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Abstract— CA-CTA blended membranes for reverse osmosis were prepared by wet-process and tested for the pur-
pose of determining the separation characteristics. The characteristics of these membranes were conpared with those
of CA-membrane made at the same condition and commercial it.

Considering the effect for the solution composition of blended membranes, the membrane which had 16 wt%
polymer content in the casting solution exhibited highest rejection coefficient. Experimental results showed that rejec-
tion coefficient was decreased but permeate was increased with the decreasing of polymer content.

With the result of comparison of blended membranes and CA-membranes, the blended membrane which had 16
wt% polymer content and 60 seconds evaporation period had higher rejection coefficient than commercial and
prepared CA-membranes.

When plotting of 1/R vs. 1/, for membranes, data followed the Pusch’s linear model and solution-diffusion model
except the lowest polymer composition membrane within experimental boundary.
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Table 1. Transport models
No. Model Equation Parameter
1 Kedem-Katchalsky Jo=L, (AP -0Ar) L, L,
Js=(1-0)Col,+wAr g, w
Spiegler-Kedem Jo=P, {dP/dx ~ ¢ (dr/dx)} P,
Js=P, (dC,s/dx) + (1-0)C,], P,
2 Solution-diffusion Jom ~ D,C,V, (AP~ ANl) D
v (RTAx) v
Js == DSKS/AXAC Ds. Ka
Solution-diffusion Jo=K, (AP - Ar)+K,APC,, K, K, K,
imperfection Js=K,;(Csu—-C,,) +K,;APC,,,
3 Pusch; 1/R=A+B-1/], A, B are determined
for a Linear Model by K-K model and/or
Pusch; 1 - B S-D model
1- 1-0 1-¢
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Fig. 1. Schematic diagram of solution filtering
apparatus.
1. N, gas tank 2. Casting solution in
3. Pressure gauge 4. N, gas outlet valve
5. Stainless triple filter, porous plate
6. Filtered solution out

Table 2. Composition of casting solutions

Composition (%)

Component Bl B2 B3 B4
Cellulose acetate 5 6 7 8
Cellulose triacetate 5 6 7 8
Acetone 27 26 25 24
Dioxane 53 52 51 50
Maleic acid 2.8 in all case

Methanol 7.2 in all case

B A Agd AL Az EZedddl €
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3-2. R-O batch test cell system

Table 3. membrane casting conditions

Condition Bl B2 B3 B4
Evaporation time (s) 30 30 30 30,60
Shrinkage temp. (°C) 90 90 90 90

Atmosphere temp. (°C) 23~25.5 in all case
Atmosphere humidity (%) 65 in all case

Solution temp. (°C) 23~25 in all case
Gelation temp. (°C) 1~3 in all case

Gelation time (h) 1 in all case

Gelation medium ice cold water in all case
Shrinkage time (s) 180 in all case
Membrane thickness (um) 80~120 in all case

BM 5-2753-30-1

; Serial number
Evaporation time (sec)
Weight percent of dioxane

Weight percent of acetone
Weight percent of CA
(or CTA)
Abbreviation of blended
membrane

CA-1761-40-85-2

Serial number
Shrinkage temp. (°C)
Evaporation time (sec)
Solvent weight percent
Polymer weight percent
Polymer material

ﬁ—f

Fig. 2. Indication of membrane numbering.

Table 4. Performance test conditions

Concentration Pressure Temperature
of feed (mg/)) (MPa) (°C)
3,000
! 2.027, 3.040 , -
10,000 3.546, 4.053 24~25
15,000
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Table 5. Comparison of L, for the different mem-

branes
Membrane Lyx 10%cm/s: MPa)
BM5-2753-30-1 30.173
BM6-2652-30-2 28.082
BM7-2551-30-3 23.286
BM8-2450-30-4 21.797
BM8-2450-60-5 18.8499
CA1763-40-85-4 33.441
CA1763-60-85-5 29.317
CA1765-40-85-7 27.706
SEPA-97 32.692

