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Abstract: Natural gas processing unit in north Egypt produces 3,100 m /d of liquid hazardous waste.3

Vaporization is the current applied in-situ treatment method for glycol regeneration process. Magnesium and
calcium salts (scaling formers) should be removed from wastewater to avoid scaling problems facing piping
system. In current work, physical-chemical pre-treatment using lime, soda ash, sodium hydroxide, ferric chloride
and/or anionic polymer is applied at different high pH (between pH 10 and pH 12) to remove high concentration
of wastewater causing scaling (Ca up to 800 mg/L and Mg  up to 400 mg/L). Satisfactory results were++ ++

obtained; more than 97% of scaling formers were removed.
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INTRODUCTION directly into the wellbore or condensed from vapor in the

One of the main reasons for the abundance of into gas production plants. In current research,
calcium and magnesium in water is their natural wastewater  from  natural gas extraction unit (3,100 m /d)
occurrence in the earth's crust; it may dissolve from rocks is highly loaded due to the presence of mono-ethylene
such as limestone, marble, calcite, apatite, gypsum, glycol (MEG), dehydration agent added within the gas
fluorite, dolomite, magnetite and other minerals. From the processing plant and residual hydrocarbon (Fig. 1). 
practical point of view calcium and magnesium salts are Dehydration process in gas processing is an
the main types of scale formers [1]. Removal of calcium important process for removing of water vapor from gas
and magnesium is commonly achieved by formation of stream to avoid corrosion problem and to prevent
CaCO  and Mg (OH)  salts. Precipitations of these salts hydrates formation; solids formed by physical3 2

will be achieved through raising the pH of water by combination of water and small molecules of
addition of lime or caustic soda, in case of insufficient hydrocarbons (10% hydrocarbons + 90% water), hydrates
bicarbonate concentrations, sodium carbonate is added, can plug lines of gas stream [10]. Wastewater under
the  stoichiometry  of  the reaction is straightforward [2]. investigation has a high concentration of calcium ions
In literature many articles are presented dealing with (800 mg/L) and magnesium ions (400 mg/L) which always
removal of calcium and magnesium from wastewater; have the tendency for scale formation and fouling
through crystallization enhanced by aeration, 34% and problem during wastewater vaporization process for
51% of calcium and magnesium were removed recycling of MEG. Scale could be formed due to different
respectively [3], through electrocoagulation using iron factors; supersaturation, solubility product, nucleation
electrode, only 30% of both were removed [4, 5], through and particle growth in MEG recovery process by
precipitation of calcium cations as calcium carbonate removing water, during vaporization process, resulted in
through bio-catalytic process utilizing pre-cultivated obviously increasing of salt concentrations which
calcareous sludge, up to 90% of calcium ions is removed precipitate. The main problems accompanying with scale
[6], through sodium hydroxide [7] and through modified formation in MEG regeneration unit include: the reducing
zeolites [8]. Liquids in natural gas may be produced system  efficiency and increasing operating costs through

upper portion of the tubing [9] that brought wastewater
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Fig. 1: Natural gas processing

significant reduction in the thermal performance of the of MLSS. Each experiment was repeated five times for
unit, increase of pressure requirements and increase in assuring accuracy of results. Sludge was kept aside dried
maintenance costs. at 105°C until weight has stabilized, to be used as seed for

The main objective of this study is to remove the following tests. The analysis carried out according to
magnesium and calcium salts (scaling formers) from standard methods for the examinations of water and
natural gas dehydration process wastewater to avoid wastewater guidelines [11]. The precipitation reaction of
scaling  problems  during  glycol regeneration process. magnesium ions (in alkali media), is achieved by addition
The idea of substitution chemical reaction is carried out in of coagulants as follows:
treatment processes using, mainly of calcium oxide,
sodium bicarbonate, sodium hydroxide, ferric chloride and Mg  + 2OH Mg(OH)  (S) Solubility product: 1.5 × 10
anionic polymer as coagulant aid. 

