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1. Iotroduction

As coal hag much larger amount of deposit than petroleum, it
is supposed to be inevitable techpology in the future to comnvert the cozl
to liquefied fuel. The opporunity to commercialize the coal liquefaction
will be come without f£ail, rhough it has postponed from the time we
imagined before. : .

Technology of coal liquefaction was industrialized in West
Germany for the first time through the World War 2nd era, but it was not
s0 economy to be competirive to abundant petroleum afcerward. Research
or coal liquefaction has become active again in T.S.A. since 1960s and
in Wast Germany since 1970s, chinking future energy crisis.

Tn Japan research on coal liquefaction was carried on 2
little during and aftex the World War 2nd. But it stoppedfor a long time.
In 1974 Sunshine Project was started by MITI in which reseazch program
on liguefaction and gasification of coal, solar energy and geothermal
energy were included.

2. Coal Liquefaction Program in Sunshine Project

Sunshine Project intends to develop 2 new clean energy
production technology except petroleum and nuclear power. It is the first
long term technology development projects in Japan. Coal liquefacstion
technology takes important position in ic

: In coal liquefaction project three processes, that is
Extracrive Coal Liquefaction, Direct Hydrogemation and Solvolysis Coal
Liquefaction were taken up at first. Later australian Brown Coal
Liquefacrion Project was added. Now four coal liquefaction projects are
xepr going. These projects are commissioned to the contracted company and
at present whole research cost is supported by the Govermment.-

3. Establishment of NEDO .

Establishment of NEDO caused drastic change for the coal
liquefaction technelogy development in Japan. NEDO was established in
October 1980 according to the special law to promote the gemsral develop=
ment of techmology for the purpose of commercializing alternative erergy
resources. NEDO has succeeded the Sunshine Project and has been promoting
the Projects meore intensively.

Disclaimer—Reference in this report to any specific cmmercial preduct
process or service is to facilirate understanding and does notT necassarily
imply its endorsement of favoring by NEDO.
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- 4. NEDQ's Policy for Coal Liquefaction Process

NEDC should be thought that it is not only an administracive
organization, but has technical policy for process development and
leads the contractors to get the better results.

As our purpose is commercialization of coal liguefaction, we
intend to develop the more economical process than other processes in—
development in othar countries. Process conditions to be economical are
as follows.

(1) to use rhe catalyst cheap but of high efficiency

(2) to use hydregen donor solvent

{3) to adopt the two stage hydrogenation
Our processes are cemsist of one or some of these conditions. In add1t1on
to this, NEDO is developing the new material for high pressure and high

temrerature vessel and the computer program for the total system analysis
of coal liquefactiom.

5. Status of Each Coal Liquefaction Process

5.1 Extractive Coal Liquefaction Process

a) Description of the Process

Crushed feed coal and disposable catalyst are slurried In
hydrogen doner solvent, which is the middle anmd beavy oil from fractiomator
and is caralyricslly hydrogenated. This slurry and hydrogem are sent to
the reactor through the prebeater. Reaction conditiom is rather mild , bur
0il yield is rather high. Products from the reactor is fractiopated in both
atmospheric and vacuum distillation columm. Most part of middle and heavy
uil is used as recycle solvenc.

Bottoms from vacuum column can be used ags (1) material for
gasification to get hydrogen, (2) marerial for selid separation to get
more light oil by second hydrogenation, (3} feed stock for varicus use
after solid separation. We are now discussing these three mechods of
utilizing of bortoms.

As disposable catalyst, noble catalyst, iron ore, red mud and
dust from molten irom gasifier were tested. From the results of these
tests dust from molten iron gasifier was chosen as most active and cheap
catalyst { Table.t }. In case that the molten iron gasifier is taken into
the process, the catalyst is recoveraed when bottaoms are gasified.

b) Starus of Process Development
Basic research was starred on 1978, and at the end of Noverber
1981, P.D.U. wirh capacity of 1 t/day of feed coal was completed in Hasaki,

Ibaragi. The P.D.U. test will be continued to get the design basis for the
pilot plant.

5.2 Direct Hydroliquefaction Process
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Crushed feed cozl and disposable caralyst are slurried in
recycle solvent. This slurry and hydrogem are sent to the reactor chrough
prebeater. Though this is an orcthodox process, we 2re trying to reduce the
reaction pressure by using highly active iron catalyst which can be
produced with such low cost as is disposable.
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b) Statos of Process Development ’

"Basic Tesearch of this project started in i975. Bench Scale
Ooit with capaclty of 0.1 t/day of feed coal was constructed in 1980, and
P.D.U. of 2.% t/day was completed in Kawasaki at the end of April 1982
in B.S.D. now we nse red mud as c2-alyst. The example of results is shown
jin Table 2. But iz autcclave test we recognized the high efficiency of new
type catalyst, and at present , we are deloping the taechnciogy for reduc—
ing the production cost of the catalyst.

