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o) ' OF 70 1
Inperted FOB-price CiP-priee
Toar tons kr/tea kr/tea
1089 5.575.3 54.6 10,0
1060 3.520.% 113.8 208.0
1961 5.882.3 128,56 450.0
1968 887.1 129.8 470.0
1963 4.573,0 126.8 480.0
1904 9.788.8 126.8 450.0
1068 4.180.0 186.5 480.0

Xel

X8

From Trade Statistios 19590-1988,

APPRNDIX X, CALCIUM CHLORIDE

PRECDUCTION FORM

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

PRODUCTION PROCRSS

The basic process in the production of calcium chleride
is the evaporation of calcium rich brine. Usually the
process is as follows, The aagnesium hydroxide is pre-
cipitated iirst from Lhe 1liquid by slaked lime. The
liquid is thea evaporsted until sodius chloride precipi-
tates. Vhen the specific weight of the liquid has reached



X3

K=4

A=Dl

@°3é, just about all the salt has beea precipitated.
After filtration and purification, the solutiea is
evaporated further ia an opem pan and when its solids
content is approximately /8% it is cooled and eolidified
on a rotating cylinder, the flakes scraped ofi and ground.

In conneccion with production of chemicals from seawater

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

and calcium chloride could be produced.

USE AND MARKE [

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

PRICR

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

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




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

SODIWM CONPOUNDS

Reference

Concerns

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Chem. Week., May 38, 1966

Chow. Veewn. Jepyr, 13 1966

Salt in general, properties,
uses aand production

Prod. of salt by evaporation

of seawater, Na3804 pre=
cipitation

Electrolysis of seawater for
HaClO produccion

Blectrolysis of seawater for
NaOH prod. (Hg electrodes)

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

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

by elestrolysis

dagnesiuva bicarbonate gives
NaHCOz by ionexchange

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

Description of equipment for
prod. of NaOH and Clg

Kag 3L,y from seawaiLer; not
much informarion

New cell for HlOlii-Clz
production

Summary of Cig=alkali
indus.ry

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

Ume ot Na in ba-reries.

- , & o y



D

Retferensse

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

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

13

14

18

Otaya, Ui., Shibata, T., Myojo, M.,
Annual Rep., Bhiongi Res. Lab., No. 2
116 (1982

Uadre, G.T., Rab. A.V., Bhavaagary,
H.M.: 8ci. Iadia Res. lia 141 (1988)

Kjelland, J. et.al. German Patents
691,366(1940) 40U4,0545; (15,199; /15,
200(1941); /26,.45(1942); Norway
Patents /v, 0o (1930); 77, 7156(19590);
77,756(1950); U.8, Patent 2, 659,
656(13:53)

Norsk Hydro; Brii.Pat. 608,0394(1948)
0.8.%, Ann. Rept. 233 (1963)

Pluiwm, J. ,Sipres,
U.8. Pacent 2,

H, ,Vaun $i.eedew,P. G.;
133, 988 (1936)

Kirk, R.5.: Othmer, D.F,!: Eacyicl,
Chem, iech, Vol. 12 1j4=8l. Iater=
science (197 4=51)

Murtell A, ,Calvin,M.: Chemistry of
Netal Chelare Compounds, Prentice
Hall (1953)

Reid, J.C. Calvin,/J.
13 2988, 1930

M- Ch‘.. SOCQ

Williass . R.J.: J. Chem.80c.(1952)87/0
Mellor,D.P., durey,i.: Nature 15HL89 3/0
(1947) 131 436 (1948) -
Januzzi, 8.: Icalian Pateat 383/, 422
(1958)

Sugi,J., Ohno,J.: Japan Patent 4814
(1981)

Gaska,R. A, ,Goodenough,R.D. : Chem,
Bag.Prog. 61 No. 1 139=144 (1965)

Butt,d.B. ,Tallmadge,J. A. ,Barage, A.R.
Chen.Bag. Progr. 60 No. 11 (1061)

stallization and solution
£ carnallite

ecipitation of potasshum
alt from a carnallite
olutioa

Pipicryluieo precipitation

L]
"

F‘ryltallliur for DPA process

Dther pre:ipi.a.ion wmethods
hnd properties of pre=
bapicating ageats

ra By lio' precipitation

C8Cl10, precipitation and
loctiovinning

as a2 solveat for KCl
NaCl

tassiva recovery frea
avater by DPA precipitation



Be. Reference Coaseras
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| U llhuiy M.h.= W,R, Grace Co.t 0,8.V] Precipitation with a phosphate,
Dov.Prog.Rept. Ne. 138 (1968) | CaBO,, MgCO; and NgBiFg

