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I Phenol -~ Epichlorohydrin -~ Triethylenetetramine

Type Chelating Amphoteric Ion Exchange Resins

EXPERIMENTAL

II (a) Synthesis of Chelating Amphoteric ion-

exchange resins:

Chelating amphoteric ion exchange resins
are synthesised from epichlorohydrin, various
phenolic derivatives and triethylené:tetramine by

the method described in I - (a).

IT (b) Moisture content of resins:
Moisture content of these resins (H+ form
and OH - form) was determined as described in I - (Db).

The values of % moisture content of these
resins (H' form and OH form) are presented in

Table - T - 200



121

IT - (¢) :Densitz of resins:

(i) True density (dre }, (ii) Apparent

S

density (d__,) and (iii) void volume fraction of

col
these resins (H' form and OH™ form) were deter-

mined as described in I - (c¢) (i); (ii) and (iii).

The values of dr -and dcol of these resins

es
(H+ form and OH form) are presented in Table - TT-21,

The values of void volume fraction of these
resins (H® form and OH form) are presented in

Table - TT - 22,

IX - (@) (i) Total ion exchange capacity and

(ii) Concentration of ionogenic groups:

Total ion exchange capacity (H+ form and

OH form) was determined as described in T - (&) (i).

Concentration of ionogenic groups and volume
capacity of these resins (87 form and OH  form)

were determined. as described in I - (d) (ii).

The values of total ion exchange capacity,
concentration of ionogenic groups and volume capacit:{r
of these resins asvcation exchanger as well as anion
exchanger are presented in Table ~ TT - 23 and

Table - TT - 24 respectively.
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IT - (e} Metal (Cu) exchange capacitys:

Metal (Cu) exchange capacity of these resins
(H" form) was determined by following the procedure
described in I -~ (e) and the values are presented

in Table - TT - 23,

II - {(f) Rate of exchange:

Rate of exchange of these resins (H" fom

and OH form) were determined as described in I =~ (£f).

The values of the capacities of these resins
were plotted against time and shown in Figs. 10 to

15 and presented in Tgble -~ TT - 25,

IT - (g) pH-titration studies and apparent pK _and
(=)

- PKy_values:

pH titration studies and apparent PR, and pr

values of these resins were determined as described

The values of the capacities of the resin were
plotted against the pH of the solution and shown in

Figs. 16 to 18.
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The apparent pKa and pr values for these

resins are presented in Table - TT -~ 26,

II - (h) Thermal Stabilitys

Thermal stability of these resins as cation
exchanger in free acid form and in salt form such
as sodium form was detemined as described in

I - (h)e The results are presented in Table - 77 -27.

Thermal stability of these resins as anion
exchanger in free base form and in salt form such

as chloride form was determined as deécribed in

f - (h). The results are presented in Table = TT = 28,

IT - (i) Effect of the temperature of equilibration on

the capacity of the resin:

The study of the effect of varying equilibration
temperature on the capacity of the resins (" form and
OH~ fom) was carried out according to the method
described in I -~ (i). The results are presented in

Table - TT - 29,

IT - (j) Oxidation resistance test:

Oxidation resistance test of these resins in

free acid and free base form was carried out as
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described in I - (j). The results are presented in

Table - TT - 30 and Table = TT ~ 31 respectively.

IT - (k) Bwelling behaviour:

L

SWelling behaviour of these resins (5t form and
OH™ fomm) in various solvents was studied as described

in I - (k).

The results are presented in Table = TT - 32 and

Table - TT =~ 33 respectively.

IT - (1) - ySorption behaviour of some metal bivalent

cations on cationic form (NH,  form) of the

amphoteric resin from smmonium acetate =

dimethzlformamide mediag

A sorption study was carried out following the

procedure as described in I - (1) and the results of

Kd values are presented in Table - TT -~ 34,
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IT Phenol -~ Epichlorchydrin ~ Triethvlenetetramine

Tvpe Chelating Amphoteric Ion-Exchange Resins

RESULTS AND DISCUSSION

We have synthesised cﬁelating amphoteric ion-
exchangers from the various phenolic derivatives,
epichlorchydrin and triethylenetetramine., The
condensate (resins) are insoluble in both benzene and
alcohol in which individual components are soluble.
Therefore the material (resins) appears to be a
condensate product of various phenolic derivatives,
epichlorohydrin and triethylenetetramine, particularly
because epichlorohydrin is very susceptible to

polymerization.

The phenolic derivatives enployed for synthe-
sising the resins poséess the following structural
features.

(a) two phenolic groups in ortho or para positions

on a phenyl ring,



(b)

(c)

(a)

(e)

(£)

(g)

(h)
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one phenolic group and cone ring nitrogen,

one phenolic group and one carboxylic group in

ortho position on a phenyl ring,
one phenolic group in ortho position to carboxyl
group but in meta position to gulfonic group on

a phenyl ring,

one phenolic group and one carboxyl group in

ortho position on a naphthalene ring,

one ?henolic group and one carboxyl group in

para position on a phenyl ring,

two phenolic groups in meta position and one
carboxyl group in ortho position on a phenyl

ring,and

one amino group and one carboxyl group on a

phenyl ring.

General Characteristics and Structuress

The chelating exchangers, in general are fairly

porous in nature with average physical stability and

good chemical resistance to 3N zcids and alkalis and

all resgins are of different colours.
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In the present investigation, the polymers
were obtained by polycondensation~under mild reaction
and curing conditions, cross-~linking possible by
' (not shown n Figure),
formation of - CH = linkages/ although on the basis
i
of analytical data and other physico-chemical

studies, we may have some generalizastions viz.,

(a) hydroquinone, salicylic acid, sulfosalicylic
acid, and PB~resorcylic acid get condensed with

triethvlenetetramine in molar ratio of 1 : 1,

(b) catechol, 3~hydroxy-2-naphthbic acid,
p-hydroxybenzoic acid and anthranilic acid get
condensed with triethylenetetramine in molar

ratio of 2 1.

