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SUMMARY ..

This work was carried-out to obtain as much aviation
gasoline and ‘boller fuel from pine resin-as possible.

. The effect of wood charcoal or acid. clay-on the carbone-

“ization cf resin was- investigated. The decomposition temp-
erature was lowered by acid clay but wcod charcoal was not-
as effective, The acld velue and saponification value of
the distillates was lowered by use of these catalysts:
Higher compounds were ccnverted by acld clay into lower

. ocompounds but wood charcoal did not have this effect and
" served only to fecilitate the breaking of .the C-COOK bond.

The distillate obtained by the carbon}zation with wocd
charcoal was fractionated in 3 fractions, The first frac-
tion (I.D. to 185°C) was treated by catalytic reforming.
~ and about 64% of aviation gasoline suitatle for tlending

: was obtained, The 2nd -fraction (185 to 300°9C) was.treated -
by catalytic hydro-cracking and about 40% of aviation )
gasoline was obtained, The 3rd fraction {over 300°C) was
oexamined and fcind to have the general properties of.
boiler fuel, -

INTRODUCTION

A, History of Project”

al components of orude pine resin are mono-, sesqui-, and di-
Eggpggggn:id relaged derivatives, plt was .thought that the C~-COOH bond in
abietic acid would be broken easily by thermal energy and the resin would
be changed into a liquid. Therefors, the carbonization of resin and the
utilizetion of the iiquid product for aviation gasoline was studied. This
investigation was sturted in Nov. 1944 and was not completed.

B. .Key. Research Personnel Working on Project

" chem. Eng. ILieut, Comdz. M. KULAHOTO -
Chen, ?ﬁ.‘? Sub-Lieut. F. EOSINO-

DETAILED DESCRIFTICN

A. Test Apparatus . ' . .
" 1. The test apparatus for carbcnization is shown in Figure 1(B)2.

Remarks: _
A~h:TMMmma H = Heater
T2 — Thermoocouple cl,cs = Condenser
F = Distillation Flask O = Gas meter - o

"R = Recelver for distillate

B. Procedure’ Sy

charge of 1 kg of resin and.300gm catalyst was intrcduced into the
giggilgation tlgsk.‘ Heating was reguleted by a regulator. As the
temperature inoreased, gas was evolved and measured by the gas meter.
‘Gases obtained at different temperatures were analysed by the Hempgl Lot
apraratus, and the distillates wore fractionated in 3 fractions, the lst
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fracticn had g bciliné range from initie]l drop to 1850C, the 2nd was
185%C to 200°C and the last was. over:-300:C, - For-each fracticn the— - -
~-goid~valvesn ‘ Physlcal properties were determined,
1. Catalytic Reforming . e
The 18t fracticn wes treated by catalytic“rérorming,‘agd the octaﬁe

value of the fraction of reformed gasoline bolling below 200°C was
determined, : B ] ‘ o : '

2. . Catelytic Hydro-crecking -

. b
The 2nd fraction wes treated-by catalytic hydro-cracking.” 4 2.4
liters capacity autoclave was used. - 300gm of sample and 15gm of -
mixed cdtalyst (3 parts of Wi-oxide, 1 rart of M003 and 3 perts
of acid clay) were placed in the apparatus. After purging the
alr with hydrogen gas, the pressure of Hp was ralsed to 100 kg/cmz.
About 7 hours were required to heat up to 4500, and the autoclave
was kept at that temperature-for-l hour. -After cooling, ‘the
rroducts were removed and the preperties of the aviation gasoline
cbtained were determined. ‘ - o

C. Experimental Results

The rhysical and chemical properties of crude pihe resin obtained from:
SHIZUOKA Prefecture are as follows: L

1,012

Acid velue - S e Q@ e
Saponification value . 111

Solid {mpurities, § - 3.1
¥oisture, % 4.0

l. Dry-distillaticn of pine resin

!

