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Synopsis

At the Solvay Soda plant of tnhe Companhia Nlacional de al-
calis (CNA), near Cabo lrio (State of Rio de Janeiro),
salt is one of the basic raw materials used in its pro-
duction process.

The meteorological conditions of this area and some of
the specific local conditions make it difficult to ex-
tract the necessary quantities of salt from the almost
unlimited supplies of the nearby Araruama lagoon.

For
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this reason the following features had to be examined:

The present state of salt production

The possibilities of taking immediate steps to
increase production

The usefulness of the expansion plans to increase
salt production, which are being worked out at pre-
sent by CNA

The possililities to increase production and im-
prove rentability, by adapting modern techniques
and chanying process technological steps.

The possibilitics of a wider range of uses for the
vacuum salt produced

The possibility of using the by-products derived
from the brine and mother liquor, respectively.
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Introduction

“he Companhia lacional de Alcalis has erected near Arraial
do Cabo, 13 km from Cabo Frio, in the State of Kio de Jan-
eiro, a soda ash plant, which operates accordiny to the
Solvay process. flong with this, salt plants, caustic lime
anu lime water plants were also built.

The plant's capacity is of approximatoly 100.000 tons per
annuwn of Solvay scua, with the possibility of an increase
of 20 .

The plant's raw materials cone from the nearby Araruama
lagoon. lhe supplies of lime are obtained by scraping the
botton of the latoor whi~h is covered with a 9,6 to 1,2 m
thick deposit of . »: shells. Lnese shells are dreddged out
and after careful washing, are loaded on 200 ton motor-
barges. ''hese barges bring the shells to the plant through
the lagoon and then along a canal in waich the water level
is kept artitici-iiy 1 enouch to allow navigation.

‘I'iie waters of theo  aragama layoon, whicnh cortnunicate with
the uvcean throuun o arcow canal near Cabo i'rio, are the
source of supply of So’ium Chloriue. inesc waters in fact
have a mediwn density of 5,8 L&, which is 3% % higher
than in sea water. lhe density (fnnex 2) is juaintained al-
most constant throurtho.t the year by the great extension
and depth of the lagoon.

'he salt proauctint, however, is far iLclow the soaa plant's
needs, so much so tira: 1t is necessary to purchase raw salt
with the consewvuen: c¢oonondc disauvantages. 'Lhe nearest ygra-
silian salt plan's atr.c .50 km away. lhe vrobable doubling
of the soua plant wouic further agyravate this economic
situation.

T"he Cil are, ther-for . stadving leals ana ways of improve-
ment and to incriasc toe proauction of sodiun chloriae.

With these requirements and wrogramrees in mind, and in the
light of the present situation, the following study has
been prepared by .L3, or. behalf of the UNINO, Vienna, for
the CiA.

It is the object of this report to suyyest suitable measures,
in respect of the Jifferent sections of the plant, to achieve
the required NaCl quantity and to reduce production costs
simultaneously.
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Findings, Conclusions and Recommendations (Preliminary
section)

In the course of .»amining the salt production and salt
preparation piant of CNA, DBS have noted the following
main deficiencies:

the very lc¢iv oncentration of the brine reaching the
pre-concentraticii ponds (marneis). This leads to an
easy multiplication of shells which damage the con-
centration surfaces and consequently reduce their
utilization;

substantial losses, within the entire solar plant
due to seepage of the brine;

the insuifv. ient ooncentration of the brine in the
storage ponds: wnhen the brine enters the submerged
combustion plant, it is only of 21° Bé;

the crystalli ati1on plant (= submerged combustion
plant) prodi-ce , in »pite of the several changes
and improver.nts cnaly 50 % of the capacity;

the power consumption and the maintenance of the
submerged combustion plant are too high;

the vacuum plant produced only centrifuge humid salt.

Subsequent to the thorough investigation of these mani-
fold problems in rhe various sections of the plant, DBS
concluded to :eceemmend the following stagewise measures
to be elaborat.d in order to increase productivity:

completion -nd expansion of large pre-concentration
ponds now under construction along the lagoon;

to seal off tne concentration ponds, so to avoid loss
due to seepayu;

to increase the brine congentration in the storage
ponds to aprroximately 25° Bé;

stagewise elinination of the submerged combustion
plant (ultimatcly crystallization will not be necessary) ;

simultaneously and parallel with above construction of
a brine purification section;
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construction of a new plant for the preparation of
the by-salts, which are recovered during purification
of the brine;

expansion of the vacuum-salt plant, producing high
quality table- and industrial salt.
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The present bLrine and Salt Production Plant of CKA

(bbS flow-sheet lLo. 1)

CullA's equipment for brine and salt is of greatest im-
portance in respect of the soda plant and the vacuun
plant for the production of salt for human consumption.

In ktoth of the further manufacturing stages, as a basic
raw material purified ana saturated .acCl brine is re-
guireu.

In the existiny plants two separate scctions of equip-
ment can be defined.

R , (o}
a) the solar plint . cnrich the lagoonrn water of 5,3  Bé
s &) P
to a brine ¢' o1 Le anau

b) the thermal-ucchanical plant to enrich the brine from
21° Bé to 59 Lé, with connected crystallization-,
dewaterirny- aun silt solution plant, (which is the
subnerged comvustion plant), along with lLLrine puri-
fication unit.

In the following chapters the various stages of these two
main departments will be Jdescribeua in uctail, as per wbS
flow-sheet »No. 1.

Solar Lvaporation

Solar evaporation takes place by exposing the water of the
lagoon to the sun an. the wind on the large surface of the
evaporation ponds. l'hese ponds cover an area of about 300
hectares and are divided into two different sections. The
first is of about Huiy hectares and is divided into numerous
small ponds of 60 x 70 uctres dimension, calle¢ "marneis"”.
‘he banks are made of soil lined by boards held by small
pegs, and wooden gates allow the novements of the water, of
which the uepth is anuer 10 cu. A& series of canals feed the
ponus and allcw them to drain. this area is surrounued by
draining canals of a lower level so as to prevent the out-
side water reachiny the ponds themsclves.

All the area on which thc "marneis" have been built is of

a sandy soil and therefore permeable. It is mostly fine
white sand, with traces of black mud, and seldom containing
clay. The bottom of the ponds are covered with algae, 2 -

4 cm thick, of a gelatineous consitency and a vellow-greenish
colour degrading into black at the tottom.
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The waser, which is pumped fr8m the lagoon, at a density
of 5,8~ Bé, reaches 7,5 to 8 Bé when pumped out.
Approximately 3,600.000 to 4,000.000 cubic metres are
produced, whilst 40,000.000 cu.m are pumped into the
"marneis". A comparison of this data with tBe volume
reduction of the brine, from 5,8 Bé to 7,5 Bé, the
extension of the surface, and the averade evaporation,
(over 600 mm/year}, shows clearly that the output of
the ponds is really moor.

From the "mi:ners"” the water is pumped to the second
section of the ponds covering about 300 hectares of eva-
poration ponds called "concentradores", each of 40 x 30
metres dimension. These also include a series of very
small ponds of 7 x 7 metres in size; brine thickness
approx. 3 cm (cristallizadores), covering about 50 hec-
tares, which, as their rnane clearly indicates, were ori-
ginally built for puoducing salt. This section is also
formed of a laryge aumber of very small ponds of a regular
shape, divided by narrow banks, lined by boards, held up
by small pegs and provided with gates which allow all

the movements of the hrine. Here too, the bottom of the
ponds have an even surface, covered with algae. The depth
of the water is kept =ven lower and rarely exceeds 5 cm.
Here calcium sulrhate incrustation can be found, which,
for the limitesd brine thickness, prevents the free flowing
of the water in the ponds and canals. To the calcium sul-
phate is often added the sand carried by the wind, which
accumulates on the inner walls of the hanks. Drainage
canals protect the bottom of the "concentradores" from
possible rising f the water bearing stratum,

From the 4.000.0NC cuphis metres that are, on average,
pumped into this segctur {from the "marneis", about 400.000
cubic metres of 21 Be lensity brine are obtained. Here
too, the production suffers losses due to infilgration.
In fact, from the 1.000.000 cubic metres at 7,5  Bé, one
should, theoreticallyb obtain approximately 800,000 cubic
metres of krine at 21° Eé.

