
.;.

LIQUID PROCESSING
~TRATION

ION EXCHANGE

prepared by
HERBERT G. SUITER, PH.D.

SCIENTIFIC APPLICATIONS INTERNATIONAL CORPORATION

presented at
the ASME Short Course

RADIOACTIVE WASTE MANAGE:MENT FOR
NUCLEAR POWER REACTORS

AND OTHER FACILITIES

University of Maryland at Baltimore
Baltimore, Maryland

May 6, 1991



Flltrallon • The last Frontier
(1004 of the aCllvlly • ~. ollhe hladaches)

1. Typic:allsolope.

What's In Waste WU1..r (Besides H20)

uspended SoIida

,. Course panlQllale >III
1I.g. WIllS' bic I*fS. NtId

2. Colloida c t Ii
1I.g. day, sib. Co-5&'60. AgI1Dm

3. Bactllrill
Glow gtWa' an ion 111tr:hangll resin

B. Ionic

,. OIasocialed Ions
L Cduon.

1I.g. Na-, Co-I. Cs-. Cr'
b. Anions

1I.g. Cf, 504.1• f, HzSOT
2. Undlssodaled lIlOIeCuMIs

lI.g. H,BO, lJoll.ll AliP
3. CompIIXII•

•.g. EDTA(-f), EDTA·Co(·21

C. Non Ionic KtotJ .Jot.\(

1. ~sst=. t- J~\#Jt"I~
II. Ethylene glycol. dty dlllling ftuid F-,..l\U ~1Fi-

2. Non Dissolved
L 011
II. GIIIII

~ 1UWfJICI\(,Llj IIufJAL fll.ol1<..~.,

How to Remove the Bad Guys

1. Solids

Filtrall'on
Precipitallon
Sellli
Coa~lIon

2. Ions

Ion lI.chllngll
RIIYllrSIl Osmosis
Prllc:ipi\lluon

3. Oil•• Soapa. Organics, Complelling Agents

Slop al lI'te Sourc8
Absol1lUon
segregation ot Sltaams

Isotopes

Co· 58
Co· GO
Cr·51
Mn· 54
Nil· 95
Ag.l1llm
CI·1371134
I ·131

~. Paniculall

0·95%
0·95

50· 95
5 ·90

30· 90
ill· 100
0·2
0·2

Sources of Parllculates (1)

1• Corrosion

high gracll rust

Sources Of Particulates (2)

3. Dull. Cl.ly, ConerlleO-c.
any iSOlOllI
nOI raclloacllYl until' isotope, aullCh

2. RI.IIl

prWnarity FIJO, or _ 01l11t' iron o.icIe
COftlain1nl1 CO • 58160. Cr • 51 & Mn • 5<4

B..d fracture or poweIIx
any isotope
nol raclioaetivll unles. isctopes aUSCh

4. Fled Wallt' CoUold.

®I'Ot
SiO,

orgamcs

any isotope
not raclioaClivll unless 11010IlI' anach

5. Bactlrill

Usually not radioac:tiYe

NOli
ISOtope. yield lClivily rlill..

. an panicles allClto filter burden & d0<J9ing



Particulate Properties (1)

1. Siza

delermine nllar sizing
usual unit iI\he mlcton IJII

llJ1l- 0.00004 in
-0.0001 em

1M cIIantot lIzing
fillraliCllllo 511 is "sv

0.11-1 dilflcull
cO. 11-1 axtremely difl'lCUh

2. Unilormlly

the mora unlform the highlf the loading

Particulate Properties (2)

3. Quantity

the more VOU have lhe quic:ker the tilltr plugs
me.suta as Total Suspenlltel Solids (TSS)
• ctivity not impol1anllO plugging
g.nerally TSS is 0-\0 ppm
can go ,. 10.000 ppm duMg avd bur...
Sludga lrea\llMlnl or rlsin sluicing

•• Rigidlty

non rigid particles plug lasllt
baclcw.shlcle.ning easiar lot rigid panides
Fe,O, and baCteria .a not rigid

