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ENCLOSTRE {F)

‘This: report records and nummarizes 'teohnicel ‘data on the South llenomu-ian

~Rallway:Co. '8 coal. hydrogenation plant .at. FUSHUN, Manchuria, obtained by the
+ Patroleum Section-of, Nav'recha'e{ on-117and 17 January, 1946. In- this report,.

Bouth llanohurien Reilway Co.A 11 ba deaignated by the abbreviation S.M.R:

This plant waa not inapected by Nav’i‘eohJep personne]. since Nav‘.'l‘ech:rap'a re-
- 'quest, via officlal channels, to-visit the Fushun plent was disapproved in
. view: or the unsettled military conditions prevailing in that area. The 'infor--
mation presented was obtained by interview in TOKYO with Mr. T. MIYAMA, who
——wag-Technical-Director-of the Fushun plant from 1937 to 1942, and is now ‘
residing in TOKYO ass Technical Director of Teikoku Nenryo (Teinen), BEHe hee' :
been . conneoted with 'I‘einen since 1942,

The mteriel in this report is based on ur. MIYAMA's memory, end on memoranda
from his personal notes. He stated that he no longer had any officisl records
of Fushun, since those in his possession were burned when his home -in TOKYO
was deetroyed in s rire-bomb raid, -

II. EISTORY =

Inteneive experinonlsetion direoted to'erd eotebiiehing the Fushun cosl hydro-
genation plant began about 1928. At that time, sn informal co-operative
agroement  was made, between S.M.R. and the Japanese Imperial Navy's laboratory
at TOKUYAMA, to the effect that both orgenizations would share research data
on coal.hydrogenation, with erection of a full-scale plant at FUSHUN as the
goal. S.M.R.'s work was done at the Company's Central Research Laboratory et
DIAREN, under the direction of Dr. R. ABE, who later became assistsnt to Mr.
MIYAMA at FUSHUN. .

CO- poretion on this undertnking preaunebly continued throughout what may be
r&r&d the development period, which ended in 1936. At that time, definite
oomitnenta wore made toward ereotion of a plant, the design of which would
cambine the best festures of the Navy's resesrch and the work at DAIREN. The
Navy stipulated that all machinery and process equipment nmust be made in Japan,
Aocordingly, pressure vesseles for converters and sepsrators were ordered fronm
the Xure Navy Yard. The largest of these vesdels, which were to become the
coaverters, wers 7.3 meters long by 950m inside dieaeter. It 1s of interest
that these veeeelo, acoording to Mr. MIYAMA, were the largest of this type
which could be made in Japan st that time. Neither snnoaling furnsces nor
ingots wore availabdle for the manufsoture of larger pisces,

The Fushun plant was erected botween 1936 end 1939. - The Navy-type converter,
which was to be 7.3 meters long snd equipped with a propeller-type stirrer,
was pot instslled deocause of objections offered dy S.M.R. techniocal edvisers.
In its place, two of the 7.3 meter vessels werse joined end-to-end by dolting,
‘thus doudling the size. The Havy oetalyst (Z2nClz) was likewise reJocted in
revor of S.M.R.'s procipiteted YeS,

‘rho‘phnt comprised s single converter, uquid- hsse systea, designed to runomm
Oysms coel. Preliminary opero:ion begen April, 1939. In Hoveader of that
Fe80, & 200004 converter wes sdded agne wgsm;ion ms oontinued
ii hbrmr{ 1940, when the eddluon or & separets urot se resotor
systom (insts {ed ot the direotion of the Mavy) wee coeg te froa this tine
until July, 1942, the lent opereuog sohsdnle weg divided betwnn liquid-phaoe
oosl hydrogenation vepor-ghne hydrogenstion of frections froa low-
temperature ter ond trou the liquid-pbess coel process. Trom July, 1942 until
the ond of the.war, cosl hydrogesstion wes sbendoned, at the direction of the
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'Navy, end full attentioh was given to T

~hydroerackiag of gas oll and kerosene.

