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Application of L ow and Ultra-L ow Pressure Rever se
O gnosisM eanbranes toW ater Treatment

W en Ruimei ( )

(Institute of Samiconductors, The Chinese A cadamy of Sciences, Beijing 100083)

Abstract The criteria of the effectiveness of Reverse O snosis (RO) menbranes are their
pemeability, driving pressure and salt rejection In order to save energy and decrease the op-
erating costs, RO manbranes are required to possess high pemeability and high salt rejection
under low operating pressure

In this paper the gpplication of low and ultra-low pressure composite RO manbranes, in-
cluding CPA 2 or NTR-759, ESPA andL F10 menbranes, tow ater treatment has been stud-
ied

These kindsof RO mean branes have been characterized by high gecific surface, low oper-
ating pressure, and high output and salt rejection The low and ultra-low pressure composite
RO membranes are ideal for the production of ultra-purewater. The main characteristics of
ultra-low pressure ESPA compositemenbrane are discussed The operating pressure, w ater
pemeability, salt rejection and the bacterial endotoxins elmination efficiency of CPA 2 or
N TR-759 low pressuremenbranes are compared w ith those of CA menbrane

CCACC: 129, 3310, EEACC: 8695
1 Introduction

It iswell known that reverse osnosis (RO) is a pressure-driven process of w ater
flow ing across a samipem eablemeanbrane from the lution of high lute concentration
to that of low er concentration In the area of ultra-purew ater fabrication RO is used for
renoving anions, cations, bacteria, viruses, endotoxins, organics and colloid mpurities
from w ater in order to produce high-purity w ater. T he criteriaof the performance of mem-
branes including cellulose acetate (CA ), composite polyanide™? and ultra-low pressue
compositemembranes® * are their w ater pem eate capacity and salt rejection Thew ater
pem eate capacity isproportional to the net driving pressure differential across the mem-
brane

Qu= (P- Pom)KuS/d (1)
Qw=ANDP) (2)
w here Qw is thew ater premeate flow through themeanbrane P is the pressure differential
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across themanbrane Posn istheosnoticpressure Kw is thew ater pem eate coefficient; S
is the area of themeambrane d is the thicknessof themeanbrane A isthemembrane con-
stant, and NDP is the net driving pressure acting on the lution systam. The salt rejec-
tion is equal to

SR = 100% - SP (3
w here SR is the salt rejection and SP is the salt passage relative to the salt content in feed
w ater.

It isobvious that for the sanew ater pemeate flow, the decrease of driving pressure
results in the decrease in energy consumption and cepital cost of pumps, pressure vessels
and pipes For example, at 25 awater flux of 25.5 1/(m?- h) and a salt rejection of
around 92 97% can be reached by using a CA meanbrane under a net driving pressure
(NDP) of 1.7t0 2.1M Pa A 25.51/(m?: h) water flux and a salt rejection of 99 99
7% can be reached by using low pressure TFC meanbranes such asCPA 20rN TR-759, re-
quiring a net driving pressure of 0. 9M Pa, w hereas the same w ater pemeate flow and a
salt rejection of 99 99. 7% can be obtained by using ultra-low pressure composite RO
membranes such as ESPA, ES20, requiring only a net driving pressureof 0.4 0. ™ Pa
Obviously, under the sane net driving pressure the low and ultra-low pressure RO mem-
branes result in an increase of product water flow. For exanple, under a pressure of
M Pa, thew ater flow produced by a ESPA menbrane is higher than other RO meanbranes
by 40% or more

2 Characteristics of low and ultra-low pressure RO menmbranes

A thin film composite (TFC) menbrane is composed of an active layer of arom atic

polyan ide w ith a polysulfone support The TFC meanbrane has high salt rejection rate,
99. 9

large w ater pemeate flux and can be used in a
820 o wide range of pH. However, the TFC
o ES10 o membrane is susceptible to oxidation degrada-
tion and has a high fouling tendency. U Itra-low
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brane, CPA 2, N TR-759 and BW 30 type low pressure compositemeanbranesand ES10 and
ES20 type ultra-low pressure compositemeanbranes at the sane driving pressure

It can be seen from Fig 1 that at a driving pressure of 1. 9V Pa the product w ater flux
for ES10 and ES20 meanbranes is twice as 100
much as that of CPA 2, N TR-759 or BW 30
menbranes Figure 1 alo show s that the _ 998

w ater flux for CPA 2, NTR-759 or BW 30% /
membranes is five tmesasmuch as that for 3 °*° g
CA membranes g e |
2 2 Reamoval of silica % ——ESPAmembrane
99,92 | — o NTR75%membrane

The ESPA and N TR-759 type compos ‘ ICPAE‘mfmbfanf | |
ite RO meambranes possess good ability to ¥ 4 s s 7 & 8 101
renove silica from water and the silica re- Driving pressure/MPa

jection is above 97% as shown in Fig 2
Fig 2 Silica rejection versusdriving pressure
2 3 Remnoval of bacter ial endotoxins Test condition: temperture: 18 ;
feed water: water with 41 ppm SiO2
23 1 Canparison of the renoval of bacterial endotoxin anong several kinds of RO
membranes
The abilitiesof bacterial endotoxins removal for CPA 2or N TR-759 type low pressure
and ESPA type ultralow pressure RO (TFC) meanbranes are detem ined and compared
w ith that for CA menbranes The results are listed in Table 1
Table 1 Camparison of the reanoval of bacter ial endotoxin anong several kinds of RO manbranes

