534,55 8 T B o ok N Vol.53, No.8 107
2025 4 8 H ENGINEERING PLASTICS APPLICATION Aug. 2025

doi:10.3969/j.issn.1001-3539.2025.08.014

RAERET (LR PPE £ S RIARE R ImE RN

MR, XRE, XM, BXE", FKEE'
(LU PRI B WC 08 3154005 2. JUSCTAL: TR IRIEITA ), Lt 100084)

T ) A A 4B T AR UL S 15 SR ATHE B 3 | 3 MR 3 R Bk (PPE) AL oAt #H e IR 4k 2347 T A %4F

o WA T RRA R RE AR L F A xS LA A TR S F AR LR, FFREREN,
FE4B R T A ooy 1 P T bk B & S R I VR K R 5 MU PPE L&A A By 4k R AT ey SAPE R A [ R
B3 A0 Mg B2 B8 (PETs) B ML R 45 3 AR MG BR 45 IBMEFR4M 28 (IR TH )P, AL T M4 5 09 E A PETs SRR 12, S A
SHAHR R P PETS 8R4 0.9 0 0, &M 404 2 b gt i 43, 42V 32 £ 25 71 MPa. % W 3% £ 25 105 MPa. k72 o
F IR JE A 24.6 kI/m* UL 94 FLFX M AR /2 0.8 mm T ik 2] V-0 28 19 #2242 K8 5 3% 51 775 °C, 7T it 2 F v, 38 LAk 09 4
AR ER, sh, RN EEH PETs T 23 K& A 6409 e T4k, 5 PETs Adn & 4 0.9 0 oF, 3 th e T A2 44
FAFEGART 6%, REAET B 29 4.2%, RIEIEIE T 2457 T AUE PPE LA ABe 7 MR R AR R JF ik 6y Peik A
Btk , FFB TR R R E 5 e TRRAEZ A 69 X &, 41 € PPE A& m Lad A2 P AR AL ARG H A A

KBRIA : AR A ORI A ; %, w9 BEAR IR BRBS 5 LMK ; Am T AR

RESHES: TQ322.3  XHEMFIAE: A XE4HS:1001-3539(2025)08-0107-07

Application of torque rheometer in screening lubrication systems for flame-retardant PPE composites
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Abstract : The lubrication system of flame retardant polyphenylene ether (PPE) composites was systematically evaluated by
using the mixer module and twin screw extrusion module of torque rheometer. The influence of various types of lubricants and their
dosages on the processing performance, mechanical properties, and flame-retardant characteristics of the composites were thorough-
ly investigated.Results demonstrate that the torque rheometer can be screened quickly and efficiently lubrication systems in formu-
lation design. Among the five lubricants including pentaerythrityl tetrastearate (PETs), calcium di (octacosanoate), calcium stearate,
sodium octacosanoate, polyethylene wax in the flame-retardant PPE composite formulation system, PETs exhibits higher thermal
stability performs optimally. When the addition level of PETs is 0.9 phr in the PPE composite system, the overall performance of the
composite reaches its peak, with tensile strength of 71 MPa, flexural strength of 105 MPa, notched impact strength of 24.6 kJ/m?,
and flame-retardant properties meeting UL 94 V-0 at 0.8 mm thickness and the glow-wire ignition temperature of 775 °C, fulfilling
the safety requirements for electronic and electrical components. Additionally, incorporating PETs significantly enhances the
processability of the PPE composite. The torque during extrusion processing decreases by 6%, and energy consumption is reduced
by approximately 4.2%. This experiment confirms the efficacy of the torque rheometer in rapidly screening lubrication systems for
composite material formulation and determines the optimal dosage of the lubricant that minimizes energy consumption during
processing based on the relationship between dosage and processing energy consumption.
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Tab.1 Experimental formula of flame-retardant PPE composites

with different lubricants added

phr
Samples PPE HIPS ]2);((; 1010 PETs PI2 CaSt, Nl’;\ll “];Z(
0* 85 15 10 03
1 8 15 10 03 1
2! 8 15 10 03 1
3 8 15 10 03 1
4 85 15 10 03 1

5° 85 15 10 03 1
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Tab.2 Experimental formulations of flame-retardant PPE

composites with different PETs addition amounts

phr
Samples PPE HIPS  PX-220 1010 PETs

0" 85 15 10 0.3

6" 85 15 10 0.3 0.3
7" 85 15 10 0.3 0.6
8" 85 15 10 0.3 0.9
9" 85 15 10 0.3 12
10" 85 15 10 0.3 1.5
1" 85 15 10 0.3 1.8
12 85 15 10 0.3 2.1
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Fig. 1 Time-torque graphs of compounding process for different lubricant samples
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Tab.3 Effects of different lubricants on properties of flame-retardant PPE composites
Tensile strength/ Bending strength/ Notched impact strength/ MFR/ o
Samples MPa MPa (Jm?) 2+ (10 min) '] UL 94 GWIT/°C
0" 71 103 19.8 19.6 0.8 mm V-0 775
1 71 103 22.7 24.9 0.8 mm V-0 775
2" 68 101 21.2 259 0.8 mm V-0 775
3 68 101 175 26.1 0.8 mm V-0 775
4 69 101 17.7 223 0.8 mm V-0 775
5" 68 100 17.2 36.2 1.6 mm V-0 750
Note: GWIT is glow-wire ignition temperature.
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Fig. 3 Time-torque diagrams of flame retardant PPE composites with

different PETS content during extrusion process
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Fig.4 Time-current diagrams of extruder during extrusion process of

flame retardant PPE composites with different PETs content
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Tab.4 Effects of PETs addition on properties of flame-retardant PPE composites

Samples Tensile strength/MPa ~ Bending strength/MPa Notch lng_ar(;ltj;rength/ o (]l\f)Fn]?i/n)’ 4 UL 94 GWIT/°C
0" 71 103 19.8 18.6 0.8 mm V-0 775
6" 71 103 20.2 22.7 0.8 mm V-0 775
7" 71 106 222 243 0.8 mm V-0 775
8* 71 105 24.6 26.1 0.8 mm V-0 775
9* 69 103 22.4 27.8 1.6 mm V-0 775
10* 69 102 20.4 29.3 1.6 mm V-0 775
1" 69 101 18.9 30.1 1.6 mm V-0 775
12* 68 98 18.1 31.2 1.6 mm V-0 775
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