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/

II Phenol - Bpjchlorohvdrin - 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 epichiorohydrin, various 

phenolic derivatives and triethylene^tetramine by 

the method described in I - (a).

II (b) Moisture' content of resins: .

4.Moisture content of these resins (H form 

and OH form) was determined as described in I - (b).

The values of % moisture content■of these 

resins (H+ form and OH form) are presented in 

Table - TT. - 20.
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II - (c) .Density of resins:

(i) True density (d g) * (ii) Apparent 
density CdcQ^) and (iii) void volume fraction of

' JL mmthese resins (H form and OH form) were deter­
mined as described in I - (c) (i); tii) and (iii).

The values Of d „ and d , of these resins res col
j, ^(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.

II - (d) (i) Total ion exchange capacity and
(ii) Concentration of ionogenic groups:

Total Ion exchange capacity (H form and
■ f ,

OH form) was determined as described in I - (d) (i).

Concentration of ionogenic groups and volume 
capacity of these resins (H+ 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 capacity 
of these resins as cation exchanger as well as anion 
exchanger are presented in Table - TT - 23 and 
Table - TT - 24 respectively.
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II ~ (e) Metal (Cu) exchange capacity}

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;
"fr*Rate of exchange of these resins (H form 

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 Pigs. 10 to 
15 and presented in Table - TT - 25.

II - (g) pH-titration studies and apparent pK anda
- values;

pH titration studies and apparent pK& and pK^

values of these resins were determined as described 
in I - (g).

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 pK^ and pK^ values for these 

resins are presented in Table - TT - 26.

II - (h) Thermal Stability ;•

Thermal stability of these resins as cation 

exchanger in free acid form' and in salt form such 

as sodium form was determined as described in

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

Thermal stability of these resins as anion 

exchanger in free base form and .in salt form such 

as chloride form was determined as described in 

t - (h). The results are presented in Table - TT - 28.

II - (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 CH+ form and 

0H~ form) was carried out according to the method 

described in I - (i). The results are presented in 

Table ~ TT - 29.

II - (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.

II - (k) Swelling behaviour;

Swelling behaviour of these resins CH form and 

OH~ form) in various solvents was studied as described 

in I - (k).

The results'are presented in Table - TT - 32 and 

Table - TT - 33 respectively.

II - (1) '/ go rot ion behaviour of some metal bivalent

cations on cationic form (NH^ form) of the 

amphoteric resin from ammonium acetate - 

dimethvlformamide media:'

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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II Phenol - Epichlorohydrin - Triethylenetetramine
Type Chelating Amphoteric Ion-Exchange Resins

RESULTS AND DISCUSSION

We have- synthesised chelating amphoteric ion- 
exchangers from the various phenolic derivatives, 
epichlorohydrin 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 employed for synthe­
sising the resins possess the following structural 
features.
(a) two phenolic groups in ortho or para positions 

on a phenyl ring,
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(b) one phenolic group and one ring nitrogen,

(c) one phenolic group and one carboxylic group in 
ortho position on a phenyl ring,

(d) one phenolic group in ortho position to carboxyl 
group but in meta position to sulfonic group on 
a phenyl ring,

(e) one phenolic group and one carboxyl group in 
ortho position on a naphthalene ring,

(f) one phenolic group and one carboxyl group in 
para position on a phenyl ring,

Cg) two phenolic groups in meta position and one 
carboxyl group in ortho position on a phenyl 
ring,and

(h) one amino group and one carboxyl group on a 
phenyl ring.

General Characteristics and Structures?

The chelating exchangers, in general are fairly 
porous in nature with average physical stability and 
good chemical resistance to 3N acids and alkalis and 
all resins are of different colours.
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In the present investigation, the polymers
were obtained by poly condensation und-er mild reaction
and curing conditions, cross-linking possible by

(hot shown in figure},
formation- of - CH. - linkages/ 'although on the basis 

i
of analytical data and other physico-chemical 
studies, we may have some generalizations vis.,

(a) hydroquinone, salicylic acid, sulfosalicylic 

acid, and p-resorcylic acid get condensed with 
triethvlenetetramine in molar ratio of 1 : 1,

(b) catechol, 3-hydroxy-2-naphthoic acid, 

p-hydroxybenzoic acid and anthranilic acid get 
condensed’ with triethylenetetramine in molar 

ratio of 2 s 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-35.

