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Abstract

This research addressed the experimental optimization of the operating Received: 23 January 2023
conditions to decrement the concentration polarization on the reverse Accepted: 5 April 2023
osmosis (RO) membrane. Regarding the number and diversity of Page Number: 115-125

the effective parameters (salt concentration, pressure, flow rate, and pH)
of desalination process, Taguchi design of experiment (DoE) was
employed to decrease the number of texts and costs. The contribution of
various parameters and optimal conditions to achieve the highest
desalination were determined using Taguchi DoE and ANOVA as
implemented in Minitab 16 software. The RO desalination increased in
various conditions by prolonging the time for tests 5, 4, and 6. The best
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desalination performance of the polyamide composite membrane Keywords:

(97.24%) was achieved for salt concentration, pressure, flow rate , and Concentration Polarization
pH of 1500 ppm, 10 bar, 0.5 L/min, and 7, respectively. The highest water '
flux through the polyamide composite membrane during the RO process Membrane, )

was 41.04 L/m2hr which was observed in test 6. Such an enhancement in Reverse Osmosis,

the water flux can be assigned to the decrease in the concentration Polyimide Composit

polarization on the polyamide composite membrane.
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Table 2. Experimental conditions in each experiment.

Salt

No concentration Pressure Flow H
test (bar) it/ming p
(ppm)
1 1000 14 0.5 4
2 1000 12 0.75 7
3 1000 10 1 9
4 1500 14 0.75 9
5 1500 12 1 4
6 1500 10 0.5 7
7 2000 14 1 7
8 2000 12 0.5 9
9 2000 10 0.75 4
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Table 1. Factors and 3 levels per agent.

Salt concentration(ppm) 1000 1500 2000 ‘
Pressure (bar) 14 12 10 ‘
Flow(lit/min) 0.5 0.75 1 ‘

PH 4 7 9 |

gl ¥ o oS n s (LB i 5o 5 Jele ¥ 0, o s
S ygmods Gialesl o Ll g 5l 0550 slaalesl slass ¢fdle 5
Vo¥f s 4 zohuw o Julse olaws ol walys aseis b
Solesl A4S =551 hg,4 5L 9,90 laiale;l sloss axiva
P islosl Lyl Sbsol 5o Jegesd jshateds o] Cavody wel

Cawlodds OO)BT b)|9.a U"‘ (T) Je» Be L}»JLA)] PLIT)

Lt o Sdoe (2L5,l Y-
1y dolie oloyz GVl L (RO) (usSirs jomsl &ilels (V) S5
B s e ol aely (gnio slaé o Shos o5l sl
Bl gl )M el gl Lid o Shoe (V) Jgoz aazgily

o """‘5-"’ eon

ool =loly 9 RILs ol s Qe)jiwo@ &lp (V) doles

IV Jogd oo oolaul Lae

N
( P )
Feed Stream \-[/

Retentate Stream

Y

¢ Permeation Cell T
L ]

Flow Meter 1 ~7 A
Permeate Stream Lr

“'-\ V-2 v-3 3

<[‘ xﬂ_/*_» 1
7~ . X - P
l\M
> =1 Feed Storage
Pump 1

L g slas byl $) 9 (RO) o gSas ol diloliw ) Jsudi

Figure. 1. Reverse Osmosis System (RO) to evaluate membrane performance.
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Figure 2. The percentage of salt removal by the membrane at different times with a salt solution with a concentration of 1000 ppm.
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Figure 3.The percentage of salt removal by the membrane at different times with a salt solution with a concentration of 1500 ppm.
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Figure 4.The percentage of salt removal by the membrane at different times with a salt solution with a concentration of 2000 ppm.
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Table 3.The results related to the percentage of salt removal and water flux passing through the membrane in different test conditions.

Salt concentration Pressure Flow Flow of passing salt removal :

(ppm) (bar) (lit/min) water (L/m?.hr) (%)
1 1000 14 4 35.57 96.05
2 1000 12 0.75 7 35.57 95.98
8 1000 10 1 9 30.1 97.11
4 1500 14 0.75 9 41.04 96.20
5 1500 12 1 4 32.83 96.3
6 1500 10 0.5 7 41.04 97.24
7 2000 14 1 7 35.57 97
8 2000 12 0.5 9 32.83 95.95
9 2000 10 0.75 4 24.62 95.95
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Figure 5.The effect of parameters considered at different levels on salt removal percentage.
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Table 4. The results of ANOVA analysis of variance on salt excretion.
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2
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Flow
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Figure 6. Percentage contribution of parameters influencing the rate of salt removal by polyamide composite membrane.
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Table 6. Optimal values of effective parameters calculated by software.

Factor
Salt concentration
Pressure
Flow

pH

Optimal level Optimum amount
1 ppm 1500
1 bar 10
1 lit/min 0.5
2 7
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.Table 6. Comparison of predicted results in the software with experimental results

Parametr Value

Salt concentration ppm 1500
Pressure bar 10
Flow lit/min 0.5
pH 7
percentage of salt removal Experimental results L/m2.hr.24.97
percentage of salt removal Software results L/m2.hr.99.05
Percentage error 1.73
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