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INTRODUCTION

The prddnction of eellulosie meterial from cornstalks or
other egricultural weste msterials ig not to be considered 2
new project, for we know that &5 early a&s the seventeenth
century there were attempts made &t Rinimo, Itely, to utilize
corn husks as a raw msterisl in the produetion of psper. In
the eighteenth century there were two plents pubt up in Italy
for the production of paper from corn husks. During the
nineteenth century, seversl patentsl were issued for the
production of peper and also cloth from cors husks end stelks,
This early work was of & cut and try type and gave us little
dete other then the specific processes.

Gonéiderable publicity was given to the possibility of
producing paper from eornstalks during the perio& between 1908
end 1912.2 No specific statement cesm be found regarding the
location of & plant for the produetion of cornstaelk paper about

this time. However, it is believed that & plent for this

1. 411ison end Howkins, U.S. Patent. Not consulted (1802).

Sprague U.S.Patent. MNot consulted {1829).
Shaw British Petent. Not consulted (1837).
Hollsnd U.S. Patent. a78 {1838).
de Campoloro U.S. Patent. 29471 (1860).
Ebenezer = . . U.8. Patent. 29059 (1860) .
Welsback U.S5. Patent 38220 (1863).
Roth U.S. Patent 41642 (1864).
2. Anon Sei. American 99, 274, (1908).
Apon Harpers Vieekly 52,0et. 31, 27, (1908).

Anon Sei. Americen Supplement 72, 480, (1911).




purpose wuy erected and put iﬁto operation at Kankekee, Ill,
This plant produced paper after & mechanical separation from
both the cornstalk fiber as well as the pithe An sgricultural
bulletin by Brandl is printed on paper mude from cornstelks
and other asgricultural wastes 1ike1y'produced in this plant.

More recently, ebout 1927.a gsimilar publicity wuas given
to the production of céllulosic products from agriculturel
wastes.2 Lbout this time, 2 plant was put up 2t Danville, Ill.
for the production of paper from cornstalks. This plant
produced psper from the stalk without & previous separstion of
any kiﬁd. Numerous newspapers printed on paper produced by
this have been published. At the preéent tie, this plant is
operating 8t only partial cepuzcity probably due to depressed
business conditions of the country. £ wall board plant has
been put up a8t Dubugue, Iowa, for the production of wali board
 from cornstalks, and &t present is. produecing wall board of
excellent quality.

The coet of production of psper from cornstalks is only
slightly less then the cost of production of paper from wood
pulp. When one takes into consideration the fact that the
1. Brand. Bureau of FPiant Industry. Circular Ho. 82 (1911).

2. Derrow St. &%. 55, 998, Uct. (1926).
Davis Cur, Hist. 286, 261 iy. (19271},
Paddock Prop. kech. 51, 67, Ja. (1929).
Apon. Fectory & Ind. W Hensgement 7, 262, (1929).
Arnold Sci. slonthly 28, 463, (19%5 ).
¥iller. Hsg. of Businesse ng 144, (1929).

Anon. Business week p. 8, Ja. 22, (19301,
Sci. BAmpr. 342, 409 (1920].




‘wood pulp mills have been paid for by previous profits while
mills for the produvetion of cornstalk peper have to be built,
it is easily ecen that the producition of paper from cornsbalks
in competition fo the production from'wood pulp is hardly
economical, when the twoe weiluloses are considered alone. It
wag due o this economic difficulty, that the mill &t Kankskee
wes forced to oease opsrating. It is slse believed that the
mill &t Danville ie in rather serious difficulties due ohly to
this economie ressons

Since the cost of production of eellulose from these two ‘
competitive fields is so nearly the ssme, the existence of the
industry for the production of eellulosic produets from corn-
stslks will depend, &s in practieslly &1l industries, upon the
reeovéry eénd utilization of the by producetss. The process of
converting plent tissues into cellulosic pulp iz &ccomplished
et & logs of about 40 to 50 per cent of the originel tissuoce
In the glkell processee, no satisfeetory method of isolation
of the dissolved substences hes been found which will =t the
some time perﬁit the recovery of caustic. In the sulfite
process, fexmentation of the hydrclized sugars hes been
precticed to a very linited extent bub the ligno-sulfonic mcids
are too soluble %o permit convenient isolation. It is estimatsd
that the waste liquurs for the snnuel cellulose produetion
contain at least three million tons of waste on & dry basis.

If this materiel were sven driéd, its fuel value alone would be




equivalent io about two million tons of coal.l

Before any recovery and use could be mede of these by
products 1t would be necessary to know of what they consisted,
The most loglecal way of determining these by-products ﬁould be
to make an analytical study of the cornstalk, the celluloslc
resldue, and the digestor liquors. Accordingly the Tirst
part of this thesls 1s devoted to an analytical examination of
the cornstalk tlssue.

Since the present method of pulping cornstalks as well as
the other grasses and similer materisls 1s of the alkeli type,
a study was made of this process for the purpose of determining
the conatltuents removed from the tissue by pulping as well‘as
| a possible utilization of the digestor liquor by fermentation,
This study is reéorted in part two of thls thesise

Due to the fact that in the scda process for pulping it
is quite uneconomical to sacrifice the soda for the recovery of
the by-products, a new process was sought which would meke
possible the recovery of both the caustic used for pulping as
well as the by-products. Part three of this thesis reports
the pulping of the cornstalk and other egricultural waste
materials by the use of a volatile alkell, which permits the
recovery of the‘alkali as wicll as the products made soluble

during pulping.

1. Eisenbelss, Papler-Fabrikant. 108, (1924),
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It ez been znows fer aéﬁa%ime thet celiniosic mbterisls
miey be formented by the uge of certuin bugtsrie to scetic snd
forale meide ae well 22 sther velusble smierisis. 1t wze,
thercfore, thought that sprienitursl wsate muterizls might be
reod 8 & fermentation nmedium for the vommercinl production of
valusble produsise Fort fovr of thin thasis roports analggieal
gtudies in connevotion uith the fﬂfmﬁnﬁatlan ¥ agrioulsorsl

wagte materisls by the uwee of thaermophilic tmeterin,
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PART I

CHEMICAL EXAMINATIOE CF THE TISSUE OF THE CORNSPAIX
HISTORICAL

The first real apalytical work regurding the nature of
the cérbohydrate materiales of the cornstelk tissue was done
by Browne and Tollens® in 1902. They reported the pentosan
content as shout 26 pex cent aund élso indicated thet this
valus was approximeiely constaat for the different tissues
of the st:lke The next work of any i-portance was that of
2 in which he reported the cornstalk ss containing 50 to

53 per cent Cross and Bevan cellulose with 35 to 40 per cent.

~ &- cellulose. This work was followed by that of Brand® in

which he indicated thet stslk consisted of a.fibrons and a
pith materiel which mede distinctly different typés ol pipers
In 1924, Letehaw and #i1ler? made en elemental anslysis of the
different parts of the corn plant, All of these analyses,
exeept for the values indicuted, were primarily of zp egri-
caltursl nature und of little value for commercisl purposess

Recently quite s number of publications of & general descrip-

5

tive nature®” hive appeare. as well &s & few which given some

le Browne and Tollens, Ber. 35, 1457 (1902)

2o Wileye Ue Ss Do Ao Divicicn of Chem. Builetin No. 50 {1898)

3e Brand. U. S. D, £, Bareau of Pient Inde. Circuler Ho. 88 (1911)

4e Lotshew snd Ifiller. d. Agri. Resesrch 2%, 845 (1924).

6. Bommel, Ind. Eng. Chem. 20, 716, (1928).
Rommel, Ind. Enge Chem. Hews Edition p. 1, May 20, (1928).
Rommel, Ind. Eng. Chem. News Edition p. 7, July 20, (1928).
Kirkpatrick, Chem, iet. Eng., 35, 401. (1928).




analyticgl datal along with the generzl report. A completse

bibliography from 1900 to 1928 is given by Westz.

LIGRIN DETERVINATION

Llgnin mzy be determined by sny one of several metlods as
the 720 HpSO, method®, the .illstetter HCL method®, the 1% HC1
methods, the gsseoug HC1 method&, ete. ‘the 7% HoS0, =nd the
Lillstutter HCL methofe ere considered the best, with the 78%
HyS0,4 method being the easier to curry out. The 72% HpS0,
method we2 therefere selecte: for the determination of the
lignin ir the cornstal ke

The methoé of procedurs for the 729 HoS0, method indieates
thet the procers ies cerried out st room temperasture. In all
ctéses when the process is carried out at rocom temperature a
black carbonttious residue is ovbtaiuned. Since the literature
reports that the lignin residue from this process, when applisd
to woods, is usually derk, nothing wee thought wrong until it
wae feund impoeseible to meke the lignin veive of the ssme semple
cheek when determined in summer and winter. 1t wae found thet
the vslues obteined in summer were much higker thsn those
obtained in winter. This indicutel thet the tempersture
1. Jackson, Eaper Mill B0, No. 36, 2, (1927).

tebber. Ind. Eng. Chem. £i, £70, {1929).
2. west, "Bibliogriphy ot Fuper isking". pe Lockwood ZTrade
Journul Coe. (1829171,
3e Schorger, "Chemistry of cellulose and wood,” p. 524, HeGruw-
Hill Book Co. 19%6.

4, willstatter snd Kelb, Ber. 55, £640, (1922).

5. Exull, Diss. Drozig 19, (1916).
6. Xonig and Kump, 2. Unters. lichy. Genussm., 28, 177 (1914).
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must be cuueing the veriation &% it was the only thing vihieh bhad
been chzuged in the processg.

To verify the fzet thst tempersture chuange wae czuecing the
veristion in ligninp value, ths process was ecsrried out with corn-
stelk materisl at seversld gpecific temperatures. The resulté

of this investigation &rc given below,

Temperctiure °% Per cent Liguin Color of Hesidue
z0° BheB Black
15° 24,0 Brown
4° 2547 Light Brown

These values indictte that the lignin vrlue of the corn-
stelk inereacsce | ith temperature rise after the temperature
passes a certbuin eriticel vilwme. 4 probable erplanation for
this is thet the celilulose and hemicellulosSes &re hydrolized
to the simple sugars which o into golution &nd at the higher
temperature these ecimple sugars decompose &nd csrhon is
precipitzted. <Lhis precipiteted esrbon citsged the increzse in
lignin value.

In order to verify the fact that the lignin values oObtained
&t the lower tempersature are more nearly theé correct Falueg, the
lignins of ¢ifferent matericl have been determined by the
wWillstatber BCL method und by the 72% Hz50, method at room
temperature and ut ice bax‘temperature. The results of this

investigation sre given in Table I.
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Table I..

Comparison of the ILignin valués'of the Cortex, Vascular -
Bundles and Pith of tne Corustalk by Different Processes

- unter Vascular ’ Total

- Shell Bunﬁlee Pith Cornstalk
Hoom Yemperature .
72% H_S0. 3345 Dbs2 3240 ' 3443
Uoole ' ‘ S . )
72& H,S50, 26.2 2?25 16,5 237
) illstatter - 26,4 - 22.0 _15.9 : 22-8

These velues indicate thet the values obtzined by the |
'cold 726 H bOymethod are more nearly the true values of the .
lignin in the material as they.check the values obtzined by;
the Willstatter HC1 methods ' ’

EXPERTHENPAT

The anslytical scheme is fundamentally that reeommenﬂea
by bchnalbel for the ezaminetion of plant tissues End the °311‘i
uloses derived from them:. The meteriel used for theae exper;ﬁ.
ments consisted of stalks from the baled muterial selected
anﬁ cleaned by hande <Lhe selected material wes, gbound to pass
2 60-mesh screen unless otherwise indiceted.. The moisture
content of this materiel was 7,72 per cent on an oven-dry besis
of 105°C.. The dry tissue ren 3.62 per cent &sh and 0.6 per
cent either extrasctable matter;,jéﬁe dste reported

1« Sehwalbe, Z, Angews Chems, 32, 125-229; (1919)
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below azre &ll calculsted on the dry bazsis.

Cellulose in the Cornetalk
The term “cellulose" in carbohydreote chemistry is gener-
all restricted to the iuert substince of the same percentage

6105
polymerized. The term is not 8o restricted in the less teche-

composition as starch (C H 0.) but presumedly more highly

nical langusge, a&¢ indicated by the terms alpba-cellulose,
beta~dellulose, snd gemms-celilulose used in the @nalyses of
the commercisl products. The product obtained by the Cross

end Bevanl

analytical method is reported &s cellulose, ale
though it is récognized that this produet may contain con-
siderable furfural-yielding msterisl snd smail quantities of
lignine.

