
REFERENCES

Benefield, L. D., Judkins, J. F., and Weand, B. L. (1982). Process chemistry 
for water and wastewater treatment. London: Prentice-Hall.

Bennett, p. (1996). Assessment of the metal finishing and platine industry
source reduction planning efforts. California Environmental Protection
Agency.

Beszedits, ร., Nriagu, J. o ., and Nieboer, E. (Eds.). (1988). Chromium in the 
natural and human environments. New York: John Wiley & Sons.

Bohdziewicz, J., Bodzek, M., and Wasik, E. (1999). The application of 
osmosis and nanofiltration to the removal of nitrates from 
groundwater. Desalination, 121, 139-147.

Buresh, R. J. and Moraghan, J. T. (1976). Chemical reduction of nitrate by 
feiTous iron. Journal of Environmental Quality, 5, 320-325.

Canter, L. พ . (1997). Nitrates in groundwater. New York: Lewis.
Chandler, J. (1989). Nitrates in water. Water Well Journal, 43, 45-47.
Cheryan, M. (1986). Ultrafiltration handbook. Pennsylvania: Technomic.
Christian, ร. D., Bhat, ร. N., Tucker, E. E., Scamehom, J. F., and El-Sayed, D. 

A. (1988). Micellar-enhanced ultrafiltration of chromate anion from 
aqueous streams. AIChE J,, 34(2), 189-194.

Dautazenberg, H., Jaeger, พ ., Kotz, J., Philipp, B., Seidel, Ch., and 
Stscherbina, D. (1994). Polyelectrolyte. Munich: Hanser.

Dunaway, C. ร., Christian, ร. D., Tucker, E. E., and Scamehom, J. F. (1998). 
Study of the binding of anions by cationic polyelectrolyte using 
equilibrium dialysis. I. Chromate anions. Langmuir. 14, 1002-1012.

Dunn, R. o ., Scamehom, J. F., and Christian ร. D. (1987). Concentration 
polarization effect in the use of micellar-enhanced ultrafiltration to



49

remove dissolved organic pollutants from wastewater. Separation 
Science and Technology, 22(2-3), 763.

Eykramp, พ ., Streen, J., and Lewis, R. J. (Eds.). (1993). Havlew’ร condensed 
chemical dictionary. New York: Van Nostrand Reinhold.

Guo, พ ., Uchiyama, H., Tucker, E. E., Christian, ร. D., and Scamehom. J. F. 
(1997). Use of polyelectrolyte-surfactant complexes in colloid- 
enhanced ultrafiltration. Colloids and surfaces. 123-124, 695-703.

Hansen, T. A., Odom, J. M., and Singleton, R., Jr. (Eds). (1998). Carbon 
metabolism of sulfate-reducing bacteria. Springer-Verlag.

Huang, c . P., Wang, H. พ ., and Chiu. p. c . (1998). Nitrate reduction by 
metallic iron. Water Research, 32(8), 2257-2264.

Juang, R. ร. and Chen, M. N. (1996). Retention of copper(ll)-EDTA chelates 
from dilute aqueous solutions by a polyelectrolyte-enhanced 
ultrafiltration process. Journal of Membrane Science. 1 19, 25-37.

Morisset, p., Oswald, J. พ ., and Pinner, R. (1954). Chromium plating. 
Middlesex: Robert Draper.

Rousseau, R. พ . (1987). Handbook of separation process technology. New 
York: Van Nostrand Reinhold.

Sasaki, K. J., Burnett, ร. L., Chritian, ร. D., Tucker, E. E., and Scamehom, J. 
F. (1989). Polyelectrolyte ultrafiltration of multivalent. Removal of 
Cu2" by sodium poly (stryrenesulfonate), Langmuir, 5, 363-369.

Sax, N. 1. and Lewis, R. J. (1987). Hazadous chemicals desk reference. New 
York: Van Nostrand Reinhold.

Scamehom, J. F., Christian, ร. D., El-Sayed, D. A., Uchiyama, H., and 
Younis, ร. ร. (1994). Removal of divalent metal cations and their 
mixtures from aqueous stream using micellar-enhanced ultrafiltration. 
Separation Science and Technology, 29(2), 809-830.



50

S c a m e h o m , J. F., C h ristian , ร . D ., T u ck er , E. E ., and  T an , B . E (1 9 9 0 ) .  
C o n c e n tr a tio n  p o la r iza tio n  in p o ly e le c tr o ly te -e n h a n c e d  u ltrafiltra tion . 
C o llo id s  an d  S u r fa c e s , 4 9 , 2 5 9 -2 6 7 .

S p ea ro t, R. M ,  an d  P eck , J. V . (1 9 8 4 ) .  R e c o v e r y  p r o c e ss  fo r  c o m p le x e s  
c o p p e r -b e a r in g  r in se  w a ters. E n v iro n m en t P ro g ress ., 3 (2 ) ,  124.

Sriratana, ร ., S c a m e h o m , J. F ., C h a v a d ej, ร ., S a iw a n , c., H aller , K . J., 
C h ristia n , ร . D ., and T u ck er , E. E. (1 9 9 6 ) .  U s e  o f  p o ly e le c tr o ly te -  
e n h a n c e d  u ltra filtra tio n  to  r e m o v e  ch ro m a te  fro m  w ater . S ep a ra tio n  
S c ie n c e  an d  T e c h n o lo g y ., 3 1 (1 8 ) ,  2 4 9 3 -2 5 0 4 .

T ab atab a i, A .,  S c a m e h o m , J. F ., and C h ristian , ร . D. (1 9 9 5 ) .  W ater  so fte n in g  
u s in g  p o ly e le c tr o ly te -e n h a n c e d  u ltra filtra tion . S ep a ra tio n  S c ie n c e  and  
T e c h n o lo g y , 3 0 (2 ) ,  2 1 1 -2 2 4 .

V a n  H e c k e , K ., V a n  C leem p u t, o . ,  and  B aert, L. (1 9 9 0 ) .  C h e m o -  
d e n itr if ic a t io n  o f  n itra te -p o llu ted  w ater. E n v iro n m en t P o llu t io n , 6 3 , 
2 6 1 -2 7 4 .

Y e h , R . ร ., W a n g , Y . Y ., and  W an  c. c. (1 9 9 5 ) .  R e m o v a l o f  C u -E D T A  
c o m p o u n d s  v ia  e le c tr o c h e m ic a l p r o c e ss  w ith  c o a g u la tio n . W ater  
R e se a r c h , 2 9 (2 ) ,  5 9 7 .

Y o u n g , G . K ., B u n g a y , H . R ., B ro w n , L. M ., and  P arson s, พ .  A . (1 9 6 4 ) .  
C h e m ic a l r ed u ctio n  o f  n itrate in  w ater. Jou rn al W a ter  P o llu tio n  
C o n tro l F e d e r a tio n , 3 6 , 3 9 5 -3 9 8 .

W e s tb o o k , J. H. (1 9 9 3 ) .  E n c y c lo p e d ia  o f  C h e m ic a l T e c h n o lo g y . 6 , 2 .



A P P E N D IX  A

T A B L E  A1 : E X P E R IM E N T A L  D A T A  OF C H R O M A T E  R E JE C T IO N  S T U D IE S  

[Q U A T ]:[C r0 42'] =  5: 1

Solution Flux (l/m 2 *hr) =  (volum e o f  perm eate (m l)*1002(cm 2)*3600(s))*(tim e in terval(s)*38.5(cm 2)«100(m l))

Relative Flux =  (solu tion  flux)/(w ater flux)

Table A  la  Feed Specification: [C r 0 42'] 2 .7 6 E -0 2  M
[Q U A T ] 1 .19E -01 M

W ater Flux Rate =  52 .65  l/m 2*hr
Filtration Area = 38.5  cm 2

R etentate
N o.

P1Z» r*t-v-» p o t p

W e ig h t(ร ั๊)
T im e Interval

(sec)
Solution  Flux  

(l/m 2 *hr)
R elative Flux Perm eate R etentate [C r 0 42-] 

R ejection, %[C r 0 4 2  ], (M ) [Q U A T ], (M [C r 0 42' l  (M ) [Q U A T ], (M )
1 25 .5013 987 2 4 .1 5 9 1 . 0 0 0 1.80E -03 7 .6 6 E -0 5 3 .0 0 E -0 2 1.30E -01 9 4 .0 0
2 2 6 .8 6 0 0 1081 2 3 .2 3 4 0 962 2 12E-03 5 .63E -05 3 3 2 E -0 2 1.45E -01 93 63
3 24 8967 1073 2 1 .6 9 6 0 .8 9 8 2 .9 3 E -0 3 6 .5 0 E -0 5 3 .6 9 E -0 2 1.61E -01 9 2 .0 6
4 24 8697 1189 19 558 0 .8 1 0 2 .6 2 E -0 3 5 .8 7 E -0 5 4 15E -02 1.82E -01 9 4 .0 0
5 24 .8 7 8 5 1284 18 118 0 750 2 .66E -03 5 .9 1 E -0 5 4 .7 5 E -0 2 2 .07E -01 94  40
6 24 6 569 1438 16.033 0 .6 6 4 2 44E -03 6 .1 8 E -0 5 5 .5 4 E -0 2 2 .41E -01 9 5 .6 0
7 2 4 .7905 1661 13 .956 0 578 2 .6 6 E -0 3 6 .6 4 E -0 5 6 .6 5 E -0 2 2 .90E -01 96 .00
8 25 7406 2098 11.472 0 475 2 .2 9 E -0 3 6 .7 3 E -0 5 8 .4 1 E -0 2 3 .08E -01 97 28



Table A. lb  Feed Specification: [C r0 42'] 2 .59E -02 M W ater Flux R ate = 52.65 l/m 2*h
[Q UA T] 1.12E-01 M Filtration A rea = 38.5 cm 2

R etentate
N o.

Perm eate  
W eight (g)

Tim e Interval 
(sec )

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [C r 0 42-] 
R ejection, %[C r 0 4 2 ๆ , (M ) [Q U A T ], (M โCrO/ ๆ ,  (M ) [Q U A T ], (M )

1 2 4 .9 1 2 9 67 2 4 .0 8 9 0 .4 5 8 2 .39E -03 6 .9 8 E -0 5 2381E -02 1.22E -01 9 1 .4 7
2 2 4 .9 3 7 6 1019 2 2 .883 0 .435 2 .6 5 E -0 3 5 .9 5 E -0 5 3 .0 8 E -0 2 1.34E -01 9 1 4 1
3 2 4 .9 6 9 4 1066 2 1 .9 0 2 0 .4 1 6 2 .62E -03 5 .9 6 E -0 5 3 .4 3 E -0 2 1.49E -01 9 2 .3 6
4 24 .9621 1168 19 .984 0 .3 8 0 3 .34E -03 5 .8 5 E -0 5 3 .8 4 E -0 2 1.68E -01 91.31
5 25 .0621 1285 18 .237 0 .3 4 6 3 .07E -03 6 .0 4 E -0 5 4 .4 0 E -0 2 1.91E -01 9 3 .0 2
6 2 4 .8 8 0 2 1416 16 4 3 0 0 .3 1 2 2 .7 0 E -0 3 6 .4 0 E -0 5 5 .1 3 E -0 2 2 .23E -01 94  74
7 2 4 .9321 1609 14 .489 0 .275 2 .9 6 E -0 3 7 .8 1 E -0 5 6  15E -02 2 .67E -01 95 18
8 2 4 .493 1716 13.346 0 .253 2 83E -03 7 .6 7 E -0 5 7 .6 4 E -0 2 2 .75E -01 9 6 .3 0

Table A  l e  Feed Specification: [C r 0 42'] 1 .92E -02  M W ater F lux Rate =  5 5 .5143  l/m 2*hr
[Q U A T ] 9 .9 5 E -0 2  M  Filtration A rea = 38 .5  cm 2

R etentate
N o.

Perm eate 
W eight (g)

Tim e Interval 
(sec )

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [C r 0 42-] 
R ejection, %[C r 0 4 2 ๆ , (M ) [Q U A T ], (M [C r 0 4 2 ๆ, (M ) [Q U A T ], (M )

1 2 6 .9 6 2 4 1092 2 3 .0 8 8 0 .4 5 8 1.94E -03 7 .3 0 E -0 5 2 .0 9 E -0 2 1.09E -01 9 0 .7 4
2 2 5 .1 1 0 7 1045 2 2 .4 6 9 0 .435 1 72E -03 5 .7 3 E -0 5 2.3 IE -0 2 1.20E -01 9 2 .5 6
3 2 4 .9 3 3 5 1 1 0 0 2 1 .1 9 5 0 .4 1 6 1 92E -03 6 .1 2 E -0 5 2 .5 6 E -0 2 1 34E -01 9 2 .5 2
4 24 .9 2 2 5 1195 19.501 0 .3 8 0 1 92E -03 6 .3 8 E -0 5 2 .8 9 E -0 2 1.51E-01 9 3 .3 6
5 24 .9261 1309 17 .806 0 .3 4 6 1.90E -03 6 .7 8 E -0 5 3 .3 0 E -0 2 1.72E-01 94  24
6 2 2 .8 9 2 5 1644 13.021 0 .3 1 2 1 91E -03 7 .0 3 E -0 5 3 .8 1 E -0 2 1.99E -01 9 4 .9 8
7 2 4 .9 8 4 7 1768 13 .214 0 .275 1 83E -03 7 .0 1 E -0 5 4 .5 7 E -0 2 2 .38E -01 9 5 .9 9
8 2 4 .9 9 0 6 1932 12.095 0.253 1.79E -03 7 .7 0 E -0 5 5 7 1 E -0 2 2 .4 9 E -0 1 9 6 .8 6 Ç/1NJ



Table A .Id Feed Specification: [C r0 42-]
[Q UA T]

3.44E -02  M
1.62E-01 M

W ater Flux R ate
Filtration A rea

55.5143 l/m 2*hr
38.5 cm 2

R etentate
N o .

P PQ t
W e ig h t(g )

Tim e Interval 
(sec )

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [C r 0 42-] 
R ejection, %[CrO 42‘], (M ) [Q U A T ], (M [CrO 4 2  ], (M ) [Q U A T ], (M )

1 2 4 .5 3 8 2 1301 17 .636 0 .4 3 9 4 .1 5 E -0 3 1 .21E -04 3.71 E -02 1.76E -01 8 8 .8 2
2 2 4 .9 0 6 6 1311 17.765 0 .4 2 7 4 .3 7 E -0 3 9 .8 8 E -0 5 4 .0 8 E -0 2 1.94E -01 89 28
3 2 4 .9 5 4 7 1482 15.745 0 .403 4 .3 0 E -0 3 9 .8 0 E -0 5 4 .5 3 E -0 2 2 .15E -01 9 0 .5 0
4 2 4 .8645 1665 13 .964 0 .3 7 0 4 .5 1 E -0 3 1 .02E -04 5 0 9 E -0 2 2 .43E -01 91 .13
5 2 4 .9613 1823 12.803 0 .3 3 8 4 .4 2 E -0 3 1 .09E -04 5 8 1E -02 2 76E -01 9 2 .3 9
6 2 4 .7813 2 0 8 9 11 .092 0 .2 4 7 4 .1 1 E -0 3 1 .22E -04 6 .7 7 E -0 2 3 22E -01 93 92
7 2 4 .9 6 1 2 2503 9 .325 0.251 4 .2 6 E -0 3 1 3 5 E -0 4 8  11E -02 3 .86E -01 9 4 .7 4
8 25.0561 3 1 7 2 7 386 0 .2 3 0 4 .0 6 E -0 3 1 .37E -04 1 01E -01 4 .15E -01 95 99

Table A  l e  Feed Specification: [C r 0 42'] 3 .0 8 E -0 2  M  W ater Flux Rate =  6 0 .0 5 6  l/m 2*hr
[Q U A T ] 1.54E -01 M  Filtration Area =  3 8 .5  cm 2

R etentate
N o.

p p r t n  Q Q t p

W eight (g)
Tim e Interval 

(sec )
Solution  Flux  

(l/m 2 *hr)
R elative Flux Perm eate R etentate [C r 0 42-] 

R ejection , %[C r 0 42"], (M ) [Q U A T ], (M [C r 0 42-], (M ) [Q U A T ], (M )
1 24.9381 1 2 1 2 19.240 0 .3 2 0 3 .7 5 E -0 3 1 .24E -04 3 .3 3 E -0 2 1 .6 8 E - 0 1 8 8 .7 2
2 24.9561 1273 18.331 0 .305 3 .8 9 E -0 3 9 .3 9 E -0 5 3 .6 6 E -0 2 1.85E -01 8 9 .3 6
3 2 5 .7 1 9 0 1435 16 .759 0 .2 7 9 4 .7 4 E -0 3 1 3 7 E -0 4 4 .0 7 E -0 2 2 .06E -01 88 .35
4 2 5 .3 0 0 2 1541 15 .352 0 2 56 4 .5 1 E -0 3 1 .01E -04 4 .5 9 E -0 2 2 .34E -01 9 0 .1 7
5 2 5 .2 4 4 0 1710 13 804 0 .2 3 0 4 .5 2 E -0 3 1 .08E -04 5 .2 5 E -0 2 2 .6 6 E -0 1 9 1 .3 9
6 2 4 .8 8 2 9 1903 12 .227 0 .2 0 4 4 .0 8 E -0 3 1 .16E -04 6  14E -02 3.1 IE -01 9 3 .3 6
7 25 .0411 2 3 0 6 10.154 0 .1 6 9 4 .0 4 E -0 3 1 3 8E -04 7 .3 8 E -0 2 3 .73E -01 9 4 .5 2
8 24 0758 2 6 8 4 8 .388 0 140 3 .8 7 E -0 3 1.51E -04 9 .1 7 E -0 2 3 .78E -01 9 5 .7 7



Table A. I f Feed Specification: [C r0 42-]
[Q UA T]

3.23E -02 M
1.48E-01 M

W ater Flux R ate
Filtration A rea

56.9775 l/m2*hr
38.5 cm 2

Retentate
N o.

