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INTRCDUCTION

Hydrogenation of both elements and compounds,
practiced on the colossal scale that 1t is today, has evolved
from the admirable investigations of Sabatler and his
associates, whose studles, on the catalyile activity of finely
divided nickel, copper, and other base metals were first
reported in 18987, and for whieh,with later investligations, he
imas awarded the Nobel prize, in chemistry in 1912. This
principle was used at about one a@mﬁaphkra of pressure in the
vapor phase, and slince has been extended to both the wapor
~and liquid phase at thousands of pounds of pressure aﬁa applied
to many eclasses of organie compounds by numerous. chemists.
Although a few minor reactions é@tﬂ%&n'm@leauiar hydrogsen
and an element, or unsaturated compound, had previously been
~ raported, Kuhlmenn (25) in 1838, produced amnmnié using oxides
of pitrogen and hydrogen in the presence of platinum sponge;
Corenwinder (15) in 1852 reported rapid reaction between
| hydrogen and iodine et 300°-400° ia the presence of platinum;
Debus {(17) in 18863 nydrégaﬁateﬁ hydroeyanie seid to produce
methyl amine in the presenece of platinum black; von J¥de
{3¢) in 1874 produced athflaga,anaxathane by hydrogenating
‘acetylene with a platinum blsﬁK §a§a1yst; 3abatier's work
brsught'abeut the #@alizatiaa of the possibilities in
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hydrogenation to meny chemists, and thereby catalyzed
eatalytie hy&raganaﬁian pProcesses.

When one considers the amount of useful or more use-
ful chemicals produced by this process from cheap or weste
materials, such as the vegetable and sunimal olls converted ta
olls that can be used in the food and soap industries; the
inereased amount of gasoline produced from petroleum, by
ﬁraeking and subss@aant hydrogenation; the hydraganation of
coal; and the produetion of alcohols from carbon monoxide;
besiﬁas‘tha hydrogenation of nitrogen in the synthesis of
ammonia, the importance of hydrogenation as a technleal pro-
cess esn be realized.,

Many compounds whieh are difficult or impossible to
obtain direectly, or are more time consuming and expensive to
prepare by;xhar methods, ¢an readily be produced by
hydrogenation. Hexahydrobengzene, for example, can be prepared
easily from benzene and hydrogen in the presence of niekel,
but is obtained with difficulty by other methods.
Furthermore, in the proof of structure of some compounds,
and in the 1dantifiaatian of them, hydrogenation can be very
useful, |

Purfural, one of the products of agrieultural
wastes, haé aeﬁalapaﬁ a2 number of impbrtaat uses, such as in
the resin and solvent industries; likewise the hydrogenated

produets of furfural are of inereasing usefulness as develop-
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ments take place with the study of these produets and their
manufasture.

This study was started with the idea of finding
the temperature and pressure whieh would be most favorable
for the hydrogenation of furfural; and to determine the
.'ralative aetivity of some copper and related catalysts pre-
pared by different méthods. The free energy of furfural and
some of its.aerivativss has previously been determined in

this laboratory (27).



aedeeys Pujdoressp ucos exem (9g)(¢)(0T)(T) sxo9ediyeean
“reooIEYe U wniperIed Jo eoucserd oqy uy sanseexd wo
sxoydsowse euo pesn e °*TREY UT (¥¥) snwyueys £q peyIodex
48113 ses [RInIny Jjo uvoypssusBoaphy essyd pinbia
| ;¢naﬁa@a@n 8 Jo uysed syy JuileITisOAUY ueUM
Atreioedse *sonpoad sqsjpewiesu] ue 4e dogs 03 eTqRITEED
8] 191 sewyqomos puw psuosiod ATIses s jou eaw Jaddod sw yYous
$984TB460 €Yl °*TONOTU UsAs o 898ATeqss dNoXP WRuUTyBTd oy £B
a8l S® UOTQ0®BOI 9Y) PATJP Aoyl Op Jou ‘sangeredmes B MOT SB
48 ea}10® 8B q0u exs Leyl ydnoysie ‘pefordwe eq usp ‘yeddod
gse yons *sqslTwyso deeyd rumeRoaphy Jo seanssead Ieudiy JO
osn ouy Aq usBoxply yrism 48478380 SuY3 JO HOIYBANGBE JO aﬁﬁam
oug 0% *edvqusapw mnw& ‘poseoasUl €4 UWEO UOI30BeX Jo poeds
1A .hmwaﬂﬁ gomu Jo LJesesoeuun suoyinyvdes geyew Syl pus
‘pesn oIw sucI3Ipuce xedoxd oy3 usum hﬁﬁﬁﬂﬂ@@»& I0MRB] 9aw
gjonpoad-£q oyl +eseyd aww;@ﬁw JI5A0 8638qUBADE UTELISD 8BY
ssedoxd eseuyd pinbyy eul S 8Iq8L Ul puncl 81 TBANJANI JO
suolrBuedoapliy eewyd JodeA JO MOTASI POZTLVWUNE ¥ |
*USISPUSS DUB JISIIBGBE JO polsem
eseyd Jodwa ey3 JO e8n oYY HITE L06T Uy (6%) jIuod puw woped
£q pegaodsa 48117 sem TBAnIn Jo wOoIIBusFoIpLH

"WOIHOIETIH



. : {%%) uUXInUoSig-Toungued ‘g-rousang: : : : :
Pe61: PUBUN SUTIRT uBATLABOIPAgBIL0Y ¢ H - 1 :
H : : weangoxphysagel: T : 09T :  4d : uBATAS:
1PQ6T 2 (%%) upainyoes: S : { : : $
: : puUB ulNSUILeT! ewmwna;ean T ! 001 ¢ a3 ! ueATdg:!
1PC6T! (vy) wixynues: . . a T :8-08: 80 ! uwATLS:
: : D7 ¢ ueaTAg0ID n«uas : 1 3 P :
L " T ¢ 04t ¢ N ¢ ueangy
T T euoq6% TAdoxd (AUjeW: I ¢ 06t ¢ IN ¢ [ogooive
: H 3 usaTLs0IpAuBIyDY ! 5 H ITAIngaIng:
P 3 _g-jousqued ‘ueaTAg: : _ t : :
TEe61: | (§) Wesaned TBAT TT 1 LGLAB=CGLL’ TTBInJIng :
: 3 ‘usmT o ‘umoxg: mm;wcneﬁﬂw Hmuﬁmmﬁwn e 3 } “
H 3E) B4 1L N4 DU® 958304 : C=%' aamaaapwm. T 0G1~0C1: TN i{eangang:
: : ‘ ; : [ouests yianga o : ki .
T (ee ] " UoanJoapAULD TUBAT) 5T T ¢ DO0g ¢ Bd  iBangang:
50 mma" y3oN pus wieysFuixd:  uvIng *peIJTIUSDT! 2 4 : H
: : H saem sTwlJIeIBW Fuy! t : 3 :
H H H ;Mﬁoa Jemot eyy Ltuod : 1 : :
: : t*qnq *y3ucd puw Boped: : 2 2 :
3 3 3 ge ggonpoxd eweg: @ SR 3
TAO061°(68) 13u0d puvé sopsd: ueaIng pus 00°F ¥ f 048 ¢ 1IN iyoanjangc
: 2 ! suogex TAdoad ydygem:’ 3 1 $ :
H : ¥ usatisoxpiyexqes’ : I : :
: t ! g~1ousjued ‘usayif: N .. 3 , 1
TZ061°(68) 13uod pus voped: [oqodTe TAIRJIng: T ° 061 ¢  IN  irednjanit
; : s _ ! : : 2 :
FETI 10989198 0AUT ¢ $300p0dd TYERY ¢ "De :98A18980!pUNOGNO

