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RADIOISOTOPE AND RADIATION API^LICATIONS 

Duane N. Siinderman 

This is the Sixth Quarterly Progress Report on research programs in radioisotope 
technology and radiation chemistry under the sponsorship of the Office of Isotopes 
Development of the U. S. Atomic Energy Commission. The report period is July 1 to 
September 30, I960. Studies are continuing to develop the technique of applying intrinsic 
radioactive t racers to industrial process control and to investigate the influence of 
structural factors in radiation-induced graft polymerization. 

The use of a process-model system has demonstrated the applicability of intrinsic 
radioactive t racers to the measurement of precipitation and filtration efficiency in an 
iron-removal step under actual process conditions. Experiments under steady-state 
operating conditions have shown good correlation between continuous radioassay measure­
ments and intermittent sampling followed by chemical analysis. Further experiments 
with this system will include an evaluation of response time and sensitivity of the 
intr insic-tracer technique by deliberate chajiges in process parameters during operation. 
A report describing potential applications of intrinsic t racers to the control of other unit 
operations is in preparation. 

The study of the effect of structure upon radiation-induced graft polymerization is 
directed toward a determination of reaction mechanisms in substituted methacrylate 
systems. An interrelationship between structure of the ester group, number of carbon 
atoms in the es ter , and polymer molecular weight is postulated. Decay data indicate 
that at least two distinct free-radical species are involved. 
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I. USE OF INTRINSIC RADIOACTIVE TRACERS 
FOR PROCESS CONTROL 

J a m e s L. McFar l ing , P e t e r Gluck, John F , K i r c h e r , 
and Duane N. Sunder man 

SUMMARY 

A s e r i e s of exper iments has been completed using the p r o c e s s model for studying 
r a d i o t r a c e r control of i ron remova l from a n icke l - re f ine ry s t r e a m . The re su l t s of 13 
exper imenta l runs d i scussed in this r epor t indicate that the r a d i o t r a c e r control concept 
is technical ly sound. The i ron reduct ion ra t ios obtained by rad ioassay ag ree well with 
the i ron reduction ra t ios given by chemical ana lys i s . The radioact ivi ty moni tor on the 
f i l t rate s t r e a m provides a rapid and sensi t ive indication of changes in p r o c e s s operat ing 
conditions. 

The survey of chemical engineering unit operat ions as potential in t r ins ic r ad io ­
t r a c e r applications has been completed and will be s i immar ized in a separa te r epor t . 

INTRODUCTION 

The increas ing use of r a d i o t r a c e r s in indust ry has led to g r e a t e r in te res t in using 
in t r ins ic r a d i o t r a c e r s as p r o c e s s control tools . The objective of the p resen t study i s , 
f i r s t , to define a r e a s where in t r ins ic r a d i o t r a c e r p r o c e s s - c o n t r o l applications exist and, 
second, to study the technology of such an application on a smal l pilot p roces s sca le . 

The f i rs t phase has resu l ted in two major studies which evaluate : (1) the use of 
in t r ins ic r a d i o t r a c e r s in hydrometa l lu rg ica l purif ication opera t ions , and (2) the appl ica­
tion of in t r ins ic r a d i o t r a c e r s in controlling the unit operat ions of chemica l engineer ing. 

The exper imenta l phase of the p r o g r a m has consis ted of the construct ion and 
operat ion of a s m a l l - s c a l e operat ing p r o c e s s model of an i r o n - r e m o v a l s tep in a nickel 
ref inery . The r e su l t s of this phase of the p r o g r a m compr i se the pr inc ipa l subject 
d i scussed in this repor t . 

EXPERIMENTAL WORK 

Exper iments Using I ron-Removal P r o c e s s Model 

A s e r i e s of exper iments with the model p r o c e s s i r o n - r e m o v a l sys tem was com­
pleted this qua r t e r . The purpose of these exper iments was to tes t the feasibil i ty and 
rel iabil i ty of the r ad io t r ace r control concept. 

