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ENCLOSURE (&)~

Depot, at TOKUYAMA, was inspécted by the Petroleum .
- U.Ss Naval.Technical Mission.to Japan:duriug the period 30
ovember: 1945 : This Teport records and summarizes the technical
btained during this visit. . -The-followlng Japanese: personnel

th the ‘Depot assisted iin supplyihg :the information presented

‘Rear-Adm, - ' I, WATANABE Head of Depot.

Captain ' E. MOTOYOSHI  Director of: Gen; Dept.

Captain - 8. MATSUNAGA - Director of Refining Dept.
II. HISTORY AND ORGANIZATION oo, " ’
A Naval coal briquetting plant was established at TOKUYAMA in 1905, shortly
. after the close of the Rusao-Japanese War, 'to supply this fuel to the fleet.
Starting about 1920, ‘Naval vessels were gradually equipped with boilers
burning heavy fuel oil.  In 1921 the name of the plant at TOKUYAMA was changed
to the Naval Fuel Depot, and -0il r_erinini-'ani research departments were es-’
tablished. .,.In,19l.q-£g._, ‘all research work was transferred to OFUNA and in
April, 1941, the Dépot at TOKUYAMA wes designated as the Third Naval Fuel
Depot.. . . : PR S . :

"The Third Naval Fuel Depot at TOKUYAMA was gradually expanded into one of the
most modern and best .equipped crude oil refineries in Japan. The plant wes
completely owned by the Ravy and operated under the supervision of commission-
od. ‘Naval petroleum specialists.-.The firat ocrude oil pipe-still in Japan, a
Trumble unit, was installed at TOXKUYAMA in 1920. The plant was designed to
operate on imported crude oil and tremendous storage facilities were inatalled.
It was stated that prior to the war approximately 1,250,000 tons of crude oll,
mostly from California, were in storage at TOERUYAMA. Although this stock was
supplemonted’ by imports of East Indies crude, the storage apparently was
.exhausted by the end of 1944. - .

The refinery suffered a major explosives raid on 10 Moy 1945, and was put
coapletely out of sotion. .

Total peak u:ploynent'at the refinery was adout 3,000.
Maximua total orude c.lpuclcy was 1,500 vkl/duy, oquivalent to 9,500 bbls/day.

I11. DESCRIPTION OF REFINERY

~

A. General

“"The Tokuyama refinery was a oomplete, modera orude roefinery ¢quipped to
carry on crude distillation, thermal oracking, 1so-ootase manufacture
by butene polymerization and hydrogenation, hydrocracking, and the manu-
_faoture of lube olla, groases, synthotis methancl, and tetra-sihyl load,
A map of tho rofinery aroa showing location of the several units e
given by Plate I(F). The refinery bad excollont protected harbdor faoili-
ties for bandling incoaing and outgoing tanker abipments, IExtenslve
storage facilities were provided within the Jyefinery area and in the
neardy bills {refer to Figure 1(F)). Total ‘storege capacity prior to
reaoval of somao of tho tanks during the war was 1,400,000 métrio tona.
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fDetaiis on the“vai‘ioﬁé unit%are 1ven: belows
.B. Crude Dist:lllation Units

.'nu-u oont;nuous orude’ utﬂla ‘were 1netalled -The " ‘arTry
unit purchased from the U. 8. in1920 with: oapacity ‘of 1350 k1/da y. th
seocond, a U, 'S. Foster:type unit with-oapacity of- 350 k1l/day he
third, a two-tower unit. designed by the Navy:with: capacity ofi 800*&1/&1&1
Total cepacity was 1,500 kl/day based on. cuirornia crude. - Typical

ylelds wexe as rollows. R

: Aviation Gasoline seee .20%
Motor Spirit....-n e
Kerosens..... . 5%
Light Oil....
Heavy Ollececssesesseb3B

mSS'..-vovOQDw--o'rvg

Total-.........loo*-’ g

A olose rractionation plant” oonaisting of two 26 plate ¢olumng, each vith
" a oharge capacity of 200 kl/day, was -installed for pre p.t.‘.on of aviatior
.and special naphtha outs. -A pipe-atill unit of 200 uyu' capacity
equipped with a 4 plate flash tower and a 19-plate oolunn vms also insta-
led for re-running miaoellaneous atocka.

