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ABSTRACT 

The work of the Physics and Radiotracer Subdivision of the 
Mines Branch during 1959-1963 is reviewed. Particular attention is 
drawn to the close link between in.dustry :  and government laboratories in 
this field, which is rapidly growin.g in importance and  is inadequately 
serve'd by private facilities. A survey is provided of the major projects in 
radiochemistry, tracer applications, activation ana.lysis,and the development 
of specialized control instrumentation. A detailed bibliography is appended. 

RÉSUMÉ 

La présente circulaire donne une idée des travaux exécutés à la 
Subdivision de la physique et des indicateurs radioactifs de la Direction 
des mines, pendant les années 1959 à 1963. L'auteur apporte une atten-
tion particulière à la collaboration étroite qui existe entre l'industrie et 
les laboratoires de l'Etat dans ce domaine de plus en plus important &il 
l'industrie privée n'est pas outillée pour répondre aux besoins de façon 

- satisfaisante, La circulaire renseigne sur les principales entreprises dans 
le domaine de la radiochimie, des applications des indicateurs radioactifs, 
de l'analyse d'activation et de la mise au point d'instruments spécialisés de 
contrôle. L'auteur y a ajouté une bibliographie détaillée. 
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FOREWORD 

When the Radioactivity Division of the Mines Branch was 

dissolved four years ago and its staff was dispersed from its historic 
Quonset Huts on Lydia Street into more modern and commodious quarters, 
the undersigned wrote a review of the activities of one of its sections, 
which was usually referred to as the Radiation Laboratory by remote 
analogy with other, bigger and more famous institutions. In the inter-
vening years this section, under its more formal and resounding title 
of Physics and Radiotracer Subdivision of the Mineral Sciences Division 
of the Mines Branch of the Department of Mines and Technical Surveys, has 
considerably expanded its research and development work on applied 
radioisotopes, radiochemistry,and the provision of control instrumentation 
for the mining and metallurgical industries. 

This diversification of activities occurred without significant 
change or increase in staff, indicating the adaptibility and Versatility of 
the individu.als com.prising the group. The new fields of activity reflect, to 
a. large extent, the need and scope for research and developm.ent currently 
required to aid the mining and rnetallu.rgical indu.stees in the solution of 
their problems. 

• 	 The impending departure of the undersigned from his present 
post marks an appropriate 'occasion to review the advances and achievements 
of the past four years. In concentrating on the work of this small group one 
encou.nters what, I hope, is a good example of what can be achieved by 
government and industry working in close contact, each in its proper 
sphere, to improve the efficiency and the ultimate prosperity of Canadian 
industry in a field so vital to Canada' s future development. 

G.G. richholz 
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INTRODUCTION 

The Mines Branch of the Department of Mines and Technical 
Surveys, Ottawa, is charged specifically with 

IIa.iding the mineral  industries  by the developrxient 
Of new techniques and procedures and by the • 
application Of long-term research to improve the 
econoMics and utilization of the mineral resources 
of Canada". '• 

This fairly broad mandate is operated under controls of  .a 
conititutional, financial and practical nature for the benefit of the country 
as à Whole, in co-operation with the provinces and private industry. Both 
of the latter groups have their own areas' of responsibility for development 
and exploltation of resources. The rapid technological developments that 
haire taken place throughout the world during the past ten to fifteen years 
are finding applications in the mining and metallurgical industries. It is, 
therefore, important that this vital segment of the Canadian industrial 
economy take full advantage of such developments to retain and improve 
its competitive position in world markets. 

One of the important functions of the Mines Branch is to develop, 
adapt and demonstrate scientific and technological improvements that are 
applicable  to the mining industry. Although some of the larger mining 
companies have set up excellent facilities for research and development, 
many smaller firms lack the staff and financial resources to un.dertake 
effective work in this field. The renderin.g of scientific and techn.ological 
assistance to both small and large industries constitutes an important 
function of the Mines Branch. Co-operative projects between the 
government laboratdries and industry, right down to the working leveil, 
have been developed to a degree that is only rarely found in other technically 
advanced countries. 

One of the Most striking illustrations of such mutual  assistance 
was the now historiC development of the Canadian uranium industry based 
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largely on initial developm.ent done in the old Quonset Huts on Lydia 
Streee, Ottawa, by the Radioactivity Division of the Mines Bran.ch (1) ** . 

•  One of the smaller sections of that Division was the Radiation Laboratory, 
whose history the present writer has recounted in a previous Information 
Circular (D6), published in 1959. The . present account is conceived as 
a continuation of the previous one and the listing of reports and publications 
in the bibliography in this report continues the numbering of the previous 
ones (H52, D6). 

However, it will be seen that the subject matter covered has 
changed considerably in these four years, partly because of the decline of 
work required for the uranium mines and partly because of the increased 
emphasis that is being laid on better control instrumentation and methods 
of measuring process variables in milling and metallurgical operations. 
For this purpose several new instruments have been developed and 
introduced to the in.dustry. At the same time, the use of radioactive 
tracers in exploring op-  erating problems has continued and they have also 
been employed as an aid in man.y laboratory investigations where their 
use has often simplified measurements and may have been crucial to the 
feasibility of  s 'orne  projects. These are the fields that the present review 
proposes to explore. 

,•  In the earlier days of the Radioactivity Division, the work of the 
Physics and ElectrOnics Section,' onr predecessor, was devoted entirely to the 
development and use of radiometric methods for the determination of uranium 
and thorium in ores. In tim.e it became logical to develop other equipment 
that utilized this inherent radioactivity and thus a programme of electronic 
sorting and continuous assaying of radioactive ores and solutions was 
started, which was the forerunner of man.y current projects. 

At the same time, the availability of suitable cou.nting equipment 
led to an investigation of neutron activation analysis of ores; this work, 
too, has led to considerable developments in recent years, which will be 
discussed in detail later. Similarly, the use of radioactive isotopes as 
tracers in chemical processes and in. the metallurgical industry is very 
slowly gainin.g . acceptan.ce, th.ough rather more slowly than  one would 
wish (A36). However, laboratory research using radiotracerti is ca.rried 
on in variou.. s directions and is yielding man.y useful results. 

*
Even the name Lydia Street is likely to be relegated to oblivion as a 

result of reconstruction of the area in connection with the Queensway. 

Numbers in brackets refer to the bibliography at the end of this report. 
** 
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STAFF 

The récent  diversification of activity was made possible becau.se 
of the range of disciplines existing in the professional background of the 
scientific staff. For most of the time the group has been divided almost 
entirely between physicists and chemists, a situation that is of mutu.al benefit 

when dealing with problems that are so much in the borderline area of the 
physical sciences. In addition, the presence of one or two postdoctorate 
fellows from various countries has infused new ideas and new approaches 
and has been most useful in maintaining momentum in fields of research 
which were sometimes only marginally related to the main programme of 
the Subdivision. It is to be hoped that it will be possible to attract research 
fellows of comparable calibre in future years. 

The other aspect of fundamental importance to the widened research 
programme, with the in.creased work load it has inevitably produ.ced, has 
been the presence of a stable and loyal technical staff. There has been no 
turnover in this group since the early 1950's, nor, unfortunately,an.y, 	addition 
to spread the ever-growing work load. To cope with this situation, the 
Subdivision is fortunate in havin.g a highly experienced group of men to whom 
responsibility for many of the established projects can be delegated with 
confidence. Many new skills have had to be mastered in pursuing the 
.programme of the Subdivision. 

Another group that should not be overlooked in discussing staffing 
are the summer stu.dents. The Subdivision has been fortu.nate in obtainin.g 
some very able summer assistants. It has been the practice to give 
each a project of his own so far as possible,and this has resulted 
in some very valuable work (e.g., A31, A60,  1160, 1161, 1162, 11101,11102, 
11108, 11121, 11122). The regular two student positions assigned to the 
Subdivision have usually been supplemented by one or two more summer 
assistants provided on loan by other sections or , divisions that had projects 
of mutual interest. The benefits both to the Departm.ent, which in the past 
has often recruited permanent staff from among previou.s summer students, 

and to the students themselves are incalculable, since in many cases this 
work first introduces them tO actual research laboratory conditions and 
confronts them with problems for which no ready textbook solutions may 
exist. At a time when it is vital to Canada to encourage students to enter 
the applied sciences, this training, if properly applied, can only be beneficial 
and it is to be hoped that it can be extended to a greater munber of studen.ts, 
both undergraduates and graduates, in future. 

Appendix A lists both permanent and temporary staff of the 
Subdivision since 1959. 



- 4 - 

LABORATORY FACILITIES 

When the previous survey was being written, in the spring of 
1959 (D6), the Section still formed part of the Radioactivity Division. The 
radiometric and electronics laboratories were housed in congested bustle 
in the Quonset Huts at 30 Lydia Street (1), a laboratory tha.t must have set a 
near-record for its density of scientists per cubic foot or its output  in 

 ultimate dollar value per unit of occupied floor area. The radioactive 
tracer work was carried on in only slightly less crowded quarters in the 
South wing of the Physical Metallurgy Division. at 568 Booth Street. To 
illustrate the conditions there, it needs merely be stated that five scientists 
at times had to take tu.rns at using the only available fume hood for radio-
active work. 

In the summer of 1959 the staff in the Quonset Huts was Moved 
into vastly more spaciou.s and convenient quarters in the new Mines Bran.ch 
building at 555 Booth Street. The radiometric and electronics laboratories 
were housed on the second floor of the East (Lebreton Street) win.g of that 
building and, for the first time in years, spare benCh space became available 
for the rapidly growing list of new projects. Later in 1959, the tracer 
laboratories were moved into a suite of rooms on the third floor of the 
West (Booth Street) wing of the same building' and for once the research 
workers could "luxuriate" in. surroundings where there was one fume 
hood per man and where, at last, proper provisions could be made for 

 separate, locked storage of bulk radioactive material (in the basement), 
for a "hot laboratory" properly fitted up to permit control of access, and 
for facilities for the handling of slightly higher levels of activity, up to 
100 millicuries, than would normally be used in the other, more ()Pen 
laboratories (Figure 1). A separate lathe and polishing facilities for 
radioactive materials were also installed. 

Consequent on. the formation. of the Minerai Sciences Division 
and in a move to consolidate•all portions of the Division. under one roof, 
the radiometric and electronic laboratories z -noved once more, in the summer 
of 1960,   from Lebreton Street into the first floor on. the Booth Street wing 
of the sazne building. This move permitted the present allocation of space 
and has benefitted particularly the semiconductor research programme. 

