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Abstract

Polyalcohol is an environmentally friendly anti-collapse lubricant commonly
used in water-based drilling fluids. It is generally composed of the single pol-
yether or polyol, but its lubricity and anti-collapse inhibition can’t satisfy the
application of current water-based drilling fluid systems well. Consequently,
the laboratory has carried out research on the anti-collapse lubricant com-
pound polyalcohol. The anti-collapse lubricant samples are mixed with lauryl
polyether, nonylphenol polyether and Tween 80 according to different pro-
portions. The cloud point, the reduction rate of lubrication coefficient and
linear expansion are measured, and the change they caused should be observed.
Then, the optimal ratio is optimized through orthogonal experiments. The re-
sults show that the increase in the content of the three kinds of polyethers re-
spectively enhances the inhibition. When the content of lauryl polyether in-
creases, the cloud point of the anti-collapse lubricant declines and the reduc-
tion rate of lubrication coefficient rises; when the content of nonylphenol poly-
ether increases, the cloud point declines, but it has little effect on the reduc-
tion rate of the lubrication coefficient; when the content of Tween 80 increas-
es, the cloud point rises, and the reduction rate of the lubrication coefficient
first augments and then basically remains unchanged. The best mass ratio of
lauryl polyether:TW-80:nonylphenol polyether is 6:3:4.

Keywords

Polyalcohol, Lubricity, Inhibition, Lauryl Polyether, Nonylphenol Polyether,
Tween 80, Cloud Point

1. Introduction

Polyalcohol [1] is an environmentally friendly anti-collapse lubricant for water-
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based drilling fluids that emerged in the 1980s and 1990s which is generally com-
posed of the single polyether or polyol. The polyether used initially is a random co-
polymer of Ethylene Oxide (EO) and Propylene Oxide (PO) with ethylene glycol as
an initiator, which has a cloud point effect and provides certain lubricity, inhibition
and blocking effect, etc. Polyol type polyalcohol [2] [3], mostly polyethylene glycol,
polyvinyl alcohol, etc., which generally has no Cloud Point (CP) but good inhibi-
tion, is easy to form intermolecular crosslinks and to chelate with formation water
or metal ions in drilling fluids. It has a great impact on drilling fluid function but
soon be eliminated. By contrast, the application of polyether polyalcohol has been
promoted. The increasing difficulty of drilling calls for higher requirements for wa-
ter-based anti-collapse polyether lubricants, especially the requirements for lubric-
ity. Traditional polyalcohol requires the reduction rate of lubrication coefficient
greater than 50% and the reduction rate of linear expansion greater than 15%. How-
ever, the current standard is that the former is greater than 70% and the latter is
greater than 20%. As a result, it is an inevitable trend to study the anti-collapse lub-
ricant compound polyalcohol. This experiment explored the influence of concen-
tration of lauryl polyether, nonylphenol polyether and Tween 80 on the CP, the
reduction rate of lubrication coefficient and linear expansion, and then the changes
of them after mixing are explored. Based on the above procedures, a number of an-
ti-collapse lubricant samples were prepared by the orthogonal experiment method.
Then, the excellent anti-collapse lubricant compound polyalcohol is selected, which

has been used in Changgqing Oilfield and achieved good results.

2. Experimental Materials and Instruments
2.1. Experimental Materials

lauryl polyether (JHCJ-1, industrial reagent, 99%), nonylphenol polyether (JHCL-3,
industrial reagent, 99%), Tween 80 (TW-80, industrial reagent, 99%), sodium car-
bonate (AR) and Bohai drilling bentonite(industrial reagent, 99%), etc.

2.2. Experimental Instruments

beaker, glass rod, electronic balance (ST-02, Maximum is 300.00 g), alcohol ther-
mometer (0 - 100°C), super constant temperature water bath (HH-501/601S, Jiang-
su Jincheng Guosheng Experimental Instrument Factory), frequency conversion
high-speed stirrer (GJS-B12K, Qingdao Haitongda Special Instrument Factory),
cups for high stirring (800 ml), tablet press machine (XCX-16T, Qingdao Haitongda
Special Instrument Factory), extreme pressure lubrication instrument (Fann212, Fa-
nn Instrument Company), room temperature expansion tester (NP-01, Qingdao
Haitongda Special Instrument Factory), multifunctional blast drying oven (101-1,
Qingdao Haitongda Special Instrument Factory).

