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INTRODUCTION 

Ultrapure, deionised. and pyrogen-free waters are important commoditie s. 
In many industri es, product quality. or process performance are significantly 
influenced by the qua l ity of the water used. For example , particle-free 
water is required in t he polymer processing and chemica l i ndustries . In 
the polymel' processing industry, suspenued matter i nterferes l4i th polymer
isation reactions , and in the chemical industry , t he purity of product may 
be affected by the process water quality. De ionised and part i cle-free 
water is required by the electronics inuustry~ a"nd pyrogen- free I"later is 
required for the food, medical and pharmaceut ical indus~rics. The product -
ion of purified water is a l so necessary for closed circuit cooling systems 
and boiler feed waters, where there is a di rect relationship be t ween water 
quality and operating costs. For example, in the pO\~eT i ndustry, season .. l 
variations in colloidal silica content of boiler feed water have a pro
nounced effect on the blowdOl·m rate r equired to prevent build-up of scale 
on heating surfaces (ref. 1). 

The conventional approach t o the production of ul"trapt.<re w ... tel· is to 
use dist illation, possibly followed by deionisation. For boiler feed the 
methods inc lude chemical coagulation, mixed-media filtrati on and ion 
exchange. However. there is gro\'ling interest in the use of membranes to 
produce directl y. or provide pretreatment in the production of, ultr2.pure 
and high quali ty boil er feed water (ref. 2), (re£. 3), (ref . 4), (rElf, 5) . 

U1 trah 1 tration membranes, which are capable of rejecting macro 
sol utes, should be able to readily retain suspended and colloidal s01i~s. 
such as micro-or ganisms, virus. phage, silica and metal oxides. Depend"ing 
on the usage, downstream treatment by UV, or further membrana treatm~n"::: 
(Le.reverse OSmosis), may be necessary to guarantee sterility or IOHc!' 
total dissolved solids . Reverse osmos i s alone lYOu l d not be sufficient 
for t.he task sin"ce most membranes (and espec i al l y cellulose acetate) are 
reported to suffe r from t he "grOl\'ing through" of micro-organisms and scaling 
or foulin g due to colloidal soli ds h'hich leads to t.he need for pretreatment 
of the water. Ultrafiltration i s of particu13r interest in this applicat
ion because of the possihle use of a ca.scade system to remove l arge part
icles and sa 1 ts . However . many ultrafi l tration membranes are themselves 
sensitive to silica, iron, manganese, and hardness (ref. 6), a nd t here i s 
a clear need for less sensitive membranes. 

In th i s paper we discuss the performance of a newly developed poly
amide membrane (ref. 7), (ref. 8) in the production of purified \~ate r. 
The performance of the membrane with respect to silica sens itivity is 
compared "'lth tha t of commercially availabl e polysulphone membranes. 
The novel polyamide membl"ane has been evaluated i n t l"lO different types 
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of hardware; the DOS Lab. Modu le 35. and a newl y deve l oped capillary 
ultrafiltration cartridge ( rc f. 9) . Comparisons are also made of the 
energy requirement.s in the production of ultrafi l te r ed \~at e r by the 
classical high pressure equipment, anrl the capill ary ultrafil tration 
module at low pressure . 

EXPERH1ENTAL 

For the hi gh pressure work, membranes were f itted t o a DOS Module 35, 
shown schematically in Figure 1 . The DOS Module i s Cl. flat plate ul tra
filtration unit with e lliptical plates and a membrane al'ea of 2.25 sq.m. 
The unit operates with a feed cro$sflow of abou t 12 eu. m/hr. or l.S m/s, 
at typical inlet and outlet pressures of 700kPa a nd 240kPa, \'Iith no 
back pressure on the permeate . 
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The l ow pressure equipment was a capi llary ultrafiltration cartTi dge 
produced in Austra li a under patent (ref . 8). The capillary unit com
prises a ser i es of f l at plates s upport ing the membranes, and providing 
a micro - channel of variable channel heigh t which depends upon the pressure . 
Sui t ab l e pr essures r ange from 10 to 30 psi (70 to 200kPa). This concept 
provides for crlllanccd shear rate across the surface of the membrane with 
minima l energy consumption. The capillary modules are used with high 
poros ity memb r anes (i. e . those with a high free area - ref. 10), and are 
best operated at the l imiting value of non-gel polarised conditions 
(L e. c l ose to but not a t gel polarisation) , Figure 2 shows the set-up, 

