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G lass Advisory Service
mHE GLASS Technology Department of A.E.I. Chesterfield com-
I prises a highly qualifled team of chemists and physicists who
are constantly improving manufacturing methods and coping with
the diverse problems accompanying the production of glass of
special properties. They influence every phase of manufacture
from the raw material to the flnished product and they are
frequently asked to apply their expert knowledge to experiment
and research. Their facilities and advice ate aL your service.

You may have a problem concerning the application, avail-
ability or speciflcation of a glass and if this is so you should not
hesitate to write to us. A11 enquiries of this nature should be
made to A.E.L Lamp and Lighting Co. Ltd., Melton Road,
Leicester, who will refer them to the appropriate Glass Advisory
Department.
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NEW CODS
Rff'trREtr{CE.

Bt7
lJ+z

A41

Bt+8

w1
F.57

L75
XBlr

xgl

w2
x93

s99

sg6
s97

ou OF

PREVIOUS
DESIGNATION.

&E l' 9-E 9'
ca \tJl

cl+5

Bonoeilleate.
Alumlnoslllcate '

-d'o-
Boroe11lcate.

-d'o-
-do-

Leadborate.
CaLclrrm Alurnirrate '
Alumtnoborat€'

Lead. Potash.
AlUnlnoboqate.

\ barl\rmi

Sotla Llno

-do-
-do-'

c5.7

c40

H26X
FC['I

sBNl 24

u6

IIa10

L1

x,l+

xNt

c9t
c97

c12
cl+z

clg

cg4 x8

Seallng to tungeten'
Mercury vaPour lamPe and'

comtuellon tublng'
Seallng to molYbd'enum'

Seallng to Kovar'
-d'o-

Am;loulee.
So1d.er Beals'
Irrfra-reil tranemlsslon'
Reeletanco to eod'lunt
vapour.
I\rblng.
Reelstance to Sod'lum
Vapour.
Fluoreecent tubes' vla19'
bench worklng'
Bulba (machlne blown) '
Bulbe and Tublng (HanA)

Al.l. lrr* orrnatl"o:tl'

Pr'1o'r"'

New Cod.e Pref lr letters denote type of glaos: -
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L =: Jead'"
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X =' *ouiPf lcatecl base g1'e'srr '
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AE.I
Lamp rnd Lighting Co Ltd

Glassworks
SHEFF'IELD ROAD CHESTERX'IELD

Trade enquiries to
HEAD OFFICE MELTON ROAD
LEICESTER,
Telephone Number 61531

T ele g r dphic Addr e s s Lamplite
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Any glass which seals satisfactorily to an appropriate metal
is useful to the electrical industry, but within this definition
the industry's requirements tend to diverge. At Chesterfleld
glassworks, A.XI.I. Lamp and Lighting Company Ltd. is at
present satisfying a great, diversity of demands by producing
21 types of what might be called ,standard.' glass, another 24
types of glass for special purposes, and a further 18 of coloured.
glass.

Two of Chesterfield's better known products are Cg glass, a
borosilicate suitable for sealing to tungsten, and therefore
very useful to a company engaged in the manufacture of
Iamps and/or valves, and C46 (an alumino-silicate gtass) which
will withstand temperatures of TbO deg. C indeflnitely; for this
reason it has been adopted by the chemical industry ancl such
organizations as the National Coal Board for use in com-
bustion tubes. There are of course many others in the heat-
resisting range.

Over the years the demand for glass prod.ucts has been
steadily increasing and this has been met at Chesterfleld by
improved techniques as, for example, electric melting.

L



Machine Drawn Tubing

The beginning of the Danner process. Molten
glass from l,he furnace flows on to a mnndrel
(the cglindrical object in the centre of the
picture) which reuolues slowlE. The glass
ribbon wraps itself round the mandrel, fl,o1"as

toua,rds the lower end o,nd, is then
continuously drawn bE the Danner tube-
drauing machine.
Tenperature control is uital to this process
(the tempera,ture nlust be ma,intained to
within I 2* deg. C). The glass tubing is
protected from draughts in a metal cabinet,
one of the doors of tohich hqs been opened
for this photograph.

A.E.I. Lamp & Lighting Co. Ltd. produces a great variety of tubing at
Chesterfield, from tubing for transistors with an internal diameter of
0'58 mm to 0.68 mm and an external diameter of 1.36 mm to 1'46 mm,
to the largest tubing, approximately 50 mm in diameter.

The established mechanical method of drawing tubing is by the Dan-
ner machine, and with C94 (soda-lime) or CI2 (lead glass) melting is
done in a continuous tank furnace flred by oil or town's gas. Raw mater-
ial is supplied to the furnace from a hopper by means of a screw feeder,

Hopper

Tank Furnace

Melting End Working End

Gas & Air Burner

Forehearth

Molor driving Mandrel

Mand rel

Secondary Air

Upper Working Floor

T h roat

Bridge Wall

Lower Working Floor



which can be adjusted so that the supply ofmaterial corresponds to the
required. through-put.

The 'batch', as the raw material is called, is fed through the 'dog-
house' into the melting end of the furnace, where the temperature is
some 1400-1450 deg. C. A wall divides the tank into two parts, one
roughly twice the volume of the other. Molten glass flows from the
larger to the smaller part of the furnace (where reflning takes place)

through a tunnel, ot'throat'in the dividing wall. A gate ofrefractory
.material controls the flow of glass via a feeder channel to the muffie,
where it forms a ribbon on a flreclay 'sleeve' or mandrel. The mandrel,
which slopes af, an angle of about 15 deg., revolves at from five to

At tlLis stage, the tube is cut to the required' Iengths on an
automatic machine. As the tubing of smallest
dismeter is drawn at e rate of 1000 feet a minute,
this necessitates a cutting rate of 250 four-foot
tubes euery minute. Cutting is done ba awluing
thermal shock; heat from the ring burner (right foreground')
and then a cooled block. This end-rolling
machine (right) forms the collar on fluorescent tubes

t
I
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Automatic sorting (Ieft) of erhaust tubes ctccording
to diameter. The fi,gures indicate the minimum and matimurn
diameter of the tubes, in millimetres.
Standctrd fl,are tubing (right). Af ter cutting, this tubing will go through the end-glazing
process and then cLictmeter grading

eight r.p.m. ; the ribbon of glass wraps itself rouncl the sleeve ancl flows
towards the lower end and is then drawn continuously by the Danner
machine some 150 feet away. Air for blowing the glass is supplied
through a nichrome tube in the sleeve.

The size of the tubing depends, of course, on the diameter of the
sleeve and also on the temperature of the glass, the quantity flowing,
ancl the speed of the machine. The tubing is cut into four or five foot
lengths as required. Rod may also be produced by this methocL, except
a solicl-nosecl sleeve is usecl in ord.er to exclucle air.
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The up-draw machine at Chesterfleld can produce boro-silicate tubing
to close tolerances. The tubing is drawn vertically to the top of a tower
50 ft. high where it is cut into the required lengths, Ioaded on an auto-
matic conveyor system and taken to the lower floor for end trimming,
inspection elc.

The up-draw machine is linked to an electric melting furnace, a
recent inbroduction into the Chesterfleld Glass tr'actory.

Loolcing down from the

second pl&tform cLt the

up-drau machine. The
installcttion of th.is sttstent

o f dr awing b or o - silic ate
tube is erpected to
cLchieue close limit
tolerancecl tubittg

The ftrst draw, a'gob' of
gloss is t&ken up by hand

to tlle top of the totuer
tuhere the atdotnatic

pTCc2ss tcLlrcs ouer

i
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Tubing
P rod u cts

HAI{D DRAWI{ TUBING TOLERAI{GES

For Nos.9, 11 and 40 glasses

Diameter Diameter
Range Tolerance Standard Vall Sizes (mm)
mm

2.016.0
6.01r2.0

12.0120.0
20.0!27.0
27.0133.0
33.0138.0
38.0145.0
45.0/50.0

t- 0'5
+ 0.5
+ 0.75
+ 1.0
.L 1.25
+ 1.5
+ 1.75
* 2.0
+4%

0
I
I
I
I

0.5/l.o
0.7s!t.25
r.0/l'5
r.25lL'75
r,2s12.0
r.512.5
r.7512.75
2.013.5
2.014.o

.751

.0/l

.251

.512

.512

r.7512.75
2.013.0
2.2513.75
2.2514.25

0.5/1.0 0.751r.2s
o.7511.25 1.0/1'5
1.0/1.5 L'251r'75
r.2512.0 r.512.25
r.512.5 1.7512.75
r.512.75 1.7513.0
r.7513.25 2.013.5
1.7s13.5 2.013.75

t'25
.5

t.75
.0
.25

r.512.0
r.7512.25
L'75!2.s
2.013.0 2.2513.25
2.2513.25 2.513.5
2.5!4'0 2.7514.25
2'514.5

C.9 MACHII{E MAIIE TUBII{G

Outside
Diameter
(mm)
5.0- 6.0
6.0- 7.0
7.0- 8.0
8.0- 9.0
9.0-10.0

10.0-l1.0
l r.0-12.0
12.0-13.0
13.0-14.0
14.0-15.0
15.0-16.0
16.0-17.0
r7.0-r8'0
r8'0-19.0
19.0-21.0
20.0-22.0
2t.0-23.0
22.0-24.0
23.0-25.0
24'0-26-0
25.0-27.0
26.0-28.0
27.0-29.0
28.0-30.0
29.0-31.O
30.0-32.0
3t.0-33'0
32.0-34.0
33.0-35.O
34.0-36'0
35.0-37.0
36.0-38.0
37.0-39.0
38.0-41.0
39.0-42.0
40.0-43.0
41.0-44.0
42.0-45.0

Vall Thickness
Range

0.75 mm-
1.0 mm

l.0mm-
1.75 mm

Over 50'0

The following formulae may
be used for calculating the
weight per unit length as

follows:
-. 210.7

.tseet per lb. : rX/ @:w)
141.4

Metres Per kllo: 
W 1pS

where rJil is the mean wall in
millimetres and D is the mean
outside diameter in milli-
metres.
Items not listed above would
have to be contracted for
separately.