The Cross snd Bevan determination leaves & reridue of
45.5 per cent of the stalk as cellulose pulpe This produect
cont:ins furfursl-yielding materisl to the equivalent of 17.1 per
cent pentosan. The lignin determination by the 72 per cent
sulfuric acid method &%t room temper:ture gives 5.8 per cent
lignin while the Willstatter method indicstes Z.3 per cente.
The zsh ren 0.6 per cent. Varistion in the methods of the
treatment will, of course, change these velues. If the
pentosun, 1ignin, and esh are csloulsted to per cent of original

ptalk subtrscted from the vslue for Cross and Bevun celluvlose,

1. Cross end Bevan, "Ceilulose,”

p. 94, Longmuns, Green and Co.,
(1916).
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the follo ing resulte are obtained:

Per cent
Celiulose pulp ' 4545
Pentosen 7.8
Lignin, avercge Za0
I&Sh - 005
Cellulose, by difference 3509

Hemicellulose in the Corsstalk

The definition of this group of substunces is even 1685
precise thun the definition for cellulose. 1t is generslly
agreed that they tre the group of polysacchirides of the tissue
which 4re insoluble in water but soluble in cuustic soluiion,
and are more subject 10 =zeid hydrolysis than the celliulose.

They ure subdivided according to the simple tugars obtsined
by hydrolysis - xylens, gslsctans, mannsns, &nd mixtures such
eg galecto-arsbhans, étc.

4 part of the confusion ig dne %o the fact that elkaline
extrection does not give a shaxrp éeparation between the eellulose
and hemicellulose and alsc removes & portion of the lignin.

48 viould be expected, thé values obfained by alkeline extrgction
of the tissue do not sgree with those obtained by acid hydrolysis
of the tissue, ‘hese difficulties hsve led to the postulation
of many different kinds of hemicelluloses.

With the cornstalk an approximetion hss been made by 6
per cent alkaline extraction of the tissume followed by snalysls

of both the residue snd filtrate. The tissue was treated three
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times for 12, 4, and 4 hours, feSpectively, with sufficient 5
per cent sodium hydroxide to moisten it 8t room temperstures.
The solutions were pressed off snd the residual tissue washed
with warm water sfter each extrectione This treatment dissolved
46.2 por cent of the stalk, leaving 53.8 per cent as residue.
Analyses for pentosans by furfursl showed 17.3 per cent of the
stalk calculated ag penioszns in the extraet with 7.1 per cent
in the residue. <The sum of thece resulte, 24.4 per cent,
indicate an unaccounteble loss in pentosan equivalent to 3.2
per cent of the stalk, s=ince the originsl tissue contained 27.6
per cent pentosan. A determinetion of redueing sugare indicated
little, if any, reducing sugars other thanm those calculated as
pentosansl. |

An secid hydrolysis of the tissue was run using 2.5 groems of
tissue and 20 cc; of 1.125 specific gravity hydrochloric scid in
200 oce of water at boiling temperatures under reflux for 2%
hours. This treatment dissolved 40.7 per cent of the cornstelk.
A gruvimetric fehling's determination gave & copper equivalent o
2644 per cent glucose in the solution. & furfursl determinstion
gave 2048 per cent pentosan in the golution snd 4.1 per cent in
the residue., vhe sum of lthece values gives 24.9 pe; cent
pentosan, which indicates sn unaccountable loss of Z.7 per cent
pentosan from that of the original sample. Since the reducing

l. This sttbement is bssed on the eguivalent copper vmlte of
glucose 2nd xylose as reported by Stone, Ber., 23, 3796 (1890)
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values of glucose and xylose are azbout the seme, a subtrestion

of the furfural value for xylose of 2l.5 per cent from the

glucose valus would indicste that about 4.9 per cent of the

stelk ag reducing sugares other than ®ylose might be present.
Teble II

Compogition of Comstalk under Various Anslytical
Treatments

(Reoultq in vezcertare of original stalk dried at 105°C, )
s NaOf KX Acid
Crigi- traut of Stalk drolygis
Degignation of nal 4604  BBe 40 ¥% 5045%
Tissuse stelk Przection Hraction Frection Braction
{soluble) (not (Soluble) (mot
. soluble) soluble
Per Yor cent Yer cent fer cent Yer cent
cent ' '
Lignins 34.4 2645 (by ~ 7.8 14.3 (by £0.0
Room Temp. aiffa) aiffs.)
Ash 5.6 -on 106 - 104
Hemicellulose:
Pentosans 276 1743 7«1l 20.8 4.1
Hexosans 1.3 1lNene — 449 -
Cellulose by
diffs 231 37.3 38.8

Thg residue from the aeid hydrolysis, 59.3 per cent of
the original stalk, contazined l.¢ per cent ash, 4.1 per cent
pentosan, and 20.0 per cent lignin buged on the original stalk.
This uould leave 53.8 per cent cellulose in the stalk by dif-
ference;

A summery of the results of the three fndependent series
of analytical procedures ie given in Table 1r. It will be

obgerved thut the svms of these various procedures check fairly
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well for the'inaicated frgctibnal compoaition of the cornstalk
and thet the valuves for celluloée by difference check roughly
with the value 25.4 obtained from the corrected Cross and Bevan
value. The anelyticel procedures upon which these results
are bseed are not copsidered éufficiéntly selective to warranf
the ineclusion of the nitrogemous snd ether-soluble fractions,
since their megnitudes would be within the experimentel error
of theee v.lues,
Pectin in the Cormstalk

An effort hes been made to determine the peotin content
of the cornstslk as & means of correlation with rebtting experie
mentse. & direcet isclation fsiled to give &ny peciin or psetic
scid. £n indirect attempt was made by determining gai&otose on
the assumption that &1l pectins are charecterized by yielding
mueie acid on oxidatibn. The quantities of muecic acid obteined
were sosmall that definite identification wae doubtful. In this
connection attention should be called to the work of Ritterl,
which shows that the middle lzmella of basswood tissuve consists
of lignih and not pectin or calcium pectate. The question
arises a¢ Yo whether & ei :ilar change takes pluce in the

lignification of the cornstalke.

Isolation and fnalysis of Pentosans from Cornstalk

In preparing zylap or wood gum it is common practice first

to extract the tiesune with 1 per cent ammonium hydroxide to

1. Ritter, lnd. Eng. Chem., 17, 1195 {1925).
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remove the water~secluble cons#ituents, coloring matter, ebe.

Anaslysis of this extrsct gove the follo ing results:

Per cent
Totel solids extracted by 1 per cent ammonie 6400
Totel sugars {calculsted as glucose) 2.17
Pentosans (by furfural) ‘ 0.86
Gelactens (by muciec acid) Indefinite trace

This analysis indicates that the water-scoluble hexose
carbohydrates, inéluding starch, are not present to more than
220 per cent of the totel stalke

After the preliminary treatment with 1 per cent ammonis,
the tissue was extrected with 5 per cent sodium hydroxiae es
described for the determination of hemicelluloses. Alcohol
waes added to this extrect until preciplitation ceaseds This
usguelly reguired & volume-~to-volume proportion; in & few cases
more aslecohol wee necessery. The precipitate settled feirly
repidly and was filtered off through paper after about 6 hours
standing. The material wae reprecipitated by adding salcohol to
& 1 per cent sodium hydroxide solution of the material. The

yellow, amorphous powder odbtained by drying this residue gave

the following analysis:

: Per cent
Hoisture (loss st 100°C.) 3.15
Pentoean (furfural distillation) 88,00
Lignin (cold %2 per cent sulfuric 2425
scid)
Ash 2a64
Total 96,04

Reducing sugars as xzylen {by rfehling) 87.32
In view of the fect that the reducing sugers and furfural

determinetion check, it seemg probzble thatthis materiel is
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xylan, with the impurities in@icated.

Note-The furfural determinstions have been calcul&ﬁed as
xylan throughout this peper 'n this evidence. This frection is
being more closely examined and until thét time the fuﬁfural
valunes should be interpreted with the usuval reservationé‘ Ct.
Klingstedt, %Z. anel. Chem., 86, 129 (1925)s The work of Brown
and Tollens, Ber., 25, 1457 (1902), indicates tlvt small
smounts of arzbinogse are ﬁo“be expecteda
The same procedure is frequently used and the precipitated
fraction designated as "hemicellulose.™ Verying emounts of
lignin ean be brought down with this fraetion according to the
manipulation detailse |

Isolation and Anelysis of Lignin PFraction

The lignins, althomghk insoluble in either water or &leohol,
are gquite soluble in & mixture of the tvo solvents. The file-
trate from the isocletion of the pentosan fraction wes fractione
ally distilled to remove the aleohol, the lignins remsining in
solution in the sgueous sodium hydroxide. ¥hen the alcohol
was removed, the solution wes cooled and acidified, the lignins
seperating at once. They wers purified by twice taking up in
1 per cent sodium hydroxide and reprecipitating by zeidifi-
cation.

The lignins {or lignic scids) were obtained as a light
brown, smorphous powder. ‘hen suspended in water, they softened

at 609C. to & sticky, resinous oil, vhich im-edistely solidified
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upon cooling to & brittle, eagily pulverized mass. This
cherscteristic changes vith time. The snalysis of this frace

tion wae se followsg:

Per cent
Moisture {lose at 100°C,) 22,0
Yentosans o : Indefinite truce
keducin% sug.rs (Hydrolysie) Indefinite trace
Lignin (by 72 per cent sulfuric acid) 6.1
J’&Sh 1.0
Tobal 99.1
Hethoxy content 1440

Separation and Anglysis of Threce Structural Tissues of
Cornstalk
The matured cornstalk cen be easily scparated into three
dififerent tissues or combinsiions of tissues: (&) the cpidermis
and the peripherel vescular bundles or thce outer shell of the
stalk; (b) the pith or fundamental perenchyme of the stalk
(the term "pith" es used by Jackson end by Sherwood epperently

includes the vascular bundles as well as the parenchymatous

tissues); (e) the inner vesculer bundles interspersed through

the pith of the stelk. OFf these tissues, the outer shell and
the centrsl vasculsr bundles are predominantly fibrous in
gtructure snd of woody appesrance. The pith is composed of
more or lese cubical cells of soft and spongy texiturea.

It wes présumed that most of the lignin content of the
cornstalk would be found in the vsecular bundles and that the
hemicellulose would be largely concentrated in the parenchymatous

tissues. The anelytiesl date (Teble III) do not support this
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Figure 1~Photomicrographs of Cellulose Pulp from the Cornstalk Prepared by the de Vains Process
a and b from vascular bundles and parenchyma carefully dissected out.

¢ and d from mechanic.
and parenchymatous tissues.

ally separated prosenchymatous
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Samples of Paper made from

. T

Hand Separated Hend Separated Hand Separated

Pith

Fiber Oouter Shell

Mechanlcally Separsated Hechanically Separated
© Pith Pibers
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prosumpiian, the anslyses of these different tissues being sbous
the oceme oz theb for the totel stelk. To obbein these daba the
outer chell of the stalk was peelea of f with & sharp knife, the
inner pith eylinder softened in water, end the vascular‘buﬁdles
sepereted from the pith by cerfully prliing out each fiber ard
seyeping swey the cofter perenchymstous tissue. The geparated
tigsues were then apslyzed a8 previously described for the

totel stelk except thet the ceilulose pulp wae obtained by &
modificetian of the de Vains process instead of by the Cross and
Bevan analytical methods. It will be observes that the values  for
celluloge by difference check roughly with the value reported for
the totel stalk. (TableIm).

