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ABSTRACT: The increase in population and industrialization of societies have caused the production
of large amounts of inorganic, organic, and biological pollutants. Lead is one of the heavy metals having
high and long-term toxicity even at low concentrations which limits the reusability and recyclability of
industrial wastewaters so it must be removed. In this study, the removal and recovery of Pb from synthetic
wastewater by a new form of precipitation method named crystallization process in a batch system was
investigated. This process has gained increasing attention in recent years because of accessibility, low

cost, high efficiency, and no need to recover the used materials. The efficacy of removal was dependent  Keywords:

on the factors such as pH, initial lead concentration, carbonate: lead molar ratio, and amount of seed Water treatment

crystals. The results of the experiments performed in this study showed that when the pH=8, the initial - al
avy meta.

concentration of lead is 100 mg /L, the molar ratio of carbonate to lead is 3:1 and the amount of seed cavy et

particles is 0.25 g dissolved in 100 ml, the lead removal efficiency is obtained as 99 %. The present study

demonstrates that Pb can be successfully removed and recovered as PbCO3 crystals in a batch reactor.
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1- Introduction

Lead (Pb) is a heavy metal widely spread throughout the
environment. Wastewaters containing lead are discharged
by many anthropogenic activities, such as driving, the
metallurgical industry, electroplating, and metal finishing
[1]. This contaminant can affect almost every organ in
the body, accumulating over time [2]. A wide range of
treatment processes for the removal and recovery of
heavy metals from wastewaters have been developed over
the years. Conventional methods, such as precipitation,
electrolysis, ion exchange, and adsorption have been used
in the past decades [3]. Among them, precipitation is
the most commonly used process. However, the cost for
the subsequent treatment of the precipitates or sludge is
normally high [4]. Thus, new concepts for minimizing the
discrete precipitates in the solution have to be developed and
applied in the operation. This new method is crystallization.
Production of relatively large crystals may be realized by
means of seeded crystallization, where the seed not only
induces and promotes crystallization but also acts as a
carried of the precipitate to be recovered [5]. This procedure
can be done in a batch or continuous system. There are a
number of situations where batch operation is chosen instead
of the continuous system; mainly because of the advantages
such as being in access, low cost, high efficiency, and no
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need to recover the used materials. Important factors on
the lead removal by the crystallization process are pH, lead
concentration, carbonate to lead molar ratio, and amount
of seed [5]. This study explored the applicability of the
crystallization process in a batch reactor on the removal and
recovery of lead from synthetic wastewater using carbonate
precipitation agent and sands as seed crystals.

2- Methodology

The synthetic lead wastewater was prepared by
dissolving lead nitrate (Pb(NO3)2, Merck, Germany) as a
stock solution with a specific concentration (500 mg/L).
Sodium carbonate (Na2CO3, Merck, Germany) used as the
precipitant (0.008M) was also dissolved in another stock
solution whose pH was conditioned by sodium hydroxide
(NaOH, Merck, Germany) and nitric acid (HNO3, 70%,
Merck, Germany). Synthetic wastewater and precipitant
solutions for the experimental runs were also prepared
using deionized water. The pH levels were supplied by a pH
meter (pH /mV/Temperature Bench Meter, Romania). All
the experiments were carried out in the batch beaker at a
laboratory temperature of 20-25 oC. 100 mL of lead solution
with a specific concentration containing a specific amount
of sand were dosed into the beaker. While the mentioned
mixture was being agitated by a mechanical stirrer at 250-
300 rpm, 0.008 M Na2CO3 solution with different carbonate
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Fig. 1. Effect of pH on lead removal efficiency at [Pb*=100
mg/L, [CO32-]: [Pb**]=3:1 and 0.25 g sand

to lead molar ratio was added to the beaker. Each experiment
lasted for 6 h, after which the solution was discarded from the
filter (@ 125mm) and tested for determination of Pb using an
Atomic Absorption Spectrophotometer (AAS). The removal
efficiency of the reactor (1) is expressed by Eq. (1).

_ Cpb,0—-Cpb,t "

100 (1)
Cpb,0

Where CPb,0 is initial lead concentration and CPb,t is the
lead concentration that was determined by AAS.

