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The objective of this report is to specify nev subjecis of

research, vhich concera the utilizsation of cheaicals from sea~
water, with special coasideration of conditions in this country.

Previous studies have indicated the need for a careful study of
a combined production of many chemicals from seawater,

This report is based on a rather thorough literature atudy,
carried out at the begianing of this study, of the production

0of chemicals from seavater. Possibilitiea of producing 40
chemicals obtainable from seawater were atudied and it vas found
that, on the basia of technology, rav material and markets, it
might be possible to produce 35 of those, where magnesium oxide,
magnesiuan netal, aalt and potassiua chloride would be ot greatest
importance. Other chemicals, suci as sodium hydroxide, bromine,
sodiwm chiorate, hypochlorate, sodium metal and gypsum might also
be produced at a later time.

Some possible methods of coordiuatin, such production and the
utilimation of the natural resuurces, which are available, such
a8 electric power, steam,salty peotiiermal water and seawater
are indicaced.

In the conclusioas it is indicated that conditions in this country
for chemical production from seavaier seem to be favorable in
maia respects and later possible size iavestment and productioa
value o1 such an indusiry is showa, It is found that an industry
which produces 16 thousand tons of aaynesium metal per year

and 60 thousand toms of salt, beaides various byeproducts, might
cost approximately 1000 million Icel. kr. and the production

5% wvorth 800 million kr. per year,

Certain arrangement ot prelimiaary studies of chemical preoe
duction from seavater is proposed, yivin, special consideratioa
to the possibility of dimcontinuin: the work with the least
possible finamcial loss if atudies show the production sot to
be ecomcmical. It ia felt that the preliminary study would



last two years and not coat ever 1% of the imvestmsat ia the
proposed enterprise, but that the preliminary estimte of ces-
strection and operation would take other two or three years amd
cost approximately 37 of the iavestmeant in the proposed under-
takings.

Alse the posaibility of establishiang this industry ia steps eover
a loager time is indicated, but consideriang alse the mecessity
of ast separatiag individual production sectors, so that the
economy of the production coordimation would be lost. 1Ia the
eoncluding chapter it is pointed ocut that the chemical production
under discussioa is rather simple from a techaical poiat of
view, but importaat from the economic point of view and likely
to give good results,
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The objectives of this study are to indicate nev fields of
research conceraing the utilisation of cheaicals in sen~
wster around this couantry. The study is broad. The pro=
éuction in this country of as many chemicals and chemical
compositions as possibly may be obtsined from seavaier

are studied. Technology, rav materials and market cone
ditions are considered and chemicals, which are not found
to be feasible, ia that respect, are rejecied.

Based on these studies definite production possibilities
are indicsied and the research which sust be carried out
in order to learn more about the economy of the various
possibilities is specified.

These studies are based only on conditioms ia this couatry
and the utilization of electric power snd geothernmal eneryy
in comnection with the proposed chemical production is
considered especially. Also, a hot spring with changed
sesvster or brine found oa Reykjanes is taken into accouat
as it may be ot imporcance in tais comnectiion. Previous
studies in this country of the subject are comsidered.

Duriag the years 1949-1959 studies of production of
chemicals from seawster were carried oui by the Btate
Electricity Authority (I 1, I 7). Those studies were
primarily based on the utilization of geothermal hest for
the production of sslt. [he energy requiresenis and
location of such a factory vere studied rather thoroughly
(i 3). The salt coatent ia seawater at locstions, which
were fcund most likely, was analysed for several years
and it was then found that the coatent of salt is quite
variable at some locstions, but steady at others. Also
the demand for sslt ia lceland and import iam previous years
vas looked isto. Based on those studies s cost estimste
was made for a 40.000 and 60.000 tons salt production
tactory, located at Krfsuvik (I 5, I 6). It was coacluded




frem these studies that direct ecemomical gain frem that
productien was slight, altheugh it might be positive frem

& national ecomomic poimt of view. 1Ia this field, coasider-
able techaical progrese hae takea place since those studies
were made, especially im the comstructioan of evaporators

for eea water and for that reason, amoag other things,
reviev of previous conclusions is necessary.

Based on the studies by the State Rlectricity Authority

8 was also concluded that further research ia this field
should be based on a ceordimated productieon of more
chenicals from eea water (I 7). The reasoa for that

com lusion was that it was feumd that one chemical pro=-
duction branch would suppert amother ecomomically because
of joint productioa factors, directiea aad other bonefits,
which ia that way weuld be possible.




8 NETHROD OF BTUDY

In ordcr to obtain the best possible general view of the
subject, a rather thorough list of publications comceraisg
chemical production from seavater and related matters was
made at the outset. This is found in appendix XI. References
in this report are indicated by capital letters and anumbers is
parenthesis refer to that list.

As conditions for such a literature study are not good
in this country, use vwaa made of foreign literature studies
CA 1, A 2), which extend up to the year 1963, For the
period after 1983 a review of technical literature, which
is knows to be available in this country and wvhich might
have published articlea on this subject, had to suffice.
Those publications are listed in appendix XII along with
the subscriber. Innovations in the cheamical production
from seavater were kept tract of among other things with
the help of a newsletter from the Office of Saline Vater,
which directs research in the field ot fresh water pro-
duction from seawater in the United Btates. Some of those
studies have great importance for the general production
of chemicals from seawater,

Althougb this liiterary study is not complete and does not
cover several publications, waich saould be included, it
is not likely tnat imporcant basic items have been mnissed.
As yet it has not been found possible (o obiain except a
saall part of the publications referred to, That work
will be continued with the help of parties abroad.

Information about world produc:iion, international trade
and prices have mostly been obtained irom American (A 3,

A 3) and British (A 4) publicatioas. [rade reports were
found to be of great help ifor the study of che market and
prices in this country. Their newv arzangement and increased
itenizing after 1963 has made it much easier to obtsin
inforsation.



3 RESULTS
3«1 CONSTITUENTS IN SEAWATER

3-3

Salinity oif asavater is composed of sany coastitueats.
Nsarly half of all the elements are fouad ia seavater,
altbough most of those are thers in small quantities.
Table 3=1 shows the content ian seavater of che various
elements. These constituents might be grouped in three
main categories by Lheir quantity in seawatsr. In the
first grouwp are those that are present in a concentrationa
of more than 100 ng/kg (major constituents). In the aext
group (minor constituents) ars those that ars preseat ia
smounta of 1=100 ng/ky, and in the third growp tracs coa~
stituents, which amount to less than 1 my/kg.

THE VALUE OF MATERIALS FROM THE SEA

All materiala which have been economically produced frea
seavater, are in the firat two groups, although experi-
ments have been made and plans are to be found for ths
utilisatios of the trace constitueants, such as silver, gold,
uraniua and lithium,

In table 3«3 the value of sowe materials which possibly
aight be produced from seawater, is iadicated. This is
based on their gquantity im 100 toas of seawater and that
the coastitueat is all obtained in the form imdicated.
Other materiala might possibly also be produced from seu-
water, but their value in the same amsuat of seavater is
less thaa those listed.

It must be atressed that the value of the constitueats
1isted in the table is based on their presencs ia slemeatery
or first gsneration compounds. By further processing,

more valuable compounds could be odtained from the sea.

By producing magnesium metal iastead of the oxides of magaesium

s valus of kr. 3.300 might be obtained instead of kr.
780 frem the same smeunt ©f seawater. The same bolds
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true for the productioa of sodiwm metal, sodium hydroxide,
chlorine, chlorates or sodium peroxide from salt.

CONSTITURNTS IN A SALTY NOT WATER SPRING ON REYKJANES

For some time a bhot spring with transformed seavater or
brine has been known to exist on Reykjanes. By drilling

in that area in 1936 it was found possible to increase

the upilow considerably. The result of that imvestigatioa
iadicates that the quantity of salty water could be
increased considerably by further drilliing. Ian this

bot water the proportioan of the various constituents has
been disarranced considerably compared to regular seawater.
In table 3«3 the most importani constitueanls which are
found in the hot water are listed and their Quantities,
aloag with comparable figures for seavater for comparisoan.
From this table it can be seen that the liquid in the drill
hole is considerably salter than seawater and that some
coastitueats such as potassium, calcium, iodine and lithium
are found there in considerably greater quantities than in
seavater. Especially, is it importcat that the quantity

of potassium is five times that fouad im regular seawater.
Various production processes of potassium compounds which
are possible, are based oa the quantity of potassium

being three times greater thas in seavater. This is
therefore highly bemeficial in that respect. Other coasti-
tueats, such as magaesium and sulphate asre found ia much
saaller quantities than in seawater.

It is possible that this disarraangement of the quantitative
proportions of the various ceastitueants could lead to
other bemnefits than production of potassium compounds,
such as for example the precipitation of sulphate from
seavater by calcium from the calciume=rich érill hole
water. This is a matter to be studied, hovever, and other
possibilities aight be prosent.



TABLE 3-1. SIA VATER, CONSTITUENTS

Flement Symhol CSlicentratioa mg/ig

1 MAJOR CONSTITUENTS
CHLORI NE® Cl 18.980
SODIUM Na 10,5681
MAGNESIUN Mg 1.972
SULrUR 8 884
CALCIUNM Ca 400
POTASSIUM 4 390

11 NINOR COMSTITUENTS
BROMINE Br 1]
CARBON C 28
STRONTIUN Sr 13
DORON ) 4,8
ALUMINIUN Al 1,8
FLUORINE 1,4
SILICON 81 1,2

111 TRACE COMSTITURNTS

f NITROGEN ) | 0,7

LITHIUM Li 0,3
PHOSPHOR VS | 0,078
IRON Fe 0,08
I0DINB 1 0,08
BARIUN | 'Y 0,08
RUBIDIUNM Rbd 0,02
ARSENIC As 0,018
CoPPER Cu 0,008
ZINK |} 0,008
MARGANESE |} 0,008
LEAD » 0,008
SELENIUN Se 0,003
p g Sa 0,003

coat.
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PTABLE 3-1, STA VATER, COWSTITUENTS (comt.)

Element Sysbol COncontrltiol,-?hl
CES1UM Cs 0,00
URANIUM U 0,003
NOLYRDENUM Mo 0, 0008
NICKEL | $ ¥ 06,0008
GALLIUNM Ga 0,0008
THORIUM ™ 0,0008
CERIUM Ce 0,0003
SCANDIUM Se 0,0008
VARADIUN v 0,0003
LANTHANUM La 0,0003
YTTRIUN Tt 0,0003
MERCURY Rg 0,0003
SILVRR Ag 0,0003
BISMUTH Bt 0,0003
COBALT Co 0,0001

aoLD Ak 0,000001
RADION Ra 0, 0000000001

Isformation from books by C.B. Ellis (A 6)
and Armstroag and Mall (A 7).
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TANLE 3-2, VALUE OF MATERIALS IN 100 TONS OF SEA WATRR

Tloment Quantity in Value Unit price Sold as
ng/%g kr/100 toms
seavater

S0DIUM 10,561 2,260 840 SALT
MAGNESIUM 1.272 720 3.400 MAGNESIUM OXIDE
SULFUR 884 450 1.340 SODIUNM SULFPATE
POTABS1UM 380 148 2,000 POTASSIUM CHLORIDF
SROMINE 64 131 20.5%00 LIQUID BRONINE
CALCIUM 400 56 1.000 CALCIUNM OXIDR
BOROM 4,6 8 2.070 BORAX
STRONTIUM p L] 7 2.700 STRONTIUM SULFATE

TABLE 3-3. CONSTITUENTS IN SEAWATFR AND SALTY

HOT SPRING ON REYKJANES
Comnstituent Quantity in Quantity in Ratio
seawater drill hole
Mg/Kg Mg/Xg

CHLORIDE 19.000 27 .400 1,44
SODIUM 10.000 13.800 1,38
SULFATE 2.680 128 0,048
MAGNESIUN 1.270 48 0,038
CALCIUM 400 2,200 8,8
POTASSIUN 380 1.930 8,1
BROMINE (] ] 0 1,8
BORON 4,0 18 2,8
FLUORINE 1,4 0,7 0,8
LITHIUN 0,1 7,4 74
10DINR 0,08 0,8 10




ELEMENTS AND CNENICAL COMPOUNDS
FROM SEA WATER

Ia order to view the possibilities, which are preseat, we
my list all the chemical compounds which my Dde produced
from sea water or in connection with chemical productioa
from sea water and may be of financial importance. Then
each compound may be looked at separately from the poiats
of view, which determine the possi bilities of their pro-
duction in this country. Those points are primarily three:

1. Technology
2. Rawv materials
S$. Markets

From a techaical point of view one may investigate wvhether
& is possible to produce an element or a chemical compound
from sea water. In many cases such processes are kaowm
although they have not been fully tried and require ale
terations for Icelandic conditions. From the poiat of
view of raw materials the constituents of sea watr and
wvater from the drill hole amd alterations thereof, are to
be considered. In this commection it is also of importamce,
wvhich additional mterials and production aspects are
aeeded for the production, and whether those may be ob-
tained iuexpensively in this couantry or from abroad.
Market possibilities for the compound in this coustry aad
abroad are studied, or whether a market may develop in

he near future. iIn some cases the compound is a factor

in the production of other compounds, without it baimg
saleable itself. iLuuws, one may study the possibilities

in gemeral without goiag into details or estimating direct
fisancial gains and the study is them narrowed considerably
to a2 smaller proup of compounds. In order to estimate
further their production possibilities more oxtemsive
research is mecessary and in many cases cost estimates.