For Nos. 37 and 46 glasses

Diameter Diameter
Range Tolerance Standard Wall Sizes (mm)
mm mm

+ 0.5
+ 0.75
+ 1.0
+ 1.25
+ 1.5
+ 1.75
+ 2.0
+ 2.25

Feet per lb.

2t0.7
'{frlDs

2.0/10.0
10.0/15.0
t5.0125.0
25.0130.0
30.0135.0
35.0140.0
40.0/45.0
45.0150.0

r.0/1.5..
r.251t.75
r.512.0
r.7512.5
2.013.0
2.013.25
2.2513.75
2.2514.0

1.0 mm-
1.5 mm N,B. The Glassworks would normally not wish to work to wall

thicknesses outside the above standard sizes.

li/here diffeient sizes are required for special applications
negotiations can be conducted with the Glassworks.

F(IRMUTAE FOR GAIGUIATI]{G FEET

PER LB. & MEIRES PER KIT(I (lF TUBII{G A]{D BllD

When D : Mean O.D. and W : Mean Wall
Both expressed in mm

189.6
wlDs

Metres per kilo

141.4vlDs
139.0\frcs
I04.0

v-1o-v1

128.2
w@s

124.8
VID-v)

13r.5
wlD-:$D

t2t'4
wID:q

172.2
wr@S

I
G.9 MAGHII{E MADE ROD

Outside
Diameter The following formulae may
(mm) be used for calculating the

3.0_3.5 weight per unit lengths as

3.5_4' follows:
4.0_4.5 840.9

4.5-5.0 I'eet Per lb' : 
D"

5.0-5.5 56s
5.5_6.0 Metres per kllo : D,6.0-6.5 :- ^L- _^^_ r.
6.5_7.0 where D is the mean diameter

7.0-7.5 in millimetres.
7.5-8.0 Items not listed above would
8.0-8'5 have to be contracted for
8'5-9'0 separately.
9.0-9'5
9.5-10.0

c.9

c.ll

c.t2

c.l9

c.37

c.40

c.46 181.0
ffp-vl

196.0vlDs

186.0
vfD:vl

191.0
w (D--v)

155.0
vfDry)

206.7
v@ry)

6
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p EeuEsrs are often made for a single chart oftolerances to cover
I\ the whole span of sizes normally manufactured. In view of the
great diversity of requirements found in lamp, valve and other
assemblies such a chart is not practical and could be misleading.
Suffice it to say that we are prepared to consider any requests of
a special nature subject to appropriate prices.

The accompanying charts are therefore intended as a rough guide
only for normal values of diameter grading, wall thickness, etc.
.However, the following short descriptions of readily available
'standard' lines do give a fair cross section of our tubing. It is
incidental that they carry lamp manufacturing terms.

ctz.loyo LEAD GLASS TUBTNG
Fuse Tubing
This is drawn at the machine in the range 1.7 12 0 mm and is sup-
plied in graded form l'7/1.9 mm and l'8/2.0 mm. Wall thickness is
closely controlled within 0.30/0'40 mm,

Exhaust Tubing
Two ranges are readily available:

1. O.D. 3 0/3'9 mm
2. O.D.3.914.7 mm )wru o.oo/o'80 mm

This tubing supplied in graded form with a guaranteed compliance
of 95o/. to size and 98'/. at :t 0.05 mm O.D. tolerance. The
method of grading is such as to give a high degree of normal distri-
bution without a grade. Customers are normally expected to accept
three adjacent grades e.g, 3.213.4 mm, 3.313.5 mm,3.413.6 rrlm.
The special diameter gauging equipment used for this accurate
grading is available only for tubing with the listed wall thicknesses.

Butt Seal Tubing
This is drawn at the machine in the range 5.0/7.0 mm with a wall
thickness of 0.70/0.85 mm. Normal diameter grading is in over-
lapping 0.5 mm steps.

Bulb Blowing Tubing
This is drawn at the machine in the range 5.0/7.0 mm with wall
thicknesses of 0.70/0.85 mm and 0'90/1.1 mm. Normal diameter
grading is in overlapping 0.5 mm steps.

Standard Flare Tubing
This is drawn at the machine in the range 10 0112.5 mm with an
obiective wall thickness of 0.90/1'0 mm. Normal diameter grading
is in overlapping 0.5 mm steps.

C.94 SODA TUBING
Generally speaking sizes similar to those of C.l2lead glass can be
provided. However, there are many applications particularly in the
medical field calling forthin wall tubing at larger diameter sizes and
also tighter diameter tolerances. lVe can satisfactorily meet all
requirements and the following list of tubing already supplied to
customers well illustrates the scope of our plant.

Outside Diameter Wall

6'81 7.8 mm Graded 0.2 mm steps
7.Ol 7.8 mm Graded 0'2 mm steps
9'0/10 0 mml

10'5/11.5 mm I
11.0/12.0 mmJ
1l'5112'5 mm
16'0/17.0 mm Graded 0.5 mm steps
16'5117.5 mm Graded 0'5 mm steps
20.0121.0 mm Graded 0.5 mm steps
21.0122.0 mm Graded 0.5 mm steps

0.60/0'70 mm
0.50/0.60 mm

0'50/0'60 mm

l'l !l'2 mm
0.50/0'60 mm
0.50/0 60 mm
0'90/1'0 mm
0'70/0 80 mm



Dimensional
S pec if icatio n s

C.12 Lead Glass

c.12 GTASS TUBtt{G

General Guide to Diameter Tolerance

Diameter Range Normal Grading

1.714.5 mm
4.516.0 mm
6'0/12'0 mm

12.0120.0 mm
20'0130.0 mm
30'0/37.0 mm

0.2 mm
0.25 nim
0.5 mm
1.0 mm
1.5 mm
2.0 mm

Customers are
normally
expected to take
two overlapping
grades.

APPROXIMATE FEET PER tB. OF G.12 TUBII{G AND ROII

Mean
o.D.

in mm
ITall

.301'40
Wall

'401.60
!7all

'601.75
\J7all

'60/.80
Wall

'70l'85
Ifall

'80/1.0
Vall

.90/1.1
lfall

t.01r.25
t|/all

r.251r.5
Wall

r.5lt,75
2.0

Mean
Vall

2.5
Mean
Wall

Rod

5
6
7

)
3
4

8
9

l0

ll
t2
t3

t4
15
l6

L7
18
l9

23
24
25

t55
68.7
38.7

24.8
17.2
t2.6

9.7
7.6
6'2

5.1
4.3
3.7

2.t4
l.9l
t.7t

t.57
1.40
1.28

l.l7
1'07
0.99

0.91
0.85
0'79

0.73
0'69

20
2t
c)

26

28

3.2
2.75
2.42

2.8
2'75
2'7

29
30
3L

32
J'
34

35
36
3t

2.3
2'25

't

268
167' t24

96 69
96
67

88
56
4E

61
43
36

5t-5
4t.6
35.0

M.3
38.2
32'l

35. I
28.2

3L
26

4L
36
33

30
an

25

30.3
26.6
23.8

27'6
24.2
21.6

24.2
21.2
18.9

22.1
19.4
17.2

,)
20
18.5

2t.4
t9.6
18.0

19.5
17.8
16.3

17.0
t5.5
t4'2

t5'5
I4'l
L2.9

13.9
12.7
11.6

l0'6
9'9

l6'6
t5.4
14.4

15.1
14.0
t3.l

13.1
12.2
11.4

I l'9
I 1.1
10.3

10.6
9.9
9.25

8.9
8.25
7.7 6'6

13.5 t2.3
11.6
1r '0

10.7
l0.l
9.5

9.55
9'1
8'6

8.65
8'15
7.7

7.2
6.75
6.4

6
5
5

.2

.8

.5

t0'4 9
8
8

.0
,5
.l

8.1

7.4

t.3
6.9
6.6

6.0
5.7
5.5

5.2
4.9
4.7

4.3
4.1
3.9 3.2

7.8
7'5

7.0
6.7
6.45

6.3
6.0
5.7

5.2
5.0
4.8

4.5
4.3
4.0

3.7
3.5
3.4

3.0
2.88
2.75

6.2
5.95

5.5
5.3
5.1

4.6
4.4
4.2

3'9
3'7
3.6

3.2
3.1
3.0

2.63
2.53
2.43

4.9
4.8

4.1
3.9
3'8

3.5
3.3
3.2

2.9
2'8
2.7

2.33
2.25
2.17

)'I
3.6

3.1
3.0
t.o

2.6
2.5
2.4

.2.10
2'04
1.97

2'2

1.90
1.84
1.79



Demand for the miniature bulbs manufactured at Chesterfield-for
torches, cars, telephone switchboards, and decoration purposes-has
been rising in recent years: in 1957 output, was 31 million, and in the
following year 40 million.

