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DOPO-PHBA Xf PBT /GF & & # M4 8E 522N

E;—I@l’z,g%;ﬁ 25$§¥iﬁzygﬁi§iﬁ ’¢~1%II £§ F{%l
(L. SBA%RE, 5B 550005 ; 2. EFEE AR IER AW R TR AP H.C, B 550014 5 3. SR ESERSE, $B1 550025)

. 2L 9,10- =& -9- Ak -10- BE ¢ 3E -10- £4kdy (DOPO) Fu 4- £ LK P EE A RoEE, SR T —HF 37 7 A HLER
Z LKA 9,10- =& -9- & 4 -10- A 42 3E -10- ALt # 3L 3K F 82 (DOPO-PHBA), # DOPO-PHBA 7 #n 3| 3% 35 4
I IRPAT IR W T =88 (PBT /GF) W %] & 5644, 5+ 5T % DOPO-PHBA & x L &M M0 ¥ra, #E
AR K, % DOPO-PHBA i & 443k 12% B PBT /GF/DOPO-PHBA H&-#t 46 A8 2 Mt & MR AE
MK Aeia 3 BT BB R A, A DOPO-PHBA 4% 43 4n, PBT /GF /DOPO-PHBA £ &-#+4H 69 M IR B35 4

%, % DOPO-PHBA /i ¥ 45 4 % 14% Bt iA 30.2%, MLY% 48 by i Am DOPO-PHBA #7495 HB 234 5| V-0 48,
DOPO-PHBA # 7 n s 42 itk 5 oAt 0 5F 1K T oAt #h o ik R fo BB AP Haem X4 R A
B, ki A& DOPO-PHBA 4% #4934 4n, PBT /GF / DOPO-PHBA A &5t 58 5 B Wi Efe T MR EH 2
038 s AR A B i b 1 o R TR T A 4 K,

K4 9,10- = £ -9- A4 -10- B4 3E -10- Adbdh; 4- AR VS A B BRI A TR T =6 446
AL TR AL

HMESHKS: TQ314.24+8  XEfARIAES: A X E4S :1001-3539(2020)10-0135-05

Effects of DOPO-PHBA on Properties of PBT / GF Composites
Tian Qin" 2, Luo Jiyong?; Qin Shuhao®, Zhang Daohai’, Huang Weijiang", Wang Kui', Yan Wei
(1. Guiyang University, Guiyang~ 550005, China ; 2. National Engineering Research Center for Compounding and Modification of Polymeric
Materials, Guiyang 550014, China'; 3. Guizhou Minzu University, Guiyang 550025, China)

Abstract : DOPO and 4-hydroxybenzaldehyde were used as raw materials, a new organophosphorus flame retardant named 9,
10-dihydro-9-oxa-10-phosphenanthrene-10-oxy-p-hydroxybenzaldehyde (DOPO-PHBA) was synthesized. DOPO-PHBA was added
to glass fiber reinforced poly(butylene terephthate) (PBT / GF) to prepare composites. The effects of DOPO-PHBA content on prop-
erties of PBT / GF / DOPO-PHBA composites were studied. Thermogravimetric analysis results show that DOPO-PHBA is helpful
to improve the thermal stability of the composite when DOPO-PHBA is added up to 12wt%. Flame retardancy testing and scanning
electron microscopy results show that with the increase of DOPO-PHBA content, the limiting oxygen index (LOI) of the composite
increases gradually, when DOPO-PHBA content is 14wt%, the LOI reaches 30.2%, flame retardant grade of the composite changes
from HB before adding DOPO-PHBA to V-0, and DOPO-PHBA can promote the char formation of the composite and decrease the
peak heat release rate and total heat release. The mechanical properties testing results show that the tensile strength, bending strength
and bending modulus of the composite increase first and then decrease with the increase of DOPO-PHBA content, while the notched
impact strength continues to decrease.

Keywords : DOPO ; 4-hydroxybenzaldehyde ; glass fiber reinforced poly (butylene terephthate) ; composite ; flame retardancy
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FE RS AR F6 R A () R, 5 B MG TR AL B . BRI 4
4k (GF) HEAT R A Ay #Esse M 5 s A hr i s A
R LU S5 AT A PBT B SR A 1,
T PBT EZ il & A —Fh s Bkt = 4
B ARES Ty iR B R BR I 2 15 7, GF B S INTE 2 75
PBT Jy2fEfe i [R5 R T Uty , sk Fak
N XA R R, S 300 G 35 PBT &
A AR BELIR PRI 7, DR 5 k0 LA S8R 08 st 32 3k 77
FE IVESE ) () U G b BELA TR A5 DAV R 2,9, 10-
A -9- 2k -10- W24 E -10- kW) (DOPO) A
PR ) P—H B i i A AR A S 1 B
WA AT B S AR 1 AR T RN R
il A e G b BSR4 A5 2 T

