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IIT Phenol -~ Epichlorohydrin - Tetraethylenepentamine

Type Chelating Amphoteric Ion Exchange Resins

EXPERIMENT AL

IIT (a) Syhthesis of Chelating Amphoteric ion-

exchange resins:

Chelating amphoteric ion exchange resins are
synthesised from epichlorohydrin, various phenolic
derivatives and tetraethylenepentamine by the

method described in I - (a).

IIT (b) Moisture content of resins: :

Moisture content of thege resins (H+ form

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

The values of % moilsture content of these
resins (H' form and OH form) are presented in
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III - (c) Demsity of resins:

es): (ii) apparent

(1) True density (dr
density (dcol) and (iii) void volume fraction of

these resins (H' form and OH  form) were determined

as described in I - (c) (i); (ii) and (iidi).

The values of ;d.' and dc of these resins

res ol

(H* form and OH form) are presented in Table - TP-38.
The values of void -volume fraction of these

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

Table - TP - 39,

IIT -~ (a) (i) Total ion exchange. capacity and

(ii) Concentrati@n of ionogenic groups:
Total ion exchange capacity (H+_form and

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

Concentration of ionogenic greups and volume
capacity of these resins (H+ form and OH form) were

determined as described in I - (d) (ii),

The values of total jion exchange capacity.s

concentration of ionogenic groups and volume capacity
of these resins as cation exchanger as well as anion
exchanger are presented in Table - TP = 40 and

Table - TP - 41 respectively.
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IIT - (e) Metal (Cu) exchange capacitvys:

Metal (Cu) egcﬁange capacity of these resins
(H+ form) was détermined by following the procedure

described in I - (e} and the values are presented

in Table - TP ~ 40,

IIT - (£) Rate of exchanges

Rate of exchange of these resins (" 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 Figs. 19 to 24

and presented im Table = TP - 42,

IIT - (g) pH~titration studies and apparent pK_ and
255 valuess
pH titraticn studies and apparent pKa 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

- Fig. 25 to 27,
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The apparent pKa and pr values for these

resins are presented in Table - TP - 43,

III - (h) Thermal Stability:

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

I - (h). The results are presented in Table = TP - 44,

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

I - (h). The results are presented in Table - TP - 45.

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

the capacity of the resing

The study of the effgct of varying equilibration
temperature of the capacity of the resins (§+ form and
OH form) was Carried out according to the method
describgd in I - (i). The results are presented in

Table - TP -~ 46,

III - (j) Oxidation resistance tests

Oxidation resistance test of these resins in

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

Table =~ TP = 47 and Table - TP - 48 respectively.

III - (k) 8yelling behaviours:

Swelling behaviour of these resins (H' form and
OH form) in various solvents was studied as described

The results are presented in Table - TP -~ 49 and

Table -~ TP - 50 respectively,

III -~ (1) =~ sorption behaviour of some metal bivalent

cations on cationic form (NH4+ form) of the

amphoteric resins from ammonium acetate =

dimethyvlformamide medias

A sorption study was carried out following the
procedure as described in I =~ (l) and the results of

Kd values are presented in Table -~ TP - 51,

IIT - (m) Colunn Chromatographvs

Before the chromatographic separations, the
resin bed was prepared by making a slurry of the resin
and
in NH,0ac (0.25 M) - DMF [ 40%, v/v_]/transferred to the
graduated column., The resin bed thus prepared was

pretreated with 0.25 M NH4OAC solution.
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Phenol - Epichlorohydrin - Tetrasethylenepentamine

- Type Chelating Amghdferic Ion BExchange Resins

RESULTS AND DISCUSSION.

"General: i

We have synthesized chelating amphoteric ion
exchangers from the various phenolic derivatives,
epichlorohydrin and tetraethylenepentamine. The
phenolic derivatives émployed for synthesising the

resins possess the following structural characteristics.

(1) Two phenolic groups in ortho or para positions
on a phenyl ring,

(2) ‘one phenolic groﬁp and one ring nitrogeﬁ,

(3) one phenolic group and one carboxylic group
in ortho position 05 a phenyl ring,

(4) one phenolic group in o%tho position to carbo-
xylic group biit in meta. position to sulfonic
group on a phenyl ring,

(5) one phenolic group and one carboxylic group in

ortho position on a naphthalene ring,
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(6) one phenolic group and one carboxylic group

in para position on a phenyl ring,

(7) two phenolic groups in meta positions and one
carboxyl group in orthe position on a phenyl

1

ring, and

(8) one amino group and one carboxyl group on a

phenyl ring.

