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Making diamonds Po=

Diamonds have been known and valued for thousands of
years, They are the epitome of indestructibility, and it has
been suggested that the shape of the pyramids of Egypt was
chosen to resemble that of a natural dismond, In the
Middle Ages the strength of diamond was believed to keep
the bearer safe from harm, and diamonds were often carried
by rravellers as amulets or charms in those uncertain times.

Diamonds have been found in many parts of the world: in
India, Siberia, Australia, Russia, and America. But nowadays
most diamonds come from Africa. Children like bright
pebbles o play with and it was in 1867 that some children
found the first diamond recorded in South Africa while they
were playing by a stream. It was shown w Dr Guybon
Atherstone in Grahamstown, and someane woote with fton g
window-pane to prove that it was indeed a diamond, for
nobody expected to find one in South Aftica in those days,
The window-pane was still there when I studied a1 Rhodes
University in Grahamstown some twénty years ago,

Ovwer the ages there have been countless attempts to make
diamonds and many of them make strange reading today.
But I wonder how many people would know how to start,
even now, when s0 much 15 known abour chemistry and
physics. Diamond is one form of the element carbon - the
element which is much more familizr to moest of us in the
form of graphite, the soft black substance in pencils am-
biguously called lead. Crystalsof graphite are built up of layers
of atoms in which the carbon atoms are joined together in flat
hexagonal rings (see diagram). The lavers of atoms are
attached to one another by weak forces, and so are able o
slide more or less freely over one another. This is why
graphite is used for pencil leads: when the tip of the pencil
is pressed on paper, the graphite layers flake off, leaving a
mark on the paper. In diamond, the structure is different:
the rings are puckered to form an interconnecting network
(see diagram) and all the atoms are strongly bonded wogether.
Consequently, diamond is the hardest substance in the world.

This difference in structure explains why two forms of the
same clement—<arbon-—are so unlike cach other (see the
Background Book The Strwcture of Substances). Indeed, many
of the early experimenters did not cven realize that diamond
was made of carbon.
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It is no surprese that the early experimenters failed m thes
attempts to make dismonds. If you want to make something
you must at least know what substances wo start with,

Finding the right conditions for making dismonds from
carbon is & problem on its own, It was tempting to do this by
rying to imitate the way in which natural diamonds are
made, but the diamonds brought w Europe before about
1380 came from sctual of apcient river beds, and people
realized that the diamonds had been formed elsewhere and
then carried away by the rivers. Not knowing what kind of
minerals had been present when the dismonds originally
grew, experimenters were unable w produce an artificial
melt of the right kind in which 1o make them. Thus genuinely
scientific atempts to make diamonds could really begin only
in the last decades of the nineteenth century, when two
separate facts were recognized at about the same time,

In the first place, as new diggings discovered at Kimberley
in about 1870 got deeper and deeper, people began to realize
that the rock formations were not alluvial (laid down by
water) as had always been the case before, but were the tops
of ancient volcanic pipes. They were filled with & bluish-
green rock usually called kfmberfize, and it seemed that the
source rock of diamond had at last been found. Tt was studied
verycarefully by chemists and geologists,and a number of them
reported that they had made small diamonds from melis of
natural kimbertite, or from chemical mixtures approximating
o it, However, since no recent worker has succesded in
repeating these experiments, and sone of the supposed
*diamonds’ seems o have been kept, we shall probably never
kniow whether or not any of them were génuine.

Another way of making diamonds soon caught public
attention, for in 1888 fragments of a nickel-iron meteorite
from Siberia were found to contain diamond, and in 1893
dinmond was also found mn meteoritic iron from the Canyon
Diable crater in Arizena. In each case the diamend was a
significant percentage of the whole fragment - very much
richer than kimberlite, which contins ar most abodt one
part of dismend to every fifty million parts of rock.

The discovery of dismonds in sssociation with meteoritic
iron initisted some really vigorous attempts to make diamond.
Moaost of the experimenters adopted much the same approach
— trying 1o imitate the conditions that they thought were
present in meteorites. This involved pladng graphite in iron
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which was heated until it was molten, and then quenching
the iron rapidly by putting it into cold ol or water. It was
expected that the outer layers of the iron would contract on
cooling, so that the centre of the lump, where the graphite
was, would thereby be subjected to very great pressures
while still at a high temperature.

