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Introduction

During recent years a large amount of investigation has been

‘earried out in regard to the utilization of agricultural wastes, ©his

is probably, in a large part, due to the realization that increased
economies through the use of all farm products are essential to profit-
able agricultural emterprise even as by-product utilization is to in-
dustrial enterprise.

Agricultural wastes form a practically inexhaustible source of
cellulose., straw, corn stalks, cobs, and cane residues are wastes

which at present are used but slightly., In fact they are often a nui=

- sance., Cobs are used as a fuel, but there are vast quantities which

conld be purchased at & very reasonsble figure. 0Oat hulls have been a
large waste material, but increasingly large quantities are being used
for the production of furfural, ~rurfural is an interesting substance
from & waste utilization standpoint, 1t shows what is possible in this
fields In 1922 it sold in small quantities for one dollar or more &
pound, ¥oday i1t can be purchased in tank car lots for less than ten
cents a pound.

Cellulose is one main raw material involved in this lnvestiges
tion, Cresol is another, 1t may be purchased for less than eleven
cents a pound, It will be discussed further in a suoceeding chapter,

‘The basis for this work is the reaction between cresol, and
cellulose in the presence of sulfuric acid, When a mixture of these

three substances is heated, a reaction visibly takes place, Water is
given off, and a thick black fluid is formed which solidifie on cool~-



&
ing. ©his mass may be dissolved in snitable Bolvents and used as a

lacquers

the purpose of this investigation is to study the lacquers made
from this condensation product, and to determine, as far as possible,
whether or not a successful lacquer may be produced. +The chemistry of
the reaction is complex and will not be comsidered in this works
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Historical Heview

Although the use of laequers in large quantities is comparatively
recent, they have been known and used to a limited extent for a good many
years, The early lacquers were not very satisfactory. nitro-gcellulose
technology was but poorly developedyand the supply of solvents was very
limited, “he solvent used in the early lacquers was fusel oll, a by- ‘
product of the alecohol industry., <The lacquer Industry as it exists today
is an outgrowth of the World War., The large quantities of nitro-cellu-
lose explosives manufactured during the wer and the increased knowledge
gained through research advanced cellulose-nitrate technology consider-
ably. Whereas the early lacquers were made from high viscosity nitro-
cellulose which is capable of producing only a thin film of lacquer,
most of the lacquers of today are made of low viscosity products,

The large amount of solvents needed for the production of smoke=
less powder forced the solvent industry to develop new methods of produo-
ing the old solvents and new ones which were superior. With the end of
the war two highly developed industries, the nitro-cellulose and solvent
industries, had but little outlet for their products, 1t was very natural
for them to seek a new outlet. It was indesd a propitious moment for the
development of a large lacquer industry. 7he sutomobile industry was

seeking a better surface for their automobile bodles. The old method of
finishing took from tem to twelve days and required a large amount of
space for drying. When a satisfactory lacquer was developed, it was

welcomed by this industry with open arms, In 1923 less than one percent
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of the automobiles in the United States were finished with lacquer, while

by 1927 this had increaséd to over ninety five percent.

Up to the present time it has been irpossible to produce a satise
factory black lacquer using a nitro-cellulose base, As most of the
foﬂers and running boards of sutomobiles are finished in blaek, 1t has
been impossible to use a nitro-ecellulose base lacquer on thems This has
turned the attention to other resins and pdastics, “he plastic product
obtained from the reaction between cellulose, cresol, and sulfuric aecid
has possibilities in this flelds 1t has a very dark color and looks as
if it were black.

But few investigators have studied the products Which result from
the reaction between phemols or cresols and cellulose. .A.Gemu patent
issued to Gustan NMauthner (3) covers the invention of such a condensation
product. The patent states that the properties of the products formed
depend upon the temperature at which the reaction is allowed to take
place, the relative amounts of the components, and the amount of condense
ing reagent used, Either sulfuric or hydrochloric acids may be used as
condensing reagents. ‘he temperature at which the reaction is carried
out depends on the type of produet desired and the ampunt of acid used.

By mixing the various components in the cold and gradually raise
ing the temperature there is first ob%ained a fluid produet, 4s the
reaction contirmes, the fiuid goes over to & plastic mass, which with
further heating goes to a hard resinous body. For the production of a
fluid product, take a mixture of one thousand grams of phencl, one hundred

grams of sulfuric acid, and three hundred fifty grams of cotton or wood
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saw dust, When these are heated to seventy five to one hundred degrees

Ce a distinet reaction occurs, and on pouring the substance into water,
it shows a black sheen. This substance 18 soluble in alkaline seolution
and may be used as a soap. The solution is precipitated by the salts of
the alkaline earths and the heavy metals. <The fluid product becomes
plastic upon heating at a temperature of one lndred fifty degrees. It
becomes hard when heated above this temperaturg, and prolonged heating
at this higher temperature gives an infusible resinous mass.

