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ABSTRACT: Adsorption is one of the common treatment applied in heavy metal removal. Recently,
studies of low-cost adsorbents, which usually are waste products from industrial, agricultural and food

the structures, ponds, and drainage pipelines are made of concrete, the use of adsorbent concrete can
be an effective way to remove pollutants, especially heavy metals from wastewater. In this research,
diatomite and sunflower stems were used as concrete additives to adsorb cadmium and nickel from

wastewater as well as materials that could maintain and even increase the strength, durability, and  Keywords:

stability of concrete in water and wastewater structures. Diatomite was replaced with part of the cement
Green Concrete

and sunflower replaced with part of aggregates used in concrete. The adsorption of nickel and cadmium Diatormit
. . . . . 1atomite
by concrete components (cement, silt, diatomite and sunflower stem) was investigated. Cement was able

to remove nickel and cadmium completely. Other components of the concrete also had a good ability to Sunflower Stem
remove nickel and cadmium. The maximum adsorption capacities of Ni and Cd for diatomite, silt, and Heavy Metals
sunflower stem were 2.85, 1.88, 2.61, 2.82, 18.45, and 6.82 mgr/gr, respectively. Metal adsorption onto

adsorbents was evaluated by Langmuir and Freundlich isotherms. Results indicate that both Langmuir

Adsorption Isotherms

and Freundlich isotherm models are suitable. Concrete pieces removed cadmium completely, but in
nickel adsorption, the control sample had the best performance

INTRODUCTION

Nowadays, the environmental importance of water as an
essential requirement has been considered throughout the
world [1]. The presence of heavy metals in the environment
has become a major concern, because of their toxicity.
Many industrial processes produce wastewater containing
heavy metals [2]. Therefore, it is essential to remove heavy
metals from industrial wastewater before discharging into
the environmental cycle [3]. The adsorption method seems
attractive in comparison with other methods, due to its high
efficiency and ease of use in the treatment of heavy metals
[4]. A large number of materials derived from natural
resources, agriculture and plant waste, and by-products of
industrial processes have been considered as an adsorbent
for the separation of dilute metals from wastewater [3]. One
of the agricultural wastes that has been proven in various
studies to be efficient for removal of heavy metals is the
sunflower stem. Natural compounds such as diatomite are
also effective adsorbents for removal of heavy metals. Using
adsorbent concrete in the construction of sewage canals is
one of the ways to prevent the heavy metals’ discharge into
surface and underground waters. In these concretes, some
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materials are used as adsorbent. Due to the adsorptive
properties of sunflower stem and diatomite, and also the
feasibility of using these two compounds in the production
of a biocompatible concrete to minimize the consumption of
concrete components and reduce the production of materials
such as cement that can lead to air pollution, the purpose of
this study is to investigate the ability of adsorption of nickel
and cadmium from aqueous solutions with compounds that
are the main components of green concrete.

METHODOLOGY

The adsorbents used in this study were diatomite,
sunflower stems (which transmitted from #10 sieve and
remained on #16 sieve with a specific gravity of 0.79 grams
per cubic centimeter), silt, and cement, and eventually
their ability to adsorb cadmium and nickel were studied by
separately.

For adsorption experiments, the stock solution (1000
mg/l) was prepared from nickel and cadmium salts. For this
purpose, 4.05 g of nickel (II) chloride hexahydrate and 1.79 g
of cadmium chloride monohydrate were separately dissolved
in an electrolyte solution of calcium chloride and, eventually,
the volume was increased to 1000 ml. The required solutions

Copyrights for this article are retained by the author(s) with publishing rights granted to Amirkabir University Press. The content of this article
BY _NC is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC 4.0) License. For more information,

please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.

477



NAME, Amirkabir J. Civil Eng., 52(8) (2020) 477-480, DOI: 10.22060/ceej.2019.15746.6018

i ) e\ e—— |
—= L L L a

[
=
(=]

80
60
40
20

Nickel adsorption %

=]

0 20 40 60 80 100

Initial concentration (ppm)
Fig 1. Effect of initial cadmium concentration on its removal
efficiency by concrete particles

were then made from these solutions.

Nickel and cadmium adsorption experiments on
cement, silt, diatomite, and sunflower stem adsorbents
were determined using the Batch Equilibrium method. In
this method, 0.1 g of adsorbents was combined with 10 ml
of solutions prepared at concentrations of 10, 20, 40, 60,
80 and 100 ppm, and after transferring to centrifuge tubes
(Falcon), they were shaken at 25 °C for 24 hours. The amount
of nickel and cadmium adsorbed would be calculated from
the difference between the initial and the final concentration
of the solution. Each experiment was performed in three
replicates. The percentage of removal of each heavy metal by
the adsorbents was calculated by equation (1).

Efficiency(%) = % x100

i 1)

Where Ci and Ce are the initial and final concentrations of
the solution, respectively.

