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Abstract

Water scarcity has driven the widespread adoption of reverse osmosis (RO) membrane processes for water
purification. In reverse osmosis plants, water is pressurized and passes through a semi-permeable membrane and the
impurities are separated and the pure water is generated. However, the formation of mineral scale on the membrane
surface significantly reduces the technology's efficiency, shortens membrane lifespan, and increases operational costs.
Silica, a common water impurity, precipitates due to the polymerization of silicic acid. Since silica scale removal is
challenging and often requires strong, environmentally harmful chemical cleaners, preventing its formation is crucial.
Preventive strategies include membrane surface modification, adjusting the pH and temperature of the feed water to
increase silica solubility, reducing the concentration of other contributing minerals, pre-treating feed water to lower
silica concentration, and using appropriate antiscalants to inhibit silica polymerization. This review article examines
the latest operational research to compile practical solutions for experts managing reverse osmosis water treatment
facilities.

Keywords: water treatment, membrane separation, reverse osmosis, silica scaling, antiscalant



doddio —)

anslr ;o3 gl ;5 057 (nl b ilse Jlad & pimssST codls 5 Sl glacdled (sl 5500 ate e st 4
by, 9y ol 5l il 0sd azlge Ol 05008 5 (Sogll ailge Sl illa b (codldl Sl i 5 Comozr @y 03 Jdo 4 Sz
achal Ol 5l 093 a1y sl S azgi sSae sansl (e lie glaan] B ohug 4 o (k) (g3l Bl
csSae poul oy & ol lid i )0 sl 03505 iy lel 1) OB 5 o o o T alaz 51 G late e ol 31 ol
laz ol 5l os 5 Jslowe slge daoalBl 5 00,5 jpe lslsanss clie o ploo 5 0T (gl jLad 51 2t g)lid olnl L
4 bt Glag)gs o5 5 0 Slos i salgs slnd g 1o gz 3 Ladis 4y pmie oLt e Sl Ol e a4 argi b o9
s, b JSas (Rolf etal., 2022; Tong et al., 2019) 54 o0 dgazne slie maw (59, » Ml Cgmy oS5 bawgy 495 BB jsb
S ryaabp Sldas o @ sl suie yoe 2alS & i qsady Ol cuaS dl g O Sbsb g5 zels s ogdle slic mlaws 54, » 2
Gan b a5 (Ses w0l (bl 253 Gl b o xio glaazly 10 o5 sl Jlo o ol 09 o0 sliid (g9 Saxe g o0
P @ gl S 4 iz e Qi gl iy Dyge ol 28 j0e e (el Sl slaane o 57 edse
(Zhang etal., 2022) 545 o0 So0 5 Sligus, JoSis

Coosb 5 oS DLy )57 L) (L ST Dligsy uadins 41 (5 g0 oS0 ol slaliss mhaws (59 2 00l Sbomf pous e Dligus ) dlox
O 3 (53550 5 o5t pgnios)] (o] Sy 0 52l) (638 (glooanSs i (o ol 3 02, gl D5 521) Slias Slig
PH dLos Loyl i g 95 Slay yo LasJ oy JSis Lol #Mel cdale bl 3 Slgusy (0l 0905 0 )Ll S Dland g pendS 5 95518
slechile jpa> 10 powye Slhgw, 3l (S B Ll d 3l saoled f()) JSKG anled oo gy sl mhaw (59, » @l plo cdale 4
ol (59, » ol aiig slael ( JS& ol o (Saltworks Technologies INc) sas oo oylis 1) ST PH 5 oyl (geaias LSiis #Mll calizee
Sl Jho Sliges, ol ol 55 00 adgislael g (i 1 o5 e i ) Sl o gy O B Plosl e (ot i g,
(CaC0s) rpdS ligsS g b alady j Jlie i ay ol (el o5 (show cnmm 3) gy (T gois 23 oy 1 Se 2
clale oS Jalys 555051 5 gl PH s ey (il g 03 2l 2 S oo VY Ly 0l 5o gy nl s Pl e ST

A daler JoSis il ) e S Lo VD o YV iy s 5l s eSSl S sl



2550 120
oS’ &S g e
CaSO, SiO,
Ca* S04 SiO2 pH
751 1799 120 <10
15 6.17 132 1.0 9.6
S’ &3 93918 S Ol | ol i Sl g | omino gl T s g 308 | o2 3000 gy
CaF, CaCO; SrSO, | AlI(OH); | Mg(OH),
Ca** pH F | Ca®* pH COs* | Sr* SO | AP pH | Mg* pH
17 3>2 73 25 »5 37 63 69 0.37 >3 4.0 >10
20 24 2.45 1.43 1.43
el i pab ol S 230 Sl g OPT S g yid | Ko dS g i
Caz(PO,),| BaCO; BaSO, | Fe(OH); | Mn(OH),
Ca®* pH PO4* | Ba** pH CO;> | Ba* SO | Fe** pH | Mn% pH
7.8 >5 122 17 >5 73 14 1.0 0.75 >3 2.0 >3

.(Saltworks Technologies INC) weSze jousl cliné (59, 0 Sligusy &lgsl Juseis Jasl b :(1) S5

Soge 93 4 i S kee o b ) o (Bl 53 Ysane 4 03g anbs ol s 39290 Ul il 5l (Ko ek
5 K Pl 5l el slac] )5 5430 el (ToNg et al., 2017; Park et al., 2020) o ls 3525 B,50 b Jiiws ,S
Odgi 4 yie a5 Cawl Si— 0 = Si slodigy syl Jold (W 2aSTe) Pl Lol (1Sl 0yl co Casd 4 Saxs Slge
(Park etal., 2020) o5 5 so (HySi04) Sdowaonl

x.5i0,(Solids) + 2H,0 < (x — 1)Si0, + H,Si0, o)
Ol Sl 45 s b aS sogy Ghnd (il oz ] Sy 0055 s oseli 5 ypdy iS5 s o Jslore Sl
@ Scdiwannl clale a5 oK (Sheikholeslami and Tan, 1999) wle o (SU jegige cll> 1o ol Yao Juo ¥ 5l jiaS
Si— Gloigey & Spmbimssonl Sloyagise (gl yorly salaly 4 Gurlws (65135 gy sy 0 o5 (e Gli] S
on! b aS (Milne et al., 2014; Makrides et al., 1980) (Y JSK&) o pdy oo & y90 Slosls LuSis olsyol b 511, 0 = Si
ol ol 9gdise )1 (el Lanseis BB ISIRI 7919 s Juibind 5:b Sladge b (2iSTy (b a5) Joloeo o 5l urbews aT 3
A3 L) ($359lS s (Tardy, 1982) Sbowsnl sloo)hoizr plo 5 1 pes 55 o p00d) (5 yorhy ol 5025 2 2o

