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NAvsarr CHAVBLRS,
Hornby Road Fori,

Boasay, 6t March 1924
s IMicuness Manaraxa Sury,
Sir GuaasHyavsinmgr Asrrsisngr, GCIE, KCST,
Manarara Ray Saues or DIRANGADNRA,
DHRANGADHRA
Your HicHxESS,

T have the honour to submut herewith, through Dewan Saheb
Mansmhy1 Jhala, my Report upon Salt Manufacture which I have
prepared at Your Highness® desire

This report deals with the Technology of Salt Manufactuie
aud the recovery of several by-products with particular reference
to the rich and almost mexhaustible brine found in Your Highness’
State

From ths report 1t will he realised that a complete Tecovery
of the valuable by-products would not only add to the prospertty
of the State by the establishment of an mportant mdustry, but
would also help considerably the great teatie mndustry at Ahme-
dabad and Bombay on which the prosperity of this Presidency
18 hased

Your Highness will realise from this report that considerable
work has been done durig the last three vears since I firct visited
Kuda {o arrive at defimte conclusions regardimg these by-products,
and 1t 1s with a view to comlpete our records thet I have embodied
w the report the results of my observations at greater length than
I ougmally mtended I am sure this report will help those
engaged m this industry, and particularly the Officers who will be
called upon to undertake a new adnumstrative department of the
State  Confident m the hope of receiving your full appreciation,

T beg to remain,
Your Highness,
Your most obedient Servant,
KAPILRAM II VAKIL,

Consulting Chemast






PREFACE

Tlus report was prepared at the request of s Ihighuess the
Maharaja Ray Saheb of Dhrangadhra and 1s the result of several
yvems’ study of salt manufacture m India Dumng my
mvestigations I found considerable difficulties i gathermg the
mmformation necessary for thus report Some cwitous and -
many cases very strange, ideas prevailled on the subject of
salb manufacture  Even the most evperienced Salt Officers
of the Government had very hmmted knowledge on the
subject  What information I was able to gather, was tamied with
superstition and prejudices showing a complete 1gnorance of the
true nature of chemeal processes I have, therefore, been obhiged
to treat at length the Chapters on the Technology of Salt The
work howeiver, does not claim to be a treatise on the subject, but
1t gives m general outhines the process and the nature of the mate-
rials in sufficient details to give the reader a general idea of
the ndustry, with particular 1eference to the prospects of the
mdustry m the Dhrangadhra State The expermmental work
and the series of observations recorded m thiseport were carried
ont systematically during the last six years
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SALT

I.
INTRODUCTION

Iadia’s place among the Salt-producing countries of the
World —India occupies the fourth position among the
great salt producing countries of the world, though the
Indian use of salt 1s lumted to domestic and agucultural
requrements, 1t produces a verv large quantity from various
sources In the Umted States of America, in the TUnited
Kingdom and 1m Germany over fiftv per cent of the
salt produced 1s used m Chemical industries In 1920 the
world’s salt production was 18,000,000 tons, of which the Umted
States of America produced 33 per cent, Germany 15,
England 12 5, India 9 5, France 6 3, and the rest of the countries
-4 5 per cent This industry m India even i spite of a hmuted
use for salt, 1s of considerable mmportance Salt for domestic,
agricultural and mdustrial use 1s obtaned from a number of sources
It 1s found mn abundance as rock salt at the Salt Range mn the
Punjab, as natural brine m the Sambhat Lake and 1n the Rann of
Cutch, at Kharaghoda and at Kuda mn the Dhrangadhra State
It 15 also recovered from sea water in the Bombay and the Madras
Presidencies  Besides the salt produced from these sources India
supplements 1ts requirements by importing a considerable large

quantity from foreign countries, prineipally from England, Spam,
the Red Sea and Aden.
1



2 SALT

Salt manufacture 1 Dhrangadhra State —The manufacture
of salt 1n this state at Kuda 18 of very ancient date When the
Jhala Chieftains retired to Halvad, they set up their salt works
at Kuda, and these were guaranteed to the Halvad Jhala chiefs by
the Emperor Aurangzeb in the 27th year of us reign (A D 1669-70)-
These rights were mamtained umimpawred durmng the last two
hundred and fifty years, and throughout the many changes i the
forms of Government In 1807 these rights were recogmsed among
others by the British In 1858 the Proclamation of Queen Victoria
also recogrused the right of the State to manufacture salt at Kuda.
Kuds even then speciahized in the production of Vadagra salt (Ba-
ragara) which was considered to be the best of 1its kind The
crystalsof Vadagrasalt aredescribed 1n the Meerut-I-Ahmadr, which
says that the salt resembles pieces of sugar and 1s exported to Malwa
and elsewhere In 1874 the Government of Bombay mtiated certain
measures to prevent the smuggling of salt manufactured m the
Indian States The sole object of the Government at that time
was the safeguarding of the revenue and not to put any restrnictions
n the manufacture of fine gramed salt In 1880 the Government
restricted the production of salt m the Dhrangadhra State to 90,000
maunds per year In 1883 the production of Vadagra salt was
restricted to 40,000 maunds annually, and 1 1900 the manufacture
of Vadagra salt was altogether probited by the British
Government In compensation of this restriction the State was
given Rs 7,000 per annum In 1915 the State approached the
Government requesting a revision of the Treaty of 1900 with 4
view to encourage the manufacture of Magnesum Chlonde and
other by-products from the State salt works After considerable
delay the Government of India restored to the State its night of
manufacturing both Vadagra and Ghasia salt On 30th October
1923 the Governor of Bombay—Sir George Lloyd—formally
re-opened the Kuda salt works

While the Government was considering the revision of the
Treaty, I was asked by the State 1n 1920 o submt a report on the
possibilities of manufacturing various by-products from the mother;
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hquor remaming after the recovery of salt from the brine at Kuda

While enquuing mto the economical uses of the various products
and the possibilities of recovering them, I encountered considerable
difficulties 1 getting together the information that was necessary
for the purposes of the report, as much curious mnformation was
supphed to me, and as there were no records of observations neces.
sary for the preparation of a comprehensive scheme, the progress
of the report was slow, and much time was taken up i prelimmary
investigations and enquunies  For over two years the State had to
give up all its mvestigations till the Government gave o definite

reply.



I
GEOLOGY OF THE KUDA BRINE DEPOSITS

Rann of Cutch —On exammmng the bmnes of Kuda and
Kharaghoda wells 1t was found that they resembled very
nearly 1 their general composition to concentrated sea watel
There 15 no material difference 1n the nature of the dissolved
salts This close resemblance 1s another proof of the geological
formation of the Rann of Cutch on the banks of which both
the salt works are located Before proceeding with the
discussion of the technology of salt manufacture and the prospects
of recovermg the by-products from the brine, 1t would be necessary
to determine that the brine n the Rann has ongmated from the
concentration of the sea water in the lower strata of the Rann

To the north of the Dhrangadhra State there 13 a very large
track of open, barren, sandy, hifeless waste, known as the Rann of
Cutch It 13 80 mules from east to west and 10 to 40 mules from
north to south, and covers an area of 2,000 square miles, of which
1,200 square mules are within the boundary of the Dhrangadhra
State The hittle Rann meets the sea at Hansthal creek and stretches
north-east to about forty mles—a creek varyng from 5 to 30 mules m
breadth It stretches east and west, & white three-cornered sea
bed, about 40 mules east to the Great Kharaghoda salt works and
about 30 nules north to the Chorad Island and Adesar m Cutch
The level of the Raun at Hansthal creek 1s 6 781—2 75 {eet above
the mean sea level, and at about 30 miles east, opposite the Kuda
salt works, the level 186 781 feet in the middle of the Rann, or two
feet, mme mches lower than the mouth of the Hansthal creek Tt
will thus be seen that at the creek there 13 a bar over two feet
above the mean level of the Rann, and that the Rann forms a sort of
a depression m which durmng the monsoon the detritus discharged
by the nivers on the banks of the Rann accumulate and flood the
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gulf of the Rann  The Rann 15 completely flooded m September
by the high spring tides which overfiow the banks at the creek and
rush m far mland m the Rann  This flood caused by the joint
flow of the sea and river waters nise up to a level of 3 to { feet near
the banks and 5 to 7 feet m the nuddle of the Rann  The level
of the floods begm to go down with the stoppage of the monsoon
and the discharge of the rivers after October At the end of De-
cember the broad expanse of the waters of the Rann begin to drv
leaving a wide merustation of salt on the smface The banks of
the Ramn on the Katliawad side bemg 18” to 247 higher than the
outer funge of the Rann remamn above the floods The whole of
the Rann 1s farly dry from December to the end of Maich About
the end of Aprl or the begmming of May strong south-west gales
accompanied with sand storms and extraordmary high tide force
the water up the Hansthal creek mto the Rann  Durmg the
summer the banen, hfeless Ranu gives nse to the most notable
pecuharity—the Mirage.

The Rann was at one time the bed of an a1m of sea which was
raised by some natwal convulsion above its ougimal level and thus
cut off from the Ocean  Geologically the Ranun 15 of very recent
formation, as there are records which prove that m the time of
Alexander (320 BC) 1t was a navigable sea, and as late as the
third eentury 1t was known to have several ports on its banks That
the Rann was a navigable sea 1s also proved from small wooden
remnants of boats, oars and other articles found very often embedded
m the lowerstrata n wluch shells, fossils, bones and other marine
deposits are found  That the bed of the sea was rused by earth-
quakes is also proved from the earthquakes which are very
common i Cutch The great earthquake of 1819 was
very severely felt. The last shock was m 1864 In conse-
quence of these repeated earthquakes the bed of the se3
has nsen and given mse to the salty waste In course of time the
shallow bed gradually filled with clay, sand and gravel discharged
from the rivers on its banks, and as the waters narrowed and the
silt accumulated the last remnant of the sea disappeared, leaving
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m course of time distinet layers upon layers of the alluvial soil.
For many years there has been no general disturbance mn the
level of the Rann by earthquakes and the salt sand strata near
Kharaghoda 13 gradually getting exhausted of its natural brine
which 18 receding towards the west. The sections of the wells ag
shown m Fig 1 at Kuda and Kharaghoda give further proofs of the
Rann bemg originally a bed of sea  The surface leyer of the Rann
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SEcTION OF RARXN
(Different Strata in Wells )
Fic 1

is one and-a-half feet of black, sticky, salt clay, washed out with
fresh water during the monsoon from the surrounding coast and
brought as silt m the discharge of the mvers Under this there 1s
a new depostt of yellowsh to greemsh coloured mud, which seems
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40 have been deposited when the area was a sea-creek  Under tlus
there 1s a deep grey to 1ndigo coloured mud layer, at some places
varymg in thickness from six to twelve feet, this old strata of mud
shows another period when 1t was the bed of the sea-creek In this
zone about nine to twelve feet from the surface thereis a gypsum
deposit of three-fourths to two mehes m thickness , under this there
15 a layer more or less of black clay and sand resembling black
<otton soil, under the old layer of dark mud there 1s a layer of four
feet of argillacious clay and marl This deposit 1s over a layer of fine
sand from three to four feet in thickness, which m turn lies over a
layer of coarse sand or grit, which m places has consohdated from
large calcarious matters Brineis found m the salt-sand and grit
strata, although 1 some unused wells brine comes upto about four
{eet from the surface In the old and new mud layers there are a
number of shells and remains of vegetation When wet the sides
of wells cave 1n the old mud horizon and have to be protected As
the mam land 15 approached this old mud gets lesser and lesser,
and at places 1t totally disappears Sand, consohdated grit and
loose gnt are fresh water deposits  Below these deposits there 1s a
deposit of brown mud m which there 1s no brme  The analysis of
the brines from Kuda and Kharaghoda wells, the Geological
formation of the Rann of Cutch and the analysis of the Arabian
sea water leave no doubt that the presence of the brine in the Rann
15 due to the evaporation of the enclosed sea water during the gradual
siting of the Rann It 1s commonly believed that as the mddle
of the Rann 1s still under the lugh tide level at Hansthal, and as the
salt-sand strata 15 twelve to eighteen feet below the surface, this
strata must finally dip into the sea at Hansthal, and that the con-
Stant supply of brine 1n the Rann 1s mamtamed by percolation of
sea water through the sand strata all over the Rann—tlus supposi-
tion 1s yet to be proved. For over 70 years brine has been drawn
from the salt-sand strata without the wells running completely dry.
It has however been found that the brine 1s receding to the west at
Kharaghoda, and the wells require considerable time 1n filhng up,

nd the average depth of the wells has gone on deeper and deeper
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vear after year This deficiency 1s due to the higher level of Khara-
ghoda Nearer Kuda there 1s & plentiful supply of brme and no
shortage of brine has been reported, though at one and the same
stte brine has been drawn for the salt works for over 800 years
There 1s no hkelihood of a deficiency of brme at Kuda The annual
high sea mnundation flows mnland a few miles to the east of Kuda,
but 1t stops 10 nules away from Kharaghoda If this lugh ses mun-
dation had contmmued to spread over the Kharaghoda distmct,
there would not have been a gradual shortage in the supply of
brine as they have experienced during the last few years It must
be noted that brine 1s onlv obtamable in the salt-sand strata;
deeper borings have not shown any brne at lower depths
which at places have given brakish fresh water

We have m the brine of the Rann all the salts m practically the
same proportions as are found n sea water, except Calcium Sul-
phate which has separated out as a thm laver m the Rann
durmg the spontaneous evaporation of the enclosed waters
Magnesium Sulphate present i the sea water has been largely
converted mnto Magnesium Chioride durmg the exposure m the
cold It s for this reason that we find a large percentage of Magne-
isum Chlonde m the Rann brine  As the matenals present mn the
Rant hrine are the same as in the parent source, 19z, sea water, 1t
will be necessary at this stage to examme very carefully the
composition of sea waters
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COMPOSITION OF SEA WATER.

Sea Water —From the different analyses given i the following
tables 1t will be noticed that the general nature of the constituents
in the difierent sca waters throughout the woild 1s very neaily ahke.
The difference 1s mdegree but not m the character of the cons-
tituents The quantities of the principalsalts vary withn very
narrow hmts, and the total of solids dissolved i most of them 15
also within very narrow hnuts A very extensive obseivation of
the composition of sea waters was made by Ditmar. who gives
the followmg average composition of sea salts —

Per cent
Chlorne 55 292
Brommne 0 1884
Sulphuric acid (SO;) G 410
Carbonic acid (CO;) 0152
Lime (Ca0) 1 676
Magunesia (MgO) G 209
Potash (K.0) 1332
Soda (Na 0) 41 234
Basic oxygen equivalent
to the halogens (—12 493)

Total 100 000

Wagner @ves the following Analvees of Sea Waters —In 100 parts of S¢a Water

|
Pacific jAtlantic Germnan
Ocean | Ocean ' Qcean ’Red Sea
: {

Sodium chlonde 2 0687712 73812 33131 3 030
Sodwum bronnde D001 O O0326 )0 0373 ] D 064
Potazsium sujphate 01338101715 1 01320} 0 295
Caleum eulphate 0 1622 | 0 2046 [ 0 1622 | 0 170
Jagnesaum sulphate 0 1104 | 0 0614 [ 0 0706 | 0-274
agnesiuin chlonde 0 4345 { 0 326 10

Potacsium chlonde i 82001 0 4041 3 %gé

34708 | 3 5519 {1 3 4984 -4 4
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year after year This deficiency 15 due to the higher level of Khara-
ghoda Nearer Kuda there is a plentiful supply of brine and no
shortage of brine has been reported, though at one and the same
site brine has been drawn for the salt works for over 600 years
There 1s no likelthood of a deficiency of brme at Kuda The annual
high sea inundation flows mland & few mules to the east of Kuda,
but 1t stops 10 miles awav from Kharaghoda If this hugh sea mun-
dation had contimnued to spread over the Kharaghoda distrct,
there would not have been a gradual shortage in the supply of
brine as thev have experienced durmg the last few yeais It must
be noted that brine 15 only obtainable in the salt-sand strata,
deeper bormgs have not shown any brne at lower depths
which at places have given brakish fresh water

We have in the brine of the Rann all the salts in practically the
same proportions as are found n sea water except Caleum Sul-
phate which has separated out as a thm layer m the Rann
during the spontaneous evaporation of the enclosed waters
Magnestum Sulphate present 1n the sea water has been largely
comverted mto Magnestum Chlonde during the exposure m the
cold It s for this reason that we find a large percentage of Magne-
1sum Chiomde m the Rann bnine  As the matenals present m the
Ranr hrine are the same as 1n the parent source 222, sea water, 1t
will be necessary at this stage to examme very carefully the
compostition of sea waters
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COMPOSITION OF SEA WATER

Sea Water —I'rom the different analyses given 1 the followmg
tables 1t will he noticed that the general nature of the constituents
m the different sea waters throughout the world 1s verv nearly alike.
The dufference 1s 1ndegree but not in the character of the cons-
tituents The quantities of the principal salts varv within verv
narrow himats, and the total of sohds dissolved m most of them is
also within very narrow hmits A very extensive observation of
the composition of sea waters was made by Ditmar who gives
the following average composition of sea salts —

Per cent
Chlorme 53 292
Bromme 0 1884
Sulphune ascid (SO,) 6 410
Carbonic acid (CO,) 0 152
Lime (CaO) 1 676
Maguesta (MgO) 6 209
Potash (K.0) 1-332
Soda (Na,0) 41 234
Basic oxygen equivalent
to the halogens (12 493)

Total 100 000

Wagner gives the follbwing Analvses of Sea Waters —In 100 parts of Sea Water

i

Pacific {Atlantic German

Ocean | Ocean « Ocean Red Sea
Sodiam chlorde 2887712 733812 53114 1 o0
Sodim  bromde 00401 100326 500373 ¢ 0 064
Potnanium sulphate 013710 1715 0 1520 | 0 293
Caleium sulphate 01622 |0 2046 | 0 1622 | 0 179
Vagnesium wiphate 01104 10 0614 | 0 Q706 1 0 274
Magnestum chlorle 04345 10 3260 | 0 4641 | © 401
Potassum chionde 0 288

3 4708 l 3551913 4381 | 4 51

3
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The composition of the salt contained mn the water of the several
seas 18 shown by the following table —

Fuglish Mediter | Atlantic
Cas- Channel| ranean | Ocean |Dead sea
g:n Black | Daltic | average| average | average j averaga
Sea of 7 of 3 of 3 of b
locals locals locals locnls
Average quantits of salt and |
water —
8olid salt C 0631 1771 177 331 3 87 363} 2230
Tater | 08 37 ) 98 23 | 98 23 06 8p 906 63 96 37 770
The discohed solid matter con |
=331 10 100 parts o1—
Sodlum chloride 5B 25 1 70 38 ) 84 70 78 D4 77 07 77 03 36 kb
Potoassium chloride 127 107 00 2 48 389 4 57
Calclum chloride 0 20 11 38
Magnesfum chloride 1000} 738 973 8 81 878 7 86 45 20
Sodiutn and Vagnestom
Bromldea 0 03 028 049 1 30 0 85
Calctum wulphate 778 0 80 013 3 832 2 76 4 63 0 45
VMagnesium sulphate 19 68 832 4 06 8 58 8 34 529
Calcium and Vagnesium
cnrbonates 3g1) 048) 018} 010
Mtrozenous and Bitumi.
nous matter 100

One cubic meter (35 3165 cubic ft ) of sea water

contans ahout

28 to 31 lalos of sodwm chlorde and 5 to 6 kilos of potassrum

chlonde,
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SALT

ANALYSIS OF WATER FROM THE IRISH

NaCl
Kl
Mg(l,
MyBr
MgnO,
Mg(CO
Mg(NO)
Can0,
CaCO
IRIN)]
NH,(
Yel O
m10

Sp G oat OC
y g 137C

CHANNEL

Total

Parts per 1,000.

26 43918
0 74619
3 15083
0 07052
2 06608

trace
0 00207
1 33158
0 04754
trace
0 00044
0 00303
trace

33 85946
1 02723
1 02484

Bombay Sea Water

Parts PER 1,000 parTs SEA WATER

Sodum
Chlonne
Magnesium
Caleium
Potassium
S0,

€O,
Bromune

10 5599
18 7782
1 2851
0 3440
0 5709
2 8870
0 0760
0 5160

35 0171



COMPOSITION OF SE4 WATER

Calcium Carbonate
Calaum sulphate
Magnesium sulphate
Potassium chlonde
Magnesium chlorde
Magnesium bromide
Sodium chlonde

CHCOg
(CaSO0,
MgSO,
KCl
MgCl,
MgBr,
NaCl

0 1266
0 9976
2 7267
1 0906
2 6220
0 5934
26 8588

35 0157
Per cent.

0 3615

100 0000

13
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RECOVERY OF DISSOLVED SUBSTANCES

Substances dissolved 1n Sea Waters and Brines ——From the
analyses of sea waters given above 1t will be found that the
principal constituents of the total dissolved solids in sea waters
are the followming —

Calctum carbonate
Calcium sulphate
Sodiam chlomde
Potassium chlomde
Magnesium sulphate
Sodium sulphate
Magnesium chlorde
Magnestum bronude

Besides these salts there 1s a large number of others occurring
mn very small quantities i sea water, e g, Iodides, Fluorides, Phos-
phates and Nitrates, Iron, Silver, Gold, Copper, Lead, Arsenic, Zinc,
Nickel, Lithium, Rubidium and Ceasium , but as these substances
occur m 1nfimtely minute quantities, they are of mno technical
mmportance m the recovery of substances from sea water

The dissolved substances give to the sea water their charactenstic
sahne taste There 1s a limt to the solubility of each of these
substances This inut depends upon the temperature of the hqud
and the presence of other dissolved salts In each mdividual
case, water at a given temperature will dissolve only a certan
quantity of the substance (Fig 2) When this quantaty 1s dissolved,
1t will dissolv e no more of that particular substance The solution
w that case gets saturafed In order to recover the dissolved
substance, water which 1s not chemically changed by the dissolved
substance must be removed by evaporation either spontaneously
‘n the open air, or by the application of heat Most of the golids
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are dissolved m larger porportions by merease of temperature, but
1n the case of Sodium Chloride, 1ts solubihty remams practically
constant at lugher temperatures.
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If the saturated solution 1s lowered in temperature or its volume
reduced by evaporation, the equilihrium 1s disturbed, and the
solution m that case holds more salt than 1t 1s able to retamn mn ats
normal solubiity conditions The solution 1s at thus point super-
saturated, and the salt i excess will be thrown out of the
solution as a sohid until agamn a stable solution 1s formed under the
altered conditions This process becomes compheated 1if the solu-
tion contains more than one dissolved salt The separation of
the dissolved solids as the evaporation proceeds 1s 1 a fixed order
The least soluble salt separates first and 1t 1s followed by the other
salt 1 the order of its solubihty. By regulating the rate of eva-
porationaf 1s thus possible to separate out each salt as it reaches
its pomt of saturation Thus process known as fractional erystallsa-
faon 15 applied m the separation of the various salts dissolved m sea
water In certawn cases two salts separate out sunultaneously In
such cases the munture of salts 1s re-dissolved 1n fresh w ater, and the
golution agam concentrated and thesalts re-crystallised. By this pro-
cess of reerystallisation, pure salts are 1solated. If; when the solution
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1s super-saturated a minute crystal of the salt 18 mtroduced mto the
solution by wav of seeding or moculation, the process of crystal-
lisation starts spontaneously m the solution In many cases if the
super-saturation 1s carried far enough, the crystallisation will grow
without the necessity of inoculation When 1moculation s
necessary, the solution 18 1n the metastable state, and when no mo-
culation 1s required and where the crystallisation 1s spontaneous,
the solution 15 10 the labile state In the concentration of sea
water we have these three states occurring between the following
denstties—
From 3 5—17° B the solution 1s unsaturated
From 17—25° B 1t 1s saturated as far as Calcium Sulphate 1s
concerned
From 2£—25° B the sea water or brine 1s mn the metastable
state
Between 25—29 5° Bit1s i the labile state as far as Sodum
Chloride 15 concerned
Evaporation —The change 1n water from 1ts hqud to the
gr-eous state 1s brought about 1n mcreasing the molecular activity
by the appleation of heat The molecules of water are m a state
of perpetual motion 1Fig 3) The energy of this motion depends on
the temperature and pressure It 1s continuous, but mereases if

Escam ng 4
Mote cvian ”

Range of
Molacvior
«lroction

DLAGRAMNMATIC REPRESENTATION OF THE MOLZOULES JUST ABOVE

THE SURFACE OF AX EVAPORAIING YLIQUID
F1G 3
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heat1s apphed to the hquud  When the molecules in motion are in
liquid they are attracted by other surrounding molecules but when
these molecules reach the surface, some of them are moving with
sufficient velocity to escape from the surface of the hquid into the
surrounding space and mingle with the air over the hquud Some
of the molecules that have thus escaped have ot sufficient energy
to remam m the space and aie thrown back m the hqud Over
the hiqlud there 1s a certam layer of molecules 1n gaseous form m
constant struggle to go out of and come inside the hquid . the pro-
cess of coming out of the hquid 1s known as eraporation In short,
water appears in gaseous state in the form of vapour at 1its surface.
As the molecules are projected from the surface into the air, they
have to encounter a certain resistance mm their passage exerted by the
pressure of the atmosphere and by the pressure of other molecules
of water already existing there If the pressure 1s great, a number
of moleaules strike back on the surface and retum to the water
till for a given temperature a maxamum vapour pressure 1s obtamed
(Fig 4)  The air above the hqud m that case 1s saturated  But 1f,
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as the molecules come out of the hqud they arerapidly carred away
by a current of air, they do not get a chance of gomg back to the
hqud state and ther place 1s taken by fresh molecules coming
out of the water The causes therefore which influence the rapidity
of evaporation of water m open surfaces are —

1)
(2)

)
(4)

The temperature which increases the molecular activity,
The quantity of the same vapour in the surrounding

atmosphere,

Renewal of this atmosphere, and
Extent of the surface of the evaporation mducmg a.

large number of molecules to strike out of the water as
vapour at the same

If evaporation 15 to be accelerated, 1t 18 necessary that—
(1) The molecular activity or temperature should be high.

Temperature of the brine would depend on the tem-
perature of ar

(2) The surface exposed should be as large as possible.