RESULTS AND DISCUSSION
3.1 Nickel adsorption

The effect of initial concentration on removal percentage
of nickel using concrete forming particles (diatomite: D,
sunflower: A, silt: Si, and cement: C) is shown in Fig. 1. With
increasing initial concentration, the adsorption rate for all
adsorbents decreases. For instance, with increasing initial
nickel concentrations from 10 to 20 ppm, the diatomite
adsorption efficiency decreased from 75.3 to 54.8%. At low
concentrations, the ratio of adsorption sites to adsorbent ions
is high and nickel species with functional groups of adsorbent
surfaces has maximum interaction and therefore, the
adsorption efficiency is the highest. At higher concentrations,
due to the saturation of adsorption sites, the adsorption
efficiency has also decreased [5]. As shown in Fig. 1, the
adsorption efficiency of diatomite at lower concentrations
is higher than silt and sunflower. With increasing initial
concentrations to 100 ppm, the highest and lowest adsorption
efficiency was observed in cement and silt, respectively.
Therefore, in areas with high concentrations of nickel, the
use of cement materials is recommended. The difference in

478

e ) =@\ ——
100 | | | | | |
80

60
40

20

Cadmium adsorption %

10 20 40 60 80 100

Initial concentration (ppm)

Fig 2. Effect of initial cadmium concentration on its removal
efficiency by concrete particles

removal percent of heavy metals by various adsorbents at
similar initial concentrations, similar adsorbent dose and
similar contact time, may be due to the difference in chemical
efficiency and the ionic exchange capacity of different
adsorbents regarding the chemical functional groups on the
surface of each adsorbent[5].

3.2 Cadmium adsorption

The effect of initial concentration on the amount of
cadmium adsorption by concrete particles is shown in Fig.
2. With increasing initial concentrations, the adsorption rate
decreased for all adsorbents. For example, with increasing
initial cadmium concentration from 10 to 20 ppm, the
efficiency of silt adsorption dropped from 78.8% to 70%. At
low concentrations, the ratio of adsorption sites to adsorbent
ions is high and cadmium species with functional groups
on adsorbent surfaces has maximum interaction and
therefore, the adsorption efficiency is the highest. At higher
concentrations, adsorption efficiency has also decreased
due to the saturation of adsorption sites [6]. As shown in
Fig. 2, the adsorption efficiency of cement and sunflower in
lower concentrations is higher than silt and diatomite. With
increasing initial concentrations to 100 ppm, the highest and
lowest adsorption efficiency was observed in cement and
diatomite, respectively. Therefore, the use of cement materials
is recommended in environments with high cadmium
concentrations. Differences in the removal efficiency of
cadmium by different adsorbents in the same laboratory
conditions can be due to the different chemical structure of
the adsorbents and their interactions with different adsorbents

(5].

CONCLUSIONS

Result of adsorption experiments showed that cement was
able to completely remove nickel and cadmium in all studied
concentrations (10, 20, 40, 60, 80 and 100 ppm). After that,
sunflower had the best performance in adsorbing nickel and
cadmium. Diatomite and silt were subsequently in third and
fourth places, respectively. Overall, the results showed that
natural compounds such as diatomite and plant wastes such
as sunflower stems can be used as adsorbent materials in
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sewage ponds and concrete channels.
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Table 2. Constants, detection coefficients, and error of Langmuir and Freundlich fitting models on nickel adsorption data

by diatomite, sunflower, and silt
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Table 3. Constants, detection coefficients, and error of Langmuir and Freundlich fitting models on cadmium adsorption
data by diatomite, sunflower, and silt

T 1o olisl gl ol g5
2555y
IYE-A [+A-Qf <[\OAY k (L mg")
Y/VEE £IYYO VIAAY Quax (Mg g')
LA -JAfF. - [AYAY R?
AT AT A SAVSIA SE
aNs
<IYAYA - IYYYY INAR ki (L mg")
- IYENY /AT YA -IYV#Aa N
-/AYAQ -/A¥59 -JAAYA R?
/YYYO o[- FEPV - /YY) SE
O oo Sas glizl hawss paeslS iz slalesas ~¥-Y-0 5. - Freundlich — Langmuir e Experiment
Ceagilis (] ¥ 201 .
85 L LN 50 cungls by pgeslS Lix jloges s’ 1.54
slocols joim a5 Congbo ol glackle o o (VY JS2) é 1.0
53 Cangls b pgrosls’ i las cloats glitl i g Lo
Bles g oo glesl ool ol powesls cale l33l b g ol o0 . . .
0 20 40 60

pomadlS b iz y5aSY Woles il e Lol Liz gl
9oy dolee bl oS (oo o e 1) Cuegilis bawg
Caogils oy 0ty lil @ (q ) poeedlS Cd lie iSTas
(F Jg92) o dalons 05 52 05 oo VIAAY
P Cangilbs pd olsm (59) 2 (V0o F) () Ken 5 Tty >
ol Sliglejl wis,S IS 5iKte apST b oniedlol Capegils
ool 350 aenST L ool Copogilys ¢ ol Capagilys ol
&l ladslone | psdlS 5 oy e slagys Bl (sl 95
poeedls Lz Cud)b S Tas ey dblee @ 4z b il

OMC){"o‘ u.o.ayl.n) L.s‘)" 9 \?/‘A mg/g ‘al} u...aylab Ja...uy

1 Khraisheh

ay

Cd equilibrium concentration (mg/L)
Clow buwgd pgrodls s Hloges 1 VP S
Fig. 14. Cadmium adsorption by silt

5 Oyt Voo PPM bl s g adsl clale b Lol
odalive Coagilis 5 Glosw 0 cudy 4 Qi by S
a5l oLy e pyeedlS clile oS gladame jo alple 0,8
Gl o5 50 Ggles 00,5 o drog Sleww Slge ;I eolatul
Sy aligles] Luyld s cilise gl L3lr Lawg pawesls
GRS o g b O3 Sglite plend JLSLe I (L80 Wlg o

Lov]asl iz sls snigd Cis b ls o)



VAV - B VAT doiio AYAR Lo A oyl DY 093 €y pual (3 yas (wrbies &y it

lida gleedle i > dglio F Jaur

Table 4. Comparison of maximum adsorption of different adsorbents
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Table 5. Compressive strength, tensile strength, and adsorption of nickel and cadmium by control and adsorbent concrete
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