The most likely structures of these resins on
the basis of analytical data and their physico-
chemical studies are presented in Figs., I-S=28 to

I“"S"‘BS.

Moisture retention % ¢

¥

Percentage moisture of the resins are presented
in Table - TT - 20. Percentage moisture of the resins

in H~-form varies between 1.15 to 6.37. Percentage
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moisture of the resins in the OH -~ form varies between
3.52 to 10.10, Low range of percentage moisture
suggests that the resins have a fairly good degree of

cross—-linking.

The moisture content of resins can be related to
(a) concentration, valency and solvation tendency of
counter ions, (b) concentration and solvation tendency
of the fixed ionogénic groups, (c) degree of cross-—
linking,and (d) electrostatic interaction of ions in
the resins. The degree of cross linking in resin is
neither controlied nor known, eventhen, it can be
suggested that higher degree of cross linking may lead
to lower moisture content., Influence of structural
feature of condensing agent is however apparent, we
£find in general that the moisture content of resin
increases in terms of the condensing agent (DETA <

TETA < TEPA)*

Density of resins:

True density (dres):

The data obtained for the density (dres) of the

resins in H -~ form and OH ~ form are presented in

# DETA = ....... Diethylenetriamine
TETA = ....... Triethylenetetramine
TEPA =.......Tetraethylenepentamine
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Table = TT - 21. The values are ranging from 1.10
to 1.55 for H - form and 1.13 to 2.22 for OH - form.
With few exceptions, we observed in general that, in
the case of resing under study, dres for OH -~ form .
is slightly higher than that for H -~ form.

Apparent (Column) density (dcol) :

We have also evaluated the apparent (column)
density (dcol) of the resins (Table-TT - 21). The
values are ranging f£rom 0.21 to 0.45 for H - form and
0;21 to 0.56 for the OH - form. Known values (130)
of apparent dengity for the commercial resins in
H - form are 0,69 for IRC - 50/75 and 0.74 for
IRC - 84. Thus resins under study have low range of

density (d__-.). The column density for the commercial

col
resins are 0.74 for IRaA-68, weak base - N(R)z, 0.67 for

IR~45,weak base - N(R)z, ~NH(R)2, -NH,. and 0.64 for

2
IRA—93,—N(R)2 weak base. Thus, the resins under study
have low value of apparent (column) density than that

of similar type of commercial resins.

Void volume fraction:

The values of void volume of resins are presented

in Table - TT - 22, It is observed that the values of
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the void volume fraction vary between 0,61 to 0.84

for H - form and 0,70 to 0.88 for OH -~ form of the

resins. We suggest that as the resins have a large
void volumne fraction, the diffusion of ions and

hence the rate of ion exchange may be facilitated.

ITon-exchange capacitv:

The cation or anion exchange capacity of these
resins were calculated using the formula as described
in I-(d). The observed capacity CEC 3¢ (cation

exchanger) or AECo (anion exchanger) can be compared

bs
with the calculated CECcal or AECcal as reported in

Table — TT - 23 and Table -~ TT -~ 24 respectively.

For the values of ratio CEC_; /'CEccal, three
ranges exist,
CEC . .
(1) value of __ “obs is approximately close to 1,
CEC
cal
(2) value of CECobs is close to ¥2.
CEC
cal

Low values (~ %¥2) of the ratio may be attributed to
anyone phenolic group(in such resins) involved in

ion exchange.



(3)
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value of CEcobs/CEccal is high (~ 3/2) and may
Pe attributed to contribution of weakly acidic

amide group in such resins.

For the values of ratio AEcobs/AECcal, two

ranges exist,

(1)

(2)

. Value of AEC_; S/AECCal is high ( ~ 3/2) and may

be attributed to contribution of weakly acidic

amide group in such resins,

Value of AEcobs/AECcal is high (~ 2). We suggest

that anion exchange capacity of these resins cannot

be related only to primary or secondary amino groups

but also to tertiary amine groups.

The results show that total anion exchange

capacity of amphoteric resins is quite higher than

that of total cation exchange capacity.

Amphoteric resins as cation exchanger show

following decreasing order for cation exchange

, capacity,
EP(52) TT > EP(BR)TT > EP(3-OH)TT
EP(AN)TT > EP(SS)TT >  EP(HQ)TT >

EP(8-OH)TT > EP(PHB)TT > EP(CA)TT,
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Amphoteric resinsg as anion exchanger show
the following decreasing order for anion exchange

capacity,

EP(BR)TT > EP(SA)TT > EP(HQ)TT
EP(8s)TT > EP(PHB)TT > EP(aN)TT >

EP(8~OH)TT > EP(3-OH)TT > EP(CA)TT.

Total exchange capacity of EP(HQ)TT resin
(7.38 meg/om), EP(SA)TT resin (8,88 meqg/gm) and
EP(BR)TT resin (9.24 meg/gm) as anion exchangers
is comparable with that of commercial anion exchanger
Duolite A~4 (7.7 meg/gm) (granules), Duolite A-2
(8.4 meg/gm) (granules) and Duolite A-7 (9.10 meq/gm)

(granules, weak base amino group, condensation polymer).

