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ABSTRACT

Factoré influencing the chlorination of urea-melamine-
formaldehyde resin for eight different formuiations have been studied.
The effect of pH, chlorine concentration, grain size, resin amount,
temperéture, added chlorite, chlorate, and chloride to the chlorinating
medium were investigated. The stability of such chlorinated resins
chlorinated under the above conditions was studied. The rates of
oxidation of UMF resins during chlb?ination and inrstatic water ﬁere
determined. In addition, a hypothesis for the mechanism ‘of self-

oxidation of these resins during the chlorination process is proposed.
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Chaptef Ohe

INTRODUCTION

The treatment of water with chlorine as a means of killing
germs has a long history and is widely used1;2’3’“’5’667. The utility
of chlorine in water treatment is attributable to its toxicological
charactgristicssagaioall912&13 and its oxidative capacity’s11,14,15,
The amounts required for these purposes are.usﬁglly small, &
fortunate:requiremént éince chlorine is both an irritant and, at
somewhat higher concentrations,,is'toxic.

Since natural water may have some oxygen-demand which

will have to be met by any added chlorine, a satisfactory method

of introducing chlorine into a water system. at the required low

conéenfration for bacteriocidal purposes (< 1l.ppm) must also provide
for some means of satisfying this variable oxygen~demand. Maintenance
of chlorinérconcentratioﬁ in water supplies at the required low level,
vhile relatively simple for large treatment centres with the necessary
metering and analytical systems,!is far less convenient for the small
user. |

For this reason the‘announcément of Wayman'® éf the invention®
of a chlorinated polyamide resin which could be describéd to act both
as a "chemical-valve" and a‘éstore", was regarded as having wide
application. It was claimed thatl® this chlorinatéd polyamide resin

would introduce the requisite amount of chlorine into a water system

* There is a patent on the production and use -of N-chlorinated resins
as "exchange resins" for positive chlorihe written by Goodmen,
Solomon, U.S. pat. 2,944,033(1960) which made the .invention of
Wayman less novel. ' .. ’
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- to satisfy variable oxygen demand and leave a residual of chlorine

sufficient for bacteriocidal purposes .... cheaply and easily.

' This property attributed to the chlorinated polyamides is

aﬁ example of the general character of N-chloro compounds to establish

a low equilibrium concentration of active chlorine in water.’

1.1 N-chloro Compounds: -

The N-chlorination of amides, amines, imine, imides and

‘aminoazines can be represented by the equation:

Ry Ry ,
~
NH + HOCl =—= /NCIL ~+ HOH _ - (1.1)
"Ry R, -

These reactions have been studied by Soper et 2117,18,19,20,21,22

and more recently by Wayman and Thomm23’2%=25.

The term usually used?® for all éf the N—chloro compounds
is "chloramine" (or "chloroamine") which includes all compounas
containing one or more chlorine étoms attached to‘ﬁitrogen, e.g.
chloramines, chlorimines, chloramides, and chlgroimides. The reaction
(1.1) from right to left is a hydrolysis where the hydrolysis
constant depends on the (R) groups. For most amides and amines, the
hydrolysis constants are sma 1127 (10'” to 1078) and a;low a smail but
appréciable amount of hypochlorous acid liberation to an agueous
medium. This limited hydrolysis is the,unique chemical characteristic
thch enables the use of N-chloro compounds such as chloramiﬁe_fzg’zg,

chloroisocyanuric acid3°a31, N—chlorosuccinimidezl’22, and

Vtrichloromelaminesz as chlorinating agents in water and the use of



o oa m

the unehlorinated forms of these compounde sneh as cyanuric and
sulfanic acids to stabilize the chlorination of,water;

| These N-chloro compounds are more popular than chlorine'
solutions (e.g; Javex) becense theirrpositive'chlorine is often

more stable than chlorine solutions and_easier to handle.

1.1.1 Chlorine exchange resins:

Chlorine exchange resins!® are polymeric materials containing
nitrogen groups (amide, imide, amine and triaminowtriazine) that are

capable of undergoing the following substitution reaction:

H “ B o2

SR |\ JE. JERE—— ¥ U, \ SR r
_C—N—C + HOC1 = _L—N—C + HOH (1.2)

By analogy with other N-chloro compounds, polymers containing -NH
and/or -NH, groups should be applicatle for use es chlorine exchange
under seme, if not ali, conditions.‘ Tne potential advantagezof sﬁch
chlorinated polyamide resine‘isrthat:the."baek tone" is not released
to the water system in the reversal of equation (1.2).

The prefenred physieal fdrm oftsuch.resins would be beads

similar to the better known ion exchange resins. The particles should

‘have reasonable dimensional stability and be insoluble in the

chlorination medium and water, but‘netertheless be‘hydropnilic enough
to absorb water and allow eeeessibility to the nitrogen groups. The
resins must be crosslinked enoqgh‘te hold them toéether but etill
allow for swelling and/or wetet absorption33. Polymers that fulfill
the above requirements are prbteine,rpelyacrylamides, polyamides,

polyurethanes, and amino-resins. .
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In principle, proteins are well suited to be chlorine

exchange resins. The structure is characterized by the formula

I

~NH~CH—0—NH4J:HfC—NH—CH~Lf |

(' - AN

where R,R™ and R™ are the residues of the amino acids and are generally

different. Proteins can be crosslinked, using‘uréa, to make them

insoluble in water. The polyacrylamides are water soluble polymers

with the general formula:

B
R
H//L\\Hl

These polymers can also be made)insoluble in water by crosslinking.
For example, Methylene;bisacrylémide
i1 1
HC—C~—N—CHy——N—C—CH

Hp . CH

undergoes vinyl polymerization, either alone or as a co-polymer with
acrylamide, to produce an insoluble croéslinked polymer. Polyamides
such as nylon provide another type of potential chlorine exchange

resins. The basic structure of these polyamides is as follqws:
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Likewise, polyurethanes can be used as chlorine exchange resins. The

general structure is:

Q | .‘ :
n
R—N—C ‘ 7
T

The monomeric materials heré’are di ;nd tri-isocyanates.

In préctiée none o? the above N-chloro resins have provided
a useful means for water treatment. In contrast, the urga—melamine-
formaldehyde resin gave promise. of providing a practical means for

treating water with chlorine.

1.1.2 Urea-melamine~formaldehyde resins:

Urea—melamine;formaldehyde resins (UMF resins) have a long
history3%s35 and have found wide appliéation in such familiar forms
as Melamiﬁe dishes, decorative laminates, ion exchange resins, and
adhesives. These forms are generally highly crosslinked and
impervious to water. - However, by éuitable‘adjustment'of proportions
and conditions, a,"macro‘reticular"lé form can be synthesized. These
foyms were exploited by Wayman énd‘co—workerslészéazqazsi JThe i;tter
resing are the most interesting polymers from a chlorine exchgnge
point of view, since they are easily produéed from cheap, easily

available chemicals. The work reported in this thesis is mainly
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concerned with this type‘of resin.

Urea-formaldehyde resins are formed by condensing urea with

formaldehyde using 1 to 2 fold excess of formaldehyde. Several

mechanisms have been sugggsted35’37 and it seem likely that the final

structure of urea~formaldehyde can be représénted as follows:

| ﬁ
c': HN e Oy ———N f
N N
SR R
‘NN - NN
o=c" \CH2 \c':::o o:-:c/ ,\cle/ =0
NH NH | | NH

| | il N
'In a similar mannér melamine~formaldehyde resins may be

represented by the formula3?

5
'1}1-—CH2-
. 4¢N—~C§§N
H¥—CHy—NH—C” =~ N
| Ny=c”
. =
4 \\N \NH——CHZ—'

HT——CH HN// f\Nf/ \\NH CH,—UH

C . C
2N N
I [
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.The possibility that any of these UMF resins will fihd application

depends in varying degrees on such factors as cost, structure, the

value of the equilibrium constant, and stability. -

1.1.3 Relation‘between N—chlor0400mpounds and‘chlorine exchange resins:

Chlorine exchange resins undergo the same chemical process
as the monomeric N-chloro compounds. That is, they react with
chlofine in a chlorine—rich'aqﬁequs mediuﬁ:(ieft pp right, equation
(1.2)) and liberate this c£loriné, via hydrolysis, when exposed to
‘an aqueous médium in whichAchlorine is absent or present in a
conéentratioh that is lowér than the eduilibrium value (as a copse—
quence of a chlorine dgmahﬁ). But ther;~are signifiéant differences.
The chlorinated polyamides are set apart from numerous other chlo-
rinated-amides used ih'éommerée as a hsoiidﬁform éf chlorine"
becduse of the insolubility of fhe polymer: the >NH group forming

. ‘ ﬁ H
part of an insoluble chain. The residual \ l¥—0/, on the
. ~

_LC—N
left-hand side of the equilibrium (equation (1,2)) is part of
cross-linked insoluble polymer and hence is not added to the water
supply,

Also, if we consider the chlofine éxchange rgsinsrto
behave in a fashion similar to the monoﬁeric chloramine, there may
be a second factor to be considered: the rate §£ absorption and
liberation of .available chloriﬁe may be altered by diffusion control
rather than reaction control alone33h

Thus, the phenomenon‘involved in the transfer of chlorine

ﬁo and from the particles of insoluble cross-linked polymers creates

a new approach to the chlorination of an aqueous medium which will



be discussed in greater detsil in the following section.

1.2 Principles of Chlorine Exchange:

The process*of chlorine éxchangé'may be represented in

a general form by the equation:
A * N + .
N—H + €17 === . N—Cl + H (1.3)

where the chlorine maintains its valence state of  +1 in both coﬁpoﬁnds‘
It is importaﬁt to recognize that fhe c1* probably has no separate
existence but occurs in combinmetion with a "carrier" e.g. OCL™, HOC1,
CH3-§~—601, R—-g—*OCl, etc. The OCl; ion is probably an a?tive
species at high pH. At low pH (<5) and in the presence of acetate
ions; Soper and co-ﬁorkersl7318>19=2° have showh that acetyl hypo-

chlorite is formed and it reacts more readily with nitrogen.

HOCL + ACOH === ACOCL + HOH (1.4)

By analogy other acid ions woﬁld be expected:to act similarly. It
was proposed by de la Marg and his co-worker§39’up ﬁhat the“éiectr6¥
positive chlorinium ion, Cl+, was a possible chlorinating agent in
analogy with the "nitrbnium ién". It‘was p?oveq ﬁyiSwaiﬁul that it
is‘extremély improbable that the chlorinium ién, Clt is significantly

involved in the chlorination process. No term in the rate law is

* C1* or "active" chlorine or "positive" chlorine: the term
"positive chlorine” or Cl” or active chlorine refers to that chlorine

in N-chloro compounds and hypochlorous acid which may be considered
to have a valence of +1. :



consistent with rate-determining formation of the chlorinium ion.
Although the Cl+ mechanism has been publicized in many excellent
téxtbooks, however, the thermodynamic arguments show that Cl+ is
hiéhly unstable relative to coordinated species. Forrdisso;iation
of Cls, to-Cl+ and C1~ in water at 25°C, the estimated equilibrium‘
constant is 10*“0, from ﬁhich it can be calculated thatr[Cl+] is
less than 10 %M under conditions where the zero-order dependence
on organic substrate was observed. Swainnshowed‘that the kinetic
terms in chlorination‘are directly analogous with the corresponding
conversions of HO-Cl to the“more reactive chlorinéfing agents,
€10-C1l, ¢1-Cl, and, possibly, HZOCl+. Héwever, a further possibility
of the chlorinating agents.is the formation of the protonated hypo-

chlorous acid specieslf2

+
HOCL + H' === H,0c1"

Such ions are powerful electrophilic agents and would be expected

to react with the nucleophilic nitrogen. Wayman and Thomm?2* found
that the absence of dependence 6f the HOC1 reaction rates on pH
argues against this formulation. They proposed that in the absence of

additives, and in the pH region of undissociated hypochlorous acid,

‘the active N-chlorinating species is the acid itself, i.e., HOCI.

