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INTRODULTION

The loss of our major sources of natursl rubber to the
Jepoenege in 1842 wmsde 1t ﬁ@aag ary to develon o sstisfactory
synthetlc substitute. Satisefsetory types of synthetic
rubber were known at that time, but cusniity py@ﬁuggigﬁ we s
not possible beczuse of the limited svellability of raw
meterials. A study of the following serles of resctions wes
gterted in thipo lsboratory irn sn effort %o meke 1,5-nentadlene
zvelleble ag 2 rew moterdsl for polymerization Yo rubbeprd
¢4 p G PHp  HoG0—OH,

i 0 o —r— | | 2% .m0

R Qg""’ {3"" uty o L : 02 e .
ﬂ\a/ CHO - G o’ CH ggg\ P H.

Rubbes: =— H,, 0= Ui~ CH=CH- CH ;~——

The first two stens were worked out on & laboratory scsle
during the emergency (1) (2). The project weas then discon-
tinued becruge 1t had become anpsrent thet the overall process
weg imprectlosl.

Burnette's work on the first step In the pentadiene
synthesis ‘ndieated thet thie resctlion might be succesgsfully
utilized on & lerge scole. He wes not able to obtain con-
sistently sood msterisl recovery in his erxperiments (1). The

lonsos were wr&ﬁumaﬁlv due to earbonizetlion or adsorption on



the charcosl carrisr since the spperatus was shown to bé gaa
tight., Examination of Byrnette's deta revealed that in one
small run he did obtain a 80 per cent yleld of methylfuran,
but for runs which iﬁvélveﬁ any but the amsellest quantities

of naterisl, hils yields were BO to 60 per cent of theory. In
évayy cege these low ylelds were accompanied by a material
lozs of about 20 per eent. Althoush he made no specifie
mention of the point, there 18 reason to belleve that the life
of the catalyst was short.

From these facts 1t seemed that the catalytic method
wvould &&ve.tg be improved before methylfursn could be pro-
duced on a lerge scale., It wee the purpose of this atudy to
Gevise a laboratory method for msking methylfursn by which
the yield would be high snd the 1ife of the catalyst long. A
small pllet unit was consiructed in order to obtsin preliminary
information for full scele pilot plant work.

Some of the recetions of wmethylfuran which give informa-

tion on the structure of fursn polymers have also been siudied.



HISTORICAL
A. Hydrogenstion of Purfurasl to Methylfuran

S4nce the hydrogenation of furfursl &a—hmth the liguld
and the wvapor rhase hes been adequately reviewed by recent
workers in these leboratories (1) (2} (3), only = summary
of the more pertinent informstion on the prensretion of 2=
methylfuran will be given Iin this naper.

The pyimary oblect of almost a1l ot the previous work
on the hydrogenstion of furfursl »as8 been the producticn of
furfuryl or tetrabhydrofurfuryl slcohel. Heony of the previous
workers reported the simultsneocus fovrmation of methylifuran,
but in only 2 few cases has the smount formed been of any
conasecuence (4) (8) {8). In threc instonces methylfuran has
been sought a8 the sole nroduct of the hydrogenstion (1) (8)
(7).

In 1229 Richsard snd CGuinot (5) patented = vapor phase
process usinge e copner gatslyst for hydrogenating furfurel
to methylfuran. The product obbslned consisted zlmost en-
tirely of furfuryl sleohol, methylifuran, and unreacted fure
furel. By recyeling the furfuryl aslcohol and unrescted
furfursl, they claimed z yield of methylfuran only s8lightly
leags than the theoretical.,

In a patent grented to Laziler (8) in 1937 1t wes claimed



that under the proper conditions, methylfursn is the major
product formed in the vapor phase hydrogenetion of furfursl
cver copper chromite.

A process devised by CGuinot (?} had a8 1ts obleet the
synthesis of prubber from furfursl. Concerning the firsz s8tep
in his synthesis, he claimed slmost quentitative §rn&nétisu
of methylfuran by thé mathods ravaﬁlaﬁ in the sarlier Richard
and Guinot patent. |

Burnette studled twenty catalysts for converting furfursl
to methylfuren but found only twoe that were setisfactory. The
beat catalyst tried was copper chromite dispersed on &Qﬁi?&t%ﬁ
charcosl whiech was observed to plive a2 yleld of 90 per cent of
meth@&furan‘ The copper catalyst formed by decomposing copper
&ee%é@& on agtivated cherecozl was found to give 80 per cent
ral (1),

At the b@ginmiﬁglaf this study, 50 per cent yilelds of

yields of methylfuran with one passege of furfi

methylfuran were the best that could be obtained with a

conper chromlite catalyst. In an effort to ineresse the yial&a
of methylfuren, s search %aa'maﬁ§hfar & more @ffﬁéienz.vayar
phase catalyst and/or catalyst carrier. Seven catalysts were
tried, but none was found to hé satisfectory. One was molybdeum
triﬁﬁlfiﬁ@, used baa&n&& 1t hed been revoried to give mathyiu
furan and neamyl alcohol in 1iqguid @E&s& ﬁy&r&g&n&ﬁi@ﬁs {(18)
(19). '

P

Paul reported the @ahg&rﬂtﬁaﬁ of furfuryl sleohol at



390° over slumine to yleld methylfuran and furfural as the
prinecipal products (8). This reection was repeated as &
simul taneous dehydration-hydrogenation in an effort to
obviate the aldehyde formation. However, &t 400-450° much
polymerization and carbonization occurred and only a very
small amount of methylfuran wss formed.

Gonnor and Adkins reported a 36 per cent yleld of methyl-
furan from the liauid rhase hydrogenztion of furfuryl alcohol
over copper chromite st 250° and 175 atmospheres (9)., 1In an
effort to inerecse this yield, a run was made over copper
chromite at 140-150" and 275 atmospheres. After five hours
no methylfursn could be detected in the product snd 70 per
cent of unchsnged alcohol was recoversed.

When these experiments showe

d 1ittle promise of success,
attention was dlireected again to Burnette's work. IA review
of his dete dieclosed that he dld not state the ratio of dry
chromite to dry carrier. In addition, a survey of previous
vork by Calengaert and Hdgar showed that they had discovered
the asetivity of the chromite catalyst to be dependent on 1ite
decomposition temperature (10}, Burnette éiﬁ not mentlion
thie faect as being important. Subsequent investigation dis-
closed that & very active copper chromite ecatalyst could be
made if, in the &ga@myﬁﬁi%%éﬂiﬁﬁﬁﬁ of its preparction, the
temperature was properly controlled. When thim catalyst was

dlstributed on charcoal in a 1:1 ratio, 90-95 per cent ylelds



of methylfuran were obtained in one passege of furfural
through the catalyst, Consequently, copper chromite was
adopied sg the preferred gatalysnt for converting furfural to
nethylfuren, |

Copper chromite and related typesg heove been the subject
of numerocus patents (11) (12) (13) (14) (1B).

The investigators'® nrimary sime were to produce o more
efficlent and a more ﬁ%éhl& eatelyst, ‘Thelir efforts are
paerticulsrly significent in view of the results obtalined in
this investipnotion. In addition to the decomposition factor
pointed out above, 1t was found thet amell chsnpes in the
method of preparstion materislly altered the setivity of thile
catalyst.

In 1945 Wilson, while attempting to produce fursn from
furfural, observed that nickele~ or cobali- conteining
catalysts gave rises to sSmell amounts of methylfuren. Iron
znd eopper chromite catalysts pave pure methylfuran in 18
end BO per cent yields, respegtively (4).

Hatts, Rigemonte, and Beste obtained results that were

somewhst different from those of Wilsonts, They do not

mention copper chreomite a8 beiny setive in producine methyl-
furen from furfursl but instead state thet Wi-Co and Hi-Fe
catalyats were active for hydr

{16)&

ppenating the laoteral ghain



A éifferent type of catalyst wes employed by Zelinskll,
Pockendorf, and Leder-Packendorf, who Iinvegtigated the se-
lective hydrogensation of csrbonyl g?gugﬁ that were sltusted
alpha to & phenyl Gr'fﬁ#yl nucleus (17). With a pallsdium
catalyst, formed in situ frowm palladium chloride, they ob-
tained & emall yield of methylfuran by liquid phese hydro-
genation of Turfurel. Considersble resinifloation was
caused by the hydrochloric scld which formed on reduction of
the pallsadivm chloride. Suspension of the catalyst on calelum
carbonate would probably obviste this dlfficulty. However, 1t
is unlikely thet a procese employling such & palladium catalyst

wiil @Vﬁr' attain industrisl significance.

B. Resctions of S-Nethylfuran

Methylfuran wes first obtained by Atterberg in 1830 by

the distillstion of wood ter from spruce (Pinus sylvestrig)
(20). He recognized 1%t as the next highsr homolegue of furan
and, beeause of 1ts source, called 1t sylven. Thig compound
weg later isolated by Harries (21) from beech wood tar and
by Freps {22) from hardwood bor. :
Atterberg snnounced thet most reagents polymerized
methylfuran, He found that rphosphorus pentachloride re-
scted on methylfuran with consideresble charring, giving &

volatile liguid which conteined chlorine. On the basis of



enalysis, he stated 1t to be a hvdrochloride (ﬁgﬁge-Pﬁﬁk)
conteminsted with %&tﬁylf&raﬁ. All his efforts to prepare
this chlorine-contzining compound in large smounts met with
failure (20). |

He also found that concentrated hydrochloric acid or
dry hydrogen chloride in ether coused vigorous polymerlzation
of methylfuran., He reported that by copling the rescilon well
end by working with small guantities an oll free of chlorine
covld be obtained which bolled at 235-245°. On analysis,
this oll wss found to have the empiricel formuls, CygHoo0p
(ca. 3 x CgHgO), which indicsted it to be a trimer, His
ettempts to prepare this oil in large guantities a2lso failed.
Bromine wzs found to resct so vigorously thet the mixture
ignited. ¥With bromine weter Atterburg obitained 2 soluble sub-
stance which could be extrected with ether from the water
solution. Evaporstion of the ether solution left only & resginous
mass. Treatment of the ether solution with silver oxide did
not improve the product. He isolated acetic acid (as the silver
galt) by oxidation of @@tﬁgif&%&ﬁ,%ith poteassium permanganste.
In addition, he found theit methylfuran would not rezet with
elkall, sodlum, or acetlc anhydride (20).

In 1898 Horries reported that concentrasted sodium
hydroxide polymerized methylfursn. He found thst the yellow
color which methylfuren developed on standing could be re-

moved by treating 1t with & very small smount of aslcoholic HCL.



Herries also reported that a spruce splinter which had been
molstened with methylfursn turned green when dinped in con-
ﬁ%ﬁ%ﬁ&%ﬁé’hﬁﬁfﬁ&ﬁiﬁ@i& acid {=1).

. This investigator hydrolyzed methylfursn to levulinle
aldehyde by heating it in & gesled tube %&ﬁh dilute hydro-
chloric acid &ﬁ,lgﬁg for twelve to twenty-four hours. How-
ever, ﬁh@ yields of aldehyde were not good.

%gz g;gﬁq+ B0 _ HCL gﬁgﬁ@ﬂﬁggﬁgﬁﬁ@
Alcoholysis with sbsolute methenol and dry hydrogen chloride
was accomplished easily at reflux temperatures to give
levulinldehyde dimethyl acetzl in 80 per nsent ecrude yield,
HC ~OCH.;

| | % 2 CHiOH _HCl, CHzCOCH,CH,OH °

10 CeOH : NOCE
HC, G-CH OCH,

Nellensteyn reported that gaseous hydrogen iodilde re-
scted violently with methylfuran to give weater, iodine, snd |
carbon (23). A similar violent reaction with bromine and
hydropen bromide wes observed by Yur'er and Lifanov (34).
They reported that only black tars were formed at room
temperature and at ~10%,

Rinkes nitroted methylfuren in acetic anhydride at
-5°. He obtsined an open-chain acetoxynitro intermediste
which was cyclized %o G-nitiro Z-methylfuran by means of

pyridene (25),



10

OH ~Ac,t ‘ l CeHeN

HC—CH
I N
A dinditro derivative wag 8lso obtained which could net be
eyelized bhecesuse of the hindering effect of the gecond nitro
group, The proposed structure »of this compound 1s shown
below?

| |

| |
OH o, NO,,

Keichstein (28) prepared S-methylfurfural in 60 per cent
vield from the resction of methylfuran and dry hydrogen
cyenide at -15°. He showed that the ease of the Gatterman
resction in the b-membered heterocycles was in the order:
pyrolle furan thiophene (2%).

the Friedel-Crofts reaction has often been emploved to
meke furyl ketones from furen snd acid cehlorides, However,
there sre only threes recorded insitances of methylfuran being
uged in this resction. ERelchsteln synthesized S-methyl-5-
scetylfuran in poor yields from methylfuran and ascetyl
chloride (28). Zinc chloride was found to be s better
ea%&iyat for this resetion than either starniec or aluminum
chloride. Shuikin, Shemastina, and Cherkasova (29) synthe-

gilzed this ketone in epproximately the same yields zs
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Reichstein. Methylfuryl heptsdecyl ketone wss obtained in
unstated yield by Ralston snd Christensen from methylfuran
and stearyl chloride (30). No report sppesrs in the literature
on 2lkylation of methylfuran by means of the Friedel-Crafts
reactlon,

The metalation of methylfursn has been rerorted by a few
investigators. Gllman and Breuer stated that methylfuren re-
scted with ethyl, phenyl, and benzyl sodium %o give on carbon-
ation, poor yilelds of B-~methylfurelc acid (31). They slso
found thet sodium potassium alloy gave o trace of the suzme
acid. Laithium, ﬂﬁﬁiﬁm, 4 per gent sodlum amalgam, sSodanmide,
end sodlum hydroxide failed to reect in the renge from 60°
to 100", Gilman and Bebb reported that 17 and 29 per cent
yields of SH-methylfurcile azcid were obiained from n-butyl lithiwm
end phenyl 1ithium, respectively (32). Gilman and Wright pre-
pared B-~methyl S-chloremercurifursn from methylfuran and
mercuric chloride (33).

The resction of methylfuran over slumine with esryl
amines {54}; ammonia (38) (36), and hydrogen sulfide (37) hes
besn revorted to sive low ylelde of methyl thiornhene and the
corresponding methylpyrroles. an*gv reported a 24 per cent
yield of Z2-methylpyrrole from the resction of methylfuran
and emmonia at 450° over alumins (34). A yield of 11 per cent

of 2-methyl thlophene wos obtained with hydrogen sulflde at



350°. Later this some investigator prepered aryl pyrroles

by the action o sromatic smines snd methylfuran over slumina
at'é?§$. Thua, l-phenyl S-methylpyrrole, l-o-tolyl Z-methyl-
pyrrole, and l-p-tolyl Z2-methylpyrrole %@ra-prﬁggyaa,iﬁ low
vields from the &G?@@ﬁ@ﬁﬁﬁiﬁg smines (34)., Natts, ﬁattei,'an&
Bartelettl studled various cetalysts for converting methyl-
furan to methylpyrrole (36), They found that mixtures of
slumine snd chromis cave the best results,

Hethylfuran forms & dilene addition product with malsle
anhydride thet has been veriocusly reported to melt at 71-2°
{37y, 80° (38), and 84° (39). The adduct decomposes into 1ts
components sbhove 148 melting point. Methylfuran has also been
reported to undergo the Diels~Alder resction with the dimethyl
(40} =2nd diethyl (40) esters of ascetylensdicarboxylic azecid. I%
has been f@ﬁﬁﬁ.%¢@ﬁ:? »ﬁiﬁrﬁstyrﬁné-féli and gquinone {42) will
not undergo the diene reaction with methylfursn.