3. Experimental Methods

3.1. Sample Preparation

Weigh JHCJ-1, JHCL-3 and TW-80 in a beaker according to different mass rati-
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os, and stir evenly.

3.2. Determination of CP

Accurately weigh 1 g sample of anti-collapse lubricant into a beaker, dissolve it
with 100 g distilled water, and stir evenly. Take 5 ml of that into a dry and clean
test tube, which then placed into a super constant temperature water bath, the
liquid level in the test tube should be lower than that of water bath. Constantly
shake the test tube horizontally to make it evenly heated, and measure the tem-
perature of the solution with a thermometer. When the temperature is approach-
ing to the CP, the heating rate should be controlled at 0.1°C/5min. When the onset
of surprising clouding in the solution was noted, and then solution gets clear again
when the temperature drops, the temperature at this time is the CP. The average
value of three parallel determinations is the CP of the sample.

3.3. Determination of the Reduction Rate of Lubrication Coefficient

1) Preparation of base slurry: weigh 2 parts of 16 g sodium bentonite, add them
respectively to 400 ml distilled water, stir at high speed for 5 min. then add 0.86
g sodium carbonate, continue to stir for 15 min, and maintain at room temper-
ature for 24 hours.

2) Preparation of sample slurry: add 2.0 g sample to a cup of prepared base slurry,
and stir at 11,000 r/min for 5 min.

3) Determination of the reduction rate of lubrication coefficient: on the extreme
pressure lubrication instrument, determine the lubrication coefficient of base slurry
K, and the lubrication coefficient K,, of sample slurry according to the method
of use of the instrument. The calculation formula for the reduction rate of the lu-
brication coefficient is as below:

R="10 K0 100
Ko
where R is the reduction rate of the lubrication coefficient (%), K;, is the lu-
brication coefficient of base slurry, K,, is the lubrication coefficient of sample
slurry. In this study, K, is calculated as 0.54. The higher the reduction rate of

lubrication coefficient, the better lubricity.

3.4. Determination of the Reduction Rate of Linear Expansion

Accurately weigh 10.0 g calcium bentonite dried to constant weight at 101°C %
3°C in the measuring cylinder, and keep it on the tablet press machine for 5 min
under the pressure of 4 MPa to get the experimental core. Install the measuring
cylinder with the core on the dilatometer, pour distilled water or 6% sample aqueous
solution into the measuring cylinder and record the expansion height H of the core
soaked in distilled water or sample solution for 8 hours. The calculation formula

for the reduction rate of linear expansion is as below:

_ AH, -AH,

B x100

1
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where B is the reduction rate of linear expansion (%), AH, is the core linear
expansion height after immersed in distilled water for 8 hours (mm), AH, isthe
core linear expansion height after immersed in 6% sample solution for 8 hours
(mm). In this study, AH, is calculated as 9.530 mm. The higher the reduction rate
of linear expansion, the better inhibition.

4. Results and Analysis

4.1. The Influence of Single Agent Concentration on CP, Lubricity
and Inhibition

Prepare the aqueous solutions of JHCJ-1 and JHCL-3 with different mass frac-
tions, and determine the CP according to the experimental method 3.2. The ex-
perimental results are shown in Figure 1. Because the CP of TW-80 is very high,
the error of measuring its CP under normal pressure is relatively large, TW-80
will not be discussed here. According to the methods of 3.3 and 3.4, the reduc-
tion rate of lubrication coefficient and linear expansion with different single con-
centrations were measured. The experimental results are illustrated in Figure 2
and Figure 3.

