THE DEVELOPMENT OF A FURFURAL LACQUER

by
Jacob B, Cottfried

A Thesis Submitted for the Degree of
Bachelor of Science
in

Chemioal Engineering

Signatures have been redacted for privacy

Iowa State College
1932



L )

e
G \>d

TABLE OF CONTENTS

Introduction .
Historical . .
Experimental .
Conclusions . .
Suggeetions . .
Summary . o o« o

Literature Cited

- - . L . . . -
. L . - L - - L]

. - L] Ll L] - - L]

T4y



[

¢

b
INTRODUCTION

Furfural, applisd to the manufacture of plastics on 3
non-commercial scale, has been the subject of much interest-
ing etudy 2nd experimentztion in the research laboratory.
¥ith the aid of theee investigstions, resulting in the con-
gtant improvement of the product obtained, and with the pro-
duction of large quantities of furfural from agricultursl
waates, the manufacture of furfur=l plastics on a2 large sc=le
may not be far distant.

The behavior of furfural with various substances is be-
ing investigated with the object of finding new uses for i,
and to solve the problems involved in its present utilization.
¥hile thus engaged, Mr. W. D. Harrie, Iowa State College, Ames,
Iowa, prepared a resin from furfural and oresol that bore a
striking ressmblance to lacquers. The substance he prepared,
however, c2nnot be used as such, for i% does not possess the
necessary qualifications of a good lacquer. It does not hard-
en readlly, and it cannot be applied to a emooth metallic sur-
fage with good resulte., The difference in the coefficient of
expansion of metals and of thie resin is too great, so that
the layer eventually coracks and peels.

It 1s the object of this investigation to determine whioh
ingredients may best be used, and how the varistion of physi-
oal conditions, or c2talysts, affect the preparation and

quality of the product. Various solvents for the substance
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may algo be tried, with the aim of producing a2 lacquer
from furfural that may sucocesefully be applied to metal-

lic surfaces.
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HISTORICAL

Furfural (10)

Purfural was discovered by Dobereiner in 1830 while pre-
paring formic acid by the action of sulphuric acid and man-
ganese dioxide on sugar. He obtained 2 small guantity of =
yellow "oil" which he called "artifici2l oil of ante".
Shortly after Dobereiner's discovery Emmet obtained some of
the same %oil® while preparing formic acid by the treatment
of rye and corn with sulphuric acid.

The first man to determine the composition of furfural
wag Stenhouse, who, in 1840, succeeded in obtaining a yield
of one cunce from twelve pounds of oatmeal, from which he
determined the composition of the aldehyde as well as some
of its physical constants.

The "oil® was given the name of furfurol by Fownes in
1845, However when the compound was later found to be &n
aidehydo. its name was changed to furfural. Fownes prepar-
ed the aldehyde by the distillation of bran with sulphuric
acld,

Furfural has been the subject of investigation by many
others. It has been prepared from a wide variatf of materi-
als such as cane sugar, wood, glucese, and albumen, as well
as from such agricul tural wastes as corncobs and oat hulls.

Although it has been found that the direct sources of fur=
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fural are pentoses and pentosans, it has been prepared in small
quantities from carbohydérates other than pantoses, particularly
from oanse sugar and glucose,

When freshly distilled, furfural is =2 11gﬁf yellow liquid,

‘which on standing darkens to a reddish brown. t has 2 boil-

ing point of 161.7°C at standard pressurs as determined by
Maine of the Bureau of Chemistry and its specific gravity is
1.155. It is soluble in ether, alcohol, and water, and has
found considerable use a8 a high bolling solvent.

Furfural ie an aldehyde and chemically resembles both form-
aldehydes and benzaldehyde, particularly the latter. Its strik-
ing similarity to benzaldehyde has led to quite an extensive
iavestigation of the chemiocal mature of furfural and of its re-
Actions with various organic compounds. Its formula has been
found to be

»— H

Q=0

-
ST

Like many other newly-found compounds, furfurzl was at

"= CHO

first mersly 2 lsboratory curiosity, 2nd 28 such ite price was
prohibitive. It sold at #6,50 per pound not many years ago,
and the first commercially produced furfural, im 1922, sold 2t
£1.00 a pound. However, it is now quoted at 10 cents (1), =2nd
has the dletinction of being the cheapest of aldehydes. As
such 1t bhas induced investigstors to seek 3applications of the
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compound, with the result that it has found 2 large use in

the manufacture of synthetic resins and plastiocs.