Metal (Cu) exchange capacityv:

We have studied the cépper ion exchange by

resins in H-form from ammonical solutions (pH = 10.65).

The observed values of copper ion exchange

capacity of these resing are presented in Table - TT - 23,

It is seen that copper ion exchange capacity of

these resins ranges between 0.98 to 4.17 meg/gm.
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The copper ion exchange capacity of these

resins are in the decreasing order as follows:

EP(SA)TT > GEP(BR)TT > EP(aN)TT
EP(SS)TT > EP(HQ)TT > EP(3-0H)TT >

EP(8-OH)TT > EP(PHB)TT > EP(CA)TT.

Rate of exchanges

Figs. 10 to 15 represent the rate of exchange
of amphoteric resins as cation exchanger as well as

anion exchanger.

A perusal of the trends of the rate of

exchange for amphoteric resins asg cation exchanger

and as anion exchanger reveals that the rate of ion
exchange is very fast and hence a continuous stirr-

ing procedure is adopted.

In the case of amphoteric resins as cation

exchanger, it is observed that,

(a) complete exchange occurs in 15 mimites ,



(b)
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the rate of exchange for these resins are in

the decreasing order ag follows:

EP(BR)TT » EP(CA)TT > EP(SA)TT
EP(HQ)TT >  EP(8-CH)TT > EP(aN)TT >

EP(PHB)TT  EP(3-OH)TT > EP(SS)TT.

In the case of amphoteric resins as anion

exchanger, it 1s observed that,

(a)
(b)

complete exchange occurs in 15 minutes,

the rate of exchange for these resins are'in

the decreasing order as follows:

EP(PHB)TT > EP(HQ)TT > EP(CA)TT >
EP(BR)TT > EP(8-OH)TT > EP(Sa)TT >
EP(aN)TT 7 EP(SS)TT > %P(3-0H)TT .

It is observed that the rate of exchange of

amphoteric resins as anion .exchanger is faster than

that of cation exchanger.

The shape of the curves also suggest the

~~ »
porous nature of mat _rices. The dependence of the

not

porosity of the exchanger could/be brought about due

to lack of facility.



PH ~ titration study:

The results of pH~titration curves (Figs.16.

17, 18) reveal the amphoteric nature of ion exchange
resins prepared. They exhibit a good cation and anion
exchange capacity over the pH range 1 to 12. These
resins can be used as anion exchanger as well as
cation exchanger depending upon the‘pH of the solut-
ion. In the pH range 1 té 7, résins acted as anion
exchanger (Figs. 16 to 18) and curves over this
range are characteristic of weakly basic resin and
may be compared with pH titration curve of commer-—
cially available weakly basic anion exchange resin,
Tulsion WB (139). The cation exchange behaviour of

these resins is similar to weak acid resin (140).

Apparent pKa and pr values:

o

The apparent pKa and pr values of the resins
under study were obtained from pH titration curves and
calculation using eguation (9) and (14) as described

earlier on pages 66,68 and are reported in Table - TT-26.

It is seen that the range of pKa obtained for
overall cation exchange process in general for various
jion exchangers studied is between 10.86 +to 11.23 which

is slightly higher than that of a characteristic of
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indicating weakly scidic rature of the matrix
phenolic hydroxyl group/and that of pK,, obtained for

the overall anion exchange process for these resins
lies between 2.9 to 3,2 which is a characteristic

of bases of weak strength.

The pKa values for the resins are in the

following decreasing order:

EP(3-OH) TT > EP(BR)TT > EP(CA)TT >
EP (8S) TT >  EP(AN)TT >  EP(HQ)TT >

EP(8-0H)TT > EP(PHB)TT > EP(SA)TT,

where as the pK, values for the resins are in the following

decreasing order,

EP(BR)TT > EP(SA)TT > EP(SS)TT 7
EP(PHB)TT > EP(HQ)TT > EP(8~-OH)TT >

EP ( 3~OH) TT > EP(AN)TT > EP(CA)TT.

Isolionic points

The values of isoionic po;nt (ip) are presented
in Table - TT = 26. The values vary in the range of
7.00 to 7.23, Isoionic point for Histidine is 7.59 (141).
It is observed that resins under study have slightly low

value than that of Histidine,
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The isoionic point values are in the decreasing

order as,

EP(BR)TT > EP(3-OH)TT > EP(sS)TT >
EP(HQ) TT >  EP(CA)TT > m(saTr >

EP(PHB)TT > EP(8-OH)TT > EP(AN)TT,

Thermal stabilitvy:

The results of thermal stability of amphoteric
resins as cation exchanger in free acid form and in
salt form such as Na—~form at different temperatures
are presented in Table - TT -~ 27 and as anion
exchanger in free base form and in salt form such as
Cl -~ form at different temperatures are presented in

Table - TT - 28,

It is seen that no change in the total capacity
for all the foms (H - , Na - , OH - and Cl - forms)
of the resins are observed upﬁo‘BOOC. Hence the
amphoteric can‘be safely used upﬁo temperature 80°c.
Above this temperature, they show increase in capacity
when heated resins were tested could be due to
(i) destruction of some Of the =~ ?H* ~ bridges,
creating more gaps in the matrix thereby facilitating

the acess to more - NH - groups,
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(ii) removal of the decomposition products which

had neutralized the ionogenic groups.

Further, it is séen from the Table - -TT ~ 27

~and Table -~ TT = 28 that the salt forms of the resins
are more stable than the free acid or base form which
is in conformity with the earlier observation of Hall

‘et al (142).