The relative reactivity of the chlorinating reagents with secondary

amides was found to have the sequence

CH3C00C1 > Clp > 0OC1™ > HOCL

Let us now consider the principle of using N-chloro compounds

as a source of active chlorine. When N-chloro compounds such as
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chloramine T, trichloromelamine, N—chlorosuecinimide are in water

they liberate "active chlorine" until the corresponding equilibrium
concentration is reached. Where a substance is present in water which
cfeates.an "oxygen—demandh,‘the active chlorine thus.releaeed reacts
(bleaching, disinfecting, etc.) and further chlorine (combined
available chlorine)® Will be liberated from .the N-chiero compouhds

to maintain equilibrium (equation 1.1). By the proper choice of

26

carrier<®, various equilibrium concentrations of "free available

%R
chlorine"

may be maintained. at the value required for disinfecting
or bleaching.

The UMF resins, which are considered to contain similar

structures (Section 1:1.2) were found to maintain equilibrium

coﬁcentration in the same rénge as these monomolecular analogues.
Specifically, Wayman and Dewar found this value to be 2-3 épm.
This may be somewhat higher than the long term equilibrium concen—
tration®S,

In terms of practical application, it will be noted that

¥ Mavailable chlorine" The available chlorine content of a compound

is expressed in terms of the amount of elemental chlorlne that
would have the same -oxidizing power. The " available" chlorine
group of compounds are those when dissolved in or in contact with
water liberate. hypochlorous acid or (0C17). .

"Pree" available Chlorine: refers to chlorine present as hypo-
chlorous acid or hypochlorites or dissolved elemental chlorine.

¥¥ nCombined" available chlorine: refers to chlorine present as -
‘ N—chlorocompoundswhlch usually have less react1v1ty than. .
hypochlorites.
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the N—chlor; compoﬁnds do not themsélves takelpart in the disinfecting
or bleaéhing process; it is the HdCl, CiO— or Cl, which act as the
active agents. The chlorine atom in hypochioroug acid aﬂd N-chloro
compounds have a valence of +1 (Cl+) and %hen acting'as an oxidizing
agent this positive chlorine ﬁndergoesja valence change of two

(+1 to -l), whereas the chlorine atoms in Cl, undergo an average
valence change of one (0 to -1). Theréfore; one atom of c1* is
eéui#alent in oxidizing power to bne moleculé of Cl,.

Clearly, the equilibrium céncentrafion of active. chlorine is
one of the factors important to th; productioh of chlorine-exchange
resin suitable for applicatioﬁ in the treatment of potable water.

But beyond a certain minimum level of chlqrine,Athe stability of
the resin to resist self-oxidation bécomes:an,even more critical

factor.’

1.3 Stability of N-chloro compounds:

The question of‘"stgbility"-in comnection with the application
of such chloro-compounds to.watér tréatmeﬁt covers ﬁany éonsiderations:
1. At a higher concentration of HOC1, man& oxidation reduction
reactions are to be expectedﬂéChaptér_Q). iHowever, at the
concentration of active chlorine available in thié study, it is
doubtful if these reactions are sighificant.

2. In general, the stability of Ci* is directly rélated to the number
of chloriﬁe atoms on the nitrogen. N-chlorinated secondary amide

nitrogen is more stable thaﬁ primary”3, while trichloroamine is
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P very unstable.

3. Decomposition is found to be greater in solution than iﬁ the dry
solid form™*.

L. Temperature and pH value. can be considered also as factors which
affect stability. At higher temperature, N~chlor5 compounds were
found to be more unstable than at lbwer temperature. Variations
in pH seems less important. It will be apparent that the above
factors have practical implications which require consideration

in the production of a practicél.chloriné exchange resin for

treatment of water.

1.4 Objective of Thesis:

The objective of the study reported here comes directly
from the fact that the chlorine-exchange resin produced by Wayman and

Dewarl6:3% and protected by Canadian Patent No. 849614 piroved so

_unstable as to be unserviceable in forseeable practical applications.

Not only would the resin self-oxidize in presence of water to produce
undesirable gassing, but this process wastes chlorine and appears to
seal off the absorbed chlorine from normal use.

This instability problem raised the qgestions of why this
chlorinated resin was -unstable and under wﬁét conditions we can minimize
the self-oxidation process. . Therefore, the work in this thesis is
mainly concerned with finding solutions to these questions. Two
approaches were considered. The first deals with the problem of synthe-
sis which was studied by Horning and Robertsonqu The second deals with
the effect of changing conditions in the chlorination process. The

results of the latter study provide the basis of this thesis.



.Chapter Two.

FACTORS INFLUENCING CHLORINATION

2.1 Introduction:w

The chlorination of the UMF resin was assumed to be a
critical stép in the production of the propésed chlorinated resin.
bf the factors iﬂvolvéd, the chlorinating species, the chemical
composition, and the physical structufe of the resin are probably
most important. |

As the UMF resin may be used either for chlorine release
or chlorine absorption, chlorine may simply behtransferred from an
aqueous chlorine sélution-directly inté the resin according to .
eqﬁationw(l.3); In fact, when the resin is e#posed to a sélutionr
containing a high con;entration of "act&ve" chlorine, substantial
amounts of chlorine will be absb?bed very quickly, but it was
observed that considerable decompositgon of the’resulfing chlorinated
resin can result. Therefore, chlorination with a much lower
concentration is indicéted althdugh a longér‘reéction time will be
required to achieve maximum loading. In addition to the concentration
of active chlorine and time, other factbrs'must_be considered for
chlorination of these resins, e.g., pH and temferature. |

Thg change in pH value hss an'imporﬁant_effect on the
chlorinating species. Thus, when chlorine,(soluﬁion of chlorine gas
or hypochlorite) aissolveszin Waﬁer}it undergoes a very rapid

hydrolysis to hypochlorous acid andhhydrochlofic aci&:

Cly + Hy0 === HOC1 + H' + C1~ (2.1)
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The hydrolysis constant“® of this reaction is 3.9% x 10 * at 25°C.

It may Be seen from equation (2.1) that the concentratién 6f HOC1
depends on the total chlorine concentration and on the pH.' In dilute
solution and for pH-values greater than L, the,equilibriuﬁ shown in
equation (2.1) is displaced to the right and very little Clé e#ists

in solution. This change is shown very clearly in the following

 table26

pH 10 ppm | 100 ppm 1,000 ppm 5,000 ppm
1.0 96.5 3.7 21.8 (6.5)b
1.5 99.0 89.9 - 46.9 (18.2)P
2.0 99.6 96.5 O T3.T k1.2

2.5 99.9 99.0 89.9 69.0

3.0 99.96 99.6 . 96:5 . 87.5

3.5 99.99 99.9 99.0 95.7

4.0 99.99 99.96 99.6 98.5

k.5 £ 99.99 99.99 99.96 199.5

Table 2.1 Percent of Total Available ChZofine Present
in the Form of HOC1%, |
& Tn an acid, aqueous chlorine solution at 25°C.
b vValues for solutions which would have more than 1 atm pressure
of chlorine.
Above pH 5 the concentration of hypochlorite ion becomes apprecisgble,
while that of molecular chlorine is negligible. Between pH 6.0 and

8.5, hypochlorous acid dissociates according to the following equation,
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+ - T : .
HOCl === H + 0C1 : ‘ - (2.2)

Thus, chlorine exists predqminately as HOCL ét low pH levels;
concurrently, at 20°C above pH 7.5 and at 0°C above pH 7.8, hypochlorite
ioné (OCl~).predominate; Table 2.2 shows such change in the form of

'Cl* at various pH values.

pH | “As HOC1, % * pH ‘As HOCL, %
5.00 | 99.7 9.00 B;i

5.5 99.1. 9.5 |  0.99
6.0 . 96.9 £10.0 _ 0.31
6.5 ‘| 91.0 10.5 0.10
7;0- 76.0 ‘11;0 10.03

7.5 50.0 115 0.01

8.0 2h.0 12.0 0.003
8.5 9.1

Table 2.2 Percent of Total Chlorine in Hypochlorite
Solutions Present as Hypochlorous Acid at

Various pH levels, 25°C.

The following equation summarizeé the variation of the form C1* with

changes in pH value:

c18*— 18- + HOH . 228iC» poS-__ 018* 4+ g+ 4 c1”
acidic : : ,

weakly

acidic

c10” + mt

- basic (2.3)
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When the chlorinating agent is calcium hypochlorite, Ca(bCl)z, or

sodium hypochlorite, it ionizes in water to give hypochlerite'ions:
Ca(0Cl)y + Hp0 === Ca™* + Hy0 + 2001~ (2.

The hypochlorite ions establish equilibrium With hydrogen ions,
depending on pH as shown in equation (2.2). |

Thus, the same equilibria are established in water regard-
less of whether elemental chlorine or hypochlorites are employed. |
The significant difference is in the resultant pH and its influence
on the relative amounts of HOC1l or OCl™ existing at equilibrium.

Sodium hypochlorite solution was used in this work as a
chlorinaying agent, since it was shown that the calcium hydroxide
available contained some MnO, which in the chlorination process was

converted to MnOu‘ as identified by U.V. absorption.

2.2 A General Account of the Probable Structure of UMF Resin:

Various formuletions of urea-melamine formaldehyde resin
heve been developed in this study. Since the resins are insoluble,
we can only speculate about the exact structure.

To be useful in the treatment of water, theeresin must
have an open structure such that the secondary amine gfoups are readily
accessible both to take up chlorine and release it to water. Such
resins have been termed 'macro-reticular' by Dewar and Waymenls. Various
proprietary”s methods have been discovered by which this macro-reticular
structure can be modified. These methods were not part of this study,
and reference to the various quified resins will be made by code

number only. The aim of this study was to discover the characteristics
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of chlorination of a selected gfoup of the modified UMF resins, and

to study the stabil

" applied for, Robert

study. Table (2.3)

ity of such resins. Resin 53-1 (Canadian Patent
son and Horning) was the basic polymer used in this‘

includés the f&rmulations of‘differenf selected

resins and its code number.. The resins include& in this table are

basically_53—l but

changed as follows:

Code. number

‘Content

53-1
1hh-1
C1hh-2
1hk-3

1hh-)h

k-5
1hk-6

1hh-7
144-8

Canadian Patent applied for, Robertson

i ‘ and Horning
Formaline (UMF) (Dewar.resin)
modification of 53-1
inéreased-pre—polymeriZation time.
formaldehyde chain should be
shorter

prepolymerized urea-
formaldehyde.

