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Abstract

Methods for utilization of liquid and solid wastes of soda production are reviewed. The possibility of
flooding oil fields with distiller fluid is examined. A landfilling technique is described whereby distiller fluid is
injected into deep horizons. Utilizations of distiller fluid in asbestos-cement and white black productions are
discussed. From soda production sludge one can manufacture building materials and oil-well cement materials
for cementing wells under stringent mining and geological conditions.

INTRODUCTION

Using the ammonia technique in soda ash
production leads to an economical process, yield-
ing a high quality product. Along with soda,
however, this process gives a large quantity
of production wastes � so-called distiller fluid
in the form of highly mineralized suspension,
which is a serious disadvantage of the method.
Sludge (solid waste) is separated, while clari-
fied (liquid) wastewater is continuously dis-
charged into river and is thus a source of wa-
ter basin pollution with chloride ions. There-
fore, utilization of soda production waste and
creation of a wasteless process for soda ash
production remain to be challenges in this field,
although this method has long been in use.

Waste utilization is an acute problem not
only for the Soda Company, but also for large-
tonnage soda productions in general. Of  vari-
ous means of utilization of distiller fluid,
methods for the preparation of CaCl2 and NH4Cl
are most popular [1�5]. However, these are
not solutions to the problem because the de-
mand for the first product (oil and chemical
industry,  municipal engineering) is relatively
low, and the consumption of the second prod-

uct (agriculture) is limited by the low content
of nitrogen (24�25 %).

Currently, there are various methods for
utilization of soda production wastes. For ex-
ample, using distiller fluid in the production
of asbestos-cement articles substantially accel-
erates consolidation of asbestos-cement at the
initial stage of the process; this method also
makes it possible to lower the medium tem-
perature in the conveyor from 70 to 60 oC, to
decrease vapor consumption, and to improve
the geometrical parameters of the sheets.

Distiller fluid also serves as raw material
for the preparation of white black. This pro-
cess enables utilization of  22�25 m3 of  distill-
er fluid per 1 t of white black. The Soda Com-
pany employs this method for the production
of one of the brands of white black.

Using distiller fluid for lime milk produc-
tion by lime slaking is another direction of
utilization of the former. The process yields
lime milk with improved qualities such as higher
fluidity, higher rate of lime slaking, etc. pro-
vided that the water to distiller fluid ratio is
kept equal to 3 : 1.

For landfilling, distiller fluid is pumped
through enlarged injection wells constructed by
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using bore holes or special procedures for treat-
ment of subterranean horizons (subterranean
nuclear explosion). Landfilling is done to the Lower
and Middle Carboniferous carbonate strata 500 m
thick lying at depths of 1760�2260 m.

For soda production, a wasteless procedure
has been developed for processing distiller flu-
id to yield a CaCl2 composite consisting of CaCl2
and NaCl [6, 7]. The composition is useful for
drilling,  maintenance,  and repairing works
during oil and gas production. Moreover, the
salt composition is employed for road icing con-
trol in municipal engineering.

Analysis of  methods for purification and
utilization of wastewaters at soda enterprises
shows that sludge utilization is the least ex-
plored point [6, 11]. This problem was treated
by scientists and specialists from different coun-
tries. Thus in 1938 the Solvey Concern (Germa-
ny) started research at a soda plant in Bern-
burg; the aim of these studies was to remove
CaCl2 and NaCl from distiller fluid precipi-
tates,  to reduce moisture in the precipitates
for utilization of the latter, and to manufac-
ture portland cement, silicate articles, binding
materials, cellular concrete, and road coatings
from the precipitates. Works had been pursued
until 1974, but the results have not found in-
dustrial application [12].

Researchers from the �Carbonate� Scientif-
ic and Industrial Company (Kharkov) offered a
procedure for sludge processing to obtain a
meliorant for liming of acid and solonetz soils
or to prepare mineral feed additives to mixed
fodder for various species of poultry [13]. Work
in this direction is now continued by Polish
researchers.

