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(1) -Naphthalene:  When naphthalene was ‘heated at .500°C.for-
S:hours  in:the presence:.of calcium-chloride. with hydrogen’
.pressure.of.:80 atmospheres:at 0°C; 60% of ‘it ‘was. cracked, -
‘end the:.liqujd:reaction produet:consisted of benzene;- and
its homologues, ‘and- the gaseous reaction product ‘consisted
of methene (30 parts) and ethene (70 parts).. . ., -

(2) “Anthracene: This substdnce was cracked-under the
-same conditions and was converted into. 16% of -gaseous
:hydrocarbons::containing methane and ethane, .and 74% ‘of
1iguid-hydrocarbons, .containing 47% naphthalene and its.
derivatives, 27% benzene: and.its homologues, and ., 10% :
ralanthracene.. »;:v . { vi oo T T T

EL e P Seat s 4. 50d R4 AN it e e v AR »', v""'
(S).. Phenols: : $000C, phenol was decomposed ‘into’ 3
benzene, 11% water and 2 small amount of,di-phenyl; di-
‘phenyl~ether and.diphenol. -The 'gaseous’ substances con-
sisted of methans and.ethams. " . teemte L o

(4) :Naphthol: When a-naphthol was hested at 450°C with
& hydrogen preasure of £0 atmospheres at 0°C, most of it
was liguefied,: The products oonsisted of benzens homo--
logues, nephthalene, tetralin, unreacted naphthol, and
~water,  co.. - S e e S

b-Naphthol was cracked under the same conditions and its
‘14quid produft was very similar to that from a-naphthol,

-Xe INTROLUCTION

It i{s known that aromatic compounds are convertcd into-lower aromatic compounds
b ocracking in the presence of ‘hydrogen and & nic¢kel. catalyst, It was con- -
sidered thot furthér investigations slong these lines would be of. importance
froz the standpolifit.of developing a theory for production of ‘g8s0line from
heavy ofly subdstances, such as coal-tars or petroleum. ' :

e s

In éarlier work on the oracking of aromatic compounds, the catalysts used
‘were’ limited to reduced motals or!metallic oxides, ' Caloium chloride was
used.-in the.present atudy, bemud it wos known to be an excellent catalyst
for catalytic oraoking of petroleum oils, ot . S e
R SRS T B A eV L

Xoy roscarch personnel working on project were: Chem. Eng. 8. YAVAGUCIOD arna
Chem, .Big, Asaist. 0. FUJII. S e

R A E AN e

1T, DETATISD DESCRIPTION N o
,The paphthalene, aétmoom phdnol, and a-, depaphthol used {n these -
*experlzonu-mro.prowd':oie Tairly pure, on the basis of their physical
constonts, as shown i{n Table I(B)2,” - ' '.,;. . - :
'In these experiments, o weighed sasple was introduced into-on autoclave, and
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after replacing the. ai¥
to the required:value.

of temperature 8nd- pressure during:the’reattion:wers:
. minutes, - After.the reaction the apparatus:waséooled;
remaining wes neasured, and the:chemical-composition
‘of the reaction products were exemined.carefully.: .

nd ‘physical prépegﬁi,esf

' 'A. [Nephthelens: . .

- When naphthalene (100&m) ""‘wés};heti‘t‘e\q_;;--fpl‘{ j_ﬁ;.lipur_'s ‘with 'llo‘ﬁv.or g(l:aléium :
‘chloride at S00°C.with initial hyérogen pressure-of 71 atm. at 0°C, a
~rall-of 11 atne.,mas ‘Oobserved ;(§qe Figure-1(B)2). i et T

B e

“The gas in the autoclave was compgsed of 85.9% oer, 10.3% or Caﬂs N

4.6% of CHg, and 0.2% of CpHop.: = .- . R -
“The reaction product “(67gm) in thé autoclave consisted Eér"iuqi.uh' and -

s0l1d substances, which were. separated by filtration, : ’ i
.The solid emounted £o.10gn end was riind to-be Haphthelens;-for; agser:
~purification by reoryitaliization from 8lcohol, ‘1t -melted at Blbc,iand
.the piorate at 1510C. ' . L e DS S0 e T

The liquid product (65gm) was dlstilled .over metallic scdium at-759.%m -
end separated into six fractions with the physical constents as shown
in Table II(B)2. - - S ’ P . -
Frections 1-and 2, .on the basis of their physical constants,” appeared:-
-to-be benzene and toluene respsctively. . The composition of the former.
was confirmed by converting it to nitrobenzene and then reducing it to -
aniline, and the latter by oxidation with potassium yermanganate to
benzolic acid (m.p. 121°C), . S

"Fraction 3 and 4 wers supposed, from their physical constants, to be &
nix_t\n'e or o-xyllem and ‘ethyl Senzengr .
* Fraction s, coﬁsia%&agot-mphth‘a);one";‘xylenef,‘jin}.i:e;ﬁyl benzens, was
--treatesd with:pioric acid in alooholic solution to separfte naphthalene.-
5 ;

1 I .
The pioretes, separated from yolatile hydroéarbons by distillation under
reduced”pressurs, amounted to 4.8gm, from which pure naphthalene was
isolated with a yleld of 1.2 gm.’ - : : .

