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Sunnary

Purfural waes obtelned in signlficant amounts by

the action of mineral ccid on penitose sugarc. Pentose

!c}

o

sugars are present in Julfite Bpent Liguors because of
the hydrolysis which takes place durinz the »ulping.
The dehydrating action of the acid on the pentoses

takes place at abeut 100 degrees Centigrade. The fure

uor and can be purifled Lurther by fradtional distii=-
lation. Hardwood Sulfite Spent Liquors gave the
hignest yields. This is because hardwoods cbntain
more five carbon sugers. 4 magnesium dbase bigulfite
cook gave the highest yield with a calelua basze acld

€00k in second placs.
Dackground and Theory

Becauss of the‘multipliotioy of producits that can
be derived from the furans, especially the difuncitional
gliphatic and olefianlc types, and because furfural is
the most economical source of furans, it undoubitedly
has great potential value as 2 chemlezl intermediate.
Smuk and Harris (1) made the statement early in their
report on the economics of producing furfural fron
%¥ylose solutions,., Thelr statements brougét out the

fact that furfural was becomuminz & nost iaportant
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¢henical. Solutlions of pentose sugars walch result froa
industrial processing of wood willl nresent a great Probw
leomy contributing to strean polution, These solutionsg
aight Lind & useful ouitlet by belung counverted into fure
fuials, The object of this work was to deterzine if
significant aaocounts of furfural could be produced from
spent sulfite liguors.

Presently, furfural is produced from agricultural
wastes, mostly corncobs,; cat hulls, and cotton seed

3,

hullse Three plants in the United Sitates produce about

ey
L 6]

100 million pounds of furfural per year. The standard
“$operation involves grinding raw mﬂteriai, iggyggn&ting
it with dilute sulfuric acid and hestlng the mixture
for two hours at a steanm pressure of 100 pounds per
square inch. There is alsc 2 9laht producing furfural
.dia tne Dominican Republic,. o
Furfdral in the past hag had relatively few indus=
“erial applications. It has been used to obtain teirae
hydrofuran, a solvent for Crignard Reactlouns,; and wore
comaonly as a starting polint for preparins nylon polymer.
The processes for obiaining nylon and tetrshydrofuran

Lrom furfural are glven on the follewlng page:s
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1.) Furfural to Tetrahydrofuran
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paze 6

o obtaln some obther consbiituents tesides furfurzl such
as the celluloge fractiony in order to make the prod=

uction of furfural from wood profitable,

‘1]

¢ manufaciured directly by

gsubjecting wood wasie to the action of dilute mineral
acid at 100 degrees centigrade snd above. The agueous
glucoge sclution may be fermented with yeagt to yleld

ethyl alcohols Under these conditions most of the Pﬁu“

s

nt

o

tosans e wood are converted into furfural whica
v be separated from. the agqueous aleochol by fractional
distillation., This clearly indicates thal spent sulfite
liguors could be used sz a source of furfural. Speal

sulfite liquo;

¥

s present certain special problems of
being very diluts and contalinling many constltuentis e¢ther

shich furfural is made, Harris and

3 - -
than pentosans {ro

5]

gnuk {1) have shown thet the nmore diludte 2 solution of

bhe yield of Iy

ci'

pentosans, the lower

2
stituents preseatv in spent sulfite liguors nay

O
O
[

easlly interfere wltk {furfursl production since fure
fural is so easily oxldized and reduced. Sulfur die
oxlde dissolved in sulfite spent liguors can be harmful
because it is a nild reduecing agent, powerful saough to
reduce furfural., Glucose alsoy according to Harris

and 3muk, can have a detrimental effect on furfural

[
Q

reduction and results 1n losses as hizh as 17 pesrcent.

ke
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4% low concentryatlons of piucose and usizng hligh teap-
eratures for conversion of pentosans to furfural, hove

gver thia drop in yield of furfural, due to the nresonce

ical compounds present i
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ineluding plucose and pentosans are shown in Table I

