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Tntrodurt.   ion 

Furfurai and  it» derivativa*  have  a <<#id<* range of ueea 

which have steadily increased ov«*r   the last thiity or 

mor« years taut the tat« of flndlne.  new UNI for the eh«- 

»ical aeems to have declined  in tha  laat few /«art.  Th» de- 

mand for furfural  hat been wet by  production trm t  Urn» 

variety of celiulotic vegetable IMtfir. fht capital out- 

lay on plant and  furfural predati©« caata tatui to be 

high thereby dictating plant  location near le lata* aaaa* 

titios of raw mataría i a tad elmm proaimity to lata* aar* 

kete which can be served by bulk snipaattt« - all tea re- 

duce transport costs. 

Where thane condition» txtut«  th* eirpl©4tati©fi at vaaate- 

ble wattes can I «ad to the prcstfae t la« »f eaaaaaaXa aas» «a 

furfural, oeliuloe*, yeasta,  facilitare ate.» «ala* aava 

an enormous eowaereial value. 

Por the preparation ot fur fu-al fro« patitoteli oeataitttit« 

vegetables the latter are heated generally #ith allât« 

mineral acida at atwotpoterie pre*aure m m 

«la reaction is ehown t« fig,   1 

-o^erföi 1. Hydrolyais . 

1.1 Chain cleavage ^-• vf"\ jfliee 

1.2 Ring cleavage ^~** ***** #*|«~4--t|«# 

2. Dehydration #w-f** #-|fW-¿Ca 



In  'Un   fi"ut  r,t«t   nf  t,i*¿   formal4,v, -V   furvwral  tha pantonan 

chain»   «arc r leaved  ani  *opar¿'t-.¿ in Lo Hi«  pantoae*.  A«  tlie 

rwi'tlnn  <joe« on.   .»    hiqh  tp^ptnatui-v .«mu piaaaura,   th*1 

pyranosa)  rinn   ;.t -ifMv^d between th« O-atom and  th« r>e*t 

C~*fcom te#arlng s hydro*«/ group anä» ureter P»iqr«tion of a 

H-atow,*  carbonyl group  is  formed. 

I« th*  mÏQmt aacond s tap furfural Is foriaad by dehydration 

af tha pamtaacs. Th« d*h^dr«»t,ion car* fc>» accalaratad by va- 

ryâaf ttta raactlon cundifciona. 

too- kinetic* cf tha format lor of furfural  il accompanied 

toy éo©*wiipo%lt:ioii reaction* of th« lattar and a »arias of 

• 14« r*uctl«M *hi©li dUiiniah th« theoretical yield of 

furfural. 

Calculated on paftUsaan th« theoretical yield la 72,7 %. 

*a aid«  raaeUnna c#n not   ae eliminated,   th« optimal 

y laid Mtkdter laboratory conditions J- around 65 % furfural. 

In  industrial planta uaing agricultural wastes th« yield 

ia about  1/3 #f thm pentosan content  in the raw oatarlal. 
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Prop c r t i e 3 Tï   6 ti H e t 

Furfural is the moat important member of the family ox 

heterocyclic compountíf» knovm as furane (1), which are cha- 

racterised by a doubly unsaturated ring of four carbon 

•torn« and o:\rn  oxyfen atom. Furfural is an aldehyde with 

tht -CHO group in the I  position, aiid 1B obtained industri- 

ally fro» pentosan containing agricultural residues. Re- 

lated are auch derivate*, as furfury1 alcohol and furoic 

acid, as ««li as the compounds of the tetrahydrofuran t:- 

fies.. wherein the nuclear double bonds have been satura- 

ted with hydrogen. 

o o- o- o 
füren tartara! 

S.     >>~CO0H 

.fvrftiryX alcohol       furoic acid 

Q O •"•"CiImQH 

tetrihydrof'jraii tetraht/dro/urfuryi alcohol 

I» accordance with its structure,  the furen nucleus is both 

a conjugated diene, and a vinyl etfcer,  although the acti- 

vity of these functions is diminished due to stabilisation 

by resonance,  and particularly in those furans possessing 



one or mor«   >?ic?~tron-i/'thcr'tvin«-;   yubct t * ut»n':s» attached •    - 

roctly or   vinyiucfcusiy t;  Lh • 'in<j       »• sorer .al,   furane 

are more r£»ae<-..l vu er.c.  lu».; at anaci«:    am tb'jr benzene 

analogs.  They      indorso >)>< -otioph  ila   iubft.lt ut ion react! ><•» 

«or« readily,   particir-at^  in a grr.atur variety of addition 

reactions,   ariti  ara »ore susceptible to cleavage to foro» 

open-cha in eonmounds. 

Furfural   (2-furaldthydej CA)   i» a water-white liquid whan 

freshly di,itlll*d, but darsena on standing in contact with 

air.  Industrial  furfural is light yellow to brc**n in color. 

It is normally handled and eto?.*jd in iroi or steel equip- 

ment without any special precautions,  although thete ia 

a gradual  darkening of color ana  ineroaee in acidity and 

polymer  formation vljer. fv  farai   Ka stored  in contact with 

air. This äutoxidation c »n bcs prevented by storing in an 

oxyg»*n-free  atmosphere   (2?.  To ttauilire furfural the addi- 

tion of 2,5   1 oí imter la proposed,   but :,r-Humear bona te, 

hydrochinone,  brensoatochine and   trlpopylimine are also 

efficient   (A.P  Ounlop,  Ind.Bngng .Chew.  40,204/194$/). 

Physical Properties 

The physical properties of furfural are given in Table 1. 

Figure 2 shows v&por-liquid computation for the furfural- 

water sy fi tern.   At  prêt, cures abov« abmoipherii!,   the vapcr- 

llquil equilibrium curvo Is uuU'd  in  towa?.d  tho  ¿5° lin«. 



Curtis and Hatt qlv>e d«t#» for furfur. 1-*«ter mixtures ot 

72, 97 and 12'i pri . Table 2 ^ivf-s the mutual »olub4,li !• í os 

of furfur«! and water k3). The solubility in organic *ol- 

vents is almost very qco '. furfural is complet*ly »iaclblt 

with athanol, ether, acetone, benzene ami butyiacetati . 

In other solvent, %,%,  alkaline, furfural di «solve» com- 

plately at raised temperatures but it nearly insoluti« at 

low temperatures. In paraffines and glyoe-ole furivrol í« 

completely unsolubla. 

Tabi« 1. Physical Properties of Furfural 

*»WNawS»*IW«iliPiw^MWa^ non. mmm> mmmm« a—i n   n m mmWiÈmÊm\^ JU-immmWmi i m li . -m, 

Property Value 

malting point, °C - 1#.S 

boiling point, °C 161.7 

density, dj° 1.1Stl 

refractive index, n* 1.§261 

flash point, open-cup, °c                68.3 

surfaca tension, at 30° C, dyn/ca 41.1 

viscosity, cP 

25® C 1,49 

38o C 1 . 35 

54° C 1.0» 

ft0 c o,#« 

heefe of vaporisation, at 160.6@ C, 
kcai/g-mole f.22 

l»*t of cuitbustion, keal/§~mol« 560.3 

lower axplosive limit in air, at 125° C, 
% by vol 2.1 

coefficient of expansion, per °C 0.00110 

ignition temperature, °C 393 



.'  <.."!»•'- , V V,.' 
• - — •»   ——•   . -      •   . .    _   ... ...... - ..        -           ~m. . .    „ 

<* ir Ite .ir   v.f»»ií.t -, !..     #4 i* i IV.i 
v#, o-    arí'üji'.« '''i* *¡r   ' i. f Rtífi im 

)•• , ' ti '*>«.. 4 e2S 

i.«. : (r; Vi*   », -07 

iK   ; 4,4 i **t'. f 7*4 

m,i J!f. H J. t Í1? 

Mt..,: 4M f»0.ft Mi 

t«bJl»   ?.     JtettMl   .'»«'lyinU i.y  ni'   r*vtvr\i   *»t*d   *#»tng» 

10 

20 

30 

40 

•So 

m 
70 

SO 

•O 

91,9 

fyir'wrai  4#y 

V , 9 fÍ,1 

l.í §§.* 

«.1 »4.2 

«.». p, •1,1 
»a. 4 '»1.4 

1 • .7 11.4 

M.a m, 3 
14.» ••.^ 

1t.« i«, s 
ti.« «4.Î 

)   Boiling point  it 7*c «r 



ri.«, i. 

rig. 3. 

L_. 

rwrf^ai >ocov*ry ayate«* ft©« »queou« to lut ton« 

-- -^ -a 



Analysjft 

Furfural L^uiTifi the usuel aldv-nyde derivativen (nhtínyihy- 

draione ir-p 9?  Cr UMmicvtbcror.e, .rp '¿~jl,    C) ru.d those rua y 

be used tor identification purposes. A quick qualitative 

test may be made by addino a few drop» of ¿\ gelation of 

aniline in  glacial acetic acid to an aqueoue solution of 

furfural (4). An intona© red color develops at once if tur- 

furai is present. It Is not specific for furfural, since 

5-«ethylfurfural and 5-hydroxynethyJ furfur«! also give a 

positiv« test. 

Procedures fot quantitative estimation ;r.a/ be divided into 

two groups based on (&"   the aldehyde group and (b) the ring 

reaction?. The aethod sa looted should depend on the nature 

of the in iter i al* presone. The ofiiMrl me ti »od of tho hOhC 

(new names Associatior o£ Officiai taalytlcal Chemists) for 

the determination of pentosans has been most <|©nerally 

etr.pleyed (5). This involves distillation in the presence 

of hydrochloric acid urder carefully controlled conditions, 

followed by précipitât ion of tha aldehyde with phloroglucinol.: 

Considerable practice Is required to secure duplicate re- 

suits,* the i esulta obtained ¿ang« from 90 to 102 » oí tho 

actual furfural content. A volumetric procedure, based on 

the reaction of furfural with sodium bisulfite (6), is use- 

ful Jn deterraintm; the aldehyde ir Lht presence of other 

fi-rnn '.'owpound.r, «•speciolly irvrfuryl alcohol. The method of 

Mviqt.fi- ai.ù »\creu in  .h-ixmdent. upon t-he reaction of bromine 



with  the   íuran rinr  under oareiulJy controlled  conditions 

of   temperature and   time   (7) .   It   vjives results within   1   '4 

of  the correct value. 

Many substances interfere with these furfural   determinations 

Sometimes distillation of  the  fui furai  from an aqueous so- 

lution,   ae called  for  in the Ä0AC method,  will eliminate 

the impurities. 

Health and Safety Factors 

Many years of practical experience, both in furfural- 

manufacturing planta and in userà'  plants,  demonstrate 

conclusively that under ordinary plant conditions the ue© 

of furfural  is not hazardous to the health of employee». 

Exhaustive physical examinations of workers  in daily con- 

tact with f jrfurnl for as long as ten year« disclosed no 

instance of personal  injury or Unpaiimwnt of health,  ne- 

vertheless,  ordinary contraen-sanse precautions should fee 

observed. As in the case of g afte line,  turpentine and 

other well-known industrial solvents, adequate ventilation 

should always be provided. Furfural should »ot be allowed 

to remain in contact with the skin, as it **y be a l©eal 

irritant.  If spilled on the body, it should be wash«! off 

with water.  It will stain the skin yellow-ferown if in con- 

tact with it for any considerable time.   If  furfural  i« li- 

kely to come in contact with the hands,  rubber or neoprene 

gloves are recommended. 

IHMHHHHHHi 
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(1u1.'°rï.   tu   i-   o..;u   ft    t*    i.:<       up   im-.^ftnHul      cr-i;- 

c*.nti-»i.iOMi   in   ;.w   i:^li.'tr.    î t a  .-.-f   1'.   «uus'.iy   *uf*»- 

ciar>t   "Mnii.ií.   uf      .«   >..»'.€.*,   ï-»t   :hcÄir-JJ   ter,®  o., J tit» 

.-v>îcr   »••«i-'tluiiu   oi   fa-.ut.     Vii«.!«  -HUI-î^   .vîtitatt i»»v#t 

fee«* deviseJ    :*).   r*aM»«-ûi I ti •>  nf     'utiu'«i   U Wüip»¿*«bl'* 

io that ot \«--'oi.»îir or or*     i   ítK«í ».il     *rd i*»> br »»titrai 

¿fid) t»y fi« i,«« r»i   WJí.íI,  i- í-i-n»  ctraun fi. - >xi4« *r *'ry  3ti« * 

Mi«  priiKTlfMtl   »*«*•  to»   furfur*!  ir« tw   tlw »«n«t«#twr» 

of  ottor furan  «¡vi ti-»mjv/?.tc-«ui*'» co»p*>ut»4t,   linrluéa«-; 

fwcf^ryl  ii-oi^í»   taUa^-drclm ¡uryt   altehol,  fui,*« #nd 

tett «hydro f .Tan» :   *-L * íi '.jrtiv* f-r)v«nt   for t§«p«rail«^| 

«•tur**-.««!   >n   jiiM*jr.ii¿ij td  c**>}- 'U^i¿ m   o« tro lau* it*!** .- 

^«tlnj  Ol • .   'JJt   Oil.   4»*d  wle«Q¿   riHil,   «•«  **»1 »• v«fl»t#- 

!»!• »i1-»  a«  at»   inçittC-utt   it*   i<*aina,   c#p«rifilly of.   tH® 

t h«t%»l-.t H*»l #<î«»    l-yf-ws?   an   â   «JU*«~L,1U; i/ltvi    Wft'ttt   for   W€»r,Kt 

rowinf M » rc*nus m»l/tr.t «fid w¿*-Uof an*iPt in iti* manu- 

factor« oí *hr*tttvi- WT-'H-.».» «r»€» braXa U.ut?*qai »»MÍ In til« 

•«tractive d*-¿tilJitisr et butadieni* am) othtf t% hydro- 

cat bons for  th-->   i t:iuff-ct\.ie   ^t   lynnhatic  rumbar. 

ubyfftc.it   Jjj^&fWMfJ.lt'l'  r' r»-'«**a,J   Xii <m   t^|(K5i-t4nt charolo*1 

lnMHff*UiN.   .<«.*--J   ..ur  ih::   ..tanut^'t m •   of   A wide»  v*rLetv 

or   cofufnt • *i n ,   • * i   I'.c*'   C'i    iifîî.uai  c :•  (¡oior.M.fil  mduntrác*' 



impórtanos,   inrtb'.'jnq  pyrrole ¿irr*  î;"ri elidine,   pyridine 

and pii>«r id Ine,  ta:  aju^ntial  «^lif.c  acid   './sino   (9),   rae- 

thyliuran  and neth/J * .,trahyriroruri »,   dihydropyran and   te- 

trahydropyran,  lovuiinic  acid,   j-val«rolactone,   and 

S-stethyl -1-pyrroj idone. 

fyr|ura|.  m Intermediate  for »ulk Chemicals.    Up to the 

lata fifties,  furfural  wa» considered a prim« candidate 

in ttNi SMMiufaeture of several bulk chemicals,  I.e.  mate- 

rial» ««Joying a »arket oX more than about 20 million 

lba/yr.  ©i» to the high coat of furfural,  none of these 

have await »ateriaiiaedl with the exception of hexamathylene*- 

4ia»lne  (and, @f ©ours«,  fui fury 1 alcohol and tetrahyéro- 

fwrfttryL alcohol which are only accessible fro» furfural), 

on« of the two component» of Nylon 6.*.  Ita synthesis pro- 

ceeded via ftrahydrofuran  (as the  latter  hau importance 

on it« own it is being dealt with in a subsequent chapter) 

refuirlnf laore than  30 million ibs of  furfural/yr.   în  I0t»1, 

Du Pent »witched fro» furfural to butadiene which is not 

only a cheaper taw material but also permits to integrate 

ptoiuctioti of ehlorofirene with that of hexamethylenedia- 

mine. 