Furfural Resins

The beginning of furfural resine datea back to the begin-
ning of furfural. The early investigators, Stenhouse and
Fownes, found that the aldehyde formed resinous materials upon
the treatment of furfural with acids and basss., Claisen in
1827 prepared thess compounds from furfural and beta-naphthol
using hydrochloric aclid as the condensing agent. These were
not given much attention at firest since the products that were
obt2ined consisted of tarry and gummy masses 2nd were of no
particular us=s, Hence no great strides wers made during the
ninetesnth century in the develonment of thess resins. (10)

¥Wh2n the phenol-formaldehyde type of resin gained promi-
nence, investigators turned to furfural as a possible substi-
tute for formaldehyde. Meunier, in 1914, (9) obt2ined a
petent on the manufacture of varnish resins from furfural and
bages, which marks the beginning of the period of development
of furfural resins.

In 1918 Beckman and Dehn (3) devsloped a phenol-furfural
resin, using & variety of phenols and alkalies, acide, and
acié salts as condensing agents.

The condensation products were not confined only to the

manufacture of synthetic resins, but they also invaded the
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field of pl=stics. A number of American patents have been
issued covering the prsparation of plastics from furfural.
These coneist chiefly of the phenol-furfural types. The
process of mnking moldable products from these resins was
patented by Emil E, Novotny. (11)

The use of accelerators and hardening agents in the
preparation of theses resins was 2lso investigated by Novotny
(13) who was thue able to vary the properties of the pro-
gucts of reaction.

Novotny and Kend2ll in 1922 (12) obt2ined & patent
covering the preparation of a phenol-furfural resin under
heat, They mixed the ingredients in the proper proporticns
which they heated in the presence of 2 small amount of a
basic catalyst. The effect of this was to remove the water
formed in the reaction thereby obtaining = quicker setting
resin,

Further advance was made by Webber in 1925. (14) He
used either a liquid or =0lid condensation product of nhencl
end furfural to which he added a reaction oproduct of a poly=-
hydric alcohol and a polybasic acid such as obtained from
glycerol and phthalic anhydride. The advantage of Webber's
product is that it may be molded 2nd the product eventuzlly
rendered infusible by the use of heat and pressure.

Ellie (5) devieed a diffﬁrant procass of preparing simi-

lar resinse, He heated phenol and butyl alcohol to 2 tempers-
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ture of about 150°C with hydrochloric acid as the cayalyst.
This product he czused to reaoct with furfural in the pressnce
of potaseium carbonates, the reaction being carried out at a
temparature of about 1500C,

Ellis also produced a plastic by acidulating = mixture
of nitrocellulose =and furfursl., The product is moldable and
eventunlly hardens, (6) :

Fleet, Potter, =2nd the Damard Lacquer Co. (7) obtained
a2 British patent covering the use of urea or thiourea in the
presence of & reaction mixture composed of phenecl, =nd an
aldehyds, such as scet2ldehyde, or furfural. The resction
ig agcelerated by the use of ammenia,

It may be s21d here that moet of the resins described
in this paper are infusible if an acid oat2lyst is used in
their preparation. However, the use of 2 basic catalyst such
ag ammonia, caustic, or alkali oarbonate produces a fusible
resin suitable for use in varnishes or lacquers.

It may also be noted that phenol was the favorite sube-
stance ueed in the preparation of the resins, and not until

recently was the use of cresol very successful.

Lacquer

Nearly all lscquers now ¢n thé_market are of the so-called

pyroxylin type. A lacquer, theref@re’, is = blended mixture of
8 varisty of solvents, 2 dilutent cénsisting of a vplatile

liguid which is non-solvent for nitrocellulose, = resin, =2
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plasticizer, and the relatively expensive pyroxylin. (%)

The disadvantages encountered in such 2 synthetic mix-
ture are at once apparent, and it has long been thz aim of
investigators to produce 2 simpler, cheaper lacquer which
would have all the good features of the pyroxylin lacquers
and none of the bad omnes. Howeter, they have not met with
any great sucoess,

As enarly as 1905 Ludwig (%) obtained =2 patent on the
procees for preparing a2 substitute for lacquer in flakes for
varnishing furniture. This is prepared by boiling "oconal de
Manille" or "de Sandaracué in an acusous aclution of potassium
hydroxide until the resin is all dissclved., Linseed oil
equal to five percent of the weight of the resins is then ad-
ded, the mixture is coocled, and the flakees precipitated by
the addition of sulphuric acid.