Brine Storage at 21° pé

The brine produced in the second stage of the solar plant
(concentradores y cristallisadores) with a density of
around 21° Bé is pumped from the pumping station (4) to
the reservoir through an approximately 1,5 km long pipe-
line, having a diameter of 500 mm,

The pumping station, consisting of 3 pumps, two with a ca-
pacity of 720 cu.m./h and one with 360 cu.m./h. These can
be ¢, erated in parallel so that the total capacity is

- 8 -
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around 1,100 cu.m./h. becausc of gvnsum deposits of up

to 2.5 cm in the nineline, only the capacity of one large
pump, i.e. 720 cu.m./h, can be utilized at the present
time.

The reservoir for the prine with a densitv of 21° pé has
a capacity of about 500,000 cu.m. It has keen kuilt by
means of an earth .ar on a slope¢ near the plant. The bot-
tom is lined with a thick layer of clay to prevent see-
page. '“he bLanks arc protected Ly stone wattle-work and a
crust of calciuart sulriate has forned on its surface. Re-
moval of the bLrinc and its transport to the thermal plant
is accomplished Ly a floatirg punmp.

In order to te able to save as nuch brine as possible in
the case of a rain foreccast, a snaller reservoir with a
capacity of arour.. «o,(0C cu.m. is availakle. The en-
righed brine witt a density of {rom for example 16 -

187 Lé is then puiped into this until the end of the rain-
fall.

Even though the nurning statiorn (4) can convey large quan-
tities of l'rinc, the offective capa-i1tv is still depen-
dent on the irflow trorm theo larage-arca concentrating hasins.

Brine Concentration from 21° B& to 250 né (lordac Flow
viagram 7654/v and 1375¢4)

fhe brine from the storage rasins is pumpced at a density
of 217 Bé into the tirst part of the sutmerged combustion
plant for further concentration to about 25° Dé (theore-
tical qgantitv: 100 cu.a./n). The trine is heated to about
50 - 557 C in the nlated neat-oxchanger (¢ %), which 1is
fed 26 cu.m./h i water at about +8%  C . (The hot water

is produced through usc of the condensate on the scrukber).

Because of the increasc in the brine temperature the pre-
cipitation ant ircrustation of the (aSo, begins in this
Eart of the plant. This causes decreaseé efficiency, ma-

ing a weekly cleaning necessary. /n originally installed
reversal on this heat-exchanger had to be altered, since
the pressure was too high resulting in leaks.

The pre-heated brine with a density of 21° pé is then cir-
culated and mide with akout 450 cu.m./h of brine with a
density of 24.5 Pé and a temperature of 40~ C, resulting
in a brine mixture with a temperature of about 42° C and

a density of about 23.5° Bé. This hrine is then fed into
the 2nd pre-heating stage consistingy of 3 heat-exchangers
(K2 - 14).,

-9
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The heating is accomplished here in the same manper as
described al.ove using 700 cu.m./h of water at 85 C,

The entire guantity of lLrine of 550 cu.m./h is heated
therery to ol out 0 ¢ rrhcoretical temperature: 75O <),
during the orocess of W~hich calcium «ulphate is again
precipitated and hecomes incrusted on the titanium
plates of the heat-exchandger. s a consequence, these
plates also must e cleaned weekly, since the efficiency
falls, with the progressive incrustation, to 60 % in
this time. “he rated capacity is achieved only with
conpletely clean eauire nt,

In the next phacse the 1 rine cones into the 3-stage nre-
concentrator (l), in wiich the concentration is raised
to about 24.9%° [é (theoretical density: 259 rd) . The
nethod of operation »f this nlant is as follows: the
heated brine v < orvve tron atave inte the first third
of the atout 1.+ 7+, ¥ O0,¢ ~cter larac concrete pre-
concentrator. ¢ ventilators are built into one of the

7 neter broa. siue walls, while tue other serves as the
exhaust side. hroun: 32,000 zcu.m./h of fresh air are
blown throuqgh v entire nre-concentrator across the
direction of flow of tne brine, and as a result the
trickling-dowr tripe mist gives up a nortion of its
watcer content ot the drier air. Rubl.er strips, which
arc suspendea verticall s to the air flow, rrovide for

a good mixing of the air ano the brine. ihe brine col-
lecting in the sump of the lst staue is again pumped up-
wards and fed to the 2t ana 3rd ster of the plant in
the manner descrilked atove, in other words, there is a
twofold recircuiition of the trire.

With this process atout 20 cu.m. of water per hour are
withdrawn fror. ¢.e brine, which are conveyed through the
forced fresh air to the chimmey and removsed to the out-
side with the spolke,

On the installation of the plant instead of the present
rubber strips, ti1mter rois with a cross-section of 4 by

4 cm were installed, however, the intervals between them
were rapidly closed by the incrusting of the CaSo, and
the efficiencv was reduced to zero. Tn addition the tim-
ber rods which had to Ye pulled out upwards for cleaning
became incrusted to a solid tlock which after closing
down the plant practically had to be hacked out by mining
methods. The rubber strips installed by the ChA represent
an improvement becausc of their mobility, however, they
must be constantly cleancd to ensure optimal overation

of the plant.

A further difficulty developed in the pre-concentrator

10
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because the plastic filters attached to the discharge
opening, which are intendea to retain the brine drops,
became incrusted to a solid wall through deposits of
CaSO4 and thus rendered the plant completely ineffective.

In this case also the operation can e naintained only
through a weekl cleaning, desnite this however the effi-
ciency is reduced within 5 to 6 davs to akbout €0 3.

vuring our tests :he (A engincers attempted to replace
the plastic filre partially with louvre—arranged koards
in order to obtain longer operational periods. Uhether
this method will be successful can onlv le determined
after it has been tested in operation for several weeks.

According to the planning for the plant the brine coming
from the pre-concentrator with a uensity of about 24.5° né
is to be conwoodi bt g overflow tank filled with Raschig
rings in order to separate the (aSU,. Since this operation
was too expensive the kaschig rinqé were replaced by
shells in arrangenent with the supplier of the plant. After
a short period of operation it turned out that here also
the gypsum fil'ed ur the intcrvals and it lbecame so in-
crusted trnat a larae hlock was formed which had to be re-
moved with conpressed air baruwers. ihe nlant ccased to
Operate.

Lfter thesc expericnces the tany was rebuilt in such a way
that now the trinc {i2ws frecly through one part, whereas
the other wnart serves as the washing nlant for the plates
of the heat-excharua-rs,

After leavinag the tank the brine flow is divided in such
a way that 450 cu.mn./h return for pre-heating while 80 cu.
m./h are Jdirected iuto two storage containers, each with
a capacity of 100t cu.m.

Jith reference te the trine pre-heating and concentration
nlant the following may te saia in sunmarys: the 4.5 -

6.3 g/l ~aSt, containea in the Lrine with a density of

21° Bé hampePs the whole operation considerably, reduces
the cfficiency of the entire plant ard causes high main-
tenance costs. 'he assumption of the plarners that the
CaSO, would first be precipitated in the gypsum retaining
tankg must be regaraded as erroneous.

Salt Crystallization by the Subkmerged Combustion Plant
(Nordac Flow Liagram 7654/b and 137504)

The brine wgich has teen concentrated to a density of
24.5 - 24.8° Bé and coolecd is withdrawn at the rate of
80 cu.m/h from the above-mentione: brine storage containers

- 1 -
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and heated in the heat-exchanger (i 1) again to a tem-
perature of about 607 ¢ and then pumped into the evapo-
rators (L1 - ii4).

