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1. REVIEW OF PREVIOUS WORK

, ?he«ﬁgéiiﬁ@.vgrd;a;um;is.der&yed‘f?omﬁngxin:wegdaa&umeg.
G?eek qu;vglgprxgr g;umgn{wasgstypte:ia,’thewfeéinine;foém
qfhgp\g&éeetive—meﬁn;pgvag;r;ngenxa* From: the. Latin, . the
word found its: way into modern European languages.alum.in
Emglish, éluniinifggngp!,a&gun in German.  and allume;ia
Italian®?. The anciemts seem to haveapplied: the term:to
number of substances of astringent taste, commonly to am
ifon sulphate with little of aluminium sulphate add-were
alum has been kmown to the medieval chemist, but it appears
to have been confused with other astringent substances. The

term alum has been applied. very loosely: Even at present

the.word common alum refers-to potash alum which is a double

sulphate of potassium: end aluminium of the. formula
KAL(S0,),+12H,0. (also, written K,SO, A1,(50,);.24H,0) and o
qnmonium;a;gm{whieh.is_exgctlxithevgamefexpepﬁ‘thatvummonium
ion r,eplac.e.s(the;potgss_;i'um,.ifogf Beth‘these:erxstalliselin
ocetahedra: of the reguler or isometric system. Both are
cqlqurless,o:.whitgfcrystai;ine~s§ltsyw;th‘sweetish -sourish
astringent taste and practically thevsgms:chemicgl.aexgén
fqr‘all ;hg purposes fgrfyhighrtheysare-ugedx Both ‘these -
itgasfgre in use from very.early times and: their history

has Ween-interwined down to the present day so that it is
often difficult to distinguish them.. Aluminiuﬁ.sulph?te

in trade is also called by several names such & alum,
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qoncentrate§ alum,‘patentAalnm@,filter alum. paper makers alum,
pickle alum, sizing alum and also. as- alum- cake and water alum.
Further certain other'mihe;als‘axefalse ealledsg;um:such;as
feather alum, plume: alum and.manganese. alum: which do. not
belong to isomorphous series or alums. but which do contain
aluminium sulphate. As chemistry developed, other salts

vhich were discovered of analogus composition and the same
crystal form in which other elements: replace the potessium
and and ammonium and- even the aluminium. andé sulphur are -termed
as alum. In shori elum is applied as-a generic term to the
vhole series,

~ Alums have a general formula M!' - M" (804),12Hé0 in
which one of the‘su;phgtgsxis that of monovalent cation and
the other sulphate that of trivalent cation. The monovalent
cation is usually an'glkali me%aliiqn..Véﬁpnnium;a&umgis pre-
pared from alum shales by addition. of decomposed.urine. while
potash alum is obtained: from ashes of plants. Potash
a;umpisﬂalsq,made inrlargef.quantities directly from: the

. minerals. known as alum stone. or alunites Many countries

such as. Italy, Hungarynhgvinggsuch deppsi$3~of mineral

alum utilise a simple process of calcination. and. treatment
‘with sulphuric acid to obtain true alumg. Form 1700 A.b.
onwards, potash alum continued to be cheaper than ammonium
alum, until the cost of the latter was lowered by the
production of emmonium sulphate -as a product of gas. works
(1845 onwards). The use of ammonium alum-was thus greatly

increased. The discovery of Stassfurt potash deposits
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in 1881 gawe:q‘hew impetus to ‘the use ot‘po#ass;um_alum.
The great w0r1d~wa;~gut off.the supply of;pptash and stinmula~- .
ted the use of émmpnia.alums., The two salts are used inter-
changeably §epeﬁ§§nglgnftheir‘relg&ive market price. Sodium'
alum has been discovered by Gehlen, the diacovefy has been cone-
firmed by Zeuner gg@_othersf The exiétence34 has been however
] questioned by Ostwald -and others. More recent 1nvestigaxlons
such as by Auge Sm;th35, Vedman, Lettman Strock have. eonclu-
sively proved the existenee of sodium'alum. As a result
sodium alum has made its appearance in the industry much later,
sey by the end of 18th century. The alkali elements Gs, Rp,x,
Na form alums with aluminium; out of which cesium forms -the
most stable alum. The stability of alums decreases with
increase in atomic weight from cesium to sodium. Since’
- lithium has lower atomic weight than‘spdiugxexistgnee of
liihium alum seeﬁsruncertﬁin36‘37 “ Sandersss’sganiebobbins
have concluded that no lithium- alum exists as stable. solid
phase betueen 0 ‘and 50°C. ~W.

Just as ca@aeity of the alkali metals increases: to
form alums with increase in. the. radius of monovalent ién
similerly the solup;lities;ef.a;ums decrease. with increase
in the radius of monovglent’ion, T@e solubiii;ies‘oi al#ms
(Ref,~@§ to 44) at various temperatures ere available in
literature. Alums are seluble in dilute acids and. insoluble
”hin aléohél‘?. The hydrate on,dr&ing ar heatipg-@ehydrates
to give burnt alum. ’HydpaQed'potash'alum‘melts at.92°C and
losses all water of crystallisation atrzeo¢dg Ammonium -
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glum melts at 95°c gnd~;poses ammopia»anqlsulphuric acid
leaving a residue of alumina at red heat, . )

3ota§h.a;um~ogcurs natﬁrally in such minerals as
alunite and kalinite (KpAlg(S0,),0Hy,) sp. ar. 2.58; KAL(SO,),
12H,0 sp, gr. 1. 75) such natural deposits are not occuring
in India. Practically all alums and alumin;nm sulphate are
nov made from bauxite and sulphuric46 acid when manufacture
of true alums entails just one step addxtional to alumxnxum
sglphgxgwproqgsg, ‘Gommercially aluminxum sulphate is produced
by treating bauxite of 200 mesh with 60° Be sulphuric acid
and in order to gake‘various true alums, gulphate-oﬂ mono=
valent metals such as K2804!(NB*)280¢ is added to dilute
solutions of A12§804)3‘in the proper qmougygkﬁnd;concentr-
ation_qflmixed.so;ﬁtions fol;oweﬁ by.cogling‘gives‘alum
crystals. 4s natﬁral(deposits of pptassium,sg;phate are not
ava;lable,’potasgium,chloride deposits a;e‘used, The various
‘ steps-inyolvédAaie (1)‘getassium theridekis‘separa$ed from
other salts by well known proceés.A(a) then converting the
seme o0 K2804 by reactzng with MgSO4 or Na SO . (3) The
pot8351um~sulphate is then reacted with aluminium sulphate
to form potash nlum.

~ Some attempt has been done by earlxer workers %o
.prepare potash. alum directly from waste liquors containing
potassium sulphate or potassium chloride. No processes
are reported in literature for utilisation of natural
mixed salts obtained by evaporation of bitterns, except

49,50
two American pateﬁts. T.H. Wr1ght47’48util;ses an aqueous
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solution containing potessium chloride which is tréate@»
with magnesium sulphate or sodium sulpha@e»anqva solution
of aluminium sulphate to form potash alum which is allowed
to crystallise. The solution ié-acidifieﬂ ﬁith sulphuric
acid. One of the U.S. patent uses ‘an alkaliﬁe,aqheous
minersl potassium ehloride or sulphate solution which is
treated with sodium sulphate and rendered slightly acidic.
A12(SO4)3 is added and potash alum is crystallised. Refer-
ences are available in literature for treatment of alumina
with bisulphates of monovalent bases, sulphu;ic ac;d:and
alum. by contact process, similarly production of iron free
alum ig méde/py re@uction.gf ferric¢ iron- to ferrous étgte
and then addition of potassium sulphate to obtain alum,
Availability of aluminium sulphate and alums from bauxite
by sulphuric acid or acid sulphate of sodium potessium and
ammonium_in»autqclave¢under'pnegsufe_is given by 3.Jocobso31
T:gatmgnt,of bauxite to obiain alunina by furnacing ip
presence of gq}phq:.dioxiﬁé, sir and steam, lixiviating
the product and then decomposing the resultant ferruginous
solution with sodium thiosulphate. - Sodium sulphate is
reduced by carbon and air to obtain sulphur dioxide and
subsequent utilisation of sulphur dioxide for regeneration
of sodium thiosulphate and for furnace operation, is given
by J.More§? _Recovery at‘Ionapat53 whiéﬂ;deals with separa-
ﬁion of pqtash,alpmmfromqminerai‘zc per cent alum.
Production of aluminiumlsﬁlphgte dnd.alums is also discussed

by J.B.;al54and V.N.Niganm, Purificationssof eluminium sulphate
using ethanol and crystallisation of alums is discussed by
- Holding. and. Rechsel respectively.
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2. DESCRIPTION OF THE PROCESS