(Y JS5) 90,5 0 (2] 5 paminns]] s e SISl k) (638 (Sl lSlws § (inion b esili O



I [ I
HO—Ti—OH — HO—Ti—O—Ti—OH — Si(Hoh_o+Ti_o+Si(0H)3
n

OH OH OH OH

Smdiws ! 2030 S yourds gl

(Park et al., 2020) Samlimw damw! ¢ygumw! 33 poucds (¥) S

VA=Y Ygann) o Sl i 51 Gt egSine ol (slaaly S (29,5 Ol 53 39250 ke clile o5 alin
Jodws ole sloog,S y olands [iiSTy 0,5 ((Tong et al., 2017; ller, 1979) iz oogaze PH jo id 5 o5 Ls
B ) uio.ﬁbl) @l)w ‘@)j)m A)5,.: J...i..“) L e slie é.la.w S99y 2 o5 (COOH) J"““Sﬁ"; LSLQOS; 9 (Sl-OH)
isas > ! b «(Miand Elimelech, 2013; Xie and Gray, 2017) cuwl oads slpasiion (udows gy (ol gl lgie

(Semiat et al., 2003

Joloe el
HiSiO4 syeels
Oy

(Park et al., 2020) cLis g (59 2 (oo Slguoy JuSid @Yl glgil (V) S
aie3ls g Zhang et al., 2022) 634y Sos puée Lans 3 S Jhons Bitas clid o 51 Gunbows Sligu, Bl aSl 4 4> g5 b
Col Glsl 3 agmmacanss slotlr b ()sisld (59,000 5 wligislia poise] 2l (658 (aleard slronnsd jl ool
Ol Sl oS5 Lol a5 ugSne jowsl by, 4 ol dbas laasly b lolis 5 a8 el 20 130 ((Amjad, 2016)

0y o yS oo 1B Galimen g w50 dslol jo aS Al LT oy sl Sl 5l il ol oty ol yo slid mlaw (g, g



55 Slindon 5 wgSan jowsl slid mhaw (69, 2 e Do) S92 5l S i SRS, (o n & e GRRgR (nl o IS

A dlg Al die opl o

&b Sl g gmimsr (g, -¥
ime slaca g a8 WVlEe LJB 0 Sgge oade slaaBl o 3T 5l soliinl b aS canl sads )] caw pol> g 50
58 208,85 &l wgSian ewl slalic mhaw 65, p ediw Slgw, LS L ag2lse )0 35250 o ol 5l aol> (gl
sole pime (ygte 0 Gl LS 0 g i8S 18 (6 iy 4> g5 090 p3l Sl B ) by je (cale ol adpdy 90 slagaive
s bl _yogamms sale slrolSil Sl 1o Cpioman Canl 0nd dzgi ol Sloo e il 5 5,5 6l 3 cenod
Jsbaie a4y ogdlay el arils JLE e o] bl caglsl Lo o] 4y slinul YU slasd 5 sele e el 5 CuhS g ol
Chemistry of Silica Scale " ."Silica Formation Mechanism" L saxte sodS B5ly 51 cale yote (ggzin
Effect" ."Prevention Strategies for Silica Scaling" ."Mechanisms of Action for Silica Scale Prevention" ."Formation
solaxw! " Types of Antiscalant Chemicals for Silica Scale Prevention" ¢ "of Surface Charges on Silica Scale Formation
51 www.scholar.google.com ,.la sguw o (seoins sl gig0 5l colaiwl 1 ogdle ( ade (jain (sommins johaio 4y .l 0us

ol 00l 48 5 6 g0 3.5 WWW.SCISPACE.COM Colu julai coian oso sl jlnl 4 ez slacole

b Olgry S35l 6 S i s, a1, -
U5 ol slos 5 PH walass b uslows 6 iy ISl il 3al celid _omba ,o 5ol o5 (gouiate (sl (Sal, ¢l ams g0 b
oolil 5 apha oy L] 8 By 51 Uslos el SBLE RalS T 5 05250 DUl s alS g (e il 5,
Glpianns 53 ukons Sligesy J5S Gl o] (ST 5 Gubins sl yody 51 Canilon Sz censlin sloci¥ISl 5T 5|

A dales ails byl 5SS ja 5880 )y 4 aslol jo as (ller, 1979) wiloas |2 g drws  Saio sloc] aias

(cewlio sLad il slind (grbauw 3l 8l oy -V-F
D50l L5 5 a1 s (6 S gy e 5 sSiae ol slid _mbaws Sloogas o LS| ) 4 «(2017) Tong et al.
Gz 1y site )b b ke (oaisS (PEM ¢yl L3l s b)) ciie )L b ooxbans (slmonins sguge 5l sl (sl slalié a5
bbb slaoaans dgue 5l Sl b glalid a5 conl Jo )3 (pl g oo ki Slhgasy 54T Sl @ 2 5 S oo
SeaisS (site )b JoJs & 9090 (0l 45 WS (0 (625 ey w3y S5 3l 5 05503 68 1) Lol (PAA ol Sy STy 5la)) (e

6



Rathinam et al. Ll fyon ;0 (F JSK0) Cuwd (6 poudy (b slo LSl 5 b IS5 50 o s 55 b joud o yogige Jolds koo
JeS'55,S (OH) oS’ jou (NH2) O,,J Glrog S ki s b e L L ele glrog )5 (gl)ls mghans a5 wsls yLis (2019)

et ke i 4y 5,208 Lo sl daT 5l S 5 5 (CHa) e (COOH)

OH OH OH O OH
Si © HO—S:|—O_ HO—-SIi—O—SIi'—'O_ Si HO—sln—OH
(Giio WL 4gF) b A " (i 6gF) b

Sie SieSiO Sie Sie SiO
J T T

++++++++ 0000 memmmmmmem-
o 3 b aw EIT "

1 .
JoWT o hiSog; LS cembs o, \ 4o
(Tong et al., 2017) udew 6,05 Cgury o p sLiné oxdaw Hb p5T :(F) S

ool b slalie a cusSan joul Glapinas 10 ooliinl 5,50 pompo slalic ax ST aS cl Coenl Pl a5 ol SO
g 55 2 (OH) LSg)000 5 (COOH) JouS5 8 i 5 & gie )L b Slole sloog 57 51 (CA) (g 3lske Sliwl 5 (PA)
ol yodle Lol Sgpiin aslie (pl mhaws (65, 1 i Sligasy 5950 (lizred 9529 (b (B JSK0) st 1o )95 5 sLis
Sl el SRy 9929 b Cwnl 0l azin iz «(2013) Mi and Elimelech lawgs ool ploxl sla ) (olal »
i S 4 Sae ((Ga,0en slosizn s a) opel by slolid b anglio o g3lole Slinl slalid b b urkens
¢ ol Sligesy S25 s «(Mi and Elimelech, 2010) (s Jsb bl glolié b anglin 1o ool slalid gl
b g ke el 51 Vb clale [ 30 a5 0,8 (65 amt iz Olpee W el ji el slalié mhaw oo,
Sl slalad sl esliul wslinal 3)50 glalic Joxi Gls5 5 (o795 wlay 5 69959 2l (5 byl ulo 385 (o)

2l e 4 (5 pcalie san 55 Wl o 53l5ke
2l g o olge b (sl slaybislo sl 5 (po by awgs slid gl Dlal Y o o)Ll 3)50 350 2 ogdle
3 8bas 3500 5 (Sogll plyr po Cusslie Gl Ban b 52 (315 weST SLaS 5 L AYSSOIS sl oS s slo it
el 483 8 a5 0500 (g8 2ot Oy (Dl 5 Ol ahal 15 0554) (lid (gl il slavnl b o sl