Throughput-eapacity of the 1iquid phase plant was :20,; 00 tric’ tons
of -coal per-year, Mr. MIVAMA ebtimates that a total of 'about’ 15,000 met+is
tons ‘of’ product: was: ‘made “during-the entire: pericd of the plant®s’ operation;
the greater part of which was heavy oll, a primary produst from the liquid-
- phase ‘operabilon, ol b T L T e T e T s

- III. ' DESCRIPTION OF PLANT AND. PROCESS

—-Av—-Liquid Phase System - L
Plate I(F) is a flow diagram.of the liquid phase system for ooal’ Hydro-
genation., This diaegram was prepared by Mr. MIVAMA and his assoeiates -
for NavleehJap. ™~ -. ... - T e

The converter originally proposed by the Navy was not ‘used. -This eon-
verter was to be 7.3 m long, with an I.D, of 950m and a free folums of
4.5 m’e 1Its outside diameter eould not be ascertained. It was to be
.provided with a propeller-type stirring device, designed to rotate at
200 r.p.m. Zach propeller was to have two blades, apd there was to be
'pitoh reversal:between-adjacent propellers.  The supporting shaft was to.
pass through both converter heads, whioch were to be oq@.ppod'\‘vith exter=-
nal ‘packing glands. Results gt TOKUYAMA indioated that agitation, sueh
Aa&ro_uld‘ be-provided by this device, would ‘increase throughput” by about -
‘ . Tv'. R - . . .‘..‘2 s -..‘;f Pl A

The teebnical staff of 'S.M.R. foresaw a serious leakage ‘problem with =
every type of packing gland suggested; the staff also believed the eon-
verter size should be doubled. Aoccordingly, the converter which was
installed had no stirring apparatus, and the desired size was obtained
bolting together two of the short seotions emd-to-end at the bedy .
b o os. .Material of scnstrustion of the converters eould net be deter-

mined.

8.M.R. techmologists also objested to the use of the ZuCly eatalyst
Tescxmended by the Navy. Thsir own experiemeces imdicated that the use
of this eatalyst would result in severe oorrosion of equipment. They
also belioved zine to be too expemsive for this purpose, sinse the amount
required was 1% of the we of ‘the esoal proesssed, and recovery from
the residus was not ec oally feasidle. They hl& found a less expen-
sive eatalyst, precipitated FeS, to bo effestive at the same eonesntra-
tion employed for zino., It was agreed to use the S.M.R. catalyst, and
Mr. MIYAMA stated that, to his knowledge, no other catalyat was ever
yod in the nqum-ig:u plant, As a matter of reeoxd, it was alse
ltatog that no form of n oxide was found to be as effeoctive as ferrous
. .
The systea for rogon mamufaoture eomprised a dlue water gas gemerator
sulfur muionmn equipment, w water gas shirft plant, and & eardon '
dloxide r;:im :;?"“ The q‘: mg:or used -tesaperature eoke as
raw material, ueing & gas hay . APPIOXTimate a0MpOBLItiON s,
Co, ALO%; ogi ?&xnz. $%. The ¢ izer ecnsisted of a oo:vmﬁ;onl
dry iron-o de « Although this provided ne means for organis sulfur
resoval, Mr, MIYAMA stated that, after the -,nr sbift and ssrudding,
the total sulfur eoantent was sbout 0.02 gu/m’. o e
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precipitation from & 2
catalyst.operated. at: 540°C,. Mr. MIYAMA ‘could: not Tec :
t »;We catalyst, or whether a:bulking agent or
carrisr was; used in:{ts preparation:-:-Carbon:dioxide ‘was:-removed. by & -
-atmospheres of. pressure. Ui e e e VL

“Ohyema, was the Thly. coal processsd.during the peried of 1r, MITAMA'S oon-

.negtion: with: the, plant. ~ He ‘could. not. reoall the. analysis.of: this:coal,
.but-stated.that it :is a. pit mine. produoct. from- FUSHUN, containing. about
42% volatile matter and averaging 8-10% ash. He described it as ma very

. high.quality. brown.coal approaching: bituminous." - Possibly. it would bde

other sources, is presented in Table I{F)

--olassified as sub~bit Oous. An:analysis of Ohyema coal, obtained from

The preliminary steps of coal preperation consisted in- grinding the coal
to L mesh-and smaller in a roll orusher, after which, de-ashing was ef-

fected in a Dyster system. _Ash was thereby.reduced to 3-4% in the mate~
rial charged to the hydrogenetion plamt, I : .