Moisture retention % :
■ s

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 
ta) concentration, valency and solvation tendency of 
counter ions, (b) concentration and solvation tendency 
of the fixed ionogenic groups, (c) degree of cross- 
linking, and (d) electrostatic interaction of ions in 
the resins. The degree of cross linking in resin is 
neither controlled 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 (BETA <£ 
TETA < TEPA)*

Density of resins:

True density td :

The data obtained for the density (d ) of the■* res
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 resins under study# d for OH - form ,
J. ss

is slightly higher than that for H - form.

Apparent (Column) density.(dcol) *

We have also evaluated the apparent (column) 

density (d ^ °f the resins (Table-TT - 21). The 

values are ranging from 0.21 to 0.45 for H - form and 

0.21 to 0.56 for the OH - form. Known values (130) 

of apparent density 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 

resins are 0.74 for IRA-68# weak base - N(R) 2# 0.67 for 

IR-45#weak base - N(r)2# -NH(R)2# -NH^ and 0.64 for 

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 volume fraction/ the diffusion of ions and 
hence the rate of ion exchange may be facilitated.

Ion-exchange capacity;

The cation or anion exchange capacity of these 
resins were calculated using the formula as described 
in I-(d) . The observed capacity CEG^^ (cation 
exchanger) or AEC ^ (anion exchanger) can be compared 
with the calculated CEC ^ or AEC ^ as reported in 
Table - TT - 23 and Table - TT - 24 respectively.

For the values of ratio CEC^g / CECc_^, three 

ranges exist.

(1) value of CECobs
CECcal

is approximately close to 1,

(2) value of CECobs
CECcal

is close to 3/2.

Low values ('— x/2) of the ratio may be attributed to 
anyone phenolic group (in such resins ) involved in 

ion exchange.
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(3) value of CECobs/CECca^ is high C ^ 3/2) and may 

he attributed to contribution of weakly acidic 

amide group in such resins.

For the values of ratio AEC^^/AEC^^# two

ranges exist#

(1) , Value of AECol;)g/AEC i is high ( ^ 3/2) and may

be attributed to contribution of weakly acidic 

amide group in such resins,

(2) Value of is high ( 2). We suggest

that anion exchange capacity of these resins cannot
i

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(SA)TT >

ep(an)tt >

EP(8-OH)TT >

EP(BR)TT > 

EP(SS)TT > 

EP (PHB) TT >

EP(3-OH)TT > 

EP t HQ) TT' > 

EP ( CA) TT ,

\
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Amphoteric resins as anion exchanger show 

the following decreasing order for anion exchange 

capacity,

EP (BR) TT > EP(SA)TT ^ EP(HQ)TT !>

EP(SS)TT > EP (PHB) TT > EP(AN)TT >

EP(8~0H)TT > EP (3—OH) TT > EP(CA)TT .

Total exchange capacity of EP(HQ)TT resin 

(7*38 meq/gm), EP(SA)TT resin (8.88 meq/gm) and 

EP(BR)TT resin (9.24 meq/gm) as anion exchangers 

is comparable with that of commercial anion exchanger 

Duolite A-4 (7.7 meq/gm) (granules), Duolite A-2 

(8,4 meq/gm) (granules) and Duolite A-7 (9.10 meq/gm) 

(granules, weak base amino group, condensation polymer)

Metal (Cu) exchange capacity;

We have studied the copper ion exchange by 

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

The observed values of copper ion exchange 

capacity of these resins are presented in Table - TT -

It is seen that copper ion exchange capacity of 

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

resins are in the decreasing order as follows:

EP(SA)TT > EP(BR)TT > EP(AN)TT >

EP(SS)TT > EP(HQ)TT > EP(3-0H)TT >

EP(8-0H)TT > EP (PHB) TT > EP(CA)TT.

Rate of exchange:

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 as cation exchanger

and as anion exchanger reveals that the rate of ion 

exchange is very £ast 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 minutes
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(b) the rate of exchange for these resins are in 
the'decreasing order as follows:

EP(BR)TT > EP(GA)TT > EP(SA)TT >
EP(HQ)TT > EP (8-OH) TT > EP(AN)TT >
EP(PHB)TT > EP(3~0H)TT > EP(SS)TT.