It is obvious that a valid judgment on the prospects of 

furfural as chemical intermediate can only be formed after 

detailed study of all  relevant production costs. Lacking 

this,   the general trend of the chemical  industry to prefer 



other  raw materials   > s  uer«.«-«:*      -mli^tivo  enouqh   to 

M,U out   furfural'* u-*?   in *ry  1er iv.i«-Ives K'y^nd   retra- 

hyaroturan  and  those«  product«  obtain^  by  Puly^erisitior. 

and/or «steri tic-.t ion  of   tb*   Ulcer. 

The poor  chances  of   t-.-rfural   n,;  raw mdterial   fur balk  che- 

micals seem   to be «lue,   in the  last analysis,   to two unde- 

sirable   feature,   the  straight, chain of   five carbon a ton» +) , 

and the prince of two oxyqen atoms.   In the first case, 

there va»  -ever « noticeable need for compounds containing 

five carbon aton.s ir. a straight chain,   in contrast to the 

need for un.ts consisting of six,   four or less carbon atoms. 

To convert  furfural into the latter requires either lose 

of material   or the addition of a one-carbon unit,   both 

processes being more expensive than utilizing already 

available C, or Cf  feedstock*.   It  Is also rather unlikely 

that a large-stale need will  ever develop for C& straight- 

chain compounds,  as they exhibit generally undesirable pro- 

perties  like low molting point  ind hJqh solubility,   e.g. 

as jnono'sers  In polymère,   further,   the  prerence of  two oxy- 

gon atoms  renders furfural  too «xpenaive a- oxygon atoms 

are either  not present  in bulk chemicals or,   in case they 

)   Th«*   sfai.-T.ont   f.   not  i.ont rnd ictt d  by  furfural  being  a 
hpíerorvri   ,   -o^oo^a.   rvj ••.   ce¿vi*^a  icdJir-j   to bulk che- 
¡.. I e-ai-«'-   -I..I -r   1--V5   . oUabyür ofi-run   .ind   rurfuryl   alcohol 
•„•roer i'd   v1 •   rm«   ownirn;, 



are,   are usually   ^troonc ,-u   irò*   a HI. CM -H^T  »OUIT« 

like water or air. ') 

The  principes   involved    :nn  '¿a dt.r?cnjträ* cd by  u«Jn*   -»" 

example,  e.g.   the  *ynt.*.eeí» o*"  adipenO.rlU  fr°» •'*-*<"• 

furfural  or butadiene.  With   'eedstock coets »f  10 t i  lb 

and 8 d /   lb respectU'eJy.   the  four carbon itws  fro« fur- 

fural are «oro than twice a* r*xf«Miv» *» those ft» tout«- 

diene, not even considering yielrt <oMft», i»r«©e»sltig owt« 

and advantage« inherent in integral »«»itfaetw« ©I heim« 

s*thylenedia»ine with that of cHloffeprvne. 

The s>ost important derivatives ©f tmtwfl *r«  <1.»  f*rtiiryl 

•leehol,   (2.)  tstrahydr© futfwyl ale#h®i «Ml U-l %^«hy- 

drofuran. 

1.)  Purfuryl alcohol 

M the reaction* of.  fur fury I alcohol are 4c**r»i«s4 toy 

the chemical and physical eacuUeriUa.« of th*i tmmn ring 

eystent their underatandlng i« necessary »©*l* with re«»eet 

to its usee and n>anufect<«re. P« to the lowar rmwsmam 

energy o£ the fur#n ring in o»»p*riso« to bemaesje.  f«r» 

furyl alcohol is »ach «ore reseti*« than beftiyi alcohol 

and even a Hydroxy o*niyl alcohol,  i.e. a hyéfwrfieathy- 

iated phenol. althoufh the latte« can «nêarfo »«If c«i- 

*)   Raw materials containing considerable amour, ta vt oxyçe«, 
like glucose,  cellulo.o etc.,   ir*  «til^«d ~f Jc^^¡ 
cally by avoiding any reaction*  involving   tos* of «By**1»; 
It is noteworthy  in this context,   that th* aoat imitent 
and fastest growing derivativ« of  furfural   is  ff ^Lill 
cohol,  derived from -he fomn-r v«thoufc change of the baeic 
structure. 



densation and copolymer!*at ion under mild conditions, 

they cnn be even ni "Her in cañe o<:  furfur;-!, alcohol. 

This characteristic makes; it a  vary ¿esirable component 

in applications wrere fast poiderisation at room tem- 

perature or slight y cibovc is desired, e.g. in foundry 

resins. 

The lower resonance energy of the furan ring and the 

presence of the ring oxygen has also undesirable oonse- 

quencos 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 mt.  Ordinary nickel catalysts 

requiring loi» hydrogen pressure can bring about not 

only hydrogénation beyond furfuryl alcohol to tetra- 

hydro furfuryl alcohol, but can also cause hydrofenoly- 

sis resulting in ar econosnically unattractive mixture of 

pentanediols and pentanols. Copper chrotnite catalysts 

are much more selective but perform only under much 

higher hydrogen pressure necessitating expensive equip- 

nt. 

Ot^ei Uaea of Furfuryl Alcohol. «These areas include 

plywood adhesivos where furfuryl alcohol imparts craze 

resistance to urea-formaldehyde resins; chemically resis- 

tant materials (cements, mot tars, bricks, linings etc.) 

and impregnating solutions for rendering porous materials 

impervi oui, (graphite «lee ¿rodes and rods, rocicet nozzles 



and «imílar speciality .tpplU-c'tiom) . Sm.ill amo'tat.; ••' 

furfuryl alcohol &re a!'*o jseci in the abrnuive^ ami .. 

tile industry. In tie l'.S.A., the- total con sump ¿irr. o< 

furfuryl alcohol tor such applica* ion:? Is probably bet- 

ween 5 and 10 million lba/yr, m other countries cot- 

respondíngly less7"V«g-"*1        consumption is esti * 

mated at being not tauch in excess of 2 million lbe/yr. 

The markets are characterized by clo,*e supplier-cuaiomt»- 

relationships with many small manufacturera selling their 

specialised products. In some arene grov/th has btien 

quit*» brisk i the sales volume having doubicd within 

five to six years. In generai, the markets m-u some- 

what difficult to analyse end the» growth rate »ay ho 

•bout 10 % / yr. 

2*) Tefcgnhvdro furfuryl alcohol 

As Quaker Oats is the only producer of this materirl, 

evasi approximate figure« on consumption and market trends* 

cannot be obtained. It is used as specialty plastic'oer 

and carrier for stabilisers of PVC and is solvent of 

various polymers, it Is highly unlikely that world con- 

sumption exceed» 7 - S n,i Ilion lba/yr. 

*•) titgahydgofurat* 

Comroercially Important uses are: 

a) As solvent fot PVC (polyvinyl chloride), PVDC (poly- 

vinylidene chloride) and its copolymer» and, to a 

lesser extent, in certain GRIGNARD reactions. Grov/th 

MM 
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in trofie a,raB w^ K>^ and la expect** to contimi, 

(i.«, ii, •orco,,-.; nu úu'.^obilo upholstery, specialty 

adhésifs, f. Ira coa-nos erri casting, printing inks 

ote.>. 

b) its pi.lyineris-AM.ur. .and/or «fiM.riftcation to stretch 

fibers and oilier r^lyurethanb. Both of these uses 

arc also growing vory wejl. ) 

From the beginning ci the commercial THF manufacture two 

difieren*, processes were employed. While Du Pont used 

to, and Quaker Cats still doe«, use furfural as starting 

material (via decarbonylation to furan and subséquent 

hydrogénation), BASF's route is bated on acetylene and 

formaldehyde. Tn 1968. Ou Pont -.witched from furfural to 

the-German procos» or some modification of it, thus tuning 

from a furfural consumer io a supplier of THF. Du Pont»s 

no*'« was allegedly ï-rom; tea by steadily increasing fur- 

fural prices and the uncertain supply situation for fur- 

fural during the Dominican crisis. 

) free--." -i'-inn-v ;ac not available as there are only two 
p>-oducei.Vc;' THY in : .he '.LS.*, and one in Western Europe, 
] • ha  been 
3v nil! i or; 
3 npan   >'  v i .1 I. i o. i   Í bs/y r 

'  THY   ir     he   lï.S.*.   ar.fi  one   in   western  ruj«^, 
'-urjceed tívit. total, l!,. S.A.   capacity is around 
.:-,s?vt!.   Vn T-vtftá'nV 2^ uiJlion   lbfl/yr and  in 
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EH£lüíL?L-.0^-Ii}Ji.fi"ü1«^L^-í-L.ii>L—vi^^i ^ -C L.^-E^'t'l.íi 'il®r •- As a rav 

material tor buik cho.xi.-ai .:*,   i.i-. material«? with í» r-alcs vo- 

lume of i.HJ.re than 20 nulli v- i'¡? /r. £'.ri*ua'. has, as han 

been shown, no or - L best vtry tib^y charle« <C those com- 

pounds contain four carbón at«*'S or luse    In  fchesr cises 

raw material coats, economy of no*le and certainty of supply 

weigh too heavily 1M favour of instroirum feedstocks.  ) 

Further, it should not be overlooked that much industrial 

chewical research is bas*»d on the large «cale availability 

of certain raw materialB »eeklnç a profitable outlet which 

situation tends to  reduce, even mora tne chances of furfural 

as chemical intermedíate. 

The outlook is somewhat butter tor specialty chemical» 

with a sales volume of up to abcut ^0 million lbs. Unfortu- 

nately, there are too many producta in this fiele; to conduct 

a thorough survey. The picture becomes oven more inscrutable 

as the products concerned are often proprietary anc! volume 

figures are almost Imponible to obtain. A study of the pa- 

tent literature is equally unavailing ee no information can 

be gained on products actually manufactured and the pro- 

ceases or raw materials actually used. Good personal contacts 

may here and there permit a more penetrating look, but this 

will remain an exception. Finally, forecasting consumption 

+ ) The eventa since the last months of 197 3 may considerably 
change the situation on the petrolou* market In the ,uture 



based on pM- r^ ,tl: r.-jliif -à '.»-.v-^»  furfurd and competi- 

tive r<v!  m,.terir-J a :r, 'n n..»nv '-'«»a'*' » c*" »-:*a£.ihli;. 

The qroup of niij,.,:.V¿«-:.i':-5.«
l>,r^¿o-- * ru'i,l*ïr ot (:°*eiCilUy 

accapted antimicrobial-- JI « surpr i.nujiy vid« activity 

spectrum. The mort ^u.'h confound;, ar« ubcd as bacteri- 

cides «no funyici.'.ca, .nv.ms which the- ao-called nlttofura- 

sor.e is probably known U«ist. All nitrofurane have on« struc- 

tural feature in couvmr,  as they er« derivative» of S-nitro- 

furfural. Norwich ?han»a.;al holds many of the basic giants 

in this field and probably enjoys the lion'b «hare of th^ 

market the sia© and growth rat- of which 1« »et know. It 

appears reasonable to assura« a «tarkct in the urea ©f a few 

hundred thousand lbs/yr. 

Another product is lysine, an •••e.r.tial amino »eid whieti 

«oat plant proteins contain but in insufficient aswur.tt. It 

is argued by many nutrition sfMcialietft that undernourish- 

ment In various countries can bo eliminated by supplementittf 

the regular diet with lysine. Pur.curai was again pro^os#d 

as one of the potential »tartina material*» but it «houW 

be mentioned that a', prient lysine manu Cantare is bated on 

microbiological processes. 

Further, a very potent analogue n£  the' inMcticttAl |f|fthffi# 

class can be based MI furfural. This new process IP to be 

rjosttnerclcUsod soon. The amounts needed could b« very larfe 

but detailed i n Is or roa t ion ib as y*?t aot avniUbla. 

——a—HH—_a-^___a^_aaaaa^^_ 
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Another  potential   «.»ppi Leaf ¿on of   .-ur f uaJ    i-   .. n  the   manu- 

facture  of   {vyii^nic jycUi,   v.i*   furarvi  n'-orrî     l.aviu U. te 

acid   lu   i.h*i   »Lt»rfinq  •ijterjj'   t\ r   r-.-. ran^iart urt  <f  «llptt*- 

ìiollc  adi,   a vi-"u'.Yif.e   ^ at, re .11 •-•n*.   in  poiiahT   and  i»tfc«i   ftp«- 

ci*lty coat ino».   Acjin,   «ht  í I.-HMWC ',«.*! Miutfa'rtur« by 

Crown-Za Uerbach by-pan«en  futíurtl  «rut 4»  baaed ©ft pulp 

or callulo««,  r««p«ctlv«)y. 