An sbnormal reaction has been revnorted by Alder and
Schmidt (43). They have shown that acid cetalysts cause
methyl furan to undergo, with certain unsaturated compounds, a
dgubstituting eddition® instend of the normsl diene addition.
The reactions are shown below:

P&i + €§ng= ﬁf%ﬁﬂgﬁ% _%2* ﬁcﬁzﬁﬂgﬁﬂﬁﬁﬂﬁ
BH + CHzCH = CHCHO RCH CH.CHO
- : o
Ho-cu SHz

where R repregents the I rou.
| CHz~Q O~
0



The structure of the crotonsldehyde condensstion product was
ﬁ?ﬁ?&ﬁ by oxidation with potassium nermangzanate to methyl
succinic acid.

Browmn has oxidized methylfuran to furoic g@&ﬁ’by means
of potessium ferricyanide (44)., Boeseken, et sl reported the
oxldation of methylfuran with peracetlc scild to give the
encl-leetone of @ -acetolactic scid (48),

HC - CHOH |
HC - CH |+ 2CHZCOLH
_ o+ ECHzCOzH —= CHz-C (=0 ,
CH,— G CH o
O

The liqﬁiﬁ and vapor phase hydrogenation of methylfuran
hes been reviewed by Heumenn (2). Topchlev has stated that
the double bond bhetween the unsubstituted cerbon atoms is
first to be satursted {(46)., He drew this conclusion from the
fact that the simultaneous hyérogemation and hydrction of
- methylfursan gave 5*ﬁaaté§rﬂﬁyl alecohol. This compound could
only be formed by hydrogenation to 4,5-dihydromethylfuran
aﬁﬁ subseqguent hydrolysis to the keto alcohol as ﬁhawn below:

EF - ﬁﬁ ﬁ?.“ ?ﬁﬂ a
l + H, a £ _HoO _ CHzCOCHpCHpCHoOH
et -~ - S : Ly e Y3 gvaavsg
CHz ﬁ\ﬁj/ﬁﬁ ﬁﬁg——-ﬁ\&/ﬁﬁg |

An Engiish patent sugreste the uee of methylfuran as a
selective solvent farfih@ purificastion of crude anthrecene
(47)e 1In view of the wide use of furfural as a selective sol-
vent, 1t would not be surprising i1f methylfuran also found
application in this fleld,



g‘!

e Fursn Resins

Although 1t has long Deen known that furan compounds
could be resdily polymerized, 1ittle progress has been mode
toward proving the structure cof the polymers. The poly-

merization of furen, fupri

apal, and furfuryl alcohol tskes
place so readily that only intrsctable meterials have been
isolated from the resctions,

‘%@f@ya conducting sxperiments on methylfuran, 1ﬁ.§a&m§&
advisnble %o review previous work on the structure of relsoted
?éﬁiﬂﬁ. The relation of the monomers oyclopentadiene, indene
and coumaerone to methylfuran is evident from the siructursal

formulae below:

fl i v ] | A “ .
CHsA O N ﬁ/’ﬁﬁ HE, OB

HO— CH e | oH HO— CH

Hp
Methylfuran  Coumarone  Cyclopentadiene Indene

Staudinger, et al report that cyclopentadiene forms two types
of polymers. Heiat caused the formation of a polymer whose

structure was formulsted as {(48}):
| B H - '
T T R
ﬁﬁ\g,ﬁﬁ Iﬁ\g/gii ﬁﬁ\ﬁ;ﬁﬁ

2 2
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This substance was sn sworrhous, insoluble and infusible
material, Metsllic chlorlides gave polymers that apparently
had the structure (49):

These polymers were oryetelline subdtanses thet could be
geparated Into fractions of high and of lew molecular welght.
They exhibited varving degreess of solubllity snd showed some
rubber like properiies.

The reging @#géaaa& from indene and coumaroné by scid

catalyste were postuleted ss having the structure (50):

H,0 — CH C=CH

/ H H \
S —
cH, [ CH,, Hg
X

The poor aging chareeteristics of these resins have been

attributed by Cermody to the residusl double bond in the cyclo-
pentadiene mucleus (51). Hemovsl of this double bond by hydro-
genation srestly stabilized the resins (52) (83},

Tne Toregoling suthors presented no conciusive evidence
that the aseigned structures are correct. In contrast, the
dimer and trimer of oyclopentadiene have besn reported to

have the structures {(54):



16

CH
) SgH— oH

HCT 1

I ﬁ? |l

ﬁﬂ\\\ﬁﬁ//,ﬁg\ﬂ/ﬁﬁ
. }12

The polymerizetion in this cnse would be essentlally that of

a Diele-~-Alder rezsction.
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EXPERIMENTAL

A. Hydrogenation of Purfursl to Methylfuran
1. Source of materials

The furfural used in the lsboratory experiments wss a
middle fraction obtained by vacuum distillation of the
technlical product. Furfuryl slcohol was obtained in 2 similar
manner from the Zasiman practicel materisl., Unless atherwise
atated, commerciasl furfural wss used without purification in
the semi-pilot unit. ,

Norite A (American Noriie Company, Inc.) and Nuchar
(West Virginisz Pulp and Paper Compeny) were the trade naomea
of the two types of 4-10 mesh asctivated charcoal used in the
investigation,

The following materials were the reagent grades supplied
by the Ceneral Chemical Company: copper nitrate trihydrate,
emmonium dichromate, barium nitrate, calelum nitrate tetra-
hydrate, cupric acetate monohydraste, nickelous ascetate tetra-
hydrate, ferous oxalate dihydrste, and smmonium molybdate.

The Cuo=-VoO4-Ca0 catelyst wes mede from materlals kindly
supplied by Dr. Lefrancols (55)
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2. Descriptlon of laboratory apparetus

{(a) Hydrogenstion unit. The spparatus shown in Figures

1 and 2 is essentislly thet of Burnette (1) with the excention
thet & drying tower hag been omitted from the system. The
catalyst chember 2 was & 28 mm x BE com pyrex tube filled to &
depth of 44 om with catalyst, with aix to elght centimeters of
glasgs %ﬂ&&s on top to act a8 an evaporator. The electric
furnace 3 was amﬁgtruatealby winding nichrome wire on e 35 mm
pyrex tube,

‘ﬁftar the cetalyst had been dried &glzgauzacm in a
slow stresn of hydrogen, gas reclirculstion was started by
mesng of the dlsphresm pump 9. Furfurel was then added dropwilse
from 1 onto the hot beads where 1t wes vaporized and swept
into the catalyst. The weater and unchanped furfursl condens-
ing from th@yg&& stresm in 4 were collscted in 7, which was
kept immersed Iin an ice bath. The g&a gtream then pasdfeed into
the dry lce~acetone condenser where the methylfuran and the
18t traces of water were remcoved. The unreascted hydrogen
was recirculsated over the csatalyst.

The water and furfursl wers removed Trom 7 whenever
desired by opening the clamp on the drainage tube. The ice
crystals which occasionally plugged the entering tube of 8
- were removed by raising the trap and warming the tube until

the ice Tell 1into the smell flask.
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24/a0

gloss beads

HOKE valve

Figure 1. Laboratory Hydrogenation Apparatus




Figure 2. Lgboratory Hydrogenation Apparatus




Flowmeter 8 indicsted the rste &t which hydrogen w=os
being consumed, while 10 indlecated the rate of hydrogen re-
eireulstion. The hydrogenstion nressure, a8 messured by
manometer 5, was controlled within + 1 ocm of atmospherie
- pressure by the Hoke vaslve on the hydrogen tank,

(b) Kiln for ﬁﬁ%&%@ﬁ%iﬁg\gﬁﬁﬁ%ﬁ‘ghr@mitﬁ, A emall kiln

wage éan%%ﬁﬁeteﬁ in the following mannert A 28 mm x 80 om
nyrex tube wes placed on wooden bearings spaced 50 com apart and
inclined 2%t an angle of 36, A 3" wooden pulley, clamped
around the upper end of the tube, was connected by a 3/8% V-
belt to &8 drive that rotated the tube at 30 rpm. The kiln
was hested over z 40 cm length with a2 small electric furnace.
Temperstures in the kiln were messured by & 360° thermometer
inserted in the high end 8o the bulb rested on the glass
about one-third the way down the tube.

| After the aspparatus was heated to 300-308°, the
complex chromstes weve fed to the kiln at such =& rate thet
the hesat of decomposition caused 2 temperature rise of
ap@r@ximateiy'éﬁg Ce During operation, the buldb of the
ﬁh@?ﬁ@&@%&r‘was“fasteﬁ at the point vhere the decomposition
proceeded vigorously in order to record the highest temperature
attained In the kiln. |

It wéé'ﬁﬁﬁ&agary o keep a slow stresm of air blow-

ing dowm the kiln during the decomposition 1in order to remove

evolved gasesd.
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3. Deseription of laboratory experimente

{a) Liguid phese hydrogenation.

Fxperiment Ho. 1

Four and six-tenthe grems of ammonium molybdate were dis-
solved in 10 cec of concentrated smnonium hy&ﬁﬁxiﬁ@ diluted
with 25 cc of distilled water., A rapid stiream of hydrogen
guifide was passed In for 156 minutes and the oS then pre-
cipitated from the dork red soluficn by addition of 6N sulfuric
scld. After the trisulfide was washed thoroughly with water,
1t wes ollowed to stand overnight a2t 20° in 1% barium chloride
‘to remove the last traces of cccluded sulfurie gai&p The
product waes then washed with two 200 cc portions of boliling
kwa@ﬁ&, one 100 co portion of anhydrous alcohol, and finelly
with 100 c¢ of Skelly D.

Twenty~five gremg of Turfural were hydrogenated over 4 g
of this cestelyst in a Perr bomb for two hours at Eé@ﬁ and
2000 §g1, The produet, which smelled strongly of sulfides,
wag distilled directly to give § g of materisl boiling below
70°, Al though ﬁhiahf?&#giﬁn pave 2 pine splinter test for
methylfuran, 1t could not be polvmerized to any grsat extent
by concentrated sulfuric acid, thus indl cating thet the methyl-
furan content was amé@l. | |

A ﬁﬁsﬁ catalyst, prepared by g?ﬁei§1%§tiaﬁ.wiﬁh acetic
acid instead of sulfuriec acld, caused decomposition of the

furfurel on attempted hydrogenation.



Experiment Ho., 2
Ten grems of copper chromite (p. 24) and 98 g of furfuryl
alcoohol were hested at 1éﬁnlﬁﬁﬁ for five hours under a2 hydrogen
pressure of 295 aitmospheres. Distilletion of the resction
mixture gavé 5 g of n-amyl sleohol, 18 g of a mixture of
pentanedliol~1,2 and -1,5, and 70 g of unchanged furfuryl
alcohol. No methylfursn could be detected.

(b} ¥apor vhese hydrogenstion, The hydrogenation units

deperibed by Burnette were used for the first 11 experiments.

Experiment No. 1

A double quantity of complex chromate, prepared accord-
ing %o Adkins (58), was decomposed in a ¢ssserole in such a
manner thet only & small smount of incadescence wag observed
during the ignition. The yield of leached chromite was 300 e

The 300 gz. of chromite were distributed on 800 g of wet

Horite A and placed in Burnette's large hydrogenation apparstus.
Wwith the cetalyst at 200-215°, 1500 g. of furfursl were hydro-
gem&%eﬁ in 12 houvre. The run was discontinued after 12 hours
b&é&u%e hydrogen wos no lenger beinge abgorbed, Distillstion

of the product g&#e 500 g {(29%2) of methylfuran.

Experiment No. 2
A double gusntity of complox chromste, preparsd as be-

fore, was allowed %o become incandescent during the decomposition
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to the chromite, The yleld of chromite after extrasctim with
104 scetic acid was 280 g. ,

No hydrogenation occurred st 200-250° when thils catslyst

wog tested in Byrnette's lerge anparstus.
Experiment Ho. 3

The complex chromate prepared usine the quantities des-
cribed by Adkins, loc. cit., was not sllowed to become in-
candescent during the decomposition to the chromite. The
yvield of leached catalyst was 1585 g.

Twenty~Tive prams of this chromite were sprinkled on 126
g of 14-30 mesh activated alumine (Aluminum Ore Co., Crade A)
wat with eﬁhﬁy; The catalyst was dried Tor two houre at 200°
in & slow etream of hydrogen in the lsboratory unit described
by ﬁmynﬁtge.

The chiromite wea desctlvated vhen Turfursl was admitted
to the catalyst becsuse of & 100° femperature rise resulting
from the hest of hydrogenation., Only 5 g (11.6%) of methyl-
Tursn were obtelned from 5O g of furfural.,

A duplicate hf&rmg&ﬂa%ibn we s m&da—i@ which care was
taken to svoid the temperature surge of thes esrlier run. In
12 hours, 220 g of furfursl were hydrogenated at 200-250°
to give 61.9 g (32.9%) of wmethylfuren. In addition, 27.7 g
of furfursl, 27.0 g of furfuryl aleohol and 22.0 g of high
boiling ﬁgtariai were obtained. The totsl materisl recovery

was 68% of ﬁbg@@&;
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Experiment No. 4

Twenty-five grams of the copper chromite prepared in
experiment 3 were sprinkled on 105 g of ether-wet silica gel
snd the catalyst dried for two hours at 200° in 2 slow
stream of hydrogen,

While the catalyst was held at 200-240", 280 ¢ of furfurel
were npassed through the unit in 8 hours to sive 220 g of pro-
duct, of ﬁhxah 69 g (28.8%) were methylfuran. The methyl-
furen obtained in this run did not turn yellow after three
weeks exposure to light end siy. 7This 1s in direct contrast

to 21l other preparations which turned yellow within 24 hours.

Experiment ﬁﬁ. 5
A Cun0-Vo0,~Ca0 catelyst was prepared =8 follows: Six-
teen grams of CusO and 8 g of Véﬁ% were grouvnd together in a
mortar. Sixteen grams of f?&$h134§?@ﬁ§?%ﬁ galecium oxide and
30 g of medium-fine assbestos fiber were then intimately mixed
with the axiégﬁ; The aa@&iyﬁ% was packed into the hydro-
genation chember snd heeted to 200° in a stream of hydrogen.
ﬁ@‘hyﬁ?aganaﬁi@n acaur@@@'@hgﬁ 118 g of furfural were passed
tﬁraugh the catalyst. | , ’
Experiment No. 8
8ixty grams of f&??ﬂﬁﬂ axaiate dihydrate were reduced
in a stream of hydrogen at 500° for 3 hours =nd the resulting
pyropvhoric iron &llﬁ%ﬁﬁ(tﬁ gtand overnight at zsmg in an

atmosphere of hydrogen. No hydrogenation occurred in the



tempersture renge of 210-325° when 50 g of furfural were
passed over the catslyst.
Experiment No., 7
A patelyst, made by mixing 26 g of cornpsr chromite
(Exp. 3, p. 24) with 18 g of freshly prepared calcium oxide,
wag placed in the hydrogenation chsmber wlith no carrier. When
the catalyst at gsaﬁ, only

50 g of furfursl were passed over
2-3 g of methylfuran were chbiained,
Experiment Ho. 8
Twenty-five grams @fvmssg were pmrepared from 27.6 g of
emmonium molybdate in the manner deseribed on page 2Q. The
trisulfide was distributed on 80 g of porous plate and dried
for two hours at 200° while the ur

it was Fiushed with hydrogen.
Ho hydrogenation occurred when 50 g of furfural were passed
through the cetelyst. |
Experiment Mo, 9

Seventy-elizht and fiv&~t@ﬁ%ﬁ$ gremd of monchydrsted
cupric acetste and 1.06 g of nickelous acetate tetrahydrate
were dissolved in 800 ce of hot 104 scetic acid. Seventy-
eight and 2 half grams of lump Horite A were added to ﬁhis
solutlion, the mizxture boiled for two minutes, filtered snd
the charcoal lumps dried in an oven. for thirty minutes. This
alternate saturation end drying of the carbon was repented
until 211 of the cuprde and nickel acetates had been deposited

on the charcoal. PFifty milliliters of hydrochloric acld were




added to the lazst 200 cc of solution to prevent hydrolysis
of the acetates.

This eatelyst, after overnight reduction in a siream of
- hydrogen at %gﬁwgﬁ'ﬁ, conteined 25 g of copper and C.256 g of
nickel on 78.5 g of charocal, No hydrogenation occurred when
50 g of Turfursl were passed over the catslyst.

