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TECHNICAL ASPECTS OF COAL DISINTEGRATION
USING HIGH PRESSURE WATER JET

The high-pressure water jet comminution of cogdrissents in the paper. For such procedure a speocialtype

of hydrojetting apparatus have been developed.eTtiferent types of coal were examined: hard-worg and
charcoal.Obtained results point out that high-pressure wgtmusage for such a purpose is very effective.
Brown coal is slightly more susceptible for thisthred treatment than the hard one, whereas the imesisive
disintegration is characteristic for charcagalich micronization effect gives even over 100,06@&$ increase
of its specific surface comparing to normal finealcafter traditional comminution. Moreover charcoal
susceptibility for intensive hydro-comminution casghat one can get the most comminuted structbieg is

a good prognosis for its modification into bio-fsiel

1. INTRODUCTION

There are different methods of coal processing fa& [1],[7],[13] and usually they
require intensive comminution of the coal. Suchagibn needs creation of new technologies
for coal micronization [5],[12],[18] that enlargeexific surface of coal micro particles what
finally intensifies burning process of such coaktdibome interesting effects of water-coal
mixture ensures waterjetting technology implememtaf3],[6],[20]. Such technology let to
produce fuel from powdered coal in water slurn6[2sr in energetic fluids (methanol or low
viscosity oils) [6],[15].

Traditional mechanical grinders are used for co@l gomminution by means of coal
particles crushing and grinding. However such gadusage for coal micronization is
economically unprofitable because of their lowadincy [7],[9],[11]. It is a result of coal much
higher resistance to pressing stresses than torstrg ones [8],[14],[16].

Taking above into consideration an alternative riettigy involving high-pressure water
jet can be implemented. Such a jet striking codlase penetrates inside causing stretching
stresses and such a water wedge effect leads yodesastegration of such coal particle. It
should be admitted here that hard coal structuchasacterized by many cracks [17],[19] and
that is the reason why such material is especisilgceptible to disintegration during
hydrojetting grinding.
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2. THE RESEARCH

Special construction of prototype of hydrojettingnder (Fig. 1) was used for coal
disintegration which was constructed after exangiroh other types linear grinders [10],[15],
[17]. Such construction work is close to injectead work that is popularly used for creation
of high-pressure abrasive-water jet. However i thérticular case, fine coal is processed
instead of abrasive material and it is acceleratetinitially comminuted inside homogenized
nozzle, which is made of sintered carbide. Cretitisdvay water-coal jet is directed on a target
made of sintered carbide, where final comminutioocess is taking place. Three different
types of coal were examined: hard-, brown-, andociz

Above mentioned device was used for fine coal camtion of granularity range
1+10mm and process efficiency range 8+30g/s. Watdput was changed at the range
of 0.2+0.5dn¥s and its pressure range of 50+300MPa. Hydromohising on HDP164 type
(Pmax=300MPa, Q.,=0.5dni/s) pump was used for such water output generation.

Fig. 1.General view of hydrojetting comminution apparagtustotype
(1 - hydrojetting grinder, 2 — HDP 164 type hydroswior)

Special fraction analyzer Analysette 22 Micro Twas used for testing different particles
of comminuted coal. It enables fast results vatumatf particles size range of 80nm do 2mm.
FEI Quanta 200 microscope equipped with chemicallyaar type EDAX Genesis XM 2i was
used to observe comminuted fine coal surface. Auhdit software was used for particles shape
analysis (Fig. 2). In turn, topography of cut sogfand its geometry was measured with spatial
surface analyzer type Talysurf CLI 2000 using lagsge as well as confocal gauge working
with polarized light.
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Fig. 2.General view of comminuted coal particles

3. COMMINUTION OF HARD COAL

3.1. HARD COAL PARTICLES DISTRIBUTION

In order to achieve high efficiency of coal burnipgpcess one should obtain proper
particles comminution. Exemplary distributions afthcoal particles are presented in Fig. 3.