“~

~ The process consists of trenxzng mixed salt with alumi-
nium sulphate solution, whereby:sqpstgntlally'the.entire.
potash content in the mixed. salt recovered in the form of
a valggble chemical as potash alunm, h#ving the oﬁémical
composition K2$0¢?A12($04)324320..pr is knowg that potash
glum‘is manufagtu;eﬁ by gyp}eying)pqtagsium sulphate and
a;pminigm sulphate in sroper propof;}ons,_ If natural
deposits of potassium sulphate. is not available,potassium
chloride deposits are used. It has hitherto. been preferred
to separate the potassium chlorlde from other salts by well-
known process and then converting the same into potassium
sulphate by reacting with magnes;um snlphate or sodium
sulphates The potassium sulphate obtained is reacted with
aluminium sulphate to form petash alum. |

~ Solid potash alum can be obtained practically free
from-other salts directly by adding mixed salt containing
potassium chloride, sodium chloride, magresium sulphate
and magresium chloride to a saturated solution of aluminium
sulphate. In the sbove £:eé$ment} potassium chloride is
convgrted tp poyassiup sglpbate at the expense of magnesium
sulphate present in the m@xed.sali. The potessium sulphaté
formed therein combines with aluminium sulphafe to form
potash alum. If the alun formed is in excess them its
solubnit&,' it precipitates out from the solution leaving
behind the other salts in the solution. Thus solid potash

alum is obtained practically free from soluble salts,
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arsenic and iron. Hence various individual steps of conversion
and separation of potassium suiphate according to the conventional
method as cited above are not fequired in this process., The
bresent study sets forth the optimum conditions for tfeating the
mixed salt for obtaining.the potash alum.

The mixed salt is obtained by the conventional solar
evaporation of sea bittern collected between 36 to 38° Be or
alternatively by the recycling of 36° Be bittern with 30Q'Bé
bittern as (Chapter P) already referred to in the earlier part
of the thesis.‘ The mixed salt is powdered and added to concentrated
aluminium sulphate solution (30 to 35 g.A12(804)3 per 100 ml.).
The quantity of mixed salt added is in suehﬂa proportiqn that
one gram of potassium chloride requires 2.3 g of A12(804)3
calculated on the basis of the equation 2KCl + Mg$04 +
A12(804)3 = K,50, 512(804)3 + MgClg.‘ In general, there
will be sufficient quantity of magnesium sulphate in the
mixed salt to complete the above reaction. The reaction
takes place during the agitation of the above mixture which
is raiscd to 40 - 45°C due to .the heat of the reaction. The
slurry is heated to 100°C whereby all szlts go into solution,
Afterwards, stirring is discontinued and the solid suspension
are allowed to settle for fifteen minutes. The hot supernatent
liquid is pumped through filtration units %o a crystalliser
wvhere alum‘crystallisés out on cooling. The slurry is centri-
fuged and washed to obtain high grade potash alum assaying
99 to 99.5 per cent purity as K2804(A12304)3 24H,0. The

are
recoveries of potassium and aluminium sulphate/@S per cent.
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Above process may be also carried out ﬁy‘preparing éusaturaﬁed
solution of mixed salt and then mixing with concentrated solu-
tion of aluminium sulphate in the above proportion. The efflu-
ent after the removal of potash alum-contains magnesium. chloride,
ragnesium- sulphate, sodlum chloride and potash alum.. Concent-
rations of magaesium chloride and. sulphate are not high enough
to crystallise out with alum. The only possibility of.contam=
inating the product is by sodium chloride as: the effluent is
saturated with alum and sodium, chloride. The preciéita&ion;of\
godiqq ch}ori@e.with glumzis.prgventea‘by addition of calculated
qpantity of watgryto theiregcxinn mixture. By.knowing;yhe
amount of so@igm;éhloride in the mixed salt, dilution ié
affected in such a way that all sodium chloride-is retained
in the solution at the temperature of cooling. If the product
is still contam1nated with sodium chlor1de over the prescribed

limit, it is remevad by simple washzng or by recrystallisation.
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3. BASIC CHEMISTRY OI"/THE PROOESS )

The process-consists. of. (1) recovery of mixed: salt
from sea.bittern and- (2) utilisatlon of mixed salt for
_thg rgcgveryn_pf ‘poi;ass;gm:.fehlqr:itie ‘as-potash a.lpm us;.pg
aluninium sulphate.- t{li;;gdhsgaltvconsigts ‘of four salts
namely (1) potaésiuwch}.orige_(]a' - 20 per cent), (2)
sodium chloride (15 - 20 per cent),: (3) magnesium -sulphate
(25 - 35 per cent) ‘and 4) msgnesium chloride (6 - 8 per cent).

MM_amzfacturge of alum from-mixed salt is gchimejved by

treating mixed salt with a:saturated solution of a‘lumi.n:iun’x ‘

; gurph(a»tg“at -100°C whereby most of the'salts are dissolwed;
potassium chloride from mixed salt is converted to potass-
ium sulphate at the expense of magnesium:sulphate.which is
@lse present in. the mixed salt. Usually magnesium sghph;te
available in mixed. sé;g- is. in excess: than. si‘:ai;ehiometric:
rati o for complete conversion of potassium:chloride. to
potassmm sulphate; ‘each: gram-of potassium- chloride, requires
only. 0.81 of magnesium sulpmte to produce 1, 17 g of
potassium sulphate (6 36 g of. potash, alum) and, 0.64 g:of
magnesmm chloziden The potassium- salphate thus formed
combines w:._‘thr aluminium: sulphate: to form pptasswm alum.
If the alum. formed at hot is in excess than.its. éolubility
at room temperature it precipitates out from the hot
solution when cooled to ;oon{t"empera‘ture_»]Teav:"n_ng:’behini
other salts in mother liquor. As the entire process.is
based-on solubility relationships of salts at higher ani

lower temperatures the purity of the product can be easily
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controlled. The main reactions involved are as:follows:
1) 2 KC1 + MgSO‘ = K2804,'+ MgCl,
2) Ky80, + A1,(80,)5 + 24H,0 = KyS0,A1,(50,)5.24H,0
3) 2KC1L + MgS0, + A12(804)3 + 24H,0. = K2304.A12(SO§)3