Paste preparation was operated as a continuous process. The vehicle ocon-

- sisted of about 7% low-temperature tar and 93% heavy oil from coal hydro-

genation and was stored at 800C for feeding to the tube mill mixer. coal
and catalyst were fed to the mill in the wet condition. . The ooal was
obarged as the 4 mesh material from the crusher, and, during the mixing
operation, was ground to about 200 mesh, - L Lo :

For making a-hypothetical 250-ton batoh of paste, the following materials
would be required (metric tomns-dry basis): - - . .

CO0B) cescvcvccecncccaccrscnstscncarnssccscccsanee 100

- 1OW OEPOTALUIe LAT sececcecrsorcoasssescscosonoes 10

Heavy oil from ooal RYdrogenation eeesesesssssee. 125

Water (adhering to coal amd oatalySt) eeececcccses L

' 250
Aobording to Mr. MIYAMA's verbdal stn/r.mnc, pasts input to the converter
was 60 tons per day. This is not in agreement with the materidl flow as

indicated on Plate I(F), whioh shows "normal® input to be 4 tons per hour
or 96 tons per day. It should also be notod that only ono oonverter is

- shown on the flow sheet, whereas Mr. MIYAMA had stated that two were in

operation after 1939.

Hydroganation conditions for the 1iquid-phase system were 200 atmospheres
preasure and 430°C. The only serious operating difficulty admitted was
severs erosiocn of the vatve throttling the disobarge of heavy oil, oom~

-teining-ash;~tron the “teaperature ssparator. A serviceadle arrange-

ment, requiring ohange about once in two months, was found to do valve
with noedle tip and seat mado of tungaten oardide. The stem of this
valve was rotated ocontinuously at adout 60 r.p.m. .

B. apor-phase ten

rigure ;1(1') 1s a flow disgram of tho plant modified to opoerate on vapor=-
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“phase’ hydrogenation. ~'This eystam. waa deeigned t.o prooeea about aO k)l or
liquid per day.at: 200 .atmospheres- pressure over a‘ fixed- catalyst. O

" converters were in series, ‘the reaction temperature of the'first being
430°C and. the sevend, L40YC. The- preferred catalyst was: a-pelleted
‘mixture of' 4L0% MoS3 and’ 60% acid clay. =~ Charging'stock to the vapor-phase
plant: was elther a’fraction:from low=temperature:tar, boiling between - ..
180° and 2409C, or a fraotion of similar bolling range obtained from
1liquid-phase coal hydrogenation. - The operating plan for coal hydrogena-
tion work, after -installation of the vaporsphase unit, was to‘run the ]
Jiquid-phase plent 3 months, storing the product, then shut down and op-
erate 1. monthe on’ vapor’ phase using the etored product as chargins etock.

The overal.'l. yield of produote “obtained trom 250 tone or paste, by com-
bini:):g liquid amnd vapor-phaee operation, was - eeid to be a8 follows (metric
tons :

Aviation. wom. oooooooot.ooooooeooo 22.9 kl—l?.h
Motor g“olino (XXX R P R Y XYY R 22,1 k1= 17.7
Cresols and Pwl L R Y R R LN Y R RN 3.2
Gasol (c +Ci) s0000000ss0sscsctsssssessasseenne 3.5
Piteh °°2° ( centr. O esscecvsocconcrcons 200
residue, contains 50% ash)
Récyole oil l....lt.nuoon.-.a.-l'...l.cl'..ll.l 60.0
Residual (hea") oll noeooeoooeooaoeoo-ao-ooooe 5-‘0*
Gas and loss L R R ) Rmindor

*Returned to pasté making. N T

This represents about 35 by weight ’ ‘conversion of ooe.i to gasoline, in
Yorms of raw coal charged.

It. was maintained by Mr. MIYAMA that, although the Fushun plent was of
full scale commeroial size, with non.inal capacity for processing about
© 10,000 metric tons of coal per year, it had been regarded as an e erhnen-
tal Plant. An experimental operating program may, thoretoro
plain the low total production, which he estimated to 600 mtrio
tons. Most of this product was the heavy oil obtained rrou the liqud- )
phase hydregenation of oocal.

Tadle X(F)
OF OYAMA

' Proximate © TUltimate
B20 | Ash | Volatile | Pixed | Beating | 6 | E | O | 8 | W
Matter c - value ‘ .
cal/gn
5.5 | 7.0 ALY - | 46uh | 7200 <] 73.7 | 5.7 |12.0°|-0:5 | '2.2]
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