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SUMMARY

=2

AISCWLLANEOUS TARGEHS'

. JAPANESE FUELS AJD LUBRICANTS - ARTICLE 4
PINE ROQOT OIL PROGRAN

ﬁ! R .
The Japanese program for obtalnlng aviation gasoline and other li-

“auld fuels‘from the dry distillation product of pine roots has been investiga-
'ted. This program called for the erection of 36,000 small scale distillation

1
i

. , ‘units throughout Japan having an annual capaclty of 2,500,000 barrels of piae:

‘Toot eruds oil on a one to two year basis. | By subsequenb catalytic cracking
or hydrouwacxing of this crude oil, it was planned to produce annually som2
400 000 barrels per year o>f an aviatlon gasoline. having an octane number of 90-
‘94, w1th 015 per cent volums of lead. Fulli scale tests showed the performance
of this fuel to be comparable to that of conventional aviation gesolines. -An
1nteresting technical development of this program was the successfrul catalytic
conversiol on a commercial scale of terpenes to aromatics, This source of

fuel is nnt ‘economically feasible in peace :time, and. it can only be considered
as an emeggency measure necessitated by the<acute scarcity of conventicnal hy-
drocarbonitype fuels in the ¢losing year of the war. However, the program is
‘'of significance in that it demonstrates the technical - resourcefulness of thn
‘Japanese ln the face of impending disasterq -

=
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"~ INTRODUCTION

.. The manufacture of aviation gasoline from. the product of the dry .
distillation of pine roots constitutes the pr1ncipal and one of the most
interesiing emergency fuel measures adopted by the Japanese during the final .
period- of the war. This report summarizes a mass of detalled technical infora
mation vwhich has been obtained by the Petroleum Section of the U. S. Navel
Technicel Mission of Japan relative to pertinent research activity and the
application. of this research to the produttion of pine root gasoline. The his-
tory ofithe program is discussed, and the) various methods of refiring the oil,
are. descriYed. The properties of the fuel produced from pine Toot ‘oil as well
as the engine perfqrmance characteristicsiof this fuel are reported. Japanese
researchli pertaining to the utilization of vegetahle products of similar nature

- has also;been investigated.

Although both the Japanesse Army and Navy were engaged independently .
in research program on pine root oil, thsi empnasis of' this report is on the
Navy's sictivities since the Naval resear ch was more. complete and further ad-.
vanced than that of the Army. Detailed researsh reports of the pine root oil
researcli projects investigated at the First Naval Fuel Depot have been pre-
pared ir: English by the Japanese technical personnel of the bepot and are: in-
cluded in this report as Enclosures (B)1 to (B)1l, inclusive, Summariss af
this research and tne cheniistry of pine root oil have been prapared in English
by Ghemical Engineerxng Commander H. E“JBAOTC IJN, and Dr, S. KONATSU, res-:
pectively. These summaries are submitted!herewith as Enclosure (4). Sunols-
mentary information has been obtained by visits to various research lahoratoe
ries, rafineries, -and rural distilling 1nstallations throughout Japan.

i Sinece all of the reseath flles of the First Naval Fusl Depot ware
burned ix August 1945 by order of the Diresctor of the Depot, it was necessary
to recall the Japanese personnel to reconstruct tnis informatlon from labora-
tory notebooks, laboratory apparatus, andipilot plant equipment. The prepara-
tion of these reports and drawings continned for a pericd of nearly three
¢ months,*during which time each Japanese aithor was frequently interrogatad =and

was assisted by the Petroleum Section of she U, S, Naval Technical Mission %o
: Japan ini the organizatison and translaticmior his repcrts. The material which
is submitted as Enclosures (A) and (3) cotistitutes an integral part of this
report, :and. although it may. include minorierrors in construction introduced in
the translation by the Japanesa authors, ..t does sérve as an accurate indica-
tion of the quality and extent of Japanesn ressarch relative to the produstisnm
of aviation gasoline from pine root oil '

RN
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. THE RE—%PORT

Z V ' Part [
: 53 : . HISTORY OF PINE ROUT 0IL PROGRAX

- Prior toxl944 pine root 0ils were utilized for a variety of applications in--
. cluding thelr use as solvents, flotation 0ils, and as raw material for the

i synthesis: of drugs and special chemicals.’ Up to this time they had never had
sericusly considsred as a source of fuel.| The annual production of pine root
oil in Japan was essentially the same in L9L4 as in 1941, ~ approximately
6,000 kiloliters. However, by the enmd of*l944, the Japanese Army and Navy as
: well as the Japanese. civil government were devoting frantic efforts towards

-I! tion gasoline. More than one hundred milLion yen were allocated for this pur-
% pose byrthe Japapese government. ﬂ L

{ Early 1n‘l944 Army labeoratories approached the problem by directing their re~
segrech towards the utilization of existing equipment for the refining of the

' crude pine root 0oil, However, as the refineries were increasipngly damaged by

. bombings, it became necessary to concentrate on the fabrication of small scale-
equipmentfwhich could be ea31l¥¥§onstructed. .

§ By-August 19LL, the’ Navy's research program.was in full sw1ng. Laboratory

! gtudies ion the characteristics of pine“root distillates were being made, and

; designs 0f simplified distillation retortu vere being selected. In December

C 1944 & plan was proposed in, which prefectural governors were to taks charge of

. to be excavatéd by civillan workers or hone service troops and then crude-dis<

- they wers: to provide the)equipment and be|1argely responsible ;for treating the
crude. oil. ‘ & i v

. Several treating methodsﬂwere studied and those finally selected were chosen
- more:- for:éase of construction and simplicity of design than for ths quality of
- product ‘obtained. It was%planned to erect 36,000 retorts throughout Japan.

. The retorts would be of sfandard design arid would produce 360,000 kilolitsrs
' per yeariof pine root oill By June and July of 1945 this productian was nearly.
- realized ‘ :

In,conne~tion with\this plan the Navy pubmished a pamphlet entitled "Pine Root
§ 0ils™ which presented a complete picture of the industry and the processes, -
. which were to be applied. A Japanese translation of this interesting namphlet
; was prepared for inclusion in this report. and is submitted as Fnclosure (c). -
' During 1945 pilot plantﬂtests on hydrocracking of pine root oils ware oeing
: conducted, and the construction of twenty-one small scale catalytin cracking
plants a's planned, At”the end of the wanl, construction had been started on
za group-of simplified catalytic reforming plants, although these unlts never:
§werevcompleted. 1! -

1 Part 11 1
REFINING STUDIES. - :

s ‘\ 1\ .
The refizing of pine root gasaline from pine roots takes place in several
..8uccessiive Or alternate Steps., Each of the steps 1is described in dstail “n
. Enclosurss (4), (B), andl (C). There. folliéws a brief discussion of each of
these refining procedures. ' : : i ] T

«©

: the proposed utilizationnof this materialifor the synthesis of high-grade avia-

. pine rootmoil,production 1nﬂtheir particuiar prefecture. Pine root stumps were-

. tilled by the farmers. “‘he Army and Navy ‘were sach assigned districts in which
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A. ‘DRY DISTILLATION AND- FRACTIONATION

A Kibagawa vartical ~-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
roots charged /depending on the, species of pine and the age of the roots, Ths

- retort selected could treat 350 kilograms of piiie roots daily and the annusi
- prodaction of pine ‘root-crude would amount to ajproximately 10 kiloliters.

Details of d951gn are shown in Enclosure (B)1, and a complete description of
the jraw materisls, apparatus, anq procedures for dry dietlllation is oresentad
in Eaclosure: (F). . ; i

; . i

Small scale batch-type stills wele d381gned for the fractionation of the total

pine Toot oil’ (mnclosure (B)L) " The product waa separated as follows:
; 1 Fraction boiling below 185°C. éTurpentlne No.l}) l
L _ 2 Fraction ?aillmg from 18560C- 303 (Turpentine

| . No.2

P 7 ‘3: Residual 0il. | {Subjected to further dry distilla-

| ¢ tion to ylcld bunker fueli)

il

kThe'cnemical constltuents of sach of these fractions are discussed in Pert II

nf Enclosure IA) ‘and in ﬁnclosure (c).

k typical distillation unit, sljghtly different in design than that or0nosec
by the Navy, Vias visited by the. U. S. Naval Technical Mission to Japan in
October 1945.[ A report on this/plant, located /in SHIMABARA, Ayushu, is sub-
mitted herewitn a8 Enclosure (D). A Wavy-type distillation unit in TOTSUKA
vias | also visztec ¢ Pictures of Lhis unlt are 1nc;uded as Figure 6 and 7 orf
,nclosure (B)L. i j
B.‘E CONTACT‘DIST}LLATION ﬂ . : ;; o

; IF’ | !

Oneiof the prnheduces studied by the Army Fuel Research Institute - 2d other

-abmratories undef the Jurisdiction of the Army Fuel Bureau, such as that of
the Miike Syn}hetcc 0il Company, OMUTA, was the so-called oontact distillation
nettod, in Wthh a slurry ofsgine root crude oil and Japanese acid clay was
aub ected to: dlsnlllatlon folﬂcwed by subsequent rectification of the distil-
Lata. The fupl 0bta1ded was, nigh in unsaturates and of 1nfealor grade, No
extensive application o thls method was applied

T , H - i Q

;C. , CATALYTII‘BEFORMlNG\ \

ol
R ' |
Tha simple caualyflc ieforming of the pine root 011 fraction boiling taslov
LSGOC was the: Lzﬁatment Mhlch was studied in detail at the First Naval Fuel
Depot. Reseerch Qn thtsAprocedure and design data for the catalytie reforming
unitis "are outLlned iin Inﬁlosures {B)3 and (B)4. The reforming was sffected by
maans of Japaueae avid\clay at,;a' temperature of 350°C and atmospheric pressure.

‘\jﬂhe ‘product was;too low\gn VOlutillﬁy to be of direct uss as a fuel but most

of the unsaturates, wera| transfarned by this treatment. The gasoline was ob-
aained in a yleld oi %’% by vollume of the original totdl pine rcot 0il, and it
wasi planned to blend‘thl prouuct with alcohol: for use as sn aviation fael.

The converSIOn of cycliviansaturateb ol the mcno—teroene wyps to arom zatics and
naphthenss: ‘was: e;fectedﬂoy this trestment. A CGiscussion of shis molecular
rearrangement’ i preseﬁaed by Dr. KOMATSU in Pert II of Enclosurs {A). It is
ﬂopinion that the rearrargement in ths preseance of zcid
eclay is catalvzed/by the prese#ce oT traces of iron abietabe, although no ex-

perl mental ua?a\were pr%sented to subetautiate *h*s hypo»hesxso

] " |
Catalytlc crack1ng of %he two{p e root 011 frnctlons was 1nvnet1&atnd at the

'Firat Naval Euel Depot Both a 0. P, catalyst, prepaxed Ty the Nippon 0il

—

B

|
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Company,ﬁand Japanese aciéﬂclay catalysts Were studied. It was decided to.use
| this process with a.clay catalyst for the pine oil fraction boiling from .85YC
' to 3000C. YAn aromatic base gasoline, having an octane number-of 90-92 with

" 0.15% added lead, was obtained in 6% yield by volume of the original total
pine rooti: oil. @ g : )

Pilot plant tests on thi's process are discussed in Enclosure (B)5 andcdesign
details of a simplified caﬁalytic cracking unit are shown in Enclosure (3)6.
| It was pYanned to construcf twenty-one of these catalytlic cracking plants, each
. treating!ifrom 10-30 kiloliﬁersﬁper day, aﬁ centrally located refineries. Two '
:-large calijalytic cracking plants at the Second Naval Fuel Depot, YOKXAICHI,
- having ai4,000 barrel per ﬂay capacity, were also to be utilized.

'E. HYDROCRAGCKING Lo

" Bnelosurse {B)7 describes aq%oclave and pilot plant tests relative to the ly-
drocracking of the pine root oil fraction boiling from 1859C to 300°C. The

; product 'Wwas a naphthenic fuel having an octane number of 90 to 94 with 0.15%

 added lend and was obtained\hnhyields of %0% of the charged pine root oil
fraction.i "The gasoline was superior in quality and yileld t5 that obtained in
catalyticicracking, but the latter process was adopted for future construcztion
because of simplicity of design and ease of operation.

[

. The hydrocracking plant at the Third Naval Fuel Depot, TOKUYAMA, was utilized
. in applying the results of the pilot plant tests, This unit treated 1.8 xilo-
! 1iters per hour of charged oil and a yielc of 71% of aviation gasoline was ob-
. tained. . Thd conditions were as follows: '

= e i -  HydTogen preSSUTS....o.ew..s+200 kg/cm2
Beoosll Temperaburo..ceoeeses s, deees.400-4509C
: NI ~ Space Velocity...... cedecees0.5-1.0
; G Catalyst....... ceereons ;++ o0 Ni0O=200 4

A total.éf 609 kilolitsers of pine root éaéoline were prepared at TOKUYAMA by
- this progess.! ’ ‘ i

' o N Part IIX o )
o PROPERTIES OF PINE. ROQT! OIL PRODUCTS

.\« The phyéical and chemigai properties. of tﬁe various pine root oils and gaso«

. lines are tabulated in Table I. Discussicn of thbse products and more de-

‘ %a?led information in regard to each will:be found in Enclosures (4), (B), ard
c). e : , ;

I ) ENGINE TuSTING OF PINE%ROOT GASQOLINES

Single c¢ylinder engine tests on the untreated pine root oil fractlion bolling

below 1850C were conducted at the First. Niaval Depot and are reported in Inclo-

' sure (B)10. As would be expected the high gum content and low volatility
renderéd, use of the fuel impracticable, When blended -with ethyl alcohol, the

‘ fuel was: also unsatisfactory. A blend of|80% (by volume} or alcchol with 20%

., of pine.root oil gave test results comparable with those obtained using sthyl

i alcoholﬁFut the gum content of che fuel wns "exceptionally high,

i, The Firg%:Naval Technical Depot, YOKOSUKLA, conducted full scale erngine tests

and flight tests on pine root oil gasolines which had been prepared at the

| First Naval Fuel.Depot by catalytic cracking and by hydrocracking., FHResults

+« | were equivalent to those obtained with Noi 1 grade aviation gasoline of 92 oc-

tane numbar, More detailed information o) the test procedurs and test results

are given in fSnclosure (3)11. : ' ‘




 waslalso studied as. a possible fuel source, ; -
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. The . blending of gasoline obtained by the catalytic reforming process with
ethyl alcohol:for use as a fuel for trainlng planes was planned., The blend-
ing 'ratio wasito be 60% (by volume) of pine roct gasoline %o O% (by volume)
ot alcohol, No engine test data of this fuel mere available. :

‘Part V =
I ‘RESEARCH ON RELATED PPODUCTS .
Both the Army and Navy laboratories 1nvestigated the o0ils obtained from mate-
1rials similar 'to pine roots with the purpose ofi including these materials in
the same fuel  program. The carbonization and the high pressure, hydrocraeking
of pine resiniwere studied at the First Naval Fuel Depot (Enclosure (B)2
(B)E). _The Anmy Fuel Researc. Institute intended to upilize the dry di:tilla—
tiow product of resin in the preparation of a fuel whith was to be blended
with alcohol.; The: resin was to be mixed with acid clay and dry dlstllled
""he 'distillatid;was to be fractionated and the fraction boiling below 200°C was
{;0- he blendedlwith alcohol. The properties of the pine resin gasoline Hefore
blending were“as follows: :
l‘Specific Gravity, 15/4° c............ 0.82-0.83
" Acid Vhlue................2........... 0,2-0.4
| Reid Vapor Pressure, kg/cm~<, 40%Canrnnnann. 0.1 X
P }iGumvCoutent, mg/lOOcc..........n... ....... 3-4
: ' Freezing Point, %C......ceeecevasines.. Below-50 _
. Bngler. Distillation ; ‘
o o First Drop, OC . eecennsancrinecancerses 60
e it 10%, Coveneonevooosonsansorosonasnnns 130
: Conh 50%, © ....................4...,...... 173
:: 90%, oo.ca-coo.locouooc-.cnv-.--n-.. 195
~Octane Number, unleaded i : :
5] G. .F. R., Motor Method..................... 75 Y "

Ano1her projecb whlch was contemplated by the Army was the steam distillation
of. pine needlss and--the subsequent catalytic rgforming of the product., The «
dry distillatlon of Shirakamba bark was also investigated, This materialc
ylelded 50% dLstillates in a process similar tc that used for pine root oil.
The|yield of product was -higher and the volatility characteristics wsre supe- °
rior to those:of pine root oil. The extraction of limonene from orange neel
P -
A summary of|preliminary studies relating to the utilization of sucii meterials
as the trunks, branches and needles of acerose trees and the trunks and bark
of broad leavad trees has been compiled by the: First Naval Fuel Depot amd is
an]uded as Eaclosure (C).

: Part VI !
i WCONONIC ASPECTS' OF “THE PINE ROOT OIL PROGRAM

As can be readily concluded by a consideration! of the various phases of the

. piné root oil.program, it does not constitute a sound economic measure for

obtaining avilation fuel. The plan called for the use of approximately
3,780,000 metric tons of pine roots per year and could not be maintained for

ey nore than two! -years. The yield of total pine 1700t 0il and tar was planaed as

ijO 000 metrn* ‘tons per year., This corresponds to slightly amors than 499,000

oarrels per year of aviation gasoline to be obtiained by utilizing botn th=
Patulytic reforming and catalytie cracking processes.

LThe ‘cost of obtalnlng the crude pine root oil ]S exceptionally high, alchough
'ref*ning costs are nominal, "It was estimated that the cost of 1 "to" (18

Litors) of total pine root oil-was 25.9 yen in November 1944. This represeats

‘2 cost of 226 yen per barrel:-of crude oil. Mosit of this cost may be attribu-

bedrto the sxpense of digglng, transporting, and hand chonplng the pine roots.
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i The Japaitese technical persoanel, who havé studied and originated some of the

.. procedurss discussed in this- report, are of the opinion that pine root oil can

. be,utilized in ‘Japan's post war economy ag 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 oil at 10,000 kiloliters so that, the' pine tree resources may be pre- =
served. i : . i " ‘ 2

Table I

PROPERTIES OF PiNE ROOT OILS : ' "
Total Pine | Root 0il ﬁ " ! ;
Light . Heavy i Pine Root 0il Gasoline o
Bl . Fraction Fraction |: - ] .
Deseriliption i . S
i _ . Contact |Catalytic Catalytie BT
o -185°C 185-300°C | Distil- Reform- Cracking o
3 . ‘lation ing J :
Speciric: | : ! # N
Gravity: 0.86 0.95 1 0.85 0.85 0.762 A Sl
ASTM Distil- E. F g
lation - ‘ . 14
1.3.5.9C 110 165 70 70 i g
10% 1 9¢C 140 . 184 : 135 77 64
50% 19C 170 234 160 165 1C5 101}-
97% .°C 190 331(90%) 206 200 128.5 144
~ E. P, 250 o332 210 . 280 172 175
Composi%ibn,% _ v
Unsaturates 89.2 “ 11 0.5
Arometics 6.8 60 . 32 12.9
Naphthenes 4.0 40 20.9 21.9|
Paraffines 36.1 64.7
Octane Number , : =
Plairn: - 70 80 a8s 75 s S
Leaded(0.15%) |~ 75 . g 8, ! 90 90 - 9F
B \. o
i ' =
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. PART, I o
RESEARCH AT OFUNA i

by

CHEM. ENG. COMDR. H. FUJIMOTO

. About 6000kl of pine root oil were producéed in Japan in 1944, not including :*
(- 8000kl of pine wood oil produced in Korea. These oils were used in solvents, ’
flotation oils, drugs and cable oils, andi also found spplications -in the rub-
ber industry. No consideration hed been given to use of pine root oil for
fuei, exicept for studies on the dry distillaticn of terpeme oll with acid clay
by Prof. K. KOBAYASHI of Waseda University (Jour. Ind. Chem. Japan, Vol. 26,¢
P. 463)¢° A.158-161°C fraction of pine root oil was distilled with an e~ ol
“amount 0f acid clay, and en oil having & petroleum like odour was.obtai. :d&7in’
" “yield of' about 80% of “the original feed. . The reaction product contained 50%
of olefines, end aromatics, -and 50% of naphthenes. It was considered to be
the decomposition product of intermediate polymers,” produced by the action of
.clay on. terpenes. g ‘ o .

In August 1944, research on the dry distillation of pine wood and pine rzaini
was started at the First Naval Fuel Depot, to meet the urgent ‘demend for fued,
especlally aviation gasoline. Laboratory experiments on this subject- were oA
by Chem. Eng. Lieut. Comdr. M. KUMAMOTO (See Enc.(B)2), and the followling &

sults were obtained. g ‘ ﬁ‘ g

? ©  (a)‘ The yield of tar increases with?increase in heatiné,temperatu#%, dh41”

reaches & maximum at 440°C.. - i b
(b) . The yield of tar and pyroligneous liquor increases and yieldsébf
cheircoal and gas decrease with the jncrease of healing rate to 4404, =
it ' g . j : Fy
(¢) ' The yield of tar increases withi?ge of the roots, giving pestiﬁ;aIGS.

from roots over 60 years old. ! ; \

The ave}age'iields of dry-distilled prodﬁbﬁs frdm pine‘wood,were found%%o be
as follows: ’ B Cod I

\

of wood.

Tal‘ o._no-o:.oc’lo;ooo.ooo..ooooooc’;-ooo-.acc 4.5%.%
Tar in pyroligneous 1liguUOT eeesecececcse 5.0 wt.% of wood. :
) .+ Acetie acid in pyrcligneous 1igUOr eese. 1le2 wt.% of wood..
' i Acetone in pyroligneous 11QUOr .vecsecess 0.1 Wt.% of wood.
1. Methanol in pyroligneous “liquor 0.4 wt.% of wood.
i Charcoal .‘Dl...l'.‘lOQOOOOOOOOIO i 7.0 ‘Vt.% Of wo()d.\

Simultaneously with these experiments, designs of commsrcial plan®s were wide-

ly investigated from the standpoint of. utilizing civillap techniques and .

avoiding large scele plants that would require long construction periods.

Chem. Eng. Lieut. Comdr. R. YUMEN constructed several types of model .retarts

at OFUNA to compare their merits. Pilot ‘plant tests on hydrocraclkdng of pine
. Toot oil were also investigated. T ;

15
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'T&e experlments on pine root 0il’ retorting were continued by Chem. Eng. Lieut.
Jomdr. S. SANKA, and a KITAGAWA type retort was selected as the standard.

_;Thiq retort treats 350 kg of pine root per day and produces 10 kl of pine root

9iliper year., Data on commercial operations of this retort are reported in
(Enc.(B)1). ‘A plan for erecting 36,000 retérts all over the mainland and pro-
dueing over 360,000 kl of pine root oil per year was proposed in December 1944,
¥arine forces: helped in the construction and operation of the retorts, ‘end in
June ‘and July 1945, production reached the plained figures.

Allvthe persongel of this Depot concentrated oﬁ the producing and refining of
pineé Toot oll in order to obtain aviation gasoiine, fuels, and lubricants.

Pilot plant hydrceracking and catalytic cracklng tests to produce aviation ga-

30line from vdarious *fractions of pine root oil! ‘gave satisfactory results. (See
unc“osures(B)ﬁ (B)7, and (B)8). The aviation gasolines produced were subjected
to flight teats at the YOKOSUKA Air Base. {See Encs.{E)10,{B)11} About 600
k1 of hydrogenated aviation gasoline was produced on a commercial\ec e unit
at ‘the Third Navel Fuel Depot, TOKUYiMi. The cconstruction of 21 small scals
catalytic cracking plants, with a treating capacity of 10 to 30 k1 of charge

per. day wes plenned (see Enc.(Bi6), but was not _accomplished. A research

study of catalytic reforming wes slsc completed (See Encs.(B)3,(B)4). The aim
of ‘this process was to minimize the gum content in the frection boiling up to

}185°C by the Tollowing reaction, &nd to use the product as an aviation g£8s0~

11ne after. b]ending with 46% of ethyl. alcohol.-

A »~
—_—2f | 4 L
N .

| B " n

g: SR -+ PINENE P- CYMENE
Extensive corstruction of small simplified comnerclal catalytic reforming -
stillls was started on sites near the pine rootiretOIts, but only a few stills.
were completed by 15 August 1945. !

The yileld of ! pine root oil varies from 10 to 29% of the charoe, according to
the sge of ‘the pine roots. The products are usually separated into twec perts,
namely prine root tar from the tar separator and pine root crude oil from the .
recsiver of the retort. These two dietillates were produced ‘in the ratlo of
ETI, Tesp. Properties are as follows:

. . B

i Pine Root Tar:

" sp. G’r! 20/15°c) ......'...O.Q...........O.l0-.1 074
. Completely soluble in 10% ceustlc soda.

Distillation (10mm Hg)

’,)!
l
f : ‘ 50 tO 12000 0.000'.0..0..00'-c.o-c-.tv-o...ls%
K: i 120 “bO lsooc oo.o-eoo.ooo.-..-ooo'oo-o.-oooo 5 O%
i -7 150 tO 22000 .Ooo....'.o..o.;coooooceocoo.-olso%
Reﬁldue loo..o‘s.eo.'ol-‘t..oo!.c...o.llloosg %

o i

< . 16

N[

[$]



~ RESTRICTED- = A X-38(N)-4

I
i
1
i

| :
B i
e ‘ _ENCLOSURE (4)

i ' 'Pine Root Crude Qil: i
: . ‘ . it
Sp. GT. (20/1500) ocooooo.o:ji-oooo-ou-oo'-ooc--.o 0,974
n’ o (20/D) --O....0..0.300.'0.0...'0.0!0-.'o 1.5235 !
R : vz‘ Estel' V&lue 0‘1‘1000'0....o‘.oc"oooo..o..oo.ou.lo.ooGZOQ‘
= i E.V. after aeﬁtylation XXX esvacncscescseseseIled N
3 ’ Water Solublen‘...--........:..r»-.....-ou;:n.---.. 8-5?5 T
10% soda soluble -......-.qic............;-..,9.36.5% =

. i Distillation:

i
P
t
1
3

belOW lsooc ..0.0!0..3.5.000.ccoolut'oooooovo 47; g

; root tar’

“" 150 to 200 '.C...1!..'..;'..I.......‘.l’l'.'.'. 5@" "
4 " . ! 200 to 500 ccoo.oo...ooféonoo'.-;-ooooooovo'iooo 23‘;‘ 0
- ' Residue ....:....C..."é.'....'ll.o..‘)"'.'.. 225;
{ The gbovﬁ'twp oils wére treated together é& total pine root oil, because pine . 3;

I

solidifies in winter and is unsaﬁisfaetory for transportaiion:

' Neutrel oil, emounting to ebout 65% of pine root erude oil and about 16% of
total pine root oil, has a density of 0.927, refractive index of 1.513, ester
.value of 29. This was fractionated as follows:

I3

: Temperature 9C , Yield (Vold) - . Remarks )
“ 95 - 1850 : 0.9 . f
;s:! ; ) =
JQPSQr- 190 == - 51.6 Monoterpenes ‘
Y 1190 -(130)8.5mm Hg 12.6 | Terpene alcohol and
3 G o LI sesquiterpenes
; 1 '.(130-200) 8.5mm Hg 16.0 Higher terpenes
i ‘}_;‘ ) = 4 . . I
Residue 17.0 | 3 Higher terpenes

S. AKIYOSHI (Report of CSAKA Technical Research Institute Vol. 17 No. 10(1937)
E found #-{ pinene;with small. emounts of dipentene, limonene and B-pinene in the
! monoterpene fraction, and longifolene wita small amounts of P-terpineol and
' cadinene in the sesquiterpene fraction. Chem. Eng. Lieut. Comdr. H. SETO stu-
died thé corrosion of steel by pine root oil, and concluded that it-was mainly
due to the allphatic carboxylic acids of 03, C4 and Cs etc., in the lower
boilingffractions& Corrosion by fractions boiling above 2500C was negligible.

i n I - il ; S

@, HIRAJZUMI of the Takasago Perfumery Co. studied the dction of &cid clay on

" pine root tar end concluded that the tar consists of two major components. One .
of thesé is an aromatic acid containing carboxylic radicals; and some hydroxyl

. and methoxyl radicals, in the molecule; the other is abietic acid. By the ac-
“tion oflacid #lay,'@he former is degomposed as shown in the following formula:

OCH, 'OCH 4 OH | OH —

E; ié < OQH3 OGH,
? §%=‘ — >

COOH : -

{ébietic acid is cgpnged'to retene}
4? In prepﬁring,ruel oil froum pine root oil, the oil is divided into three parts =
| by'distillation, i.e., th? fractions, boiling below 185°C, 185°C to 300°C erd

gnd thq

L . 7

= i




_of these’ fractions are given in Figure 1(4).

. niSLng.

o
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residual oil. The reslduse, a viscous oil solioifing in winter, is subjected
o further dry distillation to decompose the unstable components.. The yields

6
fhe residual oil decomposes repidly at 370°-390°C accompanied by violent. foem-
lng.' Pilot plant tests showed that continuous ipipe-still distillation was !
possible without any trouble at flask temperatures below 3309C. 4 small scale
hatoh-type still wes designed to operate distillation and dry distillation sue-~
oesqively, based on the following two considerations. .

& A is necessary to construct commercial still near the pine root retorts amd to
avoid troubles which shall be due to foaming, caused by decomposition of tars.

sevaral pilot plant tests on high.pressure hydxocracking and catalytic cracking

{using various frections of pime root oil) were carried out to obtain eaviation

gesoline. Experimental details arve reported in Encs.(B)5,(B)7. The yislds of
of ﬂviation gasoline are summarized as Tollows: h :

 {a) Hydrocracking . .
4 50 to 60 Vol% of charge using the fractions boiling below 250°C. - S
. 30 Vol% of charge using the fraotion boiling from 185 to 500°G. '

: (b) Catalytic Craqxing.
50 Vol% of oharge using the fractions boilinr below 185°C.

5}

g 35 Vol% of charge recycling the fraction uolling from 185 to 3000°¢,

The gasoline obtained from hydrocracxing is a naphthenin bese gasoline &nd hask
an ‘octane value of 92 to 94 with O. 15% of lead. The gasoline obtained by ca-
talytic eracki: is an aromatic base gaesoline, having an octane number of 90 -
“to 32 with 0. lg% of lead. Although hydrocracking gives better ylelds end pro-
perties of product, catalytic cracking was adonted commercially since it was
mori sultable:for rapid construction. Catalytic reforming <f low boiling .
fraztions of pine root oil, reported in Enc.(B)3 was also studied as & means

of bbtaining gasoline stocks whieh could be used as eviation gasoline after -

* blending withi ethanol. The overall scheme for production of aviation gasoline

frmn/pine root oil was planned as shown in Figure 2(A).
Thej%ry distilled product'had following properties and could be used in diesel
or ounkercoil. ] i 7

i AN

Sp. G'ro (25/4) ®eccssssesssssesrensenessnas 1.020
om- Poin‘t '...‘......'..'.....;.0......... -lsoc
Fla‘_h point "0..‘......."‘.."...'.C.....G 7709
: iscosity (R- 20 C) oe:“oseooooroooooo-ooolso SeqQ.
Conradsonts carbon s 0s00000000 1000000 RGGLIES Q. 67’ F
Z::; Ash ...o..0.’.0......'.....'...’..-....".. o 06% ‘
vsediment .........“...........)‘0...‘..... o 02%
a SOluble in 10% caustic 90d& seesecescccccases 20% !

