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Reactions in Stabilization and Solidification of Zn Contaminant
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Abstract

Background and Objective: The present research aims to investigate the mechanism of clay particles
- heavy metal contaminant - lime interaction process over time from a microstructural point of view.
Method: To achieve this objective, different percentage of lime was added to a laboratory
contaminated natural soil. Then, the mechanism of contaminant retention was analyzed through
studying pH changes and evaluating microstructure study (XRD).

Findings: The results of this research show that the addition of 10% lime to the contaminated natural
clay not only stabilizes the soil, but also for a sample contaminated with 250 cmol/kg-soil
concentration of zinc as a heavy metal, more than 37% increase in retention observes. The XRD
evaluation shows that the presence of heavy metal contaminant reduces the extent of lime-clay
interaction; consequently a reduction in-the formation of C-S-H and C-A-H nanostructures happens.
Based on the results of XRD experiment and soil contaminant retention measurement of the treated
sample with less than 6% lime, the presence of heavy metal contaminant was probably the main cause
for peak intensity reduction of clay minerals. The results of this research show that the formation of C-
S-H nanostructure improves absorption characteristics due to its high specific surface area. In
addition, its formation' reduces-contaminant mobility through encapsulation of heavy metal ions
(solidification).

Conclusion: Moreover, the presence of heavy metal contaminant of zinc reduces C-S-H nanostructure
formation, in a way that the presence of 25 cmol/kg-soil of heavy metal contaminant of zinc reduces
peak intensity of C-S-H nanostructure about 90 CpS.

Keywords: Stabilization and Solidification, Zn contaminant, Lime, C-S-H Nanostructure, XRD.

1- Prof., Bu-Ali Sina University, Faculty of Engineering
2- Assistant Professor, Hormozgan University, Faculty of Engineering*(Corresponding Author).
3- Master Student, Bu-Ali Sina University, Faculty of Engineering


mailto:amirii@chmail.ir

dl,l&m 9 6”9‘

20 3l FA oslod coms 3 Irro 53595355 3 pole a¥

baadl; 530 551y« Jmine g 605 sLadll; (wiigs
e Sl sLasSol o 5 ol bl sl
(1Y) ail g il

O n lm Olssor |y ilsslarm s a2
Slomay 55 crl 50,8 oslinul ol Sl 4 (S l3lS
Sloal b gl aS 99l o0 fiad sz ool 4 SUj ks
sleadld cul Jowle (So5d 5 abend (et
Slals aie Al ( sloosd dlss g olge adgs ;o golazdl
S Gl 8l L (Y 9 V) aes o ili8l ) S I3l
g ol gl 35500 5 Cejlasme (Sogll 4 Ly e
Sl a8l (6 i Sl S 18 S 25 ) Casiles
M s ez g0 el e (S DI518 Celial 80 (V)
(S35 w0 ipy S il (SHIs g b (Jarmelen; g0z
Sy easis Sldllas 5l (6 )koms 5550 0922 9 e
S jlan e 5 plonsl Cdlw p Wl o0 o5 )18 (ST k>
V-VY) sl ansls gite jlows 56

2 il glaanld 5l (56 slge 5,8
5 SLe Glanilomy aial Glime @ atisly (lyee (oot
GalS 1 odle cplpli bl bagl s lbe Caglis
A sleejgn 5o aulgi oo wlewy (lazme IMSAL Jonily
Sluls Gl 10 (M) igd alse alS o ge g oolaiul 35
s S Bl omiss, 5 e 3l S o ol ko5l
5 ool Y58 Sl aar a5, 58 wms o LA g0
Ldloe plgie 4 09 oo AL (Smio S8 S pan e
gz e b 0aiiS ST 51 g0 4 (50T Canio o 05
OlaS 5 O)go dn (nizred 5 Lo Saidn ) )0 @n Sds
Y gV M) ogy o )5 4SS, g oY jo ol