It was suggested [14] that the solid residues
of wastewaters at soda producing enterprises
be utilized as the raw material component of
alinite clinker. This possibility, however, has
not been realized either.

Researchers from Ufa suggested sludge pro-
cessing for the preparation of cementless bind-
ing materials [15]. This gave an impetus to fur-
ther work, which resulted in the construction
of a sludge processing pilot plant (Soda Com-
pany).

Preparation of binding materials for use in
various fields of industry (in particular, in oil-
well cement production) is one of the promis-

ing trends in sludge utilization. As is known,
cement stone hardening under hydrothermal
conditions is often accompanied by changes in
the characteristics of stone, resulting from ther-
mal destruction caused by phase transitions of
highly basic,  thermodynamically unstable hy-
drate compounds into more stable low basic
substances [16, 17]. The oil refining application
of belite-siliceous oil-well cement materials
prepared from soda production sludge by co-
roasting with a silica-containing component
(sand) was validated, both theoretically and
experimentally, based on previous data [18],
available knowledge on the hardening of ba-
sic clinker components [19], and estimates of
thermodynamic stability of  calcium hydrosili-
cates at elevated hardening temperatures
(>100 oC) [20].

The goal of the present work is to study
prospects for utilization of soda production
sludge with a view to use it in building mate-
rials production.

EXPERIMENTAL

Soda production wastewaters are forward-
ed to sludge tanks where sediments are al-
lowed to settle and accumulate [7]. Sludge con-
tains 40�60 % moisture. Tables 1 and 2 list the
chemical and mineralogical compositions of
sludge.

Regarding particle-size distribution, sludge
is powder where 60.5 % of all particles are
less than 0.05 mm and 4.2 % are more than
1.0 mm in size.

Processes that occur in the system have been
investigated. The composition of the mixture
was chosen based on calculated data (73�80 %
solid residue, 14�24 % sand, which corresponds
to the ratio CaO : SiO2 = 2 : 1).

RESULTS AND DISCUSSION

High-temperature X-ray and thermogra-
phy studies revealed that below c. 600�630 oC
the composition of the batch mixture remained
unchanged. At 1000 oC the peaks of CaCO3

vanished, while the peaks characteristic of
the γ-modification of 2CaO ⋅ SiO2 (γ-C2S) ap-
peared. The amount of γ-C2S increased with
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TABLE 1

Chemical composition of sludge, %

Note. Sludge density 1.152 g/cm3, S : L = 1 : 42.

Content

CaOtot            42.88    Cl�         5.03

Including:    R2O3               2.37

     CaOact  6.81   2�
4SO         9.04

     CaOinact  0.3    Na+         1.07

     MgOtot  8.68

      ÑÎ2 22.18

       SiO2  2.1

Component Content Component

Hydration

  moisture 6.65

the roasting temperature. After cooling, the
compound transformed into the β-modification
of dicalcium silicate (β-C2S). The roasting prod-
uct had a finely granular structure, the β-C2S
crystals being irregular round grains sized
1�2.5 µm. The γ-modification of dicalcium sili-
cate was not found, and self-dispersion caused
by the polymorphic transformation of β-C2S
into γ-C2S was not observed. The β-C2S form
was probably stabilized due to its finely crys-
talline structure. The reaction rate between CaO
and SiO2 was low; when the roasting tempera-
ture was raised to 1100 oC, the β-C2S content
increased from 13 to 25 %. The mixture con-
tained unchanged CaO and SiO2.

Decarbonization and mineralization promot-
ing additives are used to accelerate clinker
formation processes. The mechanism of addi-
tive action is as follows. At lower temperatures,
a layer of melted mineralizer or eutectic melt
of mineralizer and components of the batch
mixture is formed at the boundary of particle
contact in the latter. The most effective addi-
tives are chlorine-containing reagents, in par-
ticular, CaCl2. The latter is highly reactive in a
melt because the activation energy of the clin-
ker-forming oxides decreases by a factor of 10
and the diffusion coefficient increases by sev-
eral orders of magnitude. In addition, the tem-
perature of the polymorphic transformation
of quartz into reactive tridymite decreases
considerably.

