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Abstract  

Deacidite ET, a polystyrene based resin with quaternary 

ammonium functional groups has been irradiated in the hydroxide, 

chloride and nitrate forms with cobalt-60 gamma rays. Measurements 

have been made for the loss in strong base capacity, the gain in 

weak base capacity, the amounts of tri-, di- and mono.omethylamines 

and ammonia formed and the swelling capacities of the irradiated 

resin at doses upto 2000 Mr. Loss in strong base capacity occurs 

simultaneously in two ways, namely, the lose of methyl groups attached 

to the quaternary ammonium group and the loss of the trimethylammonium 

group. 

The hydroxide and nitrate forms of the resin have been 

irradiated as slurry in water, as dry resin and in the presence and 

absence of oxygen. The existence of a large direct effect and 

the absence of any significant oxygen effect have been shown. 

When the nitrate form is irradiated in water, appreciable amounts 

of nitrite are formed on the resin. The resin dissolves completely 

at 1000 Mr., when irradiated in 7M nitric acid; the extent of 

dissolution at different doses has been measured and the effects 

of crosslinking on the decomposition of the resin has been studied. 

Deacidite J, a polystyrene based weak base resin, has been 

irradiated in water and in 7M nitric acid and measurements have 

been made of the exchange and swelling capacities of the irradiated. 



resin and of the basic products formed. 

Zeocarb - 2259  a polystyrene based sulphonic acid resin9  

has been irradiated with gamma rays up to 1400Mr. and with 

Am-241 alpha particles up to 8000 Mr. Capacity, swelling and 

sulphate measurements show that the alpha irradiations are less 

damaging. 
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CHATTER 1.  

INTRODUCTION.  

The action of radiation on materials may sometimes be beneficial 

and sometimes damaging. Examples of the former include the improvements 

to the physical properties of plastics, the possibility of causing a 

reaction to proceed at a measurable rate when the rate constants for a 

thermal reaction are negligibly small and hence chemical reactions may 

be brought about under less difficult physical conditions of temperature 

and pressure. Examples of the latter include damage to insulating 

material leading to electrical failure, possible enhancement of rates of 

corrosion and, in the field of chemical processing, the breakdown of 

process reagents. This thesis is concerned with a study of the damaging 

action of ionising radiation on ion exchange resins. 

Ion exchange resins are being increasingly used in the chemical 

processing of reactor fuels, the separation of individual fission products, 

the preparation of radioactive sources and for the purification of coolant 

water in reactors. Besides the practical interest arising out of these 

applications the organic ion exchange resins are representative of solid 

polymeric materials containing highly polar groups and so a study of the 

effects of radiation on such resins is of interest in the rsAiation 

chemistry of organic compounds. 

Many types of ion exchange resins have been prepared, and those 

available commercially include strongly acidic and weakly acidic cation 

exchangers and strongly basic and weakly basic anion exchangers. In 

cation exchangers the functional groups present are - S03R, - 002H etc, 

and in anion exchangers they are quaternary ammonium, aliphatic and 



Table 1.1.  

Some Common Cortlercial Ion Exchange Resins.  

Matrix, 	1  
,Ionic group. 	1 Trade Name. ! 

Remarks. 
Cation Exchangers. 

Polystyrene resins 

Vinyl addition 
polymers. 

Phenolic resins 

-S - 03 

-N(CH2C00EI 
 -COOH 

-SO; 

-COOH 

Amberlite IR-120 
Dowex 50 

Kin 
Zeocarb 225 

Dowex A-1 
Amberlite IRO-50 
Duolite CS-101 
Duolite C-3 

Perrautit H 

Standard resin, ca.8/0DVB41  
Available with different 
degrees of cross-linking 
(Dowex 50-X2 has 2% DVB 
etc.); 	Dowex 50W is 
improved resin replacing t 
older Dowex 50. 
Russian resin. 
Staniard resin with S% 
DVB; 	resins with 1,2 v  
4;5,12 and. 20% DVB also 
available, 
Chelating resin. 

Resins with -CH2SO3-groups. 

Anion Exchangers. 

Polystyrene resins ' 	-N( alkyl); 

-N(alky101) 

Weak-base 
amino glows 

Strong- and 
weak-base 
groups, 

(alky1)2  

Amberlite IRA-40 
Amberlite IRA-40 

1 

Deacidite FT 

Dowex 1 

Amb erl it e 1R-45 
Deacidite J 
Dowex 3 
Permutit SIC 

Dowex 2  

Standard resin, ca. 8% DVB, 
Porous resin. 

. Standard. resin 7-9% 17/13; 
lower degrees of cross-
linking available. 
Standard resin Dowex 1- 
X8; 	other cross-linking 
available. 

Polyanine groups. 

Pyridinium. groups. 	' 
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aromatic amine groups. These groups are attached. to a cross-linked. 

polymer network; styrene-divinyl benzene copolymers are most commonly 

used.. Some of the commercially available ion exchange resins are listed 

in Table 1.3.. 

Two important properties of ion exchange resins are capacity and 

cross-linking. Capacity can be calulated from the number of functional 

groups per unit mass except where large ions are involved, when it is 

usually found to be lower than calculated. The cross-linking prevents 

complete solubility of the resin in water and the degree of cross-linking 

affects mrkedly many of the well-known characteristics of ion-exchange 

resins such as swelling and rate of exchange. A knowledge of the effect 

of absorbed radiation dose on resin capacity and crss-linking is of 

importance in the application of ion exchange systems in the nuclear 

technology f ae ld. 

Several workers have studied the rani  ation damage to ion exchange 

resins but have been concerned primarily with measurements of capacity 

and to a lesser extent with physical darage (1-32). Very little work 

has been reported on a quantitative study of the various products of 

irradiation, on the effects of oxygen and. water on the course of the 

reactions involved. and. on the mechanism of decomposition. 
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CHAPTER 2.  

REVIEW OF PREVIOUS WORK.  

For convenience the published work on the effects of radiation on 

ion exchange resins is considered under two headings, viz. anion exchange 

resins and cation excharge resins. 

2.1. Anion Exchange Resins.  

Wedemeyer (1) studied the loss in capacity of air-dried samples of 

strong and weak base resins on exposure to X-rays. The effect of cross-

linking on the radiation stability of Dowex-1 was examined and maximum 

instability was found to occur at 0 cross-linking. 

The work of Fisher (3) forms an important contribution to the study 

of radiation effects on ion exchange resins in that she first distinguished 

between the salt splitting and total capacities of the gamma irradiated 

strong base resins. The quaternary capacities of the strong base resins 

were found to decrease at a greater rate than the total anion capacities 

and this suggested a step-wise mechanism, involving first the conversion 

of the quaternary group to en amine and then the loss of the entire amine 

group. No significant amounts of nitrogen were observed in the leach 

until the drop in the total anion capacity became measurable. It was 

suggested that damage to the polymer was slight and so, in considering 

the performance of the ion exchanger, the rate of loss of the quaternary 

capacity would be the limiting factor. All the weak base resins studied 

lost capacity. The phenol-formaldehyde weak base resin was found to be 

more stable to radiation than the resins based on polystyrene. 

Nater (7,8) measured the changes in exchange and swelling capacities 

of anion exchange resins as a function of the dose and dose-rate on 
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irradiation with cobalt-60 gamma rays, reactor radiation5and 1 Mev 

electrons accelerated. by a cascade generator. It was shown that the 

reactor and electron irradiations produced the same result as gamma 

irradiation. The quaternary ammonium polystyrene resins lost 30 

capacity after a dose of 1000 Mr. Swelling measurements indicated. an 

increase in cross-linking. 

Smith and Groh (23) summarised detailed investigations on the 

effect of gamma radiation on Dowex-1 and. Permutit SK resins. In both 

cases the s alt-splitting capacity was falling at a greater rate thai the 

total capacity. The resin moisture content decreased with close indicating 

an increase in cross-linking in the polymer. The infra-red spectra of 

the irrarli ated resins, on the other hand, indicated extensive depolymeri-

sation at the higher levels of irradiation, but no experimental data are 

given in support. In the case of Dowex-1 the aqueous leach had. a strong 

amine odour and the leach from the irradiated hydroxide resin contained 

ammonia. 

Since Fisher distinguished the weak and strong base capacities of 

irradiated anion exchange resins, no further development in the radiation 

chemistry of quaternary ammonium resins took place until Hall and Streat 

(29,30) determined the basic products liherated on gamma irradiation of 

the strong base resin Deacidite FF. In this work, the formation of 

tertiary, secondary and primary aliphatic amines and ammonia was followed 

and the quantities of each measured. Increase in weak base capacity and 

the formation of basic products in the leach were found to account for 

the decrease in strong base capacity. The radiation damage to Permutit SK, 

a polystyrene resin containing pyridinium groups has been studied in a 
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similar way (31). 

2,2. Cation Exchange Resins.  

Wedemeyer (1) studied the effect of X-rays on air-dried samples 

of strong midweek acid. resins. Loss incapacity with dose was measured 

and qualitative and semi-quantitative investigations of the degradation 

products were carried out. 

Higgins (2) irradiated sulphonated polystyrene and phenolic resins 

with cobalt-60 gamma rays and with beta particles from absorbed Ce144  

pr144. The phenolic resins were found to be more resistant to radiation. 

The capacity losses calculated from titration results agreed with those 

calculated from sulphate-release determinations. Radiation was noted to 

cause a significant increase in the affinity of the polystyrene sulphonic 

acid resin for tracer Nb 9.5 , which usually occurs in a colloidal form. 

No abnormal effect on resin affinity was observed forthe purely cationic 

species strontium. One determination was made of the capacity loss of 

the uranyl form of Dowex-50 that had been irradiated in a graphite reactor, 

but no indication is given of the possible influence of the absorbed ion. 

Fisher (3) measured the salt-splitting and total capacities of the 

gamma irradiated strong acid resins. It was concluded from the measure-

ments of the moisture content of resin samples irrailiated to different 

doses that the effect of radiation was primarily to degrade the polymer 

framework, and more particularly the styrene to styrene linkages. At the 

highest radiation levels, i.e. 217 Mr. the amount of sulphonic acid groups 

lost was too small to represent a serious capacity loss so that highly 

cross-linked materials of this type night be expected to be reasonably 

stable. The polymer framework of the methylene sulphonic acid resins 
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was more stable than that of the nuclear sulphonic acid resins, while the 

sulphonic acid groups of the two were almost aqually stable. The results 

on the carboxylic resins were inconclusive. 

Cathers (4) suggests that the capacity loss of Dowex-50 on exposure 

to cobalt-60 gamma rays is inversely dependent on dose-rate, since a 

lower rate of capacity loss was obtained with a more intense source. The 

chemical processes designed for use with a thorium breeder reactor, which 

illustrate the rarliation damage problem arising in the use of ion exchange 

resins, are described. Hammond (5) discusses the effects of radiation on 

process reagents and finds that a aulphonated phenolic type of resin lost 

4% of its capacity at 0.27 watt-hour of beta energy per gram. 

Costachel and others (6, 17-21) have irradiated phenolsulphonic 

acid and polyacrylic resins with gamma and X-rays. Sulphate was detected 

in the leach. The breaking of the C-C and C-H bonds was indicated by the 

evolution of formaldehyde during the exposure to X-rays. The introduction 

of hydroxyl groups into the resin was shown to occur. 

Mater (7, 8) measured the changes in capacity and swelling of 

cation exchange resins as a function of the dose and dose-rate on 

irradiation with cobalt-60 gamma rays, reactor radiationiaad 1 Mev 

electrons accelerated by a cascade generator. The suiphonated polystyrene 

resins lost roughly 200 of the capacity after a dose of 1000 Mr. The 

results of swelling measurements are taken by Mater to nean that degradddan 

of the polystyrene framework is occurring but he is presumably referring 

to de-crosslinking. In contrast to Cathers, Mater finds that there is 

no dose-rate effect. 
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Nikashina eto al.(10) studied the stability to X-, beta and gamma 

radiation of air-dried cation exchange resins and measured the exchange 

capacity and degree of swelling of the irradiated resins. The effect of 

accelerated electrons on a sulphonated polystyrene resin has been reported 

in some detail by Kiseleva et. al. (15, 16). Apart from sulphate, reducing 

Agents and hydroxy-acids were detected in the aqueous leach. Degradation 

of the polyrer and the formation of water-soluble substances were observed. 

Dowex-50 has been reported to have retained most of its salt-splitting 

capacity on exposure to a gamma dose estimated to be 12.5 Whr per gram (22). 

This is surprising in that the data of other workers would have predicted 

a very high loss incapacity. Smith and Groh (23) summarise detailed 

investigations on the effect of gamma radiation on Dowex-50. The salt-

splitting capacity was falling at a greater rate than the total capacity. 

The moisture content increased with dose indicating a decrease in cross-

linking. The infra-red spectra of the irradiated resin showed evidence 

of phenol groups and also a slight degree of depolymerisation at higher 

doses. Comparative photomicrographs of the irradiated resin indicated 

that the amount of fissuring or fragmentation was negligible and that the 

resin beads remained essentially intact. A determination of the sulphate 

content of the aqueois leach indicated that sulphuric acid was the main 

decomposition product and the infra-red spectra of the residues obtained 

from the aqueous leaches showed a nixture of sulphonic acid fragments, 

with phenol groups appearing at higher levels of irradiation. 
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Pasek, Krivanek and Bednar (25) studied the changes in exchange 

and swelling capacities of some gamma irrailiated cation exchange resins. 

It is suggested that the loss of functional groups is due to the direct 

act ion of radiati on. 

Irradiation of Dowex-50%7 resins (26) with low energy X-rays caused 

a capac±ty loss of about 2Ceo for a dose of 864 Mr. No significant 

araounts of -CO2H, or -S02 type of linkages appeared to have been 

formed. Values of the selectivity coefficient for the Cs+- e exchange 

reaction decreased with energy absorption indicating increased cross-

linking. 

Dowex-50 has also been irradiated in a circulating system of 

denineralised water with cobalt-60 gamma radiation (27). A dose of 

3900 Mr. decreased the capacity 60% and the volume 85%, but increased 

the moisture content from its original 42.7% to 55.1%. Qualitative 

analysis of the effluent stream prior to entering an anion resin column 

(used to remove degradation products) indicated the presence of sulphate 

and. polybasic organic acids. 

2.3. Conclusions.  

The results obtained by several workers on the capacity losses 

of a variety of resins on irradiat ion to various doses have been 

surnarised in Table 2.1. The variation in these results will partly 

be due to v arying conditions of irradiation and uncertainties in do simetry. 



15 
Table 2.1.  

Radiation Stability of Ion Exchange Resins.  

Resin Type. 
Dose 
Mr. 

Percentage loss 
in capacity. Reference 

No. 
i  Strong acid or 

strong base. 
Total 

Strong Acid 

Dowex 50 (e) 1000 - 23 1 

Dowex 50 1000 - 30 2 

Dowex 50 (e) 220 9 - 8 

Dowex 50 (2) 88 2.6 1.6 23 

Dowex 50 900 - 20 26 

Dowex 50 850 30 - 27 

Dowex 50 3900 60 - 27 

Dowex 50 (Na) 35 6.5 - 9 

Dowex 50 (lit) 35 10.4 - 9 

Anberlite IR120 (Ht) 1000 	- 9.4 1 

Amberlite IR120 (Nat) 217 	Nil - 3 

KU2 (Ht) 1000 - 5 10 

KU2 (e) 5000 59 - 15 

KU2 (e) 110000 80 49 15 

A strong acid phenolic 
resin. 

103 - 4 5 

Dowex 30 1000 - 3 2 

Araberlite IR105 900 - 2 2 

ZeoRex (e) 35 2.5 - 9 
Duolite 0-3 (e) 35 0,5 - 9 
Zeollex SA (H+) 35 4.9 - 9 
Diaion SKI (11+) 35 9.1 - 9 



1 

1 

2 

23 

23 

28 

9 

9 

1 

3 

28 
8 

8 

8 
29,30 

3 2 
31 
23 

28 

1 
9 
1 
3 
1 

(Table 2,1. contd.) 
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Percentage loss 
in capacity. 

Total 
Resin Type. 

Dose 
Mr. 

Strong acid. or 
strong base, 

References 
No. 

Weak Acid  

Permutit H (lit) 	1000 

Anberlite IRC-50 	217 

Duolite CS-301 (if) 	35 

Strong base  

Dowex 1 (OH-) 	1000 

Dowex 1 (01-) 	1000 

Dowex 1 	1000 

Dowex 1 (OH-  or Cl) 	267 

Dowex 1 (NO3 ) 	110 

Dowex 1 (NO3 ) 	203 

Dowex 2 (C1-) 	35 

Dowex 2 (OH-) 	35 

Anberlite IRA400 (OH) 1000 

Anberlite IWO° ( C 1 -) 209 

Amberlite IRJr400 (NO3  ) 450 

Anberlite IRk401 (OH-) 950 

'mac S (OH) 	820 

Stanex S (OH-) 

Deacidite FF (part 
part C1-) . 
Pernutit SK (OH-) 

Permutit SIC (C1-) 

Pernutit SK (NO3 ) 
Weak Base  

Dowex 3 
Dowex 3 (C1-) 
Anberlite IR45 
Amberlite IR45 
Anberlite IR-4B 

4 	- 
160 

OH-, 500 

108 

340 

1500 
35 

1000 
203 

1000 

49 

60 

60 

85 

24 

23.3 

33.3 

42 

46.5 

48  

90  

100 

78 

22 

100 

6 

1.9 

58 

13.5 

49m  

20 

47m  

52 

8 
U 

ILK  

13.6 
16,1 
41 
11 
4 

1 

3 

9 

5C breakthrough plutonium capacity at 60°C. 
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An examination of the results quoted in Table 2,1. indicates that 

doses of the order of 107 rads are necessary to produce significant 

capacity losses fbr strong base resins which are the least stable to 

radiation. Strong acid resins are more stable toradiation. Phenol-

formaldehyde resins appear to be ten times more stable to radiation than 

the polystyrene resins. The former are, however, known to be inferior to 

the latter in chemical stability. The data on the weak acid and weak base 

resins are meagre and seem to indicate that they come in between the 

strong base and strong acid resins in order of sensitivity to radiation. 

In addition to capacity losses other effects that must be considered 

include changes in the physical and chemical character of the resin. The 

change in cross-linking, which is accompanied by a change in swelling 

behaviour, is one such effect, The data on this subject are scarce and 

conflicting. For example, Nikashina et.al.(10) find that the swelling 

of irradfated sulphonated polystyrene decreases with increasing dose, 

which is in contrast to the results obtained by Nater (8). The effect 

of radiation on the chendcal selectivity of the resins towards various 

ions seems to be practically an unexplored field. Another question that 

arises is whether irradiation of ion exchange resins results in any 

undesired material being dispersed as a contaminant in the aqueous system, 

It is now known that sulphate is being released from sulphonic acid resins 

while amines and ammonia are being liberated from quaternary ammonium 

compounds. One important result of this is that the products of irradiation 

of a mixed-bed ion exchanger will get absorbed by the bed and so the 

operating capacity of the bed will deteriorate more rapidly than the 

capacity losses due only to the loss of functional groups by the action 
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of radiation. Another problem introduced by radiation in the use of sul-

phonic resins for the purification of heavy water is the possible contami-

nation of the deuterium with hydrogen from the resin. In addition to the 

above, the limitation Which radiation may place on the application of ion 

exchange resin columns is the possible formation of gas bubbles and the 

fissuring of resin particles which tend to plugtie column. Practically 

no information is available in this direction. 

In processing solutions containing high levels of fission products, 

the major factor contributing to resin degradation is high beta-'gamma 

activity. .►hen plutonium solutions containing low levels of beta-gamma 

activity are processed, radiation stability may still be important in the 

useful life of the resin because of the alpha activity of the absorbed 

plutonium. Resin loaded to 100 g. of plutonium-239 per litre of resin 

receives an alpha radiation dose of about 60 Mr, per month. The only 

information available in the literature concerning the effect of alpha 

particles on ion exchange resins is the reported loss of capacity and 

increase in volunP of Dowex-50 after exposure to alphas when the resin 

was 70g saturated with plutonium 	for a period of 470 days (32). 

The work described here deals extensively with the effects of 

cobalt-60 gamma rays on the strong base resin Deacidite FF irradiated in 

hydroxide, chloride and nitrate forms under different conditions up to 

doses of 2000 Mr. Measurements have been made for the loss in strong base 

capacity, the gain in weak base capacity, the amounts of methylamines and 

ammonia formed in the leach and the swelling capacity of the irradiated 

resin at different doses. Deacidite J, a polystyrene based weak base 

resint has also been irradiated with cobalt-60 gamma rays and the exchange 



19. 

and swelling capacities of the resin and the basic products formed have 

been measured. 

In order to compare the effects of gamma and alpha radiations 

some work has been done on the irradiation of Zeocarb-225, a polystyrene 

sulphonic acid resin. It has been irradiated with cobalt-60 gamma rays 

up to 1400 Mr. and with alpha particles from absorbed americium-241 up 

to 8000 Mr. Measurements have been made of the exchange and swelling 

capacities and of the sulphate prod:wed. 
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Irradiation of Deacidite FF in the Hydroxide  

and Chloride forms  

3.1. Introduction  

The earliest anion exchange resins prepared were weakly basic. 

Development of the quaternary ammonium products which were ionic over 

the entire pH range permitted the removal of weak acids such as 

carbonic and silicic from water supplies. The preparation and 

properties of various types of ion exchange resi-4s are well known (33) 

Deacidite FF is a polystyrene based quaternary ammonium strong 

base resin ond is supplied by the Permutit Company Limited. 

The polymer is prepared by copolymerisation of styrene plus variable 

amounts of divinylbenzene which is used as a cross-linking agent. 

The polymer is made by suspension polymerisation of styrene and 

divinylbenzene. The particles are obtained in spherical form and 

range in size from 20 to 200 mesh. Finer mesh materials are available 

on a limited scale. The resulting copolymer is chloromethylated with 

methyl chloromethyl ether by a Friedel-Crafts reaction and then 

aminated with trimethylamino. The structure of Deacidite FF is 

represented by: 

FIG.3.t  

04--CHz  — tH-- H2 —  

X 	
3  . 

"(c-143 	
:3

.13 --'eht  
The structure will hereafter be designated as R -CH2- N(CH3)3. 
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Ion exchange has been defined as the reversible exchange 

of ions between the solid and liquid in which there is no 

substantial change in the structure of the solid. In an ion 

exchange resin one of the ionic species is always fixed to a 

polymer framework and therefore remains insoluble and immobile 

in the solid phase. The oppositely charged ion is mobile and can 

exchange with other ions of its own charge in the surrounding 

solution. Some of the typical reactions of the quaternary ammonium 

resin are as follows: 

( 3.1 . ) R-CH2- N( CH3) 3  Cl NaOH4;.)  R-CH2- ( CH,) 30H4-  NaCl 
+ 	- 	- 

(3.2.) 2R-CH2-(CH3)3 	Na2 
SO

4-4-  
7)(R-CH2  -N(CH3

)
3 

)
2 
SO
4 

4-2 Nacl 

(3.3.) 2R-CH2ACH3)3NO3  (Pu(NO3)6)--  g 

(R-CH2-N(CH3)3)2  Pu (NO3)6  4- 2NO
3 

If a polyamine such as diethylenetriamine is reacted with 

the chloromethylated polystyrene, a weakly basic anion exchange 

resin will result. The structure of the weak base resin can be 
R1 depicted as R-CH2-N.,R  where R, and R2 are alkyl or aryl groups 
2 

or hydrogen atoms. Some of the typical reactions of the weak 

base resins are as follows: 
,e  

(3.4) R -CH2  -N,,R
, 
 4-1101 -;? R -CH2  -+-

Ri 
 R2C1 

2 
11- 
	

RI 

(3.5.) R-CH2tV - R2  Cllr NH4OH -4R-CH2-N- R2 	NI-14C14,-H20 

Like other chemical reacions, those reactions are all 
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governed 'by mass action. The feasibility of ion exchange rests 

on the fact that these exchanges can be reversed but there are 

groat differences in the degree to which the exchange reactions 

for different ionic systems tend to rovorse. The equilibrium 

relationship could be qualitatively described in terms of the 

affinity of the exchanger for one ion relative to that for the 

other. Relative affinities have been found usually to follow 

some general patterns in dilute solutions. Affinity is in order 

of valence eg. divalent are more strongly held than monovalent, 

and among ions of a given valence affinity increases with decreasing 

hydrated ionic radius. Because of the various acid andbase strengths 

of the ionogenic groups of different exchangers,hydrogen and 

hydroxyl ions are often exceptions to the general rules. The 

affinity of the quaternary ammonium resin for some anions is in 

the order SO4 	NO3 i  01-  Or. The ion on the left is able 

to replace more easily the ion on the right. 

The relative affinities for different ions of exchangers 

with a given functional group have been shown to be dependent 

on the degree of cross-linking of the resin (34). Within 

the range of variation of divinylbenzene content of resins available 

commercially this effect can usually be neglected. As the active 

sites are distributed throughout the resin structure, the ultimate 

capacity of an ion exchange resin is essentially independent of 

the particle size. 
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Deacidite FF is comparable in its structure and properties 

to Dowex 1, Amberlite IRA-400 and Atberlite IRA-401. The hydroxide 

hnd chloride forms of these resins have been irradiated with x-

and gamma rays and measurements have boon made for the loss in 

total and salt-splitting capacities (1,2,3,8,23). Swelling 

measurements have also been reported for irradiated Dowex 1 and 

Amberlite IRA-401 (8,23). Both in the case of Amberiite IRA 400(3) 

and Dowex 1 (23) strong base capacity falls faster than the total 

capacity. Wedemeyer (1) finds the chloride form of Dowex 1 

less stable to radiation than the hydroxide form, while Smith and 

Groh (23) report that both the forms of the rosin are equally 

stable. Shigematsu and Oshio (9) find the chloride form of Dowox 2, 

a quaternary ammonium polystyrene resin containing dimethylethano-

'amino groups, more stable to radiation than the hydroxide form. 

The moisture content of the chloride and nitrate forms of Dowex 1 

increases with dose, 	whilst the moisture content of the hydroxide 

form decreases with dose (23). The moisture content of Amberlite 

IRA-401 is also found to decrease with dose but no indication is 

given of the form of the resin (8). Ammonia was the only basic 

product detected by some of the investigators. 

