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Properties of Polypropylene Composites Flame Retarded by Piperazine Pyrophosphate
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Abstract : To improve the flame retardant properties of polypropylene (PP), PP composites with different mass ratios were
prepared by melt extrusion with piperazine pyrophosphate (PAPP) and aluminum hypophosphate (AHP) as raw materials. The
thermal stability, flame retardancy and smoke suppression properties of PP composites were analyzed by limiting oxygen index
(LOI), UL94 vertical combustion, thermogravimetric analysis (TG-DTG), cone calorimetry (CONE) and scanning electron microsco-
py (SEM). The effect of different ratios of PAPP and AHP on flame retardancy was studied. The results showed that the addition of
PAPP and AHP intumescent flame retardant significantly improved the flame retardancy and smoke suppression performance of PP
composite. When the mass ratio of PAPP and AHP was 4:1 and the total addition was 25%,the LOI of PP composite reached 31.5%,
and the carbon residue rate at 800 °C was 23.16% after UL94 vertical combustion V-0, it shows that PAPP and AHP play a good
synergistic flame retardant role. In addition, its heat release rate (HRR), total heat release (THR), smoke release rate (SPR) and total
smoke release (TSP) were significantly reduced. The SEM results showed that the flame retardant components formed a continuous
and dense expanded carbon layer on the surface of the PP composite,, which improved the flame retardancy and smoke suppression
properties of the material.

Keywords : aluminum hypophosphite ; piperazine pyrophosphate ; intumescent flame retardant ; synergists ; polypropylene

RN PPYE g —Fhid AR, th T SIS 212 B, {5 PP A7 AR R BRI
HAMSF ATERE, 7E 7 ge U8 AR (K908 18%) MR b X Rl AR ™ S, L

E&WA: npA ERFHCLT(202102AB080002), 75 B 44 BHT -2 B Al Bl A7 0 JER DT 16 151(202101BC70001-027), = B 44 “ 7
7 PR ARSI ZE A AL T (No. YNWR-CYJS-2017-056)

BIEMEE : T, JUROS AN, 2N F B ARy w5

WeFs BHA: 2023-01-30

S A& TR, B, 7 K, 55 AR BEIR R R B R BRI AR BE AR SR NG 2 A bR RR ] TR IR, 2023, 51(4): 133-138.
Ma Dianpu, Lang Lijun, Pan Fei, et al. Properties of polypropylene composites flame retarded by piperazine pyrophosphate and aluminum

hypophosphite[J]. Engineering Plastics Application, 2023 ,51(4): 133-138.



134 AR

2023 4E, %5 51 4,45 4 )

HoR HAZBRY PR, anfer 7 £ 5+ PP BEAME RE 1 7]
A R LR R0 12 R AL SR B A

R VA R RS ICR AT ARG
SR TR T JCPERE, SE AR 1A K 2R BHRA
AT Yy a8, A B R WK % (PAPP)E Sl —Fh
i ik U BH IR ] (IFR) , 75 /2 TFR (19 =R 2, BIBR I |
SR RIE , A B AR 43 iR B TR i TR
WE () AEFE (L B A DL S i o e Ty o KA, iR T
PAPP (14K 53 25 A fifi e I 00 S A it 2K M
I PAPP 8% ] T Z Bl &2 &5 M REBEAR , a0 A 1 7 2R

B B BERO TN B - T -2 2L ) (ABS)

