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TI» objectiva of this report la to specify nev subjects of 
research, vhlea coacera the utilisation of chaaicala fro« sea* 
«•tor,  vita special consideration of co ad It loas la tala country. 

Fror lotta studia« hará indicata* tha noed for a e ara lui study of 
a combined product loa of many chaaicala froai s«avatar. 

Tola roport is basad oa a rathor taorouga litar atar« study, 
oarrlod) out at ta« beginning of tais atudy,  of the product loo 
of chemicals froa asavatar. Poaaibilitlss of producing 40 
chsalcsls obtalnabl« irosi eeavater wwrm studied and it vas found 
that,  oa th« basis of technology, raw aatarial aad marksts,  it 
•lgbt  b« possible to produca 35 of those, where asgaasiua oxido, 
magasalua aatal, aalt aod potaaalua chlor Ida would be of graataat 
Importane«. Ochar chaaicala,  su cu as sodium hydroxide,  broalne, 
•odian chlor ata, by poo it lor a t«,   aodlua natal  aad gypeua night  aleo 
bo producad at a later tine. 

pooeible aathods of coordinating such production and the 
utilisation of the natural resources,  vhich ara available, auch 
aa alec trie povar,  ateas, aalty *.eo there al  water and seavater 
are indicated. 

In the conclusions it is  ladicsted that condition* in thia country 
for cbeaiical production froa aeavatar eeea to be favorable in 
•ala raapecta aad later pooeible sise laven tuest and product loa 
value oi auch aa indus ir y   la ahova.  It is found that aa indue try 
vhlch proeucea la thoueaad tona of aa*nesium setal per year 
aad 60 thousand toaa of aalt,  bes Idas various by-producta, alght 
coat approximately 1000 nillion leal.  kr.   and the production 
as? vorth 600 nillion kr.   per year. 

Certain arraogeeeat of prellalaarj atudles of chemical pro- 
duction fron aeavater la proposed, «iviag apeclal consideritlos 
to the possibility of discontinuing the vorh vlth tha least 

ilhle financial loss If studies shoe tha production not to 
econoalcal.    It is felt  that tha prellalaary atudy vould 
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lut ta* yaara aad »»t etat ovar 1% af taa lavaataaat la taa 
pripaud aatararlaa, feat taat ta« arallalaary aa t la* ta af 
•traction aad oparat loa vould taa« otaar tv* or tara« yaara aad 
coat aayroxlamtaly tf* af taa iaraataaat la taa »roaoaad vaaar* 

Alaa tha poaalblllty of aataallatina this ladwatry la ataaa arar 
a loafar tiaa la ladlcatad, »at ooaaldaria« ala« taa aaeaaaity 

of aat  aaparatlag ladlvldtaal production aaetora, ao taat taa 
aooaoay of taa production coordinativa «aule aa loat.    Ia taa 
concluding oaaatar it la poiatad oat that taa chaaloal product i« 
uadar diaouaalon ia rataar alapl» fra« a tacaalcal polat of 
•lav, «at laportaat fro« taa aconoalc polat of riav aad likely 

to giva good raaulta. 



i « tiopyctioi 

Ths ©SJactivée of tkia «tudy «r« to indicate nsw fislds of 
research concerning ths utilisation of emsmloals la »«• 
water around tal« country.  Tao study i» »road. Ths pro- 
duction la this country of aa «any cao»icala ana chemical 
oonpositlona as possibly say hs obtaiaod fro« MOT »car 
ara studlsd. Technolog*, ras •ataríais and market coa* 
dit lona aro coasldarsd aad ehsslcals, which ara aot fosad 
to bo foaaibls,  ia that respsct, aro rejected. 

Basad on thaaa studios dsflaita production posslhllltiss 
aro indicated aad ths rsssarch which must bs carrlsd ost 
in ordor to laarn «oro about ths economy of ths Tarions 

possibilitlss la «pacifiad. 

Tasso studiss aro basad only on condition« la this country 
aad ths utilisation of alactrlo powsr and geotberaal energy 
la cosnsctlon with th« proposed chemical production is 
ooasidsrsd eopscially.   Also,  a hot spring with changad 
aaawatar or brlaa found oa leykjanee is  taksn into account 
as it nay ha of inportanca in taie connsction. Previous 
atudlsa in this country of the aubjacc  ara coasldarsd. 

1-1      PRXAtfBLl 

During ths ysara 1949-1Ö59 atudlss of production of 
choalcala iron aaawatar wars carried out by ths »tata 
Ilsotricity Authority  (I 1,  I 7). Thoss studios wara 
primarily baaad on ths utilisation of gsothornal haat for 
ths production of salt,   fha snargy requirement» aad 
location of such a factory wara atudiad rathsr thoroughly 
(I a). Ths salt coatsat ia aaawatar at locations, which 
war« found moot likoly, was aaalyssd for aererai ysars 
gai it was than found that  ths coatont of salt la quita 
war labia at sona location«, but stsady at othara. Also 
ths demand for salt ia I cai and aad import la previous ysars 
was lookod lsto. Bassd oa thosa atudlss a cost •• tina ta 
waa nade  lor a 40.00U and 60.000 tona aalt production 
lactory,   locatad at Kxlsuvík (I 5,   16).   It waa concluded 

1 
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fro« taooo ittdlti that dir act oeoaoaloal gaia fra« that 
production m alight, although It alght aa poaltlra fro« 
a national acoaoalc polat of «lo«,    la this flald, conaldar. 
abla taehalral arogroaa aaa takaa plaoa alaca thoaa atadla« 
vara aada, aapaclally la tbo ooaatractioa of «vaporatora 
for aaa «atar aad for that raaaoa, aaaag othor thlaga, 
raviav of prarlova coaclualoaa la aaoaaaary. 

Baaad oa tha atudlaa by tha Stata Ilaotrlelty Authority 
ft «aa alao eoacludad that furthar raaoarch la this flald 
ahoald aa baaad oa a ooordlaatod product loa of «ora 
ehaalcala froa aaa «atar (I  7).    Tha raaaoa for that 
coaelualoa «aa that it «aa fouad that oaa chaaical pro- 
duct loa branch vould support aaotbar acoaouloally booauoo 
of Jolat productloa factora, dlraotloa aad otaar aaaaflta, 
vhlch ia that «ay would bo poaalbla. 
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la orécr to obtain the boot poamlble general vio« of tao 
subject,  o rather thorough Hot of publications concernía* 
choaleal production froa oeawater aad related oat toro was 
aade ai tao outeet. Talo lo fona« la appeadlx II.   Beferenoee 
la tolo report  aro indicato* by  capital lottoro aad aoabere la 
par «at heals rofor to that Hot. 

Ao condì t Iona  for ouch a li lar a tura atudy aro not good 
la thia country, uoo was aado of forolgn litoraturo otudioa 
(A 1, A3), which oxtoad up to the jrear IMS. For  tho 
poriod aftor  1903 a ravie« oí technical liter aturo» which 
lo known to bo available in thia country and which might 
have publlabodl art idea on thia aubject, had to otaffloo. 
Theee publications are Hated la appendix XII along with 
the eubecriber.   Innovation* in  the choaleal production 
froa aoawator wore kept tract of aaoag other t hi ago with 
the help of a aowalottar fro« tho Office of Salina Vater, 
which directa reaearch in the field of freah water pro- 
duction froa aoawator in tho United Stalee.  Sono of thoee 
atudieo have great import ance for the general'production 
of cheaicala froa aoawator. 

Although thia literary atudy  la not complete aad doea not 
covar aererai pubi ¿cat ione, which aoould be lacludod,   it 
ie not likely  tnat Important baalc ltoma have boon alaaod. 
Aa yet it haa not been found poaaible to obtaia except a 
aaall part of the public at Iona referred to. That work 
will bo continued with tho help of partiee abroad. 

Information about world production,   International   trade 
aad prlcee have aoetly been obtained froa Amor lo an CA S, 
A 5) aad Br it iah (A 4) pablloatioaa.  rrede reporta ware 
found to be of groat help for the atudy of the market and 
prlcea la thia country. Their aaw araamgeaent and  lncreaaed 
itemising aftor ltd? haa made it much étaler to obtaia 
Informat loa. 
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1    IIIglTI 

J-l      OOsOTITOaVTS M SB AI ATI* 

••Unity ol aasvatar is coasosod of aaay coaatltuoata. 
«oarly half of all tao alaaoats ara fonai la soavatar, 
although aoat of thoso ara toara la saall quantitioo. 
Tabla 3*1 abovs toa coatant la aoavatar o/ cha various 
slsasnts.  Thaoa conatituanta aight »a grousad In throo 
aala catogorios by ihm ir quantity la aoavatar.   la tao 
first group aro tboso that  ara srosant  in a coacastratioa 
ot »ora tban 100 mg/kg (aajor conatituanta).   la tao aast 
group (ainor conatituanta) ara tboaa that aro praaoat la 
amounta of 1-100 ag/kg, aad la tba third group traoa con- 
ati tuant a, vale h uount to loss than 1 ag/kg. 

s-a    ru vALin or MAT« i ALS rao« m Uà 

All »atar1ala which bava boon acononically produced fra« 

aoavatar, ara la tho flrat tvo groupa, although aspar1- 

aaate bava booa aado aad plana ara to bo fonai for tho 

tttlllaatloa of tha traca conatituanta, such as atirar, gold, 

uranlua and llthlua. 

la tabla 3-a tao valso of soso »ataríais vhioh pooalbly 

aight bo produco* irò» aoavatar, la ladloatod. This is 

baaod oa thair quantity la 100 toas of soavatar aad that 

tao constituant is all obtalaod la tao fora ladicatad. 

Otasr salariala aight possibly siso bo produood froa aoa- 

vatar, but tao ir valso la tba sano aaouat of aoavatar la 

lsae tbaa thsao listad. 

It aujst bo otrossod that tho valso of tba oonatitaoats 

liatod la tho tabla is basad oa thair prosoacs la alaaoatary 

or first ganar ation coapouada. By furtbor prooooalng, 

•aro valuabla coapouada could bo obtalaod froa tas ssa. 

By producing »agnnalu» aotal lastaad of tho óxidos of aagaooli 

s valus of kr. S.300 aight bo obtalaod lastsad of kr. 

7S0 froa tha aaaa aaount et soavatar. Tho oaaa balds 
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truo for tao productloa of aodlua itttl, «odia» hydros id«, 
chiaria«,  chlor »to« or «odivi «oroaldo freo salt. 

i-i    oomTrrmrrt iw A IALTT IOT imi iFtiifo cm IITIJAVII 

for SOM tío« a not aorta« with traaaforaod ««avatvr or 
brio« haa b««a known to «xlat oa l«ykjan«a. By dril Hag 
In that ar«a In 1956 It waa found poaaibl« to lacraaao 
ta« upilo» considerably.  Th« r««ult of that lavcatigatioa 
ladloataa that th« quantity of »alty wat«r could b« 
iacroaaod considerably by furtbor drilllag.   la thi« 
hot vator ta« oroport loa of tao rar loua con« ti tuant« bao 
been dloorran^ad coaaldorably compared to regular aaavatar. 
In  tabi« 3-3 tho ao«t   Important conati tu« m« which aro 
found la tao hot vater aro liotod aad their quaatitl««, 
aloag with coop arabi« flguroo for eeavater for eoavpariooa. 
Tram thia tabi« it caa bo aoon that  tho liquid in tao drill 
bol« i* eonaidorably aaltor than eeavater and that eoae 
coaotituoata ouch aa potaoalua,  calcium,  lodlao and lithium 
ar« found  thoro in eonaidorably greater quantiti«« than In 
ooavator.  lopoclally,  lo it iaportcnt that tao quantity 
of potaoalua la fir« tiaee that found la r«guiar ooavator. 
Tarloua production proeooaoa of potaaaiua compound« which 
aro peo«ibi«,  ar« baood oa too quaatlty of potaaolua 
bolag throe tiaoo groator than la ooavator. Thia la 
therefore highly boa«fieial la that roopoct. Other coaati- 
tubata, ouch ao aagaeolum aad eulphate ar« found la auch 
aaallor quaatlti«« than la ooavator. 

It io pooolal« that  thia dlearraageaeat of tao quantitat ir« 
proportloaa of tao vario«* ooaotltuoata could load to 
otaor boaoflta than productloa of potaaaiua coapouad«, 
auch aa for ezeaole tho precipitation of eulphate iron 
ooavator by calolua froa tao calcium-rich drill bolo 
wator. Tala la a aattor to bo otudiod, hovovorf aad otaor 
pooalbilltl«« aight bo gewoat. 
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TABL1 1-1. IIA WA TEI. COBITI TUMMTB 

Fioaent Syabol COBcantratloa •*/•! 

MAJOR COBITITUIMTS 

CHLOBIMM CI It.MO 

SODIUM Ma 10. Ml 

MAOB1SIUB 1% 1.173 
SÜLTUt t 

CALCIUM Ca 400 

POTASSIUM K MO 

Il       MIMO» OOBBTITUBHTI 

BKOUMK Br                                                    05 
CAMBO* C                                                        2B 

STRONTIUM •>                                                      13 

BOMOM B                                                          4,0 
ALUMINIUM Al                                                         1,0 

FLUORI NI! F                                                           1,4 

SILI COM 11 1.1 

IH    TIUCM COBITITUIMTM  

MITMOQEM M                                                        0,7 
LITHIUM LI                                                      0,1 

V 0,076 
IftOB Fa 0,06 

I0D1M1 I o,OB 

BA1IUB Ba O.M 
1MI0I0H A» 0,01 

A1IEMIC As 0,010 

Cu 0.000 

OMI Ba o,OOB 
MAMQaBBSl Ba 0,1 

LU» ito e.ooB 
IfLIMIUM Mm 0,001 

TIM Ba 0,001 

coat, 
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TABL1 0-1.    8MA 1ATM8,. OOWnTDPTW (coat.) 

tirami Sjafeol Concentrâtloa,ag/kf 

CESIUM Ca 

«AXIOM U 

MOLYBDCMUM Mo 

M1C0L Vi 

GALLIUM Oft 

THORIUM Ta 

CERIUM Ca 

OCAWDIUM te 

limmm f 

LAMTHAMUM La 

YTTRIUM Tt 

MKRCURT •t 
SILT» Ag 
BIfMUTI Mi 

COBALT Co 

OOLD Ak 

RADIUM •a 

0,1 

0,008 

0,0000 

0,0006 

0,0006 

0,0006 

0,0000 

0,0000 

0,0003 

0,0000 

0,0000 

0,0000 

0,0000 

0,0000 

0,0001 

0,000001 

0,0000000001 

Inf or nation froa aooka by CO. filia (A 0) 
and Araatroag and Hall (A 7). 
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TARLI 8-8.    7ALUI Of MaTRRIALS » 100 TOMI Of RIA IATI» 

IH Qaaatity i» 
•f/kg 

•al«« 
kr/100 toa» 
••avatar 

Hait prie« •old as 

»ODIUM 10 .561 2.260 840 SALT 
MAGNISIUM 1 .272 720 3.400 MAOJflSIUM OXIDI 
SULFUR M4 450 1.340 SODIÜM SULFAT! 
POTASSIUM 300 14S 2.000 POTASSIUM CBLOItlOF 
BROMINE 64 131 20.500 LIQUID BROMI«! 
CALCIUM 400 86 1.000 CALCIUM OXIDI 
BOROflf 4.6 • 2.070 BORAX 

STRONTIUM 13 7 2.700 8TR0MTIUM SULFAT! 

TABU 3.3.  CONSTITUENTS IN 8IAWATER AMD SALTY 

SOT SPRING ON REYKJANE8 

Coaatltuaat Quantity In 
••avatar 
Mg/Kf 

Qaaatlty la 
drill hole 
Mg/Kg 

Ratio 

CHLORIDE 19 .000 27 .400 1,44 
SODIUM 10 .000 13 .800 1,36 

SULFATE 2 .680 128 0,048 

MAQM18IUM 1 .270 48 0,036 

CALCIUM 400 2 .200 6,6 

POTASSIUM SSO 1 .830 8.1 

BROMINE 66 88 1.8 

BOROM 4.S 13 2,8 

FLUORIN! 1.4 0,7 0,6 

LITHIUM 0,1 T,4 74 

I0DIM1 0,08 0,6 10 
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ILIIflWTB  AMD CHIMI CAL COMPOUND! 