3- Results and Discussion
3- 1- Effect of pH

The setup was operated at varying pHs from 6 to 10 to
observe its effect on the Pb removal efficiency from the
synthetic wastewater and also to determine the optimum
pH of the operation. As displayed in Fig. 1, the highest lead
removal efficiency at pH 8 was obtained > 99%, while initial
Pb2+ concentration of 100 mg/L, the molar ratio of carbonate
to lead 3:1 and 0.25 g sands. On the other hand, theoretical
calculations performed by Patterson et al. [6] showed that the
minimum lead concentration in lead-carbonate precipitation
reaches the lowest value at pH ranging from 7.5 to 9.0.
Our findings here coincided with these values. It can be
concluded that the pH value should be controlled around 8.

3- 2- Effect of initial Pb2+ concentration

The setup was operated at varying initial Pb2+
concentration (100 mg/L to 400 mg/L) to observe its effect
on the Pb removal efficiency while the other parameters
were fixed (pH 8, molar ratio of carbonate to lead :3 to 1,
and sand amount 0.25 g). As seen in Fig. 2, the highest lead
removal efficiency occurred at 100 mg/L. Decreased with
increasing the initial lead concentration.
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Fig. 2. Effect of pH on lead removal efficiency at [Pb*]= 100
mg/L, [CO32-]: [Pb**]=3:1 and 0.25 g sand
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Fig. 3. Effect of sand amount on lead removal efficiency at pH=8,
[Pb*] =100 mg/L and [CO32-]: [Pb**]=3:1

3- 3- Effect of sand amount

To illustrate the effect of the sand amount on the lead
removal efficiency, the batch reactor was operated at four
different amounts of sand: 0.1 g, 0.25 g, 0.5 g, and 1 g. As
seen in Fig. 3, by increasing the amount of sands from 0.1g to
0.25g, the effiency of lead removal also increased. This can be
explained by larger surface areas available for crystallization
of the lead precipitates provided by larger amounts of sands
in the reactor. However, further increase in the amount of
seed particles leads to a gradual decrease in the percentage
of lead removal. This is mightily attributed to the lower
growth of crystals in the presence of excessive substrates
for the deposition of lead and carbonate ions., This leads to
the creation of heterogeneous crystals with very small sizes
which pass through the filter and are not considered in the
calculation of lead removal efficiency.
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Fig. 4. Effect of [CO32-]: [Pb?*] on lead removal efficiency at
pH=8, [Pb**] = 100 mg/L and 0.25¢g sand

3- 4- Effect of [CO32-]:[ Pb2+] molar ratio

The setup was operated at varying carbonate: lead molar
ratios (1:1, 2:1, 3:1, and 4:1) to observe the effect on the Pb
removal efficiency. The highest lead removal efficiency of
>99% was reached at a carbonate: lead molar ratio of 3:1.
By reducing the molar ratio of carbonate to lead from the
optimal ratio (3 to 1), the percentage of lead removal also
decreased, so that when this ratio is 1 to 1, lead carbonate is
less likely to precipitate; due to the low volume of carbonate
and low ion collision, and heterogeneous crystals are formed,
resulting in a significant removal percentage. On the other
hand, by increasing the molar ratio of carbonate: lead to
4:1, the percentage of lead removal decreased. It seems that
due to the high presence of carbonate ions in the solution,
they react with lead ions before the deposition on the sand
particles. Therefore, a large part of lead ions is converted into
homogeneous crystals which pass through the filter and are

not considered in the calculation of lead removal efficiency.

4- Conclusion

Lead can be removed and recovered successfully as lead
carbonate crystals using the seeded batch reactor. Based
upon the results of this study, when the pH is in the range
between 8 to 9, the initial concentration of lead is 100 mg/L,
the molar ratio of carbonate to lead is 3:1 and the amount of
seed particles is 0.25 g dissolved in 100 ml, the lead removal
efficiency is obtained as 99%.