Although these tissues hed approximately the same chemical
composition, the physical nature of the cellulose pulp ptepareﬁ
from the pith was very &ifferent from thet prepered from the
other tissues. The pulp prepered from the'vascular bundies
and outer shell was distincetly ﬁibrous in ftezture and formed 8
gooa mat in filtering. The pulp preparcd from the pith hed no
visibdle fiber and in eppesrance resembled the gelatinized

celluloses. ZPhotomicrogrephs of these pulps a8re Shown in

Figure 1 end be Those tissues hed no mechsnicesl trestment and
it is Aifficult to believe that tremtment +ith 1 per cent
causﬁic 25 used in the preparaticn of the material would cause
such o degree of gelatinization. It seems more probiable that
this property is due to the originzl subdivision of the tisspe
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into thin-wellied, isodimetric cells rather than to the chemiesl
nature of the celluloso.
Table 11T

Comparison of Compositions of the Cortex, Vesculsr
Bundles, &nd ¥ith of the Cornstalk

T ouver  Vescular ~ 15Tl
Shell Bundiss Pith Cormstelx

Per cent Per cent rer cent Ler cent

Pantosgan : 2549 26 «4 27% A
Lignin R. T Blab 2542 2240 BAS
Lignin (cold 72%) 252 2245 16.5 23.7
Cellulose pulp 55.9 02 8041 52.6
Pentosang in nulp 15 «6 1%.1 122 1442
Cellulose (by difference) 3943 37al P79 3844

The tedious task of dissecting thempe tissues would hendicap
any great extension of the above studies. Sipese thece resulis
indiecsted such & decided‘éifference in the physiczl nature of
these tissues & mechénical device for. separsting bthe pfren-
chymetous tissues from the shell and vascwlar bundles has been
developadla The success of the separsiion can be judged by
comparing‘the photomicrographs c eand 4 in #Figure 1 with those
of the corresponding hand;separatea tigsues. Papesr from esch
of these meterisle is seen on pege 2le
1. The machine patented by Sherwood, U. S. Patent 627,882 (1899),
apparently separatea the shell fzom the central portion of the
stulk, the term "pith" being used to designete the ceptral

arenchyme spd vascular bundles ar welle The soeme spplies to
. S. Patents 720,850 and 720,851 (190:5).
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It chould be emphaeized that these statements are mot %o
be interpreted to mezn thet peper cannot be made from the pith
of the cormstalk. Shests prepared from the mechanieslly
separated plth resemble the rice paper of the Chinese, The
facts that the pith is wvery bulky, that it will yield to milder
chemical treatment than the rest of the stalk, and that it is
glmost impossible to bleach it to & white pulp indicste that
it would bé more economicel to separate it from the more

fibrous tissues which constitute about 80 per cent of the stalk.

SUMMARY

It iz pointed out that the 725 Eg80, method for the lignin
determination gives high results, and & modification of this
method is suggested in wvhich the temperature is controlled.

4pn gnalyticel examinetion of the cornsbtelk indicates that
it consiste primarily of lignin {approximately 24 per cent),
pentosan {approximetely 27 per cent), cellulose {Approximetely
36 per centls There is 1little polyhexose material subjeet to
acid hydrolysie (£ to 6 per cent) and no pectic msterisl could
be definitelj identifieds

Directions ere given for the isoletion from the cornstalk
by elkali extraction of a pentosan fraction {with about 25 per
cent impurity as ash wnd lignin) end of a lignin fraction !
(a_pparently conte&ining no carbohydrastes).

The shell, pith, and vascular bundles have been dissected

s
\

from the cornstalk and snslyzeds. The comporition of thece




- 25 -

tissues does not vary greetly from that of the total stalke
The cellulose pulp preparced from the pith dries to & psrchment-
like papars




- 26 =

PART II
TEE PARTITION OF {HE CCRSTITUEKTS OF THE CORNSPALK BY TBE ACTION
OF ALXALI.
IBTRODUCTIOR
The present industrisl process for pulping the cornstalkl,
like the industriBl processes for the other grauges, is of the
elkali type. In this process, the pentosan and lignin bodies
removed by the caustic arc sacrificed for the mor e valusble
£1keli used in the treatment. ' The following study revorts the
partition of the three predominant é€larses 0f cmpounds of the
eérnstalk under a2lkeli treatment; the 'object qi the study being
to obtein date bearing on the feasibility of the fermentation of

the pentosans in the &lkali liguor.

Separation of Tissue

The :&teriel used in these studies consisted of the two
distinct types of structuvrsl tissue in the cornstalk; the pith
(parenchymetous tissue), and the outer shell together vith the
fibrovasculsar vundlies from the centrel portioms of the stalk,
Theee tissues.were separated 'by first chop:ring the staik, freed
from leaves znd dirt, in & Wiley mill without screens. ihen the
mill is run at low speed (240 r.p.m.), this vill break the stalks
into pieces one to two inches in length end crush the outer shell

of 211 pieces. he cubicel pith cells are then screened from the

1. Kirkpatrick, Chem. Bnd ilst. Eng., 35, 401 (1928).
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fibrovascular bundles and outér shell by the use of a wash roll
in an ordinary bpeating enginé{‘the beater roll being set with
at least 1/4" clearance and the wash roll being covered with a
10 mesh screen. Concentration of wash water and prevention of
water waste csn be obtained by returning the water from the
wash roll to the beater after filtering out the pilth by means
of 60 mesh screenl. The separation is completed in sbout 45
minutes with the experimental apparatus used in thils laboratory,
A schematic diagram of which is shown in figure II. The average
of seven such separations gave the following results:

Pith material 26%

Fibrous material 63%

vWater soluble materisl 9.0%

Loss (by Giff.) 2.0%
It should be emphaslzed that tho separation of these tissues 1is
made without chemical treatment of the stelk, and while a
Hollander is used ih the separation, that the tlssue is not
"beaten] in the usual sense of the word. Many other kinds of
weshing machines could be developed for the same purpose, the
fundamentals involved being merely the rubbing out of the soft
pith and the separation of these cubical cells from the more
fibrous and resistunt tissue., This separation, if used com=

merqially, would take the place of the hot water washing shown

in the flow-shéet fop the commercial preparation of paper from

cornstalksz.

1. A patent covering the essentials of thls apparatus has been
issued to RKumagema and Shimomura, B. P. 299740, Chen. Abs.

23, 3574, 1929. ,

T+ Kirkpatrick, Chem. and Met. Eng., 35, 401 (1928).
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Pulping.éf Tissue
The chemical treatment reborted for the two tissues of the
cornstelk conslsts essentially of the de Vains procegse The
literature regarding the de Veins process consists prineipsally
of patentsl end descriptions of plant operations. #Anelyticel

studies have bhoen made on esparto gr&ssg and on flsx straws,

Waentig4

hae mede ap extensive study of the metion of chiorime
and chlorine dioxide ip the.process, A number of studles hive
been made in the Chemical Engrr Depte of Iowa State College:on
the appliecation of this process to the production of cellulbse

fromn the corns’:talk5

. 1 bibliography from 1900 to 1928 is given
by vest®,
The de Vaine process consists of three distinct steps:
1. Preliminary treatment with dilute alkeli to partially
| deligrify the tiscues. _
2. Chlorination of the pulp from thé alkali treetment to

convert the residusl lignin into soluble compounds.

1. de Vains )
U. S. Patent 1,106,994
Us S. Patent 1,500,060
U. S. Patent 1,656, 497
Us Se Patent 1,693,487
British Patent 189,561
. British Patent 197,329 -
British Patent 198,975
British Patent 201,488
British Putent 208,551

2, Hutti and Venturi, Ann. Chim. Applicsts, 17, 391 {1927)
%s Schefer, Bray and Petlerson, Paper Trade Je B4, B0.8,207(1927)
4e VWoentig, Z. engew. Chem., 41, 493 97751001 (1928)
B. Webber, Ind. Fnge Chem., 21, 270 {1928}
' Roberts, B. S. Thesis, Iowe Stste College (1927) (In manuscript)
6o liest, "Bibliography of Paper iisking", p. 202
Lockwood Trade Jourmel Co., (1829).
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|
: . .
Z. IExtruction of the chlorinated lignins with elther solium

sulfite or caustic solutions.
It wes expected thut esch of these treztments would ceuse Suf-
ficient chemical chunge thet = three dimensionsl dicgrém would
be necessary 1o portrsy the resultslgraphically. Lecordingly,
three varistions in etch trestment were mede giving & totsel of
twenty-seven samplee for the study. The expected veriation in
the second znd third treatmeﬁts wae not found, the greater .
portion of the chemical change teking plsce in the first treate
ment with dilute caustic. ‘ﬁhile the second and third treate |
ment czused litile chemical chunge, they did cause considerable
change in the esse of blesching of the pulpe.

In applying thece tresiments to the cornstalk tissues,
quantitative procedures were followed thruout rather”th&n pulp=
ing processes. The tissue, excepting the~pith; wie ground o
péss & 60 mesh screen. The material used htd & moisture con-
tent of 5.6&% on an oven-dry basie of 105 degrees. 'The dry
tissue ran 1.44% ssh. All resﬁlts_reported below &re on the
oven-dry basis unless othefwise indicated.

In the study of the pulping of the fidrous material,
t@énty—seven gamples of twenty-five grams each were weighed out
to give three %aiiable treztments of euch of the three steps in
the procedure. Thepe samples were then grouped u& shoun in
Tuble IVto give &1l the pessible combinations of:

l. £1ksli trestment with concentrations of 0.5, 1.0 and 2.0
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TAELE IV

Results of Various Treatment o}

- | Semple

__ANALYSIS OF LIQUORS

Treatment NaOH Chlorination _ Na.
CTonc.|vVol. |Chlori- Combust| Pento] Combust] Pento] Combus
Na0OH | NaOH |nation time ible san |ible san ible
No. | in in cc in Mins. Resgsidue Residue Residy
1 0.5 250 15 14,64 1.58 1.98 0.15  2.88
3 0.5 250 15 4,0 14,64 1.58 1.53 0.15 6,68
4 0.5 250 30 1.0 14,64 1.58 1,77 0.16 239
5 0.5 250 30 2.0 14,64 1.58 1,77 0.16 2.26
6 0.5 250 30 4,0 14,64 1,58 1.77 0.16 Re 27
7 0.5 250 60 1.0 14.64 1.58 2.41 0.1%7 6,71
8 0.5 250 80 2.0 14,64 1,58 2.41 0,17 5.1}
9 0.5 250 60 4,0 14.64 1.58 2.41 0,17 4,63
10 1.0 250 15 1.0 24,75 .61 1l.41 0.24 1.99
11l l.0 250 15 2.0 24,75 3,61 l.41 0.24 -
12 1.0 250 15 4,0 24,75 3.6l l.41 0.24 -
13 1.0 29 30 1.0 24,75 3.8l 1,60 0,354 2.14
14 1.0 250 30 2.0 24,75 3,61 1.80 0.34 230
15 1,0 250 30 4,0 24,75 3.6l 1l.60 0,34 2.14
16 1.0, 250 60 1.0 24,75 3.6l l.64 0,30 2.41
17 1.0 250 60 2.0 24,75 3,61 l.64 0,30 2,58
18 1.0 250 60 4,0 24,75 3.6l l.64 0,30 2458
19 2.0 250 15 1.0 30.20 97,53 1,20 0,12 3.42
20 2.0 250 15 2,0 B0.20 7.,5% 1.20 0,12 2.82
21 2.0 250 15 4,0 30,20 7.3 1.20 0.12 2. 20
22 2.0 250 30 1.0 30.830 7,93 1l.46 0.20 2.11
23 2.0 250 30 2.0 30,20 7.53 l.46 0,20 1.78]|.
24 2.0 250 30 4,0 30,20 7.53 1l.46 0.20 2.73]
25 2.0 250 60 1.0 50,20 7.03 1l.84 0,17 Re22
26 2.0 250 €60 2.0 04,20 7,53 1l.84 0.17 1.99
27 2.0 250 60 4.0 30, 7.53 l.84 0.17 l.44
TABLE v
Effect of Caustic Concentrati(
45 0.1 . 750 30
46 0.2 750 30
47 0.3 750 30
37 0.5 750 30 25,75 5.22 2.86 0.52 258
%8 1.0 750 30 29,00 6478 2,56 0.27 2,64
59 2.0 750 30 3300 Q.83 2.29 0.20 292
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TABLE IV

s Treatment on Fibrous Material*;_

l.22

TQUORS : otal
nation Na.S0, Total o
- ' tTPento]Combust|Pento} Combust:PentosaniYield :
"I | san ible san ible matRemoved | of Analysis of Pul
} Residue ter Pulp] Ash {Pen tosaniLignin
~ Removed . I
0415 2008 - 18,55 - 72.2 0.25 22.25 13.62
0.15 6.68 - 23.85 - 68, 0.25 19.51 12.86
1 0.16 2.99 0.71 18.80 2.45 - 6840 0.32 18.90 11.18
0.16 2e26 0.75 18.67 2.49 66,5 0.26 18.41 10,79
0.16 227 0.65 18,66 2,39 67.3 0,21 19.17 10.52
0.17 6.71 0.89 23.76 2.64 63.1 0,29 17.86 10.40
0,17 5.11 l.26 22.16 3,01 62.8 0,30 18.94 7.04
0.2&4 1.93 0.58 27,09 4,43 57.1 0.15 17.2%9 4,32
0e24 wwe- 0242 == 4,27 56.9 0,13 17.80 4,57
0.24 ———— 042 wom- 4,27 57.2 0.1l 16.96 4,84
0.354 2.14 0.72 28,49 4,67 56.0 0,10 17.45 .41
0.34 2630 0.69 28,65 4,64 56,5 0.13 17.90 d.12
0'54 2014 0654 28.49 4049 56.5 Ocle 17095 3024
0.30 204‘.1 0087 28.80 4.78 56. 0.16 17.67 5.34
0.30 2.58 0.95 28.97 4,86 55.1 0.14 17.05 2.92
0.30 2.58 0.84 28,97 4,75 54.8 0.18 16.50 2.84
0,12 3.42 0.44 34.82 8,09 53.2 0.21 15.25 3.02
0.1l2 2.82 0.39 34.22 8.04 55.1 0.16 15.30 3.18
0.12 2. 20 0.30 33,60 7.95 57,5 0.14 18,30 3,54
0.20 2411 0.67 33.77 8,40 52.8 0,14 14,60 2.26
0.20 l.78 0.60 33.44 8.33 51.8 0.15 14,39 2.16
0.17 2.22 - 0.92 34.26 8.62 52.1 0.27 14,82 2.53
0.17 1.99 0.78 34,01 8.48 51.9 0.2 14,38 2,36
0.17 l.44 0.73 33.48 8.43 50.2 0.25 13,70 2,39
TABLE v
> Concentration on Pith Pulping
67,
60,0
58.8
0.52 2.58 0.99 3l.19 6.73 57.2 54 14.50 4,78
0.27 2,64 1,07 34.20 8.12 53.3 0.43 12.48 3.82
0.20 2.92 38.21 11.15 48,9 0,37 3440 2.97