L = 24H,0 + MgClL
The- reaction p;oduq;s.qbtaigednonitreatment'of mixed salt
with aluminium: sulphate solution are potash alum: and .
magnesium chloride. The concentration of magnesium chloride
in the solution is increesed. The. total magnesium.chloride
will be, magnesium chloride from mixed salt plus the magne-
sium chlor;de_formedgdqéﬂtg‘the potassium chloride and
magnes ium sqlphate:rggqtion, 1p_ordef to control the
operation fpr pbt?;n;ng gao@»gyadg,alum in presence of
sodium ch}g:ide,.magngs;uq:sglphgte_agi.mggnesium:chloride,
mutual solubility relationq@ips.df these -salts with alum
at 30°C (crystallisation tempexaxu@e) ere studied. The
data are given in Table 75, 76, 773 whereasxsolubility
of potash alum is given in Fig. 29, 30, 31.
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4 LABORATORY STUDIES
" Solubility determination o B .
~ Effect of sodium chlor1de on solubility of potash
alum is studied. Fgllqwing"prgcednge~1s adopted for
determining the solubility of salts. A-saturated solution
of potassium alum is taken and known- quantities of_fﬁnely'
powdered sodium chloride is»é¢ded, stirred.fqr(fcur hours,
and filbered.. Solutions are analysed. Precautions are
taken %o maintain the tenperamure ‘constant during flltratlon.
The Table No. 75 1ndicates that the. solubility of potash
alum does not §gcrgasgﬂappreclabxyaw;th increase in sodium
chloride cqnqen;rgt;oq.,~Tn9.datg.alsq show that potash
alum cannot\be recovered from end liquor by satunating with
sodium chloride. o . o

The effect of magnesium chloride concentration on
solubilities of other salts and alum is studied in simila®
‘way and is given in Table 76,‘ M@gnaglgm”ch}or;de\solutbgns\
of different concentrations a%e;takenvqu saturated withi
sodium chloride and potash alum, The mi;tur; is stirred
for four haurs“ag& filtered solutions are analysed. The
table indicé@es that with inc:easg in magneéium chloride
concentration, solubility of potash alum does. not de&rease
appreciably. The data also indicates that preelpitatmon \
of sodium ehlerzde with alum can be controlled if the
concentration of magnes :hmx»chlqnde_ in tl;e end liquor |
is controlled. The only constituent which is absent

in Table 76 is magnesium.sulphate; The Table 77 shows



SYSTEM K,50, A1,(50,)5 - NaCl - H,0 at.30°C

Table 75

Constituents

grams per 100 grams of solution

grams - per 100 ml

2440,

1.99
3,93
24.28

1495
3494.

23.51

2.36

2,45
5,21
0.075 8,01

2.57
5.48

2,40
4.86

2,75
5.86

2,75
5.85

2,75
5.85.

0.08,

K,S0,,

A1,(80,)5

NaCl

4.70
14.55

4.86.
30,00 ,

t

17.00 29.00

9,00

*
: ]

SP. 8r.

1.123. 1,168 1,234 1.23%6°'

1.068

- e wtra
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that if magnesium chloride-concentration is kept at ten

per cent and.the system cqpta;ns magnesium sulphate; sodium
chloride and alum, the concentration of sodium ch;ofide decreases
further to 15 and 13.5 per cent, co:;esponding‘§0‘6 per

cent and 13.1 perlééntlMagnesiumwsu;jhaxe respectively.

Anglysis of the gn@ ;iqgor after crystallisation of alum

shows following“qompositéon..ky‘

End liqugp,compesition

(¢/100 m1) o
ke 2.2 (2.57%'K280¢)
NaCl 16,0
MgCl, 1040
412(504,}3 6.1
MgsO, T 6.6

Wpen concentration of megnesium chloride in solution is
10 per cent sodium chloride:solubility is- 16 per cent.
The’solubility of alum in water at 30°C is 15.43 or in
othérAvords 2.84 g of KZSO4 and 5,57 g A12(SO4)3 per
100 ml. Thus solubility is not much. changed. due. to pre-
sence of other salts such as msgnesium.sulphate,.magnesium
chloride and sodium. chloride. .
Adjustments of the final volume of the end lig?én

‘ ﬂThe~f§regoipg:aecountrgives & key. to a@éga@nthe
final volume of the end liquor, that is, liquor left
after crystallisation of alum at ré&m tanperature., This
can be better iliustrated»bx the:g;ample given\below.

45 kg of mixed salt containing 20 per cent KCl, 20
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per cent NaCl 30 per cent I{gSO4 and 5 per cent Mgéla is to
be treated with aluminium sulphate sélution to obtain
potash alum.

a) Requirement of A12(304)3

Total KC1 x factor = A12(804)3

9kg X 2.3 - @ 20.7T kg

If 35 per cent solution is available 72.5 litres
of solution will be required to complete the reaction.

6) Magnesium chloride to be handled

45 kg mixed salt containing 5 per cent Mg012 = 24 25 kg
MgClz. Now magnesium_chloride formed due to reaction
will be

KC1 x per cent recovery x factor = MgCl,

9 kg x 90/100 4 x 0.6386 = 5.17 ke
Total MgCl, = MgCl, in mixed salt + Mg612 due to reaction
= 2425 + 5.17 kg

= T.42 kg '

- In order to adjust 10 per cent Mg612 in end liquor,
the_fzpal‘volume of endhlquor after crystallisation

of slum should be 74 litres.

c) Water to be added Water removed by crystallisation of
alum is calculated as followss

: ECl. X per cent recovery x 6.359 x 0.4556

= 9 kg x 90/100 . . X 64359 x 0.4556

= 23.46 kg of water (Say 23.5 litres). ‘
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Now if lgvg steam is used for_ﬁea;inga it is observed
that about 20 litres of water is condensed. in reaction
mixture while heating o 100°C. Hgnce-anly,ﬁ.lit:es‘of
water is required to be added to reaction mixture.

Total sodiumyghlpnide in mixed sal$ is only 9 kg
which gives 12 per cent Kw/v).ﬁacl. As. the saturation
of NaCl is. 16 per cent; all NaCl will be retained. by the
end liquor and gogd‘gradéfa;qmtwill be. obtained.

Mixed salt containing over 25 per cent sodium
chloride is to be Qmployed‘for the process; end liquer
yqlume’will have- to be incregsed:by aédition of extra
quantities of water such thaxlNaCliis’retainedzin.the
solutipn.whiéh.will result in decreasing the yields
~ or otherwise impu#g,alqm;wil;zbe obtained, If a,smgll
amount of-sodiumfchlpridewsepara@es:Qut:aiong{with alum,
_\it_is:eqsigr to ygsht;tyout‘du;ing,cen#rifuging. Magne-
sium chloride which is one of the reaction product con-
:t;olg tﬁe solqpilipy pf‘sgdium-chlo:ide»in golu;ion. Hence
it is essential that mixed salt contains minimum amounts
of magnesium chloride. This can be achieved simply
by storing the mixed salt on platforms to drain off.the
aﬁhering,magngsiu@.ch}oride before it is,processed.

Mixed salt as.such is a stable mixture of four
salts; however on ageing when stored- for marg—thag -
year magnesiup:chlopide drains off slowly and. potassium
ehlbride¢reébts with magnesium;sulphaﬁe'to\fbrm potassium

sulphate. It is observed that asqlqng;a3‘§9tassiuﬂ,chloride
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is present and the magnesium chloride formed in the reaction
is continuocusly drained off, the reaction proceeds further.
Reaction with 53804'starts first with potassium chloride and
in absence -of potassiumvchlor;de it proceeds with sodium

- chloride. As magnesium,sulphéﬁe»is in excess than stoichio-
metric ratio for complete comversion of potassium. chloride
to potassium sulphate, potassium. sulphate combine5<with
magnesium. sulphate to form‘lessxsqluble double sulphates,’
Various double salts are formed as intermediate compounds
such as. schoenite (3280¢ﬁ5804§H20) and glaserite (3K280¢.
Na2804). For potash alum manufacture any of these salts

can be used.