Table 1

Oongtituants Conprising
Speat 3ulfite Liguors
SOMPONENDS CONCTITIATION
3
Aceotic Acid . PR T A S Y 1;5
Hethanol o o o o « « » « & Qe
XYIOSB ® v 9 ¥ N & & O 9 # 6.0
Other organics « o« s o o » 1.0
Sulfuric Acid N T N ov?
Ash # 6 ¥ ¢ % ® ® ° ¢ ® w @ 005
Hater * ¥ % B & b B w9 88‘1

%3
[

ZOZAL n w8 » #

»
*
.
R4
a
-
-
8
.
<

wihen coaverting a mixture of this nature into
farfural, the two greatest process costs besides
equipment are steam and acld, The yleld of furfursl
“is ralised consilerably with the addition of "seid at
low initial acldity levels, but the effset levels off
after the acld concentration reaches 12«16 pounds of
acid per 100 pounds of solids. This azmounts to about

0.8 pounds of acid per pound of Furfural produced().



vage

Also in furfural production a high temperature is

ocradster the

N

beste The nigher the temperature the
stean cost howevers, The heat must furthermore be
recovered as far as possidble., If no heat were re-
covered, about 60 pounds of steam would be reqguired
per pound of Ffurifural produced. The problems with
‘ heat recovery ars complicated by the bad foullng
character of the sugar soluntions used, adaptations
couwld be made which would result in reasonable ro=
covery of heat, These adaptations would peramit
conversion of pentose soluticns to furfuwral on an
industrial scale (1). The process whicih actually
takes place during the formation or furfural fLron
a pentose sugar molecule involves dehydration and
ring closure of the molecules The mechanism is

given on the following page:

3
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3.{) Peuntose Sugar Molecule to Furfural
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The followinz spent sulfite liquors were anale-

Ma%nlas TT

oy DS L

Characteristics of
Spent Sulfite Liguor sSeaumples
aupla Cooking Neutralized © Volitle Wood
NO. Bage ﬁo%gds Sollds  Pulped
(%) {7)
1 ¥HL* acld 10.80 .54 softwood
gulfite - '
2 Ca¥* acid =
© gulfite 10451 7«35 . softwood
5 Hg'T bie s
sulfite 116§ %425 ' Taspen
4 Ca™ acid 9417 577 aspen
sulfite
Equipnent needed included a Spoctromeber 20 alons
with beakers, {lasks, ete, Reazenis needed were pure

)

furfural, oreinol, concentrated hydrochloric acld,
and & sodlum hydroxide solution of known concentrae

tion,
Bxperinental Procedure

In order to aralyze the spent sulfite ligucrs

for furfural; each sanmple was treated according %o




Le)
{o
&2
@
b
(€]

proper acld concentration in the flask. The dige
tillates were anallzed colorimetrically with the
Spectrometer 20 at 630 milinlcrons, and compared

-

curve ag prescribed

clinol was used as the
Mwve runs of esch liguor sample were taken to
zive an aprroximate distribution of yislds of furw .’

fural possible.

Bxperimental Results

The results from the analyses of all of the

spent liquors yielded the following data as shown
1%
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Table IIX

Purfural Yields
Lfrom
Spount Sulfite Liquors
Without Using Lewis Aclids

dveraze Yield

of Yield Range
Furiural
8ubi o E40=9,2%
17488 15,0-18.0%
21 .0% 19,0-22,2%

30.0=24 4O

Table IV -

; te Liquors
Using Lewig Acids

Average Yield

of Yield Razunge
Puxrfural
10.7% GeB=1142%
15.3% 13431705
42,3% 50.1=4343%

3802% 36,2”3905%

page 14

Yield
Biffegence
i
"20%
20%
15%

; . ‘ 3/’3 L

Yield
ﬁiffe;ence
{%)
20%
204
T+5%

7+63%
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Discusslion

The data, suamarized in Padbles III and IV, show
that spent liquor fyom softwood sulfite couks yields