If the bmne 18 stationary the evaporation will
be slow as the area exposed would be constant If
mstead of this static condition, the brme 1s
kept moving m thin layers, a very large surface
would be exposed to the air and the evaporation 1 the
latter case would be very rapid The principle of
a thin moving film 18 now widely appled 1n chemical
engineenng for concentration of hiquids The exposed
surface of a liqud may be conciderably increased by a
slow trickling over a pile of pebbles or faggots or by
spraying from a great height Both these methods are
used 1n the rapid concentration of brine

(3) There should be wind  Wind 1s the greatest factor in the

removal of saturated vapours from evaporating surfaces
Wind also increases area exposed by creating waves
and ripples  In French salterns wind 1s considered of
greater mportance than the sun By increasmng the
current of air and by increasing the surface a maximum
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rate of evaporation may be obtamed This prinaple
15 employed m concentrating brines m hgh towers
about 80 feet high by 8 feet in diameter m which a
strong current of air 1s mamntamed by blowers This
method 1s also employed n the concentration of sul-
phuric acid. The acid towers are generally 50 feet
high and 8 feet in diameter

Solar Evaporation —In tropical and sub-tropical countries
salt 15 recovered from sea water and brines by solar evaporation.
If local conditions as regards supply of sea water or brines, soil,
level and transport are favomable, salt manufacture by solar eva-
poration 1s far more advantageous than by any other means
Solar evaporation requires the general fulfilment of all the above
factors, which accelerate the evaporation of water in open surfaces
They are best studied from meteorological observations of the

place at winch 1t 1s proposed to locate the factory The factors of
mportance are —

(1) Temperature of the air

(2) Pressure, drrection and velocity of the wind
(3) Moistuie m the awr

(1) Ttent of clondy shies

(3) Rawmy days and ramnfall

(1) Temperature of the Air —The temperature of the fir
depends upon the altitude of the sun, latitude, elevation, distance
from the sea and character of the winds, and also on the amount of
clouds and ramfall  During the period—November to Februarv,
the temperature of the air 1 India decreases with the nerease of
latitude and hence from South to North, the 1sotherms run across
India nearly parallel to the parallels of the latitude Dunng the
next three months (the hot weather season March, April and E\Iav)
the mterior of India1s heated more than the coast districts, and the
hottest aw 1< generally 1n the central part of India  Dunine the
remainder of the year, from June to September, whe; salt
manufacture bv solar evaporation 1s brought to a stand <tul. the
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south-west monsoon or ramy season prevalls The temperature
18 highest between the Punjab and Gujarat In India the mean
temperature falls on the average 1° F for every 330 feet of rise 1n
altitude  In the dry hot season the mse 1s 1° F for every 190-200
feet of elevation

(2) Pressure Direction and Velocity of the Wind —Distance
from the sea and dwrection and character of the prevailing
winds are of great importance m the location of salt works In the
cold weather, November to February, dry Continental or Land
winds prevail over the whole area In the hot-weather-season
local sea winds prevail in the coast districts, and dry-land-winds
over the more distant interiors During the south-west monsoon
period, winds of oceanic ongin charged more with moisture, spread
over the country Damp winds are not conducive to rapid eva-
poration  In the table given in this book the moisture mn the awr1s
referred to as relaine humadity The chief factors determmning
the amount of moisture i the air are —(1) Distance from the
sea and (2) character of the winds When air takes up all the
moisture which 1t can take up at a given temperature 1t 18 said
to be saturated  With an mncrease mn the temperature the saturated
arr will take up more of the moisture The moisture 1n the air 1s
determuned by the wet and dry bulb hygrometer When air 13
cooled gradually, a poimt 18 reached, when dew hegms to form
Relative humdity 15 the ratio of the pressure of the aqueous vapour
astually present at a particular temperature to the pressure of the
vapour which would be present 1f the vapour were saturated at
the same temperature Assummg that the barometric pressure

13 constant, the relative humudity 15 determmed by the following
formula —

P.
Relative Humidiby == 5~ where P, —pressure of the aqueous

1
vapour when saturated et T: , P,==the pressure of aqueous vapour
when saturated at T., T.==the observation temperature of the
stmosphere n *C, T,=the dew pomt at °C
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The followimng formula also gives sufficiently accurate results —
Mass of water vapour per umt volume

of air at observed temperature.
Relative Humidity =

Mass of water vapour per umt volume of
saturated air at same temperature,

Of the two thermometers of the wet and dry bulb hvgrometer,
one 1s an ordinary thermometer and shows the temperature of the
air  The bulb of the other thermometer has a piece of clean cotton
wick wrapped round 1t , the other end of 1t 1s submerged m a small
basin of water. Ths keeps the bulb mostened  If there 1s much
agueous vapour m the air, there will be little evaporation from the
mowsture near the bulb, and as evaporation 1s accompanied by a
loss of temperature or cooling effect the mercury will be lowered,
But of the air 13 dry there will be a considerable difference between
the temperature recorded by the two thermometers From the
readmgs of the wet and dry bulb hygrometer the dew pomt may be
determmed  The relative humudity table given n this report 1s
from actual observation of the dry and wet bulb thermometers,
The aqueous vapour pressure 1s obtamed from the obseivation of
the wet and dry bulb thermometers, and by the use of special tables
prepared by the Meteorological Department In preparing these
tables, August’s formula as modified by Regnault 1s used The
formula 15 based on the relation that the difference between the
temperatures of the dry and wet bulbs s proportional to the difference
between the actual vapour pressure and  the saturation vapour
presstre at the same temperature, e e= E-c (T-t), T and t arethe
observed temperatures obtamned from the dry and wet bulbs, and E
and e are the saturation and actual agueous vapour pressures at
the air temperature T. ¢ 15 a {actor, dependmng shghtly on

pressure and temperature, and the constant in which 1s determned
the actunl experunent

(4) The amount of cloudy skies 1s estimated 1n terms of the
proportion of the skv covered with cloud by numbers ranging from
0-10. A sky free from cloud js denoted by 0 and the overcast



south-west monsoon or ramny season prevals The temperature
18 highest between the Punjab and Gujarat In India the mean
temperature falls on the average 1° ¥ for every 330 feet of rse i
altitude  In the dry hot season the nse 18 1° F for every 190-200
feet of elevation

(2) Pressure Direction and Veloaty of the Wind —Distance
from the sea and direction and character of the prevailing
winds are of great importance n the location of salt works In the
cold weather, Novembei to February, dry Continental or Land
winds prevail over the whole area In the hot-weather-season
local sea winds prevail in the coast districts, and dry-land-winds
over the more dmstant interiors Dunng the south-west monsoon
period, winds of oceanic origin charged more with mosture, spread
over the countrv Damp winds are not conducive to rapid eva-
poration  In the table given 1n this book the moisture m the air1s
referred to as relafue humadity  The chief factors determining
the amount of mowture in the air are —(1) Distance from the
sea and (2) character of the winds Vhen air takes up all the
mowsture which it can take up at a given temperature 1t 18 said
to be saturated  With an increase in the temperature the saturated
air will take up more of the moisture The moisture mn the air s
determined by the wet and dry bulb hygrometer When aimr 18
cooled gradually, a pomt 18 reached, when dew begins to form
Relative humidity 15 the ratio of the pressure of the aqueous vapour
actually present at a particular temperature to the pressure of the
vapour which would be present i1f the vapour were saturated at
the same temperature Assuming that the barometmc pressure

18 constant, the relative humidity 13 determined by the following
formula —

p.
Relative Humidity = B where P, =—pressure of the aqueous

vapour when saturated at T, , P,==the pressure of aqueous vapour
when saturated at T., T.=the observation temperature of the
stmosphere 1 °C, T,=the dew pownt at °C
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The followmg formula also gives sufficiently accurate results ~—
Mass of water vapour per umt volume
of air at observed temperature.

Relative Humdity =
Mass of water vapour per umt volume of
saturated air at same temperature,

Of the two thermometers of the wet and dry bulb hygrometer,
one 15 an ordinary thermometer and shows the temperature of the
air.  The bulb of the other thermometer has a piece of clean cotton
wick wrapped round 1t , the other end of 1t 18 submerged n 2 small
basin of water. Ths keeps the bulb moistened. If there 15 much
aqueous vapour in the awr, there will be little evaporation from the
moisture near the bulb, and as evaporation 1s accompanied by a
loss of temperature or cooling effect the mercury will be lowered
But if the air 15 dry there will be a considerable difference between
the temperature recorded by the two thermometers From the
readings of the wet and dry bulb hygrometer the dew pomnt may be
determmed The relative humidity table given m this report 1s
from actual observation of the dry and wet bulb thermometers,
The aqueous vapour pressure 1s obtamed from the observation of
the wet and dry bulb thermometers, and by the use of special tables
prepared by the Meteorological Department In prepaning these
tables, August’s formula as modified by Regnault 13 used The
formula 1s based on the relation that the difference between the
temperatures of the dry and wet bulbs 1s proportional to the difference
between the actual vapour pressure and  the saturation vapour
pressvre at the same temperature, e, e= E-c (T-t), T and t arethe
observed temperatures obtamed from the dry and wet bulbs, and E
and e are the saturation and actual aqueous vapour pressures at
the ar temperature T. ¢ 15 a {factor, depending shghtly on

pressure and temperature, and the constant in which 1s determmed
the actual expeniment

(4) The amount of clondy skies 1s estmated m terms of the
proportion of the sky covered with clond by numbers ranging from
0-10. A sky free from cloud is denoted by 0 and the overcast
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sky by 10 The estimate given by the Meteorological Department
18 not made by any mstruments but by mere personal estimate of
the observers

(6) The ramnfall and rany days are determined from the average
of the records of the Meteorological Department extending over
83 years Ramny day is counted when at least 1/10" ram has
been measured

Evaporation on Open Surfaces in India —Evaporation on open
surfaces varies during the 24 hours of the day as shown mn Fig 5
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In India for purposes of storage reservoirs, tanks, hydro-electrc
water supply and lakes, the general average evaporation
duning the year1s taken as b feet or 60 mches The following
typical observations are given by Buckley, who shows that the
loss from evaporation alone rarely exceeds 0 4 mch a day n the
hottest and the driest weather In Sholapur during Aprl and May,
which are the hottest part of the year 0 38 nch a day 1s the highest
evaporation recorded At the same place the evaporation durmg
November to March averaged 0 232 mch & day In Rsjputana
the average daily evaporation 1s as follows —
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Darly—inches
October to March 015
Apnl to June 029
July to September 021
Average of the year 0 26
Total yearly feet 6 15

The average daily loss durnng different months m the Bombay
Presidency (Poona) 1s as under —

January 0 17 February 0 14  March 0 17

Apml 0 27 May 038  June
October 0 25 November 0°19 December 0 14

Evaporation in Nagpur
Daily evaporation.

Inches
October and November 0 193
November and December 0 143
December, January and February 0 128
February and March 0 138
March and April 0 234
Apnl and May 0 374
May and June 0 188
Maximum observed on any one day m April 0 428
Maximum observed during the year 0 600

From a series of observations Strange bhas drawn up the

following average monthly loss during the principal seasons of the
year —

Inches Inches.
Cold weather 3 Total for four months 12
Hot weather 8 » 32
Monsoon 4 " 16

Total for year 5t or 60 1ns_
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In Ajmer the loss m evaporation 1s as follows —
1895-96 1896-97 1897-98 Average-

ft ft ft ft
October to March 293 273 258 27
Apnl to June 326 340 341 336
July to September 117 079 145 114
Total for year 736 692 T44 725

Evaporation m Ajmer will very nearly approximate that n
Dhrangadhra State

For record of observations taken at different places i various
countres refer to Buckley

The above observations are for open surfaces of fresh water
Evaporation of sea water 1s stated by Buckley to be quicker than
fresh water , but thas refers only to the fresh sea water of lower
densities

Evaporation of sea water and brine 15 not umform at various
densities as will be seen from Fig 6 Evaporation 1 very rapid
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at lower densities, but as concentrataon proceeds, the rate of evapora-
tion gradually lowers Ratton states that the rate of evaporation
18 as ligh asone inch m two days when a hot wind is blowing ** The
mean rate of evaporation on the Coromandel Coast for the whole
salt season 18 considered to be one inch 1n three days and numerous
experiments of the author (Ratton) confirm this conclusion Never-
theless for the sake of keepmg tlus estimate wathin safe hnuts, 1t
will be taken at 1 mnch m five days, or say 6 inches a month

At Sen Francisco Bay during the summer the following evaporation
of sea water was noted by Phalen —

Evaporation.

{nches

Apnl 3 38
May 5 31
June 6 62
July 7 81
September 4 94
October 2 94
Total 38 81

Absorption —There are no regular observations taken of loss
brine by absorption in channels, condensers and pans  Noanalogy
could be drawn from observations recorded by Buckley for fresh
water reservoirs  In Salt works the heavier density brines are not
so rapidly absorbed as 1n the case of fresh waters The absorption
18 considerably checked by the separation and deposit of Calaium
Sulphate For this reason at the end of the season and m older
works there 15 very lttle loss of brne by absorption In well
constructed salterns ten per cent 1s usually allowed for the loss by
absorption,

Trough Experiments.—In order to determme the rate of evVapora-
tion per day 1n Kathiawad and the mfluence of density of the solution
on the rate of evaporation on open surfaces under Indian condifions.
® Beries of experiments were carried out m open tronghs The
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following meteorological readings were taken side by side at the same
place These figures will give an 1dea of the mfluence of the varnous
causes which accelerate or retard the evaporations of saline
solutions  For this purpose several wooden troughs 48 2”36 3"
and 6" deep were used  These troughs had an exposed evaporating
surface of 1,750 square mches The troughs were made perfectly
water-tight with pitch  The nner surface of the trough was
black  As salt works are imn full operation durng February,
March and Apnl, and as m the month of March the weather factors
are generally mean of the eatremes, the 1eadings will be of
considerable value  During the pemod of observations the
weather conditions were as follows —

Dy ;nulb Vet l;:nlb Temperature
Moving Woater In the
Crech wat-r Trough
M F MOOF IMax [ | ou F A F
Feb 10-24 '508 s44l557 0701917 77 62T |500}n71)vem
March 1 31 '784‘8834604\734;003 081]723{808{0671{705
April up tos JB_’6’87717111761’062 1260|867

1 +
M (morning) L (cvening )
The direction of wind was throughout NE except i the begn-

ning of Apnl when 1t was SW  NE wind 15 very dry, 1ts veloaity
ranges from 2 to 10 miles per hour

The temperatures n the troughs varied from 50 85° T The
lowest was at sunnise and the highest at 4 pm  As the evapora-
tion 15 rapid 1n brines of lower density, 1t was observed that
the temperatute of the brines under 12° B were also 10° F lower
than those of lugher density The troughs were filled unuformly
in each expeniment A depth of 4 mches water was taken at the
commencement of the experiment This quantity measured 117
litres  Each hitre corresponds to 1 091 division on 1/32 mch scale
The exact mches evaporated were determmed from the nunber
of litres remamung at the end of every 24 hours Thus 1t has been
possible to determime very accurately the rate of evaporation per
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day to within 1/32 meh The followng 1s the summary of the
trongh experiments ‘—

Number of days to reach saturation 25° B 12 30
Water evaporated Litres 102 45
Brine remaining y 14 55
Average evaporation per day » 8 33
Tvaporation per sq ft per day galls 0 16
Quantity of salt recovered from 117 litres Ibs 77
Calculated quantity of salt in 117 litres » 93
Salt percentage recovered . 83
Bittern remaining N 89
Number of days requred for evaporation
between 24—30° B 3
Salt obtamned per day 1bs 25
Salt obtamed per sq ft » 0 21
The evaporation varied as follows —
Evaporation
Inches Average daily

February 10/32—8/32 9/32

March 12/32—10/32 1132

Apnl 14/32—10/32  12/32

Mean 11/32

Monthly inches 10 3

This figure corresponds exactly with Ratton’s observation, vz,
1 1nch m three days

It must be noted that this rate of evaporation of brine 18 consi.
derably lugher than the rate of evaporation of fresh water given by
Strange, v1z, b inches per month He, however, allows 8 inches per
month or a total of 32 inches for four months of hot weather
In a dry place like the Rann of Cutch, where durng the hot
weather the temperature in the shade very often reaches 112° F.,
and where during the eight dry months of the year the wind 1s
mostly NW  the following will be the rate of evaporation —
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Monthly mnches Daily

September (} moath) 5 033
October 115 0 38
November 10 5 035
December 10 0 33
January 105 0 35
February 10 0 33
March 11 0 37
Apnl 12 0 40
May 16 0 53
June (} month) 6 0-40
Total of dry season 102 5

Mean of dry season 11 4

These figures have subsequently been venfied by the trough
expermments now bemng carried out at Kuda To provide for all the
varable meteorological factors, the average rate of evaporation
may be taken at 1/3 of aninch per day for the whole of the dry
season dunng which salt manufacture by solar evaporationis
carried out

Watt’s Dictionary of Economic Products (Larger Edition, 1893}
States that—‘‘ the mean rate of evaporation of sea water m salt
works 13 one vertical mch 1 three or four days, or 8 mches per
month

Crystalhization of Salt —When a sohd separates out on cooling
or concentration of a saturated solution 1t assumes regular geome
trical forms bounded by plane faces These solid symmetrical
forms are known as erystals Every chemical substance of defimte
composition which erystallizes from solution has a specific crystalline
form charactenstic of that substance This form never changes.
*“ In whatever manner, or under whatever circumstances s crystal
may have been formed, whether 1 the laboratory of the chemmst or
1n the workshop of Nature, i the bodies of ammals or mm the fgsues
of plants, up 1 the sky or mn the depths of the earth, whether so
rapidly that we may hterally see 1ts growth or by the slow aggre-
gation of 1ts molecules during perhaps hundreds or perhaps thou-
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sands of years, we always find that the arrangement of the faces
of the crystals, and therefore 1ts other physical properties are subject
to fixed and definite laws ”—(Gurney). When a crystal 1s sus-
pended 1n a saturated solution by means of & fine thread 1t grows
umformly m all directions and the 1deal form 1s obtamed, but
under ordmary conditions there are various factors which mnfluence
the growth of the crystals — .
(1) If the concentration of the solution 15 not umiform, the
growth of the different planes 1s not wmformly rapid
and the crystal develops abnormally
(2) If the crystal rests on one plane on the surface of the
vessel, then that face 1s not fully developed Flat
crystals parallel with the bottom of the vessels result
The formation of flat blocks of salt ;m French, Amencan
and Aden salt works 18 due to the crystals not bemg
dusturbed 1n the liquid during their growth by accretion
If the crystals and the solution be stirred from time
to time as 1n the case of Baragra salt a umferm growth
m all directions will result
(3) A cubical crystal sometimes grows rapidly in one direc-
fion resulting 1n needle-like or bar-hike form. Some-
times only two faces grow and n that case the growth
15 ke flakes or plates, as in the case of Ghasia Salt,
when 1 all the three directions the crystal 1s a perfect
cube a8 m the case of a fully developed Baragra salt.
(4) The formation s rapd 1f the solution is very concentrated
Temperature and concentration conditions of solution
must be determined for each salt to obtain the best
results,

(5) Rapid crystalhzation results in the formation of smaller
erystals,

{6) The growth may be changed by the presence of other
dissolved substances

(7) Crystalhzation m motion gives better and more Tapid
results than crystallization m repose The ecrystals
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thus obtammed are purer than crystals obtamned m
static conditions
Commeon Salt Crystals —Sodium Chlonide forms symmetrical
cubic crystals having nine planes of symmetry Three are mdi-
cated m the fig 7 and mix others are obtamed by taking planes
diagonally through three faces of the cube

PLANES OF SYMMETRY

“0DILYM CHLORIDE
T 7

Salt crvstals obtamed by spontaneous evaporation of sen water
o1 brine without much disturbance are comical or hopper shaped
These crystal grams can be altered to some extent by constant
stixring which separates the tiny cubes fornung the cone or hopper,
and also by the addition of alum and the presence of magnesuim
sulphate or caleium sulphate The effect of these substances is to
form very hard large coarse crystals AVhen the salt crystals are
formed m the presence of soluble sulphates as n the case of salt from
sea water or brines, or when alum 1s added, the salt has the fixst
tendeney to crystathzen hollow cabes (Fig  8) on the surface of the
water The cubes grow gradually by the addition of other smaller
crystals aroundthem The growth 1s m the shape of a hopper (F1g9),
and when the aggregate s sufficiently heavy, 1t settles down to the
bottom of the pan  If the aggregate 13 disturbed by stirnng with
the help of a rake or a spade the crystals separate out, and each one
m turn begmsto grow  If, on the other hand, & fine gramed salt 18
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required gelatine or grease1s added Sal, 1f badly prepared has the
property of becommg hygroscopic owing to the presence of shght
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impurities of magnestum chloride which remain coated on 1ts
surface after1t 1s removed from the bitterns in thepan  If the salt
crystals are well washed the hygroscopic property 1s considerably
reduced However carefully salt 13 prepared it shows a tendency
tostick togethernlumps In the preparation of Cerebros table salt
3 per cent phosphate 18 added in the form of bone meal to prevent
the salt from formmng lumps Under 1dentical conditions of tem-
perature, concentration and substances in solution salt will separate
n only one form of crystals The size and the general form will
depend entirely on the mode of preparation Given bnne of the
same composition, 1t 18 possible to manufacture any grade of salt
by a vanation 1n the method of recovery
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The process of obtammng salt (sodium chloride) and other
substances which are dissolved n sea water or natural brmnes
1s entirely one of gradual evaporation and fractional separation
of solids at different degrees of concentiation  Most of the
natural brines contamn the same salts as those found m sea
water Tf these bmnes are reduced n strength to the same
density of sea water, the composition of the two 15 very nearly
altke  The weights of the total dissolved solids are 1 both cases
within very narrow hmits  The diagram Fig 10 shows the relation
between Volume and Density of the sea water at different stages
of concentration
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TECHNOLOGY OF SALT 35

Density of Liquids —The density of a hqud is expressed in
different terms Specific gravity is the numbes, which expresses
the relation of the weight of a given volume of the hiquid to the
weight of the same volume of distilled water at a temperature of
4° C  In order therefore to calculate the specific gravity of a body
1t 1¢ sufficient to determme 1ts weights and that of an equal volume
of water and then to divide the first weight by the second, the
quotient, 18 the specific gravity of the body In the usual works
practice, specific gravity 15 determined by means of a hydrometer
These hydrometers consist of hollow-metal or glass cylinders
loaded with lead or mercury to which 1s attached a stem marked
with divisions which ndicate at the level of a hqud the specific
gravity directly As specific gravity 13 not the same at dufferent
temperatures, the hydrometers are marked with degrees
Centrigade or Fahrenheit at wluch they aie cahbrated

In salt works practice, Beaumé’s hydrometer 15 universally em-
ployed The graduation of this instrument 1s made as follows It 15
80 constructed that when immersed 1n pure distalled water, the stem
dips 1nto the water nearly at the top This pomt 15 marked zero
A solution of 15 paits of salt m 85 parts of water 18 made and the
mstrument immersed m 1t The new pomt at the level of the
brme 15 also marked and the distance between the two points
divided mto two equal divisions or degrees Each division indicates
one per cent dissolved salt The graduation 1s continued to the
stem upto 40 divisions m salt works practice

There 15 another hydrometer known as Salimeter, wiich 1s used
. determimng the density of salne solutions The zero pomt
on Sahmeter 15 determmed with distilled water and its lower pomt
determmned with the salt solution contaming 26 5 per cent of salt
at 20° C at which pomt 1t1s completely saturated The distance
between the two pomnts is divided mto 100 equal parts, or Sahmeter
degrees In some places Twaddell's hydvometer 15 used It 15
graduated m such a manner that the reading or number of degrees
on the Twaddell hydrometer stem when multiphed by 5 and added
to 1,000 gives the Speaific Gravity It will be seen from these des-
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criptions that m the case of Beaumé, Twaddell and Sahmeters the
graduations are entirely conventional ~ For the conversion of the
readings by these different hydrometers nto Specific Gravity the
followmg formulee are used —

Speaific Gravity compared to water at 15° C=1

144 3
A Speafic Gravity = ————
143 3—mn
where n=-°B
14-5(° Tw)
B Speafic Gravity = —
1000

When the solution contams other substances besides sodium
chloride or salt the hvdrometer readings do not give & correct 1des
of the percentage of sodium chlonde dissolved But for all practi-

cal purposes the Beaumé’s hvdrometer 1s of considerable value
1 salt works

Concentration of sea water and brines—Stages.—The process
of concentration may be divided mnto seven stages (Fig 11) Each
stage represents a distinet change in the resulting hqud —

(1) Between 3 9°B and 10 0° B)

@) L 100 and17 0 B Unsaturated
(3) s 170 ,, 245 B
4) , 245 , 205 B
(5) , 295 , 30 B
(6) w 350 ,, 3T0 B
N s 310 ,, 385 B

First Stage —Sea water 1s generally found to have a Speafic
Gravity of 1 025 to 1 029 at 25° C corresponding to 3 5 to 4° B
Usually we get on the Indian httoral 3 9° B By gradual evapora-
tion of sea water the omginal volume 1s reduced to 37 per cent when
the density reaches 10° B From the diagram 1t w1ll be noticed,
that there 1s a shight difference between the curves obtamed from
theoretieal calculations and the curves obtained from the actual
observation of concentration experiments of sea water and natural
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brme Tlus shght difference 18 due to errors n observation and
manipulation and to the gradual escape of dissolved gases during
the progress of concentration Hunter (Thorpe) has shown that the

Steges

GL

I
Caldan
H Sp

Cubos

(39

‘vm
aXr

L;%l:_ "‘“% 11‘: b
L}.

Seporgtion ~f %‘i’?"'m Coo M e
And
Naturel_Hrines
Fro 11

volume ofgas dissolved m water1s 2 2—3:5 volumes i 100 volumes
of water

CO. 0 N
Volume of water per cent  per cent per cent
2 2 consists of 28 62 49 44 21 94
35 do. 48 28 17 22 34 5

The dissolved gases are not entirely removed in open surfaces
during solar evaporation The difference between the theoretical
and the observed curves at higher concentration 1s also partly
accounted for by the removal of water with the separated salts
Usually salt contans 2 5 to 5 5 per cent of water not as a con-
stituent hut as an mtermixture Upto 10° B the first salt that 15
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thrown out from the solution 1s Caletum Carbonate It 18 extremely
wsoluble m water  Its solubility at 30° C 1 only 0 0052 grms m
100 grms of water As Caleium Carbonate 13 abundantly found
. nature, its separation and recovery in salt worhs 13 of no practi-
cal value

Second Stage After the separation of Caletum Carbonate the
liquid remains un-aturated till 1t reaches a density of 17°B  The
ongmnal volume of the sea water 1s now reduced to 20 per cent or
one-fifth of the onginal Gypsum and the remamng Caleium
Carbonate and sometimes also Magnestum Carbonate are very
often noticed to separate out at 12 B

Third Stage—When the concentration has reached 17°B,
Calown Sulphate begins to separate out as gypsum CaSO2H.0
The separated gvpsum at first floats on the surface of the hqmd
a¢ a thin grév film and when 1t has suffciently accumulated, 1t
settles down to the bottom of the pan carrying along with 1t a httle
salt which just begms to come out when the major portion of the
gvpsum ceases to separate The separation of gypsum continues
upto 25°B  Manzella has shown that the total amount of Caleium
Sulphate origimally present in the sea water 13 not entirely thrown
out of the solution even when the brue reaches a concentration of
25°B as will be seen from the following table —

Separation of Calcium Sulphate

o Remamin Total P ©

B g ercentag
dissolved deposited removed

35 1749

250 0 283 1 466 83 8

285 0 015 1734 99 1

32 4 0 000 1 749 100

Onlyabout84 per cent of the dissolved Calicum Sulphate separate
out during the second stage of evaporation. When natural brines
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are found having a density between 17—25°B, they aie generally
deficient mn Calctum Sulphate In the Rann of Cutch, from which
Kharaghoda and Kuda brines are obtamed, there 1s a layer of
about 3” of gypsum under the clay strata This Calcium Sulphate
seems to have been separated out from the original sea water by
1ts spontaneous evaporation  Simmlar depostts are found at Stass-
furt and m the Umted States 1 Virgnua-Saltville and at the sahnes
of the Eastern Texas and n many other places In large sea salt
factones Calcrum Sulphate gradually accumulates in the condensers
or prehninary evaporating basins where the layer of gypsum m
course of time reaches a thickness of about 2" In French salt
works and at Aden this deposit 18 removed from time to thme  The
accumulated quantity 1s so great that i1t 18 difficult to dispose of the
same advantageously For every 100 tons of salt obtamed from
the sea water 4 to 5 tons of gypsum are obtamed At Aden m the
absence of any commercial demand or technieal uses, 1t 1s spread
out m the making of roads and i making impervious floor or bottom
of newly constructed crystallising beds  Calerum Sulphate whether
1615 used specifically m the preparation of floors or beds of the crys-
talismg pans, 1s always found there m fairly thick layers
The Calcium Sulphate which separates out 1 the crystalhsing pans
= "1s part of the Caleium Sulphate left over after 84 per cent of the
ongmal bulk was removed before the brine reached a density of
25°B
The volume of the sea water at this stage 15 reduced practically
to one-eighth of the ongmnal

Fourth Stage —Tlus stage begins at 24 5°B  Pure salt solu-
tion 1s saturated at 26°B when the percentage of salt in solution
18 26 5 But 1n the presence of other cissolved salts, the solution
behaves as if 1t 15 saturated at 24 5°B, when salt begins to separate
out  ds the evaporation proceeds for every 100 grms of water
evaporated from the saturated solution, 36 5 grms  of sodium
chloride are thrown out of solution The solubihity of sodwum
chloride bemg 36 5 gems at 30°C m 100 grms of water, the
DPercentage of salt present m the saturated solution would be —
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36 5
(10036 b)
100 grms of saturated solution we have 73 26 grms of water and
26 74 grms of salt 1f 1,000 grms of saturated solution are gradually
evaporated, thenfor every 100 grms of water removed the following
quantities of salt will be separated from and remam 1n solution —

=26 T4 per cent by weight Thus for every

Water i Salt 1n sol Salt separated S:{f rr:?:v: é
732 6 , 267 4

632 6 230 9 36 5 13 65
532 6 { 194 4 730 27 30
432 6 L1t 109 5 40 95
332 6 121 4 146 0 54 60
232 6 ) 84 9 182 5 68 25
*132 G | 48 4 219 0 81 90
32 6 1 119 255 5 95 55
76 28 264 6 98 95
26 10 } 246 4 99 63
| | 267 4 100

From table on page 43,1t will be noticed that the solution remams
between 25 and 26° B for a very long time  The rise density 18
not rapid on account of the separation of the dissolved salt The
density begins to be appreciably higher than 26 after the separa-
tion of over 50 per cent of the dissolved salt The density fluctu-
ates dunng the day and the mght When during the day the eva-
poration is rapid under the imfluence of the sun and the winds, the
brie becomes shghtly supersaturated , but when night falls and the
temperature of the air 18 lower there 1 & drop 1 the temperature of
the brine due to 1ts coolmg, and the consequent separation of the
excess of salt from the super-saturated solution This drop m the
readmgs of the density taken 1n the evemmng of the previous day
and the next day m the mormng 1 very noticeable  As the con-
centration proceeds, more and more salt 1s thrown out of the solu-
tion till the brine reaches a density of 28 5°—29°B It s well

* Denmtv 2§ 5° B
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known that the total quantity of salt ongmally present n the brine
1 not entirely separated when the density has reached 28 5°B.