Ml. Iq.,'

~ "~

Particulate Properties (3)

axposure,......
need not be relaled to plugging time
aitbom probllms on drying

6. Charge

'lIlIlomer.Uon fait
removal eniciency
varies willlliUer

Nolt

Many 01 1111 above properties change willi
lime. This can be used 10 .mprove processing.
II also means real lime lelt,ng on real sireams IS
amusL

Colloids

1. Small panId.. 1.0 ·0.011-1

2. UIllIlIy charged

1~~0:
Cd \2

•• Charvas allrKl~ollllt:-_

~ c.·- -

How To Get Colloids
1. F'dllf tnem OUL

Pfotllam: They are vary fine and fequila ulll3
fil\rallOn 'or re_.e OSlTlOSlI-

2. lalthem lenta ouL
Prolllem: /Mv taka ve.,..

3. Ignore lIIam.
Prolllem: They are a major source 01

radIoIoc:lIvity.

•. Coagulate them using • coagul&nl (allum. Ilrrous

IUll"e.poIymer~1_ _ __:_

_-: t ;+
+ -:

- -
6. Oft~ from corrosion 01 stainl"S ...11. Thasa COlloids

In • re8ClOl' wiD -'lain F.-Sa. Co-58, Co-60. Cr·St
ancllAn-54

7. AD nOm is usuaJy !o-95% ccno~

PrOblem: Too mucIl 01 • good thing can
dlsperM the CQllDlCll

Too lilll. does IlOI dO the job

Each solulion mUSI be lesled



Filtration Goals
hflrtIiJDLO(..'f

Filters Filters

Filler Types

,. CInridge • DIsposable· 1·20\1

,. Maximin rtmOVll

2. MlnlmIz. wul.

3. Mlnimiz. COil

4. MlnImIz. "polUr.

5. Uaxlmiz. IUl'I Ume (rllt., WII'

6. MlnImIz. manpowl'

II

,. c~ 1imI· how lang can it go wilhoul plugging

2. SIzIng. wtIal size partid.. wiI it ,emove

3. Shatpneu of rejedion • willi petClntage of • given
size particle WIll it rljecl

4. ~p (della p) pr.SIUr. buildup across lhlI fill.,
UlUI/ eauu lor removal from1Inne:.

5. 9ackwull. r_saI 01 flow cirldlon to de," filler

6. Flow. howmuch w..., can be pushed Itvough '0( a
glven4P

Murphy'l Uw of Filllation:

Corollary:

II. filIlf wiI re_ lIIe
petlides 11\11 need
remclWlg. it wiU plug ., 2
minutes 0( less.

If it doesn' plug it won'
remove anythlng IllIIer.

II

Filter Types (continued)

2. Precoal ;: nJt P~TI(lio.'(J

- B.J1 VOllll'lt /lhR{t.lt

pr8Cll81 can be
I. powdlred resin
b. cUIIOmaceouS .lnIl
Co Iny rll\l malerial

Filter Types (continued)

(4/11 TiAP ... (). ( '"

land 0( caltlon used
coarsene.. QII be
vaned

5. Membrane

Filler Types (continued)

6. Cross Flow

3. Etched Disk

=II=·llack of Ilched disks_ _ can be used WIlli prlCOll

- -

•me~ 0PInin9s can YIIY
reYlfse asmo... 0.00111>'
uU"f~lI1IlIlln O. '11' 0.00111

•can be used lor moI-.w sepaUon
• can be IamIed as well or hOllow IaletI

..



Filter Strengths (and Weaknesses) How To Know What's In Your Water Typical Wastewater Analysis (1)

'111" lUUg" W••II.... Pltliculall. 1. Non-Radioaclive Species
'.CIIwIge ~ E_

1, Graded Filera Special ppm rneqllv..- .... ..........-CioN,_ -E__

6=-
NI' 60 2.61-.0-... .....,
~" 5.4 0.27

......-- Mg" 6.7 0.562._ ......- Ct 82 2.31
_.-

~-CioN_"'. ........,
SO;' 20 0.42
B 240 22.23.E_0- ......- _..-
510, 5 0.08Low ..... _ Lowcyc1O_
TOC 4---'.ll"IlII 0-,_ Nol_

o UI. 1_" r~lera ov" datirlll range Conductivily 41511mhO (115)
8ocIl.._ woa.......