S CEM) (pag, (G35 iUl gSms Sen Lamsgi (50029005 i ilizeo (sla g 5l oalistl b (o j9eal8 (slasla izl ol



b 5 (SIS (s (IS g Sl dm 5 B (2in(ig 850 SLE e el glagygel jleslil b g (5 b5l Lt
Heetal., 2016; ) & .5 oo 1,8 bl 0590 cdaw 4 2ol Sainz (e i 5H(EDS) oSl 655 (65,0 (SasSTy sz

.(Ziemann et al., 2024; Yang et al., 2022; Hu et al., 2023; Mahdavi and Rahimi, 2018

OH OH OH OH OH OH coo

3 ,Lo ulu‘ 9&5
°H ?l,on 3 HNO NHOC—E j—oo}.,,
—+/ OH /I_o lf/n \!:_0— co3

—I\oH H/H HN NHOC co3,
cnzon : <’>n ) O % )

.(Mi and Elimelech, 2013) ¢ gl wlaw! g ‘_gm.isb sblic mlow p g0 Jole gdog,S :(B) JSCb

ol slos g pH puliss —Y-Y
ol Vb glachle jga> ;0 Oluy @35 A8 5 it 8 Shos 3900 sl (o oliie o 12l BB slad S0, 51 (S0
S35 2 o ©9) 5 65 el 4 e Wl oo o3 93 51 STieP PH pliee ool STho3 PH e (53955 SThem 50
3 a0l ukees (60 Dol o L33l 4y e PH ial33) el asedos (Ql-8) U5 10 a5 jsbpylas 05,5 slié
39 e ol gmsliarecy 5l @S slr 5 Sluy Glyz 50 ke paile (BL & Wl ge YL PH 5o usSas el Slles
Oezeed PH oYL yiolie ¢l 5 0gdle (Lunevich etal., 2017; Tong et al., 2017; Kherfan, 2014; Loganathan et al., 2015)
STysm YL PH sz ol b (Park et al., 2020) wylei J S |y g, O3 5 T o Si5slons Sliges, e b dy lgi s
ety 5y rl 55k el e 5i5ie 5 pgriagll coal wiile (538 Sl 5 ol (o 5l S50 Sligesy S5 b e (S
o 5 ol e Bis Cuz colie 4000 ey St Sl el Sy 555 6l ST PH (2al38) jlate 4 955 o0
Gy 5 (HERO™) YU lodily b pogSae owsl (5,98 10 cdigas ylgie 4 .(Subramani et al., 2011) so,5 oolixwl (318
0,Slos sl puizren 35 oo o3liwl RO axlg 4 QT 3955 3l G VY=V e ooguo U <l pH o386l s ST 00

8



L S Jobs ol ot Bio jslate a4y glop i ol O apbad iy slaasly soloss 5l eg,sls ol jo olié axly

3eSlso Bi> sl 2185 55 5 00,8 9 Tss 4 conldls oniledl o 6l (3l sl eulldd i (6l canns ]

A JS2) 25500 ealital Jslome (1,5

(« (<
\O- Yooo
3 3 A
e )
Iy
) Y Foo
3 3
2 e ®
S ES
3 I
. A ) \IA K Yo Y. Y ¥ 4 A ). \Y
5 le ax o) Lo pH
(Park et al., 2020) Lo ;5T (o 9 PH 23T (1 ¢ ool Slbigay » Sldos o piolyb 15T :(5) Ui
CO,
-
HCI ! NaOH
i \
1
e | 21y

M99 0L P¥yad ol ol

(Park et al., 2020) (HERO™) YU Lol b wgSmo jomsl (5 59Ld (Sobs jloges :(¥) Jsio
4 e aS (Park et al., 2020) sl ol o SISk 9] 0 Sdicsiunl (s 320 pac b (599,9 SIpH zals ¢ lie &b jo

S9N v e g



ot 3939 pac Ll 15 10 a5 sl ol 5155 5 iz b 0,Lil T YU 40 a5 PH (gosgasa b bl | jo 59>g0 =l D 5
2aly3 sodds T Gl g Gl Sligesy LS5 2015 4y ;i VB O (gosgamme 0 PH ouass oDl 3 gl joa> 10 5 bl i
oo 3l g9y @2 Y L Gl pH o a8 culonds (3158 5.5 (2013) Kempter et al. lawgi oanlis oyl (Alazmi et al., 2020) o
20,55 oasline SYeb loy CindS 5l

39 Pl Gl Jds 49k la pH o) ol wglite caly 9 Yo sla PH o el Sligas; LS5 pancilSes a7 51
Shles sloaxly 058 oo drogi (IS (3B ST lgie 4 0925 (I b (Ggamljp yerdy ey jo 2alS Lo 4 ol sle pH
2olie o Lg (VY B Y o) YU polie 1o b1y (63959 ©f PH Yl o> ¢ ks YL polis ol slacT b ag>lge jo
> ply paiz glacbale U e Cguy JSi5 5l 0lg o0 ol PH iz j0 a5 s led o as (FO B T Jle 615) b
el godgazme Sl a5 el o)lil 4y @Y 0g0d S sl Gl pp Sk Vet B R ) (2,5 Sl yo gl
@) ©99,5 p1 0 )0 29250 Ol plo Bl g 95290 achai iy Saxly g5 ¢ Sllas Ul 4 azg5 b PH oilas ol
S pdy o Dy (ol (5 el 03

S Dol Gl b Los Gl o5 o oasliie (0F) US43 o8 jsbilen womabew s ds Pl 2 oo b Jlice |
S sabal, Lo b g 038 0, ol S 1 (650 btk (6 3y Donil S Cend Il 45 ol sl ol yad gl ks
Sad g les 15t eelim sl s 4 aKaslej] s 0929 b a5 ol Coanl > iS5 ol 53 .(Amjad, 2016) ol
g oz ) WSzsS o g baugte liiie O il slausly 5 I1g5 T (slos alats See sl ()35 Ggm

Oy daleS oz e Yo wazly oo o les odats Sl 5l eslasul I g 04 alss 059 ()l Dl sl

ST 33 59290 ol iblS —F-¥
PH ;o anT8 cal 00,8 Jalonsl (5300 SlSliw Sligas 55 4 oo Wil g0 (Gudyb iz (6318 lagys jelis (Dol jp
L asilgicoe 5ok Gk 08 5 Sk lags o2 Ol )0 a5 a5 (VA (fim) Sl PKa a0 S35 o
, (Gabelich etal., 2005) w5 ,5 Jgloral (6318 slaclSdow g,y JoSis 4y yoxie g osle STy oud )b w5508 slays
SIS 3l ogdle Loy ol ya> 4 Sl 0 (asiiin iz o seie 9 eS| (i) Ol (e 4 2 slagn b bLS)|
5o o2l (Sheikholeslami and Zhou, 2000) wsles oo Jugens 525 1y (605615 uodins LSS (6 p05350 (pdins pallicns gao;y

Sy jeam pac g oy S 5l o o5k olae (8,55 pae Layl 1y a5 wsls Lis (2022) Haidari et al. 45" ol JI>

10



2 Sk YA (G0) (29,5 Sl 30 G 51 (VL lacdBle U Wil o (ol s (o joie 9 pondS (08,10 i
o0 dalol Slles a4y clid (6 pdydeis ;o 28l (e (5]