UMF modification.

prepolymerized melamine
formaldehyde.

modification of 53-1

53-1, no base added - strongly
acidified

Table 2.3 . Different formulations for chlorine

exchange resin.

A detailed quantitative comparison was undertaken to assess the effect

of changing different parémeters dﬁring the chlorination process for

all of the formulations mentioned in Table 2.3.- The resihs were,
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treated in each run unde: conditions as nearly identical as possible.

2.3 A typical run of the chlorination process*

A solution of sbdium hypochlorite was prepared according to

the equation:

ONaOH + Cl, ——3 NaCl + NaOCL + H,0 (2.5)

The total conceﬁtrétion of.the chlorine in:solution was analyzed
iodometrically to determine the concentration of chlp?ine at the
beginniﬁg of the run. The NaOCl solution was constantly stifred

in a'1/o litré 3-necked flask and was left for at least 1/2 hour

in a water bath adjusted to the desired teméerature, until temperature
equilibrium was reached.

A good quality of.water free from oxidizable materials was

“used. -  The apparatus Was,covéfed with-a black cloth to minimize

chlorine decomposition. The pH of the:solution was adjusted to the
desired value by adding the requifed;amount of HC1l solution. :In each
study 5 g of the resin was added to the sodium.hypochloyite solution,
while at the same time the automatic timer—prinfer wés‘activated. As
soon as the polymer is introduced, it very rapidly adsorbs chlerine
from the solution and at the same time, the pH value of the solution
decreases due to the production of an acid grouping in the resin.

To maintain the pH gt the desired value during chlorination, an

automatic titrator was used which delivered a standardized solution

¥ Details of the apparatus- and experimental will be discussed in
Chapter L. :
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of 0.1M NaOH. This automatic syringe adds the required volume of

sodium hydroxide incrementaliy on demand to restore the sysfem to

‘the desired pH value. This was achieved by the use of a pH meter in

combination with a switching syétem (see Chapter L4). .A calomel elec-
trode was connected to a ;alt ﬂridge cgntaining KNO3 solution while
a glasé electrode was immérsed in the chiorinating medium. The
automatic timer and printer recordedrthernumber of counts of NaOH

which was taken up to maintain a constant pH value at a certain time.

After one hour of chlorination, 5 ce. of the solution was analyzed

iodometrically to,determine the concentration of free available chlorine
in solution. At the sam; time, about 0.2 é of the chlorinated resin
was removed, washed thoroughly, and ai£ dried, to be used for thé
analysis of the combined available chlorine. The rest of the resin
was‘;eft two‘hours in thé chlorinatihg medium for further chlorination.
After a period of fhreé hours thg automatic titrator was stopped, and
the solution céntaininé the resin was left overnight iﬁ the water bath
for maximum loadipg. After a period of 24k nours, the.resin was
filtered from soiution‘and washed thoroﬁghly 3 to 4 times with doubly-
distilled water to remove any excess chlorine on-the surface of the
resin. The resin was first air dried, then vacuum dried, and then |

was ready for stability tests.

2.4 Experimental Results:

The experimental work in this chapter deals primerily with

four series.
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2.k.1 Series 1

In this series the basié 53-1 resin (20-40 mesh) was treated
at lO°C'acéording to the typicgl run described above. Vari;tions of
pH, chlorine concentration, gyain size, resin amount, presence of
chlorate, chléride, and chlorite in the chlorinating medium have been

considered.

a. Effect of pH

The pH may be considered as an important factor during the
chlorination process. Three runs were done at pH 4, 5 and 6 to evaluate
the effect of pH during chlorination of the resin. Table 2.4 shows

the effect of changing pH on chlorine capacity of the resin, and the

total amount of sodium hydroxide taken up during chlorinatioﬁ which

we consider to be a measurément of the rate of oxidation of such a resin.
It should be noted that the values of the analysis in Table (2.4) were
taken after one hour of chlorination; also the initial chlorine .concen-

tration in each run was adjusted ‘o bé about the same (0.122 M).

mole/% free , ,
available C1 in mole/% NaOH wt % of C1 in the
pH soln after 1 hr. after 1 hr. resin
L 0.0k46 0.0147 Lh.9
5 0.0kT 0.0139 k2.0
6 0.052 0.0108 c Lok

Table 2.4 Effect .of pH on éhZorination of resin

53-1 at 10°C.
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To explain the data in Table 2.4, let us consider the

material balance. Chlorine can be used up acCording to the following

‘reactions:

1. The chlorination of the resin which willruSe éhlorine according

to the usual equation (1.2) - -~ -

-Cl

h g |
:0—-1!1-—0: + HOCL == Se—t—c + 1,0
2, Oxidation: Some of the cﬁlprine may be exhausted in the
oxidation,procegs in which‘aéid is préduced.
3. Condensation: Chlorine may be used up in the followiné‘
reactions:

a. TFormation of ClOg% ions.

2HOCL + €107 —— €103 + 2017 + 2K -
and

210" +'HOCL — 7010‘5 + 2017 +H

The first reaction57 depends on the pH value, while the second
reaction depends on the concéntration of C10™. These reactions

can only take place at high pH values (see Table 2.2).

Since this work was done in the xanée of pH 4-6, the possibility
of exhausting some of the chlorine to form Cl03™ was ruled out.
b. Formation of Cl1l0j,::

chlorine could be used‘in the formation of Cl10, according

to the eQuations”8’“9=5°:
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- = + : C
€107 + €17 + 2H === Cl0, + 1/201; + Hy0
HC10, + HC103 ———Y 20105 + HpO

,These reactions c?nhot tako:ﬁlaoe unless ée do have 0103—

ion iﬁ tho solution. Thus, the possibility_of uéing

chlorine in the formation of ClOp Wos oxcluded. |

Now, wo have to consider,the_material‘oalance.oh £he basis
that -chlorine was mainly used for chlorinating the resin, while a |
lesser amount was used for oxidation. |

From Table 2.4, starting with 0.122 molar active'chlorine.in
one llore solution, after one hour of chlorination 0.046 M ‘chlorine was
left in solution, whlle 0. Olh7 M NaOH was consumed to balance the amount
of acid produced during oxidation. The difference between the initial .
ooncentration of active chlofine (0.122 mole/%) and tho residual
(0.0h6-mole/2)'will be equal to the concentration of chlorine used
in step dhé and two. This wos found to be ‘consistent with assumed
‘oxperimental error of about 1-2%. ‘

Itkls obvious from Table 2.4 that the variation of pH in
the range 4-6 has a slight effect on the total chlorine absorbed by
the resin and the amount of resf& oxidized to give acid. It is
further noted that 5-6 times as much chlorine is adsorbed as disapfears
through oxidation of the resin.

In this study pH valués ranging from 4-6 have been
considered, since this resin was found to be more useful in-this region! 6,
Also, for values of pH greater than:7, especially 9-10, the chlorine

is rapidly stripped from the chlorinated resin as hypochlorite, so

chlorination under basic conditions is not feasible.
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b. Effect of chlorine concentration:

5 g of the resin 53-1 (20-L0 mesh) was chlorinafed at 10°C

and pH 4, using two different initial concentrations of "active

"chlorine" in solution.

Table 2.5 illustrates'the effect of changing such concen-

tration on the chlorine capacity of the resin.

initial concentration:

concerttration of

mole/% NaOH

wt % of C1i¥ in

of active chlorine at free ‘available after 1 hr. the resin
time 0 (mole/%) chlorine in
solution after
1 hr.
0.122 0.046 0.015 45
0.1ko 0.056 0.022 51
0.160 - 0.078 0.028 53

Table 2.5 Effect of active chlorine concentration on

resin 53-1, chlorinated at pH 4 and 10°C.

It was observed that the resin absorbed substantial amounts

of chlorine very rapidly from the strongei solution, but for the

weaker chlorine solution, the resin reached its maximum chlorine

capacity only after a longer period. This is not too surprising,

although the observation may have practical value.

An indication of the réte of uptake is given in Table 2.6,

where the variation of the chlorine capacity of the resin with time

for adsorption from the strongéfrchlorine soluﬁion is illustrated.
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Time in minute Concentration df free wt % of combined
" chlorine in solution ~ chlorine in the
“ mole/% resin. g Cly/g resin

0 0.158 . ‘ : —

5 - 0.120 25
10 0.097 ‘ 28

\ . .

20 L 0.085 ho ..
60 - 0.078 : 53

1

* Table 2.6 Variation of chlorine capacity of the resin-
with time, chlorinated at pH 4, 10°C, and

initial €1 = 0.160 M.

It is obvioﬁ; that after 5 minutes of chlérination, the&chloriné
capacity of the resin was found to be 25%‘by weighf. This is.a remark-
able value, since the maximum loading of the resin is only 30-40% by 1
weight. Aftef 20 minutes the resin used up about 40% of the initial
chlorine and it achieved its final theoretical cépaéity (L2%). At the
same time’as chlorine was being absorbed, a small number of groupé in the
resin were being more slowly o%idized,’resulting.in the evolution of
gases. From these results, it.was concluded that a lower chlorine

concentration is better for chlorination, although a greater reaction

time will be required to achieve maximum loading.

c. EBffect of gfain size:

Reference has already been made to the Véry rapid initial

uptake of chlorine by the resin. This led to the question of whether
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this was a surface effect or was related to a diffusion process.
Further, there was the question of whether the oxidation step which
was found to accompany chiorination was a surface'éffect ortextended
throuéh the ﬁolymer. To find qualitafive answers to these two kinds
of questions, a series of chlorinations was'carried out on resins of
three different grain sizes.: These sizes are 10-20 mesh, 20-40 mesh
and 40-60 mesh. |

Déta resulting from a study designed to determine the effect
of these grain sizes on the amount of éhlorine taken-up by the resin
and theramount of NaOH consumed during chlorination, are collécted

in Table 2.7.

| Grain sizes | mole/2 free chlorine | mole/% NeOH “wt % of the
in mesh in solution after 1 hr. available combined
: after 1 hr. o chlorine in the

resin after 1 hr.

10-20 0.043 . 0.0096 36

20-40 0.047 ' 0.0139 2
140-60 o.0ho 0.0151 52

Table 2.7 Effect of grain size of resin 53-1 on the
total amount of NaOH and the wt % of ecombined

chlorine in the resin, chlorinated at pH 5 and L0°C.