L. 1 1eoseadl dwed ”. 3 t

tBaniIn} Jo suolsvusBoaply eseyd Jodewa eyy us FuUOTIEIT4SsAUT Jo Agpumumg

I 216Vl



- G -
catalysts than palladium and platinum, although to be practieal
these chesper catalysts required the use of high temperatures
and pressures to secure rapid rates of reasction.

A summary of previous work on liquid phase hydro-
genations is found in Table II. It is spparent from these
investigations that Cu-CQr oxide or meodifications of it are
better than Ni eatalysts for the production of furfuryl alemhol.-
Also, that practieslly the only product obtained when using
temperatures of 200° or less is furfuryl alecohol {1)(10)}{34),
esp@aially if the produet is ¢ooled and removed from the hot
vessel as soon as the neeeaéary equivalents of hydrogen are
absorbed. |

It is known that primary alechols undergo hydro-
genolysis (defined by Connor and Adkins (12) as, "The cleavage
of C to C or ¢ to O bonds aceompanied by the addition of
hydrogen.”) t0 produce hydraaarhons'af one less c¢arbon atom
(43). 4also furfuryl alecohol is known to hydrogenolyze in the
presence of Cu-Cr oxide (1)(12) and Ni (23) and furthermore,
it has been observed that sylven, furfursl and water are produced
from furfuryl slcohol in c¢ontact with metal oxlides at tempera-
tures around 400°C. without the presence of hydrogen by
autoxidation (31}. ‘

) An examination of earlier work alsoc shows that Ni is
s better catalyst than Cu-Cr oxide for thé hydrogenation of
furfuryl aleohol to tetrahydrofurfuryl aleohol. Komotsu and
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masﬁmato (23) obtained a 70% yield of tetrahydrofurfuryl
alcohol at 180* and 85 atmospheres during 7 hours over Ni,
and Burdick and adkins (9) report an 85% yleld of tetrahydro=
fur furyl aleohol in 2.5 hours usling a Ni catalyst at 125° and
100~200 atmospheres of pressure. In contrast to this idkins
and Connor {1) obtained a 704 yield of pentanediols~l, 2 end
1, 5 by using Cu-Cr oxide cstalyst at 175° and 100-150
amspheras of pressure for 1l.5 hours.

In the pragar&tiea of pentanediols 1, 2 and 1, &
from furfuryl alechol, gu~Cr oxide is better thenm a Ni catalyst.
This is shown by Adkins and Connor's (1) report of a 70%
yield over Cu-Cr oxide gatalyst at 175° and 106*15& atmospheres
of pressure for 1l.5 hours, as opposed to the fact that
Komatsu and Masumota (23) found no pentanediols when treating
furfuryl alcohol with hydrogen over nickel at 300° and 90
atmospheres for 13 hours.

It is also of interest to note that Connor and
Adkins (12) found that tetrahydrofurfuryl alecohol glves
pentanediol~l, 5 upon hydrogenolysis and not a mixture of
glycols as is produced from furfuryl aleochol.

It is further noted that XKomatau and Masumoto (23)
are the only investigators to report the formation of di-
hydréfurruryl alcohol from fﬁrfuryl aleohol., Although their
only means of ldentifying the compound was by physlesl con-
~stents, they d4id get hydrogenation curves to support their

views,
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In addition to the vork summarized in Table II,
Burdick and Adkins (9) did some very interesting work on the
hydrogenation of E~fﬁryla@roleia, a molecule which has al
- number of possibilities, i. e., ring or side echain saturation,
hydrogenation of the aldehyde group or hydrogenolysis of the
:ing'ar the side chaln, Niekel and Cu~Cr oxide catalysts
were used with the following results:

gatalyst Temp, Press, _ Hain Products

- Ni on kieselguhr 160° 100-200 1,5-dioxsoetahydroindene 33%
. atnos,

Raney Ni in :

ethanol 160®* ™ * 3 tetrahydrofurylpropanol 655

Reney Ni in

ethanol g8®* » » B furylpropionaldehyde 64%

Cu-Cr oxide la0-

in ethanol 176® » »  3-furylpropanol 72%
heptanediol-l,4 29%
heptanediol-l,7 20%

Cu~Cr oxide n~heptanocl é%

in ethanol . 200° " n 3-tetrahydrofurylpropanol 22%

These products were expected by the authbrs, with
the exception of the first one indicated in the table. The
Su~Cr axide‘catglysts tend to split the furan ring, whereas
the nickel catalysts tend to saturate thé furan nucleus.
Among the previous investigations Robertl (34) reports the
only study to determine the optimum conditions for the
hydrogenation ér furfural to furfuryl alcohol. He, however,

determined only the tamperataré effects at 200° and less, when
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using a greasur&lnf 100 atmgs?harea, and compared the activity
of the eatalysts, Cu, Cu-Ni, Wi, and cu-ﬁr'axiée,‘including a
catalyst (37 XK.A.F.,) prepared sceording to direections of
Adkins, Connor and Folkers (14).

No reports have been made on the determinstion of
the lowest pressure that would produce a raute of resetion
- which would not be increased to any large éxtent by higher
pressures.

Roberti (34) found the Cu-Cr oxide catalyst gave
almost quentitative yields of furfuryl aleohol when using
200° and 100 atmospheres of pressure. He also noted that the
addition of alkaline sarth oxides, espeeially caleium oxide,
lengthens the life of the catalyst.

| Calingaert amnd E&gat (10) found that by adding 20

grams of slaked lime per liter of furfural the predncﬁ waes
lighﬁer in color and the rate of hydrogenation was increased.

