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Abstract

Increased energy demand and lack of clean water as a result of urbanization, Received: 20 May 2021
population growth, and climate change have become global challenges. Accepted: 31 August 2021
Membrane technology can play a special role in water purification, Page Number: 33-54

desalination and supplying process water required by power plants.
Membrane processes have certain advantages, including high quality water
with easy maintenance, low chemical sludge effluent, selectivity and selective
transfer of desired components, appropriate adaptability and applicability in
integrated processes, low energy consumption, environmental friendliness
and good controllability. Also, using this technology in batteries and fuel

cells and select the right material and membrane structure, there will be the Keywords:
abilit)_/ to produce_ clean, sustainable and efficient _eIecFri_caI energy. Membrane Processes,
Sustal_nable energy is a type of energy that can be used mdeflnltely yvlthout Water Treatment,
affecting the environment and the depletion of the resource. In addition, the
; : P . Energy,
use of membrane processes in the production and the purification of biofuels )
and the separation and recovery of gaseous pollutants are other important Blorea_ctors,
issues studied in water and energy industry. Batteries
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Figure 1. Applications of membrane technology in the water and electricity power plant industry.
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Figure 2. Schematic diagram of a water desalination unit and arrangement in reverse osmosis unit.

1. Spacer
4. Le Soiron

2. Mery-Sur-Oise
5. World Health Organization

3. Jarny

Iranian Chemical Engineering Journal - Vol. 21 - No. 121 (2022)



b L (Lo 0D Slhss Jodowe oo sLEE Sul s )
ety L Jsloms oty (Gl 53l 5128 YU O (ol
aS (VL echale L YU groml jlad gm) b of ol
als el Sy b esiend Jale 03le Jolona plsiea
S Shes Comw )3 Lys Seod onlple sl oo JU! 00l
5 o3z i jlulazr jglaneds 55 03lr Jolone Vpone il oo
ol 3550 50 ol Kl [NALogd o 0,5 o 51 sz solazal
2 S w2 e Lol eVl o8 b 131 i
94239 ahajls Cnlplls 5 09,00 Lot oz ()5 <S5 el
50 ol |y T ol a8 ol (Ul (oo 2 (51 255

098 5 4 bgrye slaanjo el crge

Concentrated flow Diluted draw solution

—_

Freshwater

Draw solution Recovery

Discharge tank

Seawater I

5l ad 53 asicus asd il 8 IS (slack ¥ JSuk

Concentrated draw solution

Fig. 3. Schematic diagram of the forward osmosis process in
seawater desalination [18].

oslizad bys o (3kaim s sl T lliog 501 5l Kos s, 5
5 Lad S 5l ooliinl b 5ullisg xSl acul 8 5o ((F) JS2) o950
S S5l 5 Sl fslre @ (S psUlL Sy e
kel ooy (Seed Jloe plgiea) 503 lagyn 5 Cute a3
S5l S sl jlatons igd o iz K00 Caw ) il
B whae Lo S sl 5o Jyans jsboay a5 Lid w5l i

J.JHG_A u...vj_ixao L;‘o)sb O yg—ods ‘_,’_i)J*g.” 6L_.D)la ‘M‘GQ

Sy L enls; B (s5lmin e cudyb Sl alad i
Slmoa S 55 e b Jlie olgieds farins loaisS p5es
ol jlad ool 55, 30 IS ke Vo 5l G slal yeniz
Ldé Jodone (5ol JLtd oizod g 039 L YF Ly by
il ot 55 (S el 5128 il L FY I e 00 035 g
Lo ol 5l slaasly codls aalss ganl s Led
5ok it a0 Lged of YL (shel jLtd o
DFlans o cdls 7¥0-F0

Sl )l 052 byo Ol (g3l s po o8 (VL Lid Lloa,
Slooliil byl cal el ado sl lid cowi 550 O 51 655
9 yoe M Jale 68 LS Glacasy 4 45 glagm, 5y 00
.[\V]oyis@ I bilail 4y B pan (65, Aje talS cely

