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To condeuse this information within the confines even of
this fairly bulky volume was indeed an ambitious under-
taking; that many iimportant facets of zirconiuin metal-
lurgy are, as a result, inadequatcly reflected is of less
couscquenice than thie author’s achievement of a critical
aund valuable collation of the data in several areas.

After two sliort introductory chapters devoted to occur-
rence and use of zirconium, tlic author discusses extraction
from the ore and processes proposed for separation of zir-
counium and hafnium. It is unfortunate that the book was
apparently sent to press late in 1956 and that lience the
declassification of information on the Zr-Hf separation
processes carly in 1957 did not permit concentration on de-
seriptiont of tlie processes connnercially in use. The fol-
lowing thiree chapters admirably and critically review the
reduction and refincuient processes for metallic zirconjum
with respect to carly developments in this field, present
practice, and processes showing promise for future develop-
ment.  No better review of the prescut status of this subject
can be reconnnended to the reader,

The pliysical properties of metallic zirconiuin are re-
viewed inn a subsequent chapter which cousists primarily of a
listing of available data. The reader will find this section
uscful for refercuce but will gain from it an inadequate ap-
preciation of the iuteresting physical metallurgy behavior
of zirconium and its alloys.

The book coutinues withh two lengthy but not very criti-
cal chapters o1 mechanical properties of zircouium and of
zirconium alloys,  Tlhie author, apparently by oversight,
clhiose to include exactly the same curve (Figs. 76 and 92)
in cach chapter, and that curve of somewhat questionable
significance iu the first place. Little or no discriinination
or cmpliasis is employed in discussion of tlie propertics so
that the reader not previously informmed on this subject
would have difficulty in separating information of value for
application from that included merely for the sake of comn-
pleteness. The effcct of lieat treatment ou propertics of
zircouium is often more profound than that of tliec amount or
nature of the alloying addition. In most cases tlie treat-
ment prior to determination of properties is not specified
so that only doubtful interpretation and use of the data arc
possible.

The following two chapters arc devoted to the clicuiical
properties of zirconium. Here again one gains tlie fimpres-
sion that the author has aimed at iuclusiveiess ratlier than
discrimination and emnpliasis. For example there appears to
be little value, in a book dated 1957, in devoting space to
Fig. 123 showing pressure changes on lieating zirconiun
powder in nitrogen without specification of particle size,
licating rate, etec., particularly wlen data arc available
permitting quantitative calculation.

It was expected that the chapter oun alloyiug beliavior of
zirconium would exhibit the ligh quality which onc has
come to expect of discussious of this topic in British inetal-
lurgical texts. In general the cliapter confirined tliese ex-
peetations. It is, however, liicomplete in that tlie author,
probably agaiu by oversight, omitted mention of several
systems on whicl information is readily available. Tor ex-
ample, the systemns of zirconium with indium, zine, and cad-
i are omitted even thiough each can be of cousiderable
technological and metallurgical importance. A further
point of eritieisin is the concealnent of information on ex-
plosionts noted during pickling of zireouigm-uranimm al-
loys, which has beat ammajor subject of concern, in the dis-
cussion of the zirconiumr-uranium binary systeun, with 1o
index reference to it that the reviewer was able to find.

The chapter on melting practices immpressed tlie reviewer
as being complete, eritical, and authoritative, and is again
recounteluded to tlie reader as tlie best exposition available
i this field. O the other hand, even though zirconiwn
production has expauded ten-fold duriug the past four years
aud its fabrication has, during this period, made tlie trausi-
tion from largely govermment-operated facilities to cou-
mercial fabrication, the author chiose to devote no more
space to this subject than jie did in his first edition. In
fact, the subscquent chapter on powder metallurgy of zir-
conitn occupies alimost as much space as that devoted to
all otlier fabrication, joiniug, and surface finishing practices
even though no significaut quantity of material is prescutly
fabricated by the former teelmique. The reader is cau-
tioned therefore that the state of the art as of 1957 is by uo
mreans adequately represented in the fabrication chapter.
The author concludes with an interesting discussion of
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zirconium coipounds aud an appendix on metallography of
zirconium. The reviewer believes that the discussion of
metallography could have been considerably improved by
including suitable micrographs, and was surprised to note
that the entire text was issued without a single illustration
of a typical microstructure.