••g. 1~ 51&, 2p, lllo 0.451lo 0.221&CM....O'l. - o IMsPlnsive pH 6.75.~ ....... ,M'IO¥III ~
o ccunl'Uler papers (geomelry)-- Eapo-- .......... o counllnlluent and e"luenl.......
o usellle ellluenl'rom one 1111 alllleRotoa--_

inlIuenl 'or lI1e nllll liner IIIlerI.e.__ ............ Rotoa_ .._
' dannillly WOI1IIwI1ile-- F......

2. Plnlcle Sizing 'nSlNmlnlal1on
, erpenllve
, distnbulion problem

If

t,ASJ~"'O 9~1l,/1.,7~..
If

Typical Wastewater Analysis (2) Ion Exchange Basics Ion Exchange Basics (continued)

solubility (e.g. CI· on Ag)

O. Selec1ivily

The pt,'erenc:e lor one Ion over lnolller

e.g. days pre'" Cs. 0VIf NI.

II arises from:

.cllargelo liz' ratio (e.g. organics)

size (e.g. zeolitesl

c:IIemiSlry (e.g. dlelating reSIns)

C. Reoeneralion

Forti the media into ~s' originallorm by using
IIlg1l concentrallOns 01 lI1e proper lOll.

e.g. H~SO. can reverse reaClion B. I.

NaOH can reverse reBClion B.2.

®- NI'. H'

®- Cf • OK
H0 (01 Wiler)

I h _(ON'HP 1JA1{J(.

1.@-H' • Ha'

2.®-- OH·. cr _
3. H' • OH'-

A. RelClionl

1. Gene'"

2. Cllion e.cllanga

AIt usually Ho. Ha-. Nita- IU·)

3. Anion

A Is usuaJIy QHo. C!' IH28OJ·)

_ B. N.ultallzatlon

1. RadioaCllve Speciel

Speciel IlCVcm' maqll

Cr·51 1.4 e·" 9 e'l1
Mn·5" 1.8 E·5 8 E·ll
Co·58 8.0 E·4 9 e·lo
Co·60 2.5 E·" I E·e
1·131 1.8 E04 1 E·l1
CS·13" 1.0 E·3 6 E·g
CI·137 1.5 E·3 I E·7

"It
II



Types of Materials Properties of Exchangers

l. Organic:l "bead. macrorllicula' 1. Slzi (bead VI powdlt)

~ltQ ~.~
2- SlIIc:ltvily

3- Tl~lUr' RllisllllCl IllNClUrai. luncli-r)

R 4l. c.pICily

2. ZIolIlIl " crystallinl daY'. ar1tlld1l 5. MechInIcaI Itrlngth

•• Pumy (slanGald VI nuc:ll1I grada,

F?+NH
3. Glass bISed • hIglIlla1_ 1111

Q
4l. e.vtlon basId • high 1III11C1 ....1

5. lnor()lnlc oxide" high surface arll

II ..

Ion Exchanger Performance

C:lpaQty • amount of ion lhal can III removld

usualy quoted In equiYalenlll\illt or maqlmI

typically In Ihi range
2 ma~mllor organiC calion
1.3 maqlmllor organic anion

:r litf! P.l S<ttl.TIV(. ....HIP.

not very maanlngfullor slltdlve macIa

..

Ion Exchanger Performanance

Calculalions InvoMnIl~

L capacity lor HI"

aq WI • at wVc:harge • 2311 • 23g

calion rllin capacity • (2aq11)(23g1.q, • 416 g.1

b. capacity for ea"

aq WI • at wVchar()l • 41012 • 200

calion r.sin capacity. (2aq11)(2OgIaql • 410 g.1

..

