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Siz,

I have the honour to enclose a note on

glass Experiments , and to request the favour of ear
orders thereon.

: I have the honour to be,

Sir,

Your most obedient servant .'-




¢ Vape

Q

N

By “

L

r
N

' llr. Scholl.

. the tank, and during this t

Sausﬁedé
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the cost of fel;ing freight oart-hire &c H?‘
the cost of the fuel up to Rs .8-8-0 per ton.
tons of fuel were used per mbnth, at & cost of

at 5% v Dovati Loa nirzamitoges SIaG8 Tlaze sis g

Re.1600. As this quantity could Lave/purchase

the open market for RS.2200, the actual help rece
from Government only amounted to Rs.600 per month

Another difficulty was that when the tank

prior to recharging, the glass-makers had to dip
pipe on which they to-k out the glaés into the tan

at such an angle that the heat ran up and burnt

their hands, and the pipe itself became so hot as

make it difficult to work with. Thus the cause

» Dokl | hosp slvan A o3 qu £ of failure was the furnace. About Rs.2,90,000 had

be n spent up to this time In 1913 an attempt waé

made to raise further capital to put in a new fur-

nace, at an estimated cost , including erection, of
: W
R8.42000, but the shareholders declined to invest &

M any more money in the concern and the Company went

/ (ﬁ;\ r_into voluntary liquidation. The whole plant ag@

factory has recently be n bought by Government for

L]
| ¢ R8 .23 ,000. A8 the machines are still in gocd
' # .
v order the price paid is very moderate. I have con-

)
sulted Messrs . Beardsell & Co. who were the Managing

Agents , and Mr. J.0. Robingon, who was on the board

of Directors, about it. They both agree that the

furnace was the main cause of failure. Mr. Robin-

son told me that the Company made very gocd soda-

water bottles, which Mes=rs.  Spencer & Co used in

large quantities and found perfectly satisfactory.

,Fr'\ /| He thinks that the experimént was abandoned too

LU on

\,Lgo n, and that it is "well worth a further trial".

T




.
-

; Vif plain bottles are made as well Gg* o054
Z bottles. The experiment has now the b

ages . Soda-water bottles;which used to oost.
Shillings a gross in Madras , now oost. 48 shi 1

Before the war,freight from Antwerp was 15/s8 a e

> and though, of course, the present high rates‘yi

be reduced after the war, he does not think that

freights or cost of production in Europe will be

low again as they were before the war for a long

if ever, in addition to which there is an

time ,
ad itional import duty of 23%.

e

? The Director began expe

ments on glass so n after the out-break of the war

The furnace was broken down, and the factory out ©

repair. At first he rented the place for Rs.100 &

month from the owner. He decided to adopt oil

& furnaces , andEthe first furnace was constructed on
plans obtained froa England, but it prbdved extrava-

gant in fuel consumption, but it was used for experi-
mental purpcses, and the glass-makers taught by the

0ld Company were col ected together, and tried. It

was found that they had lost some of their skill.

He then made informal enquiries to find out if experts

but the foreman who

could be obtained from Europe,

was working under the Company was found to have enlist-j

ed and to be fighting at Gallipoli, and most English

glasc-makers were making flint glass, a higher grade

of glas: than that used for soda-water bottles. In

the meantime the Director was continuing his experi-

ments to find out if the oil furnaces would give the

©
required heat. A temperature of 1200 was obtained,
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Y kept working for thre- days and hight* uu&
of bottles were made, most of which pasced

d”wg : the annealing process satisfactorily, 'mhé

Director thereupon decided to entirely rebu d t

furnace, and provide it with an arrangement fo:

pre-heating the air. This is now approaching

completion. The Director expects that the c

ion of this furnace will not be more than 9 ga

; of 1iquid fuel an hour. &€ 3 as a gallon which

means an exgenditui‘ of Rs.234-12-0 for g day of
L ; hours . The old coméany used to use 7 tons of‘
‘ - daily, costing Rs.59-3-0. He is confident thaf,

he can now produce glass of go-d quality, but

anticipates that the chief difficulty will be in

training the labour necessary to kesp the furnace

working continuously. Ee is not in favour of

. getting out an expert from Europe at present , ev

—

if such men were to be had now, which igﬁimprobableé

\/\

,FHe wishes to engage for the present a man named

\

e By

Klein, who has be-n certified to be a French sub-
"l

Ject , and ¢ spent many years in glass works in -

g

France. He also has a go-d knowledge of this e

tgountry. He wishes to engage him temporarily on

Y ‘a Salary of R8.200 per mensem to start the train-

€ :
ing of the workmgn. He also wishes to begin to

enquire for an expert in England , so that if

’ possible one may be obtained in about six months

time , when the workmen here should be becoming

| proficient . If Mr. Klein proves go-d enough

' there may be no need to get other expert from,

i
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R Rl i The expenditure up to the present t
I Baw OOM] arutatoqaad A 9 ' : P
? 3 irow Faod “«,v», Sept. 1914 Reconstructing the furnace -
| . ' * Oct. to April 1915 Trying workmen 1500
Aol t artiAs 01 Aprid to October. Experiments with ~
furnaces Y o580

|

acre Thlaal odd JUSATIW SR e
~suitable n

Dec. 1915 Trial of furnaces

: Jan. to March 1916 Bxperiments on \
Ve : * composition
of glass and remodel.ing of furnace 2500
~ March and April. Second large trial .
of furnace 1000

May, June.and July Remodelling of
glass furnace

The above expenditure includes Rs a8 stil’ to be
- A
paid, owing to orders pl_aced. The Director expects

: i ¥ v :
— that ?F.E'\asctory will be ready for working about
the end of thig month.”. The following statement ..

-4

e e ' shows the expenditure.on miscellaneous Industrial -

experiments for the four months April - July 1916.

Y = C et -

e

Statement of Receipt8 and Expendrlvure—of-Miscel aneocus Industrial BD's

ments for four months from April to July

'\ "'I o '4 1916.

