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b X i
t hydrogenation of: mixtures:of aromatic i
) 'pou,ndl to obtain ‘a better underetanding of coal tar-
.ﬁ,,hytémige:ation mactions. 'l‘he rollmning results were
‘obtalned:’ - X ' : .

. (l) High pressure hydrogenat:lon of anthracene
over a nickel catalyst was accelerated by mixing
‘with benzene, ‘whereaa, conversion or the latter
was retard ) 5
(2) ‘The effect or oyolo-hexane on. the hydro--
-'genation of anthracene was aimilar to that of
. ,bonzene.-

1, mmmcmom_

These studies on ‘the hydrogenation of mixtures or gromacic compounds, espe~ _
cially benzene-and anthracene, which are two important ‘components of coal tar,

wore mdo rrom January, 1940 to J’uno, 191.1.

II DE'RAB.’BD DBCRIPI‘ION

Ao

Food Stocks

1. Anthracens,. An .extra-pure commercial anthracens was treated with ..
acid clay and recrystallized with uloohol and dbenzene. 'rhe melting '

.point of the final product was 211.-216

.8

2, Benzene, A fraotion of an extm-puro commeroial benzens, boiling
at 75.5°C, was washed with 80% conoentrated sulphuric acid and 10%
oonoontrntod caustic soda solution. The fraction of this refined
distillate doiling from 80°C. to 80.3°C. was further washed with a
solution of merouric oxide and sulphurioc acid, then with 10% caustic
soda solution and distilled water, dried with caloium ohloride, re-
di::!.uoa.and dehydrated over mstallio sodium, Properties were as
Jallows:

Boiling pOint ceceeccccsesscesee 80.2°C,
D‘nm, ‘ZOIL) Secevsscesvessecne 00879.3
Refraotive index (nzg).......... 1.4986

3.008219%3. The product of refined beazens, hydrogensted at
20 Over a niokel catalyst, was washed with 98% concentrated
sulphurioc acid, 10% conceatrated ocasustic soda solution, and distil-
1ed water, dried with caloiua ohloride, redistilled and dehydrated

. AYer he o _sodiua, m»nh; wmare a3 follows:

8011‘“ po‘n‘ .""'..'..'.. SOOSOCO
Density (20/4) ceencecrncaes 0.7780
Refreotive tndex (a20)..... 1.4230

, | P . Bnrgscn ges wes produced by electrolysis of wetes
rity over

with » pu 5%.

.
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‘with" ammon
"E:ij?’.fe'(‘f Water
i

s 1, -

ohqquc serls cs'
Ipner

aYul.uima .:. . .

rrequency or vlbrat:lon K

C. kgerimqntal Prooedu.re R f_ - _
"The autoclave, including the sample«and eatalyat, was pressubed uith

iydrogen -to the 100 etmoapheres. and heated ‘to tho required P° ]
rate of 2°c min . " patEis ruc‘h

After ‘holding et .the ,r.'e,qqq;on temperature o8 cne hour, l;aaf.ing was .
atogcped, ‘but the ‘shaking was, dontinuad‘“gnﬁl tlie temgereture Ion“‘belau
After ‘cooling for one ~ddy, ths ‘pressure and:iths t’empdz‘dturc ‘Were
‘meagured and the gas was released. ‘’The liquid p:oduot wag:separated: by
distillation into a benzem-cyclohenne ‘out and an sntﬁ:foeneahjﬁroanma-
cene cut. Ths denzene yleld was dotemlned by tho denalty and tm ro- B
fraotive index of ‘the ru--c cut. i

~The .latter out was snalyzed. by. reoryltalliution 'ith aloobol and each
‘compound wes ‘determired by appeoranoo. nolting po!.nt. properuos of pd-
orate and ultimte anulyaia.

ure av -

D. : nation r (Y]

It. ia \nn kno'n thnc ths roduouon of bcnugo to oyo 1onoxlm in the pre-
sence of reduced nickel catalyst ltortl at 700, and is ‘socelerated by
-inoressed tempersture, up to 300°C.° Over 3oo°c.. oyololuxm is debyaro-
.gonated sgain to banzeno.“

The author hydrosenaeed benzene st several tsmperatures under high pres--
sure hydrogen in the presence of uduood nloh cstalyst and odbteined the
yields summarized in Tedle I(B)2A. ) .

