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pH 9.8 [19]
Gs 2.79 [18]

Table 1. Some of the geotechnical and geoenvironmental eng.
properties of bentonite

ot Sy b L eSS Juld oolizal 3550 50

AA

o 3l Sleslinl U (glwdlr 5 c as cules S
Sl 095 1 " edd S 3 e (S35 o e Ol e
w\%b):>ﬁf&@al)uwj\wﬁwjl
e SU kst gladlens ¢l gileelr 5 ot 4 31 [8]
00 o=l Sl eslanal 3ok 35l Jg 350 0 eslinal 585 4
O Ol e bl cpl s ol a8 e T glaSE s
U s 5 [O]cm sz lale 3 o511 S (Giladalr 5 o
DUT oIS 1a (s3ladalr 5 a3 S 651 [10] 13U 55855
slge i Al as Ct gl sl VT g sl
Sl S5d 5 aled DL 5l 5ol G S5 4 e
SR sl plad Gl i LS IS4 0580
G PH laie [6] 55d e M5 e 2 b il sl S
Gy GBSy v 5 e DI 1 (ol S 55 (5 S5
PH Sl mess ol (Dl sy IOl 5 gy S5 550
a1y eIl s a8 ol pladnl b Jols (5ladtels o
Cmls S2alS o b 5l 500, S S el Hllas IS
Loos gl pllas (it Ll s ol g ptl (5 m0 53 4 b
T11] 555 0 (S3 9T Jsl wle il oS (5 pdid 5i 45 (55l 50
S i pdee EelpH 2158l Joale 53 Gy b 5l Al Ol
C- 5C-S-H U5 1Sis) SVois sla STy 5 (o) stV
oS Ol sl slaeo VT (g3ludsls cane (A-S-H
9] 552 5

S o A (N0 Sl meS Jlisl i e Olesw W5
A Dl pde Bb 1o e s 53 edd pime (p SUeuSlss
Slides ot gladlow 5o aS el Eel Olaws 05381 55,
Sl Lol 55 b Gyl ple (58 @ sl s
3,8 Oy so Olag G ae 2alS 5 O ol 55 shie o
L ol ol S 05 5 b lon L Sal S 03 8 L [12]
5003 (PLC) Sl sls s Sl A5 o so 5y Olas
D3 ols e g 3550 BUS 5 Sls)l o, 508 s Laaas (6l
el 53 Sl K g s 3 g [13] ol a3 S
A s 4 Olepes Osamlydr St 3 085 pand Olass ezt
5 LS ol s 4 e Joibie el (Sis

bc‘)ﬂhdw&‘)&uﬁuﬁjb)‘JHd_‘ Lﬁ_iij"‘e

! Best demonstrated available technology (BDAT)



VFo¥ JL.«J 4\ D)L&)ojl cYO 092

e Ol pes (plige (s = cole dlns

e (8,8 Sl 5o b ladd sad Wlie cpl 53 cpl ol [5] cules S
i) e o 2alS Ca b 5 (Ao 3 10) skl
Ailokd g (omdS Dby S

clapl L Sal b, Ol g5 53 EN197 5kl
Yo g Jold oo San 48 coledd b ae II/B-L 5 1I/A-L
ool nl e [18] s eSOl S Lo s YO B YY 5 s
ol 355 3 YO U ndS DLy S 8l lags oo
3 Ol S5 5 Slodd (g Al Olo (500
Wl S5 esliwl 5 40 oSl Ol s odS Sl S
Ol ¢ andS Dl S 5 (Jgame S 3 Olas ilizes LS 5
Ol & 5 o3 K0 SIS (V) st 5501 L ilae okl
lols Lol s gad 4 03 )T St St S35 Ao 3 10

Olagw 5 S Slojan i s 4 Cusb ) do)s Sl
L 5[20] ne &NUe s ASTM D1633-17 5,1kl ulul
Jber 2 Laadsed oulod s Bld g cushb; o s
g Sy Ao )l S D i by Ao s

Llodd atle 1/ 5 /Y o) /A (OWC)

