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Abstract

According to the viscosity loss serious problem of sewage
preparation polymer solution in Daqing oilfield, studied
the impact of anion and cation on the polymer solution
viscosity and proposed improvement measures. Research
show that the cationic has great effect on polymer solution
viscosity and order is: Fe*>Fe'>Mg”'(Ca*")>Na'(K").
Configuration requirements are: the Na“, K™ content less
than 3,000 mgL", preferably less than 1,000 mgL". Ca*
content control less 200 mgL™', Mg*" content control
less 100 mgL™". It should be strictly controlled the Fe’,
Fe’* content. Anionic had no effect on the viscosity loss
of HAPM solution. Mg** and Ca®" are the main factors
for the viscosity variation of polymer solution. To use
of sodium humate solution which compound by turf and
NaOH complexed Ca®" and Mg”’, reduced the impact
of Ca® and Mg™" on the polymer solution viscosity, so
reached oilfield reinjection water viscosity standards.
Research show that polymer solution viscosity lossed
seriously when Ca®" and Mg™" content in 0 ~ 200 mg-L",
viscosity loss rate reached maximum 63.2% and 70.7%,
respectively. The adsorption ratio of Ca’* reached 77.50%
when amount of sodium humate solution were 8mL.
Similarly, the adsorption ratio of Mg** reached 83.60%
when amount of sodium humate solution were 6mL. This
indicated that sodium humate have great adsorption to
Ca’" and Mg™. Indoor experimental results confirmed the
feasibility of using sodium humate complexed Ca*" and

Mg”" to prevent viscosity of polymer solution reduced,
and provides a reference for the field test.
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INTRODUCTION

Polymer flooding technology as the main technical
measures in Daqing Oilfield had been widely used and
developed. But with polymer flooding scale increases, the
amount of fresh water which needed also increases with
surge. If oilfield produced water can not reach equilibrium
with the back fluence, the excess sewage must be treated
and anti-handling. Not only increase the economic costs
but also likely to cause environmental pollution. Therefore
urgently need to solve the problem of water reinjection.
However, their presence of sewage formulated polymer
solution viscosity loss, including the impact of salinity,
bacteria, oxygen and other major factors. Han (2008)
believe that the salinity is the main reason for reducing
the viscosity of the polymer solution. Lii (2010), Cui, Lii,
and Hai (2014) believe that high metal cation is a major
factor affecting the viscosity of the polymer solution.
Ma (2010) believe that the salinity and metal ion content
are the main factor affecting the viscosity of the polymer
solution. Yang and Luo (2005) studied show that ferrous
iron ions and ferric ion are the main reason, which caused
polymer solution viscosity reduction. Ding, Zhang and Ma
(2015) studied salinity effect on the viscosity of polymer
solution by orthogonal test. But there had no considered
anions’ effect on the viscosity of polymer solution. So this
research studied the effect of anions and cations on the
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viscosity of polymer solution. What is more, proposed the
use of sodium humate complex calcium and magnesium
ions in wastewater to reduce the impact of calcium and
magnesium ions on the polymer solution viscosity (Ross
& Peter, 1996). Provide a reference for reducing high
concentration calcium and magnesium ions in the field
sewage treatment.

1 EXPERIMENTAL

1.1 Experimental Drugs and Equipment

(a) CaCl,, MgCl, were both analytical grade (Producted
from Harbin chemical reagents plant) . Humic acid
sodium mixture configure by the NaOH (2mol-L™") and
peat solution (0.369 g-L™"), after a period of uniform
heating by electric furnace and then take the upper
liquid (Han, Yang & Zhang, 1999). Polymer: HPAM

Table 1
The Sewage Water Quality Analysis of La

(polyacrylamide, average molecular weight 25,390,000),
producted from Daqing Refining and Chemical Company.
The sewage selected from Lamadian and water quality
analysis are shown in Table 1.

(b) The main instruments and equipments include
Brinell DV-II viscometer(Produced from the American
company Brookfield), HAAKE rheometer (Produced by
Germany), MYP11-2 type magnetic stirrer (Produced
from Shanghai), DK-98-1I type electronic universal
electric furnace (Produced from Tianjin) and Setra-EL-
410S electronic balance(Produced from American).

1.2 Experimental Methods

Preparation polyacrylamide solutions of the mass
concentration of 1,500 mg-L™" and then heated for 2
hours at 45°C. Then measured the apparent viscosity with
HAAKE rheometer and Brinell viscometer at 45°C, 7.34 s
(Wang, Cheng & Wu,1998).