A set of three expe riments were performed 
on t he hi gh pressure DOS Modu l e 35 fitted with 
CT32.S N pol yamide membranes deve l oped at the 
University of New South Wales, and having a 
molecular weight c ut-off of a bout 35 , 000 Daltons. 
The first expe rime nt was to conce ntrate a feed 
of untreated Sydney tap water f ifty times by 
coll ecting t he penneate and making up the f eed 
volume di r ectly f r om t he t ap . The advantages 
in concent rat i ng the b'a t er i n s uc h a ma nner 
were first l y, thnt the e ffec t o f retained s pec i es 
on the membra ne throughput cou ld be studi ed under 
the worst possib le conditions for the membrane , 
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and second l y , t he higher concentrat i on of solids obtained gave a gr eater 
reliability in the analysis of samples. For the second exper i ment , t he 
tap water was pre filtercd through an ' .... MF Cuna water filter lI.' ith an APllO 
cart r idge having a 10 micron pore size; in t h is case, the Hater was 
c onc ent rated five t imes, allowing a shor ter period of time for the 
experiment t o be complet ed. I n o r der to compare the performance of 
the polyamide membranes with po l ysu l phone membranes. a third experiment 
was caryi e d out with a pair of DDS GR60P membranes fitted to the module; 
the GR60 P membranes have a nomina l mo l ecular \,I(~ight cut - off of 20,000 
Dalton s. The CT32.5 N membranes were not rep laced for the test . Sydney 
t a p wate r was concentrated 20 times under similar conditions to the fir s t 
experimen t (i . e . no prefiltration) over a six-hour period. 

Using the 10\" pressure capillary cartridge , a fourth experiment on 
Sydney tap water was carried out using CC27 . 5 N pOlyamide membranes, 
a l s o developed by the University of New South Wa l e s , (l nd with a somewhar: 
higher molecul ar ,,,eight cut - off than the CT32 . 5 N membranes men t i oned 
above. 

For the exper iments on the DOS module , a p r ofi l e was made of the 
temperat ur e, i n l et and outle t pressures, permeate f l ux, and feed cross -
flO\~rate . Samples of feed, permeate, and c oncentrate were Collected 
and ana lysed for solids conte nt. t urbid i ty , and absorbance. The feed 
vo l ume was kept at a constant SO litres except for c l ose to the end of 
the first experiment, '''hen the feed w~ter was turned off to all 01,' a 
rapid concent rat i on of the feed to take place. Tempera ture~ during 
the experiments were i n the range 25 - 35 deg. c. 

The experiment on the capillary u l t r afiltrati on cartridge Has 
made by recirculating water over a 12 hour period to monitor the flux 
decl i ne . Initially, t he bacK - pressure was set a t 88kPa to compar e 
t he pressure required on the cartridge ""lth that requ i r ed on the DOS 
modul e to obtain the same flux . Af t er four hours . the pressure was 
i ncreased t o lOOkPa a s this is a standard pressure used for comparison 
purposes. and i s the r ecommended minimum pressur e f or t hi s application. 
The cl'oss-flowr at e f or this experi ment was 186 L/ hr, and the temperatun 
was approx i ma t e l y 30 deg . C. 

It s houl d , be noted t he DOS Modu l e 3S and the GR60P membranes ar e 
strict l y i n tended for c l assical ultrafiltrat ion applications . In 
par ticular t he po l ysulphone membranes are des igned for the ul trafiltration 
of prot e i naceous food streams and not specifi c a lly for the species present 
in the ""ater tests . However t he DDS s}'stem was chosen f or comparison on 
t he bas i s of convenience and its abi l ity to acc ommodate fl at sheet membranes . 

