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are known to manufacturs and/or trade in this commodity, dus tas list should
not be regarded as exhaustive. Inclusion in the list does net imply any
reconmendation by UNIDO. The views and npinions expressed in shis paper are
these of the comsuliant and do not necessarily reflect the views of the
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Furfural and its derivatives have a wide range of uses
which have steadily increcas-l over the last thirty ox

more years hut the rate of finding new uses fury the che-
mical aseems to have declined in the last fev yoars. The de-
mand for furfura. has been met by production from a large
variety of celiulosic vegetahble mattar. The capital ocut-
lay on plant and furfural preduction costs tend to be

high thereby dictating plant location near to Large quan-
tities of raw materials and cliose promimity to large mer-
kets which can be merved by bulk shipments - sll to re-

duce transport costs.

Where these conditions exist, the exploitation of vegnata-
ble wastes can lead to (he production of chemicals such as
furfural, cellulose, yeasts, fertilizers etc., which have

an enormous commercial vaius.

Por the preparation ot furfural from pentosan containing
vegetables the latter are heated generally with dilwte
mineral acids at atmospheric preassure ot at high pressure.
The reaction is shown in fig, 1.

-

1. Hydrolysis
1.1 Chain cleavage
1.2 Ring cleavage

2. Dehydration o

T T T T




In ‘lic firur site of tae: formation A4 furvural the pentosan
cheins arc cicaved and senary’ ¢l inLo the pentoses, Ae the
teaction goes on. o hagh tempstatucry and pressurs, the
Pyranocae ring ¢ “ieaved betwe.n the O-atom and the next
C-atom Dbearing a hydrosy qrovp and,urder migration of a

H-atom.a carbonyl yroup ls formed.

In the slover second step furfural is formed by dehydration
of the pentoscs, The dehydration can be accelarated by va-
rying the reaction conditions,

The Rinetice cf the formaticr of furfural ia accompanied
by decomposition resctions of the latter and a series of
side reactions vhich Aiminish the theoretical yield nf
furfural.

Colculated on pentosan the theoretical vield i3 72,7 &.
As slde reactions cen no! ce elininated, the optimal
yleld under laboratory conditicne J: around 65 % furfural.

In industrial plants using agricultural wastes the yield

is about 1/3) of the pentcsar content in the raw raterial.
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Furfural is the moat impo-tant member of the family of
heterocyclic compounds known as furans (1), which are cha-
racteriged by a doubly unsaturated ring of four carbon
atoms and one oxygen atom. Furfural is an aldehyde with

the ~CHO group in the 2 position, and ig obtained industri-
ally from pentosan containing agricultural residues. Re-
lated are such derivates as furfuryl alcohol and furoic
acid, as well as the compounds of the tetrahydrofuran ¢ :>-
ries. whereir the nuclear double bonds have been satura-

ted with hydrogen.

O é&c“" [}—CH?W @»«cocn

furfural furfuryl aelcohol furoic acid
\\c)28a~<napu
*
tetrahydrofuran tetrahydrofurfuryl alcohoi

In accordance with its structure, the furanyaucleus is both
a conjugated diene, and a vinyl ether, although the acti-
vity of these functions is diminished due to stabilization

by resonance, and particularly in those furans possessing



]

one or more st -tron=yrthdrine qubntituents attacoed - -
rectly or vinylogouvsly t. Lh~ “iag 1 gemeral, furang

are more rzactive ande loss cionacic fatn tiv iy héniene

analogs. Trey indergo 2lectroph.lic ostitution reactis o 3
more readlily, particirate in a greater vari-ty of addition
reactions, and are rore svaeeptidble to cleavage to form

open~chain comnounds.

Furfural (2-furaldshyde; CA) is a water-white liguid wann

freshly distilled, but dariens on standing in contact with
air. industrial furfural ia light yeilow te hrown in celor.

It is normally handled and stored in iron or steel equip~

ment without any smcial,precauticn.;, although thare i@

a gradual darkening of color and Increase in acidity and
polymer formetion wher ¢ fural 1@ stored in contact with
air. Thirs autoxidation c.n bt prevented by storing in an
oxygen~-free atmosphore (2). To rtavllize furfural the addi-
tion of 2,5 % of vater li proposed, hut scdiumcarbonate,
hydrochinone, brenzcatechlune and tripopyl:mine are alsc

efficient (A.P Dunlop, Ind.f7ngng.Chem, 40,204/1943/).

Physical Propertiecs

The physical properties of furfural arc given in Table 1.
Figure 2 shows vupor-iigu'd compusition for the furfural-
water system. At preccures above armoapheric, the vapcor-

liquid equillbrium cuurve t8 puillied in toward the 459 1ine,




Curtis and Hatt agive date for turfurcl-sater mixtures ot
72, 97 and 125 pri. Table 2 ¢gives the mutual svlub.litics
of furfural and water .3). The soiubility in organic sol-
vents is8 almost very aco, Furfural 18 complecely misciblc
with ethanol, ether, acetone, benzene and butylacetate.

In other solvent:, e.y. dekaline, furfural dissolves com-
pletely at raised temperatures but ir nearly insoluble at
low temperatures. In paraffines and glyocerole furfurol fe

completely unsoluble.

Table 1. Physical Properties of Furfural

Property Value

melting point, °C - 36.5
boiling point, °C 161.7
density, a3° 1.1598
refractive index, ngo 1.5261
flash point, open-cup, % 68.3
surface tension, at 30° ¢, dyn/cm 41.1
viscosity, cP

25° ¢ 1.49

38° ¢ 1.35

‘'54° ¢ 1.09

99° ¢ 0.68
heat of vaporization, at 160.6° C,
keal/gemole 9.22
heat of cumbustion, keal/g-mole 560.3
lower explosive limit in air, at 125° g,
$ by vol 2.1
coefficient of axpansion, per % 0.00110
ignition temperature, °c 393
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Analysis

Furfural f(ovine the usual aldonyde derivatives {(phenyihy-
'—h" 3 . F 1 ks

drazonc mp 97 ©: gemlcarberone, «p 227 C) and theze nay

be used for ldent:filcatiop purposes. A quick qualitativa

test may be made by adding a few drops of o sclution of
aniline in glacial acetic acid to aan aauensus solution of
furfural (4). An intcnse red color develops at once if fur-

fural is present. 1t is not specific for furiural, since

S-methylfurfural and S-hydroxymethyl)furfural also give a

positive test.

Procedures for quantitative estimation may be divided into
two groups based on (a' the aldehyde group and (b) the ring
reactions. I[he aethod selerted shonld davend cn the natuvre
of the maverialz presenr. The ofticiel metiod of the AOAC
(new namc: Asgociation »f Offlcial Analy:ical Chemists) for
the determination of pentosans has been most generally

employed (S). Tulz involves dlstil lation in the presence

of hydrochloric acid urder carefully contzclled conditions, |
followed by precipilation of the alcehyde with phloroglucinolé
Considerable practice. {8 required to secure duplicate re-~
sults; the :esults obtained range from 98 to 102 % of the g
actual furfural csatent. A volumetric procedure, based on |
the reaction of furfurul with sodium bisulfite (6), is use- é
ful in determintne the aldebyd= ir the presence of other

fvran compoundr, wepeciolly f&r?uryl alcohol. The method of

dugher and deree ia oenendent upon the reaction of bromine




with the furan rinc under careiully controlled conditions
of temporature and tiwe (7). Iiv gives results within 1 %

of the correct value.

Many substances interfere with these furfural determipations
Sometimes distiliation of the furfural from an aqueous 8O-
lution, as called for in the AOAC method, will eliminate

the impurities.

Health and Safety Factor3s

Many years of practical experience, both in furfural-
manufacturing plants and in users' plants, demonstrate
conclusively that under ordinary plant conditions the use
of furfura! is not hazardous to the health of employees.
Exhaustive physical examinations of workers in daily con-
tact with furfurel for as long as ten years disclosed no
instance of personal injury or impatiment of health. Ne-
vertheless, ordinary common-sense precautions should be
observed. As in the case of gasoline, turpencine and

other well-known industrial solvents, adequate ventilation
should always be provided. Furfural should mot be allowed
to remain in contact with the skin, as it may be a local
irritant. 1f spilled on the body, it should be washed off
with water. Tt will stain the skin yellow=-brown if in con-
tact with it for any considerable time. If furfural is )i-
kely tc come in contact with the hands, rubber or neoprena

gloves are recommended.
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fhe principal uges tor furfural are tor the wanufaature
of other furan aaxd te'ranve rofutan compound: Lincludin g
fucfury! a~obul, tetranvérotn uryl aleehol, funén and
tetrahydrot ran) o nu # e laenive relvent for separatliag
saturated rea gasctuoted cAmp. ulls in petroleuam lvbr .-
cating ol ., yas oil, +d clesar “unl, 48 wall as vegets-
ble oi!; as ap imgtat «ni fu r1osans, cepec.ally of the

[ henol-al et yae typea:r as a deccloiiving agent for wooa
posin; a3 a8 cesan aoluant and wecling aagent in the manu-
fagture of abrasive uboclg and brake tiunings) and {in the
emtractive d;utilistior ¢f bhutadicue and other C‘ hydro-

carbans far thoe swufectre ~t syntaetic ruboer.
Chemtcal Jatcemegiat. v rioral oo an taportant chemical

fntermadita. el jur th: aenutsctnre of a wido var hetv

OF Corme” a0ty of wetual o potential induririal
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importance, inclutiag pyrreie ana persolidine, pvridine
and piperidine, oo sapentisal emine acid lysine (9), me-
thyliuran and nethiy)*ctrahyéroturin, dihydropyran and te-
crahydropyran, levuiinic acid, i-valerclactone, and

S-methy) 2-pyrro.idonhe.

aral as Intermediate for Bulk Chericals, Up to the

late fifties, fucfural was considered a prime candidate

in the manufacture of several bulk chemicals, i.e. mate-
rials enjoying a market ol more than about 20 million
1bs/yr. Due to the high cost of furfural, none of these
have ever materialised with the exception of hexamethylenc-
diamine (and, of course, furfuryl alcohol and tetrahydro-
gurfury)l alcohol which are only accessible {rom furfural),
one of the two components of Nylon 6.6. Its synthesis pro-
cesded via tetrahydrofuran (as the latter has importance
on its own it is being dealt with in a subseguent chapter)
reguiring more than 30 million lbs of furfural/yr. In 19el,
Du Pont switched from furfural to butadiene which is not
only a cheaper raw material butl also permits to integrate
production of chloroprene with that of hexamethylenedia-
mine.

It is obvious that & valid judgment on the prospects of
furfural as chemical intermediate can only be formed after
detailed study of all velavant production costs. Lacking

this, the general trend of tie chemical industry to prefer
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other raw matorials 15 verte oy el cative enough O
role out turfurai's use an ary ler1vatives hovnnd retra=
hydaroturan and those productr sbtained by poluvmerisation

ard/or esteritic-tion of tha labt.er.