According to plan about 4.2 tons of aCl per hour are
to crystallize of 20 cu.m. brine/hour. Each of the eva-
porators operate unider atmospheric pressure and in doing
so, about 14 cu.m. »nf water evaporate per hour.

The design of this type of evaporator 1is unusual for
the saline industry. It consists of a conical boiler
into which 3 oil submerged burners are inserted from
alove about 200 - 0 cm deep into the brine. The cry-
stallization process is effected through direct heat-
ing by means of a flame, whereby the amount of brine
in the boiler is controlled by a regulating svstem.
The smoke furic- avisinag frem the cordbustion as well as
a part ot the curtrollatle air of combustion escane
through the L.oine and then reach thee scrubter. an
exchange of heat is niaur here in such a way that the
hot smoke fumes 'rarm sprayved water 1n a counterstream

and are thus coolr? oft. 1he hot water is used in the
heat-exchangers ' o3t the 1rine, The heat recovery
is said to amount t» alb.out 53 5 of the oil calories.

When the plant was put into operation the scrublers
were providet with a fiiling of Laschig rings which,
however, had to be renoveu, bLecause also here incrus-
tations devcloped. The osperatiorn is now accomplished
with five cruciform arranged spray tules without any
filling and the sarc offect 1s obtained.

The transport ot the salt crystals precipitated in the
lower part of the evanorators and the nother liquor to
tne decanters (.1 - d) is made by an air-lift. ‘lhe

temperature of this salt-hrine mixture is around 90" C,

The separation oi the salt crystals from the mother

liquor is made 1n the decanters. The salt sludge col-
lecting in the lower part of the conical container is

kept in motion by a paddle agitator, and a laterally
attached :lohno pump conveys it to the pusher centri-

fuges for further dewatering. The very fine salt (average
grain size 0.3 mm) leaves the pusher centrifuges with

a moisture content of around 3 - 4 % and is then rinsed
with sweet water in a dissolving basin. Combustion resi-
dues float on the surface of the brine due to this process.

At this production stage the krine has been processed to
an extent that it can be fed to the chemical purification

- 12 -
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plant, which is installed ahead of the soda plant.

The operation of the above outlined crystallization
plant prescnts major prol:lems.

Through the direct heating of the brine the sulphur
which is 1 - 2 % in the heating 0il gets irnto the
liquid so that chemical reactions take nlace producing
sulphur compounds in the mother liquor.

The ph-value therefore sinks to 5 - ¢ and the aggresive
lye causes heavy corrosion on the followino equipment,
particularly in the pusher centrifuges. This means that
the screening plates of thesc pusher centrifuges only
last akout 3 moths. I'y then the holes have hecome so
enlarged that the salt is thrown out with the filtrate.

In order to roauce this, calciun hydroxide (ahout 3 -

4 kg per ton of salt) was added and the sludge is cooled
with brine at 25° ¢ Lefore the entry of the salt into
the pusher centrifuges. On the pipelines and pumps fol-
lowing the evanorators heavy corrosion damage occurs al-
so after a relativrly short operating time. The control
and the nonitoring, particularly of the crvstallizers,
is very difficult, sincc a part of the instruments do
not work or cannot resist to the crerating conditions.

If for example incrustations occur in the regulating
system of the evaporators, the level of the krine can
sink rapidly. The contustion gases then reach the brine
intake directly ani cause such incrustations that the
Pipe can Lecome clogge:d,

In the decanters fractures occur on the obviously too
weakly constructed agitators. Further the .lohno pumps
also lead to complain+s since hreaks often occur on the
driving gears. The (/. engineers now intend to construct
a pilot plant with a hydrocyclone to avoid use of the
decanters.

All of thesc difficulties mean that the entire plant
can only be operated under most difficult concitions
and cannot reach its planned output. Frequent repair
and cleaning work lead to long down-times and excessive
maintenance costs.

Finally there is the high power consumption, namely around
80 kWh per ton of salt as well as around 230 - 240 kg of
oil per ton of salt. (The planned o0il consumption was to
be 210 kg per ton of salt). I'ron the operating records it
can be seen that the oil consumption has also reached the
figure of 300 kg per ton of salt and higher.

- 1‘3 -
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The plants as described under points 5.3 and 5.4 could
produce 80 - 100.000 tons of salt, during a working time
of 8.600 hours. In the submerged combustion plant the
number of personel is 34 of which 9 - 10 persons are
working during one shift.

For the above guantity of salt the 21° Bé brine produced
is insufficient. For_this reason such brine must be put
into the plant at 25° Bé&, which is produced of purchased
sea salts from other seaworks, at least 2.500 km away.

5.5 Salt Crystallization by Vacuum Evaporation Plant
(CNA Flow Diagram 1753 A 2)

\

, The CNA procured a vacuum plant consisting of two evapo-
rators for the production of caustic soda through evapo-
ration of an impure 10 % solution which comes from the
soda plant. This vacuum plant has not been used for the
foreseen purposc.

Instead they started to produce vacuum salt for human con-
sumption in this plant. As basic product the brine with a
density of 21° B& from the storage tank was used, which
was fed directly to the heating chambers of the parallel
operating evaporators. Each evaporator is designed for

an output of 25 tons per day. Because of gypsum deposits
in the equipment, however, only 20 tons per day were
attained, that is a daily production of 40 tons.

In obtaining this the use of live steam at 2,5 ata amoun-
ted to about 10 tons per ton of salt.

On the test day the values for the vacuum (in mm of mer-
curyU were read from the two evaporators as follows:

Evaporator 1 640 mm Pump 670 mm
Evaporator 2 580 mm Pump 690 mm

The vapour condensate is deposited in the condensers (B 5,
B 6), which are cooled by seawater (around 240 cu.m./h)
and the condensate is fed into the tank (S 7).

The salt produced in the evaporator is pumped to a decan-
ter and then reaches a pusher centrifuge, in which it is
dewatered to about 2 % residual moisture.

The centrifuge humid salt then falls without further pro-
cessing directly into a ground-level chamber, in which
it is filled by hand into 60 kg sacks and loaded onto trucks.

The work force of the plant is 6 men per shift, a total of
24 workers.

- 14 -
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The quality of this evaporator salt is suitable for

table salt according to the analysis (see Annex 3).

Since it is not dried and not free flowing, however,
it cannot be sold as high-quality product. The cost

for delivery in 60 kg sacks is 105.39 Cruzeiros/ton,
ex works.,

78 the production costs in this plant are too high,
the engineers fo the ClIA are contemplating to convert
the parallel operating evaporators into a two-stage
flashing chamker evaporator plant. ''e were asked to
give our opinion on this or make recormendations.

Our detailed comments are in point €.
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6. Possibilities to improve the production and increase
the yield of solar evaporation plant

The foregoing descrirtion (as per 5.), the visit to the
plant and talks with the technicians of the plant, have
brought to light that some sectors of the salt production
are not working satisfactorily, with serious consequences
on the workiny of the whole plant, and on costs. # close
exanmination as, therefore, been made in order to be able
to propose the taking of appropriate ricasures.

s the proulems concern a solar plant, first of all the

meteorological conditions have been looked into.

6.1 Possikility for ketter utilization of meteorological con-
ditions

e e o e e e e ot ot ot . 24 b e ot iy i e e 4 oo T i . M i o e ol

‘‘“he CNA have a well cauipped weather station. It has,

therefore, been nussible to examine a conplete series of
data concerning thre tenmperature, the winds, the humidity,
the rainfall, the insolations anua the evaporation. It is
evident at a {1rst ulanae tuat the clinate is temperate,
with small seasonal . ifferences. In fact, the montiily

average temgorat 1Ires heoetween 19¢€ 0O and 1969 reacg a mnaxi-

nun of 30,5 ¢ (irn .orch) and a minibwuani ot 17,17 C (in
July), whilst the average annual tor\ncratuges are between
a maxXirnum of 2,17 ¢ &na oa niinimam of 19,00 C.