Gelling and Curings

The formation of the resin i§ characteriéed
by the gel point. .Gel point or gel period is related
to branching abiiity and hence to the functionality of
the monomer involved in condensation ( 146). If the
condensing monomers exhibit fupctionality of two, a
linear chain would result. ;f tpe condensing monomers .
exhibit the functionality greater than two, branching
may be obtained and gelation will take place. Greater
the functionality (f) exhibited by the monomers,
shorter can be the period of gelation., Curing
involves the thermosetting of gel. In the series
under investigation, gelling time and curing period
for all Fhe resins are same, hence we suggest that
gelling time and curing period are directly related

to phenolic compounds' functionality only.



' General Characteristicsand Structures:

Generally the chelating exchangers are fairly
porous in nature with average physical stability and
good chemical resistance to 3 N acidsand alkalisand
show a change of colour when converted from the free
acld or free base form to its corresponding salt

(Na- or Cl-) form or vice versa. ‘ *

In the present investigation, the polymers
were obtained by the polycondensation under mild
reaction and curing conditions, cross linking is
possible by formation of -?Hé¥linkages. On the
basis of analytical data and othef phyéico - chemical -

studies, we have few generaligations, viz.,

(1) hydrogquinone, salicylic acid, sulfosalicylic
acid and B-resorcylic acid get condensed with .
tetraethylenepentamine in the molar ratio of

1 ;,

(ii) catechol and p~hydroxybenzoic acid get condensed
with éetraethylenepentanine in molar ratio of

2% 1,

(iii) anthranilic acid gets condensed with tetraethylene-{

pentamine in molar ratio of 3 s 1.
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The most probable structures of these resins
‘on the basis of analytical data and: physico-chemical

studies are presented in Figs. I=S-36 to Figs.I=-S-42.

Moisture retention %

It is known that the degree of cross linking
is inversely.proportiopal to the moisture content.
Moisture content of thé resins under investigation
(Table - TP - 37) is found to be ranging from 3,01
to 11,16 for H « form and 3.50 to 14.26 for OH - form.
Tﬁis suggests that the amphoteric resins have a 'high

degree of cross linking.

Density of resins:

(i) True density (dres):

The data obtained for the density (dres) of the
resins in H - form and OH - form are presented in
Table -~ TP ~ 38, The values vary from 1.15 to 1.88
for H - form and 0,98 to 1,76 for OH - form. With
some exceptions, we observéd in general that, in the
case of resins under~stuéy; d for H - form is

res
slightly higher than that for OH -~ form.

(ii) Appérent density (d_,;):

We have also evaluated the apparent (column)

density (d_,,) ©Of the amphoteric resirs (Table -~ TP -38).
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The values are ranging from 0.14 to 0,30 for H - form
and 0.11 to 0,27 for OH - form. Known values (130)

of appgrent'degsity for commercial resins in H - form
are 0.69 for IRC-50/75 and 0.74 for IRC-84. Thus the

)

resins under study have low range of density (dcol

for H - fom.

The column density for the commercial resins
are 0,74 for IRA-68[weak base ~N(R) ,.] 0.67 for IR-45
[weak base -N(R),, ~NH(R), -NHZ]ana'o.sz; for IRA-93
[-¥(R) , weak base]in OH-form. Thus the OH-fom of the
resins have values lower than that of similar type of

commercial resins.

Void volume of resinss

The values gf void volume of resins are presented
in Table - TP ~ 39, It is observed that the values of
void volume'fraction vary between 0,78 to 0,89 for
cationic form and 0.65 to 0.93 for anionic fom of
the amphoteric resins. Further,we observed that the
void volume fraction of anionic form of the resin is
higher than that of cationic form. 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, The large void volume fraction

suggests the porous nature of the resirs.
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Ion exchange capacitys:

The cation or anion exchange capacity of the
amphoteric resins can be caslculated using the formula

described on page.go .