The fusible bodies have a conchoidal, black glossy fracture, are
insoluble in water, hydrocarbons, carbon disulfide, chloroform, and
turpentine, <They are soluble in alcohol, phenol, ether, acetome, and
glacial acetic acid, The solubility of the material depends nﬁ the
length of time that the products are heated, <“he longer they are heated
the more insoluble thay are,.

The plastic bodies may be obtained directly, as it is not necessary
to go through the fluid state. In order to obtain them directly, the
phenol and sulfuric acid are heated and the sellnlose gradually added.
The product 8o obtained melts at from seventy to one hundred degrees,

The patent states that these products may be used in the manufac-
ture of lacguers and varnishes, and for the imyregnation of porous
material; ailo alone or in mixtures of plastic materisls. <The claims of
the patent sre; The invention of the manufacture of a resinous condensa~
tion produet from cellulose and phenol with a mineral acid as a condensa~
tion reagent, and the production of the plastic condensation product

through the fluid stage, obtaining the final product by heating.



Another patent issued in Great Britain to Glaessen (2) covers the
preparation of a similar material, The holder of this patent used wooll
or waste in his preparation, His method was to treat the wood pulp or
waste in a solution of the phenol in water, alcohol, or benzene, After
the reaction had proceeded as far as it would, he separated the excess
ecellulose. <he resin was then separated from the excess liquid which
contained any unreacted phenol. His claime were that the product may be
substituted for natural resins, pitch, or asphalt. It may also be used
as a sizing material, HKention of the work of these men is made in

latural Resins (4).
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Method of procesdure

The first resins used in this investigation wer:s made in the
following manner, One hundred grams of cresol and ten grams of sulfuric
acld were placec in a four hundred cc. beaker and well mixed, A small
quantity of cellulose was added to the mixture, and the whole was grad-
vally heated until the mixture began to react. 7This occurred at a temp-
érnturo of from seventy five to one hundred degrees U, The mnss darkened,
and water and cresol vapors were given off, The temperature was gradually
raised and more cellulose incorporated until thirty five grams had been
added. rhe final temporature was one hundred sixty degrees, <the entire
reaction took from one hour to one hour and a half, FPlastics were made &
in this manner from filter paper and sulfite pulp,

This method of making the plastic mass was rathar unsatisfactory,.
The reaction requireu constant attention, and the cresol vapors evolved
were very unpleasant,

1t was decided that the plastics might be produced in zn autoclave,
Plastics were then made in the sutoclave at a pressure of eighty pounds
of steam, The gquantities of materials used were the same as were used in
the first method, <hese products, when taken from the autoolave, had
considerable water over their surface and were themseives liguids at
room temperatures, lowever, when they were graduslly heated to one hune
dred fifty degrees, the water was driven off., when they were cooled they
could not be distinguished from those produced by the first method, Their

properties as lacquers, 80 far as could be determined, were also identio=
al,



10

This method wms thon uwsal for the remsinder of the plastios pro=
duced, HC1 and armomia wore tried a8 coemdensaticn fougentsy Lut the
reaction did not taks plses w0 any apprecleble cxlents Hesing wery Bade
from filter pspor, sulfite pulp, coran ¢obs, and corn stalks, Furferal
was added to some of the best of tho suifite pulp plastics. vhe mixtures
were heated, and the residual crespl allowed to resot with the furfural,
The smount of furfural added was ten grams L0 a bateh made from one huse
drod grams of crescl.

All of the plastica produced wore rather hard and brittle, They
were ground in & eorn mill and dissolved in & solvent for the production
of a lacquer, <his lacguer was 8pplied with a lsborstory glass spray
gune A suitable concentraticn of plastic in soivent for this method was
one part of plastic to five parts of selvent, pakelite seclvent was found
to be the most satisfactory one and wae esed alwost entirely.

