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een atudied -

E ein progess: had :been: considered 'as app licable

‘under J’apanes,g conditions, and-tests on-Japanesse conls . (Shinbara-and. Oyama

coal) were. made:with-Aan.sutaoclave and -6ontinuous pilot: plent.at Risinau,, ..
Sermany. in- 1926&_?%3;:880 ‘Naval Fuel: Depot decided to study:this proceas

{:arhieix}arl‘y"‘ror on’ *6f coal to. 011, since it glves a -range of-products
gasolige s

ar-acl boiler fuel; and.pitc whereas the riaoher-'rropsoh syn-
nhesis J&%%ﬁasdne{w Eno"logurg%'(aul and - (B)20 e , :
D § -

A\numbe ‘of. researob,_s,tg%%%conoemiug the above prooeasss vere conducted at
the Japanese Naval Tot ‘at TOKUYAMA, ' Autoclave’ atudios on..the- hydrogena-
tioh of coal were- started early in 1925,  In: 1930, it was decided " to build a . ]
large: emi«commeroial -scale pilot plant. to. craat . tons of paste.{oil/cocal=.

er—day———StuQie&—in—th&svplanH OiaPIAMA—wera—made—-rrom -1932.to-
1939, and in 1940 the plaqt was; transferred. to. the First: Naval Fuel Depot at
OFUNA, It vaaa‘the Ti7at Iarge: aemi-comercial plah for-iydrogenation -of cpal
-oonat.rucqad in ,J’apan.: -This. plant. was. also uaod-». or ltudying t. e hydrooracking

of .t g i PR e

nd il

2= MANY tac].es. auoh as non-unix‘o diét':z‘ibutibn,‘br i:d‘éce'.nin' the
reaotio chamber. corrosion of metals, &nd aemmtion of. produced oil rree frox
Aunroaot.od Goal’-and. ash, yere surmounted, -

II. - HYDROGENATION OF con.
t‘._A.:lp;‘ Oeneral N - ",

At ‘r;rst. t.he maotiona ‘ot oh‘amiosl_}y pur& suhsiancas were szudiod. inclu- -
ding (phenol, benzens,, naphthalene'_hinthraeone, cosl substance and humus, -

whioh were distributad in low and gh-mpornt.uro tars and ooal nydroge-
nat.i n oils.

u§up].o hydrogemuon progrouod only in the. preunoo of’ a tnvorablo catal
- lyst, solveat, and high pressure hydrogen, but in pnoeionl operations,
the reaction was alway- ~followed. by hyaroonckinm - mnlq-g.:en (a)1, (8)2
(B)10, (B)14, and '(B}16. . Hence, it was esaential to &xpldore the oonditions
;t reaction undor ‘hioh onckins nnd hyilibnnation proooodod llnultuneoua-
L AY. .,-\. . .
. - R\
+A hrgo nuaber of. ':nr.aliltt lnd solrvents were studied to lnonuo the
'{lold of ol by doonn ng the formation of gas and ~ocoke. Enclosures {B)S,
8)9. “{a)e, (8)1 (B)II.. (B)ls. and (B)i18.

B wmm&m; :
- Rsaotion- tapontun. -PrOssuTe, and time -ave, hporunt faotors: in-the son=

version of coals, tars, and oilse. ‘mono taotors vary sidely lcooﬁma to
f.bo -ouvlt.y of catslyst.

In igenexal ,” the amaller the ratio ot oluuo ,ut.ook to hydrogen snd the
highor the reaotion temperature, the gmur the coko and gas fomation. .
At hydrogen pressures below 200 kg/om<, the hydrogenation of aosl was not
cnl.y moolphu. bux. o8 part. ot the hy\u'ogmud produst was converted. to
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temperature were round ‘td "be-fa
B)6;: (B)7, -and B):

-of benzene “insoluble’ suhstance, "increase’ or ‘total: oil’ - ]
' ‘gubstance, and low'boiling. oil; ‘took! ‘place, during the first. hour.:
“ reaction proceeded;more-slowly’ during ‘the" seconds Thoury'- ‘the: hydroge eon-'
~centration-decreased,” and. the formation’of: coke.began' to take: place. - "For

continuousroperation, the most: i‘avorable epaoe velocity was’ 1.5-1 [+ )8
’;Enolosu s‘.(B)B (B)lo, “and” (B)13.

. C Cetalxst Studies

'At the beginnins of this work, very: iittle authoritative work had been ..
doneron’ the effect of-catalyst.  -Initially Fe 03 was: studied as: a’ oatalyst‘
tor thehxdms-ena;_&an of coai. Ene}.oeure (3)§ :

In. the course or theae experimente, it nas round that coal treated with

- hen—-numberof—experi-
- ..neloaures (3)10, and (8)18

A Zn01 eatelyﬂt wae uuderetood to promote both dehydration -and hydro- '
omokiﬂg, and consequently it is: fayorable for the hydrogenation-of coal
and tar. "In the autoclave test,’ the most suitable conditions for this
oetelyst were proved to. be' 200 kg/cm? of hydrogen’ ‘pressure, & 400°C reao-
tion. temperature and ‘1 houxr of reaciion time. . When this catelyst was " -
‘employed in. the commercial- plant, howeyer, troubles wers encountered: due
to corrosion of mtellio aurtecea &nd--the fomation of NB‘CJ..

'»Stenuio oxide was'a good catalyst, but stennoue ohlo:ide wes much: superi-
or. BEaclosure (B)18. .