.. i 
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The concept proposes that the iron removal from a nickel-refinery stream could 
be controlled by introducing iron-59 tracer into the feed stream to the iron precipitator 
and measuring the solution radioactivity before and after precipitation. The measured 
radioactivity in the feed stream compared with that remaining after precipitation and 
filtration gives the iron reduction ratio at the time of measurement. The validity of 
using the activity reduction as a measure of the iron reduction was evaluated over a 
variety of process conditions in the model process system. The activity reduction ratio 
at any particular time was compared to the reduction in iron concentration determined 
by chemical analysis of feed and filtrate samples. 

General Description of Experinaents 

The process-model system used in these experiments was described in detail in 
the qtiarterly report of July 25, I960. Photographs and description of the system ap­
peared in that report. Figure I - l i s a flow diagram of the system which shows the flow 
patterns used for the experiments described here. 

The level of radiotracer activity which must be injected into the feed stream de­
pends on the efficiency of iron removal by the sys tem, as well as the desired accuracy 
in the residual filtrate radioactivity determination. It was found that the iron-renaoval 
efficiency of the system at the low flow rates used was much higher than originally 
cinticipated. This led to the injection of higher activities in later riins in order to i m ­
prove the accuracy of the readings. It was foiind that the level of radiotracer injection 
would be maintained satisfactorily constcint by slight adjustments in the flow rate of feed 
solution. 

The conditions under which the experimental rvms were carried out were as follows: 

(1) The pH of the feed solution was held between 2. 1 and 2. 3. 

(2) The feed-solution flow rate in all experiments was between 200 and 250 cm^ 
per min. 

(3) Temperature of the iron precipitator was held close to 160 F. 

(4) The running time for each experiment was from 4 to 5 -1 /2 hr. 

The iron content of the feed and filtrate samples was analyzed in the following 
maimer: 

(1) The iron was extracted from the process solution as the iron Ill-cupferron 
complex. 

(2) This complex was destroyed and the iron III reduced to iron II. 

(3) The iron Il-o-phenanthroline complex was formed and its concentration 
measured spectrophotometrically. 

Based on analysis of standards, it is estimated that the sensitivity of this method is 
±0. 1 jUg per ml. 

9£3 0^5 
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Variation of Process Parameters 

The experiments were performed within the following range of processing 
conditions: 

(1) The pH of iron precipitation was either 4. 5, 5. 0, or 5. 5. 

(2) The iron concentration in the feed solution was varied between 0. 16 and 
0. 89 g per liter. 

(3) The concentration of dissolved metals was varied from 10 to 70 g per 
liter nickel plus cobalt, the metals being in equal concentrations. 

(4) Various miscellaneous and/or unplanned variations in process conditions 
were noted such as sudden increases in filter flow ra tes , cake 
breakthroughs, etc. 

All of these variations might occur in an actual production process. However, all 
except (4) were studied as steady-state or semiequilibrium conditions in order to obtain 
more accurate measurements. The results obtained will be compared with those of the 
dynamic experiments to be performed later in the program, at which time deliberate 
changes in operating conditions will be made to evaluate the response of the radioassay 
system. 

Unit-Ope rations Survey 

The survey of chemical engineering unit operations as potential applications of 
intrinsic radiotracers has been completed. The results will appear in a separate topical 
report. The survey report gives some general considerations regarding intrinsic radio­
t racer process-control applications and indicates several unit operations where radio­
t racers might be used advantageously. Specific examples of various process applications 
are also suggested in the report. 

RESULTS 

The results of 13 experimental runs are summarized in Table I - l . In this table, 
the experimental conditions for each run are given, as well as a comparison between 
radioactivity reduction ratio and the iron reduction determined by chemical analysis. 

The filtrate iron analyses-shown here were performed on filtrate samples collected 
during the time the corresponding filtrate covmt was being taken. Although the samples 
removed for analysis were generally not as large or homogeneous as those radioassayed, 
the samples should have essentially the seune iron concentration except where the iron 
concentration is changing rapidly. The latter behavior is to be noted in certain instances, 
such as Rxins 3 and 4. 