Kind of RO meanbranes Bacterial endotoxin content after RO processing (EU /1)
CA > 0.03
NTR-759 or CPA 2 (TFC) <0.03
ESPA (TFC) < 0.03

Table 1 show s that after RO processing by using low and ultra-low compositemem-
branes the bacterial endotoxin content in high-purity water is less than 0.03 EU /ml,
w hich meets the requirenent of VL Sl production or phamaceutical industry. The CA
membrane is not ideal for removal of bacterial endotoxins because it can be easily eroded
by bacteria

2 3 2 Camparison anong other methods of renoving bacter ial endotoxins

There aremany other methods of ranoving bacterial endotoxins, such as absrption
by activated carbon, ion exchange, ultra-onic and 254nm ultraviolet illum ination method
The anounts of bacterial endotoxins after treatment by thesemethods are in the range of
0.03 3 EU/mI (Table2). It isobvious that thesemethods are not satisfactory and the
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RO w ith TFC mambranes is the best for renoving bacterial endotoxins(see Table 1).

Tabe 2 Campar ison anong methods of removing bacter ial endotoxins

M ethods Amount of bacterial endotoxins (EU /m 1)
A bsorption by activated carbon > 3
lon exchange 0.25 0.5
U Itrasonic 0.25
254nm ultraviolet illumination 0.03 0.25

2 4 Chamical stability

The tolerance of low and ultra-low pressure composite RO membranes to chlorine af-
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Fig 3 Toleranceof low and ultra-low pressure
composite RO menbranes to chlorine
W orking condition: feed water: water with 100ppm Clz,
driving pressure. MM Pa, feedwater: pH= 6
Test condition: feed w ater :w ater
with @ 05wt % Ne&Cl,
driving pressure. Q 75M Pa,

feedwater pH: 6 5, temperture 25 .

L F10 is a kind of low pressure composite RO

mem branes

It has high salt rejection, high w ater

fects their chamical stability, egecially the
degradation of salt rejection after a long
tmeoperation Figure 3 show s the time de-
pendence of salt rejection degradation for
ESPA type ultra-low and CPA2 or NTR-
759 type low pressure composite mem-
branes

It can be seen from Fig 3 that the ES-
PA type ultra-low pressure compositemem-
brane retains all the merits of composite
membranes and continues to have the same
chemical stability and salt rejection as low
pressure membranes

3 L F10 low pressure canposite RO men-

flux and superior resistance to fouling and bacteria
attack L F10 al® hasa neutral charged surface and
more hydrophilic property. A sa result, it possess
esa low fouling performance as comparedw ith con-
ventional RO menbranes and is an ideal RO mem-
brane for variousw astew ater treatments
3 1 Surface charge condition

The surface charge condition of L F10, ESPA
and NTR-759HR type RO manbranes at various
pH valuesw as compared ( see Fig. 4). Figure 4
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Fig 4 Comparion anong surface charge
conditionsof L F10, ESPA and N TR759

membranes at variouspH values
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show s that theL F10 menbrane has a neutral surface charge
3 2 Canparison of water flux stability of L F10and NTR759 for treatment of waste water
L F10 manbrane has a low fouling perfomance A s a result, thew ater flux of L F10

membrane does not decrease obviously as compared w ith coventional RO menbranesw hen
aw astew ater containing surfactants is treated (see Fig 5).
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4 Application s ’
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several pure water systams, 5 - 6 Li1o
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each of w hich consists of a RO ;:“ & —
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unit made of CPA 2 type com- S < .

posite RO menbrane elanents, B, | | | | NTRTS9
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a multiple media filtration and
an activated carbon unit for feed
w ater pretreatment, an ion ex-
change mixed bed for post-
treateament, an UV light or
ozone sterilizer and a 0. 2um filter. The quality of w ater produced by the purew ater sys
tem smeets the standard of A STM E1 gradew ater. W e have used thew ater for fabrication
of gpace materials and accumulators of 1800 railroad w agons In addition, the N TR-759
and ESPA type RO elanents have been used for fabrication of water for chamicals and
fiberboard production, regpectively, The corrosion and scaling of moulding machines have
been overcome Thees pure water systans have high salt rejection, high product w ater
flux with low energy consumption and low operation and capital costs

Operating time/d

Fig 5 Comparison betw eenw ater flux stabilitiesof L F10
and N TR759manbrans in treatment of w astew ater

5 Conclusions

W e have shown that low and ultra-low composite RO meanbranes have larger gpecific
surface, low er driving pressure, larger productw ater flux, higher salt and silica rejection,
low er operation and capital costs comparion w ith acetate cellulose menbranes The low
and ultra-low composite RO manbranes retain all themeritsof compositemanbranes and
have a good chanical stability. In addition, the endotoxin content in high-purity w ater pu-
rified by using low and ultra-low pressure RO menbranes is less than 0. 03EU /m|, w hich
meets the requirenent of VL Sl or pham aceutical industry.
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L F10meanbrane has the sane salt rejection and w ater flux at a low pressure as com-
pared w ith conventional RO manbranes M oreover, having a neutral-charged surface hy-
drophilic property, L F10 has a low fouling performance T herefore, L F10 show s superior
performance in the treatment of w astew ater containingmembrane fouling substances such
as surfactants
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