FROM 8IA WARM 

li order to view the possibilities, which are preaeat, w« 
my list all the chemical compounds which may be produced 
fro« aaa water or In connection with chemical production 
from aaa water and amy be of financial importance.    Than 
each compound amy be looked at separately fro« the pointa 
of view,  which detersine the possibilities of their pro- 
duction in thia country.    Those pointa ara prlaarlly three: 

1. Technology 
2. ftaw materials 
3. Marketa 

Fro» a technical point of view one amy investigate whether 
it is possible to produce an element or a chemical compouad 
from aea water.    In many caaea auch processes an  known 
although they have not been fully tried and require al* 
terations  for Icelandic conditions,    from the point of 
view of raw mataríais the conati tuen ta of aea wamr and 
water from the drill hole aad alterations thereof , are to 
be eons i dor ea.    In this oosaectlon it is also of Importase«, 
which additional materiala and production aapecta are 
needed for  the production, and whether those may be ob- 
tained inexpensively in this country or  from abroad. 
Market possibilities for the compound in this country and 
abroad ar« studied, or whether a market say develop in 
he soar futur«.    In soma canea the compound j* a factor 
la the production of other compounds, without it being 
saleable itself,    luus, one may atudy tna possibilities 
in geaeral without going into details or estisating direct 
finaselai gain« aad the atudy is thorn narrowed considerably 
to a smaller group of compounds.    In order to estimate 
further  their production possibilities more oxtemsiv« 
research is necessary and in aaay caaea cost estimates. 
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THU »«4.     «JWHâU WMCM «10» « fOPOCO fsttl 
êUMâTE* tm mum ire >OMIIILITIII OF wmnriw 

Material Forami a 
Product loa ir—i— 

T«chaleal    law safrlals   «ark»ta 
Sotfisa M tal 

•alt 

Mis« blcarbeaatt 

•osi«« oarboaat« 

So4ius hypochlorita 

letflm cblorat« 

•odluai bydroxito 

SOLIUM sulfata 

lorn 

fo4itai t alesai fat« 

Sodioai psroxis« 

fatassiua «•tal 

Fot »saluai calor 14« 

Fotasalu« oyer ox Id« 

Fotaaaiiaa carbonata 

PotSSSlWB chlorat« 

fOtSSSlUBl p«rchlorat 

fotasalu« suliai.« 

Fotasalu« ai trat« 

Magassluai «•lai 

Maaaaslua OXIS« 

Maaaasliai chlorltf« 

aataaslua ajaros 14« 

Mssaealu« Balista 

aajaealu« broal4« 

•agaaalua carbonata 

Calóla« 

Calóla« chlorltf« 

Qyaeaa 

Calóla« oaraeaat« 

Calolus ««ilea 

Calar laa 

la • 

XaCl • 

vaaco, • 

MajCOs • 

laCIO • 

MaClOa • 

VaC* • 

»aaàX)4 • 

wHm4Q7 • 

Magalo, • 

»V>* • 

E • 

ICI • 

KOI • 

h<*>* • 

ICIO, • 

KC104 • 

*a*>4 • 

mo, • 

Hft • 

Ugo • 

•«eia • 

«i(OM)a • 

«t«o4 • 

lglrs • 

SfCOg • 

Ca • 

CaCla • 

Cas04 • 

CaCO, • 

CsO • 

dt • 

•r. • 

• 

• 

• 

• 

m 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



A 

- 10 - 

TAIL! »-4.     BATTJtIALl WHICH MlOiT Bl PhODOClP FBOM 
IKAWATP OK BRim AMD POSSIBILI Till Of UTILISA TI OM (coat.) 

Material For «ila Production eroi—«  Production presases 
Technical    «aw salariais    larkets 

Hydrochloric mold ICI • 

Llthius LI <m 

Boron B - 

lodino l2 
a* 

F Inorino F 
Carbondioxide »2 • 

•irontlúa Br 

-V 

• 

In tabi« 3-4 tho «lenente and oospounds covered In this 

preliminary study aro listed with grndon given to tho Materials 

based on tho three factor« previously Mentioned. Tho grade 

Is • (plus) If the production poonlbllltleo are positiv«, baaed 

on a particular point of view, - (alnna) If It In negativ«, and 

t  if it In doubtful. Materials with one or nor« nlnue«s, in 

thin evaluation, are dropped and not connidored further at 

thin otage. The other ohealealn, which oan ho considered doubt- 

ful or positive, are studied sosswhat further and discussed 

separately. 
It would tahe too long to explain each Individual grade. 

It Is also possible with a si nor study to test the validity of 

•ach of tho grades, if It is found doubtful at a later tins. 

Certainly conditions «an «hange, for «xaupl« it is not unlikely 

that a set hod will be discovered for the production of 11 thins, 

boron, iodine, or even fluorine from such thin solutions as 

sea water or water fro« the drill hole, but one should certainly 

hoop ones oyos open for those possibilities in the future. 
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4        amcumoOT 

4-1       Production poaalbllltl— 

Fro« tabi« 3-4 it 1« «««a that of th« 40 «ateríala 
ooa«id«r«d,   there ar« 25 which at first slglit aseas possible 
to product» la this country.    For aoavenleace the«« chemicals 
ar« listed In tabi« 4-1.    Of tmos« chemicals th«r« ar« only 
four:  Salt,  amga««lua a«talt  maga««luu oxld« and bromine, 
which ar« commonly produced fro» a«« wat«r, but beside« that 
«mgn«slua hydroxld« and magnesium chlorld« ara Important 
at«pa In th« production of aagn««lua metal. 

Although «odlua coapound« ar« ia general not produced from 
••a «at«r aalt, th«r« la technically no objection to th« 
product loa of «odlua metal,  chlorld«, chlorate, hydroxld« or 
peroxide and auch production amy b« beneficial In aany way a 
an the a«a water «alt caa b« produced pur«r  than rochaalt, 
which ia g«a«ral 1« u««d. 

Beeide« thoee there are other amter lala euch as potaasium 
chloride, gypsua and others, which au«t b« studied becaus« 
of «social condition« in thin country. 

•till other cheaicale, «neh M oaloiua ohlorlde, night be 
obtained aa byproduct« If de«ired.    In («aerai,  thee« chemicala 
ar« not recovered however during auch production, aa they 
amy b« obtained at a lower coat by other amia oda, but la 
this country they night aoet likely be oampstitlv« with 
i aportad eater lai. 

*-8       Orgaal aat Ion of oh«aical product loa 

Although th« poaalbilltl«« of chemical production« ar« 
••••ral aa stated above,  it la not likely to be found 
«coaomical to produca but a portion of thoa« mentioned.    The 
production proe«aa«a will than govern what chemicals are 
obtalaed.    It la therefore Important te ««l«ct thoaa sat «ria la 
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aad yroeMMf which give the greatest capital gals. 

The amtarlala, which sight be produced eaa bo divided is 

three sain groupa: Firstly baalc mteri.il» or sain 

cospounds which are the prisa salas products and on which 

the proauctlos Is baaad. Is this group ara for example 

smgsaslus oxida, smgaaalas sa tal, salt aad potaseis» chlor Ida. 

Is another group ara eecoadary amterlals,that la amterlals 

which are neoeesary aa a product loa atap la the production of 

the baalc asterlals. la this group ara ehlorIn«,calelus 

oxide, hydrochloric acia, sagnealus chloride aad aagaeelum 

hydroxide aad possibly sodium hydroxide. Is geaeral these 

saterlala are aot lateaded for aale aa auch, although their 

sale Is possible If ooadltloas allow. For exaaple it Is 

aot unlikely that chlor i a« aad hydrochloric aeld sight be 

saleable If a eosslderable dossstlc chemical laduetry were 

dsweloped. 

la the third group are those amterlai» which are obtained aa 

byproducta la the productlos of the abowe sestioned material a, 

or sight be produced fros those materiale becauee of sposisi 

condition». la this group are gypsus, calcium chloride, sll 

chlorate», hypochlorite» aad perchloratea, sodiua setal, 

aodlum peroxide, broslae and carbon dioxide. Tala laat group 

can be of considerable Importance for the economy of the 

production and helpa apread the production coat. 

This grouplsg Is mot very definite aad sosa of the materials 

could belong to sore than osa group. Thus aodlum hydroxide 

might both be produced for use Is the chemical productlom 

as well as for sale on a dossstlc market. It la also possible 

that materials such aa chloratee aad peroxide would be 

fundamental for the production aad would therefore save to 

be grouped as basic chemicals. 

1 
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TULI 4-1.   MATHIAUI mai mon ai noNnu 
TUS COQMTBY 

Material foratala Maaarka 

•ALT MaCl 

MAOMIIIOM METAL Mg 
MAOME1IUM (AIDI. MgO 
MOMIME *a 
lATIItM URAL Ma 

•ODIUM CAUQMATI Maacoa 

•ODIUM HYDROXIDE MaOl 

•OOIUM HYPOCHLORITE MaCIO 

•ODIUM CALÓRATE MaClOj, 

1001« Ramisi JlajOj, 

MAONI!UM HYDROXIDE Mg(OB)2 

MAOMEIXUM CHLORIDS MfCl2 

•mOCHLQRlC ACID MCI 

CMLORIME cia 

CALCIUM OKIDE CaO 
CAMBON DI«IDE COj 

VOTAMI DM CHLORIDE ICI 
POTAMIUM CARBURATE «a«* 
fOT AM IOM CALÓRATE ICIO3 

POTAMIUM PnCMLOMATI icio4 

POTAMIUM •ULFATE iato4 

POTAMI UM MITRATE tuo. 

MAOMIBIUM CARBOMATI MffCO, 

CALCIUM CMLOMIDE CaCla 

OTFtUM CafO. 

Producad fro« aaavatar 
Producad fio a aaavatar 
Produca* fro« aaavatar 
Producad fro« aaavatar 
Producad frota aodiua caloria« 
Producad froa aodiua by dr ox Ida 
Producad froa aodiua hydros id« 
Producad froa aodiua hydros Ida 
Producad froa aodiua hydroxlda 
Producad froa aodiua a* tal 
Intaraadiata product during 
Mg production 
Intaraadiata product during 
Mg product loa 
lataraadlata product during 
Mg production 
Producad froa aodiua hydro*Ida 
Producad by halting of liaaatoaa 
Producad by haatiag of liaaatoaa 
Producad froa drill hola «atar 
Producad froa drill hola «atar 
Producad froa potaaaltaa chlor Ida 
Producad froa potaaalua chlor ida 
Producad froa drill hola «atar 
Producad froa drill hola «atar 
Producad froa aagaaaluai hydros Ida 
Producad froa aaavatar 
Producad froa aaavatar 
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4-3      FMBUCriOH MOCIMBS 

In order to indicate no* • coordinated chemical production 
fro« ••««•tor can operate and the relation of on« compound 
to another,   flow diagram 4-1 to 4-3 are anelo«od.  The «olle 
linas «ho« possible production procassa a in the «alo factory, 
that Is In that part of the process, where the main compounds 
or element« are produced as previously explained.   These 
•aterlal« are potassium chlor Id«,  magnesium and «alt. 
Producción of secondary compound«,  which are obtained 
•ore or le«« automatically, auoh a« cauatic «oda,   gypsum 
and bromine,   are alao shown by «olid lines. Production of 
those secondary compound«, which require apeelai attention, 
are shown by broken lines.  Other production possibilities 
than thos« Indicated in the mala production are also ahown 
by broken lines. Thus «oda (IfagOOg) can be produced from 
caustic soda and carbondioxids, which are available, sodium 
chlor a.o may be produced from «alt ,  etc.   Inetead of the 
caustic soda production, which 1« shown la atep 4 a« a by» 
product  from chlorine production,  «odium metal may be 
produced by process 5,  as shown,  and from the «odium metal 
•odium peroxide (Xa^Og) can be produced. Which omo of thorn« 
processes would be selected depend« on which by-products 
are in greatest deaand and most proli table.   It 1« import am t 
that tais matter be carefully aturnled. 

The difference between the three idea« is baaed on a ¿iff«reat 
coordination of the «alt production («top 1) and magnesium 
hydroxide precipitation (step 3).  On picture 4*1 the 
overflew liquor from the «alt production is u«ed directly 
to strength«« «saw a ter in the hydroxide precipitation, 
la piotar« 4-2 the magnesium hydroxide and gypsum are pre- 
cipitated before «alt la crystallised.  Then the magaeeium 
hydroxide 1« ««par a ted froa the gypsum by carbonisation 
and thus magaeeium carbonate 1« obtained, but that 1« later 
burned with «hall «and and then a precipitate 1« obtained, 
which 1« quit« alaliar to buraed dolomite, but that agala 
aakea magnesium hydroxide precipitation easier,  sa will bo 
explained later.  On picture 4-3  the sale ia produced froa 
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MU 4-1.    A MIT Of fOPOCnOW «tils' i» ncrmm 4-1 10 «-s 

1 
a 
s 
4 

7 

• 

t 
10 

11 

12 

13 

14 

If 

It. 

IT. 

li. 

IXJLAMATIOfl 

•vaporation aad crystallisation of «alt. 

Calcining of saoll saad. 

Precipitation of "f(0«)2 »y slated Hat. 

Calor IM and eauetlo soda product loa. 

Caloria« »ad sodimi production. 

•ydroealoric »old production. 

BfCl2 by acéduiation of «g(Qa)a. 

Baralag of por lelas« froa ftj(OH)a. 

amgaoolua aotal production by «l«etrolysla. 

•otasalua chlorid« production. 

Broadn« production by cblorlaatloa of overflow liquor. 

•oda production by oarboalaAtioa of canst le aoda. 

Sod i un poroxld« by burning of sodlua s«tal. 

•odias cblorato production by «l«etrolysls. 

froelpltatloa of Mg«X)2 aad «ypsua froa concentrated 
o«awat«r. 

separation of gypsua by earbonlsatlon of Hg«M)3. 

Potaasiua ehlorat« production. 

Calcina ohlorld« production by «raporation of brla«. 
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gaotheraal water alo»« wit» potami« calorie* aad calcina 

chloride by fractional crystallina ttoa. Here the geotberaal 

water is «vaporatad osnapletely and thara is no possibility 

of uaiag tho laftovar far etreagthealng tbo esawater In 

tbo production of aagaeslua hydroxide or for tbo produetlsa 

of broaine. 

Many othor pooaibllltiaa aro available. It io iaportaat 

that aa aaay proceaaea aa possible ba studied aad tbo oaas 

selected wbleb are fouad to bo aost eooaoaieal aad utilise 

tbo saturai rosoureea best. Tbo various possibilities ars 

baaed botb oa different production proceeeeo for tbo rar loua 

ooapouade, tbe coordination of the production processes aad 

also oa tbe coapounda to be produced. 

Production of tbe individual compounds listed la table 

4*1 ia thoroughly explalaed ia appendixes, ubere tbe 

technology aad aarheting of each coapound la discussed. 

Interandiate coapounda, such as aagneelua hydroxide, 

aagaeslua chloride, aagneelua carbonate, hydrochloric 

acid aad carbon dioxide are not dlacuaaed, however. Ia 

tbo foreseeable future there does not seea to be nay 

ooaalderable aarket for those natorlala except in tbe cboaical 

production itself. This can of course change, eapoclally 

la tbe case of hydrochloric acid, which could becoae a 

aalss product, if a ooaalderable cbealcal industry wars 

establlahed ia thla country. 

4-4  UTILIZATI« OF COKDITXONf 

The ooaditloaa of greatee laportaace far tbo acoaeay of 

cbealcal product lea froa asawatar are: 

1. Tbe couatry'a location 
2. Maturai reeourees 
S. Social conditions 

Tboae ooaditloaa any be divided iato aure categories, far 

exaaple aa fol Iowa: 
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1. Til« country's location 

(i)  distane« fro« aark«*s 
(il) distane« fron raw Materials 
lili) distane« fron coapotitora 
Civ) situation with respoot to trad« 

alllano««. 

S. natural resources 

(I) th« s«awat«r 
(II) salty water in geotberaal ar«ns 
Íiii) hydroelectrlo power 
lv)    gtotheraal atoan 
v)      shall sand 

3.    Social eonditions 
(1)      osali population 
(il)    ta« na tur« of ta« country's 

Industrias 
(ill)  th« country's econoay 

Tao relative «ff«ot of transportât ion cost oa production 
coat aad eoapetltive ooadltloas is in g*e«r«l d«p«ad«nt oa 
ta« valu« of  th« product, or th« aat«rlal, which is being 
transported.     Thus, valuable goods nay b« transported long 
listane«« without th« transportation eost having nay 

appreciable effect, but it is not «conoaical to transport 
inexpensive goods loag distances, unless necessary. 

