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Effect of Salt Concentration and Temperature in Synthetic
Dyestuff Wastewater Treatment using Plate and Frame
Membrane Module
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Nanofiltration|[NF45] and reverse osmosis membranelHR98PP] separation treatment of dyestuff
wastewater was carried out in order to seperate relatively pure water from synthetic dyestuff wastewater,
which consists of reactive dye, acid dye, basic dye, direct dye, and disperse dye. The experiments were
performed by using the plate and frame membrane module. In the nanofiltration and reverse osmosis
membrane separation, When the NaCl concentration was 0.1, 5.0, and 20.0%, retention was 63.0, 46.0,
0.9%, respectively. When permeate flux was 125.0, 67.5, and 45.0 L/m’ - h, the osmotic pressure in-
creased with increasing the NaCl concentration. Permeate flux of two membranes increased as tem-
perature increased due to segmental movement of polymer of the membrane and the rejection rate of
dyestuff was decreased gradually. It was found that the rejection rate was about 95% in the nano-
filtration, while the reverse osmosis membrane showed a high rejection rate of 99% under all tem-
perature and pressures conditions.

Key words : Membrane module, Plate and frame, Nanofiltration, Reverse osmosis, Retention, Permeate
flux
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Table 1. Characteristics of membranes

DEENEXE

Type Permeability Recommened
( % NaCl) pH T bar
NF 45 40~60 1~12 0~60 0~60
HR98PP (2.5 2~11 0~60 0~60

2} Union CarbideA}7} & %3} J.P. StevensA}2] U-
tica Mohawk F Ao gAs42 g PVA
(polyvinylalcohol) ¥ 3| 2] ajjo} 8o AJF3lgdct.
19751 J.J. Porter 59 Aol 16714 HH
Clensons, S.C. & ¥l g+ LA FranceAle] g4
T3] line Y¥-E AH4-31 AR idd 98 2 9
9] o] £(A.G. Fane, 1996)ol] gt 7}Rolx A
K747 3% w sleh. =¥, 1991d Gaeta W
Fedele(1990)e] 9)s} ¥ Agel osd G4
o] of 80% o] AHE Aol 4 £ ey, 48 2 oy
7l w3 57t Zbgsidn Hxsige. =he] AL
A2 fo] X2 LAE AT L T@IDIC2 WA
2 H]dAY cellulose acetater} aromatic po-
lyamide® 9143t} H2TAE £2HL 99% 74 A
AAND ¢ & Bido] /i) o] Ejpwte A
A ZE el dAARAI F 2EA S A A 7
22, AXL 7|AA Fxrt 2z JEgEge &
polysulfoneo] F2 145, £2]&2 cellulose-tri-
acetate, crosslinked polyether $¢] F2Z Al&%c}.
HAFTE FH0] oF 104 Welolxm, AFe] AY &
AR tovz, JubHgo g n|FAHolety & 5 Q)
o0, o] {712 EA7l micelle 7H2] 71A & Foho
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wolye} F-Apzke] AL $-7]F ¥ aromatic hy-
drocarbon 52| 22| Zz o|x 1 o]l & 7}FAle] R
H3 gle AAeld dA gaF e 24+ cellulose
acetate®] ol ¥W}EF=E polyamide(R.J. petersen, 1993;
P. Eriksson, 1988; P.K. Eriksson, 1988; D. Pepp-
er, 1988; J. Cadotte et al., 1988; J. Cadotte et al.,
1988)% vlx4l AE2 2" AdE A= gleod,
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o} FelFAd o]&= gleh ¥ AFdlME dutHge
2 AeE 3 gl wsAdE, AN YR, 97149 sE,
ARds @ FAYEE /MIERSR A 9
B3 2EZ JAF(HRISPP) ¥ Y :=THNF 45)& o]
23y 99 FE, 2= S ©E FHEFH 29 TOC
CAERE A ste] o wiAl & A%