Oy 499 Sk Sliges, 50 41 i Wl o (o5 Sl 50 o] jpd 4T 00 K0 (638 (158 55 8l 5 poriall Sloysy
s oalitul RO aoly s o g5 5 s (A(SO)s «psmisos)] lilgus) poll 5 solitad b sloonds slinl by, 3 &5 daslys o o o
ol 0 e cypizan (Gabelich etal,, 2005) g wlys foioes slié o (55, 2 (AbSHOH(OH)E) IS Sligas) St
cble o5 ulyd o > RO @ s39)5 o 30 5 oS oo /-0 5l i slacile jo ol 5 poaingll slagg lojpn jga> a5
(Al-Ahmad et al., 2000) w5 axlge (il b 1) RO s ,asly 0 Sloe Wlsi o 35 Al ol 0o 1 a5

(2016) Lunevich etal. ¥ L plp pH ;o 3 ((Ygo ) sg0> cdale) ol ;o NaCl 5l ob; b lawgie polie jga> b bLs,I o
alS i S e AVAT sgum b2 a8 e VYooY adsl oo 5l Gules (6 iy Dlul a5 wisls Lad
(2 o seie oS i) (8B iz gla slS Ol 5o mres DL Slisasy St L sy (al b2l anlys
2 b gy pae e g 00,5 es slil o g s G le S0 D50 4 i Glo g (sl 5 peiesl]
Hgd oo sbid mhaw s,

Sl eslS 059 4 RO slansly 4y (594,9 s> ;ﬂ 2l gl jgas rals aS cul atie iz (sanaes S Glgie 4
5o Jezo! (ials 4y e il oo dylo 052y (o)) g (b Slacl 51 50 45 g 5ite § el Slog (ogat (318

23,5 RO slas mhaws (59) 2 Gk Slign,

Al o (6 i 31 ooliwl —F-Y

5loasd s glond Sl 3 0 5 Sl s Gmaly SRS &y oy sl Sl ahaT iy 9 )5 sla by, alor S
b peedS Ol S asgs ek i bl 1 e0y0,Sp 5 s (Park et al., 2020) Cowl gl iidsil | gemsl L8l gl
555 A el oud Lateine iz @ pdy &g Sldlae bl 5 a8 ol b 00l 5 300 o0 D5 me keSS g b
ol S8 (Liretal., 2020; Sheikholeslami and Tan, 1999) cewl puudS” Lo ,S 51 s (i ©d2 5 os jrie duS g 000
(NazAI204) m30ws Slicagll b olile olasds slge (y3938] uizan (Sheikholeslami et al., 2001) el VY )+ s0g050 4o
9 (oomalS (SPuw )3 p®l (5399) (oo feie (B GBI L S5 nl el S8 gy ol A e B 4 WilgS o
(Al-Rehaili, 2003) 55,5 oo & 5l (ki B> S5 0yt couinogd | 9S00 LSS (e

11



4 50 0 Dyge S5y 9 pegd (T b O 40 9250

b SV Laailg Jad ol o Bd ¢ oleonds Sl g, 50

(Latour etal., 2016) wb o (i3l V410 B O/0 odgame ;0 PH ;o g ol atsly PH s 30,50 55 01,38 (ygomen 5 a1 3 oyl

O il i wmdm il e oz b 4 ars e ialei ) boowd slaail 0T 3 (oS & erdew Gis an T3 (A) U

&b slasas

b).nbso u)}.o 6‘0)0 O SYlas! 9 LPgwy yO ul)o UQLJ‘ )..f

+
O auSg,0

3

-~ 47
‘\4' ‘\f'

(AT
Ok ile s
Sy 50 O3Sl 5

&loyd fyms Y Las!

oSiex
’ -’

+

vy, J
G
) 4

ol (g9l Sligas,

(Park et al., 2020) o Loowis Sl 09y 41 i B> Cg duduci i 1(A) S

2 Sl clale 58l a4 e udin 5 glil 398 Joloee dr 8 ygel (slaaSelS b J5Kdws 3 (0938l (gl g, po

e el Jgloo 4 el s slwo sy ol b (SUgita et al., 2003; Liuietal., 2019) 55,5 o LT cygamsly yosly 5 00 &l,5 Gl L

Bi> 3 ‘LQQ] C.la.w Corlus 50,3 (g0l udas ol 1S Glaseio ¢ by, oyl 4o JuLs‘jao ety QT 10 38280 b (Slgize g 00l S

Gz S omebliie (e G 3l odliid g ssbliie 3 ) eslid ooyl s ogMle (Park etal., 2020) i o s | pkios

Oyeize (Chinetal,, 2006) oy] o jlos 45 s Bi> gz (g 3lwdisd 08 050 (6l (6,500 50 Sl a0 4 &S

ooy 9 (b wiz 538 (laggsls b Somkowand (1STy plonl (galansly 40 9 (S0 S (g3l g, 4 Wl o0 urdpnw B3>

()6 (V) Ly, oolol » poingll b o] iz 5l (65lae oo 55 Hloe 51 (S by o o Lawgs 0ad oy 0y 000

hulrh 0 gl 9 pedS oy Glojen B> jlate 4

Wlgs oo (mizmen (g, oyl (SaN0 and Yamaguchi, 2019) s 4y & a0

(A US8) 0,5 5118 oolail 8550 il i 5 oS 51 oYL cdale 6l Is RO axlg 4y (60454 ol Shygs as

Mg(HCO,), + 3H,Si0, » MgSi;0,(0H), + 6H,0 + 2C0,

Ca?* + H,Si0, + 20H™ > CaSiO; + 3H,0

2Ca?* + 5Mg?* + 8H,Si0; + 140H~ — 2Ca0 — 5Mg0 — 8Si0, — H,0 + 14H,0

M
\»)
M

12



‘00
-t
I = °
o
Y. ° o
¥ o
‘™ s, b
g o[ ec
‘ *‘r o
2?0- ... L] ° [ ]
=~
vro-o [}
v. L . ol @
° s
L O Mo o
. \ Y Y f I\ 4

.(Sano and Yamaguchi, 2019) awgw wisT,3 Job 50 dumms xS ludio 51 o206 & ygm0 4 z Mol Bis 4yl e :(4) S

OSee Sty 5l RS (S sl b ol 2ldgil slalad (i anbal iy e Sl ool cole o
$959lS ek 5l oo ,0 A0l i Bl 4 yoie wlgs e a5 Wl e Jled 4 (639,9 ol SThes 5l i Dl B3> (6l
Sopns 5 ooliiwl a5 cunl coenl Sl 4SS ol S35 (Yang and Li, 2007; Park et al., 2016) 55,5 ol ;o sg>40
S Zalan o 5ess g0 RO @ 4385 O 0908 (alS 4y e Wl g0 «gaslS urkins By 09dle (gl il
(Park et al., 2020) 55,5 oI pH L

cowlio YKl 25T 31 oo lisaw! —O-F

0aS oS Slgs eogesy JiSia5 5l oIl Slge Jaldh wlgi oo pgms yo Sligusy S5 3l (655 S sl 00liial 3590 (BB (oliond Slge
(ATMP) Sl Sigid Shito s 5 gl b bgannd asly LS 5 ol bows gy JuSeis 5100303k olge il byl 5l S 5 L g
ol Wlgs o 00S00iST 5 Slso 5 (HEDP) o] Seigind (63 il (onS's 002 (DTPMP) seedd Siigind yliio by peelis 5 ol
Pl 5N el JsSle 0y oy 5 5 il lisilses (s pockssS lisilses sl Sy ST (sl yondy i (5 00k S
Sy 8550 yob a4 SS9 S slaoswl § Sbghud SluS 5 e slacoVISWl ST 03954l (Zhang et al, 2022) aiil (Jgo
a> 51 (Chaussemier etal., 2015; Reiss et al., 2020; Yin etal., 2022) alazdly drwgs guedS Olagus g oS Sl )5 Sligasy 51 (6508 i
S oai ol slge lojed jeax a5 Cal oals aals lis (2022) Zhang et al. lawgs 438y O g iogh sl Sllllas mlie Sy 0