The Subdivision now occupies four large laboratories on the 
'first floor, 555 Booth Street, devoted to the physics and electronics 
section. of the Subdivision. Here also, are the Subdivision office, a small 
workshop and a preparation room., as well as the Branch Electronics' 
Stores, which are now run by a full-time storekeeper under the Branch 
Administration.. 
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Figure 1. View of part of hot laboratory. 

Figure 2. View of neutron generator console and shielding. 



In the spring of 1961 a Texas-Nuclear neutron generator was 

acquired for a stepped-up developm.ent programme on neutron activation 
analysis. After initial attempts to install it on the top floor, it soon became 
evident that the concrete block shielding required would exceed the floor 
loading limit. The equipment was, therefore, moved into a large basement 

room and a massive concrete and lumber shield was erected by the staff 

of the Subdivision (Figure 2). Being almost entirely below ground level, 
the main radiation interaction, detected by very sensitive equipment, is 
in an upward direction. 

The Tracer Laboratories on the third floor consist of a row of 

six large laboratories, two small offices and the small polishing room. 
Facilities for storing and handling radioactive materials have been . 
improved steadily over the years. However, as far as possible, artificial 
radioactive isotopes, with the exception of alpha-emitters, are confined 
to the third floor and the basem.ent, while the first floor radiometric 
laboratory is used for uranium and other natu.ral radioactive materials. 

URANIUM 

Since uranium form.ed the mainspring for the initial creation of 
the Section, its present position in the programme of the Subdivision is 
first considered. Although the dem.and for radiometric assays of 
uranium and thorium in ores has decreased sharply in the past few years, 
the facilities are maintained and a few assays are still ru.n each year 
(e.g., G35, 11, 12, 15, 118, 123): Contact is maintained, of course, 
with the old ore dressing section of the Radioactivity Division, now part 
of the Extraction Metallurgy Division, and some of the instrumentation 
developm.ent work was initially dir_ected to assist uranium leaching 
(A 37, 2, A 5'7, G 23, G 24, G 25, H 93). Some pieces of equipment, su.ch 
as those developed for electronic sorting ("picking") of uranium ore (3) 
and for control of acid concentration by conductimetric means at several 
uranium mines, are the direct outcome of the Subdivision' s work. 

A major project, which has demanded considerable time and 
effort, is the determination of ionium (Th-230) in uranium concentrates by 
alpha-ray spectrometry. This isotope of thorium is a uranium decay 
product occurring naturally in uranium ores. Since current uranium 
contracts specify an ioniuxn content of not more than 1 part per million 
in concentrates, a specific method of detection is obviously useful. 
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However, its alpha-ray emission, the only specific identifiable property, 
is so close in energy to that of uranium (U-234), that resolution by alpha-

ray spectrometry at the low intensities encountered poses considerable 

difficulties and demands extreme stability of the equipment and very 

thin, reproducible sources (Figure 3). A complete solution of this 

problem has always been "just around thé corner", but it is seriously 

expected that a satisfactory solution will be reached now that a more 
stable pulse-height analyser with up to 100 chann.els has becom.e available 
for this 'project. An earlier related project concerned the determination of 

Pa-231 in uranium. solution.s (G25). 

In the past few years several major programmes have been under 

way at the Mines Branch to fin.d nel,v uses for uranium outside the nuclear 
energy field. To this end, many tests have been run in the Physical 
Metallurgy Division, to explore the properties and potential uses of 

ferrous and non-ferrous alloys containing varying amounts of uranium, 
usually as a deoxidant (F16, 19). The Subdivision has been involved in 
this programme in three subsidiary, but important areas: uranium analysis, 
health monitoring, and trace impurity determinations. 

The work on uranium analysis has been a .  natural outgrowth of 

earlier work on the gamma-ray spectra of uranium and thorium, 

particularly in the low-energy region. This led to the development of a 
graphical method for the rapid determination of uranium and thorium, 
mainly in. ores, by means of a "kicksorter" (pulse-height ànalyser)(B 9, 
A38). The high cost of the latter has restricted the wider use of this 
method, but from it has developed, gradually, a very rapid and con.venient 
method for the determin.atiou of uranium in alloy sam.ples (A49, D8,  E62). 
In. this method the alloy sample, in. the form  of drillings compressed into 
a pellet, is counted with a scintillation detector and a single-channel 
pulse-height analyser, providing a rapid and relatively inexpensive means 
of obtaining control analyses. Such a unit has since been set up adjacent 

to the Mines Bran.ch foundry and is in. constant use. By careful calibration 
it has been made direct-reading. 

Another con.venient use of counting methods has been the 
application of a portable Geiger counter to check the uniformity of 

distribution of uranium in steel and alloy bars and billets, by measuring 
the local beta-ray activity over the length of the billet (H 91, I 3, G25, 
H95). 
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Figure 3. View of alpha-ray spectrometer. 
(Ionization chamber at extreme left, 18 channel 
kicksorter at right). 

Figure 4. Air monitoring during experimental casting of uranium-steel heat 
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The health and safety aspects of the  uranium programmeare 
absolutely vital to it, if the public is to accept the use of uranium-containing 
alloys for everyday use.. For this reason it has been necessary to conduct 
tests for extern.al radiation from finished and partly-finished uranium 
alloy materials and to obtain air samples in plants and melt shops during 
all stages of melting, pouring, rolling and cleaning of the m.etal, to 
confirrn .whether or not the concentration of airborn.e uranium was within 
permitted limits (Figure 4). This has entailed frequent sample runs and 
decontamination tests in the Mines Branch laboratories (13, H70, H97, 
H98, H100, H105, H111, H116, I 9),as well as visits to all the Canadian 
plants that have participated in this programme (G 29, G 30, G 31, G32, 
G34, 039, H95). Coupled with this, there has been a certain amount of 
public relations work to overcome public misconceptions and apprehensions, 
and to clarify relevant technical and legal aspects of the use of uranium 
as an alloying material  (A44, A55, B15, B21, D7, F16). 

RADIOMETRIC RESEARCH AND DEVELOPMENT 

It is convenient to group together under this heading some of the 
work that has been done on the use of neutron activation and gamma 
activation analysis, and of gamma-ray spectrometry on materials other 
than. uranium. 

Of these, the gamma-ray activation analysis of beryllium has 
been  in use for some years following the initial suggestion of Senftle and 
Gaudin and the development of the "beryllometer" by Brownell and his 
associates. The beryllometer is intended essentially to be a portable, 
or, more correctly, a movable, unit employing a strong antimony-124 
source. When the need arose at the Mines Branch to obtain accurate and 
rapid beryllium assays on beryl ores and concentrates, it was decided to 
set up a fixed laboratory facility. The outcome of this decision has been 
the development of two units, one for the screening of coarse ore samples 
(I 8) and one for more precise assays on powdered sam.ples (E 64). This 
equipment has worked well, is easy to operate, and has found frequent use 
(16, 17, 18, 110, Iii, 122, 130). 

Neutron activation analysis as a possible industrial method is 
of relatively recent origin. In the past, many papers have been published 
of spectacular determinations of certain elements in sea water or high-
purity metals, or on such exotic samples as Napoleon' s hair or the liver 
of King Eric XIV of Sweden. In all these cases a nuclear reactor had to be 
used, which made the method too slow and expensive to be of genuine 
interest to industry. For this reason, work at the Mines Branch was 
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confined to the few possible applications in the mining industry where one 
could employ portable radium-beryllium neutron sources (Al2, H3). 
Because of the low n.eutron flux available, such applications are too limited 

in scope; however, the recent advent of portable neutron generators of the 

accelerator type has changed that picture. The flux available is of the 

order of 109 fast neutrons/crx-1. 2  or 10 8  thermal neutrons/cmZ, high enough 

to open up a wide range of useful activation reactions that may be of interest 

to industry. (E 66, B16, 1-1128). In addition, the availability of a flux of 

fast, highly en.ergetic (14MeV) neutrons makes it possible to utilize some 
activation reactions not usually accessible to reactor users. Of these 
the most important is the 0 16 (n, p)N 16  reaction, which perMits the non-

destructive, rapid determination of total oxyge n  in many metals and 
minerals (H122,  113, 115, 116,  117, I 19, I  20,1  21,  I 2 9,  I 32, etc.). 

The setting up of the neutron generator posed many problems, since 
at the time the generator was purchased,in the spring of 1961,only fragmentary 

information  was available on the amount of shielding required, in spite of 
discussions with other Canadian users of such machines. As mentioned 

earlier, the equipment was finally set up in thé basement and a ,concrete 
block shield erected around it with an entrance maze. The bricks were 
set up in staggered rows to avoid radiation leaks. The roof consists of 

a solid layer of heavy planks, assembled edge up, on which there is a fu.rther 
layer of concrete blocks, crowned finally by five nylon wading pools filled 
with water, an. excellent neutron absorber. These pools were mentioned 
in a news relea.  se  and rather dominated ariy mention of the equipment in the 

press, ofte n  to the exclusion of thé real purpose of the equiprxient 
(e.g., 15, 16). This shielding lowers the neutron intensity around the 
outside of the shield to acceptable levels; however, there is still a 
sufficiently detectable background of radiation while the machine is running, 
so that it has been necessary to install an interlock switch to cut off sensitive 
counting equipment, three floors up, while the generatàr is running, to 
avoid spurious counts. Another interlock cuts off the generator beam, 
while the counter in the generator laboratory determines sample activity. 

Because of the short half-life of some of the induced  rad  ioactivities, 
a rapid, pneumatic transfer system ("rabbit") has been installed, which 
permits the automatic transfer of samples into the irradiation position 
while the generator is operating, and their subseq,uent transfer into the 
counting assem.bly within a fixed short time interval. This has greatly 
improved assay accuracy, but the design of this facility has evoked 
considerable ingenuity in the staff concern.ed and it is n.ow one of the show 

pieces of the laboratory. An extra coaxial cable has also  been  installed to 
permit feeding spectrum information from the scintillation detector in the 
basement laboratory tà the gamma‘-ray spectrometer on the third floor. 
It is hoped to issue a deta.iled description of the whole facility shortly. 
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The main purpose of the neutron generator programme is not so 
much to do routine activation analyses by what may be a faster method, 
as to explore the feasibility of assaying certain elements of indu.strial 
interest where alternative methods at present are either too slow or too 
inaccurate. Since the cost of the equipment is comparable with that of 
an X-ray fluorescence system or an automatic direct-reading spectro- 
meter, one can envisage an ultimate use of neutron generators in industry 
on a sizeable scale. Before this becomes possible, it is obviously 
necessary to explore such factors as sen.sitivity, accuracy, likely 
interferences from other elements, speed of determination, and so on. 
For this reason, a wide variety of samples has been studied and analysed, 
with the aim of presenting to industry, ultimately, a series of recommended 
procedures for analyses that may be of practical use and interest. 

