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1. INTRODUCTION AND BISTORICAL

‘ﬁinﬁﬁﬂﬁka adavent ﬁr cheap furfural and the realigation
of its @@%&akia&ig‘hagw_aaargﬁa around 1920, a&ﬁﬁ;iﬂ#&atigg*
vtiﬁa_hﬁa,haan carried ﬁﬂ'&@ #n:&tt#mytkta-finﬁ uses far 1t-
:.mmlita dwx&wutivus; In apite of its &a&miﬁg yﬁ%&n&i&i&ﬁiaa,
the stuﬁi&a hﬁrﬁ aat aﬁvanaa& 1%3 ﬁﬂm&ﬁrﬁiﬂl agglieatiaﬁa to
8 vary'graaﬁ #xtﬁnz* ?arfﬂral 1%&&12 is utiliﬁaﬁ in several
1ﬁm1teaﬂwayaa as a a@&vank, in bnﬁaﬁiaﬁa~anﬁ gﬁtvalwum puri-
fiﬁ&tiea, in a&rﬁaim\watniahkraazﬁa and plasties, insecti-~
ﬁxéés; ruﬁgieiﬁaxg and as & @&inﬁgram@?ar.

The iiagrar commercially avallable derivatives is aur-
prisingly small. Furfuryl alcohel {(used as a dye solvent,
ﬁaintvwﬁmav&r, and in resins) and tetrahydrofurfuryl alcohol
{solvent, wetting agent, plasticlzer) are available iﬁ camn-
‘merciael guantities. Hydrofuramide, or furfuramide, the prod-
uct of reaction between furfurai.anﬁ.a@mania, is used as a
fangiezée and in rﬁ%har'eawiﬁga Other derivatives, such as
furcoic acid and furylacrylic acid, agé availa&la as labora-
tary»&hamiaa&a but hava.nﬁ-kaﬁﬂatriai significance.

. Beginning with Pados and Pontl in 1906 (1), the litera-
ture of furan chemistry is well-sprinkled with catalytic
studies of hydrogenations and dehydrations, from which reae-

tions any one or several of a large number of products may
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be fisolated. Padea and Pontl, by reducing furfural over
'ﬁiﬁkﬁl at 270%, isolated in the product sylvan, tetrahydro-
eylvan, furfuryl aelecohol, furan, pentanone-2 and pentanol-2.
Depending on the catalyst and the conditieons {liquid or vaper
phase, t&m@m@gtmré,‘@réaaur$§*'aﬁh@r7a@mpaunﬁﬁ such as &;5~
gamzﬁnaaiélg 1,2-pentanediol {ﬁ},'ﬁa%rahgﬁrbfmrfﬁryi aleohol
i&}, ﬁ»p&@ﬁﬁn@l {4}’ and ﬁm%ataﬁak {5} may be £ ound 1n the
??ﬁﬁﬂﬂt. '_ | |
ﬁt ﬁh& tim& ﬁhﬁﬁ tﬁﬁ rnbﬁ&r ah@rtags was firat hsing

raalis@d in tha &ui%&é ﬁha%ﬁﬁ, 1t was noticed that & vombina-
tion of ssvﬁral imésgﬁnﬁeﬂt references ax@aaaé a paaaibla |
rabbsr aynthasia aaa&rﬁi&g to one af the falkﬁwiﬁg patha, and
1&?&5%1@&%&@&3 af 1&3 paaaih&litiea are the th&x& af this
‘ataﬁy;
c-¢  ¢—G¢  ¢—¢

o SR N S |
€ C-CHO—>C  C-CHgy— € C-CHg>C=C—C=C-C

Y o ° D
~N o0 PO 7 xubbver
¢—C ) e—¢ : @--G o
nu [ | 1
¢ @—ﬁﬁgﬁﬁ-—»-ﬁ &Eg@ﬁ——»-ﬂ 6 szg

\9/ - a

That this process had been conceived at least as long
ago as 1936 was dganwvar&é &ﬁh&aguaﬁﬁmg'wﬁanua patent was
granted in the United States in February, 1942, (8) to a
process which had been patented i&;?%anﬁt in 1956. Compars-
tive rafﬁraﬁﬁas ﬁ@*thia patent and the process as developed in
this leboratory will be found in aﬁhaﬁqgﬁnt parts of this

- paper.



~ In Russia in 1850, A. M. Berkenheim and T. F. Dankova (7)
published a study of the synthesis of piperylene from fur-
fural with a view to use furfural as & source of aynthetic
rubber. Their approach consisted of several steps involving
many expensive operations and ahaﬁiaais and 1is obviously un-
suited to eaﬂwiréial'ﬁav@&apm&ht'far'ﬁhaza PEABONS .« withﬁﬁi
gh@ &ang%ﬁ? opsrational details, thé process and yields may
‘be diagr |

ammed a8 follows: \

c—a ¢ —C
l I gog I _ 64%
G C-CHO — C s CHo 0H

v . — & Levulinic acid
0 _ l 8%

0
? 1,4-Pentanediol «59% _ valerolectone

1,4~41ibromo-
- pentans

ﬁ@%
Bromopentene — 1,$~pantaaisnt———1

Polym.
Rubber

The most feasible path developed here consists of the
following four steps.

¢ —¢ c—¢ °c—c¢
N ] " ; | e

P> TP P - &
‘/{: oly XX, c\g/a ey XXX_g-c-c=c-0
o ;

k N
Iv
Rubber

The production of the rubber hydrocsrbon, 1,5-pentadiens,
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from furfural is accomplished catalytleally by twe successive
hydrogenetions followed by a dehydrstion. Tm$ §ipary1aﬁﬁ7m#y
then be yaiymﬁﬁiﬁaﬁ to a rubber by any of the several exist-
ing @@gmﬁ?ﬁi&i methods. The three catalytic reactlons may be
effected continuously in the vapor phase. |

In the first step, the hydrogenation of furfural to syl-
van, copper chromlte has been shown te be very specific for
the hydrogenation of the aldehyde group te a methyl group in
the vapor phase, and ylelds of 857 sylvan in one passage over
the catalyst have been Qb&erw&ﬁ. |
| For the aan@&é step, %&ﬁgy nicksl only §art1ally activated
was one of the bestter catalysts discovered for hydrogenating
the furan nusleus in the wvepor phase. This 1t gcconplishes in
about 504 yield 1n~@navpawgagﬁﬁ The other products ars
chiefly pentanone~2 and pentanol-2.

The dshydration has baeﬁ least thoroughly studied and is
'tﬁﬁ.iaaat efflcient of the three operations. It has been
accomplished over geveral dehydration catalysts in yilelds wup
to 30%. Aleng with the 1,3-pentsdiens, a& comperable quantlty
of a 1{4mpaﬁ$aéi@aa;£wa@tisn is produced, mud 1t 1s thought
thet this may be converted to the 1,3-pentadlene by passing
1t over alumina at 300° to 400°. With further development,
sonsiderably higher yields are not bard to visualize.

xat us utilize these [lpgures, along with tha_ﬁata on
furfural supply and @@ét, to speculate on the commercisl pos-

sibilities of agriculbtural waste products ss & source of



w B e

synthetic rubber. The first point to be stressed is the fact
that this source, zs contrasted with the sources now utllized,
in a‘wﬁﬁﬁa %rﬂﬁ§$%§f&ﬁég»&@~&ﬁ;ﬁg¥iﬁﬁ&t&%&l by-product, is
aﬂﬁﬁﬁlgy’ﬁ&ﬁﬁﬁﬁﬁi - The alechol and petroleum sources now being
used are not waatargr@ﬁugtgvanﬁ are ﬁﬁiﬁg up materials which
are vital in many other processes. In the case of the rubber
from petroleum program, its danger to the 100 octane gascline
@rﬁﬁﬁﬂﬁiaﬁgrﬁﬁvmﬁﬁ$$$&ry.&ﬁ»ﬁrﬁﬁaﬂﬁ,'hﬁﬁ:ﬁi?ﬁ&ﬁy been wﬁhﬁ~
mently suggesbed.

| Any pentosan-~contelining materisl is & poltential s@ﬁraarﬁf
furfural. Its formatlion from these mmbterials may be repre-
sented thus:

: ¢ —C
Pentosan~ hyﬁr@i»

il 1
containing ?ﬁﬂ&ﬁﬁﬁ “33%@ ¢ C-CHO
material acid =\ Q/

it has been estimated (8) tha% the %aﬁa&;am$Wﬂt of fur-

fural avaiiabla in the United States is 5&,6@%,@@@ tons .
While securing all thie would entail the gﬂ&&ﬁ&tiﬁn of al& the
pentosan~sontaining material produced, the %ﬁiﬁﬁﬁ@iﬁﬁ\ﬁf only
a ﬁ&&li fraa%ianléf tha,tﬁﬁai am9a@% is yrg&%i@é&ly‘géﬁaibig
end would furnish enough furfural for & full-scals rubber
industry of hundreds of thousands of tons annually.

 Prom $30 a.pound in 1920, the price of furfural has been
%*¢$§ 3 pound at the g&%ﬁ&ﬁt bime. In Kﬁé&, Hsins

lowered to
and LaPorge (9) outlined specifications for a plent which

eonld produce furfural from cornacbs at a cost of 6.15 centsa
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per pound. It im almost certain that in the nineteen years
following that, even more economical processes have bsen dew
vised. A FRussian pabent granted 1in 1940 to G. 8. %uwa@ﬁkﬂv
~and K. P Likhushin {lﬁi'ﬁaaawih$a.gn industrisl process cone
‘aiﬁting of e&ﬁa&y%ia&ily hydrolyzing ﬁémhﬁsaawe@ﬁtaiaing .
material in a ﬁ#ﬁ#ary @f‘ﬁiffamara‘sﬁévﬁahyﬁrating the product.
| CWith a nmore Ehaﬁ ﬁuffiéiﬁa%~supgly of raw material demone
.-ﬁtratsd, and the cost of tha furfnr&& set at an arhitra?y and
safe value of %ﬁgﬁﬁ & ganaﬁ, we are now ready to examine the

cost of the ﬁrﬂﬁﬁﬁﬁ'frﬁm this point on. The failaaing diagram

v«'ravaala the qnantihiss of maﬁﬁriala involved in.?rﬁﬂuaiag

100,000 tons of @i@ﬁ?&lﬁﬁ&m

ng?% of the annual corncob crop
Purfural {408,000 tons)

80% yield
. (6,127,500 thous, cu. ft. Hp)

Sylvan (280,000 tons)

75% yield
. {gﬁ &&aﬂ thmﬂw Sile ft* ﬁa}

- by~producta
{70,000 tens)

Hethyl propyl ketone Tetrahydrosylvan (210,000 tons)
Sec.amyl aleochol » ,
0% yield

Piperylene (100,000 tons)
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A rough estimate of the cost of the final rubber per
pound may be summed up as follows:

Cost of the hydrogen - » » « » 5,564,000
(@ B50g/1000 cu.ft.)