References

[11D. Hou, J. He, C. Li, L. Ren, Q. Fan, J. Wang, Z. Xie,
Distribution characteristics and potential ecological risk
assessment of heavy metals (Cu, Pb, Zn, Cd) in water and
sediments from Lake Dalinouer, China, Ecotoxicology
and environmental safety, 93 (2013) 135-144.

[2]R.K. Gautam, S.K. Sharma, S. Mahiya, M.C.
Chattopadhyaya, Contamination of heavy metals in
aquatic media: transport, toxicity and technologies for
remediation, (2014).

[3]F. Fu, Q. Wang, Removal of heavy metal ions from
wastewaters: a review, Journal of environmental
management, 92(3) (2011) 407-418.

[4]J.-F. Blais, Z. Djedidi, R.B. Cheikh, R.D. Tyagi, G.
Mercier, Metals precipitation from effluents, Practice

Periodical of Hazardous, Toxic, and Radioactive Waste
Management, 12(3) (2008) 135-149.

[5] M. Giulietti, M. Seckler, S. Derenzo, M. Ré, E. Cekinski,
Industrial crystallization and precipitation from solutions:
state of the technique, Brazilian Journal of Chemical
Engineering, 18(4) (2001) 423-440.

[6]J.W. Patterson, H.E. Allen, J.J. Scala, Carbonate

precipitation for heavy metals pollutants, Journal (Water
Pollution Control Federation), (1977) 2397-2410.

HOW TO CITE THIS ARTICLE

J. Mech. Eng., 53(11) (2022) 1353-1356.

DOI: 10.22060/me;j.2021.19314.7000

P. Khalati, M. Tahmasebpoor , S. J. Peighambardoust, Removal of Lead Heavy Metal from
Wastewater by Crystallization Process and Investigation of the Effective Parameters , Amirkabir

1355






75 ool SlSo (owigee g pui

DYSE 5 OVFA clio A+ o Jls ) 6)lad DF 053 yusS el CSilslo suvie 3
DOL: 10.22060/mej.2021.19314.7000

S ol )y (w2 9 (o i 5 WiaT ) bawrgs ()] @ 03901 (SOT 51 o (w18 Bl
Wald glosly 2 550

Cuwgd yrosny (plJloa s ygrcinlorl oo o ¢ s &y

Ol 30 oy oSl (g oudd wdigo 0SSN

1S 9l3 axsu ;U
AR/ A7V bl
WAANVVA 1,555k
VLYY
Voo [oXoY 1o Ml )

1605 Clols

O ol 318

el on (s g I iane eV (o0l palie g sl el (b (ixio 5 Cumer 0938l o) (I3 iAW
aloxjl ki gla yogy Cul oS slacdale > g e ) g YU Cousgeune ()b &S Canl p S Sl 5 S g
b etsdd A8 5l cds o3 it olxo 9 Llje (gl S5 o a8 155 393y olié (claainl b g oo Ll o i
Ol 3 el 48,5 113 55 3,90 (351 03 rizmem 5 oo dgo (391 il ity Pl (Sobs i 4y a3 iy S 6l
le g (0 Sl wile (glaily )3 i )3 g liyS (gl Jglone wile (el Jole S8 4 o (59l Jglee o2,
2 bl kil 1 8,80 Jelge alox 510,85 o Bl Ol Sl s 518 o g 00 s o Sl Sl S
J ool s g0 o)Ll auslo g (0 S o g oy Sl Jgo Cunnd oy gl cale PH & i oo gy )

Vuﬂwubﬁd}aw‘ﬂff;w\" uwAJQlchﬂ.c‘pH:Addeo) ‘&Dduubwpboldlbuwbj

&
5 S sl

Srehl ()2

)ww&ol}xiﬂbf‘))uwd»ul)msml:d?bmﬂém\“))P;'/\’Ombﬁwu‘)bﬂm$\c\:

5 S5l i MBI iomen 5 G mas plese & 3l

bl g Bl Cuenl p @ly 3 a5 Cunlo3)S pMel 2 5 p)S Lo v o)
05 ¥ Juboioo 48T oy 518

Doy & Ol o ol Gle dilse gl ol ]