The observed capacity CEC_  (cation exchanger)

or AEC (anion exchanger) can be comparéd with the

calculated capacity CECCal or AECcal as reported in

Table - TP - 40 and Table - TP - 41 respectively.
Three ranges exist,

(1) value of CECobg/CEcca is approximately close

1
to 1,

(2) values of CECobs/CECca is close to 1/2, low

1
values ( ~ 1/2) of the ratio may be attributed
to only one phenolic group, (in such resins)

involved in ion exchange,

(3) valPe of‘(_:ECobs/CECCal is high (~ 3/2).
High values ( ~ 3/2) of the ratio may be attri-
buted to the contribution of weakly acidic amide

group in such resins.

The observed capacity AEcobs can be'compared with

AECcal as presented in Table -« TP - 4],
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The results (Table - TP - 40 and Table « TP - 41}
reveal that the total anion exchange capacity of
amphoteric resins 1s quite higher than the total

cation exchange capacity.

Amphoteric resins as cation exchanger show the

following decreasing order for cation exchange capacity.

i

EP(SA)TP > EP(SS)TP > EP(HQ)TP ¥
EP(BR)TP > EP(CA)TP > EP(PHB)TP >

EP(8~OH) TP »” EP(3-OH)TP > EP(AN)TP,

Amphoteric resins as anion exchanger show the

following decreasing order for anion exchange capacity.

EP(SA)TP > EP(HQ)TP > EP(SS)TP
EP(BR)TP > EP(PHB)TP "> EP(8-OH)TP >

EP(3-OH)TP ” EP(CA)TP > EP(AN)TP,

Total anion exchange capacity of the resins
EP(SA) TP (9.80 meg/gm), EP(HQ)TP (8.10 meg/gm) and
EP(BR) TP (7.24 meg/gm) is comparable with that of

commercial anion exchangers.

Concentration of ionogenic groupss

The data reéarding the concentration pf ionogenic

groups are presented in Table - TP - 40 and Table - TP.-~41(
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for cationic as well as anionic form of amphoteric
resins respectively. Excluding few exceptions, the
total exchange capacity is related to the concentration
of ionogenic groups. Higher the exchange capacity,

" higher is the concentration of ionogenic groups. Thé
increase in concentration of‘ionogenic groups may be

due to higher concentration of epichlorohydrin,

Metal (Cu) exchange capacitys

Results of copper ion exchange capacity of these
resins (H-form) are presented in Table - TP « 40, It
is observed that the copper ion exchange capacity of

these resins ranges between 0.45 to 3,34 meg/gm.

The decreasing order for the copper ion exchange

capacity of these resins was observed as,

EP(SA)TP > EP(SS)T® > EP(HQ)TP >
EP(BR)TP > EP(8-OH)TP > EP(CA)TP >

EP(3-OH)TP > EP(PHB)TP > EP(AN)TP,

- Rate of exchanges:

Figs.19 to 24 represent the rate of cation exchange

as well as anion exchange of amphoteric resins.



A perusal of the trends of the rate of exchange
for amphoteric resins as cation exchanger as well as
_ Teveals that the rate .
anion exchangez/is very faste

In the case of amphoteric resins as cation

exchanger, it is observed that,

(1) complete exchange occurs in 120 minutes,
(i1) the rate of exchange for these resins is in the

following decreasing orders

EP(ss)Tp T EP(CA)TP > EP(BRITP
EP(8-~0H)TP > EP(SA)TP > EP(3-OH)TP >
EP(PHB)TP > EP(HQ)TP > EP(AN)TP.

In the case of amphoteric resing as anion exchanger,

it is observed that,

(1) complete exchange occurs in 120 minutes,
(ii) the decreasing order for the rate of exchange of

these resins is,

EP(AN)TP > EP(BR)TP > EP(PHE)T®
EP(8-OH) TP > EP(SA)TP > EP(SS)TP >
EP(CA)TP > EP(HQ)TP .> EP(3-0H)TP.

It is also observed that the rate of anion exchange
is faster than the rate of cation exchange for these

amphoteric resinse.



I
=)
o

pH _titrationss-

The pH titration curves for the amphoteric
resins a?e presented in Figs. 25 to 27. These resins
exhibit good cation and anion exchange capacities over
the pH range 1 - 12. It is evident from the Figs. 25
to 27 that the resins are amphoteric in nature. These
resins can be used as anion exchanger aé well as cation

exchanger, depending upon the pH of the solution.

In the pH range 1 -« 7, the resins acted as anion
exchanger (Figs.25 to 27) and curves over this range
are characteristic of weakly basic resin and may be
compared with the pH titration curve of commercially

available weakly basic anion exchanger, Tulsion WB (139).