The particular interests of thie author in metal reduction
and melting undoubtedly account for the high quality of
the sections devoted to these topics; it is regrettable that
the reviewer cannot equally commend his coverage of other
fields. It was well known in 1957 that practically all the
commercial production of zirconium was devoted to nuclear
applications, particularly those involviug exposure to high
temperature water.  Yet, the author appears reluctant to
associate his subjcet with nuclear energy. This is exempli-
fied in his discussion of uses of zirconiumn in which lie devotes
almost as much space to neurosurgical applications, whicli
will furnish anu outlet for a few ounces of zirconium per year,
as to muclear applicatious, and far less than is devoted to
cleetronic applications utilizing pounds rather thau tous of
zirconiwm. This attitude has a much more serious effect
with respect to the author’s discussion of radiation cof-
feets ou zirconium. Here he coufines liis discussion to fonr
references, one of whicl can be seriously misleading to the
reader unless properly interpreted. Eveun these refercuces
were improperly abstracted in that the flux exposure was
quoted in terms of thermal flux, which probably has little
or 110 pertineuce to property changes, ratlier than in teris
of fast flux. This lack of appreciation of the problems aris-
ing during application appears to have led, for example, to
complete omission of information on the techinologically
highly iinportant fatigue properties; to omission of data on
liydrogen pickup during processing and operation, and ou
control of hydrogen content; to au inadequate discussion
of thie wmechanical property effects of hydrogen; to 1o cou-
sideration of the hazards aud problems in use of zirconium
in hot water systemns; to lack of mention of the principal ap-
plication of zirconium i fuel eleinents, much less of fabrica-
tion techniques such as roll bounding; to seattercd aud in-
complete referenice to thie major conunercial alloy of zirco-
nium, Zircaloy-2, and no reference to its modifications; to
failure to discuss the problems of surface finishing and pick-
ling whicl are of sucli commercial concern aud the effects of
utelting practice on weldability, corrosion resistance, cte.
Many additional owissions could be added to this list.

I sunumnary, then, Dr. Miller is cousidered to have made
a substantial contribution to the literature on reduetion and
refining of zirconiun nietal and its subsequent melting; those
intercsted in thic physical metallurgy, fabrication, and subse-
quent application of zirconiuni will find this book iuteresting
and helpful, but will find it advisable to supplement the in-
forimation by extensive reference to other literature.
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After reading this book T was compelled to look again at
two earlier works on Free Radical Chemistry, namely, ““The
Aliphatic Free Radicals’ by F. O. Rice and K. K. Riee,
and ““The Chiemistry of Free Radicals”” by W. A. Waters.
Doing this gave one the proper perspective against which to
assess the preseut volume, It also brought honie very fore-
ibly how tremeudous liave been the advances in the chemis-
try of free radicals in the past few decades. That Professor
Walling has been able to give suclh a very lucid, learned, and
detailed account of this enorimous branch of chemistry is
nothing short of amazing.

Professor Walling introduces his subjcct with a chapter on
Thie Structure and Physical Properties of Free Radicals.
In this lie discusses thie evidence for the existence of free
radicals aud includes a bricef account of the recent paramag-
netie resonance work. This chapter is followed by a very
good one in the Cliainieal Reaetions of Radicals m1 which
thie various types of free radical reactions are discussed.
The latter part of this chapter is taken up with an excellent
account of Boud Dissociation Euergies. Then Professor
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Walling goes on to discuss Free Radical Polymerizations
in the next three chapters which are called, respectively,
Free Radical Polymerizations; The Kinetics of Radical
Chain Processes (Chapter 3); Copolymerization, Chain
Transfer, and Inhibition in Polymerization (Chapter 4);
Some Further Characteristics of Radical Polymerizations
(Chapter 5). These are superb accounts of the whole field
of free radical polymerizations. The treatment is very de-
tailed, but most lucid. All the important work in this vast
field is summarized succinctly and the reference coverage is
remarkable for its inclusiveness. There are excellent com-
pilations of data in tabular form. Here great care has ob-
viously been taken in selecting reliable information and in
assembling it in a manner as to make it easily accessible.
Here again I felt compelled to compare Professor Walling’s
account with that given in a standard work, namely, ‘“The
Mechanisin of Polymer Reactions’” by G. M. Burnett,
and this certainly indicates just how thorough and up-to-
d_ate is the account of this field which Professor Walling has
given.

After this very excelleut and complete account of free
radical polymerizations, Professor Walling proceeds to dis-
cuss in turnm Radical Addition Reactions Yielding Small
Molecules (Chapter 6); Radical Addition Reactions In-
volving Atoms Other than Carbon (Chapter 7); and Halo-
gen Substitution Reactions (Chapter 8). In these the saine
high standard is maintained and important stereochemical
aspects of free radical reactions are stressed throughout.
Kinetic details of the various reactions are also carefully and
critically discussed.

The book then continues with a really outstandingly well-
written and complete account of Autoxidations (Chapter 9).
In the reviewer’s opiniou, this is by far the best review of the
chemistry of autoxidation which has appeared in the litera-
ture. The literature coverage is excellent and the subject
matter most judiciously selected. There then follow two
very good chapters on Radical Formation by Thermal Cleav-
age of Covalent Bonds (Chapter 10) and Radical Production
by Photochemical, High-Energy Radiation, and Oxida-
tion-Reduction Processes.

Throughout the book the literature seems to be very com-
pletely covered right up to about the middle of 1956. It is
also pleasing to note that Professor Walling has included a
large number of references to important relevant Russian
work. The book has two good indexes, and it is interesting
to note that the Author Index is twice as large as the Sub-
ject Index; this is an indication of how extensively the litera-
ture has been covered.