For thos« reas «a«, the country's distance froa aarkets has 
no appreciable effect la th« ens« of highly developed 
cavalcala, such as sagaeslua natal or sodiua, and for th« 
saae reason th« fisher le e have never had aay appreciable 
difficulties da« to distances froa narkete, aa fish products 
ar« relatively expensive geoda. 

Oa th« other hand, th« production of salt, gypsua aad pot* 
asslua chloride la this oountry would to an grant extend be 
based oa th« fact t hat th« coat of thos« Inexpensive 
caeaicals is raised coas id er ably when i sport ed by trans* 
portatloa to this country aad the coaditioaa of eoapotlag 
with foreign oosastltors ar« iaprovod. 
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AS raw •ateríais for a o »«ileal product loa from eeavater 
ara all ob talami la tha cematry, distances froai tha raw 
•atarlai soureeo ©aly affacta tha cholee of location of 
tao factory la taie country. 

02 grattar importaace than the geographical location of tao 
country la Ito ralatloa to tao various  trad« alllaacaa and 
trada condition* la too pooalbla trade arata.  Thla auat 
ba atudied car«fully in connootioa with aarhet research sad 
Ita affoct evaluated. 

Tha country'a natural reoemroee aro ratnor uadiverelfled. 
Tat,   thair combination lo ouch that chemical produotloa 
fro« eeavater a»y have good pooalbllltloo. Sa aw atar la 
of courea avail ahi« la oore placas thaa hora and Its 
conati tuant a not ouch di liar eat fro« that found at other 
location«.   It la la aoot casoa cleaner around tnlo couatry, 
however,  and leoe contaminated by waate thaa la general 
at the coasts of the continents.  Its salt content Is also 
rather stable outside of the areas affected by the rivers. 
On ley a J anea there is a geotheraal area with arine, which 
possibly could at the ease tlae bo a source of potasele« 
for fertiliser production and atee* for heating, evaporation 
aad drying la a chemical production procese as the area 
Is located sear the sea. 

Inexpensive hydropover has for a long tlae boon considered 
a basic element for  the future of chemical production and 
Industry la Iceland.  It so happens that la connection with 
chemical production from eeawater,   it is possisi« to co- 
ordinate three prodúcelos proceeses, which are based on electro- 
lysis,   that Is production of aagaesluo aetal,  ohlorine pro- 
duction (along with caustic soda aad aodiu« metal) aad chlorate 
production.  Iloctrolyalo Is the only competitive process, 
which Is known for the production of those encálcale, 
aad should therefore be premia in* from that point of view. 
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Til« second aost 1sportmat raw «at«rial, which la needed, 
besides seawater,  la llseston« or -alciun carbonata.  Hila 
fa      obtained «oatly in two forss:     aa aneli aand (sostiy 
calcium carbonate) or dolosità  (a Mixtura oí 10-4O1? 
sn\gaealua carbonata io calcimi carbonata).    Dow Chea leale, 
Inc. in tao United States, whth la the largeat producer 
of sugneslua aetal la the world, uses only aneli sand, 
but the British and norwegiaae dolosdt«.     Th« ssgneulua 
content In dolosi to  leads to leaa seawater beiag uaed 
and sakea precipitation and filtration eaaier for various 
reasons, for exaapl* because of a asmi 1er water content and 
better cry s tal 11 sat loa.    The ahell saad in Faxa Bay contains 
2.7* Map, which la considerably  lees  than in dolosità, 
although that fact sight be of benefit and suet be atudled. 
In the overflow liquor fron ealt production there la constater- 
able magnesi ua and that could be used to concentrate the 
solution for  the segnasius precipitation.    This sagnesius 
content la conparabl« to 11-12** sagnealus carbonate con* 
tent In «hell aand and say prove Just as econoalcal as 
the use of  dolosi te la o'her places. 

Social conditions are prlsarlly of  isportance in connection 
with the fact that the asall population leads to asall da* 
amada  for a»st chesical gooda and accordingly the asall 
chemical Industry desaada only asall quant It lea of auch 
basic cassicele as chlorine, cauatic eoda, hydrochloric 
seid,  eoda,   etc.    Yet, there are a few concerns which can 
utilise the production of a seawatsr chemical factory. 
The fishing industry sust be sentloned first of all in this 
ooaaectloa,   but it uses salt for fish processing and salting 
of herring,   amounting to 50-60 thousand toss yearly. 
Other users are f .ex. the seas at-fac tory, which uses 
smeroslsmtely 5.000 toss of gypeus yearly,  the agriculture, 
Afclch uses approxlaettly ft. 000 tons of potaasiun chloride 
yearly, the  dia toad te factory, which will use 1-2.000 tons 
of soda, aad besides those there is desand far other 
caesloala to a lesser degree, such ss calcina chloride 
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for duat blading of roade, «to 

farlo«» social vi«wa also affect th« feasibility of chemi- 
cal product io« from eeawater, without considering directly 
the financial economy of th« industry.     The great and di- 
vorali lod seeds of lamerte alght aako It doalrablo to pro- 
doc« la thla country what  la possible.    Mao, thoro la 
always th« need for new export  Industri«« for obtaining 
foreign currency and for creating diversification  and 
stability.    Ili« utilization of hydropower la a vary laportaat 
task In th« aext 10-20 year« and one amy «xp«ct chealcal 
production from soawatsr to take an active part la that 

dovei opmeat. 

Aa any ba ««on fro a what has been said, condition« other 
than th« aaall  inland aar hot, are in general poaltlv«, and 
It «eeaa to b« a good possibility that thca« any be used 
to ask« chemical production froa seawater econoalcal. 
Where ch«micals are produced fron «eawater In other placa« 
th« production 1« oarer aa diversified as contemplatoci 
her«.    la general aagn«alun »tal, amgneeiua oxide and 
broadn« are the only chealcal producta and no poena bllltlea 
are of utilising th« by-products due to local condìtlone. 
Thus,  greater production economy must be poaaible In thla 
country.    Th«  inexpensive g«oth«raal ateaa aad eleetrle 
power also aeern af great lmportaac« la improving th« 
competi tiveneaa in foreign market a, and It la of great 

be 
1 amortance to atudy how theae amy beat/utilised. 

amSE. LOCA WOW,  CAPITAL IMV18TIBMT, ETC. 

The aiate and capital lnveataant In a factory for production 
of chealcal« from eeawater,  la primarily determtaed by quan- 
ti tie« of amia material« that are to be produced,    for several 
technical reaaona it nay for example b« possible to base 
the amgnealum production on It thousand tona of natal 
par year, or SO.000 tona of magnesium oxide.    Demeetle 
demand for malt would allow approximately 00.000 toaa par 
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paar aalt faotory aad taa i»w< ter potaaalaa oalorlao 
was approalaafly «.OfO toM last paar.   Ia aaoariaaa« 
vita thooo figaro« lt la poaalbla to prodvo« 1.000 toa« 
of Baiala« aar jraar aad aparca laatoIj t.000 taaa of oodlaa 
aat al. ftaaalala pradactlaa of ealorato coalä at 10.000 
taaa far yoar. 

la tóalo 4-4 taar« ara 11«tod pedalala capaolty capital 
lawaataaat, aaergy raaairaaeata aad product vaino af 
•or or al ooawator procooalag «alto. Oaa mm^ froa taoro 
that tao total capital laroataoat la orar 1000 allliaa 
kroaur aai tao total production vaia« ©w«r 800 allllaaa, 
aaaad oa tao production of aagaoaltai a«tal, not aagaaaiam 
ox loo.  It aaat bo raaoaborod, that thoaa figurai aro «alp 
ladle at laf oreara «f aagnltud« and do aot tato lato aoooaat 
production prccoooo« la dotali, for ox aap lo lt la aat at 
all cloar boo tao production of potaaalaa would at boat 
arranged aad therefore no flgurea aro Indicated far taat 

ict loa. 

Hoc trie energy and/or geotheraal boat  ara of iapertaaee 
la aoat of theee araaaaaaa aa taa flgaroa la tat taita 
Indicate. Thoe« aro factor«, which aloa* other a, aro of 
iaportanca la coaaoctloa with tao choleo of location far 
tbo factory.  Studio« of location ara of groat importano« 
aad ara dlaeaaaad oapac tally la ta« ohaptor oa or g aal aat laa 
af r eoe arch. 
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i PWOw» MMÊMiMCM 

a-i     DTTBODOCTIO* 

is mentioned la to« beginning of tais report, Ita objective 
la to suggest a«« fiólas of research ooocoralag tao utili- 
sât loa of eoaatltttoata la «««water aromad tala country,  la 
tas preceding chapters an attempt  baa boon asso to narrow 
tho flold as auch as practical without tao dangar of throwing 
away poeaibilltiee which sight bo of soonoalc import anco. 
At  this otato ws can only got far enough to concluso, that 
obrlously esteasive reeearch work haa to bo done and It will 

tako a long time. 

la tho following dlscuaalon all rossarch concerning geotaormal 
boat and electric energy is excluded,  although it Is assumed 
that  the uae of both ie a factor in thla study.  Also, research 
work concerning the Increased upflow of salty water oa 
Beykjanes is excluded. 

Before definite research proposals ars discussed,  a few 
concept« which will be used should be explained,  sad tao 
organisation of research aad «election of prloritlea. 

ft-1       DBFIXITIO« Of CQMCEWi 

Por tao purpose of explaining tus concept« which are 
bore, and concern tao development of atadlos, prior 
of such concept« as used la Iceland In alallar casos la 

explained below. 

frollalaary research cower« studios, wklck oa a broad baso 
concern raw aaterlal«, technology and aarksts. Concisa leas 
ars presented as pre liai nary estimates of ospitai iawost- 
memt aad oser at loa,  aad aa proposal« of definite awoauoa 
to follow. This part of tas work has been la the hands of 
people who direct aad conduct research. 
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F»—lbllity etudy la a more detallad engineering se-veloe- 
aeat oí the aaia conclu«Ion« of the prellalnary romearen. 
This eatla«te cas be a basla for reeolatloas la financial 
•attora and can load to conclusion* concerning development. 
Thla work ha« boon doao by engineering cosavi tanta la 
direct consultation «1th apoolal representatives ol  tho 
Government or part loo that, conduct research. 

A final estimate covers  final engineering dealgn,   on which 
drawings,   financing and organisât Ion of operation can bo 
basod.   fhla la sponsored by  ta« port los, which aro  to cart 
for  tho operation of  tho enterprise. 

although only the first step or preliminary research refers 
directly to research,   It  Is nevertheless aa important ltea 
In all  these steps.  Proposala, presented later la  this 
chapter,   are,  however,  primarily baaed oa the requlremeate 
of preliminary research and feasibility study. 

5-1      OiQÀMIfcATIOa OF TU ftlttAftCH 

Due  to the broad and expensive character of the research 
suggested here»  It Is Important  to list the tasks realisti« 
oally by priorities so that each step la the rese arc a leads 
to definite conelualoom, which primarily deteralne the 
development possibilities and the economy of the ont erar lee. 
Then It Is soos determined whether the undertaking  is 
economical and large amounts of money not apsnt oa roe«arch, 
which is of no use,  if the Idea Is dropped.  It Is also 
I amor tant to be able to dlscoatlaue tho work at all stages 
of the research with the least posa lb le financial loas. 

In the following research proposals  those view pointa save 
soon determining aa lar ss possible,  bat as the rosoarca 
ltaolf will land to now priority r a tinga, one mast  always 
have those facts in miad sad reorganise the work aooordlagly. 
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Basically,  la tho first priority group 1« research coaceraiag 
the pooslsllltltlas of product loa an« requlreaeate aloaf   with 
prellalaary coat eatlaate*.  Bach oatlaataa aast a« reviewed 
steadily at all stages of research. The eecoad «oat iaportaat 
ltea la aar ko t reeearch,  aad thirdly raw aatari ala roseares, 
along with a tad loa of location. frelialaary «stlaatea aad 
feaailllity etudlea uaually sao« what fart aar roaoarch is 
nacassary aad ho« It ahould bo eooduetod. 

S-d      flELXMINAlY BBSBABCB 

a)    Prollalaary oatlaataa:     At tho outaat  a quita thorough 
study auat bo aada of tho nooda of tho proposed product loa. 
Quita accurata Information «mat bo obtained about equipasat, 
«ater requireaenta,  labour,  energy aad ra« aateriale for 
tho varloua proceaaes, «hich aro to bo consldorod.  On 
that baala pro liai nary aatlaiataa auat ba «ado of tho capi- 
tal laveetaeat and operating coat of tho baaic product loa 

unita. 

Ipoclal attaatlon ahould bo paid to factors concomía«, tho 
production of; 

1. Magnoalua hydroxide 

2. Magnoalua oxido 
3. Magnoalua ata tal 
4. Salt  (a revio« of foraor oatlaataa) 
6. Broaino 
e.    Sodlua notai and aodlua paroxldo 
7. Potaaaiua coapouada 

8. Bodlua chlorate 

A ooaparlson of product loo proooaaoa auat bo aad« «hoa 
aoxo than oao proooaa la poaslbla.  Mao a coaparlaon of 
ooadltloas enjoyed by proaent prodaoera aad the conditions 
in thin couatry. 

Those preliainary  eat ima „es   have   >.wo purposes.   Firstly 
to deteraine aore precisely   me possibili ties wtiicf  are 
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available, aad their eooaoay, to«for« proeeodlag fartnar. 
Secondly, it ütmlMi neceeeary MMITCI project« aad 
la wkat ore«- they «ball be eaecuted «ai hot» later pre ted. 
Prellalaary «itliitM aro thue a neoeeaary tool at tal« 
prellalaary stage to aak« It poeeible to ««tarala« whether 
work ekould a« continued on a particular project  at tack 
ataga an« thua «ara a lot of «oney,  If cha «atlaataa indi- 
eata tha projact to ba uneconomical at an early atage.  for 
tk«a« reaeona tha eatiaatea auat alwaye be reviewed la 
or dar to giva a good view of tha «hoi« work. 

«)    Market reaearco:    la to« beginning a quita thorough aarkat 
study auat b« c arria« out ooaeoralag all tha aaln aa tari ala 
propoeed to produco la ordar to obtain la forata don aa to 
tha alca of tha aarkei,  Ita growth,  a poaalbla ahara of tha 
aarkat,  which doaeacic production night gain,  aiao infora- 
atioo on aarkat prlcaa and aarkat behaviour, competitore' 
production,   fora of tha product,  ate.   Alao  tarifa auat 
ba carefully atudled in tha poaalbla aarkat areae,  and 
aarkatina poaalbilitlaa auat ba investigated by a«atlag« 
with important partiaa abroad.  Market raaaarch abroad akould 
aapaclally ba concarnad with tha following production ltaaat 

1. Magneeiua oxida 
a. aagaealua aatal 
3. aroalna 
4. Sodlua chlorata 

fi. Sodlua paroxid« 

6. Sodlua aatal 
7. Fotaaaiua carbonata 

Doaeatlc aarkat atadla« should only ooacarn aalt to keg la 
with and tha neada of th« various us«ra of aalt atudiad 
thoroughly,  una aunt aaparata tha uaaa of aalt la flab 
procaaalag, aalting oí harria« and food production and 
accouai aapaclally  for daaanda on quaatltity and aalt «ra- 
par tiaa aada in chow a f laida.   It auat alao ba laveatlgated 
what   tha various uacrs pay   for   the salt. 
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•aw »atarla! *    The aain raw »ateríala warne la the 
«notloa of  ebealeala fro« se aw at er a«« aeawater «ai 
•ball aand.  The aaltlneee la of gremt importance con- 
cerning the aeawater, but alalag condition« and cheaioal 
coapoaltloa In the caee of «hell aand. The following 
proposala ara aada: 

1. Salt coatant étudiée should be a tar tad agala at 
locations which a e am moat likely  to bo ol «coooalc 
laportanca  In connection with ttaia mattar.  Saaplaa 
should ba  taken continuously  for two y o ara at the »oat 
Important placea.  The saltiness of aeawater at   the 
ReykJanas peninsula shall ba one of the fields studied. 

At the geot barasi  area on •eykjanee,an up flow of hot 
tranaforaed aeawater la found.  A part of this field 
of atudy la to keep track of the aaount of enes»leal 
conatituants  found In this salty eprlng water. 