PprtYiPotp
W eight (g)

Tim e Interval 
(sec)

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate Retentate [C r 0 42"] 
Rejection, %[C r 0 42-], (M ) (Q U A T ], (M r c r o /  l, (M ) [Q U A T ], (M )

1 2 4 .9 4 4 6 1190 19.601 0 .2 2 9 6 .7 9 E -0 3 3 .1 4 E -0 4 5308E-02 2 .70E -01 8 6 .64
2 2 4 .9 6 9 7 1275 18 .312 0 214 6 .0 4 E -0 3 3 .5 6 E -0 4 5 .6 0 E -0 2 2 97E -01 89 .22
3 2 4 .9 2 7 2 1420 16 .414 0 .1 9 2 6 .4 6 E -0 3 2 .6 0 E -0 4 6 .2 1 E -0 2 3 .30E -01 89.61
4 2 4 .9 7 2 2 1582 14 .760 0 .173 6  52E -03 2 .3 3 E -0 4 6 .9 9 E -0 2 3 .73E -01 90  67
5 2 4 .9 6 9 8 1795 13 0 07 0 .1 5 2 6 .7 9 E -0 3 2 3 7 E -0 4 7 .9 8 E -0 2 4 .24E -01 91 49
6 24 8672 2103 11 .057 0 129 6 .68E -03 2 .4 6 E -0 4 9 .3 0 E -0 2 4 .94E -01 92  82
7 2 4 .8 7 4 6 2623 8 .8 6 7 0 .1 0 4 6 .5 3 E -0 3 3 .1 1 E -0 4 1.12E -01 5 .92E -01 9 4 .14
8 2 3 .4 8 5 8 3 602 6 .0 9 7 0.071 6 .7 5 E -0 3 3 3 4 E -0 4 1.37E -01 6 .04E -01 9 5 .08

Table A . lg  Feed Specification: [C r 0 42'] 4 .7 2 E -0 2  M W ater Flux R ate =  8 5 .4 7 2 5  l/m 2*hr
[Q U A T ] 2 .48E -01  M Filtration A rea = 38 .5  cm 2

R etentate
N o.

Pprtnptitp
W eight (g)

Tim e Interval 
(sec )

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [C r 0 42-] 
R ejection, %[C r 0 4 ๆ ,  (M ) [Q U A T ], (M [C rO ,2 ๆ , (M ) [Q U A T ], (M )

1 2 4 .9 4 4 6 1190 19.601 0 .2 2 9 6 .7 9 E -0 3 3 .1 4 E -0 4 5J08E-02 2 .70E -01 86 .64
2 2 4 .9 6 9 7 1275 18 .312 0 .2 1 4 6 .0 4 E -0 3 3 .5 6 E -0 4 5 6 0 E -0 2 2 .97E -01 89 .22
3 24  9 272 1420 16 .414 0 .1 9 2 6 .46E -03 2 .6 0 E -0 4 6 .2 1 E -0 2 3 .30E -01 89.61
4 2 4 .9 7 2 2 1582 14 .760 0 .173 6 .52E -03 2 .3 3 E -0 4 6 .9 9 E -0 2 3 .73E -01 9 0 .6 7
5 2 4 .9 6 9 8 1795 13 .007 0 .1 5 2 6 .79E -03 2 .3 7 E -0 4 7 .9 8 E -0 2 4 .2 4 E -0 1 9 1 .4 9
6 2 4 .8 6 7 2 2103 11 .057 0 129 6 .68E -03 2 .4 6 E -0 4 9 .3 0 E -0 2 4 .94E -01 92 .82
7 24  8746 2623 8 .867 0 .1 0 4 6 .5 3 E -0 3 3 .1 1 E -0 4 1.12E -01 5 .9 2 E -0 1 9 4 .1 4
8 23 4 8 5 8 3602 6 .0 9 7 0.071 6 .7 5 E -0 3 3 .3 4 E -0 4 1.37E -01 6 .04E -01 95 .08 นก



Table A. lh Feed Specification: [C r0 42-]
[Q UA T]

W ater Flux Rate
Filtration Area

5.13E-02
2.33E-01

M
M

= 72.0813 l/m 2*hr
= 38.5 cm 2

R etentate
N o. W e ig h t(ร)

Tim e Interval 
(sec)

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [C r 0 42-] 
R ejection, %[C r 0 42-], (M ) [Q U A T ], (M [C r 0 4 ฯ ,  (M ) [Q U A T ], (M )

1 2 5 .1 5 5 2 1190 19 .766 0 .2 7 4 6 .75E -03 2 .6 4 E -0 4 5 .5 3 E -0 2 2 .54E -01 8 7 .8 0
2 2 5 .0 6 7 2 1275 18.384 0 .255 7 .89E -03 1 7 4 E -0 4 6 .0 8 E -0 2 2 .80E -01 87 02
3 2 4 .9 3 1 9 1420 16.418 0  228 7 .90E -03 1 7 8 E -0 4 6 .7 5 E -0 2 3.1 IE-01 8 8  29
4 24  9 252 1582 14 .732 0 .2 0 4 8 .52E -03 2 .0 2 E -0 4 7 .5 8 E -0 2 3 51E -01 8 8 .7 7
5 2 4 .9 6 5 4 1795 13.005 0 .1 8 0 8 .39E -03 2 .0 6 E -0 4 8 .6 7 E -0 2 3 99E -01 90 .33
6 2 4 .9 2 9 7 2103 11.085 0 .1 5 4 8 .21E -03 2 3 7 E -0 4 1.01E -01 4 .66E -01 9 1 .8 8
7 2 5 .0 2 1 7 2623 8 .9 2 0 0 .1 2 4 7 .80E -03 2 .7 5 E -0 4 1 21E -01 5 .59E -01 9 3 .5 8
8 2 4 .7 1 4 8 3 602 6  4 16 0 .0 8 9 7 82E -03 3 7 9 E -0 4 1 51E -01 5 .90E -01 9 4 .8 4

Table A. li Feed Specification: [C r 0 42'] 3 .8 0 E -0 2  M  W ater Flux R ate =  69 .0 7 0 3  l/m 2*hr
[Q U A T ] 1.97E -01 M  Filtration Area =  38 .5  cm 2

R etentate
N o.

D p r  a t p*

W e ig h t(ร)
Tim e Interval 

(sec)
Solution  Flux  

(l/m 2 *hr)
R elative Flux Perm eate R etentate [C r 0 42-] 

R ejection, %[C r 0 42"], (M ) [Q U A T ], (M [C r 0 42-], (M ) [Q U A T ], (M )
1 2 5 .1 1 7 8 1225 19.173 0 .2 7 8 5 .4  IE -03 2 .4 6 E -0 4 4 .1 0 E -0 2 2 .15E -01 8 6 .8 2
2 2 5 .1 4 5 8 1284 18 .312 0 265 6 .00E -03 1 .68E -04 4 .5 1 E -0 2 2 .37E -01 86.71
3 2 6 .4 4 9 6 1449 17 .068 0 .2 4 7 5 .77E -03 1 7 3 E -0 4 5 .0 4 E -0 2 2 .65E -01 8 8 .5 6
4 2 4 .9 0 7 0 1528 15 .242 0 . 2 2 1 5 .24E -03 1 .83E -04 5 .6 9 E -0 2 2 .99E -01 90  79
5 2 5 .0 7 5 3 1734 13 .522 0 .1 9 6 6 .85E -03 1 .99E -04 6 .4 9 E -0 2 3 .41E -01 89.43
6 2 4 .7 7 2 5 1971 11 .752 0 .1 7 0 6  39E -03 2 .2 9 E -0 4 7 .5 8 E -0 2 3 .98E -01 91 57
7 2 4 .9 4 9 9 2442 9 .5 5 4 0 .1 3 8 6 .40E -03 2 .6 7 E -0 4 9 11E -02 4 .78E -01 9 2 .9 7
8 2 7 .6 2 2 9 3734 6 .9 1 7 0 . 1 0 0 5.86E -03 3 .7 2 E -0 4 1.17E -01 5 .16E -01 9 5 .0 0 น/ไ น'ไ



A P P E N D IX  A

T A B L E  A 2 ; E X P E R IM E N T A L  D A T A  OF C H R O M A T E  REJEC TIO N  ST U D IE S  

[Q U A T ]:[C r0 42 ] =  1 0 : 1

Table A .2a Feed Specification: [C r 0 42'] 1 .38E -02  M
[Q U A T ] L 11E -01  M

W ater Flux Rate 
Filtration Area

=  75 .6 2 5 5 1/m 2

= 38 .5 cm'

R etentate
N o.

PprtTtPQfp
W e ig h t(g )

Tim e Interval 
(sec )

Solution  Flux  
( 1/m 2* hr)

R elative Flux Perm eate R etentate [C r 0 42-] 
Rejection, %[C r 0 42-], (M ) [Q U A T ], (M โCrO 4 2 -■ ใ, (M ) TQUATl, (M )

1 2 5 .1 1 1 7 689 3 4 .0 8 0 0.451 2 .7 3 E -0 4 1 .05E -04 1 51E -02 1 . 2  IE -01 98 .19
2 2 4 .8 5 4 0 709 3 2 .7 7 9 0 .433 2 .9 1 E -0 4 4 .5 0 E -0 5 1 .66E -02 L 33E -01 98 .24
3 2 5 .0035 757 30 .885 0 .4 0 8 2 .8 9 E -0 4 4 .1 6 E -0 5 1.84E -02 1.48E -01 98.43
4 25 0215 835 2 8 .0 2 0 0.371 2 .7 4 E -0 4 4 .6 8 E -0 5 2 .0 7 E -0 2 1.67E -01 98 .68
5 2 5 .0 7 6 9 917 25.571 0 338 2 .7 3 E -0 4 4 .7 4 E -0 5 2 .3 7 E -0 2 1 90E -01 98 .85
6 24 .9 4 3 8 1037 2 2 .4 9 2 0 .2 9 7 2 .5 9 E -0 4 5 .02E -05 2 .7 6 E -0 2 2 .22E -01 99 06
7 25 .1371 1234 19.048 0 .2 5 2 2 .3 9 E -0 4 5 .64E -05 3 .3 2 E -0 2 2 .66E -01 99 .28
8 2 5 .1 7 8 0 1593 14 .779 0 .195 2 16E -04 6 .64E -05 4 .1 6 E -0 2 2 .88E -01 99 .48



Table A.2b Feed Specification: [C r0 42'] 1.26E-02 M  W ater Flux R ate = 70.9623 l/m2*hr
[QUAT] 1.06E-01 M  Filtration A rea = 38.5 cm 2

R etentate
N o. W eiT h t(g )

Tim e Interval 
(sec)

Solution  Flux 
(l/m 2 *hr)

R elative Flux Perm eate R etentate [C r 0 42-] 
R ejection, %[C r 0 42-], (M ) [Q U A T ], (M [C r 0 4 ฯ ,  (M ) [Q U A T ], (M )

1 2 4 .9 0 5 2 675 34 .501 0 .4 8 6 2 .6 0 E -0 4 8 .23E -05 1 .37E -02 1.15E -01 9 8 .1 0
2 2 5 .1 2 8 9 690 34 054 0 .4 8 0 2 .8 0 E -0 4 8 .31E -05 1 51E -02 1.27E -01 9 8 .1 4
3 25 .8451 786 3 0 .7 4 7 0 433 2 .7 2 E -0 4 4 .0 6 E -0 5 1.68E -02 1 41E -01 98 .38
4 2 4 .8 6 3 2 827 2 8 .1 1 2 0 .3 9 6 2 .7 0 E -0 4 4 .0 8 E -0 5 1 89E -02 1.60E -01 9 8 .5 7

-------5------ 2 4 .9 3 3 8 --------9Ü5-------- ----- 2 5 .7 3 4 0 .3 6 3 2 .3 8 E - 0 4 4 .2 9 E -U 3 2 . 1 6 E -0 2 1 .82E -U 1 9 8 .8 0
-------5------ 2 4 .9 7 2 2 ------- โบ23------- ----- 2 2 .8 2 6 07322 2 .4 7 E - 0 4 5 .0 /E - Ü 5 2 .5 2 E - 0 2 2 . 1 2 E -0 1 9 9 .02

7 2 5 .0 2 0 9 1205 19 .416 0 .2 7 4 2 .2 9 E -0 4 5 .29E -05 3 .0 3 E -0 2 2 .55E -01 9 9 .2 4
8 2 5 .2 3 4 7 1579 14 .944 0 . 2 1 1 2 .0 1 E -0 4 5 .88E -05 3 .8 0 E -0 2 2 .62E -01 9 9 .4 7

T A B L E  A .2 c  Feed Specification: [C r 0 4 2 ] 1 .37E -02  M  W ater Flux Rate =  6 3 .2 4 6 3  l/m 2*hr
[Q U A T ] 1.14E -01 M Filtration Area = 38 .5  cm 2

R etentate
N o. W eiT h t(g )

Tim e Interval 
(sec)

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [C r 0 42-] 
R ejection, %[C r 0 42-], (M ) [Q U A T ], (M [C r 0 4 2 ๆ , (M ) TQUAT], (M )

1 2 4 .9 9 8 8 706 3 3 .1 1 0 0 .5 2 4 2 .7 7 E -0 4 8 .19E -05 1 .49E -02 1.24E -01 9 8 .1 4
2 2 3 .9 6 5 7 737 3 0 .4 0 6 0.481 2 .8 5 E -0 4 7 .7 7 E -0 5 1 .63E -02 1.36E -01 9 8 .2 6
3 24 9636 785 29 736 0 .4 7 0 2 .8 0 E -0 4 3 .9 9 E -0 5 1 81E -02 1.51E -01 9 8 .4 6
4 2 5 .0 2 4 6 847 2 7 .6 2 6 0 .4 3 7 2 .7 4 E -0 4 4 .1 2 E -0 5 2 Q 4 E -0 2 1.71E -01 98 .66
5 2 4 .9 8 5 0 929 25 148 0 .398 2 .8 4 E -0 4 4 .5 1 E -0 5 2 .3 3 E -0 2 1.94E -01 98 .78
6 24 .9 5 8 3 1051 2 2 .2 0 5 0.351 2 .5 7 E -0 4 5 .2 2 E -0 5 2 .7 1 E -0 2 2 .26E -01 99 .05
7 2 6 .2 9 0 2 1294 18.998 0 .3 0 0 2 .3 8 E -0 4 5 .29E -05 3 .2 9 E -0 2 2 .74E -01 99 .28
8 2 5 .1 9 6 7 1554 15.161 0 2 40 2 .0 6 E -0 4 5 .59E -05 4 .1 2 E -0 2 2 .83E -01 9 9 .50 น'ไ



TA B LE A .2d Feed Specification: [C r0 42-]
[QUAT]

W ater Flux R ate
Filtration A rea

2.18E -02
1.48E-01

M
M

= 67.0586 l/m 2*hr
= 38.5 cm 2

R etentate
N o.