Finally, d|i^|rt^frnn is arcthar CIMUMI derivativ« of iwr- 

tmmlt  m»ám vt* furtwral And tatrahydro fwrfiiryl «lcohei. 

It« propoaad use in ly«ln« tytitltaaia ha« &lr*aÉy baan aan* 

r«t U on« of ttwt MP*t widely uo**1 vivait« l» the rafanin« 

of lubricati^ oil« to imcwmm th* »tabtilty undar op**«- 

iia§ condition an4 to taprowa tit« vkmmttf^tm^mm^m* 

ralatiomhl;» CIO). «h naval ait« s*aca«««<t mm^m from ékmml 

tvml  to heavy  lubricai lnq*oU «took« of mmr  100 Sue viaeo» 

aity it Itö^ r.  Th«i extjreatad oil aatrit of  UallvUtaai pi«at« 

varia« ft©» ce »<s to, neo «fe? oar day» «Mi« tha «taefc« pta» 

ineitt«* aaphtr.^c wü aaraffinie élat:u*taa «wl ra- 

fa» furtural raf iaiiia prosasti» aavaioaad if*f«atfi«Hf. ay tha 

fa»«» Coapany,  uivolaa« a* tract loa «f *«* lubricati««, atoan 

with furfural at  t«mpet«ttir«a tjonarailY balo* Z%am P, ta 

yi«ld ^ irafiaod ©il #i*4 *n mntrmmt  pi».  Wit untas irata» 

atoaatic and oiafiaic uoi*p&m»rtta of  ih»í ali  «*.-» s«laciiv«ly 

EHUl 
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dissolved by the furtura!. and tairoty separated from the 

d^siiiable panifj-nic and r-aphthenic component:*. Oil enters 

noat the bottom ot a cour.tercur: eat. extraction column and 

turi'iral is applied at •• orint nea,   !\\»  top. The extract 

is removei from th«? bet tow ot the column wJ.r.h the bulk of 

tho furfural. Tho furfur«] losses ara generally 0.02 % or 

less per cycle. 

Natural glyceride (fatty) oils may be separated into two 

or more: different fractions by the use of furfural as a 

solvent In an operation similar to that tited for refining 

»inarai oils (1?). Although the process has been used chief- 

ly te make separations based on degree of unsaturation 

within a glycertde mixture, it may also be used to frac- 

tionate fatty acids, concentrate valuable minor ingredients 

of oils, or separat« compounds of dUferont molecular 

weight. 

Furfural as Decolor i zing A^nj._fo£-J^od_Ro»inJj The Hercules 

Powder Company developed 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, vatnish, and paper industries. After 

removal by fractional steam distillation of most of the 

color bodi*", which react With alkali to produce rad pro- 

ducts, an-* extracted with furfural frox a solution of the 

crude rosin ir warm gasoline. Since furfural and gasoline 

È^Ê^^^^ÊÊÊÊÊÊÊÊiamÊÊIÊÊÊiaiÊÊÊÊÊÊ^iÊÈÊltÊÊMIÊaÊIMiÊl^SÊaÊÊÊÊÊÊÊSÊÊÊà 
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are almost entirely   iivr. i sci! J. e ¿ fc,   lov; t,-?iup«jr£, t jrtT ,   .*   ¡"u. • 

rural-gpsollriH-rcsí.n  scluticn  *epai <•»».»j«.   i uto   two  i.iyert; 

cooling.   A  .tight•-< oior* r*   ''OCJP  IB  cbt < :<(ti1  on ev6pDrt.i,i' u 

of   th« gasoline  lriye:-     r-nd  \ v<->   li.r'»rHl   is re-:: VA» red  t.->   ^,- 

stlllation oi   the  ot.nr   luye*:   (13'. 

By adjuotinq the operating conditions  it   in pos«iblo  to 

produce roain  to co;VL'orm to any graue on  the Aiueticáfi sc. ¡C 

up to X gradu. 

Furfural as Reactive Solvent  1 n the Maiv.iffcctureJ2£jtesj.n*^id-_ 

Bonded Grinding ffi«?AjLi.    **cr »any ye* re t «¿sin-bonded abrasivi- 

wheelB hava been Biade with turf urei,   in  tha manufacture o* 

cold-woleied grinding whaels,   the abra&iv» grain la wettet 

with  furfural,  or a solvent mixture containing fur furai, 

followed by addition of  the desired  iwount of pulv«rl;.«d 

phenolic resin.   (14) 

Furfural as Extradant. Jvr gufitene.    furfural ia used ^ 

an extractive distillation medium in on« oí  th« prínclp«*1* 

processes for   the taanafacturr of butadieno  fro« p*»trol« »n# 

as developed by Phillips Pe tr oleum Company.  The fur fura.» 

loases are extremely small   !u.Ol  - 0.02  % of  the circulâtî 

rate).  Hydrocarbons with  four carbon atoms,  such as n-biían* , 

iaobutane,   î-butène,   2-butene,  and  butadiene,  have similar 

boiling pointa but widely different solubility character   i- 

tics.  When disi illation of the. mixtures  i s carried out   .n 

the presence of furfural,  the relative volatility of   the 
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*> ) 

ïuwrhl  >'     uwj. orar'• > .'    ir,    i.Ue;'i»1   r..,f t i .r:, eut 1 \   tn  oftect 

t*e«idy   «t r^r   *: i "r,   (li 

Fiiranjfoljf*» i'b.     Farter;;!   • • id   .   .5   .i-oiwu.-r-va.i l.y   imperi, art de- 

rivati vp«   fu»-furyi  ai-oboi   .mi   *>: trai'ycirof uran  are   usad   to 

n-jkrn  poìym^ti   -í^h *.<J3i.y <'jJ:ft>renL  properties.      Un   the lait 

dtLCido  a«^«ri»l   striking new us©*   fur tho polymers,   for 

example,   in *|:-&n¿«x  fxb#r :,   imporvioiu» nuclear  graphite,  and 

hot-box"  or  "no-balu-"   foun4¿y bind ars,  have  foeua»eô atten- 

tion on  íhúm  mater i Al«. 

•pool A i consideration should be glcen to  (15   Polymera  fro« 

furfural and   Í2>  Poiyiiets fro»  fur fur y 1 alcohol.    . 

t,|   Poiwters  from Furfur«! 
JUL,.    -3¡iÁg« 1-1.4»    i'-Wi-     iMiHinwiailÜi «—tWi •    mi m  »III>I  ¡mm      •»***#- 

«)   Fu r f u r a 1 -Ph •. ? no i ftf s i n a.   The w^t  important  polymers 

of   furvural aie baa**d, on   lts¡> ability  to react with 

phenyl   to  form r,h# ¡.^o^tt ¿na   robins.   Although  such po- 

lymers  -ire   e? '¡toiti¿   U»».H3   in ¡-¿.act' of,   or   blended with, 

ph#»ual~f^rpuald.'hytìi:   ;'?«ina,   liV'ie arc  avérai   irapor- 

rant differences   i v.  th"   preparative  te;*hniqu«s.   For 

ex ampi i ,   the coanuon.' / u»Ri' phenol-'or maldahyd« nevo- 

loen are  fonr«<d uy reacting  ;otfaldea/oe with a slight 

molar .íxrcee  "j   phe.iol   J¡.  t».e present» of an acid ca- 

talyst.   "ii'iitAr  t^ri'JitU)!!'!  employe   to polymerize fur- 

iar., i  .tn1  .i'ifiif.i   (, ' Vf  qrls,   u" 1 f. •.-,a  a   j.irire  excess of 

pfYj-n,       -. ..•   4.»c:   Tit    t>".   i'ii.iuM    n ¡r.   e. qrad.ltlC'ri   of   flic 

. .ii'iiio'   ; ir- ••      i'!n'   I i.t. • '.r - i -'»îi' lio •   i'.-íli,  preparation 

,-i     n:--'\   «  "    i<»d  out.   u-'i'-i   fi !'.••'me  ei*t tl v&t-i,   typi- 
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cally potassium carbonato or uociuni hydtoxide.   Pe- 

sias  of   the novo.'ac   type   c v.nurtp   Lh..-  nwiority  of   :he 

furfural  t.sed by  the  phcnojjc   .v«ir.   inrtu&ny.   Trey ,ue 

nharäccetJzod primarily by long   flow timas for  a civen 

curine  speed,  and  ar« widely used   in molding compounds, 

b)  EMSiH.£L^fMne^B£^ins..    furfural  reacts with ketone« 

to  form polymeric materials that  have been of Interest 

especially in the  Soviet Union.   The  furfural-acetone 

resins have been used to form restn-agqregate mixtures 

which have been tarread "organic concretes*. These are 

reported to have many excellent properties and to be 

used in the Soviet  Union, yet there haa been virtually 

no coawercial use of such resins   in other countries 

despite th<jst>  fovorabJt reviews. 

2 •)  tslxptra _froinj^n: fj»tyJMUwhol 

Furfural  is hydrr^enated to furfuryl  alcohol, which is 

• much »ore versatile polymer precursor.   Its properties 

•re listed  in Table  3. 

Table 3.    Properties of Furfuryl  Alcohol 

empirical  formule. 
nolecular weight 
boil ine point   (760 mm),°C 
refractive index,   n^° 
density,   20/4° C 

G5H6°2 
98.1 

170 
1. 4668 

1. 1285 

Thö alcohol  is a «ol-'Je  liquin which  resinifle* readily 
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la   the vre-ulive  ot   a«Hds     'I*   .¡'Hii-lcM   te  tV> normal  -t- 

ao»-ions oí   .- jjir^Tv   urtino'..   . .¡rf-jr/l   .-.'.cohe!  reacts 

via     Ih»*  r  rn  t>di • ~v.-v-   j-.or- ,   -¡uri  by   ma  -cleuvr.q-•.. 

Accordingly,  cr.jimer--.-i.-:   ooiyi.v .%•  of   fu¡. furvi  alcoìul   ara 

complex m'yMve.Ä.   th'uall1/  tl.ev  ..»re  oas^d on  the reaction 

of  the alcohoj. noi:  onlv   vit:i itself but also with core- 

aetartß  such >xs   ^orca'do-hyde,  area,   end  sometimes phenol. 

The  common method ot  ;nafcln? furfuryl   alcohol polyiaors 

involves reaction  in  the presane«* of  an ..cid cataiyet, 

usually with heat,   until   Lhe ríes* ir ed Cuy tan of polymeri- 

zation  is achieved.   Soluble ¿>ol.ywu-.rt,   varying tram lo*»- 

viecoeity liquids to brittle fusible aolJds, may be 

obtained by ai coring r*r.ction censiti ont.   (17). 

Furfuryl AJcoho 1 J.i^ Foundry n-^ i rv¿. During fcne 1 ï s.. 

few years furfuryJ axconoi bastid ioondry renins hôv: 

shov;n fcn extraordinär"   iro^th   -ato,   ';he demand havliiCi 

doubled repeetedly within bpens ot  two to five year*. 
the ;''rn ere, i. 'iejp'iblic of 

in the U.S.A.,   fJr.it liti Ai.-qdotn" a Aí'í] Öariiu..ny. "Thi-? was 

due  to  two  factor«?,   t'.\e growth  oc   ine  foundry iudastrv 

and,  tiuro important,   a    cb«u,qn   in  tenhnoloqy of makiuq 

ceres and moulds.   The tv;c   ^i:-  ptc>con:jeíí    in which   fur- 

furyl alcohol ban od  ^esitu    ¡re   i-ed at«* tne "hot-box" 

and  the»  "no  hakt:1'   process.   vni.i.1«?   M-e  i*ormer  if? em- 

ployed  in  the  production cl  items  of  suall size <na.r. - 

fjcturod  in   Irruir  ¿"i^bcr,  e.u;.   autoino*\Lvo parts,   the 

;.attvr   find;    : If.   tyv-icij.   v>\>; vr n ¿on   in   thj manufac- 



I ture oí   largì.«   Unirn,   .-   9.   sn<p propellerà  otr,   ;f,< 

I furfuryl   alcohol cjntvr-t    m   un-  Mno-li€»k^*'   resi«  lu, 

on  a"eragr,   60 - es   %  and   40-4.   I   in   the  "hot-bo*" 

resins.   Then? la no agreement  In which ratio th*   two 

resins  are bclnq produced but th« present  »nnu«)  con- 

sumption of furfuryl alcohol for all  foundry purposes 

in the  U.S.A.   amount» to  45  - 50 million  iba/yr,   in   th# 

eral Hepublic of Germany  to 15 - 16 million  lbs/yr «nd  in the United 

Kingdom,  despite Its btgyer foundry industry,  to 12  - 

13 million lbs/yr. fhe furfuryl «alcohol consumption 

figures  for this application in the other  European 

countries could not be obtained but stay be assumed 

to be somewhat smaller than these for th© United Him- 
¿he p?§.fr*1 1 •»ubiio of, 
dorn andjGermany.       " 

Practically everybody in   th® foundry res in business 

is convinced that furfuryl alcohol will be ejnsunied 

in increasing amounts.  Tnm annual growth rato« for 

the U.f.A, and the United  Kino dorn aro eat ima ted t© 

b. « - »viSTsyftÄi*/*,.,.». th.« „t.. 
to continue for the nest   five to elf ht years, these 

optimistic forecast« are baser1 on the fol lowing; 

a) it» changeover to new technology Is mould and mm 
making will continue. 

b) Poundries will continu» to 

c)    Furfuryl alcohol resins have certain t«whnologttal and 
economic advantages over ccaçetltive imtafflais, e.g. 
phenollcj and polyurethef» (alkyd-iaocyamite condense- 
tions products). 

sasani 
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Of   there,   the   Lotte.-- are generally   ru>t  considered  ¿ 

sc   tous  -nrvjv.   L,   .u'furyi. ;.U-cnol   as   they aro r.or¿ 

c-Xíitnsi-e  -i.d   s.iow   les:; hot-jU'-^t;. ,   t.  serious die- 

advantage   ti,   steri   casting.  However,    it   is  vary dtffl- 

ou it  to corine  th> relative advantages and disadvan- 

tages of  fur tur/I   oí  ohol resins  ¿ad   pnenolics,   i.e. 

ph«nol-forniald«hyd«.-urfia oonrlersatior  products.   Ob- 

viously,  phenolics  ar- less expensive  and have mote 

odour*   they give  rise to cleaner  castings and are a^so 

less brittl© and  show higher joxd   strength,  both pro- 

perties being  important for thin ¿actions. But pheno- 

lic© eure more »lowly, ara less stable, especially 

at room temperature and do not cur© well in thick 

sections.  As  -i  result, phenolic«  are  not being used 

in the "no-bak«"   oroceus which is   the domain oC furfu- 

ry 1 alcohol  basad  resina. 