Connor, Folkers, and Adkins (14) report that, by
adding certain barium, calcium or megnesium salts in the
preparation of their catalysts, more raplid hydrogenations
took place begause the ecalcium,barium, or magnesium kept the
catalyst from being reduced. Of the varlous Cu~Cr oxide
catalysts used by them, the most aciive one contalned calelum,

In this connection, the above authors also found
that a Cu~Cr oxide catalyst whieh contained no barium
(20 E.A.C;) failed to hydrogenate ethyl caprylate appreciably,

'and was bright red in color after the attempted reaetion,
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whereas a Cu-Cr oxide cetalyst which contained barium
{22 R.A.C.) produced 90% hydrogenation of the ester after
7.29 hours, and was black in color when it was removed from
the reaection mixture. Furthermore, the above two catalysts
were very similar in their activity for the hydrogenation
of furfural or acetone, and this csused them to believe that
the barium stabilized the eatalyst against reduction.

This latter view is in opposition to that held by
Sehmidt (37) who believes the hydrogenating properties of
catalysts are connected with the metallie state and that
oxides of metals are effective only at temperatures at whiech
they are at least partially reduced by hydrogen to aatals.WM
Two types of hydrogenating catalysts are noted, (1) mono-
and bivalent elements, including the alkalies and alkaline
éarths, whieh form solid, sa1t~lika hydrides and whose atomic
volumes are located at the maxima of the long perlods, (2)
bivalent elements or these whieh have a minilmum or a maximum
valence of £ and do not form solid hydrides but do form
solutions with hydrogen, and whose atomle volumes are located
at the miaima'of the long periods. Iron and platinum groups
and copper, chromium, manganese and rhenium, belong to this
class. , |

Sehmidt believes thét éatalytie hydrogenation is
an ionic ecatalysis, and that the electrons in the first class,

and the lomns of the metsl in the seegond class, are‘the real
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catalysts., In the second class, the valence electrons are
free and mobile in the interior of a metsl leaving lons
rather than atoms. These ions carry strong electric fields
in their vieinity and in these strong flelds hydrogen 1s

fonized to form positively charged ions.
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EXPZRIMENTAL
Apparatus

The hydrogenations were made in a roeklng type,
oylindrieal, copper lined, steel autoclave apprézimately
3 feet in length, with an inside diameter of about 3 inches,
and having a capaeity of nearly 3.85 liters. COne end of the
eylinder wes open and could be closed by the use of a stsel
head, with either a copper or lead gasket and eight stud
bolts of one~-half inch diameter. a valve and a threaded
conneetion in the center of the head provided an inlet and
eublet for the hydrogen. The power to roeck the autoclave
was supplled by an electrie motor, whieh produced 27 cycles
‘of the vessel per minute.

The reasction vessel was heated by means of an
electrical resistance unit, made of nichrome wire molded in
alundum ecement, properly insulated with asbestos on the out-
side and then covered with an outer galvanized iron Jjacket.

The pressure changes were followed by a gauge mounted
on the top of the autoclave in the center of its long axis.
Ths temperature was determined by the use of a calibrated
thermometer in a thermometer well, locsted in & steel collar

near the supports, or axis, on whieh the vessel rocked.
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This method af obtaining the temperature necessitated a
ecalibration to determine the temperature of the liquid in-
side the autoeclave from the thermometer readings in the

wali,

Galibration to determine the temperature of the liquid, inside

the autoglave from the thermometer readings in the well.

Two hundred fifty ml. of glycerine were placed in
the autoeclave. This was the volume of furfurel that was
used in the hydrogenations. A wooden plate, gasketed by
lead, was used to close the autoclave. This plate had two
holes through whieh the insulated wires of the iron~constantan
{Ko. 20 Leeds and Northrup) thermocouple extended. These
holes were made liquid tight by driving small wooden plugs
into the openings from the inner side.

The thermocouple was plaeced on the inside, near the
ecenter of the autoeclave, and the wires were insulated from
each other and from the sides of the vessel by means of glass
tubes so arranged that the liquid could flow freely in con-
tact with the thermoccuple when the bomb was in motion.

4 thermometer was also placed in contact with the
licuid through aaethaé hole in the wooden plate made liguld |
tight by using an ordinary cork. This was used as a fgrth@r
cheek on the temperaturss inside of the vessel.

| A second calibrated thermometer was placed in the

thermometer well and the Z.M.F. readings, and readings on
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Fhe two thermometers, were taken simulteneously every flve
ﬁinétas, exeept near the maximum temperatures used, when
they were teakKen every two and s half minutes.

' The heating unit was connected directly to the
220 volt line and allowed to heat the bomb and its contents
as rapidly as it would, until the thermometer reading in
the well was 160“' Then the heating unit was disconnected
and the bomb and its contents were allowed to cool. Read-
ings were made until the thermometer in the well recorded
130°C. This same heating method was used in the hydrogen-
ations,

The 5.M.F. wes measured with a Leeds and Northrup
yartable potentiometer, using & eold junetion of (0°C. in
place of the compensator and the compensator was set on (0°.
%hé iron-gonstantan eouple was connected on the noble metal
range, which ensbled the readings %o be made to Q.02
millivolt or 0.4 of a degree. The millivolt readings were
‘.éaavertaé to the correct temperatures by means of a Leeds
and Northrup conversion table.

A graph was then constructed using the thermometer
readings in the well as the absecissa, and the amount of
correction to be added in esach case as the ordinate. This
curve was then used to obtain the correet temperature of the
liquid at any tim@ from the fsaéings of the thermometer in

the well,
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Calibration of the autoelave to determine the moles of

hydrogen used per 100 pound drop in pressure.

The volume of hydrogen obtalned for a 50 pound drop
in gauge reading, from 900 to 850 pounds, was measured over
watér at 20°¢. éné 747 mm. and then from this was ealculated
the volume of hydrogen at 0°C. and 760 mm. It was thus
determined that a 50 pound drop in pressure was eguivalent
to 0.4979% moles of hydrogen. This result was checked by
" a drop in pressure from 1400 to 1350 pounds.

Freﬁaration of Catalysts

Qu~Cr oxide, Catalyst Ho, 1

This catalyst was prepared according to the
- directions of Connor, Folkers, and adkins (13).

