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Decalcification Behavior of Calcium Silicate Hydrate with Different Ca/Si Ratios

ZHANG Ziwei, LIU Zhentao, LI Guoxin
(College of Materials Science and Engineering, Xi’an University of Architecture & Technology, Xi’an 710055, China)

Abstract: This paper was to synthesize C-S-H with different Ca/Si ratios by a hydrothermal synthesis method, and decalcify it using
6 mol/L. NH4Cl1 solutions. The chemical composition, chain structure and microstructure were analyzed. The results show that C-S-H

is a gel structure formed by irregular aggregates. The content of dimer and chain end groups in C-S-H increases, while the average

degree of polymerization and average chain length decreases with the increase of Ca/Si ratio. The change of C-S-H structure includes

decreased interlayer distance, cross-linked silicate chains, and amorphous silica gels formed after decalcification, resulting in the loss

of C-S-H cohesion.
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Ko PAEWFREN, Ca/Si tb&EFEHM C-S-H
775 1 REANGIOU 5 440, kT R C-S-H 75485 1 ikt
T BB AT S - SR E A% T C-S-H I8 5t 3= 22
P 7S M R RO 46 440 8 3=, B BA C-S-H 1B A il A%
F 7t ot K PR KAk I FE R ), 56T C-S-H M AS
SRR AR AT E N T RS X C-S-H
B SE R IR, R BV 1 phit #2254 C-S-H Bt
LA, Sk kA RS R A . SRR R Fo Xt SR K
Tk, HEAER C-S-H 1 Ca/Si LL#HATIRT
R, #F50 C-S-H HIMt5idHE, R Ca/Si XY
C-S-H it A5 AT A 1 52 i o 9T 7 Y8 ok = 160 465 v e sk
PR E B, BRI O TR A v R
BHr R

I KA UL A T 3 B Ca/Si HE(0.8 1.2,
1.6)) C-S-H, it X S 47 HE(XRF) X 54k
ATHT(XRD) {8 20 MG (FTIR) St [ 4AA%
FEHR'ST MAS NMR) K393 BT 5485 (SEM), &
SRERF T AIF Ca/Si L) C-S-H 757 st 2 5 1 it
BEAT RN, FRESERAGA T C-S-H LA Ik F2

e
1.1 ARk

PL CaO NE5YE, SAH SiO, AREJR, EidKH#
AR Ak C-s-H L

CaO, Zrifraf, [E 2GR A HA R A 74
77y M S0, JRAEKIAR 12 nm, GRS
FRAR A7 HEETKBEITIRE

¥ CaO 1 Si0, 73 744 Ca/Si LU(BE/R L) 55T
0.8, 1.2 A1 1.6 Fri, JFF4z MUK Ly 20:1 FREXZ
B AKHEATIR S, BidE 20 min EHIR AV IK
A R L AT A R A R R (180+£2) C,
BN 48 he RN AEHATIELIE, HFHERT
IKFTAK CBEMBE, T 3R1GAE Ca/Si LLi
C-S-H Ff i o
1.2 #mAss

N T AEFE S A, 6 mol/L NH,Cl ¥ 06 A
A EEAT I v P, BFFCIER] T 6 mol/L NHLCl VW
A AT Ui K Y A R v, B A 1)
H B ORI 35 5 A i A+ )1

FREX 10 g C-S-H FEE A 100 mL 6 mol/L
NH,ClE R 3T 45 . 5 A [A] 3% 24 h, SB7EK
PR A EARY 16 h [FR3% 4002 4(110+10) X/min],
FFE 8he BANSERE, BRI, k. T
HEHHRAT -

1.3 #HmRIE

AR AxiosmaX X HF265¢ 6 e i 4T
XRF 73t Hi KRR B ERN 60 kV, I KEUK
FLIN 160 mA o M Fr B A ot 75 22 20 1wt B A0 1
CL OB

XRD 4 #1%H D/MAX-3C Rikagu Advance fiT
S AT M2 N CuK,, B HLE 40KV,
EHI 40mA, HIMAE 5°~90°, HEEPK 0.02°,
FE b AR 2 75 55 XRF MAAH A

K:H PerkinElmer Spectrum Two Fourier L4
AN 455 B S 0 C-S-H RE S MR, K 2 mg
C-S-H FEfh 5 200 mg KBrOGiGai e 4, WL A
JEAE 400 cm ' & 4 000 cm ! T | Y HEAT HEIH

*Si MAS NMR % ff] AVANCEIII400 MHz #%
SEPR LIS AR Z IR N A 4 mm SREFHEAT S,
FHERECH 2500 K. PR AL E XRF K
AHIE o

F Gemini SEM 500 37 & 55 4714 FiL 1 S A B L
KINAHTE C-S-H M RHUES. I E N 3kV,
FOKAEHECA 10 000 £i%5 . B AR SN T K 4
R, D A o BUCHE R R AR AR BT
AT A 3 R B ARREERE S & b, B 5
HEAT IR
2 #R5HA
2.1 XRF 73#f