The following order.for thermal stability of
the cationic form of the amphoteric ion exchangers

was Observed,
EP(CA)TT > EP(8-OH)TT > EP(HQ)TT >
EP(PHB)TT > mR(SS)TT >  ER(AN)TT >
EP(SA)TT > EP(BR)TT > EP (3~0H) TT,
while for anionic form of the resins, the thermmal
stability decreasing order is,

EP(PHB) TT > EP(CA)TT >  EP(8-OH)TT >

EP(3-0H)TT > EP(HQ)TT >  ER(aN)TT > .

EP(SS)TT > EP(SA)TT >  EP(BR)TIT

Effect of temperature of ecuilibratidn on the capacity

of the resin:

The results of the effect of varying temperature
of equilibration on the capacity of the resins are

~reported in Table -~ TT -29.



139

From the data, i1t is revealed that the anion
exchange capacity of gumphoteric resin increases with
the rise in temperature of equilibration. This can

be explained as follows:

On heating the resins, certain basic gaseous

decomposition products (such as NH, resulting from

3
triethylenetetramine used in the preparation of resins)
are produced which neutralize a part of the acid

during equilibration, thus giving apparently higher

value for the anion exchange capacity of the resin,

The loss in cation exchange capacity of the
resin with the rise in eguilibration temperature

may be due to the loss of ionogenic groups.

Oxidation resistances

Results of éxidation resistance test of different
amphoteric exchangers as cation exchanger are presented
in Table - TT - 30 and as anion exchanger are presented

in Taole - TT - 31.

Amphoteric resin EP(3-OH)TT exhibits the lowest

increase in percentage water content as cation exchanger

i

and resin EP(CA)TT as anion exchanger and thus they are



the most resistant to oxidation. We observed that
with few exceptions [EP(CA)TT and EP(PHB)TT], the
oxidative degradation for amphoteric resins as anion
exchanger exhibit high increase in percentage water
content than the amphoteric resins as cation exchanger.
Hence we suggest that cationic form ;s less susceptible

to oxidation than the anionic form.

Amphoteric resins as cation exchanger show the
following decreasing order for their stability on

oxidative degradation,

EP(3-oH)TT > EP(SS)TT > EP(8-OH)TT
EP(PHB)TT > EP(CA)TT > EP(AN)TT >

EP ( BR) TT > EP(HQ)TT >  EP(SA)TT,

amphoteric resins as anion exchanger show the
following decreasing order for their stability on

oxidative degradation,

Ep(ca)Tr >  ER(PHB)TT > EP(SS)TT
EP(8-OH)TT >  EP(3-OH)TT > EP(AN)TT

EP ( BR) TT > EP(HQ)TT > EP(SA)TT.

Behaviour in non agqueoug solventss

The results of behaviocur of these resins as
cation exchanger as well as anion exchanger in non-
agueous solvents are reported in Table - TT -~ 32 ard

Table - IT - 33,
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It is obseryed that,

(1) polar solvents produce more extensive swelling

than non polar hydrocarbons,

(2) In polar solvents (H,0, CH,OH, CH3C0GH) amphoteric

resins as anion exchanger swell more than the
cationic type.

{3) . percentage swelling of amphoteric resins in
acetic acid as anion exchanger as well as cation
exchanger is much.greater than would be anti-

cipated. This can be explained as follows:

Swelling of amphoteric resins with both weak
acid and weak base groups is a function of thé
pPH of the solution and show a characteristic
minimum near the isoelectronic point of the
resin. Here the active groups of both the types
are practically undissociated, so that the
osmotic pressure difference i1s small. When the
PH is increased or decreased, elther the acid

or the base ¢groups disgociate, thus increasing
the number of osmotically active particles within
tbé resin. The result is an‘increase in

swelling in either case.

(4) the decreasing order of porogity for amphoteric

resins as cation exchanger is as follows:

EP(SA) TT > EP(CA)TT >  EP(HQ)TT >
EP(BR)TT > P (Ss)TT 2>  ER(aN)TT >

EP(PHB)TT > EP(8~OH)TT > EP(3~OH)TT,



(5)
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the decreasing order of porosity for amphoteric

resins as anion exchanger is as follows:

EP(SA)TT > EP(BR)TT > EP(AN)TT
EP(HQ)TT = EP(sS)TT 2> EP(CA)TT >

EP(8~0H) TT  EP(PHB)TT >  Ep(3-0H)TT,

Distribution studies:

The distribution coefficient (Kd) of the cations

are reported in Table - T - 34,

(1)

(2)

(3)

(4)

In all the cases the sorption of metal ions
(s’
increases and then decreases with the increasing

concentrations of NH,OAc. This is probably due to

+

the preferential sorption of NH4 ions on the

exchanger in comparison to the charged anionic
species.

Sorption of Cu(II) is high at 0.25 M NH,OAc as

4
compared to the other metal ions.

The EP{(SA)TT and EP(BR)TT resins showed greater

uptake of Cu+2 ions at 1.0 M NH,OAc than did

4
other resins., It may be suggested that at higher
concentration of NH4OAC, a stable ammdnia complex
is formed with Cu+2. This metal amire complex as
such may be taken up by the exchanger probably by
a process of chelation facilitated by multifun-
ctionai nature of this amphoteric exchanggr.

From Table - TT - 34, it is clear that Cu+2 has

?
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distribution coefficient (Kd) 783.24 as compared

to 3,96 for Mg*? at 0.25 M of NH,Ohc, indicating the
possibilities of chromatographic separation of these
two ions employing EP(BR)TT resin. Similarly, Cu(II)
can be separated from Ca (II) or Mg (II) emploving |

EP(SA)TT resin at 0.25 M concentration of NH,OAc.