The lscquer produced by the Bakelite Corporztion (2) is
perhaps the meost successful lacquer of simple composition now
en the market., This consiste of 2 solution of Bakelite resin
in organic solvents. The lacquer may be apnlied by means of
2 spray gun or brush or by divping. The lacquered article is
then baked for a period of fifteen to twenty minutes at 2
temperasure of 1359C. This procees drives off the solvent,
leaving = transparent non-fusible protective film, Howaver,
Bakslite lacquer is adapied only to be us=sd =8 & protective

covering for such artiocles as plumbing fixtures, novelties,
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vanity caees, hardwars, etc. It is amber colored, trans-
parent, and naturelly cannot be ussd as covering where opague
and colored lacquers 2re required.
ft is the object of thies investigation to produce a sim-
ple laocguer, wherein a furfural-cresol resin is to be used.
So far as the literature disclosed, no lacquer of this typs

has herstofore besen produced,

aiane
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EXPERIMENTAL

A. Materials and Equipment

The éssential materials used in the pursult of this work
werzs coresol, purchased from the Barrett Company of New York;
furfural obtained from the Quaksr Ozats Company of Cedar Raplds,
Iowa; and Bakelite solvent, purchased from the Bakelite Cor-
poration, Chicago, Illinois, Ammonium hydroxide containing
297 HH3 was used as an accelarator, and other reagents used
in very small gquantitisa wers tricresyl phosphate, dibutyl
phthal=ste, 2nd camphor. The lacquer was applied to galvanized
sheet metal, such as is found in any tin shop.

No elsborate equipment was neceegsary, using such appsratus
as 1s found in any chemistri laboratory--~flasks, beakers,
test tubes, etc. PFor the application of the lacquer s small
laboratory glass spray gun was used. The samples were baked.
in a small Freas slectrically heated constant temperature oven

manufactured by the Thermo Electric Instrument Co., Irvington,

N. J.
B. Procedure
Preliminary.

As basis of storting the investigation, the cresol-fur-
fural reein was prepared according to thz sugrestions of Mr.
W. D. Harris. The following mixture was refluxed for the

period of one and one~half hours:
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Cresol = = = = = = = = = = - 100 g.c.

Furfursl = = = = = = = = = 75 c.c.

Armonia = = = = = = = = = = 20 c.c.
The reacted misture was then placed in 2n open dish on 2 hot
plate for a period of 4& hours. The object of this tre2tment
was to complete the reaction, to remcve unreacted ingredients,
and to drive off any water present. Without this treatment
the reein would remain & viscous liquid. After removal from
the hot plate, the resin, upon cooling, solidified to a black,
shiny, 2and brittle maass.

This resin was found to b2 scluble in a number of sol-
vents, suoch as acetone, beénzene ether, ethyl acetate, ethyl
alcohol, Bakelite solvent, and others. Solutions of the con-
densation product in these solvents were apolied to galvanized
iron plates by means of a small spr2y gun, and it was found
that the Bakelite solvent gave the best results. The film
dried in abeout an hour, producing on the plate a shiny black
surface which was e28illy merred by scratching with the finger
n2il or by bending the plate. After drying in the air for
geveral days, the film was found tc be very brittle, and it
was apparent that the soclution thus prepzred could not be
used ae a lacquer.

It was deoided that incorporating various plasticizers,
or some drying oils, or both and baking would prove bene-

ficial and would procduce a3 lascquer which should yield a hard-
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er, more durable film, With this in view several resins were
prepared on which these modifications were to be tried,
Preparation of Resins.

Six resins in which certain ingredients were wvaried as
shown in Table I were prepared by refluxing the reagents for
a period of ninety minutes. 1In each c¢c2se the reacted mixture
was allowzd to remain in an open dish on a hot plate for a
period of 48 hours.

The reagente used in the prepar2tion of the resins are
gshown in Table I with 2 summary of the obsgervations on these

resins.
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Table I

Properties of Resins

Reagents

Cregol Furfural NH)O0H
CaCo C.C. c.C.
100 75 20
100 5

100 6C 20
1C0 5 20
100 75 20
100 75 20

Catalyst

none

NaQH

10 gms.,

Formalin
15 c.c.

Camphor
1l gnm.

Di-butyl-
phthalate

Tri-cresyl
phosphate
C.5 gm.

Color of
Powdered
Resgin

Very dark
chocolate
brown

Chocolate
brown

Very dark
brown

Brownish
black

Very dark
chocalate
brown

Browni sh
black

Remarks

Hard but brittle

Very brittle

Very haré but
brittle

Tenacious. Hard
at low tempera-
tures but softens
st body heat

Cuite hard but
brittle

Rather tenacious
but softens at
body heat

The color of the s0lid resin was black in 211 coges.
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Disgussion,

It was noted that the resine in the preparation of which
plasticizers were used were not so brittle as the others.
They did not, however, harden ag readily =2nd had a lower fus-
ing temperature; the excention seems to be Resin V, in which
dibutyl phthalate was used as a plasticizer; this, however,
was quite brittle.

No distinction could be made between Resins I and III.
Both sget to a brittle shiny, black mass,

All gix of these resins were found to be soluble in the
solvente mentioned under "Preliminary®. The effect of water
on these showad all except Resin II to be watsr insoluble.
Part of Resin II went into water solution, leaving an insoluble
resicue.