UIZE  LiuPKs PAPP FH T AN 1R 2R B 4% i (UPR) B
PR, SCBG R 24 PAPP IR Il N 18% i}, UPR A1}
A BEIA S5 B AT i 3 V-0 2%, B BB K (LOT) 15 2]
29.8%,700 °CH} 5% ic A3 %8 22.5%, AH L4l UPR,
PR R IEAE R F% T 60.9% , s AR HCEE ) T [
T 42.5%, PAPP [ 5 I UPR 245 i 5 ) BH K P
B, Xiao ZIHE PAPP 5| A JE JE 6(PA6)H AfF 57 H
BHARPERE , SZU0 201, 8 40% ) PAPP A fifi PAG6 1Y
LOT{E M 46 PA6 [1) 23% $2 T+ % 42%, UL94 il i T
V-0 (3.2 mm)Z% , TGA 45 W, PAPP £ 5 T PA6
(AR T BB e e, S U ZR BH , PAPP 1] L) I 3
R AR ARE R DG (I B IR il i, SEM &5 SR 6,
PAPP {2/t PA6 K I B i JZ ML . PAPP W {E N
BB TER (o, H & R A I, AU RE I AS 2
PRI I A i e ik A B P i — e 2 L 5 B R
e P BEAR R E FC . Chen S H S = 4R
e R W fiREh (MPP)&E L, Liu %20 H 5 = R FUHR
PREZE: (MCA)E BL, X AENs H 5 = R R
Be , B i £ A RELIA A R 577 K M B AT A5 B KR 27 o

U IR 55 (AHPYE y — R BUBH A, o T &
Wl e B R A A AR Tk | BERA IR AR K
FAEN HETE) Y2 HF UPR™ M g (EP) 5
ZAME(PU) I PAC S Z R RS Y H . A, AHP
FARASIMES , &S AR 2 A XA, 25 5 2
SREARM RHE R R A M. Rk, B LS Lk
PARNBEIA R BRI 25 , =3 4 — 8 B it LU A2 T
i T, A5 B AR IE LU BEAR SR N A S G A BHA R e
PERE AR RE BHIATE BB LA B e Mg
1 SKI#ES
1.1 E&RAMH

FE TR R % (PAPP) : PMPP, = == RAL A A

FRZAF

R WL 55 (AHP) : FROOS , A8 7 A 32 35 24 B
IR THAE A

PP 47 : K8003, ik M4/l ;

PP #5}, F5-045, 5 24T = VL% 5 i o0 T4 BB
BA RAF

PUAAH] < Irganox 1010, 7 [ LT R A A

PUim 757 - SN3307PF, ) M 4 BE BT b4 17y
ARAF
1.2 E&EAPE

RUZHFHF B : TSE-20 28, B 50 Fi ME 45 ) HLb
A PR

SN TTZ-90Se 11 /S AU, | 4R AR AR WL A FR
NCIF

AL : SHRSL-B Y | ik R BH LA A PR 2>
Al

AT - STA449 KU {#[E NETZSCH A 7l 5

SEAEEIERAY - 5801 A KU, I M BRIz 3K IR A7 46
MEEARA PR 5

T BRBSIR I AL - 5402 Y, 5 M B IR 2K 2546
MFEEARA PR 5

HETE B 2 J005 &L, F5 M BH
ARARAF]

FHE L 7 W38 - SUS010 Y, H A Hitachi 2%
Al
1.3 XAEH &

W2 1T FH A SR S I T R 2R T
T SR G4 1 BE EERR S SRR A 355,
B Jo 7 SUBAFEBT AL SEA 7% H ok, R IX ) Sy
175~190 °C, B2FT4% 3 300 r/min , R JE K 25 Hz,
IR I HE T IS R T4 6 h S 7ETE SR b 1 3 3,
FES%, SRR X ] 185~200 °C'R

Wz TR 7R 73 A I 4

R1 FEMPPESMHEIHIEE %
- e e b
iREE ppkikl ppVEL BRI PAPP AHP Hr) ’Lfﬁ“"}

T

PP-0 78.7 19.7 0 0 0 1 0.6
FRPPO1 58.72 14.68 25 12.5 125 1 0.6
FRPP02 58.72 14.68 25 16.67 8.33 1 0.6
FRPP0O3 58.72 14.68 25 18.75 6.25 1 0.6
FRPP04 58.72 14.68 25 20.0 5.0 1 0.6

1.4 mX5E&AE
PP & A M RL AR S P RN A A 1 R o A
ST A HE AT 4B, S 3 2 60 mL/min, T



LhIBe A  ARDETRIRE D IR R SR BEAA SR N AR S BRI E iR 135

A 10 °C/min, FH IR EE X [H] 24 30~800 °C.

