IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1932
The production of furfural from concentrated
solutions of xylose

Richard Lindley Foster
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
& Part of the Biochemistry Commons

Recommended Citation

Foster, Richard Lindley, "The production of furfural from concentrated solutions of xylose " (1932). Retrospective Theses and
Dissertations. 13327.
https://lib.dr.iastate.edu/rtd /13327

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13327&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13327&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13327&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13327&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13327&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13327&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/2?utm_source=lib.dr.iastate.edu%2Frtd%2F13327&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/13327?utm_source=lib.dr.iastate.edu%2Frtd%2F13327&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

NOTE TO USERS

This reproduction is the best copy available.

®

UMI






Signature was redacted for privacy.




UMI Number: DP12445

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized

copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP12445
Copyright 2005 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



-T-"?z._&%‘\:'g | 1?72 6~ &
¥7%5\-?

This oeccasion is taken to expreas appreciation to
Dr. Ellis I. Fulmer for suggesting the problem and for valu-
able advice and eriticism throughout the progreas of this |
investigation.

The wriier also wishes to sxpress sppreciation to
Dr. L. . Christensen and Dr. R. M. Hixon for their intereat
and helpful suggestions. |

T 4358



e

LB o vt oecte e se s o e e s . gEITOH NUOIVEELIT TITA
%/ - - » - i d - - - »* - - - w - - k] -~ - » -» * lmg 'm
vy t

%‘ b sse-;;&x Wodg SpIeTi ITsangdang
Jo £a1yrquies oug uodn pue IOH N $2°0
Jo uopgnajuseoued ucy uedoaply Jueseddy,,

oy uodn TOBN JO 300JJH SU3 JO UOTIVISIIOD *D

&% - * * Jegmp Ul [sangang Jo (I@yjuesod 19T
|| -weup) £3y1TanTos eus wodn TOHBN Jo 300JJH oyl *d

LT f v s e+ s = s -+ To N §gtQ JO UWOTYEA3

.11 -ueduopn uol uoBoaply SJueawddy, ey wodp

' ' ‘tﬁ“ﬁ Jo suoigeagusouo) Iurlasas Jo ﬁﬁ‘ﬁm sy v

w "‘I\_‘i}i"’l" 2 & &£ ® # @ & &5 B B & ®H:& # Iﬁ‘g giﬁ %@%ﬁé
FRN w A" GELOFEAAY SV IVHASHDS J0 XLITISNIOS HEHL

L L GRY TOH R 98°0 40 NHOILVHINIEDNOD NOI ﬁﬁ%m

[ .ANSUV4dV.. HIIA STIIIX TVEAJEOS 40 NOTELVIAWH

88 | TOH Pue TO®H JO SNOILVMINZONOD SOOTHVA JO IOULSE *A

92 * » =+ o » FUOTITPUCH FUSGEUCH SVIMISYRO
. aepup esofY JO WOTIWLIUSTUC) Jo SOUSNTIUL *d

\k‘ ‘\‘.\
%g‘ ¥ u - O & % & % & & ® ngmﬁgﬁ %mggws
wwm Sepuf SOTYBY SUWNTOA JO eduenlJur O

o8 “\:Qltiilﬁﬁﬁltt“@‘{gxama’g&#m
*"ﬂ'{ﬁ& PUe ReanixIN TOH-TO®N pPU® TDH Jo eBj g

6: o.‘%y‘]"t - w * &% = ® & ® & % &g‘ﬁn{xxza g;ﬁtgw #v
SENTNIYAINT KMVNINITEE AL

er + rg- <ot -t v+ SHOLLYIOS HSOTAX WOUS TVnd
" -¥ad 40 NOTIONAOMd HHI HOJ ZUNOIOOHJ TVLNANT *ITX

i INTOL S0 ZLIAVED DILIDELS *IX
? :\\\ t a& “‘ P I T A T D T R R T ST SN S S 2 ﬁezmm ILET ;
g * )F,‘ \» T A Y. . T T T S S S S YR Y Wmmﬁggg

\
\




- 4 -
I. INPRODUCTION

One of the outstanding achievements in the utilization of
agriculbtural wastes for the manufacture of industrisl chemlcsals
is the development of the furfural industry. The raw product
is the cat-~hull which might more properly be called an indusg-
trial waste rather than an agricultural weste since the oat
hulls are in a way analogous to the industrial wastes of the
packing industry. When 1t is considered that one company ¥
alone, Ths Quaker Uats Company, at Cedar Rapids, uses in nar¥
mal times about 30,000,000 bushels of oats per year in the man-
ufacture of rolled oats with a yleld of about 400 tons a éay
of hulls the magnituds of the problem of the profitaeble utili-
zatlon of this industrisl waste is evident. Of these hulls
the Quaker Oats Company utilizes about 40 tons per day in the
mamufacture of furfursl and st this rate produces aboub
2,000,000 pounds of furfural per year. The potential yield of
farfural from this source alone, that is from the oat hulls
from this one plant, is then tremendous and accounts for the
large emount of regearch to find new uses for furfural. It
should be pointed out algo that additional sources of this
chemical on a large scale are other industrial wastes which
are already concentrated in the wvarious centers and include
such materials as cottonseed hulls, rice hulls, peanut hulls,
straws (inecluding corn stalks), corn cobs and the like.