TABLR 3-4. MNATERIALS WHICH MIOET BE PRODUCED FROM
SEAVATER OR BRINE AND POSSIBILITIRS OF UTILISATION

Produstion premises

Material Yormula Techaieal

Sodium metal Na ¢+ ¢
Salt NaCl + +
Sodiwm bicarbomate NaRCOq + *
Sodiwm carbonate NagCOy + +
Sodium hypochlorice NaCl0 + ¢+
Sodium chlorate NaC103 * ¢
Sodium hydroxide NaON * ¢+
Sodium suliaie lu,lo‘ ¢+ *
Borax llzl“o7 - -
Sodium thiosulfate Nag 8204 + 4
Sodium peroxide lu,oz ¢+ +
Potassium metal K + L4
Potassium chloride EC1 * ¢+
Potassiwm hydroxide KOH + ¢+
Potassium carboana.e l,cu. ¢ *
Potassiwm chlorate KC10g * +
Potassium perchlorace xcm. + +
Potassium suliaie K380, ¢+ ¢+
Potassium aitrate KNOg ¢+ ¢+
Magnesium wmelal Mg ¢+ +
Magnesium oxide NgO * ¢
Magnesium chloride kCl, ¢ ¢
Nagnesium hyéroxide &;(o.)’ ¢ ¢
Nagnesium sulfate NghO ¢ -
Megnesium broaide ighrg L ¢
dagnesium carbonate l;ma ¢+ *
Calcium Ca L ¢+
Calciwm chloride CeClg ¢ ¢+
Gypoun CaBO, ¢ ¢
Calcium carbeaste caco, * ¢+
Calcium omide Ca0 ¢+ ¢+
Chlerine Clg + *
Bromine .’ ¢ ¢

Raw materials Narkets

*

4

* ¢ ¢ 8 ¢ 3t St it
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TABLE 3-4. MATERIALS WHICH MIGHT BX PRODUCED FROM
SEANATER OR BRINE AND POSSIBILITIES OF UTILIZATION (comt.)

Material Formala Production premises
Technlcal Xaw ma '!‘o’ﬂ'u"!.’ Torkets

Hydrochloric acid BC1 + + :
Lithium Li ) - +
Boron B - - +
Iodine l, - - +
Fluorine 4 - - +
Carboandioxide co, + + +
Stroatium r - - +

In table 3«4 the elemsnts and compounds covered ia this
prelimisary study are listed with grades given to the materials
based on the three factors previously mentioned. The grade
is + (plus) if the production possibilities are positive, based
on a particular point of view, - (mimus) if it is negative, and
L 1f it is doubtful. Materials with one or more mimuses, ia
this evaluation, are droppod and not considered further at
this stage. The other chemicals, which can be coasidered doubte
ful or positive, are studied somswvhat further and discussed
separately.

It would take too long to explain each individual grade.
It is also possible with a minor study to test the validity of
each of the grades, if it is fouand doubtful at a later time.
Certainly conditions san shange, for example it is not unlikely
that a method will be discovered for the production of lithium,
boron, iodine, or evea fluorine from such thin solutions as
sea water or water from the drill hole, but one should certainly
keep ones eyes open for those possibilities ia the futwre.



e ll =

4 CONCLUSIONS

41 Production go-ubi lities

From table 3=4 it is seen that of the 40 materials
considered, there are 28 which at first sight seems possible
to produce in this country. For coavemience those chemicals
are listed in table 4-1., Of those chemicals there are only
four: Salt, magaesium metal, magnesium oxide and bromine,
which are commonly produced from sea water, but besides that
mgnesium hydroxide and magnesium chloride are important
steps in the production of magnesium metal.

Although sodium compounds are im general not produced from
sea water salt, there is techmically mo objection to the
production of sodium metal, chloride, chlorate, hydroxide or
peroxide and such production may be beneficial in many ways
as the sea water salt can be produced purer than rocksalt,
which in gemeral is used.

Besides those there are other materials such as potassium
| chloride, gypsum and others, which must be studied because
of special conditions in this country.

8till other chemicals, such as calcium chleride, might be
obtained as byproducts if desired. In gemeral, these chemicals
are not recovered however during such production, as they

my be obtained at a lower cost by other methods, but iam

this country they might most likely be competitive with
imported material.

4-2 Orggtntion of chemical production

Although the possibilities of chemical productions are
several as stated above, it is not likely to be fouad
economical to produce but a portion of those mentioned. The
production processes will then govern what chemicals are
obtaimed. 1t is therefore important to select those materials
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asd processes which give the greatest capital gaia.

The materisls, which might be produced caam be divided in
three main groups: PFirstly basic materials or main
compounds which are the prime sales products aad on which
the production is based. Im this group are for example
magresiun oxide, magnesium metal, salt and potassium chloride.
In another group are secondary materials,that is materials
which are necessary as a production step im the production of
the basic materials. In this group are chlorine,calcium
oxide, hydrochloric acid, magnesium chloride and magaesium
hydroxide and posaibly sodium hydroxide. In general these
materials are not intended for sale as such, although their
sale is possible if comditions allow. For example it is

mot unlikely that chlerine and hydrochloric acid might be
saleable if a considerable domestic chemical industry were
developed,

In the third group are those materials which are obtained as
byproducts in the productiom of the above seationed materials,
or might be produced from those materials because of spegial
conditions. 1Im this group are gypsum, calcium chloride, all
chlorates, hypochlorites and perchlorates, sodium metal,
sodium peroxide, bromine and carbom dioxide. This last group
can be of :omsiderable importance for the economy of the
production and helps spread the production cost.

This grouping is not very definite and some of the materials
could belong to more than one group. Thus sodium hydroxide
might both be produced for use in the chemical productioa

as well as for sale on a domestic market. It is also poesible
that materials such as chlorates and peroxide would be
fuadamental for the production and would therefore have to

be grouped as basic chemicals.




TABLR 4-1. MATERIALS WRICE MIGET BE PRODUCED IN
TRIS COUNTRY

Material Formuls Remarks
SALT NaCi Produced from seawater
NAGWESIUM METAL Mg Produced firom seawater
MAGNRESIUM (X IDE MgO Produced irom seavater
BROMINE rg Produced froa seawater
NATRIUM METAL Na Produced from sodium chloride
SODIUM CARBONATE NagCOg Produced froa sodium hydroxide
SODIUM KYDROX IDE NaOl Produced from sodium hydroxide
SODIUM NYPOCHLORITE NaClo Produced from sodiuam hydroxide
SODIUM CHLORATE NaClOg Produced from sodiua hydroxide
SODIUM PERUX IDE NagOo Produced from sodium metal
MAGNESIUM HYDROXIDE ug(OR), Intermediate product during

Mg production
MAGNEZSIUNM CHLORIDE IQCI2 Intermediate product during

Mg production
NYBROCHLORIC ACID Kl Intermediate produci during

Mg production
CELORINE (!1a Produced froa sodiua hydrozide
CALCIUM OXIDE Ca0 Produced by heating of lisestone
CARBON DIOXIDE C0, Produced by heating of limestone
POTASS10UM CHLORIDE KC1 Produced from drill hole wvater
POTABSIUM CARBONATE K2C04 Produced from drill hole vater
POTABSIM CRLORATE l(:m3 Produced from potassium chloride
POTASSIUM PRERCELORATE 10104 Produced from potasaium chloride
POTASSIWNM BULFATR K380, Produced from drill hole vater
POTASSIUM NITRATE KNOg Produced froa drill hole vater
MAGNESIUM CARBONATR l(&, Produced from magnesium hydroxide
CALCIUM CELORIDE c.cn, Produced from seawater
oYPSIM Calo‘ Produced froa seawater
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In order to indicate how a coordinated chemical production
from seawater can operate and the relation ot one compound
to another, flow diagyrams 4el to 4=3 are enclosed. The solid
lines show possible production processes in the main factory,
that is in that part of the process, where the main compounds
or elements are produced as previously explained. These
materials are potassium chloride, magnesium and salt.
Produciion of secondary compounds, vhich are obtained

more or less automatically, such as caustic soda, gypsua

and bromine, are also shown by solid lines. Production of
those secoandary coapounds, vhich require special atteantion,
are shown by broken lines. Other production possibilities
than those indicated in the main production are also shown
by broken lines. Thus soda (NagCOy) can be produced from
caustic soda and carbondioxide, which are available, sodium
chlora.ec may be produced froam salt, etc. Instead of the
caustic soda produciion, which is showa in step 4 as a by~
product from chlorine production, sodium setal may be
produced by process 5, as shown, and froa the sodium metal
sodiun peroxide (Na 0,) can be produced. Which ome of those
processes would be selected depends on which by-products

are in yreatest demand and most profitable, It is importamt
that this matter be carefully studied.

The difference between the three ideas is based on a differeat
coordination of the salt production (step 1) and magnesium
hydroxide precipitation (step 3). On picture 4=l the
overilew liquor from the salt production is used directly
to strengthen seawater in the hydroxide precipitation.

In picture 4«3 the magnesium hydroxide and gypsuam are preo~
cipitated before salt is crystallized. Then the amagnesium
hydroxide is separated from the gypsum by carbonizatioa

and thus magaesium carboanate is obtained, but that is later
burned with shell sand and then a precipitate is obtained,
which is quite similar to buraned dolomite, but that agaia
makes magnesium hydroxide precipitation easier, as will be
explained later. On picture 4«3 the sal: is produced from
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A LIST OF PRODUCTION STEPS SHOWN IN PICTURES 4-1 10 4-3

18,

M

RXPLANATIO™S

Bvaporatioa and crystallisation of salt.
Calcining of shell saad.

Precipitat ion of h(ﬂ), by slaked lime.
Chlorime and caustis soda productioa.

Chlorine and sodium preoduction.

Rydrochloric acid production.

NgCl, by acédulation of Ng(oll),.

Buraiag of periclase from l;(ou),.

Magnesium metal groduction by elsctrolysis.
Potassium chloride productioa,

Bromime productioam by chlorimat ion of overflov liquer.
Soda production by carboaimation of caustic soda.
Sodium peroxide by buraing of sodium metal.
Sodium chlorate productioam by electrolysis.

Precipitation of lg(ON), and gypsum from comceatrated
seawater.

Separatioa of gypsum by carboaisation of .'(“’2'
Potassiua chlorate productioa.
Calocium cshloride produstion by evaporation of brine.
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geothermal water aloag with potassium chleride amd calcius
chloride by fractiomal crystallizatbn. Here the geotherml
water is evaporated completely and there is no possibility
of using the leftover fer strengthening the seawater in
the production of magmesium hydroxide or for the productiea
of bromine.

Many other possibilities are available. It is importaat
that as many processes as possible be studied and the ones
selected which are fouad to be most economical and utilise
the matural resources best. The various possibilities are
based both oa different production processes for the various
compounds, the coordination of the production processes and
also on the compounds to be produced,.

Production of the individual compounds listed im table

4-]1 is thoroughly explained ia appendixes, where the
technology and marketing of each compound is discussed,
Intermediate compounds, such as magnesium hycdroxide,
magnesium chloride, magnesium carbonate, hydrochloric
acid and carboa dioxide are nmot discussed, however. Ila
the foreseeable future there does not seem to be any
considerable market for those materials oxcept in the chemical
production itself. This can of course chamge, especially
ia the case of hydrochloric acid, which could become a
sales product, if a considerable chemical iadustry were
established in this country.

UTILIZATION OF CONDITIONS

The conditions of greates importamnce fer the economy of
chemical productioa from seawater are:

1. The country’s locatiom

2. Natural resources

3. 8ocial conditioas
Those ooanditions may be divided imto more categories, fer
example as follows:
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1. The couatry’s location

(1) distance from markets
(11) distance from rav materials
111) distance from competitors
iv) situation with respect to trade
alliances.
2. Natural resources

(1) the seawater
(11) salty water in geothermal areas
3“1) hydroelectric power

iv) @ othermal steam
v) shell saand
3. 8ocial conditions

(1) small population
(11) the mature of the cauntry’s
industries

(111) the country‘s economy
The relative effect of transportation cost om productioa
cost and competitive conditioms is in geaeral depemdeat om
the value of the product, or the material, which is being
traasported. Thus, valuable goods may be transported long
:istances without the tramsportation coset having any
appreciable effect, but it is mot ecomomical to tramsport
inexpensive goods loxg distances, unless necessary.

For those reaseas, the coumtry ‘s distance from markets las
RO appreciable effect in the case of highly developed
chemicals, such as mageesium metal or sodium, and for the
same reason the fisheries have never had aay appreciadle
difficulties due to distamces from markets, as fish products
are relatively expeasive goods.

On the other hamd, the productios of salt, gypsum aad pote
assium chloride im this country would to an great exteand be
based oa the fact that the cost of those inexpensive
chemicals is raised coasiderably when imported by transe
portatioa to this country and the conditions of competing
with foreign ceapetitors are improved.
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A8 rav materials for a chemical productioa from seavater
are all obtaimed in the coustry, distasces from the rw
material sources oanly effects the choiece of location eof
the factory ia this couatry.

