mr M EREE S TR

F 4155501 4 Vol.41, No.1
202541 H POLYMER MATERIALS SCIENCE AND ENGINEERING Jan. 2025

http://pmse.scu.edu.cn

M RBER R/ KREXN S HER 2 HER SRR #2T

> ST A ] PRI N N
FEA, BEK, F A, RER, RKF°
C1. b2 B RIS 7e e A IR A &1, 18 2R 4300402, b k2 B/ TRE A L {452 071003
3.5k K T B IDE R AR L 5k 2K 11 075000)

T b H o5 AR ZH (HCCP) A= = Ul (MEL) il i3 43 5 o 6L & T R #4584 (APP) 34k & iy, 13 B) BCHE R AR R
4 (MAPP) . AR % (Lig) 8% IR \MAPP # B2 iR A 2R 28 s B ik 2L T F) (TFR) , B F TR 3 57 B 3% C 4 (HDPE) &
BEAHOYH) Ko MR AR (LOD) & AR5 R (UL-94) MK 45 R & 9, 5 M )G 69 MAPP/Lig f HDPE A % % 49 [k 2K
#, L7 MAPP/Lig i & 44 4 30%, BB b 2 3/1 i ,HDPE £ & 4+ HH ik ) & 5 M0 V-1 5 42, LOI 14X 2] 28.6%.
He 5% M (CCT) MK 25 R & 9, MAPP/Lig [} 7 A8 4 APP/Lig [ML& 7| T A% £ 38 /)» HDPE 69 % #AE5 & An ARk
o HFMREW, CH-FH £ R 4% (POE) T AL £ &4 HH a7 2 Ap K £ 2 F 424, YA MAPP UK APP, & § &
HDPE 5 &4 469 w2 A A8 64K 1247 e 45 AR 4 A 2 K,

LRI

FESR 0 s AR 2% BHIRTEBE s J1221ERE A M
FES S TM247.1 =

i3
CRAFRINAD : A X E = 1000-7555(2025)01-0070-08

HArH T HREFERMELZ AEIEEY, B
FERE LI (PVC) VR LI (PE) VRN (PP) 4
B IR 208 (EVAD &, Horb = % B2 2R 207 (HDPE) B A
W AR R LRGN ) S R RS540 i, R i
FERH AR, SR, HDPE J& T S M B, & K
JE kSR be . RN, B AEBRe Ik S BB K
B ZE, XoF A A RV 77 2 4 g 7™ 2 Jg By it DA 7 2
Xt HDPE A RFEAT BHRA S . SR T , L% 1E HDPE
TSI BEPA 1) 2 7 B 5 e 5T A AR ) R
I, % HDPE [ BELJA B3 [5] 7 5 1 e el PR A 72 2 BON
—Flb AR B

i ik 284 LA 741 (TFRO A Dy — B B4 1 52 &5 LA
A&, BT HHAG T0 o AR R EE R A FF S IR
ABIREER R TR Z B T AT
FEN, AR (Lig) FR o 21 28 AT LR A
BEENSAREL —, Ko THhEZARKHLEM,
A5 E (—OH) VFikFEE (C=0) 1 3 (—COOH) , iX
9 HAE N TFR 2 46 1 iR R 7 B2 3t T 4 o 2k

doi: 10.16865/j.cnki.1000-7555.2025.0006
Wieke H 41:2023-12-13

fili®. SRR # CAPP)AF A —F i WL IFR, 8 He
RN FE (P 25 B 7E BRI 52 B R i . 4R
1M, APP RIS &40 2 A) (OB 14 22 55, 32 B A 25
B2, T 22 FRAR IR A A B D1 22 1 REY . e AL,
APP BAT SRk, 28 50 SRS K 43, SR &
PRI BEBRTE AR . 7S S =I5 (HCCP) T
W55 22 I NG PR AT A, 2% 5 5 HoAh B [ R AR SR AR L
IR, HIF A F o &G B 1—P=N—45#4, 7] LA
P v FELA R, e — P R AR (R BELAR o ] 4