The furfural is at present produced by heating the oat
mlls at about 60 pounds pressure with, usually, about 6% sul-
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feasible these studlies must e mede on concenirated solutions
of xylose, at least 10~25%. |

There are many contributions in the literatuffe on the quan-
~ titative production of furfural from xylose either with a view
L ods for the pentosans or
. for studies the mechanism of the resction. In all of these
investigations very low concentrations of xylose have bsaxx em~
p&.mﬁ, usually sbout 0.1%, and the furfurel recovered by pro-
longed digtillstion. The analytical methods have been oritical-
1y reviewed by Kilne and Acree {1932). Hurd and Isenhour (1932
a,b) have recently discussed the mechanism of the reastion us=
ing in their astudies very dilute solutions of zylose. They
found the mechanism to be a unimoleculsar dehydr
énd studled the effects of various scids, salts and seversl eom-
binations of meids and salts the resction.

The first problem to be solved in the production of fur~
fural from n’m:xg xyloge solutions ls the prevention so far as
posaible, of the polymerization of the furfursl in the reaction
mixture. 7Two possibilities present themselves, firat, the re-
moval of the furfural from the reaction mixture as rapidly as

ation process

it is formed, and gecond, the smployment of less drastic re-~
agents and lower btemperatures.

This thesis deals with the quantitative and detailed
studlies of the Wmipl&z developed by Prs. Fulmer, Christensen
and Hixon in thelr preliminary studies of this problem. A
brief review of thelr methods and results will now be given.



w&m reference to the points mentioned asbove, théi; is the rapid
removal of the furfurel as produced in the resction mixture and
the use of less drastic reegents and lower temperatures, 1t
sesmed feasible to heat the xylose solution and reegents in the
presence of a solvent immiscible with the reastion mixture but
in which the furfursl is very solubls. The solvents employed
were carbon tetrachloride, benzene, and toluene. The method
used was to reflux the solution with the immiscible solvent at
atmospheric pressure and to snalyze the solvent for furfural.
The furfursl content of the solvent was determined by means of
& shalnomatie Westphal specifie gravity balance. It was found
that within reasonable accuracy the specific gravities of the
furfural-golvent systems are a linear function of the composi-
tion. | |

The reagents employed were various combinabions of NaCl
and BCl. It is well known that the addltion of HalCl to HC1
solutions has a8 significant sffect upon the activity of the |
acid. The dats obtained by Bowe (1927) are especially perti-
nent to thie problem. He compared the effect of variouas cone |
sentrations of NaCl, NaBr, and Nal upon the “apparent™ hydro-
gen ion concentration, as determined by E.HN.F. measurements,
with the rate of inversion of sucrose by these aystems. He
found these salts to inercease both the "apparent™ hydrogen ion
coneentration and the vate of inversion of sucrose by the 0.1 N
HC1l. 1In the presence of 4 N concentrations of the salts the
“gpparent™ hydrogen was respectively sbout 5, 7, and 10 fold
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that of the scid alone with the rate of Inversion of the suerose
increased in about the same order. The order of efficiency was
Gl<Br<l. These findings are in harmony with the generallzed
statement by Buchanan and Fulmer {1930) to the effect that if

chemical, X, is bringing about any reschbicon, A, the addition of
any chemical, ¥, which in itselfl does not affect reasction, A,
but decreases the solubility of chemical, X (that is incrsases
its chemical potential) will inbensify reaction, A.

With these principles in mind, solutions of xylosze in the
'presancﬁ of dilute solutions of HClL, to which varying quanti-
tiles of NaCl were added, were refluxed st atmospheric pressure
with the immiscible solvent. The NsaCl not only inereased the
activity of the HC1 but also decreased the solubllity of the
furfural thus leading to a further advantasge by incressing the
s0lubility of the furfural in the solvent permitting its more
complete aﬁdvr&pié removal by the solvent.

The resulis may be summariged briefly from data obtained
by use of toluens as the immiaeibla golvent. With the use of
xyloge with 0.50 N HCL and concentrations of NaCl of 0, 5, 10,
15, 20, 25, 30, 35, and 40% the percentage increase in furfur-
al yleld waas resgpectively 0, 42, 44, 98, 138, 154, 203, 233,
and 251% showing the marked effect of the presence of the salt.
The maximum yield of furfural was about 70% of theoreticel af-
ter refluxing for five hours. It was likewise found that with
the use of 25% NaCl the yield of furfural reached a maximum at
1.00 ¥ HC1I with no further inerease, but s slight tendency to
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drop, at 1.28 ¥ and 1.50 .

The salts NH,Cl, NaCl, and ZnCly at equal normalities were
compared at 0.50 ¥ HC1 and it was Tound that the NaCl gave the
highest vields. However, bthe other salts did increase the
yields several-fold. This comparison is of course not final
but preliminary. These workers likewise studied the production
of furfural from strong solutions of xylose by the following
salts without the addition of acid, NWH.Cl, (NHg)gS0,, NH HgPO,,
¥H, tartrate, ZnCly and Alz{(S0,.)s, Cally, NaH3O0,, and NeCl. |
Detalls will not be given here except Lo state that all of
the salts except the last three gave conspicuous ylelds of fure-
fural. The effective salts are all known to be dehydrating
agents to which thelr action must bﬁvattrihutaa.

