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Abstract: The possibility o f  solving environmental issues o f the use o f waste fuel and energy complex o f  
Kazakhstan in the production o f building materials. Comparison o f aluminosilicate microspheres with the 
nearest analogues. The analysis o f  possibilities o f technology o f production o f aluminosilicate microspheres 
(cenospheres) from ash and slag waste o f thermal power plant in the Republic o f Kazakhstan is carried out. 
And also shows examples o f solving environmental problems, based on the experience o f developed countries, 
through the use o f waste in the production o f building materials.
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ЭЛЕМДЕ ЖЭНЕ ЦАЗАЦСТАН РЕСПУБЛИКАСЫНДА ОТЛ-ЦОЖ 
КАЛДЫКТАРЫНАН МИКРОСФЕРАЛАРДЫ Б 0Л У  ТЕХНОЛОГИЯСЫНЬЩ

ДАМУЫН ТАЛДАУ

Ацдатпа: Курылыс материалдарын вндіруде Казацстанныц отын-энергетикалъщ кешенініц цал- 
дъщтарын щолданудыц экологиялыщ мэселелерін шешу MYMKiHdd щарастырылуда. Алюмосиликат- 
ты микросфераларды жацын аналогтармен салыстыру. Казацстан Республикасында ЖЭО ку.л-цож 
цалдыцтарынан алюмосиликатты микросфералар (ценосфер) алу технологиясыныц мYмкіндіктеріне 
талдау ЖYргізілді. Сонымен цатар, щурылыс материалдарын вндіру саласында цалдыцтарды цолдану 
арцылы злемніц дамыган елдерініц тэжірибесіне суйене отырып, экологиялыщ проблемаларды шешу 
мысалдары кврсетілді.

TYMHdi свздер: шыны микросфералар, «Shirasu ballons», перлитті микросфералар, ценосфералар, 
отын электр станцияларыныц внеркэсіптік цалдыцтары

АНАЛИЗ РАЗВИТИЯ ТЕХНОЛОГИИ ВЫДЕЛЕНИЯ МИКРОСФЕР ИЗ 
ЗОЛОШЛАКОВЫХ ОТХОДОВ В МИРЕ И РЕСПУБЛИКЕ КАЗАХСТАН

Аннотация: Рассматривается возможность решения экологических вопросов применения отходов 
топливно-энергетического комплекса Казахстана в производстве строительных материалов. 
Сравнение алюмосиликатных микросфер с ближайшими аналогами. Проведен анализ возможностей 
технологии получения алюмосиликатных микросфер (ценосфер) из золошлаковых отходов ТЭЦ в 
Республике Казахстан. А также показаны примеры решения экологических проблем, опираясь на 
опыт развитых стран мира, путем применения отходов в области производства строительных 
материалов.

Ключевые слова: стеклянные микросферы, «Shirasu ballons», перлитовые микросферы, ценосферы, 
промышленные отходы ТЭС
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The m ost valuable com ponent in the com po­
sition o f  fly ash is alum inosilicate m icrospheres 
(cenospheres) -  a light fraction o f  fly ash. A lu ­
m inosilicate m icrospheres are a loose  fine p o w ­
der consisting o f  thin-w alled h o llow  particles o f  
a rounded shape, alum inosilicate com position, 
w ith a diameter o f  several hundred m icrons. A t 
thermal pow er plants, ash and slag w aste is re­
m oved in the form o f  pulp, due to its lo w  density, 
alum inosilicate m icrospheres float to the surface 
o f  water pools o f  ash dumps, form ing various 
thin foam  layers on the surface o f  the ash dump. 
(F ig .1)

Fig.1. Aluminosilicate microspheres in the form o f a "foam 
layer" on the surface o f the ash dump. Almaty, Kazakhstan.

In the U nited States o f  Am erica, in the E u­
ropean U nion, as w ell as in other developed  
countries, a special industry w as created for the 
disposal o f  ash and slag w aste in certain indus­
tries. M ost often, alum inosilicate m icrospheres 
are used as fillers o f  various com posite m ateri­
als based on inorganic and organic binders. Their 
cost m ay exceed  $ 1000  per ton.

The closest analogues o f  alum inosilicate  
m icrospheres are g lass m icrospheres. Their h is­
tory o f  obtaining is c lo se ly  related to each other.