The introduction of CaCl2 in the batch mix-
ture is explained by the presence of this com-
pound in the �fresh� (not yet treated with wash
waters in drainage tanks) residue. The X-ray
diffraction patterns recorded at 680 oC contained

the lines of CaCO3, while the peaks of CaCl2
vanished because calcium orthochlorosilicate
CaSiO4Cl formed. At 940 oC the diffraction max-
ima of CaCO3 disappeared, and spurrite
Ca3(SiO4)2 manifested itself on the diffracto-
gram; CaO peaks appeared and became stron-
ger at 1000 oC due to decomposition of spur-
rite; also, the peaks of dicalcium silicate ap-
peared, while the lines corresponding to SiO2

decreased to a minimum. The diffractograms
recorded at 1100 oC contained the peaks of
only two minerals: dicalcium silicate and CaO.
The reflections of calcium orthochlorosilicate
and spurrite were absent. β-C2S was obtained
as irregular crystals 3�5 mm in size, and its
content increased to 60�65 %. The roasting
product also had a finely granular structure.
The bending strength of the one-day samples
autoclaved at 170 oC varied from 6 to 10 MPa
depending on the roasting temperature and
time and on the content of CaCl2. The interac-
tion was accelerated or retarded depending on
the combination of  the roasting temperature
and CaCl2 content. This called for optimization
of the composition of the binder and roasting
mode.

The optimal composition of the binder was
found to be as follows: 73�80 % solid residue
of soda production wastes, 14�24 % siliceous
additive, and 3�6 % CaCl2. The optimum roast-
ing temperature is 1000�1100 oC. After roast-
ing, the product is subjected to grinding [21].

Since the binder contains active CaO, for
solutions based on belite-siliceous oil-well ce-
ment materials the dehydration factor is up to
2 %. For comparison, for a solution based on
ShPTsS-120 and employed under the same con-
ditions, this factor is 7.8 % (at 22 oC) and 4.5 %
(at 150 oC); for a solution based on ShPTsS-

ÑàÑÎ3 50.4                  NaCl 2.7

CaSO4 12.8                  SiO2 2.1

Ñà(ÎH)2   8.9                   R2O3 2.4

Mg(OH)2 12.5

CaCl2 5.2

Mineral      Content    Mineral         Content

TABLE 2

Mineralogical composition of sludge, %

Hydration

   moisture           3.0
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200, 10.1 and 8.3 %, respectively. In 30 min
after the belite-siliceous oil-well cement solu-
tion had been tempered, the amount of free
water (determined by evaluating the limiting
water loss for a differential pressure of 5 MPa
at 150 oC) was 20�26 % lower than that in slag
solutions. The latter hardened with shrinking
deformations, while the former increased by
up to 1.6 % in volume. Adhesion between the
cement stone and rock samples increased by a
factor of two or three. Heat resistance was eval-
uated from variation of the strength charac-
teristics of the stone and phase composition of
the hardening products with time. After seven
days of hardening at 120, 150, and 180 oC,
the bending strength increased from 3.6 to 4.2
MPa (compression strength increased from 8.9
to 14.3 MPa). Thereafter the strength charac-
teristics remained constant in the range 10.4�
14.2 MPa depending on the water content and
hardening temperature. The phase composition of
the seven-days hardening products mostly includes
hydrosilicates of tobermorite 4ÑàÎ ⋅ 5SiO2 

. 5Í2Î,
xonotlite 6ÑàÎ ⋅ 6SiO2 

. Í2Î,
and ÑàÎ ⋅ SiO2 

. Í2Î (CSH(B)) types, which
accounts for heat resistance of the stone.

Based on these results, a technological
scheme for the production of belite-siliceous
oil-well cement (Specs TU 406.412-84) has been
developed, and pilot batches have been man-
ufactured and successfully employed for ce-
menting hydrothermal (�Sakhalingeologiya�
Company) and oil (�Gurievneftegazgeologiya�
and �Aktyubneftegazgeologiya�) wells.

