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Experiment and molecular dynamics simulation of cellulose nanocrystals

cement-based composites

FAN Qichang, WANG Zhanpeng , MENG Xue , ZHOU Liyu, FAN Liang , MENG Dan’
(School of Architectural Engineering, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: To explore the effects of cellulose nanocrystals (CNC) and coated CNC polyethylene (PE) fibers on the
performance of mortar, XRD was employed to analyze the hydration products, and nuclear magnetic resonance
(NMR) technique was taken to measure porosity. Calcium-silicon ratio of calcium silicate hydrate (C-S-H) was
measured by EDS and PE/C-S-H interface was characterized by SEM. The adsorption energies, kinetic properties
and gyration of radius between the two CNCs and C-S-H were analyzed by molecular dynamics simulations (MD).
The needle-like CNC promotes hydration and affects the compactness of the hydration products, curbs the develop-
ment of pores and improves the mechanical properties of the mortar. There are differences in the adsorption
between different functional groups and cement matrix, which affects the reinforcement effect of cellulose nano-
crystals. CNC coating improves the bonding between the fibers and the cement matrix, improving the synergistic
performance of composite materials.

Keywords: cement-based composite materials; molecular dynamics simulation; functionalized cellulose nano-

crystals; adsorption interface; fiber
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Fig.1 Cellulose nanocrystal (CNC), fibers and fabrication of the CNC
coated fiber: (a) CNC gel; (b) Polyethylene (PE); (c) Polyvinyl alcohol

(PVA); (d) CNC fiber

&1 PE XK PVA SF4NYIER NZFMEREIER
Table1 Physical and mechanical properties of PE and

PVA fibers
. Elastic Tensile .
Fiber ﬁf:lgth/ Drlre:meter/ modulus/ strength/ 8(81.1;127)/
i GPa MPa J
PE 9 24 120 3000 970
PVA 9 20 40 1 600 1 300

1.2 CNC#EmKEEE SR

et FH 95 ol 3 TR R T AT 4 K g K R, o
— MR & AR (CNC-C), B —MERmEAHR
3£ (CNC-H), CNC DA 5 /K U8 i & kb & 0.01%.
0.05%. 0.1%. 0.15% Fl 0.2% F4 45 f& Fl K J8 3 74 R
Gkl b, HARELH UL 3. CNC 358K I8

®2 LEEBREKRLFNS (P-0425)
Table 2 Composition of ordinary portland cement (P-O 42.5)
Composition SiO, Al,O4 Fe,04 Ca0 MgO Loss
Proportion/% 21.44 5.95 3.05 61.42 3.97 4.35
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Table 3 Mass composition of different experimental groups

8

CNC-C coated CNC-H coated

Notation Sand Cement Water Plain fiber CNC-C CNC-H polyethylene polyethylene
A 1 350 450 247.5 0 0 0 0 0
C-0.01 1350 450 2475 0 0.045 0 0 0
C-0.05 1 350 450 247.5 0 0.225 0 0 0
C-0.10 1 350 450 247.5 0 0.450 0 0 0
C-0.15 1 350 450 2475 0 0.675 0 0 0
C-0.20 1350 450 2475 0 0.900 0 0 0
H-0.01 1350 450 2475 0 0 0.045 0 0
H-0.05 1350 450 2475 0 0 0.225 0 0
H-0.10 1 350 450 247.5 0 0 0.450 0 0
H-0.15 1 350 450 247.5 0 0 0.675 0 0
H-0.20 1 350 450 2475 0 0 0.900 0 0
PE-0.10 1350 450 2475 0.745 0 0 0 0
PE-0.20 1350 450 2475 1.490 0 0 0 0
PE-0.30 1350 450 2475 2.235 0 0 0 0
PE-0.40 1 350 450 247.5 2.980 0 0 0 0
PE-0.50 1 350 450 247.5 3.725 0 0 0 0
PVA-0.10 1 350 450 2475 0.998 0 0 0 0
PVA-0.20 1350 450 2475 1.997 0 0 0 0
PVA-0.30 1350 450 2475 2.995 0 0 0 0
PVA-0.40 1350 450 2475 3.994 0 0 0 0
PVA-0.50 1 350 450 247.5 4.992 0 0 0 0
PEC-0.30 1 350 450 247.5 0 0 0 2.235 0
PEH-0.30 1350 450 2475 0 0 0 0 2.235