~ ‘The; cetane number of this product could not be: determined by the C.F.R. engine,,

owing to misfiring.

. Attempts to obtain lubricating 01l from pine Toot 0il will be unsuccessful be-

cause of its aromatic “nature, but.the methods reported in Enc.(B)17 are pro-

nResearch on preparing fuel from pine root oil vias completed belore the terminé
bion of the war. It is expected that pine rooti oil will become an important '§
raw.material'for synthetic csamphor and mentholp in the future. h

4
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PINE ROOT OIL l0O VOL%

DISTILLATION
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FRAGTION °

UP T 185°C
b L 23%

=

o SoDa; WA!:HINGl
N
NEUTRAL OIL

il 9%

FEFORMING

CAT.

FRACTION .

185-300°C
229%

RESIDUAL OIL
§52%

DRY DISTILLATION. =

*[ ume wp.sumeﬂ

!
REFINED OIL

20%:

i
I
DISTILLATE
3’%

)
COKES,
5%

CAT. CRACKING:

i STOGCK

T
3ASOLINE i

| |2%"

l

RESIDUAL
- oL
l 5%

I
[
AVIATION

~GASOLINE
| . 6%

CR

RESIDUE

AGKED

l 10%

BUNKER

FUEL 50%

¢ Figure 2(4)
OVERALL SCHEME FOR PROllLCT ION
OF AVIATION GASOLINE FROM PII\'E ROOT OIL
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B il ! A
.Chopped pine roots were dry-distilled by. heating in a closed retort. The dis-
_ were condensed separately in air cooled and weter cooled vessels,- and
‘the liquild condensed in the former vessel was celled "pine root tarn.
- condensatie in the water cooled vessel after settling, separated into two lay-
iers, the upper consisting of pyroligneous acid and the lower consisting of tar.
j The pyroligneous acid contained "soluble tar" which could be separsted by dis-
The two tarry matters were mixed together, end this was nsmed

The

. "pine rout crude oil". The yilelds of products were -as follows:

Tar ....:......'.............i.."...ﬂ.'.e....ﬂ. 19%
Pyroligneous acid liquor eeivseecnsesenesensos 25%
) chu’coaln 900000 SEBSIOSIOPEOSEICDNS .l L ; 00" PBSLIGSEOISTOIQOROEOPOTN lg%
Gas and loss eee0escesess s .Aj.:. @ e 80000009t 8I0 37%

;Tha:oompééitions of pine root tar and pine root crude oil,are“given_in Table
1‘I(A).. Since the ratic of tar to oil is 6:4, pine Toot oil consists of 74%
,acldic substances and 26% neutral substances.

! Resin aei

- Cerboxylic: fatty acids, constituting 10% or
‘eluded iri the fraction boiling below 200°C.
! phenols, iespecially guaiacol derivatives.

B

‘stituentsi were found:

Guaiacal .0......‘.......0.}
~Cresol and homologues esoss,

ls compose 60% of the pine root t

i'sodel 'solution.

gThé mainéﬁhrt,of pine root crude. oil consis
i ketones, [furfural &and ‘its derivatives, terj

‘xylene .nd cumene.

EPine_rooJ;oil, compared with coal tar, is 1
‘“tains 1little- or no sulphur compounds. The;

‘Hence, the: root o0il should contain various.
irosin, lignin and cellulose, the main comp¢
the roots{are assumed to contain 680% cellul

‘terpen. &and arometic compounds are mainly j

3
0

:lated to the constituents of the raw materi

the acidic portion, are mostly in-
The remaining $0% consists of

[ ) _ ‘ IThe phenol fraction of pine tar
;boiling tetween 190°C and 230° was. examined by Renard, and the following con-

MO;O Phenols ..0'.'.00...lt';’.o.l.l'...;...l.l 40%

..-..0."..'0’0..! 20%

.o-ccu...otoo..'."sv%

ir, and are soluble in a 10% caustie

ts of neutral substances, such.ss

enes,” and aromatic compounds. The |

inene, camphene, dipenteane, tolueme,
B il "

‘icher in acidic substences snd ‘con-
compounds in the oil should be re-

el from which the tar is: obtained.

products formed by the pyrolysis of
sivion of the roots. By analysis,.

ose and other carbohydrates, 25

‘1ignin,- 10% rosin. end 5% ash. By studying:
-resins and: essentisl oils were found to be’
(KUMAGAT; ‘unpublished) o ~

;When‘celﬁﬁiose and lignin were dry-distille
- 'products shown in Table II(A) were formed.

21

the exudations of pine wood, acidic
the two main constituents.: (H.

id in a retort at 400°C, reaction

o
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:Acémichacid &nd its homologues; and furfursl ehd its derivatives were producefl

by |the carboniz. ion of cellulose and»sugars.;iThese compounds vere also ob-

- i
il

tained from pine root oil.

In&spite,of'ﬁh; extensive research oa the cheﬁﬁstry of lignin, there "still re-

maein meny obscure and controversi

al points. (M. Phillips, Chem. Rev., 14(1934),

110%). It is;; however, proved that an aromatic or, at least, a hydroaromatic
‘nucleus is present, since a considerable amount of protocetechuic acid with
.some csatechol and: oxalic acid was obtained by ‘the dry distillation of lignin.

“Thus, the soarce of the fatty aci
definitely -assigned to cellulose

ds and furfurial and its derivatives can be
and sugers. ;The large amount of phenols and

_phéizol “ethers are formed from lignin, which is also the source of methyl aleco-

»ﬁsiyion*of tho! Tatty acids.

hol in the tar, while the ketones are probably formed by a secondary decompo-

fﬁPiﬂe root oii;Was:fractionated into three fraétions; nemely, (1) below 185°cC, -

(2} 185-800°3, (3) above 300°C.

The first fraction, after washing witia a di-.

“=iule alkall solution to remove carboxylic &cids, wes subjected to either cata-
" 1ytic cracking or catalytic .reforming. The former reaction wes carried ocut at

4500C in the presence of an acid
tho seme cavalyst. The gesolines

clay catalyst, and the latter at 350°C using
produced by:these two reactions were found

' .tolnave the properties listed in Table IITI{A)d

i

'The 185-300?C;fraction was washed with lime and then heated to 400-450°C, un-

*del "hydrogen: pressure of 200 atmo

compositions!

Aromatics ceecccces
Naphthenes eeccsoee
Paraffi))ns seevos e

e

'Thb octane,i?lue when leaded was

Wh%n the)laéi fraction was distil

. coatained 6C% retene. ,

spheres, in the presence of MoOz catalyst..

Thi gasoline, obtained in a yield of 30% of the feed oil, had the following

....o_..;ﬁ...oo;éonn.o-o‘ooo.oo 41% i - o

B

o..oo..oo..oﬁcooooo.uooloo 14

sedecsccccnsioctscarsanes 27%

Vs

92-94. e | N
led with acid cley at 400°C, the distillate

Aﬁﬁis seen fﬁom the above experimental resulté, the arometic content increases
abbut 30%, #while the naphthene content decreases, when each: of the above frac-

tilsns of ping root oll is treated

with acid clay. From the experimentel re-

- sults obtained by HIRAIZUMI, an oil containing 18% phenolic compounds:was

formed by heating pine root tar t
seance of benzene end guaiacoal wa

o 4009C with 10% of acid clay, end the pre-
s cqnfigmedgi .

-Tﬂis,fact‘fﬁﬁicates that the catelytic actionﬁof the acid clay on piné root

oill increases the formation of ar
been notlced! 'in petroleum or coel

omatic compounds. Such phenomena have not
tar chemistry, end remind one of the faect

that, 23 yesls ego, S.- KOMATSU, H. NAKALURA ead M. KURATO hed noticed a sulfite
terpene, obtained by codking coniferous wood by the sulfite process, when work-
ing on sulfite pulp from Todomatsu wood. .The! terpene consisted meinly of p-

. oymene, and has been reported by F. Klason inihis study of sulfite turpentine
friom westerr wood (Ber., (33, (1900), 2343). The formation of aromatic hydro-.

- carbons. froil;terpene, was considered to be dus to oxidation by free sulphur

- whieh was formed duri the cooking process, since pinene, when heated with
0.5% of sulphur at 200°C for 23 hours, producgd about 50% of cymene. ‘' (J. Chem.

Sﬁp..Japan 45, (1923),496)

Fﬁiﬁhermoreﬁ%Ruzidka end his co-workers (Hel. 5, (1822), 345) succeeded in de=-

termining the structural formula

of sesquiterpenes, using the Vesterberg pro-

cess by contértingﬂth% terpenes into cadalenej or eudalens. :
o B 8 . :

l
22 '
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| In 1903, Vesterberg (Ber. 56 (1903),4200) reacted pure abietic acid CygHpgCOH
" | ‘with suliphur, end obtained retene CjgHjyg &s the chief product. S

{ Terpenes.show: quite different chemlical behaviours than the naphthenes in petro-
. leum and ccal tar. Cymene derivatives s&re produced by catelytic oxidation of

| terpenes, as shown in Scheme I. This characteristic behaviour of ‘terpenes

i seems to.depend upon their chemical cgnstﬁtution, i.e., hydrocymene derivatives.

i : | : ]
| . \ : ~ P~ CYMENE ‘
i B , | N . Y
i b . MENTHENE N < 5
S e i ‘ . PINENE - f_
I One thiﬁérto-bevnoticed in connection with the preceding parsgreph, 1s the ca-
L'talytic;transformation,of terpenes, investigated by °S. KIMURA (Mem. Coll. Sc.
. Kyoto I.Usé. 14 (1931), 173). This reaction occurs in the catalytic reforma-
. tlon of pine Toot oil. ” | C .

: BT : ; : : : =

Catalytic auto-oxidation and reduction reactions ol these compounds are well
known orx! have been repcrted. Aﬂ-Dih%dronéphthalene or octalin pessed over
palladivm~asbestos heated to 250-300°C in:a COg atmosphere yields naphthelene
and tetralin or tetralin and decalin. Sesquiterpene isolated from coniferous
wood trested under the same reaction conditions as. hydronsphthalene yields te-
trahydrce~ end perhydrocadalene. The fellowing catalytie oxidation-reduction
reactior, for cyclohexane has previously bien noticed by N. Zelinsky end Gl

.. Pawlow (Ber., 57 (1924), 1066).

%; N |
:'v | 1!
| SESQUITERPENE TETRAHYDRO- PERHYDRO
L :  CADALENE ,

p-Cymene has been decomposed into benzens, toluene and cuuene, by the catalytic
action of acid clay sat 350-400°G, qpcordipg to T. OKADA (unpublished)}.

:23f
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CHy

Pinene, Jnder the same reaction conditlone, chenges to camphene and p-cymene.

@ —— EP Q P-CYMENE

| 5 T CAMPHENE -~ = . gs
batachol and Lts derlvatlves,whlch are the aromatic compounds isolated Trom

- the decomposi,ion products of lignin yield the follow1ng compounds by the ca-
talytic action of reduced nickel under a high hydrogen pressure at abouf; 200°C.
IR.iAMATATSUP\J. Chem. Soc. Jepan, 52 (1931% 85, S. zUJITA, ibid. 80 {1939),
296) - e

==

I\\

| [5/ 6 +E"j o

| O0CH; .~ ‘OH  OH

B850

Yd [

; _ tformed bg thermu. decompositioa of cre-
sols (R. NAKAI, Bull. Chem. Sec. Japen 5 (1932%: 136), as a result of deme-
~ ‘thyiation. The case of dem thylation from benzene nuclei is in the ordsr para, kS
ortlio, mete. . 'The methyl o hydroxyl group in phenol derivatives, situated in
the meta position to a hydroxyl group. can most easily be removed by catalytic
,Ahyd~ogenat10n. . L ;

The*above mentioned exper;mental results are characte"istic of the chemicarl™™
changes whlch oceur, in th@ catalytic cracking or catalytic reforming of pine
roos oil. i L i L.

ez

periments were made with bgqycllc terpenes at liigh temperature and hydr?
gen pressure,’ ‘in ‘the presence oL\reduoed nickel. The following results wers
.obtained, (1) menthene, was ‘changeéd to rienthene,; (2) pinene wes cor"‘rted te .
pinsne end tlien to menthane, (3) campliene was changed to camphane and - then was
decomposed toxopen chain paraffir hydrocsarbons;with fewer carbon ‘atoms, (4)
wmenthane was partly. aﬁc pmposed to paraffin hydrocarbons and the remainder de- -
hydcogenated to p-cymene. (unpublished) , -

G
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. In order: to endow the pine root oil gasoline with the same fuel checrecteristics

| ‘'as that ,of petroleum, it.appears that, from the chemical standpoint, the pre-

. sence of''some compounds of the pentemethylene series is necessary. Fortuaately, .

* pine roct:-oil contains terpenes that can le changed to isomeric pentamethylene
compounds' by intremoleculer rearrangement; according to the investigetions on o

cyclohexene zné dihydresnephthalene made by M. HAGIWARA. (unpublished) The re- "

actions ‘are based on the catslytic sction of alumina et 3C0°C, and isomerie -

pentemetﬁylene derivagives are formed as flollows: : o

| . ‘
i RN CHy .. Sy
L I CYCLOHEXENE METﬂYLCYCLOPENTANF _ ’
. PN . A 3 5 :
D) —T *
| N ,
| _ METHYLINDANE
. Thus, téfpehes are either converted to arématic;and hydroaroretic .corpounds by’
" "catalytic transformation, or to isoreric pentamethylene derivatives by intra- e

. molecular rearrangement.. Thé exact chemitel resctions to be encountered with

- terpenes, depend on the experimental conditions and the nature of the catalyst.,
- Determination of the optimum conditions aild selection of satisfactory-catelysts
. are guestions to be settled in the neer future. Studies on the Rapan spectra .
. ‘and ultra-violet ray absorption spectrs off terpenes will also be of value in
- solving ithese problems.. . | : -
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Ta.ble I (A)

RESTRICTED

CDMPOSITIOI\-S OF PINE ROO‘I‘ TAR AND PII\;J.. "ROOT CRUDE OII,

i

- :
Line Root, Tar f

Pine Root hrude Oil

‘lAcidie éﬁbstances

100%

36‘5.: N

| Neutral substances

\

REAC

{TTON PRODUCTS,

= . i

o Tabloe II(A)

-DRY-DI&TILLAI‘ION OF CKLLLJLOSL AND LIGNDI

b Co . ﬂ . 5
2 - Cellulose Lignin
| % | T (#)
I = 23 | 13
? Aqueous. Liquor 33 . 12 ;
. |eas. . 25 18
EE ‘G[Gokes . : 17 f” ‘ 57
‘ _‘(S;iKOMATSU,'"Blochem. Studles on Rlce Bran Tar" Mem. Coll.
§ Ke Ta. U.,_A. ll (1928), 481). ;5 ,
] i i
ﬂ
é )
L Tabls III(A) -
EGOMPARATIVE RESULTS, CATALYTIC CRﬁCKING AND REFORKING - -
Gasoline
" g ‘From.catalytic From catalytic
; cracklng reformning

|4romatic content

32%

60.

|Néephthene cpntent

(- 21%

40

.;Octene Numbérf(d;ls% added lead)

90-92

$50-94

ti

26







RESTRICTED o N | X-38(N)-4

ENﬁLOSUR‘;:E (B) 1

g : N
i - g
. - i

! e 3
. o
L

DESIGN S;;I‘/,UDIES

) !
o OF CAR_BONI"ZATI;ZON APPARATUS

ff FOR PINE, ROOTS

¢ i‘
: L
o 4

N by‘i

f ! - NAV. CHEM. ENG, LIEUT COMDR.
: © 'S, SANIA

BN

A . o T~ Research Period‘f: 1944-1945

i i
' ikst J
i =
i <

[ =

"

Prepared for and Revvfil.e,wed,with Author by
U. S.. Naval Technical Mission to Japan. o

e : j z
T L - December 1945

to. o




X-38N)-4 | o RESTRICTED

L L ’ ENCLOSORE (B)a

" : . ' N =

f LIST OF TABLES
‘ AND ILLUSTRATIONS

Ima I(B)lYield dnd Msterial .Balance: oioooc.i.oroo.o.oaolt-hco...v-o. Page 31
'Iﬂbla II(B)l(PrOperties Ofmdugt ooooo‘-oooo??.ou c:--oo-nd;-nquonoo-o Page 32
Tﬂb]l! III(B)I 'Test Run Results CQOOOOOOQCDB‘0.';....00....‘.otoocvooo.. Page,32

Figure 1(B)1 General Arrangment of Pine-Root . ,
Carbonizatian Appar&tus co..o.oo.oo..co..c...0.00.0( con :’age 33
}, it V: ,
Figure 2(31}‘ Curves of ‘the TPemperature of Retort, Feed of .
e _'D:!.stillate and. the Specifio Gravxty of Distillate ..... Page 34

Fistfre’ B(B,)l':: Relation Between the Temperature;of the Center of
At 3; Retort and the Water Content of Packed Pine Stem ...... Fage 35

-
Figuf"r:e l..(B)l ‘l‘he Change of the Temperature Distribution in the
- L ' Retort (Used the Pine Stem) ('A' Type ROtOrt) ........ Fage 36

Eiguéi'e 5(B)li5:The (','omparison of A and B Distillation Apparatus es-eee FAgE 37

Figure | 6(B)1 I'ypical View of Pine ‘Root carbonlzation Factory. . )
in the Coun‘bry ccoc-ooe.cooocooooooto.oocooooco-oo-oooo Page 38

"Figuf_ce 77 (B)l ‘l‘ypical View of Pine Root Carbonization Factory
) i 1n the CO‘lln‘LI‘y Q.‘l.o....l.‘..t0..:..!0.0‘...-...00.'0. P&ge 38

N

N

7
N



i
IR

R

v

RESTRICTED L | Xe38CN)4

.
EWCLOSURE: (B)1

ot

1. INfRODUGTION . C L L
: A?iiiEESfogI- ’ ' o ' ”

."Pine root oll hes been menufactured ln our country for many years, The
carbonizetion of pine roots is a domsstic industry, and the operation a
very. expensivs on;ﬁ Under ordinary conditions it would not be a
successful method of producing fuels, In September 1944, however, this:
industry was expinded as the result of war time necessity, end the
design of a simplified unit for- carbonization of pine root was given
high priority. In.this.connection, 4 visit was made to NAGANO Pre-
‘L fecture for the purpose of inspeectlnz, and sketching pine root installs- =
P tions. These installations had daily carbonization cupacities.of 500 -
; 750 kg of pine roots and consisted off 2 vertical retorts. On the basis
of this survey and other considerations, it was decided to design
according to the following conditioni: :

"1, The construétion:of*tﬁé‘apﬁaratus would be as simple as possible
~ using & minimum of critical matirials., : _ :

" 2..j:Theefet0rns would be of thé»vértical type with a daily charge
i capacity of 375 kg of pine roots each. . "

—5 'Aftérftuis-dppkrgtus'wﬁs designed,_iﬁ December 194l experiments were’
made. to 'study the following: R “

1. E?emperature,distribution in the retort, : B C .

(=}

N ' 2. 'Relation between firing and déistillate.,

3. Comparison. of me and‘"B“~typé distillation units as shown in =
Figure 5(311"n i oo : ‘ -

= ) ©

;bhe bésis,of theéeiexperiments,'tﬁpe "A® apparatus was adopted forr

langg.scalé»installationg, «

On

”B.?:‘Kex'Reaearch Personnel Wbrking on the Project - o
s " Nav. Eng., T. SHIBAZAKT - .

o : Nav, Chem. Eng.. Lt. C(omdr., S. SANEK
& v =i ' Nav. Chem. Eng. Lt. (Jjg), Y. MORI : -
L R - . Nav. Chem. Eng. Lt. (jg), H. KINGO ¢
. . : " Nav. Asa't. Eng., M.EXUBOTA

' II. DETAILED DESCRIPTION

’ A;_ : Desiggi and 'pp.e’raf-ing'?rocedure i

lLow sheet of the plant is shown in Figure 1(B)1l, . The pine roots ere
cut:into pieces about 2.5 cm?2 and 30.cm in length, and 270-380 kg are -
i paciced into the retort. After about 2 hours of firing, the oil and =
: pyroligneous liquor flow from the condenser end are separeted into two
layers in.the water separator, Tar is separated in the taer-separator .
s-collected in the tar receiver after about 3.5 hours of firizg.
roduced after ebout 5.5 hours of firing is used as fuel,

}Eggerimental‘Results,

'Ei._ Yféld’and~material balanceijasgd ¢n B7% kg charge of pine roots),

'See Table I(B)1. f f

29" v \
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The vield was much affected by the quality or pine roots, Betweep

rich'and|poor pine roots, there was a renge from 8 to 40% by wi.
yield‘of‘tar plus oill, the average yield being about 20%4. Under
actual operating conditions the yield was very much influenced by

Do leakiage at the joints of the bamboo cuooler. Falnting the joints

i with voiled tar was tested, but when the temperature reacned 30°C
I - thisiwes not effective, -

" 2, Properties of product. See Table II(B)l._

-1 Performancg data. ~The relations between yield of distilled
i ‘oil, fuel consumption and time is showvn in Filgure 2(B)1. The’
P temperatures distribution 1n\the retort and the ‘effect of water
e content of the charge, on the cerbonization pine stems was also
S '*stud}ed and the results are given in Figure 3(B)1 and Figure 4(B)1l.
SN Labor.and utility requirements are summarized beIOW°

\ » Operating 0ycle o ’ oo
\; -

1 f" ~ \carbonization of pine rnots....° 10 -12 hr~
M i _ B\Cooling of retort...-... ssevsess 8 - 9 hr
R feoso Preparation and eharge...,.....a' © 3 hr

?A ;}‘ _ : _ Total 18 -24 hr -
i ’ v - : . ‘ . ‘

i § :. o ,‘?uel Consumption

Wood (Using gas from carbonlzatlon retort)., =
100-150 kg/retort/day. v

L . Condensing wate

HCooling water (averagg]
1 m3/hr x 13hr/day-15 mo/day
for 2 retorts.

Iabor g

Ghipping pine roots................s men

—FirP man ......‘.....Q.|.‘.Q.l.l...1

Qil’receiver manatooioosﬂooaou.oaool i
!

T

‘ . ; f- Total 8
ITI. MISCELIANEOUS DESIGHN CONSIDERATIONS é «

‘Al Basis for Selection of the Vertical Ratort-—(I;pe A).
La Professronal pine root workers had used the vertical type -
retort more than the horizontal type.: Accordingly, to develop

“the dry—distillation method most rapidly, it was considered best

2 b to use the vertical type. * - ;

B L : 3 .

{2. ,It was generally believed that to get terpene oil of good
‘quality from pine roots containing muzh resin, the vertical type
retort was more sultable than the horlzontal due to less oil -
cracking. . )

)l

%, A retort of 375 kg {100 ken) was adopted since this size could
H 4 be E@de simply by rolling & S,ft x 10 ft steel plate and welding.
Ch : T ’ . Y .

& [N

[
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{‘1'5 N
- Prom the standpoint of yield a smaller retort would be slightly

better, but on the basis of labor ‘requirements, working hours and
actual quantity of_oil obtained the 5 ft x 10 't retort was superior.

:B. bomparison of Two Types of Carbonization Apparatus

.Two tvpes of dry-distillation retorts as shown in Figure 5(B)1 were -
studied. ~ Test runs were mede and results-are tabulated in Table III(B)l.
The temnerature ‘distribution in each report is given on"Figure &(B)1l. Omn
_the béas¥s of these experiment it was concluded that AW type. is more
-efricjent than the “B“ type. -

c. Basis ror Selecting Bamboo for Cooling Pipe

";; There was’ a ‘shortage of copper and iron pipe in Japan, and
rbamboo ‘was conveniently available.

an. . The. cooling| erfect .0f bemboo. was fairly good, thg overall he&t

.?ansrer coefricient being approximately 30-40 Lcal/n /hr /4'C as
ﬂuompared with 60 for iron pipe. | ;
B " & - :5 =
T&blB’I(B)l -
9\ YIELD AND MA"ERIAL BALANCA
e R - Qnantftys E S
#Product- : R ; ' Wt % based on charge
‘ e e o LitersA E,,:Kg g ' -
Eﬁiwand 1088 R | ’ i k ) 15
Pyroligneous liquor ' ‘ ‘155 ,f 44
Pipg.;oot,c;ude oil 26 ?v a
Pine root tar 5 54 14
Ping charcoal 75 ) 20
Total 320 100 |

T -
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‘Table II{B)1l

 PROPERTIES OF - PRODUCT

RESTRICTED

./J . .
o Crude o0il ~ Tar 01l and’ ter mixed |
FSpeciric grevity ,0.964 1,070 0.990
5] Initial point - 150 - Bla 4,0 3.7
[ ] : . e :
= 1150 = 200 - 50.5 5.8 31,0
= ‘ —
§ 200 - 260 1.2 7 6.0 12.1
4 | 250 - zioo 11.2 9.0 7.1
fwd — - :
4 1300 = %30 W 0.3 55.5 25.5
5 Residué;:‘in 100ce (gm). 19.1 1542 ig,0
:—_‘ R
: :
Table IIF(B)1
TEST RUN RESULTS
“6”?g Ja &g E- -
' 8 ot F QO O- o -}
oM OS] Qe O g2 o *
! ” &0 G LB o4 —# @
" He a.d - o g ~ e A OH
23 & kD a8 ° g3
O Py o _ é’ 0~ , > P 8,3.3
|Type A | 500 kg | 10-12 | 80-80 kg/cycle | about 20% | 4-6
Type B : 500 ke 12-14 80-100 kg/cycle | about 20% | 9-12 |

* Weight per packed pine root :
~The. retort must be’ eooled to below 150°C before
opening to prevent combustion of the charcosl,

** Cooling times

/e

A

32
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FENCLOSURE (B)1

O

AN

o ) Figure 2(B)1 ' .
- : L ' CURVES OF THE TEMPERATURE OF RETORT, P

' . "FEED OF DISTILLATE AND THE SPECIFIC GRAVITY OF DISTILLATE

" The weight of .packe'd pine root left ﬁéSkg., right 253kg.
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j : SUMMART

This work was carried ocut to obtain a3 much aviaticn
gasoline and boller fuel from pine resin as possitle.

The effect of Qbod charccal cor acid cley on the carbecn-
. ization cf resin was investigated. The decompositicn texp-
B erature was lowered by acid clay but wcod charcosl was not
’ as effective. The acid velue and sapcnificeticn valus of
the distillates was lowered by use cf these catalysts.
Higher compounds were ccaverted. by acid clay into lower
compounds but wood charcoal did not have this effect and
served: only to facilitate the breaking of the C-COOE bend.
T

The distillsate obtaipned by the carbontzation with wccd
charcoal was fractionated in 3 fractions. The first frac-
tion (I.D. to 1859C) was treated by catalytic reforaing
and about 64% of aviaticn gasoline suitatle for tlending
was obtained. The 2nd fraction (185 to 300°C) was treated
by catalytic hydro-cracking and sbout 4L0% of aviation

. &gasoline was obtained. The 3rd fraction {over 300°C) was ~

: examined and fcund to have the genersl prcrertiss of

. boiler fuel.

I.  INTRCDUCTION

A History of Project a

sential components of crude pine resin are mono-, sesqul-, and diT
gg:pg:egnand relaged derivatives. It was thought that the C-COOH bond im.
abietic acid would be broken easily by thermal energy and the resin would
be changed into a liquid. Therefore, the carbonization of resin and the
utilization of the liquld product for aviation gascline was studied.” This
investigation was sturted in Nov. 1944 and was not“completed.

B. _Key Besearch Personnel Working on Project.

g Chem. Eng. Lieut. Comdr. M. KULAMOTO
B Chem. Eng. Sub-Lieut.:F. HOSINO

II. DETAILED DESCRIPTICN

h.jf;Test Apparatus
i 1. The test apparaéus for carbcnizaticn is shown in Figure 1(B)z2.

‘Remarks: A "
Ty = Thermometer H = Heater .
T2 — Thermoccuple G1,C> = Condenser
F = Distiliation Flask (= Gas meter

R = Recelver for distillate

B. - Procedure - ' o , S

: ; 3 i d into the
A charge of 1 kg of resin and 300gm catalyst was intrcduce
distii%ation flask. Heating was regulated by a regulator. As the
temrerature increased, gas was evclvad and measured by the gas1;eter.
Gases cbtained at different temreratures were ana;ysed by the Hempel
aprhratus, and the distillates were fractionated in 3 fractions, the lst
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fracticn had e beciling range from i{nitia}l drop to 1850C, the 2nd was
185°C to 200°C and the last was over 300°C. . For each fracticn ths
acid wvalue, saponificatien value and physipal prcperties vere determined.

1. tatalytic Reforming

¢ The 1st fracticn wes treated by catalytic reforming, and the octane
‘ value of the fraction of reformed gasoline boillng below 200°C was
determined. ’

2. Catalytic Hydre=cracking

The zad fraction was treated by catelytic hydro-cracking. a 2.4
1iters capacity sutoclave was used. 300gm of sample and l5gm of
mixed catalyst (3 perts of Ni-oxide, 1 rart of ¥o03 and 3 perts
’ of acid clay) were placed in the apparatus. After purging the
s air with hydrcgen gas, the pressure of Hp was raised to 100 kg/cmz.
About 7 hours were required to heat up-to 4500, and the autoclave
was kept at that temperature for 1 -hcur. After coollng, the
rreoducts were removed and the prcperties of the avietion gasoline
cbtained were determined. ‘ :

Ce Experimenﬁai Resultsf

The-physical*ahd chemical properties of crude pine resin obtained from
' SHIZUOKA‘Irefecturp are as follows: B )

Sp.Gr.. (30/1) 1.012
Acid value . 92
Saponificaticn value 111
" Solid impurities, % - 3.1
loisture, % C i 4.0

1. sDry-distillation of pine resin

The experimental conditions and results are given in Table I(2).

The decomposition of resin was observed to occur at 300°C and to
give a quantitative yleld of carbon dioxide and methane. The amount |
of carbon dioxide decreased with increasing temperature and the
methane eyolved increased. -The analyses of the gases evolved at
different! temperatures are shown in Table II{B)2. It appears that
the deoxygenation and demethylation reaction started to occur at
3009 or higher. However, the 185-300° fraction of pine resin was
not decomposed durlag this distillation. The physical and chenical
properties of the distillate are giver: in Table I1I{B)2. The acid

_ valus of the fraction boiling from 185 to 300°C is much higher, com-
paratively, than that of the other frections. This is due to the
carrying over of undeconposed scidie substances.

2, . Cstalytic Dry-distillaticn.

8. Effect of wood chsrcogl

=

Carbenizeticn of resin in the rresence cf about 30% of wcod
’ charccal wes cerried cut.  The results are tabulated in Tables
- IV(B)2, V(B)2, .and VI(B)2. Cracking, mainly the evoluiion. .
--of CO2 occurred at 3009C as was the case in the dry distillatiomn.
The effect of wcod cherccel cn the carbenization was not
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arpreciable but it}did decrease the deccmpositicn temperature
end, by adsorptionj tended to slow down the dietillstion of
the l85° -300°C fra@bion.

b. Effect of ac*c clay..

