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Thermodynamic model for predicting mineral phase distribution in
cement-stabilized kaolinite

GE Jinyu" 2, XU Fei!, HAN Xun', HAN Xuesong', QIAN Wenxun', LI Huaisen'
(1.Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2. College of Water Conservancy and Hydropower, Hohai University,

Nanjing 210024, China)
Abstract: In this study, a new method based on a chemical thermodynamic model is proposed to quantitatively predict the
phase distribution in cemented soil. Commercial kaolinite with simple phase composition is selected, and a series of cemented
kaolinite samples are prepared by adjusting cement content, binder-water ratio, and NaOH/KOH doses. The samples are then
characterized qualitatively and quantitatively using X-ray diffraction (XRD) and *’Si-nuclear magnetic resonance (*’Si-NMR)
techniques, respectively. Then, a thermodynamic model of cemented kaolinite is constructed using the GEMS software and the
chemical thermodynamic database Cemdatal8, simulating the evolution of mineral distribution in cemented kaolinite under
different cement contents and alkali activation conditions. The simulation results are compared and analyzed with the
micro-characterization results. The research indicates that the thermodynamic model can reliably predict the mineral
distribution evolution in cemented kaolinite. Meanwhile, cement and alkalis have varying maginitude of
"dissolution-polymerization" effects on the high polymerization chemical groups in soil, and the type of alkali significantly

affects the depolymerization of clay minerals and the type and structural characteristics of the polymerization products.
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Table 1 Program for thermodynamic modelling

Kt JKVEHBE NaOH/KOH iRk JE #IE
7.5%~25% — HimE K+
0.25 7.5% 0.1~10 mol/L i
B K Ve L
25% 0.1~10 mol/L

1.3 EMRERMRIE TR
(D JER R

JEA RN 228 Tk, P-O 42.5 M@ RERR £ /K e «
300 H i H s . 2 #Fraigh NaOH & KOH. HF7K
TR S L s B Kikae 1, AR SE K
BRI E J7i%: GB/T 208—2014), FFHTC/KKEM A
SR, ARKYB I E N 3.03 glom?®, il 1%
J£°8 2.60 g/em?,

AP 22 B L X256 0 Bt (XRE) Wl 74,
GERWIR 2 Fim. mld LI IR T3% 0 s A
1 27% A TE, FRAE (TR ik brvE: GB/T 50123
—2019) KH XRD HiAR% ), FHit—PEH XRD 4
L EE S PSi-NMR H AR AT s &, 45 Rl 1

(@), (b Fin. Hfath, B 1 (b)) H# *Si-NMR 1)
WA B, iR ) Si-0 FEFIRAEB/MNE Q°
A QY AR A AT 02, i B e
TR HABRERR SR AR RE IR S AH

=2 KRWERS

Table 2 Chemical composition of cement HAT: %
Si02  ALOs Fe03 CaO MgO SO KoO NaxO
21.97 548 345 6540 130 1.71 0.65 0.01

@ —— W
[ et
| K: iE
i Q: A%k
|
|
k2
§ K3 Q Q Q
[ R
5 15 25 35 45 55 65
200°)
(a) XRDi#H



BT, A KRB R A O A 3 S R TR T 2129

(b) 29&«1\41123"&&%)&%@
B SIRERINEESHT
Fig. 1 Quantitative analysis of kaolinite
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Table 3 Mixture proportion and naming for cement-stabilized soils

ERTREES s KB E s
S7.5 7.5%
iKY+ S15 15% —
S25 25%
S7.5N1 1 mol/L NaOH
S7.5N3 3 mol/L NaOH
S7.5N8 7 50, 8 mol/L NaOH
S7.5K1 1 mol/L KOH
S7.5K3 3 mol/L KOH
—— S7.5K8 8 mol/L KOH
S25N1 1 mol/L NaOH
S25N3 3 mol/L NaOH
S25N8 S5 8 mol/L NaOH
S25K1 1 mol/L KOH
S25K3 3 mol/L KOH
S25K8 8 mol/L KOH

BB IEAT PSi-NMR I, fRE
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Fig. 2 Influence of cement mass fraction on XRD diffraction
characteristics of cemented soils
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Fig. 3 Deconvolution demonstration of 2?Si-NMR spectra for
cemented soil samples with different cement addition
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Table 5 Relative content of different silicon sites of samples with
different cement additions obtained from deconvolution

demonstration of 2?Si-NMR spectra

RES HIX & & V%
5 Q Q Q QI I @ @

S7.5 1.0 00 41 4.6 6.0 62.0 223
S15 1.3 24 104 8.9 9.6 455 219
S25 42 6.6 126 10.5 13.3 354 175
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FHXEE B3 BN 62.0%, 45.5%, 35.4%; 4195 Q* FHX}
EEDHN223%, 21.9%, 17.5%.
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Fig. 4 Influence of alkali type and dosage on XRD diffraction

characteristics of cemented soils
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Fig. 5 Deconvolution demonstration of 2’Si-NMR spectra for

alkali-activated cemented soil samples
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Table 6 Relative content of different silicon sites of alkali-activated
cemented soil samples obtained from deconvolution

demonstration of 2?Si-NMR spectra

B X B V%
55 Q° Q  Q Q) I @ @

S25N8 145 272 5.1 11.7 30.3 25 86
S75N8 65 85 10.8 119 313 164 14.6
S25K8 5.9 12.0 0.0 29.9 253 17.0 9.8
S75K8&8 55 59 0.0 19.4 16.5 348 179