XIS JE I C-S-H B S AT XRF 7047, 4553
W 1. B3R 1 iHEAH, Fram C-S-H 1) Ca/Si
Eb 2508 0.84. 1.30 Al 1.63, HiHEIEAHIL,
B4 0-C-S-H. B-C-S-H Al y-C-S-H 1) Ca/Si LL[X
B, Bi4%5)5, C-S-H [¥) Ca/Si by HIFFEE 0.09.
0.23 f10.23. KPS FE C-S-H 1 Ca/Si L™ HE
FRAK, C-S-H &5t RN

&1 C-S-HHEREIWFERK
Table 1 Chemical composition of C-S-H

Mass fraction w/%

Sample X Molar ratio of Ca/Si
CaO Si0,
0.8 34.80 4431 0.84
1.2 42.86 35.46 1.30
1.6 46.73 30.65 1.63
0.8-B 6.30 73.51 0.09
1.2-B 14.40 66.02 0.23
1.6-B 14.03 65.91 0.23
2.2 XRD 74

AR C-S-H FEM K XRD & 1a . 7E
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SERAHAL, T BB I AR A, 2 AR AT
AT C-S-H. C-S-H it45 )5 1 XRD i a1l 1b
FroRo B TAE 29°FHIEA7AE 9B SN, C-S-H 1
HoARFAE I SE AT 2% o 7E 20=18°F1] 31°[ 7 & H I
TOREE, UL C-S-H RS G AR T RERR . hAb,
JRE LI AR R BRI T B Ak B R i, R
AT HIIE N CO,, PR LAE it 45 )5 77 4
HELT AU, AR Ca/Si L KT iR A
AT IEE MR, XEK A Ca/Si i
C-S-H e,

(@

(®)

BT BB HT SRR G XRD %
Fig. 1 XRD patterns of samples before and after decalcification

2.3 FTIR 94F

C-S-H A5 /i 5 1) FTIR JGiEan& 2 fros, &2
rh B B T T ILER 2. WK 2 TBLE
W& Ca/Si HLIK, 7E 970 cm ™' B HI Si—O(QH)A
xR GE RS 5 R AR AR e, ELALE R A
&, W C-S-H 1) Si—O—Si S iZW %48y Si—O0
H, C-S-H A EMAL. 75 1 400~1 500 cm ' fir

BEHEE Ca/Si HLIG KB RARSE, HE—DHEse |
% Ca/Si e {Ei#t C-S-H Mitk. Bif%5)s, C-S-H
ff] FTIR Y6 ik 2 2 B AR Ak 970 cm " T (1 B AE
45 5 JLTFIE 2, TAE 1 100 em ' B HH 3B Sk i
W, U] C-S-H MBS e 7 RN, X5 XRD
TR E R o

(@

(®)

B2 A5 HT G A M FTIR Ot
Fig.2 FTIR spectra of samples before and after decalcification

2.4 ¥Si MAS NMR ##f
3 ¥ C-S-H ] ’Si MAS NMR i, i it #0 &
A IR LR 3. AWM AME T C-S-H
T SR T R ST AL T —76~-82
N Q' (L RAREE B A ). —82~-88 Q7 (K
FEA i) —88~-98 y Q° (JZ M B KAk %) —98~
—120 N Q* (Z4E MR ZE#)!T, C-S-H I PR &
J& (no) F1-F 35 55 K (MCL) 43 3 3 3 X (1) A =8 (2) 1
ﬁ[19—20]o
_Q'+2Q° +3Q°

= 1
T H

2
2 (1 + Q—]] (Non-crosslinked structure)

MCL = (2)

23
4(1 + Q SQ j(Crosslinked structure)
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ME 3 AT, C-S-H 1 RAEZE Q' fl Q7 ik, s, #PEEESERD . AKX E
VLA C-S-H R AETHRIY, A7 (E 22 R Ak 4 DY T 44 A3 C-S-H W PR AR, 4. B
i, B Ca/Si bbitk, — BRARMSE R u L A& 5 )5, C-S-H MR A EH B3RS, 2 51E-95.

x2 [E2 PRIEHES
Table 2 Interpretation of adsorption bands in Fig.2

Wavenumber/cm ™' Wavenumber/cm ™'
Band Assignment Band Assignment
0.8 1.2 1.6 0.8-B 1.2-B 1.6-B
1 3 466.8 3439.5 34394 v3 OH (H,0) a 3 406.2 3421.7 3419.7 v3; OH (H,0)
2 1634.9 1630.6 1634.0 4 OH (H,0) b 1630.1 1630.9 1631.0 3 OH (H,0)
3 14843 1480.6 1482.8 v3 CO (CO5™) c 14749 14752 1420.2 v3 CO (CO5™)
d 1103.6 1100.1 1099.5 v3 Si—O (silica gel)
4 969.8 968.3 968.7 v Si-O(C-S-H) e 971.9 970.6 970.5 v Si-O (C-S-H)
f 802.3 801.4 800.8 v3 Si-O-Si
5 670.3 663.2 663.2 4 Si-O-Si
6 451.7 451.6 4473 8 Si—O (SiO4 Td) g 471.0 471.1 470.9 4 Si—O (SiO4 Td)
L AN Ny ] L o AN N XNy ]
-60 -70 -80 -90 -100 -110 -120 -130 -60 -70 -80 -90 -100 -110 -120 -130
Chemical shift Chemical shift
() 0.8 (b) 0.8-B
L v AN ] T S AT T
-60 -70 -80 -90 -100 -110 -120 -130 -60 -70 -80 -90 -100 -110 -120 -130
Chemical shift Chemical shift
(c)1.2 (d)1.2-B
L. v JANYN o ] L e S AN AN
-60 -70 -80 -90 -100 -110 -120 -130 -60 -70 -80 -90 -100 -110 -120 -130
Chemical shift Chemical shift
() 1.6 () 1.6-B