H A1, A0 2 A BRIE 1 2K 2 FH 575 F T HDPE
BH R B4 M AT 7E AR /D 4R0E S AR SR F FRR T R AR
JiE 2 A S M2 I 2R EL R 700 1) B D TR B 47 2R VR
HCCP Al = B & it (MEL) £, 78 T- APP £ 1fi , 45 &
HCCP #Fa 52 P A1 APP [ ik BELBR 250 AR 050, 45 3
U R R 2 (MAPP) « A RE HDPE & & 4 8L
J1EEVERE R FH 20% &5 - 7 4 35 5 4 (POED 4 )
A& #: % 5 1) HDPE. AN SCHF 98 7 AN [A] MAPP/Lig
NN LG 6 HDPE (1 SRR S [R5 58 1 12 %

TEINER N 2555, 2 B\ 57 A28 S A6 2544 RL S F B ¢ 1A , B-mail: yan li@ncepu.edu.cn



e

FEERANGE SOV SR WA B AR DR 0 v B 2R LR SR R S 71

LA M RE IO S AR i — A b 1 e R
APP/Lig & &1 FBHE y HDPE H25 4" £ RHIL )5

1 XEES
1.1 FEFER

HDPE #1 POE: TV 4% , 75 1 IR g 3 RHE T A R
A F] 3 APP: 3B 4, A 4 2R SE B AR TR 2 A 5
DA 2« b, 6 75 52 (D PR Do & JE A BR
N 4,4- R I KR (ODA) FITHCCP : 43 #r4t, |
W2 SO AL R A R A w5 e - 43 BT 21, B35 R
2R FH IR AT s MEL 2 8 T /K MK 285 - 43
Fréaf, B2 PR A A
1.2 REEHE

¥ MEL (5 g) 1 0DA (10 g) & fi#££ 400 mL At B
AL ICNIETR A R A 1E 0 °CHB 1 #E 10 min.
U APP (30 @), 4k 24+ 1 he SR )5, ¥ HCCP
(10 @)W ARLE 50 mL WERE 1, K VRS W0 hR 1 NI TR
B. KB 1 30 min N ISR INEIA R A . B
nsE G IR AR N, BB N AGR E N

80 °C, INFAS ] 24 ho f 5 , K it A5 2 &R R ™
i I JC /K AN 25 B /KB 3 IR W = (e L A8 it
6 65 °CALFE 48 h, 19 3118 /5 1Y) MAPP 3 K , MAPP
1A L E W Scheme 1 s . N T AT HLRE, B T
51 N APP 1X — 3P IR AL, A8 T R AL T2 &
HCCP #1 MEL (3554, 1t N PZMA .

218 Tab. 1 AN FARE I EC L, B i il — & &
() HDPE Zi{ 56 = TR G HLH , 28 5 BOR [F) 1 BH
R 53 Tl NV A WL R AT W) BRVR Gr 5 W E  FF 5F
(]9 20 min. SR 5 RHR A I AR E T SRR AL
H T 165 CCHEAT VAR VE & o H8 1 (1038 5 A0 in L i) 1]
I3 BV AE N 40 t/min A1 25 min. AR5, #4452 IR
A WIAE 15 MPa Fl 170 °CH# & 10 min, L3RS & 18 R
~HIREE
1.3 MRS ERAE
1.3.1 A5 2ot % 3 20 95 5635 5 A7 : K Infinity Gold
RILT AN REAL (FT-IR , 35 [F Thermo Mattson 23 7] ) X}
FES AL G AT 08T . RN T em, P
F3 9 400~4000 em™, >R FH BB, R

fof
< RN
01/1|)| 1|)\c1 N” SN P
- N pz I "1@1 I
3 N 3
oL < \P/N:‘*P/M* >
Pyridine i )’“N/]'J /LWH@‘,@\
é§’% HN:I,\/NII 7 4{*
HN NH, A BT
Sy
t -