Separation of Sodium Chloride.

Per cent
°B Total dissolved | Total separated separated
35 |7 29 696

25 0 29 696
28 5 8 889 20 807 70 0
32 4 3 993 25 703 86 6

The yield under Indian condrtions would be different, but
Manzella s figure for 28 5° B compares very favourably with the
caleulated figure, for 29°B vz, 75 73, and with the actual obtamed
from trough experiments at 30° B, vz, 83 The salt obtamed
upto 28 5° B 1s generally of the following composition —

Brne salt Sea salt

NaCl 97 40 97 11
CaSO0, 0 58 116
MgSO0, 015 0 23
MgCL 0-08 0 04
Insoluble residue 0 05
Water 17 1 40
99 92 99 93

These typical analyses show that Sodmm Chlonde 1s associated
with other salts, such as Calcrum Sulphate, Magnesium Sulphate
and Magnestum Chloride Though Potasstum Chloride 1s not
shown in these two typical analyses, 1t 1s also found to the extent of
0 012 per cent Magnesium Chloride renders the salt hygroscopic
and the presence of the moisture over one per cent 1s accountable to
this salt  Magnesium Chlonide also mtensifies the salty taste If
the salt 15 washed with weak bmne or fresh water, most of
the above impumties, which are found 1 the res:dual
coating of the bittern remaining on the surface of the crystals,
are removed and the salt thus washed 15 99-99 5 per
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cent pure The fourth stage 1s completed when the concen-
tration reaches to 28-29°B The concentration 15 not catried
further as the salt that separstes out at tlis lugher concen-
tration 15 very impure and difhcult to reparate from the adhenng
hitterns ~ For this reason, at all the salt factores, the process of re-
covering salt 18 stopped when the concentration has reached 29°B
At this stage the remaming ittern 1s only 2 per cent of the original
volume and 'ts weight 1s practically the same as the weight of the
90-94 per cent salt recovered The remaiming hiqud 15 known as
‘bittern  Ballard, the French Chemust, was the first to suggest
the recovery of these valuable by products from bitterns During
the Great War hitterns recetved constderable nttention n all the
leading countries 63 a very valuable source of several by-produets,
particularly Potassium, Magnestam and Bromine

Composttion of Bitterns —If the composition of sea water
or patural brine 1s known 1t 15 posstble to calculate the composition
of the resulting bitterns  Assummng that the averpge composi-
tion of <ea water 1~ as given below, the composition of the brine
and hittern would be as given 1 the following table —

Sea water of

average Percentage
composition of
at 4° B parts  total solids
per 1000
Calemm Carbonate 0 035 010
Calewam Sulphate 0 735 2 10
Sodiam Chionde 27 300 78 00
Magnesium Sulphate 2 625 7 50
Potassium Chlonde 0 749 2 14
Calcium Chlonde 0 070 020
Magnesium Chloride 3 185 9 10
Megnesium Bromude 0 301 0 86
Total 35 000 100 00

Water 965 000

—

1000 000
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Analysis of Bitterns between 34-36’B

TECHNOLOGY OF SALT

KHARAGHODA

Grms per hfve

45

Fraxce

Grms per hitre

‘ 1 { 2 l 3 1 ‘ 2 3 {Avorage
{alelum Carbonate Q79 070
Calcium Sulphate 1 70 1750
Sodium Chloride 10 80 G 47 16 76 M3 310 51 18 25 16
Magneium Sulphate 30 G5 13 21 ! 32 86 § 102 00 32 0 65 37 62
Totrazinm Chipride ] 173 1437 825 37 00 54 24 } 30 51
Vagnesium Chloride 373 60 | 448 41 | 300 84 §237 50 [ 260 0 | 314 68 332 42
Magnesium Bromide 724 11 86 5 50 10 T
Calefum Chloride ’ 11 Q 11 o0
1
Bombay Sea Water Bittern.
Density 29 25° B,
Raprcais
Grms. per hitre. Per cent,
K 18 90 1 51
Na J5 07 4 41
Ca ‘ Traces Traces
Mg ! 43 68 3 49
t
Cl ] 198 52 1689
H
S0, { a8 92 4 71
{
Br , : 1 89 0 14
Total i 376 89 30 15
{
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CoxnvrNTIiONAL COMBINATION

———— Grms per hitre | Per cent
Calerum Sulphate
Sodum Chlonde 140 14 11 21
Magnesium Sulphate 3 65 5 89
Potassium (hloride 36 09 2 89
Magnestum Chlonde 128 80 10 30
Magnesium Bromude 2m 017

Total 380 75 30 46

Fifth Stage —\When the Witterns are drained out from the crys
talhzng pans at 29 5°B thev contain vamous salts in solution.
These salts are at 29 5°B verv near their pomnt of saturation  For
this 1eason the bitterns require very careful treatment As the
ongmal volume of sea water has contracted to 2 per cent when 1t has
reached 29 5 B It will be more convement to take the bitterns
of 29 5 B as the starting hquid for the calculation of volume m
the subsequent stages of evaporation  As the evaporation proceeds,
solids contmmue to separate out  The deposits obtamed up to
36°B consists mamly of sodwm chlonde with a small percentage
of magnesum and potassium chlondes and sulphates It will be
noticed from the solubility curves that magnesium sulphate and
potasstum chlonde are soluble practically to the same extent at the
ordinary temperature of the air (25°C)  Therr separation from
saturated solution 1s very difficult The separation of various
dissolved solids from bitterns has been the subject of a very close
study by Van't Hof His classical researches on the subject must
be studied in this connection  Hildebrand has also contributed 2
very valuable paper on the subject This paper 1s reprinted m
extenso as an appendix to this report

Bitterns from Bombay sea tater, from Kharaghoda and
Dhrangadhra brines have been very closely studied m my laboratory
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Deposits obtamed at different concentrations of the bitterns were
separated and exammed In the fifth stage from 29 5°B to 35°B
most of the sodmm chlonide, wlhich remamed dissolved in the
bitterns, separates out Manzella has shown that between 28 5—
32 5°B 16 per cent more of the sodium chlonde separates out,
whereas accordmg to Macnab sodmam chloride separates out ae
follows —

Sodam Per cent.

Chlonde

separated.
0°B
26 25 3 2614
2700 9 6550
28 50 7 9960 70 4
30 20 2 6240
30 24 2:2720
35 00 1 4040

Total 27 1074 91-3
Total salt remain-
mg m 36° B 2 5885 87 .

Total 29 6959
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From the tables showing the analyws of the varous crops obtamn-
ed from sea water and Kuda brines, 1t will be noticed that sodium
chloride 13 the principal salt to separate out upto 35°B It
sontmues to come out at normal temperature in the subsequent
stages 97 1 per cent of salt remaimning n the bittern at 29 5°B
18 removed when the concentration reaches 35°B  In the second
deposit of sodium chlonde thus obtamed, there 1s a faurly large
quantity of magnesnun sulphate  If the deposit 1s recovered
when the solution 1s at & higher temperature, 112, at the end of the
day, most of the magnestum sulphate will re-dissolve mto the
bitterns owing to its greater solubihty at higher temperature than
sodium chloride

Sixth Stage —This 15 a verv important stage m the recovery of
by-products At this stage potasstun salts and magnesmum
sulphate and also sodium sulphate are recosvered if the process of
separation 15 worked out carefullv From the solubihity curves and
the tables of solubility 1t will he noticed that magnesium sulphate
and potissium chlonde are of identical solubihty  In the French
salt works the itteins of 35°B are allowed to cool spontaneously
dunng wmter till they reach a temperature of 11-12°C when
inagnestum ~ulphate separates out  In order to prevent the forma-
tion of camallite which 15 likely to deposit, the temperature i3 very
carefully mamtwned at 12°C and not allowed to go below this
powmt Three quahties of magnesium sulphate are obtamned These
ore described in the deseription of the French salt works If after
the 1emoval of the deposits of magnesram sulphate the bittern 18
further cooled to 6°C and under by means of arefnigerating plant, &
double decomposition takes place between sodum chlorde and
the remammg magnesum sulphate  Sodwum chlonde must be 1m
shght excess than theoretically required for the reaction If 1t 18
deficient 1t must be made up by the addition of the required
quantity The double decomposition results in the formation of
sodium sulphate (Na, 80, 10H,0) and magnesiom chlonde , at

the end of this stage the omgmal bittern 18 reduced to 57 per
cent of its velume
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Seventh Stage—This stage 13 1n every way as important as the
last  Tf 1t 15 desired to recover bromime from the itterns, it 1s
adwvisable to pass chlorme 1n the bitterns at this stage rather than
at the final stage It 1s found that bromme which occurs ongmally
n sea water or brine mamnly as magnesium bromide s gradually
lost during the fifth, sixth and the seventh stages This loss can be
reduced to the lowest possible figure if high temperatures are not used
in the process and the mother hiquor treated with chlorne mn the sixth
or the beginning of the seventh stage Chlorine replaces bromne
m the bromdes and converts them mto chlondes This operation
1¢ carried out m volvic stone towers Chlorne mav be geneiated
by any one of the well-known technical methods A description
of the process as carned out i France and m America 13 given n
the respective sections  After the recovery of bromine the mother
hquor contains mamly potassium chloride, traces of sodium chloride
and magnesium chlonde  This liqud 1f heated and concentrated
to 40°B, camallite KCIMgCl 6H,O separates out If any mag-
neswum sulphate still remams 1 the hqwd 1t also separates as
kieserite By fractional crystallization pure potassium chlonde
may be obtamed from carnallite This process as g@ven above, for
the by-products 15 modified considerably according to the quahty of
the by-products required, and consequently the description given
above must be taken as i the nature of an outhne of the process
carried out  During the final stage the remamung mother hquor
will contmn mostly magneswum chlonide  This 1s heated 1n open
copper vessels upto 134 C and then gradually cooled to 120°C
At this temperature magnesiim chlonde contamming six molecules
of water remams m the hqud form  Any kaeserite, sodium chlonde
or carnallite which has remamed m the hiqmd separates out as a
studge  Magnestum chloride must be handled at this stage with
great caution If the temperature 1s not properly controlled, the
salt 1s hydrolysed and magnesium oxde 12 formed Hydrochlone
acid escapes m the am, for this reason the process of melting
magnesium chloride must be carmed out m a well ventilated build-
mg
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By-Products obtamnable from Salt Industry.—It has been
shown that the first grade of sodium chloride recoverable up to
28 29° B 13 about 75 per cent of the total sodium chlonde contained
o the brme  For every 100 parts of sodium chloride obtamed upto
28-29° B, the following by-products are obtamned If care 1s taken
not to allow the temperature of the bittern to fall below 15° C, the
whole of the magnestum chloride could be recovered with s
molecules of water in the hydrated form, but if the bitterns are
exposed to air durmg very cold nights, part of the remaining sodium
chlonde will combine with magnesium sulphate, and sodum sul-
phate and a large proportion of magnestum chlonde would be form-
ed as a result of double decomposition

Sodium Chloride (up to 29° B) 100 00

» {separated after 29° B) 25 000
Magnesium Sulphate (7H,0) 20 807
Potassmium Chloride 2 896
Calcium Chlonde 0 271
Magnestum Chloride (6H,0) 27 608

Bromine 1 012
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Properties and Uses

Calcium Sulphate.—It occurs widely distributed in Nature As
anhydrite, 1t 15 found associated with himestone deposits and 1
salt layers  The dihydrite 1s more plentiful as Alabaster and
Gypsum o1 Selemte When caleium sulphate 1s preciprtated from
its solution as in the case of salt manufacture, 1t separates out as
a dihydrate or gypsum  If gypswn 1s heated to about 120 to
130° C 1t loses one and a half molecules of water of ciystallization
and forms the senuhydrate (CaSO,) .H.,0 known as burnt gypsum
or Plaster of Paris  Gypsum 1s largely used in vaious mdustries

Crude form Quantity mn

short tons  Value in §

For Portland Cement 187,680 3,05,745

Paint matenal 1,281 1,300

Plaster material 29,516 77,860

Land plaster 27,972 91,883

Other purposes 7,484 11,630

Caleined

For dental plaster 174 636

As plaster of Pans, wall plaster, etc 1,074,229 35,08,502

For glass factones 14,412 41,102
Portland Cement and other pur-

poses 36,802 99,934

Total 1,389,550 41 38,560
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Though there are numerous deposits of gypsum n India, its

production 1s very small as compared with the production 1n other
countries

1910 In 1000 short tons
United States 2,159
France 1,981
Canada 482
United Kingdom 95
Algeria 60
India 7

When finely ground gypsum 18 heated with finely powdered coal
or charcoal or with carbon monoxide, 1t 18 reduced to calcium
sulplide and carbon dioxide When calcium sulphide 1s treated
with water, 1t 13 decomposed with the formation of calcium
carbonate and sulphuretted hydrogen which, m turn, may be
1gmted 1 air to give sulphur  These reactions are made use of n
Germany 1 obtaimng sulphur for making sulphuric acid This
process 15 used by Badische Amlm-und Soda Fabmk at Oppau
These works are fully described in the Journal of Chemical and
Metallurgical Engineering 1921 and 1922

Calcium sulphate 1s very 1nsoluble in water, at 26°C 0 0208 and at
30°C 0 2096 grms aresolublein 100 ces of solution The effects of
a foreign salt on a solution 18 to lower the vapour pressure of the
solution at a given temperature  When gypsum 1s dissolved m the
presence of sodium and magnesium chlorides, as 18 found to be the
case 10 brines, the vapour pressure of the solution 18 distinetly lower
than the vapour pressure of a solution of gypsum In such cases a
lower hydrate separates out  This explams the formation of anhy-
dnites i the evaporation of brme If the anhydrte forms on the
the surface and 13 1n contact with moisture, 1t passes slowly i the
dihydnte form or gypsum The speafic gravity of gypsum 18
2 31 When plaster of Pans 1s wetted with one-third of 1ts weight
of water, 1t forms a plastic mass which sets in form m 15 to 25
mnutes to a white porous hard mass This setting 15 well known for
making moulds and n plaster work The shght expansion which
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occurs durmg the setting of the plaster enables us to make a
sharp reproduction of the details of the mould

Sodium Chloride—Generally known as common salt It 1s
very widely distributed in Nature as rock salt known as Halite or
dissolved 1n salt lakes as brine under the surface and n sea water
Pure salt 1s colourless and transparent Salt crystallises in cubes
These crystals are anhydrous A little sea water 15 mechanieally
held in the erystals This causes the salt to decrepitate when heated
Sodmm chloride melts at 801° Cand sublimes at higher tempera-
tures 36 5 parts of salt are soluble m 100 parts of water at 30°
C The saturated solution thus contamns 26 74 per cent of dissolved
salts Its solubility decreases in the presence of other more soluble
salts, such as magnestum chlorde, magnesjum bromide, potas-
sium chlornde and magnesium sulpbate This lowering of solubility
accounts for the salt separating at 24 5° B instead of 26° B in the
recovery of salt from brmes Its hardness 1s 2 5. 1its speafic
gravity ranges fiom 2 1to 2 6 that of pure crystals bemng 2 135
In storage pure § to }” cubes take 36 cu ft per ton or 62 5lbs per
cu ft smaller crystals require 33 4 cu ft per ton or about
67lbs percu ft The weight of salt n a cubic foot will depend
upon the nature of the crystals and the impurties contaned
The rock salt of Mayo mies weighs 93 lbs toa cubie foot In
another case a compact natural block gave 131 44 lbs Well
formed dry sea salt weighs 60 ths  The Madras sea salt weighs 38
to 52 Ibs which 13 also the weight of Ghasia salt The angle of
Tepose m large salt heaps s 36 degrees

Salt 15 used for a number of purposes For culinery and for
general domestic purposes salt 1s very largely used all over the
woild In the Western countmes the consumption per head
of population 1s 16 lbs 1In India 1t1s 12 Ibs per year, 40 per
cent of the world’s total production of salt 1s thus used A small
quantity 1s used for agricultural purposes, but the greatest use of
salt 13 1n the manufacture of sodium compounds such as soda ash,
sodium sulphate, hydrochloric acid, caustic soda and other
chemicals  Salt 15 also used i refngerating plants and 1n
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Though there are numerous deposits of gypsum i India, 1ts

production 18 very small as compared with the production n other
countnes

1910 In 1000 short tons
United States 2,159
France 1,981
Canada 482
United Kingdom 95
Algena 60
India 7

When finely ground gypsum 1s heated with finely powdered coal
or charcoal or with carbon monowide, 1t 1s reduced to calcium
sulphide and carbon dioxide When calcium sulphide 1s treated
with water, 1t 18 decomposed with the formation of calcium
carbonate and sulphuretted hydrogen which, m turn, may be
1gmted m awr to give sulphur These reactions are made use of
Germany 1 obtammg sulphur for makmg sulphuric acid This
process 18 used by Badische Anmilm-und Soda Fabmk at Oppau
These works are fully described in the Journal of Chemical and
Metallurgical Engineerng 1921 and 1922

Calcium sulphate 1s very 1nsoluble in water, at 25°C 0 0208 and at
30°C 0 2096 grms aresolublem 100 ccs of solution  The effects of
& foreign salt on a solution 18 to lower the vapour pressure of the
solution at a given temperature  When gypsum 315 dissolved i the
presence of sodium and magnesium chlorides, as 18 found to be the
cage m brimes, the vapour pressure of the solution 18 distinctly lower
than the vapour pressure of a solution of gypsum In such cases a
lower hydrate separates out This explans the formation of anhy-
drites i the evaporation of brine  If the anhydmte forms on the
the surface and 18 m contact with moisture, 1t passes slowly 1n the
dihydnte form or gypsum The speafic gravity of gypsum 18
2 31  When plaster of Parns 18 wetted with one-third of 1ts weight
of water, 1t forms a plastic mass which sets m form 1n 15 to 25
nunutes to a white porous hard mass This settg 18 well known for
making moulds and m plaster work The shght expansion which
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occurs durmg the setting of the plaster enables us to make a
sharp reproduction of the details of the mould

Sodium Chloride—Generally known as common salt It 1s
very widely distnibuted in Nature as rock salt known as Halbite or
dissolved m salt lakes as brine under the surface and 1n sea water
Pure salt 1s colourless and transparent  Salt crystallises in cubes
These crystals are anhydrous A little sea water 1s mechanically
held n the crystals This causes the salt to decrepitate when heated
Sodmm chloride melts at 801° Cand sublimes at lugher tempera-
tures 36 5 parts of salt are soluble m 100 parts of water at 30°
C The saturated solution thus contams 26 74 per cent of dissolved
salts Its solubility decreases i the presence of other more soluble
salts, such as magnesium chloride, magnesium bromide, potas-
stum chloride and magnesium sulphate This lowermg of solubihty
accounts for the salt separating at 24 5° B mstead of 26° B m the
recovery of salt from brines Its hardmess 1s 2 5, 1ts specific
gravity ranges from 2 1to 2 6 that of pure crystals bemg 2 135
In storage pure } to }” cubes take 36 cu ft per ton or 62 51bs per
cu ft smaller crystals require 33 4 cu ft per ton or about
67lbs per cu ft The weight of salt m a cubic foot will depend
upon the nature of the crystals and the impurties contamed
The rock salt of Mayo mines weighs 93 lbs to a cubic foot In
another case a compact natural block gave 131 44 lbs Well
formed dry sea salt weighs 60 Ibs  The Madras sea salt weighs 38
to 52 Ibs which 1s also the weight of Ghasia salt The angle of
repose 1n large salt heaps 1s 36 degrees

Salt 1s used for a number of purposes For cubnery and for
general domestic puiposes salt 15 very largely used all over the
world In the Western countries the consumption per head
of population 1s 16 lbs In India 1t1s 12 Ibs per vear, 40 per
cent of the woild s total production of salt 1s thus used A small
quantity 1s used fo1 agricultural purposes, but the greatest use of
salt 1s 1 the manufacture of sodium compounds such as <oda ash,
sodium sulphate, hydrochloric acid, caustic soda and other
chericals  Salt 15 also used m refrigeratmg plants and m
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a number of miscellancous ndustries, ey, in the glazing of the
coarser hinds of pottery and earthenware, the preseryation of wood,
fish, meat, butter, the curning of hides, the manufacture of soaps, the
dyemng of te<tile goods the manufacture of inferior glasses used for
wine bottles 1ron metallurgy and 1n a number of other industries

Magnesium Sulphate.—Magnesium sulphate of commerce 15
chiefly obtamned from kieserite (Mg SO, H. O) At Stassfurt hieserite
layer 1s found between carnallite and rock salt strata It can also
bhe prepared from magnesite and sulphuric acid It occurs as
kieserite 1in combination with potassium sulphate and magnesium
chlonde and contains six molecules of water Magnestum sulphate 13
also obtained from dolomite—a mmeral contaming magnesium and
calctum carbonate  If hieserite 18 dissolved 1n water, 1t takes seven
molecules of water and forms a colourless crystalline salt reacily
goluble in water  This salt s generally known as Epsom Salt
It 13 efflorescent 1 drv air and begins to lose its water of erystalhiza-
tion at 150°C 30 9 parts of anhydrous salt are soluble at 10°C
m 100 parts of water At 40°C 45 6 parts of water are soluble
If sodium chlonde 18 obtamned in the solution with magnesium
sulphate, a double decomposifion occurs on cooling the solution
Two molecules of sodium chloride with one molecule of magnesium
sulphate give one molecule of sodium sulphate and one molecule of
magnestum chloride  This reaction 15 made use of in the com-
mercial preparation of sodium sulphate

Magnesium sulphate 1s generally placed on the marhet as colour-
less crystal of 1 6787 sp gr

Epsom salt or magnesium sulphate 13 used m the tan-
ning and dyemng wndustries, and 1 the manufacture of paints
and soaps, but 1ts chief use 18 m the finshing of cotton goods
Magnesium sulphate for fimsling purposes must not contan any
magnesium chlonide, as the latter 1s hable to generate hydrochloric
acid m the free state at the temperature of the callender rollers
and thus tender the fibre Epsom salt 13 also used for agricultural
purposes, as weighting ingredient for sizing yarns It 18 also used
for weighting paper, silk and leather and for fire proofing maternals
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Sodium Sulphate.—This compound m 1ts anhydrous state 1s
known as salt cake (Glauber’s salt contains 10 molecules of water
of crystallisation If Glauber’s salt 13 allowed to remam exposed
to the air or more quickly heated, 1t passes mto the anhydrous
form , the commereial variety 1s the decahydrate—Na, SO, 10H. O
Thus salt occurs i nature m sea water natural brine and 1 several
deposits 1 Persia, Spam, Caspian Sea and Siberta  For indus-
trial purposes this salt 1s prepared at Stassfurt from crude carnallite
and also by the decomposition of salt with sulphuric actid Most
of the Glauber s salt manufactured 1s converted into soda Itis also
found as a by-product in the manufacture of mitric acid The
annual output of salt cake 1s 360,000 tons Glauber’s salt forms large
monoclimie crystals which melt at 32 4°C and are re-dussolved m
the sulphate and water  Forty parts of soduum sulphate dissolve
m hundered parts of water at 30°C  The maximum solubility
1s 55 parts at 34°C  Glauber’s salt 1s largely used by dyers, both
m 1ts ciystallised and calemed form It 1s used m the fimshing
of cotton goods and 18 found in most of the dyestuffs which are
sold 1n the form of powders or pastes i which 1t 1s very often added
for reducing the stiength of the colours It 1s used by dyers
for purposes of regulating dyeing operations Glauber’s salt 1s
principally used in the manufacture of sodium carbonate, and 1s
also extensdvely used m glass making, especially window and
bottle glass

Potassium Chloride.—This salt occurs m sea water brines and
m various natural deposits It 1s found 1n Stassfurt, m Salt-Lake—
Uta and at various other places, mainly associated with rock salt
or brmes It occurs as seybme—KCl, as carnallite—ECl MgCL.
6H-O as hammite—3gS0O, K80, MgCl6H.0, as schonite—MgSO,K.
SO,6H-O These potassium salts are used for the recovery of pure
potassrum chlorides  Different methods are employed at Stassfurt
to recover the pure salt  As potassum chloride and magnesium
sulphate are equally soluble 1n water, the separation of potassium
chloride 1s very difficult Carnallite 15, however, very soluble n
hot solution of magnestum chloride Magnesiim sulphate and
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sodium chlonde, however are sparingly soluble The process of
separation 18 based on this property of carnalhte In France the
separation 18 effected by cooling the mivture of magnesium snlphate
potasstum  chloride, magnesium chloride and sodwum chloride
Magnesium sulphate and common salt separate out leaving the
carnallite 1 solution
Carnallite 1s separated out and trented as under —
(1) Liawiation of the carnallite with hot water
(2) Crystalising the chlonde of potassium by artficial
freezing
(8) Evaporating and cooling the mother hquor to produce a
second crop
(4) Treating the second crop a3 before

Potassium chlorde 13 & white substance crystalhsing m cubes
melting at about 750°C and shghtly volatile at high temperatures
100 parts of water dissolve 32 7 parts at 15°C  Potassium Chlonde
forms the hasis for the preparation of a number of other valuable
potassium salts—such as potassium mtrate, carbonate, bromide,
chromates and chlorate By far the most important use of
potassium salts 18 1n the preparation of artificial manures

During the war the supply of potassium salts from Stassfurt
was suddenly stopped and various other sources of potash salts
were brought to hght Potash salts are now prepared as a by-
product in cement, salt and sugar industries

Magnesium Chlonide —Magnestum  chlonde 18 present in sea-
water and in natural brimes Tt forms part of carnallite which 18
found m abundance mn the Stassfurt deposits Magnesium chloride
of commerce 18 principally prepared as a by-product at Stassfurt
and sea-salt manufacture In both cases<the mother higuor remain-
mg affer the recovery of the potash salts 18 evaporated at 134° C to
gpeefic gravity of 1 34 The hot concentrated hiquor 18 runnto
casks or drums where 1t solidifies into a white mass contaming
about 46 per cent of magnesium chlonde The cost of producing
one ton of erystallised chlornde of magnesium 1n Stassfurt before the
war, mcluding containers, was 16 shilhngs per ton (cf preparation
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of magnesium chloride at Kharaghoda) Magnesum chlonde 1s a
very soluble and deliquescent substance Its prmecipal technical
use 18 1 the preparation of sizing for cotton yarn where 1t
1s used on account of 1ts hygroscopic properties to keep the yarn
moist, soft and phable In a dry chmate a very large percentage of
magnesium chloride 1s required in sizing  In Ahmedabad where
the natural humidity m the air 1s very low, 5 tons of magnesium
chloride are, as a general practice required for every 100 looms In

Bombay which has a far more humid atmosphere hardly 2} to 3
tons are required

Calcium Chloride.—Calcium chloride 1s present m sea water
and natural brines In the spontaneous evaporation of the mother
liquor 1t separates out as tachhydrte Ca Cl. MgCl, 12H.0 There
15 no extensive application of this salt but as 1t 1s a by-product n
several important industries, viz, 1 soda-ash manufacture and
potassium chloride and the Welden chlorme process various uses are
suggested for i1ts disposal Calcium chloride 1s a lughly hygroscopre
substance, which when dissolved m water shows considerable
dinnution 1n temperature If a hydrated salt 1s heated strongly
1t becomes anhydrous It 1s placed on the market as a fused solid
Its principle uses are as a dehydrating agent, preservative and n
fire proofing pamts Itisalso usedn freezing mixtures and 1n the
manufacture of ammonium chlonide and mmeral waters Calerum
chloride 15 sometimes used 1n sizing, though 1ts use 15 hmited to a
very great extent as 1t cannot be used either with Epsom or Glau-
ber'’s salt  Dunng the war when there was a shortage of magnesi-
um chlonde 1 Bombay certam texile mulls had used ealcium
chlordes as a deliquescent substance n sizmg  Recently caleium
chloride has been largely used 1n cities and towns for spraymg over
roads mn order to keep down the dust

Magnesium Bromide.~Magnesium bromide 15 found imn the
mother hquors remaining after the recovery of salt At Stassfurt
1t 1s found as brom-carnallite MgBr. KBr 6H.0 The quantity
occurring 1 the mother liquor 1s sufficiently large for 1ts recovery
Magnesium brormde as such 1s of httle technical value except as
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raw material for bromme As Magnestum bromide 1s hghly
hygroscopic, 1t 18 not separated by fractional crystalhzation but by
treatment with chlomine gas bromine 1sset free This process 1s
employed m France, Germany and the Umted States Chlomnne
required for this purpose may be generated by any one of the well-
known processes At Stassfurt bromine vapours are passed over
wet won turnings The resulting bromide of 1ron serves as raw
matenal for the manufacture of potassium and sodium bromides