PP & 4 F1 R BHER P B8 38 1 LOT, UL94 T B 1%
B UL SCHETE 1 A T3 : LOT 4% GB/T 2406.2—
2009 3 , £ 55 51 2 80 mm= 10 mmx4 mm ; UL94
it GB/T 2408—2008 il it , # 45 K5 4 125 mmx13
mmx 1.6 mm ; #EJE 5 #1447 18 1SO 5660-1:2015 i,
5 R SE JE Oh 50 kW/m?, BE 25 RSE SR 100 mmx100
mmx3 mm,

iE ) H 37 SUB010 ¥ 47 & S 414 v~ b el %o
PP &2 4 A bk B RS 5 P 3 B i 2 h I e &R
T T RS S KV, 10 wA, 8 mm.
2 SFR5ITE
2.1 LOIf=ULY4 <& & ¥k keml X,

hiffi i PAPP Fl AHP &2 Jic i) s AR C L, 43 Sl 4%
FR1:1,201,3:1,4: L AR BT & Uil 4 BHEA PP & &
ERE, 3% H LOL # UL94 T B MRBE S5 ATt
g TFR20 . RIS LAt FRBEAHA
(A VS T PP RH % M BB 1 B2 T AR B o B R, Y
PAPP 1 AHP Bt L0 101, Us indat Sk 25% B, LOI
1 4 PP (1) 18.8% #2 TF 2 22.1%; 24 it Lt 2: 1 I,
LOI JE— 4R T % 24.6% , UL94 3 1 BRBE 4544 T H
2 V=29, ISR B E] AR I
IR AE RS2 B B B SR E AN AT ARl V-0 4
ML 301 F14: 1, LOTAS 2 KR4 T+, 20 917+
% 31.0% A1 31.5%, UL94 T B A B 45 2% 418 1 V-0
9 RESIRBE I RE R BRI PR 42, RE S R T
BT BN SO B K R 2 EL i 2 0m BER  . SCI
FHIPAPP FI AHP L HE R 30 1 Fl4: 1B, P2 T HUF
A BRI , FERRGE T TR b (i 2F PP AR Al A , BHLIE
HPFARE K TR IE AR RL S ER , H145 PP & 544
REBEEAPERERS B R IR T

x2 PPEAMRIRIREIEEF ULV EEIRIRER

I LOI/% UL94 Z5:4% IR
PP-0 18.8 NR el
FRPPO1 22.1 NR B
FRPP02 24.6 V-2 el
FRPP03 31.0 V-0 Jo
FRPP04 31.5 V-0 Jc

2.2 FREERRAT A 5T

i 33 TG-DTG 3£ 5 (& 1) Fi15& 3 0] %1, FRPPO1
P T 5% I RY TR E R 204.9 °C, HL PP-0 42 A
127.2 °C., FRPPO1 7£ 800 °CH 5% 7% %K 31.48%, fij
PP-0 % 5 R AL A 0.52%, FH 18 1] PAPP 1 AHP
BN KR $2 7+ T PP B Bk BE J1 . 7€ PAPP Al

AHP 4 [7] £ F§ F , FRPPO1, FRPP02, FRPP03,
FRPP04 7£ 800 °C I 1Y 5% sk 8 415 2] K i $2 I+,
FRPP02, FRPP03 il FRPP04 1Y 5% 7% % 4% %l N
24.47%, 24.02% F 23.16%, H fx K 1 2k & 3 %
(MMLR) Hi FRPPO1 %) 19.68 %/min [% % FRPP04 i}
13.01 %/min, #HFL T4l PP 1 RE, B BHAR )5 i)
PP G G MPRL T, (B AR il SR IR B #5045 r 428
iR, FRPPO4 iz KA fiff R BTR R 469.8 °C £5
A U I T R A AHP GG I PP A A R
T #RE RE AN S 1 B A (e HEVEH

100l
= 80
E 600
=
]% 40t
B ol

0

0100 200 300 400 500 600 700 800
HPE/PC
5 (@)

