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Fig. 2 The simulation systems: (a) the non-ammonia system

and (b) the ammonia system
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Fig. 3 The variation of lattice parameters a (A) and b (B)

with temperature
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Table 1 Thermal expansion coefficients

The thermal expansion coefficients of a

cell dimension (10 %K')

The thermal expansion coefficients of b

cell dimension (10 °-K ")

Temperature (K)

Calculated data Experimental datal'*) Deviation Calculated data Experimental datal ' Deviation
300 ~450 K 9.2 9.8 6.12% 1. 14 1.2 6%
450 ~550 K 18.2 19.8 8.08% -1.7 -1.6 6.25%
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Fig. 4 The distribution of end-to-end distance of a

cellulose chain
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Table 2 Diffusion coefficients of ammonia

Temperatures
Parameter 298 K 318 K 338 K 358 K 378 K 398 K
D(10 % em?-s7") 12. 64 12.93 13. 625 14.303 23.071 23.738
Goodness of fit 0.97564 0.93452 0.94201 0.92317 0.97568 0.96574
800 ——298 K @I
700 X LR 3 FIFE 4 v U A RnT A B 2 R
600 F M 298 K Ha ) 398 K, S B H0E /DA E] 15% .
00t T8 I £ 24 22 DA 17 40 O B R R AR UK 4T 4
“g 400 FA WAL A RS TR BUA R A
< 300f Bl BN KR T 4 R A I S I R B
200} 5y 5Nk Sy T A I A e i A AR
100+ SN Y SR R EROE n 3n T A S AR e
o ASNHR MR 4T AT A

Time (Ps)

Fig. 5 The MSDs of ammonia at different temperatures
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Table 3 Hydrogen bonds in non-ammonia environment

Total hydrogen Cellulose-Cellulose

Temperatures (K)

bonds Intrachain Interchain
298 62.784 30. 81 31.974
318 60. 31 37.392 22.917
338 57.432 34.459 22.972
358 56.301 32. 645 23. 646
378 55.017 30. 81 24.207
398 53.125 27.625 25.5

Table 4 Hydrogen bonds in ammonia environment

Temperatures Total hydrogen ~Ammonia- Cellulose-Cellulose

(K) bonds Cellulose  Intrachain Interchain
298 114. 028 34.995 27. 146 6.786
318 113. 096 34.841 29.003 6. 968
338 111. 054 34.774 29. 055 6.995
358 109. 731 32.797 29.273 7.01
378 110.212 30.315 28.578 7.212
398 109. 155 31.341 28. 809 7.484
3 &g
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Studies on Influence of Ammonia on Properties of Cellulose

I8 Based on Molecular Dynamics Simulation

Shuang Huang, Yi-ze Sun”, Yang Xu, Zhuo Meng
(College of Mechanical Engineering, Donghua University, Shanghai 201620)

Abstract  The performance changes of cellulose I8 in the ammonia environment and non-ammonia
environment were studied based on molecular dynamics simulation. The end-to-end distance of one cellulose
chain, the diffusion behavior of ammonia in cellulose and hydrogen bonds between cellulose and ammonia were
investigated. The results indicated that the end-to-end distance of the cellulose chain in ammonia environment
got longer than that in non-ammonia condition with improving the flexibility of cellulose chain, which could
reasonably interpret the common sense that “The treatment of liquid ammonia can be used to improve fiber
flexibility”. The mean square displacements ( MSDs) and diffusion coefficients of ammonia rose with
increasing temperatures. When the temperature rose from 298 K to 398 K, the diffusion coefficients of
ammonia increased by 87.8% . So the appropriate elevated temperature could reduce the soak time and thus
the production efficiency in treatment of liquid ammonia could be improved. The total number of hydrogen
bonds in ammonia environment increased due to the forming of hydrogen bonds between ammonia and cellulose
I8. By adding ammonia, the number of intrachain hydrogen bonds in a cellulose chain remained unchanged,
but interchain hydrogen bonds among cellulose chains were weakened, contributing to the stronger movement
of cellulose chains and showing a good swelling property of cellulose.

Keywords Cellulose I8, Molecular dynamics simulation, Flexibility, Diffusion, Hydrogen bonds
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