2. Snail »and alnaa known la thia country snould ba 
studied in order  co obtain lnforaation on the quantity 
of shall s and, ainlng conditions and propartlaa of taa 
raw material.  It ahould be pointed out that ex tene iva 
research of this natura took placa in connection witk 
the foundation of the State Cement  Factory and  the con* 
elusions of those studlaa are without doubt available. 
On the other hand, it  la assumed that more extensive 
studies are now necessary sad that asaplaa should ba 
obtained fro» more than one place for ex «ai o at ion. 
Plana ahould be nade for the mining of ehell aand at 
a definita place or placea,  aa wall as eatimates of 
transportation coats to factory. 

d)    Location of a processing plant for aeawater: The reamer eh 
work will ba greatly facilitated by determining early 
the location of the propoeed plant. Mala point« for 
engineer lag consideration arai 
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1.    Transportatioa of raw «at«riala «ai water 
1.    TránsalasIon of boat sad olootrie «uorgy 
9.    Transportation froa tas plant 
4. Contamination 
5. Persoasa1 and condition* for tho construct loa of 

living quarter* 
e\ Factor« in tho production requiring coaparabi« 

conditions 
7. Availability of various service« for th« plaat 

D«t«ralnation of location auat b« coordinated, however, 

with r«s«arch on raw «ateríais sad other laportaat 

studios previously aentioned. Attention is brought to 

the «ethod of studying single factors individually sai 

finding which locations are excluded thereby. 

») Process engineering research:  A« soon as the above 

aentioned research work warrants, it is necessary to 

study thoroughly the quality of the available raw 

aaterlals which are available In this country. la a 

broad way, they are already known to be eu f fie lastly 

good, but their quality in finar detalle is of course 

not known and therefore not clear if or which spool al 

aeasures aust be taken which could iaprove the con* 

dllions. 

for this purpose experiments should be planned» with 

che ala of producing a few kllograse of the basic 

compound«. At this stage it is clear that at lésât 

the loilowing experiments should bo aado: 

1. Burning of shell sand. Detersine the activity of 

the 11a«. 

a. linking of llao froa (1) in fresh water and sea- 

water. Investigate separation of sand. 

3. Stud» precipitation of Mg(OH)a froa seawatsr wltb 

slaked lis« froa (3). study influence of t«aparature. 

4. Study settling and washing of Mg (Ott) 2 froa (3) at 

dlffsrsat teaperatures and pH {investigate influoaoe 

of MaOH). 
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i.    BtttrilM rat« of filtr»tio» of Mg(M)2 «roa (4) at 
dlfforont temperature« and pH. 

6. Cálela« Mg(OH)2  LO Produce magaemlvm ox id«. 
7. Acldmlatioa of ag(OH)2 and bench acal« production 

of aagn«siua chlor id« «uitabl« for production of 
aagnealu* a«tal. 

t.    Coaparlaon of result» of studies 1 to 7 with «aao 
studi«« conducted with dolomite  instead of «hell «and. 

9.    Cry«tanimation of aalt  fro«  three-fold concentrated 
aeawater, 

10. Studi«« of precipitation of sulfate and Ug(09)a from 
mother liquor  from (9). 

11. Studie» of ualag mg(OH)2 froa (10) a« seed for tao 
crystallisation In (3). 

12. Studio« of using aothor liquor froa (10) co coa* 
centrate «««water in (3). 

13. Studi«« of potaaslua coapound« production froa ooa- 
c«ntrat«d and  transioraed «««water with the   aid of 

4g(üM)2 and COj. 

It ahouid be stressed that thoa« studies should all be 
conducted la this oouatry  among other  thinga to gala 
experience in thi« fl«ld. 

This prsllalaary research work, which now has been «api al ned, 
«111 lead  to revised preliminary «etiaatee, which one would 
ompect to ahow whether cheaical production froa «««water 1« 
am «conoalcal undertaking and a« w«ll «a tb« ao«t economical 
aia» of the plani  and It« general arrangement. The neat 
step In the development,  if continued, «111 be a preliminary 
capital eatlmate of the plant and Ita operating coat. 

i-O       fIAfI9ILITY  STUDY 

The feaaibillty study cam be In aaay parta aad «tepe, «hieb 
dewelop automatically.   la general the proposed proda«tlea 
«ill bo divided lato défiait« fi« Id«, primary product loa 
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aad seeoadary productlos tai  the 4«tail» oí saca field 
studied thoroughly.   It is llhaly that  the division oí tas 
feasibility study «ill primarily bo baaed oa nomai «tag« 
development of ¿a« chemical production as aa enterprise. 
At  this stag« definite machinery and equipment  to be used 
in to« production «ill be studied and experiments nada la 
cooperation with thoss that would supply  cha eachlnsry. 
fnea raw material, markets,   technology  and economy «ill bs 
studlsd carefully,   and car tain basic dsclsioos conoeralng 
locati oa,  productioa «at hods and produce loo foras nada. 
Whss the preliminary  ««Usâtes ara on s lira groused asrs 
or less,   it is tlas  to «a cabila h a company around  the 
planned undertakings and operation,  and start looking into 
the sale o I  the product. 

I««       MI MATED EXPUSE OF  ÍHE PRE^IaHJiARY RESIA8CH 

The importane* of the prelialnary veeearch lor an scoaoalc 
•valuation of the production possibili ties, makes  it 
obvious   chat this work «ill coat conaidsrable money.  As 
sa indication it aay be aeationed that   the technical 
feasibility study is estimated to coat approximately 1% 
of the capital investment or  approxiastely 10 mill ion 
kroner in thla case.   Besides  this,baaic rssearcti  .>> raw 
aatsrials is necessary, which would also coat much aonsy. 

Tas following eetlaate of the cost of the prelialnary 
research is based on only the main stsges of the chenical 
process bsing considered,  as explained sbove,  and  that 
various other ltsaa belonging  to the prelialnary reaearch 
bs considered when they nome up. The  following es tina te 
does therefore oaly cover the)  first stage of the pre- 
lialaary research. 
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if aß* oí A 

MLUIIilT BltlâlfM 

Taoaaaaá kroaar 

rrcllalaary «atlaatoa 1.200 
Market r«a«arch 600 
lew aatorlala r«a«arch 600 

Location ISO 

Proeoaa «aginarla* roaoareh 1.200 
aUacallaaooaa 400 

TOTAL thouaand kronur 4.150 

la« «xpoaa«a involved in other parta oí tat prallalaary 
r«a«arch ebould not «xc««d 6 allllon kroaur. 

Ta« coat ol ta« feasibility study aepoade on th« pro- 
duct loa a tag M bolán ooaaléoree aadì how auch la COT or od. 
It la reaaoaabl« to «atlaat« 2% of th« capital lawoetaaet 
for auca werk. 

•-/       TUI FLAN 

At tala «tata It la aot poaalbl« to gl?« an accurat« tía« 
plaa for Individual a tapa la tao aaow« esntloned work. Oa 
tao other hand, it aay b« poaalbl«  to «tat« approximately 
ta« tía« raquirtd for th« varioua a ta« «a of th« dev«loaaeat 
work. 

To «tart with It aay a« eetlaatetf,  that tht pr« liai nary 
research, d«acrib«d above, would tak« two yoara.  Bat 
oaf or« that tie« haa paaa«d It la poaalbl« to at art work 
oa tao feaelbillty study» which aay b« aaaaaad to tak« 
two to tar«« y «ara. Thaa, it aar »• «otlaatodl that  tha 
ooat of these parta of th« laweatigatloa would bo spread on 
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4-e /«ars aad it aay «IM •• —ili that after apprsalaatsly 
tv* yeare ««fiait« oeaclualons «ili «• «vallasi« ooao«rslag 
la« feasibility oí eaealoal productloa fr«a ««««at««. 

M      COftCLVtlONS 

Proa  eh« description above, aaay «ill poaeibly find oaaaleal 
production fro« aaavat«r a quit« ext enei ve undertaking.   It 
is also clear  that auca an industrial coaple* would not be 
completely erected overnight.  On« of the «oat iaport fisi«« 
to be studied la this connection la,   therefore,  bo« euch aa 
enterprise eaa be erected la atepe, both a« concern« indi- 
vidual process«« and aleo product loa quaatltiea of each 
atep. 

la the beglnnln« it 1« for example poeelble to proda«« «aly 
aaga««iua oxide and salt a« aala coapounde. Thus only pro- 
cesses 1, 2, 3 aad • on figure 4*1 need to be developed ia 
the beginning.  Later on, production of aagneelua aatal ««aid 
a tart and could be increased gradually as the aarket «it«« 
atloa deaands.  The production of potasslua carbonate could 
also begin along vith aagneelua oxide aad aalt productloa 
or later aa found practical, frodactloa of other chealcale 
could then be Initiated ae aarket« aad financial seana alio«. 

When the productloa i« developed la such etagea, one aaat be 
careful not. to loos« «lght of the overall organisation, 
because tas final eeoaoay la to aa grest extend baaed «a 
the complete esterpriee. Thus, ta« «hol« produciloa prograa 
aust be planned in the beginning,  although it ia developed 
la s taps.  Also the cloae relationship of the various pre- 
eeeee« aaat be kept la alad, auch aa «hen materiale froa 
the «alt product ioa are used in the aagneelua product lea. 
•«•idea thls.puaplng aad cleaning of raw aaterlala la ala« 

>n to the proceeeee. The use of geotheraal e tesa aad 



•IMtri« eaorgy la cloa* 1y iaterrelated la ta« «aal« fra« 

dwctlon prograa aad aakee poaalbla a good utilisât io« af 
tbaaa enargy sources aad ta« equipmeat raaalrad la tbat 
eaaaaotloa. Taaa taa aaaa tranamleeioa llaaa aad plpae, 
transformara, «te., eaa be used aad «lao hait lait ovar 
¿roa oaa procees may ba used la another procaas.  Pre» tala 
il la clear  that  It éoaa not seea poaaible to ••parata taa 
production too auch or  to locata the various pianta la tba 
production program at «any différant places.  Peaidee ia- 
cr«aaing expanse« in construction aad equipaent,   it would 
•aka iapoaaible varloua econoalc ••asures, which would ba 
possible within a closely interrelated plant area. 

It la also clear  fro« what baa been aaid tbat a e beale al 
production froa ae«water involves coordination la tba aaa 
of important aources oí raw «ateríais la tba country aad) 
tue aaln energy source«, nydropower and geo t nor aal beat. 
Tba producta could ba expensive good« wbareby value of tboaa 
natural reaourcea abould be extracted at a great profit. 

Proa tba appendixes it is clear tbat tba «ateríala, wblob 
bave been dlacuaaad bare aad tbought possible to produce, 
ara ia gaaaral «teady in price aad aaa aad «any of taaa 
can become a baala for an exteaalw« cbaalcal indue try la 
tba country.  la «orna carnea tba groatb of the market la 
•troag.   Ia aepemdix II it will for example ba «een tbat 
tba magne« lu« aar bet la growing faat,  faster than tba 
«arket for aluminum. Be e i dee tale,  international trad« 
la tboaa cueaical« la in gaaaral at  a blgb vaia«. 

On tba other band,  It algbt not bo aa clear  to tba 
tbat tba ohemical aroooaaea under discussion are compara* 
lively aaay from a technical point of view compared to taa 

ladaatrlaa la gaaaral. Tba proeoaa etapa involve 
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ratlralr «tapi« obaaleal aaaagas aai la aaap e 
tat varlaia avaisatloa stspa ara taarsafkljr triai, 
osaiitiaas alallar ta tasso asiatlaj ia tala osaatrf 
it aar ta sostlsaoi taat aacaaalaa araiaatisa ia aaaa 
aaaiar fraa a too hale al solat af visa taaa srossctloa mt 
aiaai 

Iroa all this it aajr bs claar that this is aa araa vaiali 
aaaaa to ba wall saltad for aa Icelandic chaaloal iaaaatry 
la ita lafaacy.   It raqalraa of cours« auch raaaarch vara 
bofor« isclsloaa oaa aa takaa, sat that rssaarcta oaa as 
aaaa by Icelandic ssrsoaool to a groat axtoai, aai taaa 
asooaa tba baala for lacroaaoi tocnalcal kaovloigo la 
Icslaai la a fiali of sooaaalo iaaartaaaa aai taaa llaslj 
ta Issi to gooi raaalta. 
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tfwan i.   ummBim «IM 

I-l      9MOUÇTI0M NU AUS «Ml» 

Nagaeslua ozi«« is proéuooé by toralag aagaoslaa byero*lee, 
vhlch la preoipltateé fro« »«avatar or aria«, aaé froa 
various sellés, «alea ara rieb ia asgaoslua oar boa at«, «neh 

Uta, éoloalte, Olivia« aaé attera. 

Ta« proéuets ara la aany quality groups aaé types aaé the 
granala« «opoaée oa taa cavalcai eoapoaltloa aaé purity 
aaé taa crystal shapes of tao proéuet. Tao sala ooataalaatloa 
la aagaoaliai osléo ara aagneelua earboaata,  lroa oslé«, 
alualauu oslé« aaé lia«. 

Taa aala eatoforloa of aagassiuB oslé» ara two, oauatlo aaé 
éoaiaaraoé. Canst io aagaoslaa oslé» la obtaiaoé by burning 
at 700-1000°C, ao that tbo earboaata ooataat as Ot, ls 
asproslaately 1*7%. Caustic aagseeloa osléa aust b« vary 
actIT« aaé tb» burning reoulrea groat ear«. Tao aatorial 
lo solé as povéor. olallar to eoaoat. 

aagaoslaa osléo Is ob talase by baralag at 1410. 

1»00°C aaé tbea all tba earboaata la roaovoé. Tba aatorial 
aaé ratbor libo alag aaé lo barély net IT« at 

all. Tbo ooasKkB éeaéburaoé Basáoslos osléo oontalna èo«tff% 
HgO, bat soeslloé pericias«, «bleb has tba ssao cry at al 
structure oontalna over to» agO aaé la obtaiaoé by burning 

st 17tO°C. Proéttotioa of aagaosioa osléo froa sossator Is 
«saally aimed at proévclag parlólas« because éoaaaés for 
purity can tboa easily bo aet. 

1-*     raoOgCTIOM PBOCl-a 

Tbo aain atop la tbo proéuetioa of aagaoslua osléo Is heat lag 
of Bagaoolua earboaata or ásgaoslas ayeres lé« («bleb for 
ex aspi« aay bo obtaiaoé by précipitât loa froa sossator). 



faa teat IM la earrloë eut la rotary kilaa boato* «ita gaa 
or ell at 700-1760°C i«pnili| oa ta« «a« of tàa »atarlai. 
Taa ail oiiaaaaftloa vbaa aarialaaa la prooweoë la 

aataly loa kg par taa. 

i«s     
Caaatle aagaooloa osléa la arlaarlly aaou la «alak baraaalag 
ooaoat (esrealorléo or aoral ooaoat).  It la alaa (lao* la 
laaulatloa aatorlala aaë la taa proeaetloa ai otbor eaaaleala, 

aaoa aa uraalou, rubber, ato. 

I«4     MAMBT JMP rBOPPCTIOW 

Taa largaat aroéaeere of buraea aagaeelea oalée la tao 
verU arat    Auetrla, Oreeee, On 1 toa Statee, Jugoslavia aoi 
poeelbly Baglan*, altbeegb figurée ara aot available froa 
tbere (tabla 1*1). Tbeee countries ara aloo too only ex- 
portera of aar ieportanca,  lataraatloaal trxée amounts to 
approxlaatoly 000*700 teeeeaatf toaa per roar (aaa tabla I-») 
aaá that la approalaatelr balf of tao »ori« proeuctloa, 
«blob tbaa la place* oa taa lataraatloaal aarfcot. Tao largaat 
laeortere ara Baglaa4f Oeraaay, auafary aai rollane, alaag 
vltb tao Obito« it atoo, wbleb la both an asportar aatf 
laper ter of aagaaalaa ox leo. 

It la roa ark ab la tbat tba Dal toi It atoa imports primarily 
froa Auatria, Greece and Jegoalarla aa« tbat Import lo 
primarily éoaeeursed magaeeiua oalao or perle lase.  Import 
froa tbooo countrloo to taa Salta« ftatoo aaaaata« to 
M taoaaaa« toaa la Ita. ame aot «alta #0 taaaaaai toaa 

la 1M4. 

