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© MISCELLANEOUS TARGETS

. TAPAWESE: FUELS. AND. LUBRICANTS - ARTICLE 4.
PINE ROOT OIL PROGRAM

_ The Jepanese program for obtaining aviation gasoline and other 1i- -

_quid fuels from the dry distillation product of pine roots has been investiga-
ted, This program called for the eréction of 36,000 small scele-distillation. -
units throughout Japan having an annual capacity of 2,500,000 barrels of pine.
root .cTude oil on a one to two year basis, By subsequent catalytic cracking
or hydrocracking of this crude oil, it was p;anned to produce annually some
400,000 barrels per year of an aviation gasoline having an octane number of 30-
9/ with 0.15 per cent volume of lead. Full scale tests showed the performance
of this fuel to be comparable to that of conventional aviation gasolines. An
interesting technical developmont of this program was the successrul catalytic
conversion on a comnercial scals of terpenes to aromatics. This source of

‘fuel is not econcmically feasible in peace time, and it can only be considered
as an emergency measurs necessitated by the acute scarcity of conventiecnal hy-
drocarbon-type fuels in the closing year of the war. However, - the program is
of significance in that 1t demonstrates the technical resourcefulness of the
Japanese in the face of impending disaster.

T+ L X=38 (1) =L
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‘Location of Target:

First Naval Fuel Depot, UFUNA, Aemagavd Prefecture—— — 7

Third Naval Fuel Depot, TOKUYAUA :

First Naval Technical Depot, YOKOSUKA. . o

Army Fuel Research Institute, FUCHU R

Imperial Fuel Research Institute, KAWAGUCHI, Saitama Prefecture

Miike Synthetic 0il Company, OMUTA, Kyushu :

Toyoda Factory of Totsuka Agricultural Society, TOTSUKA, Kanagawa
Prafecture o ; ‘

Kyushu Imperial University, FUKUOKA, Kyushu- oo o i

Mitsubishi Resin-0il Factory, SHIMABARA, Nagasaki Prefecturs, Kyushu

Japanese Personnel Interviewed:

S. KQMATSU, Ph. D,, Civilian Advisor to Department of Fuel Research,
- . First Naval~Fuel Depot, - . :
- (formerly Professor of Biochemistry at Kyoto Imperial Univer-

sity, foremost and very capable chemist of First Naval Fuel De-
- pot). : : : !

H, FUJIMOTO, Ph. D., Engineering Commander, IJN, Head of.Cracking, .
Dry Distillation, and Pine Root' 011 Sections First Naval Fuel
Depot, (research enginesr of high capability).

S. SANKA, Engineering Lieutenant Commander, IJil, Head of Process
Engineering Section of the First Naval Fuel Depot, (design

. engineer of high capability).

Research Assistants of thevFirst Naval Fuel Depot, whose names are included in
individual Japanese reports, - .

- P, KONDO, Captain, IJN, Head of Aviation Gasoline Testing, First -

Naval Technical Depot, YOKOSUKA, ] :

I. WATANAEE, Engineering Rear Admiral, Japanese Navy, Superintendent
of Third Naval Fuel Depot, TOKUYAMA, ‘

N. TAKEI, Chief Chemical Englneer of Miike Synthetic 0il Company,
OMUTA, Kyushu. - ’

ISHIG%RA; Business Manager of Mitsubishi Resin-0il Pactory, SHIMABARA,

yushu, ‘ ' -

KIROSHIMA, Ph. D., professor of Fuel Chemistry, Kyushu Imperial Uni-.

versity, FUKUOKA, Kyushu,

Referenced Japanese Reports

Technical Notes on Rdsearéh “ork, Army Fuel Ressarch Institute,
FUCHU. LR v
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The manufacture of aviation gasoline from the product of the dry .
distillation of pine rcots constitutes the principal and one of the most
interesting emergency fuel measures adopted by the Japanese during the final
period of the war, This report summarizes a mass of detalled technical infor-
mation which has been obtained by the Petroleum Section of the U. S, Naval
Technical Mission of Japan:relative to pertinent research activity and the
applfcation of this research to the production of pine root gasoline...Ths hise
‘tory of the program is discussed, and the various methods of refining the oil
are desoribed. The properties of the fuel produced from pine root oil as well
as the engine performance characteristios of this fuel are reported. Japanese
research pertaining to the utilization of vegetable products of similar nature
hes also.been investigated,

