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CHEM. ENG. COMDR. H. FUJIMOTO

INTRODUCTION ~
- About 6000kl of pine roof oil were produced in Japan in 1944, not including
8000kY” of - pine wood oil.produced in Korea.. These oils were used in solvents,
" flotation oils, drugs and cable oils, and elso found applications in the rub-
_ ber industry. No consideration had been given %o uge-of pine root oil for
fuel,” except for studies on the dry distillation of terpens .oll with acid olay
by Prof. K KOBAYASHI of Waseda University (Jour. Ind. Chem. Japan, Vol. 28,
Ps 463). A 158-161°C fraction of pine root oil wes distilled with ‘an equal
amount of acid olay, end an oil having a petroleum like odour was obteined in
yleld of sbout 80% of the originel feed. The reaction product contained 50%
of olefines, and arqmatics, end 50% of nephthenes. It was considered to be
the decomposition product of intermediate ‘polymers, produced by the action of
~olay-on- terpenese - e e

In August 1944, research on the dry distillation of pine wood end pine rosin
was started at the First Naval Fuel Depot, to meet the urgent demand for fuel,
-especially aviation gesoline. Laboratory experiments on this subject were mede
by Chem. Eng. Lieut. Comdr. M. KUMAMOTO (See Enc.{B)2), and the following re-
sulte were obtained. ' S B

{a) The yield of tar increases with increase in heating temperature, and
reaches a maximum at 440°C. o
(b) The yield of ter end pyroligneous iiquor'increasés'aﬁdvyiélds'or
chercoal and gas deorease with the inorease of heating rate to 4407C.
- (6) The yield of ter indreeses with sge of the roots, giving best ylelds
-~ from roots over 60 years old. - E

The aversge yields of dry-d;stilled'produots from pine wood were found to be

as follows: E. .
Ter 0!.0'0"0'..l".'....p..!.'.!.'0'.'..‘ 4.5 Wto% of wood.
Ter in pyroligneous 1iquor ceeessssessse 5e0 wt.% of wood.
Acetic aoid in pyroligneous 11quor esse. led wt.% of wood.
Aoetone in pyroligneous 1iqUOT eesesecse 0.1 Wh, of wood.
Methanol in pyrolignesous 1liQuUOT svessses 0.4 wt.% of wood.
o

~ GRATGOBL seseveoscsaresssssascnssassnsesl?s0 Wb of wood.

ly investigated from the stendpoint of utilizing civillan techniques and
avoiding largé scale plants that would require long construction periods.
Chem. Eng. Lieut. Comdr. R. YUMEN constructed several types of model retorts
at OFUNA to compare their merits. Pilot plant tests on hydrocracking of pine
root oll were also investigated. . -~ - .o

Simultanapusiy with these experiments, designs of commefcial biants were wide-

\
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The oxperiments on pine root oil retorting were continued by Chem, Eng. Liéut{ -

e retort wag seleocted as the standard, ' -

This retort treats 350 kg of ‘pine root per dey and produces 10 Kkl of pine. root
oil per year. Data on commercial operations of this retort are.reported in
(Enc.(B)1). . A plan for erecting 36,000 retorts-all over the meinland and pro-

duocing over 360,000 kl of pine root oil per year was proposed in December 1944..

Marine forces helped in the construction and operation.of the retorts, and in
‘June and July 1945, prouduction reached the-planned figures.

© A1l the"personnel:bf this Depot concentrated on the producing and refining of - -

pine root 0il in order to obtain aviation gasoline, fuels and lubricents.
Pilot plant hydrccracking end cetalytic cracking tests to produce aviation ga-
soline from various “fractions of pine root oll gave satisfuotory results. (See
Enclosures(B)5,(B)7, and (B)8). The aviation gasolines produced were subjected
to flight tests at the YOKOSUKA Air Base. (See Encs.(B)10,(B)11) -About.600
k1l of hydrogenated aviation gasoline was produced on & commerciel scale unit
" at the Third Navel Fuel Depot; TOKUYAMA. The construction of 21 small scale -
- catalytic cracking plants,-with a.treasting cepacity of 10 t0 30 kl of oharge
per day wes plenned (See Enc.(B)6), but was not accomplished. A research
study of catelytic reforming was also completed (See Encs.(B}3,(B)4).  The aim
of this process wes to minimize the gum content in the frection vboiling-up to
185°9C by the following reaction, &nd to use the product as an aviation geso-
line after blending with 46% of ethyl elcohol. o

PINENE  P-CYMENE

Extensive construction of smnll‘simpliried-commercial catalytic reforming
stills was started on sites near the pine root retorts, but only a few stills
viere completed by 15 August 1945. ' .