Pleasec find all the Jdata on the evanoration and rainfall
for the period July 135 - June 1970 in the attached
snnex 3.

buring this perion tue vearly averages of evamoration and
rainfall stand at 1,425 mm and 756,7 mm, respectively,

with evaporation exceeding rainfall by 666,2 mm. Whe dis-
parities bhetween these averages are, however, considerable
so rauch so that in soie years the total rainfall has been
equal to the yearly cvaporaticn. (Pleace see Znnexes 4 ~nd 5).

these Jdata alone are enough to show that the meteorological
conuitions at (ako i1'rio are not suitable for salt production
in a solar evaporation plant. . more detailed study has cun-
firmwed this first impression. In fact, the takles as per
;nnex 4 and 5, indicatirg the rainfalls and evaporation,
show the distribution of rainfalls over the year, even in
the peak months of the evaporation period. “he enclosed
Annex 6, which inuicates rainfall during two averade ycars
(July 1968 to June 1970) confirm this.
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Insolations and winds are also distributed uniformly
throughout the year. [ighty percent of the rain falls
during the night, when the wind drops.

Contrary to nost reyions where solar salt is produced,
there is no lony veriod of dry and hot wecather. There
is merely a meriod in which the weather conditions im-
prove slightly. luring the good season, the average
daily evaporation rate is verv lov (only 6 mm against
12 - 15 mm of the lediterrancan area). This low figure
of evaporation is on the borderline } elow which salt
cannot be produced av all. by thesc low figures one has
to consider rainfall even ir the productive season.

Considering the weather conditions at Calbo t'rio, there-
fore, the possil ility of vroducing highly corcentrated

'rine by solar evavoration of sca water is limited. Pro-
auction increcasc vy :cans of solar ovanoration can onlv

Le nractical'le unuer prevailing weather conditions if

the advantageous perinds are utilize:d to their ontimnal
oxtent. For this ob ject the following vays coula e aconted .

Faising the triro concertratior at thoe entry
+to the solar 1yt

increase of ti~ suecific evaporation rate;

to reduce tha ioss of concentrated train
due to aecavy rairn.

Clease see indications to these possililities under point

6.2, 6.4 and ..

€.2 Gpecial lechnidgues

On accourt of the special weather conditions of this area,
as descrifed akove, a special saline technique was developed
and further improved, which is kased on Tortuguese experience.

It is necessary *+o take full advantage of the neteorological-
ly favourable periods by speedy action. Contrary to usual
practice it is necessary to keep the water at the lowest
possible level. “his in turn would lead to highest possible
daily increase in densitvy.

This rapid production system protects the brine from the
rain. The evaporation ponds are consequently very small and
sometimes subdivided by boards so as not to leave unbroken
spaces open to the winds.

In this way, waves do not form and splashing is reduced;
this also eliminates losses through brine splashing over
the banks and seeping away into the highly permeable soil.

— 17 -
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On rain free days the concentration of brine takes place
rapidly in shallow ponds: within 4 to 5 days from 12° Bé
to 21° B&. It is, therefore, essential to bring the con-
centrated brine quickly out of the ponds into the deep
storage ponds before it starts raining again.

For this reason deep collection ponds should be construc-
ted within the concentration ponds and/or those available
should be put into use. Over and above this, the pipeline
from pumping station (4) to the large storage containers
by the factory must be kept free of incrustation so to
ensure greatest conveying capacity.

Impermeability of soil

The sandy naturc of the soil on which the factory and the
ponds are built is yet another unfavourable condition. It
is in fact due to infiltrations that even the limited and
expected results are not always achieved. A thick imper-
meable carpet of qgelatinous algae, which lines the sandy
foundations of the ponds makes them almost water-tight.
Waters must be shallow and move quietly to allow algae to
settle on the bottom »f the ponds. Any counter-pressure
on the foundation of the ponds by elevation of the sea-
water stratum should also be avoided. This would lift the
algae and would bring about the cracking up of the pro-
tective impermeable lining. For this purpose drainage
canals have been built around the evaporation area.

Another important source of loss through infiltration may
be attributed to the presence of shells which enter from
the lagoon with the water and then perforate the algae li-
ning. This to reach the sand underneath, which is their
natural environment. The shells thus damage the protective
coating, through which water is lost. Only the increase of
the density prevents these shells from thriving.

Short term increase of production

The production difficulties of the brine are due to the un-
favourable weather conditions and the permeability of the
ponds themselves. It is essential, therefore, to reduce
the great losses due to soil permeability to a minimum.
Therefore, the algae must be well preserved.

A quick solution that the CNA technicians are studying at
the moment is that of reducing the flow of the brine through
the evaporation ponds. This could be obtained by feeding the
ponds not in series but in parallel.

- 18 -




DEUTSECHE BERATUNGSGESELLB8CHAFT FUR SALINENTECHNIK M. B. H.

It has also been considered to stop the growth of the
shells with chemicals until it will be possible to in-
crease the density of the brine. This process may not
damage the algae. With this in mind, samples of algae
and shells have been examined by Prof. Renzo Stefani,
Director of the Biological Institute of Cagliari Uni-
versity on request of DBS. The algae were found to be
"cianoficee" belonging to the "chroococcacee" group
similar to the "aphanothece salina". The molluscs are
"lamellibranchia of Veneridi family".

Prof. Stefani holds the view that it is possible to eli-
minate these molluscs from the "marneis". In fact, once
the ponds have been sterilized by temporary increase of
density. New animals shall not enter as "veliger" with
the water pumped from the lagoon. The water can be ste-
rilized by various methods: insufflation of active chlor-
ine, ultra=-sound treatment, ultra-violet rays or with
biological systems. Further studies and tests shall be
necessary. Following those, one will have to decide which
are the most appropriate methods of killing the larva of
the lamellibranchia,.

A reduction of i1nfiltration could be achieved by adding
small quantities of bentonite (a few grammes per cubic
metre) to the waters pumped in the first eovaporation

ponds ("marneis"). The water would have to be only slight-
ly troubled so that the bentonite should not deposit on
the algae but should slowly seep through the sand in or-
der to block same. It would perhaps be more economical to
use instead of bentonite, the mud discharged by the plant.
It remains, however, important not to damage the algae.

As mentioned under point 6, production of brine can also
be augmented by increasing the specific evaporation rate.

Decisive factors lik: wind, quantity of rain, of insolation
just as the composition of different salts in the lagoon
water are factors that c¢annot be changed. However, extent
of the use of scolar eneryy may be determined.

By adding appropriate colour compounds to the brine during
evaporation, a more intensive absorption of the infiltrat-
ing solar energy can be achieved. This, in turn, accelerates
the evaporation of the solution. As seawater above 1.400 nm
(nano-meter) absorbs rays strongly, the absorbtion under
1.400 nm (wavelengths) 1is of particular importance. The spe-
cial colour compounds developed by the chemical industry

for this purpose (Nigrosin WLN liquid and solivap green)

show very good results in the range of 400 to 900 nm.

The concentration of colour compounds depends on the thick-

ness of the brine layer. Thus, for instance, for a brine
layer of 1 cm thickness 0,07 % Nigrosin WLN are required,

. 19 -
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whilst for a Lrine layer of 10 cm thickness only 0,007 2
are required.

In the existing scolar plant, colour cormpounds should
only be anplied 1in the "concentradores", hecause losses
due to seenaadn are the lowest liere. At a brine thickness
of about 3 cr in this pond the concentration of colour
compounds should amount to 0,021 3. The actual require-
ment of colour corpounds should ke defined on account

of experirwrnits carried out in the plant. This is neccess-
ary to maintain concentration ot ,021 ° as constant,
whilst brine is teing pumped out of the pond.

In Italy and ..ustralia this colour compound treatnent
leads to ar increase of 19 - 15 % in the specific eva-
poration rate. The price of colour compound amounts in
sermany to some 01 2,15 equalling roughly to Cruzeiros
4,15 per ¥qg.

