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REDUCING THE ENVIRONMENTAL FOOTPRINT: INNOVATIONS IN
THE DISPOSAL OF DRILLING WASTE

Annotation. The article is devoted to the urgent problem of environmental
safety in the oil and gas industry. The authors propose an innovative approach to the
disposal of drilling waste, which consists in their use as a mineral filler for the
production of environmentally friendly gypsum-based building materials. The paper
presents the results of experimental studies confirming not only the possibility of using
drilling waste as a building material, but also a positive effect on the properties of the
final product. The conducted environmental assessment showed that the proposed
method can significantly reduce the negative impact of waste on the environment.

Experiments were carried out to vary the composition of mixtures and curing
conditions. As a result, data were obtained on the influence of various factors on the
strength, water resistance and other characteristics of the obtained materials. An
assessment of the environmental safety of the developed materials was carried out. The
results obtained indicate the prospects of using drilling waste in construction and open
up new opportunities for creating environmentally friendly and cost-effective materials.

Keywords: drilling waste; gypsum binders; drilling mud; softening coefficient;
water demand; thermal conductivity.

Introduction

The problem of disposal of drilling waste, especially drilling sludge, is acute for
many industries. These wastes, containing various mineral components, heavy metals
and organic substances, pose a significant environmental threat if improperly disposed
of. In this regard, the search for effective and safe ways to dispose of them is an urgent
task [1].

One of the promising ways to solve this problem is the use of drilling waste as a
mineral filler in the composition of building composite materials. This approach has a
number of advantages. Disposal of drilling waste reduces the burden on the
environment, preventing pollution of soils and reservoirs. The use of drilling waste as a
filler reduces the cost of production of building materials. Depending on the
mineralogical composition of the drilling mud, its addition to building mixes can
improve the strength, water resistance, thermal insulation properties and other
characteristics of materials [2]. The properties of drilling mud that determine its use in
construction are the mineralogical composition. The mineralogical composition of
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drilling mud depends on its properties and the possibility of use in construction. The
presence of quartz, feldspar, clay minerals and other components can give the material
specific characteristics.

The use of drilling mud as a filler in gypsum materials is a promising direction
for the development of the construction industry, which allows solving several tasks at
once. Firstly, it significantly reduces the environmental burden, as it reduces the amount
of waste sent to landfill and reduces the need for extraction of natural resources.
Secondly, the use of drilling mud as a filler reduces the cost of production of building
materials, which makes them more accessible to a wide range of consumers [3]. In
addition, the introduction of drilling mud into gypsum mixtures can improve material
characteristics such as strength, water resistance and frost resistance.

However, for the successful use of drilling mud as a filler, it is necessary to
conduct comprehensive studies aimed at optimizing the composition of mixtures and
determining optimal production conditions. It is important to take into account such
factors as the mineralogical composition of the drilling mud, its dispersion, as well as
the type of gypsum binder [4].

A promising area of further research is the development of composite materials
based on gypsum and drilling mud with special properties, for example, with increased
fire resistance or sound insulation. Such materials can be widely used in the
construction of residential and public buildings [5].

Thus, the use of drilling mud as a filler in gypsum materials is not only an
environmentally sound, but also an economically profitable solution. This allows not
only to reduce the negative impact on the environment, but also to create new,
promising building materials. The use of drilling mud as a filler in gypsum materials is
a promising direction for the development of the construction industry [6]. This
approach makes it possible to solve environmental problems, reduce the cost of building
materials and create new materials with improved properties. Further research in this
area will expand the possibilities of using drilling mud in construction and create more
environmentally friendly and cost-effective materials.

Materials and methods of research

One of the most common brands of construction gypsum binders, G-4 - G-6,
was used as a feedstock in this scientific study. The production technology of composite
construction gypsum binders involves the introduction of an active mineral component
(AMP) into the system, in our case, AMP is activated carbonate sludge from the
Karashyganak gas condensate field, which is a waste product.

Methods for determining the softening coefficient

The softening coefficient is an important indicator characterizing the water
resistance of the material. It is defined as the ratio of the strength of a material in a
water-saturated state to its strength in a dry state.

There are several methods for determining the softening coefficient, the choice
of which depends on the type of material and the required accuracy of the results.
Samples of the material of standard sizes are produced. Some of the samples are dried to
a constant mass, and the other part is saturated with water to a constant mass. Then both
groups of samples are tested for strength under the same conditions.