4l.
38.
35
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Combust~|{ Pentosan|Total
ible |Removed {Solids

Anelysis of Pulp matter |Fentosan|iiater solue
Ash iPen tosan Lignin {cCellu' yielfooi‘ in Pulp |ble mterisal
ose

5.E5 £2.55 18.68 52,00 90.75 = = 95,95
0.29 21.12 13.47 50,32 91,18 - o 100.38
0.25 ° 19.51 12.86 47.87 92,25 = = 101. 45
0.32 18,90 11,19 49.38 86.80 21.35 96,00
0.26 18.41 10.79 47,45 85.17 20.90 94,51
0.21 19.17 10.52 48,98 85,36 21,56 96416
0,29 17.86 10,40 44,00 86.86 20,50 - 96,06
0.30 18,94 7.04 43,18 84,96 21,95 94.16
0.26 18.55  7.58 44,35 84.78 21,48 93.98
0.15 17.29  4.32 42,02 84.19 22,72 9% .39
0.13 17.80 4,57 42,40 el 22,07 - -
0.11 16.96 4,84 39.40 ——- 2],23 - -
0.10 17.45  3.41 40,20 84.49 | 22,1g 9% .69
0.13 17.90 3.12 40.60 84.30 ' 22,54 9% . 60
0.10 17.95  3.24  40.45 B84.99 22,44 94.19
0.16 17.67  B3.34 39,55 84.90 22,46 94,10
0.14 17.05 2,92 38,76 84.07 . 21,91 93.27
0.21 15.25  3.02 37,00 88.02 23,34 97.22
0.16 15,30  3.18 41.00 89.32 23,34 98. B2
0.14 18,30 5.54 43,75 91.10 : pg.25 100.30
0.15 14,39  2.16 88.20 85.24 | gp.np 94, 42
0.17 14,07  2.18 37.60 B86.19 ' p5.43 o5 39
0.27 14,82  2.53 37.85 86.36 pz.44 95. B6
0.25 13.70 2,99 38,28 84.38 22.15 93,58
0.54 14.50 4.78 41,55 8B.39 53,23 9% .69

0.37 3.40 2.97 35.60 86.11 20.55 95.31
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volume per cent sodium hydroxide.

2, Chlorination with chlorine gas &t a constant rate of 100 cc.
per minute for 15, 30 and 60 minutes,

3. Treatment with 1, 2 and 4% sodium sulfite. ‘

The exsct pulping procedure is gives in debail below. The re-

sults ere tabuleted in Table Vand are shown graphicelly in Fig. ITI

The results for the pulping of the pith are tabulated in
Table Vs The pulping of the pith.was carried out in exactly
the same menner a&s the pulping of the fibrous materisl except
750 cce. caustic solution were use&’for each 25 grems of tiSsue.
This ineresase in volums of caustic is necessitated by the bu}ky

nature of the pith,

TABORATORY PROCEDURE

© . Twenty-five gram samples were used, the smellest volume of
gsodium hydroxide of the indicated concentration sufficient to
cover the semple wus added (250 cce for the fibrous materiai

750 ce. for the pith)e. The beeker was brought to boiling on en
electric hot'plate et a constant rate'and held at the boiling
temperature for'thirty minutes, the volume being kept constant
by the sddition of water. The hot &lksline extract was filtered
from the tissue by suction through & cloth filter, the tissue
wag washed until the washings came through colorlesse. 4An
sliquot of the combined liquor and washings was taken for pen~

- tosen determination by furfural distilletion and another
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gliquot wmﬂ.taken for the détermination of totzl orgenic matter
extracted ¢rom the stelk, this analysis being made by evEPOrite .
ing the solution at 110 degrees and.burning out the organie .
matters o

The tissue sfter weshing wes transferred with 400 cce Of.
vater apd stirred until qniformly‘&istzibutea. The %iscue wes
then subjected to the action of chlorine gas for the indiguted
time, the rate of chlorinstion being controlle@ by a flowﬁeter
delivering‘the ges stream. dAfter dhlqrination,-the liquor was
fiiteréa off snd the tissue washed until the weshings were free
from chlorine., Aliquots of the combined liquor &nd washings
were run for pentosan &nd total.orgénic mutter removedfffdﬁ the
stelka

The tissue was finally treated with 500 cc. of sodium Bule
fite solutlon of the in&icdted strength the susPen81on brought
to boiling and boiled for five minutes. The hot sodium sulfite
extract was filtered off and the residue washed until the wash=-
ings c&me through colozless. &1idﬁots of the combined liquor
and we shings were run for pentosan and total organic matter
removed.

The tissue resulting from theee three treatments was
bleached with'permanganafe solution followed by sulfurous acid
golution, dried in & vecuum oven &t 60 degrees, und analyzed

for ash, pentosan, lignin and a cellulose contente.
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Destruction of Psntosan by Cooking

The totel pentosan sccounted for in no case checked the
amount, epprozimetely 26%, in the origincl tissue. Experimests
in which pentosan, extracted from cornstalks with 5% sodium
hydroxide solution, wes treuted with caustie solution indicated
& corresponding destruction, the destruction being greater the
higher the concentration of caustic. The data are shown in
Peble VI « During the progress of this investigaetion, en aiticle
appeared by Aronovs%wrand'Gortﬂerl which showe similar results
when wood is treated with water zlonme. This destruction is
possibly due to the dehydraetion of the pentosen materizl with

the production of furfursl.
DISCUSSION OF HESULTS

The quantity of orgsnic mater removed by each of the three
treatments indicated that the initisl caustic treatment was the
only variable which removed apprecisble guantities of m&terial;
although the gusntity of orgaenic metter ramovéd increased slight-
ly with 1neréaeed time of chlorination as well &9 increased cone
centration of sodium sulfite., 1This result is in hezrmony with the
work of Eittexz which indicetes that & gshort period of chlorins-
tion is sufficient to chlorinste sll the exposed lignine. In
the trestment of the pith ae well #s iy the treatment of the

‘1. Aronovsky and Gortner, Ind. Lpg. Chem., 22, 264 (1930).
2. Ritter, Ind. Eng. Chem., 16, 947 (1924). *




Teble VI

Destruction of Pentosan by Cooking

Treatment Peritogan|Pentosan Pentosan | Per cent
Sample{Gonc.] VOl,]rressure of|iime ol in found afteribecomposedy. Pentosani
No, |NaOH |NaOH cook in cook in sample cook in in gms. |Decomposed
in % in cc ,'I I@}ns. fratits gy ’
i 1,0 50 35 30 » 3502 .3223 .0279 7.95
2 2.0 50 35 30 3500 3147 0353 10.10
3 340 50 35 30 23511 «2018 <0593 16.80

—
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fibers &n increase in c&ustic‘concentfation czuced & decrease
in the yield of pulp, d-cellﬁiose content, lignin content, &nd
pentosan content of the pulp gnd an increuse in the organic mut-
ter removed. _sée figures IV, V, VI;~VII.

In the case of the fibers, the 2.0% cgusiic trestment pro-
duced @ good white pulp while the 1.0% and 0.5% ceustic treate
ment produccd & dark colored insufficiently trested pulp. On

testing intermediate concentrations; it wae found that 1,84 -

caustic failed to give an entirely sstisfactory pulp while

1.%% caustic gave u setisfectory pulp. See tableVil This cal=-
culated to be 12.5% sodium hydroxide on the weight of the dry
fibers. fThe asctusl dilution of the canstic solution has little
effect for & pulp may be obtained from as dilute & solution es
0,5% caustic concentration when the ratio of dry fiber tissue
to caustic solution is 1 to 30.

In the case of the pith meterisl, the 2.0%, 1.0% and 0.5%

caustic treatments 21l gave satisfactory pulps. On testing

lowér concentrations, it wes found that & satisfactory pulp was

obtéined.with 0.3% but not with 0.8% caustic solution when 20
cc. caustic solution were used per grem of meterial. See Table
V' « This eslculated to be 7.5% sodium hydroxide on the d4ry
material.

Fig.V indicstes that the lignin left in the pulp tends to
approach & minimum velue with increased csustic councentration,
however, it is not completely removed.

FigeVl indicates thet the a-cellulose content when & good




Table VIT

Effect of CAustic Concentration on Pulping Fiberous Material
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1____Treatment : - ANATYSIS OFF LIQUORS - Total | .
|Gonc, [Vol.  |Chlori-|Cones | RaOH - ghlorination ~ NBaS0a cambust |'F
NaOH }{NaOH .tnation [NapSOjtoombust| ombust —Jcombust] -~ | ible P
1in % [in cc¢.|time in| in & |[ible  |Pentosani{ible {Pentosan{ible lPentosan matter |R
- Mins, " Resldue Residue| 1Residue| removed|
0.26 250 30 2,0 5,82 0441
0.26 500 30 2,0 13,21  1.24
0.25 1600 30 2.0 20,60  3.68 |
0.26 2000 30 2.0 24,60 ° 4,384 e
. 0.5 250 30 2.0 14,64  1.58 1,77 - 0.16  2.26 0.9} 18.67
0.5 750 30 2.0 28,50  5.83 1.52 = 0,20 1,95 0.65 31,79 -
0.5 1000 30 2.0 26,65 520 ' NS , L
1.0 250 30 2.0 24,75 3,61 1.60 - 0.34 230 0.69 28,65
1.0 500 30 2.0 31,60 7436 1,48 0.26 | 2,02 0.66 35.10
1.0 750 30 2,0  33.21  8.4Y 1,43 0,19 1.80 0,64 36,44
1,0 1000 30 2.0 28,10  9.25
2.0 250 30 2.0 30420 763 1.46 0.28 1.78 0,60 33.44
2.0 500 30 2.0 30,08 965
2.0 1000 30 2,0 < 80,50 10.78







Pable VII

3ti¢ Concentretion on Pulping Fiberous Material

- ] ANATYSTS OF LIQUORS  __ "Total | _ N | .
. — NaOH —___chlorination —_ NeaS0,  cumbust|Total | Yield ‘Analysis R R
Jatceombust] ~ [Combust - [Combust| = T ible Pentosan|. of of Residue = . .ja=~-cel
; |ible  |Pentosanjible Pentosantible Pentosan| matter |Removed jResidue}” Ash |PentosenjLlgninj lose
. |Reslidue Residue| - {Residue| - | removed| : : ) oo
5,82 = 0.41 ‘ , ) ' 8346 26,10 23.10 ©55.4
. 20,50 - B.68 _ , e _ 65.8 20,66  13.07 48,5
. 24.60 4,34 S , - 62,0 18452 7,19 - 45.6
14,64 1,68 1,77 0.16 2,26 0491  18.67 2.49 6645 0426 18,41 10.79 87,4
25,90 - 3486  1.64 0.2¢ 2,10 0467 29.64 - 4,77 60.5 0.26 18.02 4,59 43,7
28,50 5,85 1.52 = 0,20 @ 1.95 0+65 31,79 - 6,68 59,0 0,26 17.18 - 4,14 42,4
26,65 5.20 - | o - 58,4 17.81 . 3433 40.6(
24,75 3.61 1.60 - 0,34 = 2,30 0,69 28465 4,64 56:6 0,13 17.90 3412 40,6t
31,60 - . 7.36 1,48 '0.26 2,02 0,66 35,10 8.28 57.4 0.26 16,53 3.96 40,8
33421 = B.4Y 1,43 0.19 1.80 0,64  36.44 .32 5644 0420 16,10 = 3,50 39.0
30,20 7.53 1.46 0.28 1,78 0,60 53.44 8.33 518 0.10 14,39 ' 2,16 38.2(
30,08 0.65 ‘ o 51.3. 13,35 1,94 37.9(

