5 53 B4 3
2025 4F 3 J1

] f K “F 2 4 CH R B R0
JOURNAL OF TONGJI UNIVERSITY (NATURAL SCIENCE)

Vol. 53 No. 3
Mar. 2025

NEHS: 0253-374X(2025)03-0462-09

DOI: 10. 11908/j. issn. 0253-374x. 23255

BAMNESRYERMBZEKERES
UL 25 44 AU

ij‘ggl,Z,S,ﬁl,S,G’ ﬁ{lﬂ‘(jﬁ"él,Z,S,S,G’ /%Zi,ﬁ%l,z,?)’ gﬁ

A3 1.2.3.:4.5,6
S 9

T R et R AR
(1. FBINR 2 AKR S A8 2= TR KRN 45000152, B4 % GBI R 2, g M1 450001 ;3. HEMIRAE 3R TRERFSE R, Il S
450001 ;4. AL (ARG ), T Rg AN 45000155, F K FEAG ARSI 16 5 F R [ S i B A TRZ SR 28, Tl g 4RI 450001
6. MR TARERAZB A48 TR M R BT hcs TR 8N 45000157, hget R B4R T T A BR AN 1, TR H0M 450016)

WE: N TR AEA KR T KBRS T2 5385
X TR SRR IR A T R RO 25 A e T ) S ) R T
HAARFKF R B0 s R A FR A, R T3 )
AT T AN S KRR R 0S5 3R K 43
TR BRI AR L A R AR, IR — R RS 4y
MBS R Ik . G5 ARW WS Bk, 2 57380k
N K A3 FE e G fa THRE , IR R K 4T R
TR K 53T B oy BB MR Wi K BR & Tk T2 558
BRSO o F 7K et Bl e, S B SR 2 T 1) 3 08 2 70 TR R R A ,
HARBUR /N, KA F SN sg B 5 T 7R R 28I A #44)
PE, S KB IR R B SC IR N A A AR A ) . TSR A AR ]
A KRB R SR B N ik AR RN M RE P LA R T
R = R AR A SR B 52
FHRIA 43T Bl AL OSSR s S A 5
ERE A

FESHES: TUST+5 XRAFRERE: A

Simulation of Crosslinking Process and
Microstructure Evolution of Polymer
Grouting Material in Watery
Environments

WANG Cuixia'-*-*-* 7% WU Yongshen' * * 7 °,
YUAN Lingwiu' ** ', ZHANG Chao' * % * 7%
FANG Hongyuan'****°, ZHU Pengjia’

(1. School of Water Conservancy and Transportation, Zhengzhou

University, Zhengzhou 450001, China; 2. Yellow River

Wik H ). 2023-08-05

Laboratory (Zhengzhou University) , Zhengzhou 450001, China;
3. Underground Engineering Institute, Zhengzhou University,
Zhengzhou 450001, China; 4. Yellow River Laboratory (Henan),
Zhengzhou 450001, Chinaj; 5.
Laboratory of Major Infrastructure Testing and Rehabilitation
Zhengzhou 450001, China; 6.
Innovation Center for Disaster Prevention and Control of
Built by Provinces and
Ministries, Zhengzhou 450001, China; 7. Fifth Engineering Co.,
Ltd., China Railway Seventh Group, Zhengzhou 450016, China)

National Local Joint Engineering

Technology, Collaborative

Underground Engineering Jointly

Abstract: To address the influence of water molecules

participating in the crosslinking reaction on the
crosslinking process and microstructure characteristics of
polymer grouting material in watery environments, cross-
linked polyurethane models with different water molecule
mass fractions were constructed and molecular dynamics
simulations were performed to calculate the number of
water molecules participating in the crosslinking reaction,
glass transition temperature, and free volume of systems
with  different water molecule mass fractions.
Additionally, a method for calculating the uniformity of
crosslinking distribution was proposed. The results show
that as the water content increases, the number of water
molecules participating in the crosslinking reaction first
gradually increase and then stabilize, because the volume
of water molecule clusters increases with the increase of
which limits the

participation of water molecules in crosslinking reaction.

water molecule mass fraction,
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With higher water

temperature of cross-linked polyurethane is lower and the

content, the glass transition
free volume is smaller. Water molecules participating in
the crosslinking reaction improve the uniformity of
crosslinking distribution in the model. As the water
content increases, the crosslinking distribution of the
model becomes more uniform. The current results will
provide valuable theoretical reference for understanding
the reaction process and evaluating the performance of
polymer grouting materials in watery environments, as
well as for the design and development of these materials

in engineering applications.

Keywords: molecular dynamics simulation;

microstructure; polymer; crosslinking distribution; free

volume
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Fig.1 Chemical structural formula of polyurethane grouting material raw materials
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Fig. 7 Effect of water molecule mass fraction on the number of cross-linked water molecules
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Fig. 8 Effect of water molecule mass fraction on the characteristics of water molecule clusters
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