However as it occurs the water pressure increass lo difference in comminution.
Examples that illustrates such tendencies are gisalodistribution plots obtained for jet
pressure of 250MPa (Fig. 4). Such almost 2 timghdri water jet pressure increase leads to
distinct comminution of hard coal.
Analysis of fine coal particles distribution diagra shows that single stage hydrojetting
comminution let to evaluate micronization degre@r lexample, for water pressure
of 150MPa even 90% of particles reaches dimensiamge 0+123um. In turn, higher water
pressure of 250MPa causes that 90% of particlegsgidimension range 0+71um
respectively.
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Fig. 3. Distributions of hard coal particles fracticomminuted with water pressure of 150MPa

§ ——— e ; : : : : 100

45 d,=0.7mm -1 g0

4 j ! ; ! ' dy=2.4mm | o

p =250 MPa

3B 0N N T a=a178fs [ 1
= * MW\ 3 | 4=322um 60 =
=258 NN\ gss 10N L gy 2
N

1 AR RIS e - — A - 20

0,5 ' ' ' + 10

0 0

0 50 100 150 200 250 300 350 400
alum]

Fig. 4.Distributions of hard coal particles fraction comuried with water pressure of 250MPa

3.2. HARD COAL PARTICLES SURFACE

Fine granularity of coal particles is limited byeth specific surface increase what
intensifies burning process. However, as it comgsfrom microscopic analysis hydrojetting
micronization of coal causes specific developménteated particles. Such a surface looks like
shredded lamella additionally enlarging total watkface of these particles. Morphology
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examples of such particles being a part of new fyeé made of hard coal are presented
in Fig. 5.

Fig. 5.SEM pictures of hard coal showing different stafjtheir specific surface development

Estimated simulation results realized for lamettasrphology of coal particles created
during water jet comminution point out that thezal surface increases even up to 100,000
times comparing to specific surface of usual fioal.cSuch feature is very important taking into
account efficiency of bio-chemical coal conversitio new generation fuel [7].

4. BROWN COAL COMMINUTION

4.1. BROWN COAL PARTICLES DISTRIBUTION

As it comes out from experiments, comminution & kbrown coal during high-pressure
water jet grinding is similar comparing to the hartke. The reason for that is huge ductility
of examined brown coal material. Evidence for et be exemplary distributions of brown
coal particles which are presented in Fig. 6 agd Fi
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Presented research prove that during hydrojettngnainution a few millimetre particles
of fine brown coal becomes efficiently micronizéanount of approx. 90% of brown coal is
comminuted after first stage and such material tnesorange of 0+176um for processing water
pressure of 150MPa and respectively reaches thgerah 0+-65um for water pressured
up to 250MPa.

Jr—— e ‘ , 100
7,1 N, WS~ | KSR WSSO N d,=0.7mm L 90
di;=2.4mm
L i e L L 80
: : ! p =150 MPa
el i R S S Q=294g/s [T 70
_ 3 |- - NS d=67.8um | 60 _,
T 25 [N A e e S =
¥ 3 ~+a ©
1,5 - 30
i (| | SSEES—— BN —— ﬂ- RN . ST RO TR, P —— T
0,5 L 10
0 0
0 100 200 300 400 500 600
alum]

100
d,=0.7mm - 90
dp;=2.4mm . 80
p =250 MPa
Q=35.7g/s [°
_— a=27.6pm - 60 <
e
= s=10mm s =
s ! : ‘ : : 3
i . T -4 @
A e 30
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - 20
______________________________________________________________________________ L 10
0
0 100 200 300 400 500 600

a[um]

Fig. 7.Distributions of brown coal particles fraction comnoted with water pressure of 250MPa
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4.2. BROWN COAL PARTICLES SURFACE

Brown coal micronization during high-pressure wajelr process causes intensive
comminution as well as considerable growth of @eégbarticles surface. Diversification
of its size and shape are illustrated in SEM imdges 8).

Shredded form of comminuted particles of brown ogaatly multiplies their total
surface. It is very profitable for efficiency ofdin burning process. Some exemplary
morphologies of such particles are illustrated EVMSmages presented in Fig. 9.
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Fig. 8. SEM images illustrating diversificationlmiown coal size and shape after high-pressure \jetteomminution
(p= 250MPa)
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Fig. 9. SEM pictures of brown coal comminuted witgh-pressure water jet of 250MPa showing diffesgage
of their specific surface development
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5. CHARCOAL COMMINUTION

5.1. CHARCOAL PARTICLES DISTRIBUTION

Much intensive comminution is characteristic folaoal grinded with high-pressure
water jet. Evidence for this can be observed inmgtary distribution of charcoal particles,
which are presented for 150MPa in Fig. 10 and 5@\2Pa in the next Fig. 11.
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Fig. 10.Distributions of charcoal grains fractions commatitvith water pressure of 150MPa
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Fig. 11.Distributions of charcoal grains fractions commaditvith water pressure of 250MPa
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Hydrojetting comminution of fine size charcoal dégly gives the highest micronization.
Amount of approx. 90% of charcoal is comminutecerathe first stage and such material
becomes range of 0+37um for processing water peesgul50MPa and respectively reaches
the range of 0+34um for water pressured up to 250MP

5.2. CHARCOAL PARTICLES SURFACE

Charcoal susceptibility for intensive hydro-jettisgmminution causes that one can
process particles of the most fine granularitytrice what makes good prognosis for such
coal usage as bio-fuels. Thanks to hydro-jettingramization method of charcoal one can
observe that the most dominant part of after-pmiogsmaterial usually accumulates on the
water surface in the form of foam. After drying Bumal foam consistency is very porous
(Fig. 12).

