studied respectively. The flame retardant mechanism was studied by thermogravi-
metric (TG) analysis, differential scanning calorimeter (DSC) and scanning electron microscopy (SEM). Experimental results show
that, when the mass fraction of ADP is increased by 10%, the flame retardant PTT reaches V-0 level, LOI reaches 30.0%, ADP
mainly in the condensed phase plays the role of flame retardant. When the mass fraction of MCA is increased by 20%, the flame
retardant PTT reaches V-0 level, LOI reaches 24.9%, MCA mainly in the gas phase plays the role of flame retardant. The addition
of ADP and MCA reduce the mechanical properties of PTT. TG and DSC test results show that, the compatibility between ADP and
PTT is good, it can effectively promote the PTT into carbon and improve the flame retardant properties of the material. Poor compat-
ibility between MCA and PTT, and MCA has no effect on PTT carbon formation. When adding mass fraction of 5% ADP and 10%
MCA, the flame retardant PTT reaches V-0 level, LOI reaches 26.9%, the results show that ADP and MCA have synergistic flame
retardant effect.
Keywords : halogen-free flame retardant ; poly (trimethylene terephthalate) ; phosphorus-containing flame retardant ; nitro-

gen-containing flame retardant ; flame retarding mechanism
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TESEHL . CISOM3V A, B SR

K (TG) 4 #7 1L: TGA /DSC1 A, % +

Mettler Toledo /Y] ;

% 8 1 i 8 #(DSC) {¢: DSC1 A, Hi +
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&1 ADP 5 MCA 3t PTT BEEAMERERI R NE

FE PTT/ % ADP /% MCA/%  POE-g-MAH/% &SRS  SEAEHEEE  LOL/% I RIS R
I 100 0 0 0 = I 22.0 -
2* 93 0 0 7 I = 22.7
3* 88 5 0 7 s b 24.1 -
4" 83 10 0 7 & & 30.0 V-0
5" 78 15 0 7 5 i 43.5 V-0
6" 73 20 0 7 & & 46.7 V-0
7 83 0 10 7 e I 23.0 -
8" 78 0 15 7 & jos 23.6 V-2
9" 73 0 20 7 5 I 249 V-0
10* 68 0 25 7 & I 26.1 V-0
11" 78 5 10 7 w5 & 26.9 V-0
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V-0 2, LOI ik | 24.9%. % ADP BH#% PTT ) %
RERfE,

TERBE i B v, MCA FHR PTT 74 45 15 i 7% .
X SE T MCA TE2H 53 ke 242 60 1 4 s A
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T A AR A 255 R AR AR AE PRI BELIA 5 8 21
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FIE, BEER A B ) 3 LA B S 2k 5] V-0 24, LOI
K E] 26.9%, 1M BRI 5% B9 ADP BHAR ) ak 2
NI 10% B9 MCA FEAERFRI B, BHAR AL RHAAS 21 BHAR
250, AT L3 A ADP 5 MCA BA UM RHBRRCR
2.2 [Nk PTT 49 7 b4k

ADP I MCA XJ PTT Ji2#PERERSE S T3 2.

%2 ADP fl MCA 3t PTT J152 8RR 0G

B PR/ AR / WP%EEE?Z /Wi R /
MPa MPa (kJ-m™) %
1" 55.23 73.76 47.54 27.31
2* 47.02 64.71 129.09 31.66
3" 38.65 69.22 25.80 451
4 33.78 66.67 14.20 3.65
5* 30.71 60.72 16.67 2.89
6" 32.45 59.55 15.03 3.61
7* 53.15 79.23 36.48 9.68
8" 51.75 80.14 35.06 9.33
9* 49.73 79.29 29.90 5.75
10" 48.74 78.16 26.58 497
11" 47.31 78.52 25.45 5.01

H % 2 Al 50, %0 7% 1Y POE-g-MAH J& , FHA
PTT (2" Ffbh ) AL B RIS 560 B 247 BT fAIR
I3l d 4l PTT (17 #£ 5% ) 79 55.23 MPa,73.76 MPa

