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PREFACE J-

A MBO for working glass is frequently encountered in scientific 
UIMrch and teaching, particularly in the field of physical chemistry. 
h many laboratories this problem is solved by the employment of 
professional glass-blowers, and the research worker requires little or 
10 skill in the manipulation of glass. Or it may be that a laboratory 
hiS no glass-blower and the scientist has to rely on his own resources, 
•Ombined perhaps with the services of some outside specialist. In 
Other laboratories the scientist may find the available services to be 
ilfltient in various respects, or overloaded, so that more satisfactory 
progress is made when he himself becomes an amateur glass-worker. 
Tllli possibility was emphasized by W. A. Shenstone in 1889, when 
i t t wrote that the amateur with practice can make almost all the 
^apparatus he needs for lecture or other experiments with a consider-
rlole saving in expense 'and, which very often is more important, 

out the delay that occurs when one depends upon the pro-
onal glass-worker.' This latter advantage is, he writes, for 

If a very weighty one. 
We became interested in working glass ourselves when engaged in 

ous researches in the Chemical Laboratories at King's College, 
don, and over the last few years we have become increasingly 
vinced that the scientific glass-worker can use methods which 
'er from those of the professional. The scientist is primarily 

ted in apparatus which gives him the results he seeks for, and 
this apparatus lacks elegance in appearance and is made by 

ods which are looked upon unfavourably by the professional 
blower, it by no means follows that the apparatus is defective 
a scientific point of view. 

We have therefore compiled this work in the hope that it will be 
to scientists faced with problems of glass-working. By avoid-

the more difficult manipulations involved in professional glass-
king, it seems possible for a scientist to assemble quite complex 

atus, including, for example, his own mercury diffusion pumps, 
spectrometer tubes, molecular beam generators and silica 
; the preliminary practice required, which depends upon in-

c ability, may take some hours a week for a period of two or 
months. We have also endeavoured to bring together data 

t * in 
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scattered in the literature, and to give an account 
more difficult methods of manipulating glass. 

The researches which led to our interest in glass-working were 
supported by grants from the Research Fund of the University of 
London, from the Institute of Petroleum and from the Department 
of Scientific and Industrial Research (maintenance grants to A. J. C 
and J. D.). 

A. J. B. R. 

December, 1956 D. J. F. 

J.D. 

xiv 



Chapter 1 

INTRODUCTION 

GLASS has been known to mankind for some thousands of years. The 
manufacture and working of glass became a stable industry in Egypt 
it the beginning of the 18th dynasty. W. M. Flinders Petrie (1909) 
hfti described how, about 1370 B.C. in the time of Amenhotep IV, in 
Die works at Tell-el-Amarna, a lump of glass was patted into a 
Cylinder and then rolled into a rod which was drawn into cane about 
| In, thick. This cane was wound on a mandrel to produce hollow 

Later the art of pressing glass into open moulds was dis-
OOvered. The blowpipe—an iron tube 4-5 feet long with a mouth-
pteoe at one end—was probably discovered about the beginning of 

Christian era, and, according to G. W. MOREY (1938), caused an 
Industrial revolution. The use of tongs for manipulating glass was 
known to the Romans in A.D. 300. By this time, therefore, several 
Of the basic methods which are now useful in constructing complex 
islentific apparatus had been developed. The glass in those early 

was similar in many respects to a modern soda-lime-silica 
g)tM. Scientific method does not seem to have influenced glass pro-
igttCtion very much before the present century, although of important 
iarly investigations we may mention those of K. W. Scheele and 
A. L. Lavoisier on the durability of glass exposed to water and weak 
•dds, and those of W. V. Harcourt and M. Faraday on the production 
Alld properties of glass. 