It was found that the chlorine capacity of the resin
and the total amount of sodium hydroxide, which appears to be related}
to the rate of oxidation of the chlorinated resins; could be

represented by the following sequence.
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10-20 mesh < 20-40 mesh < 40-60 mesh

If we represént the‘graip by the foliowing diagram, it

surface layer

center of the grain

is quité reasonable for the rate of chlorination to follow the above
sequence, since for the larger graiﬁ siZe,AEhloriné will attack the
surface of the grain and fhen takesrlonger %ime to pénetrate tﬁe
centre itself. In the meantime, for the finer grain size Qh0—60 mesh),“
it is easy for chlorine to diffuse from the surface to the core of
‘the grain in a éhorter:timéiiA, |

‘Froﬁ the abdve'discussion, we can conclude thét the very
rapid initial uptaké of chloriﬁe and the oxidafion step which
accompény chlorination areAndt a surface éffect. The weight % of
chlorine in the resin will achigve,the Samé value whatever the grain
sizes are, debending on the time of chlorination. Thus, the rates
of absorption and liberat;on of available chlorine are governed by
diffusion control rather than reaction control alone. \

As a further check on this conclusion,'three different amounts
of thgwresin 53-1 (21/2 g, 5¢g & 71/2'g) were treéted separately at
10°C &@nd pH 5. The cbncenﬁratioh of the initiai available chlorine
in the solution was about the éame and the resin was treated in each
run under conditions és,nearly identical a§ possible. The results of

such study are shown in Table 2.8.
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Resin amount mole/% free molé/£ NaOH wt % of
in gram. chlorine after 1 hr. chlorine in
: in solution - the resin
after 1 hr. : after 1 hr.
21/5 " 0.076 0.008 . 49.6
5 0.04T7 -~ 0.013 42,0
/2 0.01k2 0.021 . 40.0 °

Table 2.8 Effect of the amount of resin on the wt %
chlorine and the total amount of NaOH, at

pH 5-and. 10°C.

It was fohnd:thét there is a linear relation between the
amount of ‘resin and the totgl concentration of sodium hydroxide -
consumed during the chlorination process which may be taken as an
indication of oxidation as opposed to chlorine adsorption. The rate
of chlorination was found fé be proportional to the amount of resin
in solution for a given initial conceﬁt?ation of active chlorine
and the resin will be loaded to capacity; if theré is enough chlorine
in solution and enough time for maximum loading. Thesé results
again confirm fhe éonclusion reached in ‘the investigation of .grain

sizes.

d. Effect of added chlorite, chlorate and chloride ions on chlorination:

In our investigatioﬂ, there was reason to believe that
chlorite or even chlorate ions miéht be formed in the course of chlop-

inating the resins. Further, since it was shown thatritzwas prefer-
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able to use low concentration of active chlorine in the chlorination
process, recirculation would consequently lead to a build-up of
chloride ion concentration in the solution; Hénce the effect of
concentrations of €10, , €103 and C1l added to the standard chlorin-
ating medium were investigated‘: It should be ﬁoted here that these

experiments were merely exploratory.

Effect of sodium chlorite:

Three experiments were carried out to investigate the effect
of added chlorite ion. The first experiment was done using 5 g of
53~1 resin which was chlorinated in presence .of 0.122 molar solution
of active chloriner(ordinary run). The.second experiment was qarried
out using NaClO, + NaOCl + 5 g of 53-1 resin.- As a control, a third'
experiment was done to invesfigate the effect of sodium chlorite
without the presence of the resin i.é. 1 g of NaClO0, in 500 cec .
.of NaOCl solution was used. The followihg Table:éummarizes the results

of the three experiments.

Run mole/f residual mole/% NaOH wt % of
| chlorine in solution | after 1 hr. active chlorine
after 1 hr. = in the resin. -
NaOCl + resin ©0.047 0.0139 ' k2.0
| NaOC1 + resin 0.042 | 0.0208 hh, Lk
+ NaCl10, 1
NaC10, + NaOCl ~ 000 | o0.0170 -

Table 2.9 Eﬁfect.of added cehlorite on chlorination of resin
53-1 chlorinated at pH 5 and 10°C.
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Tn the control experiment, when NaClO0, Was added to a

o HC1 produced was balanced by the addition of

d solution of 0.1 M~ NaOH to- malntaln a constant pH value

This could be explalned on the basis that in

acid solution51 (pH 4-5), chlorine reacts with sodium chlorite

nearly quantitatively according to the equation

oNa(10, + Clp = 2010, + NaCl

Making allowance for the hydfolysis of chlorine, the same action

for hypoéhlofous acid would be

~~

pHC10, + HC10 = 2C107 £ HEL + Hy0

When the resin was added to the chlorinating solution

(NaOCl) it was found that there was a production of acid érouping

in the resin due to ox1dat10n which required O. 0139 M NaOH after

1 hour of chlorination.

Now, the introduction of sodium chlorite into the solution

gence of the resin con51derably increases

of "active chlorine" in pre

the total amount of NaOH required to maintain a constant pH which

e amount of oxidation of the

we had previously assumed represents th

resin. The appgrent welght % of active: chlorine in the resin was

1ncreased by a small amount.

The increase of NaOH concentration taken up in,experiment'2

may be due to the production of ac1d from the reaction qf chlorite

ion with hypochlorous acid and the oxidation of the resin

during chlorination to produce acid grouping in the polymertchain.
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Considering the material balance, starting with initiél
chlorine = 0.122 M, the concent%ation of NaOH = 0.0208 M, the
residue of chlorine in solution was found to be = 0.6&2‘M. The
difference between the initial chlorine, the NaOH concentrétion‘and
the residue of chlorine should be equal to the mole/% ‘chlorine
taken up by the resin, unless a reaction takes place in presence of
€10,  ion to prdduce another source of active chlorine~on the resin.

It was found that the mole/% of active‘chloriné (6.0623)
taken up by.the resin was greater than the.moles/z calculatéd
according to the above discussion (0,059). There was a difference -
of 5.4% which is in agreement with the difference between the apparent
wt % of the resin in the first and second experiments.

It is worth noting thaf chlorate ions can only be formgd
from the reaction of NaClO, with chloriﬁe at pH 8 to‘lO according to

the following equationsszz

§aC10p + Clp + Hy0 ——> NaClO3 + 2HCL ' (2.6)
NaC10, + NaCl0 ——3 NaClO3 + NaCl (2.7)

Under the experimental condition here (pH 5), the above reactions do
not occur to a significant degree.
In conclusion, the introduction of ClOz~ ions to the

chlorinating medium produced a chlorinated resin with a 'slightly

higher wt % active chlorine. It is noted that any loss of 10~

to a higher oxidizable state should reduce the "active" chlorine
available for chlorinating the resin, unless the product can also

add to the secondary nitrogen.
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Effect of chlorate:

It was found that the addition. of KC1l0z to the chlorinating
medium in absence and presence of the resin, ﬁardly changed the

amount of sodium hydroxide required to maintain a constant pH and

hence did not change the degree of oxidation. The percentage of chlorine

in the resulting resin also remained about the same. Hence, it was
unlikely that appreciable amounts of chlorate would be formed under
the chlorinating condition according to equations (2.6 and 2.7)

and, if formed, would not affect the chlorination of the resin.

Effect of chloride:

In this study, 1 M solution of NaCl was introduced into
the reaction mixture in presence of 5 g 53-1 resin at pH 5 and 10°C,
to test the effect of a fairly large build up of this ion. It was

noted that there was.no remarkable change in. the total amount of

~ NaOH consumed. In spite of this fact, there was a considerable

increase in the amount of gaseé evolved during the run. It is

obvious from equation‘(Z.l):

Cl, + Hy0 o=—> HOCL + H + C1”

that the presénce of 1 M C1l™ ion inré‘solution of 0.122 M NaOCi
Wiil have a significanteffect on the balance pf active chlorinating
épecies. |

In conclusion, the introduction ofrCl— ion7to the solution
of chlorine appears to accelerate the decarboxylatioﬁ of the resin.

Since approximétely the same amount.of NaOH is required, it would
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seem that the addition of chloride ion brings about the oxidation of

groups not touched under standard conditions.

2.4h.2 Series 2 and 3:

The basic idea behind these two series of éxperiments was

to study the effect of temperature on the behavior of the resin

during the chlqrination process. In both series most of the factors

discussed in Series one were examined here, except that in Series two

all the runs were done at 20°C while in Series 3, the temperature

was raised to 40°C.

The dataxwerécollected in the following table to illustrate

the effect of changing temperature.

pH L 5
Temperature 10 20 40 10° 20 40
in °¢C
mole/% NaOH 0.01k7 | 0.0180 | 0.0175 { 0.01k40 '0.0170 .0.0199
mole/% free 0.0470 | 0.0386 | 0.0151 | o.0471 | 0.0380 | 0.0220
Cl, in soln. :
wt % of Clp | k4o L7 48 L1 48 51
in resin ’ .

Table 2.10 Effect of temperature on chlorination, atvpﬂ 4 and 5

grain size 20-40 mesh and initial Cl, = 0.122 M.

As shown in Table (2.10), faising thé chlorination temper-

ature from 10°C to 20°C and then to 40°C has a considerable effect
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on the total amount of sodium hydroxide consumed during the reaction
period, i.e., the rate of_oxiddtion of the resin increased by raising

the temperature. At a higher temperature, i.e., at 4L0°C remarkable

_amounts of gases were evolved. This may be due to the fact that

higher temperature enhanced the decompositibn of the most easily
oxidizable parts of the chlorinated resin, and facilitated decarboxyla-
tion.

In conclusion, raising the temperature of chlorinatioh

resulted in about the same total active chlorine on the product

(based on final, not initial, weight of resin), but there was a

significant increase in the degree of oxidation. The resulting
chlorinated resin showed a significant improvement in stability (see

Chapter three).
2.4.3 Series b:

In thié series the question of whether the polymerrcomposi—
tion has a considerable efféct on the chlorination pfocess, was
considered. The different resins were formed from different
proportions of the basic materials ureaemelamine-formaldehyde,
subjected to various purification, modification or proportion. The
exact formulation lies outside the scope of this study. The resins
used in this investigation were resins 1hlh-1, 1bhbh-2, 1hh-3, 1Lh-L,
1h4-5, 144-6, 1hh-7 and 1L4-8 (see Table 2.3). These resins were
treated according to the typical run at pH 4, 20°C while using a:

grain size 20-40 mesh. Table 2.11 shows the data of such results.
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Resin, code mole/% residual .‘mole/z NaOH wt % -of the
number chlorine in ‘ . chlorine in the

solutipn resin
53-1 0.0380 0.0180 46.5
141 o.o7é3 Q.oid3 27.2
1hh-2 0.07k0 0.0102 La.h

1hk-3 0.0500 o.dihs 45.2 :
1hh-k 0.0k485 0.0140 48.1
1hh-5 - 0.0345 0.0208 45,k
14kh-6 0.0312 0.0175 33.6
1hh-7 0.0380 0.0170 53.0
144-8 0.0635 0.0133 L. 6

Table 2.11 Effect of polymer composition on chlorination

at pH 4, 20°C, initial Cly

0.0122 M and the

results were taken after 1 hr. chlorination.