£y

very smaell amounts of furfural in comparison with

£

gulfite spent lizuors frox pulping hardwoodsw The data
also indicate that the presence of & Lewis acid sig-
nificantly increased the yield of furfural when
calciux ion was aot used as the pulplag base. IT has
already been mentioned that the calcium iéﬁiis itseld
a weak Lewls 2eids Therefore the addition of another
Lewls acid had only a small effect on the yleld of
furfural from a caleciun base sulfite spent liquor,
The sﬁrprisingly high ylelds from samples 2 and
4 were checked and rechecked %o be gure thet the re-
sults were valid, According to the results shown,
the yields of furiural from the two samples were the
‘most conslstent of any of the samples used (sece per-
cent yield difference in Tables III and IV),
Recovering furfural from Sulfite upc Liqaors
wqu;d relieve stream polution by reduciag t;cmﬁio~

chealezl Oxygen Demend (BOR) of the spen

b
"..l

o
©
o
+
»

1

.........

Spent liquors contala sugar molecules and polymers
of thaese molecules, These aczomers and polymers disge

solved in the spenl liguors are responsible for the
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high, immediate BOD ol the spent llguor, During

the conversion of these liquors Yo form furfural,

the sugar polymers are hydrolyzed down %o %ha'ihdivid~
ual monomers. These momomers are than chémigal;y

/o

a9 ghown on page 9 and are evaporated from tae

H
<%
(}4

C_*}‘
&
Fiy
%

spent liquore

In an ordinary sulfite coolking andﬁﬁéccvery
system, furfural could possible be obtained iz sigew
niflcent emouats without the 2id of added acid. The
sulfite and bisulfite liquors are “ufficiently acld
‘gunough of uhem elves to reduce a pentose malvaule to
furfural;; Therefore, one might expect to £ind fure
fural in‘the relief gasses of a sulfite of bisulfite
cook and also in the blow gasses after a éook is cone
pleteds In a sulfite recovery process itimay also
be poszible to recover furfural without ﬁéd‘much added
installation of equipaent., Due to the tremendus vole
wses of speat liquor which would be proceésed in a
‘day's time, the amount of furfural whlcn could ve
produced per day could be quite a oiznificant qusa ntity.
Recommendations

for
Future

{43

Hork

Some further resesavel pogsibllitliss iavelving

furfural production include the couplete chemical




analysis of the distillate; determination of the hesgt

possible positions in an ordinary sulfite chemical rew

v

covery system to draw off furfural; and anzlysls of
digestor reliel gassss for furfural content and re=
covery 6f thls furfural if present. |

A complete chemiocel analysis of the distillate
would determine Lf other valuable chenricals are present.
It was noted that the distillates from Spent Sulfite
ligquors were more highly colored than digtillates
from pentosan deverminations of pulp. Therefore it
should be determined if sny of the highly célored chene
icals present react with orcinol to produce & blue=-
greea cclory or 1f they themselves are bluefgreen. 4
there are blus~-green colors prescont beslides what the
oreinol plus furfural reaction produces..ther@ will be
. .errors introduced..

Regearcil into the possibility of obiaining fure
;g?al from a sulflite mill which recovers its, gchen=-
fcals is a zood idea, It could provide a markétable
side product wnich could possiblec be easily recovered
and wricoh would improve the sconcnics wasulfita‘ehem-
ical recoverye ‘

Since sulfite and even blgulfite cooks are quite
acid, & geod possibility exists that furdfural is
produced in significant amounts riznt in the digestor,

Thieg furfural could be recovered by condensing




vor reliel gasses or blow gasses and treatling

@
3]
oF

the condensatve by fractlonal dlstillation to obtain
furfural, This would also ve a wmeans of obtaining a

arketadle silde product £roxz a sulllts mill which

H

dosg not recover ibts cooklny chemicals.

Prom the exverimental evidsncs contzined in
tais roport, the following concluslons appear Warw
ranted.

1.) Higher yields of furfural were obtained

fron hardwood sulfite gpeut liguors than from sofie

wood sulfite srnent liquors.

a

2.) Higher yields of furfural were obtained
‘Wnen the spent liquor was treateld with a Lew{é'ééid,
‘excent when Calcoium ion was the pulﬂinﬁ base.
3.) Withoubt the aid of a Tewls acid, sulflte
gpent liquors having a calcium ion base gave nighest

furfural yields.
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