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Abstract　 T he criteria of the effect iveness of R everse O smo sis (RO ) m em branes are their

perm eab ility, driving p ressu re and salt reject ion. In o rder to save energy and decrease the op2
erat ing co sts, RO m em branes are requ ired to po ssess h igh perm eab ility and h igh salt reject ion

under low operat ing p ressu re.

In th is paper the app licat ion of low and u ltra2low p ressu re compo site RO m em branes, in2
cluding CPA 2 o r N TR 2759, ESPA and L F10 m em branes, to w ater treatm en t has been stud2
ied.

T hese k inds of RO m em branes have been characterized by h igh specific su rface, low oper2
at ing p ressu re, and h igh ou tpu t and salt reject ion. T he low and u ltra2low p ressu re compo site

RO m em branes are ideal fo r the p roduction of u ltra2pure w ater. T he m ain characterist ics of

u ltra2low p ressu re ESPA compo site m em brane are discussed. T he operat ing p ressu re, w ater

perm eab ility, salt reject ion and the bacteria l endo tox in s elim ination efficiency of CPA 2 o r

N TR 2759 low p ressu re m em branes are compared w ith tho se of CA m em brane.

CCACC: 1290B , 3310; 　EEACC: 8695

1　 In troduction

It is w ell know n tha t reverse o sm o sis (RO ) is a p ressu re2driven p rocess of w ater
f low ing acro ss a sem iperm eab le m em b rane from the so lu t ion of h igh so lu te concen tra t ion
to tha t of low er concen tra t ion. In the area of u lt ra2pu re w ater fab rica t ion RO is u sed fo r
rem oving an ion s, ca t ion s, bacteria, viru ses, endo tox in s, o rgan ics and co llo id im pu rit ies
from w ater in o rder to p roduce h igh2pu rity w ater. T he criteria of the perfo rm ance of m em 2
b ranes includ ing cellu lo se aceta te (CA ) , com po site po lyam ide [ 1, 2 ] and u lt ra2low p ressue
com po site m em b ranes[ 3～ 5 ] are their w ater perm eate capacity and sa lt reject ion. T he w ater
perm eate capacity is p ropo rt iona l to the net driving p ressu re d ifferen t ia l acro ss the m em 2
b rane

Q w = (P - P o sm ) K wS öd (1)

Q w = A (N D P ) (2)

w here Q w is the w ater p rem eate flow th rough the m em b rane; P is the p ressu re d ifferen t ia l



acro ss the m em b rane; P o sm is the o sm o tic p ressu re; K w is the w ater perm eate coefficien t; S

is the area of the m em b rane; d is the th ickness of the m em b rane; A is the m em b rane con2
stan t, and ND P is the net driving p ressu re act ing on the so lu t ion system. T he sa lt rejec2
t ion is equal to

SR = 100◊ - SP (3)

w here SR is the sa lt reject ion and SP is the sa lt passage rela t ive to the sa lt con ten t in feed

w ater.

It is obviou s tha t fo r the sam e w ater perm eate flow , the decrease of driving p ressu re

resu lts in the decrease in energy con sum p tion and cap ita l co st of pum p s, p ressu re vessels

and p ipes. Fo r exam p le, a t 25℃ a w ater f lux of 2515 lö(m 2·h ) and a sa lt reject ion of

around 92～ 97% can be reached by u sing a CA m em b rane under a net driving p ressu re

(ND P) of 117 to 211 M Pa. A 2515 lö(m 2·h) w ater f lux and a sa lt reject ion of 99～ 99.

7% can be reached by u sing low p ressu re T FC m em b ranes such as CPA 2 o r N TR 2759, re2
qu iring a net driving p ressu re of 019 M Pa, w hereas the sam e w ater perm eate flow and a

sa lt reject ion of 99～ 9917% can be ob ta ined by u sing u lt ra2low p ressu re com po site RO

m em b ranes such as ESPA , ES20, requ iring on ly a net driving p ressu re of 014～ 017M Pa.

O bviou sly, under the sam e net driving p ressu re the low and u lt ra2low p ressu re RO m em 2
b ranes resu lt in an increase of p roduct w ater f low. Fo r exam p le, under a p ressu re of

1M Pa, the w ater f low p roduced by a ESPA m em b rane is h igher than o ther RO m em b ranes

by 40% o r m o re.

F ig. 1　Comparisons of salt reject ion rates and
p roduct w ater fluxes fo r CA , low p ressu re and

u ltra2low p ressu re compo site m em branes
T est condit ion:

feed w ater: 0. 15% salt so lu tion;

driving p ressure: 1. 5M Pa, temperature: 25℃.

