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1 Introduction

A num ber of propertie s of cation exchange resins related to oxidatio n w ill be discussed . In particu la r a novel
ion exchag e resin has been developed w ith one particular property of considerab le in terest. Ion E xchange
R esins w ith resistance to strong oxid isin g agents has been a m ajor objective for m any years. Poor resistance
has influenced the perform ance of synthetic ion exchange resins since their inception . T his problem has been
addressed regularly over the years. T he influences on the rate of oxidatio n are com plex , and m any of the
factors w hich affec t the resin structure and the functional groups have been clarified .

2 Review of Oxidation Resistance

Som e im provem ent in oxidatio n resistance w as obtained w ith higher crosslinked cation resins, w hich can
w ithstan d attack for a longer period before their perform ance suffers sign ifican tly .

R esins w ith m odified m atrices1 have been proposed w ith partia l success. These generally are effective
for a lim ited period because the oxid isin g agen t attacks the m odified group rather than the polym er backbone.
Success is lim ited : eventually the sacrificia l groups are used up and the oxidation reverts , to that of the
unm odified resin m atrix .

R esins w ith good oxidatio n resistance can also suffer o ther d isadvantages . For instance , a m ore highly
crosslinked resin show s slow er diffusio n during exchang e, and is generally m ore difficult to regenerate . It is
also m ore prone to fouling w ith high m olecula r w eigh t organics and also w ith m ultivalen t ions. It has been
show n 2 that hydrated ions such as hydrogen , and hydroxide, have to shed hydration shells to be accom odated
in highly crosslinked resins. T he resu ltin g increase in charge density allow s these aggressive ions to attack
the functiona l group causing less therm aly stab ility . H ence , the extended life obtained from increased
oxidatio n resistance m ay be curtailed by som e other factors.

3 Mechanisms of Oxidative Attack

T he chem istry of oxidativ e attack is now w ell know n3,4. M any papers5,6, have show n that the m echanism s can
be com plex . H ydrogen peroxide , ozone , free chlorine , hypochlorite , ch lorin e dioxide , chrom ic, n itric , and
peracetic acids, have been studied by a num ber of w orkers; all cause resin degradation , especially in the
presence of catalysts: U V light, rad iation , transitio n m etals. T o a lesser extent atm ospheric oxygen , and
chlorate also cause problem s, particu larly at h igher tem peratures.

H ydrogen peroxid e is very useful fo r such studies. F irstly it does no t add anyth ing other than oxygen to
the structure (unlike chlorin e or hypochlorite w hich can chlorina te the m atrix , o r chrom ate w hich m ay
becom e irreversib ly bound to the resin). Secondly , it is fairly easily handled . N itric acid on the other hand
can produce run-aw ay exotherm s.
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O ne of the m ost im portan t variab les affectin g the rate of degrada tion is the presence of transitio n m etals
on the resin or in solu tion . O f these , iron is by far the m ost im portan t 4,5,6: firstly because it acts to catalyse the
decom position of hydroperoxides . It is also ubiquitous; and can be expected to be presen t in any norm al ion
exchange process , un less special effort is m ade to rem ove it. T he elim ination of iron from system s w ith
hydrogen peroxid e or atm ospheric oxygen can reduce degradatio n by orders of m agnitude . C opper is also
im portan t bu t less pow erfu l and less com m on. A lll tests on oxidatio n resistance need to be carried-ou t at
contro lled m etal concentrations . C oncentration s of the hydrogen peroxid e oxidant, tem perature and tim e.
need to be specified .

O ther variab les need to be elim inated or contro lled:
3 .1 U V ligh t (including dayligh t) in presence of air (oxygen)
3 .2 R adiation
3 .3 R esin pH - resins in H + form being as a ru le m ore readily oxid ised as a ru le.

In industria l application s these conditions have to be taken in to consideratio n w hen discussing the
operatin g perform ance of a resin and/o r equipm ent. The presence of oxygen in condensate polish in g has been
show n to be detrim enta l to therm al stab ility 7. For th is reason hydrazine has h istorically been used . M ore
recently , health hazards associated w ith hydrazine together w ith changes in m aterials of constructio n and the
w ater condition in g chem istry have prom pted som e industria l pow er plan ts to operate oxygenated system s.
T he fu ll effects on consequen t oxidativ e degradatio n still have to be evaluated .