Prggaration of potash é;nm (laboratory experiments)
Experiment ] :- Mixed salt obtainedxfrom sea bittern

contained KCl/MgSO4'2O/35 while that from inland bitterus
was usually 20/25 or even less. Potash alum was prepared
using mi;gd“salt containing 18.4 per cent, 22.1 per cent
NaCl, 24.0 per cent Mg304 and 3.1 per cent MgCl, as gener-
ally obtained from inland bitterns (Kharaghoda). One kilo-
gram of the mixed salt of above composition was added to
1150 ml of aluminiumlsulpha$e solution containing,423.2 g
of aluminium sulphate, Aluminium. sulphate was.added: in
such a proportion that 1 g KC1 reacted withy2.3 3'A12(S°4)3
in_presenoe of magnesium-sulphate. The»react;on'mixture
was diluted with water and heated to 100°C whereby all

the salts went into solution. Analysis of fhe hot solution
showed: (g/100 ml), 11.42 per cent K2804, 22;§2 per cent

4



'A12(804)3, 9.78 per cent NaCl, 9.25 per cent MgCl,, 5.00

per cent MgSO,. The hot liquor was.allowed to settle and

the hot supernatent clear liquor was. siphoned out from. the
top to another beaker and cooled to room temperature. Alum
slurry was centrifuged and washed with water to free the
edhering mother liquor and ta obtain. high grade potash alum.
The only impurityuwas/sodium‘chloride which-was. 2 to 2.5 per
cent without washing the cakg in the centrifuge, but was.redu-
cg@»to 0.2 per ceant by littlg washing. the product in the
centrifuge. The yield was 1080 g. and the purity of alum, was
99 per cent., th.efflnent or mether liquor measured 33%Be
and was: 1300 ml in volume, ceg;aining,z.é per cent K280 '

10 per cent-MgCl,, 8.9 per cent MgSO,, 16 per cent NaCl and
4.5 per cent Al,(S0,)3 (g/100 ml.). \

The recovery -of potassium as:potashAalum;was 84.2 per
cent. Considering. the solubility of alum in the: liquor, the
small loss was inevitable, 72 per cent of megnesium- sulphate
present in mixed salt was used up to convert potassium chloride
to potassium sulphate. Teé per ceant of the added aluminium
sulphate remained in- the end liquor. The results are given
in Table 78.

'Exgerimenp 2

~ Molar ratio of KCL to MgSO, is 1:0.92 whilefrom inland
bitterns it is usually 1:0.77. Mixed salt havinévnormal
compesit;on assgeneralyy:qbta&neéxfrem sea bittgrn,was;usei
for prepering potash. alum., 3 kilograms of mixe@ salt con-
taining. 19.2 per cent KCl, 12,5 per cent NaCl, 35.2 per cent

i
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MgSO and 3.2 per cent MgCl, was treated -with 3.5 litres
of aiuminium,sulphgtezsolgtion; heated to 110°C and filtered
hot. Thg c;ear filprate'wgs cooled. to room tempergﬁure
to crystallise alum. The results are given in Table 79.
Experiment 3 o

~ Experiment 3 was performed similar to experiment
No.1 except that mixed salt used in experiment No. 1 was Ao
inland bittérns, while that used in this experiment wves
stored for & long time and which analysed 24.2 per cent
-Mgs 4o 1442 per cent MgS0,, 34.7 per cent NaCl and 15.3 per
ceny»KCl, aecopntiﬁg for 36 pgr;cent potassium. schoenite
in the above salt. One kilogram of mixed salt was. added
to 2500 ml.ef aluminium sulphate solution containing, 820 g.
£1,(50,)3, T30 ml of water was added and the slurry was-
stirred and raised to 100°C, The ygtgsh‘a;ﬁmﬁwasxcrystal-
lised out as in experiment No.1 Yield of potash alum. was
2 kg analysing 18 per‘cent‘K2§04, 35.40 per cent A12(304)3
and 1.9 per cent Na€l. Sodium chloride was reduced: to
0.2 per cent by washing in centrifuge. The final product
analysed 99.0 per cent potassium alum free from. iron. The
results are given in Table 80.

Laboratory experiments 4
Preparation of potash alum using mixed salt having

excess of sodium chloride (31.7 per cent sodium chloride).
Experiments carried out using mixed salt containing 20.4

per cent KCl, 35.7 per cent MgSO4, 31.7 per cent NaCl, 4.8

per cent MgCl, with aluminium sulphate solution (31.54 per cent
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A12(804)3 ) in the required ratio gave following results
(Table 81). Yield and purity of alum are controlled by
final volume of the end liquor.

Table 81 POTASH ALUM FROM MIXED SALT WITH HIGH AMOUNTS
OF SODIUM CHLORIDE (Laboratory experiments )

N S T i T T O R e T e e s S A S S S TR T e SR I R S S T S T e T D 7 T e ) A e 1 e it e o
Condition Recovery of alum Remarks
er cent T
i) Mixture stirred 98.8 With 3.4 per
boiled and kept cent NaCl
overnight ‘
ii) Mixture stirred 65 Pure alum. crys-
with addition of tallised with
100 ml, water no NaCl
boiled and kept
overnight “
iii) Mixture + calcu= 88 With 0.2 per
lated quantity A cent
of water requ- - NaCl

ired for crysta-
llisation of
alum boiled and
kept overnight

T I S
Laboratory: experiments
Experiments using saturated.soluﬁion of mixed. salt

instead of pulvarised mixed salt gave following results,
Mixed salt solution 33° Be in density containing 10.0
per cent KC1, 13,0 per cent NaCl, 13.46 per cent MgSO4
and 5.05 per cent MgCl, when treated with aluminium
sulphate solution qontaining 28.7-per cent A12(804)5

gave following results which are tabulated in Table 82.
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Table 82 PREPARATION OF POTASH ALUM FROM MIXED ERALT
SOLUTION (Laboratory experiments )

P T T T T I T T T T R ——_—nTe,
R S T T A B S T S A T S T e T S S s e A T D S o S R S N S N R T S N S R it e

Condition Recgyery of alum Loss of A12(SO4)3
_ » er cent Per cent
1) Mixture stirred T1.2 28.8
&t room temper-
ature .
2) Mixture boiled 72.0 28.0
and Kept over-
night
3) Mixture stirred 85 .4 15.0

at 10°C for 15
minutes and
. centrifuged
4) Mixture stirred 86.8 13.4
at -59 ¢ for . .
15 to 20 minutes
and centrifuged

B T T e e IR s
Potash alum from bitterns

Bitterns of 29/30° e denszty contains 2 to 2.5
per cent po?asszum,chlorxde vhich is equ1valentvto 243
to 2.9 per cent of potassium sulphate or 124,30 to 15,78
per cent potash alum. Aswthe solubility of alum is not
much effected with the presence of other salts, it is
not possible to obtain alum directly from 28° or 29°Be
bittern. However during further concentration of bittern
by solar evaporation a stage is reached where potassium
chloride concentration is es high as 4 to 5 per cent,
When concentrated bitterns of such compositions are
treated with saturated solﬁpion of aluminium sulphate

solution, alum separates out. The recoveries of
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potassium alum are low and loss of aluminium.sulphate
in the end liquor is high (Table 83). 1In Table 84
recoveries of alum. from bitterns are given; bittern
samples 1 and 2 show better recoveries; however in normal
evaporation, such concentrations of potassium are not
obtained, and recoveries of alum are only up to 50 to

55 per cent.
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5 - PILOT PLANT STUDIES
Pilot plant experiments ‘

Preparation of potash alum using mixed: salt and alumi-
nium sg@phate‘(élumina»ferriq grade B) was. carried out in
1aboratory‘wi§h glass appa:gtusuand~ﬁhe‘purity-qf the products
was very high. On large scale'pfaduation it was likely that
potash alum might. be contaminated during. various processes
as heating, pumping; filtra;ion and&crystallisaxion with unde-
sirab;q salts., It.was thus, necessary to-ascertain whgtber the
product obtained in-pilot plamt.vould meet I.S. technical
grade- and B.S. pharmacgutical grade'sgecificaﬁions. It was
also necéssary(to_sgudylgorrqsion of materials of construction
and ‘how best contamination of metals. could. be- avoided. In
this connection it was essential to study the heating with
live steam, the efféct of di@utiqn by condensation of steam
and to ascertain. the economic feasibility of the process,

Raw materials _ o ] ‘ |
A) Mixed salt: The usual compesiﬁicn of mixed salt obtained
by evaporation of sea bittern was used for pilot plant expe~-

riments.