RESUI.TS 

Resu lts for the first t wo experiments are s hown i n Figures 3 a nd 4 , 
the data for each being superimposed for compar i son. On l y minor 
d ifferences in flux occur red by use of f iltered rat her t han un f il tered 
water, although t he l a tte r had t he advantage of be i ng abou t 5 deg . C 
'~anneT. Flux va l ues of about 100 L/sq.m h1' \o/'ere obta ined throughout 
t he experiments wit h a slight r ise at the end of the fi r s t expe riment 
due to a tempera t u r e inc r ea se of 10 t o 15 dec. C. 
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Samples of concentrated feed and permeate were analysed for total 
dry solids content, turbidity, and absorbance, the results of which are 
sho\\'n in Table 1. These analyses provide a rapid means of determining 
the retentive performance of the membranes. The bar graph in Figure 5 
compares the dry solids de terminations of Table 1. rrom these data it 
can be calculated that there was a 66% rej ection of total solids for the 
feed at the end of the run on unfiltered water, and an 84% rejection of 
total Solids for the prefiltered water in the second experiment. It 
should be noted however, that the concentration factor in the second 
experiment was only one tenth that of the first experiment. 
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One would expect a greater total solids rej ect ion for the fir st 
exper iment than t he 5~cond, as in the latter case, most of th e larger 
particles had been filtered out. A possible explanation for this 
discrepancy is that at the end of the fit'st experiment, th e feed cross 
fl ow dropped, and the lOI<ier shear rate may have caused a fall i n re j ect
ion for operation under pre-ge l conditions . 
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Figure 6 compares the fl ux data for' the t hird experiment on the OOS 
modul e, l..-ith the polyamide memhranes and t he GR60P polysulphone membran es . 
TIle new GR60P membranes showed significantly higher ini tial flux than the 
used polyamide membranes . However, the GR60P membranes appeared to be 
much more sensitive to the retained SOlids a nd s howed a steady flux decline. 
On the other hand , the polyamide membrane s howed no noticeable sign of flux 
l oss. Extrapo l ation of the da t a in Fi gure 6 suggests t hat after sever al 
hours the pol yamide membrane Nould have a higher flux. Indeed, subsequent 
long-term tests sho\ .. ed that the polysu lphone membrane flux declined to about 
75% of the polyamide membrane f l ux . In t erms of rejection the GR60P 
membrane showed a s light advantage, Le . 85% versus 66% . 

It should be noted that tests carried out in t h is program were designed 
t o subject the membranes to harsh conditions. Normally, a cleaning cycle 
would be used t o mitigilte against flllX uecline, and in thi s respect, the 
polysulphone membTane recovered more than 90% of t he initi al flux upon 
cleaning. In practical terms the user may have to choose between an in
sensitive membrane giving good permeate qua lity and a sensitive membrane, 



800 

600 
Dry 
Solids 
Cone. 
(ppm) 

400 

200 

o 

6. 

I
. UntTcated Tap Water 
~. 2 times concentr ated) 

725 ppm 
++++ 
++++ 
++++ 

++++ 
++++ 
++++ 
++++ 
++++ 

concentrated 
feed 

485 ppm 
++~. + 

++++ 
solids ++++ 

++++ ++++ 
++++ 
++++ 
++++ 

++++ 

++++ 
++++ 
++++ 
++++ 
++++ 

concentr ated 
feed 

solids -248 ppm -
fi1 trate 

++++ 
++++ 

++++ 
++++ 
++++ 

++++ 
ultrafiltered 

solids 
(permeate) 

+ i ·++ 

++++ 

Prefiltered T82_Watcr 
(S t i mes concentrated) 

248 ppm 
++++ 
++++ 

concentrated 
feed 

solid s 
++++ - 40 ppm -

Fi gul'e S. Dry So lids Content s of Feed and Permeate 
Sampl es 

unflltered solids 
(permeate) 

Experiment 

1 

2 

3 

4 

Control 
Samples 

(1) 
(2) 
(3) 
(4) 

TABLE 1 
Swnmary of Anal~ses of Test Samr:les 

Sample Dry solids Turbidi ty 
./1. NTU (1) 

Feed 0.725 80 
Filtrate (3) 0.485 -

Permeate 0.248 0.70 
(concentrat ed 53.2 times) 

Feed 8.3 . I 0.248 
Permeate 0.040 ~ . 0.30 

(~oncentra ted 5 times) 

Feed 0.725 80 
GR60P Perm 0.108 0.49 
CT32.S Perm. 0.248 0.70 

Feed 0.19 3.2 
Permeate 0 .08 0.5 

not concentrated 

DW (4 ) - 0.20 
an - 0.33 

Nephelometric Turbidi ty Units 
Absorbance Reading @ 4S0nm (visibl e range) 
I'lhatman No . 41 Filter Paper 
Dis t i ll ed Water 

• 

Absorbance 
(2) 

0 .504 
-

0.012 

0.035 
0.005 

0.504 
0.007 
0.012 

0.005 
0.005 

0.000 
-0.037 
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r equ i ring frequent cleaning, but giving rather better permeate quality. 
With respect to ultrapure water production, it has already been establi shed 
that the polyamide membranes are highly rcj eeting t o micro-organi sms (re f . 7) , 