Estimated cost of operations . 30,000,000

Coat per pound 0.38

Besides piperylene, there would be apprecisble amounts
{70,000 tons) of marketable by-products from the sylvan hydro-
genation alone, which would lower the cost of the pentadiens
considerably. A4t £0.40 per pound, the price compares favor-
ably with prices of other synthetic rubbers, ahiﬁh/rangﬁd from
%ﬂg85xfay'kuﬁyl rubber to $0.65 for neoprene before Narch 8,
1945. These prices were super eded at that date by §0.335 and
$0.45 respectively {ii}*

A+ The Hydrogenation of Purfural to Sylvan

8ylven (2-methyl furan) and tetrahydroaylvan were two
of the earliest-reported products of the hydrogenation of
furfurel {(1)}. Howewver, in thies and every other exsmined in-
stance, they are accompanied by other products which are
usually in gyﬁatarrgrﬁyaéti&aﬁ Table I is & summary of the
reported occurrences of theseé compounds Iin the hydrogenation
produscts of furfural, furfuryl alecohol, and tetrahydrofurfuryl

alechol.
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”g“éggg; g? yﬁratnraa??ﬁﬁguragwuwﬁ.“fww WmﬁMfWwawfwwwawwﬁw_%Wﬁwgﬁﬁfﬁr”,
&%ﬁ} utimﬁsiatmaa‘}z o Products 1 ence

@amgaaaﬁ tlyst s {

Purfuryl Ra~
aleohol 8: ;5' 4.8 . Puran -
‘ hre Sylven - 287

(15)

Farfural = = N 270 1 . 3y§vaa, Tetrahydrosylvan,
i | o Purfuryl alcohol, \ £1)
, %@trahgérafarfuryl aleohol, @te'

. Purfural Fo 200 1 Furan, Sylvan, and others  (13)

Mfwﬁ L 160 1 8ylvan, Tetrahydrosylvan, . ,
eleohol ~ Pentanol~8, Pﬁntﬁﬁﬁuawﬁ, (1)

Furfural Cu 175-275 1. Farfuryl &iﬁﬁhﬁi - é-ﬁ% \
- Sylvan - in smaller amounts. (14)

B 175-275 1 Purfuryl alaéhé&, - |
, Sylvan - in smaller amounts. {14)

. Furfural Cu 160-200 1 Furfuryl slcohel, plus &
: smaller amount ef | {12}
Sylvan , |

.
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With regard to the last catalyst on the llst, the patent
(12) describes & continuous vapor phase process for reducing

furfural to furfuryl alcehol and sylvan, the latter belng

Formed im~aﬁﬁaﬂ-1?ﬁ of the amount of furfuryl alcohol. The

- yileld of the sleohol ﬁﬁ& nob givs&, By ragaaﬁé@;y<gaﬁaiﬁg,all
the alcohol and unchanged furiural over the copper catalyst
1t was ¢leimed that eventually a near-theoretical yleld could
be obtained. The ﬂﬁ?@ér'%aﬁazyﬁﬁ»waa described as belng pré~
The

wethod of preparation was noted as asfa@har'in»its efficacy,

pared by the reduction of Cul between 140° and 200

tut ne detalls were gliveun. Trials In this lsboratory teo
satisfactorlily prepare sylvan with CuC catalysts prepsred in
a varlety of ways met with 13%@1@ an@a$aau 4s is shown in the
experimental part, the ylelds wers not very high. ?hié is not
in discordance with the patent.

Brown, Gilmen and Van Peursem (14), in using Wi and Cu
catalysts for the vapor phsse hsﬁrag#ﬁaﬁiaﬁ'ef furfural,
faané furfuryl &1@@%&& to the axﬁﬁmt of only 4 o 5% and
sylvan in even smaller émantit&@a;“%hﬁ tamp@@&ﬁux& range
atuéied was batween 1?5$1aﬁé‘§?ﬁ&; The copper catalyst was
prepared by reducing Cu(UH)p precipitated from the sulfate,
and the Wi catalyst by reducing N1(OH)g precipliated from the
carbonate dissolved in nltric aecld,

The following fﬂﬁ?-?ﬁﬁﬁﬁiﬁﬁa wore ﬁﬁﬁaiéaraﬁ in the
development of the present studlies., A catalyst was sought

which, besides giving just sylvan or tetrahydrosylvan as the
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end-product, would produce a high yield in one psssage in the
vapor phase.

o-¢ 2o c—C ' le-¢
i . noon
‘ C. C-CE C € CHz 4 Ho0 | O C0-CHu0H inter-

N o =+ T Y e mediately?

c—¢ - ¢
Ho C—-C

g, M8 o TE Wowo
C_ f-CHgOH ——> G 0 CHg + Hy0

=4

3. 1 &

c-g - ¢-¢

T : ~HnO 1

4.

For the &ta&tiﬁgimatewia&, furfural is the cheapest and
most desirable, with furfuryl alechol and ﬁa%yahyﬁrﬁfurfufyl
aleﬁhﬁl'&ﬁlaééﬁﬁé and third slternatives since they can be
formed a&ai&? and almest qu&mtihaﬁivéiy from furfural. |

In the case of all the aaﬁaiﬁa%s,tr;aé, furfuryl alcohol
éi&,met'tﬁn@ to give b@%tar yvields of sylvan than furfural,
thus @Iimiﬁa%igg the use of this mﬁ#@ expensive starting
material. -

The earliest atbewmplis with zlumina as a carrier for vari-
ous nickel and cepper catalysis indicated that the alumins was

unsatisfactory, leadinz to the decomposition of furfural and

‘furfaryl:aiﬁﬁhai to furen. his suggests an Interesting

revision of the original scheme, securing butadliene instead of
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piperylens as the end product.

c—C c—C \ c—-g

n o Ho |

G C-CHO —> € (- : . €
N/ \.7 \
e 0 &

This would probably excite more interest than the development
of a gﬁp@rgi&a& Q?ﬁﬁﬁeﬁg.ﬁiﬂﬁﬁ»%ﬁﬁ&éiﬁﬁﬁ 1% the established
and accsepted source of synthetle rubber. The first reaction
indicated 1s the only one needing development to make the
process feasible. The dehydratien weuié be more simple and
economical since the number of possible products is reduced.
Another appreach to the production of butadlene was dis-
covered in the ?&@%&aﬁiﬁn.af considerable teirabydrefuran
during the iiqaid phase hydrogenation of tebrahydrofurfuryl
alochel ﬁi%ﬁ 8 nickel catalyst.

In the csse of resction four, alumina, especlally at
high te: perstures, was shown to dehydrate the alcohol in an

unexpected manner to dihydropyran.

¢ sgoy 77 ¢—9
C_C-CHaOH — — . G 4-CH, or lsomer C_ G-CHg
o o o’

{expected)
ﬁlﬁﬁzﬁ_

& {actuslly)
This observation was confirmed by & subsequently found srtl

alé by He Paul (16). Attempts %o avold this resrrangement by
combining the dehydration and hydrogenation falled.
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-'Géppar'éatalystﬁ formed from the nltrate were observed to
be lneffective due to the presence of occluded nitrates. 0m
reducing the 3&%&&3&#& in a hydrogen stream, a strong odor of
ammania wes observed, and In every case this was sccompanled
by 1ﬁe£fae%iveasas of t%s’&&talyat. ﬁégaataé waaring of the
aatalystﬁ %uﬁiag yr&garaﬁian,éaaﬁ not remove the n&tra%aﬁ , |
wath eerﬁainty; Tha sulfate and chla?iéa as sources of a
copper ﬁatalyat woere ﬁlimiﬁataé due to axmiisr ﬁbaarvﬁ%ians
~in the iitar&t&r&* |

By éaaamaasing copper aaatata suspended on @h&resal in &
hyﬁrag&n stream at 2&69 to 2609, a catalyst was faunﬁ whiﬂh
gave y&alﬁs of the arﬁar ef 75% in the conversion ef furfural
to sylvan. By'anaiagy, it was thaaghﬁ that copper formete
would produce a catalyast at la&aﬁ as efficient. Trials with
this, hﬁ%ﬁ?ﬁr,‘iﬁﬁiﬂaﬁﬁéfﬁﬁ hgﬁragﬁnatiam et all.

A definitely ﬁn@@riév aaﬁaly&g to the copper aaenaﬁé wWaSs
found in copper aﬁr&mﬁ%&; ‘Xt #a&aiaﬁantly gives yields of
over 80%, end a yield of 95% of ##lv&a hes been attained in
one passage. It is longer-lived and more easily and effec~
tively regénayataﬁ %han'aﬁy of the copper catalysts studlied.

It is interesting to notice that in the 1iquid phase,
gcopper chromite gives chiefly furfuryl alcobol, and sylvan 1ln
only small amountas, if any. Calingaert and Bdgar (17) use
this catalyst to prepare very pure furfuryl alecchol at 50-100
atmospheres and 175-200° in the ligquid phase. Adkins and

Connor (18} report the same quantlitative yield with a pressurs



of 1@@*&§§f&ﬁmﬂﬁﬁ§&rﬁﬁ and & temperature of 150°. At 175° a
704 yield of pentanediols was observed.
The only carrier triéﬁ'whiah.gaﬁa‘aatiaﬁaetary results

was activated charcoal. This would give some trouble In re-

generation of the catalyst by pumpin

» &ir or oxygen through
at an elevated btenperature.

A catalyst which could produce sylven from furfural as
efficiently on a commercial scale as the above two catalysts
do on a laboratory scale would meke the compound available

at a cost of around i&'eaéta‘a pound {estimated in the same
| manner as in part I). At this price, many uses might be
devised for it.