The methods developed above were used in the preparation
of furfural from oat-hmllis. ¥Yields as high ag 18 grams of fur-
fural per 100 grams of hulls were obtained or a yleld of 90% of
theoretical, This should be compared with the maximum yield
of 12.6 grams or 60% of theoretical reported by Brownlee (1925)
obtained by present methods. The residue, which was dried af-
ter removal from the liguor by suctlon, was a golden brown
¢olor and there were no tarry materlals present making it smen-~
able to further chemieal elaboration.

As stated previously, this thesis 1s concerned with quan-
titative studles of the preparation of furfursl from concentra-
ted solutions of xy&ag& using the methods outlined above. These
studies include the following: the agcurate determination of
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the apecific gravities of btolusne~furfursl systems; the rela-

- Tion of the concentration of xylose to furfural yield; the re-
lation of the relative volumes of toluene and solution to the
vield of furfural; the relation of furfural yleld to various
consentrations of HCl in the presence of various concentrations
of NaCl for varicus periods of time; the correlation of the in-
ereased ylelds due to the presence of the RaCl with the affect
of the salt upon the “apparent” hydrogen ecncentration and the
éfr@zt ar‘ﬁha salt upon the solubility of furfural.
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II. SPROCIFIC GRAVITY OF TOLUENE-FURFURAL 3CLUTIONS

Ap atated prewiocusly, the furfural content of the toluene-
: solutions %g datermined by means of a chalnowmatio
Westphal specific gravity 3;&13::&9, This analytical method is
based on the determination of the spesifiec gravities of pure
tolusne-furfural systems.

The furfaral ussd to prepare these solutions was obtained
by purification of technieal grade furfural, furmmished through
the kindness of The Quaker Oats Company. It was treated with
precipitated mlﬁim earbonate to remove any scids gre&am:,

The smount of sarbonate added was sbout 10% of the weilght of
the furfural. The mixture was stirred th

bonate allowed to settle. The supernatant liquid was distilled
under atmospheric pressure and the middle portion of the distil-
late, boiling at 158-160°C., was collested. This fraction was
again distilled. 7The portion of the dlstillste collected boil-
ed at 159°C. (uneorrected). Evans and Aylesworth (1926) give
the bolling point of furfural as 159.3°C. (uncorrected) and
161.7°C. (eorrested). The furfural obtained in this mannes
very nearly water white, having only a slight yellow color.

The specifie graviiy was found to be i&sw‘fﬁsﬁ or 1.,1544~
25%/4°, This wvalue sgrees exactly with the specific gravity
reported by Nains (1922) which is 1.1544-25%/4°.

Hsllinckrodt's C. P. toluene, used ss the solvent in pre-
paring the toluens-furfural systems, boiled at 109°C. The
specifis gravity was found to be 0.8644-25' '
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- make the solutions of furfural in toluene correspond to the
solutions obtained experimentally, the toluene was saturated
with water., The specific graevity of the %:ﬂlma after shakiag
with water was 0.8645-25°/26°.

| The toluene~furfural aolutions were prepared by diluting
the required weight of furfursl, measured from a burette, with
toluene to a volume of 100 ec. The soncentrations of the solu-

tions sre expressed in per sent {grams per 100 cc. of solution).
The specific gravities of these solutions were determined by
means of the chainomatic Westphal bslance. These data are glve
en in Table I and plotted in Graph 1. In the columm “(a) ¥ cal-
gulated™ are given the percentsges caleoculated ﬁ*mn the eguation
for the straight iine found by the method of least squares, |

Y = 0.0025673 X + 0.B&4bS ‘ {1}

in which Y is the specific gravity of the solution and X is
the per cent furfural in the solution. In the column ~{b) ¢
salculated™ mre given the percentages calsulated from equation

{2}3 |
By = Sy ¢ Sl 55, 3? {2)

in whish 8g represents tha specific Mﬁ? of the toluene~—
furfural solution, Sy snd S, are, respectively, the specific
gravities af the furfural end the toluens and X is the per cent
furfural in the solution. Substituting in equation (2) the
“walue for the aspecific gravity of the Wﬁ; 1.1578, and the
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specific gravity of the toluene, 0.8645, equation {(3) is ob=-
tained,

{s)

Table I

The Specific Gravities of
Poluene~Furfural Systems at 259C.

3 : 3 {a) T 157
Forfurel 3 £ aloul : & Calculated
T : - e
- g 1 4 ) s ‘ 0
2.5 5 H t 2.44
5.0 s o s 5,01
T «B H 3 - 7.58
10.0 3 s 3 10.23
15.0 2 t 3 15.31
£0.0 s 3 - 3 20.31
%0.0 $ H 2 30,35
40,0 3 % s 40,47
. 3 S -
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III. EXPERIMENTA |
OSE SOLUTIONS

PRODUCTION OF FURFURAI

The procedure used in carrying out the investigations on
the production of I
the reguired number of grams of xylose snd sodium chloride were
weighed out and placed in a 250 co. Pyrex sxtrasstion flask. Us~
ing & paipakte, 50 ce. of
added to the sugar snd sslt solution in the flask. The volume
of toluene, in prectically all instanees 50 co., was measured
in a graduated cylinder and added to the flask. A few small
pleces of unglaged porcelain were added to prevent bumping.