30,50 10,78 - - 2908 12.41 1,74 37.%
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Combugt Eénfbsan Total R

Analysis .t . . jible  |removed ¢|solids
: of Residue |a=cellu|matter +|pentosan }+ Hz0 : . Remarks
f Ash [Pentosanfligning lose yleld off in - soluble '

‘|Residue (Residue material

26,10 23.10 ©55.4 Ingufficiently Treated
24,70 17,55 b55.2 " "
20.66 13,07 48,5 S : " "
18,52 7.19 45,6 ) I o " "
26  1B.41 10,79 4£7.45 85.17 20.90 94,37 f | ,
.26 18.02 4,59 43,70 90,14 22,79 99.34 " "
0.26 17.18 4,14 42,40 90.97 23.86 100,17 Made falr Pulp.
— 17.81 = B433 40,60 o | - Made good Pulp
Q.13 17,90 3,12 40,60 85,15  22.54 94,35 ~¥'  Made poor Pulp
#0.26 16,53 3.96 40,80 92,50 24,81 162170 - | Made good Pulp
B0.25 16,10 = 3,50 39,07 91,84 25,42 101.04 Very good Pulp
B 16.08 2.23 38,88 ‘ . " noo
.15 14,39 2,16 38.20 85,24 22,72 G4,44 " v
13,356 1.94 37.9C - : : ‘ § " n o

12.41 1,74 37.70 | noor
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Table VIII
Effect of Pressure on Pulping Fiberous Material

' Treatment _ _
SamplejConc. |Vol, |Chlorli- Conc. |Pressure of{ Yleld
No. NaOH |[NaOH |nation time}NagSOg{ cook in of Remarks
in cci{in cey in Mins. | in % | # / Residue
T 5 8.5 250 30 2,0 atm. 6645
88 0.5 250 30 2,0 15,0 65.8 Insufficiently Treated
49 0.5 250 30 2.0 22.5 64,3 " "
50 0.5 250 30 2,0 30,0 63.4 " "
! 51 0.5 250 30 2.0 87,5 60.8 " "
N 14 1,0 250 30 2,0 atm, 56,6
52, 1.0 250 30 2.0 15,0 56,0 Made fair pulp
53 1.0 250 30 2.0 27.5 54.1 " " "
54 1,0 250 30 2.0 30,0 52.2 " " "
55 1.0 250 30 2.0 37.5 51.5 Made Bood pulp
23 2.0 250 30 2.0 atm. 5148 ' |
56 2,0 250 30 2.0 15,0 51,7 Very good pulp.
87 2.0 250 30 2.0 22,5 50,9 .m noom
8 2,0 250 30 2,0 56.0 50,0 " L

59 2,0 250 30 2.0 37.5 48.9 u L
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pulp is p:o&uced is from zﬁlfo 40% of the total staelk and thut
7 this value tende to approseh é constent minimum velue.
The effect of pressure upon pulpving 1s shown in Table VIII and in
Figéﬁﬂ; These curves indicate that &t low pressu&e the eifect
is iwncpprecieble, however, a8 the ptessure becomes grester the

effect tends to increase. -

SUMARY -

The cornstalk ean be mechanicelly separated into & pith
tisSue and e fibrous tissue, yiel&ingLsz% fibrous 5nd 26%‘pitn
bssed on the welght of the originel stalk. |

' IQ the de Vains process, when applied to the pulping of
cornstelks, the initiel caustic treatment is the only variable
wﬁich hae any a@preeiable effect on the chemical cdﬁposition ofv
the pulpe. | _

Isoleted pentosan materisl is deétroyed by pialping process-
es, the destruction being grester the gretter the ceustic cone
centration of the cook.
| The perceniage of d-cellulosé &8 well es lignin in the
puip tends to approach & constent minimum vaiue. However the

remdval of lignin is in no case complete.
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PART 11X
THE PARTIFION OF THE COHSTITUEKT: OF THE CORNSTATLK BY -
THE USE CF & VOLATILE ALKALI
~ INTRODUCTION

During the procees of coanverting plant tissues into
cellulosgic pulp, sbout forty bo fifty per cent of the original
tiscue is diséolved. In the slksli process, no seatisfactory
method of isolation of the dissolved substances has been found
which will &% ithe s:me time permit the recovery of the causticf
The purpose of the following investigation is to provide &
prdeess which will reduce plant tissne to & cellulosie pulp,
which will permit the recovery of the caustic as well &8 the
fermentation or other utilization of the hemi-celluloses re-
mofea.from the tissue and which will lecve the lignin meteriel

in a form essily isolated.
Pulping of Tissue

The materiel used in these studies consisted of the fibrous
tissue of the cornstalk as described on page 26« The fibrous
tissue was used since it is 80 much more difficult to pulp than
the pith tissue that &ny pulping process which would pulp the
fiber would also pulp the pith.

The chemical treutment reported for the tissue coﬁsists
essentizlly of s modification of the de Vains process. The de

Vuins process conaists of three distinet steps:
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1. Prelimihary trestment iei‘t_h_d‘ii%ite elkali to partiully
deiignify'the tissue. - ' : | |
2. Chlorinetion of the pdip from the alksli treatment to cdh-
vert the residusl lignin intb soluble compounde.
3. Extraction of the chlorinzted lignin with either sodium
sulfite or csustic solutions. | |
In this investigetion the firet step of the procese hss been
~modified so thet & volatile ulksli, such &s ammonia, is used
insteasd of & non-volstile alkali, as NaOH,. ”

The cornstelk tissue was used in the &lr dry condition in
the same stete a8 it came from the sepsrutor. The muterisl had
& moisture cbntent of B:G3 per cent on an oven-dry basis of
105°C. The dry tissne ren 1.44 per cent ssh.

The ot straw tigsue wss used in the air dry condition -
in the ssme stete as it came from the bales. The material had
& moisture content of 6.80 per cent on an oven-dry bssis of
105%. The dry-tissue ran 3.77 per cent esh.

A specitl leborautory type of digestor wus used for this
investigéﬁgon. £ schemetic disgram is shown in Figure IX., The
four heot ﬁnits m:de it possible to get practically any desired
témperature since they could be connected in series or in par#
&llel, and aleo cut out entirely when necesgery. The digestor
wes lead lined in order that it might be used for sulfite cooks.
when sulfite cooks were me.de, the iron hesd wus replsced by &
s8ilver plated hesd. The lezd lining &lso made it possible to
get & tight joint at'the tope
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Table

X

Pulping Cornstalk Fibers with Ammonia

o wEa Anelysls
‘ : AT Treatment . of Liquor
SampleiConc. [vol. essurc|lemperature} lime oI |Combust
No. (Neo® |NH;O0H |[in # / in ¢c, ‘cook in{ ible |Pentosanjin
“in 4{ in cey . % hours ([Residue
1 28.5 1G00 400 115 18 32,31 7.08 &
2 28.5 1000 100 115 15 29,80 6.98 6
3 28.5 1000 100 115 15 SQaOO 7410 ]
4 28.5 1000 100 115 15 31.00 7420 d
5 28.5 100C 100 115 15 303550 7.18 q
6 14.25 1000 100 145 15 25,71 6.9 §
7 14,25 1000 100 145 15 29.36 6.97 P
8 14.25 1000 100 145 15 29,09 6.81 C
9 14,25 1000 100 145 15 28,97 7.CG1 Lt
10 14,25 1000 100 145 15 G - >
] 14;25 1000 100 145 15 o - - L
11 14,25 1000 100 145 15
14.25 1000 . 100 145 15 = - "
de Valng == ~ -—- - - 33477 8.40 1
de Taing === == - -— -~ 33.44 8.33 -
Table X
+ Pulping QOat Straw with Ammonia _
1 28.5 1000 100 115 15 "3le40  8.48
2 28,5 1000 100 115 15 52,10 8.21
3 28.5 1000 100 115 15 33430 8152
4 28,5 1000 100 115 15 32,90 9.31
A
28,5 4000 100 115 - J— ———
28.5 4000 100 115 15 - oon nne S
28.5 4000 100 115 15 -t o oy o -
do Valns ewee ~=e= e ——— - 33485 9.21
@ Volng omme mme- —— P - 34,92 8.95
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The dats for the ﬁigestidn;of cornstalk meteriznl with
HH,OH ere given znd compared with do Vaine cooks in Tuble IX.

The duta for the dipgestion of ost straw with RH,OH ere
given end compsred with ozt straw cooks by the de Vains process
ih Table X .« This table also shows deta on the pulping of =
fow samples of whest straw by the use of FH,0H on & semi-commer~
ciul scale in which 400 grim saiaplee were used. This work was

done in the Chemicul Bngineering luboretories.
LABOHATCEY PROCEDULE

One hundred gram samples were used. The muterisl wes
placed in the digestor end the smallest volume of sgueous
amnonic of the indicéted concentrution sufficient to cover the
gample was sdded. This amounted to about 1000 CC in all c&ses.
The digeetor head wes put in place and bolted down. The pressure
in the digestor wus slowly brought to 90# to 1107 end held at
this pressureAfor from 8 to 15 hours by use of the electric heat
anits. The pressvre was decressed to some 15 to 257 by letting
the digestor cool. ‘This preasure was decreased to «tmospheric
by opehing the blow off wvalve. This served to drsin off prsc-

tiecally =11 the liquor from the digestor and the expansion serv-

ed to set free prsctically all of the emmonis. Wwhat little

amaonisa was not set free by the expunsion wus eseily removed by
boiling the black liguor with the simulteneous passsge of &ir
through it. This gave & nuddy liquid cont&éining & luxge zmount

of brown materisl in suspension.
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 The digéstor wWas now opehed, the pulp removed und wrshed
well with water by filtering with the &id of suction, through &
cloth filter.

The tissue wes transferred to & leboratory sized peper best-
er snd becten until & good pulp wag obtained. The time of beut-
ing varied with the concentration of the &mmoniz and the duration
of the cooke.

The tissue, efter beating, wes subjected to the &ction of
chlorine gus for sbout 20 minutes or until the tissue lost the
brown color end becume & faint yellow. &fter chlorinstion, the
liguor was filtere& off and the tissue washed until free from
chlorine. .

The tissue was finelly txeate& with enough 2 per cent
sodium sulfite to make & heavy suspensions This was slowlyl
brought to & boil and boiied for five minutes. The hot sodium
sulfite extrect was filtered off sand the residue washed until
the weshinges came through colorless, |

Phe tissue resulting from these treatments wes bleached
with parmangahate sblution followed by sulfurous acid solution.
A portion was dried in & vecuum oven 8% 600C, and anslyzed for
ash, pentossn, lignin and cellulose content. Another portion
wag made into faper. This paper was of such & quality as to

compare with eny of the de Vains process or god8 process paper.
Attempts to Utilize Waste Liquors

It is kpown that peﬁtosan material extraected from corn-
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etulks by 5 per cent eOH is very rapidly sttecked by thermo-
philic oxganisms, slso that the digestor liquors from ammonie
pulping contein avout 25 per ecent pentosan on the beeis of

total solids. It should, therefore, be possible to fermest the
pentosan meterisl of this ligumor by the use of thermophilic
orgenisms, leaving & pure ligaln. Lecordingly, the iiquor from
the emmonin digestion, after removel of the excess emmonisz by
evaporation, was made into & fermentation medium composed of 10
grams peptone, 1 gram XK,HPO,, 00.2 gram CaCo, & quantity_of cone=
centrated digestor liguor eqguivalent to 25 grams of solids, and
1000 CC of water. After sterilization, this medium was ipoculat-
ed with thermophilic type becteris snd incubsted at £1°¢, .