The aforementioned patent (12) suggests i1ts use as a
motor fuel. This suggestion ls dampened somewhsat in a paper

peatl (19) who recently studied furfursl and 1its

by Boyan and
derlivatives with respect to thelr use ss motor fuels. Far-
fural, farfuryl alﬁaﬁgi and tetrahydrofurfuryl alcohol, with
octane numbers of 53, 83, and 74 respectively, are not sult-
able because of thaim~$ﬁadyry@iymﬁriaahiiityiﬁmﬁ low wola~
t1lity. Sylven, with an octane number of B82.5, is also elim-
inated %aaaaaa~$f its polymerizability. Tetrahydrosylvan
{ootene number, 74} bas good volatility, 18 not easily

polymerized, and was the only suitable one studied.
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B+ The Hydrogenation of Sylvan te

Tetrahydrosylvan

ﬁha hydrogenation of m@t&ylfur&u,haﬁ resulted in the
formatlon of seversl different products also, and a catalyst
wag sought which effects only the desired ringesaturation
wiahvu@'anﬁaaqnank ring-splitting.

Table Eiria a summary of some of the previously re-
ported hydrogenations of the furan ring in compounds of this
type. | |

The idesal, although etonomieally impracticsl, catalyst
alreedy seems to have been found by Zelinsky and Shuiken (20)
in osmium, whioch effects a nearly quantitative conversion in
one passage. Shulken and hils co-workers, who have notably
been most interested in this resction (and the process in
general), have declared that nickel catalysts are inclined to
open the ring and that copper catalysts are unsultable.

?haé later reported that a cstalyst resembling Reney nickel
{274 Bi plus 73% Al activated with 10% WaOH) hydrogenated the
ring smoothly and showed 1ittle sign @f fatigﬁa {Bi}* _

The patent covering the conversion of fﬂyfaral to pipery~
i&n& {(6) suggests a nickel catalyst whiﬁh.yiﬁl&ﬂ @5% of
tetrahydrosylvan along with small smountas of pentenone~2Z and
pentanol~-2. Using nickel catalysts prepared in variaaa ways,

yields of the order of only 50% have been sttained in this
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Table 1I. Reperted Hydrogenations of the Puran Nucleus in
Furen and Sylvan.

Com- y:'ﬁataﬁ*rﬁhgga s%em§@rwz?reaw 3 - YRef -
pound : lyst :(Vapor,: ature : sure : Product ter-
‘ e ibiguid):  (0C) :latm.): . _tence

Puran  Ni v 170 1 Jetrahydrofuran, (22)
- y

Puran - 34%
Butyl alechol -~ 8%

Sylvan N1 L 250 Petrahydro- (4)
2 bre. 175 sylvan - &3%
| Sylvan = 8%

Sylvan Cu- L 250 Tetrahydro- ' {4)
’ Cr | 4 hrs. 178 ~ aylvan - 15%
: n-Pentane -~ B5%
Pentanols-1l and
-2 »rﬁﬁ%

Sylvan Ds v 1 Fetrahydrosylvan (20}
quantitatively

Puran Os v €8 1 ?&trahsé%aayivaﬂ {21)

' - guantitetively

Sylvan Pa v 180 1 ”ﬁy&raganates (24)
smoothly" to
tetrahydrosylvan

Sylven  Al- v 1 Ditto (21)
Ni

Sylvan Wi v 120 1 ?ﬁt?ahyﬁrasylggg (8}
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‘laboratory. With raéirﬁmia%iaﬁ of the unchanged sylvan 857
conversion could be approached.

“In the course of this study, Reney nickel was tried as
a catalyat. It was found to be too asctive in its #ﬁﬁ&l form,
resulting in hydrogenolysis. Reney nickel catalyste soti-
vated with only 6-8%

of the NaOH usually used were shown to
be less inclined to cleave the ring, with & consequent rise
in the amount of tetrahydrosylvan produced. Yields of around
50% were obtained in one passsge. It is suggested that par-
tially activated E#ﬂ@y nickel eatalysts may find other useful

agpliﬁﬂtiﬁﬁa in hysfxgﬁnaﬁiaaﬁ where the aﬁmglatéiy»&ﬁtivatsd

form vssulta in ahmqsi@a§ia decompoegition.
Sinna copper a&&t&tﬁ fﬁ*%ﬁﬁ an aotive copper catalyst

for the form

ntion af.aylﬁﬁn, it was thought that the nickel
resulting from the ﬁ@@aﬁﬁﬂﬁiti@ﬁ-@f nickel scetate was worthy
of in#eatigmtian wit&‘respaat to the hyﬁregena%iﬁn of asylvan.
A trial with&aAcatalyst of this tgga shiowed that 1t possessed
- some catalytic power but was not as active as certain of the
other nickel eatalysts studled.

Although vapor phase reacitions were desirable for this
- progess, the liquid 9%&&& hydrogenatlion of sylvan, such
a8 that reported by Connor and Adkins (4), which resulted
in an 83% comversion to the tetrshydro product, held promise
of gia&ﬁing better results then 414 the vapor phase hydro-
genation. Using the seame ecatalyst as Connor and Adkina,
a slightly lower initial pressure {155 atmospheres)



and & temperature of 240-260°, a yleld of 687 of tetrahydro-
sylvan was obbained, the rest of the product being higher-

This was the best yield observed in all
the cetalysts studied in sither the liguid or vapor phase. A
satisfactory catslyst for the vapor phase hydrogenation, such

as Os 1s claiwed to be, has not ss yet been uncovered in

these studies.
C. Dehydration of Tetrahydrosylvan

Piperylens, or 1l,5~pentadlene, is lsomeriec with isoprene,
the fundsmental unit in natural rubber, It alsc has a con-
_§ug&%aéié@nhia bond system, & gualification aﬁaﬁgﬁary for
polymerization. Its polymerizabllity was first observed by
Thiels in 1901 (25), and since then & limited amount of re-
search has been conducted, maatfnaﬁahiy, again, in Russls,
in r&g&rﬁfza)iﬁa yaiyﬁari%atiﬁu and the properties of the
resultant rubber. |

One of the first detailed studies of this hydrocarbon
and its polymerization products was made by Harries in 1912
{26}* The diene was prepaved by Grignarding acrolein and de-
hydrating the resulting aaﬁ%iﬂﬂl, or by debrominating 2,5
amylene bromide (from sthyl formate and magnesium ethyl
bromide) by means of soda lime. It was polymerized in two
menners: with sodium, a#é'%y.lmng heating (14 ﬁﬁfﬁ at 108%).
The product was then used in comparative studles with other
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synthetlc polymers.

Other methods of preparing this hydrocarbon were devised
by Kyriakides {(27). By passing 2,4-pentanediol over aluminum
phosphate at 450° and 35 mm., or by passing pentens-2,o0l-4
over kaolin at 400-420° and 60-75 mm., near-theoretical con-
version to piperylens was secured. Another "wei" method
consisted in dehydrating 2,4-pentanediol, using HBr as the cata-
iys%* By this methed, 507 yields were obtained. |

Reppe, Steinhofer and Hecht (28) have been granted a
patent for the conversion of tetrahydrofursn and its homologs
to butadiene (snd its homoleoge) by passing the @amyanna over
a phosphate é&%@ﬁwati@aA#&taiyaﬁﬁ Another patent (85), the
one inecluding the sntire furfural to plperylens process,
covers the 3amé~raaetian-a§p1iaﬁ ay@@iﬁiaally*ﬁﬁvteﬁrahgdran

methylfuran. It is claimed in this patent that ylelds of the

90% may be obtained over the usual catalysts used

for the dehydration @f'aiaghaié* such as alumine and kaolin.

- Trials with several different dshydration aa%&iy#ta of
the types mentioned in both patents have indicated either
that their yields have he&n\gr@aaly'axaggawaﬁgﬁ~@r:that the
effective catalyst was too subtly mentioned = a not uninown
oCCuUrrence. |

With the catalysts tried, the small emount of 1,3-penta-
diene formed was accompenied by & comparable guantity of a
l@wﬁrnhmiliﬁg'fr&eﬁﬁmn.praaﬁﬁ&hly conaiasting shiefly of its
1,4 isomer bolling at 25°. This is not an unexpected
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cccurrence, but its absence in the reaction produets de-
seribed in the latter patent is a source of speculstion.

The solution may be found in the untried catalysts mentioned
in the patents.

' Two other approaches, hitherto unreported, were sug-
gezted by analogous studies found in the literature. One was
suggested by Henne and &urk {ﬁ%}'in their paper on the for~
mﬁéian,ﬂf conjugated ﬁi@lﬁfiﬁs.hy‘éaubia'han& displacement.
Their experiments inveolved the shifting of two double bonds
from thelr unconjugated positions to a conjugated form, as,
for exanple, the lsoomerism of 1,5~~~ t0o 2,4-hexadiens. This
was accomplished over sctivated alumina at temperatures
eround 365°. All the compounds studied involved the shifting
of two bonds and were composed, consequently, of six carbon
atoms or more. )

If spplied to 1$éupantﬁﬁiana* the asme dlisplacement %o
a conjugated system would be expected to osccur. Since this
invalvﬁs the shifting of only one double bond instead of two,
the change might be more completely effected. In the example
given above (the compound studied that was most similar to
l,é;gaﬁ%aﬁiﬁna}-ﬁha'yialé in one passage was 39% of the 2,4«
hexsdiene. With more than one passage over the alumina, much
more guantltative giaiég»waniﬁ be expectsd. Since in the
catalysts studled the 1,4-pentadiene fraction was as large,

on aa‘a?a@aga,'as’khﬁ’pipafyiama fraction, its lsomerigzation



would appreclably increass the eventual yleld of the desired
conjugated compound.

¥ot encugh of the 1,4-pentadiens fraction was collected
to try this. |

»&nmthag»mathaﬁ of debydratling the tetrahydrosylven is
suggested in the previocusly-mentioned work of EKyriskides (27),
who effected his dehydrations in vaseuo. This was resorted to
in order to decresse the emount of carbonization occurring on
the catalyst at ordilnapy pressures, this being indieative of
a general da@amp@ﬁiﬁiéﬁ'ﬁa gaseous products, including hydro-
gen. The presence of trimethyleilhylene in the product of the
é&h?ﬁr&%iﬂﬁ of smylene oxide wes attributed to the reduction

of iscprene by the hydrogen thus formed. Use of pressures of
nd reduced

charring. This effect was observed earlier by Steudinger and

€0 mu. sand less greatly increased the yleld a

Klever (30) in the formation of isoprene from bterpene
hydrocarbong. |

ﬁa the application of thia reflinement te the dehydration
of tetrabydrosylvan, it was thought thet formatlion of the
cons iderable amount of &igﬁ&rwhﬁi&&ag com;

minimized, resulting in a higher yield of the pentadiene.

This was found to be the case., Besides reducing charrving,
redueing the amount of higher-belling compoundes and increas-
ing the ém@mnﬁ of piperylene formed, less éf the 1,4-pentadiene
fraction was recelved.