S sillly e )3 4 oy Sliniod 2925 L
mase bl el 48,5 O g0 Sal SIS w lmosinY] (gl
losits LS azrg Sial U o5l aaly dilizes gl
Sl eg 5 L3y aslllas pg—ad )5 (zren
5 oles b e Sal = (55, Hefis 58 an ¥ ) (1Sl

cladbos jo e 318 glaoai VT Glie Sl
e (B0 8l a5 celie Slabs, il 4 5l )
L 5 e el Lol oS e Ol 1 calisee slaally;
ol L g, ml 9,Shos 0350 5 (6,5 (Glos ronnd
5 i 3 (618, Gl B 0058 5 38 S0 b K0S 5o
o OloSe B 5,0 5 6L oo 5l e b3
il s Lo e o Laoaty¥T S o0 J S 380 ppuilSe
P (lmean 5350 ok 4 o) Dly39 500 5 9L (0-T)
s5ba) ol sla Sogll g Mol sloeat VT 51 (sl sl
Wgdse o3l (G bS5y (e DIl slags Sl
@bt )l b prgare mhaw atie jsba (F-0)
(CEC) Sigsls Jols e b g slay sl  SolKe 4
b (el ateiy) glools lyie 4y |y ooy ST 8l
slonYlGir (ogas 4 g fato SYgams il slos pus
(O 5V Cel 03,8 o e 56

OB zge Jgare job 4 (glusalrm ot anl )8
g S oo 4y SUjlas slaall; ood ol (5
CeSis 38 00T (0,5 jpama b (g3lusdale § o anl 8
5 00T iz ¢ 55g oo 5 (55 g,Sle (Lo 1
Sl SlaS 5 eanVlosls jl pasin SliS 5 sjlular
- a8 gl 2B Slge (V-F) o5l o W35 cols
7 e Slaptans WS (o0 )15 0alitnl 590 (53luisl
5 99 (s 53 S L aie 4 amg L ST all
0oLl 03,18 b ay Wl oo Comshanzmo b (6 s Bl
V=Y ) e

anS Sl p i giluslr 5 St $39)53S5
et (e 5 (s 318 (slooan VT 2y e gl Ol
s Looay¥T il JalS el g ol g5 ado 5 Jis!
L) @slmanlz 5 o (65515585 (bl 05l g0 Sy s
g aslr Slge S 5 Sl 31 LS 5 i b ol o0
iyl Yy ams sla Sig aeis (Vo5 Q) ols 5 s

O_éo )_Y‘fo Lng)._M:—l L oala_wl 6‘)—’ ‘5)LAAJM[> 9 [Wese)



4

e ST (Y559 b STy ©d pliony 5yl Ly b))

S GelS Jobs byl (s 1 (VF) 02 plox]
o=l 4 (V) s eoliwl onl IS o s Jsboxe 51 (CEC)
Jstxe 029381 L (CEC) Sl 35l Jobs eyl pslaie
Vo) Ggmailiwga ol 00l Guad Vge /) )l IS
ooyl 0 5 Jodome i) e ¥e a0 Sz S 5°F)
VY 5l s Cmloas 033 o SLalS (S 551 oaily ) awgs
S Y TPM Gt s b gy il ad o6l 455 sl
i 5LaysilS polie Ceslond Tz oo 5l 5 mbe
oss Al 4 il 518 55 39290 e 5 peelly oS
,0 «(GBC 932 AB Plus) Jos (AAS) \ sl Li>
B isls S Sl § SiSigh)  lidion o8 iylejl
LS Jobs byl e ulonds (6ol b e
Slossls polbs aex 51 OVY) a2 0 )0 00l il 3, 5
GBC-) 1531 p 5 alwg 4 @l L3 0 00l (6,5 o3l

