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3
T Phenol=Epichlorohyvdrin~Diethylenetriamine Tvpe

Chelating Amphoteric Ion—-Exchange Resins

EXPERIMENTAL

I -~ (a) Svnthesis of Chelating Amphoteric

ion—-exchange resinss:

The pﬁenolic derivatives such as cétechol,
8-hydroxyquinoline, hydroguinone, salicylic acid,
sulfosalicylic acid, 3-hydroxy-2-naphtholc acid,
p«hydr0xybenzgip acid, P-resorcylic acid and anthra-
nilic acid (0.06 mole) were dissolved in 50-~75 ml of
foluene and were mixed with epichlorohydrin (0,4 mole)
in a 500 ml round bottom three necked flask fitted with
a stirrer, a thermometer and a condenser. The mixture
was vigorously stirred all the while keeping the temp-
erature between 0° - 5°C, To the above cooled mixture,

Diethylenetriamine (0.05 mole) was added slowly in
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fractions maintaining the temperature below 40C
shaking the mixture all the while, The condensat-
ion was carried out by maintaining the temperature
below 10°C for two hours. A gel formed was then
heated on steam bath for 5-6 hours and then cured

in an oven below 90°C for 10 hours. 'The cured

hard mass then crushed to -20 + 30 or - 60 + 100
BSS mesh size as needed and washed with acetone and
ethyl alcohol to remove the unreacted monomers and

polymer of low molecular weight from the resin.

The résins were conditioned by alternate
treatment with 0.1 N HCl and 4% NaOH solution.
After several regepe;ation cycles, the resins were
washed free 6f regenerant and dried in an oven

. below 10000 and stored in polyethylene bottles.

I - (b) MoiSture’conteht of resinss (97)

Moisture content of the resins (ut form and
OH  form) was determined by drying an exactly weigh-
ed sample (0.5 gm) (H' form or OH  form) of the
resin in an oven at 110° - 115°C for 24 hours and
reweighing it after cooling it in a desiccator.

The calculation is,



-Weight of Oven dried resin x 100 _ % solid
Weight of resin béfore drying .~ °~

100 - % solid = % Moisture

The values of % Moisture content of resins are pre-

sented in Table - DT'=3,

I - (c¢) Density of resins:

(1) True density of resins: (dres)

True density of resins (5* form and OH form)
is detemined by the specific gravity bottle rgxethod.
A definite amount of the resinm (% form of OHT' - form)
is taken in a specific gravity bottle whose weight is
determined previously and is weightd., Then it is
filled with water in presence of res;in and (ij.) alone
and weighed. " Hence the true gielans:?ty (dres) is deter=-

mined as followss

Wr b W §
Ares = "W = W) F (W = W
v S rs’ . r
where W = Weight of the specific gravity bottle,
Wr = Welght of the specific gravity bottle
containing resin, -
'Wg = Weight of the specific gravitir bottle

. . contalning water,

Wrs= "Weight of the specific graVvity bottle

containing water and resin.
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1

)

(1i) . Apparent density of resins: (d

-

col

Apparent or column density of resin (H+- form

and OH- form) is determined as follows:

A definite amount of the resin (5"~ fom or
OH ~ form) is suspended in water. The suspension is
intfoduced into a graduatedlglass calumn which is
plugged at tbe lower enq. (gesin isla110wed to §ettle
as water gradually flows through ;be’plug, S@mg more
water is passed through tpe plug and when all excess
water passes‘out, the volgme pf‘the column ‘is read.
The resin is then taken out and alloweé te dry at
room temperature till con;tant weight, hencg the

i

colﬁmp density (dcol) is determined as follows:

_ _Weight of resin
eol = Volume of resin bed

d

The values of dres and d,,; are presented in Table-

' 1
BT"‘é‘.

(iii) Void Volume of resinss

)

The following three meihods are known for the

detemination of void volume.



(1) Simple volume measurements
(2) Titration

(3) Calculation from density data

We have adopted the third method since the
results obtained by first two methods are usually
low about 5%, The void volume is calculated by

following formulas

/d

The results are presented in Table-DT-5,

Void vqluma fraption =1 - col

I - (a) (i) Total Ion Exchange Capacity: (98)

'Approximaﬁely 10 gns of the resin were
welghed and taken in the funnel and converted into
H-form with one litre of one normmal hydrochloric
acid. The re51n was flltered, washed to neutrality
with distilled water and dried in an oven below
1000@', Similarly, resin was converted inte OH~-form

with one litre of 4% sodium hydroxide solution,

About one gram (exactly weighed) sample of
the resin (Hﬁ-form or OHE-fgrm) prepared as above,
was taken in dry 250 ml Erlenmeyer Flask. A

similar sample was used to determine the moisture



content as suggested earlier. To the sample {(of

H+

- form) in Erleé}neyer Flask, were mdded 200 ml
of standardized 0.1 N sodium hydroxide in 1N
sodium chloride solution and to the sample (of OH~-
form) in Erlenmeyer Eiask, were added 200 ml of
standardized 0.1 N hydrochloric acid in 1 N sodium
chloride sol@tiqn. The mixture was kept for 24
hours. 50 ml aliquots of the §upegn§tant liquid
were titrated with standard O.1 N acid and standard
0.1 N alkali solution. The total cation exchange
capacity is calculated as followss‘

(200 x N, NaoH) = 4 (ml.acid x N.acid) _
"Sample weight. x'(% so}id)/lOO

Millieqguivalents of-catién exchange capacity

= CEC gms., of dry H-Form resin,

Similarly, total anion exchange capacity is calcu-

lated as,

£200 x N, Hcl) = 4 (ml. base x N. base) _
Sample weight -x % solid/100

Millieqguivalents of anion exchange capacity =

AEC gms, of dry OH=form resin.