PpnnpQtp
W r ig ta fe )

Tim e Interval 
(sec )

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [C r 0 42‘] 
R ejection, %[C r 0 42-], (M ) [Q U A T ], (M f C r O / l ,  (M ) [Q U A T ], (M )

1 2 4 .9 6 3 8 907 2 5 .7 3 6 0 .3 8 4 5 .4 6 E -0 4 8 .69E -05 2 3 7 E - 0 2 1.62E -01 9 7 .7 0
2 2 4 .9 5 1 0 962 2 4 .2 5 2 0 .3 6 2 5 .6 4 E -0 4 5 .80E -05 2 .6 1 E -0 2 1.78E -01 9 7 .8 4
3 2 5 .0 0 6 8 1030 2 2 .7 0 2 0 .3 3 9 5 .8 3 E -0 4 6 .5 7 E -0 5 2 .9 0 E -0 2 1.97E -01 97  99
4 2 8 .1 2 6 2 1330 19 .774 0 .295 5 .9 4 E -0 4 6 .3 7 E -0 5 3.3 IE -0 2 2 .27E -01 98 21
5 2 4 .9 2 9 8 1348 17.293 0 .2 5 8 5 .7 1 E -0 4 7 .0 9 E -0 5 3 .7 9 E -0 2 2 .58E -01 9 8 .4 9
6 24 .8 8 9 5 1548 15 .034 0 .2 2 4 5 .3 8 E -0 4 7 .9 7 E -0 5 4 .4 3 E -0 2 3 .02E -01 9 8 .7 9
7 2 4 .9 4 9 7 2 0 4 4 11 .414 0 .1 7 0 5 .0 3 E -0 4 8 .95E -05 5 3 4 E -0 2 3.64E -01 9 9 .0 6
8 2 7 .2 5 6 6 3001 8.493 0 .1 2 7 4 .3 1 E -0 4 1 15E -04 6 .8 7 E -0 2 3 .93E -01 9 9 .3 7

T A B L E  A  2 e  Feed Specification: [C r 0 4 2 ] 1 .94E -02  M W ater Flux Rate =  80 .2791  l/irf*hr
[Q U A T ] 1.51E -01 M  Filtration Area = 38.5  cm 2

R etentate
N o. W eight (g)

T im e Interval 
(sec)

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [C r 0 42-] 
R ejection, %[C r 0 42 ], (M ) [Q U A T ], (M [C r 0 42-], (M ) [Q U A T ], (M )

1 2 4 .9 2 8 4 923 2 5 .2 5 4 0 .315 5 .3 0 E -0 4 9 .9 0 E -0 5 2 . 1 1 E - 0 2 1.64E -01 9 7 .5 0
2 2 5 .0 2 0 8 1013 2 3 .0 9 6 0  288 6 .3 2 E -0 4 6 .4 3 E -0 5 2 .3 3 E -0 2 1.81E -01 9 7 .2 8
3 2 5 .0443 1089 2 1 .5 0 4 0 .2 6 8 6  10E -04 6 .5 9 E -0 5 2 .5 8 E -0 2 2 .01E -01 9 7 .6 4
4 2 4 .9 5 9 9 1229 18 .990 0 .2 3 7 5 .9 8 E -0 4 6 .7 0 E -0 5 2 .9 1 E -0 2 2 .27E -01 97  94
5 2 4 .9633 1404 16 6 26 0 .2 0 7 5 .5 6 E -0 4 7 .52E -05 3 .3 2 E -0 2 2 58E -01 98 .33
6 24 8850 1632 14.258 0 .1 7 8 5 .2 8 E -0 4 8 .36E -05 3 .8 7 E -0 2 3.01E -01 98  64
7 24 .9 6 7 5 2 1 0 2 11 .107 0 138 4 .8 7 E -0 4 1.02E -04 4 .6 5 E -0 2 3.61E -01 98 .95
8 2 5 .0 3 2 5 3033 7 .7 1 7 0 096 4 .0 0 E -0 4 1 3 2 E -0 4 5 8 1 E -0 2 3 .7 2 E -0 1 99  31 นกoo



TABLE A.2f Feed Specification: [Cr042-]
[QUAT]

2 18E-02 M 
195E-01 M

Water Flux Rate
Filtration Area

72.0454 l/m2*hr
38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042-] 
Rejection, %[Cr042ๆ , (M) [QUAT], (M [Cr042ๆ , (M) [QUATl, (M)

1 24.2931 936 24.269 0.337 8.82E-04 1.52E-04 2.36E-02 2 .12E-01 96.26
2 25.8052 1005 24.009 0 333 8.74E-04 9.39E-05 2.61E-02 2.34E-01 96.65
3 25 2687 1076 21.959 0.305 8.69E-04 9.69E-05 2.90E-02 2.60E-01 97.00
4 26.2272 1267 19 356 0.269 8.42E-04 1.05E-04 3 28E-02 2.96E-01 97.43
5 26.7101 1404 17.789 0.247 8 03E-04 L23E-04 3.79E-02 3.40E-01 97.88
6 25.1534 1669 14.092 0.196 7 30E-04 1.52E-04 4.45E-02 3.98E-01 98 36
7 25.1330 2185 10.756 0.149 6.84E-04 1 91E-04 5.37E-02 4.81E-01 98.73
8 25.3564 3406 6.961 0.097 5 83E-04 1.88E-04 6.79E-02 4.80E-01 99.14

TABLE A.2g Feed Specification: [Cr042'] 2.31E-02 M Water Flux Rate = 65.7201 l/m2*hr
[QUAT] 2.30E-01 M Filtration Area = 38.5 cm2

Retentate
No.

PprtTiPQfp
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042ๆ  
Rejection, %[Cr042], (M) [QUAT], (M [CrO/-], (M) [QUAT], (M)

1 24.9549 1217 19.174 0.292 5.44E-04 6.35E-05 2.5 IE-02 2.5 IE-01 97.83
2 25.0640 1293 18.126 0.276 5.11E-04 1.03E-04 2.76E-02 2.76E-01 98 15
3 25 0933 1420 16.524 0 251 5.18E-04 6.59E-05 3.07E-02 3.07E-01 98 31
4 24.9678 1630 14.323 0.218 4.94E-04 6.60E-05 3.46E-02 3.47E-01 98.57
5 25.0576 2046 11.452 0.174 4.93E-04 8.65E-05 3.95E-02 3.94E-01 98.75
6 25.3288 2426 9.763 0.149 4.48E-04 8.59E-05 4.62E-02 4.61E-01 99.03
7 24.9777 3368 6.935 0.106 4.06E-04 1.03E-04 5.55E-02 5.54E-01 99 27
8 24.2874 3650 6.222 0 095 3.39E-04 1.45E-04 6.90E-02 5.65E-01 99.51 นก<๐



TABLE A.2h Feed Specification: [Cr042-]
[QUAT]

2.47E-02 M 
I.84E-01 M

Water Flux Rate
Filtration Area

62.2583 l/m2*hr
38.5 cm2

Retentate
No.

P p rm PQtp
WeîTht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042*] 
Rejection, %[Cr042-], (M) [QUAT], (M [Cr042-], (M) [QUAT], (M)

1 25.3105 1135 20.852 0.335 9.02E-04 1.58E-04 2j59E-02 2.01E-01 96.64
2 24.9431 1189 19.616 0.315 9.78E-04 9.59E-05 2.95E-02 2.21E-01 96.69
3 24.9339 1281 18.200 0.292 9.56E-04 9.66E-05 3.28E-02 2.46E-01 97.09
4 24.8973 1462 15.924 0.256 9.59E-04 1.06E-04 3.69E-02 2.78E-01 97.40
5 27.0284 1867 13.537 0.217 8.97E-04 1.19E-04 4.27E-02 3 19E-01 97.90
6 24.3073 2122 10.711 0.172 8.63E-04 1.48E-04 4.97E-02 3.72E-01 98 26
7 24 9147 2780 8.380 0.135 7.97E-04 1.81E-04 5.97E-02 4.46E-01 98.67
8 24.9343 4527 5.150 0.083 6.97E-04 2.69E-04 7.48E-02 4.59E-01 99 07

TABLE A.2i Feed Specification: [Cr042'] 2.46E-02 M Water Flux Rate = 62.3587 l/m2*hr
[QUAT] 1.92E-01 M Filtration Area = 38.5 cm2

Retentate
No. WeiTht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr04ๆ  
Rejection, %[Cr042ๆ , (M) [QUAT], (M [Cr04ๆ . (M) [QUAT], (M)

1 22.9682 1086 19.776 0.317 9.63E-04 1.94E-04 2.66E-02 2.08E-01 96.38
2 24.8789 1152 20.194 0.324 9.88E-04 9.49E-05 2.92E-02 2.29E-01 96 62
3 21.7083 1256 16.161 0.259 9 87E-04 9.75E-05 3 20E-02 2 50E-01 96.92
4 25.4833 1437 16.582 0.266 9.54E-04 1.00E-04 3.60E-02 2.83E-01 97.35
5 28.4954 1624 16.407 0.263 9.30E-04 L15E-04 4.18E-02 3.27E-01 97.77
6 24.9241 1954 11.927 0.191 8.87E-04 1.34E-04 4.86E-02 3.81E-01 98.18
7 23.1645 2539 8.531 0.137 8.12E-04 1.67E-04 5.75E-02 4.49E-01 98 59
8 27.5370 4227 6.092 0.098 7.06E-04 2.47E-04 7.31E-02 5.10E-01 99 03 o



APPENDIX A
TABLE A3 : EXPERIMENTAL DATA OF CHROMATE REJECTION STUDIES

[QUAT] : [Cr042-] = 20: 1

TABLE A.3a Feed Specification: [Cr042] 6.03E-03 M Water Flux Rate = 69.3374 l/m2*hr
[QUAT] 9.98E-02 M Filtration Area = 38.5 cm2

Retentate
No. WeiTht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042-] 
Rejection, %[Cr042], (M) [QUATl, (M [CrO/l, (M) [QUATl, (M)

1 24.9815 660 35.393 0.510 4.14E-05 6.28E-05 6.58E-03 1.09E-01 99.37
2 25.2407 691 34 156 0.493 4 29E-05 2.99E-05 7 24E-03 1.20E-01 99 41
3 24.9190 722 32.273 0.465 4.14E-05 2.86E-05 8.05E-03 1.33E-01 99.49
4 28.1026 831 31.622 0.456 3.91E-05 3.1 IE-05 9.19E-03 1.53E-01 99 58
5 26.2312 881 27.841 0.402 3.72E-05 3.03E-05 1.06E-02 1.76E-01 99.65
6 24.8751 997 23.330 0.336 3 40E-05 3.25E-05 1.24E-02 2.06E-01 99.73
7 24.8893 1182 19 690 0.284 2.98E-05 4.49E-05 1.50E-02 2.48E-01 99 80
8 24.9737 1516 15.404 0.222 2.43E-05 5.21E-05 1.89E-02 2.45E-01 99.87



TABLE A.3b Feed Specification: [Cr042] 5.76E-03 M Water Flux Rate = 63.0973 l/m2*hr
[QUAT] 9.63E-02 M Filtration Area = 38.5 cm2

Retentate
No.

Pprtn Adtp
Weight(g)

Time Interval
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042ๆ  
Rejection, %[Cr0421, (M) [QUAT], (M [Cr042-], (M) [QUAT], (M)

1 24.8738 667 34.870 0.553 3.99E-05 5.82E-05 6.28E-03 1.05E-01 99.36
2 25.0523 695 33.706 0.534 4.02E-05 4 28E-05 6.91E-03 1.16E-01 99.42
3 25.0502 726 32.264 0 511 4.05E-05 3 36E-05 7.68E-03 1.28E-01 99.47
4 25.0502 806 29.061 0.461 3.88E-05 2.96E-05 8.64E-03 1 45E-01 99.55
5 25.0274 878 26 654 0.422 3.64E-05 4.50E-05 9 88E-03 1.65E-01 99 63
6 24.9807 1007 23.196 0.368 3.29E-05 4.49E-05 1.15E-02 1.93E-01 99 71
7 25.0301 1191 19.651 0.311 2.90E-05 3.69E-05 1.38E-02 2.31E-01 99 79
8 25.4554 1571 15 151 0.240 2.36E-05 4.56E-05 1 74E-02 2.51E-01 99.86

TABLE A,3c Feed Specification: [Cr042'] 4.68E-03 M Water Flux Rate = 57.76 l/m2*hr
[QUAT] 1.02E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042ๆ  
Rejection, %[Cr042ๆ , (M) [QUAT], (M [Cr042-], (M) [QUAT], (M)

1 24.8800 726 32.045 0.555 3.67E-05 1.25E-04 5.10E-03 1.1 IE-01 99.28
2 25.4708 759 31 379 0.543 3.88E-05 6.40E-05 5.62E-03 1 22E-01 99 31
3 25.4113 790 30 077 0 521 3.72E-05 2.36E-05 6 26E-03 1.36E-01 99.40
4 24.9937 862 27.112 0.469 3.47E-05 4.53E-05 7.04E-03 1.54E-01 99.51
5 26.0251 995 24.457 0.423 3 29E-05 6.42E-05 8.10E-03 1.77E-01 99.59
6 25.2384 1152 20.486 0.355 2.79E-05 5.70E-05 9.48E-03 2.07E-01 99.71
7 24.8863 1358 17.136 0.297 2.49E-05 5.24E-05 1 14E-02 2.48E-01 99.78
8 24.2872 1801 12.610 0 218 3.78E-05 3.24E-04 L42E-02 2 50E-01 99.73 ๐รุio



TABLE A.3d Feed Specification: [Cr042-]
[QUAT]

7.49E-03 M
1.50E-01 M

Water Flux Rate
Filtration Area

63.0572 l/m2*hr
38.5 cm2

Retentate
No.

D Arm ûot A
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042-] 
Rejection, %[Cr042’], (M) [QUAT], (M โC rO /’l. (M) โQUAT], (M)

1 24.9749 949 24.608 0.390 1.26E-04 1.26E-04 8.16E-03 1.63E-01 98.46
2 24 9146 1001 23.273 0.369 1.55E-04 4.75E-05 8.97E-03 1 80E-01 98 27
3 26 9241 1111 22.660 0.359 1.13E-04 4.55E-05 1.01E-02 2.01E-01 98.88
4 24.8196 1196 19.405 0.308 8.44E-05 3.50E-05 1.13E-02 2.28E-01 99.25
5 24.7675 1442 16 060 0.255 7.74E-05 3.81E-05 1.29E-02 2 59E-01 99.40
6 24.7824 1763 13.144 0.208 6.41E-05 4.75E-05 L51E-02 3.02E-01 99.58
7 24 9018 2374 9.808 0.156 5.16E-05 6.62E-05 1 81E-02 3.63E-01 99.72
8 25.0319 4043 5.789 0.092 4.10E-05 5.34E-05 2.27E-02 3.68E-01 99.82

TABLE A 3e Feed Specification: [Cr042'] 1.00E-02 M Water Flux Rate = 94.4101 l/m2*hr
[QUAT] 1.54E-01 M Filtration Area = 38.5 cm2

Retentate
No.

o  tYl Anf A
WeighT(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042-] 
Rejection, %[Cr042-], (M) [QUAT], (M [CrO40 , (M) (QUAT], (M)

1 24.9647 867 26.925 0.285 7.84E-05 5.03E-05 1.09E-02 1.68E-01 99.28
2 24.8952 920 25.303 0.268 7.88E-05 3.33E-05 1 20E-02 1.85E-01 99.34
3 24.905 1001 23.265 0.246 7.56E-05 3.52E-05 1.33E-02 2.05E-01 99.43
4 24.9386 1140 20.455 0.217 7.30E-05 3.48E-05 L50E-02 2.32E-01 99 51
5 24.899 1314 17.719 0 188 6.53E-05 3.73E-05 1.71E-02 2.63E-01 99.62
6 24.8732 1584 14.683 0.156 5.62E-05 3.89E-05 2.00E-02 3.07E-01 99.72
7 26 5564 2256 11.007 0.117 4.67E-05 4.95E-05 2.42E-02 3.73E-01 99.81
8 25.1315 3647 6.444 0.068 3.43E-05 5.98E-05 3.04E-02 4.00E-01 99 89 OnGj



TABLE A.3f Feed Specification: [Cr042-]
[QUAT]

9.80E-03 M
1.48E-01 M

Water Flux Rate
Filtration Area

69.822 l/m2*hr
38.5 cm2

Retentate
No. Weight ( l )

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042-] 
Rejection, %[Cr042ๆ , (M) [QUAT], (M โCrO/’l, (M) [QUAT], (M)

1 24.8331 891 26.061 0.373 8.69E-05 7.18E-05 1 .07E-02 1.61E-01 99.19
2 24.8627 956 24.318 0.348 1 23E-04 3.73E-05 1 17E-02 1.77E-01 98.95
3 24 8775 1034 22.497 0.322 1 05E-04 3.89E-05 1.30E-02 1.97E-01 99.20
4 24.7719 1187 19.514 0.279 9.46E-05 4.01E-05 1.46E-02 2.22E-01 99.35
5 24.7762 1355 17.098 0 245 8.27E-05 4.52E-05 1.67E-02 2.52E-01 99 51
6 25.1244 1669 14.076 0.202 6 97E-05 6.26E-05 1.95E-02 2.94E-01 99 64
7 23.8326 2148 10.375 0.149 5 64E-05 5.49E-05 2.32E-02 3.50E-01 99 76
8 25.0425 3493 6.704 0.096 4.12E-05 7.74E-05 2.89E-02 3 66E-01 99.86