Ot yrsater importancs than the geographical location of the
couatry is its relation to the various trade alliancss and
trade condicions 1a the possible trade areas. This must

be studied carefully in coannsction with markst research and
its sffect evaluated.

The country's natural resources sre rather undiversified.
Yet, their combination is such that chemical productioa
from seavater may have good possibilities. Beawater 1is

of course availabls in more places than here aad its
constituents not much differeat trom that found at other
locations. It 4s in most cases cleaner around tanis couatry,
however, and less contaminated by wasts thaa in general

at the coasts of the continents., Its salt coantent is alse
rather stuble outsids of the areas affected by the rivers.
On Reykjanes thers is a yeothermal area with brine, which
possibly could at the same time be a source 0f potassium
for fertiliser production and steam for heating, evaporation
and drying ia a chemical production process as the arsa

is located near the sea.

Insxpensive hydropower has for a loag timse been considered

a basic element for the future of cheamical production and
industry ian Iceland. It so happeas that in comnection with
chemical production from seavater, it is possible io co=
ordinats three productioa processes, which are based on electro~
lysis, that is production of magnesium meial, chlorine pro-
duction (along with causcic soda and sodiua wmeial) and chlerate
production. Rlectrolysis is the only competitivs process,

which is knewn for the production of those chsaicals,

and should therefore be promising from that point of view.
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The second most importaat rav material, which is mneeded,
berides seawater, is limestone or -~alcium carbonate. This
§8 obtained mostly in two forms: as shellmand (mostly
calcium carbonate) or dolomite (a mixture of 10=40%
magnesiun carbonate in calcium carbonate). Dow Chemicals,
Inc. in the United Btates, vhth is the largest producer

of magnesium metal ia the world, uses only shell saand,

but the British and Norwvegians dolomite. The magnesium
content ia dolomite leads to less seawater being used

and makes precipitation and filtration easier for various
reasons, for example because of & smmller water content and
better crystallisation. The shell sand im Faxa Bay contains
2.7F MgO, which is considerably less than in dolomite,
although that fact might be of benefit and must be studied.
In the overflow liquor from salt production there is coasfdere
able magnesium and that could be used to concentrate the
solution for the magnesium precipitation. This magnesium
content is comparabls to 11«127 magnesium carbonate cone
tent in shell sand and may prove just as economical as

the use of dolomite in o'her places.

Social conditions are primarily of iamportance in connection
with the fact that the small population leads to small dse
mands for most chemical goods and accordingly the smll
chenical industry demands only small quantities of such
basic chemicals as chloripne, caustic soda, hydrochloric
acid, soda, etc. Yet, there are a few concerns which can
utilize the production of a seawater chemical factory.

The fishiag imndustry must be mentioned first of all in this
coanection, but it uses salt for fish processing and salting
of herring, amounting to 50«60 thousand toms yearly.

Other users are f.ox. the semwat-factory, which uses
approximately 5.000 tons of gypsum yearly, the agriculture,
vhich uses approximately ¢.000 tons of potassium chloride
yearly, the diatomite factory, which vill use 1=2,000 toms
of soda, and besides those there is demand for other
chemicals to a lesser degree, such as calcium chloride




for dust biading of roads, etc.

Yarious social views also atfect the feasibility of chemie-
ocal productiom from seawater, without gomsidering directly
the fimancial economy of the industry. The great and die
versified needs of imports might make it desirable to pro-
duce in this country what is possible. Also, there is
always the need for newv export industries for obtaining
foreign currency and for creating diversificatiom and
stability. The utilizatiom of hydropower is a very importaat
task in the mext 10-20 years and one may expect chemical
production from seawater t o take an active part in that
development.

As my be seen from vhat has beea said, conditions other
than the small inland market, are in genmeral positive, and
it seems to be a good posmibility that those may be used
to make chemical production from seawater economical.
Where chemicals are produced from seawatesr in other places
the production is never as diversified as contemplated
here. In general magnesium @ tal, magnesium oxide and
bromine are the only chemical products and no posal bilities
are of utilizing the by=~products due to local conditions.
Thus, greater production ecomomy must be possible in this
country. The inexpensive geothermml steam aand electrie
power also seem of great importaace in improving the
competitiveness in foreign markets, snge it is of great
importance to study how these may best/utilized.

S8%E, LOCATION, CAPITAL INVESTMENT, ETC.

The size and capital investment in a factory for production
of chemicals from seavater, is primrily determined by quane
tities of main materials that are to be produced. For several
technical reasons it my for example be possible to base

the magnesium production on 16 thousand tons of metal

per year, or 30.000 tons of magenesium oxide. Domestic

demand for salt would allow approximately 60.000 tons per



yoar salt fastory and the denand for peotassiwm chleride
vas appresinately 6.000 toas last year. Ia acoerdance
with those figures it is possible teo produce 1.000 tons

of b aine por yoar and approxinately 8.000 tens of sodiwm
metal. Possidle preductiean of chlorate could be 10,000
teas per year.

In table 4=4 there are listed possidle capacity capital
investaent, eaergy requiremcats and preduct value of
several seavater processing uaits. One sees from there
that the total capital iavestmeant is over 1000 milliem
kroaur and the total production value over 800 millioms,
bamsed on the production of asgnesium metal, not nagnesium
oxide. It must be remembered, that those figures are ealy
indicating orders of mugnitude and éo mot take into acoouat
production processes ir detail. For example it is net at
all clear hov the production of potassium would be best
arraaged and therefore no figures are iadicated fer that
production,

Rlectric emergy sad/or geothermal hest are of impertance
in most of these processes as the figures ia the table

indicate, Those are factors, which along others, are of
importance in coamection with the choice of locatioa fer
the factory. Studies of location are of great importance

and are discussed especially in the chapter oa orgmisatiea
of research.
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INTRODUCT ION
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As mentioned in the begimning of this report, its objective
is to suggest mew fields of research conceraing the utilie
sation of constitueats in seavater around this couatry. In
the preceding chapters an attempt has been made (o narrow
the field as much as practical without the danger of throwing
avay possibilities which might be of economic importance.

At Lhis state we can only get far enough to conclude, that
obviously extensive research work has to be done and it will
take a long time,

In the following discussion all research coancerning goothermal
heat and electric emergy is excluded, although it is assumed
that the use of both is a factor in this study. Also, research
work concerning the increased upflow of salty water on
Reykjanes is excluded,

Befors definite research proposals are discussed, a few
concepts which will be used should be explained, and the
organization of research and selection of priorities.

DEFINITION OF CONCEPTS

Por the purpose of explaining the concepts which are used
bere, and concera the development of studies, prior uses
of such concepts as used in Iceland in similar cases is
explained below,

Prelininary research coevers studies, which on a broad base
ooncern rav materials, technology and markets. Conclusioas
are presented as preliminery estimates of capital iaveste
msent and operation, and as proposals of definite aveaues
to follow., This part of the work has been in the hands of
people who direct and coaduct research,
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Feasibility study is a more detailed eagineering develop-
meat of the main conclusions of the prelisinary research.
This estimats cam be a basis for resolutioas in firamcial
matters and can lead to conclusions concsaraing development.
This work has been done by engineering coasulitaants ia
direc. comsultation with special representativas o1 the
Government or parties tha. conduct research.

A final estimaie :overs final engineeriny desiygn, on which
dravings, financing and oryanization of operation can be
based. [his is sponsored by the parties, which are to care
for the operation of the snierprise.

Although only the firs.L stsp or preliminary rasearch refers
directly to research, it is nevertheless an important iteam
in all cthsse sisps. Proposals, presented later in this
chapter. are, howsvsar, prémarily based on the requiremeats
of prsliminary research and fsasibility study.

ORGANIEATION OF THE RESEARCH

Dus to ths broad and expeasive character of the research
sugyested here, it is important to list the tasks realistie
cally by priorities so that sach step in the research leads
to definits conclusions, which primarily deteraine thoe
development possibilicies and the economy of the eanterprise.
Then it is soon determined whether the uadertaking is
economical and largs amounts of money not spent on research,
vhich is of no use, 1if the idea is dropped. It is also
important to be able to discoatimue the work at all stages
of the research with the least poesible financial loes.

In che following rssearch proposals Lhose view points have
been deiermiaing as tar as possible, buct as the research
itself will lead (0 new priority ratings, ons sust always
have those facts in mind and reoriganise the vork acoordingly.
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Basically, ia the first priority group is research concersisg
the possibilitities of production and requirements along with
preliminary cost estimates. BSuch estimates must be reviewed
steadily at all stages of research. The second most importaat
item is market research, and thirdly rav materials research,
along with studies of location. Preliminary estimates and
feasibility studies usually shov what further research is
necessary and how it should be conducted.

PMELIMINARY RESEARCH

2) Preliminary estimates: At the outset a quite thoreugh
atudy must be made of the needs of the proposed productioa.
Quite accurate inforaation must be obtained about equipmeat,
water requirsments, labour, energy and rav materials for

the various processes, vhich are to be considered. On

that basis preliminary estimatea must be made of the capie
tal investment aad operatiny cost of the basic produciion
units,

Special atteation should be paid to iaciors concernia, the
production oi:

1. Magnesium hydroxide

3. Magnesium oxide

3. Magnesium metal

4. 8alt (a review of former estimates)
5. Broaine

6. S3o0diua metal and sodium peroxide

7. Potassiua coapounds

8. B8odiuam chlorate

A comparison of production processes must be made vhea
more than ome process is possible. Also a coaparison of
conditions eajoyed by present producers and tbe conditions
in this country.

These preliminary esiima.es have .wo purposes. PFirstly
to determine wmore precisely iiie possibilicies which are
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available, and their ecomcmy, before proseeding further.
Secondly, it determines necessary research projects and

in what order they shall be exmecuted and how interpreted.
Preliminary estimates are thus a necessary tool at this
preliminary stage to make it pomsible to detersine whether
work should be continued on a particular project at each
stage and thus save a lot of money, if the estimates indi-
cate the project to be uneconomical at an early stage., For
these reasons the estimates must always be reviewed ia
order to give a 3ood view of the whole work.

darket research: In the beginming a Quite thorough market
study must be carried out coaceraing all the sain materinls
proposed to produce ia order to obtain information as 1o
the size of the market, its growtih, a possible share of the
market, which domescic production might gain, aiso informe
ation on market prices and market behaviour, competitors’
production, form of the product, eic. Also carifm must

be carefully studied in the possible market areas, and
marketing possibilities must be investigsied by meeiings
with important parties abroad. Markei research abroad should
especially be concerned with c(he following productioa items:

1. Magnesium oxide

3. Magnesium metal

3. bNroaiae

4. BSodiua chlorate

8. BSodiua peroxide

6. 8Sodium metal

7. Potassium carbonate

Domestic market studies should only concern salt to hegin
with and the needm of the various users of salt mtudied
thoroughly. One must separate the uses of salt ia fish
procemsing, salting of herring and food produciion and
account especially for demands on quaatitity and salt pree
perties made in those fields. It must also be investigated
what the various users pay for the sal:.
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e) Rav material: The main rav materials used ia the pre-
duction of chemicals from seavatsr ared seawater aad
shell sand. The saltiness is of great importangce coa-
ceraing the seawater, but mining coaditioas and chemical
composition in the case of shell sand. The following
proposals are made:

1. Salt comtent studies should be started agaim at
locations which seem most likely to be oif economic
importance in connection with this matter. Samples
should be taken coniinuously for two years at the moSt
important places. The saliiness of seawater at the
Reykjanss peninsula shall Lbe oane of the fields studied,

At the geothermal area on Reykjanes,an upflov of hot
transforaed seswater is found. A part of this field
of study is to keep track of Lhe amount of chemical
constitusnts found in this salty spring water.

3. Soell sand mines known in this country saculd be
studied in ordsr to obtain inforsation on ths quantity
of shell sand, mining conditions and properiies of the
rav material. It should be pointed out that extensive
research of this nature took place in connsction with
the foundation of the State Cement Factory and the cone
clusions of those studies are vithout doubt available.
On the other hand, it is assumed that mors extensive
studies are nov necessary and that samsples should be
obitained frowm mors than one placs for examination,
Plans should be made for the mining of shell sand at

a definite place or places, as vell as estimates of
transportation costs to factoery.

d) Location of a processing plant for ssavater: The research
work will be greatly facilitated by determining early

the location of the proposed plant. Main points for
engineering consideratioa are!
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1, Trassportatioa of rav uaterials aad vater

3., Trassaission of heat and electric emergy

3. Traasportation from the plant

4. Coatamination

5. DPerseanel and conditione for the comstructiom of
living quarters

6. Factors in the production requiring comparable
conditions

7. Availability of various services for the plaat

Determination of location must be coordinated, however,
with research on raw materials and other important
studies previously mentioned., Attention is brought to
the method of studying single factors individually asd
finding which locations are excluded thereby.