' The cation exchange behaviour of these resilns
reveals the weakly acidic nature of amphoteric ion
exchange resiﬁs prepared.’ As a typical cation exchanger
does not have much signifiqance as the phenolic¢ hydroxyl

groups ionise only at relatively higher pH values.

Apparent pK_, and pK, values:

The apparent pKa and éKb values of the resins under
study were obtained from the pH-titration curves and

calculations using equations (9) and (14) as described



éarlier on pages-66,68 and are reported in Table ~ TP - 43,

It is seen that the range of'pKa‘values 6btained
for overall cation exchanée process, in general; for
various ion exchangers studied, is frbm 10,280 to 11.025
which is slightly higher than that of characteristic of
phenolic hydroxyl group, indicéting considerably weakly
acidic nature of the phenolic hydroxyl group attached to

the matrices,

The range of pr values obtained for the overall
anion exchange process for these resins is from 2,400 to

3.115 which is a characteristic of bases of weak strength.

The pKa values for the resins are in the .following

decreasing order:

EP(PHB)TP ” EP(AN)TP > EP(BR)TP >
EP ( 3~OH) TP > EP ( 8-0H) TP > EP{CA)TP >

EP(HQ)TP > EP(SA)TP > EP(SS)TP.

While the pr values for the resins are in the

decreasing order as,
EP(BR)TP > EP(PHB)T® > EP(AN)TP >

EP(CA)TP > EP(HQ)TP > EP(SA)TP >

EP(8<OH)TP > EP(3-~0H)TP > EP(SS)TP,
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Isoionic point: ~
The values of isoinnic point Lip) are presented
in Table = TP - 43, The values vary in the range of

6433 to 7.07., The values are in decreasing order as,

EP(PHB)TP > EP(BRITP > EP(AN)TP >
EP(CA)TP > EP(8-0H) TP > EP(3-OH)TP >

EP(HQ)TP > EP(Sa)TP > EP(SS)TP.

Thermal stabilitys:

The results of thermal stability of amphoteric
resins as cation exchanger'ip free acid form and in
sodium form at different temperatures/are presented in
Table - TP - 44 and as anion exchanger in free base
form and in chloride form at different temperatures;me

presented in Table -~ TP - 45,

It is seen that no change in total capacity for
all the forms (H - , Na -~ , OH - and Cl -~ forms) of
the resins are observed upto SOOG. Hence the amphoteric
resins coulgi be safely used upto temperature BOOC. Above
this temperature they show increase in capacity when

heated resins were regenerated and tested could be due to .
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(i) destruction of. some of the - ?H — bridges,
Creating more gaps in'the matrix thereby facilitating

the acess of more - NH - groups,

(11) removal of the decomposition products which had

neutralised the ionogenic groups.

It is seen from the Table - TP~-44 and Table - TRP-45

that,

i

(i) the salt forms of the resins are more stable
than the free acid or base form,
(ii) amphoteric resins as anion exchanger is thermally

more stable than the amphoteric resins as cation exchanger.

amphoteric resins as cation exchanger show the

following decreasing order of thelyr themmal stability,

EP(SS)TP EP(CA)TP > EP(3-OH)TP
P (AN) TP > EP(SA)TP > EP(E~OH)TP D

EP(HQ)TP > EP(PHB) TP ‘> EP (BR) TP,

Amphoteric resins as anion exchanger show the

following decreasing order for thedr thermal stability,

EP(ca)T® >  EP(ssiTP > EP(8-OH)TP >
EP(HQ) T >  ER{am)T > EP(3-0H)TP >

EP(BR) TP >  EP(Sa)T® > EP(PHB)TP,
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Effect of temperature of equilibration on the

capacity of the resins

The variations of the capacity of various
amphoteric resins with the varying equilibration

temperature are presented in Table - TP ~ 46,

It is clear from the data that the anion
exchahge capacity of the resin increéses with the
increasing equilibration temperature., This apparent
higher value of anion exchange capacity of the resin
is due to an gdditional neutralization of the part
of an acid during equilibration by decomposition
products such as NH3 resulting from tetraethyeleneﬁs
pentamine used for the synthesis of resin, While
the lowering of cation exchange capacity of the
resin with the increasing temperature of equilibration

may be due to the loss of ionogenic groups.