Y ——
#’ Qﬂ;? Expenditure. i
g t Receipt e e e e e e e e e e e e ——— e ——— 7

for Staf Experi- Capital Total- ﬁ
1916~ mental o

17:

1. Pencil 241 " 400 573 _
2. Glass 37,000 117 304 2015 4168 648? d‘_}'

3. Miscell-
: aneous - - 724 - 724

704 2290 - a8 . . BNGE

o

Total 37.%00 358
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recommend that the Director's proposals naytb‘e‘
ed , and that santion may be granted at once t

2 entertaiment of Mr. Klein on a salary of Bs 200;
pd . ah |mensem. Permiscion may also be gra.nted to enqui
i 4 / for an expert in England, though of course no one v
Bl be engaged without the sanction of Government.
J g W
"y
f
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/ Submit ing report on glass experiments .
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J& ¥ 1 : ‘ ’ gzovn (ma"w) K. T.B. Tressler Esqg.

L

e

(‘Deoigrnaﬁon) _Director of IndusTRs

‘ ‘ I35 The Secr elazy fo the Sovernment of Madzas, <

t Eduoatlonal Eszxftffﬁ' 1

diz,

! I have the honor %o submit herewith my report on
! X ks

|

| 4 the glasts experimenits +o date. »

f | = In my previous communications +to Government I have
') indicated the general lines of the experiment and these

may be briefly recapitulated.

' I carefully examin dy\ the accounts of.the old glass
;‘ factory and made a number_of enquiries regarding the way
in which the industry has be:n conducted. These showed

that, the outstanding factors in production e=e wars fuel

A R e

and lahour as is also ohherwise clear. . That labour can
be trained is shown by ths glass bhohtles made at the old
Lrere

men can turn out a sufficignt proportion of good bot
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“ Yol Spoilt ones is another question on which no
evidenee is available. Accounts show thaf the
produobion was very much less than it should have

beeg‘x, but: they do not show whether -bhiams due
to slow work, or an excessive prOportionﬂbr
wasters or defeotive work of the annealing
furnaces. The annealing furnace jg good deal
t0 blame as the percentage of waste here Seems
to have amounted-to about 40 AeCesed”

Most of old glass blowers are still in
Madras but they seem t0 have lost a good deal of
their skill which, however , may he recovered by
practioce. In order to test what I may term the
'labour efficiency' it is clearly neces ary to
arrang=2 for runs extending over a considerable
period as it would he absurd +o expect the men to
turn out average work until they have ahkd had at
least b month's practice. Runf of this kind are
rather expensive and costs can only be kepht wibhin
reasonahle limits by working continmously and by
dealing with sufficient quantity of material +to
make it worth while heating the furnace at all.
For continuous running three shifis are necessary,

I should say that a minimum of 4 machinss should

'

be kept at Wwrovk This means 12 shifts each

@

consisting of 4 men and a bhov. Apart from this

staff threc shifts
also
mechanics ars/required.

of neck-maksrs, anncalers and

For the reasons alrecady explained no regular
atiempt has so far bscn made to0 test the labour effi-

ciency altheugh a certain number of +rial heats have

.

been made to test the furnaces or the mixtures, and
the material thus melted has been worked wup. ThHs
results give an idea of what may be expected bt
thefW, conditions of the trials were not such as to
glve a positive answer to the labhowut question.

A further reason why regular rung have not

80 far
been/tried is that the lahour question comes las+t

f

; s
= goes 2
T . T o

7

\
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in logieal sequence and was therefore eser
—— e

the last. Enquiries ehowed tha’o nobody in

had any definite idea of tha composition of

seemed desirable ~bherefore to get sSome pracf,j_le’ )
on this point first.
generally degeribed in bulletin 14 and most of *

The work done in this co

were hested practically. L

Then again, enguiries showed that the old
had nsver becn satisfactory. The fuel bill indi
great extravagance and I nnderstand that the'tewﬁ
attained did not much excecd 115000.

This is 1
Lo melt glass properly and further evidence of th
adequacy of the temperature is furnished by the
of the mixtures nused as revealed by analysis. Thi
contained more than double the amount, of alkali 1
glass, obviously pnt in with the object of 1owering
ing point. This proce-dure incidentally doubled £
and impaired the quality of the glass. 1t was evide:
fore that before any progress in respect of commercia
duction could be made it would, in the first 1nstancé
neces ary Lo evolve a more efficient type f of furnéo
is this work which has taken 1p a greater parg~of theﬂ£ﬂ
until now.
At the beginning of the year when I submitted my pro;’_
als in comection Wwith other industries to Goverrfhent vaasi
not in a position +o give a definite reply to the furnace
juestion and I accordingly stated that a report would SubSess
quently be sent. About the end of May I got my first reée=
sults. In a trial I maintained a temperature of over
l%ooO far 4 days with a fuel consumption of,9 gallons>of
Liquid Fuel per hour, i.e. about Rs. 178/- an hour or '
iy <A f
Rs.‘}§[— per day of 12 hours. ©3d Ficel costs eover nearly
60 for the same period.
Again, my mixture costsover Re. 30 per ton as egainét

- . “M 1 .
Re. 60 for the o0ld mixture. Thems consmption were a gre
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:lmprovement on anything previously done "

The mmoe in which the t.rial m—mde had becn in
use sinoe the beginning of the experiment and b‘ been
oh’pped and changed aboub a good deal so that by thc time

this experiment was finished it was of no use for mrther

v
work .

‘ o~ ;
With a consumption of 9 gallons an hour e tempsra-—
o

tare 1500 I conmidsr glas- making 0 be a feasible pro- -
position provided»‘bhe labour factor proves satisfactory. I
considerythat a new f'wrnace is neces-ary and I accordingly
rebuilt the old one with proper recuperation ar argements
which willprobably reduce consumphion still further. Thse
questionaf furnaces and costs is discussed in bullstins

24 and 25.

My idea was to0 defer my report until the new fuarrace
had heen tested. Unfortunately, “he consiruchion Look
rather longer than anticipated owing to the difficulty in
Sgouring materials and is not yet quite fsniched. As I
am vacating this appointment. before +he new furnace can

- be tested, I am tharefore unable to report definitely on
it , but feel convinced that i+ nil; show a marksd advanoce
on the old one,

The position is thersfore as follows:-—

(a) Composition of glasg has bheen fixed.

(p) Furnages have bsgn designed which gives a suffi-

ciently high temperaturs and have a sufficiently

high aficisnéy, to provide mslted glass at a
commercial price.