- A literature survey shows that the polymerization of
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piperylene to a'$yﬁthﬁﬁie rubber has been accomplished with
the same catalysts and by the same methodas as those used in
of synthetic rubbers.

Pesides the sodium and heat methods report

the preparation of the aﬁ&&i{tywﬁg

8d by Harries {see
page 18), Mark and Raff (31) have listed aluminum chloride,

atanaia chloride and astivated clay as effective éatalygta for
vitﬁ polymerigation. Emulsion polymerizsation, & recently popuw
lﬁyiﬁﬁ&.mﬁthﬁﬁ, has ylelded a very satisfactory rubdber in this
Iaboratory. Although the polymerization of the piperyisne is
outside the scope of the present study, 1t was undertaken as

a means of further derivatizing the piperylene received.
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A. Description of Apparatus

Due to the va&aﬁﬁ&iﬁy @f'ﬁﬁﬁ'axyﬁataé producta aﬁé‘thﬁ
amﬁwat of unused hyéragan involved, a aleaadwairﬂuit 2 T
a&reula%iag hyﬁreg#nat@r\waw ﬁﬂﬁﬁiﬁﬁfﬁﬁ to be most ﬁasir&b&a.

Taa saaaaﬁ%a& parts of the apyaratua usaé, ag shown in
&iag?am I, are: &, & hyﬁrmg&n raaarv@ir of l?»lit&% aapamity,
B, a vaporizing fiask {125 cc.) sealsd by means of & short
eonnecting tube to §, the pyrex catalyst tube, 45 om. in
length and with a capecity of 400 co. of catalyst. The vapo-
rizing flaek is enclosed in R&'ﬁiﬂﬁﬁriaﬁlly heated Wood's
metal bath and the a&@a&#&& chamber is surrounded by an elec-
trically heated and aaatpe&l&é,'wallwiaaﬁlataé'furna@ag H.

D and F are ﬁ%ﬁ'ﬁ@ﬁﬂﬁﬁﬁﬁ?ﬁyigﬁ»&$i bulbe}, the first ice-

ond ccoled with an aﬁatﬁnawﬁry foe mixture;

aé@l&évwaé the see
both are set in thermos a@ataineraﬁlg. The CaClg arier, E,

' is to yyayan% the formetion of ice in the glass coils of the
second condenser. The disphragm pump, G, 1s run by & 300 r.p.m.
@éﬁagang,$§gﬁé motor ggg thg,rﬁﬁiyﬁulatiaa.r&g&iataﬁ‘hy &

‘serew clamp in the gas line. The flowmeter, H, is to indicate
the rate at which hgﬁr@gaﬁ-ia being used up. They are call-
bwaﬁa@ in oe./min. |



Fig. 1 Hydrogenation Apparatus
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The waporlizing flask temperature and thse furnace tem-
persture are regulated by meens of transformers and the
tempsretures are measured by & thermomebter in the metal bath
and a thermometer in the catalyst mass. In addition to this,
the apparatus used had thraa‘tharmnganyigs fastened to the
ends and middle of the aluminum furnace tube through which
the glass ocstalyst chamber paﬁsaﬁ* The thermometer in the
catalyst mass is then not necessary - and not practical if
the tenperature is maghAaﬁav& %&ﬁa,»aa in the dshydration
operations.

X In use, the apparatus is flushed out with hydrogen with
stopecock K in the pesition shown in the diagram. With the
vent clesed by adjusting K, the pump is then started and the
eireulation iz adjusted to the desired rate (usually the
maximum} by meens of & scerew clamp in the line between H and

G. With & constant metal bath temperature, below the bolling

point of the compound, and s constant recireulation rate, the
efficacy of various catalysts can then be compared, during
the process by flowmeber J, and after the proceas by analysis
of the products in the condensers.

The effect of temperature on the efficlency of a cata~
lyst can be observed by varying bthe temperature during & run

" and observing the difference in the rate at whioch hydroge

is being used up as mﬁaauwaﬁ by flowmeter J. The best vapor-
izing flask temperabure would, of course, depend on the

maximum rate at which the substance can be sent through end
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st111 be efficlently hydrogenated.

By using a weter bath or no bath at all eround the
vagariﬁing f&aﬁk, the aﬁpgraﬁas is edapted for the lower-
bolling iiquiﬁﬁ such as sylvan and tetrahydrosylvan. With
 nitrogen or some atﬁ&r inerd gaa in yiaﬁ@ of ﬁg tha agaaratua'
is suiteble for vapor phase dehydrations, bﬁt in this case
the §raaﬁsa eaaﬁat ha fﬁllﬁwaé wiﬁh flaﬁm@ter ¥, since no gas

13 belng asaé up.

Q' Fr&atiana%iea af Frnﬁaﬁts and
Qﬁl@ﬁi&%iﬁﬁ of Yﬁ@léa

| Fﬁm‘thkrséygrati@n of the producte of the hydrogena-
tions and dehydrations, a 50 cc. distilling flask wes fitted
‘ﬁith a side neck 14 mm. in dlameter and 20 em. In length, the
s#lde arm to the sealed-on condenser belng 4 cm. from the top.
This neck was fiilﬁﬁ»@@;a‘ﬁﬁight of 11 cm. with small glass
helices of an average of one turn.

Althousgh the aeparation of sylvan from the products of
hydrogenstion of furfﬁrgi praesented no problem becsuse of the
- difference in beiling points of the compounds involved, the
separation of sylven and tetrahydrosylven offered difficul-
tles. Their difference in boiling points 1s 15°, and & mix-
‘tﬁra of the two bolls ahief&?-im.&n intermedliate range.
Arbitrarily, in distilling a mixture of the two, the fraction



bolling below 75% was considered the unchanged sylvan and
that fraction boiling between 75° and 85° was considered as
t@trahxéraaylvéam

Two different methods wers used in caleulating ylelds.
The yield could be based on (1) the =

mount of starting mater-
isl or (2) on the amount of produet received. Since there

was an appreciable loss of material in 1ts passage through

the aatézya%, the yi@lﬁ-b&#ﬁa,@n'tka iatter~mﬁth@ﬁ‘saag'a& a
rule, considerably higher. Im the hydrogenation of furfural,
for example, 50 gm. of furfursl might be placed in the vapor-
iz&ﬁg fl&ak aﬂé,an&y 35 gm. of product be found in the
receivers. 3: the 35 gn. of product inecluded 25 gm. of sylvan,
the yleld calculated on the baslie of amount of furfural Iintro-
éﬁ&éﬁ would bes

On the basis of amount of produst received {neglecting added
weight of hydrogen taken up) the yleld would bes

Loses of this much material was ﬁﬂmﬁﬂﬁ‘i&.h&ﬁyfirﬁt Pass -
age of furfural through the catalyst, but in subsegquent pasas~
ages the loss was more commonly of the order of 1 to & e

The method used in caloulating the yilelds is specified

in each instance In the following experiments.



C. Action of Niekel and Alumina Catalysts on
Purfural and Tetrahydrofurfuryl Alcoheol

For tﬁ&aa pr%?im&n%ﬁ, an appa?ﬁtua with 8 amall@r
catalgst &h&mbar‘aaﬁ no rsaircalating ésvi@a was used, and
the sﬁmyw@&ﬁ was vap&yixeﬁ by bubbling hyﬁr@gan ﬁhraugh the
haataé ligquid or ﬁy @ropyiug the ligquid into th@ vaporizing
ilaak, which was heated above the bolling point afrthﬁ '
compound. - o

 Although the é&&% gases y&&aw& through a dry ice-

acetone-~cooled receiver as well as an ice~cooled one, nmuch

product was lost in the escaping hydrogen.

1. Hydrogenetion of fa&faﬁa} with a nickel catalyst

Twenty-seven grams of nickel nitrate hexahydrate were
dissolved in distilled water end a solution containing 18 gm.
KaOH was added to precipitate Ni(OH)p. The precipitate was
washed by decantation 5 times, then in & Buchner funnel wiﬁh
two portions of water. The cake was re-suspendsd in water
and asbestos was aﬁé&&. The resultant mess was filtered, |
washed twice, yrﬁ&aaﬁ«aa érg as possible, and dried at 100°
over night.

Tha aaﬁaiyat Was 18@8&13’§a$k$§ iﬁ thﬁ saﬁalyxt chambey
and reduced in a Et?@ﬁ% of hydrogen &t 250-300°, leaving
black and finely divided metallic nickel on the asbestos

sarrier.
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With the catalyst mass at a temperaturs of ﬁﬁﬁg, 25 pm.
of furfursl were introduced inteo the flask heated by an oil
bath to 110° and hydrogen wes bubbled through at a 9&%& of
ﬁﬂwéﬁia&ﬁ per minute. Iﬁ was run ﬁﬁti& 7 gm. were lsft in
the vaporizing flask.

In the lce-cooled receiver were 3 ml. of o mixture con-
sisting chiefly of furfural end water.

In the dry lee-scetone-cooled receiver were 4~5 ee. a@ a
@i&ar volatile iiquié @@mt&iﬁiﬁg white ice flakes. 4 warm
-water bath dlstilled over 5.4 gm. betwesn 31° and 5§$,,1§aving
# slight amount of yellow residue. On drying and redistilling,
the following constants were obtained:

| Be Pb, ~w 31-32°
nﬁl ww 14420

21
d - 0,013
21
These constants correspond to those of furan, which are:

21 v
n e 14818

dgl 0.9566

The formation of fursn indicates that hydreogenoclysis,
rather than a simple hydrogenation, occurred. DBased on the

amount of furan caught and the amount of furfural used up, &
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yield of 42.5% was obtained. Repetition of the experiment with
new catalysts end at temperatures up to 350° yielded the same

product in varying asmounts.

of tetrahydrofurfuryl sleochol with Ni on

e

With both a dehydrating catelyst and a hydreogenation
gsatalyst, the following resction wae considered possible:
i—?} CHoOH e z.—i ¢ Y :i-z <

Small lumps of activated alumina were lmpregnated with
wi{ m‘%}g; dried and reduced at ,35‘*’ in a stream of hydrogen.
¥With the catalyst st 300°, 54 gm. of tetrshydrofurfuryl alco-

hol was passed through in 45 hours. The |

hydrogen rate was

130 oe./min,

Matillation of products in first receiver
Below 100° -~ 1.5 mi. |
100-110° -~ 5.0 ml.

1’?&*1&@“ - 16,0 ml.
Residue Cme BaD mi.
24.5 ml.