In the carbonizaticn cf!recin in the presence of acid clay
the ratio cf aclidi clay tc resin was 3:1C. The exrerimental
procedure was similer to thkat usling wocd chercoal. The
. results are tabulsted in Tebles VII(B)2, VIIT(E)2, and IX(B)2.
The 1lst reaction occurred gt 2000C and is thought to be mainly
the decomposition of -the C-COOE bond. The 2nd reacticn taking
> place st aprrcxlmately 320°C was that of de-isopropylatir
since the geses obtained at: that temperature were compesc
. chiefly of unsatur=zted hyériocarbons. The acid clay was very
‘effective since uhe aciil velue cf tke distillate was less then
1.. The deccmposit on tem;erature was lowered, the sesquiterpene
alecohols wele dehydrat’@, and the C-C ring bcnd was brcxen.

’.' ,!; .
]< = =
The charging stocks were fractione boiling frcm the initial bolling
peirt tc"1859C frem the charceal, catalyzed experiment, and the
terpene fraction cobteired by steam distillaticn cof crude resin.
The general prcpert¢es are”given in Table X(B)2.

3. Catalytic Refcrmlng

Experimental conditions were 2s fcllows and the resulis are
tsbulated in Table Xi(B)z. )
M H
Sample;: treated. cavsan ......8bcut 1.01
Reaction Tempefature. ese.eess.....4000C
Cata]vst«;...f.................acid clay
Space Veibdity. cessaissesiasascassl.O
i :

” hi Catalytic Hydro-cracking

The experimental cenditions of catalytic hydro-cracking were as
follows:

)

7w

: Reaction Temperature.s ceeeeesesaes 450°C ‘
Sample treated..cvevecciececneasaes 300ce =
uat&lyst.....‘..o....u........-.- NO.‘lOS
Reacticn time..ceveescesenncaesess 1 hour
APTETAtUS.ssesnsaisaasnsaessecssss R0lling type Autoclave
Initial Pressure k&/cm<y.cesveeass 100
Reacticn Pressure kg/omé......... 200

- Abcut 40% aviation gesoline was cttained, and the general properties
-of this aviation gasoline are tabulatead in-Table XII(B)2.

5 Properties of the Fraction. Over 300°C

The general prcperties cf the fractlon beiling over 3u0°" were
investigated °nd are as follows: !

Sp. Gr 25/ly eeeeseciesrensaans 0.3740
Flash point ©C ....eeivenceessce 131
Freezing point °C s.u.ve.ev.... below -15°C
Viscosity at 0°C sec %
Redwocd NO. 1 ceieacoscenes 3278
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Ash (%)-oo..-.l..no‘l-.-.oot trace
10% NaOH soluble (%) e.eviven. 2.0
Water (%) .eeevereceenecamiosis 0,03
Acid V8lUCBesoeseessseascocsscos l.hg
SaD. VBlUCseeesevsesssansreons Lolly

This fraction is suitable for use as a boller fuel.

COLCLU°ICLS =

t

l.. In the distillation ofopine resin the C-COOH bond will be brcken
by keeping the resin at 300°C or higher and the reacticn temperature
will be lecwered by the presence of catalysts such as acid clay.

2. Wood chereoel does not serve to lower the acid value‘of the
185 to 300°C fraction. ‘

3. Acid clay serves thé following,purposes;

a. The deoxygenation & dehydratfiion reaction occurs at 200°C,
b, Wlth increasing temperature CO and unsaturated hydrccarbons
1% are the chief components of the evolved gas, and the higher
i ~ molecular weight ccmpcunds of resin are ccnverted into
cceopounds of lower molecular welght.

L .7 =By catalytic refcrming, high cctane value gasoline is obtained
but the: distillatlon curye is not suitable for aviation fuel,
therefcre the gsoline can be used.only for blending.
By catalytic hydro-cracking a high cuality aviaticn gasoline
‘obtained.

Se
is
6. The frection above 300°y which is obtained by carbenization of
resin_would be useful as b01ler fuel.

. Table I(B)2
) YIELD CF THE FRCLUCT

Exp. No.

I 5

: Max. Temp., {°C) 395 ' 367
‘Time, hcurs ‘ 10.5 6.3
leil Yield, (%) ' 52.0 76.0
Residue, (%) -+ ' o5 10.5
water, (A) =3 3.5
Gas & loss, (%) 12.4 10a1
Gas evolved, 1 ‘ 57 .0 56.7

44

A



RESTRICTED | ) X-38(N)-4
q '

ENCLOSURE (B)z

b /
,COMPOSITIggbég giég%?EVOLVED
. Ex. Ko. ]
= N p— .
Temp. (0C} |~ 300 310 330 310 330 350 360
Co (%) M3 | b3.4 | 361 | 49.1 | 39.9 | 17.4 | 17.6
0, (%) 0.4 0.4 0.7 i 0.2 0.7 0.4 0.5 |
Con(%) | 3.0 | 3.7 | &6 p 3.3 | 4.2 | 5.0 | 3.5
co (%) 0.0 0.0 2.1 | 0.0 3.9 | 25.1 | 1.6
H; (%) 0.0 | 1.4 0.0 1.9 0.0 0.0 0.0
CHj, 5he2 | k5.3 | 548 | 43.6 | L6.9 | 50.5 | 57.6
' » g = P
| | “ o '
Table III(B)2
THE YIELD & THE PROPERTIES OF EACH FRACTION - =
Bolling Range of Fraction . Exp. No.
. : " i 5 O
L.D. to 185°C Yield to distillate(®) | 28.6 30.8
‘ Sp. Gr. (25/4) 0.8536 o.aélé
n}? B 1.4610 | -1.4590
) Acid Value 1.8 | 1,97
] Sap. Value o 6.79 3.78
913500 to 300°C Yield to distillate (%) 28.2 32.4 i
| sp.oer. | (25/4) 0.9488 . 0.9491 ’
nlp 6o "1.5050 ' 1.4840
) Acid Value _ . 29.84 | 33.92
Over 300°C Yield to distiliate(%) | 43.02  36.6
. ~ Sp.Gr. o 0.9914 0.9845
B ~Acid Value j 20.29 25.13
1§ap. Value E | 23.18 25.58

7
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Table IV(B)2 . |
. A
" Exp. No. ]
| 8 9

Time, hours 8 - 6.8

011 Yield (%) 72.3 . 73.0

Residue (%) 20.0 17.0

Water (%) 5.1 5.5

) | cas & Loss #8) 2.6 L.5

lcas, 1 . 58.0 62.8

P
' Table V(B)2
(Wooa Gharcoal Gatalyst)
Exx;. No.
| Temp.{?c) | 300 | 340 | 380 | 410 | 300 | 340 | 380 | 410
[ cop(#) 46.5 | 19.1 | 15.3 | 9.6 |48.0 | 21.7 | 15.4 | 17.5
) 02 (%) . 0.9.] 0.7 | 0.2) 0.7 L 0.7 ] 0.5] 2.5] 0.5
Crfip (%) 2.5| 5.4 | 5.7.] 6.0 | 3.1} s8] 5] 5.2
co® | 11.6 | 28.7 | 19.7 | 13.6 | 5.0 | 18.8 | 11.0 | 10.7
By (%) | 0.0 |18.9 [ 23.3 | 3.7 ] 0.0

o, &) 42.3 | 38.8 | 51.2 |36.7 | 53.5 | 574 | 56.8(
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Table VI(B)2
PRCPERTIES CF CARBONIZATION PRCDUCTS
(Carbonized in Fresence of Wood Charcocal)

X-38(M)-4

= : Exp. No.
| 8 ' 96
~ Crude oil sp. Gr.s/L) | 0.9273 0.9332
“| Distillatea - nlg oo 1.4975 " 1.5000
| Acid Value 23.72 27_?_3“‘
Sap. Value - 27.08 32.90 |
B.P. from |, . Yield(%) _ 40.8 36.0
I.D. to sp. Gr.25/4) 0.8465 | ) 3:%:1-3
1 1§5°c e SR 1460 | l.581
| | Aoid Valus | 136 5.43.
- o Sap. Value g€.77 B 6.50
| B.P. from - Yield (%) j 10.0- 113
1850C to sp. ar25/4) 0.9157 -|  0.9162
3000 : nlg a 1.930 | 1.945 | .
Acid Value 13.33 lé.;g—NH#
' Sap. Value 21.39 33.22
B.P. over vield (%) 49.2 52.7
300°C . © Sp. Gr. ' ©0.9984 9.9525
; :. . * Acid Value 18.45 32.40 ) N
o Sap. Value | 32.36 P 38;;§m’—_
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Table IX(B)2

0¥ THE DISTILLATE

X-38(N)-4

(Acid Clay Catalyst)

Exp. No.
B} 11 iz
Crude oil Yield 73.8 72.5
distillated Sf Gr.,. 0.9002 0.8901
n g 1.4880 1.4850
Acld Value : 0.39 0.32
Sap. Value 8.57 Jel2
B.P., from I.D. Yield 32.0 32.0
to 185°C SR Gre. 0.8003 0.8116
1.4dh 1447
Acld Value 0.32° 0.18
Sap. Value 1.71 l.54 -
B.P. from 185 Yield 40.8 38.6
to 300°C SE Gr. 0.9042 0.9005
1.4837 1.4829
Acid Value 0.25 0.21
‘ Sap. Value 8.57 8.56
[B.P. over 300°¢ | sp. Gr. 0.9634 0.9662
‘ -- Acid Value 0.88 0l
Sap. Value 1.92° 0.35
Flash point : 139
Freezing point below -10°C
\ Viscosity Red
No. 1 100.8
Table X(B)Z
PROPERTIES Of CHARGEL CIL FOR CATALYTIC REFORMING
L ' Sample 0il =
A B
Origin Terpene obtained Terpene obtained.
L by Stean dist. by carb.
Sp. Gr.L0/4) €.865 | 0.865
14cid Value 1,18
,Fzﬁ o ‘m 1.461
% I.D, og 155 | 128
Zilv 5100 156.5 150,5
o250 ;}) 158 . 162
| 90.4) g - 160 7 164
i 97 %! g , 188 297
L p,p, UC 220 322
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o ‘ Tatle XI(B)Z v
YIELD OF PRODUCT AND PROPERTIES OF GASOLINE FRACTION OBTAINED

- i Sample
) | A B
~ sample used, (cc) _v 1075 1000
Yield of 011 (ce) | 905 800
Product : Water (cc) L 20 20
‘ _ cas (1) . 67.0 67.1
Distillation Sp. Gr.fL5/4) . 0.838 0.841
| Properties | 1. D. () | w95 16.0
of Gasoline | 10% (%)  97.0 100,0
Fractiow | 50% (°C) 158.0 © 166.0
o 90% °c) 189 188.0
97% e} | 199 199
Octane Value unleaded - 87.2 : 89.0
leaded 0.15% 93.6 { 94,0

v

Table AII(B)Z .
PROPERTIES OF AVIATION GASOLINE OBTAINED
BY CaTalYTIC HYDRO-CRACKING

, Sp. Gr. (25/4) . 0.7869
— ' Gc&nposit-ion_ : Unsat. H.C.(%) 1.50 .
| Arom. H.C. (%) 3.15
| D = Neph. H.C.{#%) 28,60
' . Paraf. H.C.(% 66.75
i.o. % = 5k
! 109 G ‘ a7
Distillation 505 % 127
‘Property . S—
L 90 ¢ 164
e | o1 ¢ 166
Octane Value - unleaded : Ty oy
leaded 0.,15% 94.8
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SUMMARY

This research was projected to improve the stability of
pine root oil for use in aviatilon engines. For this pur-
pose the fraction boiling up ta 1859C, namely the. monotsr-
pene parts of pine root oil, was reformed catalytically

to a stable hydrocarbon mlxtura. The reaction proceeds
as follows: .

3 Monoterpene - 2 Cymene%—l Menthane

It is carried out at a temperature of 350°C to 400°C ani
atmospheric pressure over activated Japanese acid clay
catalyst., The reaction products were planned for use as
aviation gasoline after blending with 40% of ~ethyl alconol.
The ylelds of reformed gasollna were about 65% of the
charging stock,

I.  INJRCDUCTION

. This reqearch wag done from January to April 1945, and the results were turned
" .over to: the Process Engineering Department for the development and design of a
simplified commercial unrit,

This research was carried out by Eng. Lt.; M, MURAKAMI & Asist. Eng. M.
MIYAZAXT.

II. DESCRIPTION -

The test apparatus is shown in Figure l(B)B. The fraction boiling up to 185°C
obtained by the laboratory distillation of pine root oil was used as the charge
stock. It was washed with 10% caustic sada solution to remove corrosive orga-
nic acids (butyric acid, Cg5 acids, etc.) and esters. Tests with untreated oil
indicat@d corrosion to tes apparatus and also corrosive properties and dark
color of the final aviation gasoline cut which could not be removed by final
caustic treatment. Propertles are shown below

Sp. gr. (15/4)......................... 0.859 )
Distillation test (°C)
I, D..................n................ 150
= 10% . v snesssaennnenesiaesessneensnsnes 157
,’ 50%....’.........'.."..'....Ilb...... 170

90/lloo.o...o.ooa.l.nc.bo-ooc-u.an-no. 203
1’1PO.....O.‘.I.Qt'...'.0..".'..l..... 265

" Qlefins (%)..........................;.. 89,2
' Aromatlcg /0)-o-oooooo-occ--¢-o-u--uo-..a 6.8
= Naphthenes and Paraffins (%) ceseecevsees 40
: Octane Value PlaiN...cecoecceseevsscacse 70.6
Octarne Value Leaded 0.15%..ceeceacecsoce Theb
A.S.T.M. glass dish gum test......200mg/100ce

Five litres of charge stock were passed through the reaction tube containing 1
litre flash pelleted acid clay catalyst at a liquid space velocity of 1.0 and
atmospheric pressure. Results-are shown in Table I(B)3.

It was observed from this exneriment that the monoterpene parts of pine root

oil can ‘be reformed to stable and high octane fuel which can be used for avia-
tion., It is believed that the redaction gro»eeds according to the fo;;awing &
equation° ‘
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It was next trled to carry out this reaction uQ1ng a simple aspparatus, such as

a batch-type still, which could be operated by farmers wo
tilllation of pine- roots in the country., TFor thls purpose
in Figure 2(B) 3 was employed. ;

Five liters of stock similar to that used in the previous

rking on the dry dis-
, the apparatus shown

experiment were °

charged to the retort in each run. Pronertles were as follows:

Sp. gr. (lS/L).........g.. 0,866

Distillation test (°C)
TuDeeeeeenenaneasaananeass 140
10%...... ......... eesasess L58
50% . seaeassesasscssaiosss 170
90% e eeoecesscanassssanses 220
E. P..................; ..... 274

The: distillation rate was held constant 80 as to distill
hours. The distillate was reformed in the reaction vesse
receiver. nxperimental results are shown in Table II(B)3

The: distlllates were redistilled up to 185°C to obtain ga

the contents in 5
1 and condensed to the

soline stock for avia=-

tlon. The ylelds and propertles of the products are shown in Table III(B)3.

These results. were turned over to-the Process nglneerlng
as ‘the basis for the design of a simple commerWial plant.

+3500C was selected for the commercial plants. Samples of

tested at the: First Naval Technical Center at TOKOSUKA.
was: not satlsfactory due to low volatility. A blend with
nollwas found: to be satisfactory for use in trglnlng plan

)

I
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; . Table I(B)3 -
: TEST RESULTS
Reaction " _, 350°C | 400°C | 450°C | 500°C
Yields; of Gas (1it/11t of charge) 15.2 | 19.7 | 26.0"] 38.3
Yields: of Gasoline Stock (Wl.% of charge) | 77.6 | 71.8 | €6.6 | 56.0
Yields: of Residue (Vol.% of" charge) 7.2 8.5 7ok % 5.7
| Properties of Gasoline Stock » |
Sp. gr.. (15/4) H 0.836 | 0.838 | 0.842 ! 0.843
Distillation test (90) ;
TLD. : 70 68 67 | 64
10%: - : 126 120 115§ 117
. '50%: : 171 171 162 | 162
90%. ‘ 187 190 191 ' 186 | -
E.P.. . 211 214 213 | 207
: ' - S
Olefines (%) g 5.0 4.0 5.0 ; 6.0
Aromatics (%)x 70.4 73.7 72.0 g 79.5
Nephthenes (%) 10.2 8.6 4.8 |
. 23.0 :
Paraffins (%) - 14o4 13.7 C9.7
. D e
Octane Value, plain 83.3 88.5 89.4 ' 89.9
Octane Value, leaded 0.15% 93.0 93.6 94.3 93.9
4.S.T.M. glass dish gum test, mg/l00ce 0.8 3.4 2.6 1.2
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EXPERIMENTAL REFORMING 'RESULTS
Reaction temperature (OC) 300 350 400
Total distillate (Vol.% of charge) 86.0 83.9 | 77.7
Vol. of cracked gas (liter) 41.1 37.5 | 210.4
Propeities of distillate ‘
Sp. &gr. (15/4) ’ 0.865 0.845 | 0.840
Distillation test (°C) - " ~
| I.D. -+ 90 48 45
10% 162 14d, 124
50% 181 171 170
90%. 1336 =279 64,
E.P, 1390 364 369

Table TII(B)B

YIELDS AND PROPZERTIES OF PRODUCT”‘ON REDISTILLATION

-,
- |Yielas of=gasoliné stock (Vol.% of charge) 61.8 62.5 61.4.
|Properties (f solineLstock '
1~ Sp. er. (15/4) 0.841 | 0.835 | 0.837
iDlstillation yest ( C) ‘
1 5 TN 113 76 69
10% 2\ 152 136 122
50% L 168 165 160
90% 178 181 179
| ‘BB, 193 199 191
|olefines (%) | 9.8 4.8 8.0
|aromatics: (%) i 51,7 | 61.2 " | 68.6
|Naphthenes (%) 28.5 11.5 12.8
|{paratrins: (#) 28.5 22.5 10.5
|octane value ieadea 0.15% 91.8 | 93.8 | 92.7
;A.S.T.M. glass dish gum test, mg/100cc 3 8 3.6 3,3
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SUMMARY

Tﬁesign studlies were mads of a process to make aviation gas-
-pline from pine root oil. This process has three steps.

i ‘The 1st step is distilling and coking of pine Toot oil. The

‘next is the catalytic reforming of the gasolins fraction.
_Fhe 3rd step is redistillation of the reformed oil.

:Batch type operation is employed for each btep. Photographs.
‘and detailed blue-prints of each unit are attached.

INTRODUCTION
A.  History

Carbonization retorts were already in. operation in our country, but were

widely scattered. In consequence, lalge central pine root o0il refineries

- were:not practical due to tramsportation difficultiss, and desigc work

was started on apparatus to refine tho oil on the spot. o

In April 1945, orders were given to shudy this project. Since reliable
date was pot available, we constructed a pilot plant based on 3ommon sense
principles and chlefly studied how to operate this apparatus.

B. KBI Research Personnel Working on Project

Nav. Eng. i T. SHIBAZAKTI

Nav. Chem. Eng. Lt. Comdr. S. SANKA .
NaVo CDSm. Engo Lto To YOKOYA}JA- ”7
Nav. Chem. Eng. Lt. i = T, UEDA

Nav. Chem. Eng. Lt. W R. SUSUKI

Nav. Chem. Eng. Lt. ﬁ Y. MOTOYAMA

Nav. Sub=Eng. . M. KUBOTA

DETAILED DESCRIPTION
A, Distilling and Coking Apparatus

'1, Test Procedure. & diagram or the distilling and coking appera-
tus i's shown in Flate I(B)4. In this apparatus crude pine root oil
+is fractionally distilled into light and: heavy cuts. The volume of
the batch still is 1.2 k1l and the volume of pine root oil charged is
*0.75 k1., The relation between yleld of oil, temperature of retort,
. 'and time is given in Figure 2(B)4. It is necessary to control fir-
~'ing carefully in oil temperature iré&nge of 90°C to 110°C to avoid
~sudden foeming of oil due to occluded water., After water is dis-

. tilled over;, the firing rate is increased to approximately 20kg/hr
of wood, When distillation of the oil is completed, the retort is
allowed to cool for 2-3 hours untiil temperature of retort becomes

less than 120° C. .

- The coke is removed from the bottom of the retort every 4 runms.
When the crude pine root oil contains more then 7% of wat»r, the
required time per cycle becomes very long., Accordingly, when the
crude oil-has more than 7% of water, it is setted about 3.5 hours
at 60~-70°C, By this treatment, ,he water content is reduced to less

“‘than 4%. o

‘The first cut is taken at 185°C still temperature and is used as
- ‘feed for the catalytic reforming unit, It was planned to use the
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'distillate above 1850C as feed for catelytic cracking.

Zz | Exgérimental Results. Experimentel results are givemn in Table
I(B)h4,. ' 7 : ;

B. Simglified Catalytic Reforminz Apparatus

1, _'Test Procedure. A disgram of this apparatus is shown in Plate
II(B)h." 0.5 Liters of the gasoline fraction {1859C end point} ob-
tained from the "distilling and coking.apparatus" is charged into

a bateh stili, (1.2 k1 Volume) and distilled by direct wood firing.

The oil vapors are passed through the #eaction chambers, filled
with activated Japanese clay catalyst. The reaction conditions =
= are about 4500C and atmospheric pressure.

After many expériments the operating curve of Figure 3{B)L was ob-
~ tained. This apparatus has two firing grates, one on the still pot
'side ‘and the other on the reaction chamber side, as shown in Figzure
3(B)4. The reaction chambers are fired first, until the catalyst
temperature reaches about 2000C, then firing of the still pot 1is
started. After about 2 hours the oil vapors pass downward through
the two parallel reaction chambers in vvhich temperature has in-
creesed to 3009C. The catalyst size is 6mm(diemeter) X 6mm(length)
end is random packed, 25kg in each chauber. When catalytic action
begins, the temperature T2 suddenly rises to 550-6000C. By con-
trolling rate of firing and valve openings the temperature is regu-
lated to 450°C. P ' -

The vaporization of oil is continued for 8 hours at the rate of
about 60 lit/hr.i If the firing rate on the evaporator side is too
high, the oil flow is too great and the temperature of catalyst
cannot be maintained at 4500C. . The fire man must have experience
to acguire the proper technigue for mailntaining a uniform reaction
temperature., The final still pot temperature is about 2300C. The

_valves connecting catalyst and oil chamber are tnen closed. About
2 1iters of water are added to each reactor, forming steam which
blows down the lines. Catalyst temperature is about 3000C end air,
at aetmospheric temperature and pressurz of 500mm Hg, is blown through
the catalyst. The air blow is about 500m3/hr for both retorts, If
the blower capacity is less than this, not only is the steel shell of
the reactiocn chamber often burnt out by the reaction heat, but the
catalyst also loses activity. The air flow is continued for about
35 minutes and catalyst temperatire increases to 6500C maximum.

-~ Bight liters of water are added again to decreasé the temperature.
Thisicycle is Tepeated 4 times (refer to Figure 3(B)4). After this,
the temperature of catalyst increases gradually due to the natural
flow. of alr. The still pot is allowed to cool,; and when the tem-
perature is 100°C fresh oil is charged. The fuel consumption cn each
side is about 12-15 kg/hr and the total fuel consumption in one cycle
is atiout 300 kg of wood. . :

2. Experimental results are given 1n?Table II(B)4.
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7
" Fraction Engler Distillation | Distillate from
; Pilot Retort
o Below 185°C | = 20% (Vol) 20% (Vol)
Tleld 185-300 28 25
of ég;g: 300 {;2 (as residue) 32
, Water 3 ' 5
_|Froduct Gas and Loss 7 15
OPOTating TiME «..eeeesesorscsosssseascessssss 905 br/run-
Capacity of Still cveeececcnsscarccsccacrsoss 075 kKl/TUn
Fuel CONSUMPEION eeeecesccassessassessss 180 kg(wood)/run
Operators Required ....iceccececcocscasccseasosaaasas 2 MEA
Discharge Of COKES ...ctecesecssseess One discharge/i runs

X-38(N)-4

ENCLOSURE (Blg "

Re-Distilling Apparatus’ o

i. Test Procedure. A diagrent offthis process 1is givén by Figure
1(B)4. This epparatus is used to refine the reiformed oil from the
satalytic reforming apparatus. The batch still itself is the same
as in the simplified eatalytic reforming unit. The distiliation
cower is packed with clay Raschig rings, 3- X 30mm in size. "
fEhis operation is very simple and is not reported. O0il is distilled
at the rate of 75 1lit/hr and the fuel consumption is 15 kg/hr.

2. Experimental Results. ZExperimental Results are given in Table

@II(ETET‘ ‘ ’

‘ Table I(E)h
OPEBﬁTION AND PRODUCTS JOF PINE ROOT STILL
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TPable II(B)4 ‘
. GASOLINE FROM CATALYTIC REFORMING

Cherge Oil | Reformate

Specific Gravity 0.86 0.85

5 1st Drop 110 : 70
Dist: 10% 140 135
Tenmy. 50% 170 ' 165
(°c) 97% 130 200
. v Dry Point ; 250 280
Octane 0% T.E.L. 70 85
Value 0,15% T.E.L. . 75 < 90

Yield of Reformed 01l
Reformed 0Ll ....ceeevevccoiosccacecasas 80% (vol)
\:8.8 and LOSS 0--c-o'......0'......'0.....6.0‘.
Space Velocity Of 0il sevececsscssesesrs 1 VOl 0il/vol cat/hr
Reaction TempEratur'® «.ccvecececsscsccoccsccccsncesecas 45000

Operating Time ‘
Gatalytic Reforming oocoooo-aooooaooc.a.cooo' shr
Reactivation of Catalyst .csaeecessccceccccees 3 NI
Charge &nd others e ® O 90 00O POOOESCETPIESEOPOISICSOREOTOCTTDS 5hr

Total oo......-..ca.oo..oo.;...0.0.;-0..-..0 16 hr

Table III(B)4 -
REDISTILLATION OF REFOEMED OIL

Before Treatment After Treatment
1st Drop . 70°¢c ‘ 700¢C
S 109 135 : 130
L 50% 160 160
97% 200 - ‘ 190
. Dry Point 280 250
v . Color deep green light brown

Op@rating TiM® ececosvvevscecssccccsiesncsscsce LO llr/run
Noew Charge 0000000000000 e000000000c000005 O. 75 kl/batch
Yleld of 0il

= ) \ Refined Oil Q.Qo'...'.o...el.oolo.oo.oc 80% (701)

Residue '...."'...............'...'Q.Ilvll'!.

Fﬁel Consumption ceecececoccssccncevccssess 150 kg/run
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Figiire 4(B)4
SIMPLIFIED DISTILLATION
AND CARBONIZATION PLANT
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Figure 5(R)4 -
SIMPLIFIED CATALYTIC REFORMING
OF PINE-ROOT OIL "
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E . i, SIMPLIFIED. CATALYTIC REFORMING
i S OF PINE-ROOT OIL '

" . Figure (B)4
| SIMPLIFIED. CATALYTIC
REFORMING PLANT
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Figure 8(B)4 .
SIMPLIFIED REDISTILLATION. PLANT .

} Eigure SiR)4
SIMPLIFIED REDISTILLATION PLANT
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SUMMARY : oo

Pilot plant catalytic cracking experiments were carried out
to.produce aviation gasoline from Sumatra kerosene and from
. . pilne root oil fractions. Yields of aviation gasoline dis-
- -%illate were as follows: ;

Charging Stock : -~ . Yields

Sumatra Kerosene..........4.............25p by vol.
1850 end point pine root distillate.....70% by vol.
2500 end point pine root distillate.....50% by vol..
- 3500 end point pine root djstlllate.....35% by vol.

LI, TVTRODUCTION

.. The nwlot plant, based on a U 0.P.- canalytic cracking design, was oomnlerec in

: September 1943, Cracking tests on kerosene fractions from Zast Indies crudes

{ were caxrled on until August 1944 by Chem. Eng. Lt.; T. KOTANI. In this neriod

. seversl ‘tinds of Japanese acid clays and U.0.P. synthetic catalyst were tested.

. The U.0.P. catalyst was manufactured by Nippon Gasoline Co. and was thought to

- pe composed of aluminium silicate with zirconium oxide. The U.0.P. cataluvst

. gave slightly higher octane number {about cne urit) but . was inferior to Jape-

. nese natural. clays on basis of lower ylelds, higher olefine conteni of product,
and higher cost of catalyst. The best catalyst was found to be acid clay from

near KonﬁT"U City. : S f . '

*'Starting in January of this year, tests on various fractions of pine root oil
 were carried out by Chem. Eng. Lt. Y. YnthnKI. : -

IT. DETAILED DLSuRIPTION

A detailsd flow chart of the pilot oplant end operating conditions are shown on

" Figure 2+(B)5. Catalyst used for these experiments was activatsd. Japanese
acid- clar produced near KOMLTSU City, ISHIKAUHA distriet. Physical: and chemical ~

© propertiss. of feed stocks and detailed experimental results are shown in Tables
 I(B)5, II{,B)s, IIL(B)S, and IViB)5. :

The - several feed stocks were as follmws.

a) Sumatra lignht o0il; Shipped rrom YOIKAICHTI, Second Fuel Depot.
b} " Pins root oil (- 25000) Distildled at QFUMN.:, ceolumn overhsad.

@), Pine root {Heavy), Distilled et OFUr4, side cut. =

) . Pine root oil {- 18500), Snipped frem! YOKUYAMA, r7‘hird Naval Fueli

S Depot.

a) Mixed light oil, Mixture of light olls -0F patrolsum origin.

f)'uPine root o0il (L.O. fraction), Distilled in batch-type still at

) _ TSURUMI, Nippon Petroleunlco. o

- IIT: ‘com LUSTON : 7 |
. On the basis of the above experlmental res ults, it was planned to f%reat plne
. root oil commercially accordlng to the schame outlined in Pigure 1{B)S.