The softening coefficient is calculated according to the formula [6]:
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Ko =Rn/Rc (1)

Where, K, is the softening coefficient; R, is the strength of the sample saturated
with water; R. is the strength of the dry sample.

The water resistance of gypsum binders is an important indicator characterizing
their ability to maintain strength under prolonged exposure to moisture. To determine it,
there are several methods, each of which has its own characteristics and is used
depending on the specific goals of the study.

The coefficient of thermal conductivity is an important characteristic of building
materials, which determines their ability to conduct heat. For gypsum binders widely
used in construction, the precise definition of this parameter is especially important for
calculating the thermal insulation properties of structures.

The thermal conductivity coefficient of a material is determined by comparing it
with a reference material with known thermal conductivity. It is used in the absence of
special equipment. The accuracy of the method depends on the accuracy of determining
the properties of the reference material [4].

Research results

To create a new composite material based on gypsum and drilling mud, its chemical
composition was determined. The composition of this filler is shown in Table 1. The pH
value is 7.97.

Table 1 — Composition of carbonate drilling mud

Anions
Cl, % 10,196
S04, % 0,6336
Kations
K", mg/kg 6165,9
Na’, mg/kg 21661,4
Cu, mg/kg 17,2744
Co, mg/kg 0,83
Zn, mg/kg 57,3336
Ni, mg/kg 0,7056
Pb, mg/kg 16,162
Other substances
Organic matter, % 7,84
Petroleum products, mg/dm? 0,083
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The high content of K+ and Na+ ions indicates good metabolic characteristics of
the sludge. The content of hydrocarbons (petroleum products) does not exceed 1% by
weight, which is a regulatory indicator of the quality of processing.
Due to the positive data of the drilling mud and the tasks set, composite binders
were obtained (table 2).

Table 2 — Chemical composition of the developed composite materials

Ne Composite materials Mgeneral, O Mgipsum, J Msludge: 9
1 Gypsum 100 100 0
100%
2 Gypsum 95% 100 94 5
Sludge 5%
3 Gypsum 90% 100 89 10

Sludge 10%

4 Gypsum 85% 100 84 15
Sludge 15%

5 Gypsum 80% 100 79 20
Sludge 20%

Note: the content of the setting retarder (HsBO3) is 1% of the total mass of CM

Previously, it was experimentally established that when a nanostructured binder
was introduced into a gypsum system as an AMC, a significant improvement in the
structural, physical, mechanical, and technical and operational characteristics of the
initial binder system was observed. An explanation of this effect is possible provided
that the complex effect of AMC on the gypsum binder system is considered.

Features due to the polyfractive composition of AMC, when it is introduced into
the gypsum system, the effects of AMC can be considered at both the micro and
nanoscale. Particles of the maximum size in AMC (1-100 microns) work in a composite
gypsum binder as a micron filler, which contributes to the creation of the most dense
defect-free structure of the matrix phase of the binder. The effect of AMC in the system
occurs both at the level of the binder matrix and at the contact zone, which in turn leads
to an increase in the quality and efficiency of gypsum materials.

The number of these components was calculated based on the total mass of the
material. Boric acid plays the role of a setting retarder. An analysis of the research
results showed that an increase in the degree of filling of construction gypsum leads to a
decrease in its water absorption, but the water retention capacity and humidity increase,
which makes it possible to obtain binders with good water resistance.
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Along with the positive properties of gypsum products, low water resistance is
inherent. These negative properties of gypsum products reduce the scope and scope of
their use in construction. Analyzing the literature sources, it can be concluded that an
increase in the water resistance of gypsum is achieved by reducing the solubility of
calcium sulfate in water, compacting the gypsum mass, impregnating the product with
substances that prevent moisture from penetrating into it and external protective coating
of products.

When determining the softening coefficient of the obtained samples, the duration
of the beginning of setting of the gypsum dough increases from 4 to 8 minutes and the
end of setting from 9 to 20-22 minutes.

The principle of action of a mineral additive, that is, a carbonate sludge, is based
on the scattering of static charges and spatial stabilization of binder particles, which
leads to highly efficient dispersion and deflocculation. Thus, being adsorbed on
hydrating binder grains, the additive extends the setting time and reduces water demand,
which causes an increase in strength indicators (fig.1).
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Figure 1 — Curve of the softening coefficient dependence on the concentration of
the mineral additive

The reason for the increase in water resistance is the positive effect of the
mineral additive, which consists in the fact that the particles of the redispersed powders
are distributed in the structure of the material, forming a continuous polymer
framework.