MATERIALS AND METHODS addition of carbonate ions or carbon dioxide as follows:

Wastewater produced from the natural gas Ca  + CO CaCO  (S) Solubility product: 4.8 × 10
dehydration process was subjected to investigation runs
of chemical treatment using a jar test (1 L/Jar). The The stoichiometry of the reaction is straightforward.
following solutions were prepared and used in the
experiments:  CaO  (5  %), sodium carbonate (5 %), FeCl RESULTS AND DISCUSSION3

(40 %), anionic polymer (0.1 %). All runs were conducted
at ambient temperature and pressure. Optimum pH values Wastewater Characteristics: Physico-chemical
and coagulant dose which gave the best removal of characteristics of the wastewater produced from the
calcium and magnesium were determined. Each jar was natural gas dehydration process are presented in Table 1.
filled with a volume of 1L wastewater. Mixing started at The results showed that it contains high concentration of
around 60 rpm. Seed of 10 g/L was added while mixing at COD and total dissolved solids which reached 55000 mg
60 rpm. The pH is controlled to the selected operating O /L and 37500 mg/L. The wastewater was acidic in
value by adding lime dosage in every beaker. After 12 nature, the average pH was 4.8. Calcium, magnesium and
minutes, soda ash was dosed in every beaker, mixing at iron concentrations were 800, 400 and 23 mg/L (Table 1).
around 60 rpm. Dosage of ferric chloride was added on
wastewater at high mixing speed of (200 rpm) for 6 min. Chemical Treatment: Natural gas dehydration process
Flocculent of 10 mg/L (anionic polymer) was added at fast wastewater was subjected to different chemical treatment
mixing for around 1 minute then mixing speed was reduced experiments using soda ash, ferric chloride and anionic
to around 40 rpm for 12 min to keep all material in polymer at different pH ranging from 10 to 12. Lime is used
suspension. Finally, the resulting flocks were allowed to to raise the pH. Seed was prepared by drying the sludge
settle for 30 min. and clear supernatants (treated effluent) formed after the chemical treatment. The function of seed
were collected to analyze and settled sludge was is to enhance precipitation process and elevate the pH
subjected to measurement of sludge volume and analysis value due to its alkalinity properties.

2+ 11
2

The precipitation reaction of calcium ions is obtained by

2+ 2 9
3 3
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Table 1: Characteristics of wastewater produced from the natural gas
dehydration process

Parameters Units Raw
pH -- 4.8
TSS mg/L 385
TDS mg/L 37500
Ca mg/L 800
Mg mg/L 400
Iron mg/L 23
COD mg/L 55000
Sulfate mg/L 120
Alkalinity mg/L 380
Phosphate mg/L 1.2
Silica mg/L 50
Oil and grease mg/L 75
Average of 5 samples

Table 2: Characteristics of chemically treated wastewater at pH 10
Parameters Units Raw Results
pH -- 4.8 10 10 10
Soda ash Stochimetric (%) - 100 100 100
FeCl mg/L - 40 60 803

Polymer mg/L - 5 5 5
Seed g/l - 10 10 10
TSS mg/L 385 270 270 298
TDS mg/L 37500 34400 34700 35700
Ca mg/L 800 56 72 60
Mg mg/L 400 110 132 122
Iron mg/L 23 N.D N.D N.D
S.V.I ml/g - 75 80 85
N.D: Not Detected, Average of 5 samples seed (10  g/L),  the  results obtained are presented in

Table 3: Characteristics of Chemically Treated Wastewater at pH 10.25
Parameters Units Raw Results
pH -- 4.8 10.25 10.25 10.25
Soda ash Stochimetric (%) -- 100 100 100
FeCl mg/L -- 40 60 803

Polymer mg/L -- 10 10 10
Seed g/l -- 10 10 10
TSS mg/L 385 230 220 260
TDS mg/L 37500 34300 35200 33600
Ca mg/L 800 20 20 24
Mg mg/L 400 60 70 80
Iron mg/L 23 N.D N.D N.D
S.V.I ml/g -- 70 82 87
N.D: Not Detected, Average of 5 samples

Effect of Different FeCl  Doses at pH 10: Chemical3

treatment was carried out at pH 10, lime was used to raise
the pH from 4.8 to 10 at different FeCl  doses of 40, 60 and3

80 mg/L. Keeping other elements unchanged: soda ash
(100% stoichiometric) anionic polymer (5 mg/L) and seed
(10 g/L),  the  results  obtained  are presented in Table 2.
At 40 mg/L FeCl Calcium, magnesium, concentration3

decreased from 800 to 56, from 400 to 110 mg/L
respectively. Reduction in TSS and TDS were from 385 to

270 mg/L and from 37500 to 34400 mg/L. Increasing FeCl3

dose  to   60   and   80   mg/L   did   not    yield  good
results compared to the 40 mg/L FeCl  dose. The best3

sludge  volume  index  (75 ml/g)  was reported at FeCl of3

40 mg/L.