The whole process of forming these bulbs from tubing is performed
on L6-head machines. When the tubing (usually 46-48 in. long) has been
softened by heat, air is blown down it from a central conduit, puffing
the end of the tubing to the required shape. The bulb then goes on a
conveyor belt to the annealing oven, and from there to another
machine for removal of the neck, which is done by thermal shock.

Small variations in the thickness of the tube wall may influence the
working ofthe glass, so the four-foot lengths oftube (already sorted in
the Danner department) are graded again, according to weight, before
being placed on the bulb-blowing machine.

[]trl[-ir;
L.'ilown 'i'r-ot'n
-!-llirilrSl
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On this machine the
stLp er flu orL s gl as s f ornrin g

the neclc of the bltlb
is rentouecl bt/ thermal shoclt.

The bulb is held in tlrc
chuck by a Dacuunt,

(artd belotu) Simple rotnxl
tniniclture btilbs can be

clearlg seen at the
deliuertj stege
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6'25-6'75 oUTS|DE DtA

0'9-1'1 WALL

-tr+
65-70 oUTS|DE DtA

1'1-1.3 WALL

10 25

-lr-#
6'5 - 7'0 oUTS|DE DtA

0'9-1'1 WALL

J_t-t
o.s-zo outstor ota
6'75-7 25 oUTS|DE DtA
0'9-1 1 WALL

t0'25

10'5

*r-f
5 75-6'25 oUTS|DE DtA

0'7-0.8 WALL

20
t

1
I

n'9
t o'5

I

I

21'5
+05

T: TUBING T: TUBING T: TUBING

tnu

18'25
+ 0.5

tr*r-f
5'75-6'25 0UTStDE DtA

0'7-0'8 WALL

10

tl

fr-f
5'75-6.25 oUTSTDE DtA

0'7-0.85 WALL

t 10 25

5 75-6'25 oUTSTDE DtA

0'7-0'8 WALL

T: TUBING

T: TUBING

21

-f
18 25
10'5

-t-FT-I

T: TUBING T: TUBING T: TUBING

18
+

4!.
+ o5

ll

+r+
6'5 - 7'0 oUTS|DE DtA

0'9-1'1 WALL

N
+r+

18'75

10 25

-|r*
6.5. 7.0 OUTSIDE DIA

0'9-1.1 WALL

+ 0.5

I

+r+
6.5. 7.0 OUTSIDE DIA

't 2-1'3 WALL

39.5
+05

T: TUBING T: TUBING
6.5. 7.0 OUTSIDE DIA

0'9-1'1 WALL
T: TUBING T: TUBING

5.5 MAX. EXTERNAL

i i,3 
MrN. TNTERNAL

t1

1.310'5 INTERNAL

+t

25

6.6,5 TXTERNAT
4.4.5 INTERNAL

#

31 5

t1

6-6.5 IXTERNAL
4.4.5 INTERNAL

#
37-5
t1'I

'l

aonr rto.sj_ii-

T: IUBING

2'O MIN, INT
5.5 MAX, EXT

7'5-8 0 oUTS|DE DtA

08-10 WALL

3.0 EXTERNAL
o'zs rrurERual-|l

10'5 -11.0 oUTS|DE DtA

0'5-0'0 WALL

3.0 EXTERNAL '
ozstruttnruar #

105-110 oUTSTDE DIA

0'5-0'0 wALt

10

575-6.25 oUTS|DE DtA

0'5-0 0 WALL
T: TUBING T; TUBING T: TUBING
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10 25

135
+ 0.5

5.75-6.25 0UTSIDE DrA

0.7-085 WALL

14 75

10 25

6'25-6'75 oUTS|DE DrA

0'9-'t.1 WALL

14:5 - 15 0

rl

J-t-i-
6'25-6'75 oUTSIDE DrA

0'9-1'1 WALL

'10 25

!0'25

'75
+

fr+
5,5.6.0 OUTSIDE DIA

0,7.0,85 WALL

10 25

16.9
+05

*'*
T: TUBING

T: TIJBING

T: TUBING T: TUBING Tg'TUBING

6'7s-725 oUTSTDE DIA

0'9-1'1 WALL

21'25 -

24'5
t

+r+

7.0.7'5 OUTSIDE DIA
725-7'75 oUTS|DE DrA
1'1- 1'2 WALL

19.5

!05

+T-f
65-70 oUTSTDE DtA

0'9-1't WALL

7'0 - 7'5

n+

8'0 - 8.5

-t-
12.5

t05

T

+-'+
T: TUBING

T: TUBING

T: TUBING
6'0-65 oUTSTDE DrA

0'7-085 WALL
T: TUBING

5.5-6.0 oUTS|DE DtA

0'7-0'85 WALL

10t025

18'75
+ 0.5

rt-l-r-f
6.0.6.5 OUTSIDE DIA

0'7-08s WALL

205-21 0

10'5 '10'5 - 1 1.0 10'5 -1 1'0

t't

t

+
16 25

t 0'5

T: TUBING

fr*
6'0 - 6'5 oUTSIDE DtA

0'7-0'85 WALL
T: TUBING

T: TUBING

-2322'5

i+

T: TUBING
6'0-65 oUTSIDE DtA

0'7-085 WALL

19

t025

3416
!0s

6'5-70 oUTS|DE 0rA

0'9-1'1 WALL

2't'5-22

50

t 0'5 37
+05

-f
40

105

-i+ +lrl
ffi

6.5. 7'O OUTSIDE DIA

t 2-1 3 WALL

6'75-7.2s OUTSTDE DtA

0'9-1'1 WALL
6'5. 7,0 OUTSIDE DIA

1'2-1 3 WALL

All dimensions in millimetres

T: TUBING T: TUBING T: TUBING
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The flare, which is common to both incandescent lamps and valves,
forms the base of the flIament assembly, and is sealed to the neck of the
bulb. Production of flares is carried on in the same department as the
manufacture of miniature bulbs, and as with miniature bulbs, the raw
material is four-foot tubing. The end of the tubing is heated and then
forced open by a spindle which revolves at high speed, and all that re-
mains is to sever the stem of the flare from the tubing, according to
the length required.

Flares, whiclt are manufactured
in the miniature bulb department,
are prod,ucedba heating one end

of a four-foot tube and forming
a lip. This operation is performed

bg a reuoloing spindle (shown close

to the corner oI the bin in the
lower po,rt of the photograph)

I
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Dimensional $pgcification Dimensiorts in millirnetes
Small Tubing Size Range

Length and Flare Diameter Tolerance :t 5 Standard Sizes
Diameter Range 6.0/8.5 17x115,18x11,

18 x 11.5, 19 x 14,
2l x 145.Wall '70l 85 and '80/1 0

Mediurn Tubing Size Range

Length and Flare Diameter Tolerance :i:'75 Standard Sizes

Diameter Range 8.5112'5
20 / 12'25,20 /. 14,
33x21,35x21,
38 x 27,43 x 21,
51, x 21,54 x 21,
58 t.21.