Applicability of belite-siliceous binders to
the production of silicate articles has been an-
alyzed. For compacted silicate articles, a bind-
er with a hydraulic modulus of 2.73 and in-
creased CaOfree content seems to be optimal.
Samples with 10 % binder have high strength,
both as crude (0.56 MPa) and autoclaved
(35 MPa) specimens. The presence of CaCl2 in
the silicate mixture had a pronounced effect
on the building properties of the samples. When
its content increased to 1.0 %, the softening
factor decreased from 1.07 to 0.81 for 0.2 %
CaCl2 and from 0.93 to 0.77 for 0.4 % CaCl2.
The phase composition of the hardening prod-
ucts includes tobermorite and xonotlite � the
minerals that impart high mechanical stability
and lasting quality to articles. Compacted sili-

cate samples based on the belite-siliceous bind-
er are characterized by strength that increased
from 35 to 45 MPa within a certain period of
time (generally one month) after autoclave treat-
ment. For samples with 0.4 % CaCl2, strength
increased from 32 to 35 MPa, and for those
with 1.0 % CaCl2, it decreased to 22 MPa. In the
latter case, no salting-out has been observed on
the surface of CaCl2 samples [22, 23].

Industrial tests showed that bricks had the
following characteristics: medium brand M 125;
frost resistance 25; binder consumption 420-
460 kg per thousand conventional brick units.
Brick completely satisfied GOST 279�79 �Brick
and silicate stones� Specs. The given technolo-
gy for the production of silicate brick using
the belite-siliceous binder based on soda pro-
duction wastes was introduced at the Sterlita-
mak plant of building materials, which man-
ufactured over 65 million conventional brick
units.

Pilot batches of oil-well cement were pro-
duced at the pilot plant for sludge processing
of the Soda Company for cementing wells un-
der stringent mining and geological conditions
[24-27]. Trials were accomplished according to
GOST 1581�85 Specs and led to the following
results:

1. Low-temperature, sedimentation-resistant,
and nonshrinking oil-well cement based on
sludge and clinker (no gypsum). The composi-
tion of the oil-well material and a solution on
its basis: up to 90 % portland cement clinker,
up to 10 % baked sludge, 0.1�0.13 % plasticiz-
ing additive, and up to 5 % calcined soda.

The material satisfies the following require-
ments [28] to the chemical composition of the
binder, %: 17.74 SiO2, 3.43 Al2O3, 4.04 Fe2O3,
67.29 CaO, including 22.12 CaOact, 2.01 MgO,
0.11 Cl�, 1.76 SO3, and 3.62 hydration moisture.

The physicochemical properties of the oil-
well solution (stone) are: specific surface
3500 m2/kg; stiffening time � start 11.40 a. m.,
end 7.00 p. m.; ultimate bending strength is
1.4 MPa for a two-day sample at a hardening
temperature of 5 oC, 2.7 MPa for a 28-day
sample, and 2.5�2.9 MPa for a two-day sample
at (20 ± 2) oC; water loss factor 2.0 %.

2. The oil-well cement is sedimentation-re-
sistant, nonshrinking, and light-weight, and is
based on a clinker waste with a finely disperse
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silica-containing additive (10 % of the mass
of the dry mixture). The chemical composition
of the binder, %: 21.93 SiO2, 9.93 Al2O3, 3.84
Fe2O3, 59.32 CaOtot, including 24.53 CaOact, 3.37
MgO, 0.17 Cl�, and 1.44 SO3.

The physicomechanical properties of the oil-
well solution (stone): specific surface 3500 m2/kg;
stiffening time � start 3.00 a. m., end 4.20 a. m.
at (75 ± 3) oC and start 10.00 a.m. end 6.00 p.m.
at (20 ± 2) oC for W/C (water to cement) = 0.9;
ultimate bending strength is 2.64 MPa for a
two-day sample at (75 ± 3) oC and 2.17 MPa at
(20 ± 2) oC. The water loss factor is 0.3 %. The
composition of the oil-well material: 75�80 %
portland cement clinker, 5�10 % production
waste, 10 % finely disperse silica-containing
mineral additive.