~~
Q
~—

The working up of the glas- has be n tried on o

nmimber of occasions a Q&vJsxl*q are promisi
of course, it was no,g pegt ed that they sEould
) bs entirely satisfactory.

& 1% may accordingly be said that all the preliminaries

have becn set’ led and +hat (exceph outstandings) no furthsr

capital expenditurs 1is necessary to put the factory into
working order.

All that remains +o do now is to make an extended

trial in order +o ascertain the nharao*»r of the labour

s

_factor. A2 alrsady gxplainad large Bo'l:ae trials will cost
}Imonpy and I do not think it is of

18e trying anything of

reoeivts

AB“ti

to oubbalance the expendi‘mzre.
hhs case or not ,I am of opinion, bha’c.

The expenditure during the year has bee

Re. 3000 and total to di;,e Rs. 13,000. Mr.
Ccf\h in his letter has submitted proposals for t

ment of an expert,and I need not enter upon Hh

ion here. /
I have the honor Lo

.\ Sizs

% i : , Your most ohedient se

f‘ f’/ e

1 Director of Indus trie
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DEPARTME

Bulletin No. 24.
GLASS FURNACES.

£

Segmpared with its price in other parts of the world, the cost of fuel in
India is extremely high. For industrial purposes, for instance, coal may
olten be obtained in England at Rs. 6 a ton and coal slack at anything
down to Rs. 2. Of course, these prices prevail onlymear collieries but
then fuel industries naturally group themselves round the centres of
fuel supply. In Madras city the cost of inferior coal is between
R, 13¢ nd Rs. 16 a ton.  Upcountry it may amount to anything between
Rs. 15 to Rs. 25, Firewood varies enormously in price. Upcountry, it
usnally ranges from Rs. 6 to Rs, 8 ; in cities like Madras it costs some-
where about Rs. 10 to 12, 3

The calorific value of Indian coal may be taken at about 9,000 : that
of wood at about 6,000 and that of oil at about 18,000 to 19,000, In
large towns like Madras therefore there is nothing much to choose
between the different kinds of fuel so far as their calorific value is
concerned : they all cost somewhere about Rs. 20 per ton of fuel of
10,000 BT.U. value. For purposes of comparison it is convenient to
assume calorific values at something hizher than their actual values.
Roughly it may be said that liguid fuel yields 20,000 B.T.U., coal 10,(6X)
and wood 6,666 per 1b.

The present bulletin deals only with the case where fuel is employed
with the object of obtaining a high temperature (as in a furnace) and
not for heating purposes (as in a boiler). When the main object is the
attainment of a high temperature, we have to consider not only thermal
values but also temperatures of combustion.

Any of the above fuels can be used either directly or in the form of
producer gas,

The gasification of wood or rather charcoal, is a fairly simple matter,
but coal-gas or oil-gas require special apparatus : the losses moreover are
considerable and in the absence of a market for the bye-products the
gasification of the latter fuels would scarcely pay.

Wood vields a gas having a thermal value of about 125 B.T.U. per cubic
foot and with careful gasification as much as 90 c. ft. gas per pound fuel
hasg been obtained, but the figure more usually ranges in the neighbour-
hood of 60,

[Prick, 1 anna

ol




5 i
Ol = ii? i o il 1950 | 1475
Coal .. | 2,860 1,800 187 °
Wood * ... 200 1,450 1100 |-
Wood-gas | 1480 1,150 %00
5 h :
* Air dried. o

The principal cause of the reduction of temperature with added air
is the cooling effect of the excess air drawn in. This may be coun
acted to some extent by pre-heating the air. m this |

be said later,

From this table it is to be inferred that wood-gas is not of
when high temperatures are required, and this is one of the
the old Madras Glass Factory discovered from experience. The m
point of glass depends very largely on its quality : the better the glass the
higher the temperature.  In order to ensure a uniform melt it is necessary
to be able to exceed the melting temperature by at least 20 degrees when
required. A very cheap and common sort of glass requires a tempers
of 1,100 °C to melt, and better grade glass goes up to 14 or 1L
To have any latitude at all in the question of melting efor ;
necessary to be able to attain a temperature of at least 1,500 °C at will.

Had the old glass furnace been properly regulated it would have M‘
a matter of the ntmost difficulty to reach the tem ire required. M'
was, an excess of air was usually allowed which prevented the tempera-
ture from rising above 1,200, and even this temperatare was often main-
tained with diffieulty. el
properly and expensive fluxes were resorted to in order to increase its
fluidity or else the proportion of carbonate was increased. The
that was being followed during the last stages of the glass
contained double the amount of alkali that any ordinary form of glass
containg. The resnlt was that the cost of u‘xg*iw material was doubled
and the strength of the glass enormously reduced simply in order to
make it melt. e

From what has been said it is evident that suction go# in this
at any rate, cannot be regarded as a satisfactory form of fael
attainment of high temperatares. The use of wood direct is open to
similar objections and the choice accordingly lies between coal IIMI.
Since the price of the two on a basis of thermal units is n.ach the same,
oil is to be preferred for two commercial reasons s

A

— =

BN |

A

f‘" various ways. In some cases the oil is atomized by

Ao arsd
AN T

blast which at the same time supplies the greater part of the air require
for combustion. In this case the air pressure is low, say 6 to 8 inches of
ter. Inmmgmech5?gmemhmmfjn&mfﬁh&:%e
ighoy say 2 to 5 Ib. per square inch whicl es onl
part '&ombuﬂondr.ﬁereﬁhdncm,obmed.;luﬂm

and, the whole of the combustion air is independently admitted.

The comparative trials made proved all the methods to be reasonably
satisfuctory, The third, namely high pressure oil, seemed the most
promising, but this method if applied on a commercial scale, requires a
somewhat complicated plant, which is not available, The method there-
fore had to be reserved for further investigation later on. In the first
method, a very large quantity of air at a comparatively low pressure is
required.  Considerable difficulty was experienced in driving the air into
the furnace through the air passages and ports and, generally, the
pressure required at the blower in order to give the n pressure
at the burner was one which could not be obtained by an ordinary fan.
By using a compressor the pressore could easily be reached but the

. quantity required would necessitate the use of an enormous machine.