The puor chances of {orfural as raw material fur bulk che-
micals seem to be due, 1n the last aralysis, to two unde-~
sivablc features, the stralaht chain of five carbon atons *).
and the presence of two oxyqgen atoms. In the first case,
there was raver a noticeablc nced for compounds containing
five carbon atums ir a straight chain, in contrast to the
need for un.t3s consisting of six, four or less carbon atoms.
To convert furfural into the latter requires either lous

of material or the additior of a one~carbon unit, both
processes being more expensive than utilizing already
avallable Cd LY C6 ferdstocka. It is also rathev unlikely
that a large-scale ieed will ever develop for C5 stralght-
chain compounds, as they exhibit qenerally undeslrable pro-
perties like low melting point and high sclubility, e.y.

as monowers in volyners. Turther, the preronce of two oxXy<
gen atoms roenders farfrral too axpensive asc oxygen atoms

are either not presant in bulk chemicals or, in casc they

e vt oA 3\ AT i L o AT 27 0 R v o s -

) This sblat.oment i+ not cont radictes by furfural being a
heterocycl o componad. Bt roect oo icading to bulk che-
phenie oboer tean cotrabydrodoian and Tarfury) aleohel
proce od v rina oPening,




are, are usually ‘totroduced from aten cheaper soulces

like water or air.

The principles invoived .an o dermcndtrated by using an
example, e.g. the ayntiesis of adiponitrile from arther
furfural or butadiene. With ‘eedeteck vorts of 10 ¢ / 1b
and 8 ¢ / 1b respectively, the fouy carbon atoms from fur-
fural are more than twice as cxpensive as those from buta-
diene, not even considering yield 'osser, processing cnris
and advantages inherent in integrated manufacture ¢of hexa-

methylenediamine with that of chloroprens .

The -oué important derivatives of furfaral are (1.; furfury!l
alcohol, (2.) tetrahydro furfuryl alcohol and (3.) tetzahy-

drofuran.

1.) Purfuryl alcchol

As the reactions oi furfuryl alcohol are determined by
the chemical and phya%cal neculiarities of tha furan ring
system their undesrstanding ig necessary hoth with respect
to its uses and manufactvre. Due to the jowar resonance
energy of the furan ring in cowparison to bensene, fure
furyl alcohol is much more reactive than beazyl &lecchol
and even a hydroxy bengyl alcohol, i.e. @ hydroxymethy-

iated phenol. Although the latter can undergo self con~

-

+) Raw materials containing uonsiderable amour.ts of oxyven,
like glucose, ceilulosc etc., At atiliped most cconomi-
cally by avoiding any reactions tnvolving los3 of oxygen.
It 18 noteworihy in this context, ~hat the most imporiant
and fastast growing derivative of furtural is furfury! al-
cohol, derived irom the form.r without chenge cf the basic
structure.
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densation and copolymerisation under mild conditions,
they can Le ever mi‘der in case of furfur'’ alcohol.
This characteristic makes it a vary Jdesirable component
in applications wrere fast polymerisation at room tem-
perature or slight y asbove is desiced, e.g. in foundry

resins.

The lower resonance energy of the furan ring and the
presence of the ring oxygen has also undesirable conse-
quences in that furan is susceptible to ring opening re-
actions which can even be caused by hydrogen. Although
the conversion of furfural into furfuryl alcohol looks

simple, in practice it is not. Ordinary nickel catalysts

requiring low hydrogen pressure can bring about not ;
only hydrogenation beyond furfuryl alcohol to tetra-
hydro furfuryl alcohnl, but can alao cause hydrogenoly- é
sis resulting in ar economically unattractive mixture of |
pentanediols and pentanols. Copper chromite cataly:sts

are much more selective but perform only under much

higher hydrogen pressure nccessitating expensive equip-

ment,

Other Uses of Furfuryl Alcohcl. These areas include
plywood adhtesives where furfuryl alcohol imparts craze
resistance to urea-formaldehyde resinsg; chemically resis-
tant mater.als (cements, mortars, bricks, linings etc.)
and impregnating solutions for rendering porous materials

impervious (graphite elec:orodes and rods, rocke: nozgzles




2.)

3.)
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and uimilar speciality appilcetion~; . Small amounat o ot

furfuryl alcohoi are alaoe ased in Lhe abrasives uno

tile industry. in tle V.S A., *he total congumpiion of

furfuryl alcohul ior sucrh applicaiion: is probably cet-

ween 5 and 10 miilicn lbs/yr, 14 other countrles cotr-
Jn_she edural epublic ol _(ermany,

respondingly less, e.g. conaumptica is esti -

mated at being not wmuch in excess »f 2 miliion lbs/yr.

The markets are characterized by clmse supplier-cuatiome
relationships with many small manufacturers selling their
specialised products. In some arcas grovth ‘has buen
quite brisk, the sales volume having doubled within

five to six years. In generali, the markets are some-

what difficult to analyse and the growth rate may ke
about 10 & / yr.

Tetrahydro furfuryl alcobol

As Quaker Oats ig the only producer of this materirl,
even approximate figures on consumption and market *rend:
cannot be obtained. It 18 used as specidlty plastic’ser
and carrier for stabilisers of PVC and 13 solvent of
various polymers. It is highly unlikely that world con-~
sumption exceeds 7 - 8 adllion lbs/yr.

Commercially important uses are:

a) As solvent for PVC (polyvinyl chioride), PVDC (poly-
vinylidene chloride) and its copclymers and, to a

lesser extent, in certain GRIGNARD raactions. Gro.th
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in tiose a.ras was Jooid and 3 exportel to continuc,
(i.o. 1o *0Tona.ny au'omobile upnolstery, specialty
adhesives, fi:lm coatinos &nd castinus, nrinting inks

ctec.)

b) its pulymerisitohon and/or esrorificanion to streetch
fibers and other ;pnlyurcthans. Both of these uses

, Ly
arc also growiny very weil.')

From the beyinning of the commercial THF manufacture two
diflerent procesges were employsd. While Du Pont used
to, and Quaker Cats still does, use furfural as starting
material (via decarbonylation to furan and subscguent
hydrogenation), BASF's route is based on acetylene and
formaldenyde. In 1368, Du Pont cwitched from furfural to

Wept
the German process or some mojification of it, thus turaing

from a furfural consumer to a supplier of THF. Du Pont's
move was allegedly prompted by steadily increasing fur-
fural prices and tha uvnoertoin supply situation for fur-

fural dur.ng the Dominican cerisis.

) Precise 'igures arc not available as there are only two
sroducers ¢ THO in Lhe LSGA. ar.d ~ne i Western Europe.
I+ has peen querq F&”t Lﬂﬁsl U.,S.A. capacity 1is around
A5 million lLs; T ERa 22 willion lbs/yr and in

Jaran poillion 1%*/)r




Furfural og Intevmediate oo Gtewanrl Spectaliler. As a cdb
material for buik chemtcaln, .o, matecials with o zales vo-
lume of nore thaoon 20 willi 1z /1, furtuvral Mas, as hae
bean shown, nn »r L hest very tisey c(hances +7 vhose com-
pounds contain four carbon atorg ar l2se  1n Ehese cases

raw material costs, economy of nrale and certainty of supply
weigh toc heavily . favour of petroicun feedstocks. i
Further, it should not de overiocoked that much industrial
cherical research 1s based on the large acale availability
of certain raw matertals seaking a nrofitable outlet which

situation tends to reduce even more tne chances of furfurail

as chemical intermediate.

The outlook is somewhai butter tor specialty chemicals

with a sales volume of up to abcut 0 million lbs. Unfortu-
nately, there are too many products in this field to conduct
a thorough survey. The pictura becomes avern more inscrutable
as the products concerned are often proprietary and volume
figures are almost tmpossible to obtain. A study of the pa-
tent literature is equally unavalling es no information can
be gained on products actually menufactured and the pro-
cesses Oor raw materials actually used. Good personal contacts
may here and there permit a more penatrating look, but this

will remain an exception. Finally, forecasting consumption

+) The events since the last months of 1973 may considerably
change the situation on the petroleun market in the future.




wased on price re’eticrshiys Hotwotn furfura! and competi-

give rav matersals s T many aser ot reasihloe.

The group of niiiofdr Ins COIRRELSeS D nuinser ot commeicially
accepted antimicrobials 2 & surpr ioingLy vide activity
spectrum. The most poteit comnound.: are. used as bacteri-
cides ané fungic!/ los, anoang which the so-called nitrofura-
zore is probably known Lcst. ALl nitrofurans have one struc-
tural feature in coamor, as they &re derivatives of S-nitro-
furfural. Norwizh Pharmacal hold: many of the hasic patents
in this field and probably enjcys the lion's shate of the
market the size and growth rat of which ie& not known. It

appears reasonable to assume a markct im the area of a few

hundred thousand lbs/yr.

Another product is lysine, an essertial amino acid which
most plant proteins contailn but in ingufficient amourts. It
is argued by many nu:ri-ion specialists that undernourishe-
ment in various counirias can be eliminated by supplement ing
the recrular diet with lvoine. Furiural was again proposed

as onc of the potentlal astarting materiale, but i1t  should
be mentioned taat a- present lysine manufanture is baged on

microbiological processes,

Further, a very poLent analuque nf the insecticidal pyrethrum
clags can be hased >n furfurai. This new process i to be

rommercicliscd soun. The amounts “weaded could be very large

but detailed 1nforma-ion s as yot aot availablae.




Another potentiail epuplication of curfical oo .o ethe mapn-
facture of levalinic «ctd, via fuearyi alzorel  Lavuilrie
acid {8 the start na maceria’ dor the ranvtacture £ diphe-
nolic acid, a vaivan!le ingredient tn porisher and other spe-
cla.ty coatinos. Acain, *he Coaemeve.c]l manufacture by
Crown-Zellerbach by-panses furtural and is bamed on pulp

or cellulose, respectively,

Finally, dihydropyran is arcther chemical derivative of fur-
fural, made via furfural and tetrahydro furfuryl alcehel.

Its propesed use in lysine syncthesis has a'resdy been men-
tioned.

Purfural as Selgctive Solvent in the Refising of Oils. Purfu-
ral is one of the most widely used molvents in the refining
of lubricating oils to increese the stabiiity under opwra-
ting conditions and to improve tha viacosity=temperature
relationship (10). M:neval cils processed ranye from diescl
fuel to heavy lubricsting-eil stocks of ovaer 200 SUs visco-
sity at 210° P, The extrzcted oi! output of individual plants
varies from 60 %o 10,000 bb’ per day, while the stocks pro-
ceased include naphto..c and paraffinic dist’llates and re-
sidues.