Sulphur was found to exert great inrluende on the oetelytic activity of
some substances, . It was thought advisable to ensure the pre&:noe of a
certain amount of free hyq,mgen sulphide since Vharga stated at hydrogen
sulphide, in the presence of oSy ‘or WS romoted the hydrogenation'. i
reaction, (Brenanstoff-Chemie .9, 277 (1328? The catalytic sotivity of
iron, especially, was enhanced by addition ot sulphur,” At the preseant
time, the commercial catalyst used for hydrogenation of coal is a mixture.

of- thrric oxide and eulphur ‘or a mixture of’ rerrio oxide, etennio oxide,
end eulpnur.

The catalyst used comereially for hydxoonoking of tex’e and oile is
MoS3 ora nixture or Koo,. Jizo3. end acld oley.

D. lletex_'gq glege! S

~Typicel ylolds-for: hydre:enetion oi‘ -Oyana cosl uli Poo0 e.nd sul hux'
onteiyev. are glven in Table I(M. Enolosure (5) na 293 P

-Becondqry Breropenation -

Typical yloelds for secondary hydrogenation of oil froa Oyans eeel. apd
alao for hydrooracking of high and low-temporatuyre. ters.using 3 CEO
and acid clay ee;eigt are’ ;iven in Tedle’ II(A). (Bee' Aniele 2 et }
sories, !neloeure ( l&
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188 prep _a:om..vco'al.f.an:d,‘.tg'z;s\_a;-e,neéx'-‘l'_,,'"-: .
1 stralght’ tun. gasoline, but the oil prepared from. high-
is rich’in aromatic-content.:" -

Wl

receeding experiments showed. that commercial development was possi-. .
~;ble:only::with government. assistance. Then .the Chosen Nitrogen Fertilizer.
"’Company ,(AGOCHI, Korea) and ‘the South Manchurian.Railway Company. (FUSHUN,
" Manchuria) designed ‘and:constructed the large-scale: coal: hydrogenation
.plants:based on:the: Naval Fuel Depot's process, . These:two- plants were
.'the ‘only commeroial  coal hydrogenation plants installed in the Japanese
Eipire..: Bnclosures {B)2l, (B)22,%and (B)23.°. .. .. . "~ -~

o demw

i'i!‘o‘r.i.,th_e":pr.odgctign of aviation easoling from tars and oils,: thréeslarge-
:8cale’-commercial ‘hydrooracking plants ‘were .constiucted.dt thé Second and .
-Third: Naval:Fuel: Depots:{ YOKKAIS ‘and  TOKUYAMA) ‘and. Toho .Chemical Indus-
‘tries Company..(NAGOYA), and the construction’of five more plants was.. -

‘'undertaken. - (NATBUCHI in Saghalin, UBE and YAHATA -in Honshu, KITSURIN
agd’;-’SHIEEIGAI-‘inIanchurig);' but”they were not. completed at the close of '
the war,. -. e )

"L, FISCHER-TROPSCH. SYNTHESIS

..This process was licensed from Germany by Mitsul-Bussan Company and construc-
tion of a 30,000 kl/yéar plant at MIIKZ, Kyushu was started in 1938, ‘Opera-

* ting difficulties were encountered, however, and successful qperations were-
not.obtained until ‘about 1942, . The First Naval Fuel Depot started studies on-
the catalysts for this process in June 1940,. but stopped in October 1943,

after the process had:.been successfully operated at MIIKE, -Bnclosures (B}19,.
.{B)20, and” (B)21. -

: . . Table X(AJ ) ;.
MATERIAL SALANCE SHEET FOR THE PRIMAKY HYDHOGEAATION OF COAL

Resotion Congittons ~° L.
1 | mescttoal resp. 1oc). S ae ] i ae- w20 42
i | Reaction Prews, (kg/oa?) N LT T 200
1 Space Wloaity of Paste. ., o8 | 1l o2 [ 1]
“{risid of Froducts (wt.$ of peste) .
i [waver -~ = o . 10.4 13,6 9.5 XY
T Lieat 011 (vgrow 300%)° BRI 17,9 |  19.¢
{' Reary 011 (sbovs 2009C)** . 32,6 $3.2 |. $%.0 33.3
| Sbi1e Mestsug, ’ 8.2 10.8 TEN [RY
1 Joes ent toss 3.0’ i) 63 | 7.0
o e LT pes e hrdratention of seel.

&
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slefSt;ﬂoov 8

i ﬁensity (25°C}

450 Vol. 5& Point (°c)

Aniline Point (°G)

Reaction COnd 1tiona

. Reaotion Temp. (°G)

400 "

. Rab‘e%ion Press., (kg/on.»

N upuuu Vsluoity

. ‘. 5 0.5 ,M,-,'.

5 fp—

‘neld_ of Produdts (wt $ ot c.s.) R U e o
l’:‘otal o1l - Fnel e eeneif e ggla s Sl Tgalg e L
viatlos Gasolime o . o ﬂ.éz;u. I S etk
I, Consumption . T 4.6
pRopxm:ns or mﬁogz’ixclgg(ﬁ)'vﬁ\ﬁdu casox.ma R

Charge Stook

-,.%

.- Low Temp. Tar

High Teamp. Tar

. Yabase®
‘str. Run)

~~{Density (2’6’/“"6)

10.756

0.776

0.748

| Vapor Press, (ka/cuz)

- 0.54

0.56

052‘

‘|Components (Wwl. %) e

Aromastios

25.6

N.2.

. 8.0

Naphthenes

P am -

49.6

62.2, .

.. 35.0

“|Parattine

23.3

11.0

56.4

Qotane Wlue

Y

“1Cleayp s

PSSP FSE——

[

79.0

T

Wwith 0,1 wt.% Lead

90.8

91,9

>

* Prepared from Yabase orude oil in AXITA Prefecture.

86.0