The_ ooantant of saturated h:droo-rbonl in the produced gss was 2.5%. The
ohafd -of resction nl.oony with temperst a8 indioated by change -of
pressures with time, /dt. -u u ~shown’in ble II(B)lA. (Also refer to
Yigures 1{B)1A thm;g ‘

x. MMM"
Ur. YOKOTA reported, thet by m:ocnuuon or ntm«u tho duydro-
compound was produa:d f£irst, and this oompound ghanged .- én one; h-nd,

direotly to ths perhydro-compound and, on che other nend, mmro-
oonpouﬂ. ootshydro-compound, snd” ni-uy to 'the porm:o-oupoud

QOB

e




£ peduced nickel

n;*iyggn )

: hy p w 8 produced i Above
dgi;the melting: emperature ‘o ‘this gomponnd e . L nydrogenation was
qqq;e;ated .an‘d"gh tetrahygro-

. rates of preasure ohange were as shown 1n Table IV(B)ll.. (Alao
r'lrerer?eoimg\:.res* 2gs))11; and“‘B{(B)]J.v) WALt e tarTibie TR
ured: wi FIRISRR T T OIE L § i ST S

gzdrogehation or a Mixture or ene ‘a d nnt.hracene ol

MAii
-t

At ‘a temperature of 11.o°c, the reaction of u mixture of ’1 part ben-
-Zene*and 17 pdrt: antlirddéne tbegan rat 170°C ‘after 735 minutes; - and -dp/dt
re(aat):he? the- maximum value or 1. kg/min attervllhour (refe#: to- Figure
1(B)1L): i Wit ¥

Atter this, only ‘a alow reaotion ooourred. This showed, that for the
‘first ‘hour, “only "thé ‘hydrogedation’of 'benzefis Stook placo‘and artewne .
hp ‘ ;*anthraeene *as%onve.rtedf @ LT henrons ta :
vl B FESEER I ¥ 'L. 3 e AR A
At a reaotion temperature or 2oo°c ‘the maximum valuo of dp/at, 0. 7

min, was reached after one hour. "Afterwards, a slow reaction took
-place and the value-of- dp/dt was 0.3 kg/min- after 1 -hr.: 45 min., and

0;6 kg/min‘ arter:2 hrs, 20'min. (refer to-"Figure 2(B)lL). This indi-
cated, that after 1 hr. 45 min., the- hydrosmtion of: unthraoone be-
.gan.,

At a resction temperature of 260°C, the maximum point dp/dt at 1 hour
was due to the hyd.roson.ntion of benzeno and’ the maximum of 3.6 . kg/min
- at b § hr. 45 min. was due to hydrogenation of the unb!n-uoonoé B .

The amount of oyolohoxsno produced by hgdrogenauon of benzens de-
oreased from 7§ at 80YC, to 2%, at 140°C,. and afterwurds, incroased
to 3,%, at 230 6 * 0n the ocontrury, the mrdrogouuon of aathrucens
was much accelerated; the remotion began at 100°C, and 12.5% pf tetru-
‘hydro-compounds was producod at 140°C, (tho:tosporature giving minimum
amount of oyclohexane), and at 180°C, 'half of the anthracens was con~
vorted. The conversion was much improved ovor the hydrogeaation of
anthracens 310::0. and the lowering of reaction: tempersturs,’oquivalont
"0 about 60°C,-resulted ‘from the addition of the dentone. It is in-
toresting to note that the hydrogenation of benzeno began at 200°C, at
which temperature the oonversioa of anthrucone was 95$ Refor to -
Tables V(B)].l. and VI(B)l4-end Figure 4L(B)l4. - -

It. h oonoludod rroa r.ncu ruulu cuz the :ououna held trues

a nenzonc wus ﬂru hydroeuutod st temperatures below 1U0SC,
b, In the rapgo of temperaturse. rron 1009C to 2000(:i the hydro-

- genutica of benionc was raurdod, and the hydrogenution of an~
thrucens was acooleratod. :

il



X-38(N)-7

cené’and: was converted. to: ¢y 5.t ge temperatures; .
- ~homver, dehydrogenation of cyclohexane. ‘alao took ‘place.and: the'.
:\,\_:benzene-oyclohexane equilibrium concentra 1on~ rat;io?wae about

1.