Wall 70/'90 and '80/1'0

Large Tubing Size Range

Length and Flare Diameter Tolerance *1 0

Diameter Range I 12'5116'0 Standard Sizes
28.5 x 22,65 x 29,
78 x 37.Wall 80/1 0 and 1'2511'5

The fi,nished, fl&re is inspected
on. an ilhmilnuted screen os i, posses

along the conuegor belt

13
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The Westlake machine can be used for the production of glassware
for the table, as well as for bulbs, but this catalogue is concerned with
the applications of glass in industry or research. It is a circular mach-
ine, with twelve workingheads, each of which carries two hollow spind-
les. Two plungers extract glass from the furnace by means of a vacuum,
which is released to allow the two blobs of glass to fall into the jaws of
the two vertical hollow spindles. The jaws close round the glass, form-
ing an air-tight seal, and a plunger in the spindle makes a cavity in the
glass, so that it can be inflated by puffs ofair.
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Production of bttlbs on
the Westlake machine. Two arms
(seett in th,e mouth of the furnace)
ertra,ct molten glass and transfer it to
the spindles (shown in two positions)
When the spindles ltaue swung into
a uertical position the
glass is enclosed in a mould and air
is pufed into it to form the
required shape. (and right) Reflector
Iamp bulbs about to be released, after
blowing on the Wesila,ke

Bulbs for reflector lamps readE for
transfer from the Westlake burn off machine
to the annealing chamber

As the spindles move downwards, revolving continuously, air is puf-
fed into the glass, which begins to inflate, until a mould previously
dlpped into a bath of water closes round it and a flnal puff forms the re-
quired shape. At this stage, when the spindles have almost completed
their circuit, the moulds open and the bulbs are deposited on a con-
veyor belt. The next stage is the burning off of the glass which has
keyed the bulbs in the spindle jaws, and they are then transferred to
the annealing chamber for stress relieving, and from there to inspec-
tion. From the removal of molten glass from 1,he furnace to inspection
takes about fi.ve minutes.

Vacuum flasks and glass shields for hurricane lamps are manufac-
tured in a similar way on the Westlake.

L5



X
X
X
X
X
X
X
X
x
X
X
X

14t
14i-
14*
14+
14l-
14*
17i-
't7
17*
24
24
24

11
't1
12
13
15
11
12
13
13
11
10
12

2.5
2.7
3.2
3.6
5.5
2.7
3'2
3
3.6
3.75
3
3.6

98
98
98
98
36
72
50
32
32
20
15
12

5.5
6
7
8
12
6
7
6.6
8
8'25
6.6
I

Qiy, per Box

16

kilostb,kilostb.

GrossNett

High Wattage & Mlscellaneous

Bulb Type

5.9
6.8
5
5.4
5.9
5.9
5
4.5
5.5

4* x 1a*
4* x 14*
a* x 1a*
4+ x 14*
4* x 14*
4* x 14*
7+ x 15+
7 x21+
7* x 15*
6 x12
6 x12
6 x14

LAMP
BULBS

5
5
5.4

Dimenslons of Carton

inches

TC 35A
TC 38A
TC 46A
F 49A
T 51BB
TC 55A
c95
R 110
c 125
R 13OE
R 150
R 170



122

' 335 :1=-t

348

All dimensions
in millimetres

112

B8 u25
44390

I

'150

' 335 :

VALVE
BULBS

I

62

.40:
1-_____t

kilo s

't41

llr kilo s

Bull: Type

Valve Bulbs

Nett G ross Dinrerrsions of Carton

inchesQty, per Box
ll;.

T 3OC
D 30.5
D32
D 34.8
D 38A
D39
D44
D 45C
D 45D
D508

144
468
200
200
144

98
98
9B

144
72

'10

to
12
11 '

10
11

10
13
125
11

7
11

I
6
7
o
5
B

s
5

JZ
5
4.1
JO
a,o

27
23
3.6
41

4.5
7.2
E,A

5
4.5
R

45
59
57
5

Al

ds
12
12

. l^l' t+a

.. lClluB
x12
x12
x 14+
x 14*
x 14+
x 14*
/. 14+
x 14+

4+
4+
4+
4+
IL
4*

X
X
X
X
X
X
X
X
X
X

I7



_+_64 3 DtA

Qty. per Box

-J- ss o ota---+

_l_64 5 DtA

Nett

tb

58 6 DtA
--!

143 81 +28
'3

ll)

875
t2s

DtA ---+ I

DtA--f 'sDrA-+

Dinrensions ol Carton

inches

17+ /.
171f r
17+ x
24x

lliiii* I
16 x 12

I

MAX 70 DIA

101.6 DtA-

LANTERN
GLOBES

19 DIA

41 2 DtA

Hurricane Lantern Globes
G ross

Gross

kilos

DR 84
DR 848
DR 84C
HL 101 A

100
96
96
48

11

10
'10

o

kilo s

5.0
4.5
4.5
3.1

17
20
20
14

B0
9.0
9.0
6.4

I

l

I

240

i

I

I

I

;

1-71.438

321

All dimensions in millintetres

kilos

Dintensions o1 Carton

inches

I

2428

Qty. per Box
Nett

41'275

DIA

tbBLANKS
FOR

VACUUM
FLASKS

Glass Blanks for Vacuum Flasks

728
T81 A
T81 B

lb. kilos

45
50
7.3
5'9

585
63.5

5

71

T
T
T
T
T
T

D

.4A

00
00
00
50
50
40
25
50

27+
27+
27+
4a La

15+
24+
17+
17

X
/.
X
X
x
X
X
X

3i x 18+
3f x 18i
3f x 18j
7+i x 20+
5| r 20|
6* r12
a! 181
'a7 21+

72A.

7224 DtA

51 0rA
58 5 DrA

8I DIA

1B

10
11

16
'13

14
'1 1.5
10.0
'1B.0

6.4
5.2
4.5
8.2

'15

16
20
ao

18
t:)
tc
23

6.8
7.3
90
8.2
8.2
68
6.8

10.4
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Domestic glassware is an important product of the Chesterfield Works' West-
Iake plant and over the years the development section has successfully adapted
the machine to manufacture a variety of drinking vessels-various shapes of
tumblers, lager glasses and, of recent date, the introduction of one piece
stemware.

( )
(

(

)

)

Domestic glassware, with the erception
of IaW chimnegs and, uacuum flasks, is
marketed, bg a single customer, Messrs
Demd, Glass Ltd., 167 Victoria Street,
London, 5.W.1. (Telephone: Victoria 41SS-

Oaerseas Cobzes DEMcr.As r,onooN), lo
whom all enquiries regq,rding sales, etc.,
should, be directed,.
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Glass to Metal
and Graded Seals

l
I

As the coeff.cient of expansion of a glass may not be appropriate for
sealing directly to the specifi.ed metal, it is sometimes necessary to use
two or more types of glass to produce the required seal. This is known
as a 'graded seal', and several types of Chesterfield glass are suitable
for this work-a boro-silicate of the C9 type, for instance; a silicate,
such as C19; or a lead glass, such as C12. In a normal combination, as
many as fi.ve glasses might be used, see page 38.

In the manufacture of fllament lamps and valves, a soda-lime-silica
glass is used for the bulb and a lead glass for the stem-the soda-lime-
silica in the interest of low cost and mass production, and the other to
give the necessary electrical resistivity in the stem. Both glasses, of
course, must seal to each other, and the lead. glass must also seal to
Dumet wire. The latter glass (C12) also seals readily to nickel-iron
alloys containi.ng about 50 per cent of nickel, provided the alloy has a
thin coating of copper to ensure good adhesion.

I
I
I

-=l'i'%

Two etamples of a graded seal
betueen C9 and C19 glasses. In order
to seal the soft glct"ss (C19) to
the boro-siliccrte C9, a range of other
boro-silicates is used

il
t
n



:

: I

Glass-to-metal seo"Is used, in
ualue manufacture. The
dome in the top right-hand
corner is sealed to copper

SINTERED GLASS

A technique is being cleveioped for the prefab-
rication of bases for certain types of valve and
lamp, in which glass powder is sinterecl round.
an exhaust tube and glassecl metal lead.s in one
operation. The flnished base has a higher mech-
anical strength and can withstand thermal
shock better thana pressed. giass base ofortho-
dox design.

Types now being made range from a 24 mm
cllameter base, with six wires anCl exhaust-tube
inserted, to a 57 mm diameter base wlth seven
wire inserts and exhaust tube.

-
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Fin ish ing

By the time glass leaves Chesterfield it has often evolved well beyond
the stage of tube drawing, say, and some of the early operations of
manufacturing the fina] product have been completed. A large propor-
tion of the tube produced at Chesterfleld is also processed there.

The simplest of the post-Danner operations is to cut the four-foot
tube (or whatever other length it is) into the length required by the
customer. Where output is sufficiently great this is done by machine;
otherwise it is done by hand. In the cutting department' a gteat' variety
of lengths is prepared-from 18 to 220 millimetres.

A piece of glass t'ube is the starting point of a variety of components,
and in the form of rings it is supplied to valve manufacturers for in-
corporation in valve bases. The machines employed produce rings in a
range of diameters from six to 23 millimetres and lengths between 8

and 120 millimetres, to a tolerance of + 5 per cent by weight. Tubular
bu1bs, including some for cathode ray applications, are prod.uced on

the Dichter machine. Pressings, such as those for projector lamp
bases, are ground in the finishing department, to give them the re-
quired dimensional accuracy.

Another product of the finishing department is beads (small sections
of tube) which, among other purposes, are used in transistors. The

smallest of these is only lt mm long. Others are employed as bushings
for the hermetic seal and lead-in to refrigerators.