¢ In the above scheme catalytic reforning would be’ carlled out in simple unita

" located near the pine root retorts. . The catalyblc ceracking would be carried

" out in larger more complex units at centré&l refineries. If sufricilent cazgly-
. tlc cracking capacity and transpertation facilities wers available, it would bve
i more deslrable catalytically to crack the two fractions separately under op-
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timum conditions for each fraction, to produce: satisfactory gasoline with the
required voletillty. Two catalytic cracking plants for processing kerasene
from natural crude have been installed in Japan {at YOiKAICHI, the Second Naval
Fuel Depot}.: Capacity of each plant was 2000 barrels/ day. Process dasigns
ware prepared ‘at OFUNA .on basis of pilot olant experiments,
It ‘was planned catalyticelly to cerack pine roct oll at YOKXAICHI, but this was
not accomplislied by the end of the war. Some ansuccessful test runs were made
on “a, catalytic unlt at TSURUMI. It was also planned tc construct some 21 cat=
_.alytie cracking units, treating 10,20 or 30 kliof charge per day, to hendle
pine root o;l in Jepan, .out no unlt was completed. ’
_Enoine and flikht tests were made on 4O kl of final catalytic cracked eviation
‘g¢asoline plu= 0.15% lead. Laboratory engine tests at the First Naval Technical
Depot_showed 'satisfactory results except for tendency to swell rubber connece
tions.’ This. problem was solved by substituting a better quality rubber.
Fltht testsiin flighter planes made by YOKObUKA alr Corps showed satisfactory
Jlts. . 7

Table I(B)5 .
DISTILLATION OF CHARGING STOCKS

s i Zf;ggtgil P%Efzgggg)eil ::(~«185°C)**'(Heavy fract)
. |Sp. Gt 0.822 © 0.809 | 0.796 0.896
- |1st avopoc | s1.5 65.0 © | 72.0 122.0
1 0% 168.0 96.5 T 100.0 . 160.5
204 iaz.s' .| 11045 ; 112.0 170.5
306 | 192.0. 137.5 | 120.0 180.0
w0k | 202.5 | 6.0 . 128.0 189.0
,50%;; 212.0 157.5 ‘ ¥; 136.0 200.0
| ‘60%, .| 223.0 . | - 162.0 . ; 145.0 217.0
! 70% 236.5 | 1715 . || . 1s52.5 2,1.0
{ - 80% . 251.0 181.5 | 159.0 272.0
§ L 90% . | 27L.5 . 209.0 - | 166.0 348.0
o os | 222.0 I 172.0
97% | L1755
ol me. |0 | 230 179.5 o
v 0.30 7 0.20 0.60

*Washing of 1% alkali
“**Diatxllatioh?eutA~185°c
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i
' Table 1I(B)5
CHARACTERISTICS OF FEED STOCKS
mngo 1 2 Prel.” 3. 4 5 6 7 g
RS 3,16 0900 | 3,17 0900 | 3.18 2100 | 3.19 1600 | 3,20 0900 | 3.21 0900 | 3.22 G900 |3.23 0900 | 3.2 1200
<Date. ., 3.17 0900 | 3.18 0900 | 3.19 0900 [3.20 0506 | 3.21 0K0 | 3.22 0% | 3.22 2300 | 3.2 050 | .25 C50C
Rin Perfod () 2 o 1 EY e P N P 17
Charging Stoeka Sumatra L. O, ‘ Pine Root oil ) (~250°C Cut) Pine Root oil ( 185°C Cut) mns
| f | - )
;| Total champe. (xit) - 3560 3540 155 | 286 | 310 | 325 220 neo | 2%
i Charge per hour .(lit/he) | L8 us L9 165 130 37 152 uI 16¢
N I 2 5.7 5.7 | 57 5.7 5.7 5.7 5.7 | 5.7 5.7
Recycle ratiio 6.6 " 6.6 7.6 5.9% 7.5 7.1 - 6uk €.9 5.%
§ % st Reastion Cuesb- | W9 8 161 454, 453 158 18 458 57
4. J% Jond Reaction Chamb. L2 129 136 b} 439 .ok 433 543 455 .
%g 3rd Resstion Chamb. :| 447 137 449 154! w2 557 L 450 L5C a7z
2 dean o) 1 wo 438 3 et 8 432 Lk 45 161
Resction Press (kg/cz®).| 2.0 2,0 2.0 2.0 2.0 2,0 2.0 2.0 2.C
0il Temp. Qutlet of;furnv'acej : . )
, Gotupe (°C) | 490 | 483 467 4681 470 435 - 89 | oare
0il Temp. IIit of Reaction G : - -
veisel  (°C) 485 480 459 45€! 462 77 a8z 1451 L7
" Amount; | (a3/er) 85 __ 865 865 865; 865 885 a6s 865 a5
| o lmeating Temp. (o3 | sty | s 56 | s | o 550 556 552 552
| 2 [otet o wace . ' I ' r
: tie  (°c) 511 - 507 | 503 511 515 527 531 - 53 525
3 Pressumi. (kgfen®) 2.0 2.0 2.0 C2.c 2.0 2.0 2.0 2.0 2.¢
Stean Temp, - °c) a2 | . 286 - 285 281 278 255 265 e E3
» S Gr.i 0 (15°/1°c)| o.8s7 |- 0.850 0.855 0.85¢! 0.848 0.931 0.831 cez | ooea
vi 1B lmteres (%) e75 |- 8.0 | o 104.€ 5 ah.5 8.5 w00 2.
ER o (°c) | 102.0 w010 | 1650 165.C 172.0 1775 177.5 4.5 | 1w -
S AL g 4 ey | 202,0 196.0 23,0 | =z 22,5 323.0 23.0 zuzs | 2o
L YEio % Cc) | 2900 6.5 | 2950 312.¢! 320.0 2.0 290.0 22,6 | 2980
§m E. P. .. (°c) |- 3%0.0 32,0 }. 337.0 - | 3475 | 356,0 32,5 324.5 317.0 3z
3 "U,0.7, ‘tharacterization f 1.1 1.0 11,2 . 1L L 1.3 1.3 1.3 A Y
{ HpS %00 . ) . 8 . 1° o
b0 oo Ei 8.5 LY 27 9.1 3.8 - 87 7.5 9.2 33
! :g;ipz‘~ % ] e | 36 D5 .5 5.8 . 6.2 g5 | 63 &L
“leo oz za | 20 39 | 1L - a7 2.2 1.1 L8 2.1
| Istabiiised gas + Pertae - . : o ’ g
L (Yo1g) 2.6 Lk, | 9.8 8.5 6.2 . 6.3 3.5 56 1 b
- o |aviation Cas (vo1%) 25.0 25.0 | 7.6 703! Tk 7.7 38.8 CEN - T
3 eeprtnd’ (varg) i ‘
U LT jKerosene.  (va1a) 53.6 55.6 I 2.3 3.6 .z aLe
Gracked Gas (i) 67 | - 63 | 19.6 10.3 2 | sa a7 | 81 7.6
arbon’ . (w) 6.3 6.3 5.7 | 6% 8.6 g.6 6.6 2.2 P
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Table III({B)5
ION OF CHARGING STOCKS

Mixed Lighthil

Pine Root 011
(L.0. Tract.)

Sp. Gr. 0.820 0.854
lst. dropSC 120.1 122.8.
10% 123.5 150.0
20% 175.5 156.0
30% 187.5 163.5
L0% 19€.5 171.5 |
50% 207.5 177.5
. 60% 220.0 185.0
70% 233.5 .195.5
80% 2L9.5 214.5
90% 269.5 245.5
95% 285.0 266.0
97% 295.0
E.P. 296.0 268.0
Acid Velue 0.6
Alkali Value

60
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ENCLOSURE (R)6

. This plant was designed to produce 2,000 lit/day of

- aviation gasoline by catalytic cracking 10,000 1lit/day
. of the heavy overhead cut from the simplified pine-root
oil distillation and coking units.

The design was based on data.from the ecatalytlc cracking
- pilot plant in the research department of this depot.
" An effort has been madeto make the process flow simpler,
. however, and especlislly to.conserve on the use of special
~ steels, the plant was designed to use carbon steels in
. the reactors and heating pipes.

.. Basic design calculations are given in Append;x I and
~-the process flow diagram is given in Plate I(B)6.

89;: -
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ENCLOSURE (B)6

APPENDIX I

1. Object of the Plant

RESTRICTED

This‘plant is designed to obtain aviation gasoline by the catalytic cracking

for which

pine: 01l is used as the crude oii.

2. " Plant Capacity

New Charge oo-oon--ol.oo-ooocooooolﬂco lo 000 lit/day

3% ’Prqparty of Pine Heavy 0il (Crude)

’Specific Gravity .'Oﬁ."..a‘.'..;l..l... 0. 896
j I.B.P. o--o--o-o.-v-.--ooc-ov-uo-ooo-o 122,00¢C
vlo% Point 0000000000000 000s 00090000000 160 5
20% POINT o.ivevesesvscsaseccsansssasanas 170.5
‘,30% POint ---n-.--;-ooo;;-oo.oi-;o-ccauu 180.0
“L0% PoInb sieiiiiecreccrcacccncciaasaaes 189,0
'50% Point esrsssrseerscetoavsrssessssssn e 20000
60% POint tseececrssssscscensnsssesssacssns 217-0
79% POINbt < .ecieecerecccocascancracesaee 241.0
80% POINt s.uveevovsccoccsnssarciocsessea 72,0
90% Point c';ov-oaooocu--ooccoo-;-oooloo 3“8.0

: E P. 000000000 s000s00es e b o000 -

L. Crude Oil-Feéd Pump.

;,10 000 1it/day = 10, 000 x 0.896 = 8,960 kg/day
10,000 lit/day = 417 llt/hr = 6. 95 llt/min

This puniping unit shall deliver a normal capacity of 6. 95 lit/min at normal

and shall

be delivered against a discharge pressure of 10 kg/cm

pheric suction.

5. - Recycle 0il Pum ump
§Basis.' Recycle Ratio = 3

6. 95 1it/min x 3 = 20.85 lit/min —-",250 lit/nr

Discharge PreSSUTe eecceessccsossses 10 kg/cml
Suction Temperature .........scceeeieee. 25000

6. Cracking 0il (Combined Feed)

Recycle stock (10,000 x 3) x 0.832 =

New Charge

éa,9so kg/day

‘8,960 kg/day (+

Total cracking oil

Specific Gravity .ceseceoeses 33,910
U.0.P. Characterization Factor .....

Mean: Molecular Weight ......cc0cecee

33,910 kg/day

+ 4000 = 0.848

cieneeses 1104

“s s e a0 e

170

with atmo§-
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" NEW CHARGE

Y

X-

N)-4

A
]

REGYCLE STOCK

CRACKING OIL = | . T .

RNGW Ch&rgs .oao-o.o-;ooo;.oo. hl? X 0-896 = 373;6 Kg/hr Y

T Determination of the Temperature of Cracking Combined Feed 0il.

Recycle 3toCK eeceveeeeeee. 1,250 x 0.832 = 1,040 kg/hr
Combined feed ....cceeeae 373.6 f 1,040 = 1 AJu 6 kg/hr
: = 1,667 1lit/hr

‘”Thereforo'Specific Gravity .........;.....;............n... 0.848

. Then

. Where

: Thereforo:.

'0.572 x 1,040 x (250 - 37} = 126,709 Koal/hr
¢p' x 1,413.6 x (T2® - 37) = 126,703 ....(1)

Cp' = Cp37 4O (Tg - 37)
0937 = 0.465 de = 00097

c:p'_= 0 a65 + 0.00097 (Tzr = 37) eveeeos (2)

§ Combining eqpations {1) and (2)

- Therefore -

(T57)2 4 405, 440T2" - 108,791 =
To! = 181,00,

8. Temperature of the Flash Cheuber.

!

As a cheok at O0.percent.

10%.point-of combined feed o..-... 1749C (345.2-F

'70% point- of combined feed ...... 25200 (485.60F

S10PE OFf AuSeT.Me eerononessasesecnnensecss 2434
Slope Of flash lo had 70% e e s eenevcceveconse l 2
50% boiling point on AvS.TeMe veveavennacs 435CF
50% boiling point on flash ..cicecessseccs 4350F

o 100 percent point on linear flash curve

435 + 1.2 x 50 = h95°F (2570C)

435 — 1.2 x 50 = 375°F (1900C)

" Mean specific heat of recycle stbck cssevecscceee 0,572

: The correction was made at the point where the operating pressure is 5 xg/cm?

gauge-.

9l
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100% point  3499C (6609F) ¥ 3500C
Sincq; it must be the temperature of oll of the:butlet.
9. Cracking 031 Heater. |

If the condition is such that cracking oil does hot pass through the ex-
cbanger, the heats required to be necessary 1o heat from 184°C to 3500C at
liquid state, are as follows: : :

‘ 0.685 x 1,413 x (350 = 184) = 160,740 Keal/tx
Whers Mean specific heat = 0.685 |

. Assuiing the cracking oils which pass through the pipe still are entirely
veporized. on the score cf the non-vaporized oils remained in the flash
chamber are onliy 3 percent of ull by data. »

75.1 % (1,413 + 2,2046) = 234,043 B.T.U./hr
= 59,283 Eoal/nr

Accordingly th@wtotﬁl heat is,

160,740 + 59,283 = 220,023 Kcal/hr

Cracking o1l (1667 1it/hr) ...... 1413.6 kg/hr
Sp@cific 8r871ty ...l‘.."'..’..’;‘.ﬁ.tl. 0.81}8
man M.w.‘.'I..l.......G.O....l-.l!.;...’.ﬁ. l?u
T.0.P. Characterization factor eicscecsco 1l.4
Inlet temp"4..'0000....”..3.'.0‘..':....... l&oc
outlet tempo 45800000 s0s0sIPREREOORRIoe 35002
Qutlet PreSSuUTe ..ecccosccevecccsccscss 5 xg/cm!
Heat l‘eq_uired cveosssvessseses 220,023 Kcal/hr

In tnis case, the pressure dropg of cracking 011, throughout the pipe still
and another ars assumed 5 kg/cm? by the data of the pilot plant of the paval
laboratory. The furnace capacity is taken as tlie above purposely, consider-
iog the ecnditions at the start and the allowance but the oils cau get thne
large quantitiss of heats from the exchanger when operation bscomes on stream.

17, Flash Chamber

Pomp. OFf 1N1et cevesveesscsnsconiossesss 35000
Temp. of top of the chamber ...scsceses. 300°C T .

Operating PresSsure ........... 5 kgsom?(gauge)
Feed q:‘mtities oo-o-cooo-.o-oos-? m306 ﬁ:r
To ecalculate the iqiume of o0il vapors in the chémber,

1:.13.6/170 x 22.4 x 1/6 x (27:5 + 30035273
" =65.5 m3/n

Ass&ming the ébova vapors remaih 90 seconds in ‘the chamber.

{65.5/60) x 90/60 = 1.6,';, m3

l

11. 0il Vapox Heater

o - 4 T R ’ :
Temp. Of Inlet -cececececesscdseccsncrccace 3009¢C
. Temp. Of outlet .ccceccoesscssccacescnccs 5000C

i

92
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Pressure Of inlet ..cceeesssceccess 5 kg/cm?
Pressure of outlet ...cceevecccices 2 kg/cmZ
Mean specific heat ......cevcececeeaes 0,695

0.695 x 1413.6 x (500 - 300) = 197,000 Kcal/hr

' With a 20 percent factor to allow more heating, the heaf® required is
: 235,000 EKcal/hr.

% 12. Reaction Chamber.

L

Charging quantities =1, 667 1it/br =1,413.6 kg/hr ‘
Space veloeity = 3

~ Therefore Catelyzer volume = 1, 667 + 3 =555 lit.

. The reduction of catalyzer by means of the: reactivatiocn and high temperature

. 1s assumed about 15 perceant by the data of the pillot plant of the naval leb~
oratory.

555 11t x 1.15 = 638 11jt £ 64,0 11t
v" ! Specific gravity of catalyzer .......ce. 0.75
Vieight of catelyzer = 0.75 x 6hb = 4,80 kg per tower

owratins Pressure .'.'0.......0.... 2 “’l/cﬂ
DeSign PreSSUTe cecevesesceccscosscse 5 kg/cm?
Operating temp. c..ccesecccveeces 4,50 to 5000C
msign temp. ".......'....’...'....... 55000

Materials

Fla'nges ..'.‘.Oﬁ.ﬂ.....;.. cast Bteel
Shell ..c.cccesceee.. Class SB J.E.S.
Bolts and nNUts ceecee h-é% Cr. steel .

" Note: It 1s really dangerous to use carbon steel platew at ths bigh Zempera-
. Ture sueh ‘as 500°C, but daringly used carbon steel plates on account of the
~difficultiaes of getting special steel plates recently such as, Ni-(r or Cr-Mo.
i: Accordingly, the allowable working stresses must be taken not over 2 kg/mmR, -

i considering the creep stresses. ¢
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-

13. : Material Balance in and around the Fractiohating Column.

Assuming the' eviation gasoline to be 20 percent (vol) of the new charge oil,
' 517 1it/hr x 0.20 = 83. I 1it/br = 62.6 kg/hr

Where = speoiric GRAVITY= 0. 750 l

1413.6 kg/hr
REAGCTOR '
ﬂ‘ ‘ . ] LOSS 29,7° kg/hr
‘ 1383.9 ke/hr. === 21%
y ] REAGTOR PRODUGTSJ | 1 purce da. 3
: -
1245.5xg/hr. K | 138 .4 g/ hr
_ b
. - | . : ‘ :
E . [hear Exonanee | , 3 o
. K V .
it -
} [FRN:TIONATING coL. J
I L ‘ ‘
; ] | .
[ B t : ! ¥
RECYCLE: _STOCK. ) CRACKED RESIDUE AVIATION GASOLINE ‘ GASES
" 90| s Whr : o 242.8 k/hr. f 62.6 kg/hr _ 385 kg/hr.

Next, assumlng the vracked residue is 70 percent (vol) of the rew charge oil
L,l, 1it/hr x V370 £ 291.9 lit/hr " 242.8 <g/hr

Where : © Specific gravity eccesecencncocsusss oo 0.832
. Cracked gases and 10S8€S ........ 38.5 kg/bhr

ih., Fractioniting Column.

Uperating Pressure seeceecsccccroven 1 kg 'cu
Cperating temp. sscececvecccescs @TOp 120%¢
Operating temp. ......ceeve.. @ottom 2Z500C

© ROFIUX TALIO .esvaversscccacconcss ieraen . 5
M.W. of oil vapor at the top vV..e..... 120

M.W. of gases at che top .........;...... 29 ‘
Thersfore, dlstlllates o1 Tup ‘

uaSes se s e e 082000 38-5 ":‘29

%1+33 Kgmol/hr
. Vapers .. 62.6°x (5 1) + 120

3.13 Kgmol/hr

i H
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ZnRT

n

" Rowever i PV
§ Where - P = 2 kg/cm? (absolute)
‘ nlu =1.33 (eases)

ny =~3.l3> (vapor)

R =0.094786

T =120+ 273 =1393%K

Z] =0.99 (gas)

zz'=;0.95 (vapof)
To = 6100F (3210C) (321 + 273)°

Vapor: TR =393/504 0.662 . _-
£ : | pc'=:24 kg/cm? (absolute)

,. | Zp =0.95

Gas: | Te =3050K

TR =393/305 = 1,29

Pg =48 kg/cm? (absolute)
PR ='2/48 = 0.0417

Zp =0.99

%:Thereforé;

0.95 x 3.13 x g.Q94786 x 393 - 55.3 m3/hr

0il Vapor
Total. - @ .= 79.7

| The velocity of the vapors through the column are assumed O, 3 meters per
isecond. :

D? x 3:1416/4 x (0.3 x:i:3600) = 79.7

o - o D? x 0.785 & 1080 = 79.7
| ’?84702 = 79.7
. b= .31

iThe actual tower dlameter that is used for these conditions is taken 450mm
-as a packed column;’ . :

il
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15 Fraction tigg Column Condenser.

Operating Pressure .....cecesseseos 1 kg/om2
Operature temp. :
Inlet .........'.o........').o.... lzooc
Outlet ccevecsccconcsscccns 3700 (lOOOF)

Heats tolbe removed from the gases,
~ 0.528 x 38.5 x (120 - 37) =1, bsz 2 Koal/hr

Héats to be removed from the wvapors,
10.553'x 375.6 x (120 - 37) =17, 239 7 Keal/hr

131 B.T.U. /lb x (62.6 x 6) x 2,2046= 108 500 B,T.U./hr
== 27, 400 Kcal/hr

Total i ' f. 16,326.9 Koal/nr
o % 46,500 Kbal/hr

85 - 12 . o
At = P ToemyTE §37°

K =90 Keal/m?, °C, hr

4 |

2.

@
Therefore A= 46,500/(37 x 90) £ L u?
Total surface 20 m?; Box condenser type.
(.oo] ing. water. W.=146, 500/(35-25) = 1,,650 kg/hr

'16.ﬁ Fractionat;_g Column Bottom Cooler.

' Gracked residues .. 291.9 nt/m- = 242.8 kg/hr
‘Specirie gravity '.&.........CO(I...Q.... 0 32
' Operating pressure ..eececsececassees 1 kg/cm2
Operating temp.
Inlet ....I........O..O..I.ll'..i... 25000
outlet otuoooe.o-o...o---.-u.o.----o. 3700
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0.572 x 242.8 x (250 - 37) —-29 581 Kecal./hr

0,000
250
| ! _ 21; - 10 = 679C
1 3’ in= 25T 215/10
: ﬁ—s- ) i
. ~ K = 60 Kcal/m?, hr, OC
bi Therefore : A= 30,000/(67 x 60) *7.5 a?

i:The actual cooling surface is taken 10 m2‘

| Cooling &ate:: W = 30,000/(35 - 25) = 3 ooo kg/hr €normal

[ ?
. 17. Reflux 0il Accumulator.

f~Vapor,coﬁdensed, : 375.6 — 0.7511 =:5b0 1it/hr

{ Gases, ? , 0.99 x 1.327 x 0.09h786 x 310 - 19, 3th3/hi

; Assuming the accumlator keeps reflux oil during 10 minutes in 3} volume of it.
L 500/60 x 10 x 2v—=167 1it
}fThen the“voiume of the accumulator 1s necessary to occupy 167 .it or over.

18 RefLux 01l Pump.

 This pumping unit shall deliver a normsal capacity of 8 BL lit/min that volume

i at 370C and shall be delivered against a’ discharge pressure of 5 kg/cm2
! suction.):

§ i9. Heac Exchangcr.

% Heat Balance ‘

a. :‘Heat contents of the vapors leaving the reactor system.
‘Basls: | 1000F ;
Liqﬁid? 0.61 x 1,245.5 x (300 - 100)._ 152,000 Kecal/hr
Vap§£: 0.695 x 1,245.5 x (500 - 300): = 173,000 Kcal/hr
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. Latent heat:

75 x 1,245.5 x 2,2046 = 205,500 B.T.U./hr
= 51,800 Kcal/hr(~F

Total . =376,800 Kcal/hr

1

j b. Heabs tn be removed. ‘
;'Top vapors and gases cessessscsss 46,500 Keal/hr

- Bottom cracked residues ......... 30,000 Kcal/hr
. Bottom recycle 0ilS ....ceeecese lll,OOO Kcal/hr
. Heat 10SSES seesescccessssssesass 56,500 Keal/hr

" Total cheeecovscccccccscncnnscns 2% 400 Keal/hr
Heat loss is dssumed about 15 percent of the total heat.
' v 376,800 x 0.15 = 56,500 Kcal/hr
Heap to be exehanged
‘ | 376,800 - 244,400 =132,400 Kcal/hr
"a; Cold Fluid: (New charge and recycle bil)
‘ 1,413.6 keg/he = 1,667 1it/hr

~ Specific gpavity 0.848 35.5 A.P.I.
MW ! : 170
Inlet temp. _ 1800¢C

If the outist temperature is assumed neariy 3000C and not to be veaporized,
| 0.68 x 1,413.6 x (t; - 180) = 132,400
: then : ) ty = 3180C
. ; In thieﬁcase, taken;BOOOC ' : '
b. Hot Fluid: (Cracked oil and vapor)
.. If the Q&tlet temperature assumed nesarly ﬁOOOC and not to be condensed.
€.695 x 1,245 x (500 - %) = 132,000
. | then ty = 3450C
é In this-ease, taken 3200C. :
- S0 Lhat the temperature of feed oil tothe fracclonatlng column is about
_ 3200C, but the temperature drops throughout the piping and other heat losses
i are: obscure. However, it is assumed as follows, and taken a larger heaving

sur’ace and should be regulated the feed temperature by adjusting the by-
path valves.;

o ’ : 5 I
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450 o dTm = 145°C

/ K = 120 Kcal/m2, hr, OC
320 | : Therefore A = 132,400: (145 x 120)
| 300
/ 150 =7,6 me
180 |
140

With a safety factof, the surface is 15 mz.

. 20. Reactivations of Catalyzer.

a. ! Carbon deposits are assumed 8 pércent (wt) to the new charge oil
depend upon the data of the naval laboratory.

6960/2L4 x 0.08 = 29.9 kg/hr.
=2.49 kgmol/hr

Oxygen is necessary 1 mol per mol offcarbon theoregtically, therefore
necessary air amounts are as follows:

2.49/0.21 x 22.4 =265 m3/hr

. With a 33 peércent_to allow the efficiency of combustion the necessary ‘air
' amounts are 800 m”’ per hour. .

b.  The minimum air quantities to be necessary to keep uniformly the
disbr&bution of the temperature in the reactors is required about 600
600 m” per 1,000 kg of cracking stocks,

thea . 600 x 33.910/2L = €50 m3/hr

Having in a@ind (1) and (2), the capadity of the air compressor is deter-
mined 15 m per minute. ’

[ ]

™ Furnace |

' NEW AIR !

E
7) .
COMPRESSOR ;
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Notﬁ: The réhctors_should be used three interchangeably.

21.  Reactivating Gas Heater. :

Quantities
:-Operating pressure
. Inlet temp.

-Outlet temp.’

Heab required‘

850 m3/hr

5 kg/om2 to 2 kg/cm
250¢C

5000C

0.33 x 850 (500 - 25) =133,000 Kcal/m- _150 000 Kcal/hr

Normal Operating Capacity
17 l/Hr = 373.6 1/Hr

NEW GCHARGE

10,000 1it/day

1,250 1/Hr =L040 Ke./He

HEAT EXCHANGE

l FURNAGE I

FLASH- GHAMBERI

‘ ;
leorTom_|

| Furnace |

Y

REAGTOR LOSS: e1%
— 297 Ke/Hr.
d + .

h

100

1383 9K9/Hr
[vear excrance | - | purce on |
- © 1245.5 I¢e/Hr
FRACTIONATING : 138.4 Ko/Hr
L ) [ 1
GRACKED GAS AVIATION GASOLINE RESIDUE RECYGLE
38.5 KwHr. 62.6 Ko/Hr. 242 8:KoHr. QLW
3 . (83.4 VHr) (219.9: I(Hr.) (1083.6 I/Hr.
;j =10% =16.8%
2 Products - % to new charge
Aviation guas ’ 20
Cracked gas 10 -
Residue 70 _—
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STUDIES ON THE MANUFACTURE
OF BVIATION GASOLINE BY HIGH PRESSURE

""HYDROCRACKING OF PINE ROOT OIL

by

GHEM. ENG. LIEUT.
S. INABA
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SUMMARY.

This project was established to: determine the optimum
operating conditions for production of aviation gasoline
by high pressure hydrocracking of pine root oil. Pilot.

. plant tests were essentially completed and the process was

© ready for large scale development tc increase the supply of
high octane aviation gasoline, 'These experiments were nade
on a pine root oil cut of 185-300°C in a small continuous
pilot plant, using MoO3 + NiQ catalyst, under reaction con-
ditions of 0.15-1.0 space velocity, hydrogen pressure of
200 kg/cm? and temperature of 400-450°C. An aviation ges-
oline, with a 95 octane number (with 0.15% of Tetra Ethyl
Lead), was obtained in yield of about 50% when SV was 0.5,
and 28-30% when SV was 1.0, :

I. INTRODUCTION

A. History of Project : |

The investigation of pine root oil as a source of aviation gesoline
sterted at the end of 1944 as a result of the urgent demands of the war.
Since satisfactory aviation fuel could not be obtained directly from the
product of dry distillation of pine roots, refining methods of high pres-
sure_ hydrocracking and catalytic cracking were investigated. For tke
-hyﬂrocracking studies described in this report, the oil fraction boiling
from 185-3009C, obtained by dry distillation of pine roots, was used as
vaw material. (The fraction, boiling below 185°C was treated by simple
catalytic reforming.) Since very few large scale hydrocracking plants
were installed in Japan, these experiments were carried forward with
great speed. Pine root oil has many speclal characteristics, for ex-
ample, high content of acidic matter and resins, and it was nost im-
portant to determine the operating conditions for a smooth working pro-
.cegs, especially to find a strong and active catalyst with long life.

It was expected that a high ocotane aviation gasoline composed of naph-
thenic or paraffinic hydrocarbons, would be obtained by the hydrocrack-
ing of pine root oil.

B.. Research Personnel Working on Froject

Chem., Eng. Lt. Comdr. R, YUMEN
Chem. Eng, Lt, Comdr. T, IIJIMA
Chem. Eng. Lieut. X. SONE
Chem. Eng. Lieut.. S. INABA

TT. DETAILED DESCRIPTION

Au?“ Description’ of Test Apparatus

Studies were first made in small rotating autoclave to determine the
proper conditions for hydrocracking of pine root oil, and figally con-
tipuous tests were made in a small scale pilot plant with a 3-10 liters
reaction chamber, This plant is‘described by Chem. Eng. Lieut. K. SONE -
in: his "Study on Hydrocracking of Hlgh Temperature Coal Tar".

B. Properties of Rew Material

Pine root oil boiling at 185-300°C, with a brownish~-black color, was
used as raw material. DProperties of this stock are given below:

!
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speoific Gravity (A%7) eeeveeriiieiiniiinineiiiinienee. 0.9495

I-Il_oPo (OC) G U S CE P STV GO0 00 000000 RSSEBCEElEN RS ILIISIOEOES 165

7 'v.'.l.'c»...p...c.--oot'l.o.looo—‘.oococ'.t.o.ec-oo-... 1811.
-2%) .ﬁ..l.'&O..I....l..'.l..’...C!.‘j‘l.nl.oo..toc..n.o... 19;:
BW;‘no..ooac\’to-o.D...."'oac-.-0.-.ol;co...o..oounotm..onoo. 203
hm:’ .Bl.o.ll"'ll.l..l......'l!...l‘&;.'l.’ll,.'..ﬁ...lllc.,215
5%])‘-ac's--.cocooo.ooooo-o--o.ao--oo;--..o.o-o..-o---.o..- 23‘[.
6%3".o....l.l‘.ll..lt..l'l‘l'llo..c.zll-.o.lt.olo.-0".... 262
707'?‘aoo0.--.--0.o-aocoococt'o'¢o'coufocooo-co...¢-»..-.-.. 288
8(’}1;00'.0-.0!.00.0,0'Oco.o!.....ooo.-;.c.co--oo-on-»o.o...u 299
LA O & 1

Fillal 60 8 00 68 00000 02CERNE00OCICERIOGECITSTEIOSEOIEOEOEOSIOEOVTROOBTIEPIROVYOIOEEOIEDLOLOEGLEEOLSITSBSS 33?:

Acfdic Substance (% determired with 10% NaOH solution)... 24.
G; Reuction Conditions E

First, it was established by many tests in small autoclaves (five liters
capacity), that the best conditions for the reaction were a temperature
of 420-i500C and a hydrogen pressure of 200 kg/cm?, using either Nickel
and Molybdenum Oxide (Ni0 + MoO3) or Molybdenum Sulphide (MoS3) catalyst,
refer to Tables I(B)7 and II(B)7. Although the latter catalySt was
better 7rom the standpoint of octane number, the former had a longer
period of activity, since the sulphur in MoS3 catalyst escaped within a
few days, resulting in loss of activity. | Under the condition of 100
kg/cm% of hydrogen pressurs, the products were not satisfactory for avia-
tion gasoline, having a comparatively high content of agidic substances
(Table T{B)7). By increasing the pressurs to 200 kg/cm~, the properties
of products changed rapidly eand very superior aviation gasoline was ob-
tained, with 95 octane niumber and almost no content of acidic substaunce.
The yield of aviaetion gasoline was about 707 of total cracked product,
and 50% of the raw material in the autoclave tests. 1TIn pilot plent tests;
the yield was about 50% of the product, end about 40% of the raw materiel
for a space velocity of'0.5. When SV wes increased to 1.0, the yield
dropped.to 33% of the product, and 28% of the raw material. (Refer to
rables I(B)7, IL(B)7, end ITI{B)7.) ‘

The procedure for the pilot plant test wés as follows. First, the hydro-
gen pregsure was increased gradually by the compresser, until the pres-
sure of.the apperatus,--Reaction Chamber, Preheater, High Pressure Sep-
arater, Pipes, etc.--reached 200 kg/cm<, ' The reaction chember tempera-
ture vas- brought to 300°C by electric heatii.s, and oll wes greduslly
charged., After about six hours, L00°C temperature used in the first run
was reached., The temperature was raised.as slowly a&s possible to L70°C,
which wis the maximum temperdture for thils type apparatus, in order to
maintein catalyst ectivity fecr one-two months at least, The experiment-
al results. (Table ITI(B)7) were regarded as a satisfactory basis for
lerge scale plant operations at the Second or Third Naval Fuel Depot.