Fig. 12. Air-dried charcoal mass: a) of great pityp®) comminuted with high-pressure water jet g50MPa)

However in reality created such way charcoal pladiare grainy in structure and
characterized with regular edges and surface. aypexamples of their shape and
morphology, being a part of new generation charfigel| are presented in Fig. 13.

Fig. 13.SEM pictures of charcoal showing different stagéheir specific surface development
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6. ENERGY CONSUMPTION ON THE PROCESS

Energy consumption necessary for coal comminusoan important indicator that
characterizes efficiency of such process. In soreeses such consumption decides
of calorific value of such quasi-liquid fuel gent@ from micronized coal. Subtracting the
value of energy lost in this way from fuel calacifralue one can obtain corrected real fuel
value.
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Fig. 14. Dependence of unitary energy consumptigmdispensable for processing of 1 kg of hard esalvater nozzle
diameter ¢ (p = 200MPa, g=2,4mm)
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Fig. 15. Dependence of unitary energy consumptigmdispensable for processing of 1 kg of differesdl types vs.
nominal water jet pressure,f0,7mm; ¢ = 2,4mm)
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The first step was the research concerning inflaeat fine coal hydrodynamic
conditions. Example of that can be influence ofI’'mivater nozzle diameter presented in
Fig. 14. It comes out practically linear increaseinitary energy consumption of fine hard
coal comminution vs. water nozzle diameter.

Application of hydrojetting mill characterized Wwitadequate nozzle choice let to
comminute different types of fine coals in an affit way. Exemplary graphs of unitary
energy consumption occurring in comminution of elifint coals’ types vs. water pressure is
presented in Fig. 15. It comes out that for alleymf coal one can obtain each time
dependences directly proportional to water presstiherefore having in mind realized
experiments, the most favorable is to use the lowesed pressure for fine coal
comminution.

7. CONCLUSIONS

Presented results of fine coal comminution withhkipgessure water jet technique let to
formulate the following important conclusions ohgeal character:

e Small coal resistance for stretch stresses catls®s water jet technique usage for
comminution is very effective.

e Processing of hard coal with water pressure oMIB# causes that even 90% of particles
reaches dimensions range 0+123um. In turn, higheempressure of 250MPa causes
that 90% of particles gives dimension range 0+7Zgspectively.

e On the other hand, hydrojetting comminution okfisize brown coal becomes efficiently
micronized. Amount of approx. 90% of brown coatlisintegrated after first stage and such
material becomes range of 0+176um for processinterwaressure of 150MPa and
respectively reaches the range of 0+65um for watssured up to 250MPa.

e Hydrojetting comminution of fine size charcoal idgély gives the highest micronization
effects. Amount of approx. 90% of charcoal is comuted after first stage and such material
becomes range of 0+37um for processing water peessiu 150MPa and respectively
reaches the range of 0+34um for water pressuréo 250MPa.

e Energy consumption necessary for coal comminui®nan important indicator that
characterizes efficiency of such milling process.

e Such energy consumption decides of calorific valusuch quasi-liquid fuel, and it may be
defined as a difference of coal calorific value amitary consumption of energy used for
such micronization.

e Unitary energy consumption necessary for coal comion processing depends in a linear
way on water nozzle diameter of the hydrojettind. mi

e Unitary energy consumption necessary for comnonutirocessing of different coals’ types
is directly proportional to water pressure, therefine most favourable is to use the lowest
pressure for fine coal comminution having in mincegsure range realized in this
experiment.

e Hydrojetting coal micronization causes that creéaparticles surface has very often a
shredded lamellar form and thanks to that their sadace increases even up to 100,000
times comparing to specific surface of usual fioalc
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e Charcoal susceptibility for intensive hydro-jegticomminution causes that one can get
particles of the most fine-grained structure giviilmg same good prognosis for its processing
into bio-fuel.

Taking into account above results one should etalleveloped apparatus and method as
very effective technique for high-pressure watecgal comminution.