2 S YO) (ki (Vb clile jga 10 usbow Sbgay LS5 0l8l G905 40 el cmgany (oS ouiSTy Blge 9 gy JuSiS

13



5 ool i) i) pgas e Sligun b dalie ;0 Jlo (il b s als (sl (50,57 4lSN 1) (9055 o PH oalists a8 g0 5 (52

it 5555 Gl Qo] 350 le o 4y Bas puchios Sl (popnlS Slilses
YISl T a8 wisls Las 5 00l 1,3 oy 3,90 |y slie Lele slaog 5 b cilises slaci¥ISul 251 ((2023) Yao et al.
SIS T 5 (Ve S s ol (sloog 5110 45 aligs S5 il s 53,00 sloos S b o i
Ogslizyoc 31 6 S slr 4 0B (550 y5b 4 55 2 PAMAM (el gaal y oy y0is 1la) (139,000 slooaiSlaal g5l
s 25 51 (S a5l 18, sl JsSdS sl pl 58050 2 Ll 53 0l o5dle ks Koo
3 el lrog 3 jgax aS aiils o iz (2023) Yao etal. .cuildS oled a5 095 51 JoSOMS Ll b a4 cond (6 50
Cailos ohl5 4zl )0 5 Swcdwanl (oym0 50 lagy5nST (28,5 18 5 NRCEY (JoaS g 000 ooy S sl 4y el

Xy vor 1 YK WOWNN SOV VW) Y SOW STROWN Fpgt

(@)
HQN{/\/ £/\NH2 H nOH

gl lole slaog 5 5 molisd JoSudS il (& 9 JoSadS sl Sy (i) Jsao
Sy o oo ylssl lgie & PAMAM (slo oy ,050 ob 55l 9550 40 955 aslllas ;o (2004) Neofotistou and Demadis
Soatlis 4 Bad A b gal i peuds (laods loh laie @ e youds o Shae a5 650 ,S 5)155 0aiiS i ol slao IS
JeSessyS (Sl slrog,S sllo PAMAM 1oy jais Gilises (slodisS (o) b eizmad ap)] 0510 (S yay,000 )0 992790
Shs (Sailosk o Slae ¢ ol SLL sleog S shyls sl pas jais aS wisls Hlas «(NH2) el UL (sleey,S 3 (COOH)
il oo (el sloog )T (51)10) PAMAM oLy 5l asens 9o (goips ioled (1)) IS0 05,10 Codins Sligasy ilio 4o (6 g

sl gl Sl sloog S (2308 5l 2L ol cute (xS a5

14



(Demadis, 2008) PAMAM-2 (s s PAMAM-1 (il ipel s (50355 b cymol sumol by (U8 pog yaio :(1) JSels

CoaisT (Su55 5l (VY S5) (gaal 5 el olele (loog T gol (5 mnl Sl 4 wils 1L «(2023) Kaneda et al. i) (oo o
oyl S g0 (675 iy ol Dliguny S5 3l c0ds 03050 Smmsdondd (gl oy 4 Uil b g 00,5 (6,55l uens (50550
el DS 5 Jgo Sl 5 Slioisisn Oliee Jo 4 (2o @ Wl s do ey asgs s 51 (S5 1030 0 Sl 0.4 a5 aztls ol
) 3 S5k 5, Shes s st (558l o5 yorky 05055 15 (5 (G0eal SLaS 5 5 el (Sliosisn DS 5 gy oSk sl

el 09,5 @ ol esS O Sl sl

(592908 Wiy 3 Siliunly TSIl bl e Sl JsSlse P
ool / (gonol (hole sloog 5 (3l (5 pouly il (535 3 T (slo 5550 (Sl 4 Snmmrusionsl s 0 3 51 (509008 (1Y) S

.(Kaneda et al., 2023)

15



Sl 65 b (EDTA) sl Sl 15 cymol (69 0okl el 0058 IS ol b (6 pody (gboroniSoniSTyy oS 55 ol s ogdle
Ceol @5 18 ar i 950 ke gy ST Sl 605 iy 6l e S Ol 4 s (DTPA) bl Ly Gl (53

.(Deo et al., 2019)
15 45 (PAS) sl S5 bl b s PMA) sl Setllo L (PAA) sl Sl STy ol ST (ol oy o bk 03,1 4o
b s Sy oo @ il oo SOsH) Sisilyw 5 (COOH) JounS 05 (sloog 57 polai (gine )L L (ol (slaog S

oS sl I 50 ol s e ek Oty oy oISl Glsie ay «Skesipn 45 35750 SI-OH (slaos 5

S Slos slie @&@L@j Lyl 8 co PVP) cpads o Jiug b 9 (PEOX) o dgliS1Y- Lok-Y- b pdas Sgs pé slo poy

(Amjad and Zuhl, 2010; Neofotistou and Demadis, 2004) wws co 5lid udew Ggmmlys youds (2iSTy Sl jo 295 Lns

GBS 18 3925 nl b sl (6t (Fowzmn LI 1 53 39250 Dol o S 4y oo Slig 590 51 (S0 4 5]
o 5Ll 5 VL glacdale (ool ST )5 uediw Slgusy 525 5l 655l b, o, SYgame piae Mol
039y Helliyn ine (BaSadss lawgi ool 0l 89250 (5,0 SY gams 5l > goss Lioled (V) Jaaz ilosgad &Sl
@ L by ol 50 aS sl S8 a4 oY el oal @l (Ol g5lop e slaasly lulis S 4 isu LB Gua b as
i 555 5 Jymme ol o5 o aled A o el o 5 o Aoy o ALl Vg | g iz ol
oa.;.;SQﬂAL“/w.;.;S et (28 GLulis )5 L &gt 18 g 0aisS Canled 10 a4y (6999 ol Slyg Slasie 4 a>g b caslio

Y \.\.Q:‘P )J.\.:ulsdol A—JY}@?&A )‘ 09; U”‘

o] lasiino g (s @ligas ) 51 6705 Gy (152 ol (6l SISl T 51 (5 5 :()) Jgurr

by 039050 ol cale 25T
Jyaxe PH Jyazs el bl oaijlo &S558
Gid 2 pyS ke G S ko)

Y =Y g (@ pH=7.5,30°C) ¥¥- PC-510t Permatreat® NALCO (ECOLAB)
UA =N IY Y-0 --- Sl GENESYS GENESYS International Ltd.
fio—#10 Y=o glesl cdale plp YIA LY 4000 VITEC™ AVISTA technologies

fIv Y- (@30°C) vt MSI 310  Hypersperse™ General Electric
YO E -/ ¥ 9002 MAXTREAT® Chemtex Speciality Ltd.

