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Technology of the dosed addition of reagents-plastificators
in the mass of coal-water fuel

The article discusses the scheme of preparation of highly concentrated water-coal suspensions for the com-
bustion of water-coal fuel. While, experimental studies were carried out on grinding coal and selecting organ-
ic compounds. Nowadays, many variants of technological schemes for the preparation of highly concentrated
water-coal suspensions are known and tested in our country and as abroad. The choice of a rational techno-
logical scheme of preparation depends on many factors as the properties and quality of the feedstock, the re-
quired quality of the suspension, and the type of additives used in the process, economic opportunities, etc.
In order to select the most effective plasticizers for water-coal suspensions prepared from coal
slimes, the effect of plasticizers has been studied. These reagents meet the requirements for plasti-
cizer reagents and are readily available. The effectiveness of these additives is due to their physi-
cochemical properties, a feature of their structure, consisting of hydrocarbon, aromatic, carboxyl,
hydroxyl and other groups. We obtained the dependence of the height of the dispersed phase layer
on the time of the presence of the suspension with the addition of gelatin, fuel oil, lignosulfonate
(LST), sodium humate. Suspensions with the addition of sodium humate have the best stability.
As a result of the analysis of experimental studies, it has been established that the humic additive
with content of the order of 1 % is the optimal binder reagent from the used (fuel oil, humic acid,
gelatin).

Keywords: water-coal suspension, water-coal fuel, reagent-plasticizer, technological scheme, hu-
mic additive.

The development of energy, as well as the improvement of Kazakhstan’s energy security, depends on a
large extent on the widespread and effective use of coal as an energy fuel. To do this, first of all, it is neces-
sary to improve the consumer properties of coal as an energy fuel, and also to master the production of alter-
native fuels based on coal when replacing scarce natural resources: gaseous and liquid petroleum fuel. To
solve the above problem, it is very promising to carry out both in Kazakhstan and abroad work on the tech-
nology of obtaining and using coal suspensions, which are a composite dispersed system consisting of a solid
phase in the form of fine coal and a liquid medium (water, alcohols, hydrocarbons, products processing of
oil). Such a fuel system is considered as a suspension coal fuel (SCF). The most studied and promising in
energy coal suspension is a water-coal suspension (WCS), in which the bulk of the liquid medium is water.
At a high concentration of solid phase, the WCS is called a highly concentrated water-coal suspension
(WCS) or also a water-coal fuel (WCF) [1].

Water-coal suspensions are mixtures of coal and water, which first arose as a waste of wet enrichment
processes and by-products of coal dehydration. However, currently, water-coal suspensions, including those
using plasticizer reagents, are one of the optimal forms of a new type of fuel - water-coal fuel, successfully
developed in many countries of the world (Russia, China, Japan, Italy, USA, Sweden and etc.).

Over the past decades, in many countries around the world, a large number of works have been carried
out to obtain WCF and its use in power engineering [2]. In Russia and abroad, a number of technologies have
been developed for the preparation of WCF, for its transportation and storage for a long period, for burning
WCEF. In addition, research has been carried out on the combustion (gasification) of WCF at existing power
plants of various types. The analysis of literature sources shows the promise of using a coal-water suspension
as an energy fuel using coal mining waste, coal processing and other industries [3, 4].

WCEF belongs to the class of artificial composite systems, the properties and characteristics of which
depend both on the technologies for obtaining the system and on the technologies for using the system by a
specific consumer at an energy facility.

Water-coal suspensions are characterized by the following main parameters and technological features:
granulometric composition, including the maximum particle size of the coal particles in the slurry, the mass
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fraction of the solid phase, the ash content of the coal in the slurry, the rheological characteristics,
the presence or absence of plasticizer reagents, the ability to maintain its properties during storage and trans-
portation.

These parameters determine the rheological properties and stability of the WCF as a liquid fuel during
transportation, storage and spraying in the combustion chamber. To obtain the WCF with optimal character-
istics, a feasibility study is needed, taking into account energy and environmental factors [5, 6].

Based on the analysis of trial experiments to determine the binding agent, plasticizer reagents were
used, which are used in various technologies for preparing water-coal fuel.

The main requirements that a reagent-plasticizer must satisfy are as follows:

1) the ability to act as a diluent and stabilizer;

2) the ability to maintain its properties during long-term storage;

3) do not change the organic mass of coal;

4) be affordable;

5) have high efficiency of action;

6) to have a favorable effect on the rheological characteristics of water-coal suspensions.