A-vaouum distillation pipe-stil), operatins at 60m Hs. o.nd with
oapaoity of 80 kl/day, was built for preparation or ;\m oil otoob. :

All or the above equipment, as well as the oruok&ns wnit do'oribod below,
was aonstructed by the FUJINAGATA 8S8hipyard.

C. Oorasking Usiys

The first oracking unit was installed about 1933 and was nunuu
Cross unit, excopt that the design was modified by the uavy to el u
the high pressure reaction chamber by inoreaa volume af the furnace
tubes. Charge dapaoity of this unit was 250 kl/day.

The socond unit was a U. s. dul oonventional Cross Unit, uuunu a
reaction chamber (7 gf: e85.) oonstruoted in Japan

capacity of 250 kl/day cnd m t unit was a G unit of 160 k.l/dny
oup;oﬁy. Typical yioidl on theso units, prnumb from gas oil, were
as follows:

8tadbilized oﬂ.olin.oco-oﬁolol‘oob%
Fueld Ronldu...........-..-....nh
Gas and u"o.ooayoooc{'io060000.1”

“m‘.l..l'.....".......lm

Cracked oline was sent to a vapor-phass clay truuu plant equipped
- with n-gu"n LOWeTs A pottm-s’:ho 380t 30308 - DyArogasat Lssgphn .

D. Jeo-cotane Piant
J150-00tsd Wil manuraotured by the polymerization of butylsnes and

hpdrogenation of the polymer. Liquid oracked stabilizer overhead of the.
rcuogu aolpuluon was ouuod to the feed prcparuxn snmz .
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o,
Ogesais |
OYuuiuianinse 208

03 veiviadsh

cn..-couunoldl‘ul5$’-k
cl,...'.u‘a,..",.’zﬁﬁ.
05.,..'........ 3’

- Total....100%

‘B ‘and lighter wers separated in thes first column, operating at 20

B and reduced temperaturs, and sent to the tetra-sthyl “lead plant.

- 1iquid propans and propylens were separated in the next tower and sent
40 a small hydrogenation unit whers propylens was coanverted to propans

- at 20000 and 20 kg/om? over a catalyst composed of 50% Ni0 and 50% acid
olay, Maximum output was 5 kl/day of 98% propane for uss in lubde oil
ref m- : ) - - -

The butans~butylens bottoms fron the gxo s separator was charged %o the
polymerization reactors operating at 170°C and 40 cm? and utilizing
Navy type phosphoric acid catalyst consisting of 1 KgPO » 5% Japanssc
acid olay, ana 80% BaSO%. The reactors were of the tu nlgr type, coolod
with superheated water on outaide of tubes.

“The butylens polymer was hydrosenated at 2000C and 5 kg/ca® over a Kickel
oatalyst, Hasactors were of the tabular type cooled with superheated
water on. outside of tubdes.

The plent was designed by the Ravy and manufactured by KOBR SEIXOINU.
Ooutput of hydrogenated product was about 6 kl/day.

E. oline 0, tion 4

A hydrogenation plant was installed in 1934 for the rrocuslns of 80 x1/

h{ of oraocked gasoline. Hydrogenation was accomplished over one oOf the
following catalysts:

talyst Gatalysy B

Mo sof MO g

‘A014 Olay~SOf Ro03———43%
%g0 L%

Reaotion conditfons were )30-3509C, 100 kg/oa?, oiroulating 5.5 a) of B
= -k of-0lk. ~Mmﬂortwon; loy:glm'uxnx & tgtu{ ot 2,000 2
g,ot catalyst. A comparison of feed and product oila follows:
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. BNCLOSURE. (F):

/ L Cr‘ao'ked;’,, 3 Hyarog'eziat'ed.
. S Gasolime " o QAL
Vapor Press. (kg/cm?) | 0.5 © © | . 06
Distil- mP (%) | ,‘2‘0, 3t - 38 '
lation - 0% 62 1 63
A SR O o
_ ©97% B T+4 ' 170
Octane Clear R 7R
No. 0.1% Lead : ) - 87

'F. Kerosene Eydrooracking Plant ..