Main ion content mg/L

Sewage Source

K'+Na" Ca™ Mg™* Cr HCO;

Viscosity /mPa-s

co,” Fe SO,”  Salinity

La 1278.6 22.6 9.4 842.7 1376.1

95.8 0.2 13.0 3638.4 3.0

2 RESULTS AND ANALYSIS

2.1 Effect of Na®, K" on the Polymer Solution Viscosity
Added sodium ions and potassium ions to the polymer

mother liquor, the viscosity measurement results are
shown in Figure 1.
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Figure 1
The Effect of Na+, K+ on the Viscosity of the Polymer
Solution

From Figure 1 we can see that the viscosity of polymer
solution has been declining with the amount increase of
sodium ions and potassium ions. What is more, the effect
on viscosity of sodium ions ia larger than potassium
ions. But viscosity decline slowing when sodium ions
and potassium ions’ content more than 2000 mg-L". This
is because the concentration of sodium ions increase
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the negative charges of polymer molecules carboxylate
ions become weaken, at the same time, the electrostatic
repulsion between the molecules and inside polymer
molecules are also become weaken (Wang, 1999). And
molecular structure curl, internal friction reduction
between molecules. For this reason, sodium ions and
potassium ions’ content must less than 3,000 mg-L", and
it should be better less than 1,000 mg-L".

2.2 Effect of Mg®, Ca* on the Polymer Solution
Viscosity

Added calcium and magnesium ions to the polymer
mother liquor, which diluted with deionized water (Taylor,
1995), the viscosity measurement results are shown in
Figure 2.
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Figure 2 ’e ’
The Effect of Ca®", Mg on the Viscosity of the
Polymer Solution

From Figure 2 we can see that the solution viscosity
exist heavy losses when calcium and magnesium ions’
content in 0-200 mg-L" With calcium and magnesium
ions content raise, the viscosity of polymer solution loss
increase. The polymer solution viscosity reduction because



calcium and magnesium ions caused polymer molecule
condensation and molecular chain contraction (Chen,
Song & Fan, 1998), simultaneously occured hydration,
resulting in polymer flocculation and sedimentation
(Aoba, Moreno, & Shimoda, 1992). However, the effect
of calcium ions on polymer solution viscosity less than
magnesium ions, because the ionic radius of calcium ions
large than magnesium ions, calcium ions polarity and the
ability of compression the electric double layer less than
magnesium ions after ionizing (Jing, Wang & Han, 2008).
Thus calcium ions and magnesium ions’ content generally
requires less than 200 mg-L™".

2.3 Effect of Fe*, Fe* on the Polymer Solution
Viscosity
Added fresh FeSO, and FeCl3 solution into the polymer
mother liquor, which diluted with deionized water. The
viscosity measurement results are shown in Figure 3.
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Figure 3

The Effect of Fe2+, Fe3+ on the Viscosity of the
Polymer Solution

From Figure 3 we can see that the viscosity of polymer
solution had a sharp decline and then the viscosity curve
of polymer solution leveled off with ferrous iron ions
content increase. The viscosity loss rate of polymer
solution reached 81.92% when ferrous iron ions used
5 mg-L"'. From viscosity curve of polymer solution we
know a little ferrous iron ions will have heavy influence
on the viscosity of polymer solution (Zhao & Yue,
2005). This is due to the catalytic action of ferrous iron
ions, polymer solution macromolecular chains produced
degradation, thus reducing the viscosity of polymer
solution (Li, Whitworth & Lee, 2003). With the increase
of ferric ion content, polymer solution occurs flocculation
lead to viscosity decrease of polymer solution, but the
decline extent is far less than the impact of ferrous iron
ions. So in the field need to strictly controlled ferrous iron
ions and ferric ion content.

2.4 Calculate of Viscosity Loss Strength

Added fresh FeSO,, FeCl,, MgCl, and NaCl solution into
the polymer mother liquor, which diluted with deionized
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water. Then prepare single factors of sewage with 1,500
mg-L"' mass concentrations determine the initial and after
40 days’ viscosity.

Determine the & as viscosity loss rate, calculated as
follow (Doran, Carini, Fruth, Drago & Leong, 1997):

n-n
§=10
ndia

There, & is viscosity loss rate, mPa-s/(mg- L™-d"); # is
the initial viscosity of the polymer solution, mPa-s: 5’
is polymer solution viscosity after a period of time, mPa.
S: Ny, 1s initial viscosity of the deionized water polymer
solution, mPa-s; C is cation content of the polymer
solution, mg-L; 7 is stability test time, d.

As it can be seen from Table 2, the affect order of the
cation influence polymer solution viscosity loss is: Fe’™>
FeS+> Mgz+(ca2+)> Na+(K+)

Table 2
The Result of Cationic Viscosity Loss

Ion type Mg™ Fe** Na* Fe™*

&mPa-s/(mg-L™-d™) 28.09  227.68 0.027 591.62

Experimental results show that ferric ion had the
greatest impact on polymer solution viscosity, and
followed were calcium and magnesium ions, potassium
and sodium ions had the minimum effect. However,
consider the actual block factors, the block had less ferric
ion, and therefore the main factors affecting the viscosity
of the polymer solution are calcium and magnesium ions.
Thereby increasing the viscosity of the polymer solution
when preparation polymer solution should first be
removed by calcium and magnesium ions.