Oxidation resistances

Data on exidation resistance of different.
amphoteric ion exchangers as cation exchanger as well
as anion exchanger, are presented in Table - TP -~ 47

and Table; -~ TP =~ 48 respectively.
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It is seen from the Table - TP - 48 that on
oxiéative degradation,'amphoteric resins as anion y
| exchanger show greater increase in percentage water
content than the amphoteric resins as cation exchanger.
Hence, it is inferred that the cationic form is less

susceptible to oxidation than the anionic form.

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

oxidative degradations

EP(CA)TR > EPIBRITP > EP(PHB)T® >

\'2

EP(3-0H)TP > EP(SA)TP EP(8-OH) TP >

EP(HQ)TP > EP(aAN)TP EP(SS) TP,

v

whereas for amphoteric resins as anion exchanger the -

stability order is,

EP(PHE)TP > EP(HQ)TP > EP(8-OH)TP >
EP(SA)TP > EP(AN)T® > EP(BRITP >
EP(3-OH)TP > EP(CA)TP > EP(SS)TP, -

Swelling behaviour in non aqueous solventss

The results of behaviour in non aqueous solvents
of these resins as cation exchanger and as anion exchanger
are reported in Table - TP « 49 and Table - TP « 50

respectively.
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It is observed that,

ti) polar selvents produce more extensive swelling
than non=~polar hydrocarbons, and the more porous resins

swell more than their less poerous analogs.

(ii) In polar solvents, amphoteric resins EP(Ca) TP,
EP(8~OH) TP, EP(HQ)TP, EP(3-OH)TP and EP(BR)TP as cation
exchanger swell more than anionic type and amphoteric
resins EP(SA)TP, EP(SS)TP, EP(PHB)TP and EP(AN)TP as

anion exchanger swell more than the cationic type.

(iii) 2mphoteric resins EP(CA)TP and EP(SA)TP as
anion exchanger swell somewhat more in hydrocarbon

(benzene} than do the amphoterié resins as cation exchanger.

The amount of resin-swelling is always an

important consideration in designing equipment.

The use of ion exchange resins in such applications
as solvent purification and catalysis of organic reaction

has directed the attention of investigators.

The decreasing order of porosity for amphoteric

resins as cation exchanger is as follows:



BP(SS)TP .> EP(SA)TP > EP(3-0HM)T® >
EP(HQ)TP > EP(CA)T® > EP(BRITP >
EP(aN)TP > EP(8~OH)TP > EP(PHB)TP.

The decreasing order of porosity for anioenic

form of the resins is,

of the

(1)

EP(SS)TP > EP(SA)TP . EP(AN)TP >
EP(PHB) TR > EP(3-0H)Tp. ¥ EP(HQ)TP D>

EP(CA)TP > EP(8-OH)TP ¥ EP(BR)TP, ...
AN

Sorption behaviour of some bivalent metal cations

on cationic form (NH4+# form) of the amphoteric

resing from ammonium acetate = dimethylformamide

medias

The wvalues of distribution co-efficients (Kd)

cations are reported in Table-TP-51.

It is seen from the Table-TP-51 that, the

sorption of metal ions decreases with the increasing

. concentration of NHQQAC [concentration of DMF(v/v)

being'constantZl except for the resins EP(PHB)TP,

EP(PHB) TP, @nd EP(AN)TP. This can be explained as

followss

As the concéntration of NH4OAC is increased,

acetate ion replaces the co-ordinating water molecules
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resulting in the formation of a small positive charge

or neutral metal acetate and consequently K. value is

a

lowered.

(2) For the resins EP(PHB)TP, EP(BR)TP and EP(AN)TP,
the sorption of metal ion increases with the increasing
concentration of NH4OAC and further decreases aé the
concentration of NH4DAC ié increased., This can be
explained on the basis of the formation of charged

species or neutral species.

(3) All the resins under study have shown the highest
sorption of Cu(II) at all the molar concentrations of
NH49AC as compared to the other metal‘ions. This may

be attributed to greater abilitﬁ of copper to form

covalent bond,

¢

(4) The alkaline earth metal ions [Ca(IT) and Mg(IIZ}

showed lower sorption.

It is seen from the Table-TP-51 that the
carboxylic resins select Cu(II) over Ca(II) as compared

to sulfonic acid resins.