The reaction mixtuxas wore usually prepared and refluxed in a
aerlies of ten, Before the mixtures were refluxed it was neces~
sary to rotate the flssks a few times to loosen the undissolved
xylose from the bottom of the flasgks. The xyloses dissolved
very readily when the solution was agitated. If the xylose re~
mained undissolved, it cherred when the flasks were heated
thereby lowering the yleld of furfursl.

The flasks were placed on slectrigal hot-plates and re-
fluxed using Wiley conder
of blaak tin tubing, colled sbout itselfl three times and
-soldered into a flanged dise which fits the mouth of the flask.
This type of condenser proved very efficient. The condensers
were suspended above the four hot plates by running the rubber
' tubing connecting the condensers over a rod sbove the flasks.
%nen the flasks were in position on the hot plates the weight

fural from Xylose soclutions weas as follows:

drochlorie acld solution were

sers. This condenser iz constructed




of esach condenser was carried by its respective flask, thus
- relieving the rubber tubing of strain. Walter was passed
through the condenser gystem during the refluxing period.

The hot plates were turned on and sllowed to heat before
the flasks were placed in position. By doing this bolling
am@ﬁ in about five minutes after the flasks were placed
on tim plates, The plates were adjusted to “low™ heat and the
mixtures were sllowed to reflux for the required period of
tm, The mixtures boiled guietly and the condenssate fell from
*k)s;ej aaﬁmnsﬁm at a rate of about ten drops per minute. Five
minutes before the end of the refluxing period the plates were
turned off and at the end of period a piece of asbestos board
was inaarﬁad beneath the flask. Boliling ceased almoat 13
ately. The flasks wers removed from the hst,giataa and placed

in a shallow pan of water to cool to room temperature. When
the flasks were cool, the mixtures were filtered by #mhizm |
through & Buchner funnel to remove solid materisl. These solid
residues of the reastion wers blaeck, having the aypw:a of
finely divided carbon. Hurd and Isenhour (1932 a) reported a
similer resldue and mrm to 1t as "humus bodles™. ﬁ‘he re-
astion flasks were m&s& with a few cublic eentimeters of tolu-
ene rﬁieh tm then poured over the realdmne on the filter. The
filtrates were transferred to separstory funnels and the water
w&atim were removed. The toluene layersa were run into 150 ce.
bottles. The water solutions were then returned to the separa-
tory funnels and shaken with sbout 15 cc. of toluene. The



- 17 -

water solutions were again sepsrated and the toluene layers
added to thﬁw_v respective bottles. The color of the tnlusm
solutlons varied from eezuriga@ | to & deep raﬁéi&h brown de~
pending upon the treatment which the mixture had recelved.
The more drastic of the treatments produced the darker colors..
The bottles were placed in a constant temperature water
bath adjusted to 25%°C. When the tolusne solutions had reach~
ed the temperature of the bath the specific grsavities were de-
termined on the Westphsl ehaimamt&a balance and the volumes aof
the solutions were measured. 4 flnal check of the temperature
was made after the aolution was ?&aﬁuﬁ in the balance case.
The plummet of the balance contained a thermometer by which
the final check of the temperature of the solution was made.
Since the temperature soefficlent of expansion for toluene is

rather large the temperature of the solution was very careful-
1y adjusted to 25°C., otherwise considerable errors would be
made in the determinetion.

The smount of furfursl present in the toluene solution
was determined by reading from Graph 1 the per cent furfural
et the perticular wvalue of the specific gravity. The per cent
furfurel maltiplied by the volume of the tolunene golution gsve
the yield in gresms. Since 50 cc. of a 20F xylose solution
sontained 10 grasms of xyi@aﬁ the yield in grams multiplied by

grams of xylose. In all experiments except that series in
which the effects of varying conscentrations of xylose were
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Until very repently xylose has been such an expensive xée»-
agent as to be slassed as a rare sugar. However, recently
rds as a part of their in-
vestigations on the utilization of industrial wastea, perfect-
ed & proceas for the production of xylose from cottonseed
hlles on a sommercial secals. Xylose can now be obtained in

large gusntities at a price of a few cents & pound. The xy-
loge used in these investigations was furnished to the Depart-
ment of Chemistry of Iowa State College through the kindness
of the Bureau of Standerds
¢ial grade of xylose might aome day be a source of furfural,
it seemed
though this producot is reasonably chemicelly pure it wag deem-
ed advlisable to make an accurate analysias of the xylose content
of the technlical product. The largest amount of the impurity,
as would be expected, 1ls water. ,

The xylose was analyzed by three different methods to as-
certain 1ts purity. ‘

» For the reason that thias commer-

advisable to use the product as it was received, Al-

determines by an iodometric titration the amount of cuprous
sopper produced by the action of the reducing sugar of Fshiling 's
solution. This method gives the reducing power of the sugsy |
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any standard text on food analysis, for example, Woodman {(1924).