The experimental conditions and results are glven in Table I(2).
The decomposition of resin was observed to oooux at 300°C and to
glve e quantitative yield of carbon dioxide and methane., The amount
of oarbon dioxide decreased with inoreasing temperature and the
methane evolved inoreased. 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 ocour at
3009 or higher, However, the 185-300° fraotion of.-pine resin was
not decomposed during this distillation, ' The physical and chemical
properties of the distillate are given in Table III{B)2., The acid

~ value of the fraction boiling from 185 to 300°C ig much higher, com~
paratively, than that of the other fractioms, This is due to the
carrylng over of undecomposed acidio’substances, :

2. Catalytic Dry-aistillatien

“a, Effect of wood chercoal . o

Carbenizaticn of resin in the presence of about 30% of wood
cherccal wes. cerried out. .The results are tabulated in Tables
Iv(B)2, V(B)2, and VI(B)2, Cracking, meinly the evolution

of CO2 occurred at 300°C as was the case in the dry- distillation.
The effect of wood. cherccal. on the carbonization was not. '
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appreciésié but it did decrease the decomposition tempérdturé
and, by adsorption, tended to slcw down the distillation of
-———the—i859-39099w$¥aot&en1——n——~—f-——-———-——~—-———-—-—-~—-

b,  Effect of acld clay

- In the carbonizaticn of resin in the presence of acid clay

_the ratio of acid clay to resin was 3:10., The experimental
rrocedure-was similer to that using wood chercoal. The

" results are tobuleted in Tebles VIX(B)2, VIII(B)2, and IX{B)2,

The 1st reaction occurred at 2000C and 1s thought to be malnly -
the decomposition-of the C-COOE bond. The 2nd reacticn taking
rlace at appreximately 320°C was thet of de-isopropylation
since the geses obtained at that temperature were composed
chiefly of unsaturated hyérocarbons. The acld clay was very
effective since the acid vslue of the distillate was less than
1.. The deccmposition temperature was lowered, the sesquiterpene
alcohols vere dehydrated, and the C-C ring bend was brecken.

3. Catalytic Rerérmigg

The cherging stocks were fractions boillng from the initiel boiling
peint tc 1859C frem the charccal catalyzed experiment, and the
terpene fraction cbteined by steam distillaticn cf crude resin.

The genersl properties are given in Table X(B)2.

Experimental conditicne were ss fcllows and the resulls are
tabulated in Table XI(E)2, : o
" “Sample treated. s...........8bout 1,00 0
Reaction Temperature. seeeesssssos 40090

Cat81VSt. seecsvevecvsssssarsesacid clay
Space VelcCity. eevvesncennncsaneesls0

4. Catalytic Kydro-cracking

The experimental conditions of catalytic hydro-cracking vere as
follows:

Reaction Temperature.ssesesssssss 450°C

Sample treated.eessecseccescrceses 30000
CatBlySt.eeessesesnsrsassssscscss NOo 105

Reacticn time.eeeesesevereasassse 1 hour -
ApPToratUS.cecesscsvascpeees «os Rolling type Autoclave
Initial Pressure kg/cm<,c.esseese 100 .
Reactica Pressure kg/cm<.c.sesses 200

Abcut 40% aviation gasoline wao cttained, and the general properties
of this aviaticn gasoline are tabulated in Table XII(B)2.

5. Properties oribhe Fraction Over 300°C

The general prcrerties cf the fraction boiling over 300°C vere
investigated =nd are as follows:

Sp- Gr. 25/‘0. esserssrssreersene 0..9_7100
Flash point °C ssevessseensrnes 131
Freezing point ©C cueeuiessvesss below =15°C
Viscosity at 0°C sec . o . .
RﬁdWOCd NOe 1 eveecovsconee 327.8
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Ash N
10% NaOH soluble (%) vveveeoas 2.0
Water (%)...............;..;,. 0.03
Acld Value-;-tonul.'--uo.'.'aoo l'hg
Sap..value..;..{vsﬂ...;;..;;.s‘L,ZL;h‘

*“;"”This'frection 1s suitabls for use as a boiler fuel.
IIT. CONCLUSIONS = - T ,
l.” In the distillation ofépine resin the C-COOH bond will be broken
by keeping the resin at 300°C or higher and the reaction temperature
will be lowered by the rresence of catalysts such as acid clay.