The formation of such polymer films in the interstitial space leads to internal
gibrophobization of the material. After 7 days of hardening, gypsum binders modified
with the additive have a softening coefficient greater than 0.85, which allows these
binders to be considered water-resistant.

As well as reducing the porosity of composites by increasing the amount of
sludge, it contributes to an intensive improvement of its properties. Due to the fact that
the number of open pores of composites is less than micropores, these materials are
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waterproof. By changing the type, dispersion and amount of filler, it is possible to
control the properties of the binder and influence the structure of the hardened material.

And with an increase in the amount of water-retaining additive, there is no
decrease in the strength of the solution and its adhesion increases. This is due to the fact
that the additive, penetrating into the pores of the solution, practically reinforces the
gypsum stone. The rigid frame of the solidified solution becomes more plastic, the
modulus of elasticity decreases.

One of the most important indicators of gypsum binders is thermal conductivity.
This is the ability of a material to transfer heat through its thickness due to the
temperature difference on the bounding surfaces. This property is characterized by the
coefficient of thermal conductivity A (W/(m-°C)) [9]. In order to determine the thermal
protection properties of the obtained binders, tests and calculations were carried out

(fig.2).
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Figure 2 — Comparative diagram of the value of thermal conductivity
coefficients (1) of composite materials

The thermal conductivity of gypsum composite materials is related to the
composition, structure, texture, density, humidity, and ambient temperature [10]. With
an increase in the density of the material, the thermal conductivity decreases, since the
thermal conductivity of the air A = 0.023 W/(m-°C) (at T = 20 °C) is always less than
the thermal conductivity of the solid of which the building material consists.

Conclusion

As a result of the conducted research, it was found that the introduction of
activated mineral powder from carbonate drilling mud into the composition of gypsum
binders makes it possible to obtain composite materials with improved properties. The
optimal sludge content was 15%, at which the compressive strength of the obtained
samples increased by 20%, and water absorption decreased by 15% compared to the
control samples. Mechanical activation of the sludge allowed to increase its dispersion
and reactivity, which contributed to a more effective interaction with gypsum and the
formation of strong structures. Composite materials obtained on the basis of modified
gypsum binders are characterized not only by high strength and water resistance, but
also by environmental safety, as they reduce the amount of waste sent to landfill.
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Further research will be aimed at expanding the scope of application of the obtained
materials, as well as exploring the possibility of using other types of industrial waste as
additives to gypsum binders.
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Ep:xanoBa H.C., Ky3smuna P.1.
IKOJOI'UAJBIK I3/11 A3AWTY: BYPFBLIIAY KAJIJIBIKTAPBIH
KAWTA OHJAEYJIEI'I HHHOBALIUSIJIAP

AnpaTna. Makana MyHail-ra3 calachIHIAFbl SKOJIOTHSUIBIK KayiIMCI3IKTIH
©3€KT1 MoceJieciHe apHayiFaH. ABTOpiap Oyprbliay KaJlJbIKTApbIH KalTa eHACYIiH
SKOJIOTHSUIBIK Ta3a THUIIC HETI3IHAErl KYpPBUIBIC MaTepUalJapblH OHAIpY YIIiH
MHUHEpAIIbl TOITHIPFBIII peTiHne MaalaHy WHHOBALMSUIBIK oniciH YCBIHABI.
Kymbicra Oyprbulay KalgbIKTapblH KYpbUIBIC MaTepuajibl peTiHAe NaiganaHy
MYMKIHJIT'H FaHa €Mec, COHBIMEH KaTap COHFbl OHIMHIH KacHEeTTepiHE OH JcepiH
pacTaiiThlH SKCHEPUMEHTTIK 3epTTeYJIEpHAiH HOTHXenepi kentipiareH. JKypriziiren
HKOJIOTHSUIBIK Oarajay HOTHXKECIH/E YChIHBUIFaH 9JIiC KaJIABIKTAapIbIH KOPIIAFaH OpTara
TEpic acepiH eaayip TOMEHIETYyre MyMKIHAIK OEpeTiHAIriH KOpCeTTi.