Mothod of Slater and Acree (1930). By this method

the reducing sugar is oxidized to the monobasic aeid by means
~of lodine in an alkaline solution. The solution is acidified,
the excess iodine removed by thiosulfate and the excess scid
determined with alksli. A gample of sboubt 6 ec. of 2 solution
containing 0.15 to 0.5 gn. of xylose is made neutral to phen-
olphthalein. To this 0.1 ¥ sodium hydrm&e and 0.1 ¥ 1odine
are added slternately in portionsg of 5 to 10 sc. until the yel~
low color of the iodine and the pink color of the phenolphe
thalein persist in the solution. An excess of 5 coc. ef alkall
is added and the solution is left to stand for 20 minutes, ad-
ding more phenolphthalein to maintain the color if necessery.
The excess of godium hydroxide and iodine are titrsted with
Q.i K hydrochloric send 0,1 X aadim& thiosulfate by alterndtely
adding the hydrochloric acid and the thiosulfate and tﬁ.@r.éhmg
the fodine released until no more iodine appears on the addi-

tion of more acid. Finally, the excess acid is titrated with
the stendard alkall to the original neutral point with phenole
ghmleinw The differences, volume of ifodine minus thevolume
of thiosulfate, and the volume of alkalli mimns the volume of
acid are egual to the guantities 9;‘ iodine and sodium hydrox-—
ide used in oxidation of the sugar. Ons millimol of the sugar
{0.1500 gnm. xylose) requires for oxidetion 20 ce. of 0.1 X
iodine and 30 cc. of 0.1 N sodium hydroxide.
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{3) Metbod of Kline snd Acree (1950). This method mskes
use of the same reastion as that of Slater and Acres (1930)
but has been modifisd to give nors scourate results. The
amount and ratio of standerd lodine and alkalil solutions are
earefully regulated to prevent over-oxidabion. |

a&n aliquot of sugar solution or a weighed amount of aoclid
{1 »illimol) whiech will resct with approximately 20 cc,. of
0.1 ¥ iodine is taken for snalysis. The solution is made ex-
astly nsutral to ﬁh@gﬁl@hﬁf@l&i&‘ Fo this solution 5 ec. of
041 H dodine are added, followed by 7.6 ot. of 0,1 N sodium
hydroxide sdded émrgs by drop. This is repesated until 22 c¢oc.
of 1odine and 36 ce. of alkall have been added. After two .‘
minutes the solution is seidified with 0.1 N hydrochloris acid
the liberated iodine titrated with 0.1 N sodium thiosul-
fate., Two or three drops of phenolphthalein are added and the
exceas acld is titrsted with ths standard slikeli., If the 1libe
erated icdine requires more than 2 to & ec. éf’ thiosuifate or
less than 1,5 co., the volume of iodine must be adjusted so
that ths amount of thiosulfate reguired fells within these
1limits. Elther lodine sonsumed, alksll consume
checks are used tﬁ eailculate the amount of aldose present.

The results obtained in the analysls of the xylose are
'able I1I. The determinstions made by the Shaffer and
Hartmann methed, and by the Kilne snd Aerees method check ex~
actly. The result given by the Slater and Acres method is
slightly higher as might be sxpected due t¢ over-oxidation of

4 or both as
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the sugsr by the iodine solution.

Table IX

Analysis of Xylose

% Xylose
95.5
P62
25.5

B Boethod

Shaffer and Hertmenn
Slater and Acree
Kline and Acree

w8 WS e 28 &% &0 wRles av}

Before the specific gravity method of determination of
farfural in tolusne was applied 10 experimental solutiona the
possible interference of other reagents was considered. The
reagents used in the procedure which might give erroneous
values for the mwﬂﬁwwwanmﬁwﬂww% of tolunene~-furfural were sod-
ium chloride ﬁwn hydrochloric acid. Water was considered as
a possible source of error in the dliscussion of the specifice
gravities of toluene~furfural systems. To determine whether
or not these reagents interferred, a series of experiments

were carried out in whieh no xylose was used., Solutions of
various concentrations of hydrochlorie acid were refluxed with
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toluene. Solutions containing various concentretions of sod-
ium chloride snd also mixtures of sodlum chloride and hy
shloric asld were treated in the ssme way. In Table III are
given data showing the effect of sodium chloride, hydrochloris
acld and mixtures of the two on toluene. Slight varistions
from the value for the smzfia ' gz*avitay of toluenes saturated

with water are spparent
imental error. It is evident from these data that these re-
agents do not shange the specific gravity of the toluene under
the conditions of the axya&i:aént « It may be concluded that
the specific grevity of the toluene was not affected by the
presence of hydrochloric acid or mixt rdrochloric asid
and sodium chloride and therefore do not influence the deter-
mination of furfural in toluene by the specific gravity method.

but these variations are within exper-

Table IIIX

Effeet of NaCl-HUl on the Specifie Gravity of Toluense
B0 od. of Boluntion Refluxed for Fouwr Hours
with 50 ¢e. of Toluene

T Wormaiity WOl
0

0,50

1.