The results of this investigation ﬁere of no practical value.
since the materizl wes not &ttacked by the thermoPhilic organigme
to any noticeable extent. Since no fermentation toox place,
there must have been something in the digestbr liquor which was
toxic té the organisms or the pentosan must have been different.
By separation end purificution of & gquantity of pentosan from

the digestor liguor by the process described on page l7and com~
paring with the pentosan from the b per cent NaOH extraction of
gtelks, it was found that the ‘two were identicel ir both chem-
jeal end biochemicel properties. Thercfore the subetance pro-
hibiting fermentation of the digestor ligquor must be the lignin
of sone other‘materiél in.thévliqudr which is remdved when the

péqtosan is séparate& and purifieds
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When the digestor iiqucrAie evaporeted to drynesgs, e
dserk brittle reesidue is formed which can be ground to & fine
powder. By mtxing'this matérial ﬁith phendl in the ratio:of 2
to 1 or 20 grems of residue withk 10 grams, of phenol and'adding
& small emount of concentratea BCl, ‘about 1 CeCs, then placing
this material in & gluss tube and seallng off and heating the
tube at 100°C. for four hours, & black tough plastie meterial is
formed. The explanation fof this méf ﬁe due to the fact that -
during the heating, the pentosen m&terial is dehydréted by the
HC1 to furfurel which condenses With ﬁhé phenol to form & plasstie,
algo the lignin meterial condenses with the phenol to form & Jet

bleck plagtic called phencllignine
DISCUSSI COF LRESULTS

From the results of Table IX end & compsrisorn of the peper
shown on page 51 , it is seen that a paper pulp of very good
quality mey be obtained from cornstalk meterial 5y a modifiéation
of the de Vains process in vhich the FaOH is repleced by &
volatile slkali, such as NH,OH. W%hen commerci:l concentirated
HH,OH is usex & good puip is obtaineﬁ with one cook while vhen &
cook liquors of one part concentrated NH,OH to one part H.O is
used it is neéessary to give the meterial two cooks before & good
pulp is obtained. Ehe solld material obtained by the eveporation
of the digestor liquor contains sbout 25 per cent pentosan, the

remeinder is consideres to be lignine. The NH, content in samples
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Samples of Cornstelk Paper made by

Ammonla process

de Valns process
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Samples of Qat Straw Paper made by

A de Ll

Ammonia process

de Vains process




- 53 =

1 end 2 is séen to be about e;é.par eent while in sample & it is
only & per cent and in ssmple 4-and 5 the MH; content is 2bout
0.5 per cent. *This difference is due to the feet thet in the
pamples 1 end 2 the liquor was eveporeted without the pessage of
sir through it, while elr wae passeé'through gample 3 2e it was
evaporateds ¥he &iH, content of semples 4 and & is low, due %o
the feet thet a small smount of NalH weas sdded Lo the liguor
befors evaporation libereting the BHs from its selts. A&ir was
glso passed through the iiguor during the evaporetion. This
indicetes that the NH, can be zlmost quantitatively recovered.’
The yield of cellulosic pulp by this process iz somewhst higher
than it is in the case of the de Vaine process. The anslyeis
of the pulp. indicates that the celluloce content of the two &re
about the same, while the pentosan content is somewhat higher in
the cace of the ammonia pulpe. |

Psble X apd the samples of pesper On pege S indicate thet
a very good cellulose pulp may be obtained by the use of ammonie
as & pulping ogent when zpplied to oat strew. The yield of
pulp is higher by the use of HH,OH then by tho use of NeOH. The
reason for this higher yield is possibly due to the fact thet
the action of EaOH, which is known to destroy end wetken a portion
of the cellulose in the production of pulp by its ueas

Attempts to ferment the residue 1eft after evaporstion of
the digestor iiquor have prove. unsuccegsful by the use of

thermophilic organisms. Phie is possibly due to the fact that
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the lignins in the residue, wﬁiéh are phenolic type bodies, may
act as a poison to the orgénism, or there might be some other
constituent in the liquor which is toxic to the organisms.

It has been shown that & plestic may be obtained by treating
the dry residue with phenol and HC1l at 100°C. for geveral hours.
The formation of this plastic is pfobably due to the generally
accepted éxplanation of the formation of a phenollignin end also
tﬂue to the in situ formution of a phenol furfursel condensation
product, since at a high temperature the HCl wounld attack the '
pentosan tending to dehydrete it to furfurel., This furfurai ‘
then reects with the phenol to form & plastic.

SUMMARY

A procecese is described by which ligno-celluloses may be
pulped by the use of & volatile &lkali, such s NH,OH,

Attempts to ferment the digestor liquoxrs from smmonis&
pulping hseve been unsuccessful.

The residue from ammsnia pulping mey be made into a
plastic materiél by the addition of phenol and processing for

the production of such charscteristic condensaetion productse
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BART iv
ECQHPOSITION OF THI COHNSTALK TISSUN BY THER
USE OF THERUMOXHILIC BACTERIA
THTRODUCTION

It has been known for sometime that certeain bacteris
sttack ce llulose and pentosans deocomposing them into s0luble
products; it is élso stated in the literature that during this
fermentation any lignin which might be rresent is unattackedd.
The thermophilic type orgeniems attack cellulose more repidly®
than any of the other organiesms. The products of the thermonhi-
1lie fermentatlon of cellulose are nrincipallx acetic and formie

5 e, X

dcias e Since it 18 po&&zble(vp GOmmEIGIali\ prepere acetic and

formic‘aeids from cellulose by the thermophilic fermentsa tion it

et e

should be possible ¢0/commarozaliy utilize eornstalks end other
cellu1031c wasate muterlalgmbyvfermeuting them into vslusble acide
and other products. Due fS}ﬁhe faét that during these fermenta-
.ftions the 1ignin ie presumably unautacked it should be pcseible

-to prepsre & pure lignin by this procas - Phe purpose of the.

e T

lose and pentossn meterisls of the cornstalk into velueble

products as well as to prepare & lignin materiel more nearly

o e N M e s A W

the natural product than can be preparsd by any of the chemical

1. Lymn and lengwell, J. Soc. Chem. Ind. 42, Z60%, (1923)
2. Pringsheim, %. Physiol. Chem. 78, 266 {1922),
Be Pringsheim, Centr. Bukti. farasitenk, II, Abt. 38, 513 (i913).
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procesees,

HISTORICAL REVIEY
Cellulose Fermeniation

That cellulose is decomposed by thermophilic organisms

wes first noted by limcfayden and Blaxalll in 1899, These ln-
veetigators inoculated & medium containing broth, nutriet salts
and swedish filter paper with manure, and noticed the produétion
of acetic snd formic scids at 55’tq,65°q. They attributed the
production of the scids to & symbiétic sction of unknown species
of bacterisa, since they f&iled to isol&te & pure culture which
wounld produce the characteristlc fermentation. They'found the
Optimum temparature to be: from 55,;0 65°b, but that'fermentatidn
would take pluace &s lou ae 0700 :

~ Pringsheim® in 1912 classmfied the cellulose fer&eutlng
bacteria into four groups:‘ . | h ’

| Group o v Prdﬁucts of Fermentation

l. Methune bacteria...CH,; C0. snd lower fatty acids to butyrie
. &cid. o gv , 7 -
é.‘ Hydrogen b ctericeee H, Coz,féh& lower fatty scids to bute

yric acidse. o A
3. Thermophxlic bacterla...CHg, s CO,, formic and scetic acids,
4, Denitrifying becteris... H, and CO..

l. Hoefayden =nd Blaxall, Prens. Jenner. Inste. IX, (1899), 182.
2, Pringsheim, Z. Physiol. Chem. 78, 266, (1912} |
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He wus able 10 show that;&li the cellulose fermenting
organisme produced an enzyme which hydrolirzed the cellulouse to
cellobiose &s well &5 an enzyme which hydrolized the cellobiose
to glucose. The cellobiose producing enzyme was active 8t low
temperstures while the glucose produéing enzyme ves more active
at higher temperctures.

Eellemen end hioBethl {1912) described three organisms
capable of fermenting cellulose, and in addition, reported ise
oluting 11 other cellulose destroying species, one of which was
thermophilic.

 Kroulixk® fermented cellulose at 60 to 65° by using fecal
materisl from ruminaents &s inoculum: Yellow flskes sppesred on
the filte: psper, which was used aé e medium, in two or.three
déys. Soon the entire surfoce of the péper turned yellow, meny
bubbles arose, snd the ferment&tion proceeded rapidlye 12 to 18
hours after'the appearance of the yellow flakes, the paper became
full of holss, the solution became turbid, snd finually the peper
waé changed to & yellow géiatinous masse It was found that smell
amounts of iron szlts {Fecl,) weréfﬁery good catalysts, however,
1éxge concentretions of fheSe materials were destructive to the
orgenisms. |

£11 attempts to iscliste o pﬁ;e.culture of a thermophilic
cellulose fermenting orgenism were fruitless. However, it was
possible to isolate’the same two different asrobic bacilli from
1. Xellemen end McBeth, Centr. Bakt. Parasitenk, 11, Abt. 34,485,

(1912) -
2. Kroulik, Centr. Bekt. Perssitenk, 36, 539, (1913)
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each of the fermentations,

The products from the serobic fermentstions were: €O,
smell smounts of hydrogen, scetic @oid, and snell smounts of
formie and butyric acid. About 70% of the celiunlose was fere
mented in the =erobic cultures. The anserobic fermentation
gave CO, , hydrogen, and some H,S {likely from the recuction of
sulphetes). Methene wse not produced. Complete fcrmentation,
90% or more, took place in the aneerobic cultures. Xroulik aid
not identify the acids produced during the anserobic fermentation,

Pringsheiml confirmed Kroulik's results, snd in asddition,
quentitatively measured the end products. He wag sble to ree-
cover about 45% of the decomposed cellulose se fatty acidse
About 18% of this acid meterial was identifisd &¢ formic scid,
the remainder being acetic. The other products of the fermente-
tion were: CO0,, H, uhd traces of lactio aéid. He waz unable to
show the presence of methane. ZPringsheim waes unable to isolate
& pure culture of the thermophilic fermenting orgsnisms.

Fowler and Ganskiz (1920) suggested the use of fermentation
gaces from oeilulose ag a fuel, The fermentation wse found to
be most active with hemicellulose, less zctive with lignocellulose
and least with pure celluvlose., Septic tank siuvdge was used as
inoculum. ‘Thefineness of the cellulose has & great effect upcn
the rate of fermentation, the best results being obteined
le Pringsheim, Centr. Bakt. Parasitenk, II Abt., 38, 513 (1913)

2. Fowier and Ganski, J. Indian Inet. Sci., 3, pte 4, 39, (1920)
See Cyi. 15, 5720, (1921)
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from & pulse Thé rote of_feréentMtian wag grectly.accelerated
by removal of the zcid producté ag fagt ss formed by‘neatraLiza.
tion. The gastous products of the fermentetion were found to be
B1% CH, and 14.5% H,, the,iemainder being C0,» Acetic scid wes
the principel ecid formeds The optimum temperature of this fer=
mentation was 30°,

Exnn and Tengwelll (1923) found a bacillus which would
atteck any kind of cellulose under either serobie or anserobic
conditions. However, these organisms attacked 1igno-énd cuto-
‘celluloses quite slowly unless they were first hydrolized. The
organism is procured from steaming stab1e manure, and is 8 ther-
mognilie, 1ts optimun being 60° to 68°C. They found two types
of orgenisms present. However after isolation neither of ihe‘
organisms retainod their cellulose fermenting power. The prod-
uéts of the fermentation were acebtic, butyric &nd lactie acigd,
othyl &leohol, CO,, hydrogen, and CHys The percentage of these
compounds varies with the meterial fermented aé well as the
cbhditions., To ferment lignocelluloses, the meterial must first
be treated to remove the lignin a8 by 2 pulping process. Langwéll
has covered 211l phases of thisg process by'patents,z in which he
‘states, among other things, that the alcohol content may be ife

creased by 2 éomplete serobiosgis while under complete anaerobioeis,

1. Iynn snd Isngwell, J. Soc. Chem. Iuda., 42, 280%, (192%)
2. Iongwells U.S. Patent 1,443,851, Jen 70, (1923)
VeSS, Patent 1 639 571 sug. 16 {1927)
"UeSs Patent 1 602, 306 Octe - (1926}

THumerous Brztieh and Canadien Patents.
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the per cent of alcohol is débide&ly decreased with & material
Anoreasec.in acetic acid content. His patents claims the process
of'diétiliing off the alcohol &s gast as formed by placing the
formentation tanks under & vacuum which would cause the alcohol
to distill at 60°C. He also atatéé that the rate of fermehtatioh
as well as the degree of fermentation is materially inereased by
fine grinding of the cellﬁlbsic méﬁerial to be fermented. ;He has
paQented the pH range from pH 9 tq;pH 5e

