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ABSTRACT
About fifty million tons of sedium chloride are processed every year to chlorine and
caustic. According 1o the salt produetion processes one distinguishes the product as

evaporated salt, rock salt, solar salt.znd salt precipitated. during diaphragm liquor.

Principles and Economics of Salt Production and Procé_és.ing_

avaporatnon. A m ajor quantity of salt is pmduced and: mnsumcd i chiorine caustic

production as brine.

These kinds of sodmm ch}onde hate dztfﬁren _
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Waorld Lhiorlne~canstif, mdustry s usmg haur sait re-
sources, rock salt, solar salt, evaporated szl and brine. In

case two salt resources are available, choice of a specific
type of salt as a raw material for 4 salt- consummg PLOCESEY.
made on the basis of economic evaluations. In; these evah;s«-

tions, iems considered are the price of salf,
costs and purification costs due to impurm 4

The salt resource ultimately chosen is a
evaiuations and will represent the oufcome of the évaloa-
tions. Now in the USA chlorine producers use brine and
rock sali, Japanese producers sre using soler salt, whereas
in the European Community, 32 chlorine producers use
rock salt or brine and 38 are utilizing evaporated salt.

I the Scandinayian countries, 17 chlorine producers dre
utilizing evaporated sall. In these couniries evaporated salt
must be very economic. In the Evropean Community we
find 23 mercury plants operated on a basis of rock salt and
21 operatad on a basis of evaporsted salt. For example, in
the Ruhr area and In Antwerp we find piants of which one is
operated on a basis of rock salt and the other on # basis of
evaporated salt just a few miles distance.

sulf of these:

CTABLE L

West European Salt Consumers
Classilied to rocess and Salt Resource

Solar Ru::lﬁ Ev&pafate_d

Brine Sait Salf Sait
Ci:Na OH progess
dlaphrugm cells EEG 6 g 2 - -
: Si: i — — —_ 2
efLury ceﬂe E a6 — 2 23 21
' Sz.andmawa —_ —_ — 13

These facts make cleur that saft price plus tratsportation
cost and precipitation cost must be approximately equal for
avaporated salt and Evropean rock salt. In this sitoation
even minor cost differences are worth being discussed.

Impurities in salt, During underground leaching of salt
deposits, the bring will become saturatert with respect to
calcigm sulphate and other impurities. Consequently, brine
will be impure. During mining of underground deposits the
purast layers are selected. However, due to the nature of the
deposits considerable differences In impurity content of salt
can ceeur, The brine purification and evaporation processes

519

]
;
i
i
¥
§

i



520 Fitth Imtarnational Symposium on Salt--Noarthern Ohio Geological Soclety

TABLE 2

Salt Analysis

Brine* Saler Salt  Reck Salt  Evapnrated

Sait
50, ppm 13600 P00 4000 1500 13000 200--400
Ca'' ppm 5000 400~ 3006 2300 - 3000 2
Mgt ppm 40~ 1000 2G-1600 400 - jROC 1

CErng analysis recalculorad o ppoy F @ RPN, wn

ensure 2 low and constant level of impurities ta the evapo-
rated saii.

Producrion cests rise with increasing purity of the salt.
Costs are highly dependeni on scale of operation. Small-
scale operations are uneconomic compared to large-scule
operations.

lmpurity freatment in mercory electrolysis, Since
mercury electrolysis stanted on a commercial scale at the
end of the nineteenth century, many authors discussed hoth
influence and cost of the removal of impurities’ from mer-
cury glectralysis cell feed brines. Four well known tech-
niques of impurity treasment are 1) the precipitation of sul-
phate as harium suiphate by means of hardum carbonate;
2} the purge of sulphate as sulphate-rich brine (— 13 g SO,
=/1); 3} the precipitation of calcium as calcium carbonute
by sodium carbonate; and 4) the precipitation of magnesivm
as magnesium hydroxide by means of caastic.

Muoreover, there are quite advanced sysicms which pre-
vent impurities from dissolving in depleted brine, together
with salt. Developments of the fast ten years are a conse-
gquence of the increasing stengih of mercury pollution
resiricting neasires.

Demercurization of sludges and brine porge. Im-
purilies leave the mercury electrolysis plant as shudges and

as brine purge. Both streauns contain mercury and have 1o be
treated in some way or anothar, Procederes for brine de-
mercurization are the preciphiation of mercury with sodium
sulphide, reduction of mercury jons and subsequend adsorp-
tion of mercury with the heip of hydrazine and active carbon
and icn exchange of fonic mercury on ion exchangers.

Shladges are reated with chlorinated brine and deposited
in restricted depesiting areas, or arc stored 0 concrete or
have o be istilled. The great advamrgage of evaporated salt
is s low impurity confent and thus only minor amounts of
sludges and brine purge.

CALCULATION OF COSTS DUE TO IMPLRITIES
FROM SALT

There is a tremendous variety in salt quality available 10
chiorine producers, and consequently cach plant shows its
typical layout of the brine purification area. Thus, one bas
to delineate the examples. First of all three types of sal are
constdered, evaporated sall, a relatively pure rock salt {rock
salt Iy and an impure rock salt (rock salt ).