It's known from Figure 1 that the CP of non-ionic surfactants (NS) JHCJ-1
and JHCL-3 both decline first and then rise with the increase of concentration.
This phenomenon can be explained by the shape of micelles in aqueous solution
changes with concentration [4]. Before the CP reaches the lowest value, the in-
crease of the surfactant concentration only improves the number of micelles, in-
creases the probability of collision and coalescence. Therefore, it is easy to cause
phase separation and reduce the CP. When the shape of the micelle changes
from a spherical shape to a rod shape, the gyration radius of the micelle particles
increases, which improves the viscosity of the solution, consequently, the CP
rises. Figure 2 illustrates that the lubricity of the system increases with the addi-

tion of NS. The longitudinal comparison shows that the lubricity of TW-80 is
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Figure 1. CP change with concentration.
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Figure 2. Change of the reduction rate of lubrication coefficient with concentration.
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Figure 3. Change of the reduction rate of linear expansion with concentration.

the best, followed by JHCJ-1, which is related to the dramatic difference in hy-
drophobic structure. Figure 3 shows the same trend of inhibitory effect about

the system, with JHCJ-1 having the worst performance, and TW-80 and JHCL-3
being similar.

4.2. CP, Lubricity and Inhibition of Anti-Collapse Lubricant
Compound Polyalcohol

Mix JHCJ-1, JHCL-3 and TW-80 in accordance with the mass ratio in Table 1,
and then determine the CP of the sample’s 1% aqueous solution, the reduction
rate of lubrication coefficient with 0.5% addition and the reduction rate of linear
expansion of 6% aqueous solution according to the methods 3.2, 3.3 and 3.4., the

experimental results are respectively shown in Figures 4-6.
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Table 1. Preparation of anti-collapse lubricant compound polyalcohol.

. JHCJ-1:JHCL-3:TW-80 . JHCJ-1:JHCL-3:TW-80
Serial number . Serial number .
(Mass ratio) (Mass ratio)
1-1 1:1:1 2-4 1:4:1
1-2 2:1:1 2-5 1:5:1
1-3 3:1:1 2-6 1:6:1
1-4 4:1:1 3-2 1:1:2
1-5 5:1:1 3-3 1:1:3
1-6 6:1:1 3-4 1:1:4
2-2 1:2:1 3-5 1:1:5
2-3 1:3:1 3-6 1:1:6
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Figure 4. CP change with ratio.
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Figure 5. Change of the reduction rate of lubrication coefficient with ratio.
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Figure 6. Change of the reduction rate of linear expansion with ratio.

Figure 4 shows that when the proportions of other components remain un-
changed, the CP of mixed system declines with the increase proportion of JHCJ-1
or JHCL-3, and rises with the increase proportion of TW-80. It is due to the for-
mer is solubilized in the micellar barrier layer, causing the micelle volume to ex-
pand, thereby reducing the CP of mixed NS. By contrast, the latter reduces the
polarity of the medium by changing the structure of the solvent water. At the same
time, part of the organic matter is adsorbed on the micelle-water interface. Through
its solvation, the micellization of NS is limited, resulting in an increase in the CP
[5]. In addition, the length of the hydrophobic alkyl chain is also effective. For
homologs, the longer the carbon chain of organic, the lower the concentration of
organic required for phase separation of the NS aqueous solution. Therefore, the
relative solubility of NS and other organics in water determines the change in CP
[6].

Figure 5 demonstrates that when the proportions of other components re-
main unchanged, the lubricity of mixed system rises with the increase of the
amount of JHCJ-1, meanwhile, with the increase of the amount of TW-80, the
lubricity of mixed system first rises sharply and then gets stable. JHCL-3 has lit-
tle effect on lubricity. The adsorption model of lubricant on the surface of fric-
tion pair is shown in Figure 7 [7]. The lubricating effect of the lubricant is closely
related to its adsorption group, the strength of boundary film, and the hydropho-
bicity of oil film. JHCJ-1, TW-80, and JHCL-3 are all alkyl alcohol polyether lub-
ricants, and the adsorption groups are ether bonds and hydroxyl groups, so the
lubricating ability mainly depends on the number of hydrophobic alkyl chains
and adsorption groups. For the homologous organics, the increase in the chain
length of oily molecules is conducive to the lubrication of the metal surface.
When the number of carbon atoms in the chain improves to 16 - 18, the influence
of the chain length basically disappears. After that, even if the carbon chain grows,
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Figure 7. Adsorption model.