3 P’Si MAS NMR (2 (0 S22k s, 2ot el A G 450 MBS AT, A MBS )
Fig.3 *’Si MAS NMR spectra (the black-solid lines are the measured spectra, the red-dashed lines are fitted results; the left is before
decalcification, the right is after decalcification)
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#3 ”Si MAS NMR iEH&4R
Table 3 Deconvolution results of *Si MAS NMR spectra

Mass fraction of C-S-H/%

Sample Mass fraction of silica gel/%
N Q@ @ o ™ Q@ Q'
0.8 9.7 30.8 595 1.90
1.2 109 298 593 1.89
1.6 18.1 271 5438 1.82
08B 1.8 59 66 234 24.0 61.7
12-B 12 83 5.6 229 20.9 64.0
1.6-B 26 33 33 54 219 21.3 64.1

~101 FI-111 BHEHBIQY . QI A1 QF, UM S
3 C-S-H MNARATER G AL il | A BRI AR o

(a) 0.8

(c)1.2

()16

RER B A A Ll QYQY w5, Ca/Si A
0.8 i) C-S-H JBL85 % s I 5 5 B e e o
2.5 THMAER

L SEM WMLEE T BESHT S C-S-H MO S5
WK 4 fs . WNE 4 7T LLE | AR Ca/Si ) C-S-H
BRI (e 54 o Ca/Si Eb=0.8 I, SO ISR
SEEWIEE, HIERM MG LIERYI . fi#E Ca/Si
FeRg N, C-S-H RIERIEA R, TEMRRIEAH &,
I P SR FLRR . WS J5 C-S-H 4514 R 332 15 3
%, RMEIKE R, 4R, SRR, W]
BE Mt R A T,

(b)0.8-B

(d)1.2-B

1.6B

4 C-S-H WOMIES(EE NS HT, A S )e)
Fig. 4 Micromorphologies of C-S-H (the left is before decalcification, the right is after decalcification)
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3 AT HLEE

T Bonaccorsi® 2 H! ff) tobermorite %514
(Bl 5), #37 C-S-H 45 i F2 I AL B AL il 1] 6 Pl
Ro C-S-H R—FhZAREEM, 24502 =W
Wy BN 2 BRI, 52 AR
A4 Z, AR RS SEUE 1 BLJE TR 45 1 % X
. R sE S, 2 MEEmAaEe 1 4
WEJE R Bk, 2 DBk 1 MY
T A% 122 R S5 4« BLAEDIR A R, Ca/Si Eb=0.67
I C-S-H 25 h ANAELE 2 0145, B 85 #AFE T
B4 2 R

FHEET CasSi LT 1.6, Ca/Si EE%ET 0.8 19
C-S-H XEEHE S, EMIFEEK. Ca/Si ks,
MEE A DY T AR D, R 3R DU T A4 5 22 DL R AR T
XAEE, ERESHEEE S, hmdfEd, C-S-H

Primary layer calc1um\ v v 9w 9w 9 9w v
a & a a a a a

SER I Z RIS JE 32 50, G 2 A A W Ok 2
C-S-H JZIFE & 45/, AR T AR C-S-H Kik.
TGk AL i 45 2 M PR (Ca/Si HEZE T 0.67), C-S-H 451
)2 AL A B 25, e R S U2 R 254,
IS 2 S B C-S-H Z5M KA itk , IR ELEESS &
TER = 4EMIR 5, C-S-H R IR EEERE. Ca/Si
LiERf%, C-S-H MIRERREhEE, %S 5 e s hE
JE SR A B SSHTE T .

K5 C-S-HIME#H
Fig. 5 Atomistic structure of C-S-H

FOIOIUTI &

| P AV VY

(a) Ca/Si ratio=0.8

L0, 0 ,0,0 ,0,0 ,0,

v

o — —=

A bA

(b) Ca/Si ratio=1.6

K6 C-S-H s fenEk
Fig. 6 A schematic evolution of the course of C-S-H decalcification

4 b

1) C-S-H J2& FH ASHLI A SR AR T BT A 4544
BE# Ca/Si LRI, C-S-H Fp — JEAR A BE A vt 3 ]
ME s, FRE K, SRR,

2) C-S-H Wi Ja &5 M K Ak, R EhAEAH B
Tk, T = EPPIRFIRERS, SE C-S-H R LK
BT RE .

3) Ca/Si LUK, C-S-H " HIRERR Shak ek, Mt
BT AR R A S . S5 )T .
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