Seventy-one grams of (NHg )C0z.HgO in 400 ml. of
water waia added to a solution containing 50 grams of
Cu(NOy) g+3Hg0, 5.4 grams of Ba(NOz)p, and 77 grams of
Crg(NO3)g-15H,0 in 575 ml. of water. The mixture was stirred
well, filtered on a Buchner funnel and washed twice with 50
ml. portions of Hy0. It was then dried over night at 110°C.,
Féﬁﬂareé and deeomposed by heating to 230°C.



The same directions were used as in Number 1,
except that the heating was limited to 130-150°C., after
drying over night and powdering, instead of heating to 230°¢C.

u.0, Catalyst Ho. 3

Five hundred ml. of water were saturated with
Cu80,.5H,0 and NaCl and the copper subseguently reduced by
bubbling 30, gas into ;he solution until the change appeared
to be complete. The excess 50, was then driven out by bdil«
ing the solution for 20-30C minutes. |

4 satursted solutlon of sodium carbonate was added
to the well stirred hot solution until af?erveseenaa eegsed;
the precipitated Cuy0 was washed three times by decantation,
. filtered and washed several times, then dried over night in

‘a vacuum desicecator, and powdered. It was then ready for

use,

Cuz0, Catalyst No, 4

Five hundred ml. of a 40% sodium hydroxide solution
were added graduslly with stirring to a solutian containing
500 grams of dextrose and 500 grams of CuS0,.5H,0 in 2500
ml. of water. ?he mixture was then warmed on a water bath

to about 85° for 30 minutes, filtered with a Bichner funﬁal,
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washed untilvﬁhaifiltrata was clear, dried over night in
8 vacuum deslecator, powdered and stored in = atoppered
bottle until used, One hundred forty grams of catalyst was
obtained. Mellor (26) states this Cug0 1s stable in eir
and free from hydroxide.

Sarma {35) elaims the compound is very stable snd
can be heated to 150° after dryling without changing color.
It contains 82% Cu when dried at 110° and he believes Cu(OH) ¢

is present in the precipitate.

Cuplly, Gatalyst No, § (Method of Vérlander and Meyer (40)

One hundred grams of CuS0,.5H;0 were dissolved in
400 ml. of water end warmed to 60-70°C. on a water bath,
‘Then 108 grems of 50% hypophosphorous acid, which had previous-
1y been warmed to 6(0°C., were added. after 10-15 minutes,
the mixture was filtered and the precipitate was w&sied
several times, dried in a vacuum desiccator for four hours,
and used immediately. If the compound was dried for more

than four hours it oxidized upon exposure to air.

gu-ur Qii&e, Gatalyst No. 9

Seventy one grams of (NH,)pC0z.HaO in 400 ml. of
water were added to a solution made of 56 grams of
Cu{NO3)gz.3H,0 and 5.4 grams of Ba(NOz), and 50 grams of
U0, (NO3)5.6Hg0 in 575 ml. of water. after stirring the mixture
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was filtered on a Buchner funnel, dried on a hot plate and

heated to 160°C., powdered, and stored in a stoppered bottle

until used,

A concentrated solution of Cr¢0; in water was made
and pcwdsrea CuC0; added until effervesence ceased. Then
concentrated ammonium hydroxide was added to this mixture until
precipitation ssemed to he complete, The mixture was allowed
to dry in the alr, pulverized, dried in & vacuum desicecator,

 heated to 160°C, and stored in a stoppered bottle until used,

gu-Ccr axiéa, gcatalyst No, 13

This catalyst was prepared according to directions

of Calingaert and Zdgar (10).
| One half mole (149 grems) of Nay0r;0,.2H,0 and 1 mole

(260 grams) of CuS0,.5H,0 were dissolved in 1200 ml, of water,
To this solution was added slowly 2 moles of concentrated
NH,OH (the exact end point is reached when a faw»drogs of a
- filtered sample gives no further precipltation when NH,OH
is added) filtered, and washed until the wash water was
eolorless, The solid was dried at 110° end then haate& to
3230°-340°C,

Cu~Cr oxide, Catalyst Ho, 23

This catalyst was prepsred according to the direct-
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ions of Connor, Folkers and Adkins (14).
Five and four-tenths grams of ﬁa{&ﬁsié were
dissolved in 50 ml. of boiling water, Sevsnty¥se?an and
two-tenths grams of Cra(N0;)g.15Hg0 were dissolved in 450

ml, of warm water, end 100 grams of Cu(NOz)z.3Hy0 were

dissolved in 150 ml. of water, The three solutions were mixed

at 35°C. and 94.4 grams of (NHg)pC03z.Hz0 in 535 ml. of water
were added. The mixture was filtered on a Buchner funnel,
washed with two 850 ml. portions of water, dried at 110-~120°,
pulverized, and decomposed in two portions by heating to
190-230°. |

The powdered praﬁuet was then suspended in 100 ml.
of a 10% acetic acid solution, filtered, washed with two
75 ml., portions of water and dried at 110-120°.

‘ gug0, Ca(0H), Gatalyst No. 26

One hundred fifty ml. of a 40% sodium hydroxide
solution were added, with stirring to a solution composed
of 43.8 grams of Ca(NQz)g, 100 grams of Cu(NOj)g.3Hg0 and
100 grams of dextrose in éoe ml. of water. The mixture was
warmed on the water bath at 85% for 30 minutes, filtered on
a}Bﬁchnar funnel through a number ié Whatmen filter paper,
washed until the filtrate was elear, dried for 12 hours in

a vacuum desigcator, powdered and stored in a stoppered

bottle until used.
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Method of Procedure

Two hundred fifty ml. (approximately 3 moles)
bf furfural were placed 13 the autoelave, and 8.8 grams of
catalyst added, excopt where otherwise inﬁiéated‘ Then the
vessel was el@gaé aﬁé 5@8 pounds of hydrogsen added and
aubsequéntly‘vanted off to remove the alr. The desired pressure
of hydrogen was then added and the apparatus allowed to stand
for two or more hours to detect any leaks present., If no
drop in pressure took place during this time the sutoclave
was started in motion.
| The time, temperature, and pressure were recorded
‘and the heating uniis were connegted directly to the 220
volt line, and the autoclave allowed to heat up as rapidly as
it would, untii the reading of the thermometer in the well |
reached 160°, Then the heating units werse ﬁiseanﬁseted.

, The rocking motion éf the bomb was eontinued, until
the reading of the ithermomster in the well wes about 130°.
%&mpeéatéﬁa, and pressure readings were taken every five
miantas during this heating and cooling period. This rate of
heating and cooling was the same as the rate under which the
liquid taa@eraturaﬁ were datsnmiaéd when ecalibrating the
autoelave,

The vessel and contsnts were allowsd to cool over-

night and the pressure and temperature readings taken again.
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The two readings at room temperatures were used to ealeculate
the total amount of hydrogen used in each hydrogenation.
The hydrogen was vented off and the products were
drained out. Between experiments the autoclave was thoroughly

eleaned by the use of a seraper and eloth swabs.