These difficulties are not insurmountable, but as funds were limited and
time was important, the first method was reserved for further examination

,!Alm and the second method adopted throughout the trials.

P

-3 per cent of the heat necessary to

A simple calculation shows that theoretically the heat required to
warm the furnace to the temperature of ordinary glass is very nearly as
much as that required to melt the glass in a 7-ton tank furnace such as
was experimented with. The radiation loss theoretically amounts to about
up the furnace. These figures are
of course approximate. In actual practice convection currents will enor-
mously increase the radiation loss. To reduce the case to actual figures,
we may say that theoretically the heat required to warm the furnace is 5
million units: to melt the glass, 7§, whilst the radiation losses are }
million units. If we suppose that the charge is to be worked in one day,
then the total amount of heat used up altogether is 184 million units of
which about one-fifth or about 27 per cent represents the heat required
for the furnace itself. Now if the furnace islet down and again charged,
the whole of this heat is lost. If, on the other hand, the furnace is kept

_hot and a new charge is constantly being fed into it, the heat loss on the

furfmee remains constant at its initial figure and a considerable saving in
heat is therefore effected. If for instance by continuous working, the
furnace is kept going for 14 days, then the total number of heat units
utilized will be rather less than a hundred of which only 5 per cent

method the oil is forced into the furnace under very great pressure
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of & g and the passage wWays are not interchangeable.
e domblicwardal armangement does not permit of continnous
wrd temds o ostablish uniformity in temperature all over the
which i exactiy what is not required in glass farnaces.

e Birstt stage, the mixture is heated up from cold te, say
wWhich trempenaRTe it begins to melt, 'l\-

vedaue
“ .

. flow is
previously heated by the
passing through the chamber previously cooled by the
Heat transference takes p by contact. In a recupera e}

but there are no working parts and the system is therefore much more
convenient to work. ' ;

The construction of recuperators involved a hunt for suitable fire-
bricks and whilst the details were being elaborated, further experiments
were continued with the furnace itself, using it for the time being as a
non-pre-heating one.  These experiments revealed various mechanical
difficalties which were successively remedied as far as possible until
the furnace shown in the appended sketch was at last evolved.

The two important mechanical features to be secured in an oil
urnace are (1) preventing the flame from striking straight through the
furnace and (2) providing a heated surface for the oil to spray on to
and burn.  In the design now adopted, the oil strikes upwards on to
the erown of the furnace, whence it is deflected into the middle or hot
zone.  This deflection helps the flame to spread and prevent its striking
strnight through the exhaust ports. Asa further precaution, a brick
arch is introduced near the back of the furnace and this serves also
to support the hopper. The exhaust gases passing under the arch strike
up over the mixture and melt it. After that, they pass through the
exhaust ports and up the chimney.

The body of the furnace is divided by two lateral partitions into
three parts. The partitions are pierced by holes at the bottom but are
solid above and are built w such a height as just to exceed the
maximum depth of metal in the tank. The last compartment is the
metal compartment and into this the charge is delivered from the
hopPer. It first of all falls on to a slightly elevated and sloping plat-
form down which it slides as it melts and falls into the back end of the
tank. As the metal becomes more fluid, it sinks to the bottom and,

\‘\‘ J
e
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passing through the perforations of the dividing wall,

compartment or hot zon, - The fresh metal, b '
the compartment, rises “the snrface whence

it gradually sinks to the bottom, The metal then 3
other partition into the first or working lent hitis
ladledintheordimryvny. : : 3 S

The first test of the furnace was made 'IW&R tor and
lasted 72 hours, In spite of a considerable ‘heat, the re

were very remarkable, The furnace is of ically t
that used in the old Glass Factory, but whereas the :g
at least 24 hours before the mixture

ameltin 7 hours, After the attendants had obtained a
in the management of the oil bu

on these figures, which were
struction of a regular working furnace,

The design of farnace now adopted is illustrated hﬁom
sketch, S
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‘ roughly determine what the minimam commercial scale of prod

=asgerend
i.e., the

Applying this method to the Glass Industry we may first of all
uction

i ] and the fixed charges are likely to be. In the particular case of the Glass

B Industry, the minimum commercial scale is equivalent to an output of

: about 2 lakhs worth of glass annually. On this scale, fixed charges
work out as shown below, repairs and renewals being included for the

sake of convenience, although they should more properly be included

The amount of fixed charges is shown in the following table :—

1 i
‘ &

: Interest at ' i
d T f Coplial olh, 4 per cent. on. Topt. &
- 4 RS, RS, RS i RS,
Bmldm‘-m‘ . 75,000 i«% ‘:“2‘&? }mono
' ¥ Working .. 1,50,000 6,000 - 6,000
Total, Capital 3,00,000 ! 19,500
irs, say . o B N .
. i g A g -
A Works Rs. 600 600
b t o Sos
2 Awinianta nt‘..a; Bei D a0
. Accountant an mkoopor <
kauniot and Mixer R 1003 50 . 100
‘ .1.050 pe! mensem = ... 12,500
5 ' Total .. Rs. 40,000
! ke <
it , N




y N o Bl :u‘,‘._.;
B e e e per month on can

will be about Mok s
on discontinuous working. The “!&‘““
of large bottles : with mthoothﬁ‘ g
i L g v
ice than large ones and the Fiay b
p“m..uie. The value of large wl:l.e o P
g::v.lue of the maximum rg:limu““
neighbourhood oii?lh%; ;‘m figures the-
ittent wor . 3 2
intgl‘;g‘w cent, respectively. Madras ‘which is rether nﬂ.
™ Ihere is a glass factory in the same staff, but has a ma
ize just described. It will require vely, on continuous and
capacity of only 3 and 1} lakb, l'“m:;iﬁll'be somewhat less and
Tl il e i S SR
fom . simatd tht the plant i worked o the ot o i
uonO‘n a normal outturn the ﬁl"‘g mlanl donc
T o e chargea. 1 doubled. . 1z sctaal. woek is unlikely
percentage of fixed charges llm but while work goes on

nits will be in
m.lelog:ien:ou With half the units running

that
will be about 40. Assuming

the percex:iu::i:lfeﬁxedchun:;'m o eﬂ':lerbw&,“

relation ‘:f fixed charges to prime cost wi : relation

ion urposes. ¥
mySobet:rd :glmc:l oo;ll:ud?lu:ﬁou are concerned the glass problem

