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Abstract— Contamination of groundwater by heavy metals is an environmental problem worldwide.ﬂeta] poisoning leads severe
damage to human health that can cause the death. One of metals contained in the ground water is aluminium, which can be selectively
leached from rock and soil to ent ny water source. The removal of aluminum from groundwater by natural pumice from Sungai
Pasak, West Sumatera, Indonesia was investigated in a continuous fixed-bed column. The performances of column were evaluated by
varng the adsorbent bed depth (65-85 cm) and influent flow rate (2 - 4 32,|:bm.|fl't2 equal to 43-87 mL/min). The results revealed that
the increase in bed depth increased the amount of adsorbent used, thus increasing the total removal of aluminum and prolonged the
lifespan of the natural pumice column. However, the increase in influent flow rate resulted in the shortened lifespan of the umn.
The increased flow rate also led the column exhaustion time to reach earlier. Therefore, to obtain optimum performance, suitable
parameters are necessary for the column system operation. The column system with a bed depth of 85 ¢cm and flow rate of 2 epm/ft’
(43 mL/min) showed the best aluminum uptake performance in this study with a total removal of 59.5% and an adsorption capacity
of 0.056 mg/g. The results showed that the natural pumice has potential for removing of aluminum from groundwater by column.
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water in the recent literature, such as seashells, crab shells,
I. INTRODUCTION eggshells, palm husks, rice husks, fruit seeds, fruit peel,
zeolites, and pumice [2], [8]-[13]. Among these natural
materials, pumice which is a volcanic stone and can be
found in many regions of the world has a low weight and a
porous structure (up to 85%). Because of its micro-porous
structure, pumice has a high specific surface area, so that,
pumice recently has been also utilized as adsorbent to
remove pollutant from water emcaelslewellcr [14].

1

Pollution of E:avy metal in the water environment has
become a great conce over the last decade. Metal
poisoning leads serious damage to human health that can
cause the death [1]. Contamination of groundwater by heavy
metals is an environmental problem worldwide. One of
metals contained in the ground water is aluminum.
Aluminum can be leached selectively from rock and soil to ' X X
enter any water source. In groundwater, AI** is known to This research was performed IR

e : L e f natural pumice for aluminum removal from actual
exist in concentrations ranging from 0.1 ppm to 8.0 ppm [2], o -
3] ‘ e PP ppm [2] groundwater through a fixed-bed column. The natural

pumice was collected from Sungai Pasak, West Sumatera,
Indonesia. In this location, pumice is available in a high
abundance, as byproduct of sand mining process. This local
mineral has potential for removal of iron and manganese
from water, as previous investigations [13], 1. On the other
hand, the application of column adsorption is practical and
economic since the operation is performed continuously and
the process is controllable [15], [16]. The effect of
parameters like bed depth and flow rate on the shape of the
breakthrough curve was studied. The column performance
was examined by the total removal percentage of aluminum
ions and the capacity of adsorbent required for aluminum
ions removal.

Many types of treatment for metal removal from water
have been developed through water treatment systems like
flocculation, coagulation, ion-exchange, membrane filtration,
chemical precipitation, chemical oxidation, , reverse osmosis
and ozonation [4]-[7]. Nevertheles, for these methods, the
procedures and operational costs are known to be expensive
due to the complicated operational procedures, the high
maintenance cost and time consuming as well as manpower
requirements. .

Several studies have been conducted to improve the
operational period and minimize the operational costs of the
treatment process by using natural materials which are
abundantly available to search alternative methods. Some
kinds of adsorbents have been used for metal removal from
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II. MATERIALS AND METHOD

A. Preparation of Adsorbent

Pumice samples were obtained from riverside of Sungai
Pasak, West Sumatera, Indonesia as by product of the sand
mining process. Pumice samples were washed with distilled
water several times and dried out at room temperature, then
to obtain the desired particle size fractions, the natural
pumice was crushed and sieved. Energy dispersive x-ray
(EDX) spectroscopy was employed to obtain information on
the oxide content of the natural pumice. The surface
morphology of pumice was observed by a scanning electron
microscopy (SEM, model 5-3400N, Hitachi, Japan).