Yio v-0 Yoo 5000 ACUMER™ DOW

16



S LE RPN FE 3 g

éuua-" é.’b* 290° u”LW‘ xr 9'5)5 )‘Jé R )90 uw-l-w L) JSW-‘ )" Gf‘fu‘“" el 6“&5} “«So9° anllas Qﬁ‘ »®

‘5&()% B> 059 4 (69,9 9] JERTE™ C)Lo| B> (VY B Y JL».A 6‘)-.‘) L;)L..ls Lo Y JL».A Lg\)g) Sl (Sodgde

l))‘éc\}Lw w}“&w‘w] 0‘5.0 )| oolazwl 9 u&o.n Lsngf"ﬁ) aQ uu...L»...u cdale u....mlS ‘u] u\b; ra).b kﬁ")‘b )‘ p.)).u.d 9 p......lf

Consl laalys 5 sLid prlas (59 2 rpbions Sliges 952 51 66Tk Sl S Lo ig (e Aoz Sl el Ll sloog S

by, 5l S L g S e Slsl aS cunl ppas ol Jgloe ki 5l elll 5l e slacdale gl ls (689,9 STy95 aS

Sy 53 ks Bl g e 51088 bl I SIodl (1) Js 2y alys & g0 ol lulid IS L

o 8es p gie slabs; 5 599y P ol abal iy » (e laghs, iS04 gz (nl e e Gialed | saio

S 00 £‘J‘L)&A;M6uw5)wﬂ)$3&&wwdyb 6L®g,.L:LLCg,.’>URO \.\>‘9

2o basly jo ualiw B> b g;9L3 31 slaods (V) Jgus

ol 3 wlasin

S35 595 G S Gilwlaz (g, 69U plgie 3,5,

isilelas ook -
KON R oo
M-Ve) oL pH -

ot (o 0dgi -
5 PH (Sl cglan igliil -
RO Gl ;5 sl 3l l3ls

S8 BlSes (o S ABlol b eocsm, [ s3lop
PH oo 4 sty o]

GVer qgVee 3l pdews iols -
) 08 e 10

O gl dal i g oslnl B - SR DSy LW SR D) 5,38 Cgas,s
Gy gl diin Sliogas - elonl Lyl s o Slas gozs

3| RC I Ry P

KON R oo

S335lS el (51 oolisl LG - S8l ke (s3lula P ol awia i

yguol yilud
. . . . QI )
slag 0,8 el - ©obw slalie b 89939

68 o9l slocnsy o ks -

bl ol b Jols - 9aS 9,008 g2 b ek Jols S Jobs

MO G A casg PH -
isilolas ook -

Qo el e

O (b G
)i"o 'x‘_;La:cu;L‘J&L\J— . _ . o:da...:ud}
= b slaasll Jin loodl (55,

F e ke WIB BT 5305 (e -
Ao, YO U Qe iglulas a5l -

o5 e wds s
B35 Olee GBS _
. 1 b ol Ol yoedy 51 658 i )
ol Gl dhaire Cunsy oled - . i B Sy i Slge
o oy S e 5l 6 S sl
VISl ]

RO vl o yShos

WGy :pHa.)y)auf

o, AD g slulas el -

Bl gz kil Gl 4 5l - Sl 0 ks (6 pdy Plosil 2ol 331 3 PH las

o ) i YL cdale e
gl (T gl d k5:L~L9 [ETRE

fiouf pH 099 —
isilolas ook -
RS TAIN

)°pHr°~:J“"'J

e 0350m E55 )3 RelS B
L_;A:..J 0890

17



&lw

Al-Ahmad, M., Aleem, F. A., Mutiri, A., and Ubaisy, A. (2000), “Biofuoling in RO membrane systems
Part 1: Fundamentals and control”, Desalination, 132, 173-179, https://doi.org/10.1016/S0011-
9164(00)00146-6.

Al-Rehaili, A. M. (2003), “Comparative chemical clarification for silica removal from RO groundwater
feed”, Desalination, 159, 21-31, https://doi.org/10.1016/S0011-9164(03)90042-7.

Alazmi, R., Alazemi, M., Alanezi, A. A., and Alhazza, A. (2020), “Effect of silica fouling on RO
membranes used for the desalination of Kuwait brackish water”, Desalination and Water
Treatment, 204, 33-39, https://doi.org/10.5004/dwt.2020.26246.

Amjad, Z. (2016), “Maleic acid-based copolymers as silica scale control agents for aqueous systems”,
International Journal of Corrosion and Scale Inhibition, 5, 1-11, http://dx.doi.org/10.17675/2305-
6894-2016-5-1-1.

Amjad, Z., and Zuhl, R. (2010), “The role of water chemistry on preventing silica fouling in industrial water
systems”, NACE CORROSION, NACE-10048, https://doi.org/10.5006/C2010-10048.

Chaussemier, M., Pourmohtasham, E., Gelus, D., Pecoul, N., Perrot, H., Ledion, J., Cheap-Charpentier, H.,
and Horner, O. (2015) “State of art of natural inhibitors of calcium carbonate scaling. A review
article”, Desalination, 356, 47-55, https://doi.org/10.1016/j.desal.2014.10.014.

Chin, C.-J. M., Chen, P.-W., and Wang, L.-J. (2006), “Removal of nanoparticles from CMP wastewater by
magnetic seeding aggregation”, Chemosphere, 63, 1809-1813,
https://doi.org/10.1016/j.chemosphere.2005.09.035.

Demadis, K. D. (2008), “Silica scale inhibition relevant to desalination technologies: progress and recent
developments”. Nova Science Publishers, Inc.: New York, ISBN: 978-1-60456-567-6.

Deo, P., Simon, M., Akhade, P., Abramo, G. P., Young, K. L., and Mehta, S. C. (2019), “Inhibition of silica
scale using a chelating agent blended with acid and alkylene oxide derived polymer dispersants”.
Google Patents.

Gabekich, C. J., Chen, W. R., Yun, T. |, and Coffey, B. M. (2005), “The role of dissolved aluminum in
silica chemistry for membrane processes”, Desalination, 180, 307-319,
https://doi.org/10.1016/j.desal.2005.02.009.

Haidari, A., Witkamp, G. J., and Heijman, S. (2022), “High silica concentration in RO concentrate”, Water
Resources and Industry, 27, 100171, https://doi.org/10.1016/j.wri.2022.100171.

He, M., Gao, K., Zhou, L., Jiao, Z., Wu, M., Cao, J., You, X., Cai, Z., Su, Y., and Jiang, Z. (2016),
“Zwitterionic materials for antifouling membrane surface construction”, Acta biomaterialia, 40,
142- 152, https://doi.org/10.1016/j.actbio.2016.03.038.

Hu, Q., Yuan, Y., Wu, Z., Lu, H., Li, N., and Zhang, H. (2023), “The effect of surficial function groups on
the anti-fouling and anti-scaling performance of thin-film composite reverse osmosis membranes”,
Journal of Membrane Science, 668, 121276, https://doi.org/10.1016/j.memsci.2022.121276.

ller, R. K. (1979), “The chemistry of silica, Solubility, Polymerization”, Colloid and Surface Properties,
and Biochemistry, ISBN: 978-0-471-02404-0.