The turfural retining process, devilopad indusgriaily by the
Texas Company, involves extraction of caw lubricating stoex
with furfural at tenmpegatures generally below 2%0° P, to

yieid o refined o1l end an extract ('), The undesirable

atomatic and nlefinic conponents of the il i e selectively
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dissolved by thc furtural and twrebky scparated {rom the
desicable parafiinic and paphtihenic compunents. 0il enters
noar the Lottom of a countercur: eat cxtract.on ¢olumn and
furfaral is applicd at » noint neal Ve top. The extract
is removed from the hottom ot the zolumn with the bulk of

tha furfural. The furfural losses are gonerally 0.02 § or

less per cycle.

Natural glyceride (fatty) oils may be separated into two
or more ditferent fractions by “he use of furfural as a
solvent in an operation similar to that used for refining

mineral oiis (17). Although the process has heen used chief-

ly to make separations based on degree of unsaturation

within a glyceride mixture, it may also be uvsed to frac-

tionate fatty acids, concentrete valuable minor wngredients
of oils, or separate compounds of diiferent molecular

welight,

Furfural as Decolcrizing Ageut for Wcod Rosin. The Hercules

Powder Zompany develcped tne use of furfural to remove color
bodies frum crude FF grade wood rosin to produce a light-
colored product capable of competing with gum rosin, which
is used in the soap, varnish, and paper industries. After
removal by tracticnal steam distillation of most of the
color bodiac, which react w:th alkali to rroduce red pro-
ductsn, are exrracted witih: furfural frow a solution of the

crude rosin ir werm casoline. Since furfurael and gaeoline




are alnost entigzely drmiscille ¢b low tenpeiratiies. a {u. -
rural-gesolire-ressin sclution sepas atos 1ubs twe Jayers
cooling., A light-codizred »oo,n 18 2btas.ed on evaporetio
of the gasoline layer. w&nd <h» fur‘ural 1a veyvered Ly .-

st.illation ol the ot.uar leyes (13}

By adjusting the opereting conditions Lt is possible to
produce rosin to coniorm to any graue orn the American sc. io

up to X grade.

Furfural as Reactive Solvent in the Manufacture of RNesin- wd-

Ca i - A AT W

Bonded Grinding Wheels. scr many yerrs iresin-honded ahrasive

wheels have been made with turfural. (n tho nenufasture -
cold-molced grinding whaeels, the abrecive grein is wectec
with furfural, or o solvent mixtvre con:aining fur furai,
followed by additior of the desired amount of pulveri:ied

phenolic resin. (14)

Furfural as Extractant €or Butaciiene  PFurfural 1is used ..

an extractive distillation medium in one oi the principo’
processes for Lhe manifacture of butadivne fron patroleam,
as developed by Phillips bPerroleum Company. The furfura.
losses are extremely small '0.01 - 2,02 % of the eirculat! .-
rate). Hydrocarbona with four ~arbon atoms, such as n~hitun:-,
isobutane, i1-butene, 2-butene, and butadiere, have similar
boiling points but widely different solubility character -
tics. When distiliation of the mixtures ie cerricd »ut .n

the presence of turfural, the relative volatility of the




severs! "4 ivdeearso o in o altarad alftficiently to offect

ready sevay Sy (G

Turanpolyme 1o, Favtural cad oo comnore:al Ly impervart de-
rivatives furfurvi &3 cho! apd tctrabydrofuran are ased to
make polymors wi‘h w.deiy Jufferent propertics. Tn the last
decade several striking ncw uses for the polymers, for
example, 1in spanlex tiber:, impervious nuclear graphite, and
‘hot~box"* or "no-bakc" foundiy binders, have focussca atten-

tion on thase Mmaterials.

Special consideration should be given to (1) Polymers from

furfural and (2) vVolymers from furfuryl alcochol. |

1.) Pelymers [rom Furfurel

b S T AT RS
a) Furfural-Phinoi Resing. Tue most irportant polymers
of furtural aie based on its ability %o react with
phencl to form theomesctt,ng rosing. aittbough such po=
lymers ire eousaouly ured in iace of, o1 blended with,
phensl-fornal i hrde re=ins, thete ere deveral impor-
tant difforences 1 the preparative teraniques. For
examplc, the comcon!y usel phepol-"ormaldehy:le novo-
1aes are formed py reacting .orraldeayce with & slight
molar encees 0 phoonl 1 the presence of an acid ca-
talvet. Srmilar copdit tons cmploved Lo polymerize fur-
tur.. toand e ncd give gels, unlosd A Jarge excess of
phe ce e nto oo anbiu e gradatien of the
arturae o

e i ai-nte ng! gl preparation

caooaco Yy e ied o o usdie et e catalogts, typl-




cally potassium carbonaie or sociuam bydioxide. Re-
sins of the novo'ac tvpe ¢y sume Lh. nmajority of the
furfurel used by £he phonotic tesin industiy. Trey ate
characcerized prinarily by long flow times for a given

curing speed, and are widely used in molding compounds.

b) Furfural-Acetone Resing. FPurfural reacts with ketones

to form polymeric materials that h:.ave bean of interest
especlally in the Soviet Union. ‘The furfural-acetone
resins have been used tn form resin-agqgregate mixtures
which have been termed "organic conocretes”. These are
reported to have many excellent properties and to be
used in the Soviet Union, yet there has been virtually
ho comnercial vse of such resins in other countries

despite thuse favorable reviews.

2.) Polymers from Furfuiyl Alcohol
Purfural i3 hydrngenated to furfuryl &lcohol, which is

@ much more versatile polymer precursor. Its properties

are listed in Tahle 3.

Table 3. Fruperties of Furfurvl Alcohol

—

aempirical formule. c53602
molecular weight 98.1
boiline point (760 mm),°C 170
refractive index, néo 1.4868
density, 20/4° ¢ 1.1285

———

A A SO A . T W & s o W Wb« e A ¢ s+ =+ o W o 1+

The alcohiol 1s a mol ‘le liquic which resinifies readily




fa the pre cuec ot acids I+ ooddirlon toe the normal .-
astions 0l o wsaary Ateong L. v sl eonel reacts
via the ropo bhydosoas amors, @ by £ clevvig .
According'!y, cormerci -l noayie.s of forfuryd alcohol are
complex mivives. Uruallv thev are pased on the react iy
of the alcohos nor oniy vita itsa’f but also with core-
actants such as “orna'dehyde, urea, end sometimes phenol.
The commoa mcihod nf pakine furfuryl alcohol polyners
invoives reactlon in the presence of an .cid cataiyst,
usually with hezt, until ithe dexired dogree of H0lymer L
zation is achieved. Soluhle polvmcrs, varying trom low-
viscosity liquids to brittle fusible golids, may be
obtuined by alcoring renction conditions (V7).

Furfuryl Aleohol ipr Fowndty TAwins. during tne 1as.

i

<

few years ‘urfury! aicohiol based foundry resing ho

shown ap exrraorcéinary rowt)d sate, the denand having

doubled repeatedly wvithin upere ot two to five yeave
the edeve) Kepiblic of

in the U.£.7 , United Xicgdom and!Gefminy. This was

due to two factorm, the growth oU che foundoy industrv
and, wre inpertant, a  change in technolony of makiag
ceres and moulds. The twe nair- processes :n which fur-
furyl aicohol based vesini sre uied ave the "hot-box"”
and the "nc hake” process. waile e Tormer is om-

ployed in the production ol items of suall size anaa -

factured in larde ocumber, e.qg. autanotive parts, the

cattor Faonds fle tyoacas apaoateen iu the manufacs




ture of larjye ttems, ~ g. ship propellers ote, [t

furfuryl alcohol conroirt (n the "no-bake® resin s,

on average, 6C - 65 & and 40 - 4. % In the "hot-box"

resins. There {3 no agrcement in which ratio the two

resins are being produced but the present annua! con-

sumption of furfuryl alcohol for all foundry purposes

in the U.S.A. amounts to 45 - 50 million lbs/yr, in the
aral Republic of Germany to 15 - 16 million 1bs/yr and in the United
Kingdom, despite its bigger foundry tndustry, to 12 -

13 million lbs/yr. The furfuryl alcohol consumption

figures for this application in the other European

countries could not be obtained but may be assumed

to be somewhat smaller than those for the United Kinge-

JShe Federal Republic of,

dom and[Germany. ~~

Practically everybody in the foundry resin busincss

is convinced that furfuryl alcohol will be ¢.nsumed

in increasing amounts. The annual growth rat.s for

the U.5.A, and the United Kingdom are estimated to

be 12 - 13%’93% of}li’ ‘;‘w 5 - 18 %, these rates

to continue for the next five to eight years. These

optimistic forecasts are based on the following:

a) The change-over to new technology in sould and core
making will continue.

b) Foundries will continue to expand.

¢) Furfuryl alochol resins have certain technological and
econamic advantages over cawmetitive matarials, e.g.
phenolics and polyurethans (alkyd~isocyanate condensa-
tions products).




Of these, the latte.s are agenerilly not considerad ¢
Bo Lous Shreat o Jurfucyl Wlechol as they are mors
cXpensive ond sSoow Less hot -3irnng b, & seriousn dios
advantage i1 stecl casting. however, it is very diffi-
avlt Lo comware th2 rotative advantages and disadvan-
tagyes of furfuryl a:.chol resins and ypnenolicse, l.e.
phenol - formaldenyd. -ures condersatior products. Ob-
viously, phenolics ar~ less exps:ns8ive and have move
odour; they give rige to cleaner castings and are Aa.30
less brittle and show higher roid strength, hoth pro-

perties being important for thin sections. But pheno-

lics cure more slowly, are less stable, especially

at room temperaturc and do not cure well in thick
sections. As n result, phonolics are aot being used
in the "no-bak~" orocess which is the comain of furfu-

ryl alcohol based resins.

in addition to the advantages just mentioned, furfu-
ryl alcohol resins permit moras flexible foundry ope-

cacions in that ucacy can bg used =qually well with

warm or cold sand and at variable cnuring rates; they |

also permit sand rec-use. Finally, their decisive ad-

vantage seems to be that they do not cause any pollu- i

I

tion as do phenolics. This asdvantage was stressed by Weli
German manifacturers who believe Lhat consumption of

1
1
|
|

jurfuryl alcohoi in the British and American foundry

industraes will gu up sharp.y ¢S SOON &s more strin-
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gent anti-pollution laws are passe?l. At present, the
used send is discarded without too much concern for
rain or ground water lazaching out large amounts of

unreacted phenol, with subseguent pollucion of rivers.
As furfuryl alcohol polymerises completely under all
curing conditions encounterad in foundry practice,

it cannot give rise to similar situations. (See re-

ferences 18, 19, 20, 21, 22, 23, 24, 25 and 26).




Sovlr Ccc¢ 3

Forfural is> optained Lion the peatosar in rceliuleste ve-s
getable mattes, bu' only certain macer +ils have a guffi-
ciently high pentosan content to make them viable as a

raw material for furfural product.ion.

