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Abstract: Ultrafiltration equipment was
built for a ceramic membrane module with
a filtration area of 0.15 m2. Additionally
acquiring a 1.0 HP centrifugal pump, a 30 liter
tank and a batch of one-inch diameter pipes,
valves, instruments and accessories. The
equipment was tested with water, obtaining
a flux of 120 x10-6 m/s, at 240 kPa and on
a 100 kDa membrane, while with an 8 kDa
membrane the flux was 50 x10-6 m/s at the
same pressure.. When tested with whole milk,
the fluxes were 5 x10-6 and 3 x10-6 m/s for
the 100 and 8 kDa membranes, respectively,
at the pressure of 240 kPa. Whole milk was
concentrated five times on 8 and 100 kDa
membrane and a total solids content of 50%
was reached, equivalent to a protein content
of 15 to 17%. It was found that it was better to
use the 100 kDa membrane because it reduces
the operation time by half.

Keywords:  Tangential filtration, flux,
transmembrane pressure, membrane module.

INTRODUCTION

Ultrafiltration is a widely useful
operation in food areas. ), biotechnology
@ environmental and pharmaceutical ©,
where it is applied in its two basic modalities:
concentration ¥ and diafiltration. In the first
modality, the example is the concentration
of recombinant proteins with high added
value such as human insulin, albumin and
human immunoglobulins, microbial and
viral vaccines; whole milk concentration ©,
polysaccharides such as xanthan and arabic
gums, enzymes such as glucose oxidase, alpha-
amylase, commercial proteases and all types
of cellulases; also in concentration of peptides
with biological activity, recovery of whey
proteins, etc. While diafiltration(6) is applied
to eliminate low molecular weight impurities
that contaminate all these types of high
molecular weight products and that have to
meet the required commercial specifications.
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On the other hand, the school does not have
a team of semi-pilot ultrafiltration (10 to 50
liters) where students, from the different
engineering careers taught here, could carry
out both practical work in a pilot plant with
equipment of these characteristics, as well
as apply the basic concepts of unit operation
tangential filtration. With this background,
this project was developed to design and
build a semi-pilot ultrafiltration equipment
that would have a much lower cost compared
to a commercial equipment with similar
characteristics and that, once built, would
serve as support for academic, technical
and experience training. professional for
engineering students.

MATERIALS AND METHODS

Part I. First, all types of ultrafiltration
modules were investigated, reviewed and
analyzed, to subsequently quote and purchase
the selected module that met the stated
objectives.

Once this module was acquired, the next
step was to determine the flow and working
pressure needs for its good performance. Both
the maximum work flow and the maximum
pressure it supports were calculated.

Then the isometric diagram of the
ultrafiltration equipment was prepared to
have the exact dimensions and arrangement
of the main components, as well as to have
the number of accessories, valves and pipe
sections to assemble the equipment.

Having determined the above, the next
step was to calculate the power of the pump
through the calculation of the total pressure
drop of the system and the work flow of the
membrane module, and then proceed to
select, quote and purchase the pump that meet
these results; All accessories, valves and pipes
were also selected and purchased. Finally,
the ultrafiltration equipment was assembled
following the isometric diagram in detail. The

calculation sequence of the pump power (eq.
1) and the NPSH (eq. 2) was as follows:

POtpump — (Aptotal) (pg)flowalim; w

Ef Equation 1

Where:
a) AP (total pressure drop; m) = P,
+ (22 -z1) + .
al) P, .. (pump discharge pressure;
m); which was considered the maximum
pressure at which the membrane module
must be fed and according to the technical
sheet it must be 45 psi.
a.2) z2 - zI (difference in heights between
the pump discharge and the liquid level
in the tank; m).

ischarge

a.3) h (pressure drop due to pipes,
fittings, valves, etc.;m)= foarcy éﬁvj
a.3.1) fDarcy (Darcy friction factor)

a.3.2)(acceleration of gravity)=9.807

m/s?.

a.3.3) L/d (equivalent length)

a.3.4) v (speed; m/s)= ﬂo‘;’ﬂ Flow
(feed flow to membrane module; m?¥/s);
af (pipe flow area; m*)= 242 d (pipe
diameter; m).

b) p (estimated density of whole and
concentrated milk) = 1200 kg/m3.

d) Ef (pump efficiency.)
NPSH = Pyt + Phig — pv
—h;;m
Where:
P . (internal pressure in the tank; m);
which was considered zero because it was
a tank open to the atmosphere.