In addition to  the advantages just mentioned,   furfu- 

ryl alcohol resin?, permit mor* flexible foundry ope- 

rations  in  thai    c;iey can ba used  squally well with 

warm or cold  sand and at variable   curing rates;  they 

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

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

tion os do phenol ics. This advantage was stressed by   *e* 

German manufacturers who beli eve   'chat consumption of 

lurfuryi  alcohol   ^n tiu- British   and   American foundry 

industries  w-3 ~   go  up sharply  cs   soon  es mere  strin- 

J 
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gent  ant i-pollution   l*ws  .ire paese'!.   At  prer.ont,   the 

uae.1  Söiid  is discarded  without   too much   joncern  for 

rain or ground water  Jcaching out   large  amounts of 

unreactrd phenol,  with  «uboequeat  pollucion of rivert. 

As furfuryl  alcohol, polymerize» completely under all 

curing conditions encountered  in foundry practice, 

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

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

íes 
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o  'J  teca 

Furfural  ü ontainocl   :¡-JIT.  Lh<?  pentose.   i.n  r-eliulcUc  ve- 

getable mavU.-r,   bu4   cniy certain ma^ír .^»ls have  H  suffi- 

ciently high  pentosan content  to make  them viable as  a 

raw material  for   furfural  production. 

Vegetables,   annual  or pereunial  plants,   are principally 

composed of  lignin,   cellulose,  and  heaii cellulose.  Many 

constitute agricultural or  industrial by-products,   then© 

latter of industries which use thew as raw materials. 

Their inherent characteristics often render them useful 

for the production of  various substances $  cellulose or semi- 

cellulosp,   sugars   for yeasts,   furfural,   shreopanels etc. 

Up until now,   he*.«»ver,   »h.:- drasticit-.y of the treatments 

necessary or  not  directed toward multiple productions,   has 

«eant only the  partial utilization of thase products.  An 

exception  is the  production of cellulose bisulphate,  which 

make partial »is© of  the »uqara formed during the boiling 

treatment,   suqaru which are thon  transformed into Tonila 

yeast. 

Kven  in this case,   it  is  impossible  to separate  the  two 

treatment:.,   to  ..i   technical  ai.c'i  economic advantage,   par- 

tial lv or  to\ai.]v  r-movnivj   In   the   b<.r, inn in j  those   fractions 

whicr. are  not    ¡seful  or v:hich  are  dan.ag.ing  to  the  production 

of  c-lLul.- r.o  cr   seri-célicos»»,   tranef ormr.g  these   frac- 
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tions in sugars d».>nt Inert fjr vm LOUP oilier .ises. Tais pro- 

cess is decisiva <;or vegetables .laving i nt-?h pith content 

(corn cob», Da<jas:*o, cU:.', 

Through a hydrolylic treati.iont, contro-loo so a* not to 

alter the characteristics oi" th< residual fibrous masa, it 

is possible to achieve a complete utilisation of the vege- 

table, separating the various fractions destined for suc- 

cessive transformations. Tht» succetsive treatment also 

benefits through this technology, 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 the hydrolysis 

- a total utilization of the reducing sugars having 

five or six carbon atoms, directing the» as mentioned, 

to the production of yeast; 

- a selective utilisation of the sugary fraction having 

five and six carbon 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 

thua render the production of furfural more economical 

and rational. 

b) for the fibrous fraction, Insoluble 

- a utilization for the production of cellulose or semi- 

cellulose; 
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- a utilization for tho production of shredpanels; 

- a utilization tor  -he  produrr ton ef a fertilità of 

the humus typ«. . 

In the ca^e of the *olubl* sugary nación, the successive 

change to furfural, as far as the return in concerned, pro- 

fite considerably from the separation fro« the Ufnin, 

which remains xix  the fibrou« »ASS and wnich in the opp©~ 

site case chemicaUy fixrs the f-JUT furai forming raaintf 

it also profit« from the more rapid elimination fro« the 

acidic production solution, since it i» liquid, thus avoi- 

dinf polymer i tat ion reactions. 

In the production of bidistUlate furfural» wrJtiaf dlreet- 

iy on the woody maab, the return* center around §0 * of «** 

theoretically possible quantity; for the production fro« 

solution -;hrounh hydrolyaia, the return» vary arcund 

SO 1 (Siirafer .ï.P.A.) . 

In the case of  the fibrous  fraction the »uccaasiv» tr«*t» 

ments are thus    benefitted: 

- the production of femi-c«J luloat ani cellules« raquir** 

fewer boi lint reagentß?   the product obtained dawoiiatsat«s 

a better driving quality,  a characteristic valued km fch« 

manufacture of t»aper. 

- the production of ahredpaiwls require a lower co«au##- 

tion of adhesivt- tesinr. and prints ' ^orc uniform dis- 

tribution  of    -h :   îane. 
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•- th« product Jon of huriui.   fértil lz«»r parisita  a qraater ni* 

trogan  fixation in the  t>>r» ci  acino group«,   through th« 

openinq oí   bond« oa timer   licjiUn and cellulo«,   «r» ope- 

ning obtained by »»taru   of   h/diMyaia. 

Recant  »rudiea  ( S lian fer s. P.A.)   for improving t ha produc- 

tion of furfural in th« pianta whlth op«rat«» in til« «olid 

pkiN have        lad to A partial ra«©v«ry of the r<* al dual 

he xos i e attuata mi to an tirprovoaanr in th« character iatlc 

of th« residual r«action «M«af roîKicrtrg it «tore sui tabi« 

for th* nwwwttiftf pro««««. 

in conclusion-  tím aelactiv« hydrolyala tr»«u»nt currlad 

out prior to the normal treintjmmts, both tor obtaining 

raw «At«rial« for the papar und o«r%onri inatta try *a mail 

•H for obtaining furfural,  yaajto,  throdpinela,  and huaiua 

farti liter a, itaot  to 4 »Of« compiate utilisation of the 

veq«table oornponenta and in.piovea th« auc^t-aalve manu- 

facturing phoaft* 

Tha pcaaiblUttes obt«ln«bl« ttm j**«t««i« waataa through 

a»lactiva hydrolyala are shown in Table 4. 



Table 4 

n 

Agricultural 
or industrial 

residue 

Selective hydrolysis 

r 

•t 
celluiose 
iignin 
lioni cellulose.- 
othoy- oomponontr» 

Sugary hydrolytic aolution 
... ex pentosans, hexosans, hexo- 

pentoses and organic acids, 
15/30 % of initial vegetable 

Fibcoua 

TO/SO « of 
initial 
vegetable 

possibi lityof 

Acidic catalysis: î-'urfural 
approx. 80 % of furfural 
aiielytically present obtain- 
able from pentosans 

Aerobic fennantation of all 
sugars or only of those re- 
sidues left frcrn furfural 
production: "ferula yeast 
approx. 50 û of the sugar 
present 

" 'Moline boiling i 
- semi-cellulose (approx. 65 % 

of iibrous residue) ; 
- cellulose: for manufacture of 

papar, cardboard, and artifi- 
cial fibers. 

• Ajtmoniazatton with liquid 
atiwoTvti :  
Hunais fertilizers; increase in 
organic nitrogen ratio of 
approx. 4 %. 

Pressila with resin: 
Sttedpëtneïs 

Direct treatment by mechanical ventilation 
to obtain raw material for paper and cardboard 
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As mentioned above, Furfural is usually formed from pento- 

sans by hydrolysis «mo condensation and therefore can be 

commercially produced from moat pentosan rontuini.ng raw 

materials, auch as certain annual plants /ind hard-woods. 

\ Quite a lot of raw ma tor lai a are already known to be uti- 

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

Table    b 

Raw Material 1 by weight 
of pentosans 

acacia wood (after tanni* extraction) 20 
VVWV^WBVWSVPW! 25 - 27 
bagasse pith 25 
birch wood (after tannin extraction) 25 
chestnut husk» 11 
chestnut wood (after tannin extraction) 16 
corr cobs (stoned) 30 - 32 
com husks 30 - 33 
corn stalks 24 
cotton husks 23 - 28 
flax stalks 16 - 19 
hemp husks 15 
oak wood (after tannin extraction) 20 - 21 
oat husks 40 
peanut husks 14 - 17 
••• ÄrtiP^Ä     #aWp^BwvSSr 16 - 18 
sansa 22 - 25 
sunflower husks 30 - 33 
wheat chaff 18 

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

tent with the local conditions for the different raw mate- 



rials.   In  venera!,   tu»   fucinivi   yuiit   an^untr;  to  about   1/1 

of  the  pen tesan  ••nn'-Rnt . 

In convent ion;*] procesaos the transforation of th© pento- 

sana via pentoses into far turai is cut: tec inrouyh either 

by heating the raw materials with H„SC> at increased pres- 

aure or by using HCl at lower temperature and normal pres- 

sure. Another process wrJch in known in working with phos- 

phoric acid. 

Recent development* are directed to continuous proeeeaea 

in vertically arranged reaction véasela at moderet® tem- 

perature and pressure usiner only little amount of SO- 

acetic acid as catilyat,   if any. 
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¡1     i    U    L    1     t 

2® nß. TJìL.^^J '* s» 

The  market  fr.r   turf.ri1    ,»d   fur 'ural-ba^d  chemicals   (£u~ 

ran chemicals)   in depenrtort  upon the? activities of one ira- 

jor  producer   (Quaker Oats   Ltd).   Therefore,   to understand 

the  furan chemicals market   it  is relevant  to make some re- 

ference to production aspect«   (without going Into the 

•etual technology of furfural production)   since thsse ex- 

plain,  in part at  least,  the advantages  that the leading 

company has  in this industry. 

•*  C*PUaf Investment  t The investment cost of a furfural 

plant per unit return from salee is relatively high, 

particularly  for a »»all  plant. This  ia due to the fact 

that the process involve» a number o£  unit operations 

requiring a  large number  of different  kind« of equip- 

ment and partly to the  fact  that  1     is  necessary  to pro- 

vide facilities fot  processing solid,   liquid and gaseous 

waste product ti. 

fc)   HulJiif  *   ln ©r^«r to get  the per  unit cost of the 

plant down  to a reasonable level,  it is necessary to build 

large plants. The economies cf scale obtained fro» lar- 

ger plant «re  illustrated by the following figurée quo- 

ted by one chemical manu factoring company:  in Africa a 

2,000 tons per annum capacity plan*   would coat about 

mmmaa¡mmtm 
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US   t   900,000,   une   of   3,000   tons   <TS   %     1.100,000 and 

onp  of   c. ,000  tc-iR  <JS  fi   1.7no,COO.   HOWCVOT,   the minimum 

economic  si^-   of  ;.)5'it,   as  quoted  by different companies, 

ranges   from  2,00c:-  tor.!-, capacity  a  year  to  about  10,000 

ton:;,   and ior  the  lot\er  capacity  tie cost,  might  be 

around  VS $  2,3 r\ i 11 i on. 

c>  Plant   Location   :   The yield of  furfural  per   tor of raw 

material in so  low that  the price which can be paid  for 

raw material  is  little more  than  t'^e cost oi   collecting 

and handling.  Dispersed  location oí agricultural waste 

producta would add a collecting cost item which may be 

prohibitive  for  a profitable  level of production costs, 

and  an annual output of 5,oOO tons of furfural would 

require over  50,000 for,a of  raw materie.!.   Quaker Oats 

Ltd     in the U.S.A.   ha*, a very real advantage   in that 

thair   raw material  ir, practically a ¿ere cost  input be- 

cause   furfural  production utilizes  the wiste  products 

of  the mail! agricultural processing activity;   thus raw 

material collecting costa are primarily borne by this 

major  process.   It  is also a considerable advantage to 

have  a  steady supply of taw materials over  the year since 

the  furfural  content of the  agricultural waste material 

decreases unless storage is well-controlled.   Distribu- 

tion  cos. í;  of  the  final  product   should  be  kept down  to 

a minimum by bulk  shipmentt ,    (Quaker Onts  Ltd.   conside- 

red    nits of   5,ru0 tons each   to  be  the most   viable), 

the  brortk-of-buLk  operation   into  drums  being  performed 

m  the  consuming .ireab. 
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l'i   thf   foJiowJ.ny   charter w*   rtorcr'.b«  tho d   fiermii   pr-ocsi «r 

ana   í lant.s  in  alphabetic  nidur. 

a)      IL  S C H  I••   R       W V   5  S *;íTt}>'' Pavinsì-t.irr-: 

The plant  for the cont inuo-is production of turturai   is 

working  on   tfto fellow inj   p»inciple; 

The raw mate   tal it fed  with j  transporting device 

(e.g.  belt  conveyor,   bucket % levator,   prinumat te con- 

voying system with cyclones  ¿nd A dust  suction  plant) 

Into the impregnation part. 

This is either an impregnation tank or a .system ©f 

screw conveyor3. 

Tn case  1.    (A J. terna rive   1)   alí. granular material» with 

high bulk weight such as  corn cobs,   ria« husks,  wood 

chips etc are   fed through a worm conveyor   (see  flow 

sheet 1TTÍJ" irito the inpre«?ns< ion apparatus  d.U.  The 

overflow will im returned by means of a transporting 

device into the raw mat urial storage bin.  In the Imprä- 

gnation appo??tus,   the  raw nmterinl  will be ^retreated 

by adding water or vinasse containing  th« catalyst 

(e.g. S02 or acetic acid)   and preheated with secondary 

steam from the secondary ateajr genbra*ing plant   (group 2). 