The effects of Co-60 gamma rays on Deacidite FF which is 

partly in hydroxide and partly in chloride form have been studied by 

Hall and Streat (29, 30) up to 500 Mr. A detailed analysis of 

of the basic products liberated from the resin during irradiation 
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is reported for the first time. It is found that the strong 

base capacity falls more rapidly than the total capacity and that 

the sum of the basic products released accounts for the decrease 

in total capacity. Their results would seem to suggest that 

the chloride form of Deacidite FP is more stable to radiation 

than the hydroxide form. 

In the present investigation the hydroxide and the chloride 

forms of Deacidite FF have been irradiated with co-60 gamma rays up 

to 1000 Mr. The hydroxide form has also been irradiated in the 

absence and presence of water and oxygen respectively. In each 

case detailed measurements have been made of the exchange and 

swelling capacities of the irradiated resin and of the amount of 

each basic product formed. The results obtained serve to discount 

some of the mechanisms of the radiation induced decomposition of 

Deacidite FF suggested by Streat (29) and to throw light on the 

more probable course of decomposition. 

3.2. Experimental  

3.2.1. Preparation of the chloride and the hydroxide forms of  

Deacidite FF Resin  

The Deacidite FF resin used was 7-9% crosslinked, had a water 

regain of 0.6-1.0 and was of 100-200 mesh size. It was supplied 

in the chloride form. Any soluble impurities that might be 

associated with the resin were washed out first with distilled 

water and then with warm methanol followed by distilled water. To 
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ensure that the resin was completely in the chloride form, it was 

treated with several volumes of 4% NaCl solution and then washed 

with water. The resin prepared by this procedure contained the qua- 

ternary groups as chloride and the weak base groups, 

about 5% of the total capacity of the resin, as free 

Conversion of the chloride form of the resin to  

which formed 

base. 

the hydroxide 

form has been found to be difficult (1,29). In the present 

investigation this conversion has been achieved by the passage of 

4% solution of A.R. sodium hydroxide containingo small amounts of 

carbonate. The resin was finally washed with distilled water, 

free of alkali. It was found that the resin so prepared contained 

95% of the quaternary groups as hydroxide and the rest as carbonate. 

The volume; of 4% sodium hydroxide solution required for the conver- 

sion was about sixty times the bed volune passed through a period 

of one week. The hydroxide form of the resin was always kept 

under water in a stoppered bottle to prevent absorption by the 

resin of atmospheric carbon dioxide. 

3.2.2. Irradiation of Rosin  Samples  

The resin samples were irradiated with gamma rays from the 

kilocurie Co-60 source in the Nuclear Technology Laboratory, 

Imperial College (35). The source is cylindrical and the outer 

source capsule has overall dimensions, 0.565 in.diameter by 6 in. 

length. The test-tube containing the resin sample was placed 
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vertically parallel to the source. The horizontal distance was 

fixed at 3 cm. and the dose—rate variation with the vertical 
movement of the resin sample was studied. The results aro 

plotted in Fig.3.2. The vertical position of the resin sample 

was fixed so that the centre of the sample corresponded to the 

maximum dose rate of 0.6-0.7 Mr./hr. The Fricke dosimeter (36) 

was employed to measure the dose—rate. The procedure was as follows: 

approximately 10-3M ferrous sulphate solution was prepared by 

dissolving the following reagents in one litre of triple distilled 

water. 

( 4)2SO4FeS041  6H20 	 A.R. 0.4g 

Nat. 	... 	000 	 A.R.0.06g 

H
2
SO4 *00 	0** 	•.• A.R.3.00 ml. 

A suitable aliquot of this solution was transferred to the 

irradiation vessel and placed in exactly the same position as the 

irradiated resin sample had been in. The ferrous sulphate solution 

was irradiated to receive 10000-30000 rads. The optical density 

of this solution was measured at 304 mm., using a Unicam S.P.500 

Spectrophotometer, against unirraliated solution as a blank. The 

radiation dose was calculated assuming the G value for ferrous ion 

is 15.5 molecules per 100 ev and the extinction coefficient for 

ferric iron is 2115. The details' of the calculation are given in 

Appendix 1. 

The hydroxide form was irradiated under the following five 
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different sets of conditions: 

(a) Resin  Slurry  

Samples of approximately 1-2g of moist resin and about 

5 ml. of water were placed in glass stoppered test tubes 

(approximate volume 12 ml) with ungreased stoppers. They 

were irradiated at 3 cm from the kilocurie source9  the test tubes 

being located in a holder designed to ensure that the positioning 

of the test tubes was exactly reproducible. In this method the 

diffusion of atmospheric air into the resin was very slight and 

the only oxygen available was that dissolved in water. Irradiations 

were carried out up to 1000 Mr. 

(b) Resin Slurry in the presence of excess oxygen. 

The second method consisted of passing oxygen through the 

slurry of resin in water continuously during irradiation. The 

apparatus used for this purpose is illustrated in fig.3.3• 

The exit gas was passed through two traps to remove any 

volatile basic products that might be carried over. In the earlier 

experiments both the traps contained water and in the later 

experiments the first trap contained water and the second one 

dilute acid solution. It was found that appreciable quantities 

of basic products were carried over into the traps from the 

reaction zone and that the water trap allowed some basic products 

to escape while the acid trap prevented this (see section 3.3). 

The traps were situated 2-ft. from the source and behind 2 in. of 
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lead in order to ensure that no radiation-induced decomposition 

of the volatile products could occur. 	In preliminary experiments 

a vessel without a bulb (upper end of irradiation tube) was used 

but it was found that the resin slowly crept up the sides of the 

vessel until most of it was car:ied out of the aqueous phase. 

The introduction of the bulb greatly reduced this effect. The bent 

side arm prevented leakage of the solution. Radiatiop-resistant 

grease (Shell APL 400) was used for the stop-cock and the joints. 

In this procedure the irradiations were carried out with 

an excess of molecular oxygen up to 155 Mr. A blank experiment was 

also done by passing oxygen through the slurry of resin in water 

without irradiation. 

(0) Resin Slurry in the absence of oxygen. 

The third method consisted of irradiating a slurry of 

resin in water in the absence of oxygen. Two procedures were 

tried for the removal of oxygen prior to irradiation. The 

first consisted of freezing the slurry in a test tube, removing 

the air above the frozen solid under a vacuum of about 10 4mm. 

of mercury, releasing the air dissolved in the slurry by 

warming to room temperature and repeating the entire process two 

or three times. This procedure was abandoned, because of 

frequent cracking of the tube - probably because of the expansion 

of the slurry when frozen. The use of a round-bottommed vessel 

instead of the test tube might have prevented the cracking, but 
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such a vessel could not be used since it was necessary to place 

the resin very near the source tube to get a dose-rate of 0.6-0.7 

Mr/hour. 

The other method for removing oxygen was to pass oxygen-free- 

nitrogen (purified by passing through alkaline pyrogallol) through 

the resin slurry for about one hour. The vessel used for this 

purpose was similar to the one used for the oxygen-passing experiment. 

The stop-cocks at the bottom and top were closed after the passage 

of nitrogen and the resin was ready for irradiation. One difficulty 

in this procedure was that pressure tended to develop in the 

reaction vessel during irradiation and this could be relieved only 

by one of the greased joints giving way. In one experiment all 

the solution was lost through the lower stopcock. 

Irradiations in the absence of oxygen were carried out up 

to 300 Mr. 

(d) Dry resin in the presence of excess oxygen. 

The fourth method consisted of irradiating dry resin with 

oxygen being passed through continuously. 

The vessel used in this experiment was similar to that 

shown in Fig.3.3. The oxygen gas was passed through a tower con- 

taining dried silica gel prior to it entry into the reaction vessel. 

It was expected that the constant passing of the dry gas over the 

resin would tend to remove any moisture associated with the 
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resin. The outgoihg gas was passed through another tower containing 

dried silica gel prior to its passage through the water and 

acid traps. The purpose of the second silica tower was to ensure 

that the resin under irradiation was kept in a dry atmosphere. 

Irradiations were carried out up to 174 Mr. 

It was not possible to dry the hydroxide form of M.;acidite FF 

above 100°C, as it starts to decompose at a temperature of about 

60°C. The dry form of the resin was therefore prepared by 

removing the moisture under vacuum at room temperature. It 

was necessary however to ascertain the residual moisture content 

of the resin dried by this procedure. For this a sample of 

moist nitrate form of the resin was placed together with the 

hydroxide resin in a vacuum dessicator and the vacuum pump was 

allowed to run overnight. The moisture content of the nitrate 

resin dried by this method was determined by heating at 105°C in 

an oven and found to be 4% by weight. It was assumed that the 

moisture content of the vacuum—dried hydroxide resin was the same. 

Since the dry hydroxide resin was found to have great affinity 

for carbon dioxide (see Section 3.2.6)9  every precaution was taken 

to expose it to the atmosphere for the minimum time. For this 

reason the vacuum dessicator was filled with nitrogen before 

opening. Capacity measurements on the vacuum dried hydroxide resin 

showed that slight decomposition of the resin had taken place 

during the vacuum drying operation (Table 3.8). 
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(e) Dry resin in the absence of oxygen. 

The final method of irradiating Deacidite FF hydroxide 

was to exclude oxygen and water during irradiation. The resin 

was dried by the method described above. The procedures used 

for removing oxygen were the same as those used in the case 

of resin slurry in water. Since there was no water, the tube 

did not crack when the dry resin was deaerated under vacuum. 

4'xirs" 	Ptj°41.-1 
Nevertheless the removal ofAoxygen—free nitrogen was preferred for 

two reasons. Firstly, it was analogous to the method employed for 

the resin slurry in water. Secondly, the volatile basic products 

would be removed from the resin when it was under vacuum, while the 

high adsorption capacity of the dry resin (see section 3.3.) might 

be expected to retain the products on the resin when it was 

irradiated in the nitrogen atmosphere. The grease on the stop 

cork was liable to crack and so some of the volatile products 

could be lost. Because of the high adsorption capacity of the 

resin, however, it was thought that this effect was not serious. 

Irradiations were carried out up to 200 Mr. 

Although the hydroxide form of the resin was irradiated 

under the above five sets of conditions, the chloride form was 

irradiated up to 1000 Mr. in water and in 7M 113l under only 

one set of conditions viz. in a test tube closed with an ungreased 
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stopper. 

All the irradiations were carried out at room temperature. 

Even prolonged irradiations did not produce any noticeable change 

in the temperature of the samples. 

Measurement of Exchange Capacity  

The irradiated resin and the solution in contact with it 

were transferred to a sintered filter. The resin was thoroughly 

washed with distilled water. The filtrate and the washings were 

collected ard made up to a known volume. This solution contained 

the products liberated in the leach during irradiation, and these 

were analysed by the methods to be described in section 3.2.4. In 

the case rf the dry rosin under vacuum the stop cock was opened 

under water to dissolve the volatile basic products. No back—suction 

of water took place in any of the experiments thereby indicating 

that the vacuum had been lost during irradiation. 

After the irradiated resin had been thoroughly washed with 

water, measurements were made of the strong base and the weak base 

capacities. The weak base groups were present as free base 

in the case of both the hydroxide an& chloride forms, but the 

strong base groups of the irradiated hydroxide resin contained 

hydroxide, carbonate and nitrite ions, while those of the irradiated 

chloride resin contained only chloride ions. Hence the details 

of the procedures adopted for the estimation of capacities 
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were different in the two cases and are described separately below. 

(i) Measurement of exchange capacity for the irradiated 

Hydroxide resin. 

The irradiated resin in the sintered filter tube was washed 

well with water. 100 ml. of 4% solution of sodium chloride were 

passed through the resin and the eluate was made up to a known 

volume. In this process the hydroxide, carbonate and nitrite ions 

attached to the resin were replaced by chloride ions. The eluate 

contained the replaced ions, ,The concentrations of the hydroxide 

and carbonate ions were determined by titrating aliquots from the 

eluate with N/
10

HC1 using phenolphthalein and methyl orange 

indicators. First phenolphthalein was added and when it became 

colourless the amount of N/
10

HC1 consumed gave the value of the 

hydroxide concentration. Then methyl orange was added and the 

difference between the end—points for the two indicators gave the 

value of the carbonate or bicarbonate concentration. No attempt 

was made to distinguish the carbonate and bicarbonate 

concentrations. 

Another aliquot from the eluate was used to measure the nitrite 

ion concentration using the colourimetric procedure developed by Shinn 

(37). This consisted of measuring the optical density at 540 miu, 

of the colour produced by the diazotisation of sulphanilic acid 

by the nitrous acid and the subsequent coupling with N-1—nanhthylethyle— 
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nediamine. The method was sensitive to 10 5M solutions of nitrite 

ion. A calibration curve was prepared using a standard solution 

of sodium nitrite. The details of the procedure and the calibration 

curve are given in Appendix 2. 

The eluate was also tested for nitrate ion but in only one 

case was a small amount of nitrate capacity deteated. The 

procedure employed for the detection of nitrate in the presence of 

nitrite is described in section 4.2.3. 

After the passage of 4% NaG1 solution the irradiated 

resin was washed well with water to remove the excess chloride. 

Then the chloride ions attached to the strong base groups were 

removed by passing 100 ml. of 0 solution of Na2504. The released 

chloride ions in the eluate were estimated by Volhard's method 

(Appendix 3). The value of the chloride strong base capacity 

should equal the sum of the values of the hydroxide, carbonate 

and nitrite capacities. This is usually so, although there are 

some unexplained discrepancies. 

The excess sodium sulphate was washed off the resin with 

distilled water. The resin had then the strong base groups as 

sulphate and weak base groups as free base. 100 ml,of 0 solution 

of HC1 was passed through the resin to form the weak base hydrochloride. 

The excess acid wf„s washed off with methanol to prevent the 

hydrolysis of weak base hydrochloride. Then 100 ml, of 0'15M solution 

of ammonia was passed through the resin to hydrolyse the 



37. 

hydrochloride. The eluate vas made up to a known volume and the 

chloride concentration was determined by Volhard's method. This 

gave the amount of weak base groups present. 

In the capacity determinations described above preliminary 

experiments were carried out to determine the volumes of o]uate 

which was necessary to displace the appropriate ions completely. 

The resin was finally Washed with distilled water, transferred 

to a sintered glass crucible, dried at 105°C in an oven, and 

weighed. The capacities are expressed as milliequivalents per 

gram of the final dry weight of tho rosin (meq/g). 

The exchange capacities of unirradiated hydroxide resin 

were determined bTimilar pnnedure. 

(ii) Measurement of exchange capacity for the irradiated 

chloride resin: 

The procedure employed was the same as used in the case of the 

irradiated hydroxide resin after its conversion to the chloride form 

by passing sodium chloride. The irradiated chloride resin was 

washed well with distilled water and then 4 solution of Na2SO4  

was passed through the resin. The amount of rOsased chloride ions 

in the leach, determined by Volhard's method, gave the value for the 

strong base capacity. The resin was washed with water and then 

0 solution of 1101.1 was passed followed by methanol. 0.15M solution 

of ammonia was subsequently passed and the amount of chloride ions 
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in the eluate gave the value for the weak base capacity. The 

resin was then washed with water, dried at 105°C and weighed. 

A similar procedure was used to determine the exchange 

capacity of the unirradiated resin. 

The sodium sulphateleach was tested for nitrite, but none 

could be detected. 

	 Measurement of products in the leach  

The filtrate and the washings of the irradiated resin 

contained the water-soluble products. The following products 

were determined: the three alkylamines (methylamine, dimethylamine 

and trimethylamine), ammonia and formaldehyde. The leach of the 

irradiated chloride form of the resin also contained the liberated 

chloride ions and these were determined by Volhard's method. 

Analysis of Nitrogen Products. 

The methods available in the literature for the estimation 

of alkylamines and ammonia in the presence of one another include 

the action of nitrous acid under controlled conditions (38,39,40) 

and acylation of a mixture of amines followed by titration against 

perchloric acid (41). These methods could not be applied to the 

solutions under consideration, since they very often contained 

only microgram quantities of the products and hence more sensitive 

methods had to be developed. Application of vapour phase chromato-

graphy for the separation and estimation of the amines and ammonia 
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was considered, but, at the time, no suitable equipment was 

available and it was also thought that there would be considerable 

difficulty in developing a sufficiently reliable method. The 

use of salting-out chromatography on an ion exchange resin for 

the separation of amine mixtures has been suggested (42). 

Such a method may be suitable for the separation of the amines 

and ammonia but was not attempted. 

The procedure employed in the present investigation involves 

the use of an individual colourimetric method for each of the 

three amines and ammonia. The colourimetric procedures were rapid 

and reproducible and suffered minimum interference from the 

presence of the other three basic products. The methods were 

developed in collaboration with Streat (29,30). 

(a) Tertiary Amine. 

The method employed for the estimation of trimethylamine 

is based on Dyer's procedure (43) for the micro-estimation of 

trimethylamine in fish muscle. Dyer used a modification of the 

picrate method which wd3first developed by Richter, Lee and Hill (44), 

for the determination of amines in blood. Trimethylamine was 

estimated by the colour produced by the amine picrate in toluene. 

Dimethylamine also produced a yellow colour with picric acid. If 

the absorption spectra of the tro substances had different maxima, 

then it would be possible to determine both tri- and dimethylamine 

by the picrate method alone. It was, however, found that the two 
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spectra were identical in shape. It was nocesse.ry, therefore, 

to determine the concentration of dimethylamine by another method, 

so that an allowance could be made for its contribution to the 

optical density of the yellow amine-picrates. The broad peak at 

410 TVA was chosen for analysis. The details of the procedure and 

the calibration curves for both dimethylamino and trimethylamine 

picrates are given in Appendix 4. The calibration graphs were 

prepared using dilute amine solutions prepared from concentrated 

solutions supplied by B D.H. and standardised by titration with 

acid. It vas shown for two different synthetic mixtures of amines 

that the optical density at 410 mu  was additive. The method was 

sensitive to millimolar amine sclutions and reproducible to within 

± 2%. The sensitivity of the method to tertiary, secondary and 

primary amine was in the ratio 20 : 4 : 1. 

(b) Secondary Amine. 

Procedures for the determination of dimethylamine involving 

the formation of nitrosamine by the action of nitrous acid (45) or 

the interaction of secondary amines with sodium nitroprusside to 

give a violet blue compound (46) were found to give unreliable 

results. The procedure used here is that of Stanley, Baum and 

Gove (47). Cupric dimethyldithiocarbamate was formedfrom dimethyla- 

mine and extracted into an organic layer. The colour intensity 

of the complex was read at 434 my. The roaotions taking place are: 



(CH3)2  NH .0-CS24.  NH3  —4 (CH3)2  N.iSNH4  

2 ( cH3) 2 N. RSNH4 4* Cu
++ 

CH3  ) 	N4C.S 3 2  Cu 4-2NH
4 S 

Neither trimethylamine nor equal concentrations of monomethylamine 

and Methanol were found to interfere. The details of the procedure 

and the calibration curve are given in Appendix 5. 

(c) Primary Amine. 

Rimini's test (sodium-nitroprusside and acetone) did not 

indicate the presence of any methylamine in the leach of the irradiated 

resin. A more sensitive colour reaction involving the formation 

of p-nitrodiazoniumchloride and its coupling with methylamine (48) 

was used in the present work. The reaction has been represented as 
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It has been shown (49) that tertiary and secondary amines do not 

interfere at all concentrations, while ammonia at concentrations 

not exceeding that of primary amine also does not interfere. In 

the present investigation it was found that the tertiary and 

Secondary amines produced a yellow precipitate which had to be 

removed by centrifugation before reading the colour developed by 

the primary amine. The method is sensitive to 10 4M solutions 

and the reproducibility is of the order of 10%. The detailed pro- 

cedure and the calibration graph are given in Appendix 6. 

(d) Ammonia  

The application of Nessler's reagent for the estimation of 

ammonia was found to be unsatisfactory because of the formation of a 

white precipitate with secondary amines. A method involving the 

absorption of ammonia by yellow mercuric oxide (50) was also not 

successful. Ammonia is estimated in the present work as indophenol 

using the procedure described by Bolleter et al (51). The colour 

developed obeyed Beer's Law, but the slope of the calibration 

graph showed some variation with different samples of chlorine water. 

The graph given in Appendix 7 illustrates a typical calibration curve. 

To get reliable results it was found advisable to analyse a standard 

sample along with the unknown sample. The method is sensitive to 

10-3 molar solutions and is considered reproducible to it 5%. The 

detailed procedure is given in Appendix 7. 

42. 
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The use of the four colourimetric procedures described above 

gave the concentrations of the methylamines and ammonia individually. 

In order to check whether there: was any other volatile basic product 

an aliquot of the leach solution was made alkaline, steam-distilled 

and the distillate titrated with standard acid or absorbed in 

excess of acid which was then titrated with standard alkali. An 

estimation of nitrogen in the leach by ajeldahl's method was also carri.e'' 

out to detect the presence of any non-volatile nitrogeneous product. 

The details of the Kjeldahl method are given in Appendix 8. All 

quantities are expressed in terms of meq/g. of the dry final weight 

of resin. 

Analysis of other Products 	 _ ..... 

The estimation of formaldehyde by a colourimetric procedure 

(52) involving the use of chromotropic acid (ls8-dihydroxynaph-

thalene .3:6-disulphonic acid) was carried out in only a few cases 

since the concentration of formaldehyde present was found always to 

be very small. 

Peroxide was tested for by reaction with acidified potassium 

iodide in starch solution and methyl alcohol by oxidation with 

potassium permanganate and detection of the aldehyde formed 

by chromotropic acid. 	These methods were not developed 
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quantitatively, as the products were not detected. 

No nitrite was detected by the diazocolour reaction 

to which reference has already been made. 

3.2.5. Measurement of Swelling Capacity 

The swelling capacity referred to here is the weight swelling 

capacity in water, that is, the amount of water taken up by the 

dry resin when fully swollen in water and is expressed as grams 

of water per gram of dry resin. To obtain this it is necessary 

to measure the wet weight and dry weight of the same quantity of 

resin. Dry weight can be obtained by drying the resin at 105°C and 
GL7T2L- 

weighing it. Nater (8) determined the weight of resin by transferring 

the fully swollen resin to a glass filter, sucking it off,drying 

the resin particles with filar paper and then weighing. ,Nikashina 

et.al.(10) measured the volume swelling of the resin and used a 

graduated flask for determintzthe volumes of the dry and wet resins. 

In the present investigation a more refinl method for 

measuring the swelling weight due to Pepper et.al.(53) was used. 

The wet weight of the resin was ascertained by shaking it with 

water and weighing after centrifugation. Care was taken not to 

allow any evaporation of water from the resin during centrifuging4 

The speed of centrifuging was maintained at 400g. At higher speeds 

(1000 - 5000g) Preston (54) has folind that the amount of residual 
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water decreases linearly with the reciprocal of the centrifugal 

field and so it might be expected that the resin is no longer _ply 

swollen at the high speeds. The amount of residual water held 

externally to the beads of resin after centrifuging was neglected. 

This value has been estimated (53) to be about 4% of the wet weight 

for sulphonated resins. The details of the measurement of swelling 

weight are given in Appendix 9. 

3.2.6. Study of the effect  of atmospheric carbon dioxide on  

the hydroxide form of Deacidite FF  

The hydroxide form of the strong base resins is known 

to have a strong affinity for carbon dioxide, particularly when 

dry, but no systematic investigation of this has been reported. 

In the present investigation and in agreement with Streat (29) 

Deacidite FF hydroxide is found not to absorb carbon dioxide and 

not to lose strong base capacity when kept under water. 

The absorption of carbon dioxide would be expected to be 

greatest when a perfectly dry sample of the resin is allowed 

to stand in contact with the atmosphere. Because of the very 

hygroscopic nature of the dry resin such an experiment would be 

difficult. The effect of atmospheric carbon dioxide on an air—dried 

sample Deacidite FF hydroxide was therefore studied. About 

0.5-1.0g of moist resin was dried between folds of filter paper and 

spread in a thin layer on a watch glass. It was allowed to stand 

on the work bench exposed to the atmosphere for different periods 
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of time. At the end of the exposure period the resin was transferred 

to a sintered filter 	washed well with water, and 4% solution of Na2S011  

was passed through the resin. The amounts 'of hydroxide and carbonate 

ions in the eluate were determined. The weak base capacity was also 

determined by the method already described. In some cases the 

experiment was done in duplicate. In such cases one sample was 

analysed for the hydroxide and carbonate capacity only while the other 

sample was analysed for total strong base chloride capacity also. 

The results obtained are given in Table 3.1 and Fig.3.4. It is 

found that carbon dioxide is rapidly absorbed by the air-dried resin 

(about 70% conversation from hydroxide to carbonate in 20 hours). The 

small conversion of strong base groups to weak base groups appears to 

be due to the process of drying (Table 3.8). 

TABLE 3.1  

Effect of Atmospheric Carbon dioxide on air-dried Deacidite FF Hydroxide 

I No. of Strong base capacity: meci/g. 
weak 
base 

Final $ f 
weighl 

g. 

hours of 
standing OH-  

__ 
C 03 

gum of 
OH-and CO 1 

ercenr  
ag9-° 3  ki Cl

capacity 
meotig. 

Nil 3.82 0.31 4.13 7.5 4.05 0.35 1.186 

5 2.23 2.00 4.23 47 - 0.49 0.7241 
24 0.93 3.56 4.49 79.4 - 0.45 0.8934 
72 0.49 3.64 4.13 88 -0.51 0.9093 

168 0.45 3.44 3.89 88 - 0.63 0.3031! 
168 0.43 3.46 3.89 89 3.64 0.63 0.325 
336 0.46 3.42  3.88 88 3.68 0.62 0.4412 

336 0.43 3.42 3.85 89 - 0.65 0.4053; 
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3.3. Results  and Observations  

7 3.3.1 Irradiation of Deacidite FF Hydroxide  

The results obtained in the study of the effects of gamma 

radiation on Deacidite FF hydroxide under various conditions are 

given in Tables 3.2 to 3.11. and Fig.3.5 to 3.14. 

When the hydroxide form of the resin is irradiated as a 

slurry in water in a test—tube closed with an ungreased stloper, 

the loss of hydroxide capacity with dose is taking ple at a rapid 

rate (Fig.3.5. and Table 3.2.). Half the hydroxide capacity is lost at 

dose of: 180 Mr. This value agrees with that reported by Smith and 

Groh (23). The sum of hydroxide and carbonate capacities represents 

. the total strong base capacity. The change of carbonate capacity 

with dose is found to be quite small. Consequently the rate of loss 

of strong base capacity (measured as chloride) is very much the same 

as that observed in the case of the hydroxide capacity (Fig.3.6.). 

