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CONSULTANT'S REPORT 

by 

Professor Dennis Clifford 
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University of Houston 
Houston, Texa~ 77004 
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lntroductjon 

During the two week period of 13 June 1988 through 26 June 1988 I did limry 

research and prepared lectures on the subject of "The Removal of Colloidal Silica from 

Water". During the two week period beginning 27 June 1988 and ending 5 July 1988 I 

traveled from the U.S.A. to Beijing, China and then to Shandong Province to deliver 

lectures and act as a consultant on colloidal silica removal at the Second Fertilizer Factory 

of the Qilu Petrochemical Indusuy Corporation in Xindian, Zibo. Professor Yun Guichun 

of the Tsinghua University Institute of Nuclear Science and Technology acted as a liason 

between the Qilu Company and me, made my travel arrangements, and accompanied me on 

the visit to the Second Fertilizer F clCtory in Shandong Province. In addition to preparing 

and delivering lectures on colloidal silica, I assembled a tlu=-ring binder containing ~ 

than 300 pages of articles on ion exchange and colloidal silica. I presented this binder to 

Professor Yun after a copy was made for use at the Qilu Second Fenilizer Factory. 

Additionally, I left copies of the originals of my 48 lecture presentation slides with 
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Professor Yun and the Qilu Company. Copies arc also contained in this repon as 

Appendix B. 

During the period of 6 July 1988 through 10 July 1988 I travelled back to Beijing 

and presented lectures at Tsinghua University on "Ion Exchange for Water and Wastewater 

Trcabnent," and acted as a consultant in water treatment. My lectures at Tsingbua 

University were delivered in the Dcpanment of Environmental Engineering. Prior to 

delivering my lectmcs, I presented Professor Yun with copies of about 2S of my rcscarcb 

publications for use at Tsingbua University. Some of these papers and rcpons were used 

by Mr. Liu Xiaosha who acted as a very capable translator for my lectures. Finally, I spent 

one day visiting 1hc Institute of Nuclear Energy and Technology of the University. 

Professor Yun also acted as my liason with Tsinghua University, was present at all 

my lecnm-.s, and accompanied me on my visits to the Environmental Engineering and 

Nuclear Energy Technology Lab:ntories of the University. I take this opportunity to 

acknowledge the excellent hospitality I n:ccived from both the Qilu Petrochemical Industry 

Corp. and Tsinghua University. I am particularly grateful to Professor Yun Guicbun of 

Tsingbua University and to Mr. Zhao Motang, Deputy General Engineer of the Qilu 

Petrochemical Company Second Fertilizer Factory, for seeing to it that I was well taken 

care of while in Ollna.. 

The Problem of Collojdal Silica at Ojlu 

The groundwater that is treated by ion exchange and used for boiler fccdwater at the 

Second Fertilizer Factory contains 1-6 ppm colloidal silica that is not efficiently removed by 

the ion exchange process during certain times of the year. This leakage of colloidal silica 

into the treated boiler fecdwater has led to high silica concentrations in the steam with 

subsequen' fouling of the turbh1~ blades. 
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On occasion. the high silica at Qilu has forced the factory to reduce the operating 

load, thereby diminishing the production rate of its very imponant product--fenili?.Cr, a 

commodity that is already in short supp!y in Olina. A "Brief Introduction on the Content 

of Colloidal Silica in Natural Water in Clrina" is attached to this report as Appendix B. 

The Ion Exchance Svstem at Oilu 

During a brief examination, I found the Kurita ion exchange water treatment system 

(sh:>wn in Figure 1) at Qilu to be of excellent design. consttuction, and opcntion. It is 

state-of-the-art with respect to the production of high purity demincralizcd water of low 

conductivity and low silica content. At timts, however, the system is cballenicd beyond 

its capabilities, due to the presence of colloidal silica in the groundwater. During these 

times some colloidal silica, it seems, passes through the entire ion exchange sy:tem and 

into the boilers. 

Because the existing water treatment system is well designed and operated. it 

appears that one <r more additional ttuancnt steps wi!l be ne.ccssary to remove the colloidal 

silica. 

Measurement of Silic;a Leakace 

Before implementation of any method of solution to the colloidal silica problem. 

soluble and colloidal silica levels should be carefully monitored at various points in the ion

exchange system. Suggested sampling points are as follows (a) cation influent. (b) cation 

effluent, (c) anion effluent and (d) mixed-bed effluent. 