Effect of Different FeCl  Doses at pH 10.25: Chemical3

treatment was carried out at pH 10.25 using lime to raise
the pH from 4.8 to 10.25 at different FeCl  doses of 40, 603

and 80 mg/L. Keeping other elements unchanged: soda
ash (100% stoichiometric) anionic polymer (5 mg/L) and
seed (10  g/L),  the  results obtained are presented in
Table 3. At 40 mg/L FeCl Calcium, magnesium,3

concentration decreased from 800 to 20, from 400 to 60
mg/L respectively. Reduction in TSS and TDS were from
385 to 230 mg/L and from 37500 to 34300 mg/L
respectively. Increasing FeCl dose to 60 and 80 mg/L did3

not yield good results compared to the 40 mg/L FeCl3

dose. The best sludge volume index (70 ml/g) was
reported at FeCl of 40 mg/L.3

Effect of Different FeCl  Doses at pH 10.5: Chemical3

treatment was carried out at pH 10.5, lime was used to
raise the pH from 4.8 to 10.5 at different FeCl  doses of 40,3

60 and 80 mg/L. Keeping other elements unchanged: soda
ash (100% stoichiometric) anionic polymer (5 mg/L) and

Table 4. At 40 mg/L FeCl Calcium, magnesium,3

concentration  decreased  from  800  to  16,  from   400  to
33 mg/L respectively. Reduction in TSS and TDS were
from 385 to 175 mg/L and from 37500 to 34150 mg/L
respectively. Increasing FeCl dose to 60 and 80 mg/L did3

not yield good results compared to the 40 mg/L FeCl3

dose. The best sludge volume index (44 ml/g) was
reported at FeCl of 40 mg/L dose.3

Effect of Different FeCl  Doses at pH 12: Chemical3

treatment was carried out at pH 12, lime was used to raise
the pH from 4.8 to 12 at different FeCl  doses of 40, 60 and3

80 mg/L. Keeping other elements unchanged: soda ash
(100% stoichiometric) anionic polymer (5 mg/L) and seed
(10 g/L),  the  results  obtained  are presented in Table 5.
At 40 mg/L FeCl Calcium, magnesium, concentration3

decreased from 800 to 80, from 400 to 24 mg/L
respectively. Reduction in TSS and TDS were from 385 to
248 mg/L and from 37500 to 34250 mg/L respectively.
Increasing FeCl dose to 60 and 80 mg/L did not yield3

good results compared to the 40 mg/L FeCl  dose. The3

best sludge volume index (54 ml/g) was reported at FeCl3

of 40 mg/L dose.
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Table 4: Characteristics of chemically treated wastewater at pH 10.5 Table 7: Characteristics of chemically treated wastewater at different soda ash
Parameters Units Raw Results
pH -- 4.8 10.5 10.5 10.5
Soda ash Stochimetric (%) - 100 100 100
FeCl mg/L - 40 60 803

Polymer mg/L - 5 5 5
Seed g/l - 10 10 10
TSS mg/L 385 175 206 195
TDS mg/L 37500 34150 34400 34600
Ca mg/L 800 16 18 19
Mg mg/L 400 33 35 38
Iron mg/L 23 N.D N.D N.D
S.V.I ml/g -- 44 50 56
N.D: Not Detected, Average of 5 samples

Table 5: Characteristics of chemically treated wastewater at pH 12
Parameters Units Raw Results
pH -- 4.8 12 12 12 seed
Soda ash Stochimetric (%) - 100 100 100
FeCl mg/L - 40 80 803

Polymer mg/L - 5 5 5
Seed g/l - 10 10 10
TSS mg/L 385 248 258 256
TDS mg/L 37500 34250 35240 35630
Ca mg/L 800 80 60 60
Mg mg/L 400 24 22 22
Iron mg/L 23 N.D N.D N.D
S.V.I ml/g - 54 60 63
N.D: Not Detected, Average of 5 samples

Table 6: Characteristics of chemically treated wastewater at different pH
Parameters Units Raw Results
pH -- 4.8 10 10.25 10.5 12
Soda ash Stochimetric (%) - 100 100 100 100
FeCl mg/L - 40 40 40 403

Polymer mg/L - 5 5 5 5
Seed g/l - 10 10 10 10
TSS mg/L 385 276 230 175 248
TDS mg/L 37500 34400 34300 34150 34250
Ca mg/L 800 56 20 16 80
Mg mg/L 400 110 90 12 34
Iron mg/L 23 N.D N.D N.D N.D
S.V.I ml/g - 75 70 40 54
N.D: Not Detected, Average of 5 samples