When log of the percentage of the remaining strong base capacity 

is plotted against dose (Fig.3.7.), it appears that the curve is 

built up from two terms, each term expressing a linear relation 

between the logarithm of the residual capacity and the dose.Nater 

(8) and Hall and Streat (30) in their study of the effects of 

radiations on ion exchange resins and Baumann (55) in her study 

of the thermal decomposition of Ambcrlite IRA-400 have observed first— 

order decompositions. The loss in strong base capacity is due to 

the decomposition of the quaternary ammonium group 11—CH2—N (0113)3 



TABLE 3.2. 

Irradiation  of Deacidite FF Hydroxide: water slurry. 

Variation of Exchange and  Swelling Capacities  

Dose 
Strong base capacity: 

meg. 	. 
weak 
base 
capacitymeq./g. 
meq./g. 

final 
weight 

Swellin 
weight; 
g.of H2  
per g.o i  
ay resin' 

Mr. 

• 
- 	I 	_ 

OH 	CO 
' 	3 

Sum of 
OH-  and 
c0
3 

 
Cl -  

i 
Nil 3.95 	0.2 4.15 	, 4.07 0.25 - 0.96 

Nil . 3.82 	0.3114.13 , 4.05 0.35 ̂ - - 
0 

11.4 :).58 0.18 3.76 3.66 0.50 0.7169 1.21 

35 3.29 0.22 3.51 3.45 0.566 0.9432 0.84 

63 2.89 0.30 3.19 3.06 0.76 i 	0.6891 1.15 

86 2.62 0.32 2.94 2.88 0.73 0.9455 0.89 

222 1.33 0.6 1.93 1.85 1.09 0.9125 0.615 

400 0.41 0.43 0.84 0.6 1.53 0.5388 0.36 

705 0.12 0.27 0.39 0.07 1.44 0.7920' 0.165 

985 0.054 0.22 0.27 Nil 0.96 0.5136 0.35 

. ! 

49. 



Table 3.3: Irradiation of Deacidite FF Hydroxide: water  %lurry. 	50. 
Variation of Basic, Products in the Leach. 

Dose 

Ere  

(01.13)3N 

meg...1g. 

(CH3)2NH 

megig• 

CH3.NH2  

megig. 

NH3 Sum 

meg./g. 

of 
N products 
megig• 

' 
Volgtile 
base 
megig. 

Kjeldahl.  
Nitrogen 
megig. 

11.4 0.131 0.04 0.02 0.023 0.214 0.19 0.231 

35 0.382 0.162 0.029 0.018 0.591 0.547 0.675 

63 0.468 0.258 0.07 0.076 0.872 0.73 0.94 

86 0.658 0.34 0.046 0.06 1.1 1.01 1.15 

222 0.986 0;635 0.067 0.206 1.89 1.64 1.95 	i 
400 0.89 0.54 0,117 0.45 2.00 2.18 3.2 

 

705 0.68 0.345 0,51 0.62 1.86 1.79 2.3 

985 0.35 0.046 0.64 2.13 3.17 2.92 2.86 

Table 3.4: Irradiation of Deacidite FF Hydroxide: water slurry with 
oxygen passing continuously. Variation of Exchange and  
Swelling Capacities. 

Dose 

Mr, 

Strom base capacity: =aq.jp.,.. Weak 
base 
capacity 
megig• 

Final 
Weight 

g. 

Swelling 
weight 
g. of H2O 
per g. of 
dry resin 

OH-  CO
3 

 Sum of 
orr, CO - 
80: NO- - 3 2 

03. 

T 

Nil 3.89 0.26 - 4.15 14.06 0.30 - 0.96 

Nil*  2.89 0.99 nil 3.88 .76 0.64 - 

334 
 

1.91 1.18 0.05 3.14 3.29 0.81 0.9898 1.14 

62 11.86 0.67 0.029 2.56 .84 1.04 1.446 1.2 

63 1.02 1.02 0.056 2.1 .78 1.02 1.098 -" 

73*  1.03 1.05 0.077 2.16 2.52 1.19 0.9325 0.98 

81*  0.776 1.256 0.125 2.16 2.56 1.18 0.9276 1.19 

138 0.35 1.14 0.146 1.64 1.89 1.54 0.7415 1.17 

138 0.32 1.6 0.13 2.05 2.14 1.36 1.199 1.18 

155 0.3341.21 0.11 .1.0 	_ 1.62 1.71 0.9671 1.11 

NO
3
- 

0.04) 

Dosimetry uncertain because of creeping of resin. 
40 Oxygen from the cylinder was passed continuously through the slurry 

for about -one week without irradiation. 
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Table 3.5: Irradiation of Deacidite FP_Eydroxide: water slurry with 
Esy&en  passing continuously.  Variation of'Basic Products  
in the Leach. 

    

Dose 

Mr, 

Trap solution 
(CH3)2NH 

meciAg. 

CH3.NH2  

megig• 

3  

meq/g,,X;wtri/g.  

1 
Sum og'Yolatilc 

meg/6 1  

Vol. of 
scan. 
ml. 

Nature of 
Trap soln. 

(CH3)3N 

meq/g' 

. 
33*  5 Resin solo. 0.014 0.0105 0.023 0.069 0:006 0.112 

81 Water trap 0.045 0.006 0.007 0.024 0.982 0.064 

137 Acid trap 0.142 nil 0.003 0.014. 0.159 00135 

Sum 0.201 0.017 0.033 0.107 0.347 0.311 

62 5 Resin soln 0.113 0.063 0.023 0.03 0,229 0.232 
60 Water trapi. 

50 Water trap - - - - - 0.013 

---$ 
Sum 0.119 0.067 0.024 0.032 0.242 0.245 

63 5 Resin soln. 0.049 0.085 0.093 0.049 0.276 0.286 

68 Water trap 0.223 0.013 0.001 nil 0.237 0.217 

140 Acid trap 0.137 nil nil nil 9.137 0.13 

Ti; 0.409 0.098 0.094 0.049 0.60 0.633 

73* 5 Resin soln. • 

60 Water trap 0.053 0.069 0.026 0.023 0,171 0,214 

50 Water trap - ..., - - - 0.013 

sup 0.056 0.073 0.028 0.024 0.181 0.227 

81*  5 Resin soln. 0.027 0.037 0.032 0.026 0.122 0.131 
K(0.19[ 

70 Water trap 0.090 0.052 0.018 0.05 0.21 0.206 
K(0.23! 

50 Water trap w.. - - - - 0.02 
. . 

0.124 6.094 0:053 0.08 0.352 0.357 

continued 	 
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Table 3.5. Continued..... 

Dose 

Mr. 

Tra 	solution (CH
3
)3N 

meg& 

(CH3)2NH 
megig • 

CH3.NT/2 

mecdg- 

k 

eq/g.17 

Sum of'Volat;:;. 

rrcduct,Exmeg.4 
mecig. 

1 

!base Vol. of 
soin. 
ml. 

Nature cf 
Trap soln. 

138 5 Resin soin. 0.,,05 0.094 0,044 .097 0.34 0.394.  
K(0.5S 

58 Water trap 0.141 0.038 0.022 .085 0.286 0.274 
K(0.,2 

50 Water trap - - - - .. 0.015 

_15  
0.252 0.135 0.068 0.186 0.64 0.683 Sum 

138 5 Resin soln. 0.278 0.14 0.044 0.202?0.664 0.527 
. K(0,,r. 

82 Water trap 0.17, 0.02 0.003 it 0.193 0.173 
80 Acid trap Oen23 nil nil ,i1 0.023 0.029 

bum 0.471 0.16 0.047 .202 0.88 0.729 

155 5 Resin soln. 0.113 0.113 0.055 p.099 0,38 00.8.1  
76 Water trap 0.239 0.03 0.007 .036 0.31 0.32 

86 Acid trap 0.256 nil nil .01 0.266 0.287 

-KIT 0.608 0.143 0.062 .145 0.956 	1.i1: 

Dosimetry uncertain because of the creeping of resin. 

The sum values for the individual basic products include the calculated 
values in the trap solution which was analysed only for the total 
volatile base. K(0.194) means that the value of IC.a.dahl nitrogen 
is 0.194 megig. 
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Table 3.6: Irradiation of Deacidite=ysLmxi1.2: -bewaz92.aurin the 

absence of Oxygen: Variation of Exchange and Swelling Capacitie 

I 
Dosei OH- 

r 
Strong base capacit : me 	- Weak 

base 
capacity 

Final 
Weight 

g- 

Swelling 
Weight 
g 
g.of dry 

pe. 

resin 

CC$3 Sum of 1 Cl- 

C 03 

Removal 
cf 
oxygen by 
passing 
nitrogen 

Nil 

13 

124 

3.89 

..73 

1.97 

0.26 

0.16 

0.32 

4.15 

3.89 

2.29 

4.06 

3.82 

2.21 

0.30 

0.49 

0.92 

_. 

0.7444 

0.6269 

0496 

1.13 

0,90 
for one . 
hour 300 0.83 0.44 1.27 1.02 1.28 0.9084 .... 

Removal 
of 
oxygen 
under 
vacuum (?) 

26810.78 0.44 1.22 1.15 1.35 0.7753 

-.... 

0.41 

Table 3.7: Irradiation of Deacidite FF Hydroxide: Water slurry-in the 

absence oi22-Egen. Variation of Basic Products in the Leach. 

I 
Dose 

Mr. 

(C1-13)3N 
meq/g. 

(CH
3
)2NH 

meq/g. 
ai3 .NH 2- 
megig. 

NH
3 

melligl 

Sum of N 
pToduas 
beg& 

Volatile 
base ' 
meq/g~ 

, 
Kjeldahl 
Nit 	gon ro 

:') meqjg 

#...--
Removal • • 
of 
oxygen by 
passing 
nitrogen 
for one 
hour 

13 

124 

0.156 

0.89 

0.047 

0.495 

0.022 

0.097 

0.031 

0.178 

0.256 

1.66 

0.216 

1.36 

0.23 

1.56 

_, 

Removal 
of 
oxygen 
under 
vacuum (?) 

268 

. 

1.19 0.79 0.057 0.148 2.19 2.14 2.92 
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Table 3.8: Irradiation  of Deacidite FF Hydroxide in the dry form with  

Oxygen passing continuously.. Variation of Exchange and  

Swelling Capacities.  

Dose 

Mr. 

ia.c 	base on acit : me 	' Weak 
base 
capacity 
meq/g. 

Final 
Weight 
g. 

Per cent 
loss in 
weight 

Swelling 
weight 
g.of H20/ 
g.of dry 
resin 

ICH-  CO 3 OB-  
Sum of 

and 
CO
3 

C1 

Nil* 

16 

174 

3.58 

.82 

.86 

0.4 

0.31 

0.71 

3.98 

3.13 

1.57 

- 

3.17 

1.75 

0.63 

0.83 

1.6 

- 

1.07. 

1.323 

- 
9.3 
19.6 

0.96 

1.06 

0.94 

m p2roNge elatpassed, but the resin was left in a dessicator 

Table 3.9: Irradiation of Deacidite PP Hydroxide in the dry form with 

Oxygen passing continuously. Variation of Basic Proiucts  in 

the Leach. 

Dose 

Mr. 

Trap solution 

Nature 
of trap 
Ban. 

ICH
3
y 

mecr/g. 
(OH3e )-1TH 
meq/g. 

CH3  .1TH2  
meq/g. 

NH3  
meq/g.N 

Sum of 

products 
me..- g. 

Volatile 
base 
meq/g. 

Vol. of, 
soln. 
ml. 

• • 
16*  Resin sola10.36 0.01 nil nil 0.375 0.378 

K(0.41) 

0 Dried 
silica 

- - - - - 0.036 

Sum 0.40 0.01 nil nil 0.41 0.414 

174*  5 Resin sdh. 0.667 0.083 0.009 nil 0.766 0.846 
K(0.865) 

. 0 Dried - - - - - 0.168 
; silica 

Sum 0.80 0.10 0.01 nil 0.91 1.014 

* The water and acid traps were analysed for volatile base only and they 
were found to contain 0.01 to 0.02 meq/g.of volatile base only. 

The sum values for the individual basic products include the calculated 
values in the silica trap solution which was analysed only for the 
total volatile base. 



55 
Table 3.10: Irradiation of Deacidite FF Hydroxide in the dry form in  

the absence of ilwen. Variation of Exchange and Swelling 

Capacities. 

i  
!Dose 

m..r. 
-- 

Strong base capacity: 
megjg- 

Weak 
base 
capacit 
meq/e- 

Final 
weigh 

B.  

Per cent 
loss in 
weight 
g• 

Swelling 
weight 
g- of H2O 
per g. of 
resin 

0H- 0
3
-- Sum of 

OH' and 
CO
3 

.- 

Cl- 

Removal  Nil 3.58 0.4 3.98-  - 0.63 - - 0.96 
of . . 

oxygen 
by 
passing 
nitrogen 
for one 

15 

101 

;68 

2.92 

2.71 

1.9 

0.42 

0.32 

0.56 

3.34 

3.03 

2.46 

3.41 

3.06 

2.65 

0.65 

0.67 

0.84 

1.243 

1.1 

1.614 

12.3 

16.7 

22 

0.93 

0.95 

- 
hour ,-____- ..H, 

Removal 
of 

under 
oxygen  

1 

vacuum(?) 189 1.000.65 1.65 1.71 1.4 0.5677 - 0.74 	I 

Table 3.11: Irradiation of Deacidite FF Hydroxide in the dry form in the 

absence of oxygen. Variation of Basic Products in the Leach. 

Dose 

Mr. 

I 
(CH3)3N 

meedg. 

- 
(CH3)2NH 

meclig- 

CH3.NR2 

meq/g. 

NH
3 

raeq/g-N 
Sum of 

products 
meg-A- 

Volatile 
base 
megig. 

KjeldabaT 
Nitrogen 
met:I& 

. • 

Removal 
of 

. 	15 0.352 0.014 0.001 nil 0.367 0.315 0.33 

oxygen 1ob-101 
passing 
nitrogen 
for one 
hour 

168 

0.463 

0.98 

0.041 

0.11 

0.005 

0.017 

0.007 

nil 

0.516 

1.11 

0.474 

0.983 

0.45 

0.99 

. k 
Remcval . . 
of oxygen 
under 139*  0.293 	0.083 0.017 0.022 0.415 0.43 0.446 

vacuum (7  ) I 

The values for the basic products are very low, beoause they have not 
been retained by the resin. 
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and an increase in weak base capacity end release of basic products in 

the leach areto be expected as a result of the decomposition. 

The plot of weak base capacity against dose (Fig.3.8.) shows 

that the weak base capacity increases with dose up to about 500 Mr. 

and then starts decreasing. Since the strong base capacity has 

fallen to a very low value at 500 Mr.Ino further increase in the 

weak base capacity could be expected after 500 Mr., as the weak base 

groups could be produced only from the strorg base groups. The fact 

that the weak base capacity starts falling above 500 Mr. shows that 

the weak base groups aremsceptiblo to radiation -induced decomposi-

tion. Weak base capacity can be due to the presence of R-CH2-N(CH
3
)29 

R-CH
2
-NH(CH

3
) and R-CH2-NH2 groups but these groups have not been 

distinguished and measured individually. It may be noted that 

an attempted analysis of the functional groups by De Jongls method 

using methylation of the HN‹, and H2
N-groups (Leuckart reaction) 

failed completely when applied to irradiated ion exchange resins 

(8). 

As the absorbed radiation dose increases, the concentration 

of trimethylamine in the leach increases up to 300 Mr. and then 

decreases; the shape of the curve being similar to that for weak 

base capacity. This is to be expected since trimethylamine can be 

produced only from the strong base groups. The decrease in the 

concentration of trimethylamine above 300 Mr. shows that it is 

decomposed by radiation. 



As irradiation might he expected to break polymer bonds, 

the possibility of some of the measured tertiary amine being 

present as benzyl dimethylamine C6H5.-CH2.-N(CH3)2  or similar 

amines, which could be nearly as sensitive as trimethylamine to the 

picrate method of estimation was considered. In order to check this, 

5 ml. of 50% solution of 
K2CO3 

were added to 5 ml, of leach solution 

from the resin irradiated up to 400 Mr. and shaken with 10 ml. of 

spectrosol hexane fraction. The absorption spectrum of the hexane 

extract did not reveal, however, any of the characteristic peaks 

for benzyl dimethylamine (Fig. 3.10). The initial G-value for 

trimethylamine formation is 14, which corresponds to that obtained 

by Hall and Streat (29,30). 

The plot of dimethylamine with dose (Fig.3.11) is very similar 

to that for trimethylamine. 	This is of interest because it shows 

that dimethylamine is also formed from the quaternary ammonium 

groups directly and not by the decomposition of trimethylamine. 
k
1 Consider a set of first order consecutive reactions A 4*----) B 	2. 0* 

If the rates of reactions 	and 12  are comparable, the plots of 

the concentration of A, B and C with time would be as shown in 

Fig.3.15 
FIG. 3.15  
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It is obvious that dimethylamine like trimethylamine is a 

primary product of radiation-induced decomposition of the 

quaternary ammonium groups. 

The variations of methylamine and ammonia with dose are 

plotted in Figs.3.12 and 3.13. It is evident that both 

methylamine and ammonia are secondary products. They could be 

formed from weak base groups or from tri-or dimethylamine. 

It is interesting to note that at about 1000 Mr. ammonia 

is the principal basic product (70%), with only 20% of the basic 

products . 	remaining as methylamine. 

The values for the volatile base estimations correspond 

approximately to the sum of the four basic products estimated 

individually. T:sts for hydroxylamine or nitrite proved negative. 

It is clear that all the volatile nitrogen has been accounted for 

by the three methylamines and ammonia. The Kjeldahl nitrogen values 

are found to be somewhat higher than the volatile base values 

threby indicating that there may be some non-volatile nitrogeneous 

matter present in the leach. The volatile base increases suddenly 

from 700 to 980 Mr. and corresponds to a sudden rise in the 

concentration of ammonia. The decomposition of the weak base 

groups as well as the non-volatile nitrogeneous matter may have 

contributed;  at least partly, to tl rapid increase in the 

concentration of ammonia and consequently to that of volatile base. 

The sum of the increase in weak base capacity and the volatile 



69. 

base is always greater than the loss in strong base capacity. 

This can be explained by a loss in the weight of the resin. 

The complete loss of functional groups itself can account for a 

decrease in weight up to 15%. A loss in weight of about 20,71, at 

180 Mr. was measured in one case (Table 3.8.). 

The fate of the methyl groups is not known. An estimation 

of formaldehyde revealed the presence of very small quantities (not 

more than 0.o5 meq./g.) in the leach. It is possible that the 

methyl groups are lost as a gaseous product like methane. 

The change of swelling capacity of the resin with absorbed 

dose is plotted in Fig.3.14. The effect of radiation on the swelling 

weight seems to be uncertain up to about 100 Mr.9  after which the 

swelling weight goes on decreasing up to about 700 Mr. The very 

low water regain observed at 700 Mr. shows that the resin is very 

highly cross-linked. The exact relationship between the degree of 

cross-Thinking of the resin and its swelling capacity is unknown. 

On comparison with the experimentally determined relationship 

between the percentage cross-linking of Dowex-50 and its water 

uptake (8) it appears that the resin is cross-linked equivalent 

to 16% DVB even at 300 Mr. After 700 Mr. the resin seems to decroes- 

link as shown by the increase in swelling capacity at 980 Mr. At 

this dose there is evidence for damage to the polymer network as 

shown by the coloured leach and the peculiar behaviour of the resin 
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in offering greater resistance to liquid flow in basic medium than 

in acid medium. These phenomena appear more prominently in the 

irradiation of Deacidite FF nitrate in 7M nitric acid and are 

discussed later. (see chapter 4) The hydroxide resin also becomes 

progressively darker as the absorbed radiation dose increases, 

Effect of Oxygen  

In the foregoing experiments the only oxygen available to the 

system of resin slurry was that present initially in solution and 

this would be consumed by a dose of about 0.1Mr. The system was 

then essentially oxygen—free. Streat (29) suggested that the 

oxygen present initially could induce the production of trimethy—

lamine with a G of about 14 by a chain mechanism. He attributed the 

fall of the yield of trimethylamine at higher doses to the absence 

of oxygen. In the present investigation this hypothesis has been 

tested and proved to be incorrect by performing experiments in which 

oxygen was continuously bubbled through the resin slurry and also 

experiments in which oxygen was excluded from the start. 

When oxygen is bubbled through the resin slurry in 1.,:ater during 

irradiation, the hydroxide capacity falls more rapidly and the carbo—

nate capacity rises (Fig.3.5. and Table 3.4.). It was thought 

that the increase in carbonate capacity might be due to the presence 

of some carbon dioxide in the oxygen used. An experiment in which 

oxygen was passed through a resin slurry in water not under irradia— 



tion resulted in an appreciable increase of carbonate capacity•(Table 

3.4.). This is surprising since the oxygen used was stated to 

contain only five volumes of carbon dioxide per million and such 

small quantity of carbon dioxide should not cause an increase 

of carbonate capacity by more than a few microequivalents. Another 

effect of passing molecular oxygen through the resin slurry not 

under irradiation is to cause a slight degradation of the strong 

base group and an increase in the weak base capacity. 

The strong base capacity includes not only hydroxide and 

carbonate capacities but also nitrite capacity. Aliphatic amines 

irradiated in oxygen-containing alkaline aqueous solutions give small 

yields of oximes (56). It is possible that in the present investi-

gation the continuous passage of molecular oxygen would have 

resulted in further oxidation to nitrite which would replace the 

hydroxide ion from the resin. No nitrite or hydroxylamine could be 

detected in the leach. It may be noted that nitrite ions could 

have been formed either from the amines in solution or from the 

weak base groups on the resin or from both sources. It was also 

thought that the formation of nitrite might be due to radiation-

induced fixation of traces of nitrogen present in the oxygen gas. 

To check this, oxygen was passed continuously through distilled 

water under irradiation. No nitrite was detected in the irradiated 

water. So, it appears that the formation of nitrite is due to the 
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radiolytic oxidation of amines. 

The sum of the hydroxide, carbonate and nitrite capacities 

col.responds approximately to the strong base capacity determined 

chloride, although in some cases the results indicate the former 

to be somewhat lower. In only one case (155 Mr.) a small amount of 

nitrate capacity was detected. The rate of fall of strong base 

capacity with dose is slightly greater when oxygen is bubbled 

through. This is accompanied by a larger increase of weak base capacity 

with dose. The amounts of tri-, and dimethylamine formed are found 

to be somewhat diminished by the passage of oxygen. Being 

secondary products the amounts of methylamine and ammonia are 

small and seem not to be affected by the presence of molecular 

oxygen. In plotting the values of basic products against dose 

the results from those experiments in which two water traps were 

employed have been neglected as some of the basic products escaped. 

The results from those experiments in which the resin has crept 

and so the dosimetry is uncertain have also not been plotted. 

Only very small amounts of formaldehyde were found and no 

hydrogen peroxide was detected. Passing oxygen during irradiation 

tends to decrosslink the resin. More significant results about 

spelling capacity could be obtained only at higher doses. 

It is concluded that the presence of oxygen has little effect 

on the nature or extent of radiation-induced decomposition of resin. 

It would therefore. appear that the presence of small amounts of 



dissolved oxygen at the start of irradiation should not be responsible 

for a low—yield chain reaction in which oxygen is consumed. In 

order to substantiate this argument, experiments were carried 

out in which the dissolved oxygen was removed from the resin slurry 

either by degassing or by passing oxygen—free nitrogen. It is found 

that the removal of oxygen does not have any noticeable effect 

either in the variation of exchange and swelling capacities or in 

the formation of the three methylamines and ammonia with absorbed 

radiation dose (Tables 3.6 and 3.7 and Figs. 3.5 to 3.14). The 

presence or absence of oxygen also does not seem to affect the 

darkening of the resin with dose. 

Effect of water  

The object of this experiment is to study whether the 

radiolytic decomposition of resin is due to the direct action of 

the ionising radiations on the resin or through the free radicals 

produced in water by radiation. Dry resin containing ( 4% residual 

water (section 3.2.2.(d)) was irradiated in the presence of 

circulating oxygen gas and in the complete absence of oxygen. 

The results are given in Table 3.8. to 3.11. and in Fig.3.5. to 3.14. 

It is found that the removal of water has little or no effect on 

the loss in strong base capacity, the gain in weak base Capacity 

and the production of total volatile base. It is, therefore, 

concluded that the radiation—induced decomposition of Dee,cidite FF 



is due to direct action in which water  has little or no effect. 

However, the relative concentrations of the three amines and 

ammonia appear to be affected by the absence of water. Trimethyla-

mine is the only basic product produced. It may be concluded that 

the production of trimethylamine is by direct effect while water 

plays a role in the formation of secondary and primary amines 

and ammonia. 

No nitrite was detected in the case of the dry resin even when 

oxygen was passed through continuously. It appears that the 

oxidation of amines to nitrite takes place under irradiation only 

when water is present. The swelling capacity as well as the 

colour of the irradiated resin also do not seem to be affected 

by the absence of water. It was also found that in the experiment 

when oxygen was passed through continuously nearly all the basic 

products were retained by the dry resin and very little were 

found in 'the trap solutions. This demonstrates the high adsorptive 

capacity of the dry resin for the amines. It, therefore, appears 

impossible to study the effect of removing the basic products 

during radiation-induced decomposition of dry resin. 

3.3.2. Irradiation of Deacidite FF Chloride. 

Several papers (1,3,9,23) describe the irradiation of strong 

base resin chlorides and report measurements of changes in exchange 

and swelling capacities. The results are conflicting. For 

instance, Fisher (3) finds a loss in strong base capacity of 47% 
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at 210 Mr. for Amberlite IRA 400 chloride while Smith and Groh (23) 

obtain a value of 85% for the loss in strong base capacity of 

Dowex 1 Chloride at 270 Mr. Fisher finds a loss of porosity with 

absorbed radiation dose, while Smith and Groh observe an increase 

in water content for the chloride form. 

In the present investigation a detailed analysis of the basic 

products released during irradiation of the chloride form of 

Deacidite FF resin has been carried out for the first time and measure— 

ments have been made of exchange and swelling capacities. Irradiation 

of chloride resin in 7k HC1 also has been carried out for the first 

time. 