S Sl Ol e LS 5 Y J g

Rinder EP'TL';"E!' Cenent gjﬂ;ﬁ; CD‘I‘E:TE‘B CE;ZE Matliad
C100-Ca0 100%; 0%

1 5% by Ch5-Caf T5%, 50 7

sail CEI-CalS 5% L3%) days
C15.Cal35 T5%, 25

Table 2. Different mixtures of calcium carbonate — cement
b lesT plowit (K 8o ¥

S srsislol Sl el chle puns @l
O il e I3l s i (S 38 S e
slac bLle ;3 EPA s lul ol Lol , s =
T19] csleas plonsl o K 55 +=Y0+ mol/Kg-soil
wsls PH o e 85 JoB Ols 0 Pb slal s (6 0y I
ol sdel S 5 saal Jli, Ol e Com 5 ol
i 6] spde J sl sltie @ O s S ol S
lay s ) 5 ST Ay Ol 3 oS Sl S 5y
5o 5eSime l Olees ey Ll Olores Lo 5 LG

! Optimum Water Content

A

S Sl s essr dse SNV J g 2 2 5 (CACO5)
S e STV Jso oo 5 (PO(NOS)) plias Jn 3 L Sl i
il s eslizad K 3 ol sl esle Olgea o pe
CS b Jsmames 093 b Ay Ologs 5 03lital 3 50 Olacw

ROW RN IR INTER SO VO

& 903 (g 5Lwoslel —Y-¥
gt g S 5 S LB L )
JS2) il 4 8 o PH (S o310 5 ctlagS Sl
S gy S ged S 5 i (STl 2 B 2 ()
ol GiL_:; L aS ol 4 cmol/kg-soil Jslss asllas 5 40
s o) sk 4 cpl ol J16] 50l (Salen 0 iy,
5 5o Sl S (sl Sl sl 5 Shes
g Voo emol/kg-soil L ul o alale Lo Il St (gslael
gt A o O SO ol ke i (ol
N Ll (el slse iOD) SIW e U O acilos o
O cela XY a el A5 Lok gad aaw 5 ok 3Ll St
alS o Jsles J o (8 SO il J o s ol ¥ ke
a8 Gl Ll S 5 bid el Solg 5 .oleds 03 o
b b gl B ae g el Sl 5 S5 o1 S Sl
53 ol sl S e S S 5 d e Sl 40 s cili S
eSS 1 dpe Sl Ve Sl Jleel st VT o8 ol J-
S o S5LS 5 dpe sl ) T YTl 5 conl S
o VT 31kl 03 stows 51 iy Sl 0 a1 Jliie ol 45 ol
Saleal il el (ol e (S hen ©) o
o 3 s B sl sleslsT Sl ¥ St
5o Al s, Ses o o el ol S el Jlas
S Ules, S 0lo o Limgs 3 b 5l .cleds (g3ludels
besl 53 (S S S 1 dye Sl 0 chle s ey
RS e Yo s ol slids Oleps 52> 050 TCLP
35 lwdalr 5 S Ola o 5 A0l 5 Cnlanils 2
Sibwdelr 5 o sla bl ol (K3 (55w 31 L, 5]
09 eIl g s OIS iasn ple b 4B S s
Olomw Lo 3 10 035380 oS o3l Olas ol dlae alie Ll 2

0ol 1 EPA 5,1kl lae oS ol (glodiilr Ol o 5208



eb\)'\jj:a ) ‘JL.«)_: rL@_v cc,u.njlu...é AJ\;U_) ‘LSJ"}\ Lé) By

b s el (SSladalr Aol edSO S A

Ry =Y
o gy S a5 e 0 VT (506K 5 o V-

PO P W1 P U TP CM FR L
LS 55 (S lnS podn 5 S| gy s D3
ot DS 5 s 5 e i el Sl 5 Sl S
[21] 5530 6

