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Raw materials from the sea— recovery
of water and salt for a new chemical
complex inLibya

By W. Wohlk, Standard Messo, Duisburg

The Libyan Government has embarked an
an investment programme aimed at estab-
lishing new industries and improving the
country's infrastructure. Central to this plan
is the construction of a large chemical
complex for the production of vinyl and
polyvinyl chlorides, It has been built at Abu
Kammash on the Mediterrancan coast by a
German consortium at a total cost of over
DM 1000million. There are large natural salt
deposits in the form of a salt lake which will
provide feed stock for the plant.

Fresh water for the operation of the plant
is not available locally and the requirement
for porable and process water has had 1o be
met by sea water desalination, The chlorine
required for the viny! and polyvinyl chlor-
ides preduction and for the chlorination of
the saltand potable warer is produced within
the plant, the raw material for the chlorine
being che natural salt deposits of the salt
lake. This natural salt is also refined to
produce table salt. Fig 1 shows the basic
requirements for salt and water recovery.

A multi-stage flash (MSF) plant was
chosen for water recovery and a three stage
scquentially arranged evaporation crystalii-
sation plant for salt production. Altogether
170m*h of water is produced, of which
140m*/h is process water with 2 maximum
of 100ppm dissolved solids and 30m23/h is
potable water with a maximum of 50Uppm
dissolved solids. Of this total 120m%h is
produced in the MSF plant and 50m*/h in
the cvaporation plant (Fig 2). Total salt
production is 15tonmes/h of which Stonnes/
h is table salt and 10tonnes/h is salt of
clectrolysis quality. In addition to the salt
deposits at the salt lake, a brine is also
available for salt recovery. 224g/litre of
NaCl and almost 120g/litre of other salts are
dissolved in the brine which reproduces
continuously by diffusion of secawater in the
lower salt layers.

Recovery of water using the
multi-stage flash plant (Fig 3)

The total dependence of the chemical plant
on the water supply meant that the MSF
plant had to be designed for the utmost
rcliability and the processes contro! systems
and components were all selected with this
in mind. Failures in existing MSF plants
were known to be duc principally to
incrustations and the consequent cleaning
operations as, well 25 material problems.
With the Libyan plant corrosion problems
were minimised by optimuzm material selec-
tion. The heat exchangers in the refrigera-
tion and hear recovery scctions use
CuN:1UFe tubes while the tube bottams are
made of a harder CulNi:30Fe aloy. The

Seavater — Mediterranean

Raw Brine NaCl min 224g/1itre
Materials Mg50, max 35g/litre
MgCl, max 68g/litre
KC1™ max 13g/litre
Ca501l max 0.5g/litre
Process water 1H0m3/h
Water max  100ppm
Potable water 30m3/h
max  500ppm
Products Table salt 5t/h
salt—" NaCL 9G. 7%
Electirolysis salt 10t/h
Nall 9y, 8%
Mg max 430 ppm
Ca max 150 npm
5C}}4 max 750 ppm
Figl Plantrequirements
' Discharge Discharge
400t/nh 58t/h
T 4
MSF Distillate Salt Drine
Seawater 5 Plant Plant 123t
NaCl
120%/) 50t/h
20 - 4 m Table salt,
PP PP S5t/n 3
Electrolysis
Salt N
7
10t/h
Potable .
water ) Hardening Process water>
3
30m3/h T40m~/h

Fig2 Recovery ofsaltand potable water fora chemical complex.

entire evaporation tank was made of
CuNi:10Fe and Monel was selected for the
demisters. A rubber-lined steel structure is
used for the turn-round caps and water
chambers in the seawater section and for the
brine circulation section. The use of these
materials has resulted in corrosion-free
operation.

The demand for long trouble-free opera-
tion has also affected the process plant layout
and in this contexr the double arrangements
of the condensation and heating sections
deserve special consideration. The heat
exchanger surface {or the plant was splitinto
two units (Fig 4) which could be operated

independently. Each half has its own cool-
ing water inlet, its own circulation pump
and its own end heater and this enables the
heat exchanger tubes to be cleaned without
interrupting the operation of the plant.
During normal operation the plant has a
maximum brine tesiperature of 90°C, With
one heat exchanger disconnected the plant
will be operating with only 50 per cent of the
normal condensation surface. However, the
plant can stifl be operated o 83 per cenc ofirs
full capacity by raising the brine cempera-
ture to Y8°C. Thus, cleaning or maimtenance
work on the condensation section can be
carried out without signitreantly aticcting
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Figd MSFplant-doublearrangement.
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Figd MSFplant was splitinto two units which could be operated
independently.,

distillate production, A special Cleanmg
control was built-in ro enable hear exely Hger
surfaces that fad became encrusted with
carhonares or hydroxides. 1w be derned
chemically. The two lines can be ceaned
independentdy of cach other. with dilued

HCL and this allows one line e he on 1ull

production whilst the other is being eleanced.
Solution sides of the heat L‘.\Ch‘lngu 5 are set
1012 Two way an rangement (Fg 3) in arder 1o
give a fAow velocity of 1.8m/s and this
results in a horizontal wrrangement of the
brine overflow lines from stage to stage (g
6). In order to cqualise the Bow and
evaporation rates in Stage 1 the heated brine
is fed in paralle] via five 1Lud1m_, tanks.