(1ii) Volume capacity of resinss

From the weight capacity of resins, volume
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capacity of the resins is evaluated as follows:

Concentration of £ixed ionogenic groups (Cr)

for the resin is evaluated by the following relations

C = a4  .x (100 - % moisture) . pm

r res ' 100

where EC is the exchange capacity (weight) of the

resin, Hencé the volume capacity (Q) of the resin

is evaluated as followss

Q = (1 - void volume fracﬁion) x Cr

The values of total exchange capacity, concen-
tration of ionogeniq groups and volume capacity of

resins are pfesénted in Table-DT-6 and Table-DT=7.

I - (e) Metal (Cu) Exchange @apacity:

About 1 gm (exactly wgigheq) H-form of the
resin was taken in dry 250 ml Erlenmeyer flask. To
the sample iﬂ Erlenme?er‘flask were added 200 ml of
standardized 0,05 N cépper acetate'ip 10% ammonia
solution. The mixture was kept for 24 hours. 50 ml
aliqubts of tﬁe supernatant liquid were titrated
with standara O.O?AM BeDsT.A. solution. The copper

exchange capacity is calculated as follows:
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i
i
i
1

(200 x N _copper II) =4 (ml E.D.TeA.x N.of E.,D.T.a)
Sample weight x (% solid)/100

1

%

Milliequivalents of Cu = exchange gms of dry

I

; j H - form resin

= (Cu ion) Exchange capacity.

The results are presenﬁed in Table = DT~6.

I - (£) Rate .of exchanges

The H‘f‘form (or OHfﬁofm) of the resin (0.5 gm)
(=60 + 100 mesh) was accuraﬁely weighed into eight to
nine different stoppered poﬁties. 100 ml 0,1 N NaOH
in 1IN Nacl (or 100 ml 0.1 Nchl in 1 N Nacl) added

to each bottle and the resiqullowed to ;eméin in
contact for different perioés o% time, with inter-
mittent shak#ng. At deﬁiniée pre~-determined inter-
vals, the solutions were dééanted and an aligquot was
titrated against standard ac;id or standard N
alkali and from this the caéacity realized at d@ffer~
ent time intervals was galcdlated. The valugs of

the capacities of the resinﬁ ;g?fﬁvwere plotted
against time and shown in Pigs(l to 6 and presented
in Table - DI~8. ~ . % : ’
I - (g) pH - fitgation §tudfes and Apparent pKa & pKb

3

values: (98) - . T
The OH~form of the resin (0.5 gm) (-60+100 mesh)
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was accurately wéighed into different stoppered
bottles and to each bottle 0.1°N Hel in 1 N Nacl and
1 N Nacl solutions were added in different proport-
ions to make up the volume to 50 ml and to give
solutions of .varying pH in the range 1 - 7. Similarly,
in different'séoppered bottles, accurately weighed

H = form (0.5 gm) of the resin was treated with 0.1 N
NacH in 1 N Nacl and 1 N Nacl solution; in different
proportions éo make up the volume to 50 ml and to
give solutions of varying éH in tbe range 71- 12,

The resin was.kept in equilibrium with the mixture
for 24 hours and then residual' acidity or basicity
and pH were dgtermined.' The values éf‘the capacities
of the resins were plotted against the pH of the

solution and shown in Figs.7 to 9.

The agéarent pKa and pKb values for these

resins are presented in Table = DI=9.

I - (h) Thermal stabilitys
Thermal stability of these resins in free

acid, free base, sodium and chloride form were

determined by adopting following procedure.

The resin (in desired form and of known

capacity) about 10 grams (=60 +100 mesh) was heated
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in an electric oven at a pre-determined‘temperature
for eight hoﬁfs. The capacity of a port;on of the‘
heated samplé (1 gm) was determined by directly -
equilibrating with étandard alkaline or acidic solu-
tion. Anothér portion of the heated resin (1 -gm)
was regenerated with acid,or‘alkali and %hg capacity
determined. The expe;iment was repeéted by heating
the‘resin to different temperature in the régge of

80° - 140°, ’ '

The results are presented in Table~DT-10 and

Table =~ DT=11.

I - (i) Efféct of temperature of equilibration on

gapgcity'of resiné:(99f’_

Definite amounts (0.5 gm) of the resin,(H+-or OH-
form) (760 + 100 mesh) were allowed éo equilibrate with
50 ml each of standara’NaoH in 1 N Nacl solution or
standard Hcl:in 1 N.Nacl solution gt room.teﬁperature
(30%°c) for 2 hours and then tbg capacitylof the samples
determined. ‘The same experiment was repeated at 50°

and 7000, using a thexmostat.

The results are presented in Table - DT-12,
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I -~ (j) Oxidation resistance test: (16&)

w———

H

Exactiy weighed (0.5 gm) (-60 + 100 mesh) free
acid or free base form of the resin was ﬁreated with
10-20 ml of 6% (W/V) hfdrogen peroxide soluﬁion in
100 ml conical’ flask at 45°C for 52 ﬁo 95 hours.

Then the resin was quantitatively transferred f£rom
the flask and subjected to the moisture content deter-
mination as u¥sual. The results are presented in

Table - DI-13 and Table - DP-14,
I -~ (k) Swelling behaviour: (10%)

Swelling behaviour of resins in non-aqueous
solvents were determined by adopting following pro-

cedure,

30 to 40 ml of the dried resin (H-form or
0H~£orm) wére‘poured in;o‘lom ml graduated cylinder
without shaking or tapping and the in;tial volume .
was read to the nearest 0.5 ml. The resin was then
covered with the solvent to 100 ml mark. After
120 hours the volume was again read and per cent
swelling was calculated as follows:

(Final volume = Initial volume)
{Initia} vo;ume)

% swelling = 100 x
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and Table - DT-lG. ) ) . S, UNNE\‘Q\

I - (1) Study of sorption behaviour of some metal

cations on cationic form (NHZ - form) of
the amphoteric resins from NH4OAC - IMF

medias (10#)

~ The sorption behaviour of the cationic form

e

(NH
4.

with reference to some -selected pre-transitional,

~ form). of the amphoteric ion exchange resins

transitional and post-transitional bivalent metal

Cations from NH CAc - DMF media was studied accord=

4
ing the procedure as feollows:

The resin (10 gms) was converted into NHZ
form by treating with 10% NH,Cl solution in 10%
‘liquor ammonia (Sp.gr. 9.90) solution and the resin
was made free from chloride (negative test with
AgNOB}. This resin was air dried and stored in

polyethylene bottles for the sorption study.