D. Yield and material belance for pilo® plant test are given in Figure
1(B)7 end Figure 2(B)7. ‘ i

E. It is understood that a large scale plant performence test in July
1945 at the, Third Naval Fuel Depot showed almost the same results as
obtained in! these pilot plant experiments. It was sald that in this"
plent test avietion gasoline with 91 octéne number was obtained in yield
of about 50% of pine root oil cherged. This test only lasted for one-
two weeks. Longer periods of operation were planned, however, to essist
in meeting the greast demand for avietion;fuel in Japean.
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- III. CONCLUSIONS

X-38(N)-4

High pressure hydrocracking is one of thse best methods for obtainirg high oec-
. tene aviation gasoline from pine root oil. However, since very few large hy-
' grocracking plants were installed in Japan, simpler catalytic reforming metheds

.. were also:to be adopted, though producing less satisfactory products.

Nore of

" these methods actually resulted in large scale production of aviation gascline
shown that an aviation

" | from pine root o0il, howsver. It has been definitel

 gasoline:of 91-95 octane number (with 0.15% of lead
! of about 50% from pine root ¢6il by means of hlgh pressure hydrocracking. Op-
' timum reeaction conditlons are hydrogen pressure 200 kg/cm<, tempersiture 400 to
+ 450°C, space velocity 0.5-1.0 and using Nickel and Molyhdenum (N1i0 + Mo0Q,) cet
© alyst. {n the case of Molybdenum Sulphide: (MoS3), further investigation“is -

- necessary with regard to prolonging catalyst life.

Table I(B)7

can be preduced in yleld

RESULTS OF AUTOCLAVE TESTS AT 100 kg/cm?
’ Experiment No.
1 2
Cataly;;st ;Hiol* + MoO4 Mos4
Reaction' - | Hydrogen Pressure (kg/cm?) 100 100
Conditions Temperature (°C) ; 350 350
++ . |.Time (hr) : 3 5
Products -Absorbed Hydrogen (wt % of Raw 0il) 2.3 2.3
: SR Yield of Cracked 0il (wtépf Raw 0il) 81.9 83.4
Yield of Water (wt % of Raw 0il) 6.0 7.1
Acidic Matter (vol % in Cracked_oiig 7.0 . 6.0
Specific Gravity of Cracksd 0il (4 i ) 0.846 0.832
I.B.P. of Cracked 0il (oC) 88 46 |
104 : 153 9k
50% 177 154
90% 270 225,
97% 280 271
- Final ‘ 283 315
¥ield |150°C Fraction (vol %) 3 L2
+0 | 160°C Fraction (vol %) 21 53
| 1703¢ Fraction (vol %) 36 65
o ~200°C Fraction (vol %) - 72 g6
laviation | Yield from Cracked 0il (vol %) 7.0 2.0
Gasoline - o i
Cut '
O'ctz‘anéa;.-No:. - Clear . 9 76.0 75.0
* lof Aviation | With 0.15% of Lead 93.6 94.0
Gasolins ' )
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Table ITI(B)7

RESULTS OF AUTOCLAVE TESTS AT 200 kg/cm

RESTRICTED

Experiment No.
1 2
Catalyst Ni0 + MoOs MoS3
Feaction .| Hydrogen Pressure (kg/cm?) | 200 200
. {Conditions: Temperature (°C) i L50 L50
i Time (hr) ; 3 3
Froducts Absorbed Hydrogen (wt % of Raw 0il) Boll L.l
3 Yield of Cracked 0il (wt &% of- Raw 0il} 76 7L
1 water (wt % of Raw 0il) 6.8 8.34
“1, Acidic Matter (vol % in Crackad 011; Ok i 0.6
Specific Gravity of Cracked 0il (d& ) 0.812 0.7646
‘ | 1 B.P. of Cracked 011 (°C) L8 20
¥ 50% 130 120
- 90% 220 185
97% 264 210
Final 293 230
vield 150°C Fraction (vol %) 64 73
% to 160°c Fraction (vol %) 75 85
, 170°C Fraction (vol &) 69 79
: 200°C Fraction (vol %) 36 1%
Aviation Yield from Cracked 0il (vol %) 70 87
¢t:asoline Acidic Matter in Aviation Gasoline 0 0
. Cut (vol %),
Specific,Gravity (d 12 0,804 0.7616
I.B.P. ( C) 62 23k
v 94 62.5
: 507 117 104.5
g 97% 160 165.5
Final. A 170 4 168.0
(lomposi- Unsaturate Hydrocarbon (vol %) 3.0 0
tion of Aromatic (vol %) 31.3 2L.,0
Avietion Naphthenic 51.4 3C.4
(tasoline Paraffinic 24,3 35.6
1 Anlllne P01nt (°c) 49.5 58.C
1octane No.,. Clear 80 6 78.0
Jof Aviationj- With 0.15% of Lead 95.7 96.7
tasoline ) i

106



RESTRICT

ENCLOSURE (B)7

[ TR LR TR vc.::ﬂqc onLuoye

‘oy uewtredxy

oupTonuy
766 9°96 0o 9°L6 2796 PUOT O 35170 UITH | uoTiuTAy JO
A Tl (A7) oL (3492 a3ty | oM ouvidg
204 FAa QTey ey (On) WTOT uUTTIUY
¢ o€ $ Y€ LU6T 6y spurFuIug LSS CELL)
6°94 [4{sY3 0° 6% 9707 otuaygyduy notIuTAY
6° 11 0°0Z B°ET 9°$T o uloxy Jo uoty
5°% s°¢ 5°T &0 AR mo...u :BkQUOLth 2UBINIWIUY l.m.uon_noo
0 0 0 0 o (f ToA) SUFTOSHY UOTIVTAY UT J3339 ITPIOY
26T LOE 80¢ 58T 08T TouTd
GrELtT 0Lt £LT T oLt 36
09T L5T 09T 86T 65T 306
5TT 0Tt LT LUt $veltT B 906
073 5704 3766 3'0Y 5°%9 - Jotr
07K 0°ve 092 208 0°2¢ {0y) "da’I no
505t folters 90y verg €rey (¥ u4) TT0 DOYORID OIS PTETL eutYTOs8y
887470 LTLL*0 £97L°0 L95L°0 LZLLTO (&p) 4atavp o3groads wotgeTAY
z'T 6°0 (1equmy uoqIep)
3§ Al 96°T $¢ 65 . N
6°7L ¢°06 zrT98 ¢ 8L 068 it 3
Lt L9 286 -9t 6L ey
2'0 £°0 7°0 7°0 T°0 9 uot3
9°0 21 9°0 6°0 6°0 :NF\.U -1soduog
9°0 20 $0 €0 P - Fo suy
0 10 {0 Pk 0 (3 T08) 0D enpisey
6EE g€ 1 982 Lhe TRUTL
8T¢ L8z 982 3 $L6
€12 ™ 7 074 S6T 9z 406
79T LST 96T z7T Lt 905
00T $° 16 8L LL 5S4 40T
9z i€ L& i’ 0°¢e . (0g) T¥0 DeAPBID JO g°4°L .
6E5°C 08°0 8LL"O 28L0 $8L*0 (d1p) TT0 pexoBIy JU 4Aq3aeap dpyToedg
£°0 0 o 0 70 § TOoA) TTO PO¥DOBI) UT I9399[ OTPIOY
7 6' 0°¢ 0°¢ T (% 34) TTO pedasyy Uy Jajuy
0702 498 £eeL 0°1L B'EL (TT0 PeBATY) FO § M) TTO P8I JO PIATX
0'eé 0°€0T 756 €68 663 (T30 peBasyp Jo ¢ Toa) TIQ Pe¥OBIH JO Prelx
8y &€ 0°s [ 0°9 (110 pedasiy Jo ¢ M) UsBOIPAH PaQIOSQY s30mpoag
*
9 9 (au) Y3dueq uny
s°z 9'1 g1 2°T 0%z (u/em) svp usioaply pedeyy
0°¢ 0z 1 61 02 (24/377) TTO Podasyy
o't L0, §°0 oy §*0 L0 (170 PINbTT) 4970076y eoedg
097 o5y * 0€Y 0gY ozy (Do) @anjezeduay, ! suoygrmUOy
00z 00z 002 00z noz (mo/8%) eamsseld uedorpdy LS SEL
€oon + o1 | Eoow-+Om | €oom +OIN | focm + 0% | €oom + O 98418389
s k4 £ 4 T

LSISHL INVIE JOTId 40 SLINSEY

L()ITT 81qed

107




X-38(N)-4 ’ ; RESTRICTED
ENCLOSURE (B)7

PINE ROOT OIL BOILING

AT 185~300°C. . HYDROGEN
100 WT. %) (4.3 WT%)
. l
: HYDROGRACKING
430°5
200 KG/Clu2
SV.—- 05
o l \ |
WATER, GAS. AND LOSS CRACKED OIL. :
(333 WT.%) -
| (71.0 WT.%)
. l " . '
l "
|
{
| A R
| HYDROGEN RECYCLE OIL AYIATION
i , ( RESIMNe
| (L7 WT.%) (34.9WT.%) (36.TWT%)
| [ ' |
1
| l
| ‘ i
l - i
| HYDROGRACKING .
| 430°G . |
| 200 KG/CM2 ,
| SV.--0.5 - I
|
| |
|
| : i I |
| WATER,GAS AND LOSS GRAGKED OIL !
[ (9.3 \IVT %) (27.3 WT.V(:)) T
| S . ’
et . 7]
I RESIDUE AVIATION ,
. | GASOLINE
o ; (15.13 WT%) (1217 WT%) :
o v —————t
. WATER,GAS AND LOSS | RESIDUE AVIATION GASOLINE

(42.6 WTL%) (15.13 WT. % (4827 WT.%)

Figure 1(B)7 |
YIELD AND MATERIAL BALANCE
(S.V. of 0.5) -
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YIELD AND MATERIAL BALANGCE
(S.Vv. OF 1.0)

PINE . ROOT OIL BOILING AT HYDROGEN
185-300°C g (4.8 WT. %)

=

(100 WT.%) | | |

Y

HYDROGRACKING
200 KKg./cm2
460°GC
SV.---=----1.0
|
. .
WATER. L.OSS AND CRACKED OlL

GAS (BO.OWT. %)
(248 WT. %) l

1

RESIDUE OR AVIATION

RECYGLE OIL GASOLINE

(52.0 WT. %) (2B.0WT. %)

Figure 2(B)7
YIELD AND MATERI;AL BALANCE
(S.V. of 1.0)
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SUMMARY

The object of this study was tc find the optimum operating
conditions for the manufacture of aviation gasoline, by
high pressure hydro-cracking of pine resin. The semi-solid
fraction of pine resin distilling above 300°C was hydro-
cracked in an autoclave using Molybdenum Sulphide (MOS3)
catalyst and a 70% yield of cracked oil was obtained cdn-
P tainin% 4L0% of aviation gasoline with an octans number of
93-95 (0.15% lead). , ‘

I. INJRODUCTION
. A.i; History of Project

Vei*y recently, in response to the urgent demands of the war, pine resin.
was investigated as a source of aviation gasoline. No previous ddta
.were available on this subject. The key point of this research was to
sellect proper reaction conditions for hydro-cracking the very stablse
pine resin, with high content of acidic matter (phenolic acid and abistic
acid), so that high octane aviation gasoline could be obtained.

"B.  Key Research Personnel Wbrkinglon Project 8
Chem. Eng. Lt. S. INABA ) : o '
II. DETAILED DESCRIPTION

A rotating autoclave of 2-5 liters capacﬂty was used for these tests; Con-
tinuous pllot plant ‘experiments were not made.

Progertles of the raw pine resin are givén below. The fraction boiling above

300°C., ' (about 50% of the raw pine resin), was used in these experiments.
This fraction at room temperature was a hard solid of brownish color. Upon
heating to 80-90°C, it became a viscous liquid.

Specific Gl.avity’ d&5°..'...D'"j.o.."...'v...".. 1.023
Initial Boiling point (O9C) eeeiecescocsssscccnss 95
lo ...'.'.0'..‘.Q....."...°.3i.°......‘.....'..l§5
29% .....................".’.l;.o...."..'....o.lég
30% ...'-......DQ'.."."‘.....li'o'.’.g......0.'.228
.;'.......'.........'!..'.lé.o....ﬁ.".’.e.'.309
50% .‘........."....’0...'."'."'0"............‘318
% ......'..’.'............'._’i.“.a.o'.......°°.333
. 70 .0....."..'..0.....';f.'Q.'?OO.....Q......".3‘*6
80% .._'0.00'.0.......0.0l‘..'..li.'.....b.........Bl"
F.B.P. ...'.................0."‘0‘00.."‘...'...35“
B Acid value ..o...........’....'?.'.'.......'.....122

= Saponification Value ..‘...o..-;00.000.0....-.00'135

Physical and chemicél properties of products are tabulated in Tables I(B)B
and IICB)S. i : » .

III. CONCLUSIONS
As the result of the autoclave tests, 1t was found that by high pressure
o

hydrocracking of pine resin under the conditions of 200 kg/c
430-450°C temperature, 2 hours reactlon Period, and using Nolybdenum.

"3

hydirogen pressure, '
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Sulphide catdlyst, a good quality gasoline with 93-94 octane number (0.15%
lead) could be produced in yield of 28%. This 'work was cut short due to the
end, of the war. It was planned to investigate!this process on pilot plant
scale, particularly to develop methods for handiing the high viscosity
melted pine resin in continuous operation, Further work to develop stronger
and more aétive catalysts also was planned.

"

SR Table I(B)8
. CONDITIONS OF REACTION ANDL PROPERTIES OF PROLUCTS
i (Autoclave Test)

f Exp. No.
- i 1 2 .
- Catalyst l&osj HDS)
Reaction Conditions
Reaction Tempsrature, °C 430 450
First Reaction Pressure, kg/cm® : 100 . 95
Final Reaction Pressurs, kg/cm> i 65 63
Highest Reaction Pressure, kg/cm? 220 225
Reaotion Time, hours 2 2
‘ B Products R
Absorbed Hydrogen wt. % of Raw Oil : 43 L.6
7ield of Cracked 011 wt. % of Raw 0fl : 68 70 ‘
- Water wt. % of Raw 04l ; 12.5 13.5
: Acidic Matter vol. ® in Cracked 01l ) 1.0 0.5
: L Specific Gravity of Cracked 0il ‘ 0.7869 0.7800
; _ I. B.P. of Crackad 011 °G ‘ 49 s
‘ : 10% Bollirg Polnt of Cracked 01l °C 72 68
= 20% Boiling Point of Cracked 01l °C : 94 89
304 Boiling Point of Cracked 011 °C © 105 104
5 ] 407 Boillng Point of. Cracked 011 OC S ¥ 116
i ‘ 50% Boiling Foint of Cracked 911 °C L 137 133
60% Boiling Point of Cracked 011 °C 153 150
70% Boiling Polnt of Cracked 01l °G (186 182
; 80% Bolling Point of Cracked Gl °C 199 192
90% Bolling Foint of Cracked 0il 9C i 210 203
974 Boilimg Point of Cracked 01l °C §2334 220
Final Boiling Point of Cracked 011 “C i 263 252
Total Distillate (vol %) 96 98
_ ; Resiue (vol %) ‘ P2 1
o Loss (vol #) : Py 1
; Residual Gas Composition (vol %) ;
i co, T ? 0.2 0.3
o : 02 , i 0.3 0.k
‘ S ' CoFan ) 0.9 0.5
= i co o= 0w 6.3
‘ Coflpy 2 ‘ 16.5 17.5
it g : H, . 78.2 76.2
; H N, v . EE 4.8 ' -
i S n. {Carbon number) I 0.5 0.6
‘ Yield of Aviation Gasoline from Cracked 011 |
i b volL % : 37 40
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Tahle LL(B)8

PROPERTIES OF AVIATION GASOLINE

(Autoclavs Test)

X-38(N)-4

15

Exp. No,
1 Co2
Reaction Temperature, °C L30 450 ,
Specific uravity D£5 : 0.7778 0.7614
Acidic Substance in Aviation Gasoiine,vol, % 0.2 0
Fractional Distillation,’C |
‘Initial Boiling Point “ 42 33.4
10% Boiling Point 8L 63.8
20% Boiling Point 9, 80.2
30% Boiling Point B 101 97.4
,0% Boiling Point ' 108 105.6
504 Boiling Point 110.4 108.6
* _'60% Boliling Point 120.5 118.5
‘70% Boiling Point 132 130.8
80% Bolling Point 147 147
'90% Boiling Point ; 160 162 :
974 Boiling Point 170.4 168.5
Final Boiling Point 172.5 171.5
_Totﬁl Distillate vol. % 95 98
Residue ] 3 1
‘ﬁoss 2 1
Composition vol. % f
':Unsaturated Hydrocarbon 3.0 0 )
‘Aromatic Hydrocarbon 21.3 2L
Kaphthenic Hydrocarbon - 2443 304
‘Paraffinic Hydruearbon 51.k L5.6
" 'aAniline Point 60.7 1.2
Octane Number
Clear 78.0 79.0
‘With 0.15% of Lead 93.6 92
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The pyroligneous liquor obtained by dry-distillation of
ine roots was found to be compased of 4% organic acids,
mostly acetic acid) and mixed ketonss. The acidic sub-

stances were preclpitated as Ca-.salts and subjected to

dry distillation. The ketone oifl thus obtained was 0.06%

by vol. of the pine roots and had an octane value of 97

clear, and sbove 100 with 0.15% lead.

}

¢ I. INTRODUCTION

A. . History of Project

From August 1944 to end of war, research was done on the pyroligneous

.liquor obtained in yield of 30-50% from the dry distillation of pine

roots. This materisl contains small ‘amounts of acetone and methanol, but
insufficient to justify recovery of these compounds. DBesides these 3ub~
staances, the pyroligneous liguor contains 4% of organic acids, consiste-
ing mostly of acetic acid with some proplonic; butyric and other acid
homologues. These acid substances weare known to be utilized in France
for the preparation of "ketone oil".

B. Key Research Personnel Working on Project.

Chem.Eng.'Gommander H. FUIIMOTO
Chem.Eng. Lieutenant N. SAKOTA

DETAILED DESCRIPTION

A.;v Test Apparatus and Procedure

1001, of concentrated pyroligneous Xiguor (d%é 1.03) were neutralizasd
with Ca-hydroxide, 5% in excess, and filtered. The filtrate was concen-
trated and evaporated to dryness in open direct-fired steel evaporation
dishes, 50 kg of Ca-cake was then heated &t 3700 for 8 hr. in the apra-
ratus, shown in Figure 1(B)9, which contains 5 iron dishes. The distil-
late was then rectified several times to separate water from the ketone
cil, .

- B. - Experimental Results.

An snalysis of the pyroligneous liquor from dry distillation of pine
roots is given in Teble I(B)9. The c¢rude Ca-salt cake was composed of
Ca-acetate 30-40%, tarry matter above 1l0%, and water 5-10%. The tarry
matter had a density of 0.780. Properties of the ketone o0il obtained
by several distillations of this tarry matter are as follows:

Sp. 62802 i iiiiieiieieeaeas.. 0.7804
Aldehyde(B) ceeereeeenionncionennennansness 0,01
ACid VBlUB...cseecacsccscciscssscsnsnsscsanas O
Distillation (©C)
I.B.PQ..Qoo'o-ol.o..l»én‘oncnoou...l..-. 52
10}3.--5-00-.-00c.l¢a¢v;.-ocnoamon-o-ovot 510
20%. ceercotecccsensscinansscssesscessns 55
30%.,.................;................. 56
Lo ‘--'..Q...t...ﬁ.-.;0..'0..0'0.."..') 58
50[".l..-.........l"i“l..l..l..‘...‘Q 68
00e ecsovsncassonscsisssasassesansancas 72

70 Q-.-..-.-..-o-o..'fo-.mo.t-'-.-_o.u-s 87

g
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III.

CONCLUSIONS

ENCLOSURE (Blg

80%;;‘..‘..'..!0....!..'..;lt..lll'll.l 95

90 9020000000000 c0c000ss o

caesssseeess 107

97 cooolo-.ooo.-co--o-oona;tjounoc-.-. 120

Dry pOint................-.....j..-.-...... 135
Octane No.Clear..ccrieeccceccncnscosecssocones 97

ACELONE cieveevescacscccnssaosss 50%
Methyl-ethyl-ketone ............ 1od
Higher ketones ..
Balance .c..ceevecsccccacseccccss_10%

Total

A material balance is given in Figure 2(B)9.
analysis of the ketone oll indicated the ;ollowing approximste composi-
tion.

i
ceeasssecros00s 0 seee

...... . 20%
10%

. 100%

‘  Octane No. 15% Pbu.Ic';noonocillcuooalaoucc 100

RESTRICTED

[

Preliminary results on

The pyrolignecus liquor from pine roots was composed m.stly of organic acids

of the fatty series, with some ketones and methanol.

The organic acids, sepa-

ratel as Ca-selts, were subjected to dry distillation, and the tar, or so-
" galled ketone oll, showed an octane value of 97 clear, and above 100 with lead.

k

Table I(B)9

DISTILLATION AND PROPERTIES CF PYROLIGNEOUS LIJUOR

D. Distil'n. Properties of Pjroligneous Liquor

- Temp. “C. :
Tims : - ,

i Oven. | Oven Sp. . Org, Aclid as | Acsetone Methanol | Dissolved

I | II dig Acetic Acid % Tar (%)

| ol (%) p
07 20 -
10 20 70 95 1,010 0.87 0.21 0.48 2.6
11 20 70 95 1,012 1.08 0.21 0.67 L.0
12 20 110 | "115 .| 1,015 1.97 0.20 ¢.76 3.8
13 20 185 145 1,017 LJ42 0.21 1.03 4,0
34 20 260 | 200 1,018 4,27 0.21 1.02 7.5
15 20 265 325 1,032 6.27 - 0.19 1,01 8.0

ht
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[ Pine ROOT |

0o
DRY DISTILLATION

1

1

LIQUOR
|

DIL. PYROLIGNEOUS CONC. :PYRCLIGNEOQUS

15

LIQUOR

NEUTRAL%!ZATION
CONCENTRATION

" DRYING

| CRUDE GA-ACETATE |

IIS
i

DRY DISTILLATION

| osTiLLaTE |

I
03

. PURIFICATION

KETONE OlL
0.06

Figure 2(B)9 |
MATERIAL BALANCE
(yields in wt.%):

122

nc2tKICTED



_RESTRICTED | X-38(N)-4

ENCLOSURE (B) 10

ENGINE TEST OF AVIATION CGASOLINE
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SUMMARY

. Distillate of crude pine root oil, the distillation range .
. under 1850C was tested in Kinsel: single-cylinder test en-

. ‘gine as ‘to whether it coula"be used as aviation gasoline
. ‘without any treatment such as hydro- or catalytic cracking. .

' The volatility of the sample was:very low, and the content

;. of gummy substance was so much that it ocould hardly have

 been used in carburetors, and so it was decided to test it

' plended with ethyl alcohol, The essentisl results were as
¢-follows: ' .

1.. Maximum sllowable boosts of the sample are shown
in'Table I(B)1lO. :

2. Only Sample No. 1 passed the endurance test of
about 17 hours, but the condition was not sufficiently
satisfactory to permit its use in first class aviation
engines. |

3. . Although the gum centent of Sample No. 1 was over
350 mg/ec, no intake value or ring sticking occurred
during the endurance test. : '

I,  INTRODUCTION -

A.  History of Project _ f i ' {

These experiments were commenced in Fab. 1945 and were not completed.
Avigtion gasoline obtained by the catalytic or hydro-cracking of the dis-
tillate of pine root 0il up t0 '300°C was sent to the First Naval Teechnical
Depot at YOKOSUKA, and tested in full scale aviation engines cf the

first class, and . found to give the suane performance as the ordinary svi- *
aticn fuel of the same octane rating.: It .was recuested that the crude '
gascline.produced from the pine root oil be examined, by propérties,
single~cylinder engine tests. i i -

B. fkey‘Research Personnel Working;on?Project

Chem. Eng. Comdr. K. NAKATA
. Chem. Eng. Lieut, Comdr. T. NAKaYAMA

" II. DETAILED DESCRIPTION

A. lgDescription'of Test Apparatus aﬂd Test Procedure

Thig is the same as that described inf"Engine test of alcohol as aviaticg
fuel”, - - : o 7 "

B. J Experimental Reéults

Thefproberties of the distillate of pine root oil up to 18500 were &s
follows: :

125
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"Octane Rating cececececececevscceceoesconcons 10
. Distillation Temperature we.cceceececcscns (°C)
: FAirsSt ATOD ececociosnsccsescnssnsesass 1009C

10% point ..eeeceverceercracnancasaccess 140

50% POINt 4evrveesvenncossonocaanencens . 160
90% pOint eeeeveceresiesctcatoscacaasas 170
97% point ......... cececctecsansassenas 180

RESTRICTED

It had very poor antiknock value and volatility, so it could not be used

©in aireraft engines. To improve these properties, ethyl alcokol was
" blended in the fuel, At first, 80% ethyl alecohol blended fuel was test-
ed. The properties of the mixture of alcohol and the distillate of pine,

oil were as follows:

gggposition of misture (by volume): Alcohol 80% and Distillate

_Octane Rating:: 85 (C.¥.,R. Motor Method)
Gum Content: 350 mg/100cc of mixture
Distillation Temperature:

First drop ...............;,.......... 750¢C

© 10% pOINt cuvoececesercncnconnsennn ... 789C
50% DPOINL coevvcenencacacccosananeanns 780C
90% POINt ecevesocescncncavasaaanaass L7000
97% point eeesccercacaas cedevessevans .1800¢C

This blended fuel was tested by Kinsei single cylinder testing pleot and

the results were as shown in TPable II(B)1O.

This performance was almost equal to that of alcohol. Next, the effect of
gum content was examined. An endurance test of about 15 hours was made
under the following conditions: 2500 RPM, boost +150mm Hg, air fuel ratic
7--8 by weight, (fuel consumption 35-36 1it/hr) and about 50 horse power.
After about 11 hours, the front ignition plug was found to be misfiring
due to gum. Engine was stopped, the plug changed, and the test was con-
tinued until the prepared fuel was used up. After about 17 hours total
running time, the test was stopped, and the interior of the engine was 6x~
amined. No deposits were observed at the, inlet valve, exhaust valve,
spark plug, piston, piston ‘ring etc., although the gum content was extra-
‘ordinarily large compared with that of ordinary cracked gasoline. Next,
the conftient of ethyl alcohol was reduced. Octane ratings of the mixtures
of distillate 70%, alcohol 30%; and distillate 50%, alcohol 50%, were 75
and 80 respectively. Engine tests- showed' their maximum allowable boosts,
~100mm Hg and *Omm Hg respectively. Thus, these mixtures cannot be used

as aviation fuel because of their poor antiknock properties.

IIT. CONGLUSIONS

Crude pine root oil itself canuot be:used as a#iétion gasoline because of its

poor volatility,

low antiknock value, and tendency to form gum on spark plugs

when the engine is operated for long periods of time at low temperature. If
theé erude pine root oil is added in small quantity (20% by volume) to ethyl
alcohpl, the blena can be used approximately the same as ethyl alcohol.

126
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Table I(B)10
MAXIMUM ALLOWABLE BOOSTS OF SAMPLE
Cumposition of Fuel (Vol %) Max Allowable
Sample MNo. Boost
‘ Distillate of Pine Root 0il Ethyl alcohol
1 20 80 " "+ 300mm Hg
o2 50 50 + Omm Hg
3 70 , 30 -100mn Hg

i Table II{B)10

| TEST RESULTS
RPM Boost (mm Hg) Fuel Consumption hp Cyl. Temp. Exhaust
. .. (1it/hr Tezp.
2200 300 L3 70 180 640
N 42 195 650
L1 210* 650
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¢ Aviation gasoline prepared from 3ine root oil by catalytic

. eracking or hydrocracking in the First Naval Fuel Depot

.. showed no difference from gasoline No. 1 (see followmo vege)

“"in connection with engine performances, and starting and

.. acceleration ebilities. Although the gasoline produced by

_catalytic cracking wes said to cause gum-swelling in the ,
"fuel line of engines, no trouble was actually encountered du-

- ring the flight test period. Crude pine root oil with 50%

Yo %by vol.) 99% alcohol caused a large amount of deposit in

'vthe fuel line, for instance, in She cerburetor nozzle, acce-

“‘leration pump, fuel pump, and filters. ' lLoreover, its prac-

" tical antiknock ability was under 87 octene gasoline and it
wes impossible to apply this gapollne to pructical engines’

‘_before the end of the war,

INTRODUCTI ON | y A - )

A, .‘History'of Prdject'

In Karch 1945, the treatment of pine root oil was completed in the Pirst
Navél Fuel Depot, and two kinds of samples were sent to the First Naval
Tecbnigal Dépot to examine their applicability by bench end flight-tests
in practical engines. Results were obtained in April 1645. 1In kay 1945,
a semple of crude pine root o1l with 50% of 99% alcohol was sent to the
Firgt Navel Technical Depot, end immedlate inveetigations were made apply-
ing ‘the benech tests of practical englnes.

T

B. Kby Researcn Personnel Working on Project

Eng. Capt. T. KONDO :
‘Eng. Lieut. Comdr. S. SOMA

'DETﬁILED DESCRIPTION

A, Deseription of Test Apparatus

Engines: HOMARE 20 type 5
Aeroplene: SHIDEN (fighteriwith HOMARE 20 type engine)

B..i;fest Procedures .and ExperimentalfResulté

. Phe two kinds of aviation gasoline prbduced from pine root oil by the

First Naval Fuel Depot by catalytic crscking or hydrocracking hed elmost
the seme properties as the No. 1 gasoline. HCMKARE 20 type engine was
operated with these ruels on a performence test bench utilizing & Froude
dynamomster. Maximum allowable boost pressures end minimun economical
con=umptions were eaamlnea and the following dste obtained {from memory):

Maximum allowable boost pressures of uhe two semsles showed tne seme re-
sults as the gasoline No. 1. Although minimum econorical consumptions im
gramg/hp-hour of the sample by catalytic erccklng showed somewhat grestefl
resilte than gasoline No. 1 specific grevity of the former was somewhat
hsavier than that of the latter, thus actuslly giving the szme COnRSumEp~-

tioms in lit/hp~-hour. These performances were -ascertained by Tlight tests -

of ths SHIDEN ajirplene. Although it was considered thst the sample from -
catalytic crecking would give gum-swelling trouble in the fuel line {BUMNA&-

N) of engines, because of the large parcentege of eromatic compounds, no .. -

actual trouble was encountered duringgthe pench and flight test perioﬁ.
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There waé-no trouble with starting and accelsrating abilities of the en-
gines. Also no gum troubles were encountared in practical service.