In the case of amphoteric resins as anion 
exchanger, it is observed that,

(a) complete exchange occurs in 15 minutes,
(b) the rate of exchange for these resins are1in 
the decreasing order as follows:

EP (PHB) TT > EP(HQ)TT > EP(CA)TT >
EP(BR)TT > EP(8-0H)TT > EP(Sa)TT >
EP(AN)TT > EP(SS)TT > 3£P-( 3-OH) 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 ishe exchanger could/be brought about due 
to lack of facility.
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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 to 7, reisins 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 pK^ and pK^ Values?
Q

The apparent pK^ and pK^ values of the resins 

under study were obtained from pH titration curves and 

calculation using equation (9) and (14) as described 

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

It is seen that the range of pK& obtained for 

overall cation exchange process in general for various 

ion exchangers studied is between 10.86 to 11.23 which 

is slightly higher than that of a characteristic of
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indicating we a kly acidic. t~rs.iMf<z of tbe 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 pK values for the resins are in the 
a

following decreasing orders

EP(3-0H)TT > 

EP(SS;)TT > 

EP (8—OH) TT >

EP (BR) TT >

EP (AN) TT >

EP (PHB) TT ]>

EP (CA) TT > 

EP (HQ) TT >

ep(sa)tt,

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

decreasing order/

EP (BR) TT > 

EP (PHB) TT > 

EP ( 3-OH) TT >

EP (SA) TT > 

EP (HQ) TT 

EP(AN)TT >

EP (Ss) TT > 

EP(8~0H)TT > 

EP(CA) TT .

Isoionic point:

The values of isoionic point (i ) are presented
1 P

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.



137

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

Thermal stability:

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 forms (H - , Na - , OH - and Cl - forms)
of the resins are observed upto 80°C. Hence the

oamphoteric can be safely used upto 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 - CH| - bridges,I '
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 seen 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 y

EP (PHB) TT />
ep(sa)tt >

EP (8-OH) TT > 

EP (SS) TT >
EP ( BR) TT >

EP(HQ)TT > 
EP (AN) TT > 

EP ( 3-OH) TTj

while for anionic form of the resins# the thermal 
stability decreasing order is#

EP (PHB) TT > EP (CA) TT 
EP ( 3—OH) TT > EP (HQ) TT 
EP (S3) TT )> EP(SA)TT )>

EP (8 -OH) TT )> 

EP(AN)TT > , 
EP (BR) TT

Effect of temperature of equllibratia>R 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.
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From the data/ it is revealed that the anion 
exchange capacity of amphoteric 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 resulting from
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 equilibration temperature 
may be due to the loss of ionogenic groups.

Oxidation resistance:

Results of bxidation resistance test of different 
amphoteric exchangers as cation exchanger are presented 
in Table - TT - 30 and as anion exchanger are presented 
in Table - TT - 31.

Amphoteric resin EP(3-OH)TT exhibits the lowest 
increase in percentage water content as cation exchanger 
and resin EP(CA)TT as anion exchanger and thus they are
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the most resistant to oxidation. We observed that 
with few exceptions [jEP(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 is 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 CAN) TT

EP t BR) TT y EP (HQ) TT > EP(Sa)TT.

Amphoteric resins as anion exchanger show the 
following decreasing order for their stability on 
oxidative degradation,

EP(CA)TT EP (PHB) TT SP (SS) TT

EP(8-OH)TT y EP (3-OH) TT > EP(AN)TT >

EP CBR) TT y EP(HQ)TT > EP(.SA)TT.

Behaviour in non aqueous solvents;

The results of behaviour of these resins as 
cation exchanger as well as anion exchanger in non- 
aqueous solvents are reported in Table - TT - 32 and 
Table - TT - 33.
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It is qbserged that#

polar solvents produce more extensive swelling 
than non polar hydrocarbons#

In polar solvents (h20# CH^OH# CH^GOOH) amphoteric 

resins as anion exchanger swell more than the 
cationic type.