Standard aqueous solutions (d&a.0.1 M) of
metal 1lons were prepared from their acetates (BDH) .
Metals selected are Ca (II) and Mg (II) (pre-trans-
itional), Co (IT) and (Ni (II) (transitional) and



Cu'(II) and Zhv(II) (post=transitional). Aqueous
NH40AC solutions used were 0f02 M, 0,25 M and 1.0 M
and reagent grade DMF used was 40%. Study was
carried out aé room temperature (35 + 1°¢). Buffer
solution of PH = 10 (NH4Ci/ammonia) was used for
EDTA titrations. Other desired pH were obtained by
maintaining the pH of the solution by addition of
the required guantities of acid or alkali solution
and by using the pH meter (Eligo pH-meter model

CL"'4'4) -

Distribution study was carried out as

followss

Fér the determination of distribution co-
efficient, Kd) by batch equilibrium method, exactly
weighed (0;5 gm) air-dried resin (NHZ - fom) was
equilibrated with the golution containing the metal
ion,,NHéoéc and DMF (total volume 25 ml) for 24
hours with the -intermittent shaking of the‘solution
mixture., The resin was filtered and the fraction of-
metal ion remained in solution after equilibrium was
determined tiérametrically againsp_E.D.T.A. solution
and K_ values were optained by.using the fo;mula.

da

«. .o 2mt.of metal (IT) in the resin , Vol.of soln.
d - Amt.of metal(II) in the soln. ~ g, dry resin

The results are presented in Table -~ DI-17.
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I Phenol - Epichlorohydrin —~ Diethvlenetriamine

Type Chelating Amphoteric Ion—Exchange Resing

RESULTS AND DISCUSSION

General:

Recently epichlorohydrins have become prominent
polymer formers and cross—linkers with alkylene-C
polyamines; such as diethylenetriamine (103 - 110)
and other polyethyvethylenepolyamines (112 -~ 115).
Products range from low viscosity syrups to highly
cross~linked solids can be obtained, depending on
reactant ratios and polymerisation conditions. Several
other chlorohydrin amine reactions which yield weak
base resins include poly (allyl amine) epichlorohydrin-C
diglycidyl ether (116), (epichlorohydrin =~ ammonia) -
imidazole (117), Poly (allyl amine) - epichlorohydrin -
dihydroxypropane (118), poly (N-vinylimidazole) =~
epichlorohydrin (119), and (ammonia =- glycershalohydrin)-

heterocyclic polyamine (120).



Strizhak, N.P. et al (122) synthesized
chelate forming ion exchanger by condensation of
p - aminostyrene - divinylbehéene copolymer with
20% agueous chlorcacetic acid. ICI Australia Ltd.
(122) synthesized amphoteric resins from chloro-
methylated DVB = styrene copolymer, PVC, thioglycolic
acid and amines, which are capable of thermal
regeneration. Itagaki, et al (123) obtained
amphoteric ion exchangers by treating copolymers
(derived from styrene and divinylbenzene having
chloromethylated groups) with N, N-dimethylglycine
~ derivatives, having inner salt fomﬁing capacity

0.95 meg/ml.

Samborskii, I.V. et al (124) synthesized an
amphoteric ion exchanger having improved selectivity
for Cu or, in its absence for Ni, via the polyconden-—
sation of epichlorchydrin with maleic dihydrazide,
curing the oligomer 6btained with a mixture of
hydrazide hydrate and nonaqueous polyethylenepolyasmine,
and subseqguently chloromethylating with chloroacetic
acid., Murel, A, (125) carried out a synthesis of

improved and inexpensive carrier ampholytes for

isocelectric focusing, using N, N' = methylenebisacryl{:

amides, acrylic acid and polyethylenepolyamines



(triethylenetetramine and tetraethylenepentamine).

Balakin, V.M. et al (128) synthesized complex

forming ion exchangers with aminophosphonic acid

groups, by the reaction of H PO, and HCHO with

commercial anion exchangers AN-2F, AN-31, AV-16
and EDE - 10P, which contain in their structures
both primary and secondary alkylamino groupse.

The prepared ANKF~1l, ANKF-2, ANKF-~3 and ANKF-4 have

~

a high sorptidn capacity for Ca ions.

Valakin, V.M. et al (127) prepared ampholytes

-2
2

’ Cu+2, Ni+2 and

having a high exchange capacity for UO and

insignificant sorption for Fe+3

Co+2

by treating. chloromethylated styrene - divinyl-{"
benzene copolymer with a 4-fold excess of -

R-NH-CHz cﬁz— N (R = H, Me, Et, Bu) at 120°,

Okidé, Tsugio. et al (128) synthesized chelating

2 2

. - +
resins having chelating capacities of Cu+ , Cd -,

Pb+? and Hg+2 29.3,'38;6, 81.3 and 142.0 ¢/L

respectively and good mechanical strength.

We have synthesized chelating amphoteric ion
exchange resins using varlous chelating (complexing)

phenol derivatives, epichlorohydrin and diethylene-{
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s

triamine. The phenolic derivatives employed for

synthesising the resins possess the following

structural characteristicss

(a)

(b) .