S Bk G 4 osSreged Gs)a 3l 1 byo
3 GoepS Sleolzr i L g oo |) 4l i sloasyzo 0l
50 Loolz ol i ol (tals lopsd e plgiear Lo Jobo
ol ladiedn 9 a8 (e Joo (8 Ak i b bt Lo
D) el IS asls oy oo ol 2alS 4 e
Sl 50 Glee 0l)d (K85 cd )b gl o)l lsiea
ol sl a3l ol o GogSae ol s 595
0o a8 5 1 )0 5 euitee 45 Gl 01 51 1S Lo oo 3
S92y (=l b S 5L anhal (gl (b S Sl G 5 2L
el 5L50 )90 Oz Cgwyad Slse 5 (Sgasas

onlizal Uyo O (g3lacn e 5o 55 (FO) " adiinne owsl 0l 3 5
ool (5953 800y e Sl Al 50 (1) JS2) 355 o
L sl jlosle S woaay ol 50 00,5 oo 1,38 colaul 00
JLad) YU clale b Glaal oy (ol s el jLi8) o5 cdale
&) o5 padiine ol @8l 50 by oo JUEST VL (s 5o
Syleay ool (5 pomsl Lt GBS 45 oee (59, LS 45 2 oo
b ot Jlosel g 5 (Slivlyyuns jLid gn 500
Lsp s 5o 0sd e oaliiul (5508 (555 (lidas bl sl
S8 )0 el g e el wnl B A e caai w8 Gl
Slolsaes sl So gl 5l STl e O 5lwin ot

3. Osmotic Engine
4. Electrodialysis

1. Silt Density Index
2. Forward Osmosis

(1€:1) a9 amn 9 340 0 losb — @Sagusannsy Juw — Yl Gorid (wddie 4 puins

© 000000000000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000:

JRPILLT

2y — OB 9 (6515 639>

Fr-oF

<

s

w2l TPl 9 Ol drwgi 9 ol s plie sl s

—~



23 plid sl S50
Lo — O)Sod 9 (55 391>

Fr-oF

L..

'|9c._JT

SJr

»L

ol

s jo (S pas palld 348 0 oladiiie ) Jgua
¥+ gV st o o Lo il jl jaallis g (oS g il

Table 1. Specifications of ultra-pure water used in electronic
industries and values of parameters in municipal water [20, 21].

Ultra-pure Ordinary drinking
water water

Resistivity at 25°C
18.2 =
(mega ohm-cm)
TOC (ppb) 5< 5000
Particle per unit length
. 100< -
with laser>0.1 pm
Bacteria in 100 ml with
0.1< 30<
culture
Dissolved silica (ppb) 3< 3000
Boron (ppb) 1< 40
lons (ppb)
“Na 0.01< 3000
K 0.02< 2000
~ClI 0.02< 10000
" Br 0.02< B
~NOs 0.02< :
S0, 0.02< 15000
Total ions 0.1< 10000<
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Figure 4. Schematic diagram of the electrodialysis process in
seawater desalination [19].
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Figure 5. Schematic diagram of the water recovery process in cooling towers.
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Figure 6. Schematic diagram of an application of forward osmosis technology in irrigation fertilizer process [25].
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Figure 7. Nickel recovery from wastewaters from plate washing using reverse osmosis technology.
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3. Pressure Retarded Osmosis

1. Hostile Industrial Waste Water
2. Bubble-Free Aeration of the Bioreactor
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Figure 9. Schematic diagram of the power generation cycle with pressure retarded osmosis process [42].
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2. Solid Oxide Fuel Cell

1. Nafion
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Figure 11. Schematic diagram of the reverse
electrodialysis process in power generation [52].
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2. Capacitive Mixing
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Figure 12. Comparison of power generation in three membrane methods of reverse electrodialysis, pressure retarded
osmosis and combination of reverse electrodialysis and capacitive mixing methods [53].
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