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 the 

pH 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 is small. When the 

pH is increased or decreased# either the acid 

or the base groups dissociate# thus increasing 

the number of osmotically active particles within 

the resin. The result is an increase in 

swelling in either case.

the decreasing order of porosity for amphoteric 

resins as cation exchanger is as follows:

SP ( SA) TT > EP ( CA) TT > SP (HQ) TT >

EP (BR) TT > SP (SS) TT > EP(AN)TT >

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



(5) the decreasing order of porosity for amphoteric 

resins as anion exchanger is as follows:

ep(sa)tt > ep(br)tt > ep Can) tt >

EP (HQ) TT = EP(SS)TT > EP(CA)lT >

EP (8-OH) TT > EP (PHB) TT > EP(3-0H)TT.

Distribution studies:

The distribution coefficient (K,) of the cations
a

are reported in Table - TT - 34.

(1) In all the cases the sorption of metal ions
(*'■

increases and then decreases with the increasing

concentrations of NH^OAc. This is probably due to
'

the preferential sorption of NH^ ions on the 

exchanger in comparison to the charged anionic 

species.

(2) Sorption of Cu(ll) is high at 0.25 M NH^OAc as 

compared to the other metal ions.

(3) The EP(SA)TT and EP(BR>TT resins showed greater
4-0

uptake of Cu ions at 1.0 M NH^OAc than did

other resins. It may be suggested that at higher

concentration of NH^OAc, a stable ammonia complex
+2is formed with Cu . This metal amine complex as 

such may be taken up by the exchanger probably by 

a process of chelation facilitated by multifun­

ctional nature of this amphoteric exchanger.
+2From Table - TT - 34, it is clear that Cu has

142

(4)
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distribution coefficient (K^) 783.24 as compared 

to 3.96 for Mg*2 at 0.25 M of NH^OAc, indicating the 

possibilities of chromatographic separation of these 

two ions employing EP(BR)'TT resin. Similarly, CuCll) 

can be separated from Ca (II) or Mg (II) employing 

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

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.

# +2A chromatographic separation • of Go from Cu 

was achieved using a resin EP(BR)tt (NH^* - form) 

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

+2 [fig ISaJ

and

(5) Relatively low uptake of Cu*2 by EP(8-0H)TT and 

SP(AN)TT resins# eventhough amino nitrogen is 

present in the structure, could not be explained 

by the process of chelation.

The following variation of sorption of cations 

with the concentration of ammonium acetate was observed!

i

^ Procedure is on ^age 192



144

[nHaOACJ = 0.0 2 M

Resin Sorption order

EP (CA) TT Cu

EP(8~OH) TT Cu

EP (HQ) TT Cu

EP(SA) TT Cu

EP (SS) TT Cu

EP(3-OH) TT Cu

EP (PHB) TT Cu

EP (BR) TT Cu

EP (AN) TT Cu

[NH40Ac] = 0.25 M

Resin

EP (CA) TT Cu

EP (8-OH) TT Cu

EP(HQ) TT Cu

EP(SA) TT Cu

EP(SS)TT Cu

EP ( 3 -GH) TT Cu

EP (PHB) TT Cu

EP (BR) TT Cu

EP(AN) TT Cu

> Zn > Ni > Ca > Co > Mg

> Zn > Ni > Ca > Co > Mg

> Zn > Ni > Ca > Co > Mg

> Ni > Zn > Ca > Co > Mg

> Zn > Ni > Ca > Co > Mg

> Zn > Ni > Ca > Co > Mg

> Zn > Ni > Co > Ca > Mg

> Ni > Zn > Co > Ca > Mg

> Zn > Ni > Co > Ca > Mcf

Sorption order

> Zn > Ni > Co -> Ca > Mg

> Zn > Ni > Ca > Co y Mg

y Zn Ni y Co y Ca y Mg

y Co y Zn y Ni Ca > Mg

> Co y Zn > Ni > Ca > Mg
> Co > Zn > Ni > Ca y Mg

y Co y Zn y N i y Ca y Mg

Ni > Zn > Co y Ca > Mg

> Co > Zn > Ni > Ca > Mg
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[nh4oac] = 1.00 M