The mixture of hydrocarbons n;'gfntod‘non,-pghmh weighed 3.6gm, and
with its boiling point 124=143°C, refractive index nfi¥s 1.4961, - :
donsity a§5 = 0,8693, the ratioc of Xylene to ethyl ben:o’no was ‘nthatzd
at 7:3, ) . ‘ e o

-

- 1

Froction 3 wes composod of naphtholene s shown by the physical properties
and also b the-properties of 'the picrate. . .

B.  Anthracong ‘ T , .

Anthracene (100gm) was heated at 500°C for ¢ h%rn with 10gm of oaleium
chloride ang h ?num of B4 stu. &t 0°C, The drop in pressure
was 17.8 atz, 0t 0°C. {Rofor to Figure B(B)B), - == :- = = =r=is 0o

The geseous duct wan coaposed of 89.1% of I 3.2% of 7465 ot
Coltg“and 0.1%-0r Coflzn. (Refer to Figure 2(B)8). Flar 70 j

o
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’11-3“ from: their physical-and chemical
‘Téspeotively, oo T

"The.fractions 3 and "4 were-also-assumed to. be mixtures of-Xylene, and— ..
.ethyl-benzene-on-the -basis-of thelr’ physical constants, “Fractions 5 and
-85 conteined:14-.9gm of ‘eryatals which had-a-m.p.-0f:789C; and were - °
—confirmed to be naphtlisléné rrom.the melting point. and ‘combustion analysis .
“Of"the’ substance purified by crystallization from &lcohol, g

Found: C; 93.62%; - H, 6.20%
cale.’ e SR
: fop:- e e
C1o8g: - | 83,75% "8e25%

The 11iquid’ portion (7gm). remaining was supposed 0 contain alkyls’
~naphthalenes, and from it a-methyl naphtha ene was isolated, by orys-
tallization from hot alooholic solution, in the form of a yellow: crys~
talline picrate melting at 116-116.50C in yleld of.3.7gm. A
¥ractions: 7 and -8, both were. viscous liguids containing some 80114 sub-~
. st&nces, and were assumed to be mixtures of alkyl naphthalenss. The -
isolation of pure substances from the 1iquids by the -formation of
ficiate: was tried, but only red picrete melting at 161-1729C was
solated, = —

——— .

lastly, there was a s0lid residue which wes practically insoluble in
alcohol, ether and benzens, and—showed & melting point of 242-243°C.
" After purification by cryaéauizatiqn' from ether solution,

Thess properties agreed with those of dianthracenme prepared by Graebe
and Lieberman, and by Ordendorff and Cameron. :

&&utiou Axﬁlyaii éve the toliowins results:

Younds; . C, 93.83%; g, 5.41%

Calo, . T

Cr4H101 94.38% BaplS
i Fhemol % '
Phenol (i&g&;ﬁ“:::“i:si:«“ﬁ%“sbdoc for 8 hours with 10ga of calofum
chloride u

ydrogen pressure of -78 atm, at 09C. The fall {n pressure
S 12-0tm, 8t OOC (Reber £0 Fipire 3(BIE) - © ° 1 press

*The . gesecus uot whs 0ozposed of 91.4% of Hp, 7.0% of C.H ot
of CpHpn, 0.7% of 00 mogfgﬂ of 00g. ' QHEn 4B,

Froa tha resction products 77.8gm of liquid (nf®= 1,238, 435 0:952’,
-~ apd 10.7ga of wator wore iaolated. S » ! i

““The Mquid reaction product was sudjected to fractionsl dietillation
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;.constants; .and.
‘and:vari

107 ‘a-pephetol . When ‘a-naphthol wa,
caleium. chloride and hydrogen pressur,
drop of.19 atm. bserved.

:Ihe_compound was:decomposed. into -1-5%. gas.
“the ‘balance,’” SRR

The gas in the autoclave-was  Gains Epr 07,
: ?nnﬁ;-kga 0.4%‘03 ~Wa,, ;}0.3%-,0f 00 '!‘nd, 0‘4% Aor_ 00_2'- o

" The ofly substance (a5 = 1,021, nf%«1.594) . was treated with 10%-

. of NeOH .solution and separated.into.acidic: and. neutral fractions,
The former was found to ‘be. unreacted naphthol, for, after purification
by recrystallizatiop from aloghol, it melted at 975C,. ‘The  latter. .
substance, 72gm ,(n% 1.585,. d§ 1,016), was distilled under: .- .
atmospheric: and. reduced. pressures and. separated ‘into. six fra dons..

with phyaicel ‘constants’ as shown. in Table V(B)2, . .