A hydrocracking unit was installed for- the manufacture os aviation , .

. gasoline from straight Fun gas oils Poiling from 200-300YC. ‘‘Reaotion
conditions were. 420-470°C, 200 kg/om<.using a catalyst with ocomposition
of 4% Ni0,.43% Mc03, and 43% acid clay. A:.yleld of 35-40% of aviation

. gasoline with’ 87-91”ootane number (0.1% tetra-ethyl lead) was obtained..
0il oharge oapacity of the unit-was 2.5 Kl/hr.. ~= L

The . hydrooracking unit was designed py‘ the Kavy, based on extensive
‘research worx at TOKUYAMA and OFUNA, and constructed by. the . Kobe Seiko
Co. . o ) s

G. Hydrogen dafMifacture

Hydrogen for the several plants, (i-ootene hydrogenation, kerosene hydro-
oraoking, aracked gasoline hydrogenation and methanol manufacture), was
made from two sources; by oracking of waste gas (methane) from No. 3
Gyro Unit, and from water gas. -t .

The methane cracker was designed and oonstructed by the Mitsubishi
Kakoki Co. to cnarge 1,500 m3/hr cracking over an irom oxide catalyst
(an ore imported from England and containing about 180% iron), in the
Tresence of steam. A cheoker brick regensrative heating systea-was
utilized for hoating tho gas to the mulrod texmperature. Operatiocn of
this unit was found to be very dirfiocult due- to heavy carbon deposits
and varistions both in the amount and qualitvy of the charge gas.

The main souroce of hydrogen was water gas gepsrated from TAGAWA seni-

anthradte.
Two 750 m3/hr. generators were designed and construoted by the Mitsublsh)
~ KEakokl Co. and four 500 m)/hr.-generators-des -by-the-Havy-ang - -

construoted by the Ishii Iroa Feotory. Difficulties with ash removal
ware ondsountersd with doth typeas. e T i

Mixsd gas from the gensratods was sont to the water gas conversion plant
whars CO was convarisd to i&&!hﬂk{%&‘ﬂﬁ:ﬁlﬂ?}ﬂw
Xanol Co. patentsd iron oxids oatalyst at + ‘Two anits, one of
2,L00 n)/hr., and the other of 1,200 a)/hr. charge oapascity, wore pro-
;gg:d. Typioal gns composition bofore and after conversion wers as
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CH, CKp - Th
Cofon 1%

. Total  100%

In the’ case of the. cracked gasoline hydrogenation plant, "converted" gas
was v,pE.riﬁ.adv‘byA- romoving 004 ina mgdiun,pressure - tower oporatinsnt*}.é‘
kg/om< and a.high preasure. tower at 110 kg/cm<.-CO_remaining in the gas
?ig‘ i;/novggl' by washing with oupric formate  solution under pressure ‘of
eme, . .. e UL S P Do, T e e N

-In the-case of- tgs .kerosens hydroscracking unit, & different Bystem was

- empleyed: - the CO< was removed by wushing first with water: at'30 kg/om2;
then with 8% ocaustio solution. ' The:gas was then liquified, using C
‘ammonia and nitrogen refrigerating oyoles, and relatively pure (98.5%)
hydrogen prepared.by fractionation at. -210°C.

