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#74% (THR) & ¥ A A% (TSR) A AT &ik, R B AeN 15% #) ADP Fe 2% ¢ O-VMT, £ 44449 PHRR, AHRR,
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Flame Retardant Effect of O-VMT and Aluminum Diethylhyposophosphate on PBT / GF
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Abstract : The flame retardant effect of organic vermiculite(O—VMT).and aluminum diethylhyphenate (ADP) on glass fiber

reinforced (GF) polybutylene terephthalate (PBT) was studied. The ultimate oxygen index (LOI) and flame retardant grade of UL94

of the composite were measured, thermogravimetry(TG) and cone calorimeter were used to analyze the flame retardant effect. The
results show that ADP can be a good flame retardant PBT / GF, adding 19% ADP, the LOI of the composite is 33.5%, the flame re-
tardant reaches UL94 1.6 mmVO0 grade, compared with PBT / GF, the ignition time and fire performance index (FPI) are increased,
peak heat release rate (PHRR), average heat release rate (AHRR), total heat release rate (THR) and total smoke production (TSR) are
decreased. By adding 15% ADP and 2% O—VMT, compared to 17% ADP added alone , the PHRR, AHRR, THR and TSR of PBT
/ GF composite decrease by 12.8%,9.5%,4.5% and 15.9%, respectively, FPI increase by 15.4%, LOI and UL94 flame retardant
increase. O—VMT and ADP have synergistic flame retardant effect in PBT / GF.

Keywords : organic vermiculite ; aluminum diethylhypophosphate ; glass fiber reinforced polybutylene terephthalate ; cone

calorimeter ; synergistic flame retardant
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AT TORSE, T EGE R G W Y3 BHRR | FEER A&
Mt A AEPERE 8, S TN VMT 5845909 5t m
BN, — A0 VMT A5 A AL, & A L
A (O-VMT), Fh HEIR G .

VMT 5 1R Z BRI A8 A U [ BELBA 1 T, BR 3
JT AR BEA M, SLRE SR R I, B EFIE T
O-VMT #1 ADP X} PBT/ 3% £ (GF) & & ¥4 kI BHAA
PERERY SN, & 1 ADP fEPH B #2 % PBT / GF U FH
#APE, O-VMT Fl ADP 7 PBT / GF 145 Blp 5] BH %%
YEH .
1 KIGFER4S
1.1 E£ZRAH

PBT : Tl%%,1100-211M, BB K BELER ;

ADP . AW R & & 99.9%, 6 R T A

GF : 988A-2000, Fi 1 £E A1 BRA 7 5
AHHLIEAT (O-VMT) : Al

1.2 ZBNEEE
FUZFF£5 H AL : Brabender KETSEO Y ) [ 4

PIARTENF
HESHHL: UNOOSK A, I Hedfrz AL By 6
FRNTH]

KT BB IR K . HVR—4 B M T B 4
IR & ARAF;

e R 48 $5 %5 (LOT) M 72 4% : HC-2C AL, /3T I
TCO A BR A 5

XU AT 1 Y. 4100 29, 3 B AG B R A
BR T

WAL (TG) 43 Hri% : TAQS0 &Y, 3% [ TA {4 &%
/\g‘lo
1.3 #fouhl&

Bk GF 4b, Hop dl 74 BEER 1 P i o i U 7
IR A LA P TR A, SR 5 76 SURFE 55 H AL

AT EEE (GF MWHE EUIMA), SRR A

220 ~240°C . &5 Bk 28 5 YA 45 B ke
25 T IBIRE K - 230 ~ 250°C .