C hrom ium /chrom ate can act both in a redox/oxidatio n m ode by a subtley differen t m echanism in w hich  th e
oxidatio n is self catalysing , so it is usefu l to com pare th is oxidatio n process also .

4 Influence on Operating Performance

Increased moisture retention gives rise to many problems: loss of physical strength, irreversible resin swelling causing
impaction, increased mechanical stress, channelling, and poor distribution of regenerant. Any or all of these can result in
severe resin physical breakdown. Removal of the excess resin produced by the irreversible expansion may be
necessary. This reduces the capacity of the resin bed (fewer active groups). Also changes in resin selectivity, can
produce a lower throughput because of increased leakage/premature end-point.

Linear polymer leachables can foul resin beds down- stream8,9. This is particularly important in the operation of
mixed beds10-13. The effect of carboxylic groups on rinse performance is well known, as is the effect of low molecular
weight polyamines (possible degradation products of anion resins) on the kinetics of cation resins14,15. An oxidatively
resistant resin would have marked advantages in ultra-pure water production.

The ultra-pure water industry is ever mindful of any impurities in the system, particularly TOC, which can effect
the quality of production e.g. silicon chips. As the techniques for determination of TOC, have improved, so the
full effects of trace leachables have been clearly recognised. Leachables also act as nutrients for bacteria and
algae. Regrettably, oxidising agents are the best means of controlling biological growth. Ozone and UV light are
frequently used as part of the integrated and complex system needed for Ultra-pure water. Incidences of both ozone
and UV light causing resin degradation are well known.

5 New Developments

Purolite In ternationa l L td . has developed a new cation exchang e resin type w hich is tru ly oxidatio n resistan t.
C om parison w ith the prev iou s m odifications , w hich show ed certain advances over conventiona l m ore highly
crosslinked strong acid cation resins, is dram atic . T he resin structure m ay undergo oxidation , but the
perform ance behaviou r itself show s little degradatio n (criteria 1-6 given below ), A standard oxidatio n test,
using specific am ounts of 1% hydrogen peroxid e and iron at 40 oC are strik ing ly differen t from previous
resins. T his is reflected in the study of other properties.



5.1 Changes in moisture content: are relatively sm all. T able 1 com pares the m oisture retention
before and after oxidation of the new product, D 2908 w ith a num ber of standard cation resins includin g a
m odified product w ith partia l resistance . A ll these are severely degraded , w ithou t exception . (See F ig .1).

5.2 Increase in polym er leachables: A second property of im portance is the release of polym er
leachables . W hen resins are new , they m ay be specially cleaned so as to reduce the leachables to a m inim um .
A num ber of tests have been developed to evaluate th is property . A m ong these is the D IN Standard 54 411
from G erm any w here D em ineralised w ater is percolated through the resin for periods up to seven days. T he
TO C (Total O rganic C arbon) released is m easured . The problem arises that such trace leachables are
continually increasin g as resin is stored . A m ong other factors resins are slow ly degraded in the presence of
oxygen and iron catalyst. A com parison of such degradatio n follow ing the D IN T est show s that T O C release
is negligable w hen com pared w ith standard resins. (see Table 2)

5,3 The products have extremely high breaking weights. T able 3 gives a com parison of breaking
w eights before and after oxidation .

Table 1 Oxidation Resistance Using 1% w/v Hydrogen Peroxide

Temperature 40°C Moisture %
Iron Content 500ppm Days

RESIN 0 1 2 3 5
D2908
H form

VALUE:

NETT D:
56.9 57.4

0.5
58.6
1.7

60.2
3.3

65.5
8.6

5%DVB
SP

VALUE:

NETT D:
65.1 74.3

9.2
92.9
27.8

sample

8%DVB
Gel H form

VALUE:

NETT D:
56.3 62.2

5.9
70.0
13.7

80.1
23.8

sample
dissolved

8%DVB
Gel Na form

VALUE:

NETT D:
49.6 73.3

23.7
90.4
40.8

sample

8%DVB
MP

VALUE:

NETT D:
64.5 68.2

3.7
75.4
10.9

92.9
28.4

-

12%DVB
MP

VALUE:

NETT D:
55.9 58.2

2.3
60.5
4.6

70.0
14.1

-



RESIN BEFORE
g

AFTER
g

D2908 1184 946

8%DVB
GEL

H FORM
600 300

Table 2 Polymer Leachables Table 3 Breaking Weights

RESIN BEFORE
ppm

AFTER
ppm

D2908 3.2 2.9

8%DVB
GEL

H FORM
2.9 > 100

After 24 Hour Oxidation Test After 24 Hour Oxidation Test
48 Hour TOC Test

8 5 .0

8 0 .0

7 5 .0

7 0 .0

D2908 Oxidation
Resistan t Resin

5% DVB SP. A Former
Techno logy For
Oxidation Resistance .

