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Abstract

Mercury is one of the heavy metals that is toxic to humans, animals and the
environment. The contribution of mercury in the water resources are from various
sources including the discharge from industry and municipal wastewater. Hence,
removal of mercury from water resources, especially for human consumption, is
extreamely important. The removal of mercury is usually accomplished through
adsoption and one method is. through use of carbon nanotubes as the absorbent. The
available commercial nanotubes are often synthesized by chemical vapor deposition
which is done easily in an industrial scale. The aim of this research was to find an
optimum condition to remove mercury from water by using a multi walled carbon
nanotubes modified with Tris (2- aminoethyl) amine. To accomplish the main objective
of the study, multi walled carbon nanotubes were machined in laboratory with chemical
vapor deposition and later modified with Tris (2-aminoethyl) amine. These multi walled
nanotubes then used to absorb mercury ions in water and the amount of absorption
measured by induced coupled plasma (ICP). The nanoparticles in this study were
analyzed by FT-IR, Raman, TG-DTA, SEM, and EA. To evaluate the optimum
adsorption for the removal of mercury, several influencing factors such as pH
fluctuations, concentration of the initial mercury in solution, absorbent weight, and
contact time were investigated. The results obtained from this study conformed mercury
adsorption to Langmuir and Freundlich Isotherms. The removal of mercury ions
drastically increased with the increase in pH. The optimum adsorption capacity was 115
mg/g and the highest absorption yield was 95+ 1. In summary, based on the limited
results obtained from this study, it is fair to conclude that the MW-CNT modified with
Tris (2-aminoethyl) amine 1s a useful method for the removal of mercury from water.

Keywords: Mercury Removal, Multi Walled Carbon Nanotubes, Langmuir Isothem, Freundlich
Isotherm.
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Fig.1. CVD device constructed in the Lab
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carboxylic acid group

sl ar sbdd 5U 5 Bo gl 458 Jas b -V IS
el S8 5 S5 S0l Jule

100

6l

Transmittance

4

0+

1}

T T T T T T
00 1000 1500 2000 1500 3000 3500 4000

Wavenumbers

Fig.11. FT-IR spectrum from MW-CNT modified with
Tris (2-aminoethyl) amine group

e s a2 o) 0 5m fsole by Loy ik -\ IS

T (sl 8 e 5 O

oblyglbcid rwcib o) -Y-\-Y
by 5 5 WYl S s sad ool plis gl
3l SS9 S0 Lo Sl Jole o155 wix slad 5L
(Uil =) 5 Lot s Joale s s slad i
PESCLERTIX GNP ) L R TR PO sl
wbyeos s aSenlud a0V em! 5\ Y eem’!
L S Camed el 5D 58P S 3 S 0 gl e
o bt s ele ol aig (slad S 53 8P” 0 gl oo

Sadale ol azz slad J 5l 51 i el (Ul el -Y)

Journal of Water and Wastewater

log qe
=
1

log ce

Fig.9. Freundlich isotherm plot for absorption of
mercury

3l Lo g0 s i Sagdais sl s sai -4 S

Sy s -Y

o3liznl 55 saldl> ke glaog 8 oy p—)-Y

b i 5 s s daals sLadd sl sl b sy
AU 58 5T el Gk n B gl 558 s
bS5 S 05,5 Lot Sl Jole o5l 535 0y god b (g paie
o Lsard s ale syl s as slma I sl 5 uul

W8S s 550 u-**"T (J:‘“‘J*:"T -Y)

P B 0l 458 bl b (b () -V -)-Y
sl ke o35 diz sl )
JsSas Ve JSCa s sadesls olis 5e 30 gsle 4558 has i
oL 1y ool an slad sl o, anel S8 S5 S
58 0 )il 5 olize 28 SLales ) 4 by a Sy ans s
.(Stobinski et al.,2010) ol sns 2l \YVYem™ s Lis S
G901 dl S5 S0, 8 St Sl 0 ol
el U 0 solieSl 23815 3 s 000 sz sbadls) b
Lot ol sl iy slad b o b e )Y JS2
SLales,l i by o S el el (sl sial = %) s 5
C-Hp, S s Olilw 4 by e Sy C-N oy S S
hSas S oml i el ool oas all \OA em™ s
(Uil 1) ot Lyl el s sz slod 5
sl oo a1 el

Vol. 29, No. 3, 2018

Q

VY Jle ¥ ol Y4 5,50

Do


www.SID.ir

dx.doi.org/10.22093/wwj.2017.69156.2295

e 5 & sl olayé

008 102
100
-
1= -3
E| ~ 98
3| =
£ 2
¥ 3 g
5| A
AR )=
B & g
¢ | = 02 o
b= o =
a - el
£ 00 =
3 =
a8
88
os v

