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Strength and microstructural characteristics of cement solidified lead-contaminated

kaolin exposed to leaching circumstances

LIU Zhao-peng, DU Yan-jun, LIU Song-yu, JIANG Ning-jun, ZHU Jing-jing
(Institute of Geotechnical Engineering, School of Transportation, Southeast University, Nanjing 210096, China)

Abstract: The strength and microstructural characteristics of cement stabilized/solidified lead-contaminated kaolin clay are
investigated. The leaching of calcium (Ca) is studied under the targeted leachant pH of 2, 4, and 7 via a series of semi-dynamic
leaching tests. The results reveal that the unconfined compressive strength (g,) of the stabilized/solidified soils experiencing the
semi-dynamic leaching tests is 1% to 42% lower than that of the soils cured for 39 days under standard conditions (SC). The
cumulative leaching fraction of Ca (CFR,) at the leachant pH of 2 is 2 to 7 times greater than that at the leachant pH of 4 or 7.
The difference in ¢, or CFRc, of the soils experiencing the semi-dynamic leaching tests at the lechant pH of 4 and 7 is marginal.
When the cement content increases from 12% to 18%, g, increases by 35% to 98%; whereas CFRc, decreases by 40% to 58%.
Furthermore, ¢, of the stabilized/solidified lead-contaminated soils is 50% to 68% lower, and CFRc, is 29% to 175% higher
than that of the stabilized/solidified clean soils. An empirical equation is proposed for predicting the loss of unconfined
compressive strength (i.e., ratio of ¢, obtained after leaching tests to that obtained at curing time of 39 days under standard
conditions) using CFRc,. It is shown that the proposed method has high accuracy. The results of X-ray diffraction, scanning
electron microscope, and mercury intrusion porosimetry analysis show that the relatively high concentration of Pb has
remarkably retarded hydration/pozzolanic reactions in the stabilized/solidified lead-contaminated soils. Therefore, the strength
development, leaching of Ca, and microstructural characteristics of the stabilized/solidified lead-contaminated soils differ from
those of the stabilized/solidified clean soils in a notable manner.

Key words: solidification/stabilization; lead; semi-dynamic leaching test; unconfined compressive strength; microstructural

characteristic; cumulative leaching fraction
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Table 1 Test programs after semi-dynamic leaching tests

ke L ks TR P 7%
FrfEFEY 39 d ¢, XRD, SEM, MIP
Clopbo  PH2 MUE  gu, XRD, SEM, MIP, jiE @i@z[Ca]
pH=4 ik ¢, XRD, MIP, V& #{[Ca]
pH=7 #JE ¢, XRD, SEM, MIP, JEH#[Ca]
PEFEY 39 d gu, XRD, SEM, MIP
Clopby  PH2 MIE  gu, XRD, SEM, MIP, JEH!#[Ca]
pH=4 ¢, XRD, MIP, JEH#{[Ca]
pH=7 kI ¢, XRD, SEM, MIP, JEH!#[Ca]
FREFRP 39 d qu
pH=2 ik Gu» VJEHIE[Ca)
CI8POO i g ¢, JEHI[Ca]
pH=7 #ky& G, JEHE[Ca)
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Fig. 3 Unconfined compressive strength (¢,) of specimens
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Table 2 Compounds in solidified/stabilized lead-contaminated and

clean soils identified by XRD analysis
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Fig. 7 Variation in cumulated volume of intrusive mercury with
diameter of specimen C12Pb0 subjected to various test

conditions
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Fig. 8 Variation in cumulated volume of intrusive mercury with
pore diameter of specimen C12Pb2 subjected to various
test conditions
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ik, ASCIRR AL e Bt AT 90, sl (1) ~ (3),
PAEIRILE 3,
HIP 9, 10 &3 3 A WL, C12Pb0 BFEALERAARLS
A f U AE FLA% 1, =0.368 pm [T, 55— AH Y BILAE
FLIE 11,=0.109 um PT; C12Pb2 R FEFLERAAFN 43 A7
WEEAE AR FLAR 1, =0.570 pm BET . FHILAT L, Ayt
FeP (39 d) 460F T C12Pb2 kA C12Pb0 ik FF 15
RTEPERIFUAE 1y, K 55%,  HIAZRARRIFLBUATL 4, &
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Fig. 9 Distribution of pore size of specimen C12Pb0 cured under

standard conditions for 39 days
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Fig. 10 Distribution of pore size of specimen C12Pb2 cured under

standard conditions for 39 days
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Table 3 Fitting results of distribution curves of pore size based on

peak analysis using Gaussian functions

Al y25] %) AZ

N y251 Wi
A /mL-g") /um  /um  /(mL-g")