Equation 2

P, (hydrostatic pressure; m)=pgH, .
It will be expressed in meters of liquid
column; H, ~(liquid height from pump
suction to liquid level in tank.)

c) pv (vapor pressure of the liquid; m).

d) hL (pressure drop between tank
discharge and pump suction, due to pipe,
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1Lv?

fittings and valve; m)= —==. All terms

dz2’
have already been previouzly defined.

Part II. The designed and built equipment
was first tested for pump performance by
obtaining the discharge head vs. flow.

Then the performance of the membrane
was tested using water as a fluid to obtain
the filtration flux curve vs. transmembrane
pressure. The filtrate flux was determined in
triplicate by measuring the time necessary to
collect a filtrate volume of 100 mL, and the
average value was divided by the filtration
area of the membrane to obtain the flux value.
While the transmembrane pressure (ptm) was
determined with equation 3.

Pent_Psal_

pem = B Equation 3
Where:
P_ : inlet pressure to the membrane
module

P_ : membrane module outlet pressure
P, : pressure in the filtrate stream

In the end, the team worked using whole
milk as a model fluid and with this, carried out
the concentration of the protein by a factor of
3 to 5, and thus obtained the filtrate flux curve
vs. % total solids. The latter was determined in
duplicate by taking a 10 mL sample from the
equipment tank and placing it in an oven at
60 °C to dry and weigh every 24 hours until
constant weight.

RESULTS AND DISCUSSION

Firstly, the information provided in the
membrane module supplier’s catalog was
analyzed and from this it was possible to
prepare the information shown in Table 1.
The module acquired corresponds to the
7-channel ceramic material module. ), with
a hydraulic diameter of each channel of 0.006
m and a channel length of 1.178 m. With these
data it was possible to calculate the feed flow
to the module at each of the speeds indicated

in the table, and thus it was found that at the
maximum speed of 6 m/s a result of feed
flow of 11.88 x10-4 was obtained. m3 /s (71.3
liters per minute); The filtration area was also
calculated for the entire module, being 0.155
m2 (71*0.006*1.178). It must be noted that the
calculated feed flow is the highest value, so the
pump power, which is later calculated, would
also serve for the 19 and 61 channel modules,
in case these were purchased in the future. ®
%. On the other hand, the pump will not have
pressure control because its cost could be 4
to 5 times higher than a centrifugal pump,
so the working pressures will be reached
with manual control of the closure of the
backpressure valve. ; and the resulting flows
will be measured with the rotameter that will
be placed at the pump discharge.

Number of 1 7 19 61
- channels
& di;r:;f;a(lm) 0.006 | 0.006 | 0.0035 | 0.002
Power flow to module (x10* m?/s)
2 057 | 396 | 3.66 | 3.83
2.5 071 | 495 | 457 | 479
3 085 | 594 | 548 | 575
_ 3.5 099 | 693 | 640 | 671
r 4 113 | 792 | 7.31 | 7.67
- 45 127 | 891 | 823 | 862
5 141 | 990 | 9.14 | 9.58
55 1.56 | 10.89 | 10.05 | 10.54
6 170 | 11.88 | 10.97 | 11.50

Table 1. Determination of the feed flow to the
membrane module.

Subsequently, the isometric diagram was
prepared to establish the arrangement of
the equipment components (prepared in
AutoCad Plant 3D), such as the tank, pump
and membrane module, as well as to know the
arrangement of the pipes, valves, instruments
and all the accessories necessary for the
complete construction of the equipment
distributed in the 2-inch PTR metal structure;
Figure 1 shows the proposed arrangement of
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the equipment.