Bromme compounds are largely used in medicine, photography,
m the extraction of gold, the refining of platinum and in the
manufacture of Prussian blue and potassium permanganate Bro-
mine 18 now extensively used in the manufacture of dyestufis The
Umted States of Americe produce very large quantities of bromme

The production 18 mamnly from brmes and sen water salt works

In Amercia the average yield of bromne 1s 35 lbs from 700
gallons of hittern having a strength of 40°B
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Kharaghoda Salt Works.*

These works are near Kharaghoda—a wvillage i the Viramgam
taluka of Amedabad District, Bombay, situated in 23° N and 71°,
50°E on the border of the httle Rann of Cutch Kharaghoda 1s
about 24 miles to the east of the Kuda salt pans When Ahmeda-
bad passed to the British, the eastern shore of the little Rann
contamed 5 salt works m the possession of the petty chiefs
of Bajana, Patri, Saolas, Dhegam and Jhinjuwada These were
gradually acquired by purchase between 1822 to 1840, and were
subsequently closed in 1875 m favour of a smgle factory at
Kharaghoda These, however, proved unequal to meeting the
constantly increasing demand for salt, and m 1881-82 new salt
works were opened at Udu, which 1s s1x miles north of Kharaghoda
and 1s connected with 1t by a hine of rails

These works are jontly named the Pritchard Salt Works They
belong to the Government and are worked departmentally The
ground 15 the property of the Government, and the salt 15 manu-
factured on Government account by Agamas who are paid at a
fixed rate

The quality of salt manufactured at these works 15 known m
the Presidency as Vadagra or Baragra salt Vadagra salt 15 a
cubical crystal from half an-mnch to a three-fourth mnch n thickness

—

* As Nimaknagar will have to supply Baragra salt of the same quahtv or
better than that made at Kharaghoda and as both the worhs draw their brine
from the Rann, a very close study of the Kharaghoda Salt Works was made by
personal vints and by examiming Agarias i 1920, 1923 and 1924 Only such
experienced men were selected as witnesses who had over 35 years workmg
knowledge of Kharaghoda Worke Further mformation was gathered from
Government Officers at Kharaghoda and from the Annual Government Reports
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built of & number of smaller crystals In colour 1t ranges from pale
brown to pure wlite The crystals in some instances are very
transparent but yellowish to gray in appearance The opaque
crystals are whter and grayish m colour A good quality of
Vadagra salt 18 extremely hard, and for this reason 1t 15 very much
valued for transport over long distances The loss in the handling
of Vadagra salt 1s considerably less than in the smaller conical
sea salt

Commencement of Work —Soon after the monsoon about
the end of Bhadarva (August-September) i1f the monsoon 13 bad,
or at the begmning of Ashav if the monsoon 18 good, information
15 sent round by the Government to all the surroundmg willages
where Agarias have their homes, notifying the date on which
applications are to be recerved and the date for the commence-
ment of operations The Agarias must present themselves on
the notified date  The allotments are completed 1n about a week’s
time, and thereafter the operations of the season actually commence
Each pan 1s given under contract made out jointly in the names of
three Agarmas It 1s1mmaterial whether one or two of them are
minors or women There 18 no restriction on the number of pans
worked by a single family provided there are three persons regis-
tered for each pan  As soon as the allotments are made the Aganas
have to begmn operations within a week, but as a rule they start
their work immaedtely the next day if their financial arrangements
are complete The Apanas have generally no resources of their
own, and they have to borrow money from money-lenders at the
commencement of the season  The Sowkars or money-lenders
advance to the pan holders Rs 45 to Rs 60 per pan to help them
to begin work The rate of interest charged by these money-
lenders 15 very excessive Usually for sums upto Rs 300 they
charge 2} annas per rupee per month (187 per cent per annum)
Por sums upto Rs 800 to 1,000 at the rate of annas 3 per rupee
per month (225 per cent per annum)  This advance 18 made mn the
names of the three contracting parties for each pan, and all three
of them are Jontly held responsible for the loan and interest
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It 18 very difficult to obtan satisfactory labour at salt works
Men who know the work ask from annas 12 to one rupee per day
of 10 working hours Food 18 provided to them by Agamas
Unskilled labour 15 at annas 10 to annas 12 per day Women
charge 8 to 10 annas and boys 6 annas It costs the Agana
Rs 10 to 12 per month to feed a labourer

Working Hours.-~The Aganas work from 9 to 10 hours a
day upto March and only 8 hours m Aprl and May when
the days are very hot They generally begin work long
before daybreak and work till about 8 They then iest for
a couple of hours and then resume work at 10 agam leave

off work between 1 and 2 The work for the day s fimshed
at 6 pm

Wells —The first operation in which they engage 1s the digging
of wells Thiee adult workmen take 7 to 8 days to sk a circular
well 6 to T4 feet in diameter to a depth of 18 to 30 feet according
to the nature of the soil and until the brine stratum 1s obtamned
There are few wells over 7 feet in diameter  About 6 feet 15 quute
common  Some of the wells are broader at the bottom than at the
top The mterior of the well 15 encased (Kantvo) with Baval or
Tamansk boughs to prevent the wides from fallng m. The
“Dhenkva ¥ or the superstructure which 1s made of houghs
and wood resembling a long lever and attached to an
upright wooden post and weighted at one end 1s then erected
at the side of the well i order tolft the brine Two levers, for
two men to, work at a time are provided to each ‘‘ Dhenikva”
Each lever bas at the end a rope to which 1s attached an
earthenware pot (ghendu) of about 168-176 ozs capacity  These
earthenware pots cost at Kharaghoda half an anna per pot  The
total cost of the superstructure for drawing brine meluding Dhenkva,
Kantvo, Ghendu, complete with ropes and all 1s between Rs 15 to
20 Dunng the construction of the well and 1its superstructure
besides the contractor two other workmen called * Dandias”
are engaged, making m all three workmen The Dandias are paid
at the rate of Re 1 per day The Agana has to pay for lus food.

5
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which coste annas 6 extra per head The total cost of making a
well 15 as follows —

Ry

1 Agana Rs 1-8-0 per day for 8 days 12

2 Dandias Rs 1-6 0 v " 22
Kantvo, Dhenkva, Ghendu and other

matenals 20

Total 4

There 13 generally one well for each pan, but when the wells are
made at great distances, either on account of the weak brine—under
16° B, or the difficulty of obtaining a good current, the wells are
located at considerably long distances In such cases a distance
from half to three-fourths of a nule 18 quite common  When the
wells are at a long distance from the condenser, two to three wells
are required for supplymg sufficient brine to one pan  There are
several cases 1 which 6 iells supply brne to one channel one
mile long and connecting to two condensers Though distant chan-
nels help m rapidly concentrating the brine, there 1s a considerable
loss of brine by leakages and absorption The Agarias state that
they have to draw for nearly two to three hours more every day to
make up for this loss The loss by leakages 13 about 30 per cent
Distant wells are qmte common at Kharaghoda, and the Govern
ment has to pay a compensation every year for locating the wells
at long cistances as will be seen from the follonmg figures —

.

Rs
1920-21 19,660
1921-22 21,695
1922-23 22 820

The site for wells 18 changed every third year  For two consecu-
tive years the well gives a good supply, but in the third year 1t
gives very little brine  If another well 18 dug i close proxinuty
of the old site, m some cases even within 10 feet the supply of the
brine 18 normal
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During the monsoon—floods the wellsare filled up with silt, sand
and clay, and as there 1s no protecting wall over the well the well
has to be dug out year after year It makes therefore no difference
to the Agana whether a site for the well 1s new or old

Condenser.—On the 9th day after completing the well the men
engage 1 the construction of the condenser or reservoir called by the
Aganas “Gamdu’ The well 1s connected with the condenser
by a slough or an earthen channel 9 inches to 12 mches wide and
3 mches deep The length of the slough depends on the distance
of the well from the condenser It takes three adult workers from
4 to 6 days according to the nature of the soil to complete the
reservorr  Each 1eservoir 18 80 ft by 80 ft with a low mud
embankment or dike 15 mnches to 18 inches ligh The ground
1s first wetted with brme drawn from the well and scraped il
a good floor 1s obtained with a shght slope towards the pan  The
dikes are covered from inside with dry twigs or sods on which
gypsum, as 1t separates from the brine deposits The height of the
dike 15 kept 8 to 10 inches above the level of the brine to allow the
play of the waves The twigs also protect the wash of the waves
After completing the dikes they begin filing the reservoir with
brime It takes three men nearly one full week to fill the reservorr
to a depth of 5 to 6 mmches  If the well mamntams a good supply
of brine, two men work contmnuously m drawmg the brine The
third man reheves alternately the other two A man draws from
the well, m which the brine level 1s 10 feet below the surface, on an
average at the rate of 10 pots or about 10 gallons per minute, or
600 gallons pe1 how by continuous working , but as they generally
rest from time to tune, the average lift 1s from about 400 to 500
gallons per hour  For a working day of about 9 hours the average
per man 1s 3,000 gallons If the brine 1s contimuously drawn for
three to fours the well gets completely emptied and the men have to
wait for 2 to 3 hours till the brme agamn collects m the well The
best yield does not exceed 6,000 gallons a day of 10 hours When
the reservoir 1s newly constructed, a good deal of the first draw of
brme (about 8,000 gallons) 1s lost 1n saturation of the soil, and 1t
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takes about 6 days to bring up the brine level m the reservo r to

61nches At the end of the sixth day the reservoir of 6,400 square

feet area and 6 inches of brine contams 20,000 gallons of brine
The cost of constructing the condenser 18 as follows —

Rs s
1 Agana for 6 days at Rs  1-8-0 per dav g 0
2 Dandias ” ) ,, 1-6-0 " 16 8
Twigs 3 0
Brne for saturation a 0
Spades, bamboos and wood pieces 2 8

TotalRs 136 0

Cost of Brine —Two men if they work continuously will
draw 6,000 gallons m a day, but as the work n the sun 18 very
fatigung a third man s always required to reheve alternately
the other two men As cach workman gets Rs 1-6-0 the cost of
6,000 gallons would be Rs 3-12-0 or one anna per 100 gallons
contaiung ahout 190 Ibs of salt The price of salt would on this
bams done he 5 18 pes per md

The Pans or Crystalhisers —On the fifteenth day after the
beginming of the operations and after constructing the condenser
the pan 18 laid out parallel to the condenser leaving a distance of
G feet between the two Formerly each pan was 250 feet m length
and 80 feet 1n width, but at present the size of the pan 1s 1educed
to 250 feet by 70 feet The pans are placed lengthwise to the
direction of the wind m order to promote waves on the surface
of the brine  The cistance kept between two pans m a row 18 50
feet and 100 feet between two opposite rows A rulway sidhing
passes through the 100 feet track Three men are sufficient for
the construction of the pan The work 18 generally divided into
the followmg operations —

(1) Clearing the site and malking the clay dikes
(2) Puddhng and tamping

(3) Leveling

(4) Hardemng and fimshing
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The surface 1s first cleaned and weeds removed After this a
low dike about 12 to 15 mches lugh 18 bult by scrapmg the dry
earth from the floor The ground 1s then wetted with brme let
m from the condenser thiough the small feeding channel As
soon as the brine 1s soaked, all irregulanties are noted and a rough
levelling 1s made Tlus operation takes two days On the third
day the brine 1s again spread over the pan and allowed to dry during
the next two days While the surface 1s drymng the men are
engaged 1 completing the side embankments or dikes (jibhta)
On the sixth dav the pan 1s roughly divided into three parts for the
puipose of tampmng and puddling Each part 18 taken at a time
and takes two days for tamping and puddling The men, keeping
ther heels at right angles slowly go over the ground i each section
sx times The operation m each case takes two days for three
men takmg m all 6 days to complete this operation  On the 13th
day brine 1s agam let m to a depth of one-eighth inch 1 order to
finally adjust the level, leaving an imperceptable slope towards the
farther end  After adjusting the level the brme 1s allowed to dry
and once more all the irregularities on the surface are levelled out
by the spade On the 14th day the white crust of salt which 1s
formed 13 treaded upon so as to embed 1t mnto the floor, and once
more puddled till no impressions are formed on the soil  The hrne
18 allowed to dry and form the tiny culture crystals On the 15th
day 1t 1s once more irrgated to a depth of a quarter inch, the water
allowed to dry till a wlute merustation of the salt appears on the
16th day  The final process takes two days during which the fine
crust of salt 1s tamped and puddled once agam tll 1t 1s hard, dry
snd firm  The ground 13 exposed to the sun for two days more
On the 20th day 1t1s exammed for its hardness, and if 1t 15 found
that 1t 1s sufficiently hard and free from cracks, 1t 1s considered to
be ready for erystalhsation  The whole of the constructional work

18 finished 1 about 34 days from the commencement of the work
for the well

During the construction of the pan the condenser 1s constantly
eruptied and filled agamn, and this requires the services of 2 to 3
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more men In all 6 men are engaged during ths pertod The
cost of constructing the pan works out as follows —

Rs a
Agara 20 days at Rs 1-8 30 0
Smen , 4 g g 16 137 8
Implements 4 8
Dry twigs 8 0
Total 180 0

The total cost of the layout 18 as follows —
Rs
2 wells 108
Slough 6
Condenser 36
Pan 180
Total 330

This 18 a recurrmg expense and must be wncurred every year
Whether the site of the pan1s new or old, 1t must be prepared
every year on account of the annual floods which leave a silf
layer over 4 mches thick As the total area of the pan 1s (250 feet
by 80 feet) 20,000 square feet and that of the condenser (80 feet
by 80 feet) the ratio of the condenser to the pan areais 1 3 Each
set of condenser and pan requires (14-+80-}-6-4-250-4-50)==400 feet
by (254-80-4-25)==130, 1 ¢, 52,000 square feet, excluding the area
occupied by the well and the slough

Season.—The season begms 1 the third week of August when
the allotments are made,
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It takes a day or two over a month for the preparation of the
well, condenser and the pan before the salt crop begins to form
About the third week of September the brine 1s first taken in and
the manufacture continued for seven months During this period
4 men are 1equired for each pan, three for drawing brine and one
for ralking and spade work About the mddle of March they
stop drawing water at the wells  Tive or six days after the whole
of the water from the condenser 1s allowed to drain into the pan,
where condensation and crystalhisation 1s allowed to proceed for a
month till the mother hiquor 1s on a level with the top of the crystals

Workang of the Pans —The Kharaghoda and Udu wells gine
brines of varving densities ranging from 11° to 21° B In only a
few of the wells the density 18 between 20° to 21° B The average
general density of the brine may be taken at 17° B 1n the begm-
mng of the season and 18 at the end of the season

Three men are required to work one well contamning plentiful
supply of brine but if the supply of brine 1z deficient 1n one well
and another 18 required, the same men work the two wells alter-
nately Wherever the wells are deep bullocks are employed to
hft the brine

No of pans

Year worked by Total No of Per cent
bullocks pans

1920-21 254 783 32

1921-22 361 845 42

1922-23 402 867 49

The brine, as 1t 18 hfted from the well 18 run through a channel
mto a condenser where 1t 18 allowed to remamn for nearly 10 to 12
days in winter and 7 days m spring before 1t reaches a density
0f 23-24°B  After the muddle of Apnl and 1 May the evaporation
18 80 rapid that the brnine 18 let i very rapidly from the condenser
A day at times 15 quite enough In any case the brine must first
settle 1 the condenser to deposit suspended impurties and cal-
cium sulphate (Khan)  While 1t 18 m the condenser between
18 and 24°B most of the dissolved calcium sulphate separates
out and collects on the dry sods on the sides of the condenser
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Great care 1s taken to remove gypsum deposited from the con-
denser The feedng channel which 15 placed at the end away
from the well, 15 covered over with dry sods through which the brine
gradually passes mto the pan The connection between the pan
and the condenser 1s made very small A hollow bamboo of
three-fourth mch diameter 13 used as the pipe through which the
brine constantly passes from the condenser to the pan  Particular
care 1s taken to feed the brine very slowly A rapd flow will
lower the density of the saturated brine in the pan and thus rum
the crop During dry cold wintry mghts a thick drv film forms on
the surface  This scum 15 removed every monung and not allowed
to dissolve 1 the pan  After the brine has reached a sufficient
density, the hole m this pipe 1s made still smaller by the nsertion of
one or two twigs  The brine 1s flooded to a depth of 2 inches in the
pan and this level 1s mamntaimned till the brine reaches about 25 B
and the salt crystals begin to appear TFor a week the leve! of
the brine 1s raised every day till the pan contams 4 to 5 mches
of bune at the end of the first month Eight days after the first
flooding of the pan, the men first enter the pan and break the crust
of salt which vames from ha'f to three-fourth inch This s done
simply by treading upon the salt first and then worlang the rake
hoth ways along the length and the breadth of the pan until the
crust 15 finely bioken and the crystals are separated  The rake or
Dantara 15 68 inches long, 4 inches m diameter and has 14 teeth.
each tooth 1s 11 inches long, three-fourth inch broad at the end
and 4 5 mches distant centre to centre  The handle of the rake
155 5nches long and 3 % mnches m diameter  The spade or Pavdi
1s 2 feet 10 mches mn length and 7 mches wide  The handle 1s 7
feet long and about 3 inches in diameter The plank of the
spade 13 made of three-fourth inch thickness

Thereafter the brine 15 contmuously adimitted during the 24
hours till the end of the season Throughout the season the level
of the brie 15 kept about 3 inches above the level of the salt The
salt 15 raked the first day and spread out by the wooden spade the
next day Thus the raking and the spade work alternate day



4 SALT

after day till the end of the season The raking takes 6 hours
for each pan, but for the spade work 1t does not take more than
an hour and a half As the season advances the 14 teeth of the
rake are reduced to 8, and as the depth of the crystal increnses,
two men are required to draw the rake instead of one  The ralang
and spade work are very laborous tasks One man can attend
during the morming only to one pan, in the afternoon he spends
his fime 1 helping the other two men 1n drawing water Three
men are thus required to attend to one pan continuously during
the season This procedure 18 specially adopted for obtamng
Baragra salt crystal from half to three-fourth nch thickness
The raking and spade work separates the mass and loasens the
crystals which have a tendency to coalesce The loosened crystals
thus get sufficient room for the growth of the separate crystals The
density of the brine gradually rses to 26°B at which 1t maintans
almost upto the end of the season When the condenser 1s finally
emptied 1 the pan the density of the brine 18 27 to 28°B, and at
the end of the month when the level of the brine reaches the level
of the crystal, and the mother hquor 18 ready to be discharged, the
strength of the brine 15 about 28—29°B  The salt crystal layer
attams a thickness of 7 mches at the end of the season

Harvesting —The Government notifies the date for the closing
of the season  From this day the Aganas begn to collect the crop,
and pile 1t nto long ridges mside the pan 1 order to dramn out
the bittern  They make six ndges in & pan , the distance kept be-
tween two ridges bemng 10 feet When the ridges are complete,
the level of the bittern 1s 3 b mches over the floor for every 7 m-
ches of the thickness of the crop Outside labour 18 requred for
making these ndges Generally a gang of 60 men fimsh the work m
about 6 to 6 hours Fach man 18 paid for this work at the rate
of As 12 to Rs 1-4-0 according to the thickness of the crop The
cost of making the ridges 18 between Rs 45 to 75 per pan The
Aganas have to make cash payment for this labour The ndges
are allowed to dram for three days During this time the three
Aganas or contractors dram out the brine from the pan and scrape
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up the floor with their spades till the floor 15 practically free from
bitterns and a clean surface 1s exposed When the mdges have
completely draned out the harvest is ready to be hited On the
4th or 5th day after the ndges are made, a gang of 300 men 18
engaged for the dayin one pan to gather the salt and to stack 1t near
the rail at one end of the pan  The number of men depends upon
the quantity to be hifted The payment 1s made at the rate of
5 to 7 annas per man per “ Kadam ” of 5 feet There are 50 Ka-
dams 1n a ridge, and as there are 6 ridges, 300 men are requred for
hiting They finish the work 1n 5 to 6 hours The salt 1s carried in
baskets by men, women and boys to the end of the pan where 1t
18 to be loaded mto wagons Hand trolleys were tried, but the
Aganas prefer the baskets TFor the trolley work thev can only
employ men strong enough to drag the trolley They can however
employ women and boys 1f the salt 18 removed by baskets The
300 men are paxd at the rate of 5 to 7 annas per Kadam—
and the total cost to the Agaria to bring the salt to the rail

per pan amounts to from Rs 120—150.

The Agama’s work ends with the stacking of the salt by the
side of the rmils He has to keep a watch till the salt 1s loaded mto
the wagons When the heaps are fairly dry, the open wagons are
brought alongside the pans and the Agarias are asked to load the
wagons For loading m the wagons they are paid by the
Government at the rate of As 14 per wagon load of 180
mds, 2e, about As 2per ton or a fraction over a pie
per maund From 1923 the average load per wagon 1s
fixed at 150 mds REach pan requires 30 wagons of 7 tons to
take 1ts entire crop to the stack The weight of the salt for
which the Agaras have to be paid 18 determined by taking the
difference in the weights of the loaded wagon and the tare of the
wagon. Each rake of empty wagons 1s weighed over a weigh
bndge several times dunng the storage operation and the weight
of the full wagon 18 also determmned From the net weight thus
obtained five per cent is deducted for dryage, shortage m handhing,
etc  The Agaria 1s paid for only 95 per cent of the net weight.
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As soon as the payment 13 made to the Agama, the money-
lender 1mmmediately tahes back lus advances with interest This
completes the Agana’s woik  Before returning to hus willage the
Agarias leave their rakes, spades and the superstructure of the
wells and wooden 1mplements into a pit near their pans and cover
them up for use during the nevt season

Yield of Salt.

Average yield Maximum yield
Year per pan ., per pan
mds mds
1919-20 4,823 13,000
1920-21 6,315 13,832
1921-22 4,883 11,920
1929-23 5,283 10,728
Average 5,326 12,370

As each pan 18 250 hy 80 feet = 20,000 square feet, the yield
per 100 square feet 13 as followns —

Per 10u 8q ft Pur acre
mds mds Tons
Average yield per pan 26 5 11,68 429
Maximum yield per pan 61 8 27,263 1,000

Cost of Production

From the beginning to the end of the season the total expenditure
per pan 18 as follows —

Rs

Construction of well, condenser and pan 330
Tive months labour—

1 Agema at Rs 1-8 0 228

2 Dandias at Rs 1-6-0 418

Malong ndges 50

Stacking near pan 130

1,156

Add for mterest on borrowmgs 200

Total Rs 1,356
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The total wages paid durng five months may be apportioned
as {ollows —

Rs

Brine 400
Raking and spade work 200
(eneral care and supervision 50
650

If the Agaria can obtamn contractors to draw water they will-
mgly pay for 4 months work (not 5) from Rs 150—200, but 1t 15
difficult to get such contractors

Agarias’ Earnings.—Of the above sum of Rs 1,156. the Aganay’
actual out of pocket expenditure 1s about Rs 700 for outside labour
and implements to this must be added s own expenses for food
and hut about Rs 100 plus mterest about Rs 200, making a total
of Rs 1,000 As the rate fixed by the Government 1s 2 as and
9 ps per md the Agana will just balance Iis account if the crop
raised 15 5 500 mds If the yield 1s under this he will be a loser
As a fair outturn 18 reckoned by the Agama at 5,500 mds. he
hardly makes any profit out of this occupation The only mduce-
ments are that of getting & job 1n non-agricultural season and the
hope of earming a good sum by working for a yield larger than
6,000 mds He however, still makes a small profit by employmg
members of s own family (wife and children) and thus makes a
<aving 1 wages and mterest, but 1t must be pomnted out that as
the fixed rate paid by the Government, vz, 2 as 9 ps hardly
leaves any margm of profit to the Agana, 1t must be taken as
the actual lowest cost of manufacture

Cost of Salt to Government.—The Government paid m the
1919-20 season at the rate of as 2 per maund and. in 1920-21 the
rate was increased by 9 ps per maund, ¢ ¢, at. 2-9 per maund.

N No of
T Total | No of (N0 O | o ne [RecaiptjiAmonrt
Year ofalerop | qmount | pane | AgRR T per pur
pan head pan
Mdds R~ Rs Rs
1920 21 40,44,762 8 49762 7871 2,3:9 3 62 11,084
* * - - - - ‘
1421 32 $123.751 i 700102 | 85| 1ot6| 2900 ain| %
]9.13 23 45,27,103 1 7,7%094 8571 1972 21 M5} 914
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Advances by Government —The Government advaunces per pan
about Rs 60 as Tagavi grant in January (Posh) and Rs 30 per
pan in March (Fagan) during the collection of salt These sums
are deducted from the sums paid at the end of the season

Grants to Agarias —The following grants are made every year
as necessity arises —

Compensation for damage done by untimely ramn
Worhing pans at great distances from the wells
Assistance to Agaras 1n heaping salts and clearing pans
Bonus for 1nereased output

Prizes fo1 good quality of salt

Rewards as an mducement for commencing work early

Rs 15, 12 and 9 per pan according to the date notified
Reward for preparation of good pans and channels
Pugns to Agerias and Patels for giving a good load m

wagon 1n the haulage
The following grants were made under the above headmngs —

HEg QW e

T Q

1920-21 1921-22 1922-23
Rs Rs Rs

A 22,396
B 19,660 21,695 22,820
C 4,500 5,292 4,422
D 4,026 5,991 5,508
E 400 400 400
F 6,282 4,005 6,165
G 150

Other Grants —Besides the above advances and grants the
Government pays every year for various other purposes
1920-21 1921-22 1922-23

Provision for quarters 7,800 4,262 4,396

Resconstruction of quarters 4,396

Excess amount for a school house 113

Repairs to quarters 45 90 135
» s plank road and trolleys 849

Compensation and Royalties to various
States whose nights of manufacture
of salt are taken over by the Govern-
ment
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Storage —The storage of salt commences in April at any time
durmg the i:’%t, 2nd or 3rd week according to the early or late
commenceméit of the season or the prevating winds The whole
of the salt 1s stacked before the 15th of June During the 4 years
under review the salt was stacked as follows —

1919-20 1920-21 1921-22 1922-23

Maunds per day 65,300 78,450 82515 85400

Number of working days 52 63 63 53

The salt 18 stacked partly in closed stores and partly in the open
The closed store 1s a long building, divided into 8 compartments
with a clear height of 21 feet for the salt stack The wagons are
led up an nchne over the stores The rails are supported by
wooden tressels and masonry pillars  When the wagons are 1n posi-
tion the side flaps are opened and the salt dropped nto the store
The closed store holds about 440,000 maunds A continuation
of the mchne was made during recent years for piling the salt in
the open  These open stores are surrounded by a ligh pabsade ,
the flooring bemng made of masonry Each stack m the open 1s
made for 5 8 lakhs of maunds  There are six such stacks, makmg
a total provision for storing m the closed and the open stores for
42 lakhs By the side of these stores there are other heaps aboug
60 feet at the base and 30 feet at the apex The angle of repose

bemg 36°, one cubic foot of salt weighs 62 5 lbs or for stormg one
ton, 36 ¢ ft are required

Cost of Storage.

1919-20 1920-21 1921-22 1922-93,

Rs Rs Rs Rs.
Cost per lack mds or 3 673 tons 511 612 676 932

As ps As ps  As ps  As ps
Cost per ton 23 25 211 3 11

Loss and Wastage.—Considerable quantity of salt 1s lost or wasted
by handling and 1n storage  The losses are mamly due to :—

(1) In open stacks carried away by wind and cyclone
(2) Ram dissolves and washes out a considerable quantity
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(3) Ramn and mowisture m the air remove a  govd quantity
of magnesium chloride and along with 1t some salt,
and mowsture from the wet salt

(4) Differences m actual weighment and quantity determined
by measurements of the stack

(5) Inaccuracy mm weights on weighing the wagons on the
weigh-bridge

In the closed stores the annual loss and wastage 15 generally
shown at 3 b per cent as agamst a loss of 10 5 per cent 1n the open
stores It must be noted that the total loss m storage 1s not entire-
ly borne by the Government It was ponted out that the Agana
1s given a short weight—5 per cent less than the net weightn
order to make up for dramage and handling

Production of Baragra Salt —The total yearly production of
Baragra salt at Kharaghoda is given 1 the following table which

also shows the total quantity of sea salt produced m ths
Preaidency

PropucTION OF SALT IN THE BoaBay PRESIDENCY

Baragra Salt  Sea Salt Total
Mds Mds Mds
1919-20 33,95,925  91,09,129  125,05,054
1920-21 49,44,762 90,72,481  140,17,243
1921-22 41,25,756 79,19,990 120,45,746
192223 4527,110  110,06,631  155,33,741

Packing and Forwardmg —During the storage of salt, parti-
cularly in the open store, the salt crystals on the surface and far
mside harden very firmly The surfaces exposed to air are so hard
that they cannot be broken by pickaves In some cases they
have to blow the sides with powder In the closed stores the
stacks keep better and no such trouble 1s experienced Loose
salt 13 then removed by manual labour, bags filled, weighed and
loaded mnto wagon The weights of the filled bags are kept

uniform  Each bag holds 3 maunds and 1s legibly marked with
consecutive numbers
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Sales.—Sales are effected by ndents rtecerved from traders
The charge payable 1s fixed by the Government This sale price
18 made up of .—

(1) Cost price fixed by the Government under Section 8
of Inchan Salt Act, 1882, which mcludes cost price pad
to Agara plus Ground Rent at nine pies per maund and
haulage charges, also mme pies per maund The
haulage charge mcludes the loadmg of salt into wagons
at pan, haulage and stacking charges

(2) Digging, bagging, weighing and sewmg charges, three
pies per maund

(3) Duty, Rs 2-8-0 per maund.