K 17 Spealasn, M.L,: Chem,Eng. 78 No. 33 | Production of Clg and KNO,
198300 (1“5)

K1 Garett, D.KE.: Chem, Bay. Prog. 59 Crystallizaiion of petash
Fo. 10 59«84 (1963

| U Chemical Veek, July 34 (1063) New KNOg process




Xl 3 MAGERSIDM COMPOUNDS

Reference Conceras

Dunset. ,M.G., Salutski,M.L.: Ind.Bng. ecipitation with N and

Chem. 58 Jo. 3, 56 (June 1V63) PO, resulis in MgNigPO,
B ox

Shreve,R.N.: Chemical Process Ind.
2ad ed. p 224, NcGraweHill (195685)

Chem. det. Eng. 48 No.1l1 130 (1941)

Cuem. Wet. Foy. 54 No. 8 132 (1947)
Murphy ,w.: Chem. Ind. 49 618 (1942)

Schambra, w.P.: frans, A.l. (;n.E._l_l_
35 (1945)

Manning,P.D.V.: Chem. Met. Eng.
4:8 (1938)

Gilpin,¥.C., Heasman,N.: Refroctories
J. g_l_ 302 (1952)

”11‘0, ".Bc, r.R.
B8R 38 /v (1940)

8piro, N.8.; Tr. Vses. Nauchn,
Inst. Galuryii 38 281 (19%9)

Chesny . H.N.: Ind.EBng.Chem. 38, 383
(1936)

Forbach,T.P.: Chem. Eng. 8% No. 6
112 (19:58)

Antonea,C.M.: Bol.Inform. Petrol. 35
No. 385, 11 (1948)

Chemical VWeek, June 13 (19685)

)

Akad, Nauk, Ukr,

'.I“t“y’ ..L‘- '.R. GI‘ICG CO.S

ObW Res. Dev. Proy. Rept.No.137(1965)

Havighorst, C.R.: Chea.Eng. (4
No. 15 84«86 (1965)

Veianberger.,A.J., Delapp, D.F.: Chem.
Eng. Prog. 60 No. 11 56«80 (1064)

Chemical Woek, Feb. 28 (1986)

Feb. 5 (1968)

Nov. 37 (1085)

June 13 (1968)

Issled,

w Magnesium Process
good information)

lowsheet and descriptioaj
ecipitation with shells

Dov Magnesium Process
”

Alagne‘s.tuu Process

ecipiiation of dolomite and
alcination of MgON;

oblems in Mg precipitatioan

"

LG(OH), calcination

ecipitation of Kellg complex
ith a phosphate

aiser MgO process; flowsheet

onomic prospectis of Mg=salt
oduction from seawster

g=Li and sali production
a Utah.

¢ production in Utah and
egon

ospecis of My markeis and
oduction
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No. | Beference #m-
Ca 1 [Stash, V.A.! The Compess 84 O (1948) | CaCly frea seavwater by

Ca 3

Ca 4

13 (1938)

Span. Patent 330, 809 (1058 To Uniea
Salinera S.A.

Office of Saline Water, Res. Dev,

orystallisatien tegether
with NaCl

CaClg precipitatioa ia
connection with ll(w'

Multi-step evaperatiea
for cuo‘ production

ﬁ-ll’-CI’N‘ precipitation
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no. Reference Conceras
T
Cl 1 | sconce, J.8.: ACSB Monograph Mo. 154 |Chlorine in geaeral
Reinhold N.Y, (1068)
Cl 8 | Nakabhara, &, Bueta, K., Yamamura T.; | Blecirolysis and ionexchangs
Japan, Patent 175, 044 (1958) in seavater for Clg prod.
Cl 3 | Takshara ¥, Adki, H.: Japan Patent pi control with NeOE tegether
5814 (1954) with electrolysis
Cl 4 |Kkirk, R.R., Othmer, D.F.: Eacycle= Chloriae from brine in
pedia of Chemical Technoloyy, reneral
Iaterscieance, New York (1954-61)
Cl § | Shreve, R.N.: The Chemical Process »
Industrioes, 2nd ed, MNcGrav=Bill,
¥.Y., (1958)
Cl 6 | Spealman, M.L.: Chem, Eng. /3 No. 23 | Process for production of
108-300 (1985) Clg and KNOy
Cl 7 | Gardimer, W.C.: Chem. Eng. Prog. 59 | A new cell for Clg prod.
No. 4, 77«80 (1963)
Cl 8 | Sommers, H,A. Chem, Eng. Prog. 81 Summsry on Clg=-alkali
No. 3 94109 (1968) industry
Cl 9 | Chemical Week, Jan. 1Ff, 1966 Increase in Cl, demand 7«10%
yesrly. 10 nili. tons (1970)
(l1ist of users)
€l 10 » " July 31, 1968 Clg and NaOH demand
Cl11 " " June 4, 1086

