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Abstract: The dairy industry has become a great source of
human development in terms of providing the necessary
amount of energy and calories, in addition to the vitamins
needed to sustain life. Iraq is one of the largest countries
that are dairy-producing and it is expected that the
average per capita consumption of dairy products will
increase from 52 litres to more than 60 litres during the
next three years, then to more than 90 litres by 2025.
Dairy production needs to consume large quantities of
water It needs to consume 2-6 cubic meters of water to
produce one ton of milk. These large quantities of water
will lead to the discharge of large amounts of wastewater,
which may reach 70% of the water used. Over the years |
have used various techniques and methods for treating
dairy wastewater. In this study, the membrane
permeation removal technique (MD) was used to find out
how efficient this technique is in removing the magnesium
ion from the milk laboratory wastewater. The results
came with the possibility of this technique in removing a
small percentage of up to 9.76% at a temperature of
approximately 45 degrees Celsius, which is a small
percentage compared to the concentration of the interior
and the effort exerted. For this reason, it is not
recommended to use this mechanism to remove
magnesium from dairy wastewater.
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1. Introduction
The dairy industry includes the process of
converting raw milk into simplified and sour
milk and yogurt:
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Fine cheese, cream, various products, ice cream,
milk, powder, lactose, condensed milk, plus
production of many various sweets. And because
all of these materials are produced, they will
generate a set of pollutants, they will be released
to the environment in one way or another, and
they will lead to a major change in the total
environmental mass. The milk production
growth rate is about 2.8 per cent annually, and the
dairy processing industry is the largest [1, 2].

2. Characteristics of dairy wastewater

According to [3] yearly product of milk reach
600 Million ton and this value distributed
according to source 85% bovine, 2% sheep and
Goat, 11% Buffalo. Uses of this product will lead
to different type of flavours like cheese 33%, or
cream or my consumed directly which reach to
39% as a liquid.

Milk is a great miracle in that it is produced from
complicated substances and this leads to being
something very composite and contains a lot of
dissolved and suspended matter and it contains
more than 100,000 molecules is different. The
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installation overall milk determines as follows:
4.1% fat, 3.6% protein, 4.9% lactose, 0.7%
different compounds such as Ores and vitamins
and lubricants consists of fat in milk is composed
mainly of three-Glycerin containing a wide range
of fatty acid, which in turn contains a relatively
high percentage "of saturated fatty acids and
short chains of fatty acid [4, 5].

Milk was discovered 200 years and the contents
of this compound are protein which is dissolved
at pH equal to 4.6 called Caseins and which
constitute 78 per cent of the total nitrogen in the
cow's milk, and Section dissolved alleges Serum
(Whey), (Walstra 2013). Lactose is the
carbohydrate part of the basic product for all
kinds of mammalian milk. Milk contains a few
complex compounds compared to other forms of
sugar such as glucose (50 mg /1) and fructose [6,
7].

The dairy industry is one of the largest industries
that consume a lot of water in the process stage
especially in Irag. However, this industry is not
linked directly with the environmental crisis but
it has an organic stamp. The serum resulting from
cheese manufacturing liquid is severe organic
pollution so that it can be worth needing chemical
oxygen (COD) to 70,000 mg/L. Much recent
research suggests biological treatment anaerobic
process success in the treatment of industrial
pollutants with high organic content [8].

Dairy wastewater has a lot of organic material as
well as different detergent materials used in the
factory. In general according to [9], bovine milk
has contains fat (4%), water (87%), protein
(3.5%), ash (0.8%) and lactose (4.7%). The fat
amount varieties are between 3 - 5% with the
main component being triglycerides (98%).
While other fat parts including sterols (0.2 - 0.5%
of fat) and phospholipids (0.5 - 1% of fat) [10].
Because cows have different food system milk
will contain different traces of other organic
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compounds [11]. However type of food is
different, wastewater delivered is different.
According to [12], features of dairy wastewater
are shown in “Table 1 below. These products will
participate with pollutants [13].

Table 1. Illiterates the characteristics of dairy
wastewater factories

Chemical compositions Synthetic Samples

COD (mg/l) 1000-3000
Nitrate (NO3z") (mg/l) 0.2-16
Magnesium (mg/I) 95
TP (mg/l) 18-27
Chloride (mg/l) 20-100
Sodium (Na*) (mg/l) 50-750
Turbidity (NTU) 40-50
TSS (mg/l) 200-1200
TS (mg/l) 150-2500
TDS (mg/l) 150-450
EC (n mhos/cm) 300-4000
pH 6.5-7.5
Temperature (°C) 25-35

3. Treatment of Dairy Wastewater

The source of industrial wastewater, especially
dairy products is of relative value. Increased
temperature, high organic content, and a wide
range of acidity, which requires special
purification to remove or reduce environmental
damage. Dairy wastewater treatment application
includes Mechanical, physical, chemical and
biological methods.