/um  /pum

CI2Pb0 0.109 0.107 0.055
C12Pb2 — — —

0.368 0.210 0.188
0.570  0.475 0.541

3 titamth
3.1 EAFEITS

SEM iRIG45 R (K 6) £, Hikk: C12Pb2 A
b, RFE C12Pb0 H Aft. C-S-H 257K Ve KAk [ N =4
L, SR EL, IR Ye KA s B 78
(1KA1Y O A 1 A A w2 1 9 ) S IV AR

MIP iR ¥ 45 58 (& 7, 8) £H], MFEIFRY M bkig
ST, BAE C12Pb2 F K B R A FE C12Pb0
1 8%~ 18%. X FH T K Y KAk s B/ K LK
N2 3, S8 AFt. C-S-H 2K Mz, M
TS T A - R ) 6 FL Bt 7 R el

FRUEFEY 39 diRFE (C12Pb0. C12Pb2) [FFLER
AR (9, 10) M8 A 45 R (R 3)
FWl: RFE C12Pb0 FLERAARFL > A1 B XEEFAE, 117K
FE C12Pb2 W R AEfe s, HikkFE C12Pb2 Ak At
C12Pb0 HZRAAIR 4L p, K 55%. AZRE AR IR FLER
AR A, 5 188%. IX FE A TilFE C12Pb2 14

x4 FAHHEEC GRS E (mg/kg, AHXS
TR AT LERL FILAEANFRMIERVIG pH T
FERHH # (CFRey)» CFRey 3E X HIF

A\TI X
CFR,, =— ™ | 4
< = RFE T Ca b i )
Amax = Zci ’ VL,i ° (5)

K Apa IR S AN BB A E (mg);s o
N | UCHIE S UE R [Ca] (mg/L); Vo kg
UL, AWK 1.66 L),

R4 ERHEELR

Table 4 Cumulative leaching fractions of calcium of soil

specimens
e A v %
WEERA S5 &8/ (mgke ) SR phid pid
C12Pb0 31814 9.1 2.0 1.9
C12Pb2 31200 12.5 5.2 4.5
C18Pb0 47722 5.5 1.0 0.8
C18Pb2 46801 7.1 2.5 2.2

FHER 4 AL, Sk wI4n pH ok 2 B iFE CFRc,
KT pH=4 5 7: X} C12Pb0, pH=2 I} CFRc, N
pH=4, 7] 4 5/ 4 %} C12Pb2, pH=2 I} CFRc, 5>
WA pH=4,7 ] 2 £5.3 £i%; %} C18Pb0, pH=2 I} CFRc,
S5 pH=4, 716 5. 714%; % C18Pb2, pH=2 It}
CFRc, 4 pH=4, 7 [ 3 fi5 /547 - 7 pH=4 Hi{FE CFRc,
B pH=7 WK, HANEH . BbAh, /KB EH 12%
PEE R 18%I, £F pH=2, 4 A1 7 Itf, xFFEfbA5 5+
IRFE CFRe, 70 B T 43%, 52%F1 51%; SFEfLA
15 9% L AAFE CFRe, 73 AIBRAR T 40%, 50%H11 58%.

K 4 JRa] WL, [ A0S G R 5 [ AR v G
TARFEMIEL CFRe, B XK BE 12%FE, #
pH=2, 4 F1 7 WK T 37%, 160%F1 137%; *f
KieBE 18%iAFE, 7 pH=2, 4 1 7 B354 KT
29%, 150%F1 175%.