WA £] 47.02 MPa, Fll 64.71 MPa, 1fij i o B 42
FHEE K, R4 PTT (17 FEdh ) 1Y 47.54 kI /m® $2£ 7+
] 129.09 kJ/m’, Wi 244 R 1l 40 PTT A1 REY
27.31% $2 5 31.66%. 1B E il POE-g-MAH X%}
PTT HATREF A3 B RCR
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JF fhy 4l PTT 4 55.23 MPa [% {ik 3] 33.78 MPa, 25
iy SR A A /N, 1 4l PTT 1Y 73.76 MPa [ A% 2]
66.67 MPa, Wi 2 R HFELE] 3.65%.
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#] 79.29 MPa, it MCA BH#E PTT 19 Jy 2= PEREIL T
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M 805 T =2 J5 19 117 RE 5 0 B A 3 B -y
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25.45 kJ/m’, Wi B 300 5.01%, H A 2E e
LT ADP BHER PTT, (HI& I T MCA BH#X PTT.
FHELTF ADP /& 85 AR, 52 BCAR R PRUERH AR PTT
BHIARICR A ) 2 RE A [R] s, AR T LR A AR AR o
2.3 ADP #= MCA f& PTT ' &4 5% B AR Sk

L%t ADP BH# PTT Fl MCA FHER PTT #47
W ENMEWT, (8 FH SEM X H W T 647 43 B7 , 7 5% BHLAR
FIFE PTT Aot AR E

AR ADP % finde T BHAL PTT (1 SEM & F 4n
Bl 1R,
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RAT BEE BHARR A 2 B 3G AR AP BT B B

ANE] MCA ¥ A F B PTT B9 SEM R 54
K2 iR

@) (b) ©
MCA I a—15% ; b—20% ; c—25%
B2 A[E MCA ¥t NFHEA PTT 1) SEM & )

i & 2 AT & Y, BEAR PTT 2% 1 ) B MCA BHAA
FIgBURL, 7] LA 2 A ) MCA 1) R )2 85 PTT
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MR, I e 5 AR FR 41 53 22 1) A AH ELAE FH BT
BERREFFERERE N . RA YL PR A i
TR a I kE HHEE RS, R R EWTE
ARSI T B R AN SS T o SRR RTE S
Z AR BA B L,

ADP [H#% PTT Y DSC ph£kni® 3 fir.

W& 3 a] LA Y, 7Einfat # v, 4l PBT i 3
XUEE A R UG, TS I ADP 5, ATH SR DR 45p XU SR 475 ol D
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FENARIAN 25 S AL R v, e AN &G i 42 k338
4l PTT LR 1906 il Fn &5 & i 26 A R) L 1B ADP (1)
I S PTT ARG 6 Al 5 45 ik 2, ADP
5 PTT SRR MRS, X5 SEM MEL R 4
AT A Bl ADP IS0 A8, 45 G AR %E
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M 4 0T LLFE L BEE MCA 38 N 9 38 i
RELKA PTT 114 XU 425t g 328 3457 9 2, sl e o) {1 7
D7 S RS SRR . CYBHR PTT 155 V-0
GLIRE, 9" B i B BlEL BE PR 40 PTT A9 228 °C FEAIX
F| 224 °C, 45 &I BE W B 46 PTT /9 197 °C 7t i 3
206°C. it DSC vl LAF H, MCA FH PTT
TESE RS, St B b Jes il th Ze a3 5 46 PTT g5
fl gl 26 AH FE A RS , MCA B ANAGE I T PTT Ay
YERRAE, UL MCA 5 PTT JLHA R A 2 PE 55
%, X5 SEM WA B M A RAHFT & . BEE MCA
S A3, 45 AR B8, UEEH MCA (I A8 12
T PTT MBHZE Sl L, 2 T APBH I TP RE .
2.5 TFA¥k PTT #9 TG 547

ADP BH#A PTT 1) TG #HhZ A&l 5 s

100 F

80
60

PREFEE /%

= 40
HE( 20

0

360 460 560 660
W /0
55 ADP BHIA PTT (1 TG HhZk
i P S AT, LR B 5% BSR40 L
B, ADP BH A (1) 53 fff T R, S 431°C, T 4l
PTT WY/ fE R 375°C . B ADP U8 IE fy34 i,
RER PTT (1) 53 fifk Wb 5 AS W B A1, % n 4t 34 21 10%
IF, SRR AR 2] 368 °C 5 17 Fifi 25 BELIA 77 4 i 1)
B, BEKA PTT (5% A ZE BT K, S 10% BHAA
4l PTT 59 7.07% 2 55 21 8.24%. H LAl LU
VeH BRI A3 A2 v, ADP 5 PTT &4 T E
YEHL RS T PTT MRS EPE, i PTT 42712
i, IFAE S AR Ak PTT Wik, fE SRR A &
FEBHMEAE T
MCA FH# PTT 8 TG th£k nf& 6 fron.
100