GENZRAL SUleﬁYi B o ) ) o
The yield of pine root oil veries from 10 to 25% of the cherée,:acobrding to
the ege of the pine roots. The products are usually separated into two parts,
nemely pine root tar from the tar separator and pine root crude oil from the
receiver of the retort. These two HfsEIIIates were produced in the ratio of
6:4, resp. Properties are es follows: ) : - '

Pine Root Tar:

SP- Gr. (20/1500) .Oooon'oot'oooto.oooootloooucll‘i074
Completely soluble in 10% caustic soda. -

Distillation (10mm Hg)

50 to 12000 0'0.000.'.'.l..‘..‘.'t.ll...‘0..15-%
120 to 15000 seevsscs 0008000000080 00vR 00 300%
of
of

150 to 820°C lcofovcco-cccco.vuoco000050000-130

Retidue -.ouny.-...n..'.-....-......-.....69.
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Pine Root Crude 0il: . '
SprGl'o ‘(20/11§°c"000lOOo'occoonp_litboli_poopo0.00 00974
n, SRR 10741 ) R XX 3 - RSO Y 1-1.1
Ester fval‘ue.. sosevsreseee o
E.V. after acetylation: secees:
.- Water soluble vessavessessiessesssresane .
lo% .soda_ﬂoluble:'-.lo‘xo“é“c‘;o“ooo’iooo'oo.'o'o'o'io'oooosscs%' .

ﬁistillaxion:.

150 to 200 'ooo'oot'qoo'o.uuo’-"ooo‘oroo’o‘.naooo 50}'5
200 to 300 :
Residus sessesnbescne

T eon 1909 aussesnesiiinsraraiienesisienes 4

n‘...'..g.nn‘.‘n‘.‘....23%

cseesteesseserende 22

The above two oils were treated togefher dgs total piné root oil;Abécauée,pine
" root tar solidifies in winter end is unsatisfectory for transportation.

Neutral oil, emounting to about 65% of ‘pine rodt'crudewoil-and-about»ls%fof,
totel pine root oil, has & density of 0,927, refractive index of 1.513, ester
- value of 29. This was fractioneted es follows: . - I

Temperature o¢ yield (Vol%d) - Remarks -
75 - 150 T 0.9 o
150 - 130 ' ) 51.6 ° ' . : Monotefpenes
. 190 -(130)8.5mm Hg' . 126 ‘Terpene-eloohol end - -
: . pesquiterpenes .
(130-200) 8.5mum Hg 16.0 i Higher terpenes
Residue- ‘ 17,0 ' . Higher terpenes

8. AKIYOSHI (Report of OSAKA Teohnical Reseerch Institute Vol 17 No. 10{1937)
found £~ pinene with smell emounts of dlpentens, 1imonene end P~-pinene in the
monoterpene fraction, and longifolene with small - emounts of P-terpineol and
'uﬁmminmewmummw&ﬂmﬁmyGMmEanmemuamsmouw
died the corrosion of steel by pine root oil, and concluded that it vwas meinly ™
due to the aliphatic ocarboxylic acids of C3, C4 and Cg etc., in the lower
boiling fractions. Corrosion by fractions boiling ebove 2500C was negligible.

P. HIRAIZWI of the Tekasego Perfumery Co. studied the dction of acid clay on
pine root ter end concluded that the tar consists .of two mejor components. One
of these is an aromatic ecid containing carboxylic redicels, and some hydroxyl
and methoxyl radicels, in the moleoule; the other is abletic scid. By the ac-
tion of acid clay, the former is decomposed as shown in the following formula:

OCHy = OCHy

OH OH o
< OCH, OCHy - OCH; OH -

 COOH -

and the abietio acid 15 changed to retene.