It is obvious that the modification of the étructure of the basic

resin 53-1 has a considerable effect on the concentration of sodium

hydroxide taken up and also on the wt % of active chlorine in the

resins. ~This effect is quite clear in resin 1Lh-1 (Dewar's resin)

and 144-6. Such changes in the formulation result in appreciable

vchanges in the amount of NaOH used up, while the resultihg resins

contain comparable amounts of chlorine. The important practical

difference, hbwever, appears in the stability of the chlorinated

resin.
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2.5 Rate of Oxidation of Chlorinated UMF hesins:

. During the chlorination of tﬁe resin, it was observed that

a simultaneous oxidation of certain groups took place felatifely

‘easily. This fact is of considerable technical importance, since.it

reflects the internal structure ofithe resin and may be related to
the stabilitj of the resulting chlorinated,resin.

Thereforé,thé rates of'oxidation were determined during.
chlorination (in terms of acid production) f;r the resin 53-1 and

other formulations under the conditions stated in Series 1, 2 and 3. .

.The rate was determined by followiné the changé in the concentration

of NaOH consumed with time at constant pH.

It was found that the rate follows pseudo—firstlorder
kinetics. Logically the rate depends‘on the conecentration of both
the oxidizable gfoups presént in the resin and on the concéntration
of available "active" chlorine. The term availaﬁle active chlorine
was introduced because, aslgill be shown, the major part of the
oxidation takes place within the core;of the resin. Hencerthe
céncenfration of available chlorine may be quite aiffe;ent within
the resin from that in the splution. Further, we know, that there
are groups which ;re relatively resistant to oxidaﬁion but which will
reacé‘much more slowly than the groups attgcked during thé chlorination.
The concentration of the former was neglected‘in this anaiysis;

If pseudo first order kinetics are followed, since.the

~ concentration of oxidizable groups decreases during chlorination, .

the concentration of chlorine must remain relativély‘constant. We’

know that the concentration of aétive chloriné in solution changed,
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for example (Table'Q.h,'first experiment), from 0.122 molar to 0.046,
hence there is a suggeséion that thé available qoncenﬁration is
diffusion—dependent; While ﬁhis_may bé‘a fact@r particularly for
larger érain'sizeé, another“factor is likely to be respdnsible for
the kinetic behaviour. Thus it was.notgd above that tﬁe major part
of adsorption of chlorine took place iﬁ‘5—10 minutes, droppingithé
concentration of‘the chlorine in solufion to a lower‘value, This
lower value then remained relativgly constant and was largér thén
the concentration of oxidizablé~groups.' Thié ié why‘it‘was conéluded
that the reaction followed pseudo-first érderrkinetics after the
initial absorption period was over. Toward the;end of the réaction,:
ih certain cases, deviation from”first order,kinetics was Observed.
In view of the c&mplexity of thé overall reaction, this is not
surprising.

In a specific example where (a) is the concentration of

sodium hydroxide after the reaction was complete and (x) is the

_ concentration at time t, the total concentration of NaOH (a) is

proportional to the total easily oxidizable groups, while (x) is-

proportional to the oxidizable groups at time t. Thus a plot of (t)

against log gave a straight lihe‘in‘which the slope is equal

a-Xx
to the rate constant k;. The data necessary for such a plot were
derived from the infprmation given in the following tables. These

data were taken for the resin 53-~1 at pH 5 and 10°C usiné a grain

size 20-40 mesh, also for the same resin. at 40°C and pH k.
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Time in

# of counts

mole/% NaOH

minute of NaOH (x) tog T x
| 6.66 1667 0.0073 0.3290
8.75 5206 0.0082 0.3895
1h.0i 5980 0.009k - 0.4938
18.56 6592 0.010k 0.5986
2L .98 7201 0.011hk 0.73hu
35.0L 7856 0.012k4 0.9571
b4 .32 8270 0.0130 1.1907
48.06 ‘8u35 0.0132 1.3392
52.60 855 0.0134 1.5782
57.65 88L5 10.0139 (a) -

. . N - -

Table 2.12 Data for deﬁerﬁining the rate of oxidation

of resin 53-1 at pH 5qnd10°C. Initial

Cly = 0.122 M
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Time in # of counts | mole/f NaOH

minute |, |  of NaOH | " (x) log T x
3.48 | o502 0.0078 | “o.1§36 '
6.00 6025 ~ 0.009k o.eéhzl
9.2 6882 0.007 | 0.3567
12,26 7570 | . 0.0118 ©0.baTT
22.2 8787 : 0.0136; , o.5u86‘

8o | oles 0.0146 0.6346
34.60 ‘ 10032 1 o.0156 f ' 0.7369
41.98 10k12 | o.o62 0.8186
46.3 10662 ~ 0.0165- - 0.8762
51.01 10902 | | o.0169 | 0.9386
59.46 wer "0.0175 1.0769
69.21 | 11612 , 0.0180 | 1.2436
91 12358 | 0.0101 R

Table 2.13 Data for determining the rate of oxidation of

 pesin 53-1-at pH 4 and 40°C. Initial Cly = 0.122 M.

The plot .of such data resulted in a straight line relation
as indicated in Fig. 2.1 and 2.2.
It has been noted that the rate of oxidation increases by

raising the temperature. Such an effect is shown in Table’2.lh.‘
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Fig. 2.1 Rate of oxidation of resin 63-1 ehlorinated

at 10°C and pH §.
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Fig. 2.2 Rate of oxidation of resin 63-1 chlorinated

at pH 4 and 40°C.

a
log o = x
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Temperature k, min~}
in C°
10 | w39 0.5
20 47.00 % 0.7
b | " 75.33%0.6

Table 2.14 Effect of différént temperature -on the rate of

oxidation for resin 53-1 at pH 5.

As the temperéture increases, the probability of more
resistant groups that can be oxidized increases. Therefore, ab
40°C we have a miiture pf groups which can be readily oxidized.
Also, by increasing'the temperature? there is a considerable
activation energy for‘the more difficult group, because atFlO°C
these bafely react, while‘at‘hO°C they react mafe éasily;' Since
different groups are involved,,né simple activation energy can be
estimated f;om the above data. | | o
Polymer composition couid alsolaffectrthe rate of axidation

because the concentration-of the oxidizable -groups is probably

different from one resin to another, deﬁending‘on'the structure of*

the resins. Table 2.15 shows the effect of polymer compdsitidn on

the rate of oxidation.
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Resin code k; min 1
number
531 | k3.99 £ 0.8
hh-1 -~ T17.32 £ 0.5
1hu-2_ S 58.78 + 0.3
1bh-3 67.80 * 0.4
Wil | 66.89 % 0.5
1hk-5 68.79 *+ 0.6
14h-6 62.11 £ 0.3
b7 62.72 *+ 0.7
1hh-8 59.79 £ 0.6

Table 2.15 Effect of different compositions of UMF
resin on the rate of oxidation, chlorinated

at 20°C and pH 4.
2.6 Conclusion:

In this chapter we have investigated the various factors
which influence the chlorination process of the basic resin urea-
melamine -formaldehyde for different formulations. Itrwas found that
the variation of the pH in the range (4-6) has a slight effect on
the total chlorine absdrbed by the'resin and the amount of resin
oxidized to give acid; ‘In the investiéation of the effect of the
initial chlorine concentration, it was found.that-the rate of
chlorination and of oxidation of the resin is related to ﬁhe initial

chlorine concentrations; higher concentrations accelerate the
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oxidation of the easily oxidizable group in the resin during the
chlorination procees. But,higher;concentretions may lead to .
undesirable oxidation. Therefore;,a iower concentration is better
for chlorioation although a greater reaction time will be required
to achieve maximﬁm loading: The grain size of the resin was
observed to have a great effect on chlorrnation; It was found
that the rates of absorption and liberation of available cﬁlorine
are governed by diffusion control ratherythaﬁ by reaction control
alone. This fact was confirmed byrusing different amounts-and
grain sizes of the resin. Aiso, rhile the effect of added chlorite
ions to the chiorinatiné medium produced & chlorinated resin W;th
slightly higher wt % active chlorine, this'did not seemﬂro introduce
an important change. Theiintroduction of“01— and €103 to the
chlorinating solution has no,effecf-on the NaOH consumpﬁion or chlorine
absorption, except that there was a productiop_of gases in the case
of adding chloride ion.

Reising the temperature.was found to increase the total
degree of oxidation and the‘resulfiné chlorinated resins showed a
significant improvement in stability. Changes in polymer composition
produce significant dlfferences in the chlorlnated resin both w1th
respect to oxidation in the chlorlnatlon process under .the actual
conditions,. and in stablllty. The rate_of ox1datlon of the chlorinated
53-~1 resin and other formulationslrae studiedﬁ;if was found that the
rate of the reaction follows a pseudo firet-order kinetics. The rate
of oxidation increases by raising thertemperature, and it is different
for the different formulations of the basic 53-1 resin) Arsignifioant

activation energy'for the oxidation reaction cannot be calculeted.'



Chapter Three

STABILITY OF CHLORINATED UMF RESINS

3.1 Introduction:

In the chlorination studies of urea-melamine-
formaldehyde resin discussed in Chapter 2, it was found that there
are cértain groups in the resin which can be relatively easily
oxidized. This tendency.to oxidation and particularly to self-.
oxidation under normal usagé in water purification, creates a major
problem associated with such chiorinated pol&amide resins. Since
the same basic constituents weré used in all UMF resins, differences
in ease of oxiaétion must be rélated to the 'structure. The sfructure
of urea-formaldehyde 6r melamine-formaldehyde resins (Section 1.1.2),
were assumed ﬁo contain groups of the form E—NH—-CHZ-—NH—J. These,
we believed to be easily oxidizable, at least in certain configurations.

In general, most polyamide resins show such a tendencyrto
autoxidation. The rate and course of theseoxidation reactions have
been shown to be strongly affected by light, heat, oxygen concentration,
moistgre, and the presence of trace impuritiés which can act as either
cataiysts or inhibitors (antioiidants)53. Most of these polymers will:
show both chain scission and chain crosslinking on autoxidation.
Generally, one reaction will predominate over:the other so that
either the polymer will show & pronounced decrease in molecular
weight and be converted to low molecular weight residues, or £he
polymers will show a pronounced increase in this proéerty to the

point that insoluble, infusible crosslinked products are formed.
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Self-oxidation is familiar3? in the yellowing of cottons

treated with polyamide type resins (in early wash-and wear type)

" and exposed to chlorine bleaches in washing prbcesses. This defect

eliminéted this particular group for thié‘application.' Siﬁilarly
this is claimed éo be the cause of deterioration of un£reated nylon
rope used about salt water.

This effect of self-oxidation is quickl& self-evident when
chlorinated polyamides dérived from urea—fofmaldehyde or urea-
melamine—formaldéhyde‘are uséd in treating water supplies. The
resins are unstable to greater or lesser degree in a static water
system. On standing only a few hours, some resins will begin evolving
gaseous products (carbon dipxide, and ni@roéen, primarily) in signi-~
ficant quantities. This gas production not only creates undesirable
gassing, but wastes chlorine"® and appears to sea; off the residual
absorbed chlorine from normal use.

From the above observations, it is obvious that the self-
oxidation of the’chlorinated UMF resin represents s serious problem
with respect té itsrapplication in water purification. ‘Therefore,'
the work in this chapter will attempt to shed light on this problem
frém the point of wview of gaslproduétion‘from the resin 53-1 and
other formulations under.varioﬁs conditions. ‘Alsd_reference will be
made to a special method ochthrination,Whiéh produced a remarkable

reduction in the instability of such resins.

