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Preparation of High Rigidity—-Toughness Balanced Flame Retardant and Antistatic
Polypropylene Composites and Their Application in Mining Pipes
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Abstract: To improve the comprehensive performance of pipeline materials used in special underground coal mine
conditions, a high rigidity-toughness balanced flame retardant and antistatic polypropylene (FRPP) special pipe material
was prepared. Using a self-developed high rigidity-toughness balanced polypropylene composition as the matrix, red
phosphorus flame retardant and superconducting carbon black were employed for synergistic modification, and a high-
concentration functional masterbatch was prepared via the masterbatch process. The effects of masterbatch addition on
material properties were systematically investigated. The results showed that when the mass ratio of the high rigidity-
toughness balanced polypropylene composition to the masterbatch was 1 : 1, the surface resistivity of the FRPP composite
decreased to 10° Q, and the flame burning time was 2 s, meeting the requirements of the MT 113—1995 standard. At this
ratio, the flexural modulus of the FRPP composite reached as high as 1 009.00 MPa, and it exhibited good low-
temperature toughness, effectively addressing the sagging problem of traditional high-density polyethylene (HDPE) steel
wire mesh skeleton composite pipes during long-distance installation. In field applications, the FRPP pipe demonstrated
excellent performance in terms of allowable stress, safety factor, and sag resistance, showing promising engineering
application value.
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FFRDEHE 100 *CRIMEA T HET 2 h, £F 220~250 °Co&1F
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Tab.1 Formula of FRPP FA5.%

Feindhi 5 W AL W AU b
SO 100 0

S1 90 10

S2 80 20

S3 70 30

S4 60 40

S5 50 50

S6 40 60

S7 0 100
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Fig.1 Production process of FRPP pipe
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Tab.2 Effect of masterbatch addition
$ffis
TCHEMRRINTR) (6 252 )

on flame retardancy of FRPP
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Fig.3 Effect of masterbatch addition on MFR of FRPP
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Tab.3 Effect of masterbatch addition on mechanical properties of FRPP

‘ , - BRI
FESGiS P i/ MPa TR % Zh5REE/MPa LR/ MPa S -
(23 °C)/(kI-m?)

SO 23.62 27.61 21.12 843.00 31.92
S1 21.85 22.32 20.27 862.00 19.97
S2 21.78 21.22 20.33 911.00 18.35
S3 22.59 15.87 20.80 920.00 18.31
S4 22.76 13.98 20.86 944.00 17.54
S5 21.48 13.21 21.03 1 009.00 16.55
S6 20.38 11.58 21.47 1 024.00 15.99
S7 10.35 8.38 16.13 1 066.00 14.77
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Fig.4 Impact strength of S5 at different test temperatures
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Fig.5 SEM images of fracture surfaces of S3 and S5 samples

" ¢ %
24 X2
- 1
] ol Y
' P -]
I~ ____
o —
; =31} I

[t m g .
He #AEHEINYRIK

Fig.6 Site erection of mine pipeline

ETESEETEMRE L NEER K, K48 uEHE
AReta B SRS, MRS BIE K ER A
B R SE TR RS TR E . REYES ik
FLRE , FF A MT/T 141—2005 ) BDRHA HEAK B 78 K F 8%
B, MR B TS BN /N TR0 5% , 48] BE I H R K



F 1.0 m (WDN110 HDPE &[6)#E <0.8 m),
- s it
X %x: N 1
R = o PR M
A7 AR AT FRPPE NPT T EIERE, AR L TE
EFHEZ%L, R Abaqus 8 THEAFRE J14 2.5 MPa )
DN110, DN160, DN200 fil DN315 4 i %% iif £ 1.5 m Al

77 MLS5MA &

kR Plastics Science and Technology NO.08 2026

4.0 m S22 E)BE T Bl AR T . 4 4 FRPP B A FFIES:
B, 265 AR SZAREIEE F FRPP & e KIS & M
RFHERE

MFES TR, FE 4.0 m 320 )EE T, DN315 EIEm
AR FEEEIR N 5.72% , @B e PR B . TI7E 1.5 m 328 ) pE
T, DN110 & B A e 2.45% , T R TR
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Tab.4 Characteristic parameters of FRPP pipes

(ESEE RS INFRAME/mm BEE /mm INFRIES1/MPa FoKEE/(kg'm™) PR /M Pa JARALL
DNI110 110.0 7.5 2.5 9.8 1 002.9 0.4
DN160 160.0 10.0 2.5 21.2 1023.2 0.4
DN200 200.0 11.0 2.5 32.0 1023.4 0.4
DN315 315.0 15.0 2.5 80.0 1047.5 0.4
A5 RE I ZRWEET FRPP F i 69R X L RZANMHE
Tab.5 Maximum deformation and relative deflection of FRPP pipes under different support spacings

pr— A B /m HIXTEEE %

SCHREIEE 1.5 m SCARIBIEE 4.0 m SCRE)RE 1S m SCRIB)EE 4.0 m
DNI110 -0.002 7 -0.104 3 -2.45 -95.45
DN160 -0.001 5 -0.0519 -0.94 -33.13
DN200 -0.001 0 -0.035 6 -0.50 -17.50
DN315 -0.000 5 -0.016 0 -0.10 -5.72
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Fig.7 Bending deformation simulation curves of FRPP pipe

under different support spacings
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VERIN. )7 224 R B0% U T 68 114 HDPE 853, A B
TR 2 B, AL TS5 4ed i fe, i — & TR
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