Process engineering research: As soon as the above
mentioned research work warrants, it is necessary to

study thoroughly the quality of the available raw
materials which are available in this country. Ia a
broad way, they are already kuown to be sufficieatly
good, but their quality ia finer details is of course
not kaown and therefore not clear if or which special
measures must be takeu which could improve the cone
ditions,

For this purpose experiments should be planned, with
the aim of producing a few kilograms of the basic
compounds. At this stage it is clear that at least
the following experiments should be made:

1. Burning of shell sand. Determine the activity of
the lime.

3. B8laking of lime from (1) in {resh water and sea-
vater. Investigate separation of sand.

3. Study precipitation of Mg(OH)g from seavater with
slaked lime from (3). Study influeace of temperature.

4. Study settling and vashing of l;(OH,)2 from (3) at
differentL teamperatures and pH {iavestigate influeace
of NaOQil).
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8. Determine rate of filtratioa of I;(OI), trom (4) at
different Lemperatures and pN,

6. Calocine lg(OH)z to produce magnesium oxide.

i, Acidulation of lg(Oﬂ)2 and bench scale production
of magnesiua chloride suitable for production of
magnesium metal.

8. Comparison of results of studies 1 to 7 with seme
studies conducted wiith dolomite instead of shell sand.

. Crystallisation of salt from ibree=fold concentrated
seawater,

10, Siudies of precipiiaiion of sulfate and !5(03)3 from
wother liguor from (9).

11. Studies of using Mg(ON); from (10) as seed for the
crystallization in (3).

13, Studies of using mocher liquor from (10) Lo come
centrate seawater in (3).

13, Studies of potassium coapounds production froa coa=~
centraited and iLransiormed seawater with c(he aid of
la(Ol), and COy.

I. shouid be siressed .hat these studies should all be
conducted in this country among other things to gain
experience in this field.

This preliminary reseasch work, which now bas been explained,
will lead L0 revised preliminary estimares, which one would
expect L0 show whether chemical production irom seawater is
an economical undertakiny and as well as the most econemical
sise 0of the plant and its general arrangement., The next

step in the development, 1if continued, will be a preliainasry
capital estimate of the plant and its operating cost,

FEASIBILITY BTUDY

The feasibility study can be in many parts and steps, whieh
develop automatically. In general the proposed productiea
will be divided inte definite fields, primsry productioa
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and secondary production and the details of each field
studied thoroughly. It is likely that the division of the
feasibility study will primarily be based on normal stage
developmen!. of ine chemical produciion as an enterprise.
At this acage definice machinery and equipment to be used
in ithe production will be siudied aad experiments msde in
coopera.ion with those that would supply cthe machinery.
fnen ruw materiai, markets, iLechnoioyy and economy will be
studied carefully, sand cerisin basic decisions conceraing
locatlioa, production metbhods and produciion forms made.
When Lhe preliainary eéstimsies are on a 1ira groumnd msore
or leas, it is (Lime (0 estsblish a company around the
planned uaderiahinga and operacion, and start looking iato
the sale of the product,

ESTIMATRD EXPENSE OF IHE PRELIMINARY RESEARCH

The imporcisuce of the preliminary researcia [or an econemic
evalua.ion of the production possibilities, makes 1i¢
obvious chat this work will cost cousiderable money. As
a8 irdication i¢ may be mentioned ithat the i(ecanical
feasibility etudy is esiimsited to cost approximacely 1%
0f the capital invesiment or approximately 10 millioa
kronur in this case. Besides this,basic resear.n .. raw
maierials is necessary, which would also cost much money.

The icllowing estimate of the cost of the preliminary
research is based on only the main stages of the chemical
process being conaidered, ua explained above, and that
various other items belongimg to the preliminary research
be considered wvhen they come up. The following estimate
does therefore only cover the first stsge of the pre-
liminary research. ’
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=l, APPROR COST BST FOR TER FIRST W7 or A
PRELININARY RESBARCH

Thousand kroawr

Preliminary estimates 1.200
Market researct 800
Rav materials research 600
Location 150
Process engineeriag research 1.200
Miscellaneocus 400

TOTAL thoussand kronur 4.150

The expenses involved in other parts of ihe prelimiaary
research should not exceed 6 million kronur.

The coat of the feasibility study depends on the proe-
duction stages Leing cousidered and hov much is covered.
It is reasonable to estimate 3% of the capital investseat
for such work,

TIME PLAN

At this stage it is not possible to give an accurate time
plan for individual steps in the above meationed work., Oa
the other hand, it may be possible (o state approximacely
the time required for the various stages of the developmeat
work,

To start with it may be estimated, that the preliminary
research, described above, would take tvo years. But

before that time has passed it is possible to start work

on the feasibility study, vhich may be assumed to take

tvo to three years. Thus, it may be eostimated that the

cost of these parts of the iavestigation would be spread over

yoR Y




4=8 yoars and it may also be assumed that after appreximately
t90 years defiaite cemclusiens vill be available coaceraing
the foasibility of chemical productioa frea seawater.

From che description above, many will possibly find chemical
production froa seavster a quite extemsive undertaking. It
is 8180 clear that such an indusirial complex would net be
completely erected overnight. One of the wost import fields
to be studied in this connecition is, therefore, bhow such aa
enterprise can be erected in steps, both as concerns imdi-
vidual processes aad also productioan quantities of each
step.

Ia the beginning it is for example possible to produse oaly
nagnesium oxide and salt as main compounds. Thus only pre-
cesses 1, 2, 3 and 8 on figure 4=l need to be developed ia
the beginning. Later on, production of magnesium metal ceuld
start and could be iacreased gradually as the sarket situ~
ation demands. The production of potassium carbonate could
also begin aloang vith magnesium oxide and salt productioa

or later as found practicsl. Production of other chemicals
could then be initisted as markets and finsncial means allow.

When the productioa is deveioped ia such siages, one must be
careful noi 1o loose sight of the oversll organisatioa,
because the final ecomomy is to an great exiend based oa

the complece eaterprise. Thus, the wvhole produciioa prograa
sust be plamned in the beginaing, although it is developed
ia steps. Also the close relationship of the various pre-
cosses must be kept in mind, such as when materials frea

the salt production are used in the magnesium productiea.
Besides this,pumping and cleaning of raw saterisls is aleeo
common t0 the processes. The use of geothermal steam and



electric emergy is closely iaterrelated ia the whole pre-
duction prograa and makes possible a good utilisation ef
these energy sources and the equipment required ia that
connection. Thus the same transmissioa lines and pipes,
transformers, etc., can be used and also heat left over
from one process may be ussd in another process. Froa this
it is clear that it does not seem possible to separate the
production too much or io locate ihe various plante im the
produciion program at many differest places. Pesides in~
creasing expenses in construction and equipment, it would
make impossible various economic measures, which would be
possible within a closely interrelated plant area.

It is also clear from what has beem said that a chemical
production from seawater involves coordination in the wse

of imporiant sources of rav materials in the couatry and

the main energy sources, hydropower and geothormal heat.

The products could be expensivs goods whereby value of those
natural resources should be sx.racted ai a great profit.

From the appendixzes it is clear that the materials, which
have been discussed here and thought pessible to produce,
are in general steady in price and use and maay of them
can become a basis for an extensive cheamical industry ia
the country. Is some cases the growth of the market is
siroag. Ia appesdix II it will for example be seen that
the magnesium market is growing fast, faster than the
sarket for aluminum. Besides this, isteraational trade

in these chemicals is in general at a high value.

On the other hand, it might not be as clear Lo the reader
that the chemical processes uander discussion are compara=
tively easy from a techaical poiant of view compared to the
process industries ia general. The process steps imvolve



osaparatively simple chemical changes and in many cases
the various predusction steps are theroughly tried, under
oconditions similar to these existing ia this couwairy. Thes
it nay be nonticned that magnesium production is mueh
oasier frem a techaical poiat of viev than productiea of
elwminwm,

Froa all this it may be clear that this is an area which
seems (0 be well suited for an Icelandic chemical iadustry
in its iafancy. It requires of course much research wveek
before decisions can be taken, but that research can be
done by Icelandic personnel to a great extend, and thus
become the basis for increased techaical kmowledge in
Jceland 1ia a field of econcmic importance and thus libely
te lead to good results,
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APYRIDDX I, MMESIOM GXIDS

Magaesium oxide is produced by buraing anagnesiums hyéroxide,
which is precipitated from seavater or brine, and from
various solids, vhich are rich ia maganesium carboaate, such
as magnesite, dolomite, olivime and others.

The products are in many quality groups and types and the
groupiag depends oa the chemical oemposition and purity

and the crystal shapes of the product. The main contamination
in nagnesium oxide are magnesium carboaate, iroam oxide,
alminum oxide and lime.

The maia categories of sagnesium oxide are two, caustic and
deadburned. Caustic asagnesium onide is nrbtained by burning
at 7001000°C, so that the carbomate coateat as OBy is
approximately 3-7%. Caustic sagaesium oxide must be very
active and the buraing requires great care. The material
is 90ld as powder, similar to cemeat.

Deadburned nagnesium oxide is obtaiaed by buraing at 1480«
1800°C and thea all the carbonate is removed. The material
bocones dense and rather like slag and is hardly active at
all. The common deadburned magnesium oxide contains 65-85%
MgO, but socalled periclase, which has the same crystal
structure contains over 90% MgO and is obtained by buraing
at 1760°C. Productioa of nagnesium oxide from seawvater is
@sually aimed at produciag periclase because demands for
purity can thea easily be met.

PRODUCT ION PROCE.S

The main step in the production ¢f nagnesium oxide is heating
of magaesium carbonate or magnesium hydrexide (vhich for
example may be odtained by precipitatioa from seawater).
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The heating 18 carried out ia rotary kilas heated vith gas
or 01l at 700=1760°C depending on the use of the material.
The oil conswmption vhean periclase 1is produced is approxi-
mately Soco kg per toa.

Caustic magnesium oxide is primarily weed ia quick hardeaing
cemeat (oxychloride or serel cemeat). It is alse used ia
insulation materlals and im the productioa of other chemicals,
such a8 uranium, rubber, etc.

MARKET AMD PRODUCTION

The largest producers of buraed magnesium oxide ia the
world sre: Austria, Greece, United States, Jugoslavia and
possibly Eagland, although figures are aot available from
there (table 1-1). These countries are also the only ex-
porters of aay importance. Interanational trade amounts to
approximately 600700 thousand tons per year (see table I-3)
and that is approzimately half of the world productioa,
which thus is placed on the imternational market. The largest
importers are Eangland, Germany, Nuagary and Polland, aloag
with the United States, which is both aa exporter and
importer of magnesium oxide.

It is remarkable that the United States imports primarily
from Mstria, Greece and Jugoslavia and that import is
primarily deadburaed magnesium oxide or periclase. Import
from these countries to the Uaited States amsunted to

86 thousand toas in 1963 and not gquite 60 thousand tons
in 1084,

The Greek import to NHolland is approximately 30 thousand
toas per year (1063<84) and to Germany Grecee seld 31
thousand teas ia 1984,



1«8 PRICE BRAMVIOW

" The average price of burned magnesium exide (beth caustie
and Goadburned) is $44 per ton. A similar price is queted
in India. 1a the United States the price differs with the
types. Deadburned nagnesium euide is seld for $81.50 per
ton, but as caustic and ground powder it is seld fer
91«03 dollars per ten. The price of periclase is siniler
or approximately $86 per tea.

Nagnesium oxide, which is wsed ia the rubber and pharma~
eoutic industries is mueh more expeansive er frea $430

up to $1100 per ton dependiag ea purity and packing. Of
eourse, the market for swch materials is limited and diffie
sult te eater,
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Exportiag
souatry 1988 1989 1960 1961 1963 1963 1904

AVSTRIA
cawstic 81.000 88,000 98.000 95,000 96,000 94.000 100,000
deadburned 131.000 170.000 313,000 235.000 104,000 104,000 337.000

JUOSLAVIA
doadburned 383,600 58.000 63.000 56.000 €3.000 85.000 missing

WITED OTATES
deadburned ¢8.000 76.000 ©3.000 110.000 €5.000 70.000 71,000

GREECR
ceamstic and
doadburned 33.500 052,300 68,300 76.800 81,000 03.000 95.000

TOTAL 45,600 446.300 510,300 873,500 000 508,000 §503.000

From Statistical Summary of the Niaseral Isdustry, Leadea 1968
and Minerals Yearbeek 19064, V.8. Dept. of the laterior 1068,



TABLE I-3. INTERNATIONAL TRADR
JNPORT OF MAGNRSIUM OXI1IDE 1088-1964

Inpert
couatry 1968 1959 1960 1061 1963 1963

ENGLAND
buraed and
unburned

CANADA
caustic and
deadburned

BRIOIN -

LUKEMBURG

caustic and

deadburned 32,000 4.9800 3.000 3.600

FRARCE
caustic and
deadburned 25,000 18.000 22.000 34.000

GERNANY
caustic and 89.000 101.000 103.000 114,000
desddburned 70.000 56.000 98.000 178.000

BUNGARY
deadburned 46,000 43.000 65,000 59.000

ITALY
desdburned 14,000 17,000 33.000 37.000 30.000

BOLLAND
caustic and
deadburned 14.000 16.000 32.000 35,000 38.000 49.000

POLLAND
caustic and
deadburned 51.000 63.000 790.000 missing 134.000 122,000

SVEDER
burned and
unburned 1,800 1.400 5.800 4.800 7.000 9.300

UNITED STATRS
caustic 2.100 5,000 4.000 7.000 9.000 8.000
doadburned 71,000 138.000 103, 47,000 ©88.000 78.000 54.000

JAPAN
doadburned §6.000 111.000 98.000 01.000 68.000 31.000 19,800

TOTAL 494.600 608.900 703.500 760.000 614.000 650,000 794.300

Infermation from U.S85. Miserals Yearbook 1964, U.8. Dept. of the
Interior 1068 and Statistical Dummary of the Nineral Industry,
Leadoa, 1068,
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PRODUCT 10N _Fouu

Magnesium is produced as a 99,9 pure setal and sold ia
18 1b ingots. It is almest exclusively produced frem
seavater or brine.

