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ABSTRACT

This study was conducted to evaluate the filtration performance according to the feed temperature composed of NaCl
and the operating pressure of the brackish water reverse osmosis (BWRQO) process. The temperature is known that decides
the filtration performance of reverse osmosis (RO). It is noted that temperature increase activates the permeate of salts
due to augment of diffusivity and mass transfer. Filtration of the lab-scale RO system was performed with constant
pressure and the constant flow was simulated. The salt rejection measured by the concentration of the feed and permeate
was compared with water permeability and salt permeability in the conditions containing various temperatures (5, 10,
15, 20, 25, and 30T) and pressures (10, 12, 15, and 18 bar). An increase in feed temperature from 5 °C to 30 °C
caused a 4.65% decrease in salt rejection in CSM, due to an increase in salt permeability (4.06 times) rather than an
increase in water permeability (2.62 times). Specific energy consumption (SEC) was calculated by using an electricity
meter set in the RO system. It was expected that the SEC by the increases in temperature and pressure decreased due
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to the viscosity decline of the feed and the permeate flux augment, respectively. The SEC decreased by 63.4% in CSM
and by 54.3% in Nittodenko when the feed temperature increased from 5 °C to 30 °C. It discussed how to operate
the optimal RO process through the effect of temperature and operating pressure and the comparison of SEC.

Key words: Brackish water reverse osmosis (BWRO), Reverse osmosis (RO) membrane, Temperature, Filtration performance,

Energy consumption

FAO: 7l GYF, AHE 9, 25, 02 g5, 0lHA| 28|

Nomenclature

brackish water reverse osmosis (BWRO); reverse osmosis
(RO); thermal vapor compression (TVC); multiple-effect
distillation (MED); multi-stage flash evaporation (MSF);
nanofiltration (NF); membrane distillation (MD); specific
energy consumption (SEC); high pressure pump (HPP);
energy recovery device (ERD); thin-film composite (TFC);
(PA); pressure  (TMP);
concentration polarization (CP); total dissolved solids (TDS)

polyamide trans-membrane

.M E
H2 A2 AARY 715 HERR QIR S4J%t
71 A 7SS o|AsE Qlt) (Aghakouchak et

al., 2014; Wilhite, 2016). &r%(Desalination) 7]3}32:
Yoz Zshe QAT A4Hel Ash U /)% ws)
FoR g B 5a 2AE sdel] 8 tos
71 FERN= 422 8] 7]<o]t} (Ghaffour et al., 2013;
Jamaly et al., 2014; Qasim et al., 2015). &% 7|&2 &
Z=3Kthermal desalination)@} 2} 7]Ht <=3 membrane-
based desalination)®2 ERH =0 F A2 & Gtz
FEEE= o ZF7] =4 (thermal vapor compression,
TVC), th#8 -85 H(multiple-effect distillation, MED),
o= 2l 4 ¥ (multi-stage flash evaporation, MSF)-2 <&
o qx]o] oJ&/do] mie =7| wiie] 7l A2 9
29 u]go] Wo] QIETH (Micale et al., 2009;
Youssef et al.,, 2014; Anis et al., 2019). HtH, A%
(reverse osmosis, RO), U] T nanofiltration, NF), =}
Z 2 (membrane distillation, MD) 2] 9} 7|4l T3
L oan BAZL w39 AEskR ols) 7Hsh
= o|Ho] Ut} (Qasim et al., 2019).

gdol EFuEE A ouA, AHH|, AHE,
slopZom 2HE 2 9lth (Shahzad et al, 2017).

L]

Nassrullah et al. (2020)of w2, g¢g =FH|E-9
46.6%7} YA 2 AREEH Fulo] 7H7hE Hl&=
Elytth (Al-Karaghouli et al, 2013; Nassrullah et al.,
2020). o2 AL FollA 1 m’9 A5 daix} g uj
QELE YR = Ffl4: (seawater) 7} 2.58 ~8.5 kWh/m’
9] ZF& 71231 71 =9}t (Nassrullah et al., 2020).
o|9] FAUE F R E WEAIZ|A] HIrhal o
AA grovy g YA BlE d Ui E EY o+ 3
= 5780l gt A5t 9 Aol o] FojXithH Hloy
] AxH] (specific energy consumption, SEC)E 7F4A|Z