In the meantime, the gammaray spectra, half-lives and cross 
sections of irradiation are being studied to establish the reasons why xnan,y 
samples do or do not respond to the degree expected. Among the samples 
studied have been determin,ations of Si, Al and Mn in iron ore; Ag in 
bismuth telluride; Hg and Au. in ore samples; Au. in sands (G40); O z  in 
niobium salts (I 13, I 17), selenium (I 15), iron (I 16) and minerals 
(I 21, I 29); N 2  in graphite (I 33); Hf in zirconium (I 25);. and other trace 
elements in barium titanate (I 24). Iron and aluminum alloys and products 
have been studied, as well as various semiconductor compounds. This 
is clearly a growing field and one of particular interest to industry in view 
of the rapidity and non-destructive nature of the analYsis and the relative 
ease of operation of the equ.ipment. 

The proper evaluation of the activity induced in an unknown 
sample by neutron bombardment involves thé intelligent use of the 
gamma-ray spectrometer. This equipment  ha S been greatly improved , 
over the years as a better detector assembly was built up and as im,proved 
kicksorters have become available (Figure 5). The most recent 
improvement has been the acquisition of 4.Nuclear Mata Model ND130A 
pulse-height analyser, which can perform many of the computing fu.nctione 
directly and thus save a considerable arnou.nt of time and effort. 

To a great extent the gamma-ray spectrometer has been pre-
empted by the needs of the neutron activation project. However, alongside 
that project a specific gamma-ray spectrometry programme has been 
carried on. The most ambitious project here has been  a co-operative 
research, shared with Dr. A.F. Gregory of the Geological Su.rvey of 
Canada, on the degradation and changes observed in the gamma-ray 
spectra from natural uranium, thorium, and potassium in minerals 
and rocks on passage through long distances in air. This research has 
obvious applications in the aerial su.rveying for radioactive minerals. 
The field work to obtain  data was done in the summer of 1959 at a radio 
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site with a 200 ft-high tower with an elevator, on which the detector and 
kicksorter could be raised or lowered (H62). The radiation sources 
included a truck load of bagged pitchblende concentrate and another of 
thorite concentrate. The results of a parallel laboratory study on 
synthetic ore sources, to obtain data on self-absorption effects and detector 
parameters, were published in 1961 (F12, B17). The results on the field 
experiments were reported recently (F19) and represent an exhaustive 
study of all factors involved in evaluating aerial survey results. 

Figure 5. View of gamma-ray spectrometer (with CDS 100-channel 
kicksorter). 
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Other important gamma-ray studies of more restricted interest 
have been an extension of previous results on the composition of fall-out 
products (A 32), on ore samples (A38, B 9), on flue dust samples (I 3), on 
West Coast plant samples (G27), and on the identification of various radio-
active isotopes in decontamination swabs. 

In this con.nection it may be mentioned that the assay of air samples 
collected on the roof for gamma-ray fall-out activity has been continued, but, 
however, at a diminishin.g rate in more recent years as the amount of more 
systematic, published data has grown. 

It is also worth noting that the earlier work in the Subdivision 
on the setting up of radiocarbon dating equipment, which was taken over 
by the Geological Survey of Canada, is now beginning to bear fruit (5). 

INDUSTRIAL TRACER APPLICATIONS 

The use of radioactive isotopes as a means of following the 
course of feed materials and solutions through industrial plant systems has 
been well established in the past few years. Nevertheless, it is not employed 
as widely as it deserves or would be desirable, in view of the  almost complete 
absence of detailed operational data that seems to prevail at many 
metallurgical plants (A51, A36). The reasons for this situation are 
manifold, but the principal ones can be summarized easily. The first 
factor is an inherent reluctance to try a new and u.nfamiliar technique. 
This unfamiliarity is often coupled with many popular misconceptions 
fostered by the popular press, e.g., that radioactive isotopes render other 
materials radioactive, or that they invariably induce sterility. Added to 
this is a lack of knowledge about the handling of radioactive materials 
and the consequent problem of meeting legal requirements for an. isotope 
licence. 

To overcome this situation, members of the Subdivision have been 
available for several years to conduct or supervise the use of radioactive 
tracer tests in in.dustry. Discussions have been held on possible uses of 
tracers (e.g., H56, H66, H71, H94, H130), and the cost of such 
consulting work has been kept to a minimum by charging only for 
out-of-pocket travel expenses and, occasionally, for the supply of the 
radioisotope. In most tests two members of the Mines Branch staff have 
gone to the plant with all the necessary counting and monitoring equipment, 
have advised on. sampling, and have operated the counting equipment. The 
staff of the host plant in most cases followed their usual operating routine 
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except for the collection of extra samples. Many u.seful tests have been 
run in this fashion and it is to be hoped that many more companies will 
avail themselves in future of this valuable service. 

• 
The largest rxumber of tests run in the past four years concerned 

the measurement of residence time in kilns and fu.rnaces both for industry 
(G 22,  028, G 37) and for Mines Branch tests  (R87, G 21). Another important 
field wa,s in the zneasuremertt of retention times, recirculation times, and 
the losseis encountered in leach circuits (023, G 26). Particularly interesting, 
though laborious, was a detailed test to establish the source of underground 
water seepage at the Steep Rock mine, where tritium (hydrogen.-3) was 
used as the tracer (G36, A50). A tremendous number of samples had 
to be treated and, because of the low concentrations involved, special 
methods of preconeentration and counting of the tracer had to be developed. 

A project having both practical and theoretical implications waa 
the tagging, with a tracer (E 58, E 60), of a heat of steel that was used for 
casting grin.ding balls. The purpose of this was to enable one to follow•
the relative wear properties of different types of balla  under actual 
operating conditions (H67). By sampling the ball mill at weekly intervals, 
it wa,s also possible to obtain  information on the wear rate of the balls 
and to confirm that equal thicknesses grind off in equal times (A 40a). 
This approach has many useful applications, and more general employment 
would yield much badly-needed information on ball-rnillio. 	 ' 

Another pilot plant operation in which  tracera  were used to 
advantage was in the extraction of cesium from pollucite (18). In this 
case the use of Cs 137  made it possible to determine extraction and 
breakthrough conditions during the operation of the plant (4). 

LABORATORY USES OF RADIOACTIVE TRACERS 

Apart from the use Of radioactive tracers in operating plants, it is 
obviously useful to employ them also on a smaller scale in a variety of 
engineering laboratory applications. The n.ext section will deal with their 
use in radiochemistry. 

The previous report has already mentioned earlier work on a 
viscometer for liquid metals by the falling-ball method (H61), and its 
extension to slurries (A31, A 31a, E 57). A related method has also been 
u.sed to measure the fall time of iron ore particles in a reduction. tower 
(H 90). A prelimina.ry study of the kinetic's of dephosphorization of iron with 
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P32 as the tracer (H 8 2 ) has been taken up more recently as the basis 

for a larger research project at McMaster University. 

The need to develop a flow gauge that could handle fast-flowing 
aircraft fuel at high pressures led to a design of an injector for the 
introduction of a tracer into the stream and its almost immediate precise 

detection (G20). 

At this stage one may mention the extensive research programme 

of Dr. F. Weinberg and his associates in the Physical Metallurgy Division, 

Mines Branch, on solidification and grain boundary segregation phenomena. 
Various radioactive tracers have been used, supplied through the Sub-

division; by counting and autoradiography, this work has yielded much 

valuable information not otherwise obtainable (e.g., 6,7,11,12). 

RADIOCHEMISTRY AND RADIATION CHEMISTRY 

The radiochemical work in the Division is essentially of two 

kinds: surface chemistry, with radiotracer tracers used to in.dicate the 
strength and nature of adsorption phenomena; and analytical chemistry, 
where tracers are used essentially to provide quantitative information on 

the yield and extraction rates of separation processes. In prin.ciple these 
procedures•are fairly straightforward and require only very sm.all amounts 
of radioactive tracer material. 

In the analytical field there have been a few special separations 

where the use of tracers simplified operations (e.g., H103). The largest 

research programme in this field is being carried out by Mr. G.H. Faye, 
Analytical Chemistry Subdivision, who is housed adjacent to the Tracer 
Laboratories (8,14) under the direction of Mr. W.R. Inman, Chief Chemist. 

He has studied in detail the assaying and separation of the precious metals, 
particularly the platinum series (9,10). For this purpose, a fire-assay 
method using tin as collector has been developed and various isotopes have 
been  used for quantitative tests. 

Another programme of an essentially analytical nature has been 

that of Dr. Manning, an NRC Postdoctorate Fellow, who is interested in the 
complexing of the rare-earth elements and their separation by solvent 
extraction. Through the use of radioactive tracers the separation constants 
have been obtained for a few typical reagents and the effects of steric crowding 

have been studied (A56, A61, B19). More recently he has investigated the 

formation of tarta.ric acid complexes and has shown that the measured 
stabilities require the formation of hydrogen bridges between some of the 
tartrate molecules (A68, H131), theoretically a rather important deduction. 
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The surface chemistry work, too, follows a number of different

lines. Conceptually,the simplest have been the uses of tracers for the
measurement of surface areas of fine metal and mineral particles,
particularly for those ranges of surface area that are not readily accessible
to the more widely used gas adsorption method (A 41). The method has
bee.n us ed for magnes ium, powder s (A 35, . F 7, F 10), uranium oxide powder
(A 45, F 14),and various minerals (F 18, A 28). The adsorption of chrornic,
acid on glass has been measured (A 48) and some studies have been made

of anion adsorption on sulphide minerals (F 13).

Another illustration of the use of tracer methods in beneficiation
tests has been a study of the adsorption of gold on carbon particles in
certain gold ores, which interfered with proper cyanide dissolution of
the gold (H 101). By the use of radioactive gold it was shown that this
effect could be reduced most efficiently by roasting.of the ore.

Closely linked with this -work has been a continuing programme on
the kinetics of adsorption of ions in.solution. on metal surfaces and tbeir
subsequent diffusion or re-dissolution. Initially,this research dealt with
polycrystalline zinc (A 42, F 8) and silver (A 46, F 11) and their ions in

solution. More recently, this work has been extended to. sing].e»crystal
silver (H 119) and nickel,, with interesting results. Some aspects of this
work may have some-bearing ultimately on plating and 'corrosion phenomena.