- Crude pine foot oil with 50% of 99% alcohbl caused engine trouble due to
. the large: amount. of deposits in the fuel line; i.e. the carburetor nozzle,
ascceleration pump, fuel pump, and filters. MNoreover, its practical anti-
knock ability was lower than that of 87 octane gasoline, rendering its
ugse for practical combat aeroplanes unsuitable. .
IIT., CONCLUSIONS ‘
The two sampiés of gasoline prepared"from pine.root oil (one by catalytic
cracking and the other by hydrocracking) were found suitable as substitutes for
gasoline No. 1. T :

‘Table I(B)1l

_rROPERTIES OF AVIATION GASOLINES\?ROM PINE ROOT OIL

Sample from Sample from
; i [Catalytic Cracking Hydrocracking No. 1 Gasoliné
First Drop ©45.59 ;;48°C 60°C max.
10% pt | 76 ‘85 90  mex
50 115 110 115 max
90 149 155 160 max
97 - 167 170 170 max
Suw of .- | .
10,50,90% over 260°C over 260°C 260°C min
Leaded 0.15% 0.13% . 0.15% max
Vepour Prezssure O.6’kg/cm2 0.4, kg/cmz under 0.6 ig/cm2
Specific Gravity 0.78 0.74 0.73 - 0.74

| _ Teble II(B)11: ,
PERFORMANCE TEST OF AVIATION GASOLINES FROM PINE ROOT OILL

Semple from

|Catalytic Cracking

Sample from
Hydrocracking

Wo. 1 Gasoline

|Allowable Max

(1st speed)
+500mm/Hg

(Ist speed)
+500mm/Hg

(1st speed)
+500mni/Hg

~'IBoost Pressure

» (2nd speed)

(an‘speed)

{2nd speed)

, +350m/Hg +350mm/Hg +550mm/Hg
bfhtJSOOQ RFM “over 125mm/Hg with supplementary fuel
|Min Ecoromical o '
.| Consumptions - &b, - - S
12600 RPM: 220 gm/hp-hour - 210 210
| =200mm/He:: :
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. 8. Naval Technical iiission
o to Japan
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INTRODUCTION

. Increase of 'the production of pine root 0il as a fuel -~
". source, at present, is most important, and mass produc-

" %ion should be carried out by all means, owing to the pe-
. euliarity of this source. In order to attain this aim, a
“wide: reange of people will be utilized.

" In this reference book, the results of experiments and
investigetions, which were carried out at the First Naval ‘ .
P - Fuel Depot prior to the beginnirg ofﬁl9b5, were edited,
- with the purpose of spreading the gensral information to
' those who were concerned with this matter.

;,Thefe are several results thet need closer investigation
. but in this refersnce book only ‘the results obteined will
‘be described. Y

CHAPTER I

T PINE ROOT OIL INDUSTRY, IN GENERAL
A, HISTORY | o

" pine root:oil was the name given to the olly product obtained from the dry-
 distillation of pine roots. To make pine 'root oil, there are meny methods,

' i.e.,, steam distillation, solvent extraction, and exudation, but the dry-

> distillation method by an iron retort of @ horizontal or vertical type was

. used. The distilletes from a vertical iron retort consist of crude pine root
. '0il (light fraction) and pine root tar (neavy fraction); from a horizontal

- type retort a mixture of pine root oil and tar were obtained at the seme tims.

Z The quaﬁﬁities of production in each distﬁict of Japan in 1941, are tabulated
. in Table: I(C). From October 1944, an urgent increase in production was
. planned 'as a result of the policy of meking our fuel supply self-supporting.

f The conditions are tabulated in Table II(Q).

“B. PLAN FOR AN URGENT INCREASE OF PRODUGTION

The exeéﬁtion.of the plan for an urgent iﬁcreasezof preduction was carried out
by the system described below, ; " )

The contents of this plan were: — every district had its own responsible
amount ¢f:production; every: prefecturdl Governor was appointed to be the re-
sponsiblie person for the production of pine root oil; the digging of pine

! roots wes carried out by workers from the:home office and servicing troops;
i the dryidistillation wes carried out by the "Agricultural Economic Society™
- and the "Self Controlling Association for: Pine Root"; the iron retorts and

- other me&herials were supplied by “he Navy:and the Army. :

The aimsiof production during the period from 1 November 1944 to 31 Merch 1945

were asifollows: some hundred million Kan of pine roots (1 Kan = 3.75 kg) and

. some ten thousand kiloliters of pine root;oil., The production of pine roots

" was already started in the” whole country, and, especially in the Northeastera

provinces and snowy regions, it was certain that the alloted amount of pine

roots would be obtained before the snowy season. At the same time, it wes de-

| sired to!obtain similar production in HOKKAIDO, Korea and Formosa, Especially =

- | in Kored "Pine-trunk.oil" has.been produced since 1944, and now a greaier pro-
ductioniof pine-trunk oil is also: plenned.
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As =ubst1tute r°sources for pine roots, plne~t1unks branches, leaves, and
Japenese Gypress branches, leaves, and hirch-bark etc. are useful, but they
are ! mentloned in.a later ehapter. : .

L., COST oF 3INE ROOT OIL

The cost of pine root 0il was altered on 2. November 19414, and the new and old
prlces are shown in Tablé III{C). .

f 1. Spe-1f10at1ons for the 0ils are shown below.

a, _-Crude pine root 011

i:i(l) Speciflc gravity s.oesees.ss 17° Baume at 15°C.
YD . Weight of 18 1iters ...c.iccesscesesss 17.21 kg
“(2) No content of water, other:oils and impurities

.+ b, ! Total pine root oil and tar

(1) Specific gravity .........f 13° Baume at 15°C
L Weight of 18 liters ......iveeseeesss 17.56 kg
. {2) water content seieieiesessianaone less than’ 54

" . pine root tar

&

1 {1) water content’ .........}..t...... less than 8%
S S {2) No content of other oils and impurities
. o (3) Weight for 18 liters should be more then 18 kg

& ‘ d.égiRoge tar oil

: {1} No content of other oils and 1mvur1tles
(2) WGlght for 18 llters should be more than 18 kg

;‘.2.~ Prices shown. (Table III(C) are appllcable for the scandsrd oil; viu.,

the standard Pine 00t 03Il caeseseesissecansnn 17o Be at 150"
_ the stanuard "total pine root oil an« tar" ... 13 Be at 15°C
) The price may be increased or decreased, apcoréin to the difference of
specificigravity from that of the atandard oil, ¥1. LO Ter degrpe of
Baume's hydrometer . , :

3. The fixed prices -of retort and reflnarv onerators shown in the

table do:not include the price of containers, and the contents only are
exchangea ‘et the factories or warehouses of the operatcrs, Tut the pack-
1ng charges are paid by the sellers, i . :

by The fixed prices of regulatlon organo shown in the %table do rot in-
clude trieé price of containers and the contents cnly are sxchusnged at tAe
. factories or warehouses of theé ODPrdtOTS 3 agllers, The- pncklng charae

I are pawd by the ssllers. : ‘

5 uhen the seller's owr drum is used, 80 Sen sre added to the evove
price. If a can is used instead of & drum FTT.05 is edded to the price,

6, The fixed price for operators showa in the table is limited to the
cas2 iniwhich an operator sells his products to the n"Jevan Rogulaflng
Associatiion of Pine-root 0il" or the "jational xgrlculiur&l end Economi--
cal Asscciatlon". I he wishes to sell to another buye , the cost musv

- 138
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be-f&fty percent of the listed price.@

7. . This price is also applicable to)Japansse Cypress root oil. The:
itens ‘of the cost of pine root dry dis tillation are: as follows:
s
o _The cost of unearthing roots ceesasessesanse 26%
) Tlie: cost for conveyance of roots ...........‘bz
The cost for TOOES sececccciivecnnneocsccnione
The- cost for chopping rootsS: ......vevecesecse 20
MisScellBneoUS ccoececscoscescscacssasscccnnea U

Total ’ 100%
D.  CONVENTIONAL PRODUCTS AND THEIR UTILIZATIONS

. Methods treating pine root oil up to this clme the products obtained and
their utilization are as follows:

N

_1. Prcducts from Pine ‘Root 0ils

i

As 6680¢lb8d above a vertical retort! produces crude pine root o0il and
tar separately, and 8 horizontal. retort produces: "total plne rout oil.

and. tar" N » :

Add:tlonal flow sheets for - -refining plne root oil are shown in Figure. - °
1(0) and Figure 2(c).

. In the case of the vertical retort, ccude pine root o0il withdrawn from
the end of the: condenser tube, and the pine root tar withdrawn from the
tar separator, are treated separetely. The crude pine root oil is frac-
tiorated and the fraction having a bolllng point of 130-200°C is called
mpefined pine root 0il"™ and the fraction above 200°C is called "anhydrous
tar®, The yields -are shown 1n.Figure 1(c).

fia. The refined pine root oil is washed with a solution of caustlc
. s0d&, separating neutral oil andiacidic oil, the latter is dis-
u-eolved in. the alkaline solutlon.

" be _ The neutral 0il is then dlSLl*led and the fraction boiling from
YI50°C to 190 C is called "refined turpentine oil No. 1", the frac-
 tion 190-250°C is called "refined turpentine oil No. 2", and the
~fPraction above 250°C is the r351dua1 oil.

ﬂ‘c, Alkaline solution contalnlng acidie 0il is neutralized by the
i 'addition of an equlvalent quentity of sulphuric¢ acid, thus separat-
. ing the aecidic oil. It is called "wood. creosote",

i@, By the distilletion of plnb Toot tar, "floatation pine oil"™
" having a boiling range of 200~ 300°C "r031n oil" or "pine oil"®
-~ boiling above 300°C and pine root pltch are obtained.

f(e, Occasionally the mizture of tar and anhydrous tar are called =
‘"refined tar" or "rope tar".

- However, merchents and refinery operators are averse to the color-

/. ing of produets and to this mather special attention has been paid,
“but. it appears to have nc bad effect on the: fvel.
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2o Uti :ization of Products

* Pine root;oils have many utilities 1ngtheﬁrubber industry, weshing: end
. floatation. Furthermore, recently they have been used as motor-fuel,
ishing-fuel and lubricating oils. i .

' Utilizations of thg primary products of pine root oils are as follows:

: a.i: Crude pine root oil——raw materlal for producing "refined.
| turpentine oilv.

- Pine root tar--for refining.

c.;l Total pine root. oll end tar-—raw meterial for proaucing "re-
fired turpentine oil" and others.

d.:‘ Pyrollgneus liquor--it has not been used, because of its low
coricentration compared with that cbtained from broad leaf trees.
waever acetone may be produced froa calcium acetate which is ob-
tained bj neutralizing it with lime, and boiling it down.

e. ‘ Charcoal--the chargoal from pine roots is softer than the
orﬁlnary charcoals and contalns more: gases. It i3 sultable for quick
heéting and can be used in tempering, iron works and charcoal gas
production. It may also be used as a household fuel, if attention
is. pald to the ventilation at the- beginning of the firing.

Ty £ B Wood.gas-~it is used as fuel for this distillation operation..

Utilization of the secondary products of pine root oils are as
fo..lows : _ :

; -Refined turpentine oil No, 1 ... solvent, washing agent.
.. Refined turpentine oil No., 2 ... palnting 20%, floatation 80%.
Anhydrous t8I c.ecescessescase.s Trubber industry 504, painting
: . 20%, telegraphic wire 10%,
it | horses hoofs 10%.
. Creosote eesesecessssssesssssses Medicine 90%, misc. 10%.
Refined ta8r 0il ..ecceeccscancnnie rubber industry (high gr&de),
ainting, telegraphic wire,
. Floatation pine Ollr..1.......n. floatation 304, painting 20%,
: ‘ ' ‘ | rubber industry 30%.
RoSin 01l sevecceecrsssscecenssss Ship's bottom coating, rubber
L o ) . ¢ industry, cutting oil.:
= 7+ Pine root piteh ......eevee...4. painting LO%, Tubber industry
" : , © 208, belt wax, cells, (,tc.
" Rope tar 01l ...ccceeess0cess00. TODE
ChETCOAL sevvecenesesseseasesesss BbOUt 50% are used as fuels or
: . for distillation of pine roots
themselves.

s CHAPTER II
: DRY DISTILIATION OF PINE ROOTS

A, RAW MATERIAIS AND METHOD OF EXCAVATING ROOTS

1. Raw:Materials and the Yield of 0il

i ' . . : N
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1}

Hitherto,'pine roots, the trunks of which had been cut down more than ten
years ago, were used as the raw material for preparing pine root oil, .
Such pine trees are called "rich pine".

Itéréap-wood had decayed during‘the‘iapse of* years and its heart-wo&d was
rich in rosin. An example of the relation between the years elapsed and
yield ofoil is shown below. G :

_ Years Elapsed ‘ Yield of 0il, %
10 i 20-23 ’
7-8 : 17-18
5-6 _ 15
3-4 7 12
less than 2 : 10

When "rich pine™ was used we were able to get Lk-5 To (7.2-9.0 liters) of
pine root oil from 100 Kan (375 kg) of pine roots, but in this plan. for
increasing production, It wes assumed that 2.5 To (4.5 liters) of oil
were obtainable from 100 Kan of raw material, O course, the yield of
oil depends not only upon The years elapsed but also on conditions such
as,; the kind of trees, their ages, and the richness of the soil.

Cypress roots and Thujopsis dolabrati roots are also used, and the yiélds
of ‘'oil from them are shown below. ' :

Kind of Trees | " Yield of 0il, %

Akamaﬁsu (Pinus ﬁensiflora) 11 - 24
Kurometsu (Pinus thunbergii)

Hinoki (The Japan cypress)z 6 - 10
Hibe (Thujopsis dolabrata): ~

Todomatéﬁ.(Apies sachalinensis) 6
Ezomatsu (Pigoa ajanensis)

2.1 " Method of Excavating Roots

There are three methods of“excavating the roots, i.e. hand-excavation,
machine excavation and gun-powder excevation. It is profitable to ex-
cavate -the roots in red or black soil by hand, those in sand by mschine,
_&aund: blg roots by gun-powder. In the case of hand excavation, a hole is
“aug; between the side-roots, using hoeés, shovels, axes and saws, big
enough to get into to cut off the streaight root. . ’

Then the upper side root is cut around the stump, moving the mud into the
hole which wes dug. On the contrary; if the surrounding side rvots =re
cut: off first, the saw is clogged whon cutting into straight roots. The
expert can excavate 40-70 Kan (150-260 kg) per day. In the case of
machine excavation, a root-excavation machine is used, In the case of
gunspowder excavation, we use gun powder such as carlit, digging a hole
beneath the root-stump which 1is to be excavated. About 300 grams of gun-

. powder for & root stump, the diameter of which is about two Shaku (60cm)
are: used, and the necessasry guantity of gun-powder depends upon the soft-
ness of the soil. . ‘ E

The' Toot is chopped along the grain and raw material of onme Sun (3cm)

. in /diameter and one Shaku (30cm) in length is mede snd £illed in the

cage, -
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.1 .In the. course of pine root dry distillation, the most laborious work is
" the excevetion.end chopping of the roots. In view of the local ccondi-
" tions, raw materials end the present gituation, it is difficult to use

. machinel or gun-powder; therefore, it is most important for every person

. in charge to devise a practical method that is most profitable in each

i districtis: S Co .

B.  DRY DISTILIAT™ N APPARATUS

Thé;dry distfllation,apparétus consists of a fprnace which heats the raw ma-
terial from the outside, a dry distillation retort which contains the 1aw ma-

terial to be: caerbonized, a cooling apparatus which condenses the products, and
a tank which.receives. the products. -

_ : 5 Furnace
Dry Distillation Furnace {Retort

" ( rar Separator
Cooling Tubes

' pry Distillation . .
: Cooling Tank

.. Apparatus .

~

Cooling Apparatué

‘Receiving Tank

Many types of apparatus had been already developed all over the country and -
cach of them have their own svecial characteristics, though with some defects,
We!'cannot get: good Yields from the clay furnaces. Iron retorts are adopted in
general and the vertical type is used in the KANSAT district and the horizon-
- tall type in ‘the KANTO district.- s

Tha two typqé.df retorts, vertical and horizoﬁtal, of course, produce oils
©  having different properties; and requiring different treatment.

It is importémt to decide upon a standard type of dry distiilation apparatus

_ to: effect the: plan for greatly increasing the pine root 0il production and a
vertical retort capable of containing about 100 Kan (375 kg) of raw maverial
has been adopted, considering its capacity, eﬁfiEIEncy, procedure and required
properties. i ’

1. Furmace

Fuel isi burnt in the furnace to carry out dry-distilletion. The furnaces
are oléssified into several types. Usually it is made of brick, clay and
stone,étc., but often only of clay. . At any rate, unreasonably built fur-
naces &xre not. suitable, and if distillation is carried out accidents are

sure ta occur. The important conditions; for furnace construction are as
1+ Tollows. : ; ‘

2. Do not heat by direct fire. Direct firing always superheats
' the heating surface and sometimes damages the retort.

Bﬁ;> Heating must be uniform. In connection with the above. mentioned
‘anticTe, fE?s Ts important irom the standpoint of the yield and the
quality of the products. If no attention is paid to this condition,

the yield and quality will be poor and the retort will also be
damaged. E ; :

c. The fuel sconomy is important. This is important in view of
etonomy end materiel balence. Huge: economical differences are
coused depending upon vhether the construction technigue and manage-
B . E -
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¥ ment are suitable or not. -Thus, the construction must, be reasonably
. designed and skillfully carried on. = -
O - - . . \!‘

.~ The furnace consists of a firing-hole, & grate, a combustion chamber,
”. g .chimney and a cleaning-hole, and many designs are reported. The

: “i fulfillment of the above mentioned conditions in construction and

v - the economical arrangement of the materials are very nedessary.

.. The important types of the furnaces are shown as follows, They are
o - {1) Kitagawa type which is widely used’in the KANTO district and (2)
. yamamoto type which is mostly used in the KINKI, CHUGOKU and SHIKOKU
districts. The former was designed to circulate the flame and heat
the retort uniformly by dividing the combustion chamber: into tvo
. _ parts, namely the upper-part and lower-part, while the Latter vmas
.+ planned to have an extremely long distance between the Tiring-hole
" and the combustion chamber in order to prevent local superheating
. and to aequire uniform heating by the hot gas evolved. {Figure. 4(C).)
4 'The standard type is an imitation of the Kitagewa type. At any rete,
. grates and chimneys are fatal factors for combustion and must be.de-
" signed with careful considerations.
i

. 2, pry Distillation Retort

o 'Thére are two. types of retorts, vérﬁical and horizontal, The formex is
-again divided . into two kinds, one heis a bottom, and the other does not.

‘- a, - Horizontal retort. This type is suitable for a large scale
e producfion,-Buf.iE 1s not only difficult to control the temperature
. . but.it is also inconvenient foI repeated use because of the 4iffi-
i’ culty of changing the position;of the retort after being damaged by
‘.. . super-heating. Moreover, the product is often rapidly carbonized,
N © causing poor yield and quality. The distilled oil is named "total
o .- 'pine root oil and ter™ which has to be separated in other plants in-
: "~ %o "refined pine root oil"™ and "pine root tar".

‘ be Vertical retort. Generally speaking, this type is: suitable for

© .small=-Scale production because it is not only possible to control
the temperature but also to use the retort again by changing the
position of the damaged part. ‘Besides, it suitably carbonizes the .
. raw material, producing a more:excellent oil with a better yield
¢ - when compared with the horizontal type. The. distilled oil vas eesi-
1y separated into "refined pins root 0il"™ and "tar".

¢. .Vertical non-bottom retort. This type was designed to econo--
' mize mAterial end prevent decomposition by-heat which cceyrred at
the bottom., But the gas was apt to leak from the retort causing
. fire when inadequately constructed. One unit usually consisted of
two retorts, each of which could hold about 100 Kan (375 kg) of raw “
meterial. The standard type is explained below. S

At L s e e e [ S

Figure 3(C) shows the sketch and construction of the type which be-

longs to the vertical-cylinder: type. The size of ®he scale mey vary,

but the appropriate dlameter is two Shaku (60cm) and six Sun (18cm) '

in view of the carbonization rate whIch 1s suitable for ten hours of _
operation., . The larger the diameter the worse the heat--transporta- =
tion. From this point of view, a folded (L x 8) steel plate is con-
venient to make the body, while a (5 x 10) steel plate is too large,
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since an adequate basket must be put:into the oven 8na cement filled
intd the clearance, about 1.3 Shaku (1 Sheku = 0.303 m) thick, or
the! cross section made into an ellipse, the shortest radius being
about 2.6 Shaku. A suitable thickness for the oven-wall would be
four: Bu (1Zmm), but two Bu (6mm) is enough from the: standpoint of
its-durability. Very thick walls cause bad heat transportation.

The part heated directly by the flame is apt to be damaged, and so
it is necessary to rotate the retort and change its position at
proger intervals. The bottom of the retort has an inclinatiom to-
wards the center, an outlet in the cénter and contains an inner '
basicet, i -

C3, Cooigg

; If the dlstillation can not be carried out smoothly, and no defects in

' the strupture of the furnace are found, bed cooling must be the cause.

" Therefors, much attention must be paid to the construction of the furnace,
. Distillaion must be carried on at reduced. pressure because very high

. pressure. decreases the yield, Then, such constructions which are apt to
. prevent the flow of the products must be. carefully avoided, In fact, the:
- most ideal type is a construction designed suitably for absarbing and re-
. moving the inner geses., Much care should be taken to construct the pipe,
i because great influence on the cooling effiiciency is caused by the type

! of materiel, the diameters of pipes and the temperature of cooling water.
. Copper p!pes have been employed as coolers, but the shortage of these re-
: Sources forced us to use substitute-pipes such as porcelain or bamboo.

- The former predominates in durability but needs careful attenticn L, pre-
. vent theleakage of gas, while the latter is less durable and inefyicient.
. The availability of bamboo-pipes with several improvements made on them

. cover the shortage, and an excellent efficiency comparable with that of

. copper-tubes, can be obtained. ‘; ’

@@Theifoilﬁwing attention must be paid when}ﬁhe bamboo-~tubes are used:

%ﬁ. oA, J;The erd of the pipe must gradualiy become slendef.

; b. %*They must have a small inclinétibn'so as to prevent backward
| = flows -

Ce ﬂfIt is enough to remove the bambob-knots by emateur. workmeinship,
and:it should be done as in Figure 5(C) and not as in Figure 6{C).

The:tar-separator, a large vertical porcelain tube, is packed with
broiken brick and charcoal, etc. The distilled tar particles collide
against the packing, and are then separated and precipitated. A
method: of connecting the separator with the cooler on the connection
tube is shown in Figure 7(C), but & very poor yield was obtained by
initial tests, thus requiring improvements as shown in Figure 8(C).

On,ﬁhe othef ﬁand, 0il is separated f?om pyroligneous liquor by
gravity by installing an oil-separator at the ouclet of the ctoling
pipe, - o L

. _Recgfvers.

,ZJars andf?SVIiﬁer.capécity barrels are used for receiving tar "pyrolig-
i neous licuorfand crude oil,. Care should be taken to prevent the leakage
:of these:liquids, g
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O 5.;f Fuel and Cooling Water ..

Pire-wood and charcoal are used for fuel, and wood gas, generated from
: thei, retort as by-product of dry-distillation, is sometimes used as en -
i auxiliary fuel:; Fire wood that produces long flames .is suitable for this
f . purpose, 30~50% of the pine root will be consumed if wood alone is used
for fuel. It is-said that in a Yamamoto type dry-distillation furnece, -
in which both charcoal and wood gas are used, the charcoal produced in
the retort is sufficient to meet the: amount of the fuel necegsary for the
digtillation. As the consumption of' fuel largely depends on the con-
struction of the furnace and the method of operation, care should be
taken to decrease the fuel consumption.

The: consumption of cooling water derends on the construction and-capacity.
.of cooling tubes and cooling tank, and the lower the temperature of cool-
_ ing'water the better the cooling effect. The temperature of water at the
center of the cooling tank should be: below 209C, Under the hest condi-
" tioms, 27 kl/day of cooling water is: efficient for one set of furnaces,
buti generally the demand for cooling water is larger. The furnace should
L ; no’; be constructed in a place where the supply of cooling water is in-
v ¢ sufficlent. o

PRBCEDURES FOR DRY-DISTILIATION AND.EXPERIMENTAL RESULTS

&.'1.2‘ The Outline of_Procedures i v .

Tﬁé.method of operating the furnace%depends on the capacity of the re-
tort. The operation with a 100 Kani(375 kg) capacity retort is as
follows. ‘

The inner basket is lifted out (preferably with a pulley) with tke "char-
coal from the previous distillation. The inside.of the retort is cleaned,:
especially the outlet for the oil, bhecause usually it is badly clogzed
‘with charcoal dust and pitch. The chopped pine roots are charged iato a
u basket, In the lower half of the basket straight blocks are filled
v parallel with the wall of the retort, aad in the upper half are placed
S ‘curved and scrap wood., When the "100 Kan standard retort" is used, &
‘smeller hollow basket is placed in the center of the inner besket to ob-
tain perfect carbonization. A fire is then lighted, and before the re-
tort temperature rises; the 1id is ghut. Uniform heating is essential.
At the beginning, the retort.is heafed strongly until an inner tempera-
ture of 280°C is obtained., Then, care is taken not to raise this tem-
perature. At the end of the distillation, it is necessary to make the
fire.stronger in order to raise the inner temperature to L0Q°C so as to
give complete carbonization, A typical temperature curve of the
Kitagawa type dry distillation furnace (standard type) is shown in
Figure 9(C). Generally speaking, @fter two hours of heating, oll begins
toi distil over .and vwhen the inner temperature rises to 270-280°C, tar be-
gins to distil over. . By this time ileat is evolved by the decomposition
wood, and it is necessary to regulate the fire in order not to raise the
inner temperature above 280°C. The carbonization. degree can be judged by
- measuring the inner temperature. If no thermometers are available it can
bé 'judged by observing the combustion of wood ges. Vhen the inner tem- -
perature reaches 270°C, sudden increase in the temperature of the dis-
tilled oil takes place. These detells cen be mastered by repeating the
opierations, and the operator should:earnestly study the peculiarity of
his own furnace.

Wren wood gas is used for the furnage, the firing of the gas must be =
~stopped before the evolution of gas stops. If the firing of the gas is

R
i
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continued back—firing takes place, sometimes damaging the cooling tube.

~ture was about 0

" port; made by YAMAMOTO

‘Outline of the Results of Dry Dlstlllatlon

' Details of dr distillation and: yield of oil° (cf. Figure 10(C)
anc TaEIe IV(C). %30-;56 kg of pine roots can be charged in this

standard retort (the roots contain about 174 H50).

After heating 13' hours, pyrorigneous liquor begins to distil over
from the: tar-separator. The rate of water condensation is ahbout 100
ec/min, After 2% hours of heating, crude oil begins to distil over,
drcp by drop, floating on the condensed water. A mixture of crude
oili-and pyroligneous liquor (condensed water) distils over in this

" form until the temperature of the tar-separator rises to 100cC.

This phenomenon is caused by the coollng effect of the tar-separator
which is cold at the beginning. It is understood that, even with
theé same retort, the duration of this phenomenon changes with change
in atmospheric temperature during summer and winter. The duration
of ‘‘this state was about 50 minutes in one experiment. Since the tar
separator was nog insulated with elay, and the atmospheric tempera-
C, this time appears to be rather long. After this
period the crude oil distils from the cooling pipe outlet with the
pyroligneous liquor, and no 0il distils from the tar separetor, al-
though at the beginning, a small amount of tar was noticed to be
distilled from the outlet for about 30 minutes.. This was the heavy
freaction remaining in the tubes produced in the previous operation.

- The specific gravity of the first fraction from the cooling tube is

apl: to be slightly heavy, since it contains the heavy fractions
from the previous operation., During the first 14 hours, a very light
frection is slowly daistilled, but after five hours of heaflng the

":sp901flc gravity of the oil becomes ‘heavier and at the same time the
"amount of distillate (condensed water and crude oil) increases. The

amount of distillate per one minute : (condensed water and eruie oil)

”,1s ‘almost constant., In this example: the amount of oil was 165c¢c/min,

giving a 25% content of oil in the total distillate. The amount of
oil. depends on the composition of raw material., Judging fron a re-
%SHIMANE prefecture), in which the oil content
of this distillate was about 20-22%, the heating of the furnace was
considered to be too high in this case, In the same report, the

‘total amount distilled during this period was given as 200-2?0cc.

The: total amount of distillate depends largely on the amount of pine
root charged end is great when small chopped pine roots are used.
When pine roots are used, the amount of oil is usually about 204 and
it is possible to judge the progress of déry distillation fron the
amount of oil, :The mechanism of dry distillation of wood is not
clear, but it is certain that not only steam distillation of turpene
oiils nut also dry distillation or carbonization of cellulose, lignin,
roein and saccharoid take place, accompanled by heat evolutlon. It
ig'necessary to regulate the flrlng during this period. It is said
hat the slower the distillation and the longer the time the bekter
h¢-quality and yield of oil, "After: this’ period, the amount of
pyrollgneous liquor and oil distilled suddenly decreases and then ..
stops. 1In the case of this experiment, the time required from the
beginning of heating until the end of distillation .was about 91
hotirs, but if 300 kg of pine roots were packed in the retort it

‘woilld be best %o raise the temperature of the slow and smooth opera-
- tion for 13 hours. In the case of actual production of pine root

oil, “he fireman has to work on cho;plng pine roots and make an
appa'atus for the next distillation, and distillation is stopped
after 10-11 hours, Therefore ideal’ operations cannot be reaglzed

it
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.."After distilletion of the crude :oll from the tar-separator ceases,

. tar begins, to. distil from the ter-separator, with pyroligneous

/" liquar. After 2% hours the distillation of tar becomes violent, and
" from this time almosi tar alone .is distilled from the tar separator.
' From the outlet of the cooling fiube, non-condensable "wood gas™

. (a mixture of COp, CHp, CoH,, Hy etc.) is exhsusted. Ths outflow of
tar continues'violent&y (In"this case 330cc/min.), but dscreases

‘. suddenly before the outflow of c¢rude oil decreases, and ceases after
' the outflow of crude oil stops.: The end of the operation can bs
§:.%01ld by this fact, The yleld off oil 1s usually about 20f of the pine
. roots end, if oil-rich roots arc used, it increases up to 25%. The
'+ ratio of crude oil to tar was 1l:1l.1l in this case, but it was 1:1.9
;. in another case., The average ratio seems to be about 1:1.3. The

/- specific gravity and the distillation curves for the distillate are

| shown in Figure 10(C).

Firing method and relation between water content of raw material
and el consumption. arge auantity of fuel 1S used at the be-
;' ginning end later 1ts consumption may be decreased graduaily. As
‘" soon as, the evolution of wood gis begins, it may be used as the main
% fuel extremely. diminishing the tmount of chercoal and fire wood. In
' the last stage, some solid fuel is added to obtain perfect carboni-
i zation of raw material in the rotort. The standard amount of dry
. fire wood used 1s-as follows: i : : :

' Let the operation period be 11 hours. Then about 63 kg of wood for

i the f£irst two hours is necessary. For the next five hours, 19 kg of

- wood and some. fragments of pine root, which are added to prevent the:

" temperature decrease, are used.: The gas evolved from the retort by

| this time is also used, For the next three hours, it is sufficient

to use only the gas to maintein; the furnace temperature, as the

. heat of carbonization also supports the temperature. For the last

! .one hour, 37 kg of fire wood is'used. The total amount of dry fire

. wood is about 133 kg but can be: economized by using the charcoal

!' produced. Table VII{C) shows en example of using fire wood and char-
coal together. S i '

i'“The. relations between the water:content of re&w materials, the center
temperature of the retort end tae fuel consumptions are shown in

. Pigure 11(C). When the water content is rich, the temperature in
. the still cen not rise easily and a large amount of fire-wood is

. necessary. Since the yield of oil is the same as in the standard

.. case, this causes a great inconvenience as the operatior time is

- prolonged. When an empty basket is inserted in the middle of the

. retort, the speedy rise in temperature is achleved, From Figure
Ylhll(C)ﬂa‘i%Nw;te; content of raw material appears {o be tadvantageous,
‘! ag it indicates  an extremely short operation time, and e very small
.. amount of fuel Consumption, but: the distillates are apt to distil

. over violently, causing bumping in the tar-separator anél rending the
. firing‘control difficult. To prevent such troubles, water must be
. added to the raw material. 1 ‘

Yl g, . Temperature distribution in retort. Table .V(C) and Figure 12}

.. show The temperature variation with time in the retort. Im this
case, "Pinus thunbergii" trunks with water contents of }5% were
cherged in a standard furnace, and no center basket was used. Al-

- though this furnace was hot perfectly dried, and the raw material

" had.a high water content, the outline of temperature variation may
be noted as a reference. = :
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.The variation of isothermal lines in Figure 12{(C) were drawn by as-
sunption, summarizing the measuresd tomperature in one retort and the
'carbonization degree of- pine roots in another retort.

