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Separation of Salts from Aqueous Solutions by Reverse Osmosis
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Synopsis :

Experiments on reverse osmosis (RO) with two sets of tubular membrane were carried
out to study the permeation propety and separation efficiency of water and aqueous
solutions of inorganic salts related to steel plant wastewaters. It has been confirmed
that the characteristics of RO system or membranes can be estimated by a test using an
about 5000mg-1(-) NaCl solution at a pressure of 40kg-cm(-2). It is useful to express the
membrane characteristics by the membrane index, A**3/B, where A and B are the
membrane and salt-permeation constants, respectively. This index can be applied to
comparing different membranes and to detecting membrane cotamination. The
membrane permeability series for these inorganic ions are also obtained under limited
conditions. The effective prevention of the membrane contamination requirs not only

the removal of contaminants but also the pre-treatment of the feed solution.
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Separation of Salts from Aqueous Selutions by Reverse Osmosis

A B oM oE

Kazuhire Uchino

Synopsis:

SER K T

Takeshi Ogasawara

Experiments on reverse osmosis (RO) with two sets of tubular membrane modules were carried oul to study

the permeation property and separation efficiency of water and aguecus solutions of inorganic salts related to

steel plant wastewaters.

It has been confirmed that the characteristics of,. RO systems or membranes can be estimated by a test using
an about 5 000 mg-;~! NaCl solution at a pressure of 40kg-cm™® It is useful to express the membrane

characteristics by the membrane index, 4%/B, where 4 and B are the membrane and salt-perteation constants,

respectively, This index can be applied to comparing different membranes and to detecting membrane con-

tamination. The membrane permeability series for these inorganic ions are also obtained under limited condi-

tions.

The effective prevention of the membrane contamination requirs not only the removal of contaminants but

also the pre-treatment of the feed solution.
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Fig. 1 Diagram of the experimentz] apparatus for reverse osmosis

Table 1 Specifications of the reverse osmosis test apparatus {(Sumitomo/HRopak-iype)

1) Reverse osmosis membrane modules
Type:Tubular membrane units pressurized outside/singlecore {membrane supporter)0.915mx§
Membrane material: Cellurese acetate {(NaCl rejection: 98%)
Total effective area of the membranes: 0.368m? {Qutside liameter of the cores: 1.55x10 Zm}
Core material: Ceramics
Ilew path for feed solution (Pressure tobes)
Inside diameter: 221210 % m
Cross section: 1.85 10 ' m*
Material: Stainless steel SUS 316
3} Other constituents
Main pump (for pressurizing): AC 200 V-39, 50Hz, 22kW
Heut exchanger: Warming by an immersion heater and cooling with water

Meters: Pressure gauges, flowmeters, a thermometer, an electric conductometer and an operation time indicator

ra

eI (EHFEREAGE R OEAER) [ KL MgCl, D196~979 ([F1-)

T IR OORE IR L IR ER s il (S fidmeg-t ) CdCl, . 1.63, 16.3 (2kif)
ZRDEBNTHDE (LBERIU~VTIZET CuCl, D211, 211 (&)
AP = 40kg-em ™ = 38.Tatm (—3E) TH 5 ), PbCl, D134, 134 (AR

NaCl T 25.4~3300 {6 7KkiE) K2Cr0Oy ¢ 37.3, 373 (A1)

Na;$S0, @ 222--739 (3 ki) EBN (NaCl& T ToEMEIREKIEEDE#
Na:HPO, : 4.48~149 ([ L) %E) C NaCligis (BrifE) # 0, 1000, 3000,
NaHCO; © 700~2800 ([&lEf) 5000mg- [ 4K L L2 ZDRDEH A F
CaCl; . 138~692 (J5].L) OiEEIC B ITTR LA (O ARG
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PR DTN L, AP = 2045 £ 0060kg - omi 2
& EENFI3T085 L r3.50gal-min ! T o 7

b, FILENLE L L19ms A D,
Table 1 H#1{A & Hvs 2 SRR TP 21R136.20
XK107Pm > 4 5 DT, AP=2085 & U60kg em™ &
EEDOL A S NUTEILFILFROTO0E L0200 & 7
), AP=60kgrem P TIAEFEE OB IE S S LU
BANHEMUN BRI NIz G R ETER
PHTHILTWE Z Bz B,