8% D VB, Macropo rous

6 5 .0
12 % D VB, Macropo rous

6 0 .0 8% DVB Gel H Form

5 5 .0 8% DVB Gel Na Form

5 0 .0

0 1 2 3 4 5
D A YS

Figure 1 Oxidation Resistance Tests - Change iIn % Moisture



5.4 E xten t of oxidation . It is ev iden t that the oxidatio n itself cannot be obviated . A lso , the new m aterial
is no t precisely com parib le w ith conventiona l resins w hich lose up to 10% of their m ass for an increase in
m oisture of 10% . M any of the carboxylic groups generated are lost in the leachables w hereas the new
structure is essen tially in tact, and the products of oxidation are retained , bound to the resin structure.

` 5.5 Loss of functional groups: W hen considerin g cation resins, the loss of functiona l groups is m ore
or less pro -rata w ith loss in resin m ass, so poin t 5 .4 applies.

5.6 Resin selectivity : both values and trends differ from those of conventiona l resin . The effect of
oxidatio n has been investigated for sodium /hydrogen exchang e only . (See Fig .2 .an d 3/after)

Oxidation with chromic Acid

A second test using 5% w /v chrom ic acid /10 % sulphuric acid m ixture at 90oC w as also briefly
investigated . T he dram atic difference betw een the conventiona l resin and the new resin w as evident fo r th is
oxidativ e m edium also . The resu lts are g iven in Table 4 .

Table 4 Oxidation Resistance In 5% Chromic Acid

D2908 8% X-TEMPERATURE : 90°C
Before After Before After

% Moisture % 57.4 60.5 54.8
Difference 3.1

sample
dissolved

% Dry Matter % 42.6 39.5 45.2 0.00

Mass (4g Orig Dry Wt) g 9.39 8.97 8.85
Mass Change g -0.42
Mass Change % -4.47

sample
dissolved

Mass Dry Matter g 4.00 3.54 4.00 0.00
Mass Dry Matter Change g -0.46
Mass Dry Matter Change % -11.42

-
-

6 Resin Selectivity

R esin selectiv ity w as determ ined essentially by the techniqu e outlined by G regor16, B onner and Sm ith 17 using
concepts and notation developed later by A nderso n 18.

20 m L sam ples of resin w ere equilib rated w ith solu tions contain in g various m ole fraction s of ion pairs.
T he resins w ere then analysed to determ ine the fractio n of each ion loaded .

T he resin loading data w as then used to p lo t com parativ e selectiv ity curves F ig 2-5 . F ig .2 gives a
selectiv ity com parison of fresh resins w ith the oxidised counterparts . It is m ost in terestin g that oxidation
changes selectivity in the opposite d irectio n to that for standard resin : as it degrades it behaves like a m ore
highly crosslinked m aterial.
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Calculation : KA /B = (A r/B r) x (Bs/As)

C100 original ox idised
K at 0.4 of Ar 1.71 1.21
K at 0.9 of Ar 1.53 1.20

D2908 original ox idised
K at 0.4 of Ar 1.56 1.90
K at 0.9 of Ar 0.18 0.47

Figure 2 Comparison Of Sodium/Hydrogen Selectivity, .

T he data fo r sodium /hydrogen exchange com pares D 2908 w ith Puro lite C -100 , fo r chlorid e anion
(F ig .2 ) and sulphate (Fig .3). B oth resins are m arginally m ore selectiv e for sodium w here the co-ion is
su lphate . Puro lite C -100 w as in line w ith 8% crosslinked resins given in H elferich "Ion E xchange"19.

T he new oxidatio n resistan t resin , show s considerable differences in selectiv ity . W here the fractio n of
sodium is < 0.25 in solu tion the novel resin has h igher selectiv ity fo r sodium ; above th is level the selectivity
is sign ificantly low er. In certain situation s this d ifference m ay offer sign ifican t advantages. It is m ore
difficult to pred ic t k inetic and fouling behaviour, bu t the fact that the sites have the selectivity of a m ore
easily -regenerated or easily-cleaned , low er crosslinked resin , offers considerab le incentiv e to study these.
T he com bination of h igh selectiv ity fo r a lim ited num ber of sites, together w ith a tough oxidatio n resistan t
structure w hich does not produce leachables as a result o f oxidative breakdow n m akes th is resin potentially
usefu l fo r condensate polish in g w here iron levels build up to produce an oxidatio n prone environ m ent.