In preparing fuel oil from pine ;bot oil, the oil is divided into three parts
. by distilTatlon, i.e., the fractions, boiling below 185°¢, 185°C to 300°C end

17
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residusl-oil, : The residue, a viscous oil - solidiring in winter, is subJected
to further dry distillation to decompose the unstable oomponents.‘ The yields
of these rraotions are given in Figure 1(A).

““The residual 011 decomposes rapidly at 570“—390“0 accompaniea oy vzoxenn roam-

ing. ‘Pilot plant tests showed that continuous pipe~still distillation was. -

‘possible without any trouble at flask temperatures below 330°C. A smell scale

batoh-type still wes designed.to operate distillation and dry distillaetion suc-
. ceaslvely,. based on the following two. oonaiderations.

It 1s negessary to oonetruot oommeroial still near the pine root retorts end to
w~avoid troubles whioh shall--be due to- foaming, oaused by decomposition of.tars,. .

Several pilot plant tests on high pressure hydrooracking end oatalytic oracking
{using various frastions of pine root oll) were carried out to obtaein aviation-
gasoline. Experimentel details are reported in Encs.(B)5,(B)7. The yields of
of aviation gaaoline are summarized as follows:

(a) Hydrooracking. . .
u 50 to 80 Vol% of oharge using the fraotions boiling below 25000,
' 30 Vol% of ohergq»uaing~the fraction bolling from 185 to 300°C.

(v) catalytiq'Crdoking: '
" 50 Vol of oharge using ‘the fractions boiling below 185°C.
35 Vol% of charge recyoling the fraction boiling from 185 to 300°C.

The gaaoline obtainad from hydrooracking 1s a naphthenio base gasolina and has
an octane velue of 92 to 94 with 0.15% of lead. The gasoline obtained by ca-
talytic oracking is an aromatic base gasoline, having an octane number of 90
to 92 with 0.15% of lead, . Although hydrocracking gives better yields and pro-
perties of product, oatelytic oracking was adopted commercially since it was
more- sultable for rapid construction. Catalytic reforming of low boiling
fractions of pine root oil, reported in Enc.(B)3 was also studied as a means
of obtaining gasoline stocks whioch could be used as aviation gesollne after .
blending with ethanol. The overall scheme for production of aviation gasoline
from pine root oil” was plenned s shown-in Figure S{A}s = :

---The-dry diatilled product had following propertiea -and -¢ ould- be used in-diesel
or bunker oil,:

Sps Gr. (25/4) .......'.......u-"n-........\1.020
Pour Point D N RN YRR -18°C
Flash point S SC 3 AR AL LA R R R AR R R LR Y 77%¢
Viscosity (H-2 20 G) ‘esescscscsssssscsssselB0 BEO.
Conradson's Oﬂrbon Css0nvsssresstenraseviee 0.67$
ABh csscssccsosvsssisccsrscsscenssrsesccsce O 06%
sediment ‘......‘.’.'......‘."‘./.‘........ 0.02%
soluble in 10% caustio Soda '...............‘ 2

The oetane number of this produot oould not be determined by the C.F.R. engine,
owing to misfiring.

Attempts to obtain lubrioating oil from pine root oil will be unsuccessful be-
cause of. its aromatio nature, but the methods reported in Enc. (B)17 are pro-
mising. .

Research’ on preparing fuel from pine root oil was completed before the termina
tion of the war. It.is expesoted that pine root oil will becoms an importent
raw- material for synthetic- oamphor .and. menthol, in the tuture.‘-

8
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PINE ROOT OIL 100 VOL %

l DISTILLATION |

FRAGTION =~~~ "FRACTION . RESIDUAL OIL " .
UP TO 185°C 185-300° G . 52%

l 23%. S 22% l

| SoDA ‘WASHING| — *[LIME wasHING | [ DRY OISTILLATION |
i l s -
NEUTRAL OIL _ __  REFINED OIL -. _ DISTILLATE. . .COKES .
19% ‘ 20% | 3% 5%

LGAT. REFORMING | | cAT. GRACKING. |

GASOLINE  RESIDUAL - AVIATION - CRACKED

STOCK oL GASOLINE.  RESIDUE -
R | 5% | 6% [ 10%

1 :
~ BUNKER FUEL 50% -

Nigure 2(A)
OVERALL SUHEME FOR PRODUCTION
OF AVIATION GASOLINE FROM PINE ROOT OIL

- 20



~RESTRICTED ™" ~rrX=38(N)- 4
TR

_P.ARTIT

‘CHEMISTRY OF PINE ROOT O0IL.

