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Abstract
MTBE is one of the most common hydrocarbon compounds in crude oil that leaks into

groundwater through reservoir leaks. The use of MTBE in gasoline compounds has increased
significantly and has caused groundwater pollution. In this study, the permeable reactive barrier
technology was used to remove MTBE from aqueous solution. In this study, aerogels were used
as adsorbents in permeable reactive barrier to remove MTBE from aqueous solution. SEM,
BET, XRF and solid addition methods were used to determine the adsorbent properties. In
experiments under batch conditions the effect of contact time, pH, adsorption isotherm and
adsorption kinetics were investigated. Continuous experiments were studied for determination
of bed life and adsorbent performance in PRB. The capacity of this adsorbent was obtained in
batch experiments, 6.25 mg/g Aerogel. The equilibrium time in batch experiments was about 60
min and the optimum pH was about 6. In the adsorption isotherm studies, the Freundlich model
and in the kinetic studies, the pseudo-second-order model had the best fit with the data. In this
study, the PRB was evaluated by continuous tests. The aerogel adsorbent had an adsorption
capacity of 13.4 mg/g Aerogel (bed depth of adsorbent was 6 cm). Also, the PRB bed life was
calculated and determined. The use of Aerogel in PRB was evaluated as an effective agent in
MTBE removal.
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Table 1. Constituents percentage of aerogel

Constituents SiO, AlLO4 Fe,0;

CaO

TiO, MnO P05 Miscellaneous

Percentage 30.343 0.01 0.039

0.025

0.013 0.014 0.008 69.548
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Table 2. Conditions for batch experiments

Mass of adsorbent Shaking Initial
Adsorbent type §S o(g /L;O ¢ Initial pH rate Sampling time (min) concentration
(rpm) (mg/L)
Aerogel 5 2,6,9 200 10,20,30,60,120,240,1440 50
gy st lasl Ll 2 -¥ Uy
Table 3. Conditions for continuous tests
Adsorbent v Adsorbent
AR height in Initial pH L Sampling time (min) mass in
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column (cm) column (gr)
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270,300,330,450,480
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Fig. 6. Breakthrough curve of MTBE removal in
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temperature = 22 °C)
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pH=6, temperature =22 °C)

Ce o> (qe) J:l:.’v’ &J\:): EERE u:ﬁjb)\;}u—ﬂ J&&
Yoorpm =S5 s i 5 e Sk 00 = VT ) clale)
(wsed 4253 YY =los pH= ¢

e St -F-)-Y
ooy 31 & losT glansls v Sz 5ladan i shiae
G pad (V0 dolee) Il 4 ot (S gladan b Sl
3 it 5 (VY dslan) sl 5 (1) dsla) o

Sl oad asls plas Ve JS.; s beasls » b Jae u.“v‘

)

k
log(q, —q,) =logq, —(—ljt

2.303
t 1 1
— = |t
4. k,q. \q.

M)

Journal of Water and Wastewater

Eoxa HY i sloas s (lols o8 SLS5 o pase
3 Sl 5 0ad o5 e s 2l 5 sin iy ) s e
5d slna s HY (g5lala

5 ol s Sl ol o HY clale TSLSL“PH BN
2L slees S5 Il 32 H o bl s e i
o 3 sy 3l o (0552 0 57 50 e UL gl (b
Ot ol el b 5 lons Sl 5 JT LS 5
shass 51l e 3l s (695 20l QI 350
Gl S by S O3l mhw (550 35750 Dl gL
.(Hasheminejad et al., a»s :alSMTBE sl o1, osls
2013, Smith and March, 2006)

Leses odr (53l aa Y-
S o o (Dl s S plaptens Sk
Lo ol 53 vl (o s Sl Gl Los oo ol s
S glss sbsl SSL doles cll s O3l Gl e b
sy VT sl Qi sl o3lr il 5 e Slo sas SSL
ol e Lases s s omnd sbatady 0 5300 0l ol
b oslizal oy eSS s b e de s o 85l ey

o ol B A B Y dilee &y oty s s S

In(qc)=1n(Kf)+i(cc)) v)