The pretreated raw material  is U*nsported with & eon- 

trolled worm conveyor vmich  is arranged vt the botto» 

of the  impregnation apparatus   {'..I J,   into the rotary 



v-»l. ,'r..   íU:üU;   of   {"•••'   l.'/t-tc/   •"illi.v;  py:-tj»'   (1.2). 

Then   if   if,   i:(.d   b\   the   • i >':••• r'/ val.ve   Ct.'i)    i:.i.r¡   tiv)  di- 

g'-ster   {'¡.V   .•r'vi.c!,   i.¡.   ^peraLii-uT   noe1 er  ^rer?»ür^  and   Lern- 

pelature. 

In case   2.   (Alternativi'.  ?ì ,   Cibroou,   straw-like  raw ma- 

teria.'s  with  low  bulk w»;.>qbt  .such  as»  con>  staphs,   La- 

gaase  as well  an   all  kinds  of  .straw and stalks  are p*<?- 

treated   in a B y stein of   screw convìvere   (1.1)   whíjre  iL 

i.«s Impregnated  with   ~;i«» eataJyst and preheated with 

secondary  stream.   The   J.ar.nregnatöd raw material  is fed 

into  the dicestar by the dickster  rilling system  (1.2) 

which   i s  in this cast   A presa-scrtw.   The impregnation 

liquid drained  in  ttv?  preso-^crew  flows back   into the 

catalyzer adGit.ioii.il   fi^ipment   P.9Î,   froiii where;  it re- 

turr.j   xn-.o the   in¡..r o-gra\ ion  part  by »nouns of   a pomp. 

Tho raw material  "\0ve3  slowly to  t¡,e digester bottom 

wher<?   it   is  iisch.uqec  ?>/  a di-gelter  discharge device 

(1.4)   into  the  t»3ow tank with discharge dovi ce   (1.5). 

in this blow tank   11.S),   the furfural contai- 

ning   fLfcsh vapors     ^   separated  under atmospheric pres- 

sure  from the residue which later     iB discharged through 

a pocket wheel,   for example. The  flash vapor  is conden- 

sed   in  a  f la: h  vapor  condenser   il.ti.)   and  flowb cither 

irto  th.'  catalyzer additional equipment   (1.91   or if it 

con tú ins    .  jreai.pr  tsrviunt   of  furfural,   into   the  dis»- 
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The  primary  s t. car,,   f jr  r-r^ri.-.n   rim  row    mater \rl  up  to 

190"" C  amî  extracting   uhe   tonr.d   f ;u Im.al,   entors   r.hf>   1 i - 

g^r.tr   (1.Í)   in   thf bor ir?   and   1.3  con . i.uou^ly  ^xl-rr.c.pt; 

in  the top.   The  rrrfural   «.oatied  otear.,   is  cleaned  xti a f>;— 

parator  for  solid matters   (1.7)   from rau  material  having 

been carried  along.  Ary remaining solid mattern will  bo 

separate! by sieve  filter*»   (1.8). 

Tn a condensiny and secondary atea«»    generating plant 

(group 2.),   the  fui furai contalr lng primary etiam   (under 

simultaneous generating of secondary steam for hefting 

the distilling columna)   ig condensed,  cooled and deaerated 

This plar.t is  laid out for  200 % capacity - 100 % as 

reserve. 

The primary steam condensing in the tubular condenser 

(2.1.)   flashes in  the condensate cooler   (2.3.)   and  la 

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 collecting tank 

(3.1.). 

The feed water fro» 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 carried along in the fluid  separator   (2.?.). 
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Air and n^n-condensaLle oases a& w^ll as vapors are coo- 

led or condenser1 ir. a vert cooler !'¿ .'."•.) . 

From the furfural condensi»tu cnUectiny tank (3.1.) 

which at the same tJirc serves as buff or tan'-., the  5 

to 7 %  furfural containing raw condensate is conveyed 

to the distilling column (J. 5.) by moans of feeding 

pump (3.¿.) -  t-rfo piunps, one as a spare. In this way 

the raw condsnsate is preheated to about 95 C in the 

furfural condensate preheater (3.3.i by menna of the 

hot vinasse extracted from the lower part of the distil- 

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

jo 
The vinasso is simultaneously cooled down to about 70 c 

and will either be gathered in a tank of the catalyaer 

additional equipment (1.9.» or fed in the canalisation. 

The heating of thu dialling column (3.5.) is effec- 

ted indirectly in the column heater (3.6.) by secondary 

«team of about 3kg/cm (gauge). 

The vapors from the distilling column (3.5.) are flowing 

into the methanol distilling column (3.7.). From the de- 

phlegmator (reelux condenser) (3.8.),   a methanol and 

water miKture with about. 84 % methanol is withdrawn 

and cooled down to approximately 25-30  C in the me- 

thanol cooler (3.9). The methanol collecting tank (3.10.) 

serves only as intermediate tank for crude methanol fro» 

which the Rame is conveyed to Its Curther utilization. 



Th«   Bump  ol   the  r.»f»t.b< noi   :'• i at.i 11 inq  ce Lumi»   l.'<..'.)    ^  d» • 

signed  as   5orarbiter  v-es-.l     "i*r»»-_   overl'Iov   - « water   arvi 

furfural   mixfur*.   -  -.»tur:.-;   into  the dì«-1 ill ing  colvifi./. 

(3.Í).)   as  rc-fijx.   Tar.   cotton, discharge   i <>  an  izeotrnplc 

mixture of  furfural ^wd wat^r with about 84 %  furfural. 

This azeotrope which   iett the sump at a  temperature of 

about 97° C,   is  cooled down  in the azcotrope cooler 

(3.11.)   to 25° C. 

In a second furfural separating vessel   (3.12.),   further 

separation of the furfural and water mixture is carried 

out.  The overflow with 8,5  % furfural is partly used 

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

the rest returns as reflux either in the distilling e^i ».rm 

(3.5.)  or furfural  condensate collecting  tank   (3.1.5- 

The bottom discharge "f   the  furfural  separating vessel 

with 94,5 1 furfural is flowing continuously into  tho 

neutralization tank where It Is mixed with the soda solu- 

tion by means of a circulation pump  (J.15.).  In the coa« 

talner for neutralised furfural   (3.1S.)   the neutralised 

furfural water solution is collected and conveyed  into 

the dehydrating and purifying eoiu«in  (3.16.)  by means cf 

a feeding pump  (3.17.). 

This column íB operating under vacuum,  which ir. main- 

tained by air suction pumps   (1.20.)  -  two punps,  one as 

a spare. 
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The-   heating   a!    th ^  coU:nr   <••.»*   >      -^   M*^   ir.direct- 

ly by .¡ecnndarv  trw'   o¿   ,  l"T.-TíI "    Cjau.jo)   ovo,   .   heat 

exeban.^r   1:.    -i,:   .^'o.,  i,    :..,:   cvn,^.   The   t ¡.pM-itUs 

precipitaci   >n   ..:-,o«>or,J.eMna^w    . = '*. i I ux  condensar)    (3.V.Î 

- water,   at-tout   ¿nd  other  eas-.lv   /ointiiu  subPt.ir.cefi  - 

are  partly reoirculateJ   into  lue  coluur  as  reflux,   sucked 

off  by  the  ai.   PUCLìOT.  pomp   (3./O.)    together  with the 

non-condem;ab!e  SUL^JUDö or   they   return   into  th*   fur- 

fural condensate  collee'-ing   tank   (3.1.). 

The  9i>,5  %  furfu-al,  extracted from the purifying co- 

lumn   (3.18.),   is  cooled   in the pure   furfural cooler 

(3.21.Ì   and collected in thr:  ouré  tur turai collecting 

tank   (3.2;.).  Tne tur furai can bt   conveyed either into 

another  tank or   to a  filling  stati.cn. 

The  residue  fro*  tie  -• m»p of   the purifying column   (3.18.) 

18  «»traeteci  from  f,i»o  tc   tin«*  into  the  residue oollec- 

tinq  tank   (2 ./A. ¡ . 

Thermal  Recovery   .   It .- possible to regain the greatest 

pari of  the  the row 1 energy used   in  the reactions,  as se- 

condary  st<?aw   Uow pressure   steal)   and hot water.  The  lo*» 

presaure steam  is produced  in tho «econcary s tee» .jen«ra- 

tor   (group 2.)i   secondary steam onäeneate,  resulting 

in   the <;ircu4J ,   strvos OB   foci water vjhìch cari be re 

uucd. 
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Tt^e  secondary   r.r.oan  rot consumed   te  ho«'.   trt€   co1'Win 

appara tu» can  be DS*3'J on  the oiher hnnJ a«  ho*-  water  in 

order to gain  the belt thermal  economy. 

Production of .Aold, ..   Somatises  it   la possible  to produce 

«cid,  which is dependent on the raw materiel used.  Fer 

tri« purpose an apparatus can be connected additionally 

to thla plant. 

On page 44 of this report, you can Und an information 

sheet «howlng an example for ttaieulatiftf the operatine 

cotta of a continuous furfural plant wot king accordine 

to the   ESCHER W¥&S ay«tern, 

Por  further information please cont.net; 

ESCHER tfYSS GmbH 
798,  Ravenaburf / wtlrtt.  raderai Republic of Gersany 
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Ouaì.er Oaia itti Is th* major producer of furlural in 

the world and there are «.early no publications of recent 

technological know-how available (A recent comr.iunir.t.Lo 

dated January 1974 by UNIDO was answored that no licer- 

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

In the classical Quaker Oats orocesa furfural la pro- 

duced in a singie-atep operation using largo rotary di- 

fettar». They are constructed of eteel end lined »Uh 

cartoon bricks which are fitted with acid-proof cement. 

•The raw «atería 1 Is charged to the rotary digeatwr» 

and treated with dilute sulfuric acid. The furfural for- 

med la removed by steam distillation. The vapors leaving 

the digesters arm  condensed and fed to a stripping co • 

lumn. Overhead vapors, rich in furfural, are condensed 

and cooled, separating into two layers, after removal 

of a small quantity of low-boiling heads in a methanol 

column, the water layer in returned to the stripping 

column for recovery of furfural. The furfural layer, 

containing about f l water, is sent to the dehydrating 

column, where the water is taken overhead, and dry fur- 

fural it drawn fro« the base. Distillate fro» the dohy- 

drating column is sent to the »tripping column decar> »* 

for recycling through the ayate* Í28, 29). 
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tn  dutamn  of   19(>V ,   Oy  V>.   Rr.scnle:*' /*;.:   s-tar ted up fi 

i,f«0-t-cn/;/r  furfural   ol*iit  at  J t«?   Pori  mill  in Finland. 

The  nuvr i;y<it.?m i•;  based  on  tV  rocov^ry  of  furfural   from 

the pentosan1? of birch   by traatlnn  it v/ith atea» in  a 

continuous reactor. 

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

Chios   frorr an adiacent  sulfate pulp mill,  and the hydro- 

lysis     residue is blown  to a continuous pulp digester. 

Pure  furfural 1B obtained by distillation. 

Though  the plant at Pori uses birch chips,  the process 

is very  flexible and  almost all pentosan containing raw 

materials can be used,   including bayasse,  almond shells, 

corn  coba,   oat hull  and  processed pressed olive cakes, 

amonq  others,   experience  at the "ori   Junta U.at.ton has 

proven  th« ei"fui-tlvonesc  of  the process. 

The nain equipment of   the Posenlew   furfur.il orocoss  is 

the  furfural reactor   .md  the dj at illation columns,  as 

shown   in the flow chart   on page  54   • 

The raw material  is  fmi  into the ore impregna tor s   (1). 
n'roi*t  the pr«Impregnato: s  the material   is fed by rotary 

feectrs  into tht  continuously operating  high-pressure 

rr.iivtor   (2).  H tedi  nrrnsurc steam  is   f>d  into the bottom 

ou   "-ho   n-Mctor   in cotm..er-curre:it   fio*»   through the  raw 



material which slowly moves downward», and the reriduo 

is purged out at the bottom oí the reactor. The level 

of the raw material in the reactor is regulated by a ra- 

dioactive gamma-emitter which controls the hydrolysis 

waste purgo valve. Under normal stationary conditions 

the residence time of the raw material in the reactor 

is   1   to ?. hours. 

The  following two consecutive reactions ttke place in 

the  reactor : 

(C5He04)n    +    «8,0 
pentosan 

k1 
n'C.Hj00.    hydrolysis 
pentose 

n'C5H1005 

K. 

- 3nH20 
n'C5H402 

furfural 
dehydratization 

The hydrolysis is catalysed by H^O*. This ion is formed 

because acetic acid and small amounts of formic acid are 

released from the hemi-cel lulos« of the raw material du- 

ring special hydrolysis conditions. ThUE the addition of 

catalysing mineral acids which corrode the procesa equip- 

ment is avoided. 

The steam enriched with furfural  is discharged at the top 

of the reactor and condensed in a heat exchanger   (3)  ge- 

nerating secondary steara at about 3 at. pressure.   The se- 

condary steam delivers the process neat for  the distilla- 
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tion columns am!  the  RXCOSS amount   is  used   in the  bollar 

plant.  Th« condensât*   of Míe íurTura)   containing primary 

steam is   led to   the  steige tank   (4).   The separated vapor 

It cooled  in the cond«nsor und returned  in liquid form 

to the furfural storage tank. From the storage tank, 

furfural  solution is pumped to the distillation co!umn<5) 

Furfural and water form an aaeotropic mixture, the boil in« 

point of which is 97° C and which consista of 35 weight 1 

furfural and SS weight I H20. This can be seen in figure 

(page 1)   showing the equilibrium curve of the HjG-furfura 

a ye teia. 

The formation of the aieotrop between water and furfural 

requires a two-stage distillation of  the Mixture.  During 

the first stage the allotropie mixture is separated end 

during the second th« pure furfural  le recovered. 