(I) Before the tube is put on
tllis cutting machine it is graded
a, second time (ba weight this
time), to guo,rs,ntee q,ccurq'cA

of the wall thickness. These

rings are produced in a great
barieta of dimensions, for
purposes o,s diferent q,s

r efrig er at or bus hing s and
ualue bases. (2) Erhaust tube
is being fed to this machine

for gla,zing. (3) Cutting
erhctust tube ba hand,
(4) Where the size of the
order justifi.ed it, erhaust
tube is cut onthis
high-speed machine

I
I
I
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PRESSING

Glass of irregular contour can often be obtained
by pressing.
With this process, molten glass is d.roppecl into

the bottom half of a mould. The plunger compris-
ing the top half of the mould is then forced into
the molten glass to form the required shape.
Small components such as valve bases are often
produced this way but larger pressings such as
glass domes of considerable weight, can also be
obtainecl.



Mouth Blown and Coloured Glass
I
I
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Methods to improve speed ofproduction and quality control are ever
present throughout the Chesterfieldfactory. Some glass products, now
flowing continuously from the machines, were a short time ago con-
sidered to be suitable only for hand operation.

The artisan-the hand blower-is not disturbed. to see mechanization
in the industry. He knows that for many years to come his trade is safe
and that now he is able to specialize and to employ his skill where it is
most needed, in the blowing or drawing of special glasses.

At the A.E.I. glass works we have some of the flnest craftsmen in the
world; men who are justly proud. of their work. Naturally, glass requir-
ing hand operation is frequently more expensive; some special glasses

are extremely difficult to work, but in common with all other members
of the glass works, the hand blowers constantly aim for fast production
and rigid quality control.

The blower, hauing
gathered glass front the
furnace, prepares to puf
air into it and giue it its
apDr ofimate shape before
placing it in the ntould, at
his feet. This bulb is for a
mercurlJ-uapour lamp.
The other picture shows
him swinging the iron
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This group of bulbs
represents some of the
coloured glasses
pr oduced at C he ster fiel d-
'frreglou amber',
cadmiurn Eellow
(used for motor headlqmps),
and blue

Among the coloured glasses produced at Chesterfleld, 'FiregLow Amber'
(C23A, a potash-zinc gtass) may be the best-known, because of its asso-

ciation with electric fires, but demand for 'Daylight Blue' (C19B, a
soda-lime glass) is at least comparable. Another sodium-lime glass,

C19Y, is used in the manufacture of yel]ow automobile headlamps.
Because cadmium sulphide is a constituent, the colour is known as

'cadmium yellow'.
C20BV (an ultra-violet dark blue glass) is used for the mercury vapour

discharge ultra-violet lamps employed by laundries to identify cus-
tomers' garments.

To ensure that colours conform to speciflcation, the manufacturing
process is controlled with the help of a spectro-photometer.
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ITtoo of

the ChesterJield
craftsmen etnployecl
on, blorDillg
borosilicate bulbs

A feto eratnples of motLth bloun btLlbs node b11 Chesterfi.eld craftsmen

A tilting ftu'nace at Chesterfi,eld toith plcLtinunt-
lined ualls to ttithstand. corrosiae action
of special glasses. The tilting crction permits
dro,ining and obuiates the neecl for
scraping tuhich tnight datnage the walls
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AE.I
Lamp and Lighting Co Ltd

The notes and data on the

follouting pages ore intended to

act as a guide to engineers

in tlte use of glass. Any doubts

about the application of the data

should be referred back to the

A.E.I. Lamp and Lighting

Company Limited,

Melton Road, Leicester
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NOTES OF PHYSICAL PROPERTIES OF GLASSES. THEIR MEASUREMENT AND USE

Chesterfield Glasses

Thermal Expansion Characteristics
This property is one of the maior factors governing suitability

of glass for sealing to other glasses or metals, but it should

always be remembered that the expansion of glass is depend-

ent on the rate of heating during test and on heat treatment

previous to test and markedly so at temperatures approaching

within 100-200' of the 'annealing temperature'. In view of
this, caution must be used in estimating stresses in seals from
published expansion curves; strictly one should consider only
the contraction curves with the same cooling rate as the seal

being studied or direct measurement may be made of stresses

without reference to dilatation measurements.

Thermal expansion is aiso markedly dependent on chemical
composition, and particularly alkali content, so that it is used

as a control test. It is measured differentially against fused
silica and all figures quoted are the average thermal expansion
coefficient per oC measured over the range 50o-400"C. In
the case of glasses for Kovar type seals all values should lie
within * I X l0-7 of the quoted coefficient, glasses for
sealing to tungsten or molybdenum within + 1'5 x 10 7 and
for soft glasses within * 2 x l0 7.

Viscosity
A knowledge of viscosity/temperature characteristics is of
value at all stages in the annealing, working and melting of
glass although no tolerances are specified for the figures
quoted.

In the annealing range (1013-1010 poises) the viscosity of
glass is determined by measuring the rate of elongation of a
fibre of known dimensions under a constant load at a constant
temperature. A difficulty arises in that viscosity is another
physical property dependent on heat treatment and thermal
history so that for each determination a freshly drawn fibre
should be used and heated for a time at a constant tempera-
ture before measurement, the times being standardized as
follows
Viscosity (poises) 1010 1011 1012 101r
Time (min.) 15 20 30 45
In the data sheets which follow the temperatures ("C) are
quoted corresponding ro viscosities of 1013 and 1012 poises
taken directly from viscosity-temperature curves and for 101 1.6

poises by extrapolation of these curves.
The temperature corresponding to 1013 poises can be used

as a definition of 'annealing temperature'and is approximately
that temperature at which a sample will become commercially
'stress free'in 15 minutes. The temperature corresponding to
1012 poises may be regarded as an upper annealing tempera-
ture which should not be exceeded to avoid deformation of

the sample, The temperature corresponding to 1011'6 poises
may be regarded as the strain point, below which glass can be
cooled as rapidly as possible providing that thermal gradients
are not introduced sufficient to crack the glass.

The temperature corresponding to a viscosity of 107'6 poises
is generally known as the softening point or Littleton point
and may be taken as the lowest temperature at which sufficient
fusion has taken place to enable seals to be made. The 107'6
point is determined by measuring the temperature at which a
fibre of specified dimensions extends under its own weight at
a rate of I mm per minute when heated in a standard furnace
at a standard heating rate.

Annealing
In making use of glass a knowledge of annealing is necessary
although it should be emphasized that most seals are not
usually stress free; in fact the aim often is definitely to obtain
Seals with moderately high stess of such a nature that stresses
subsequently introduced under working conditions can be
withstood. Whatever the aim, however, a knowledge of the
way in which stresses in glass change with time and tempera-
ture in the annealing range is of fundamental importance.
There is no standard definition of annealing temperature)
although as mentioned earlier the temperature corresponding
to a viscosity of 1013 poises is a useful guide. Use can be made
ofcurves developed by Redston and Stanworth which enable
annealing schedules to be calculated knowing the expansion
coefficient of the glass and the dimensions of the article to be
annealed. Typical annealing schedules for varying sizes of
each glass are included showing the temperature at which the
giass should be held for a given period of time and then the
maximum rate at which it should be cooled to the strain point
(1014'6 poises) below which temperature the glass can be
cooled at any reasonable rate which can be accomplished
without cracking the ware by excessive thermal shock,

Direct Current Resistivity
This property is determined by measuring the time taken for
a known capacity to discharge through a sample of known
dimensions at a given temperature and varies enormously with
composition and temperature but only to a small extent with
heat treatment. In the data sheets which follow log. resistivi-
ties are quoted for temperatures of 150oC and 300"C and
values at other temperatures can be obtained knowing that a

graph of log. resistivity and reciprocal absolute temperature is
a straight line over a very wide range of temperature.
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Description. Soda-lime-silicate glass.

Applications. Mainly for the production of fluores-
cent tubes, vials, bench working, etc.

Chemical Cornposition
si02 71.5

A1,03 2.2
CaO 5'7

Naro
Kr0

3.0
1.7

14'0
1.5

95x107
475
5t5
540
7to

Mgo
Ba0

1100

1 000

25 , 20
+ xlo'

,, 10t''

t Io12

,, l0t't'
,, lO't

1013

1012

107'6

l0s

(Fig. l)

(Fig. 2)

(Fig. 2)

(Fig. 3)

Physical Properties
Expansion coefficient ..
Viscosity 101a'6 poises at

Fig. 1. Typicat Thermal Expansion
Curve.