I(%°C)
L

H g

iy 'f’t

—12L
=g
—-161L
07700 200 300 400 500 600 700 800
& EE/eC
(b)
a—TG 1% ;b—DTG 2k
&1 4l PP X BHRA PP &2 A#1KHY TG FIDTG ik

R3 4iPP RFAM PP E S B AREEEIE

=X
7

—+ FRPP04

e T,/°C T,/°C MMLR/(%*min") 800 gfjﬁﬁ

PP-0 3321 4623 -21.5 0.52
FRPPOl 2049 4649 ~19.68 31.48
FRPP02  379.8  474.8 -15.86 24.47
FRPPO3  389.8  474.8 ~16.44 24.02
FRPP04  359.8  469.8 -13.01 23.16

2.3 BRBRAAPIRME AL 5T

Sy i#— L WF 5% A~ [7] PAPP F1 AHP it Lt T PP &
B BHERETERE I 22 5, X BHBR T 1) PP &2 5 44 4k
AT THEIE I 82 Sk 4 HBHIE PP &2 A4
LAY PR HUE 2R (HRR) L A AR U (THR) L JH RS i
% (SPR) L KR B 5 2 (TSP) i £ 1 o 3 4
Wi o BEF M, 4l PP (PP-0) s K I 8] (TTI) 4 76 s,
FRPPO1 /Y TTI & 11 s, FRPPO2 i TTI Ky 12 s,



136 AR

2023 4E, %5 51 4,45 4 )

FRPPO3 1 FRPPO4 [/ TTI 1K 13 s, PUFh PP &5 & 44
BHAY TTIH . PP-0 (4 B (B 21T , 136 B PAPP F1 AHP
FIIAIR T PP A4 R i, BELIA B 73 7F PP BE {4
PR 43 A | I AE LR T AR 2 B 1k F4
SRR AR YT, 2 BE R R 4/ o

TE R PR T 3 5% 04 1 (PKHRR) Fl BB i 7
i, AH L 406 PP, PUFP IR R R MR RS, o
FRPPO1 #1 8} PKHRR 1 THR 4351 4 406.70 kW/m’
1 106.66 MI/m?, A Lt 4l PP 43 51| [ A% 32.19% #11
24.45%; FRPP0O2 M| 43 51| '~ B 38.01% Fil 29.29%;

FRPPO3 [ 5K, i 5] 70.55% F1 22.84% ; FRPP0O4

600
‘s 500 —a-PP-0
= T FRpbO2
= 400 —v—FRPP03
1 o FRPPO4
@ﬂ 300,
=
= 200
&
# 100

0
07300 600 900 1200 1500 1800
Al /s
a
160, @
< 140}
g
Z 1200
\E 100}
iz
= 80}
B 60| _aPP0
= —e—FRPPO1
1 40 | —a—FRPP02
< —»—FRPPO3
20 L —e—FRPPO4
300 600 900 1200 1500 1800
/s
0.08, (b)
Ze"FRpPOI
0.06 IFRPP02
—»—FRPP03

—e—FRPP04

AR (s )
2

o
=)
]
T

0 | Sl b
300 600 900 1200 1500 1800
/s
(©)

20¢ —a—PP-0
o e FRPPOI
£ —a—FRPP02

150 ——FRPP(3
] —+_FRPPO4
E=S
4
% 10]
pac]

W
T

0o 200 400 600 800
ff [R)/s
(d)

a—HRR 145 ;b—THR 112k ; c—SPR |t ; &—TSP 1%
E2 4liPP KBHEK PP & A F1 KU HRR, THR, SPR, TSP i £k

=4 PP RIEM PP E AWM RSN EE

. TTl/ PKHRR/ THR/ MARHE/ PSPR/ TSP/
HA s (kWem?) MI*m?) (kWem?) (m’ss) m’
PP-0 76  599.79 141.23 34737 0.051  8.95
FRPPOI 11 406.70 106.66  263.18  0.076 14.70
FRPPO2 12 371.79 99.87 237.71 0.082  19.05
FRPPO3 13 176.63 108.98 922 0.033  13.25

FRPP04 13 176.11 106.52 102.72 0.038  10.58

U355 °F & 70.64% F124.58%., 1245 F 13 B 7 257
Bf ] L, BERA RS PP AT LR THTE L 1 — 2305 1)
R Bk 7 2, BRI9E I Tt 25 A ) 2R B 1) At il /L, A
fiff AL FEE AR AR , X 2 L UE AT PR BELJAR) A4 0 2R AH BHL
WAERT .