Vegetables, annual or perennial plants, are principally
componsed of lignin, cellulose, and hemicellulose. Many
constitute agricultural or industrial by-products, these

latter of industries which use them as raw materials.

Their inherent characteristics often render them nseful
for the pruduction of various substances: cellulose or semi-

cellulose, sugars for yeasts, furfural, shreapanels etc.

Up until now, hewever, the drasticity of the treatments
necessary nr not dirccted toward mueltiple productions, has
meant only the partial utilization of these products. An
exception is the production of cellulose bigulphate, which
make partial nse of the wugars formed during the boiling
treatment, sudgars which are thern trangformed into Torula

yeast.

Even in this case, it is impossible to separate the two
treatments, to a teshnical and economic adventays, par-
tiallv nr totailv twomoviig in the bogianing those fractions

whici are not =seful or wnich are damagung to the production

<

of coliul:se or sepi-celllose, transtorming these {rac-




tions in sugars dentined for various other .ses. Tnis pro-
cess is decisive “or vegatables aaving 1 algh pith conteit

(corn cobs, cagasso, cte.,

Through a hydrolytic treatiment, controlled so as not to
alter the characteristics of the residual fibrous mass, it
i3 possible to acrieve a complete utilization of the vege-
table, separating the various fractions destined for suc-
cessive transformations. The successive treatment also
benefits through this techaology, otten with notable ad-

vantages in return and, principally, with a total utili-

zation of the vegetable constituents, constituents which

can provide:

a) for the soluble fraction of tiz hydrolysis

= a total utilization of the reducing sugars having
five or six carbon atoms, directiny them as mentioned,
to the production of yeast;

- a selective utilizaticn of the sugary fraction having

five and six carboun atoms respectively for the produc- %
tion of furfural and then of yeast.

This possibility is related primarily to those vege-
tables which contain a high percentage of pentosans and
thus render the production of furfural more economical

and rotional.

b) for the fibrous fiaction, insoluble

~ & utilization for the production of cellulose or gemi-

cellulose;




- a utilizatinn for the production of shredpanels;
- a utilizatisn {cr the produccion ef o fertilizer of

the humus bFvpe.

Tn the case of the soluble sugary rraction, the successive
change to furfural, as tar as the return is eoncerned, prc-
fits considerably from the gseparation from the lignin,
which remains in the fibrous mass and winich in the oppo-
site ~ase chemically fixes the farfural forming resins;

it also profits from the move rapid elimination from the
acidic produgﬁion solution, since it is l1igquid, thus avoi-

ding polymerization reactions.

In the production of bidistillate ¢urfural, working direct-
ly on the woody mass, the returns center around 30 % of the
theoretically possible quantity; for the production {rom
golution “hrouah hydrolysis, the returns vary around

80 & (Simafer S.P.A.).

In the case of the fibrous fraction the suCcessive treat-

ments are thus benefitted:

- the production of semi-cellulose and cellulose raquires
fewer boiling reavents; the product ochtained demonstrates
a better driping rfguality, @ characieristic valued in the
manufacture of wvaper.

- the production of shredpanels requires a lower consump~
tiorn of adhesive resine and pe2rmts o wmore uniform dia-

tributicn of “h 3ane.




- the production of hwwe fertilizer permits a qreater ni-
trogen fixation {n the torm ¢f anino groups, throuwyn the
opening of Londs petwecr 'ignin and cellulose, an ope-

ning obtained by mean: Hf ndiolysis.

Recent studies (Simeler S.P.A.) for improving the produc-
tion of furfural in the plants which operate in the solid
phase have led to a partial recovery of the residual

hexosic suyers and Lo arn {mprovement in the charscteristiec
of the residual reaction mass, rendering it more suitable

for the ammonizing process.

In conclusion: the sslective hydrolysis treatment curried
out prior to the normal troatments, both for obtaining
rav saterials for the paper and cardboard industry as well
as for obtaining furfural, yeasts, shredpanels, and humus
fertilisers, ieads to 1 more complete utilization of the
vegatable components and ispioves the successive manu-
fasturing phases.

The pcesibilities obtainable from segetable wastes through
selective hydrolysis are shown in Table {.




. .

Agricultural ~ cellulose
or industrial ___ } lignin
residue hemicellulosc:

other components

8elective hydrolysis Acidic catalysis: Purfural
approx. 80 % of furfural
ainalytically present obtain-
able from pontosans

Sugary hydrolytic solution
. €X pentosans, hexosans, hexo-
pentoses and arganic acids,
15/30 % of initial vegetable

&crobic fermontation of all
sugars or only of those re-
sidues left from furfural
production: Torula yeast
approx. 30 i of the sugar

present
Fibrous Alkaline boiling:
regidue - semi-cellulose (approx. 65 %
X/80 ¢ of of fibrous residue);
initial _Jossibi 1ity of - cellulose: for manufacture of
vegetable papar, cardboard, and artifi-

cial fibers.

— Armoniazation with liquid
ammoniag

s fertilizers; increase in
organic nitrogen ratio of
approx. 4 %.

. Pressing with resin:
shredpanels

Direct treatment by mechanical ventilation
to obtain raw material for paper and cardiboard
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As mentioned above, Furfura! is usually formed from pento-
2 sang by hydrolysis ano condensation and therefore can be
commerclally preduced from nost pentosan containing raw
materials, such as certain annual plants ard hard-woods.
Quite a lot of raw mat:rials are already known to be uti-

lized for this special purpose, as shown in Table 5.

Table b
Raw Material %t by weight
of pentosans
acacia wood (after tannin extraction) 20
bagasse 25 - 27
bagasse pith 25
birch wood (after tannin extrection) 25
chostnut husks 1
chestnut wood (aftor tannin extraction) 16
cozn cobs  (stoned) -3
corn husks -3
ocorn stalks 24
cottan huske 23 - 28
flax stalks 16 - 19
hemp husks , 15
oak wood (after tanmnin extraction) 20 - 21
oat husks » 40
peanut husks 14 - 17
rice husks 16 - 18
sansa 2 - 25
sunflower husks - 33
vheat chaff 18

The above data are averaye values varying to a certain ex-

tent with the local conditions for the different raw mate-




riala. In cenera’, tae furfura) vicic ancunts to ahout 1/3

of the vent:san .:on*tent.,

In conventional processes the tranaformation of the pento-
sana vie pentos~s into furtural (8 carried :turoaugl, either

by heating the raw materiais with H2804 at inrreased pres-
sure or by using HCl at lower temperature and normal pres-
sure. Another process which is known {s working with phos-

phoric aczid.

Recent duvelorments are directed to continuous processes
in vertically arranged reaction vessels at mocderate tom-
perature and pressure usina only little anount of 802

acetic acid as catalyst, if ony.
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General Remarks

The market e furf.re’ «nd furural-based chemicals (fu-
ran chemicals) is dependert upon the activities of one ma-
Jor producer (Quaker Qats Ltd). Therefore, to understand
the furan chomicals market it is relevant to make some re-
ference to production aspects (without going into the
sctual technology of furfural production) since ti :se ex-
Plain, in part at least, the advantages that the leading
company hag in this industry.

@) Capital Investment : The investment cost of a furfural
plant per unit retura from sales is relatively high,
particularly for a small plant. This 13 due to the fact
that the process involves a number of unit operaticns
requiring & large number ~f different kinds of equip-
ment and partly to the fact that §: ig necessary to pro-
vide facilities for processing solid, liquid and garaeous

wasle products.

L) Plant Size : 1n order to et the per unit cost of the
Plant down to a reasouable level, it is necessary to build
large plants. The economies ¢f scale obtalned from lar-
ger plant are {llustrated by the following figures quo-
ted by one chemical manufactoring company: Iln Africa a

2,000 tons per annum capacity plant would cost about




c)

Us ¢ 900,NC0O, une of 3,07 tong 18 g 1.100,000 and

one of 5,000 toas JUs & 1.700,000. #However, the minimum
economic siz of Llans, an gqucocted by different companies,
ranges from 2,000 tons capacity a year tc about 10,000
ton:s, and Zor the latier capacity tie coust might be

around US ¢ 2,3 million.,

Plant Location : The yield of furfural per ton of raw

material is so low rhat the price which can be paid for
raw material is little more than the cost of collecting
and handiing. Dispersed locaticn of agricultural waste
products would add a collecting cost item which may be
prohibitive for a profitable level of producticn costs,
and an annual output of 5,000 tons of furfural would
require over 50,000 tar3 of raw material. Quaker Oats
Led. in the U.S.A. has a2 very real advantage in that
their raw material in practically & zerc cost input be-
cause furfural producticn ulLilizes the waste products
of the main agricultural processing activity: thus raw
material collecting cousts are primarily borne by this
major process. It is also @ considerable advantage to
have a steady supply of vaw materials over the year since
the furfural content of the ayricultural waste material
decreases unless storage is well-controlled. Distribu-
tron costs of the final product should be kept down to
a mininum by bulk shipmente, (Quaker Oats Ltd. conside-
red '«its of 5,700 tons each to be the most viable),
the break-of-bHu'lk operation into drums being perfcrmed

i tha conocumirg areas.
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4 Description of tho D fferrnt Procoyses

3 SN MY NS HasheTrny roce s

|

1 In the following chapter we Adorcribe the o fferent Procese s
g and tlants in alphabetic micuor.

4

,éi

a) ESCHER WYSS _ omt Ravansnuiry

The plant for the continuois production of turturai is

working on the fcllowing priaciple:

The raw mate tal is fed with 2 transporting device

(e.g. belt conveyor, bucket elevator, pnaumatic con-

veying system with cyciones and 1 dust suctior Flart)

intoc the impregnation part.

This is elther an impreqgnation tank or a system of

SCrew conveyors.

In case 1. (Alternative 1) all granular materials with
high knlk weight such as corn cobs, rice hugks, wood
Cchips atc are fed through a worm conveyor (see flow
page 4. )
sheet 1?‘77r into the impreana‘ion apparatus (1.1), The
overflow will be returnecd by means of a transporting
device into the raw material storage bLin. In the impre-
gnation apparetus, the raw materin) will be jretreated
by adding water or vinasse containing the catalyst
(e.qg. 50, or acetic acid) end preheated with secondary
steam from the secondary steaw gencra~-ing plant (group 2).
The pretrcated raw material is icangported with & con-
trolled worm conveyor which is arrangad ot the bottom

of the imvreanation apparatus (i.!}, intn the rotary




L0

salve fuano: of e deenter THIlicg syoton (1.2).
Then 1t s Sod by o the corapy valve (504) inua the da-
aester (1.3 shich i omeraling aacnr pressuars and e

perature.,

In casec 2. (Alterrative ?2Y, (ibrouvs, straw-iike raw ma-
terial!s with lovw tulk weragbt sach as corn stalls, La-
qasse os well as 211l kinds of siraw and stalks are pre-
treated in a systoem of scvew convayvors (1.7) whare it

is impregnated with e catalyst and wreheated with
secondary stean. The imnrregnated raw material is fed
inte the digester by the dicester [illing gystem (1.2)
which :s in this case a nress-scvew. The impregaation
liquid drained in the presc->crew [inws back into the
cutalyzer adértional equipment (3.9, from where it re-
turns Anto the impreygration part Dy wmeans 2f a pumo.