Method of determining the rate of hydrogenation and the
‘total amount of hydrogen used '

The observed pressures were first converted to
a&scluﬁs pressures by~adéing 14.7 pounds, and these pressures
at the observed temperatures were calculated to the theoretieal
pressures at 0°C. using the aimpia gas laws. These pressures
at 0°C. were used to find the drop in pounds of pressure atl
0°C. for the five minute intervals. GCraphs were then conw
structed with pounds of hydrogen used at 0°C. as the ordinate
and time in minutes as the abscissa.

It was noted that the calculated pressurs at (0°C.
increased slightly from the start to a certein point snd then
decreased again. This inerease wes no doudt due to the vapor
§ressurs'a£ the furfural and decreased solubility of the
hydrogen as the temperature increased up to the beginning of
the hydrogenations. Therefors the highest calculated pressure
at 0°C. was taken ss the point of the stert of hydrogenatlion.

To ealculate the total amount of hydrogen used, the

abéva’ealeulatianﬂ were made by using the temperature and
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pressure readings before starting, and after the completion

of the experiment, when the autoclave was at room temperatures.

Method of finding the smount of furfuraldshyde in the
produst | |

; In addition to following the drop in pressures with
time, 1t seeomed advisable to check the aldehyde egontent of
the product and caloulate it as furfural.

The total aldehydes were titrated with the use of
an excess of potassium hydrogen sulfite. This method was
reported to be accurate (30)(19), espeelally when using an
excess of bisulfite, Other investigators (22) elaim it is
only about 98% correct whem working with 0.1 N solutions and
with bisulfite in at least a three fold exeess‘ever the
theoretical amount negessary. In controls run in this laboratory
when working at about 5°C., results were correct to within
nearly 3%. The dissociation conatent falls sharply with
temperaturse (21).

asfter allowing the suspended catalyst to settle
from the produet for &4 hours, nearly 4 grams of the liguié
were weighed asccurately, and made up to 1 llter at 20°C., in
a volumetric flask, Three samples of 10 ml. each were
pipetted into separate 50 ml. irleameyer flasks. Ten ml, of
potassium bisulfite solutian‘(12~grama per liter) were added
to each flask from a burette. The mixture was allowed to

reach equilibrium in a refrigerator at about 5°C. for 24 hours

#
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and titrated quiekly with a 0.1 ¥ iodine solutlon using
sterch as an indicator. Three blanks were run at the same
time.
| The hydrogenation pradﬁets of furfural by the use of

}Guwcr axi&s catalysts have been so theraughly investigated
by éﬂkins and his students thet litile work was done on the
idnnt;riaationfat the minor substances produced.

| ‘ The produet was generally distilled under reduced
Qpressﬁr& with a special fraectionating column. It was noted,
in the caeses where approximately three moles of hydrogen
were used, that nearly a guentitative yleld of farfuryl
aleohol was obtained, es determined by the taﬁpexaturs at
which distilletion took place.

Results

Explenation of the items listed in the Tables 3

7, 8, 8nd 9.

zperiment number. 4 keysd system is used. The
first or first two naﬁ@ers before the letter indicates the
hundreds of pounds of pressure when the apparatus was at
raaﬁ'te#@arature before the experiment was started.

The first letter indleates different experiments
aarried out with the same catalyst; "a" for the first, "b*

for the saasna; ete.
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The last number gives the number of the catalyst
used, and, when followed by a letter, the letter indicates
that some compound was used with the satalyst. The compound
indicated by each letter used in this way iz indicated in
- the table in whieh it is used. |

The temperature at whieh

reaction starts waa‘aﬁterminaé from the pressures caloulated
to 0°C., as explalned previously, these caleculated é?sssuraa
inoreased slighﬁly as the temperature of the apparatus was
raised, and the slight increase in pressure was due to the
inereased vapor pressure of the furfural, and the deereased
solubility of hydrogen, at the highaf temperatures. Therefore
the highest ealculated praagure at 0°C. was taken as the point
where hydrogenation started, and the temperature of the liguid

50 recorded,

Resotion starts & pounds. The absoclute pressure

at ithe tiﬁa»tha reaction starts.

es of h~dra,an uaad. The moles of hydrogen used

was caloulated from the temperature and the pressure when
the eutoclave was at room temperatures baefore and after tbﬁ

hydrogenation, end is the total moles of hydrogen reasted.

Time to react with 2,25 moles of hydrogen. The time
to reesct with 2.25 moles of hydrogen was chosen becsuse it is
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the point where three-~fourths of the furfural might have
reacted to form furfuryl aleehgl if no other compound formed.
The time was determined from the graphs end was the number
of minutes fram tha time that reaction started until 2.25
moles of hydrogen had reacted,

The other items are self explanatory.

An inspection of Tables 3 and 4 shows thet hydro-
ganatién starts baﬁa%anAthe t@ﬁ@&tﬂﬁﬁres‘ot 146-168%, and
is independent of the pressure when using initial pressures
of hydrogen from 200 to 1,800 pounds. |
There is no notlceable difference in the amount
of furfural left in the product, or the total amount of
hydrogen raéating when initisl pressures of 800 to 1,800
pounds are used. At initial pressures of 400 pounds, and less,
the rate of reaetion and the amount of hydrogen reaeting |
are decidedly decreased.
| The temperature for thé greatest rate of hydro-
genation is not below £08° when agiﬁg the 8.6 grams of Cu-Cr
oxide catalyst Number 2 in 2560 ml. of furfural.
‘ ?ahlea 3 and 4 show that the drop in pressure of 7
hydrogen, for the five minute interval of greatest raéctian,

inereases only slightly with an inerease of pressure.