KocnanapaplH KypamblH QHE KaTy MIapTTapblH ©3repTy OOMBIHIIA 3epTTey
Kyprizinai. Hotmkecinae anblHFaH MaTepUaniapiblH OepiKTiriHe, cyra Te3IMALUIITiHE
XKOHe 0acka cumaTTaManapblHa OpPTYPIi (akTOpiaapAblH acepi Typajbl MAIIMETTep
NBIHABL.  O3IpIEHTeH MaTepHaAapAblH  OSKOJIOTHUSUIBIK  Kayilcizairine Oaranay
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KYPri3iani. AJBIHFaH HOTHXKENEp KYPBUIBICTa OYpFbIIay KaJAbIKTapbIH MaiaaaaHyIbIH
NEPCIEKTUBAIBIIBIFBIH KOPCETE1 HKOHE HKOJIOTHSUIBIK Ta3a OHE YHEMl MaTepuaigap
’acay YILIIH j)kKaHa MYMKIHJIKTEp aIiajpl.

KinT ce3aep: Oyprbuiay KaqAbIKTaphl; TUIICTI OaiIaHBICTBIPFBILITAP; OYPFbLIAY
[IJIaMBI; )KyMcapy K03(puIuenTi; cy TYThIHY; KbUTY O TKI3TIIITIK.

Ep:xanoBa H.C., Ky3smuna P.1.
COKPAILLIEHHE 5KOJOI'MYECKOI'O CJIEJJA: ”THHOBAIIMUA B
YTUWIN3ALIUU OTXO10B BYPEHUSA

AnHoTtoumsa. CraThsi TMOCBSIIEHA AaKTyaJbHOW TpoOIeMe HKOJOTHYECKOU
O6e3omacHOCTH B He(TEra3oBoil oTpaciau. ABTOpHI MpeIaraloT HWHHOBAIIMOHHBIN
MOJX0/A K YTWIM3AIMU OTXOAOB OYpeHHs, 3aKIIOYAIOIIUICS B MX HCIOJIb30BAHUH B
Ka4eCcTBE MHHEPAJbHOTO HAMOJHUTENS s TMPOU3BOJACTBA HKOJOIMYECKH YHCTBIX
CTPOMTENBHBIX MaTepHajOB Ha OCHOBE rurmca. B paboTe mpeacTaBieHBI Pe3yNbTaThl
HKCIEPUMEHTAIBHBIX HCCICIOBAaHMUM, IOATBEPHKAAIOUIMX HE TOJBKO BO3MOKHOCTH
UCITIOJIb30BAaHUS OTXOMOB OypeHHs B KadyeCcTBE CTPOUTEIFHOIO Marepuaiga, HO U
MOJIOKUTETIbHOE BJIMSHUE Ha CBOWCTBA KOHEUHOro mpoaykra. [IpoBenenHas
HKOJIOTUYECKAs OLIEHKA TO0Ka3aja, YTO MPEAJIOKEHHBIM METO]] MO3BOJISET 3HAUYUTEIHHO
CHM3HUTb HETaTUBHOE BO3JICHCTBHE OTXOI0B Ha OKPY>KAIOLIYIO Cpeay.

bbliy mpoBeeHbI DKCIIEPUMEHTHI 110 BAPBUPOBAHUIO COCTAaBA CMECEU U yCIIOBUM
OTBEpKJeHUsA. B pesynbTare mosydeHbl JaHHBIE O BIUSHHUU pa3iM4yHbIX (DAaKTOPOB Ha
IPOYHOCTh, BOJOCTOMKOCTh W JPYTrH€ XapaKTEPUCTHKH TOJYYEHHBIX MaTepHajoB.
[IpoBeneHa oOIEHKa HKOJOTHYECKOW O0€30macHOCTH pa3pabOTaHHBIX MAaTEepHaJIoB.
[TonmydeHHbIe pe3yNbTaThl CBUJICTEIBCTBYIOT O MEPCHEKTUBHOCTH HCIOJIb30BAHUS
OTXOJIOB OypeHHUsSI B CTPOUTEIBCTBE M OTKPHIBAIOT HOBBIE BO3MOXHOCTH JUISI CO3/IaHUS
HKOJIOTUYECKU YUCTHIX U SKOHOMUYECKU YPPEKTUBHBIX MATEPHAIIOB.

KiaroueBble cioBa: 0oTX0Ibl OypeHHs; THIICOBBIE BSDKYIIUE, OypOBOW HUIaM;
KO3((UIIMEHT pa3MArdeHusi; BOJOMOTPEOHOCTh; TETUIOMPOBOIHOCTD.
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