Sy
. DR.. 8. KOWATSU ... . .. .. . .

Chopped pine roots were dry-distilled by heating in a closed retort. The dis-
tillates were condensed separately in air cooled and water .cooled vessels, and
the 1iquid condensed in the former vessel was celled "pine root tar". The
condensate in the water cooled vessel .after settling, separated into two lay-
ers, the upper oconsisting of pyroligneous acid and the lower consisting of tar.
The pyroligneous acid contained "soluble tar" ‘which could be separated by dis-

"t1llation., The two terry matters were mixed together, and this was nemed =~
"pine root crude oil". - The yields of products were as follows:

Tar [(EE RN ERENENRENEREN RN ERENERKENNENNE] 0000000000 lg%
Pyroligneous acid 1iqUOr seeescccsccseresense 25%
Charco8l secceevescecscessasovessscccscescsne 19%
Gag and 10SS eesessesvsesiccsscssoccsssessnsse 37%

The compositions of pine root: tar and pine root crude oil are given in Table
I(A). Since the ratioc of tar to oll is 6:4, pine root oil -oonsists of 74%
“acidic substences and- 26% neutral substancess

Carboxylic fatty aoids, constituting 10% of the acidic portion, are mostly in-
cluded in the frection boiling below 200°C. The remaining 90% consists of
phenols;, especially guaisool derivatives. The phenol fraction of pine tar
boiling between 190°C and 230° was exemined by Renard, and the following con-

stituents were found:

Mono phenols Ctecesesstessneser ettt asnON Y 40%
.~ Guaiacol $ec0esscsesectsncerteracantsaceani 2010
Cresol and homOlOZUBS sesseessescscevsssesese 7%

Resin aclds compose 60% of the pine root tar, and are soluble in a 10% caustic
soda solution.

The main part of pine root crude oil consists of neutral substances, such &s
ketones, furfural and its derivatives, terpenes, end arometic compounds. The
terpen. and eronmutic -compounds are mainly pinene, camphene, dipentene, toluens,
xylene . nd cumene, -

Pine roo. oll, compered with coal tar, is richer in acidic substeonces &nd con-~
tains little or no sulphur compounds, The compounds in the oil should be re-
lated to the constituents of -the raw meteriel from which the tar is obtained,
Hence, the root oil should contein various products formed by the pyrolysis of
rosin, lignin and cellulose, the main composition of the roots. By analysis,
the roots are assumed to contain 60% cellulose and other cerbohydrates, 25%
lignin, 10% rosin and 5% ash. By studying the exudations of pine wood, acidic
resins and .essential oils were found to be the two main constituents. (H. .
KUMAGAT; unpublished) . .

\

When cellulose and lignin were dry-distilled 1n a retort at 400°c, reaction
products shown in Table II(A) were formed.

25
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" Acetic acid and its hompldéuea, and furfurel.and 1ts derivatives were produced
Wmﬂmmmmm ) =
tained from pine root oil. - . .. S

In spite of the extensive reseerch on the chemistry of lignin, there still re-
mein meny obscure and controversiel points. (M. Phillips, Chem. Rev., 14(1934),

. 105), It is, however, proved that an aromatic or, at least, a hydroaromatic
nucleus is present, since & considerable amount of protocatechuic acid with

. gome oatechol .and.oxalic acid was obteined by the dry distillation of lignin.
Thus, the source.of the fatty acids and furfural and its derivatives can be
definitely essigned to cellulose and sugers. The large amount of phenols and
phenol ethers ere formed from lignin, which is elso the source of methyl elco=-.
hol in the tar, while the ketonhes are probably formed by & secondary decompo-
sition of the fatty acids. : -

Pine root oil was frectionated into three fractions; namely, (1) below 1859,

(2) 185-300%C, (3) above 300°C. The first fraction, after washing with a di-
lute alkell solution to remove carboxylic ecids, wes subjected to either cata-
lytio cracking or cataelytic reforming. The former reaction wes carried out at
4500C Im the presence of an acid clay catalyst, and the latter at 350°C using
the same catalyst. The gasolines produced by these two reactions were found

to have the properties listed in Table III(A). .