B. Preparation of Adsorbent

Groundwater sample was collected from one of the
residence wells in the settlement area located in Padang,
West Sumatera, Indonesia, with a 1.14-325 mg/L of
aluminium concentration of and 6.2 of pH.
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gg,] A schematic of fixed-bed column of natural pumice for aluminum
adsorption

C. Fixed-bed column studies

The experiments was used a glass column with a length of
130 cm and an inner diameter of 2.6 ¢cm. At the bottom of
the column, a glass wool were placed to avoid loss of
adsorbent during the adsorption process. Figure 1 presents
the schematic of fixed-bed column system. A kn()\n weight
of pumice with the particle size of 0.5 — 1 mm as adsorbent
was packed into the column. Before the experiment began,
to attract the trapped air between the particles, the deionised
water was used in downward flow direction for wetting F
adsorbent in the column. The groundwater sample were fed
downward continuously into the column by a peristaltic
pump (Kamoer, China). The experiment was conducted at
room temperature 27 x 2°C. Effegls of process parameter
like flow rates (2 gpm/ft™, 3 gpm/ft” and 4 gpm/ft” equal to 43,
65 and 87 mL/min) and bed depth (65, 75, and 85 cm) were
investigated. Samples were collected every 60 minutes from
the bottom of the column and were measured for the
remaining aluminum by Inductively Coupled Plasma-

Atomic Emission Spectrometer (Shimadzu, ICPE-9000,
Japan). The column performance was investigated by
calculating the breakthrough time and adsorption capacity.

D. Mathematical formula of fixed bed column studies

The performances of column were evaluated through the
breakthrough curve of the fixed bed column. The
breakthrough curve was expressed by C/Cy, in which C, and
Cy respectively symbolize the concentration of ﬂlucnt and
influent. The curve was described as C/Cy against the
contact time. The concentrations of adsorbed metal ion in the
column were confirmed by a plot of the adsorbed metal
concentration (C, = inlet concentration (C,) - outlet
concentration (C)) or normalized concentration assigned as
the ratio of efflue metal concentration to influent
concentration (C/Cy) as a function of time or volume of
effluent (V.q), as shown in equation (1) [17].

"’E‘F’F ‘m L } = thci (1)

In equation (1), the Q and t,, respectively reflect the
volumetric flowrate (mL/min) and total flow time (min). By
integrating the plot of adsorbed concentration (C,q) versus
the flow time (t), the total ads@bed metal ion (qy,,) by the
column can be calculated. The area (A) under this integrated
plot is substituted in equation (2) to determine .

Q4 Q t=liotal
- = c
w000 1000 fi=s

The total amount of metal ions passed to the column
system (my,, ) is gained from equation (3).

Georar (mg) = g dt

(2)

. _ Ca@tiocar

Mepea] Ung} ~  1poo (3)
The performance of column can examined by the

percentage of total metal ion removal from the ratio of total

adsorbed metal ions in the column to the total amount of

metal ions delivered to the column, as shown in equation (4).

Totalremoval of metalions (%) = Hestal 100
Meoral (4)

To obtain the adsorbent capacity required for metal ions
removal, the equilibrium adsorption was calculated from the
column data. Equation (5) declares the equilibrium metal ion
uptake (g.,), also known as the column maximum capacity.

9 totai

X (3)

Geq(Mg/g) =
where, X is the unit mass of adsorbent packed in the column.

III. RESULTS AND DISCUSSION

A. Physical Characteristics of Natural Pumice

Si, Al and Fe are the major elements in natural pumice
from Sungai Pasak, as shown in Table | as determined by
EDX. Other elements, except K, Ca, Na and Mg were
present in relatively smaller amounts (less than 3%). The




elemental compositions of the pumice also indicate the
absence of hazardous or carcinogenic substances, thus the
pumice are considered appropriate as adsorbent to treat
polluted water. The SEM image showed the surface
morphology of natural pumice from Sungai Pasak, West
Sumatra was displayed in Figure 2. The image denoted that
the pumice had an irregular texture, cellular, smooth surface,
and highly porous with great cavities, that serves compatible
sites for adsorption.