A number of scientists, incloding Moissan in France and
Sir William Crookes in England, claimed to have succeeded
in making dismonds in this way. Sir William Crookes
actually demonstrated his method during a Friday Evening
Lecture at the Royal Institution in London, saying ‘1 now
proceed to make diamonds before your very eyes’, Bui, as
with the kimberlite experiences, later workers who have
attempted to repeas these experiments have been less
fortunate, or less gullible, sccording to your poimnt of view.
Here again, no diamond alieged to have been made by any of
these people can be found today.

The only ‘artificial diamonds® to have come down to us
from that period were made by Richard Hannay, and there
Eagmatdr.a] of speculation about these, Hannay, working
in Glasgow in the 18305, subjected vanous ‘carbonscecus
mixtures’ to high pressures and temperatures. He appears to
have combined both ways of making diamonds so far des-
cribed, by heating his mixtures in iron tubes. He claimed to
have succeeded in only a few of his experiments, and he sent
some of his diamonds o the Britsh Museum to be tested.
These tiny crystals are undoubtedly diamonds, so the
questions to be answered are whether Hannay really made
them, whether his assistants plaved a trick on him, or
whether he knew that they were natural diamonds and pre-
tended that he hadmade them. Mowadays many peoplearevery
interested in this question, becanse the processes by which
synthetic diamonds are now made in large quantities can
only be protected by patents if no one has used the same
method before. My own conchusion is that Hannay's diamonds
are probably natural, rather than artificial, bur not every-
body is in agreement.

However that may be, millions of carats (3 carat= o.2g)
of synthetic dismonds are now being made by processes very
similar to those tried by Moissan and Crookes and their con-
temporarics,  Most of these diamonds are very tiny, hike
grains of sand. They are very satisfactory for making grinding
wheels, which is one of the main industrial uses of diamonds.
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The U.S. General Electric Company has grown larger
diamonds {see opposite), some of which were exhibited at the
Wozld Fair in Seattle in 1962, but these were certainly not of
gem quality, and at present there seems lictde prospect of
making gem diamonds.

One of the reasons why synthetic diamonds are so small is
that it is only possible to create the temperatures and
préssures necessary to produce them in pressure vessels
which are very small. The pressures used are about 50,000
atmospheres, and the temperatures around 1650°C. To
produce such conditions, it s necessary to concentrate the
pressure from a relatively large press on to a very small area,
like a woman concentrating her weight on a stiletto heel and
thereby creating a force large enough o damage a hard
surface. In making dismonds the process takes several
minuies,

Since diamond is made from pure carbon and has a
density of 3.5 g/em®, one might suppose that any other form
of pure carbon (say graphite, which has a density of only
about 2,2 gm/cm”) could be squeezed in a huge press until
it was dense enough to become diamond. Tt is very difficult
indeed to do this, although not impossible; some scientists
report that they have compressed pure graphite and formed
diamond. However they had to use pressures approaching
200,000 atmospheres - muoch higher than these normally em-
ployed. Moreover it is not known how pure the graphite
in these experiments was, though this may be critical. One
of the difficulties in understanding the results of experiments
at high pressure and high temperature is the very great
importance of trace clements in promoting or inhibiting
certam reactions. If the graphite contained some nitrogen,
which s not at all unlikely, this may have played an impor-
tant part in the experiment because it has recently been
found that many namural diamonds contsin appreciable
amounts of mtrogen (up to 0.5 per cent); pure diamonds
are rare, In practice synthetic diamonds are pot made
from pure carbon, but from mixtures of carbon and certain
metals. A number of metals, including platinum, have been
found to be suitable, but most synthetic diamonds produced
in large quanrities so far have been made with nickel, The
origin of the carbon does not scem 10 matter: one group has
demonstrated this rather micely by making diamonds from
toasted bea-cakes,
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What role does the metal play? Is it merely a solvent for
carbon, so that dismond copstallizes instead of graphie
under surable conditions of temperature and pressure, or 1%
the metal an essential ingredient of the diamond itself 7 This
guestion i unexpectedly difficult to answer. The carliest
synthetic dismonds contained appreciable amounts of nickel,
probably in the form of a nickel carbide, but nowadays most
of the crystals show hardly any traces of the metal used.