2.5 Effect of Anionic on Polymer Solution Viscosity
Added the NaCl, NaHCO,, Na,CO, and Na,SO, into the
polymer mother liquor, which diluted with deionized
water (Pellegrino, Gorman & Richards, 2007). The
viscosity measurement results are shown in Figure 4.
Figure 4 is a viscosity curve of polyacrylamide solution
with each inorganic salt concentration change. As it can
be seen, in the same cation concentration, NaCl, NaHCO,,
Na,CO, and Na,SO, made polymer solution viscosity
decreased slightly, but there had been little difference
between values. This results description that anion had
no effect on the viscosity of polymer solution, this minor
difference of viscosity change due to different PH value
of the solution (Gulde, Heatley, Karanfil, Rod & Myers,
2003). While from Figure 4 we can see that, polymer
solution viscosity decreases with the increase of the
concentration of the cationic. This further validate that
anion had no effect on the viscosity of polymer solution
when there had same cation, and the viscosity changes are
mainly from the cation affected (Bradley, 2000).
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The Effect of Anionic on the Viscosity of the Polymer Solution

2.6 Humic Acid Sodium Adsorption Thickening
Effect on Calcium and Magnesium lon

Humic acid not only has a variety functional
groups but also has complex structure (Sirivedhin,
McCue & Dallbauman, 2004), which has a strong
adsorption properties and reactivity (Aoba, Moreno,
& Shimoda,1992). Since the negatively charged of
humic acid sodium surface can react with heavy metal
ions, which will take advantage of ions exchange,
coordination reaction and adsorption to remove calcium
and magnesium ions. However, humic acid is expensive,

it can be formulated with NaOH and peat instead humic
acid sodium to treat the calcium and magnesium ions
in sewage (Anazaw & Ohmori, 2001). The adsorption
results are shown in Figure 5.

From Figure 5 we know that adsorption on calcium
ion increase with the mixture solution gain. The
adsorption rate reached 77.50 percent when humic
acid sodium used 8.0mL. However, appear a negative
absorption rate when humic acid sodium amount is
less than 1.5 mL. Because humic acid sodium mixture
will release some calcium ion when adsorption calcium
ions (Valentini, Maggi, Crespi, & Berzero, 2005). The
effective adsorption group content small and calcium ion
release content more than amount of adsorption when
the mixture solution used less than 1.5mL, therefore
appear a negative absorption rate. Magnesium ions also
have the same trend. Mg2+ takes place ion exchange and
complexation reaction with sodium humic the various
effective action groups because Mg2+ has small radius
and strong adsorption capacity. Adsorption on magnesium
ions increase with the NaOH and mixture solution gain.
The adsorption rate of magnesium reached 83.60% when
mixture solution amount reach 6.0 mL, showing the effect
of magnesium ion adsorption is better than calcium ion.
With further increase in the amount of humic acid sodium
adsorption rate of increase leveled off, humic acid sodium
complexing balanced with calcium and magnesium ion
(Adoor, Manjeshwar, Bhat & Aminabhavi, 2008).
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The Adsorption Effect of Ca™ and Mg
150 - viscosity increased rapidly, indicating the effect of calcium
7 and magnesium ions completed preferable. And when the
g 100 w amount of humic acid sodium reached 8mL the viscosity
250 1 of polymer solution achieves the highest 104.6 mPa-s, at
g . . . . . . this time had the best complex effect. But the viscosity of
£ 0 0 5 4 6 3 10 12 polymer solution reduces when the amount of humic acid
Amount of humic acid sodium/(ml) sodium increases again. Th.e reason is t.he completing agent
has reached equilibrium with the calcium and magnesium
Figure 6

Viscosity Variation Curve With the Amount of Humic
Acid Sodium

Figure 6 shows the viscosity variation curve with
the amount of humic acid sodium. It found that when
humic acid sodium amount is less than 3mL, the viscosity
increases slowly, when the amount between 3-8 mL, the
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ions, reduced the impact of calcium and magnesium
ions on the solution viscosity (Slaveykova, Dedieu,
Parthasarathy, & Hajdu, 2009). Therefore, it cannot have
great influence on the viscosity of polymer solution by
increasing amount of humic acid sodium.This method
enables recovery of sewage reached oilfield reinjection



viscosity standards, with good adsorption thickening
effect, can provide a reference for the field trials.

CONCLUSION

(a) At the 45 C condition, the cationic has great
effect on polymer solution viscosity and order is:
Fe’>Fe’ >Mg”(Ca*")>Na"(K").

(b) The anionic had no effect on the viscosity loss of
polyarcylamide solution, and the main affect viscosity
change factors of polyarcylamide solution were cationic.

(c) The presence of calcium and magnesium ions can
cause polymer flocculation and sedimentation, severely
reducing the viscosity of the polymer solution, and
influence produced water utilization.

(d) This method can effectively remove calcium and
magnesium ions in water with the increase in amount of
humic acid sodium, while humic acid sodium and calcium
and magnesium ions reach equilibrium adsorption rate
does not increase.

(e) Polymer solution viscosity increase significant after
calcium and magnesium ions complexed with humic acid
sodium, can achieve water reinjection viscosity standards,
provide a reference for the field trials.
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