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Interaction Between Chemical Admixtures and Calcium Silicate Hydrate and Chemical
Admixtures Impacts on Calcium Silicate Hydrate Properties by Molecular: A Short Review
Dynamics Studies

HOU Xiaowei, YIN Jianhao, KONG Xiangming
(Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The addition of chemical admixtures has been an effective approach to improve the performance of cementitious materials.
Working mechanisms of the chemical admixtures in molecular scale still need to be clarified. Calcium silicate hydrate (C—S—H), as
the main hydration product of cement, determines most macroscopic properties of cement-based materials. Molecular dynamics
simulation has been an effective technique to reveal the interaction between chemical admixture molecules and C—S—H and its effect
on the properties of C—S—H at the molecular/atomic scale. In this paper, recent progresses in molecular dynamics studies of the
interaction between chemical admixtures (organic and inorganic) and C—S—-H were reviewed, and their impacts on properties of
C-S-H are briefly summarized. In addition, the future research direction of molecular dynamics simulation of chemical
admixture—(C—S—H) system is prospected. The summarized chemical admixtures include organic admixtures such as small organic
molecules, resins and fibers, water-soluble polymers, and inorganic admixtures such as (modified) graphene, silene, carbon
nano-tubes, and various nanoparticles. Most molecular dynamics simulation research focuses on the interaction between the
admixtures and C—S-H interface. Understanding of such interfacial interaction is the key to reveal the working mechanisms of the
admixtures in improving the mechanical properties of C—S—H. In addition, for admixtures such as small organic molecules,
water-soluble polymers and some nanoparticles, a large number of studies have used molecular dynamics method to describe the
microscopic processes such as the adsorption of the admixture molecules on C—S—H surface, intercalation into C—S-H layers,
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aggregation of the admixtures that blocks C—S—H layered structure, so as to clarify the mechanism of these admixtures on the

mechanical properties, transport properties and even shrinkage behavior of C—S—H. These understandings provide theoretical

inspiration for improving the properties of cement-based materials and for designing the molecular structure of admixtures more

effectively.
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Fig. 1 Unsaturated capillary transport process of NaCl solution in the pores of C—S-H, APTES—(C-S-H), ETES—(C-S-H),

MPS—(C-S-H) gel within 2 ns simulation time!'*)
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Fig. 2 (a) Force—displacement curves and (b) maximum force

values at different temperatures™”
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v LT AR LA R RERIILRE BT GO 5 C-S-H 11
HHIEME Sa Fras. MR EREH T L E
C-S-H 1 GO #5ifyh i1, GO Mug/KIe & &4
LR w5 PN 5 70 A A A 49 i 3 S A B AT A B
(il 0—C—O0) Tkl & sb 4 T GO/C-S-H
FIAL ) 3 PP 145

(®)

K5 (a) GO Ml C-S-H itz MM EBB L (b) GO 5
C-S-H Z [ 3 Rl bt o374 #g B
Fig. 5 (a) Interlocking phenomenon between GO and C—S—-H
gel structures®”; (b) Molecular structure of three types
of H-bonds between GO and C—S—H®
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AR C-S-H BAH 2 RIS MEE N, §
FOE K2 R BE AR 22 B K 3 P, K AR Ik
G T AL B, B9 T GO/C-S-H F
Ca—O & FH IS S 2%, Hild 2 7% C-S-H M
GO M EAER . X T UHPC 1 C-S-H, JZ[A145
TR, FIAHLERREBEA, GO/C-S-H Fti

(1) z 7 Tl o 5 e v o

Hou 2510y [ B4y F 5 J1 %W e R W, 1E
GO/C-S-H FHI X 355 2= e Ax 7K it s AR R [T 1)
Rrt, BB EFHREESET N
—COOH(—SO0;H)>—O0H>—C—0—C— ., It 4h,
Yang 25CVE I, A 8IR/C-S-H FH I RS %
(ITO)EKT GO/C-S-H Fiifi. GO/C-S-H F1H 1)
ITC B O 7R R i s i3 n, 54 584
/C-S—H S ITC #HLE, ¥4 GO/C-S-H FFk
AL GO/C-S-H 1] ITC 733 s 4 46.9 {514
12.8 fi%,

STRRIE AT BIEME C-S-H 194> 750 11224
giRFY, FATRAMNII NG DK E
C-S-H W15 1kRe, #mfasMmA C-S-H Z[al
FritERE, X C-S-H Mtk IE A M SR L.

VERBRIEAT BT I RE X N4, ) (Silicene)
DR LA S5 A P B P R T /K VR A R ) 3 5y T LA
EOK M3 /1. Zheng 25106 — 4 k4% /i 6 J2 3
C-S-H JZIa], @id 513715840, kB 1 REss A
C-S-H Z Al Si—O #nI JE pifa e L4 8, ax
SRR RN A 1S C-S—H JZ A EAE T JLF .
Hou 214E 11, 5 C-S-H #IL, Silicene—(C—S—H)
HAEMEHE x JrAA z J7 R GREE 5ie e 1
13%H1 21%. UEAh, WEEOMHREERER: 1 C—S—H dEH
B, ROAZKIAEE 2 o0 2 0] X S A B PR I
2.2 CNT