Manufacturers now understand the process well enough to
exert some control over the colour and shape of the tiny
diamonds, and can make different kinds for special purposes.
This is a great achievement, because natural diamonds cannot
as a rule be altered in any way, so a lot of time has to be spent
sorting them into different shapes and sizes, or searching for
the very rare diamonds which happen to be the only oncs
suitable for a particular job.

Methods of manufacturing diamonds suggest new ways
in which diamonds may beused. For exampie, in elcctronics,
miniaturization of components means that many transistors
are now no larger than relatively inexpensive diamonds, But
transistors arc usually made from crystals of germanium and
silicon - corresponding elements to dismond in the Penodic
Table - and because they have a similar crystal stroctare, it
i tempting to think it might be possible to make diamond
ransistors. As with germanium and silicon crystals, the
diamond crystals would have to be doped with trace amounts
of guch elements as boron, nitrogen, and aluminium. This
has been done both during and after growth, but the tem-
peratures and pressures must be in the same range as those
needed to make dismonds, and such work is stll in an
experimental stage.

So far we have been considering the process of making
diameonds by holding the carbon at high temperatures and
pressure for several minutes. But it i also possible to make
very small diamonds {much smaller than the ones we have
been discussing, but stll recognizable as diamond by X-ray
diffraction pateerns) in properly arranged explosions. It has
even been suggested that an atom bomb sheuld be let off in
a coal mine to make diamonds, but it is a good deal easier
than that because small explosive charges produce enormous
pressures for & small fraction of a second, The fact that
dismonds can be made in this way has aroused a grear deal
of interest among scientsts, because some people think that
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diamonds in meteorites mentioned earlier might have been
formed when the megeorites hit the Earth, 5o that they would
not have been present in them beforchand., This would
affect theones about the ongin of meteorites, which would
have had to be quite large to provide the pressures usually
considered necessary to form single crystals of diamond.
Although people now know how 1o make diamonds from
mixtures of carbon and metal, almost nothing certain has been
learnt about the formation of natural dimmonds. Kimberlite
seéms 1o be the source rock, but the diamonds constiture only
uvﬂ]l"s.mu]lplrtnf'it, which implies thar the process
natural dismonds may not have been as efficient
:hl_emdui:u dismonds in meteorites. Only one
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experiment, carried out by a group of scientists in Sweden,
seems 1o have resdlied in the formation of tny dismonds in s
silicate — that is, in a mixture anything like kimberlite, The
question how large white gem diamonds are formed remains
unanswered. Perhaps quite new methods will be needed il
we are to make any artifically.

Because the kimberlite pipes conmining diamonds are
ancient volcanoes, the diamonds may have originated in mo
guite different ways. They may have been formed very early
mth:mmufth:Earﬂ:,mdaxgmrd:pﬂhmﬂpﬂhlﬁ
subsequently thrown up by volcanic eruptions. Alterna-
tively, they may have crystallized from the kimberlite as
it cooled in the places at which it i5 now found. Even now
it is mot possible to decide definitely between these wo
theories, and, as so oftén happens in sdence, it may be
that both of them are partly right, and that both origing are
possible for diamonds, There is plenty of evidence that
many diamonds have grown in several stages, with one layer
over another - a crystallographic onion, as it were — though
you often need a microscope to see the boundaries between
the layers (see page 11). These different stages of growth
may have been separated by millions of years.

If dizmonds were formed in the depths of the Earth,
then the present high-pressure/high-temperature industrial
process could well be analogous to the natural one, and the
most important differences would be i the scale and the time
taken to form large diamonds. The fact that we find the
diamonds in 2 certzin kind of rock is then an accident rather
than a valuable clue, and will not help us very much.

A great many diamonds contain small crystals of other
well-known mineralz, and if the diamonds were formed 1o the
depths of the Earth, the minerals must also have come from
there. Most of them are much more easily altered than are

diamonds during ordinary geological processes, but here we
have small geological samples from great depths in the Earth
which aré nently packaged in transparént containers of a
strength and durability we cannot begin to imitate, These
samples are being studied by several different techniques.
Thus, at a time when we are beginning o understand the
basis of hife itself and to venture out into space, making

sy and studying diamonds may help us o understand that most
(L \mrhkplﬂmﬂxmm: the centre of our own
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