Scheme 1 Synthesis process of MAPP

Tab. 1 Formulations, LOI and UL-94 test results of HDPE composite materials

Sample  w(HDPE)/% w(POE)/% W(APP)/% Ww(MAPP)/% w(Lig)/% LOI% UL-94
0# 70.0 0 225 0 75 23.6 NR
1# 80.0 20 0 0 0 17.8 NR
24 50.0 20 225 0 75 23.8 NR
3 50.0 20 20.0 0 10.0 235 NR
44 50.0 20 15.0 0 15.0 22.0 NR
5 50.0 20 0 225 75 28.6 V-1
6# 50.0 20 0 20.0 10.0 27.8 V-2
74 50.0 20 0 15.0 15.0 27.1 NR
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Fig. 1 FT-IR spectra of APP, MAPP and PZMA
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Fig. 3 (a) THR and (b) HRR curves of HDPE composite materials
Tab. 2 CCT test results of HDPE composite materials
Sample THR /(MJ-m?)  p-HRR /(kW-m?) Time to p-HRR /s FGR/(kW -m™-s™)
24 142.4 472.0 144.3 33
S# 126.1 281.4 95.9 2.9
6# 130.6 321.9 102.5 3.1
T# 1329 357.6 115.1 3.1

TIC EE 9 3/1 ), 453 1) 5#FF ) THR A1 HRR %0 {8 £
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PR S AR TR B AT AR
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PR, R SHE A M B THBAERE N 5E . 75 K
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B k22 4 Pk 0, b s#aRE I FGR BB 55 24388
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Fig. 4 (a) TGA and (b) DTG curves of HDPE composite materials

Tab. 3 Thermal degradation parameters of different HDPE composite materials

Char residue /%
Sample T."/°C Toa’/°C
500 °C 600 °C 700 °C 800 °C
2# 364.6 471.0 10.43 10.20 10.09 9.97
S# 353.7 482.1 23.22 20.81 19.89 18.81
6 3473 483.8 19.66 18.73 17.89 17.43
TH 348.9 483.9 18.98 17.94 16.79 16.40

‘temperature at the mass loss of 5%; "temperature at the maximum thermal mass loss rate
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Fig. 5 Photos of residue samples collected after cone calorimeter test: (a) 2#; (b) 5#
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Fig. 6 Tensile strength and elongation at break of samples 0#~7#
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Fig. 7 Breakdown field strength of samples 1#~7#
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Fig. 8 Volume resistivity of samples 1#~7#
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Effect of Modified Ammonium Polyphosphate/Lignin on Properties
of High Density Polyethylene Cable Materials

Leijie Qi', Xibo Feng', Yan Li’>, Haoyuan Song’, Changyu Song’
(1. Power China Hubei Electric Engineering Co., Ltd., Wuhan 430040, China; 2. Department of Electric Power
Engineering, North China Electric Power University, Baoding 071003, China; 3. Zhangjiakou Jiaotou Industrial
Co., Ltd., Zhangjiakou 075000, China)

ABSTRACT: The modified ammonium polyphosphate (MAPP) was obtained by the condensation of
hexachlorocyclotriphosphazene (HCCP) and melamine (MEL) onto the surface of ammonium polyphosphate
(APP) monomers. Using lignin (Lig) as carbon source, MAPP as acid and gas source to form an expanding flame
retardant (IFR) for the preparation of flame- retardant high- density polyethylene (HDPE) cable materials. The
results of the limiting oxygen index (LOI) and vertical burning class (UL-94) tests indicate that the modified
MAPP/Lig has a higher flame retardant efficiency for HDPE. When the mass fraction of MAPP/Lig is 30% and the
ratio is 3/1, the HDPE composite material reaches the vertical combustion V-1 grade, and the LOI value reaches
28.6%. Cone calorimetry (CCT) testing shows that MAPP/Lig flame retardant can significantly reduce the total
heat release and heat release rate of HDPE compared to APP/Lig flame retardant. Mechanical test results show that
ethylene octene copolymer (POE) can significantly increase the elongation at break of the composite materials.
Replacing APP with MAPP will reduce the electrical performance of the HDPE composite materials, but still meet
the standard usage requirements.

Keywords: high density polyethylene; lignin; flame retardant properties; mechanical properties; electrical

properties