Resin

ep(ca) tt Cu

EP(8-OH)TT Cu

EP(HQ)TT Cu

EP (SA) TT ' Cu

ep(ss)tt Cu

EP (3-OH) TT Cu

EP(PHB) TT Cu

EP (BR) TT Cu

ep(an)TT Cu

Sorption order

> Zn > Ni > Co > Ca > Mg

> Zn > Ni > Co > Ca > Mg

> Zn > Ni > Co > Ca > Mg

> Zn > Ni > Ca > Co > Mg

> Ni > Zn > Ca > Co > Mg

> Zn > Ni > Co > Ca > Mg

> Zn > Ni > Ca > Co > Mg

> Ni > Zn > Ca > Co > Mg

> Zn > Ni > Ca > Co > Mg
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TABLE - TT - 20

°/o Moisture content of Amphoteric resins

No. Resin
% Moisture

H+ form OH form

1 EP (CA) TT 6. 37 10.10

2 EP 18 -OH) TT 3.76 7.80

3 EP (.HQ) TT 2.90 7.60

4 EPtSA)TT 3. 35 7.74

5 ' EP CSS)TT 5. 29 6.50

6 EPC3-OH) TT 1. 15 5. 20

7 ' EP (PHB) TT

oo* 8.60

8 epcbr;tt 2.74 4, 40

9 EP (AN) TT 1.90 3.52



163

0H
~ 

fo
rm

ap
pa

re
nt

(c
ol

um
n)

de
ns

it
y

“W (g
m/
ml
)

0.
38

04
0,

56
43 t£)'si*

«o 0,
 2
84

5
0.

40
 37

0.
38

58
0.

32
50

0.
21

08
0.

37
44

Re
si

n 
in

tr
ue

 d
en

si
ty

 ̂d
re

s3
 

(g
m/

cm
 )

1,
59

50
1,
 2
6.
10

1.
52

40
1.

43
50 oo00o.CM

oooin*CM 1.
13

60
1.

80
80

2.
22

00

g
om
+
X

ap
pa

re
nt

 
(c
ol

um
n)

 
de

ns
it

y
^c

ol
* 

, 
(g
m/
ml
)

0.
 36

41
0.

42
12 COoCOm«o 0.

23
37

0.
37

49
0.

44
54

0.
33

26

ZZIZ*0 0.
45

28

Re
si

n 
in £

-HCOa0) tosCO uCD ©\ d MSM <d Oi•U v-y

1.
14

60
1.

10
80

0001*1 1.
55

10
' 1

.1
64

0
1.

26
50

1.
16

70
1.

21
80

1.
23

90

Re
si

n

EhEh
rf!O
fta

EhEh
***\X
01oo
fta

EhEH
aX
a

EHEH
<tow*aiS

EhEh
COCO
fta

EhEh
E01m
fta

EhEh
BXft
a

EHEH
ft - m
fta

EHEHy-N
a

1 No
.

rH CM CO U0 VO E> CO oi

TA
BL

E 
- 

TT
 -

 2
1 

De
ns

it
y 

of
 re

si
ns



164

o
4-t

1
X
o

V
oi

d v
ol

um
e 

fr
ac

tio
n

U
 " 

ac
ol

/d
ra

s)

0.
76

15 inOJ
in
in

O 0.
70

60
0.

80
18

0.
80

59
0.

84
57

0.
71

39
0.

88
34

0.
83

14

re
si

ns

R
es

in
 in m0

u
\

1—1 o 
o

*0

0.
23

85
0.

44
75

0.
29

30
0.

19
82

0.
19

41
0.

15
43

0.
28

61
0.

11
66

0.
16

86

vo
lu

m
e fr

ac
tio

n o
f

JL
.

R
es

in
 in 

H
 form

V
oi

d v
ol

um
e 

fr
ac

tio
n

U
 - a

 n/d ) co
l res

0.
68

23

6619*0 0.
65

38
0.

84
93

0.
67

79
0.

64
79

0.
71

50
0.

82
58

0.
63

46

0
>

d , /d
 

co
l res

0.
31

77
0.

38
01

0.
34

62
0.

15
07

0.
32

21
0.

35
21

0.
28

50
0.