%
‘ ;i

l;esolvee itself into this— i of suitable
(1) Raw material —Can we get ‘nﬂnd wlly ’w.hl .
fuce 2 lakhs worth of glass of
quality to prod ve we the

necessary ‘
§ ical control.—Ha ¢ -
'nci(pzl)esTt: ’:)':::uce the kind of glass required by the market
pri

uce of
(3) .l!mmfadun.i:hf!a\'e we the practical skill to produce glass g
itable quality and finish ? k,
R e'q,llah-rial.—Umler raw material are inc::::‘lle:lﬂ ‘nd'ulndmfor v
soan:t'l‘d lime, to which must dme ::ﬁw;w—nd oy s o oo s
poses. F . ality g ;
pl?r beb:;tﬁnm’ %l; uhiwellini::wde‘ ‘cll'leumoe of about fifteen
this can L Ore. :
ity ¢ be obtained from bl ol e a
qqaht) e m)f bout Rs. 5 a ton, Lime of suitable q X an.
miles, “'migs?n'the Madras market at a cost R:.! abon:(gl.w ::r
o et ?e of lime has to be imported and co;s NSO—M" of - 1
Carbona ther chemicals used in glass manu cu:nd ot “m&h <
ahoTl:‘:t (:hey are only used in small quantities,

: : ion, be taken into account. X
mm’?‘:?e ‘:ll'ic:il::;‘lo?actory worked with wood fuel. This did not pro

parti i and on the
icularly satisfactory ; coal is expeléai\(’l:r illl‘ Madras n. the
hole, oil fuel is to be preferred. Un ormlm. Meimdm -
who 'f oil is about Rs. 40 a ton at wl}xch ﬂmlhuotood g
Naln oo e Tih eonsider;:g l;‘fg:m a material redunction
however no pros : £ ot
;I;h?:else:lz:ses an the only way to reduce fuel costs is

the utmost economy. £y .‘{

3
)
Tec Control —When the Madras Glass Factory
no on to know anything abont the physical pro
or its position or synthesis, It ‘became n i

therefore to obtdin information on these subjects. Glass formula had
to be obtained from various sources, and practically tested - scientific
observations had to be made on the physical properties of glass, the
effect of variations in composition determined. 4 :

These experiments have been carried out with the assistance of the
Professor of Chemistry at the Presidency College and are described in
bulletin, Unfortunately the departmental gy

: O a practical expert may

be required, B
anufadum.—hhnufwtm falls into two parts, viz., the melting of the

glass and the working of the glass, As regards

from the records available, that the fye] consumption of the type of

farnace constructed by_the- former company was 8o great as to preclude

tion is described in a Separate bulletin. Experiments are not yet com-
i i experience shows that

regarded as outside figures and are sufficiently’ good to Jjustify operations
being undertaken on a larger scale,

As regards actual manufacture it i evident that work once begun
must be kept going continuously for a certain period, which means that
three shifts have to be employed. There being six machines (two
double), eight machine units are required for every shift or 24 altogether.

is re lass is correspondingly
- reduced, but the cost of fuel remaind the same, If on the other hang
the full number of workmen are employed, 24 machine units have to

| manufacture. There s direct evidence to show that satisfactory work.
| men can be trained but the training of such men is expensive and,
during the initial stages when work is intermittent, theijr retention is
expensive. Further the men themselves, after training, frequently rup
away, or else demand exorbitant payment. Experiments have been

cerned, the results obtained may be regarded as satisfactory. But small
scale experiments cannot possibly tell us how long it will take to train
men, and whether they will remain when' trained, nor do these experi-
meis tell us what the relation will be between stoppages and working
days. Accurate information on this point can only be obtained by
actual manufacture,

Coming now to costs, the actual cost of raw material is the smallest
item in the bill, and runs out at about Rs, 30 for superior glass and
akoyt Rs. 25 for inferior glass. The cost of miscellaneous labour may

. ¥e Estimated at Rs, 2 per ton on a large outturn and Rs. 5 on a smal)

B2 J



‘one. The cost of fael per ton obviously depen
The latest type of furnace designed can fur:

‘about 4 ewt. of glass an hour. This means that, if work is cor
carried on, the fuel costs per ton will come to about ¥

outturn of about 100 tons. On 200 tous it should
“down oil consumption to about Rs. 8. - Breaks in conti _
outturn but do not very greatly increase fuel iption
are frequent. Assuming that work is done in the

possible, we may work out costs as follows :— Bt .

TABLE I. R '-,).,
Production ... 20| 100 50| 25| 15| 10
Fuel cost 8| 10| 15| 20| %8| 40
Material and miscel- | 27 7| o 2| =
laneous labour.
.3 2| 48| 85|

e

As regards machine labour this may be calculated as follows : The
unit for one machine is one blower, one gatherer, and two boys, costing
about Rs. 2-4-0. To keep one machine busy three such units ar
required costing Rs. 6-12-0 per working day or say Rs. 170 per month.

Payment is made on a fixed basis, calculated on a maximum outturn
of "3 to '6 of a ton of glass per day, according t; the‘bliloof
Extra oatturn is paid for at special rates. For @ purpose of
calculation we may consider the minimum basis throughout. The
results will be safe. ) *

The outturn of small articles is less than that of large omes ; the
prices obtainable are however correspondingly higher and as first
approximation, we may ~alculate on a soda water bottle outturn. Of
such, the total outturn on a 25-day month and the minimum basis will
tons

bel5tonsperunitorauowing25paoentbmh¢u.l2 dO.
finished glassware. We thus arrivé at the following labour figures :—
" TaBLE IL .
Cost of machine labour on rated capacity.
Muilpnt;!lnf
_ | Total | hominal | p o capacity Cost.
= | cost. ap:;:xty ’ per month. Monthly production in tons.
g | machines. |
s ] ] Dis- I
-§=R“P"°’~ Tons. i“:.:‘:“' continu- zuol 10050 | 26 15 /10| 5(2/|1
ous. e
= | | Tons, | Tons. ! l ! "
1| 10| 0 .1 6 ' . |- Jan] 1
2! 340 | 80| "2 124 .| o i) uJ(a) 34
8| 510 120 g 18§ .| 1) 21 34 | 5
4| 680 | 160 50| 2 . lanin 27’«
5 690 | 20| 62| 30 (11)(12) 1 I
6! 1020 240 7 37 nz‘n 21 [ 42 68 | 1
7| 1120 | 300 92 46 én ; 132; 25 | 50 82 | ...
8 1360| 30| 100 8 {1115 | 29 | 58 95 |