The silica monitoring should be done over a period of at least one month and 

possibly longer, even up to one year. To accomplish the monitoring, water samples can be 

taken directly and analyzed for ~ilica. Alternatively, small hydroxide-fonn, macroporous 

anion exchange columns can be placed on the sample lines to accumulate the silica over a 
I 
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long period. e.g .• one week to one month. This latter method cannot distinguish between 

colloidal and soluble silica because colloidal silica will be hydrolyzed to soluble silica 

during warm (45-SOOC) NaOH regeneration of the small anion columns to elute the silica. 

It docs. however. have the advantage of high sensitivity and continuous monitoring of 

silica. Of course. the sampling lines must be shut off during regeneration of the ion 

exchange system to avoid contamination by silica eluted from the resin. 

Predpitatjon of Silic;a jn the Weak-Base Anjon Beel Durjne Rucneration 

Special note should be taken of the following comment because I 
believe it MU not discussed while I MU visiting the Qilll site. 

It is known that soluble silica eluted from the strong-base resin during regeneration 

can precipitate in the weak-base resin bed due to its acidic nature following exhaustion with 

mineral acids as would occur in the Qilu situation. To avoid silica precipitation in the 

weak- base anion bed, the first S04ll of the spent caustic (NaOH) from the strong-base 

resin regeneration should be directed to waste. This fnction of the waste regenerant 

contains most of the eluted silica. and it should not contact the weak-base resin bed unless 

its hydroxide concentration is increased to about 2% to avoid acidification and subsequent 

precipitation of silica. Such precipitation of silica might be responsible for some of the 

silica leakage ex~ at the Qilu Second Fertilizer Plant. 

Clean-up of Rains in the Kurita Sutern 

A brfof visual examination using th~ glass viewing port in the anion exchange 

column revealed that tht anion resins had become dark brown suggesting that they are 

fouled ~th organics. An attempt should be made to clean-up the resins. This can be done 

using a wann (45°q mixture of 10% NaO and 1 % HO for regeneration followed by a 

double, standard regeneration with wann (45-SOOC) sodium hydroxide. If this proced1Jre 

does not result in remov.il of the organics as observed by measurement of COD in the 

eluent and a visual lightening of the resins, further clean-up procedures should be 
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attempted. The details of these further procedures can be worked out in the laboratory 

using small columns (25 mL) of resins exposed to various acid. base and salt solutions. In 

the laboratory experiments, the success of th~ dean-up should be determined by monitoring 

the COD and total silica in the clucnts. 1bc successful laboratory procedures can then be 

used in the full-scale column. 

Collojdal Siliqa RemoyaJ jn the Unitesl States 

Colloidal silica in U.S. industtial water supplies is definitely a problem, but 

apparently not as big a problem as in China. Currently, colloidal silica is being removed 

using ooc ar more of the following trcamr.nt processes: 

I) Deep-bed, dual- ar mixed-media filtration with and without coagulants. 

2) Maaoporous adsarbcnts such as anion exchange resins used as scavengers between the 

anion bed and the mixed bed. 

3) Ultrafilttation following the mixed bed of the ion exchange system. 

4) Reverse osmosis hyperfiltration pm:cding the ion exchange system. 

Reverse osmosis requires extensive prc:rcatmcnt and is only economically feasible 

for feedwaters of high (>500 ppm) total dissolved solids (1DS) content RO is tllercforc 

not considered appropriate far ~t of the Qilu water. 

The other three trcattnent methods-mixed-media filtration, macroporous scavenger 

resins, and ulttafiltration--should be considered as potential treatment methods to solve the 

Qilu colloidal silica problem. 

It must be kept in mind that colloidal silica removal is not considered a solved 

problem in the United States. ReSCMCh on all the above trcaanent methods is still being 

done. It appears that the treatment method for colloidal silica removal must be tailored to 

the individual water supply . 
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Prooosed Colloidal Silica Remoyal Research at Oilu 

The well water at Qilu contains considerable organic matter (10 ppm as COD) and 

nitrate (5 ppm as nitrogen). These contaminant concentrations would be considered high 

for a U.S. well of this depth (250 m), and arc probably due to the centuries of intensive 

farming of the overlying land. 