The spray gun method of spplicution proved to be troublesome ami
unrelizble, soisture from the air coundensed on the surfsmece ard ruined
it. UWater bubbles formed undsr the surfeces 7These would form craters on
woeathering. . thicker solution was then used, ]t consisted of two and o
one half parts of selvent to ome of plastice This solution was poured on
the surface to be coated and allowed o spread evenly, After it had dried
another coat could be applied, Host of the panels were baikad whan they
had dried, <=hey were pleced in & ool eleciric oven and the whole slowly
heated to & temperature of 1250 U, Thie took thirty mimutes, “This Samps

erature was maintaiued for ons hour, 4t the end of this period, the

panals wore removed and allowed to0 cool in the alre Ploces of pgalvanised
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iron were used as test pamels, They were rubbed down with sand-
paper before the lacquer was applled,

1t was difficul$ to determine the exact properties of the surfaces
producad, wnone of the ‘pamll would stand mueh bending, <The hardness
of the surface was tested by scratehing it with the thumb nail, some of
the panels were exposed t0 the weaiher to determine how well the sur-

faces stood up under the action of sunlight and rain..
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A series of runs were made wherin the composition of the resins
and lacquers were varied by changes in proportions and ingredients; the
conditions of the reaction were alse varied. “hese are included in
table 1 page 15, <The first five runs were made under atmospherie
conditions, All of the others were made in the autoelave at a pressure
of eighty pounds of steam,

The eresol and acid were heated to one hundred degrees in rums 1,
3, and 5, 7The ocellulose material was gradually sdded and the temperature
raised until the reaction was complete., <his took ome hour and a half,
*he cresol and acid were heated to one hundred fifty degrees in runs 2
and 4, Otherwise they were the same as run.l, In the next set of runs,
the plastics were heated to one hundreu fifty degrees after they had
been removed from the sutoclave to0 remove moisture, <The water was driven
off of plastic 7 by allowing it to stand on the hot plate for twenty
four hoursy <This plastic was softer than no. 6, but the lacquer was the
same after baking it. <The amount of sulfite pulp and the time of cook
were increased in run 8, *This run took two hours, Furfural was added
to the plastic in run 9, ¥his plastic gave the best lacquer which was
obtained, Uorn cobs and stalks were used in runs 12 and 13, 7he time
of cook was increased to two hours,

Plastic 1]l was tested for solubility in various solvents, A table
of solubility follows,



Effect of com : Lagque e
Run Cresol Cellnlose Ouudennlns*!urfurnl Bolvont jiesulys
_!.. B%t
1. 100g. 7ilter Hg80, none B.8,* Poor
—Raper 358 Leoorposed

Ze 100g. Filter Hp504 none Bae Same @s 1.
paper 56g. 108

Je 100g. uulfite !llﬁ: none BaSe Better
2ulp S5,

4, mo sulfite P KﬁO‘ none Bels oame as ’3
pulp 36g, 108, BeS.&F, Better

L 100g. Sulfite EC1 none very little
1pulp 36ge  15g, reaotion.

6o 100g. Sulfite HptO, none Babe sume as 3,
pulp 36ge  _ 10Rs

s 1008. sulfite H?O‘ none BeSs Same “ 64
pu !2 EE ;gs g 3 2o A‘; e X

8. 100g. dulfite 83504 none Incomplete
pulp 60gs 1 reagtion.

9 1003. splifite H 4 10&. B.bs & Best surface,
puip 3hg, b, fusfural

10«  100g. dulfite RH4O0H none Iin reaction,

= rulp 862, WJ il

1l. 100g. snlfite HC1 none Very little reaction
pulp 560.  ABge Jore than in 8,

2.  100gs com Hp80, large residue of unreacted oobs,
e@“_m 1oﬂ-

2, 100g. Gorn Hal0, Large residve of unreacted
otalks 35g, Egﬁg gtalks,

14, 100g. Julfite Ho0g 0«2 gs Tri-cragyl-phosphate added
palp Sbg. 202, a8 plasticizer, bame 88 S,

*B,.is Bakellte solvent #3356
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Solubility of plastic 11

Petroleum ekher inscluble

Water " insoluble
dulfurie ether s8lightly soluble
Alcohol soluble

Benzene insoluble

Lthyl acetate soluble

Amyl acetate soluble
4thylene dichloride fairly soluble

Test panals; Panels were prapared from various resins and ex-
posed to0 the sun sand rain, A panel made with resin 6 and bakelite
solvent did not stand up very well under two weeks exposure, One made
with furfural in the golvent from the same resin stood up better, Resin
11 gave good results when the"flow"” method was used., It did not give a

lasting surface when it was sprayed.
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Jlscuasion

