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Loy Yanqg coal mine, Latrobe Valley, VVC, Australia



re) "
, mop . Mine Facts

e Z i 7% roducing mine.
— ool Loy Yang mine is the Southern Hemisphere's largest coal pro g

Excavation Method:
® Bucketwheel: Up to 13.2 metres diameter with 10 buckets per wheel ® Bucket capacity: Up 1o 2.3 cubic metres
® Machine size: 190 metres long, 50 metres high and 5,000 tonnes in weight
® Output: Up to 3,600 tonnes of coal per hour and up to 2,500 cubic metres of overburden per hour
® Travel speed: 8 metres/minute (0.5 km/h)
Mine Facts

® Mining technique: Open cut ® Open cut area: 750 hectares ® Coal output: 30+ million tonnes Per annum
® Mine depth: 195 metres ® Age of coal seams: 15-30 million years ® Moisture content: Around 62 Per cent

® Life of coal seams with current mining: 50 years
Transport Conveyors

Coal is transported by conveyor belt to a 65,000 tonne capacity raw coal bunker
® Conveyor belts: Each belt is 2 metres wide and u

p to 3 kilometres long * Belt speed: 52 metresisecond - 19 kmin
® Jotal installed conveyor length: 30 kilometres




Composition of Victorian Brown Coal

Water
59 %

Dry Coal

41%

Positives: Low N, Low S, Low Ash, Cheap
Negatives: High Moisture, High O,
Low Specific Energy (wet),
High CO, Emissions,
Spontaneous Combustion

Proximate Ultimate
Analysis Analysis
\Hydrogen 5%
Nitrogen &
Volatile Matter Oxygen Sulphgur 1%
S0 % 26 %
: Carbon
Fixed Coarbon 67 %
o Minerals &
Ash < 2% / Inorganics 1 %
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Non-evaporative
dewatering

1
1
1
1
1
I
1
1
1
1
1
I
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1
1
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........... Proposed method ----------

In non-polar solvent

H200H

Brown coal

%%Q y‘é& H
0989,

molecule

Heated u to 150 °C

Q8.9
Y L{ B4

Heated u to 350 °C

H,0 H,0 H,0

0,
Q¥ G
H0

‘@, €

CO, H,0

/

Hydrogen
bonding

Linaradina-without cross-linkina reactions. - - -

--Conventional heat-treatment--

In inert gas
9% ? _Hydrogen
: d bonding
Brown coaJ,/‘ OH4 h %g
molecule

Heated u to 150 °C

104
Qoo&y\?

OH

Evaporative
dewatering

OO

Heated uE to 350 °Cy.CO,, H,0
f 2r 112

X
H

|_
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Apparatus and procedure

Autoclave 350 mL

' /Experimental conditions \
LY Coal e * Coal: 14 g-d.a.f.

(Charged as received)
« 1-MN : 300 mL
e Temperature : 350°C
* Holding time : 0, 1, 2, 3 h
 Final pressure : 2.3, 6.8, 15.7 MPa

\ /

Stainless Steel
Filter
0.5 um

Reservoi

The extracted fraction which
was soluble in the solvent
even at room temperature

The extracted fraction which
precipitated as solid
at room temperature

25




Experimental

Makino, M., Ashida, R., and Miura, K., Div. Fuel Chem., 2010, 55(1), 10

Coals used
Ultimate analysis [wt%, d.a.f.] Atomic Ratio [-] Proximate analysis [wt%, d.b.]

C H N O (diff.) H/C o/C VM FC Ash
Mae Moh MM 66.4 3.9 1.9 27.8 0.71 0.31 50.2 24.0 25.8
Loy Yang LY 66.7 4.7 0.9 27.7 0.85 0.31 515 47.0 1.5
Wara WA 67.1 51 1.0 26.9 0.91 0.30 50.5 47.9 1.5
Berau Binungan BB 71.0 4.9 1.3 22.8 0.83 0.24 43.4 52.5 4.1
Mukah Balingian MB 71.7 4.8 1.7 21.9 0.80 0.23 42.8 52.6 4.6
Philippine Lignite PH 72.2 4.6 0.9 22.3 0.76 0.23 515 36.7 11.8
Adaro AD 72.9 51 1.0 21.0 0.84 0.22 51.7 46.5 1.8
Tanito Harum TH 80.7 5.0 2.0 12.3 0.74 0.11 41.6 50.2 8.2

Solvents used

Brown coals are low in carbon contents and high in oxygen contents

CH,

1-Methylnaphthalene (1-MN) ©©
Naphthalene ©© -



Samples used

Leucaena
(LC)

Eucalyptus
(EUCA)

80.4 t/haly

Napier grass
(NP)

- ¢ | 75-93t/ha/ y

Cassava
rhizome
(CR)