T k3 GF H458 PBT &2 A ARG B TE:AE,
2 % L) DOPO 2k rh [l 44, [ il It par B4 741 9, 10-
A -9- AR -10- B AL AR -10- AR AR TR S K R
(DOPO-PHBA) , Ho 7325 ¥4 5 78 S 0 3% P %) 1y 5
FEPH TR GF 14958 PBT & A ARG BB ERE T,
FZHR ] DOPO-PHBA x| GF ¥4 PBT & &
FARIBHATE RE AN 122 PR BE AR MR, LA g PBT A9
Frn RS
1 SKIGEBSY
1.1 E&RH

DOPO : dt st B R 1A PR F

4- FRFOR PR . R R BRI 270 A PR A
GF

HoR : 25 R b 2= 0 A FRA R
PBT : L1082, J& A& sl %k 17 g/ 10 min,

& 12 230°C, T E A AL TAEHIAT FRA A

GF . 988, E 1% 10 wm, Jof, * & F A £ A
FRAH]
1.2 EEBBELEE

SUIEFTH% B : TSE-40 %, g 50 i W 125 B ks
HABRAT]

HURLE S L. CIBOM3V %I, To 485 g K HLA A PR
N

I (TG) Z3HHL: Q50 Y, [ TA [ g /A ;

e FR 42048 £ (LOI) P AN - IF-3 7Y, B m ili V1
TP

KAV — T AP ER {Y : SH5300 24, ] M {5 AR
& A RAE]

HEIE B . FTT—007 Y, 958 FTT 2305

o T 4455 (SEM) : FEI Quanta 250 Y, 5%

FEI A7 ;

TR 2 ) 7 RE L 56 L. WDW-10C A, | ifE4E
AN IE /N B

T A R s i AL . ZBC-4B, I B =
BEARABRAF
1.3 RHEHE

(1) DOPO-PHBA 4 %

TE 15 AL AT S 5 Y 3 b A i DOPO-
PHBAM, HAK & il ad 2 41 F: 78 = DB i A
200 mL FIZE,0.11 mol 14 4- BELZERIEE (13.4 g) I
0.1 mol ) DOPO (21.6 g), 7 110°CHY R &M F i
SEREFE S h, Fe &L B G UTTE R A=Y, B3R
A= R PR TP R S5 7 s A v 80 CA4 1
T 8 h, RAR A R AR SR AAR RNy ) ) BH AR 7
DOPO-PHBA, H:A il 2 v 5 FE XS WLk [13].

(2) PBT /GF /DOPO-PHBA &K 145

Y By HYET 2> BIbER PBT, GF #1 DOPO-PHBA
16 80 CHYMEAR F 18 12 h, Fil GF, DOPO-PHBA
435 PBT ¥ 51 J5 I ACSURAF8F Hh AL o 2%
GF Jii & 47 %L N 25% 11 PBT / GF £} i 1 DOPO—
PHBA Jii & 43 %}y 25% ) PBT / DOPO-PHBA
B, B AL IR R 220 1/ min, BURMEUF 4%
b 13 r/min, $f H I E R 205 ~ 230°C. B 5 IR
1 FCTTKE A 0 R R A PBT 4 211R & 5 7E
240°C T HEEB il A8 br il

#1 PBT/GF/DOPO-PHBA E&4MHEENFENE %

g 4 i i 'th#zﬁ%’# i i

1 2 3 4 5 6
PBT 80 74 72 70 68 66
DOPO-PHBA 0 6 8 10 12 14
GF 20 20 20 20 20 20

1.4 X5 F A

TG 73 #r: ¥ 5 mg BYAE il 25 BH , iCE T
TG i  ZEAS AT NIRRT 2 700°C, F+
TR A 20°C / min, SR = 40 mL/ min.

R BX 1 BE I 3. LOI #% GB /T 2406-2008 il
i, i AL K f 8 100 mm x 6.5 mm x 3.2 mm ; I
BB I #ic GB / T 2408-2008 #E17, ik & &
PR B AR 45 2, 10FE ST 130 mm x 10 mm x
3.2 mm ; #EIE i U 0% 1SO 5660-2007 1T,
IRFE R SE o 100 mm x 100 mm x 6 mm, FA 58 B
950 KW /m?,

WRBETR i IE S RAE : 15 Bl SEM W5 I 43 Hr 48
M5 4 b PR HE TR o GRS 5 i aURE 2 TR S0
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J12EPEREINA : P 4% GB /T 1040-2006
W3, 765 Rk 50 mm / min 5 25 i S AL
PR R B 4% GB /T 9341-2008 I 38, I 38 3 % Hy
2 mm/min ; B850 shi iR E ¥ GB /T 1043
1979 M3k ; Fr A iR FE R IR 5 AR, BOFH4(E.