Another facet of surface chemistry research of special in.terest
to the mining industry is the work on the adsorption of flotation reagents
on minerals. Although flotation is. widely used in mines throughout
the country, the basic mechanism is only imperfectly understood
and more economic operations may result from a closer study of the,
underlying phenomena. Because of 'difficulties éncoun.ter.ed i.n.the .
separation of hematite and quartz by flotation, much of the work has-:so
far, concentrated on the adsorption of oleic acid on those two minerals
(F 18, H 127). This work has entailed the development of many specialized
techniques and,more recently, a demonstration. of the formation of iron
oleate in oleic acid adsorptiân on hematite. Extension of this work to
study the adsorption of xanthate is planned for the near, future.

A very interesting project in surface chemistry, but not one
involving tracers, was that chosen by Dr. Donato, an NRC Postdoctorate
Fellow. He studied the effect of neutron irradiation of zinc oxide and
chromiunri oxide catalysts used in the thermal decomposition of ethyl
alcohol (H 115, F 17, A 53, A 63, B 24). Whereas tisually irradiation
merely reduces the catalytic efficiency of oxide catalyets, in the case of
zinc oxide a change in catalytic behaviour occurred, which'was shown to
be related to the controlled introduction of a specific impurity'(gallium)
by neutron activation.
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CONTROL INSTRUMENTATION DEVELOPMENT 

A more immediate impact on industry than that from tracer 
work may be expected from the efforts to develop instrumentation to 
improve the measurement and control of essential variables in plant 
operatiOns. Here again a government laboratory finds itself in a slightly 
anomalous position. In theory it should be an easy matter for an instrument 
manufacturer to develop a device or some equipment and to sell it directly 
to the mining and metallurgical industry. In Canada things do not seem 
to work out quite so simply in practice. In contrast to the petroleum 
industry, which is highly instrument- and control-conscious, the mining 
industry in general is very conservative and has to be shown that 
instrumentation and closer control are profitable. Since few of the 
instrument manufacturers in Canada have the staff or facilities to run 
such tests under the appropriate conditions, the burden of this dem.. on.stration 
tends to fall on the Mines Branch. Not to un.dertake this task would mean a 
further slow-down in the long overdue modernization of many mills, which 
must face closer control of feed and operatin.g conditions  if they are to 
meet foreign competition (B 8). 

Another aspect of this problem is the frequent lack of suitable 
instrumentation or of equipment adapted to the special needs of the mining 
industry. Here it is, in many cases, the equipment manufacturer who has 
held back, before committing production staff and facilities, until a ready 
and receptive market has been established. Again it has fallen to the 
Mines Branch to undertake much of the necessary missionary work and to 
provide the bridge between supplier and user. 

The group that has attempted to fill some of these needs has been 
the Subdivision, working closely with the field officers of the Extraction 
Metallurgy Division. After establishing its objectivity and genuine desire 
to be of help, the Mines Branch staff has slowly been accepted by both 
sides as a valuable ally and•interpreter. 

Of the various instruments dealt with in thé past few years, the 
one likely to have the greatest impact in Canadian mills is the conductimetric 
probe (B11, E63, A39, A 5Z). The use of conductim.etric methods in 
leach circuits is by no means new, but the usual small cells with platinuxn 
electrodes were ill adapted to mill solutions with dense slurries and 
abrasive particles. Immersion probes had been described in the 
literature, mainly for oceanographic work, but there were none on the 
market that seemed to meet the needs of the mining industry. An 
extensive effort was devoted to the development of a simple and rugged 
device, and pilot tests on many leach liquors were conducted at the Mines 
Branch  (G37, G42, G 45) and in various plants  (G43, G44, H93, 1H26), 
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using both acid and alkaline solutions. It was shOwn that conductimetric 
control is advantageous,in many  cases,  at very high and very low pH 
values, where most pH instrurp.énts are relatively : insensitive, and fer 
use under conditions where extreme ruggedness and low /Maintenance 
requirements are important. Figure 6  shows a conductirnetric probe 
(suspended, centre) installed in the control demonstration circuit set up 
in the Extraction Metalltirgy Division. 

A very 131)es:dallied :device that has been developed for the gad 
mines is a gold leaf dissolution strength monitor (E 67). In this unit, 
which is shown in Figure 7., the test cell is filled with the . solution • 
under test, either statically or as a flow  cell, and thé dissolution strength 
is obtained from a graph Of paralleninei produced  as a gold foil samPle 
is moved through a light bean." in. front of a photosensitive : detectOr. 
As the foil is 'attacked by the cyan: ide solution, it becomes thinner and 
more transparent and the photocell voltage displayed On the recorder 
becomes progressively larger. The rate of grOwth of  the .lities provides 
an indication and record of dissolvin.g strength. 

In connection with the treatment of uranium waste solutiOns,a: 
 speCial monitor was devised to rm.  easu.re  uranium content  continuously 

•  (A37, G24). In. this system the Solution passes thrOugh a plastic cell 
containing 'Several plastic scintillator sheets; in parallel spaced layers. 
The fluorescence of the scintillators due to the uranium alpha-ray 
emission is detected and fed to a'raterneter Circuit. 	 •. 

Another device, which originally grew from the uranium technology, 
arose from Gilmore' s observations on the natural fluorescence of ion 
exchange resins (Z). From this discovery derived a fairly detailed study 
of fluorescence phenomena of ion exchange resins .and the quenching effects 
observed under loading and eluting conditions (F15, A57, A60, H121). 
It was shown, that, for certain ions, observation of fluorescence emission 
is closely linked with loading and elution,and may provide a basis for 
rapid, automatic control, especially in the elution cycle. 

, 

Two instrument developments of interest to the iron ore 
producers may be mentiiined here. The first concerns a simple 
magnetite assay unit (A65, B 23) that ha,s been used to control iron 
feed and kiln products (14 86, and later 'ones). In this case the magnetite 
content is related directly to the change in inductance of a standard  colla  
The other project is connected with attempts to develo p.  a detector for 
large tramp metal pieces, such as steel bucket teeth and drill'bits, 
in high-grade iron ore. Earlier tests ba,sed on a modified cozrimerciai, 
metal detector were quite satisfactory (H99, H104); however, when the 
grade of the iron ore was in.creased appreciably, an eleCtrornagnetiC 
detector proved inadequate. Test work is under way to attempt to solve 
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Figure 6. Demonstration grinding circuit with conductivity probe in the 
centre. 

Figure 7. Gold leaf dissolving strength monitor. 
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this problem, which is of surprisingly widespréad ititerest, by saturating 

the magn.etic ore in a strong d-c magnetic field and then detecting the 

x-netal pieces by eddy current induction. 

Other in.dustrial monitor  projects in hand at this time involve 
the development of a slime level detector for thicken.ers, an adaptation 

of a commercial slurry density gauge, and the development of a xanthate 

concentration monitor for flotation circuits. 

A field of tradition.al interest to the Subdivision is the electronic 

sorting of ores, dating back to the early Lapointe picker (C1). Although 
the decreased activity in uranium mining has reduced demand for work 
on this subject, any development, n.otably the K and H picker at Bancroft, 
has been followed with interest (I-149, H124). Following earlier pilot 
plant tests by Subdivision staff at Beaverlodge (H54), a complete picker 
system was finally installed there (3). Other sorting possibilities have 
also been explored,an.d a programme is under way at present to develop 
a method for sorting coarse molybdenite ore from -waste, and possibly 
for tin ores • (if they are not too friable), by the use of characteristic 
X-ray fluorescence excited by low-energy gamma-rays. Preliminary 
results look very encouraging for this process, which may have 
important consequences for the mining industry. 

DEVELOPMENT OF LABORATORY INSTRUMENTATION 

As part of the surveillance  programme on dust levels in 
mines under the silicosis prevention campaign, frequ.ent dust samples 
are collected at most hard rock mines,which are then evaluated by a 
dust count. In Ontario the "konimeter" has been adopted as the standard 
instrument for dust sampling. In this device a fixed volume of air is 
sampled and the contained »dust is sprayed u.pon an adhesive glass disk. 
After heat treatment these disks are examined under a microscope for 
counting. Since visu.al counting is slow, fatiguing and inaccurate, the 
Mines Accident Prevention Association of Ontario has placed a contract 
with the Mines Branch for the development of an electronic counter for 
this purpose. After preliminary.tests with a flying-spot scanner, a 
Vidicon camera tube was selected as the most economic device around 
which to build a relatively inexpensive and light-weight counter system 
(G41). Work is in progress at presen.t to design and assemble a 
prototype unit. 
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Another electronic development in which the Subdivision is 
takin.g part is the design andssembly of an electron beam microprobe 
analyser. This projeCt IS üà,çlè'r'tiie direction of Dr. A.H. Gillieson, 
the chief spectrographer; With the Subdivision undertaking the design 
of the electronic power supplies and sweep circuits. Although several 
commercial units are available on the market (e.g., H113), the Mines 
Branch unit is expected to cost less and to have a number of different 
useful 'features. The Subdivision has also assisted the spectrographic 
laboratory with some electronic problems in conjunction with the 
redesign of the Mines Branch cathode-ray comparator-densitometer (17). 

Other contributions of the electronic laboratories that may be 
mention.ed here are the redésigu of the circuit of the Thomas oxygen. 
determinator (H75) and à photoelectric cotinter unit for the timing and 
recordin.g of galvanometer beam deflections in dilatometry (A43). 
Development work has also been started on an electronic unit to measure 
the reflectivity of minerals (H108). In addition, from the early days of 
transistor development, transiStnr -ciïcuit's'haire been used and developed 
for a variety of purposeti,andthe.writer has..  Pàrticipated in a responsible 
adyisory capacity on. dev'eloprnents- in'ressà"tch ànd industry in the 
semiconductor field. 

SEMICONDUCTOR RESEARCH 

This subject has  been  developed over the years by a union of 
the Subdivision' s electronic and radiotracer interests and experien.ce. 
Although the work was originally u.ndertaken as a pure research programme, 
at the present state of the art much,of the work done is of definite 
interest to industry: (H125). 