Pletillation of products i;;a second receiver

. es-88° “= 540 ml.

%*&wﬁ - 5.0 ml.

Total product = 24.5 ml. + 26.0 ml. = 50,85 mi.
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Thia procedure was repeated three times and the product
btoliling below 100° was sollected, dried and distilled. ‘The
major portion boilled between 81° and 86

+» It was conzidered
to be one of the fﬁilﬂﬂiﬁg~th@ﬁ&-agmpﬁuné&z
g=c_ . . €-c ¢-¢
e-¢. ‘-‘I}\éﬁ Chy G _G-CEy
B. Pt. .86-87°  B. Pt. 86-87°  B. Pt. 82-83°

‘To characterize it, it was placed in & microhydrogena-
tion apperatus with s Pt0O catalyst. The rate of hydrogena~
tion was very rapld, but frequent additions of catalyst wers
nesded. The hydrogenation should have required, theoretically,
2900 ce. of hydrogen. Actually, 2110 cc. were absorbed. Nost
of the product distilled between 85% and 87%, and the follow-
ing constanta were observed for this fraction. The correspond-
ing éaﬁﬁxfé@‘%&k?ﬁh?ﬁ@@???ﬁa,aﬁé tetrshydrosylven are included
for Qﬂmy&f&ﬁﬁhaLu

Tetrahydro-
o Bylvan

78-79°
1.4059

Product

B. Pta  85-87°

nf}‘  1.4288
a - Lesa??

.8534

This indiocates that the product of the tetrahydrofurfuryl
alechol reaction is dihydropyren rather than the desired
tetrahydrosylvan. '
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rogéenstion of tetrahydrofurfuryl alcchol in the liguid

Using the same kind of nickel on alumina catalyst as before,
'a;ﬁh#rga'af tetrahydrofurfuryl alcohol was placed in the bomb
of a Pary high pressure hydrogenator and ?ﬁﬁneaa for 2 te 3
. hours at 200%. | .

. By warming the product in a water bath,'&lwﬁrgrama of ﬁ
¢lear, volatile liguid éia#iiiaﬁ below 75%, After drying this
portien, 1t was refrastionated and found to boil between 62°
and 64°, with the principal belliing point aﬁ'ﬁiﬁ. Its ?afwaa~
tive inﬁéx.amﬁ\%aﬁxﬁﬁﬁ‘ﬁﬁyﬁ determined snd found to agree
most f&vg&a%iggwiﬁh'ﬁﬁ@aa of tetrahydrofuran. |

B. Pt. 64°
n 1.4048%% 1.407

a o .891%2 .sag®l

Product

The rest of the product, boiling sbove the temperature of
the water bath, was not examined. |

De Hydrogenation of Purfural teo Sylvan

In these experiments, the apparatus disgrammed and de~

scribed on pages 23 to 27 was used. The technlcal grade
furfurel used was distilled bo remove the tarry black residus.



Copper hydroxide wes precipitated from copper nitrate

and NalH,

filtered on a Buckner fumnnel and wesghed. Three
compact rolls a?‘m@p@ar'agraen’waﬁ$ éipped into a sludge of
the precipitate, placed in the castalyst chamber, and dried
and reduced at 250° to metalliic COPPBYs ;

With the catalyst at 210° and the bath at 110%, 50 gm.
of furfural was passed through the catalyst in 6-1/2 hours.

The water-clear produect in %ha second recelver (14.5 g, )
distilled emmglataly b@t&@s& 81° aaé 5@ﬁ; with the major por-
tion baﬁmg at 63°.

thaiaai &eaatamta%

B. Pt.

n

d

The compound was further charscterized %y forming the
rﬁﬁﬁﬁthyluﬁwﬁkiﬁfﬁm££@u¥ifﬂr&ﬁ-&ﬁﬂﬁ?é&ﬁg‘t&-%h& directiona of
Gilman end Wright (32). Its melting §6int'ﬂ&a 1&9@“

A small amount af sylvan was distllled from the furfural-
water mixture 1a.$hﬁ{f§rét recelver, bringing the tatai‘ameanﬁ
of sylvan formed to 16 gm. The yield based on 50 gm. of
furfural was 37.5%.

On passing 50 gm. more furfural through the catalyst at
& temperature of 250°, 14.0 gm. of sylven was formed. Alr was
blown thro

gh the catalyst kept at a temperature of 200° in an
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attempt to resctivate it. Pifty grams of furfural pessed
through 1t after this treatment ylelded 8.5 gm. of sylvan.
The above experiments were performed with conditions
 simulating those described in the patent (12). The yleld of
sylven was greater than that clalmed in the patent. The
catalyst did not seem to bs restored to an sppreciable degree
'%y,mxiéaﬁian and subsequent reduction sa the patent suggests.

CATALYST NO. 2 |

hundred grams of sctivated charcoal lumps were added
to a solution of 100 gm. of @w{ﬁaﬁxﬁ*ﬁaﬁﬁ, and Cu(OH}, was
prﬁﬁigiﬁaﬁﬁﬁ‘ﬁy>£hﬁ addition of 5 solution containing 25 gm.

of KOH. The mixture wes washed 5 times in & Buchner funnel

with boiling water, placed in the catslyst chamber and

reduced at 210° to metallic copper in & stream of hydrogen.

At a furnace temperature of 200° end a bath temperature
of 120°, 95 gm. OF f%%fmral_%&r& sent through the cetalyst.
of the 83 gm. of product in the two recelvers, 53 gm. was
sylvan. ﬁa the besis of the weight of product, the yleld of
sylven was 75%.

A subseguent run with the pame catalyst

gave sn B8% con-
verasion based on the welght of product received.

FPour later attempis to duplicate this catalyst were un-
successful. In the reduction of the catalyst in esch of

these instances, the exit geses smelled strongly of ammonia

and turned molst red litwus blue. This is due most prebadbly
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to the reduoction of nitrates present from the precipitation,
and repested washing falled to remove them. The inefficlency
of the catalysts was attributed to their presence and no ex-
'_@}sﬁatian»igigﬁr$h§ﬁmimg for the affieianay of the first
catalyst prepared in this menner.

CATALYST NO. 3

A hot saturated solution of Guiaﬁa)g w&a poured over
100 gm. of aativatad @hargaal lumps {(Horite &}, the mixture
was stirred amﬁ the liguid drained of f. &fhﬁr %h&vﬁhﬁrﬁﬁﬁi

n drying, the
ah&ruaai was ﬁal% covered with h&ﬁa*g?ean‘arga%ala‘ar copper

was nearly dry, this operation was repeated.

Vaéatékag It was placed in the catalyst chamber, dried snd

.~ decomposed at 250° overnight in a stream of hydrogen.

At & furnace temperature of 210-220° and = bath tempera-
ture of 130°, 100 gm. of furfural was run through in twe 50-
gv&m,%atehga. The ratﬁiai ﬁy&ragaﬁatian‘waa much higher than
1%t had sver been. The yield of sylvan based on the welght of

product received was 68.64. A later run of 50 gm. of furfural

: ga%a an 80% yleld of sylvan., This eatalyst has been made
several times and always was efficient in sffecting the eon-
- version of furfural to sylvan. Ho study has been made on its

 regeneration.

GﬁTﬁL&ﬁ% HO. 4

L&m@a af aaka were substitutaﬁ for the activated charcoal
in the graaa&ura for catalyst #ﬁ. No hydrogenation ooeurred
- over this catalyst.
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CATALYSY HO. &
Suépamﬁﬁng the sctivated eharcoal of possessing some
catalytic power, & charge of furfural was passed over 1t at

200°. ¥o hydrogenstion ocourred.

CATALYST NO. 6

Powdered sctiveted charcoal (Norite A) was aﬁé&ﬁ to a hot

saturated copper acetate solution. Lumps of coke were next
added; the solutlion was bolled a few minutes and filtered on
a Buchner funnel.

The above catalyst was reduced et temperatures up o

325° 1n a stream of hydrogen in the catalyst tube. Uith &

of sylvan was found in the product.

CATALYST NO. 7

One hundred grams of sctlivated charcoal lumps was soaked
in a solution ¢éﬁka£ning'§@ gm. of copper acetate and 5 gm. of
chromic acetate. ﬁhﬁﬁ’graaaaa was repeated; %ha’¢ataxya% was
dried, placed in the catalyst chamber and reduced at 240-260°.

At a furnaee temperature of 220° and & bath temperature
of 130°, 100 gm. of furfural wes passed through. The rate of
hydrogenation wes almost as high as that with catalyst #3,

and the yleld of sylvan was 40-560%

CATALYST HO. 8
The same procedure as thet followsd in making catalyst
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#7 was used, substituting cedmium acetate for chromic acotate.

Ho hydrogen at all was taken up.

CATALYST NO. 9
.}Wﬁﬁﬁ ﬁh#@éeai stlcks iﬁ#ﬁafﬁl Chemleal Co.) were substl-
%ﬁgﬁﬁ.fﬁr'ﬁha“astiv&ﬁsﬁ eﬁar&a&l'iumge'in»ﬁh& procedure for
catalyst #3. ,ﬁhg.rgéﬁﬁ&& catalyst seemed to have much more
copper on the surface than catalyst #3, but the hydrogenation
rate waes very low, and there were only traces of sylvan in the

prﬁéagﬁg

ﬁﬁ?ﬁLYﬁT ﬁ‘z 10

’ éﬁﬁyay oxide wire sticks were ﬁiagaé in.th& ﬁata}yak
h:“akr and reduced at 225-325°%, | |
At s fﬁrnawa temperature of aas“ and a bath tamperaturu

@f lﬁﬁ” 5@'%a; @f furfural was §a&sa& through. There was an

a&ywﬁaﬁa%x¢>&mmnnt'&f'syivanlfarm@é,-hat the catalyst 41d not
: apgraaah.gharﬁffiaianey of the copper sacetate or the copper
aaatatamahraw&um,aﬁﬁt&ﬁﬁ @&takgatag

ea*mmm NO. 11

tne hundred umps was mﬁm

to a heﬁ sa&utiaﬁ aeahainiag 5&»@&. of e@ppsr acetate.

Eeyp&r ex&ﬂa~¢as_§rﬁaigitataé on the charcoal by the a&ﬂ&tiﬁ&

of a &é&aﬁiﬁm %aﬂ@ainiﬁg 27 gm. of @ﬁt&asinm,haﬁraaiﬁaak it

was filtered on & Puchner funnel and washed twice with hot

water. The catalyst was reduced in a hydrogen stream at 225°,
With 8 furnace temperature of 250° and a bath temperature
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of 130°, 100 gm. of furfural wes passed through. The yleld of
sylvan was 24% based on the amount of furfural passed through.