Jatropha
trunk
(JT)

Oil palm
empty fruit
bunch
(EFB)



Samples used

Experimental

Biomass Ultimate Analysis Proximate Moisture
(Abbreviation) (wt.%, d.a.f.) Analysis (Wt.%)
(wt.%, d.b.)
C H N O VM FC  Ash
(diff.)
Cellulose 412 6.1 0.3 52.4 924 7.6 0.0 4.3
Lignin (LN) 60.3 49 0.3 34.5 66.1 20.6 13.3 13.0
Leucaena (LC) 493 6.6 14 42.7 82.1 16.6 1.3 8.3
Eucalyptus (EUCA) 50.8 6.8 41.2 41.9 835 16.0 0.5 9.4
Empty fruit bunch (EFB) 498 6.6 1.6 42.0 679 259 154 10.9
Rice straw (RS) 46.2 6.7 1.6 45.5 73.0 119 151 8.0
Rice husk (RH) 498 70 1.0 42.2 67.0 115 215 9.6
Napier grass (NP) 476 6.8 1.4 44.2 76.0 16.7 7.3 9.9
Jatropha trunk (JT) 50.6 6.9 1.4 41.1 744 18.7 6.9 11.8
Cassava rhizome 49.4 6.9 1.4 42.3 759 17.8 6.3 10.2
1/1 mixtures of LC/MM, /MM, LC/LY,and /LY were also used

to examine synergetic effect between biomass and coal



Yields based on carbon
(Carbon distribution in the product)
100 =

40- 7

o

CEL LN LC EUCAEFB RS RH NP JT CR

N
o

Carbon distribustions [wt.%, d.a.f.]

» Soluble is the largest fraction of decomposed products.

» Soluble yields are large for biomass samples and reached
more than 70 % for EUCA.

»Liquid fractions consisted mostly of H,0O.




Comparison of and biomass
(Yields based on carbon)

100 g iy masnnr - gy~ pn- : fffffffffffffffffffffffffffffffffffffffffffffffffffffff e —
— [imnnn] ../.‘.’ Frrr |
= A\ (I
S 80H|[[|1 HH ------------ L -
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E. 1
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o |
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__9 |
F4r B X = I fffffffffffffff -
© 1
c 1
O 1
£ 200 o N O —
m I
O 1
Readue I
Oj !
Cell LC RS PE MM LY WA BB

Blomass

»Soluble yields are large for biomass samples

»Lignin (LN) gives similar product distribution as brown coal



H/C

Elemental Compositions on the Coal Band

All samples

20—

0.5

—

h %
\\\/\)\\\}\

A W L V2 U N

O Rawcoal
. Residue A

Raw

e
N A
/‘\l Residue\‘\‘“

Ao Biomass -
/\ \ ~
and

e Deposit -
7 -CH /T BM e Coal o Goiuple
Y A VAV VAV
0.0 0.2 0.4 0.6 0.8 1.0
0/C

Soluble
C content: 80 -83 %
H content: 6.5~7.5 %
Ash : 0~0.10%
HHV : 35 ~ 36MJ/kg

Ccontent: 75~ 78 %

Hcontent: 5 ~ 6 %
Ash : 0~ 0.16 %
HHV : 30 ~ 31 MJ/kg

» Elemental compositions of Solubles are very close to each
other for both coal samples and biomass samples.
> are almost free from ash, and rich in C and H
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Intensity [a.u.]
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Chemical shift [ppm]
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.for Soluble
C=0 0.8%
COOH 3.3%
Ar-0 6.3%
Ar-C 17.9%
Bridgehead, Ar—H 35.5%
O-CH,- 2.3%
O-CH;, 4.5%
-CH,— 10.7%
-CH,4 18.6%
f, 0.597
f, (raw) 0.078
—CH,
N—cH,
B A



Intensity [a.u.]

Raw Soluble
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» MWDs of Solubles are very close each other.



Absorbance [a.u.]

Raw Soluble

e eSS e
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Absorbance [a.u.]

Absorbance [a.u.]
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» FTIR spectra of Solubles are very close each other.



Relative weight [g/g-sample, d.a.f.]

1.0

0.8

0.6

0.4

0.2

| EUCA | | |
100 200 300 400 500 600 700 800

0.0 '

Temperature [ 0C]

» TG curves of Solubles are very close each other, including biomass samples.

> About 80 % of Soluble are volatile.

Relative weight [ g/g-biomass, d.a.f.]
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Normalized displacement [ - ]
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» TMA curves of Solubles are very close each other.
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Relative weight [g/g-sample, d.a.f.]
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TMA profiles,
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Temperature [ °C]

TG curves

» Displacement of raw samples is due to the weight loss through pyrolysis.
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