Ak, K 2¢ K 2d J2 3 4 v SPR, TSPl oK,
PAPP H1 AHP F 7 % PP 42 45 A1 RHIR B 15 72 A
ST R R S B B A EIAE A . 2 PAPP
I AHP BTt e R 1 1R, JRBE R W (. (PSPR) Al
TSP 43514 0.076 m*/s Fi1 14.7 m?, 1fii 24 PAPP 1 AHP
JFt ek 4 1, PSPR HI TSP U 43 514 %2 0.038 m¥/
s F1110.58 m?, [0 50.0% F1128.03%, 15 B 5 i 5 &
(1)) PAPP B 5 1| F 9 il A e i B v R A< 7= A 2
fifi PP 52 & W RIE 52 FAa B v DR ™= A A T 0%
(R e J2 , 1 T e 8 4t o BRSS9 Y
2.4 BESM

(&1 3 S HEIE e A b I 1 33 ok BE U, 2 PP
WRGE R LTI A B BN T BEEA A (1) PP & A
POBHIR b8 I 78 R T LB 1 RZ K i 25, AT 3 v
[ & W, BfiZ5 PAPP MIAHP Jfi = bl 1: 1385 4: 134
TR i R )2 SO R 0 B T e, 81 3d
7R, 24 PAPP Il AHP i i Lo 4 1, AERFRTHIE

© (d)
a—FRPP01 ;b—FRPP02;c—FRPP03 ; d—FRPP04
B3 BHAA PP A S AT A RIS S A A



LhIBe A  ARDETRIRE D IR R SR BEAA SR N AR S BRI E iR 137

BT L BUR MK R IZ

(&l 4 S HETE f IS 58 5 ) SEM I A, DA
4a P A LLWLEL R PAPP A AHP #2 i H HE 10 1 st
JITIE B PP &2 5 b4 BHTE SRR S5 T8 B AL T e 3 R
WRBIRIZ , R)JZBCEAE, AL [ 4b
PAPP Fll AHP % i 2 . 20 1 s finest, FLIR# D, ik )2
SO R AT BN Y P LIS 2 3 1A, k)2
OB TR R PAPP FI AHP 3% i 1L R 4 1
NI, PP S MORLR IR WL 1 i 22 308 1Y ik
)2, FE A EUR HLE 5 B 0 )2 T A R BH Y R

a—FRPP01;b—FRPP02;c—FRPP03; d—FRPP04
4 FRKE PP A {3 BERHIEIE S A5k 1 SEM [

& 5 S BHAK PP 7 )2 T 2 JC & 1) EDS B 1% 20 Mt
K, 265 A2 X e R & . T RRBEAH ]
Jo i P LA PP A B HER A5 21 (1) 5% A o i AN ] L i
RV TR & BN iR R OT R &
SEAIRARN 2 3 Kk FT AT, FRPPOL {4 R 5% ik
1 31.48% , XF W % JZ H C TR & &M 21.16%, #80i%
TR Z R CITE LLBIH 6.66%; 1 FRPPO4 {& 3
B i N 23.16%, XN R E T C LR FE N
55.63%, WOZIR R ER AW T CITE LN 12.88%,C
JUE H BT T 93.39%, 1X 1hd B B 55 4 PAPP & i
A BT PPE A MBI R B, ALTE R 2 5
T EAH RS AR R, (2 2 BEAR B B A el A