(4) Cost of bags, mine annas a bag of three maunds Tlns
charge 18 not compulsory , the trader may supply Ius
own bags

On payment of these charges the permts are 1ssued for despatch.
The freight 15 payable by the trader The bags are despatched in
closed wagons  Baragra salt 1s sold through agencies at which
a umform charge 15 made This charge 18 made up of (1) the
seling price at Kharaghoda plus (2) a certain rate for haulage to
the Agencies The Agents receive one per cent on the sales and
are allowed one per cent on the amount of salt issued to them
on account of wastage The sale price 18 made up as follows —

Selling Price at Kharaghoda.

Per maund

Rs a. p

Cost price 02 9
Ground rent 0 09
Haulage charges 009
Digging, weighing, sewing, ete 00 3
0 4 6

Duty 2 8 0
Total 212 6
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The selling price at Agencies —

Seling price at Kharaghoda
Haulage, 4 to 6 pies

Plus Agency comnussion and shortage

Total

o w
—
oo

21
0 0

o

213

oo™

G

The eatra charge of six pies on account of commssion and

haulage 18 mtended to meet the cost of distribution

But tlus

figure does not 1 any way represent the actual net cost price as
will be shown later on

1919-20
1920-21
1921-22
1922-23

SALES OF BARAGRA SALT

Quantity  Sale proceeds

Mds

26,81,185
34,70,972
94,26,138
19,04,905

Rs

8,41,303
16,43,081
4,06,896
6,43,048

Rate per

md

5

toquﬁ

1o

w

3

The average sale price during the last four years 1s 5 as 1} pies
Admmistration Charges —To determme the actual net cost
price for at the stores, the overhead or administration charges

must be added to the cost price of salt

In the annual reports

the percentage charge shown on gross receipts (which include the
duty) 18 shown from year to year as under —

1916-17
1917-18
1918419
1919-20
1920-21
1921-22
1922-23

Rg
13
15
15
18
16 13
33 8
4 6

0w O WP

P
6
0
2
8
2
8
0
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As these figures give no mndication of the actual cost of adminis-
tration per maund, the following tables have heen prepared from
the annual reports to determune the required figure as near as
1% 18 possible to do so

Net Expenditure of the Salt Department.—In the Govern.
ment annual report the total expenditure given for salt 18 inclusive
of the expenditure debitable to excise The net expenditure debi-
table to salt1s made up of (4) * net nine-tenths debitable to salt ™
as shown 1n the report plus (B) amount paid for salt purchase and
freight and (C) expenditure of the Chief Account Office

A B C D

Rs Rs Rs Rs.
1919-20 21,81,621  6,81,527 37,259 22,18,780
1920-21 24,33,951 691,018 45,364 24,79,315
1921-22 24,20,431 10,70,543 60,550 24,80,981
1922-23 23,54,380 10,17,719 59,296 24,13,676

From the above table the net cost of the admimstration of the
salt department 1s obtamned by adding the figures of A & C columns
asgivenn column D The amounts 1n column A include all 1tems
of expenditure of which the following are the main heads —

Per cent
Pay mncluding supervisimg establishment 65
House rent, travelling expenses, ete 10
Special allowances* (including Kharaghoda) 5
Contingencies and mscellaneous 20

Cost of Administration per Maund —This is worked out from
the total salt produced and the total expenditure given m column
D of the preceding table

Year. Total Produc- Total Expends- Per
tion. ture. Maund
Mds. Rs As ps
1919-20 12,505,054 22,18,780 2 11
1820-21 14,017,243 24.79,315 210
1921-22 12,045,746 24,80,981 3 4

1922-23 15 533,741 24,13,676 2 6
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The average cost of admimstration 18 thus 2 annas 11 pies per
maund

Net Cost Price of Salt

Per
Maund
As ps
Cost price paid to Agana 29
Loading wagons at pans, haulage to stores and stacking 09

Digging, fillng, weighing, sewing and loading into wagons

(price of bags not mncluded) 0 3
Ground rent 09
4 6
Add overhead admmstration charges 21
Total cost price T8

It seems from the annual reports that the Government 18 accept~
ing tenders at five annas per maund whereas 1t actually costs them
seven annas and five pies It must be noted that 7Tas 5 ps 18
again not the proper commercral cost price  To this must be added
depreciation of railway trucks, renewals, repairs and nterest on
Capital invested in Buildings and Stores about Rs 30 lakhs and
also mterest on Capital locked up for Reserve Stocks and on
yearly wastage and shortage of salt in storage

Markets for Baragara Salt —Baragara salt has not been able
to stand 1 compefition with sea salts in places south of Baroda
Between Mahi and Narbada rivers, both the salts are sold but north
of Mahi 1t 15 the only salt consumed by the people in the British
territory and partly m Kathiawar Beyond the Presidency 1t
enters mto compefition with the salts of Rajputana Central India
North-West Provinces and Umited Provinces, as far as Hathras,
Faizabad, Benares and Chotta Udarpur
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Distribulion of Baragara Salt.

Per cent
Bombay Presidency 31
Central Provinces 27
North Western Provinces 20
Central India, Rajputana Malwa 22

Manufacture of Magnesium Chloride at Kharaghoda —Till
1915 the mother liquor or bittern, locally known as ‘res’ was wasted
During the war Indian imports of magnesium chloride from Germany
having stopped, attention was drawn to the possibility of making
use of the itterns at Kharaghoda as a possible source of magnesium
chloride A small experimental factory was put upm 1915 mn
Ahmedabad for the recovery of magnesium chloride from the bit-
terns which were sent 1n tanks from Kharaghoda A company was
formed m the name of the Pioneer Magnesta Works The Com-
pany acqured on lease 20,000 sq yards from the Government
for the purposes of factory bwldings, workmen’s quarters and the
drum plant After the pans are emptied, the bitterns are allowed
to further concentrate in the fields by solar evaporation tll they
reach a density of over 34 to 35°B  Before the bitterns reach
this density various other salts are precipitated along with residual
salt left in solution after the bulk 1s gathered in the pan The
bitterns of over 32°B are then collected at the pans by means
of a motor rail wagon with a special tank attachment

The plant consists of settling tanks, vertical boiler, feed pump,

suction and several copper pans, all except the tank are located
m one building

Settling Tank.—The bitterns from the salt works were first
brought m drums of 4 gallons capacity and emptied into a tank
15'%x15'xX 6" The new tank was bwilt in 1917 hined with Shahabad
hmestone This tank 15 40°X40' <6’ and 1s designed to receive
56,000 gallons of bitterns  The bittern 1s allowed to settle for some
time till all suspended 1mpurnities settle down  When 1t has settled
to a fauly clearly hquid 1t 1s syphoned over nto another tank
10"X 5" %3’ deep for further setthng  These two tanks are m the
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open From the second pan the clear brine 13 pumped into the
tank mside the factory This tank has a well of 2° diameter

which 1s lowered a suction pipe which feeds the copper pans

Process —There are 10 Lettles made of copper sheets Iach
15 3’ deep, 3' 1n diameter and of }” plate The Lettles are mounted
m 2 rows on a furnace fired by flue gases Either wood
or coal 13 used as fuel The copper hettles were first
mounted on an old type of bnchwork mm which there was
a considerable loss of heat The design was subsequently
altered with a wview to lower the cost of fuel The bittern
18 pumped 1n these kettles and boiled to 135° C till a precipitate
18 obtained When the mass develops a turbid appcarance, the
contents of the kettle are ladled out mnto a setthng tank
outside the bwlding and allowed to remain there at 120° C Mag-
nestum chloride remams hquid at this temperature This tank
18 60°x30" Durng the process Epsom Salt MgSO,7 H O looses
water and forms hiesente MgSO H,0 which is msoluble 1 a solu-
tion of magnesium chloride This magnesium sulphate and also
some salt separates out at the bottom and the supernatent hquud,
while still hot, 18 poured into sheet iron drums, each holding 5
cwt of fused magnesium chlonde The chloride on  cooling
golidifies to & hard grayish mass The hard sludge whch 18 re-
moved from the setthng tank 18 not made use of, but 1s treated as
waste Two tons of bitterns are said to give on an average 1 ton
of magnesium chloride The daily production 18 about 10 tons
Forty workmen are required at this factory The working hours are
from sunrise to sunset—about 11 hours During the monsoon
the factory stops working for 4 months

The magnesium chloride made at this factory compares well
with the German quality in chemical analysis, but there 1s one
drawback, v1z, colour This factory’s product 1s of a graywsh
colour No method has yet been found for removing this colour The
colour of the crystal 13 pure white, but on fusion the gray colour
mvanably returns The Company has tried to solve this difficulty,
but 1t has not so far succeeded mn putting on the market a perfectly
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white magneswum chloride sumilar mn appearance to the German
article, which 1s once more 1 the market at very low prices

Durmg the first year of the factory the Government charged a
royalty of annas 8 per ewt , later on this was mcreased to Rs 1/8
per cwt  On the Company’s representation this was agam revised,
in January 1923, and a shding scale fixed on a profit
sharing bases with retrospective effect from 27th February 1922.

Provuction —The production of the factory is shown mn the
followmg table, wiach also shows the mmports and their value —

Tarorts & Inpraxw PrRoDUCTION OF MAGNESIUM

CHLORIDE
Sales of
Imports Kharaghoda.
Year Tons Value Production
Rs Tons
1914-15 2,705 3,00,570
1915-16 3,563 9,33,075
1916-17 1,067 2,81,355 338
1917-18 1,185 2,90,955 1,181
1918-19 Not available 1,970
1919-20 848 2,27,397 1,647
1920-21 2,929 8,39,210 1171
1921-22 2,330 4,49,680 1,099
1922, Apnl to 1,510 1,89,746 600
July, 4 months
1922-23 638

Nore —Import figures for the years precedimg 1914-15 are not available

The labour at this works aveiaged about 100 men Upto July
1922 the Government has received over 2} lakhs under royalty

Closing of the Factory.—The factory has unfortunately been
obhged to close down owing to the severe competition with foreign
(principally German) mmported magnesium chloride. Before the
war German quality was sold between Rs 3 and 4 per cwt. At
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the present time (December 1923) the prices of imported materal
are as under —
Caf quotation £3 per ton, 46 per cent sohd fused white made
1n Stassfurt and packed m 5 to 6 cwts strong iron drums
This c1f quotation 18 made up as follows —
£s d
1 2 0 for freight
0 6 O wsurance, slupping & landing charges
0 12 O Agents commussion and factory to port
expenses

2 00

Bombay quotation Rs 3-8 per cwt This leaves to the manu-
facturer £1 per ton for the material including packing 1n 6 cwt
drums When competition was very keen and the German stuff
was dumped on the market, the lowest quotation was Rs 1-8 per
cwt The Pioneer Company 18 not i a position to make any profit
by sales under Rs 4-8 perewt The chief drawbacks are —

(1)  Cost of the drums The Company’s drums are made of
thicker sheets than those used for Stassfurt chlorde
(2) Railway freight from Kathiawar to Ahmedabad and

Bombay
(3) Royalty payable to Government
(4) Heavy cost of manufacture owing to open pan boiling
and heavy replacement of copper pans which require
constant renewal One pan lasts hardly a year
Refined Salt.—By the side of the magnesium chloride factory,
the Company bwlt 1n 1921 & refinery for the production of refined
salt Baragara salt 18 first dissolved, and then after a prelimmary
treatment for the removal of magnesium and other 1mpurities, 16
18 concentrated 1n shallow open pans which are fired from under-
neath The refined salt 18 fawrly good mn quahty and stands in com-
petition with the best imported table salt, 1ts production during the
last two years was 1 1921-22 1,333 maunds , and 1922-23 4,523
maunds
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Water Supply,—Consxderable difficulties were experienced 1n
supplymng fresh water for the town and the Agarias fall a boring was
made 1n August 1915 There 1s a large tank which used to supply
water for all the general purposes , but the tank very often became
dry during the years of scanty ram The artisan well 1s of 8 ;nches
bore and draws water from about 317 feet below the surface The
water comes out continuously without pumpimng at the rate of 6,000
gallons per minute when the valve 1s fully open, but as so much
water 18 not required the valve 15 partially closed to give about
360 gollons per mmute Even this quantity 1s far m excess of
the requirements and over two-thirds of 1t runs to waste n
fields and ponds The pumped up water overlows m a
small shallow tank to the south-west where 1t 15 wused for
washing and for watermg Ths water 15 also largely used by the
cattle of the neighbouring villages  From the bore hole earthen-
ware pipes are laid out all over the salt works, and the Agamas

have to pay a charge of Re 1 per pan for the season of seven
months

Welfare Institutions.—Besides the Admmstration offices the
Government mamtams a school, a dispensary, a hbrary and an
hospital ~They have also a club for the officers A suggestion was
made 1 1920 for a Co-operative Credit Society for the betterment
of the Aganas by reducing their perpetual heavy indebtedness, but,
as was naturally expected, the formation of a Co-operative Society
amongst the Agarias was not found feasible, and the reasons given
were the great ilhiteracy, unwilhngness to contribute m the share of
the 1mitial capital required for the starting of a society, mutual dis-
trust, and the consequent hesitation to stand security for each other
It was decided, however, to start a society among the Government

servants and thus gradually famiharnse the Aganas of the advan-
tages of a co-operative society

Population.—The population 1n Kharaghoda varies between
3,000 to 3,500 Considering tlus number 1t will be interestmg to
note that the number of patients treated annually at the dispen-
ary 18 over 5,000 of which one-fifth 15 for malaria
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Chemical Composition of Brines, Bitterns and Salts
Kharaghoda Brine.

Per cent
Sodmum Chlonde 14 67
Magnesium Chlornde 4 63
Magnesium Sulphate 0 48
Caleium Sulphate 0 44
Potassium Chloride 04
Calcium Carbonate 0 01

Magnesium Bromide 0 07

There are several other reports and records of analysis of Khara-
ghoda brines, bitterns and salts, but the best and most rehable
wmformation on this subject 1s contamed m Sir James Dobbies’
Report I am obliged to Mr R D Bell, Director of Industmes,
Bombay Government, for hus courtesv i giving me the necessary
permussion to make use of this very inferesting and useful report
which T am giving below 1n extenso
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SCIENTIFIC & INDUSTRIAL RESEARCH DEPARTMENT.

16 axp 18, OLp QUEEN's STREET,
WESTMINSTER, S W 1
27th October 1920
SIR,

T am directed to 1efer to your letter (R and S 3609 /1918) of April
8th, 1919, and to subsequent correspondence, and to mform you that
the Government Chemist has forwarded to this Department a copy
of hus report upon the examination of samples of brines, salts and
bitterns from the Government Kharaghoda Salt Works, Rann of
Cutch, India

Perusal of Sir James Dobbie’s report mndicates that the samples
of brines and bitterns collected 1n accordance with his directions,
contamn such quantities of potasstum and bromine compounds as
warrant careful consideration of the possibility of extracting these
valuable by-products on a techmical scale Thus the five brme
samples contained, on an average, 4 9 grms and 0 85 grms per hitre
of potasstum chloride and magnesium bromide respectively, the
three samples of hitterns showed an average content of 3 77 grms
of potassium chloride and 8 2 grms of magnesium bronude per htre.
The Kharaghoda district from which, 1t 1s understood, 100,000 tons
of common salt are obtamed annually, represents but a very small
proportion of the whole area of the Rann of Cutch, further, portion
of which may be found on survey to yield considerable quantities
of salt The figures given above, considered m the lLight of the
present (and relatively small) output of salt and of the potentially
great future output, appear to mdicate that the valuable by-pro-
ducts potasstum chloride and magnesium bromide are obtainable
m very considerable guantities i the Rann of Cutch. It 1s further
to be noted that the brimes and hitterns from Kharaghoda yield
considerable quantities of magnesium chlonde, a substance possess-
mg mmportant mdustrial uses A careful chemieal survey of the
District may possibly yield evidence of the presence of other com-
mercially valuable matemals m workable quantities
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In reference to the chemical potentialities of the Kharaghoda and
neighbouring districts, the following extract from the Report of the
Chemical Serviee Commuttee (Stmla 1920) page 60, 1s of interest —

“It 15 no less urgent 1n order to provide adequate data
for the bureau of information, that steps should be taken in
the 1mmediate future to commence a chemical survey of non-
forest lands For example, little or nothing 1s known of
the vast salt deposits at Kharaghoda, and one of the first
duties of the Director of Research appomnted to the Bombay
Presidency should be to erect a sub-station m this district
and to subject the area to thorough investigation by a
staff of skalled chenusts i order to determme 1ts mdustrial

importance *’
The evidence reviewed above suggests that the supphes of the

raw matenals mentioned are onsuch a scale as to warrant the
expectation that thewr development will be found desirable In
these circumstances, I am directed to suggest that you may wish to
consider whether, pending such action as may be taken upon the
Report of the Chemical Service Committee, tests upon a scale larger
than & laboratory operation (“semilarge scale”) should
mmmediately be put 1 hand in order that more exact mformation
may he available when 1t 18 found possible to proceed further with
the question
I am, etc,

F G OGILVIE
The Secretary,

Revenue and Statisties Department,
India Office, St James's Park, S W 1

GovERNMENT LaporaTorY, CLEMENT'S INN PA8SAGE, STRAND

Lonpoxy WC 2

September 28th, 1920
SIr,

Ref No Revenue R & S 2587-19and B & S 3172-19
With reference to your two letters of May 1919, the samples of
brine, salts and liquors from the bitterns were received in Apnil
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Jast and have been examined as desired The results of the
expertments are given in the enclosed report, from which 1t will be
seen that there 15 good ground for beleving that the bhrines may
form 1mportant sources of potash as well as bronine

The subject 15 deserving of fuller mvestigation and the services of
this Laboratory are at your disposal mn the matter.

I am, Sir,
Your obedient servant,

- J. CONNOR
The Under Secretary of State for India,
Revenue Department, India Office, SW 1

Report of the analysis of brines, samples of bitterns and salts
from the Rann of Cutch

The samples which were recerved on Apnl 14th, 1920, consisted
of six brines marked 1 to 6, Lab Nos Msse 28,30, 32, 34, 36 and
38

Four bitterns marked 7 to 10 Lab Nos Misc 40, 43, 44 and 47

Six salts (sodium chloride) marked 1a, 2a, 3a, 4a, 5a, and 6a,
Lab Nos Mse 29, 31, 33, 35, 37 and 39

Four salts (magnestam chloride) marked 7a, 7b, 9a and 9b,
Lab Nos Misc 41, 42, 45 and 46

One “ crystals’ marked 11, Lab Nos Msc 48

One ““sludge ” marked 12, Lab Nos Msc 49

Samples Nos 32 (brine 3) and 47 (bitterns 10) were broken 1n
transit to the Laboratory and the contents lost although some
crystals remamed 1n No 47 These were scraped out of the bottle
and weighed 6 ozs On analysis they proved to be magnesium
chloride contaminated with small amount of magnesum sulphate,
sodium and potassium chlondes and contamned bromme amount-
g to 0 37 per cent

Samples Nos 43 and 44 (bitterns Nos 8 & 9) had deposited
crystals probably during the journey to this country In each case
they were filtered off, drained at the pump, weighed and analysed
The erystals from bitterns Nos 8 weighed 80 ozs and proved to
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be magnesiuim chlornde very similar 1 composition to those serap
ed from the broken bottle from which bitterns Nos (10) had been
lost, but contamung a shightly greater amount of brome namely
047 per cent

The crystals from bitterns (No 9) weighed 1! oze and were
totally different in character They were crude carnallite (1 e,
magnesium potassium chloride, Mg C1,, KC1, 61,0) contaming
20 per cent of potasstum chloride and, except that they contamned
less magnesium sulphate, were very similar to sample No 8
(crystals II) which formed m the side of the bitterns storage tank
to which reference 1s agamn made below (see tables 7 and 8)

Sludge No 12 was filtered and dramed as fa1 as possible at the
pump

The sohd portion weighed 17 ozs but still contamed adhermg
liqud It 1s substantially a mixture of one part of crystallised
magnesium chloride and three parts of kieserite (2 ¢, magnesium
sulphate of composition MgS0, H.0) and 1s shghtly alkahne owing
to the presence of magnesium hydroude It contains O 14 per cent
of bromne and small amounts of sodwm and potassium chlorides
The hquid portion weighed 5 ozs and had a specific gravity of
1344 and except that 1t contains less bromine (0 47 per cent ) 1t 15
sumlar in composition to bitterns No 8

The following table shows the results of the analysis of the
samples which arnved ntact —
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Table HI.
RESULTS OF THE ANALYSIS OF BITTER\S—7, 8 axD ¢
Wark 7 8 0
Lab No* Mlc 40 43 44
Percent | Grms {Percent | Grms [Percent | Grms
by wt |perlitre | by wt {perlitre | by wt |perlitre.
Calclum (Ca) 0 06 078
Mognelum (My) 8§ 09 | 106 b7 8 96 { 120 76 793110121
Sodium (Ne) ¢ 32 422 019 2 56 0 50 6 55
Potassjumn (K) 007 g 92 a 05 a 67 0 33 4 12
1ron {F¢) 002 o062
( Wlorine (C1) 21 6% | 285 50 25 111 233 43 21 61 ) 232 94
Bromjne (Br) 0 18 G 26 076 10 26 0 36 47
Sulphate (S04) 2 40 31 61 0 78 10 351 2 09 27 36
(mrbonate (L 03) 0 04 0 53 | Traces | Traces 0 04 0 52
33 08 {435 70} 35 87 | 483 45 2 72 | 428 42
Witcr by difference 06 92 a4 23 7 28
8p gr at 60°F 1 317 1 348 300
Table IV.
The re=ults shown o table 3 may be expreceed ns follows —
Calelum Carbonate (CaCo3) 006 0
Caldum Sulphate (CaS04) 013 170
Magnexiinn Catbonate (McoC33) 0 08 0 70 | Traces Traces
Mapnealum Splphate (Mp904) 7 01 30 05 Q 98 13 21 2 31 32 86
Magneslum Chloride (MgCl2) 28 16 { 373 59 33 27 | 448 41 27 56 | 360 84
Mngnestam DBromide (MgBr) 0 33 724 0 88 11 g6 0 42 5 50
Sodium Chlorlie (XaCl) 0 82 10 80 0 48 6 47 128 16 76
1 errie Chloride (Fu.Cl8) 0 06 0 81
Potassium Chloride (KC1) 013 171 010 135 0 63 8 25
T otal xolids 32 02| 433 78 35 77 | 482 11 32 59 { 420 @
Sp Gr at 60°F 1 217 1 848 1 300l
Table V.
RESTLTR OF THE ANALYSIS OF MAGMNESIOM CHLORIDE SANOLES NOS
7a, b, 9a and 96
\orh Ta b 9 o)
Lah Nos, Vise 41 42 45 46
[ o7 07 0 07
Calrium (Ca) 3 ° ! © ‘o e
Magnesum (Vg) o176 11 96 11 79 12 59
Sodum (Na)_ f 0 30 | 011 0 25 023
Potas-um (K) ! 0 45 | 0l 0 34 0 57
Chlare (C1) | 3435 | 34 65 34 04 36 G2
Bromine (D) X 067 ¢ 0 36 0 6% 0 54
Sulphate (S0, ) { 029! 012 019 618
I(‘nr}.onnte (€0,) i 00| 0 01 0 01 0 02
T{‘;‘;]“Mc Rewdue i _Q 05 L 0 04 002 0 0t
er i 2 14 i 52 o3 32 7 49 7
Total | 103! 1007! 100261 100 32
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Table VI,
These resuits may be comhned as follows —
Mark \ i | ¢ | 9
Lab Nos Mise \ 41 } 42 45 ‘ 40
°¢ % 70 %
Magnesium Carbonate (MgCn,} 003 0 0l 0ol 0w
Magnesium Sulphate (MzS0,} o 30 015 0 24 022
Magnezium Chlonde (MgCl,) 44 07 45 71 44 54 48 00
Magnesium Bromide (MgBr,) 077 0 64 072 0 b3
Bodium Chlonde {NaCl) 015 0 80 063 050
Potassium Chlonde (K(1) 0 86 025 103 109
Insoluble Rexidue 0 05 0 04 002 0™
Water 52 14 52 O3 32 Th 10 13
Total 99 93 100 93 99 98 100 1
Table VI
RESULTS OF THE AxA11818 oF Savrs la, 2a, 3a, 4a, ba, 6a
Narh 1a 2a 3a da 6a a
Lab Nos Mise 29 31 33 35 37 30
Calcium (Ca) 06| 0382 o071 08 ] 08| o057
EL‘IF‘”‘“‘“ Mg) 025 024! 043) o011| o091 o0=3
fum (Aa) 3680 | 3T 10| 3567 | 97 78| 3687 ) 36 8O
Potassium (k) 005! 003l 008! ootl o0anl o1
Chlorlue (Cl) 66 65 | 57 06 | 56 08| 58 01 ) 57 68 ) b7 42
Bromine (Hr) oae| 002! o002| o001 o0o02| o002
Su]g!;ato (804 166 o8| 102 oo0| o007 | 133
Carbonate (C0,) 0o02| oo01L)] o003 o002| o002] o002
Tosoluble Rexidue 0 07 0 05 0 07 016 013 015
Whater 308 B308| 518] 170] z48) =298
Total 90 46 | 09 74 l lop 14 | 09 08| 09 86 | 09 50
Table VII.
These results may be combined as follows —
Calcfum Carbonate (CaCO5) l 0os| 002l o005| o00¢l o003 qos
CGalelum Bulglmto Cu80, 18| 1o06| 23| 128] 116] 1m0
Magnestom Sulphs, tel'g ) 044 014 o038 0 20
agnesium Chlorlde (MgCls) oe63| ode| 140 o 108| o087
Magmesinm Bromide ggBr.) 002} 002| o002} 001f 002 o0
um Chloride (Ka(l) 9233 ] 9452 | 00 64 ] 96 05| 03 60| 93 54
Potaxsfumn Chloride (KCI) 0100| 0o05) 015| 002| o0l0o| o0o7
Insoluble Realdus 007 905) o0o07) 0161 o013] o015
Water 398 306| 513| L 70| 343] <298
. Total [To0 47| 0974 100 14 [ 00 70 | 09 80 [ 00 5B
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Table IX
RESULTS OF THE ANALYSIS OF CRYSTALS
Mark. 11 Cryst,als
from Bittern
Lab Nos Misc 48 No 9

Per cent Pe1 cent
Calerum (Ca) 2 gg 0 gg

Magnesium (Mg) {
Sodum (Na) 3 66 3 65
Potassium (K) 10 52 1(3 él
Chlorine (Cl) 33 12 37 13
Bronune (Br) 0 17 0 17
Sulphate (S0,) 732 0 49
Carbonate (C0,) 003 0 02
Insoluble residue 0 43 0 20
Water 37-16 39 37
Total 100 44 € 100 11

Table X.
These results may be combmed as follows :—

Per cent. Per cent.
Calerum Carbonate (CaCo,) 0-06 0 03
Calerum Sulphate (CaSo,) 020 0-16
Magnesium Sulphate (MgSo,) 9 00 048
Magnestum Chloride (MgCl) 23 93 30 51
Magnesium Bromide (MgBr.) 019 019
Sodium Chlonde (NaCl) 9-29 9-26
Potasstum Chloride (KCl) 20 06 20 04
Insoluble residue 0 43 0 20
Water 37 16 39 37
Total 100 32 | 100 24
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Before considering the interpretations of the results of the analy s
1t 18 desirable to indicate the methods of analysis adopted especially
as those adopted for potassium, bromne and water, are of the
greatest importance A full description of these will be found n
the appendiy of this report

The calcium, magnesium, potassium, bromine, sulphate, car-
bonate, msoluble residue and water were determuned directly, but in
the case of the brines and bitterns the water was taken by difference.
The chlorine was obtamed from the total silver hahde after deduct-
mg the amount due to the bromme which was deternmed directly
The mined alkah chlondes were weighed together and the sodium
chlonde was obtamed by deducting from that weight the amount
of potasstum chlonde found by direct determination as perchlorate
after precipitation by sodium cobaltimitrite  As a check, in some
cases, the muved alkah chlorides were converted to perchlorates nnd
the potassium perchlorate weighed