Moreover, brine purification systems are grouped info
two kinds, In case A, total precipitation of impurities is
assumed, rthus sulphate is precipitated as barium sulphate,
calcium as calcium carbonate and magnesium as mag-
nestum hydroxide. In case B, purge of sulphate by means of
sulphate-rich brine is assumed. Thus as brine purge in-
creases compared 10 case A, calcinm is partly removed by
brinie purge, the major part is precipitated as calcium carbo-
nate, magaesium is precipirated as magnesium bydroxide.
fnsclubles und these precipitates are collected as sludges.

Cost caleulations are presented in Table 4.

Influence of antimercury pollution measures. In dif-
ferent countries, treatment costs for mercury in slodges dif-

Figore 1. Mercury contaymination of brine purge and sludges
from chlorine~cuustic production by the mercury electrolysis pro-
cess.
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TABLE 3

Impurities in Salt and Amounts of Studges and Rrine Purge

Sadt Evaporated Salt
Insolubles e

50, 400 ppm

Ca** 12

Mg 1

Case 1 A).

Total — Precipitation
Amoent of Shdges 1 kgit sait
Amaint of Brine Purge —

Case (B)

Bripe Purge and

Precipitation

Anwount of Shidges 0,1 kg sal

Rock Salt (i} Rock Salt (3)
1% 2%
2,500 ppm 13,003 ppm
2,500 3,000
100 400
32 kgt sait 58 kg/t sait
16 kg't salt 26 kgt salt

Amountof Brine Purge 0,03 m'ft salt 0.2 w1t sak b salt
TABLE 4
Caleulation of Costs Due w Tmpurities
Evaporaled Sakt Rack Salt ¢ Ruck Salt (2}
kg/t salt DM/ salt kgt salt DMt sait kgt sait DMA salt

Case (A) toral precipitation
*BalQ; consemption DM.6'kg 1 0.6 6.25 3.7 32.5 19.3
* Ny, L0y consumption DM . Vkg 0.5 G.15 H EX) e —
*eaustic consumpnion DM kg i .3 8B 24 8 2.4
*studge rreatment DM 2%g 1 G2 22 4.4 58 It.é
Total cost DM/t salt 1.25 13.5 33.6
Case (B) brine purge

snd precipitation
*galt kosses DM.OSke ] 0.4 51 2.6 270 13.5
*Na, U0, consumplivn DM.3/kg 0.5 015 12 6 14 4.2
*caustic consumption DM, 3kg 1 2.3 g 24 8 2.4
*sludge treatment DM, 2/kg

purges brine .1 4.2 16 32 26 52
*demercueization DM, 1/m? £.03 0.03 0.2 0.2 1 3
Total cost TXM/1 salt .9 12 26.3

fer considerably. For example, in Scandinavia depositing
mercury containing sindges as landfill is not allowed. The
next graph shows the influence of sludge demercurization

cost on the total purification cost for impurities (Fig. ).

Pue to its low impurity content, evaporated salt soon be-
comes very economic as sludge demercurization cost in-
crease.

DMAPHRAGM ELECTROLYSIS

Imperity treatment in diaphragm electroiysis. The
scope of the discossion of impurity effects in diaphragm
electrolysis is restricted to those plants which have to pro-
duce chlorine in markets where natural brine is either absent
or unavailable on an economic scale. Hence they are oper-
ated on the basis of procured salt, This salt is disselved in
water to produce the saturated brine which will be converted
into chlorine gas and diaphragm liquor during the dia-
phragin electrolysis process.

Although there are operations where diaphragm liquor is
converted into sodium carhanate liquor, in a major number
of plants, diaphragm lquor is evaporated to 50% caustic
liguor. We restrict ourselves to the 50% caustic production,

Effect of sulphate in diaphragm liquor evaperation,
During evaporation the concentration of caustic increases,
and both solubilities of sodium chloride and sodium sul-
phate decrease. The impurity effect of suiphate in dia-
phragm electrolysis is understood when these effects of
sclubilities during diaphragm liguor ¢vaporation are recag-
mized. The soluhilities of sodinm sulphate and sodium
chloride in diaphragm liquor at 90°C are given in Table 3.

As the salt/caustic ratio in diaphragm liquor is approx-
imately 1.33 kg NaClkg NaOH, erystailization of salt wiil
start in the early stages of evaporation. In general the dia-
phragm iiquor will be undersaturated with respect to sodivm
sulphate uniil evaporatior has proceeded to the point where
the water/caustic ratio is 2.3 kg H; Ofkg NaOH.

A SR Bt S S



522 Fifth international Symposium on Safi-—Northern Ohio Geological Society

Thus the evaporation process wiil praduce sulphate-tree
salt at Jow coustic concentrntions fragle 528 keike wa-
wer/ Na O, but at bigh caustic concentrations {ratic 1.3
-} i kg waterkg NaQH) the evaporation process wiil pro-
deee a sulphate-rich sal.