TABLE A.3g Feed Specification: [Cr042'] 1.01E-02 M Water Flux Rate = 72.2338 l/m2*hr
[QUAT] 2.20E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Pprmpcjfp
Weigtofe)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042-] 
Rejection, %[Cr042-], (M) [QUAT], (M [Cr042ๆ , (M) [QUAT], (M)

1 24.8513 1146 20.277 0.281 2.04E-04 9.77E-05 1.10E-02 2.39E-01 98.14
2 24.8128 1243 18 666 0 258 1.86E-04 5.75E-05 1.21E-02 2.63E-01 98.46
3 24.8360 1470 15.798 0 219 1.85E-04 6.3 IE-05 1.34E-02 2.92E-01 98 61
4 24.8767 1649 14.106 0.195 1.65E-04 6.82E-05 1.50E-02 3.30E-01 98.90
5 24 7606 2012 11 507 0.159 1.14E-04 8.01E-05 1 72E-02 3.75E-01 99.34
6 24 8387 2597 8.943 0.124 1.27E-04 L01E-04 2.00E-02 4.36E-01 99.36
7 24.8823 4137 5.624 0 078 L10E-04 1.48E-04 2 39E-02 5.22E-01 99.54
8 13.6373 - - - 8.17E-05 2.79E-04 2.68E-02 4.94E-01 99.70 O'



TABLE A.3h Feed Specification: [Cr042'] 9.48E-03 M Water Flux Rate = 65.3155 l/m2*hr
[QUAT] 1.99E-01 M Filtration Area = 38.5 cm2

Retentate
No.

p prryi potp
WeiTht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042-] 
Rejection, %fCrO/'l. (M) [QUATl, (M โ Cr042’l, (M) โQUAT], (M)

1 24.8164 1130 20.535 0.314 1.60E-04 1.04E-04 1.03E-02 2.17E-01 98.45
2 24.9754 1233 18 940 0.290 1 69E-04 6.35E-05 L14E-02 2 39E-01 98 51
3 24.8596 1363 17.055 0.261 1.63E-04 6 68E-05 1 26E-02 2.65E-01 98 70
4 26.9546 1622 15.539 0.238 1.50E-04 7.18E-05 1.43E-02 3.03E-01 98.95
5 24.8781 1963 11.851 0.181 1.45E-04 9.05E-05 1.64E-02 3.44E-01 99 11
6 24.5925 2577 8.923 0.137 1.35E-04 1.08E-04 L91E-02 4.01E-01 99.29
7 24.8388 3812 6.093 0.093 L12E-04 1.64E-04 2 29E-02 4.81E-01 99.51
8 24.2276 - - - 9 10E-05 4.68E-04 2.85E-02 5.21E-01 99.68

TABLE A,3i Feed Specification: [Cr042'] 7.86E-03 M Water Flux Rate = 60.1381 l/m2*hr
[QUAT] 1.93E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [Cr042] 
Rejection, %[Cr042ๆ , (M) [QUAT1, (M [Cr042‘], (M) (QUAT], (M)

1 26.2644 1214 20.230 0.336 2.19E-04 1.04E-04 8.59E-03 2.1 IE-01 97.46
2 24.9004 1243 18.732 0.311 1.86E-04 6.35E-05 9.46E-03 2.32E-01 98.03
3 25 0074 1398 16.726 0.278 1.39E-04 6.68E-05 1.05E-02 2 58E-01 98 67
4 24.8234 1658 14.000 0.233 1.58E-04 7.18E-05 1 18E-02 2.92E-01 98.66
5 24.9069 2005 11.616 0.193 1.28E-04 9 05E-05 1.35E-02 3 32E-01 99.05
6 26.4288 2799 8.829 0.147 1.13E-04 1.08E-04 1.59E-02 3.91E-01 99.29
7 24.8891 4483 5.191 0.086 8.77E-05 1.64E-04 1.92E-02 4.71E-01 99.54
8 16.4023 - - - 7.18E-05 4.68E-04 2.22E-02 4.51E-01 99.68



APPENDIX B

TABLE IB : EXPERIMENTAL DATA OF SULPHATE REJECTION STUDIES 

[QUAT]:[S04ฯ  = 5: 1

Solution Flux (l/m2*hr) = (volume of permeate (ml)*1002(cm2).3600(s))*(time interval(s)«38.5(cm2)*100(ml))
Relative Flux = (solution flux)/(water flux)

TABLE B. la Feed Specification: [ร04ฯ  1.94E-02 M Water Flux Rate = 83.4667 l/m2*hr
[QUAT] 9.85E-02 M Filtration Area = 38.5 cm2

Retentate
No. Weight(ร)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร๐42ๆRejection, %[ร๐4ฯ , (M) 1QUAT1, (M) [ร๐4ฯ , (M) 1QUAT], (M)
1 24.8769 688 33.810 0.405 1 25E-03 4.93E-05 2 lOE-02 1.07E-01 94.06
2 24 8464 725 32.046 0.384 1.35E-03 2.50E-05 2.3 IE-02 1.18E-01 94.14
3 24.9295 762 30.591 0.367 1.39E-03 5.95E-05 2.56E-02 1.31E-01 94.58
4 24.8174 819 28.334 0.339 1.35E-03 2.67E-05 2.88E-02 1.48E-01 95.32
5 24.7570 894 25.894 0.310 1.40E-03 2.85E-05 3.28E-02 ■ 1.68E-0I 95.75
6 24.8122 1008 23.017 0.276 1 62E-03 2.97E-05 3.82E-02 1 96E-01 95.77
7 24.8869 1134 20.521 0 246 1.34E-03 3.30E-05 4.58E-02 2 34E-01 97.07
8 25.0027 1438 16.258 0.195 1.19E-03 4.01E-05 5.72E-02 2.43E-01 97.91



TABLE B. lb Feed Specification: [ร0 42'] 1.92E-02 M Water Flux Rate = 75.1063 l/m2*hr
[QUAT] 1.14E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร04ฯ
Rejection, %[ร0„ฯ, (M) [QUAT], (M) [S04ฯ , (M) [QUAT], (M)

1 25.2731 803 29.430 0.392 1 06E-03 6.35E-05 2 09E-02 1.24E-01 94.93
2 24.9608 819 28.498 0.379 1.31E-03 3.62E-05 2.30E-02 1.37E-01 94.31
3 24.9893 861 27.139 0.361 1 29E-03 3.60E-05 2.55E-02 1.52E-01 94 94
4 25 0654 898 26.100 0.348 1 29E-03 3.40E-05 2.87E-02 1.72E-01 95.52
5 24 8236 1055 22.002 0.293 1.30E-03 3.71E-05 3.28E-02 1.95E-01 96.04
6 25.2799 1187 19.914 0.265 1 39E-03 3 97E-05 3.83E-02 2.28E-01 96 36
7 24.9725 1377 16.958 0.226 1 17E-03 4.28E-05 4.61E-02 2.74E-01 97 46
8 26 1353 1788 13.668 0.182 1.09E-03 7.46E-05 5.83E-02 2.92E-01 98.13

TABE B lc Feed Specification: [ร04ฯ  2.02E-02 M Water Flux Rate = 69.8912 l/m2*hr
[QUAT] 1.16E-01 M Filtration Area = 38.5 cm2

Retentate
No.

pprrnpa|p
WeiTht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [S04ฯ
Rejection, %[S04ฯ, (M) [QUAT], (M) [S042-], (M) [QUAT], (M)

1 24.9974 775 30.160 0.432 1 14E-03 5.56E-05 2 20E-02 1.27E-01 94.83
2 24 9491 788 29.605 0.424 1.32E-03 3 30E-05 2.41E-02 1 39E-01 94.52
3 24.8515 832 27 930 0 400 1 32E-03 3.73E-05 2 68E-02 1.55E-01 95.07
4 24.9861 874 26.732 0.382 1 33E-03 3.37E-05 3.02E-02 1.75E-01 95.59
5 24 9038 1005 23.171 0.332 1.41E-03 4 70E-05 3.44E-02 1.99E-01 95.89
6 25.1701 1151 20.448 0.293 1.36E-03 5 58E-05 4.02E-02 2.32E-01 96.61
7 24.8449 1345 17.273 0 247 1 19E-03 4.38E-05 4.82E-02 2 78E-01 97.54
8 26 8868 1729 14.541 0.208 1.02E-03 1 00E-04 6 14E-02 2 91E-01 98.35



TABLE B. Id Feed Specification: [ร04ฯ  2.54E-02 M Water Flux Rate = 67.4972 l/m2*hr
[QUAT] 1.53E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Pprtn AQtp
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร04ฯ
Rejection, %[ร04ฯ , (M) โQUAT1, (M) โร0 4ฯ , (M) [QUATl, (M)

1 24.8060 1027 22.585 0.432 2 93E-03 1.05E-04 2.74E-02 1.67E-01 89.31
2 24.8852 1075 21 646 0.424 3 18E-03 6 53E-05 3 01E-02 1.83E-01 89 44
3 25.9473 1209 20 068 0.400 3.15E-03 6.53E-05 3.36E-02 2.05E-01 90.63
4 24 8948 1312 17.743 0.382 2.87E-03 6.94E-05 3.79E-02 2.31E-01 92.42
5 24.7502 1488 15.553 0.332 2.86E-03 7.74E-05 4.32E-02 2.63E-01 93.38
6 24.8511 1778 13 069 0.293 2 72E-03 9.02E-05 5 04E-02 3 06E-01 94 60
7 24.8700 2324 10.006 0.247 2.53E-03 1.11E-04 6.05E-02 3.67E-01 95 81
8 25 4402 3493 6.810 0.208 2.41E-03 1.57E-04 7 60E-02 3.79E-01 96.83

TABLE B.le Feed Specification: [S042 ] 2.64E-02 M Water Flux Rate = 59.5729 l/m2*hr
[QUAT] L37E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [SO/-] 
Rejection, %[S042-], (M) [QUATl, (M) [ร04ฯ , (M) โQUATl, (M)

1 24.9081 1033 22.547 0.378 3 04E-03 1.7 IE-04 2 85E-02 1.50E-01 89.34
2 24 9966 1085 21.542 0 362 3.1 IE-03 9.26E-05 3.13E-02 1.65E-01 90.06
3 24.9406 1175 19.848 0.333 3.17E-03 8.05E-05 3.48E-02 1.83E-01 90 89
4 25 0546 1333 17.575 0.295 3.04E-03 9 19E-05 3.92E-02 2.07E-01 92.25
5 25.3031 1524 15.525 0.261 3.03E-03 1.20E-04 4.48E-02 2.36E-01 93.25
6 24.9424 1781 13.095 0.220 2.87E-03 1 29E-04 5.23E-02 2.75E-01 94.52
7 24.8955 2276 10.228 0.172 2.46E-03 L45E-04 6.28E-02 3.30E-01 96.08
8 25.7271 3505 6.863 0 115 2.39E-03 2.18E-04 7 91E-02 3.60E-01 96.99 o\00



TABLE B. If Feed Specification: [S042"] 2.26E-02 M Water Flux Rate = 60.0466 l/m2*hr
[QUAT] 1.81E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Pprmpcitp
Weight(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [S04ฯ
Rejection, %โร๐42ๆ , (M) [QUAT], (M) [ร04ฯ , (M) [QUAT], (M)

1 24.8373 1028 22.592 0.376 2.34E-03 1.47E-04 2.44E-02 1.97E-01 90.41
2 27 9489 1159 22.549 0.376 2.60E-03 8.34E-05 2 71E-02 2 20E-01 9043
3 24 9798 1184 19728 0.329 2.66E-03 8.65E-05 3 02E-02 2.45E-01 91.19
4 24.9049 1350 17.250 0.287 2.59E-03 9.42E-05 3.40E-02 2.77E-01 92.37
5 25.4503 1542 15.433 0 257 2.45E-03 1 11E-04 3.91E-02 3 16E-01 93 73
6 25.1307 1613 14.568 0.243 2.22E-03 1.44E-04 4.58E-02 3.70E-01 95.16
7 24.8371 2405 9.657 0.161 2.32E-03 L67E-04 5.51E-02 4.46E-01 95.79
8 24.7417 3625 6.382 0.106 2.09E-03 2.37E-04 6.92E-02 4.47E-01 96 98

TABLE B.lg Feed Specification: [S042 3 2.84E-02 M Water Flux Rate = 61.285 l/m2*hr
[QUAT] 2.18E-01 M Filtration Area = 38.5 cm2

Retentate
No.

p arrn pnfp
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [S042-]
Rejection, %[ร04ฯ , (M) [QUAT], (M) [S04ฯ , (M) [QUAT], (M)

1 25.3645 1232 19.251 0.314 4 47E-03 1.73E-04 3 06E-02 2.38E-01 85.40
2 24.8907 1253 18.575 0 303 4 78E-03 1.11E-04 3.36E-02 2.62E-01 85.77
3 24 9909 1374 17 007 0.278 4.68E-03 1.12E-04 3.73E-02 2.91E-01 87 48
4 24.8803 1545 15.058 0 246 4.82E-03 1 25E-04 4.20E-02 3 29E-01 88.53
5 24.8793 1776 13.099 0.214 4.61E-03 1 41E-04 4.80E-02 3.74E-01 90 40
6 24.8988 2107 11.050 0.180 4.39E-03 1.67E-04 5.60E-02 4.36E-01 92.16
7 24.9661 2789 8.370 0 137 4.08E-03 2 11E-04 6.72E-02 5.23E-01 93.93
8 25.0972 4312 5 442 0 089 3.78E-03 3.25E-04 8.41E-02 5.38E-01 95.51 ON■ Ô



TABLE B.lh Feed Specification: [S042'] 3.07E-02 M Water Flux Rate = 62.2134 l/m2*hr
[QUAT] 2.10E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Pprmp.atp 
Weight (B)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร0 4ฯ
Rejection, %[ร๐42ๆ , (M) [QUAT], (M) โรอ4ฯ, (M) [QUAT], (M)

1 25.3561 1198 19.791 0.318 4 15E-03 1.90E-04 3.31E-02 2.29E-01 87.46
2 24.8503 1231 18.876 0.303 4.72E-03 1.27E-04 3.63E-02 2.52E-01 87.03
3 24 9231 1344 17.340 0 279 4.84E-03 1.31E-04 4.04E-02 2.80E-01 88.01
4 24.9821 1535 15.218 0.245 4.77E-03 1.31E-04 4.54E-02 3.17E-01 89.50
5 25.0553 1770 13.236 0 213 4.42E-03 1.53E-04 5 20E-02 3.60E-01 91 49
6 24.9553 1984 11.762 0.189 4.24E-03 1.70E-04 6.07E-02 4.20E-01 93.00
7 24.8809 2736 8.503 0.137 4.50E-03 2.15E-04 7.27E-02 5.04E-01 93.80
8 25.2431 4479 5.270 0.085 4.02E-03 3.52E-04 9.12E-02 5 48E-01 95 59

TABLE B li Feed Specification: [S042'] 2.86E-02 M Water Flux Rate = 60.8284 l/m2*hr
[QUAT] 2.00E-01 M Filtration Area = 38.5 cm2

Retentate
No.

p  nrfvi fintr1
Weight (ฬ็

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร0 4ฯ
Rejection, %[ร04ฯ, (M) [QUAT], (M) [ร0 4ฯ, (M) [QUAT], (M)

1 24.9320 1181 19.740 0.325 444E-03 1.96E-04 3 07E-02 2.18E-01 85.56
2 25.8580 1254 19.281 0.317 4.72E-03 1 20E-04 3.39E-02 2.41E-01 86.07
3 25.0823 1356 17.296 0.284 4.82E-03 1 30E-04 3.77E-02 2.68E-01 87.21
4 24 9351 1492 15.627 0.257 4.87E-03 1 42E-04 4.24E-02 3.03E-01 88.51
5 24.9289 1704 13.680 0.225 4.79E-03 1.61E-04 4.85E-02 3.44E-01 90.12
6 25.6576 2123 11.301 0 186 4.76E-03 L98E-04 5.68E-02 4.04E-01 91.63
7 26 4615 2859 8.655 0.142 4.75E-03 2.55E-04 6.91E-02 4.91E-01 93 13
8 25 6489 4496 5.334 0.088 4.51E-03 4.03E-04 8.76E-02 4.98E-01 94.85 o



APPENDIX B
TABLE 2B : EXPERIMENTAL DATA OF SULPHATE REJECTION STUDIES 

[QUAT]:[S042‘] = 10:1

TABLE B2a Feed Specification: [SO42'] 6.29E-03 M
[QUAT] 9.69E-02 M

Water Flux Rate = 62.2126 l/m2*hr
Filtration Area = 38.5 cm2

Retentate
No. Wemht(ร๊ั)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร04ฯ
Rejection, %โรอ4ฯ, (M) [QUAT1, (M) โร04ฯ , (M) โQU AT], (M)

1 25.6806 716 33.538 0.539 2.20E-04 5.81E-05 6.86E-03 1.06E-01 96.80
2 24.8005 784 29.579 0.475 2.24E-04 3.41E-05 7.54E-03 1.16E-01 97.03
3 24.8271 813 28.555 0 459 2.00E-04 2.55E-05 8 38E-03 1.29E-01 97.61
4 25.0270 844 27.727 0.446 2.21E-04 2.86E-05 9.42E-03 1.46E-01 97.66
5 24.7971 921 25.176 0.405 2 10E-04 3.07E-05 1 08E-02 1 66E-01 98.05
6 24.7927 1055 21.974 0.353 1 97E-04 3.65E-05 1.25E-02 1.94E-01 98 43
7 24.8307 1253 18.530 0.298 1 73E-04 4.67E-05 1 50E-02 2.32E-01 98.85
8 25.0406 1581 14.810 0.238 1 65E-04 5.95E-05 1 88E-02 2.39E-01 99.12



TABLE B. 2b Feed Specification: [ร0 4ฯ
[QUAT]

6.47E-03 M 
9.05E-02 M

Water Flux Rate
Filtration Area

59.7275 l/m2*hr
38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [S04ฯ  
Rejection, %[ร04ฯ, (M) [QUAT], (M) fSOVl, (M) [QUAT], (M)

1 24.8842 710 32.772 0.549 2 10E-04 3.6 IE-05 7 03E-03 9.87E-02 97.01
2 24.8496 729 31.874 0.534 2.12E-04 2 60E-05 7.73E-03 1.08E-01 97.25
3 25.7140 786 30.591 0 512 2.20E-04 2.41E-05 8.61E-03 L21E-01 97.45
4 24 9269 842 27.682 0.463 2.08E-04 2.67E-05 9.69E-03 1.37E-01 97.85
5 24.8988 922 25.252 0.423 2.10E-04 2.94E-05 1.11E-02 1.55E-01 98.11
6 25.4191 1063 22.360 0.374 1.80E-04 3.55E-05 1.30E-02 L82E-01 98.61
7 24.9143 1160 20.083 0.336 1.85E-04 4.52E-05 1.56E-02 2 18E-01 98.81
8 25.7348 1563 15.396 0.258 1 64E-04 6.14E-05 1.96E-02 2 37E-01 99.16

TABLE B2c Feed Specification: [S042] 5.90E-03 M Water Flux Rate = 58.9117 l/m2*hr
[QUAT] 9.48E-02 M Filtration Area = 38.5 cm2

Retentate
No.