The rlastics made from fllter paper gave poor surfaces. On aging
it apparently decomposod, and a film of purple dust covered the surface,
The plastie, whon allowed %o sge in the atmosphere, showea the same
property. However, after having aged for & wonth, this plastic gave a
surface whidh did not decompose,

The plastics made from sulfite pulp did not show this decomposi=-
tion., ¢They alsoc gave better surfaces, 7They were harder and brighter,
The hardness of all of the lacquers was increased by baking, Baking alse
increased the brittleness. Kost ¢f the surfaces prepared with the spray
gun were unsatisfactory becauss of the meisture condensation and the un-
evenness of the surfuce. +he moisture made the surface rough and pitted,
Moisture condenaation was the main trouble when bakelite solvent was
used, when amyl acotate wae used, the lacquer dried so slowly that it
was also difficult to cbtaln & good surfags. by far the best results
were obtained by flocding the panel with the thick lacquer previously
described. <“his method produced a smooth glossy surface free from pits
and roughness, <tThe physical properties of the surfaces were further im-
proved by adding from ten to twenty percent of furfural to the bakelite
solvent, <These surfaces werv much harder and more plastiec than those
obtained with bakelite solvent alena. Many of the latter were 80 brittle
that they chipped sasily.

The resin which produced the best lacguer from all standpoints

was composed as follows,
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Cresol loo grams
Sulfite pulp 35 grams
Sulfuric acid 10 grams
Furfural 10 grams

The furfural was added after the reaction with the cellulese was come
plete.

Gottfried, who was working on a cresel furfural laequor at the
time this work was in progress, noticed that cresol furfural plastics
made with acid condensing reagents gave resins which were rather insol-
uble, %*his was not the ocase with the above plastic, It was sufficlently
soluble to give a much thicker solution than could be used as a lacquer.

This plastic when applied by the ™ flow on " method and with a
bakelite solvent furfural solvent gave a smooth glossy surface. Iwo
weeks exposure to the sun and rain took the gloss off but did not hamm
it ot@orwlﬂ. It was possible to polish the surface again with an oil
poli{‘sh. ¥his surface was slightly brittle but not more so than the
figish on electrical conduit and outlet boxes.

_"’J Lacquers made with plain filter paper or sulfite pulp plastics
gave aurfndos which ocrumbled on weathering. “hey also became briktle on
aging. ©he plasties from corn cobs and stalks were so contaminated with
unrmtoh\ material that no attempt was made to use them in a lagquer,

ﬁll of the surfaces produced appeared to be black. They gave a

purple sheen when light was reflected from them, %he ceolor of the dilute

‘iln].ut:lm is dark purple.

‘L'}' lomg poriod of time is required to detemine the lasting qual=
/
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ities of a lacquer surface, By the time this work had proceeded far

enough to get satisfactory surfaces, very little time was left in which
to test them, ‘The tests which were carried out did, however, show two
things, The "flow on" method is the most suitable method of application,
and the quality of the surface is much improved by the addetion of fur-
fural to both the plastic and the solvent.

Yhe laocquer would probably be further lmproved by the addition of
larger quantities of this material, If an excess of furfural were added
to the plastic it would react with all of the excess cresol., 1t would
not be necessary to remove the excess farfural, for it could be omitted
from the solvent,

The " blush " formed by the water condensation in the spray method
of application could probably be eliminatedby a proper blending of sol-
vents, "Blush" is prevented by the use of high boiling solvents in
combination with the low boiling omes{l)e Furfural in larger quanti-

ties might prove to be successful in this connection,
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Coneclusions

le It is possible to make a suitable black hoq\ar‘ from cresol=
egollulose plasties, .

Z2¢ The lacquers are lmproved by the addition of furfural to the
plasties,

3s The lacquer 1s best applied by the "flow on" or "dip" method,

4, Baking impro¥wes the hardness of the surface produced,

6 Corn cobs and stalks are not suitable materials for making the

plastics,
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Summary
The utilization of agricultural waste products for the production

of lagquers t0 be used in the automobile industry finds an outlet in the
possible production of a black lacquer from cresel, cellulose, and sul-
furic acid,

The cresol=cellulose plastic was made by heating a mixture of
eresol, a celiunlose material, and sulfuric zcid, either under atmospheric
gconditions, or under pressure in an autoclaves, The lu;quer was improved
by the addition of furfural to both the plastic and the laoquer solvent,
Baking the lacquer after it was dry increased the hardness of the sur-
face.

Further work using larger gquantities of furfural in the resin is
recommended, It would also be advisable to subjeet the panels to longer

time tests,
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