=gdke A7 $A43kdch
3. A¥AEe A4 =R Fo EHsy

B Ystel 3]

F3Y, 5749 2 wAdY e AEEE &
Asled, NaCl S 2-HEE FFEZ XS AHE3ste] A4k
shedct

7. Az9 =
Art

Ao FA A He T A4S 3
2887 Y xZolAe BAEZE 1000 cm/sec
(=& oF 80cc/min) o]AFo2 Fglom, b
u}-2 1te] compactiongd 1#idte] dAIF A|zbo] Ad
F A HAE 99 ge Heksdch

ndd F 9 U9e

S

4. dn 3 1o

4-1. HEZZo| WE 54

TEAee] 2z 9 FAEYE A F oA 2
Aell #FtEed 2 shibe §92 Ao, & 3t
vhe A2 9] o7 WgEelth S zAq gl
AME A a8 S4Fe] nEare] Azt o
Rajopa, gulsh wEA e} Aapu](S/P) e FHEFE,
#&-A) 9} 2vlj2) AFu|(N/P)7} 4255 supermo-
lecular polymer aggregates®] 7|7} FrA8te] zhe
71 gl el B7cH 4, 15].

w3t AA fAFe mFate] Azl FrMEFE
Zo] o5 sl A= wlAEo] Frheke v
E3epe 7+agch CA-CTA &34 A% CA9)

IetESE Mi28H M5 19901 10

uiwiyg
10
&5 BM7-2551-30-3
O BM8-2450-60-5
{3 BM8-2450-30-4
— 8 3
w
E
k)
-t
= .
x oF
-
%
=]
] L
g 4
L
E
[+ 9
2 -
O L ! 1 ) i ! f

0 4 8 12 16 20 24 28 3234
Pressure difference, AP- An (Pa x 109)

Fig. 3. Relation between (AP-4r) vs. J, at
10000 mg/l.

CTAS] Askulz} 119 o) 2 Ao 7p4 53t}
(4,16].

41-1. &4 FY=

Az 2o A& Hrlshr] Aste] Faa o9
WAES FAsg o, FH44 % AFHE Frle)
glstel qredstel Wi £5e) Fawe ZAsld
=4 ¥4 ¢ (pure water permeability, L,) & T3}
et

B ATl A Az T Fel A et zAw|s}
7b¢ @& BM5-2753-30-190] 7h ¥& L, @& 2
dem niate] =AML 7B w3 FLATe] 73
71 BM8-2450-80-51t2] L,7} 712 #tsich Table 590+
7t gt oft L, £ A7AA Az CAY 9 o
AFgte g go| 2451 gle SEPA-97(Osmonics
Inc, USA)9 L& et

4-1-2. 48 F zRate] =4

AP 2 glo] 2 §Ae) 2L whe] A
ol Acket e vlAch Yoz AN wEx
£ F nEate] 2Ao] ¥&5F o] 2 3
4slo} ofe) WAl go] F7hshAl ek Fig 38 ket
Holl 4] whojEgale] HEUARE @ PEAGHE o
Haph el wisle] wE F3 EH2E el Zlez
gt wel AyHo g Zrlsie, nRabe] 24
ol #2FE 7t Fae ¢ F vk



A58 CA-CTA &3hate) Ax

O BM7-2551-30-3
£ BM8-2450-30-4
OBMS8-2450-60-5

95¢

Rejection coeff., R

1 | 1 i
0 20 25 30 35 40 45
Pressure drop, AP (Pax 105)
Fig. 4. Relation between AP vs. R at 10000 mgj/.
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Fig. 5. Comparison of J, for CA-CTA blended
membrane and CA membrane at 10000
mg/l.