17
42

0.
36

54

R
es

in

B
B
<
O

&
m EP

C
8-

O
H

) T
T

EP
(H

Q
) T

T B
B

<co
0.
w

B
B

CQ
to

04
m

B
B

X
0

1
to
Q,
m

BB
m
X
04
5

B
B
&
m

04
M

B
B
/—N

a
5
04
w

N
o.

CM ro •3' in VO c~ CO CPi

TA
B

LE
 - 

TT
 - 2

2



L
O

C
D

M0)tJi
c
m-,c
u
X
0) C

u-
ex

ch
an

ge
 

ca
pa

ci
ty

 
C

m
eq

/g
m

) 86*0 1.
 47

1.
75

4.
 17

1.
82

1.
53

CM
co

.r-i 2.
47

2.
 01

of
 Am

ph
ot

er
ic

 re
si

ns
 as 

ca
tio

n

I O 0*
P id a <u
H ft aO fd S> o o>

0.
49

1
0.

82
7

0.
81

3
1.

03
9 006*0 1.

 24
7 CO

CM
VO
.O

orH
E>

«O 1.
15

9

C
on

ce
nt

ra
tio

n 
of

 ion
og

en
ic

 
gr

ou
ps

cr
C

m
eq

/ o
n^

)

1.
54

5
2.

17
5

2.
 3

50

006*9
, 2.

79
4

,3
.5

46
2.

18
5 mr~

o
« 3.

17
2

gr
ou

ps to Hq fdo uo o
w wo o

0.
76

l 0.
94

1.
63

1.
04

1.
73 r-J

O
• 1.

 25
1.

61

of
 ion

og
en

ic

To
ta

l
C

ap
ac

ity
C

EC
 , ca

l
(ra

eq
/g

m
)

1.
89

0

I

2.
 32

5

2.
80

9
2.

44
0

1.
63

4
1.

93
7

2.
75

4
1.

61
8

C
on

ce
nt

ra
tio

n

To
ta

l
C

ap
ac

ity
C

EC
 , ob

s
(m

eg
/ gm

)

1.
44

0 o
o
.CM

o
o. CM

eCM 4.
60

0
2.

53
4

2.
83

3 
'

1.
95

0
3.

44
0

2.
61

0

C
ap

ac
ity

 an
d

R
es

in

&
&
*3
O
wft
m

Eh
£h

X
O

1
ca

ftM

£h
Eh

aX
ftM

Eh
Eh

M

ftW

EH
B

m
m

ft
W EP

 (3
-O

H
) T

T

EP
 (P

H
B

) T
T

EP
(B

R
) T

T EH
EH -
%

t-cC

ft
M

N
o.

T-t CM co
«

tn CD C- 00 Ov

TA
B

LE
 - 

TT
 - 2

3



C
ap

ac
ity

 and
 Co

nc
en

tr
at

io
n o

f io
no

ge
ni

c g
ro

up
s of

 Am
ph

ot
er

ic
 re

sin
s as

 an
io

n e
xc

ha
ng

er
hi
p H o in in o Mi' in CO CM CM

0) -r) \ o o ms* cn Mi* o in CO cn
e o O’ o CM o cn [-• CM v-i CO CM
3 «Q» ft 6 • • • • » ft<*H Pt • CM ro m CM CM CM rH CM
0 (0
> 0 &

a
0 0

-r-f -H ->P d u
(0 CD u OD CM o O O o O O o
U t51 m CO CO cn CD Mi* O'* 00 e'­ Mj*
P 0 e co t—i co E-" iH CN in en CM
tea U « • c • • «. • • e®Oft \ 03 t> o iH Mi* t- m cn

O -H 3 tr H iH iH ■H iH iH
d 0 <!)
0 P m e
U O til ^

ra H
P 0 Os CO cn K& r- t'- l>
o O in in m Mi* CO C0 CD CM

o o ♦ I « « ft • « •
w T—! rH iH iH T-i iH iH rH
*3 <3

hi
p P
•H iH & O O CD O CO CD OC mS<

r—f O 0\ CD in iH CD \o r~ O in
rd rtf o c I> CD CD CO 04 co in CO
P ftD CD ® 1 • » • • « • •
0 S co Mi* in m}* cn cn in M}1

