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Preparation and performance analysis of polyurethane potting materials
for specialized electronic components

ZHANG Wenxin', HAO Yatun’, ZHU Yurong’

(1. Shanxi College of Applied Science and Technology, Taiyuan 030000, China;
2. Shanxi Institute of Chemical Engineering (Co., Ltd.), Jinzhong 030600, China)

Abstract: In this paper, different types of polyurethane potting materials were developed successfully by taking propylene
epoxide-tetrahydrofuran polyether or polytetrahydrofurane glycol as polymer polyols, toluene diisocyanate (TDI),
diphenylmethane diisocyanate (MDI), and 3,3'-dimethyl-4,4'-biphenyl diisocyanate (TODI) as curing agents, and adding an
appropriate amount of silica aerogel. The mechanical property, proccessability, low temperature resisitance, high
temperature resistance, resistance to high and low temperature shock, and insulting property of the polyurethane potting
materials were analyzed systematically. The results show that the polyurethane potting material formulated with propylene
oxide-tetrahydrofuran copolymer and TODI as primary components, supplemented with silica aerogel with the mass fraction
of 0.5%, exhibits outstanding processability, mechanical strength, and electrical insulation. It also demonstrates exceptional
tolerance to extreme temperature fluctuations. This material achieves a glass transition temperature as low as -69.3°C and
maintains a compression cold resistance coefficient of 0.54 at -60°C. Its 5% weight loss temperature reaches 302.3°C. After
enduring 20 cycles of thermal shock between -65°C and 125°C, the material retains 93.5% of its tensile strength with a
dimensional change rate of merely -0.6%, while preserving excellent insulation properties: volume resistivity of 4.2x10" Q-
cm and dielectric strength of 25 kV/mm.

Key words: polyurethane; high and low temperature shock; aerogel; potting material
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Table 1 Formulations of different polyurethane potting materials
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Table 2 Process properties of different polyurethane

potting materials

R VIUHIR A B Z/(mPa-s) I 7] /min
PU,, 610 40
PU,, 800 25
PU,, 1000 32
PU,, 550 45
PU,, 740 28
PU,, 910 34
PU, 630 43
PU 1050 33
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Fig.1 Effect of silica acrogel addition on the process

performance of PU
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Table 3 Mechanical properties of different

polyurethane potting materials

- Shore A EOAGIEEE S TEAICIE .S T i
fifi i /MPa 1% /(KN/m)
PU,, 60 15.4 608 31.8
PU,, 61 16.5 620 325
PU,, 61 16.7 615 32.8
PU,, 58 123 650 25.4
PU,, 58 13.5 660 26.6
PU, 59 14.8 656 26.7
PU,, 60 13.9 635 27.7
PU,, 60 15.5 623 28.9
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Fig.2 Compressive cold resistance coefficients of different

polyurethane potting materials at -60°C
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Fig.4 TG curves of different polyurethane potting materials
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Table 4 Impact resistance to high and low temperature of

different polyurethane potting materials

v P8R B OREF /% JUHREF /%
PU,, 71.5 -3.6
PU,, 75.8 -3.8
PU,, 79.5 -3.8
PU,, 61.4 -2.4
PU,, 63.6 -25
PU,, 64.1 -26
PU,, 88.7 -13
PU 93.5 0.6
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Fig.5 Volume resistivity and electric strength of PU, and

PU, , before and after high and low temperature impact test

M 5 A LA i, PU, 5 PU, 75 i B o S8
AT 40 F B A v () MR B F B R CRF 10" Q-em)
HHL AR (R T 23 kKV/mm) , 3iF S 5 1 HL & R
LA VR BE . 5 L PU,, 78 40 D IR b i 52 596
Je o AR H B R AT A B 4.2x10" Q-cm, BLA SR E N
25 kV/mm, H 24 G M RE M T PU B UL E R E T

TRFF, X — IR E AR 28T SRR PR
TERS: — A Rk gz 1 R &G 7 1 45w P i o3 2
73 A A, R R 4 & I FR L RE S 15 R A
PR B B A 2 i 55 5 77 AR BV S AT 2
AR AZ IR BE 5 FA7 2R 1) B 7 IR #%

3 g

D) SRR AR IR 1 e 2 2 RS
L/EN - AiuE A YN NV RS EZN =N P P 2 o
A O 3 BT 9 SR S 22 U BE @ i G
BN T o FREMIURE M BRAR T o TR s
2, Ak D AR A S, DT R AR
KRB E A BHEARE A B T 1 52 e

(2) R 2 I8 B M R PR T vy i 128 8 0 52 1) e S0
RER S5 REYZ ol ILEER . MHETHEN
ot — VU S0 Pk P e 5 1k 70 2R S IR E 3 A R, PTMIG B 5
SR VE B MR R B AR I B . 7R 2R SRR
P& WE rh , L TODI 2 5 2 15 HE 355 04k} () i 4 : RE f

(3) A e I DA L AR ) 2 A R 4, AT
DL CHEAE A1 0 5 B T R s, (7] 25 42 41k
{18 T R iR 5 T sy i 12 R o

(4) DAFR S ot - DU S0k e 4L SR ik &2 TODI A 3=
BLR Ay 5 il DAE AR e S s o % 1 SR R
BMRL, R H SR ) PR RE L L2 RE i S
T b Ve RE DA 4 R VERE T 2 AE-65C &2 125°C 1§
Wi 2 T AR K

ZE Y@L References

(1] SRR, X 5 HE AR 5, A5 T 34 4 50 P 2R e e R A S 3 T
f ) 48 A RERIF FE[]. 46561 #4,2020,53(9):19-23.