Kaneda, M., Dong, D., Chen, Y., Zhang, X., Xue, Y., Bryantsev, V. S., Elimelech, M., and Zhong, M.
(2023), “Molecular Design of Functional Polymers for Silica Scale Inhibition”, Environmental
Science & Technology, 58, 871-882, https://doi.org/10.1021/acs.est.3c06504.

Kempter, A., Gaedt, T., Boyko, V., Nied, S., and Hirsch, K. (2013), “New insights into silica scaling on
RO-membranes”, Desalination and Water Treatment, 51, 899-907,
https://doi.org/10.1080/19443994.2012.715237.

Kherfan, S. (2014), “Investigation of Fouling of Membranes of a Reverse Osmosis Unit by Silica”, Open
Access Library Journal, 1, 1-7, http://dx.doi.org/10.4236/0alib.1100485.

18


https://doi.org/10.1016/S0011-9164(00)00146-6
https://doi.org/10.1016/S0011-9164(00)00146-6
https://doi.org/10.1016/S0011-9164(03)90042-7
https://doi.org/10.5004/dwt.2020.26246
http://dx.doi.org/10.17675/2305-6894-2016-5-1-1
http://dx.doi.org/10.17675/2305-6894-2016-5-1-1
https://doi.org/10.5006/C2010-10048
https://doi.org/10.1016/j.desal.2014.10.014
https://doi.org/10.1016/j.chemosphere.2005.09.035
https://doi.org/10.1016/j.desal.2005.02.009
https://doi.org/10.1016/j.wri.2022.100171
https://doi.org/10.1016/j.actbio.2016.03.038
https://doi.org/10.1016/j.memsci.2022.121276
https://doi.org/10.1021/acs.est.3c06504
https://doi.org/10.1080/19443994.2012.715237
http://dx.doi.org/10.4236/oalib.1100485

Latour, I., Miranda, R., Carceller, R., and Blanco, A. (2016), “Efficiency of polyaluminum nitrate sulfate—
polyamine hybrid coagulants for silica removal”, Desalination and Water Treatment, 57, 17973-
17984, https://doi.org/10.1080/19443994.2015.1091992.

Li, Y., Li, M., Xiao, K., and Huang, X. (2020), “Reverse osmosis membrane autopsy in coal chemical
wastewater treatment: Evidences of spatially heterogeneous fouling and organic-inorganic
synergistic effect”, Journal of Cleaner Production, 246, 118964,
https://doi.org/10.1016/j.jclepro.2019.118964.

Liu, Q., Xu, G.-R., and Das, R., (2019), “Inorganic scaling in reverse osmosis (RO) desalination:
Mechanisms, monitoring, and inhibition strategies”, Desalination, 468, 114065,
https://doi.org/10.1016/j.desal.2019.07.005.

Loganathan, K., Chelme-Ayala, P., and EI-Din, M. G., (2015), “Pilot-scale study on the reverse osmosis
treatment of oil sands tailings pond water: Impact of pretreatment on process performance”,
Desalination, 360, 52-60, https://doi.org/10.1016/j.desal.2014.12.045.

Lunevich, L., Sanciolo, P., Dumee, L., and Gray, S., (2016), “Silica fouling in high salinity waters in reverse
osmosis desalination (sodium-silica system)”, Environmental Science: Water Research &
Technology, 2, 539-548, https://doi.org/10.1039/C6EW00065G.

Lunevich, L., Sanciolo, P., Milne, N., and Gray, S., (2017), “Silica fouling in coal seam gas water reverse
osmosis desalination”, Environmental Science: Water Research & Technology, 3, 911-921,
https://doi.org/10.1039/C7EW00128B.

Mahdavi, H., and Rahimi, A., (2018), “Zwitterion functionalized graphene oxide/polyamide thin film
nanocomposite membrane: Towards improved anti-fouling performance for reverse osmosis”,
Desalination, 433, 94-107, https://doi.org/10.1016/j.desal.2018.01.031.

Makrides, A. C., Turner, M., and Slaughter, J. (1980), “Condensation of silica from supersaturated silicic
acid  solutions”, Journal of Colloid and Interface Science, 73, 345-367,
https://doi.org/10.1016/0021-9797(80)90081-8.

Mi, B., and Elimelech, M., (2010), “Gypsum scaling and cleaning in forward osmosis: measurements and
mechanisms”, Environmental science & technology, 44, 2022-2028,
https://doi.org/10.1021/es903623r.

Mi, B., and Elimelech, M., (2013), “Silica scaling and scaling reversibility in forward osmosis”,
Desalination, 312, 75-81, https://doi.org/10.1016/j.desal.2012.08.034.

Milne, N. A., O'reilly, T., Sanciolo, P., Ostarcevic, E., Belighton, M., Taylor, K., Mullett, M., Tarquin, A.
J.,and Gray, S. R., (2014), “Chemistry of silica scale mitigation for RO desalination with particular
reference to remote operations”, Water research, 65, 107-133,
https://doi.org/10.1016/j.watres.2014.07.010.

Neofotistou, E., and Demadis, K. D., (2004), “Use of antiscalants for mitigation of silica (SiO2) fouling
and deposition: fundamentals and applications in desalination systems”, Desalination, 167, 257-
272, https://doi.org/10.1016/j.desal.2004.06.135.

Park, M., Park, J., Lee, E., Khim, J., and Cho, J., (2016), “Application of nanofiltration pretreatment to
remove divalent ions for economical seawater reverse osmosis desalination”, Desalination and
water treatment, 57, 20661-20670, https://doi.org/10.1080/19443994.2015.1111807.

Park, Y.-M., Yeon, K.-M., and Park, C.-H., (2020), “Silica treatment technologies in reverse osmosis for
industrial desalination: A review”, Environmental Engineering Research, 25, 819-829,
https://doi.org/10.4491/eer.2019.353.

Rathinam, K., Abraham, S., Oren, Y., Schwahn, D., Petry, W., Kaufman, Y., and Kasher, R., (2019),
“Surface-induced silica scaling during brackish water desalination: The role of surface charge and
specific chemical groups”, Environmental science & technology, 53, 5202-5211,
https://doi.org/10.1021/acs.est.8b06154.

Reiss, A. G., Gauvrieli, 1., and Ganor, J., (2020), “The effect of phosphonate-based antiscalant on gypsum
precipitation kinetics and habit in hyper-saline solutions: An experimental and modeling approach
to the planned Red Sea-Dead Sea Project”, Desalination, 496, 114638,
https://doi.org/10.1016/j.desal.2020.114638.

19


https://doi.org/10.1080/19443994.2015.1091992
https://doi.org/10.1016/j.jclepro.2019.118964
https://doi.org/10.1016/j.desal.2019.07.005
https://doi.org/10.1016/j.desal.2014.12.045
https://doi.org/10.1039/C6EW00065G
https://doi.org/10.1039/C7EW00128B
https://doi.org/10.1016/j.desal.2018.01.031
https://doi.org/10.1016/0021-9797(80)90081-8
https://doi.org/10.1021/es903623r
https://doi.org/10.1016/j.desal.2012.08.034
https://doi.org/10.1016/j.watres.2014.07.010
https://doi.org/10.1016/j.desal.2004.06.135
https://doi.org/10.1080/19443994.2015.1111807
https://doi.org/10.4491/eer.2019.353
https://doi.org/10.1021/acs.est.8b06154
https://doi.org/10.1016/j.desal.2020.114638

Rolf, J., Cao, T., Huang, X., Boo, C., Li, Q., and Elimelech, M., (2022), “Inorganic scaling in membrane
desalination: models, mechanisms, and characterization methods”, Environmental Science &
Technology, 56, 7484-7511, https://doi.org/10.1021/acs.est.2c01858.