Eh O *3 vP

hi /~sp p
■rf to & in CD CD CO C- cn in Mi* CO

r-f 0 p\ CO tH co 00 CM o CM CM iH
rtf (6 o &1 • * 9 * • « ' • 0 «
P P,u 0 in CO r~ CO r- VO cn CD
O 0 M g
Eh 0 <3 w

g) B
£h B EH

Eh •y*—«w EH Eh gi *•—S EH EH Eh
£h tc EH gt EH E EH Eh

s o s, O P3
a *3 J a *3 ffi I E OJ Vy
P u CO K to to cn Pi m 3
m V/ s-/ v_>» vy i-*
0 Pi Pi Pi Pi p. Pi Pi pi
a w m ej w w m H M

»
0
is r~f CM m •v}' in CO 00 a\

166



167

TABLE - l'T - 25
Rate of exchange of resins

No. Resin Time in 
minutes

Cation
exchange
capacity
realized
(meq/gm)

Anion
exchange
capacity
realized
(meq/gm)

5 1.346 4.950
10 1. 440 5.550
15 1. 440 5.850

1 EP(CA) TT 30 1.440 5.850
60 1.440 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-OH)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 2. 200 7. 330
15 2. 200 7.450

3 EP(HQ) TT 30 2. 200 7.450
60 2. 200 7.450

120 2. 200 7. 450
180 2. 200 7.450
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(TABLE - TT - 25 contd......)

No. Resin Time in 
minutes

Cation 
exchange 
capacity 
realized (meq/gm)

Anion 
exchange 
capacity 
realized (meq/ gm)

- 5 4. 250 6.753
' 10 4.600 8.110
15 4.600 8.880

4 EP(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 7.270

5 EP(SS)TT 30 2.534 7.270
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
30 2.833 6.030
60 2.833 6.030

120 2.833 6.030
180 2.833 6.030

6 EP (3-OH) TT



1 Gf)

(TABLE - TT - 25 contd.............. )

NO. Resin ■
Time in 
minutes

Cation
exchange
capacity
realised
(meq/gm)

Anion 
exchange 
capacity 
realized 
(meq/gm)

5 1.640 6.550

10 1.950 7.100

15 1.950 7. 250
7 EP(PHB) TT 30 1.950 7.250

60 1.950 7.250

120 1.950 7.250

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
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TABLE - TT' - 26

Apparent pK& and pK^ values and isotonic point 

of resins

No. Resin
Apparent
pK values 
* a

Apparent
pK^values

Isoloni 
point

1 EP (CA) TT il.094 2.939 7.016

2 EP(8-OH)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(S3)TT 11.025 3.160 7.092

6 EPC3-OH)TT 11.232 3.020 7r126

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
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TABLE -.TT - 30

Oxidation resistance of Amphoteric resins 
as cation exchanger

No. Resin
% Moisture Increase 

in % water 
contentuntreated

exchanger
E^O^ treated 
exchanger

1 SP (CA) TT 6. 37 18. 32 11.95
2 EP ( 8 —OH) 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 (SS) TT 5. 29 15.94 10.65
6 EP ( 3-OH) TT 1.15 11. 28 10.13
7 EP(PHB) TT 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

o
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TABLE - TT - 31

Oxidation resistance of Amphoteric resins 
as anion exchanger

'% Moisture Increase
No. Resin ------------------------ in % water

Untreated ^O^reated content
exchanger exchanger

1 EP ( CA) TT 10.10 16.11 6.01
2 EP (8—OH) 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 (SS) 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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187
TABLE ~ TT - 34 (A)

4*2 +2Chromatography of mixture of Co and Cu on 
EP(BR)TT amphoteric resin - (nh4+ - form)

Fraction No. Volume# ml mg of metal ion

O 
j 

°* 4-2Oi

Elution with
0.3 M CH3C00H

1 10 0.000
2 10 0.088
3 10 0.884
4 10 3.978
5 10 8.546 - 1
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 HC1

13 10 0.000
14 10 0.000
15 10 0.635
16 10 . 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 
from resin bed

recovered 17.886 23.510

Total metal ions in the influent 17.976 23.573
Column 'diameter =1.0 cm Bed height == 23.0 cms

Mesh size = -60 + 100