Tba Greek laport to mo llama la amproxlaately 90 
toaa par rear (1M1-M) ui ta Ooraaay ereeee eel* 11 
t berne aaá taaa la ltee. 
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fi» arorago prioo of tarât« upwiw oaiaa (aatk iMtii 
ma iiiftvMtf) io $44 par to», A «tallar prioo la oaato« 
U Mia.  la tao Iniita« «tat«« tao prioo «lfforo with tao 
trpaa. BaaÉlarait aagaaalaa oaiaa la Ml« for #61.M paw 
toa, tat ta eaaatie aa« sroaa« power it ia aal« far 
•l-a» «oliar« por too. Too prioo of parUlaao io aiallar 
ar aaaroaiaatalr »M par too. 

aasaoolaa aaloo, «kick io «ao« la tao rallar aa« pai 
«oat io iaaaotrloo la aaok aoro aaaoaolro or froa HI« 
«a to 11100 par toa aapaaalag aa parity aa« paoklag, 
aaarao, tao aarkot far aaok aat orlalo lo liai to« aa« «if fi« 
•alt to oator. 
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TOOJLO i-*.   ummmm*L turn 

3*fO*T OF ÍUOOOIOH OHIO) 1000*1004 

try         1000 lMt IMO 1001 1001 1000 1004 

AOOTBIA 

oaaatle            01.000 00.000 00.000 00.000 H. 000 04.000 100.000 
ill.000 170.000 au.000 tso.ooo lOO.OOO 104.000 117.000 

—4     §3.000      00.000     00.000     00.000     01.000     01.000 alaalaa 

•IHR 0TATO0 
OaaiOttraad     40.000      70.000      00.000    110.000     00.000      70.000      71.000 

«MM tie 
aaaOOwraa*      U.OOO      01.300      00.300      70.000      81.000      03.000      00.000 

TOTAL       343.000    440.300    010.300   371.000   400.000    500.000    003.000 

Fra» Ot at 1st leti Oi—iry of tk* Nlaaral IaOaatry, LMOM 1003 
aaO «lavala Taartaa* 1004, V.O. Oaf*, af taa Utarlor 1003. 
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TABU U3.   urrmiiTKaiAL TUB« 

WOBT or mawiiPM CKIBB I5M-IM4 

try 
IMS 1353 IMO IMI IMS IMS        1M4 

buraoa* aatf 
»aburad 10.000      10.000     M.M«    IM.MO      47.0M     30.MO     M.000 

CAMBA 

éaadburnod      14.000       14.000     25.000     11.OM      25.000      17.OM      22.000 

BBLQIUM • 
LBMBOftO 
O MMt lo   Atte 
¿oadburnod        2.MO 4.M0        2.MO        4.400        3.5M        3.MO        3.400 

flAWCI 

4o*flburnod      23.OM       13.OM      20.000     22.OM      23.OM      22.OM      34.000 

onMAinr 
caaotic maé   M.OM    101.OM   1M.0M    1M.0M    111.OM    103.OM    114.MO 
ésaiaaraa*      70.M0      55.000     23.MO     M.OM    100.000      M.OM    172.000 

»AIT 
•oadburaod      45. MO       42.OM      50,000      »5.000      55.000      55. OM      52.000 

IT ALT 
ooaflburnod      14. OM      17.OM     23.MO     42.OM      22.OM     27.OM     20.OM 

BOLLAVO 
caustic aaá 
éaaaaaraaa:      14. MO      14. MO     22.MO     22.OM      25.MO      22. MO      42.OM 

POLLATO 
cm»tic and 
asatfaaraaa      31.OM      43. MO     50. OM     72.0M    alaalat    124. OM    113.000 

unburn«!            1.5M        1.4M       2.3M       3.3M        4.5M 7.MO       3.2M 

OMITID 2TATB2 
eaastle              2.1M        3.MO        4.0M       4.M0        7.0M 3. MO       2.0M 
asaiaaraad      71. MO    133. MO    103. OM      47. MO      M.MO 73. OM      54. OM 

JA» AI 
éiiihrM«      M.MO    111.MO      M.OM     31. MO      M.OM 21.OM      13.500 

TOTAL        424. MO    MO. MO    702.3M    7M.0M    314. OM 330. OM    724.2M 

lafaraatioa fro« 0.3. tflaarala Toar book 1M4,  O.S. Baat.  ai tao 
fatar lar 12M aaë Stat lot lo al 3—if of taa ttiaaral Iatfvatry, 

i,  12M. 



ufi»g n.   mamim ora 
ii*i 

••«•••lu« i« produced *• • ft, fi pur« aotal «ai M le la 
It lb Ingota.  It i« al—t exclusively produced freo 
••swater or bria«. 

aagaealua ««tal la la g «aerai produced a« foli«««: 

•)    Magnolia la praclpltated •• aagaoolua hydroaide 
(ag(ODt) by alaked Ila« (Ca(OM)a), which la obtained 
froa burning abolì aand or doloatlt«. 

b)    After ili trat lo« ag(OM)a is la tranaforaed 1st« • 
«agnealua oblerlé« eoi«tIon by • 10» Ml«t loa of 
hydrochloric «old. 

e)    Ta« aaga«altai chlor Ida aolutloa la than concentrated 
by ••••oration, aago«elwa calorloe crystallised froa It 

•od or led la a rotary dryer. 

d) Flaaod aagavalúa chlor 14o la »laced la electrolytic 
colla, where tao aotal la ioraod ff,t% pur« at the 
cathode, but chlorIn« gaa at the anode. The ohlorlao 
gaa 1» ueed for the production of hydrochloric «old. 

The aala facta about the product loa «ret 

a) Hoc trio energy requlreaoat la 17, e kwh/k« aotal (direct 
current for eleetrelyala) 

b) Toi tag« 1« ••• volta por e« 11 

e) Coaauaptloa of carboaolectrode la 0,1 kg/kg of aotal 

d)   Tbo Ufo of tao oollat    500 dar« for ta* fir« «lay coll» 
100» day«    far tao «tool cell« 
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•)   Tao Mill aro boatod by olootrle ooorg* or fool. 

Í)   Mffloaltloas    »or»« aad lroa la tao olootrolrto eaaoo 
dl f f leal t loo for tao oporatloa. 

It aar oo ooatloaod that tao aagaoolao ooatoat of tao Ila», 
walah la uaod for  tao hydro* i do proololtatloa, la of groat 
laportaoca aa It foraa « aoelol, oa which tao aagaoaliai 

hydras loo oaa proolpltato. 

IM    «fi 
lagaoolaai la tao sot al wit a tao lowoot opoolflc weight of 
thooo oood la aar aportelabi« aaoaat.   Ita apoelflo wolgat 
lo l,f,  toot for ooaparlaoa tao apoolfle wolght of aloolaoo 
UM.   By atroagta aad wolgat It lo looo oopoaaalwo to aoo 
aagaoolwai for aany purpoaoa than aar otaor «atal. »oolooo, 
It la oaolor to work aagaoolaa thaw alaalaaa «ad t barala 

Ilo eoooldorabl« aarlaga. Tao aatal la rathor aoft paro 
aad aot wory otroag, bat la a alxtora,  for ox amp lo with 
alaalaoM, It oaa fora a vary atroag «atarlai» aaaalo la 
atraetoral boaao,  ote. tfagaoaloa la aaoag otaor thlaga 
uaod la tao follovlag product« aad Industriosi 

a)    aatoawblla aad «r1stloa indu«try 
a)   la allora (with aloalaoo) for «tractoral BOMBS 

o)   Vor aatal caatlag of aaall ltoaa dottoro, t y poor It or o, 

ote.) 
4)   for oloaalag aad production of Iron aad aeareo aot alo, 

for oaaaplo tltaalaa 
o)    la  flash balbo for photography aa« la flroworka produoto, 

11*4      fafltHICTICBl amaaTIOB» 

Production aoi aoo of aagaoolaa boeoao flrat appro«labio 
darlas World War II, whoa approalootoly 100 thouaaad tooo 

X 
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w«r« u««d yearly la airplan«« aad fir« boa»«.  Aft«r th« 
war ta« production dropped t« 10 thousand toa«, but ia- 
er eased again to owor 100 thousand toa« dur la« th« lor «an 
war.  Aft«r th» Uni tod Stat«« had built up a largo «torag« 
la 1SS7,  orlco« aad production decreased sharply, line« 
thoa its u«« has increased steadily  aad at a greater rato 
than tho  iocroaa« in th« ua« of aluainua, that la 10-14% yearly 
coapared to 7,5% for alualnua. Tho world production la ltd« 
was ««««what oror 150 thou«and toa« (««o tablo II-l (Mai)). 

la tho Ualtod it atoa a groat incroaao in th« uao« aad 
production of aagaoolua 1« «xpoctod  and various coupanloa 
hare «ado kaowa thoir piaas  for coostructien of now 
factorisa or additions, which altogothor could increase 
th« production thoro oror 100 thouoand  ton« («oo tabi« 11*4)» 
«o that tho production capacity would thon bo 210-220 
thousand toas. 

la Western-Europe, Korway is by far tho largost producer 
•f aagaoalua aad th« Norwegians ««11 no ari y all tho ir 
product Ion (22.700 ton« la 1964) to Oeraaay.  Tho Xorweglaas 
iataad to Inoro as« th«ir production of aagnealua by 100% 
la th« noxt 10 yoara. othor countrio« la luropo eutsldo 
tho Soviet Union produco noglieabio aaount of aagnealua, 
except Baglaad aad Italy, which have producod oach owor 
5000 toa« por year far «oao y oar«. 

11-5       IirrUPATIOMAL TIA« 

la tabi« 11-a and 11-3 oao «oo« that International trad« 
la 1S64 amounted to 50 thousand toas.  Norway  aad tho 
Ualtod Stato« aro tho largest exporters aad both Mil 
nearly all th«lr «xport to Qoraany.  Caaada «oils appresi» 
aatoly 6.000 tona y«arly «ootly to Sag 1 aad,  it aooa«,  bat 
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the ataglish empört oa taa otter kaad ftalato« aagBoelua 
and alloys oorr«epoadlng to 3000 toaa of aagaaalva, 

tao tablea It la HID,  that tao lar goat a ark« ta for 
asportod aagaaelua are la Buropa tad that aoat of laduatrlal 
oovatrlaa la that ara a except Oeraaay tiao aaall amount a of 
aagaoalua aa rat.  In the Ooraaa aarkat th« Volkavagaa 
factories ara of greatest  laportaiice, «hi uh iodic «taa 
«hat  influanca «a! th« automobil« industry could bar« if 
It atarttd ualng aagnealaa a«tal in lacraaalag aaouata. 
Tao Opal factor i «a la Oaraaajr aad Tauxkall in lag land ara 
raportad (M20) to hare auch plana in conno«tion with no« 
tránsalasion caalnga. Thia would opon up a aarkat  for at 
loaat 5000 toaa yearly, but production of goara such aa 
Volkawagea dooa would croato a aarkat of approximately 
•00.000 yearly la tho U.S.  automobil« ladustry aloaa. 
Accordingly taa total world aarkat could bocoa« approvi• 
aataly 1,5 allllon tona at taa aad of tho aoat docad«. 

Although thoao flguraa ara aot to baa« «at la at aa oa, thoy 
ladicata nawartheloaa tha pooalhilitloa la taa aagaoalua 
futuro. 

"-•     WUCM AMP —»^« M»""» 

Aftor th« United Stato« vov«ras>«nt stopped a took lag tha 
aot al aad tha aarkat oaao normal again around l»ft*, tho 
arico of aagnoalua bocaa« ataadlar ia tha United Stata« 
aad haa booa approxlaatoly 30 c/lb la aaall«r lota, but 
dowa to 30 c/lb In largor quaatltlM. 0a tha Europa aa 
aarkat too prie« la eoaurwhat lowor aad tho Volkawagan 
factor loa ara hallowed aa pay approalaately 26 c/lb, or 
1373 par toa, compared to $000 par too oa tha U.S. aarkat. 



^r» 
^ 

It is Mi«/«] t«rt thm pri— aajr 
Cl—lial IM» <••> flimm taat a prie« af It «/Ik 
will to ta» afitiaiaaf aavfatt pria* ia tit 0»lt«l MU« 
aft«- ltTO. 

i. 
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TABU 11-4 

wmvutnm MOOWTIOK CAPACITY IM Tä »IT» STATI* m TO 1070 

Corporation Il M 
Start el 
production Lee it lea 

ALABAMA ÜBT.  COI» (AUAtVT) 7000 t/jrear 1065 SILVA, ALA. 

ULCO DIT, OF CHAS. 
m» » 00. 6000 t/rear 1MB CAVAAV, OOWSJ. 

MP*    wBM 9     •^%VVeAr a 100.000 t/jraar 
lncl. eld 

1966 FftEIPOVT aad 
TIL ASCO, TH. 

XATIUMiL-LXAD,  HDOKVI 
CUMICJL,  AV* 00. SO»000 t/year 1008-69 UTAS-PACII.  V.W. 

•Aim ALnmriiM SO. 000 t/year WAV-tACIF.  V.V. 

•Ali» AL. ft cm. cos». SO» 30.000 t/year after 1070 UTAMACir.  V.V. 

BOW CBMMICAL COS», 25.000 t/year *       1070 VTAft^PCAIF.  V.V. 

TOTAL 210-S20.0OO theueand 
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ApfMpg m.   SALT 

iii-i  momtcnm Fot* 
Salt product loa la this country votili oaly se iatosdod for 
dosestle us«, four typos oi aalt ir« bolo« «sod la this 
country. 

*•    To°4 *alt or ttbl« ••lt 1* «••• to a sa all d«gr«o.  It 
coo« la ta sostly of osali crystals and is pack«d la 
consumer packings of 5 kg or loss. 

2. Food salt Is laported la soao quantities,  in sovoral 
dlff«r«nt compositions for tho various dooostlc aaiaals, 
containing traoo elemento. 

3. Medium ooarao aalt  for salting of herring and us« is tao 
food lnduatrloa Is Imported In considerable quantity. 
It should be aa cloan as posslbl« and «specially not 
contain copper,  calo lus and sagneslum to any d«groo. 

4. Coarso salt is ussd la itola country In graat quastitlss 
ior  fish processing.  Purity sust bo coaiparabla to salt 
tros Spain, «boro tbo sodlus chlor Ida contant  la from 
93,6  to St%, and too cryatal alao such that approximately 
•0-/0% of tho salt is graatar thaa 3000 micron« asd a 
conaldarabla aproad la tao cryatal also la n«c««aary. 
Strict conditions pravall regarding   tho coppor contant 
of tho aalt, as coppar can causo yalleo spots la too 
Hah.  Tbo coppor contant uttat not exceed 0,2 parto por 
•llllon and pro for ably nothing. 

It Is considerad doslrabla that too co ars« salt b« «1th 
alnor quant it las of oooosdary «atari ala.   famm esperi« 
sosto in this country  indicata that a calólo» ooatoat «p 
to 1% and sagaeelu* coatont up to J,5* givo a aloor color 
to stock  fish (lt become« whiter).  On tho other hand, «ot 
aal tod A i«h la bettor procooaad by tho uso of pure aalt. 
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lll-a   wwpgcTioif PwocuuM 

Of ti» various processes used for the production ef «alt» 
•nljr low preeeure évaporât lea of a« a« atar or brino will ko 
considered bore. By that netbed tve typaa of evaporatore 
or av «por at log ay otóos are used. 

1.    Multiplo ai fact arapor atoro 
21.    Flash «vaporato» 

Tha first Mentioned have been ueed la evaporation for 
•an» y o ara and soso typee ara highly dovelónos. Tao lattar 
type le rather uew, bue has corcala advantages above too 
other,   for  instance  la regards  scaling probleas. 

A previous entlaste ef sslt pro duet Ion ban bean nade 
based on the use of Multipla effect evaporators, but the 
advantages of flash «vaporatora have net boon studied in 
detail yet.  Sxtanslve rene arch work has boon carried out 
in connection vith evaporation of «eavatar  for ttas Offfioo 
of Ialino Water la the United St ateo Dopar taent of Interior 
and thoe« should be carefully studied. 