In the case of the brines and bitterns the results are expressed as
per cent bv weight and mn grams per hitre whilst the salts are
expressed as per cent bv weight only In all cases the table of
determuned radicles 1s given first, following by a table showimng
how, in our opmion, these radicles may be considered to be com-
bined in the samples It will be observed that the individual totals
m these two tables do not exactly correspond m all cases This
shght discrepancy 1s due to the mevitable small errors of analysis
and to the fact that in combinng the varous radicles there 16 always
o shght excess of one of them, usually magnesium, at the end As
m our experience the estimation of magnestumn  usuelly tends
towards results that are a little hugh, the figure for magnesium
chloride given m the table 1s calculated from the excess of chlorne
after all other radicles have been accounted for In any case 1t
must be emphasized that the difference observed s small and of no
mmportance 1n considering the results of the inveshigation

Consideratron of the Results of the Analysis

1 Tae Brives axD Brrrers  Tasres 1, 2, 8 avp 4
All the samples contamn bromme and potassium chlonde, byt i
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variable amounts  Of the brimes No 30 (Mark 2) 1s the richest in
bromine, and in potassium and magnesium salts The amount of
potassium chlonde present namely 9+5 grams pex htre i1s compar-
able with that found 1n the Dead Sea water having a specific gravity
of 116 (Surface water)

Bitterns Nos 40 and 44 (Marks 7 and 9) contain respectively 0 48
and 0 36 per cent of bromie, wiile No 43 (Mark 8) as mught be
expected contains the greatest amount namely 0 76 per cent All
the bitterns contain large amounts of magnesium chlomdes, but
the amount of potassium chloride 1s not so great as might have been
anticipated 1f the potassium chloride has remained i solution.
This 1s due to the fact that, since the bitterns have densities varying
from 131 to 1 35, they are practically saturated solutions, and the
bulk of the potassium chlorde has been previouslv precipitated as
crude carnallite  The compositions of the crystals No 48 (Mark 11)
which form on the sides of the bitterns pan bears out this explana-
tion The crystals are i fact crude carnallite

Smce the presence of potassium chloride m the brine 1s of the
greatest importance, but was not found m the samples analysed
by Mr Mackenzie Wallis, 1t 1s desirable at this point to state that
experiments have been conducted on the linnted amount of brme
No 30 (Mark 2) at our disposal with the object of finding out the
Linuts of the speerfic gravity for the complete precipitation of the
potash as carnalbte  On concentrating the brine at about 40°C
with a stiff breeze blowing over the surface of the evaporating
liqud most of the salt (sodium chlonde) 13 precipitated when the
hot hiquor attams a specific gravity of 1 26  Tls precipitated
salt contamned O 35 per cent of potassium chlonde  After remov-
g the sodium chloride, the mother hquor on being concentrated
at about 50°C till the specific gravity of the hot hquor reached
1 31, deposited crude carnalbte which contamed 10 5 per cent
of potassum chlonde Owing to lack of matemal we sere
not able to fix the precise lumts of the specific gravity for
the production of carnalhte containing 20 per cent of potassium
chlonde (this being the proportion found m the crystals (Mark 11)
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but 1t 1s probable that such a carnallite would be produced 1f the
precipitation took place between the specific grawvities of 1 28—
131 It would however be a comparatively sumple matter to
fix the condition necessary m India for the precipitation of carnallite
by tral wpon an experimental scale m the works

That potassium chloride of a fair degree of purity can be readily
obtamed from the carnallite produced in India has been proved
by the recrystalhsation of sample No 48 (Mark 11) The crystals
of crude carnallite from even the sides of the bitterns pan contatn
20 per cent of potasstum chlornide and after a simple process of
recrystalbsation vield & crude potassium chloride of 70 per cent
purity, a small sample of which mn a bottle 18 forwarded with this
Teport

The question of the production of bromime from the bitterns will
be taken up after the analyss of the salts have been considered

The brines and bitterns contain no 1odine and only spectroscopie
traces of ithium 1n certain cases We have examined the bitterns
(so far as the material at our disposal allows) for the presence of
rubidium and cassium but with negative results

2 Tue 8aurs (Sobrom CuLoripE) TaBres 7 axp 8

The sodium chloride m the salt vares from 90 to 96 per cent,
the salt produced from brine No 34 (Mark 4) contaans the highest
amount of sodium chloride and the least impurity ~ All the samples
contamn very small quantities of bromme and potasstam chloride

3 Tur Sarmerres or MagnesroM CELORIDE TaABLES 5 AND 6

The samples contan total sohd impunties ranging from 1 89
per cent m No 42 (Mark 7b) to 2 82 per cent ;. No 41 (Mark 7a)
No 46 (Mark 9b) contains the greatest amount of magnestum
chloride but this 18 due to the fact that this sample 18 the driest
All the samples contam small quantities of potasstum chloride and
definite amount of bromme  All the samples may be considered
good commercial magnesium chloride (fully hydrates)

Production of Bromine —Bittern No 43 (Mark 8) contains
0 76 per cent by weight of bromme, and bhitterns Nos 40 and 44
(Marks 7 and 9) 0 48 and 0 36 per cent respectively The
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amount of bromine m the Stassfurt mother hiquors (one of the
mam world’s supplies of bromine) after the removal of the carnallite
15 usually 0 2 to 0 3 per cent and the amount found by expeir-
ment m the mothr hiquor from brme No 30 (Mark 2) after the
removal of the carnalite was O 40 per cent The amount of
bronune present m the bitterns is thus excluding No 43 (Mark 8)
which 15 the final mother hquor after the removal of magnesium
chloride greater than in the corresponding bitterns obtamed at
Stassfurt
It should be noticed however that every salt removed from the
brimes or itterns during the manufacture of salt and magnesmam
chloride contains bromime in greater or less amount The sodium
chlorides contain on the average 0 017 per cent of bromine, the
carnalbte 0 17 per cent, the magnesium chloride 0 60 per cent
and the solid part of the sludge 0 14 per cent Every process
therefore mvolving the removal of sohd matter from the brines and
bitterns by crystallisation or precipitation causes a loss of bromine
i the hiquid which 1s small in the ongmnal brines, but increasing
m amount as the mother liquor becomes more concentrated
Consequently 1t 1s not possible, knowing only the amount of bro-
mine n the onginal brne and the degree of concentration to deduce
the amount of bromme 1n the final mother hiquor, nor conversely,
having analysed only the final mother liquor and knowing the
degree of concentration 13 1t possible to deduce the amount of
bromme m the ongmal bitterns or brme (See Bulletin No 2,
p 9, Department of Industmes, Bombay Presidency )

Tor the purpose of obtamnmng some 1dea of the order of the total
loss of bromine and the amount lost at each stage of the successive
operations a defimite quantity of brine 30 (Mark 2) was evaporated
From 500 ces of this brine (speafic gravity 1 22) contammg
0 128 per cent of bromine 85 grams of salt (sodium chloride)
were obtamed contaming 0 05 per cent of bromme. From the
mother hquor which measured 230 ccs and had a specific gravity
of 1 26, 30 grms of crude carnalite were obtaned contamning
0 156 per cent of brommne The mother hquor at this stage (mea-
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surtng 125 ces) had a specific grawity of 1 31 and contaned
0 403 per cent of bromme 105 ccs of tlus mother hquor were
concentrated to 32 ccs of specific gravity 1 36 and m the process
62 grams of magnesium chlonde contaimng 0 404 per cent of bromine
was removed This final mother hquor contained 0 674 per cent
of bromine From these figures 1t can be calculated that 55 per
cent of the brommme originally present in the brne has been
removed by the various salts taken out on concentration and that
therefore most of the loss of bromine occurs during the removal
of magnesium chlonde when the hquor is most concentrated

Further 1t will be observed that starting with a brine containing
0 128 per cent of bromine and concentrating more than 13 times,
the bromine contents of the final mother hiquor m only 0 674 per
cent TIn other words the bromine has been concentrated only
little more than 5 times, and starting with a bittern contaimng
0 403 per cent of bromine and concentrating more than 3 times,
the bromine contents has only mcreased 68 per cent It will be
observed that the ratio of the bromine contents of hitterns Nos

43 and 40 (Mark 9 and 8) 13 100 159 or nearly the same as that
found by the above experment namely 100 168 It 1s further
to be noted that in order to obtam a final mother hquor contaming
1 0 per cent of bromme the original bittern must contamn 0 GO
per cent of bromine whereas the amount present in the mcher
of the two samples submutted to us was only 0 48 per cent These
figures should not be taken as absolute values since the conditions
of crystallsations may differ i India from those 1n this country
and further the loss of bromine on a manufacturnng scale may be
different from that obtaming m the Laboratory, but they serve to
mdicate the order of magmtude of the loss of bromine that may be
expected , without taking into account any possible loss of brormme
that may occur through heating the hitterns to a high tempera-
ture, or any loss due to leakage from the pans

Although there 18 this great loss of bromine durng the vamnous
process of manufacture 1t does not follow that bromme cannot be
economically manufactured m India  Apart from the question of
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cost of manufacture available labour, and method of manufacture,
the determining factor would appear to be the quantity of bittern
avallable. For every 15,000 gallons of bitterns contamming 0 50
per cent of bromine, rather more than 900 lbs of bromine are
theoretically recoverable, hut 1t would be more satisfactory to
ascertain the amount actually recoverable by experiment of a semi-
works scale,

Summary and Conclusions.
1 The brmes and bitterns contain potassium salts, magne-
stum salts and bromine but do not contam iodine

2 Crude carnallite crystalhses round the sides of the hitterns
pans and may be obtamned by allowing the bitterns to concentrate
between certamn limits of specific gravity

3. Crude potassum chloride may be obtamed by a simple
process from the carnalhte

4, Loss of bromme occurs at all stages m the concentration
of the brines and bitterns, but this loss does not necessarily make
the economic recovery of the bromine mpossible The factors of
ost ymportance are the percentage of bromme 1n the final mother
hquors and the quantity of such mother hquors available

5 It1s necessary to modify the report of Mr Mackenzie Walhs
L one most important particular, namely the statement (See Mr.
Mackenzie Walls’s report conclusion 6 and the second paragraph
on page 4 of the Bulletim No 2 of the Department of Industres,
Bombay Presidency) as to the entire absence of potassium mn the
brne  The notable quantities of potassium chloride found 1n the
brines examined 1n this Laboratory indicate that these may prove
to be a useful source of raw matenal for the manufacture 1 India
of pure potash salts and erude potash salts for fertihsing
purposes

6 In our opmon 1t 1s desirable to make experunents on a
works or semi-works scale to decide whether either potash salts

;rd brommne or hoth can be manufactured economncally
ndia
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Methods of Analysis most swtable for Brimes and Salis

Estimation of Bromme —No method wluch depends on the
selective owidation of bromides m the presence of such chloride
and the subsequent removal of the hberated bromme by steam
distillation 18 entirely satisfactory, neither 18 the method of direct
titration agamnst chlorme water except within narrow hmts for
pure dilute solutions of bronmdes Further, calonmatrnic methods
are generally only approuimate and cannot be relied on where
exact results are required

The only recent method of analysis which 1n our experience
gives satisfactory results 18 that of Baughman and Skanner (J of
Industnial and Engineering Chemustry, Oct 1919, p 954) The
method depends on the hiberation of bromme from bromudes by
chromic acid in concentrated solution m the cold and the removal
of the hiberated bromine by s rapid current of air  The bromme
18 caught 1n afneutral solution of potassium 1odide and the hberated
10dine 1s tittated against a standard solutzon of sodium thiosul-
phate 1n the fusual way

The procgss 18 carried as follows —

Into a drying cyhinder of about 150 ccs capacity fitted with a
ground-in stopper carry an mlet tube termunating on the outside
1 & small funnel and an outlet tube bent at right angles 1s placed
a defimfe quantity of the bittern or brne (concentrated if neces-
sary) A solution of 16 grams of chromic acid i about 12
ces of water 18 then run m through the funnel taking care
that the total volume of liquid 1 the cylinder does not exceed
25 ccs  The cylinder 18 previously attached to two sumilar
cylmders (without funnels) filled to about one-half of therr
capacity with a dilute solution of sodm sulphite made
shghtly alkalne with sodium carbonate A gentle current
of air 18 drawn through the apparatus unt:l the contents of the re-
action cyhnder are thoroughly mixed The forward end of the
apparatus 18 then closed with a screw chip and by gentle aspiration
the nternal pressure 1s shightly reduced, after which the back end
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of the apparatus 1s closed by a screw chp The whole 1s then
allowed to remam closed for 15 to 18 hours

The next moimng the bromme is removed by passing a rapid
cwrrent of air for three hours, and four 2 ces portion of 3 per
cent hydrogen peroxide at half hour intervals are added to the
reaction cylinder The contents of the absorption cyhnder are
then transferred to a dish and then evaporated nearly to dryness,
In the cleaned out reaction cylinder are placed 15 grams of chronuce
acid  The absorption eylinders are cleaned and filled to about half
their capacity with a neutral solution of potassium 1odide (5 per
cent ) and the three cylinders are connected up The evaporated
solutions and the washmgs of the evaporation dish are transferred
to the reaction cylinder taking care as before to keep the bulk
down to about 25 ccs Aspirate as before for one and a half hours
and titrate the hiberated 10dine with thiosulphate

Estimation of Potassium.—(See Analyst 1916, p 165) A
solution of sodmm cobaltimtnte 1s prepared as follows —

50 grams of cobaltimtrite and 300 grams of sodwum mtrate are
dissolved 1n water, acidified with 25 ces of glacial acetic acid and
diluted to one litre  Allow the solution to stand for 48 hours and
filter before use

10 grams of brine are diluted to 40-50 ccs with distilled as water,
(put water m a beaker and 30 ces of sodium cobaltimitrate solution
added ) Stir and allow the precipitate to settle for 2 hours (In
the case of the salts, where very small amounts of potash are
present allow to stand overmight) Filter at the pump m Gooch
cructble fitted with a paper disc and wash with water contamning
sodium cobaltiutnte Return the crucible and its contents to the
beaker and dissolve m the steam or water bath m a few ces of
hvdrochloric acid diluted with an equal volume of water Filter into
2 small evaporating baswn, wash well and take down to dryness
Dissolve the residue m a few ces of water, filter agam 1f necessary
and add a shght excess of perchloric acid  Evaporate on the hot
Plate until nearly dry Cool, dissolve in a little water, add 2} ces
of perchlonc acid and again evaporate until nearly dry. When cold
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add 25 ccs of 98 per cent aleohol, stir, filter through a Gooch
crucible with ashestos mat, wash with 98 per cent alcohol con-
tamming 0 2 per cent of perchloric acid and saturated with potas-
smm perchloride  Dry at 100°C, weigh, and deduct the amount
of potasstum perchlorate found m the volume of perchlonc acid
used, generally about 1 miligram for every 3 ccs and from the
weight of potasstum perchlorate thus found calculate the
percentage of potassium

Estimation of Water —In the case of the salts (sodium chlo-
ride) where the amount of the calelum magnestum salts does not
exceed 3 to 4 per cent no very serious error 18 introduced nto the
analysis 1f the finely powdered salt 1s dred at 200°C to constant
weight and the resulting Joss of weight 15 considered to be
wholly water But mn the case of carnallite or magnesium salts
and particularly of magnesium chlorids, the salt cannot be freed
from water at a temperature below that at which the salt 15 decom-
posed with loss of chlorne as well In order to avoid error
from this case the following method of determination of water
n such salts has been mn operation in this Laboratorv for some
time

The method depends upon the fact that lead chromate at &
red heat will absorb chlorine and sulphunec acid but will not absorb
water Hence if the vapours obtained by heating the salts m
question be passed over heated lead chromate 1 a tube, only the
water will pass on into the absorption tube contammg pieces of
purmuce saturated with sulphuric acid  As an additional precaution
agamst traces of hydrochlomc acid passing mto the absorption
tube a spiral of slver gauze 1s placed in the tube immediately m
front of the absorption tube The mode of procedure 1s 8s
follows —

A piece of glass combustion tubmg 18° long and %" diameter
is cleaned and dried The muddle third of the tube 1s filled with
granulated fused lead chromate kept m position by two short spirals
of copper gauze  In the end of the tube nearest the absorption tube
contaming sulphunc acid 15 placed a 4" spiral of mlver gauze The
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tube and 1ts contents are first dried by heating to redness m a Fletcher
furnace and a current of air dried by passing through sulphurmc
acid 1s passed through the tube until all the traces of water are
removed The empty third of the tube 1s then allowed to cool
About half a gram of the salt 1s weighed into a boat and placed
mmmediately m the empty cold part of the tube The salt
must be weighed out as rapidly as possible and preferably by
enclosmg the boat 1 a weighing tube of ““ pig’* form , this 1s parti-
cularly desirable with magnesium chlorides A current of dry
air 18 drawn through the tube and the front part of the tube with
boat heated gently at first and finally to bright redness and mam-
tammed at that temperature for 10 to 15 mmutes Care should
of course be taken not to heat the lead chromate to the pomnt of
fusion  The absorption tube 1s finally weighed, the mcrease m
weight bemg water

A JE
(ROVERNMENT LABORATORY,

September 28th, 1920 J
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Kuda Salt Works —These woiks, as was shown m the earher
part of this report, are of very ancient ongim  Long before Khara-
ghoda salt works were opened, salt was manufactured at Kuda It
18 stated that the Agarias of Kuda who had inheuted the hnow-
ledge of salt manufacture from their ancestors were the first to be
called at Kharaghoda when the new works were opened 1 1822,
and that the practice followed at Kuda from ancient times was
copled at Kharaghoda in every detail There 15 however at the
present day absolutely no difference in the practice followed
at these two neighbouring salt works The season 1s the same as
at Kharaghoda Two kinds of salt are manufactured at Kuda —

(1) Vadagra (Baragra) or large crystals
(2) Ghasia or small crystals

Ghasia salt crvstals are very hight, not bemg allowed to grow
ag 1n the case of Baragra salt, but removed ns soon as they are
formed hke flakes TFor this reason they do not require continued
labour 1n raking and spade work as in the case of Baragra salt.
For a number of years the contractors were paid Rs 1-9-0 per 100
maunds of Ghasia salt Before the light railway was brought
to the Kuda salt works, the cartage was Rs 4-8-0 per 100 maunds
from the site Yo the old warehouse Contracts for Baragra salt
were given at & ples per Bengal maund or Rs 1-2-8 per ton In
November 19204 & general survey of the wells made for the 1920-
21 season was rRade and 1t was found that the brme level mn
the wells was 8 fedt from the surface The density of the brine m
all the wells was 19 to 20 B at 25*C In one well brine was at
a depth of 4 feet from the surface Its densmity was 200 B In
the pans which were just beginning to form salt, a density of 25°
B was noted In the pans where salt was already found, the
density was 26> B and in the pans which were bemg emptied the
bittern had a density of 30°B

Durmg the 1919-20 and 1920-21 seasons, Magnesium Chlonde
was recovered from the bitterns At Kuda the bitterns of 30° B
were first led mto small tanks, where they were allowed to con-
centrate till about 36° B They were then transferred by buckets
wto shallow kettles heated by open fire underneath They were
boiled at 116° C  The method followed at Kuda was very crude,
but as the price of imported Magnesium Chloride was very hgh,
1t paid the manufacturer to recover Magnestum Chlonde from
the bitterns, even though the cost of manufacture was very high
Anelyses of Kuda brmes are given mn the followmg tables These
analyses show that the Kuda brine 1s stronger than Kharaghoda
brine It should also be noticed that Sodum Chlorde m Khara-
ghoda and Kuda brines of 20> B 18 less than mn ““sea water” bhrne
of the same strength
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Highness, and the town and the works were named Nimaknagar
(Nimak = salt and Nagar = town, Saltwille) This site 13 about
a mile north to south and a mile east to west The southern half
which 18 slightly on a higher level 1s laid out for residential purposes,
and in the northern half the salt works proper will be laxd out  The
natural contours of the selected site have been most 1deal giving
a drop of 2 feet from south to north and 2 feet from west to east

The natural gradient thus helps considerably m the economical
layout of the works A brine channel runs mn the centre of the
worhs This channel 18 carried to the southern side where 1t
discharges the brine into a forebay The channel s carried from the
works mto the Rann of Cutch on a embankment which 1s of a lugher
level than the high flood mark On the two sides of the channel
there are brime wells The distance between each well 13 60 feet

These wells will be worked by one central compressor plant, and
the brine will be pumped by air-hft from each well mto the mam
channel The brine will be led from the forebay into the condenser,
which has a total area equal to forty-five per cent of the total area
of the pans  The condenseris divided 1nto three sections, the brine
flowmng by gravity in a zig-zag way from one condenser to the other

In the third condenser there are two sluice valves, from which
the brine would be led mto the pans The pans will be 210 x 70
feet The area of three pans will make an acre The brine will
be admitted to each set of the pan through a pipe, and 1ts flow
will be regulated by valves At the end of the pan there will be
a take off from which the hittern will flow intos the bittern
channel The bittern would be run off by gravity  All the pans
would thus be connected at one side with the bnne channel and
on the other with the bittern channel The bitterns will flow from
all the pans by gravity mto one mamn channel which will discharge
1t mto the bittern reservoir The design of the layout thus makes
1t possible to take off the bittern wathout handlmg The whole of
the layout 18 so arranged, that there will be a constant flow of
bittern from one part or the other of the layout, thus malang it
possible to recover the by-products continuously throughout the
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flat country with the ercepfion of a few lulls  Round about
Dhrangadhra there are several observatories of the Meteorologieal
Department, whose records extend over 50 years  From the records

YEARLY VARIATION IN DIRECTION ANO
VELOCITIES OF WIND AT KUDA

FI6 12

of these observatories 1t would be possible to obtain very nearly a
correct 1dea of the conditions in the Dhrangadhra State For tius
purpose I have given the readings of the following stations —

Veraval which 1s on the sea coast , Rajkot which 18 1n the mterior
of Kathawar , Bhuy which 18 to the south-west of the Ranm of Cuteh,
Ahmedabad which 1s about 70 miles from Dhrangadhra, and Deesa
which 18 on the north of Dhrangadhra

At Kuda the weather would resemble more like Rajkot, Bhuj or
Ahmedabad with this difference, that m the month of March and
Apnl when the north-west winds are blowing from the Rann, the
maximum temperature at Kuda would be more than at Ahmedabad
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“During the past few years the quality of Sambhar salt 1s sard
to have depreciated, and 1t has been suspected that the large quanti-
ties which have been removed have at last made an 1mpression
on the great stores of salt which must have accumulated 1n the
lake silt, appreciably raising the proportion of the associated com-
pounds sodium sulphate, sodium carbonate and potassium
sulphate *’

Sambhar lake water contain mostly Sodium Chlorde, Sodium
Sulphate and Sodium Caibonate 1n the following proportions —

Per cent
Sodium Chlorde 88
»  Sulphate 756
,» Carbonate 45

Sodium Sulphate and Sodium Carbonate are present 1n very large
quantities These are found on the sides of the Lake m layers
from 1 to 2 inches deep  Salt 18 recovered from the brme by solar
evaporation in shallow pans or Kyars or obtamned by gradual con-
centration of the waters of the lake 1tself Salt forms at Sambhar
lake mn large crystals of the hopper or pyramid shape The crystals
are white or gray to pink The manufacture of salt at the lake,
1t will be seen, depends upon the rainfall which varies from year
to year, and the outturn of salt fluctuates in accordance with the
quantity of brine 1n the lake

Production of Salt.

Year Maunds
1917-18 45,34,747
1918-19 1,11,90,738
1919-20 44.77,199
1920-21 64,35,635
1921-22 50,18,104

The average ramnfall at Sambhar 18 20 17 inches The monsoon
beging m June and lasts to the end of October The cost of salt
at Sambhar 15 extremely Tow as will be seen from the followmg
table —
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Manufacture of pan salt was considered troublesome, precarious and
uneconomical Considerable improvements have heen made since
1920, for the production of an assured quantity of salt from surface
and subsoil brines  As a result of enquiries made by the Government,
1t was suggested to construct a large resery oir provided with powerful
pumping plant at a cost of rupees four lakhs Tlus reservorr 1s to be
bult by the construction of a dam 12,000 feet long and sufficiently
high to mamtain a level of 5 feet of water for the cold and hot
weather These measures will safeguard the Sambhar source aganst
scanty ramfall  Other projects at Sambhar are the clectrification of
the power plant, acceleration in the methods of extraction and 1n
the handhing and transport of salt

Pachbadra and Didwana Brine Salt Works —After Sambhar,
the Pachbadra salt sources are next mn importance  Pachbadra 1s on
the banks of Lum (salt river) at a distance of 40 nules from the city
of Jodhpur All over the area brine springs exist  Pits of an average
length of 230 ft by 60 ft are dug to the level of the hrne springs
and become filled to a depth of 3 feet, The denwity of the bmne
varies from 20 to 25° B Another important salt centre 1s Didswana,
also situate 1n Jodhpur at a distance of 40 mules 8 W of Sambhar
Lake The supply of brine 15 abundant and believed to be
mexhaustible The cost of production at Didwana 18 extremely
low—As 10 & ton——perhaps the cheapest salt made in the world
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considerable distances in Northern Indwa, these salts are not
marketable 1n Central and Southern India

Prices of Salt in Rajputana and Northern India—The cost
price mcludes the cost of manufacture and storage, cost of
supervision, share of cost of hospital estabhshment, medicine,
etc Interest on capital expenditure and outlay, rent of sources,
mcluding royalty and other items of expenditure  From the prices
gwven below 1t will be reahsed that salt 18 obtamable at perhaps the

cheapest rate in the world
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Percentage of quantity imported from different countries
1918-19 1920-21 1921-22 1922-23
United Kingdom 88 1438 127 1441

Port, Said 4990 1934 1814 1582
Spam 413 1193 11 44 10 65
Massovah 11 30 910 946 11 24
Aden 25 25 2865 31 92 30 82
Bombay 0 44 2 80 3 88 523
Madras 0 90 0 09 3 81 3 81
Hamburg 1277 863 805

Wastage of Salt —The following figures show the average per-
centages of wastage of salt in the Bengal Warehouses —

1921-22  1922-23

Liverpool 3 22 2 04
Port Saxd 0 08 100
Aden 093 6 03
Massovah 0 05 0 64
Hamburg 0 843
General average 2 65 225
The average wholesale price per maund was as follows —
Rs

1920-21 3-2-4

1921-22 3-3-0

1922-23 3-6-6

For wholesale F O B prices see Appendit

Madras Presidency —Selt 18 manufactured by solar evapora-
tion of sea water all along the coast of the Madras Presidency The
salt district of the Presidency 1s divided imto three sections The
Northern Section 18 from Ganjam to Kistna districts, the Central
Section 18 from Kistna to Chingleput districts, and the Southern
Section 18 from Chingleput district all along the east coast, round the
Cape and along the west coast upto Udipi distmet 1n Malabar.
There are 1m all 48 centres divided mnto 65 factores spread over
a total length of 1,600 mules of sea coast The 65 factomes
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or about the muddle of February, when strong southerly dry wind,
often from the landward side, blows without a break and continues
tall the second week of June  As a rule three condensers are provided
for each crystalhsing bed The area thus covered by the condenser
18 three times the area covered by the crystalhising bed In many
cases single rmgation system 1s employed and in others salt 18 gathered
for a few days In the single umgation system, brine 1s taken m
mto the crystalising beds to a depth of 1/ to 3 inches, and this 15
gradually evaporated till a density of 28 to 30> B 1s reached The
crystals of salt are scraped by flat wooden scrappers The salt
thus obtained 1s allowed to dramn 1n a heap on the platform adjoimung
the pan  The irngation of beds and scraping 1s repeated every third
or fourth day according to the weather After the fifth, scrapmng
the mother hquor which gets charged with magnesium salts 18 taken
out, the bed agamn puddled and fresh brine taken in  The bittern 1s
dramed off mto a special small channel which 18 constructed on a
lower level The crystals thus obtamned are hard and greysh.
They erush well, and if well washed in brine give fine white salt

The yield is estimated at 1,000 maunds per acre, or roughly about
35 to 36 tons As regards labour, two men are required per acre
to attend to the crystallsing pans and the condenser Women
are employed for all purposes except scraping  The wages pad to
men are from Rs, 9 to 10 per month  Women get Rs T per month

For five acres 5 men and 7 women are required The Govern-
ment gives sections of the factory to dufferent contractors on lease