4

These results show the possible application of
EP(BR)TT or EP(Sa)TT resins for the extraction of
copper from industrial alkaline wastes containing

copper, and in metallurgical extraction of copper.

& chromatographic separation*of Co+2 £rom Cu+2 [EStgAl

was achieved using a resin EP(BR)TT (NH,T - form) and

4
the results are presented in Table - TT - 34 (a).

(5) Relatively low uptake of Cut? by EP(8-OH)TT and
EP(AN) TT resins, eventhough amino nitrogen is
present in the structure, could not be explained

by the process of chelation.

The following varlation of sorption of cations

with the concentration of ammonium acetate was oObserved:

% Procedure is on page 192



Sorption order

> 2n D Ni > Ca »Co »Mg

[NH 4OAC] = 0.02 M
Resin

EP(CA) TT Cu
EP (8~0H) TT Cu > 2Zn » Wi
EP (HQ) TT Cu y Zn > Ni
EP (Sa)TT Cu > Ni 2 Zn
EP (88) 7T Cu Y Zn > Ni
Ep (3=CH) TT Cu > 2Zn > Ni
EP (PHB) TT Cu » zZn > Ni
EP (BR) TT Cu > Ni > zZn
EP (&N) TT Cu » Zn > Ni

[is,0nc] = 0.25m

Resin

Ep(CA) TT
EP (8~0H) TP
EP (HQ) TT
EP(SA) TT
EP (SS) TT
EP (3~CH)TT
Ep (PHE) T
EP ( BR) TT

EP (2N) 7T

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

” Ca
7 Ca
> Ca
> Ca
> Ca
> Co

> co

> Co > Ca D Mg

> Co > Mg
>‘Co > Mg
> Co > Mg
> Co > Mg
> Co > Mg
> Ca > Mg

> Ca > Mg

Sorption order

Zn > Ni
Zn » Ni
Zn ) Ni
Co > Zn
Co 7 2n

Co ” 2n

vV VvV VYV VYV

Co > Zn
> Ni > Zn
> Co D Zn

> Co
> Ca
> Co
> Ni
> i
V> Ni
> Ni
> Co
7 Ni

> Ca D Mg
> Co > Mg
> Ca > Mg
> Ca > Mg
> Ca > g
> Ca > Mg
> Ca P Mg
> Ca > Mg
V Ca > Mg
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[ws,0ac] = 1.00 M

Resin
EP(Ca) T'T
EP (8-0H) T
EP (HQ) TT
EP (SA) TT
EP (S8)TT
EP (3-CH) TT
EP(PHB)T:
EP (BR) TT

£ (AN) TT

1495

Sorption order

Cu 7 Zn 2 Ni > Co >Ca > Mg

Cu > 2Zn > Ni
Cu  2n > Ni
Cu > 2Zn > Ni
Cu » Ni > Zn
Cu > Zn > Ni
Cu > 2n Y Ni
Cu > Ni > 2Zn

Cu 2 Zn 7 Ni

> Co
> Co
> Ca
> Ca
> Co
> Ca
> Ca
> Ca

> Ca > Mg
> Ca > Mg
> Co > Mg
> Co > Mg |
> Ca > Mg
> Co » Mg
> Co > Mg
> Co > Mg
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TABLE - TT - 20

% Moisture content of Amphoteric resins

% Moisture

No, Resin T -
K form OH form

1 EP(CA) TT 6.37 10,10
2 EP(8-0H) TT 3.76 7.80
3 EP (HQ) TT 2.90 760
4 EP(Sa) TT 3.35 774
5 EP(S8) 7T 5,29 6.50
6 EP(3-0H) TT 1615 5.20
7 EP (PHB) TT 4,00 8.60
8 EP (BR) TT 2.74 4,40
9 EP(AN) TT 1.90 3.52
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TABLE - TT7 ~ 25

Rate of exchange of resins

Cation ‘ Anion
No,. Resin iiﬁitiﬁ i:;giigi §2§2;§g§
. realized realized
(meg/gm) (meg/gm)
5 1.346 4,950
10 1.440 5,550
15 1. 440 5.850
1 EP(CA)TT 30 i 1.440 5,850
60 l.440 5.850
120 1.440 5.850
180 - 1.440 5,850
5 1.850 4,780
10 2.040 5.670
15 2.040 6.160
2 EP (8~0H) TT 30 2,040 6.160
60 2,040 6,160
120 2,040 6.160
180 2,040 6,160
5 2. 000 6.330
10 24 200 7. 330
15 2, 200 7. 450
3 EP (HQ) TT 30 2, 200 7. 450
60 24200 7.450
120 2. 200 74450

180 2. 200 7,450
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(TABLE haaed TT - 25 Contdo'ocnt)

Cation anion
No. mesin  pimeln  SXohmnge  exchange
realized realized
(meq/gm) (meqg/gm)
) 5 4,250 6.753
10 4,600 8.110
15 4,600 8,880
4 Bp(Sa)TT 30 4,600 8.880
60 4,600 8.880
120 4,600 8,880 .
180 4,600 8.880
5 1.813 4,500
10 2.534 7.090
15 2.534 74270
5 EP(SS8) 1T 30 2.534 7270
60 2.534 7.270
120 2.534 7.270
180 2.534 7. 270
5 2,250 2,885
10 2.833 5,200
15 2.833 6.030
6 EP(3-0H) TT 30 2.833 6.030
60 2.833 6,030
120 2.833 6.030

180 2.833 6,030




169

(TABLE ~ TT = 25 contdeeeeces )