Magnesium metal is ia general produced as follows:

a)

»)

e)

Nagnesium is precipitated as magnesium hydroxide
(4g(0N)g) by slaked lime (Ca(ON)g), which is obtaimed
from buraiag shell sand or dolomite.

After filtratiom Ig(ml)a i8 is transformsed iate a
magaesium chloride solution by an 10% solutioa of
hydrochloric acid.

The magnesium chloride solution is then conceatrated

by evaporation, magnesiwm chloride crystallised from it

4)

a)

»)
e)
4)

and dried in a rotary dryer.

Flaked magnesium chloride is placed in electrolytic
cells, where the metal is formed 99,90 pure at the

cathode, but chlorine gas at the amode. The chlerine
gas is wsed for the production of hydrechleric scid.

saia facts about the production are:

Rlectric emergy requirement is 17,6 kwh/kg metal (direct

eurreat for elestrelysis)

Voltage is 6,8 volts per cell
Coasunptioa 0f carbemslectrode is 0,1 kg/kg of metal

The life of the cells: 500 days for the fire clay cells
1000 days for the steel cells
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e) The cells are hested by electric emergy or fuel.

1) Difficulties: DBorea and irea ia the electrolyte cause
difficulties for the operation.

It nay be nentioned that the magnesium coateat of the lime,
which is used for the hydroxide precipitation, is of grest
isportancs a8 it forms w nuclei, on vhich the magnesium
hydrexide caa precipitate.

Magnesium is the metal with the lewest specific weight of
those used in any appreciable smount. Its specific wveight
is 1,8, but for comparison the specific wveight of alumimmm
is 3,8. By streagth and weight it is less expeaasive tOo wse
nagaesium for nany pwposes than any other metal. Besides,
it is easier to work nagnesiwm than aluminum and thersina
11¢ coasidorable savings. The metal is rather soit pure
and not very stroag, but in a mixturs, for exmmple with
alminum, it caa fora a very stroag msterial, usabls ia
structural beams, stc. Magnesium is among other thiags
used in ths followiag products and industries:

a) Astomobile and aviatioa industry

») Ia alloys (vith slumisum) for structwral beams

¢) For metal casting of small items (letters, typewriters,
ete.)

d) Por cleaming and production of iron and scarce metals,
for exammple titaniwm

e) In flash bulbs for photography sad ia firevorks products.

PRODUCT 100 BERAVIOUR

Production and use of nagnesium became first apprecisble
during Vorld Var 11, vhea approximstely 100 thousand toas
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were used yearly in airplanes and fire bombs. After the

war the preduction dropped te 10 theusand toans, but ia=~
ereased again to over 100 thousand tons duriag the Korean
war., After the United States had built up a large storage

in 1987, prices and produciion decreased sharply. Since

then its use has increased steadily and at a greater rate
than the increase in the use of aluminum, that is 10«14% yearly
compared to 7,5% fer aluminum. The world production in 1964
was semevhat over 150 thousand tons (see table II-.1 (M3l1)).

In the United States a great increase in the uses and
production of magnesium is expected and various coupanies
have made knowa their plans for construction of aew
factories or additions, wvhich altogether cculd increase

the productien there over 100 thousand tons (see table II=4),
s0o that the productioen capacity would then be 410-320
thousand tonms,

In Western«Burope, Norway is by far the largest preducer
of magnesiaom and the Norvegimms sell nearly all their
production (23.700 tons in 1964) to Germany. The Norwegiaas
intend to increase their production of magnesiua by 100%
in the next 10 years. Other countries in Burope ocutside
the Seviet Union preduce neglicable ameount of magnesium,
except EBngland and Italy, which have produced each over
5000 tons per year for some years,

INTERNATIONAL TRADE

In table Il-2 and II~3 one sees that internatiomal trade
in 1964 smounted to 80 thousand tens. Norvay aand the
Uaited States are the largest exporters and both sell
nearly all their export to Germany. Caasda sells apprexi-
mately 6,000 tons yearly mestly to RBagland, it seems, but
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the English eupert on the other hand finished magnesium
goeds and alloys corresponding to 3000 tons of aagnesium.

Froem the tables it is seen, that the largest markets for

oxported nagnesium sre ia Burope aad that most of industrial

countriee in that area sxcept Germany use small amouants of
Ragnesiua as yet. In the German market the Volkswagen
Ifactories are of greatest importauce, which indicates
what influence &f the automobile industry could have if
it started using aagneeium metal in increasing mmouats.
The Opel factories ia Germany and Vauxhall in England are
reported (M20) to have such plans in conneetion with new
transaiseion casings. This would open up a market for at
least 85000 toms yearly, but production of gears such as
Volkswagen does would create a market of approximstely
800,000 yearly im the U.8. sutomobile industry aloame.
Aocordingly the total world aarket could become approxie
mately 1,5 million tons at the ead of the next decade.

Although those figures are mot to base estimates on, they
indicate nevertheless the poesibilities ia the nagnesium
futwure,

PRICES AND PRICE BRNAVIOUR

After the United States Goverament etoppod stocking the
sotal and the market came normal again around 1956, the
Price of magnesium became steadier in the United States
and has been approximately 36 c/1b in smaller lots, but
down to 30 c/1b in larger gquaantities. Oa the European
market the price is somsvhat lower aad the Yolkswvagen
factories are believed ¢¢ pay approximately 36 c/1b, or
$373 per ton, compared to $660 per tom on the U.5. markst.




it 1s believed that the priece nay érepp seasvhat and
Chemisal Veek (MBO) delieves that a price of 88 ¢/1b
vill bo the appreuinate narbet priee in the United States

after 1970,
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TABLE 11-4
BSYIMATED PRODUCTION CAPACITY IN THE UWITED STATRS W 70 1070

Start of
Cerporation Bine production Lecation
ALABAMA MET. CORP (ALUMBY) 7000 t/year 1965 SRLMA, ALA.
NBLCO DIV, OF CHAS,
PPISEER & CO. 8000 t/year 1968 CANAAK, COWN,
DOV CHERM, CORP. 100,000 t/year 10686 PREEPORT and
incl, old VELASCO, TIX,

BATIONAL<LEAD, HOOKER
CERMICAL, B~k OO, 30,000 t/year

RARVEY ALUMINIUM 20,000 t/year

1968690 UTAR-PACIFP, N.VW,

UTAR-PACIF. NV,

EAISER AL, & CHRM, CORP, 20« 30.000 t/year atter 1070 UTAB-PACIF. N.V,

DOW CHEMICAL CORP, 35,000 t/year

TOTAL 210-320,000 thousand

1970 UTARPCAIP. K.V,



APPREDIX III. BSALT

I1l-1 PRODUCTION FORM

Balt productioa ian this couatry wvould oaly be inteaded fer
domestic use. Four types of salt are being used in this
coumtry.

1. Food salt or table salc is uaed to a sasll degree. It
consists mostly of small crystals and is packed {a
consumer packings of 5 kg or less,

3. JFeed salt is imported in some quantities, in several
different compositions for the various domestic aaimals,
containing trace elementa.

3. Mediua coarae salt for salting of herring and use ia the
food industries is imported in coansiderable quantity.
It should be as clean as possible and especially not
contain copper, cslcium and sagnesium to any deygree.

4, Coarse aalt ia used in this country in great quaatities
ior fish processing. Puriiy must be comparable io salt
from 8Spain, where the sodium chloride content is froa
93,5 to 88%, and the cryatal aise such that approximately
60=/0% of the aalt 1a yreater thamn 3000 microns and a
considerable spread ia the cryatal size is necessary.
S.rict conditions prevail regarding the copper coatesmt
of the malc, as copper can cause yellow spota in the
iish. The copper content sust not exceed 0,3 parts per
million and preferably nothing.

It is considered desirable that tbe coarse sslt be with
sinor quancities of secomdary saterials. fhus experie-
meats in cais country indicace chst a csicium oosteant wp
t0 1% and magnesium coateat wp 10 V,5% give a alcer color
to stock 2ish (it becomes wahiter). On the other hand, wet
aalied iish is better processed by the use of pure salt.



1513

1518

PRODUCTION PROCESSES

Of the various precesses used for the preductien ef salt,
enly low pressure evaporation of seawater er brine will be
censidered here., By that nethed twe types of evaperaters
or evaporating systems are used.

1. Multiple effect evaperaters
4. TFlash evaporators

The first mentioned have been used im evaperatiea fer

aany years and seme types are highly develeped. The latter
type is rather new, bui has cercain advantages abeve the
other, for instance 18 royards scaling probleas,

A previous estimate of salt preductien has been made

based on the use of multiple effect evaperators, but the
advant ages ©f flash evaperaters have noet been studied in
detail yet. Extensive research work has been carried eut
in cmnection wvith evapeoration of seawater fer the Offiee
of Saline Water im the United States Departaent ef Iaterier
and those should be carefully studied.

Crystallization ef salt frem a satuwrated liquid is a wvell
known unit eperatien and ne special innevatiens seem te
have develeped in the field in recent years,

Use of salt in this ceuntry has beea discuseed previcusly
(11, I 6). Table 11l-1 shove the impert of cearse aand

nedium eoarse salt for the years 1930 te 1965, It is seea
that the use of salt has deen steadier ian the last decade



XX3=4

than during a simnilar peried befere. Frea 1983 it has

not been belew 40.000 tons per year and in mest years above
80,000 tens per year. The average censumption fer the years
1980-1965 is 50.617 and for the years 19681968 it 1is
52,940 ctons, It must be remembered ihat salt production

in (bhis ceuntry weuld primarily compete wiin salt imported
frea Spain and Italy, vhich smeunts to, according te Trade
SBtaliscics for the year 1963=-19653, approximately 88-90%

of the above mentiened amount. The rest is salt, obtained
by Icelandic fiehing vessels in foreign harbers and taken
directly te the fishing grounds, as well as salt fer
aslting ef herring frem Nervay, Bweden and Germany. Exe
cluding this last sseunt it is msafe to figure en at least
43,000 tons per year, vidch could be seld from a factory
in this country. If r magnesium factery were to be erected,
along with a salt faciory, one might assume that cblerine
gas required in the magnesium productien would be ebtained
by electrolysis of molten salt., Fer the productien of ene
ten of magnesium metal one can figure on half a ton of
chlorine gas being needed. If a magnesiun factery pro-
ducing 16.000 tons per year were established, approximately
13.500 tens ©f salt would be mceeded for the correspending
production of chlorine. Thus, the total demand for salt
weuld be approximately 60.000 tons per year. Production

of chlorine for other uses for example production of
breaine and ether demestic chemical industries weuld ine-
crease this <figure considerably. These peesibilities must
alvays be kept in mind.

PRICE BREAYV IOUR

The price % sunedried salt from Spain and Italy 1s
176=181 kr/ton (feb)., In this oceuntry average cif. price
of A1l impexrted salt vas 619 kr/ten in the years 18983-1068,



Sun=éried salt coet 308 kreaur per tea oa the sverage
duriag the smme pericd. Yedium coarse salt imported frea
Nerthera=Rurepe 1is consideradly mere expensive, costing
gpreninately 9001000 kr, per tea.




TM3 111-), DSORTS oF AT 1990-1008

Your Inperted salt Yoar Inported salt
toas Ltons
1930 86,970 1948 31,087
1831 6.319 1940 21.314
1933 07.881 1080 66,503
1833 113.008 1981 37.503
1034 70. 433 1932 35,489
1835 63.088 1083 83.104
1036 49,680 1964 55.878
1087 43,817 1988 85,002
1988 53,304 1956 70.166
1839 61.114 1957 83,439
1940 1/.603 1058 46,060
1941 16.613 1989 40.589
19048 13.141 1960 52.662
1943 1,078 1961 48,581
1044 10.379 1962 87,708
1945 5.890 1963 84.008
19468 30.198 1964 83,287
1047 43,307 1965 50.788
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APPENDIX IV, CHLORINE, S0DIM AND SOBIW CONPOUNDS
V<0

Vel
IV=la

In the production of nagnesium metal, one step consists
of the production of magnesium chloride (lgCla) from
magnesiuva hydroxide (Mg(OH),) and hydrochloric acid (BC1).
For the production of hydrochloric acid, chlorine and
water are needed. The chlorine will most likely be pProe

duced at the location as the most common production method is

electrolysis of salt (NaCl) or brine. In connection with the
ochlorine production it is possible to produce several other
chemiocals, such as!