In this respect, i.e., centuries of intensive farming of the land above the ground

water, the colloidal silica problem in Otlna may be somewhat different from that in the 

U.S. because the silica is probably tied up in some way with the large amount of organi<. 

matter in the water. Even if the colloidal silica is not bound to the organic matter (and 

possibly the 1.8 ppm iron present) the organics might foul the macroporous anion tCSins 

and prevent the adsorption of colloidal silica. The same phenomena would, of course, 

occur in U.S. groundwaters but to a lesser extent due to lesser organics present 

The above brief discussion leads us to the conclusion that some research on 

colloidal silica removal is justified because of the seriousness of the problem in Otlna and 

the somewhat unique aspects of their water supplies. It is recommended that silica removal 

research be started at Qilu using direct filtration, macroporous adsorbents and 

ultraftltration. Bench-scale and pilot-scale research on these methods will allow the 

technical and economic compari.wn of these ~ses prior to full-scale implementation. 

Direct Filtratjon Experjments 

Direct filtration, i.e., filtration without prim coagulation and flocculation, holds the 

most promise for a low-cost solution to the colloidal silica problem. Dual-media (i.e., 

anthracite and sand) or mixed-media (i.e., anthracite, sand and garnet) filtration are 

recommended for treatment of the raw water after it leaves the ground storage tank and 

bcf orc it reaches the cation exchanger. 
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Oxidation of the groundwater using air. ozone or chlorine is recommended before 

direct filtration. Although this is probably not essential. ferric hydroxide (Fc(OH)J) would 

precipitate from the 1.8 ppm Fe prescnL The positively charged Fe(OH)J precipitate would 

help to remove the coiloidal silica by flocculation of the negatively charged silica paniclcs. 

To provide additional flocculation. alum (Al2(S04)3•14H:z(>) or a coagulant aid (cationic 

polyclectrolyte) could be used. Care must be exercised in the use of cationic polyelec

trolytes because the excess polymer might pass through the filter and foul the anion 

exchangers. 

Macroporous Adsorbent Experiments 

The existing Kurita ion exchange system at Qilu contains macroporous (MR) resins 

tbroughouL These include MR weak- and strong-acid cation exchangers, and weak- and 

strong-base anion exchangers. These are the appropriale porosity resins for colloidal silica 

removal. It is possible, however, that alternative brands of resins might be better suited to 

the job of colloid removal. To that end it is recommended that the following U.S. resins be 

experimented with as replacements for, cruse in addition to, the existing resins. 

Rohm and Haas Resins 

IRA 938 Macroporous colloidal adsorbent anion 

IRA900 

IRA93 

IRA94 

IR200 

Jonac Resins 

Macroporous sttong-base anion 

Macroporous weak-base anion 

Macroporous weak-base anion 

Macroporous strong-acid cation 

A 642 macroporous strong-base anion 
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I have cor.tacted representatives of Rohm and Haas and Ionac and arranged to have 

1-2 kg samples of these resins sent to Mr. Zhao Motang ofQ!lu Pettochemic:J Company. 

Other adsorbents that could be tried for colloidal silica removal arc granular 

activated alumina (GAAi), and granular activated carbon (GAC). To test the adsorbents 

and rcsir.s, small columns (300-500 cm3) could be placed on a sampling stream following 

the anion exchanger and ahead of the mixed-bed. The volume of water passed through 

each experimental column, and the amount of silica eluted during regeneration should be 

recorded and compared. 

Reuse of Boiler Blowdown 

When colloidal silica does enter the boiler fccdwatcr, the high temperaturcS causes it 

to hydrolyze to monomeric silica Si(OH)4 which. if recycled to the ion exchange system, 

can be removed. This can be accomplished by flashing the boiler blowdown in a flash 

tank. cooling the condensate and returning it as make up water to the ion exchange system. 

It is good make up water bccarc • it is low in dissolved solids and contains only ::1e>luble 

silica that has solublil.ed from colloidal silica. This should result in longer ion exchanger 

runs and less rcgenerant chemical usage, especially during those ·periods where colloidal 

silica is a problem and boiler blowdown is excessive. 

A flow schematic of a blowdown reuse system is shown in Figure 2. 