Time in Cation Anion
Ne.  Resin. NS oheie g
realiged realized
(meq/gm) (meg/gm)
5 1,640 6,550
10 1.950 7,100
15 1.950 7. 250
7 EP (PHB) TT 30 1.950 7250
60 1,950 7.250
120 1.950 74250
180 1.950 7.250
5 3. 240 7.500
10 ‘ 3,440 8.590
15 3.440 9.,240
8 EP ( BR) TT 30 3.440 9.240
60 3. 440 9,240
120 . 3.440 9,240
180 3. 440 9,240
5 2. 290 4,505
10 2.610 5. 360
15 2.610 6.180
9 EP (AN) TT 30 2.610 6.180
60 2.610 6.180
120 2.610 6.180

180 2,610 6.180




of resins

TABLE - TT - 26
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Apparent pKa and pr values and Lsoionic point

Apparent Apparent Isoionic
No, Resin pKavalues prvalues point
1 EP(CA)TT 11.094 2.939 7.016
2 EP(8-0H) TT 10.918 3.092 7.005
3 EP (HQ) TT 10.998 3.141 7.069
4 EP (SA) TT 10.787 3.232 7.009
5 EP (SS) TT 1;.025' 3.160 7.092
6 EP (3-0H) TT 11.232 3.020 75126
7 EP (PHB) TT 10.866 3.151 7.008
8 EP (BR) TT 11.231 3.234 7.232
9 EP (AN) TT 11,012 2.988 7.000




i71

TIN TIN 1IN 1IN 019°¢ L4 (NVY 4T
TIN TIN TIN TIN 0%% °¢ I (¥4 ) ad
1IN TIN TIN TIN 066°1 Id (dHd) 82
TIN TIN TIN TIN £E€8°C Il (HO—£) 48
TIN TTIN TIN TIN vege LL (8S)dE Oom
TN TIN TTIN TIN 009°% LI (V8)dd
TIN TIN TIN TIN 00T °¢ LI (OH)a"
TIN 1IN TIN TIN owo.m, LI (HO~-8)dE
1IN TIN TIN TIN 0¥y 1 LL{¥D) ax
WIoF~BN WIOI~H oz~ N WO F~H utsex KIp
giuo Iyedeusbad AteanTtosge
J91I® pouTwIannsp o {BuTaRey JA93J8 PRUTWISINSD Fo (ub /baur) - 20
se utrsal AIp ATeanTosye se ursex Aap AreanTosqe Aatoedep urssy dve,
Fo ZA3torden ul uresn TRUTBTIO

T0 Katoedeo ut utkp

IofURYDXS UOTIED sB sursadl dTIjoyduwy yo AQTTIORIS TRUISYJ

LZ

- L& -~ HTEYL



172

6T°61T LT*9C 68°%T 06°9T 0T9°C LI (NY)YdE
g 12 Qg LZ “L9°ST Ly °8T S 7ATAE) L (8 ad
ST°LT B8€ *Z2¢ ST'CT TEET 0%6°1 LI (FHAYEH
TE*61 0% *S¢€ LO®9T T9°6T £€8°C LI (Ho-EYdad
o *%T L2*8T IT1°€T 00°at ves°e LL{ss)ad OOOH
z€°TT 2122 60°ST oLl 009°% II(YS) az
0L 0T 0z *€e LT*TT OT"ET 00¢ *¢ LI (OH) ax
LT0T T0°Z¢E S0°6 zT9'11 070°C IL (HO-8) ad
856 0f *62 7 °L 1% 0971 IL{(¥0Yad
wroF-eN WXOF~H UIOF=B N WX OF—~H utgex Axp
% U0 [2edeushal ATeanTosqge
I933e pauTudslep % fOuTiBey I93IJ' pPRUTUISISP F0 (ub /boaur) utsey Po
s uTsax AIp ATeanTosqe 8B ursel AJIp ATeanTosge Axtoeden dus,
Fo A3 toedeo UuT UuIBnH J0 Aatoedes ut UIRy TeuThHTIO

A sre s enITIOD LC =~ LI - m.Hm/.&._Hv



173

og*ce Gy *ge 00°91 £6°81 0T19°¢ LI (NY) a"
06°¢€T L6°62 L6"LT LG0T O%¥ °€ I (96 ) a2 .
65°6T T6*ve 99°%1 ¥6°GT 066°T LI (gHd) a9
6% °1¢ 26" LE 95°81 ve°1c £€8°¢ &L (HO—-€ ) a%
¢8°*9t 8L°0¢C 29°G1 0S°LT ve6°e Ll (88) dF o0Ct
08°€ET £9°7C 8G°LT 19°6T 009°% II(¥S) g
g96°C1T 8L°'62C LOET 09°g1l 00g "¢ LI (OH) a
9G°CT 0T *¥%¢ GZT°TT C6°ET o¥0°¢ LI (HO~-8) dd
86°TT T8*1¢€ 16°6 GE*TT 05770 L (YO )dad
WwIOT~BN wIoF—~H WTOI~BN VTOT=H utsex AIp
g TUoTyedo uebol ATeaynTosge o)
ID3IR PaUTWISISD SB  94/HuTikey J9nIJB POuTuIa3ap Jo (wb /baur) ursey g mo
ursex Aap ATsaniosge® se ‘utsslr Axp ArsynTosge Aztoedeo o5
J0 AaToRdeDd utr uiBsn J0 Kapoeden ul uTesn TeutIbIIO
( °"°*°*tpaUOD LT ~ IL —~ ETIEVIL)