In Runs 4 and 8 particvilarly, there occurred major discrepancies between the 
measured filtrate activity and that to be expected from the iron einalysis. This 

^b^ 037 



TABLE I - l . RESULTS OF EXPERIMENTAL RUNS WITH MODEL IRON-REMOVAL SYSTEM 

Iron 

Analysis 
of Feed 

Solution, 

Run fig per ml 

1 160 

2 220 

3 200 

4^) 413 

5 423 

6 368 

7 786 

Nickel Plus 
Cobalt 

Metal in 
Solution, 

g per liter 

10 

10 

10 

20 

20 

30 

30 

pH of Iron 

Precipitation 

5.5 

5.0 

4 . 5 

4 . 5 

5.0 

5.5 

4 . 5 

Net Count 

Rate From 
Feed Solution, 

cpm 

2200 ± 100 

7400 ± 200 

3400 ± 200 

6300 ± 200 

13,700 ± 300 

40,000 ± 1,000 

29,000 ± 1,000 

Elapsed T ime 
Since Start 

of Run, min 

105 
170 

200 
275 
320 

120 
160 
180 

240 
300 

320 

100 

160 

220 
320 

115 
205 

235 
280 

135 
165 
225 
300 

345 

110 
185 
245 

285 
315 

Net Count 
Rate From 
Filtrate, 
cpm ± a 

13 ± 8 
(average of 

all counts) 

38 ± 9 
90 ± 9 

105 ± 9 
70 ± 9 

67 ± 9 

89 ± 9 
193 ± 10(a) 

87 ± 9 
325 ± 10(a) 

117 ± 9 
130 ± 9 

46 ± 9 

5 3 ± 9 
61 ± 9 
88 ± 9(c) 

81 ± 9 
109 ± 10 

55 ± 9 
61 ± 9 

90 ± 10 

78 ± 10 
98 ± 10 

104 ± 10 

307 ± l l ( c ) 

938 ± 14 
819 ± 13 
730 ± 2 

535 ± 12 
462 ± 11 

Iron Analysis 
of Filtrate, 

IJ.g per m l 

0 . 8 ± 0 . 1 
(average of 

all counts) 

1 . 2 ± 0 . 1 
2 . 3 ± 0 . 1 

2 . 8 ± 0 . 1 
2 .7 ± 0 .1 

2 . 0 ± 0 . 1 

4 .6 ± 0 . 1 
9. 5 ± 0 . 1 
3 . 6 ± 0 . 1 

17. 6 ± 0 . 1 

4 . 5 ± 0 . 1 

5 . 1 ± 0 . 1 

1 .5± 0 . 1 

1 .6± 0 . 1 

2 .9 ± 0 , 1 
6.2 ± 0 . 1 

2 . 4 ± 0 .1 
3 .9 ± 0 . 1 
1 .4± 0 . 1 

2 . 0 ± 0 . 1 

0.7 ± 0 . 1 

0 . 6 ± 0 . 1 
0 . 8 ± 0 . 1 
0 . 6 ± 0 . 1 
6 . 1 ± 0 . 1 

31 
26 
23 
16 

13.2 

Iron Reduction Ratio 
Radioassay, 

Feed Activity : Filtrate Activity 

170 ± 104 

195 ± 46 
82 ± 8 

70 ± 6 
105 ± 14 
110 ± 15 

38 ± 4 
17.6 ± 1 

39 ± 4 
10.5 

29 ± 2 
26 ± 2 

137 ± 25 

119 ± 20 

103 ± 15 
72 ± 7 

169 ± 19 
125 ± 12 
245 ± 40 

224 ± 33 

435 ± 44 
513 ± 51 

408 ± 41 
384 i 38 
130 ± 5 

31 ± 1 

54 ± 1 

63 ± 1 

Chemical Analysis, 

Iron in Feed : Iron in Filtrate 

200 ± 25 

183 ± 15 
96 ± 4 

79 ± 3 
82 ± 3 

110 ± 6 

43± 1 
21 
56 ± 2 

11 .4 

44± 1 

39 ± 1 

275 ± 18 

258 ± 16 
142 ± 5 

68 ± 1 

176 ± 7 
108 ± 3 

300 ± 22 

212 ± 11 

526 ± 75 
613 ± 102 
460 ± 57 
613 ± 102 

60 ± 1 

25 
30 
34 

49 
60 



TABLE I-l . (Continued) 

