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New shale hydration inhibitors adapted to the downhole conditions

Nowe inhibitory hydratacji skat ilastych dostosowane do warunkéw otworowych

Grzegorz Zima

Oil and Gas Institute — National Research Institute

ABSTRACT: The subject of the paper is the application of polyol compounds as active shale formation hydration inhibitors in drilling
muds as the result of permanent interest from the industry in the use of this type drilling mud systems. Due to opportunity of precise
compounds selection ensuring optimum properties of the drilling mud under specific down hole conditions, new agents have been de-
veloped that work effectively in a wider temperature range experienced in borehole conditions. The paper describes laboratory research
carried over polyols that haven’t been used in drilling fluids technology yet but may ensure optimal inhibition properties in the wide
temperature range. Compounds belongs to polyglycols category like ethylene oxide or copolymers of ethylene oxide and propylene
oxide with different molecular weight, are widely use so far. However, in the presented discussion other agents were used, which are
products of ethoxylation and propoxylation of long-chain hydrocarbon fatty alcohols (10 and more carbon atoms). The main test that
can prove drilling mud inhibitory properties is active shale dispersion investigation, routinely carried in ambient conditions. As part of
the additional tests carried out, the influence of the inhibitors used on the active shale dispersion under elevated temperature conditions
was determined in order to confirm the inhibitory properties of these agents in near-down hole conditions. Near down hole conditions
test was also carried out on drilling muds containing polyols group compounds, ie resistance test to contamination with ions of diva-
lent metals (Ca*" and Mg”"), solid phase contamination (milled Miocene shale pretending drill cuttings) and increased temperature.
Investigations were also carried out on clouding of polyol solutions in 7% KCI solution. The acquired results indicate that chemical
compound presence of the hydrophobic chain derived from fatty alcohol in the molecule further increases the effectiveness of the rock
hydration inhibitor. The results obtained during the study allowed for a better understanding of the inhibition mechanism of these agents
on the active shale. The new rock hydration inhibitor developed as part of the work can be used in industrial conditions.
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STRESZCZENIE: Przedstawiona w artykule tematyka dotyczy zastosowania w ptuczkach wiertniczych zwigzkow z grupy polioli jako
inhibitorow hydratacji skat ilastych i jest wynikiem cigglego zainteresowania ze strony przemystu wykorzystaniem tego typu ptuczek.
Ze wzgledu na mozliwos¢ bardziej precyzyjnego doboru zwigzkéw zapewniajacych optymalne wiasciwosci ptuczki w okreslonych wa-
runkach otworowych — opracowano nowe $rodki dziatajace efektywnie w szerszym zakresie temperatur wystepujacych w warunkach
otworowych. W niniejszym artykule opisano badania laboratoryjne nad doborem dotychczas niestosowanych w technologii pluczko-
wej polioli, ktore zapewnig uzyskanie optymalnych wlasciwosci inhibicyjnych ptuczek wiertniczych w szerokim zakresie temperatury.
Dotychczas wykorzystywane $rodki z tej grupy to tzw. poliglikole, bedace polimerami tlenku etylenu lub kopolimerami tlenku etyle-
nu i tlenku propylenu, réznigce si¢ masg czasteczkowg. Natomiast w przedstawionych badaniach uzyto dodatkowo innych srodkow,
ktore sg produktami etoksylowania i propoksylowania alkoholi o dtugich tancuchach weglowodorowych (10 i wigcej atomow wegla).
Gltownym badaniem potwierdzajacym inhibicyjne wlasciwosci ptuczek jest badanie dyspersji skaty ilastej, standardowo przeprowa-
dzane w warunkach otoczenia. W ramach wykonanych dodatkowo badan okreslono wptyw uzytych inhibitoréw na dyspersje¢ skaty ila-
stej w warunkach podwyzszonej temperatury celem potwierdzenia wtasciwosci inhibicyjnych tych srodkow w warunkach zblizonych
do otworowych. Przeprowadzono réwniez badania ptuczek zawierajacych zwiazki z grupy polioli w warunkach otworopodobnych, tj.
wykonano badania odpornosci tych phuczek na skazenie jonami metali dwuwartosciowych (Ca®" i Mg”"), skazenie fazg stalg (zmielo-
nym tupkiem miocenskim, imitujacym zwierciny) oraz dziatanie podwyzszonej temperatury. Wykonano réwniez badania temperatury
mg¢tnienia roztworow polioli w 7-procentowym roztworze KCl. Uzyskane wyniki badan wskazujg, ze obecnos¢ w czasteczce zwigzku
chemicznego tancucha hydrofobowego pochodzacego od alkoholu ttuszczowego dodatkowo zwigksza efektywnos$¢ dziatania inhibitora
hydratacji skat. Wyniki otrzymane podczas badan pozwolity na lepsze zrozumienie mechanizmu inhibicyjnego dziatania tych $rodkow
na skaly ilaste. Opracowany w ramach pracy nowy inhibitor hydratacji skal moze znalez¢ zastosowanie w warunkach przemystowych.