Studies have established that the effectiveness of the diluting and stabilizing action of plasticizer rea-
gents on highly concentrated water-coal suspensions is related to the adsorption of the reagent on the surface
of solid-phase particles. The magnitude of adsorption, as well as the nature of the adsorbent-adsorbate inter-
action, depends primarily on the nature of the surface of the particles in the dispersed phase. The carbon-
adsorbent-aqueous solution interface is essentially a model hydrophobic surface in the study of the adsorp-
tion of reagents.

Our researched water-coal fuel (WCF) is a dispersed mixture consisting of finely ground coal,
water and plasticizer reagent. The resulting coal was pretreated in the crushing unit of the electrohydraulic
installation.

Before carrying out the experimental work, various reagents-plasticizers were added to the treated WCF
material: fuel oil, gelatin, lignosulfonate, sodium humate.

Figure 1 shows photographs of water-coal fuel with the addition of sodium humate.

Figure 1. Photo of water-coal fuel

Throughout the history of the use of coal in the form of water-coal mixtures, the possibility of their
transportation over long distances has always been considered. Various substances were used as the liquid
phase, but the most suitable was water. To date, two technologies for hydrotransportation of coal have devel-
oped most: in turbulent and laminar regimes. According to the first technology, a water-coal suspension is
prepared with a mass fraction of the solid phase, usually up to 50 %, consisting of an unstabilized mixture of
large (max size of 1.5 and more mm) and fine coal particles. The second technology is characterized by the
use of a stabilized highly concentrated water-coal suspension with a mass fraction of a solid phase of more
than 55 % and a maximum particle size not exceeding, as a rule, 200 um (Fig. 2).
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water 39%

coal 60%

plasticizer 1%

Figure 2. Percentage in a coal-water suspension with a mass fraction of the solid and liquid phase

For a more vivid idea of the effectiveness of the stabilizing effect of these plasticizers, the obtained data
are presented in Figures 3-6 in the form of graphical dependences of the height of the precipitate of the dis-
persed phase on the time of the immobile state of the water-coal suspension. For this purpose, in the water-
coal mixture, the plasticizer reagents were added in an amount of not more than 1 %. The process of obtain-
ing the suspension was carried out mechanically.
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Figure 3. Dependence of the height of the dispersed phase layer
on the time of the suspension with the addition of gelatin
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Figure 4. Dependence of the height of the dispersed phase layer
on the time of the suspension with the addition of fuel oil M-100
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Figure 5. Dependence of the height of the dispersed phase layer
on the time of the suspension with the addition of lignosulfonate
I, amg
i ————
M

. \
40
35
30 T T T T T T T T T T

0 6 12 I8 24 30 36 42 48 54 60 ‘hwuwac

Figure 6. Dependence of the height of the dispersed phase layer
on the time of the suspension with the addition of sodium humate

It can be seen from the graphs that the slurry with the addition of gelatin is stable for 48 hours, and the
sediment percentage is about 8 %, the suspension with the addition of fuel oil is stable for 36 hours. When
the plasticizer-lignosulfonate is added to the water-coal mixture, the height of the dispersed phase layer re-
mains up to 36 hours, but the sediment percentage is 12 hours. The most optimal binder is sodium humate,
with the addition of this plasticizer, the mixture has been stable for 50-60 hours, but the stability without
changes is about 42 hours, and at 52 hours it drops to 8 %.

Consequently, further it was of interest to investigate the nature of the adsorption process of the sodium
humate reagent on the surface of coal slime.

As a result of the analysis of graphical dependencies and experimental results, it has been established
that sodium humate with a content of the order of 1 % is used as the optimal binder reagent used in this work
(fuel oil, sodium humate, gelatin).

After a very long storage (more than 30 days), the water-coal suspensions were gradually compressed to
form loose sediments, releasing the liquid phase contained in their structure. Presumably, this is the result of
a coagulation rearrangement of particles, the number of contacts of which obviously increases, which leads
to the squeezing of water-coal suspensions and the «squeezing» out of them of the dispersion medium. With
the application of mechanical action (stirring), the original structure of the suspensions was restored. Repeat-
ed experiments analyzing the stability of these suspensions showed that the stability in suspensions with LST
additives decreased. Whereas, in water-coal suspensions with the addition of sodium humate, its values re-
mained unchanged.