TABLE IIX

Results obtained by hydrogenating furfural at different
gatalyst number two

pressures, with Cu~Cr oxids

¢ 1 ' : 3 : : :
: Experiment Number : 18a2 : 16b2 : 14b2 ; 18e2 ; *12b2 . l10a2 ;
:Pounds used at the start _: 1800  : 1600 : 1400 : 1200 : 1200 : 1000 :
:Reaction starts at °C. : 146 : 168 : 146 : 152 : 149 : 157
;Reaetian starts at pounds . 2555 : 2315 ; 1940 : 1715 ; 1710 ; 1440 ;
;P3r~eeﬁt of furfural in ; ; ; ; ; ; ;
1the product P 2.7 ¢ 00 : 1.48 co 00 3 4.57 :
iMoles of 1, used : 2,81 2,89 : 2.81 : 2,98 : 2.96 : 2,87 :
i Temperature range at : 208 : 216 : 229 : 219 : 200 : 281 :
:greatest pressure 4rop :to 216 :to B25 :to 836 :to 287 :to 2809 :to 229:
: : 148 : 105 : 200 : 148 : 163 . 184 :
:Pounds of Hy used during :to 203 :to 164 :to BB0 :to 194 :to 28l9 :to B34:
igreatest pressure drop ior 87 tor 59 ior 50 sor 48 :or 58 :or 49
;Tamperature at maximunm ; ; : ; 194 : ;
ipressure : 190 3 199 ¢ 196 :and 203 : 171 ;. 189
iMaximum pressure : 2720 : 2485 : 2126 : 1815 : 1740 : 1490 :
;Time to react with 2,25 ; ; ; ; ; ; ;
imoles of Hg 1 39 40 @ 50 47 34 : 43 :

*17.2 g. of eatalyst used or twice the usual amount



TABLE IV

Results obtained by hydrogenating furfursl at different
pregsures, with Cu-Cr oxide eatalyst number two

.. 4o

LA 2]

-ggm

:Pounds of H, used during greatest

A d

:pressure drop

: Zxperiment Number . Bag 6ag : 4a2 . 2a2

:Pounds used at the start . 800 i 800 : 400 i 200
:Reagtion starts at °C. ;146 : 152 : 184 __: 168
i@eacﬁion starts at pounds ;1115 ;546 590 : 300 :
;?er-eent of furfural in the : : : : :
s product :  1.93 : 1.88 : 13.45 : 55,17 s
:Moles of H, used . 2,96 i 2.66  : 2.88  : 1,25  ;
;Tam@erature range at greatest ; 223 ; 213 ; az7 ; 218 ;
:pressure drop sto 231 1to 821 sto 237 1to 225 :
154 : 91 : 1ol : 27 :
: 179 : 178 : : :
: Temperature at maximum pressure :and 190  :and 188 186 : 192 :
:iMaximum pressure . 1165  : 875 . 605 310
:Time to react with £.25 moles : : : : :
tof Ho H 51 : 49 : 4id not ; did not
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It 1s evident from Figures 1, 2, and 3 that the only
aévantage to pe gained by higher initial pressures than 800
pounds, is a slight increase in rate.
Tabls 3 and Figure 3 show that doubling the amount
of catalyst produces only a slight ineresse in the rate, and
the amount, of hydrogen reacting, at an initisl pressure of

1,200 pounds.

Discussion of the results of Table 5 and Figure 4

It has been reported that caleium and barium compounds
have a favorable influence on the hydrogenation of furfural
with Cu-Cr oxide catalysts (14)(10). The method of preparing
the egatalyst bé precipitating the barium or caleium from the
nitrates, with the copper and chromium, and then washing the
preelpitate, leaves an unknown amount of these elements in
the final catalyst. A better ldea of the effect of each ean
probably be obtained by adding a known amount of the ealcium
oxide or barium oxide sfter the eatalyst has been prepared.

In the hydrogenations reported in Table 5, 8.6 grams
of catalyst were used, and 5 grams of the compound mentioned
in the respective experiments, except in experiment Number
l14al2a where 1C grams of Ca((OH), were used.

The temperature at which reaction with hydrogen
starts is raised about 24 degrees by using Ba0O, Ba(0H)z or
Ba(0H),8Hg0 with Cu~Cr oxide catalyst Number 12. The Ca0 and



- 38 -

TReU DI &% 1 16 T Y I A ®§ 30 Soyom!
H H : 3 H H g8 Uy 4088X 09 OWTTL:
TTgtes 1 cege | Ovte : goge | Ovie : O%6r T ; WXON
T"¢cE pue: O18 © L0@ pust 681 : ©0Z pus: 491 | einssead’
: L2z : i 8T ! P 96T H $ wnwizew 38 sanjsedws]:
} ; K : t 3 : 1 o $
¥ 3¢ d0: @8 0% BG d0° 84 d0° ©L d0%7 90 407  doIp oineceid JEeq8845:
3 28 09° ¥ET 03 2PE 03 TIZ 03 EI¥ 03¢ 9gT 0%: Buyanp pesn ¥y yo spumod:
: ey P $gT ! 8T 6%y ' 09T * Og T | :
i mmw 04¢ mnm 091 mww‘aa“ mmw 041 08 03: BOT 04: d0Jdp odnscedd 350460407
: cog P8 oo T PEE 128 P Og4T ¢ 9% eFuma eanjeodwel:
3 : 3 3 T : R R
© . 80'8 © ©o°'g ' 168 : 06°¢ : g6°g ' 60°% ! peen °H Jo SOTON
TTTTG.08 T 60 T I9c T 00 f 00 T exE T T 3onpodd Bug "
: v 3 St I ; , t : Uy [eangang Jo qued~-Jed!
H _ : : 1 -y s $ o R
H eo1E ¢ ( 3 : 3 T G061 (Bpuncd 36 51J638 UO[J0BOH:
: ! H s o % ; H
Tger TTG8T ¢ De 49 §3%945 ©O(1068
% i OIS T TR T v S1IDng Tpesn 15ATe39DT
: : : : : Ty
L B ¥ AL E equm)y juemidedxy ¢
¢ 3 s '

pamssead Fuyaaeae *=ay 00%T 38 *F(HO)eo pue 0wy ‘0He¥(HOo)wd ‘®(Ho)ed ‘Oed jJo
edusseld 9Y4 UT 2T Joqunu 38L78%80 OPIX0 ID-nD YATM uoiseuedorpiy uo s3InSRY

A TIEVY



- 88 -

POUNDS USED

400
b8 NO.12 & Ca©O NO.12 &
/ Ca.(0H);
+ M : NO.12 &
/——————‘39"’1 : X 5§ Ba(oH),
3 5 = '
.[i2 oNLY
.12 & Ba.O
100 Flgure |4
Erreet of [adding Ba0, Ba(0H),, Ba(OH),.HK0
Cca0 and GA&OH)a to cu-gr axiﬁs §a§k
Number 12, when hydrogenating fur aral at
en initial pressure of 1400 lbs.
0

>

50 ' 100 50
MINUTES



- g -
Ca{QH)g raised the starting tempersture about 6 degrees.

The outstanding results in this table and figure
are in the Cal and Ba(OH)g8H,0 experiments.