Effect of Different pH Values: The FeCl dose of 40 mg/L3

and soda ash of 100% stoichiometric being returned best
results were selected versus pH values of 10, 10.25, 10.5
and 12 for comparison. The results indicated that best
values were achieved at pH=10.5, where calcium
concentration was lowest (16 mg/L). Magnesium was also
the lowest value although close to that of 34 mg/L at
pH=12, as shown in Table 6. With respect to TSS and
TDS, lowest values were achieved at pH 10.5, 175 and
34150 mg/L compared to those values at 10, 10.25 and 12.
The SVI of 40 g/ml at pH 10.5 compares favorably to
acceptable levels.

doses
Parameters Units Raw Results
pH -- 4.8 10.5 10.5
Soda ash Stochimetric (%) - 100 150
FeCl mg/L - 40 403

Polymer mg/L - 5 5
Seed g/l - 10 10
TSS mg/L 385 175 168
TDS mg/L 37500 34150 34200
Ca mg/L 800 16 20
Mg mg/L 400 12 14
Iron mg/L 23 N.D N.D
S.V.I ml/g - 40 50
N.D: Not Detected, Average of 5 samples

Table 8: Characteristics of chemically treated wastewater with or without

Parameters Units Raw Results
pH -- 4.8 10.5 10.5
Soda ash Stochimetric (%) - 100 100
FeCl mg/L - 40 403

Polymer mg/L - 5 5
Seed g/l - - 10
TSS mg/L 385 200 175
TDS mg/L 37500 34400 34150
Ca mg/L 800 50 16
Mg mg/L 400 40 12
Iron mg/L 23 N.D N.D
S.V.I ml/g - 65 40
N.D: Not Detected, Average of 5 samples

Effect of Soda Ash Increase: Table 7 shows the results of
chemical treatment when the sodas ash quantity is
increased from 100% to 150% stoichiometric. The results
did not show an advantage of such increase. A slight
reduction in TSS is observed whereas values of TDS, Ca,
Mg and SVI showed slight increase.

Effect of Seed Addition: Table 8 shows effect of addition
of seed on the chemical treatment where a considerable
reduction was observed in TSS, Ca and Mg values. Also
a reduction is observed in TDS and SVI. 

The aforementioned results indicated that optimum
percentage removal of calcium and magnesium ions up to
98% is achieved at pH 10.5, FeCl  dose of 40 mg/L and3

soda ash of 100% stoichiometric with calcium ions, 5 mg/L
anionic polymer and 10 g/L seed (Fig. 2). The results are
higher than that obtained by [3, 4, 5, 6, 7, 8]. 100 %
removal of iron is achieved due to the high pH (10.5)
where ferric hydroxide is completely precipitated. Total
suspended solid (TSS) is removed by 50 % due to the
presence of coagulant whereas total dissolved solids
(TDS) is only removed by 8 % due to the substitution
reaction between salts.
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Fig. 2: Optimum result of calcium, magnesium and iron for Removing Scaling Species from Industrial Process
removal values Waters, Int. J. Sci. Technol., 6(4): 521-526.

CONCLUSION 2003. A novel approach to calcium removal from

Removal of scaling formers: calcium and magnesium 37(3): 699-704.
from natural gas dehydration process wastewater 7. Turek Marian and Gnot Witold, 1995. Precipitation of
achieved optimum results at; pH (10.5), soda ash of Magnesium Hydroxide from Brine, Ind. Eng. Chem.
100% stoichiometric, Ferric chloride (40 mg/L) and Res., 34: 244-250.
anionic polymer (5 mg/L). 8. Le Van Mao, R., N.T. Vu, S. Xio and A. Ramsaran,
The stoichiometry of the reaction of CO and Ca  is 1994. Modified zeolites for the removal of calcium3

-2 +2

straightforward. and  magnesium  from  hard  water,  J.  Mater. Chem.,
The treatment process achieved complete removal of 4: 1143-1147.
iron of 50% of suspended solids and of 8 % of total 9. Lea, J.F. and H.V. Nickens, 2004. Solving Gas-Well
dissolved solids. Liquid-Loading Problems. J. Petroleum Technology,
Addition of sludge of calcium carbonate (seed) 56(4): 30-36.
during chemical treatment enhanced the removal 10. Abdel-Aal, H.K., M. Aggour and M.A. Fahim, 2003;
efficiency of scaling formers. Petroleum  and  Gas  Field  Processing,  Book, ISBN:
Wastewater pretreatment is important step before 0-8247-0962-4, Marcel Dekker Inc., New York, Ny
glycol regeneration to avoid scaling and fouling 10016, USA.
problems. 11. Standard Methods for the Examinations of Water and
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