D evelopm ent o f  technology for the produc­
tion o f  h o llow  m icrospheres began in the United  
States in the 50s o f  the last century. The main 
goal w as to develop a technology for the pro­
duction o f  g lass m icrospheres. The patent for the 
production o f  h o llow  m icrobeads from solutions 
o f  alkaline metal silicates w as introduced by the 
A m erican Corporation “ Standart Oil C o.” . The

specialists o f  this Corporation proposed to reduce  
the pure lo ss  o f  petroleum  products by evapora­
tion from the exposed surfaces o f  storage, due 
to the coating o f  a layer o f  light particles on the 
surface o f  the storage, w hich  later could be re­
m oved i f  necessary. A n unam biguous solution to  
the problem  w as to obtain h o llow  m icrospheres 
o f  glass. The m ethod consisted in the fact that 
the m ain property o f  solutions o f  sodium  silicates 
and potassium  silicates during the heating pro­
cess w ith a sharp increase in vo lum e -  to foam. 
Today, the industrial production o f  h o llow  glass 
m icrospheres is carried out not only in the United  
States, but also in all industrialized countries o f  
Am erica, A sia  and Europe. The high choice  o f  
the product range and its quality are determined  
by the fields o f  application. [1]

To date, m ost h o llow  glass m icrospheres 
are obtained by passing small particles through 
the high-temperature zone o f  gas-flam e burners. 
(F ig .2) In these zones, due to the high tem pera­
ture, they m elt and soften, and the gas form ed as 
a result o f  com bustion processes form s cavities 
inside the particles, expanding them. One o f  the 
m ain manufacturers in the world market special­
izing  in the production o f  h o llow  glass m icro­
spheres is the A m erican com pany “3M  - M in­
nesota M ining M anufacturing C o”, w hich  has 
developed an original w ay to obtain them. The 
essence o f  this m ethod is that the m icrospheres 
are m ade o f  ordinary glass, crushed to tens o f  
m icrons and, subsequently, processed in pairs at 
elevated tem peratures.[2 ]

Fig.2. The process o f obtaining glass microspheres.

In the early 70 -ies o f  the last century, Japa­
nese specialists o f  the Technological Institute on 
lake K yushu (A gency o f  Industrial Science and 
Technology) conducted com prehensive studies 
o f  natural mineral raw m aterials “shirasu” . D u e  
to this natural material under the influence o f
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heavy rains in the South o f  K yushu there were  
landslides. The purpose o f  these studies w as to 
determine the possib ility  o f  using this mineral in 
industry. In the process o f  research it w as found  
that w hen firing fine-grained fractions “shirasu” 
under certain conditions it is possib le to obtain 
small h o llow  balls (“ Shirasu balls”).[3 ,4]

The technological schem e o f  the process 
o f  obtaining “ Shirasu ballons” consists o f  three 
stages [4,5].

1. Grinding o f  mineral raw m aterials “shira­
su” to fractions o f  40-250  microns;

2 . M ixing  w ith agglom erating additives and 
with foam  at 800 - 1200°C  for 10 minutes;

3. Separation o f  the material is carried out 
in water or in a separating centrifuge. Industrial 
production o f  such m icrospheres is carried out in 
tubular rotary kilns. (F ig .3)

Fig.3. Technological scheme o f microspheres based on natural 
mineral raw materials "shirasu ".

1 - initial mineral raw materials; 2  - the 
crushed mineral raw m aterials to fraction o f  4 0 ­
250  microns; 3 - m ixing o f  raw m aterials w ith  
sintering additives; 4 - the received  mix;

5 - the process o f  sw elling  at a temperature 
o f  800 - 1200°C; 6 - the process o f  separation o f  
the material in water; 7 -  obtained m icrospheres 
floating on the water surface.

Compared w ith glass m icrospheres, “shira- 
su” m icrospheres have a number o f  defects, they  
include: the thickness o f  the w alls o f  spheres, ir­
regular shape, cellular structure, etc., w hich  caus­
es their lo w  strength and high density. H ow ever, 
the alum inosilicate com position o f  the product

provides high resistance to acids and alkalis, heat 
resistance and less hygroscopicity.

H uge reserves o f  inexpensive raw materials, 
sim ple production technology  and lo w  cost o f  
m icrospheres can m ake them  prom ising m ateri­
als. This is evidenced by n ew  developm ents o f  
Japanese scientists aim ed at im proving the prop­
erties o f  these m icrospheres. H ow ever, the prob­
lem  o f  production technology o f  m icrospheres 
from natural raw m aterials are engaged not only  
in Japan but also around the world. So us experts 
have put forward their developm ent to produce 
h o llow  m icrospheres o f  perlite -  a com m on v o l­
canic rock.

Production o f  lightw eight building m ateri­
als from industrially processed perlite rocks is 
m ost developed in the U nited States, where there 
are large branched network o f  processing plants 
ow ned by large firms. [5,6,7] A t that tim e, Italy 
ranks first in the production o f  expanded perlite 
in Europe. Industrial processing o f  perlite is also  
developed in Germany, Hungary, Bulgaria and 
England. [8,9] A lso  huge reserves o f  perlite are 
located on the territory o f  the former U SSR . K a­
zakhstan ranks 3rd in the identified areas o f  per­
lite raw materials, behind Arm enia and Ukraine, 
fo llow ed  by Azerbaijan, G eorgia and Tajikistan. 
[ 10]

Sw elling o f  perlite in vertical gas-flam e  
furnaces o f  tubular type is still the m ain indus­
trial m ethod. [11,12,13] The basic principle o f  
this m ethod -  crushed perlite is poured into an 
upward flow  o f  hot gases com ing from the gas 
burner, perlite is expanded and carried away  
w ith the com bustion products into the precipita­
tor. N on-foam ed particles fall out o f  the w ork­
ing chamber into the collection  located under 
the w orking chamber. The temperature is in the 
range o f  1000-1200°C .