Stowa kluczowe: ptuczka wiertnicza, inhibitor hydratacji, poliglikol, poliol, tupek ilasty.
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Introduction

Glycol — potassium and triple — inhibited drilling muds are
currently one of the most commonly used in industrial conditions
in the country. The component of both above mentioned drilling
mud systems that controls inhibition properties is polyols-type
compound. Polyglycols are type of most frequently used com-
pounds which are most often polymers obtained by the polym-
erization of ethylene oxide or copolymers of ethylene oxide and
propylene oxide. In the research presented herewith, an attempt
was made to pick up those polyols not used in the drilling mud
technology so far, which will ensure optimal inhibition proper-
ties of drilling fluids in a wide temperature range. This type
compounds show a decrease in solubility as temperature rises,
which is manifested of their aqueous solutions when becomes
turbid. The cloud point of the polyol compounds depends on
the salinity of the solution. For higher mineralization the cloud
point temperature gets lower. The selected agents were tested
in the drilling fluid compositions to confirm their inhibitory
properties and to determine their influence on drilling fluid
properties such as filtration and rheological parameters. The
obtained research results allowed to develop an effective rock
hydration inhibitor, which is characterized by efficient operation
over a wide temperature range. The new agents selected based
of laboratory tests may be applied in drilling mud systems in
order to provide optimal inhibitory properties.

Theoretical discussion

Drilling fluids action that arrest hydration process of shale
formation can be explained as diffusion process of polyglycol
particles born in high temperature and salinity in to rock pores
which binding polyglicol with active shale using hydrogen bonds.
The polyglycol leaks into the rock pores and displaces water
from them thus limit their hydration. It creates adsorption film on
the rock surface as well thus limits hydration rate. An important
role in the inhibition process using polyglycol is also played by
K" ions due to the synergy with polyglycol (Aston and Eliot,
1994; Reid et al., 1995; Bielewicz and Bortel, 2000; Queiroz
and Santos, 2000; Balaban et al., 2015; Jasinski, 2015, 2016).

Chemical compounds containing a polyether chain in their
structure which is a condensation product of ethylene oxide and
propylene oxide are classified as non-ionic surfactants. Such
compounds may be formed as a result of the condensation of
ethylene oxide and propylene oxide or their condensation with
compounds having an active hydrogen atom, such as alcohols and
carboxylic acids (Ogonowski and Tomaszkiewicz-Potempa, 1999).

In aqueous solutions such products obtain a weak cationic
character, which is related to the possibility of hydrogen bonds
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creation between the oxygen atoms of ethoxy groups and water
molecules. This phenomenon is also responsible for the good
solubility of these compounds in water. A characteristic feature
of these surfactants is the reduction of their solubility in water
as temperature rising. The solubility reduction is manifested
by the turbidity of their aqueous solutions and is associated
with a decrease in the stability of oxonium hydroxides. The
addition of electrolytes also helps to solubility reduction. The
cloud point is one of the measures characterizing this type of
surfactants (Ogonowski and Tomaszkiewicz-Potempa, 1999;
van Oort, 2003; Villabona-Estupinan et al., 2017).