9 sl s“u’..{l.«i.&— Lgl.tb.).»‘/& ““Lf;% JJLA ‘VG,LM» (PO g

ol 3108 o)Ll Y o Gl 5 aliandy iUl gy gl

93 20 (plewd dlge 5 Sliras (YL (sabie 4 drgi L laan]

o ] s olpen (sMSe b gl Sl g (oLl Al puioren

"' World Health Organization (WHO)
2 Chemical precipitation

3 Ton exchange

* Membrane

5 Coagulation

¢ Electrochemical

7 Adsorption

8 Leaching

[cBEN e N R

doddo —
e Sl eol o] gy (b o 5 Ol Camex G5
ol 005y Ol wlie g Ll K03 b ) g OB (ool
ot SLNSE CBU3L pd Sl & s (938595 S 5) Cen ]
Jewl 038" Joas Mollip @olsz ) (sove sl £9090 41 1) (ixio
e > g, & 35155005 5 Mpslhe IS b 4 (S s )
Glo SYsb lacuen gub lachle 3 x> g Bed @) Cunj
slcaio p xio pb godle S plgie 4 Oyl able e Sl
Wl anl )8 Seal po Ol gl 18 gilucs 5l Ao I il
LY 105,5 o odlitul oyxiin dlge yidle 5 (wlSe daldgw dadiliSs,
e 310 g Vb Cungoume (gl & cunl (S Sl 51 (S Gy
2S5 Jolo S i 8 cpl sl o5 Sl glaclale s
Bgd e Dyt 045 Chgrge (ixed g pluswsS| sl SUilad
sl Sy S (gl & b (250l 5 Gl Sl )3 e b 1

Moaven@um.ac.ir :obile solgs odiwg ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

oyea



IVY 15,8 oylsl olals s S e 5 i 3 & miies ole
4 sl a8 Jlg S anT 8 S0 slajally s 5| PH
g9 S 4 0, oo )5 LB Ll > lame pH B9 &7 (66b
0x3ldgy (shio )b b dwle 5 (3 ) e eSgpan dle sl
o 31 e (sl (309w sl (orlie yian d0xi3)> 95 o0
i Jole plyie 4 ©lu)S ite oy (19381 L VY] 48 o Lo
Selwlg S 695 Sl 1) SluyS (e Glagy copw Cute sy
dwlo g (38 S (695 2 oy Sl S Gla Sl )57 5 04038 395 Lo &
3ly 9028 b Joloro Sl 0y sl @90 cpl 4 g Wgd e SIS
Sl Jglome S50 3 e Jlig S 4l plosl (ol g o ol 516
Sl IS pokay 33,5 ol Sl S ol g (mcg; (sl Sl
Tl S48 5 T pljanes Jeluilgsd alpe aw Joli ad Jl S
sl S oy Olye @ o gl g el [VF 5 VO] w3l
Db g iy (V) dlasly Cjgo & 90 gmie by Sl S JSUS
ooy cllE Gl dase PH @ bl g8 el cabasly ol b
O o pogad 3 )l (St Jgae cl Mo g ouins JSi
Hb syl lals @l pH sl oW odgie)> Jolome pH 31 e puo
o Cuto Ol oS 2Bl e 285 ghaw (59) p S orhe o (e
oy 2 Ol (e (g o] 4 s S 0 Gl 08 G 4y
Ol 4 88 i o St |y O oo iS5l (gl 5lS g 0 (i s
i 390 o (glal> S5 @8ly )3 9o 43S 3T b (I,
ey DA WS o @l f ) Sl g o S (B39 Sl