CATALYST WO. 12

- Compact rolls ef copper scoreen wers exposed to acetic
aold vapors until a coating of copper mscetate was formed. They
wore placed in the catalyst tube and r&éw@aﬁ at eaeﬁ in a
hydrogen stream. Upon passing 40 gm. of furfural through this
-aatélg%ﬁ, no hydrogenstion occurred.

Cther methoda of coating copper screen and copper turn-

ings with copper acetate were tried, but the resultant cata-
lysts dld not effect the hydrogenatlon.

CATALYST NO. 18

: Thi?ﬁ?*fivﬁ grams of ceric oxide was treated with 46 ml.
of concentrated sulfuric acid plus 15 ml. water, and heated
to boiling for five minutes. The solution was cooled esnd 450
ml. of water wes added. It waa then digested for an hour and
filt&@@ﬁ* %hﬁra_maafakili considerable mﬁiﬁe undissolved.
Sodium hydroxide was added until just alkaline, end the cerie
hydroxide was all precipitated. It was washed by centrifug-
ing € to 8 times with distilled water. Copper hydroxide was
precipitated from copper acetate and sodium hydroxide and
weshed twice by centrifuging 1t. The oxldes were mixed and
100 gm. of charcoal was coated with the resultant paste. The
catalyst was placed in the tube, driﬁé,v&ﬁé reduced in hydro-
gen at 250°.
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The yield of sylvan from the first 50 gw; af.furfara}
passed through this catalyst was 37.4%. This was @ higher
3&@1& than that received with the plain @agper grﬁﬁigitat&ﬁ
. from aaggar aa&t&ta {ﬁ&ta&gat ﬁli}g

CATALYST HO. 14

Ceric hydroxide wes made as 1n the preparation of cata-
lyst #13, placed on activated charcoal lumps, and dried in
hyﬁrﬁgﬁn at 260°. There was no change in the appearance of
the yellow ceric hydroxide {oxide) coating. At furnace tem-
peratures of 200-235° no hydrogenation was effected.

CATALYST NO. 15

It was %kaugﬁﬁ'pw@babls that copper farmgtﬁ, since 1t is
more easlly decomposed and lsaves a more matalii@ appesaring
deposit, would yield at least ass efficient a catalyst as
copper acetate .

Black copper oxide was precipitated from a hot seolution
of copper scetate and sodium hydroxlde. The preciplitate was
flltered, washed thoroughly and dissolved in sirong formile
acid. Copper formate crystallized from the solubion and was
filﬁ@r&ﬁ‘mff, washed with a very small amount of water, and
bottled. The mother liguor, saturated with copper formate,
was used to soak 100 gm. of lump eharcoal. Upon drylng after
the second treatment with this solution, small crystals of
copper formate covered the chareosl. |

This catalyst was placed in the catalyst chamber and
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ﬁﬁ@ﬂﬁ?&ﬁ@é in hydrogen at 200%. ¥o hydrogenation was indl-
cated by the flowmeter while furfural was being passed through,

but a few dropes of sylvan wers fﬂﬁﬂﬁ‘in the second receiver.

CATALYST NO. 16 |

One hundred grams of charcoal was soaked in a hot solu-
tion of 35 gm. copper acetate and 5 gm. mangeneas a@états.
&ft%r'tha second such treatwment, 1t was placed in the catalyst
tube and reduced at 250°.

With a furnace temperature of 240°, 50 gm. of furfural
was run through this eatalyst. TFrom the 45 gm. of product re-
celved, 9 gm. of sylvan was separated. On the basias of the
 amount of groduct, this was a 21% yleld.

CATALYST NO. 17

A copper acetate catalyst was prepared by sheking to-
gether 35 gm. of powdered @@p@@f acetate and 100 gm. of wet
lump charcoal. After decomposing the catalyst as usual, 50 gm.
of furfural was passed through. The hydrogenetion rate, as
measured by the firat flowmeter, was higher than with eny other
catalyst. The amount of product was 31 gm., of which 17.3 gm.
wags sylvan, & 65.5% yleld, based on the produet recelved.

Besides being as efficaclous ss the catalyst prepared
from & solution of the scetate, catalyst #3, this method of
preparation has several advantsges: the time ilnvolved in pre-
‘paring it is a smell fraction of that for catalyst #3; all

the cepper 18 deposited on the outside surface of the charcoal;
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the amount of copper on the catalyst iz wuch more easily

aﬂmtréllaﬁ,

CATALYST HO. 18
_ Thirty~five grams of aegger~a¢ataka.vaa powdered and
mixed with 400 oo. of wet activated alumina lumps {14-30
mesh). This was placed in the catalyst tube and decomposed
im,hﬁﬁrﬁgﬁn'a%~a~fuvnaaa temperature of 250°.
During the hydrogenation of 50 gm. of furfural at s fur~
nace tamge@atmré of 21§§} 21 liters of hydrogen was taken up.

Based on 34.5 gm. of product received, however, only a 44%

yield of sylvan was formed. A few drops boiling around 76°
and smwelling strongly of tetrahydrosylven were noticed. After
the furfural-water mixture was distilled off, bolling around
97-100°, the rest of the product distilled between 160° and
172°, indicating a mixture of furfural and furfuryl alcohol.
This does gﬁﬁ,aaeaanﬁ for all of the hydrogen used up. The

apparatus 414 not leak.

CATAIYST WO. 19

A catalyst carrier was prepared from plaster of Parls by
sgueeging the almost~set plaster tﬁr@ugﬁ a potato ricer, let-
ting the strings dry, and brealking them into short lengths.
Thirty-five grams of powdered copper acetate was mixed with
this wet carrisr and the catalyst placed in the hydrogenator
and decomposed in a stream of hydrogen at 250°.

At a furnsce temperature of 200° and & bath temperature
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overflowing. Of the 54.6 gm. of produet received, 24.6 gm.
was sylvan. PBased on the amount of product, the yleld was
83.8%. Another 50 gm. of furfural passed through yielded
47.3 gm. of ??@ﬁaﬁﬁ, 58.5 gm. of which were sylvan. This is
a yleld ef}%ﬁ;ﬁﬁ on the basis of &ﬁaytiﬁg‘mﬁtﬁfial end @
yield of 95.4% on the basls #f amount of product raegivsﬁ*
The next 100 gm. of furfural gave an 81.1% conversion {on the

basis of amount of praénnﬁ}*

| Farfuryl alcohol rﬁn,threagh thls same used catalyst
ga#a & 67.29 yi&lﬁ,@@ the same basis.

. The yiai@»frﬁm th$ final amount of furfural (371 gm.)
sent through tne catalyst in elght different batches was 64.1%.
Based on the 332 gm. of product received, the yleld was 7T1.5%.

| Another aataiysﬁ,@rﬁgarﬁé in the same way was used to
determine the tamgaraknré range through which 1t hydrogenated
a£fieién€13* The hydrogenation rate, sﬁ&f@iﬁg v&ry»law.ag
140°%, increased slowly ﬁe;a maximum between 200° aaﬁ 2350°. The
rate was still high around 280°, but fell off noticeably above
this tempereture. There was still a small smount of hydro-
genation at 330°%, the highest temperature reached. |

When the furnace nad cooled to 210°, 25 ce. of furfural
was passed through the catalyst. The hydrogenation rate was
very low, and nat much sylven was formed. Alir was pa«ﬁwﬁ
through the aa%alxat kept at a temperature of 200° for about
one-half hour. This treatment inereﬁ&ﬁﬁ the rate of hydro-

genation appreeiably but did not restore the catalyst to 1ts



original activity.
In table III the verious catalysts are listed in the
approximate order of their efficlencles.

B tsa ef Lﬁwgﬁ &ﬁpaw&ﬁaa far the Hydrogenation

of ?ﬁ&f&?&l

An apyaratuﬁ way aaﬁgtra%%&é‘whiah included 2 gounter-
par% af avary raatnrm of the 3ma11»aiz&& hgﬁrag@naﬁar. The
parts in the accompanyling photograph are lettered o corre-
spond to those in the diagram on page 24. 7The furnace was
vertical instesad of horizontal, and the whole apparatus, with
the sxception of a few rubber connections added in modifying
the mechine, was constructed of metal. The catalyst chamber
was an iron pipe with thirteen ﬁiﬁﬁﬁvthﬁ volume of the
smaller aﬁa*. The smaller condenser tubing and other piping
was of copper. The brass vaporizing flask had a capacity of

one liter. The aat&&yat'ghamkar and vaporizing pot were
electricslly heated as in the smaller apparatus. Juast as was
noted in ﬁh&»%&ﬁﬁ-@f the smaller machine, it &a-sai%aﬁ for
all types of hydrogenations, dehydrations and other vapor phase
catalytic reucchlions. |

The aata&y&%x tried in thils apparstus for the hydrogen-
atien of fawﬁmralliaﬁlﬁ@&ﬁ copper hydroxide preclpitated from

the nitrete on charcoal and reduced to copper, copper turnings
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Table III. Catalysts Studied in Approximate

Order of Efficiency

% Fumber }
I Sl

Copper chromite au~aharﬁea1
Copper acetate on charcosl

GCopper ggﬁf& from copper
niltrate on @hﬁr&a&i

Copper scetate and chromium
acebtate on charcoal ‘

Copper acetate on alumine

Coppey hydroxide and ceric
hydroxide on charooal

Copper from copper nitrate
on copper scresn

Copper oxide wlire stlcks

Copper ppt'd from copper
acetats and KOH on charcosal

Copper acetate and nmngenese
acetate on chareoal

Copper acetate on powdered

chargcoal with colke

Copper scetate on plain
wood charcoal

Coppey formate on charcoal
Copper acetate on coke
Aeotivated charcoal lumps

Copper acetate and cedmium
acetate on c¢harcoal

Copper acetate formed on copper
sorsen with HCRe vapors

Ceric hydroxide on charcoal

Copper acetate on plaster
of Paris

20
3, 17
2

.

is
13

10
13

i6

15

g‘,

14
ie

Up to 96%
Up to 80%
78% {(not able
to duplicate)
,53%

447
37-38%

B7.5%

244
21%
Very low
Very low

Very low
Ho hydrogenation
- ‘ "

" "
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Fig. 3. Large Hydrogenation Apparatus



oxidized and reduced, copper from copper acetate on charcosal,
and copper chromite on charcoal. The last two were the only
ones that formed an apprecliable amount of sylvan. 'Thé copper
acetate catalyst was not as effective in this machine as it
was in the smaller #%ﬁw The copper chromite catalyst was the
only satisfactory one tried, giving ylelds comparable to
those received in the sﬁﬁllar~&pg&ratus. A hydrogenation
using this catalyst will be deseribed. "

The catalyst was prepared by distributing 340 gm. of

copper chromite on 2-1/2 pounds of wet activated charcoal
lumps. This was placed in the catalyst chamber and ériéﬁ
evafﬁxghﬁ at 210° in a slow stream of hydrogen.