(c)

(a)

(e)

(£)

(g)

(h)

two phenolic groups.in ortho or para positions

on a phenyl ring,

one phenolic group and one ring nitrogen,
one phenolic group and one carboxylic group

in ortho position on a phenyl ring,

one phenolic group in ortho position to
carbégyl group but in meta position to

sulfonic group on a phenyl ring,

one phenolic group and one carboxyl group in

ortho position on a naphthalene ring,

f

One phenolic group and one carboxylic 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.

The title resins are prepared in granular

form by condensation of phenolate with diethylene-C
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triamine and epichlorohydrin. Amphoterié ion
exchange resins which may be termed “Zwitter ion"
resin would behave like an amphoteric material.
Amphoteric resins would be of potential interest
as a model compound for the study of behaviour

of proteins and W?Ol (129) because it would
exhibit titration curves similar to those of amino

acids and proteins.

General Gharacteristics and Structures:

The chelating amphoteric ion exchangers, in
general, are fairly porous in nature with average
physical stability and good chemical resistance
to 3N acids and alkalis and exhibit no colour
change when converted from the free acid form to

sodium form or from free base form to chloride form.

It is not possible to assign definite structures

for the polymeric composition and hence attempts have
been made to assignxggst likely structures of these
resins on the basis of analytical data (Table - DT - 2)
and their physico-chemical studies and are shown as

(1) I~-8-20, EP(CA)DT (ii) I-S=21, EP(HQ)DT

(iii) I-8~22, EP(SA)DT (iv) I-S~-23, EP(SS)DT
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(v) I-5-24, EP(3-OH)DT (vi) I-S=25, EP(PHB)DT

(vii) I-8-26, EP(BR)DT and (viii) I-S—-27, EP{aN)DT.

The study of these structures leads us to
believe that the various end products are identical
and all the phenolic derivatives get condensed with

diethylenetriamine in molar ratio of 1 : 1.

Moisture retention %.:

Percentage moisture of the resins are presented
in Table - DP-3, The percentage moisture of the
resins in H-form varies between 1.90 to 6.50, while
the percentage molsture of the resing in OH-form
varies between 2.70 to 7.80. Known values (130) of
percentage‘moisture for commercial resins in H-form
are 43,00 to 53,00 for IRC - 50/75 (weak acid,
Active group -~CO0-) and’4é.00 to 50.00 for IRC - 84

. (weak acid, Active group fCOO~). Thus resins under
investigation have very low range of percentage
moisture., This may be attributed to high degree of
cross~linking. Difference in the values for the
resins in H-form and OH-form is small and hence we
suggest that the resins can stand recycling to a

good degree,

We observed that the ion exchange capacity is
not related to the moisture retention ability for

the resins under investigation.
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Density of resinss

The results of true density (dres) and apparent

density (d__.) are presented in Table = DT = 4, It is

col
seen that the values of A es is ranging from 1.03 to
1.61 gm/cm3 for H-form of resins and from 1.00 to 1.78
for OH-form of resins., We have also measured the
column or apparent density (dcol) of the resins. The

values vary between 0.14 to 0,31 gn/ml for H-form

of resins and 0.25 to 0.46 gn/ml for OH-form of resins.

We observe in general that in case of amphoteric
resins under study, the apparent density (dcol) of
the resin in H-form is lower than that of the resin
in OH-form. Further, we suggest that since the
difference in density (d_ ) of the resins in H ~
and OH - forms is small, the resins under study

can stand recycling to a good degree. :

Void volume fractions

The results of the void volume fraction are

presented in Table - DT - 5,

It is observed that the values of the void

volume fraction vary between 0,71 to 0.90 for resins
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in H - fom and between 0,62 to 0.81 for resins in

OH - fom.

4

The large void volume fraction gsuggests the
porous nature of the resins and hence the diffiision
of ions and the rate of ion exchange may be

facilitated,

Ion exchange capacitys:

The resins synthesized are polyfunctional in

nature, They contaln -SO H, - COOH, =~OH and amine

3

groups. The cation or anion exchange capacity can

be calculated using the formula,

CEC( cal)
1000
oxr = M/n‘
AEC( 1)

where M = Molecular weight of the resin per unit

on dry basis and

3
il

number of groups taking part in anion

or cation exchange.

The observed capacity CE?(obs) (cation exchanger)

or AEC(pg) (Anion exchanger) can be compared with the

calculated capacity CECcal or AEccal as reported in

Table =~ DI' = 6 and Table - DT - 7.
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The results show that total anion exchange
capacity of amphoteric resins is much higher than

that of total cation exchange capacity.

Amphoteric resins as cation exchanger show
the following decreasing order for cation exchange

capacity:

EP(BR) DT > EP(SS)Dr > EP(AN)DT >
EP(SA)DT > EP(PHB)DT EP(HQ)DT >

EP(3-0H)DT > EP{8~OH)DT > EP(CA)DT,

Amphoteric resins as anion exchanger show the

following decreasing order for anion exchange

capacity:

EP(SA)DT » EP(BR)DT > EP(SS)DT .
EP(PHB)DT > EP(aN)DT > EP(HQ)DI 7

EP(8~-0OH)DT > EP(CA)DT > EP(3-OH)DT,

Total exchange capacity of EP(PHB)DT

[ 7.02 meqg/gm ], EP(BR)DT [ 7.92 meg/gm ] and

EP(SA)DT [ 8.9 meg/gm_| as anion exchanger is
comparable to that of commercial anion exchanger
Duolite A - 4 (7.7 meg/gn) (granules) and Duolite
A-2 (8.4 meg/gm) (granules), Duolite a~7 (9.1 meg/gn)

(granules, weak base amino group condensation polymer).



Metal (Cu) exchange capacity:

Recovery of copper from industrial wastes
by ion exchange was considered from time to time
by various research workers (131 - 13%). McBurney
(68) patented a resin showing high selectivity for
copper. Gregor (53) and Pepper (138) synthesized
chelating resins and investigated their specificity

£0r copper.