4 comparison of experiment Number 14a124 with
14al2b shows that water had no effeet on the temperature at
which hydrogenation started, but it had considerabdle influ-
ence on the amount of furfursl left in the produect, and on
the total moles of hydrogen whieh had rescted.

The greatest rate ol resction was not bslow
178°C. when using 1,400 pounds of hydrogen in th2 presence
of Cu~Cr oxide catalyst Number 12 and Cal. This is the
combination that produced the greatest rate of reaction with
hydrogen.

Figure 6 shows the rate of hydrogenation of furfural
with Qu-Cr oxide catalyst Number 12 asnd 5 grsms of Cal to be

markedly better thanm other combinations.

Piscussion of the results of Table & and of Figure 5

In the experiments reported in Table 6 and Figure
5, 8.6 grams of Cuy0 (prepered by reduction with dextrose)
and 0.08% moles of the compound mentioned in the different
experiments were used. The Cu,0 was prepared in a large
enough qusm tity, so that sll of the experliments in Table 6
and Figure 5 were made with Cuz0 which had been prepared at

the same time, except one of the Cuy0 curves in Figure 3.



TABLE VI

Results obtained by the addition of the oxides of fa, Ba, snd Eg, and the
hy&rcxiées of Ca, and Ba, to Cuz0 catalyat at 1400 lbs. atartiﬂg pressure

: : ; 1 ¢
Bxperiment Number : l4ede: 14 5 \ ; : l4adf
.iaa’ca' yst used, Cul: t 4 T H H : H
fand 19&9 moles of : CaQ : ] 3 Mg0 . 1Ba(0H),.8H,0: BeQ 3
'Raaatisa starts S 1 : b - :
;at °C. i b4 ; 164 : 164 ; 176 : 181 : 174 1. 218 ¢
iReaction starts = ¢ : : . 3 R T H R
18t pounds : 1815 ¢ 1985 : 1990 :2016 31965 : 2060 3 REOD ¢
iPer-gent of - : 3 I ! H : ot
sfurfursel in the : A N : A , : H
gggaduci ‘1 8,58 ¢ 4,00 : 2,87 14,38 :4.79 : 5.5% 187.10
: H e . L . - : ’ : : A
oles of Hy used : 5,93 : 3.28 : 3,09 :3.17 :2,88 31§§‘ 1. 081
wm@erature range $ : 4 : - : H :
rat gre&%@gﬁ % 1;? : 194 : 815 : 215 : 287 5: 330 3 :
ipressure drop tto 190:to 203 :to 224 *te aﬁx*ta 83 :na 1.2 :
1Pounds of H, used : 138 : OB T 141 ‘ : :
:during greatest  :to 508:t0 198 :to 283 ‘ta 252: to 2501 t0 15& : :
:pressure drop ior 170:0r 113 :or 117 ~ar 111~er 74 :or 39 1 %0 2
:Temperature at  : : 3 3 7 :
imaximum pressure : 168 : 188 : 198 s 196  ; 201 214 ;836
: % o 8 H : ¢ : :
;Maximum pressure : 1985 : 20556 _: 28070 :8 12078 2135 . : 8880
:Time to react with : : : : 3 ‘ : '
1285 mglaa of : : : : s : :
iHg : 14 : B3 : 288 : 285 : 40 @ 57 ; 4id not;
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The two curves labelled CQug0 in Figura~$ represents
two catelysts prepared at different times, by the same method,
and show that the activity of the catalyst ean be &ﬁplieataé,

| A comparison of the effects of the ealclium, barium,
and magnesiwm compounds on the activity of a eatalyst, would
graﬁably be the most usgful if made with an aqnal.numher of
molecules of the particular compound.

It is apparent that Cal lowers the initial tempera-
ture of setivatlon of Cug0 ebout 7°, and that Ba(OH),8H,0,
¥go, and Ba0 raise the initial temperature of setivation by
emounts inereasing in the order mentioned. The 3&0 seems to
be very detrimental to the astivity of the Cuy,0 as a catalyst,
since only a small amount af}hyéragen reacted,

Caleium oxide enhaneces the eatalytle aectlon of
Cug0 in all of the it&mﬁ taken into qaﬁsi&aratian in the
table., Why Ba0, & compound similer to Ce0 in its chemigel
properties, should differ so muech in its effects on Cuy0 was
not determined.

The eurves in Figure 5 show that the rats of re-
agtion is greater in the experiment where Cal i3 used with
Cug0 than in the other experiments. Three moles (334 pounds)
of hydrogen sre required to convert 3 moles of furfural to
furfuryl aleohol, In the experiments where Cal was not used,
334 pounds of hydrogen was not used until at least 26 minutes

after the maximum temperature was resched. The maximum



- 44 ~
temperature was reached in about 100 minutes. In the case
where CaQ was used, 334 pounds of hydrogen had reascted sbout
25 minutes before the maximum tempereture was reached. The
inereased rate of hydrogenation, when using CaC with Cuy0
as & catalyst, could be ecaused by the hydrogenation of the
fuxfnry; aleohol as soon a3 any alcohol is produced.

In the experiment where (Cuy0-Cal was used, the
temperature was 190° gt the end of the five minute interval
during which the highest rate of reasetion cceurred., The
pounds of hydrogen which had been used by this time were 308,
or enough to convert 90% of the furfural to furfuryl
alcochol,

Discussion of the results of Tabiu 7 and Figure &

The amount of eatalyst used in the experiments in
Table 7 was 8.6 grams. In experiments l4eds, 1l4alda, l4slle,
5 grams of the compound indieated in the table were added.

when using sn initlal pressure of 1,400 pounds,
the temperature st which reaction starts in the presencs of
Cug0~Ca{0H); (co-precipitated), catalyst is 13 degrees below
that of the experiment using Cu-Cr oxide (Adkins 30 R.A.C.)
eatalyst, snd 25 degrees bala@ the experiment where Cu~(r
oxide {(Calingeart and idgar) catalyst is used, The pressure
at the tims reaction starts is much lower in the experiment