2. Wood chereoal does not serve to lower the acid value of the
185 to 300°C fraction, . '

3+ Acid ciuy serves the following purposes:

a. The deoxygenation & dehydration reaction ocours st 200°¢.

b. With increasing temperature CO and unsaturated hydrocarbons
are the chief components of the evolved gas, and the higher
molecular weight ccmpcunds of resin are ccnverted into
ccmpounds of lower molecular welght.

Lo By catalytic fefcrming, high cctane value gasoline 1is obtained
but the distillation curve is not.suitable for-aviation fuel,
therefcre the gsoline can be used.only for tlending.

5. By catalyﬁic hydro-cracking a high cuality aviation gasoline
1s obtained. v ‘

6. The fraction above 300°C which is obtained by carbonization of
resin would be useful as boiler fuel. :

Table I{B)2
YIELD CF THE ERODUCT

T ‘ Exp. No.

. A ' 5
Max. Temp., (°C) 395 ’ 367
Time, hcurs - ; . 10.5 ' 6.3
01l Yield, (%) . 52.0 76.0 ]
Residue, (%) : 2.5 : 10.5
“ater, (%) . L 3.1 3.5
Gas & loss, (%) . 12.4 : ~10.1
Cas, evolved, 1 57,0 5647

\
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ENCLOSURE (B)a

. Table TH(B)2 R
 COMPOSITION-OF GASES EVOLVED

" Ex. No.
L ‘ oo 5
Temp. {00)| - 300 |- 310 | 330 310. | 330 | 350 360
Cop(®) | 4ke3 | A3.4 | 36,1 | 49.1 399 | 174 | 17.6
0, (%) 0uy | O | 0.7 | 0.2 0.7 | o | 0.5
Coin(%) - | 3.0 | 3.7 | 4.6 | 3.3 | 4.2 | 5.0 [ 3.5
co (%) 0.0 0.0 { "2 | -0.0 3.9 | 25.1. | 1.6
Hp®) | 0.0 | 1.4 | 0.0 |-1.9 | 0.0 | 0.0 | 0.0
oH, | sh.2 | 45.3 | 5k.B | 43.6 | 46,9 | 50.5 | 57.6]

Table III(B)2 .
THE YIELD & THE FROPEKTIES OF EACH FRACTION

Boil_ing Range Vor ijaction . o “Exp. No. T
v : ) S 4 5
I.D. to 1859 Yield to digpillate(%) 28.6 30.8
Sp. Gre - (25/4) 0.8536 0.8618
ST T 14610 | 1.459
Acid Velue - 1.18 ~1:9~7~
) , Sap. Value - 7 6.79 | 3.78
185°C to 300°C | Yleld to aistillate() | 28.2 | 32.4
" Sp. Gry (25/1) 0.9488 0.9491
nlg ' 1.5050 ! 1.4840
Acld Value 29.84 33.92
Over 300°C Tield to distillate(®) | 43.02 | 36.6
N B 0.9914 - | 0.9845
Acid Value 20,29 25.13
Sap. Value ‘ 23,18 1 25.58
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.. Table IV{B)2.
.- ~.YIELD CF PRODUCT -
{Wood Charcoal Catalyst)

N o : e ———
e e
Time, hours - o  8 - 6.8
0i1 Yield (8 | - 72.3 73.0
Residue (%) 2000 17.0
Water () N PR 1S § T 5,5
Gas & Loss (8) : 2.6, N VY W
[oes, 1 T T [ e

" Table V(B)2
ANALYSES OF EVOLVED GASES
(Wood Charcoal Catalyst)

