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Abstract

Results of the study of a multifunctional acid composition GBC-F based on surfactants, polyol, an adduct of
inorganic acid and carbonic acid diamide are presented. The dissolving ability of the acid composition in concen-
trated and diluted forms in relation to terrigenous and carbonate rocks, quartz and pyrite was studied. The use
of the GBC-F composition was determined to cause different dissolving effects on the rocks of different types. It
is shown that concentrated or diluted GBC-F affects the rocks to different extents: quartz and pyrite dissolved
better in the diluted solution of the acid composition, while the use of concentrated GBC-F (the liquid commercial
form) had the maximum effect when dissolving carbonate rock. In the study of terrigenous reservoir, rock solubil-
ity in the concentrate of GBC-F during the first hours was better than in the diluted solution, but after soaking
for 24 h the values became equal.
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INTRODUCTION has some disadvantages, such as intense precipi-
tation, insufficiently complete interaction of the
components of acid compositions with the min-
eral compounds of rocks over the whole pore
space volume, the poor permeability of aqueous
acid solutions non-uniform treatment of the well-
bore zone and the remote reservoir areas [6—8].
Some of these disadvantages can be overcome
through the integral action of acid and other
methods on the bottom-hole zone, for example,
by using surfactants to decrease the surface ten-

One of the urgent problems faced by the oil
industry is an increase in the proportion of hard-
to-recover reserves in the overall structure of oil
resources [1—3]. Efficiency of the development of
low-productive pools and completeness of hard-
to-recover reserve extraction are directly de-
pendent on the state of bottom-hole areas, so
that affecting this area is considered to be the
main method to enhance the efficiency of reser-
voir production [4, 5]

Among the versions of bottom-hole area treat- sion at the interface. The variability of the inte-
ment, the most efficient method is the acid treat- gral approach is broad, and efficiency requires a
ment of reservoirs. The essence of this kind of thorough investigation of each specific case. For
treatment is rock dissolution and the formation of  this reason, development of new acid composi-
a network of microchannels. In spite of its effi- tions and improvement of the existing ones by
ciency, the acid treatment of bottom-hole areas preparing the complexes of multidirectional ac-
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tion remain in the range of urgent problems re-
lated to oil production.

For the technologies of enhanced oil recovery
and intensification of oil production at the oilfields
with terrigenous reservoirs, a new acid composi-
tion GBC-F of prolonged action was developed on
the principles of green chemistry with the appli-
cation of deep eutectic solvents. The composition
is based on surfactants, polyol, adduct of an inor-
ganic acid, carbonic acid diamide, and fluorine-
containing products obtained from the Siberian
Chemical Combine of the State Corporation Ros-
atom.

The scientific foundations involved in the devel-
opment of the composition are presented in [9—11],
where the phase diagrams of binary and ternary
systems, their eutectic points and melting/chilling
points, physicochemical and rheological character-
istics are described, along with the results of fil-
tration-based experiments to determine the effi-
ciency of application.

The goal of the work was to study the dissolv-
ing ability of the new fluorine-containing compo-
sition in relation to some rocks.

EXPERIMENTAL

The acid composition GBC-F was used in two
forms: concentrated solution (CS) — the liquid
commercial form of GBC-F composition; the work-
ing solution (WS) — concentrated solution of GBC-F
composition diluted with fresh water (1 : 1 by
volume).

Investigation of the dissolving ability of acid
composition GBC-F in relation to rocks was car-
ried out in agreement with the Regulation on
testing acid compositions used in the technologies
of well treatment [12] for dissolving disintegrated
samples of carbonate rocks, quartz, terrigenous
reservoir, pyrite.
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The rocks were crushed in a mill, and then
sieved. The rock fraction with particle diameter
0.16—0.5 mm was selected for investigation, dried
at 110 °C to the constant mass, and cooled in a
desiccator. Tests were carried out with two paral-
lel weighted portions of the rocks. A precisely
weighted rock portion (to the 4" decimal place)
with a mass of ~1 g was placed in a plastic cell,
10 cm?® of the composition under investigation
was poured in, the cell was closed with a cap and
kept at the prescribed temperature without mix-
ing for a definite time interval. Rock portions
were thermostated in the acid composition for 30,
60, 120, 180 and 1440 min.

Upon expiration of the necessary time inter-
val, the mixture was transferred from the cell to
the funnel with the filter (white ribbon grade)
wetted with distilled water after preliminary
drying in a drying chamber and cooled in the
desiccator to the constant mass. Then the cell was
thoroughly rinsed, and water with mixture resi-
dues was transferred to the filter. The filter with
reacted rock was placed in a weighing bottle
without a cap, dried in the chamber, and then
cooled in the desiccator to the constant mass.