The 185-3000C fraction was washed with lime end then heated to 400-450°C, un-
" der hydrogen pressure of 200 atmospheres, in the presence of MoO3 catalyst.
The gesoline, obtalned in a yield of 30% of the feed oil, had the following
‘" composition: = . ) o B

Aroreatiocs uo-oc;oootocu..ucco-ouocno-oo--ooo~41% ’
Naphthenﬂs 9000000000000 00000 0000000000000 14%
Paraffing eeeveesccescescsccscesersesconsene 27%

The ooctane vaelue when leaded was 92-94.

When the last fraction was distilled with acid cley at 400°C, the distillate
conteined 60% retene.

As 13 seen from the above experimental results, the aeromatic content increases
about 30%, while the naphthene content decreases, when each of the above frac-
tions of pine root oil is treated with eeld olay. From the experimental re-
sults obteined by HIRAIZIMI, an oil containing 18% phenolic compounds was
formed by heating pine root tar to 400°C with 104 of acid clay, and the pre-
gence of benzene end guaiacoel was confirmed. .

This fect indlcetes that the catalytic ection of the acid cley on pine root

01l inoresses the formation of aromatic compounds. Such phenomena have not
been noticed in petroleum or coal ter chemistry, end remind one of the fact
that, 23 years ego, S. KOMATSU, He NAKalURA and lf. KURATO had noticed a sulfite
terpene, obtained by cobking coniferous wood by the sulfite process, when work-
ing on sulfite pulp from Todomstsu wood.. The terpene consisted mainly of p-
oymene, and has been reported by P. Klason in his study of sulfite turpentine
from western wood {Ber., 33, (1900}, 2343)., The formestion of eromatic hydro-
oarbons from terpene, was considered to be due to -oxidation by free sulphur
which was formed during the cooking process, since pinene, when heated with
0.5% of sulphur at 2009C for 23 hours, produced about 50% of cymene. (J.-Chem,
Soc. Japen 45, (1923),496) >~ o

Furthermore, Ruzioke end his co-workers (Hel. 5, (1922), 345) succeeded in de-

ternining the struotural formula of sesquiterpenes, using the Vesterberg pro-
oess by converting the terpenes into cadalene or eudalene.

22
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SESQUITERPENE CADALENE

In 1903, Vesterberg (Ber. 36 (1903),4200) rescted pure abletic acid C1gHagCOH
with sulphur, end obteined retene CegH1g as the chief product, ~ 7 oo

Terpenes show quite different chemical behaviours than the.naphthenes in petro-
leum and coal tar. Cymene derivetives ere produced by catelytic oxidation of"
terpenes, as showh in Scheme I. This charecteristic behaviour of terpenes
seems to depend upon their chemical comstitution, i.e., hydrocymene derivatives.
. : i
oy

0 O

MENTHENE

PINENE

One thins to0 be noticed in connection with the preceding parsgreph, 1is the ce-
-~ +alytic trensformation-of terpenes, investigated by .S. KIMURA (Mem.. Coll. Sc. .
Kyoto I.U.a. 14 (1931), 173). This resction occurs in the catalytic reforna-

tion of pine root o;l.

Catalytic auto-oxidation end reduction reasctions of these compounds are well
known or heve been reported. A'-Dihgdronaphbhalene or octelin pussed over
palladium-usbestos heated to 250-300°C in a COz wutmosphere yields naphthalene
and tetralin or tetrulin und decalin. Sesquiterpene isolated from coniferous
wood treated under the sawe reaction conditlions as hydronaphthelene ylelds te-
trahydro- and perhydrocadalene. The following catelytic oxidation-reduction

~ reaction for cycionexane has previously besn motised by N, Zelinsky end G.
Pawlow (Ber., 57 (1924), 10686). .

0-0°C
(D~

SESQUITERPENE TETRAHYDRO - PERHYDRO
‘ ' c

ADALENE -

p-éymene has been decomposed into benzene, tolusne end cumane,iby the catalytic
action of acid clay &t 350-400°C, according to T. OKADA (unpublished}.

23_
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Pinene, under the seme reaction conditions, chenges to oamphene and p-cymene.