When Deacidite FF chloride is irradiated in water, strong 

base capacity decreases, weak base capacity increases and basic 

products are released in the leach. It resembles the hydroxide form 

in this respect. The resin used has an initial strong base capacity 

of 5 megig; this is about 25% larger than that of the hydroxide 

resin. The reason for this difference may be due to the chloride 

form being prepared from a different batch of resin. The loss in 

strong base capacity is exponential up to a dose of at least 600 Mr.. 

(Fig.3.17); a similar dependence was found for the hydroxide form 

of the resin (Fig.3.7). The rate of loss of strong base capacity 

with dose is, however, about three times less in the case of the 

chloride resin than for the hydroxide resin. Shigematsu and Oshio (9) 



Chloride' 1 Dose 
Mr. 

in the 
leach. 
megig. 

Strong 	Weak 
base 	base 

capacity capacity 
megig. 	meclig. 

Final 	Swelling weight 
weight 	g-of H20/g. 

g- 	of resin. 
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TLBLE 3.12  

Irradiation of Deacidite FF Chloride in water and in 7M HC1  

Variation of Exchange and Swelling Capacities  with Dose  . 

Nil 

Irradintiaq 192 
of Deacidite 307 
FF chloride 
tin water. 	487 

5.0 

3.68 

3.2 

2.61 

2.12 

0.82 

0.39 

0.80 

0.94 

0.97 

1.48 

1.88 

2.01 

2.85 

3.33 

4.77 

4.45 

657 

940 

0.96 

1.395 	0.96 

0.9468 	0.79 

0.9196 	0.79 

0.9378 	0.27 

0.9751 	0.70 

Irradiation 	
1 	 i 

! 
-•/2 i 1.99 	0.9 	- 	0.7703 	0.67 j 

of Deacidite  
FP chloride 940 i 1.1 	0.79 	0.8400 - 	0.60 
in 7M HG1. 

1 	
, 

i 	 I 	i 



Mr. 	 me a./0.! 

t t 
192 

Irradiation; 307 
of Deacidite 

1.95 

2.4 

0.114 

i0.32 

FF chloride : 487 
in water. 

657 

3.01 

3.80 

0.51 

0.58 

940 	4.02 0.60 

Irradiation 
of Deacidite 1 572 	3.46 
FF chloride 	1 

i 
i 
0.039 

in 7M HC1. 	!940 	3.55 0.042 

nil 0.03 

Dose i QH3)3N' OqibUtICH3.7,1L2  NH3  Sum. of Volatile base meq.4  meq/ Npro- 
g. 	dUCIba, 

meq.k. 

0.02 0.03 2.01 	1.85 

0.04 0.09 2.85 	2.78 

0.04 0.121 3.68 	3.29 

0.02 o.161 4.57 	4.47 

0.20 foal' 4.93 	4.42 

Kjeldahl 
Nitrogen 
=gig- 

0.02 0.005 

3.53 
3.62 

3.13 	3.38  

3.22 	3.49 

1.63 

2.84 

3.42  

4.5o 

4.59 

Tr, 

TABLE 3.13  

Irradiation of Deacidite FF Chloride in water and in 7M HC1 : 

Variation of Basic Products in the Leach with Dose. 



IRRADIATION OF DEACIDITE EF CHLORIDE 

VARIATION OF EXCHANGE CAPACITIES WITH DOSE 

Fig• 3.16 
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IRRADIATION OF DEACIDITE FF CHLORIDE IN WATER 

VARIATION OF STRONG BASE CAPACITY WITH DOSE 

Fig•3 .17 
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as well as Hall and Streat (30) have also noted the greater 

radiation-resistance of the chloride resins. The increase in 

weak base capacity with dose is also smaller in the case of the 

chloride resin (Figs.3.8. and 3.16.). 

The amount of chloride released in the leach duo to the lose 

of strong base groups has been measured (Table 3.12 and Fig.3.18). 

It is found that the amount of chloride released is larger than 

the loss in strong base capacity. This effect can be explained 

in terms of a loss in weight of resin during irradiation. As it is 

difficult to take accurately known weights of resin as slurry at the 

start of an experiment, all capacities and quantities of leach 

products are referred to the final weight of the dried resin as sul-

phate. The loss in weight of the resin can be estimated from the 

mass balance of nitrogen. All the nitrogen present initially is in 

the form of the strong and weak base groups of the unirradiated 

resin. The amount of final nitrogen is represented by the strong 

and weak base groups of the irradiated resin and by the nitrogeneous 

products. The concordance between the sum of the four basic 

products measured individually, the amount of volatile base found 

and the result of the K;p1dahl nitrogen estimations indicates that 

all the basic products have been accounted for (Table 3.13.). It 

will therefore be assumed for the purpose of the calculation of loss 

in weight of resin that there is no other nitrogeneous product except 

82,, 
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the amines and ammonia found in the leach. To take a specific examples 

Unirradiated resin. 

Strong base capacity = 5.0 meq./g. 

Weak base capacity 	= 0.39 meq./g. 

Initial total N 	= 5.39 meq./g. 

Irradiated Resin — 940 Mr. 

Residual strong base capacity = 0.82 meq./g. 

Residual weak base capacity = 1.88 meq./g. 

Total N products in leach = 4.59 meq./g, 

.•. Total N at 940 Mr. = 7.29 meq./g. 

If x = weight fraction of resin lost, 

5.39 = 7.29 (1 — x) 

and x = 0.26 

Similar calculations have been made at doses from 192 — 940 Mr. 

and are given in Table 3.14. 

Since the amount of chloride ion released in the leach is found 

to be about 20% less than the sum of the increase in weak base 

capacity and the amount of basic products in the leach at the 

highest dose of irradiation, it is possible that some chloride 

ion is attached to the weak bare groups of the resin. 

If the stabilitjpcf the hydroxide and chloride forms 

of the resin are compared, it is found: 

on strong base capacity the chloride form more stable, 

on quqntities of basic products: the chloride form less stable. 



TABLE 3.1.4. 

Irradiation of Deacidite FF Chloride in water ; Calculation 

of loss in weight of resin. 

Initial nitrogen = 5.39 meq./g. 

Dose 
Mr. 

Final 
Nitrogen 
meq./g. 

Difference between 	:Percentage 
'initial and final 	floss in weight 
nitrogen. 	lof resin. 

meq./g. 

192 6.11 0.72 12 

307 6.98 1.59 23 

487 7.00 1.61 23 

657 8.1 2.71 t 33 

940 7.29 1.9 	i 26 
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This apparent anomaly can be explained if it is postulated that 

the chloride form loses more weight during irradiation than the 

hydroxide. In fact an examination of the products obtained in 

the hydroxide irradiations (section 3.3.1.) would indicate that 

there is less loss in weight in that case. It is not clear why the 

chloride form should lose more weight. It is of interest to compare 

the proportions of each of the three methylamines and ammonia in 

the leach of the irradiated chloride resin (Table 3.13 and Fig.3.18)-kr 

those found in the case of the hydroxide resin. The amount of dimethy- 

lamine formed is only about 15% of the trimethylamine in the case 

of the chloride resin, while it is more than 50% of the trimethylamine 

in the case of the hydroxide resin. Practically no methylamine or 

ammonia is produced in the leach of the irradiated chloride resin 

even at about 1000 Mr. Production of trimethylamine from the strong 

base groups is therefore the major reaction in the case of the 

irradiation of chloride resin. 

The swelling capacity of the irradiated chloride resin appears 

to fall with dose (Table 3.12). The reason for the sudden fall 

at 650 Mr. is not clear. 

The results obtained in the irradiation of Deacidite FF 

chloride in 7M HC1 at two doses do not reveal any effect from the 

high acid concentration on the exchange and swelling capacities or 

total volatile base produced. The latter is accounted for almost 



entirely by trimethylamine; negligible amounts of ammonia and 

methylamine and only very small amounts of dimethylamine eere detected. 

These results are of interest when compared to the extensive damage 

to resin when irradiated as the nitrate form in 7M nitric acid (see 

Chapter 4). 

86, 
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3.4. Discussion: 

The only important process by which Co-60 gamma rays (1.17 and 

1.33 Mev) lose energy in materials of low atomic weight is Compton 

scattering. The electronic cross-section is dependent only on the number 

of electrons per millilitre. It is assumed in the present wok that 

electron-density is not significantly different in polystyrene and water 

and so the dose obtained is computed from the Fricke dosimeter without 

any corrections. L. highly energetic electron is created by the Compton 

scattering. When fast electrons move through matter, energy is dissipated 

by transfer to the electrons along the track and the atoms become excited 

and ionised. The electrons due to the ionisations can carry off a con-

siderable energy. When the energy of such a secondary electron exceeds 

some tenths of an eV, those electrons are often called delta rays. The 

steps which are intermediate between the initial physical action of 

radiation and the final chemical change are not well understood. The two 

fundamental actions of radiation are to ionise and to excite and both 

processes can give free radicals. Many of the reactions of free radicals 

are quite well understood.(57, 58, 59). 

There are two distinct mechanisms by which a chemical change can 

be brought about by ionising radiations : (a) by direct action, the 

molecule undergoing change itself becomes ionised or excited by the 

passage through it of an electron and (b) by indirect action, in which 

the molecule st*ed does nut. absorb the energy bat receives this by 

transfer from another molecule. In dilute aqueous systems, water 

molecules give rise to H. and .0H radicals which are responsible for 

the chemical changes produced in the molecule studied, i.e. by indirect 



80, 

action. When a material is irradiated dry, the action of radiations is 

by definition direct. If the material is dry but impure, the question 

arises whether energy absorbed in the impurity can affect the molecules 

of the component which is studied. In some cases the final products 

obtained by direct and indirect action may be similar. This, for example, 

occurs with alcohols where thex-carbon atom is activated by direct 

action, and by indirect action suffers abstraction of a hydrogen atom by 

an OH radical; the G value in the two cases being approximately the same. 

For example: CH3.CH2OH irect CH3.CH.OH + H. 

Indirect 	CH .CH OH + H2O  CH3.CH2.ald 	) 3 •  
by .0H 

For benzene the position is reversed; the major product from indirect 

action in aqueous solution is the addition of a hydroxyl radical to give 

phenol 
OH 

HO. 

 

while irradiation of the pure liquid (direct action) gives a large number 

of different substances, including hydrogen, acetylene and a polymer. 

Reaction Mechanisms  

In the case of the irradiation of Deacidite FF hydroxide production 

of trimethylamine and weak base groups seems to occur by direct action. 

CH _4R.CH2. + + N(CH3)3  
1 3 	

(a) 
+I 

R --CH?  -- N --CHDirect 
I 	3 12aiCtion 
CH
3

(I  ,,J TT.Q.
3
+  (b) .......), R • CH2  . N( 0113  )2  +  

Reaction (a) seems to occur to a larger extent than reaction (b). 



CH2 

((-11#  
CH— 

a cyclic intermediate may be an alternative 

CH3 
 

CH3 
 
+ 

CH -- N-- 
dH2  	7 

+ (-2H) 
R— CH -- N --CH32   

OE
3  

CH3  

+ 
CH2.— N 

4  
CH2 
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Amines are known to undergo scission at the carbon-nitrogen bond under 

irradiation, whether the amine is irradiated in the pure state or in 

aqueous solution (60-69). Out of the four C-N bonds present in 
+,CH3 

R-CH2-N'- CH3 
the R-CH2-N bond seems to be the most susceptible. It 

CH
3  

is reasonable to expect this to happen as the group left after the 

scission of the CH2-N bond is stabilised by resonance. 

Reaction (a) represents a simple HofMann type of degradation and reaction 

(b) is its analogue. The decomposition of the quaternary ammonium group 

to give trimethylamine by direct action can also be represented as a low-

yield chain reaction by a mechanism similar to the one suggested by Lemmon 

et.al.(64), but it is felt that the yield obtained is not large enough 

over long doses to suggest such a mechanism. Also the chain mechanisms 

in which oxygen is being consumed (29) may also be neglected, as the 

presence of oxygen is shown to have no effect on the reaction. However, 

a reaction mechanism suggested by Streat (29) involving the formation of 



CH 3 
+ 

R—  CH 	N 	CE
+H20 	 .) 3  R—CHO + N( CH3) + H+ 

CH2  

R— CH2 

CH3 
N+—CH2  
CH2 

+H20 --R—CH2—N(CH3)2+ HCHO + 51.  
(d2) 

It may be noted that for reactions (c2 ) and. (d2 ) to take place water need 

not be present at the time of irradiation. It is possible• that reactions 

(c1) and (d1) are taking place under irradiation and water added after 

the irradiation may be bringing about the reactions (c2) and (d2) in the 

case of irradiation of dry resin. 

The weak base groups present may be R— CH2—N(CH3)2  as well as 

R— CH2-1H( CH3  ) and R— CH2— NH2. The production of R— CH2— NH(CH3) and 

R—CH2-1TH2 groups may be due to the following reactions : 

+1
H  

1 	 3 CH 	 C 

	

3 	 i 
 i 

R—CH 2— N —CH3  ---> R— CH2—N = 0112+ ' CH4 	 (el) 

	

113 	

+ 

CH3 
R— CH2  —N = CH2  + H2O 	R— Or12— NE(CH3)+HCH0+ H 	(e2) 

CH3
I   CH2  — N — CH3 	CH2— N = CH2  + CH4  

R— CH2--N=CH2 + H2O  --....ip.R--CH2--11112 + HCHO 

C 

	

3 	
ilk. 

R-- CH2 — Y
CH 

 — CH
3 
 (-2H) 

),- R— CH2-- N --CH2 

R- CH2 

0E2 
N CE.2  + 20 	R—CH2—NH(CH3) ECHO 

 

 

(f1)  
(f2)  

(g1) 
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Dimethylamine is produced from the quaternary ammonium groups by 

indirect action. L. reaction mechanism involving the formation of an 

intermediate imiae, which is unstable and hydrolyses to form an aldehyde 

and an aliphatic amine (29), can be suggested 
CH 	CH 

+ 3 	3  
R.—CH 	CH =N + 	CH4  

2-- 	3 
Oil
3 	

CH
3 

+ ie 
CH, 

R. --CH ==N 	+ H2O 	+ (CH3 )2NH + 111- 
bH3 

For reaction (h2) to take place water need not be present at the time of 

irradiation. Since the preseSeof water is found, however, to be 

necessary for the production of dimethylamine, reaction (h
1
) is not 

taking place by direct action but by indirect action probably involving 

the attack of OH radicals. Oxygen does not seem to take a part in reaction 

(h1). 

Hethylamine and ammonia are produced by indirect action and are 

not formed directly from quaternary ammonium groups. Mothylamine can be 

formed from trimethylamine or dimethylemine or from the weak base groups 

through the following reactions (29,30) : 

CH3
I   
--CH3 	== CH2  + CH4  

CH
3 	

CH
3  

N =CH, 

	

+H 0 	.NH2  
2 	3 	

+ ECHO 

CH
3 

(2 1)>  N == CH2 
6H
3 

Chi 

 
CH3.NE2 by reaction 

(id 

(j) 
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H 
1 

CE 
re 2 

CH2 

(-2H)  
N CH

3 
CH
3 

1 
H2  + H2O 	HCHO + CH3.NE2  

02 

The formation of methylamine from weak base groups can be represented by 

a series of reactions analogous to reactions (i1) to (k2) by substituting 

R—CH2— for a CH3 
group. The formation of ammonia from dimethylamine 

or methylamine or from weak base groups can also be represented by 

similar reactions. It is feasible that methylamine and ammonia can be 

formed by direct action through reactions (i1), (j) and (k1). Since the 

starting materials for those reactions arc present in much smaller 

quantities than the resin itself, the direct effect may not be noticed- 

It may be seen that some of the reaction mechanisms suggested 

involve the formation of formaldehyde which has been detected only in 

traces in the leach solutions of irradiated resins. Formaldehyde is 

known to react with primary and secondary amino groups in the presence 

of alkali and formic acid to give substituted secondary and tertiary 

amines (70). It may also be noted that the group left with the resin 

after the removal of the amino group may be an aldehyde or an alcohol. 

Analysis of the groups on the irradiated resin is difficult. A model 

compound C
6
H
5
.CH

2
.N(CH3)

3 
 OH in water has been irradiated and preliminary 

results indicate that benzaldehyde and no benzyl alcohol have been 

detected in the irradiated solution (29,30). 

It was noted that practically no methylamine and ammonia were 

formed when Deacidite FF chloride was irradiated in water. The role of 
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chloride ions in preventing further a000mposition of trimethylamine is 

not clear. The practically complete absence of even dimethylamine when 

Deacidite FF chloride is irradiated in 7M HC1 is noteworthy. The cause 

for the effect of acidity on the formation of dimethylamine is not under-

stood. 

Colouring  

It was observed that the resin became darker in colour on irrad-

iation. 'Numerous organic and inorganic compounds become coloured by 

developing optical absorption bands in the visible and ultraviolet regions 

of the spectrum when exposed to ionising radiation. The production of 

F-bands in the alkali halide crystals is an example. The colouring of 

organic compounds has been less well studied, although there appears to 

be some order in the colouring of a homologous series. For example, a 

number of alcohols have been observed to develop a broad peak at about 

520 me.. (71). The polyhydric alcohols, ethers and paraffins also have 

some group characteristics in their colouring. The deepening of the 

colour of the polystyrene resins on irradiation may be due to the produc-

tion of conjugated double bonds, because it is well known that conjugation 

of two or more chromophores such .as C=.0 produces a marked shift to longer 

wave length, an effect demonstrated clearly in the series of diphcmyl-

polyenes. 

Polystyrene Framework  

The swelling weight of the irradiated resin was found to decrease 

with dose, the effect being particularly noticeable with the hydroxide 

form. Breaking of crosslinkages in the polymer network results in an 

increase in the moisture content, while the loss of functional groups 
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usually leads to a decrease in the quantity of water associated with the 

resin. The moisture content is thus a measure of the net effect of these 

opposing factors. The complexity of the function is illustrated by the 

irregular variation of the moisture content with dose and is influenced 

by the effect of the ion attached to the functional group. 

Three general types of reactions have been observed and defined 

with respect to the effects of radiations on polymers. They are as follows 

(1) cross-linking -- the joining of molecules to form a three-dimensional 

network (2) degradation or chain cleavage, which divides the molecule 

into smaller fragments and (3) uneaturation — rearrangement within the 

molecule to form double bonds. Of the several factors which influence 

the type of reaction that occurs, molecular composition or structure is 

an important one. .although all three reactions may occur simultaneously, 

certain po:l.ymers are predominantly degraded and others cross-linked. 

Polystyrene, for example, belongs to the latter category with a G-value 

for crosslinking of about 0.04 (72). The yield is many times less than 

with other polymers in accordance with the stability afforded by the 

benzene ring. In fact, polystyrene is even more stable to radiation than 

benzene itself. The linking involves the benzene ring as well as the main 

chain as shown by experiments with deuterated material (72) and by 

spectroscopic measurements (73). 	small amount of main-chain fracture 

occurs, but various methods of measuring it give different results for 
ervis- 

the precise yield (74, 75). Oxygen causes linking of polystyrene to be 

replaced by degradation (72, 76). Polystyrene exhibited greater 

degradation 	dissolved in benzene containing t-butylcatcchol (77) and 

this is presumably due to the catalysed decomposition of peroxide links, 
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as with polymethylmethacrylate. Oxygen diffusing into polystyrene after 

irradiation causes carbonyl and hydroxyl groups to beiormed, possibly by 

reaction with free radicals or double bonds (73). Polystyrene sulphonic 

acid seems to be degraded equally in the presence as in the absence of 

oxygen (78). It is obvious that prediction of the swelling behaviour of 

irradiated polystyrene ion exchange resins requires more detailed studies. 

Conclusions 

In conclusion it may be said that the important effects of 

radiation for the purpose of the successful application of the hydroxide 

and chloride forms of Deacidite FF for the purification of reactor coolant 

water and for the purification of radioactive materials are loss in 

exchange capacity and release of basic products. The effect of radiation 

on the polystyrene framework is to increase the crosslinking and hence 

for the application of resins in the presence of large radiation doses it 

may be advantageous to start with a resin of the maximum possible porosity, 

The study of the effects of oxygen and water is helpful in under-

standing the course of the radiation-induced decomposition of ion 

exchange resins, and in eliminating some of the previously suggested 

mechanisms. A complete analysis of the gaseous products and an identifi-

cation of the groups remaining in the polymer framework after the loss of 

the functional groups is necessary, however, before the reaction mechanisms 

are fully understood. 



Chapter 4. 

Irradiation of Deacidite FP in the Nitrate Form  

4.1. Introduction  

The only references in the literature to the irradiation of 

the nitrate forms of anion exchange resins are contained in papers 

devoted to other resin systems. Thus Smith and Groh irradiated 

the nitrate form of Dowex 1- X4 in the moist form and observed 

a fall from 4.8 to 4.15 meq./g.in total capacity and from 4.78 to 

3.69 in salt-splitting capacity at 110 Mr.(23). Ryan and Wheelwright 

evaluated the effect of gamma radiation upon resin plutonium 

capacity for Dowex 1- X4, Amberlite IRA-401, Dowex 21-K and 

Permutit SK (28). Samples wore equilibrated with a 7M nitric acid 

solution containing minor amounts of Fe 9 Na UO2 , SO4--, 
  

PO4--, and dissolved tri-n-butyl phosphate, sealed in closed 

containers and exposed to Co-60 gamma radiation up to 500 Mr. 

Following irradiation, plutonium absorption capacity to 50% 

breakthrough was determined. In addition to the observed 50% loss 

in plutonium capacity at 203 Mr., the physical damage to Dowex 1- 

X4 was extensive. The resin contracted about 30% in volume on loading 

and elution was difficult. Gamma irradiation up to 450 Mr. decreased 

the capacity of Amberlite IRA-401 by 5 

 

and produced visible 41'1. 

 

physical damage to the resin. Its volume decreased by about 12%)  

there was a high concentration of fines, and the resin particles 

tended to clump together. Dowex 21—K lost about 60% of its 

capacity in 300 Mr. but exhibited no serious physical damage up to 



this dose. However, when irradiated to 400 Mr. the Dowex 21—K 

beads became soft, packed down during loading, and reduced the feed 

flow rate to a value so low that the run was terminated after a 

few hours. Permutit SK was the resin most resistant 

to radiation damage, losing only 10% of its capacity at 340 Mr. 

At 500 Mr. individual beads were not cracked but became soft and 

packed down during down flow column operation, causing a 

prohibitive pressure drop through the bed. 

It is apparent that a systematic and detailed study of 

the effects of radiation upon strong base nitrate resins in water 

and in 7M nitric acid is needed. In this section the results of 

such a study on Deacidite FF nitrate in water and in 7M ID1.02,  are 

presented. 

4.2. Experimental 

4.2.1, Preparation of the nitrate form of Deacidite FF  

The resin used for the resin nitrate in water irradiations was 

supplied in the chloride form, was 7-9% crosslinked, had a water 

regain of 0.6 — 1.0 and was of 100-200 mesh size. This resin together 

with a 2-3% crosslinkcd Deacidite FF resin, having a water regain 

of 1.5 — 2.0, were irradiated in 7M nitric acid. 

The resins, purified as described earlier, were washed with 

water and were converted to the nitrate form by the passage of 4% 

solution of nitric acid until no chloride ions were detected in the 

effluent. The resins were then washed free of acid with water. 



About 20 column volumes of the acid were required for complete con— 

version to nitrate. The resins prepared by this procedure contained 

the quaternary groups as nitrate and the weak base groups, which 

formed about 5% of the total capacity of the resin, as free base. 

4.2.2. Irradiation of resin samples  

Deacidite IF nitrate was irradiated under the 

following five sees of conditions: (...) resin slurry in water arylkiwOm'103 

(2) passing oxygen through the resin slurry in water (3) the resin 

slurry in water in tho absence of oxygen (4) dry resin with 

oxygen passing continuously (5) dry resin in absence of oxygen. 

The experimental arrangements were identical to those described 

previously for the hydroxide system. The preparation of dry 

nitrate resin did not present any of the problems encountered in 

the preparation of the dry hydroxide resin. The resin was heated 

at 105Covernight to get the dry form. 

Some irradiations of Deacidite FF (7-9% x link) nitrate were 

performed in presence of (i) aqueous sulphamic acid, (ii) sulphamic 

acid and 7M nitric acid and (iii) uranium and 7M nitric acid. In 

the irradiations involving the presence of sulphamic acid, about 

one gram of solid sulphamic acid was weighed into the tube 

containing the resin and water or the rosin and 7M nitric acid. 

In the case of irradiations in the presence of uranium, a 4% 

solution of uranyl nitrate in 7M nitric acid was passed through 
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the resin previously conditioned with 7M nitric acid. Some uranium 

was absorbed on the resin in the form of an anionic complex. 

The resin was subsequently washed with 7M nitric acid and transferred 

into the test-tube to which about 5m1. of 7M nitric acid were added. 

The amount of uranium absorbed was only 12 mg. of uranium per 

gram of resin. Uranium was determined by the thiocyanate method 

(Appendix 10). 

A few irradiations of Deacidite FF (7-9% x-link) nitrate 

in water and in 7M nitric acid were carried out using the Harwell 

Spent Fuel Element Pond Irradiation Facility. The irradiations 

differed from those by Co-60 gamma rays in the following manner: 

(i) The former gave a varying dose-rate (0.6 to 2.0 Mr./hr) whilst 

the latter gave a constant dose-rate (0.6 - 0.7Mr/hr). (ii) The 

former was carried out with photons of varying energies with a 

maximum of 3 Mev and a mean of 1 Mev. (iii) There was a small photo-

neutron flux in the pond but this did not exceed 104nisec.cm2  in the 

strongest field. 