PprtnpQtp
We™ht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [S042-] 
Rejection, %[S04ฯ, (M) [QUAT], (M) rso42-], (M) [QUAT], (M)

1 24.9403 702 33.221 0.564 2 24E-04 1.09E-04 6.41E-03 1.03E-01 96.51
2 25.6197 758 31.604 0.536 2.44E-04 3.99E-05 7.07E-03 1 14E-01 96.55
3 24.9202 779 29.913 0 508 2 28E-04 3.24E-05 7 85E-03 1.27E-01 97 09
4 24.8690 830 28.017 0.476 2.24E-04 3.02E-05 8.83E-03 1.43E-01 97.46
5 24.8136 913 25.413 0.431 2.29E-04 4.42E-05 1.01E-02 1.63E-01 97.73
6 25.1942 1044 22.565 0.383 2.04E-04 5.48E-05 1 18E-02 L90E-01 98.27
7 24.6709 1197 19.272 0.327 1.61E-04 5.63E-05 1 41E-02 2.27E-01 98 86
8 24.7058 1530 15.099 0.256 1 59E-04 6.47E-05 1.76E-02 2.37E-01 99.10 to



TABLE B.2d Feed specification: [ร04ฯ
[QUAT]

1.04E-02 M 
151E-01 M

Water Flux Rate
Filtration Area

55.8947 l/m2*hr
38.5 cm2

Retentate
No.

p prmpcit p
Weigto(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [รอ/ๆRejection, %[รอ/ๆ, (M) [QUAT], (M) โรอ/-■ ไ, (M) [QUAT], (M)
1 24.8590 916 25.376 0.454 5 98E-04 8.48E-05 1 13E-02 1.65E-01 94.69
2 24.8588 941 24.702 0.442 5.68E-04 5 07E-05 1.24E-02 1.81E-01 95.41
3 24.8549 1019 22.808 0.408 5.34E-04 4.94E-05 1.37E-02 2.01E-01 96.11
4 24.8743 1132 20 547 0 368 5.33E-04 5.27E-05 1.54E-02 2.27E-01 96 55
5 24 8318 1285 18.070 0.323 5.21E-04 5.83E-05 1.76E-02 2.58E-01 97 05
6 24.9577 1497 15.589 0 279 4.75E-04 7.65E-05 2.06E-02 3.01E-01 97 69
7 25.4915 2305 10.341 0 185 4 27E-04 9.35E-05 2.47E-02 3.62E-01 98 28
8 26.0653 3504 6.956 0.124 3.44E-04 1.11E-04 3.13E-02 3.76E-01 98.90

TABLE B.2e Feed Specification: [S042 ] 9.81E-03 M Water Flux Rate = 52.4761 l/m2*hr
[QUAT] 1.70E-01 M Filtration Area = 38.5 cm2

Retentate
No.

PprmpQfp
We™ht(g)

Time Interval
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [รอ/-]
Rejection, %โรอ/ๆ, (M) [QUAT], (M) [รอ/ๆ, (M) [QUAT], (M)

1 24.8693 974 23.875 0.455 5.88E-04 9.48E-05 1 06E-02 1.85E-01 94.48
2 24.8624 1000 23.248 0.443 5.23E-04 5.71E-05 1.17E-02 2 04E-01 95 53
3 24.951 1069 21.825 0 416 5.18E-04 5 94E-05 1.30E-02 2.26E-01 96.01
4 24.9734 1213 19.251 0.367 4.67E-04 6.31E-05 1 46E-02 2.56E-01 96 81
5 25.6140 1416 16 914 0 322 5.18E-04 7 12E-05 1.68E-02 2.92E-01 96.91
6 25.3015 1666 14.201 0 271 3.46E-04 8.53E-05 L96E-02 3.41E-01 98.24
7 26.4847 2436 10.166 0.194 3.43E-04 1.17E-04 2.39E-02 4.15E-01 98 56
8 24 9118 3630 6.417 0.122 3.08E-04 1.86E-04 2.99E-02 4.41E-01 98 97 OJ



TABLE B.2f Feed Specification: [S04ฯ
[QUAT]

1.05E-02 M
1.62E-01 M

Water Flux Rate
Filtration Area

55.5098 l/m2*hr
38.5 cm2

Retentate
No. Weight(ร)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [S04ฯ
Rejection, %[S042ๆ , (M) (QUAT], (M) โร0 42ๆ , (M) [QUAT], (M)

1 24.8718 954 24.378 0.439 4 22E-04 1.14E-04 1 14E-02 1.76E-01 96.29
2 24.9582 1001 23.314 0.420 5.60E-04 6.45E-05 1.25E-02 1.94E-01 95.52
3 25.0257 1088 21.508 0.387 4.95E-04 6 24E-05 1.39E-02 2.15E-01 96.44
4 24.7979 1211 19.148 0.345 4.89E-04 6.71E-05 1.56E-02 2.43E-01 96.87
5 24.8951 1390 16.747 0.302 4.16E-04 7.74E-05 1.78E-02 2.77E-01 97.67
6 25.3481 1681 14.100 0 254 3.47E-04 1.06E-04 2 09E-02 3.23E-01 98 34
7 24.6261 2700 8.529 0.154 3.01E-04 1.13E-04 2 50E-02 3.87E-01 98.79
8 24.9254 3239 7.196 0.130 2.85E-04 1.68E-04 3 12E-02 4.05E-01 99.09

TABLE B.2g Feed Specification: [S042'] 1.42E-02 M Water Flux Rate = 48 19947 l/m2*
[QUAT] 2.02E-01 M Filtration Area = 38.5 cm2

Retentate
No.

D û f tv i  o n t o

Weight(ร)
Time Interval 

(sec)
Solution Flux 

(l/m2*hr)
Relative Flux Permeate Retentate [ร04ฯ

Rejection, %[ร0 4ฯ, (M) [QUAT], (M) [S042-], (M) [QUAT], (M)
1 25.0272 1236 18.934 0.393 7 93E-04 1.48E-04 1 54E-02 2.20E-01 94.87
2 24.9045 1262 18.453 0.383 8.71E-04 9.45E-05 1.70E-02 2.42E-01 94.87

24.9311 1591 14 653 0.304 9 23E-04 9.47E-05 1.88E-02 2.69E-01 95 10
4 24 9319 1871 12.460 0.259 8.94E-04 1 12E-04 2.12E-02 3.04E-01 95 78
5 24.8216 2360 9.835 0 204 9 04E-04 1.26E-04 2.42E-02 3.45E-01 96.26
6 24.8368 3049 7.617 0.158 7.40E-04 1.58E-04 2.82E-02 4.02E-01 97.38
7 24.7835 3049 7.601 0 158 6.20E-04 2.20E-04 3.38E-02 4.81E-01 98.17
8 24.4774 7002 3.269 0.068 4.41E-04 4 10E-04 4.20E-02 4.95E-01 98 95 >1-(2



TABLE B2h Feed Specification: IS, 1.40E-02 M
2.28E-01 M

Water Flux Rate
Filtration Area

54.6967 l/m2*hr
38.5 cm2

Retentate
No.

PprmpQtp
Weight (R)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร0 4ฯ
Rejection, %โรอ4ฯ, (M) โQUAT], (M) โรอ4ฯ, (M) [QUAT], (M)

1 24.9203 1138 20.476 0.374 8.22E-04 1.92E-04 1 52E-02 2.49E-01 94.58
2 24.8469 1231 18.874 0.345 8.71E-04 1.07E-02 1.67E-02 2.73E-01 94.77
3 25.0689 1353 17.325 0.317 9.35E-04 9.95E-05 1.85E-02 3.04E-01 94.95
4 24.9271 1569 14.856 0.272 7.91E-04 6.51E-05 2.08E-02 3.44E-01 96 20
5 24.9461 1819 12.824 0.234 7.75E-04 7.34E-05 2 38E-02 3 91E-01 96.75
6 24.8470 2297 10.115 0.185 6.85E-04 1.63E-04 2.78E-02 4.55E-01 97.53
7 24.9086 3201 7.276 0.133 5.94E-04 1.23E-04 3.33E-02 5.46E-01 98.21
8 24.9912 6886 3.394 0.062 4.62E-04 4.43E-04 4 16E-02 5.93E-01 98.89

TABLE B.2i Feed Specification: [ร(ว4ฯ  1.42E-02 M Water Flux Rate = 60.0484 l/m2*hr
[QUAT] 2.16E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร0 4ฯ
Rejection, %[ร04ฯ, (M) [QUAT], (M) โรอ4ฯ, (M) [QUATl, (M)

1 25.5652 1128 21.192 0.353 8 04E-04 1.30E-04 1 55E-02 2.36E-01 94.80
2 25.0160 1209 19.348 0.322 8.60E-04 1.01E-04 1.70E-02 2.59E-01 94.95'JJ 24.8762 1399 16.627 0.277 8.19E-04 1 01E-04 1 89E-02 2.88E-01 95.67
4 24.8881 1630 14.277 0.238 7.61E-04 1.15E-04 2 13E-02 3.26E-01 96.42
5 24.8921 1930 12.060 0.201 7 46E-04 1.37E-04 2.43E-02 3.70E-01 96.93
6 25.4412 2421 9.826 0.164 7.32E-04 1.95E-04 2.85E-02 4.33E-01 97.43
7 25.6782 3755 6.394 0.106 5.75E-04 2.53E-04 3.44E-02 5.23E-01 98 33
8 24.9468 9303 2.507 0.042 4.38E-04 4.54E-04 4.32E-02 5.40E-01 98.99 น/ไ



APPENDIX B

TABLE 3B : EXPERIMENTAL DATA OF SULPHATE REJECTION STUDIES 

[QUAT]:[S042’] = 20 : 1

TABLE B 3a Feed Specification: [SO42'] 4.07E-03 M
[QUAT] 9.76E-02 M

Water Flux Rate = 45.5256 l/m2*hr
Filtration Area = 38.5 cm2

Retentate
No.

D ûotû
WeiTht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร๐4ฯRejection, %[SO/ ], (M) IQUATl, (M) rso 42ๆ , (M) [QUAT], (M)
1 24.9471 769 30.334 0.666 4 18E-05 6.5 IE-05 4 43E-03 1.06E-01 99.06
2 24.8673 791 29.396 0.646 3 58E-05 2.75E-05 4.87E-03 1.17E-01 99.26
3 26.4988 893 27.747 0.609 3.51E-05 2.36E-05 5.45E-03 1 31E-01 99.36
4 25.3344 926 25.582 0.562 3.14E-05 2.36E-05 6.15E-03 1.48E-01 99 49
5 24.9330 1037 22.482 0.494 3.04E-05 2 71E-05 7.03E-03 1.69E-01 99.57
6 24.8032 1194 19.424 0.427 2.65E-05 3.19E-05 8.20E-03 1 97E-01 99.68
7 24.9500 1464 15.936 0.350 2.16E-05 4.13E-05 9.86E-03 2.37E-01 99.78
8 25.7589 2042 11.795 0.259 2 11E-05 1.24E-04 1 25E-02 2.42E-01 99 83



TABLE B.3b Feed Specification: [ร04ฯ  4.01E-03 M Water Flux Rate = 46.7831 l/m2*hr
[QUAT] 9.76E-02 M Filtration Area = 38.5 cm2

Retentate
No.

Pprtnpfltp
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร๐42ๆRejection, %โร o ;ฯ, (M) [QUAT], (M) [ร04ฯ, (M) (QUAT], (M)
1 24.9279 805 28.956 0.619 4.36E-05 3.55E-05 4 37E-03 1.06E-01 99.00
2 25.1917 832 28.312 0.605 3.53E-05 2.48E-05 4.81E-03 1.17E-01 99.27
3 25.0501 868 26.986 0.577 3.37E-05 2.91E-05 5.35E-03 1 30E-01 99.37
4 25.0449 946 24.755 0 529 3.00E-05 2.52E-05 6.02E-03 1.47E-01 99 50
5 25.1863 1063 22.155 0 474 2.79E-05 3.05E-05 6.88E-03 1.68E-01 99.59
6 24.8021 1225 18.932 0.405 2.73E-05 3.46E-05 8.02E-03 L96E-01 99 66
7 26.1237 1574 15.519 0.332 2.58E-05 4 97E-05 9.72E-03 2.37E-01 99.73
8 25.3337 2095 11.307 0.242 2.64E-05 6.86E-05 1.22E-02 2.55E-01 99.78

TABLE B 3c Feed Specification: [ร<ว4ฯ  4 18E-03 M Water Flux Rate = 85.111 l/m2*hr
[QUAT] 1.05E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Pprtnpcitp
We™ht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [S04ฯ 
Rejection, %[S04ฯ, (M) IQUATl, (M) [ร04ฯ , (M) [QUAT], (M)

1 24.8958 697 33.399 0.392 4 00E-05 3.14E-05 4 55E-03 1.15E-01 99.12
2 24.8608 722 32 197 0.378 3.59E-05 1.41E-05 5.00E-03 1.26E-01 99.28
3 26.7434 827 30.238 0 355 3.02E-05 2 69E-05 5.60E-03 1 41E-01 99.46
4 24.6586 893 25.820 0.303 3.03E-05 1 23E-05 6.30E-03 1.60E-01 99.52
5 26 6196 967 25.740 0.302 2 72E-05 3.36E-05 7.27E-03 1.83E-01 99 63
6 25.1537 1152 20.417 0.240 1 98E-05 3.63E-05 8.52E-03 2.15E-01 99.77
7 24 6058 1399 16 446 0 193 1.91E-05 2 45E-05 1.02E-02 2.58E-01 99 81
8 24 8847 1833 12.694 0.149 1.84E-05 7 33E-05 1.28E-02 2.64E-01 99.86 'ง



TABLE B.3d Feed Specification: [ร04ฯ
[QUAT]

6.28E-03 M
1.74E-01 M

Water Flux Rate
Filtration Area

78.3848 l/m2*hr
38.5 cm2

Retentate
No. Weight( l )

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร0 42ไ
Rejection, %โร0,2ๆ . (M) [QUAT], (M) โร0„2ๆ , (M) [QUAT], (M)

1 24.8197 927 25.036 0.319 6.36E-05 2.45E-05 6.84E-03 1.89E-01 99.07
2 24.8676 978 23.776 0.303 6.23E-05 3.92E-05 7.52E-03 2.08E-01 99 17
3 24.7670 1081 21.423 0.273 6 23E-05 3.33E-05 8.34E-03 2 31E-01 99 25
4 26.5527 1202 20.656 0 264 7 01E-05 2.90E-05 9.45E-03 2.63E-01 99.26
5 24 8387 1435 16 185 0.206 5 07E-05 3 64E-05 1 08E-02 2.99E-01 99.53
6 24.7653 1783 12.988 0.166 4.46E-05 3.89E-05 1.26E-02 3.49E-01 99.65
7 24 8907 2456 9.477 0.121 3.76E-05 4.04E-05 1 51E-02 4.19E-01 99.75
8 24.9810 4948 4.721 0.060 2.58E-05 5.24E-05 1.89E-02 4.28E-01 99 86

TABLE B.3e Feed Specification: [S042‘] 6.75E-03 M Water Flux Rate = 72.8707 l/m2*hr
[QUAT] 1.66E-01 M Filtration Area = 38.5 cm2

Retentate
No.