The rate of core dissolution (V, g/h) and rock
solubility (8, wt%) were calculated using the fol-
lowing equations:

V=_m, —m)/t,

8 =100(m, — m,)/m,

where m_ is the total mass of dry filter and rock
before reaction, g; m, is the total mass of filter

and rock after reaction, g; m_ is the mass of rock
portion, g; t is reaction time, h.

RESULTS AND DISCUSSION

Results on dissolution rates and solubility of
different reservoir rocks in CS and WS of GBC-F
are presented in Fig. 1—4.
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Fig. 1. Dissolution rate (a) and solubility (b) of disintegrated carbonate rock in the concentrated (liquid commercial form)
and working solutions of GBC-F depending on the duration of its treatment at 25 °C. Here and in Fig. 2—4: CS is the

concentrated solution, WS is the working solution.
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Fig. 2. Dissolution rate (a) and solubility (b) of disintegrated terrigenous rock in the concentrated (liquid commercial form)
and working solutions of GBC-F depending on the duration of its treatment at 25 °C.
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Fig. 3. Dissolution rate (a) and solubility (b) of disintegrated
working solutions of GBC-F depending on the duration of its
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quartz in the concentrated (liquid commercial form) and
treatment at 25 °C.
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Fig. 4. Dissolution rate (a) and solubility (b) of disintegrated
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pyrite in the concentrated (liquid commercial form) and

working solution of GBC-F depending on the duration of its treatment at 25 °C.

The composition under investigation exhibited
substantial dissolving ability in relation to car-
bonate reservoir both in the concentrated solu-
tion (liquid commercial form) and in diluted form
(see Fig. 1). In particular, with the use of CS of
GBC-F, the solubility of carbonate rock, depend-
ing on the time of exposure in the acid composi-
tion, reached 80.8 % (24 h after the start of reac-
tion). Two-fold dilution of the composition with
water (to obtain the working solution) caused a
decrease in rock solubility: the percentage of dis-
solved rock was 35 % after 24 h (see Fig. 1, b). The
rate of carbonate reservoir dissolution in the case

of CS application exceeded the dissolution rate in
the case of WS by a factor of 1.5—1.6 on average
during the first hours after the start of reaction
(see Fig. 1, a). After 24 h, dissolution rate de-
creased significantly in both cases, however, even
then, the rates of rock dissolution in the solutions
under investigation differed from each other by a
factor of 2.4 in favour of CS of GBC-F.

In experiments with a terrigenous reservoir,
the solubility in CS of GBC-F was 8.1 % at the 3 h
reference point and 9.1 % after 24 h; for WS of
GBC-F — 4.7 and 9.6 %, respectively (see Fig. 2, b).
The rate of terrigenous rock dissolution in CS and
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in WS of GBC-F was generally almost identical
(see Fig. 2, a).

In the studies of quartz solubility, the highest
dissolving ability was revealed for WS of GBC-F:
the amount of dissolved quartz increased sequen-
tially from one point to another (see Fig. 3, b) and
was equal to 6.8 % in the 24 h reference point.
The maximal amounts of dissolved quartz in the
case if CS of GBC-F was used did not exceed 2 %.
Quartz is worse soluble in the liquid commercial
form (CS of GBC-F) than in the diluted solution
of GBC-F. This can be explained by the fact that
the reaction of quartz with hydrofluoric acid in-
cluded in the acid composition proceeds with dif-
ficulty in a medium with low water content (the
total amount of water is 22.6 % in CS of GBC-F
and 61.3 % in WS of GBC-F). The rate of quartz
dissolution with WS of GBC-F was also the high-
est at all tome reference points (see Fig. 3, a).

The dissolving ability of the working solution
of acid composition under investigation in rela-
tion to pyrite was somewhat higher than that
of the concentrated solution (see Fig. 4, a and b).
With almost equal rates of rock dissolution dur-
ing the entire experiment, nevertheless, the per-
centage of dissolved pyrite was higher in samples
with WS of GBC-F at any reference point, and
after 24 h it was 1.6 times larger than the amount
of rock dissolved in CS of GBC-F.

CONCLUSION

Thus, for carbonate and terrigenous reservoirs,
quartz rock and pyrite as examples, the acid fluo-
rine-containing composition GBC-F based on a
surfactant, polyol, adduct of inorganic acid and
carbonic acid diamine was determined to possess
clearly pronounced dissolving ability. Depending
on specific cases, the concentrated or diluted forms
of WS of GBC-F affect certain rocks to different
extents: quartz and pyrite are better soluble in the
working solution of the acid composition, while the
application of the concentrated commercial form
of GBC-F had the maximal effect on the dissolu-
tion of carbonate rock. In the studies of terrige-
nous reservoir, the solubility of rock was better in
CS of GBC-F than in WS of GBC-F during the
first hours, but after exposure for 24 h the differ-
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ence was almost completely levelled. It is conclud-
ed that both the concentrated liquid commercial
form and the acid composition diluted into the
working solution are generally equivalent as a
promising agent to treat the bottom-hole areas in
reservoirs.
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