Mixed salt.analggis
Per cent composition (on wet -basis)

Potassium chloride o 18. - 20
Sodium: chloride < 15 - 20
Magnesium. sulphate 30 = 35
Magnesium. chloride - 6~ 8
Insolubles: 0= 15
Free and. combined- moisture .25 - 30

(by difference)
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Mixed salt 18 to 20 mesh size was preferable mnd  grinding
was carried out to above mesh size, Selve analysis of
mixed salt taken after grinding mixed salt in edge runner

for 15 tq 20 minutes was. as follows:

Mesh size (B.S.S.) g per cent

- 18 + 25 400 40

- 25 + 40 600 60
1000 100

Mixed salt after grinding5t6 desired. mesh size (without
drying) showéd’fo;lowing bulk density, 57.72 lbs. per cubic
feet or 924,7 kg per cubic meter. |
Alumin;gm sulphate _ ,

Aluminium sulphate. comes- to the market in two
commercial grgﬁes‘(1) Iron freeavariety'which\is white
and contains below 9.005'per’cent of iron (as Fe) (2)
Alumine ferric grade A and B are available in the market.
'A' grade contains 0.3 per cent iron while 'B' grade con-
tains 0.5 per cent iron. The commercial- veriety of alumina
ferric grade 'B!' was pﬁrcpaseé‘for pilot planﬁ experiments

and was of the following composition.

Analxsisroaniumina ferric grade B

A1203 ‘ . . 17.5 per cent
Insolubles in water o.08 ¢
‘Pe203 0.}5 "
Water of crystallisation ’ 42.66.

'Alunina- ferric grade B' is cheaper than the other grades

of aluminium sulphate available. in the market. It is
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available in big lumps 4" to 6" size and needs crushing in
jaw chusher to 1/4" to 1/2" size before it can #e dissolved
to obtain a concentrated solution. Aluminium sulphate is
very. soluble in water to the extent of 107.35 g per 100 g of
water, _ S ‘ | _ ’

Preparation of aluminium sulphate solution

' 100 kg of crushed.alumina~fer;ic gradé B was dissolved
in 94 lit:gs of water (hot condensed steamiwatgr), stirred
for 2 hours and alioyed‘to'settle’in wooden drum, It was
observed that filtration of hot solution was Qifficult even
with pressure filtration unit employing filter aid. .The
solution after settling, measured 35 to 36° Be’. If live
steag wgs-used for hgat;pg the solution, enly 70 litres of
vater was required for every 100 kg. of crushed raw material.
The rate of setfling was very slow snd to obtéin<a‘clear
’solutiqn, 48 howrs of settling period was fbund necessary.

‘Even though the volume of the turbid zone vas 425 ml,

out of one litre of fhe slurry solution, the insoluble
matter was much less. As the solution wasifh;ck (1.33 SPe
gr.) the fipe_particleé»rem&ined in suspension. Im pilot
plent experiments, the turbid solution vas diluted with
water and the clear dilute solution was reused for preparing

N

fresh solutioen,
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Table 85 SETTLING OF ALUMINIUM SULPHATE SOLUTION

U SO
Period-of settling Aluminium sulphate solution(359Be')
(hours) Turbid zone Clear zone
(cms) (cus)
0.00 35,00 0,00
1,00 34.65 0.35
1.30 31.15 - 3.85
2.00 - 27.30 7.70
2,30 24.85 10.15
3,39 ) 21?00 14,00
5430 19,25 15.75
7.30 17.50 17.50
12.00 : 16.45 18.55
24,00 15,00 20.00
30,00 14,50 20.50
48,00 14.80 20,20
72.00 14,80 20.26

s i D o s . PR s . g R S B A S e S Y S Y AU . S S S s S Y e e i U A D S S NS v TR i s S e T T SR W e
e T e e e o T e e e S e . S L R R L R R L N S LS S SN SEREIEESESSRn=RnNRR=

Description of pilot plant experiments
45 kg of mixed salt of 18 to 25 mesh size containing

18 to 20 per cent potassium chloride was mixed with 20 litres
of water and 60 litres of 35 per cent aluminium sulphate
solution., The reaction mixture was stirred im wooden vats
with wooden stirring a;rangement and heated with live steam
at (20 o 30 1bs) 1.4 to 2.1kg per sq.cm pressure to 100°C,

thereby most of the salts were dissolved. The reaction
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mixture: wes; then stirred at the same  temperature for 10 to
15 minutes.and; filtered using filter press, or laboratory
model mild steel sparkler (model 8.3) pressure filter. 0.7 kg
- per sq. om (10 lbs)_of;prgssure was developed at the end of
the operation. Compressed. air at 1.4 to 3.5 kg per sq. cm
(20/50 lbs) pressure was then passed through the unit to
flush out the last drop of the liquid:. The hot filtered
solution was cooled rapidly #o obtain pure uniform grade aluni
crystals. The cold slurry was. then centrifuged and the product
was. tested fﬁr chloride (qpalitative test)s It was. found
helpful to wash with one-litre of distilled water in centri-
fuge to remove adhering mother liquor and any other.soluble
impgrity'sunh‘as sodium, chloride. ATheAproduet was. then. dried
below 60°C with occasional. stirring with wooden scoops. 45 kg
of mixed -salt would give 46 kg of pure potash alum. Results
of yield agd purity are reported; in material balance Table
86 and Fig. 32. '
Major equipments.used for pilot plant studies

&) Dissolver A B ‘

Wooden vat was.gsed_wiyh wooden stirrers rotating at
60 r.p.m. It was observed that wooden vat having a volume
of(4 cu.ft.) 0,12 cu.m. could be used for treatment of 45 kg
of mixed salt containing 18 to 20 per cent KC1 with 60 litres
of aluminium sulphete solution (35 per cent) to produce potash

alum. Dimensions of the wooden vat were as follows.
Dismeter 47 cms. at the top, 52 cms. at the bottom with
59,7 cm. height: 0.25 H.P. was. the power required for
the stirring assembly.



pr—

— 237
b) Pressure filter

M.S.aparkleg_filter.(3§del No.8 - 3) painted with epilux
No.4, anticorrosive paint vas used, Usailly most of fhe solid
would. #issolve at higher temperature and cake space was not sié«
nificant. ‘It was observed that filtration should be carried |
above 75°C as erystallisation of potash alum would start. at

70°C(178°F). Cotton filter cloth (double. thick) was. used; rayon
media. filter papers also-werkgd well, Rate . of :iltnaﬁlon was
6 litres per minute per 765 sq. cms. of filtering: area: and tem-
perature of the—filtrate remained. usually. between 85 to 905@.
Aeid proof terylene. cloth was also tried but no special. advantege
was observed. Ordinary filter papers. (Whatmen No. 1) cut to

the size and put two on each plate also worked well. Density

of the hot filtrate varied between 30 to 32° Be!., Addition of
settling agents such as "separan A.P,30", 1 to 10 p.p.mlwas
tried and found helpful for settling. ;Normélly settling would
not take place within an hour but by use of "seperan A,P.30"

- 1t was accomplished in 12 to 15 minutes, HoweQer, filtration
was found essential sigce in- the process of decantation, the
light floecculent precipitate was sucked up and erystailiseé
alum ecntainei more insoluble:matter.- A
e) Crystallisers

Glazed tile (porcelain tzle) tank was constructeds The
‘tiles used were 15 x 15 x 0.6 cms. Acid proof. cement was used j
for fixing. these tiles on ordingxy cement concrete‘strugture.