4.2.3. Measurement of Exchange Capacity  

The irradiated resin and the solution in contact with it were 

transferred to a sintered filter. The resin w_ .s thoroughly washed 

with distilled water. The filt2ate and the washings wore collected 

and made up to a known volume. This solution contained the 

products liberated in the leach during irradiation. Measurements 
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were made of the strong base and the weak base capacities of the 

irradiated resin after thorough washing with water. The general 

procedures adopted for the capacity measurements are the same 

as those employed for the hydroxide and chloride forms of resins 

viz; to replace the strong base ions by sulphate and to hydrolyse the wea?: 

base group salts. Nitrate ions took the place of chloride ions.  

and the determination of nitrate ions is described below. The con— 

version of weak base groups into salts was canded out before the 

strong base groups were converted to sulphate. This procedure was 

satisfactory for the unirradiated resin and with the resin 

irradiated in acid media. When the procedure was applied to the 

resin irradiated in water, however, brisk evolution of gas bubbles 

took place during the passage of 4% nitric acid and this suggested 

the presence of nitrite ions attached to the resin. The modified 

procedure for the simultaneous determination of the nitrite 

and the nitrate parts of the strong base capacity and the weak 

base capacity of the resin irradiated in water is now described; 

The irradiated resin was washed well with water. A 4% 

solution of sodium sulphate was then passed through, when the 

nitrite and the nitrate ions attached to the strong base groups 

were eluted out. The nitrite concentration was determined 

colourimetricall7(37) (Appendix 2 ). The nitrate concentration 

was determined by one of the following two methods depending on 

whether it was present in small or ]age quantities. 
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In small quanitities (less than 0.01M), nitrite was first 

destroyed by conversion to nitrogen gas by boiling with ammonium 

chloride (79), (NH4NO2-----) N244120) and the nitrate was measured 

by a colourimetric method based on reduction of nitrate to nitrite 

and measurement of the optical density at 520 m1 of the colour 

produced by the diazotisation of sulphanilic acid with the 

nitrous acid and subsequent coupling with 1 - naphthylamine (80). 

The entire operation was carried out in a single step 

by the use of a powder mixture of all the reagents. 	The method was 

sensitive to 10-4M solutions of nitrate and the reproducibility was 

of the order of 10%. A calibration graph was prepared using a stan- 

dard solution of nitric acid. Details of the method and the 

calibration graph arc given in Appendix 11 . 

When the nitrate was present in larger amounts, the nitrite 

was converted stoichiometrically to nitrate by boiling with N/10 

sulphuric acid, 3NaNO2-4- H2SO4-i Na2044-  NaN032g041120 and the 

total nitrate was then determined by a redox method due to Kolthoff 

(81). This consisted. of oxidising a known excess of ferrous ions 

by nitrate ions, (3Fe+ + 4 NO + 4H -3 3Fe + NO 4  2H2  O) 0) and determining ths; 

ferrous ions by titration against potassium dichromate (Appendix 12). 

The redox method was notEpplicable in the presence of organic sub- 

stances. For example, the ammonium hydroxide leach obtained during 
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the estimation of weak base capacity contained methanol which 

had to be removed by boiling before the estimation of nitrate 

in the leach by the redox method. 

The weak base capacity of the resin irradiated in water was 

subsequently determined by the usual method of converting the weak— 

base groups to salts by the passage of 4% nitric acid, removing 

the excess acid by passing methanol and then hydrolysing the 

weak—base salt by passing 0.15M ammonia solution. 

4•2•4•Measur.ment of Products in the leach  

The filtrate and the washings of the irradiated rosin contained 

the water—soluble products. The procedures adopted for determining 

the quantities of the three alkylamines and ammonia were the same 

as have been described in section 3.2.4. and Appendices 4 to 7. 

Since the estimations of methylamin and ammonia, however, require 

a neutral or a slightly acidic solution of amino, it was found nece— 

ssary first to distil off the basic products from an alkaline leach 

solution in the case of the resin irradiated in 7M nitric acid. 

Direct neutralisation of the leach solution was not possible, as 

the solution was already appyciably coloured. The procedures for the 

determination of tri— and dimothylamine involve the extraction of 

the base into an organic layer from a highly alkaline solution 

and so it was considered unnecessary to distil off these basic 

products prior to estimation. The'usual total volatile base 



measurements were made and a large discrepancy was noted between 

the amount of volatile base and the sum of the individual values 

of trimethylamino, dimethylamine, monomethylamine and ammonia, 

when the resin was irradiated in 7M nitric acid. It was later 

found that the analysis of trimothylamine was markedly affected by 

the presence of dissolved matter in 7M nitric acid and that there 

was no real discrepancy when the analysis was performed with 

the basic distillate (Table 4.1). 

Table 4.1 

Irradiation of Deacidite FF (7-99 x —link) in 7M nitric acids 

Effect of dissolved resin on the analysis of trimethylamine  

Dose 
gr. 

(CH),N in presence 
df'dissolved 

matters meq/g. 

(CH)1N 	in the 
basfc'distillate 

meq/g. 

414 0.6 0.705 

526 1.02 1.34 

711 0.465 3.78 

1000 o.86 1.8 
in 50 ml. in 50 ml. 

During measurement of dimethylamine in the acid leach it was 

difficult to separate the aqueous and organic layers because 

of formation of an emulsion. Measurements of the three alkylamine$ 
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and ammonia were therefore carried out only on the basic distillate. 

That dissolved matter interfered with the estimation of 

trimethylamine in the amid leach suggested that the trimethylamine 

determinations in the aqueous leach of the resin irradiated in 
	• 

water might not be reliable, although there was not noticeable 

discrepancy between the amount of volatile base and the sum of 

the individual values for the amines and ammonia. To check this, 

measurements of the amines and ammonia were made in the aqueous 

leach as well as in the base distillate in the case of the 1550 Mr. 

irradiation. It may be seen (Table 4.2) that these two sets of 

measurements agree well. 

Table 4.2  

Irradiation of Deacidite FP (7-9% x—link) nitrate in water 

u...2 to 15_52 Mr.: Estimations of amines, ammonia and nitrogen  

Volatile base = 2.96 meq./g. 

Kjeldahl nitrogen in the volatile distillate 	2.99 meq./g. 

Analysis of amines and ammonia  

In the volatile 
distillate 

meq./g. 

In the original 
leach solution 

meq./g.  

(CH
3
)
3
N 1.09 1.28 

(cH3)2NH 
0.153 0.14 	• 

CH
3
NH
2 

0.12 0.073 

NH
3 

1.7 1.65 

Total 3.06 3.14 
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In addition to the measurements of the amines and ammonia 

the nitrate and the nitrite ions liberated in the leach of the 

resin irradiated in water were also determined. The procedure 

adopted for the individual estimation of nitrite and nitrate 

has already been described (section 4.2.3.). Because of the 

presence of the nitrate and the nitrite ions no Kjeldahl estima- 

tion of nitrogen was carried out on the leach. 

The method for estimation of small amounts of formaldehyde 

by the use of chromotropic acid was found to be unsuitable in the 

presence of nitrite and nitrate because of interference by pro- 

duction of a yellow colour with chromotropic acid. No other 

method was developed for the detection of formaldehyde, if any, 

in the leach of the irradiated nitrate resin. 

The sensitive method of detection of peroxides by reactions 

with acidified potassium iodide in starch solution was also not appli- 

cable in the presence of nitrite ions. A less sensitive method 

, -2 kl0 M) depending on oxidation of titanium sulphate and 

measurement of the optical density of the pertitaTic acid (82) 

produced was used. No peroxide was detected. 

Estimations for carbon in the leach solutions from resin 

irradiated in 7M nitric acid were carried out. This carbon arises 

from appreciable dissolution of resin. The first procedure adopted 

was as follows: An aliquot of the solution was made basic with 



ammonia and evaporated to dryness over a low Bunsen flame. The 

precipitate was weighed and the carbon content was assayed by 

combustion in the Microanalytical Laboratory of the Chemistry 

Department. The resulting carbon values did not agree with the 

loss in weight found after irradiating a weighed amount of air 

dried fully swollen resin (of known water content). Subsequent 

carbon rnalyscs worctherefore carried out by evaporating the alkaline 

leach solutions overnight in a continuously evacuated dessicator o7er 

anhydrous CaC12  to avoid thermally decomposing the residue. 

4.2.5. Measurement of swelling  Capacity  

Two types of swelling capacity have been measured. The first 

is the swelling weight in water. The definition of swelling weight 

and the procedure adopted for its estimation have been given in 

Section 3.2.5 and Appendix 9a. The second is the swelling volume 

in water, that is, the volume of fully swollen resin in millilitre per 

gram of dry resin. The only reported measurement of swelling volume 

of irradiated resins is by Nikashina et.al.(10). In the present 

investigation a method of measuring the volume of the swollen resin 

due to Pepper et.al (53) has been used. The procedure involves 

the determination of the weight of water displaced by a sample of 

swollen resin using a specific gravity bottle. (Appendix 9b.). 

4.2.6 Study of the Effect of heat on unirradiated Deacidite FF  

(7-9%  x - link) nitrate  

The resin sample (about 1.0g) either in the dry form or in the 

form of an aqueqp slurry was placed in a test-tube closed with a 



rubber stopper carrying a bent tube, the other end of which was 

dipping into a receiver containing about 5m1. of distilled water. 

The test-tube was heated in an oil bath at temperatures up.to150°C. 

A small gas trap was fitted between the receiving end and the heated 

test-tube to prevent.back.suction. The washings of the heated resin 

were combined with the trap solutions and analysed for trimethy-

lamine. The exchange capacity of the heated rosin was also deter-

mined. 

4.2.7. Estimation of nitrogen in the irradiated resin. 

Deacidite FF (7-9% x-link) nitrate samples irradiated 

in water at three different doses wore heated in the sulphate form 

at 105oC for a week and the nitrogen contents of the heatee resins 

were determined by Kjeldahl's method (Appendix 8). 

4.3 Results and Discussion  

4.3.1. Some observations on unirradiated Deacidite FF  

7-9% x-link) nitrate  

Deacidite FF nitrate used in the irradiation experiments 

was from three batches of the resin, each batch having been separa- 

tely converted to the nitrate form. 	Measurements of exchange 

capacity of the unirradiated resin were carried out on several 

samples from each batch (Table 4.3). It may be noted that the 

strong base capacity values fall within the expected experimental 

error in the case of a single batch, while there is wider variation 

(from 3.5 to 4.5 meq./g.) between each of the three batches. The 
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Table 4.3: Determinatiorc  of EEka2g221,2acitv  for unirradiated  Deaciditf), 

FF (7-9% x-link) nitrate. 

Batch 
number 

Sample 	,Strong 
number base capacity: 

meq/g- 

Weak base 
capaCity: 
meg:A- 

Weight of 
resin g. 

1 (1)  3.58 - 0.301 

(2)  3.47 - 0.289 

(3)  3.76 - 0.0944 

(4)  3.77 - 0.1134 

(5)  3.66 0.16 1.556 

Mean 3.61 0.16 - 

2 (1)  4.45 0.19 1.263 

(2)  4.30 0.10 1.447 

(3)  4.28 0.36 1.312 

(4)  4.54 0.20 1.491 

Mean 4.39 0.28 - 

3 (1)  4.07 0.44 0.8872 

(2)  3.88 0.22 1.294 

(3)  4.00 0.22 1.386 

Mean 	3.98 0.29 	- 

Table 4.4: Repeated Determination3of weak base capacity of unitradiated 

Deacidite FF (7-9% x-link) 	Batch No.  3 

Sample 
number 

Weak base 
capacity 
me. 

. No. of times 
repeated 

(1)  
(2)  

(3)  

0.30 + 0.01 
0.27 ± 0.01 

0.22 ± 0.01 

5 

5 

5 
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Table 4,5: Effect of heat on unirradiated Deacidite 	(7-9  

nitrate. 

Experimental conditions Strong 
base 
capacity 

Weak base 
capacity 
Ineq/g• 

(CH3)N 
megoig. 

Unheated 3.66 0.16 

Outside tempo 105c/2. 	Slow refluxing 
with water. 	Heated 	28 hours 3.95 0.18 

Outside bath temp. 135-150. 	Initially 
dry, la-uer on backsuction occurred and 
so vigorous refluxing with water. 
Heated 	20 hours. 3.61 0.34 0.038 

Outside bath tem:. 150c. 	Dry. 
Heated 	20 hours. 3.7 0.28 0„002 

Outside bath temp. 135°C. 	Vigorous 
refluxing with water. • 
Heated 	24 hours. 3.81 0.22 	0.002 



values for the weak base capacity vary more widely even in the 

same batch. It gild have been desirable to make repeated measure-

ments of exchange capacity on the same sample, but this was not 

possible because the sulphate ions were so firmly attached to 

the resin. Repeated measurements of weak base capacity)  

however were carried out on three different samples and the results 

are given in Table 4.4. Under these conditions the weak base capa-

cities were reproducible to better than ± 5% in a particular 

sample, in contrast to the large variations found between different 

samples. A possible explanation of these variations it that the 

distribution of the functional groups in the resin is not uniform. 

In all tablt the capacity date quoted for zero irradiation refer 

to the batch of resin used, unless otherwise indicated. 

Strong base resins are known to be thermally :.unstable when 

present in the hydroxide form, while the salt form is. more stable to 

heat. Baumann (55) found that Amberlite IRA - 400 hydroxide in 

contact with water at 90°C lost its salt--splitting capacity by two 

distinct processes, one being complete in three days llith a 15% loss 

in capacity, the other being a slower decomposition with a half 

life of 43 days. Both the bicarbonate and the carbonate forms 

of Amberlite IRA - 400 exhibited greater stability in water at 90°C 

than the hydroxide form. Hall and Streat (29, 30) observed, on 

heating Deacidite FF hydroxide at approximately 100°C for 

five days, a loss in quaternary capacity of 28% and a loss in total 

capaci-6y of 21%, Wheaton and Baumann (83) did not observe any noti- 
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ceable lanincapacity when a chloride resin was heated at 100
oC for 

16 hours, while Marinsky and Potter (84) noted a loss of 

capacity at temperatures of 117° and 135°C. In the present 

investigation Deacidite FF nitrate is found to be stable for at 

least 20 hours on heating (Table 4.5). 

4.3.2. Irradiation of Deacidite FF(7-9% x--link nitrate in  

neutral media.  

The results obtained in the irradiation of Deacidite FF 

(7-9% x-link) nitrate in the presence and absence of water and 

oxygen are given in Tables 4.6 to:4.12 and Fig.4.1 to 4.8. 

Resin nitrate as water slurry.  

When the nitrate resin is irradiated as a slurry in water in a 

test-tube closed with an ungreased stopper, the loss of strong base 

capacity with dose is linear (Fig 4.1). When the logarithm of the 

Percentage of the remaining strong base capacity is plotted against 

dose (taking into account the varying initial strong base capacity 

for each batch), it appears that the plot is built up frm two terms, 

each term expressing an exponential relationship between the residual 

capacity and the dose (fig.4.2.). This behaviour is similar to 

that noted in the case of the hydroxide resin. About 50% of the 

strong base capacity is lost in 600 Mr. and so the nitrate form 

appears to be about three times more stable to radiation than the 

hydroxide form. The percentage loss in weight in the case of the 



Strong base capacity: 
meq/g.  

INO3- NO2  Total 

Weak 
base 
capacity 
meq/g. 

Dose 
Mr, 

Swelling capacity 	Batch 
. of H2O ml. of wet 
er g. of resin per 

dry resin g. of dry 
resin 

No. 

Nil 3.61 

Nil 4.39 
Nil 3.98 

110 
147 2.94 
167 
214 2.64 
261 

313 1.87 
420 
478 1.39 
618 0.75 
670 0.44 
742 0.52 
815 0.31 
908 0.19 
1552*  nil 
2000* nil 

nil 
nil 
nil 

0.443 

0.746 

0.87 

0.94 
1.0 
0.87 
0.91 

0.734 
0.53 
nil 
nil 

0.16 
0.28 
0.29 

0.51 
0.63 
0.60 
0.88 
0.91 

1.11 
1.17 

1.41 

1.74 
1.78 

2.4 
2.18 
2.30 

1.72 
1.6 

3.61 

4.39 
3.98 
,3.82 

3.38 
3.52 

3.39 

1.70 
1.75 
1.72 

0.95 
0.96 
0.96 

2 
2 

2 

1 

2 
3 
2 

2 

2 

2- 

0.74 
	

1.55 

0.73 
	1.52 

4.0 

0.61 
	

1.47 

0.52 
	

1.32 

0.45 
	

1.24 

0.4 
	1.20 

2.73 
2.74 
2.55 
2.33 
1.75 

1.31 
1.43 
1.04 
0.72 

nil 
nil 

11'2 ,• 

Table 4.6: Irradia-bion Lnk 	ga-per: 
Variation of Exchange and Swellingpapacities with Dose,  

Harwell Irradiations. 
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Table 4.7: Irradiation  of Deacidite FP (7-9% x-link) nitrate in waterg  

Variation of Products in the leach with Dose.  

Dose 
Mr. 

---... 

' H3)3N 

meTA. 

(03)2D 

mecrig• 

H3.NH2  

megh. 

NH3  

meq/g.17 products 
meg/g. 

Sum of 	iVolatile 
base 
meq/g. 

Nitrite 
m.molek 

Nitretzj 
mulde/8.:Eels;,  

--I----- 

i 
 n,,,I. 

1 	g, t 

110 0.254 0.066 0.004 0.028 0.352 0.33 0.125 0.14 	'2241 
 

147 0.303 0.063 0.007 0.009 0.384 0.39 0.086 - 	11.61- 

167 0.383 0.059 0.013 0.048 0.503 0.44 0.12 0.18 	f 1.6,- 

214 0.497 0.096 0.013 0.01 0.616 0.65 0.102 4 

261 0.466 0.085 0.007 0.046 0.604 0.57 0.19 0.19 2,,in' 

313 0.546 0.119 0.009 0.03 0.704 0.75 0.255 0.19 1.6.er, 

420 0.64 0.143 i 	0.02 0.089 0.892 0.92 0.313 0.19 1,32( 

478 0.716 0.126 0.005 0.043 0.89 0.98 0.339 0.32 1„5(-,\') 

618 0.804 0.265 0.025 0.083 1.18 1.41 0.49 0.044 1.2....5 

670 1.08 0.355 0.03 0.109 1.57 1.64 0.49 - 1X2 

742 0.87 0.3 0.03 0.023 1.223 1.56 0.555 - 1.1"%4 

815 0.84 0.37 0.008 0.027 1.245 1.57 0.465 - 1.54!.  
908 0.89 0.49 0.042 0.166 1.59 2.1 0.37 0.'11 1,C,;_ 

1552 1.28 0.14 0.073 1.65 3.14 2.96 nil „, 0075E' 
200 0.368 0.092 0.051 1.77 2.28 2.02 nil _ 0,79! 

Harwell irradiations. 



Table 4.8.  

Irradiation of Deacidite FF (7-9% x -link) nitrate in water  

Loss in Weight.  

114, 

Dose 

Mr. 

Initial 
weight 
g- 

147 1.775 

670 1.39 

1552
* 

1,14 

2000*  1.19 

Final weight 	Percentage loss 
in weight. 

g- 

1.617 9 

1.023 26.4 

0.7561 30 

0.7914 33.5 

* Harwell irradiations. 

Table 4.9. 

Irradiation of Deacidite FF (7-9% x-link) nitrate  in water : 

Nitrogen estimation of the sulphate form of the irradiated. 

resin after heating at 105°C. for about a week.  

Dose 
Mr. 

Total capacity, 

meq./g. 

Kjeldahl 

Nitrogen 
meq./g- 

Batch 
No, 

nil 
 

• 3. 85 3.84 1 

167 4.12 3.16 2 

420 3.72 	. 3.76 1 

570 3,05 2.54 1 



Table 4.10.  

Irradiation of Deacidite 	(7-9 x-link) nitrate in water : 

Dose rate effect.  

Dose 
Mr. 

Dose 
rate 
Mr.Aar 

Exchange -apacitymeq./g. Basic Products : meq./T. 

Strong base capacity 
NO - 	; Sum 	I 
2 	' 

weak 
base 
capacity 

1 	I 
(CH3)J(7540T 

-N. 1NH: 	•E ii; 
. 	r 	v 

Plua of , Vol 
N 	 m- 	base 
ducts NO,-  

q 	2 

nil 

214 

214 

240 

- 

0.6 

0.15 

0.054 

1 

4.39 

2.64 

2.17 

2.2 

nil 

0.75 

0.69 

0.27 

j4.39 

3.35 

2.86 

2.47 

0.28 

0.88 

0.81 

0.96 

0.5 

0.38 

0.280.3.60.cci7 

.1 

0.09 

.013 

0.007 

t 

1 0.01 ip.6 

0.0030.4 

.0;0220.4 

o 

0. 

0- 

115., 

57. 
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Table 4.11.  
Irradiation of Deacidite FT' (7- x-link) nitrate form in the  
presence and absence of oxygen and water : 'Variation of Exchange 

and Swelling Capacities with Dose.  

Dose Strang base Weak 	Final • Swelling • 
Conditions. canacity:_meo./g, case 

capacity 
meq./g. 

WT. 

g. 

WelgaU. 	g. 
of H2O   per g. 
of dry resin. 

Mr. t-=.=.-..4.4-- No
3 

	

NO-  ! 	Total 
3 	' 

(1)Irradiation of 
Resin in water 
with oxygen pass-
ing continuously. 

Nil 

110 
275 

nil 

0.09 
0.22' 

	

3.98 	3.98 

	

3.53 	3.62 

	

2.77 	3.0 

0.29 
0.75 

1.4 

- 
1.341 

1.182 

0.96 	, 
0.91 

1.04 

(2)Irradiation of 
Resin in water in 
the absence of 
oxygen: 
(a)Removal of oxyge'306 

by passing nittegn 
(b)Removal of ovgen 

under vacuum(?) 

Nil 
107 

397 

nil 

0.34 

0.79 

1.49 

3.98 

3.07 

2.02 

0.995 

3.98 

3.41 

2.81 

2.49 

0.29 

0.48 

. 
1.06 

1.42 

- 

1.152 

1.189 

0.7444 

0.96 

0.8 

.. 
0.743 

0.517 

(3)Irradiation of 	Nil 

Dry Resin with 	0.72 
oxygen passing 
continuously. 	!298 

nil 

0.002 

0.003 

3.98 

3.63 

3.56 

3.98 

3.63 

3.56 

0.29 

0.74 

1.03 

- 

1.732 

1.636 

0.96 

0.965 

1.02 

(4)Irradiation of 	;Nil 
Dry resin in the 	I 
absence of oxygen 1  

(a)Removal of 	!298 

nitrogen. 

!

279 (b)Removal of oxygm1 
under vacuum 

545 
	q 

nil 

0.043 

{0.027 

10.037 

.3.98 

3.2 

3.38 

3.35 

oxygen i  by passingl 

3.98 

3.24 

3.41 

3.39 

0.29 

0.94 

0.96 

0.99 

i 

- 

1.634 

0.992 

1.17 

0.96 

- 	i 
1 
i 

0.53 

0.67 
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TableLL2. 

Irradiation of Deacidite FF (7-9% x-link) nitrate form in the  
presence and absence of oxygen and water: Variation of Products 

in the leach with Dose.  

Conditions. 
Dose (Cli3)3N 
IIr. 

meq./g. 

(CH3)2Y.II1 0.14'4 

meq./g. 	meq./g. 

NH3  

meq./g. 

.SUM of 
N pro- 
ducts. 
meq./g. 

Vola-
tile 

, 	base 
meq./g. 

!Nitrite 
m.mole/e. 

(1)Irradiation 
ofIleainin water 
with oxygen 

passing con- 
tinuously. 

:.... 

i  
1101 	0.51 

275 	1.01 

0.095 

0.097 

0.018 

0.017 

0.011 

0.037 

0.63 

1.16 

0.58 

1.38 

0.033 

0.165 

(2)Irradiation 
of Resin in 
water in the 
absence of 

(a)Removal of 
oxygen by pass-
ing nitrogen. 

(b)Removal of 
under vac 	c) 

oxygen:  
107 

306 

397 

	

0.22 	0.098 

	

0.68 	0.15 

	

0.96 	0.20 

	

0.025 	0.013 

	

0.026 	0.041 

	

0.028i 	0.047 

0.36 

0.90 

1.23 

	

0.36 	0.05 

	

0.91 	. 	0.287 

j 	1.24 	• 	0.392 

(3 )Irradiation 
of 	resin 
with oxygen 
passing contin-
uously. 

172# 

298 

0.41 1 

0.67 

0.12 

0.15 

0.0081 

0.009 

0.014 

0.021 

0.546 

0.85 

0.576 ) 
! 

0.92 

,(N 
nil 
- o3  =  

p• 73m .flioe), 
nil_

,(N0 	= 
1.06m.4 

4 Irradiatipri 

the absence ofd 

MCIOval of 
oxygen by pass.  
ing nitrogen. • 
(b)Removal of 
oxygen under 
vacuum 	, 

 298 

279 

345 

0.65 

0.61 

0.63 
I 

of DrYy  resin iw  

0.12 

0.17 

0.14 

0.006 

0.012 

0.011 

0.01 

0.014 
I 

0.011 

0.79 

0.80 

0.80 

	

0.75 	0.015 

	

0.81 	0.0124 

	

0.83 	0.018 
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nitrate resin appea43 to be less than that for the hydroxide 

resin. 

The strong base capacity of the irradiated nitrate resin 

consists of nitrate and nitrite capacities. It is clear that the 

conversion of nitrate to nitrite is taking place during irradia-

tion. The phenomenon of the radiolytic decomposition of the 

al:tached anion is not encountered in the case of the hydroxide and 

chloride resins ands peculiar to the nitrate resin. Strong 

base nitrate capacity falls rapidly with dose (Fig.4.3), the fall 

being due partly to the loss of quaternary ammonium groups and 

partly to the conversion of nitrate to nitrite. The strong base 

nitrite capacity rises and then falls as is expected. The rise 

is due to the conversion of nitrate to nitrite while the fall 

is mainly due to the. loss of functional groups. The formation of 

appreciable quaraties of nitrite on the resin irradiated in water 

may prove disturbing in column operations, as copious gas evolution 

takes place when an acidic solution is passed through the resin. 

The loss in strong base capacity during irradiation is 

accompanied by a rise in weak base capacity and release of basic 

products in the leach as in the case of the hydroxide and chloride 

resins. The rate of increase in weak base capacity (fig.4.4.) is 

smaller than that observed in the case of the hydroxide fcrm. At 

doses above 1000 Mr. the fall in weak base capacity is due to there 

being few strong base groups left. 
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The variation of trimethylamine concentration in the leach 

with the absorbed radiatiDn dose is plotted in Fig.4.5. The 

results indicate that loss of methyl groups attached to the 

quaternary ammonium group predominates over the loss of the 

trimethylammonium group, since the rate of increase in weak base 

capacity with dose is greater than that of trimethylamine up to 

about 1000 Mr. The plot of dimethylamine with dose (Fig.4.6) is 

similar to those of trimethylamine and weak base capacity. 