Y Cslosw] caws 4 (Avental Ver. 1.33
sladises ads 5l (XRD) LSl anisl sladiges ags sl
Jo515 5 00 (35 puS ol e ) o b Sz S 6,5 S
LS| Sl oy s 0 ) S e B0 Syl Qo
Sy Glaie O S5 0,50 codg 2SI 1 ) Jos 00 (j 543
Syl oasil; ) g elos s Sde & (gmmilwgns
Sl YT Gow 4 baiges (5,00 a5 51 s w0l 00 p.m:)blf
Ogrmilmgos (ol e Jols Ll b Jgmam Gl Gliebol Boaly
o2 el S xsdl sl ) bavgs Sl s e 4y Toue
L ool (6,0 45 oGl 1Y+ 090> adiges g b 00
4385 P Dae 4 -digel (e g uio.as)LalS P
o8 Y U D o ol )0 000l 00 o l.m.m oausly ) lawgs
o 9 b 4y ladd adl (g5 2 Hmdliwges 0l )
Siemens- Joo S0l g (ol oKiws b oy S |
a8 s bl o,ee Diffract meter D8 Advance
Vo logad jo adlas 050 S WSSl g3 (il g .(VA)
A 90 (Sal 55,0 il smie bl alons 4l
Aoor=14.1A) a5 el s, G S5 5 S ol aoyo

1. Atomic Absorption Spectrometer

g Cemwloads (60900t az gl Y5500 DLaS 5 SiS 0gou
oS ol o8 ogm ddlllan et cpl Ban elul oyl
ok by gy e 318 Mieﬂﬂs% slasly ~Sal
Jslogl LSis jlade 5 lej (o g iSlon, sl
Sl bsluwgl o (C-S-H) ol SIS Sl oo
crmimads 58 ol 50 el (C-A-H) pdS” iyl
Sl S o pae 0500800 5 iz 050lSe (i sl
Gzl aslllas 5 50 (g5luonls g conis sn 4 o,

OMPER SN

L sigy g 9l90

=y S35l 6,8, slagiales] Gisu 0 hagh cnl o
) 3 00lBl 550 sy 4l o odlitsl _oxsds
B s oy ] slonds il 3 b | ko
ol ol sl Gas casloads a5 Ll 348 ddlate ow) diged
§ el SESSgl Sleogas (sl ol Gudod jo
L b (o) aged )3 Loouia¥T (510 455 5 Lo ol
S 5 5 bamgie G955 Jobs Cudyls 5 (ogars mlaw
J=do cslongy (glwanlr g cis sl )0 (xb )
0090 oyl ey solitwl g oguil adgs wilyone Sal bl
Sl 5 losw Slpl e85 0 51 anlllas 5,50 ST diged ool
5 i 5y5e ol sl 5T caslonds 4y oleSa

Cawloas 0,51V Jgam
ol o i ol o edalonl sla stalej] oliel i
SsS5 655 slaiales ploxl ol giws s ASTM s jlasla
Clazs § &y o LIS LS Ko olStils o s
R a odliil 3550 gy wiged PH g JE2 (VF 5)T)
ASTM, D4972, ASTM, D854 s lust—ul sl
eSS BliS 9oy et gl (OVF) Canslodds (yas

”/o“b\_ﬂ (VD) cewloods solaw! - - ‘ W
S50 Q2 oY)

EGME Jsl=s 5l esleiwl L 35 (SSA) S ogase




u‘)&o.b 9 &5”5‘

A0 ke FA oslods cams 5 bo 53515355 3 pole as

b e b 03958l 0¥ = ooy S oy gnilingus 4y Sl
a8 plonl Lo Lo oass (6,0 455, 500 59, VF 090>
e 53 JobS Ll b gealislonn anl B g grnlyune
2sd ol Sal - ey 2SI - S sl
PM e s )3 Ladiged (53,5 Gouks yilo b el po cnl 5l
o 3 003l S aals L5 5l asges mle 3 .Y 0 - -
ol jleslawl b oailas mls 5B 50 (59, o5 cidale
wloss 3JUT(GBC 932 AB Plus) Joo oil i
Sosliil Ly loy (b dadiges als PH s (rizman
s =Seo3lsl (HANNA-Hi 9321) Jos yis PH olSiws
an il sloassas sl daioles] J>le adS o cunlonds
VO dodiged 0,5 590t ile 51 L3 (XRD) S
g 00b 4B, (sldnd WMl (g 2 (gmmilimgan o la3
3 eolaiwl U Laasges Sl o (il oo Sz 3l e
Siemens-Diffractometer D8 Jos oSl anil olSsws
(OA) as a5 Advance