Fig. 2. Curve of Log. Viscosity (Log 4)
and Rcciprocal Absolute Temperature

/-L\\r/'

Fig. 1. Typical Thermal Expansion' Curve.
Fig. 2. Typical Curve of Log. Viscosity

(Log ?) and Temperature.
Fig. 3. Curve at Log. Resistivity (Log p)
and Reciprocal Absolute Temperature

/r\\r/'

0 200

TEMPERATURE
400

"c

600'c 550 C

fxro'

800 600

TEMPERATURE "C

Chemical Composition
Si0, 72'5 | Cao
Alror t'3 I Mso

Physical Properties
Expansion coemcient ..
Viscosity l0ra'6 poises at

6.5 I Na"0r.-^I Itl'J
3.0 I K,0 J

), tt

tt tt

,, ,,
t, )t

13 0

o
J

120

Log d.c. resistivity at 150 8'6

,, )t ,t ,, 300 5'9
Specific Gravity 2'50

Typical Annealing Schedule. A 5 mm thick block of
C 94 glass could be annealed by holding at 535'C for
5 minutes, followed by cooling at 3"C per minute to,
say,475"C, below which temperature the glass could
be cooled as rapidly as possible without causing

fracture.

Description. Soda-lime-silicate glass'

Applications. Mainly for the envelopes of lamps and

valves.

l r'0

t00
5oo'c

t3001200

(
('
o
J

124

100

80

60

40

Log d.c. resistivity at 150

tt t, ,, ,, 300
Dielectric constant at I Mc/sec.
Loss angle at 1 Mc/sec.
Specific Gravity

95 x 10-7 (Fie. 1)

495
530
550
7LO

900
8.4
5.7
6.8
0.008
2.48
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Typical Annealing Schedule. A 5 mm thick block of
C 19 glass could be annealed by holding at 550'C for

5 minutes, followed by cooling at 3oC per minute to'
say, 495oC) below which temperature the glass could

be cooled as rapidly as possible without causing

fracture.
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Description. Porash-barium oxide-silicate.

Applications. Certain types of projector lamps.

Chemical Composition
Si02 61.5 | B20l 2.4 | Bao
Al,0r 3.1 | CaO 3.0 | K,0

15.0
15.0

(
)

Fig. l. Typical Thermal Expansion
Curve.

Fig. 2. Curve of Log. Viscosity (Logi1)
and Reciprocal Absolute Temperature

/r\
\T/'

Fig. 3. Curve of Log. Resistivity (Logp)
and Reciprocal Absolute Temperature
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Physical Properties
Expansion coemcient . .

Viscosity I01a'6 poises at
,, 1013 ): tt
,, lor2 tt ,,
,, 107'6 tt "
,, lOs t) ',Log d.c. resisriviry at 150

tt tt ,, ,, 300
Specific Gravity

Chemical Composition
Si0, 45.0 | Zno
BaO t9'0 I K,0

Physical Properties

I1.0
14'0

Expansion coemcient . .

Viscosity l01a'6 poises at . .

,, 1013 t, ',
,, L0r2 ,t "
,, I 07'6 ,, ,'
,, 105 tt "Log d.c. resistivity at 150

,, ,, ,, ,, 300
Dielectric constant at I Mc/sec.
Specific Gravity
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Description. Lead free alkali-barium-zinc-silicare

Applications. Sealing ro iron or steel.

t
ffi
il'
l
T

:

T

I

l. Typical Thermal Expansion
Curve.

2. Curve of Log. Viscosity (Log1)
Temperature (Broken line by inter-

polation).
3. Curve of Log. Resistivity (Logp)
Reciprocal Absolute Temperature
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Typical Annealing Schedule. A 5 mm thick block of
C 41 glass could be annealed by holding at 465"C for
8 minutes, followed by cooling at 2oC per minute to,
say, 4l0oc, below which temperature the glass could
be cooled as rapidly as possible without causing
fracture.
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Description. Lead-free alkali-barium-zinc-silicate.

Applications. Mainly for lWindonuts.

Chemical Composition
Si02 48'2 | Zn) 1l'0 | Na,O 5.0

Bao 19.0 I Kro 11.8 | CaF, 5.0

Physical Properties
Expansion coefficient . .

Viscosity l01a'6 poises at

,, 10t3 )t tt
,, 10tt tt tt
,, 10t'u )t tt
,, 105 )t tt

Log d.c. resistivity at 150

tt ,t ,, ,, 300
Specific Gravity

115 x 10-7 (Fig. l)

2)

Lo2xL07
395
430
460
625

10.2
7.0

(Fie. l)

I
oo
J

Fig, I. Thermal Expansion Curve.

Fig. 2. Curve of Log, Viscosity (Log4)
and Temperature. (Broken line by inter-

polation.)

Fig. 3. Cuve of Log. Resistivity (LogP)
and Reciprocal Absolute Temperature
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Fig. l. Typical Thermal Expansion
Curve.

Fig. 2, Curve of Log. Viscosity (Log 1)
and Reciprocal Absolute Temperature
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Fig. 3, Curve of Log. Resistivity (Logp)
and Reciprocal Absolute Temperature
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Typical Annealing Schedule. A 5 mm thick block of
C 76 glass could be annealed by holding at 500'C for
5 minutes, followed by cooling at 2'5oC per minute to,
sayr445oC, below which temperature the glass could
be cooled as rapidly as possible without causing

fracture,

Description. Lead alkali silicate.

Applications. Glass for beads in lamp manufacture

Chemical Composition
si02 61.5 Pbo 2l'6 KrO 6'5

A1203 t.+ | Naro 8'8 
I

Physical Properties
Expansion coefficient ..
Viscosity 1014'6 poises at

,, l0tt ,t !,
,, l0t' " ,,
,, 107'u tt tt

Log d.c. resistivity at 150

tt t, ,, ,, 300
Specific Gravity

(Fig. 3)
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Description. 30o/" Lead oxide glass.

Applications. Mainly the internal parts of electric
lamps and valves.

Chemical Composition
Si02 56.0 1 PbO 30.0 | K,0 8.0
A1203 1.3 I Na,0 4.5 I

Physical Properties
Expansion coefficient ..
Viscosity 101a'6 poises at . .

,, 1013 tt tt
,, l0r2 ,, !'
,, 10t'o tt t)
,, lOt tt )t

Log d.c. resistivity at 150

5t t) ,, ,, 300
Dielectric constant at I Mc/sec.
Loss angle at I Mc/sec.
Specific Gravity

(Fig. 1)

2)

425

Fig. l. Thermal Expansion Curve.

Fig. 2, Typical Curve of Log, Viscosity
(Log ) and Temperature.

Fig, 3. Curve of Log. Resistivity (Logp)
and Reciprocal Absolute Temperature
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Typical Annealing Schedule. A 5 mm thick block of
C l2 glass could be annealed by holding at 455.C for
approximately 5 minutes, followed by cooling at 3oC
per minute to, say, 390"C, below which tempefature
the glass could be cooled as rapidly as possjble wirhour
causing fracture.

Description. 20'/" lead oxide glass (tinted blue).

Applications. Mainly for neck tubing for carhode ray
tubes.

Chemical Composition
Si02 s7'3lCa0 2.4lPb0 20'0 | K,0 e.l
A1,03 0.71 BaO 4.8 | MgO 0.2 lNa,0 4.8

Physical Properties
Expansion coefficient . .

Viscosity 1014'6 poises at
98.5 x 10-7 (Fig. l)
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TEMPERATURE.C

200"

TEMPERATURE

fxro'

13 0

(,
o
J

12.0!
l
!

Fig. l. Typical Thermal Expansion
Curve.

Fig. 2. Curve of Log. Viscosity (Log.4)
and Reciprocal Absolute Temperarure
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Typical Annealing Schedule. A 5 mm thick btock of
C 73 glass could be annealed by holding at 490oC for
5 minutes followed by cooling at 3oC per minute to,
say,425"C, below which temperature the glass could
be cooled as rapidly as possible without causing
fracture.
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Description. Tungsten sealing borosilicate glass.

Applications. Special valves and lamps and other

applications which have to withstand high operating

temperatures.

Fig. 1. Typical Thermal Expansion
Curve. 110

Fig, 2. Curve of Log. Viscosity (Log 1)
and Reciprocal Absolute Temperature.
Fig. 3. Curve of Log. Resistivity (LogP)
and Reciprocal Absolute Temperature jo.0

(f)ro'"ntt'*'

200 400

TEMPERATURE.C
600

Fig. l. Typical Thermal Expansion
Curve.

Fig. 2. Curve of Log. Viscosity (Log r;)
and Reciprocal Absolute Temperature.
Fig. 3. Curve ofLog, Resistivity (Logp)
and Reciprocal Absolute Temperature
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Physical Properties
Expansion coefficient . .

Viscosity 101a'6 poises at

,, 10tt ,, ,'
,, l0t2 t, tt
,, l0t'6 t) ,,
,, 105 tt tt

Log d.c. resistivity at 150

tt tt ,, ,, 300
Dielectric constant at I Mc/sec.
Loss angle at 1 Mc/sec.
Specific Gravity

Chemical Composition
SiO, 75'3 ; Na,0
Al,o., 2.0 | Kro

Chernical Composition
siO, 72.2 | 8203
Al20.j 3'0 I CaO

4.0
1'8

Br0: 16'9

37'5 x 10-7 (Fie. 1),,,, I
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(Fig. 3)
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Typical Annealing Schedule. A 5 mm thick block

of C 9 glass could be annealed by holding at 560oC for
2 minutes, followed by cooling at 8"C per minute to,
say, 455ocj below which temperature the glass could be

cooled as rapidly as possible without causing fracture.