Possibilities of a Further .lechanization

In the process of modernization and mcchanization, the
operations most affocted have been the harvesting, the
transporting, the washing and the stockpiling of the
solar plant. 'his, nhowever, does not apply to the Ci2
plant, where tne process is limited to concentrating
the lagoon water.

In this sector rodern techricues have caused efficient
pumps to be installed and a road network to be huilt

which enalles men and machines to reach every point of

the salt works. All this has already been carried out

by the CNA. If, in the near future, it should be necessary
to reduce inen jpiower, mechanization could be increased by
installing automatic pumps and an automatic control system
of density and levels.

Recommendatiors to Increase Yield

The need to mect the plant's requirements in salt, and by
so doing to reducc the quantity of salt bought at high
prices and the production costs, the CNA have planned and
started to build a large pre-concentration basin in the
lagoon itself. (Annex 7) To cut off a part of the lagoon
will mean that it would receive no fresh water other than
rainfall. In this way, the water could reach a higher den-
sity before being pumped into the "marneis". urthermore,
owing to the higher density, the shells would disappear
and the impermeability of the por.ls would naturally in-
crease. The large new pre-evaporating basin built in the

- 20 -
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Massambaba Gulf will cover a surface of about 1.000
hectares and contain 12.000.000 cubic metres; in a
year's time, given the climatic conditions, the water
density can reach & Bé. Assuming that the water in
the lagoon maintains a constant density, and that the
density in the pre-concentration basin is kept at 8© Bé,
it will be pessible to pump yearly more than 6.000.000
cubic metres of 8% Bé& brine to the next stage of eva-
poration. In this way, with the rise of density, the
shells will disappear from the first evaporation ponds
and algae will be able to increase and flourish, and
the 21~ Bé brinc production will double.

In the pilot pre-concentrating pond, constructed about
one year ago, which 1is 52 ha in sizg and 0,30 m deep,
the brine is now concentrated to 10~ Bé.

Recently an other pre-concentrating pond of about 105 ha
and 0,35 m of depth has heen built. In this pond theO
lagoon water has concentrated in the meantime to 6,2 Bé.

The advantage of this large pre-concentration basin is
not only that of increasing production. It is also a
help to produce a constant amount of brine unaffected
by the meteorological oscillations, and will thus ensure
a greater regularity of production. This is due to the
extension and depth ©f the basin.

Another advantage to have this large basin is that it
has low maintenance costs compared with the other ones.
This is because ~perations are simple, its maintenance
can be done mechanically and the banks are short in re-
lation to the covered area.

In view of these considerations we approve of the CNA
plans as those are an efficient way to increa<e produc-
tion of salt. They aiso point clearly to the future lines

of development of the salt plant. By these new and deep
basins it is possil.le not oanly toOincrease production
but also to obtain brine up to 25 Bé.

The main advantage of this nearly saturated brine is,
that it has only a low CaSO, content. Consequently the
gypsum sedimentation is reduced in the susequent equip-
ment and the heat transfer will be improved. This leads
to lesser power consumption.

For expansion plans it means a precondition that the
great loss through seepage in the "concentradores" and
"cristallisadores" either be elimin:ted or at least con-
siderably reduced.

A definite solution of this problem would be the lining
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of the solar ponds with brine resistant, high pressure
polyaethylen sheets, a safe and successfully tested
method. The sheets would be rolled out on the sandy
bottom of the pond, where they are kept weighed down by
gand. After welding the sheet strips into a blanket
sheet, a layer of sand is to cover its whole surface.
The ends of the sheets are pulled up over the edge of
the pond and fixed by digging them into the earth dams.

To make the "cristallisadores" tight, a sheet of 0,10 mm
thickness (Annex 8) and for the "concentradores" a sheet
of 0,15 mm can be applied.

This material is available in a width of 4 m by 50 m
length and 6 m width by 25 m length respectively. 3 The
costs of such sheets amognt to some DM 37,50/100 m

(= Cruzeiros 49,.:0/100 m , cif Brasilian harbour. In
view of the high loss due to seepage these costs could be
amortized in relatively short time.

It improves economics if two 4 m wide sheets are welded
in the workshop and thus the 8 m wide strips can be rolled
on the bottom of the pond with the help of a simple device.
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Possibilities to improve production and increase yield
of salt for the Soda Plant

Under point 5.3 and 5.4 we have described in detail the
deficiencies and difficulties encountered in the plant
as a whole. The plant has been put into operation about
4 years ago. During the two sybsequent years, the supp-
liers have carried out changes so to eliminate distur-
bances and to arrive at the planned capacity. This, how-
ver, has not been achieved. - Ever since then, engineers
of the CNA have continued their efforts to cut down sour-=
ces of trouble by further changes in all sections of the
plant and thus to arrive at continuous production at
plant capacity.

In spite of all these efforts, not more than 50 - 60 %
of the plant capacity could be achieved.

It is, therefore, a matter of serious consideration,

which changes could be carried out in the existing plant
with best results.

Possible changes in the Submerged Combustion Plant

I1f one considers the main deficiencies in the foregoing,
incrustation by CaS0Q, in the brine causes the worst da-
mage to the equipmené in this process step. It should,
therefore, be the object to find a process to precipitate
the gysum from the brine before same enters the heat-
exchanger.

Under prevailing conditions this could be done in two
ways:

either
a) to instal a one-stage brine purifying
equipment to precipitate the CaSO4 by
chemicals
or

b) to instal a brine treatment equipment,
in which pre-heated brine circulates.
This precipitates CaSO4 by the so-called
gypsum mud process.

As the installation b) involves a change in the thermal
equipment, it is a) that seems to be more advisable.

- 23 -
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The second main deficiency in the production process is

in the pre-concentrator, which is a part of the submerged
combustion plant. Its efficiency could te improved if gyn-
sum was precipitated beforec the brine concentration. -

As soon as the bLrinc of 25° pPé has teen produced in the
solar plant, the nrocess step of pre-concentration is to
be eliminated. This because the pre-heated brine would

he lead directly to the evaporators.

The directlv hicateu evaporators are causing particular
problems and are in themselves a great deficiency. They
are directly hcatel by Lurners and thesc produce soot
and particles of sulphur, which mix with the brine. =
The CNA requested LIS to examine whether by installing
special oil burners, made in Vest Germany, hetter results
could be obtained. - ©il lurners in which the flame is
free from soot and sulphur tn great extent do not solve
the problem because some,if lesser particles do get
mixed into the product. - Indirect burner heating is
theoretically possibtle. By that the hurner is comk ined
with a hot air proJducer. This %ndirect Lurner heating
brings about & loss ot 1o - 157 C in the thermic effi-
ciency.

It might be purposeful to look at the investment, which
this type of alteration would involve. There are three
burners at an estimated cost of DM 200.000 = (Cruzeiros
263.00, for cach of the four evaporators. This means

for the evaporator plant D1 800.000 = Cruzeiros 1.053.000.
Such costs are in no relation with the small improvement
they actually mean. It also needs to he considered that
deficiencies of connectel departments in the same sub-
merged combustion plant are not eliminated by such chan-
ges. Anyhow, if thosce plans were to he followed through -
first a pilot plant would be necessary.

The deficiencies which have occured in the decanters
(breakage on the agitator and the I‘ohno punp) can only
Le correcteu definitively 'y replacing them with equip-
ment 1ore rcliable in the operation.

We shall have to wait for the results from the tests
now being carried out by CNA to replace the decanters
with the aid of hydrocyclones hefore anything can be
stated about them. Basically, however, it can be stated
that hydrocyclones operate perfectly only if the pro-
portion of solid substances in the liquid is not higher
than 100 grams per liter.

Probably DSM screens could be successfully employed here.
This can be ascertained on short notice by a test with
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the original product by thé future supplier.

