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Abstract — Efficient use of low rank coals (LRC) have been investigated as a method to cope with recent high oil
price. Among the coals used in industry, lignite and sub-bituminous coals are belong to the LRC, and have abundant
deposit and are distributed worldwide, but high moisture contents and self ignition properties inhibits their utilization. In
this paper, chemical coal cleaning to produce ash-free coal from LRC has been investigated. Two technologies, that is,
UCC(Ultra Clean Coal) process removing ash from coal and Hyper Coal process extracting combustibles from coal
were compared with. UCC process has merits of simple and reliable when it compared with Hyper Coal process, but the
remaining ash contents werehigher than Hyper Coal. Hyper Coal has ash contents under the 200ppm when raw coal is
treated with appropriate solvent and ion exchange materials to remove alkali materials in extracted solution. The ash-free
coal which is similar grade with oil can be used as alternate oil in the industry, and also used as a high grade fuel for

IGCC, IGFC and other advanced combustion technology.
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Fig. 1. Schematic illustration of deposit formation and condensation of inorganic vapors on a superheater tube surface.
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Table 1. Coal properties of various ranks

Coal rank” Volatile matter (wt%, maf"")  Fixed carbon (wt% maf"") Ash (wt% mf"™) Calorific value (Btu/Ib, mmmf™™"")
Lignite 69-44 76-62 8-1 4,500-3,500
Sub-bituminous 52-40 80-71 10-3 6,400-4,600
HvBb 50-29 86-76 20-10 7,200-5,800
HvCb 50-29 86-76 20-10 7,200-5,800
HvAb 49-31 88-78 20-10 >7,500
Lvb 22-14 91-86 20-10 7,200-5,800
Mvb 31-22 91-86 20-10 7,200-5,800
Semi-anthracite 14-2 99-91 30-10 6,400-4,600
Anthracite 14-2 99-91 30-10 4,500-3,500
Meta-anthracite 14-2 99-91 50-20 4,500-3,500
Graphitic anthracite 5-2 99-91 - -
Graphite - 99-91 - -

*HvBb: High volatile B bituminous
HvCb: High volatile C bituminous
HvAb: High volatile A bituminous
Lvb: Low volatile bituminous
Mvb: Medium volatile bituminous

**moisture ash free

***moisture free

****moisture mineral matter free
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Table 2. Coal reserves and worldwide distribution of different ranks

—

Bituminous/ Sub-Bituminous/

/T anthracite Brown Total

World 509491 474720 984211
North America 116707 139770 256477
S. & Cent. America 7839 13735 21574
Europe 41664 80368 122032
former Soviet Union 97476 132707 230178
Africa 61162 250 61412
Mid. East 193 - 193
Australia 47300 43100 90400
China 62200 52300 114500
India 72733 2000 74733
Indonesia 770 4450 5220
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Fig. 3. Structure model for bituminous coals.
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Table 3. Themes in APP-AP6 initial action plan for clean fossil energy development 2007

Themes Contents

CO,capture and storage

This covers enhanced oil recovery, natural gas CO,separation, and CO,capture from fossil fuel use. This theme is
linked to technologies under themes 2 and 3 that enable the capture of CO,for storage.

Post-combustion capture,
oxy-fuel combustion and other

advanced technologies efficient use of lower grade fuels.

Development and commercial deployment of advanced combustion technologies, such as ultra clean coal (UCC) and
hyper coal, super/ultra-supercritical power stations with capture of CO,through oxy-fuel combustion or post-
combustion CO,capture, and a range of advanced fluidized bed technologies that reduce emissions and support more

Coal gasification and
liquefaction

This covers coal integrated gasification combined cycle, including with carbon capture and storage (CCS) and
chemical plants with pure CO2for capture.

Energy market access for gas

This involves identitying and addressing potential barriers to LNG market efficiency and growth.

Gas handling infrastructure

improvements technology improvements.

Energy efficiency gains and emissions reductions through application of gas processing, transport and utilization
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2-1. Ultra Clean Coal I (UCC-I) Process
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Fig. 4. Schematic diagram of UCC(ultra clean coal) process.

Table 4. Properties of raw and UCC

Property Feed Coal ucc
Total ash 8.3% 0.15%
Ash particle size - <5 mm
Inorganic content of the coal (ppm) (ppm)
Si 24,800 35
Al 12,300 8
Ti 733 477
Fe 3,383 34
Ca 437 22
Mg 431 5
Na 919 58
K 464
P 86 3
Mn 13
\Y% 29 12
Ash fusion temperature
IDT (Initial Deformation >1,500 °C >1,500 °C
Temperature)
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2-2. Ultra Clean Coal II (UCC-II) Process
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Table 5. Properties of CENFuel

Input coal sample Output cenfuel product
Ash 25% 0.59%
BTU/Ib 11,077 15,186
Moisture 13.6% 0.3%
$ per MMBTU <0.5 <3.0
$ per tonne $12 $100
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2-3. Hyper Coal Process
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Research Institute)elA] 33+ 200 ppm ©]38}] Y46 2| Z27]&
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Fig. 5. Process flow diagram of Hyper Coal process.
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oy
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ki

6,908 yenit /.\
@ @
08 Hyper Coal
8,500 Mcal /t
4,675 yenlt . 4,380 yen/t
| @ 5,325 yenlt

2,798 yenit

Price per thermal unit [yen/Mcal]
(=]
@

0.4
Steam coal
6,470 Mcal /t
2,148 yen/t (Ash=12wt%)
0.2
Gate FOB CIF Stage Including  Including
Price Ashdisposal  Goal tax

expenses
FOB : Land transportation expenses 650 yen/t

CIF : Cost, Insurance and freight 1,582 yen/t

Ash -disposal expenses :7,000 yen/t

Coal tax : 700 yen/t (2007.4~)

Fig. 7. Estimated coal prices of raw coal and Hyper Coal.

o] ST Ao} 49 Ajoli= A gl Aow Uehdtt,
Rere] Ag-olli= siEe] Sk 1= st A dAelA A
AAm e ARgo] 7Fsst Ao Aek6,000 kealkg)yS Z2H=TF.

Hyper Coal AIZE 918l S35 9 9ok 255 A
Asp7] f18t ol w ey To] Lo} AFTrPrt obd Ao
2 o d= 31 ek Fig. 761l &2 ETRIS] BAVE 4] A3 vhet
WRATH21]. 2007 48 715 L] Mgt 7148 7|02 nlwdh
ZloItt. Hyper Coal®] 27] Alx7h= A @l 9] a7
 vwahd 22 gd 7hAo] EskEo] oF 2ou) Fw FIsk

Table 6o Y F &3} Hyper Coal 12|11 P%ﬂ 5/9& nlwsisd (2,148 yentll 4675 yen). “1&]} 7]E2] A ARE- $of WAYE
o} 58T Hyper Coal> -3 330l 7hAaska 3uhia) i 3lis AHEsl] gk nlgo] WHAYEHAl =29, Hyper Coal &
(@ e

Fig. 6. Steps of Hyper Coal production and concept of utilization to the gas turbine.

Table 6. Comparison of coal characteristics of raw coal, hyper coal and residue coal produced from hyper coal process

Moist  Ash(Wt%) VM (Wt%) Calorific value  C(wt%) H(Wt%) N(wt%) SWt%) O diff. (wt%)
(Wt%) db daf (MI/kg) daf daf daf daf daf
Feed coal 16 103 35.1 29.7 87.0 55 23 0.7 462
HPC 0.0 0.0 38.8 35.5 87.7 53 2.1 0.7 423
RC 0.0 29.1 23.7 23.0 85.1 42 22 0.8 371
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