The raw material moves siowly te the digester bottom
where it is 4igchorged by a dijester discharge device
(1.4) into the blow tank with discharge device (1.5).

In this blow tank [1.5), tne furfural contai-
ning flash vapors ¢ separarod under atmospheric pres-
syre f{rom the residue which iater 18 discharged through
a pocket whee., for example, The flash vapor is conden-
ged in a flarh vapor cordensar (1.n.) and flowu cither
irto the catalyzer additional couipnent (1.9) or if it

conteins . odreaver amount of furfursal, inte the da.-

t,:.l] 1t ’J..C.in"nlc




The primary steam, for brating -he raw  materies up o
120" ¢ and eistracting che tornd farfunal, onters che i -
guer.er (1.3) in the baotter and 13 c2n Lououaly ~xlracted
in the top. The tvrfural .oaded stean is cleaned in a se-
parator for solld matters (1.7) frem raw material having
been carried along. Ary remainirg solid matters will bno

separated by stieve filters (1.8).

Tn a condensing and 3acondary steam gJunerating plant
(group 2.), the fuifural contairing primary sti:am (under
simultaneous generating of secondary steam for heetling

the distilling columns) i35 condengsed, cooled and deaerated.
Thie plart is laid out for 200 % capacity - 100 & as

reserve.

The primary steam condensing in the tubular condenser
(2.1.} flasres in the condensate cooler (2.3.) and is
cooled down to about 60° C. The furfural containing con-
densate is deaerated in the air separator (2.4.) and
collected in the furfural condensate ¢tollecting tank

(3.1.).

The feed water from the feed water station (2.6.) is
heated up in the condensate cooler (2.3.) and evapora-
ted in the tubular condenser (2.1.). The generated se-
condary steam will be separated from the feed water

having been carrjed along in the fluid separator (2.2.).

RS
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Air and non-condensal.le qases as well as vapors are con-

led or condrnnsed in a vert cooler (2.5.).

|
From the fuorrural condensote collecting tank (3.1.) I
whichi at the same time sexrves as buifey tan®, the 5 ?
to 7 % furfural contalning rav condensate is conveyed 1
to the distilling column (3.5.) by means of fceding

pump (3.2.) - two pumps, One as a spare. In this way

the raw condansate is preheated to about 95° ¢ in the
furfural condensate preheater (3.3.) by means of the

hot vinasse extracted from the lower part of the distil-

ling column (3.5.) over the vinasse pump (3.4.).

The vinassc is simultaneously cooled down to about 70° ¢
and will either be gathered in a tank of the catalysex
additional equipment (1.9., or fed in the canalization.
The heating of the dist.1lling column (3.5.) is effec-
ted indirectly in the column heater (3.6.) by secondary

steam of about 3kq/cmz {gauge) .

The vapors from the distilling column (3.5.) are flowing
into the methanol distilling column (3.7.). From the de~
phlegmator (reilux condenser) (3.8.), a methanol and
water mixture with about. 84 & metharol is withdrawn

and cooled down to approximately 25 - 30 © ¢ in the me-
thanol coaler (3.9.). The methanol collecting tank (3.10.)

serves only as intermediate tank for erude methanol from

which the same i8 conveyed to its further utilization.




The svmp ot the pecrcnng Syscttling column (2, 70) L8 de-

signed as =zerarater vegsel i Avertiow - a water and
furfural mixture - ~ctuvrrs anpto the dictilYling colans
(3.5.) as refiax. 'Cuc cotron dischaige is an azeotruric
mixture of turius-al oud wator with about. 84 ¢ furf€ural.
This azeotrope which :ett the sump at a temperatuce ot
about 97° C, i8 conled duown in the azeolrope cooler

(3.11.) to 25° c.

In a second furfural separating vessel (3.12.), further
separation of the fuctural and water mixture is carried
out. The overflow with 8,5 % furfural is partly used

for solution of the soda in the sode solution tank {(3.13.),

the rest returns as reflux either in the Aistillinag criinn
(3.5.) or furfural condensate ccllecting tank (3.1.).
The bottom dischairge of the furfural scparakting vessel

with 94,5 § furfural is flowing continuously into the

neutralization tanx where it is mixed with the soda :.olu-

tion by means of a circuiation pump (3.15.). In the <o.-

tainer for neutralized furfural (3.16.) the neutralized

furfural water solution is collected and conveyed Into

the dehydrating and purifying column (3.1€.) by means ¢!’

T A

a feeding pump (3.17.).

This column i8 operating under vacuum, which is mair-

tained by air suction pumps (3.20.) - two pumps, onet as

a spare.




The heatimy of this colunr (. 1RV _kve vlace irdirect-
1 by secondary oredv R kq;7n? (gawge) over o heat
exwchanaer {1 b o0 a0 e Sy oo naa. The fapnoities
prec:pitated amoohe Geanséenmetor Lo f IuX rondenger)  (3.01%)
- water, acetone and cther easily roiatlie substances -
are partly recirculated anto tue ~oluur as reflux, sucked
ofFf by the aiy soctron pamg (%.:0.) cogether with the

non-condensable substanc :s or they return into the fur-

fural condensite collec.ing tank {(3.1.}.

The 9¢,5 % furfural, estracted from the purifying coe-
lumn (3.18.), is cooled in tha pure furfural cooler
(3.21.) and collected in the oure furiural collecting
tank (3.22.). Tne furlural can be conveyed aither into

another turk or to o Zfilling stat.on.

The residue from tle =mp of the purifying column (3.18.)
ig extracted from tine te Liine intc the residue collec-

ting tank (2.24.,.

Thermal Recovery . It .© possible to regain the gyreatest

part of the tucrmal encray used in the reactions, as se-
condary ctcam {iow pressure stean) and hot water. The low
pressura steam (¢ produzgad in the seconcary staamn jenara-
tor {group 2.!; secondary steam (vncGensate, resulting

ip the circul’, scrves 88 [cod WAter Wwhich can be re-

aued,




Tre secondary cteanm ot consumed to hea' Lae ~o'umn
apparatus car he vsad on the other hond as ho- water {n

order to gain the hest thermal economy,

Production of Acid . Somatimes it is possible to produce

acid, which is dependent on the raw naterial used. Por

this purpose an apparatus can he conmnected additionally
to this plant.

On page 44 of this report, you can tind an information ‘;
sheet showing an example for calculating the operating ff
costs of a continucus furfural plant workiag according S
to the EBCHER WYSE system, ;
Por (urther informstion please contact: ‘
EBCHER WYSE GmbH ‘
798, Ravenshurg / wWirtt. Federal Republic of Germany
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QUAEKER 60 AT (g 1td,  “hicago

T e M. = e + e st o2 b L et e S e e —

Oualer Oats i.td 1s the rajor producer of tfurtural (n

the world and there are nearly no publications of receut
tachnological know-how availabla. (A recent communic.t'on
dated Jenuary 1974 by UNIDO was answered that no licer

ces would be sold by Quaker Oats at the moment.)

In the classical Quaker Oats process furfural is prec-
duced in a single-step operation using large rotary di-
gesters. They are constructed of steel and lined viih
carbon bricks which are fitted with acid-proof cenenti.
The raw material is charged to the rotary digesters

and treated with dilute sulfurie acid. The furfural for-
med is removed by steam distillation. The vapers leaving
the diyesters are condensed and fed to a stripping oo -
lumn, Overhead vapors, rich in furfural, are conde:sod
and cooled, separating into two layers. After remuval

of a small gquantity of 1ow=boiling heads in a methanol
column, the water layer is returned to the stripping
column for recovery of furfural. The furfural layer,
containing about 6 ® water, is sent to the dehydrating
column, where the water is taken nverhead, and dry fur-
fural is drawn from the base. Distillate from the dohy -
drating column is sent to the stripping column decai* -

for recycling through the aystem (28, 29).

R BN BB o, 05T i L MRSt e et e s

R

S

W‘fw@i i



¢l 0Oy w . PO R ML R Y L v finjand

Uk g S T T R T R

In cutamn of 136t, Oy W, Resenlew Ao started up a
1,000-+cr/yr furfural olant at $ts Pord mill in Finland.
The new syatem 13 basad en the recovery of furfural from
the pentosans of birch by troatiue it with steam in a

continuous reactor.

The input to the furfural plant is in the torm of birch

chios fror an adiacent sulfate pulvp mill, and the hydro-
lysis residue is blown to a continuous pulo digester.

Pure furfural is obtained by distillation.

Though the plant at Pori uses hirch chips, the process

is very {lexihle and almost all pentosan containing raw

matexr tals cen be used, including bagasse, almend shells,
corn cobs, oat hull and processcd pressed olive cakes,
amona othevs. Yxpurience at the Pori iastallation has

proven the elfectliveness of the process.

The main eqguipment of the Rosenlew furiural nrocess is
the furfural reactor 1nd the distillation columns, as

shown in the flow chart on page 54 .

The raw material is fed into the nreimpregnators (1),

*ron the preimprecrnato: s the materisl is fed by rotary

feecers into the continuously operating high-predsure
sractor (2). Hlgh preassure steam 18 f~d iato the bottom

0f *he rosctor o ocounser-current flow (hrough the raw




material which slowly moves downwards, and the recidue
is »murgyed out at the bottum 0f the reacrvor. The level
of the raw material in the reactour is requlated by a ra-
diocact _ve gamma-emitter which contrcls the hydrolysis
waste purge valve. Under normal stationary conditions
the residence time of the raw material in the reactor

is 1 to ? hours.

The following two consecutive reactions tike place in

the reactor:

K
1
)
‘cs"a°4’n + nazo “05“1005 hydrolysis
pentosan pentose
K,
)
n CSH1005 PP n'CSH402 dehydratization
2 furfural

The hydrolysis is catalyzed by 330+. This ion is formed
because acetic acid and small amounts of formic acid are
released from the hemi-cel) luiose of the raw material du-
ring special hydrolysis conditions. Thus the addition of
catalyzing mineral acids which corrode the process equip-

ment is avoided.

The steam enriched with furfural ls Jischarged at the top
of the reactor and condensed in a heat exchanger (3) ge~
nerating secondary steam at about 3 at. pressure. The se-

condary steam delivers the process neat for the distilla-




- H -

tion columns and the ezcess ancuni. L8 used in the buller
plant. The condensate of ‘he turfural containing prianary
steam 1s led tu the stcroge tank (4). The separated vapor
is cooled in the condensor and returned in liquid form

to the furfural storayge tank. From the atorage tank,

furfural solution is pumped to the distillation column(5)

Furfural and water forin an azeotropic mixture, the boilin

point of which is 97° C and which conaists of 35 weight %

furfural and 65 weight % H,0. This can be seen in Figure .