. ladsme Khouvinel (1923) isolated & cellulose destroyinglbf—

génism from humen feces to which she gave the neme Bacilius -

vcellulose dieeolvens., This organism‘fermented cellulose at:tem;“
pef&tures'froﬁ'ss to 51°, more raepid fermentation teking place at
the higher temperaturé. she found that the rate of &ecompqéition
of cellulose by this orgaﬁism wae'increased five fold whenjit was
asSociated with other orgenisms. The main products of the fer-
meﬁtation'weré'acatic acid, ebhyl alecohol, CO,, E., 8nd 2 small
amount of butyric acid. | o

| Viljoen, Fred and Peterson® (iszei report the isoletion
foa pure culiure of a thermophili¢ cellulose fermentingforgahism.'
They stéte'that organic nitrogaﬁ is necessary for its growﬁﬁ; |
‘peptone 'being the best. The products from this fermentation are
acetic end butyric acids, ethyl alcohol; €0, and hydrogen. 'It
wes not possible to show the presence of metiasne. 4bout Y0 to 96%
of the cellulose wss fermented with 50 to 60% being recovered as
1. Khouvine, Ann. Inst. Pasteur, §z,‘?ll,f(1923} |

2. Viljoen, Fred and Peterson, Je 4gri. Scie, 16, 1, (1926)
See also Abegt. Bact. 8, 11, (1924) A
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scetic seid, 5 to 25 58 ethyl slcohol &nd the rest as butyric
aeid, CO. ard H,, Its Optimuw'temperature wee found to be 650,

It was found that the slcohol content reached & marimum at the
end of 8 dayé, theh begen to decresse snd was practically zero

st the end of 7 days. The amount of butyric scid produced was
‘abont 6.26 per cant of the totel volatiie-acidsa

| Coolheesl has mede an extensive study of the thernmophilic
orgaéisms. He found that the s2lts of the fatly acids were
changed into methane and CO,, by thie fermentetion. Xspeocially
was it sctive towards the salts of aeetic and formic acids, ceus-
ing guentitative fermentation of thém. In his work with the acticn
of the thermophilic organisms a@ou call ulose he used filter paper
as a source of cellulose and mud end fecal material as sources of
his organisms, He found that when the fermentation was first
started large quantiﬁies of coz_and CE, but prectically no |
hydrogen was glven off. However, as the brganism was transferred -
to new medium the methune fermentation wus 1ost. The ﬂhird.
transfer still gave methane while the fourth tre nsfer gave Ho=
thing but CO_, 2nd H,« Coolhnsas 1nterprets this &8s a purification
of the culture. He stetes that the true thermophilic ferac noatlon
is & hydrosen fermentation, the meth&ne ﬁaiup prodoped &t Lthe
. beginning by céntamiu&%ﬁﬂg_ﬁzwwaiaﬂa whi c& “39 kkiled o %y
overgrowtha Bs evidence éi this he cites the Tacis That =¥ The

.1, Coolhzgs, Centre. Bakts Parssitenk., II, Lbte 785, 161 {1928)
2. Coolhsas, Centr. Bekt, Parasitenk., 1I, Abte TG, , (1928)
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beginning, the products of the fermentetion are principelly CO
and methene, with only small emounts of acids, there being no
formic acids, but as the fermentation becomes older, the
production of formic eacid increeases considersbly while the
production of methane ceases entirely. Since the salts of
formic mnd acetic scids are quantitatively fermented to methane
and CO, , the presence of these acids im the products would
meen that the methane fermentator hzd been destroyed. Coclhass
jsolated pure cultures of the organism but after isolation the
organism lost its power to ferment cellulosge
Pentosen snd Lignin Permentations

Phe formentation of pentosen with & pure culture, like
the fermentetion of cellulose, seems to be a rather difficult
procedure., Schmidt, Peterson and Fredl have been able to ferment
this meterial quite successfully with pére eculture of molde but
not with bacteris. Howsever, the hydrolyeis products of this
materisl, xylose snd arabinose, are guite essily fermented, &s
has been chown by Fred, Yeterson amnd Anderaonz,-Burkeys and
otherse The principal products of these fermentations are
scetic and lactic acids in 8 1 to 1 ratio. The orgenisms used
were not the:mOphilic. Patriek4 has been able to get slow
fermentation df xylan with pure cultures jsolsted from soil and
various other sourcess. ,
1. Schmidt, Peterson end Fred, Soil Sci., E5, 479 (1923).
5, Fred, Peterson and £nderson, J. Biol. Chem,, 48, 385 (1921).

3. Burkey, lowe State College, J. Sci. 3, B (19281).

4o EPatrick, H.S. Thesis, lowa State College Library (1929},
(In manuscript) ‘
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Lignin, until guite recently has been clessed ac a compound
+hich could not be fermented. Schradert (1921) mekes the stote-
ment thet in & series of fermentation experiments the lignin
chowed no trace of fermentation, hile 81l the other materislse,
cellulose, etc, fermented.

Frirgsheim and Fuchs® studied the fermentation of ammonium
1ignate, containing some 5.36% pentosan, This materisl was
ma.de by treating sawdust ith 5% NaOH, filtering off the liqudr
end then precipitating the lignic scid with HCl. This was mede
into the ammonium sait. Inoculation of 2 medium made from this
meterial with soil and incubation at 37°C ceused & slight emount
of gas to be produced the first day. The materiel wae incubsted
8 days. By meking repested transfere the impurities of the
soil ﬁére reducsed to & minimuma.: The lignic acid remaining after

fermentation ws: obtained by precipitation with HC1 60% of the

original wus obtained. ALnsiysis of this indicated thet &1) the

pventosan had been fermentei and that the lignic &s&cid hsd become
more soluble in &lcchol as well &g having & higher carbon content.
The original éontained 62.,02% carbon while the fermentation
product contained 65.75% cerbon.

Viakemen and Tenney5 report thet during the decomposition of
plent materiel in the soil the substances decompose in the follo&-
l. Schreder, Chem. Zentr., III, 1649, (1923).

2, Fringsheim and Fuchs, Ber. 56B, 2095 (1923)
%. Waksmen and Tenney, Soil Seci., 24, 217, (1924)

Yoy T
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ing order:  501ub1e organic métter, pentosan, &nd celluloss.
The lignine are very resistant'to decomposition and these
together with microbial'nitrogen complexzes are important con-
stituents of humus. |

Bogoginski and Starzewskal report that lignin prepared by
the Bechmenn method was not digested to eany noticeable exteont
by ruminente. The ruminant used.was sheep.,

Palck and Heag® reporf that woods ére attached by certein
white rot fungl leaving 2 wvhite residue in which is thought to
be cellulose, the lignin haveing been decomposed. '

Fisher and Lieshe3

report that in the natural decomposition
of plants the lignia compopent tends to increasé, due . to its
stability and to the removel of the other constituentse

Boruff snd Buswell? (1929) have reported & process by
which ceilulose and cellulosic materials are fermented by &
sewage inoculation. They state that the ecellulose and probably
- the jentosan materisl is fermented to 002 apd CH4 inaltol
ratio or

(Cb-ﬁ{o 0:); 7 x /‘(zd >3C0, + 36%

In the case of cornstulk material gbout 35 to 50% of the
stalk is fermented. TIhe pith and fine fiber heing fermented
1. Rogozinski and Sterzewsks, Chem. 4bst. 23, 3012, {1929)

2. Falek end Haag, Ber. 60, £25, (1927),

3. Fisher and d“ieshe, Biochema Z., 203, 361, (1928).
4, Boruff end Buswell, Ind. Eng. Cheme. 21, 1181, (1929).
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first vith the long fiber and outer shell left behind. They
do not state what the acid products are, if any. The fibrous
meteriel which is unfermented may be used for the preparation
6f paper and pulp.' There gre 110 aata given on the change of
composition of the meterisl but it is thought that only the
cellulose and pentosans are fermented, thereby lesving the
lignine ‘

A very interesting piece of work from an industrisl stand-
point is thaet of Beckmanl in which he uses thermophilic organisms,

Becillns delbruecki&, obtained from brewer's malt, for the purpose

of decomporing the protein and celluloss walls around the fat
cells in the cocoanﬁt. The oil thus liberated comes to the top
and mey be filtered or ckimmed off. He states that the product
of fermentation from the cellulose is lactic snd that the proteins
ere hydrolized to smino ac ids.
| 'Falckg'in a sfudy-of the decomposition pf straw reports
that by fhermophilic fermentation the lignin is not decomposed
but that by a nitrate énd humic forging bacterial action is
somewhst similar to the sction of fungi.

Tehney and “akeman® report thet in the decomposition of
- orgenic matter.in soii, the lignins sre more resistant to de-
composition znd tend, therefore, to secumulate. However, under

aeroblc conditions, there is & decided reduction in the totel

: (430)
1. Beckmen, Ind. Eng. Chem., 22, 117, {3820J)—
2. Palek, Cellulose Chemie, 9, 1, {1928).
%, Tenney snd wekeman, Soil Seci., 28, 55, {1929).




- 66 -

lignin content, indic:ting tiat, elthough it is attacked less
reedily then the cellulose and pentosén, ite resistance to decon=
position is only relative.

The products of the fermentations of 1lignin were not given

in eny of the above studies.
EXPERIMENTAL

The materiel used for this investigstion coneisted of
cornstalks grownd in & Wiley mill to p&ss & 12 mesh secreen, mo-
chanically separated cornstalk pith epprozimately 12 mesh,
mechenicelly separated cornstalk fibers ground to pass & 12 mesh
sereen, mechanically separated fibers ground in & colloi&:mill,
and mechanically separated fibers ground in & ball mill to pess &
100 mesh screens These‘materials‘were all used in the air dry
conditions.

Phe medium employed consisted of 25 grems of cornstelk
mterial, 1 gram K HPO,, 10 grems (Bacto) peptone, £nd 0.2 grem
CaCl, in & liter of tap water. This medium was gterilized at
20 pounde pressure for 20 minubes, in order to insure the
destruction of any contaminating thermophilic spores.

The organ;smb were obioined by inoculating flasks of the
medium with goat fecesl, incubating for 24 to 48 hours, at 8
constent temperature of 61°C., then traneferring to & second
flagk and agein incubzting for the same period. After the

1. Certer, 4.5, Thesis, lowe State College Iibrary (1929).
(In manuscript) ' -
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third trensfsr, no organisms"oﬁher,than the two which ure
cheracteristic of this fermentation were present. The cultures
were then propagafeﬁ by mgking transfers from sctively fermenting
me diume » ~  |

The method of proecedure wae essentlally to prepare flosks
of sterile medium, sdinet the pH to 8.5 to 9.0 or Just ulkaline
to phenolphthalein, inoculate with &0 cc. of the inoculum anﬁ
incubete at 61°C. The acid prodmeed was peutrslized dally with
1 8, KOH by ad;usting the pH to 8.5 to 9.0, The fermentation
was.gulte active for from 5 to 10 days, after which the meainm
became very dark in color and ceaged to produce zeid snd ges.
Thig wae teken ag o eriterion of complete fermentatioﬁ. The
contehts of the flasks Were filtered, using cloéely woven cloth
as a f;lter medium, and the residue washed with water.

Phe residue wes dried ipn & vacuum Oven at 60°C =nd weighed.
The 1oss in weight wee taken &s a criterion of the amount of
- materiel fermented. This dry residue was ground in a Wiley mill
_to page & 60 mesh screen and uced for pentosean &nd lignin analyses;
The lignin was determiped by the cold 72 per ceni sulfurie acld
method; and the pentosen was determined by the 12 per cent BC1
distilledion methoa.z

The filtrate from above was stéam distilled for the recovery
of eny slcohols or other neutral voletile products which might
1. See page 9.