Ill* 

Crystallisation of salt  fren n naturate« liquid io a voll 
kneea unit operation and no spool al innovât lena 0000 to 
have developed in the field in recent y «ara. 

one of salt la this country has boon disowns« prev lonely 
(II,   Id). Table III-l shove the import ef oearee and 
•editan oearee salt for the y a are 1930 te 196B. It is eeea 
that the nee ef nalt hae beea oteadles* la the laet is a eels 
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than ««ria«  a slailar perlad boxare. Irta IMS it eaa 
not been below 40.000 Una par  year and la aoat years abare 
50.000 tana  par year. The average ceaeuaptlon far  tha jraara 
1960-1865 la  50.617 and far tha   y tar e 1Ö55-1M5 It  la 
52.940  coa».    It must be reaeabarcd that salt production 
in ihiB cairn try would primarily  cosa« ta «ita aalt  importad 
iros Spaia and! Italy, which amounta to, according  to Trad« 
Stallatica  for  tha yoar 1963-1065,  approximately ae-vO» 
of tha abevo aentlened aaount.   Tha raat is aalt,  obtained 
by Icelandic   fia hing vaaaala In  foreign harbera and taken 
directly ta  the flabing ground»,  as well aa aalt  far 
aaltlag ef barring frea Nerway,   tweden and Gera any. In- 
cluding thia  laat  aaeunt  it la  aafe to figura an  at leaat 
45.000 tone  par year, which could be aeld fron a  factory 
in thia country.   If P aagneeluaa  factory were to bo erected, 
along with a  aalt  factory, on« might assuae  that  chiarine 
gai required   in the aagneaiua production would bo abtalaed 
by electrolyals of nolten salt.   Per the production of one 
ten of aagnoalu* aetil one can   figure on half a ton of 
chlorine g a*  being needed.  If  a aagneelun factory era» 
duclng 16.000 tona per year ware eetabliahed,  approxiaataly 
13.900 tana of salt would he needed for the corraapandlaf 
production of chiarine. Thus,   the total demand for aalt 
weuld be approxiaataly 60.000  tons par year. Production 
of chlorine   for other uses for   exaaplo production of 
broalae and other deaestlc choaaical industrlea would la« 
crease thia   figure considerably. Those peealbllltles auat 
always be «apt in minó. 

111-4    PU1CI BgMAVIO» 

The price m£ sun-dried aalt frasi fpalu and Italy  ie 
176-ltl kr/toa (fob). In thia  country arar age cif. price 
af »11 imported aalt vas «It kr/tan in tha yeara 1MJ-1940, 
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tai aalt Mat MS >•••» ptMN 
àag taa aaas period. Ml« aaaraa aalt lapartai 

is eaaalasraaly aar« aasaaaiva, 
laataly aaa.ioao kr. par ta«. 
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Um 
Imfrfé »alt 

taaa Yaar 
Iapartai »alt 

tona 

ino •6.§70 1041 31.007 

IMI oo.uo 1040 11.314 

iosa •7. Mi lieo §6.601 

IMI 113.00« 1051 17.501 

IM4 70.433 10S2 35.460 

IMO es. »M 1001 53.104 

IMO 4I.N0 1064 55.875 

1M7 43.öl7 1006 65.001 

IMO ita. 104 1060 70.100 

mi 61.114 1087 63.410 

IMO ì/.ooa 1000 44.000 

IMI 16.612 1000 40.600 

IMI 13.141 1000 53.601 

IMS 7.07» 1001 40.601 

lt44 10.370 1001 57.700 

1040 5.006 1003 64.001 

1040 30.100 1004 53.157 

1047 43.107 1006 50.701 
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n n.   ofcotim. MP!« i» •oí« 

!?•©     In the production of nagaeeluai util, OM «top con«lata 
oí tht protection of IUMIIVI oslorlde (Mg€la) fro« 
sagsesiuai hydro« 14« (sg(01)2) «né hydrochloric ncltf (HCl). 
For  the production of hydrochloric  acid,  chlorine nod 
«ater  aro noodod. The chlorin« «ill soet  likely bo pro* 
ducod at   the location as the «oat  common production Method is 
electrolysis of aalt (NaCl) or brino.  In connection «1th the 
ehi or ine production it le possible to produce several other 

ohealoals, ouch aa: 

MaOH (Caustic soda) 
Ma (Sodlua setal) 
»a,C03 (soda) 
JIUJOJ (ftodiua peroxide) 
laCIO (Sodius hypochlorite) 

One of the sain difficult lea  in the chlorine Industry is 
to get rid of the alkali byproduct.   The deuands for 
chlorine  and caustic aoda do noe by any aeane  iollow 
•ach other,  and thtre is overproduction oi caustic soda. 

Two set hods of electrolysis  are possible.  One Is based 
on a atura ted brine, obtaining caustic soda a« a by-product. 
The other set hod uaaa sol ten salt  for the electrolysis, 
obtaining  sod tun mat al  as  a by-product,   fba   choice of a 
production atethod Bust   to a certain degreo depend on the 
aaleability of the by-product. lach of these proc< 
and corresponding products are therefore studied is 

«hat sore detail. 

rr-i    cs^oami 

nr-ia  »sopqcTios: lojm are omoiM 

Chlorine Is a poisonous yellow gas, «sich is sosti« 

duced by electrolysis of «alt. Chlorin* *¿aa can easily be 

condensed to a liquid by the application oi a pressure of 
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rast 1 thaa • 

IT-lfc    HOPÇÇTKM »10CB1M 

There are  two aethode of electrolysle, 

1.    Ilectrolyala of brin« 

intioaod asaras 

alici • a&jo -» eia • ajtaOH • % 

There are two ««in typ«» oí eleotrolyais calla avallatisi 

a) Diaporama calla 
b) Mercury calla 

Their difforanea la that in too ioratr typo a diaphraga 

soparatea tha chlorine gas froa tha caustic aoda produca«, 

but in tha lattar call aarcury ia praaant which coablass 

with tha aodlua and aaparataa it thua froa tha chlorina. 

Tha aodlua ia later aeparated froa tha aarcury ualng «atar, 

and foralog eauatlc aoda and hydrogen aa in tha diaphraga cella. 

Tha aaln advantage of tha aarcury calla ia that a parar pro« 

duct la obtained which can be uaed in tha induetry without 

further cleaning. The aarcury cells are on tha other hand 

aore expenaire than diaphraga cella and uae aore electric 

eaergy. 

the production of one toa of chlorine, 1,1 tona oí 

tie aoda aad 25,6 kg of hydrogen the following is 

basad on ualng diaphraga cella: 

lait 1.6 tea 
Soda («agCOg 58%) 35,5 k» 
Sulfuric acid (8a° be) 100 Ba- 
Staaa 10 tons ( var labia) 
Ilectrlcity 1600-3000 kWh.  (Tirlabia) 
Cooling 0,0 tona 
Labour 18 houra 
Or aphi te 5 k* 
Toltane par call 4-4, i volts 
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••    Uactrolyela of soltea salt 

• MeCl + IVa+Cl, 

tells «valíanla far MM 1» this prooeoa Mr« MMk fi 
than ia to« foraer procaaa using brlaa. rn* calla «ill so 
discussed la aora datall la coaaaatlaa with tha proda« tie« 
of sodlua a«tal. 

Froa tha electrolyala calla tba chlorine gas la laad to 
• cleaning tower «aar« an trainai lye tad aalt  ara aaparated 
froa it.   Ii  the chlorine ia to ha craoaported  froa a faoosry, 
It sust ha liquified by compression aad cooling aad pat oa 
tank« or ataol barrala. 

if «io JM 

Chlor laa la exteaaively uaod la «arlóos c has leal Industrias. 
à Hat of a fa« of tha aalci categories will aaf floes 

Production of diasolwiug liquid« 
Plaetic aad wearing aatariala 
Peaticidea 
Papar industry 
Cooling aadla and funis 
Dlalnfact anta aad health protection aatariala 

la ooaaacilon «ilk a coordinated crealoal production from 
ae aw a ter,  a culorine factory would prlaariiy bo establish** 
ia connectloa wltn production of sagnsaitaa and arenino, whara 
approximately half a ton of chlorine la naadad for each ton 
of natal aad three aad a half tona of chlorine  for each toa 
of aroalae produced. Baaed on 19.000 tona of aagneeluai par 
year, 00.000 tons of salt and a oorraepooding  aaouat of 
aroalae, or approaiaately 1000 tone,  11.000*12.OuO tona of 
a hi or ine par year would ha aeodod or eoaawhat  lcaa tha* 
So tons par day. 
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A-I« 

Otter «untie us«« «f calori»« would be extreaoly Mill, 
omlj appro* laatoly éO-êO toas por y«ar, aad tbsr«for« aaj 
production abov« the deaand stated above would haw« to 
bo export«*.  Thor« are,  however, various dliflcultlos 
connected with tho transport aad haadllag oí coloria« a*4 
strong rules govern its ocean transport and it is by ao 
••ans córtala whether transport at loo of large quant it l«o 
would be «conoalcal. 

lY-ld    »BICI 

The price of chlor in« for the product toa contemplated bars 
would of course bare to bo considerably lower than of 
1aportad chlorine, but should be easily obtainable as tas 
gas would not hav« to be liquified or placed in tanks or 
barrels nor  transported ovar long distances. 

In tho united State« the prie« of chlorine la tames is 
appro«, la at e ly S70 per too or kr. 30OO.« per ton. 

Tas price of chlorine di f fur e coaoldorably aeoag —pert 
countries and  fro« one year to aaothor. The following 
tabi« shows importa and priesa of chlorine by «sport 
countries la the last three years.   As shown, last y e are 
fob. price of chlorine was kr. S.250 por ton in lag land, 
bait JO.a00 kr/ten la the salted State*. The reason for this 
difference is sot clear» but is soot  likely du« to differ« 
•awee ia parity aad pack lag. 
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TatLlVI-1.    MW« i» flidUf WMWlilWiH 

Quantity PQaV-arlca CIF-arioa 
lur/toa tar/ton 

34,4 9.43» 11.5S0 
U MITAI«                34,4 4,000 5.130 
Iff« 8TATIS              t.O 17.000 lt. 130 

Total          07,4 7.700 t.tOO 

35,0 7.170 •. 430 
«IT» tTATIt            13.3 31.800 38.300 

Total          47,3 13.500 15.330 
IMS 

33,3 10.rOO 13.400 
01. 31ITAII                 10,8 3.250 7.500 
OI1TBD tTATXS            13.3 30.300 33.700 

Total          40,4 It.tOO 17.1 

If«!      tOOlflü «TAL 

IM«    WOPOCTIO» IPtM A«0 QUO« 

to41.ua la a ailvar «hit« and vary activa •alai.  It la 
producad fro« aalt by aloetrolyala of aoltan aalt. 

If «A    ftJOPUCTIOM PKOCltt 

In taa alactrolyala of moltaa aalt, a aixtura of 33.3% 
salt and 64.8% calci vai colorida la placad la tba calla 
aad baatad abavo tha aalt lag point. Tao aixtura aal ta at 
§00°C, but tao aaltiag point of para aalt la, on tba otaar 
band, t04°C. Whaa tha calla ara aaarglaad by dix act curraat, 
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aedlea aatal is fowad at tea oath»««. Ir oeèliag the 
calelua chloride preclpitatee agaia and a 0f.fi pare 
Mina M tal la obtalaed. 

The aoat common calla lu ua« ara baaed on a er it iah iaveatlea 
(WO) and naaed altar Dovna, but di fiar aoaawhat la aiaa 
and othar detalle. 

For the production of one  too of »odium aatal and 1,3 toa 
of caloria«,  tho following la needed* 

Hoc trie anargy 11.500 I« a/too of aotal  (lacladla« 
»eat  for aalt lag gao aalt) 

Voltage 5,< • 6,0 volta 
Calcium oblar ido 40 kg 
faayar ataro fOO C 
Liim of aaode 300-3*0 daya. 

It  is to be noticed  that   it« taK i* nel¿ed by  tua eoa« 
due Liu», curran*  through the colli* and thua dooa not naod 
ovtaida hooting. 

A now typo of eolla for calor ina aad «odian product loa baa 
receatly ba«n triad,  and aoaa to baro groat advantagee (114)« 
fbaao eolia ua« aoltaa l«ad lnataad of aerevry and tba 
aodlua aatal  ia later evaporated froa tba la ad aolutloa 
laatQud of being obtained by hydrolyeie.   The cella, «bleb 
are named  after Sxechtaan and are produced by Chloraetala 
lac, can alao be uaed for the production of othar alkali 
aetale,  for axaaple aagnealua and potassi» and could be of 
groat advantage.  The aalt muat be completely eater free 
«ban electrolyaed,  aad the a lee tr odea then laet  for a long 
tiae. Tboae cella have a cooperatively larger production 
capacity thaa tba Dovna cella and require leaa apace. Tba 
farther development of tboae celle aboald be followed tinaaaa 
of the importance it may have for ua. 
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nr-ic   CM 

aodlua la us«« as a catalyst la taa product loa ai tstrastayl 
ma for us« io gasolina.   Also, It Is ussd la ooasldsrasl« 
quantities ia taa production oí soap and   ior tha production 
of aodlua sroaide and sod lus par oxida.   Sod lue baa als« 
triad aa a conduct io* aaterlai for high  teaelon liaos 
was found to be good for   taat purpoae,  but appreciable 
aaounta ara as yet not usod for tala 

nr-ad   giurgr AMP PRICI 

Toa aarkat ¿or aodlua not al baa not grows xiat darlas taa 
last yeare.  Yac ta« product loa la toa United States Is* 
craaaad by 11% la 1*04 or up to 126.500  tona, comparad to 
115.000 tons la 1903.  According to Caoalcal Waak <a*17), 
«xperiaeata ara aow bein^, aada with tas us« of aodlam la 
•laccric conductora «ich good reeulte.   Ta« aagaxln« ««lleras 
taat this could laad to coaaldarabla lscr«aaa In to« us« of 
aodlua aad at atoa taat a yearly lncreaae oi 15.000  toas 
would ba a car «fui «stianta. 

It abould b« aentloned taat froa aodlua «atil aoat of taa 
aodlua ooapotiada in us« could ba obtained aad ita pro« 
duct ion la taarafora not  only daptndeat  on tbt aala of 
taa aatal ltaalf. 

Tat arica of aodlua baa b«an eteady aad  is ao« 1/ o«at« 
par pauad «old la larg« l«.e or 375 dollars par tea. 

IT-*      CAWTIC «OPA 

r?-3a   FioppcTiow rom AID arrapo» 

Aodlua hydroxlda or caustic aoda la produced aa a by sraauot 
durlag taa production cblorlae gaa froa arine. Tas atttasd 
of alectrolyaia aas been diaeuaaed «arllsr la conno«tloa 
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with ta« predwotloa oí abler las (IT-1).  It say be —~-, 
that the lye, vhloh is obtalaod that »ay,  is ooaeeatratsd) 
by evaporatloa,  th« aalt aoparated by crystal liait loa asd 
ta« concentrated lya furtbar «Y«poratad or cooled la anea 
a «ay that cauotlc eoda la precipitated.   Tb« aaterlal la 
than flaked or coaraly ground,  obtaining partici«» coatalalaf 
73 to 99% RaOH,  depending oa  the intended us«. 

nr-»b   on 

Cana tic aoda la a baaic chsalcal la various cbaalcal 
iaduatrloa,  baaldaa being usad aa a production aid without 
participating dlractly In  tb« obasloal rsactloaa, as for 
axaapl« for changing th« acidity of *«t«r,   for cleaning, 
ate.  A fev indna trita ua lag such of c taa tic aoda ara: 

sayos va a« lag 
Oli reflalng 
Vapor laduatry 
•aarlag induetry 
•oap production 
datai production 
lubber productloa,  oto. 

IV-««    MAKfJT 

Al tao« g h oaustlc aoda la la great deaaad,  ta« deaaad far 
chlor in« la greater and lneraasea at a grsatsr rat«.  Thsr« 
la,  therefore,  overproduction of cauatlc soda in sost 
countrica,  aad not such hop« for ««port. 

A fa« saaaa ar« available to sähe ua» of th« cauatlo 
hovavar.  Firstly,  It say be ssed for precipitation of 
•agaeslss hydroxide la sagssslss product loa. The aaaatlty, 
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which could be need that way,  u difficult te «ftiaitt, ea 
MptrlMati euet be eede. Canst lo aoda could preeoeaely 
replace elaked 11M te a eertala extent for this pure«*«. 
Thar« la alao a aaall doaeatlc aark«t for caoatlc eoda. 
Importa aaount  to eoaewhat aora than 400 tona yearly,  eut 
tbc fora la not known or Ita ueee.   It la not certain tàat 
It would b« economical to produca a oaabl« product lor euch 
a aaall aark«t. Laetly,  cauatle aoda could proauaabljr a« 
ua«d aa a raw aat«rlal for aoda production In tnla country. 

IT-M    fKICB 

Tha prlo« of the cavati« aoda, which naa been Import«d 
haa on tha average b««a approximately kr.  3.800 p«r toa 
fob.  and approxlaataly kr.  4. v00 par ton elf.  Tha pria« 
la the united Stataa of a /alb cauatle aoda la $114.6 aar 
toa or kr.  4.920 par ton. 