The plant started operating in March 1980
and reached full capacity within 24 hours of
start-up. During acceptance test all design
parameters were met without eXceprion (see
Fig 9). The remarkable 1 improvement of the

Fig5 MSF plant during construction.

merestatien has occurred during the pasr
H|\tI o,

performanee ratio, troms 8 1o 94, st
able va he et tha che fea t\\lllll"Ll
strfiees were not at this s e enerusted,

the Ioufing Gictor mcluded in the o rhuh-
rions, but o required during the accepi-
anee test, s a surface LHIJI"!!I“ clicet. The
heat exelhanger surtices ave not deterjo-

twar vears of

Recovery of salt in the evaporation
plant

As mentioned previously, a 3estage evapor-
ation crvstallisaton pling w as chosen forsal

rred 1o date. that is 1o sav that no recovery, The third stage consists of twa

Desipgn Operating

parameters results
Distillate production 120t/h 122.6+/n
leating steam counsumption 15t/ 13t/h
Power factor Bkeg/kg 9. hxg/ke
Purity of distillate 20 ppm 10 ppm
Heating steam pressure 7.9 Rar 0.7 gar
Max brine temperature QU C ag ¢
Concentration factor 1.3 — 1.8 1.45
Fig7 MSFdesign parameters.

Fig6 Ilead of MSF plant with brine end
heater showing double arrangement-




evaporation units which, on the vapour
side, are arranged in parallel. In all four
stages, the fresh brine is fed in parallel. The
evaporation output of SUtonnes/h is reached
by applying 19tonnes/h of live steam,

When planning the sale plant, the tenden-
cy to incrustation of the brine being proces-
sed and the high purity required for the
NaCl were given particular attention. In-
crustation is mainly calcium sulphate {gyp-
sum) which precipitates in the course of
NaCl crystallisation. To avoid these incrus-
tations, a gypsum cireulation is cstablished
round the whole plant so that CaSQ4
suspension density .of several per cent is
achicved. Gypsum erystallisation is thus
controlled and incrustation of the heat
exchanger surfaces does not occur.

In order to recover a pure vapour conde-
nsate, demisters were incorporated into all
¢vaporation stages which ensure impurities
of less than 10ppm dissolved solids. The
distillate produced is conveyed to the desalt-
ing plant, Starting from the salt lake brine,
with simple ¢vaproative crystallisation and
subsequent separation in a centrifuge, a salt
would be produced which conrains six times
the amount of calcium sulphate and about 10
times the amount of magnesium that is
permissible. The magnesium  impurities
reach the salt via the surrounding mother
liquor, whilst caldum sulphate and NaCli
exist as crystalline solids. With a special
clezning control the salt from the evaporator
is improved to the required quality. NaCl
and calcium sulphate are separzted from
cach other in the hydrocyclones and the
solid impurities removed by the multi-stage
counterfow washing process, using sea
water. The salt destined for the clectrolysis
is conveyed whilst still wet to the saturators.
The salt required for the table salt market is
dried and sprayed with anti-caking additives
and is packed.

Fig8 Saltplantinthecomplex.

Fig 8 shows the 4-stage plant solution
side which extends to a height of 29m and
covers, including salt preparation, drying
and packing, an arca of approx 1000m=. In
the heater circuit there is a circulating pump
at cach stage, which delivers 40(0m"/h of
suspension through the heater tubes
mamtaining a velocity of 1.5m/fs. If no
brine is available, the discharge from the
MSF plant can be used for sale recovery,
with a repectively higher evaporation capac-
ity. Plant of this type is extremely liable to
incrustation as a result of the large amounts
of gypsum precipitated. However with
specially developed controls it is pos-
sible to avoid incrustatdon altogether.

Firstly, the pre-concentrated scawater from
the discharge solution of the MSF plant is
further concentrted by multi-stage cvapora-
tion up to saturation and in the final stage
crystallisation of NaCl takes place.

The prerequisite for an incrustation-frec
operation of the evaporation section is the
existence of gypsum crystals in the evapor-
ators. Supersaturation-producing incrusta-
tion ¢an be avoided if, on one hand the
suspension density is maintained at approxi-
mately 10 weight per cent and on the other
hand the especially suitable CaSQ; — ¥2H,0
is being crystallised. The precipitation of
CaS0,4 ~ VeH,0 is adjustable in salt solu-
tions by choosing corresponding concentra-
tion/temperature ficlds. According to
the operation scheme shown in the
semi-hydrate is the precipitating and con-
stant solid phase duc to the kind of selution
flow in the first two evaparation stages. In
the third evaporation stage, however, pre-
concentration takes place but not erystallisa-
tion. After separation and partial return of
the CaSQ, — ¥4H,0 crystals into the pre-
evaporators, the desired sodium chloride in
electrolysis salt quality is finally produced in
the last stage. Incrustations with CaSO, -
1420 have not yet occurred in plant arranged
in this way.

So far three such salt plants are operating
worldwide. The largest of these plants, in
the Arabian Gulf, produces 10{tonnes/h of
distillate and 4.5tonnes/h of clectrolysis sale
from the discharge brine of an MSF plant.

The plant is of a 3-stage design consisting
olthree fixed circulation evaporators, ietwo
concentration stages and one crystalliser.
The evaporators have diameters of 4.8m,
6.5m and 6,5m respectively and usc heat
exchangers with an exchange surface of
900m? cach. The vapours of the last stage are
condensed in an end condenser with an
exchange surface of 1200m?,
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