3.2 Measurements of Self-oxidation of Chlorinated Polyamide Resins

Under Various Conditions:

In order to compare the stability of chlorinated UMF resin
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'~ and other formulations,a simple testing system has been developed in

wh;ch the resin was submerged while the self—oxi@ation of such
chlorinated resins was measured:byrmgagufihg:the:aﬁount of gas released
at room temperature!from eqﬁal weights of the resins immersed in wﬁter.
A comparison of the gas release rétés of 1 g samples of the
basic 53-1 resin and the 141 resin (prepared écgording to Dewar

method) is given in Table 3.1 and shown graphically in Fig. 3.1. -

.These resins were chlorinated at 20°C and pH L4 under conditions as -

nearly identical as possible.

ﬁelative Volume of Gas in mm for| Time (days)
a Cross Section = m_x_ (12)2 mm?
at 1 atms. ’
53-1 ‘_ | 1hh;1
12 1k .5
22 29 ' 10
30 45 15
b1 | 63 - ' 20
52 - 25

Table 3.1 Comparison of the gases reZedgéd from 1 g of
resin 53-1 and 144-1 chlorinated at pH 4 and

20°¢.

It is obvious that resin 53-1 is 'somewhat more stable than
resin 1bh-1. Since we believe that 4~NH—CH,—NH-}>group is the

more easily oxidizable group, therefore a>production of a resin which
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Fig. 3.1 The amount of gases released from regins 53-1

and 144-1 chlorinated at pH 4 and 20°C.
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reduces £he presence of such oxidizable'groups'in the polymer chain
results in a relatively more stable chlorinated resin. This may be
the reason for the gréafer'relative stability,of resin 53~1 compared
to 1hk-1 resin®® but thishas notbeen proved since, botﬁ are insolu-
ble, qross—linked resins.

The effect of changing the étrﬁcture by variation in the
propofﬁion and conditions of polymerizatidn of the‘baéic UMF resin
and the method of chlorination was found to have a great effect on
the stability of such chlorinated resin. these diffe?ences are

‘indicated in Table 3.2, Fig. 3.2 and Fig. 3.3.

Resin Relative Volumeé of Gas
after 10 days:
53-1 22
I .29
1bh-2 5
1hh-3 12
bl | g
1hk-5 ‘ | 29
1hh-6 o 27
b7 | ' 23l
14h-8 | 12

Table 3.2 Comparison of the gas evolution from resin

53-1 and 144 series chlorinated at pH ¢ and 20°C.
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A  Resin 1hk-1
A Resin 1hk-2
amount . _
of gasgs O Resin 1hL-3
in mm
* © Resin 1hh-L
X  Resin 53-1

—

I
16

= ]
m—
=
[\)_

Tinme,
days

Fig. 3.2 The amount of gases released from resins 6§3-1,

144-1, 144-2, 144-3 and 144-4 chlorinated at pH 4

and 20°C.
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O Resin 1hh-5

X Resin lhh56

amount of DM Resin 1hk-7

gases @ Resin 1LL4-8
in mm
50 —

40—

30

20 7

10 -

R ' | I ' Time
L 8 12 : 16 days’

Fig. 3.3 The amount of gases released from resins 144-5,

144-8, 144-7 and 144-8 chlorinated at pH 4 and 20°C.
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While it is difficult, if not impossible, to characterize
the above resins by usual polymer techniques due tp the insoluble,
infusible cross-linked nature, this does nd% exclude the conclusion
that structural differences do exist and these are related to the
differences evident in Table 3.2. |

One of the more important factors studied in Section 2.h.2
was the effect of different temperatures onthe chlbrination process.
This factor was found to have a cénsiderable effect on the stability
of chlorinated UMF resins. The rgsih whigh was chlorinatéd at higher

temperature (40°C) was found to be more stable relative to that which

. was chlorinated at 10°C. This fact could be explained'on the basis

that at 10°C the oxidation of only the relatively easily oxidizable
groups took place while at L0°C oxidation of both the more resistant
and easily oxidizable groups occur. These expectations were

confirmed as.shown in Table 3.3 and Fig. 3.k,

Temperature of .‘ . Relgtive Volume of Gas
chlorination, °C. ‘ after 10 days.

10 o 75

20 ‘ - Lk

40 : 1

Table 3.3 Effect of different tempefatures of chlorination

on the stability of the resin 53-1 at pH 5.

In addition to improvements in the stability of UMF resins

to self-oxidation achieved through modification in the structure of
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amounht of

gases‘
in mm

70

6o

o0 -

Lo -

30

20

10—

T l T I
y 8 12 16 time,

Fig. 3.4 The amount.of gases released from resin 53-1

ehlorinated at pH 5 and different temperatures.
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the resin, it was found that a remarkable improvément in stability
can be obtained by using a special procedure of chloriﬁation, This

procedp.re was a déyelopment based on the above obsérvation.

3.3 Multiple chlorination prdcéss:

The basic idea'behind the multiple chlorination process is

+that, after a preliminary chlorination, the chlorinated resin was

induced to oxidiée‘those easily oxidizabié groups by heating for
varying periods of time depending on‘temPeraturg aﬁd‘then re-chlorin-
atihg.

In‘the first chlorinatibn‘step; the resin was suspended iﬁ
water with vigorous stirring and slowly bubbling chldrine gas through
the suspension. The pH of thé solution was adjusted befween (b-5),
first By adding acetic acid to the solution which makes the lower
pH easier to hold by addition of calciuﬁ hydrokide. The resin was
Ehlofinafed for a period of thﬁeé hours at room temperature. The
chlorinated resin is then washed and heated up to ébout 80°C. rAfter
about 30 minutes a noticeable decémpbsition begins to oecur during
which excessive frothing may occur. The reaction was confroiled
by cooling the solution to hold‘the temperature at = 80°Q. After
heating for an hour, a sample of the chlorinated resin was tested for
residual chlorine. It was found that the chlorine content isaﬁsually

reduced to only & few percent. - The chlorinated resin was finally

‘rechlorinated according to the typical!run given in Section 2.3.

Resins 53-1, 1hbh-2, 1h4kh-k, 144-6 and 144-7 were chlorinated

"according to the multiple chlorination process to investigate the

effect of this modified method of chlorination mainly on the sfability
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of such chlorinated resins.

In the prechldrination prdcess, the resins were chlorinatéd
at pH I and 20°C using grain size (20-40) mesh and initial Clp =

0.122 M. The results of such prechlorination are indicated in

Table 3.k.
h ! N
Resin mole/% NaQH mole/% residual wt % of available
after 1 hr. chlorine in solution chlorine in
after 1 hr. the resin
53-1 0.0250 0.0241 52.2
1Lh-2 0.0270 - 0.0161 , 57.6
1hh-) 0.0286 0.0168. \ 5h.1
1hh-6 0.0188 0.0458 54.5
1hb-T7 0.0196 . . 0.03Tk 54,6

Table 3.4 Wt % of chlorine in the prechlorinated resins,

at 209 and pH 4.

The above results were surprising in that the resins on

analysis gave over 50% chlorine. On the basis of the assumed structure

of urea-formaldehyde (Section 1.1.2), only about 28% by weigh£ chlorine
can be held. Since somefpropérﬁion of melamine was necessary in order
to obtain the proper physical characteristics of the polymer; the
présence of this componenf will necessarily increase the overall
chlorihe content (37%) compared to fhe urea-formaldehyde structure
shown before. Since the addition éf melamine to the resih will

provide only a small increase in the chlorine content in the resin,
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© another explanation must be found for the unexpected high values of

chlorine éontent shown  in Table 3;5.‘

There are sevéral pdssibi}ities which‘méy explain
this over 50% by weight chlorine iﬁ the'resiné. éﬁeée possiﬁilitigs‘
are as follows:

1. The presence of ClOS_, €10, and/or C10, introduced into the
analysis of positive chlorine in the resin. As explained
before in Section g,h.l, these ions hardly exist under our
experimental conditions and ﬁherefore,‘can be ruled outras
an explanation.

2. The possibility of primary amine‘groups from urea iartially ‘

incorporated with the resin structure.

NH

3. The formation of primary amide end groups during the oxidation
process. This seems.to be the most likely possibility as
will be shown in Section 3.5. |
These resins Which.Were subjected tg the multiple chlorina~-

tion, were found to be more stdble‘relative to the same resins which

7were chlorinated according to the ordinary chlorination process.

This improvement in stability is quite obvious in Table 3.5, Fig. 3.5
and Fig. 3.6 which include a comﬁdrison between the resins chlorinated

according to ordinary and multiple chlorination.
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Ordinary
Chlorinated Resin
, , ® Prechlorinated
amount of ! ‘ , . . Resin
gases
in mm .
50
40

I I ' — F

Y 8 12 16 Time,
: . days

Fig. 3.5 The amount of gaseé released. from résin 53-1 chlorin-
" ated according to both ordinary and multiple

chlorination processes at pH 4 and 80°C.
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amount of

gases
in mm 1
50 - ® Ordinary
Chlorinated Resin
X Prechlorinated Resin
40 -
30—
20
10—
| | | T -
L 8 - 12 : 16 Tinme,
: . days

:Fig. 3.6 The amount of gases released‘from resin 144-2
chlorinated acecording to both ordinary and multiple

chlorination processes at pH 4 and 20°C.
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Resin Relative volume of gas
© after 15 days.
ordinary multiple
chlorination chlorination
53-1 . 315 15.5
1hh-2 > T5.0 25.5
1bh-k 25.5 - 12.0
144-6 -~ 35.0 . 17.0
1hl-7 - 30.0 19.0

Table 3.5 Comparison of the gases released from the resins

chlorinated according to both ordinary and multiple

cehlorination.’

From these results it could be concluded that the multiple
chlorlnatlon method was a successful method for 1mprov1ng the
stability of chlorinated polyamides since it removes most of the

easily oxidizable groups.

3.4 Gas analysis:

The gases pro@uced as a result of self-oxidation of
chlorinated 53-1 resin and other formulations under various conditions
were analyzed using fhe‘mass'spectrometer. It was foundithat the
gases evolved during’the‘self~oxidation process were esseﬁtially
carbon d10x1de nitrogen, oxygen and a small amount of carbon monoxide.

The mass number at m/. = 28 was separated to glve malnly nitrogen
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with traces of carbon monoxide. The percentagg of the relative
intensity of such gases fof a.speéiﬁic pxéﬁple uéing resin 53—1 which
‘was chlorinated at pH 6 and 10?c,is illusﬁrated in Table 3.6. The
pgak at m/e:é8 whic# is corresponds to nitrogéh'ﬁas coné@dered as

the base peak.

\

n/e Gas ~ %-of relative intensity
il O, © 10.0
28 No ) ) 47.8
32 0, : 19.0
28 co - . 5.8

Table 3.6 % of relative intensity of the gases evolved

from vesin 53-1 chlorinated at pH 6 and 10°C.