IIEH]IZIIN]ISIIIDIdﬂﬂrsﬂﬂltiil]ﬂl?illl]ls‘;ﬂl?ﬂﬂ
Temperature(°C)
Fig.14. TG-DTA spectrum from MW-CNT modified
with carboxylic acid group
g aiz gdy 56 e 055 GOl 45 bV S
el S8 S5 S o Sl ule

s

0.1 L&
-35
_TE‘ 100
E 30
£
| | 95 -25
S
- L20
e - [
S|~
T | F 90+ s 7%
== g
v | -10 E
£ |5, <
21EF" S
L= —_-
=
80 s E
0.9 10
7 - - - . - . - .
200 400 600 |00
Tcmpcrnmrc[u(})

Fig.15. TG-DTA spectrum from MW-CNT modified
with Tris (2-aminoeethyl) amine group

ool (sl ymel 2X ) G S st s Jale sl

05 oS Sl et b S5 o S sas s ele
Yoo ol V0 S 5o bl e 2l ol o35 5 58 00
sybensanlin guuuad 05y Sl S srdu s 0¥ e b
e (U150 T=Y) a5 Jole 55,5 007 a5 4 b S
e g5l LS5 10 5 VF el ISE s B!l
a1 ol (Jlsial =1) e Lt s Jale ol

sl e

Journal of Water and Wastewater

00

6l =

S0 =

400

30~

Raman Intensity

200+

100 <

prv e |

4y T f 1 T =t
0 S0 1000 1500 2000 2500 3000

Wavenumbers

Fig.12. Raman spectrum from MW-CNT modified with
carboxylic acid group

ejjf\.gom)‘JL}nbo)‘ﬁaxgéudjjjjuotnbdtb—\*JS.:
M‘&*L:MS}’JS

1200

1000 -

B

G0 =

Raman Intensity

400 4

200~

b l T - T T

0 T Uy
1000 1500 2000 21500 3000

0 500

Wavenumber

Fig.13. Raman spectrum from MW-CNT modified with
Tris (2-aminoethyl) amine group

i Lot sl ele sl aie ol 5L bl Cib - VY S
T (T Y)

J)%C&)‘%J).@\H‘Wﬁ;hj;hnﬁ
el il i VY S 4 e VY S8 ) P e s
Jsdale s sty slad) 5l St ey il s B33!

s on d b 1y ol (Ulstael =) e 5 s

e 055 Gl s -TN-Y
a‘QJS/L.j n.x...f:)\éJ_nLc U‘ﬁ_).\._qdl_tm_lj.‘yl_! L;"LA;Q,"J
e basd s Jele oyl 5w slad by aul Sy S
A iy 2 TGA S5 3l asliad U ol (sl 52l Y)
s ar b5l F S a5 L (V0 5V F sla JS5)

Vol. 29, No. 3, 2018

WAY Jlo ¥ oled YA 0,5


www.SID.ir

dx.doi.org/10.22093/ww;j.2017.69156.2295

[r ao}//'s,;/'a,«bnjo 09 9 Sl

slelis oS aas o ol Sladllas .ol O3 Glssas oS
o L5 asil 5 o a s 48 (gl sl sy gl il
S Gl | O sl S 4lT gl

3o oslizal Glailr Lo g 0l 0l wlia =¥ d s

il gla a s

Table 4. Comparison of the amount of mercury
absorption obtained from different studies

Qm Time

Absorbent R H Ref.
(mg/g)  (min) P

Porous (Zotaghari et al,
phosphate-thiol >81 24h 7 2011)
Zinc oxide- (Moravasky et al.
CMK-3 526 120 6 2005)
Malt spent (Anagnostopoulos
rootlets 304 24h - 5-6 etal. 2012)
= B 6  (Liuetal 2013)
sieve

(Tawabini et al.
MWCNTSs 13.16 120 5 2010)
Eucalyptus (Ghodbane &
bark 33.11 10 > Hamdoui 2008)
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Carbon Hydrogen Nitrogen
1
Sample B ()
M.0d1ﬁ6d with carboxylic %742 431 0.32
acid group
Modified with Tris (2- 26.09 6.39 371

aminoethyl) amine group
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(Jimenez et al, 2011, Zolfaghari et al. 2011;
Anagnostopoulos et al., 2012, Liu et al., 2013, Tawabini
et al. 2010; Ghodbane et al., 2008)
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