(page 7) showing the equiiibrium curve of the nzo-farfura

'Y‘tmo

The formstion of the azeotrop between water and furfural

requires a two-stage distillation of the mixture. During
the first stage the arzeotropic mixture is separated and

during the second the pure furfural is recovered.

The low boiling fraction (like the azeotropic nixture)

is taken out of the rectifier section of the column,

after which it is led to a specially designed column fovr
further distillation. The cooled azeotrop consists of tw
liqu'4d layers, the top leyer consistiing of approximataly
7 & and the bottom layer of approximately 95 8 furfural.
This can be seen in Table 2 (page ¢) where the solubilic)

of furfural and water in each other is shown.

Aot i

Fur fural solution ig removad from the column in form of
azeotropic liquid which is cooled i{n the condensor and

gathered to th~ separator (6).




In the separator the conled acvectropic liquid is divided
into two fractione., The hieavier [urfural solution (9% %)
settles at the bottom of the tank and the lighter sgolu-
tion (7 %) is returned te the furfural storaqge (4). The

fur fural concentrate ‘s neutralized with sodium carbonate.

The neutralized 35 % furfural is further purified by va-
cuum distillation in a packed tower column. This column

is a two-part construction with the feed to the upper co-
lumn where the water is removed. After this, the boiling
liquid is led into the bottom column from which the pure

furfural is removed and then led to the gstorage tank.

The low boiling fraction is distilled in a packed tower
column equipped with bottom heating (9). In this column
the low boiling fraction mainly consistint of acetonc and
methanol is separated after which the bottom distillate
consisting of water and furfural is returned to the dilute

furfural tank (4).

The vapor from the furfural reactor containing furfural
and acctic acid §s led through the regulating valve, re-
duced tu 3 pressure of about 1,1 kq/cmz, to the scrubber,

where by means of furfural solution dust as well as various

polymars and resing are washed in the solution. At the
sane time, by evaporating the solution with steam heating

the furfural content of the vapor is raised near the azeo-
the

tropic concentration. By filtaring and withdrawiné]'ﬁottom
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golution Gf the screbber, the dust and resin content of
the solutic. is wes* at oo appliceble level, Uy means of
the scruoher Lhe wvapor car o pariiled so that i1 cauvses
no problems of qgexti.G dirtled In the packed columns oY

other heat exchanjers of the precesns,

Alter +h: serubber the vapor im led to the absorption co-
lumn, where the vapo: flows through the packing layers up-
wards, while the Ffurfural solution impregnated with water

flowe downwards and absorls the acetic acid from the vapor.

At the bottom of the absorption column the solution is
evaporated in order to decrease its water content and to
increase ite acetic acid content. Part of the liquor
which has been evaporated in th’s way is led to the scrub~
ber to be evaporated, whoreas the resins can be removed
from the furfural circulation. %"he azeotrop vapor 1rom
the top of the ccelumn iy ied to the condensox, and the
condensate (rom the condensor 18 ccoled and led to the
weak furfuiral tapk, from the bottom of whici the phase:
containing plenty of furfural i1s led Lack to the absorp~
tion column, while the phase with planty of water is led
to the furfura! process tou hn distilled. with this phase

also methanol and corresponding chemicals depart.

From the bottom of .ne absorpticn ~cluwn the furfural
cobtaining acetic acid ana water i3 Jod to the dehydra-
ting c¢olumn, whera the solut.on flows down thiough the

paceing layers, while the furfural-acetic acidg=vapor ge-




nerated by means of the botiom vaiporizor rases vpwards
against :t. Then the water contajn:zd n thoe solution ova-
porates to the varur phese, asd waterless furfura’ contad -
ning acetic acid gathe s on the bottom of the coluin,
Water-furtural-ave'i acid-vapor fron the top of the

column is led tc the adsorption column.

The bottom liquid of the dehydrating column, furfural
containing acetic acid is led further to the distilla-
tion colwnn working under vacuum, to its fceding point,
from which the solution flows through the packing layers
downwards. The furfural vapor departing from the bottom
vaporizer of the colum flows through the packing layers
against the solution evaporating the acetic acid from the
solution. Above = e feeding noint the vapor still flows
through the packing layers upwards, while the acetic acid
returned from the condenser in the upper part flows down

counter ~current: and adsorbs the furfural from vapor.

The furfural gathering as hottom ligquid of the column is
pumped with the furfural condensate from the condenser of
the adsorption column to the weak furfural tank. The fur-
fural balance of the circulation 12 maintained by retur-
ning a sufficient amount of furfural from the separator of
the distillation column of the furfural process to the

weak furfural tank.

From the upper condenser the vaw acetic acid is led to

the exhaust tank and pumpcd from the e further to the










packed column, wookoag andor oate Al podlsute, tol
formic aricd scpae den, Ma on e Teadiag rin’, he el
tle acic fron the But »a tipalie o' (ho cglwea LTown

through Lhe packing iayer = AGA' Mt (he Buin’ on evédpoie

ting the ‘o.mie s2id froe tp> anletion. 0 the fu

ding polit, the vapor ‘lows fapther throush ihe puciking
layerv at the asame time 1w tae fo-ile acid, eturned
from the vpper (ondeunner, flow Ccountor Jurcaat and ad-

sorbe tie acetic acldd firom the vape.

Prom the top «® the colum the coadunued fomnic wad li
led to “he storage taok. The ade ..~ avid qithering as
bottor solutiop iy pump £ ~Ageugh the hrat -orxthandger o

the storaye tank.

Thie continvovs fovfure) prouesr .o egu.pped with on &a-
vanced conurcl system and hap & small Jemend Lov panpowes,
No corrosion occurs af the orocess doas rot employ any
strong mineral 3~ic catalys's which atso wlve polymet
condengsetion products frem fw fucal whieh may veanle in

severe clogying of cae plant equipment (30},

Wil
On page 34 yon|find “he process fJow sheet ~{ the

Rogenlew fur ural plant.

for Luas Lhar itaiorpation, pieare, contact:
Oy W. Ruscnlew hb Ungineericg Wores

28 01 parg 1o vVinlaad
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d STMAFFR _b.p.t. Mlano

(new namc: Compannia Generale Impianti)
This comprany provocses o process using a prehydroiysis of
the raw materia!. Hydrelysis is carcied cut with sulfu=~

rous anhydride as catalyst.

The corn cobs to be treated, upon arrival from the silos
or storage depcsitori..s, are conveyed to a vibrating scrcen,

The gcreen eliminates the sand and finer particles, while

the material left on the screen is lifted, by means of a
bucket elevator, to the impregnatcr which mixes it tho-

roughly with the washing solution. This sclution, compo-

: sed of hot water with sulfurous anhydride added, comes
from the washing cf the corn ~obs.
From the impregnator, tho mixturé?éorn cobs and solution
passes successively into a hydrolysis tower wherc under
proper temperature and pressure conditions the hydrolysis

takes place,

Atter leaving the hydrolizer, a sp2cial extractcocr sepa-
rate:x the sclia residuves from the pentosic water, the

latter being sent to the conversion.,

In order to recover the pentogic =zoiution still remai-
ning in the wastes, the latter are kneaded with hot

sulphlate water ~oming {1om the adscrption column.

Tha Yarading take: Suwe ir o wasner: then the washed

¢obre are soperaced from the ligidid in a washing extrac-




tor. Further utilization of the exhausted cobs can be
rcalized by burning them :in a1 suitable ste~am generat. r;
the steam thus produced —an be used in the same plant,
more specifically in the hydroligers, in the conversion

reactors and in the distillation column,

By means of a heat excnanger che peatosic water ia cocleéd
the heat from this being usad to prehest the washing solw
tion to be sent to the .mpregnitor.

The pentosic water, atter collection in a tank, is gon=-
veyed by a centrifugal pump to a conversion reactor, ha-
ving previoualy passed through filters and a heat enchan-
ger. In the reactor the pentosans arc completely transfor
med into furfural. NMter leaving the reactor, the solu~
tion which contains approximately 3,5 ¢ furfural by
welght is cooled and collected in a tank.

The heat exchanger has the f{unction of cooliag the furfu~
ral contairing water comring from the reactor sad of pre-
heating the pentosic vater directud toward the reactor.

At this point it is nzcessary tc eliminate the water in
which the furfural is dissolved, Thus the furfural contaei-
ning water is removed from the tenk and sent to the dis-
tillation column, from which a technical furfural at 93 8
representing the principal product of the plant, is ob-

tained.

The technicai “urfura’ is collected in the storage




tanks and gold direcclv. The plant anwever alsc has a

discontirinus aptaratus or the production ¢f bidist1l-

late i(vefu ol vhicn 1e ccllerted soparately inh a storage

tank

Por further tnformation, please, contact i

Compagnia fenerale Miplant!
Via Imbriani 54, Milano, Italy
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Not e Tn:figures quited ir th: subsagquent chapter should
be conside.«d as orders of mamitude rath2s than spe-
cific penritics,

Main Producers

The Quaker Oats Ltd. is the main producer of furfural
in the world. The International Petrochemicals Inc. is
also one of the most importcan: producers. Their annual
production capacity is about 100,000 tons / yr but
there are no published date available. The used raw

mat>rials are Lagasse, corn ¢obs and rice husks.

The majority of their production of furfural is used
in the United States or de)ivered to Quuker Furans NV,
Netherlands, (wholly owned bv the Quaker Oats Company)
where furfuryl alcohol is produced. However the U.S8.:.
are exporting some furfurei mainly to Eurcpe and to

Japan.

b) _Demipican Republic

At the Romana. the Central Romana By-Products Co. Inc.,

-

a subsidiary o° the South Puario Rico Sugar Co, furfural

is produced with bagasse and suyar cane.

The production capacity is estimated o be 20,000 to
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25.000 tons / yr (1970). Nearly the whole production

is exported to the U.5.A.

¢l Drgenting

The Indunor 5.A. produces furfural n‘fgy-pfoéuet in the
production of tanning extracts. The annual production ca-
pacity is about 1,800 tons / ¥Tr (1970) . The majority of
this furfural production is used in the oil rafining

s

industry.

¢l.trsvoe

There are two furfural producing companies¢ : Agrifurane
has a production capacity of about 4,000 to 5,000 tons
per vear and Sicamie produces 3,000 tons / yr (1970).

The first mentioned company uses corn cubs as rav ma-~

terial, the second produces furfural as]by-product in

the cellulose manufacture.