H, Lubrioating 0ils end Greases

Three lubricating oil plants were installed, a Barisol de-waxing plant.
- of- 30 k1/day chargo capacity, and two~160’ki/day-lno-801 extraoction
plants equipped with propane-do-asphalting equipment. A simplified
;lo' ohg:(';)ror ludbricating oil manufacture at TOEKUYAMA is given by

igure . .- . ’ ’

As part of the dispersal program, one of the Duo-s0l plants was dbeing
dismantled, prior to end of the war, for shipment to YUKAGAWA.

A small greass plant of 2 ton/day capaoity was alsc installed.

I. Synthetio Methanol

A Plant, dosigned by the Kavy to produce 2 kl/day of methanol from.water

gas, wms installed. The composition of the water gas was ndjusoc:g to

B&x’ﬁg ratio of 2:1 by passing over an Fey0 guhlnt at 200 kg/ and

I « Tho gas was cooled, desulfurized, 8o renoved by water soruddbing,

and sent to the reactor oontaining OuQ : U30g.of 92 : 5 mol ratio
—gatalyst-and-operating-at-25090-and-150"- om?.— Reoirvulation of re= "~

aotor oxit gases was enployed to increase ylelds.

7. Ethyl Piuid Plant

¥ Y Ihuforwpmﬁmuc..,zso;» Xi/ysar.of. sthyl fluid was installed. . Bthyl
ohloride was made dy resct ethanol with HOL at 140°C and ata. press.
in the presence of a 60% YeOly solution. The ethyl chloride wus resoted
with fun-10ad analgan (105 Dy wt. of sodium) in a ono oudio meter
01¢sed STAPCinZ-typo AUtoolave under conditions of 50-709C, 5-7 atm.
press., and 12 hours reaction time. The o rude product was filtered to

- gire 458 of theoretical yisld of 97% purity tetra-ethyl lsad. Xthylene

do from the Toyo Soda Co., and stabilizer woere added to give a
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Produot of the. followitig oomposition:

- Tetra-ethyl: lead. o'e 063-bl)
Ethqun:hgro‘mide . . 35-34: :
Korosent.sisecsss y o lele2® :
Dy@ecesosrssssscssecccasases Os ,!Sudane Blus @)
‘8tabllizeriescecsccsessesss 0,18 ; (Hydrazo-benzens) .

Some aiffioulties were encountered-dus o solidificatién of 1éad dust and .
in prevention of ‘lead poisoning. ) S

‘K. -Pine Root 0il

Towards the end of the war preparations were made for the refining of

. pine root o0il, especially for the ﬁ:p&aﬁion of aviation gasolins there-
from. A batoh type aistillation plant of 50 kl/day cruds pine rcos. 61l
oltarge -capacity was constructed, " Ths refining plan was to g:opu-o outs
from the oruds 0il boiling up 40 6590, from 185-250°0, and heavy o1l .

- The 1ight naphtha was to be either hydrogemated or réformed over Japansse
acid clay in "Simplified” catalytio reforming units. ' The mniddle out was
to be either hydrooracked in the existing units, or ocasalytioally sracksd:
in a simplified type unit. Ons hydroorac Urn was made-and ant aviation
ga::nn: with olear ootate of 71 and 93 ootane with 0,15% Te 2 Lo vas
produced, - - e -

IV. REFINERY THROUGHPUT

" Table I(F) summarizes the source of raw materials oonsumed at. mnlu. )
Table II(F) summarizes the amounts of these materials used during the war
yoars, It will be noted that the produstion of finished products slunped oft
badly during 1945, due primarily to shortage of oruds.

V. QUALITY OF PRODUDTS

Products were male hto meet Navy speoirications, and were dlsnded as follows:

A. Aviation Gasoline

Grade Ko, 2 was made of 50% straight run gasoline from Californis
Trade ot 308 of 1s0-ootany, "ralsnt run gasoll

Orade X was made of B0 of st ¢t run from California Orude
ua 20% oF iso-ootane, plus 0,15% T.X.L.

o:igo 21 was 76 ootans straight run California naphtba plus 0.15

m wu ‘70 ootane straight run naphtha plus 0,154 2.X.L.
Orade 8% wap 65-70 ootane straight run paphtha plus 0.15 7,X.1L.
Srade 70 was thermally cracked gasolips with po T.%.L.