*
<

W RB R as RE R e NE B0 kBT
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HE S B sl R KR SR 2K B SR TEELMR




In using an immiscible solvent to extrast the mrmm
from the resction mixture as rapldly as formed the most ef-
ficlent ratio of solvent to resstion medium had to be deter-
mined. The tolusne mst be present in sufficient smount to
remove the furfiral affiﬁmﬁly' However, the teluens-furfur-
a1l solution a%aineﬁ mast be congcentrated eno agh to meke re-—
sovery of the mmmz. eoonomi :
were made to determine the proper volume m&iﬁ of toluene to
resction mixture. In Tsble IV are given data showing the
yields of furfursl when 20¥ xylose, 0.50 N hydrochloriec scid
and 407 sodium chloride are refluxed for five hours with vary-
ing volumes of toluene. From these én‘*&# 1t is seen that the |
volume ratios of toluene to resction mixbtures used have very
1ittle effect on the yleld of furfursl. A ratio of 1:1 or
50 oe. of tolusne to 50 se. of the ascid soclution was chosen
because it was efficient and convenlent.
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Table IV

Effeet of Verying Volumes of Toluene
Refluxed with 50 ce. of 0.5 ¥ HCL,
208 xfyl@a&, and 40% BaCl

~86. oF T serof T gmmg T
Toluens : 5&3:&%&% Oravity : Pux

20 103
50 93
65 93
80 119

100 150

125 184

150 188

0.8719
0.8729
0.8728
0.8738
0.8717
0.8697
0.8692
0.8591
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In determining the best concentratlon of xylose to use in

these investigations several factors were considered. First

a &emaami:&m of XYKA%% ms‘k be such That a practical amount
of furfural is produced. ‘ , the xylose solution must de
of such concentration thst exoes

sive charring of the suger
ture of the reastion. Third, &
concentration of xylose must be used whieh would make the pro-
ceas indusbrially feaalble., To determine the most advantageous

doss not ocour at the tempers

concentration of xylomse & series of experiments were made in
whigh the coneentration of xylose was varied over a wide range.
The other conditions of the expsriment, concentration and vol-
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ume of hydrochloric ssid solubion, percentage of salt, volume
of toluene snd time of refluxing, were constant. The results

iments are given in Table V.

Tabla ¥

Effeet of Varying Concentrations of Xylose
Using 40% NaUl, 5O co. 0.5 ¥ HCY and 5& .7, . ?elnm

OO

10
15
20

60

o0 KE un B0 A% g5 Sn 43 65 wn e w 0h aales m]
ot 3

O e T T )
P R N T 'Y R R R A
WEWR B A BB B b an W ae b e b el mf

e R R . g

On the basis of these experiments, s concentration of 20% xy-
« This consentrution of the sugar produced an
amount of furfural which would make recovery economiesl. The
xylose charred to some extent at a concentration of 207 but
the charring was not as ex¢essive as it was in the solubtlons
of higher concentrations of xyleose. A third reason for choos-
ing the 20% xylose solution was that this concentration is
prectical from the industrial standpoint.

lose was chosen



3T OF VARIOUS COMBINATIOND OF Wall and HCL

HMeny raag@nta and combinations of reagents might be used
in the production of mmmz from x:yiase; A pumber of com-
pounds were mentioned previously. The lnveatigations here re-
ported are limited to the study of various combinations of
sodium chloride and hydrochloric acld. The effeets of hydro-
chloric acid in the presence of O, 5, 10, 15, 20, 25, 30, 35,
40, and 45% sodiwm ﬁiﬁwi&a, were studied at concentrations of
0425, 0.50, 0,75, 1.0, 1.50, and 2.0 mormsl HCl. The mixtures
were rerluxed for varying periocds of time using the btechnique
described above., In a series of experiments ten flasks were
run, varying the consentration of sodium chloride over the renge
mentioned above and holding the congentration of hydrochlorie

acld constant.

Varving Concenbrations of HaCl and
?@m Periods of Time With 0.25 ¥ HO1
and 20% Xylose Refluxed With Tolusne

10.2
12.4
11275

SR OAR ER B 0 W AR K 8 B mwi
B M A wh ob 56 W0 b be 4 Jes o]
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Table VI {contimed)
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In Table VI, the effects of varying concentrations of sod-
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jum chloride and of varying periods of time with 0.25 N hydro-
chloric acid and 20 xylose refluxed with toluene, are shown.
The data are plotted in Graph 2. It ia evident from the data
that the concentyration of sodium chloride hsd & marked effect
on the yleld of furfural. The smount of furfural produced in
two hours by this concentration of acid was so amall that it
ecould not be measured Ly the specific gravity method, while at
a salt concentration of 45% in the same length of tims, 12.5

grams of xylose, were produced. For
r pericds of refluxing, the effect of the selt was more
ronounced, In the series which was refluxed for ten hours,
the gialég when no
grams but at a concentration of 45% salt, the yield was 32 grams
per 100 grams of xylose, % an increase of 540%.

sodium M&ﬁzﬁ& was pressnt was less than §

Table VII

Varying @mmma&am of NaCl and
Yerying Periocds of Time With 0.5 W HCY
end 208 Xylose Refluxed With Toluene

i’ﬁtmmﬁw 1 T Yield i0rvams/100g
%;sm_gg;ﬁmt ‘
O.16
0.39
QoS
0,60
V.84
107
1.48
1.72
1.93
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Table VII {continued)
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The data s;lm in Table VII and ‘ylatta& in Graph 3 were
obtained using 0.50 ¥ hydrochlorie acid with various concen~
trations of sodium chloride and by refluxing for various
periods of time. The yield of furfural was somewhat increased
by this concentration of acid and the lower concentrations of







salt produced more furfural than with 0.25 ¥ acid as is to be
axpested. At the higher concentrations of salt there is a
notieceable flattening out of the curves. This is particularly
evident in the two series which were refluxed six and eight
hours respectively. '