Authors of the publication (Gholami et al., 2018) define
drilling muds based on glycol as “thermally activated mud emul-
sion” (TAME). This name refers to the mechanism of inhibitory
affecting of polyglycol on active shale, which is released in the
form of microdroplets under borehole conditions (temperature
and salinity) and plays the role of a barrier that restricts the de-
structive water influence on formation. Synergy of polyglycols
and their derivatives containing hydrophobic groups with KCI1
was confirmed by the authors (Villabona-Estupinan et al., 2017)
in rock crumb dispersion tests and inhibition of bentonite suspen-
sions based on measurements of their rheological parameters.

In the paper (Samaei and Tahmasbi, 2007; Khodja et al.,
2010) the authors draw attention to a significant increase in the
drilling rate of penetration while using a glycol based drilling
mud and its excellent inhibitory properties. Another type of
chemical compounds used as active shale formation hydration
inhibitors may be alkoxylated glycerol derivatives (Ferreira
et al., 2016). The authors of the publication indicate similar
properties of these chemical compounds to polyols when used
as geological formation hydration inhibitors. These compounds
also present a synergy with KCI1 and the mechanism of action
is the same as polyglycol. The polyglycols ability to reduce the
hydration of clay formation was also confirmed by the authors
(Balaban et al., 2015) by measuring the capillary suction time
and swelling of clay formation. Chemical compounds being
the part of polyols group as components of drilling mud may
also restrain drilling induced formation fractures and support
mechanical stability of the wellbore (van Oort E. et al., 1997;
Taugbol et al., 2005; Zamora et al., 2013; Zhang et al., 2015;
He at al., 2016; Kazemi-Beydokhti and Hajiabadi, 2018).

The authors (Xu et al., 2018; Razali et al., 2018) recommend
a combination of polyglycol and nanosilica as an effective in-
hibitor of hydration of active shale formation. Polyglycol makes
a barrier to the penetration of water on the surface of the rock,
while nanosilica penetrates into the pores of rocks displacing
filtrate. As solution of problem with swelling shales there is
another interesting combination of polyglycols and natural rub-
ber latex as drilling fluid components (Xu et al., 2017). The use
of latex, which is a copolymer of styrene, n-butyl acrylate and



2% acrylic acid in a glycol drilling mud
positively affects the inhibitory proper-
ties and improve lubricating properties.
The other important application of
polyol compounds in drilling fluids is
related to their ability to adsorb on metal
surface. These chemical compounds
have the ability to reduce the coeffi-
cient of friction on the metal-metal and
metal-rock contact (Akram et al., 2016;
Aziz et al., 2016; Luyster et al., 2016;
Jasinski, 2017; Sayindla et al., 2017,
Xiao et al., 2017; Zhao et al., 2017;
Zhu et al., 2017; Kania et al., 2018).
Propylene oxide polymers have the abil-
ity to reduce the coefficient of friction,
the most effective was polypropylene
glycol with the lowest molecular mass of
200 u. The authors indicate the decisive
influence of the number of OH groups in
relation to lubricating properties.
Therefore, the polymers with the

lowest molecular mass due to the highest
amount of OH groups result in the most ef-
fective reduction of the coefficient of friction.
The optimal pH number to achieve desired
lubricating properties of the drilling mud is 8.