.

ol ¢

- in table I and table II. ,

~ outturn is only 5 tons. In the former case the total cost, i

—" . ] ‘&‘{;
o 'v.,—
e
',;‘
\ ;

P

above rated capacities shown in brackets.
~ The total prime cost is to be obtained by adding tho i '
It will be observed that the prime cost varies sl

about Rs. 44 per ton on large scale manufacture and Rs. 180

- fixed charges, is about Rs. 75 per ton, in the latter mgamm.

figures, :

Market.—The imports of glass into Madras are as follows :— Bt
25 lakhs. Sheet glass. Bl o
i+ R Plate glass. e Fa e 3
- I'0 ,  Bottles (at least 10 major varieties). ' Y -
@ 15 . Sodabottles - SR
i o Phials and glass tubes, :
g Lunpvuze at Ie’q; ;z.zriv:.;iu)iu).
o 1l Bangles (at least es). :
8‘6 o Table glass (at least 10 major varieties).
28 . Beads,

t is probably impracticable to deal with more than one or two classes
olullu-:m.umy rate to becin with. The factory is not likely to
capture the whole market and it is unsafe therefore to rely merely on a
soda water trade. Combined with lamp chimneys, the demand
probably large enough to keep the factory busy. Bangles are mobr:
difficult to make but may be added later. Fine hhlovnre may
eliminated as beyond the capacity of the workmen. . 4

It is extremely difficult to calculate values on a mixed outturn an
it will be convenient and safe to work on a soda bottle wﬂumd
normal wholesale rate for soda bottles is Rs. 18 per gross forcpth s
Rs. 23 for full sized mlt‘tieli.“m wﬁ&%'p?t:‘;ns gross go to the

i erefore , Say % v
Thel-;:lnl:e :l:ewpmliminm' investigation therefore, we find that, on -

¢ experiment are merely qmliut_ive and cannot be accepted
:‘:alllcmrm«lp‘by production on the experimental scale. Tb; m
equation—the relisbility of the workmen—can only be tested by
mm . . . . s - m

this preliminary investigation can de.monstnte is
und.:rl-l su::i‘:able conditions, glass manufacture will probablz’t nl:llly
Whether these conditions or nns:thma -ppmachm.g thereto can e h;;
be attained in practice is a question that actual trial on an experime
e,

mlg;l (:.;::: ::':);ir!;cl::mal scale the outturn must be about 75 gmesla
month. On such a scale the working expenses to cover prime costs og y;
will be about Rs. 1,500. This sum should be covered by. reoelptsl.) ] u
on this point no assurance can be giv(:n. To test the glasq O(l;mfe]l.!ol A
thefore it is necessary to risk Rs. 1,600 a month for a peri ((l,it
months or so, on working expenses alone: gxcludlqg any expen ng
that may be incurred on capital or supervision. Without ex%eenmen.ed
manufacture the investigation of the glass problem cannot carri
beyond the point indicated in this note.

the bulletin dealing with cost calculation, figures of cost obtained by ‘

MADRAS : PRINTED BY THE SUPERINTENDENT, GOVERNMENT PRESS.
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DEPARTMENT OF INDUSTRIES.

Bulletin No. 14.

4 FORMULE FOR GLASS.

Glass cannot be said to possess a definite chemical composition,
buteeverally speaking it may be described as a double silicate of
sodium or potassium with lead or ealcium. Potassium silts are now
rarely used as they cost much more than sodium salts and possess no
counter-balancing advantages, and though potassium uitrate still
appears as an ingredient in some formule, its function is to act as an
oxidi<ing agent and destroy carbonaceous or organic matter rather than
to act as a sonree of alkali. For the latter purpose, carbonates or sul-
phutes are exclusively employed—carbonates by preference—sulphates
being used only for the sake of cheapness. When employed, they
must be associated with charcoal to reduce them, In place of sodium
or potassium, barium is sometimes used.

The soarce of silica is invariably sand.

Lead or caleium act as fluxes and salso impart certain distinctive
properties to the glass. Lead gives a low melting point with high den-
sity and great brilliance. Lead (or flint) glass is much used for scien-
tific and decorative purposes, but is very expensive. For fluxing pur-
poses, about 10 per cent lead oxide suffices, but up to 35—40 per cent
is oftent added to give chamecter to the glass. All percentages are

~stated in terres of sand countent. In place of lead, zinc is sometimes
{(nsed.

Lime diminishes the liability to crack and gives some brilliance,
which is however inferior to that imparted by lead. For fluxing
purposes, up to 10 per cent may be used, bat here also a considerable
excess is often given in order to secure the special properties which
lime confers. An excess of lime however raises the melting point,
attacks the furnace and deteriorates the quality of the glass. Up to
85 per cent is permissible.

As a flux, borax is often used, especially when much alumina or
clay is incorporated iu the glass. The latter ingredient gives a very
resistant glass of high melting point and a powerful flux like borax is
therefore required to make it melt. As borax is very expensive, it is
only used wkhen special properties are required.

Oxide of iron is really an impurity, but 1t acts as a flux. It colours
the glass green and lowers the melting point.

We see therefore that glass consists essentially of a base, viz.,
sand, an alkali, being a carbonate or sulphate of sodium (und rarely
potassinm or barium) and a flax, which is an oxide of lead, calcium
or iron, and, in special cases, borax.

In addition to these primary ingredients, others are often added.
}é?lu 5, 1 anna.]