—9

Side view

Isometric view

Fig. 1. Isometric diagram of ultrafiltration

equipment; own elaboration.

Based on the isometric diagram of the
equipment, the total pressure drop was
determined, obtaining a value of 39 m of
water column equivalent to 460 kPa (67 psi).
With this result and the feed flow calculated
in Table 1, the power of the centrifugal pump
was estimated, giving a value of practically 1.0
HP; This power will be sufficient to provide the
flow and pressure necessary for the membrane
module to work at speeds, within the channels,
of 2 to 6 m/s. Table 2 presents the calculation
sequence to obtain the aforementioned results,
and also shows the value obtained from the
NPSH (net pressure suction head), this being
0.56 m (approx. 2 ft), which is a criterion for
pump selection. With this, the centrifugal
pump was selected and purchased, and the
national supplier provided us with the “power
curve” of the pump to verify that it complies
with what was calculated in this work (figure
2; masterflex brand centrifugal pump, model
70840-30, Cole-Parmer Catalog).

Also based on the isometric diagram, the
rest of the components of the equipment were
calculated, quoted and then purchased, the
costs of which are presented in Table 3. The
total cost to have the equipment assembled
was 85 thousand pesos, a value that was
3 5 times lower compared to commercial

equipment with similar characteristics.

Cost
Component (MN)
Ceramic membrane with 0.155 m2 filtration
. 15,000
area, 7 channels, 6 mm diameter
Stainless steel housing or module for the 1,178
. 25,000
m and 7 cm diameter membrane
1.0 HP centrifugal pump 20,000
30 L capacity high-density PVC tank 5,000
15 m of 1.5 inch diameter heavy duty PVC
pipe, 5 butterfly valves, 3 stainless steel 0 to 10.000
60 psi gauges, 12 PVC elbows, 1 0 to 30 GPM ’
rotameter and 2 PVC union nuts.
2 inch PTR frame 10,000
Total | 85,000

Table 3. Cost of ultrafiltration equipment
components

Once the equipment was built, the
performance of the pump was characterized
and the results are shown in Figure 3. The
typical behavior of a centrifugal pump is
clearly observed, that is, the greater the flow,
the lower the head or discharge pressure of
the pump. When all valves are fully open the
discharge pressure measured on the gauges is
practically zero and the measured pump flow
is approx. 42 gpm, and a low flow could also
be observed in the filtrate pipe. It can also be
interpolated from this curve that at a flow
rate of 18.8 gpm (1.19 x10-3 m/s, maximum
value from Table 1), the pump will provide a
discharge pressure of 62 ft, equivalent to 182
kPa.

Flow Curves for Noryl® Corrosion-Resista 100
Mechanically Coupled Pumps
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Fig. 2. Supplier’s pump Fig. 3. Acquired pump

duty curve; yellow line performance test

Then we proceeded to characterize the
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Discharge pressure (45 1b/in?); P discharge 310264 N/m?
Considering a density of concentrated milk of 1200 kg/m3,

and then multiplied by gravity; (pg) 11,768 N/m’
Discharge pressure in (m); P dicharge 26 m
Liquid height difference; (z2-z1) 1.5 m
Pressure drop in pipe, fittings, rotameter and valves; h, 10.76 m
Total drop in pressure; AP 39 m
Power flow to module; flow . 11.88x10* m’/s
Pump efficiency; Ef 0.73

Pump power; P pump 740 W
Internal pressure in the tank; P, 0 m
Height between suction and liquid level;P, 1 m
Vapor pressure of water at 25 °C; pv 0.32 m
Suction pressure drop; h, .- 0.12 m
NPSH (Net Pressure Suction Head) 0.56 m