80
60

TR /%

0 NCA
400 500 600
W /¢

40 +

B3 / %

20 +

0

300 400 500 600
% / C

K16 MCA BH#L PTT (19 TG thsk

MCA 7£ 350 °C BiJ ik 2] FH 48 38 B, I 4R e T
Mo ARG, I T R 2] 440 °C A2 A B 23 43 A
NH;, CO, F1 H,O. Hi [l 6 7] A1, MCA #7k & 5%
IFARTRLEE Sl 352°C, 600 °C B BR AR AL A 2.12%. Fifi
5 BELR TGS a2 A 38, BELR PTT 1) 43 i ek 28
%, B A R R A BT REAR. X & T MCA 7E43- %
B LT 58 4, Bl 2153 h MCA B fin i (1)
BN, B RS IR SRR . TG MRS R 1368, MCA
AT DA #E PTT $2 00 53, (B HIXT PTT ik A 52
Wi, MCA WAZAESAH P A BB E ], — D7 T T4
FEAE A T I 5 A R A, — T T A A K
AR TR B AT IR AU B (A4 L AR, (o BE AR
PTT M5 HAE] V-0 9.
2.6 [EEK PTT BRKE)E 09 85 & TH 52

1 TG 73 Hr 45 3 nl 41, MCA X} PTT % %A
PEHEVER], 00 ADP X PTT ik ELA (e #A4 HH , fikevk
$£ ADP I IINEEN 10% B AGBEEL PTT #£ 700°CF ¢
GHIAR X B BRI R = R4 T SEM 23 AT, A5 R Al 7
Fimse

a—F B b— B
&7 %I 10% 9 ADP BRI PTT(4" BEA ) RBeR
2 ANFRIEAN SEM 1]

M &l 7 015 HY, PR PTT #RBE 5 k) 26 1 i 41
B, PR R PR AR A, B TR G R BEARASCR . T
T )22 PSS TRl R R O R 25 44, b A Bl L 3202 /)N
SRR IE Y . SRR AR IZ AR R T R A
RSN, T IR 2R G A IR . ok nT
DAUEH, ADP TESERA &4 T ARG I BHERVE o
3 &g

(1) @I ADP J& , B 25 BRI G s e 3, BH.
SR PTT [ PHEREFE AN LOT #BASWIHE A, (H Jy 241 RE
AW T . ADP BNt h 10% B, BHEE PTT ik %)
V-0 %, LOI ik 2 30.0%, Hifii 58 J&F &y 33.78 MPa,
25 8 Bk 66.67 MPa, W3 5k 14.20 kJ/m’,
Wi 38 3.65%

(2) BN MCA Ji7 , Fifi 25 BELRA 00 5 i 2 7 34 o
BELJ2% PTT ) BEL 1k 55 2% Al LOT #F AS W 36 K, 1 2%
PERE A THA B, 24 MCA ¥ 0 12 3k 3] 20% i, FH
#R PTT 355 V-0 2%, LOI ik 3] 24.9%, Fi {38 FF Ky
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49.73 MPa, %5 [fli 38 i 2 79.29 MPa, Mrifi 3

29.90 kJ/m’, Wi KRR 5.75%.

(3) ADP Fll MCA #B 0] L5 5] 53 BUA/E PTT 1,
Syt RAF, A ADP 5 PTT [] ) AH 28 E 5 4, i
MCA 5 PTT [RIRIAHA MRS

(4) ADP Il MCA #BFEA% 1 PTT B9 43 il Ut 2
ADP F 2R PTT 23 fiff ik , & i e )= i 22
U, WP A T BER AR T BA R 1 BHAASOCR 5
MCA Wi Bt PTT FEMIE BT , 1L i 20 i
JE R AR AR, TE A A FERELAYE

(5) ¥R 5% 1) ADP 1 10% [ MCA & i fifi /i
I, BEAA PTT 352 V-0 4%, LOI i5% 26.9%, J12#1
REPL T E4lisin ADP BURHAR PTT, (HES KT MCA
FEAX PTT. AHELT ADP & B0 S , IR R LR
UERERA PTT BEAARCR AN Sy~ PERER IR , B A 1
P HSAS o

5 % 3k

[1] Zhang Jialiang. Study of poly(trimethylene terephthalate)as an
engineering thermoplastics material[J]. J Appl Polym Sci,2004,
91(3):1 657-1 666.

2] EBdd, £, 2000 PTT (9245 F AR [J]. 28R Tl 2004,
17(4):6-10.

Lyu Chuxu, Wang Yue, Chai Huanmin. Structure and properties of
PTT[J]. Poly Ind, 2004, 17(4):6-10.