Research so far has concentrated on bismuth telluride, a 
semiconductor compound of particular interest for its therm.oelectric 
properties. After much experimenting,procedures have been devised 
for the growing (Figure 8) and sectioning of Bi 7 Te

3 
single crystalà 

(e.g., H77, H102, H120). The diffusion of geld and silver along the 
two major axes has been measured., as well as their solubilities in 
bismuth telluride (A54, A64, A66, B 22, B26). Work is under way .  s  
to study the diffusion of tin. In addition, Dr. Keys is studying some 
properties of gallium arsenide while on an exchange visit to  the 

 Semiconductor Institute in Leningrad. During his absence a lông-term 
ion drift experiment in bismuth telluride is being maintained.' 
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Figure 8. Zone melting furnace for the growing of bismuth 
telluride crystals. 

CONCLUSIONS 

The purpose of this report is to summarize the activities 
of a highly specialized laboratory in the field of physics and chemistry 
as applied in the metallurgical industries. In spite of the limited staff 
and funds available, it is evident that it is possible for even a small 
group to make useful contributions to the continued development of the 
Canadian mining industry, an industry greatly in need of intensive research 
and development work if it is to meet successfully the challenges of the 
immediate future. There is clearly room and need for such research 
at a central government facility to aid especially the smaller and 
undeveloped mines that would otherwise not have the means to engage 
outside consultants. Nevertheless, it is to be hoped that particularly the 
instrumentation and radiotracer fields will attract and maintain private 
consultants and manufacturers, who are willing and able to stake their 
resources on the continued development and expansion of this vital 
Canadian industry. 
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APPENDIX A 
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Christian. M. Lapointe, B.Sc., D.Sc.(Laval) 
John L. Horwood, B.A. (Toronto) 
John D. Keys, B.A., Ph.D. (McGill) 
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Bull. 53, 901-907, 1960; Trans. C.I.M.M. 63, 625-631, 1960. 

A 40 	J.D. Keys and G.G. Eichholz, Measurement of the Wear Rate 
of Cast Grinding Balls using Radioactive Tracers (abstract 
only). Internat. J. Appl. Radiation and Isotopes 9, 185, 1960. 
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A 40a 	The same (full paper),in "Radioisotopes in the Physical Sciences 
and Industry", pp. 397-404, International Atomic Energy 

• Agency, Vienna (1962). 

A 41 	H.P. Dibbs, P.R. Gorla and C.M. Lapointe, The Measurement of 
Surface Area Using Radioisotopes. Trans. 3rd Internat. 
Congress on Surface Activity, Cologne, 3, 242-250, 1960. 

A 42 	'J.E. San.dor, Exchange Reactions between. Zinc and its Ions. 
Can. J. Chem. 39, 393-400, 1961. 

■■•■•••■ 

A 43 	G.E. Alexander and G.G. Eichholz, A Recording System for 
Galvanometer Beam Deflexions. Electronic Engineering 33, 
38-39, 1961. 

A 44 	G.G. Eichholz, Dust Monitoring and Hazard Control in Uranium 
Alloy Fabrication. Trans. 1st An.nual Meeting, Canad. Nucl. 
Association 2, 1-7, 1961. 

A 45 	P.R. Gorla, The Measurement of the Surface Area of Uranium 
Dioxide Powder. Nucl. Science and Engg. 11, 48-54, 1961. 

A 46 	J.E. Sandor, Surface Exchange Reaction.s of Silver and its Ions. 
Can.. J. Chem, 39, 1869-1878, 1961. 

A 47 	G.G. Eichholz, Safe Handling of Radioisotopes (book ,review). 
Canad. Nucl. Technology  1,  No. 2, 48, 1961. 

A 48 	H.P. Dibbs, Adsorption of Chromic Acid on Silica. Can. J. 
Chem. 40, 565-566, 1962. 

A 49 	J.L. Horwood, Radiometric Determin.ation of Uranium. 
Canad. Nucl. Technology 1, No. 4, 39-41, 1962. 

A 50 	C.M. Lapointe, Use of Tritium to Trace Underground Waters. 
Trans. CNA Conf. on Heavy Water Reactors, Ottawa (1962). 

A 51 	G.G. Eichholz, in "Why Use Radioisotopes", Panel Discussion, 
Trans. CNA Conf. on Heavy Water Reactors, Ottawa (1962). 

A 52 	G.G. Eichholz, Conductimetric Control of Solutions. Can. • 
Chem. Processing 46, No. 5, 76-78, 1962. 
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: A 53 • 	M. Donato, Radiation Effects on Zinc Oxide Catalyst in 
Dehydrogenation of Ethyl Alcohol. Nature 194, 969-970, 1962. 

A 54 	J.D. Keys, Diffusion of Silver into Bismuth Telluride. 
J. Phys. Chem. Solids 23,  820-821,1962. 

A 55 	G.G. Eichholz, Radiation and Toxicity Hazards of Uranium 
Alloys. Canad. J. Nucl. Technology  1,  No. 5, 33-34, 1962. 

A 56 	P.G. Manning, The Extraction of Thorium and Some Lower 
Lanthanide Nitrates by Dibutyl Butyl Phosphonate. Can. J. 
Chem. 40, 1684-1689, 1962. 

A 57 	G.G. Eichholz, Fluorescent Control of Ion Exchange. 
Can. Chem. Processing 46, No. 8, 77-79, 1962. 

• A 58 	D.C. Corn.ish, H.P. Dibbs,  F.S. Feates, D.J.G. Ives and 
R.W. Pittman, Anodic Processeé V. The Effects of Ixnpuritieri 
on the Hg:HCI(aq. ) System.  • The Passivation Law, and the 

• Properties of Passivating Calomel Films. J. Chem.  Soc.  
1962, 4104-4118, 1962 , 

A 59 

	

	J.D. Keys, The Use of a Pulse-Height Analyser as a Curve 
Plotter. J. Sci. Instrurn. 40, 44, 1963 , 

A 60 	T.R. Flint and G.G. Eichholz, Fluorescence Effects in Ion 
Exchange Resins,. Can. J. Chem. Eng.  41, 33-37, 1963. 

A 61 	P.G. Manning, Steric Effects in the Synergic Extraction of the 
Lanthanides, Yttrium and Scandium. Can.. J. Chem.  41, 
658-666, 1963. 

A 62 	G.G. Eichholz, The Use of Radioisotopes and Special 
Instrumentation for Process Control and Development in the 
Mineral and Metal Industries. Trans. U.N. Conf. Applications 
of Science and Technology for the Benefit of Less Developed 
Areas, Paper E/Conf.39/D/26, 1963. 

A 63 	M. Donato, Radiation Effects on p- and n-Type Catalysts Used 
in the Thermal Dissociation of Ethyl Alcohol, J. Phys. 
Chem. 67, 773-776, 1963. 
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A 64 J.D. Keys and H.M. Dutton, Diffusion and Solubility of Silver

in Single-Crystal Bismuth Telluride. J. Phys t Chem.
Solids 24, 563-571, 1963. ,

A 65 G.E. Alexander and G.G. Eichholz, Magnetic Assay Unit
for Iron Ores. Can. Metall. Quarterly 2, No. 2, 187-196, 1963.

A 66 J.D. Keys and H.M. Dutton, Diffusion and Sôlubility of Gold
in Single-Crystal Bismuth Telluride. J. Appl. Phys. 34,
1830-1831, 1963.

A 67 1.1. Tingley, Corrosion Resistance of Type 329 Stainless Steel
to Nitric Acid Containing Chloride. Corrosion ( in press).

A 68 P.G. Manning, The Tartrate Complexes of the Rare-Earth
Elements. I. The d-, dl-, and meso-Tartrates of Tb and Eu.
Can. J. Chem. ( in press).

A 69 G.G. Eichholz and C.A. Josling, A Semi-Automatic Monitor
of Cyanide Solution Strength for Gold Ore Dissolution.
C.I.M.M. Bull. (in press).
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B. Papers Presented at Technical Meetings and Conferen.ces 

B 8 	G.G. Eichholz, Panel rriember, Forum on Instrumentation, 
C.I.M.M. Annual General Meeting, Montreal, April 13-15, 
1959. (cf A33). 

• B9  J.L. Horwood, Gamma-Ray Spectroscopy Applied to the Analysis 
of Ore Samples. Canadian Association of Physicists, Annual 
Meeting, Saskatoon, June 4-6, 1959. 

B 10 	G.G. Eichholz, Panel member, The Future of Applied Radiation, 
3rd In.dustrial Nuclear Technology Conference, Chicago, 
Sept. 22-24, 1959. 

B 11 	G.G. Eichholz and A.H. Bettens, Conductimetric Mea,surement 
and Control of Acid Concentrations in Leach  Pulpe.  C.I.M.M. 
Annual General Meeting, Toronto, April 26, 1960. (cf A 39), 

B 12 	G.G. Eichholz and J.D. Keys, Measurement of the Wear Rate of 
Cast Grinding Balls Using Radioactive Tracers. IAEA Conference 
on the Uses of Radioisotopes in Science and Industry, Copenhagen, 
Sept. 6-16, 1960 (presented by H.P. Dibbs). (cf A 40a). 

B 13 	H.P. Dibbs, C.M. Lapointe and P.R. Gorla, The Measurement 
of Surface Area Using Radioisotopes. 3rd International. Congress 
on Surface Activiiy, Cologne, Sept. 12-17, 1960. (cf A 41). 

B 14 	G.G. Eichholz, Functions and Facilities of the Mines Branch , 
 Defence Research Board Electronics Laboratories, Ottawa, 

January 19, 1961. 

B 15 	G.G. Eichholz, Dust Monitoring and Hazard Control in.  Uranium  
Alloy Fabrication. . Canadian Nuclear Association An.nual 
Meeting, Toronto, May 16, 1961. (cf  A44).  

B 16 	G.G. Eichholz, Stattis of Activation Analysis at the Canadian 
Department of Mines and Technical Surveys. U.S. Bureau 
of Mines Nuclear Applications Research Symposium, Reno, 
Nev., Sept. 21, 1961. 
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B 17 	A.F. Gregory and J.L. Horwood, Measurex -nents of Gamma-Ray 
Spectra in Air above Mineral Sources. Society of Exploration 
Geophysicists 31st Annual International Meeting, Denver, 
Colo., Nov. 5-9, 1961. 

B 18 	H.P. Dibbs, Neutron Activation Analysis at the Mines Branch. 
University of Ottawa, Neutron Generator Conference, Ottawa, 

' 	Oct. 20, 1961. 