Experiment FNe., 10

A saturated solution of nickelous acetste contalning
the eqguivelent of 5 g of metallic nickel was poured over 220
g of 4«6 mesh activated alumina (Aluminum Ore Co.). Thisg
meterdsl was reduced with hydrogen at é@ﬁw&ﬁﬁe for five hours.

Minety-elght grems of furfuryl alechol were passed over
the catslyst at 400-4850° during the course of 4 hours. Twenty-
one grems of water znd 5 cc of & light blue o0il, which was
net further iﬁ?ﬁsﬁigazaﬁ, were recovered from the water con-
denser. The dry ice trap yvielded 13 g of a ligquid which
ceve, on distillation, 8 g of meterial boiling at 40-60° and
3 g of material boiling st 60-70°. Mo pure methylfuran could
be isolsted from the higher-boiling fraction,

Bxperiment Wo. 11 |

The complex copper-ammonium chromate was prepared
sccording to Adkine, loc. cit., with the exception that 31 g
of ﬁa{§$§}g°éﬁgﬁ were used insteed of 31 o of Ba(¥0z)s. The
decomposition, carried out in & casserole in 10 emall

bhatches to avoid a violent resction was ohserved to be



self~-sustaining for only & very brief period. The chromite
obtained sfter extrsction with 104 acetic scld had 2 definite
brownish cszst. The yield of catalyst was 180 g,

‘ Ten gprems of the chromite were gprinkled on 30 g of wet
N@ﬁit& A an@ the mass dried in hydrogen at g@@”gggg_ Fifty
gramg of furfurel were yﬁﬁgﬁﬁ.thy@ugh the catalyst while the
temperature wos held at 2109, Mve greng of methylfuran were
recoversd from the Ary ice trap. |

| Experiment Ho, 12

This experiment wae conducted over an extended period of
tiﬁa and waﬁyiﬁg'maﬁy conditions. Subhesds &, b, &, will dbe
as&a to separate the component parts.

128. Burnette's laboretory asparatus wes modified as
folliowsg: The resctlon chamber was set In & vertical position
#nd jacketed with a glass heater in order thet the eatalyst
mizht be observed st 2ll times., The Purfurel was added drop=
wige to a hot Plask (190°) and the vepors passed up through
the ceotelyet bed. Activated alumina was used as a drying
agent instead of celelum chloride.

12b. Thirty-five grems of copper chromite (p. 27 ) were
deposited on thirty grame of Nuchsr in the following mannert
The charcosl was immersed in distilled water for a minute or
two, the exeess water poured off, and a2 5 g portion of copper
chromite then sprinkled over the surface of the wet charcoal.

After the chromite and charcoal had been thoroughly mixed
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together, another B g portion of chromite was spread over the
gurface of the carbon. This ﬁgyﬁaitigm pwﬁéass was repeated
until 11 of the ah%&mi%e'h&é‘&aeﬁ deposited on the charcozl,
The oantalyst was piaaaﬁ in the hydrogensation chamber and
dried overnight at 200° in =& strean of hydrogen.

The catelyst, which filled the tube to & depth of 46 on
when wet, settled on drying so that the catalyst bed was
spproximately 44 om in length.

1%¢. Hydrogen recireculation was set at 1100 cc/min to
give n contact time of approximately 10 aaaﬁmﬁ& {g&e Calcula~
tions, p. 57 ). Furfural wee added dropwise to the hot wvapori-
zatlon flask at such a rate thot the heat of hydrogenation
caused the catalyst bhed tempersture to rise from 215° to 218°,
Exﬁané&é operatlon showed that the furfursl was being hydro-
genated 2%t 2 rate of 20 g/hr,

When all mfvtha furfursl had been nassed through the
catalyst, 10 coc of wﬁt@@uha¥iﬁg s sitrong odor of emyl slcohol
was recoversd fronm the weter condenser. Saturation of the
water with potassium carbonate ceused sepsration of 1/2 ce
of an oil, assumed %o hﬁ*ﬁﬁyi“aiaﬁhﬁig The dry ice trap con-
teined 28.5 g (66.8%) of crude methylfuran. The total
maﬁawial regovery was 74% of theory.

124, Hydrogenation of 50 g of furfurzl weg started ol
a2 rate of 20 g/hr with the dryins tower removed Tron the |

system. However, after a half sn hour of operation the tower



was inserted azgsin becouse the methylifuran condensger plugged
with ice cryatals.

The formation of i@avém the methylfuren trap during the
last hel? hour of the hydrogenstion indicsted thet the drying
towey was a@h&aat@&ﬁ Fresh scotivated =2lumina was nlsced in
the tower 2zt the end of the run.

The products of hydrogenation consisted of 38 g (89%) of
crude methylfuran and 10 cc 2f water &Qntaiming 1/2 cc of
smyl alcoohol. The material recovery wes 48 g, or 9272 of the
caloulsted amount. )

12e. The eatslyet wos then sllowed to stand overnight
et 200° with a slow stresm of hydrogen psssing through 1%.
The next @ay‘ﬁﬁ g of Turfursl were hydrogenated at 228° ana
a rote of 25«30 g/hr. The total welsght of product was 32 g,
representing an 81% materisl recovery. In addition to 30.5
g (71.5%), of methylfursn, there was obteined 9 g of water
znd 1.5 g of unrescted furfural. No smyl glcohol eonuld be
detected in the woter layer.

The appesrance of the wnreszeted furfursl Indiceted that
the furfursl-hydrogen ratio had becomne too low f@é somnlete
conversion of the farfurzl to methylfuren. (see Calculetions,
}3; 57 ).

12f. The next BO g of furfursl wae hydrogensted ot
220° at & rate of 15-20 g/hr %o give 55.5 g (83%) of methyl-

furen. The totel materisl recovery wes 874,
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A%t the end of this run 1%t was evident from the 1lce
formztion in the methylfursn condenser thot the drying tower
was exhsusted,

12¢. A comparison of the results of the previous
eﬁp@r&mantg showed that: (1) when fresh zlumina was used
both the msterisl recovery and methylfuren ylelds were low
and (2) 28 the drving agent become exhsusted both the recovery
and wethylfursn yields 1ncressed. This indicsted that the
losses were due to absorpition on the slumins. Consequently, the
drying tower was omitted for the duration of the next run.

Fifty pgrams of furfursl, when passed through the catalyst
st 225° and 20 g/hr, ylelded 42.5 g (100%) of crude methyl-
fur&§¢ The total materisl recovery was 100% of thst Gﬁl@&lﬁﬁ&ﬁ‘

Tgﬁ regults of this run substantisted the contention
that methylfursn was being lost by asbsorption on the alumina,
In a1l future runs a drying tower wes omitted.

12h., At this point the combined products from the 250 g
of fﬁrfaral were dlstilled after drying over s@ﬁiumf The
total yleld of methylfuran boiling at ﬁi*ﬁﬁgf?ﬁﬁ um was 174 g
which represented an 81.5% overzll yield. That the crude
profuct was pregticslly pure methylfuren was shown by the
feet thet no forerun sppeared and only one gram of distilla-~
tion reslidue remained. ‘

124, The catelyst was then allowed to stand 8t %SQQ for
two daye with & slow sitream of hydrogen passing through 1t.

When operations were resumed, the contact time was



32

reduced from 10 to 5 seconds by inecreasing the hydrogen re-
circulation »rste to 2180 co/min, Fifty grems of furfursl weve

hydrogenated at 2307 zt 2 rate of 25 g/hr to give 40.0 g (93.7%)

£

of methylfuran. The t@tgl material recovery wes 964, $Since
the decressed contact time apparently had no 111 effects, a
S-second contact wee aa&&lin aubsecuent rmns, _

The next 50 g of furfural was hydrogensted at 36-38 g/hr
and a temperature of 285° to give 40,1 g (94%) of methylfuran.

123, The next 100 g of furfural were hydrogenated at
240° and %G~%5~gfhr to yield 73 g (85.5%) of methylfuran. Ten
premse of unchenged furfural %ér@ also recgovered from the water
condenser. The ﬁﬁ@hﬁﬁ%&ﬁ furfursl obtained here and in 1Ze
indicate thet & hydrogen to furfursl mol retioc grezter than
10 to 1 is reguired for good conversim in one pass over the
catalyst. (See caleculations, p. 57 )

Arbitrary operating conditions of 20-30 g/hw of furfural
and = hydrogen r@eir&ula%i@n rate of 2160 es[mia were impoged
at this point %o insure the presence of a 15-fold excess of
hydrogen, and to prevent excessive operating temperatures in
the catelyst bed. Under thece conditiona the heat of hydro-
genation caused the temperature of the catlyst to rise from
QGGQ to about Qﬁﬁﬂ. Higher temperatures were avolded in af&ar‘
ta’@?%?aag iﬁ&ﬁti?ﬁtiﬁﬁ éf the catalyst.

12k, The apparabus was codled %o room temperature and

allowed to stand for four éﬁgﬁkiﬁ an atmosphere of hydrogen.
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When operations were resumed on the fifth day, the hydro-
genation of 142 g of furfursl, yielded 117 g (96%) of methyl-
furen,

The unit was kept hot for the next two days during
which time 87 g of fuFfural were hydrogenated at 230° and 20
e/hr to give 71 g (95.53) of methylfuran,

121. The unit was cooled to room temperature and al-
lowed to stend for a week in an stmosphere of hydrogen. When
operstions were resumed, the Tirst 100 g of Turfural geve 78
g (21%) of wethylfuran.

| The apparetus %ﬁmaiﬁeﬁ hot for the next three days dup-
ing which time 166 g of furfursl were hydrogenated under the
usual conditions to gilve 129 g (21%) of methylfuran.

12m. The unit was again cooled Yo room temperature and

sllowed to stend in an atwmosphere of hydrogen for o week., It

-wgs then dismantled snd the catslyst allowed to stand open %e'
the air for two weeksg, The apparatus was modified on reas-
gembly so it wae sssentlally that shown in figures 1 and 2.
When operstions were resumed, 100 g of commercial undietilled
furfursl were hydrogenated st the usual rate snd tenpersture
to give 77 g (20%) of methylfuren. The catalyst wes dlscarded
after this run in order thet a different batch of chromite
could be tested in the unit.

The oversll yield of methylfuren from 1035 g of furfural
was 808 g (%1,3%).
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Experiment No. 13
In the previously described preparatlons of the complex
copper-gpnonium chromeate, it was observed that an alkealine
m hydroxlide used
came from a Pull bottle, while & slightly acid mother liguor

mother liguor was obtalned if the smmonix

resulted on use of smponium hydroxide frow a bottle 1/4 -
1/3 full., The observed difference was due to loas of NH,
from the partially used bottle.

Previous workers indlcsted thst & superior catalyet re-
sulted from neutrsl precipitation (57) (88). In the prepzra-
tion to be described in}thiﬁ and all subsequent experiments,
2 emall test run was made to determine the amount of concen-
trated NH,OH necesssry to give & neutral mother lliquor.
Generally, 1t was found thet 150-200 co of concentrated
NH40H weé@ recuired instead of the 225 co given by Adkins.

& cuantlity of complex chromates sgix times thet described
by Adkins wes prepsred in three double-slze batehes. It was
degomposed in the lzboratory kiln in the temperature range
of 300-350%, The yleld of leached catalyst was 950 g.

Thirty g’*rmg of this chromlte were ﬁiﬁ%rihu’ﬁ;@é on 30
o of Nucher in the menner deacribed on p. 33. %Yhen 50 g
of furfural were hydrogensted wunder the usual conditions,
37.0 g (88%) of méthyifa@aﬁ were @%téinaﬁ. Thg,w&ter:fcfmsﬁ

in the reactlon smelled strongly of amyl alcohol.



Experiment No. 14

“he catelyest prepared asbove wss found to be ﬁﬂﬂﬁﬁ@i@%&ly
deconposed. The decomposition was completed on 200 g of the
éa%ari&l by heating 20 ¢ batches wiﬁh.a@n&%&ﬁt atirring in an
a1y bath atlﬁﬁﬁmaﬁﬂg for two minutes. The maeterdsl wzs then
extrected with 10% acetic seld as usual,

Thirty-five grems of thls chromite weres distributed on
30 g of earﬁmﬂ}aﬁﬁzﬁea%aé to ﬁﬁﬁﬁ. One hundred grems of
%ﬁm%ﬁraiﬁl,'ﬁﬂﬁiﬁﬁiilﬁﬂ furfural were ﬁ?ﬁ?ﬂg@ﬁﬁ%%ﬁ to glive
77.0 g (90.0%) of methylfuran. The recovered water smelled
strongly of &ﬁyl»al@ﬁhéia The next 100 g of ﬁe&h&i&alkfuw»
furel were hydrogenated to pive 82 g (984) of methylfuran.

No amyl slcohol wes fomed 1n this hydrogenation.

In expericents 12, 13, end 14 1%t wse observed that amyl
ala@hgl formed only when & fresh chromite cetalyst was used.
A similar observation wag nede during runs in the small pilot
plant. |

| Experiment Ho, 15

A senmple of copper chromilte used by the Hooker Company
for the liguid-phsge hydropgenation of furfursl to furfuryl
sleohol wes teated in the vapor phase units

Thirty-five grams of the chromlte were dlstributed on
Nucher end dried as usual. On hydrogenation of 100 g of
technicel furfural, 75 g (38%) of methylfursn were obtained.
At the end of the hydrogenation the catalyst had scquired a
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reddish tinge which indlcated thet desctivation was teking
place. The hydrogenstion sbruntly ceased during the passsge
cf the next 100 g of techniczl furfursl through the catalyst.

Experiment No. 186

An effort was made to gtebilize the Hooker cataslyst by
treating separate 50 g portions of the chromite s8 follows:
(1) mixing with 7€ Ca0; (2) extrecting with 250 ce of 10%
acetic seid; and (3) extreeoting with 250 cc of acetic acld
and then mixing with 7% of Cal.

When distributed on HNuchar, these catalysts showed no
incressed stabillty over the untrested chromite.

Experiment Ho. 1?

A series of runs was made to determine the effect of
methylfuran on the course of the hydrogenation. The rmms
were standardized at a hydrogenation rate of 15 g of fur-
furel per ﬁgay¢ Twenty-five and &evaﬁntaﬁﬁh$\gr@ms of copper
chromlte (g; %5, exp. 14) were distributed on 22 g of Nuchar.
When plsced in the hydrogenstion chember this smount of
cetelyst gave a contact time of I-4 seconds 2% 2 recircula~
tion rete of 2180 ce/min. In the percentage yields éf methyl-
furen shown below, allowance has been made for the added
methylfuran. It is evident thot 2 large excess of methylfuran
dia ﬁ$§ affeet the hydrogenetion,
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Table l. Effect of Methylfuran on the Vapor
Phage Hydrogenation of Furfurel

Grams of Grams of Mol Hatlio Yield Percentage

Furfursl Hethylfursn of Furfural of Methyl- Yield of
added to to Methyl- furen Hethylfuran
the Furfurasl furen orams

%
W

1 17,9
1 24,3
15  19.2 1:1.5 30,9
15 25.6 1i2 - oB7a %0

ol
T

s %
o I

$

Experiment No, 18

This experiment wes made to determine the effect of
removing the dry-ice trap from the system. The oatalyst
wa8 the ssme asg thet used in experiment 17.

One hundred and twenty grams of furfural were hydro-
geﬁgte@ in 8 batches of 15 ¢ each. Only 64,0 g of crude
methylfuren waa obizined.

When ﬁ11 af the furfural hsd been hydrogenated the
dry-ice trep was placed in the system and the ceatalyst swept
for en hour with hydrogen. At the end of this time 6 g of
methylfuren wag rvegovered from the trap.

Distillation of the combined organic Iractlions gave
62 g (60.5%) of methylfuran. The total orgenic recovery
wad 68% of the caleuls ted amount.



A subsequent test wlth pure methylfuren, in which the
catalyst wee removed from thﬁ chember, showed that the loss
was due to lesks znd not to sbsorption of the methylfuran
on the eatalyst.