We have studied the copper ion—exchange‘by
tﬁe resins in H -~ form from ammonical solutions.
The observed values of copper ion~exchange capacity
of these resins are presented in Table - DT -~ 6,

It is seen that copper ion-exchange capacity of
these resins ranges from 1.03 to 2.54 meg/gm. The
copper ion-exchange capaclty of these resins are in

the decreasing order as,

EP(SS)DT » EP(SA)DT ~ EP(BR)DT /7
EP(AN)DT > EP(HQ)DT > EP(3-OH)DT >

EP (PHB)DT > EP(CA)DT » EP(8-~CH)DT,

We suggest that at pH range (10.6 to 10.8)
under study, resin in H-form would get transformed

in Cu—foﬁm via NH4 ~ form and resin not converted into
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Cu = form at equilibrium would be in H - form,
Hence the overall reaction under experimental

condition would be,

HR + cut? —>  (cur )t +HT
Joms—

HR + ( Ccur )V —= cur + ut
———

2

Rate of exchange:

Figs. 1 to 6 show 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
as well as anion exchanger reveals that it is very

fast.

In case of amphoteric resins as cation

exchanger, it is observed that,

(a) complete exchange occurs in 15 mins.,
(b) the rate of exchange for these resins are in

the decreasing order as followss
EP(HQ)DT = EP(SA)DT > EP(PHB)DT

EP(8-OH) DT > EP(CA)DT > EP(SS)DT 7

EP(AN)DT > EP(3-OH)DT > EP(BR)DT.
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In 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 are in

the decreasing order as followss

EP(3-OH)DT > EP(PHB)DT > EP(SS)DT >
EP{BR) DT >~  EP(HQ)DT "7 EP(SA)DT >

EP (AN) DT >> EP(ca)DT > EP(8-OH)DT.

It is observed that the rate of exchange of
amphoteric resins as cation exchanger is higher than

that of anion exchanger.

pH =~ titration studv:

The pH titration curves for the amphoteric
resins are presented in Figs. 7 to 9. The resins
exhibit good cation and anion exchange capacities
over the pH range 1 to 12, It is evident from the
Figs. 7 to 9 that the resins are capable of
exchanging anions or cations over the pH-range 1~12
and are amphoteric in nature, These resins can be
used as anion exchanger as well as cation exchanger.,

depending upon the pH of the solutions.
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In the pH range 1 to 7, the resins behave as
anion e%changer (Figs. 7 to 9) and the curves over
this range are characteristic of weakly basic resins
and may be compared with the pH - titration curve-
of commercially available weakly basic anion exchange
resin (Tulsion WB) (139). The cation exchange

behaviour of these resins is similar to that of weak

acid resin (140).

values:

ApparentpKa and pr

Plots of cation and anion exchange capacity
versus pH of the solution at equilibrium are presented
in Figs. 7 to 9. From these plots pKa and pr values

of the resins are calculated as follows:

PK value of an acid group RH is defined as the
negative logaritham of the equilibrium constant K of

the dissociation equilibrium
- +
RH ——> R 4+ H (1)
—~—
K = _[_R_J__L}ii : pPpK = - logK (2)
[ rH ]

The degree of dissociation (X) and pH of resin

are defined as
Lr ]
[R7]+ [RH]

X = (3)
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PHr = =~ log [ H+] (4)

Hence pHr = pK - log (1 =X }/oc (5)

When & = 0,5, it corresponds to 50% conversion.
Conversion of the resin from H-form to Na-~form and

(apparent) pK of the group is
pK = pHr (6)

pH in the resin is now to be related to pH in the
solution. As a first approximation, it can be
assumed that the ratio [I}Ta+ 1/ [t ] is the same in

the ion exchanger (r) and in the agueous phase(s).
Hence [ Na+_]s /L H+]S = [ Na+J'r/ L H+Jr
o e s 8 0 (,7)

a™1, L[u*1,
[ra* 1,

i.e. [H+]r

(7a)

At 50% conversion,
Lr] +[ru]
2

[Na+]r =

(8)

Hence pK = pH + log [Na+:js - log [R J +Lruj
2

ceees (9)
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If B represents exchange capacity in meg/gm and Z
represents water content (%) of half converted resin,

the total concentration of ionogenic groups [RH ]+ {R_:]

at half conversion is E (100 ~ 2Z)/Z meq gm. water.

The acid dissociation of resin in the cation

exchange process can be represented as
H'R™ ——— Y 4+ R (10)
G ———

and acid dissociagtion constant in cation exchange

(Ki) as

kK, = [H"] [RT]/[u%® ] (11)
Since K, corresponds to acid ionization in cation-

A
exchange, PK_ can be calculated from pH titration

involving cation exchange using equation (9).

The acild dissociation of the resin in anion exchange

can be represented as
BRg ——~  H™RT + H (12)
AT — 3

and acid dissociation constant in anion exchange
(Rg) as
+n= + ‘ +
Ky =[E%R"] [ "] /[ 6" ru] (13)



Now it can be shown that for a weak base when 0= 0,5

+
pK, = PH - log [Cl”]s + log [F" RE] + [ RH] (14)

2
Since KB corresponds to anion exchange, pr can be

calculated from pH titration involving anion exchange
using equation (14).
The apparent pKa and pr values calculated

from pH titration curves and using above relations (9)

and (14) respectively, are presented in Table -~ DT = 9,

It is seen that the range of pKa obtained for

overall cation exchange process in general for various
ion-exchangers studied varies between 10.8%9 to 11.13

which is slightly higher than a value of phenolic
hydroxyl group and that of pr obtained for the

overall anion exchange process for these resins lies

between 2.8 to 3.10 which is a characteristic of bases
of medium strength.