NaOH (Caustic soda)

Na (Bodium metal)

NayCO, (Boda)

NagOg (8odium peroxide)
NaClo (Sodium hypochlorite)

One of the main difficuliies in the chlorine industry is
to get rid of the alkali byeproduct. l'he dsuands for
chlorine and caustic soda do noc by any means iollow
each other, and there is cverproduciioan oif caustic soda.

T™wo methods of electrolysis are possible. One is based

on saturated brine, obtaining caustic soda as a byeproduct.
The other method uses molten salt for the electrolysis,
obtuining sodium metal as a byeproduct, The choice of a
production method must to a certain degree depend oa the
saleability of the bye=product., Bach of these processes

end corresponding products are therefore studied ia some-
what more detail,

CW.0R INE
PRODUCTION FORM AND ORIGIN

Chlorine is a poisonous yellow gas, which is mostly proe
duced by ele~trolysis of sslt, Chlorine :as can oasily bde
condensed to a liquid by tae applica.ion oJ a pressure of



seaevhat less than § atacspheres.

IV-1b  PROSUCTION PROCESSES

There are two methods of electrolysis, as mentioned above:

1. Elecirolysis of brine
dNaCl + 3H30 — Clg ¢+ 3NaOH + By

There are two main types of electirolysis cells available:

a) Diaphragm cells
b) Mercury cells

Their difference is that in the former iype a diaphragm
separaies the chlorine gas from the caustic soda produced,
But in the latter cell mercury is present which combiaes
with the sodium and separaies it thus from the chlorine.

The sodium is later separated from the mercury using water,
and forming caustic soda and hydrogen as in the diaphraga cells.
The main advantage of the mercury cells is that a purer pro-
duct is obtained which can be used in the industry without
further cleaning. The mercury cells are on the other hand
more expensive than diaphragm cells and use more electric
onergy.

For the production of one tom of chlorine, 1,1 tons ot
caustic soda aad 33,5 kg of hydrogen the following 1is
aeeded, based on using diaphrags cells:

Salt 1,6 ton

Soda (NagCOy 58%) 35,5 k¢

Sulfuric acid (66° bé) 100 kg

Steam 10 toas (variable)
Rlectricity 3500=3000 kWh. (variable)
Cooling 0,9 t(ons

Laboar 18 bours

Graphite 5 kg

Voltage per cell 4=4, 8 volts



3., Rlectrolysis of moltea salt
3 NaCl » 3Na¢Cly

Cells available fer use ia this process are musch fover
than in the former process using brime. rn> cells will be
discussed in more detail in connectien with the productiea
ef sodium metal,

From the electrolysis cells the chlorine gas is lead to

8 cleaning tover where entrained lye and salt are separated
from it, Ii the chlorine is to be iransported from a facéery,
it must be liquified dy compression and cooling and put oa
tanks or steel barrels,

Velc W8E

Chlorine is extensively used ia various cheaical industries.
A 14ist of a fev of the maiu categories will sasificet

' Production of dissolving ligquids

Plastic and weaving materiale

Pesticides

Paper industry

Cooling media and ituels

Disinfectants and Lealth protection materials

In coaneciion with a coordinated ciemical production from
seawaier, a calorine ractory would primarily be establ ished
in comnectioa with production of magnesium and bromine, where
approximately bhalf a ton of chlorine is needed for each ton
of metal and three and a half tons of chlorine for each toa
of brouine produced. Based on 16.000 tons of magnesium per
year, 60,000 tons of salt and a corresponding amount of
bromine, or approximately 1000 toms, 11.000-12,000 tons of
ehlorine per year would be needed or somewhai lcss than

38 touns per day.




N

IV-14

Other éomestic uses of chlorine would be extremely small,
oaly appreximately #0-80 toas per year, and therefore aay
production above the demand stated above would have te
be exported. There are, however, various ditficulties
connected with the transport and handling of cblorine and
strong rules govera its ocean transport and it is by mo
means certsin whether transportation of large quantities
would be economi:>sl,

PRICE

The price of chlorine for the production contemplated here
would of course have to be comsiderably lower Lhan of
imported chlarine, but should be e¢asgly obtainable as the
gas would not have to be liquified or placed in tanks or
barrels nor transported ovar loang distances.

In the United Btates the price of chlorine in tanks is
approximately $70 per ton or kr, 3000.,« per ton,

The price of chlorine diffurs considerably mong expert
countries aad from one year to amother, The follewing
tablie shows imports and prices of chlorine by export
countries ia the last three years., As shown,last years

fob. price of chlorine was kr, 8,250 per ton in Bagland,
but 30.300 kr/ten in the United States, The veason for this
difference is wot clear, but is most likely due to differs
eonces in purity and packing.




A=88
Viel 1
Quantity FOB=price ClF-price

tons kr/toa kr/ton

100
IR ARK 24,4 9.438 11,880
GR. BRITAIN 34,4 4,000 5.120
WIITED STATES 8,68 17,600 19,180
Total 87,4 7,700 8.900

1984
DENM ARK 38,0 7.178 8.430
WITED STATRS 18,3 31,800 38,200
Total 47,3 13.500 15.380

1068
BENMARK 33,2 10,700 13,480
GR, BRITAIN 10,8 5,250 7.500
UNITED STATIS 12,3 30,3900 3,700
Total 46,4 18.800 17.980

IV<3 SODIUM WRTAL
IVe8a PRODUCTION FORMN AND ORJGIN

-

Sodium is a silver vhite and very active metal,. It is
produced from salt by electrolysis of molten salt.,

IV«8d PRODUCT ION PROCESS

In the electrolysis of molten salt, a sixture of 33.3%

salt and 66.8% calcium chloride is placed in the cells

and bheated above the melting point, The mixture melts at
ooo‘c. but the melting point of pure salt is, on the other
hand, 804°C. Whea the cells are emergimed by direct curreat,




e

sodiun netal is found st the cathede. By ocedling the
caleium chloride precipitates again and a 99.9% pure
@odium metal is obtained.

The most common cells in use are based on a British iaveatiea
(N320) and named after Downs, but differ somewhat in sime
and other details.

For the production of one ton of sodiun metal and 1,5 ton
of chlorine, the following is needed!
Rlectric energy 11.500 kv h/ton of metal (includiag
beat for melting $bhe salt)
Voltage 5,/ « 6,0 volts
Calcium chloride 40 kg
Temperature 600°C
Life of amode 300-3850 days.

It 15 to be nuiiced that ihe &£al. ia melied by the come

ductin, curren. i(hrough ihe ceclls and tlhus does noiL need
outside heating.

A nev type of cells for chlorine and sodium productioa has
recently been tried, and seem to have grest advasntagee (N14),
These cells use moltea lead instead of mercury and the
sodium metal is later evaporsted from the lead solution
iasieud of Deing obtuianed by hydrolysis. Tle cells, which
are aamed after S.echiman and are produced by Chlormetals
Inc., can also be used for the production of other alkali
metals, for exmmple magnesium and potassim and could be of
great advantage. The salt must be completely waterfree

vhen eslectrolysed, and the electrodes then last for s long
time., Those cells have a comparatively larger production
capacity than the Downs cells and require less space. The
further development of these cells should be followed decause
of the importance it may have for us,



A=217

Iveac U83

IV-34

IV=3
IV=3a

Sodium 1a used as a catalyst in the productioa of tetraetiyl
lead for use in yasoline. Also, it is used ia considerable
quaatities in the production of soap and for the production
of sodium bromide and sodium peroxide. Sodiua bas also beea
tried as a coaducting msacerial for high cension lines and
was found L0 be 4ood for chat purpose, but appreciable
amounis are as yei. not used for thia pumpose.

MARKET AKD PRICX

The msarket Zor sodium meial has not growa Iist during the
las: years. Yet the produccion in the Umited Btates in-
creased by 11% in 1964 or up to 136,500 tons, compared to
115.000 tons 1a 1963. Accordinyg to Chemical Veek (N17),
experiments are nov beiny made vith the use ot sodiwm ia
electric coaductors wich yood resulta. Che aajazine believes
.aat this could lead 10 coamsiderable increase in the uwse of
sodium and scates that a yearly increase ot 15.000 coas
would be a careful estimate,

It should be mentioned that from sodium metal aost of the
sodium compounds in use could de obtained and iis proe
duction is therefore not only dependent on the sale of
the metal itself.

The price of aodium bhaa been steady and ia now 17 ceats
per pouand sold in large lo.s or 375 dollars per toa.

CAUSTIC 8SODA

PRODUCT ION FORM ARD NETHODS

Sodiua hydroxide or caustic soda is produced as a by=preduct
during the production chlorine gas from brine. The méthed
of electrolysis has beea discussed earlier in coaneetion



with the preductieoa of ehlerine (IV-l). It may be added,
that the lye, which is obtained that way, is oconceatrated
by evaporatioa, the salt separated by crystallisation and
the concentrated lye further evaporated or cooled in such
a way that caustic soda is precipitated. The material is
then flaked or coarsly grouad, obtaining particles coataimiag
73 to 99% RaOH, depending on the intended use.
IV=3b U228

- Caustic soda is a basic chemical in various cheaical
indusiries, besides being used as a production aid without
participating directly in the chemiocal reamctions, as for
example for changing the acidity of wvater, for cleaning,
etc. A few industries usimg much of cawstic soda are:

Rayoa wveaving
01l refining

Paper industry

Veaviag industry

Soap produciion

detal production
Rubber productioa, eto.

Ivec MARKET
) Although caustic soda is in great demand, the demand for
chlorine is greater and increases at a greacer rate, There
is, therefore, overproduction of caustic soda in most
countries, and not much hope for export.

A fow means are available to make use of the caustic seda,
however. Firscly, it may be used for precipitatioa of
maghesiua hydroxide in magnesium productioa. The quantity,




IV=34

IV=4

which could be wsed that wvay, 1is difficult te estimate, as
experiments must be nade. Csustic soda coeuld presumably
replace slaked lime to a certain extent for ihis purpese.
There is also a small domestic sarket tor caustic soda.
Imports smount to somewhat more than 400 tons yearly, but
the form 18 not known or its uses. It is not certain that
it would be economical i0 produce a usable product for seuch
a small market. Lastly, caustic soda could presumably be
used as a rav material for soda production in this couatry.

The price of the caustic soda, which has been imported
has on the average been approximately kr. 3.800 per ton
fob., and approximately kr. 4./00 per ton cif. The price
in the United Btates of a /8% caustic soda is $114.5 per
toa or kr, 4.930 per toa.

SODIUM PEROX IDE

Sodiua peroxide is a light yellow hygroscopic powder whieh
absorbes water from the atomsphere and becomes snow white.
It is a 400d bleaching agent and used to bleach silk, weel,
cotton and for various industrial purposes.

It is produced by burning sodius metal in a special eves
at 300°C. Dry air is blowa over the metal in the ovan and
tbe purity of the material becomes approximately 93%. The
product is packed and sold in steel or nickel barrels.

Productiea of sodiwm peroxide in this couniry would primarily
be for export, Figures on use and interaational irade could
not be obtaimed for this material. MNothiny caa be reported
conceraning that at this stage.
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A=30

The price o2 sediua peremide ia the United States 1s
listed at 30.8 « 31.5 a/1b or dollars 4850=478 per tea.

SODIUM RYPOCHLOARITE

By mixing chlorine yas and csustic sods, sodium hypoe
chlorite is obtained by the reaction Clz+3NaOB—NaCl+Ng0
+%a0C1l. After concentration by evsporation the solutiea is
cooled and the hypochlorite precipitates.

Sodiwm hypochlorite is used extensively as s desiafectaat
and for saaitary purposes, for example in swvimming pools,
water vells, sevage dispossl uaits, slso in ihe processiag
of silk and various tood industries. It is also used as a
bleaching agent in vashing, in the linen and cotton industry,
the paper industry and many others.

As the production is rather simple, the msterial could
easily be produced on a sasll scale from left over chlorine
and csustic soda from the magnesiuam production, but sales
possibilities are uacertsin and wvould bsve to be locked
carefully iato.
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V-8

X v 108
PROBUCT ION FORM AND ORIGIN

Potassium chloride is made from mined smalt or brine. It

is so0ld s fine crystnls or powder, nearly colorlese. Ia
this country poiassiam chloride is used as u fecciliser

on grassland and other cul:iivaied laad. Iis ;rain sige

ang aales form would have .0 be based ou che means used ia
this coumiry for the spreadiag of fertilizers, I. is sssumed
that the K,0 content of the fertilizer is 50604 and its
price is baeed on that percentage. Imported potassium
chloride contains 350% K,0 and is in the form of fine crystals.

POT ABS1UN

PRODUCTION PROCESSES

The nosi commoa producilon process used is .ractional
cryscallization oif potassium :aiorlde {104 sodium or
magacsiam chioride, Tae weciwd is oased on .ne diftereaces
in the s0lubilicy of .ueme s8alis a. ditfereni temperatures.
Thus the solubility of the potassium caloride decreases
rapidly wich lower remperatures, bui. the solubility of
sodiua :hloride increases .t the same time. I. has receatly
been shown (K14) (hat vy dissolvang ammonia ia .he brine
the solubilicy oi the sodium chloride is increased, but

ine wolubilivy ol the potassium chloride is decreased and
the crystallixation ihus made considerably esasier.