The‘percentage of carbon dioxide’gas relative to the total
‘amount of gases was calculafed to be‘58%;‘thisris profably“low. The
percentage of'n;trogen ﬁas-28% while carbon monoxide and oxygen
were found .to be present.in é small amount,,ll.o% and.B% respecti&ely.

Another example of gas analysis ;s given in Table 3L7 for
resin 144-3 chlprinéted atJQOQCrand pH 4.  The résults confifm the

order of the relative amounts of gaseé found in the previous example.
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Gas % of the gas relative
4o the total gases

€Oz - o7

N, | 23
. 0y | 17
co | 3

Table 3.7 % of the gases evolved from resin 144-3

chlorinated at pH 4 and 20°C.

3.5 A Hypothesis for the Mechanism of Self~oxidation of Chlorinated

Urea—melamine-formaldehyde Resins:

From our previous studies, the problem of self-oxidation

of chlorinated urea—melamine—formaldehyde,reéins led us to propose

.the following mechanism for the self—dxidation process. The basis

of this hypothesis. is derived from ﬂﬁe mechanism proposed for the
oxidation of simple aliphatic modei amidés given by Sharkey and
MochelS*. This mechanism was also adbpted by Kroes and co-workers55256
and more recently by Mikolasewski and et al57 for polyamides. The
hypothesis is based on a free—fadical méchanism; No low molecular
weight chlorinated residues were found in our system, hence the
reduction of active chlorine must -lead tb‘the formation of othér
oxidizing agents presumably iunvolving oxygen. .The nature of the
products depends on the relative immobilit&‘of the activaﬁed epdsse.

Sharkey and Mochel showed that the oxidation proceeds principally

by rupture of the bond between the nitrogen of the amide and the
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carbon of its a—ﬁethylene group for model compounds and it has
subsequently been shown to occur similarly fér pol&amidesSS;se.

Possible sources of the oxidizing agent in our chlorinated
UMF resins are as follows:

1. c1, 5 ocr
or A

1 + HOCL ——> HC1 + OC1
'0C1 + Hy0 ——3> HOCL + HO
2HO ——> HOOH
HOOH + HO —> H05‘+ H,0
HOOH + 001 ———> HOp + HOC1

2HO; ——> Hp0p + 0p.

2. In the presence of HOCL as,archlorinating agent using cobalt
oxide as a‘catalyst, FlisS® showed that the main oxidizing
processes are due to the effect of oxygen. Solution of HOCL
and C10  when irradiated produée oxygen according to the

reactionssg’so.

HOCL1

il

Bt + 01 + 1/50,

0107 = ¢1” + 1/50,

aq -

Cloaq + H?_Ozaq =‘ Cl + Hzoliq + Oz(g)

Under our experimental conditions, it is likely that mechanism

(1) represents the main source of the oxidizing agent.
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Some qualitative expérimeﬁts were carried out to test this

hypothesis.

(a) Effect. of light:

If the reagtion mechanigm involves a free-radical ﬁrocesses;
it will be expected that the reaction will be initiated more readily
in the presence of light than in the dark. Two experiments were
carried out to investigate the effect of light on the gas e#olution.
In the first experiment, 1 g of 53—l‘resin‘chiorinated at pH 5 and
20°C was tested for gas evolution,ih £h¢ presenée of sun-shine. As
a control, a second experiment was carried out in the dark using the
same resin. It was found that the amount of gases evolved in presence
of light is 5 times the amount in the dark. This proves that light
can éct as an initiator to form tﬁé free radicals but does not exclude
a "dark reaction'. Table 3.8 shows thélamopnt of gases evolved in

these experiments.



- 63 -

Relative volume of gas .

Time

(in hr.) | In 1light In dark
0.08 | 8: 0.0
0.2 15 6

2k ‘ - Lk 9
8 63 15

68 . o275 | 19

Table 3.8 Effect of light on the evolution of gases from

resin 53-1 chlorinated at 20°C and leS.

(b) Addition of antioxidants:

Another exploratory exéeriment on the free~radical
mechanism is the use of aﬁtioxidantslsez which apparently act by
decomposing any peroxide formed. The same‘type of resin méntionéd
above, chlorinated under the same conditiéhs, was tested for gas
evolution using three type of antioxidants, a-naphfhol, B—néphthol,
and hydroquinone. As a control another experiment was carried
out using the same fesin in water alqne. Iﬁ,was found that in %he
case of o and B-naphthol, the amount of gaées evolved was reduced
to a remarkabie degree as:shqwn in Table 3;9. However, this ma&
have been caused by reduction in C1%* conteﬁt through direct action
with chlorine.. For this reason tﬁo otherrexperiments were carried
out, using the unchlorinated resin, in water with and without

a-naphthol. It was found that the unchlorinated resin §till can



N 6 3

Time (hr.) Relative Volume of Gasses -
plain Vu—naphthol B—nﬁphthol Hydroquinone
43 18 2 -3 5
63 22 5 5 6
83 23 6 6 9

Table 3.9 Effect of added antiowidant to resin 53-1

chlorinated at pHVS and 20°C.

self-oxidize to give off gases but with a siower rate compared to

the same chlorinated resin. The addition of antioxidant prevents

‘the evolution of gases. This suggests that the reaction is a free-

radical one, involving’peroxiae as oxidizing agenﬁ. It should be noted

+that both the above two éxperiments were carried out in presence

of light.

(¢) Addition of hydrogen peroxide:

If the reaction mechanism‘is free-radical involving hydrogen
peroxide as a very active oxidizing intermediate, it will be expected

that the addition of Hy0jp to the system‘will initiate‘the reaction

reédily. This was found to be true with the same chlorinated resin

using a very dilute solution of H202. The oxidation reaction was
very fast and more than 75 mm of gases ‘were evolved w1th1n 2 mlnuﬁes.
The same experiment was carrled out u31ng the unchlorlnated resin

in presence of H202. It was observed that the unchlorlnated resin

undergoes self-oxidation too,but with a slower rate compared to the
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chlorinated one. It is worth noting that the gases evolved in both

cases were analyzed, and wére.found to be COyp, Ny, Oy and CO.

It is suggested that tﬁe mechanism of self oxidation consists

of the following. steps:

I Primary initiation cycle:
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II Propagation followed by rupture of the chains:
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'he aldehyde formed.(VII) can be decomposed as follows with the

evolution of COp, CO.

Hch/ . <|:H2 |
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o H 0 ‘ e H 0
[ S D
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| L e | |
o=¢ "2 c=o0 0'-30l o2 ‘TZ‘?
H~Y |——-H i o IF“H
R o - RH (original material)
l-oo 7 | 1.‘031' o .
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This hypothesis provides a possible explanation of most -
of the‘ekperimental facts found in this work. The formation of the
priﬁary émide group provides an_explanatién for the over 50% by -
weight chlorine %ound in the prechlorinated resins.

The acid grouplng shown in compound IX, explalns the amount
of NaOH consumed durlng the‘chlorlnatlon process.

" The evolution of 002 and CO were also explained according

to this mechanism. It will be noted however, that no explanation ’
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was given for the productign“of nitrogen. This was not an oversight.
No satisfactory explanation was deﬁised fqr.this product ‘of self-

oxidation.

3.6 Conclusion:

\ From the above study of the stgbility,of chlorinated UMF
resins and similar formulations, it can £e concluded that all of
these chlorinated resins when immefsed in water gife off gaéés i.e.
are-subject to slower or faster self-oxidation.

It was found that resin 53-1 is more stable than Dewar
resin. Also, the stability of the reginSVVa?iesifrom one resin to
another depending on their structure i.e. the availability of the
easily oxidizable groups.

The multiple chlorination process was found to be one of
the more important easily availablé prpcesses to improve the
stability of the chlorinated résins. The self—qxiaation could élso
be reduced by raising thé temperature duripg the chlérination,
process. | |

A hypothesis for & mechanism.to‘explain the self-oxidation
process 1is pfoposed. It isrsuggested that this is a free radical
mechanism depending 6n the availébiiity of ox&gen—carriers.

Arguing by analogy and on the basis of our own experimental resulté,
it was concluded that the amide moleculé is frimarily attacked at
the =—CHjp gfoup next to,thé -NH group. This hypothesié provides
an explanation both for £he gas evolﬁtion,tthe amount of NaOH
consumed during cﬁlorination and'thé over SOZbe weight chlorine

content found in the resins subjected to the pre-chlorination process.
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Chapter Four

* EXPERIMENTAL

4.1 Preparation of Materials

- b.1.1 Purity of water:

An impurity in water subject to oxidgtion by chlorine will
introduce a -serious errbr‘since.an equivalent amount of Cl*lwill.
disappear and create a iike amdunt of‘HCl. The necessary purity of
water was achieved by the reaistiliétion of dOubly'distilled wafer

attained from a Corning system.

4.1.2 Preparation. of sodium hypoehlorite'solution:

A solution of sodium hypochlorite was prepared'adcording to

equation (2.5)
ONaOH + Cl, ——> NaCl + NaOCL + Hy0

For a typical experiment described above in Section 2.3 fhe sodium
hydroxidé solution was prepared by dissolving 4 g NaOH in 500 cc
doubled distilled‘waﬁen Side—reactiqné weré reduced by preéobling
the NaOH solution using ice-water surrounding the three necked flask
which contained the above solution. VReaétiog (2.5) was allowed to
take place by slowly bubbling chlorine gas through the NaOﬁ solution
while the miiture was constantlymstirred. The chlorine gas‘was bubbled.‘-
until the desired vaiue of the available chlorine content was achieved
(0.122 M), as checked by iodometric analysis. Cooling was necessary

to prevent the formation of 0103— according to the equations:



-T5 =

2NaCl0 = NaClO,. + NaCl
NaC10, + NaClO = NaClOg + NaCl.

The formation of C103” depends on the concentration of
NaCl0, and also, on the temperature. Since we are déaling with a
low concentration of HOCl (0,122 M), the tendency to form C1lOj3

ions was reduced and if any 0103_ was formed at higher temperature

\ (40°C), it was found to be less than 0.1%..'

4.2 Description of Apparafus:

4.2.1 Apparatus for chlorinating and measuring_the self-oxidation of

the resin:

The apparatus used for chlorinating the resin and meaguring

N s E R A Iy g aE By am e

the rate of oxidation consists of the following:

(a)

“(b)
(c)
()

(e)

(g)

A 1000 ml four necked round Bottom flask with sﬁirfer shaft
was used as a reaction container.

Stirring rack, stirring motor and plate form.

A 10 ml precision syringe.

Delivery tube with stop-cork for delivering étandard NaOHH
solution to the reaction container.

A KNO3 bridge consisting of a standapd 3-way glass tube with
fritted disks.

A pH meter (Fisher Model 320), with a glass énd calomel
electrodes.

An automatic timer and printer.
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The‘pH—st;t was assembled using a 10'ﬁl precision syringe
wﬁich was désigned by Robertson et al®3, . The reproduéibility of the
syringe wés accurate tb better than-0.0l.ml. .Using this syrinée,
the number of countsvrecorded is céﬁvérted to miliiliﬁres'(ﬁl/couﬁts =‘
0.753 x 107 3).