H ow ever, all attempts to manufacture h o l­
lo w  m icrospheres from perlite led to the fact 
that the finished product did not m eet the char­
acteristics, although its particles w ere chem ical­
ly inert and adaptable to high temperature con- 
ditions[14]. These m icrospheres had a cellular 
structure, w hich  adversely affects their applica­
tion in liquid system s, as they lost their em pti­
ness. The liquid filled  all the voids, displacing the
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gases in them. H ence the increased finite density  
o f  the system . Therefore, the production o f  h o l­
lo w  spherical balls from perlite raw m aterials re­
m ains relevant to this day.

A t the moment, experts from the United States 
are actively engaged in the development o f  tech­
nology for producing hollow  microspheres from  
natural perlite raw materials. The m ost active com ­
panies are «General Refractories Со», «M anvill 
Service Соф», «Johns M anvill Corp» - U SA.

The process o f  ash rem oval at thermal p ow ­
er plants o f  the R epublic o f  K azakhstan is largely  
sim ilar to the system  o f  hydraulic ash removal 
used in thermal pow er plants o f  the R ussian F ed­
eration. (F ig .4) The features o f  these system s are 
determ ined by the ash co llection  system  adopt­
ed at the station and the design o f  slag removal 
devices. D ev ices  w ith screw  or scraper feed  are 
m ainly used to rem ove ash and slag w aste from  
the boiler hopper,

Fig. 7 show s the schem e o f  ash rem oval at a 
thermal pow er plant [15]

Fig.4. The scheme o f ash removal at a thermal power plant.

1 - boiler unit; 2 - sm oke channel; 3 - sm oke  
stack; 4 - ash catcher; 5 - flush channel; 6 - m o­
tive nozzles; 7 - pulverized coal mill; 8 - bagger  
pump; 9- sump; 10 - filter o f  large slag inclu­
sions; 11 - slag crushers; 12- slag mine; 13 - noz­
zles for pulverized coal fuel supply; 14 -  slurry 
pipeline; 15- the flow  o f  pulp; 16 - surface slope  
o f  alluvium; 17 - sedim entation tank; 18 - well; 
19 - pum ping plant; 20  - dump dam; 21 - purified 
water supply.

In the U nited States, where about 30 m illion  
tons o f  ash are form ed annually by com bustion o f  
300 m illion  tons o f  coal, several m ethods o f  m i­
crospheres selection have been developed: e lec ­
trostatic deposition, flotation, sieving [16].

A t the m om ent, m ore than 600 m illion  tons 
o f  ash and slag w aste have accum ulated on the 
territory o f  Kazakhstan, every year these figures 
grow  by 19 m illion  tons. I f  the use o f  ash and 
slag w aste remains at the sam e level, by 2020  the 
volum e o f  w aste w ill exceed  650 m illion  tons, 
and by 2030  -  1 b illion  tons. To date, a small 
number o f  private com panies are engaged in the 
processing o f  ash in Kazakhstan. L ess than 1.9 
m illion  tons o f  ash and slag w aste is processed  
annually. O nly a small part o f  the ash m icro­
spheres used in industry - oil and gas industry, 
engineering, chem ical industry, in the production  
o f  various building materials. Basically, m icro­
spheres are exported to the E U  countries: Spain, 
Sw eden, Poland, Germany, Slovakia, etc.

M anufacturing and application o f  m icro­
spheres is a dynam ically develop ing field o f  
technology, and it is no coincidence that over 
the past 30 years (since the first publications on 
ash m icrospheres) the annual number o f  pub­
lications has increased by m ore than 10 tim es. 
W orld experience o f  consum ption o f  ash m icro­
spheres am ounted to approxim ately 60-80  thou­
sand tons per year and is constantly increasing. 
Large suppliers o f  ash m icrospheres from the E U  
and the U S A , such as “O m ega M inerals” (Ger­
m any), “M icrofine M inerals Ltd” (U K ), “ Sphere 
Services” (U SA ), system atically study n ew  com ­
m odity markets o f  m icrospheres, focu sing  pri­
m arily on sources from India, China, R ussia and 
Kazakhstan.

The developm ent o f  rational m ethods o f  iso ­
lation o f  m icrospheres from fly ash, selection o f  
m icrospheres in ash dumps o f  pow er plants, as 
w ell as their subsequent processing is an urgent 
problem  for industry in m any countries.

Introduction o f  technology  o f  processing o f  
ash and slag w aste in order to obtain alum inosili­
cate m icrospheres and their subsequent use in the 
industry o f  the R epublic o f  K azakhstan is eco ­
nom ically  and environm entally sound. B ased  on 
international experience.
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