. oHap
CAMPHENE

P-CYMENE

Catechol and it¢ derivetives,which are the aromatic compounds isoluted from
the decomposition products of lignin yield the following compounds by the ca-
talytic.action of reduced nickel under a high hydrogen pressure at about 200°¢,
égé)hMATATSU. J. Chem. Soc.-Jepan, 52 (1931%, 585; S. FUJITA, ibid. 60 (1939),

oH .
" oM A‘~ou OH :
g o0+ 0+0
82 7 4

MOL %
OCH3 OH OH
OCH,
0™ 0+ 0+0
‘MOL % 68 . 2. T D—

Toluene, benzene and phenol have been formed by thermur decomposition of ore-
sols (R. NAKAI, Bull., Chem. Soc. Japan 5 {1930), 136), as a result of deme- .
thylation. The case of demethylation from benzenme nuclei is in the order para,
ortho, meta. The methyl or hydroxyl group in phenol derivetives, sltuated in :
the meta position to a hydroxyl group cen nost easily be removed by catalytlc
hydrogenation. : )
The above mentioned experimentel results are characterlstio of the chemical
ohangei vhich occur in the catelytic oracking or catelytic reforming of pine
root oil. : . '

The chemical reactions ooccurring in the hydrooracking of pine oil at high tem-
peratures and high hydrogen pressure were investigated by M. HAGIWARA. Bx-
periments were made with bioyclic terpenes at high temperature and high hydro-
gen pressure, in the presence of reduced nickel. The following results were
obtained, (15 menthene was chenged to menthene, (2) pinene wes converted to °
pinane and then to menthane, (3) cemphene was changed to cempheane end then wes
decomposed to open chein peraffin hydrocarbons with fewer carbon atoms, (4)
menthene was partly decomposed to paraffin hydrocarbons and the remainder de-
hydrogeneted to p-cymene. (unpublished)
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Tn order to endow the pine Troot oil gasoline with the seme fuel cheracteristics
as that of petroleum, it appeers that, from the chemical stendpoint, the pre-.
) ‘ ‘s ome compounds - of - the pentemethylene: series is necessary... Fortunately,
pine root oil contalns terpenes that cen'be changed 1o tene—
compounds by intramoleculer rearrangement, according to the investigetions on
oyclolexene—cnd—dihydronephthulene-nade-by M. HAGIWARA.. (unpublished)} - The re-
actions ere based on the catelytic sction of aelumine et 300°C, and isomeric
- pentemethylene derivatives are formed es follows: ' ‘

N

CYCLOHEXENE METHYLCYCLOPENTANE

) | cHy
|
; ; METHYLINDANE

Thus, terpenes are elther converted to arozatic ond hydroarometic compounds by

- catalytic transformation, or to isoreric pentemethylene derivatives by intra-
molecular rearrangement. .The exact chermicel reactions to be encountered with
terpenes,. depend on the experimental conditions &nd the nature of the catalyst.
Determination of the optimum conditions and selectlon of satisfactory catelysts

__are questions to be settled in the necr future. Studies on the Raman spectra
and ultra-violet ray sbsorption spectre of terpenes vill also beof value-in - -
solving these problems. :
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Table I(A) :
COMPOSITIOkS On PINu ROOT TAR AND. PINE ROOT CRUDE OIL
_ . 'Piné Root Tar’ : Pine Root. Crude 0il
Acldic substences - [ _100% R R - |- X
Neutral substances p 64% .

e ~'Pable TTI(A) "
REACTION PRODUCTS, DRY-DISTILLnTION OF CELLULOSE AND LIGNIN -

. Cellulose h ) Lignin
(%) (%)
T 13
 Aqueous Liquor |- 33 | 12
Ges | - =25 18
| Cokes' . _— ‘ 17 : 57

(S. KOMATSU, "Biochem. Studies on Rice Bran Tar" lem. Coll.
- Sce Ko I.“U., As A1 (1928), 481},

. Table III(A)
COMPARATIVE RhuULT CATALYTIC CRACKING AND REFORMING

, A Gasoline ‘
L From catalytic ) From catalytic \
cracking v _ reforning
Aromatic.content ' ' - 32 60
" {Naphthene content 17 214 40
TOctane Number (0,154 added leed) 90-92 ! 90-94
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