Experiment No, 19

Twenty~Tfive grams of copper chromite (exp. 14, p, 35)
wag distributed on 22 g of Huchar and dried s8 ususl, Eirhteen
and seven~-tenths gremg of furfuryl alcoohel was hydrogenated
to give 12.8 g (82%) of methylfuran. Fifteen grams of fur-
fural wes then hydrogenated %o yield 11.0 g (86%) of methyl-
fursen. | | “

Thirty~twe gromg of the cetalyst wag removed from the
tube to reduce the eontzet time to approximetely one secofid.
Fifteen greoms more of furfursl gave 11.2 ¢ (87.5%) of methyl-
furan.

Experiment No. 20

Coppey chromite wos prepsred directly on the charcoal
in the following manner: Fifty-two greme of trihydrated
copper nitrate end 6.2 g of celeium nitrate telrshydrate
were dlssolved in 50 ce of water. This was just enough
solution to thoroughly wet 30 g of Nuchar.

Enouzh weter wes zdded to 45 cc of 28% enmonlum

hyﬁfﬁxiﬁa and 30.2 g of anmonium dichz

omate to just dissolve
the salt (about 130 ce). This solution was poured over the

gharcosl and the mixture 2llowed to s8tend for sn hour. It
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wes Tiltered, washed twice with BO cec portions of water, and
dried for four hours at 20°.

Ignition of the chromate~charcosl mizture was accomplished
by stirring 20 g batches in a lerge casserole hested on one
side with & small flame untll thw decomposition wee well
started. The flame was then removed and the resciion asllowed
to proceed to complebion with no further hesting. The ilgnited
catalyst was extracted for 30 minutes %igh 10% acetic acid,
washed with weter wuntil the washings were colorless and dried
overnight in the catalyat chamber at 200° in a stream of
hydrogen.,

| Thirty grams of furfursl wss hydrogenated under the
usual conditions with this catzlyst to give 18.9 g (85.8%
of methylfuran.,
Experiment No. 21
Thie experirent was made In order to ohservénthe effect

mercury would exert if = thermometer broke while & hydrogens-—

-

Hercury (0.025 g) wss mired with 28 g of copper chromite
{exp. 14, p. 38) and the catelyst treated ss ususl. Ho hydro-
genation oceurred when 60 g of furfursl was passed through

the wétgiygﬁ,
4. Description of the small pilot unilt

The small pilot wunit aﬁ‘ﬁ&awn in figures 3 and 4 was



designed directly from the laboratory apparatus. (see Calcu-
lations, pe. 57 ).

The vaporizer 1 wsg 2n electrically-~-heated section of
two-inch pipe about 8 inches in length. Two vaporizers were
connected in parallel o pericdie clesning could be sccomplished
without interrupting unit cperation. Vapor temperatures were
resd by 2 thermometer inserted in 2 well at the ceniter 0f the
vaporizer,

The eﬁtﬁlyat chember 2 wss s section of standard three-

inch pipe four feet long, Jecketed with a four-~inch pipe to

permit hesting by Dowthernm.

The Dowtherm, which was heated
in the side arm 3, was c¢irculated in the dirsgtion shown by
means of a three-blade impellor. The tempersturs of the
Dowtherm, which was maintsined at 19&«%@5@5 was resd by
thermometers inserted in wells at the points where the licuid
entered and left the Jacket.

Temperatures of the catslyst were measured by means of
iron-constantan thermocouplesg located in the top, middle and
bottom sections of the bed. Two thermocouples were nlaced
in each sectlon, one in the center of the bed the othsr at
the wall. The temperatures were recorded by a Brown recording
potentiometer 9,

The furfural was §Eﬁ@&& from the reservolr 10 into the
veporizer 1 by a ¥ilson pulsafeeder 8, After passing through
the catalyst chamber 2, the vapors were condensed in the cold-

water condenser B. The hydrogen and remaining methylfuran
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vapors were recycled over the cetelyegt by the Kelvinator
compressor 6., The flow meter 7, showed the rate of hydrogen
recirailation, wﬁile'?g showed the rate of hydrogen consumption.
The furfursl reservolr shown was used only at high fur-
furel-Tfeed rates. At reduced feed rates, the furfursl wss
welirhed into 2 small tank from which 1t was gravity fed to
the pump.,.
Operation of the unit was very smooth. After a stesdy
onerstion state had been reached, 211 thet wos reguired of
the operator was removal of the product from the condenger

about once an houwr,
5. Description of the runs in the s»all p»ilot unit

Ron Moo 1
Seven hundred grems of copper chromite (exp. 13, p. 34)
wes dlstributed on 600 g of Nucher in & manner similar to
thst describsd on p&g&~3& (12b) except that Ehﬁ%&f@iﬁjgﬁ&ﬂtitleﬁ

were used.

This was an inbtermittent run made over the period of a
month.  The a&%&iyst wee hﬁa%@ﬁ,ﬁm.ZQ%é, the given amount of
furfursl hydrogenated, then the unit cooled to room temperature
=nd egllowed to stand untlil the next batch of furfursl wes
hydrogensted, when the cycle was repeated. Ho thermocouples
were used in this run because it was assumed thet 1f the jacket

tempersture was held st 200° the heet of hydrogenstion would
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o
give a tempersture of espproximstely 230 Iin the catalyst
bed. Thies sssumption wag later shown to be erronsous.

The data in Teble 2 were ohiained during the run.

Run Ho. 2
Seven hundred grans of copper chromite was prepared
in the ﬁgﬁnar deseribed on vege 34, exp. 13. In spite of
the precsutions itaken, the mother liguor resulting from
precipitation of the complex chromate wss alkaline.
The chromite was distributed on 600 g of Nuchar, placed

in the unit and dried in a stresm of hydrogen up to 200°. On

starting the hydrogenstlon 1t wss evident from the water

formation and hydropen sbsorption that this catalyet wee not
fully active. The run was disconiinued after 3000 g of fur-
fural hed been hydrogensted to glve 1640 g (64%) of methyl-
furan. |
Run Ho, 3

Seven hundred grams éf’sagper ehrﬁmi%ﬁ wes prepared in
%he manner previcusly desceribed., The catelyst wes & slightly
underroasted product similar %o thet obteined in exp. 13,
page 4.

#ith the jacket and cetalyst at 190°, a 65° tempersture
rise wag recorded by the potentiometer when Turfural was
introduced %o the ﬁ%@&lygﬁ, A continuous run of 50 hours

, , : , o
was made &t & catalyst temperature of 240 .,



Teble 2, Operztion Date from Semi-pilet Bun NHo, 1

Yields

, | | L Furfuryl | |
No. Graps Feed Product Hethyifursn Water Aleohol Furfural Hesidue

of Rate OGrsme Per- Grams Per- Gpams Per- OGramg Per- OCprams Per- Greoms
Pur~ g/hr cent cent cent cent cent
fural

1160 176 1010 87.9 600 60,0 210 97.2 200
1172 705 1198 98,0 826 82.5 250 105 ~ 143
1130 565 1176 100 810 85,0 216 102 | 149
1350 3756 1394 99,0 955 83.0 253 100 _ 186
1180 1470 1173 98,0 609 62.0 161 65.0 | 403
1150 1060 1158 96.5 534 54,5 142  65.7 | o 4e2
1150 627 1196 101 635 65.0 166 118 267 24,4 50 4,3 59
1150 634 1200 100 415 42,2 1056 110 509 43.2 135 11.7 40
1610 624 1673 100 700 50.9 158 105 715 43.5 54 3.4 43

i S

4

54



During the r»un it was obsgerved that the hest of hydro-
genation was sufficlent to reise the temperature of the

G u ,
Dowtherm sbout 10 . Thise mzde 11t necesssry to deeresse the

Teble 3. Date from Semi-pilot Run Ho. 3

Furfural Yields
Furfursel Feed
Used Rate:! Product Hethylfursn Waler
# #/hr Per- Per- Por- 7
# cent # cent # cent Resldue

52 1.04 51.3 96.6 35,5 80.2 9.6 €8 B

heat on the jJacket so thet an operating temperature of Q%QQ
could be maintained.

Only e ﬁligﬁt desctivation of the catalyst wes noticed
after B0 hours of operation. The resulis of thls run compare
fevorably with those obizined in experiment 12 in the laboratory.

Fifteen groms (0.06%) of residue was removed from the

vaporizer at the end of the run.,

Run No. 4
Seven hundred and Tifty-flve grame of completely de-
conposed copper chr&mite‘%&ﬁ prepared Iin the wanner described
previously. This amount of chromite was distributed on 625 g

of %ﬁgh&r.
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A temperature surge of 1235 occurred when furfursl was
introduced to the cataslyet, after which the tempersture
reridly fell off %o an operating level about 50° above the
Jjacket tempersture. This iz approximately the seme temperabure
differentisl as was observed in run 3.

A continucus run of seven and one-hal? daye was made dur-
ing which time the datse in table 4 were obtalined, The results
of the experiment are plotted in figure 5., The residue re-

moved from the vesporizer weirhed 0,187 1b.

Run NHe, 5

Beven hundred and twamtgﬁﬁwm g?ﬁag ﬁf’@@mp}atﬁly decon-
géseé chromite was distribuited on 615 g of Hucher. In iis
preparetion the catelyst w%s extrocted with 28% scetlc acid
instead of the usual 10¥% ascid, beesuse Adkins, st 81 (57),
renorted snhanced activity of the catelyst by washing with 209
acetlc scid. However, ass seen from the data of teble 5, treat-
ment with 25% ascld lowered the activity of the catalyst.

A temperature surge similar to thet observed in rvun 4,

oecurred when furfursl woes admitied to the catalyat.

Run Ho. 6
A guantity of cowplex chromate five times that described
by Adkins, locs. ¢it., was deconmposed in the lsboratory kiln.
The resulting underroasted chromite was completely decomposed

by heeting in a muffle at 350-400° for two hours. The yleld of
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Date Hours Furfursl
82@&

Feed
Rate
#/hr

Yields

Total Methylfuren Water  Furfuryl Furfurel Resi-

Product

Aleohol due

Lba, Per- Lbs. Per-

8/14/45 9
8/15/45 16
8/16/486 24
8/1%/45 24
8/18/46 24
8/19/45 24

10,47
17.82

29,50
26,92

25,39

238480

1 '
8/20/45 22,5 22,72

8/21/45 24
8/22/45 13

Totals

27.03
17,20

200, 85

1.17
1.1¢9
1.23

1,12

1,02
0,99
1.01
1,13
1.32

et Denk
9.94 91.0 6,46 72,3
18,25 100  13.68 89,7
27,75 93.5 17,32 71.0
27,40 97.0 15,13 65.9
24,56 93,0 10,67 49,1
24.06 99,0 5,69 32.9
22.66 97,7  5.86 19.9
27,02 97.8 1.10 4
17,05 95,0
198,68 74,89 43.8

cent  oent  cemt 7

1.72 87.9 | 1.76
5.55106 | 1,04
4,69 87,6 | 574
3,15 62,5 5.26 19,8 3,01 11.6 0,90
2,00 42,0 7.45 28,8 3.12 12,3 1.38
1,24 27.8 12,10 49,5 2.85 12,0 1,19
0,93 21,8 12,90 55.4 4,05 17.8 0.90
13,50 48,9 10,30 38,0 2,40
8.70 37,5 8,85 51.5 1,46

57.90 28,3

1 Tpouble was encountered on 8/20/45 begsuse of
feed pump.

a2 vepor lock in the fupfurel

8%
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Teble B, Operation Data on Semi-pilot Run No. B

o

Yiclds
Totsl

Date Hours Furfupel Feed Product ﬁ&ﬁhylfur&n Yotep Reaidue
Used Rate

# #/hr  Lbs. Per-  Lbs, Per Lbe, Pere Lbs,
| cent . cent cent |

9/19/46 12  13.00 1.060 13,40 99.4 7,35 88,8 2,55 97.5 3,70
9/20/45 24  23.63 0,985 24,75 100,0 14,72 73.0 3,92 88.4 6.11
9/21/45 24 23,85 0,985 23,94 97,0 13,13 651 @ 3.38 78.3 743
o/22/46 21 25.60 1.128 24.85 100,0 13.70 67.9  3.48 78,5 7.67

0¥

Totels 85,96 86,24 99,5 48,20 68.1




Teble 6., Operstion Dats on Semi-pilot Run No. 7

Dote

_Togal
Hours Furfursl Feed Product

Yielda

Hethylfuran

Water

Residue

Uaed Rate

Grensg g/hz Gremg

Pere
gent

Gramg Per-

cent

Grang Pepe
gent

Gransg

2/1/48

2/2/46

2/3/46

Totals

13

24

24

1390 108 1304
44592 185 4505
4292 179 4404

10,114 | 10, 233

91.38

- 97.8

98.6

oy

828
3089
2768

6701

218

12

066




cat&lgﬁt after extrsction with 10% ascetiec scld was 720 g.

This catslyet wes discarded after & thrse-hour run in the
uﬁit beceuse 1% showed only 509 of ﬁh@ usual activity. The
h?ﬁ?ﬁgéﬁ&ﬁ&ﬁ.grﬁﬁﬁeﬁ‘ﬁbﬁaiﬂﬂﬁ during this time contalned enough
dissolved and precipiteted water to gilve an estimated methyl-
furen yleld of 20%.

Bun Hep, 7

This run was made in an effort to incresse the catalyst
1ife by reducing the furfuresl mass-rate of flow to that em-
pléayed in the laboratory. Bedlistlilled furfursl wes hydrogenated
£t & rete of 180 g/hr ingtead of the BOO g/hr of previcus runs,

oo hﬁ&ﬁr&é and seveniy grang of completely decomposed
copper chromite wos dletrdbuted on 225 g of Nuchar, With the
jacket and aa%a&y@t bed of 2G§&; s tempersture surge less
drastic then that observed in runs 4 and 5 occurred when fur-
fursl was introduced to the ea%%lyﬁ%. However, the operating
tenpersture of the catalyst rose to s level sbout %ﬁa above the
Jacket temperature. |

Five hmuéﬁ‘&f%@r operationg were copmenced, & ?ﬁg temperature
surge resulted from the sudden injeection of excess furfursl in-
to the vaporizer. The sudden iﬁj&@%&@a was due to a lowered
presasure in the hydrogenation apparsetus., When normal operationa
were regumed it wasg chmerved @h&ﬁ,tha ecptaelyet was not as sctive
a8 it had been previous to the tenmperature surge.

The dsta obtained during the run are given in table 8.
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6. Veror pressures and vapor-licguld dats

The indlcation obtained in the laborstory {(exp. 18, p. 37)
thet methylfuran was sdsorbed on the catslyst made 1T seem
probeble thet absorptlon equimment would be needed to prevent
deactivation of the catalyst. Therefore, vapor pressure at
20°, 258%, ana 3§@, and vapor-ilquid date 2t 738 nm were
determined in order that the absorption and distillstion
sguipment might be instelled 1f negessary.