ZHANG Dali, LIU Zongwang, ZOU Jiagui, et al. Epoxy pouring
sealant modified by humidity and heat resistant flexible polyure-
thane[J]. Insulating Materials,2020,53(9):19-23.

[2] ERBLJE AR e s B S PRI B T2 4R,
2013,34(2):110-113.

WANG Ying, ZHOU Chunyan. Preparation of heat-proof and
insulating potting material[J]. Electronics Process Technology,
2013,34(2):110-113.

[3] MERILLAS B, VILLAFANE F, RODRIGUEZ-PEREZ M A.
Super-insulating transparent polyisocyanurate-polyurethane aero-
gels: analysis of thermal conductivity and mechanical properties
[J]. Nanomaterials,2022,12(14):2409.

[4] UMATE T B, SAWARKAR P D. Thermal performance evalua-
tion of aerogel-enhanced polyurethane insulation panels for refrige-

rated vehicles: a numerical and experimental study[J]. Thermal



92 A ARl 2025,58(7)
Science and Engineering Progress,2024,53:102752. low temperature resistance of laminated polyurethane bearings
[S] NUHU I, HALIM Z A A, AWANG N, et al. Fabrication and cha- [J]. Journal of Building Materials,2023,26(7):792-799.
racterization of thermally insulating polyurethane-silica aerogel [11] B80S XI5, 55 Si0, Ukt & & 3 kL B ILAEfT S fiR
composite for cryogenic application[J]. Silicon,2024,16(8):3405- AT I T R (1], A M RER,2024,41(7):3355-3371.
3415. MU Rui, LIU Yuanxue, LIU Xiaoying, et al. Advances in silica
[6] ZHANG ZY, HAN X F, JIA L, et al. Highly water-resistant trans- aerogel composites and their research in aerospace[J]. Acta Ma-
parent waterborne polyurethane thermal-insulation coating materi- teriae Compositae Sinica,2024,41(7):3355-3371.
al with multiple self-crosslinking network based on controllably [12] 2% SO AT SR R R S T 52 & W4k ) % B e
activated end-capping reagent[J]. Progress in Organic Coatings, WEFE[D). T M ARG B T K %4,2022.
2024,187:108104 ZHOU Xin. Preparation and properties of fumed silica/polyure-
[7] 5K SC M JE bR, 28 B 55 S AR R B (1 il % 5 1k thane/epoxy composites[D]. Guangzhou: South China Universi-
LI HAMREE S THE,2020(2):101-105. ty of Technology,2022.
ZHANG Bowen, MEI Qilin, HUANG Yankai, et al. Preparation [13] Sk, phme & 48,55 ARIR ORVA F S10, UEEI & &4 k)1 )
and study on properties of thermal conductive polyurethane pour- FFIPERE[T]. ot Tk oK 5 S 4R (B AR 4R),2016,38(2):47-
ing sealant[J]. Composites Science and Engineering, 2020(2): 50,81.
101-105. MA Jia, SHEN Xiaodong, CUI Sheng, et al. Preparation and
[8] Z=Z4E5RIFST, {Lj: ?’,% FRIE S SO T 0 T SR R K S properties of silica aerogel composites for cold insulation[J].
Z BRI & SR I @ T AR R E 5 DFE,2021,37 Journal of Nanjing Tech University (Natural Science Edition),
(12):9-16. 2016,38(2):47-50,81.
LI Zhihua, ZHANG Yidan, SHEN Yuting, et al. Preparation and [14]  FAEEVE, K B R, 4550 . S Ak AT e o A o e 2 g .
properties of underwater acoustically transparent polybutadiene- A 1 1) 4 B MERETE 7T [0]. BB RFRHE,2019,47(3):21-25.
based polyurethane modified by fluorosilicone[J]. Polymer Mate- YANG Zhenyuan, ZHANG Yuliang, LI Rongxun. Study on
rials Science & Engineering,2021,37(12):9-16. preparation and properties of silica aerogel modified thermoplas-
[9] “j{] DR, AT, B /M, SR L 2 JO I Rh S AL S IR o A tic polyurethane elastomers[J]. Plastics Science and Technology,
ORI T]. SR Tlk,2020,48(10): 146-149. 2019,47(3):21-25.
SHEN Zhaoyu, CUI Shengkai, LU Xiaojian, et al. Effect of poly-
ol type on properties of microcellular polyurethane elastomer[J]. Y ¥ B BA: 2024-08-04 ; 1& @ B #A:2024-10-14.
China Plastics Industry,2020,48(10):146-149. S
[10] &3, VPSSR L SR — 1 o a8 Jo SR S A i {1 i P8 e 1) 3

MR [J]. S SR 2431R,2023,26(7):792-799.
YUAN Yong, XU Xiaoxing. Influence of copolyether diol on

IR LA (1986—), B (i), Ly LKA, HA LA, £&

MNF Ty R0 BT B e TS