IT-4      •OPIUM PlaOKIDK 

•odium peroxide le a light yellow hygroeeoplc powder whleh 
abeorbee water froa the atoasphere and boconee enow «alte. 
It la a ¿cod bleaching agent  and uaed to bleach eilk, weal, 
cotton and for /arioua Indue trial purpoaee. 

It le produced by burning eodlua aetal In a epeelal owea 
at 300°C. Dry air la blown ower the aetal In the ovan aad 
the purity of the aaterlal become« approximately 95*.  The 
product la packed and eold In ateel or nickel barrala. 

Productlea of eodlua peroxide In tala country would primarily 
be for export.  Figurea on uae and International trade could 
not be obtained lor tale aaterlal.  Notala* can be reported 
concerning that at tùia étage. 
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Tas prlss of sedlus »srssUds la tas »Ut«« ItitM is 
lists* st 20.» «21.6 e/1» or dsllars 4*0-47» per tM. 

IT-t      SOPH* MTFOOfcOKITl 

By nixing chlor in« gas and caustic soda, sodiuu hypo- 
colorite is obtained by the reaction Cla+2*aOft-*l(sCl+%0 
•MsCCl.     After concentration by évaporât ion the solution is 
cooled and tbe hypochlorite precipitate». 

Sodlun hypochlorite is used extensively as a deolnfectnnt 
and for sanitary purposss,  for exanple is »visaing pools, 
eater «silo, sevege disposal units,  also in the processing 
of nils and various food industries.   It is aleo used ss a 
bleaching agsnt in vanning,  la tbe linen and cotton industry, 
the paper industry and nany other». 

As the production is rather slnple,  tbe saterial could 
easily be produced on a saall scale fron left over chlorine 
and caustic soda iron tbe nagnesius production, but sals« 
possibili tie» are uncertain and vould have to be looked 
carefully into. 
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áfPWMX V.    POTÀMIU» CMUKIM 

f-1 »aOPUCUOtt 9QËM «MP QMIM 

Potanalum chlorld« is aade fro«    ained  »alt or brin«.   It 

is sold  a«  fine  cry s tula or powder, nearly colori«««.   I« 

this country poi,a««iaa chlor id« i« used  a« «  fertiliser 

on grassland and other cultivated laad.   Its ¿rain KìU 

ano «ale«  for« would have  to 0« based on the ««an« ua«d la 

thi« country for  en« spreading of fertilisera.  It  i« aaa*saed 

that the K^O content of the  fertiliser  i« 50-60* and its 

prie« 1« b«««d on that percent««;«.   Inserted potteelus 

chlorid« contain« 50% )C,0 and ie  in ttM form of fine crystals. 

»aoPucTiow noctitit 

The most coaitoa production Oi'oce»« uaad ia  fractional 

crystallisation ot potassium calorid«  l'io* »odlu« or 

»at a ¿ai am chior-id«.   Ine ««(.nod is ¿aae4 on  che díiíereacaa 

in the solubility of  iü«ie salis  at dl Here at  temper atura«. 

Thu« the solubility of the pot«salua calorid« decrease« 

rapidly «ich lower  L «apera tuxes,  but the solubility of 

sodium    fi lori do increases at the sane tiae.   It aaa recently 

beta shown <K14)   that uy dissolving aanonia in ih« orina 

sha solubility oï the sodiua chlorid« ia increased, bat 

i.ne solubili o  oi th« pò tassi uà chlorid« 1« oacreaaad 

tba crystallisation thus anda considerably a aaler. 

Otherwise  the  fractional cryatallisation oi   the material« 

la « «all known process «ad ue«d »11 over th« world. 
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Ivkit for pot«salma chlorid« is arlaarlly baaod oa its 
mo« as a fertiliser. Production of g la« a and aoap are 
also to a cortain decree baaed e* the uae of potassium 
chlorido.   In this country ita product loa would pria ari If 
oa basad oa lea uae ao  i art ili oar. 

f-4        II AWAIT 

la racoat y a ara considerable aaxmats of potateli» chlor ido 
aav« beca imported as mbowa lu faole ¥-1. íHXTXU* toe laet 
five y*ara,   approxlaaiely i» inousand coud per >eai  boro 
been imported ou the  uveite aad   the import* uava inoreaeed 

eomevhal. 

Pot «aniua o i loride  la  aeoAf  tue moat UportaxU Gì later« 
aatioaal  trade «ateríala, ita  trad« a^ou-âiiu*  to a.  leaet 
•-3 til lion ton» per year (see  tablea T-«2  and ¥-3). 

Io luropo the lar gee t export countries are Seltjlua, Luxeaburg, 

France,  Ipaia, eeruany  <!»•*  •«< f««t> and   the Soviet Unioa. 
fhe Scandinavian countries, Polland anJ England laport a 
total of tuo «illion fona yearly.   Norway  alarne importo orar 
ose hundred t houe and tona a year   (1963).   If it proved 
possible to produce an appreciable quantity of pot »«aim« 
Chlorid«,  there would be A largo nurket to coapete for. 

PP.1CI KMMAllon 

The CIP prie« of imported potaaalua chloride has rar lad 
from 1Ö10 up to 207B kronur por toa la the  laet  fire year«, 
with an  average price of 1S05 fcr.   per ton during that 
At the ease tiaf the FOB price in Cast-Germany h«a 
If 10 aad up to Id IB kr/ton and the irerage price» 140t kr/tea, 
accordi«! to Icelandic Trade Stat 1st lea. 
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mmn A» WHOM OI POT AMI« campai» —PIO W TUM mo-im 

Tear lasset a m pria« CIf fri«« 
tsss kr/t»n kr/ts« 

1360 

IMO 
IMI 

IMI 
1364 

1152.9 z 603 373 

Stil.3 s 1170 1713 

3043.3 s 1611 •078 
3160.0 s 1370 1743 

4751.5 1310 1310 
8330.8 1340 1730 

6000.0 1613 1343 

fra» Trsés Statistics 1953-1366 

IncludlQf other potasslus salts 
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IP fi.    POTâtalaa lâLTi «Ta» TM CMLOaiM 

?I-0      IWtMOÊVCtlOH 

Potaaalaa oooyoaaaa aay b« ob tal a«« froa oaacaatrataa' 
aaawatar or brio« by otter Mt hoto thaa owaporatloa aatf 
oryatalllaatlaa of potaaalaa calorie«, ••••rai allgatl? 
aolubl« a al ta of potaaalaa ar« kaown, «blob havo booa or 
ooaltf b« aood as a baala of a potatala» product loa by 
proelpltatloa. Thoa« Mthoao haw« that la ooaooa, hovovor, 
to bo aoro or loaa la a «xporlaoatal a tat« «aa woal« raajalra 
«alt« «xtoaalv« roaoaroh work la tula ooaatrjr bo foro 
«actloa coni« bo baa«« oa thaau T«t, tao aothoaa) that 
proalalag should bo look«« at aar« cloaoly aai alao tao 
producta oatalaoi. 

•1-1      PMC1PITATIOM OF POTaaHOM waOKËÊSm PajOtPUTB 

Potaaalaa may bo praelpltatai fraa aaawator aa a aagaaalaa 
potaaalaa pboaphat«.  Tbla la a klghly productlw« aothoi 
If ta« aoaaatar la eoac«atratoi fir« tlaoa. a> to Of» of 
tao potaaalaa la aoawator o an bo eaaajat tbla way, aai taa 
prooact la aaabla aa a fartlllaar. 

Tte aothoi la baaai oa aavlaa: «oaeaatratai aoaaatar «blab 
la rich la aagaoalaan Oa taa otter haad, taa bat aprlag 
«atar, vbleh pataaalaa product loa la tbla eouatry «aali 
aaat llkaly ba baaoi «a, baa a low aacaaalaa ooatoat aai 
for that roaaaa It la aat llholy that too precipitation 
wool« ho aa«e«aafal.  It «ay bo aoatlaaoi that aaproalaataly 
••000 toaa of pbaapharaaa fartlllaar oaloalatoi aa PjOg ar« 
laportai yaarly to thla «oaatry. If taa potaaalaa aroaaotloa 
«or« baaai oa that aaoaat of pbaapharaaa, oaly about 1400 
taaa of potaaalaa par y«ar would ha aaaéai, «blah la a auca 
taa aaall «aaatlty far aoaa—lc praéaotloa. 
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Potassi«« Ml fat« fora« • • lightly aolabl« ooapl«s with 
oalclu» «nifat« (gypsaa). This f««t could bo «tilia«« to 
••tai« ta« potasajaa e alo Ita« «al fata caaplax la «Mit loa 
to «agjsaalaa, by add it loa of «affioioat «aaatlty of «lah«d 
Ila». Calcia« calorie« coulé al«o bo addod to too ssavatsr 
eaaaiaa: a aroelpitatloa of calcia« aad potaultaa ml fata, 
bot ao aafaoalua.   It ha« alao prowon advaatagooa« to add 
«TP**« to tao brlao eaasia« a potaaaiaa «alt to proelpltata 
dlraotly, if «aougb «ulfat« lea« aro proaaat. 

It ant bo r«aoabor«d that tho hot «or lag vator, which tao 
potaaolu» productloa vould aoat lihaly bo baaod,  ha« a loo 
ooataat of «alphata lea« aad it 1« aot oortala that tho 
aotaaalua «alt vould precipitata without tb« addltloa of 
«uch loo« a« for «xaapl« «odia« sulfata alón* with tho 
gypau» fthls vould bo a roooareh pro J act ia thl« country). 

Aftar praclpltatioa tho potaaaiiaa «alfat« 1« aoparatod fro« 
tha calcia« sulfata by dissolution la vator aad thoa 
cryatalliaad froa a aoarly «a tar atad solatio«. 

Potaosiaa «alfat« is «s«d a« a fortlllaar «ad laporta 
to tha cowatry,  aaoaatiag to approxiactaly 8.S00 toas por 
yoar.  It «ay bo polatod oat that pot asaloa «alfat« aad 
potasa loa Chlorids aay «au ally b« usod latorchaagaably «• 
fortlllaar aad oso «atorlai could bo «aad «aclaalvoly 
«•asadla« sa soaditioaa. Tao arico of potaosiaa aalfat« 
froa Bolgia« ia 1M4 vaa 2.530 hr/toa WOE aad I.OsO hr/toa 
Clf. 
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fi-i    wotàÊÊim càMumân wnovnuim 
•utassiuei carbonata has basa produoei fro« pot ansian 
chloride eolation by précipitâtlag it M a double salt. 
potassium aagnoaiun carbonata and thon separating ta« 
potas«loa carbonata by hydrolyuls.  rho nagnealua carbonato 
la uaad agaia. 

Bxporiooota have Indicated (112) that It la beat to UM 

alxallae nagnealua carboaata or »oc al led ungacela alba, 
which raaulta la excellent efficiency of the potaaalam aalt 
production and auch batter reaults  than by the aulfat« 
precipitation described above. 

Magnania alba caa aaaily ba produced fro« nagnealua hydroaldo 
obtainable fron • nasaesiun factory and carbonisation by 
cerboadloxide obtained by barnlag of lia«, all the Mataríais 
aeaded would ba therefore aoat  likely obtainable at  the 
aaae placa. 

fotasaiiaa carbonata could ba uaod ma fertiliser, but la 
uaually  too expensive for auch uaa.   It night, however, baoeae 
coupetilive la thla country aa a fartillaar, but possibili* 
tlaa for export ava alao prenant aa potaaaluu carbonata 
produced am above la nor a valuable than potaaaluu aal ta 
fron alna«. 

TI-4      t*A-9VtC19tTttim. POTAMI OM MITIATI 

It haa been known for a loag tlaa that potaaulun forum vary 
poorly dissolvable salta «baa ooabiied with córtala oboi at lag 
agaata suob aa DPA (dipicrylaulae). Such aaterlala baro 
auch a strong affinity for potaaslus that other ehouleala 
aa aodlua and calcia« do not precipitate at the a ano tlao, 

i. 
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A-3» 

•f« if tWjr ara prwMt la mk blgaar oaaaaatratloaa. 
Tat pradal tat loa taaoa »1M« U M alaallaa aalatlaa, 
aat by aeldlfylag taa precipitata taa potaaalaa is 
Mfirit«! aad forma a «alt vita taa acid aaad aad tat 
precipitating agaat,  la tàia eaaa Ca>A, la recovered la 
Its original fora. 

ay eelag al trio acid for r •corarlo« tao poteeaiua precipitate, 
potaaalam altrate la ebtalaed, which la » fartlllaar la 
alga 

The liait at looa of thia act hod ara that tha praclpltatlag 
agant la vory poieoaoua and tat proceee would require eloaa 
coat rol.  Tha DPA la alao exseoalwe aad would bara to be 

Atteapte ara balag aada to decreaee tha aake«ep require« 
aaata of tao praclpltatlag agent  aad that work ahoeId aa 
carefully  followed.  It la alao a limitation that  taa 
altri« aold weald hare to aa areagat to taa plant, eat 
It could aaaelbly be obtained fra» taa fartlllaar Fl aat, 
lac, aad a cooper at loa vita that concerà ahoald ba feasible 
far thia prodeetioa. 

m   TH.    CJaLOMCTl AID FtBClLOftATKi 

1,1-0   t*wo»ictwm 

Chlorataa aad parahloratta ara a groa» of ohoalcala «hioh 
eaa eaally be produced la ooaaactloa with tao proda«tloo 
of othor chaaloala froa aaaaator. Taa aala raw »atariala 
ara e©lut lone of aodlaa aad potaaaiaai chloride, bat taa 
product loa aat hod la based oa aloctrolyala. Tba prodact la 
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•041» or pttMtl« ehliriti or aaroblorato aad ky*HM 
1« obtalaod aa a by-product. M tala la ta oaorgy eoaaaalag 
ladaatry aad coaaldarablo aarkot mai to bo available la 
nearby oaaatrlaa, lt aooaa proper to dlecasa fartbar aaaa 
of tao aala potato la tho production aad aao of thooo 
e bornie al». 

fll-l    KBIW CML0KAT1 

Tba aoot laaartaat cboalcal la tils group aad a baalo 
cboalcal la tba prodactioa of otbora la aodlaa chlorato 
(flaClOg).  It la srodaeod by tba olootrolyaia of a aateratad 
aalt eolation aad tba cbaaleal r o actions aro ratbar coapli* 
catad,  fbo orarail raactioa i«: 

«aCl+S*jOfr (iFar ad>—*aC10j ( aq)+3lO (g). 

Tba solution la acidifled, calcimi and aagnoslua raaovotf 
and aodlua dlcrornato (2 graos por liter) addod la ordor to 
proreat aleo roaotloaa aad corróalos of tba squlpaoat. 
Dur lag tbo olootrolyaia oblorlao aad casa tic aoda aro 
foraad at tba electrodos, out as no d lap braga aspar at aa tba 
chlor Ino froa tbo lyo, bypooblorlto la foraad aad latar 
calóralo. Tba aolution la tosacoaosatratad by er »por at loa 
to a concootratioa of i9Q g/lltor of aodlaa calor a to. Tbaa 
it la filtered aad cooled, caualng tba aodlaa calórate ta 
cryaCalliaa. 

lar oao petad of oblar ata tba follovlag la aosdod: 

•alt 5€6   kg 
Hydrochloric seid IS,S    kg 
aodlaa dlcroaato 0,5    kg 
Barloa chlorido S,5    kg 
Carboaoloctrodoa d-10    kg 
Ilootrlolty for 
olootrolyaia B.ftao-d.ftOO ta. 
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9t«ea M taaa 
Poafa mmê aotors M h». 
Wat«r <*B*C) MO. 000 litara 
Labour • near« 
Temperature 35-49 C 

Ta« product la la ta« fora of ila« erratala, r«ry ajrgra* 
sooplo «04 require« careful handling du« to fir« daag«r. 

Sod lu« chlorate 1B widely uaed as a ««ok dlapoaal a««at, 
but la aleo increasingly used In the production of calarla« 
dioxide C1Q2,  which la blanching agent extensively ueed ia 
the paper industry.   It say be aentloned  that  the Swedish 
and Finnish paper indu«try noe usee eodlua chlorate to a 
large degree and that it« use Is rapidly Increasing. 

In the United átate« U la eatlaated that  the prodwotloa 
for the year  1906 «111 be Id0.000 ton«  (lid) and that 
34-30% o i  that production la uaed In tea paper industry, 
bue 19-31% for v««d dlapoaal. 

Inproroaems In tu« design oí the electrolytic cells (MIO) 
has decreased   the conauaptloa of the carbon eleo trade« «ai 
asde utilisation oi hydrogen obtained In the electrolysis 
•asier.   ¡The price of aodlaa chlorate la the United Btat«e 
has bee« approxlaately 0-9 o/lb or $130-300 per ton. 