24 Hydrogenetion ,or .e mlxture or 1 pert or ‘benzon and 2 per s an-
threcene: ... . : :

Tl;e reaults or hydrogenation tests on a mixtu.re of 1 part benzene

. rts anthracene are given in"Table "VII(B)1l, and Figires
,1(BAJJ; through 3(B)1l4. The hydrogenation of anthracene begen at
140°C and its conversion wes 50% at 200°C and 100% at 230°C. The
oonversioq of benzene was higher than in the preceding experiment,
amount ing ‘to 24,% at, 80°C, and it did not increase until the hydro- -
genation of enthracene was completed. .This experiment also showed,
that the hydrogenstion of enthracene was accelersted by the-presence:
of 'benzene and the hydrogenation of benzene took place after the '

- former reaction was finished. . :

‘Ge Hzgrggenetion of a Mixture of Anthrecene and Czclohexane

The euthor hydrogenated 8 mixture of eque]. perte ot enf.hreoene and oyolo-
hexsne st temperatures of 180°C, 200°C snd 230°C.. The results, summa-
-rized in Table VIII(B)lhk, showed that the hydrogenetion of” anthracene
in this mixture was similsr to its resstion'in a nlxtu.re wlth benzene.

. No convereion of -oyclohexans was obeerved. L -

' From theee results it was concluded, thee the effeots of benzene and’
cyolohexene on the hydrogenetion of enthreoene was e!ni].er.

III. CONC IO'NS

'rhe tollo-!.ng oonolueione were drewn with regard to the hi.gh-preeeure n:dro-
genstion of ‘benzene and anthracene in the presence of e reduced nicksl ocatalyst.

1. The hadrogenetion of anthracene was accelerated by the existence
of benzene, and the hydrogenation of the latter was reterded, tsking -
place etter the hydrogenation of santhracene was completed.

2. m- effeot of oyolokexsne on the hydrogenstion of snthracene was
similar to that of benzene.

3. The results sre of significence in connsotion with tha hydro-

4enstion of aixtures of sromstic compounds, such as cosl-ter, snd
they 51ve s suggeation a3 to methods for eoezrouu; resctions.
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Tablo II(B)JJo ' :
Rm'I'IONSKIP EETWEEN REACTION RATE AND TIME (BENZENE)

Max.*vqlue ror;dp.'dt.. i .Reacuon-'temp. . Reaction tiue. -
1.4 kg/min’ ' SRS TX T S 1hr. 20 min |
1731 xe/min 1,200 |1 Hr. 15 min
L.k ke/min 260°C 1 hr. 50 min |
maoogﬁ:%;oﬁlgg)x#fmm , .
React. COnveriion Anountv of hydrogenated product’* (€ by wt.)
(8?)' - (%) Dihyaro |Tetrahydro- | cotehydro |Perngtro
.Compd,; Compd. . Coapd. Coampd.
180° 5.1 o | sa. 0. 0
200° 10.6 0 10,6 0 *]
230° 100. -0 (] 86.8 13.2
260° 0 0 76.3 23.7

100.

“Toble IV{B)1k -

R nm‘rxomn’ nmn« REACTION RATE AND TDE wrmmcm)

; !u:. velue of dp/at. ¢

Rooot. teamp.

Time of progress

0.) ‘Clllhl

2009¢

55 aln.

1.4 ks/aln

260%

115 ain
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/ 'I‘ablo VI(B)IJ.

mmns .OF GAS® PRODUCED 2T B!DROG!KATIG! 0"
umm rnmmmm’rxmcm (1 1)

-

Resction Temp. -

“Yie14{f)

(o)

CaBi2n

nB2aiz

230

0.3

0:

260

0.6

3.)
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: rron Anthracane(%bym 'sz‘:l{'ei'-'s’ioh;
rac Tetr’éhyﬂro Ootéhydro |perhydro|Benzend % oy W)
<% compd. compd. Compa }-Compd o} —
) s e Segr 0 - fo_' el 2.0
200 0 0 o i e 0. 30.6
s1200 - e O JEEF RPN o 0 2453
L0 Ok 0 0. I 0 23.8
1600 0 6.0 0 640 .0 0 26.5
T, RN N N 2.5 5.2 0 [ 28.9
- 22007 1| 52,9 S an.9 | 380 <0 o 32,9
230 | 100 8.8 | ka2 .| 228 | 4.2 50.4
260 - 100 "o 0 78.0 | 22.0 86.7
300 100 0. o | 62.7 | 37.3 86.4
_ Tabls VIII(B)LA
HYDROUKHATION OF A MIXTURE OF
ANTHRACENE AMD CYCLOBEXAME (1: 1)' . .
buttoq obonv:tni.on Yisld of Produots from Anthrsoene (‘; by wt)
m : uu‘taom W"ﬁg:ﬁ&m oogmfo fg;n;gm
160 32,8 o ..}. .8 0 0
200 100 3.8 87.1 9.1 0
|20 100 0 "~ 0 82.6 97.4 )

"N eoaversion of 6iom
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