(%) On the basis of the data presented in Table-TP-51,
we suggest .  the possibility of ion exchange column |
chromatographic separations of Cu(II) from Ca(II) and
Mg(IT) employing‘EP(SA)TP and EP(SS)TP resins at allz’ -1 -

molar concentrationsfof NHAOAC.
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(e) The chromatographic separations of Ca(II) from
Cu(II) at 0.25 M concentration of NH,OAc employing
EP(SS)TP resin (NH4"" -~ form), Mg (II) from Cu(Il) as
well as Mg(II) from Ni(II) at 0.25 M concentration

of NH,ORc employing ER.(SA)TP resin (NH4+ ~ form) were
successfully achieved. The results are reported in
Table~TP-51(2), Table-TP-51(B) and Table-TP-51(C)
respectively and presented in Figs.27 (&), 27(B)

and 27(C) respectively.

The following variation of sorption of cations

with the concentration of ammonium acetate was Observed,

Cxgoac] = o0.02M
Resin Sorption Order
EP(Ca) TP Cu > Zn 2 Ni > Co > Ca > Mg
EP (8~0H) TP Cu 7 Zn > Ni > Co > Ca > Mg
EP (HQ) TP Cu 2 Zn > Ni > Co > Ca > Mg
EP (SA) TP Cu P> Ni > Z2n >» Co > Ca > Mg
EP(S8) TP Cu > NL > Zn > Co > Ca > Mg
EP ( 3~0H) TP Ca > Ni » Co >» 2Zn > Ca > Mg
EP (PHB) TP Cu > Co > Zn > Ni > Ca > Mg
EP ( BR) TP Cu > 2Zn > Ni > Ca > Co » Mg
EP (AN) TP Cu > Ni%® Zn 2» Co >» Ca > Mg



Resgin

EP(Ca) TP
EP (8-0H) TP
EP (HQ) TP
EP (3a) TP
EP (S8) TP
EP (3-0H) TP
Ep(pﬁB)Tp
EP ( BR) TP

EP (AN) TP

Resin

Ep(Ca) TP
£EP (8-0H) TP
EP (HQ) TP
EP (SA) TP
EP (88) TP
EP (3-0H) TP
EP (PHB) TP
EP (BR) TP

EP (AN) TP

0.25 M

Cunoac] =

Sorption Order
Cu » Ni > Co > Zn >
Cu > Co > Ni » 2Zn >
Cu » Ni > Co > zZn >
Ca » Ni > Zn > Co >
Gu > NL > Zn > Co >
Cu .>» N1 > Co > Zn >
Cu 2> Co > Zn > Ca >
Cu > 2zn > Ni > Co >
Cu > Zn » Ni > Co >

[va0ac] = 1.00mM

Sorption Order
Cu » Co > Ni > zZn >
Cu > Co » Ni 2 2Zn >
Cu 2 Co > Ni > zZn 2
Cu > Co >» NWNi > Zn >
Cu > Co > Ni > Zn >
Cu > Co > Ni > zZn >
Cu 2> Co > Wi > Zn 2>
Cu > 2n > Ni > Ca >
Cu > Ni > 2Zn > Co >

Ca
Ca
Ca
Ca
Mg
Ca
Ni
Ca

Ca

Ca
Ca
Ca
Mg
Mg

Ca

Ca

Co

Ca
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Mg
Mg
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Ca

Mg
Mg
Mg
Ca

Ca
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37

% Molsture content of Zmphoteric resins

V)

% Moisture

No. Resin
" form OH form

1 EP {CA) TP 11.16 8.80
2 EP (8~OH) TP 6. 48 14,26
3 EP (HQ) TP 4,10 9,30
4 EP (SA) TP 4,19 9,44
5 EP (S5) TP 13,01 6.90
6 EP ( 3-OH) TP 5,70 5,00
7 EP (PHB) TP 6.30 13. 20
8 &P (BR) TP 5.54 3.50
9 EP(AN) TP 4420 3.80
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TABLE - TP = 42
Rate of exchange of resins
'Cation Anion
No. o mesin  pimedn  exchange  exchange
realized realized
(meq/gm) (meqg/gn)
5 1.742 2,908
10 2.016 3.640
15 2.305 4.188
1 EP(Ca) TP 30 2.616 44386
45 2.629 4,943
60 2.642 5. 390
120 2.643 5,390
180 2,643 54390
5 2.083 4,480
10 2.135 4,997
| 15 2,190 5,217
2 EP (8~OH) TP 30 2. 246 5.562
45 2.258 5.735
60 2.271 6.102
120 2.297 6.102
180 2.297 . 6.102
5 2,294 4.841
10 2.604 64177
_ 15 2.712 64333
3 EP (HQ) TP 30 2.866 7.000
. 45 2,908 7.512
60 3.025 8.196
120 3. 230 8.196
180 3. 230 8,196




(TABLE = TP = 42 cONtdeneees.)