The corrosion in the pipelines, valves and centrifuges,
attributable to the sulphur content in the brine, can
be eliminated by the installation of an indirect heat-
ing plant in the crystallizers.

Under the present circumstances pure nickel would have
to be used for all parts coming into contact with the
product. The costs for this would, however, be extreme-
ly high and therefore may not be considered.

In order to round off the picture, it must also be men-
tioned that changes would have to be made in the control-
regulating system. This would lead to additional costs.

The complicated process will probably not lead to optimal
operation, even after completion of all these expensive
alterations.

The salt produced in the plant is far too expensive.

This is also due to the high power costs. For the pro-
duction of 1 ton of salt from 21° Bé& brine, 240 kg of
fuel oil and 80 kW of current are required. According to
the prices indicated to us (Annex ll) the power costs per
ton of salt amount to around Cruzeiros 25, while the pro-
duction price per ton/salt from the submerged combustion
plant is around Cruzeiros 87,66.

It must be considered that the capacity of the submerged
combustion plant is rated at 400 t/day. This is to be in-
creased to about 700 t/day so to meet the increasing salt
requirements of the soda plant. The plant runs at 50 -

60 %.

This facts all in all lead up to the conclusion that the
submerged combustion process should not be maintained.

The considerations outlined in all the above, bring about
the recommendation of other possible processes for the
production of the necessary quantity of suitable brine
(not crystallized salt) for the soda plant.

Possible changes of the entire process of salt production
for the soda plant

As first possibility one would have to consider the re-
placement of the existing concentration and crystallization
plant (the entire submerged combustion plant) by a vacuum
evaporation plant, as used in salt industry.
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"his alternative, however, involves the great disadvan-
tage that substantial new investments would hre nccessary.
To apply such laraer parts of the existing nlant, which
have not beer (dlepreciated yet, is not nossille in this
alternative. ™hcrefore, the question is, whether such
parts could possibly be utilized in a satisfactory re-
construction of the plant.

summarizing once again the entire sroduction process of
Cil, the following can ke stated:

a) In the present solar plant only Lrine, but no salt
is being produced as a raw material for the soda
plant.

L) In the existins process the crystallization stage 1is
only for purification purposes.

¢) The soda plant recuires a purified, saturated hrine
as a rasic product and not necessarily salt crystals

Therefore the question should be as to how a purified and
saturated brige could te produced from the brine with a
density of 217 D& (or after alteration of the solar plant
fron brine of 25~ be).

"he possilility to purify the brine with chemicals is ok-
vious. This narticularly since the ktrine now procduced in
the sulmerged combustion plant must pass through a puri-
fication plant (ChiA I'low Sheet 1612 a3), before it enters
into the soda plant.

In order to precipitate by-salts, indesirable here, the
21° E& brine could be conveyed directly from the large
storage tank to a two- or three-stage brine purification
systen. The by-salts CalC,, 'yCl and 1igSO, would then

. P . ? 4
be precipitated in *this system.

The precipitation could be carried out either by soda and
lime solution, as is now done in the purifiers, or by
using soda and sodium hydroxide. A choice between the two
possibilities depends first of all on the price of the
chemicals to be added, and on the possibility of use of
the sludges arising from the process.

Based on an average analysis of the 21° Bé brine, these
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approximate quantities of by-salts are to be precipitated:

caso, - 4 9/1
MgCl2 - 23 g/1
MgS0, - 17 g/1

In case of precipitation of soda and lime-milk the theo-
retical requirements of chemicals are

NaZCO3 - 43,6 kg/cu.m
Ca(OH)2 - 28,0 kg/cu.m

The quantity of mud is, in this case

CaCO3 - 41,15 kg/cu.m

Mg(OH)2 - 22,3 kg/cu.m

The values in case of precipitation by soda and a solution
of sodiumhydroxyde amount to

Na2C03 - 3,07 kg/cu.m

NaOH - 30,6 kg/cu.m
with a sludge portion of

CaCO3 - 2,9 kg/cu.m

Mg(OH)2 - 22,3 kg/cu.m

As the brine has a high magnesium content, it is advisable
to have a two- or aven three-stage process in the purify-
ing plant so to obtain a possibly pure Mg(OH)z.

The purifying plant should be planned in such a way that
CaCO., is precipitated in the first stage, Mg(OH), in the
secogdm respectively a mixture of by-salts in th% third
stage.

It is important for the smooth functioning of the brine
purification plant that the chemicals should be added at

an optimal rate. A smooth precipitation at the different
process stages can be ensured by this and by installing
reaction tanks with agitators before the decanters. The
brine thus would pass through the plant in 30 minutes or
more. The brine may not be pumped into the decanters but
should flow freely, so as not to destroy the flocculence

in the brine. The decantation time is approx. 3 m/h and
this also indicates the size of the decanters. - The height
of the thickeners with revolving arms is approx. 7 - 8 me-
ters, which ensures the required thickened sludge. At least
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15-fold increase of the sédimentation speed could be
arrived at by adding as little as 1 to 3 g/cu.m of a
special flocculation agent.

The final layout of the brine purifyer can be prepared
after experiments with the CNA brine only.

As far as it can be seen now, the existing brine puri-
fication system, with two cyclators of 19 m d%a. ’
should be completed to purify raw brine of 21~ Bé. How-
ever, the temperature of the brine may not sink under
18" C during the purifying process, otherwise it would
have to be pre-heated. The required purity of maximum
0025 g/1 MgO and Ca0 is surely obtainable.

At the moment the available brine is of 21° Bé only,
therefore an enrichment to 259 Bé must be attained
after purifying. We believe that for the time being

the available pre-concentrator (1) of the submerged
combustion plant and connected equipment could be used
for this purpose. This until the brine with 259 B& will
be produced in the solar plant. Please note, howver,
that also in this respect, further investigations are
necessary before the final layout is made.

Indications to select the economically most feasible
process

When the possibilities as described under point 7.1
and 7.2 are looked into, even without exact figures
on hand, the following may be observed:

Investments

Submerged Combustion Plant

The reconstruction of this particular part could never
be carried out completely and anyhow such works would
involve substantial investment. The available brine
purification system would remain to be necessary.

Multi-Stage Vacuum Plant

The construction of a new crystallization plant with
vacuum evaporator requires more investment than a re-
construction. Besides it does not seem to be reason-
able, particularly because the soda plant operates with
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salt in brine form, consequently crystal-salt is not
needed at all.

The purification of brine

The direct cleaning of brine with a density of 21° pé

now and 25° Bé& on our advice later, requires the smallest
investment, particularly as available parts of the plant
can be used.

Operating and maintenance costs

Submerged Combustion Plant

The high costs can probably not be reduced.

Multi-Stage Vacuum Plant

The costs are lower than those of the submerged combustion
plant.

The purification of the brine

This plant has the lowest costs

Energy and consumption of chemicals

Submerged Combustion Plant and the purification of brine

Electric power: 80 kW/t salt
Heating oil 230 - 240 kg/t salt
CaOl 39,5 kg/cu.m brine

Na2c03 65,8 kg/cu.m brine

Multi-Stage Vacuum Plant

Electric power: approximately 40 kw/t salt

Steam at 4 ata: maximum 1,5 t per ton of salt

Chemicals : purification of brine prior to
entering the plant only with CaO.
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Purification of brine

Electric power: very low, however exact values can
only be given after experiments.

Chemicals : exact values would also have to be
experimented first.

The values as included in 7.3.3.1 may not be exceeded.

Presently, as a temporary measure, to enrich the brine
from 21° to 250 B&, power would be required.

The above figures indicate that the Slternatéve of di-
rect purification of the brine at 21Y and 25 Bé re-
spectively, should be considered as an optimal solution
and therefore requires detailed investigations.
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3. Vacuum Salt Tllant

3.1 Possiblilities for the iriprovement of the existing plant

e have reportec under point 5.5 that the stear consump-
tion of this plant amounts to 10/t per ton of salt (stean
pressure 2,% ata). /.t the sane tire the production is

20 % under capacity.

