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concn of salts

g of salt/kg of soln g of salt/kg of iree water
°C CaCl, MgCl, KCl NaC! CaCly MzCl$H,;0 KCi NaC!
A
50 0 3756 201 3.70 0 4160 10.40 19.2
35 0 366.8 1.43 3.56 0 3665 6.70 16.7
30 0 363.2 1.25 3.54 0 34% 565 16.1
25 0 359.6 1.06 3.45 0 3365 4.54 13.1
20 0 27 0.95 3.37 0 3080 .89 138
15 0 L2 0.81 3.27 0 3024 g 132
10 0 350.7 0.64 3.09 0 3002 2.57 12.4
$ 3 0 ps 0.54 3.00 0 2500 211 11.7
0 0 3483 0.45 ©2.89 0 2851 L L2
B
50 9.5 3703 2.06 3.65 49.2 4020 10.70 139
35 1.9 358.! 1.54 3.7 49.5 3474 7.00 16.8
30 11.0 3518 1.31 3.57 47.0 3189 $38 15.2
' 25 12.0 348.0 1.12 3.50 49.9 3100 4.87 146
20 127 345.2 0.92 3.20 312 2972 372 134
15 13.0 3437 0.77 3.20 51.% 2022 3.07 12.7
10 13.2 3408 0.67 3.12 §2.5 2847 2.63 12.2
5 13.5 338.0 0.63 3.03 52.0 2750 239 113
0 14.0 33T 0.47 2.96 52t 2639 ¥ | 11.0
C
50 20.1 365.2 2.06 3.70 103.0 2933 10.30 19.0
35 23.0 3803 1.56 375 102.6 3327 8.3 16.7
30 24.4 U4 1.36 3.65 103.4 3116 8o 13.5
25 259 k7 fn 1.08 3.56 108.7 3072 433 15.0
20 26.4 3333 1.00 3.43 102.3 2758 3.84 13.5
15 26.8 3308 0.86 3.40 101.8 2683 3.7 13.0
10 28.0 krop 0.70 3.20 104.3 2605 2.61 119
5 29.4 3239 0.60 3.16 106.7 2508 218 115
0 30.2 321.0 0.47 3.00 107.4 2437 1.70 10.7
D
50 415 479 2.16 3.80 198.3 7 10.30 18.2
35 48.5 3327 1.58 3.86 205.5 3009 8.70 16.3
30 $0.3 326.0 1.50 3.78 202.5 2798 8.03 15.3
25 3.6 3183 1.24 3.67 203.6 76 4.5 15.9
20 4.9 3144 0.96 3.55 202.8 2476 3.3 13.1
15 56.1 310.2 0.81 3.37 201.2 2370 291 1231
10 S7.4 3078 0.65 3.28 202.7 2314 2.30 116
5 59.1 3010 0.62 3.20 199.9 2168 2.10 10.9
0 59.4 3010 0.48 3.08 201.1 2170 1.62 10.4
E
50 68.4 3304 224 3.88 306.7 3150 10.20 17.6
35 75.1 3149 1.68 3.88 303.7 28 6.7 15.7
30 83.3 299.6 1.55 3.82 306.2 2351 5.70 14.0
25 85.6 295.2 1.27 3.80 307.3 2262 4.60 13.6
20 88.1 290.8 112 3.42 307.5 2167 3.91 13.0
15 92.2 281.9 0.92 3.56 305.6 1994 3.05 11.8
1 338 8 () 3.40 305.9 197C 2.80 11.2
5 95.5 2766 063 .29 307.7 ran? 292 10.3
(1) enl .enee ot S04 370 S 1.30 9.0
F
50 &8 3138 241 3.8 3.0 2793 10.10 15.9
35 93.8 293.6 1.65 3.60 352.0 2445 6.31 13.8
30 96.9 2945 1.8 3.40 3535.0 2314 5.36 126
25 100.3 286.8 1.29 3.28 333.0 2134 4.55 11.6
20 105.8 2786 1.02 3.09 358.0 2012 345 10.5
15 107.9 269.8 0.95 3.00 345.0 1843 3.07 9.76
10 108.9 mas 0.7 2% 352.8 1882 21 8.90
5 110.3 267.6 0.65 247 346.9 1810 2,07 7.83
0 115.0 264.4 0.55 3.27 363.0 1786 L 10.3
G
50 1353 281.1 2.62 4.30 5246 2326 10.20 18.7
35 156.8 251.2 1.86 4.23 519.6 1774 8.16 14.0
30 165.8 231.2 1.7 4.22 513.0 1563 §.26 13.0
25 173.0 2286 1.40 4.15 S174 1357 4.19 12.4
20 182.0 2195 1.28 4.15 §27.6 1355 3.7 12,
15 183.3 2122 111 4.00 §10.1 1258 3.09 11.1
10 186.6 212) 0.93 3.99 531.0 1274 2.62 112
5¢ 156.9 2311 0.78 3 453.5 1422 2.25 109
o* 126.5 256.0 0.70 3.55 391.0 1686 216 11.0

*The solid phases contain CaCl-6H,0 as well.
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Jubail 1] plant, Saudi Arabia (Arabian Gult') 235 mazd
Um El-Nar plant, Abu Dhabi (Arabian Gulf) 95.0 mgd
Jeddah IV, Saudi Arabia (Red Sea) 38.0 myd
Al-Khobar I, Saudi Arabia (Arabian Gulf) 51.0 mgd
Doha Plant. Qatar (Arabian Gulf) 50.0 mgd
Shuaiba, Kuwait (Arabian Guif) 45.0 mgd

mgd =30 2 I8 (sl
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S e

Species Coaceatnanion
(gt**)
NaQ nne
MsCly 3176
MO, 1.0%93
MgBr. 00748
Cas0, 1.268
C)(HCO,): 0.1°8
K.$0. 0.369
8.0, 0029
S\O; 0008