The furfursl used for the determinatlions was a middle
fraction obtained by-ﬁiﬁ%ill&%iﬁﬁ of the technieal product
under reduced pressure. The methylfuran vrepared in the
catelytic studles was dried over sodium snd then distilled
ﬁﬁ#@ﬂﬁh e short column. %The moterisls had the f@iiﬂﬁing
constants:

Furfural Hethylfuran

B.P.,°C 63-54/25 mm  61-83/738 mn

Density - ﬁzﬁ/% 1.160 0. 2156

Refractive Xﬁéax,ﬁ&gg 1.5268 1.4338

(2) Yepor pressure measurements. A modifled form of the

apparetus of Smith and Menzies (59) was used to determine
venor pressures (Pigure 8) becsuse it pave reasonably asccurate
results with a minimum expenditure of time. The vapor pressure
of water, determined at Eﬁ*ﬁ a8 p check on the apparatus, was
found to be within 1% of the accepted value. The data on the

totel vapor pressures of furfursl-methylfuran solutions are
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given in Table 7. Since furfursl is relatively non-volatile
1te partisl pressure over these solutions can bhe caleulated
by means of Raoult's law with sufficlent sccuprscy Tor engineer-
ing purposes. The vapor pressures of pure methylfuran are re-
corded in Teble 8. |

The capacities of A and B (Figure 8) were 50 cc and 25
ce, respectively. For deternination of vepor pressures, bulb

A was three-fourths f11led with glycol, after which a 10 co

sample of a furfurel-methylfuren sclution was introduced into
B. After closing the side arm on B with & rubber tube and
clamp, th& grparatus wes lmpersed in a constant tempersture
bath. A pump &mﬁ,gaﬁ@%ﬁtsﬁ.wﬁr& connected to tube ¢ and the
pregsure lowered to o point Just below the vapor pregsure of
the solution inva. After sllowing &bout a minute for complete
éﬁgﬁlaigﬁ of air f§6ﬁ~§, the pressure in A wves 2lowly raised
to the point where bubbles just stopped lesuing from the
aagiliagya After reading the menometer the pressure was
lowered ebout 10 mm and the vepor pressure dstewmined again,
Successive determinations were made until measurements checked
within a2 millimeter, the last determined value belng teken as
the vapor pressure. Alr wes then admitted to A and the clamp
on the gide arm éf B aquiekiy apaﬁaﬁ~%g prevent the 1iquia f£rom
surging through the bulb between A and B. A sample was taken
from B by meang of 2 capililary @ipﬁg'&ﬁ@ the composition
determined by refractive index. A

small amount of methylfuran,

or furfursl as the casge may be, was added to B and ancther



determination made in the described manner. A correction for
the immersion of the capiliery wag mede as described by 8mith
end Menzies (592),

(b) ¥Yapor-liguid dats. The eppsratus (Figure 7) used to

‘ﬁate?wiﬁ% vapor-liguld equillibrie wes essentielly that of Othmer
(80). The liquid (250 ce) wss boiled in flask A (500 cec capa-
city) uwntil vapors emerged ot stopcock B. After the stopecock
ws8 closed, the vapors passed up the inner tube into condenser
¢ from which the liguid collected in recelver D {10 cc capacity).
The boiling was continued wntil & steady tenmperature sitate was
main%ain%ﬁ,fﬁ?’gﬁ to 30 minutes., In this way four or more
complete changes of the liquld in D were assured. It was assumed
that this wes sufficlent to establish equillibrum between the
lliquiﬁ and vepor. A small sample of the liguid wag drawn off
at E into & flesk immersed in o dry lce-acetone bath. Simul-
teneously the receiver D was dralned into a test tube. The
liguié compositions were then &@%@%miﬁ@ﬁ!f?@m the refractive
index curve. The date obtained in this manner are recorded in'
Table 4,

| Ho change in refractive index of the furfureli-methylfuran
solutions was obrerved on boiling zt stmospherie p?éaaux@ for
aﬂe=ﬁ@ur. Thig check was msde because af'%be-ahﬁmge in the
furfurel-furfuryl slcohol syatem noted by Dunlop and Trimble
(61). S
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7« ﬁmicmlatimma

Cetalyst Bed < 2.8 o x 44 om
Emoty volume = 271 ﬁ&g

The tube weg Tilled with dawp catalyst, water added uniil
level with the top of the bed, then the water drained Into a
amell flask, after whieh the catalyst was dried in a streem of
hydrogen to 2000, The totsl amount of water recovered {drainage
+ drying) smounted to 175 cc.

Hence, _

If the free sSpace in filled tubs = 175 cc or 65% volds

and the hydrogen reciroulstion = 1100 ce/min,

the contesct time = 176 *x 1 % 680 = 10 seconds at
1100 1100 ecc/min

At a hydrogen rate of 2160 cc/min, the contaset time by simller
celeulations can be shown to be 5 seconds.
At 8 furfurel rste of 26 g/hr and 1100 co Ho/min:

1100 ee x 60 x 278 x 740 x 1 ____ ¥ 2.60 molg of H
| 300 760 D5,400 hr st 27° end %o win

25 gfh,x:%a = 0.26 mols furfural/h; or the

mol ratio of Ffurfupel ta’ﬁ- 1e 10:1
At a furfursl rate of 45 g/hr an@ 21860 ce H fm*nz

2160 x 60 x 278 x 740 x _1 ___ = 5.36 mols ﬁﬂ/hr
e 100 at 27° and 740 ndn.




58

Table 7. Refractive Index of Furfural-Methylfursn System

Purfural Hethyl furan 56
gms wol frac gms mol frac n,

1.00 o 1,5268

108.0  0.900 2.16 0,100  1.5190
62.40 0,700 22,90 04300 1., 5009
B0LBC 0.800 45,75 0,400 1.4921
54,60  0.500 45,75 0, 500 1.4825
5,80 0,475 5. 47 0.525 1.4800
5.80 0.480 6.06 0, 550 1.4772
35.70 0,400 45,75 0.8600 1.4728
5.80 0.375 8. 26 0.625 1.4698
5.80 0,345 9,43 0.655 1.4670
5,80 0,325 10, 350 0.575 1.4650
22,856 0,300 45,95 0.700 1.4628
13.25 0,200 45,75 0.800 1.4535
5.95 0,100 45.75 0,900 1,4440
1,000 1.4340
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Vapor Precssure of Pure 2-dethylfuran

Tempersture

Op

Pressure

mm Hg

86.0
78.0
77,0
68,0
59,0

30,0
25,6
26,0
20,0
15.0

216
179
174
139

Table 10.

Liculd-Vepor Composition

TEMD

o]

6

Liouid

Yepor

%1

ﬁ%ﬁ

mol fraction

_methylfuren

g};k;;
D

mol frection
methylfuran

65
71
78
80
02
110
121
130

1,4650
144780
1.4800
1.4965

1.8071

1. 5210

0,662
0.542
0.420
04350
0.234
0.134
0,097
0.074

1.43656
1, 4560

1.43%70
1,4381
1.4418

0.988
0.980
0.970
0.958
0.919
0.844
0.752
0.648
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Figure 10. Vapor Pressure of Pure Methylfuran
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45 p/hr x 1/96 = 0.47 nmols furfurs thr

Hence the ratio of furfursl to Hp 1s 11:1 under these
eaﬁﬁiti@ns*

Assume sn asverspe furfursl feed raite of 26 g/hr 2t a
hydrogen r&éirami@timn‘r&ta af‘@lﬁ@ ce/ming

25 x 4 x 144 (2,54)° = 8.3# furfursl/hr/ft° 1s the
454 2.50) average nass rate of flow

Under the gome conditiong the congentroetion of furfural in

the pee rhose 1s

at STP
1 ft3 = 2.85 x 10% ce

(b} Semi-pilet unit dete., The unit was desirned for a

capacity approximastely 20 times thot of the leboreatory unlit.
The following specifications were sselected:

Farfural = 500 g/hr |

Hy, recirculztions = 58500 cc/min or 2cfm

Cetslyst chamber = 5550 cm® or 0.196 £t°

Phe hydrogen regirculstion selected pave a grester
excess of hydrogen than thst employed in the laboratory unit.
In the absence of any knowledge concerning the heat sffects,
it wes decided to consiruct the cetslyet chomber after the
laboratory unit.

If = 3% pine lg peleected & convenlent tube length is
 obtained hy‘maiﬁﬁaiﬁiﬁg Amension rotlos gimilaer %o those in

the plaess unlt =8 shown by the followilng calculation:



oy B
I x (3) x L= 0,196
4 144

L

H

4 % = length of catelyst chember,
If the seme free gpace 18 assumed in the catalyst bed as
in the lsboratery unit |
 0.196 x 0.65 = 0.1275 £t° vold
the contact time = 00,1275 x 1l x 80 % 4 seconds for the
flow rate of 2 cublc feet of E%y§r~mium%&»
The cztalyet reculirsed for the unit can bhe caleulated as
follows:
35 x 20 = 700 g copper chromite
7 20 =z 20 = 6800 ¢ activated charcosl
The mass rate of flow then eslcoulstes:

500 x 4 x 144 .= 22.4 #furfural/hr x £t°
454 T x (3)~

Te reduce the masgs rate in the pilot unit %o that en-
ployed in the &ébaraﬁaryﬁ the furfural feed rote would heve
e be reduced by =z fsoitor of

22.4/8.3 = 2.7
The smount of caitalyst and the hydrogen recirculastion should
e reduced by & like factor,

{c) Caloulations for scrubbing hydrogen ges with furfural

ko remove methylfursn vaporsg. The vapor pressures of the
furfursl-methyl furan systen defermined by experiment are some-
what grester than those caleulzted by Rasu$tfs‘1ag: Because
.of the indicated greater escaping tendency in solutlion, the

partial pregsure of furfural was assumed constant at 3 mm over
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the range concerned. Uging thig sssumpiion, the date of

fipure 9 a2t 25° {?$°F} were recalculated end are tabulated in

,,,,,

Table 11, Recsalculasted Vapor Ffegguy@a of the Furfural-iethyl-
furen System at 28° (78°F)

Mol Fraction Total -Vapor
%ethglfar&n Vapor Pressure of

?raaaure ﬁaahylfuran

0.03 10.5 7.5 0.0310 0.0102
0,05 18 15.0 0.0526 0,0207
0.08 27.2 24.2 0.0870 0.0338
0.10 53.0 30.0 0.111 0.0423
0.15 48.6 45,6 0,177 0.0666
0,20 62,0 59,0 0. 250 0.,0866
0.25 74,5 71,5 04333 0,107

0.30 86.5 83.5 0.428 0.127

Hethylfuran could he removed from the hydrogen gas sireanm
by countercurrent adsorption in furfural. The rich gas could
enter the bottom of a packed tower, and, after being stripped of
methylfuran, the lean gas would leave the top of the tower, %o
be recirculated over the catalyst.

For caleulations 1t is assumed that the sbsorption tower
would operate isothermslly et 740 mm and 78°F with 80 mm partial

pressure of methylfuran in the entering vapors. At this pertial
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pressure, the concentration of methylfursn in the gas enter-
ing the tower would be 0.121 mol/mel of inert gas., It wes
further assumed thet the nmethylfuren content of the gas lesv-
ing the tower would be reduced %o 0.010 mol/mol of inert ges
by the furfural which would contain G.@Qﬁ»mal of methylfuran/mol
of furfursl on enterins the tower.

Under ﬁﬁﬁﬁa conditions, the theoretical maximum concen-
tration of methylfuran obitainable in ﬁﬁa furfursl ls 0.340
mol/mol. Using an operating figure of 0,300 mol/mol for the
exit furfursl, the stralght epér&@ing line wes drawn in figure
12. ‘The nmumber of trensfer units recuired to remove the methyl-
furan from the pes stream is found to bhe 12.2 by the method
of Baker (62}, These lines were not drawn in the figure be-
cause they would tend to obscure the disgram.

(a) gCalculations for distilletion of methyvlifuran from the

furfurel sbsorbing system. The solution from the adsorption

tower may be assumed to run directly into the distilling
ecolumn. The feed will enter at 78°F sand contain 0.231 wol
frection of methylfuran. It was sssumed thst the distillate
from the tower will contain 0.5 mole per cent furfurel and the
bottoms 0.5 mol per cent methylfuren. The botioms will be re-
turned %o the top of the adsorption tower.

In the sbsence of heat dates, the heat of vaporization of
methylfuren was calculsted from the Clapeyron eguiitlion and the

vepor pressures. The heat capacity of the liquid was tsken as
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equal to thet of furfural or 0.42 cal/gm/dep. This was zlso
assumed to be the hea%~e&§geity of pure methylfuran.
If B.P. of feed = 92°C (from B.P. dlagran)
then 92-25 = 679C = temp interval.
The heat capacity of sylven in 1llquid is 0.42 x 82 =
S4.4 cel/wol/deg
The heat capeseity of 1 mol of the vapor minus the heat
capeelty of 1 mol of the liquid is:

a{d u)
L

| The heat capacity of the vapor can be eatlimsted at 18
cal/mol/fdeg. |
Then AH =4Hpy =~ ACpT
ACp =pH, -AH, = 15-34 » -19

or
AH =AHy -~ 197

From the Clapsyron egquation

at

m!&?“méﬁ - 19 InT -~ I

RnP + 19 InT = I - 4Ho

Subastituting the wvapor presgsure datal

15°¢ - (2) 1.98 1n 110.5 + 19 1n (288) = I ~AHo
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- {h) 1.98 1n
- {c) 1.98 1n 174 4 10

=00

=

- {d) 1.98 1n 216 + 19

Solving Tor an sversre value of 1T end 8Ho we obtain: I

o
e

168 and AHo = 14,750,
Hence
AH = 14,750 - 19T
et 63°C
AH = 1%,??«50 - 19 {339)
8,370 ecal/mol

139 4 192 1n (283)

in

H

I -AHo

I ~AHo
2 Ew% 23

H

288

H

I~ AHo

TB03

—
£

at 92%¢
AH = 14,750 -~ 19 (385)

= 7800 cal

The value at 65@G‘givea g Troutons constant of 22.1.

The foregoing AH is only approximate because (1) tha’

vepor pressures used were for 0.02 atm. of sylvan instead of

1 atm., (2) the Xirchoff ecustion is only approximate, and (3)

the assumpitlon of the perfect gas lows for sylvan vapor 18

probebly gulte bad.

For 100 mols of solubion of mol fraction 0.23) sylwvan

23.1 x 82 = 1900
76.9 x 96 = 7380

2280 or a mol

.
e

gp Ht/mol

Senelble hest = 39 =2 €§2w§%)

Latent heat (at 92°)

0.42 x 92.8 = 39

weight of 92.8

esl /mol/CC

2520 cal
7800 cal
G, 320 ecal
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by definition

slope of 1lime = 1,32 = 4,18

The reflux retion wss zssumed Lo be 0.05 mol/mol of overhead
distillate which is 25% grester than the theereticsl minimum,
Using 2 sheel of peper 18 in. or an edge and drawing the g line
£t 1ts proper slope, the number of pletes is found to be three
in the rectification section and 5 in the stripping secticn,
Lesuming 2 plate efficiency of 759, four plates are required
in the rectificadion section and 7 plates in the exhsusting
section of the column,

(e) Cost estimste for smell

furans This estimate 18 only an spproximation of the cost of

acale production of methyl-

meking methylfuren, Hore nilot plant dsts are needed before
an sccurate estimate can be made.

Asgume: a production rete of B00F methylfuran/day, 300
working daye/yesr and & plant cost of £20,000 to be depreciated
by streight line method in filve years. Since the semi-pilot
unit operated sc emoothly, 1t was zssumed that only one
operator/shift would be needed. The best pilet conditiona
obtained, 80% yield and 0.04# catzlyst/# methylfursn, will
gerve a8 a besis for calculations,

1 x 96/82 x 1/0.8 = 1.45# furfursl wlll be rsquired on

thisg bhasis for each pound of methyifuran produced.
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Cost caleoulation on basis of 1# methylfurany
Rew Materiale
Furfurel @ 10¢4/1b . . « o . . « £0,145
Hydrogen @ 50//1000£t° . + . . 0.008

Catalyst @ #1.00/1b . 04040

.
: ]
*
L4
k4

Puriflication Costs o + « + « « « « 0040
Heat and POWer « + « o o v o« o« » o« 0 08B0
Labor @ $1l.48/hr . v v v o v w « o« 0,070
Deprecliatlion, texes, e4Cs o« + « v « 0,050

Total cos8t/1b . o v ¢ v ¢« « ¢ o« « £0.400

B. Heactions of Methylfuran

1.

- The methylemine and dimethylemine hydrochlorides were
the Hastmen white label products =nd were uged without further
purifiﬁ@ti&ﬁa

| The hydrochleorides of n-butyl amine, 2llyl amine, etheno-
lamine, eynlﬁh&xyi emine and bengzyl zmine were @r@y&“eﬁ.bf
%?ﬁ&%img the Ezstman white lebel emine with the calculated
cusntity of concentrated HCL and sveporating to dryness, ' The
hydrochlorides were recrysisllized from ether-ethenol mixtures.
‘The %?@rgehlariﬁ&s.af'marphalin@~gﬁ& niperidine wore nrenared
in the same manner from the Eastman practiesl material.