With the furnace at 210° and the vaporizing pot at 130°,
400 gm. of furfural was started through the catalyst. Numer-
ous leaks were observed in the soldsr between the pot and the
furnaces The hydrogenation rate, starting out very low,

radually built up to a point where a very satisfactory prod-

net was obtained., Twelve hundred grams of furfural was sent
through in one dsy. The next day, after having been left
overnight with & small hydrogen stream pessing through the
machine, 1000 gm. of furfural wes passed through. %ﬁring the
next two days, 1200 amﬁ 1000 gm., respectively, were sent
ﬁh&aaghg the hydrogenation rate showing a slight improvement,
if any change. The next day, the first 200 gm. of furfural
was hydrogenated as usual, but subsequent batches came

through unchanged. It was noticed that the vaporising pot



ﬁiﬁgm

‘thermometer was apparently broken since no mereury appeared
in the visible portion of the stem. ‘
- in an #tfsﬁﬁgpt~ to ragenerate ﬁhﬁ catalyst, air was then
;;ezﬁ through 1t at 200° until most of the exit x‘mﬁaa had
dissppeared. .
On fzmaiaiﬁg out the am}aﬁﬁmf with héﬁmgﬁn and ;aaa&ing
more furfural through the eatelyst, no hydrogenatlon occurred.
An explsnation was found for the sudden cessation of
the hydregsnation when the pot was detached and found to be
full of charcecal. The -agm&ﬁ supporting the catalyst had
giéén way, dropping the catalyst into the pot, and 1t is pre-
E sumed that this heppened at the tixm 'i;km hydrogenation stoppead.
Since the heat of reaction has raised the furnace t&mgwmtmm
{ﬁa#gamﬁ in the %&ﬁ of the catalyst) at times to above 56,
1t 1s not unlikely that the bottom of the catalyst mass
reached a %ﬁmwmtﬁxfﬁ ‘Ezigh enough to melt the aa&dez‘?‘ holding
the sorsen in M&ﬁ&% | | |
The ‘f@mmmg results from this hydrogenation were com-
piled after distilling the product: |
| Furfural passed through . . « « « 4800 gn.
Product received . + ¢ « s « » » « D4B3 ¥
Material 108t .+ « « « » + & » » » 1147 7
8ylven prod "&aﬂ e s s e » « » = » 1946 "
Water f mad {(ealoulated) .+ « » « 428 *°
Reaidue from sylvan distillation . 1507 "
Residue minus water + « + + « » = « 1081 ¥

Yield based on product recovered . 65.8%

Gm. sylvan produced/gm. copper
: chromite . 5.72
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- This overall yleld of €5.2%9 eamparﬁs favorably with the
7i% overall yleld obtained with thaféwailar apparatus {see
page 44), particularly when 1t is pointed out that in using
ten times the amount of catalyst, more than ten times the
smount of produet wes received end that the catalyst still
showed né sign of fatigue immediately bafama the acreen broke.

. The 1807 gm. of residue was cooled in an ice bath,

affauﬁi&g the separation of about 250 ml.of water. TUpon re-
moving the rest of the water by distillation, the main part
of th& residue wss found to boil between 165° and 180° (u.c.),
indicating &  of furfurel end furfuryl alecohol. This

residus could presumably be repassed through the cetalyst

until & near~theoretical conversion to sylvan was produced.
Plans to sccomplish this were interrupted by the breaking of

the scereen.

P. ﬁ@éwag&nm%&aa of Sylvan to Tetrahydrosylvan

in these experiments, a water bath ra@l&ﬁaé the wﬁﬁé's
metal %ath around the vaporizing flaak,(

CATALYST NO. 1

Fifty grams of Raney ﬁiﬁk@i.aaapqa§&é~in bolling water
was activated by the slow addition of a solubion containing
60 gm. of NaOH. After the reaction hs
was flltered on a Buchner funnel and washed wlith distilled

d ceased, the mixture



- water. It was ree-suspended 1n water and 100 gm. of activated

charcoal lumps added. By again filtering, charcoal covered

with nickel catalyst was left on the filter. This was placed
in the catalyst chamber and dried st 200°.

At & furnace t@m§¢$atxv?'@f 125% and with the vaporizing

~ flask at ?ﬁﬁmftﬁmgafaﬁﬁﬁé,'&@'gmﬁfm£‘a§ivgm"waasy&§$¢é throug
the catalyst. Hyé§$g§a~wa$lgﬁaé up fairly rapidly for a few
minutes at a time; then flushing wes necessary to restore the
rate. This indicated th@ acounulation of & decomposition gas.
| The furnace tﬁmyaraﬁura wes Iaw&raé to 115° s Where the reac-
tion appeared %@~§r$§aaﬁrmara ataaé&lyi‘ ?hgkhgﬁra&anatian -
ra%éwﬁﬁs“&ansiﬁﬁr&%&ﬁ-1awar*at.t@m§araﬁurﬁﬁ mach below 115°.
At one time, when the hydrogenation rate had dropped to a low
value due to the supposed accumulation of s decomposition
product, & sample of ges was withdrawn fagfﬁaaigaia*
'Whaufali the sylven had pessed through, 26.3 gm. of
product was found in the receivers. This loss af’aaa? .
'frmay be aaﬁa&atﬂﬁ for %ﬁth by the ﬁeﬁmmyaaitiaa of thﬁ Qﬁﬁwb

po
vaporized prﬁﬁagt flﬁﬁh&ﬁ @ut with thﬁ fraqgaﬁﬁzy ranawaé
hydrogen.
| Analysis of gas samples
; ﬁﬁg'  &»:@4?ag g0~ 1.08%
Unsaturated HC's -~ Q.70 . Hy =~ 18.40
Og -~ 0.25 Inert - Q.74
Saturated HG's - 77.20 (Cy .H, og)

md as it yaaa&ﬁ over thﬁ @&t&l@uﬁ anﬁ'hy the ama&nt af
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This enalysis indicates that the decomposition takes
the form of the hydrogenolysis of a C— 0 bond, splitting off
thm*@ﬂ%_evv¢§.ﬁa form methane. The high percentage of

hane present with the resulting low concentration of Hy
readily aescounts for the low rate of hydrogenation accompany-

ing this accumuletion of inert gas.

Distillation of products: An appreclable portion sumell-
ing 1like furen distilled at 30-32° but did not condense.

of the assumption that hydrogenolysis of
tha bond bhetween the furan nucleus and the methyl group

Thig is in support

ﬁaaﬁxraé, forming methane and furan.

After & large portion hed dlstilled h@#ﬁ&aa.ﬁﬁﬂ and 77°,
#ﬁl? 5 gm. was collected between 77° and 82°, This was the
%@tﬁ&ﬁ?ﬁ?@#ﬁlﬁan,fra@%i@&@ & &m&l&~ams&mt~wf'rﬁéiﬁna re-~
mained in the flask. Baasé on the 26.% grn. of ﬁxaénat col~
lected, the yield of tetrahydrosylvan frection was 207.

CATALYST ¥O. 2

The conelusion that Reney nickel in its usual form was
too active for this hydrogenation led to the study of other
forms ar Raney nickel.

A catalyst was prepared by distributing 50 gm. of unac-
tiv&ﬁa& faney nieckel on 100 gm. of activated ah&we@ni,laﬁgai
At furnase temperatures from 100° te 250°, sylvan was passed
through this catalyet, but no hydrogenation %ﬁﬁﬁy%&d,



CATALYST N0. 3
Eighty grams of Beney nickel suspended in boiling water
Ele ﬁf ﬁaﬁﬁu Ehﬁ.a

is 6.25% of the NaOH normslly used. The catalyst was dla-

was treated with a solution contalining 5

tributed on 180 gm. of activated charcoal as in the procedure
for catalyst #1, placed in the hydrogenator and dried in a
stream of hydrogen at 200°.
| At furnace temperatures between 110% and 15&”, 150 gm.

of sylvan was passed through this cebtalyst in three batches.
The temperature at which the hydrogenation proceeded most
smﬂéthly wég'&lﬁwlﬁégg Above this, frequent flushing was
NeCessSary. ?hﬁfhgﬂra@éﬁﬁﬁi@ﬁ.rata wag ﬁaﬁér very high.

| On aistilling the 131 gm. of product, 25-30 ce. came over
vetween 70° and 78°. The tatrahyﬁre&ylvan fr&c&iﬁa, boiling
between 78° and 82°, weighed 64.5
of produet, the yleld was 474.

gm. On the besis of amountd

The physieal constants of the tetrahydrosylvan fraction
in the

r&é&iﬂ§a a@# compared below with the constants found

literature.

n

d

By repassing the 2 .
through the catalyst, a gigiﬁ}ﬁg well over EO% si

obbained.



w B o

énother catalyst prepared with the same amounts of

materials gave the same results.

CATALYST N0. 4

One hmm grams of ﬁmg nickel was smmmaa in
bﬁiilﬁ@ waﬁar aaﬁ a solution containing 8 gme ar HaQOH was
slowly added. This Raney nickel, activeted with 8% of the
ﬁ&ﬁﬁ?ﬁﬁ&ﬁ%}?’ﬁﬁﬁﬁ, was ﬁistﬁih&%@ﬁ on charcoal as before and
aried in the catalyst chambers | o

At furnace %amyaxa&&%aa %ﬁ%&&@m kiﬁﬁ and 3&%9 the hyéwaw
gﬁn&%ﬂ@m rate wua hiﬁ«

s than with the previous catalysis.
Frﬁm 1@@ gm* of ﬁyixaa, the fa&iﬁwing @?&ﬁﬁ%ﬁﬁ wers @b%&in&éa
Total n&&ght of product - ?Qot'gﬁ.
Boiling below 78° -~ 29.5 gm.
Beiling from 75-85% -~ 26.0 zm.
Boiling sbove 85° - 13.5 ga.
This I8 & yield of 43.5%+ The asccumuleted fractions
boiling sbove 85° were fractlonated and found to include

secondary amyl aleochol {b. pt. 119%) and methyl propyl
‘kwﬁana (@‘yﬁﬁm 102%). The aloochol was identified by its

3, 6~dinltrobenzoate meliing 8t 60°. The methyl propyl ketone
was 1dentified by the 2”&m§iﬁi$re§h$ﬂ¥3 hyé%azha« {m. pte«
141°) and the semicarbezone (m. pt.  108%).

aafthaw @aﬁniy&% was prepared ia.#s&aﬁly the same man-
ner as the previous one. ?h§ hydrogenation rate was gulte

low, and after repassing the unchanged portions several times,




the final yield was only 32.8%7.