the lubricating ability of organics will be reduced. With the increase of carbon
atoms, the HOMO energy level rises, the LUMO energy level declines, the dif-
ference between two energy levels gradually decreases, the interaction force be-
tween molecules increases, the molecules will be more closely arranged, and the
cohesion will also be enhanced. So, the bearing capacity of the surface adsorption
film becomes stronger, which is more conducive to reducing friction [8]. The rigid
group in the hydrophobic chain of JHCL-3 contributes little to the lubricating
ability of the molecule. Therefore, the hydrophobic chain in JHCL-3 can be re-
garded as containing only 9 carbon atoms, that is to say the lubricity of JHCJ-1 is
better than that of JHCL-3. TW-80 and JHCJ-1 are not completely homologous,
but the long chain structure, 18 carbon atoms, and high CP phenomenon of TW-80
indicates that TW-80 has strong hydrophobic chain and high polarity, so TW-80
is lubricated better than JHC]J-1. At the same time, due to the long hydrophobic
chain of TW-80, it is not easy to enter the gap of the extreme pressure friction
surfaces. As a result, the excellent lubricating performance of TW-80 cannot be sh-
own with the increase in dosage, and the strong foaming ability of TW-80 has a
negative effect.

Figure 6 indicates that when the proportions of other components remain un-
changed, the inhibition of mixed system rises with the increase of NS addition,

which is consistent with the previous results.

4.3. Optimum of Anti-Collapse Lubricant Compound Polyalcohol

Through the above experiments, we have recognized the respective effects of three
non-ionic surfactants on the CP, lubricity and inhibition of the mixed system.
The composite polyalcohol sample was prepared by orthogonal experiment method,
the CP of the sample’s 1% aqueous solution, the reduction rate of lubrication coef-
ficient with 0.5% addition and linear expansion of 6% aqueous solution were
measured, and results are shown in Table 2. Summary and analysis for the prima-
ry and secondary factors affecting performance to find the best mixing ratio to de-
termine the best formula are done.

The choice of the CP range, when applying polyalcohol in the field, is related
to the down-hole temperature, and the suitable CP temperature is generally be-
tween 30°C and 70°C. Therefore, the assessment indicators in this orthogonal

experiment mainly consider the reduction rate of lubrication coefficient and linear
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expansion, CP just for reference. From Kj;, it can be concluded that A,B,C;,
A;B;Cs, A3B,C; and A;B;C; are good, that is, the mass ratios of JHCJ-1, TW-80
and JHCL-3 are 5:2:4, 5:3:4, 6:2:4 and 6:3:4.

According to the optimal formula of the orthogonal experiment, the an-
ti-collapse lubricant composite polyalcohol was measured and results are shown
in Table 3.

The technical requirements of the lubricating polyalcohol treatment agent for
drilling fluids in Changqing Oilfield requires a CP is 30°C - 50°C, a reduction rate
of lubrication coefficient greater than 70%, and a reduction rate of linear ex-
pansion greater than 20%. The data of the above optimal formula fully meets

Table 2. Orthogonal experiment scheme and result analysis.

=
“Ratio coefficient
.

~
~
~
~

Number JHCJ-1
1 4
2 4
3 4
4 5
5 5
6 5
7 6
8 6
9 6
K 207.4/99.8
K 214.8/122
K 207.4/128.3
K 69.1/33.3
Ky 71.6/40.7
K 69.1/42.8
R 2.5/9.5

Factors Experimental results
TWB0JHOL ORI e ent /% Tinear xpansion
1 2 36.6 64.8 30.9
2 3 46.8 72.2 329
3 4 62.5 70.4 36.0
1 3 36.4 66.7 37.4
2 4 42.2 75.9 42.6
3 2 57.5 72.2 42.0
1 4 34.2 64.8 429
2 2 44.7 70.4 41.3
3 3 56.3 72.2 44.1

196.3/111.2  207.4/114.2

218.5/116.8  211.1/114.4
Note: Kjrepresents the sum of 3 test results corresponding

214.8/122.1  211.1/121.5 t6 jlevel in the j column, specifically expressed as the sum of
65.4/37.1 69.1/38.7  the reduction rate of lubrication coefficient/the sum of the

reduction rate of linear expansion; Kj; = Kj/3
72.8/38.9 70.4/38.1

71.6/40.7 70.4/40.5

7.4/3.6 1.3/2.4 R, = K;;(max) - K;;(min)

Table 3. The performance of optimal formula anti-collapse lubricant composite polyalcohol.