Grewth in Clg-NaOR industry



Reference

Concerns

10
11

Shreve, R.M.: Process Iad.; Mclrave
Hi1ll New York, (1988)

Stevart, L.C.: Ind. Eng. Chem. 36
361 (1934)

Grebe, J.J., Bouandy, R.H4.J., chamberq

iain, u.C.3 U.8. Patea:z 1, 917, i62
€1933)

Robexr tson, G.R.: Ind. kng. Chem, 34
133 (1943)

Greabe, J.J. et al:

U.9. Pat. 1, 91/, /83
U.B. Pat. 1, 885, 360
Can. Pat. 3u¢, /42

German, F.F.: Khim, Proa. (1956)
P. 1«1 CA 50, 180, 53 £

Chamagne, u.: Geunle Civil 120 231
(1943

Stewart, L.D.! Trans, Can. Inst,
Mining dec. 41 443 (1838)

Ind. Bng. Chem. Sup. 27A (1947)
dart, P.: Chem, Eng. 54, 102 (194/)
Stevart, L.C.: Chea. Ind. 41 15(1”7#

Seaton, d.¥,.: Trans. Am. Inst,
Mising Met. Bag. 18 11 (1948)

Chemical Week, Jan, 39 (1968)

Production precesses of
Bromine

Bromine production

Broaine with Clg oxidation;
absorption with 80g+Nq0

Broaine drivea out with steam

Absorption of Bx'2 on activated
carbon

Use of chlorinevater iastead
of 01: to preveat Mg precip.

Dow Broaine process
L] ] [ ]
" " L]

Probleas solved
lr. produstion
lrz production

Inorease of Bromine narket
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Be. Refereace Conseras

T 1~
1 Dyson, G.M.: Chem., Age. 33 362 (1930) |Iodine from sea-weed

 §
I 3 Sawyer,5.G., Ohman, F.G., Lush,?.R.: |lodine preductioa from brine
Ind. Bag. Chem. 41 1547 (1949)

I 3 Russiaa and Japanese Patent. See
Butt and Telmandge Rev.
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Xi-8 BORON

Be. Refereace Conceras

D 1 Nansmura, 8., Busuki, K.: Japan Solvent extraction with
Patent 174, 696 (19047) alocobel

» 8 Tadenuma, H.: Japan Patent 6661 Boron removal
(1958)

| I Lyman, R.W., Preuss, A.F.: U.B. " "
Patent 2, 813, 838 (1957)

D 4 Murphy, N.F., Tinsley, R.8., Rlectrolysis of beroa msalts
Meenaghan, G.F.: Bull, Virginia
Poly. Inst. Eng, Expt. Sta. 115
Pob. (1957) -

| I ) Bixler, G.i., Sawyer, D.L.: 333- Boron compounds from beiae
333 Iad. Eng. Chem. 49 No.3 (195/) | (Searles Lake)

D 6 Havighorst, C.R,: Chem. Eng. 70 Borate separation at
No. 23 223-232 (1983) Searles Lake

» 7 Gustafsson, H., Kominek, U.S,. Boron removal

Pateat 6661 (1955)
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K10 MIXED SALTS

No, Refereace

s 1 Galimbert, L.: French Pat. 739, Lvaporuuon
394 (1932)

8 2 Un.8al., d’Esp. 8.A. Spaa: Patent T: iple=evaporation and proe
42, 089 (1985) er 220, 899 Eﬁctton of chlorine

8 3 viarke,R.E.: U.,8. Patent 2, 793, ultiegffect evaporation
J99 (1957)

8 4 Transvorith,w, M., Martin, C.H.: » ol
U.8, Patent 8, 191 3561 (1940)