Purfural is mainly used in oil refining and by the

*usines de Melle" the latter to produce furfuryl alcohol.
Bowever the national production is insufficient to the

interior needs, thus France has to import about 2,000

tons / yr (1970) of furfural. The exports vary between

; 400 and 1,000 tons per year {1870) . 1




) _ltaly

Hore furforal 1s peoducad by tvo compaiies: Ladogd IR

and Sociatd j*altane 4 FPurfurcle,

Tt seems Jhac the total production of these twd CORp.ah.er
18 arcund 8,000 tons / yr (1970; bu* ac exact data are
available. Raw materials are extrects of edible chest-

nuts, rice husks and rcs.dues of olives.

The local production quantity '8 reaily sufficient to
cover the internal needs and therefore there arc no im-
ports. On the other hand the exports vary from 850 to
1,600 tons / yr (1970).

£) _Seain

The Furfural Espanol SA produces ebout 1,000 tons / yx
from olive kernels. There are also other producers of
less importance. ‘‘he FROFUREA (Produccion de Purfural
y Derivados SA) constructed a new furfural plant with
a capacity of 5,000 tons / yr which uses aimond shells

as raw material.

g) Einland

The Oy W. Rousenlew produces some 1,000 tons of Furfural

per vecar (1970), starting with Lirah wood.
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D _anguary, Coochos cvasda and 1 10818V a

L

These thoee coontc e protuce {uarfoaval Wit pulp or sun

frwnr a5 1an B ‘ortal. Ttere are no production data avai-
lab'e but tt ~ecms ithit rroincior veriec matinly hecause

of technical “diiftcuitien,

il .Seyigg Yrlop ‘
The toviet Union is a iarge furfunral producer. Ninimm §

production is estimated to be 6,0N0 tons / yx 11970) .

dl.Pegpie’s Bepublic of Loing
In thie country rroducricn is assumed to be about 7,000
tors per via: (1970). No !ntormation is avaiisble on the
raw material us ¢ ars internal uses. China is exporting
furfu-~1 maia v to Japan, to Hestern Germany and to

Firance.

k) _Jgean
The Sumitomo chemi-al Co. prodaces furfural. Capacity

{9 assumed to be 1,500 cons / yr (1470).

1] India

the M/ Natson Manufacturing Co. Pvt, Liud. in Ahmedabad

prot ces 700 tans Jver. Full plant capacity ie 1,800 tons

]h"!’ Taerelt o,




i

Intzinataona’ Mepret bi ant €

o s

Main expuiting cowuntr o oare the lomibhtcan Repubiic, China,

U.S.A,, ltaly, F ance and oviot Unor. Main amporting

countries are the .8 A ,  he Serean Yederal Rapublic,

Japan, fFroarce, Bela,um, N-otherlande and the "MK,

The wor'ld t:ade data a e as variacle as those for the pro-
duotio.. You will Tind at the end ~f this chapter additio-
nal statistic material concerning the main import and ex-

port countries.

Over *he past 10 yoars or 82 the world mariet for furfural
has heen uncertain and erratic. in *he early 1960's, for
exarple, the vorid marke:. was adegqua‘tely supplied by existing
producers - m:iinly the .5 A, However, the wat asutumn of

1964 in the U.F,A, danaged -~ considerable guantity of the
maizecon auske - one of the principal raw ma‘erials - and
the ensuine furfaral tiortace was agyravated tne following
year by a revelution n the Domintcon Republic which inter=
ruptea production in that untcy, dartly on aecount of these
incidents Du Pent of the U.8.A. planned plant to produce
tetrahydrcfuran by-passing furivrel, Slnce the mid 1960's,
furfural plants have come on stream in FPlorida (JQuaker Oats
Ltd.), in Texas (iaternetional Petro-Chemisals Ltd.) and in
Finlad (OY W, Rosenlew). These deavalupiwnts have more than

covered the reduction in —apacity ceused hy the c¢losure of

small units i1n Burope,




Inreatige don nte tae terin b oy oadiestes Shit there
ol Y mie e ey e e vrerent wd Juture
siturtiona, Imnreclen~  aanoe vary te e coapany to come
pany dependiia upoy thedr iac i art end involvement 'n the
faian chemital indisrr. . e aren clhionioal mapafacturer
who (s not _omerned w0 ool ites from furfura’l production
80 uch as avirg o relianle soarce ot makiag furiural
derivatives commispione.l a market reses-.n  veport on fartu-
ral and ‘tg derivacives. The eenciusion , cotroborated by
the eompany’'s own Jindings, wag that the market was growing
very slowly and that, ta the iight of exigriny and planned
new capacity, there would be excess capacity which would
refult fr 8 fall inprice, A8 3 sesul’ the firm ieems to be

making 1o effort to enter foran chemical preduction,

Marld produc cdon of furfural ane . manufacrure of fur-
fFurv! alcoln) i: domigeted oy heker Yo ¢ Ltd, vho are of
the opinion tha! t~y carkat {; qroving. especilally for fur-
furyl alrohol and ita der._variver, andt are planning More
capacity for the sleohol. Thelr ¢ vimiatic view of the nar-
ket In the atu.c ‘s » o opresged by the 3. Lhat, although
thelr U.K., aloenel piant 23 working below Tull capacity,
chey 2re puttinoe (g 2y rean forthar capscaty and admit that
they aro in a celew ated over capsc oy s tuation which ie
Tikedy 0 v o tre tespt Lo o Ceverar pemr s o come, The
woria tri o cucfaral, eqspe Ladly (v the LoS. A and

Went orn Fovops, dn by dy depoert ugon Lhis major pro-
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ducer which cau tceroce up tue Ftoce oy wittholdine output.
and hy cheosing (o operate at ‘Ul cananty tt car rnduce

a fall in prices. Thus o new producer 1s unlikely to be able
to enter the furfural market unless he ca, obtain a4 long
term contract te sel! and thir would have to be at . price

below that normally quoted.

One firm has -terted to make inroads intu the U.K. market
by selling the Pinnish production beliow the normally quo-
ted price. The Finnish furfural is claimed to be of super ior
quality being pale in colour and over 99 % pure. This com-
pany is of the opinion that the world narket could absorb
amother 5,000 tone rer annum of furfural at a price under
that normally quoted.

On account of some impo.tant furfural consumers switching
to synthetic procnesses (for example Du Pont Co.) and because
of planned and proposed new plant in Puerto Rico and Fin-
land respectively, potential supply in the future seems

to exceed demand by about 20,000 tous a year, which with

& total world market of about 150,000 tone a year is & si-
gnificant proportion. In a free market situation one would
enpact a fal) in price and in mid 1968 Quaker Oats Ltd.
forecast a fall in the European price of obout one third
wvhen the Pinnish output reached the market. Given the 1li-
mited number of firms at present engaged In furan chemicals

production on a large scal:, there is always the possibility
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that pricer cun b ma'nteined at o hober lovel *hen would
be realleed {+ ¢ freer market; oo the ctnow haroa, ¢ axig-
ting plarts worce operictec al fal) cepacity, clore would

be nrobably o downwald prosnurc on pricos.

The opinion of onc company was that a new producer would

do better by manuflacturing the alcohol since it foresaw

a stronger demand fuxr thir rathar than furfural itsclf.

Three important factors may mitigate ageinst this however:

a) the alcohol production requires considerable additional
capital outlay - almost o8 much acain as a furfural plants

b) the alcohoi production process requires fairly cheap
supplies of hydrogen:

¢) in the developed countries ~ i.e. in the major markets -
furfuryl alcoho) taviffs are, on the whole, higher than
those on vurfural, althongh new producers in the Common-
wealth would benefit fronm Conmonwealth Preoference in the

U.XK. narket.

The Quaker Oats company i3 interested in all potential new
sources of supply; it would therefere be very intorested
tc hear more about any new proposals ior fvxfural produc-
tion and the firm would be prepared to iavestigate furtheyr

the feasibility of a scheme required.

It apnears that the aferementioned firme recard the macket

for furfuval and 1ts derivatives is favorable only on




account of their present ~lLivolvement. The Prospects for a
new and independent producer are not really good unless leng
term contracts for the output could be guaranteed, several
small plants in Europe having had to cease operations with-

in the last five to ten years.

a) _Consumption

As no exact figures for the world furfural production are
available it is not poseible to evaluate exactly the world
furfural consumption. Nevertheless, the total furfural
consumption can be estimated to excesd 150,000 tons per
year. As indicated above it is impossible to give a detai-
led survey of the utilization of furfural, but the four
main uses

= as starting material for the production of fur-
furyl aleohol, tetrahydrofurfuryl alcohol, tetra-
hydrofuran and other derivatives;

= a8 reactive solvent in the production of furfural-
phenol resins;

~ a8 salective solvent for the separation of pa-
raffins and aromatic compounds in lubricating
oil refining;

- @8 solvent in the extraction of butadiene
Seem to be the most important both at present and in the fu-
ture. The most rapidly developing market is the one which
uses furfural in the production of furfuryl alcohol the

latter being uged - a8 mentioned above ~ in the manufacture

of resins.




b) Price History

From 1960 to 1965, the rrices hive been stable till the
great shortage of furfural in 1965. The reasons for this
shortage are not rcompletely enlighted. Officiaily, as men-
tioned above, it was due to the bad meteorological conditions
which damaged a considerable quantity of the maigecob husks
and due to the events in the Dominican Republic in 1966,
During this period of furfural shortage Quaker Oats Ltd.
developed its production but the prices rose up by 20 %,

At the end of 1969 the prices again moved upwards in the
U.8.A.

According to the European Chemical News datec from 14/8/1970

the prices have been:

Purfural, in lots of 5 tons, including transport ocosts:

U.S.A. Beigium France
cents/1b FB/kg cents/1b FF/kg cents/1b
16 20,90 19,1 1,85 15,4
Fed, Rep. Germany Ltaly United Kingdom
DM/kg  cents/l1h  Lit/kg cents/1lb pence/1b cents/1b
1,54 19,1 302 23,1 21,5

These prices arc tu be understood without local taxes, except
for Italy.

necent turfural prices (November 1973) are:
UcS-A- ---------- s 8 8 s 0 s 208 0 & LI I 18"]5 ¢ / 1b

Belatum  ......... e e 24,50 FB / kg

| | :




"Qﬂﬂrnl Hepuhl)r’ ﬁf' Gm'}‘n‘\.’ LR SR S NN R Y s 8 08 0 "b‘ m ! k‘,ﬂ
It‘ly LR N R A N N I I NS L I I B O B I 2.{) Lit /kg

United Kingdom ,.......... 22.40 L/100 / kg

The price for furfuryl alcchol was 18,25 ¢ / 1b (1970, east

of Denver) f )

However, as furfural prices vary considerably it is not

possible to make any presumptions for the future.

The tetrahydrofuran prices in lots of one ton imcluding
transport costs were (according to European Chemical News
dated from August 1970):

centa/1b /vy cents/1b /iy canta/1b

3,50 3,80 3,40 s,50 45,40
Fod. Rep, Jermany italy tited Bnpde
DN/kg cents/lb Lit/kg  cents/ld pmce/lb  amta/lb
r . M,7 620 45,3 9

+) 0il, Paint and Drug Reporter, 4,/8/1970.