P arryi ûdtn
Weight(p)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร0 4ำ
Rejection, %[S042-], (M) [QUAT], (M) [S042-], (M) [QUAT], (M)

1 26.6555 935 26.657 0.366 5 32E-05 8.06E-05 7 40E-03 1.82E-01 99.28
2 25.0369 942 24.853 0.341 6.90E-05 5.75E-05 8.14E-03 2.00E-01 99 15
3 24.9471 1061 21.986 0.302 6.61E-05 5.74E-05 9.05E-03 2.23E-01 99.27
4 24.9913 1221 19.139 0.263 6.77E-05 3.88E-05 L02E-02 2.52E-01 99.34
5 24 8961 1428 16.302 0.224 6 85E-05 4.76E-05 L17E-02 2.87E-01 99.41
6 24.8304 1759 13.200 0 181 6.35E-05 6.06E-05 1.36E-02 3.35E-01 99.53
7 24.9570 2420 9.643 0 132 3.88E-05 6.64E-05 1.64E-02 4.02E-01 99.76
8 25.0364 4488 5 216 0.072 3.65E-05 9.55E-05 2.05E-02 4.31E-01 99.82 oo



TABLE B.3f Feed Specification: [SO42']
[QUAT]

6.52E-03 M 
1.87E-01 M

Water Flux Rate
Filtration Area

63.5403 l/m2*hr
38.5 cm2

Retentate
No.

PprmpQtp
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [SO,2-] 
Rejection, %[S04ฯ , (M) [QUAT], (M) โร0 /1 ,  (M) [QUAT], (M)

1 24.8744 933 24.929 0.392 947E-05 4.02E-05 7 10E-03 2.04E-01 98.67
2 26.8005 1055 23.754 0.374 7.18E-05 3.01E-05 7.87E-03 2.26E-01 99.09
3 24.9293 1067 21.847 0.344 8.85E-05 2.98E-05 8.75E-03 2.51E-01 98.99
4 24.8307 1218 19.063 0.300 6.17E-05 3.32E-05 9.84E-03 2.84E-01 99.37
5 24.8022 1426 16.263 0.256 4.68E-05 5.3 IE-05 1.13E-02 3.23E-01 99.58
6 25.1472 1779 13.218 0.208 5.66E-05 6.88E-05 1.32E-02 3.77E-01 99.57
7 24.9678 2434 9.592 0.151 3.63E-05 7.21E-05 1.58E-02 4.54E-01 99 77
8 24.9167 4542 5.130 0.081 3.49E-05 1.18E-04 1 98E-02 4 68E-01 99.82

TABLE B3g Feed Specification: [S042'] 1.01E-02 M Water Flux Rate = 58.6495 l/m2*hr
[QUAT] 2.30E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [S042-] 
Rejection, %[SO,2-], (M) [QUAT], (M) [SO,2-], (M) [QUAT], (M)

1 24.9308 1164 20.027 0.341 1 43E-04 1.02E-04 1 lOE-02 2.5 IE-01 98.70
2 24.8936 1271 18.314 0 312 2.05E-04 5.48E-05 1.21E-02 2.76E-01 98.30
3 24.8652 1424 16.328 0.278 1.76E-04 5.60E-05 1.34E-02 3.06E-01 98.69
4 24.9816 1830 12.765 0.218 1 80E-04 8.53E-05 L51E-02 3.46E-01 98.81
5 24.8559 2112 11.005 0.188 L77E-04 7.29E-05 1.72E-02 3.93E-01 98.97
6 25.2093 2708 8.705 0.148 1.39E-04 9.36E-05 2 01E-02 4.59E-01 99.31
7 24.8926 5936 3 921 0.067 1.38E-04 1 56E-04 2.41E-02 5.50E-01 99.43
8 13.3254 - - - 1 36E-04 3 62E-04 2.70E-02 5.16E-01 99.50 -Jร©



TABLE B.3h Feed Specification: [S042'] 9.74E-03 M Water Flux Rate = 58.7724 l/m2*hr
[QUAT] 2.25E-01 M Filtration Area = 38.5 cm2

Retent ate 
No. Weight te)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [ร0 4ฯ
Rejection, %rsoL '1. (M) [QUAT], (M) โรอ4ฯ, (M) [QUAT], (M)

1 24.8945 1269 18.344 0.312 2 58E-04 8.11E-05 1 06E-02 2.45E-01 97.57
2 25.3662 1361 17 428 0 297 2.30E-04 5.62E-05 1.17E-02 2 70E-01 98.03
ว 24.8637 1488 15.624 0.266 1.83E-04 6.97E-05 1.30E-02 3.00E-01 98.59
4 26.0216 1853 13.131 0.223 1.86E-04 7.99E-05 1.47E-02 3.41E-01 98.73
5 24.9801 2229 10.479 0 178 1.73E-04 7.28E-05 1.68E-02 3.88E-01 98.97
6 26.3408 3185 7.733 0.132 1.35E-04 8.33E-05 1.98E-02 4.57E-01 99 32
7 24.8226 5943 3.906 0.066 1 24E-04 1.09E-04 2.38E-02 5.49E-01 99.48
8 14.0348 - - - 1.12E-04 2.01E-04 2.69E-02 5.34E-01 99.58

TABLE B.3i Feed Specification: [ร04ฯ  9.54E-03 M Water Flux Rate = 59.6726 l/m2*hr
[QUAT] 2.03E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [S042-] 
Rejection, %[SO/-]. (M) [QUAT], (M) โรอ4ฯ, (M) [QUAT], (M)

1 26.2548 1295 18.957 0.318 2 29E-04 7.66E-05 1 04E-02 2.23E-01 97.81
2 26.6686 1431 17.426 0.292 2.38E-04 8.39E-05 1.16E-02 2.47E-01 97.94
3 24.7979 1479 15.678 0.263 1.77E-04 6 13E-05 1.29E-02 2.75E-01 98.62
4 24.7880 1746 13.275 0 222 1.87E-04 7.27E-05 1 45E-02 3.11E-01 98.71
5 25.3386 2260 10.484 0.176 2.04E-04 9.38E-05 1.66E-02 3.55E-01 98.77
6 25.2152 3037 7.764 0.130 L40E-04 1 41E-04 1 95E-02 4.15E-01 99.28
7 24.6825 5948 3 880 0 065 1.25E-04 2.09E-04 2.34E-02 4.99E-01 99 46
8 12.8896 - - - 1.24E-04 2.35E-04 2.62E-02 4.63E-01 99.53 opo



APPENDIX c
TABLE 1C : EXPERIMENTAL DATA OF NITRATE REJECTION STUDIES

[QUAT]:[N03] = 5: 1

Solution Flux (l/m2*hr) = (volume of permeate (ml)*1002(cm2)*3600(s))*(time interval(s)*38.5(cm2)»100(ml)
Relative Flux = (solution flux)/(water flux)

TABLE c .la Feed Specification: [N03‘] 1.90E-02 M
[QUAT] 9.36E-02 M

Water Flux Rate = 74.7075 l/m2*hr
Filtration Area = 38.5 cm2

Retentate
No.

PprryiQQtp
Weisht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [N03-]
Rejection, %[NO,-], (M) [QUAT], (M) [NOT], (M) IQUATl, (M)

1 24.9202 729 31.964 0.428 2.58E-03 5.93E-05 2.04E-02 1.02E-01 87.38
2 25.7032 770 31.213 0.418 3.01E-03 3 94E-05 2 25E-02 1.13E-01 86 65'J3 24.9824 790 29.570 0.396 3 35E-03 2.72E-05 2.50E-02 1.25E-01 86.57
4 24.9557 862 27.071 0 362 3.05E-03 2.18E-05 2.81E-02 1.42E-01 89.16
5 24.8324 968 23.988 0 321 3 13E-03 2 49E-05 3.21E-02 1.61E-01 90.27
6 24.8604 1094 21.249 0.284 2.84E-03 2.32E-05 3.75E-02 1.88E-01 92.42
7 24.8315 1310 17.724 0.237 2.84E-03 2.87E-05 4.50E-02 2.25E-01 93 69
8 26 0655 1457 16 728 0.224 2.94E-03 2.90E-05 5.68E-02 2.33E-01 94.83



TABLE c  lb Feed Specification: [NOf]
[QUAT]

1.92E-02 M 
1.08E-01 M

Water Flux Rate
Filtration Area

71.873 l/m2*hr
38.5 cm2

Retentate
No.

Pprmpotfi
Weight (K)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [NOf]
Rejection, %[NOf], (M) [QUAT], (M) [NOf], (M) [QUAT], (M)

1 24.9809 669 34.916 0.486 3.05E-03 3.72E-05 2.07E-02 1.18E-01 85.23
2 24.9443 712 32.759 0.456 3.12E-03 2.81E-05 2.27E-02 1 30E-01 86.26
3 25.3968 752 31.579 0.439 2.92E-03 2.61E-05 2.53E-02 1.45E-01 88.47
4 24.9349 806 28.928 0.402 3 02E-03 2.14E-05 2.85E-02 1.64E-01 89.38
5 26.4045 935 26.406 0.367 3.43E-03 2.21E-05 3.27E-02 1.88E-01 89.53
6 25.2887 1035 22.847 0.318 3.15E-03 2.45E-05 3.84E-02 2.20E-01 91.78
7 24.8749 1225 18.987 0.264 2.89E-03 3.27E-05 4.62E-02 2.64E-01 93 74
8 25.2645 1609 14 682 0 204 2.92E-03 2.74E-05 5.81E-02 2.82E-01 94.97

TABLE C.lc Feed Specification: [N03‘] 1.86E-02 M Water Flux Rate = 86.4488 l/m2*hr
[QUAT] 1.01E-01 M Filtration Area = 38.5 cm2

Retentate
No.

D ûrtYi onto
Weight te)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [N0 3-] 
Rejection, %[NOf], (M) [QUAT], (M) [NOf], (M) [QUAT], (M)

1 24 9190 694 33.575 0.388 2.59E-03 4.05E-05 2.00E-02 1.10E-01 87.04
2 24.9554 722 32.320 0.374 3.10E-03 2.52E-05 2.20E-02 1.21E-01 85.87
3 26.1129 793 30.791 0.356 3 27E-03 3.17E-05 2.45E-02 1.35E-01 86.66
4 26 2324 876 28.001 0.324 2.92E-03 2.92E-05 2 78E-02 1.54E-01 89.50
5 26 3997 990 24.935 0.288 3.00E-03 3.26E-05 3.20E-02 1 76E-01 90.63
6 25.1936 1074 21 934 0.254 3.28E-03 3.40E-05 3.75E-02 2 07E-01 91.27
7 24.6444 1261 18.274 0.211 3.07E-03 3.36E-05 4.52E-02 2.49E-01 93 21
8 24.8783 1685 13.806 0.160 2.94E-03 4.79E-05 5.69E-02 2.52E-01 94 84 00to



TABLE c . Id Feed Specification: [NO3-]
[QUAT]

2.69E-02 M
1.65E-01 M

Water Flux Rate
Filtration Area

67.4761 l/m2*hr
38.5 cm2

Retentate
No.

P r m e* Q t #ะ»
WeiTht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [NO3-] 
Rejection, %rNCVL (M) (QUAT], (M) โNO, ,ๆ (M) rOUATl, (M)

1 24.7870 930 24.922 0.369 4.72E-03 8.24E-05 2.89E-02 1.80E-01 83.63
2 24.8910 968 24.044 0.356 4.70E-03 4.5 IE-05 3.17E-02 1.98E-01 85.18
3 24.8374 1031 22.526 0.334 4.57E-03 4.41E-05 3.52E-02 2.20E-01 87.03
4 24.9710 1165 20.042 0.297 4 66E-03 4.62E-05 3.96E-02 2.49E-01 88.22
5 24.7635 1318 17 569 0.260 4.73E-03 5.12E-05 4.52E-02 2.82E-01 89.54
6 25.5713 1611 14.842 0.220 4.62E-03 5.75E-05 5.29E-02 3.3 IE-01 91 25
7 24 8649 2022 11.499 0.170 4 68E-03 6.86E-05 6.34E-02 3.96E-01 92 61
8 25 2443 3156 7.479 0.111 4.49E-03 9.74E-05 7.94E-02 4.08E-01 94.34

TABLE C. le Feed Specification: [NO3'] 2.89E-02 M Water Flux Rate = 60.8567 l/m2*hr
[QUAT] 1.73E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [NO3-] 
Rejection, %rNCVL (M) [QUAT], (M) rNCVL (M) [QUAT], (M)

1 26.7129 1010 24.731 0.406 4.32E-03 9.52E-05 3.13E-02 1.90E-01 86.20
2 25.1455 984 23.895 0 393 4.49E-03 6.83E-05 3.45E-02 2.09E-01 86.97
3 24.9685 1042 22.406 0 368 4.54E-03 7.24E-05 3.83E-02 2.33E-01 88.16
4 24.9912 1192 19 604 0.322 4.78E-03 6.60E-05 4.31E-02 2.63E-01 88 92
5 24.9153 1330 17.517 0.288 4.90E-03 6.16E-05 4.93E-02 2.99E-01 90.07
6 26.3511 1679 14.675 0.241 4.91E-03 6.77E-05 5.81E-02 3.53E-01 91.55
7 24.9667 2037 11 461 0.188 4.74E-03 8.72E-05 7.01E-02 4.25E-01 93 24
8 25.0588 3017 7.767 0.128 4.40E-03 1.12E-04 8.83E-02 4.50E-01 95 02 00



TABLE c. If Feed Specification: [NO3-][QUAT]
2.77E-02 M
1.50E-01 M

Water Flux Rate
Filtration Area

60.3419 l/m2*hr
38.5 cm2

Retentate
No.

Dprtn Adtp
Weight(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [N0 3‘] 
Rejection, %[NOfl, (M) [QUAT], (M) [NO3-], (M) [QUAT], (M)

1 25.7472 915 26.312 0.436 4.42E-03 9.28E-05 2.99E-02 1.64E-01 85.24
2 24.9073 960 24.260 0 402 4.63E-03 5.88E-05 3.29E-02 1.81E-01 85.91
3 24.8865 1015 22.927 0.380 5.12E-03 6.00E-05 3.65E-02 2.01E-01 85.97
4 24.8349 1134 20.478 0.339 4.74E-03 6.3 IE-05 4 11E-02 2.27E-01 88.47
5 24.9993 1298 18.009 0 298 4.63E-03 7.39E-05 4.70E-02 2.58E-01 90.15
6 25.1940 1554 15.160 0.251 4.71E-03 1.18E-04 5.49E-02 3.02E-01 91.41
7 24.7786 1984 11.678 0.194 4.58E-03 1.16E-04 6.58E-02 3.62E-01 93.04
8 24.9910 3048 7.667 0.127 4.34E-03 1.60E-04 8.24E-02 3.77E-01 94.73

TABLE c.lg  Feed Specification: [NO3’] 3.70E-02 M Water Flux Rate = 58.9561 l/m2*hr
[QUAT] 2.07E-01 M Filtration Area = 38.5 cm2

Retentate
No.

p a r m  Q n f  p

WeiTht(g)
Time Interval

(sec)
Solution Flux 

(l/m2*hr)
Relative Flux Permeate Retentate [NO3-]

Rejection, %[NO3-], (M) [QUAT], (M) [NO31 (M) [QUAT], (M)
1 25.0084 1233 18.966 0.322 6.44E-03 2.04E-04 3.97E-02 2 26E-01 83.79
2 24.8830 1288 18.065 0.306 6.59E-03 1.01E-04 4 37E-02 2.48E-01 84.92
3 24.8748 1406 16.543 0.281 6.85E-03 L05E-04 4.85E-02 2.76E-01 85.88
4 24.9155 1626 14.328 0.243 6.60E-03 1.18E-04 5.45E-02 3.12E-01 87.90
5 24.8681 1879 12.375 0.210 6.61E-03 L38E-04 6.23E-02 3.54E-01 89.39
6 24.8331 2347 9.894 0.168 6.06E-03 1.68E-04 7.26E-02 4.12E-01 91.65
7 24.9056 3404 6.841 0.116 6 52E-03 2.37E-04 8.69E-02 4.94E-01 92.50
8 25.0566 7594 3.085 0.052 6.07E-03 2.57E-04 1.09E-01 5.1 IE-01 94.41 00



TABLE C l h Feed Specification: [NO3-]
[QUAT]

3.72E-02 M
1.90E-01 M

Water Flux Rate
Filtration Area

63.4298 l/m2*hr
38.5 cm2

Retentate
No.