1 1 1

S A

0. Qu  aQ.C. *)
Ce 1 _A-lC,

= + (4)
q.(C,-C) AQy AQy C
OT BE 45
Ce ol obile s O3l i b b (0,570 Sbs) g
Eile Cs sl <> s MTBE bl () s 0 S L)
e e s Qu (2 53 ¢S (e) s sd0d sle gL
JolS Y S5 S S5 5 shre 3lr 035 4515 55 MTBE

lMonolayer

Vol. 31, No. 5, 2020

VW4 o o ledt FY 593



dx.doi.org/10.22093/wwj.2020.202903.2932 5 aled oloss g olpi adle o

"y

Cog @J.ﬁj} bxaizy ERES Lgba.s\..a: d\bJM Slaie -0 d).\.‘?
Table 5. The values of Langmuir, Freundlich and BET adsorption isotherm models

Model Model equation Model parameters R?
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Fig. 10. MTBE adsorption kinetics by aerogel a) pseudo-first-order kinetics model b) pseudo-second-order kinetics
model ¢) Elovich kinetics model
(initial concentration =50 mg/l, shaking rate= 200 rpm, pH=6, temperature =22 °C, adsorbent concentration =5 g/1)
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Table 6. The values of Langmuir, Freundlich and BET adsorption isotherm models
. Model 2
Model Model equation parameters R
Pseudo-first-order k,
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kinetics model 2.303
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Fig. 11. Breakthrough curve of PRB for MTBE removal by
aerogel adsorbent

(initial concentration =50 mg/l, pH =6, temperature =22 °C,
absorbent height = 6 cm, flow rate = 0.5 ml/s)

by O IMTBE Gis s PRB i 5,5 one =\ ) JS3
PH=F x5 0 S e 0 = aa VT ) k) U357 o3l
/0 =g a8l B =3l gl e gk 4255 Y=L
(46 s ) Joe

Journal of Water and Wastewater

Ce (¢ 5 = p Sitkes) Jolws los 5o 3l Qi b B qe
K2 5 Kl ol (ot s o oS ba) MTBE JsLos okl
oJsl Kaal (mg/gmin) O cods anl b o o ol s S0
el (pdzly ol (g/me) By iz
£33 4 ot (Sitiw Joo O3 S5 5o Sl 25 L
i ools GLEF g s oS aal nsas b Lo 5 2ty
1357 5 = MTBE Qe asl b S cnl by oo

Lol 23,5 (5550 99 45 ot (St S

Gi> gl PRB s )3 Uil 3 Sdes gy -0-)-F
MTBE

Sle bl s Jssml s Shas sy ssbhiteny Shass ol s
5V MTBE Gics (6l i s sazas 28]y ssle o)l e 4 PRB
LRSS IF-¥| PP FUNCAN PYE I PSP A S
R AR UC IS I FRCHN N PR I W CO
ids o p PRB iy 5l 0l 2 sgee Olog 550 (site Vo
R
e S Ianl s o pd e sanlie VY S 55 S50k ples
Sl 5L 3 Bl L 5l 2ud b s 5L O3l S8l
S Bl LS Sl osla ed b oad 5 Lol (b s s
MTBE i cod b sucd olasl Ollss 4 a2 5 Lo sl e

! Breakthrough Curve

Vol. 31, No. 5, 2020

VW4 o o ledt FY 593



dx.doi.org/10.22093/ww;j.2020.202903.2932

S aled slosi 5 ol oty tn

F/YOmelg Aerogel Ly il aynb Lol 5 55 U550
g das i gl gladan ) 50 il gl
et Jioe Qo St oz 02 3 3312 e gl
52 s OBl g 3550 glade e Sl e Jae Olsis o0
O S 3 55538 O3l Sleslina) L5514 (Dlallae ol
mole 5 555 (soxie s b g ad a3ls 3 PRB sl (g 5lued
Clr cd b S adsaelie gste ey 5 Jisnl Qi od b
s disn b el o s ol s s sa Rl L
5 Jism 035 S sl opl e .ol \Y/F mg/g Aerogel
slogtbasl (b s o cmalin OS] pae 5 3 sl
A—“Ufel—‘ﬂ ol oS 5 s b IS b s ol aesn b
B > S5 ele SO 0l e PRB s U552 5l eslin
5 b 5,/ MTBE

ol -0

ASls ol o 0aSCls o shanma MKs aT s s o
Sl 3ot il 0T s 5 g g0 SUISGI L 5 leis] (2ato
S5 0Ll ol o e Wi S Bt Lol sy e o a8l
Sl eal5sa 0 (BB S e rizen 5 Sletol g all 5 5Ll
ol o Jos 4 15,08 plin) (L Ken