The contractor supples all the matenals necessary, such as slung
baskets, scrapers, etc  He finds hus own Iabour and conducts all the
operations from the beginning to the end except the control of erys-
talhsing 1n the pans  Government inspectors are responsible for the
exammation of brine from time to time The whole outturn 1s
purchased by the Government at the fixed rate of Rs 15 to 20 per
“ grace ” or 120 maunds, or at the rate of As 2 per maund At this
tate the contractor 18 expected to make a good profit, estimated at
about six pres permaund  The Government 1n turn sells salt at the
site to wholesale dealers at the rate of As 3 per maund plus the duty.
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Sea salt manufacture m the Bombay Presidency.—Aboug
two-thirds of the salt produced in the Bombay Presidency
15 obtained from sea water All along the coast from Dharasna,
near Surat, to Ssmkatta m the gouth of Bombay, on about
300 mies of sea coast, salt 13 manufactured dunng the dry
season from sea water The season commences i October-
November if the monsoon 18 prolonged The sea water 15 let
mto the reservoir towards the close of the month m which the
operations commence The area 18 first swept clean of ran water
which accumulates m the monsoon The condensers and the pans
are repawred and rebwlt, puddied and tamped till a hard and
water-tight floor 15 obtained The crystalbsing pans are first charged
with brines mm November and December near Bombay In other
salt works, brine 13 let into the pans in January, and in some cases
as late as February It takes about three wecks for the sea water
to condense 1n the beginning of the season  The actual manufactus-
g geason lasts from four to five and a half months An acre
of land holds 40 pans as will be seen from the following table A
pan containg 1,080 square feet  An acre contains 43,560 square feet
(50" long+-4' ndge x 15" broad 45" ridge =54 x 20=1,080 square feet)
Each pan yields on an average 70 to 80 maunds  On this basis the
monthly outturn per pan can be taken at 12 maunds The outturn of
salt per acre 18 18 tons or 108 tons per season of six months If in the
ahove area an allowance 18 made for condensers, 10 pans only can be
laid out m one acre The produce per season 1n that case would be 30
tons The manufacturing season s reckoned from December to
May. In Bombay—Dadar salt works, Kuppa salt begms to form
m December and continues till the middle of June Formerly 1t
was the practice to lay out larger pans and consequently salt did
not form till the end of February , but the present practice 1s to have
smaller pans in order to get salt formed earlier in the season than
before The daily wage 18 As 11 to 12 per labourer When the
agar 18 laid out and the pans are made water-tight to recerve brme,
a staff of about 56 men, mnclumve of the manufacturer-mn-chief 18
required to attend to 100 acres of land 50 out of the 56 men have
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FOREIGN SALT WORKS

French Salt Works.—In France solar salt manufacture 18
carnied on the Mediterranean  There are 4 grades of salt made —
(1) Fime salt
(2) Semi-fine salt,
(8) Lump salt
(4) Rough large salt
The differences m prices between grades 1 and 2 1s 5 Francs,
and between grades 2 and 3 and 3 and 4, 2 to 3 Francs An average
analysis of the French solar salt 15 —

Sodium Chlonde 97 56
Magnesium Chlonde 0 07
Magnesium Sulphate 037
Moisture 2 00

This salt 15 produced from Mediterranean sea water, the analyss
of which 18 given below —

* 1 I1 (Lament)

Sodium Chlonde 30 182 27 22
Magnesium Chlonde 3302 614
Calcium Sulphate 2542 01D
Magnesinm Sulphate 1392 702
Potagsiam Chlonde 0 518 Nid
Sodium Bromide 0 572

Calcium Carbonate 0 117 0 09
Ferne Oxide 0 003
Magnesium Carbonate 01
Potash 0 01
Water 959 06

* Works analysis in 1918



146 SALT

This Company has a capital of 8 nullhion Francs and produces
annually about 20,000 tons of salt It bassalt works at the follow-

mg places —
" (1) Huyeres {on the other side of Marseilles)

(2) Augues Mortes
(8) Cette
(4) Villero

The Company 1s a combination of a number of other small
concerns scattered at different places on the Mediterrancan At
Aigues Mortes where there are five works 1n fanrly close proxumity
the total combmned output from the district 15 80,000 tons on an
average per year The manufacture 1s entirely by solar evapora-
tion at all these works, and no by-products are recovered m this
district  Salt 18 not re-crystallised but a large portion of the salt
made 18 washed with brine before stacking 1n heaps

Salin de Villeroa —The lavout of Salin de Villeror 1s typical
of the French saltern Sea water of about 3° B 13 drawn from
the Mediterranean where there 1s practically no tide  As there 15
no nse and fall in the sea level due to absence of tides, the sea water
18 raised at various stages by means of pumps One of the pumps
was made of wood with screw like blades This pump or water
wheel or elevator raises large volume of water to a height of about
6 feet, and was considered more economics! than the other centn-
fugal pumps  Electric power 1s used for pumping and all other
purposes It was purchased from a pubhc company at about 10
cms per K W H before the War, and at 15 to 16 cms 1n 1918
The current 18 brought from the generating station which 1s over
100 Kms (62 mules) away at 10,000 volts and reduced to 100 volts.

The sea water is led through a seres of reservoirs partly natural
and partly constructed, varying from 1 foot to 4 or b feet m depth
and contans 50 to 70 ems (207 to 28") of water The brine 1s
concentrated i these resersoirs upto to 25° B till all the Calcium
Sulphate precypitates  The concentrated bime of 25° B 15 then
run at about the end of June mto a specially constructed rectan-
gulax pan  The deptlt of the brine in the pans 18 mamtamed
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of 80,000 tons per year which1s the average production of Aigues
Mortes works The salt 13 brought by a canal into the central
store and ground The grinding null 1s made by C Wagmann of
Zunich It consists of double mulls, 1z, (1) Disintegrators and
(2) Porcelain Rollers These turn out 2 tons of fine salt per hour
and take about 8 to 10 h p. The approvimate cost of a machine
of tlus type would be 4 to 5 thousand Franes Before the
War 1t cost only 2,000 Francs

All the machines, as at Cette, are driven by Electnaty The
power cost 17 cms per K W The cost of grindmg to produce
the fine so called table salt 18 said to be 3 Francs per ton Moveable
cranes and elevators were used as at Cette for stacking the salt
Electric wires are run all over the salins, so that pumps, cranes
and other machinery can be conveniently worked

Compagnie de Produits Chimique and Electro-metallurgiques
d’ A lais Forges and Camargue

Salin~de~Giraud —This 18 & very large company, which makes
besides salt for consumption, sea salt for the Solvay Soda Ash
factory Its annual production 1s from 160,000 to 200,000 tons
Dunng the War the Company was also making explosives for the
Government

It extends on the ses const about 32 mles and along the mver
about mx miles It 1s difficult to determine the exact area covered
by these works, but the area 1s estimated at 30,000 bhectares
(75,000 acres) These works were founded omgmally m 1858
and considerably enlarged m the subsequent vears The admims-
tration offices, workshop and factories occupy 100 acres near the
station of Salin-de-Girgud

Solvay works are about 10 miles from the salt works A meter
gauge ralway lme, about 16 miles 1n length, connects the mterior
of the works with the factory Of the total area 12,000 hectares
(30,000 acres) are ab present reserved for the productzon of 160,000
—3200,000 tons  Each Hectare (2,471 acres) gives 180 to 200 tons
of salt per year The salt 18 harvested from the muddle of June
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The following working of the Salins will give an 1dea of the
process followed at these works —

(1) Sea water of 3° B 1s run mto reservowrs and brought up
m them to 10°B  These reservoirs are shallow, about
3 3 feet deep and made of clay bottom The French
have solved the problem of evaporating huge quantities
of sea water of low density in places not very well situated
for solar evaporation as i the tropics  This they do
by spreading the sen water in thin lajers over vast
areas and keeping the waters constantly mowving by
drawing off at varous stages into long channels This
1s done by a water wheel 15 {eet 1n diameter and 3 feet
wide dnven by an engine The water 15 raised about
one metre from one level to another The efficiency 18
saxd to be 60 per cent

{2) This 18 run nto a second series of reservoirs and carred
by mgzag courses, partly natural and partly artificlally
constructed

(3) From this 1t 1s run mto the salt pans which are all lad
together and brought upto 28° B Salt 1s gathered
upto 29-30° B m these pans

{4) The mother liquor after the gatherng of salt 1s run into
a further set of crystalhsers and brought upto 33° B
where an impure Magnesum Sulphate muxed with
salt crystalhses out 1 & layer of about 4 inches

{5) The mother hquor of 33 to 34° B 18 pumped mto three
deep reservoirs and kept there durimg the wmter Here
Magnesium Sulphate crystalhses out at a low tempera-
ture , 1t 18 Temoved on separation, and then the remain-
g mother hquor 18 conveyed to the factory for fur-
ther treatment The depth of the first two sets of
reservomrs 1n the first and the second stages given above
are as shallow as possible  These reservours are con-
structed by earth embankments and the bottom made
of natural clay The depth vames upto one metre
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from the deposit of “mixed salt” (sodium chlonde and magnesium
sulphate) Formerly this was used for the manufacture of sodium
sulphate, but this salt 18 now obtammed more economically as a
by-product in other industries

The mother hiquors are next conveyed to four large communi-
cating brick-work reservoirs (14 feet deep) with outlets for the
discharge of the deposits of magnesium sulphate and are allowed
to remam there during the winter When the temperature falls
to 12°C magnesium sulphate 18 deposited, whilst to prevent the
hqud from cooling below the point, when “carnalite’” would also
be depostted, the surface 13 covered with a layer of soft water from
the Rhone

There forms at the bottom of the tank a very rich deposit of
Magnesium Sulphate This deposit 18 not of umform thickness
and composttion Certamn layers are composed of fine crystals
which are very white and very small There are also layers of
wregular, thin, dirty and sticky crystals

Small Dirty  Big dirty

white and crystals

crystals opaque

crystals
NaCl 219 0 54 2 20
MgCl, 6H,0 0 B0 0 50 304
MgS80, TH,0 88 56 97 78 89 79
Water by diff. 8 75 118 4 23
Insoluble 074

The annual production of this crude sulphate of magnesia 18
extremely vamable It vames from 1,500 to 100 tons per year
The product 18 sold as 1t 18 collected—no further attempt 1s made
to refine 1t

The followmng spring the layer of the mother hquor, which will
then have a density of 32 to 33° B (sp gr 1285—1 296) 15 ready
for the extraction of bromme This 18 effected by pumpmg the
mother liquors mto vessels each of which has a capacity of 20
cub m (706 ¢ ft ) and from this they descend mn a regulated stream
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The clear supernatent hiquid 1s transferred to a crystallisation
vessel 1n which 1t 13 cooled to about 20° C by means of cooling coils
and the resulting deposit of carnahte 1s drawn off by means of
buckets and drained 1n cylindmeal vessels with false bottom  The
final mother hiquor 18 concentrated to about 40°B (sp gr 1384)
and 15 used partly for miung with the hquors coming from the
Porion evaporators, and partly m the manufacture of erystaline
magnesium chlonnde  The carnalite 1s washed with & hmited quan-
tity of water, e g, 900 Litres of soft water and 600 hitres of washings
of 28°B (sp gr 1 241) from a previous operation to 2,700 kllos
of the salt, 1n cyhndmeal vessel which 1s provided with mechamcal
agitators  After 4 hours, during which a part of the potassium
chloride settles down and the mother hquor which 1s still nch
m potasstam chlomde, 13 concentrated m Pomon evaporafor
for further treatment The crude potassium chlonde 18 washed
m 3 ton lots for about an hour with 1 cbm of cold soft water
ma cylinder provided with an agitator, and 1s then transferred

mto a vessel with a {false bottom, where 1t 1s dramed
and 13 finally dred & Dbattery of hydro-extractors  The

resulting product contams 72 to 75 per cent of potassium
chlonde but may be obtammed m purer form by repeating
the washing About 600 tons of 72 per cent potasstum chiorde
are thus obtamed annually by the treatment of 15,000 ¢b m
of mother hquors of 33°B (sp gr 1 296) in the mamne salt
works at Salin de Giraud  The Company produces at this works
4 to 5 tons of Magnesium Chlonde per day, though for every
20000 tons of salt they can obtam 24 tons of Magnesium
Chloride For every 1 ton of Potassum Chloride the possible
production of Magnesrum Chlonde 1s 6 tons, and 10 tons of
Epsom salt

Other French Salt Works—There are other French salt
works 1n Nantes district ~ The salt produced 1 this district 18 dirty
and requires to be re crystallsed At Nancy there are tock salt

deposits, which are worked on the same lines as at the works 1n
England
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nesium and calcum sulphate A detaled  description of the
Stagsfurt 1ndustry 18 given 1n Thorpe (Vol IV, p 377)  These
depomits were worked mainly for potassium salts and epsom salts
Magnesium Chloride was treated as a by-product In 1907 the pro-
duction of the different salts was as under —

Tons *

Potassium Chlonde 473,138
Magnesium Chionde 32,801
Glauber Salt 80,340
Potassium Sulphate 60,292
« Magnesium 33,368
Magnesium Sulphate 41,105
” " 59,473
Alum 4,200

Total 7,848,814

Bromune 18 separated by treatment of the residual hquors with

chlorine

Manufacture of Salt in England —In England salt 1s obtamed
from rock salt deposits m Cheshire, Lancashire and several other
places At Northwich, the top bed 18 75 feet thick and les
130-150 feet below the surface Sumlar deposits are found 1n
Marston, Sandbach, Einsford, Lawton and Holford Salt deposits
are also found in Staffordshire and Yorkshire The industry
18 confined meainly m Cheshire where the rock salt consists of a vary-
g mixture of marls and salt, contaung 98 per cent sodm
chlomde, 1 65 per cent calcium sulphate and 0 05 per cent Magne-
sium sulphate The lower beds are worked by minng, the salt
thus obtamed 18 used chiefly for agricultural purposes The
Cheshire rock salt 18 chiefly associated with coloured marls
to the extent of about 5 per cent of salt The colour varies from
red, brown and yellow to white Natural brine 15 generally found on.
the upper surface of these salt deposits  This 13 drawn up through

*Martin
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of Cheshure 1n 1889, they 1ssued a bst of prices for the different
grams of salt  The origmal prices were revised as under —

The price of common salt was raised from 7/6t013]6
» »  butter moom o 7/6 ,, 16/6
" ,,  Caleutta salt ,, " i 8/6 ,, 16/6
" ,»»  handled squares for domestic uses

was rased from 13/6 ,, 35/0

The cost of production was at that time calculated as follows —

For larger grains— Per ton of salt
10 Cwts of coal at 5/- 2/6
Labour 1/0
3/6
Fme gramn for India—
14 Cwts Coal at 5/- 3/6
Labour 1/0
4/6

With the ordinary open pans 1 ton of fuel (slack with 1520 per
cent of ash) will make 2 b tons of salt

More recently considerable improvements have been made m
the production of salt by Vacuum Evaporators A well con-
structed tripple—efect plant malkes considerable saving in the cost
of fuel , 1t does not require an extensive layout and the production
18 considerably mereased A good size of evaporator would yield
from 500700 tons m 24 hours as agamst 10 to 20 tons m direct
fired pans \A tripple effect evaporator gives from 5 to 6 tons of
salt per ton of fuel

It 15 usual to punfy the brine used 1n these evaporators The
cost of punfymg™s reckoned at about 5/- per ton of brme In
a quadruple—effect evaporator there would be further econo-
mies m the consumption of coal In a good quadruple effect
evaporator a pound of coal which would give 6 lbs of steam mn an
ordmnary boiler would grie 21 5 Ibs of steam  Consequently 2 5 to
3 ewts of coal would be required for obtaining salt from saturated
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It will be seen that the cost price of salt has gone up from Ilds
to very nearly 42s or three times 1n seven years In certain plants
where nstead of coal, waste gas from blast furnace or steam from
power stations have been used, there had been a strikaing economy
1 the cost of production By this means, one firm in 1913 was
able to produce salt at 50 per cent of the cost of the Salt Union
By the Vacuum method the Salt Union, Ltd , can produce salt more
cheaply, at about Gs per ton than by the open pan method
Vacuum salt however, hemg 25 per cent denser than open pan salt
cannot be economically used for many of the purposes for which
the more coarse gramned salt 15 used  As the greater quantity of
salt made mm England 13 salt produced by the open pan method,
the ruling prices are fixed on the basis of the cost by that method
After the Armustice the Salt Manufacturers’ Association proposed
to regulate their price by 6d per ton for each subsequent increase
of 1s i the rate of wages and 9d per ton for each subsequent
merease of 1s per ton m the price of coal The total cost of distn-
bution, mecluding warehousing, deliverv, admimstration, etc, was
m 1913 9s per ton for all quabties, whereas 1n 1919 1t was 27s
or an mcrease of 21 per cent The cost of delivery alone, com-
prnismg horses, vans and carmen 1s put at 25 11d per ton
1913, and 11s 2d mn 1919 In 1920, anincrease of bs 6d per ton
was made m the Manufacturers’ price fixed by the Association
This mcrease was due to an increase of wages by 8s per week, and
an mecrease m the price of coal by 23 2d per ton due to increased
railway rates Suhbsequent to this increase in the price of salf,
wages and coal have gone up, and the total mise m the price of coal

would be 45 84 If salt 13 intended for shipment to India, the
following charges have to be added —

Loadimg mto barges, canal dues, weighng and bonding at
Laverpool wharfage—About 3 to 6s per ton
Freight from Liverpool to Calcutta In pre-war days 1t was

5s when 1t was shipped mostly as ballast The total cost from
munes to Calcutta would be—
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depth of 1,600 feet and over At Ludington the deposit 15 at a
depth of 2,300 feet and at Mamstee at 2,000 feet

New York —New York 1s second among the States in regard
to salt production The important deposits are at Wyoming
Otken Valley-Genessee Valley and round about Onondaga Lake
particularly at Syracuse At Ithaca, salt was found at a depth
of 3,185 feet In the Onondaga valley water from Tully lake
flows by gravity to the salt layers and becomes saturated with 1t
This brine was transported through pipes to the Soda Ash factory
of the Solvay Process at Syracuse The site of this factory 1s 360
feet lower than the mouth of the wells

Ohio —Ohto 1s third 1n  1mportance for salt production At
Hadsel: the salt deposits are found at a depth of 3,258 feet At
Pomeroy natural brine 1s obtamed in a salt sand strata of 170
feet at a depth of 960 feet At this place brines were struck at
320 feet, density 6> B, at 710 feet density 9° B, at 980 feet, density
9°B, and at 160 feet denmity 16°B At Hartford brine was
obtamned at 1,050 feet The density varies with the dip of
the rocks, vsz , from 8 to 10 5°B, the heavier brines seeking the
lower level

West Virgima —Is an mmportant producer of salt from brines
These brines are a good source of Bromine and Calcium Chlonde,

Pennsylvama —Is also known for 1ts brine wells In Pittsburg
one well, one of the deepest in Pennsylvania—reached a depth
of 4,089 feet Brine appeared mn this well at 1,405 feet Another
well known as the Derrick City or Bradford City well reached a
depth of 5,820 feet and struck 4 beds of salt ranging i thickness
10 to 47 feet Another deep well—the McDonald well gave brine
at a depth of 6,825 feet and rock salt between 6,825 and 7,175 In
Virginia formations, hmestone, Gypsum and salt deposits occur
at the same place in different strata

Recovery of Salt from Sea Water —This 13 confined mamly
to the West Coast The season begins about the mddle of April
and ends about the middle of October—generally about 5 months
The longest season known is of 210 days During the summer



164 SALT

to the ponds for concentration and ecrystallisation It then
settles for 5 or 6 daysin the settling ponds, and 1s then led to the
stock or evaporating ponds, where 1t 1s allowed to remamn till 1t 18
completely saturated and the salt 13 about to deposit It finally
passes on to the harvesting ponds The ponds are separated
from each other by clay enbankments, 2 feet wide and 22 inches
lugh, held m place by boards set on edge The brme flows
by gravity from pond to pond its flow bemng controlled by small
gates It takes 30 days for the brine to reach from the lake to the
crystallisng beds The bitterns 1s drawn off twice during the
season Care 13 taken to prevent the crystallisation of sodium
sulphate which 18 said to take place when the water reaches 25°F
Talmage beheves that the critical temperature of formation 1s
35° F  Careful expeniments carried out mn the laboratory of the
U 8 Geological Survey have shown that brmne from the lake of
1145 sp gravity becomes saturated with murabiite Na, SO,
10H,O at 1°C or 34> F  The average Crop 1s about three mnches

Solar Salt  from natural brines —Formerly natural brine
varying m density from 17-20°B was successively led to 3 sets of
“rooms” or shallow wooden vats or * covers” provided with low
moveable roofs 1n sections of 16 feet and running on rollers The
area of each section was 288 sq feet

Suze of lume salt 100ms —18 feet wide, 400-500 feet long,
6" deep Two-thirds of the total area 18 taken up by these rooms

Deep Rooms —Brine 18 first led 1imto these They serve
mamly for the storage of pumped up brine Their sizes vary
considerably but they are from 12 to 14 inches deep These deep
rooms serve for setthng brme

Lune Rooms —They are so called, not because of any lime being
used 1 the process, but on account of the Gypsum that separates
out 1 these rooms

Salt Rooms —In these vats brine 1s concentrated to saturation
and the salt separated from the pickle In all these rooms the
brine 13 moved by gravity The difference m levels between these
sets of rooms 15 6-8 mches
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sides are provided with dran board 3 feet wide along the entire
length of the pans The pans are i three sections The section
at the back where brine enters 1s from 30 to 48 feet long The
front partis divided mto two sections, the one nearest the back
1s 30 feet long and the remaming about 70 feet long These pans
are heated by fuel, maimnly coal or natural gas In some jnstances
the brine before 1t 15 admutted to the back pan 1s preheated mn a
tank built at the base of the chimney, where the waste heat of
the flues 1s made use of The dramng of the separated salt 1s
very carefully controlled The resulting bittern 18 removed from
time to time

Manufacture of Salt by Steam evaporation —Phalen has
described m great detail the preparation of salt by the Gramer
Process  The following description will give a general idea of the
process carried out 1n the States, though 1t differs 1n details 1n dif-
ferent districts The manufacture of salt by the gramer process
18 often carried on m conjunction with some other mdustry In
Michigan the mdustry has grown up largely with the lumberng
mdustry In some places heat 1s demved from waste heat, from
electric plants and other exhaust steam

The brine which usually comes as stated before from 700 feet
below the furnace 15 first passed mto the settling tanks, where
gases Itke Hydrogen Sulphide which are present i the brines are
allowed to escape In the setthng tanks iron compounds also
separate on ®ration of the brine  Milk of Lime 1s then added, the
brime agitated and then agan allowed to stand for several days
If there 1s an excess of lime soda ash 15 added The clear brine
18 erther sent to the gramer, or 1n some cases passed through pre-
heaters, where the heat of the chimney gases 18 utilsed In the
gramer process the purfication of brine 18 of considerable umport-
ance The grammer or Michigan process of salt malang 1s entirely
of Amenican ongin It consists n passing bive or exhaust steam
through metal pipes that are emerged m the brime to be evaporated
The gramer 15 a long, narrow shallow vat, bult of wood or metal,
supported on a framework or on cement or concrete supported
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and heated by exhaust steam that entered at an average tempera-
ture of 216 6° F, and had an average quality of 97 per cent The
gramer was 143 feet long and 10 67 feet wide at the average level
and was filled with brine to an average depth of 1229 feet It
conteined 1,072 feet of 3 5 mch pipe, the retio of the evaporating
(grainer) area to the heating surfacebeing 134 The brme 2t 925
per cent saturation was run into the grainer at a temperature
of 71 6°F and the test was contmuous for 192 hours, ot the end
of which time the saturation of the bittern unduly impeded eve-
poration At the start, evaporation was continued till the level
of the brine had lowered nearly to the steam pipes m the grainer
The quantity evaporated was then restored by mtreducing new
brine, and this process of alternate evaporeting and filhng was
continued throughout the test The results of the run ere sum-
marised 1n the followng tables —

Resurrs oF OPERATING A GRAINER IN MicHIGAN FOR

192 Hours
Item Pounds

Total production of hot salt 110,950
Production of hot salt per hour 577 8
Equivalent in seasoned pached s2lt per hour 534 b
Total condensation of water from grainer pipes 410,368
Condensation per hour 2,187
Equivalent condensation of dry steam per hour 2,073
Production of hot salt per square foot of gramer

surface 727
Production of hot salt per square foot of heating

surface 97 9
Production of hot salt per hnear foot of 3 5 inch

steam pipe 102 5
Production of hot salt per cubic foot of brine 13 46

Condensation of dry steam per cubic foot of brine 46 8
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Willeox celeulates that the efficiency represented by these
figures corresponds ¢ pproximately to the eveporation of 8322
pounds of water by one pound of coel He adds that in the usual
operation of this gramer the bittern 1s replaced by new brine
every b days, 2 hours being lost at each filling, and that services
of4 men for 3 hours are requured to scale the pipes every 30 deys
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At this time, when the country 1s suffering from an acute shortage
of potasstum salts, the amount of potassium chloride indicated
above 15 of considerable importance During the first half of 1917
the total potash production of the country, calculated on the basis
of K, O, was 14,000 tons, which amount was but 10 per cent of the
normal amount used before the war It i1s evident that the amount
of potash that could be extracted from the bitterns of the salt works
on San Francisco Bay alone would add about 10 per cent to the
country’s przsent annual production of potash The amount
of salt actually produced mn this region 1s nearly 140,000 tons, per
annum, so that a liberal allowance for losses n working up the
bittern should leave still 3,000 tons of potassium chloride By util-
1zing the bitterns from other regions on the Pacific Coast, notably
San Diego, this amount would be very greatly increased

The other materials mentioned 1 the above table also represent
very considerable values, although they have less relation to the
present national emergency

After the removal of most of the common salt in the salt ponds
the other salts would be contamned m approximately 100,000 tons
of bittern, having a volume of approximately 100,000 cubic yards

The values represented by these materals, and their 1mportance
both as a natural resource of Califorma and m supplymng the country
with potash in the present acute emergency, made the study of this
problem seem a proper one to undertake at this time
Scientific Basis of Methods for Recovery of the Constituents

of Bittern

We are very fortunate to possess a vast fund of information
upon the solubihty relationships of the varous salts obtamable
from sea water through the classic work of van’t Hoff and s co
workers This work 18 descmbed m great detaill m “ Uber die
Bildungs-verhaltnisse der ozeamischen Salzablagerungen’ (Leip
zig Verlagsgesellschaft, 1912) Dumnng the progress of the work
two smaller volumes were published i 1905 and 1909 by van’
Hoff, enfatled  Zur Bildung der ozeammschen Salzablagerungen
(Braunschwerg, Vieweg)
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The solubility of a given salt 1s varied by the mtroduction into the
solution of another salt The effect of the second salt can be predict-
ed qualtatively by remembering that where the salts possess
a common 10n, the solubihty of each 18 usually decreased by the
presence of the other If, however, there 18 a strong tendency to
form a complex salt the solubihty of one may be increased by the
presence of the other Agam, where there 15 no common jon, the
solubihty of one 18 mcreased by the presence of the other owing
to the mteraction of the two salts

There are various ways of representing graphically the solubihity
relationships of salt pairs  The method adopted by van’t Hoff 1s to
represent the amount of each salt m the solution in terms of mols
of anhydrous salt per 1000 mels of water, measured along two axes
at nght angles to each other, as illustrated in Fig II, Each curve