{con/Alumeaa 0022




(Ppm) L= gt b 3l -4 s

Towal dissdived 21 (TOS) 45 000
Na+X 14 300
C: £00
Mg 1620
HCO;y 130
sO:* 3450
Q 25000
COj- l
F >
FC. Al S;O:. NO' ml
oK \ -

4 ¢al Dow Chemical oy 03 ol ol et 4o Ll jo 308 Syl (g 0 Al i adlial
Aasl MClz 5 HCI 0o 38 b (s a0 sy Mg (OH)2 5 028 ddlal 3 50 (slaaslals
5 Ol 5l S sy ) LAl ae G sea (538 Mg 4 G (610 Dl SN G 358 e
A0S o2kl MQClz 255 51 OV sien S 3l s

pssirasll b o (WL cud€ b sla Sl il gi o Clea o2l Al 6 a uie dea 3 50¢ e Jal o
g e 02l

(PPM) Gt s (il ki aal g 4g) ) s o 88 501 -5 J s

Chionde. C - 35300
Sodium Na~© 15630
Sulfate, SO; - 5000
Magnesium, Mg © 2750
Calcium, Ca** 30
Potassium, K* 20
Bicarbonate, HCOy 220
Bromide. Br~ 120
Silicon, SiJ 2

Total dissolved sait (TDS) 70 000
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25 ml 4 ool s 25w 1 mol/L Jstss 31 78 ml a8 4dlaal b (0/223 mOI/L) e il
10 Jstae 31 350 MI 4 baslae ol G 5 03 8 43 (3/118 mol/L <lale ) il gl sl )
23 8 e adlal el 5ilia (0/7) a2
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ol
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Precipitation of Mg ™ (6000 mg-L™") as Mg(OH): us.ag lime: 11) in the absence of

NaCl (20, (30, and (4) in the preseace of 10,000, 20,000 and :0.000 mg L ="' NaCl, respec-

tively. The alkalimty is ~%00 mg-L=" HCOy . All concentzations in all illustrauons are
related 1o the CaCO,y equivaient
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FIG. 9 Precipitation of Ca** (1500 mg-L~") as CaCO, usirg hime. (1) ml!hc absence of
NaCl: (2). (13). and (4) in the presence of 10.000, 20,000, and 0.000 mg-L™" NaCl. respec-
uvely. The alkalinity is ~500 mg L ™' HCOy .
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FIG. |0 Precipiation of Mg?* (6000 mg-L~") and Ca** (1500 mg L= ') from their synthetic

muxture as a function of pH of Lime soluton: (1) 1n the abseace and (2). (3). and (4) in the

presence of 10,000, 20.000, and 30,000 ;g L=' NaCl, respectively. for Ca’~: (5) in the

absence and (6), (7). and (8) in the presence of 10,000, 20,000, and 30,000 mg L' NaCl,
respectively, for Mg’ *. The alkalinity is ~$00 mg' L~ HCOy
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Comauvition ! Solutions

Congentranony of wnms 1eg L

No. Solution Nat Me L KT Sr - Cl SR PR & {
| Model solution | 0 4F 08D — — - i B - -
3 Model wolution 2 0 <) VIl vl - — 037 - --
3 Seawater V4 00t B Ol 9 10Tt g g e

TABLE I
Chazsctenstcs of Sordeats
Total exchange Toni exchange

Paru:ste capacity”’ Capazity®
No Soreat nie Im) (meg'g) tmeg L)
| K34 00:¢-00¢ 9.0 30
. KB8-4pP2 002¢-0 08 96 2.9
3 Chin. 00%-020 21 20
4 Zeol. 0.02-0058 4.0 36

¢ Towud 2xchange capucity per uait mass of nr-ined sordent.
* Toral exchange 2apsaity per umit Ded volume of Na *-form sordent in 0 ¢5 M NaCl.
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FIG. 1 §ilot plant for rzconery of mugnesium from seawater. 1-3 columns with sorbents
I'Clin.. 1= 1625 cm. 5 = 8184 cm®. 2: Modified Zeol../ = 955 cm. s = Jdcm®. 3

KB4,/ = [00c¢m. s = [4)cm® 4and 5 Polymer filters. 6 and 7: Tanks. 05 m’. 8 and §:
Tanks, 0 13 m'. [0-14. Sampling puints.
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TABLE 3
Equilibnum Parameters of Separation of Ca7° and Mz * 1n the Cyclic Pracess Sorpuon
from Solution 2 (S) and Desorptioa with 3 M NaCl Solution (OS)

Ist ¢ycle 2nd ¢yile 3rd cycle
Mrameters S DS S DS S DS
oc,imeg/mL) 0.610 0.479 0449 0.432 0418 0412
asylmeg/mL) 0630 0.157 0.113 0058 092 0o
ofly 5.82 18.30 23.41 26 48 2710 22.50
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FIG. 1§ Break:trough cunes of serpiion of Mg® * and Ca®~ ions from mudei wiution 2 on
zeolite A. 1-3 cycles. Sorbent bed: [ = 107 cm. s = 0.6 cm®. w = 6 ¢m’. Flow rate:
. vo= 10em'h (iiw = 1,67 h=').
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FIG1] Breakidrough curves of desorption of My** und Ca’* ons from the teoite, 1-3
4
<ycles. Flow rate of I N NCl 3 em’h (0 $h°") /
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