To some extent, water-coal suspensions prepared with the addition of sodium humate retain the internal
structure that existed during their formation. Thus, the mechanism of structure formation of these water-coal
suspensions is different from the suspensions prepared with other additives. This is probably due to the pres-
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ence of denser adsorption layers of humates on smaller particles of coal, which causes their repulsion and
prevents aggregation; the particles slip one by one and occupy the most advantageous position, characterized
by a minimum potential energy.

For comparison with previous experiments to determine the settling process, experiments were con-
ducted to study the process of stability of the height of a homogeneous phase (Fig. 7).

1 — sodium humate; 2 — lignosulfonate; 3 — fuel oil; 4 — gelatin
Figure 7. Photo of water-coal suspensions with the addition of various plasticizers

From the data obtained, it can be seen that suspensions with the addition of sodium humate have the best stability. In
connection with the above-mentioned requirements for water-coal slurries intended for direct combustion in boilers it
was very important to determine the viscosity of the resulting water-coal slurries, by the values of which it was possible
to draw conclusions about their fluidity.
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CyabI-keMipJii 0TbIH MAaCCAChIHA PeareHT-IIacTU(PUKATOPIapAbI
MeJiiepJienl KOCy TeXHOJIOTHACHI

Makanaza Cynbl-KOMIpJli OTBIHIABI JKary YILIH JKOFapBIKOHIEHTPALMSIIbI CYJIbI-KOMIpPIi CYCHEH3HUSHBI
naiipiaay cyibeci kapacteippuirad. OcbiFaH Opail KeMIipZi ycakTay j>KOHE OpPTaHHKalbIK KOCBUIBICTAP/IbI
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TaHgay OoifpiHIIA TXipuOenik 3eprreyiep kyprisiami. Kasipri yakeitra 06i3aiH ediMi3feri CHSIKTBI
merenyepae e SKOFapbIKOHLEHTPALMSIIbl CYJbI-KOMIpJl CyCIEH3MSHbl JaibIHAAYABIH TEXHOJOTHSIBIK
CyJOeciHiH KeNTereH HycKanapbl OeNriii jkoHe oylap chiHaJbIN Oaiikanran. By yuriH madeiHaayabH THiMal
TEXHOJIOTHSUIBIK CYJIOCCiH TaHgay KenTereH (akropiapra TOyes[i: GacTanksl IIHKI3aTTHIH CAlAaChIHA JKOHE
KacueTiHe, CYCICH3HSHBIH Talal eTiIeTiH camachlHa, YIEpIiCTe KOJJIaHBUIATBIH, KOCHajgap TypiHe,
SKOHOMMKAIBIK MYMKiHJIriHe *koHe T.0. Kemip KannbIKTapblHAaH JaWbBIHIAIFaH, CYNBI-KOMIpJ CYyCIICH3MS
YUIH €H THIMII IUIacTU(QHKATOpIApAbl IpikTey MaKcaThIHIA MakKauala IUIaCTU(GUKATOPABIH acep eTyi
seprrenni. bepinren pearentrep peareHT-mIacTUdUKATOpIApFa KOHBUIFAaH TajlanTapibl KaHaraTTaHIbIPabl
oHe o1 KospkeTiMai. Ochl KocnaiaapblH ocep eTy THIMALN onapibiH (H3nKa-XUMHUSUTBIK KacHETTepiHe,
KOMIpCyTEeKTep/IeH, apoMarTbl, KapOOKCHIb/I, TMIPOKCUIbII KoHE OacKa TONTapAaH TYPaTbIH OJapIIbIH
KYPBUIBIMBIHBIH epekuieririne Herizmenren. JKenatun, Ma3yt, TUrHocyiab(oHaT, rymMaT HaTpHil KOcHajaapbl
KOCBUIFaH CYCIIEH3HUSHBIH aucrepcTi (a3za KaGaThIHBIH OWIKTIN yaKBITTaH TOYeNIUIri amslHasl. ['ymar
HATPUH KOCBUIFAH CYCIICH3MS €H JKaKChl TYPaKThUIBIKKA He. Toxipubenik 3epTTeyai Taigay HOTHKECIHIE
KOJIJaHBUIFAH PearcHTTEpACH (OTHIHABIK Ma3yT, 'YMHHI KBIIIKbLI, JKEJIaTHH) OHTAMIbl OailaHbICTHIPYLIBI
1 % KypambIMeH T'YMUHJII KOCIIa OOJIBI Ta0BUIAIbL.