F1 KHEREFTEK %
R R 1" 2 3 4 5" 6"
PBT 68 51 49 51 49 49
GF 30 30 30 30 30 30
O-VMT - - - 2 4 2
ADP - 17 19 15 15 17
HE 2 2 2 2 2 2

1.4 e

WRBEPE RISk FHAKF 2 BB b ik g A%, 4%
UL94-2015 M i B RA e fE 5

HEIE B PINR, : $2 I1SO 5660-2015 HEAT , R ST
&K 50 kW /m’, BE R ST 100 mm x 100 mm
X3 mm ;

LOI % : FH LOT M xE4Y ,#% GB /T 2406-2008
M BERRSE4 150 mm x 12.8 mm x 3 mm ;

TG 43 #r: H TG J3 HrASCI b L i #4 2k o 1
W, FHEDE AR 10°C / min, N, SR,
2 #R5iHe
2.1 O-VMT #= ADP %} PBT /GF #j ¥k %

UL94 M A2 MR A B R 4, LOT J2& i 43
TR E BB B SH 2 —, LOI R 3RR Fi57
TAPBEASZ) kb, BRI 58R PBT &4 MR BB 1
AERH] UL94 il LOL#EA 71T, 45 R W3k 2.

2 HEIEPASK PBT-AY LOI 1 ULY4 MR &5 R

L UL9%4

HHE Lot/% 2.0 mm 1.6 mm
1" 20.8 — —
Y 302 V-0(t=3.2s,4=6.1s) V-1(t;=7.5s,,=1445s)
37 33.5 V-0(t=1.4s,t,=2.7s) V-0(t,=1.8s, t,=4.7s)
4 324 V-0(4,=2.5s, ,=52s )  V-0(t,=3.0's, t,=6.1s)
5" 327 V-0(t,=2.0s,=43s) V-0(,=2.2s, 1,=5.4s)

35.2 V-0(t=1.0s,=1.5s) V-0(t=1.2s,1,=2.65)

VE " FORMMSE I, 1, FORE YRS T I, 1, %
TR IR BE T X I

i 222 0] LA H1,30% GF 1458 (1 17 i K R
T 5 R H KL, LOLALU K 20.8%, % UL94 Ml ik 5 i
MUKJE RS ER R E e B 7 17 B 3
17%ADP fi 2° i B, #1 &L 5 LOT I Tt ] 30.2%,
UL94 BHBAZE %~ 2.0 mm V-0 Fl 1.6 mm V-1, %
I 19%ADP 1 3 iX4E, LOI T+ 33.5%, B
K3 1.6 mm V-0, X L ADP J& R 47 PBT
/ GF BHBR ], 1 2 [H ly ADP 52 15 — J7 11 43 it
J7H2 PO« FI PO, » F H 3, FLoT DIl H - Fl—
COOH - [ Hy &, #04fil [ F 255 1) 3% 0 S 7, Okl 92 49K
e AR PR OGSO I R B, O — T TR K (B
IK 53 T AREAR R TR BE FNAR B T R ASAAR ) A i Mo
MR, i R tE— 20 A5 IR AR W IR, T R W R VR A e,
LIRS TEATTIA B s TEA R R T 7] LURR 4825 <, (]
ik Rl il P — P IR, EL A AW 5 114 B K A R AR
BB K AL , A 2R b ) B

12 17 3R EE P A 15% ADP il 2% O-VMT f)
4 3R AL, BB LOT 2 32.4%, BHBR %5 2% M 1.6 mm
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V-0, BHIAYERE L A i 17% B ADP (1) 2° 4,3
AIREAE A O-VMT Ry )2 AR 544, SR BE i 78 5 A A1
LR TH s U, (RIS =99 B2, 4 S e SR AH Y
BHARSECR . A0 15% ADP £14% O-VMT [y 5" ik,
AR BRI AR XS 47 S REA B4t i, (AR X
MR I 19%ADP fy 3% 3R BE 2, 53X 1] fig J& O-VMT
TERP R A AR TSR, SEMR AR FEA B T 1Y 7041
FAMNRIN 17%ADP Fl 2% O-VMT 1 6" i, #1 K}
(14 PR RECR B 3% 3R 4, 3X 136 B O-VMT Al ADP
£ GF /PBT HA P[] BHARRSCR .
2.2 O-VMT #= ADP *} GF /PBT # % €45 %
B T O-VMT #1 ADP X} GF / PBT #A[%fi#
HISZIR , XA DG G AR T TG 408, 25 R L3R 3.
R 3 IR PBT B TG $HEEEE