TABLEI
CHEMIC AL COMPOSITION OF NATURAL
PUMICE FROM SUNGAIPASAK, WEST SUMATR A, INDONESIA

1) Effect of bed height:

The effect of a bed depth of 65, 75, 85 cm on the
breakthrough curve at a various flow rates of 2 gpm!ftz, 3
gpmf’ft2 and 4 g]:m'u’ft2 (equal to 43, 65 and 87 mL/min,
nespeively) was investigated (Figure 3). The results reveal

t with the variation in bed depth, the shape and gradient
gthe breakthrough curve was slightly different. Aat the

ginning of the fixed-bed column, the higher uptake of
aluminum was observed, but the aluminum concentration in

effluent increased quickly after breakthrough time. The
lower bed depth reaches saturated earlier than higher bed
depth.
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Si0, 76.586
ALO, 13913
K0 3.604
Ca0 2.11
Fe, 0, 1485
MgO 0.876
P,0s 0.822
TiO, 0.197
Ag,0 0.143
MnO 0.044
Other materials 0.22

Fig. 2 SEM image of natural pumice from Sungai Pasak, West Sumatra,
Indonesia.

B. Column Studies

The ratio of effluent metal concentration to the metal inlet
conccntrationu}_ﬁ/cn) against the flow time () was used to
n)n: sent the plot of the breakthrough curve, to evaluate the
performance of the continuous fixed-bed column system.
The breakthrough takes place when the concentration of the
counter ion in the effluent start to increase primarily until it
finally achieves the same concentration as in the influent. No
more ion exchange takes place after this point.

@65cm x75cm @85cm

__(b). Flow rate = 3 gpm/ft2
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= time of exhaustion
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t, = time of breakthrough Times (minutes)

1, = time of exh
glg, 3. Effect of various bed depth on the breakthrough curve of aluminum
adsorption onto natural pumice at various flow rates: (a). 2 gpm/ft’, (b). 3

epm/ft® and (c). 4 gpm/ft’ (aluminum concentration = 1.14 mg/L; pH 6 2).




From the Figure 3, at all of various flow rates, it is
observed that time of breakthrough (z;) and time of
exhaustion (f,) increase as the bed depth increase. The
breakthrough time of column and the performance of
adsorbent bed are strongly influenced by the length of the
bed depth [1], [18]. From the results, it can be resumed that
the aluminum uptake in in a column increase as the bed
depth increase which in consecequence of the increasing of
contact time for aluminum adsorption. At lowest bed depth
there is no sufficient time for aluminum ions to admit into
the pores of pumice. The longer bed also postponed the
exhaustion time of the adsorbent, reflecting a longer period
of the bed operation without changing the adsorbent.
However, the exhaustion approached faster for the shorter
bed, thus the performance degenerated [19].

2) Effect of flow rate:
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Fig. 4 Efect of various flow rates on the breakthrough curve of aluminum
adsorption onto natural pumice at various bed depths: (a). 65 cm. (b). 75 cm
dan (¢) 85 cm (aluminum concentration = 1.23 mg/L; pH 6.2).
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As shown in Figure 4, the results indicate that a decrease
in flow rate at all various bed depth increased the
breakthrough tE (7). The results also show that at higher
flow rates, the shape of the breakthrough curve is saturated
earlier since the front of the adsorption zone rapidly attained
the top of columC(mversely, a shallow adsorption zone
was observed at lower flow rate and longer contact time.
Moreover, ll'nncreelsed flow rate resulted the contact time
between the adsorbate and adsorbent were relatively short.
Consequently, the adsorption was not complete and at the
beginning of the:perelti()n, led to steep breakthrough results
[9], [19]. From the effect of flow rate study, it was indicated
that lower flow rate or longer contact time would be needed
for aluminum adsorption in the column of natural pumice.