Dimethylamino, trimethylamine and weak base groups appear to be 

primary products of the radiation — induced decomposition of the 

quaternary ammonium groups and so the situation is analogous to 

that observed in the case of the hydroxide rosin. The almost 

complete absence of methylamine in the leach of the irradiated 

nitrate resin, however, offers a striking contrast to the results 

obtained in the case of the hydroxide resin. The concentration 

of ammonia is also small up to about 800 Mr. but it then starts to 

rise rapidly up to a constant value above 1600 Mr., It is clear that 

ammonia is a secondary product, as in the irradiatin of the hydroxide 

resin. The further oxidation of ammonia to nitrite is difficult to 

check, as the leach contains the nitrate ions released from the 

resin and the nitrite ions which could be released partly from the 

resin and formed partly from the nitrate ions present in the leach. 

The volatile base estimations correspond reasonably with the 
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sum of the four basic products estimated individually. As already 

mentioned no Kjeldahl nitrogen estimates were done because of the 

presence of the nitrate and nitrite ions in the leach. The sum 

of the increase in weak base capacity and the volatile base 

in most cases equals the loss in strong base capacity. Since 

appreciable weight losses have boon noted at higher doses (Table 4.8): 

some decomposition of the resin to unidentified nitrogeneous products 

must be taking place. It may also be noted that the sum of 

nitrite and nitrate ions in the leach is very much less than the 

amount of volatile base formed. This is in contrast to the results 

obtained in the case o± the chloride resin, where the amount of 

chloride ions liberated was found to be equal to the amount of basic 

products formed. This would be explained if the nitrite and nitrate 

ione are decomposing into unidentified nitrogeneous products, while 

chloride ion is not capable of further decomposition. 

The change of swelling weight of the irradiated resin with 

dose absorbed is plotted in Fig.4.8. The continued decrease in 

swelling weight indicates an increase in crosslinking as irradiation 

proceeds. The rate of fall of swelling weight is smaller in the 

case of the nitrate rosin than for the hydroxide resin. The 

swelling volume changes correlate with the swelling weight. 

Bodnar et.al.(25) and Hall and Streat (29,30) have observed 

no dose-rate effect on the radiation-induced decomposition of a 



cation and an anion exchange resin respectively on varying 

the dose-rate by a factor of four. In the present investiga-

tion the dose-rate has been varied by a factor of about ten and 

the results obtained for the formation of nitrite on the resin 

and tri-, and dimethylamine in the leach are given in Table 4.10 

These results show that decreasing the dose-rate leads to a 

decrease in amount of radiation induced decomposition of the 

resin. 

The effects of oxygen and water on the radiolytic decomposi-

tion of the nitrate form of the rosin are given in Tables 4.11 

and 4.12 and Fig.4.1, 4,4h and 4.5. When the resin is irradiated 

as a slurry in water, the presence of excess oxygen increases 

the 	weak base capacity and the amounts of basic 

products formed. The amount of nitrite, particularly that 

attached to the resin, is however smaller when oxygen is being 

passed through as would be expected. The swelling capacity 

seems to increase in the presence of oxygen indicating docross-

linking. When the resin nitrate slurry in water is irradiated with 

the continuous passing of oxygen, the leach solution is bright 

yellow in colour. The removal of oxygen from the resin slurry does 

not appear to have any noticeable effect either in the variation of 

exchange capacity or in the formation of trimethylamine and 

nitrite. It is possible that some oxygen may be produced during 
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irradiation because of the conversion of nitrate to nitrite. 

It has already been noted that the unirradiated 

Deacidite FF nitrate is thermally stable. It was suspected that 

irradiation of the resiin nitrate might make it thermally 

unstable. The results in Table 4.9 do not substantiate this. The 

lower values of 570 Mr. are attributed to incomplete digestion 

of the resin. 

Dry Resin  

The dry resin has been irradiated in the presence of a continuous 

flow of oxygen and in absence of oxygen. It is found that the 

removal of water has little or no effect on the loss in strong 

base capacity, the gain in weak base capacity and the production 

of amines. However, the removal of water has a profound effect 

on the production of nitrite. When the dry resin is irradiated 

either in the presence or in the absence of oxygen, there is 

practically no nitrite either on the resin or in the leach. 

It was also noted that when oxygen was passed through continuously, 

all the basic products were retained by the dry resin and very 

little was convoyed to the trap solutions. Thus the dry nitrate 

resin has a high adsorptive capacity for the amines as was found 

for the dry hydroxide resin. In fact the nitrate ions released 

due to the destruction of the strong base groups are attached 

to the dry resin almost quantitatively even when oxygen is passed 
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through continuously. 

Conclusions  

Decomposition of the quaternary ammonium groups gives weak 

base groups, trimethylamine and dimethylamine by direct action, 

and water playing no signigicant part. Formation of ammonia is 

a secondary reaction. A similar conclusion was drawn from the 

results of the irradiation of the hydroxide rosin. 

The reaction mechanisms suggested for the radiation-induced 

decomposition of the hydroxide resin can be applied to the nitrate 

resin. The almost complete absence of methylamine is, however, 

difficult to explain. The formation of nitrite from nitrate in 

the case of the nitrate robin is 6-new feature. There is no 

published work available on the effect of radiation on amine 

solutions in the presence of nitrite but it is known that primary 

and secondary amines 	react in acid media with hitrito to 

give nitrogen and nitrosoamine respectively. 

The productions of nitrite from nitrate and nitrate from nitrite 

are well known in radiation chemistry. The effects of radiation on 

aqueous solutions of inorganic nitrogen compounds have been reviewed 

by Pikaev (85). Nitrite is the main product of the decomposition 

of nitrate. It has been suggested that the reduction can take 

place by direct or indirect actions NO -Ne-> NO2 4. 1-02  Direct, action 3 	2  

oxygen 



H2O 	.0H 

NO- 	116 -c). Flo 	0H 	Indirect action 
3 	

2 

2NO2 4' H2
O 	NO- 	NO

2 
1- 2H1  

In the present investigation it was observed that practically 

no nitrite was formed in the absence of water. Any direct effect 

may not be noticeable, however, because the energy absorbed by the 

nitrate ions is small in comparison with that absorbed by the resin, 

The G-value for the formation of nitrite observed during the irra-

diation of the resin slurry in water is approximately five. This 

compares favourably with the G-value of 4.5 obtained in 

neutral solution, of NaNO
3 
(2-6M) in presence df 	oxygen and 

is more than the G - value of 2.2 observed in 1M NaNO
3 
solutions 

saturated with nitrogen (85). Hydrogen, oxygen, hydrogen peroxide,- , 

nitrogen and oxides of nitrogen are the other products formed durinc7 

the radiolysis of nitrate solutions. 

It is concluded that nitrite is formed from nitrate in the 

resin slurry system by indirect action. 

4.3.3. Irradiation of Deacidite FF nitrate in acjd media 

The results obtained in the irradiation of Deacidite FF nitrate 

(7-9% and 2-3% crosslinked ) as slurry in acid solutions are given 

in Tables 4.13 to 4.23 and Fig 4.9 to 4.15. As the action of 

radiation on the polymer framework is very severe in this sysem 

and also has an influence on the measured yields of basic produnts, it 

is first considered. 

132 
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Table 4.13- 

Irradiation of. Deacidite FF (7.-9% x--link) in TM nitric acid:  

Variation of Exchange  and Swelling capacities with Dose.  

Mr. 
Dose capacity 

Weak base 

meq./g. 

Strong 
base 

capacity 
meci./g. 

Swelling Capacity 
Batch 
No. 

Wt.of H2O 
in g./g. 

of 
dry resin 

Vol. of 
wet resin 
ml.per 

g. of dry 
resin. 

nil
1 
 0.18 4.94 0.96 1.72 1 

nil
2 

0.39 3,7 1.22 1.97 2 

96 0.69 3.53 1.24 2.02 3 

99 0.76 3.55 - - 2 

204 1.18 3.2 1.5 2.24 2 

318 1.65 2.5 - - 2 

403 2.5 1.64 1.77 2.53 3 

414 2.4 2.37 2.27 3.0 2 

526 3.63 1.17 2.68 3.42 2 

615 2.44 1.16 1.48 2.27 1 

660 5.1 0.88 1.49 2.21 2 

711 2.71 0.8 - - 2 

830 6.8 nil - - 3 	i 

830 4.18 nil - - 3 

840 2.9 0.29 0.76 1,48 2  

5003  4.35 nil - - 3 

1 : 42 days in 7M li1103  

2 : 150 days in 7.n HNO3
with a trace of nitrite 

3 : Harwell irradidiation. 



0.14 

0.142 

0.336 

0.727 

1.013 

0.797 

1.75 

1 

6.38 

4.19 

35.68 

73.24 

23.7 

2.35 

54 

2.42 

0.16 

0.165 

0.28 

0.63 

0.96 

0.77 

1.69 

6.85 

3.9 

32.5 

73.2 

23.7 

2.36 

47.5 

2.08 

Final 
weight 
of resin 

g. 

0.997 

1.273 

1.715 

1.4 

0.6277 

1.02 

0.745 

0.2190 

0,3075 

0.0591 

0.0243 

0.0982 

nil 

0.0192 

nil 

0.01 

0.013 

0.022 

0.042 

0.047 

0.032 

0.088 

0.265 

0.188 

1.56 

3.54 

0.93 

0.096 

2.08 

0.074 

Sum of Vola - 
N pro- tile 
ducts base 
meq./g. meq./g• 

1.8 
in 50 
42 ml . 

1.76 in 
50 ml. 

0.058 0.26 

0.32 1.41 

0.104 0.118 

0.2 8.22 

1.0 [1.4.7 

0.71 1 1.3 

0.086 0.37 

0.57 9.4 

0.0241 0.56 

(CH3)21TH CH .NH2  NH3  
meq./g. 	meq./g. raeqi& 

nil 0.023 0.108 

0.102 

0.264 

0.565 

0.8 

0.705 

1.34 

5.38 

3.78 

25.7 

54 

20.8 

96 

99 

204 

318 

403 

414 

526 

660 

711 

830 

830 

840 

1000 

500 * 

750" 

I (CH
3
)
3
N 

meq./g. 
Dose 

0.004 

0.007 

0.02 

nil 

0.026 

0.025 

0.043 

0.1 

0.166 

0.034 

1:J4- 

Table 4.14.  

Irradiation of Deacidite FF (7-9i% x-link) in TM HNO3  

Variation of basic products in the leach with Dose.  

* Harwell Irradiations. 



Dose 
Mr. 

Initial 
weight 
of resin 
g. 

Table 4.15  

Irradiation of Deacidite FF (7-9% x-link) in 7M HNO3  

Trimethylamine yield as a function of the initial  

weight of resin 

(0H3)3N 
meolg.of 
initial 
wt. of 
resin 

.44;ffir 

96 	0.106 

403 	0.543 

660 	1.0 

830 	1.43 

830 	1.25 

500* 	0.786 

750* 	1.63 

	

_ 	 

1.02 

0.925 

1.175 

1.062 

1.05 

1.024 

1.082 

* Harwell irradiations 



TAB. TR 4.16  

Irradiation of Deacidite  FF (7-9% x-link)  in 7M HNO3: 

Estimation of the dissolved carbon 

Dose 
Mr. 

Initial 

Wt of 
resin 

Carbon 
g. (CITOj4 

-:' 	-) 	'Mt eq uava- 
lent 
carbon 

Final Carbon : 	g. 
Dissol-i-ea-carbon resin remaining_ Total 

final 
carbon 

Equivalent' 
carbon 

Mt of 
resin 

Equivalent 
carbon 

of 
dissol. 
matter 
in 5m1  

 carbon analysis Carbon 
5 ml _...in 

mean  a b 

403 0,925 0.63 0.6277 0.5 0.018 0.3824 3.27- 2.78 3.03 0.116 0.634 

660 1.175 0.8 0.219 0.186 0.042 2.332 2.36 2.01 2.19 0.511 0.739 

500* 1.24 0.69 0.0192 0.016 0.029 1.733 3.12 3.34 3.23 0.560 0.605 

750* 1.082 0.737 nil nil 0.064 1.944 3.29 3,29 0.640 0.704 

* Harwell irradiations. 
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TABTEA,.a7. 

Irradiation of Dea idite FF 7 0 x-link nitrate in resence 

of uranium and sul hamic acid: Variation of_ exchange and 

swelling capacities with  dose: 

Conditions of 
experiment 

Dose 
Mr, 

Weak 
base 
capa- 
city 
mecrig°  

Strong 
base 
capa- 
city 
meg-M.  

Swelling 
ca-nacity , Batch 

No, 
g.of 74 07  

,„ per g.oi g? 
ry resinl 

iii.r..-7-0  
wet 
resin 
per g. 
of dry 
resin 

Resin in 7M nitric 
acid with 
uranium on the 
resin 

118 

734 

1,14 

3,72 

3.5 

0,11 

- 

- 

- 

- 

2 

,_ 2 
Er,isin in 7M 
nitric acid and 
Sulphamic acid 

395 

617 

1.76 

2.56 

2.45 

0.23 

1.32 

0,68 

2,07 

- 

7 
_i 

7 ,, 

Resin nitrate in 
Sulphamic acid 

685 

1004 

1.6 

1.64 

nil 

nil 

- 

- 

- 

- 

	2 	I 



TABTR 4.18 

Irradiation  of Deacidite FF 	x-link) nitrate in 

Drasellce_of uranium and 2ulphamic acid: 

Variation of Basic products in  the leach with Dose 

Conditions 
of Experiment 

Dose 
Mr. 

f 
!(OH3)3  

meclig,  

(01.13)2NH 

meq/g 

CH3NH2  

megig• 

NH3  
weight  

meq/g= 

Sum of 
N 

meq:/.0 

Volatile 
base 
meclig• 

Final 

of re 
resin 
g. 

ReSin in 7M 
nitric acid 
with uranium 

118 0.13 .003 nil nil 0.16 - 1.55 	• 

On the resin 734 29.2 1.12 0.78 0.5331.6 28.3 0.0473 

Resin in 7M 
nitric acid 
and sulphamic 

395 0.9 0.05 0.02 0.33 1,29 1,23 1.223 

acid 617 30.7 1.53 0.21 8.154-0.6 41 0,0479 
--- 

Resin nitrate 
in sulphamic 
acid 

685 

1004 

2.46 

2.7 

0.15 

0.2 

0.02 

0.02 

0,63 

0.44 

3.26 

3.36 

3.48 

3.25 

1.22 

1.6 

,, , 	, 



TABLE 4.19 

Irradiation of Deacidite FF (2-3ra x-link) in 7M HNO3: 

Variation of Exchange and Swelling Capacities with Doce  

Dose 
Mr, 

Weak 

capacity 
meeg• 

_ 

base g. strong 
base 
capacity 
meq/g. 

.. 

aFeliing caPaciti 
of lEW'77u. 

g.of dry resin 

. 

of wet 
resin per 
g. of dry resin 

nil 0.43 3.36 1.52 2.3 

83 0.73 2.43 1.67 - 

256 c 	1.61 1.86 1.75 - 

364 2.01 1.38 2.0 2.75 

592 2.41 1.22 1.1 2.0 

997 2.41 nil 0.71 1.58 

1114 2.27 0.36 - - 

1114 2.19 0.43 - - 

1266 2.22 nil 0.683 1.74 
-._ 

V), 



Dose 	(CH) 14 (CH
3
)
2
NH CH3NH2 NH3 

	

Mr. 	mecf/g, magi& 	mecilg. mecr/g. 

	

364 *.0.54 3,032 	nil 0.126 0.7 

	

592 0.9 '0,044 	0.014 0.12 	1.08 	1.08 

	

997 	1.94 '0.208 	0.026 '0.924 	3d1 	3.24 

	

1114 2.31 0.345 	0.245 1.21 	4.11 	3.52 

	

1114 1.98 0.3 	0.202 0.89 	3.37 	2.92 

	

'1266 	2.27 3.346 	0.254 1.02 	3.11 	3.28 

* Sum of ammonia soluble and ammonia insoItibie' portions 

Sum of N Volatile 
products base 
meeg. 	mecilg. 

Final 
weight 
of resin 

g. 
0.6121 
0.6411 
0,4769 
0.6033* 
0.3578* 
0.4061* 

TABLE 4420  

Irradiation of Deacidite FF ~2- % x-link) in 7M nitric acid 
Variation of Basic roducts in the leach with Dose 

TAB17, 4.21 

Irradiation of Deacidite FF 2- q x-link in 7M nitric acid: 

Solubilit of resin in ammonia 

Dose 
Mr. 

Ammonia 
soluble 
portion 

g- , 

Ammonia 
insoluble 
portion 

g- 

Total final 
weight 

g. 

997 nil 0.4769 0,4769 
1114 0.0642 0.5391 0.6033 
1114 0.0594 0.2984 0.3578 
1266 0.3651 0.041 0;4061 

, 



TAIF 4.22 

Irradiation of Deacidite.FF (2-3% x--link) in 7M 
nitric acid:  

Trimethylamine yield as a function of  the initial 

Dose 
Mr• 

(CH ) N 3 3 
me 	of 
initial 
wt. of 
resin 

Initial 
weight 
of 
resin 

g. 

r 
364 0.4  0.825 

592 0,565 1.021 

997 0.91 1.02 

1114 0.93 1.5 

1114 0.70 1.01 

1266 0.845 1.09 

MA • 



TAB'LIA122 

Irradiation of Deacidite FF in Acid media 

Measurement of Wei ht loss 

Conditions Dose 
Dir, 

Initial 
weight 

g. 
Final 
weight 

g. 
Percentage 
loss in 

weight 

Irradiation of 96 1,02 04,997 2.3 
Deacidite FF 
(7-•9i x-link) 
in 7M nitric 
acid 

403 

660 

0.925 

1„175 

0.6277 

0.219 

32 

81 

830 1,05 0.0243 98 

830 1.062 0.0591 	. 94 

500* 1.024 0.0192 98 

750* 1.082 nil 100 

Irradiation of 395 1.8 1.223 32 
Deacidite FF 
(7-9% x-link) 
in 7M nitric 
acid and 
sulphamic 
acid 

617 1.02 0,048 95 

Irradiation of 364 0.68 0.6121 2 
Deacidite FF 
(2-3% x-link) 
in 7M nitric 
acid 

592 

997 

1.021 

1,02 

0.6411 

0.4769 

37 

53 

1114 1.5 0.6033 60 

1114 1,01 0.3578 65 

1266 1.09 0,4061 63 
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IRRADIATION OF DEACIDITE FF ( 7-9 °A, X - LINK) 
IN 7 M NITRIC ACID 

VARIATION OF EXCHANGE CARACITIES WITH DOSE 
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IRRADIATION OF DEA C1DITE FF (2-3 / X-LINK) IN 7M HNO3  

VARIATION OF EXCHANGE CAPACITIES WITH DOSE 
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DOSE Mr. 
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I IRRADIATION OF DEACIDITE FF (7-9% X-LINK ) 

YIELD OF TRImETHYLAmINE 

Fig•4.11 

•-• 
IN 7M HNO3  

• Based on the initial weight of resin 
X Based on the final 	weight of resin 
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IRRADIATION OF DEACIDITE FF(2-3°6 X -  LINK) IN 7M HNO3  

YIELD OF TRIMETHYLAMINE 
Fig•4.12 

• Based on the initial weight of resin 
x Based on the final 	weight of resin 
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IRRADIATION OF DEACIENTE FF 

VARIATION OF SWELLING WEIGHT WITH DOSE 
Fig- 4.13 

—, '. Resin (7-9 6/. X-link) in 7M HNO3  
Resin(7-9 iv. X- link) in 7M H NO3 & NH2S03H 
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IRRADIATION OF DEACIDITE FF 

LOSS IN WEIGHT OF RESIN 

Fig. 4.14 

) x 	Resin (7- 9 '/. X — Link) 	in 7M HNO3 

	

0 Resin (7- 9 °/. X- link) 	in 7M H NO3 & NH2S03H 
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IRRADIATION OF DE_ACIDITE FF ( 7-9 °/. X-  LINK ) IN 7M NITRIC ACID 

ABSORPTION SPECTRA OF THE LEACH SOLUTIONS IN ALKALINE MEDIUM 

Fig•4.15 
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Polystyrene framework  

While irradiation of the resin nitrate in 

water leads to an increase in crosslinking of the resin 

piystyrene network and some loss in weight)there is extensive 

damage when the resin is irradiated in 7M HNO3. Degradation 

of the polymer and dissolution of organic matter take place 

until at 1000 Mr. the resin is completely dissolved to 

give a highly viscous bright orange coloured solution. When 

this. solution is neutralised, a yellow precipitate appears 

but this dissolves in excess alkali. The solution is darker in 

colour in basic medium. The acidic solution has no absorption 

maximum in the visible region, while the alkaline solution has a 

maximum at about 400 mix.. (fig.4.15). The absorption spectrum 

et 1000 Mr. is very similar to that obtained at a relatively low 

dose i‘e. at 318 Mr. That dissolution of the resin is taking 

plme at all doses can be observed from the gradual increase in 

the intensity of colour and the increasing viscosity of the 

solution in contact with the resin. The extent of dissolution at 

. different doses was obtained by measuring the loss in weight of 

the resin (Table 4.23 and Pig.4.14). It may be seen that above 300MT. 

there is a rapid increase in the rate of dissolution. 

The extent of dissolution seems to be greater in the case of 

the resin irradiated in the Harwell Spent Fuel Element Pond: 98% 

of the resin dissolved at 500 Mr. Such inconsistencies 

between the results of the cobalt and Harwell irradiations have not 

150. 
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been explained— There is no evidence of dosimetry errors large 

enough to account for the differing results. It has been shown 

that the loss in weight of the resin agrees with the estimations 

of dissolved carbon (Table 4.16). It is concluded that the amount 

of carbon lost as gaseous products or in any other way is not 

appreciable. 

Since the resin was in contact with 7M nitric acid for several 

days to reach a dose of a few hundred megarads, it was necessary 

to investigate the effect of 7M nitric acid on the resin. It was 

found that standing the resin in 7M nitric acid for 42 days did 

not produce any noticeable damage; the weak and strong base 

capacities remained practically unaltered and no amines wore 

detected in the leach. However, small amounts of nitrite (about 

0.075mmole/g.) were detected in the nitric acid solution in 

contact with the rosin. Ryan and Wheelwright (28) Etate that 

similar resins allowed to stand in static nitric acid at 6000.aTo 

severely damaged in 2 weeks, apparently because of autocatalytic 

build—up of nitrite. In systems of flowing fresh nitric acid or 

systems containing nitrite suppressors, very little damage was 

observed. In the present investigation autocatalytic build—up 

of nitrite at room temperature was observed, but no damage to 

the resin was observed. The effect of standing the resin 

for 150 days in 7M nitric acid, to which nitrite had been added, 



was investigated. Most of the nitrite decomposes immediately. An 

increase in the swelling weight was noted, but there was no 

apparent dissolution of the resin (Table 4.13). 

It was considered that the continuous radiolytic.production 

of nitrous acid might play a part in bringing about the dissolution 

of the resin on irradiation in 7M nitric acid. Some irradiations 

of resin in 7M nitric acid wore therefore carried out in the 

presence of a nitrite suppressor (sulphamic acid) which would 

react with the nitrous acid as it was formed, NaNO
2 
4-NH

2SO3H = 

NaHSO4+ H2O +N2. Presence of sulphamic acid was found not to affect 

the rate of dissolution of the resin. (Table 4.23 and Fig.4.14). 

From the fatgoing it is concluded that on the basis of resin 

weight losses, the Deacidite FP resin is unsuitable for applications 

in nitric acid at doses above 300 Mr. The resin, however,equires 

other undesirable features. When the resin was washed with 4% 

nitric acid or with methyl alcohol during the course of the weak 

base determination, no colour was noted in the washings. When 

dilute ammonia was passed, oven after low doses, an intense orange 

colour, very similar to that of the solution containing tho dissolved 

rosin, appeared. Thus an ammonia soluble component is formed in the 

irradiated resin, though it has been shown that this is not present 

in appreciable quantities because of the agnnment between the loss 

in weight of the resin and the amount of dissolved carbon found. 
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The irradiated resin which contained considerable amount of weak 

base also showed some remarkable swelling behaviour. When the 

nitric acid solution in contact with the irradiated resin was 

removed, the weak base groups of the resin were present as salt. 

When dilute ammonia was passed through to hydrolyse the weak base 

groups, the volume of the resin bed increased as much as four 

times at 600MY. and it was difficult to flow the solution through 

the expanded bed. It is difficult to understand why this should 

be so, as the only effect of ammonia would be to remove nitrate 

from the weak base amine groups to leave the free base. In this 

connectior. Salmon and Hale(86) state that with weakly acidic and 

weakly basic resins, the swelling in water is least when the 

resins are in the free acid or free base forms respectively, and 

there is usually a large increase in volume when resins of either 

type are converted to the salt form. The present results are direct 

contradiction to this. This effect was not observed when the 

resin nitrate was irradiated in water. 

The variations of swelling weight (Fig.4.13) and swelling 

volumes of the rosin irradiated in 7M nitric acid with dose are 

given in Table 4.13. It can be seen that the water content of 

the irradiated resin rises rapidly as the dose increases and this 

is to be expected, since decrosslinking of the resin should precede 

its dissolution. However, above 550 Mr. the water content of the 

resin falls indicating an increase in crosslinking. The dncrease 
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in crosslinking at such high doses is not of practical importance 

since most of the resin has dissolved by then.. If, however, 

Deacidite FF resin of lower crosslinking were irradiated in 

7M nitric acid, the plot of swelling weight against dose obtained 

for the 7-9 % crosslinked resin (fig 4613) would move to the left. 

The lower crosslinked resin might then reach the point where 

crosslinking begins to increase at a lower dose and when the 

amount of resin dissolved is small. Further, as the resin becomes 

more crosslinked, this would lead to less likelihood of resin 

dissolution. 

An ingestigation of the effect of radiation on 2-3% crosslinked 

resin in 7M nitric acid was therefore carried out. The swelling 

measurements (Table 4.19 and Fig.4.13) indicate the expected shift 

and the estimations of the percentage loss in weight (Table 4.23 

and Fig.4.14) show that the 2-3% crosslinked resin is loss likely 

to dissolve in nitric acid than the 7-9% crosslinked resin as 

irradiation proceeds. However, a now phenomenon was noticed in 

the irradiation of the 2-3% crosslinked resin. At 1000 Mr. a 

negligibly small amount of rosin dissolved in dilute ammonia during 

the weak base capacity determination. At 1100 Mr. the amount 

of rosin dissolved in ammonia was about 10-20% of the final amount 

of rosin left undissolved in 7M nitric acid during irradiation. 