SE : The,highest temperature of the retort is in the middle outside part
s . and. the temperatures of the upper ouiside part and the lower outside
i -part are lower, It is cleer that the temperature of the middle low-
er .part is the lowest because non-carbonized matters frequently re-

main in this part. When material with lower water content, such &s
pine roots are used, the temperature increase in the middle part is
i quicker, producing a more uniform temperature distribution than

: gj - showvmn in the figures.
-D.%i CONDITICNS TOR ESTABLISHING PINE ROOT DESTIIIATION UNITS

rollowing corditions must be satisfied for establishing pine root distillation
units.

1, Pine roots nust be abundant in the neighborhood;
2,. Trensportation must be .convenient, ' : .
3, Cocling water must be readily obtainable, About 13.5 kilolliters of
cooling water are necessary for a standard 8till,
- So0il must be dry.-
5.7 Employees must be. readily available.
i 6, Plants must be safe from fire, :
ssv7, Water drainsage must be convenient.

E. PRODUCT] on OF CA-ACETATE. FROM PYROLIGNEOUS LIGUOR

The pyrolignoous liquor obtained with the crude pine root oil is neutralized
.with 1lime water. At the same time, utmost ears must be teken to avoid the
existencé of excess lime because the quality of the calcium acetate will be-
come poor, even if more pyroligneous liquor is added to neutralize the excess
lime. Litmus papers are very useful for this operation. .

The boiling and drying of the neutralized liquid are carrieé out in the appare-
tus shown in Figure 13(C). More neutralized liquid is added efterr boiling
dovwn and yellow or brown crystals are formed on the surface., They are 'dried
at '‘a temperature below 150°C, partial decomposition of the crystals occur

: lowering the: yield of acetone, :

: L ' CHAPTER ITT | | |
PROPFRIIES AND CONSTITUENTS OF DRY-DISTILIATION. PRODUCTS FROM PINE ROOTS .

By dry distillation of pine roots oLl, pyroligneous liquor,
anc wood  gas are produced. 0il is the main product. : '

¢ Pine root oil is classified asg: "crude pine root olil",
"pine root tar" and "total pine Toot o0oil and tarn, The
) . former two are obtained from vertical retorts and the latter
: from horizontal retorts., - :

‘ An example of their properties are shown in Table VI(G).
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- A.  CRUDE PINE ROOT OIL

i Crude piae root oil is a light brown liquld and has a specific gravity of
1 0.95-0.99. Its properties and constztuents vary w1th the conditions of dry
3 uistlllablon. ' :

.. The results of the examlnation on the constltuents of pine root oil are as
. follows.‘

1. f Neutral Constituents

Crude pine root o0il obtained from "Kuromatsu" was fractionated, and after
treating with sufficient alkali the constltuents were exemined.

The constituents and thelr percentage to total ocrude o0il are summarized
as EolIOWS- -

sl
AY

| Note: * Sign indicates main corstituents.

. &, ' Light fraction (Initial drop-l§O°C) (3%~ 8%)

* o g
Toluene (B.P. 110°¢) : CHg
4 N
* gylvene. : N
CH3
i Sylene Furan Furfural
e Diacetyl , (GHBCO)é
0 \

Acetylpropionyl (CHBCO.QZH5CO)
b, Terpene fraction (150-170°¢) (40-70%)
* l-a-Pinene {B.P. 155-156C)
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. * Timonene and Dipentene (B.P. 175°C)

C\\\\ :
HC CH CH!
il
H30~G
H2C I CH
~¢c.~
H
* Camphene - p~Thymol
(3 f.P. 50°G) '
CH
|G|2
HC/ CHg
HaC-C-CHgy
H2G CHe HyC CHy
2 \l yd ;

.c... Terpenic elcohol fraction (200- 230°C) (small amcunt’
* a—Terplneol (B.P. 217-218°C)

C
HoC  SCH
“'JC i

\Crﬁ 2 )

C<OH
Poo
HiC CHy

d. Sesqulterpene fraction (110~ 12000/8 5mm Hg) (10—30%)
* d-TLongifolene (B.P. 149-151°C, 36mn Hg),
cH3

150




CRESTRICTED | . _ | © X-38(N)-4

@

ENCLOSURE. (C)

e. Higher terpene fraction (120°d, 3mm Hg)} (10-~304)
*. Abietlne (019H30 or 019H28), constituent of rosin oil.

* Retene (M.P. 98°C), constltuent of paraffinic crystal

H

£, Residual fraction _
(1) Mein constituent is abietic acid

- * Abietic acid (M.P. 158°C)

,3

(2) Aldehydes Ketones., These were extracted by a Sulphite
solution Ifrom crude pine root o;l.

Acetaldehyde CHBCHO and . acefone CHB.U CHB are probably present.

.(3) Carboxyllc acids. The acids were extracted by & sodium
carbonate solution from the solutlon after extractlng aldehydes
and ketones. |, .

Formic acid (B.P. lOO b° g)

Propionic &cid CoHgCOOH {B.P. 140 o¢y’
Isobutyric acid éH ) CH.C00H (B.P lSL C}
Valeric acid C;Hg CC P (B.P. "185°C)
Capronic acid % g COOH {B.P. 205°C)

and otber hlgher c rboxyLlc acids,

(L) Phenols These were ext"acted by a sodium hydroxide so-
lutﬁoﬂ*ﬁrt€T‘removal of carboxyllc acids,

Creosol {B.P. 22200) f guajacol
oH OCHy . OCH;

o .

- Other mono-phenols are also present,
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B. . PINE ROC ROCT TAR

Pine root tar is a black, viscous liquid and has a density of about 1.06,.
Pine root tar consists mainly of cracked resin products and terpene compounds
with a sm&ll amount of cracked lignin products. Its main constituents are
probably ebietic acid and its homologues and polymers of higher terpenes,

C. = PYROLIGXEOUS I..IQUOR . . ‘

! Pyroligneous: liquor is & reddish brown 1iquid hav1ng density of 1.025-1.03,
Most of the Jiquid is water, containing the substanoes listed below.

1. Soluble Tar (2-9%)

This is.the cause of the coloring and can be extracted by solvents., It
probabls consists of high polymers of aldehydes and ketones, r

2. orgenic Acids (3.5-4%) ‘

7 These were determined as acetic acid. Fofmicéacid and other highér
carboxylic acids exist too. .

W

a.  Acetone (92.2%)
b. ', Methanol (0.1-0.6%)
¢, Formic aldehyde and ketones.

D.  WOOD GAS;
Théscomposition is tabulated below.

002 00.-6.'.QC.C.O.!QO....G..I!..! h%
CO .....‘.0.0......'IQ.I....AI.... 25%
CHb ........ICIll........ll.l'..'. l%
anzn l......0‘........0.3.--0.... %
02 ..0....'0....0.0...0.9'....-'.‘ %
Nz ..Il....ol..‘nld‘...-0..0.-0.-.. 5%
- Calorific vaJue is greater than 2,000 calories.

}:
_CHAPTER IV
\ TREATMENT OF PINE ROOT 0IL

Thﬁ properties of pine root oil have been described in
~Chﬂ3ter IITI and the main constituent of the fraction below
3009C in "terpene®, while that of the frection above 300°C
is'abietine®. It is, therefore, possible to obtain a high
quality avistion gasollne from pine root 0il by suitable
treatments. As this oil contains & large amount of acidio
congtituents and has a corrosive effect on metal, suitable
praotreatments are necessary. It was; clarified by the in-
vestigations in this laboratory that:the following treat-
ments: were very effective.,
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A,  PRETREATMENT

l;ff Pretreatment

X-38(N)-4

corrosive ecids in pine root oll exist In the fraetion below: 25o°c and
the: acidic constituents in the fraction above 250°C are compsrativel
harmless.. Pretreatment is carried out as follows. (of. Table VII{(C).)

a. Crude pine root oil. An equivalent amount of water or O..4%
lime~water 1s added to the oil at about 60-~80°C and the mixture is

stirred., The oil and water are; separated by gravity.

b. Totel pine root oil and tar. An equivalent amount of ¥ NeCl-
solution of 1% llme-weter added, to the oil at 80°C and the mixture
is stirred. The o0il and water are then separsated by greavity.

. Be Pine root ter. Tar is distilled directly in oylindrical stills
and the Iraction below 300°C 14 mized with pine root oil, and trested

o"and refined together.
2. Distillation Method

Thﬂ following cuts were obtained by disti]ling the. pretreated oil,

b, Fractioms below 300°C worelused for hydrocracking.

A, Fraotions below 200°C were used for oatalytio refoirming.

1f catalytic

. reforming is being carried out, fractions between 200-300°C are
. adopted as material for hydrocracking Researches are heing mede on
direct hydrocracking on the oi] w1thout previous treatment,

¢. The pine root tar fraction,above 3oo°c and pretreated oil are
=distilled in a8 ooking-still, producing heavy 0il and cokes,

o d. Local apparatus: should be utilized as distilling stills except
those specially described, but it 1is right to use cylindrical types,
particularly when pine root tax, and "total pine root oil apmd tar®.

;. are. used,
B. ME"HOD OF MANUFACTURING AVIATION GASOLINE
1. catalytic Reforming Method

Fructions up to 200°C can be reformed over catalysts producing aviation

gaeollnes.

2, _;droorackiqgﬁMe+hod

A “raction boiling up to 300°C or boillng from 2oo°c to 3009,

in case it

is: necessary to operate catalytic reforming in parallel, can be converted
to. aviation gasoline by hydrocracking. A dlagram showing treatment of

pine root 0il is given in Figure lh(c)

Av¢ation %asoline can be obtained in high yield, while heavy oil can be

obtiained
that light oil can be obtained from: the 200-300°C cut.

y suitable treatment of heavier oomponents. It is expected

oils from .pine foot oil are characteristic in the point that they mostly

contain "nephthenes®,
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| U CHAPTER V |
| SUBSTITUI® RESQURCES FOR PINE ROOT AND METHODS FOR THEIR UTTLIZATION

As- pine root is a limlted resource, ‘t cannot be expected
-to last for a long time. Therefore, it is very importent
to utilize other resources, .

Thoae 1nvestigated or previously used are listed below,

1. Acerose trees ;
a, Trunks b. Branchea ¢. Leaves

24 Broad leaved trees
" 3. Pine resin =
S Pulp and sawdust :
¢ 5. Waste gas of charcoal oven

f UTILIZAT[DN OF ACEROSE TREES

1. whi Lization of Trunks

i Pine trunks are poor in oil compared with plne roovs, but they are a

.. promising abundent source, At present, in our laborato?y experiments on
i dry distillation are being éarried on by the standard furnace. Tynical
. Tesults .are shown in Table VIIXI(C). A |

5 In generul, the yield of tar is about 54 &nd the older the age of the ®

 tree, the greater was the yield. The age is required te be over 50 years
Cooat least . . ; ‘

©

. Trunks of incomplete growth are rich in resin and are regarded as un-

- suitable for building material. The raw material must be dried until the
- water content 1is less. than 20%. Characteristics of dry-distilled oil are
: indefinite and an example is shown below.; ,

qeneral Characteristics : » o "

Re&btion vss0v s ...--....o......}....}‘......«... &bldic
feuifio gravity (d??) trsessacecerienrsrtenocaseasans 1,012
SOOS*ty (R-l 3000 -.-.'oune'noooo.c-uoooctov-o~1-to 169 2
Freezing polnt soeeveescocesesnsencecionnnenssannsanes 14L00C

- FlaQL pOintuo-o--ov-oon.o..-.n-.o---goa.-cn.---.-ou:n. 57 Qo¢
CarboniZing m&tter S 086000 ENEN0ELIERRNGEONGSIESTEDLTSTLOGE TS R 2 h)%
Ash.o-a.-ooo--o-'-o~.~o¢---;-no.-a--'----ou-;--.oon.-- Q 16%‘

Wat()r Q.IQ'...'.O".IC.QI..‘.......O-0..Obo-'..bbtut.. b}d
Impurity R R R R R R RPN 5 01

- characteristics of Partial Distillation

Inl’t‘ial boiling oint PO P B OB CEO RO IS N NBOE AN LS 85 OOC
5 'cuoosntcoooco?-.-c.anooeon--.o----oo-~~ot---c.o-- 98 OOC
l 08 C eI Ea0Eescearstsescestscsnsatnssroesascevssnssts 170 O Cc
2 (‘] nio.on;..‘onotl.Q.'oIc'.leooaOlfntailutoniegti0 191 0 Y]
3 ‘n.J...-;...............-q--.--.i.;.-..-.......a..g%g 8 ]
0"0‘.0'........‘Q....‘O...l."‘..‘..f.‘.....""‘.l\l C
§07:eonu.co--..o.-.-.c.i.-o-ooqca.-.-;cu-osou.oc‘ag. 25& 0 C
6 0“0.0.0'0...'..!..'.!'....5..tlocomﬁ..oo--.oclctot 272 0 c\h

70% ;oocctc-.nQo-o-u-uvoo'o.-.o';o.afoo.vo-cco-uo-vo 303 0 C
8

1ﬂlDll.J.."...'b..'f.l..'0-‘0"."'...'.'0!IU;G. 329 OOC
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%"".’OI».'Ill"l.f”l..'..‘.tlll.i.i....‘ld....l.'.n..’.. 332'0020
Dry point .'0...0.0...'0‘#'.OHOQ;..'.l................ 339006
‘Total % of distillate by VOlUME «ceveeecsececeassess 91,0

2, Utilization of Branches

‘&, Dry distillation of Japanese cypress. The part of the lranch

. near the trunk contains the greatest amount of resinous matters in
aecerose trees, The part of the branch about 50cm from the trunk is

o similar to pine root, and the uyper parts contain only & small

¢ amount of resin. The results orf dry distillation of Japanese cy-

. press at "Kisoagematsu Essential 0il Factory of the Imperial Forest

 Bureau® (in 1942) are shown in Table IX(C).

7 be Dry distilletion of pine bramches. In Xorea, pine brench oil
-+ 1s being produced by Iow tempérdture dry distilletion of pine
- branches. This method has been made by specisl clay charcoal kilns. .
“The average yield.is ‘5-&% and in 1943, 800 tons/year were produced,
but ia 1944 an urgent increase .iln production to 18,000 tons/year was
planned, K

il

5.%? Utilization of Leaves

Leaves of acerose trees contain esseﬁtgal 0il, which are obtained by sol-
vent extraction or steam distillation. Dry distillation of leaves is not
suitable, - : : i i

e, Extraction method. O0il can be obtained by extraction of acerose
leaves with solvents, such as aleohol, ether, ete. When air-dried
leaves of cyptomeria were extracted with alcohol by Sexiehet's
method at the "Fermentation Rescarch-laboretory of the Munitioms
Ministry", extracted oils were obtained in yields of about 154, The
extracted oil was a dark“brown,3vi§cous, and tarlike matter,

- . - Experimental results with pine, cyptomeria, and Japanesé cypress &re
' _shown in Table X(C). ; R . ]

- Aleohol, methyl alcohol, acetone and turpentine o0il may also te uséﬁ,
. as solvents. . T :
Hydrogénatedvoil frem this extr@cted 0il is separated into gasoline

i+ and heavy oil, and octane numbe: and cetane number of each oil are
- shown in the following tabulatioa.

Gasoligg

BOiliDg range 9900060880800 20 eP QIO RESEETDRN 68‘22000
Yield @ % @ 0 00 &Y P SO O G OO T IS0 AN S P e o0 RBOONES 3

Appearante ......scee0... Orange brown, transparent
0ctane NUMbEr ...uvevsesesicsarorsososvanvasces 76

Heavy OLL
BOL1ING TENZO +.eeueeseevesesennasnanses 22136000

Yield ..'..ll.‘."l..l'.l..ub‘.'......l.ll..'..‘.'
- ADDEATENCE .iseeceeccctdacssessnscssnssssaasss Violet
Cetane Qumber Q'l.lQ....'..‘l.lbl.......l..-.‘I... 20
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b. : Steam.distillation method, This method has been used fo:r manu-

,faoturihg essential oil, Only essential oil is obtaingble by this

method, and it is suitable for small amounts unfavorable for dry
dishlllation° The. yield is very pooz below 1%,

Silver-fir leaves (Prioa ajesnensis) and Todo-fir lsaves (Abies

‘'sachalinensis) were utilized in HOKKAIDO, while Japanese cypress

leaves were treated in the KISO—distvict.

Drums with.coolers are. sufficient fb:;distilling apparatus.

1.

B, ULILIZAT:{ON OF BROAD-LEAVED TREES LT

Dry Distillation of Trunks

Broad-leaved trees were formerly dry—distilled to obtain charcoal und

; pyroligneous liquor, but now they are trested to obtain charcoal only.
. Dry distillletion to obtain tar will be described here and charcoal manu-

%Lfacturing in a later chapter.

a, -Catalytic dry distillation method. Investigation was made with
the co-operaf!on of the Tokyo Exemination Office of the Imperial
Forest -Bureau, and the Physical and Chemical Laboratory, As oils
obtulned from broad-leaved trees belcng to so-callsd heavy oill frac-

-tions and have poor utilization, we must construct a catalyst room
-between the dry-distillastlon retort end cocler, and decompose the

heairy 0il catalytically to obtain 11ght oil end "acetonize" acetic
aoid in the pyroligneons liquo

The catalyst is pressed in tablets and packed in the catalyst room.
The. composition of the catalyst is as follows.

Ash ..‘;..'....Ill..;l"ll..n.l.lli'.ﬂ.'

3
'Clﬂy o.l.'i.'n-.0-0.00-0..0..00o.-o.ou.o lo
1

W‘ Gement ..n..oo-o.-aooo....cm..oo.0-..0..

Mg-cal'bon&te .o.uo.cmnoo-cd.oau-c.-o.-ono o

NOOO

Z,Aboux two times the yield of light 0il is obtained by this method as

compared with: the simple ary distillatlon method, The propertiies
are 2s follows, -

i'(l) .Light oil (Fraction boiling up to 220°C and washed by

= alkall)

. BOiling range 0..0.--o..l.n.o..uons-o-lcoooc 70-22000
Specific gravity sevesciocsiecaenss 0.900-0.968 (20°4)

Refracti‘v—:ﬁ 1ndex .n-.-lco..-.oo.. l l&l?o‘l 5189 (nZ(
octane number ....l....‘..........‘l....ﬂ.....l...33

Q'This yellow o1l is easily self-oxidized but can be stabi}ized
" by hydrogenation.

* (2). Heavy o0il (220-250°C). This yellowish-red, unstable oil,
- having & peculiar smell, and &n easily self—oxldizing tendency,
" becomes brownish-black and viscous when exposed in the air.

. (3) Heavy oil (250-300°G). A brownish-black and viscous oi1,
»<showing yields from various trees as given in Table XI(C).
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Meachurian Railwey Corp. are descrited in this section.

S - ENCLOSUR$ (C)

Z.f‘ Dry Dlstillation of Blrch-Bark (cf Figure 15(C).)

The results of the researches at tha Central Laboratory of the Southern

The: outer bark of the birch (produced in Manchuria) was heated at the
rabg of 17°C/10 min for five hours.: The outflow of the oil began at
2007C, and stopped completely at 500°C. The outflow of tar was most
rap%d)at 300-&0000. Yields of the distilled products are shown in able
XTIE(C). - f

Th& obtained tar is greenlsh-brown &nd has a fluorescence,

! gpecific gravity (A30) veeeeieiieecesenecnranscoraenneaees 02952
w o Viscosity ...... 12,88 (The specific viscosity to water at 30 )
:» Freezing Point ..Q.......O..'...I.‘....Q..I.'......'-Illlﬁ 300
i AciditY eoeececccscess 0,32 N (Tltrated with N/10 NaOH solution)

The pr0perties of the neutral uistlllate are showa in Table XIII(C).

The water gdlution was light yellow at the beginning but gradually changal
to'ia red 6sh-brown color and finallm to black., The specific gravity was
018 (da ), acidity 1.02 N {6% as CH3COOH)

Dry distillation experiments on birch-bark carried out in the laboratory
of: thls Depot show the following results. The distillation of oil began
at;200°C and it was most violent at :335-400°C, and the yield of tar was
far ‘better than that of pine-root.. ﬁ

Thﬁ amount of bark obtained from birch-trees is 12, 5:kg per 1 m’ of wood
according to reports from the gathering—distrlct

DRT DISTILLATION OF PINE-RESIN 5 |

Demand mnd supply ¢t pine resin in the Far East is given in Table XIV(C) and

the: production prospect is nil.

D.

1}

; Th? §esults of dry distillation of pine res1n with clay are shown in Table
'X.VC.»';

UTILIZATION OF PULP AND SAW-DUST § -

.l.&' Utilization of Pulp Factories

Whﬁn the liguid Trom a pulp, digester is cooled, the essential oil frac-
tion of pulp wood can be recovered. | When the vaste solution of pulp is
dry-distilled, tar can be recovered. Reported results from the Labopratory
of ithe Imperiel Forest Bureau &t TOKYO are next shown in Table XVI(C)

‘(dry distillel with catalyst).
2.{* Dry Distillation of Saw-Dust

Dry ‘distillation of saw-dust or waste wood in saw mills is a possible

‘ fuel source, But saw-dust is herd to distill, and a special furnace is

netessary, such as leminar dry distillation. "An effective distillation
method must be studied in the future.
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E. UTILIZATION OF WASTE GAS FROM CHARCOAL OVENS

Up tu this time the gas from charcoal ovens was scarcely utillzed and it was
exhansted into; the air., But & large amount of calcium acetate can be produced
with simple equipment. The apparatus with which pyroligneous: liquor is ob-
talnpd from the: smoke from the oven, is shown 1u Figure 16(C).

~Whlle the smoke is still white, the damper must: be fully opened, so that com-
\bustion in the: furnace is effective. When the smoke changes to yellow, the
damper is slowly closed., After carbonization is carried on sufficiently, the
smoke changes to blue, and the damper is tightly closed. The pyroligneous

'*liquor is conducted to a.receiver, At this moment, if enough cere is taken in

ventilation, the amount of charcoal will never bhe lacking and its amount will
not decreasey' Calcium acetate is obtaimed from: this pyroligneous ligquor by
the following iprocess: separation of tar, neutralization with milk of lime,
and voncentratlon. '

The ussumed ylelds of by=-products obtained per vear rrom the waste '‘gas of a

eharuoal oven, ‘are as follows. ‘ : =
‘vhite charcoal ® 98 0P VOO POOPISOOPNEOD SN ODNSeN 981" 200 OOOKg
BlaCK charcoal 0.00.‘0»no.oob.oocoocc;‘.. l 828 lOb 000 kg
Total .....l.ll......O....OOO..Q‘G.C.l‘ﬂl 2812 300 oookg

1. In the case of collecting pyroligneous liquor from a white charcoal

© . OVeR. .
Calcium acet&te ...-o--lo...o.o.oocaalaaabntnn-eco 118 125 tonS
As CH3CO0H = DUT® .eievveenceveccncncancanssnnsans 56 101 tons
Gommel‘clal .oooo.ooo.oc-|¢--o¢..occon 19 3[}1 tOBS
As acetone .....l.lt............l‘..‘l...l.t..'l.. 30’902 tons
Wood L R L LEEE LRy 2L,609 tons

L2. When pyroligneous liquor is collected from a black charcoal oven.

Calcium acetate .....................C............ 137 109 tons
As CHBCOOH - Pure ---s-o.o.coo..c.-.-|.--oo--oo-a. 65 118 tonS

Commercial .ecceveercccccicoscsnssnsas 22,449 tons
As acetone ..I'.'Q.'.'.."..Q.Ol....l])ll.l‘l.‘..l. 35 868 tons

iB. Wood tar can also be recovered from a: black charcoal oven by adding
3spec1al apparatus, : .

WOOd 'b&l' .oc-oo-...o--....oo-ooso.o_ooo:éoocooe.oac.- LI-Lb’SLlJ& tons

Total

Lo Calcium BCOLALE seessecsnscssssssssnssacaansss 255,234 tons
AS C]EBCOOH - pure ©'0 58 9 6 9:28 00080 TEET SEOSES S I 121 21Q tODS

commercial cecetsetreiicttecsanan L1, 790 tens
As acetone ..I..ﬂ..l..l...'........l.l|....o..l 66 770 tons
Wood BOT seevvsccesasacecccctcntessnctiosannons 79, 453 tons
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Table I{C)
PRODUCTION OF PINE ROOT OIL IN 1941
Vertical Type :Horizontal Type Numbers of
Name of:’ =
Prefecture Crude pine Pine root ‘Total pine-root Retort
' xoot ail tar 01l and tar opera- Retorts
(kg) (kg) (kg) - tors
Aomori — — — L2 L
Iwate . 1,350 5,505 - — L 6
Miyagi 25,250 22,020 1,530 3 16
Akxita | — — 180 1 2
Yamegata 8,988 7,94k 14,960 11 28
Fukushime Ty V82 33,791 6,625 L 6
Ibaragi: 16, 810 5,560 104,220 13 21
Tochigi - 31+ 030 4, 1800 16,160 8 19
cunma 6 514,6 5, 305 18,600 7 18
Saiteme. 4,800 1 1
Chiba 313,l7h 66 , 766 337,606 76 98
Kanagawa — 5, 625 — 3 7
¢ |Nllgate: 850 — onn 3 25
o Ishikawa 34,800 51,227 — 5 15
Fukui ] 122,468 373 320 —— 1L 39
Yamenashi - h33 547 648,212 128,225 16 L
Negano - 68 oz,o 157,140 105,300 25 34
cifu | 82 L16 109,375 — 5 22
Shizuoka 63 137 20,329 105,219 6 LY .
Aichi 116.652 157,329 46,620 3 25
Mie §0, 1;60 11,200 —— - L 11
Shiga: 9, 11.20 11 970 22,140 5 = _15
Kyoto 214.8,390 142, 1290 250 " 15 | 63
Osaka 25,347 48,996 — 5. 21
Hyogo 57,307 69 012 — 18 61.
Nara 167,130 21,000 — 9 25
Wakeyana 63,380 117 047 — 9 27
Tottori: 313,820 587, 1880 21,000 18 67
Shimane 34,200 68,400 e 53 127
Okayem&: 68,449 16, ,027 — 25 .60
Hiroshima 45,220 82 637 — L8 158
| Yamaguchi 35,000 108,500 — 15 40
. |Tokushinma 101,986 109, 1»35 o — 19 30
Kagawa - 800 ——— 3 12
Ehime : 77,963 103, 7l+2 27,650 22 53
. |Koehl - 3,883 T, y0L48 — 6 16
Fukuoka 11,039 3,240 — 7 8
Nagasakl 9,210 7559 — 2 10
Kumemotio 5,210 6. ,531 874 8 21
oita 166,125 301,907 —— 16 55
|Miyazaki 29,370 101,755 _— 21 61
Kagoshima L ,845 6,086 272 9 3L
Total Tons 2884 ,000 3,750,000 962,000
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Table ITI(C) ‘
PRODUCTION OF PINE ROOT OII. IN 19LL
C Nimbers of Dry-Distilletion Units Numbers of Workers
Name. of ;
Prefecture Work- Stopped | Repair-~ Total | Producers of 2rude| Refiners of
: ing o ing : plne root oil pine Yoot oilj
Lomori G2 3 1 6 3 0~
Jwate 13 1 1 15 10 1
Miyagi '3 10 - 5 L6 20 1
Lkita L9 3 1 13 8 1
Yamsgata 20 22 6 48 L0 0
Fukushima 115 18 5 38 30 1
Ibaragl - 35 25 8 68 . &0 3
Tochigl 18 9 3 30 19 2
Cumrg 7 2 1 10 5
Saitama 8 -0 0 8 6 2
‘hita 132 10 12 154 64 2
Tekyo Y (o) 0 L 2 6
Kanegaws 7 6 1 14 1 1
Niigata' 21 8 4 35 15 2
Toyema Lo 5 21 10 5
Ishikeawa . 20 7 3 30 20 1
Pukui 30 15 6 51 14 2
Yamenashi .29 18 6 53 32 5
Nagéno 21 20 - 7 L8 25 6
¢ifv, 20 2 2 2l 16 L
Shizuoka 28 10 - 4 42 11 v 2
Aicti .39 8 5 52 . 12 2
Mie: ~ 7 3 1 11 6
Shige 20 10 L 3L 20 1
Kyoto ¢ 18 45 11 Th 1 3
(saka ..-10 15 3 28 13 11
Hyogo © 61 .30 10 101 65 6
Nars 53 3 6 62 34 ‘
Viakeyama . 110 20 5 35 9
Tottori 40 50 i, 104 28 L
-| Shinene 155 18 13 186 36 3
Okayama 128 9 1 151 10 2
Hircshima ©187 18 20 225 80 13
i-| ramaguchi 40 6 5 51 |- 32 L
| Tokuishime 150 6 6 62 37 6
Kagewa 28 1 3 32 1 1
Ehine 61 L0 10 111 36 7
Yocti .19 10 4 33 ; 18" 1
Fukuioka 18 15 5 38 18 3
Sage. 0 0 0 0 1
Nage.sakl XL L 2 20 10 .1
Kumemoto 50 L 6 60 28 1
161tc 0 18 L 22 18 1
Miyazaki L0 13 7 60 23
Kagoshima 11 17 5 - 23 9
Okirawe 0 0 0 0 0 0
Total 1533 557 244 2330 947 110
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Table ITI(C)
COST OF PINE ROOT OIL, NEW AND OLD

Productie Production price’? Selling price of
. i’ for 1 To j regulation organs
: 014 New Per cent 01ld New Per cent
Increase ‘ Increase
Crude pine root 11.50 | 31.50 173 12.00 | 33.40 178
. oll : ‘
Total pine moot 10.00 | 25.90 159 10.50 | 27.45 161
oil and tar ) :
Pine root tar 9.20 | 22.20 | 12 9.60 | .23.55 14t
Rope tar 110.70 | 28.00 162 11,20 | 29.70 164
(. Note: 1 To =18 liters
Table IV(C)