174

6S*Le ) 0s°ge 68°TC 11°*%¢ 0T9°C L4 (NY) d
L1%6¢ £1°6¢E (A x4 9L°G¢C 0%% *€ LI (g ) a4
oo*ve 80°9¢ ST*0C c6°0¢C 086°T LI (gHd) 48
96°G¢ E0°EP 99°¢d 06°9¢ £E8¢ LL (HO~-£ ) dE
16° 12 ALY SL°02 19°ze vES T II(SS)dm 07T
70°6T 9€ * 62 18°22 2L*vZ 009°¥ LI (¥S)ad
z20°8T 00°T¢€ 9L°*8T YL*0OC 00C °¢ LI (OH) 44
TI8°LT Ze 6t (AN £6°81 ov0°?C II (HO-8)dE
70°LT 00°*LE T10°GT 75 91 0971 LL(¥D)ag
U OT-BN wroi~H WYOT =N wuIoF~H utsex AIp
o, ‘uoTaRIDURDYI ATeanTosge
I52IB PauTUIDASD %‘HuTaBay J93IB psuTwialep 30 (wb /beaw) ursey %
sB uiesa Adp ATeantosqeR sB® urssd AIp ATeaniosgR Aatordeo ' dueg,
Jo AaoRden ul uresn 30 Aytoeded ut UIRH TRUIHTIO

A eunooctomﬁ.gou L =~ L4 - ﬂ.quHm.ﬂN.Hv



175

1IN TIN TIN TIN 08T°9 LL(NY)Yd"
TIN TIN TIN TIN 0% *6 IL (9 ) au
1IN TIN TIN TIN 0sZ°L LI (HHA) d"
TIN FITN TN TIN 0E0°9 LI (HO~£) dad
TIN TIN TIN TIN 0LZ "L LL(88)dd oom
TIN TIN TIN TIN 088°8 LI (VS) ag
1IN IIN TN TIN 057 °L LL(TH)YdH
TIN 1IN TIN TIN 091°*9 OL (HO~8)dE
TIN TIN TIN TIN 0G8°§ LI (¥0Yad
wIoF - To  wWwloxi - HO wIoy - 1o wicy - HO
ursex AIp
% ‘uoTyRIDUSHOI AToanTosqge o3
I3 I8 pPaUTWISISD g fBuTyRey IS1IT pOUTWILlLP Jo (ub /baw) uTsoy . Jue
s® utssl Aap ATeynTosgR g® utrgex AJp ATeanTosSqR Ay toeden L
Jo Aartoeden ul uTes Jo Aatoeden Ul UTEH TReutbTIQ

8¢ ~ I& -~ ITIEYL

12PURUDX® UOTUR S® suTsel »niisjoyduy Jjo A2TTTORAS -TRWILUT,



176

£€9°9 L8°8 AT 69°%9 08T°9 I (NVY) dF
A" L9°TT ¥8°S 09°6 ove 6 I (dg ) "
18°% 0C *8 Z6°€ LE*Y 052 °L LI (6Hd) ad
£€9°% T9°8 91 % B8*G 0EO* 9 LI {(HO~-€)dd
65°S 766 AT 86°¢ oLZ L IL(gg)dd o00T
09°9 zLeoT L9°S ‘ 89°8 088°8 I (¥8) a1
L6°F £9%6 A Zv°9 . 0S¥°L I3 (OH) aZ
oY *¥ 8L 16°¢ 96°% 09T°9 I (HO-8)dE
8T "¢ TL*9 o% ¢ S8°% 058°S LI (¥D) a3
uwog -~ T5  wIoF -~ HO uIoy ~ IO uIoF ~ HO
utsex AJIp
g fuoTyRIoUS bl ATeanTosqe o)
JeqIe peutTwIelsp %‘Butaksy Jo3IB pIuTuISlepR moAE@\dev uTsey g ©
se utsaa Axlp AreanTosge ge uTgex Aap AT9jnTosgw AzToeden WS L
Jo Aatorded UuT UIBH g0 Aajroeded ur urkyn TRUTHTIO

(****°*pauocd 8¢ - II - EIEVI)



177

L8*0T oC *1¢ 60°6 ST LT 08T*9 LI (NVY) dF
Z9°11 6% * 92 06°0T Go*6T o%Z *6 Lo (dg)ad
€c*0T 05°T¢C LS°8 0% * 9T 0SZ L LI (EHI) g2
06°11 1192 7L°8 8E LT 0EG*9 LT (HO-£) dd
0Z *%T T0°9C 20°0T gL et oLz *L L4 {(88) d" OONH.
PEGT 0L°82 00°TT 6€°2¢ 088°8 IL(VSYdE
0T *€T TL"GT 206 LT*8T Qs °L LI (OH) daF
€T°1TT ¥2*8T 9% *8 AL 091°9 I3 (HO=8) a%
G51°6 0€°9T T0°L geet 0G68°9 LL(¥D)dx
wioy - TD wioy ~ HO wrox -~ TD uwIoy - HO
urssx AJAp
% ‘uotavIsushHal Ateantosqge
JIS1IR pauTwIejap % Hurikey I97IT POUTUISISP Jo (ud /baun) atse 20
s® utsal AIp AToanTosd® ge urtged Aip ATsayntosqge KAatoedeo - FSoY cdu® g,
Jo Aatoeded ul uTeH Jo Ajoedep ul- UTRH TRUTOTIO

(***°°*pPauod 8Z ~ LI ~ HTEVI)