P S Sa el L)l glr Selate slalae
sl ol 5l (S0 S vgzg (Sogdl 5yl oS5 5 e
Ll S S 3 eyl (65 ojlwil (63,8 5 (ol
o oyl any S PH s gl a5 ol ) elale )
el SIS S 8l byl Sy el Gl 9550 02
Sl solere pliie o peiites polayeS1E S 3L eud )b
by oS 518 g o SoglT ()10 4S5 bl s

(Yo 21) (FAY) 5,5 oo )8 onliciul 5,50 S5

oo1=7-1 A) a5 (a5 FY) oSl SLS & gy o
001=10.0 A) 4l (oo o 1 +) i ilS SIS & Loy
Sl oo, YV dgas 5 (amo 0 VO) o] S 4 by e
Calonds oS5 (Sly)S g 35,098 awile) (ow) et Sl S
SS9 5 (SeiSig35 Slogas | 50 Y Jgaz j0

slodds ag))| rrbs sy S Aiga agmecony
od VT~ ) (sladiges (1S, (pusyp j5kite 4 uizmen
oolicul gLl by L Jobes iabesl 5l oSl b oy 516
Ll gz Jolas GialosT plomil b pslaie cnl 4y o
A5 B S 8 YT Gl glacdile o S
I3 2tlesl dallla 5500 dodisad 1o (aSins 516 (55l
lslns 108l 55 o talesT ol plonil jslaie a4y (VF) 25
10 (ZN(NO3)2.6(H20)) jloT (g9, &l 5 ol
Lglste o, 8 S0y s agd Yo /4O b /o) slacdile
S5 ISy 0al (5 pF ) S L (o) diges SAS
Sl 00 s 0B ity 2l e B+ sy il
2 89y Dl sl slecds xS a0 90 codg oSl
(vo- cmol/kg-soil g V- b+ ¥ N b o slacdile
e 4y S —ds S ganiliasgas ] s adlal S5 4y
5 o oST 0 035 o alS 8l ously ) Lawgs Cacls ans
Lyl s olonl Gaa U celin Y G 4 badiges (o)l 455
03 pob Calw a e 4 oime G genilimges nl ¢ Jolss
Jols J=ol5 plaml b s 0580 S5 59, ¥ al 2 ol s
9o Sy i =SB lagtann jo ol Ll il SeslS

TN g TA IS IE (S slaard 5, V5l G i

Wlyiud Sal (o bowd wlasuin -) Jguz

Table 1- The XRF results of lime analysis. Product Type Parameters.
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Fig.1- XRD pattern of soil sample.
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Table. 2- Some of the geotechnical and geo-environmental properties of soil sample.
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Fig. 2- The rate of Pb heavy metal retention by sample stabilized soil with different percentages of lime after 7
days of curing.
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Fig.3- Buffering capacity range of the soil sample stabilized with different percentages of lime.
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Fig. 4- XRD analysis of the soil sample, soil sample stabilized with 6 percentages of lime and soil
sample contaminated with 25 cmol/kg-soil concentration of zinc metal stabilized with 6 percentages of lime.
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Fig. 5- Variations of pH of stabilized soft soil sample with different percentages of lime after 7 days of curing.
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Fig. 6- Variations of pH of stabilized soft soil sample with 6 percentages of lime after days curing.
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Fig.7- Variations of pH of soft soil sample contaminated with 25 cmol/kg-soil concentration of zinc stabilized
with different percentages of lime.
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