Introduction of a mineral filler in the binder
yields oil-well solutions with a density of 1500�
1650 kg/m2. For the filler we used white black
(Soda Co.) with a specific surface of 110 m2/g.

Successful trials of oil-well cement materi-
als were performed at industrial companies
�Arktikmorneftegazrazvedka� and �Eniseysk-
neftegazgeologiya�.

Appropriate treatment of sludge forms a
lime-containing binder, which is useful as a
building material for the production of cellu-
lar concrete [29]. The production process in-
volves thermal treatment (900�1000 oC) of the
solid waste of  soda production,  drying natural
quartz sand, and subsequent co-grinding of
these components to a specific surface of 4000�
5000 cm2/g; then semihydrate gypsum
CaSO4 ⋅ 0.5H2O was added to retard hydration
of the binder and promote grinding, and wa-
ter was added for partial hydration of CaO.
Frost resistance of the resulting cellular con-
crete units is at least 35 frost resistance units,
and compression strength is at least 3.5 MPa.
The units are designed for outer and inner
blockwork and for laying partition walls in res-
idential, public, agricultural, and auxiliary in-
dustrial buildings and installations with rela-
tive humidity maintained at 75 %.

Gas concrete units are hardened by treat-
ment with saturated steam in an autoclave. This
is accompanied by complex physicochemical
processes, occurring as a result of chemical
interaction between CaO and SiO2, forming
calcium hydrosilicates varying in basicity and

crystallinity. Under conditions of autoclave
treatment in one of widespread modes, the
CaO�SiO2�H2O system undergoes transforma-
tions: formation of highly basic calcium hy-
drosilicates 2CaO ⋅ SiO2 ⋅ H2O [C2SH(A)], chang-
ing into low-basic CSH(B), tobermorite, xonot-
lite, and gyralite (C4S6H5). The stated hydrosil-
icates, possessing useful properties, are respon-
sible for the strength and long-life of the hy-
drosilicate materials. Thus compression strength
can reach 12 MPa, which depends on bulk
weight (from 300 to 800 kg/m3). Raw material
consumption rates, t/m3 of articles: 0.756 for
binder, 0.00068 for aluminum powder, and 0.017
for gypsum binder.

Around 30,000 m3 of small wall blocks have
been manufactured during the period of plant
operation. In 1985 experimental residential
buildings with outer walls 30 cm thick were
constructed by the �Ishimbaizhilstroy� trust (de-
sign from the �Bashgrazhdanstroy� Instutute)
in Urman-Bishkadak and Skvorchikha villag-
es; the buildings are still functioning and were
found to be in a satisfactory state. Moreover,
dozens of animal husbandry and auxiliary
buildings were erected in many regions of
Bashkiria.

Numerous attempts aimed at utilization of
sludge from soda industry as a filling material
for asphalt-concrete mixtures failed because of
the high contents of water-soluble NaCl and
CaCl2 in sludge [30, 31]. Hydrophobization of
solid residues did not provide a solution to the
problem of sludge utilization in asphalt con-
cretes [30]. Removal of water-soluble com-
pounds from solid residues is rather labor-con-
suming.

A rational solution to the problem is addi-
tion to the solid residue of mineral compo-
nents in quantities reducing the contents of
water-soluble compounds to admissible limits
in the filler. These include quartz sand, lime-
stone, ash from heat stations, and other min-
eral fillers containing no water-soluble com-
pounds and alkalis. Since the mixture of the
solid residue and the mineral component should
be subjected to grinding it is desirable that the
mineral component should be fragile and fine-
ly divided.

A number of filler powder brands (for ex-
ample, Ps-OP, Ps-OK, Ps-03) with at least
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50 % solid residue and 25�50 % mineral com-
ponent have been developed under laboratory
and industrial conditions. Each brand should
satisfy the following requirements: up to 6 %
water-soluble salts, up to 2 % alkaline oxides,
up to 5 % CaCl2, bitumen capacity no more
than 100 g/100 cm3, humidity up to 1 %, grain
size up to 1.25 mm.