Mechanical processing is necessary for the
guantitative equation and mass flow changes. It
also reduces the number of suspended solids.
Physical and chemical processes are effective in
removing variable compounds, but adding
chemicals increases the cost of water treatment.
Another major problem is the ability of large
organic matter to deplete oxygen in water bodies,
and here it is necessary to get rid of soluble
chemical oxygen, which is demand (COD) in
wastewater to prevent it from moving into the
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water. In a useful summary, the use of this
technology requires effort and financial cost, as
well as the space that must be available for the
completion of the project [14] .

4. Membrane Distillation Process (MD)

This mechanism has extensive benefits in terms
of exploiting the pressure teams generated by the
temperature differential between the cold and hot
surface of the robot body, which in turn will
trigger the water molecules from the hot to a cold
surface, thereby reducing energy costs and less
stringent mechanical characteristics. In contrast
to distillation and RO, can be separated solutions
supply at a much lower temperature than the
boiling point and atmospheric pressure. Typical
supply temperatures allow about 30-60 and
perhaps 80 ° C to reuse residual heat flows and
use alternative energy sources such as sun, wind
and geothermal. It can be a very efficient and
economical way of separating components that
are suspended or dissolved in a liquid. It can
reclaim valuable milk solids or chemicals for
resale, reuse or less expensive method [15, 16] .

41. Economic Membrane

Distillation Process

Technology of

e This process is the simplest type of MD,
has recently gained more attention .

e It can explain the characteristics of this
type briefly [17-20:[

1- Total (100%) rejection ,

2- Intensive to feed concentration,

3- Mild operating conditions ,

4- Stable performance at high contaminant
concentrations,

5- Osmosis characteristics play a big role in
achieving treatment.

5. Materials and Methods
5.1. Samples:

1. Artificial samples of wastewater were
prepared.
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2. Considerations and consideration of
making these wastewater samples among
the standard characteristics of the global
classifications of wastewater. The
artificial samples were prepared similar
to real samples discharged from dairy
factories; these samples were prepared
from salts below regarding be similar
real samples. On the other hand, alum
were prepared each week to keep the
chemical characteristics of the solution.

e Alum Al>(S0O4)3.18 added to 1 litre and
used as a solution in concentration 1% by
adds 10 gm. to 1 litre of distilled water.
This solution is remade every week to
ensure its effectiveness.

e Sucrose hydrate C12H22,011.H20

e Sodium Phosphate
DodecahydrateNasP04.12H,0
e  Ammonium sulfateNH4.2504

5.2. Membrane Materials

There are various types of membranes that are
hydrophobically made of different materials such
as polypropylene (PP), Polyvinyl fluoride
(PVDF), and Poly tetra fluoro ethylene (PTFE)
polyethylene (PE) available in the forms of sheet,
tubular, hairy or flat used in the experiments MD.

These membranes are not the scope of the
follicular, ranging from 0.50 - 0.90, the size of
the pores as commonly used ranges from 0.4 to
1.0 pum, the thickness ranges between 0.04 and
0.25 mm [21, 22].

Between all materials, PTFE has greater
properties like largest, contact angle with water,
hydrophobicity, thermal stability and higher
oxidation resistance and good chemical
compared to PVDF and PP.

Surface energy and thermal conductivity are
properties to be considered while selecting
membrane material for use [23-25].
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The membrane used at this topic is PTFE part#:
MSPTFE 260045B, Lot#: 1801331008, pore size
0.45 um, wettability: Hydrophobic.

Table 2: Surface energy and thermal conductivity of
commonly used membrane materials

Membrane Thermal Surface Energy
Material Conductivity (x107% N/m)
(WmtK™
PTFE ~0.25 9-20
PP ~0.17 30.0
PVDF ~0.19 30.3
5.3. Samples:

1. Similar industrial samples were prepared
for the wastewater of the dairy
laboratory.

2. The considerations and theory in making
these samples have standard
characteristics similar to the global
classifications of wastewater discarded
from dairy plants.

f 3

5.4. Test Procedure:

The concentration of magnesium in artificial
samples was measured according to International
standards and by using global instruments. This
article has been using the HACH instrument with
all kits needed to achieve the tests. For
determination of calcium and magnesium
hardness in water by the Calmagite Colorimetric
method. HACH Method 8030. 100 mL Marked
Dropping Bottle.

5.5. Setup:

A laboratory model has been built to achieve
experiments, and the workflow in experimental
implementation can be seen as shown in “Fig. 1”.

The pumps used are 2 pumps of peristaltic
pumps,

* Powerful and long-lasting motors * Robust
pump heads ¢ Large clear display screens « Wide
flow rates available from micro to industrial °
Dispensing pumps with optional dosing
footswitches and PC control « Compact design to
easily move around the lab ¢ Foot pedal switch
for quick and easy dosing - press to dose.

