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1. Introduction

Fluoride ion at low concentrations is very useful for human body and
its conceperatien ranges from 0.4 to 1 mg/L depending on the weather
conditi oride ion plays a major role in dental health, especially
among peg#children. According to World Health Organization

(WHO), fluoride at the above concentrations AT 1.5%
line) muld cause fluorosis illness 1n CONSUME

gL' (as a guide-
water treatment,
er drinking j

] dsorg on excha @
electro-dialysis, and reveé @1 #Which the adsomp
process for the fluoride remm.ral fu are most because of feature

like higher removal, simple operation and relatively affnrdab g

[8]. So far, various adsor} ch as metal oxides and hydza
hydroxic ﬁa exchange resins and filfg

layeubl :
lites @ arbon materia :“EI atural mabesads, [ such as quick lime,
kaoli , Led mud, and hyT xyapatind industrial by-
product {@

.

lave been used for the fluoride removal. However,

* Corresponding author,
E-mail address; mghaderpoori@gmail.com (M. Ghaderpoori).

ent pollutant, drug delivery, ¢ Emical senst
so on. Recently, the use of these absorbé

absorption efficiency has less been used so far. The disadvantages of
the adsorbents that have been used include low absorption, depending
on pH at a low range, and interference in fluoride adsorption (rival an-
ions such as sulfate, bicarbonate, nitrate, phosphate and etc.). In recent
years, porous compounds ( coordination polymers ) called metg ;
framework have been developed that have high porosity le
general, porous materials can be divided into two categories®
and inorganic, each of which has some advantages and dlsadvantages
The organic type has high surface area, but their pores are not uniform
and regular. The inorganic type has a regular pore size and high thermal
and mechanical resistance, but their surface is less than that of the or-
ganic porous materials. One convenient way to obtain materials with
all the benefits of two groups is the use of metal organic framework. Ac-
cordingly, the @ has a high surface area, also very durable and a
regular ca\.riti he main framework consists of a mineral part
(metal ions) and Thorganic ligands (types of organic materials); the

metal an be connected to each other in one, two, and three dimen-
sic}DFs have potential gpettfeasions in many fields including
separa on, heterogeneous cataly g oy

@ uminescence

s for removing
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treatment to remove MG from water, such as coagulation or floccu-
lation. However, these treataae active toward highly

technique is bm]nglca] rres .
found to be ineffective to remove dyes from effluent and,
Espemally, the bm]‘ af.dves typlca]]y requires a

T .-ml' from water, including

nique is using physice :

precipitation and adsorptio .‘mﬁ" Considering that
dyes typically are stable to light=s ag resistant to oxida-
tion and biodegradatio 'r the adsorption
appears to be an attractive daiid gthod. The adsorption
process is also much more favorable than other means owing to
its low mltla] cost and simple operation.

ch as actlvated carbon (Malik, 2004; Crini et al., 200? Mali
al., 200? Hameed and El-Khaiary, 2008; Bello and Ahmad

(Bekgi et al., 2008; Moharmuadl et al, 2014), the adsorptmn
capacities of these adsorbents are still limited. Thus, to enhance
the performance of the adsorption process, it is still necessary
to develop an efficient and high-capacity adsorbent for the
removal of MG.

Lately, a new type of materials called “Metal Organic Frame-
works (MOFs)” has been developed. Owing to MOFs’ tunable crys-
talline network structure, MOFs have been extensively used as
adsorbents via the guest-to-host mechanism. Up to date, MOFs
have been proven as one of the most promising adsorbents to
store hydrogen and to capture CO, (Yoon et al, 2007). MOFs

2.1. Materials

All chemicals used in this study are commercially available and
used as received without additional purification. Cobalt nitrate
hexahydrate (Co(NO;),-6H,0) and malachite green were pur-
chased from Choneye Pure Chemicals (Taiwan). 2-methylimidazole
(2-MIM ) was obtained from Acros Organics (USA). Sodium chloride
(NaCl) and ammonium chloride (NH4Cl) were purchased from
Showa Chemicals (Japan) and MP Biomedicals (USA), respectively.

2.2. Synthesis of ZIF-67

Zeolitic imidazole framework-67 was s3
the reported procedure with modificatioh (Shao et al., 2014). Jn a
typical synthesis, 4 mmol of Co(NO;),-6H¢ :
100 mL of methanol, while 16 mmol of 2- Was added to
another glass vial containing 100 mL of methanol. The methanol
solution of Co(NO3), was slowly added to the methanol solution
of 2-MIM. The resulting mixture was stirred at the ambient tem-
perature for 2 h. Next, the precipitate was collected by centrifuga-
tion and washed repeatedly with ethanol. The as-synthesized
crystals were dried at 60 °C in the ventilation oven for 6 h and then
in the vacuum oven 100 °C for 12 h to obtain the final product, ZIF-
67. The yield of the final product was ~75% based on the amount of
cobalt added in the synthesis. The characterization methods for
ZIF-67 and experimental details for adsorption of MG by ZIF-67
can be found in the supporting information (ESIt).
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