The data given in Tebles VIII, IX, X, end XI and plotted
in Graphs &, 5, 6, and 7, respectively, were obiained with
0,75, 1.0, 1.5, snd 2.0 N concentrations of hydrochloric acid
with varying concentrations of sodium chloride snd by refluxing
for varying periods of time. These experiments show the same
trend that,vm& avi&an"h with 0.285 and 0.50 ] eéﬁf#mmmana of
chlorie scid. That is, aes the normslity of the seid in-
creases, the yield of furfural from solutions to which no sod-
Juam &h&oriés is added iaamaaa&. The tende
to flatten out at the higher concentrations of sodium chloride
was apparent. The maximum yields of furfural inereased very
1ittle with mmmu in the mm&}.ity of the acld and as the
strength of the acld was incressed this maxisum
a shortey misﬁ of time. m curves a&zm very clearly that
in those experiments made with 0.76 N acld, the maximum is
reached in six hours, with 1.0 ¥ acid at four hours, with 1.6 N
at four hours, end with 2.0 ¥ at two hours. In the series of
exporiments nsing 1.5 ¥ hydrochlorie acid vhich were refluxed
for eight hours, the ylelds of furfural from the sclutions
contalining the higher concentrations of sodium shloride varied
widely. This may be dus to destruction of kim mrural by the

noy of the curves

was reached in
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atmnag asid solution with which 1% 1is in contect for a conside
erable period of time.

, From these marisgm@s’ the maximum amount of furfural
vhich was produced by '&mﬁ;ﬁat‘iaﬁs of hydrochloric acid and
sodium chloride was found to be about 37 grams of furfurel per
100 grams of xylose. Combinations of asid and aalt refluxed
for varlious periods of time which prodused this smount of fur-
mmz are 0.50 N scid with 45% salt refluxed for eight hours,
0,75 ¥ meid with 35% salt refluxed for six hours, 1.0 ¥ scid
with 35f selt refluxed for four hours, 1.5 N acid with 30% salt
refluxed for four hours, and 2.0 N aem with 25% salt refluxed
for two hwm This maximam yial& 1# about 604 of mmzm.

Table VIII

Varying Concentrations of Nall and
#arying Periods of Time With 0.75 H HC1
20% Xylose Refluxed With Toluane
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Teble VIII {continued)

SRR LI RN L

Gy e wE AR BN S6 44 48 N8 e Qe

B EE R We Bk S5 B 6 de o Tb

SR TR TR T A et |

| a,.?

1&%
&ﬁ

§0 dn we o on 49 w0 we ae o Lo we]

3&?
S56

o ohwn whowe on b owe o e Ll m]

Nkﬁ‘
3&5

&h&

5444

347
SB+6

SN W IR LA

AR MR AR 4 SN WD N 98 & W

WA BE BE o SR B AR wk 8k |

0450

1.28
1.67
2.18
257
3.18

SeB6

.80
3.80

4&3

TR R R

&ﬂ

ﬁh?
21.8
28.7
31.8
B5+6
9.0
39.0
&ﬁ.ﬁ

£5885855 0o S5ESBEE w0 | msms:mgw

B W 4w R B B R S W

£
%"
i

W N RS R Nk B e e 9 B

LR TR T R TR T

1.15

1,58

2.64
S.24
S458
3476
D98
4.04

4.03

P P T

1.5
15.3

ﬁ%&
2.4
5.8
376
39.8
40.4

40,3




?miag Concentrations of NaCl and
Periods of Time
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Tabhle IX

¥ith 1.0 # HOL

0% Xylose mm ¥ith Toluene

?f?
:

oA 0 WA B EN S0 &k e I8

s R wr w0 n B a W 0 fee e

EE R R RN

PR E R R R

- s we we we 46 50 w0 a0 8 05 Jor we]

RN T |

N BN BN S B BE 56 AR 46

oo | 85888500 B

10

B NE B AR PE WD B R 6 By

P L L Ll

R R R R T O T

L RN RN |

&?*3

6 M B e B S N6 ¥h A% BH

B MY ah kR NR MR G5 K6 @0 A ]

PR T Y I T TGO |

B LT

B RS KR B R AE B Ne B

écéé
%;5%

3.84

N BE R B M B W W W

13&2
16,4
20.35
25.8
S8.0
34.0
SB.2
5648
37.5
SB.4




- BT -
Table X

?arg:lng Gonecentirations of Nall ami
ng Pericds of Time With 1.8 ¥
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Table XI

Varying Concentrationg of NeCl snd
Varying Perilods of Time With 2.0 ¥ HC1
and 20% Xylose Befluzed With Toluens
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oy &?‘;‘?ﬁsé%im*mmmﬁ
AS AFFECTED BY THE PRESENCE OF NaCl

The data given above show in a striking fashion the in-
crease in yleld of furfural by the addition of sodium chloride.
En;khﬁ,graviaaa~éia&uaai¢a of the adventages of the sddition
_ of NaCl to the HO in the production of furfural from Xylose
solutions two fectors were emphasized: first, the effect of
the salt upon the chemical potential or sctivity of the HCl,
end gecond, the effect of the selt upon the chemicel potential
of the furfural. | | | |

With reference to the first point there were considered
the data of Bowe (1927) on the effect of NaCl, NaBr, and Nal
ngﬁn,tha:“aypsrant“ hydrogen ion concentration of 0.1 N HC1

and upon the rate of inversion of suerose by these syatems.
The salts markedly incressed both astions of the acids with
the effects of &1<ﬁ$<§»aa @&aﬁiansly*aataﬁfia detail. The
data now presented deal with the correlation of the two salt
effects mentioned above with the ineressed ylelds of furfursl.
A eoncentration of 0.25 ¥ HCl was used.