£5 WMPPEAMIHARERENEEMT %

W caht oAl Pak  Alak
FRPPO1 21.16 51.93 21.39 5.53
FRPP02 46.10 38.26 13.45 2.19
FRPP03 39.99 40.08 32.24 1.91
FRPP04 55.63 32.09 10.99 1.28

P

O

Al

C

o 1 2 3 4 5 6 7 8
E/keV

P(a)

E/keV
(b)
P
o
1
1 34 5 6 7 8
E/keV
P (c)
CO

E/keV
(d
a—FRPP01;b—FRPP02 ) ¢c—FRPP03 ; d—FRPP04
5 PPALAMHEHISRS EDS it
PERT R A PHE B K R 2
3 it

(1) PAPP 1 AHP ZH B 1) FR BRI, A & L 5
(R BELR SR, | S84l 25% , PAPP Il AHP i Lt
o 4: 1B, AIE PP A A MR LOLIA 2 31.5%, & FL
IR EYGRF V-09 .

(2) FR B FI B B i K ig 27+ 1 PP &2 & 4k
fIHEE E PERE , PAPP A1 AHP BB RIVEFH , #5242 T PP
AR BRI fifp e R, e PR RE AR B KRR T, 2
PAPP I AHP Jii & [b 4 4: 1 B, 800 °C 5% 7k % Hy
23.16%.

(3) FRBEAAF By hn A K IR FEAR T PP & & K}
(A FARE HIGH R R AR IO AR R I SR AR R



138 AR

2023 4E, %5 51 4,45 4 )

RS, ST T AR BHAR A AR E . >4 PAPP Al

AHP Jii & A 4: 1 Bf, H:PKHRR , THR , PSPR {1 TSP

53901 R 176.11 kW/m®, 106.52 MJ/m’, 0.038 m’/s Fl

10.58 m’, At T 40 PP 735 & [ 70.64%, 24.58%,

50.0% #128.03%.

(4) PAPP Fll AHP 4% Jit it [ Ay 4+ 1 VS fINES , PP &2
BRRR R TS BRI R E . RIZ T
M T AR, EKRERY T COUR LHIH
12.88%, SR 1: TR R FEA AR LE, COUZRAY L]
$ETF T 93.39%, F W AHP 1 AL 25 T AR 76
HorpE AR o

& % x o

[11 YuanJ,Wang H,Wang Y D, et al. A novel highly efficient intumes-
cent flame-retardant polypropylene: thermal degradation, flame
retardance and mechanism[J]. Journal of Polymer Research, 2022,
29(05):205.

[2] XuY,Zhou R, Ma G, et al. Preparation of a cobalt metal-organic
framework (Co-MOF) and its application as a polypropylene flame
retardant by compounding with melamine polyphosphate[J].
Polymer Testing, 2022, 116. DOI: 10.1016/j. polymertest-
ing.2022.107765.

[3] Dong, X, Yang J N, Hua X Z, et al. Synthesis of a novel char-
forming agent (PEIC): Improvement in flame retardancy, thermal
stability, and smoke suppression for intumescent flame-retardant
polypropylene composites[J]. Journal of Applied Polymer Science,
2020, 137(3). DOI:10.1002/app.48296.

[4] Yuan G W, Yang B, Chen Y H, et al. Synthesis of a novel multi-
structure synergistic POSS-GO-DOPO ternary graft flame retardant
and its application in polypropylene[J]. Composites Part A : Applied
Science and Manufacturing, 2019, 117(2):345-356.

[5] Huang W J, Wang K, Tu C Y, et al. Synergistic effects of DOPO-
based derivative and organo-montmorillonite on flame retardancy,
thermal stability and mechanical properties of polypropylene[J].
Polymers, 2022, 14(12). DOI:10.3390/polym14122372.

[6] Li W X,Zhang H J,Hu X P, et al. Highly efficient replacement of
traditional intumescent flame retardants in polypropylene by
manganese ions doped melamine phytate nanosheets[J]. Journal of

Materials, 2020, 398(5). DOI: 10.1016/j.
jhazmat.2020.123001.