Reduction rate of lubrication Reduction rate of linear
Formula CP/°C

coefficient/% expansion/%
A2B2Cs 43.4 74.1 45.7
A2BsCs 45.2 76.9 47.6
AsB2Cs 41.6 75.2 45.9
A3B3Cs 44.4 78.5 48.2
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the requirements of Changqing Oilfield, among which A;B;C; formula is the
best.

4.4. The Mechanism of Anti-Collapse Lubricant
Compound Polyalcohol

Through the above research, it is obvious that the lubricity and inhibition of the
anti-collapse lubricant compound polyalcohol is definitely better than that of sin-
gle traditional polyether. Compared with the latter, the former has a 20% - 30%
increase in the reduction rate of lubrication coefficient and a 30% - 35% increase
in the reduction rate of linear expansion, which is doubled. The wide use of pol-
yalcohol benefits from the ability to take into account the lubricity and inhibi-
tion of water-based drilling fluids, which are not available in other water-based
lubricants. The lubricity and inhibition of polyalcohol are inevitably associate
with the hydrophobic chain structure of NS, the proportion of EO and PO, mo-
lecular weight and cloud point effect are inevitable [9]. The hydrophilic group is
adsorbed on the clay particles or the friction surface, and the hydrophobic group
is stretched outward to form a strong oil film. There are synergistic and intermo-
lecular effects among the three polyethers, and these kinds of effect increase the
power of the hydrophobic oil film, simultaneously, the intermolecular interaction
allows more TW-80 to enter the narrow working range, which makes the oil film

more lipophilic, thus showing better performance.

5. Application of Anti-Collapse Lubricant
Compound Polyalcohol

According to the A3;B;C; formula, Jingzhou Xuecheng Industrial Co., Ltd. uses
industrial materials and water to produce anti-collapse lubricant compound poly-
alcohol, and the product used in Changging Oilfield in March 2021 and Sep-
tember 2021 reaches 2000 tons. When the addition is 1% in drilling fluid of Chang-
qing Oilfield, the drilling fluid torque decreases from 42 kN-m - 46 kN-m to 15
kN-m, the rheology is basically unchanged, the mud cake is thin and tough, the
cuttings particles are large, and the edges and corners are clear. The product was
tested in Tianjin Petroleum Industry Oil Well Cement and Admixtures Quality
Supervision and Testing Center, the results and conclusion are respectively shown
in Figure 8 and Figure 9. All the indicators meet the requirements of Jingzhou
Xuecheng Q/JZXC 008-2019.

6. Conclusions

1) The CP temperature of JHCJ-1 and JHCL-3 declines first and then rises as
the concentration increases. This discovery can provide a range of concentration
options for the field application of the cloud point effect.

2) The lubricity and inhibition of the single-agent rise with the increase of the
concentration. The lubricity of TW-80 is the best when the mass fraction is the

same; the inhibition of TW-80 is best when the mass fraction is less than 6%,
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Figure 9. Product inspection conclusion.

and the inhibition of JHCL-3 is best when the mass fraction is more than 6%.
This discovery can provide research directions for finding more excellent lubri-
cants and inhibitors.

3) In the ternary mixed system, when the ratio of the other two non-ionic
surfactants is unchanged, the increase of JHCJ-1 or JHCL-3 will reduce the CP of
the mixed system, and the increase of TW-80 makes the CP of the mixed system
rises. The increased amount of JHCJ-1 improves the lubricity of the mixed sys-
tem, JHCL-3 has a small effect on the lubricity of the mixed system, and the in-
creased amount of TW-80 improves the lubricity at first and then basically re-
mains unchanged. Finally, the addition of the three kinds of NS was increased,
causing the improvement of inhibition of the mixed system.

4) According to the optimal formula selected by the orthogonal experiment,
the performance of the polyalcohol product formulated with A;B;C; fully meets
the technical requirements of the lubricating polyalcohol treatment agent for drilling
fluids in Changgqing Oilfield and the standard requirements of Q/JZXC 008-2019
of Jingzhou Xuecheng Industrial, Co., Ltd. During field application, the drilling fluid
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torque is significantly reduced, the rheology is not affected, the mud cake is thin

and tough, and the drilling cuttings have sharp edges and corners.
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