•I 1-3    PODIUM PMCHÜOBATS 

•y alxln* a 00-70% solution of oodiua chlorate «1th a stroag 
«olutlon of aodlaa carenate (5 graaa/llter) and by apply lac 
a higher voltea« than la the production of chlorate (0*7 
roi ta instead of 3,0 - 3,0 volt«) «odlua Perchlorate VfClOj 
•ay be obtalaod. The production «ethod 1« basically the 
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•MM m before. COM leer ably 1M« eaergy la ....... -»ww-, 
er aserexlaately 1,5 - 1,9 kwh/1» or 3.«00-4.300 kvh/tsa. 

There 1« not auch UM for eodlua Perchlorat« M auch aad 
It la In gaserai oely a ataa la tha production of aanaaSlea 
or potaealaa per chlor at M, which ara used la fireworks sai 
exploalvee. 

•!!-•     POTA—1UM CMLOdATB AMP POTASSIUM PMCaMMUTI 

Pot Ma lu« chlor ata eay ha eroduoed U tat IMI way as 
eodlua chlorate by alactrolyaia of • saturated potaasieai 
chlorMa aolutloa. On tha other hand,  It   la aore easily 
produced by alxIne pot Maltet chloride «ad aodloa chlorate 
la aolutloa getting the react loa: 

MaClOj+aXl-^eXlOj+llaCl 

Pot Malea obier ate le a al if ht ly soluble compound aad) 
arac lplt atea 1—dl «fly M  ¿IM cryatals and CM easily 
be eeparated, cleaned aad dried by coaaoa eethoda. 

The aala use of potaaalua chlorate la la aatch manufacture 
aad is aa Ingredient of esploeivea.  The  production of 
potaaalua chlorate la coaelderably aaaller than ef sodiea 
chlorate aad the price seaevhat higher or 13*14 c/lb 
(360-310 dollara per toa).  Pot Malea Perchlorate la pre* 
daced by alailar aaaaa froa aodlaa Perchlorate aad pot Mali 
chlor lea.  am prerlouely aeatleaed, It la used la the 
aaaafMtura of flravorka aad ita price is approalaatsly 
IS.5 c/lb or 407 dallara par toa. 
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•I11-1 HOPPCTIOeT K>1M AITO QUO» 

Íroslo« la only produced fro« »eawatsr *r brio« aad sold 
•• a heavy dark brown liquid.  It 1« also sold M M 

Ingredient  In alkall compound» or organic eossounde,   for 
•»aaple as ethylene dlbroslde. 

•III-a fKOPIICTIOII MBTBOP 

In racent   tinea broalne has been primarily »reduced from 
eeawater  in the following way: 

a) The ae aw a tar la acidified with sulfuric acid. 
b) It  Is   then chlorinated by chlorine ¿aa or chlorine 

water. 
c) Bromlns la liberated by tala treatasnt  and blown out 

of  the solution with a atreaa of air. 
d) Broslne la nixed with aulfur dioxide  (Bug) and then 

aent through an absorption ayates wamre a water 
aolutlon of broslc  and au 1 furie  acids  la ioraed. 

e) By chlorinating  this solution »remiss §-*• *• obtaissd 
which Is condensed and collected for   the uae la the 
production of ethylene dlbroslde. 

The sethod giras a 90% efficiency of bromine recovery 
and for the production of 1 toa of bromine the followis« 
are aeadsd among other  thing»: 

»•avatar 17.000 tons 
Chlorine 3.5  toss 
Sulfuric »old S »Od  toas 
sOfe 412 hg 



J A 

fin-* an 
If ítf tte gr«ateet »art of brealne predile««' la the «ori« 
is u«ed U tk« pro«««tion of «thylen« dibro«l««, «kick 
la «aotf M aa antlknocklng «goat in gaaolla« angin««,  â 
•«aliar aaount la uaed in aal ta of to« alkali a«cala la 
tk« pharmaceutical and photographic induetry,  for tao 
production of fir« «stlngulahlng «atariala,   inaectlal«««, 
dyea and othar c baa leal proceeeing 

?II1-4 MAMUT am »toparno« 

Tk« world production 1963 was «oawvkat aor« tkaa 100.00« 
t«na, of which tk« Ualtad ttataa produced 90%.  Approslaately 
••10.000 toaa wer« «old ia tk« intaraational aark«t and 
ta« unitad Stat«« produce approximately kalf of tkat aaoaat. 
Tk« largest lasertere ara ta« ooaatrl«« la leetara-surop«, 
«xeluding fraa««, vklok «aporta eoa«ld«rabl« aaouats.  Al««, 
r«c«ntly a larga aark«t ha« opaa«d up la Africa (4 al avi, 
laabla, 9«atk-ak«é««la, Vigerla and tk« South-Aírlaaa 
•••abile).  Acoordlag to taa dineral« Taarhook 1994, ta« 
Ualtad Scat«« «aportad aor« tkaa 1900 toa«  to too«« ooaatrl« 
la 1904.  It aajr b« ««ntioa«d tbat concurrently a aagaMlaa 
production of 16.009 toaa,  aad a «alt production of 90.909 
toa«, 800-1000 ton« of oro«ina could b« ar«éac«d yearly. 

•m-» »»ICI lllATlOtm 

The price of broaia« la tai ualtad Statea ha« baan rat bar 
steady,  approxiaately 81,6 to 11,1 canta por p«uad fer tk« 
lapera «atarlai, or approxiaately 10.900 kr. per tea. 
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lUÎ-i. ^SSSsSav 

Proéuctloa country 1000 
taw 

ITALI 

«ini 

JAVA* 

1.010 

500 

00.000 

705 

1.400 

IMI 
toa« 

1000 

1.710 1.010 

715 1.206 

00.000 70,000 

1.015 2.400 

1.576 1.050 

1001 1002 1004 

1.030      aiaaing alaalna 

1.515 n n n 

02.OOO 06.000    00.100 100.000 

4.400 alaaing alaalng alarias 

2.770      1.006      2.700      2.000 

TOTAL S 04.400    04.416   67.146    02.510     00.406    04.000 100.000 

s    A lav countriea auch aa Grant Britain,  Spala aad 

produca aaall  amount a oí broalna. 

Proa 0tatiatieal Staamary of tha Minaral  laéuatry, 1000, 
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vmmtB of mw it—«it— 

t coantry I960 lMt IMO        IMI IMS        1M4 

«Biff MITAI* 
»roal«« 300,0 alaslag Biasing 

CAVAS* 

sroald« 
1.9 

S6,l 
30,1 
IS, S 

31,3 
30,5 

38,1 
48,8 

18,0 
35,3 

1,,8 
45,4 

aiaslac 

UBIA 
kr Ottin« 

0,4 0,2 .'3,5 13Í.0 20/,0 180,0 130,0 

BS&OIlN-LaaBfBaBG 
sroain« 
broald« 

9.9 
153,0 

13,7 
132,0 

3,3 
183,0 

7,0 
112,0 

14,8 
14©,ü 

12,3 
111,0 

16,8 
148,0 

sraain« 
kraal«« 

alssing 
63,ft 

30,0 
4S,0 

1,8 
o0,a 

14,3 
10,1 

5,0 
50,8 

5,0 
46,0 

3,0 
47,0 

sroald« SS,0 40,8 11,4 10,4 «Isaia« 108,0 131,5 

ITALY 
fero« la« 
kroald« 

50,3 
3,0 

114,1 
11,4 

316,0 
i&, a 

483,0 
10,3 

208,0 
¿à,a 

50,• 
il5,0 

99,9 
70,0 

BOLLAVO 
sroald« 
sroain« 

152,0 132,0 133,0 112,0 148,0 111,0 
526,0 

143,0 
413,0 

VITO ITAXI8 
brösln« cot- 

aouads 5,4 11,3 107,6 133,0 208,0 139,5 

ASSESTIVI 
sr—la« com- 

pound« 113,0 M,5 87,5 33,8 139,0 

MAS IL 
kraaln« 
sroald« 

0,5 
SO, ft 

3,0 
141,S 

1.1 
3ft3,0 

0,7 
306,0 

1.1 
303,0 

o.i 
280,0 

ot««r cotiatrlM iaaort «anil iao«at« of broa 1M «r 
kroaiés. Tao kroalé«« «r« ao«tljr alkali kroaléss. 

Fro« Statistical Suaaary of th« Mineral Industry, Loadoa IMS, 
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Tmi fin« i.   pmuuttimu. 

worn or iMMin ifftê*it«s 

HFMT oamnwY 1958 1969 I960 1961 1961 196S 1964 

QUIT UITAIM 
171,0      211,0      31/,0     299,0    alsslag alas la« alHlif 

nuiw-LUKBaiBuaa 
2,0 

0,7 9,0 0,0 0,0 0,0 
19,0 
7,4 

aroala« 
aroaié« 

157,5      409,0       593,0      409,0       392,0      764,0       990,0 
990,0      963,0 1.040,0      627,6       911,0      7*3,0      945,0 

72,2        49,0        M,4        79,i    alaslafc      59,4 
HALT 

27,1 
0.2 

90,5 

0,2 
1,5 1,7 0,2 1,1 6,9 /,! 

362,0      402,0    Missine aisala« alaslng   467,0      479,0 
OIITID 9TATB« 

br«aia« aad 
aroala« ooa— 

pounds    4.560,0 4.165,0 4.650,0 5.050,0 4.000,0 4.920,0 7.720,0 

766,0 1.000,0 1.190,0 1.060,0 1.149,0      945,0    alaslag 
JafAV 

1,4 - 0,25      10,0    alaalag alaaiag        " 

20,0        15,0        14,2        12,4 94,5      129,0      1/7,0 

faa Draal*«« ar« aostly  »1*«librosidee. 

99atl«tl«al ary of ta« iflaaral  Iaiaatry, Loaaoa 1996. 

J. 
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JEb—JBEBËL 

n-i    wwammvm torn 
IM7 «i««s of gjfaa v« srsdaasd,  «Mr diffaraat 

TIMM typss differ by tba follsvlsgi 

a) Purity (sodltta «Ad sagassias salts ara ta« «aia 
suritlaa) 

b) «atar coat «at (unsrooaaaad gypsas contila» tv« sala* 
osi«« of «atar for «aeh saláosla of C»a04) 

0) Addad chas i o «la, «alea ohasgs ita obaraetarlstiss. 

Is tlftla couatry tas dsaaad la grsatsat  for unprocasaaá 
gyssus or gypssa, which oontalas cryatal «atar. 

n-a    PIOPPCTIO* WOCIMM 

Oypsus la primarily aload aad larga alnas of gypsua «slat 
la saay placa».  IosatIsas It la obtaload aa a by sredsot 
la  tàa product loa of othar »atarlala,   la conaactisa «ita a 
casale al production fros »a ava tar, gypsua sight bs ostai aad 
is tara« «aya: 

1) Aftas «g(OH)a has baa* araclplt«tad by adding buraad 
lias to tss aaavatar, sors lias or caíalas colorida 
say as addad to tss laftarar sslstiss pracipitatlag 
taa gypssa. 

•)    Oyssas say alao bs praclpltatad by adding a larga sasaat 
of cálelas chlorIda (CaClg) solatlsa to coacaatratad 
aaavatar, easalag taa calcios to precipitata «1th tas 
sal fata loss la ta« aar« a tar aad fan gyssss) this voald 
sa ésa« ha for« taa aagasslas hydroxide (Mg(OMjs) is 
praclpltatad. 

1)    Taa third possibility la in tas aroduotion of salt 
gyssss la praclpltatad ha for a tha salt bagias ts 
erystalliss. 
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Oypaaa 1« primarily aaad) to íMTIIM tit aattla« tiaa at 
»ortlatta caaaat, bat «IM M a plaatar la tba baildia« 
ladaatry. Furtbaraara, ooaaiéarabla aaaatitlaa ara aaad 
M fartlliaar on ewltlwatad laad.  la thia country • eaaaat 
factory la Juat about ta« only usar of gypava. 

I*-4     MAMgT 

In connection with a factory producía« aagnaalua or «alt 
la tala country, tba production of &ypaua would oaly a« 
baaad oa taa doaaatic aarkat.  Tha Stat« Camant  Worba importa 
ooaaidarabla quaatltiaa awary yaar aad a aaall aaaaat la 
aaad la ttw building industry. Taa aaclooad labia abowa 
import« and prlcaa of gypaua froa Ito». Tba avaraga yearly 
laport of uaprooaaaad gyptua to tba oaaant factory baa 
aaoaatad to approslaataly 4. MO taaa darla« tba yaara 

1MD-1005 (aaa tabla Et-1). 

n«e    f»ici uMAviom 
Traaaadoua quaatltiaa of urpaua ar« paoducad la aaay plaaaa 
la taa world aad tba prloa la low; balng conaldarably 
lowar tbaa for aalt,  for axaapla.  Tbar« «tm oaly aaall 
variation* la uaa aad production and tba prica la tbara- 
fora ataady. Dario« taa laat  flra yaara taa FOB pria« baa 
boaa froa 110,50 up to 110,50 broaar par toa aad la tbla 
•aaatry Ita prloa baa boaa froa 400 to 4M tar. pa» taa. 
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tassi n>i.   aww w OTTUM TO iqauw» lttt-itti 

Toi tOM kr/tsa ar/toa 

ffl 

5.675.S 54.4 110.0 

3.110.1 IH.8 Itt.O 

t.ati.i lit. 6 4tt.t 
ttr.i Ut. 5 470.0 

4.573.0 Ut. 5 410.0 
0.711.1 114. • 440.0 
4.1*0.0 Ut. 6 400.0 

Fro« trat« Statu tíos 10*9-1044. 

âllUUlg 1.    CALCIUM CBL0IID1 

1-1        «OPPCTIOM FOUI 

Calci«! chlori4« la «o 14 a« a «ait«, flaked or baffo* 
chemical, which la approximately  //-0J% pur«.  It is 
ob t aloed aa a by-product ia ta« folvay««o4a procaaa «r 
from aria«.   Tha leaat posa ibi« sagneolus impurities 
deelrable. 

I«4        »B0P0CTI0M »100114 

Tha baalc procaaa in tha production of calcili« calerle* 
ia iba «vapor at ion of c ale lúa rich brina.  Ueually tao 
procosa la a« follow*. Toe attgnoaiua hydroxide la pro* 
e ipit at «id first froa tha liquid by alaksd lime,  fas 
liquid la ttaoa «vapor «ted until aodlun chlor ido preelpl- 
tatos. Wbaa tha apeclfic wo ig ht of tha liquid haa raaohod 
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41*14, J«at about all tee «alt hM bwi precipitated. 
aitar filtration aad pur afloat lorn,  tee eolation la 
evaporated further la aa opoa »an aad whea Ita «olida 
content   ia approximately   75% it  ia cooled and eolidified 
on a rotating cylinder,  the ilakee acraped oil and ground. 

In connection with production oi chemicals  froa seavater 
in this country,   it  ia possible  co produce «alcium chloride 
by    wo méthode. The one is by evaporation OJ   left over 
liquid   ¿roa precipitation of magaealue hydroxide; aalt 
would presumably be produced at  the e erne tiae.   rae other 
method  la by proeessiag the calciua rich hot spring «atar 
oa Rey k janee.  Tama,  by fractional cryatallixatlon oi 
concentrated hot spriag eater,  aalt,  potaaalua chloride 
aad calcina chloride could be produced. 

JIB AW> dAKltf 

Calci** chloride la externaively ueed for binding of duet 
aad preventing loe  xoreation on roads aad  that la the 
•oat  likely uae in thla country.   At  the present  tine 
approximately 400 tona of the material  are  Imported year if 
aad it« uae In the country «till  ia  at aa experlaental 
atag*.   If ita uae became appreciable,   the market could 
1 »mr e am« greatly.   It  is figured that 4 tona are needed 
to bind  the dust on each kilometer oi dirt road.  Calcium 
chloride Is also uaed as a strengtneaing material ia 
coacrete and In cooling liquida,  but auch uses are aa a 
amali «cale,   however. 

1-4       »Id 

The price oi calcium chloride la rather ateady at appresi - 
saiely  SI dollars per  ion (1335 kr.) on the U.a. market. 
Ia Europe the price ia slightly higher or approxlaately 
1460 kr/ton aad the price in thla country of imported 
material ia 2200 kr/ton.  Aa steam ia the largest factor 
in  tue production  ?ost,   li  seems quite possible  uiat the 
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