PArtYt pnfp
WeiphQg)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [NO3-]
Rejection, %[NO,-], (M) [QUAT], (M) [NO, ,ๆ (M) [QUAT], (M)

1 25.0060 1272 18.382 0.290 6.29E-03 1.88E-04 4.00E-02 2.07E-01 84.29
2 23.8815 1348 16.566 0 261 7.69E-03 1.24E-04 4.37E-02 2 27E-01 82 40
3 24.9655 1446 16.144 0.255 7.37E-03 1.48E-04 4.85E-02 2 52E-01 84.81
4 24.9356 1664 14.012 0.221 6 60E-03 1 32E-04 5.46E-02 2.84E-01 87.92
5 24.9032 1982 11.749 0 185 6.88E-03 1.56E-04 6.23E-02 3.23E-01 88.97
6 24.9733 2434 9.594 0.151 6.41E-03 1.92E-04 7.27E-02 3.76E-01 9119
7 24.9434 3420 6.820 0.108 6.24E-03 2.66E-04 8.71E-02 4.50E-01 92.83
8 25.0239 6994 3.346 0.053 6.38E-03 2.74E-04 1.09E-01 4.97E-01 94.12

TABLE c.li Feed Specification: [NO,-] 3.75E-02 M Water Flux Rate = 57.9461 l/m2*hr
[QUAT] 1.93E-01 M Filtration Area = 38.5 cm2

Retentate
No.

p artYl Q'ltp
WeiTht(g)

Time Interval
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [NO,-]
Rejection, %[NO,-], (M) [QUAT], (M) [NO,-], (M) [QUAT], (M)

1 25.1926 1239 19.013 0.328 6.42E-03 1.44E-04 4.03E-02 2 lOE-01 84.07
2 24.9166 1287 18.103 0 312 6.18E-03 1.08E-04 4.44E-02 2.31E-01 86 08
3 24.8937 1383 16.831 0.290 6.72E-03 1.17E-04 4.92E-02 2.57E-01 86.35
4 24.9414 1623 14.370 0 248 6.75E-03 1.26E-04 5.54E-02 2.90E-01 87 80
5 24.9517 1896 12.306 0 212 6.89E-03 1 58E-04 6.32E-02 3.30E-01 89 11
6 25.2445 2398 9.844 0.170 6.53E-03 2.18E-04 7.39E-02 3.86E-01 91.17
7 24.792 3457 6 706 0 116 6.62E-03 5 06E-04 8.86E-02 4.62E-01 92.52
8 25.0744 6966 3.366 0 058 6.34E-03 2.77E-04 1.11E-01 4.82E-01 94.28 00Cn



APPENDIX c
TABLE 2C : EXPERIMENTAL DATA OF SULPHATE REJECTION STUDIES

[QUAT]:[N03‘] = 10:1

TABLE c.2a Feed Specification: [NO3-] 9.3 IE-03 M Water Flux Rate = 58.9348 l/m2*hr
[QUAT] 1.02E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Pprmpotp
Weight(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [N03‘] 
Rejection, %[NOT1, (M) (QUAT], (M) โnote  (M) [QUAT], (M)

1 24.8792 740 31.437 0.533 7.71E-04 8.50E-05 l.OlE-02 1.1 IE-01 92.35
2 24.7884 745 31.112 0.528 9.26E-04 2.86E-05 1.11E-02 1.22E-01 91.63
ว 24.9267 781 29.844 0.506 9.54E-04 4.3 IE-05 1.23E-02 1.36E-01 92.23
4 24.8778 858 27.112 0.460 8.94E-04 3.26E-05 1.38E-02 1.53E-01 93 53
5 24.8966 955 24 377 0 414 8.35E-04 3.29E-05 1.58E-02 1.74E-01 94.71
6 24.7867 1082 21.421 0 363 7.3 IE-04 3.86E-05 1.84E-02 2.03E-01 96 02
7 24.9089 1317 17.685 0.300 8.26E-04 5.02E-05 2.20E-02 2.43E-01 96.25
8 27 2552 1972 12.924 0 219 7.38E-04 7 33E-05 2.81E-02 2.71E-01 97.38



TABLE c.2b Feed Specification: [NO,-]
[QUAT]

9.88E-03 M
1.04E-01 M

Water Flux Rate
Filtration Area

56.4863 l/m2*hr
38.5 cm2

Retentate
No.

PprmpQtA
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [NO3-]
Rejection, %[NO, ,ๆ (M) [QUAT], (M) [N01ไ, (M) [QUAT], (M)

1 25.1449 747 31.475 0.557 7.72E-04 4.75E-05 1.07E-02 1.14E-01 92.79
2 24.8751 756 30.767 0.545 1 06E-03 2.88E-05 1.17E-02 1.25E-01 91.01
3 25.5459 809 29.527 0 523 9.34E-04 3 15E-05 1.31E-02 1.39E-01 92 87
4 24.9418 873 26.715 0 473 9.40E-04 3.03E-05 1.47E-02 L57E-01 93.62
5 25.3450 968 24.483 0.433 9 04E-04 3.94E-05 1.69E-02 1.80E-01 94.64
6 26.4287 1 112 22.224 0.393 8.39E-04 6.25E-05 1.99E-02 2.12E-01 95 78
7 24.795 1357 17.085 0.302 7.91E-04 5.11E-05 2.39E-02 2.54E-01 96 70
8 24.7822 1839 12.601 0.223 7.32E-04 7.13E-05 3.00E-02 2.61E-01 97 56

TABLE C.2c Feed Specification: [N03 ] 1.02E-02 M Water Flux Rate = 63.0153 l/m2*hr
[QUAT] 9.62E-02 M Filtration Area = 38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [NO,-]
Rejection, %[NO,-], (M) [QUAT], (M) [NO,-], (M) [QUAT], (M)

1 25.1687 740 31.803 0.505 8.74E-04 4.52E-05 l . l lE-02 1.05E-01 92.09
2 24.9551 753 30.989 0.492 9.66E-04 2.73E-05 1.22E-02 1.15E-01 92.05
3 25.2872 801 29.520 0.468 1.02E-03 3.16E-05 1 35E-02 1.28E-01 92.47
4 24.9735 862 27.090 0.430 9.29E-04 2.86E-05 1.52E-02 1.45E-01 93.90
5 24.9483 965 24.174 0.384 8.54E-04 4.16E-05 1.74E-02 1 65E-01 95.09
6 24.9245 1106 21.072 0.334 9.23E-04 3.47E-05 2.03E-02 1.93E-01 95.45
7 24.9135 1331 17.502 0.278 8.02E-04 4.62E-05 2.44E-02 2.31E-01 96.71
8 25.0869 1780 13.179 0.209 7.42E-04 6.21E-05 3.05E-02 2.37E-01 97.57 00



TABLE c.2d Feed Specification: [NO3-]
[QUAT]

1.12E-02 M
1.64E-01 M

Water Flux Rate
Filtration Area

79.3914 l/m2*hr
38.5 cm2

Retentate
No.

Pprinpotp
Weipht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [N03-]
Rejection, %[NO/], (M) [QUAT], (M) [NO,-], (M) [QUAT], (M)

1 25.1687 926 25.415 0.320 1.59E-03 9.33E-05 1.21E-02 1.79E-01 86.91
2 25.0334 962 24.332 0.306 L55E-03 5.09E-05 1 33E-02 L97E-01 88.36
3 24.9257 1023 22.783 0.287 1.77E-03 4.48E-05 1.48E-02 2 19E-01 88.03
4 24.8523 1152 20.172 0.254 1.76E-03 3.97E-05 1.66E-02 2.47E-01 89.40
5 24.8948 1220 19.081 0.240 1.64E-03 5.48E-05 1.90E-02 2.81E-01 91 38
6 24.8745 1588 14.647 0.184 1.52E-03 3 37E-05 2.22E-02 3.27E-01 93.17
7 24.7943 2188 10.596 0.133 1.56E-03 4.44E-05 2.66E-02 3.92E-01 94.15
8 24.8666 3794 6.129 0.077 1.19E-03 5 93E-05 3.32E-02 4.26E-01 96.43

TABLE c.2e Feed Specification: [NO3-] 1.13E-02 M Water Flux Rate = 67.6201 l/m2*hr
[QUAT] 1.64E-01 M Filtration Area = 38.5 cm2

Retentate
No. WeiTht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [NO3-]
Rejection, %[NO, ,ๆ (M) [QUAT], (M) [NO,-], (M) [QUAT], (M)

1 24.9439 955 24.423 0.361 1.56E-03 6.38E-05 1.21E-02 1.87E-01 87.18
2 24.9069 999 23.313 0.345 1.57E-03 3.55E-05 1.34E-02 2.05E-01 88.24
3 24 9458 1065 21.902 0.324 1 62E-03 3 58E-05 1 48E-02 2.28E-01 89.08
4 24.8769 1196 19.449 0.288 1.67E-03 3 18E-05 1.67E-02 2.58E-01 89 96
5 24.8945 1364 17.066 0.252 1.61E-03 3.83E-05 1 90E-02 2.93E-01 91 53
6 25.2153 1689 13 960 0.206 1.52E-03 4.88E-05 2.22E-02 3.42E-01 93.16
7 26.5207 2409 10 294 0.152 1.40E-03 5.61E-05 2.70E-02 4 15E-01 94 80
8 24.8984 4158 5.599 0.083 1 19E-03 7.68E-05 3.39E-02 4.28E-01 96 48 CO๐0



TABLE c.2f Feed Specification: [N03ๆ
[QUAT]

1.11E-02 M
1.59E-01 M

Water Flux Rate
Filtration Area

71.6906 l/m2*hr
38.5 cm2

Retentate
No.

Pprmpcitp
WeiTht(g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [N03-] 
Rejection, %[N03ๆ , (M) [QUAT], (M) โNO3'■ใ, (M) [QUAT], (M)

1 24.9230 963 24.200 0.338 1.59E-03 5.54E-05 119E-02 1.73E-01 86.67
2 24 9072 1004 23.197 0.324 1.58E-03 3.39E-05 1.31E-02 1 90E-01 87.90
3 25.4482 1112 21.399 0.298 1.69E-03 3.20E-05 1.46E-02 2.12E-01 88.37
4 25.0637 1258 18.630 0.260 1.70E-03 3.5 IE-05 1.64E-02 2.40E-01 89 65
5 26 2117 1553 15 782 0.220 L65E-03 3.90E-05 1.89E-02 2.74E-01 91.26
6 25 3694 1848 12.837 0.179 1.55E-03 4.43E-05 2.21E-02 3.21E-01 93.01
7 25.8782 2544 9.512 0.133 1.37E-03 5.86E-05 2.68E-02 3.89E-01 94 91
8 24.9847 4643 5.032 0.070 1.24E-03 9.76E-05 3.38E-02 3.90E-01 96.34

TABLE c.2g Feed Specification: [N03‘] 2.34E-02 M Water Flux Rate = 63.4675 l/m2*hr
[QUAT] 1.84E-01 M Filtration Area = 38.5 cm2

Retentate
No.

ID û f t Y l  ooto
Weight (ร)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [N0 3ๆ
Rejection, %[N03ๆ , (M) [QUAT], (M) [NO3-], (M) [QUAT], (M)

1 24.8456 1191 19.507 0.307 3.64E-03 9.02E-05 2.52E-02 2.00E-01 85.53
2 25.4256 1297 18.330 0.289 4 11E-03 5.24E-05 2.77E-02 2.21E-01 85 15
3 25.9211 1475 16.432 0 259 4.06E-03 5.87E-05 3.09E-02 2.46E-01 86.85
4 24.9261 1661 14.032 0 221 4 07E-03 5.72E-05 3.47E-02 2.78E-01 88.30
5 24.9383 2034 11 465 0.181 4.02E-03 6.91E-05 3.97E-02 3.17E-01 89.89
6 24 9181 2726 8.547 0.135 3.54E-03 8.74E-05 4.65E-02 3.70E-01 92 37
7 26.9369 5125 4.915 0 077 3.20E-03 1.49E-04 5.67E-02 4.51E-01 94.36
8 17 6961 - - - 2.86E-03 1.57E-04 6.67E-02 4.48E-01 95.71 oo05



TABLE c.2h Feed Specification: [NO3-]
[QUAT]

2.35E-02 M
1.96E-01 M

Water Flux Rate
Filtration Area

63.5014 l/m2*hr
38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [NO3-]
Rejection, %[NO3-], (M) [QUAT], (M) [NOfl, (M) [QUAT], (M)

1 25.5825 1204 19.868 0.313 3.62E-03 1.16E-04 2.53E-02 2.15E-01 85.69
2 26 4751 1371 18.057 0.284 3.96E-03 7.94E-05 2.80E-02 2.37E-01 85.83
3 24.8883 1426 16 320 0 257 4 07E-03 5.34E-05 3 11E-02 2.64E-01 86.91
4 24.8663 1666 13.957 0.220 4.11E-03 6 54E-05 3.50E-02 2.99E-01 88 27
5 24 8621 2049 11.346 0.179 4.03E-03 6.36E-05 4 01E-02 3.40E-01 89 94
6 25.5091 2585 9.227 0.145 3.98E-03 8.60E-05 4.70E-02 3.98E-01 91.52
7 27.2505 5205 4.895 0.077 3.60E-03 1.56E-04 5.76E-02 4.88E-01 93.76
8 17.2742 - - - 3.26E-03 1.66E-04 6.76E-02 4.61E-01 95.18

TABLE c.2i Feed Specification: [N03‘] 2.42E-02 M Water Flux Rate = 64.7836 l/m2*hr
[QUAT] 1.97E-01 M Filtration Area = 38.5 cm2

Retentate
No.

Permeate 
Weight (g)

Time Interval 
(sec)

Solution Flux 
(l/m2*hr)

Relative Flux Permeate Retentate [NO3-] 
Rejection, %[NO3-], (M) [QUAT], (M) [NOf], (M) [QUAT], (M)

1 24.8633 1165 19.956 0.308 4.50E-03 1.03E-04 2.60E-02 2.14E-01 82.71
2 25.6103 1289 18 578 0.287 4.45E-03 7.18E-05 2.87E-02 2.36E-01 84.50
-yว 24.9279 1383 16.854 0 260 4.33E-03 6.72E-05 3.19E-02 2.63E-01 86 41
4 24.9464 1652 14 120 0 218 4.33E-03 6.8 IE-05 3.59E-02 2.97E-01 87.94
5 25.7165 2082 11.550 0 178 4.39E-03 8.55E-05 4.12E-02 3.39E-01 89.33
6 25.3271 2597 9.119 0.141 4.26E-03 1.08E-04 4.82E-02 3.97E-01 91.17
7 24.9101 4835 4 817 0.074 3 86E-03 1.73E-04 5.80E-02 4.77E-01 93.35
8 19.6201 - - - 3.20E-03 4.04E-04 6.93E-02 4.63E-01 95.38 \Do



APPENDIX c
TABLE 3C : EXPERIMENTAL DATA OF NITRATE REJECTION STUDIES

[Q U A T ]:[N 0 3'1 =  2 0 : 1

T A B L E  c .3 a Feed Specification: [ N 0 3-] 4 .7 5 E -0 3 M W ater Flux Rate =  5 4 .9 9 9 5  l/m 2*hr
[Q U A T ] 9 .5 8 E -0 2 M Filtration Area = 38 .5  cm 2

Retentate
N o.