DRY DISTILIATION DETAILS

Teaperavars  (°C) Distillate froa Tar-Separator Distillate from Cooler Fml

Tice | Oeater of Rriort Soparator Cooler Inlet JCooler| Sw |01 [swm [Tar [8;  [Prrolis.] s.6. | 5m s foil | 5.6. | o= [tar | sa |Prrolte) 5.6 3 |2 (2
: | (ote2ock) Y L P Py Tator (kg)  §(ec) [Que) | (eed | Q) | (ce) ¢ |ue) {kg) |fec) (14e] ((ee){rae) | (ec) (122) [} {0eg}
| oo v |
] omo 1 |1
0800 w |
0830 38| 39:| 12| n
0300 ss| s s [ 9 B
0930 79| w0} 8} a8
1000 0| e |9 ) 8.k |2100 |21 6300 L) 63 | 1 1025 1.@s ")
w30 53| 65200 | ve 7.7/16.1 | 1010 | 3.1 ~ |ewo |nawomio | 15 | wolowa| ow| | | Om [Loaw]zws| |
2| 1100 96 | '}-98 ;95 | 65 | &9 Lo/26.5 130| 0.13 | 4270 v a7 9/10.,5 | 2860 {0-B3U: | 2,99 [100 o.100 | 60L0 2.435
130 o1} 9] 95 |95 |60 | 95 3:.0/2.5 w]| 0.2 | 2:30 |1.007[20.2 | 9.8/20,3 1600 [0.e58. | 459 70 [o.170 | A6 fr.ousie.se5 ] 1o
1200 1051 95:4 9% |95 0|98 .6 | 2.8/26.3 2600 oo i23.0 [i.5/36.8 | 3050 fu.eses | r.é. 13.493 23.015 n
,‘ 1230 ny7{usf 95 |95 7% | 98 16.5 | 3.2/29.5 380 0.58 | 2800 {1.012 {25.82 {18.8755.6 | 3480 |0.9397 | 11.12 15.322 | 1.008 | 45,335
O 1300 wy |l 9w | w7 | 7 fws 17.0 | 5.4/34.9 3000 | 3.58 | 2100 i |#8.22 |23.2/78.8 |e130 j0.9832 |19.25 15.073 %.405 [ 16
:, 1330 10 | 215 o |8 |12 0.5 [12.2747.1 p2200 | 15.78 26.0/10,.8 | 5300 }0.969- | 24.55 20,709 §L.017 { 70105 N
1,00 185 250|200 | 94 | 72 |32 25.4 | 9.2/56.3 9200 | 24,98 : 21.5A2,3 5050 |1.0142 [ 29.6 16.453 47.555
uR 205 | 257:|10 [ 95 | 72 | & 22,5 | 8.8/65.1 . 8200 | 33.78 i 13.5439.8 | 3600 {05032 | 33.2 2.9 | LAG| 77.455
1500 21| 269:0232. | 95 | es | 69 |20 | 9.2/n3 9200 | 12,98 b 12.5A2.3 | 3450 |1.0032 | 36,55 3.053 hoe,s0s | 10
1530 282 [ 280if153 | & [ 9% | 58 23,0 | 5.2/79.5 5200 | 48.18 : 14.0466.3 | 3400 |1.0625 | L0.05 10.603 | 1032 117.105
1600 33 |2m:f152 {7 | 75 | a6 22.5 | 3.4/82.9 3400 | 51.58 \ 12.0178.3 | 4800 {1.0435 | ba.85 7.20) {2,305
1630 310 Jaoo | 56 | 4e 20.0 | 1.0/83.9 1000 | 5258 ; 1.5479.8 | 350 45.20 1159 hoc.is5y
1700 oo | '™ w0 17.0
110 : % | =

0.830: Firat Drop of Pyrolignecus Liq. from Tar Semrator
:  Pirst Drop.of Tar from Tur—Seperator

1025: Pirst Drop of 0il from Cicler

2220: Fon—Condensed Gas i3 beginnirg to burn at Pire Doar
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Table V{(C)
. TEMPERATURE DISTRIBUTION IN CARBONIZATION RETORT
' FEED: PINE-STEM

©

Ti;ne » Temperature in Retort (°'c) ) |
(o*cilock) 1 2 3 L 5 6 | 7 g 9
- 0900 29 27 | 36 33 L5 53 | 43 ey 56
0930 37| 3 | 49 | 4o | 56 | 8o | 55 | s | ™
1020 51 L5 60 53 70 93 | 62 62 85
1030 57 53 70 62 87 106 | 65 71 96
1100 6L | 62 85 68 90 | 117 93 75 | 103 '
1130 70 68 9 | 73 92 | 115 80 82 | 103 5?"20""
1200 | 77 T 99 82 | 115 | 140 85 89 | 106
1230 6. | &1 | 105 g, | 118 | 128 g8 93 | 100 —
1300 87 | 8k | 113 88 | 125 | 1k 90 96 | 102 -
1330 93 g8 | 132 90 | 128 | 165 97 99 | 115 loguf L o
© 1400 92 g5 | 135 93 | 140 | 203 | 102 | 102 | 140 LI NE
w30 | 92 g5 |“138 | 93 | 145 | 228 | 108 | 108 | 150 sf
-1500 92. =1 87 | 150 96 | 156 | 238 | 113 | 120 | 158 ,~% §1¢
. 1530 98, 85 | w6 | 100 | 170 | 257 | 117 | 124 | 167
~ 1400 100 ge | 150 | 101 | 173 | 277 | 116 | 131 | 180 & 3:1
1630 | 100 88 | 17 | 100 | 160 | 257 | 127 | 136 | 180 U
1700 | 9% | 86 | 163 | 105 | 180 | 287 83 | 102 | 201
1730 g7 { 126 | 150 | 110 | 180 | 288 | 123 | 165 | 212 HEASURING
1800 - 103 90 155 115 187 283 | 152 180 213 POSITION
1830 97 92 | 146 | 117 | 188 | 283 | 153 | 185 | 219
1900 102 95 | 175 | 125 | =02 | 303 < 156 | 218 | 234
1930 102 | 98 | 177 | 134 | 230 | 326 | 165 | 220 | 23
2000 107 | 102 | 158 | 44 | 21 | 331 ) 168 | 227 | 250
2030 125 | 204 | 152 | 162 | 245 | 303 | 183 | 226 | 238
2100 17 | 107 | w3 | 175 |27 | 296 | 173 | 213 | 230
2130 10 | 120 | 156 | 192 | =262 | 322 | 202 | 212 | 258
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rable VI(C)
PROPERTIES OF PINE ROOT 0IL

Crude pine Pine root Total £ine root

root 0il tar oil and zar
Specific’ gravity (a%0) 0.964 1.070 0.990 °
o150 3.4 (0.6) LeO(La5)* 3.7(0.8)% |
E? 150-200 50.5 5.8(1.2)* ) 31.0
g 2@0-250 11.2 6.0 |12
2 |250-300 11.2 9 7.1
E 300-330 10.3 555 | 355

Residue {(in 100cc) 19.1 gm 15,2 gm 19.0 gnm

* Numbers in bracket show water content.

Table VII(C)

RESULTS OF WASHING AND CORROSION EXPERIMENT

'

f ; Corrosion with Mild
Degree of Acid Equi- Steel Pieces (3), Yolume De-
Washing (1) . valence(z2) Weight Loss: (gm) creased by
N-NaOH cc Washing
: Room Tem- | 140°C
perature
Totel pime | no washing 10.25 0.0584 0.0510 -
root 0il | 3% NaCl-solution Lok5 0.0159 0.0221 2
and tar 3% NaCl-solution 2.10 0.0106 0.0063 5
‘ 1% Ca(OH)z- :
solution
Crude pine | no washing 7.70 0.0477 0.0529 -
root water (once) 3.55 0.0272 — 2.5
oil water (twice) 2.50 —_ - 0.0108 k0
1% Ce(OH),- 2.10 0.0045 0.0049 4.0
solutlon '
Noﬁés: i
1. The oil is washed at 80°C with an equal amount of. liquid.
L2, Acid equivalence indicates :the amount of 1IN NaOH sdlution

| ‘neutralizing 50cc of the fractiOn below 250°C,

3.

Corrosion test with mild sﬁeel pieces are carried out with
test-pieces weighing 30-34 grams.
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Table IX(C)
DRY DISTILLATION OF JAPANESE CYPRESS

Products
Month | Number of | Materials Crude | Pyroligneous | Tar (1) | Chercoal
| Retorts (xg) ?i% © Liquor (1) (kg)
‘ 1l h
7 15 4137 468 | 1304 - 100
87 'I. 39 11607 988 y L259 — 2688
9 | 3 10100 739 | 4208 51,7 2268
S0 100 g 25 6913 791 : 3400 38.1 1652
L 11 = 22 - 6380 587 , 2865 37.5 1487
12 19 54,0 523 . 2LL2 33.0 1294
Sum 154 L4579 5090 |- 18514 160,3 9498

Table X{C)

! RESULTS OF E{TRACTION
Tree f Yield (%)
Cyptomeria . 15.5
Leaves " Pine . : 10.9
_ Japanese cypress 11.6
Cyptomeria -f 3.55
= Twigs ' Pine . 6.11
- Japanese cypress 2,88
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Table XIIX(C) :
DRY DISTILLATION OF BIRCH BARK

Product Yield . Per 1 ton of ai:1
%y dried bark (kg)
Tar 49.5 495 =
Water solution 17.5 175.7
Gas 13.4 100 m’
Charcoals 20.7 207.2

(See page 168 for Table XITT(C).)

1

Table XIV(C)
DEMAND AND SUPPLY OF PINE RESIN .

Amount Amountf
Produced -| Dsemanded Note -
{ton) (ton)é

Japan | 1,000 28,000 Chiefly imported from U.S.A.
Manchukuo 7 - 500. Chiefly imported from U.S.A.
nhinéf ;500 3,300 Chiefly imported from U.S.A.
French China 1,300 " 400 Exported to Japan ]
Sumatra 9,700 - | —
Java, _— 13,000, Imported from Sumatra
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E‘HCLOSUR[? (c)

) | Table X7(C)
| DRY DISTILLATION OF PINE RESIN

7%

Experi~ | fit. of Raw Materials(gm) | Distilled | Yield Ratip % B/ 0il Distiliec
ment — Amount per weight:of " -
No. ."-" Resin Clay (ce) Resin : Appearance | Sp. Gr. | Acid-Value | Iodine Velue
L Slightly -
Lol k0 25 35 63 green | 0-%02% | L8 2.9
[ - E Transparent .
2 ; 50 50 32 57 : Blus-White 0.8858 0.9 24,2
- | Transparent "
I 3 s 100 25 b Seibite | 0-8751 - -
ﬁ 2 3 Transparent
i b ; 0 200 121 o7 iy Blue-¥hite 0.9009 23 - 2.3
! , . Transparent —-
5 ;‘ 200 300 96.5 L2 i Blue_iihite 0.e739 0.6. 19.0
; e , Raw Material o011 (1) Acetone | Sub-
i Method * Methapol | stitute
o o Kind Amount jGasoline | Light 0il | Total| (2) (1) | Gasoline}
) : (1) : |Heavy 0il (1) +(2)
: . - (1)
- Na-pulp waste ) ; i
© | Catalytic solution é °
i | eracking + 1,000 |80-2207¢C |200-300°C | 32.76 | 2.74 19.37
“ R wood waste 10.63: 22.13
(ke) ,
B Boiled water ]
Dry- " (kg) f
distillation 1,030 378 5.62 9.40 3.13 6.91
: =1 kg wood : ‘
piece

e Notq: Amounts were assumed from éxperimental results. Raw
, material was a concentrated waste pulp solution mixed
with 10% waste wood. j ’
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A KNOT REMOVED - |

Figure 5(C) Figure 6(C)
INCLINED BAMBOO COOLING TUBE HORIZONTAL BAMBOO COOLING TUBE

GOOLING-
TUBE

J) S

COOLING
' TUBE

Figure 7(C) Figure 8(C)
VERTICAL APPARATUS HORIZONTAL APPARATUS
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PERFECT CARBONIZATION

OILS HEAVIER THAN WATER

TAR FRACTION

BEGINS TO o>mw02._Nm ‘
CRUDE OIL (Be28°)

(EVOLUTES GASES)
. GRUDE OIL (B¢30°)

cmccmo__u %mmm
BEGINS TO

_ CRUDE OiL. GONTAINING
“ﬁc._.._.mm BEGINS TO xcz

Figure 9(C)
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. Figure 10(C)

CURVES OF THE TEMPERATURE OF RETORT,
FEED OF DISTILLATE AND THE SPECIFIC GRAVITY OF DISTILLATE
The weight of packed pine root--left 24 8kg., rignt 253kg..
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.
BOILING PAN : BOILING RETORT
|} (DRYING RETORT)
-
Nl
) P 2]
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1 /// 7
Y/ /%74 g

SN ] GRATING

= Figure 13(C)
BOILING PAN OF PYROLIGNEOUS LIQUOR
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MITSUBISHI RESIN-0OIL FACTORY

SHIMABARA, KYUSHTU
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SUMMARY

The Mitsubishi Resin-oil Faotory, SHIMABARA,. Kyushu, wasg
visited by the Petroleum Team of the U. S. Naval Technical
Mission to Japan on 18 October, 1945. Data obtained, in-
cluding informatioa concerning . management details, equip-
nment, detalls of manufacture, and type of products, are
presented herewith.

This plent 1s typical of units set up by the Japanese gov-
ernment throughout Japan for the purpose of preparing plne

. root oil by the dry distillation of plne roots. This oil
has been used as an emergency fuel substitute for various
types of gasollne . engines,

- I. INTR DUCTION

The Mitsubishi Resin-011 Factory is located in SHIMABARA, Nagasaki b
Prefecture, Kyushu. The plant is located about one mile west of SHIMABARA on
the road to UNZEN.. Mr, ISHIGARA, the Business Masnager, was interviewed by
the Petroleum Team on 18 October l9h5 and assisted in supplyipng the infor-
mation presented hereswith. v

- II. HISPORY AND ORGANIZATIQN

The Mitsubishi Resin~-0il Factory at SHIMABARA was established at the re-
. quest of the Japanese government in June %945, The plant is typical of a
"large group of such plants which wers set up throughout: Japan during 1945.
This factory is a unit of Mitsubishi Denki in NAGASAKI and 1is directly coa-

{ trolled by the parent organization. It was origlinally designed to manufacture
© tar paint and solvents for insulating matarials.

Details conceraning the evaluation of the property and equipment are pre-
sented in Appendix I. .

. III. PERSONNEL

3 The: Director of the factory is Mr. huichi IuHIGURO. There a total of 55
 employees in the organization, 34 of whom are shop workers and the remainder
comprise the office force.

i

. IV. DESCRIPTION OF PROCESS

i - Pine roots are dry distilled by heating in metal retorts. After distil-

© lation the charcoal is used as fuel for heating the next batch of roots. The

. products of the distillation are pine tar ‘and cruae oil. The tar Is collectedr
in metal containers attached to the retort outlets and the oil is condensed sy
circulating in metal pipes through a large cooking tank.

. The tar and the oil are then distillad in separate units. The oil is
;. frdctionated and one cut is prepared which has a boiling range of 1200C-230°C.
¢ This cut is called "Turpentine Number 1", : The remaining oil is mixed with the
© tar and distilled off by simple retort- type, distillation. The product is

' called "Purpentine Number 2" and has a bolling range of 2300C - 380°9C. Both

© o0ills are neutralized to a phenolphthalein ‘end point with a 5% caustic soda

L solution. The residue is pitch for which there is not useful application at

? present.

; At bhe time of the inspection of this plant the fractionating column was
‘' not available for inspection, since it had been corroded beyond repair.
. Scarity of materials had prohibitedvtpe construction of a new unit,
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V. i_PBODUGTSfAND PRODUCTION CAPACITY

* The prineipal products are "Purpentine No.. 1" and "Turpentine No. 2".
Pitch is a by-product of the process. Intermediates of interest are the crude
0il ‘and pine tar which are obtained during the process., Fint semples of each
;rade of turpentine and the two intermediates, ‘and & sample of pitch were
obta@ned and are belng sent to the Ordnance Investigating Laboratory, Indian-
head, Md. for forwarding to the Naval Research Laboratory, Anacostls, Md.

(NavTechdap Serial No. JE-26-0007, Items 1-5)

i The normal monthly production of the planf;is 40 drums of No. 1, 60 drum-
of No. 2, and 2 tons of pitch. At the present time none of the material has
beer. shipped and the entire production is*on hend. The stock on hand is 151

druns of No. 1, 58 drums of No. 2, and approxmately 10 tons of pitch.

¥I, PRODUCT APPLICATIONS

 mpyrpentine No. 1" is used:as a solvent,.or mixed with alcohol, as a
fue) for gasoline engines. "Tyrpentine No. 2" 'may also be mixed with alcohol.
and used as an automotive gasoline engine fuel or, without mixing, it may be
used as fuel oil for small craft. AL the present time there is no application
for! the pitch:.'formed during the distillation process.

i A simplified material flow diagram, showiﬁg proposed applications of the
‘'various products is presented in Appendix II..This diagrem describes proposed
plais and has: not yet been incorporated in the. 'actual operation of the plant.

i

VII., CONCLUSIONS

~ This plent is typical of many similar units which have heen set up by
the'’ Japanese government, altho the fractionating temperatures differ some-
what from thcse established by the Japanese Navy. As such it is of interest
sinze the existence of these plants indicates the acute need for any material
whizh could serve as a gasoline engine fuel.
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QHTLINE,OE_MITSUBI§HI”DEHKI,LﬁHlMAEAE&;ZQlQl

(As submitted to the U, S. Naval Technical
Mission to Japanu)

1. Name - Mitsubishi Demki (Shimabara Kojo.)

2. Director - Kuichi ISHIGURO

3. PFactory Management - The pliant is a branch of Mitsubishi
Denki in NAGASAKI. The parent organization controls
the finance, processes, raw materials, and products
of subject plant.

4, Date Established - June 1945

5. GCost of Land, Buildings and Equipment - 375,000 yen

6. Products and Product Applications .
&, Turpentine No. l ~ Fuel, Solvent

b. Turpentine No. 2 - lMarine fuel

¢c. Pitch - (By product; no application)

7. Monthly Production Capacity

a, Turpentine No. 1 40 Grums (2000 gel.)
b. Turpentine No. 2 60 drums (3000 gel.)

c. Pitch 2 tons
§. Pine Root in Stock »

a. Turpentine No. 1 : ‘151 drums
b. Turpentine No. 2 58 drums
c. Pitch } 10 tons

9. Intermediate Products in Stock
a. Crude Pine Root Oil 129 drums
b. Pine Root Tar ' 539 drums

10. ZEmployees - 55
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APPENDIX II
PROPOSED MATERIAL FLOW DIAGRAI
SHIMABaRA RESIN-OIL F,-;CTORY

PINE ROOT

l

RETORT DlSTlu_ATionq

l

CRUDE OIL
PINE TAR
Y =
FRACTIONATION
r1. 200°G MAX : > 59
1 | 20% 10% : 35% 3 (PITGH) v%
1 ; ! !
I L : |
| |ACTIVATED;| - J ; -
1 |cLAY | . - }
| |TREATMENT|. I - |
i ‘ l -1 : 3 L
! i P ; -
I o . : l ! . 4
| 1 HEAVY ANHYDROUS TAR |
|| ARCRAST FUEL -, FUEL FOR FUEL OIL FOR BELT DRESSNG|
| | MOTOR FUEL , BOATS. FOR SHIFS LUBE OIL, AND !
= | " , : PAINTS o
i . i
| .
I - Z — |
| JToBEMXED | |

)
!
ok

WITH ALCOHOL
FOR_MOTOR FUEL

DCTTED LINES: REPRESENT ALTERNATE APPLIGATIONS
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\

(Forwarded through ATIS to Waéhington Document Center)

NavTechJap No.

| ND26-0010
ND26-0018.1-2

ND:26-0020

ATIS Mo.
L581

4589 .

4591

Titls

"Pine Root 0ils," published by
First Naval Fuel Depot, OFUNA, 30
January 1945 (Translation included
asg Enclosure C)

Reporf of laboratory and pilot plant
results in processing pine root oil
for the roduction of eviation gas-
oline. %Iilke Synthetic 0il Co.)

Preparation of aviation gasoliine

from Japanese pine root oil.
{Imperial Fuel Institute).
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EXPERIMENTS ON COMBUSTION

OF PINE OIL IN TURBINE ROCKETS

by
YO0ZO NOGAMI
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(These experiments were carried out at the Institution ot Technicel Reserve

fé& of the Japanese Navy from June 10th, 1945 to August 15th, 1945.)

A. Description of Apparatus Used in Experiments

1.  Axial flow fan--20 stages. Efficiency 85% (Iull load). Capaocity;
2.26 kg/sec at atmospheric pressure (8,000 RFM).

2. Starting motor--50kw Shunt typei

3, Model combustion chamber--1/12 of the original size, not geometri-
cally similar. Made of mild steel plates l.5mm thick,

h.”’:Fuel injection nozzle-~Solid ihjebtioh type and air injection type
weie both tested, ;

5.f Fue% %ump--IMOHpump {worm gear,f&pe). Maximum ﬁelivery pressure
20 kg/cm~ (gauge). :

6.f Fuel tank--Prpvided with levelzindicator to show fuel consumption.
7. Fuel preheater--5kw electric fﬁ%nace. '
{ 8.{' Air'compressdr for injecting afr--lOth reciprocating type.
| 9.f Air reServoir.> _
1. and‘?..were takenvfrqﬁAa Velox boileridesigned by Brown Bovery & Co.
; “Followihg quantities were measureds
o -~ Amount of air with an orifice.
and (b)

{c) =~ Pressure and temperatureiof fuel with a Bourdon gaugé.and a
mercury thermometer.

(d) -- Pressure of 1hJeotion ai# with a Bourdon gauge.
(¢) -- Temperature of gas usingfa Pt-Pt*Rh thermocouple.

5 (f) -- Temperature and edmpositﬁon of gas using an Almel-Chromel
) X thermocouple and an Orsali gas analyzer.

(g) -= Preésure,'témperature,and velocity of air using wéter-cclumn
menometer, & mercury thermometer and a Pitot tube,

- (h) -~ Amount of fuel by reading displacement of level indicator
during a given time, 4

(1) == Amount of air injected using an orifice.

Figure:Z(F) shows the detail of a model combustion chamber and Figure 3(F)
a rough: sketeh of fuel injectlon nozzles,

B. Ezperimental Conditions

-1y Kind of fuel ~-- Pine Root 0il (heavy; cruds).
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2. Fuel/injection nozzle -- Air 1njection type.

Air pressure-2.5 -4.0_kg/cm? (gauge)
01l ‘pressure-10 kg/cm2 (gauge)
Solid injection type- 2 :
011 pressure ~15 kg/cm' (gauge).

fﬁ. Pressure in combustion chember -- Atmospheric.
.4. Amount of combustion air -- TUp to 2.25 kg/sec
By - Amdunt of fuel -~ Up to 20 gn/sec C

6. . Alr ratio_-- Before the cone 16-20

After the cone 90-110.

' 7. Maximum combustion chamber lead -- 12 000 kg of fuel/mS of

‘combustion chamber/hr.

QB. Temperature of gas &t the outlet of tne chamber ~-= 500°C -800°C,
‘9; Preheating of fuel -- Up to 90°C.

Summagy of Results

- 1. Crude ‘pine root oil burmned fairly well in this type of combustion
chamber,  The following two ‘short-comings were noticed:

a, - ‘The oil contained & large amount: of impurities so that the
capacity of the fuel filter should be increased.

b As the 0il was rather viscous, iﬁ was necessary to preheat
+1t, 'and after coollng down, the fuel line was frequently clogged.

‘2. Heavy pine root oil was much more difficult to burn than erude

. pine root oil. So0lid injection type nozzles were unsuitable, and air
“injection type whould be adopted, though the 1atter required an

gadditional COMPTresSsor.

; 3. The type of combustion chamber now in use gave satisfactory results.

By the ccoling effect of the secondery air, the chamber wall was kept at
‘a compargtively low temperature, and the cone gave good mixture of
primary and secondary air.

4, A ccmbustion.chamber load of 12,000 kg/m5 hour was possible even
" with heavy pine oil ( using air 1nJection nozzle ). But by using these
“ fuels inien actual engine, many difficult problems-will be encountered

§ as menticned above,

: Conference on Fuel Test for Ges Turbine Roékets, at the First Raval

Technlcal Arsenal, Junle 16, 1945

1. Purﬁbse of Conference: To discuss the possibility of utilizirg pine
i root oil for gas turbine rockets and to decide the method and reseerch

period for the experiments, . - ) -
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ae

be

‘root,oil alone,

. Combustion tests with solid
« injection nozzles.

; Combustion tests.with air
‘ injection nozzlese.

Ttem Ple.ce and Appointed Dete
Personnel of Completion
{1, Combustion tests with old type At HATANO Branch
engines, Arsenal .
a., Heavy pine root oll. i _ .
-~ Heavy pine root oil alone. Lt: Cmdr. June 18th
Heavy plne root oil and NAGANO
gasoline (90%, 80%, 70%) S
b. ' Crude pine root oil. o
i Crude pine root oll alone. Lt. Cmdr., June 26th
~.Crude pine root oil and NAGANO
" gasoline (90%, 80%, 70%)
2, Combustion tests with improved At TOHOKU
engines using heavy pine oil Imperiel
end :gasoline, University
a. ‘Blementary researches with AProfessor July 25th
- mofels. TANAZAWA
be  Tests with actual engines. | At the Insti-
‘ tutiion .of Tech-
nical Research.
Lt, NOGAMI
3° Combustion tests on heavy piné 4

Progress on: Development of Combustion Chambers (cf. Figure 4(F)), in Actual
; “Engines,

No.fPecﬂliarities

Al(cmz)

Az(cm )

Agfihy |y (em?)

ag{cm®)

as(sz)

as(cm?)

1

Unburnt fuel
drops: come out
of chember,

278

- 254

0.%32 270

180

342

228

Form 'of cone
altered,

No unburnt fuel
but teock firing
oeeurs,

a7%

338 -

263

180

449

293

To avaid back

firing, the

secondary &ir
passege area
wes ¢iminished,

a75

338

263

180

270

180
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Results of Tests at the First Naval Technical Arsenal {cf.

RESTRICTED

(B),1,(a).

Test .'L Fuel Starting | Acceleretion Full 2gﬁﬁff§°°f
-Noi - ; load Fuel
Heavy'fime Gasoline
Root Oil. : -
1| s0%. 20% Difficult | Impossitle | See Note 0.945
2 70% - 304 | Basy See Note See Note 0.919
5 | eof 40% | Basy Possible Fairly good | 0.915
4 | 50% . 50% | Easy Easy Good 0.858
 5 i ; 30% 8 70%- Basy Easy Good 0.835
6 104 - 90% | Easy - Easy Good 0.755
7 | 100% Crude Pine 0il Easy See Note Fairly gvod | ©.047
Noté: No. 2.And 7 of Acceleration is~--Possible but difficult.

Remarks. ]

?Figure 5(?) shows the relation of:

‘No. 1 and 2 of-Full Load is---Required power developed, but gen-~
eral conditions are- unsatisfactbry.

1.

2e

1njection nozzles,

necessary.

3.
oil.,

’4.
S,

‘Heavy pine root oil with more than 60% of gasoline cén be used
in antual engines, -

100% crude pline root oll showed unsatisfactory results In solid

Therefore, studies with air injsctlon nozzles ere

Fuel. comsumption B(lit/hr).
Pressure in combustion chember P3 gkg/cma gauge) .

Pressure before diffusor Py (kg/cm

. Tempsrature in combustion- chamber Tx {OC).
Temperature before diffusor Tq {oC).

gauge) .

Eto”the rotating speed of turbine in the seme experiment.

40

5.
‘are shown in Table II{F) and Table III{F) respectively.

The quality of pine root oil used in the experiment .

Fuel filters made 0f silk cloth are unsultable for pine root

Mnltiplate filters used in the. tasts lack in capacity.

Solid ‘injection nozzles used in 1he test are not satisfacbory.

The analyses of crude and heavy pine root <¢il used in our institution
fare given in Table I{F)}.
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:_xotafiona used in Table II(F) and Table III(F) is as follows:

V--Speed of blower (REM) ;
Pa--Pressure of injection alr- (kg/cm
Ps--Pressure of fuel (kg/om® geuge).

t5--Temperature of fuel. (OC)

f ta--Temperature of air, (©C)

' P--Temperature of gas at -the chember outlst. (©C)

-=Fuel consumption. (gm/ssc) .

W--Speed of air at the chamber iniet (m/sec)

2 gauge).

" Tabdble I(F)

PROPERTIES OF PINE ROOT OIL

_ C | Eme | R
‘Specific Welght {15/4 ©C) 0.9769
Reection = ~ Actd | Acid
;Water Content (%) 50_.74, » 1.3‘

" |Flesh Point (0G) T 5.0 ' 56.0
Freezing Point (°C) ~ Balow - 20°C Below - 209G
Ash Content (%) o 0,011 . 0,139
Viscosity (S) R-1 30°C s '190.2

- |Cetane Rumber ' 22.4
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Table IMF)
RESULTS OF COMBUSTION TEST WITH AIR INJECTION NOZZLES

¥ v | Pr Pa |tp| te [T | Q | W Color Length of
Tiime : - -of Flame
\ RFM . |kg/cm? [kg/em? ©C| °C {9C '|gm/sec|m/sec Smoke (cm)
16.05 {1500 | 15 2.5 |28|36.4(398]| 6.54 | 119 _ 65
16,10 |1100 | 15 | 2.5 [32|36.0|422| 7.85 | - 98 ‘ 80
16.13 [1100 | 15 | 2.0 ' |34|36.0[448| 8.76 | o1 66
1¢.17 |1100 | 18 1.5 |36|36.0(530] 9.40 ] 91 70
16.20 |1100 | 15 | 1,0 |38]36.0(565| 9.57 o1 faintly black 70
16.27 [1500 | 15 | 2.5 |41|37.0/397| 8.13 Qegk?intly black 66
16,33 |1600°| 15 | 2.0 |42]37.0[410} 8.81 | 100 kaintly black 64
{1600 | 14 | 1.5 |42|{sv.0|a02| 8.47 | 100 Paint1y vrack | ee
1600 | 14 | 1.0 |42|37.0|515| 8.91:] 99 [Faintly black’
00 | 15 | 3.0 |45(34.0|545| 9.34 .| 70 [Faintly white 80

700 | 14 | 2.5 |45|33.5|528(11.05 | es 80

l16.49 | 700 | ‘15 2.0 |45|34.0|555| 9.34 | %0

17,00 | 700 | 15 |1.5 |45|34.0|572| 9.81 | 69

17,01 | 700 .15~ | 1.0 |45|34.0|598| 7.95.| 68 |[Faintly black

17,02 | 700.| 15 | 0.5. |46|34.0(730| 8.17 | e8

7,05 | 700 | 15 lo.5 |46ls4.0[752]11.12 | 65 | 60
" Fuel: Heavy pine root oil No preheating.
. v . - . . . .

; Table III(F)
RISULTS OF COMBUSTION TESTS WITH SCLID INJECTION NOZZLES

. L Pp Qe 173 Qo Qi T Lengta of
. |No - P o Flame

§ REM kg/em® | em/seec | °C | gm/sec | gm/sec ¢ oz
2 | 200 | 13 14.1 | 38 226 | 162 | -850 75
12 1150 10 10,9 | 42 | 202 210 510 75
-3 1690 10 10.9 | 42 234 241 840 50
s | 1600 8 9,9 | 41 246 247 | 470 - 80
Is 1600 | 8 10.4 | 41| oes2 229 530 58

Fuél: Heavy pine root oil, No preheating = Solid injection

i
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o
' Ljecting air
©
-
A . v
??__TF‘ ' _l A
@ ‘ 19
A L -~ &

Figure 1(F)

APPARATUS O EXPERIMENT
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|

SOLID INTECTION TYPE . _AR INJECTION TYPE,

Figure 3%(1:)
FUEL NOZZLES

“Figure 4i(F)
COMBUSTION CHAMBER
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