Sleam 

(Oplionll) 

••changer 
Heal ....._ ______ ...,.,Flash lank 

Pretrqtld ·------4 influent 
leedwaltr 

Storage 
tank To 

dem1nerahzer 
plan I 

Figure 2. Re-use of Blowdown as Feed to the Demineralization System 

9 



Ultrafiltration Exoeriment~ 

If a careful analysis of the silica problem reveals that silica is still leaking through 

the mixed-bed after cleanup of the resins and addition of a mixed-media prcfilter, 

ultrafiltration may be the only solution to the problem. A pilot-scale ultrafiltcr of hollow 

fiber of spiral wound construction could be installed on the mixed-bed effluent and 

carefully roonitored for silica removal pcrfonnance over a period of several months. This 

would determine if the silica leakage was truly colloidal silica and whether a full-scale 

ultrafi&ter would eliminate the leakage. 

If justified by pilot-scale experiments a full-scale ultrafiltcr could be installed as a 

means of last resort to eliminate the colloidal silica problem. The reject water from the 

cross flow ultrafiltration system could be recycled to the ion cxcJlange system after passing 

through the mixed-media prefiltcr. 
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APPENDIX A 

BRIEF INTRODUCTION 
ON CONTENT OF COLLOIDAL SILICA IN NATURAL WATER 

IN CHINA 

Prepared by 
The Staff of the Second Fertilizer Factory of 

The Qilu Petrochemical Company 

Many factories in Olina have found that colloidal silica is exists in the lk.. .,tral water 

used in their factories. A preliminary survey made orJy from power industry and 

pctroehemical industry is shown in the follO'ving table: 

TABLE 1. COLLOIDAL SILICA IN ClflNA 

Content of 
Colloidal 

Silica 
Factory Name Wartt Source ppm Location 

Laiwu Thermal PoWP.r Plant Well 3-4 Shandong 

Pingdingshan Thennal Reservoir 2.1 He:Jan 
PowerPiant 

Yuanbaoshan Thennal Well 0.5-3.6 Inner 
Power Plant Mongolia 

Minhang Thennal River 1.0 Shanghai 
Power Plant 

No. 2 Fertili7.er Factory 
Qilu Petrochemical Corp. 

Well 1-3 Shandong 

Qianjin Otemical Factory Well 14 Beijing 
Y anshan Petrochemical Corp. Reservoir 
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These factories have gradually acknowledged the imponance of the removal of 

colloidal silica from natural water to avoid the threat to their safety and full-load 

production. For example, the No. 2 fertilizer factory, Qilu-Petrochemical Corp., is one of 

the large-siz.ed leading enterprises in China. The increased content of colloidal silica in the 

well water in April, 1982, resulted in a SiOi content in steam beyond the criterion, and the 

factory was forced to reduce operating load- Qianjin Chemical Factory, Yanshan 

Petrochemical Corp., is also among the larger-sized leading enterprises owned by the State. 

Due to the increased content of colloidal silica in their natural water in April, 1985, the 

content of SiOi in steam exceeded the criterion, and the factory was forced to shut down 

for overhaul, too. Both of the above mentioned factories sustained great economic losses 

due to colloidal silica. Many of China's power plants arc faced with the same problems. 

Therefore, treatment of colloidal silica in natural water L a very important problem that 

urgently needs to be solved-
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APPENDIX 8 

35 mm SLIDES PRESENTED TO THE 
TECHNICAL STAFF OF THE 

SECOND FERTILIZER FACTORY 
QILU PETROCHEMICAL COMPANY 

XINDIAN, ZIBO CHINA 

DURING 
THE LECTURES 

ON 

THE REMOVAL OF COLLOIDAL SILICA 

BY 
PROFESSOR DENNIS CLIFFORD 

DIRECTOR OF ENVIRONMENTAL ENGINEERING 
UNIVERSITY OF HOUSTON 

HOUSTON, TEXAS 77204 U.S.A. 

JULY 3--5, 1988 
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THE REMOVAL 
OF 

COLLOIDAL SILICA FROM WATER 

by 

Dr. Dennis Clifford 
University of Houston 

Houston, Texas U.S.A. 
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Soluble and_Colloldal Slllcn 

Soluble slllca • Sl(OH)4, monoslllclc acid 

Polysllicic acid • 
(also "soluble") 

Colloidal slllca • 

Polymerized SI02 up to 
100,000 MW (ollgomers) 

< SO A diameter (<0.005 µm) 

Highly polymerized SI02 

> SO A diameter (>0.005 µm) 
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Colloidal <Amorphous> Siiica 

Particle diameters > 0.005 µm 

Most colloidal silica will pass a 0.45 µm filter 
Not possible to determine colloidal silica by 
membrane filtration technique (0.45 µm filter) 