Ion Exchanger Performanance

Throughput

volume 01 wa..r thai can be 'realld by a given
VOlume of media

typically in gal/Il'

ohan measured in coIulM or bid yolumes

gallft' • 7.5 "bid volumes

"



Ion Exchanger Perlormanance Ion Exchanger Perlormanance Ion Exchanger Perlormanance

ThIs saya 1130 oflhl Cs Is gelling through.

ThraugIlput Calculalianl

What Is the throughputlXpeeled lorMsl_'1t
Ihel contalns-40 ppm NL Assume IhI capaaly 01
IhI calion IXchangIf Is 1.9 mlqlml teqIl).

Tha wII" contains 40 ppm Na • 40mg NIIl wa..r

~
40rng NIIl wa"'· £iIftO'IMli • 1.7 l'IIIIl NIIl waler

IhIlhrouQhput tor IhI calion rlsin Is :

,_eOO1,_ 1....... '_

1.1 ....... _ ·1.,".D,*",_

• 1100 I watlln "sin

• II00 column lIOIumIa

-(1100)(7.5) giliii'

• 8250 Oillft>

..

Some Nalls On llvoUQhput CalcullliClllS

if mort Ihan _ calion IXislS you must sum
thl meqll of alIlIll c:aliolls and use IhI sum 10
calculi.. IhI capacily

In any satulian thl lotal rneqI\ 01 c:alion musl

tqu.1Ilh1 mlqn of anion ~ l"fl>-.'p B'OJ
i11h1 soIuIlan Is IIIUlral pH then J

!W!vp'!U! CUM. .-iI¥ca.

1/lfOUlIIlllUI- -
calculallans tor SllletIYI madla ata "'XI 10
impas~

• IJlt# 0IJL1 ~1 ~tJ}

..

Decontaminalion Faclor (OF)

OF.:=

I.g.

Cs -3.0 X 10 'pCllml
1.0 X 10-')1Cl1ml

OF.~.30
1.01'0"

..

influent
IlIIuenl

Ion Exchanger PerformanceIon Exchanger Perlormanance

Residence 'I1rIII _.....
residence Ilmi. '....ll....

length a'lima tor excIlanoe
IhllOnglllhllllll"
walch yOIlI untla during calcUlation

I.g.

far a 50 eum bid al 30 gpll'l

l50lI'lI1_S~

rlsidence lime • 30 OIM"""

NewBill

MidUII

Llaking

Depleled

DCe..-w_-

C
e-w--

Ld-
. e----

~·····u
;:.:" ::'.::
...... 0 0.. '.": .0·.::: .......
";" .' 0° eonc-.....~

Ion Exchanger Performance
wNH-~

:f 5Lo\.J ~Lo IV ""'tL A. U0tJfJT
fol1. !t<'SIIJ rtt.sP"vH ISri.71{I< .

11

"
IJ

i 5(,"( TolJ..lUlrJct( l..~~i('

.!- J1_ ,elt.

pH. \ (orJf)V(1/~ ,ty : By WA'({Jo(I.; (; rH I" 6:ft'ON l?('J

.;. t'lix.'!D ~ "'Pl\PI.{l\O M4<N 13m.,.., X(M.~ f\J(lffCAl (I'))

t~LII~ (~"'D"c1'~ft1 ~\ ~$ IIIIFwllJ'l.
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Filtration· Ion Exchange System

2.

1. Typical Schamallc

507'"1
2·4'"1
2O-60QlII

.-
(--

Hardware

us,,.; lCFEtt
1lV s~utL"(

1. Preuure YHMl *' DosE /l.f1M.1101'J
2. Rtt.,.1ion schtmI llUbllhee. Of hub and Ialeral)

3. Inlluenl dlslribulot (scr_. pgll Of hub and laIn)

4. Rlsinout

(5.) Rlgln_lIon equipmenl .
TypICal cllmlnllOllS: Heigh'

Diam...,
VoIuml

__.
"'...........

4. SIIectiW

~r~·d·~,
tcJ;.tJp

Bed Use

..