Although both the Japanese Army and Navy were engaged independently
in research program on pine root oil, the emphasis of this report is on the
Navy's activities since the Naval research was more completes and further ad-
vanced than that of the Amy, Detailed research reports of the. pine root oil...
‘research projects investigated at the First Naval Puel Depot have besn pre-
"pared in English by the Japanese technical personnel of the Depot and are in-
oluded in this report as Enclosures (B)l to (B)1l, inclusive. Summaries of -
‘this research and the chemistry of pine root oil have been prepared in English
by Chemical fZngineering Commander H., FUJIMOTO, IJN, and Dr, .S, KQMATSU, res=-
pectively. These summaries are submitted herewith as Enclosure (A). Supple-
mentary information has been obtained by visits to various research laborato-
ries, refineries, and rural distilling-installations throughout Japan,

<= .- Sinog all of the research files of the First Naval Fusl Depot-were -
burned in August 1945 by order of the Dirsctor of the Depot, it was necessary
to recall the Japanese personnel to reconstruct this information from labora=
tory notebooks, laboratory apparatus, and pilot plant equipment. The prepara-
tion of these reports and drawings continued for a period of nearly three
months, during which time each Japanese author was frequently interrogated and
was assisted by the Petroleum Section of the U, S, Naval Toohnical Mission to
Japan in the organizatisn and translation of his reports, The material which
is submitted as Enclosures (A) and (B) constitutes an integral part of this
report, and although it may include minor errors in comstruction introduced in
the translatlion by the Japanese authors, it does serve as an acourate indica-
tion of the quality and extent of Japanese research relative to the production
of aviation gasoline from pine root oil. ’ : )
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. . HISTORY OF PINE ROOT OIL PROGRAM . SRS

Prior to 1944 pine root oils were utilized for a variety of applications in-
cluding their use as solvents, flotation oils, and as raw materiel for the
synthesis of drugs and special chemicals, Up to this time they had never had .
-- seriously considered as.a. sdurce .of.fuel. .The annual production of pine root .
oil in Tapan was essentially.the same in 1944 as in 1941, - approximately
6,000 kiloliters, However, by the end of 1944, the Japanese Army and Navy as
well as the Japanese civil government were devoting frantic efforts tonards
the proposed utilization of this material for the synthesis of high-grade avia-
tion gasoline. More than one hundred million yen were allocated for this pur-
pose by the Japanese government. '

Early in 1944 Army laboratories approached the problem by directing their re-
“'search towards the utilization of existing equipment for the-refining of the
crude pine root oil, However, as the refineries were increasingly damaged by
.bombings, 1Lt became necessary to concentrate on the fabrication of small scale
equipment which could be easily constructed,

By August 1944, the Navy's research program was in full swing., Laboratory
studies on the characteristics of pine root distillates were belng made, and
designs of simplified distillation retorts were belng selected, In December
1944 a plan was proposed in which prefectural governors wers to take charge of
pine root oil production in their particular prefecture, Pine root stumps were
to be excavated by c¢ivilian workers or home service troops and then crude dis- -
tilled by the farmers, The Army and Navy were each assigned districts in whioh
theg weig to provide the equipment and be largely responsible for treating the
ocrude oil.

Several treating methods were studied and those finally selected were chosen
more for ease of construction and simplicity of design than for the quality of
product obtained., It was planned to erect 36,000 retorts throughout Japan,

The retorts would be of standard design and would produce 360,000 kiloliters
per vear. of pine root oil., By June and July of 1945 this production was nearly
realized. . ‘ . )

In connection with this plan the Navy published a pamphlet entitled "Pine Root
0ils" which presented a complete picture of .the industry and the proocesses
which were to be applied. A Japanese translation of this interesting pamphlet
was prepared for inclusion in this report and is submitted as Enclosure (c).

