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Effect of lignite ester wax on dispersion of carbon nanotubes in polypropylene
LIU Jingyuan, MA Yufei, ZHANG Zhonghua, WU Fumei, LI Xiaofeng
(National Institution of Clean and-Low-Carbon Energy, Beijing 102211, China)

Abstract : Taking advantage of the unique amphiphilic molecular structure of lignite ester wax, which features the synergistic
effect of polar ester groups and non-polar long carbon chains, it was used as a dispersant to improve the dispersion state of carbon
nanotubes (CNT) in polypropylene (PP) matrix. Through melt blending with a twin-screw extruder, PP/CNT/lignite ester wax
composites were successfully prepared. To evaluate the effect of lignite ester wax on the comprehensive performance of PP compos-
ites, systematic characterizations were conducted on the dispersion uniformity, electrical conductivity, processing fluidity and
mechanical properties of PP composites. The results indicate that comparing with the conventional plastic processing aid polyethyl-
ene wax, lignite ester wax inhibits the agglomeration behavior of CNT in PP matrix more effectively, significantly improving their
dispersion uniformity. Scanning electron microscopy observations confirm that no micron-scale CNT agglomerates are present in the
composites after the addition of lignite ester wax. Fourier transform infrared spectroscopy tests further indicate that the lignite ester
wax inhibits the agglomeration phenomenon of CNT by bonding with the active groups of CNT. Meanwhile, the electrical conductiv-
ity of PP composites is significantly enhanced:the sheet resistivity of PP material reduces by 1.5 orders of magnitude (from 5x10° Q)
to 1.5x10° Q) with the addition of only 1 wt% lignite ester wax. Additionally, lignite ester wax also significantly improves the
processing performance of PP:the melt flow rate(MFR) increases by approximately 18% with 1 wt% addition, and approximately

40% with 5 wt% addition of lignite ester wax. Notably, within the range of lignite ester wax addition not exceeding 3 wt%, the
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mechanical properties of the composites are basically maintained, and key indicators such as tensile strength, impact strength, bend-

ing strength and bending modulus do not show significant decreases. In conclusion, lignite ester wax can serve as a new type of

multifunctional processing aid with combined dispersion, lubrication and electrical conductivity functions, effectively replacing

traditional PE wax. It also provides a practical new approach to solve the technical bottleneck of the difficulty in uniformly dispers-

ing nanofillers (especially CNT) in non-polar PP matrix.

Keywords :lignite ester wax ; carbon nanotube ; polypropylene ; dispersion ; electrical conductivity
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Tab.1 Main parameters of wax

Lignite ester Reference stan-

Tt PE
ems wax wax dards
Acid val ASTM D1386-15
cid value/, 15-20 15-18 S
(mg KOH-g™) (2022)
Saponification
ASTM D1387-89
value/ 140—-160 63-67 2019)
(mg KOH-g™)
Whiteness/WH 75-79 95-99 GB/T17749-2008
ASTM D3954-1
Drop point/°C 79-83 140-142 S 395415

(2022)

1.2 MEFEE

HAAKE % t #l. : Rheomex OS, 3% [E Thermo
Fisher Scientific 2\ ] ;

AL : Systec80/420-200 , BEAS /KAL) A
PR 5

FEHL - Platen press P300 PM, 75 [E B F 5

I VR Ui 3l B %8 (MFR) {X : SN22448, 7 K Al
CEAST /A7) ;

FMH A : ACL-380, 25 [E ACL /N ;

3 7 185 (SEM) : Nova Nano SEM 450,
Z[E FEIAH) ;

A B A28 5 2T /P35 (FTIR) Y : Nicolet 8700,
& [E Thermo Fisher Scientific A5 ;

T BE SR B0 ML : 5965, 35 E INSTRON /A 7 5
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Tab.2 Experimental formulation
%

Wax
PP CNT Lignite ester wax PE wax
(experimental group) (control group)

96.5 35 - -

96.0 35 0.5 0.5

95.5 35 1.0 1.0

95.0 35 1.5 1.5

93.5 35 3.0 3.0

91.5 35 5.0 5.0
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Fig. 1 SEM microstructural morphology of PP-based materials adding different types and contents of wax
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Fig.3 FTIR spectra of PP composites with no wax, 1% PE wax and

1% lignite ester wax

2.2 FwpM

AR TR R E I CNT 1 & &=
S HCR S AR ST, T L BT PR
RPA] 5] CNT 76 3R & P4k 3 v i 2 il t: e 145 21
SEETE, A F I B 5 L 45, KR 4 v
R S HPEREY ™, 4 RIS INAS R 5 2 3 (1) PP/
CNT &AWL T B S S . 255 R |, iR
B INEAN 0.5% B, &2 A AR 1 L B ARSI
THEEAE ) 5100 QU B AR 28 3x10° Q, [ IR 2 1.2 %%
R, R RE R IR LT AN G i 1% B, 7]
AR A 2 T HL BELIE 28 1.5%10° Q, [ IR Al 35 1.5 4
B, X5 E LR E] B I N R RS J5 CNT
OYECER RTINS —5, L2 T, B PE B
T Z AN RBAHA R BH T B — A B 2, X U A AR L

TR BOR R B9 PE &, A BN JInie Y 4 A A
Tl CNT 7E PP & A b 31, MM 2 T it 1R BE
117 B 5 P B 55— 2 K 1 (<0.3%) , 3% v HL BHL 2k
A B U A 3G, Hy A 19 RO ES & B ik
PG AL, 78 ONT R B 1A AR HEHZ 78
BERAET QRS MBS I F A 2t — 4R T CNT By 73
RURCR , ACRE R (5 70 1R 3 22, Thied 22 191
005 D) T 0 2ok e S e B R A P < O 2=
O3 1, B 2 CONT 23 Bk 2 AR 8 1R T R, S L
AT LA T B = A T TR X 1A 1
ARLEIE TR I, CNT B9 73 IR B2 R WL 3 18 2% 42
THIBL R —E. MEAN, B 2 5% i At BH -k
R SR P T O ) L 5 N A OO 3
25, K ONT HEFe e i 2= FAL L= B A Aok 2
RGBT BIE , RN T R T

107 F

100 ¢

Sheet resistivity/Q

10°F__ No wax

—e—PE wax
—=—Lignite ester wax ‘ ‘ )
0 1 2 3 4 5

Wax content/%
4 B REIFDIEAN D SRR PP &G RDRHR H i BH A 52
Fig. 4 Effect of different types and contents of wax on sheet resistivity
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