Research on polyol’s cloud point

used in studies

Table 1. Properties of polyols used in tests
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Tabela 1. Wlasciwosci polioli uzytych do badan
g:“::‘:rl;’:;z Cloud Point
Molecular . temperature
Name used Available chemical mass measuredin | o edin
in the structure description water/dibutylo- water
paper glicol solution
[g/mol] [°C] [°C]
p(]))lillgll)lllcgol - no data no data no data
P600 polyoxyethylen glycol, approx. 600 - -
block copolymer of ethylene 17-20
R2100 oxide and propylene oxide approx. 2000 no data (10% dilution)
block copolymer of ethylene
R2600 oxide and propylene oxide approx. 2600 approx. 38 16-20
polyoxyalkylene glycol ether
OL200 of fatty alcohol approx. 680 approx. 43 approx. 21
polyoxyalkylene glycol ether
0L2024 of fatty alcohol approx. 680 approx. 45 2024
polyoxyalkylene glycol ether »
OL700 of fatty alcohol approx. 540 approx. 56 20-24
Emulsifier castor-oil ethoxylate approx. 2030 - -

roztworze KCl

Table 2. Polyols turbidity measurements results in 7% KCI solution

Tabela 2. Wyniki pomiaréw temperatury metnienia polioli w 7%-owym

Name

Available chemical
structure description

Cloud Point
temperature measured
in 7% KClI solution

[°C]

drilling polyglycol — 4%

remains clear up to. 95°C

Six agents from the group of polyols and
an emulsifier were selected for the tests. The

basic properties specified by the manufacturer

are listed in Table 1.
The cloud point temperature was taken in

7% KCI solution which corresponds to KCI
concentration in drilling mud. Polyol’s inhibi-

tors were added to the solution in the amounts
corresponding to those used in the drilling

mud compositions. For most solutions turbid-

ity initiation was observed at 20-23°C already.
However, for the drilling polyglycol (polglycol

used in the preparation of drilling muds) and
P600, the cloud point in the range of 20-95°C

was not determined. In the case of OL2024
agent it was observed as a film on the surface

of the KCI solution after about 15 minutes.

Turbidity test results are summarized in Table 2.

P600 — 4% 21(; gogjgginpgé}g(lﬂz’ remains clear up to. 95°C
block copolymer of ethylene .
— 40 o,
R2100-4% oxide and propylene oxide cloudy in 20°C
block copolymer of ethylene .
— 49 o
R2600—4% oxide and propylene oxide cloudy in 20°C
40 polyoxyalkylene glycol ether . o
OL200 — 4% of fatty alcohol cloudy in 20°C
10 polyoxyalkylene glycol ether Ao
012024 — 4% of fatty alcohol cloudy in 20°C
40 polyoxyalkylene glycol ether . o
OL700 — 4% of fatty alcohol cloudy in 20°C
_ 70
enfﬁlls(i)ger 3 ﬁ/ described above cloudy in 20°C
- 0
_ 120
erijfs (i)f(i)er 3 f)o/ described above cloudy in 20°C
- o
_ 70
ergll;liiof?er 3 ﬁ o described above 23
- (4
_ 1o
e?nljs(;é‘e‘r 31/00/ described above cloudy in 20°C
- 0
_ 10,
OL700 = 3% described above cloudy in 20°C

emulsifier — 1%
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Since most of the agents tested showed a tendency to light
turbity at low temperatures, good inhibiting properties should
be expected in the temperature range 20—100°C.

Research on the inhibitory properties of drilling
fluids with the addition of polyols

The results of dispersion analysis of the Miocene shale
formations (Table 3, Figures 1-3) confirm good efficiency of
rock hydration inhibition for all tested drilling muds containing
polyols without the addition of PHPA. Shale recovery in drilling
mud reaches values close to 100% (P1 =90 — 100%) at 20°C.
The P, values of drilling muds are 65-75%, where the most
effective agents were OL2024 and OL200 with the addition of
an emulsifier. The least effective agent (P, = 50%) turned out to
be a drilling polyglycol. The addition of the emulsifier does not
affect the dispersion values so favorably at higher temperatures.
The OL2024 is the most effective without the addition of an
emulsifier at 80°C. Also OL200 shows high efficiency at this
temperature. Additionally, the results of dispersion studies are
documented on Figures 4—15.