D û r t Y i  o o t û

W e ig h t(g )
Tim e Interval 

(sec)
Solution  Flux  

(l/m 2 *hr)
R elative Flux Perm eate R etentate [N O ,-]

R ejection, %[N O ,-], (M ) [Q U A T ], (M ) [N O T], (M ) [Q U A T ], (M )
1 2 4 .9 3 1 9 777 3 0 .0 0 4 0 .546 3 .1 7 E -0 4 4 .9 8 E -0 5 5 .15E -03 1 04E -01 9 3 .8 6

2 2 4 .9 8 1 8 778 30 .0 2 5 0 .546 4 .3 7 E -0 4 2 .3 6 E -0 5 5 .66E -03 1.15E -01 9 2 .2 7
3 2 4 .9 6 0 9 812 2 8 .7 4 4 0 .523 2 .7 7 E -0 4 2 .8 6 E -0 5 6 .30E -03 1.28E -01 95.61
4 24 .9 5 1 8 904 2 5 .8 0 9 0 .4 6 9 2 .7 9 E -0 4 2 .1 0 E -0 5 7 09E -03 1.44E -01 9 6 .0 7
5 2 4 .8 3 4 4 1 0 0 2 23 175 0 421 2 .6 6 E -0 4 2 . 16E-05 8 .09E -03 1.64E-01 96.71
6 2 4 .9045 1188 19.602 0 .3 5 6 2 .5 2 E -0 4 2 .6 8 E -0 5 9 .43E -03 1.91E -01 9 7 .3 2
7 2 4 .8 6 1 9 1465 15.869 0 .2 8 9 2 5 2 E -0 4 4 .3 5 E -0 5 1 .13E -02 2 .29E -01 9 7 .7 7
8 2 4 .9 3 2 2 1974 11 .810 0 .215 2 .5 0 E -0 4 4 .5 6 E -0 5 1 .41E -02 2 .49E -01 98 .23



TABLE c.3b Feed Specification: [NO3 -]
[QUAT]

5.21E-03 M
9.76E-02 M

Water Flux Rate
Filtration Area

54.4585 l/m2*hr
38.5 cm2

R etentate
N o .

p prtn pofp
W eight (k)

Tim e Interval 
(sec )

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [NOV]
R ejection, %[NOVI, (M ) [Q U A T ], (M ) [NOV], (M ) [Q U A T ], (M )

1 2 5 .2 3 3 0 777 3 0 .3 6 6 0 .558 3 12E -04 2 .7 4 E -0 5 5 .66E -03 1.07E -01 9 4 .4 9
2 2 6 .3 5 6 6 778 31 .6 7 8 0 .5 8 2 3 .0 7 E -0 4 1 .93E -05 6 .26E -03 1 18E-01 95 10
3 25 .0 2 5 3 812 2 8 .8 1 8 0 .5 2 9 2 .9 5 E -0 4 2 .2 3 E -0 5 6 .96E -03 1.31E -01 9 5 .7 7
4 24 .8 6 8 5 9 04 25 .7 2 3 0 .4 7 2 2 .7 2 E -0 4 1.95E -05 7 84E -03 1.48E -01 9 6 .5 4
5 2 5 .3 2 6 5 1 0 0 2 2 3 .6 3 5 0 .4 3 4 2 .3 5 E -0 4 2 .9 6 E -0 5 8 .99E -03 1 69E -01 9 7 .3 9
6 2 6 .1 1 0 4 1188 20 .551 0 .3 7 7 2 .3 3 E -0 4 3 .1 5 E -0 5 1 .06E -02 1.99E -01 97  80
7 2 5 .9 1 5 6 1465 16.541 0 .3 0 4 2 .2 9 E -0 4 3 .88E -05 1 .29E -02 2 .42E -01 98 22
8 2 4 .7 8 6 7 1974 11.741 0 .2 1 6 2 .1 6 E -0 4  ' 4 .9 3 E -0 5 L 6 2 E -0 2 2 .44E -01 9 8 .6 7

T A B L E  C .3 c  Feed Specification: [ N 0 3‘] 5 .01E -03  M  W ater Flux Rate =  52 .7871  l/m 2*hr
[Q U A T ] 9 .8 2 E -0 2  M  Filtration Area =  38.5  cm 2

R etentate
N o.

D  r t f f y i  o n t o

W e ig h t(g )
Tim e Interval 

(sec )
Solution  Flux  

(l/m 2 *hr)
R elative Flux Perm eate R etentate [ N 0 3-] 

R ejection, %[NO.V], (M ) [Q U A T ], (M ) [NOV], (M ) [Q U A T ], (M )
1 2 4 .9 1 3 9 781 2 9 .8 2 9 0 .565 3 .0 3 E -0 4 5 .64E -05 5 .43E -03 1 07E -01 94.41
2 24 .8 1 9 5 788 2 9 .4 5 2 0 .5 5 8 3 .2 2 E -0 4 2 .0 1 E -0 5 5 .97E -03 1 18E-01 94.61
->J 2 4 .8 7 0 7 827 28 .121 0 .533 2 .9 3 E -0 4 2 59E -05 6 .6 3 E -0 3 1 31E -01 95 57
4 24  7855 904 2 5 .6 3 7 0 .4 8 6 2 .7 9 E -0 4 1.99E -05 7 45E -03 1.48E-01 9 6 .2 6
5 2 5 .7 7 3 8 1052 2 2 .9 0 9 0 .4 3 4 2 57E -04 2 .2 1 E -0 5 8  55E -03 1.68E-01 9 7 .0 0
6 25 .4781 1165 2 0 .4 5 0 0 .3 8 7 2 3 6 E -0 4 3 .0 6 E -0 5 1 .00E -02 1.97E-01 9 7 .6 4
7 2 4 .9 7 6 2 1404 16 634 0 .315 2 .2 7 E -0 4 2 .9 2 E -0 5 1 .20E -02 2 .3 7 E -0 1 98.11
8 2 4 .9 4 3 8 2 036 11 .456 0 217 2 .2 3 E -0 4 4 .6 0 E -0 5 1 50E -02 2 .42E -01 9 8 .5 2



TABLE c.3d Feed Specification: [NO3 -]
[QUAT]

7.26E-03 M
1.68E-01 M

Water Flux Rate
Filtration Area

59.7127 l/m2*hr
38.5 cm2

R etentate
N o .

P a r  p o tp

W eight (K)
T im e Interval 

(sec )
Solution  Flux  

(l/m 2 *hr)
R elative Flux Perm eate R etentate [ N 0 3-]

R ejection, %r N O fl, (M ) [Q U A T ], (M ) rN O ,า ,  (M ) [Q U A T ], (M )
1 24 .9141 968 2 4 .0 6 6 0.403 4 .8 7 E -0 4 9 .54E -05 7 .87E -03 1.83E-01 9 3 .82

2 25 .0 8 5 3 1054 2 2 .2 5 5 0.373 4 .5 8 E -0 4 6  40E -05 8 .67E -03 2 02E -01 9 4 .72
3 2 4 .9 0 2 8 1097 2 1 .2 2 7 0 .355 4 .6 5 E -0 4 7 .1 9 E -0 5 9 63E -03 2 .24E -01 9 5 .17
4 2 4 .9 1 4 0 1266 18.401 0 .308 4 .6 5 E -0 4 5 .52E -05 1 .08E -02 2 .53E -01 95.71
5 2 4 .8 3 0 2 1530 15.175 0 254 4 .4 1 E -0 4 5 .26E -05 1.24E -02 2 .87E -01 96  43
6 2 4 .8 5 0 4 1892 12.282 0 .2 0 6 4 .1 8 E -0 4 5 .84E -05 1.44E -02 3 .35E -01 9 7 .1 0
7 2 8 .1 2 3 9 2 7 2 7 9.643 0  161 4 .0 9 E -0 4 9 .3 4 E -0 5 1 .77E -02 4 .12E -01 9 7 .6 9
8 2 4 .8 9 2 6 5172 4 .5 0 0 0 .075 4 .0 2 E -0 4 L 5 9 E -0 4 ■ 2.22E-02 4 .35E -01 9 8 .1 9

T A B L E  c .3 e  Feed Specification: [ N 0 3'j 7 .2 3 E -0 3  M W ater Flux R ate =  55 .701  l/m 2*hr
[QLfAT] 1.72E -01 M  Filtration Area =  38 .5  cm 2

R etentate
N o .

Perm eate  
W eight (g)

Tim e Interval 
(sec)

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [N O 3 -]
R ejection, %[ N O 3 - ] ,  (M ) [Q U A T ], (M ) โN O f l ,  (M ) [Q U A T ], (M )

1 2 4 .9 1 0 8 1060 2 1 .9 7 5 0 .395 4 .6 3 E -0 4 6 .4 3 E -0 5 7 .84E -03 1.88E -01 9 4 .10
2 24  8808 1104 2 1 .0 7 4 0 .378 5 .0 7 E -0 4 5 .17E -05 8 .62E -03 2 07E -01 9 4 .12
3 2 5 .0 8 2 8 1205 19 .464 0 .3 4 9 4 53E -04 6 .5 4 E -0 5 9 .58E -03 2 .3 0 E -0 1 95 27
4 2 4 .9 3 5 7 1371 17 0 07 0 .305 4 .4 6 E -0 4 4 .7 3 E -0 5 1.08E -02 2 .60E -01 95 8 6

5 2 4 .8 9 5 0 1625 14.325 0 .2 5 7 4 .3 7 E -0 4 7 . 10E-05 1 2 3 E -0 2 2 .95E -01 96 .45
6 2 5 .1 4 4 0 2 032 11.571 0  208 4 .1 1 E -0 4 9 .2 3 E -0 5 1 .44E -02 3 .45E -01 9 7 .1 4
7 2 4 .5 1 1 0 2841 8 .067 0 .145 3 .9 9 E -0 4 1 .22E -04 1.72E -02 4 .12E -01 97  67
8 2 4 .8 1 4 2 5717 4 .0 5 9 0.073 3 .9 8 E -0 4 1 .62E -04 2 .1 4 E -0 2 4.3 IE-01 9 8 .1 4



TABLE c.3f Feed Specification: [NO3 -]
[QUAT]

7.10E-03 M
1.59E-01 M

Water Flux Rate
Filtration Area

52.1273 l/m2*hr
38.5 cm2

R etentate
N o .

PprtnpQtp
W eig h t(g )

Tim e Interval 
(sec )

Solution Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [NO/]
R ejection, %[N O /] , (M ) [Q U A T ], (M ) [N O /] ,  (M ) [Q U A T ], (M )

1 2 5 .2 5 8 8 9 84 24 .003 0 .4 6 0 4 .4 1 E -0 4 6 .13E-05 7 .7 1 E -0 3 1.74E -01 9 4 .2 9
2 25 .0 5 4 5 1083 2 1 .6 3 2 0 .415 4 .1 2 E -0 4 4 .6 7 E -0 5 8 .49E -03 L 91E -01 9 5 .1 4
3 25 5304 1164 2 0 .5 0 9 0 .393 4 .0 9 E -0 4 3 .91E -05 9 46E -03 2 .13E -01 9 5 .6 8
4 2 5 .1 3 9 6 1271 18.495 0 .355 4 .4 3 E -0 4 4 .20E -05 1 .07E -02 2 .41E -01 9 5 .8 4
5 2 4 .8 3 3 9 1574 14.753 0 .283 4 .3 3 E -0 4 4 .73E -05 1 .22E -02 2 74E -01 9 6 .4 4
6 24.7901 1945 11.918 0 .2 2 9 4 .1 1 E -0 4 5 .87E -05 1 .42E -02 3 .20E -01 97  10
7 2 4 .8745 2825 8.233 0 .1 5 8 4 .0 7 E -0 4 8 .33E -05 1 .70E -02 3.84E -01 97.61
8 2 4 .7615 6 1 0 6 3 .792 0 073 4 .0 3 E -0 4  - 1 .67E -04 2 .1 3 E -0 2 3 .91E -01 9 8 .1 0

t a b l e  c .3 g  Feed Specification: [ N 0 3‘] 9 .8 8 E -0 3  M W ater Flux R ate =  56 .3 3 2 3  l/m 2*hr
[Q U A T ] 1 .94E -01 M  Filtration A rea = 38 .5  cm 2

R etentate
N o .

PprtTiPCïtp
W eight (g)

Tim e Interval 
(sec )

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [N O /]  
R ejection, %[N O /] ,  (M ) [Q U A T ], (M ) [N O /] ,  (M ) [Q U A T ], (M )

1 24 .8 8 4 5 1250 18.615 0 .3 3 0 9 .1 7 E -0 4 1 .24E -04 1 .07E -02 2 . 1 2 E - 0 1 9 1 .4 2
2 24 8596 1331 17 465 0 310 9 .1 8 E -0 4 9 .38E -05 1 .18E -02 2 .33E -01 9 2 .1 9
3 2 6 .1 1 1 6 1581 15.443 0 .2 7 4 9 .3 7 E -0 4 L 0 2 E -0 4 1 .31E -02 2 .60E -01 92  85
4 23 .9011 1827 12.233 0 .2 1 7 9 3 1 E -0 4 9.3 IE -05 1 .47E -02 2 .93E -01 9 3 .6 6
5 2 4 .7 4 6 0 2 2 7 8 10.158 0 .1 8 0 8 .9 1 E -0 4 9 .76E -05 1 6 8 E -0 2 3 .32E -01 9 4 .6 9
6 24  9189 3265 7 .137 0 127 8 .3 3 E -0 4 1 .23E -04 1 .95E -02 3 .87E -01 9 5 .7 4
7 2 4 .8643 6973 3 .334 0 .0 5 9 8 .10E -04 2 .1 1 E -0 4 2 .3 4 E -0 2 4 .64E -01 9 6 .5 4
8 10 9244 - - - 7 .9 6 E -0 4 5 .54E -04 2 .5 7 E -0 2 4 .54E -01 96.91



TABLE c.3h Feed Specification: [NO3 -]
[QUAT]

9.70E-03 M
L93E-01 M

Water Flux Rate
Filtration Area

55 1144 l/m2*hr
38.5 cm2

R etentate
N o.

Pprm pafp
W eight ( s )

Tim e Interval 
(sec)

Solution  Flux  
(l/m 2 *hr)

R elative Flux Perm eate R etentate [N O 3 -] 
R ejection, %[N O 3 -], (M ) โQ U A T ], (M ) r N O fl, (M ) โQ U A T ], (M )

1 24 .9 9 3 3 1304 17 .922 0 .325 9 .1 8 E -0 4 8 .2 4 E -0 5 1 .05E -02 2.1 IE-01 9 1 .2 6
2 23 .8 0 1 3 1401 15 .886 0 .288 8 .6 1 E -0 4 6 .2 8 E -0 5 1 .15E -02 2.3 IE-01 92  51
3 2 4 .8 7 0 8 1622 14.338 0 .2 6 0 8 .6 1 E -0 4 8 .5 2 E -0 5 1 .28E -02 2 .56E -01 93 .25
4 2 4 .8 8 4 0 1953 11 .914 0 .2 1 6 8 .8 5 E -0 4 7 .8 9 E -0 5 1 .43E -02 2 .89E -01 93 .83
5 2 4 .8 3 1 6 2488 9 .3 3 2 0 .1 6 9 8 .86E -04 9 .8 6 E -0 5 1 64E -02 3 .28E -01 94  58
6 2 5 .2 1 8 2 3640 6 .4 7 8 0  118 8 .2 8 E -0 4 1 .66E -04 1 .91E -02 3 .83E -01 95 6 6

7 2 4 .5 6 7 6 7783 2 952 0 .0 5 4 8 .1 7 E -0 4 2 .4 3 E -0 4 2 .2 8 E -0 2 4 .57E -01 9 6 .4 2
8 - 9 .0 5 2 7 - - ' - 8 .1 7 E -0 4 6 .09E -04- 2 .4 7 E -0 2 4 .30E -01 9 6 .6 9

T A B L E  c .3 i  Feed Specification: [N O 3 '] 9 .93E -03  M  W ater Flux R ate =  5 4 .0 0 3 9  l/m 2*hr
[Q U A T ] 1.90E-01 M  Filtration Area =  38.5  cm 2

R etentate
N o.

PprtnpotA
Weight (g)

Tim e Interval 
(sec)

Solution  Flux 
(l/m 2 *hr)

R elative Flux Perm eate R etentate [N O 3 -] 
R ejection, %rN O ,ๆ , (M ) [Q U A T ], (M ) [N O 3 -], (M ) [Q U A T ], (M )

1 2 4 .8 0 3 8 1286 18.035 0 .3 3 4 9 .0 1 E -0 4 8 .0 7 E -0 5 1 .07E -02 2 07E -01 91.61
2 2 4 .8 6 9 9 1398 16.634 0 .308 9 .0 2 E -0 4 5 .9 6 E -0 5 1 .18E -02 2 .28E -01 9 2 .3 6
ว 2 4 .9 3 5 6 1603 14.545 0 .2 6 9 9 .0 5 E -0 4 6 .4 8 E -0 5 1 .31E -02 2 .53E -01 9 3 .1 0
4 25 .9 7 1 3 1965 12 .359 0 .2 2 9 9 16E -04 7 .4 5 E -0 5 L 4 8 E -0 2 2 .87E -01 9 3 .8 2
5 2 5 .5 3 5 2 2518 9.483 0 .1 7 6 8 .7 2 E -0 4 9 .3 8 E -0 5 1 .70E -02 3 .28E -01 9 4 .8 7
6 2 4 .8 6 0 0 3658 6.355 0  118 8 .3 7 E -0 4 1 .33E -04 1 99E -02 3 .82E -01 9 5 .78
7 2 4 .8 6 6 8 8678 2 .6 7 9 0 .0 5 0 8 .12E -04 2 .5 9 E -0 4 2 38E -02 4 .59E -01 96 59
8 6 .8 2 6 9 - - - 8 .0 1 E -0 4 6 .9 1 E -0 4 2 53E -02 4 .06E -01 96 84
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