9 g0 iy (V) daily @50 4 glilzed el

mM"™ +nA"" =M A (s)
1
n+ ™ m="1" \m+n (\)
(T
K

sp

danLc - Lale 931}16}‘&09& - Lale %;Q_Am;MndS

1 Super saturation
2 Nucleation

3 Crystal growth
4

Surface precipitation

Gl dly il (Solo o 4 (mcguy gy 0ad S5 slaby,
S S Y] Canol @85 5148 oolitwl )50 00t jobo 4y S I3l
39§l Jols laoad sbnl (paogwy (o) (cwlel ©ISI
0j9y0l e ot 4wl a3 clol 5l ol JSike g el dlge
S jle Blo el 20l ) (RO gy (i 3
S b Il S b9y [ 9 A Do gune (gtato slacluy |l
sl cglails S el 53 4 3950 guine (BICI) 05 D)
S5 g 2lge (B3gw) sl cuslie g SG Gl 4 dwle 5 b )
Py Dl 29 oo o3kl cawlie ojluil g late JSS L oln Jlie S
Gl g 5 S USS 113 o (adcsw; g, 5 (b Il S
g g0 gmno dlud] 113 S (1B iy S gy sl 485 IS
gy ol 4y bl b 4 Jlias S aSs S oS y5b o
() S 5 G S 4y ot oS 940 00 St Jolomo 53 29290
godlo gy B b ¢ 23g0y A13 50 Ll 035 o plite 5l
9 V] calolpon glatel dolx (gole bl 5 gludl 598 Jsloxo I dal>
uolio yi glgie 4 il @IS jeas (il Jlen S Be) 3 [N
bl el oa g ord plaie sl Jliun S 2bul el wa (2305w S
JS 55 Jgbxe §1 (il (gl 45 g oo canslio 051 b pln Jliuwy
Gla el g o s Jolbo | )y 4 a8 (gyob @ 03,5 oWl 1,
I Jgs o o 5l pSiw cljlé
3 hliseo Slge Sl rpey i Bl gl AS I S 2513 5]
il slacyg 9 [10] e 5 [VF] ol ] Syl Y] oo alo
Dgas oo odlail [VA] wlhsld o [WV] Clddgw TV 5 V8] Clawd ales
Gt Jole Jolmo SaS a op g3l ol Jolome gy ol 2
Sl b i &S dwlo g (4 dlo (glaily l)d (69, p poduw Sl yS
ool calio o3l L jbdiwa (sla Sl S JSis 5 Sl 2dCgu,
Bl el oy SluS gla iy S JS5 b g 0l (ppdial S o
b )8 2018 gy ol 4 45 935 0 imto Slac] I
g b I, w0148 5l 6,500 g9 [VA] 9 o atiS 5 Kenl
a &S w8l o 3l b Jbiw S Jes gl @) jaas el &S 5y
Slo)S o1 S5 (gl Jliu STV 9 ¥+ ] 255 0 425 S0 55l
S8 ]y bl S Glge 2l 4 g 009 Jobesl Ol 5 5 o
) bawgi (S Sljls Bla )3 e Jalge 138 L Jglone I ik
(90 S (pSiuw 1 4l clalé e PH & g o (i b S

oYo .



A5 dmlgd S g 43S )8 cw)p 3)90 o Bl lodily  anle
03)S pasude |y Gy Blo ke (il 4 () i dige Ll U
Olidos )3 dwgy piome <y 5 ool ooy dige blpd b oo
Sl gm0 S odliiwl a4y asgi b &Blyyn S duslie 55>
2 ilisee ol yiolyb b dunlio (3aios ol ) clio ) laoany VT Bis
S b dtwgnl plu SG 50 (A )5 gy & oy Bl e
S g g srelBBse Dygo 3 U Ab Al duglie dlugy i
ol 450 1S 5 00l gy &S dtwanl clls I len YU CBls ao