Fraotion 1 was' belleved,from its physical ¢

\ L a1, constants, to be.a.
benzene derivative... The. crystals:in-fractions- 2:and S (m.p. 81°C
and m.p. of its plcrate is 151°C). were assumed to “be naph o

The. 11iquid sudbstance in fraction 2 (12gm) was treated with picrie-
acid (9gm) in alcoholie solution in order to -separate naphthalens,
The’ picrate, separated from the volatile hydrocarbons by dis-. -
tillation under z:educsd ‘Pressure,. amounted 7.5gm, and-with {ts
boéling point 196-202°C, refractive index n =1,5363, density . .--
47°0,9650 and ‘combustion analysis.(C =91, %, H=8.94%, Calo, for
o1p being C=90.91%, H=9.09%), this was confirmed to be :
tetralin, The :csidu&i portion’ (4gm) of yellowish crystals separated
from tetralin was presumed to be naphthalene, L . . R

The crystals separated from fractions 4 and 5 by recrystallization - .
- (m.p. 181.5-182°C) were found to be b,b-dinaphthyl, for, its picrate
melted at 184.2-184.6°C and comdbustion analysis was: - -

Lo Actuals --“CT 9096 —H, " 6500% -
Calo, for Cpgllyy s 94.508 . 5.50%. .

The solution from. which b,b=naphthyl had been aoparated was
Gasuned to be o mixture of di-naphth 1, di-nn hth{l-othorw apd 4{w
totra-hydro-naphthyl-ether from its diatillation 125-1300C at' 2uzm)
aand combustion Gnsylsis, C*68,1%, He7,1K &nd 0s4.8%. . -
2. . b-Naphthol. The e¢recking of b-naphthol was perforsed -under
the sazg conditiona and.ihe compounds ‘was-@seonnodaed’ into £.58
Fasecur ‘hydrocarbons (Hp =94.0% Onl!gg,g x4.28, CO=1,4%) and ths.
balance, liquid hydrocerdons,’ (Refor o-Figure 3(B)g). . .

The lutter wis examined :nhuh’rl'y to the e-naphthol cese, 8nd.

apalyttcel results are as follows:
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Table I(B)z

"’msxm CONSTA.NTS OF - comms USED”

U B.PL(9C)

| Napnthalens @ -

21‘4-218(7‘61m),‘ o

et T

Fhond.

179-180(764ma)

| 8-naphthol

s—msmm -

PHYSICAT "CONSTANTSICF FRAGTIONS

Table II(B)2

!raotiqn

B.P.

(°¢) -

~o(gm) |- D

Yield n25

,aD5.

. Remarks

75-20

4.5 | 1.497

0.269

Benzéne

$0-120

13.1 | 1.496

0.887

Toluene

120-140° f

10.1 1.495°

'0.865

Ethyl-Bonzens

240-185

3.0 1 1.499

-0.871

188-200

4.8 - 1_'.831

0.918

-O=Xylone

‘o lale]lalw]|r

| 200-200

2.8 1

-Bojta - -

pid
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L7590

.90=120. | "

120-140 |

140-200 "

.v.aao-zco,,
| ze0-270 |

aoo-zao? )

' 270-325

lojola o afemlalw|e]:

T ‘

‘Reaidue

‘Tadle IV{B)2 .-
mcnomnon OF PEEROL REACTION PRODUCT

_|Praction

it

B.?.‘__ RS b &1 16. -
(66)” . (e . | =8° .

70-79.8 10.8 1,484

" 0.85

79.5-80 | oae:s 1.496

0.0889

g0-81 . 1.0 | 1.498

81-178

0.870

175-188 —— 4.0 |orystals

e

(120-184) at 2am | . 2.1 |Restnous nlttorv

Residue 1:3a

’dﬂupﬁu&"'



abte V(B

- FRAGTTONATION OF a-NAPHTHOL RBACTION FRODUCT,

(120-800) ‘at 2.5m

' Resi‘xr"wirth | rystala

5 . (2002240)-at 2.5mm —
1. i ' R C i ‘i et
6 ‘Residue P - Qo4 |- ‘ l& Lr
TR - v
Table VI(B)2 -
“FRACTIONATION OF .b-NAPHTHOL REACTION PRODUCT
‘ ‘Aoctdfc Santanco. 19.5% (moatly \mreaoted B-mphthol)\
|Fraction % : ‘B.P. (756mm) - (°C) Yield (gm)
E W £70-277 . . '\2.5
.. 2 aont 277_2& ‘ - - ‘ ) ']1‘.5
K 280 Py b5
S L ¢ . Neutrel substance: 69.5% of b-naphthol ’ \
P .
Fraction ‘B, P, Yield 25 Remarks
B e | e || 0 o
1. [Jlase-2s0 | 0.5 |1.5260| . . . | Benzene-derivative -.
" | 290-208 | 27.5 [1.5017 | dlopm. | Nantnalens 28+ |
. ) © Tt} Tetralin 72
7| 208-2a8 | 15.3 m: ' ‘uu: Naphthelen
6 Crys 1 elens
&1 (e0-120) | 3.6 ) ! )
. "‘ B.5am » .
.8 1| (120-200) | = 5.4 Crystal,.S,0-Dinaphtyl
SN TG 3 .7 W S ... - IResin with P P
Crystals
. 3 (g00-240)1 213.8 | = | ‘. { Resinous matter®
N ° )
7 1 Residue . 3.4

. luxturo of 8,8-Dinaphthyl, totra~ nydro-dimpmhyl other ana
nupxmm sthor,.
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