B. Motor Qssoline .
:;;oc;;m nird;h& TR or-eracked: gasoling: with -no T.R.L
o0 1+ » . . ' : g

QXade Ko, 2 waa @ bleaa of ¥o. 1 with 108 by vol. of “ouul‘ol.-
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-Grade 'No.‘»l 15 Tarakan orude' used ro;' slov apeed dieaels.

Grade’ No, 2 is made trom 40$ ‘of Terakan orude end 60% of FUSHUN -
_SEE_ “oll, : Cetane number 15 ‘graater thnn 50

oils were: either straighb run ‘or oracknd resid, or blends of
Ho- prahaater roulins dirrioulties were. reported.

mbrioat;' ng Oils |

J'he schens or mmaraeture or the varicus 1ubrioatins olls is shown
by ¥ 2(P)..  Topped orudes were imported from the U, S, Ko
~ additives were added to aviauon Jubriocating oil. Only one m of
- aviation.lubricating 04l (120) was made, and in winter time it was
- negessary to heat the .oil wior to airorart takeoffs, Iudbriocating
- ‘0i1l-was changed -every- 4,0 hours, and was reclaimed by olvilian
companies, If the reclaimed’ ol1 was up to apooifioatim, it vould
be used again in airoraft onsml.

Diesel engins lubriocating oil was made rron U. S. orule and no
additives wore used. Turbine oil was made from Sakhalin orude; and
contained paraflow as a pour point depressant.

H. Grogsoa

three sz'ndu (IJ., 2, 3) of cup ﬁom were manufaotured,
oying oaloium soaps from mlo fatty acids. Other greases
were qbtained from the NIFPPOH O
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calirornia crude

East Indies ‘crude
" Aviation '91,‘ Gasoline
Aviation 87 Gasoline

Motor .Gasbline
Shale Heavy 01l

Iso-Octane

Aloohol

Ethyl Fluid

‘Raw Materials for Airoraft

Iubricating 01l

Raw Materials for
Iubricating 01l

Sakhalin Heavy 0il
Fatty Aocid
Paraflow

Tagawa Coal
Cokes

Rew Methanol
Ingot lead

Ethylens Bromide
Rroalae
Xthyl Chloride

' bﬂcibéééb (F)

' 'Tam.e T(P) iy
SOURCE OF: RAW mmnmxs /TEIRD NAVAL FD’EL DEPOT 'roxuwm

‘RESTRICTED'

zAmerioa.n -(via ‘Eur m:l.itary Supply,a—
Tokuyama Branch) :

Shipped from: the South (Produoing dis-
-trict: unknown) e 3

Shipped. from the South (Produoing dis-
trict unknown) e

Shipped from the Souf.h (Produoing dis-
trioct \mk'nown)

v_', Domestic (Nippon 011 company, Ltd )
N Manohurian (South Manchurian Raihay

COmpany, I.td.)
'Korea.n (Nippon Hitrogen company)

Domestio {Toa Fuel Co.. = - 7ia nnoahm
Looal ruel Station) . -

Domeatio (Nippon Sodn ca. Ltd.. Hodogaya

:Chemical .Co. I.td.)

Amorican {via Kure lulitary Supply, )
Tokuyama Branoh) .

Amei-ioan (vu Xure lﬁilite.ry Supply,
Tokuyama Branch)

. Sakhalin {Northern »Sakhuin ml Co. Ltd.)

Domestic (Nippon Grease Co. Ltd.)

Doia?uo (Asahi Rlectric & Chemical Co.
Ltad. . :

Domostio (Mitsui Bussan Co. Ltd., ~ Via
Nippon Coal Co. Ltd.)

