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CHEMISTRY AND TECHNOLOGY OF METALS AND ALLOYS 

T HE joint meeting of the Sections B (Chemistry) 
and G (Engineering) of the British Association, 

held on August 14 at Edinburgh to discuss "Metals 
and Alloys", was noteworthy because it was the first 
time in the history of the Association that a meeting 
had been devoted exclusively to subjects of metal
lurgical interest. This was pointed out in his opening 
remarks by the chairman, Sir Andrew McCance, who 
went on to remind his listeners that announcements 
of historic metallurgical importance have nevertheless 
been made at earlier meetings ; for example, at the 
Cheltenham meeting in 1856 Bessemer made the first 
public announcement of his r evolutionary process for 
making steel from pig iron without fuel by blowing 
air through it. Sir Andrew aptly summed up the 
course of metallurgy during the past hundred years 
by saying that the latter half of the nineteenth 
century was devoted to developing the art of manu
facture on an ever-increasing scale, whereas the first 
half of this century has been characterized by an 
equally intense endeavour to understand the scientific 
principles of the processes in use. 

This was well illustrated by the paper on " Chem
istry in Metal Extraction" given by Dr. F. D. 
Richardson. The study of the physical chemistry of 
metals and slags is a development of the past twenty
five years ; and so fa,r as the older metal industries 
are concerned, research has been aimed at establishing 
the physico-chemical background of existing pro
cesses, and no startling discoveries have been made. 
On the other hand, chemical research has been 
directly responsible for the methods of extracting 
such new and costly metals as titanium, zirconium 
and uranium. Concerning metal extraction at high 
temperatures, least is known about molten slags and 
mattes, and research is therefore required on the 
chemistry of molten silicates, oxides and sulphides 
and their mixtures. According to the picture so far 
developed, molten silicates consist of disordered 
three-dimensional networks of tetrahedral silicate 
groups (SiO,). These groups share corners with one 
another via Si-O-Si 'bridges' which can be broken 
by the addition of metal oxides, with a corresponding 
decrease in viscosity. When all the bridges have 
been broken, addition of further metal oxide gives 
rise to oxygen and metal ions dispersed between 
silicate tetrahedra. Much confusion has arisen from 
theories of the formation of various kinds of molecular 
compounds in liquid slags ; but Dr. Richardson 
stressed that the only entities that can be recognized 
as having a distinctive existence are the metal ions, 
the silicate tetrahedra (which carry a net negative 
charge and may be bridged together in varying 
degrees) and the excess oxygen ions. 

The rates of reactions between slags and metals 
are not controlled by the chemistry of the processes 
which take place at the interface between them but 
by the diffusion of reactants and resultants to and 
from the interface, particularly in the slag, since 
diffusion in the slag is generally much slower than in 
the metal. The rates of refining processes with slags 
can also be increased by efficient mixing of the slag 
and metal. The partition of sulphur between slag 
and metal obtained in the blast furnace is much less 
favourable than can be obtained under equilibrium 
conditions in the laboratory, and Dr. Richardson 
suggested that pig iron of lower sulphur content 

might be made by mixing slag and metal in the ladle 
after tapping. This would be an additional operation; 
but the slag and metal would be readily available at 
the desired temperature. It might also be practicable 
to recover the sulphur from the enriched slag by 
blowing . air or oxygen through it, and to use the 
sulphur dioxide evolved for manufacturing sulphuric 
acid. If so, the seven million tons of blast-furnace 
slag made annually in Britain would be a potential 
source of a hundred thousand tons of sulphur. 