»
P

A
U

Waterbath tank

A,

,4@

Figure 1 . Shows schematic diagram of setup used at the lab.
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6. Results and Discussions

Due to the difference in temperature between the
two separating surfaces of the pump pumps, a
pressure difference will be generated that will lift
the water molecules from the hot side to the cold
surface. Here, the flow value will be increased for
this reason, and it is observed from “Fig. 2”.

“Fig. 2”: Describe the relation between flux and
temperature and as the shown flux will increase
with temperature which is confirmed points
above.

140 -
120 -+
100 -
80 -
60 -
40 -
20 -

O T T T T T 1
0 5 10 15 20 25 30

Figure 2. A relationship that shows the variability of
the flow with temperature when passing dairy
wastewater models onto MD.

It is observed from “Fig. 2” that the flow is
constant with slight variation in the temperature
limits between 20 = 5 °C. Here, it is observed
that the concentration of Magnesium transported
during the membrane openings will increase
with the increase in temperature, and this
increases the removal of this ion.

It is noted from "Fig. 2” that the amount of flow
increases with increasing temperature, and this is
logical, as increasing the temperature to a certain
extent will increase the vapour, and due to the
difference in pressure between the two sides,
these atoms will penetrate the permeable
membrane through the pores to the other side.
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When the reactor is turned on to transfer water
vapour from the hot side to the cold side due to
the different temperatures and pressures, the
magnesium ions with a radius of 173 pm (1 pm
=1 x 102 meter (meter)), will begin to attach
to the membrane walls. This property will give
the membrane the ability to remove the
magnesium ion from the wastewater of the dairy
wastewater.

“Fig. 3” notes that the continued operation of the
membrane will lead to increased magnesium
removal at 45 °C, the best removal will take
place, with removal reaching approximately
97.73%.

300 65
60 - 60
= 0.94x - 4E-12
- 55
250 244.4 o
50 -
518%62° 2
200 S TCYR >
184\ 40 - 40
- 35
150
30 - 30
- 25
100 20 - 20
- 15
50 10 - 10
y = -0.8535x + 228.89 |
0 . 4 ‘ 0
150 200 250 300

Figure 3. The relationship that shows magnesium
concentration differences from the outside when
passing the dairy wastewater models to MD.

Although this system can operate at low
temperatures with an average of 30 degrees
Celsius which is the optimum operating
temperature in Irag, we would have had the
optimum removal at 45 degrees Celsius, and the
clearance was not more than 9.72%. This
technique removes magnesium from liquid
wastewater for dairy plants.



Journal of Engineering and Sustainable Development (Vol. 25, No. 06, November 2021)

ISSN 2520-0917

Using the equations shown in “Fig. 3” and shown
in the curves, the resulting concentration value
can be expected at the flow temperature if 45 °C
IS 216 mg per litre.

If the equation is applied

y = 0.391x - 23.18 (1)
y = —0.853x 228.8 (2)
If the interior is 215 mg/ |, then the outside at this
temperature is about 194.11 mg / I, and this does
not indicate that there is much removal.

Which is observed from “Fig. 4” that the
percentage of Magnesium ion removal increases
with increasing temperature, which is a slight
increase that may be due to the Magnesium ion
attachment and accumulation in the membrane
and the closing of the holes in the membrane due
to the formation of chemical pads? However, it
IS not possible to deviate from the usual
operating systems and surrounding conditions. It
is not possible to increase the temperature more
than normal, which is approximately 45 °C or
slightly more [26]. The decrease in Magnesium
ion concentration in the outflow does not imply
that the treatment process is performed
optimally. Magnesium may crystallize on the
membrane surfaces, which subsequently hinder
the mother's action and lead to the fouling, then
blocking the MD [27-29].

250
240
230
220
210
200
190
180
170
160
150 \ \ \ \
0 20 40 60 80

Figure 4: A figure showing the relationship between
temperature change and the percentage of Magnesium
ion removal.
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7. Conclusion

1- The susceptibility of MD to removing
Magnesium ion, but with an efficiency
that does not reach within 9.72%. % of
the concentrated liquid.

2- Temperature affects the value of MD and
is directly relative to flux.

3- The presence of organic or inorganic
substances in the effluent water of the
laboratory leads to obstruction of the
membrane work and possibly to
occlusion and then stopping.

8. Recommendation

1- Try different membranes which give
more suitability in removing Mg?*.

2- The work of studying the possibility of
utilizing the waste heat from the dairy
units to be used in the efficacy of the
permeable membrane.

3- Expanding research on the possibility of
fouling in the use of MD, especially when
using ions with a valence greater than
one.

4- Provide a pretreatment process before
applying MD to remove suspended and
soluble organic and inorganic material to
mitigate the load on MD.

5- Make a study that takes other variables
with magnesium like temperature, pH,
etc...
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