NOMENCLATURE

a,a [mm] — unitary, mean size of coal particle,

d, [Mm] — homogenizing nozzle diameter,

dQ3 [%] — frequency of unitary value occurrence@dl particle size,
dw [mm] — water nozzle diameter,

p [MPa] — water jet pressure,

Q. [g/s] — efficiency of hydro-jetting coal comminaii.

REFERENCES

[1] AMICK P., LYNCH G.E., NELKIN G.A., STULTZ J.ZEH C.M., 1996,The Clean Coal Technology Program.
The Wabish River Coal Gasification Repowering Project. Topical Report, 7, 1-22.

[2] BIELECKI M., 2011, Examining of geometrical and hydraulic parameters influence of high-pressure hydro-
jetting mill on different materials comminution (in Polish). Science Seminar of UHJT Institute. skalin
University of Technology.

[3] BORKOWSKI P., BORKOWSKI J., BIELECKI M., 2011Coal disintegration using high pressure water jet.
International Conference Water Jet 2011: Rese@ebelopment, Applications. Ostrava, 73-84.

[4] BORKOWSKI J., BORKOWSKI P. 2010lnnovative applications of hydro-jetting technologies (in Polish).
Conference of Polish Academy of Science. Kotobrzeg.

[5] BORKOWSKI P., 2010Basis of high-pressure hydro-jetting technologies (in Polish). Monograph of UHJT
Institute (ISSN 0239-7129, ISBN 978-83-7365-207Klgszalin.

[6] BORKOWSKI P., BORKOWSKI J., 2010C0al comminution with high pressure water jet. 20" International
Conference on Water Jetting. BHR Group (ISBN: 985%98). Graz, Austria, 141-146.

[71 BORKOWSKI P., BORKOWSKI J., 200Hligh-pressure water jet application for coal conversion into new
generation fuel. Unconventional and HydroJdetting Technologies. dyaph of UHJT Institute (ISSN 0239-
7129), Koszalin, 43-54.

[8] BORKOWSKI P., BORKOWSKI J., 2009Comminution of different materials with high-pressure water jet.
Unconventional and HydroJetting Technologies. Maaph of UHJT Institute (ISSN 0239-7129), Koszalin,
493-500.

[9] BORKOWSKI P., BORKOWSKI J., MAZURKIEWICZ M., ASKO S., 2009Coal micronization utilizing with
high-pressure water jet. Unconventional and HydroJetting Technologies. bgraph of UHJT Istitute (ISSN
0239-7129), Koszalin, 511-518.

[10] CUI L., AN L., GONG W., 20060ptimizing process parameters of high pressure water jet mill. The 8th Pacific
Rim International Conference on Water Jet Technol@ingdao, China, 15, 138-145.

[11] CUI L., AN L., GONG W., HUANG B., 2006, Present state and perspectives of water jet comminution
technique. The &' Pacific Rim International Conference on WaterTkthnology. Qingdao, China, 39, 361-369.

[12] GONG W., AN L., CUI L., LIU Y., XIE G., 2005Desulfurization of coal based on high pressure water jet
comminution. 2005 WJTA American Waterjet Conference. HousTaxas, Paper 3B-2.

[13] KLANK M., 2007, Perspectives of coal usage in Poland in the aspekt of clean coal Technologies (in Polish).
Gospodarka Surowcami Mineralnymi. 23/2, 27-33.

[14] MAZURKIEWICZ M., 2001, Method of creating ultra-fine particles of materials using high-pressure mill. US
Patent No. 638649.

[15] MAZURKIEWICZ M., 2002, Apparatus for comminution of solid materials using a processor-controlled fluid
jet. US Patent No. 6435435.



Technical Aspects of Coal Disintegration Using HRjlessure Water Jet 19

[16] MAZURKIEWICZ M., 2004,Method of creating ultra-fine particles of materials using a high-pressure mill. US
Patent No. 6824086.

[17] MEI F., WEILI G., YUFAN C., 1999A new type of high pressure water jet mill. 10th American Waterjet
Conference. Houston, Texas. Paper 31.

[18] Micronized coal-water fuel dlurry for reciprocating combustion engines. US Patent No. 4335684.

[19] SHENG F., HONG L., XIONG D., 200Research on ultrafine comminution of minerals by thermally assisted
high pressure water jet. 2007 American WJTA Conference and Expo. Houstexas, Paper 5-C.

[20] SZADA-BORZYSZKOWSKI W., 2011Hard coal as a raw material for new generation liquid fuel production
(in Polish). Science Seminar of UHJT Institute. Kadg University of Technology.