2T Fig.2 (FEB ) TliJwii AP IS
LTEYN, JwrAPTH - TH LI AlZ G b m
AP IRHFL TV AP 2 40kg em 2 i3 1313
SRR T T A,

Fig.3 (EII) T3, fH o NaClifitoky
Mz EEmaMina f2 2 Jwh5fd U 4
DHD B D, Jwk (AP—AIT) THl- THH AL
7z AR IR RIS PRV R0l A I
hHbH, £/2Fig.d4 LorFig. 519 5000mg-1
b NaClERIz 4§ % Ri2 AP = 40kg-em 2T

Table 2 Reverse osmosis test with 5000 mg-/ " NaCl solution {Test 11} (4P = 40.0kg-em~% = 38.7atm)

Cumulative Temp. Water NaCl conens. Osmotic | NaCl Membrane | NaC) perm,
No. of operation perm. flux NaC| [Pressure perm. flux const, const.
membrane time Feed |Perm.| 1%, Feed | Perm. rejection a7 10% 10°4 e T]:e ?Lher
modules R{%) cemEeg! ests
h C T fgrem™s7 [ gt | mget? atm | gem st (B atm- cm-s”!
""" Tests I &I
a, a’
218 26.5 | 25,0 3.43 4760 | 221 §5.39 3.6 7.61 0.977 1.67 in Fig.7
Membrane | Test [l
set-1 [
410 29.0 | 27.0 3.29 4850 | 177 96.35 3.6 5.84 0.937 1.25 in Fig.7
------ Test V
e, ¢
456 31.0 | 30.0 391 4000 | 225 95.41 3.6 8.82 1.114 1.88 in Fig.7
...... Change of membrane modules Test ¥
148 27.7 | 26.0 5.48 4930 | 199 95.96 3.7 10.93 1.566 2.31
755 250 | 245 5.27 4930 | 210 95.57 3.7 11.1¢ 1.506 2.35
787 283 | 218 6.00 4850 ! 205 | 95.81 3.6 12.35 1.709 2.64
801 29.5 | 28.0 6.20 4750 | 254 94.70 3.5 15,79 1.761 3.48
810 29.3 | 283 6.09 4810 § 232 95,18 3.6 14.18 1.735 3.10
Memlj;ane Test W
set 819 30.0 | 285 | 614 |4850 | 214 | 95.59 36| 13.18 1.749 2.84
840 29.5 | 283 6.24 4810 | 275 | 94.28 1.9 17.22 1.773 3.80
865 28.5 | 275 5.87 4820 | 175 | 96,37 3.6 10.30 1.672 2,22
889 29.6 | 28.9 5.89 4950 | 215 | 95.82 3.7 12.71 1.683 2.68
917 330 | 310 6.37 5290 | 245 | 95.37 3.9 15,71 1.833 3,11
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Table 3 Experimentai data associated with the permeation of inorganic salts i Test II:
(AP =40,0kg-cm *=38.Tatm

Set Water Membrane (\:Jﬂncvlﬂrted * lon concns. Ion perm. pfl s
o ) NaCl conens:| ‘ " pert
lCnncn. ‘ P 1 perm. flux const. 1_\8Cl| Catinn Ior? . oy
Chem. i planned 104, 1074 Feed Perm. | rejection| & Feed |Perm.|rejection

formula S R{%1 | Anion R Feed | Perm.