2 #R5ITE
2.1 PBT/GF/DOPO-PHBA £ &4t 4 # A% 2 e

K 13 5 AN [ DOPO-PHBA & & PBT/
GF /DOPO-PHBA & # #1 ¥} 1) TG HI DTG i &,
FHRE A IR S T35 2 vh

100

A\
¥ 80 4
N
5
& eop
%
n# 40
L=
20 ) D
100 200 300 400 500 600

E /C
@)

100 200 300 400 500 . 600
B /e
(b)
a—TG fiZk; b—DTG ik
DOPO-PHBA JFi /34 : 1—0% ; 2—6% ; 3—8% ;
4—10% ; 5—12% ; 6—14%
K1 AWl DOPO-PHBA it | PBT /GF/DOPO-PHBA
ARG TG 1 DTG itk
%2 7A[E DOPO-PHBA €& PBT/GF/DOPO-PHBA

SAMBBRSRRE ¢
DOPO-PHBA Jii #5344 / % Tsn T
0 373.24 444.42
6 349.26 436.01
8 364.53 444.96
10 354.15 436.64
12 374.07 462.34
14 375.24 463.23

T Toy, NARKFRCE 5% HYIELIE , 7R MR MR L 5 T M URE
TR H R AYIEE

Bl 1 F5R 2 LB, bifi % DOPO-PHBA & & 1)
5, PBT / GF / DOPO-PHBA & & 4 BH Ty, 5
AR, 28 5T f 23 BI0A 129% B JF IR 42 5, 3X A fE
DOPO-PHBA ) % i 85 /D iF B 48 T & A MR
ST R B R R G MR R, E A ERE

i DOPO-PHBA 43+ 7= Az 1) 458 22 i Pl 12 B 1y
SEPH T A5 A BH 1k PBT / GF LR i i — 25 43 f 14,
& 1 F136 2 W, 7 DOPO-PHBA & & # /D 1),
DOPO-PHBA X G AL T, HISZ AL /)N, DOPO-
PHBA JE 2 80A 12% J5 , Toe I3 E . X F
2 45 Mk DOPO-PHBA Jifi & 4 503k 51| 12% J5
BAM B EE S B .
2.2 PBT/GF/DOPO-PHBA £ &-#t#}64 Falk 1 4%

2% 3 AN [i] DOPO-PHBA % & ~ PBT/GF/
DOPO-PHBA & & #4 K} i B L 25 4% F1 LOI, 3% 3
8], DOPO-PHBA & X} 52 A i RHI B AR M fE
W @50, [% DOPO-PHBA &N, & 44k
HIBHIR S5 AR L 24 DOPO-PHBA Fif /30 80h 12%
By ik B V-0 9%, it — 2L 15 K DOPO-PHBA Jiit & 43
BE] 14% B, 2 AR BRI S DA AE+E V-0 9,
UL Ak, Fifi#5 DOPO-PHBA & & 3N, & A #k Y
LOI Wizl ek, 1£ DOPO-PHBA [T 7304l 12%
HFE 18 29.8% , 2 14% H & 5 A1 EHE) LOI 4R S Tt
% 30.2%,

% 3 _ &[] DOPO-PHBA &£ PBT /GF/DOPO-PHBA
EAMRERZRT LOI

DOPO-PHBA & 434k / % BELIA 52 LOl/ %
0 HB 22.6
6 HB 23.8
8 V-2 245
10 V-1 26.2
12 V-0 29.8
14 V-0 30.2

KT 3 — # BF 58 DOPO-PHBA ) & 1 X
PBT/GF /DOPO-PHBA & & b Rl 0k e 11 BE 1Y 52
Wi, %F A [§] DOPO-PHBA & & F #J PBT/GF/
DOPO-PHBA & & 1 B #E 47 1 HEJE i AU 5,
HEERWE 2 MK 4, Z55E 2 MK ATLFE,
7 5 Il DOPO-PHBA (1) 52 & 1 B i K5 A e i
AR R 20 B ORI R (HRR) I,
DOPO-PHBA J5, PBT /GF / DOPO-PHBA & & #+
AL RIS E] (TT1) Selg /)y, M f5 Fi% DOPO-
PHBA & & 1Y 3% fin 43 it 4 K , {1 DOPO-PHBA Jit
AT BGR B 14% B AT B s/l 2% S N &= 1)
DOPO-PHBA 17 Bl T 4E < & & b B £ SR 5[]
L4k, DOPO-PHBA B s Jinfdi &2 & 4 KB HRR 1
(B (PHRR) 1 BRI ] toy e JE 47 50 HFAE G, 3X 1] E
SRR NS B ) DOPO-PHBA A Bl Tl &2 4 b4kl
B i BT e, 7 DOPO-PHBA L& T &2 & #1
¥} PHRR . “F-% HRR (Av-HRR) LB (THR).
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DOPO-PHBAJFi 14344 :

DOPO-PHBA Jii & PHHR/  Av-HRR/

58/ % TS w m?) (wm?)  Bron/s
0 23 289 139 60
6 21 203 116 55
8 18 209 12 55
10 24 177 o1 65
12 25 138 73 70
14 22 117 73 75

AR, 75 DOPO-PHBA Ha i 1T &2 A #FRHK
%1, HFti%5 DOPO-PHBA & (B &2 & b RHE)
AR (SPR) BN,

2 HE I & 0K 8 5 3K 15 19 PBT/GF/
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ARG AR IR R 1B 8

Ak DOPO-PHBA & & i3 hnimisis fim, 52 & 44
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