CATALYST NO. &

| F&fty‘gramﬁ-&f‘ﬁamﬁy nickel was aatﬁ#a%ﬁﬂ with & gm. of
NaOH {6% of the amount usually used) and distributed on char-
coal as before. |

- One

hundred grams of sylvan plus 31 gm. of the unchanged
sylvan fractiom from previous runs were the starting materials.
The grmﬁaﬁt, after repsssing the Eﬁﬁh&n&ﬁé portions aavaral
times, aaﬁgsataé ofy
Boiling belew 50°
Boiling from 50-76° -
Boiling from 75-85%
Boiling ebove 859
Total product

yleld of tetrahydrosylven. It is not yet understood why this
#5 and #4. Co _ cat

CATALYST RO. &

‘& solution of nickel nitrate was g&ﬁaiyitata& by smmonium
carbonate. The precipitate was washed, suspended on charcoal
Jumps, pleased in the catalyst chamber and reduced to metallie
nickel at 225% in e stream of hydrogen.

Fifty grams of sylvan was paseed through this catalyst
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at s furnsce temperature of 105%. Although the hydrogena-
tion rate was rather low, over 50% by volume of the produch
bolled between 77° and 82° and hed the physicel properties
of tetrahydrosylvan. ﬁfﬁﬁﬁiﬁﬁaﬁla amount of the product

boiled between 307 and 35% and smelled like furan.

CATALYST HNO. ¥ |
A nickel catalyat wus prepared by adding 30 gm. of KOH

e a suspension of 10G gm. of chercos
containing 80 gm. of Ni(NOg)g+6HgO. After washing the product
on & Buchner funnel, it was placed in the catalyst tube and

J lumps in & solution

reduced at 230°, Near the end of the reduction period, & -
atrong odor af'amﬁﬁaia mﬁ$~ﬁﬁt$&aé as in oceriein of the copper
catalysts mentioned before. |

Between furnsce temperatures of 110° and 150°, ne hydro-
genation of sylvan was accomplished.

$ﬁ§§£&$§ HO. 8

A nickel acetate catalyst was prepared by soaking 100 gm.
of sctivated charcoal lumps in s hot solution of nickel ace~
tate., After partlally drying, the process was repeated twice,
leaving crystals of nieka&lswa%&ﬁﬁ well-sovering the charcoal.
C This was dried and desouposed in the hydrogenator. Decomposi-

08 %&m@a@a&a&ﬁ;w&ayﬁﬁﬂgi

tion was not evident until the furr

Pifty grams of sylven was passed through thils catalyst
at furnace temperatures between 118°% end 155°. The higher



temperature seemed te be better, although the hydrogenation

‘rate was never very high.

Pased on the 42 gm. of product recelved, the yleld of

tetrahydrosylvan was 15.9%.

CATALYST NO. 9

4 eopper chromite catalyst g?ﬁgﬁ@@@ in the same manner
as oatalyst 20 in Part D was tried with furnace temperatures
between 90° and 250°%.  §@ hydrogenation of the sylvan passed

CATALYST HO. 10
sme of & reduced ai&%&l aatakyﬁt prepared aaearén

1ng’ta the ﬁiraaﬁiaaa of Covert, Connor and Adkine {(34) waa
placed in & Parr @fwyaganﬁtian bomb with 82 gm. {1 mol) eof

sylvan. It was hydrog

enated at an original gﬁassﬁra of
1480 1bs. and a.tm%@aﬁaﬁmra of 250° for twe hours. It was
necessary to refill the bomb twlee. The yleld of tetrahydro-

sylvan from this resctlion was 68%7.

6. Dehydration of Tetrahydr

3inaa.ﬁhﬁ patents covering the éghyﬁragian‘af tetra-
hydrofurans (6, 38} have included all of the common and some
of the uncommon &ehxﬁr&ti&ﬁ eatalysts, the problem dild neot
seem to be ss much that of discovery as it was of verifica-

tion. 4 conclusion that can be drawn Irom %hﬁ following
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cursory lnvestigation, however; is that there ls much yet to
be discovered about the reactlon before it is commercially

CATALYST ¥O. 1

MHerouric @hﬁﬁyhata wasg y@aéigita&#ﬁ on activated alumina
from Hgllg, NagPO end HyPO,. After washing and drying, it
was @iﬂ@&ﬂ'iﬁ:t&@'ﬁa%&133§ tube and dried st 500°

of nitrogen. |

Fifty grams of tetrahydroaylvan was placed in the vepeor-
izing flask, kept at 70°, anﬁ the recirculation pump was
started, with the furnsce at aﬁﬁﬁg Bereury was noticed to
distill fgum'ﬁhﬁ catalyst during the run.

Upon distillation of the product, 5 to 6 ml. of & frac-
tion bolling between 41° and 45° was obtained. A fraction of
approximately the same volume was received between 26° and
41°. Since most of this fraction bolled at the lower tempera-
ture, it was thought that this fraction was chiefly the 1,4-
isomer of piperylene. The lower-bolling part of the fraction

disappeared before the physical constants were measured.
~ The physical constants of the fraction boiling between
41° andg 45°, as compared with those of piperylene, are as

follows:




- 850 -

One milliliter of this fractlon was polymerized to a
rubbery mass wlth a few crystals of AlClg. The rest of the
dlene fractlon was mixed with an ether sclution of malsie
‘anhydride in order to obtain the additlon product melting at
62 Iﬁaﬁﬁg&, & thin white film of rubber was scraped from
tha“haﬁﬁﬁm;af the flask after féa? days .

CATALYST NO. 8

Four hundred cubie centimeters of aectivated alumine
.{1é*$@“m§sh) was moiste
tube was filled with this mixbture and dried for 4 hours at

iod with syrupy HgPO4. The catalyst

310° in a nitrogen stream.
At furnsce temperatures between 33CPend 350°, 50 gm. of
. tetrehydreaylvan was passed through the catalyst. Distilla-
tion of the product gave the following fractions:
Boiling bﬁiﬁﬁ'ﬁ?é = BB co.
Belling from 37-60° -~ 9.5 ee.
Boiling from 50-85° -~ 18 gn.
Bolling sbove 85° - 4 gm.
A total of gm. of tetrahydresylven and 41 gm. of the

recovered fraction boiling between 50° anad BE® was sent

through the catalyst. The totel smount of produst bolling
between 37° and 50° was 23 ce. About half this volume of
lower-bolling products wes formed. |

The catalyst was fon

nd to have set to a hard mass im~

possible to remove from the catalyst tube.



CATALYST NO. &

Four hundred sublie centimeters of activated aslumina
lumps was suspended in & solution of 100 gm. of ﬁl{ﬁ@s}gvgﬁgﬁ,
and AlPO; was preclplitated by the additlion of a solution con-

taining 35 gm. of ammonium acld phosphate. The mixture was

washed and pertislly dried on & Buchner funnel, then ?1&@&@
in the catalyst tube and dried st 350°. Brown fumes of nitro-
gaﬁ oxldes were gilven off from the ocatalyst as it was being
dried and also as 1t was being used. Fifty-three and flve-
tenths grams of tetrahydrosylvan was paased over the catalyst.
on distilling the product, the fraetion bolling belew 37° was
largser than the piperylene frection. The fraction bolling

above 85° was elso larger than usual.

CATALYST RO. 4
& thieck paste of keaolin and water was made and spread in

a layex iﬁ.%h# bottom of & lsrge evaporating dish. This wes

heated with a Meker burner until dry, was broken into smaell
lumps and plasced in a catalyst tube 30 em. in length and 5 om.
in dlameter. After further drying at 4002 in a nitrogen

atream, 50 g

m. of tetrahydrosylvan was passsed throug

stream of nitrogen over a period of 2 hours. At the end of
 this time, the ocatalyst was qulte black. No recirculatien
device or veporizing flask was used, the tetrahydrosylvan be-
ing éripped inte a warm portion of the catalyst tubs.

The product welghed 44.9 gm., 7.6 6c. of which was water.
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the following fractlons:
Bolling below 37° -« 3.5 gm.
Bolling from $7-47% -  10.1 gm.
ﬁ@ilﬁﬁg‘frﬁ&‘éswaﬁg - 15.5 gm. {only a few
| | o | drops above 75%)
Boiling sbove 85° «~ 2.9 gm. s
Logs in distillation - 3.0 gm.

Based on the amount of water collected, 81.37 of the
starting material was aahyéwaﬁéﬁ‘ The yleld of pilperylene
fraction, based on the product recovered, was 30.%5%. |

In comparing the last two catalysts, it is seen that
operation under reduced pressure possesses the following
advantages: |

1. Reduces the smount of charring.
2. Haises the yiﬁiﬁ of piperylene.
3. Reduces the formation of higsﬁrmﬁailing com-
pounds .
Beduces the amount of product bolling below

piperylene.
5« Ho sppreciable amount at’prﬁéuﬁ% was loat by

1is not condensing at the low pressure used.

3t Nine and &

merigation of the piperylens fracti

half grams of the plperylene fraction boliling closest to 435°
was unsed for the polymerization. The guantities of the

- other materiale weres
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studlied. Dehydration &t a greatly reduced pressure in the
case of the keolin catalyst slmost doubled the yleld, and

1% is presumed that this refinement may improve the yield of
any of the dehydration catalysts.: |

B« Emulaion pmlymﬁriaahien, a method not previocusly
appiled to piperylene, has been utilized in gr@ﬁueing‘a
satisfactory synthetiec rubber sasmple.

ﬁ' This study has shown that furfural, s non-critical
and abanﬁaat raﬁ'maﬁaﬁiﬁig iaipﬁtaatiallyvan taaﬁémiaai sourcse
of synthetic rubber. The results of this investigation fully
warrant a mars“éamglatﬂ #ﬁﬁég with the lmmediste ﬁbjcét&vﬂ of

1&wgu~aaalﬁ,uﬁii&z&tﬁaﬁ.@f the proosss.
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