2.4

2.1 7171 ¥ A

o] A¥dA A3 FH4= conductivity7} 1pS/
cm o]&<l A& AHE-3}4l2 0, NaCl2 Jin Chemical
Co.9 X 99.5%, MgCl,~= Wako Pure Chemical
Industry Co.2] #%7} 97%<2 Z-& AR&3}gich. uk-e-
A4 5+ Reactive orange 16, Reactive black 5 %
Reactive blue 19, #4149 8+ Disperse blue 14,
Disperse orange 1 % Disperse yellow 3, AHA 95 &
Acid blue 25, Acid orange 8 ¥ Acid red 4, {48
+ Direct blue 15, Direct orange 31 4 Direct yel-
low 29, 28]37 9714 984 Basic blue 24, Basic
red 29 % Basic yellow 11-& Sigma Chemical Co.2]
Z& AABA i AH4-3hlch. NF45 9 HRO8PP
gute faAHe] 0.018m’e) Dow Danmark Co.2|
polyamide/polysulfone Al E2] B Lo gy
NaCle] o] 24l E3}8-0] 40~60%% NF45¢ X
a3} 2.5% o]34] HRI8PPY] Al % utg 21-g3lgd.e
o, o] 52 54-& Table 1o veligich o] A3 oA
A}23F 7]7]1 24 A= X vl TOA Co.8l CM60-S Al
8319 11, TOCE Shimadzu Co.2] - 2}1-4-3}¢lc}.
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TFatalch. wiA &(rejection rate)2 FFH] F=§F
Cr, ¥4 AN F2 & Coot 812, 24 wlA &S R,
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m: %o} FEHH

h: Zg& 33 A7

2.3 &2 A=

nre] AYPAAE Fig. 1ell4 ®Eo] 8L} 2L9 &
g A AHe $ gl HA W A(feed tank), 8L/min?)
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Fig. 1. Schematic diagram of reverse osmosis unit.

2 z=le] gl+ 937 (counter current heat ex-
changer), %% ¥ E(plate and flame module), ¥
E9 7o 27 Qe AHA 2w 58 £ 5
A JArEute] & ¢HE AlTsh: ghew n(back
pressure valve)2 A= o] Qlr}. HoflA e FEES
A4re Hastels] A% ti2z89| spacerst 4& X
AfFa Fih5e F27 He AAE 2=z B

o2 FAE.

2.4 %8 £ 2 A AY

AL} vrwte AHZAL X 20+1C, ¢
30bare] FUYF A FHF At A2kl o
€ FAEY2 d3tE SAsgled, F3d 2 55
A wE FFYae =58 RulldA AYE s
of 7] FFHE 204X} Fo| FREHAE UK
# mokch =¥ 10~40baryt® o] Wizl o2 £34-F
o d%E ¥A ARG

2.5 NaClg-l9] A|Zboll whE F-5hE<) 2 W%t

0.1% NaClg-9}& AH4-% %ol st Azt
0E FEYsc) AHE DAY el $EAH T
o 25g FFY2el HEF BRA, B 2]
FoEd s g3 shr¥e) FHEYLE 2 98
Sol H FHEH 29 Y4 E BAsA

2.6 NaCl %29} q}2¢] o} & retentions £34EZ3
2.9] 33

NaCle] 2%+ 0.1%, 1%, 5% ¥ 20% % 3lgod
¥ 6LE 3l AAgdad Y ¥ 55
(volume concentration ratio)7} 2w 7}2] &3}
o). Ztzte) Fxe dis) A5 X8 20+1CE UA
A FXstd 2, ¢4HS 10~40bar2 WA 7)HA
A3 & 5833t} Retention(%)2 VCRe] 29 o 7}
A FEE AYY F AL S99 Ry}l FAdI}A F
F5E Arleln 20CAA AVAEEE FAH 3] &
713k} w2 Aarste AAsigdo) =3 FHEH
£ 7t VCRAA 8] 27|3¢ S48l HaAEN AA

stelch. 7t NaCl £ iz} W¥ol Z2H5E ol43)
o £}EHse) W3E B2k NaCl 5o o o
o] &9 wegdydas At =T FHHst
£ 9 retentiong 20T 2] AAEEE 235l
Z sl