To improve productivitv the followinyg reasures coul” ke
adopted:

5.1.1 Pre-heatinj of rrine with vapour, vapour-concensate ap.d
live steam condensate

The nost effective means is to insert a pre-heater in
the live steam condensate concuit. The krine should re
pre-heated up to £0° (. Pv that, gypsun would be preci-
pitated in the pro-heater and not in the heating chanber
(trocador). 1wo pre-heaters should ke parallel installed,
so that one or the other could te operated continuously,
even during cleaning either.

8.1.2 Checking of the vacuum concuit

/.s the measured values in both apparatuses are different,
it is important to find the eventual leakage points.
(Please see point 5.%). Furtherrore, particular attention
should be paid to the ventilation of the condenser. The
adjustment of the ventilation must be carefully tested:
if the ventilation is on a too small scale, the vacuum
is insufficient; if it is too strong, vapour condensate
may ke lost.

8.1.3 T[Leconstruction of the two-stage plant

The engineers of CIA have considered this and it seems to
be possikle. It also might improve results. To achieve the
same total output with the two-stage plant, it is necessary
to enlarge the heating chambers.

For the alterations it is essential to work out construction
details as well as the measures and data of capacity within
the various apparatuses.
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8.2 Extension of the existing plant for the production of
marketable table salt of higher value

The humid salt (moisture content 2 %) produced now in
the evaporation plant is according to its analysis and
grain size suitable for first quality table salt. For
this reason an extension of this plant is an economical-
ly feasible proposition, provided the product will find
a good market.

For the further preparation of the approximately 2,1 t/h
salt and its packaging into bags of 60 kg each, the fol-
lowing equipment is necessary:

One fluid bed drier-cooler, ventilators, cyclon
and pipelines to dry the saét up to 0,2 % moisture
and to cool same to 40 - 457 C.

Oscillating screen to separate grain sizes under
0,2 mm dia. (These can be used either dissolved
or for the production of lickstones).

Dosing weighfeeder, dosage apparatus for anti-
caking agent with electric control system. With
this equipment the exact weight of the product
and the dosage of the chemicals can be electro-
nically guided. Iodine can be added at this point
by connecting the relevant apparatus.

Flowmixer, by which the chemicals can be thoroughly
mixed with the salt.

Silos with rubber lined compartments as store tanks,
in front of the bagging unit. The size depends on
the equipment; one- or more-shift packager.

Net weight bagging scale with manual welding machine
and conveyor.

Various conveyors leading to different apparatuses,
depending on their layout.

The investment costs for a plant briefly outlined as above,
would amount to something like DM 600.000 equalling to
Cruzeiros 790.000, cif Brasilian harbour.
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Possibility for Production of By-salts

It is commonly known that the salts in sea water are very
numerous: almost all the elements are to be found in it,
even if some of these in very small guantities (Annex 9).

The main salt contained in sea water is sodium chloride,
and to obtain this, the water must reduce volume about
40 times. /s a result, other salts are also concentrated
8o that some of them can be extracted (Annex 10).

Usually in the normal process of solar evaporation the
mother ligquor is treated as follows:

a) extraction of magnesium sulrhate from hot mother liquor
by means of natural coolina, thus by exposure during
the winter;

b) extraction of rromine bv means of chlorine of the pre-
heated brines;

c) extraction Ly solar evaporation of mixed salts(liaCl +
MgS0,); these salts by cooling, could produce sodium
sulpﬁate;

d) extraction of potassium salts by further solar evapo-
ration;

e) proguction of 50 % solution of magnesium chloride
(38° pé brine) also ky solar evaporation; even a
higher concentration or crystallized magnesium
chloride is obtained by artificial evaporation.

However, Cabo Frio weather conditions, with low evaporation
possibilities and small temperature drons make the above-
mentioned processes unfeasible.

A8 the natural process steps of solar evaporation and
cooling cannot be considered in this connection at Cako
Frio, for the by-salt production chemical and thermal
process steps are necessary.

The construction of plants for this production of by-salts
should, however, only then be subjected to detailed con-
sideration when the brine production for the soda plant

is ensured at economical prices.

Notwithstanding this even at present CNA seen to have a
good chance in connection with magnesium. (Please see
Annex 15).

- 33 -
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The further preparation of iig(OH), could Le an interest-
ing proposition, as same is preciéitated during purifi-
cation. Uith a view to separate Mg(Oll), in the precipi-
tation process, the three—stage purifigation plant is of
advantage.

In case precipitation is done by lime-milk it must Le
checked to what extent Mg(OH)2 would be irmpurified.

The Mg (OH) ,, which aprears in"mud form during the puri-
fication o% brine, can be dewatered by filters or solid
bowl centrifuges and then dried. This gives a salecable
product.

Through the purification plant other by-salts could
also Le obtained. This would, however, he sulject of
a marketing and feasirility study. Fere it should he
mentioned that if other cheriicals were apnlied for
purification f.i. fertilizers could ke manufacturec.
These ocuestions are still to re tested technically.

It is our corsidered orpinior that amoncst the substantial
brine quantitics, wvalch are prouaucecd ry (i, the nre-
conditions for cconoriical kv-salt production are given.

e
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ANNEX 2

CHEMICAL ANALYSIS Or SALT

MaCl cao MgOo insol- humidity CaSOd'Zaq Mgso4'7aq MgC12°6aq

o uble
% 3 % % % % % 3
a) Salt
from
Sub-
merged
Combus-
tion
Plant:
CNA -
Sample
95,10 0,22 0,31 0,02 3,81
94,69 0,21 0,40 0,01 3,97
93,81 0,18 0,40 0,015 3.53
94,21 0,21 0,43 0,03 4,16
96,22 0,110,29 0,02 2,9¢C
DBES -
Sample
95,50 0,094 0,296 trace 2,596A 0,288 0,726 0,890
(there is no Fe - Ca - Coz; pH approx. 5,5)
) Vacuum
salt _
DBS -
Sample
97,66 0,043 0,171 trace 1,483 c,1313 0,304 0,615
ANALYSIS OrF GRANULATION
salt submerged combustion Vacuum Salt
plant
DBS Sample DBS Sample
more than O,7 mm = trace more than 1 mmn = 2,74
" " 0,5 mm = " " " 0,70 mm = 0,90
" " 0,40 mm = 7,5 " " 0,5 mm = 40,50
" " 0,35 mm = 26,2 " " 0,4 mm = 22,20
" " 0,29 mm = 35,4 " " 0,35 mm = 14.40
" " 0,17 mm = 24,0 " " 0,29 mm = 6,50
less " 0,17 mm = 0,9 less " 0,29 mm = 7,76
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a) Seavater

Cabo firio
2.11.1967

Seawater

3,6° Bé
(theore-
tical)

b) Brine
21° Bé

Sample
DBS

Brine
(theore-
tical)

c) dMother
liguor
32° Bé

Sample
CNA

Sample
DBS

theore-
tical

MNUNEX

2 Cond .

Chemical Analysis of Lrine and
Mother Liquor

Cl (o] Ca

g/l g/l g/l

19,96 2,73 0,42

19,30 2,72 0,42

150,00 16,3 1,91

138,81 14,80 0,96

190,00 0,006
189,00 0,143
200,00 0,499
190,00 0,698
213,00 77,0 --

2270‘0 69,50 -

aso, gso, i'gCl, KC1 rgBr,

Mg NaCl
g/l g/l

1,34 28,52
1,35 27,20
9,06 218

9,7€ 196

51,6

56,2

54,9

52“, 4

51,0 189

54,60 189

37 -

g/l g/1 g9/1 g/1 g/l

1,43 2,15 3,57 - -

1,42 2,14 3,59 0,72 0,07

6,45 14,70 23,90 4,95 0,90

3,27 15,60 25,90 5,19 0,55

-- 96,5 123 13,25 4,35

-- 87,0 143 30,20 3,17
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ALUDX 3