Tank was-constructed actually on 5 ems. concrete slab. with

LS
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15 cms., supéortingrwalls so as to make it leak é:oefJ“_Porce-
lain.piﬁg was provided to remove the end ligquor or siunry.
Dimensions of the tenk were as follows. Size of the tank
97 cms. length x 47 cms. breadth x 41 cms.. height (38" x 18.5" x
16"5, Capacity 0.18 cu.m. (6.51 eﬁ.ft.) holding 181 litres
of solution. o “ ‘

Wooden circuler vats were also tried as crystallisers,
9144 cms. (3*) diemeter, 30 cus. -(1') height; having & capaclty
(7.07 cu.ft) to hold 198 litres of liquor, Wooden - vats were
found cheaper.
d) Drier | o |
ChemidgLﬁyay drier was used cqpta;ning 12-trajs (six aluminium
and six me.s. t?a&s)<pain§ed with all purposg_anyicor?osive _
alkali and 10 per ceqt acid resistant paint. Alum drying was
carried out a§ 50/60°C. A full batch of 45 to 55 kg of éentrir
fuged alum required 2 hours for complete drying at 50°§. It
was found necessary to stir by hand qi,woéden scoops occasion-
ally during-drying operation as caking was observed in absence
ofbsueﬁ a treatment. .
Other details of the dryer were as followss-_ | 4
Cost Rss 3000, 0.5 H.P. '3 phase 440 volts motbe for gzr
circulation with 12 trays. Tray size 80 cm. x 40 cm. x 3 ome
(L.B .H). quaclty of each tray was roughly 5 to 6 kg.

.e) Jaw_crusher _ N ‘

Commercial alum (alumina. ferrie grade B) is available in big

~ lumps and it is required to crush to a suitable size; available
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Jaw crusher in the laboratory was. used for the.purpose;
capacity was. 12 to 15 kg/ hour for 1 to 1.25 cms. size
material,

£) Aluminium sulphate solution tank

Wooden vats were used as- they were foundxsuithblg‘and

cheap. Size 82.5 ¢m. height with:53 cms. and 55.5 cms. top and
bottom diameters. Volume was 6.723 cu.ft. with a.capacity

to hold (190 litres) of 35 per cent solution. ¥No Stirring

was carried out by wooden laddles or by passing live steam.
Quality control N _ '

_ As alqma are used mostly for weter purification,
pharmaqeutiqa; purposes and as mordants for very sensitive
colours, requipe'qgality control and-no contamination of
any unhygenic materials. Héavyvmetal; such as.lead, arsenic,
copper, zinc must be minimum, Iren salis give off colours
in dyeing and also in glasing of paperse Hence slum produced
must be free from any iron contamination and contains: minimum
insoluble matter. It is tested on pilet plant experiments
using wooden vats and wooden stirrers. It is possible. to
produce high grade potash alum free from impurities by
using_chgap,raw,materials.suchanAmixed salt:and. alumina
ferric grade B. Typical analysis of products. produced
in pilot plant experiments and.B,P. and technical grade
samples_from market are tabulated in Table 87. The?products
obtained on pilot plant satisfy the specification tests

for both technical as well as pharmaceutical grades,
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Crystellisatéon conditions with results are tabulated:in
table No. 88_whicb.sh6v how the purity of ﬁhe,pgoﬁuof hés
been achieved. The table shows, two facts,(1) filtration
of hot solﬁtion is essential to awoid insolpble»matte;
p;ecip;tatiggxin a;um;.(Q) rapid cooling of the hot solu;ion

'gives fine crystals which are. free from iron.

Table 88 CRYSTALLISATION OF ALUM

Condition Hot solution Settled  Filtered  Filtered

filtered -~ - and de~ on vacuum
through pre~ canted; £il ter
. Ssure(spar= "~ c¢ooled’ cooled
kler) filter; . slowly slowly
cooled
slowly.. . :
Per cent Per cent Fer cent Per cent
Insolubles 0.03#% 0.06. 0.06 0.016
in water . - S .
Soluble 0.005 : 0.005 0.0053 Traces,pract-
iron(as Fe . A ically nil
Ke.alum, =~ 99.80 99.80 99.80 99.80 .
Assay not .
less than : .
Cu satisfies the test with NH,'OH
Zn satisfies test with H,§ .. '
AS "% Matches with blank and satisfies. the limit.

o P Y o o o e i SO A S . i YO S T A A S B Y A Y0 g St . SO ot i ST S et 4 S S SO, SO SO ot A S G 0 B i S il s AN O, S e T S SRS
o e e A e e e T e e e T T e o T s Mo i il e o o o Yoo 2 TS et . Tt e

* Matches with blank means. matches with colour produced by
only mixing the reagents without addition of ironm,

[
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Table 89  STANDARD SPECIFICATION OF POTASH ALUM

H
E
|
i
§
|
i
i
1
t
H
i
1
{
i
[}
il

T S Tt e e T e v i s v s T o e
— S S N R S o s e

1.8.258/1950 I.S8.378/1952
Tech.grade. B.P.grade

Percent Per cent
(by.wt) (by wt)
i) Potassium alum(not “ ‘
less than) 99,00 99.5
ii) Solublg iron .
(aste max. ] 0.0007 0.04
iii) Insoluble in water ' ~
max. . 0.25 0.05
iv) Ammonia (NHS) max. 0.20 0.10
Arsenic
v) Eree=2ecid (as As203? - - 5 ppm
vi) Copper (no colour
with NH4QH ) - To satisfy the
~ : : test
vii) Zinc (no ppt.with - -do-

Bulk density of potash alum

- Potash alum after centrifuging showed-bulk density
58.89 1bs per cubic feet or 943.4 kg per cubic metre. The
ssmple on drying at 60°C in tray drier showed 54.53 1lbs

per cubic feet or 873 kg per cubic metre.

Seive analysis of potash alum

/
Seive analysis of dried potash alum showed following
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. resultss:

Mesh size (B.S.S8.) g per cent -
- 10 + 18 490 32,67
- 18 + 25 140 9.33.
- 25 + 44 195 13'.99
- 44 675 45,00

-~
O
O
0
<

Nearly 45 per cent of alum wes below 44.B.5.S5. mesh

size; fugther analysis3of the- dust showed. that

Mesh size per. cent
- 44+ 8 ~’§735
- 85 3245
-0,

Analxsis of alum ‘
~ Following procedures described in the Indian Standard

Specification tests were adopted foar analysis of alum samples
produced in various: -pilot plant experiments.

-Sampling: Proper precautions were taken to draw represenxabive
samples of the product from each. bateh of pilot plant experiment.
The samples were finely ground using pestal and mertar. and

then analysed (excapt for samples.used for magnesium. analysis)
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Insoluble matter: Weighed écqurapely ahoqt 25 g of alum

and dissolved in 250 ml of hot distilled water and then
filtered through weighed sintered glsass crucible (G.No.4). .
The residue [:g:hej with hot water till free from soluble
compounds and dried to constant weight abt 110°¢.
Determination of soluble iron (as E@Z:

Weighed 1 g of material accurately and dissolved in water
to make up 100 ml of finai,volume. 10 ml of this solution,
1 ml of hydrochloric aeid (1.16 sp. gr) (free of iron)and
30 g of ammonium per sulphate, 15 ml of butanolic potassium
thiocyanate were mixed in Nessler tubes (25 nm dia. 156 mm.
in length) and shaken for 30 seconds. vigorously. A4 control
test and blank test vere simultaneously carried out. The
samples and blank test;lvere comparéd'with standard control
tests using standard irom éqlutions.

Determination of potash alum.:- |

Welghed accurately gpout‘z.g of the material dissolved

in 300 ml of water and filtered if any insoluble matter was
there. To the filtrate and washings about 5 g of ammonium
chloride and 16 ml. of dilute sulphuric acid were added.
Boiled the solution and added 2 drops of methyi red. Added
ammonium hydroxide solution drop by drop till the colour
changed to distinct yellow, Boiled for 2 minutes and filtered
through Whatman filter paper (No.41), washed the precipitate
of‘mixed oxides. of iron and sluminium with hot ammonium
nitrate solution till free from chlqrides. Ignited the
_precipitate to a temperature of 1100 to 1200°C in tared
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silica crucible to constant weight.