lion Nickel Plus 
Analysis Cobalt 
of Feed Metal in 

Solution, Solution, pH of lion 
Run fig per ml g pei liter Precipitation 

Met Count 
Rate From 

Feed Solution, 
cpm 

29.000 ±1,000 

14,300 db 500 

29,000 i 1, 000 

43.000 ± 2,000 

51,000 :fc 2,000 

51,000*3,000 

Elapsed Time 
Since Stait 
of Run, min 

125 
155 
25 

320 
350 

145 
160 
175 
220 

130 
155 
185 
215 
260 
315 

115 
160 
205 
235 
260 
320 

110 
140 
185 
280 
325 
120 
180 
240 
283 

Net Count 
Rate From 
Filtrate, 
cpm* a 

202 * 11 
226 * 11 
192*11 
196 * 11 
181 * 11 

7 3 * 9 
8 9 * 9 
8 4 * 9 

111*9 

227 * 11 
32*10 

138 * 10 
83*10 
6 1 * 10 
3 6 * 1 0 

38*10 
35*10 
55* 10 
40* 10 
3 5 * 10 
20*10 

410 * 14 
4 2 * 12 
75*12 

216 * 13 
246*13 

87* 12 
123*13 
394 * 14 
320 * 14 

Iron Analysis 
of Filtiate, 
Mg per ml 

2 . 3 * 0 . 1 
2 . 2 * 0 . 1 
2 . 0 * 0 . 1 
1 . 8 * 0 . 1 
1 . 0 * 0 . 1 

4 . 0 * 0 . 1 
3 . 2 * 0 . 1 
4 . 1 * 0 . 1 
5 . 0 * 0 . 1 

5 . 2 * 0 . 1 
1 . 4 * 0 . 1 
2 . 5 * 0 . 1 
1 . 7 * 0 . 1 
2 . 2 * 0 . 1 
1 . 5 * 0 . 1 

0 . 8 * 0 . 1 
0 . 8 * 0 . 1 
1 . 3 * 0 . 1 
0 . 9 * 0 . 1 
1 . 1 * 0 . 1 
0 . 8 * 0 . 1 

8 . 6 * 0.1 
1 . 4 * 0 . 1 
1 . 6 * 0 . 1 
3 . 2 * 0.1 
3 . 3 * 0 . 1 

1 . 8 * 0 . 1 
2 . 0 * 0 . 1 
6 . 8 * 0 . 1 
5 . 2 * 0 . 1 

Iron Reduction Ratio 
Radioassay. 

Feed Activity: Filtiate Activi^ 

143*7 
128*6 
151*8 
148*8 
160*9 

196 * 24 
160 * 16 
170 * 18 
128*10 

128*6 
906 * 280 
210 * 15 
350*41 
476 * 78 
806 * 224 

1130 * 280 
1230 * 350 
780 * 142 

1070 * 270 
1230 * 350 
2140 * 1070 

124*5 
1210 * 346 
680 * 110 
236*14 
207 * 12 

585*81 
415*43 
129*5 
159*7 

Chemical Analysis. 
Uaa in Feed : Iron in Filtrate 

193*8 
2 0 2 * 9 
222 * 11 
247 * 14 
445*45 

2 0 8 * 6 
2 6 8 * 9 
2 0 2 * 6 
165*3 

161*3 
600*43 
335*14 
493*29 
382 * 17 
560 * 37 

1110 * 138 
1110 * 138 
685*53 
990 * 110 
810 * 74 

1110 * 138 

101*1 
620*40 
545*34 
2 7 2 * 9 
2 6 4 * 8 
460*25 
420 * 21 
123*2 
161*3 

8(b) 445 

9 830 

10 840 

D') 