178

L8°6T c1°Le ¥S°61 £€9%9¢ 08T°9 Ll (M) a3
S1°0¢C g6°6¢ 6c*1¢ ¢0°6¢ ove°*6 Il (B dd
Zv°0cC 08°8¢ ¥1°671 08°*se 0SC°L OO (FHA) X
Qg *¢e 96 °62C £€8%61 88°LEC 0£0°9 LI (HO~€ ) a
vE*PC €L°SE 06°¢¢ 06°6¢ oLZ "L 4L (88)dE o0¥1
0E°LT VETY c9°ve A2 088°8 I (98) ad
18°%C¢ i6°¢EE 65 °0¢ £1°8¢C 0S¥y L LI (OH) a
6L°671 £€6°52 Gz °81 po°ge 091°'9 &L (HO-8) 4"
IS°LT SL*€ET Y691 pe*TC 0S8°S LE (YD) ad
uwiof - 1O wior ~ HO wiey =~ 1o Wici =~ HO -
ursea Aap
o ‘ucTaBRISuabad ATeanTosgR
JoaIe pauTwIansp % {HUTyIRey JI93FR POUTWISLIP J0 ?&\H@mEv utTsey Uo
ge urgsl AIp Arsantosdge ge uissex AIp ATeanyosge Aapoeded duey,
Jo KaTonedep uT UTRYH Jo AaTorded ufr uIRn TeuTbBTIO

A ouocc..'ﬁvpgov mN . _H:H nd MﬁHm.H/N.HV

~



i79

T€9°T Se8°1 0T9°C 26€£°9 LLZ 9 08T°9 LI (NVY g3 6
9LL°C 826°¢ o%¥ °¢ 0SL*6 167 %6 ovc 6 Id (¥g) du 8
L99°T TLL®T 066°T 088°L 6597 °L 0SZ L L5 (gHA) a8 L
TLO9°T 91¢€ °¢ £E€8*C 0€5°9 29 °9 0€0°9 &L (HO~£) dd 9
zze°z 82% °T $ES T 6TL"L TOP*L  OLZ°L I (89) aE S
TC9°¢ 288°%¢ 009°% €996 0Zg*6 088°8 I (¥8) a" 2
SIA A ESL°T 00Z °¢ T68°L 07 9°L owm.h I (OH) a2 €
€19°1 0L8°1T 0v0°e 029°9 06€°*9 091°9 I3 (HO-8)a¥ 4
8%L"°0 7G8°0 0%%°T G6T°9 £€86°5. 088°S IL (V0 ) d® T
o0L 08 o0€ o0L o008 o0t

RW%.QE@p{pm pauTWI®39p Aoous.mgmp ' pauTwWwIalep

ge ursax AJp ATsanTosgR® se” uisael AIp ATeanTosge uTsay *ON

Jo (ub/Daw) DEp TRIOL

J0 (wb/bew) pEvY TEIOL

N L60°0 = TDBN / HOBN FO A3TTRUION

ub g°Q

N 860°0 = TO®BN / TOH FO A3TTRWION *say 7

]

UIS2X IO JUNOUN

potIxad uoTaRIAQTTINDY

uTsel syz 3o Agtordeo oyl uo uoTiIRIAQTITIND® Jo aanjeisdumn JO 209IFIW

6¢

= Ll = HEEVI



Oxidation resistance of amphoteric resins

TABLE - .TT - 30

as cation exchanger
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% Moisture %ncrease
No. Resin Untreated H202 treated égnéegiter
exchanger exchanger
1 EP(CA)TT 6.37 18.32 11.95
2 EP(8-0OH) TT 3.76 15.44 11.68
3 EP (HQ) TT 2.90 16.56 13.66
4 EP(Sa) TT 3.35 17.54 14.19
5 EP(3S)TT 5.29 15.94 10,65
6 EP (3-0H) TT 1.15 11.28 10,13
7 EP(PHB) T'T 4,00 15.93 11,93
8- EP ( BR) TT 2.74 15,78 13,04
9 EP (AN) TT 1.90 14.10 12,20
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TABLE - TT -~ 31

Oxidation resistance of amphoteric resins

as anion exchanger

‘% Moisture Increase
No. Resin in % water
Untreated Hzoztreated content

exchanger exchanger

1 EP{(Ca)TT 10,10 o 16,11 6,01
2 EP (8~0H) TT 7.80 19.48 11.68
3 EP (HQ) TT 7.60 24,27 16.67
4 EP(SA)TT 7.74 25.00 17.26
5 EP(S8S)TT 6.50 18.14 11.64
6 EP ( 3-OH) TT 5.20 17.90 12.70
7 EP (PHB) TT 8.60 18,02 9.42
8 EP ( BR) TT 4,40 18.94 14.54

9 . EP(AN)TT 3.52 17.56 14,04
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TABLE - TT - 34 (a)

Chromatography of mixture of Co+2 and Cu+2 on
EP(BR)TT amphoteric resin - (NH,” - form)
mg of metal ion
Fraction No. Volume, ml
N cot? cu™?
Elution with
0,3 M CH3COOH
1 10 0,000
2 10 0.088
3 10 0.884
4 10 3.978
5 10 8.546 .
6 10 3.389
7 10 0,736
8 10 0,177
9 10 0,088
10 10 -
11 10 -
12 10 -
Elution with
1.0 M HC1L
13 10 0,000
14 _ 10 0.000
15 10 0.635
16 10 C 3,177
17 10 12,073
18 10 6,354
19 10 ‘ 0,953
20 10 0.318
21 10 " 0,000
Total metal ion recovered 17.886 23.510
from resin bed '
Total metal ions in the influent 17,976 23.573
Column diameter = 1.0 amn Bed height = 23.0 ams

Mesh size = =60 <+ 100