- Clay or magnesia make glass hard and_resistant. and
the melting point. The combined proportions of these i
amount o 15 per cent, but in ordinary glass they are

Porassium witrate is introduced as an oxidising agent
carbonsceous matter or reduce colour, usually m small pro
say up to 5 rer cent, though in a few special formule the |
rises to 20. In such a case, it may be regurded umﬂd he

ingredient. The effect of mixing a potassium salt a sodinm s
is to lower the mel*ing point. et ualie
Arsenic or antimgonpyo are also used as oxidising mﬁ small
proportions—usually under 5 per cent though in one formula 12 §t
cent is allowed. s By

Yharcoal is added to reduce sulphates when rr.lnt Ten per
cent of the weight of the sulphate (sodiuw) is usually allowed.

Calcium Fluoride is used in high grade ginss asa flux. =

Ouxide of magnesium s added to reduce colour. e

Glass in which lead oxide occurs is called flint glass: that in
which lime is used, crown glass. Flint glass is employed %m
optical purposes and the very highest class of table ware. It need not
therefore for the present be considered. In the following note ouly
lime glass will be considered. g

The term crown glass is, strictly speaking, applicable only to the
superior varieties of lime glass. TIunferior varieties are termed
semi-white glass and bottle glass. ! ;

Bottle glass is made from the cheapest ingredients obtainable, such
as, kelp, soap makers’ lye, eto. In countries like India where
cheap waste products are not obtainable and the alkali has to be por-
chased in a fairly pure form, it seems doubtful if it would pay to at-
tempt the manufacture of bottles except where special properties are
required and special ‘)rioea are paid, e.g., soda or champagne bottles,
Champague Lottles beloug to the bottle glass category but soda bottles
belong rather to the sewi-white category.

Under existing conditions, the wanufacture of glass of the l‘.“_
white variety is probably the most generally satisfactory both as regards
working and subsequent disposal. Glass of this kind is com

essentially of sand, alkali and lime within the following limits :— >
Sand e e e 100
Alkali (8.C) ... . 2087
Lime 2045

Theoretically 1(0 parts of sand require 33 parts of ulkali (oxrn.nd
as sodium carbonnwlp?or complete combination. Theoretically slso
the proportion of fluxing oxXide (expressed as lime) should be 7
—320 per cent. In actual practice, however, these proportions vary
greatly. Lime is slso an alkali and the proportion is often increased -
to take the place of the sodium salt. Again a reduction in alkali
makes a much more resistant glass and when such a glass is required, .
the alkali content is reduced. To make such a glass meltata mmle
temperature, it becomes necessary to increase the fluxing coust ts
and borax is usually added.

As the alkali content is reduced, the gnality of the glass is im-
proved and the other ingredients are employed in purer form. Superiur
glass of this kind is called Crown glass, There isno sharp !
demarcation between semi-white and CUrown glass. 2

» i . 3
o ¥ . Y 5 f R o et
 Sinog the alkali ingredient a in the heat of the
!nmweén is usual to add rdhum mmtmo quantity actually
required. For this reason it is noce-g to differentiate between
formule for glass manufacture nnd‘_m yses of glass: the latter
S eieedy. apvisivad ol ety
y i um ealts were formerly ly em-
m«l but laterly they have gone almost entirely out of use and
um salts, either the carbonate or the sulphate, are almost invariably
used. In the following formule, both salts are termed “ alkali,” the
carbonate being designated S.C. and the sulphate S.8. The two are
« interchangeable, 58 parts of the carbonate being equal to 71 parts of
the sulphate, but when sulphate is used, about 5 per cent of charcoal
must be added to reduce the sulphur radical.

<
Bortie Grass. :
The following analyses of French bottle glass indicate the general
composition of this class of bottle, which is strong and tough:—

Sand ... .. 100 100 100 100
Alksli (8.0)) ... 5 &0 28

Lime ... 55 o - J0NEES B N
. Charcoal o st NS SO NG N N
Clay B SR C  Ta
Iron . 8 .67 487 40
- 4 For'ordinary bottles the following formula has been recommended : —
' Saad . . 100 ) M S TV

Alkali (BO) . I8 Ve a0 v 18

*Another cheap glass may be made by using salt cake as an alkali.
* The proportions are somewhat as follows:—
Sand ... S Lime ... ot
Salt cake <. 60 | Charcoal v Lokl

. Thie formula is very similar to the one suggested below for window
glass, only in the latter formula all the materials must be fairly pure
sud free frem iron,

For purposes of comparison the following series of formule will
prove useful. These are for what is technically known as semi-white
glass, substantially free from iron.

SeMi-wHITE GLass,

Analyses of semi-white glass.

Sand ... 100 100 100 100

Alkali (8.0)... 265 S8.8.8 S.C.32 (SS.) 20

(8.0.) 14

Lime ... 25 24 20 20
Charcoal Nil, 23 Nil. 112

¥ Clay 3 Nil. Nil. N,

The first formula corresponds with that given by Thorpe (Diction-
ary of Chemistry).
14—2



$iricy

It will be observed that the alkali content of
much greater than that for bottle glass. Clay which
ing point is generally absent in semi-white because t
iron present to act as a flux. In speciai glass, such as ¢
tubing, clay again appears for the speeific purpose of

melting point, ; g &3

h

- Window Glass. >
The following formula is useful for window glass :—
SInd — e lm mm. Eh ..

Alkalf (88)" - . 50 | Oharocal o b W2 7

?lm that melts at a very low temperature and is easy fo work
iable to devitrify consists of the following :— .
S‘nd e e e lm um. ) s “
Alkali (8.0.).. i 58] Chavacal oe o BT
(8.8) SRR S
Arsenic is sometimes included in this mixture up to 12 parts,
In cheap glassware there is no necessity for employing it. ;
Another glass which is suitable for ordinary chemical Al

ware but requires a fairly high temparature to melt consists of the
following :—

A
but is

Sand .., - =300 Lime w 3N
Alkali (8.C.) . 81 | Clay i
(S.8.) . Nil. | Charcosl ... .. N&

The glass does not give up alkali readily to water, works well in
the blow-pipe aud does not devitrify.