Fig 4t 7 249 ool ojale} hebast) we
WAEe] MBS vehigieh 2R 240l Eokd
of met wWAEe EA dehtom, zduHEel 37t
gol weh WA EE 2GS ¢+ Aok

3§ B AT 607
1
3 BM8-2450-60-5
OCA1763-60-85-5
| @SEPA-97
9=
x5
= |
o
)
=
2
< .8F
L
]
o
Tt
0 ’— L H i
0 10 20 30 40

Pressure drop,AP (Pa x 109)
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Table 6. Characteristics of various membranes

Membrane BM8-2450- BMS8-2450- CA1763-
30-4 60-5 60-85-5

Evaporation 30 60 60
time(s)

L,x 103 21.797 18.899 29.317
(cnv's- MPa)

Rejection 0.963 0.979 0.953
coeff. (R)

(at 4.053 MPa, 10000 mg/! NaCl solution)

Fig. 7. SEM photomicrograph of BMB8-2450-30-4
membrane.

Fig. 8. SEM photomicrograph of BM8-2450-60-5
membrane.
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Fig. 9 SEM photomicrograph of BM6-2652-30-2
membrane.

Fig. 10. SEM photomicrograph of BM7-2551-30-3
membrane.
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Fig. 11. SEM photomicrograph of cross section of
SEPA-97 membrane (Upper side).

(a) Upper side

(b) Bottom side

Fig. 12. SEM photomicrograph of cross section of
CA 1763-40-85-4 membrane.
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waslglom Fig 12+ CA1763-40-85-4 2+e] il g
#3g Zog ZHF ol FE HeolFol sz
2| x| &2 o} 9] sponge FERE vheldgich

1.8
A SEPA-97

1.7¢ O BM5-2753-30-1

A CA1763-60-85-5
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Fig. 13. Relation between 1/R vs. 1/J, with vari-
ous membranes.

Table 7. Comparison of A and B from Pusch’s
linear model

Membrane Conc.en- Bx 105 Correlation
serial no. tration (cnvsec) coefficient
(mg/)
BM5-2753-30-1 3000  1.0995 0.9226 0.9923
15000 1.1572 0.5718 0.9563
BM6-2652-30-2 3000 0.9679 1.0821 0.9938

15000 0.9893 0.8927 0.9821
BM7-2551-30-3 3000 0.9739 0.8271 0.9911
10000 0.9952 0.6758  0.9910
15000  1.0269 0.4231 0.9948
BM8-2450-30-4 3000 09773 04616 0.9921

10000 0.9817 0.4373  0.9920
15000  0.9691 0.5169  0.9979
BM8-2450-60-5 3000  0.9807 0.3141  0.9998
10000 0.9768 0.3262  0.9928

15000  0.9782 0.3302  0.9834

CA1763-40-85-4 10000  1.0001 4.36 0.9998
15000  1.0091 4.840 0.9818
CA1763-60-85-5 10000 1.0325 1.81 0.9924

15000 1.0069 3.036 0.9605
CA1765-40-85-7 10000  1.0063 1.64 0.9951
SEPA-97 10000 1.0304 43198 0.9978
15000 1.7017 4.7566  0.9995

4-2. Pusche| fE2loj ofst sfA
Fig. 13- Al=3% BMS8-2450-60-5, BM5-2753-30-1
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NOMENCLATURE

A : intercept of the line 1/R vs. 1/J,

B : slope of the line 1/R vs. 1/],

CA : abbreviation of cellulose acetate

CTA : abbreviation of cellulose triacetate

C, . bulk concentration of solute [mg//]

C, : wall concentration of solute [mg//]

C, : permeate flow concentration of solute [mg//]

D, : effective diffusivity of the solute [cm?sec]

D, : diffusivity of water in the membrane [em?
sec]

J, : total volume flux [cm/sec]

K, : partition coefficient of the solute

L, . pure water permeability coefficient [cm/sec-
MPa]

L. . osmotic permeability of the membrane [cm/
sec-MPa]

AP . pressure difference across the membrane [MPa]

R . rejection coefficient

R. : rejection coefficient at infinite volume flux

Ax : membrane thickness [um]

Greek Letters

b . osmotic pressure [MPa]
., : osmotic pressure of the feed [MPa]
o . reflection coefficient
w : solute permeability coefficient [g/sec-MPa-
cm?
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