Scdium sulphate is slighty soiuble in 30% caustic and
sofubility of suiphate in 530% caustic and suiphate losses
happen 10 be egual to spproximately 400 ppm of suiphate
feed in salt. Hence sutphate treatment is superfivous when
evaporated sult s used as a salt resource.

The schematic views of 2 plant operated on the pasis nf a
salt with low suiphate contem (evaporated salty and of a

B R e

B i

Cost of Mercury treatment for shaiges ka shudge

Figure 2. £.oss of impurity @eatmem in chlorine production by
mervury electrolysts versus cost of studge demercueisation,

plant operated on the basis of o sulphate-tich salt are shown
i Figures 4 and 5,

When u sulphate-rich sah teed is wtilized {more than
3060 pon sulphute in salt} the completely sepurated salt
handiing systems are in operation in vrder 1 ensure com-
plete separation of the so-culled suiphate poor sait and the
sulphate-rich salt. The suiphate-rich salt is a mixture of two
crystals: sodium chloride and wiple salt, NaCl-Na,30,-
NaQH. The decomposition of triple salt requires special
and complicated washing techniques. Moreover sodinm
sulphate is reciaimed in a glauber salt crystallization unit.

Investments in these separate salt handling systems, the
sulphate rreatment plants are DM 7 million for a plant pro-
ducing 250,000 tons chlorine per year. Moreover, the sul-
oide freatment plant will coasame about 0.2 t steam/t
chlorine and thus the tweatment cost ditference due 1o sul-
phate hetween evaporsted salr and sulphate-richer salt re-
sources, will vary from approximately DM 8--Sfton salt in
large-scale aperations up to DM 10— 11/ton sakt in smaller
stale operations.
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Figure 3. Solubibities of sodium chioride and sodium sulphate in
cuusize ar $0°C.

TARLE 3

Typicul Anaiysis of Diuphrugm Liguor

O the Basis of

Sulphate Contaiting
Rock Salf (16,806 ppm SO {400 ppm SO}

Lanstituerts

mNaOH 120 kgt
Nai] 60 kgm®
Nu, $0O; G

Rutie NaCbNaOH
Rutio Ng,; 50/ NaOH

1.3% kofkg
0.0% keiky

O the Busis of
Evaparated Salt

120 kg/m®
160
.12
1.33 kgky
0.001 kykg
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Principles and Economics

Effects of calcivm and magnesivm in diaphragm elec-
trodysis. The effect of calcium as sn impurity in diaphragm
electrolysis feed brine is understood when the diuphragr is
recognized as a resistance to brine flow through the ceils.
Cells are operated at constant brine flow and consequently

o condbnsors

§89 poor salt

SO;' rick woshed $0¢ paor sal
- safk -
S0 .
Bguor
Na.; . :
] I
rystailizetion  fumabem—
raturn biine - ]:

Figure 4. Diaphragm figuor cvapurator for sulphate rich diap-
hragmm ligior. '
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the head of brine above the catholyte will rise when (Juw
resistance Imereases.

Diaphragm cell consiruction allows a head of approx-
imatcly 80 cm brine, when brine rises beyond this head, the
diaphragm should he chunged. The tnf‘n;.r" ¢ of tabciwn on
brine head on top of the cathalyte’ in diaphragm cells is
shown below {brine ttow and cell load w-irhi':i._nr any nter
mpmm) ' :

hiig,hilfy mm.mmg slope is needed and thars the sta-
tionary fevel should be 33 my/l; which: is rénched with
evaporated salt { 12 ppm Cal without any brine- purificaiion,
whereas i case of impure salt brine trentment is necessury.

Cost of this well-known brine treatment with sodium

carhonate. atd caustic' depend ou the scale of operation, of

the cakcium content in salt and the price of sedivm carbonate
and amount from 4 DM/ton salt in large scale units up to 8
ot 9 DMiton salt in samll scale operations.

_LO‘QLLL‘SE(JM:

(hor 2 nt a '-.peL _wll ICSOUECE . 85 3 1AW matemi for
chlorine L.gas__:_:x.-. mamifacturing -ty made on- @ basis of

_economic evalyations, In these evaliations price of sall,

Figure 8. Diaphrugy liguor evaporator for sulphate poor dzphragm Hquor,
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Figure 6. Schematie view of diaphragm celt for chlorine caustie
production.

ransportation cost and cost of purification present in the
salt, have to be taken into considerstion.

Important developments of the last ten years are the in-
crease in mercury cost of treatment for mercury in brine
purge and sludges due to the increasing strength of mercury
pollution restricting raeasures; and chlorine caustic produc-

Hoad .. Ca=~ = 20mgA
et Mg = smgnt

Cor = 2mgh

Mg+ = 0,1 mg/l

Ca++ = = zera
Mg-+ = = rerm

% 20 Dwys
Time

[re
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Figure 7. Influence of brinc foed snalysis on increase of head
during chiorine production by the disphragm process.

tion by the asbestos diaphragm ccll process in markets
where natural brine is unavailable. In these plants effects of
sulphate in diaphragm liquor evaporation and of calviem in
diaphragm: cells are major items, the cost of which must be
calculated in order to make a proper selection of sait re-
ENTT (i
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