O 

CD 

11 890 

12 870 

13 840 

50 

20 

30 

30 

50 

70 

5.0 

4.5 

5.0 

5.0 

4.5 

4.5 

(a) In these cases the filtrate appeared cloudy. 
(b) In these cases there was a considerable percentage of impurity radiotracer present. 
(c) In these cases the flow rate through the filter was increased abruptly. 
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discrepancy was found to be due to smal l amounts of impur i ty radiosotopes original ly 
p re sen t in the i ron-59 t r a c e r . Recycling of the p r o c e s s solutions from R\ms 1 to 4 and 
5 to 8 built up the impur i ty activity to a level where it was found in Run 8 to be from one-
fourth to one- th i rd the total act ivi ty p re sen t in the f i l t ra te . This problem was a l leviated 
in the l a te r runs by a prepuri f icat ion of the r a d i o t r a c e r solution. The observed effect 
does se rve to emphasize the necess i ty of using pure r a d i o t r a c e r s in p r o c e s s - c o n t r o l 
appl icat ions . 

CONCLUSIONS 

The exper imenta l runs so far pe r fo rmed indicate that the r a d i o t r a c e r control of 
i ron remova l is technical ly feasible . Specific conclusions deduced from the exper iments 
a r e as follows: 

(1) In a l l cases the i ron reduct ion ra t ios given by the radioact ivi ty reduction 
ag ree well with those shown by the ac tua l chemical analys is after cor rec t ions 
a r e made for impuri ty r a d i o t r a c e r 

(Z) It was shown in s eve ra l exper iments that the radioact ivi ty moni tor responds 
rapidly to sudden changes in the i ron content of the f i l t ra te . This moni tor 
indicated changes in the operat ing conditions before the effects could be 
observed by other means 

(3) The necess i ty of insuring pure r a d i o t r a c e r for control of a purif ication 
operat ion was emphas ized along with the need for a sensi t ive and re l iable 
low-level counting sys tem. 

FUTURE WORK 

The major par t of the l abora tory work to be completed cons is t s of performing 
seve ra l exper imenta l runs where del ibera te changes a r e made in operat ing conditions 
during the course of each exper iment . The response of the radioact ivi ty detection s y s ­
tem to such changes will provide quantitative data useful in extrapolating to plant 
operat ing conditions. 

Work on other in t r ins ic r a d i o t r a c e r control applications is contingent upon the 
extension of the p resen t contract which ends the las t of October. The proposa l submit ted 
for project renewal entai ls a study of r a d i o t r a c e r control of unit operat ions different 
from the i ron precipi ta t ion-f i l t ra t ion now being studied. The f i rs t operat ion to be con­
s idered is that of ion exchange. 
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II. RADIATION-INDUCED GRAFT-POLYMERIZATION STUDIES 

I s r a e l s . Ungar, Francis A. Sl iemers , Williana B. Gager, 
John F. Kircher, and Robert I. Leininger 

SUMMARY 

The study of the mechanism of formation of free radicals in polymethacrylates has 
been continued. Particular emphasis has been placed on an examination of the effect of 
structural factors on the efficiency of free-radical site formation. The investigation of 
the influence on free-radical formation of the hydrocarbon constituent of the ester side 
chain has been continued. In addition, polymer molecular weight has been shown to 
influence site concentration. 

INTRODUCTION 

This is the Sixth Quarterly Report on the study of radiation-induced cheinges in 
polymers leading to graft copolymerization as influenced by structural factors. The 
objective of this research is to determine the structural and compositional factors 
influencing (1) radiation effects in polymeric systems, (2) mechanisms of graft copoly­
merization reactions, and (3) the products of graft copolymerization reactions. 