The oectyl, dedecyl &n& aata§aBy1 amines were suppllied

through the courtesy of the Chemicel Divielon of Armour and
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Company. The amine hydrochlorides were prepared g8 indlcsted
ahove snd recrystallized from sbsolute EtOH.

Isc-propyl emine was prepared by catelytic hydrogenstion
of frxgtmen practical Z-nitropropane. The hydrochloride wes

prepered 28 described shove.

ren analyses Pﬁ?&?%ﬁ@ were made by the Dumss
method 1f folilowed by the letter "D¥, The reaults not so
marked were obtained by the Xjehdahl method,

'?he chlorine snslvses were made fa& goluble chlorine.
The solutlons were kept cold throurhout the determination to
prevent reduction of ApCl by the organice materisl present.

- All melting points reported are uncorrected. They were

taken on & Plscher-Johns nicro block.

S ﬁy&r@ahlﬁriﬁa galte

The hy@rochloridss of the amines were prevared by dls-
solving 3 - 5 go of the amine in 20 ec of anhydrous ether and
cooling to ﬁﬁ‘ The ealenlatsd ga&ngiﬁy of cold, concentrated
"HC1 was then a2dded. 7The hydrochlorides were recrystellized
from ascetone-slcohol mixtures.

If the hydrochlorids §e§&rat$& 8 an oil erystellization
wes Induced by dissolving the salt in 100 ge of acstone and
evaporating to a2 volume of 25 cc. The solution was then

poured slowly ian%o 100 cc of bollinz ether.
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N-{S-methylfurfuryl)-cthylamine. (A) To 2 B0O co rb 3-

necked flask ecuipped with & dropping funnel, stirrer, znd re-
flux condenser, were added 152 g (2.0m) of 374 formaldehyde
end 163 g (2.0m) of ethylamine hydrochloride. The flask and
contents were warmed o z0° with #tirrins te dissolve the
hydrochloride, after which 82 g (1.0m} of 2-methylfursn were
added dropwise over the period of an hour. Stirring was con-
tinued until the resction no longey eveolved heat.

The reasctlion wes cotled to room %@myeraﬁuré, neutrelized
with 80 g of NaCOH dissolved in 160 ecc of water, and extrzcted
with 100 cc of ether. The ether layer wes washed with two
50 cc poriione of water sndé ﬁri&&.ﬁvéy-ﬁa&ina gsulfete. The
ether was removed on o water bath and the reeidue dlstilled
under reduced pressure to glve 36,0 g (25.9%€) of & colorless
01l bolling at 71-86°/1% mm .

D25/4 ~ 0,944 nd~° - 1,4689

Celed. for CpHyzNO: M,10.1  Found: I,10.2

Hydrochloride - The sglt wee prepared from 4 grams of

the amine and 2,22 c¢ of concentrated hydrochleric acid. It
erystallized as white plates which melted at 138-9°,
Caeled. for CgHly 4RO0CL: N,8.0 Found: .ﬁ,ﬁ.ﬁ
Iy 20.2 Found: C1,20.0
{B) To & BOO ce rvb Z-necked flssk equipped with a drop-
ping funnel, stirrer snd thermometer that resched into the
licuild, were added 20 g (1.1m) of ethylanine hydrochloride and



95 g (1.17m) of 37% Tormaldehyde. After the flssk was hested
to 30Y to dissolve the hydrochloride, 82 g (1.0m) of methyl-
furen was sdded over the periocd of an hour while the tempera-
ture of the reaction was controlled 2% ﬁﬁﬁﬁﬁg.

When the evolutlion of heat cessed the resction was worked
up in the manner previously described to give 62 g (44,6%) of
meterisl bolling at 76~-80°/21 pm.

He-{B-msthylfurfuryl)-n-butylsmine. Sixty-Tive snd two-
tenths grems (0.60m) of n-butylemine hydrochloride and 48.8 g
(0.60m) of 37% formsldehyde were sdded to a2 500 ce flask equipped
with a Sti%re? and reflex condenser and z thermometer reaching
intoc the liculd., The flask wes hesnted to 50° and then 49,2 g
(0.80m) of methylfuran wes 2dded through the condenser ns Tast
a8 1t rescted. The resction wes stirred for ten minutes after
the addition of the methylfuran was complete.

The resction was neutrslized with 25 g of NeOH in 50 oce
of water snd worked up in the described manner to glve 21 g
(21%) of colorless oll bellinz at 110-15°/22 mm..

D2E/4 - 0.921 na®® - 1.4650

Caled, Tor ézgﬁzvﬁ@;.ﬁ,a.é ?ﬁuﬁﬁ: H,8.8

Hydrochloride - Five grame of the amine wag neutralized

with 2.5 co of concentrated HUL o give glistening white
pletes, which melted at 1$§*V§§'
Calod, for glﬂﬁigﬁi}ﬁl s §#§'§ Pound: i»ﬁ, 6.8
01,17.4 Found: C1,17.2
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H- (5-methylfurfuryl)-n-octylemine. To 125 g (0.760m) of
n-~octylamine gyﬁx@éhi&riﬁe and 90 g (l.lim} of 37% formaldehyde
contezined in a2 B00 cec flask equipped with a ﬂrﬁgpiﬂg funnel,
stirrer snd reflux condenser, 63.5 g (0.775m) of methylfuran
wag added dropwise over the perlod of one-half hour.

The resction mixiture wae then worked up in the previcusly
described fashion to give 53.5 g (351.0%) of the secondary
emine which bolled et 115»«8{}/2 fa‘m. |

D25/4 - 0,904 na®® . 1,487

Hydrochloride - The s2lt from 5.0 g of the smine and

2.0 ec concentrated HCL crystsllized os white plates which
melted 2t 145-6°,
Caled. for Oy, HpgHOCl: N,5.4 Found: N,5.0
€1,13.7 Feund: 01,13.6 |
%«{S»methvifurfuyx%}ﬂnﬁéﬁﬁﬂeyiggggga. To 115 ¢ (0.522m) of

n -~ dodecylamine hydrochloride =znd 90 g (l.1lm) of 37% formal-
dehyde contained in & 500 ce flesk eculpped with & dropping
funnel, stirrer and tharmomete@'r@gehiﬁg.iatc the liculd,
41,0 g (0.500m} of methylfuran wes szdded over 1% hours while
the rezction was kept a2t 30°. The hydrochloride of the
secondary amine a?yﬁ%&iliéaﬁ when the reactlion was complete,.
The salt ﬁ&ﬁamﬁﬁﬁ@ﬁbaﬁ attempted purification, so 11 wes’
trezted with excess base and the free amine worked up in the

previcusly deseribed manner to give 21 g (15%) of a colorless
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1iquid which boiled st 135°/2 mm..
Dy /s = 04568 naf% - 14678

Celeds for OpgH,NO: N,5.0  Found: ¥,4:9

Hydrochloride - The s21% wes prepared from 5.0 g of the
amine and 1.5 cc of concentrated hydrochloric seld., It

crystallized as white leaflets melting at 147-8°,
Caled. for CygH.,NO0Cl: N,4.4 Found: N,4.5
A chlorine anszlysls ws8 not made becsuse the hydrochloride
wes too insoluble. | -
| H-(5-methyl furfuryl)-n-gctadecylenmine. Twenty-one grams
(0.2Bm) of methylfurasn was &&&a&rﬁvﬁr 45 minutes to 75,6 g

(0.25m) of n-ootedecylanmine hydrochloride znd 32 g (0.40m
37% formaldehyde in a 5O

ﬁeéﬂer, stirrer and dropping funnel, The resetion product,

0 ¢c . flask squipped with a reflux con-

isolated zs p?ﬁ?i@ﬂ%&? described, weighed 30.5 ¢ iﬁﬁ.@ﬁ) and
boiled ot 195-7°/2 pm..

The compound eolidified to & waxy solid a2t room tempers-
ture., Recorystallization from absolute aleohol gave white
plates melting at 27-8°.

Caled. Tor CogHysNO: N,3.9 Found: N,4.0

Careful dletillsztion wes required to sepesrcte the dodecy-
lemine and octadecylamine reaction p?@du@ﬁﬁ in & pure state.

Hydrochloride - The sslt, which was prepared from 5 g of

the amine and 1.15 cc of concentreted hydrochloric acid, crystal-
1ized a8 white lesflets melting &t 105-7 .



Caled. for Co HgNOCL: N,3.5 Found: N,3.7

A chlerine anelysis was not made because the salt wes too
insoluble.

§~(§ﬁ&@§&,1f§gfgry1}~§imﬁﬁ%y;s§i§§, ﬁighﬁgwama gr@m@"
(L.Om) of 37% rormeldehyde, 81.5 g (1.0m) of dimethylamine

hydrochloride snd 82 g 91.0m) of methylfuren were hested at
reflux with vigorous stirring for 24 hours. At the end of
this tine gmiylﬁ'gmﬁll amount of methylfuran wes unreacted.
The reaction mixture was cooled, extracted with two 100
ce portions of ether, then neutrslized with 100 ce of concen-
tyﬁt@&-ﬁﬁéﬂﬁ, The 01l layer wes separated, the Wﬁtﬂ? extracted
with twe 50 cc portions of ether, and the combined ether snd
ﬁmiﬂﬁ layer dried overnlght over Na,80,.
The ether was removed and the residue dlstilled in vacue
to yield S0 g (64.7%) of colorless oil boiling at 68-70°/25 mm.
Dos/a - 0,921 - na®® . 1,4820 .
Q&leﬁa f@ruﬁgglgﬁﬁi H,10.1 PFaund: N,10.2

Hydrochloride - The 82lt, which was prepsred from 2 eco

of the amine and 1.8 co of coneentrated hydrochloric acid,
mrysﬁﬁizig@ﬁ as golorliess n@eﬁiég melting &t 158-158,5.

Calod: for OgH, NOC1: N,8.0 Found: H,8.0

(1., 20.2 Found: ©1,20.0

He (Bemethylfurfuryl)-i-propylamine. Fariy-two grems
(0.44m) of i-propylamine hydrochloride and 50.0 g {(0.62m) of
3?% formaldehyde were hested to 807 with stirring, and then
34.5 & (ﬁ,éﬁg} of methylfursn sdded dropwise over 13 hours,



a1

After three~fourths of the methylfuran had been g&é@&, the
mixture wes heated to reflurx and refluxing continuned until
the resction was complele.

The reszetion wes worked up in the ususl fashion to
yield 14.3 g (22.2%) of secondery amine thet boiled at 32-39/
Eﬁmmf

D - 0,923 na®® - 1,4630

Caled, Tor OgH,gNO: N,9.1 Found: N,9.2

iyérochloride -~ Two grams of the sscondsry amine and 1.1

crystallized sa white needles melting at 138-9°,

Caled. for CgH,  NOCl: H,7.4 Found: N,7.3
£1,18.8 ?agﬁé: ¢1,18.8 -
ﬁ»f%~ma§§g&furf&r§1}valkyiﬁm%ﬁgg To 93.5 g (L.0m) of
gllylemine hydrochloride and 81 g (1.0m) of 37% formaldehyde

in 2 flask equipped with & dropping funnel, stirrer and
thermometer reaching inte the liquid, 82 g (1.0m) of methyl-
furen wes sdded over 13 hours while the temperature was held
et 20-25°.

The secondary amine, which wes isolated zs usual, weighed
19 g (12.6%) and boiled at 93°/21 mm..

335/4 - ﬁ,%ﬁiﬁ nd?% o 1,4839

Caled. Tor CgHy=N0: N,9.3 Found: N, 9.1

Hydrochloride ~ The s2lt formed as sn o1l on treating

5.0 g of the amine with 2.8 ge of concentrated hydrochloric
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2cid and hed to be erystellized in the menmer described on
page 73. It wee obtained as white lesflets melting st 90-91°.
Caled. for CgH, MNOCl: N,7.5 Found: N,7.3
€1,19.0 Found: C1,18.8 |
- ( 5-me thyl furfury .+ Bighty-two grems (1.0n)

1 )=mornhol in
of methylfuran wes added @a?&ﬁg twe hours o & stirred solu-

tion of 130 g (1.,08m) of morpholine hydrochloride in 95 g
(1.17m) of 37% formaldehyds. Scon affer the addition of the

methylfuren wss complete, the hydrochloride of the tertisry
smine began to sepsrate.

ATter the resctlon had stood at room temperature for
two hours, one liter of seetone wes added followed by BOO ce
of zhsolute ethenol., The Taintly vellow crystals were
filtered, washed with 100 coc of gbsclute slcohol, and dried.
 The yleld of erude 821t melting at 201-3° 24th descomposiiion
wes 161 g (78.5%4).

One recrystellization from ebsolute aleohol gave color-
less needles that melted =t 202-4%4.

Caled. f@rvﬁlgﬁigﬁﬁgﬁlz N,6.4 Found: HyB.56

€1,16.3 Found: €1,16.9

The free base was prepsred from 80 g of the hydrochloride
by neutraslization with NaCH.

BPoot 123° Dygs, - 1,087 na®® - 1.4961
Caled. for ﬁlﬂﬁigﬁﬁg; H, 7.7 Found: N,7.7
fi-{ S~methyl furfuryl )-ethanoclamine. The compound was

prepered by adding 41 g (0.5m) of methylfursn during one
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hour to a stirred mixture of 88 g (0.91m) of ethanolamine
hydrochloride snd 81 ¢ (1.0m) of 37% formaldehyde.

The resction mixture wes trested as usual to yield 33.0
& (42.6%) of colorless oil boiling =t 100-102°/3 mm. This
compound wes coppletely soluble in water, ‘

Dogre ~ 1.082 na®° - 1.5020

Caled. for CpH,NOo: H,9,0 Vound: N,8.9

ydrochloride - The sa2lt precipitated as an oil when 6.0

g of the smine were treated with 1.7 cc of concentrated hydro-
chloric zeid. Crystellization was induced as described pre-
viocusly to give white lesflets melting at 79-79,5%,
Galcd. for 88114N92012 N,7.9 Found: N,7.3
01,18.6 - Found: €1,18.2

N-(5-methylfurfuryl)-piveridine. Forty-four grams
(0.54m) of methylfursn was added to & gtirred mixture of 65 .
g (0.54m) of piperidine hydreochloride snd 50 g (0.52m) of 279
formeldehyde while the tempersature wes meintained at 70-80°.

The reaction product, which was isolated as previously
Gescribed, welghed 74.5 g (77.6%).
| BPg:  58-89° BPpt 92-3°

Dpgra = 0.981 na®% - 1,4950

Celed. for C,,H,,N0: N,7.8 Found: N,7.9°

Hydrochloride - The selt formed a8 en oil when 5.0 g of

the base were treated with 2.3 cc of concentrated h&draehlarie.
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soid. After crystallization from boiling ether, the compound
wss obteined =6 white plates melting at 147-8°.
‘ D
€l, 186.5 Pound: €1,18.3

N~ { femethylfurfuryl)-benzylanine. geventy-four grsms

(0.20m) of methylfursn wes added 28 rapldly as possible to a
stirred solution of 143.5 g (1.0m) of benzylamine hydro-
chloride in 85 g (1.05m) of 37% formaldehyde while the tempera-
ture woe maintsined at 30-35°.

The reaction was gtirred for 1% hours a2t room temperature
) after =211 the methylfuran had been added, then n@utr&liz&é and
the base purified as mﬁual.

The secondary emine, which was cbtained a8 a ﬁﬁlﬁrlaag
011, bolled et 104-8°/1 mm snd weighed 62.5 g, or 34.6% of
the theoreticsal amount.