For treatm ent of condensate , sodium /am m onia selectivity w as studied . (see F ig .4). A gain the data for
Purolite C -100 are in line w ith published values. T he data for the new resin are interesting ; for a m ole
fractio n high in am m onia , the resin is m ore selective for sodium . H ow ever w hen using lim ited am ounts of
regeneran t counterflow , as the fraction of am m onia falls, so the resin becom es m ore selective for am m onia.
T his resin m ay
therefore be used to advantage to rem ove trace levels of sodium from solu tion . It w ould be expected that the
higher hydration of hydrogen ion w ill be kinetically m ore efficien t.



C100 D2908
K at 0.4 of A r 2.05 2.36
K at 0.9 of A r 2.25 0.28
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Figure 3 Sodium / Hydrogen Selectivity (Anion = Sulphate)
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K at 0.9 of Ar 1.53 0.57
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Figure 4 Ammonium / Sodium Selectivity



C100 D2908
K at 0.4 of A r 0.90 1.94
K at 0.9 of Ar 2.17 6.70

T he calcium /sodium equilib ria are rem arkably sim ilar, F ig .5 ; H ow ever because of concentration
differences in the resin phase the num erical values for K vary . It rem ains to be seen how w ell the D 2908 w ill
perform as a softenin g resin . In any case , the resin is unlikely to be cost effectiv e for m ost soften ing
applications.
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Figure 5 Calcium / Sodium Selectivity

7 Thermal Stability

T he therm al propertie s of th is novel m ateria l are curren tly being evaluated . It is w ell know n that cation
resins are m ore therm ally stab le than anion resins. H ow ever the princip les pu t forw ard by C hew , W hitney
and D iam ond,2 together w ith the stud ies by F isher9 and A uersw ald 10 w ould indicate that the therm al
breakdow n m echanism is the sam e. N am ely that the agressiv e hydrogen ion (to be com pared w ith the
hydroxide ion in anion resins) attacks the bond w hich links the functiona l group to the resin m atrix . T he
higher the m oisture conten t, the m ore hydrated the hydrogen ion and the greate r the possib ility of a suitable
spacia l configuration . T his produces a low er charge density so reducin g the rate of attack . T he nature of the
novel resin structure w ould suggest that m any of the hydrogen sites are in genera l m ore highly hydrated than
those in conventiona l 8% cross-linked resins. T his is supported by the selectiv ity data . The novel resins
contain a substantia l m ajority of sites w hich are less selectiv e for hydrogen ion . M eyers and B oyd 20 show ed
that the higher the crosslinkin g the larger the N a/H selectiv ity coefficient. It fo llow s that the higher the charge
density of the hydrogen ion the slow er the diffusio n and the m ore relatively selective becom es the resin . The
converse therefore should apply . The D 2980 has sites w ith a larger range of selectiv itie s than conventional
resins, how ever the m ajority of sites are of low er selectiv ity w hen com pared to an 8% cross-linked resin and



w ould therefore appear to be m ore highly hydrated . It fo llow s that the m ajority of sites should therefore
be
m ore therm ally stab le.

T able 5 illustrates the results of T herm al Stab ility T ests carried ou t at 100oC . This tem perature w as
chosen because it is the m axim um tem perature at w hich resins m ay conveniently used at
atm ospheric pressure. H ence these initia l tests only serve to confirm that the novel resin s are no less
stable than conventiona l resins
at tem peratures up to 100oC . O peratio n at h igher tem peratures presen ts som e m inor d ifficu ltie s in that
the contain in g vesse l needs to be pressurised . In addition care has to be taken that the hydrogen
form resin  canno t corrode any m etallic container.

Table 5 Thermo Stability

Moisture
%

SAC
eq/kg

W AC
eq/kg

Total
eq/kg

Initial Value @ 20°C 43.2 2.92 0.61 3.53
Stability @ 100°C :
W ithout O xidation / Moderate Iron 44.0 2.67 0.72 3.39
W ith O xidation / Low Iron 47.2 3.24 0.62 3.86
W ith O xidation / High Iron 49.4 2.80 1.62 4.42
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