[7] Xiao X, Hu S, Zhai J G, et al. Thermal properties and combustion

Hazardous

behaviors of flame-retarded glass fiber-reinforced polyamide 6 with
piperazine pyrophosphate and aluminum hypophosphite[J]. Journal
of Thermal Analysis and Calorimetry,2016,125(1):175-185.

[8] LiuLB,XuY,YinT,etal. A facile strategy for enhancing the fire
safety of unsaturated polyester resins through introducing an effi-
cient mono-component intumescent flame retardant[J]. Polymers
for Advanced Technologies,2020,31 (6):1 218-1 230.

[9] Xiao X,Zhai J G,Chen T, et al. Flame retardant properties of poly-
amide 6 with piperazine pyrophosphate[J]. Plastics, Rubber and
Composites, 2017,46(5):193-199.

[10] Yuan Z, Wen H, Liu Y, et al. Synergy between piperazine pyro-
phosphate and aluminum diethylphosphinate in flame retarded
acrylonitrile-butadiene-styrene copolymer[J]. Polymer Degrada-

Stability. 2021, 190(8). DOIL  10.1016/J.
POLYMDEGRADSTAB.2021.109639.

[11] Chen C,Su S Q, Sun M M, et al. Synergistic flame retardancy of

tion and

ZnO with piperazine pyrophosphate/melamine polyphosphate in
PP[J]. Polymer Testing, 2023, 117. DOI: 10.1016/j. polymertest-
ing.2022.107878.

[12] Liu W H, Wang Z W, Su S Q, et al. Synergistic flame retardancy
of ZnO and piperazine pyrophosphate/melamine cyanurate in
polypropylene[J]. Journal of Vinyl and Additive Technology,
2022,29(1):202-219.

[13] X, VP2 FEmi AR IR v/ — 2R UM FELIA A UM i 1) B2 HIF 5
[1]. 3R, 2017 ,45(4):113-116.

Liu Chuan, Xu Miaojun. Research and application of pyrophos-
phoric acid piperazine/melamine system in flame retardant epoxy
resin[J]. Plastics Science and Technology,2017,45(04):113-116.

[14] Lin Y Q, Jiang S H, Hu Y, et al. Hybrids of aluminum hypo-
phosphite and ammonium polyphosphate: highly effective flame
retardant system for unsaturated polyester resin[J]. Polymer
Composites,2016,39(5):1 763—1 770.

[15] Zhu Y L, Shi Y Q, Huang Z, et al. Novel graphite-like carbon
nitride/organic aluminum diethylhypophosphites nanohybrid:
preparation and enhancement on thermal stability and flame retar-
dancy of polystyrene[J]. Composites Part A : Applied Science and
Manufacturing,2017,99(8):149-156.

[16] WuN1J,Xiu Z X,DulY. Preparation of microencapsulated alumi-
num hypophosphite and flame retardancy and mechanical proper-
ties of flame-retardant ABS composites[J]. Journal of Applied
Polymer Science,2017,134(33). DOI:10.1002/app.45008.

[17] Xiao X,Hu S, Zhai J G, et al. Thermal properties and combustion
behaviors of flame-retarded glass fiber-reinforced polyamide 6
with piperazine pyrophosphate and aluminum hypophosphite[J].
Journal of Thermal Analysis & Calorimetry, 2016, 125(1):
175-185.

(18] HTIERN , 227 5 . B R B XS I M BELA SR P 0 1) I8 W 5 ], v
#58E,2009,23(2):74-78.

Jin Xiaoyu, Jiang Hongwei. Synergetic Effect of Magnesium Stan-
nate on intumescent flame retardanted polypropylene[J]. China
plastics,2009,23(2):74-78.

[19] WS, ¥ i, BRAGLAL 28 SEBERR VR R MRl PR 22 A S J7 0
AG[I1. BT, 2021, 49(S1):55-58.

Ye Wen, Xu Xiaoli, Lin Zhuoshi, et al. Evaluation of synergistic
system in piperazine pyrophosphate and

formula optimization[J]. China plastics industry, 2021, 49(S1):
55-58.