WEE T,/ C T/ C R/ (% -min')  650°CHEEER /%
1 375.2 4225 26.2 326
2! 3483 406.8 224 373
3" 332.8 403.4 19.8 38.1
4 357.6 412.6 21.7 39.8
5" 361.7 415.8 20.2 426
6" 3455 410.7 183 41.8

VE: Ty WAL TIRIE , T, HIRA R TR, R o SR
T
FE 3 FTLAE H, 17 e A R 2k SRR (1)
R 375.2°C, T KK IR T (T, Sod KRR B H %
(R 535120 422.5°CH1 26.2% ~-min"", 650 °C 11 5% F4
TR 32.6%, 2" ilAEAI 37 SRR T, 239010 348.3C
H1332.8°C, Tpo 53514 406.8°CH 403.4°C, FHXS 17
REEA BT TR, X R EE A ADP Y #4000 i 1R
fi.F PBT, Jir LA7E PBT JF i3 4R i 2 il ADP 148
A iR, R AR SR A TR AR, 27 ik
BERN 3" 3R Y 650 °C i f AR 5K 70 51 4 37.3% Al
38.1%, HXF 1" A HEA0, R, 53590 22.4 %/ min F
19.8 %/ min, A% 17 23 BIFFEAK 14.1% F 24.4%, 31X
JER A ADP 3 fift I A= B A% S5 Dl A 7 55 70 41
AT, B 246 30 o0 e , AR R 3R s B2 [T
HERARHBEAK A , S 5 119 % B 4

16 17 MR R I A 15%ADP F1 2%0-VMT
() 4" 5 BE, BRI Ty, RN T 43 51 4 357.6 °C
412.6°C, HIXT 2° MBI EHE R, Ry M 21.7 %/ min,
FXF 2" BB FEAR, XA O-VMT A B $A R fig
IR ADP A1 PBT &7, H O R RE5H , 0 BAE A1
bR AR A 58 oy AR B R AR A AR i IR
W AR P23 it TR, 5 Ak 47 1 REY 650 °C 5% BE R 1
2" Wy, X AT AR N O-VMT J5 , A1} 1) 26 T B

JETE B 2R G N, 6" ARG AR E R A
XF 3, BT 4 AR 27 FRERY RS, X st i
O-VMT fif% 4% 2 PBT / ADP / GF I # 4 i v, H
5 ADP 7& PBT / GF "5 Up[R sgas A H
2.3 O-VMT #= ADP %+ GF /PBT ¥k 24T % % v

HETE S A 2 — B 52 BB e d 7 Sy )
7, HS I A5 R Re s RAEAT R R e e , FHAHE
T s S AR OGS G A ), H R R B (TTI) 4
REHHE I (PHRR) P ¥ AR % (AHRR)
SPBIE (THR) SVE M (TSR) Mk R APERESS
#1 (FPI) %448 W3 4.

* 4 HEIEFEM PBT RO EMAUSIESE

R TTI1/ PHRR/i7 AHRR{7 THR/ﬁ2 TZSR/i2 Ffl/ L

s (kW-m?) kW-m?) MJI-m”) (m -m°) (s-m kW)
fo33 795.1 2104 54.4 2261.0 0.04
37 282.5 160.7 46.3 1523.4 0.13
37 40 215.7 133.9 42.6 1220.8 0.19
4 38 246.3 145.4 442 1280.6 0.15
55 38 232.4 1382 43.6 1240.2 0.16
6 41 198.9 118.3 40.1 984.7 0.21