The above formula is improved by reducing the proportion of
alkali and increasing that of olay. The melting point is thereby .
greatly raised and to counteract this, borax has to be added, V
therefore obtain the following modifieation in_the above fl'lllll"
which gives a soft glass of higher quality, which does not give up
alkali and is very difficult to devitrify. This glass really belongs to

® class superior to the semi-white,

Sand ... . 100 Clay o 3B ’
Alkali (8.C)... .. 43 | Charcosl .. .. N
: (88) .. «os Nil, Boric anhydride ... 3
Lime .., R 1 ) Calcium fluoride .., 2'5
-
Surgrior Grass,

We now come to special glasses for special urposes. Of these,
the most interesting is p;erhaps hmpwm.WWh.l: 1s required in lamp
chimneys is ability to withstand rapid changes of temperatare. The
glass represented by the appended formulw possesses this p
in an exceptional degree, but as will be evident from the formule, the
glass is somewhat expensive to prepare. :

-

v " i -

; ' ance glass.

j&o following formulee are more or less the same, the second having
been vagied in order to avoid the use of the metallic oxides and to
‘reduce tie quantity of boric anhydride as this is an expensive salt :—

I Ir
Sand ... e~ 000 Sand e TOD
Alkali (8.0 o 215 | Alkali e ... Nil.
(8.8.) oes. AL Lime . 1
Lime ... ‘. Clay sos i b
Uisy - .. 1'5 | Potassium nitrate... 45
Potassium nitrate ... 45 | Boric anhydride ... 85
u Boric anhydride ... 87 Avhydrous borax ... 40
Arsenious oxide ., 3 :
Autimony oxide ., 15

high class amponles and pharmacentical purposes where a
bigh-grade glass is required, the ?ollowing formula can be recom-

mended :—
Sand .., 1C0 Potassiom nitrate ... 15
Alkali (8.0.) ... 25 Boric anhydride ... 12
Lime ... 185 | Magnesia .. .. 075
Uay ... 15

This glass is intermediate in hardness between soft glass and
combustion tubing, is highly resistant to chemical action, withstands
changes of tempertore well and should be a very suitable glass for
high-class beakers, flusks, oto.

An alternative is as follows :—

Sand ., % 100 ,Bomnnhydmm aii a0
Alkali (8-C.) ... 155 | Zive oxide ., o |

(8.8) . Nil. |Megnesia .. .. 75
Clay 1

A gloss almost identical in its general behaviour with Jena resist-
[t darkens and tends to devitrify. Operations—such, for
instance, as sealing side tubing into flasks— are difficult, if permanent
and neat joints are required. Unless special properties are required,
the previous formula is to be preferred.

For combustion tubing the following has been suggested :—

Sand ... 100 | Clay hei2®

Alkali (8.C.) 8 | Potassium nitrate ... 6
Barium carbonate. 13 | Boric anhydride ... 8

Lime we 19 | Calcium fluoride ... 13

The glass resembles Jena combustion tubing very closely indeed.
The presence of the small quantity of calcium fluoride facilitates the
incorporation of the ingredients. The sodium carbonate can be
reduced to 134 parts provided 793 parts of auhydrous borax are
used in the place of boric anhydride.

g variant is as follows : —

Sand s S AOD Lime o 1 !
Alkali (8.C.) .. 5 Potassiom nitrate... 6
Barium carbonate. 13 | Boric anhydride .. 8

y 9

Clay |

>
J



&‘d ERRS s ..’ - *m
Alkali (8.0.) et e
Lime ... e ek
OWY i b o o

The glass is capable of mthsmding igh tem
changes of temperature. By lhght nt:ll? cation
almost any d of hardness can be obtained.
zine can be added in the form of earbonates if the
of magnesium oxide and zinc oxide W pnunt
nate are known.

A soft soda glass suitable for tubing and x-l'q ,
follows :—

1 I
Sand ... «. 100 | Sand %
Alkali (S.C.) ... -+ 3. | Alkali (8.0.)
NH e N (8.8)
Lime . 193 Lime
Clay «s 6| Clay e

Potussinm nitrate .. 21 Potassinm urbou.h. 15

These glasses do not lose  their easy-working
repeated heating and blowing and are plut:o over a lo“ ﬁ d
temperature. They require % temperature of at least g
1,500° C. for complete incorporation of the ingredients in udcr to
obtain that homogeneity which is necessary for resistance to rapid
changes of tewperature and ease of working before the blow-pipe

The one containing potassium nitrate is considered the better
two and is more easily incorporated.

-

J
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« In 1008 a private glass factory

in Madras and the Govarmpeét helpe;!i thc |
undert.aicing to mpply free of cost half
of fuel consumed in t'.he furnace during
years of 1ts working. The factory,hm“vo‘_r
work successfully and was closed down in .

When the war broke out, the Director

Industries entered into negotiations with

owner of the factory at Madras to carry on
menfs with the manufacture of glass; On his
recommendation the Government issued-orders :ln
No. 203 W., dat'ed fﬁe 21st Fehﬂlf);t,o 'a.oéuire_ the
glass_ works. There is no information with Governmen
as to whether the property has actually been
D

acquired and handed over to the Director.

In a 1etter~dated the 18th January la.st* the
Director stated that he had constructed a nev;;r tyi)e
of furnace and that he proposed to make trials
t0 find out whether his organization was complete
t0 undertake large scale experiments, It is not

known how far he has progressed with these experi=

v,

He has stated in another connection thst'
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that date on the glass experiment was about. ‘
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the matter. In :I.s conn “zction a
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. i $ @ » to a note mu;en by Sir P, N‘ioholr'
2ht g
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November! 1815 he stated that the expendihir
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la on *he subject of the ewployment
ﬂzllbert Klein to assiat in waking

xperiments in glass-making in this

In 1909 a cowpany was forumed in
@s for the manufacture of glass and it

up 2 factory with the necessary.plant

i
e

g to various causes the factory did nJ

gsuccessfully and was closed in 1811,

Iplant and ‘buildings were recently
Bired by this Covernmen at a cost of
3 N L

.f3,300, and the lccal Director o

o~

.
Betriss has heen making a series of ex+

N . o
: results of the experiments are so far
-
‘ uraging. ith a view to train thg

[Bseary workmen®'the Director has re-
-8 merided the e;gl:yue#t’as a temporary
Bure, of Nr.Albert Rlein who has ac-

experience in glass works in France.

Fer mensem. T ak to request that

nment of India will be pleased

In this comneotion. I a %o refer
the correspondence ending with Nr.

pell's letter M0.188-C,dated the 33nd

; Y
ary 1916, according sanction to the

oyment of lr.¥lein in the aonduct of
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