Dges o3l Cilisko (clacadge (¢ly

P95 9390 Y
ot Jole gole lais 4y mudus oS Joloes 3l e guins ol o
s> Jsle plgie oy iz Jsloe jl g as Il 500153 )5
chle (8029450 jD 0w Gl ) B .l ol ool &
ol clale (god500 a5 WSl o yid p p)S e Fre B Ver o
p)S oo B v cdale b G adgl Jaloo lal 3 .l Gy (ol inio
o Jslmo «(53loz) Gy 5l g 290 at 0ad ojigaced ol b 1
Ol S Jaloee 3)5 oo duts Jolze opl 5l (asuie slacdale b jlo 5, g0
odlizul 3590 AT y3 cpl )3 wiias Jole lgie 4 asciie clalé b gy
posns )3 b Il S 401,38 ol (gl 23,5 o olisl 5 0550 6
@l olyod dy asuie clale b Gy Jolowo 1 i) Lo Voo cdtugol
A gol i 31 (asuie lade b laily @l laie 4 dwle g i
clle b als S pdw uidds Jole Jolows ja5l8s SaS & cle pan
20,8 o a8l wiwous JB1 4 ol 00 5 jloj e 3 asudie Hlide o
ety @IS g Jslore )3 39290 sl oled Gliee Gl pslaie &
235 oo ool (4dBd y a0 YO+=Y++) jasuie oo b (Sl jjen
Joboee el 7) 0ad fuend (i Gloj 9 STy (loj CuddS 51 g
g 0 la oad uSis sla Jliw S g (slasls il 5] SElo 3oalawl b
Sl Sy oy et Jain] G1Sly pladl slaie 4 (Sl 36§ an
03938l Jolowe & S8 sl Joloro (o8 (e e Jglxe 53 25290
s e g o oo Jlisl wiged slad )b 4 fols Joloxe g 0

oYo)

P S Cppe Jluw S a8) 5 aljn sl o (LS bl e
Sy 3> S S s 1 STy St 390 YU s
> gLl o8 ax > ST Lol asl YU gLl 3g8 yiel)ly a5 3,5 oo plo]
Sl S JSis b loass J 8 ol )90 cpl 53 il oL
Sogo 255 4 sl ilid Ll B Sygo cpl > 4 Um0 &) ) Sl
9 Eedlass o olej [VF] 29dien Jol> (b Bl aoyd 5 4SS
FB lise 4 a8 ol o iy ya5 ] Lo lgie el gl LSS
S Jobe )3 39290 (SlaAlBL 5 lod (eludl3ed waw & 2y
“Veee ) Yoy aw 3529 > 4 Jlow s 59551y )3 3,5 ©jg0
Pl S oo jlasle JB (a8 b domyy g Jli S JSis
i g b i e8]y colo anje (Jlo ope 3 [YA] 5,5 0
b Jgloxe (6399 5 silodlomw Sbml sl oy Jd 5l o2latl 550 ol
9) 9 gl plues Casl 4255390 s ol )3 )8y J3b &
Gl A8 Iy )8 30158 (12 jls 390 i 5 4 i (S b ool
U9y & oy Bl e o yiall qw)p 3855l )3 U (e 41
o sl Y5 §1 LS e e plog] dtugal el 5 45 iy S
ol g 3] (s bl b 5 SelSio 30 51 o 3 45 dtsgul
db)fue odlazwl Aty le.c L;La:o% L J9l:>u dL“’QB:’. O cunlio
S 5l anlp (ol Jlo e 0 9 Y gpiilles el
UiSly da Joloeo 093581 i Sl _\»])5 Sllos plod a5 (g5 4 il o
oo > olply 255 e Oygo e S 50 b dias 5 AT
[YA] 315 oz )| diasgm 40118 b duwlie )3 dtasgul 4o )3 ¢ alKioloj]
sgb @ b S by pilSe @ ol L) il 0 Oninen
s Argeals Sl Ably Al s o Sl S 05y 5100 (g (55
2] S sla i S sbnl (ly (255 Co e diogy Anlyb 4
59 dwgn A]d A Cans b las,S Sl g0l ool a8
PS5k O e 3l a8 i 3y90 Cud )b sl etmen ) (eSS,
[YA] 0 o 48y 4 9 5d0 ¢ e3Laidl (Lo 5| dtwgnl Aoy wcle
o Sl lie p NS Jelge (qw)p pols oSl Sua
s S 5> b I S o alp kg o] 4 exl o ]
PH ol alisee (cla ol ysb jslate ol (slp il o dtagnls

1 Induction time



BYSS B OYFA aio AF++ Jlos ) 0)lad DF 093 yusS ool SilSlo pusiio 4y 3

anter

Mechanical stirrer, ; 3
Ll | m—

Dec
NaxCOs l

pH meter
—1 I
‘\
o = (5 Jbes 4321 5 SlBaiNg adl ol Adesk
.15.-
L ST [ LY

Jhaans 5 0y Jolyo 5 diwgml Sl )3 s Jbians 55 5318 Silond Y S

Fig. 1. Schematic of the process of crystallization in the batch system and the stages of crystal
growth