B OIS 5l Ol 3 S s by aadllae gl s
4S8 5 S Dl Gl e Gt 53 S
(V) S s a5 L cmaloas 11 (V) JSs s of =l
S S g 9> e e 5 (O Ol
b Sas > b e S pH lids .ol 4+ cmol/kg-soil
ple Ll 3 53 YA PH SIHT O Glwalsl 5 ol s K
Sals S dlsl; glaclale s ¥pH U Sa, 1 55 am

wlazdl
R T ET=Iun (WIS LRSI SRR e
100 - 10
80 -8
2
60 - 6
E 3
L2 40 L 4
el
~
O
g 20 _ L 2
‘s 4— Retained Pb
2 —@— pH of contaminated smectite
0 0

0 50 100 150 200 250 300
Initial Pb Concentration (cmol/kg-soil)

Fig. 1. Pb retention and pH variations of the bentonite sample.
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presence of calcium carbonate
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Fig .4. Changes in pH of solidified samples of bentonite
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different moisture content.
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Fig. 6. UCS and released lead at different OWC
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different OWC in 28 days.
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Abstract

The solidification/stabilization of bentonite and heavy metals is among the conventional methods in geo-environmental
projects. Among the various methods used for the solidification/stabilization process, cement-based systems are widely used
due to their relatively low cost, availability, and environmental compatibility. The efficiency of solidification/stabilization
technology can be improved through certain modifications. The objective of this paper is to determine the effect of substituting
calcium carbonate on improving the solidification/stabilization process of bentonite and heavy metals towards reducing cement
consumption.

To achieve this goal, samples of bentonite containing 100 cmol/kg-soil concentration of lead nitrate with different
compositions of cement and calcium carbonate were solidified/stabilized. To determine the appropriate concentration of added
contamination to the soil, a series of tests for heavy metal retention using the soil suspension equilibrium method, based on
EPA standards, has been conducted. These tests were performed on bentonite suspensions at heavy metal lead concentrations
ranging from 0O to 250 cmol/kg-soil. The mechanism of contaminant retention was evaluated through XRD, TCLP, pH, and
UCS tests. In this study, the amount of immobility of heavy metals after stabilization and solidification process using the
Toxicity Characteristic Leaching Procedure (TCLP) based on EPA-1311 method has been evaluated. In the first stage of the
aforementioned experiment, the solidified/stabilized contaminated sample was adjusted to pH 8.2 with a 0.1 molar
hydrochloric acid solution and prepared as a suspension with an S:W ratio (solid:water) of 1:20. All suspensions were
continuously shaken for 18 hours using a mechanical shaker, and after measuring the pH of the samples and centrifuging them,
the liquid phase was separated and the contaminant concentration was measured using a GBC932 AB Plus atomic absorption
spectrophotometer. Unconfined compressive strength (UCS) can be used as a criterion for assessing hydration reaction
progress. In this study, samples were subjected to curing for 7 and 28 days in a closed system and placed in a humid chamber
at 23 degrees Celsius and 95% humidity according to ASTM D1633-17 standard, with a uniform density of 1.85 g/cm3 for
testing unconfined compressive strength. Furthermore, X-ray diffraction (XRD) analysis was utilized to investigate the
microstructure of the samples and the progress of the cement hydration process and its interaction with contaminated clay
minerals.

According to the results of this study, replacing 15% calcium carbonate instead of cement preserves the necessary
conditions for the establishment of stabilization and solidification mechanisms. For instance, for a sample containing 1.4%
optimum moisture, the desorption amount of lead ions in the TCLP test is equal to 2 milligrams per liter, and the uniaxial
resistance of the sample is equal to 1.45 MPa, meeting both EPA standards. In fact, the achieved results indicate that
substituting up to 15% calcium carbonate instead of ordinary Portland cement not only reduces cement consumption but also
improves the contaminant retention capability in the cementitious solidification process. The reason for the improvement in
these conditions is attributed to the simultaneous role of calcium carbonate filling and nucleation alongside the increase in the
range of carbonate compound sedimentation.

Keywords: Calcium Carbonate; Stabilization/Solidification; Cement; Contaminant Retention; TCLP; Bentonite.
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