The  law boiling fraction  (like the azeotropic mixture) 

is taken out of the rectifia* section of the oolusm, 

after which it is led to a specially designed colusm ff*r 

further distillation. The cooled aieotrop consists of two 

liquM lay ars,  the top Uyer consisting of approximately 

7 % and the botto» layer of approximately t5 • furfural. 

This can be seen in Table I (page C)  where the solubillt> 

of furfural and water in eaeh other is shown. 

Furfural  solution ia removed from the column in for« ©f 

aiseotropic liquid which is cooled in  tho condenso* and 

gathered to tho separator  (6). 



In  the   separator  the   cooled  ¿î zee tropic  liquid  is  divided 

into  two   fractions:.   The   heavier   furfural   solution   (H5   %> 

settles   at  the bottom  of   thr> tank and  the   lighter  solu- 

tion   (7   %)   in returned  te   th »   furfura]   atora«]«?   (4).   The 

furfural concentrate  f.s neutralized with  sodium carbonate. 

The neutralised 95  i  furfural   is further purified by va- 

cuus 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 lea into the bottom column from which the pure 

furfural is removed and the« led to the storage tank. 

the io* boiling fraction is distilled in a packed tower 

column equipped with bottom heating   (9) .   In this column 

the low boiling fraction mainly consisting of acetone 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 act'tic acid J s led through the regulating valve, re- 

duced tu a pressure    @f about 1,1 kg/cm2,  to the scrubber, 

where by means of furfural solution dust as well as various 

polymers and resins are washed  in the solution. At the 

same time, by evaporating  the solution with steam heating 

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

tropic concentration.   By  filtering and withdrawing! bottom 



solution of tho Bcr-rhLvr, Uio duo-. *r«J re*4n content of 

the solutic t* k,-c» a*. ,.;• app.lic.-Me Lrv«A. 'i? mearía o* 

the scruober í.tr vapo" cu ;-< pur i i led a*.' that 11 causes 

no problems of qe^j-.q dir tied in th* packed columns or 

other heat exr-'ian.jers of the procein. 

Aite»* fh: scrubber the vapor 1P led to the absorption co- 

lumn, where the vapor flow» through the packing layer« up- 

wards, while the furfural solution Impregnated with water 

flows downward» and absorb« the acetic acid fro» the vapor. 

At th« bottom of the absorption column the solution is 

evaporated in order to decrea»« its water content and to 

increase It» acetic acid content. Part oC the iiqtior 

which has been evaporated in this way is led to the scrub- 

ber to be evaporated, whore«« the resina can bt removed 

from the furfural circulation. The areotrop vapor fro» 

the top of the column ta led lo the condenser, and the 

condensate from th« eondensor is eco)ed and led to th© 

weak Curfni-al tank, from the bottom of which the phase* 

containing plenty of furfural is led Lack to the absorp- 

tion coluatn, while the phase wit»- plenty of water is led 

to the furfural process to be dJutJ lied. With thi» phase 

also methanol and corresponding chemicals depart. 

Prom the bottom of .ne absorption «c.luirn the furfural 

containing acetic acid and watex i*   Id to the dehydra« 

tinq column., whero the solution flows down thiough the 

piCKinvT layers, while the ùirfural-acetic aolú-vapor ge- 



neratod  by means cf  tho botter v;pori/'\t:   ri.set   upwardj 

against   jt.   Then  t!if-   valer   •:ont.=»Jri^<.'   u:   tho   solution  nvti- 

poratef.   to  tK->  vapor  phes>.:,   a T.!  waterless   fut fura:   c.nta1" 

ning acotic   acid qa*h^ s  on  the bottom of   the  colui.m. 

Water-furiural-ace* J j acid-vapor fron th*¿  top of  the 

column   Is   led  tc   the adsorption  colaim?. 

The bottom liquid of  the deh/drating column,   furfural 

containing acetic acid  is  led  further to the distilla- 

tion column working under  vacua«,  to its  feeding point, 

from which the solution  flows through tne picking layers 

downwards.  The furfural vapoi  departing from the botto* 

vaporiser of the ccl'imp  flows through the packing layers 

against   the solution evaporating the acetic acid from the 

solution.  Above z e feeding point 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  furturaJ   from vapor. 

file furfural gathering as bottom liquid of the column is 

pimped with the furfural condensati  fro» the condenser of 

the adsorption column to the weak furfural tank. The fur- 

fural balance of the circulation is maintained by retur- 

ning a sufficient amount of furfural fro» the sepsrator of 

the distillation column of the furfural process to the 

weak furfural tank. 

From the upper condenser the raw acetic acid is led to 

the exhaust tank and pumped fro» tht*e further to the 
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rtflc**í*  ct.]i*Míi,   %**..>...%'  j;»'L:i   ....*•?•»     «iti   p. »»¿»ufe-»   lot 

formic   ««id if r i'-* • it-n.  MU <-#*•   -*»*   f * .tHi .*». ¡"in4,   .in   •»< 

tic  mir.   fr©«-  th-«  fe-ji  '«*   '•Vii*«-"  f*'   ,h*  fC-»irn   t1***-. 

tltroutfb  thf» identity  iiytn- aç«'.%ft   tho fioin* ;•»» »»ípu 

tin« fri»  to*«*«  tcld  ir»*  tu*  «'íU-tiun.   '*.*>•••-•  th#   f«*« 

4 i mi polita   ih» vApat  Mgwr  fttftHtii'  through tri« pACfctng 

!#£•*• At ti* AAM t4*w» i* t«i# f«*-t.u«s *c*d.   .•turweti 

tfc» upper rone»«««».,  fi»*« <^«r.i'-r* j«fc*:»t má ail* 

tit« «et»«*« «eád friw» th« va¿cv. 

the t«p   ï?  th»? ce»1u.*f   th** «nfj.i-'oactt1  tinte  \e*A  It 

led i» *|w »loi'j^e tAêik.   Tí*« tt«i» ..'.•*•   Vi« q¿th*»rla«| «i« 

bot tor   »elati"r ir pu»{«-¿  "»trough fit* h*»t •••nrhunaar  to 

th« »tor*««? tank. 

ftili* cotttltiwt.ru  ínfutül   pr©»;*«*•   .it  fti4iupp<wâ %#<tb nr. **>- 

VMKMd Címtrci  ay «it« »«d IMP *  «Mil deit nd ¿w ».«npot*») 

Mo corroAlcm occjf« *c  fch*  j»ry««*««i Jo«» rat •«! l#y Any 

»non-i »iìi«r»I *ria citaiy«^ i*h'. cH A»BO t(lv* polymt 

©«ifHÜm##Uo?i protuot»  i~*ö» ru» fui.il «hleh »ay »•«•»Ut In 

HAver» clocking of  fio pAA.nr. ©q«ii»»«rit  (10), 

On p«fe  54    yo<i|"find th* proc«H*  £1 ,w sheet of  tte 

Ros«nU.'W  fut Turai  plant. 

For   fai Uvsi    i .i¿orn..t< ion,   pitcur,   contact: 

Oy W.   KOB en lew    hb line) 1 net».-ir g  W<»r;:n 

2B    ni     lori   V.i    ''inland 
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d)  ;? L_M A F pA__îi:£.:Ar J*.'1*'.1? 
(new narv•:  Ccmpagnia Generale Impianti) 

This co.nnany propones a procesa usina i pr^hycirolynis of 

the r¿iw materia!. Hydrolysis is carried out with sui fu- 

rous anhydride aa catalyst. 

The corn cobs to be treated, upon arrival frota the silos 

or storage depositor Los, are conveyed to a vibrating screen 

The screen eliminates the sand and finer particles, while 

the material left on the screen is lifted, by means of a 

bucket elevator, to the impregnates which mixes it tho- 

roughly with the washing solution. This solution, compo- 

sed of hot water with sulfuróos -inhydride added, comes 

from the washing of the corn cobs. 

.of 
From the jrnpregnator, the.» mixture* corn rot« and solution 

passes successively into a hydrolysis tower what« under 

proper temperature and pressure conditions the hydrolysis 

takes placo. 

After  leaving  the  hydrolt*«r,   a  spicial  extractor sepa- 

rate-,  the srlid residues  fror, the pentosic water,  the 

latter being sent  to the conversion. 

Tn order to recover  the- pentoeic solution still  remai- 

ning  in  the wastes,   the   latti-r are kneaded    with hot 

sulphate wñt<-r  "om^¡¡>/   fj.oin the  »^sorption column. 

Tho  Vrvad:ng   t-.^k »-•.-.   :M..ìC\.   .;r  u  wa^ne-r j   •.-.hen  the washed 

i-obr,   aio   R>->p?r?í-..ev.i   fron  the   liqilt*   in  a washing extrae-- 



tor.  Further utlligation of  th« exhaust* 1  cobs can hti 

realized by burning the»   m ;% aoitahlf «t*»a*i «winarai» rj 

th« stea:n thus promue««! can be used  in rtw  ¡§«s« plant-, 

more specifically in tha hydroUiitrs,   In  tho conv«r§ioi» 

reactorn and   In th* diati liai ion coli 

By »eana of a heat axenangar th* pantotie «atar it ctx l«-c 

the ha at fraai this biting us*d to prntiaat ttta wathimj aoltt- 

timi to be sent to tha «apra*»*tor. 

the pnntotle wat«r,  attar  collection in a tank,  it 

v«yad by a onntslfugai puan> to a pomtmtmimt rmmtm» «#• 

viag previously paisa«! through ffllttrs and a heat «xchan- 

ger.  in tha reactoi  th«. pan totani arc @@ns>i.«*#ly t rana for 

me« into furfural.  Mtar  leaving the itMtor«  the soin- 

tion which contains appronJstttniy I*» • fur furai by 

weight is cooitd and colJ«a)t#4 in § tana. 

The Iteat axchângar has the íunction of cooling the furfu- 

ral containing wntar eosti 119 frisa th« rnactior ani «f prt» 

heating the pentosio vat#r dlrncfcid toward the reactor. 

at this point  it  is n*e««anfy to «llaingt« taw water in 

which the furfural la dissolved, Thus tht» fur rural contai- 

ning water is removed frost th« tank and sent te tha èia* 

tiilation column, fron *#hieh a technical furfural at *J i 

representing th« principal  product  nt  the  plant,  is ob- 

tained. 

Tho technical  furfural   is e©llect#d   in tha stor 



tankt and  sold dir«ci1 '.   ?hr  pl*tnt   v>w«»v#r  also  Has a 

d»leoniInuouM Apcaratuu   i or  th« production oC foidiltil- 

lit«  it;rfu'.»il  vt-jcn  i*   :ciUtt«<!  m>p«r«t«ly  in a  H tor 19c 

for further  informati on*  pie*s«,  contici  t 

Compagnia aumtal« n #1 tut ti 

Vii Itsbrîant    %4t    Ht lino,  Italy 
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Market  :¡ 

Noto:     Th • figuro» tnited ir. tìv; «itbfwquent chapter should 
be considerai as ordeif of aanjnitude rath^c than spe- 
cific '.fJr'JltitifcS. 

Utin Producers 

Th« Quaker Oat« Ltd.   is the main producer of farfural 

in the world« the International Petrochemicals Inc.  is 

also on© of the moat  important producers.  Their annual 

production capacity  is about  100,000 tons / yr but 

there are no published date available.  The used raw 

Btat3rials  are Lagasse,   corn cobs ami  rice husks. 

The majority of their production of  furfural  is used 

in the united States or delivered to Quaker Furane NV, 

Netherlands,   (wholly owned by the Quaker Oats Company) 

where furfuryl alcohol is produced.  However the U.S.A. 

are exporting some  turf ara i maimy to Europe and to 

Japan. 

At the Romana,   ine Central Romana  By-Producta Co.   Inc., 

a subsidiary o? the South  Puerto Rico Sagar Co,   furfural 

is produced with bagasse and sugar cane. 

The production capacity  is estimated   to be  20,000 to 
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25.000 tor». / yr (1970). Nearly the «mol« production 

is exported to the U.S.A. 

Si..ô£ïtttl*0i 

the Indunor S.A. produces furiural ••ÍW-fW*** *» *• 

production of tannin* «tracta, the annual product*** ca- 

nity is about 1,M0 tmw / yr OtKM. «* M*«*lty of 

thU furfur«! ^eduction i« «•* *«* th» «il r«fiai«i 

industry. 

tUEum 
There are two furfural producine cow©««!«« * âfrlfuran« 

h«« « production capacity ef about 4,00© to §,@t» *©»• 

per veer and Sica»ie produces 3,000 ton« / yr fltW. 

the first »entloned company uses corn cobi a» raw •»- 

mui, the second produce» furfural .efiy-produet In 

the cellulose manufacture. 

Furfural la mainly «M* *• oil refinim and by the 

"Usines de Melle« the Utter to produce furfuryl alcohol 

However the national production la insufficient to the 

interior need», thus France has to import about 2,000 

tons ./ yr O970) of furfural. The exports vary between 

400 and 1,000 tons per year (1970). 



Here   turf ora!   n  p¿od«.ct*J  ty  tvn  cmpai »os :   » .«iduqa  :, .;J.-V 

and   Sortetâ   J •".«liana  d     Tur furo ir. 

It P«em»  ,hac  the tot-1   production of  these  tuo ro*fJiueK 

AB around  8,000 hon* /  yr   <WO>   buf  «e- exact-. data #r^ 

avallaci®.   Raw material» are extrtets   «>i nd'blf chwst- 

nuts,  rie« husks and r«Badiles of olives. 

the local production qtianfity   .a f.s*ily sufficient to 

©over thè internai f*#«ds and thawtfors th«*« ar« no im- 

ports. On the other hand th« exports vary fro» »SO to 

1,60O ton« / yr   (moi. 

The Furfural Español  SA r-roduea« ebout  1,000 ton» / yr 

from olive kernels.  There art alno otiiar producers oí 

lea« importance.   Che PROFESSA   (Producción da Furfural 

y Derivados SA)  constructed a new furfural plant with 

a capacity of 5,000 ton* / yr which uses almond »hells 

aa raw material. 

g)  Finland 

The Oy W. Rosenlew produces some 1,000 tons of furfural 

per year (1970), startinq with birch wood. 