The value of glass as a laboratory material is very great. A 
oderately skilled worker can fabricate complex glass equipment 

Ming simple tools; and perhaps of even greater value in research is 
the ease with which complex glass apparatus can be modified and 
idded to with little or no dismantling. Glass is sufficiently chemically 
inert for most purposes, and vitreous silica may be used when extra-
Ordinary inertness is required. The transparency of glass is often 
Valuable. Glass is a good electrical insulator, and metal electrodes in 
ft glass envelope can be raised to incandescence by eddy-currents 
induced by a coil, outside the envelope, carrying high-frequency 
Current. In vacuum researches glass is valuable because of the ease 
With which leaks are found with a Tesla coil, and on account of its 
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INTRODUCTION 

ready outgassing on baking. For nearly all practical purposes glass 
is vacuum-tight. Glass-to-metal seals of various kinds may be made, 
and different types of glass can be sealed together with appropriate 
intermediate glasses. 

The manipulation of glass is a craft and has been handed down 
over the centuries largely by personal example and traditioa Venice 
was the most important centre of glass-working for the four cen­
turies following its rapid development in the eleventh century to a 
dominating position; in 1279 a system of apprenticeship needing 
eight years was introduced there, and the closed and somewhat secre­
tive nature of the craft was reinforced by the employment of assassins 
to remove glass-blowers who seemed likely to give away valuable 
secrets to other centres of the industry. Perhaps the aura of mystery 
which still to some extent surrounds scientific glass-working can be 
traced back to these times. 

The basic techniques developed for scientific glass-working involve 
the manipulation of glass in the form of tubing or rod, using a flame 
as a source of heat. The article to be fashioned is held by the operator 
in both hands, and the part to be worked becomes a semi-molten 
mass in the flame and is shaped principally by blowing. Generally it 
is necessary to rotate the article in the flame, and this often requires 
a very high degree of muscular co-ordination, which can be developed 
by professional workers to a remarkable extent. This rotation opera­
tion is not easy; M. FARADAY (1842) stated the outstanding difficulty 
in the following words: 'But when the heat has brought the glass 
into a soft state, it is by no means easy so exactly to turn the tube at 
both ends alike, and so lightly yet equally to hold them, that the soft 
part shall retain its cylindrical shape; being neither twisted, nor bent, 
nor elongated, nor thrust up.' R. E. THRELFALL (1946) considers that 
one third of the art of glass-blowing consists essentially in being able 
to move both hands about, rotating a tube with each finger and 
thumb, and keeping constant both the distance between the hands 
and the speed of rotation. Considerable practice is necessary to gain 
great mastery of this technique, which we can call the bench-flame 
method of work, since the flame is in a fixed position on the bench. 
The problem facing the scientist who has to engage in his own glass-
working is that of simplifying or modifying those operations which 
depend on extremely good muscular co-ordination. We consider this 
problem to be soluble when elegance can be sacrificed to utility. 

The requirements of a scientist differ from those of a professional 
glass-worker. The starting point of a new research is new ideas, and 
when these require subsequent experimental investigation the ap­
paratus used need be only good enough to give results which are 
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satisfactory from a scientific point of view. A glass apparatus must, in 
fact, hold together and work, but it may have an unsightly appear­
ance. However, we must also note that experimental skill in itself is 
of great value to the scientist in pursuing his ideas, for as Faraday 
(1842) wrote: The person who could devise only, without knowing 
how to perform, would not be able to extend his knowledge far, or 
make it useful; and where the doubts or questions that arise in the 
mind are best answered by the results of an experiment, whatever 
enables the philosopher to perform the experiment in the simplest, 
quickest, and most correct manner cannot but be esteemed by him as 
of the utmost value.' In addition to these considerations, experi­
mental skill is of particular value in developing new techniques; and 

may lead to many unexpected developments. H. E. ARMSTRONG 
(1924) tells how the introduction in 1865 of the Sprengel pum; 
fairly simple piece of glass-working—revolutionized the English 
water supply. Again we may note the important practical conse­
quences following on the early work of H. L. CALLENDAR (1892) on 
Vitreous silica tubes, and that of C. V. Boys and R. Threlfall on 
vitreous silica fibres. 