Table 3. Inhibitory properties of drilling mud based on starch
agent and XCD polymer, containing calcium carbonate and 7%
KCI with addition of 4% polyols based on measurements of
Miocene shale dispersion at 20, 50 and 80°C

Tabela 3. Wtasciwosci inhibicyjne pluczek wiertniczych na osno-
wie $rodka skrobiowego i XCD, zawierajacych blokator weglano-
wy 1 7% KCl z dodatkiem 4% polioli na podstawie pomiaréw dys-
persji tupka miocenskiego w temperaturach 20, 50 i 80°C

Drilling Mud Formula Miocene shale recovery
Biocyd after dispersion
Starch Agent [Ye]
XCD Polymer o o o
KCl 20°C 50°C 80°C
Calcium carbonate P, P, P, P, P, P,
+ Drilling Polyglycol 90 50 90 48 70 38
+OL700 9 | 70 94 | 70 80 | 48
+OL200 9% | 74 96 76 82 54
+O0L2024 92 74 96 70 | 92 64
+P600 94 70 90 | 66 | 68 24
+ P600
Emulsifier 96 74 94 | 70 | 92 54
*R2100 9 | 68 | 94 | 66 | 92 | 46
Emulsifier
+OL200 o4 | 78 | 94 | 74 | 92 | 52
Emulsifier
+OL2024 9 | 78 | 96 | 76 | 92 | 54
Emulsifier
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W P2 —temp. 20°C

H P1-temp. 20°C
0L200 - 3%, emulsifier — 1%

0L2024 - 3%, emulsifier — 1%
P600 — 3%, emulsifier — 1%
R2100 - 3%, emulsifier — 1%
P600 — 4%

OL700 - 4%

0L200 - 4%

0L2024 - 4%

drilling polyglycol — 4%

0 20 40 60 80 100

Fig. 1. Miocene shale dispersion results in the drilling muds con-
taining various polyols at 20°C

Rys. 1. Wyniki analizy dyspersyjnej tupka miocenskiego w $rodo-
wisku ptuczek zawierajacych rézne poliole w temperaturze 20°C

M P2 -temp.50°C ™ P1-temp.50°C
0L200 - 3%, emulsifier — 1%
0L2024 - 3%, emulsifier — 1%
P600 — 3%, emulsifier — 1%
R2100 - 3%, emulsifier — 1%
P600 - 4%

OL700 - 4%

0L200 - 4%

0L2024 - 4%

drilling polyglycol — 4%

T T T T

20 40 60 80 100

o

Fig. 2. Miocene shale dispersion results in the drilling muds con-
taining various polyols at 50°C.

Rys. 2. Wyniki analizy dyspersyjnej tupka miocenskiego w $rodo-
wisku ptuczek zawierajacych rézne poliole w temperaturze 50°C

W P2 -temp.80°C M P1-temp.80°C

0L200 - 3%, emulsifier — 1%
0L2024 - 3%, emulsifier — 1%
P600 — 3%, emulsifier — 1%
R2100 - 3%, emulsifier — 1%
P600 - 4%

OL700 - 4%

0L200 - 4%

0L2024 - 4%

drilling polyglycol — 4%

0 20 40 60 80 100

Fig. 3. Miocene shale dispersion results in the drilling muds con-
taining various polyols at 80°C

Rys. 3. Wyniki analizy dyspersyjnej tupka miocenskiego w $rodo-
wisku ptuczek zawierajacych rézne poliole w temperaturze 80°C



Fig. 4. Miocene shale recovery after dispersion at 80 °C in drilling
mud containing 4% OL700 (drilling mud 2, tab. 3)

Rys. 4. Odzysk tupka miocenskiego po dyspersji w temperaturze
80°C w ptuczce zawierajacej 4% OL700 (ptuczka 2, tab. 3)