.

Time in Cation Anion
No. Resin minutes exchange exchange
capacity capacity
realized realized
(meqg/gm) (meq/gm)

5 3.653 6.917

10 3,910 7.565

15 4,017 7.740

4 EP (SA) TP 30 4,121 .. 84400
45 4,208 . 9.242 .

60 4,225 9,355

‘ 120 4. 280 9,835

} 180 4.280 9,835

5 2.422 3,567

10 2.702 5,483

15 3.453 6.388

5 EP (SS) TP, 30 3.762 7.099

] 45 3.762 7.559

60 3,762 8.096

120 3,762 8.096

180 3.762 8,096

5 1.313 2,164

10 1,552 3.297

15 1.789 3.570

‘6 . EP (3-0H)TP 30 1.839 4,901

45 1,908 4.981

60 1.944 5.160

120 2.050 5.560

180 2,050 5.560
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(TABLE = TP = 42 cOntde.ees.).

Time in Cation - Anion
realized realized
(meg/gm) (meqg/gm)
5" 1.500 6.150
10 \ 1.734 6.500
; 15 ' 1.894 . 6.636
7 EP (PHB) TP 30 2.268 - 6.851
- ‘ 45 2,390 6,927
60 2,460 7.062
120 12,535 7.100
180 , 2.535 7,200
5 2,600 5,910
10 3,070 6,200
15 3.144 6.480
_ 30 3.176 " 6.890
8 EP (BR) TP 45 3.204 . 6.972
' 60 3,229 7.114
120 3,230 - 7.220
140 3. 230 7.240
5 0.400 4.400
10 : 0.630 4,500
: 15 0,730 4.530
9 "EP (AN) TP 30 © 0,780 4,540
45 0,780 4,545
60 0.780 4,560
120 ~ 0.780 4.620

180 0.780 4,650




Apparent pKa and pK

of resins

TABLE - TP —~ 43

b

values and Isoionic point

238

Apparent Apparent Isoionic
No, Resin pKaValueS prvalues point
1 EP (CA) TP 10.590 2.810 6.700
2 EP (8~OH) TP 10,740 2.640 6,690
3 EP (HQ) TP 10,390 2,800 6.590
4 EP(8a) TP 10,370 2.690 6.530
5 EP (S8) TP 10,280 2. 380 6.330
6 EP(3-OH)TP  10.800 2. 400 6.600
7 EP (PHB) TP 11,025 3.115 7.070
8 EP ( BR) TP 10.859 3.119 6,989
9 EP (AN) TP 10.886 2.841 6.863
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TABLE - TP =~ 47

Oxidation resistance of Amphoteric resins

as cation exchanger

% Moisture

Increase
No. Resin Untreated H,O,. treated in % water
272
) content
exchanger exchanger
1 EP(Ca) TP 11,16 18.66 7.50
2 EP (8-0H) TP 6. 48 16.22 9,74
3 EP (HQ) TP 4.10 14.47 10.37
4 EP(SA)TP 4,19 13.90 9,71
5 EP(S8) TP 3.01 14,90 19.71
6 EP(3~-0H) TP 5.70 ' 15.32 9,62
7 FP(PHB) TP 6. 30 15,48 9.18
8 EP{BR) TP 5.54 14.69 9.15
Q EP {(AN) TP 4,20 17.89 13.69




TABLE - TP -~ 48

Oxidation resistance of Amphoteric resins

as anion exchanger

249

% Moisture

o

No. Resin izcéeizger
Untreated H202 treated content
exchanger exchanger

1 EP(CA) TP - 8.80 31.33 22,53

2 EP(8-0H) TP. 14.26 25.42 11,16

3 EP (HQ) TP 9.30 19.97 10.67

4 EP(Sa) TP 9.44 20,63 11.19

5 EP (3S) TP 6.90 38.39 31.49

6 EP(3-0H)TP 5,00 21.39 16.39

EP(PHB)TP  13.20 17.56 4.36
EP (BR) TP 3.50 16.61 13.11
9 EP (AN) TP 3.80 16,27 12,47
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TABLE - TP = 51 (A)-