¢c) _Marketing

-G -

1) Qualitv. Furfural quality 1s a very important factor.

For most applications it has to be extremely pure. Its

degree of purity normally is higher than 98 8. New pro-

ducers would have to respect this demand of high gqualicy

and huyers will order samples for quality control.

2) Rates of Duty. Import and export taxation is shown

in the tahles 6, 7, 8, 9 and 10 (rezent changes not

consldered).

Table 6
Rates of Duty
Farfuryl | ]
o Gountxy % Purfiel Aloot i ke=arks
U.K. 12,5 % 007, 25 % orefurential rate
U.8.A. ) 2,4 ¢/1b of
weight + 12 &
ad valorem
EXC 7 % ad valorem 13,6 ¢ plus other taxations
(1972) renging fram 7 § to
23,65 \ depending upon
oountry
Japan 10 ¢ ad valoram| not given
MAustralia 7,5% 7,5 % preferential rats -
free to U.K., N.2.,
Canada and some other
Cammormealth countries
Sweden { 9% ad valorem | not given
‘ (1972)
NOrany ! 15 ¢ ad valorem
(1972, not given

o ot et - —— ]




Table 6_continue-

ot o e e - s e ————— o~ < t— b —_——— o e T T

Country Furfural Furfuryl ) Romarks }
Aloohol |
South Africa 10 § ad valoram
Brazil 15 %
Axgentina 90 % ad valorem

Table 7
1966 1967
Quantity Value (US #) | Quantity |vValue (U8 §)

{Tons) (Tons)
Total 14,740 3,725,482 14,430 | 4,126,503 |
U.S.A. 12,600 2,989,373 13.200 | 3,717,086
Venezuela 429 142,128 487 156,548 |
Trinidad & Tobago 113 37.500 366 125.262 |
Netherlands Antilles 479 158,434 337 | 105,068
France 458 156,515 - -
U.K. 267 99,663 55 15,720
Japan 239 80,493 - -
Netherlands | 163 61,376 - -




Tabhle 8

(1968) Tons

;- 3,043
of vhich - U.B.A. 1,380
Chima 920

U.8.8.R. 600

B.2.C. 200

Avesage Value of imports : US § 290.--

(1968) Tons

el 4,61
of vhich - Belgium -

lasemibourg 3,60

U.8.A. 330

Other E.B.C. 530

Average value of imports 1 U8 § 480.--
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Table 10

Italy - Exports of Furfural and Imports of
Furfuryl Alcohol, Tetrahydrofuran and Derivatives (1967)

Exports of furfural : 850 tons at an average value of 580 US # per ton.

Impores of furfuryl alcohol, tetrydrofuran and derivatives :

Total 1,640 tons
of vhich -~ U.S.A. 1,200 tons
France 340 tons

Average value of imports : US § 630.--

3 ibution. In Western Burope and in the U.S.A.
distribution circuits generally are very short, Final
users normally buy directly from the producer (or his

representative) or from the importer. In those countries,

whose own production is not sufficient, the end users
do not import themselves but buy from importing firms f
with better storage facilities. 5

Furfural quality changes
rapidly and therefore stock-keeping is not easy. Exposed
to the air and to light, furfural becomes yellow to brown
coloured. Even stored in hermetic steel tanks the product
changes its colour after some time. This has to be taken

into  consideration if transport out of the country is




-
3
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envisaged.Furfural is transported in tank-trucks or tank-
wagons or in barrels (capacity from 20 to 200 liters) .
The containers have to be constructed of acid proof stain-
less steel. Beside this thaey have to be absolutely her-
metic (27) .

5)_Statistics. On the following pages you will find a
survey concerning the imports and exports o furfural

by several countries over the period from 1965 teo 1969.

T

e
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List nf Furfural Producers

P87,

The Quaker Oats Company, Chemicals Dept.
Merchandise Mart Plasze
Chicago 54, Illinois

International Petro-Chem., Inc.
Lafayette, Louisians

tentral Romana H*mt& CQ.. Inc.
1a Romana

Indunor 8.A.
Leandro N. Alem - 896
Buenos Alres

France

Socifté Agrifurane o
34, Av. da Mecaine, 7%, Paris §

Société Sicamie
27 - Ali:&g

italy

Societd Italiana di Furfurolo S.p.A.
8, Via Albricci, 036 Milano

Ledoga 8.p.A.
Via Roberto lLepetit, 036 Milano

Spain

Furfural Espanol, §S.A.
Alcantarilla (Murcia) y Amposta (Tarragona)

Profursa S.A.
27, Via lLayetano, Barcelona

Finland

——-a -

Oy W. Rosenlew Ab, Engineering Works
Pori




..85_

German Federal Republic

Schwdbische Zellstoff AG
Ehingen / Donau

Japan
Sumitomo Chemical Co Ltd.

15, Kitahama 5 - Chome-
Higashi - Xu - Osaka

Indie
M/s Natson Manufacturing Co Pvt. Ltd.
Ahmedabad

|
E




List of Furfural and Furfural Derivatives Consumers

U.S.A.

Acme Resins Corp.
Forest Park 1Ill. (furan resins)

Aristo Division, Imc Corp.

590 E. Davison at Clough

Detroit Michigan (largest supplier of "hot-box"
foundry resins)

Ashland Chemical Co.,

Division of Ashland Oil & Refining Co.,

Eight East Long Street,

Columbug Ohio 43216
(largest supplier of "no-bake”
foundry resins)

Borden Chem. Co.,
350 Madison Avenue
New York N.Y. 10017
(furan resins, phenolic resins)

Carborundum Co.,

Bonded Abrasives Div.,

Niagara Falle, N.Y.
(coated abrasives, grinding whesls
graphite rods)

Durez Division

Hooker Chemical Corp.,

North Tonawanda, N.Y.
(foundry resins,chem.resistant
bricks)

Furane Plastics Inc.,
5121 San Fernandoc Road West
Los Angeles, Calif. 90039
(furan resins)

G. E. Smith,
4 - A West Manilla Avenue
Pittaburg, Pa. 15220
(foundry resins)

Haveg Industries Inc.,
Chemical Eguipment Division
900 Grecenbank Road,
Wilinington, Del. 19808
{(chemically resistant mortars)




U.8.A.__rene'd,

Houghton, E.F. & Co.,
JOS Weet Lehigh Ave.,
Philadelphia Pa. 19133

(turan resins)

3! CQ' ']
2501 Hudson Road
8t Paul 19, Minn.
(coated abrasives)

Reichhold Chomicals

523 North Broadway,

White Plains, N.v, (tm{ resins; phonolic moulding
resins

Norton Co.,
S0 New Bond Btreet
Worcester Mass. 01606
(abrasives, grinding wheels)

Synvar Corp.,
917 washingtor Street,
Wilmington Del. 195899
{foundry resins; plywood adhesives)

Ashland Chemical Led.,
Porge Lane, Halesowen

Aske & @CQ Lt‘ag
i Victoria Works, Waterside
Ralifax, Yorks.

Borden Chemical Co., (U.R.) Ltd.,
Worth Baddesley
Seuthampton

Catalin Ltd.,
$4 Parm Hill Road, Waltham Abbey,
Essex

r AN 'ﬁﬁli'!‘t Ltad. ’
8 -9 Hayne S8treet, Charterhouse Square,
London, B8.C. 1.
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United Kingdom cont'd.

Fordath Ltd.,

Brandon Way,

West Bromwich, Staffs
(one of thc largest suppliers of foun-
dry resins in U.K.)

Mitchell, W.A. & S8mith Ltd.,
Church Path, Church Road,
Mitcham, Surrey (chemically resistant mortars)

Berk Ltd.,
ferk Mouse, 8 Baker Street
London W.1 (jobbers)

Tar Residuals Ltd.,
Plantation House,

Mincing Lane

Llondon E.C. 1. (jobbera)

Metherlands

Nederlandse Castorolie PFabriek Necof,
P.O. Box 6,

Geertruidenbera (important manufacturer of foundry
resins)
Erance
Sce. Saplc,

Le Clos Barrois, Quai d'Amont-Creil (60)
(important manufacturer of foundry
rasines)

Federal Republic of Germany

BASF
Ludwigshafen / Rh., (very large furfural user)

Farbwerke Hoechst
Frankturt / Main - Hoechst
(chemically resistant mortars)

nrL P Raschlg Gmbli
Ludwigshaten / Rh.,{largest supplier of foundry resins)
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Federal Republic of Gernany (contd,

Hittenes - Albertus, Chem. Werke GmbH
Disseldorf ~ Heerdt, Wieserstr. 23/64

(important supplier of foundry resins)

Imperial - Oel ~ Import Kilers & Co.,
Hamburg 1,

Bergstrasse 11 (jobbers)

Keramchemie
Siershahn, Westerwald

(chemically resistant mortars, bricks)
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Today the gree t furfural shortage during 19¢5/66 {i® sur-
mounted. Production capacity steadily has raised and it
is probable that “he furfural market will develop slowly
%ut steadily during the next years. No sudden increass

of demand is expectad but the production of furfuryl al-
cohol, which is used in the manufacture of foundry resins,
has shown an extraordinary growth rate due to new techno-

l1ogles in making cores and moulds.

But also the utllirzation as solvent cyually will be im-
poreant.

On the other “end '+ ‘g poeeihle that in gome cases fur-
fural will be replaced by other chemical products in new

processes, as tetrahydrofuran production from Du Pont has

shown,

To surmount those difficulties, it is recommendable to
new furfural producerr to combine furfural preduction
either with the production of furturyl alcohol or with the
production of paper or cellulome, &as in these cases fur-

A
fural appears aaz‘ low=priced hy-product.

lnvestment costs {or a plant using bajasse as raw mate-

rial and a capacity of 5,000 tons per year may be betwaen
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' and 3 million dollars (no exact data can be given due
to the rapid price changes during the last years). This
calculation does not !nciude the yearly expenses which
depend on salaries, steam-, water-, container- and
transport-costs. If fucfural production is not indepen-
dent but part of e.g. paper production, production costs
&111 be low and profits high. Steam-costs and feed-water-
costs are of great importance as for the production

of 1 kg furfural about 25 kg of steam are necessary
(depending on process used).

The more usable by-products there are, the more interesting
furfural production becomes.

Aocording to the storaqe difficulties, which have been
mentioned above, furfural should be s0ld as fast as
possible. Thus it is recommended to envisage & coopera-
tion with Quaker Oats (the main furfural producer) or
with another company, if the local market can not absorb
& considerable amount of the production., Furthermore, to
prevent a decrease in quality during long distance trans-
ports it seems to be useful to export mainly to the neigh-
bouring countries,

Nevertheless furfural production may be of considerable
interest in the future as it offers the possibility to

manufacture organic solvents and a starting material in

polymer synthesis by-passing petroleum.
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