Potash alum. per cent N ( o

by weight = 94307(A-1.4297, B)

where A = percentage:of Alzoé, + 29205

_ B.= percentage.of Fe determined by the above

test, Resulis of aluminium. eét?m‘ation were higher as. it
was. difficult to réadh.*_):QQO"C on.ordinary burners. Hence
total sulphate. was. estimated and: converted- to alum,

Determination ot ammgn‘ium«'saltsy Weighed. accurately t g of

alum. and dissolved in ammonia free water and.made to litre.
10 ml. of this-solution 20 ml. of water:were mixed. with

1 ml. of Nesslar's solution, 5 ml. of sodium pydroxidg

(10 per cent (w/v) and volume:was.made upto ,50, ml with
ammonia free*wgte@‘ in Nesslar's: tubes.. Control. test

was simultanesouly carried out using-1 ml. of stendard
ammonia- solution (.01 mg; NHz/ml). Intensity of colour
produced- was compared.

Test for. Arsenic 'ﬂ

Gutzeit test Gutzeit apparatus-was/ used for deter-
mination of a;t:senic.. Dry. ace.tate.:paper:girips‘; were pre-
pared: and-placed. in lower portion*ofith'e lcwe(i:-z tube
and glass: wool moist,éned with:lead acetate solutions- was
placed. in. ']41:13]4.@» qppef'p.orﬁien, of the tube. Strips. of
sensitized. inercur.ied chloride. paper vere: kept in.upper
tubes One- gram-of alum. y:asve-ighed, dissolved. in 15 ml
of water -and then transferred.into the:bottle; washed

the dish with a minimum quantity of water: 2 ml of
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ferrie gmmbnium.gdlphate solution and 5.m1.of stannous
'chxgride<vere;ad@edjan¢ayblumeJwaé:padexto;SO ml. 16 g of
zinc shots were quickly added to the bp;t;e»whiehiaas imme-
@iate;y,fitted'wi;h ;gbber~stopperfcarrying:gléssﬁ tubes
with sensitized paper. The whole apparatus was then placed
in warm water at 40°C for about 45 minutes.. The stains pro-
duced ye;e‘cgmpareg with standard'stains_similarly produced
using standard, .005 mg of arsenic trioxide.

»Iggt for copper and zine

“ ? g of potaah alum was.accurately Qeighed‘andhdissolved
in 100 ml; the solution Wés made aikalineqwith smmonium
hydroxide, boiled and then filtered. Clear,filtratévwould
indicate  absence of copper. As copper was: absent in all
tested sample;; same filtrate was. sacidified with acetic acid
and tes;edHQith 525 (hydrogen sulphide). No precipitate

" would indicate. absence of zinc. |
Determination of free acid ,

4 3 g of alum was accurately weighed, dissolved: in
boiled 100 ml of distilled water and transferred to 250 ml
beaker wi;h Vaxeh glass cover. 10 ml standard sulphuric
acid vas added. by @ burette and: contents were allowed. to
cool to room temperature. 20 mli of potassium fluoride
solution was added with measuring cylinder and: .5 ml of
phenolphthalein was added with dropping pipette. The
contents of the beaker were stirred and titrated with

potassium hydroxide solution until pink colour persisted
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for a minute. The excess of potassium hydroxide used over
the dilute sulphuric acid in blank test would give the. free
acid in sample.

Determination of chloride

5 g of potash a;um vas accurately weighed and dissolved in

100 ml of hot distilled water. The solution was cooled and
about 1 g of calcium carbonate (free of chloride) was added;
the contents were shaken for two minutes and titrated directly

with standard silver nitrate solution by Mohr's method57.

Determination of total sulphate

Sulphate was estimated using the classical‘methoﬂ58 for
sulphate estimation and total sulphatg‘was converted to
potash alum,

Determination of sodium and potassium

Sodium and potassium ions were estimated by flame photometer
in concentration range of 0.1 per .cent to 0.01 per cent range.

t

Testing for magnesium ion

1 g of alum was sccurately welghed dissolved in 100 ml and alum~
inium was removed using ammonium chloride and ammonium hydroxide.
The clear filtrate was estimated for magnesium. with BE.D.T.A.
Actually testing or determinations of chloride, magnesium,
sodium, potassium are not given in I.S. specificationB? As

alum was prepared from mixed‘salt which éontained gagnesium
sulphate, magnesium chloride, sodium chloride and potassium
e¢hloride, all the tests were carried out., The chloride value
vas exactly balancing with sodium value obtained from flame
rhotometer readings and hence it was presumed that sodium was

present as sodium chloride and not as sodium sulphates
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6) COST ESTIMATES (Summery)

+ Menufacture of potash alum: -Project cosis

(Bas:s 1 tonne of mixed salt per batch and ten batches

per day; 300 days per. year).

y

A) List of equipment: , Qty. ~ Approximate
R . ) : cost in Rs

Wooden reaction vessels
2.55 cu,m, area oo . 2 4,200
Bucket elevator . 2 12,000
Salt grinder and two 1) 13,000
jaw crushers ' 2)
capacity 10 tonnes per 8
hours 4
Acid proof brick lined cement 3 | '18,000
- tanks to hold 14000 litres of : '
solution
Pilter press ' - - :
24" x 24" x 12 plates A 3 21,000
Crystallising wooden vats 5 10,000
Compressor R 1 10,000
Drier electrically heated 2 15,000
capacity 500 kg per hour ’
Slurry pumps o ’ 3 6,000
Boiler, capacity steanm ‘ 1 " 50,000
10 tonnes per day :
"Weighing machine 1 ‘ 2,000
Centrifuges (capacity kg/hr. 2 . 30,000

Overhead tamk (cap. 200 gal.) 1 3,000

Total process equipﬁentﬂcost .o . 1,94,200
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'B) Overheads 33 per.cent of

process equipment cost

1) Installation end
erection eharges
(10 per cent) on
process. equipnment.

2) Piping and fittings

(5 per cent on process

equipment)

3) Electrical equipments

installation ete.

(5 per cent on process
equipment): . .. . ...

4) Transport charges -

(3 per cent on process

equipments)

5) Insursnce and taxes -
(4 per cent on process

equipments). . .

6) Instrumentation
(3 per cent on
process equipments).

7) Contingency (3 per cent
on process equipments)

Plant and Machinery, erected cost

C) Capital outlay

'19)420

9,710

* e

Say..

" Plant and machinery erected. cost

Building. and. Civil Works.

Lahoré;ory~equipmen£

Fixed. Capital. 0

Working. capita, based on

3 months' working cost

Total. ...

s e

approx,.- cost
in Rs'

64,086

2,58,286
2,58,300

2,58,300
1,14,690
3,500

3,76 4490

1,460,915

e s v s ot s . SV s vt S

5,37,505
5 437,500
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(D) Manufacturing cost(per annum)
Direct costs .. . -

&) Raw materials .