Notes: CNC-C—Carboxylated CNC; CNC-H—Hydroxylated CNC; A—Control mortar sample; C—CNC-C mortar sample; H—CNC-H
mortar sample; PEC—CNC-C coating fiber mortar sample; PEH—CNC-H coating fiber sample. Additionally, the number means the
dosage of enhancement material. Such as C-0.01—Ratio of CNC-C is 0.01%; PE-0.1—Addition of PE fiber is 0.1%.
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Fig.3 XRD patterns (a), dissolution peak (b) and hydration heat (c) of mortar; Flexural strength of CNC-C (d), CNC-H (e), PE (f), PVA (g) and CNC fiber (h)
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JE 5 B B B TR 58 T CNC-H, X /& B T CNC-C
5 C-S-H [H] W AR BAE FH S 5, W B 554 1 7T DA 7R 52
PR, PR R K R RE S B3], CNC/C-
S-H 1y 5 1 % B 475 20 5 38 3 435 3h g 2R AL R AT
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AEwD I B B0 s 9 B A5 A 53 0 3G 0 T 2.96% F
7.39%, f# UL T PE 5 4k 5 K U FE 1ARORG 45 1 fE
R AT 5 B Y R R, X2 T CNC IR 2 TELF 4t
FIEIL L 2D W25, 2345 PE 47 4 = i+ ok B g
AT, AR i 2F 4t 0B R 09 4k 2 By, 38 5 R e 1
b2 B R 38 N 27 A R AR R G B . IRIEE, CNC
WAL Y R N 3D IR )2, 1 5 £F 4 3% i M
BERE, a4 5ERR A ER . R T4 R
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Fig.4 Compressive strength of CNC-C (a), CNC-H (b) mortar of 3 days; Compressive strength of CNC-C (a), CNC-H (b), PE (c), PVA (d) and CNC fiber (e)

mortar of 28 days and T2 distribution spectra of different dosages CNC-C and CNC-H mortar (f)
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Fig.5 NMR imaging of different dosages CNC-C and CNC-H mortar
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1 £ IKF CNC-H, X & HF CNC-C X b3 FL
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(a) Control &

[(b) CNC-C

Many pores ifi:the'mortar

(e) Control

6 CNC a4 ((a), (c) Al CNC-C ((b), (d)) i SEM Kl%; #:HI41 (e). CNC-H (f). CNC-C (g) i EDS 43#r
Fig.6 SEM images of control ((a), (c)), CNC-C ((b), (d)); EDS analysis of control (e), CNC-H (f), CNC-C (g)

3D CNC

LU ﬂm,b

7 LEERAVIKEY SEM {4 (a) PE; (b) CNC£F4E; (c) PE b4 ;
(d) CNC £F4Erbig
Fig.7 SEM images of fibers and mortar: (a) PE; (b) CNC fiber; (c) PE
mortar; (d) CNC fiber mortar

4k 1 CNC 4 )2 0T LA FI C-S-H JE ik 24 4, ik
CNC IR )ZEF A R SR ZE T 2K e Sk, {2k T
LR YEFN KU HARTE A ARG 25 . RIAT, 2R 4 3R i gt
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C-S-H &2 —FP o e Wi, BLRIR e+ 4
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MZEPFE GE A5 C-S-H [8] By W i 22 51, 43¢
27 UK [33] #4) E 1 7 AhE AR AL 2F 4k 2 40K
HRE AL AN 5] 8 T .

{ |

OH COo0 OH oy
HO | (iiH OH _|ao )\j/"—OH
Ao L%izz“o/ e
\ i/
hﬁ&—- no ©OH A
HO oo OH
n
(a) CNC-C
HO
OH HO  oH
OH
HO OH /J/o H
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(b) CNC-H

K8 CNC 7 745tK: (a) CNC-C; (b) CNC-H
Fig.8 Molecular structure of CNC: (a) CNC-C; (b) CNC-H

B KA FE TR TR a1 9 T . LA
Ak )5 1) CNC 4> F i & #F C-S-H L . W TR
T z 5l A R, %5 B AE CNC 85 7 i
T—A2nm WEZZE, DG E—A BITH R
Y T BRL T 1 T =2 18] B4 A B A AT DL 20 AN

(a) CNC-C/C-S-H model
519 CNC/C-S-H iT4%#o6: (a) CNC-C; (b) CNC-H

(b) CNC-H/C-S-H model

Fig.9 Calculation unit of CNC/C-S-H: (a) CNC-C; (b) CNC-H
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S AE S ; Eponze s Ca™lJfEHE . C-S-H #l CNC
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Fig. 10 Radial of function(RDF) of the interface atoms of CNC-C (a) and
CNC-H (b); (c) Time correlation function (TCF) of CNC-C and CNC-H
results of CNC/C-S-H interface
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