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Abstract: Proposed management method of drill cuttings in-
volves recycling for the expanded clay production. A theoretical
presentation of the possibility, choosing planning path based on
similarity between the materials used in the manufacture of ex-
panded clay and oily cuttings. Application for the main stages
of manufacture of expanded clay production of drill cuttings
from shale gas extraction. Introduced into circulation solid waste
partly replaces fossil feedstock base, eliminating the application
of other raw materials. This approach leads to quality improve-
ment of the final product. The results enable the development
of new technologies, bringing benefits in terms of environmen-
tal protection and waste-producing operators. Since all kinds
of expanded clay are used in construction material as insulation
granules for flat roofs and foundation walls as thermal and acous-
tic insulation, it is expected that a large part of the waste drill
cuttings, will be managed for this purpose.

1. Introduction

The document Raw Materials Initiative as one of the foundation expects the maxi-
mum utilization of secondary materials in eco technologies investments for the high
quality production not interior to products from natural origin. This approach also
predominates in the new EU 2020 strategy replaces the Lisbon Strategy. In Poland,
there are a large number of different waste materials (secondary) which represent a
significant addition to the raw material base for the production of aggregates (Šolar,
Demicheli and Wall, 2012). Secondary mineral waste materials from mining, met-
allurgy and energetics make up 80% of the waste generated in the country and it
is close to 97 mln Mg/year (Góralczyk and Kukielska, 2013). Shale gas exploration
could significantly increase this data.

Drill cuttings are formed by crush drilling of rock elements such as clay, sand,
sandstone, shale, limestone, marl, siltstone, claystone, dolomite, etc. are present in
the geological formation. Received cuttings are contaminated with mud, dissolved
salts, heavy metals and trace amounts of radioactive elements such as potassium 40,
and uranium, thorium and their decomposition products (less than potassium-40)
(Steliga and Uliasz, 2012).
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Waste management methods also referred to as the pollution preventive and di-
vided into three main categories. Each category has a number of methods appropriate
to technological solution. Classical methods of cuttings management include (Ifeadi,
2004; Brandt, 2008):

1. Minimization - reduction of the amount of waste received and the impact on
the environment. Mainly implemented at the drilling stage also affects the next
steps of waste disposal. Significantly reduce the scale of potential environmental
pollutants and cash outlays related to the remediation of the contaminated area,
what is financially term favorable.

2. Recycling - cuttings application where the minimization does not benefit the
effect. Excavated material is used as an ingredient in many processes involving
the skillful application, for example in the construction sector.

3. Disposal treatment - where the reuse is not possible and the ultimate resolution
is to get rid of waste is the ultimate opportunity, when the output due to its
composition, such as the amount or type of impurities is not suitable for use as
a raw material.

Management of recycling methods of drill cuttings management for either indus-
trial or domestic reasons still give a way to the most common method of disposal.
Investigation of material parameters, such as hydrocarbon content, moisture, salinity,
clay content, precede the appropriate choice of utilization and determine the target
point. In the case of using water-based muds with salt additives at drilling stage,
demands flushing to elute existing inorganic substances.

As an example of recycling management of drill cuttings is road construction ma-
terial to stabilize the surfaces exposed to erosion and as a construction material like
filler, covering for landfills, aggregate or filler in bricks or production of blocks and
cement manufacture. The presence of mud fluid on the surface of drill cuttings in-
hibit their development for construction purposes. Therefore thermal and separation
methods are frequently applied to remove present organic substances providing a rel-
atively purified material. In radical cases a of significant amount of mud fluid to
provide stability, fly ash, cement or other materials are added (Ball et al., 2012).

2. Characterisation of lightweight aggregate final product

Expanded clay is prepared by burning in rotary ovens at a temperature of about 1100-
1200◦C formed from the clay raw materials granules capable of thermal swelling.
Expanded clay lightweight aggregate is oval or spherical shaped material, with up
to 90% of the enclosed pores encased in the glazed mineral. The pores are evenly
distributed in the internal porous part, and their diameter is less than 1-1.5 mm with
an overall porosity of 80%. Grains are sealed with a coating of 1-2 mm thickness
(Rzechuła et al., 1998).

Swelling of the granules is provided by separation of the gaseous components
in the raw material naturally occurring or intentionally introduced into the system.
Clays as a main, naturally occurring pore formers are mainly a form of hydroxyl
groups of various minerals, organic substances, iron oxides, calcium and magnesium
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carbonates. The last two components, despite the presence in the granular form,
have a negative effect. As a result of high temperatures, resulting from calcium and
magnesium oxides, it leads to destruction of the granules through the increase in
volume during hydration in a humid atmosphere. The swelling is also associated
with the occurrence of gas generation mineral components which include dolomite,
hematite, limonite, mica and amphibole (Grzelak and Karleszko, 1996). The release
temperature of a gaseous is equivalent to material fire strength state. Pyrolysis of
organic matter (e.g. hydrocarbons) causes carbon-burning resulting in oxide and
carbon dioxide formulation which is one of the of granule swelling factors. Therefore,
it delivers an addition of the blend of a suitable amount of organic material such as
sawdust, coal, brown coal or mazout. Due to the mazout liquid form it is simple to
apply and distribute facility throughout the mass. Organic substances also contribute
to the swelling of the granules as a result of the reducing condition, which leads to
reduction of iron oxide (III) and the formation of valuable gaseous products.