Exp. No.
8 9

Temp. (°¢) | 300 | 340 | 380 | 410 300 | 340 | 380 [ 410
coy(%) 46.5 1191 | 15.3 | 9.6 |48.0 | 21.7 [ 15.4 | 17.5
02(%) 0.9 0.7 0.2 0.7 | 0.7] 0.5 2.5] 0.5
Cnlin (%) 251 5.4 ) 5.7 6.0 f 3.1 ] 48] 5. 5.2
co (%) 11.6 | 28,7 | 19.7 | 13.6 | 5.0 [ 18.8 | 12.0 | 10.7
Hp (%) 0.0 {18.9 | 23.3 | 3.7 | 0.0
cE, () | 42.3 | 38,8 | 51,2 36,7 | 53.5 | 57.4 | s6.8
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Table VI{B)2
g o cotunor s
Exps No.
8 9.
 Grude ofl Sp. Gr.R5/4) 0.9273 0.9332
Distillated al} 14975 1.5000
Acid Velue 23,72 2&33:~
Sap. Value 27.08 - 32.90 .
B.F. from Yiel1d (%) 40.8 36.0
I.D. to Sp. Grf25/4) 0.6465 _“: v."_:'ﬁ’f*}:?.
185% nlf 1.460% 1.4581
Acid Valus 436 5.43
Sap. Value 8.77 6.L0
B.P. from vield (%) 10.0 11.3
1859C to Sp. Gr.25/4) 0.9157 09162
30006 nlg 14930 Tl
Aoid Valus 13.33 16.56 o
' Sap. Value "21.39 33.22
B.P. over Yiold (%) 49.2 52.7
3000C Sp. Gr. 0.9984 0.9525
Acid Value 18.45 32.40 i
Sap. Value 32.36 36»3-7'--'——
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\ T pable I(B)2
- PROPERTIES OF THE DISTILLATE
(Acid Glay Gatalyst)

i R : Exp. No.'
o . 11'; 112
Crude oil Yield ’ w7348 %)
distillated : S{ Gr. < 0 9002 : 0.8901 ‘
B DRI T . 1.4,880 .| 1.4850 -
Keld valué—‘“0.39 - 0332
Sap, Value . 8457 - Jek2
B.P, from I.D. Yield : 32,0 ) 32.0
to 185°C Gr. 0.8003 0.8116
- ? L | Lok
d Value " 0,32 0,18
) Sap. Value - EXY. 1.5k
B.P. from 185 Yield 40,8 38.6 .
to 300°C ! Sp Gr. ... 0.9042 . 0.9005
. n é 1.4837 1.4829
Acld Value 0.25 . 0021
Sap. Value , 8.57 8,56
B.P, over 300°C Sp. Gr. : . 0.9634 0.9662
. ’ Acid Value 0.88 0.14
{1 Sap. Value - 1.92 ‘035
o ‘Flash point ~ | 771139
Freezing point : bolow -10°G
Viscosity Red. o e
“ No. 1 : 100.8

Table X(B)2
PROPERTIES OF CHARGED OIL FOR CATALYTIC REFORMING

‘Sample 01l
A B
Origin Terpene obtained Terpene obtalned
: by Stean dist. - by oarb, -
Sp.” Gr.{10/4) 0.865 , 0.865
Acid Value . ) C 1.18
P . 1.461
1D, [°¢ 155 ‘ 128
- 10 00) 156.5 -, 1505 .
: 50? (I 158 - 162
90 {®) 0C 160 T 164
97 % 0c) 188 . 297
D.P, % 220 . 322
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» Tal:le II(B)Z '
YIELD .OF PROWGT AND PROPERTIES OF GASOLINE FRACTION OBTAINED

Sample
A B
Sample used, (oo) +1075 1000
Product Water (oc) 20. 20
‘ Gas (1) 67.0 67.1
Distillation Sp. Gr.i5/4) 0.838 0.841
Properttes | 1000 . | 495 46.0
of Gasoline [ 10% (%) 97.0 . 100,0
Fraotion -  50% (°c) 1580 166.0
| " 90% (%) 189 188.0 -
' 97% (%) 199 199
Octene Value unleaded . 87.2 1 ..89,0
' leaded 0,15% 93.6 9440

Table XII(B)2 '
PROFERTIES OF AVIATION GASOLINE OBTAINED
BY CATALYTIC HYDRO~CRACKING

Sp. Gr. (25/4) : 0.7869
Composition } ' " Unsat. H.C.{%) “1,50
” Arom, HiC. (%] 3.15
Naph, H.C.{%) 28,60
Paraf. H.C.[%) 66.75
1.0. © 54
0% ¢ ' 87
Distillation 506 % 127 :
Property - : — :
905 °c 164
97% o 186
Octane Val:; unleaded o Tl
leaded 0.15% | 94.8
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