Description. Molybdenum sealing borosilicate glass.

Applications. Mainly for mercury arc rectifiers.
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Physical Properties
Expansion coemcient . .

Viscosity 1014'6 poises at

,, 10tt ,t r!

,, 10" tt t)

,, 10t'u ,t ))

,, lOs ,, )'
Log d.c. resistivity at 150

t, tt ,, ,, 300
Specific Gravity
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Typical Annealing Schedule. A 5 mm thick block
ofC l1 glass could be annealed by holding at 605oC for
3 minutes, followed by cooling at 6"C per minute to,

sayr5z5"C,below which temperature the glass could be

cooled as rapidly as possible without causing fracture'io"C 200'c
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Description. Kovar sealing borosilicate glass.

Applications. Special valves.

Chemical Composition
sio, 65.5 | Al,0r 2.2 | KrO 4.r
Br0.. 24.1 | Na10 4.1 

I

Physical Properties
Expansion coefficienr .. .. 48.5 X l0 7 (Fig. 1)

Fig. t. Typical Thermal Expansion
Curve.

Fig, 2. Curve of Log. Viscosity (Log4)
and Reciprocal Absolute Temperature.

Fig. 3. Curve of Log. Resistivity (Logp)
and Reciprocal Absolute Temperature.
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Fig. l. Typicat Thermal Expansion
Curve.
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Dielectric constant at I Mc/sec.

Physical Properties
Expansion coemcient ..
Viscosity 1014'6 poises at

:, I 013 J, ,,
t, 1012 tt tt
,, 107'6 t, ))

Log d.c. resistivity at 150

,t tt ,, t, 300
Dielectric constant at 3,2 cm
Loss angle at 3'2 crn . .

Specific Gravity

Chemical Composition
sio, 69.5 | R,Or 27.5 | K,0
Al,or 0.5 | Na,o 0.3 | Li,o

460
505
535
7t0

1 1'5
8.1

4'5
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(Fig. 3)\I
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Loss angle at I Mc/sec. 0.0016
Specific Gravity 2.25

Typical Annealing Schedule. A 5 mm thick block
of C 40 glass could be annealed by holding ar 535'C
for 3 minutes, followed by cooling at 5oC per minute
to, say, 460oC, below which temperature the glass could
be cooled as rapidly as possible without causing
fracture.

Description. Borosilicate glass.

Applications. Electrical applicarions where low elec-
trical losses are essential.
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Fig. 2. Curve of Log. Viscosity (Log:2)
and Reciprocal Absolute Temperature

(+)
Fig. 1 Curve of Log, Resigtivity (Logp)
and Reciprocal Absolute Temperarure
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Description. Aluminosilicate glass.

Applications. Mainly for the inner jackets of mercury
vapour discharge lamps.

Chemical Composition
sio, 55.8
Al,o3 23.0

BaO 3.1Bro: 5'1
13.0

Fig. l. Typical Thermal Expansion
Curve,

Fig. 2. Typical curve of Log. Viscosity
(Log p) and Temperature.

Fig. 3. Typical curve of Log. Resistivity
(Log p) and Reciprocal Absolute

r.-p.."trt" ({).

200 400
TEMPERATURE

600
"c

Fig. l. Typical Thermal Expansion
Curve.

Fig. 2. Curve of Log. Viscosity (Log'4)
and Reciprocal Absolute Temperature

(f) fn.ot"" lines by extrapolation).

Fig. 3. Curve of Log. Resistivity (LoCp)
and Reciprocal Absolute Temperature
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Physical Properties
Expansion coemcient ..
Viscosity l01a'6 poises at

,, 10t3 ,r '
,, 1012 tt tt
,, 107'6 t, tt
,r 105 rt tt

Log d.c. resistivity at 150

tt ,t ,, ,, 300
Specific Gravity

Physical Properties
Expansion coefficient ..
Viscosity 101a'6 poises at . .

,, 10t3 " ,,
,t L0l2 )-t ,)
,, 107'6 tt ,)

,, 105 tt "Log d.c. resistivity at 150

t, )) ,, ,, 300
Dielectric constant at I Mc/sec.
Loss angle at I Mc/sec.
Specific Gravity
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Typical Annealing Schedule. A 5 mm thick block
of C37 glass could be annealed by holding at 790"C for
3 minutes, followed by cooling at 6"C per minute to,
say, 700oC) below which temperature the glass could
be cooled as rapidly as possible without causing
fracture.

Description. Aluminosilicate glass.

Applications. Mercury vapour lamps and chemical
combustion tubing.

Chemical Cornposition
Si02 54'5 | Pr}s 3'8 | BaO 6.3
A1,0, 23.5 I Cao l r'3 | Mso 0.5

500"c
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Typical Annealing Schedule. A 5 mm thick block of
C 46 glass could be annealed by hotding at 805'C for
3 minutes, followed by cooling at 6oC per minute to,
say,725"C, below which temperature the glass could
be cooled as rapidly as possible without causing

fracture.
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Description. Zinc-vanadium-borate.

Applications. Solder seals ro C 40 giass or I(ovar type
alloys.

Fig, l. Typical Thermal
Expansion Curve,

Chemical Composition
B,Oj 28.5
41,03 5.0

Physical Properties
Expansion coefficient . .

Viscosity l01a'6 poises at

,r 1013 ,! ,,
t, l0t2 tt t)

Log d.c. resistivity at 150

,, ), ,, ,, 300

49.0 x 10-7 (Fig. l)
480
500

.. 515
l3'B
10.2

Note. This glass is supplied in powder form for making
seals between glasses of expansion coefficient approxi-
mately 50 X 10 7 and/or metals or alloys of similar
expansion coefficient. It enables seals to be made at a
temperature of approximately 610'C without the neces-
sity for fusion.

Description. Modified lead-zinc-borate.

Applications. Solder seals berween C 19, C 12 etc

Chemical Cornposition
Br0, 17'0
Pbo 64'0

Zn0
Vrot

Znj

57.0
9.5

(J

z
-Fozu
J
z
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Udoz

Fig. 1. Typical Thermal
Expansion Curve.
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Physical Properties
Expansion coefficient (50-200'C) .. 76 >< lO 7

Viscosity 10rr'u poises ar

,, 10t3 tt tt
,, l0r2 ,r ,)

,, 107'6 r, ,,
,, 105 tt tt

Log d.c. resistivity at 150 l2'8
:, tt ,, ,, 300 B'9

Note. This glass is supplied in powder form for making
seals between glasses of expansion coefficient approxi-
mately 90 X 10 7 andfor merals or alloys of similar
expansion coemcient. It enables seals to be made at a

temperature of approx. 550'C without the necessity for
fusion.T
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Description. Soda-zinc-silicate giass.

Applications. Infra-red transmission.
Chemical Composition

Si02 45.8 | BaO 2.0 | Ti},
A1203 7.2 I zno 29.s I Naro

Physical Properties
Expansion coefficient ..
Viscosity l01a'6 poises at

,, 1013 t, tt
,, l0t2 t) ))

Fig. l. Typical Thermal Expansion
Curve.

93.0 x 10-7

535
575
600

1.2
t4.0

(Fie. 1)

(Fig. 2)Fig. 2. Curve of I,og._Viscosity (Log 1)and Reciprocal Absolute Temperatuie

(*). rn.orc" line by extrapolation.)

Fig, 3. Typical Infra-red Transmission
Curve.
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Typical Annealing Schedule for C 87 Glass. A
5 mm thick block of C 87 glass could be annealed by
holding at 595"C for 5 minutes, followed by cooling at
3oC per minute to, say, 535"C, below which tempera-
ture the glass could be cooled as rapidly as possible
without causing fracture.
Infra-red Transmission. Typical transmission curve
for C 87 glass is shown in Fig. 3. Values taken from
this curve are as follows.
Waaelength: I micron -, 2 microns 89, 3 microns 67'5

4 ,, 7Or5 ,, -,

Description. Calcium aluminate glass.

Applications. Infra-red transmission.
Chemical Composition

Si02 6'8 | CaO 48'9
At2oj 3g.3 I rur*o 5.0

Physical Properties
Expansion coefficient .. . . B4'0 X 10 7 (Fig. 1)

No measurements have been made of the viscosity
but the top point ofthe expansion curve corresponding
to a viscosity of approximately 1012 poises is 850'C.
Refractive Index 1'67005
Specific Gravity 2'94

Typical Annealing Schedule for C 97 Glass. A
5 mm thick block of C 97 glass could be annealed by
holding at B65oC for 4 minutes, foliowed by cooling at
4'C per minute to, say, 74OoC, below which tempera-
ture the glass could be cooled as rapidly as possible
without causing fracture.