Kinm  ce30ep: Cynbl-KeMipili CyCIEH3Hs, CYyIBI-KOMIpIi OTBIH, peareHT-INIacTH(UKATOP, TYMHHI
TEXHOJIOTHSUIBIK CbI30a, Kocra.

b.P. Hycyn6exos, I'.K. Anmreicoa, H.K. Tanamega,
A XK.Tneybeprenosa, H.H. Omapos, K.T. OmapoBa

TexHoJiorus AO3UPOBAHHOI0 IlOﬁaBJIEHI/IH peaFeHTOB-H.TlaCTI/l(l)l/IRaTOpOB
B MacCy BOJA0OYIroJIbHOIo TOIJinBa

B crarse paccMarpuBaeTcs cxeMa IMPUTOTOBJICHHS BHICOKOKOHIIEHTPHPOBAHHBIX BOAOYTOJBHBIX CYCIICH3HI
JUISL CXKUTAHMSI BOAOYTOJBHOTO TOIUIMBA. [IpH 3TOM HPOBOAMINCH SKCHEPHMEHTAIBHBIC HCCIENOBAHHS IO
U3MENBYCHHIO YIS M TOAOOpY OpraHudeckux coemuHeHni. K HacTosmeMy BpeMEHH H3BECTHO
¥ 0npoOOBaHO MHOTO BapHAHTOB TEXHOJOTMYECKHX CXEM IPHUTOTOBIEHHS BBICOKOKOHIEHTPHPOBAHHBIX BO-
JIOYTOJIBHBIX CYCIICH3MH KaK y Hac B CTpaHe, Tak U 3a pyoexom. IIpu 3ToM BBIOOp palMOHAIBHON TEXHOJIO-
TMYECKOH CXEMBbl NMPHUIOTOBJICHUS 3aBUCUT OT MHOTMX ()aKTOPOB: CBOIMCTB M KayecTBA MCXOIHOTO ChIPbS,
TpeOyeMOro KauecTBa CyCIIEH3MH, THIA J00AaBOK, MCIONB3YeMbIX B IPOLECcCe, SKOHOMUYECKUX BO3MOMKHO-
creit u T.4. C 1enpio noxdopa Haubonee F3PPEeKTHBHBIX MIACTH(HUKATOPOB /T BOJOYTOJIBHBIX CYCIICH3HH,
TIPUTOTOBJICHHBIX U3 YTOJBHBIX IIIAMOB, B CTaThe M3y4YEHO BIHMSHHUE INIACTH(UKATOPOB. JlaHHBIC peareHTH
YIIOBJIETBOPSIIOT TPEeOOBAHUSM, IPEIBSBISIEMBIM K peareHTaM-IUIacTH()UKATOPaM, H JIETKOJOCTYIHBL. -
(heKTUBHOCTH IEHCTBHS NaHHBIX 100aBOK 00ycIIOBIEHAa WX (PU3MKO-XMMHUYECKHMH CBOHCTBaMH, OCOOCHHO-
CTBIO MX CTPOCHUSI, COCTOSILETO U3 yrJIeBOJOPOAHBIX, APOMAaTHIECKNX, KAPOOKCHIBHBIX, THAPOKCHIBHBIX 1
Jpyrux rpynn. Hamu mosiydeHsl 3aBUCHMOCTH BBICOTBI CJIOS JMCIIEPCHOH (ha3bl OT BPEMEHU IPUCYTCTBHS
CycrieH3uu ¢ 100aBKOi jkenatuna, Ma3yta, aurnocyibgponara (JICT), rymara natpus. CycneHsuu ¢ qo6as-
KOH ryMaTa HaTpHs 00J1a/lal0T HaWIy4lleld cTabuiIbHOCTBIO. B pesynbrare aHann3a SKCHepUMEHTaIbHbIX HC-
CIICZIOBAaHUIl YCTAHOBJICHO, YTO ONTHMAJIBHBIM CBSA3YIOIIMM PEarceHTOM M3 MCIOJIb30BAHHBIX (TONOYHBIA Ma-
3yT, TYMHHOBAsI KHCJIOTA, JKEJIATHH) SBIISICTCSI TYMUHOBas 100aBKa ¢ cozep kanneM mnopsiaka 1 %.

Knrouegvie crnosa: BOJAOYTrOJibHasd CYCII€H3UsA, BOAOYT'OJILHOC TOILUIMBO, peaFeHT-HIIaCTI/I(i)I/IKaTop, TEXHOJIOTH-
YeCKas Cxema, r'yMHUHOBast IIO6aBKa.
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