2　Character ist ics of low and ultra- low pressure RO m em branes

A th in film com po site (T FC ) m em b rane is com po sed of an act ive layer of arom atic

po lyam ide w ith a po lysu lfone suppo rt. T he T FC m em b rane has h igh sa lt reject ion ra te,

la rge w ater perm eate flux and can be u sed in a

w ide range of pH. How ever, the T FC

m em b rane is su scep t ib le to ox ida t ion degrada2
t ion and has a h igh fou ling tendency. U ltra2low

p ressu re com po site RO m em b rane is a k ind of

T FC m em b ranes and has a large specif ic su rface

w h ich is tw o tim es larger than tha t of a low

p ressu re m em b rane.

2. 1　D r iv ing pressure and sa lt rejection

Com pared w ith low p ressu re com po site RO

m em b rane, the u lt ra2low p ressu re sp ira l2w ound

RO m em b rane can have excellen t sa lt reject ion

ra te and w ater f lux a t low er opera t ing p ressu re.

F igu re 1 show s the com parison am ong sa lt re2
ject ion ra tes and w ater f luxes fo r CA m em 2
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b rane, CPA 2, N TR 2759 and BW 30 type low p ressu re com po site m em b ranes and ES10 and
ES20 type u lt ra2low p ressu re com po site m em b ranes a t the sam e driving p ressu re.

It can be seen from F ig. 1 tha t a t a driving p ressu re of 115M Pa the p roduct w ater f lux

F ig. 2　Silica reject ion versus driving p ressu re
T est condit ion: temperture: 18℃;

feed w ater: w ater w ith 41 ppm SiO 2.

fo r ES10 and ES20 m em b ranes is tw ice as
m uch as tha t of CPA 2, N TR 2759 o r BW 30
m em b ranes. F igu re 1 a lso show s tha t the
w ater f lux fo r CPA 2, N TR 2759 o r BW 30
m em b ranes is f ive t im es as m uch as tha t fo r
CA m em b ranes.

2. 2　Rem ova l of sil ica

T he ESPA and N TR 2759 type com po s2
ite RO m em b ranes po ssess good ab ility to
rem ove silica from w ater and the silica re2
ject ion is above 97% as show n in F ig. 2.

2. 3　Rem ova l of bacter ia l endotox in s

2. 3. 1　Com par ison of the rem ova l of bacter ia l endotox in am ong severa l k inds of RO
m em branes

T he ab ilit ies of bacteria l endo tox in s rem oval fo r CPA 2 o r N TR 2759 type low p ressu re
and ESPA type u lt ra2low p ressu re RO (T FC ) m em b ranes are determ ined and com pared
w ith tha t fo r CA m em b ranes. T he resu lts a re listed in T ab le 1.

Table 1　Com par ison of the rem ova l of bacter ia l endotox in am ong severa l k inds of RO m em branes

Kind of RO m em branes Bacterial endo tox in conten t after RO p rocessing (EU öm l)

CA > 0103

N TR 2759 o r CPA 2 (T FC) < 0103

ESPA (T FC) < 0103

T ab le 1 show s tha t after RO p rocessing by u sing low and u lt ra2low com po site m em 2
b ranes the bacteria l endo tox in con ten t in h igh2pu rity w ater is less than 0103 EU öm l,

w h ich m eets the requ irem en t of VL S I p roduct ion o r pharm aceu t ica l indu stry. T he CA

m em b rane is no t idea l fo r rem oval of bacteria l endo tox in s becau se it can be easily eroded

by bacteria.

2. 3. 2　Com par ison am ong other m ethods of rem ov ing bacter ia l endotox in s

T here are m any o ther m ethods of rem oving bacteria l endo tox in s, such as ab so rp t ion

by act iva ted carbon, ion exchange, u lt ra2son ic and 254nm u ltravio let illum ina t ion m ethod.

T he am oun ts of bacteria l endo tox in s after t rea tm en t by these m ethods are in the range of

0103～ 3 EU öm l (T ab le 2). It is obviou s tha t these m ethods are no t sa t isfacto ry and the



RO w ith T FC m em b ranes is the best fo r rem oving bacteria l endo tox in s (see T ab le 1).

Tabe 2　Com par ison am ong m ethods of rem ov ing bacter ia l endotox in s

M ethods Amount of bacterial endo tox ins (EU öm l)

A bso rp tion by activated carbon > 3

Ion exchange 0125～ 015

U ltrason ic 0125

254nm ultravio let illum ination 0103～ 0125

2. 4　Chem ica l stab il ity

T he to lerance of low and u lt ra2low p ressu re com po site RO m em b ranes to ch lo rine af2

F ig. 3　To lerance of low and u ltra2low p ressu re
compo site RO m em branes to ch lo rine

W o rk ing condit ion: feed w ater: w ater w ith 100ppm C l2,
driving p ressure: 1M Pa, feed w ater: pH = 6

T est condit ion: feed w ater : w ater
w ith 0. 05 w t % N aC l,

driving p ressure: 0. 75M Pa,

feed w ater pH: 6. 5, temperture: 25℃.