Table 2: Determination of power and NPSH of the pump

ultrafiltration membranes of 100, 8 and 0.45
kDa molecular cut-off, through the calculation
of the filtrate flux, using water as the working
fluid and the results are presented in Figure
4. It is clearly observed that the Water flux
in the 100 kDa membrane was 3 to 5 times
higher than that of 8 kDa at any pressure
that was compared; This was expected since
the 100 kDa molecular cut membrane has a
larger pore size than the 8 kDa one. In turn,
the fluxes obtained in the 8 kDa membrane
were 2 to 2.5 times higher compared to the
0.45 kDa molecular cut membrane, since the
latter membrane has the smallest pore size of
the three membranes that were worked on.
Then we worked only with the 100 and 8
kDa membranes for the tests with whole milk
and the results obtained are represented in
figure 5. The fluxes are very similar in both
membranes, but at the same time they are
10 to 20 times lower in comparison when
water was used as the working fluid(10, 11).
It is also observed that the flux of the 100
kDa membrane (5 x10-6 m/s) is twice that
of the 8 kDa (2.5 x10-6 m/s) when working
with whole milk as fluid. It was expected that
the flux of the 100 kDa membrane would be
higher than that of 8 kDa (and not only double

as experimentally obtained), but probably the
mixture of proteins-fats-cells, which roughly
we can say that they make up the whole milk,
could have formed a conglomerate of a larger
size than casein (which has a molecular weight
of 20 kDa), thus converting this conglomerate
into an additional resistance on the surface of
the membrane of 100 kDa, then causing this
so that the flux was lower than expected, and
in these experimental results, similar to the
flux values obtained with the 8 kDa molecular
cut membrane (31419,
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whole milk

After working with whole milk, we now
proceeded to concentrate it using a factor of 5
times, and using the 100 and 8 kDa molecular
cut membranes and the results obtained are
indicated in figures 6 and 7.
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Fig. 7. Ultrafiltration of
whole milk at 100 kDa.

Fig. 6. Ultrafiltration of
whole milk at 8 kDa.

As it can be seen, the filtrate flux decreases
with the increase in the concentration of
total solids, in both membranes, due to the
“growth” of the polarizing gel layer that
reduces the flux(16, 17). The transmembrane
pressure with which the highest flux value was
obtained was 175 kPa in both membranes. In
theory it would be expected that with a higher
transmembrane pressure the flux value would
also increase, however and based on the results
this did not occur, which could be due to the
formation of the polarizing gel layer on the
surface of the membrane. which can be said
to be “pressed” to transmembrane pressures
greater than 175 kPa, and therefore caused a
greater reduction in the filtrate flux values(18).
The polarizing gel theory is the most used to
model the behavior of the flux as a function
of the concentration of the retained solute,
and it indicates that the solute, larger than
the pore diameter of the membrane, cannot
filter through The membrane is retained
on the surface of the membrane, forming a
gel layer that in turn conglomerates as the
concentration of the suspension or working
solution is being carried out.

Finally, in Figure 8, the results of the
cleaning of the membrane are presented
once it was used. The results indicate
adequate cleaning since the filtrate flux values
presented a similarity of up to 90% with

respect to the respective values of the flux
when the membrane is new and tested with
water, that is, there was a complete recovery
with respect to the original value. Cleaning is
a very important aspect to maintain the high
performance of the membrane and it can
remain that way for one or two years of work.
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Fig. 8. Recovery of the membrane filtration
flux after cleaning.

CONCLUSIONS

Ultrafiltration equipment was built based
on the characteristics of the membrane module
acquired, additionally purchasing a 1.0 HP
centrifugal pump, a 30-liter high-density
PVC tank and a batch of one-inch pipes,
valves, instruments and accessories. nominal
diameter. The total cost of the equipment was
85 thousand pesos, a value that is 3 to 5 times
lower than a commercial equipment of the
same capacity. The equipment was tested with
water and then with whole milk. The latter
was concentrated five times on an 8 and 100
kDa membrane to reach a total solids content
of 50%, equivalent to a protein content of 15
to 17%. It turned out that it is better to use the
100 kDa membrane because it halves the time
to carry out the same level of concentration.
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