Non-molybdate reactive silica 

lsoelectric point (IEP) at pH ... 2 
Negatively charged (anionic) above pH 2 
Positively charged (cationic) below pH 2 

Presumabl) cationic species can exist at low pH 
s.SiOH + H+ • =SIOH2+ 

The Di55olutlon of Quartz; or Colloidal Slllca 

SI02 + 2 H20 = Sl(OH).c 

Si(OH).c = soluble monomeric slllca 
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Soluble Slllca 

Sl(OH)4 • Sl(OHbO· + H+ 
slliclc acid slllcate proton 

[H+\ (S~OH¥0·] •Ka • 10·9.I 
si( H)4 

·log Ka • pKa • 9.8 @ 25°C 

pKa • 9.2 @ 90°c 

Properties of Soluble Silica. Sl(OH)J 

Reacts rapidly with molybdlc acid to form yellow 
silicomolybdlc acid 

Non-ionic, weakly acidic (pKa • 9.8) 

Not transported by electrlcal current 

Si(Off )4 is volatile at high temperature (carryover) 
leading to turbine blade deposits 

Si(OH)JO· anion Is non volatile 

lo 

r 

Method3 oC Sll!ca Anplvllli~-1§_ 

Total Siiica • Colloidal Siiica + Soluble Slli-'11 

Total Siiica: Gravimetric method (SIF 4 vo!atll.) 
Atomic Absorption (GFAA; 250.7 nm) 

Soluble Slllca: molybdate reactive (yellow) 
reduced comr,.lex (blue) 

Colloidal Slllca: non reactive determined by 
difference (total • soluble) 

AnalHls tor Solyble Sl!lca. S!(OH>1 and O!igomers 

Soluble silica + Molybdlc acid + water 
• P·Slllcomolybdlc acid (yellow) 

7 Sl(OH)4 + 12 H6Mo70 24•4H20 + 126H20 
• 7 H1Sl(Mo201)11•28H20 

Reduced molybdenum blue method: lOx senslth·ity 
Polyslllclc acid and colloidal silica do not rcnct 
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Proces5e5 for Removal of Soluble Silica from Water 

Strong-base anion exchanae resin 

Co-precipltatlon/adso_rptlon with metal hydroxides 
Fel+, All+, Mg2+, Mn4+ • 
Co-precipitation with Mg(OH)l Is best 

Re,·erse Osmosis (RO) 

lneffectilf Processes are 
lcrofiltratlon, Ultrafiltratlon 

Cation exchange 
Weak-base anion exchange 
Electrodlalysls 

Strong Base Anion Exchange for Siiica Removal 

a+oH· + Sl(OH)4 • R+Sl(OH)3" +HOH 

where: R + = ----N(CH3)3 + (Type 1 SBA) or 
·····N<CH3)2CH20H (Type 2 SBA) 

Resjn can be eel or macmporous CMRl 
gel resins remove soluble sllka and ollgomers 
MR resins remove soluble and colloidal slllca 

Silica e!utes from the column before all other Ions 
Selecth·ity sequence for the common Ions Is 
S042· > N03· >er> HC03· > Sl(OH)3· 
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Hot Lime SoQenlng for Silica Remou.I 

Ca(OH)2 + Ca(HC03)2 = 2 CaC01 + 2 H20 
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2 Ca(OH)2 + M1(HC03)2. MaCOHb. + 2 CaC03 + 2Hi0 

Slllca rcmoHI depends on m91neslum concentcmjon 
Sludae recirculation Is essential 
Freshly precipitated MaCOH),a Is required 
Temperature approximately 100°C necessary 
Larae amounts or Mao are usually added 
Optimum pH In the ranae of 10·11 (quite high) 

Both colloldal and soluble sll!ca arc removed 
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Macneslum precipitated, ppm as CaC03 

Silica reduction by hot process (I00°C) lime sortenlna 

Reverse Osmosis <RO) for Silica Removal 

Excellent removals gpected for CA & TFC 
>95 9'I of soluble silica . 
100 9'I removal of colloidal slllca 

A void Si01 > 120 ppm In brine, optimum pH for 
RO (6.0) is also the optimum pH for SI01 ppt 

Costs are high, pretreatment requirements severe, 
and reject water Is 20-509'1 of feedwater 
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Ultranltratlon <UE> for Slllsa Removal 