mgt | C | gem®s 5T T g | mget! mgi! | mgei” s
954 | 27.0 | 413 | 1067 | 27.3 | 1.87 | 923 { nal | 104 08 ged ) Sl } 588 | 6.05
254 | 27.0 1 422 | 1095 | 256 | 126 | 951 { P I o } 612 | 6.2
2540 | 27.3 | 3.88 | 1.057 | 2720 | 106 | 961 { PR R0 B R } 6.02 | 5.86
Nl e I os | 4o | 1ors | om0 | 46 | sas [Nor 30 | I oAl | B2 bl oss | eos
veso| 27.3 | 396 | 1056 |1e20 | 790 | esa |fRr | B0 ) 321 S8 | ZUA | G0 | 6o
3300 | 275 | a7z | 1030 | 3440 § 141 | 958 { Nt | 300 fa0 0 5T MR } 610 | 6.08
22 | 85 | 407 | lose | 1o |a7e | oors (S| TR 3L } 599 | 6.40
; 443 | 300 | 406 | 1057 | 352 | 492 | 98.6 {g& 126 ) 2l ge ) 081 } 6.1 | 648
s 443 | 269 | 415 | ro081 | 348 | 468 | 987 {g‘g':' St ey ?gg} 630 | 6.40
739 | 2701 401 | 1047 | 580 | 5.04 | 991 {gg;;, T I R ) } .41 | 6.40
448 | 270 | 416 | 1475 | 364 | 081 | 778 {FI,"O‘:;_ p | 4] eS| 1288 } 6.49 | 6.49
a4 | 269 406 | Losv | 332 | Loa | sag |{pe | 18| e ¥Z L6 bloree | oem
NP 448 | 267 | 417 | 1077 | 312 |t | 962 {g’d“;_ B oE | ot | } 750 | .58
149 [ 270 | 410 | roez | lo4 | p19 | sey [{Nel S BT SEE PRI ] ogg | sa
700 | 265 | 420 | 1.0s1 | 28 | 760 | 977 {go";;_ RS (I e } 855 | 7.52
NaHCO 1680 | 265 | 401 | 1.084 | 980 | 124 | 8.7 {(‘;\T(;‘a;, 92 | &7 e L0 } g.68 | 7.00
280G | 270 | 390 1 1040 | 1620 | 17.5 | 98.9 {g(iz R I Sl Iy } 817 | 7.03
138 | 275 | 423 | 1096 | 154 | 442 | o71 {%"]’Hl o 04| 92 ) 0 } 6.45 | 6.72
CaCls | 332 | 280 | 423 | 1089 | 320 | 9.20 | o7 {Cd R - } 665 | 6.55
692 280 | 423 | Lito | 7ao | 123 | og3 ST 1 A6 ) 08 1 80T P B se1 | e
196 | 278 | 418 | 1.086 | 238 | 610 | 974 {“é*]f,' WL g;é égg } 621 | 6.5
MgCl, | 392 | 200 | 424 | 1099 | 467 | 8.40 | 98.2 {“éfz 105 | 218 | 919 3 0.5 } 615 | .30
o079 | 30.2 | 421 | L114 | yre0 | 128 | 989 {‘ﬁz 26 1 218 Bel ) 00 } 6.30 | 6.5
| ues s03 | 4s0 | L1 |29 | 08 | ees {%?2 OB aoe [1ies } 631 | 6.49
OO Mo [0 | 438 | 113z | 115 | oms | 921 { CEr1 60 1 ol 985 1 0681 | 6o | 674
20 | a0 | a2 | onies | o2e |oer | o5 |f B I Il e B } 5.00 | 5.84
O TON L6 | aa1 | taes | 1oL | 700 | s {(C:Ll'z’ o pzy ine ) 16 } 471 | 5.09
13.4 | 308 | 448 | 1058 | 680 | 064 | 90 { Ell’z B2 vis | as } 540 | 6.0l
O o | s | as | 1165 | 16 | 128 | o9 R A b| a9 | 555
373 | 286 | 448 | 1158 | 324 | 143 | 9556 {éﬂ;m I e B } 715 | 8.35
0 s (e | a0 | vt | oz | 60 | 977 {le‘:;,“ 152 | 320 518 ) Oa } 756 | 695

»  The values of converted NaCl concns, are determined with those of the electric conductivity

»» R values are also calculated according to eq. (3! 4 —
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Table 4 Influence of NaCl concentration on the permeation of some toxic ions (Test V!
(AP =40.0%g-em™% = 38.7 atm)