During the last quarter the investigation of the relationship of site formation and 
dose for a number of polymethacrylates was continued. Gas chromatography was 
employed to identify and measure quantitatively the volatile products formed during 
irradiation. A mechanism was proposed and an attempt was made to correlate the 
number of active sites formed and the chemical changes found in the irradiated polymers 
with the suggested mechanism. During the present qtiarter the investigation of free-
radical site formation has been continued. The study of the effect of structural factors 
on the efficiency of site formation has been emphasized. 

EXPERIMENTAL WORK 

All polymers were prepared by radiation polymerization at the Battelle Gamma 
Facility. For the measurencient of free-radical s i tes , samples of polymer were sealed 
in tubes under vacuum and irradiated to various dosages. Free-radical concentrations 
were determined with a Varian EPR spectrometer. 

Decay of Sites in Polybutylmethacrylates 

Samples of normal- , i so - , and sec-butylmethacrylate polymers were prepared by 
irradiation of 10-per cent solutions of the monomers in dry n-hexane. The total 

9c3 Oil 
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radia t ion dose was ^5 x 10^ rads in each case . Attem.pts to p r e p a r e p o l y - t e r t i a r y -
buty lmethacry la te in a s i m i l a r manner yielded predominant ly polymethacryl ic acid. 

F o r decay s tud ies , samples of the th ree i s o m e r i c po lymers were i r r ad i a t ed in 
vacuo to a total dose of 5. 5 x 10^ r a d s . This dose w a s , in each c a s e , considerably in 
excess of that at which the max imum site concentrat ion was obtained. The po lymers 
were allowed to decay at room t e m p e r a t u r e . The number of f r e e - r a d i c a l s i tes in each 
sample was de te rmined per iodica l ly after i r r ad ia t ion . These data a r e given in F ig ­
u r e I I - l . As was observed with the other m e t h a c r y l a t e s , decay was quite rapid at f i rs t 
but gradual ly dec reased until a nea r ly constant number of s i tes remained . The level 
port ion of the curve for poly-n-bt i ty lmethacryla te was not obtained. This was due to the 
fact that the to ta l number of s i t e s fell below the level of sensi t ivi ty of the EPR s p e c t r o m ­
e te r after about 30 h r . 

An analys is of the decay data confirms e a r l i e r findings that (1) at leas t two dist inct 
types of f r e e - r a d i c a l s i tes a r e formed during i r r ad ia t ion , and (2) the total number of 
s i tes formed i n c r e a s e s with i nc rea sed branching of the hydrocarbon ta i l of the e s t e r side 
chain. This work will be extended to include the t e r t i a ry -bu ty lme thac ry l a t e polymer . 

The re la t ionship of niimber of s i tes to radiat ion dose for the th ree polymers ' -^ ' has 
been extended to the higher total dose of 5. 5 x 10^ rads (Figure II-2) . These resu l t s a r e 
quite in te res t ing in that the to ta l number of available s i tes has dec rea sed to a point con­
s iderably below the niimber p resen t after s h o r t - t e r m i r rad ia t ions at the same dose r a t e . 
Apparent ly the production of scavenger ( low-molecular-weight f ragments) has i nc reased 
to the point where the effective scavenger concentra t ion, i. e. , that port ion of the tota l 
fragment concentrat ion which actual ly r e a c t s to des t roy free r a d i c a l s , is increas ing at a 
m o r e rapid r a t e than is the production of addit ional free r ad i ca l s . 

F r e e - R a d i c a l Determinat ion for the 
Po ly-n-Alky lmethacry la tes 

D o s e - v e r s u s - s i t e measurenaents have been made on the m e t h y l - , e thy l - , n-
p r o p y l - , n -bu ty l - , and n -amylme thac ry la t e po lymer s . All but the amyl polymer were 
p r e p a r e d by i r rad ia t ion of a 10 pe r cent solution of naonomer in n-hexane . In the case 
of the n - a m y l po lymer it was n e c e s s a r y to po lymer ize in bulk in o r d e r to obtain a usable 
polymer . The m a t e r i a l p r e p a r e d in solution was quite "s t icky" when dr ied. This 
undoubtedly was a molecu la r -weigh t effect. 