T XRD 5 ¥Si-NMR i Pe4s Hal %, £
S25N8. S7.5N8. S25K8 LA Kz S7.5K8 Hi/K e #kH 4
AR S T (QY) 205N 14.5%, 6.5%, 5.9%, 5.5%,
PR m T RUKES R E K LS, R R
PR R 1) OH ¥R B 2 — 5 B2 5 IR0 ) 2R H 40 1) 7K
o FERALZE RN =) QHQ? IAHKT & & T (QL) +
[ CQO+T (QCIN+T (QCI) 45N 74.3%,
62.5%, 67.2%, 41.8%, =4 Q° IAHXS & &4 7lN
2.5%, 16.4%, 17.0%, 34.8%, f13% Q* HX& &4
N 8.6%, 14.6%, 9.8%, 17.9%. KT [FI/KIEHBE
YK R, B ERE S R 2 S N AR X
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R, #E— 2B EE T BB A - 30k 251k
N B SRR . (EE R /Z, NaOH ek e +
FEf T (QH +1 (QH 51 QY HHEEET
KOH MMERIRES:, Ui NaOH X2 L5 ¥ i 58 fg
LB AN K T Bl K R R 5598 T KOH.
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SR ZR BT U5 T ) AH 1) 38 0 25 3508 B K e A 2
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58 P R A 45 S T br o S50 = 45 4F KT LAk R I
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FH T Cemdatal8 ik 22 X AN [7] s W A% =0 FE
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Fig. 6 Thermodyanmic calculation on influence of cement addition

on mineralogy of cemented soil
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TER TR, BRESENERE. R E S pkg
PR BB AR A, 20 S R AR A B — 8 b
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RN, A EHARGH IR (55 BRSSP,
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Kl 7 Brs .



BT, A KRB R A O A 3 S R TR T 2133

1 2 3 4 5 6 1 8 10
NaOH#5 &/(mol-L )

(a) B ANaOH, 25%KEBE
120

8

80

60

40

PR B /(g 1005 T Y

20

1 2 3 4 5 6 7 8 9 10
NaOH#2 &/(mol-L ™)
(b) BANaOH. 7.5%kRHE

YA B R (g 1005 TH 1)

1 2 3 4 5 6 7 8 9 10
KOH# &/(mol-L™)
(¢) BAKOH, 25%KIEBE

g

YIHI R B/ (g 100g TR )

1 2 3 4 5 6 7 8 9 10
KOH#B & /(mol- L)
(d) B AKOH. 7.5%KkEB i

7 WM SZERCELT MRS HANFITELER

Fig. 7 Thermodynamic calculation on influence of alkali type and

dosage on mineralogy of cemented soils
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KGR W 7 B, /£ NaOH /EH R Ik e
TR RS, BRI YN M-S-H #EiE . M-A-S-H
Bk B Eca . WA . NI A . Ca(OH),.
AFm ML M-A-H; 1i7E KOH fEH Tk &+, £
FIALZE P20 A M-S-H BER « M-A-S-H #Efiz . 45+
T Z/KEA. Ca(OH). AFm #H UL R4S,
Hp=KeEa (L208 AI(OH)) & —Fh i A 145
AT KA RSO E M T AL
{H XRD 73 #7oA BEA I 48 7 25 1 F ST 1) S LeAH
BRI, 7.5%/K Ve & 1 /KVE 4k & b 10 A7 7R
Ca(OH), 25%7Kiet5 & Mk R TAE/E AFm AH,
PAKHH KOH UK IR R AR E =K . IXEE7E
Al BEH UL PR S8 Ca(OH), & &K/, XRD HAR
X EEART 3% RE I E s AFm AHR A E
TIIROULEERE, I HHATH IS HoAd = (i =55
T XRD FRAEMHMERE: =/KEAfm A Rl
BAERE SR EZEUAERSERGZE, FHIHAE XRD
Pl b (R4 St Wl LAl o

H NaOH ¥R 7K 1=, TR 32 BAL 2 ) B
Y19 M-A-S-H 458y X — IS 1 F B R EZE T Na' )
RS, AR E RS TR Y g SRR
YERS T AR T A B R IR £h AR IR £h RO R e — A
FEACPHPIRASPO X PP RS Bh T M-A-S-H 4544
Ape WERE 7 (a) ATLLRIL, BEAE B 3 i,
FERE LA W) 5E VRIS OL T, AR & M-S-H (A
T EIREETE, M-A-S-H WA & &0 IR 4. -
PG AT DLHEWT H TR SR NaOH IPER R, 2k
L= AUST LoA P T, S i k4 A A &5
BRI T A A A, R
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