Trials of asphalt concretes prepared from
limestone (granulometry �G� according to GOST
9128�76) with a solid residue powder (A type)
or its mixtures with mineral components (B
type) gave the following results [32]: rather
high strength at different temperatures was
exhibited by asphalt concretes with A type fill-
ers; water saturation and swelling are within
standard values, water resistance factor of as-
phalt concrete with B type fillers (quartz sand,
limestone, ash from heat stations) exceed the
standard values.

The cracking temperature of asphalt con-
cretes with B type fillers and mineral compo-
nents is 8�13 oC lower than that of asphalt
concrete with a limestone mineral powder or
cement dust. This is because the solid residue
contains hydration water, freezing at very low
temperatures. Thus using the B type powder
filler affords asphalt concretes with the major
characteristics satisfying the standard values and
with improved crack resistance compared to
that of  asphalt concretes with conventional fill-
ers. Due to this, the working life of asphalt
concretes with the suggested powder is, on the
average, four years longer than that of as-
phalt concretes with a limestone mineral pow-
der or cement dust. Trials were conducted at
�Bashkiravtodor� industrial company and
�Bashzavodneftestroy� trust (Ufa).

Thus we have described the utilizations of
soda production sludge after preliminary ther-
mal treatment. Of great interest, however, is
using crude (unroasted) sediments. For this pur-
pose, utilization of unroasted solid residues in
cement-based masonry and plastering mortars
has been examined [33]. Introduction into build-
ing mortar of an optimal quantity of waste as
an inorganic plasticizing additive instead of
lime paste improves the plasticity of the mix-
ture and ensures the required strength and
frost resistance. Wastes should better be intro-
duced into building mortars of M 25, M 50,

M 75, and M 100 brands (according to strength).
The average density of mortars with wastes
should be over 1500 kg/m3, adhesion of mor-
tar with the support at least 1.5 kg/cm2, and
waste content in the raw mix of building mor-
tars up to 240 kg/m3 of the mortar. Thus for M
50, consumption of materials is (kg/m3): ce-
ment 195, wastewaters (ρ = 1480 kg/m3) 134,
sand 1530, and water 221. The cement : waste-
water: sand ratio (by volume) is 1:0.51:5.78. The
flow of the mortar is 9 cm. Industrial trials of
these building mortars in the Soda Company
and �Sterlitamakstroy� trust showed encour-
aging results.

To expand the applicability of soda pro-
duction sludge (including slimes after brine
purification and minor lime slaking waste) stud-
ies were carried out to examine other applica-
tions. In  particular, other potential applica-
tions include building cements, dead-burned
magnesia, fillers for polymer materials, put-
ties,  and chemically precipitated chalk.

A positive decision has been taken concern-
ing patent grant for the method for the prepara-
tion of  chemically precipitated chalk from soda
production wastes and intermediates [34, 35].

CONCLUSIONS

Possibilities for utilization of soda produc-
tion sludge have been examined based on ex-
perimental studies.

A process for the production of belite-sili-
ceous oil-well material with a dehydration co-
efficient of 2 % has been developed; the ma-
terial enlarges upon hardening by 1.6 % (in
volume) and has two or three times better ad-
hesion of cement stone to rock samples than
that inherent in slag slurry.

Availability of solid wastes obtained in large
quantities at soda enterprises in several re-
gions of this country makes it possible to set
up production of silicate articles using belite-
siliceous binder and production of building
materials from cellular concrete without using
traditional raw materials such as cement,  lime,
and other binding agents.

Utilization of sludge as a filler for asphalt-
concrete mixtures with additions of the min-
eral component has been discussed.
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It was found that unroasted solid wastes may
be added to the building slurry as inorganic
plasticizing additives instead of lime paste.
If introduced in amounts corresponding to
a cement : wastewaters : sand volume ratio of
1 : 0.51 : 5.78, the waste ensures the required
strength and frost resistance.

Thus the above-discussed technologies pro-
vide not only chemical products in demand with
customers, but also solutions to environmental
problems encountered by enterprises that pro-
duce soda ash by the ammonia method.
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