The data of F igure II-3 indicate that the total number of s i tes formed per monomer 
unit d e c r e a s e s with increas ing length of the hydrocarbon ta i l of the e s t e r side chain. 
Again, the sensi t ivi ty of the spec t rome te r l imited definition of the curve of poly-n-
amylmetha cry l a t e , except at the peak. 

In examining the effect of s t r u c t u r a l factors on the efficiency of f r e e - r a d i c a l site 
format ion, the investigation of polymer molecu la r weight has been continued. E a r l i e r 
work with PMMA^ ' had shown no appreciable effect in the 4,000 to 15,000 ni imber-
average molecula r -weight range . 

In the p resen t work considerably higher molecu la r weights have been studied. A 
sanaple of bulk methy lmethacry la te was polymer ized in the Battel le Gamma Faci l i ty . 
(1) References at end. 
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The weigh t -average molecu la r weight of the po lymer , as de te rmined from viscos i ty 
m e a s u r e m e n t s in acetonev^), was 2.95 x 10^. This polymer was fract ionated by p r e c i ­
pitation from acetone solution with methanol . The fract ions had molecu la r weights of 
2.25 and 4. 35 x 105. 

S i t e - v e r s u s - d o s e curves were obtained for the bulk polymer and the two fract ions 
(Figure II-4) . The data indicate that the g r e a t e r the molecu la r weight, the lower the 
si te concentra t ion for a given dose in this compara t ive ly high molecu la r -weigh t range . 
It is planned to check this point fur ther . This effect of molecu la r weight could a lso 
account in par t for the ex t remely low site concentra t ions observed above for the n - a m y l 
polymer . This po lymer , it wil l be r eca l l ed , was bulk polymer ized which would be ex­
pected to cause higher molecu la r weights . 

CONCLUSIONS 

Severa l tentat ive conclusions can be drawn from the work r epor t ed h e r e . 

(1) Decay data for s e v e r a l buty lmethacry la tes confirm e a r l i e r findings that 
(a) at leas t two types of free rad ica l s a r e formed and (b) the tota l number 
of s i tes formed is dependent on the s t ruc tu re of the e s t e r group. 

(2) The nximber of carbon atoms as well as the i r a r r angemen t in the 
hydrocarbon ta i l of the e s t e r group affect site formation. 

(3) Po lymer molecu la r weight influences si te formation. 

FUTURE WORK 

During the coming qua r t e r the invest igat ion of the mechan i sm of formation and 
decay of rad ica l s in i r r ad ia t ed polymethacry la tes will be continued. The t e r t i a r y -
butylmethacryla te polymer will be p r e p a r e d and subjected to the same t r ea tmen t given 
the other i somer i c butyl po lymers . This will include an analys is of the f ragments 
formed during i r rad ia t ion by the use of m a s s s p e c t r o m e t r y and gas chromatography. 
These analyt ical p rocedures will a lso be employed to identify and quantitat ively m e a s u r e 
the fragments formed by po lymethy l -a -ch lo roac ry la t e , polyphenyImethacryla te , and 
poly cyclohexylmethacry la te . 

Moreover , an at tempt will be made to clarify further the mechan i sm of f r ee -
rad ica l formation by employing radioact ive iodine. It is ant icipated that identification of 
the fragments assoc ia ted with f r e e - r a d i c a l formation can be m o r e readi ly de te rmined in 
this way. It is hoped that the points of at tack on the e s t e r side chain and /o r polymer 
backbone can a lso be es tabl ished. 

. ^ 
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Emphas i s will a lso be placed on a continuation of the examination of s t r u c t u r a l 
effects such as the molecu la r weight , s ize and configuration of pendant g roups , e tc . 

In line with this objective the p r o g r a m will be extended to include a p r e l im ina ry 
examination of s e v e r a l r ep resen ta t ive polyalkylacryla tes and polyvinyl e s t e r s . 
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