CNT 2 H C 24— e s 451, BAH
LRI ST R s B A AR 1 2 Sk
IS AL A5 SRR B, ONT [ N AT DL 2 48 i 7K
F SRR TERE ), Eftekhari 250 CNT %
AN C—S-H 2516 kit F A M BHE 1 5P e o A4
SREH, 540 C-S-H ML, CNT EA C-S-H 1]
PG WS CNT 7 R &, hifssREn,
CNT 7] LA RO 24 ) C—S—H . Merodio-Perea
EI6SI T, CNT BEFIEUENT CNT 45 & aE 1k a
REW, MR E e A O i 75 C-S-H
R Ca™ Z AT e i B A Y, T2 5 CNT
5 C-S-H &5 & 88 111,

A, AFEZEFRSRE ) ONT SRR A=,
HAA N 2351 A B “2 77 CNT 5 C-S-H 1Ak
180T, C-S—H AT CNT 2 J&] {11l S ih g5 43 2 A7,
CNT s EIR B 2 1), B InRF U &, BYIA
FA Young’s B[] CNT ffERE N C-S-H i &
1 5.2%!%,
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FFINIIFEENNG T RIEHR T CNT 581k
C-S-H AM&MER T X emE &, N CNT it
— RS T T .

2.3 YKL

SGEBUR/NYIIEZSP N R E b AN W et e e
FIEHE 72 B T o3 ot B . Laanaiya 2504 Fe,0,
YPRBRIIR AN C-S-H 45t , 18373130 177771540
FT HEEMA R LSS RR ], o RifE
(1.03 nm) ] Fe,Os 4K FIURL 2 I tH 5 B (PR 4 14 B
YRR TFAE C-S-H FEpRH 1)1y U R 22,
Fe,03 YK BN 11350 51 73 A vl DS C-S—-H 158 7
3T F R . Du 28R R, 1 TiO,
YPRAR T, C-S-H MEREN 1M AR A EA
BUSE R, BAFEEHE RN C-S-H H USSR
DU Qs & & EiL 15%.

4.0

YRR C-S—H [T BEAT7EAS A A P A
3, AFZRB P GOR TR 2 5 30 A R R 1) R R
REZEARF, ALO—(C-S-H)& R Al Si0,(C-S-H)
R Z I C-S-H K4 T WERBIR, Fe,03 Fl C-S-H
Z A ST R AR T SRS Z5 R, ] 6c~ ] 6e
. Fik, ALO~C-S-H)1A R Si0—(C-S-H)fA
ZIIHARTRE 23 . Fe,05—(C—S—H)& & & 50%A1
210%LA F(F 6a). HRHEHLAH R g 28 R T AR
iF 5, FeyOs—(C-S-H) & & 1) Fi fiff N /7 & 1 Ll
ALO;—~(C-S-H) & & 1 Si0,~«(C-S-H) & & 43 Jll ik
31.16%A1 63.70% (B 6b). BAh, ¥ itEm
BRI IR, 75 ALOs~(C-S-H)f& R
SiO~(C-S-H)fE H#=Hr, JLHZ SiO—(C-S-H)1k &
W, C-S-H W IACIR I 35 3 i, X RE K ALO;
Fighk Si0, ML) C-S-H 32581k .

24t

1.6 l
O.Sr‘

o/GPa

0| Fcsu
0.8

ACSH
0 03 0.6

0.9

0.6

E.../GPa

03 <

(b)

Tllustration of (¢) FCSH, (d) ACSH and (e) SCSH at ¢ = 36% and the corresponding stress flow at the crack surface.

Bl 6 HifiiRBaIIE, R A RIR Ay RE 5 AR o R/ Y

Fig. 6 Stress (o) and stress energy (Egyin) Vs strain (¢ ) during the tensile test!”"

Sekkal ZEU2 B SE LW, AS[F] 4 B 1
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AR AR RS RN B D) B 5 43 i 3 s 167% A0
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He AL, B EEERE ERARES, C-S-H FLBRZXT
HEWAKBEL SRR REmA R HYE
B ERE R i, EOUA BTANE, 78 C-S-H FLIR
RN 36%MT, IR AR 5

ARG R, YUK AT DL R & C-S-H
[ 122 B, ARG BRI C-S—H M RE AN R
PR A U TEA AR R I R 2 R IR, X
TAFE KR, HAE FHACRAR AR .

gk LRTR, A B Silicene. CNT LA
FRYPRIRL, T SRR 10 2 M RE R
A E AT 5. BUA BT g S I8 AL A Il
~(C-S-)E&ME 71 REBA, AHEC-S-H)-—T
ML FE B C-S-H/ ML 5 T 5t T A AL
C-S-H WL T4 S, R 57 3h 1575
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3 AN S Fo AL AL S S e

By 40 5 o i

R EUe o RIRFE LR 3% ONT TE/K e
FHREH 38 SR 4 P R4 . Sindu A Sasmal 5T
T 5 AR MR RN (SDBS).
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(PE)AT4ELTH , #3) | PE 4148 5KV MR A A2
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RN, BENME R INRRE . A, 4k
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Bl 7 SR BT PE AR Sk R i o R/ Y

Fig. 7 Pulling force vs pull-out distance of PE in pull-out simulation
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