B 19 

	

	P.G. Manning, The Extraction of Thorium and Lanthanide 
Nitrates by Dibutyl Butyl Phosphonate. Canadian In.stitute 
of Chemistry An.nual Meeting, Edmonton, Alta., May 27-30, 
1962. 	 • 

B 20 	C.M. Lapointe, Use of Tritium to Trace Underground Waters. 
Canadian Nuclear Association Annual Meeting, Ottawa, 
May 28-30, 1962. (cf A 50). 

B 21 	G.G. Eichholz, Hazards in Handling Radioactive Materials, 
Seminar, Association of Workmen' s Compensation Boards 
of Canada 36th An.nual Convention, Saint John, N.B., 
Aug. 26-30, 1962. 

B 22 	J.D. Keys and H.M. Dutton, Diffusion and Solid Solubility of 
Silver and Gold in Single-Crystal Bismuth Telluride. Canadian 
Metal Physics Conference, Kingston, Ont., Aug. 29-31, 1962. 
(cf A 64). 

B 23 	G.E. Alexander and G.G. Eichholz, Magnetic Assay Unit for Iron 
Ores and Concentrates. C.I.M.M. Conference of Metallurgists, 
Hamilton, Ont., Sept. 4-7, 1962. (cf A 65). 

B 24 	M. Donato, Radiation Effects of p- and n-Type Catalysts Used 
in. the Thermal Dissociation of Ethyl Alcohol, American 
Chemical Society 142nd National Meeting, Atlantic City, N.J. ., 
Sept. 9-14, 1962 (presented by G.G. Eichholz). 

B 25 	I.I. Tingley- , Exchange of Silver Ions at Single-Crystal/Solution 
Interfaces. Electrochemical Society Meeting, Boston, 
Sept. 16-20, 1962. (cf H 119). 
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B 26 	 J.D. Keys and H.M. Dutton, Diffusion. and Solid Solubility 
of Silver in Single-Crystal Bismuth Telluride. America14 
Physical Society, Cleveland, Nov. 23-24, 1962. 
(Abstr. Bull. Am. Phys. Soc. 7, 544, 1962). 

B 27 	 H.P. Dibbs, Some Industrial Applications of Neutron 
Activation with a Neutron Generator. Canadian Nuclear 
Association, Annual Meeting, Montreal, May 27-29, 1963. 

B 28 P.G. Manning, The Tartrate Complexes of the Lanthanides 
and Yttrium. Canadian Chemical Institute Annual Meeting, 
Toronto, June 6-8, 1963. 
(Abstr. Chemistry.in  Canada 15,  No. 4, 34, 1963). 

C. Patents  

None. 

D. Mines Branch Information Circulars 

D 6 IC 113 G.G. Eichholz, The Radiation Laboratory of the 
Mines Branch, 1947-1959. April 1959. . 

D 7 IC 125 G.G. Eichholz, Notes on the Safe Handling of Uranium 
Alloys in Industry. Jan. 1961. 

D 8 IC 134 J.C.  bigles, J.B. Zimmerman and J.L. Horwood,' 
The Analytical Determination of Uranium in Iron and 
Steel Alloys. Dec. 1961. 

D 9 IC 149 Mines Branch Contribution to U.N. Conference on the 
Application of Science an.d Technology for the Betterment 
of Less-Developed Areas, Geneva, Feb. 14-20, 1963. 
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E. Mines Branch Technical Bulletins 

E 57 TB 11 

	

	G.R. Purdy and G.G. Eichholz, A Viscometer for 
Minerai  Suspensions. Dec. 1959. 

E 58 TB 12 

	

	G.G. Eichholz, Radioactive Markin.g of Steel Balls 
for Grinding Tests. Nov. 1959. 

E 59 TB 15 	J. D.  Keys and G.E. Alexander, A Gated Oscillator 
Circuit for the Measurement of Short Time Intervals. 
Oct. 1959. 

E 60 TB 18 	J.D. Keys and G.G. Eichholz, Measurement of the 
Wear Rate of Cast Grinding Balls Using Radioactive 
Tracers. June 1960. 

E 61 TB 23 	J.D. Keys, The Use of Probability Paper for the 
Determination of Diffusion Coefficients. May 1961. 

E 62. TB 25 	J.L Horwood, The Radiometric Analyisis of Uranium- 
Bearing Steels ,  Nov. 1961 ,  

E 63 TB 27 

	

	0.0. Eichholz and Tsai, Flint, Conductimetric Control 
of Alkaline Leach Liqu,ors, Dec. 19611; 

E 64 TB 22 	H.P. Dibbs,• Determination of Beryllium by Gamma-Ray 
Activation ,  March 1962. 

E 65 TB 38 	J.D. Keys, The Use of a Pulse-Height Analyser as a 
Curve Plotter ,  Oct. 1962. 

E 66 	TB 40 	1-1.1Dt Dibbs, Sensitivities for Activation Analysis with 
Thermal or Fast Neutrons. Nov. 1962. 

E 67 TB 43 	0.0. Eichholz and C.A. Josling, A  Set -Automatic 
Monitor of Cyanide Solution Strength for Gold Ore 
Dissolution. :March 1963. 
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F. Mines Branch Research Reports  

• 
•F 6 	R 46 	J.L. Horwood, A Graphical Determination of Uranium 

and Thorium in Ores from their Gamma-Ray Spectra. 
Dec. 1959. 

F 7 	R,53 	H.P. Dibbs, Surface Area Determination of Magnesium 
Powder withChrornium.-51 Tracer Solutions, Oct. 1959, 

F 8 	R 58 	J.E. Sandor, Exchange Reaction.s between Zinc and its 
Ions. Oct. 1959. 

F 9 	R 59 	G.G. Eichholi, Continuoils Monitoring of Uranium 
Leach Scilutions. Jan. 1960. 

F 10 R 60 	C.M. Lapointe, Surface Area Determination of Magnesium 
Powders by Sorption of  C' 4 -Labelled Oleic Acid. 
March 1960. 

F 11. R 62 	J.E. Sandor, Surface Exchange Reactions of Silver and 
its Ions. April 1960. 

F 12 R 85 	A.F. Gregory and J.L. Horwood, A Laboratory Study 
of Gamma-Ray Spectra at the Surface of Rocks. 
April 1961. 

F 13 R 89 	H.P. Dibbs, Anionic Adsorption on Three Sulphide 
Minerals. Oct. 1961. 

F 14 R 90 	P.R. Gorla, The Measurement of the Surfacé Area of 
Uranium  DiOxide Powder. Jan ,  1961, 

F 15 R 91 	T.R. Flint and G.G. Eichholz, Fluorescence Effects in 
Ion Exchange Resins. Nov. 1961. 

F 16 R 95 	R.F. Knight and D.K. Faurschou (ed.), The Influence of 
Uranium Additions to Ferrous Alloys. Contributions by 
J.L. Horwood (Chapter 10) and G.G. Eichholz (Chapter 11). 
April 1962. 
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F 17 R 105 M. Donato, Radiation Effects on p- and n-Type Catalysts 
used in the Thermal Dissociation of Ethyl Alcohol. 

I 	 Aug. 1962. 

F 18 R 108 C.M. Lapointe, Competitive Adsorption of C
14

-Label1ed 
Oleic Acid by Quartz and Hematite in Flotation Processes. 
San. 1963. 

F 19 R 110 A.F. Gregory and J.L. Horwood, A Spectrometric 
Study of the Attenuation in Air of Gamma, Rays from 
Mineral Sources. May 1963. 

G. Mines Branch Investigation Reports *  

G 20 IR 59-98 	J.D. Keys, G.E. Alexander and G.G. Eichholz, 
A Flow Gauge Employing a Radioactive Tracer. 
Nov. 12, 1959. 

G 21 IR 59-110 	G.G. Eichholz, Measurement of the Residence Time 
of a R.otary Kiln with Radioactive Tracera.  
Nov. 26, 1959. 

G 22 IR 60-12 	G.G. Eichholz, Measurement of Kiln Contact Time 
at Freeman. Corporation, Trots Rivières, P.Q. 
Feb. 3, 1960. 

G 23 IR 60-23 

	

	G.G. Eichholz, Tracer Measurement of Contact Time 
at the Algom-Quirke Mill. Feb. 20, 1960. 

G 24 IR 60-48 

	

	G.G. Eichholz and J.M. Lefebvre, Use of Solution 
Monitor on Beaverlodge Leach Liquors. May 5, 1960: 

G 25  JR 60-50 	G.G. Eichholz and C. McMahon, Search. for 
Protactinium-231 in Uranitirn Leach Liquors. 
May 6, 1960. 

G 26 IR 60-74 

	

	J.D. Keys, Measurement of Sodium Losses in a 
Leach Circuit. July 11, 1960. 

Reports in this series may n.ot be available for general distribution. 
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G 27 IR 60-76 

	

	J.L. Horwood, Radioactive Fallout Elements in Plant 
Samples from Vancouver Island, July 14, 1960.   

G 28 IR 60-121 	G.G. Eichholz, Measurement of Kiln. Contact Time at 
Freeman Corporation, Cap de la Madeleine, P.Q., 
November 18, 1960.   Nov. 25, 1960. 

G 29 IR' 61-53 	G.G. Eichholz, Du.st and Radiation Monitoring at 
Algoma Steel Corporation Ltd., Sault Ste Marie, 
Ont., May 2-3, 1961.   May 12, 1961.   

G 30 IR 61-63 	C. McMahon and G.G. Eichholz, Air Monitoring during 
First Uranium-Steel Production at Atlas Steels Ltd., 
May 17-19, 1961. June 12, 1961.   

G 31 IR 61-64 	C. McMahon, Dust Monitoring at Algoma. Steel 
Corporation Ltd., Sault Ste. Marie, Ont., Jiine 6, 
1 961. June 21, 1961.   . 

G 32 IR 61-78 

	

	C. McMahon, Uranium Dust Monitoring at Atlas Steels 
Ltd., Welland, Ont., June 16 ,. 1961.   July 7, 1 961. 

G 33 IR 61-91 

	

	G.G. Eichholz, Report on Monitoring Tests at CARDE, 
Valcartier, Que., August 1, 1961,   Aug.  14, 1961.   

G 34 IR 61-95 	C. McMahon, Uranium Du.st Monitoring at the Steel 
Company of Canada Ltd., Hamilton, Ont., July  18-19, 
1961.   Aug. 18, 1961.   

G 35 IR 61-121 	C. McMahon and G.G. Eichholz, Radiometric Analysis 
of Uranium Ore Samples from Western Nuclear Inc., 
Rawlins, Wyoming. Sept. 28, 1961.   