This then is a major work of scholarship and it will ob-
viously be the standard nionograph on the Chemistry of
Free Radicals in Solution for some considerable time. It
will appeal to all chemists, and no physical or physical-
organic chemist who wishes to keep informed of the advances
in free radical chemistry can afford to be without a copy.

In closing, one might note that the book is dedicated to
Morris S. Kharasch and Frank R. Mayo, pioneers of free
radical chemistry, who first aroused and tlien maintained
Professor Walling’s interest in the subject. Regrettably,
Professor Kharasch died recently. This book would be a
fitting memorial to this great chemist who laid the founda-
tious of much of the work described in its pages.
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Ion-Exchange Resins. By J. A, KITCHENER, University
Reader in Physical Chemistry, Imperial College of Sci-
ence and Technology, University of London. John Wiley
and Sons, Inc., 440 Fourth Avenue, New York 16, N. Y.
vii 4+ 109 pp. 11 X 17 cm. Price, $2.00.

Althougl tlie ion-exclhiange process was discovered niore
than a hundred years ago, synthetic organic ion-exchange
materials were not invented until 1935. As a matter of
fact, the currently popular sulfonated styrene-divinylben-
zelle cation-exchange copolyuers did not make aun appear-
ance until 1944 and the strongly basic quaternary ammonium
type anion-excliange resins were unkunowin until 1948,
With the advent of stable, high capacity iou-exchaugers
which possessed a single functional group, it becae possible
to understand the behavior and properties of ion-exchange
media. Many thorough investigations of ion-exchange
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equilibria have cast light on the mechanisms involved and
have expedited the exploitation of sorption and elution
processes by industry. Uses of ion-exchange resins are be-
coming so numerous and in some instances are so elegant
that it behooves the chemist and chemical engineer to ac-
quaint himself with the fundamental principles involved in
jon-exchange processes.

Kitchener has not tried to justify all the theories concern-
ing ion exchange, but instead has attempted to sift out the
main, well established principles from those which are contro-
versial in a formidable amount of original literature. Con-
sidering the versatility and complexity of the process, he
has done an excellent job of organizing and condensing the
pertinent details into a minimum number of pages.

The book is interesting and written in such a manner that
anyone with a rudimentary knowledge of physical chemis-
try can understand its contents. It appears that the infor-
mation contained would be valuable supplementary inate-
rial for a standard course in physical chemistry and should
by all means be included in the course on unit processes of-
fered to chemical engineers.

Only one discrepancy is apparent in the entire book. It
occurs in the elution sequence for divalent ions on page 29.
The appearance of Ba™ 7 as the first and last meniber of the
sequence will cause some consternation among those wlho
read the book.

The author has covered the important applicatious of ion
exchange rather well, in general, except that he has appar-
ently not kept up with the most recent developments in the
separation of rare earths by this method. The most recent
reference cited on this subject is more than ten years old
and citric acid is not the coniplexing agent used for the
commercial production of pure rare earths. Citric acid has
been replaced by the more efficient chelating agents sucl as
ethylenediaminetetraacetic acid and N-hydroxyethylethyl-
enediaminetriacetic acid.
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Although not truly ‘“‘a drastic revision,’”’ the Third Edi-
tion of Harned and Owen’s “The Physical Chemistry of
Electrolytic Solutions’’ is much bigger and better than the
earlier editions. This book has grown from 643 pages in
1943 and 681 in 1950 to 836 pages in 1958.

The numerical values in Chapter V and in the equations
througliout the book are now up-to-date except that 1.858
instead of 1.860 persists for the freezing point constant of
water. Of course the authors have not revised all the ex-
perimental results which depend upon these values because
they are mortal and have only two lives to give to their
science. Otherwise the first edition is reprinted alinost
unchanged except that the material in the 37 pages of Ap-
pendix B of the sccond edition aud much new material is
incorporated at the ends of the appropriate sectious or as
new sections at the euds of the appropriate chapters. The
first five theoretical chapters have been iucreased by 60
pages, and the experiinental chapters and appendix by 120

ages.

P ’%‘he important additions are discussions of ‘“Irreversible
Thermodynamics’ (25 pages), of the Fuoss—Onsager treat-
ment of the conductauce of nioderately concentrated solu-
tions (25 pages), of the Onsager—Kim treatment of the Wien
effect, the effect of high field strengths on conductance (10
pages), of the Mayer treatment of chemical potentials (3
pages), of the Glueckauf~-McKay cross-differentiation
methiods (10 pages), and tlie presentationn of uew experi-
mental material (about 100 pages). The authors have
made a noble effort to give clear discussions, but the mature
of thie material necessarily makes thie reading of the first
four chapters even more difficult thau before, and puslies
thie first presentation of an experimental result back to page
197.