VCR (volume concentration ratio )= l’;:;i{ Zf: ::lzlmmee ((ll:))

2.7 989 NaCl &§-4Ho| w& retentions} F3}
0] g3

L% 20+1TCoA ¢HL 10~40barz WX 7H
A} 89 NaClg &3 87 485 734 43t
£ djo] 4 retention ¥ FIEHAE Faslgod,
=g MgCL2 retention® 7] ZA}sled NaCly| re-
tention®} v w3l ®sirh. 0.1% €89 0.1% NaCl
o] 3hi¥ §N& 6LE 3l FFHYA ¥ VCRo]
2d 4 AR F&HE AYslgod, 9857t FHE A
2] & 0.1% NaClgd3} 0.1% MgCl, 445 3]s}
ey oz A¥e 3yt NaCl9 retention(%)
L gto] Ao Ae}l FUASA ZA sl oo, dYe] &
B3 F A42AAE A3l e AR slg oo, AY
A Xl MAFY Z2[HS FAEH2E S5 T
23 Axs) AH AaE A do] AFA 295
¢ dE HEE Foz Tt g3t

2.8 2=l 23t 3%

Z+Z uh3A 4854 7247 1000mg/Le g Eitst

F439% 9 g 40bardlA HAE=a gt
A 2o o 959 wiAE ¥ FHRFY2d
A dFE zALEly] fsted MAHA] LEE 20~
40CcE W3z, AAYI 8L 6LE Ho
¥ ]k Zu)(volume concentration ratio)7} 294w 7}
2 F&sldA Y& Pl A E-S VCRe] 7
z+ 1, 1.2, 1.5 9 2 oo F3AL UV £F34= ¥
TOCE &A 3 T3, F4EH2E 71 VCR
Ao z2713%& &A4so ZAslsct.

3. 2% % 2%

3.1 £3EY2 AA Ay

Yxue] 2EZY g uiudt A7 27) £EHA
9} 4hr¥-¢] $£3Zg 27} 195 L/m”* - h2 dA&1n o
Abg ke B oM e 27] FHEH29 447 F9] 3
Z 5385y aE 2479225 L/m?>-h ¥ 224 L/m?-
h2 A dA3god, o] 43 Az Fig. 24 el
il

3.2 NaCl4-9 o] A|7to}} u}2 359~ Wis

0.1% NaCl4-°§-2- g2 30bar, &% 20+ 1Tol4]
A3 2] oAl Azlel] wE FakEYP sl
WElE dF4 AFE Fig 3o Jehigde}. veute
27] 2EH A9 4hr¥ e £3Z A7) 124 L/m® -
hr 422 A9 dAA FAFH s, a5ty A4
= 27 4 3% $3EH2E 224 101 L/m’ - hr ¥
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Fig. 2. Pure water flux during stabilization of NF45
and HR98PP membrane at 30bar, Temp.
20x1<cT.
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Fig. 3. Permeate flux of 0.1% NaCl according to
the operating time at 30bar, Temp. 20+
1T.
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Fig. 4. Retention and permeate flux of NF45 mem-
brane in filtration of NaCl solutions of dif-
ferent concentration at pressures between
10 and 40bar, Temp. 20+17T.
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Fig. 5 . Retention and permeate flux of HR98PP

membrane in filtration of NaCl solutions
of different concentration at pressures
between 10 and 40bar, Temp. 20£1C.
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Fig. 9. Effect of temperature on TOC removal rate
and permeate flux of HR98PP membrane
at pressure 40 bar.
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