ﬁgﬁ}é - 1,042 ﬂ&gﬁ,* 1.5411

Caled. for Cy.H, NO: N,7.0 Found: N,%7.1

Iydrochloride ~ The salt, obtesined =8 & white powder
from 5.0 g of the amine snd 2.1 cc of concentrated hydro-
chloric =zcid, melted szt 178-180 with ﬁﬁa@m@aai%igﬁ,

~ Celed. for CyzH;gNOCL: N,5.9 Found: N,5.9
€1,15.0 | Found: C1,15.3

BEF Y, voiohexvliemine, One hundred snd
fifty grems (1.10m) of cyclohexylamine hydrochloride and ©0
g (L.11lm) of 37% formsldehyde were renidly stirred in a 500



86

cc Tlesk while 82 g (1.0m) of methylfursn was sdded as repldly
as possible. The resction was kept a2t 30-35° by mesns of
externasl cooling. ’
| The resciion product, which was @&fiﬁiﬁﬁ‘&g usual,
weighed 102 g (652.8%) and boiled =t 75-7°/7 nm,

Dpg/a = O-984 na”® - 1.4960

Caled. f@r'ﬂlgﬁigﬁﬁr E,?,E Found: N,7.4

Hydroehloride - The s2lt, prepsred from 6 g of the base

and 2.15 cc of concentrated hydrochloric aecld, was obtained
a8 smaell glistening white plates melting at 167-87.

Caled. for CysHpoNOCl: N,6.1 Found: N,6.1

€1,18.5 Founds: 01,15.3

A ’*é%c*?gﬁéﬁgi;fﬁﬁﬁwz”;&mﬁg»%ﬁﬁf&ﬂ@vf@ﬁ (A) Fifty-
one and elght tenthe groms (0.47m) of 5»m@%hyif&rfara1 {(a3)
and 64.3 g {égé?g} of 33% @%hy&amiﬁ& were mixed with cooling
in & 200 ce Erlenmeyer flask. After the strong heeting hed
subsiﬁaﬁ the resction wse 2llowed to stand &t,rgﬁﬁvtemgar&ture
for one hour with occaaional sheking. At the end of this
time the upper orgaenie leyver was separated snd washed once
with 100 co of water.

The ecrude imine wes hydrogensted diresctly, using 4 g
ef Raney nickel catalyet and an inlitisl hydrogen pressure
of 1700 1bs. Distilleation of the product gave 43.8 gm of

G750 ‘ .
“215 +  This represents s 56¢ overall

colorless oll, BPgq
yield from S-methylfurfural.

Celcd. for CgHynNO: N,9.8 Found: XN,9,6
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{B) Twenty-five grams of N-(S5-methylfurfuryl)-ethylamine
(page 74), wee hydrogensted using 2 g of Reney nickel catalyst
and an inltisl hydrogen pressure of 1800 lbe. Distillation of
the product ylelded 23 g (20%) of colorless oll, B.P. 87-70/s0umm.

Jelcd. fww'ﬁgﬁg?ﬁﬁé H,2.8 Found: N,9.8

A §arifi$ﬁ»ﬁé$gia of the tetrahydro amine had the Tollow-
ing ghyﬁiﬁai gonastants: |

na?® . 31,4387 Dyg /g = 0-887

Hydrochloride - The selt was prepsred 28 described pre-

viously. It cryetellized es buff plates from scetone,
H.Po, 98-80, ‘
Caled. f&y‘ﬁaﬁigﬁﬁﬁi% H,7.8 Found: N,7.7
g1, 1k.8 Found: $1,19.86

hvl e trahydrofurfuryl )e
The 3, B-dinitrobenzoste of the smine from (A) was prepared
according to Shriner snd Fuson (84).
. Colorless needles from sleohol. MP, 89-89,57

Celed. Tor CopHzoN.0s: N,12.5 Found: N,12.86

The derivative of the smine from (B) was prepared in the
some manner.

Colorless needles from aleohol. MP, 87-88,5°

Caled. for CoglygNz0gt H,12.5 Poumd: H,12.2

A mized melting point of the two derivatives was 87-88,

Eighty-two pgrems

(1.0m) of methylfuren was added during 1% hours to a stirred
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golution of 40.8 g (0.5m) of ethylamine hydrochloride in 81
g (1.0m) of 37% formeldehyde. After stirering st room tempera-
ture for two hours, the mirxture wzs heelted 2%t reflux for three
hourg %o complete the reaction.

The product, separsted and purified =ss usual, was a yellow-
tinted oil welghing 50,5 & (49.4%).

BPg - 127-30°  Dygs, - 1.018 na®® - 1.5000

faled. for 531 4ﬁ1g§g H,8.0 Found: N,6.2

Hydrochloride « ¥aive grems of the smine and 1.8 co of

concentreted hydrochloric eseid zave & 821t which crystallized
58 white prieims that melted at 151-2°,
Calcd. Tor *31 4H ’f%@ Ll: H,5.2 Found: N,5.3
€1, 13.1 Found: C1,15.1
A run with 14.2 g {(0.173m) of ethylemine hydrochloride,

) of 37% formesldehyde and 28.4 g (0.346m) of
m&t&aylf&r&:z;: in which the tempfzﬁfwtmrﬁ woee held a2t 3{3;—-4;{3‘3
gave 22,7 g (73.5%) of the t@rhwr@r amine thsat ‘imillaé at
97-8%/1nm,

The amine was ob-

tzined by distillation after the secondery amine wes isolated
(poge 77)e The yield of yellowish oll boiling at 150-153/1mm
wes 43,0 o (362}, _



88

Acid Oxaslete - The hydrochloride 2nd picrate were un-

erystalllzable oils. The acld oxelate was prepsred by mixing
equivelent quantitles of the smine end oxellc z2¢id in ether.
It erystallized as white lsaflets melting at 201-2° with de-
compositlion,

: D

‘28 3&

; a8 , _ The ftertisry smine
wes 1solated by dletillistion after the secondary amine had
been removed from the resction mixture (psge 81). Forty-four
and a haelf grams (33.4%) of yellowlsh o1l wes obizined that
boiled st 138-141°/1mm,

p25/4 _ 1,063  na®® - 1.5435

Calcd. for Clgﬁ

21 :
drochloride - The 8:1t was obtained from 5.0 g of the

NOL: N, 4.7 Found: N,4.8°
;

enine and l.4 cc of concentrated hydrochloric seld 28 & white
powder melting &t w«@.-a@_ with decomposition.

. , ‘ D

01,10.7 Found: ¢1,10.2

amine hydrochloride. Hineteen snd two-tenths grems (0.2m) of
2,5 dimethylfuran, 18.2 g (0.2m) of 37% formaldehyde and 16,3
& (ﬁ.ﬁm} of ethylamine hydrochloride were refluxed together
for 24 hours. At the end of this time, 17 g of 2,5 dimethyl

furan wag recovered unchanged.
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e Fursn Resing

Polymerizetion of methylfuran with 95% sulfurlc acid

Preliminery experinents showed that methylfuran alana; or
in'ﬁenz@n@ solution, wes polymerized viclenty to & black, hard
infusible regin by concentrated sulfuric =seid, A light
celored resin could be obieined by polymerizetion in chloro-
form solution,

{(2) One and nine-tenthe prams of 95% sulfurlc socid was
sdded to 8,2 g (0.lm) of wethylfursn and 75 cc of chloroform
in & 200 ce Hrlenmeyer while the flask was shaken vigorously.
A gtrong resction set in which caused the solvent to boil.
After the resetion had subsided, the flask wee sheken for
2-3 minutes, then 4 g of sodiuvm hydroxide was sgdded o
neutralize the acid. The crgenic leyer was separated and
waghed with B0 cc of water.

Evaporatlion of the solvent yielded 5 g of a yellow-
brovm, glassy resin. The polymer wss brltitle and could not
be extruded into flilbers., The resgin derkened to cherry red
sfter standing for g month in contect with the air.

Hydrogenation of & portion of the polymer over FRaney
nickel gave g very light yellow resin thet did not d=rken on
exposure o light and alr. However, this meterisl resembled
the unhydrogenated resin in that it wes brittle and could not
be extruded into fibers. |
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{b} Eight and two-tenths granms (0.1m) of methylfuran
in 25 cc ot gkally B wee treated with 0,04 g of a0°
sulfuric acid. After the initisl rescetion had subsided, 0.3

Be'

g of 954 sulfuric zcid wes added, the Tlask shal

ken for three
minutes and the acid then desiroyed with excess base. The
orgenic layer was sepsrstied, washed with 25 ec of water and
the aélveﬁﬁ ﬁ?@@ﬁr&t&& to give 4 g of & 1light brown glassy
resin einilar %o that oblained nrevioualy.

Destructive dlegtillation of the polymer csused the separa-
tion of wester and the formstion af'gn unstable oil which
boiled over the ra&g&=1@@~25@ﬂfv%@; Since no pure material

could be 1&&1@35@, the substence was not further investigsted.

Polymerization of methylfuran with 70#Z nitric scid

When 8,2 g (0.1m) of methylfursn were added dropwise to
10 ce of 70% nitric scid, a vigorous resction ensued which
formed 3 g of a light yellow, infusible resin.,

A similar polymer was obtalned by traa@iﬂg'thﬁ sulfuric

acid resin with 70% nitric soid,

Polymerization of methylfuran wiith 36

Ten grams of concentroted hydrochloric acid wes added to
8.2 ¢ (0.1m) &f.methyifurﬁn end 25 eec of chloroform in a 125
cc Erlenmeyer. A strongly exothermle resction occurred which
turned the solution dsrk red.

The @&lﬁ%@?‘ﬂbt&iﬂ@&iéﬁﬁ similsr o thet formed by

sulfuric acld polymerization.
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Polymerization of methylfursn with enhydrous aluminum chloride

Two crams of wmethylfuran were dissolved in 3 ec of chloro-
form in a 25 cc Erxlenmeyer. When 0.2 g of aluminum chloride
gere added, & vigorous resctlion set in that caueed the solution
to boll, Addition of L0 cc of water precipitated a white,
smorphous 8cl1d which weighed 1.5 g when dry. The resin was

soluble in ether, chloroform, alcohol and acetone.

Polymerizaetion of methylfuren with 6N hydrochloric zcld

Twenty-one grmms‘af methyllfuran wes sdded to a2 solution
of 25 cc of concentrsted hydrochloric in 25 gc of absolute
ethanol, the y@aﬁﬁiaﬁ stirred st 20° for half an hour, then
the acld neutrelized with excess sodium hydroxide. The oil
was taken wuvpr in 50 ec of ether, the ether layer washed with
26 ec of water, and dried over godium eulfate.

The polymer was gtebllized by hy&rng@n&ﬁimﬁ of the ether
eolution év&y 4 g sf‘%aﬁﬁy'ﬂiﬁkei; After removal of the
ether, distilletion of the hydrogenated product gave 7 g of
materiel bolling at ﬁﬁmlﬁﬁe/?@ﬂ mm, end § g of very viscous
01l boiling st 15?»1%$ﬁ/1m$‘ These fractions were not further

investigated.

Polymerdization of furfuryl sleohol with 3N hydrochloric scid

Ten grems of furfuryl slcohol was dissolved in 100 ec
of 3N HCL in & separstory funnel. The liquid soon clouded,

turned purple, then green zand finally light brown in color.
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The hesvy oil which began to preciplitate rapidly was seperated
a8 Tept as 1t Tomed. The funnel wss cooled under the tap
oceagionnlly to keen the resctlion at 20-30°. The nolymer
formed in this fashion alweye conbtained sone furfuryl alecohol.

Diatilletion of a hydrogensted sample of the polymer
geve moterisl bolling over the range 100-200°/25 mm. Ho pure
frzoction could be 1solated,

Traciment of the hydrogenated polymer with dry hydrogen

bromide gave g black tar thet wes not further investigated,

merization of methylfuren, ampornium chloride and formalde-

hyde

Roulmolar guantities of methylfursn, amwonium chloride

and formaldehyde were slloved to sgtand for twelve hours with
oceasional shaking, ot the end of which time the methylfuran
layer had practically dissppesared. Heutrallzation of the red
solution with sodium hydroxide precipitated a light brown
smorphous solid., The product was alternately washed with
water and scetone until the washings were colorless, then
dried overnight ot 100°. fThe welght of the product was about
50% of the weight of the reactants, Foreing the resction
gives a gummy resin.

Angelysis of two different preparstions of the polymer
showed = nitrogen content of 8.8%. On the besis of the nitro-
gpen analysis, the resin is theoretically capsble of absorbing
0.57 ecquivelents of szcid per 100 g of resin, or 23 g of HCOL

per 100 g of resin.
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One grem of the resin, 20 ce of 0.1181H hydrochloric
scld and 50 cc of water were shaken together for an hours
Titration of the sample showed thst the acid hsd been com-
pletely absorbed. A blank, 1in which the zcid was omitted,
wes run simultanecusly with the unknown.

Three-tenths grenm of the resin was shaken with 20 ce
of 0,118l HC1L aﬁﬁ 50 ec of weter for an hour, Back titra-
tiaﬁ¥ th$r allowing for the blenk, required 14.00 cc of
0.10408 HaOH. This represents approxinmately 50% of the
theoreticsl uptsake of aecid, or about 11 g of HCl per 100 g
of resin.

These experiments indlcate thet the materisl could be
used 28 an lon-exchsnge. However, evaporstion of the super-
natent liquid showed that the reein was soluble to the extent
of 5% in  the seild solutions: This solubility ﬁﬁmzﬁ'ﬁﬁve to

be reduced b&f@?ﬁ'ﬁhﬁ'mﬁ%@riﬁz would find prectical applications

- of furfuryl alcohol, somonium chloride, and

Ten roms (@, 02n) of furfuryl &1&%&@1 8.1 & {Q.lm}
of 37% formaldehyde and 5.4 g (0.1m) of ammonium chloride
were hested to 5@?; A violent reaction ge% in causing the
liguid to b$11 ana turn derk. Heutralizaltion of the reaction
mixture with XKOH precipitated s gumny, red-brown resin.

A similsr punny materisl wes obitalned when ethylamine

hydrochloride was substituted for smmonium chloride.
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Polymerization of methylfuran, ethylsmine hy
furfurel

One-tenth mol of the resctants wes nixed and refluxed
for 12 hours. At the end of this time the reactlion had set
o a %1&&? 3@11&« | |

The same gort of reslnous wpaierdisl was obtalned if fur-
fﬁra& and ethylamine hydrochloride were refluxed 12 hours.
Evidently the hydrochloride is ﬁﬁffici&ﬁ%&g'&ﬁiéiébta pause

polymerization of the furfursl.

Resction of methyifursn snd formaldehyde in the presence of

emmonia

This resction wes run in an attempt Yo prepars & Bake-
1ite type of resin. However, no resctlon cccurred when 8.2

g (O.1m) of methylfuran and 16.0 g (0+2m) of paraformsldehyde

were hested together in the presence of & drop of concentrated

apnonium hydroxide.

Reaction of methylfuran and trichloroscetic acid

A Tew drops of wateér were added to 2 solution of 1 g of
trichloroscetlio acld in 8.2 g of nethylfuran. A emall amount
of black residue had preciplteted From the dark green resction
mizture after four days a2t room tempersture, otherwise there

was no Indlcatlon of polymerizations



Frurbeen end seven-tenths srems of nmethylfuran was recovered
unchanged after refluxing 16.4

of 30% KCOH for thirty hours.

4 o {(Cu2m) of methylfursn ond 30 g

Acidificetion of the base layer precgipnlteted & dsrk bhrowm

anlid which was not further investissted.

81z and right-tenths sreme (0.1m) o7 sulfur diloxlde znd
2.8 ¢ (0.1m) of furfurel, which were sezled in a tube with no
added cotaelyst, geve = very small awmount of black polymer

after stending for three woeks,

Besgtion of metk

An atienpt was mede 2t emulsion polymerization of methyl-
furan. Fifteen grems of methylfursn, 5 ¢ of sorylonitrile,
4 g of smmonium oleste, 2 g of sodlup perborste s 2 g of
gacondsry sodium phosphete were sealed in & tube and shaken.
The tube was sllowed to stand for ten deye st room tempersture

with ocecaslonal shsking. A% the end of this time no evidence

of resctlion was obgerved.