C. Total Removal and Adsorption Capacities

nT() present information on the effect of parameters, the
column data were calculated into the mathematical theories
of the column system. The total removal percentage of
columns aluminum tends to increase with the increase in
adsorbent bed depth and decrease in flow reltnFigure 5(a)).
Moreover, it is observed that the adsorption capacity of the
columns increased as the flow rates increased for all various
bed depth, as shown in Figure 5(b).
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Fig. 5 Total removal percentages and adsorption capacities of aluminum by
column of natural pumice at various bed depths and flow rates (aluminum
concentration = 1.14 mg/L, pH 6.2)




IV.CONCLUSIONS

removal of aluminum from groundwater was carried
out n a continuous fixed-bed column system with variation
of the bed depth and flow rate. The results show that the
aluminum adsorption through fix@Rbed columns depended
on the bed depth and flow rate. The change in bed deg
extremely influenced the performance of column by
decelerating the exhaustion time and enhancing the column
quality. The increase in the bed depth and decrease of the
flow rate resulted the greatly increase of the total removal
percentage of aluminum. However, the increase in flow rate
led to accelerate the exhaustion of the column. Accordingly,
to obtain optimum performance, suitable parameters are
necessary for the column system operation. Therefore
information obtained from the fixed bed column stwudy
suggested that the natural pumice has potential to be used as
adsorbent for treatment of aluminum from groundwater or
other polluted waters.

ACKNOWLEDGMENT

This work was supported by Research Institution and
Community Service, Universitas Andalas, Indonesia (Grand
No.01/UN.16.17/PP.PTUPT .K/LPPM/2018).

REFERENCES

A. P. Lim and A. Z. Aris, “Continuous fixed-bed column study and
adsorption modeling: removal of cadmium (II) and lead (II) ions in

(11

aqueous solution by dead calcareous skeletons,” Biochem. Eng. J,vol.

87.pp. 5061, June 2014,

U. Kumar and M. Bandyopadhyay. “Sorption of cadmium from
aqueous solution using pretreated rice husk.” Bioresour. Technol..
vol. 97(1), pp. 104-109, Jan 2006.

Water Quality Association (2013), Aluminum Fact Sheet, Retrieved
from

https:/www wqa.org/Portals/0/Technical/ Technical % 20Fact% 20 She
ets/2014_Aluminum.pdf

C. Li and P. Champagne. “Fixed-bed column study for the remowval
of cadmium (II) and nickel (II) ions from aqueous solutions using
peat and mollusk shells” J. Hazard. Mater., vol. 171, pp. 872-878.
Nov. 2009,

NKEM Yahaya, I Abustan, LM.FP Mohaed, 0.5 Bello and
Ahmad MA, “Fixed-bed column study for Cu(ll) removal from
aqueous solutions using rice husk based activated carbon.” Ini. J. Eng
Technol IJET-IJENS 11 (01) 186-190. February 2011.

R. Gonte and .K Balasubramanian. “Heavy and toxic metal uptake by

[31

[4]

(5]

(6]

mesoporous hypercrosslinked SMA beads: isotherms and kinetics.” J.

Saudi Chem. Soc., vol. 20 (Supplement
September 2016.

1), pp. $579-8590,

(7

(3]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

1604

S.A. Grieco and B.V. Ramarao, “Removal of TCEP from agueous
solutions by adsorption with zeolites,” Colloids Surf. A: Physicochem.
Eng. Aspects, vol. 434, pp. 329-338, October 201 3.

M. Y. Lee, JM. Park. and . W Yang. “Micro precipitation of lead on
the surface of crab shell particles.” Process Biochem..vol. 32 (8), pp.
671-677, November 1997

K.Vijayaraghavan, I. Jegan, K. Palanivelu and M. Velan, “Removal
of nickel(II) ions from aqueous solution using crab shell particles in a
packed bed up-flow column,” J. Hazard. Mater. vol. B113_ pp. 223
230, September 2004.