S om E3 AU Aol gott FHL FA 4
gotel g RS WAL 4 UAS OB AR
g},

ol

- e}
=

& "9 7' oA RO= 195049 o]F =7
7kt @A7AA] 7P AlE e VeR dEA 9l
t} (Park et al., 2012; Goh et al., 2018). RO 7]&< 4t
Saby ool AFRQE ol4e] grele FEstel g
(water)= =2]9hS SOl SAMEl= FAIO] &2 (salt)
2 AAE= 712 zt=t) (Okampo et al., 2021). &
gt BN UG LEE SR BARSE o
Ao el §¢14:9] &%= RO 34 Ao 93

n ey WA, FiE(permeability) S S7HAI7]AL
o3 §a(Mw)e F7H7IE Ao delA gk
| Al-Mutaz¥} Al-Ghunaimi®] ¢+ (2001)¢] o=
g o 24 A & G 3%7HA] wrofnt &
29 W37l wAydctyy Ryt (Al-Mutaz and
Al-Ghunaimi, 2001). ®3F &% Z7}= 9ho] 2§ 7+
AN 2 4 Yolat f40 FsHe FFUol
o AA gatEo] ¥ oyA] 4H] @52 AFAEH
(Farooque et al., 2008). Jin et al. (2009)¢] ALl &Js}h
9, 2271 S7Hel wet 83 o) e (diffusivity)S
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AHQ EEsh Z7AHcT BRSAT in et al,
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(high pressure pump, HPP)Q} oL X] F]4=%}X|(energy
recovery device, ERD)9] G832 Z7MA7Itt R ilE
@ith (Al-Zahrani et al., 2012; El-Emam and Dincer,
2014). 3k, 2e)® A AHol meh Mkt §
U 2%, B 4 ENEA T o= HE T2
2 9lg] SECY W3}r} %=t (Voutchkov, 2018).

oA Qe %ol SECE H28kshe 21 RO A
4A B 29e Aok Fa3 AR gt

(Figoli and Criscuoli, 2017; Koutsou et al., 2020).
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Fig. 1. Schematic of lab-scale RO system.
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Table 1. Characteristics of raw water for NaCl 2,000 ppm

Conductivity TDS Salinity Resistance
4033+172 uS/cm 1977+139 ppm 2169+151 ppm 248.1+15.9 ohm-cm

of E3 229k el whE HE ARSES Hlast 2000
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Solution-diffusion modelo]] W= RO membrane2) 2000
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(Mulder, 1996; Jin et al, 2009). U¥tA o2 JuljA|&
(r;, intrinsic salt rejection)}> -FY49] FsT(c)o} &
o] FEZ()z AAES (A (). FF3=A,
water permeability)s= Z-&-%| hydraulic pressure (AP)Q}
membrane osmotic pressure(An)QP water flux(J,)2] T4
2 2 29 #A=Z YERd 4= 9ty gETL=(B, solute
permeability)+= & ul] Zﬂgl_’—]' water flux(Jy)2] LA =Z 4]
()} Zo] et 453 AETREL L5 9 N
e = ol 81{}_7,101] ujz} Walsic) AlgAo s 10 bar 12 bar 15 bar 18 bar

25 JuiAleS 2 249 SREe HFY Fig. 2. Obtained feed flux in line with temperature and pressure;
4 AS E9) & 1} Qtglo] RO F4 9] ofa}A4 (@) CSM and (b) NittoDenko.
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ok7]3%tc} (Brink et al., 2011;Tao et al., 2022).
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(trans-membrane pressure, TMP)S ZFA31 4t 242 &
LE9] SAZXANA CSME NittoDenko2} H|nslo] T
2] Ao g aALEQItH o]l
%o sl Couie] elohe ALgT
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Fig. 3. Constant-flow simulation according to temperature.
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Z 82 1% E(total dissolved solids, TDS)2] & HjA|
Fig. 4¢f YerWitt CSM2} NittoDenko X5 2%
Riell weh gulAlgol Hashe e ul
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Table 2. The linear regression equation and R* of feed flux for the operating pressure according to the feed temperature

CSM NittoDenko
Regression equation R? Regression equation R?
5°C y=35.70x+9.093 0.9998 y=49.66x-55.82 0.9996
10°C y=48.96x-15.85 0.9995 y=61.80x-71.76 0.9999
15°C y=57.03x-14.184 0.9997 y=71.59x-14.78 0.9991
20°C y=68.85x-1.835 0.9989 y=91.17x -61.32 0.9922
25°C y=80.53+15.90 0.9992 y=90.50x+120.1 0.994
30°C y=87.67x+101.07 0.9975 y=91.49x+287.39 0.991
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