JFE 4n] LI 17 350FE ) TTI A 33 s, PHRR
$7795.1 kW /m’, AHRR 4 210.4 kW /m?, THR Fl
TSR 43510 544 MJ/m’ A1 2261.0 m* /m*,2" il 3"
FEAY TTI 43 534 %) 37 s F140 s, PHRR 435l
WA 2 282.5 kW /m” 1 215.7 kW /m’, AHRR 53
WIREARZE 160.7 kW /m® 1 133.9 kW /m’, THR 43
AR Z 46.3 MJ/m” 1 42.6 MJ /m’, TSR 435I
K= 15234 m’/m’ F11220.8 m*/m’, X 5k 15 1
7E GF /PBT Wil A ADP A LA & &A1 A5 BRI
[T, XA B AR A be & A JRIGE TR B i B B Ik
BT A AR AR IR . KR P REFE X (FPT)
SR LR ESF [] 5 TARE T R (A 1) L, FT LA HIRAE A
TR I HPATARE SR IR 75 BE R U bR Rk Y

BhR, FPLR/IN, AR GE BRI , K SAas s, b1
R BHBR PR BE R 22, 17 A1 BHE FPT K 0.04 (s - m’ /
kW), 2" Fil 3 4 B FPT 23 514 0.13 (s - m* / kW)
F10.19 (s - m* / kW), 43 B4 55 225% F1 375% , iX 5k
VLHIIMA ADP A] KR EE$E = PBT / GF RBHAAME

76 1 BB FEIBHINA 15% ADP 1 2%0-VMT
iy 4" i FE, #1 B} PHRR, AHRR, THR #1 TSR 43 ]
2463 kW /m’,145.4 kW / m’,44.2 MJ / m” Hl
1280.6 m* /m’, A%} 2" S EEAT A 12.8%,9.5%,
4.5% 11 15.9%, H FPI Jy 0.15 (s - m® / kW), %t 2°
IRFEIR ) 15.4%, IR 67 SRS ARSCBAE AT 37
Ui, BT RIRE R AR B R B4R, X T e R o
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B BHERRBERT ADP 32 $4IE 7K B 28 1A 38 i
M8 S AE AR A AR ™%, INA O-VMT 5,
H1 T O-VMT 22 R G50, L3 51 i A A p R R T
A DAL SRR B R 2 1 2 i, 48 o8 B A R 3R i 7
SRR SR N B AR el A R R A BE T,
— AR E R BB BE , T A O-VMT F1 ADP 7£
PBT / GF 78 fR4f- A P [R] BELAA SR

S 2.3 3 MR 4 BRI, [FIEHES N 15%ADP
M 4%0-VMT 119 5" 3808, bR} B VE RE T I
FBA N 19%ADP 11 6" 4f X FEZEF R O-VMT
WIS, FoAE 2 A AR LR sE i JEAE R
(2 Bk , TG F3AIK 155 ADP 7E PBT / GF iy

[ REAAVEFH -
3 &g

(1) 7€ PBT / GF Wil A ADP, # A BH BRI fiE
AR, TR0 19% (% ADP, 52 4 1R BHIA 25 4%
ik 3] UL94 1.6 mm V-0 2%, LOI ik #| 33.5%, R,
AN PBT / GF J8i/0 24.4% , FEAR T RRH B3 gt
JE BT Ik I R B

(2) 7€ PBT/GF "' it A ADP, & & M 8L 1Y
PHRR, AHRR, THR #1 TSR ##2>, TTI FI-FPI #4 il ,
I 19% B9 ADP, & A AHELK FPT 4 0.19/(s ' m’ /.
kW), #%F PBT / GF 341 375% , 4 ey 1 A4 A A B A%
PEfE.

(3) £ PBT /ADP /GF H it A O-VMT, #£ {#
UE O-VMT RAF5r 8tk mrde T, 2 G0 kL B
T A fire o BB AR 4, W] BRI 15% 1) ADP 1 2%
() O-VMT HY & & B4 BL A XF 580 45 i 17% ADP
() 4 ¥}, H PHRR, AHRR, THR F1 TSR 43 5 [#
% 12.8%,9.5%,4.5% 1 15.9%, FPI & /& 15.4%,
O-VMT Hl ADP 7£ PBT / GF "3 Hip ] BHAAAE FH o
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