In view of the difference in objective between the scientist and 
professional glass-worker, we consider that glass-working for the 
icientist should develop as its own craft, and indeed this has hap­
pened to a certain extent. An early systematic account is that of J. J. 
BERZELIUS (1833), which describes some of the basic operations. 
Faraday's Chemical Manipulation is a masterly treatment, referred to 
frequently in R. THRELFALL'S notable work On Laboratory Arts 
(1898), which devotes 107 pages to glass-blowing and manipulation 
of glass. Threlfall seems to have been one of the first to describe 
what is now often called 1n-place' glass-blowing, in which the glass 
pieces are kept stationary by clamps, and the flame is moved. Joints 
are made with thin glass rod, now often called welding rod, by a 
method very similar to that used in 1370 B.C. in the Tell-el~Amarna 
factory. The difficulty of holding and rotating the glass is avoided, 
and thus, as Threlfali says, the method is most useful to the experi­
menter who wants to get on to otter things before sufficient skill is 
acquired for the rotation method. The tradition of the craft of glass-
working for scientists is continued, we think, by the works of W. A. 
SHBNSTONB (1889), T. BOLAS (1898), B. D. BOLAS (1921), F. C. 
FlUltY, C. S, TAYLOR and J. D. EDWARDS (1928), R. H. WRIGHT 
(1943), and J. D. HELDMAN (1946). Amongst eminent scientists who 
have carried on the glass-working craft with their own hands we may 
mention R. W. Bunsen, whose skill at the oil-fed blowpipe and whose 

plary patience when one of his pupils rapidly and several times 
3 



INTRODUCTION 

in succession broke the apparatus glass-blown by the master himself 
are described by H. E. ROSCOE (1901); J. Dewar, whose vacuum-
jacketed glass vessels marked a new era in low temperature research; 
M. Bodenstein and W. Ramsay, both of whom are described by E. 
K. RIDEAL (1951) as uncannily skilled in the art of glass-blowing; and 
F. W. Aston, whose glass bulb discharge tubes and cooled charcoal-
in-glass pumping systems first gave those exact mass relations of 
isotopic chemistry which contributed decisively to the opening of the 
atomic age. In modern times the old tradition that the masters of 
science should also be themselves masters of the practical craft of 
science has failed to persist, and the more eminent scientists are now 
usually not to be found at the working bench in the research labora­
tory. There is, we think, a consequent weakening of the craft basis 
of practical scientific work, and some retreat from the view expressed 
by I. Langmuir that work in the laboratory can be fun. 

The increasing use in scientific research of borosilicate glasses over 
the last thirty years has not, on the whole, been accompanied by 
much departure from the traditional methods of glass-working. 
Generally it is much easier to rotate the flame about a stationary 
clamped article than to rotate the article in a stationary flame. 
Quite complex apparatus can be constructed by working with a hand 
torch—giving a movable flame held in the hand—on clamped appar­
atus. This method of work is specially suitable for the borosilicate 
glasses of low thermal expansion, which can be worked into quite 
knobby apparatus without there being much danger of cracking on 
cooling—in contrast to soda-lime-silica glass. The joining of two 
clamped tubes with a movable flame has been described by SHEN-
STONE (1889), THRELFALL (1898) and TRAVERS (1901). A X. REIMANN 
(1952) has described some further uses of this general method, but 
the great number of complex operations which can be carried out 
with facility using a hand torch in place of a bench torch does not 
seem on the whole to have been realized; indeed, HELDMAN writes: 
'End-seals with both tubes of approximately the same diameter and 
T-seals are, with practically no exceptions, the whole repertory of 
in-place glass blowing.5 We are by no means in agreement with this 
statement. Many operations can be carried out with a hand torch 
on completely fixed glass, or on a fixed piece of glass to which some 
other part of glass can be joined by holding it in one hand whilst the 
other hand manipulates the hand torch. The results are usually not 
as elegant as those obtained by a skilled worker using rotation in a 
bench torch, but less skill and practice are required for the hand torch 
method. It has the further great advantage that the complexity of the 
apparatus being constructed can be steadily increased without 
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