EVAPORATION AND RAINFALL OF 'THE LAST 20 YEARS
AND DENSITY OF THE LAGOON

Period - July 1950 to June 1970
Year Evaporation Rainfall Net-Evaporation bensity
mm mm mm Lago?n
. Bé _
50-51 1.308,2 781,9 526,3 -
51-52 1.287,6 758,7 528,9 -
52-53 1.466,7 703,5 763,2 -
53-54 1.609,0 643,90 9€5,1 -
54-55 1.484,1 567,5 896,6 -
55-56 1.646,4 €27,0 1.019,4 -
56-57 1.659,4 885,1 774,3 -
57-58 1.584,4 730,8% 853,¢€ -
58-59 1.561,4 727,1 834,3 -
59-60 1.561,0 668,0 £93,0 -
60-61 1.420,4 695,5 724,9 6,0
61-62 1.394,2 745,9 652,3 6,0
62-63 1.341,8 538,5 803,3 5,9
63-64 1.325,4 844,5 480,9 6,2
64-65 1.089,9 1.186,8 96,9 6,0
65-66 1.364,5 807,6 556,9 5,5
66-67 1.1938,8 1.047,4 151,4 5,1
67-68 1.386,5 700,9 685,6 4,5
68-69 1.437,7 808,0 629,7 4,9
69-70 1.369,1 646,6 722,5 5,3
ggt;éars 28.500,5 15.135,2 13.365,3
Average
20 years | 1.425,0 756,7 668,2
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Concentration of dissolved sukstances in seawater

DEUTSCHE BERATUNGSGESELLECHART FUR SALINENTECHNIK M. B H

A)

B) mg/kg

—

C) gamma/kg

Clorine
Sodium
Magnesium
SO4
Calcium
Potassium
HCO3
Bromine

BEoron

Strontium
Aluminium
I'luorine
Silicon
NO?
Lithrium
Iron
Iodine
Barium
Rubidium
Copper
2inc
-langanese
Lead

13.00

1.8

1.4

1.2

0.6

0.1

Q.06
0.05
0.05
V.02
0.01 Mx
0.014 ilx
0.01 Mx
0.005 Iix

Selenium
Cesium
Uranium
lolydenum
vickel
Gallium
Thorium
Scandium
Cerium
Vanadium
Yttrium
Silver
Lanthanum
‘lercury
Bismuth
Cobalt
Gold
Radium

4.00
2.00
2.00
0.7
0.5
0.50
0.50
0.40
0.40
0,30
0.30
0.30
0.30
0.30
0.20
0.10
0.008 Mx

0.00047 Mx
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TABLE OF SPECIFIC i IGHY, DENSITY Ii DEGREE BAUME AND VOLUME
PRECIPITATION OF TIb DIFFIRENT SALTS DURING SOLAR EVAPORATION

Legree Specific Volume Uegree Specific Volume
né Weight ne “eight

1.0249 1000 26 1.2198 100
1.0285 220 27 1.2301 64
1.0358 774 28 1.2407 44
1.0434 €47 29 1.2515 36
1.0509 540 30 1.2624 30

Becinning of nrecipitation of g% }_gng\ gz
calcium carbonate and iron * ’
oxide up to 15° Bé precipitation by cooling
of MgSO,, impure through
g 1'0582 476 naCl, MgCl,, KC1; cventually
«O6RS 422 :
10 1.0744 371 extraction“of tromine

11 1.0825 328 33 1.29¢€5 21
12 1.0907 294 34 1.3C82 19
13 1.09930 266 35 1.3202 17

]1_2 i}ff;é ggg Precipitation of mixed salts;
* event. production of sodium

Beginning of vrecipitation of sulfate

ca&cium sulfate (CaS?,) up to 16 1.3324

; 4
307 pe 37 1.3447 6.3

16 1.1247 203 .
17 1.1335 18¢ Precipitation of potassium

(potassium and magnesium
}g iigig igé salts, sodium cloride)

20 1.1608 148 38 1.3574
21 1.1702 139 39 1.3703
22 1.1798 130 40 1.3874

23 1.189¢6 122 .
24 1.1994 116 Precipitation of magnesium

cloride, impure through NaCO
095 !
25 1.2095 112 v1gsod and potassium salts

Precipitation of sodium Sloride,

mainly from 25° pé to 32° Bé
mixed with different quantities
of casO,, MgSO,, MgCl,, ¥Cl and
Br, depénding 6n thei% specific
weight.
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ANNEX_ 11

Prices for raw materials, production costs and selling prices
ex CNA plant, Cabo Frio, as per December 1970.

Cruzeiros
Fuel oil 91.86
Seasalt 96.83
Steam at 2,5 ata. 7.30
Sweet water 0.18

Ca0 (production cost) 30,00

Na2CO3 (production cost) 382,00

Drine from the solar plant at 21° P& 5.00

Salt from the submerged combustion
plant (production cost) B7.€€ per ton

Salt from the vacuum plant
(prouuction cost) 105.39 per ton

Light soda (selling price) £23.27 ver ton, fob
Cabo Frio

vense Soda (selling nrice) 705.00 r ton, fob
Cabo Frio

lage of attendant 7.27 r hour

llage of repair mechanic 7.09 hour

Cruzeiro 1 = DM 0,76
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ANNEX_ 15

Imports of 'lagnesium products to Drazil, during 1968

Store lNo. 51 314 hydroxydo de magnesio (Mg (om.,)
19.468 ¥g = g 11.953,-

store :o. 51 334 oxydo de magnesio (:1g0)
155.55% k31 = § 95.0€64,~

Store 0. 51 433 sulfato de magnesio (Mgso4)
439.445 kg = § 44,182,

These Gata have been received on february 1lth, 1971 from the
statistisches Bundesant, vjestaden. (F'ederal Cerman Tureau of
5tatistics, V/ieskaden, liest Germany) .

- 52 -




DEUTECHE BERATUNGSGERELLBCHAFT PUR BALINENTECHNIK M. B. H.

References and Bibliography

In respect of many drawings, flow diagrams, and particularly
data, just as valuable information, DDS wish to express their
acknowledgement and thanks to officers at the CNA plant, at
Cabo Frio.

Dr. Jose Antunes (Salt Division)

dr. Carvalho (Solar Flant)

ur. Claudio (Soda Ash vivision)

Mr. kdval, Industrial Superintendent

Mr. Jose Julio, Engincer, Assistant

Mr. Leonel, Industrial Ingineer

Mr. Ignacio Paes (Engineering Department)

Dr. Pedro (Operation Department)

Their support was essential to prepare this report. e also
thank these officers for their confidence in DDS.

For the favourable reception in the head office, in Rio de
Janeiro, and for the unusual hospitality of the DES engineers
at Cabo Frio, specific thanks are expressed towards

General Orlandini (President)

lr. Silvio Leite Franco (iechnical Director)

Ar. L. R. Lima

After returning from Brazil for the assistance given in respect
of further data and information, LDS is much obliged to

Prof. Renzo Stefani, University Cagliari

Farbenfabriken Bayer AG, Leverkusen

Kalle AG, Wiesbaden

Caloric, Gesellschaft fiir Apparatebau mbH., Minchen
Dorr-Oliver GmbH, Wiesbaden

bDeutsche Solvay AG, Theinberg

Chemische Fabrik Stockhausen & Cie., Krefeld

Statistisches Bundesamt, VWiesbaden

- 53 -




DEUTSCHE BERATUNGSGESELLEBCHAFT FUR SALINENTECHNIK M. B. H.

C:iA have made the following documents available to DRS, some of
which are Annexes of this report

Chart as per Annex 3
Chart as per ’nnex 4
Chart as per Annex 5
Chart as per Annex 6
‘lap of Cabio I'rio 1:25.000

Pre-concentrador da CNA Drawing ilo. 3.361 al
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