Tltrst»   • !»   r*»   -'Oi'Mi ' i» i»   pro lUCr   iur'm'iì   '4tl    f>ul|>   Ot   »«" 

f»n#»r   .-it   i» r. *. • r t « 1.   T> »Tt   **rr   no production d#t# »Viti' 

labi« bat  it  -•**»  ih d. rro..!«icMi»i\  v«ri»t nêtnly b«»céuM 

of t»chniiai  -jiif tcuitirt». 

U.mitfc-U0.*9B 

Th» :;ovi«t Uní «li ¿« « lorçr tur f »trai  prcéwtr* MnMMi 

profttactJáA i» *«ti««t*<i m I» §,wm tous / ft  itffW. 

U«ll«lìÌl.lllftU^*l«Vfttftt 

In th.1* country r?©«i*M***l*-s«  I» «•»t««ft to *• *lwi»fc 1#000 

t«H« p»r y« »x   il*7A|.   Io  3 »ter»* t* on  1» •»•Untele «* *«# 

r«« watwriai  as- a arri   internal «B«ì« Chin« i» opovtlnf 

furf'i*-r*î  MM l*: ? to J «pun«  to Wo»t»rn <terMMf an* t® 

Fiftitr«*. 

fel.*HI9 

Tht Stimi temo ."he«»i':*l Co.  prod*:«» furfural. Capacity 

is mßm&u  to b*?   »,boO ton« / yr   i i*»70> • 

U. Ine t.a 

The  M/r,  Nohr.on  Manuf ac t urinq  Co.   Pvt..   ltd.   in Ahmadabad 

Dr-, i  e;.«   Vt.'O  t ">n:?   /yr.   f'uli   plant  rapacity  ii»   1,000 toni 

fvr   • c.» i . 



fnt or natte"» r   fr >r"vt:   h:    »*it_T.-! 

Wain  fcfxpt*i * tfnj  Cfuntr   «-ì<  «ri  the I'jffiiftlcan Hapubiic,  China, 

U.S.A.»   itai>,   P. «nca *nc'   "';>vii !   Umor.   Main   importing 

Countries   -IT*   th!'   *'.í.h.\.,    'h*  'V-r,n*in t-*©á*»ral   Republic, 

Japan,   Frf.pcr,   ftí-í-iitm,   M->-> titer landn  «nel   Ht« M.K. 

UM *§t»rtd  tsade «luta a-. «* a» "ariawle a» ti«*««  far ti«» pro* 

éttetlo...  ï»i will  * tn<¡ <»t   »ho end ~f  this chapter additio- 

nal  statistic mai «»rial   c.>ncernln<i  ths nain  import and an- 

p®rt  c©ttntries. 

Ovar  • he» past  10 years ot   a*"* th*.* **>r\d market  for  furiarsi 

fias bmetì uncertain   ind erratic,   ¿ti  'he e*rly  î*éf»'s,  for 

•xsftpl«,  ttw «"»rid markat ns» adasjiM^ly ampliad t»y exlatlnq 

producers   - mainly   tha t'.S A.   N©*a*»#r#   Ih« «Kit   Hütwr.n öf 

if«4  in the ü.ß.A.  esalassi .-* considerable quantity of the 

maiseeot» >i«iafce  * «m« of  th#* principal *a*f •»»--•rial» » ani 

t«# ansai n<?  iwrfaral  r «or ta*? »wt, avNr.v/a<»o   tit»  follotrinsj 

year  by s  revolution    n  i.nv   ¡Jominirv» Hepubltc vit ioti IR ter* 

rupteé production io t;iat    immì-f.  Partly on account oí them» 

incidents  Uu pnnt. of tu®  U.S.A.  plann*! plant  to produo« 

tatr«hydrofui an ky-pAsaln«.  h.iriur»l.  Strict thm »id  tt€0*a, 

furfuijl plants h*v# come on str«j«m m Floride   (fiatar Oat» 

Ltd,),   in Te*.»«   (international  p«tro-C|wau<Mt» Ltd.l   and in 

Fifildr-.fl   (OY  «.   Rósenle«-) •   The«  developments  h«v« morn  than 

covered the  reduction  in   -"apaoity  e«iuw<id  by  the cl^sur«  of 

small   units in  Europ®, 



til "i» «M J'H vìon      !"t*f     «a»'    M'r »•>-...'    ti.<* ••;.?•     iHh<*£K*?ï   *hr<    thft'«* 

nituit i »n,>»,    f«ir»'-«j;i'?ic-i'--    ;.iirv'f-  v*r/   ir..-*' » o» pan y to com' 

fwtny depend u.a  up*j n **h<Mr   í nt> l'tM.  t»nd   iii*«ol/•«•nt   <n   •:!*• 

ia*»fi i:!,Mtl'*al   indutrv      «';ièt3    «jrf. eh.^icai,  » ui<ifêauîr@r 

«fho t*» no*-  - m> m,.¡è •.*>»>  pittiti;  front furfur«:  production 

»o ¡muh in '*#%»irH;j .! t"li*i»li'- Roarer Cat mmkkny fariurdi 

âtrlviytl»«» <fOïB«if»<'Jti#J  a warnet  r#«#*»••-'»    report «n  faceti« 

r«l IWI<4  *.t» d«ri*'ati*»^« .   Tti« efrn^ittfcî'-'f«  ,  rï©tra%©rar.«d toy 

%h« emupatiy** wn  n. »dirvi»,  wtti  *-.h»t  th« maurfc*.   tau ftcwiWf 

v«ry Blowly  «fwi What,   I» lit« il<ir»t  of eiriffr.Ln? «nd pUMmé 

mm wip*c>tyf  ih«i« would to« axe«!« r»^4C4ty ni»ich w©nMI 

r«#d!t   tr, a   feil  in ptt <-.«*.   to A I usui',  th**  fit»   *««*• t© IM 

»«•itlfWf ruj «ffart.  to «»«ter   furar» chat»teal  production. 

Ifsrld proriut tioi* of furfur:»]   tino   :..:.o venu facture of fur- 

fur*!   »K-ohn)   1« Jornal« to J   »>y   JUU"   I¿T. Ltd,  \rt*o #re ©f 

the opinion   it».!. •"". :<**rfu*t   i¿ 'ir»i¡»q- espcclttlly fewr  fur- 

fttryi »Iftotiol  end  )u «ter waM-v».^,  arvì are planning ftora 

c«fi#iuty for tho .-.lc'ìhol.   TV ir e. t»fustic view ot th« «tar~ 

iwt  In th«.:   -" ituu   «a  * .prwut»»*! by   ^he  i .vn. that,  although 

ttwilr U.R.   aK'ouM pimt   is wurft^ui  below  full capacity, 

tti*»y ?r* rnit-t. in« täi ;«t-»*#«   furfur ."sp-if.» t..y and adult that 

* h«»\  aro   In   a «-r- leu '«atr-d  ovr j   fip*»t    1.7  s; t-.uatlon whi«?h   !• 

! i K» t y   ».   <•• •   ti.*.   'Kîji^o:    fot    -fve^i   /.'.ut,   ct. come.  Th« 

w-ît'îii   ift"1     f'-íf   ni« c,.traì ,   t»:;pf  irtiiy    tt>    :h«t  U.H.ft.    imi 

W«.»nt--rn  »•-»*-»>•. ,   Jb 'iii,,4lv   dop'>,-,urt   upi.a   U.ls major  pro- 



durar which ran   torce up i>m  yt   e*-:  jy wiiKioldifi-' output. 

and hy choofiing m operate «t ruti cdn.r."t y it. :ar jnMuao 

a fail in prices. Thua »4 now producer it» unlikely to be able 

to «nter the furlur.il maikot unless he c«ti obtaii» a lonq 

tmtm  eon trac*, to sell «nd thir would ha/o to be at. a price 

below that normally quoted. 

fit» Has start««! to »ike inroad« into the U.K. market 

by aeHing th» Finnish production o«iow the normally quo- 

t«ë prie«, the rinn i »h furfural la claipwd to be of superior 

quality tieing p*I« in colour and over M % puro. This eora- 

pany ia of th* opinjon that the world market could absorb 

another 5f0©0 tons r#r annum of furfur«! at a p*i©e «near 

that normally quoted. 

©n «oecHint of »ora« lnpOi.-t.-jnt furfural consular s switching 

to synthetic processa« (for example Ou Pont Co.) and because 

of planned and proposed new plant in Puerto Rico and Ftn- 

land respectively, potenti*! supply in the future seems 

«t nNensnl demand by about 20,ööO tons a year, which with 

a tot»! world market of about 1 SO,QUO tens a year is a sl- 

gnificant proportion, in a free market situation one would 

«upnet * f«U in priée and in »id   19€S Quaker Oats Ltd. 

forecast a fall in the European price of ¿bout on« third 

when the Finnish output reached the market. Given the li- 

mi t«U number of firws at present engaged in furari chemicals 

production on a large ecala, there is always the possibility 
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th.it  prices  cc.n  ix   tua* nte f.ncJ   ut.  ~  hjerNn*   lovol   •-.hen would 

b<=! real) ¿ed   i--'  <•   frper market;   on  the    Lncv  ham,   if-   ax lu- 

ting plants  W-.re  opuri-- eu   at   *»i'*..J   capacity,   c! eto would 

be probably  ,,  do-vnw.nrî  mv«í;i'rc   fr prices. 

The opinion of  one company was  that a new producer would 

do better by manufacturing  the  alcohol  since   It  foresaw 

a stronger demand for  this rather than furfural  Itself. 

Three important factors may mitigate againBL this however s 

a)   the alcohol production require» considerable additional 

capital outlay - almost as much again as « furfural pianti 

h)  the alcohol production process requires fairly cheap 

supplies of hydrogen* 

c)   In the developed countries -   i.e.  in the ¡major markets - 

furfuryl  alcohol tariffg are,   on the whole,  higher than 

those on  furfural,  although new producers   in the Common- 

wealth would benefit fren Commonwealth Preference in the 

O.K. market 

The Quaker Oats company  i a  Interested in all  potential new 

sources of supply?  it would therefore be very  interested 

to hear more »bout any new propoeala for fnr.furai  produc- 

tion and the  firm would be prepared to investigate further 

the feasibility of a aoh»me  required 

It  apnenrs  that   the afor<smen;ionici  firm* regard  the market 

for   furiai a I   and   its derivativas   îS  favorable  only  on 
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account of their preset Involvement. The prospects for a 

new and independent producer are not really good unless long 

term contract, for the output could be guaranteed, several 

•"«ill plants in Europe having had to cease operations with- 

in the last five to ten years. 

51.Consumo t ion 

KM no eaaet fibres for the wrld furfural production are 

available it is not possible to evaluate exactly the world 

furfural consumption. Nevertheless, the total furfural 

consumption ean be estimated to exceed  150,000 tons per 

ye«. *a indicated above it is impossible to five a detal- 

lad survey of the utilisation of furfural, but the four 
nain uses 

- as starting material for the production of fur- 
furyl alcohol,  tetrahydrofurfuryl alcohol, tatra- 
hydrofura» and other derivatives? 

- as reactive solvent in the production of furfural- 
phsRol resinsi 

- as selective solvent for the separation of pa- 
raff in • and aromatic compounds in lubricating 
oil refining; 

- as solvent in the extraction of butadiene 

»•am 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 used - as mentioned above - in the manufacture 
of resins. 



bJ_Priçe..Histqry 

From  1960 to   196'3,   th'i rrices have been  etfible  till the 

great shortage of furfural   in   1965.  The  reasons  for  this 

shortage are not completely enlighted.  Officially,  as men- 

tioned above,   it was due to the bad meteorological conditions 

which damaged a considerable quantity of the maitecob husks 

and due to the events in the Dominican Republic in 1966. 

During thi» period of furfural shortage Quaker Oata Ud. 

developed its production but the prices rose up by 20 «. 

At the end of 1969 the prie«» again moved upwards in the 

U.S.A. 

According to the European Chemical News date«    from 14/8/1»• 

the prices have been; 

F Mk^Mk «-••/.   «« ,.TM   THI  ilr         -- -~3R--i 

U.S.A. 

cents/lb                   »/Ha: 
16                              20,90 

Belgium 

cents/lb 
19,1 

Franga 

FFAg       cents/l* 
1,85           15,4 

Ftd, Rto, Qer«*njf 

DMAg      cents/lb      LitAg 

Italy 

cents/lb 

United KÜ«*» 

pence/lb       oenU/lb 

1,54           19,1            302 23,1 21,50 

These prices arc to be  understood without  local  taxas, except 

for  Italy. 

Uucent  furfural  prices   (November   1973)   are i 

y  R.A ,  10,75 t    /lb 

Belolun«          24'5°       FB      f kg 



s'«l«rAl Reputi ir- -vf a«T)*n,v  * » !»* DU  /  k-, 

Italy        2*o Lit    /  It« 

United Kingdom        31. •€» %/100 /  kq 

The price  for furfuryl alec hol MM IS, 25 0 /  lb  (1970, e**t 

of Denver> . ) 

However,  mm furfural prices   /ary conüderatoiy it 1» not 

pott ibi« to make any pretu»pttone for tlm future. 

The tetrahydrofuran price a  in lots off one ton Including 

transport cesti were  (according to European Chemical Maw« 

dated fro« August 19'C) s 

MA, «»« 
œnta/lb fl/kf oents/lb W/kq 

3?, so »,m %,m %m mm 

DMAg cjenta/lb    Lit/kq       cent*/lb p*r»/lb 

2,79 34,7 €30 45,3 #• 

') Oil,  Paint and Drug  Reporter,  4/8/1970. 
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ÇL-lariceting 

1) Quality. Furfural quality is a very Important factor. 

For most applications it has to be extremely pure. Its 

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

ducer» would have to respect this demand of high quality 

and buyers will order samples for quality control. 