G 36 IR 61-140 

	

	C.M. Lapointe, Tracer Study of Underground Water 
Flow at Steep Rock Iron Mines Ltd. Dec. 6, 1961.   

G 37 IR 61-145 	G.G. Eichholz, Residence Time Measurements of a. 
Shaft Furnace for the Iron Ore Company of Canada 
Ltd., Dec. 12, 1961.   

G 38  JR 62-12 

	

	T.R. Flint, Conductimetric Tests on Solution from 
Canadian. Copper Refiners Ltd. Feb. 21, 1962.   

o 

• 
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G 39  JR 62-20 

	

	C. McMahon, Air Dust Monitoring, at Dosco, Sydney, 
N.S., April 10, 1962. April 30, 1962. 

G 40 IR 62-47 	H.P. Dibbs and J.L. Horwood, Neutron Activation 
Analysis of Two Ore Samples Subinitted by 
Dr. R.H. Wright, Vancouver, B.C. July 3, 1962. 

G 41  JR 62-72 

	

	T.R. Flint, Progress Report on Electronic Konitneter 
Slide Counters. Sept. 14, 1962. 

G 42  JR 62-93 

	

	G.G. Eichholz and G.E. Alexander, Conductom.etric 
Tests on Noranda Leach Pulp. Nov. 12, 1962. 

G 43  JR 63-13 

	

	G.G. Eichholz and G.E. Alexander, Conductimetric 
Plant Tests at Noranda Mines Limited. Feb. 15, 1963. 

G 44 LR 63-14 	G.G. Eichholz and G.E. Alexander, Condu.ctim:etric 
Plant Tests at McIntyre Porcupine Mines Ltd. 
Feb. 26, 1963. 

G 45  JR  63 -46 	G.G. Eichholz and G.E. Alexander, Preliminary 
Conductivity Probe Tests for Shawinigan Chemical 
Co. Ltd. April 27, 1963. 

H. Internal Reports  

(This list contains only selected reports dealing with technical matters; 
it does not include drafts and preprints of papers listed elsewhere, 
field trip reports of conventions, or reports of administrative 
interest only. These reports are not normally available for general 
distribution.) 

H 52 Ra 317/59 

H 53 Ra 321/59 

H 54 Ra 326/59 

H 55 Ra 328/59 

G.G. Eichholz, The Radiation Laboratory of the Mines 
Branch, 1947-1959 (complete version). April 1, 1959. 

J.L. Horwood, Gamma-Ray Spectroscopy Applied to 
the Analysis of Ore Samples. July 27, 1959. 

W.R. Honeywell, Lapointe Picker Tests on Verna Ore. 
Aug. 4, 1959. 

A.H. Bettens and G.G. Eichholz, A Counting Unit for 
a Varian Magnetometer. Au.g. 5, 1959. 
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H 56 Ra 329/59 .'W.A. Gow, S. Kaiman. and.G.G. Eichholz, Field Trip
to Elliot Lake, Ont., July 13-17, 1959. Aug. 25, 1959.

H 57 EMD 59-4 :H.W..Smith, Mines Branch Work on Radioactive Ores.
Summary Report for the period April 1-September 30,

1959. Oct. 27, 1959.

H 58 MS-59-3 J.R. Barkley, Measurements on Surface Exchange
Reactions and Grain Boundary Diffusion in Zinc.

Crystals. Sept. 18, 1959.

H 59 MS-59-4 G.G. Eichholz, Visit to Neelon- Steel Ltd., Sudbury
Junction, Ont., September 4, 1959. Sept, 10, 1959..

H 60 MS-59-5 R.A. Wilkinson; Breakthrough Monitors for Ion
Exchange Columns. Sept. 11, 1959.

H 61 . MS-59-7 J.C. Filion, A Viscometer for Molten Metals.
Sept. 15, 1959.

H 6Z MS-59-10 R.M. Hopwood, Laboratory and Field Applications

of the Gamma-RaySpectrometer. Sept. 11, 1959.

H 63 MS-59-12 G.G. Eichholz, Radioactive Tagging of Gold Amalgam.
Oct. 9, 1959.

H 64, MS-60-8 J.E. Sandor and J.D. Keys, Field Trip to Toronto
(Disçussions at Ontario Research Foundation).
Feb. 2, 1960.

H 65 MS-60-15 J.D. Keys, Report on Field Trip to Canadian
Westinghouse Plâ.nt at Hamiltôn, Ont., on 25 Februâ.ry

1960. Feb. 29, 1960.

H 66 MS-60-22 J.D. Keys, Field Trip to Neelon Steel Ltd., Sudbury,
Ontario, on 14 March 1960. Mar„ 21, 1960.

H 67 MS-60-23. J.D. Keys, Report on Field Trip to Lowphos Ore, Ltd.,
Capreol, Ont., March 22, 1960. Mar. 23, 1960.

H 68 MS-60-26 G.G. Eichholz, .Visit.to.Four U.S. Bureau of Mines

Research Stâ.tions, March 14-25, 1960.

H 69 MS.-60-2 8 H.P. Dibbs, Plating by Internal Cell Action.
April 14, 1960.
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H 70 MS-60-34 G.G. Eichholz and C. McMahon, Analysis of Air 
Samples taken durin.g Uranium Metal Fabrication. 
April ZO, 1960.   

H 71 MS-60-48 	J.D. Keys, Report on Field Trip to Freeman Corporation, 
Trois Rivières, and Quebec Iron and Titanium, Sorel, 
Qu.ebec, May 31 to June 3, 1960. June 6, 1960. 

H 72 MS-60-71 	H.P. Dibbs, P.R. Gorla and C.M. Lapointe, The 
Measurement of Surface Area Using Radioisotopes, 
July 14, 1960. 

H 73 MS-60-97 	N.V. Galitzine (tran.s1.), The Effects of Additions of 
Frothing Agent on the Flotation of Pyrrhotite and 
Sphalerite, by I.N. Plaksin and G.H. Khashinskaya« 
Oct. 24, 1960.   

H 74 MS-60-98 	N.V. Galitzine (transi.), Separation of Minerals by Means 
•of Ion Currents Generated by a-Radiation, by 
I.N. Plaksin and L.I. Starchuk. Oct. 24, 1960. 

H 75 MS-60-101 J.D. Keys and G.E. Alexander, A Practical Design 
for the Thomas Dissolved Air Determinator. 
Oct. 31, 1960.   

• 76 MS-60-10 2  P.M. Manning, Gamma-Ray Spectrographic Work, 
Summer 1960. Sept. 16, 1960. 

H 77 MS-60-104 L.S. Wright, Resistivity and Thermoelectric Power 
of Bismuth Telluride. Sept. 19, 1960. 

H 78 MS-60-111 N.V. Galitzine (transi.), PreParation of Flat Polonium 
a-Ray Sources of High Activity, by I.N. Plaksin, 
V.N. Smirnoff and L.P. Starchuk. Nov. 28, 1960« 

H 79 MS-60-112 N.V. Galitzine  (transi.), Use of the Autoradiographic 
Method of Investigation in the Stu.dy of the Distribution 
of Flotation Reagents between Particles of Minerais in 
Pulp Flotation, by C.P. Zaetseva, I.N. Plaksin and 
P. Sh. Shafeev (Moscow). Nov. 29, 1960. 

H 80 MS-60-113 G.G. Eichholz, Field Trip to Chalk River, Nov. 9-10, 
1960. Nov. 22, 1960,   
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H 81 MS-60-114 N.V. Galitzine  (transi.), The Unit Cell Parameters 
and Space Group of Fersrnite and its Synthetic 
Analogue, by A.I. 1Cornkov. Dec. 5, 1960. 

H 82 MS-60-119 H.P. Dibbs, Use of Phosphorus-32 in a Study of the 
Kinetics of Dephosphorisation of Iron. Nov. 28, 1960, 

H 83 M&L60-120 N.V. Galitzine (transi.), Extraction of Ruthenium 
Nitrosonitrate by Ethyl Butyl Phosphonic Acid, 
by A.V. Nikolaev and N.M. Sinitzin, Nov. 22, 1960. 

H 84 MS-60-121 J.D. Keys, Visit to Some U.S. Laboratories in the 
Semiconductor Field, Oct, 31-Nov. 11, 1960. 
Nov. 15, 1960. 

H 85 MS-60-125 T.R. Flint, A Test Unit for Scaling Circuits. 
Sept. 7, 1960. 

H 86 MS-60-126 G.E. Alexander and G.G. Eichholz, Magnetic Properties 
of Some Calcined Siderite Ore  from  Algoma Steel 
Corporation Ltd. Dec. 9, 1960.  

H 87 MS-60-127 G.G. Eichholz,- Kiln Contact Time Measurem.ents During 
Roasting Tests for Algoma Ore Properties Ltd. 
Dec. 7, 1960. 

H 88 MS-60-128 C.M. Lapointe, Field Trip to Val d' Or, Que., 
December 16-17, 1960. Dec. 21, 1960. 

H 89 MS-60-132 G.G. Eichholz and C. McMahon, Contact Time 
Measurements in a Fluid-Bed Roaster ,  Dec. 29, 1960. 

H 90 MS-61-1 	J.D. Keys, Measurement of Fall-tirne of Iron Ore 
Particles in. a Reduction Tower by Means of a Radio-
active Tracer. Jan. 4, 1961. 

H 91 " MS -61-9 	C. McMahon., Geiger Counter Tests on.Copper Uranium 
Ingots, Jan. 20, 1961. 

H 92 MS-61-14 

	

	G.G. Eichholz, Reflections on the Future of the Mines 
Branch. Feb, 26, 1961. 



H 101  

H 102 

H 103  

H 104  

EMIt -61 -5 

MS.-61-96 

MS-61-581 

MS-61-861 
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H 93  MS-61-19  

H 94 MS-61-20 

H 95 MS-61-46 

H 96  MS-61 . -49  

H 97 MS-61.50 

H 98 MS-61-58 

H 99  Ms-61-67  

H 100 MS-61-72 

H 105 MS-61-862  

T.R. Flint, Field Trip to Beaverlodge, Sask., 
February 1 7-March 7, 1 961 (Conductimetric Probe 
Tests). March 9, 1961.   

G.G. Eichholz, Field Trip to Steep Rock Iron. Mines 
Ltd., Atikokan, Ont., February 27-28, 1961.   
March 3, 1961.   

G.G. Eichholz, Field Trip to Toronto, Hamilton and 
• Welland, Ont. (Dust Samplin.g during Uranium-Steel 
Fabrication). May 24, 1961.   