Otborwise the fractional crysiallisaiion of the aaterials
is a well kaown process and used rll over the world,
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Ved

V=8

4=33

Market for potasssium chloride is primarily based oa its
wse a8 a fertilimer. Production of glase and soap sre
slso to a certain degree based om the use of potassium
chloride. In thie ceuatry its production would prinsrily
bDe based on itm use as fertiliser,

MARKET

In receat years considerable amounts of potassium chloride
aave beecn imporied as shovu du faple Vel., Luraug Lhe last
five years, approxias.ely o Luousand tous per jear have
been imported ou the auveraye aad Lue imporis have increased
sonevhal.

Poiassium caloride is asong ti.e wost faporcaat ¢i iatere
aational crade materials, its (rade asounciuy ic 2. least
8-3 willion tons per year (see tables V=2 aud V-3),

In Surope the larzest export countries are Beljium, Luxemburg,
France, Bpain, Germany (Bast and West) and the Soviet Unioa,
The Scandinavian ~ountries, Polland and Enzland lwport a
total of two million tons yearly. Norway alnane iuaports over
one hundred thousand tons a year (1963), If it proved,
possible to produca an sppreciable qaantity 2L potassien
chloride, there would be n large warket to compets for,

PRICE BEHAVIOR

The CIF price of imported potassium chloride has varied

from 1510 up to 2075 kronur per ton ia the last five years,
with an average price of 1805 kr, per tom during Lhat periocd.
At the same time the POB price in Esat-Germany has deean

1210 and up to 1618 kr/ton and the average price 1400 kr/tea,
sccording to Icelandic Trade Statisties.




A8 Vo)
JNPORTS AND PRICES OF POTASSIM CHLORIDE DURING THR YEARS 190001900

Year Inperts OB priee CIY price
tens kr/ten kr/tea
1989 1183.9 x 803 873
1960 3811.3 x 3170 1730
196) 3048.9 x 1813 2078
1963 83280.0 x 1370 1748
1063 4781.8 1210 1810
1004 5560.8 1340 1760
1068 6000,0 1618 1948

Frem Trade Statistics 19591968
Including other potassium salts
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Vi, POTASSIIM SALTS OTEERA TEAN CELORINS
INTROBUCT 10N

Potassium compounds may be obtained from ceaceatrated
seavater or brine by other methods than eveporatioa and
crystallisatiea of potassiwm chloride. BSeveral slightly
seluble salts of potassium are kaown, which ave been or
could be used as a basis of a potassium productioa by
precipitation. These nethods have that im commoa, however,
te be more or less in a experimental stage and would require
Quite extemsive research work ia this couatry before pro-
ductioa could be based oa them. Yet, the methods that seem
prouising should be loocked at more closely and also the
products odbtained.

PRECIPITATION OF POTASSITN MAGNESEUM PROSPIATE

Potassium may be precipitated from seavater as a nagaesiwm
potassiwm phosphate. This is a highly productive method
11 the seawater is conceatrated five times. Bp to 995 of
the potassiwm ia seawater can be caught this vay, and the
product is usable as a fertilimer,

The method is based oa haviag concemtrated seawater whieh
is rich in nagnesium. On the other hand, the het spring
vater, vhich potassium productioa im this couatry weuld
most likely be based ea, has a lov magnesiwm coateat and
for that reasoa it is mot likely that the precipitation
would be successful. It may be nentioned that approxzimately
5.000 tons of phosphereus fertiliser calculated as D.O' are
imported yearly to this couatry. If the potassium production
were based oa that amount of phesphorous, oanly about 1400
toas of potassium per year would be needed, which is a much
too small quaatity fer econemic produetion.
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POTASSINM SULFATRE PRECIPITATION

Potassium sulfate forms a slightly soluble cemplex with
calcium sulfate (gypsus). This fast could be utilised to
obtain the potuﬂh? calcium sulfate cemplex in addition
te sagnesium, by /addition of sufficient quantity of slaked
1ime. Calciwm chloride could also be added to the seavater
causiag a precipitatioa ef calcium and potassiua sulfate,
but 20 magnesium. It has 8lso proven advantageous to add
gypsum to the brine causiag a potassiwm salt to precipitate
directly, if enocugh sulfate ioas are presest.

It sust be remembered that the hot spring water, which the
potassium production would most likely be based, has a low
centent of sulphate ioas and it is not certais that the
potassium salt would precipitate without the additioa ef
such ions as for example sodiwm sulfate along with the
sypsun (this would be a research project in this couatry).

After precipitatioa the petassium sulfate is separated from
the calciwm sulfate by dissolution ia water and thea
crystallised from a nearly saturated solutios.

Potassium sulfate is used as a fertiliser aad imports

to the country, amouating to approximately 2.500 toms per
yoar. It say be pointed out that potassium sulfate and
potassium chloride may usually be used iaterchaangeably as
fertilimer and one material could be used exclusively
dependiang os conditions. The price of potassium sulfate

from Belgiwm ia 1964 was 3.830 kr/toa JOB and 3.080 kr/tea
cIr.
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DOTABSIUM CARBONATE PRBCIPITATIOM

Potassium carboaats has beea produced from potassiwmm
chleride solution by precipitatiag it as a double salt,
potassium magnesius carbenats and thea separating the
potassiua carbonate by hydrolysis. [he magnesiuam carbeaate
is used again.

Experiseats have imdicated (K123) that it is Lest to use
alkalise magnesium carbonate or mocalled magnesia alba,
which rssults in excsllent efficisncy of the potassium salt
production and much betier results than by the sulfate
precipitation described above.

Naguneaia 2lbs can easily be produced from magnesium hydromide
obtainable from a magmesium factery and carbonisatioa by
carbondioxide obtained by burnimg of lime, All the materials
neeoded would be thersfore most likely obtainable at the

smme place.

Poiassium carbonats could be used as fartiliser, but is
usually too expensive for such use. It might, however, beceme
compecitive ia thia country as a fertiliser, but possibilie
ties for export sse also present as potassium carbonats
produced a8 above is more valuable than potassium salts

from mines.

DPA-PRECIPITATION, POTABSINM NITRATE

It has been kaown for a loag time that potassium forms very
poorly dissolvable salts whea combifed with certain chelatiag
agents such as DPA (dipicrylamine). Such materiala have

such a stroang sffinity for potassium that otbher chemicals

as sodium end calcium do not precipitsts st the smme time,



ovea 12 they are preseat ia much higher conseatrations,
The precipitatien takes plase ia sa alkaline selutiea,
but by acidifying the precipitate the potassiwm is
separsted and foraus a salt with the acid used and the
precipitating ageat, ia this case DPA, is recovered ia
its original form,

By using mitric acid for recovering the potassium preecipitate,
potassium nitrate is obtained, vhich 1s a fertilimer in
high demand.

The limitations of this method are that the precipitating
agent is wvery poisonous and the process would require close
comntrol, The DPA is also expensive and would hsve to be
imported.

Attempts are being made to decrease the makesup requiree
ments of the precipitsting ageat and that work should be
carefully followed. It is also a limitation thst the

| aitric acid would have o be brougat to the plant, but
it could pessibly be obtained frem the Ferctiliser Plaat,

Iac., and a coeperatioa wita that concers should be possible
for this produstiea.

PREDIX _ VII, CHLORATES AND PRECELORATES
Vil-0 INTHOOUCTION

Chlorates and perchlorates are a growup of chemicals which
can easily be produced ia coamectioa with the productiea
of other cheamicals trom seawater. The main rav materials
are solutioas of sodiwm and potaseiwm chloride, but the
production method is based oa electrolysis, The preduct 1is
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sodium or petassiua chlerate or perchlorate aand hydregea

is obtained as a by=product. As this is aa emergy ceasuming
industry and coasiderable market seems to be available ia
nearby coustries, it seems proper to discwss further seme
of the maia poiats ia the production and use of these
chemicals.

S0DIUS ATR

The most iaportaat chemical ia this group sad a basioc
chemical ia the productioa of othere is sodium chlerate
(la(:lo,). It is produced by the electrolysis of a saturated
salt solution and the chemical reactions are rather complie
cated. The overall reaction is:

NaCl+3K,0¢ (6Far ad)—NaC104 (aq)+3H(g).

The solution ie acidified, calcium and magnesium removed
and sodiua dicromate (2 grams per liter) added in order to
preveat side reactions and corrosioa of the equipment.
During the elec:irolysis chlorine and cauetic soda are
formed at the electrodes, buc as no diaphragm aeparates the
chlorine from the lye, hypochlorite is iformed aad later
chlorage. The selution is themcomcentirated by evaporatiea
to a conceatratioa of /00 g/liter of sodium chlorate. Thea
it is filitered and cooled, causing the sodiwm chlerate te
crystallise.

For one po@nd of chlerate the following ia needed:

Salt 8568 kg
Hydrochloric acid 13,5 kg
Sodiwm dicromate 0,5 kg
Bariuwm chloride 6,5 kg
Carbonelectirodes =10 kg

Blectricity for
olectrelysis 8.500-6,800 kv,




4]
Stema 5,8 teas
Punpe and moters s M.
Vater (38°C) 230.000 liters
Labour 8 bhours
Temperature 35-48°C

The product is in the form of fine crystals, very hygre-
soopic and requires careful handlisg due to fire danger.

Sodium chlorate is widely uaed as a week disposal ayeat,
but is aleo increasingly used in the production of chlerinme
dioxide C102, which is bleaching agent extensively used is
the paper industry. It may be mentioned that the Swedish
and Finnish paper industry now uses sodiuam chlorate to a
large degree and that its use is rapidly increasing.

In the United States ii 1s eStimated that the productiea
for the year 1966 will be 180,000 woas (N18) and that
24«26% o0i that production ia used in the paper industry,
but 19«31% for weed disposal.

Inprovemenis in the desisu or the electrolytic cells (N16)
has decreased the consumpiioa of the carboan electrodes and
made utilizacion of bydrosen obtained in the electrolysis
easier. The price of aodium chlorate in the United States
has beea approximately 6=0 o/lb or $130«300 per toan.

Vil SODIUM PLRCHLORATE

By sixing a 60-70% solution of sodium chlorate vith a streag
solution of sodium chromate (5 grams/liter) and by applying
a higher voltage than in the production of chlorate (8=7
volts iastead 0f 3,8 « 3,6 volts) sodium perchlorate l‘lo‘
may be obtained. The production methed is basically the




sane a8 bofere. Considerably lees energy is needed, however,
sr apprezximately 1,5 « 1,0 kwh/1lb or 3.300-4,.300 kvi/tea.

There is not much use for sodium perchlorate as such and
it is in gemeral oaly a step ia the production of amasiwm
or potassium perchlorates, which are used in firevorks and
explosives.

Vil POTASSIUM CMLORATE AXD POTASS1IM PERCHELORATE

Potassiua chlorate say be produced in the sSame way as
sodiuar chlorate by electrolysis of a saturated potassimm
chlortde solution, On the other hand, it is wmore easily
produced by muixing potassium chloride amd sodium chlorate
in solution getting the reaction:

laClO,+lCl—-)KCl0,0hCl

Potassium chlerate iz a slightly soluble compound and
precipitates immediately as Iine crystals asnd can easily
be separated, cleaned and dried by common methoda,

The main use of potassium chlorate is im match manufacture
and a8 an ingredient of explosives. The production of
potassium chlorate is considerably smaller than of sodiwm
chlerate and the price somewhat higher or 13-14 c/1bd
(2360=310 dollars per toa)., Potassiua perchlorate is proe
duced by similar means from sodium perchlorate and potassium
chloride. As previoualy memtiened, it 1is used in the
sanufacture of fireworks and its price is approximately
18.3 c/1b or 407 dollars per toa,




APPREDIX VII1. BROMINE
VIII-l PRODUCTION FORM AND ORIGIN

Bromine is oaly produced from seavater er briae and seld
as a heavy dark brown liquid. It is also sold as an
ingredient in alkali compounds or orgamic compounds, for
example as eihylene dibromide.

Viil-3

PRODUCT 108 MET HOD

In recent times bromine has been primarily produced frea
sesvater in the following way:

a)
b)

c)

)

e)

The seawater is acidified with sulfuric acid.

It is _hea chlorinated by culorine yas or chlorine
water.

Bromine is liberated by this treatment and blown out
of the solution with a stream of air,

Bromine is mixed with sulfur dioxide (80g) and chen
sent through an absorption system where a water
solution of bromic and sulfuric acids is toramed.

By chlorianatin. this solutioa bromime gis is obtained
which is condensed and collected for the use in the
production of ethylene dibromide.

The method givesm a 90% erticiency of bromine recovery
and for the production of 1 ton of bromine the following
are needed among other <hings:

Seavater 17.000 toas
Chlorine 3,5 tons
Sulfuric acid 2,08 tons

80z 43 kg




viili-3

Viil=4

Viil«d

By far the greatest part of bremine produced in the world
is used ia the production of ethylene dibromide, Which
is uwsed as an antiknockiag ageant in gasolime engines, A
smaller asount is used in salts of the alkali metale ia
the pharmaceutical and photograpbic industry, for the
production of fire extinguishing materials, insectieides,
dyes and other chemical processing.