The measurements were made by mesans of & hydrogen elect~-
rode and s ssburated ECl-scalomsl half-cell using a standard

potentiometrlc set-up. The resulis of these measurements are



given in Table XII. There are also given values of pH, “ap-
parent™ hydrogen ion concentration, and per cent incresse in
the “apparent” hydrogen ion concentration. The increase in
the “apparent™ hydrogen ion concentration is noteworthy snd of

the order observed by Bowe (1927) for 0.1 ¥ HC1 and NaCl,

Pable 3ZII

Effect on Nall on the “&pmmt” Hydrogen
- Gonecentration of 0.26 X K@i
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ing concentrations of NaCl upon ths zolubility of furfural in
water. These data were obtained as-‘ follows: the required
amount of NaCl was sdded to 50 so. of 0.25 N HCL in a 150 ee.
glass stoppered separatory funnel. When the salt had dissolved
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50 oc. of & 7% soclution of furfural in toluene were sdded.
The funnel was stoppered and shaken for thirty seconds. This
troatment was repeated three times at five
Preliminary experimenta proved that qusﬁﬁmim was attained
by the above treatment, The water layer was mga off and the
specific gravity of the toluene layer determined.

Table XIII

Effect of HaCl on the Solubllity of Parfural in
0.25 ¥ HC1l in Contact With 7% Toluene-Furfural Solution

M In t Grams in: § Decrease
ﬁ‘&% 3 HeO aizx 3@1&1&1&_ ,

2.90 0.860
2.98 .52
3.06 .44
3.10 0.40
Se14 0.36
3.19 0.31
3.281 0.29
3425 0425

wn»u‘mwuwﬁﬁ”u

5.80
5.96
S.12
6.20
6287
5.38
G.42
8460

8883h5e0
" SRR ”ﬂ hﬂiw;ﬁy”:i

ﬂm&nnuwmmﬁw
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Tt 1s evident that the salt markedly decreases the molu-
bility of the furfural in water, that is increases its chemi-
. sal ;mtexztial, a fact whieh would lead to the more ;:agid To-
movel of the furfural from the reaction mixture es mentioned
above. The percentage decreases in the aolubility of the fur-
faral is given in Teble XK&;E’.‘ ,

Determinations similar to those above were made using
0.28, 0.5, 0,75, 1.0, 1.5, end 2.0 §¥ HCl. These experiments
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proved that the concentrations of HC1 used hed no signifieant
effect upon the solubility of furfural.

In Table XIV are given data comparing the per cent in-
erease in furfurszl due to the presence of NaCl with 0.28 ¥ HCL
with the per cent incresse in “appsrent”™ hydr

ogen ion soncen
tration {$§#} and with the per cent decrease in the solubility
’ voncentrations of NaCl less then 10%
the 3iaiéa of furfural are 80 amall as to give somevwhat grratic
rezults by the smnalytiocsl method smployed ths yileld at 10f Nall
is taken as the reference point. It is evident that for the
two hour run that the inersase in yleld of furfural due to the

1+ Since I

presence of the salt 1s directly proportional te the sum of the
per cent incrsase in Cp+ end the per sent increass in the chem—
ical potential of the furfural, l.e., thse two affects avre
striotly additive. For xaﬁgar»yario&ﬁ'af“t&ma the per cent
inerease in furfursl yleld is not as grest as for the two hour
period, ?hia is explicable by the fact that with increase in
time the yields sre approaching e maximmm. Henee, the sxsot
correlation for the two hour period is mors significant than
the results for the lenger periods. |
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VIi. SUMMARY

1. The specific gravities of systems of furfural asnd toluene
are pragtiocally a linear function of compoaition, hence the
per cent of furfural in ﬁaluanﬁ can be readily anelyzed by a
determination of the specific gravity of the sysbtem.

2, A technigque has been developed for the preparation of
furfural from strong solutions of xylose. The xylose solution
with the debydrating agent in solution is refluxed with an ime-
miscible solvent, {for example with toluene, and the yield of
furfural estimated from the specifis gravity of the solvent-
Purfural system. ‘

S« Detaliled studles were mades of the yleld of furfural from
- xylose using as the dshydrating agent various mixtures of HC1
and KaCl for varying periods of time.

4, The HaCl markedly ircreases the gield of furfural in the
rresence of a given concentration of HCI. This inerease is
quantitatively correlated with the effeet of the NaCl upon the
activity of the scid and of the furfural. The latter two fac-
tors were determined in terms of the effect of the salt upon
‘the “apparent™ hydrogen ién soncentration and uvpon the asoclu-
bility of furfural in the agueous phase.
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