[ n

k 1
Fig. 5. Miocene shale recovery after dispersion in water at 80°C
after earlier dispersion in drilling mud containing 4% OL700 (dril-
ling mud 2, tab. 3)
Rys. 5. Odzysk tupka miocenskiego po dyspersji w wodzie w tem-
peraturze 80°C po wczesniejszej dyspersji w ptuczce zawierajacej
4% OL700 (pluczka 2, tab. 3)

Fig. 6. Miocene shale recovery after dispersion in drilling mud at
80 °C, mud containing 4% OL200 (drilling mud 3, tab. 3)

Rys. 6. Odzysk tupka miocenskiego po dyspersji w ptuczce w tem-
peraturze 80°C ptuczki zawierajacej 4% OL200 (ptuczka 3, tab. 3)

k|

e

Fig. 7. Miocene shale recovery after dispersion in water at 80°C
after previous dispersion in drilling mud containing 4% OL200
(drilling mud 3, tab. 3)

Rys. 7. Odzysk tupka miocenskiego po dyspersji w wodzie w tem-
peraturze 80°C ptuczki zawierajacej 4% OL200 (ptuczka 3, tab. 3)

artykuty
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Fig. 8. Miocene shale recovery after dispersion in drilling mud at
80°C the drilling mud containing 4% OL2024 (drilling mud 4, tab. 3)
Rys. 8. Odzysk tupka miocenskiego po dyspersji w ptuczce w tem-
peraturze 80°C pluczki zawierajacej 4% OL2024 (ptuczka 4, tab. 3)

Fig. 9. Miocene shale recovery after dispersion at 80°C in water
after previous dispersion in drilling mud containing 4% OL2024
(drilling mud 4, tab. 3)

Rys. 9. Odzysk tupka miocenskiego po dyspersji w wodzie w tem-
peraturze 80°C pluczki zawierajacej 4% OL2024 (pluczka 4, tab. 3)

Fig. 10. Miocene shale recovery after dispersion in drilling mud at
80 C the drilling mud containing 4% P600 (drilling mud 5, tab. 3)

Rys. 10. Odzysk tupka miocenskiego po dyspersji w ptuczce w tem-
peraturze 80°C ptuczki zawierajacej 4% P600 (ptuczka 5, tab. 3)

[
Fig. 11. Miocene shale recovery after dispersion at 80°C in water
the drilling mud containing 4% P600 (drilling mud 5, tab. 3)
Rys. 11. Odzysk tupkua miocenskiego po dyspersji w wodzie
w temperaturze 80°C ptuczki zawierajacej 4% P600 (ptuczka 5,
tab. 3)

Nafta-Gaz, nr 12/2019 755



NAFTA-GAZ

Fig. 12. Miocene shale recovery after dispersion at 80°C

in drilling mud, the drilling mud containing 3% R2100

and 1% emulsifier (drilling mud 7, tab. 3)

Rys. 12. Odzysk tupka miocenskiego po dyspersji w ptuczce
w temperaturze 80°C pluczki zawierajacej 3% R2100

i 1% emulgatora (pluczka 7, tab. 3)

Fig. 13. Miocene shale recover after dispersion at 80°C

in water after previous dispersion in drilling mud containing
3% R2100 and 1 % emulsifier (drilling mud 7, tab. 3)

Rys. 13. Odzysk tupka miocenskiego po dyspersji w wodzie
w temperaturze 80°C ptuczki zawierajacej 3% R2100

i 1% emulgatora (ptuczka 7, tab. 3)

Fig. 14. Miocene shale recovery after dispersion at 80°C
in drilling mud, the drilling mud containing 3% OL2024
and 1% emulsifier (drilling mud 9, tab. 3)

Rys. 14. Odzysk tupka miocenskiego po dyspersji w ptuczce
w temperaturze 80°C ptuczki zawierajacej 3% OL2024
i 1% emulgatora (ptuczka 9, tab. 3)

Fig. 15. Miocene shale recovery after dispersion at 80°C
in water, the drilling mud containing 3% OL2024 and