The pKa values for the resins are in the
following decreasing order:

EP (AN) DT

”~7

Y EP(SS)DT » EP(BR)DT
EP(SA)DT > EP(3-OH)DT > EP(PHB)DT .7
EP(CA)DT > EP(HQ)DT > EP(8-0H)DT,



while the pr values for the resinsg are in the

decreasing order as,

*

EP(SA)DT > EP(BR)DT > EP(SS)DT >
_ EP(PHB)DT > EP(HQ)DT > EP(8-OH)DBT >

EP(CA)DT > EP(AN)DT > EP(3-0H)DT.

Isoionic points

Isoelectric point is defined as that hydrogen |
ion concentration of the solution in which a parti-
cular amino acid does not migrate under the influence
of an electric field, Isoionic point is defined as
that hydrogen ion concentration at which the number
of positive and negative groups which arise exclusively
from proton exchange are equal to each other.
Isoelectric and isoionic are same only if zwitter ion

combines only with H-ions.

. . +,~
TIsoionic point of a zwitter ion ( X ) can be

obtained as follows:

Y —— T + gt cesses (i)
—
T — X7 4 H cressa{ii)

Equations (i) and (ii) are related to cation and anion
exchange processes respectively., Thus acid dissocation

constant [KAC and KAA] for ionisation are
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Kpo = E+X—] EH+]
[ %]

[x] [+]

i

eesesase (iii)

o
i

vesees (iv)

combining the two equations (iii) and (iv), we get

([H"’] =Ko x Ky [X] /7 [xX] i)
At isoionic point,
[x"] = Lx ]‘
Hence,

[ = Kac * Kz

pHip for isoionic point is

1

pHip = 1/2 [;pKAC +"pKAA ]

The Values:‘ of isoionic point (ip) are presented in

Table - DT 9.

From the values of isoionic point mmm presented
in Table = DT = 9, it can be seen that the wvalues

vary in the range of 6.90 to 7.10. ZIsoionic point
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for Proline is 6.3 and for Histidine is 7.3 (141).

It is observed that the resins under study have

values comparable with Proline and Histidine.
The values are in the decreasing order. as,

EP(SA)DT Y EP(SS)DT > EP(BR)DT
EP(AN)DT > EP(PHB)DT > EP(HQ)DI >

EP ( 3-OH) DT > EP(8-0H) DT > EP (CA)DT.

Thermal stabilitve

The results of thermal stability of amphoteric
resins as cation, exchanger in free acid and salt (Na-)
form at different temperature are presented in
Table - DT ~ 10 and as anion exchanger in free base
form and in salt form such as chloride form are

presented in Table - DT - 11,

It is revealed 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
amphoteric resins could be safely used upto the
temperature 80°c. above this temperature they show
an increase in capacity when the heated resins were

regenerated and tested could be due to



(1) destruction of some of the — c}:&;h“ bridges,
creating more gaps in the matrix thereby

facilitating the acess of more - NH -~ groups,

(ii) removal of the decomposition products which

had neutralized the ionogenic groups.

A thermal stability decreasing order for the H-form

of the amphoteric resing is,

#P(CA)DT > EP(8-OH)DT > E(HQ)DT
EP(PHB)DT > EP(SS)DT > EP(AN)DT >

EP(Sa)DpT > EP(BR)DT > EP{3-OH)DT,

whereas a thermal stability decreasing order for the OH-form

of the amphoteric resins is,

EP(CA)DT. » =p(8-OH)DT > EP(PHB)DT >
EP (3-OH)DT > EP(HQ)DT > EP(aN)DT >

EP(SS) DT > EP(Sa)DT > EP(BR)DT,

The salt forms (Na- amd CI~ form) of the resins
are found to be more stable than the free acid and free
base form which is in conformity with the earlier

observation of Hall et al (142).
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Effect of temperature of eguilibration on the

capacity of the resins

The data regarding the effect of varying

temperature of equilibration on the capacity of

the resin are presented in Table - DT - 12,

It can be geen that the anion exchange
capacity of amphoteric resin increases with the
increasing temperature of equilibration. This is
because, on heating the resin, certain basic gaseous
decomposition products (such as NH, resulting from
diethylenetriamine used for the synthesis of the
resin) are produced which neutralise a part of the
acid during equilibration, thus giving an apbarent
higher value of the anion exchange capacity of the

resin.

While the lowering of the cation exchange
capacity of the resin with the increasing temperature
of equilibration may be due to the loss of the

lonogenic groups.
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Oxidation resistance:

Results of oxidation resistance test of
different amphoteric ilon exchangers as cation exchanger
as well as anion exchanger are presented in Table - DT-13

and Table - DI - 14 respectively,

Amphoteric resin EP(HQ)DT exhibits the lowest
increase in % water content as cation exchanger and as
anion exchanger and thus is the most resistant to
oxidation. We observed that (with few exceptions),
on oxidative degradation, amphoteric resins as anion
exchanger exhibit greater increase in % water content

than the amphoteric resins as cation exchanger.

Hence we suggest that the cationic form is

less susceptible to oxidation than anionic form.

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

oxidative degradation,

EP(HQ)DT > EP(CA)DT » EP(3-0H)DT >
EP(8-0H) DT > EP(AN)DT > EP(SS)DT )
EP (PHB)DT > EP(BR)DT > EP(SA)DT,

while amphoteric resins 'as anion exchanger show the

following decreasing order for their stability



on oxidative degradation,

EP(HQ)DT > EP(CA)DT > EP(AN)DT: >
EP(8-OH)DT > EP(SS)DT > EP(PHB)DT >

EP (Sa) DT > EP(3-OH)DT > EP{BR)DT.

Behaviour in non-agueous solvents:

ITon exchangers in non agueous solvents serve
as catalysts., In some cases for purification purposes,
non agqueous solvents are treated with ion exchangers.
These applications have lead us to study the behaviour
of ion exchangers in non agueous phases., Bodamer and
Kunin (101) showed that the behaviour in non aqueous
solvents depends highly on the nature of the carbon
chain of the exchange resin as well as its porosity

and cross linking,

The results of behaviour in non aqueous solvents
of these resins as cation exchanger as well as anion
exchanger are reported in Table -~ DT - 15 and

Table = DT = 16 respectively.