5.3 Solvelysis Coal Liquefaction Process

a) Dascripiion of the Process

At first this process started as one using asphalc from
petroleunm as solvent. But later, The process bhas improved. In the present
process, crushed coal is slurried in reeycle solvent. Slurry is liquefied
in first stage by short cootact rtime reaction. Products were deashed and
sent to bydrogepmation raacror where they are catalytically hydrogenated.
Products were distillated and heavy fraction is used as recycle solvent.
Fig.3 shows the flow sheer of Solvolysis Coal Liquefaction Process.

b) Status of Process Development .

B.5.0. Of C.1 t:/day including whole the process of Solvolys:l.s
was constructed im Hireshima in 1980. Example of products yield is shown
in Table 3. Now we are studying on condition of first stage amd improve-
ment of catalyst and discussion of reactor form in secomd stage.

5.4 Browm Coal Ligquefaction

a) Description of the Process

This process is developed for the Brocwn Coal of Latrobe Valley
Victoria, Australia. This Brown Coal has little ash and sulfur content,
bur about 60 I of water content { Table 4 ).

Row Brown Coal and catalyst are slurried in vwecycle solvent.
Coal is dewatered as slurry and sent to first“stage hydrogenation.
Produccs of £irst stage are deashed by solvent deashing process and
catalytically hydrogenated in second stage reactor, producing variocus
product oil. A part of heavy oil is recycled to slurry preparation.

b) Status of Process Development

Basic reseatch has been mzinly conducted nsing B.3.0. of 0.1
t/day in Kobe, Japan. According to the resules of basic rasearch, the P.D.U.
with the capacity of 50 t/day of feed coal has been under construction
iniVicroria since the end of 1981. Schedule of consrruction is devided
inco two steps. First step construction aims to escablish first sctage
liquefaction rechnology, and will be complerted in 1983.

Some test results sbout the first stage hydrogenation are
shown in Table 5. At presant, we are making research on oprimm share of
hydrogepation rate between first and second stage reaction.

5.5 Development of Hemxvy Section Pressurae Vessel Steel

The reacter of the commercial coal ligquefaction plant wiil be
designed for higher temperature and pressure thap usual petroleum refinary
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reactor, and the size of the reactor will become gigentic. For the
purpose to manufacture the reactor vessel for more efficient rezction
condition with lower ¢ost, it is necessary to develop the new material
vhich has higher design stress at high remperature and high hydregen
partizl pressure, and to develop the murmmfacturing technology both in
reasonable cost. .

By alloy modification of 3Cr—-1Mo steel, we are developing
the steel which bas design stress of 30 2 improved at 480°C and emough
hardnabiliry ar more than 450 =m thick. It has good characteristics in
other items, too. We have already ascertained the uniformiry of compe-~

- sition in ridium size shell made from ingot weight of 80 r. Now we are

manufacturing commercial size shell mzde from ingot weight of 250 1.
We are thinking of codification of modified steel. To

facilitate the ASTM and ASME codification, confirmation test with the

samples and productior of actual three heats will be carried on.

6. Future Programs

Development of coal liquefaction rechnology in Japan is at :

the step of P.D.U.. Compared with U.S$.A. and West Germany. We are behing
by a few years about the size of plants. But we are making effort to
improve the process and gerting good results.

As the next step, NEDO evaluates the experimental results S
of Extractive Coal Liquefaction, Direct Bydroliquefaction and Solvolysis "
Coal Liquefacrion Processes, and mow NEDC is consulting with the
concerned agencies about the construcrion of a Pilot Plant with the
capacity of 250~ 500 t/day of feed coal in a few years.