The reduction reaction of iron oxide (III):

Fe2O3 + C = 2FeO + CO
Fe2O3 + CO = 2FeO + CO2

Schematic iron oxides reduction at temperatures greater than 570◦C as follows:

Fe2O3 → Fe3O4 → FeO → Fe

With a large amount of oxides present in the raw material of clay, the iron oxide
reduction processes are crucial.

3. Cuttings characterization

Attention was drawn to drill cuttings because of their properties that might improve
the quality of the finished product and have a positive impact on the entire production
process. The chemical composition of the drill cuttings is different and depends,
among others on the drilling and geological profile and the type of used scrubber.
For the production of expanded clay, cuttings coated with oil muds are the most
interesting solution, due to the presence of hydrocarbons. Due to the different content
of each individual in well bore, presented below is the mineral composition of the
samples of drill cuttings from the North Sea after ignition (Tab. 1). Approximate
requirements for the composition of raw materials for the production of expanded
clay (Tab. 2) and the content of minerals in argillaceous substances (Tab. 3).

In this method, it is worth paying attention to the practicality of the use of waste.
The presence of contaminants such as heavy metals, will be disposed of as a result of
the transition in the glazed form, and the presence of hydrocarbons is even ordered.
Often, the presence of both contaminants severely limits operations associated with
the successful waste management. In addition, the associated processing costs would
be able to be far exceed the cost effectiveness. In addition, the time required for
degradation of contaminants (e.g., in the case of bioremediation methods) also implies
the proposed method. A problem associated with the application is size distribution,
which is in the range of 4 microns - 20 mm (EIA, 2012). Cuttings are received from
vibrating sieves for the fragmentation of adequate size must get through the grinding
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Tab. 1. The mineral composition of the cuttings (Abbe et al., 2009)

Formula Mass % Heavy Metal Content (ppm)

SiO2 47.60 As 11.8

Al2O3 13.54 Cd 0.3

BaO 11.39 Cr 116

Fe2O3 6.34 Cu 32.9

CaO 2.78 Ni 65.0

K2O 2.33 Pb 11.2

MgO 2.31 Zn 125.0

Na2O 1.17 - -

TiO2 0.65 - -

MnO 0.17 - -

P2O5 0.10 - -

Ignition loss 11.63 - -

Tab. 2. The requirements for expanded clay (Kozłowski, 1979)

Formula % mass

SiO2 50-65

Al2O3 15-25

Fe2O3 3.5-10

CaO +MgO up to 7

K2O +Na2O 3.5-7

SO3 up to 3
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Tab. 3. The composition of clay raw material from ore ”Gniew” (Kozłowski, 1979)

Oxide % Mass

SiO2 51.5

Al2O3 13.7

Fe2O3 7.6

CaO 8.9

MgO 2.1

Na2O 0.4

K2O 3.8

SO3 0.15

Ignition loss 10.8

procedure with a ball mills and jaw crushers. Grinded drill cuttings have a loose and
granular texture.

4. Proposed method of applying drill cuttings as an expanded

clay input material

Secondary raw material, in accordance with the standards for the production of ag-
gregates, should be at the stage of preliminary studies identified and detailed. The
requirement test and the evaluate content of heavy metals due to the requirements of
IEC standards. The main difficulty in the implementation of research is the lack of
European legislation code in the field of research methods and evaluation criteria for
hazardous substances. In this case, the research, methods and criteria for assessing
operation in particular Member States. In Poland, the research carried out hazardous
substances determination of radioactive elements and substances entering the water
extract. Although on 29 December of 2012 was introduced changes in law about min-
ing waste with the subjective scope issues of mining waste management (DzU1513,
2012).

Drill cuttings in the shape of loose granular texture material are added to the clay
raw material. For this purposed a suitable apparatus such as a power loading plat-
form, allows simultaneous dispensing of several material (Rzechuła et al., 1998). Clay
material with oily cuttings is transported by conveyor belt to the power supply, where
it is stored. Simultaneously the appropriate dose of the components is determined.
A suitable weight ratio is established based on the results of the samples exposed
under production conditions. Final product testing can answer the question of what
should be the percentage of the charge to obtain a product suitable for sale to meet
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all requirements.
The mixed formula of cuttings content varied between 2-10% of weight ratios

formed into pellets and sintered at a temperature of 1150-1170◦C in a furnace at a
rate of temperature increase of 50◦C/min (Franus and Latosińska, 2009; Rzechuła
et al., 1998). After the calcination procedure, the following parameters like bulk
density [g/cm3], absorption, swelling ratio and compressive strength [kN/cm2] of the
finally obtained product are to be checked. Determination of the above. technolog-
ical indicators concluded industrial production of expanded clay application of drill
cuttings and the ratios closest to the desired final product.
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