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

in the tables §, 7, 8, 9 and 10 (resent ehanges not' 

considered). 

faille   § 

Rates of Buty 

Country __«     i        I     Furfuryl fc**,ittks 

U.K. 12,5t r/:?r; 25 % pref jrential rat» 

U.S.A. 0 2,4 *Vlb Of 
waigfcfc • 12 % 
ad valoren 

EBC 7 1 ad valorem 
wits 

13,8 • plus other taxations 
ranging fimi 7 i to 
23,85 % depending upon 
oountry 

Japan to % ad valorem not given 

Australia 7,5 % 7,5 % preferential rata - 
free to U.K., N.Z., 
Canada and sosa other 
Qamnonwealth countries 

Staaten 9 % ad valoran 
(1972> 

i 

not given 

!   i^niJtiy 
I 

15 4 ad valomm 
(1972; not given 
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Table     6    continued 

Country 

South Africa 

Brazil 

Argentina 

) rJovenbar 1969 

Table    7 

frlirfural 

10 % ad valorem 

15 I 

90 I ad valoren 

Furfuryl ) 
Aloohol 

Roroarks 

»s. mnn'««f* iwi|>w>»iwi *T?f ^r• • F  - 

1 

19«» 1987 

Tfetal 

Quantity 
(TOW) 

Valus (US $) Quantity 
(foni) 

wm m 0 

14,7«) 3,725,482 14,430 4,126,503 

U.S.A. 12.600 2,989,373 13.309 3,717,04« 

Venetuela 429 142*118 487 156.548 

Trinidad I Tobago 113 37.100 3*6 125.282 

Netherlands Antillas 479 158,434 337 106,888 

France 458 156,515 - • 

U.K. 267 99,663 55 15,7» 

Japan 239 80,493 - - 

Netherlands 163 61,376 — - 
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Table    B 

intera! MwlAto of Qetmm  -   Wanrf of ftirfigjj 

(19ft) 

3,013 

ofttilflh   -   U.S.A. 1. 

Chini 

U.I.S.R. 

HUM of l*port« t    Un |   2*0,- 

MO 

TrtU    • 

(19«) 

^pp-  IBWPBB^R ^^R^jj^ps^^ 

4,613 

Jtv«iraot vtlo« of imperii  i    Ut I    4t©.— 
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Table    10 

Italy   -   aqaorts of Furfural and Brporta of 

Furfurvl Alcohol, TBtrahydrofuran and Derivatives (1967) 

of furfural s 850 tons at an average value of 580 US $ per ton. 

of furfuryl alcohol, tetrydrofuran and derivatives s 

TX%*& 1,640 tons 

of which   »   U.S.A. 1,200 tons 

340 tons 

Average value of imports : US $    630.-- 

3) Distribution,  in Nestern Europe ana In the U.S.A. 

distribution circuits generally are very short.  Final 
e 

t»eri normally bay directly fro« the producer  (or his 

representative)  or frost th« Importer.  In those countries, 

whose own production is not sufficient, the end users 

do not import themselves but buy fro» importing firms 

with better storage faeiliti«s. 

iiitogfc-lHWPPlRf and Transporting,    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 

changas its colour after some time.  This has to be taken 

into     consideration if transport out of the country is 
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envisaged. Fur furai is transported in tank-truck! or tank- 

wagon« or in barrels   (capacity from 20 to 200 litara)   . 

The containers have to be constructed of acid proof •tain- 

leas »teal. Beside this they nava to be abeolutely har- 

natic  (27)   . 

5) statistica. On the following payes you will find a 

survey concerning th« import» and exporta of furfural 

by several countries ove» tha period Ito« 1W§ %• Itti 



Table 11 

I mmmm 

w 
«4 

I 
r4 

BNP 

•"«91. 
li 
> 

4J 
•H 

1 

r 

r 

»A 

<3i 

^3 

| 

t 

2 il i 

h   1 

L-llL 

§ 
•v 

.     T  I •; l • I 
.11:' 

»5 

ìM 

O  J   o 

-< 

•m*-* 

8 

8 

-•I 
ta 

3 

8 

u\ 

3 
•Tft 

t4 

~w 

'ñ 

•»««•«•i 

2 

ö 

* 

T" "1 

o 

r-i 

<«r 

Wmmm 

;:\ 

< 
• > 

Ë 

i m—  

Ö 

O 

lr\ 

S 
i   90 

O 

lil   * 

i A 

È 

r, 

CA 

$L 

i- 

t.'l 

r < 

I 



Itohle 



ì   _ 

..'hl^ H 



- 7fl - 
Table 14 

••üMiHi 



Table 15 

>) - 

1 

g 
«% 

H 

i? 

Si 

ft 

§ s 
t 

•    i »i mi 

•M 

I 

¡   "    I 
i        I 

'   i    » 
-4—. 

fc 
J   I   o 

r- , ri 
où      v\ 

3 

8 o 

I     I 
i  !   i 

i .. 

9     o« 

o 

3 

•A 
«o 

tíI 

H 

(*,N 

« 

to 

o 

o* 

•r» 

I í . 

-i 

o 
»A 

»r» CM 

O   • 

»fN 

•A   j    H 
r-( -f 
r-i    I 

i" 

CO 

8 

-i 
6 

(4 r* ^ 

«   1 

—4- 
¡H 

3 

4 
H 

3 
o 

o 
fe 

oí 

Q 

(V 

H 
o 
3 

Tí 

O 
•H 
O 

(!) 

o. 
(a 
O 

!i3 

U 

I 

&_* o.'B 

% -H 

e S 

M .4 
I    « 

••i M H 
• «H 

3 g 

^^ r 
íí   O 
o a • ^ o 
M    U 

Ë    «* 
4 tí 

•H 
O +» 

T»     « 
O •  I 
M J.; 
O   '! 

Ç  n 



f 

Table 16 

•   >3C  - 

e 
c 

% 
U 
S 

ì 

1 ti 

t 
o n« 

•a 

â 



Table 17 

O 

s 
1 

•M 

4 

i 
i 

^ 

t 

è 

i 
* 

1.1 
m »< 

' • «* 

-      «( 

II 
t» 

!» H 

*» «H • *' 

II 



- t<? 

¡I 
ri! 

• i 

r;, 
V| 
.J» 

hi 



Table 19 

vo 

Vf> 

» 

« 

î 
c   I 

M 

•Jï 

s 

0» 

i M 

f 

a 

p" 

<M 

i. 

"A 

T> 

y» 

\Ô 

tí 
•o 
o 
f-í 

< 
I 

i   T» 

-*7 

fc 

ve 

Ü 
«r, 

VI» 

ve» 

*e 

oc 

ir 

<Vj 

tv 

ja. 

3 

w 
y. 

IVI 

A. 
»o 

vS 

% 
vo 

f 

fVl     J 

r-i     I 

& 

F- 



- ò4 - 

Lift of Furfural Producer» 

Th* Quaker Otti Company, Chemicala Sept. 

Chicago §4, Illinois 

International Petro-Chem., inc. 
Lafayette, Louisiana 

•»JL 

cantral By^riroouota Co»» Inci 

Ziiâttnor S.A. 
Leandro «. Ala«    -    896 
BuenoB Airea 

Société agrifurane 
34, Av. Ûm  Kfc^ne, 7?, Paris • 

Société Sicami• 
2? - Aliray 

BíSiff %• 

Società" Italiana di Furfurolo S.p.A. 
8, Via Aibrtcci, 036 Milano 

Ladoga S.p.A. 
Via Roberto Lapetit#  036 Milano 

§êéM 

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

Profuraa S.A. 
??, "ta Layetano, Barcelona 

Finland 

0y W. Rosen lew Ab, Engineering Works 
Port 
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German Federal Republic 

Schwäbische Zellstoff AG 
Ehingen / Donau 

Japan 

Sunitomo Chemical Co Ltd. 
15, Kitahama 5 - Chôme- 
Higaahi - Ku - Osaka 

India 

M/s Matto« Manufacturing Co Pvt. Ltd. 
Ahmed abad 
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List oí Furfural and Furfural Derivatives Coniurneri 

U.S.A. 

Acme Resins Corp. 
Forest Park 111.   (furan resins) 

Aristo Division, Ime Corp. 
590 E. Davison at Clough 
Detroit  Michigan  (largest supplier of "hot-feo* 

foundry resins) 

Ashland Chemical  Co., 
Division of Ashland Oil i Refining Co., 
Eight East Long Street, 
Columbus  Ohio  4321Í ^ t m 

(larfest supplier of "n#-»»fcsB 

foundry resins) 

Borden Cheta. Co., 
350 Madison Avenue 
New York  H.Ï. 1001? A    % 

(furan resins» phenolic resins) 

Carborundum Co., 
Bonded Abrasives Div., 
Niagara Falls, N.Y. 

(coated abrasives, grinding wheels 
graphite rods) 

Dures Division 
Hooker Chemical Corp., 
North Tonawanda, N.Y. 

(foundry res ina, ches», resistant 
bricks) 

Furane Plastics Inc., 
5121 San Fernando load West 
Los Angeles, Calif. 90039 

(furan resins) 

G. E. Smith, 
4 - A West Manilla Avenue 
Pittsburg, Pa.  15220 

(foundry resins) 

Haveg InduHtries Inc., 
Chemical Equipment Division 
900 Greenbank Road, 
Wilmington,  Del.  1980S 

(chemically resistant mortars) 



li. 8.A _^rmt 'd. 

Houghton, l.r. i Co., 
305 We-ct Lehigh Ave., 
Philadelphia      Pa.     1«133 

(turan rotins) 

3Ü    Co., 
2501    Hudecn ¡toad 
it Patti     1t,      Minn. 

(coated abraalve-s) 

Re ich ho Id Chemical« 
§23   North Broadway, 
Whit« Plain«,    N.Y.   (foundry reain«;  phenolic «touldin« 

roaine) 

Her ton   Co., 
50   New Bond Street 
Worcaeter      Mass.    OU04 

(«fcraeiwee, dindin« wheela} 

sir 
Wi Islington ¿a>i.     ititi 

Ífoundry rea IM i  plywood adhäsiv»«) 

Aihland    CheaUeai    Ltd., 

AaK«    A     Co«,   Ltd.. 
Victoria Norka,    Waterside 
Halifax,    ?oraa. 

CO., (U.K.) Ltd., 

Catalif» Ltd., 
14 Farm Mill Road, Maltha« 

9 è N Suppliers I*td.» 
S - t Hayne Street, Charterhouse Square, 
«orowR»  B.C. i. 
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United Kingdom cont'd. 

Fordath Ltd., 
Brandon Way, 
West Broinwich, Staffi m m 

(one of the largest suppliers of foun- 
dry resins In U.K.) 

Mitchell, W.A. • Smith Ltd., 
Church Path, Church Road, 
Mitcham, Surrey  (chemically resistant mortar») 

•erk Ltd., 
Berk Mouse, 8 Bakar Street 

11,1      (jobbers) 

tar assiduaIs Ltd., 
Plantation Rouse« 
muoia« Lane 
London E.C. 3.  (Jobbers) 

Hederlandao Castorolie Fabrlek Necof, 
P.O. Box 61 
Geertmidenbero   (Important manufacturer of foundry 

resins) 

frange 

Soc. Sapic, 
te Clos tarrois, Quai d'Amont-Creil (60) 

(important manufacturer of foundry 
resina) 

Fta«r*l »»public cf G»*maw 
jiiiin i, i..,..m   i.......-• ••         — • 

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

Farbwerk« Hoechst 
Frankfurt / Main - Hoechst. 

(ehemicalJy resistant mortars) 

ne.  F.  Raschi g GmbH 
Ludwigshafnn / Rh.,(largest supplier of foundry resins) 
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Federal Republic of Germany   ( -untd. i 

Hüttenes    -    Albertus,    Chero.  Werke    GmbH 
Düsseldorf - Heerdt,    Wiesenstr.  23/64 

(important supplier of foundry resins) 

Imperial - Oel - Iniport      KUers 4 Co., 
Hamburg 1, 
Bergstrasse 11    (jobbers) 

Keramchemie 
Siershahi», Westerwald 

(chemically resistant mortars, bricks) 
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Outlook 

f" 

Today the are* t furfural shortage during 1ft 5/««  It aur- 

«ountad. Production c*piölty ttoÄelly ha» rai»«« an* It 

it probable that f.he furfural market vili develop • lowly 

*m% steadily dor in« tht Wut year». «© NMM increase 

©f demand it enpectad but to« proéuttio» of fwrfwryi •!- 

cohol, whioh la «Mi in the manufacture of foundry ratine, 

teat atteint a« nxtraordinâry growth rate due to naw tachno- 

loqlat in making corea and mmlem» 

But alt© th« utlltiation «s aoivamt equally will to« !•* 

portant. 

Oft th« ethf \PT*ñ  ' *• *n p'iesi>lr.   «:bat  in «cm* caaat fur- 

fural will ba rabiatad by ot-ltar ©hetateal products in mit» 

procaine e, at fc*trahydrefur«n production fro« Du »ont hat 

shown. 

To aunnount thosi difficulties,   it is racommendable to 

new furfural producer? to combine furfural pr©*n©ti®ti 

either with th© production of furi-uryl alcohol or with tba 

production of paper or cella]owe,  at in thete CAM« fttf- 

furai appears aa^ low-priced by-preduct. 

investment costs   for a plant ue^ng bagasse at raw mate- 

rial and a capacity of 5,000 toni» por year may be betwean 
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1  and  3 million dollari  (no exact data can be given due 

to the rapid  prie« changes during  the last years).  This 

calculation does not include the yearly expenses which 

depend on salaries,  steam-, water-,   container-  and 

transport-costs.   If furfural production is not indepen- 

dent but part of e.g. paper production, production costs 

will be low and profits hifh.   Steajn-coats and feed-water- 

cost* are of great importance as    for the production 

®f 1 kg furfural about 25 kg of steam are necessary 

(depending on process used). 

fus mm usable by-products there are, the nor« intere• ting 

furfural production becomes. 

According to the storage difficulties, which have been 

mentioned above,  furfural should be sold as fast as 

possible. Thus it is recommended to envisage a coopera- 

tion with Quaker Osts (the Min furfural producer) or 

•it» another company, If the local market can a©t absorb 

a considerable- amount @f the production. Furthermore, to 

prevent a dscrsas« in quality during long distance trans- 

ports it ses*» to be useful to export mainly to the neigh- 

bourinf oountries. 

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. 

i 
i 
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