The results of the low pl'essurc ex pe riment on the capill ary u ltra 
filtration cartridge are shol"n in Figure 7 . At an inlet pressure of 88kPa, 
the stabilised flux was 64 L/sq .m hr. This flux was achieved at a pressure 
of at l eas t 240kPa in the DOS module, the flux purposely being matched in 
the cartridge to compare t he pressure required for t hat flux. Th e pressure 
drop across the cartridge was 20 kPa . The s tabilised flux at lOOkPa l~as 
74.3 l/sq.m hr, and showed no decline Qver the last 8 hours of experimen t. 
Figure 8 shows t he flux versus pressure relati onship for the cartridge, and 
indicat es t hat t he experiment wa s carried out in a pTe- gel po larised 
condition. The total dry sol i ds content of 0.19 g/L for the feed and 
0.08 g/L for the permeate gave a tot al sol ids rejection of 60% f or this 
experiment . 
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Chemica l anal yses of a typical pe rmeate from ultrafiltration of 
Sydney tap water by polyamide 

"" 

membranes indicated that the pE::rmeate 
contained an aVCT(l ge of 2.5 ppm 
sil i con, 12.9 ppm calcium, 
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TABLE 2 

5.0 ppm magnesium, and no measurable 
iron, ma nganese or copper. Hardness 
for this permeate \~as also determined 
at 5.3 mg/L as calcillm carbonate 
equi va l ent , and the total dissol ved 
solids were 15.2 ug/J.. These values 
are compared in Table 2 with those 
specified by DOS for process lI'aters 
(ref. 6). 

Permeat e Solids and DOS Spec ifications for Process 1~ater 

Penneate 

Fe None 
Mn None 
Cu None 
Si 2.5 ppm 
Ca 12.9 ppm 
Mg 5.0 ppm 

Hardne ss (1) 5.3 mg/L 
TDS (2) 0.0152 mg/L 

(1) Calcium carbonate equivalent 
(2) Total Dissol ved Solids 

DOS Specificat ion s (ref. 6) 

.0.05 ppm 
0.02 ppm 

-
5.0 ppm 

-
-

356 mg/L 
-

In order to eva luate the en~rgy requirements of the ellip tical module 
and capillary cartridge , their pump power was measured under full floll' and 
pressure, and the resu lts aTe shown in Table 3. Both systems sho\·} low 
energy demand when cmnp,ned \·l"ith the 2300MJ/cu.m required for single effect 
distillation, 'The cartridge system has an exceptiona ll y l ow energy demand 
due to its very small channel hei ght and low operating pressure. These 
characteristics should l ead to l ower operating costs, providing membrane 
replacement and cleaning/sanitation costs can be kept at a minimum. 

Another advantage that ultrafiltration has over distillation is that 
with a membrane system , the bleed t aken off the feed can be varied to a 
greater extent than with distill ation when the leve l of contamination in 
the water supply varies . For example, if there i s a surge of colloid a l 
matter, such as clays, a membrane system can have the b l eed turned up 
from. say, 5% to over sot. The distil l ation system, on the other hand, 
i s restri c ted to smal l er adjustments, because of the tight constraints on 
boiler design. 

CONCLUSIONS 

Ultrafiltration has been shO\vn to be a viable means of producing 
purified water faT the process indust r ies. The pol)'amide membranes 
developed by t he Univers ity of New South Wales and the DOS GR60P membranes 
have been shown to be effective barrie rs to colloidal species. When compared 
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TABLE 3 

Power and Energy Requirements on r;lembrane Area and ' 
Permeate Volume 

Pump Type 

PO\.;er Supply 

Membrane Area 
(sq. m) 

Power 
Consumption 

(kW) 

Power per unit 
Membrane area 
(kW/ sq.m) 

Feed Crossflow 
(L/hr. ) 

f.jembrane Type 

"Iembrane Flux 
( L/sq . m hr) 

Power per Unit 
Penneate Vo lume 

MJ/cu .m. 

DDS Module 

6 stage centrifugal 

3 phase 

2.25 

5.4 

2.4 

12,000 

CC27.5 N GR60 P 

109 76.3 

79.3 113 

Capi llary Cartridge 

gear 

single phase 

0.418 

0.098 

0.21 

186 

CC27.5 N 

74.3 

10.4 

with the polysulphone membrane, the polyamide membrane is unaffected 
in terms of foulin g by contaminants in the water, wh i ch are probably 
colloidal silica'incorpora ted in organic detritus "a s s iloxane complexes. 
Differences between the two types of membrane may be associated with 
different surface charges for the conditions of the experiments. The 
fouling components can, however, be removed by cleaning. 

Ultrafi ltration offers major energy savings in the production of 
purified water when compared with di::;tillation. Of the two ultrafiltration 
sys t ems investigated, the capil lary cartridge r equires almost an order of 
magnitude less power consumpti on per unit of purified water, as well as 
power consumption per unit area of membrane. The final choice of membrane 
type and housing wi ll depend on a detail ed eva luation of required water 
quality and overa ll production costs. 
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