During 1945 pilot plant tests on hydrocracking of pine root oils were being
conduoted, and the construction of twenty-one small scale catalytic cracking
plants vas planned, At the end of the war, construction had been started on
a group of simplified catalytic reforming plants, although these units never
were completed, .

Part 1T
REFINING STUDIES

The refining of pine root gasaline from pine roots takes place in several
successive or alternate steps, Each of the steps is described in detail in
Enclosures (A), (B), and (C)., There follows a brief dlscussion of each of
these refining procedures. :
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i DRY DISTILLATION AND FRACTIONATION -~ "

A Kitagawe vertical-type retort -was selected as standard for the dry distilla-
_‘tion, The yield of pine root oil varied from 10% to 25% of the weight of pine
- rooks charied. depending on the ‘spescies of -pine -and the age of the rootd, <The - -
.. retort selected could treat 350 kilograms of pine roots. daily and. the annual
production of pine root crude-would amount to approximately 10 kiloliters,
Details of design are shown in Enclosure (B)l, and a complete description of
the .raw materials,.apparatus, and procedures for dry distillation is. presented

-An Brelosure (C). - - - & o T ST e e .

Small scale batch-type stills were designed for the fractionation of the total
"pine“rootjpil“limolosure7(B)L)i'"Thegprodnot»wasgaeparated~as followss . i

1. Fraction boiling below 185°C, {Turpentine No.1)
2, Fraction boiling from 1850C-300°C, (Turpentine

. 0. _ .
"> 3, Residual 0il. (Subjected to further dry distilla- ~
_tion fo yield bunker fuel.) .

The chemical™constituents of ?55"11 of Qhéag fraotions are discussed in Part 11
of Enclosure (A) and in Enclosure (C). Comrr o e ‘

A typical distillation unit, slightly difforent in design than that proposed
by the Navy, was ‘visited by the U.-S, Naval Technical Mission to Japan in
Ootober 1945, A.report on this plant, located in SHIMABARA, Kyushu, 1s sub-
mitted herewith as Enclosure (D). A:Navy-type distillation unit in TOTSUKA
was also visited. Pictures of this unit are included as Figure 6 and 7 of
Enclosure {B)1. . _

'"B.. . CONTACT DISTILLATION e ) N

One -of the procedures studied by the Army Fuel Research Institute and other
laboratories under the jurisdiction of the Army Fuel Bureau, such as that of
the Miike Synthetic 0il Company, OMUTA, was the so-called contact distillation—
method, in which a slurry of pine root crude oil and Japanese acid clay was
subjected to distillation-followed by subsequent rectification of the distil-
late, The fuel obtained was high in unsaturates and of inferior grade. No
extensive application of this method was applied.

- Gs . CATALYTIC -REFORMING

The simple catalytic reforming of the pine root oil fraction boiling below
185°C was the treatment which was studied in detail at the First Naval Fuel
Depot. ‘ Research on this procedure ani design data for the catalytic reforming
units are outlined in Enclosures (B)3 and (B)4. The reforming was effected by
means of Japanese acid clay at a temperature of 350°C and atmospheric pressure,
The product was too low in volatility to be of direct use as a fuel but most
of the unsaturates were transfomed by this treatment., The gasoline was ob-
tained in a yleld of 12% by volume of the original total pine root oil, and it
was planned to blend this product with alcohol for use as an aviation fuel.

F

The conversion of cyclic unsaturates of the mono-terpene type to aromatics and

naphthenes was effected by thic treatment., A discussion of .this"molecular

rearrangement is presented by Dr. XOMATSU in Part II of Enolosure (A). It is

Dr. KOMATSU'S personal opinion that the rearrangement in the presence of acid

clay is catalyzed by the presence of traces of iron abietate, although no ex-
. perimental data were presented to substantiate this hypothesis.' '

=Dy~ GATALYPIC -CRAGKING: - oo ot

Catalytic cracking ofAthe two pine root oil fraotioné was.investigated at the
First Naval Fuel Depot. Both a U, O, P, catalyst, prepared by thg Nippon 01l

.
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 Company, and Jhpéﬁééé'ééiéfciéb“catél&éﬁé”wéié”étﬁd{ed;”‘It‘Was declded to use
this process wich'a:olay1cata1yst?for”the?pine”oil*fraetion.boilingrfrome185°c

to 300°C, An aromatic base gasoline, having an octane number of 90-92 -with
..0,15% added lead, was pbpaipeduinbéﬁ_y;eld by volume of the original total .