. 1) Mixed salt 10 tons/dsy
at Rs 10/~ ton at factory
site . ‘ oo
2) Alumina ferric grade B
9 m,tons/day at Rs. 120/~
m.ton + Rs30/m.ton for -
transportation coe

. . Total ..
b) Utilitiess . -
. 1) Blectricity 541200 kW¥Wh/yr

2) Steam 1332 tons at Rs 15/ton

3) Water 11250 kilolitres at
Rse 0.67 per kilolitre

_Per day
3 shifts

¢) Labour and Supervisions

Chief chemist at

RsAEQO Pl 1
Shift chemist at

Rs 300 p.m o 3
Operators. at ’
Rs 150 p.m. 4 11
Helpers. at

. Bs 100 p.m. . 45
Mechanic/Electric

fitter at Rs 200
P ) t

spprox.cost
ian&

~

30,000

4,05,000

ettt

4,35,000

81,180
19,980

T4+500

e G T e s e s e e it v
WESTRERNSRREDES
N

Wages/snnum
Rs.
7,200

10,800

30,600

54,000

2,400
P — =)

1,05,000
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d) Maintenances . o Bs

Capital service (replacement © . 12,915
and spares at 5 per ¢ent on :
erected plant and machigery)

e) Maintenance on civil works '
at 3 per cent on Rs1,14,690 ce 3,440

T ——
F———

| Total ... 16,355
f) Indirect_costs:

Depreclation, 10 per cent . o
on erected plent and equipment .. 25,830

Depreciation, 5 per cent T

on Civil Works .o ‘ 5,734

Interest (9 per cent) ‘

on Working Cepital ‘ ve 14,48¢

) h ==‘=.~===-z====
T otal.. - 46 ’ 04 6

Total cost of production
of 3363 m.tons of potash alum. T 7,111,061
09st.per tonne. of alum .o o 211.40
Selling price assumed = :
per tonne of potash alum .o 250
Profit per annum .o - 1,529,750

Return on capital investment
on Rs, 3,76,490 excluding vorking o
) capital(per eent) , ' oo 3444
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7) DISCUSSION'

, " Mixed salt separated by controlled evaporaﬁion,ot
29° Be bittern formed a cheap raw. material for producing
technieal and pharmeceutical grade potash alum. Studies
on preecipitation of potash.alum from mixed salt using
aluminium sulphate solution showed. that as long as potassium .
was.present, the reaction took place between potassium
sulphate (formed due to reaction of magnesium. sulphate and
potassium chloride) with aluminium. sulphate to form & less
soluble double salt alum. Studies.on solubility of potash
alum in presence of oceanic salts. such as. sodium. chloride,
potassium chloride, magnesium. sulphate and magnesium-chloride
showed that the solubility of potash alum was:not muech affected
by the presence of these:ions in solution. As a matter of
fact, the presence of sufficient quantity of magnesium. sulphate
is helpful for the reaction to .proceed between potassium
chloride and megnesium sulphate to form potassium sul-
phate and magnesium chloride.. .Otherwise extra addition of
A12(SO4)3 or MgSG4.or Na,S0, would be necessary. Bach
gram of potassium chloride present in mixed salt required
0.8 gram of magnesium sulphate thus nearly 53 to 54 per
cent of magnesium sulphate present in the mixed . salt was
utilised.for conversion of potassium chloride to potassium
sulphate,. . , . )

.The presence of magnesium.chloride in the end
ligquor formed by the above reaction and that present
in the mixed salt would have a direct effect on the concen~
tration of sodium chloride that.could be retainedhn s0lu=
tion at erystallising temperature. The solubility studies
had helped t0 control the. precipitation of sodium chloride
with alum or indirectly control the purity of .the
alum. At 10 per cent concentration of magnesium chlor ide,
16 per cent sodium chloride was. retained in solut-
ion. Thaﬁhesser the concentration of sodium
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chloride in mixed sdlﬁ, better were the recoveries. It was
also observed that the high concentration of magnesium chloride
in the solution was unfavourable for the first reaction and on
lovering the concentration by dilution with watef-effécted the
yield. Thus it was found out that maintaining ten per centl
~concentration of magnesium chloride in the crystallising liquof
was the optimum condition to obtain & pure alum and high
yield.- In laboratory experiments, it was observed that
addition of aluminium sulphate solution in stoicﬁiometric
ratio over the total potagsiﬁm chloride present in the ;

mixed salt was suffigient.‘ Magnesium sulphate present in the
g}xed salt or. bittern helped in the conversion of potassium
chloride to potassium sulphate and requirement of aluminium
sﬁlpha;e was in the ratio of 1:2.3 (KCl/A12(804)3.

1) 2KC1 + Mg804 _ -.-.”KQSO4 + MgCl, - .

2) KQSO4 + A12(SO4)3~;+2} H,0= K2304412(1304)324H20

Excess qf aluminium sulphate added over the 1:2.3 stoichio-
metric quantity by weight did not improve the recovery bu?
was lost in the eﬁd‘liqqor. Laeboratory experiments showed
that it was preferable to add clear saturated solution of
" aluminium sulphate to mixed salt rather than addition of
crushed aluminium sulphate to mixed.salt‘or mixed salt
‘solutiqn.l Diffiguléies'of filtering the hot crystallis-
ing liquor emhanced when the powdered aluminium sulph?te
was used. Whilg carrying out pilot plant experiments
where live steam was preferred for heating the reaction

mixture, condensed steam in the reaction mixture increased



the final volume of the end ligquor. Water requirement for
crystallisa@ion of alum was calculated in advance and only
calculated quantities of water taking into consideration the
" volume of the condensed steam was added, to control. the yield
and purity of the crystalling alum. The laboratory data
showed that recoveries were slightly improved if alum was
sepafated at 10°C instead of room temperature, where the
solubility was further reduced, However, the extra reco-
veries ob?aineduover the roon temperature were much less
to warrant the chilling to + 10 or + 3°C for pilot plant
experiments,

~ The major portion of potaessium.chloride in the mixed
salt was present as kainite KGl}Mg8043H20 with sodium
chloride and magnesium chloride. This mixed salt on age~
ing or on long storage would give rise to potassium
schoenite (K2804Mg8046H20) or glaserite (Na2804 3K2804)
by a complicated reaction in situ between KC1, MgSO‘.and
NaCl. By washing or exposure to rain, MgCl, and NeCl
were removed, leaving behind mixed salt rich potassium
schoenites. This. type of mixed salt or muy salt mixture
containing potassiqm-ohloride, potassium4su1phate,
mggnesium sulphates sodium sulphate and sodium chloride
could be used for this process. Inland salt vorks
using subsoil brine which contained less than 18-20
per cent concentration of magnesium sulphate in the mixed
salt, need addition of extra magnesium sulphate or

sodium. sulphate to obtain alum. by this process. This



255"

was necessary only when. the. megnesium. sulphate: fell. short
below the stpichiometric quantities. .

The reactions are based on: solubility relationships
at 100° and 30°C and it‘waSJfounddhélgful to recover: highest
yield with miniﬁum;impunity in,ﬁhe.final product. The solu-
bility of sodium-chloride. in. water ip:ppgsence pf.alum;yas
very high compared to solubility of s&tum. A wash:in.centrifuge
was. found very helpful to remove- the adhering mother 1ingr
and sodium chleride in centrifuge alone. »

Reeoveries of potassium-ion as.potash alum were-goéde The
product was of industrial importance end.-price available per
K2O is high compared to the price available fgr potassium‘

chloride, potassium sulphate or schoenite.
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' tonne
_Per cent Rs, -
KC1- 60 300 5
K2394< _ 52 ) 400 Te7
K8 A12(80 ) 10 * 250 15
24H,0 (10 per cent
3.1203 ) A
K230¢,Mgso‘,6320 22 150 6.8
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luminium- sulphate 18 per cent A1203 costs Rs. 170 per. tonne.
Approximate-cost per unit of A1203 is taken as:Rs, 10. This
has- been deducted. from alum and. cost per unit of K20 has
been worked out.
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?otashvalum is still employed in preference to other
alums in meny industries particularly sizing of papers and
as mordent in dyeing for development of certain lakes, Potash
alum occurs naturally in other countries as mineral alunite
or kalinite. The process has been worked out with an.object
to utilise indigenous raw materials and. conditions are set
forth to obtain a technical as well as pharmaceutical grade
potash alum from mixed salt and alumina ferric grade B which
is also the cheapest source of aluminium sulphate. The process
confers three positive advantages such as (1) it is better
and. cheaper than the conventional process of manufacture;(2)
it is suitable for cottage scale industries and a small unit
can be set up for utilisation of mixed salt available nearby;
(3) at the same timg gssuring the producer betier price per
Kzo. Lastly it fulfils the natural deficiency, as potash
alum does not occur as & mineral form in Indla as. it does

in many other countries,