References

D331 3lr 1 s jae Oloslona =V Jgix
Table 7. Calculations of bed life for an aerogel

adsorbent
Flow rate 30 mL/min
Initial concentration 50 mg/L
Effluent concentration 13 Hg /L
Aerogel density 0.06 g/m*
EBCT 10 min
Mass of aerogel for EBCT 18g
Volume of treated water 4825 mL
Bedlife 160 min

cd o3l # 5 Y E¥sles IPRB s o arsloe ol

33 PRB iy 5355750 U3 T s o (sl sl sy s
sl sadesls las ¥ Jgus

St o 3 onsaalin Y a3 4S8 5 b oles

@33 Vo b 2 PRB iy 5o 35T O3l sl sal sy

sl

& rSaos ¥
Jslws plaj a8 ws saalive 4 s 6%@,1@@ s 3
S 65 2 PH 51 s 3 oSl i35 72 550 55 Qi
390> 53) Joomn ab pH s B Jluade o iy 35 i
L g MTBE Gics gy oo b S ol 5o osd e (F

Aivalioti, M., Vamvasakis, 1. & Gidarakos, E. 2010. BTEX and MTBE adsorption onto raw and thermally
modified diatomite. Journal of Hazardous Materials, 178, 136-143.

Chen, D., Zhang, J. & Chen, J. 2010. Adsorption of methyl tert-butyl ether using granular activated carbon:

equilibrium and kinetic analysis. International Journal of Environmental Science and Technology, 7,

235-242.

Chiu, C. H., Lin, T.-F. & Hung, W. N. 2013. Performance of laboratory adsorbent-based permeable reactive

barrier for treating MTBE-contaminated groundwater. Sustainable Environment Research, 23, 53-60.

Hasheminejad, H., Karimi J. A., Talebbeydokhti, N. & Monajemi, P. 2013. Remediation of petroleum

contaminated groundwater using sawdust as an adsorbent. Iranian Journal of Science and Technology

Transaction B- Engineering, 37(C1), 127-141.

Khosravi, P., Ebadi, T. & Zendedel, M. 2015. Evaluation of MTBE removal from groundwater using permeable

reactive barriers and zeolite-polymer nanocomposite. /0" International Congress of Civil Engineering.

Tabriz University. Tabriz, Iran. (In Persian)

Journal of Water and Wastewater

Vol. 31, No. 5, 2020

VWA Jle B ol ) 5yps S

¥



dx.doi.org/10.22093/wwj.2020.202903.2932 g5 aled sloss g olyi paitle s

Mahmoodlu, M. G., Hassanizadeh, S. M., Hartog, N. & Raoof, A. 2014. Oxidation of trichloroethylene, toluene,
and ethanol vapors by a partially saturated permeable reactive barrier. Journal of Contaminant Hydrology,
164, 193-208.

Mayacela Royas, C. M., Rivera Velasques, M. F., Tavolaro, A., Molinari, A. & Fallico, C. 2017. Use of
vegetable fibers for PRB to remove heavy metals from contaminated aquifers-comparisons among cabuya
fibers, broom fibers and ZVL. International Journal of Environmental Research and Public Health, 14(7),
684.

Nikkhah Monfared, M., Sabor, M. & Afshin, K. 2009. MTBE removal from water using soil (a case study of
Rey city). 2nd International Symposium on Environmental Engineering. University of Technology Khaje
Nasiruddin Toosi. Tehran, Iran. (In Persian)

Smith , M. B. & March , J. 2006. March’s advanced organic Chemistry, New Jeresy, John Wiley&Sons Inc.

USEPA. 1998. Remediation of MTBE contaminated soil and groundwater, 1-5.

Zhou, D., Li, Y., Zhang, Y., Zhang, C., Li, X., Chen, Z., et al. 2014. Column test-based optimization of the
permeable reactive barrier (PRB) technique for remediating groundwater contaminated by landfill leachates.

Journal of Contaminant Hydrology, 168, 1-16.

Journal of Water and Wastewater NS 5 o dra

Vol. 31, No. 5, 2020 V¥4 Jlo ol Y 550

Q