G.G. Eichholz, Field Trip to Atikokan, Ont., 
May 25-27,  1961 (Tritium Tracer Test on Water 
Seepage at Steep Rock). May 29, 1961.   

G.G. Eichholz and C. McMahon, Summary of Air 
Sampling Tests in the Metal Forming Laboratory, 
May-June 1960.   April 1961.   

C. McMahon, Dust Monitoring Tests in the P.M.D. 
Welding Laboratory, May 15, 1961.   June 29, 1961.   

J.D. Keys, Field Trip to Hilton Mines . Ltd., Bristol, 
P.Qs, Jilly 17, 1961.   July 31, 1961.   

C. McMahon and 04,0. Eichholz, Uranium Du.st Monitoring 
Tests durin.g Metal Preparation. Aug. 8, 1961.   

L. Legall, Adsorption of Gold from Cyanide Solution 
by Carboniferous Gold Ores, Oct. 3, l961. 

L.S. Wright, Diffusion of Silver in Bismuth Tellu.ride. 
Oet, 18, 1961.   

Dibbs, Phosphate Extraction of Two Samples of 
Niobium Concen.trate. Nov. 2, 1961.   

J.D. Keys, Field Trip to Hilton Mines Ltd., Bristol, 
P.Q., November 20, 1 961 (Tramp Metal Detector Test), 
Nov. 22, 1961.   

G.G. Eichholz and C. McMahon, Summary of Air 
Samplin.g Tests During Uranium-Steel Making in the 
Physical Metallurgy Division, January-April 1961.   
Nov. 2, 1961.   
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H 106 MS-61-863 G.G. Eichholz, Report on the Nuclear Applications 
Research Symposium, U.S. Bureau of Mines, 
Reno, Nev., September 19-22, 1961. Oct. 17, 1961. 

H 107 MS-61-870 G.G. Eichholz (transl.), The Use of Radioactive Isotopes 
and Nuclear Radiations in Investigations on Flotation 
Processes, S.P. Zaitseva., G.A. Mya.snikova, I.N. Piaksin, 
L.P. Sta.rchuk, V.I. Tyurnikova, G.N. Khazhinskaya 
and R. Sh. Shafeev, Dec. 1961. 	 ' 

H 108 MS-61-871 D.J.A. Johnson, The Measurement of the Reflectivity 
Spectrum of Ore  Minerais.  Dec. 1961. 

H 109 MS-61-872 rt.R. Flint, Stl..rvey of Some Linear Sweep Circuits. 
Sept. 21, 1961. 

H 110 MS-61-873 J.L. Horwood, Radiometric Determination of Uranium 
in. Alloys and Slags. Dec. 5, 1961. 

H 111 MS-62-10 

	

	C. McMahon., Air Du.st Sampling Tests in the Machine 
Shop and Fouridry, Nov. 28-30, 1961. Jan. 12, 1962. 

H 112 MS-62-22 	H.P. Dibbs, Sensitivities for Activation Analysis with 
Thermal or 14 MeV Neutrons (first version). 
March 1, 1962. 

H 113 MS-62-39 

	

	T.R. Flint, Field Trip to Elion Instruments Inc., 
Burlington, N.J., March 24-29, 1962. March 30, 1962. 

H 114 MS-62-44 I.I. Tingley, Visit to Cornell University, Ithaca, N.Y., 
and Bell Telephon.e Laboratories, Inc., Murray Hill, 
N.J. April 12, 1962. 

H 115 MS-62-45 

	

	M. Donato, Review of the Literature on Irradiation 
Effects on In.organic Catalysts. April 4, 1962. 

H 116 MS-62-72 	C. McMahon and G.G. Eichholz, Uranium Dust Sampling 
Tests in the Technical Services Division, July 4,5 and 
10, 1962. July 27, 1962. 

H 117 MS-62-73 

	

	G.G. Eichholz, Field Trip to Chalk River, Ont., 
July 18-19, 1962. July 26, 1962. 
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H 118 MS-62-78 

H 119 MS-62-80 

H 120 MS-62-84 

H 121 MS-62-86 

H 122 MS-62-101 

H 123 MS-62-104 

H 124 MS-62-122 

H 125 MS-62-123 

H 126 MS-63-13 

H 127 MS-63-17 

H 128 MS-63-41 

H 129 MS-63-44 

H 130 MS-63-54 

H 131 MS .-63-55 

T.R. Flint, A Linear Sweep Amplifier for Large-
Amplitude Signais. Aug.1962. 

Tingley, Exchange of Silver Ions at Single-
Crystal/Solution Interfaces (first draft of paper). 
Aug. 14, 1962. 

H. Inhaber, Investigations on Bismuth Telluride 
Single Crystals. Aug. 29, 1962. 

F.W. Dampier, Fluorescence Effects in Ion Exchange 
Resins. Aug. 30, 1962. 

A.  Halrny, Neutron Activation Analysis and Gamma-Ray 
Spectrometry. Sept. 14, 1962. 

G.G. Eichholz, Field Trip to Red Lake, Ontario 
(Tracer Work and Instrumentation in Gold Mines). 
Oct. 21, 1962. 

G.G. Eichholz, Field Trip to Bancroft, Ont. (Electronic 
Ore Sorting). Nov. 24, 1962. 

G.G. Eichholz and J.D. Keys, Field Trip to Montreal 
and Lennoxville, Que., Nov. 15-17, 1962. 
Nov. 20, 1962. 

G.G. Eichholz, Field Trip to Noranda and Timmins 
(Conductimetric Tests). Feb. 13, 1963. 

G.M. Lapointe, Sorption of Oleic Acid on Quartz and 
Hematite (first draft of paper for publication). 
March 1, 1963. 

H.P. Dibbs, Some Industrial Applications of Neutron 
Activation with a Neutron Generator (preprint of 
paper for presentation). March 21, 1963. 

G.G. Eichholz, Air Monitoring During Uranium-steel 
Fabrication Processes (preprint of paper for 
publication). April 9, 1963. 

G.G. Eichholz, Discussion of Proposed Tracer Tests 
at the Noranda Srnelter. April  26, 1963. 

P.G. Manning, Tartrate Complexes of the Rare-Earth 
Elements. II. The dl- and rneso-Tartrate Complexes 
of La, Ce, Pm, Tm, and Y (draft of paper). May 17, 1963. 
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I. Recent Test Reports  (not for distribution) 

I 1 	PR-60-20 

I 2 	PR-60-22 

I 3 	PR-60-23 

14 	PR-60-29 

I5 	PR-61-68 

I 6 	PR-62-3 

I 7 	PR-62-4 

I 8 	PR-62-6 

I 9 	PR-62-8 

I 10 	PR-62-13 

Ill 	PR-62-15 

I 12 	PR-62-27 

I 13 	PR-62-28 

I 14 	PR-62-29 

I 15 	PR-62-31 

Radium Assays on Three Monthly Composites 
Submitted by Eldorado Mining and Refining Ltd., 
Sept. 20, 1960. 

Radiometric Assays of Some Concentrate Samples 
from Falcon.bridge Nickel Mines Ltd. Sept. ZZ, 1960. 

Radiometric Measurements on Copper-Uranium .Alloy 
Rods. Oct. 18, 1960. 

Radiometric knalysis of a Flue Dust Sample for 
Eldorado Miiiing and Refining Ltd. Dec. 22, 1960. 

Radiometric Assay of Mineral Samples Submitted by 
Dr. F. Habashi. Aug. 17, 1961. 

Beryllium Analysis. Feb. 8, 1962. 

Beryllium Analysis. Feb. 9, 1962. 

Beryllium Analysis (Qualitative). March 7, 1962. 

Uranium Air Monitoring Tests ,  March 12, 1962. 

Beryllium Analysis (Radiometric). March 29, 1962. 

Beryllium Analysis (Radiometric). April 9, 1962. 

y-Ray Spectrometric Analysis. Aug. 9, 1962. 

Oxygen Analysis (Niobium Chloride Samples). 
Aug. 29, 1962. 

Tests on an Electronic Associates Model 135 5 
Ratemeter as a Neutron Monitor. Aug. 29, 1962. 

Oxygen Analysis on. Seven Samples of Selenium. for 
Canadian Copper Refiners Ltd., Montreal, P.Q. 
Sept. 18, 1962. 



I 16 	PR-62-33 

	

117 	PR-62-35 

	

18 	PR-62-37 

	

119 	PR-63-2 

20 

21 

22 

I 23 

PR-63-3 

PR-63-4 

PR-63-6 

 PR-63.7 

(Consolidated 

(Con.solidated 

- 47 - 

I 24 	PR-63-21 

I 25 	PR-63-22 

I 26 	PR-63.23 

I 27 	PR-63-24 

I 28 	PR - 63 - 25 

	

29 	PR-63-26 

	

I 30 	PR-63-27 

Oxygen Analysis (Iron Metal). Oct. 17, 1962. 

Oxygen. Analysis (Niobium Chloride Sample). 
Oct. 25, 1962. 

Beta-Gamma Uranium Analysis (E.D. Redden, 
Chester, N.S.). Nov. 27, 1962. 

Oxygen Analysis. Jan. 24, 1963. 

Oxygen An.alysis. Jan. 24, 1963. 	• 

Oxygen Analysis (Biotite Samples). Jan. 25, 1963. 

Beryllium Analysis (E.H. Nickel). Feb. 13, 1963. 

Radiometric Assay  (Bêta-Gamma),  (Consolidated 
Denison). Feb. 22, 1963. 

Trace Analysis of Barium Titanate Samples by 
Neutron Activation. Feb. 28, 1963. 

Activation Analysis for Hafnium (Eldorado). 
March 18, 1963. 

Radiometric Assay (Beta-Gamma), 
Denison.). March 19, 1963. 

Radiometric Assay (Beta-Gamma), 
Denison). March 19, 1963. 

Effect of High-Frequency Treatment of Gold Ore 
Con.centrate  on  Cyanidation Extraction. March 21, 1963. 

Neutron Activation Analysis for Oxygen (for Geological 
Survey). March 21, 1963. 

Activation Analysis of Beryllium (Vesuvianite Sample). 
March 29, 1963. 
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31 	PR-63-28 

32 	PR-63-29 

33 	PR-63-30 

Radiometric Assay (Ferro-Columbibm Metal). 
April 18, 1963. 

Oxygen Analyst's (rerro-Alurninum Alloy). May 10, 1963. 

Nitrogen Analysis on Graphite Samples. May 17, 1963. 

GGE:DV 