At about 1300 Mr., however, about 90% of the irradiated rosin 

dissolved reaaly in dilute ammonia (Table 4.21). The rosin so 



dissolved in ammonia was deposited from the solution almost 

quantitatively on boiling off the ammonia. This was dried and 

weighed. It is concluded that smaller amounts of acid-;soluble 

and larger amounts of ammonia soluble fractions are produced on 

irradiating the 2-3% crosslinked resin in 7M nitric acid. The 

phenomena of Colour and bed-=swelling in the case of the irradiation 

of the 2-3% crosslinked resin were similar in nature but smaller 

in extent than 	those observed in the case of the irradiation of 

the 7-9% crosslinked resin. 

Functional groups  

When Deacidito FF resin is irradiated in 7M nitric acid, 

strong base capacity decreases, weak base capacity increases and 

trimethylamine is released in the leach. The amount of other 

basic products, namely, dimethylamine, methylamine and ammonia 

is less than 10% of the trimethylamine except at high doses when 

the amount of ammonia formed rises to more than 30% of trimethyla- 

mine. The extent of the formation of weak base groups and trimethyla- 

mine as well as the extent of loss in strong base capacity seem 

to be approximates the same for the 7-9% crosslinked and the 2-'4 

crosslinked resin.. The low yield of basic products other than 

trimethylamine distinguishes the irradiation of the nitrate resin 

in 7M nitric acid and the chloride resin in water and in 7M 

hydrochloric acid from that of resin nitrate and resin hydroxide 

aqueous slurries. It appears that, both in the case of nitrate 
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resin and in the case of chloride resin, the pH has an effect 

on the nature of decomposition giving rise to products other than 

trimethylamine. 

The variation of trimethylamine concentration in the leach with 

absorbed dose for the 7-9% crosslinked resin irradiated in 7M 

nitric acid is plotted in Fig.4.11. The yield is expressed in 

terms of final weight of resin (fig.4.11 and Table 4.14). It rises 

rapidly above 500 Mr., since apprciable quantities of resin dissolve 

in the acid. When the Yield of trimethylamine is expressed in terms 

of the initial weight (fig.4.11 and table 4.15), an interesting 

point emerges. The G—value for the production of trimethylamine 

at higher doses is at least as big as that at lower doses. This is 

possible only if the dissolved resin in the nitric acid solution 

contains trimethyl quaternary ammonium groups which are at least as 

susceptible to radiation as those on the undissolved portion of 

the resin. If this were not the case and if the undissolved portion 

of the resin alone were to contribute to the yield of trimethyla—

mine, the G—value would fall and there would be no further increase 

in the concentration of the amine in the leach at the higher doses. 

With 2-3% crosslinked resin at high doses, the extent of dissolution 

is much less and so the trimethylamine is formed primarily from the 

undissolved resin. 

Irradiation of Deacidite FF nitrate in a solution of sulphamic 

acid gives e, definite increase in the trimethylamine yield. When 

71,1 HNO
3 

is also present, there appears to be only a slight increase 



in the amine yield but the results are not conclusive. 

The chemical effects of radiation on the nitrate resin in sul-

phamic acid appear to stop at 685 Mr. or earlier, since there is 

practically no change in the weak base capacity or in the amount 

of basic products in the leach when the irradiation is extended 

from 685 Mr. upto 1004 Mr. The absence of strong base nitrate 

capacity may not necessarily mean the absence of strong 

base groups as these could be present as sulphate produced thrOugh 

irradiation of sulphamic acid (87). As strong base capacity 

measurements involve conversion to sulphate these groups would not 

then be observed. 

No significant differences in the effects of irradiation 

emanating from radioactive isotopes loaded on resins have been 

reported in the literature. These might arise due to presence of 

a heavy metal ion on the functional group or due to the different 

action of beta or alpha radiation from the isotope absorbed in the 

resin compared with the effect of an eNternal gamma source. The 

latter is discussed later (chapter 6). The former was examined 

by irradiating Deacidite FF resin nitrate loaded with uranium in 

7M HNO3. No noticeable differences appear, however, either in 

the extent of dissolution or in the formation of products (Tables 

4.17 and 4.18). The amount of uranium loaded was small (12mg. of 

uranium per g. of resin). 



Conclusion  

The published literature on the effects of radiation on ion 

exchange resins and polystyrene does not anticipate the extensive 

damage to the polymer framework observed in the present 

investigation. This underlines the necessity for a detailed 

investigation of the effects of radiation on ion exchange resins 

under process conditions; for example on pressure drop, exchange 

characteristics, dissolution of the resin in process reagents, 

and on the operation of flow systems. One important difference 

between the flowing and the static systems is that in the former 

the products of irradiation are removed from the irradiation zone 

as they are formed. It would be useful to study the Effects of the 

removal of products on the radiation - induced decomposition of 

ion exchange resins. It is also necessary to study further the 

mechanism of the degradation of the resin on irradiation in 7M 

nitric acid. The first stop in such a study would be to identify 

the exact form in which the dissolved matter exists. Such 

studies may eventually lead to synthesis of anion exchange resins 

which are more stable to radiation. 
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Chapter 5  

Gamma Irradiation of Deacidite J  

Introduction  

In the previous two chapters the results of irradiation 

of strong base  resin Deacidite FF were discussed. It was shown 

that weak base groups were formed on irradiation of the strong 

base 
base resin and that the weakjgroups themselves decomposed on 

further irradiation. It was considered therefore that a study 

of the radiation—induced decomposition of Deacidite J, a polystyrene 

based weak base resin would be of interest. The irradiation of two 

polystyrene based weak base resins, Dowex 3 and Amberlite 1R-45 

has been reported in the literature (1,3,9)- Dowex 3 lost 16% 

of its capacity at 35 Mr. (9), while Amberlite IR 45 lost 11% of 

its capacity at 203 Mr.(3). Amberlite IR 45 was also found to 

increase in crosslinking. No detailed investigation of any weak 

base resin has been reported in literature 

The structure of Deacidite J was not known at the 

time the work on the resin was started. It was considered to be 

a polystyrene resin containing primary, secondary and tertiary 

amine groups. It was later found (88) that the process of prepara—

tion of Deacidite J was briefly as follows. Polystyrene beads 

crosslinked with a patented material equivalent to 0.1% D.V.B., 

were chloromethylated and then aminated with 	tetraethylene 



- 
g
C -Ch- 

pent amine. 

r 

c",ct. 

 

 

 

 

   

I4 	-(C.114 - 	CLN.- 

	

4 	.5 

CHL  

t-o issk—( 	H 	c-si-t -104  2 2, is   
The resulting resin had 60% tertiary, 30;10 secondary and 1070 

primary amine groups crosslinked across chains. This increased 

the crosslinking of the resin to 8-9% D.V.B. equivalent. The 

structure of the resin is thus complex and this makes the interpre-

tation of the irradiation results difficult. Deacidite J has 

been irradiated as free base and in 7M nitric acid. 

5.2. Experimental  

The resin was supplied by the Permutit Co. as hydrochloride 

with much excess chloride. The commercial resin was washed well 

with water and then with warm methanol to remove any organic impuri-

ties associated with the resin. It was then treated with dilute 

ammonia until no chloride was detected in the effluent. A large 



volume of dilute ammonia vac nooaod to remove the last traces of 

chloride. The resin was subsequently washcpd well with wat3r. 

The resin prepared by this procedure contained the weak base 

groups as free base and was irradiated as water slurry. 

For irradiations in 7M nitric acid the free base resin was 

first prepared. This was treated with 5 column volumes of 7M 

nitric acid and irradiated as a slurry in 7M nitric acid. All 

the irradiations wore carried out in test-tubes clobed 7Tith 

ungreased stoppers. Some irradiations were done in the Harwell Spent 

Fuel Element p ond. 

For measurements of the exchange capacity of the unirradidted 

resin the free base resin was converted to the hydrochloride by 

passing a 4% solution of hydrochloric acid, then the resin was 

washed with methanol to remove the excess acid, and finally the 

weak base hydrochloride was hydrolysed with dilute ammonia. It 

was found necessary to pass an inconveniently large volume of 

dilute ammonia solution to complete the hydrolysis. This was 

probably due to the presence of a small percentage of strong base 

groups. Finally a little concentrated ammonia to destroy strong 

base groups or a 4% solution of sodium sulphate to convert strong 

base groups to sulphate was passed through the resin, which was 

then taken to contain only weak base groups. The chloride in the 

ammonia leach was determined by Volhard's method. 
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The measurements of the exchange capacity of the resin 

irradiated in water were carried out by the onmo procedure, after 

removing the supernatant solution and washing the resin. The 

resin irradiated in 7M nitric acid contained the weak base groups 

as nitrate. After removing the supernatant solution, the resin 

was washed with 4% solution of nitric acid followed by methanol. 

Subseeuently dilute ammonia was passed through and the amount of 

nitrate in the effluent was determined by the redox procedure 

previously described, (Section 4.2.1, and Appendix 12). 

The swelling capacity of the resin and the quantities of 

basic products in the leach were measured. 

5.3. Results and Discussion  

The results obtained .1n the irradiation of Deecidite J are 

given in Table 5.1 and Yig.5.1. 

When Deaciditc J is irradiated in 7M nitric acid, the 

loss of weak base capacity with dose is nearly exponential. 

Nearly 7 of the capacity is lost at about 200 Mr. while at about 

500 Mr. there is little capacity loft. No formation of strong 

base rapacity is observed. This is to be expected, since the weak 

base groups cannot be converted to strong base groups. Surprisingly, 

however, no amines or ammonia have been detected in the leach. There 

are three explanations for thiss Firstly, the nitrogen of the weak 

base groups are still attached to the resin not as amino groups 

but in some other form which does not have exchange properties. 



Table 5.1  

Irradiation of Deacidite J: Variation of ExchanG2 
and  swellinzgazslIles  of the resin and the basic  

products in the leach  

Conditions 
of 

Experiment 

Dose 
Mr, 

WeakH3 Base 
allitY 
me 	g - ci/ 

in 
the 

mfg, 

Vol 
atilB 
Base
meg,* 

Swelling 
qapacIt 

Final 
wdight 
g• -6 of 

H 0 , 
Or g, 

ci 
wet 
re-I 

of .fir-.  
dry 	tof 

ream / dry 
-.- I  a'ilt- 

Unirradiated Nil 6.62 - 0.57 1.33 
Nil 6.53 - _ 

Nil 6.55 - - - - - 

Irradiation 
of resin in 7M 
nitric acid 

99 

400 

3.51 

0.54 

Nil 

Nil 

Nil 

Nil 

0.371 

0.247 

1.17 

0.99 

1.41 

1.a4 

560 0.345 Nil Nil 0.3 C8 1 . 04 1,,ga 

1000* 0.28 Nil Nil 0.617 1.37 0.5516 

Irradiation of 
free base resin 

621a  3.7 0.83 0.895 0.358 1.18 1.912 

in water 1000b13.9 1.5 1.47 0.347 1.24 0.7162 
1 ...... 

* Harwell irradiations 

(a) Nitrogen 
Nitrogen 

(b) Nitrogen 
Nitrogen 

in the volatile distillate = 0.895 meg& 
in the leach 	= 1.1 meg/g• 

in the volatile distillate = 1.54 meg& 
in the leach 	= 1.71 meg& 
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IRRADIATION OF DEACIDITE J 

VARIATION OF WEAK BASE CAPACITY WITH DOSE 
Fig. 51 
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This is unlikely. Secondly, nonvolatile basic products are 

present in the leach. These would be difficult to observe. 

Thirdly, primary amino groups present on the rosin as well 

as in the leach react with nitrous acid to give nitrogen which 

escapes undetected, but ho gas analyses were attempted. 

When Doacidito J is irradiated as free base in water, 

the rate of fall of exchange capacity with dose is much lower. 

Only about 40% of its capacity is lost at 1000 Mr. The only 

basic product detected in the leach is ammonia. The methods 

used for the analysis were those developed for the estimation of 

methylamincs. Ethylamines might be expected from the irradiation 

of Deacidite J, considering the structure of the resin. From the 

nature of reactions involved in the analytical procedures, it may 

be argued that the procedures may be applicable to the estimation 

of tai- and dicthylamines also. The method of estimation of methyla-

mine has been a',Dplied with equal success to othylamine (48). 

Further, the Kjeldahl nitrogen values for the volatile distillate 

and for the leach solution agree with the volatile base (by 

titration) and ammonia estimations. Hence the possibility of th 

existence of any nitrogeneous- product other than ammonia in the 

leach in significant quantities can be ruled out. The values 

obtained for ammonia arc less than the loss in weak base capacity. 

The formation of gaseous nitrogeneous products may be a possibility. 

The formation of ammonia can be explained by the following sequence 



of reactions: 

R 	— NHCH 	R — NH2 	ROH-4-NH
3 2 

It is not possible to correlate the results obtained with 

Deacidite J with those obtained with Deac33i•91PF. The weak base 

groups of Deacidite J are similar to those of irradiated Deacidite FF 

only to the extent that the same R — CH2 
 — N,CHr linkage is present 

in both the rosins and so two types of chemical effects of radiation 

are possible in both the systems: (1) conversion of tertiary to 

secondary and then to primary amine groups on the resin and finally 

to ammonia. (2) decomposition of tertiary and secondary amine groups 

on the rosin to give secondary and primary amines and ammonia in the 

leach. In the case of Deacidite. J the fact that the amine groups 

crosslink across chains is a new factor in deciding the relative 

extents of these two types of reactions as well as in initiating 

now reactions. 

The swelling measurements of the unirradiated Deacidite J show 

that it is more crosslinked than 8% D.V.B. equivalent. When it is 

irradiated, in free base form in water, it becomes further crosslinked. 

When it is irradiated in 7M nitric acid, it appears to get further 

crostirlinked up to 500 Mr., but at higher doses the crosslinking 

decreases. It is of interest that no significant dissolution of the 

resin or serious damage to the polymer structure has occurred when 

Deacidite J is irradiated in 7M nitric acid. It appears that the 
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presence of strong base groups in Deacidite FF makes it highly 

susceptible to degradation when irradiated in 7M nitric acid. 
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Chapter  6 

Gamma and AlpILLEFadiations  of Zeacarb - 225  

6.1. Introduction 

In the previous chapters the gamma irradiation of anion 

exchange resins has been discussed. It was considered that a study 

of the effects of alpha radiation on those resins might lend to a 

better understanding of the mechanisms for radiation-induced damage 

and also would be of value in interpreting the gamma results for 

plant problems where much damage would be due to alphiand beta 

emitting isotopes absorbed on the resin. 

Irradiation through plutonium or americium absorbed on to the resin 

-w-,s considered. The -bsorption of plutonium by anion exch,mge resins cc 

nitrate complex is well known(28), but the radiation dose received 

by the resin is only of the order of 60 megarads per month. The 

use of americium is attractive, since the half-life is about fifty 

times less than that of plutonium - 239. However, the only known 

anionic complex of americium suitable for loading the element on an 

anion exchange rosin in appreciable quantities is the thiocyan.Ae 

complex (89,90). The thiocyannte ion, however is readily 

decomposed by radiation(90 :-Jad this has also .been 
obeJrved in the prese.at work. It f.s preferable 

to use an anionic complex of americium which is stable to radiation, 

otherwise the americium will be lost from the resin due to decomposi-

tion of its complex as well as from loss of resin functional groups. 



In view of those difficulties it was decided to study 

the decomposition of the cation exchange; Zeocarb 2259  containing 

sulphonic acid groups attached to the polystyrene - divinybenzene 

copolymer irradiated by both alpha and gamma radiations. Irradia- 

tion of Zeocarb - 225 with alpha particles from absorbed americium 

241 has been carried out up to 8000 Mr., while the C0-60 gamma 

irradiations have been performed up to 1400 Mr. 

6.2. Experimental  

The rosin used was 8% crosslinked with divinylbenzene and 

of 100 - 200 mesh size. 

Fig.6.10 Structure of Zeocarb - 225  

Ct4 	" 
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U1 

aamma irradiation of Zeocarb - 225  

The sodium and hydrogen forms of the rosin were irradiated 

as slurry in water in test-tubes closed with ungreased stoppers. 

The resin was prepared for irradiation by loading the 

commercially available sodium form of the resin onto a column, 

washing with hot methanol to remove organic impurities, followed 

by water. Subsequently about twenty column volumes of 4% sodium 

chloride solution were passed through the column and the resin was 

then washed with water until free from chloride. The sodium form 
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of the resin, so prepared, was stored in water prior to irradiation. 

The hydrogen form of the resin was prepared immediately before 

irradiation by passing 4% hydrochloric acid through the sodium 

form of the resin and washing thoroughly with water. Two 

irradiations were done in the Harwell Spent Fuel Element Pond and 

the rest with the Laboratory C0-60 source. 

The resin slurry was filtwed after irradiation and the 

filtrate and the washings were made up to a known volume. The 

leach solution was analysed for acidity and sulphate concentration. 

Acidity uas determined by titration against standard sodium 

hydroxide using methyl orange as indicator. In one case the titra-

tion was repeated by the use of pH meter to differenciate the 

strong acid and any weak acid that may be present in the leach 

solution. The procedure used for the estimation of sulphate 

in the leach was an adaptation of the method described by Kolthoff 

(91). Sulphate was precipitated with a known excess of barium chlo-

ride and the excess barium was iA,turn precipitated with a known 

excess of chromate. The excess chromate was determined by 

reading the optical density at 37074. .The method was sensitive 

to millimolar solutions of sulphate. The details of the procedure 

and the calibration graph are given in Appendix 13. 

After removal of the leach solution the irradiated resin 

was convetted to the hydrogen form by passing 4% hydrochloric acid. 
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The strong acid capacity of the hydrogen form of the resin was 

determined by passing a 4% solution of sodium sulphate and measuring 

the acidity of the eluate by titrating against standard alkali 

using methyl orange as indicator. The resin was then washed well 

with distilled water and allowed to equilibrate with excess of 

0,1N sodium bicarbonate solution for two days. The excess sodium 

bicarbonate was determined by titrating against standard hydrochloric 

acid using methyl orange as indicator. The amount of bicarbonate 

reacted gave the value of the carboxyl groups present. The resin 

was again washed thoroughly with distilled water and allcwed to 

equilibrate with excess of 0.1 N sodium hydroxide solution for 

two days. The amount of sodium hydroxide reacted gave the value 

for the rhenolic groups. The resin was then washed with water and 

dried at 105 C overnight in an oven. The strong and weak acid 

capacities of the resin were expressed as mla.lequivalents per 

gram of the dry resin. 

The weight swelling and the volume swelllng capacities of the 

irradiated resin were determined by the procedure described 

in Appendix 9. In two cases the percentage loss in weight of the 

resin during irradiation was determined by taking a known weight 

of dried sodium form of the resin for irradiation. 

6.2.2. Alpha irradiation of Zeocarb — 225  

The irradiation was carried out by the alpha particles emitted 

from americium — 241 loaded on to Zeocarb — n5. 
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Am.241 has a half life of 458 years and a specific activity of 

1.20 x 10
8 

d/sec/mg . It emits 5.46 Mev alpha particles and the 

gamma rays are mainly 60 karphotons. Am - 241 is a material of 

very high toxicity. The hazard is mainly one of ingestion as the 

element is fixed on the bones. Taking this into account and the 

half-life the maximum permissible body burden of Am-241 has been 

fixed at about 10
8
g. Americium was therefore handled in a glove 

box, the internal pressure of which was maintained below atmosphere 

so that there was no tendency for vapour or dust to Iak out. 

All manipulations were carried out using rubber gloves. The 

glove box used is illustrated in plate 6.1. 

The range in air of the alpha particles is only a few 

centimetres and they are stopped by a sheet of paper. The external 

hazard of americium - 241, therefore, does not arise from the 

alpha particles, but is due to the 60 kev gamma radiation. Since 

the energy of the gamma rays vias low, a thin sheet of kad (4mm) 

provided adequate shielding for 200 milligrams of americium. Film 

badges and pocket ionisation chambers were worn on the body 

and on the wrist to measure the integrated dose received during the 

handling of americium. 

Preparation of resin for.i.,:radll.ation 

200 milligrams of the black americium oxide obtained from the 

Oak Ridge National Laboratory, U.S.A., were dissolved in 25 ml. 



Glove Box for Handling Alpha Emitters 

Plate 6,1. 
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of 10M nitric acid with slight warming under an infra-red lamp 

in the glove box. The amount of americium in solution was deter-

mined by putting a suitable aliquot of the solution onto a flat 

stainless steel disc(planchet), evaporating the solution to dryness 

under the infra-red lamp and measuring the alpha activity using 

a scintillation counter (Appendix 14). 

A weighed amount of dried Zeocarb 225 (sodium form) was 

converted to the hydrogen form by treatment with acid. 10 ml. of 

americium solution containing 85 mg. of americium in 10M nitric 

acid were left in contact with the resin for about four hours with 

occasional stirring. The supernatant solution was then removed 

and the resin was washed with 0.2M hydrochloric acid. The super-

natant solution and the washings were assayed for americium and it 

was found that 0.4 mai. per g= dry resin of americium were absorbed 

by the resin. It was considered that the high acidity of the 

americium solution might be responsible for the complexiLg of 

americium and consequent low absorption by the resin. The acidity 

of the americium solution was therefore decreased to about 1 M by 

precipitation of americium hydroxide and dissolution in 1M nitric 

acid. This americium solution was employed for loading americium 

on another sample of resin in the manner descreibed above. It 

was found that the amount of americium loaded was about 3 meg. per 

g. of dry resin, i.e. 70% of th3 theoretical capacity . The 
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solution in contact with the resin was kept free of nitrate to 

avoid the presence of nitrite that would be produced from nitrate 

during irradiation. It was maintained slightly acidic to avoid the 

hydrolysis of americium that would be liberated from the rosin during 

irradiation. The surface of the resin ,...as just covered by the solu— 

tion and 0.2M hydrochloric acid was added periodically to make 

up for the loss of water which was mainly due to radiation—induced 

decomposition and partly due to evaporation. The same procedure 

was adopted for preparing other samples of americium loaded resin 

to be irradiated to different doses. 

In one case americium was loaded on the resin placed in a 

column of cross—sectional area of 0.07cm. by passing a solution 

of americium through the resin. The column was stirred to ensure 

uniform distribution of americium. This procedure improved the 

loading capacity by about 20%, but the resin column was continually 

breaking up because of gas evolution. 

Calculation of dose 

The dose received by the resin was calculated on the 

assumption that all the energy of the alpha particles emitted was 

a.)sorbed by the slurry of the rosin in 0.2M hydrochloric acid. 

This assumption is based on the calculation that the size of the 

smallest resin particle is 6.3 x 10-3cm.(200 mesh size) while the 

range of alpha particles from americium — 241 is 3.07 x 10-3cm. 



(see appendix 15). Since the range of alpha particles is comparable 

to the size of the resin particle, it becomes necessary to take 

into account the amount of 0.2M hydrochloric acid present in the 

voidage of the swollen resin particles. That is,the apparent 

volume of the wet resin in the centrifuge tube should be known 

as accurately as possible. It was found that 0.1005g. of dry resin 

occupied a volume of 0.2178 ml. as a slurry in water when placed 

2 in a tiny column of 0.07cm. cross sectional area. This relationship 

was used to calculate the apparent volume of other samples of resin. 

The density of the resin slurry was taken as unity. The details 

of the calculation are given in appendix 16. 

Treatment of resin after irradiation 

The irradiation of the resin was terminated by removing americium 

from the resin. Prior to the removal of americium from the resin 

the supernatant solution was removed and the resin was washed with 

0.2M hydrochloric acid and subsequently, with water. The superna— 

tant solution and the washings were together assayed for americium 

liberated during irradiation. The solution was then passed through 

a Zeocarb — 225 column to remove americium. The effluent was 

collected, and analysed in a fume cupboard for sulphate by the procedure 

given . in appendix 13. 

The irradiated resin was treated subsequently with portions 

of 5M ammonium thiocyanate solution to remove the americium. A 



thin window gamma counter (type 255) used from outside the glove 

box showed when the americium was removed from the resin. An assay 

of americium in the 5M ammonium thiocyanate solution was carried out. 

The sum of the americium in the supernatant and the 5M ammonium 

thiocyanate solutions agreed with the amount of americium loaded 

on to the resin. The resin was then washed with water and taken 

to the fume-hood. The rosin contained only traces of americium 

(about 50 cts./sec. with the thin window gamma counter). The strong 

and weak acid capacities as well as the swelling capacity of the 

resin were determined by the methods described for the gamma irra- 

diated resin. As there was no oven in the fume-hood, the resin placed 

in a sintered filter was dried at 105°c in c 	a test-tube immersed in 

a bath of salt water until of constant weight. The exchange and 

swelling capacities of the resin as well as the sulphate and the 

americium in the leach solution were expressed in terms of the 

final weight of the resin. 

The ammonium thiocyanate solution containing americium was 

passed through a Deacidite IT column previously conditioned with 

ammonium thiocyanate. The loaded americium was eluted with 0.1M 

hydrochloric acid, precipitated as hydroxide and dissolved in 1M 

nitric acid. Ammonium thiocyanate solutions containing americium 

decomposed rapidly under the alpha radiation to yield colloidal 

sulphur and it was, therefore, necessary to remove ammonium 

thiocyanate completely from americium solutions as rapidly as possible, 



6.3.Results and Discussion 

The results obtained in the gamma. and alpha irradiations 

of Zeocarb - 225 are given in Tables 6.1 and 6.2 and Fig.6.2 

and 6.3. 

It may be seen that both in the case of gamma irradiation 

and in the case of alpha irradiation the sulphonic acid group is 

split off from the resir resulting in a decrease in the strong acid 

capacity of the resin and production of sulphate ions in the leach. 

This observation agrees with the results obtained by other 

workers (1,3,8,15,23,25), who have irradiated different sulphonic 

acid resins with gamma rays and fast electrons. The work reported 

here is the first systematic study of the effects of alpha 

particles on ion exchange resins. 