Nine end sight-tenthes prems {(0.1m) of furfuryl alcohol,

1.5 ce of 40% potascium hydroxlde and 18 co of dloxene were
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placed in a 200 co flask eauipped with a dropplng funnel,
stirrer, and thermometer thet reszched inte the 1iguld. While
the temperature was meintained st ﬁég, 5.3 g {(C.im) of
acrylonitrile was 2dded dropwise to the stirred solutlon over
the period of an hour. Stirring wes continued for thirty
minutes after 211 of the niitrile hsd bheen added,

Seventy-Tive gramsg of water ﬁ@ﬁgﬁiﬁiﬁgfé ce of concen-
trated hydrochloric seid was sdded to the resctlon. The
orgaenic layer wag sepsrated, wsshed with two 15 cc poritions
of 10% sodium bicarbonate, twice wlth 20 cc portlens of water,
dried over sodlum sulfate and distilled in vescue. The yield
of the cysnoethyl ether beiling at 152°/25 mm wss 11.0 g (73%).

No resction wasg oblained when benzylirimethylammonium
hydroxide wag used o8 a'maﬁﬁlyﬁ% instead of potassium hydroxzide.

Fifty per cent sulfuric seid polymerized the cyancethyl
ether to a8 blasck re&lin so insocluble thet no attempis were
mede to hydrogenete it. The cyano é?ﬁﬂ§ in the resin was

slowly hydrolyzed by boeliling 309 potassium hydroxide.

Resction of furfuryl sleohol and serylonitrile (80, cotslyst)

One mililliter of concentrated agueous gulfur dioxide,
2,8 g (0.1m} of furfuryl slcohol snd 5,3 g {ﬁ;imb of soryloni-
trile were stirred 2t reflux for 45 minutes.
The organic leyer wag dlssolved in 25 co of ether,
washed with 25 ec of 5% sodlum carbonate, 20 cc of water and

dried over sodlium culfsate. Distillistion vielded & g of



ecrylonitrile, 5 g of furfuryl zlechol, and 3 g of material
boiling at 120-145°/40 mm. 1In its odor and eppearence the
high-bolling material resembled that ohtsined by the achion

of 3N hydrochloriec acid on furfuryl azlcchol {page 2%).

eaction of scetyl xeh

uryl scetate

Three hundred and forty-one grama (2.37m) of tetrahydro-
furfuryl ae@ﬁa@é, 314 ¢ (4.00m) of acetyl ehlorilde and 25
mg of fused zine chloride were refluxed together for 1+ hours.
At the end of this time the unrescted acetyl chloride
end tetranydrofurfuryl scetste were revoved 2% the Watar'pgm@.
Distillation of the residue ylelded 295 g (B6%) of mized
chleroazcetates (65) boilins 2t 127-8%/4 mm.
na'® - 1,4402 Byp - 1.148
M. R (esled) -~ 51,9 M. R. {Obsd) - 51.9
Jongtents given by Paul (86):
nal® . 1,4482 Dy - 1,151
o polymer was formed when the mixed chloroscetsies
were hested with dlethyl mslonate in the presence of sluminum

ethoxide catelyet.

1,4~-Dibromopentane

e o

Ly hydrogen bromide, generated by dropping bromine on
boiling tetrslin, wes pessed into 43 g (0.5m) of methyl-

tetrahydrofursn in the presence of 20 ngof fused zine chloride
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a8 2 catalyst. The resction wes &aiﬁﬁﬁiﬁ&ﬂ 2t 80~90° until
ﬁh@'&ﬁg@xgti&ﬁrﬁf hydrogen bromide censed. Hoticeable
zmounts of black tarry materisl were present &t the end of
the resction. »

The dlbromide was waghed with water, 50 ea}af 59 sodium
blearbonate, dried snd distilled vnder reduced pressure. The

yield of colorless oil boiling at 100-1023/14mm wes 85 g (74%).

l,4-Dichloropentane

The gdichloride could not be prenared by passing dry
hydrogen c hioride inte methyltetrshydrofuran,

One hundred seventy-twe snd elght-tenths groms (2.0m)
of congentrated hydroohloric eeid, 138.3 gz {(0.0m) of fused
zine chloride snd 43.0 g (O.8m) of m@%hgi%@trﬁﬁyﬁﬁsﬁuyax were
hezted 12 hours with atirring &t 50-70° while ary hydropgen

chlorlde wes pagsed into the resciion mixture.

The drrk orpanic layer was sepereied snd washed succes-
aively with 100 ec of weter, 10 oo of cold (0%) 854 sulfuric
acld, B0 cc of wster znd 25 ce of B4 notassoium carbonate.
After drying ovey sollium sulfete, the resction product wos

dlstilled 1n vacuo to vield B3.6 g {(76%) of the dichloride

boiling et B5-6 /1dimm.



DISCUBBICH

A. Hydrogenation of Fyrfursl to Methylfuran

The @%@@Pi@&ﬁ%&g regulte show that the aoctivity of copper
chromite for vapor phage hydrogenation 18 culte dependent on
1ts method of prepaeration, while its life is z functlion both
of the method of preparstion and the experimental conditions
under which 1t 1s used,

The results of 1&%@f&t§ﬁy experiments 1, 2, &, snd 12,

&8 well &8 semi-pilot run No. 8, cleerly show thot the scti-
vity of the chromite 1s an inverse functlon of the decomposl-
%i@ﬁ‘ﬁ&m§ﬁrﬁﬁﬁyﬁ, i.e., within 1limite, the lower the lgnition
tenperature the higher the sctivity of the catelyst.

Thet othey preparstion deteile zre lmportant is inﬁia&té&
by the Taet thet the complex chromate nrepsred from an alkaline
maah@y'iiqmsr gave, on ignition, s chromite of low activity
(run No. 2, p. 44). In addition, extraction with strong
scebic acid spparently lowers the catalyst setivity (run Wo.
5, Pe 47)e |

Considering only the three variables mentioned, 1%t is
evident thet rigid control of experimental conditions is
necesssry to prepare a @ﬁﬁﬁigtaﬁtly ective @aﬁalyﬁ%&

Optimum conditions fﬁ# preeipitation, ignition, end

extrectlon were not determined. Other factors which could be
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expected to influence the activity and stability of the
éaﬁﬁlys%, but which were rot investigated, are: (1) the kinds
and emount of stsbilizer used, (2) the nature of the salts
from which the catelyst is made, (3) the concentration of
reapents employed, and (4) the smounts of chemiczls used.

The varisntions obhserved in castslyat sclivity in the semi-
»ilot unit were due, in part, to difficulties encountered in
dupliceting conditions on the large secale prepsrations of the
catalyet. This difficulty wae slsc experienced by Adkins,
et 21 (7).

Thet the 1ife of the catalyst depends on itg method of
preparation, =ze well zg the experimentsl conditions undey
which 1t 1s wused, is indicsted by the results of experiment
15 (p. 35)., 'The desctivetion of the Hooker catalyst is pre-
sumed to occur because steblilizing metals such g8 calclum or
barium were not included in 1its preperation.

Burnette showed the catalyst to be deasctivated at tempersa-
tures above 280° (1}). The results of experiment 3 (p. 24)
and run No. 7 (p. 52) confirm these earlier observations.
This deactivation would be sxpected in view of the Tact that
ismition temperature 1s so imporitant in catalyst preparation.
At the present time, the most satisfaoctory mpeé&tﬁng tenpera—
ture appears to be 1n the renge of 2@&»23@?.

The thought thzt a high furfurasl mass rete of flow

would cause deactivation bhecsuse of temperature effects on
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the surface of the catalyst, 1s not borne ocut by the results
of runs 3 (p. 44) and 7 {(p. 52). However, a closeyr investiga-
tion of this point must be nmade before 1t csn be gtated with
certeinty that no harmful effects result from & high mass
flow,.

No rigorous interpretation of the seni-pilot data can
b&/ma&a'ba&aﬁas of the variaztions that occocurred in the pre-
paration of the catelyst from mm to run. However, there are
indicetions that acidic materials in the technilcal furfursl
and sbsorption of methylfuran on the scatslyst both sdversely
affect the ecatalyst.

The results of rune 3 (p. 44), 4 (p. 48), 5 (p. 47),
and 7 (p, 52) indicste that small smounte of acld impurities
contribute to desctivstion of the catelyst. The Turfursl
used Iin runs 3 and 4 wag technical, undietilled, while that
used in 5 and 7 wase purified by distillatlion. The catalyst
employed in run 3 wes an under-roasted ??ﬂﬁﬂeﬁ-%h&t wad basic
in nature. Only a slight desctivsation wasg shown throughout
run S b&a&u%e/therrémaiﬁing haslc components of the catalyst
neutrslized the acids. In run 4, where a completely decomposed,
neutrsl chromite wss used, the steady decline of the catalyst
wag presumably cesused by the action of the zcids on the
catelyst. However, in ?wua 5 and 7 yielés‘ram&iﬂa& vractically
constant throughout @@ﬁ&usﬁ pupified furfursl waes beling used.

With the same catalyat, the yilelds obtained in the pilot

unit were never conglistently a8 good as those cbserved in the



in the laborstory. HNo explanation cen he offered for this
behavior. In experiment 18 (p. 37) 1t was shown that methylfursn
was adsorbed on the cstelyst when s dry lce itrep was not used

in the system, If this sbsorbed methylfuran reacted to form a
coating ﬁVﬁ?-ﬁh@ cetelyst 1t would exXplain in pert the eha@rﬁaé
difference in the laboratory and nilot results., That a costing
is Tformed over the semi-pilot cetelyst 1s revesled by the

fazet that used catelyst from the unit cannot be wet with water.

Materials of construction may have influenced the re-
aetion to the extent of the observed difference in leboratory
snd pilot results. This point should be investigated,

A critical study of the weight ratio of chromite %o char-
coel carrier was not made. However, the resulis of experiments
11 end 12 (pgs. 27 and 28) indlecated thsat & ratio of approxi-
metely 1:1 418 necessary for complete conversilon of furfursel to
methylfursn with one pass over the catslyst.

Contact times were reduced to approximately one second
%ith only & elight evidence thot the vielde were adversely
affected. Determinstion of the proper eontact time should he
mede in ﬁﬁ%aagueﬁ% investigstions. |

A comperison of laboratory and semi-pllot results is
shown 1in Table 12.

uring the work it was observed thet the activity of a
copper chromlte catalyst could be judged from the products

of hydrogenation. The most active catalysts gave some amyl
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zlcohol o8 well a8 methylfuren. As desctivation took place, no
amyl slcohol could be detected. With presater desctivation fur-
furyl glwahcl wag produced. The fzot ﬁhﬁt.$ﬁia gredation of pro-
ductsg coours sugrestse tﬁa yﬁggihility that with proper control of
conditions either pethylfursn or fu?fﬁryi aloohol egzlﬁ be DrG-
duced hy vapor phase hydrogenation.

X-rzy studies of the copper chromite showed that the catalyst
was amorphous. Only faint evidence for crystallinity could bhe
é@tsﬁtéﬁ, An snalysis of the copper ehrs%it& from run & i glven
belows Ignition 1088 -~ - - = - 9,29
CULD = = o o e o= o = o 59,35

2, %
{}I" C} e e e e e e e 53. - 1%

These vesultg do not indlcate whether copper is mono~ oy di-
valent In covnper chromite. Hence no conclusion gan be drawn =8

to the true structure of the cetslyst.

B. Resction of Hethylfuran

Iittle attenmpt was made %o find opitimum conditions for the
Hannich resctlions invaiviﬁ methylfuran. Some of the amine de-
rivetives, notably the ethyl, benzsyl, and cyclohexyl compounds,
formed re=dily at 30-35°%, whereas others such as the iso~propyl,
and dimethylaminoe cempounds formed readily only at reflux tem-
peratures. The stated yilelds could undoubtedly be improved by
further study.

That the resctlor took place at the free alpha posltion
in the methylfuran nucleus wae indlcated by the faet that

2, b~dimethylfuren did not condense under similar condltions.



Table 12. Comparison of Leboratory and Semi-pilot Deta

Yelpht of \ Farfural Percent
| Cooper Yeight of Mess Rate ‘ﬁ&ﬁhyl Yield of
Unit Bun  Chropite Furfursl af Fiowo L

o, Used _HUsed e/t
Leborstory 12 36g 1035¢ 8,53 806 1.2 4.35
Sevi-pilot 1 700g 11,022 6L.2 £085g 4.6  11.5
3 1.561b 82,0 1b 21,2 55,5 1b 80,2 4,35
4% 1,06 1b 110.1 1b  23.4 83.2 1b  67.2 2,63
5 1,56 1b 83,95 1b 22.4 48.91b 68,2  3.25
7 270g 10.114g 8.5 gvolg 6 4.08

® Por ths scke of comparison, it was arbitrerily aasumed thet the aaﬁ&lyﬁt would
be discarded at the and of four dsys for &a@ﬁ¢M1e@1 ressons, Henes, only data from
the firet four deys of thie run gré included here,

POT
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Proof for the structure of H-(S-methylfurfuryl)-ethylemine, as

given in the experimental section, 1ls outlined below.

120H ” ”
CH,; U o U»-a- Hp00 + CoHghHy HO1—w —— cn, (V' omwme H,

Ni | H,

goct
széstm;

| I ‘ gggﬁgﬁg
CHA Y CH = NCOgHg -— 4
Y

Q‘ﬁ;zﬂ ﬂc HO

0

Ce. Furan Resins

Acid polymerization of methylfursan produced resins with
poor aging charscteristics and physicel properties. A know-
ledge of the etructure of the polymers would bs of greszt ald
to regesrch aimed at improving the qualities of these materials,

Hethylfursn and furfuryl alcohol were polymerized by
dilute hydrochloric scld in an attempt %o isolate low moleculsar
weight polymers for structure study. Very complex mixtures

were obtained snd 11t sppesrs that the isolation in & pure form of
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s simple polymer, such &g & dimer or trimer, will prove diffi-
cult. It seems probeble thot valusble infermabtion might be

gained without isolation of pure Tormse by ozonolysie studles

on the polymer mixtures,
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BUMMARY

Hethylfuran has been produced fron furfurel in the labora-
tory in 91% oversll yield by vapor phase hydrogenation over
a e&ppéy chromite catalyat a2t atoospheric pressure.

A amall »ilot plent hag been éﬁﬁ&ﬁrmet@& for vapor phege
hydrogenation of furfursl %o methylfurean. Methylfuran
hes been produced in 80% overall yield in this unit.

In the laboratory 235 g of methylfuran were produced per
grem of copper chromite used, while in the pilot plant 23
pounds of methylfursn were @ﬁ@ﬁﬁﬁ@@ per pound of ecstelyss,
The complex copper-ammonium chromete should be deconmposed

at tempneratures below gse&

in order ¥ obtain s copper
chromite catalyst thet is acilve for the vapor phase
hydrogenation of furfurel to methylfursn.

Small smounts of metals such ag calcium or barium are
necegscry to stsblllsze the chromite catalyst spsinet re-
duetion.

The mol ratio of hydrogen to furfural should be grecter
than 10311 in order o obtain good conversion of furfural
to methylfursn with one pass of the furfursl over the
catalyst.

The catslyst bed tempersture is not o eritical fsetor in
the hydrogenation of furfurel to methylfursn as long as
1t 1e maintained in the renge of 200-2307,
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The vapor pressures of methylfursn have been messured at

15°, 28° ana 30 .

The total vapor pressures of the furfurel-methylfuran

systen heve been determined at 2@9, 25*8$, and 30°,

he vepor-liguid equilibris of the furfural-methylfuran
gvstem have been determined ot 738 nm.

The reaction of methylfuran with formaldshyde =2nd a wide
variety of primery and secondary amine hydrochlorides
has been Tound %o pive the corresgponding Mannich bsses.
The synthesis of 17 new furfuryl amines by this resction
hes been described.

The resctlon of methylfursn or furfuryl alcohol, with
formaldehydes and smmonium chloride has been found to
zive a2 nitrogen containing nolymer which may find uses

a8 an ion exchange resln.

‘HMethods have been described for producing light colored

resing from methylfuran by uses of acid catalyste.
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