It can be easily seen that,

(1) polar solvents produce more extensive swelling

than the non polar hydrocarbons,
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(idi) in polar solvent, amphoteric resins as anion

exchanger swell more than the cationic typesy,

(iii) % swelling of‘amphoteric resins in acetic acid
as cation exchanger as well as anion exchanger
is much higher than would be anticipated. This

can be explained as follows:

Swelling of amphoteric resins with both weak
acid and weak base groups is a function of pH of the
solution and show a characteristic minimﬁm near the
isoelectric point of the resins. Here, the active
groups of both types are practically undissociated,
so that the osmotic pressure difference is small.
When pH is lincreased or decreased, elther the acid or
base groups dissociate, this increasing the number of
osmotically active particle within the resin. The

result is an increase in swelling in either case,

(iv) the decreasing order of porosity (polar solvents) .

for amphodteric resins as cation exchanger is as
follows:

EP(PHB)DT » EP(SS)DT 7~ EP(SA)DT P4

EP (AN) DT >  EP(HQ)DT > EP(3-0H)DT

EP ( BR) DT > ©EP(CA)DT > EP(8-~OH)DT and,

(v) the decreasing order of porosity (polar solvents)
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for amphoteric resins as anion exchanger is as followss

-

EP(AN)DT  » EP(PHB)DT  EP(SA)DT 7
EP(8-OH)DT 7 EP(HQ)DT > EP(BR)DT >
EP(3-OH)DT > EP(SS)DT > EP(Ca)DT.

“(vi) Sorption behaviour of some bivalent metal cations

+
4

on cationic form (NH form) of the amphoteric resins

from ammonium acetate = dimethvlformamide media <

The results of sorption studies are presented

in Table - DT - 17. We observed that,

(i) the sorption of metal ions decreases.with the

increasing concentration of NH,OaAc (DMF being constant)..

4
Largely, the metal forms a complex with the acetate

ion and the sorption depends upon the nature of the
complex formed. If the charge of the complex is

posi£ive, zero or negative, the sorption will be less(143).
Various concentration of IMF have been tried and 40%

concentration has been found to be the best for separat-

ion,

We suggest that on increasing the concentration
of NH40AC, acetate ion replaces the co-ordinating water
molecules resulting in the formation of complex species
of a small positive charge, or neutral metal acetate

is likely to be present in solution and consequently
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the Kd value is decreased. The most likely species

in the resin phase is [MII (OAC)J+ or [_sz(OAc)] +2

as reported by earlier workers (144LJ4BX

(ii) From the table for K4y values, we suggest that

role of DMF is mainly to assist the formation of

complex and does not exhibit a complexing ability in
the system. SN

(iii) PFrom the Table - DT = 17, it is clear that

cut? has Kd value 253.,6 as compared to 1,70 for Mg'*'2

at 0,02 M concentration of ammonium acetate, indicating
the possibility of chromatographic separation of these

two cations employing EP(SA)DT resin.

(iv) Similarly, we also suggest the possibilities of

2 2

separation of Cu+ and Mg+ at 0.25 M concentration of

ammonium acetate using EP(SA)DT, EP(3-0H)DT and EP(BR)DT
resins.,

{v) The resins EP(SA)DT amd EP(BR)DT showed high
uptake of cut? whereas relatively low uptake of Mg+2

at 1.00 M concentration of smmeonium acetate indicating

the possibilities of chromatographic separation of these
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two metal cations employing EP(SA)DT and EP{BR)DT

resin respectively.

(i) Mg+2 ion has lower K4 values at all the molar

concentrations of ammonium acetate which may be due
to higher affinity of smmonium ions towards the

resins as compared tc‘Mg't'2 and reverse is true for Cu+2,

The following variation of sorption of cations

with the concentration of ammonium acetate was observed.

[ ¥H0Ac] = 0.02M
Resin ' ch;r{at:?.on Order
EP (Ca) DT : Cu » Ni » Co ® Ca > 2n > Mg
EP (8~OH) DT Cu » Ca > Co > 2Zn > Ni = Mg
EP (HQ) DT | Cu > Ni > Ca > 2n > Co ZE Mg
EP (Sa) DT .~ Cu > Zn > Ni 2 Co > Ca > Mg
EP (SS) DT Cu > Ni 2 Zn » CGa > Co > Mg
EP ( 3-OH) DT " Cu S>Ni ® 2n > Ca B Co > Mg
EP(PHB)DT . Cu > Ni > 2n > Ca > Co, > Mg
EP(BR)DT ' “Cu > Zn > Ni » Co >.Ca > Mg
EP (AN) DT .‘ Cu > Ni > 2Zn "> Ca > Co > Mg



Resin

EP(Ca)DT

EP(8-0H) DT

EP (HQ) DT
EP(SA)DT
EP (S8) DT
EP (3~0H) DT
EP (PHB) DT
EP(BR)DT -

EP (AN) DT

Resin

~ EP(Ca)DT
EP (8-0OH) DT
EP (HQ) DT
EP (SA) DT
EP(SS)DT
EP ( 3-OH) DT
EP (PHB) DT
EP ( BR) DT

EP {AN) DT

[wHOAc] = 0.25M

Sorption Order
Cu » Co > Ca > Ni > Zn >
Cu > Co » 'Ni > Ca > 2Zn >
Cu > NL > Co > Ca > 2n >
Cu > 2n > NL 2 Go > Ca >
Cu 2> Co > Ni > 2Zn > Ca >
Cu  Co > Ni > 2zn = ca >
Cu 2 C > Ni > 2n > Mg >
Cu > Co > Ni 2 Zn >» Ca >
Cu > Co > Ni > 2Zn > Ca >