where the Cuy0-Ca{0H), (co-precipitated) catalyst is used



TZe ‘108 T B8 ¢ ¥8 T ¥& %t = et ¢ ¥ JO 56100 G ¥
: H : : H : : : 314 30802 07 Wil
: : : ! : : : : :
H. 9228 m 8312 m egog ¢ 06T ¢ €eBT ¢ GBET ° 0481 ¢ eIneveld UNWIXBHN -
$ ¢ ! ! ] . 2 s :
T"gget ¢ 961 ¢ 84T ° 491 ¢ GGt ¢t 691 ! LGt ¢ sinsgexd:
S : _ H 3 : : ! wnwixsw 49 amaamuwQa@&‘
: : : : : : : P t
T Ly 40 Og JO! 62Y 40T $g J0: Op1 I0:04LT 40% GGT I07 “doIp T
igaT 03¢ cm& 43 g0C 037 90T 0% 092 03:g0¢ 0% PBT 04t eanssegd waaaamaw Bug:
: |01 ¢ Qoﬁ HIE TA | : 0¢ ! MY : BCY * 6% ! «Inp pesn *H Jo mumzom‘
H : P : H H 3 3 —— _
TLCZ 03:003 03° 808 03: 60T O%: 061 O3:0AT 03: 991 03: 04OJP ﬁkﬁmm»ﬁ@,umepwa&mﬁ
Pgeg (22 (P BET ¢ 84T ! G4T ! 44T 3 46T ¢ 3@ eBuex eanjujedwel:
TOL T 16° [ 66°C ¢ B0°G 1 90'C : 86°¢ ¢ 99V

TgEF L 6% T ¢ G0 T 668 T ¢2°F T 86°8 ¢ 71 ¢

: $ : 1 : ¢ : t  TsIngany wm as@utn»&,
t : d : _ t P I ¢
g ? T G¥eT ¢ GO6T : GLZLT ¢ G18t ¢ €oet © gpunod:
5 : s $ ! : : ! 948 £1I898 meﬁaaaem*
T 601 ¢ ovl ¢ m«m,,w OT TRt T HET T VT T 7D, 3% 519695 WO Ti09euT
$1 1 t : T s : :
T 7 T ¥ T paddoo? 3 ? T
1Ta0-noiz10-np t¥(HO)BO: O®D +“uﬁmwvnu* 089 +:gEa0-nd! pesn anmﬁap@u“
: : ! OTANR : 0%np 3 o%np ¢ 1 , :
: TRV M _ mmaga "»¢a¢a ki mmnwﬁ i Joquml JuoniAsdxs ¢

mﬁaﬁamawwaummm 8y1 JO 4IB48 9YUL 1®
spunod 00%T Jo eanssoxd v Fuisn ueym 89SL784380 JOHIO OWOS PUR
‘.Mb ‘A 86TqBI 019 UT S984A7B480 BATIDV 380W Y3 JO PIEP eATIRIBdWOD

IIA F16Vd



w £6 =

I S iPlgure 6 | |
Comparison of the rate af hydrogenation of the most
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cataiyste when using an inltial pressure
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.thén in the othsr experiments. The CugO~Ca(0H)y (co-
'precigitated) catalyst has lnteresting possibllities, worthy
of more study. |

The greatest rate of reaction during any five
minute interval, 1s shown by the Cuy0, Ca0 catalyst, which is
a drop of 170 pounds in pressure (calculated to 0°C.). This
highest rate occurred between the temperatures of 177-190.
This highest rate of reaction was over three times as fast
a8 the rate, when using Cu~-Cr oxide, ecatalyst No. 1 or 8,
and two times the rate produced when using Cu-~Qr oxlds,
aatalyst No. 12 with 5 grams of GaOQ.

The Cu~0r oxide, catalyst No. £3 {(Adkins 30 R.A.Q.)
is similar invaetivity to Cug0O with Ca0l, catalyst No. 4e.
The time %o react with 2.25 moles of hydrogen is about the
same in both cases. The temperature at whieh reaction starts
is slightly lower in the case of No. 83, but the maximum
rate appeers to be slightly greater in the case of catalyst
No. 4e. '

The Cu=~Cr oxide, catalysts No. 1 and 2 ere much
slower in thelr actlon than the other ecatalysts in Table 7
and Figure 6, and also the total amount of hydrogen used is

less than in the other cases,

Discussion of the results of Table & and Figure 7

The catalyst used -in the experiments reported in
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Table 8 was 8.6 grams of Cugy0 and 5 grams (0.089 moles) of
Cag.

An inspection of the table shows that the temperature
at whieh reaction sterts is independent of the pressure.

The curves in Figure 7 show sbout the same rate of
reaction below the point where 300 pounds of hydrogen has
been used for initlal pressures of 1,000 and 1,900 pounds,
but the rate of reaection appears to be increased more by
pressure after 300 pounds of hydrogen has reacted as is shown
by the increasing divergence of the lines as the pressure is
inecreased.

The greatest rate of reaction occurs bgtwean the
temperatures of 158 to 190 at initial pressures of 1,000
to 1,900 pounds. The pounds of hydrogen that reacted during
the five minute interval of greatest reaction, increases
with pressure up to 1,400 pounds.

The product (983.2 grams), from four of the hydro-
genations of furfural, when using Cu,0-CaC catzlyst at an
initial pressure of 1,400 pounds, was combined and distilled
at atmospheric pressure until the thermometer reached
150°¢. The distillate was fractionally distilled, and gave
14 ml., of water, and 13.4 grams (1.36%) of Z-methylfuran
(sylvan) after drying over CaCl, and redistilling. The sylvan
was identified by the following: b.p. 63-64° (737.lmm),
a5° .914, nd* 1.4322 5-methyl-z-chloromercurifuran




TABLE VIII

Results obtained in the hydrogenations of furfurel at different

pressures with Cug0 and Ca0, catalyst number 4e
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derivative (18)(31) h.p. 133°,

The residue (above 150°) produced by fraetional
distilletion, 764.5 grams (77.8%) of furfuryl alcohol with
a boiling point of 74-75 at 17 mm. The aleochol wss
identified by the formstion of the & -naphthyl urethane
(4) derivstive which had a m2lting point of 128.5°C.

The licuid bolling at a higher temperature than

furfuryl alcohol was not investigated.

Discussion of the results of Table 9 and Figure 8

The esmount of catalyst used in each of the exper-
iments in Table 9 was 8.6 grams. In the experiments whose
numbers end with 4e, 5 grsms of CaQ were added.

Copper-chromium oxide, catalyst No. 23 was one of
the better catalysts (30 R.A.C.) reported by adkins and his
students,

The activity of catalyst No. 23 1s very similar to
that of Cug0-CaC, catalyst No. 4e. The temperature at which
reaction starts 1Is slightly lower in the case of No., 23 than
in No. 4e at initial pressures of 1,900, 1,400, and 600
pounds. aAlthough the reaction starts at a lower temperature
when using Cu-Cr oxide, catalyst No. 83, it does not produce
as rapld a decresse in pressure during the five minute
Interval of gaximum pressure drop, as does the Cuy0, Ca0,

catalyst No. 4e.
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