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Effects of Antiscalant on Inorganic Fouling in Seawater Reverse Osmosis
Membrane Processes
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Abstract : The reverse osmosis membrane processes have several operational problems. Fouling by inorganic scale occurs on membrane
surface due to increases in concentrations over solubility by retaining ions on feed side of the membrane. Inorganic scales could be
controlled by antiscalants or acid addition. In this study, three antiscalants having different characteristics were selected and evaluated
on efficiency of CaCO; scale control. The CaCOs scale was inhibited by the antiscalants : 0.4 mg/L for SHMP, 0.6 mg/L for Spectra
Guard, and 3 mg/L for Flocon 150 N. Increasing concentration factors of simulated sea water resulted in increases in antiscalant doses
for the scale control. The increases in doses were positively proportional to the concentrate factors used in this study. Spectra Guard,
one of the polyacrylate type antiscalants, was the most effective to control CaCO; scale. The antiscalants with the different scale
inhibition time and doses implied the different control mechanisms.
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(@) Types of foulants (b) Inorganics deposits
Fig. 1. Types of foulants and detailed composition of inogranic deposits (Source: Genesys Membrane Products Laboratory statistics,
2001-2006).
o] dubAQl & 21 WY 30~45%9] I]pa 27 FFoll= ALEA FEY AAY AAA AR ZLof| gt
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Table 1. Examples of commercialized antiscalants world-wide”™'?
Names Chemical composition Manufacturer
Flocon 100 Acrylic polyelectrolyte Pfizer Co, USA
SHMP NasO1sPs -
EDTA C1oH16N2Osg -
Calgon polymeric sodium hexametaphosphate, (MW~1500) ; (NaPOs)s Calgon Co., France
Aqua-Mag Liner chains of a polymeric polyphosphate ; NassH3zPs70147 Kjell Co., USA
Dequest 2060 polyphosphate Monsanto Co,,USA
Cynamer P-70 Acrylic polyelectrolyte Cyanamid Co,, USA
Belgard EV Carboxylic acid based polymer BWA Water Additives, USA
Permatreat 191 organophosphonate ONDEO Nalco Company, USA
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Table 2, Concentrations of compounds of simulated seawater for various concentration factors®™®

CF 0 143 25 5
compounds unit
KCl mg/L 7500 10823 18939 37879
CaCl,2H:0 mg/L 14500 2959 2 5178.6 10357 1
MgCl,6H20 mg/L 11000.0 16035.0 280612 561225
NaCl mg/L 25000.0 32467 5 631313 126262.6
NaHCOs; mg/L 270.0 387.7 678.4 1356.8
Ca* mg/L 3953 564.0 9859 19702
TDS mg/L 32266.2 60747 .3 83933.6 1678672
lonic strength mol/L 0.6 12 1.635 3.271
Conductivity uS/cm 22586.3 42523 1 587535 117507 .0
Table 3, Types and properties of anti-scalants
Inhibitor Chemical composition ~ Suggested dose (mg/L) Density Form Company
SHMP NasO1sPs 20 248 White Powder
Spectra Guard Poly Acrylate 2~6 1.03-1.07 Liquid PWT Inc. (California, USA)
Flocon 150 N Poly carboxylic acid 2 1.10-130 Liquid BWA™ water additives (Atlanta, USA)
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2.5. RO fouling test
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Fig. 2. Schematic diagram of a lab-scale RO system.
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2.6. Analytical methods

AR WA F71HoR gz SR, pH, 17
Az, 2%, TDSE &4tk pH B A7 A=zl &
412 ORION 5 STAR (Thermo scientific, USA)E ©]|-83}%
t}. =4 A pH= pH 4, 7, 10 (Orion 910104, Thermo, USA),
83 AZ|AEEE 12.9 ms/cm (Orion 011006, Thermo,
USA), 1413 ms/cm (Orion 011007, Thermo, USA)?l buffer
solution . 2 & 7] & o A}8-5}9 ). Bl == HACHA}S] 2100N
TURBIDIMETER 7| A}g-%]¢l ™, TDS: Standard Method
2540Col) AAE S ufeh BAaRl

2AY AAA| 2] EA ThehS 913l FT-IR spectrometer (Ni-
colet 6700, Thermo Scientific, USA)& ©]-83}o] A& EA
= AAsHE S Aol et 242 Thermo Scientific
Aol Al Al5F OMNIC program (Sinco, Korea)& ARE-SFAT]
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3.1. pHE} CaCO; A SMo| AT A

CaCO5 27| 9] FAJofl Tolshis 2ol EHito]2(COsY)
olt}. COs 0] 0] A& 9l & u|i= pHol| W7t pH 7
oA F7Fek7] AlZbsto] pH 12 oo A A L] 100%7} Eth
(Fig. 3). wetd] CaCO; 27| A& pH7} 7 o]AF El= 29|
Al &3 o]4F9] calcium o]2o] AT wf F4E 4= Slch
o]i= RO ZHA] Zrg5 %7t 600 mg/Lo| 2t pH7} 60|H
CaCO; &A1Y P& A= AA=7F 28 gk A
ATt 7499 AFNRIE AT s A A L] B
o2 ko] A&l Hl&E 4Hg3tol lo] s =& o]
2EER Wujghd o] 7hel gt AEAE-E aldlof
stot whebaA AR o 2 3 A% 29 (dilute solution)Ql H

Table 4, Experimental matrix for divers concentration factors and anti-scalant

CF 0 1.43 25 5
Scale formation (Jar test) - V4 NV Vv v
Scale inhibition (Jar test) SG v N4 v/
Scale inhibition (RO system) SG N4
SHMP N4
Determination of optimum doses (Jar test) SG v
FC v
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Fig. 5, Effect of CaCOs scale inhibition, (a) CF 1.43, (b) CF 2.5,
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Fig. 7. The flux declines of RO with or without Spectra Guard,
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Table 5, Results of matched composition of each antiscalant from FT-IR analysis

Anti-scalant Matched composition Match ratio, %
SG Sodium polyacrylate, polyacrylic acid, water 90.74
SHMP Hexametaphosphate (polyphosphate); sodium 84 .55
FC Poly (acrylamide), carboxyl modified, high carboxyl content 68.89
14 1.0 + SODIUM POLYACRYLATE, POLYACRYLIC ACID, WATER #3
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Fig. 10, Analyses of FT-IR spectrometer. (a) SG, (b) search result of SG from reference, (c) SHMP, (d) FC.
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