[3] Ho R M, Ke Z K, Chen M. Crystal Structure and banded spheru-
lite of poly(trimethylene terephthalate)[J]. Macromolecules, 2015,
33(20):7 529-7 537.

[4] AR, B0, DRI, 45 . SRR RN T REBR AY RIS ().
WAL THERE 2013, 14(1):49-54.

Chen Jun, Huang Baoshuan, Chen Ting, et al. Research progress
of poly(trimethylene terephthalate)[J]. Adv Fine Petrochem,2013,
14(1):49-54.

[5] RS K, JR05 . SR IC g LA FR0 0F 5 0 Jee (0], A 2Rk
2009,37(8):91-94.

Shao Hongfei, Su Fang. Progress on research of plastic halogen-free
flame retardants[J]. Eng Plast Appl,2009,37(8):91-94.

[6] ESAF, AT VT, 45 . BRRBERR IR BHLL PTT £F 2k J2 HC Pk
BEWFST [0). A NETF4E T, 2007,30(1):25-27.

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

Wang Xueli, Peng Zhihan, Jiang Jianming, et al. Preparation
and properties of flame retardant PTT fiber modified with cyclic
phosphonate[J]. Chin Synth Fib Ind,2007,30(1):25-27.
B, BRI, S BT R B PTT TR SR AY A
LB T [0]. T ARSI T, 2007, 35(9):45-48.
Lyu Tongjian, Chang Huaichun, Yin Yuxia, et al. Development
of flame retardant and glass fiber reinforced PTT engineering
plastic[J]. Eng Plast Appl,2007,35(9):45-48.
Westerink R H S. Neurotoxic hazard and risk assessment of bro-
minated and halogen-free flame retardants[J]. Toxicology Letters,
2016,259:S51-S51.
Mahadev B, Ramasamy A, Apurba D. Flame retardant polymer
composites[J]. Fiber Polym,2015,16(4):705-717.
VPP, BRSL A . BHLMR PBT WA 22 BRI AU WL e 0], T 7
B, 2016(1):119-124.
Xu Bo, Qian Lijun. Research progress on phosphorus-based flame
retardant system for PBT[J]. Eng Plast Appl,2016(1):119-124.
AL, BT 2%, R, 55 . BRI 25 3 R RSB RT A [1].
I T, 2015(7):71-73,76.
Cao Zheng, LuwDingrong, Zhou Xiaobo, et al. Research progress
of flame retardant polymer[J] .Shandong Chem Ind,2015(7):71—
73,76.
PRIGEF, 5Kk, i H ik, 28 . 2 K BELAA R B2 R (0], o [ 9
2010,24(10):1-8.
Chen Xiaoping, Zhang Sheng, Yang Weiqiang, et al. Review of
Intumescent flame retardants[J]. China Plastics,2010,24(10):1-8.
H v SC, XUPESC . SEOREIG B SRS (4 T 5 08 i [0, SEOREB R,
2015(5):6-14.
Yang Zhongwen, Liu Xiwen. Progress in research on halogen-free
flame retardants of plastics[J]. Plastics Additives,2015(5):6—14.
ZEUSIR, 2R, FDLIT , % A HLBESSBELIA R 045 it B o T
& [J]. REF1E2#,2016,33(6):611-623.
Li Nana, Jiang Guowei, Zhou Guangyuan, et al. Synthesis and
application progress of organic phosphorus containing flame
retardants[J]. Chinese J Appl Chem,2016,33(6):611-623.
BURIL, SR E S, g, 55 . 0 BERA SR G WA AR A BT 0 e
[7]. AR &2k, 2016(4):72-77.
He Chunjiang, Zhang Guowen, Pan Huipeng, et al. Research prog-
ress on smoke suppression of halogen free flame retardant polymer

materials[J]. China Synthetic Resin & Plastics,2016(4):72-77.

AT =MH

T A AN T b A AR A 44 SCIa) SR AR [ R SO o M 9 o s 9 RIT 9% 0 AS TR e 7 1 AR 2R
L) S b e Tl SRS T =50 BT (LLZRAR SRR S BT ) 220, 2 bt e st ol Ll AR B R T, AR Tl — 338
RI4E www.epal973.com, A TSR ZABAE AU A A EAERT LR 55 o 35 RAEE AHCA TR AL, B3R fL i,
ANELEA NI, B 152 0 o ST B ARSIl A1 NGB FE ik ST AR

(et R ) J Ak )


杨超