The world production 1943 was sowmevhat more than 100.000
tens, of which the Umnited States produced 90%. Approximately
810,000 toas were sold im Lhe interaational market and

the United States produce approximately half of that ameuat.
The largeet importers are the countriem ian Westera«Burope,
excluding Franee, vhich exports coasiderable amcuate, Alse,
recently a large market bhas opened up im Africa (dalawi,
Sambia, Soutbh«Rbedesia, Nigeria and the Southeifrieas
Republic). Acoording to the Minerals Yearbook 1964, the
United Biates exported more than 1600 toas to Lhose couatries
in 1964, It may be sentioned that concurreatly a sagnesium
production of 16,000 tons, and a ealt productioa of $0,000
tons, 8001000 toms of bromuine could be produced yesrly.

PRICE BEEAVIOUR

The price of brouine ia the United Btates has been rather
nteady, approximately 31,8 to 33,8 ceants per pound fer the
impure material, or approximately 30,800 kr. per tea.




TEBLE Vijlel, VORLD PROSCPION OF BOGMDNS 1090-1009

RN

1988 1089 1960 1961 1962 19063 1004
Production couatry tons tons tons toms tons toms  toas

FRANCE 1.610 1,710 3,010 1,830 wissing missing nissing
ITALY 560 1% 1.386 1,818 " " "
WITED STATRS 0.000 88.600 /9,600 83,000 86,600 93.100 103.000
ISRARL 765 1,815 2.400 4,400 wmissing missing sissiag
Jom 1.4685 1,878 1,950 3,770 3.888 3.780 12.880
TOPAL x $4.400 04.418 87,148 92.518 89,485 94.000 106.880

X A few countries such as Great Britain, Spain and Germany
produce small amounts of bromine,

From Statistical Susmary of the Mimeral Industry, Londoa 1088,
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JUPORTS OF BRONINE 1988-1083

Inpert country 1988 1999 1960 1901 1068 1963 1064
GRERAT BRITAIN
bromnide 308,0 missing missing
CARADA
bremine 7,9 30,1 31,9 as,l 16,0 1/,8 nissiag
bromide 36,1 39,9 30,5 4,3 35,3 45,4 "
INDIA 0,4 0,3 /3,6 13.,0 20/,0 180,0 130,0
broaine ,
BELO I M -l UXEMBURG
broaine 9,3 13,7 8,3 7,0 14,8 12,8 16,8
broaide 153,0 192,0 183,0 113,09 1l4o,C 111,0 148,0
DEWN ARK
bremine missing 90,0 1,8 14,3 5,0 5,0 3,0
dremide 53,8 45,0 50,3 18,1 50,8 46,0 47,0
GRRM ANY
bromide 8,0 40,8 11,4 10,4 missing 108,0 181,58
ITALY
broaine 50,3 114,1 315,0 443,0 306,0 50,0 83,8
bromide 3,0 11,4 15,3 10,3 35,8 1i5,0 70,0
BOLL. AND
bromide 152,0 193,06 183,0 112,0 148,90 111,0 148,0
brounine 835,0 413,0
UNITED STATRS
bromine com-

pounds 8,4 11,9 187,5 133,0 209,0 139,5
ADGRNTINR
breaine coa-

pounds 113,0 88,8 87,8 2,5 129,0
BRABIL
brenine 0,8 3,0 1,1 0,7 1,1 0,1
dromide 60,8 141,86 383,00 305,0 303,0 2389,0

Maay other couatries impor: small smounts of bromime or
bromide. The brouides are mostly alkali bromides.

From Statistical Summary of the Minmeral Industry, Loadon 1968,



Ville 3. INTERNATIONAL TRABR
KXPORTS OF BROMINE 1908-1963

EXPORT COUNTRY 1983 1969 1960 1963 1063 1064

GRRAT BRITAIN
dromide 171,0 318,0 31/,0 missing nissing miesing

BELGI ML UKXBMB URG
bromnine 3,0 18,0
bremide 1,0 0,7 8,0 0,0 0,0 0,0 7,4
FRANCE

dromine 157,5 592,0 409,0 383,0 764,0 960,0
bromide €60, 0 1.040,0 627,8 835,0 730,0 948,0

CERNANY

ITALY
bromine - - az,l1 - 0,2 - 97,8
wromnide 1,8 1,7 0,3 1,1 5,9 (3
BOLLAND 362,0 403,0 miseing missing missing 467,0 478,0
SNITED STATRS
bremine amnd

romine coma-
pounds 4.560,0 4.145,0 ¢.650,0 5,050,0 4,000,0 4.920,0 7,73%0,0

ISRARL
dromine 66,0 1.000,0 1,180,0 1.080,0 1.148,0 945,0 missing

JAPAN
broaine 1,4 - 0,38 10,0 missing missing »
weaine com-

pounds 20,0 15,0 14,3 13,6 94,5 136,0 177,0

The bremides are mostly alkalibromides.

From 3tatistical Summary of the MNimeral Iadustry, Loadoa 1968,
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PRODUCTION FoRM
Meay kiade of gypoum are preduced, for differeat uwses.
These types differ by the follewing!

a)

»)

o)

In

Purity (sodiua and magnesium salts are the maia im-
purities)

VWater coatent (unprocessed gypsum contaias tve melee
cules of wvater for sach molecule of CaSOy)

Added chemicals, which change its characteristies.

tiuis country the demsad is greatesi. for uaprocessed

gypsua or gypsua, vhich contaias orystal water.

PRODUCT IOK PROCES3RS

Gypsum is primarily mined and large mines cf gypysum emist
in many places. BSomeilimes it is obtained as a by-produect

1o the production of oitber materials. Im connectioa with a
chemical production Irom seavater, ygypsum might be obtained
ia threeo vways:

1)

3)

3)

After Ig(Ol)2 has been precipiitated by adding burned
lime to the seawater, more lime or calciwm chblewide

may be sdded (0 the lefrover solution precipitating

the gypsum.

Gypswm may aleo be precipitated by adding a large amsuat
of calcium chleride (c-cx,) solution to conceatrated
seavater, causing ihe calcium (o precipitate with the
sulfate 1oas in the seawater and ferm gypsua; this wvould
be done before the nagnesium hydroxide (n(on,) is
precipitated,

The third possibility is ian the produstion of salt vhere
gypsua is precipitated before the salt begins te
crystallise.
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Gypowa is prinsrily wsed fo increase the setting time of
Portland cemeat, but also as a plaster in the building
industry. Furthermere, coasiderasble quantities are uwsed
a8 fertilismer on cultivated laad. Ia this country a cemeat
factory is just about the only user of gypsum.

NARKET

In connectiom with a factury producing magnesium or salt

in this couatry, the produciion of Lypsum would oaly be
based on the domeatic market., The Btate Cement works imports
considerable quantities every year and a small amouat is
used in the building industry. The enclosed Lable shows
imports and prices of gypsua from 1980. The average yearly
import of uaprocessed gypsum to the cement factory has
amounted to approximately 4.800 tems during the years
19801968 (mee table IXel).

PRICE BREAVIOUR

Tremendous Quaniities oi gypsum are ppoduced in maay places
in the world aad the price is low; being considerably

lower than for salt, for exsmple. There are oaly small
variations in use and production and the price is theree
tore steady. During the lasi five years the YOB price has
been from 136,30 up to 139,30 kropur per ton and in thie
oouatry ite price has beea from 480 to 480 kr. per tea.
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o) ' OF 70 1
Inperted FOB-price CiP-priee
Toar tons kr/tea kr/tea
1089 5.575.3 54.6 10,0
1060 3.520.% 113.8 208.0
1961 5.882.3 128,56 450.0
1968 887.1 129.8 470.0
1963 4.573,0 126.8 480.0
1904 9.788.8 126.8 450.0
1068 4.180.0 186.5 480.0

Xel

X8

From Trade Statistios 19590-1988,

APPRNDIX X, CALCIUM CHLORIDE

PRECDUCTION FORM

Calciea chloride is sold as a waite, flaked or bagged
chemical, which is approximately i//-s0% pure. It is
obtained as a by=product in the Solvay-soda process er
from brine. The leoast possible magnesium impurities are
deairable.

PRODUCTION PROCRSS

The basic process in the production of calcium chleride
is the evaporation of calcium rich brine. Usually the
process is as follows, The aagnesium hydroxide is pre-
cipitated iirst from Lhe 1liquid by slaked lime. The
liquid is thea evaporsted until sodius chloride precipi-
tates. Vhen the specific weight of the liquid has reached
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@°3é, just about all the salt has beea precipitated.
After filtration and purification, the solutiea is
evaporated further ia an opem pan and when its solids
content is approximately /8% it is cooled and eolidified
on a rotating cylinder, the flakes scraped ofi and ground.

In conneccion with production of chemicals from seawater

in this couniry, it is possible t0 produce calcium chloride
by .wo metbods. The one is by evapora.ion or left over
liquid irom precipitation oif magnesium hydroxide; ealt
would presumably be produced at the same time. lbe other
method is by processing Lhe calcium rich hot spriang vater
on Reykjanee. Thus, by fractional crystallization of
concentrated bot spring water, salt, potassium chloride

and calcium chloride could be produced.

USE AND MARKE [

Calciwm chloride is exteasively used for binding of dust
and preventiny ice tormation on roads and chat is the
most likely use in this country. At the present time
approximately 400 tons of the material are imported yearly
and 1ts use in the country still ie at an experimental
stage. If its use became appreciable, the market could
iserease greatly. It is figured that 4 tons ere needed
to bind the dust on each kilometer of dirt road. Calcium
chloride is also used as a strengtiaeainy material in
coancrete and in cooliny liquids, but such uses are oa &
saall scale, however.

PRICR

The price oi calcium chloride is rather eteady at apprexi-
aately S1 dollars per ilon (1333 kr,) on the L.3. market.
In Europe the price is elightly higher or approximately
1450 kr/ton and the price in thie councry of imported
saterial is 2200 kr/ton. As steam is the largeet Ilfacter

in tae production -ost, i seems quiie possible t.aat the




saterial esuld be predused cccmsmiecally here 42 it euld
Do dons in & csevdinated chomical fastery and 1f the narbet
slleved.
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APPRNDIX X1. ALIST OF RRFERENCES OM CERMICAL PROCESSING OF SRAVATER

SODIWM CONPOUNDS

Reference

Concerns

Dale V. Kauimann; ACS Monoyraph 145
Sodiua Chioride, Reinhold N.Y. (1960

Aikawa, M., KATO, Y.: Japaa Paienis
132, 465 to 132, 46/ (1939)

Nakgo, ei.al.: Japan Pat.2267 (1952)

Kume, T.: Records Oceano,. Works
Japan 12 57 (1957

Wiseman, J.V.: U.8. Pateal. 2. 84,
056 (195¢)

Nakahara, S, et.alo; Japan Pat, 1/5,
Udd (19.8)

Takahara «. et.alo; Japan Pa¢., 5814
(18.4)

S8conce, J.B.: ACS donograph MNo. 154,
Calorine, Reiaboid N.Y. (1963)

Yamamura, T., Nomiysma, Y.: Japan
Paten. lsl, 089 (1949)

Tanaka, K. ec.al.: lokyo Kogyo
8hikeuslo., Hokaku 51 43/ (19586)

Nishida, K.: Koyyo Kaya:u casshi 61,
823 (18.3)

..1.t“y. loll--. 'ono ﬁ'lc. &’o:
Research on Mineral By-products from
S8aline ¥ater. OSW Res. & Dev, Proy,
Reporc¢ No. 13/, (1965)

Gardiner, W,C.: Chem. Eag. Proy. pl]
No. 4 .. = BU (i¥e3)

Boumers, H.A.: Chem. EBuy. Prog. 81
No. 3 94 = 1u9 (i0es)

VWeisman, V.I.: Chem. Bng. Proyg. 80
No. 11 (1961)

Chem. Week., May 38, 1966

Chow. Veewn. Jepyr, 13 1966

Salt in general, properties,
uses aand production

Prod. of salt by evaporation

of seawater, Na3804 pre=
cipitation

Electrolysis of seawater for
HaClO produccion

Blectrolysis of seawater for
NaOH prod. (Hg electrodes)

Prod. of NaliCl; and NagCly
tfrom CO; and NacCl

Na and Cl,; by electrolysis
Na and Cl; by electrolysis
Prod. of Cl, and Na or NaOR

by elestrolysis

dagnesiuva bicarbonate gives
NaHCOz by ionexchange

Description of a plant for the
prod. oi NaOH and Clg irom sea

Description of equipment for
prod. of NaOH and Clg

Kag 3L,y from seawaiLer; not
much informarion

New cell for HlOlii-Clz
production

Summary of Cig=alkali
indus.ry

NagBO4 irom brine; susmary
lut:103, a newv proceas and
increased market in paper ind.

Ume ot Na in ba-reries.

- , & o y
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Retferensse

Chom. VWeoek, Jan. 15, 1060
Chem. Veek, June 9, 1946

Dowas, J.C.: British Pateat 338,
956 (1934)
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Reference
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K 10
K1

13

14

18

Otaya, Ui., Shibata, T., Myojo, M.,
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