[ wa, 0ac] = 1.00 M

Sorption Order
Cu ) Ni 2> Ca > Co 2> 2Zn >
Cu > Ni 2 2n > Co & Ca >
Cu > NL D> Ca > zn > Mg >
Ca 2 Ni > 2Zn > Ca > Co >
Cu > Ni >» 2n > Ca > Mg >
Cu > Z2n > Ni > Ca > Co >
Cu > Ni > 2n > Ca 2> Co >
Cu > Ni > 2Zn > Ca 2 Co &
Cu > NI > Zn > Ga > Co >

80

Mg
Mg
Mg
Mg
Mg
Mg
Ca
Mg

Mg

Mg

Mg

Mg
Co
Mg
Mg
Mg

Mg
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% Moisture content of Amphoteric resins

TABLE -~ DT -~ 3

% Moisture

No. Resin -
H® fom OH form

1 EP(CA) DT 5.70 7.80
2 » EP (8-~0H) DT 4,10 7660
3 EP (HQ) DT 2,70 7.00
4 EP (SA) DT 3.96 4,00
5 EP(88) DT 2.73 2,70
6 EP(3-0H) DT 6.57 6.50
7 EP (PHB) DT 3.73 3.70
8 EP (BR) DT 1.90 3440
9 EP(AN) DT 3.30 6.70
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TABLE - DT - 8

Rate of exchange of resins

i
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Cation Anion
So. | resin  Tmein  Sihame  excnenge
realized realized
{meqg/gm) (meqg/gn)
5 1.193 4,250
10 1.273 5.050
15 1.288 5,800
1 EP (CA) DT 30 1.288 5,800
60 1.288 5,800
120 1.288 50800
180 1.288 5.800
5 1.303 4,502
10 1.731 5,020
15 1.751 5,890
2 EP (8~0H) DT 30 1.751 5.890
60 1.751 5.890
120 1.751 5.890
180 1.751 5.890
5 1.800 4,750
10 2,055 5.700
15 2.055 6.360
3 EP(HQ) DT 30 2.055 6.360
60 2.055 6.360
120 2,055 6. 360
180 2.055 6.360




101

(Table = DT = 8 contdeeee )

‘Cation Anion
wo.  mesin  Mmein  ZThs  ohends
realized realised
(meg/gm) (meg/gm)
5 2.438 7.670
10 2.875 7.940
15 2.875 8.900
4 EP (SA) DT 30 2.875 . 8,900
60 2.875 8.900
120 2.875 8.900
180 2.875 8,900
5 ) 2937 6.100
10 3.166 6,960
15 3. 260 7.350
5 EP(SS)DT 30 - 3.260 7.350
60 3. 260 7.350
120 3. 260 7.350
180 3. 260 7.350
5 1.180 4,706
10 1.700 5. 400
15 1.800 5.610
6 EP ( 3-0H) DT 30 ©1.800 5.610
60 1.800 5,610
120 1.800 5.610

180 1.800 5.610
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(Table ~ DT-- 8 cONtAecses)

Cation aAnion
No.  Resin time in TN cemacity
realized realized
(meqg/gm) (meq/gm)
5 1.931 6.250
10 2.163 6.710
15 2.182 7.020
7 Ep (PHB)DT 30 2,182 7.020
60 2.182 7,020
120 2.182 7.020
180 2.182 7.020
5 3.020 7.130
10 3. 210 7. 400
15 3. 410 7.930
8 EP (BR) DT - 30 3.410 7.930
60 3. 410 7.930
120 3.410 7.930
180 3.410 7.930
5 2.050 3.820
10 3.000 5.650
15 3.162 6. 440
9 EP (AN) DT 30 3.162 6. 440
60 3.162 6,440
120 3.162 6o 440

180 3.162 6.440




Apparent pKa and pK

of resins

TABLE - DT - 9

b
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values and Isoionic point

it A i
a
1. EP(CA) DT 10.926 3.005 6.965
2. EP(8-0H) DT 10.899 3.052 6.975
3 EP (HQ) DT 10.918 3.076 6.997
4 EP(Sa) DT ' 11.078 3.215 7.146
5 EP(SS) DT 11.134 3.135 7.134
6 EP ( 3-0H) DT 11.071 2.892 6,981
7 EP (PHB) DT .10,998 3.103 7.050
8 EP (BR) DT 11,082 3.142 7.112
9 EP (AN) DT 11.135 2.981 7.058
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Oxidation resistance of Amphoteric resins

as cation exchanger

% Moisture

" Increase

No. Resin Untreated H.O.treateq IR % water
22 content

exchanger exchanger

1 EP (Ca) DT 5.70 14,74 9,04
2 EP (8-0H) DT 4.10 14.36 10,26
3 EP (HQ) DT 2.70 10.45 7.75
4 EP(Sa) DT 2,60 17.10 14.50
5 EP(SS) DT 2.10 14,54 12444
6 EP (3-0OH) DT 4,70 " 14.35 9.65
7 EP (PHB) DT 2.90 15.71 12.81
8 EP (BR) DT 1.90 15.17 13.27
9 EP (AN) DT 3.30 14.58 11.28
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TABLE -~ DT - 14

Oxidation resistance of Amphoteric resins as

anion exchanger

%‘Moisture Increase
Resin Untreated H,O,treated in % water
272 content
exchanger exchanger
EP(CA)DT 7.80 17.31 9,51
EP (8~0H) DT 7.60 19,72 12.12
EP (HQ) DT 7.00 14,10 7.10
EP(Sa)DT 4,00 18.37 14,37
EP(SS)DT 2,70 15,79 13.09
EP (3~0H) DT 6.50 22.92 16,42
" BP (PHB) DT 3,70 17.80 14,10
EP (BR) DT 3.40 27.03 23.63

EP { AN) DT 6.70 17.29 10,59
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