R. Apiratikul and P. Pavasant, “Batch and column smdies of
biosorption of heavymetal by Caulerpa lentillifera.” Bioresour.

Technol., vol. 99, pp. 2766-2777, May 2008.

M. Ahmad, S. 8. Lee, 5. E. Oh,D. Mohan, D. H. Moon, Y. H. Lee, Y.
S. Ok, “Modeling adsorption kinetics of trichloroethylene onto
biochars derived from soybean stover and peanut shell wastes”
Environ. Sci. Pollur. Res.. vol. 20 (12), pp. 8364-8373, April 2013

P. Bhattacharya, P. Banerjee, K. Mallick. S. Ghosh. S. Majumdar, A

Mukhopad-hyay and S. Bandypadhyay, “Potential of biosorbent
developed from fruit peel of Trewia nudiflora for removal of
hexavalent chromium from synthetic and industrial effluent:
Analyzing phytotoxicity in germinating Vigna seeds.” J. Environ Sci

Health A: Tox. Hazard. Subst. Environ. Eng.. vol. 48 (7). pp. 706-
719, June 2013,

S. Indah, D. Helard, T. Edwin and R. Pratiwi, “Utilization of pumice
from Sungai Pasak, West Sumatera, Indonesia as low-cost adsorbent
in removal of manganese from aqueous solution.” AIP Conference
Proceedings. vol. 1823, 020072-1-020072-8, 2017

S.Indah. D. Helard and A. Binuwara, “Studies on desomption and
regenemtion of natural pumice for iron removal from agqueous
solution,” War Sci. Tech. Bonus Issue, vol. 2, pp. 509-515,2017.

V. Vinodhini and D. Nilanjana, “Packed bed column smdies on Cr
(VD) removal from tannery wastewater by neem sawdust.”
Desalination, vol. 264(1-2), pp. 9-14, December 2010.

AD. Dorado. X. Gamisans, C. Valderrama, M. Solé, and C. Lao,
“Cr(IID) removal from aqueous solutions: A straightforward model
approaching of the adsorption in a fixed-bed column,” J. Environ. Sei.
Health A: Tox. Hazard. Subst. Environ. Eng., vol. 49(2), pp. 179-186,
January 2014.

Z. Aksu, F. Gonen and Z. Demircan, “Biosorption of chromium(VI)
ions by Mowital®B30H resin immobilized activated sludge in a
packed bed: Comparison with granular activated carbon” Process
Biochem.. vol. 38, pp. 175-186, October 2002

P. Suksabye. P. Thiravetyan and W. Nakbanpote, “Column study of
chromium(VI) adsorption from electroplating industry by coconut
coir pith.” J. of Hazard Mater, vol. 160(1), pp. 56-62, December
2008.

X. Xu. B. Gao. X. Tan, X. Zhang, Q. Yue. Y. Wang and Q. Li,
“Nitrate adsomption by stratified wheat straw resin in lab-scale
columns.” Chem. Eng. J., vol. 226, pp. 1-6.June 2013."




|IJASEIT SHI 2019

ORIGINALITY REPORT

106.. 0. 16%

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Ai Phing Lim, Ahmad Zaharin Aris. "Continuous 1 1 o
fixed-bed column study and adsorption °
modeling: Removal of cadmium (Il) and lead (II)
lons in aqueous solution by dead calcareous
skeletons", Biochemical Engineering Journal,

2014

Publication

Suksabye, P.. "Column study of chromium(VI) 50/
adsorption from electroplating industry by °
coconut coir pith", Journal of Hazardous

Materials, 20081215

Publication

Exclude quotes On Exclude matches <3%

Exclude bibliography On



	IJASEIT SHI 2019
	by Shinta Indah

	IJASEIT SHI 2019
	ORIGINALITY REPORT
	PRIMARY SOURCES