IR T LUERE R . OFE MR IER 46 pH=2 I,
TRFETh A8 Z 7K Je KA = s e, R St R
W AR SRS, [EREHL, 7E pH=4 5% 7 I, WAEPKTR
IKAGT= IR R D G2 PP e D28 A A8 /N LR B
AHUT. K, pH=2 I}, CFRc, " & T pH=4 5k 7;
i pH=4 1 7 I}, —FHZEHNAHE . @RKJeB R
K, [k 2enk e i, Kk CFRe, i/ . @)
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RN, S5 WRPRAAT T KR AR5 e v ) 5i SR oW PE PR 553

EIL 1LYV A A R AN 7/ 6 ==R TP L e (R AR

PrRE RS, BRIk CFRe, K.

3.3 HRLRSHAELMRMEREZ LLIIXR
DRI TG I PR T M 58 P A 55 53 H 3 FX) AR

BRA, € q, R R YT 3% b

qr — qu,]caching , (6)

q.,sc
A, Guicaching A IRIESTIRFENT qu (kPa), quse HARTTE
724 39 dIRFEN gu (kPa)s
K 11 Foritkt g 55 CFRe, IC R . AT,
B CFRc, K, RFF g, B/ 3 AHSCHE W F RIS
FFEFTR: AHRRELR 1 097,
lgg =1.97-0211g(CFR,) - (7)
LRI UL, g, 5 CFRe S ERER PEAR G AR GF o 1K £
TP AL TR KA =) 1B T R K e A 1 2R LA
JRA =5 - ks 2 8] (1 e 2 S R 3t TR A1
SPEN, CFRe, MR T A0 Bh A MR IER K 1)
O S T O YR 7 e B o AT TR G A T
SEUKA =Y S R R R S VE AR, PR
q, i CFRc, H4 KT k) o

—— Fitted line

110 - 1g¢:=1.97 - 0.21g(CFRca), R=0.97

100 | C18Pb0 pH4.0
0 /sﬁrv/ P

& gp |C18PHOPHT.0 C12Pb0 pHT.0
S v ¢ C18Pb0 pH20
% C18Pb2 pH7.0
B s
K
g CI2Pb0 pHAO C12Pb2 A
g Of Cl18Pb2pHAO \ @
R A
# C12Pb2 pH7.0
B 60 PNt
C18Pb2pH2.0 1\ C12Pb2pH2.0
C12Pb0 pH2.0
50 L 1 J
1 10 100
CaBRRWFHIFE CFR/%

11 k4 ¢ SR LR XRE
Fig. 11 Relationship between g, and CFR¢, of the soil specimen

4 % #

(D XPRAFE MR PTRSRE g, WFF0URI: F3)
AWM AN, g, BARETEY 39 d WK g, FRIKT
1%~42%, [Fif, pH=4 5 7 WHRXFE g, 2250 A 00 i
KB E M 12%38 55 18%I), IRFE ¢ B9 K T 35%~
98%, [AII, 7KV [l HT5 G AR R g, BOK Ve 1k
AV5 4 L AFE N 50%~68%.

(2) TMRIEAF ORI : e X AT 2
BRI 25 TR, KYR A AT G AR FE P R
B Si-O-Pb 454K, PbALOs. CaPbOy 25T e i 4h [
A Il E NI 2 —; A, KU A G G/
KV FE A AFt. C-S-H Z5K46 Wi, B

[ A4 AT G AR KA = 2 R R S . R
KRR, AT G iR ok BRI R A ]
ARG G AR PE T 8%~ 18%; AFE C12Pb0 FLER/ A
LSRR AE, TR EE C12Pb2 by Bld . oMk Ee %
B T AR RN KL R RN

(3) A (CFRe) SiREW]: WIEBAIL
pH=2 [N ilF¥ CFRca by pH=4 5 7 I ¥) 2~7 %, 17 pH=4
7 BHAFE CFRe, 220 s KIeB i i 12%42
2] 18%I, FF CFRe, PR T 40%~58%; 7Kl
AT G AR ROK TR AT J L3R, 1L CFRe,
BKT 29%~175%.

(4D I 73 Hrl e T BT 3R L g, 5 CFRc,
KARKIM: Bl CFRc, MK, FF ¢ i/, HP#EHAT
KLU IR B R PEAR O 2R o I AS (A HH A 2 i ]
s g ARG R RN R —,
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