The syringe was modified with an electrical contact Veeder
Root counter which was éonnecged to a Hewelett Packard_model 56A
Digital Recorder. A clock using arsimilar;éounter driven bj a

Synchronourqmyﬁarplus a memory unit for l/10 minute was also connected

" to the same recorder. Print 6ut and control of the motor drive on

thé syringe was obtainedlby an electrical circuit. A block diagram
for the system used is sho%n in Fig. L4.1.

| The pH meter converts the.poténtial‘difference betwéeh-the _
glass and reference elegtrodes to a‘current output at the recorder
terminals, and provides an accurate indication of pH.

The ogtput at the recorder‘termiﬁals-is * 1 milliamperes
for full scale deflection of thé méter. Thisrcorresponds to £ T
pH units on a scale centered at pH 7 or * OJT‘pﬁ opaexpanded mode. The
output currént may be used directly or conﬁertedrto a voltage by
connéctiné a resistor of up.to 50 ohms across the, recorder terminals.
(F;sher instruction manual No. 19750)..

The operational amplifier opérates as a c¢urrent to voltage
converter. This-configuration was chosen.over that of a volfage
amplifiér because it offers g?ea%ér signal té noise ratié and |
stability.

The output of the amplifier is * 10 volts for an inpﬁt of-

* 1 ma. High fregquency response is 1iﬁited to 34 hertz to reduce



é Y

Motor H Count ér )"" Printer

C )

Amplifier
Comparator

Fig.- 4.1 Block diagram for the system used for the chlorination process.

..LL.-
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high frequency noise and 60 HZ. power line interference.

The comparator accepts the * 10 volt output from the

operdtional amplifier, a set-point input, and a window-width input.

''he set-point and window-width may be cafriea indépendently over the
full + 10 volt (% 7 pH) range of the inpﬁt from the operational - :
amplifier. In this case the set-point and window-width were
restricted to 5 volté (3.5 ﬁH units) to enhance resolution.

There are thrée digital voltage outputs HIGH, GO, and LOW.
When the input signal ié.inside the "window" the GO output rises to
+12 volts. If the input: signal dréps below the window value the
LOW output- will rise to +12 volts and the GO output will fall to
zero. When the value of the input signal exceeds the window level
the HIGH output goesito +12 volts. The three outputs are mutual;y
exclusive. Fig. 4.2 shows the comparator output. .

The HIGH and LOW outputs are interfaced to & bistable
integrated circuit which drives a pair of relays. One relay is
used to eﬁable the syringe motor Whiie the other activatés the
printer which records time and volume.

In summary the system was so arranged that on reaching

" the lower limiting pH (say O.lrpH unit below the standard) the

syrinée motor was activated and slowly pumped base into the reaction
system until the standardbh was reached. - At this point the motor
turned off. There was usually a slight "overshoot" which can be
adjusted automatically by the machine until the standard value vas
reached agéin. When the machine prints out vo;umg and corregponding

time it repeats the cycle;'
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Fig. 4.2 Comparator output.
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h.2.2 Apparatus for self-oxidation test:

Since a large number<of saﬁples have.to be examined over
a period of two wéeks or more, a simple testing systemvwas deielobed
for measuring the stability of‘chlorinated resins: This system
depends on measuring the gases, evolved from a sfandard sample of
chlorinated resins. The idea behind fhis apparatus was to géin a
relative measure of stabiiity rather than aﬁ absolute measure. - This

system consists of a large number of test tubes. approximately

13 x 100 mm which were inverted in a water trough. A 1l.0g Sampie

of the chlorinated polymer was wéighed into the tést tube, while
a 11/4" square piece of polypropylene cloth, mesh size = 80 was
wrapﬁed over the open énd of the tube and fastened with a small
rubber band. Douple distilléd watér was‘poﬁred into the tube,

while tube and contents were agitaﬁed to remove gas bubbles from

the sample. The inverted tube ﬁas placgd in the troﬁgh of water

and fastened to one sidé by a rubber band. For convenience in measure-
ment all the inverted tubes initially should ha%e no gases at all.

The amount of gases were measured in mm and as a check on
the reproducibility of résulté, duplicate samples of eaéh resin were

tested.

Constant temperature bath:

The reactions were run in a constant temperature bath with
control to * 0,01°C or better. The temperature was measured with a

platinum resistance thermometer.
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4.3 Analyses:

h.3.1 Analysis of positive chlorine:

The iodomeﬁric method®" was used for'analysis of positive
chlorine both in solution and on the chiorine exchange resins since
the positive chlorine is present in'a concentration abo&e 10 ppm.

The method for analysis of‘chlorine on the. resin involving
contacting the resin with én excess of KI @issolved in a strong
acetic-acid-sodium acetate buffer (pH approximately 4.5)., This

resulted in iodine liberation according to the equation

RoN— Cl + 2KI + HY Ro,N— H + I, + KC1 + K*

The I, was tﬁeﬁvleached out of the resin by an excess of
standardized sodiu@ thiogulfate solution, followed by a back titfation
of the excess thiosulfate using staﬁdard iodiné:solution. Completion
of the leaching process was oﬁserved by the disappearance of'the red-
brqwﬁ iodine colour from the resin (15 to 45 minutes). |

The strong buffer solution must be spfficiently acidic to
supply sufficient H* ions for Iop liberations and yet prevent side
reactions of thiosulfate. :

The analysis‘of ﬁositive chloriné on the resin was speeded
up by crushing the resin in an agate vial with a. ball made of either
agate or hardenéd steel. The vial‘anq contents are agitated in a
high~speed mechanical mill, such as the Glen‘Creston Analytical
Mixer Mill. The grinding time is usually 11/2 to 2 minutes which

should be long enough to form a very fine powder and yet not allow
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any appreciable loss 5f chlorine.

At least two samples of ﬁhe resin were analyzed for the
apparent concentration of positive chlorine in the resin. The volume
of thiosulfate is related to the volume of I, solution accordiné‘to

the following equationd3

’ o Ngns
-VIZ = Vinio X NIZ. + Veorrection -

where

VI2

|1}

total volume of I, solution.

Vihio = Volume of thiosulfaté:solution.

v = titration error expreésed.as volume of I

correction !
solution.
If VI2 is plotted against Viy;, the élope is Nthio/N12 an§ the

intercept is V A plot of these values was found to give

correction’
a straight line with very little Qeviation from linearity. Since
correction Were found to be less than 0.1 ml of I,
solution and in most cases were close to 0.05 ml, therefore this

Vv was neglected in our analysis. The error in the standard-

correction
ization of sodium thiosulfate (0.1 and 0.01 N) against pota?sium
dichromate was found to have éccﬁracy'of + 1%. This assumed that

the potassium dichromate was as pure as specified.

4.3.2 Gas Analysis:

©  The gases evolved from the chlorinated resins were analyzed
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using the maéérspéctrometer, VARTAN MAT CHS5. The gas sample was .
collected by means of a gas syringé from the inverted tube which

trapped the gases under water. The gas sample container was evacuated

first, then by means of a small-bore tube, some of the gas sample was

drawn from the invérted collector tube to displace the air in the
smgll bore-tube and thereby nullify the error due to that air. ‘The
samblg container was reevacuated and the background épectrum was
obtained. More gas sample was drawn iﬁ aﬁd this:was suppliea to the
mass spectrgmefér and the actuai analysis Was‘recbrded. |

The possibility thét more than one ion species wefe in the
spebfra coriespondong tb m/e = 28 was confirmed by isolating this
mass using a high-resolution. It was fbund'that this mass cohtainsi
mainly No, and small gmount of ' CO. The othefrmajor component was

C0,.



Chapter Five
CONCLUSION

This work deals with the practicql‘ﬁroblem of stability of
‘chlorinated UMF resins. Thése resins are insoiuble, therefore one
can only speculate about theVStructure. "This was accepted as a
necessary restriction ana tﬁe practical question was studied in spite
of this unknown.

| The effect of‘changing various factors which influence the
chlorination of UMF resins and eight different formulations were
studied. The tests applied inevalﬁatingthe effect of this change
were directed primarily to stability i.e. reéistance of the chlorin-
ated resin to self-oxidation. The'féctors‘influencing chlorination
under investigation>wére pH, temperature, éhlorine concentfation,
grain sizes, the resin/HOCl ratio, thereffect of added chloraté,
chloride, and éhlorite in the chlofinating medium.

It was found that the variatioﬁ of pH in the range (4-6)
has but a s%ight effect on the total chlorine afsorbed by the resin
and the amount of resin oxidized‘during the cﬂlorinatiop process to
give acid. |

In the invesfigatioh of the effect of the ratio of initial
chlorine concentration to resin, it was found;tﬁat the rate of chlor-
ination and of oxidation is reléted to the initial chlorine concen~
tration. Higher concentrationsrof HOC1 appeaf to accelerate
undesirable oxidation of the easily oxidizable group in the resin.
Therefore, a lower concentration is better for chlorination although

a longer reaction time will be required to achieve maximum loading.
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From a sﬁudy of the effect of grain sizes and resin amounts,
it was found that the rate of absorption and liberation of available
chlorine are governed by diffusion control rather thgh by reaction
control alone particularly for larger grain-sizes. Since the resin
has a macro-reticular structure, this was to be expected.

‘While theheffect of added chlorite ions to the chlorinating
medium produced a chlorinated resin w1th slightly higher weight
percent active chlorlne this did not seem to introduce any 1mportant
change in the chlorine content or in the amount of oxidation during
cﬁlorination._ The introduction of Cl~ and C103 ions to the
chlorinating solution has no efféét on the chlorine absorption excebt

that there was a greater production of gases in the case of added

chloride ion.

Raising the temperature of chlorination was found to increase
the total degree of oxidation and the resulting chlorihated resins
showed a significant improvement in stébility:provided the HOCl/resin
ratio was low. |

Changes in polymer comp051t10n produce .significant differ-
ences in the chlorinated resin both with respect to oxidation in-the
chlorination process and in stability under actual conditions of use.

The rate of oxida%ién of the resin was studied; it was
found that. the rate follows a pseﬁdo first-order kinetics and increases
by raising the temperature. This rate of oxidation was shown to be
different for different formulations of the UMF résins.

The stability to self-oxidation of such chlorinated resins
resulting from changiﬁg the above noted factors in the chlofination

process were investigated. A1l the resins under consideration were



- 86 -

found to be subject to slowe; or faster self-oxidation. It was found
that the 53-1 resin is‘relatively more sfable than Dewag resin. It
was concluded that the stability varied frqm'one resin to another
depending on the initial structure of the‘resin and this could be
improved by remo%al of the easily‘oxidizable groups; This improvement
can be achieved to a remarkeble degree by folloﬁiqg the mﬁltiple
chlorination‘process; also by raising the temperaturé during the
chlorination period. |

A hypothesis for explaining the mechanism of self-oxidation
process was proposed. This is a free radical mechanism in which the
amide molecule is primarily‘attacked at the > CHp- group next to the
> NH- group. This hypothesis prbvides a good explanation both for
the gas evolution, the amount of NaOH consumed during chlorination
and the over 50% by weight chlorine content found iﬁ the resins

subjected to the pre-chlorination process.
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