1% emulsifier (drilling mud 9, tab. 3)

Rys. 15. Odzysk tupka miocenskiego po dyspersji w wodzie
w temperaturze 80°C ptuczki zawierajacej 3% OL2024

i 1% emulgatora (ptuczka 9, tab. 3)

The study of changes in rheological parameters of drilling logical parameters of the drilling muds with the addition
muds under the influence of temperature carried out with the of the selected agent OL2024 are shown graphically in the
OFITE 77 viscometer confirmed the stability of developed form of the Plastic Viscosity (Fig. 16) and the Yield Point
drilling muds in temperature range of 20-100°C. The rheo- (Fig. 17) against temperature graph. Polymer did not degrade

40
40 I I [T T 1
:"; ‘ —e— heating +coo|ing‘ = ‘ —o—heating —#—cooling ‘
8 30 ‘k & 30
< 1S
je) —_—
2 \ >
& 20 —— z
> — e — = o~y
g S w‘::‘:%
3 2 —
S 10 S 10
£ &
) o
20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100
Temperature [°C] Temperature [°C]

Fig. 16. Plastic Viscosity of the drilling mud with the addition of Fig. 17. Yield Point of the drilling mud with the addition of 4%

4% OL2024 versus temperature in the range of 20—100°C OL2024 versus temperature in the range of 20—100°C
Rys. 16. Wykres zmian lepkosci plastycznej ptuczki z dodatkiem Rys. 17. Wykres zmian granicy ptynigcia ptuczki z dodatkiem 4%
4% OL2024 w zalezno$ci od temperatury w zakresie 20—100°C 0OL2024 w zalezno$ci od temperatury w zakresie 20—100°C
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during test. But after cooling the rheological parameters
of all drilling mud returned to their initial values and no
significant differences were observed in the drilling mud
heating and cooling plots. There were also no differences in
the thermal stability of drilling fluids containing additives
of different polyols.

Conclusions

1. Research results have allowed for the selection of new
rock hydration inhibitor agents for drilling fluids which
show higher efficiency than the currently used drilling
polyglycol.

2. The newly developed agents are chemical compounds of
the general formula RO (CH, CH, O), (CH (CH;) CH, O),
H, where R is a hydrophobic aliphatic chain derived from
fatty alcohol. These agents are described in the paper as
OL200 and OL2024. The first of them is a branched hydro-
carbon chain and the other is a straight one. The OL200 and
0OL2024 agents show particularly effective performance in
the area of active shale formation hydration restriction in
elevated temperatures, ie. approx. 80°C.

3. The P600, which is characterized by high efficiency at
20°C, shows a significant decrease as the temperature rises.
Similar phenomena is observed in drilling mud containing
drilling polyglycol. This indicates the regularity that agents
that do not have a cloud point significantly reduce their
inhibition efficiency with increasing temperature. This al-
lows to formulate hypothesis that at lower temperatures the
mechanism associated with the adsorption of polyols on the
surface of minerals by means of hydrogen bonds is mainly
responsible for the inhibition of rock hydration. At higher
temperatures there is a mechanism to create a hydrophobic
barrier for water molecules by the emerging microdroplets
of polyols. The use of OL2024 as a hydration inhibitor for
active shale formation is optimal solution in field condi-
tions because it shows high efficiency in a wide range of
down hole temperatures. When drilling the well, at lower
temperatures (up to 50°C) it is advisable to add emulsifier
to OL2024 in the amount of 1% while at greater depths at
higher temperatures the addition of this agent should be
discontinued.

This paper was written on the basis of the statutory work en-
titled: Rock Hydration Inhibitor based on polyol compositions
adjusted to borehole conditions — the work of the Oil and Gas
Institute — National Research Institute was commissioned by the
Ministry of Science and Higher Education; order number: 0016/
KW/2018, archive number: DK-4100-0016/2018.

artykuty
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