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Abstract

In recent years, with the sudden rise in water prices, many industries have decided to treat their
effluent and reuse this water. In order to treat the wastewater produced by Abadan Oil Refining
Company and turn it into water that can be used in this industrial, nanofiltration membrane
treatment or more advanced processes are necessary. The nanofiltration membrane has a limit of
hydrocarbon compounds in its input feed up to a maximum amount of 3 mg/L, but the effluent
used in this research contains 5.1 mg/L of hydrocarbons. In this research, the pre-treatment
process was done by anthracite adsorbent in a fixed bed, and the variables of the adsorption
process, including reactor flow rate, adsorbent service time, and pH were optimized to
maximize the amount of adsorption. The optimum flow rate of the reactor is 8.48 L/min, time
92.9 minutes, pH: 6.36 and the highest percentage of hydrocarbon removal is 57.62%. The
output of the adsorption process is 2.16 mg/L of hydrocarbon compounds, which is considered
as the feed of the nanofiltration process. The module used in this process is disk type and
polyamide membrane. In the nanofiltration process, the optimal value of the variable pressure
was 9.58 barg, temperature was 18.04 °C, pH: 4.62 and the highest removal percentage was
81.35%. Combining the two processes of adsorption and nanofiltration, they were able to
produce hydrocarbon compounds at the output of the aqueous nanofiltration stage with a value
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of 0.4 mg/L, which can be used in several internal networks of the refinery. Each process has
three variables, each of which is examined in 5 levels and the number of experiments in each
step is 20 and the optimization of variables in all stages using Design Expert software using the
response surface methodology based on the principles of central composite design Mathematical
model and optimization have been used for data design.

Keywords: Wastewater Treatment, Adsorption, Nanofiltration, Integration of Treatment
Processes, Removal of Hydrocarbon Compounds.
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Fig. 1. Schematic of laboratory device of adsorption process including: 1- Effluent tank, 2- Industrial valve,
3- Pump, 4- Pressure gauge, 5- Flow meter, 6- Absorber column, 7- Outlet water tank
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Table 1. Physical characteristics of granular anthracite used

Parameter Method Units Typical values
Particle size Astm 2862 mm 04-0.9
Bulk density Astm 2854 gr/cc 0.96

Moisture content - /. 0.32

Ash content Astm 2866 /. 4

Carbon content - /. 92
Sulfur - 7. 0.4
Solid density - gr/ce 1.88
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Table 2. Variables and their surfaces for the central composite design in the adsorption process

Surface
Variable Unit Factor -a -1 0 1 +0q,
Flow L/min A 5 8.04 12.5 16.95 20
Time min B 5 18.58 38.5 58.42 72
pH - C 4 4.81 6 7.19 8
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Table 3. Design of experiments in the adsorption process

Run A(Q-L/min) B(t-min) C(pH) Y(%Re)
1 12.50 38.50 6.00 50.96
2 8.04 18.58 7.19 55.16
3 8.04 18.58 4.81 53.11
4 16.96 58.42 7.19 38.12
5 12.50 38.50 6.00 50.11
6 5.00 38.50 6.00 52.86
7 8.04 58.42 4.81 40.96
8 12.50 5.00 6.00 57.16
9 16.96 18.58 7.19 53.13
10 16.96 58.42 4.81 35.16
11 8.04 58.42 7.19 42.11
12 20.00 38.50 6.00 32.16
13 12.50 38.50 6.00 49.93
14 12.50 38.50 6.00 49.74
15 12.50 38.50 6.00 50.06
16 12.50 38.50 4.00 39.11
17 12.50 38.50 8.00 44.70
18 16.96 18.58 4.81 47.16
19 12.50 38.50 6.00 48.96
20 12.50 72.00 6.00 33.28

8
l 3 7 3 I 7
5
5 X

RN lne it

c9]I==8s
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Fig. 2. Schematic of Nanofiltration process laboratory device including: 1- Feed tank equipped with heater,
2- Thermometer, 3- Industrial valve, 4- Pump, 5- Pressure gauge, 6- Membrane chamber,
7- Flow meter, 8- Permeate, 9- Retentate
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Table 4. Specifications of the membrane used in the nanofiltration process

. . Thickness Pore Process Pooax 0
Firm Model Material (mm) Size (f4m) pH (MPa) Thax CC)
Sepro NF-1 PA 0.165 0.003 3-10 8.4 50
Journal of Water and Wastewater M 5 Ol dlre o
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Table 5. Variables and their surfaces for the central composite design in the nanofiltration process

Surface
Variable Unit Factor -0 -1 0 1 +a
Pressure barg A 4 5.4 7.5 9.6 11
Temperature C B 15 18 22.5 27 30
pH - C 4 4.6 5.5 6.4 7

O3l 56 a3 s bl (b —F i
Table 6. Design of experiments in nanofiltration process

Run A(Pressure-barg) B(Temperature-C) C(pH) Y(%Re)
1 54 18.0 4.6 76.11
2 11.0 22.5 5.5 81.99
3 9.6 27.0 4.6 81.01
4 9.6 18.0 6.4 81.00
5 9.6 27.0 6.4 80.97
6 7.5 22.5 7.0 79.15
7 7.5 15.0 5.5 79.50
8 7.5 22.5 5.5 79.70
9 9.6 18.0 4.6 81.06
10 7.5 22.5 5.5 79.09
11 7.5 22.5 5.5 78.99
12 7.5 30.0 5.5 79.10
13 54 27.0 6.4 76.01
14 4.0 22.5 5.5 70.11
15 7.5 22.5 5.5 79.11
16 7.5 22.5 5.5 79.19
17 7.5 22.5 5.5 79.98
18 5.4 18.0 6.4 76.10
19 54 27.0 4.6 76.09
20 7.5 22.5 4.0 79.20
Journal of Water and Wastewater Mbe s,aT EN
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Table 7. RSM regression results of adsorption process

Variable Coefficient Standard error P-value
A-Q -3.85031 0.766786 0.0005

B-t -6.76373 0.766786 <0.0001
C-pH 1.576587 0.766786 0.0668
AB -0.22625 1.001855 0.8259
AC 0.71625 1.001855 0.4910
BC -0.48875 1.001855 0.6362
AN2 -2.04069 0.746446 0.0211
B"2 -1.08256 0.746446 0.1776
c"2 -2.25459 0.746446 0.0129
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Table 8. Optimal value of adsorption process variables

A(Q-L/min) B(t-min) C(pH) Y(%Re)

Actual 8.65 18.81 6.44 57.34
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Fig. 3. Interaction of flow and time parameters on the removal percentage of the adsorption process
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%Re = 58.45736 + 5.10314 * Pressure(barg) —
0.18380 * Temperature(C) — 0.44195 * pH +
4.04061E — 004 * Pressure(barg) *
Temperature(C) — 6.73435E — 004 *
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Table 9. RSM regression results of nanofiltration process

Variable Coefficient Standard error P-value
A-Pressure 2.907675 0.195346 <0.0001
B-Temperature -0.06317 0.195346 0.7531
C-pH -0.02007 0.195346 0.9202

AB 0.00375 0.255232 0.9886

AC -0.00125 0.255232 0.9962

BC -0.00625 0.255232 0.9809

A2 -1.0716 0.190164 0.0002

B”2 0.07745 0.190164 0.6924

Ccn2 0.033256 0.190164 0.8647
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Table 10. Optimal value of nanofiltration process variables

A(P-barg) B(T-°C) C(pH) Y(%Re)

Actual 9.58

18.04 4.62 81.35
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