Domostio (mnnbiahi Kasei 60. Ltd. - Via
m’on .Coal Co, Ltd oY .

Xorean (Nippon Nitrogen Co. m.)

Domestic (Mippon Motal Control Distribtu-
tion Co. Ltd-go

‘Dozostic (Toyo Soda Co. Itd.)
Domeotis {(Toyo Soda Co. Ltd.)
Domestio (Xaniwa Gosel Co. Ltd.)
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Ta.ble II (F)

2

R (Kilolitera*) .

X-38(N):10.

' GONSUM!’I‘ION OF-‘RAW MATERIAIB 'I'HIR NAVAI. FUEL DEPOT ‘I‘OKUYAMA

T

© weme ¢ Teei | aowli | agk2 | asw3 19457
| california crude 192 000 |'550.000 | 260,000 l226,000 | . - o
" | East dies. Crude " Q_1 0 290,000 240,000 112,000
B —m—s%—!;r'g— ation 91 Gaso- . — 0. 0 ﬂ.u.,vooo ,:36 000~ | 11,000°
2ipe . . '
Au;ﬁon 87 Ggao- 0 0.1 .36, 000 : 2!.. 000 0
. (-] .
r\lot"cu' 'Ga:oﬁne I -0, b7,000 .32, 000, 1 .3,000—
. oria R M
3eavy 031 70,000 | 170,000 60,000 45,000 9
Iso-Ootans I 30,000 64,000 50,000 3,000
- [ - %8_ 510 7,000
LEt uid : 1180 : - 00 : 0
: [oa " Unknown | own | Unknown . 0
-Adroreft N i Lo ) .
Raw Materials for “Unknown | unknown | Unknown | Unknown 200
a8 ~|_Unknown own XNow own 1.0
T3 ) o W — T — - T -
low . [+] [s] nknown 0
wa_ &1 fnown | Unknown |} Uniknown
nknown Unknown nkno N
aw apol [1) 1) 1,000
Znot Y 3 [RA
-t - TEg % 3 ;
Ethylene Bromide 0 5
[ne 4] L3 BY
Ethyl Chloride 0 20 | 50 [1) Q
* Pxoopt for Ingot leed in tons



-/ Table EIT(F
D. PRODUCTS: THIR

ticn Gasoline No. 2 | . 0’ Q5T

3

on Gasoline No. 1 [+]

alq

dojo

— ————
oline No. 92 | 100,000 | 120,000 | 100,
[Ine No. 91 E . -

%
M|
O
5]
[
o
o

viation gasoline No. 50. 0 - 0,000 2
at) 80 a No -] 20,00 22,000 - 2

on. — . 5,000

=3
- ]
[0
o
' K

O

55000 500

soline No » 12,0 . 3

U p¥
500 5 Q00 &
w12

4
A
2

9! XD !

-

* groept for Heavy 0il and Greass in tons
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" g¥crosuRE (F).
.. Osage
Mixed Crudes - Rhodesc.
e ... Avalube’
Vacuum Qistlllotion
No.l No!z NJ._B o Resi:!ue
© Gas Ol -Spindle Transformer - ’
™ 6'\)’ tc;ck : Stock . )
eovy Ot o
: {Grease or / Scﬂvem Tuuﬂng
Transtormer Oil } (Due Sol Process)
Extroct Rofﬂ;ncm
| .
Gloy Treating "Barisol Dewaxing

» Vacuum Topping

No.l Cylinder Oil- . |

~ 1
No.l. .~ No.2 Residus
(Top)”  (Side) (8ottom)

Clay Treoting
Cloy ond H S0, Treating

Vocuum Topping

AWOI

N3, z-uos cylmoa
No.t =Ho. 3 a‘oorho ol

T Fopere 3IFY
JLVE SET OF LULRRICATING mﬁ:ru;'ﬂu
TP NAVAL FIvD ptiof, Tuatyaes
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