2. 4 31}
PrUC=LrO0TOTIT

. Pilot plant tests on this process are discussed in Enclosure- (B)5 and‘desigq )
details of a simplified catalytic cracking unit are shown in Enclosure (B)6.

Tt was planned to construct twenty-ons .of these catalytic .cracking plants, each
treating from 10-30 kiloliters per day, at centrally located refineries. . Two
large catalytic cracking plants at the Second Naval Fuel Depot, YOKKAICHI,
_having a 4,000 barrel per day ocapacity, were also to be utilized, o

\

E. HYDROCRACKING .

Enclosure (B)7 describes autooclave and pilot plant: tests rolative tg the hy- .
droeracking of the pine root 0il fraction boiling from 185°C to 300°C. The
product was a naphthenic fuel having an octane number of 90 to 94 with 0,15%
added lead and was obtained in ylelds of 504 of the charged pine root oil
fraction.. The gasoline was superior in quality and yield to that obtained in
catalytic oracking, but the latter process was adopted for future construction
because of simplicity of design and ease of operation, o S

The Hydrocracking plant at the Third Naval Fuel Depot, TdKUYAMA, wag utilized
in applying the results of the pilot plant tests, This unit treated 1.8 kilo-
1iters per hour of charged oil and a yleld of- 71% of aviation gasoline was ob-

tained. The conditions viere as follows:

- Hydrogen pressuTO......«e.s+200 kg cm2

TemPOTaburB. sesssssssssosss400=4509C

.5pace Volocityessseesssnseas0,5-1,0 -
Catalyst....................NiO-M003 . |

A total of 600 kiloliters of pine root gasoline were prepared at TOKUYAMA by
this process, } i T

Part IIX
PROPERTIES OF PINZ .ROOT OIL PRODUCTS

The physical and chemical properties of the various pihe root oils and gaso-
1ines:are tabulabed in Tabdle I, Discussicn of these products snd more de- .
%a}led information in regard to each will be found in Enclosures (A), (B}, and
c).

Part 1V
ENGINE TESTING OF PINE ROOT GASOLINES

Single oylinder engine tests on the untreated pine root oil fraction boillng
below 1859C were conducted at the First Naval Depot and are reported in Enclo-
sure (B)10. As would be expected the high gum content and low volatility
rendered use of the fuol impracticables When blended with ethyl alcohol, the
fuel was slso unsatisfactory. A blend of 80% (by volume) or alecohol with 20%

_of plne root oil gave test results comparable with those obtained using ethyl
alcohol but the gum content of the fuel was exceptionally high,

The First Naval Technlcal Depot, YOKOSUXA, conducted full scale engine tests
and flight tests on pine root oll gasolines whioh had been prepared at the
First Naval Fuel Depot by catalytic cracking and by hydrocracking, - Results
were equivalent to those obtained with No, 1 grade aviation gasoline of 92 oc-
tene number, More detalled information on the test procedure and test results
are given in &nclosure (3)1l. - c ‘
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"The blending of gasoline obtaiued by the oatalytic reforming prooess with :
ethyl;. alooholmfor use-as .a.-fuel-for training. planes-was planned, . The. blend- >
ing ratio was to:be 60% (by volume) of pine root: gasoline to.40% (by volume)
of alcohol. No engine test data of this fuel were available. ; A

. RESEARCH - ON RELATED PRODUCTS

Both the Army and Navy laboratories investigated the oils obtained from mate-_
rials similar to pine roots with the purpose of including these materials in .
the -seme fuel program. The carbonization and the high pressure hydrooraoking
of pine resin were studied at the First Naval Fuel Depot (Enclosure.(B)2 and .
(B)8).. .. The Army.Fuel.Researcia Institute intended to utilize the dry.distilla- ..
tion product of resin in the preparation of a fuel which was to ‘be-blended

with alcohol. The resin was to be mixed with acid clay and -dry distilled.