LS Slasuin Cwl ol ool v‘r&l P Lg)).al U"")" S u).:.‘a

ol 0l 1Y Jods j3 3udzs cpl ) eolaiuw] 50 iljupzs

Cou g b -y
Lo oay ¥l Bl 30 2 S50 slo oy gy 4S8l 4 255 L
s po dy dls jo ©jgo d ALIS Gl puin > (S Il S A0l
g & b yial )l 18l 55 Bains cpl p3 1A VF-IY Jeawl 433 )5 alosl
rlo bl S oy Sl sgbate (nl slp S (ay o 4y dl e
aape Hlde g odd anil &5 ol asuie g Cob Hlade > layalyl

WD el ()2 3590 yal)b

pH ,sb -y -
5 31 58 PH o300 PH. 51 ) 42 by slogilel o
lp cuslie yiu bl pae 5 Giopd Cute lagm Hpas Jb
VISS cl 8,55 515 ) 9)90 oy Cute S (B9
O 1) dogl w5 53 Gy Bl plossly p pH el st
2 Gy Bl liee cp il sdalie BB &S jobo len .m0

Wbo Sl AL S o5 I pH &S Sl sl 435 @ij50 A pH

by anld Soles D)5 o At ol Lds oK) gl Gy
ol odds 1)1V S5 5o dwgol
3 alp 38550 sl ey atuge bl (29l s 4y pglato
Cul )35 4 p3Y 355 0 )8 (s 3)90 Sl SO g & oy
ol osd 48,5 J1a5 1> 561 b plp g col laioles] den yd Lo &S
alayly 5l g oad eolal ‘L;“'.’.‘ IRTS ).Jlj il Jeloe Gy (65050l sl

23,5 oo o3lawl (7)) Blo duopd 5w duwle (4l (V)

_ Cpb,0-Cpb,t 5
Cpb,0

100 (v)

Ozt ol Oy ol cdale Cpog Oy sl clale €y
90 Bl rimen g ()1 maw wyp jelaie 4 Bais ol
5 “stgy oSl oo See LT e S5 la Jlie S

1 Atomic Absorption Spectrophotometer (AAS)

2 Scanning Electron Microscope (SEM)
3 Energy Dispersive X-Ray Spectroscopy (EDS)
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Table 1. Specifications of the devices used in this research
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Fig. 2. Effect of pH on lead removal efficiency at [Pb2+]= 100 mg/L, [CO32-]: [Pb2+]=3:1 and 0.25 g
sand
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Fig. 4. Scanning Electron Microscope and dot mapping images of lead carbonate crystals formed in the solution with
pH a: 6, b: 8([Pb**]= 100 mg/L, [CO,*]: [Pb**]=3:1 and 0.25 g sand)
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Table 2. Composition of elements in lead carbonate crystals formed in
solution with pH=6 and pH=8
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Fig. 6. Effect of [Pb**] on lead removal efficiency at pH=8, [CO,]: [Pb**|=3:1 and 0.25 g sand
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Fig. 7. Effect of sand amount on lead removal efficiency at pH=8, [Pb*] =100 mg/L and [CO,*]:
[Pb*]=3:1
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Table 3. Composition of elements in lead carbonate crystals formed in the presence of
sand particles in the amounts of 0.1 gand 1 g
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Fig. 9. Effect of [CO,”]: [Pb**] on lead removal efficiency at pH=8, [Pb**] = 100 mg/L and 0.25g sand
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Fig. 10. Scanning Electron Microscope and dot mapping images of lead carbonate crystals formed in the
molar ratio of carbonate to lead a: 1: 1 b: 4:1 (pH=8, [Pb?] =100 mg/L and 0.25g sand)
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Table 1. Composition of elements in lead carbonate crystals formed in the molar ratio of carbonate to
lead 1: 1 and 4:1
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