2. Clacade

~
"-_kll_
2 ............. _

A A _._2
o @

3. "'wed bed

~

II

Ion Exchange • Filtration Trouble Shooting Your
Ion Exchange I Filtration System

1. Whars In thl waler - ALWAYS ANALYSE FIRST ,..,- , ...11lII CluMlt'Solids • sizl. nature. IlIIlOUIII
Ions • whalldnds. how many 1, .... CoICII.... _ .. e-Non iclnics • oils, 111:. • 1>.01

C.~f_"'""

Usa r~llr lIStS. conducIlvity. pH. r 1\lIdIOSCOIlY. 2- SlllIII ......... ..01atomic abSOr1llion (M). indUCIMIy coupled plasma It. Of__ 'lIOIoeodllCip.,
~~. Ion chromatography, total orgaruc eatbon C.H9I_

). oU and gre..
~

__Ill
.. T.._.-- /TllMID _

What muSI be removed
,.,.._1

2. I>. WIenOI\'III--Whete is tha w..., going 'CIllo....
Selective VI non sltlcllve .. e--c:.-... .. e-OFnaldtd

.. SupeoJll....

3. Flow,." 1 ..c:._klNWUT "~__l
Peak I narmat .............. e---....

4. Ve"It.1 FiII_ -- ... .....-
Sin. numblt. In plant. mobil. sIuic:CIa

5. WIDhWotll- ALWAYS TEST THE REAL WATER
KNOW WHAT IS GOING ON IN THE PlANT

Start a Test Program

Younaad:

1. Knowlaclge
- Olller counas
- Rlad bOOks I ~IIfllIUl1l
- Attend m"ling, • EPRI.WM
- Talk 10 vendors (technical sec;tion)
- TaJk 10 olher uli~lies

2, Ion excllangt Sat Up
- BUtels

Pumps
- Velva,
- Buy one I maklona

3. Fill., Sat Up
- Graded fillltS
- VICU\lIll~

4. Friends
- In lila COWIt~
- In lhe c:IIImis\Iy lab

5. Evangelize
- There Is money to be savld
- Thera is voIumIlQ be rlducad
- The,. is oftlila dose 10 be rlldUCed

" • It



Ion Exchange Test System (1)

lINd IImer
aM!yIlI NqIlQd 1\ regular IlII__ tor
ellluenl
anelyze InIkJen(
aceJe flow to maldl fe,ldellCllllme In
,... ayslern
column eli_I..>10 medle dIwM.,.
lnl fe" we..,. ,... Ilme

•

Ion Exchange • Where to Learn More

1. Booka

I<l.Wlln '011 ExcNngt R...•
KIIegttPubhsNnoCompeny

2. Course,
Am. InIL CIlern. Engr.

3, Vendora

L Qrganlc Rtlins
~::m'''Haa, Uobay. SytIrorVIonc,

b. Stltctlw .
Mob8y. Unian CtrbIdt, SIetIlMd. Dlnl'"

4 Me ~l,nJ IIoW",
• ~{~llt(J

Or._a._
---~-c:.,.,.-,---a.-...,...,.
PIIII 1I,.,:at

Ion Exchange Test System (2)

2. CalculllionI

OF
TOIII Volume

3. ReIUltl

OF wiI probably be ben., In tuD 'yslem

capacity to 1·2% 01 tuD syslem

uselultor media ,.lectlon

..

Useful Information

1000 rnlcronIlJ&) • 1 rnllllrntltf (nvn) • 0.039 indI

~OO Il ...widlh oIa pen IlrDIlt

1 m3. 35.3 llh l00d1

1 113.28.31.7.48 gal

1 g11-3.781

20mtIh 8401l
42mt1h 35011
60lMIh 2S011
l00mnh 149"

Alornlo Equlvalent P_PIIIII
Ion Welghl Weight Source,... 23 23Q 11II, IOIllcaoa 40

~
_...

a- 35.5 SIllso.-a 81 48 --..
..