Saltworks Technologies INC. Periodic table of scaling compounds [Online]. Saltworks Technologies Inc.
Available: https://www.saltworkstech.com/brochures/periodic-table-of-scaling-compounds.pdf.

Sano, Y., and Yamaguchi, M., (2019), “Preventing Silica Scale Formation Using Hydroxide lons Generated
by Water Electrolysis”, Membranes, 9, 154, https://doi.org/10.3390/membranes9110154.

Semiat, R., Sutzkover, I., and Hasson, D., (2003), “Scaling of RO membranes from silica supersaturated
solutions”, Desalination, 157, 169-191, https://doi.org/10.1016/S0011-9164(03)00398-9.
Sheikholeslami, R., Al-Mutaz, 1., Koo, T., and Young, A., (2001), “Pretreatment and the effect of cations
and anions on prevention of silica fouling”, Desalination, 139, 83-95,

https://doi.org/10.1016/S0011-9164(01)00297-1.

Sheikholeslami, R., and Tan, S., (1999), “Effects of water quality on silica fouling of desalination plants”,
Desalination, 126, 267-280, https://doi.org/10.1016/S0011-9164(99)00182-4.

Sheikholeslami, R., and Zhou, S., (2000), “Performance of RO membranes in silica bearing waters”,
Desalination, 132, 337-344, https://doi.org/10.1016/S0011-9164(00)00169-7.

Subramani, A., Schlicher, R., Long, J., Yu, J., Lehman, S., and Jacangelo ,J. G., (2011), “Recovery
optimization of membrane processes for treatment of produced water with high silica content”,
Desalination and Water Treatment, 36, 297-309, https://doi.org/10.5004/dwt.2011.2604.

Sugita, H., Matsunaga, I., Yamaguchi, T., KATO, K., and UEDA, A., (2003), “Silica removal performance
of seed from geothermal fluids”, Geothermics, 32, 171-185, https://doi.org/10.1016/S0375-
6505(03)00013-0.

Sun, X., Duan, L., Liu, Z., Gao, Q., Liu, J., and Zhang, D., (2024), “The mechanism of silica and transparent
exopolymer particles (TEP) on reverse osmosis membranes fouling”, Journal of Environmental
Management, 349, 119634, https://doi.org/10.1016/j.jenvman.2023.119634.

Ralf K. ller, (1979), “The chemistry of silica: solubility, polymerization, colloid and surface properties, and
biochemistry of silica”, John Wiley and Sons, Chichester,
https://doi.org/10.1002/ange.19800920433.

Tong, T., Wallace, A. F., Zhao, S., and Wang, Z., (2019), “Mineral scaling in membrane desalination:
Mechanisms, mitigation strategies, and feasibility of scaling-resistant membranes”, Journal of
membrane science, 579, 52-69, https://doi.org/10.1016/j.memsci.2019.02.049.

Tong, T., Zhao, S., Boo, C., Hashmi, S. M., and Elimelech, M., (2017), “Relating Silica Scaling in Reverse
Osmosis to Membrane Surface Properties”, Environmental Science & Technology, 51, 4396-4406,
https://doi.org/10.1021/acs.est.6b06411.

Wang, Y.-N.,, Li, X., and Wang, R., (2017), :Silica scaling and scaling control in pressure retarded osmosis
processes”, Journal of Membrane Science, 541, 73-84,
https://doi.org/10.1016/j.memsci.2017.06.088.

Xie, M., and Gray, S. R., (2017), “Silica scaling in forward osmosis: From solution to membrane interface”,
Water Research, 108, 232-239, https://doi.org/10.1016/j.watres.2016.10.082.

Yang, G. C.,, and Li, C.-J., (2007), “Electrofiltration of silica nanoparticle-containing wastewater using
tubular ceramic membranes”, Separation and Purification Technology, 58, 159-165,
https://doi.org/10.1016/j.seppur.2007.07.019.

Yang, W., Zhao, Z., Pan, M., Gong, L., Wu, F., Huang, C., Wang, X., Wang, J., and Zeng, H., (2022),
“Mussel-inspired polyethylene glycol coating for constructing antifouling membrane for water
purification”, Journal of Colloid and Interface Science, 625, 628-63,
https://doi.org/10.1016/j.jcis.2022.06.038.

Yao, Y., Ge, X., Yin, Y., Minjarez, R., and Tong, T., (2023), “Antiscalants for mitigating silica scaling in
membrane desalination: Effects of molecular structure and membrane process”, Water Research,
246, 120701, https://doi.org/10.1016/].watres.2023.120701.

Yin, Y., Kalam, S., Livingston, J. L., Minjarez, R., Lee, J., Lin, S., and Tong, T., (2022), “The use of anti-
scalants in gypsum scaling mitigation: Comparison with membrane surface modification and

20


https://doi.org/10.1021/acs.est.2c01858
https://www.saltworkstech.com/brochures/periodic-table-of-scaling-compounds.pdf
https://doi.org/10.3390/membranes9110154
https://doi.org/10.1016/S0011-9164(03)00398-9
https://doi.org/10.1016/S0011-9164(01)00297-1
https://doi.org/10.1016/S0011-9164(99)00182-4
https://doi.org/10.1016/S0011-9164(00)00169-7
https://doi.org/10.5004/dwt.2011.2604
https://doi.org/10.1016/S0375-6505(03)00013-0
https://doi.org/10.1016/S0375-6505(03)00013-0
https://doi.org/10.1016/j.jenvman.2023.119634
https://doi.org/10.1002/ange.19800920433
https://doi.org/10.1016/j.memsci.2019.02.049
https://doi.org/10.1021/acs.est.6b06411
https://doi.org/10.1016/j.memsci.2017.06.088
https://doi.org/10.1016/j.watres.2016.10.082
https://doi.org/10.1016/j.seppur.2007.07.019
https://doi.org/10.1016/j.jcis.2022.06.038
https://doi.org/10.1016/j.watres.2023.120701

efficiency in combined reverse osmosis and membrane distillation”, Journal of Membrane Science,
643, 120077, https://doi.org/10.1016/j.memsci.2021.120077.

Zhang, X., Dongying, Y., Melzer, J., Caroline, S., Qiantao, C., and Sharma, M., (2022), “Silica antiscalant
composition and method for silica scaling inhibition in membrane applications”, Google Patents.

Ziemann, E., Coves, T., Oren, Y. S., Maman, N., Sharon-Gojman, R., Neklyudov, V., Freger, V., Ramon,
G. Z., and Bernstein, R., (2024), “Pseudo-bottle-brush decorated thin-film composite desalination
membranes with ultrahigh mineral scale resistance”, Science advances, 10, eadm7668,
https://doi.org/10.1126/sciadv.adm7668.

21


https://doi.org/10.1016/j.memsci.2021.120077
https://doi.org/10.1126/sciadv.adm7668

