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Reactive Molecular Dynamic Simulation of Graphene Oxide Enhanced Calcium Silicate
Aluminate Hydrate

QIAO Gang, WANG Pan, HOU Dongshuai, JIN Zuquan, LI Shaochun
(Department of Civil Engineering, Qingdao University of Technology, Qingdao 266520, Shandong, China)

Abstract: Cement-supplementary cementitious materials (SCM)/graphene oxide (GO) combine a lower carbon footprint with
ductility enhancement. Aluminum phase released during the SCM hydration occurs in various forms in C-A-S-H/GO. The effects of
bridging Al(Q%) and interlayer Alinter on the mechanical properties of C-A—S-H/GO were investigated based on the reactive
molecular dynamics. It is indicated that Alinter with less than Al(Q?%,) redistributes the stress during the fracture of the system,
activating load sharing between the layers, and thus triggering a “recovery-reinforcement” mechanism to multiply the mechanical
properties. The “recovery-reinforcement” can be explained via analyzing Al's contribution to the reorganization of the interfacial
bonding network and the chemical bonding evolution during fracture. The results show that the targeted regulation of Al chemical
environment in cement-SCM/GO preparation is akey issue to break the ductility bottleneck.
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Fig. 1 Equilibrium structure of the C-A—S-H/GO composite
system at Al/Si molar ratio of 0.20
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(a) g(r) of Ca—0s and Aline—Os

Al—OH Si—OH
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(c) Schematic diagram of bonding

(f) Interfacial bonding structure of Al(Q%)

Hw and Hgo are hydroxyl hydrogen of interlayer and graphene oxide, respectively.

(d) Mean coordination number

(b) g(r) of Ca—Ogo and Alinie—Oc0

(e) Interfacial bonding structure

(9) Interfacial bonding structure of Alinter
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Fig. 4 Radial distribution functions g(r), mean coordination numbers of interlayer cations and their interfacial bonding structures
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Fig. 5 Mean sguare displacement of interlayer cations in each
system

(a) Equivalence surface of Ogo charge frequency

(b) Increment values of Ogo charge

K6 GO M5 A A s A E S At R v AR 1
Fig. 6 Change in charge frequency of polar oxygen on GO
during tension simulation
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(a) Evolution of interfacial bonding at n(Al):n(Si)=0 (d) Schematic diagram of evolution

(b) Evolution of interfacial bonding at n(Al):n(Si)=0.10

(c) Evolution of interfacial bonding at n(Al):n(Si)=0.15

Note: figure indicates the key length and shaded boxes are bonds that are about to break
Bl 7 ANFERRREECI, BRI 5 I 2 i P T 2 T A 27 e o) 5 1]
Fig. 7 Bonding network of the fracture surface before and after fracture

Note: unfractured and fractured layers are assigned as the figure
K18  A[FARE AR R I R e 22
Fig. 8 Fracture process difference of systemswith different Al-Si ratios
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(a) Strainis0.16

(c) Strainis0.52

(e) Strainis0.64

(g) Stress—strain curves

(b) Strainis0.32

(d) Strainis0.56

(f) Rotation of chemical bonding

(h) Stress transferred by cations

9 n(AI):n(Si)=0.2 4 2 H T R 2 Hh A 225 X 245 R RN LTI BB A O e s IR AR B 28 DA K Al 55 Cag FRIB N )] 2 72

Fig. 9 Chemica bonding network during tension and rotation of interfacial bond of n(Al):n(Si)=0.2; stress-strain curve and

difference of stressincrement of Al and Ca,
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SRALP B 2 BT, BN B Cayfhid. AR
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