The rate of loss in strong acid capacity of Zeocarb - 225 

irradiated with gamma rays is greater for the hydrogen form than 

for the sodium form. The values obtained for the capacity loss for 

the gamma irradiation of Locarb - 225 are in agreement with those 

reported by Kiseleva et.al. (15) for the polystyrene sulphonic 

acid resin KU-2. The capacity loss is less, horover, for the 

americium - 241 alpha particle irradiation. Whilst it is difficult 

to estimate an error for the alpha irradiation dose, it is unlikely 

to be greater than 20% and so the effect of alphas is undoubtedly 

less than from gammas. It might be due to the action of alpha 



Table 61. 
Gamma Irradiation 	Zeocarb 225 

Vt.riation  of Exchange and  Swelling qapp_iti.es of the resin  and 
the  yield of products in the leach.  

Conditions of Experiment. 
Exchange capacity meq./g. Swelling capacity. Products in 

the leach memole/g. 
I 	Final 
weight 

, 	g. 

iDosE 
1 	mr. -SO,H - 02H 	I 	-OH Tat. of H2O 	Vol. of wet.;_f--- 

resin 
g./...ge, 	m? ./g• 

_ _ 
1 H 	SO4  

Unirradiated 	!nil 4.27 nil nil 0.94 1.52 - - - 

nil 4.43 nil nil - t - 	I - - 
- ..-.- .1 

98 4.4 - - 0.96 1.54 	- 0.10 2.379 
Irradiation of sodium 
form in water: 847 3.6 0.10 0.17 1.04 1.66 	1 	0.151 0.86 1.773 

100eE  3.2 0.11 0.24 1.06 1.69 	0.281 1.26 1.061 

1400 ,2 0.14 0.35 0.99 0.42 1.47 1.146 

i --f 
Irradiation of hydrogen 440 3,5 0.09 0.15 1.31 1.92 	t 	1.7 ! 0.77 	1.862 

form in water. 	735 3.3 0.13 0.20 - - 	2.571  1 1®1 	1.357 

1000*  2.7 0.10 0.20 1.09 1.73 	• 	2.89 1.43 	1.115 

"Harwell Irradiations. 

1. Loss in weight = 12.6% 
2. Loss in weight 19%. 



Llpha f=adiation of Zeocarb 225 : Variation of Exchange 

cud Swelling Capacities of the resin and the yield of 

products in the leach. 

Dose- 
rate 

Mr/day 

Dose 

Mr. 

Amount of amelicium loaded 	-rAmericium 
- 

in 
- 	c 	. 

Weight loss 
a 

1 Swelllng 

g-of H2O 
per g. 	of 
dry resin 

weight SO--
Exchoge capac-
ity laq./g. 

4 
mole 
per g6  

mg. 
LoadediSuperna- 

tant -I- 
NHCNS 
soIutior 

_In. 

t 	;, n value 

mg. mec../ 	. 

Initial 
wt. 
g. 

Final 
wt. 
g. 

Loss 
in wt. 
% 

-SC4I 
, 	' 

- -OH mg. meq./g. 

- nil - - - - - - - - - 0.94 4.3 nil nil - 

100 1300 44.9 43.9 44.4 2.97 4.03 0.31 0.186 0.164 11.8 1.1 	3.8 0.7 0.35 0.5 
14.5 2070 6.0 6.6 6.3 0.43 ► 0.27 0.02 0.182 0.159 12.8 1.35 3.,T 0.39 0.51 0.91 

101 2130 33.4 34.2 33.8 3.02 5.6 0.55 0.1393 0.1264 9.3 1.25 3.34 0.41 0.48 1.18 

121 3520*  27.3 31.0 29.2 3.62 10.1 1.44 0.1005 0.08711  13.3 1.03 2.52 0.75 0.37 1.67 

87 6000 36.2 33.8 35.0 R.58 9.5 0.82 0.1687 0.1448 14.2 1.02 2,0 0.52 0.71 1.7 
92 7870 31.0 29.0 30.0 2.72 7.1 0.8 0.1371 o.11lq 19 1.15 L82 0.44 0.76 1.96 

* - Americium ues loaded on the resin placed in a column. 
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particles being different or to a greater stability of the americium 

form of the resin. It would be useful to study the effect of gamma 

rays ou some rare earth form of Zeocarb-225 in 0.2M hydrochloric 

acid. In this connection it may be noted that Dowex - 50 loses 0.5 meqr 

g.of the capacity after exposure to Pu-239 at a saturation of 130 

grams of plutonium per litre of resin for a period of 470 days (32). 

From this data the capacity loss of Dowex-50 at about 1200 Mr. 

would be expected to be about 0.5 meq/g. This value is in agreement 

with the present results. 

In the gamma irradiation as well as in the alpha irradiation of 

Zeocarb-225 some carboxyl and phenolic groups are introduced into 

the resin. This observation has been made by Kiseleva et.al.(15) 

also in their study of the effects of accelerated electrons on 

KU-2. 

The amount of sulphate in the leach accounts for most of the loss 

in strong acid capacity. When the loss- in weight of the resin is 

taken into account, it appears that some sulphur must be present 

in some other form. This is observed in both the gamma and alpha 

irradiations of Zeocarb - 225 and similar results have been 

quoted in literature (89 23,25). It may be seen (Table 6.1.) that 

the concentration of sulphate agrees with that of acidity in the 

leach of the hydrogen form of the resin irradiated with gamma rays. 

This seems to indicate that there is no other sulphur containing 

acid like sulphonic acids present in significant quantities in the 
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leach. Also, potentiometric titration of the leach solution of 

the hydrogen form of the resin irradiated to 1000 Mr. doco rot reveal 

the presence of any weakly dissociating acid. 

When Zeocarb - 225 is irradiated with americium alpha 

particles, the amount of ar,ericium liberated in the leach owing 

to the loss of functional groups is less than the amount of 

sulphate produced. This is due to the fact that the resin is not 

completely saturated with americium to start with and so the 

liberated americium is re-absorbed by the resin. This is borne out 

by the obsrvation that the largest discrepancy arises with the 

smallest amount of americium loaded and vice versa. The alpha 

irradiation of the resin at about 2100 Mr. has been carried out 

at two dose-rates differing by a factor of seven. It appears 

that there is no significant dose - rate effect. 

The mechanism of the radiation-induced decomposition of the 

sulphonic acid 	resins has not been discussed in detail in the 

literature. Pesek Krivanek and Bednar (25) as well as Kiseleva et. 

el.(15) consider that the disruption of the sulphonic acid group 

is a primary radiation effect. Swallow and Kamal (92) have 

irradiated 10-3M aqueous solutions of benzene sulphonic acid and 

have obtained G = U.98 for the production of sulphate in the 

presence of oxygen at a pH of 3.4. They found that the yield of 

sulphate was lower in the absence of oxygen and in neutral pH. 



185 

In the present investigations G values of 1.44 and 1.1 for the forma- 

tion of sulphate have been obtained for the gamma irradiations of 

the hydrogen and the sodium forms of Zeocarb - 225 respectively 

and a G value of 0.54 has been found for the alpha irradiation of 

the resin. Since the primary radiation effect i. negligible in 

the dilute solutions used by Swallow and Kowely they have suggested 

the following charge transfer mechanism lacid. on the nochaniem  

proposed for the radiolysis of benzoie acid (93): 

H20 --"0'-): H., .0H,H2, H202  

C C6H5
.S0

3 
4- .0H 6 3 

C6 H53  
.S0* -4 C6H5 303 

S03 + H2O --) H2504  

C6 5 H • t .0H -)C6FI C3H  

C6 5 H • +C6  H - 	 C6H5 

Dins also the formation of phenolic groups and This el,  

In the presence of oxygen the following set of reactions dimers. 

ces the yield: 

H. 10
2 	HO' 

2 

HO' + C,H SO -.4410 	C H' 	SO' 2 	0 5 3 - 2 	6 5 	3 

The mechanism of the radiation-induced decomposition of 

Zeocarb - 225 can be explained by a similar set of free radical rea-

ctions. The observation that the decomposition is less in the case 

of alpha particles also shows the existence of an indirect action. 

enhzon 
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Ca9.ing  out irradiations of the dry form of Zeocarb— 225 with gamma 

rays would be helpful to decide whether the mechanism is an 

entirely indirect one. The introduction of phenolic groups may be 

explained by the attack of OH radicals. The mechanism of the 

formation of carboxyl groups is not clear. It may be noted in this 

connection that mucondialdohyde has been found in the alpha particle 

irradiation of air—free ageots benzene,, and its presence under those 

conditions was probably a secondary consequence of the formation 

of oxygen by the radiations rather than a consequence of reactions 

occurring under conditions of high local radical concentration(94). 

Several workers have reported a reduction in crosslinking of 

sulphonic acid resins when irradiated (8,23,25). In the present 

investigations the decrease in crosslinking is found to be only 

slight, when 2ocarb — 225 is irradiated with gamma or alpha 

radiations. 
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Appendix 1  

Dosimetry Calculations  

The dose received by the Fricke dosimeter was 

calculated as follows„ 

Optical density 0.D. =ExCxl, whereE= extinction 

coefficient, C = concentration of ferric ions in moles 

per litre and 1 = thickness of solution in cm. 

For 1 cm.optical cells 0.D.= EC 

Assuming that the value of E at 20°b is 2115 and that 

0.D.decreases by 0.7% per 00 above 20°  C, 

= 0.1) (1-0.007t) 
2115 

where t = temperature of the sample in 00 minus 20°C 

G =_"15.5 molecules per 100 ev 
Fe' 

G.. Dose absorbed = 6.025 x 102o  x 100 ev/ml, 
15.5 

= 3.88 x 1021  ev/ml. 

Assuming the density of the solution as unity, 

Dose absorbed = 3.88 x 1021C:ev/g.= 6.24 x 107C rods 

Substituting the value for C, 

Dose absorbed (r%) = 2.94 x 104 (1-0.007t)0-D. 



Appendix 2 

Procedure for the determination of nitrite 

Reagents required 

(1) 5M hydrochloric acid 

(2) 0.2% solution of sulphanilamide 

(3) 0.5% solution of ammonium culphmato 

(4) 0.1% solution of N-1-naphthylethylenediamine 

dihydrochloride. 

Procedure  

Pipette 1 ml. of nitrite solution into a 50 ml. standard 

flask and add about 30 ml. of distilled water. Add 1 ml. 

of 5M hydrochloric acid followed by 5 ml. of sulphanilamide 

solution. Wait for three minutes and then add 1 ml. of 

ammonium sulphamate solution. Wait for a further 2 minutes 

and add 1 ml, of the N-l-naphthylethylenediamine dihydrochloride 

solution. Make up to the mark and read the optical density at 

540 	after ten minutes against a blank. Read the 

concentration of nitrite from =E;' A.l. 

The method is reprodu-yible 

95, 
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CALIBRATION GRAPH FOR THE ESTIMATION OF NITRITE 
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Appendix 3  

Volhard's method of estimation of chloride 

Pipette 10 ml. of the chloride solution into a 

con ical flask. Add 5 ml. of 6N nitric acid. Add 10 ml. 

of standard 0.1N silver nitrate solution to precipitate 

the chloride. Add 2-3m1. of nitrobenzene and shake well. 

Add 1 ml. of indicator solution (about 40% solution of 

ferric ammonium sulphate) and titrate the excess silver nitrate 

against standard 0.1Nammonium thiocyanate solution until a 

permanent red colour is formed. The method is reproducible to 1%. 

197 t`   



198, 

Appendix 4  

Procedure for the determination of trimethylamine  

Reagents required  

(1) Shake commercial 37% formaldehyde solution with 

Mg003, filter and dilute with three volumes of water. 

(2) Analar toluene 

(3) 50% potassium carbonate solution 

(4) 0'02% picric acid in dry toluene. 

Procedure  

Dilute an aliquot amine sample to 4 ml. in a separating funnol 

Add 1 ml. of the formaldehyde solution and then add 10 ml. of 

toluene and 3 ml. of potassium carbonate solution. Stopper 

and shake vigorously 30-40 times. Dry the toluene layer with 

anhydrous sodium sulphate and add 5 ml.of the dried toluene layer 

to 5 ml.of picric acid solution. Measure the yellow colour at 

410 Mitt against a blank. The calibration graphs for the tri- and 

dimothylamines are given in Fig A.2. 

The method is reproducible to within 17. 
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Appendix 5  

Procedure for the determination of dimethylamine 

Reagents required  

(1) Prepare a reagent solution by dissolving 20g. of 

ammonium acetate and 0.2g. of copper sulphate in 

30 ml. of water. Add 10g. of sodium hydroxide in 

25 ml.of water and 20 ml. of concentrated ammonia, 

and dilute to 100 ml. with water. 

(2) 5% solution of carbon dizulphide in benzane 

(3) 30% acetic acid. 

Procedure 

To 10 ml.of sample solution add 1 ml. of reagent solution 

and 10 ml.of 5% carbon disulphide solution. Warm to 43-480C for 

3 minutes, stopper and shake vigorously for 30 seconds. Add 1 

ml.of 30% acetic acid and shake again for 30 seconds. Cool and 

centrifuge. Measure the colour of the organic layer within an hour 

at 434 mi44. against a blank. Read the concentration of 

dimothylamine from Fig.A.3. 

The method is reproducible to within ±5%. 
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Lppendix 6 

Procedure for the determination of meIhylamine 

Reagents required  

(1) Dissolve 0.5g. of p—nitroaniline in 100 ml. of 1N 

hydrochloric acid end cool to 0o0. Add 10 ml. of 

3% sodium nitrite solution previously cooled in ice. 

Prepare this solution 30 minutes before required and 

store it in a dark place. Use it within three hours 

of preparation. 

(2) Prepare a buffer solution by dissolving 4.08g. of 

potassium dihydrogen phosphate and 1.6g. of 

borax in water add 13 ml. of 10,A sodium hydroxide 

solution and make up to 100 ml. 

(3) 10% sodium hydroxide solution. 

Procedure  

Add 10 ml. of buffer solution to 1 ml. of neutral or slightly 

acidic amine solution. Shake and cool in ice for 10 minutes. 

Add 1 ml. of reagent solution. Wait for 20 minutes 

and then add 2 ml. of 10% sodium hydroxide solution previously 

'cooled in ice. Read the colour developed after 24 lours at 510 

against a blank. The calibration graph is given 

The method is reproducible to ± 10%. 
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pc radix 7 

Procedure for the determination of ammonia 

Reagents required 

(1) Saturated boric acid solution 

(2) Prosily prepared chlorine water 

(3) 8% phenol solution 

(4) 3M sodium hydroxide solution 

Procedure  

Transfer 1 ml,of ammonia sample to a 50 ml. standard flask. 

Add 25 ml. of boric acid solution, then 5 ml.of saturated chlorine 

water followed by 5 ml. of phenol solution. Heat on a steam bath 

for 3 minutes, remove and cool in iced water. Add 5 ml. of 

sodium hydroxide solution and dilute to volume. Measure the 

colour developed after 5 minutes at 625 4- against a blank. 

Road the concentration of ammonia from Fig.A.5. 

The method is reproducible to— 5%. 



x 

0-7 

2 05. 

CALIBRATION GRAPH FOR THE ESTIMATION OF AMMONIA ( 625 miu 

Fig-A.5 

Ammonium 	chloride solution 	10-3 mmole./ ml. 

X 

0-6 

0-5 
>- 

z 

0.4 

ra-  0.3 
0 

0.2 
x 

1  

1.0 	 2.0 3.0 	 4.0 	 5'0 	 6 0 
ml. OF SOLUTION 

0.1 



2060 

Appendix 8  

Kjeldahl's method of determination of nitrogen 

Transfer a suitable aliquot of the sample to a Kjeldahl 

digestion flask and add 1 ml. of concentrated sulphuric acid 

followed by approximately 10 mg. of selenium. Heat the 

solution and allow to digest for 20 minutes. Cool the solution 

and dilute with about 5-10 ml.of distilled water. Connect the 

flask to the distillation apparatus. Add to the solution in the 

flask approximately 20 mis. of 50% sodium hydroxide :,elution and 

steam distil into 25 ml. of standard 0.1N hydrochloric; acid. Titrate 

the excess acid against 0.1N sodium carbonate solution using 

methyl red indicator. 

4 The method is reproducible to— 5;!',. 



Appendix 

Determination of swell12E9apacity of the resin 

(a) Determination of swelliLE weight: 

Allow the resin sample to stand in water overnight. 

Weigh a sintered filter (see Fig.A.6.) dry. Soak the filter in 

water, place it in a centrifuge tube, close it with rubber stopper 

and centrifuge for 30 minutes at a speed equivalent to 400 g. 

Weigh tae moist filter tube after centrifuging. Transfer the 

rosin slurry into the filter tube whose moist and dry weights 

ha-To been determined. Close the tube with a rubber stopper, 

lola.3e it in a centrifuge tube and centrifuge for 30 minutes. Weigh 

the tube and the moist resin. Dry the resin along w_.-LII tna tube d,t 

105
0
C overnight in an oven. Weigh the tube and the dry resin. 

From the values obtained for the moist and dry resins, the amount 

of water associated with the fully swollen resin can be calculated.. 

The method is reproducible to ± 5%.  

Calculatioas 

Examples 

Weight of moist filter tube= 7.2044g. 

Weight of moist resin + filter tube ;r: 8'7222g. 

• • Weight of moist resin = 1.5178g 

Weight of dry filter tube = 7.1.(56g 

Weight of dry resin 4-filter tube = 7.9570F,  

0 Weight of dry resin = 0.7814 t;.. 

Weight of water = 1.5178-0.7814 = 0.7364 g. 

= 0.942g/g. of dry resin. 
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Appendix 9 (cont.) 

(b) Determination of swelling volume 

A sample of rosin, the swelling weight of which has been 

determined, is allowed to soak in water overnight. Transfer 

the swollen resin into a 10 mlospecific gravity bottle, fill it 

with water, fit the stopper, wipe off the overflowing water 

and roweigh the bottle. Transfer the resin to a sintered filter, 

dry it at 105°C overnight and weigh the dry resin. Fill the 

specific gravity bottle with water alone and weigh it. 

From -,:hese measurements the volume of wet resin could be 

calculated. The method is reproducible to ± 5%. 

Cali:ulations  

Etamples 

Weight of dry resin taken .7. 1.0168 g. 

Swelling weight 7  0.942g/g. of dry resin 

• • Weight of moist resin = 1.97 g. 

Weight of specific gravity bottle filled with water m 20.1818g 

Weight of specific gravity bottle filled with water and 

resin = 20.6085 g 

• . Weight of water overflowed = 20.18+1.97 — 20.61 g. 

1.54 g. 

. . Volume of wet resin 	= 1.54 ml. 

1.52mlig.of dry resin 



Appendix 10 

Determination of uranium using thiocyanate  

Take a suitable aliquot of sample in a 10 ml. volumetric 

flask and dilute to 5 ml. with distilled water. Adjust the 

acidity of the solution so that the final pH will be in the 

range 1-2. Add a drop of stannous chloride in hydrochloric 

acid, then 2 ml. of 50% ammonium thiocyanate solution and 

make up to 10 ml. with distilled water. Mix thoroughly and 

allow to stand for 10 minutes. Read the absorbance at "z20 mAA / 

Calculate the concentration of uranium by comparing the optical 

density with that obtained using a standard solution of uranium. 

The method is reproducible to 17:5%. 

2100 
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Appendix 11 

Procedure for the determination of nitrate  la 

a colourimetric method  

Reagents required  

(1) Acetic acid solution. Dilute 20 ml.of glacial acetic 

acid to 100 ml. 

(2) Powder mixture. Take 100 g.of BaSO4 dried at 110°C, 

10g.of manganous sulphate monohydrate, 2g. of finely 

powdered zinc, 75g. of powdered citric acid9  4g. of sulpha- 

nilic acid and 2g. of 1-naphthylamine. Grind any coarse 

materials to a fine powder. Mix the manganous sulphate, 

powdered zinc, sulphandlic acid and 1-naphthylamino 

separately with portions of BaSU4. Then mix thoroughly 

all the ingredients including BaSO4  and citric acid. Store 

the polder in a blackened bottle. 

Procedure  

To 1 ml. of the sample in a 12 mlo centrifuge tube, add 

9 ml of the acetic acid solution. With a small scoop add 0.3 to 

0.5 g.of the powder reagent, stopper, shake for 50 to 60 

seconds, and centrifuge until the supernatant is clear. Decant 

the white film on top and measure the colour at 520 ri14, against 

a blank. Read the concentration of nitrate from the calibration 

graph given in Fig.A.7. 

The method is reproducible to — 
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Appendix 12 

Red-ox method of nitrate estimation  

Transfer a 10 ml-aliquot of the nitrate sample to a 

conical flask. Add 10 ml.of ferrous solution (55g. of pure 

Fe30
4
.7H20 dissolved in 100 ml.of water containing a drop of 50% 

sulphuric acid and diluted to one litre with 50% sulphuric acid) 

followed by 10 ml. of concentrated sulphuric acid and some boiling 

stones. Stopper the conical flask with a Bunsen valve and boil 

the solution gently for 3 minutes when the colour changes from 

brownish violet to clear yellow. Cool under the tap, when the 

rubber tube in the Bunsen valve collapses. When the solution is 

coolel, remove the rubber stopper and add 1-2 ml. of -80% phosphoric 

acid and 50 ml.of water. Cool the mixture again. Add 2 drops of 

0.025M feiroin indicator solution and titrate with standard 0.1N 

potassium dichromate solution to the end point when the solution 

changes colour from. brown to blue-green. Carry out a blank determination, 

The method is reproducible to - 3%. 
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Appendix 13  

Procedure for the estimation of sulphate  

Reagents required  

(1) 1N HC1 

(2) 0.4% BaC12  solution 

(3) Standard K2Cr04 solution containing 0.867g. of K2Cr04 

in 100 ml. of solution. 

Procedure: 

Place an aliquot of the sulphate solution in a conical 

flask and make up the solution to about 5 ml. Add 1.5 ml-of 

1N hydrochloric acid. Heat the solution to boiling and add slowly 

2 ml. of the barium chloride solution. Boil and digest the 

mixture for 2 hours on a steam bath. Add carbonate—free ammonia 

until the solution is just basic (test with litmus paper), cool 

and add 1 ml. of the potassium chromate solution. Mix the 

solution, filter and wash the precipitate. Make up the filtrate 

and the washings to 100 ml. and measure the optical density at 

370 11/4A against a blank reagent solution obtained by carrying 

out the prf_'codure using water insteda of sulollae solati.Jn. Read 

the concentration of sulphate froN the e.,libration graph given 

in Fig.A.8. 

The method is reproducible. to ± 3%. 
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Appendix 14  

Scintillation Counter  

The scintillation counter of Type No.1335B made by 

Fleming Radio (Developments) Limited was used in conjunction 

with scaler 1700 made by Isotope Developments Limited, The 

plateau of the counter was found to lie between 1300 and 1500 V 

(Fig.A.9.). The counter was operated at 1400 V for H.V. and 

30V for discriminator bias. Using a standard source of Pu-239 

(2.57 x 104di min.) the counting efficiency at the operating 

voltage was found to be 35.5%. It was assumed that the efficiency 

was the same for Pu-239 and Am — 241 alphas. 

216:, 
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Appendix 15 

Calculation of the range of americium -- 241 alpha  

particles in water 

The procedure used here has been taken from 

G.Friedlander and J.W.Kennedy, Nuclear and Radiochemisbry, 

Wiley, 1957, page 190. 

The following equation gives an approximation for the 

ratio of the range in an absorber (RR,) and the range in air 

M) for alpha particles of energy E. 

Rz 	0.904- 0.027520.06-0.00862) log 	(1) 

The ranges are expressed in mg/sq-cm. and M is the mass 

number of the particle and E is the initial particle energy 

in MeV. This dquation is found to be useful, within the limits 

indicated below for protons, deuterons, and heliumiiens with 

initial energies from about 0.1 Mev t about 1000 MoV r.nd for any 

elementary absorber. As written, the equation is applicable to absor-crerE 

with Z >10, For lighter elements, replace (0.904-0.0275Z) by 

1.00, excep 	Aelium and hyd-1.-o er. ur-e U.. 	0.nd 0-u„ 

respectively. A further approximation A. 	tha-, ' 	stopping 

effect of a molecule or of a mixture of atoms andmelecllez is 

given by the sum of the stopping effects of all the component 

atoms. Therefore, if 1219  R29  R3 	 denote the ra 



Appendix 1 5  (Cont.) 

milligrams per s(_uare centimetre) oC a particular ray in each 

of several elements, the range Rt7of that ray in a compound or 

in an essentially homogeneous mixture of these elements with 

respective weight fractions vi, w2, w3...... is given 

(2) 
Rt  R1  R2  R3  

From figure 7.2. in the above reference the range of 5.46 Mev 

alpha particles in air is 3.85 macm2. Using equation W 

(modified), the range in hydrogen is given by 

RH  = 3.85 (0.304 0.051 log 52.46) _ 1.18 mg/cm? 

and the range in oxygen is given by 

Ro 	3.85 (1.00 - o.oe88 log 24-_4_6_ )  

3,83 mg/cm 

Water is 88.9% by weight oxygen and 11.1% hydrogen and hence by 

equation (2) 

1 	, .889 	 .111. R
H2 0 	

3:73 	1.16 

and R
H0 

= 3.07 mg/cm 	3.07 x 10-3cm. 
2 

 



Appendix 16 

Calculation of dose-rate received by the resin 

from americium-241 alpha particles 

Alpha particle energy = 5.46 MOV 

Specific activity of americium-241 = 1.20 x 10
8 -4/sec.T1-  

Dose-rate = 1.2 x 10
8 

x 5.46 Mev/sec. mg. of Am-241 

The apparent volurbof 0.1005 g.of rosin = 0.2178 ml. 

Initial weight of the dry resin under consideration 0.1687g, 

_ 0.1687 x 0.2178, 
Apparent volume of the resin slurry - —7.1005 	

ml. 
 

= 0.366 ml. 

Amount of Am-241 present in this slurry = 35.0mg. 

Energy received by slurry = 35 x 1.2 x 10
8
x 5.46 Mev/sec. 

Assume that the density of the resin slurry is unity. 

Dose received by the resin slurry 

35 x 1.2 x 10
8 
 x 5.46 x 3600 x 24 MeV/ day.g- 

= 0.366 

= 5.41 x 1015Mev/day.g. 

As 6.24 x 1013  Mcv/g, = 1 Mr. 

Dose received by the resin slurry = 5.41 x 10
15 

6.24 x 1013 Mr. /day 

- 86.7 Mr/day 

220. 
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