F ig. 4　Comparison among su rface charge
condit ions of L F10, ESPA and N TR 759

m em branes at various pH values

fects their chem ica l stab ility, especia lly the

degrada t ion of sa lt reject ion after a long

t im e opera t ion. F igu re 3 show s the t im e de2
pendence of sa lt reject ion degrada t ion fo r

ESPA type u lt ra2low and CPA 2 o r N TR 2
759 type low p ressu re com po site m em 2
b ranes.

It can be seen from F ig 3. tha t the ES2
PA type u lt ra2low p ressu re com po site m em 2
b rane reta in s a ll the m erits of com po site

m em b ranes and con t inues to have the sam e

chem ica l stab ility and sa lt reject ion as low

p ressu re m em b ranes.

3　L F10 low pressure com posite RO m em 2
brane[6 ]

L F10 is a k ind of low p ressu re com po site RO

m em b ranes. It has h igh sa lt reject ion, h igh w ater

f lux and superio r resistance to fou ling and bacteria

a t tack. L F10 also has a neu tra l charged su rface and

m o re hydroph ilic p roperty. A s a resu lt, it po ssess2
es a low fou ling perfo rm ance as com pared w ith con2
ven t iona l RO m em b ranes and is an idea l RO m em 2
b rane fo r variou s w aste w ater t rea tm en ts.

3. 1　Surface charge cond ition

T he su rface charge condit ion of L F10, ESPA

and N TR 2759HR type RO m em b ranes a t variou s

pH values w as com pared ( see F ig . 4 ) . F igu re 4
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show s tha t the L F10 m em b rane has a neu tra l su rface charge.

3. 2　Com par ison of wa ter f lux stab il ity of L F10 and NTR759 for trea tm en t of wa ste wa ter

L F10 m em b rane has a low fou ling perfo rm ance. A s a resu lt, the w ater f lux of L F10

m em b rane does no t decrease obviou sly as com pared w ith coven t iona l RO m em b ranes w hen

a w aste w ater con ta in ing su rfactan ts is t rea ted (see F ig. 5).

F ig. 5　Comparison betw een w ater flux stab ilit ies of L F10

and N TR 759 m em brans in treatm en t of w aste w ater

4　Appl ica tion

W e have designed and bu ilt

severa l pu re w ater system s,

each of w h ich con sists of a RO

un it m ade of CPA 2 type com 2
po site RO m em b rane elem en ts,

a m u lt ip le m edia filt ra t ion and

an act iva ted carbon un it fo r feed

w ater p retrea tm en t, an ion ex2
change m ixed bed fo r po st2
t rea tem en t, an UV ligh t o r

ozone sterilizer and a 012Λm filter. T he quality of w ater p roduced by the pu re w ater sys2
tem s m eets the standard of A STM E1 grade w ater. W e have u sed the w ater fo r fab rica t ion

of space m ateria ls and accum u la to rs of 1800 ra ilroad w agon s. In addit ion, the N TR 2759

and ESPA type RO elem en ts have been u sed fo r fab rica t ion of w ater fo r chem ica ls and

fiberboard p roduct ion, respect ively, T he co rro sion and sca ling of m ou ld ing m ach ines have

been overcom e. T hees pu re w ater system s have h igh sa lt reject ion, h igh p roduct w ater

f lux w ith low energy con sum p tion and low opera t ion and cap ita l co sts.

5　Conclusion s

W e have show n tha t low and u lt ra2low com po site RO m em b ranes have larger specif ic

su rface, low er driving p ressu re, la rger p roduct w ater f lux, h igher sa lt and silica reject ion,

low er opera t ion and cap ita l co sts com parison w ith aceta te cellu lo se m em b ranes. T he low

and u lt ra2low com po site RO m em b ranes reta in a ll the m erits of com po site m em b ranes and

have a good chem ica l stab ility. In addit ion, the endo tox in con ten t in h igh2pu rity w ater pu2
rif ied by u sing low and u lt ra2low p ressu re RO m em b ranes is less than 0103EU öm l, w h ich

m eets the requ irem en t of VL S I o r pharm aceu t ica l indu stry.



L F10 m em b rane has the sam e sa lt reject ion and w ater flux a t a low p ressu re as com 2
pared w ith conven t iona l RO m em b ranes. M o reover, having a neu tra l2charged su rface hy2
droph ilic p roperty, L F10 has a low fou ling perfo rm ance. T herefo re, L F10 show s superio r

perfo rm ance in the trea tm en t of w aste w ater con ta in ing m em b rane fou ling sub stances such

as su rfactan ts.
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