Australiap Project will complete the second step construction
in 1985 in our present schedule. After a few years' operatiomal study,
we will establish the most appropriate procass for the Brown Coal of
latorobe Valley Victoria.
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Table 1 Example of 0il Yields by Extractive Coal Liguefaction

Procecs
0il Yields Z
Catalyst C.~538°C | Con 180°C
5 109
aone .37 ! 20
Ni-Mo 56 P39
Pyrite+s 45 i 20
Iron Ore+s 48° 18
Red Mud+S 49 21
Sulfur 40 19
Dust from Molten -
Iron Gasifiex+s 50 20
Pry coal basis auteclave test P
Temperature: 450°C, Pressure: 170 kg/cm
Wandoan eoal { Sub-bituminmous coal)

Reaction time 1 hour

Table 2 Example of Products by Direct Hydroliquefaction

Frocess

Component | Yields wtZ
Gas i 9.1 I

E 0 Po7.2

1
Gil(C ~530°C) |  55.6
SRC and

Unreacted Coal 2.3

Hydrogen - -4.2

Toral ‘I;{J0.0

Dry ash free basis
422
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Table 3 Example of Produacts by Solvolysis Liquefaction

Process
Component Yields wtZ

Gas and #H0 7.4
031 (C~-450°C) 40.5
SRC 40.8
Unreacted Coal 15.0
Hydrogen ~3.7
Toztal 100.0

1. Maf basis
2. Ash of coal: 8.7%

Table & Analysis of Viectorian Brown Coal

Yaliourn .Hnrwell g;}ii°?' Loy Yang %2:£:gny)
Moisture Z 66.1 60.3 661 62.8 5.0
Ash z 1.1 3.4 6.5 1.4 5.9
Volatile Macczer I  51.2 47.9 48 1 51.5 53.5
Fixed Carbon % &7.7 48.7 45_4 a7.1 40.6

Elemental Analysis
(d.a.£.) X

c 68.0 70.5 B66.7 69.5 &7.6=-68.7

E 4.9 5.0 5.7 5.0 5.0~ 5.1

s 0.3 0.4 1.1 0.4 0.46— 0.8
Ci(d.b.) 0.1 0.1 0.3 0.1 -
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Table 5 Some Test Resulcs About the Primary

Hydogenation

e P v
CO,C02,Ha0 ete. | 24.5 26.5 28  30.5

Gas T ~Cy [ 5.0 7.0 11 18
Total © 29.5 33.5 39  46.5

Napatha C5~180°C & 7 13 18 23

¢ 180~420°C | 7 5.5 4 2
O | BSI 20¢ | 6.5 12 12 10.5
Total | 20,5 30.5 3%  35.5

BS-HI TN

EI PS-BI | 20 14 9 6

Tatal | 53 40 32 24

TOTAL | 103 104 105 106

BS: hexane soluble
B5: benzene soluble

PS-BI: pre—asphalten
BS—-HI: asphalten

e

HI: hexape insoluble
EI: benrene inscluble

424




W !
W,

moyg ssapoxd uoyrovyenbyioaphy 399a3a 7 913

o

NOILYOTAISYD
| . ¥
10 1304 HOLVIVIAS ISATYLVD
VHLH Vi€ NOTLVTTILSIO e Eém?moa&éwTaEuﬁ”_ R TLYANTNd [&ONT ABANTE o
SVD _ ” '
—— mm
Mo 889003g uojjoeyenbyq (o) =Aploe1lxy | ¥4
(ey4
ROLLVHAD0¥AAH |, [NO1IVUVAAS QALIIEVD
NOLIVITIIS1A A4YANODAS a11os _ NOYL NZLIOW
M
(z) “ ) |noiaivnaoouoAd
¥ INBAT0S
...... P
[ " {p ,
10 TENd < LSATVIVO
NOILYTILLS1d woLvavaas ke - vorovay k— -Junrvanaud kontanunas| _
VIILHAYN 1 , _ T

8vD .A|||~

(N

g




5.
12

Mo, 9822023 uojjawFanbyq [wey umoag e IP4

WALYH
i INARLYAYE
<« wara1svo TONEAH €| YILYH FLSVH
¥, )
110 1904 | e | [NOLLYNASCHGAN DNLIVEG
NOLLYTTILS1A AHYQNODAS 1NAAT08
1
NOX LYNFOOBEAN | &1 XTVIV)
VHIHAVN ¢ Vi (] SALVEHENA fer ONTHALYAEQ [ [oNTANYNTS 90D
_I,r_\ A
NOLLOAQONd
NADOMAAN
MO £930014 uoJYoBIenbyT [PO) sTEATOAT0S 84
. ( %0 ) wiv
HV < NOLIVOIAISYD [ ¥0)
Ty ANATSAY
110 RAVHH A .
NOTLVIT118. ! fe— ONIBSID0U | 1y vuyans k-t wosovay |elumavansua ldontamnts
Ul QuAAH P
110 LHOI1 V00
8yh
S
.<."_:.. . "

e S S BT L R LR .......,....u B~ TR ] ...u.._..._.n.“,.m.....-?__:;,_......,. et n