Mols K€ per 1000 mols Hp0

I} 5‘0 23 l;ﬂ
PMals NoCl par 1000 mols Hel
Fre r

here represents the composition of a solution saturated with one
component The mtersections of the curves represent the composi-
tion of a solution saturated with both components A pomnt be-
tween these curves and the origin denotes the composition of an
unsaturated solution A pont outside of the curves would represent
a mixture of a saturated solution with one or both sohd salts,
dependmg upon 1ts position On evaporation of an unsaturated
solution, the relative amounts of the two salts would remam the
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that m Fig IV  This diagram represents the solubihty at 30°
of mixtures of sodmm sulfate decahydrate, and magnesium sulfate
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heptahydrate, which form the double salt, astrakanite, Na, Mg(S0,),
4H,0  The muddle portion of the curve seen m this figure
represents the composition of solutions saturated with astrakanite
Sohd astrakamite, which contans equvalent quantities of the
two salts, has a composition lymg upon a hine bisecting the angle
between the two axes The composition of the sohd salt 18 repre-
sented by a pomt on this hne at E, expressing the number of mols
per 1000 mols of water 1 the solid salt The composition of solid
sodium sulfate, Na,50, 10H,0, which lLes along the hne 04, 1s at
a distance from the ongmn corresponding to its water content at F
Sinilarly, sohd magnesium sulfate has the composition represented
by the pomt @ When an unsaturated solution contammg these
salts 18 evaporated, its composition will, as m the previous case,
move along a lne away from the ongm until one of the curves
representing the composition of the saturated solution 1s reached,
when the solution will change 1 composition along this lme m the
direction away from the hine representing the composition of the
solid which 18 separating  Thus a solution having the composition
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mtion till b has been reached, whereupon potassivm chlonde begms
to crystallize out, and the solution, becoming richer m magnestum
chlonde, will move along bC  When the solution has reached the
composition represented by C, carnallite will begin to separate
but sice carnallite contans more potassium chloride than does
the saturated solution at C, 1t 13 evident that while carnaliite
crystallizes, the solution will tend to move along the line CB instead
of remaming at C  The phase rule, however, requires that while
both potassium chlonde and carnalbte are present, the solution
must remam constant m compostion at ¢ Therefore, instead of
the hiquid phase disappearing at this point, as was the case n the
former salt pair, 1t 18 one of the sohd phases, potassium chloride,
which will now disappear, being changed over into carnalhte It
1s not until all of the potassium chloride has been so changed that
the solation can move from C to B B will thus represent an end-
pomnt of erystalhzation, while € will not It 18 evident, therefore,
that 1 order to prepare crystals of carnalhte 1t 18 necessary to use
a solution containing more than the equivalent amount of magne-
sium chlonde, the relative amounts of the two salts bemng such
that, on evaporation, the hne BC will be mtersected shghtly
above ¢ Similar considerations show us thet on treating sohd
carnalhte with water, mstead of dissolving as such, 1t would tend
to change mto sohid potassium chlonde and a solution whose com-
posttion 1s that represented by C It 1s obvious, therefore, that.
“1t 18 not difficuls to obtam potassium chlorde from carnalbite, a
pomt of importance m the treatment of salt bitterns, as will be
discussed later After the removal of the potassium chlonde
the solution can be evaporated, carnallite separating, while
the compomtion of the solution changes from C to B Ths

carnallite can be treated with water, leaving sohd potassium
chlonde, etc

Solutions contammng magnesium and potassium chlondes and
sulfates are m equihbrium with solid phases at 25" according to the
data mn Table 1, and are represented by van’t Hoff along four axes
as m Fig VI, each pair of axes representimg solutions contaumng s
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common 1on The boundary lines correspond to solutions saturat-
ed with the two constituents represented by the enclosing axes
Where salt pars contamung no common 1on are present, 1t 13
imposstble to represent the composition by a pomt n the plane of
this figure A mixture of equivalent quantities of potassium
sulfate and magnestum chloride would evidently he at the
ongin O and would be mdistingmishable from pure water by 1its
position 1n the plane In order to make this distinction 1t 1s
necessary to mtroduce a vertical awis representing the sum
of the constituents of the solution Agan, since equivalent
quantities of potassium sulfate and magnestum chlonde 1
solution may be represented equally well as equivalent amounts of
magnestum sulfate and potasstum chlonde, by plotting along the
potassium chloride axis not mols of potassium chlornde, but double
mols, namely, E,CL, 1t 13 possible to construct a solid model express-
ing the composition of solutions contaming any amounts of these

Fro Vit

ions  Such a model, & perspective drawing of which 18 seen m
Fig VII, may be constructed by inserting needles at the imntersec-
tions of the lines in the plane figure, the heights of the needles bemg
equal to the total number of mols of dissolved salt in the solu-
tion at this point, always remembernng to consider the mol of potas-
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disgonal which joms the omgin with the pont representing
the composition of this solution will be found to intersect the scho-
mte face, showing that this would be the first salt to separate on
evaporation As evaporation proceeds the crystallization path
would meet the boundary line of this face with the magnesium
sulfate face, after which these two salts would separate together
Suppose, for example, we wish to calculate the actual amounts of
these two salts separating and the amount of water that must be
removed when the point N has just been reached, at which potassium
chloride just begins to separate The solution at N has the follow-
g composition  1000H, 0+9 K,C1,+4-16 }gSO,+-553gCl,  The
amount of this solution we may represent as an unknown quantity
by p, the amount of schonite separating we may represent by g,
the magnesium sulfate by r, and the amount of water removed by
s We may then represent what has become of the original solution
durng evaporation by means of the followng equation—
1000H,0+8MgS0,+ 10MgCl, -2, K Cl,=p(1000H, 0-+183MgS0, + 55 MgCl,+
9K,Cl,) +9(K, Mg(S0,), SH,0)4 r(MgS0, 7H,0) + sH,0
By equating co-efficients of the varous substances present, 1t 18
possible to set up the following equations
Coofficientsof H; O 1000 = 1000p4-6¢+Tr+4

Co-officientsof Mg 18 = 7ip+ gq4r
Co-efficients of K, 2= 9p+ ¢
Co-efficients of (1, 12 = 6ip

The solution of these equations gives the following values
= 188,0=0%1,r=438, +="779
These values of ¢, r and s represent the amounts of the respective
substances which have separated by evaporating the onginal solution
and p represents the amount of solution left If, mstead of talang
the amount of the ongmnal solution represented by 1000 mols of
water, a different amount 1s taken, proportionate amounts of the
solids and water are obtamned from the solution on evaporation to
the same pomnt When we come to consider the evaporation of
sea water, we have in addition to the above components large
amounts of sodium salts  Smcee during evaporation sodium chlonde
1s always present, 1t 15 possible to represent saturated solutions
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chloride as another component no new degrees of freedom are
mtroduced, provided 1t 18 stipulated that sohd sodum chlonde
shall always be present Van't Hoff and Ius co-workers have
determined the solubihity relationships at 25° and 83" Tig VIII
represents the results for 25° contamed 1 table 2 , results for 83° are

Wtgon

found m Table 3 and Fig IX. The amount of sodwum chlorde
present 15 not considered m the projection, but 18 counted m the
total number of dissolved mols which would be Tepresented in &
sohd model Sodium sulfate may be expressed in terms of the other
salts present, since Na,80,=Na,Cl,-+MgSO,—MgCL, or=Ne.Cl, +
K,80,—K.CL,. Thus pomt C, Teble 2, 15 represented m Fig VIII
by counting 12} divisions to the left of the origm and 12} divisions
along the K 80, axis Its position m & space model would be 63}
divisions vertically above the pomt so obtsined Such a model
mai)ye;)e constructed mm & way mmilar to that previously des-
cri
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pownt @, where Epsom salts would begin to separate  The compo-
sition of the solution at this point 1s approximately 1000 H, 0,11
Na,Cl,, 6K,ClL, 20MgSO,, 41MgCl,  Further evaporation
would lead to the boundary between this field and the kamite field
WX, after which these two salts would separate together It s
possible to calculate as before the amounts of each substance remov-
ed from the solution when the latter has the composition idicated,
say, by X Suppose that 10,000 g of the original solution are
used The number of grams corresponding to the number of mols
of each substance in the origmal solution 18 24,790, so that 10,000
g of solution would contam, mnstead of the previous number of
mols of each constituent, only 0 404 of these guantities, namely,
404H.0, 19Na,Cl, 042K,ClL, 3MgCl, and 144Mg30, On
evaporation this solution would yield p wmols of the solution
saturated at X, contaimng its constituents in the proportions
mdicated m Table 2, together with ¢MgSO, TH,04rNa,Cl,+
sKCl MgSO 3H.0+tH,0  We can, therefore, write the following
equation

404H,04-19Na,Cl, +0,42K,Cl, +3MgCl, + 1'44MgSO, = p(1000H,0+3,5Na
01, + K,Cl,+05 5MgCl, +133gS0 )+ qMgS0, 7H,0+rNa,Cl, +SKCI MgS0 ,
3H,0+tH,0
By equating corresponding coefficients and solving the resulting
equations, we obtamn the following values

p=00458,9 T 037,r=189,5 = 047,¢ = 354
Hence we conclude that 354 mols of water have been evaporated, and
0 37 mol of epsom salts, 18 9 mols of Na,Cl, and 0 47 mol of kamte
are 1n the sohd portion Sirmlar calculations may be made to
determme what will happen during all sorts of changes For exam-
ple, mstead of removing water, a certain salt may be added to a
solution saturated with other salts, and by the aid of geometnc
and algebraic considerations 1t will be posaible to determine what
will take place

It 18 evadent from the position of pownt @ 1n the diagram for 25°
that only a small amount of Epsom salts wall have been crystallized
by evaporation of the mother hquor from sea water before kaimte
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H O 18 obtamed The fact that the aolubility of magnesiam
sulfate tends to decrease at higher temperatures, while the solu-
bihties of potasstum chlonde and magnesium chlonde, and hence
carnallite, increase, causes the kesente field at 83° to become large
at the expense of the fields of potasstum chloride and carnalhte
It 1s evident, therefore, that most of the sulfate present in the
solution could be removed as kiesente by evaporating the bittern
at higher temperatures until the carnallite houndary 1s approached
Durng this evaporation, the sohds which separate would be sodium
chlonde and kiesente By removing these from the hot solution
they could be obtamed relatively uncontaminated with potassum
If, now, the mother hiquor from these crystals 1s cooled, the growth
of the carnallite field as lower temperatures are reached mdicates
that this salt would separate as the solution cools, while the mother
hquor from the carnallite would conmst largely of a solution of
magnesium chloride These considerations seem to mdicate the
possibility of a satisfactory process for the separation of the bittern
mto three mam constituents magnesium sulfate, carnallite, and o
solution of magnesium chloride There would remain the necessity
first, of separating magnesium sulfate from the sodum chionde
accompanying 1t, second, of treating the carnallite for the recovery
of potassium chlonde, according to the prmeiples discussed earher,
and, thurd, the evaporation and cooling of the magnesmm chlonde
hquor to obtamn MgClL 6H,0

Evaporation Experiments.

The process outhned above, on the basis of the equlibrum
diagrams, was first tested on a laboratory scale by evaporating
weighed quantities of hittern In one set of experiments the
evaporation was carmed on at the bothng pomnt of the solution
Crops of crystals were removed from the solution from time to
time by centnfuging the hqmd through s mushn bag The
denaty of the solution was read by the aid of & hydrometer made of
pyrex glass, the small coefficient of expansion of which made 1ts
readings nearly correct i spite of changes of temperature The
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evaporation, the solution s saturated with sodum chlonde but not
with magnesium sulfate, hence the first crystals to separate consists
largely of sodum chloride, which was found to be the case mth
the aid both of the microscope and of a chemical analysis It 18
possible, therefore, to remove an additional amount of sodium
chlonde from the magnesium sulfate by filterng the hot solution
by the aid of the centrifuge during the early stages of the evapora-
tion This procedure simphfies the further punfication of the
magnesium sulfate which separates as evaporation proceeds  Table
4 gives the results of the analysis of the crystals removed from the
solution by the aid of the centrifuge at the stages of evaporation
mdicated m Fig X

TanLE 4

Cropfrom

cooled | Crop
Cropl | Crop2 | Crop 3 | Crop 4 | mother [from final
liquor { evapora
from4 | twon

\gS0, 151 24 0 201 24 1 13 36
MgCl, 20 12 3 218 16 9 302 38 2
Kl 48 6 3 44 171 36 11
NaCl 20 3 203 13 3 17 0 13

H,0 52 8 36 4 40 5 24 9 64 7 6756

The centrifoge employed was not very efficient, and some cooling
took place durmg the process, so that the respective crops are
contaminated with the salts that should remain i the mother hquor
It 18 evident from the results of this analysis, together with the
course of the density and boilmg-pomt curves, that the process
contemplated furmshes the desired separation  In a second expern-
ment, based upon the results of the first, the solution was evapo-
rated until the density had reached a value of 135 at the boiling
pomt of the solution, 121°  The crystals separating up to this pont
were removed and the mother hquor allowed to cool  The crystals
separating on coohng should be carnalhte, and 1t will be seen from
the analysis of these crystals i Table 5 that their composition
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temperature than that in Fig X This 1s doubtless due to the use
of different samples of hittern in the two experiments, so that the
carnallite field 1s encountered at different points in the two cases
It may be noticed that the break 1s more pronounced m the case
where 1t occurs at the lower temperature which 1s just what would
be expected on the basis of the solubihity diagram in Tig IX  The
composttion of the two samples of bittern used 1 the above expen-
ments 18 given i Table 6  The sodium content 18 not
given,

TanLe 6

Bittern used 1n getting curves
mFig X m Fig X1

K 148 176
cl 15 82 18 22
so, 58 . 388
g 5 38 6 32

QOuthne of Proposed Process

1 Evaporation of the bittern —The bitterns from vamnous
sources will vary somewhat depending on the temperature,
of the hqud 1in the last salt pond, and whether or not
any Epsom salts are allowed to separate There 15, m
fact, no reason apparent why a crop of Epsom salts shounld not
be removed by cooling either artificially or by storage till winter,
before the subsequent process of separation 1s applied The process
of solar evaporation should not, however, be carmed far enough
Yo cause any potassium salts to crystallize, as 1t 15 probably not
desirable to separate the potassium content into two portions
The varations 1n the composition of the bhittern caused by any of
the above factors would not cause any serious dufficulty, as dunng
the later evaporation the separation of NaCl and MgSO, H.O,
lneserite, would take place i such proportion as to make the
resulting iquid converge towards a fairly umform composition

It 18 more important, under present conditions, to recover all
of the potasstum salts, and hence to prevent their contaminating
the NaCl and kiesente fraction, than 1t 1s to recover all of the Epsom
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and kneserite 1s run mto centrifuges, previously heated, where 1t
18 separated from the adhering mother hquor, which 1s run nto the
cooling tank mentioned above The separation of the NaCl from
the material remaining 1n the centnfuges and the recovery of
Epsom salts will be discussed later

2  The Recovery of the Carnallite —The hquor contaming
the carnallite may be cooled by the fresh bittern going to the evapo-
rator 1 order to utihize the heat content of the latter After 1t
has been thoroughly cooled, the carnallite which has separated
18 removed and freed from 1ts mother liquor by centrifugng  The
recovery of the potassium chlonde from this carnallite will be dis-
cussed later

3  The Recovery of Bromune and Magnesium Chloride —The
mother hiquor from the carnallite contamns a very hittle potassium,
& hittle sulfate, a considerable amount of colloidal organic matter,
the bromine content of the sea water, and a large amount of mag-
nesium chloride The hqud must be evaporated further in order
to recover MgCl 6H.0 Dumng this evaporation, however, the
temperature rises considerably, unless vacuum evaporation 18
employed, charring the orgamc matter, and strongly darkening
the magnestum chlonde which separates on coolmg To destroy
this organic matter, therefore, as well as to recover the bromine,
prelminary treatment with chlorine 1s desirable The deteils
of this treatment are now the subject of mvestigation in this
laboratory We can only say at the present time that there seems
to be good prospect of success

The disposal of the large quantities of magnesium chlonde that
would be obtamed from these bitterns presents an economic problem
The possible outlets seem to be as follows magnesium oxychlonde
«cement, magnesium oxide and hydrochlomc acd, and metallic
magnesium  The use of magnestum oxychlonde cements might
be greatly ancreased by skiful advertising, hydrochlone acid might
be substituted for sulfuric acid for certamn purposes, and there seems
to be good reason to anticipate a large production of magnesium
1 the future,
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Now the matenial obtamed from the first stage of our process
contamns MgSO, and NaClmn nearly equivalent amounts and hence,
if dissolved mn water, would be represented by a pont lymg nearly
vertically above the orgin, at a distance mncreasing as the solution
18 evaporated It mmght, therefore, cut the surface of the sold
model m the astrakamte face, which would prevent the separatton
of the sodrum from the magnestum A hittle magnesium chloride
however, would, if added, rmse the solution away from the astraha-
mte fiold, so that we would have only NaCl and Mg80, 7TH.O to
deal wmith

The solubtlities of these two salts are affected so differently by
the temperature that we may anticipate their separation by first
cooling, removing Epsom salts, then evaporating partly at higher
temperatures, removing sodium chloride, then cooling agam, ete
The portion of the equilibrium diagram that can be constructed
for 83 from van’t Hoff’'s data shows that at that temperature

TanLe?

Svstem Na(l-Alg(1,-Mg80,~-Na,50,, at 25°

\}

Sohd phases No, 1, [MgCL, [M1550, 89,
Na ,Cl, 65§

8,50, 10 H,0 355
ng%o TH,0 58

. 6H.0 108
Mgm, 6H,0, Na,Cl, 25 103
Na,Cl, , Ne,80, 51 12 5
N»,S0, , Na,80, 10H,0(*) 30 21
Ns,S0, 10,0, Na,Mg {8 0,), 4H,0 35 35
MgS0, 7H,0, Na,Mg(SO) ﬁ 48 |26
e e e PR
. 0 Not! deter,mumed

350, 8H,0 , MgCl, 6H,0 104 | 14
Na,Cl, , Na,80,, Na,Mg($0,),H,0 46 lies| 3
Na,SO., Na,SO, 10H,0, Na,Mg(SO,), 4H,0  Not de termmn,ed.
Ne,Cl, » MgSO, TH,0', Na,Mg(S0,), 45,0 26 | 7 |94
Na,Cl, , MgS0, 7H,0, Mgl80, 8H,0 4 | 075]12
Ne,Cl, , MgSO, 6H,0, néxlso, H,0 26117 95
Na,Cl, , MgSO, H,0 , Mg, 68,0 1 jl2 | B

(*) From the expenmental work of Professor W C Blasdale, whioh 1 shill
in progress 1 thus Iaboratory, this pont may be conmderably m exror
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used somewhat more water would be required, but relatively less
KCl would be dissolved

The hiquor used 1 extracting the carnallite may then be partly
gvaporated and cooled whercupon another crop of carnalhte crystals
will be obtamed To obtain the maximum amount of camalhte
but no magnesium chlonde, the solution should he evaporated
to such an extent that on coolng with separation of carnallite
1ts composition will correspond to pomt B in Fig V, which 1s 1000
H,0+105MgCl .4-K, Cl. The amount of evaporation necessary
18 calculated from the following equation
1000H,0 + 72 6MgCl,+ 6 6K,Cl,== H,04 y KMgCl, 6H,0+ =(1000H?0
+ 105Mg Cl, + K,Cl,)
This gives 2==340, y=9 8, =06, hence 25720 g of solution
ghould lose 6120 g of water, giving 2720g of carnallite on coolng;
or, 1 ton of solution should lose 0238 ton of water, and deposit

0107 ton of carnallite
It will probably not pay, here or m stage 2 of the process, to
recover the small amount of potassum chlonde remaming m the
mother liquor from the carnalhite
Condensed summary of the above process
Evaporate hittern till boihng pomnt becomes about 120° and density (hot)
136 Separate sohd and ligmd while hot (setthing tank and centrifuge)
4 Bolid NaCl and MgSO, H,0 Dhssolveout NaCl with cold water
(containing some Mg(l1,?) , dissolve residue in hot water and cool with

1ce machme, getting MpSO, 7TH,0
B Liqud. Cool.

L Bold carnalite Extract with minimum amount cold water, leaving
1 8ohd KC1

2  Solution Evaporate partly cool
a Sohd carnallite, add to L.
b Solution of MgCl, , add to II

I Solution mewnly MgCl Bleach with Cl, and remove Br, Evaporate
cool, recover solid MgCl, 6H, O

The above process s being tested 1 this laboratory on a sem-

commercial scale under the direction of Professor Merle Randall

and will be deseribed m a lster pubhcation. Tt may be mentioned,

however, that an excellent separation of actual bittern has heen
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Table V
SpECIFIC GrAVITIES OF SoLuTIoNs OF Sop1urt CRLORIDE.
— e S —
\
Spec grav Spoo. grav
] o
Per cent. at 15 Spi‘; ‘%z:v Per cent at 16 Spt;'& ggﬁ.“'
NaCl 16° (Sohff) NaCl 15° (Semf®)
(Ger\nch} (Gcﬂuch)
1 1 00725 1 0006 15 1 11148 1 1070
2 1 01450 1 0133 16 1 11938 1 1168
1 1 02174 1 0201 17 1 12730 1 1247
4 1 02899 1 0270 18 1 13623 1 1327
b 1 03624 1 0340 19 1 143156 1 1408
6 1 04306 1 0411 20 1 15107 1 1450
7 1 05108 1 0483 21 1 16031 1 1672
8 1 05861 1 0550 22 1 1067566 1 1665
] 1 006503 1 0630 23 1 175680 1 1738
10 1 07336 1 0705 24 1 18404 1 1822
11 1 08007 1 078} 26 1 19228 1 1906
12 1 08859 1 0857 26 1 20098 1 1800

1 09622 1 093¢ 20 4 1 20433
1 10384 1 1012 27 1 2075

v
-

Table VI

BorLmma POINTS OF SoLUTIONS oF SopiuM CHLORIDE

e

Boing Boling Boling
pe?rﬁm powt }:x:gr}t. pomnt- ?ﬁht point

Degrees hiag Degrees pe Degrees

1 100 21 11 102 68 ‘ 21 105 81
2 100 42 12 102 94 22 108 16
3 100 64 13 103 23 23 100 52
4 100 87 14 103 53 24 106 80
b 101 10 15 103 83 25 107 27
6 101 34 16 104 14 26 107 66
1 101 59 17 104 40 27 108 0%
8 101 8B 18 104 79 28 108 43
9 102 11 10 105 12 29 108 83
10 102 38 20 106 48 l 20 4 108 99



08




-

210 SALT
Table X

SoLUBILITY OF PoTASSIUM CHLORIDE AT VARIOUS
TEMPERATUB.ES

Potasaiam Chloride KOGl

T e

°C. Weight \ Weight of water
n 100 poarté o dissolve
of water 1 port of solt

0 28 B 3 5l
5 30 3 3 30
10 32 0 313
16 33 4 9 99
20 34 1 9 88
25 36 1 2 T
30 37 4 2 61
35 38 8 2 b8
40 40 1 9 49
45 415 9 41
50 42 8 2 33
o5 44 2 2 26
60 45 6 2 20
65 46 9 2 13
70 48 3 9 07
75 49 1 2 01
80 51 0 196
85 52 4 191
90 53 8 1 86
95 55 2 181
56 6 17
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Table XIV

SoLuBILITY OF SODIUM SULPHATE IN WATER
AT DIFFERENT TEMPERATURES

Grms Na, 80, per 100 Grms

°C

Solation Water

0 4 76 50
b 60 6 4
10 83 90
20 16 3 19 4
25 219 28 0
30 29 0 40 8
40 32 8 48 8
B0 31 8 46 7
60 3 2 45 3
80 30 4 43 7
100 29 8 42 5
120 29 b 41 95
140 29 6 42 0

SoLUBILITY OF SopIvM SULPHATE AT VARIOUS TERMPERATURES

Sodinm Sulphate N&,S0,, 10 H,0
¢ Weight Weight of water

in 100 parts to dassolve

of water 1 part galt
0 12 16 8 224
10 23 04 4 340

15 (18°)

20 48 41 2 0656
25 98 48 1 015
30 184 1 0 543










218 SALT
Table XX
VAPoUR PRESSURE OF SATURATED SALT SOLUTIONS.

°C mm

10 7 34
11 793
12 8 38
13 8 95
14 9 b5
15 10 18
16 10 86
17 11 52
18 12 30
19 13 10
20 13 93
21 14 80
22 15 73
23 16 T0
24 17 74
25 18 84
26 19 99
27 21 21
28 22 48
29 23 89
30 25 25

Imports of Chemicals mnto India
Breacming MATERIALS

Quantity Valoe Rate por owt.
Cwts Rs Rs
1919-20 97,339 19,88,365 20
1920-21 163,825 36,64,964 22
192122 84,256 15,76,308 19
1922-23 52,073 6,80,328 13
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BrcarBONATE OF Sopa

‘ Quantity Value Rato per ew t.

Cwts Rs Rs
1915-16 120,253 6,38,775 H
1916-17 109,433 6,98,850 6
191718 90,749 7,22,325 8
1918-19 166,549 17,65,950 11
1919-20 85,617 10,33,065 12
1920-21 86,196 7,50,018 9
1921-22 108,345 11,10,909 10
1922-23 93,651 9,46,982 10

Cavustic Sopa
Quantity Value Rate per owt

Cwis Rs Rs
1915-16 87,901 9,72,675 12
1916-17 57,091 11,86,920 21
1017-18 117,106 33,42,916 29
1918-19 71,147 21,99,495 h)]
191920 101,989 24,32,835 24
1920-21 83,951 16,54,778 20
1921-22 67,136 13,36,263 20
1922-23 111,947 20,85,284 19
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DISTANCES OF PRINCIPAL PLACES BY RAIL FROM NIMAKNAGAR

Miles
Dhrangadhra 11
Wadhwan 32
Bhavnagar 136
Wankaner 80
Rajkot 106
Veraval 220
Porbunder 250
Jamnagar 157
Viramgam 72
Ahmedabad 112
Baroda 174
Broach 218
Surat 255
Bombay 422
Mehsang 113
Abu Road 186
Ajmer 37
Sambhar Lake 421

Dellu 610



U
Germany A
Indie 15 ;
1 202 3 :
1 010 n g o i :
0 974 53
o 580 35
13 2
0

'Fra,nce
1
0 590 3%
3b
30 9 461
0 ~
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Bittern-— olume of 20 5°Bo, 46
recoy ery of constituents, 173
Bleaching materinls—imports of, 218
Boiling point of nttern of 1 35 denmty, 193
Bombay salt manufacture, 138
construction of salterns, 13f
cost of production, 139
Iabour, 139
price, 138, 140
vield por pan, 138
Brine, cost of—at Kharaghoda, 68
Sambhar Lale, 126
Bromine, recovery of—from bittern, 62, 102, 170, 104
Buckley 24
By Products from Sa't industry, 4 165, 160 164 171

Cnlewem Carbonate, soluibity of, 208
Chlonde, 61
rolubility of, 213
Sulphate, 65
solulliy of, 208
Carnallite, 69, 101, 154, 177, 178, 189, 185, 187, 101, 184, 197
Causes influencing ramdity of evaporation, 19
Coustic soda—imports of, 220
Cerebros salt, 32
Cheshire 8alt Worka, 156,
cost of production, 158
fuel for ovaporation, 159
grades of mlt, 150
pans, 167
prices of salt, 158, 169
punfication cost of brine, 168
rlupment to Indis, 100
Vacuum evaporators, 158
Compagnie du M, 145
de Prodwts Chimique 148
Compomtion of bittern, 42
selts 1n oropg, 1M1
Concentration of sea water and brines, 38
Condensers ot Keraghoda, 67
Contraction i volume of brnine of different ¢ ensities, 34
Conversion of muunds into tons, 205
thermometric readings, 201
welghts and measures, 200
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Magnsiwn chlorido cost of productton ab Stassfurt, 60, 163, 156, 184
competition with foreign chloride, 88
imports mto India, 87, 219
manufacture at Kharaghoda, 85
Kude, 110
production m India, 87
golubility, 214
nges, 61, 194
sulphate, 41, 68, 150, 162, 166
imports, 219
propertes, 68
solubihity, 209
uses, 58
Mand:1 dtate, 129
Manufocture of salt by steam evaporation, 160
Manzclia, 38, 41, 47, 151
Mayo ealt mnes, 120
Michigan salt works, 161
Moisture 1n ar, 20
Montpelher salt works, 145

New York State Salt Manufacture 1n, 162
Nimaknagar salt works, 113
average ramfall, 123
advanteges of improved layout, 115
clonded sky, 122
hurmdity, 124
layout, 114
maximum temperature, 117
mean temperature of s, 119
mmimum temperature, 118
rany days, 121
aite, 113
weather conditions, 116

Ohwo, 162

Pachbadra and Didwana salt works, 128
Pennsylvama salt works, 162

Phalen, 44, 161, 167

Plaster of Paris, 55
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&alt produetion n Sind, 140
the United States, 160
world, 224
separating and remaming 1n solution, 39, 40, 41
solution—volumes of, 207
sonrces of, m India, 1
Umon, 157, 159
weight of onc cubie foot, 57, 79
‘Works, Aden, 141
Amencan, 161
Bombav, 138
Compagme du Midy, 145
Irench, 144
Engheh, 150
Great Salt Leke, 163
Kharaghoda, 03
Kuda, 109
Madras, 134
Mayo Mmnes, 129
Nimaknagar, 113
Pachbadra and Didwans, 128
Sahin de Giraud, 148
Salin da Nuno and de Huyeres, 147
Sambhar Lake, 125
San Francisco Bav, 171
Smndh, 139
Warcha, 128
Schonite, 183
Sea water, 14, 10, 11, 12, 36, 144
Separation of potassium from magnesum snlts, 187
sodium chloride from magnewrum sulphate, 40, 195
Shipment charges to India, 160
Sindh salt manufacture, 130
Sodum carhonate, 125
mmports of, 221
chlonide, 57
bolmg pomnt of eolutions, 206
properties, 57
separation of, 41
specific gravity of solutions, 208
sulphate, 59, 176
properties, 59
solubility, 212
uses, 59
stheate, 1mports of, 221
Solar evaporation, 18