2. Schorger, “Ghem&str¥ of Celluloge and Wood," p. 534, MoGraw-
Hill Book Co. {1926
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TABLE XTI

Effect of Transfers on Acid Production

Total Vol,
' Dry weight| Duration | in KOH gmns. acid Material Material |Per cent of -
TransferjCornstalk |of fermen~} used to produced |unferment~ |fermented | fermented
No. pith usedi{tation in |Neutralizejcelculated | ed in gms.] in gms. { materidl
in gms. days acid as aceticyi . accounted
produced for as acids]
Original
tissue
Original ‘ B
inoc ulatin 25,45 11l 90 5.4 7.8 15.65 54..8 23
1l 23,45 9 96 5.76 10,3 13.15 43.8 24 ¢
2 23,45 8 110 6.6 10.9 12,55 5246 264
3 25.45 7 120 7.8 10.5 12.95 60 43 3O &
4 23,45 6 115 6.9 14.8 8465 79,7 20 8
5 23,45 5 120 7.2 14,7 8.75 82.2 30
6 23,45 5 6.0 80.5

100

16,0

7.45
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ABLE XT

s on Acid Produotion

Material |Per cent of ©
ent~ |fermented fermented
n gns.{ in gms. 4§ materddl
accounted
for as acids]
15.65 34.8
13.15 43.8
12,55 5246
12.95 60.5:
8.65 79,7
8.75 82.2
7.45 80.5

Per oent of ' s

original Analysis of Anelysis of Residue

cornstalk Acid Distillate. |- Ligﬁ¥n Tiznin DU

material ormic. Kcetio | cold 72% |R.L78% Pentosan
accounted |Acid in %#{Acid in %i{H.SO,method{H.S0; . .. in %
for as acidsi ‘ in % _imethod. in %

LOr , B0 ,
23,0 8.4 81,6 28,7 29,8 19.6
24:-6 907 92.5 28;3 30.6 200,'
28.2 10.3 88.7 2647 3Le9 18.4
33,2 12.1 87.9 24.2 32,1 1507
29,4 14.0 8640 22.8 31.8 11,7
30.7 15.9 86.1 2l.1 Bl.2 1040
25,6 14.1 21.9 33.8 11.4

85.9
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' heve been formed durlng nhe Iermentatlon._ Qualitative organic
analysia of this dietillation indicated the paesence of only
small smounts of ethyl alcohol. 'f
The residue from this dietillation was made atrongly aei&
with H.S0, snd again steam alstill*d. The aistillate was strongly
acid and hed the odor of ace ic acid the eaor~o£ butyric acxd
conld not be detected.. This disbillate wag titrated with st&nd-
ard'maOH; Qualitiative analysistfhthis aeid distillate in@icated
the pressure of only scetic and formic scidse R
The resiaue from this second dlstillation was extradmd with
ether and the ether evaporated. ! very‘small amount of an oily
‘seid Buhs%anee was lefts xhis wée mosb probebly leetic acid
81nce Pringaheiml reports that traees of this acid are formed in
the thermoyhilie eellulose fermentation; | 3
During t“e preparation of the culture it was observed that
as the fermentation became older the amount of acid produced )
based wpon the amount of material fermanteda4became greatgg;an&'

that the time of fermentation was decidely decreased. ThéAéata

vis given in TableXIand shown in Fig.x » 411 vélues in the. Tablew

are averages‘of at lsast 2 samples. The material used ﬁbrwthis

study was cornsbalk pith material only. Ko ges analyseszBre
mede during this investigation.

B Phe results of ihvest;gatioﬁ to determine the effect of the
degree of subdivision of t@e'tissue-on the fermentation are shown
in: Table XIL Gms analyses made at*thisltime indicated only CO,

and H, ag gasious products of the fermentation.
le Pringsheim, Centr. Bekt. Parasitent II abt. 38, 513, (1913)
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TABLE XII

Effect of Degree of Subdivision on Fermentation

Total Vol. .
Dry vieightiDuration in KOH gms. acld | Material |Material |[Per cent of
Material | material |of fermensjused to produced |unferment- |fermented] fermented
Fermented] used in |[tation in |[Neutralizejcalculated] ed in gms.}in gms. material
gms . days acid as acetio accounted
— pro duced ' for_ as acids
Total
stalk
12 mesh 23.00 8 8l 4,86 15.5 7.7 635.2
Cornstalk
pith 23.45 - 130 7.8 14.1 9.35 B83.4
Cornstalk ‘
" fibers
12 mesh 23435 e 60 3.6 18,15 5.20 69.2
Cornstalk
fibers
Collodial  23.35 6 115 6.9 14.06 9430 4.2
Cornstalk
Tibers ' '
100 mesh 25.35 5] 125 745 13,15 10.20 73.8
Cornstalk ’ ,
Pegnto san 24.20 5 177 2.96 945 14,7 68.0




e et % s S e R ot o e BB




TABLE XII

Mt of Degree of Subdivision on Fermentation

Bo_. acl d

Per cént ‘of

Analysis of ReSidﬁpv

Material |Material |[Per cent of - Analysis of

roduced |unferment- |fermented{ fermented original Aclid Distillate Lignin Lignin
culated]{ ed in gms.{in gnms. material material Formic - | Acetic | cold 72% |R.T. 724 .
5 acetlo accounted accounted |Aeid in %jAeid in %{H,SO,method{H.S0, me thod
' for as acids{for as acidsi ' | in % in %

7.8 14.1 9,35 83.4 33.2 14.2 85.8 22.2 31.3

3.6 © 18,15 5.20 69.3 15.4 13.7 86.3 24,7 32.1

6.9 14.05 9.30 74.2 29.6 14.1 8549 20,41 30.3

765 13,15 10.20 73.8 321 14,0 86,0 27 .4 30.9

9.96 945 14,7 68.0 4l.2 12.2 87.8 4,7 -

(1 ptwrnean™ %







Analysis of Analysis of Resldue of originsl materisl

Acld Distillate Lignin Lignin '_ lignin Lignin

ormic Acetic cold 72%. |R.T., 72% = |Pentosani cold 72% cold 72% |Pentosan

Acid in %}Acid in %{H,SO,method{H.SO,method} in % |H SO method{H SO methodj in %

. in % in% _in % in %

14.0- 86.0 23.56 2645 20,456 23,7 34.8 27.6
. 18.7 86.3 24.7 3241 216 2347 B4e2 2643

14.1 85.9 25.1 30.3 16.4 2347 54,2 26e3

14.0 86,0 27 .4 30.9 11.5 22.7 34.2 2645

12.2 87.8 407 ————— 86.1 2.25 - s e en 88.0
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The resuvlts of attempted.camplete fermentation of thé corn-
stalk tissue are shown in TebieiXEIand Fige XI. In this part of
the investigation the materiel used consisted of mechanically
separated cornstelk pith only. 4After the first fermentation the
small fibers which had gone thrdughithe geparator @ppeared in much
greater prominence tésn before. Lfter the second fexmentstion
the piﬁh cells were in the minority end in order to get the fer-
mentztion to proceed with any degree of repidity the third time

it wes pecegsary to grind the fibrous residue.
DISCUSSION OF RESULIS

Frow TableXland FigeX it is seen that the smount of acid
produced from & given amount of fermented materisl is greatiy
increzsed &8 the culture ﬁécomes older. 4lso the time of ferq
mehtation is decreased by aboﬁt haif. These results might »
poésibly be expleined, @ccording o the work of‘Coolhaasl,ﬁby
the fact thaet in the origihal inoculum there are present, baci-
eiia which cause & methune fermehtéfion of scetic and formié
acid salte. ' These bacteria would tend to destroy these &didé
and thereforé;cut down the yield of acids'and &lso 1ncreaséithe
time of fermehtation, for it is quite spparent that the férﬁen-
tation does not cease until the concentration of salts resch @

certain'limit or the availasble food supply is used up.

1. Coolhass, Centr. Bakt. Porasitenk II Abt., 76, 38, (1928)
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Attempts to Completely Ferment Cornstalks Material

TABLE XIII

Total Vole

No. of Dry weight | Duration in KOH |e@ms. acid | Material Material |Per cent of |Per ce
time s Daterial|of fermen-{ used to | produced |unferment- |fermented| fermented
Fermentedj used in gmsjtation in |Neutralizeicalculatedi ed in gms. in gms.{ material
' days acid as acetio accounted
produced for as acidsifor as
Original
tissue
1l 46,9 6 265 15.9 26.9 20.0 79.5
2 26.9 5 43 2.6 21.0 5.9 44.1
3 21.0 5 75 445 15.0 640 75.0
B! 23.45 5 100 6.0 16.0 7.45 80.5
2 16.0 5 140 B.4 5.7 10.3 81.5

<t







TABLE XIII
fpletely Ferment Cornstalks Material

Analysis of

: Apalysis
|| Material Material |Per cent of |Per cent of |Per cent of {_Acid Distillate | of Residue
'lunferment~ |fermented| fermented : original | original Formie | Acetie¢ | lLignin _ o
ed in gus. material material material |Acid in %{Acid in %{ Cold 72%  |Pentosean
accounted ‘| accounted |fermented | [ SO Methodj in %
for as ncidsifor as acids '

, 20.2 27.%

79:5 33.9 42.7 13.8 8642 24,2 15,2

44.1 946 55,2 12.1 . 87.9 26.8 13.1

75,0 21,4 68.1 14.4 85.6 B3.2  10.8
80.5 . 25.6 31.7 14,1 85.9 18,03 10,65
8l.5 52.5 75.6 13.7 86.3 38.26 | 11,67

i e
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The deta would indicute thet the methane producing orgenisms
were lost betweéen the third emd fourth transfer. This is in hsr-

mony with Coolhaasl

results which indicate thst the methane pro-
duéer is destroyed at about this period. He explains the destruc-
tien of the methane produéing organism a8 due to ovérgfbwth.by the
bydrogen producing organié@s. B

. The percentage of acid produced from & given emount of Ffore
mented material resches & maximum of about 80 per cent aftef the
fourth trensfer snd continues constant theresfters This is some-
what of @ contrediciion to the work of Pred, Peterson snd Viljoen2l
which indicates that the fermentation becomes less sctive wifh 8ge.
The percentsge of formic acid in the acid Alstillate incresses with
the number of trensfers up to tho fourth in which it remches &
maximum of‘about 14 per cent and remcine approximately constant
thereaftor.

The datz of Teblexmindicete' thet ss the degree of sube

division is increased, the amount of 2cid produced and the rate
of fermentetion i1s increased. This is in hermony with the results
of Fowler and Gansk15 which indicate that, in the production of
'gases from celluwlosic meteriel, the finer the material, the more
Topid the fermentstion. This is probebly due entirely to & sur-
face phenomenon, thet is, the grezter exposeﬁ'gurf&ee the greater
1. Coolheas, Centr. Bekts Paresitenk II Abt. 76, 78 (19283
2. Fred, Peterson and Viljoén, de Lgrie Scis,. “ggl £ Sv o

Se FOWIer snd Ganski, J, Indisy Inst. bcz., 3, PBa
See Cheme. Abta 15, e {3egy) o
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the activity of the fermentat;bn;

This teble 2lso indicates that of the three materisls, the
pith. the fiber and the totel stalk of the cornstalk, the pith
‘materiel is most rapidly fermented, the totel stalk next and the
fiber most slowly of all., The resson for this is undoubtedly due
to the light and porods nsture of ﬁhe pith with the accompanying
large surface exposure in compéarison to the fibers., After the
fermentation of the totel stalk it is rather difficult to dise-
tinguish the pith cells while the fibrous cells are present in &
seemingly undiminished gquantity. If this was true, the thermophilic
fermentation would be & very good mesuns of separating the pith
from the fibers of the cornstelk. This is somewhat in hermony with
the results obtained by Ruswelll during the fermentation of the
cornstalk at lower temperstures.

It is also shown by this table that cornstelk pehtosan is
very rapidly attacked by the thermophilic organisme. '

Table XITend Fig XTI indicate that cornstalk meterial may be
formented completely or prscticelly so. The only requisite is
the removal of the salts, so that the concentration does not be-
come too high and the disintegration of the materizl to be fer=-
mented to such & degree that & relatively large surfﬁce is exposed.

From the dste on the snalysis of residue of each Tauble, it
mey be seen thot the composition of the material left after fer-
mentoetion, except in two cases in T&bleXHL is not materially

chaenged from the original tissue in regard to lignin content.

1., Buruff and Buswell, Ind. Eng. Chem. 21, 1181, (1929)
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Phis Would certainly indicste that the lignin has been used im the
fermentation or has been chenged to & soluble materisl. In the two
cases to TableXI] where the lignin content rise considerably above
" the normal; it need only be remembered that in one case 6841 per cent
of the original material has been decomposed while in the other,
76,6 per cent has been decomposed. Therefore if no lignin had been
fermented, the lignin vslues should bs 63.4 per cent end 82.8 per
cent respeciively, which &re much higher than the vslues found.
This is in harmony with the results reported by Gekemanl in his
work on plant decomposition in the soil, which indicate that
slthough ligpin is somewhat more resistant to fermeptation than the
ceilulose and pentosam bodies, ité'resistance to formentetion is
only relotive.

Ag would be expeetedhfromfthe results of the ipvestigation
with cornstalk pentosan as shown in Tsble viI, the pentosan mater-
3181 in the stalk is very rapidly fermented, bdbut tends to reach
a constent minimum velue. This result is in harmony with that
of Viaksmenl, |

SUMMARY

A process is described in which acetic and formic acids may
be produced commercielly from sgricultural westes by the use of
thermophilic Orgenismse.

It is indicated thet the fermentation proceeds more rapidly
and more.completely when the meterial to be fermented is finely
ground. '

1. Tenﬁeysandaﬂgksman,;Soi;fSQ;f,ﬂgg,_55, {1929)
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It is slso indiceted that;égriculturel wuste materials may
be completely fermented if the fermentation products are removed
before the concentration becomes too.great.

It is pointed out that during the fermentation of cornstelk
material by the thermophilic orgepism the lignin is fermented or

8t least decomposed in some Manners
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