The distillate was to be fractionated and the fraction boiling below 200°C was
to be blended with alcohol. The properties of the pine resin gasolineé before
blending were as follows:

Specific Gravity, 15/4%C...evviaeee. 0.82-0, 83
~Acid Vhlue................2........... 0.,2-0.4
" " Reid Vapor Pressure, kg/om%,40°C... . .00 0017

Gum Content, /10000..................... 3-4

Froezing Point, %C...cccevevesveaners, 3810W=50 -

Englex Distillation .
,Pirst Drop, OCeevveesrvesrsecrocessssse 60
10%, c 130
50%,%C. iiiiiierninnaiieirenianieanss 170
90%,9C sesedsasssssasstsasssanseessese 195

Octane Number, unleaded

G, F. R., Motor Method..................... 75

Another proJect which was oontomplated by the Army was the steam distillation
of pine needles and the subsequent catalytic reforming of the product, The

dry distillation of Shirakamba bark-was-also—investigateds—Phis—metertal——
yielded 50% distillates in a process similar to that used for pine root oil.
The yield of product was higher and the volatility characteristics were supe-
rior to those of pine root o0il. The extraction of limonene from orange peel
was also studied as a possible fuel source,

. A spummary. of preliminary studies relating to the utilization of sucii materials.

. as the trunks, branches and nesdles of acerose trees and the trunks and bark
of broad leaved trees has been compiled by the First Naval Fuel Depot and is

inocluded as Enclosure (C). ‘

Part VI .
ECONOMIC ASPECTS OF THE PINE ROOT OIL PROGRAM

As can be readily concluded by a consideration of tho various phases of the
pine root oil program, it does not constitute a sound .economic measure for
obtaining aviation fuel., The plan called for the use of approximately
3,780,000 metric tons of pine roots per year and could not be meintained for
more than two yaars, The yleld of total pine root oll and tar was planned as
360,000 metric tons por year, This corresponds to slightly more than 400,000
barrels per year of aviation gasoline to be obtained by utilizing both ths
catalytic reforming end catalytic oracking processes,

The cost of obtaining the crude pine root oil is exceptionally high, although
refining costs are nominal, It was estimated that the cost of 1 "to" (18
liters) of total pine root oil was 25,9 yen in November 1944, This represents
a cost of 226 yen per barrel of crude oil. Most of this cost may be attribu-
ted to the expense of digging, transporting, and hand chOpping the pine roots.

10



+.The Japanesefﬁeohnical,perspnge;,xwho have .studied and: originated ‘some "of the’
wprboeduresidiscussed in this repbrt,?aré“or‘the;opinionfthat«pine root oil. cen.
be utilized in Japan's-post war- economy:as-a source of .such materials as . =~
menthol and camphor to be used ‘for export.  For this purpose, the. Department of’
. Commerce and -Industry of Japan desires to stabilize the annual production of '

pine—root 611-a5-10,000 kiloliters so that the: pine tree resources may be pre-.
served. Co : - ok :
: Table I
PROPERTIES OF PINE ROOT OILS
~ Potal Pine | Root 0il B )
o coee e pight s oo |- HOAVE ) " pine Root 0il Gasoline
Fraction Fraction T e ]
Deseription |
e865%R 19. o Contaot catalytic | Catalytic Hydro-
~185°C 185-300°C | Distil- | Reform- Cracking | crack-
lation ing ing
Specific ) ;
Gravity . 0.86 0.95 0.85 0.85 0.762 0.727
fasTv Distil- |
lation )
3700 110 165 0 | 70 bb 36
105 °C 140 184 : 135 7T 6l
504 °C . 170 234 160 165 105 101
97% °C¢ 190 331(90%) 206 200 - 128.5 144
E, P. 250 332 210 280 172 175
Composition,$. )
Unsaturates ‘89,2 - Syl o SR & R 05
Aromatics 6.8 | . 60 32 12,9
Naphthenes 4.0 40 20.9 21.9
~Jparaffines \ 36.1 64.7
00£ane Number
Plain 70. : 80 85 15 71
Leaded(0.15%) | .- 75 8, : . 90 90 93