8 5 Bekiguchi, 8.: Japan Pai. (1/56(1954)Flash evaporation

s 6 Lee, J.A.: Food Rng. 37 90 (1958) alt precipitation and

alcination

8 Gadre, G.Z.: J.8c¢ci. Iud. Res. 13B issolution of phosphate
46 (1954), 128 1.1 (18953) rock in seawacer

5 8 Ishizaka, B., Iwvata, 3.: Japan ﬁProdnction of asmonium pote
Pateal 1861 aud 3./69 (1958) assiua and sodium fertilizer

s 9 0.8.W. Repct, 3pec. Repi. PB,181408 " "

8 10 Tanaka, Bt.Al. Tokyo Kogyo 8Shike inolcripuon ol & pilot plant
ensho Hokaku Jil 437 (1938) for production of NaON and Cl,

from seavaler
811 Garret, D.E.: Chem,kng.Prog. §9

No. 10 5964 (1963)

'rystalliizaiion of potash and
alcs from seavater
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XI=10 UNIT OPERATIONS

Reference

Coacerns

U110

U 18

Kirk,R.B., Othmer,D.”.: Eacyclo=
pedia of Chemical Technoloyy,
Interscience, N.Y.

Perry,J.H. ed.: Chemical Engineers
Handbook 4 ed.: McOGrawelill, New
York (1964)

Treybal,R.E.: Mass Traasfer Opera-
tions Mc-Graw-Hill (1935)

Gilliman,J.L. Jr.: Chem. Bug, Progr.
53 68 (1957)

Gll'dﬂel’, w.A.: .".‘n&n&O _62_
No. 4, /8 = 80 (1957)

Frankel,A.: Inst, Mech., Bng. Proc.
1i4 No. 7 813«32¢4 (1960)

Smith,w.: Chem. Proc. Eng. 9_
391-394 (1941)

Steiner, W.: Chem. Proc. Eng. 43
395«401

Meibovic,K.N,; Chem, Eng. Prog. 54
Ne. 3, 7l=/4 (1958)

Clark, R.L., Bromley L.A.: Chem.
Eng. Prog. 5/ No. 1 84=/V (1961)

Cuccione, E.: Chem. Eng. 89
No. 24 102 (1962)

Saline ¥Water Conv. Plaant. Mo, 1
Freeport Texas, Third Ana. Rept.
Sal, wacer Conv, Prog. Rept.
No. 123 (1984)

Clerk, J.: Chem. Eng. /2 No. 1
100 (1985)

Gardiner, W.C.: Chem. Eng., Prog.
59 No. 4 /7-80 (1963)

Heinemann,G.: Chem, Bag. Z_Qlo. 12,
188=190 (1983)

Baker, R,A. Jr.: Chem. Rng. Proyg.
59 80-83 (1963)

Standford, F.C. Jr.: Chem, Eng. 70
Mo, 35 .58e176 (1963)

General description of uait
operations and processes

Uai. operaiions in general

Summary on salt production

Flash evaperators

Flash evaporation plaats

iBasic principles of flash
evaporation

Multi-effect evaporation
calculations

Muliiple efiect rotating
evaporator s

Flowsheel 0f multie=effect
tlash evaporators

Information on LTV water
leant

Comparison of water, air and

seawater cooling

A new Ng cell for Clz-anl
|{production

Use of seavater as a cooling

P““‘

Flash evaporator for evaporae
tion of seawater

WBAAry on evaporatioa
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No. Reference Conceras

r 1 Kirk, R.E., Othmer, D.F.: Bacycloe rrocc.-u in genmeral
pedia of Chem. Tech., Interscience,
nY,

r 2 Perry, J.K. (ed):Chemical Bagineers,lait operations and precesses
Handbook 4, ed., McOraw-Hill, New general
York (1964)

r 3 Shreve, R.N.: The Cheaical Process Prooolm in general
Industries McGraweHill N.Y., (1956)

¥ 4 | olllamn, J.L. Jr.: Chem. Eag. Busmary on salt production
Progr. 53 68 (1857)

F b Tanaka, K., Nishida, A,, etal.: lectrolysis of seavater
Tokyo Koyyo Shikeasho Nokoku 51, or NaOiltClg production;
437 (1938 escription of pilot plaat

rF 6 Nishid, K.: EKogyo Kagaku Zasshi 61 ription of equipment
633 (1958) n a pilot plaant

P 1 Salinewater Conversion Plant No, 1 nformation on LTV plant
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