KaCl Temp. Water Membrane Converted Ton conens. Ton perm.
Ton concn. pern x| cons. NaCl conens® |- o . const.
(Formula) plamed: | goeq | Perm, | 10 041 Feed | Perm. rfcton Feed | Perm. | rejectone- 10° 8
Lof salt 9 %) R'%)
mg-L7! C *C |gem s g'c.ﬂ;lm.j mgdt | mget? mg-t ' | mg-i! cmes !
0 262 | 258 | 6.48 1683 | 216 | 250 | 988 | 860 | 040 | 995 0.25
pos | 1000 | 200 | 262 | 641 6o | 1150 ) 270 | er7 | es0 | 030 49.6 0.23
NGHPOS | 3009 | 285 | 276 | 637 1745 | 3000 | 120 | 960 85.5 1.00 98.8 0.76
5000 | 283 | 278 | 6.00 1709 | 48%0 | 205 | 958 | 860 | 110 98.7 0.78
0 290 | 279 | 677 L7se | 156 | 428 | 973 | 836 | 0.08 99.0 0.66
cae | 1000 | 295 | 285 | 659 1736 | 1030 | 378 | 963 | 848 | 011 98,7 0.87
(CCL) 1 ggng | 207 | 285 | 697 1850 | 2916 | 183 | 937 845 | 0.3 95.6 1.02
5006 | 205 | 280 | 6.20 1761 | 4700 | 254 | ®47 | 808 | 0.22 973 1.74
0 293 | 283 | 6.2 1793 | 186 | 6.0 | 967 187 | 038 | 98.0 1.4
e | 1000 | 280 | 280 | 662 1747 | 1110 | 402 | 964 188 | 033 98.2 117
(MnCl) | 2900 | 2090 | 280 | 637 1745 | 2980 | 136 | 955 18.1 0.46 97.6 1.58
5000 | 203 | 283 | 6.09 1735 | 4810 | 232 | 95.2 190 | 046 97.6 1.52
0 8.0 | 215 | 666 1723 | 174 | 522 | 970 14 | 036 96.8 2.18
zote | 1000 | 288 | 280 | 662 1747 | 1110 | 406 | 963 139 | 032 97.7 1.56
(ZnCl) 3 3000 | 205 | 260 | 641 1756 | 2990 | 123 | 959 | 153 | 0.34 97.8 1.46
5000 | 30.0 | 285 | 614 1749 | 4850 | 214 | 956 140 | 0.38 97.3 172
0 203 | 0 | 697 1806 | 138 | 554 [ 960 | 027 | 024 11.1 559
asi-as | 1000 | 300 | 287 | 6383 1797 | 1040 | 496 | 952 | 0.27 | 0.24 1.1 548
(RH:AsQ) [ 3000 | 300 | 200 | 650 1781 | 2040} 152 | e48 | 02 | 024 1.1 522
5000 | 295 | 283 | 6.2 1773 | 4810 | 275 | 843 | o0z | o024 111 501

«, ** See the footnotes in Table 3

I — e TN, B HENL 20 FU(4) RS LY R & AYBEOMEERRNL S
A BRI EES TR IE 5 000mg ;T AP = 40kgrem I mE2 N,
ETHIOHRETH B,

0k 512k & UNaCl(# 2 LM 2 07 Al ke o R (5)
L - B (4P—4m)* 7 100—R
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LBEAFHGCTHEINCIEET A EATTE L5, ngTO—a% = —2logJw+ log%
Bz RO (73RO M) NEFELES Tz AP AT
1T T ONBSEBIEEAB L UBE U E £ 2D +log—(—Pp—‘l* --------------------- (6)

LTRRTBUES H B, £ 2 TTable 200455 000

mg-i ' NaClUKETIC L 2B T— 7 2 Hv, BEHY  —o(6)xAeT2#0RE Vo —NOEiRE
DIBEL T DAL Ty 7 ZAYBIZ L AROE  FERLLOHFig.6 THa, IORMTIEHME Jv
~ 1+ RO~ 2 rolieEE 2R Az, (1)B  obf#us, ##% R/(100— R) DX # (RN
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Fig. 6 Expression of membrane characteristics by
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