VF removes colloidal but not soluble slllca 

UF also removes high MW organics, aquatic humus 

Fouling by silica gel Is possible 

Reject stream is 10% or more 

Too expensive for large scale 

Extensin pretreatment may be required 
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...;L 

:AK( 

T)'plc•I mlcronltr•Uon with 0.10 •• 10 µm pores 

MIC~L 

0 0 --~ ) ,, J f • I '.1 !. A'· I. ,., 

0 oo ~·\i!.~·--~·i.:.~1f:~,1j~'-.~l,~J.-. 
0 0 0 vo vu 

~O 0 0 0 o c111cu~Af10"l_. 
0 OJ2i g,o ~o o oe°re 
~86gc?g£ T?~ g& 

C-1--;---r--1- - T l~-
MIMlllANE 'LUK \SLOW) 

HrO 

Vltranltr•tlon to remove colloidal 1illca 

.33 



# • 

Processes for Removing Colloidal Silica 

Flocculation with metal hydroxides 
FeJ+, All+, Mg2+ 

Flocculation with polym!'rs 
Cationic polyelectrolytes (quat. polyacryl.) 
Non-ionic polymers (polyethylene oxide) 

Macroporous strong-base anion resins (IRA 938) 

Gel and macroporous strong acid cation resins 
Apparent removal or the positively charged 
colloid at pH < 2, the IEP 
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DEGREE OF NE:UTRAL.IZATION 

pKa of surface sllanol, a.SIOH, 1roups on colloidal slllca 
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Coaaulatlon and Flocculatlon for Silica Removal 

AICOHb removes soluble and colloidal silica 
Al/SI02 • 4/1, pH = 8·9 for soluble silica 

Soluble slllca removed by precipitation 
Al/SI02 • 1/40; pH • 4·5 for colloidal silica 

Colloidal silica removed by r1occulation 

FeCOH)J reportetdly "good" for silka removal 
Should behave similarly to A HOH h 

Possibly higher pH optimum for Fe<O H l' 

High molecular weight cationic polvelectrolytes 
Brldalng nocculr.t!on In pH range 3.9 

Flocculation or silica particles b)' colloidal particles or opposlle 
char1e, e. I·• &Al(OH)z+ or a.Fe(OH)z• 
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Flocculation or colloidal slllca particles by: 
(2) cationic 3-dlmenslonal polyelectrolyte 

(3) cationic linear polyelectrolyte 
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The reaction of colloidal silica with 
aluminum hydroxide 
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Water Quality at Secondary Fertilizer Factorv, Oilu 

Cation 
Ca2+ 

Mg2+ 
No+/K+ 

ppm as CaCOJ 
160 

Anion 
HC03· 

Cl· 
SQ41· 

ppm a~ Ca CO' 
180 

55 28 
39 22 

N03· 4 
.•••..•..•••••..•............•..................... 

Fe2+ 
SI02 

Colloidal SI02 
COD (KMn04) 

pH 

1.8 ppm as Fe 
11.0 ppm as SI02 
3.0 ppm as SI02 

10.0 ppm 
7.7 

Current Status of Indus! ;a1 Water Trcatrnent 

Water consumption 
Plant # 1 • 160 m3/hr; Plant #2 = 140 m3/h r 

Water guallty regulrememts 
SI02 S O.Ol ppm; Conductivity S 0.5 µS 

Ion Exchange Systt!m 
SAC Type I S8·100ws 
SBA M 504 ws 
WBA D301 (Domestic Product) 

41/ 
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Wa~s to Imorove Silica Removal 
Better pretrea ment of the caw water; 

•Oxidation (Air, 02, or Cl2) 
•Coagulation (Fel+, Al:t+, or .cationic polymer) 
•Flocculation (Gentle mixing for 20 min) 
•Sedimentation (Quiet st:ttling for 90 min) 
•Filtration (Possibly, direct filtration can 

replace the flocculation and sedimentation 
steps; use dual or mixed media) 

Couotercurrent reeeneratlon of anion excbaneer 
MR cation exchaneers to adsortl + collojds 
;\JR aojon exchaoeers to adsorb • colloids 

Super MR (IRA 938) Scavenger SBA resin 

mlcro1pher•• 

MACROPOROUS RESIN STRUCTURE 
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COVNTERCVRRENT FLOW REGESERA TIOS 
(The u1ual re1enera1lon 11 co·currenl bul II leads 10 hii:hcr 

leakaae) 
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