Infra-red Transrnission. Typical transmission curve
for C 97 glass is shown in Fig. 2. Values taken from
this curve are as foliows,

Waoelengrh C 97
I micron 90, 2 microns 89, 3 microns 57,

4 ,, 75, 5 ,, 65,
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Fig. 1. Typical Thermal Expansion
Curve,

Fig. 2. Typical Infra-ted Transmission
Curve,
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Fig. t" Typical Thermal Expansion
Curve.

Fig. 2. Curve of Log. Viscosity (Log -4)

and Reciprocal Absolutc Temperature

(+)

Log. Resistivity (LogP)
Absolute Temperatute

(+)

Fig. 4. Curve of u.v. Transmission.
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Fig. l. Typical Themal Expmsion
Curye.

Fig. 2. Curve of Log. Viscosity (Log 1)and Reciprocal Abmlute Teriperature(+) 
,,0

Fig. j. Curvs ofLoa. Resistivitv (Loeo) \
and Reciprocal Absolure Tenip-eraiiiri B(+) 

=no
Fig" 4-. Typiqst Trmsmission Cuwe
through a 2 mm lhickness of C 85 glass.
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Description. Alkali-barium oxide-silicate glass,

Applications. Any devices requiring transmission ar
3000A, for example, certain photomultiplier cells,

Chemical Composition
Si02 65.0 | BaO 18.0 | Nar0 5.7
B.,0, 2.0 | K20 9.3 

I

Physical Properties
Expansion coemcient . ,

Viscosity 1Ora'o poises at

,, 10tt tt tt
,, 101' tt tt

Log d.c. resistivity at 150

), t) ,, JJ 300
Specific Gravity

Description. Alkali-barium oxide-silicate glass.

Applications. Germicidal uses.

Chemical Composition

Si02 65'0 | BaO

BrO, 2.0 I Kro

Physical Properties
Expansion coemcient . .

Viscosity 101r'6 poises at

Nar0 5'7

,, 10t'
,, I0r2

r, 107'6

,, 105

2)

Log d.c. resistivity at 150

)t ,t ,, ,, 300
Specific Gravity
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C 6W A white opal glass, used for decorative lamps,
of expansion coefficient approximately 92 x
10-7 and upper annealing temperature 550oC.

C 198 A range of blue soda-lime silicate glasses.

C 19Y A cadmium yellow silicate glass of expansion
coefficient approximately 103 X l0-7 and upper
annealing temperature 510'C.

C 23R A straight blown ruby glass, used for filters, of
expansion coefficient 106 X 10-7 and upper
annealing point 530'C.
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C lgc A range of green soda-lime silicate lamp glasses

COLOURED GLASSES

AE.I



AE.T
bht .nd t[htiil ft lta

l

Fie, l. Thermal Expansion Ctlrve of
- C 44 BI( glass.

sio, 56.0 | B,o, 7'5 
I

Al ,o t s'o I Na,o 8.5 I

MnO,
Co0

o

()
z.

-F(,zu
!
z.

l{o. 20BV GTASS
Description
A dark uitra-violet transmitting glass.

Applications
In conjunction with fluorescent marking ink.

Chernical Composition
SiO, 64'8 | CaO 5'l I Na,0 12'6 | NiO 7.0
Al,or o.z I B,o, 5.6 | K o 3'2 | coo 0.9

Physical Properties
Expansion coefficient . . 92'0 X 10 7

No measurements have been made of the viscosity
but the top point on the expansion curve corresponding
to a viscosity of 1012 poises is 570'C.

The transmission at 3650A is greater than 40]i and
at 32004 is less 

-than 
4o/o,. 

^ ei
jLN.r,,s.t tr4tvi.l};: /ezfS )?r/-s e'5' 5"2{- 5 " e ,

il0. 2rA TanSs''' 
" '::r -:'::r::':---: ..

Description
Alkali-zinc-silicate.

Applications
'Fireglow amber' type lamps.

Chemical Composition
SiO, 64.2 I ZnO ll'9 I

Al,o, o.; I Na.o ro.o 
I

Physical Properties
Expansion coefficient . .

Specific Gravity

K20 7.7
cds 3.r

7.5
2.5

104x107
2.62

555

CdSe
S

2.5
o'4

400

TEMPERATURE 
.C

No.44BK GLASS
Description
Black silicate glass.

Applications
Glass-metal seals of the Fusite type.

Chemical Cornposition
Kro
Li,0
7.0
0.6

Physical Properties
Expansion coefhcient . . 101 X 10 ? (Fig. l)

No measurernents have been made of viscosity in the
annealing range but the top point on the expansion
curvc corresponding to a viscosity of approximately
1012 poises is 490"C.
Viscosity 107'{' poises at 625
Log d.c. resistivity at 150 11.0

t, t, ,, ,, 300 7'5
Dielectric constant at 1 Mc/sec.
Loss angle at I Mc/sec.
Specific Gravity 2'56

No measurements of viscosity have been made but
the top point on the expansion curve corresponding to
a viscosity of 1012 poises is 530'C.

il0.86 GTASS

Description
Phosphate glass.

Applications
Fluoride resistant.

Chemical Composition
PrO, 72.0
A1,0r 18'o

Fhysical Properties
Expansion coeffrcient
Viscosity 16r+'c' poises at . .

,, l0tt ,i tt
,, 10" tt t,
,, 10t'o tt tt
,, 105 tt tt

Log d.c. resistivity at 150

tt tt ,, ,, 300
Dielectric constant at 1 Mc/sec.
Loss angle at 1 Mc/sec.
Specific Gravity

60.0 x l0 7

8.5
1.0

Ca0 4.5
2'0F,

Zn0
cd0

)ro a

2'7
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The higher melting temperatures which have become a
practice since the war, have produced refractory problems.
Because the molten glass attacks the tank lining, more and
more expensive refractory materials are being used; but by it-
self, the use of high-quality refractories in contact with the
glass is not sufficient to solve the problem. \fhile the tank
lining may now be serviceable for 4-5 years instead of perhaps
one year, the failure of the refractories in auxiliary parts of the
furnace means that it must be taken out of production while
the lining is still serviceable, at the cost of losing a monrh's
output) or possibly more.

Chesterfield's technologists, therefore, are studying the
properties of refractories in a laboratory which was opened
shortly before this catalogue was compiled. Until recently, the
performance of a refractory sample could be determined only
in a furnace used for production ; but facilities are now avail-
able in the laboratory for this type of work.

Tests of the properties of a refractory and its performance
when subjected simultaneously to heat and pressure are also
carried out in the laboratory, and comparisons are being made
of the results of these tests with similar ones conducted under
production conditions.

Parallel with its effort to increase output, the factory has
had to satisfy its customers' demand for increasingly close
tolerances. The up-draw tube machine (which works in con-
junction with the electric furnace already mentioned) is an
example of the effort Chesterfield is making to supply this
need. Close tolerances, however, are only one aspect of the

DETECTOR

6 CORE CABLE
(MAX. LENGTH 1Od)

IN CONDUIT

0.1 MA MAIN FIER

RECORDER
(REMOTE IF REQUIRED)

(PULSE FORMER

& POWER UNIT)

improvement of quality. In the chemistry laboratory is a flame
photometer used for controlling the content of alkali in the
glass. !7ith this apparatus variations of alkali content of morc
than one-half of one per cent of the alkali can be quickly de-
tected and corrected.

Chesterfield is also proud ofthe distinction ofbeing the first
glassworks in the country to control automatically the level of
glass in the furnace by means of a radio-isotope. In the melt-
ing of soda glass for tubing, a small variation in the level of the
molten glass in the tank is sufficient to impair its quality. By
means of a combination of an electronic device with radiation
from an isotope, Chesterfield has succeeded in controlling this
level to within a few thousandths of an inch.

Radiation from a pellet of Cobalt 60 penetrates the wall of
the tank and is registered by a detector device on the opposite
side of the feeder channel. As the glass level rises, the radia-
tion is reduced, and, conversely, it increases as the level falls.
By transforming these signals into terms of electrical energy
and then changes in air pressure, it is possible to control auto-
matically the supply of raw material to the tank.

In the manufacture of small bulbs, a reduction in the length
of the gas flame may mean that the glass is not sufficiently soft
for satisfactory working. These variations in length ofthe gas

flame (caused by changes in the gravity of the gas) are now
being automatically corrected by an instrument which detects
the change and introduces more air into the gas supply. These
are a few examples of methods designed to improve the con-
sistency of the glass.

SHIELDED
RADIO - ACTIVE

SOURCE
l,'copprn ruBtNG

0-10 MV

RECORDER

CONTROLLER
(REMOTE IF REQUIRED)

AIR OUTLET 3fi5 P.S,I.

Examples of technical development

AIR INLET
20 P.S.r.
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Further aduice or
information regarding details or
prices can be obtained, from
A.E.I. I,AMP AND IJIGHTING CO. LTD
MEIJTON ROAD, LEICESTER,.
Telephone : Leicester 61531
Telegrams : La,mplite Leicester
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