The second paper, by Prof. A. H. Cottrell, was 
concerned with "The Strength of Metals". The atoms 
in a slip plane cannot all slip simultaneously over 
their neighbours in the next plane ; slip must begin 
at certain places and then spread. The term 'slip 
dislocation' is applied to the line boundary separating 
the region in which slip has occurred from the rest 
of the slip plane. Three important properties of 
a slip dislocation are : when a slip dislocation 
is moved in a slip plane the amount of plastic 
deformation in the crystal is altered ; the stress 
needed to i:nove a dislocation through a slip plane of 
an otherwise perfect crystal is smaller than the 
smallest observed yield-strength; and third, the 
stress needed to create a dislocation in a perfect 
lattice is larger than the highest observed strength. 
This last property implies that slip dislocations must 
be present in crystals before they are plastically 
deformed. Support for this idea has been provided 
by Frank's theory of crystal growth, according to 
which growth occurs by deposition along spiral 
terraces on crystal faces, the centre of each spiral 
being the point where a dislocation line emerges from 
the interior of the crystal. On this theory the 
imperfect crystals, that is, the ones containing dis
locations, are those most likely to grow. Growth 
spirals have been observed on both inorganic and 
organic crystals. 

Prof. Cottrell then showed how dislocation theory 
explains the effect on the yield-strength exerted by 
foreign atoms, precipitates, crystal boundaries and 
other irregularities which are obstacles to the propa
gation of dislocations. Strain-hardening-one of the 
first problems to be studied from the point of view 
of dislocations-is the outstanding unsolved problem 
facing the theory. According to recent work the 
initial dislocations tend to assemble in sheet-like 
arrays that are very stable and act as barriers to the 
propagation of later dislocations ; these special 
arrays of dislocations appear to be the main cause 
of strain-hardening ; but it is not yet known why 
they are formed in the first place and why they are 
so stable. 

A survey of alloy development during the past ten 
years or so was given by Prof. A. G. Quarrell. To a 
large extent new alloys are developed to meet the 
n eeds of the engineer, and the gas turbine has pro
vided an incentive for the development of alloys 
with improved high-temperature properties in much 
the same way that the needs of the aircraft industry 
led to the introduction of alloys of better strength
to-weight ratio. For the most part the improvement 
of alloys is still empirical, depending upon the 'metal 
sense '_ of th~ metallurgist. and most of the alloys now 
techmcally unportant are complex, containing from 
six to ten alloying elements. It is to be hoped that, 
as the theory of alloy formation becomes more com-
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plete, it will be possible to design alloys on a more 
rational basis and possibly with greater economy of 
alloys. 

After reviewing some of the characteristics of 
"Brittle Fracture in Mild Steel", which has become 
so important since the introduction of welding on a 
large scale into shipbuilding, Mr. T. S. Robertson 
went on to describe a new form of test for the assess
ment of brittleness. In this test a shock crack 
propagated at low temperature passes through 
material stressed to a value comparable with that 
carried by the structure in practice. A temperature 
gradient is maintained along the direction followed 
by the crack, and this enables the temperature at 
which the material arrests propagation of the crack 
to be determined. As the transverse stress is reduced 
there is a sudden drop in the temperature at wl1ich 
the propagating crack is arrested, and Mr. Robertson 
suggested that this stress could be regarded as a safe 
design stress below which there is no chance of 
brittle fracture at ordinary working temperatures. 
Mr. Robertson illustrated his remarks with an excel
lent colour film of a test in progress. This showed 
that the speed of crack propagation is such that for 
the m,ual travel of about six inches, photography at 
4,000 frames per second is too slow to record it, since 
no film so far taken has shown the crack in process 
of development. T.he speed of propagation must 
therefore exceed 2,000 feet per second. 

In discussion Prof. J. A. Pope reminded the 
meeting that engineers are specially interested in the 
dynamic properties of metals. Under fatigue con
ditions the nature of the surface is most important : 
for example, light alloys tested with the as-extruded 
surface show much poorer properties than when the 
surface is carefully polished. Again, engineers are 
interested in machinability. If easily machined 
alloys are used, it might be possible to use water
cooled gas-turbine blades and to maintain a lower 
metal temperature by taking advantage of the 
stationary 'air' layer adjacent to the blade surface. 