2 +2

Chromatography of mixture of Ca+ and Gu '~ on

EP(SS) TP amphoteric resin - (NH 4+ - form)

mg of metal ion

i‘racti on NOs Volume, ml

cat? cut?
Elution with
0.25 M NH40A5 |
1 :‘ 245 0,000
2 2,5 04120
3 245 3,407
4 245 7.054
5 2.5 - 6.012
6 25 2%240
7 2.5 0.801 R}
8 2.6 0.521
9 2,5 04361
10 2,5 | 0. 240
11 2,5 04160
12 2.5 - 04120
13 245 0.000
Elution with
2.0 M HCL
14 - 245 0.000
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TABLE hand TP - 51 (A) Contd0000-

: . mg of metal ion
Fraction Nog Volume, ml ' . -
: ‘ a2 V a2
16 2.5 ‘ 0.000
17 g 2e5 0,000
18 ' 2.5 0,508
19 2.5 11,690
20 25 §8.896
22 ’ 245 0,700
23 . 2¢5 ’ 0,381
24 2¢5 0. 300
25 \ 245 0,190
26 . ‘245 0.000
Total metal ions recovered 21,036 23,872
from resin bed
Total metal ions in the influent 21.082 234920
Column diameter = 1,0 cm Bed height = 14,0 cms,

Mesh size = -60 4 100
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TABLE -~ TP - 51 {B)

Yoo

2 +2 on

and Cg
+

Chromatography of mixture of Mg+

EP (SA}T? amphoteric resin - (NHZ - form)

mg of metal ion

Fraction No. Volume, ml TMg+2 e Cu+2

Elution with .
0@25 M NH4OAC

1 2,5 0,000

2 2.5 0.000

3 2.5 0.194

4 2¢5 1,216

5 2.5 3,015

6 245 20237

7 245 2,110

8 24'5 1.990

9. o5 1.410

10 2.5 0,365

11 245 0.243

12 245 0.170

13 265 0,097

14 2.5 0,072

.15 245 0.048
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TABLE = TP = 51 (B) Contdeesee.

i

mg of metal ion

Fraction No. Volume, ml

M g+2 Cu+2

Elution with

2.0 M HC1L
17 2.5 0,000
18 2.5 0.000
19 ' 2.5 , | 0,000
20 Z 2,5 0,000

.21 \ 245 0.000

22 ‘ 2.5 04190°
23 ; 2.5 04317
24 2.5 04826
25 ; 2.5 J'906
26 2.5 ’ - 9,658
27 k 2.5 T 104357
28 f 2,5 04572
29 ‘ 2,5 ' : 0.381
30 2.5 0.190
31 2.5 0,000

Total metal ions recovered ) 134167 ( 24,397

from resin bed )

Total metal ions in the influent 13,190 244780

Column diameﬁér = 1.0 Bed‘height = 16.0 as.

3

Mesh size = -60 + 100
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TABLE ~ TP ~ 51 (C)

Chromatography of mixture of Mg

+2 and Ni+2 on

EP(SA) TP amphoteric resin = (NH4+ - form)

g of metal ion

Fraction No, Volume, ml w2 Ni+2—
Blution with
0.25 M NHOAc
1 2.5 04000
2 2.5 04000
3 2.5 0,000
4 2.5 0.194
5 2.5 1,435
6 2.5 1,775
7 245 20190
8 2.5 2,456
9 2.5 2,018
10 2.5 " 1,483
11 2.5 0,632
12 2.5 0.316
13 2.5 04219
14 245 0,170
15 2.5 0.121
16 245 0.097
17 2.5 0.073
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TABLE -~ TP - 51 (C) Contdieeos

mg of metal ion

Fraction No. Volume, ml
Mg+2 Ni+2

Elution with

2,0 M HCL
i9 265 ) 0.000
20 2:5 . 0,000
21 265 0.000
22 2.5 0.000
23 2¢5 ‘ 0.000
24 2¢5 lo174
25 245 2.994
26 265 5,284
27 265 7.574
28 : 2.5 © 6,106
29 265 2,055
30 - 265 1.446
31 265 0.734
32 2.5 0.469
33 2.5 0.000

Total metal ions recovered 13.159 27.836

from resin bed

Total metal ions in the . L - 111301.90 27.887

inFfluent

Column diameter = 1,0 Bed height = 18,0 cms.

‘Mesh size = =60 + 100