GENETICS AND EMBRYOLOGY 

A DISCUSSION on the r_elations between genetics 
and embryology was held by Section D (Zoology) 

of the British Association on August 9. In intro
ducing the topic, Prof. C. H. Waddington pointed 
out that when Bateson invented the word 'genetics' 
he defined it as the science which dealt with the 
physiology of descent, a phrase which could be held 
also to cover the subject which is usually known as 
experimental embryology. In spite of this, these two 
branches of biology, both of which have grown 
extremely rapidly in the past few decades, have 
developed almost in isolation from one another. 
After the disproof of at least .the simple forms of the 
theory that differentiation is due to differential 
nuclear divisions, the concepts commonly used in 
them gradually diverged. Genetics came to envisage 
development in terms of the control of single chemical 
substances or enzymes by nuclear genes ; while 
experimental embryology operated with the notions 
of gradients, on one hand, and active substances or 
regions, such as specific plasms or organizers on the 
other, neither of these types of agent being essentially 
connected with the nuclei. In quite recent years, 
these two categories of thought have begun to come 
together again. Thus, experimental embryology _has 

been driven to recognize the fundamental importance 
of developmental competence, and to realize that 
t,his property is controlled, at least in the main, by 
genetical factors ; while genetics has discovered that 
the connexion between gene and final product is not 
simple, but involves a balance between interacting 
forces which issues in a condition similar to the 
competence postulated by the embryologists. It may 
be hoped therefore that the natural unity between 
genetics and embryology will come to full expression 
in the near future. 

Dr. R. A. Beatty then discussed some aspects of 
the importance of chromosomes in development, 
particularly in mammals. He described the occurrence 
of polyploids in mice. Triploid embryos are found to 
occur naturally in certain strains, and both triploids 
and tetraploids can be induced by hot shocks applied 
to the early stages of the eggs in the Fa1lopian tubes. 
So far no polyploids have been observed after birth; 
but the embryos appear to develop normally to mid
term, and it is hoped that polyploid young will 
shortly be identified. Turning to a rather different 
subject, he pointed out that evidence has been 
gradually accumulating that the cells of differentiated 
mammalian tissues may contain very different num
bers of chromosomes. It does not seem plausible to 
attribute this to the technical difficulties of counting 
the chromosomes. There is no evidence that the type 
of differentiation is correlated with chromosome 
number ; it seems more probable that neighbouring 
cells can co-operate, so that the important matter is 
the chromosome balance in the whole tissue rather 
than in the individual cells composing it. 

Dr. D. S. Falcouer pointed out that one approach 
to developmental genetics is to regard a mutation as 
causing a 'natural experiment'. It may be possible 
to show that the mutant gene produces some rather 
simple effect early in development and to trace a 
whole series of later modifications back to this 
original cause. As an example of such an approach, he 
described the analysis of a recent mutation in the mouse 
known as 'Crinkled'. The main initial effect seems 
to be the prevention of the formation of hair follicles 
except during a short period just before birth. This 
has a direct effect on the coat as a whole, which 
lacks the long guard hairs, normally initiated at an 
early period, as well as the short 'zig-zags', which are 
normally initiated after birth. It also explains the 
existence of certain localized bald patches, the absence 
of certain vibrissie, and, by its effect on the growth 
of the skin, the distortion of the vertebrre of the tail 
from which the gene gets its name, as well as a 
number of other minor effects. 

After the discussion, a series of cinema films were 
shown, one of which demonstrated the technique 
used for inducing polyploidy in mouse eggs. 

SHIPBUILDING 

AN international conference of naval architects 
and marine engineers was held during June 

25-30, with proceedings in London, Glasgow and 
Newcastle upon Tyne. 

The first paper read in London, "Ships Structures 
-A Century of Progress", by Mr. R. B. Shepheard, 
of Lloyd's Register of Shipping, traced the develop
ment of ships' structures from the wooden ships in 
general use one hundred years ago, through the 
stages of iron and riveted mild steel to the modern 
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