Preparation and Aoplication of Lacquers.

Lacquers were preparesd by dissolving each of the six

resins in Bakelite solvent. It was found that the ratio of
resin to solvent which gave the bect resulte with the spray
gun was one te two by weﬁght. The lacouer solutions were all
of a deep brownish red color, and when applied to 2 metallic
surface in a thin coat, produced a translucent film, of the
same color as the sclutions. However, a heavier coat yield-
ed more of 2n opaque black film.
Each of the above lacquer solutions was applied to 2

plate of galvanized sheet metal by means of 2 spray gun. The
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drying time in the 2ir ranged from fifteen minutes to one
hour, depending on the thickness of the coat. The lacquers
prepared from the plasticized resins took a somewhat longer
drying period than the others. The filmg, although of good
appearancs, were unsatisfactory bec=use they were quite
easily scratched with the finger p2il. It was noted, how=-
evar, that the plasticizers had 2 beneficial effeot, due
probably to the fact that they caused the films to retain

gome of the solvent, thereby making the films less friable,
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The Effect of Baking.

Rapid baking. Plates of galvanized sheet metal were
sprayed with each of the lacquere until 2 coat of proper
thickness was obtained. These were dried in the air for
one hour, after which they were placed in a gsmall electrical-
ly heatsd oven. The temperature was rapidly brought up to
125°C which was maintained for a period of 30 minutes. The
plates were then removed from the oven.

Slow baking, Plates prepared as 2bove were placed in
the oven and baked at a temperature of ?0°C for six hours.
The temperature was then raissd to 125°C at which the plates
were further baked for two hours.

A comparison of the results obtained by these two math-

ods of baking is shown in Table II,



Plate
with
Lacquer

ITI

IV

Rapid-bakad
Sur face Hardness
Good Can be scratched

Blistered
badly

Fair

Good

Very good

Cood
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Table II

Effect of Baking

with fingernail

Crumples to powder

Fairly hard but

can b2 scratched

Can be scratched

with fingernail

but with difficulty

Fairly hard but
goratoched with
fingernall

Scratched by
fingernail with
sOme pressure

Slow=baked

Surface

Good

Blistered
badly

Fair

Fair

Very good

Very good

Hardness

Eagily scratche
ed by finger-
nail

Crumples to
powder

Scratched by
fingernail with
pressure

Scratched by
fingern2il with
pressure

Not readily
scratched by
fingernall

Scratched by
fingernail only
with pressure



Discussion,

Baking of the lacguered plates yielded a harder, though
more brittle, film than drying in the air. The general ef-
fect was to give the lascquer film a more lustroue and harder
surface. Apparently slow-baking glves better results than
rapid baking, I% was found that Lacquer V (im which Resin V
was uged) geve the best results. Although no state of per-
fection is reachad, this lacquer produces 2 film which is
more durable and more attractive than that made from any of
the others.

Lacggquer 11 does not lend 1ts=lf %o baking, since it is
appareéntly decomposed by heat.

Baking of the lacquers prepared from the unplasticised
resing merely drove off all the excess solvent, leaving a
weak film which was ea;ily disintegrated to 2 powder by bend=-
ing the plate,
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The Effe Drx

In order to determine the effect of oils, two types were
ghosen~~2 gemi-drying and & drying oil. Chinawoed oll was
used for the latter, while castor oil was used for the other.
It was deoided t0 try the effect of these two oils on Lacguers
I and V.

To 2 portion of these two lacguere was added 57 by volume
of each of the above oils., The solutions were heated for a
few minutes to insure complete sclution of the oile., Plates
were then prepared by applying each lacguer sclution by means
of a sprsy gun.

It was found that the drying pesriod for these lacquers
wa.g prolonged considersbly, and even geveral hours after ap=-
plication the lacquer films were sgtill goft.

The four plates were thsn subjected to the rapid baking
method previously described, and it was found that the films
prepared from Lacquer I were 2till soft, brittle, and not of
very good appearance. Lacquar V, howsver, yielded a hard,
smooth, and lustrcus black film which could not be soratched
by the fingermail. OFf the oils tried, the Chinawcod oil gave
better results than the ecastor oil. The film prepared from
Lacquer V containing the leatter oil had greater cchesion than

that prepared from the lacquer containing csstor oil.
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CONCLUUSIONS

Plasticizers are essential in the preparation of 2 cresol=-
furfural reain whioch is t0 be used in a lacquer, and of
those tried, dibutyl phthalate proved to be most benefioci=
al.

The use of sodium hydroxide Aas an accelerstor instead of
armonia in the preparation of cresol-furfural resins glves
a8 partially water soluble resin not suitable for use in
lacquer.

Baking bas the effect of producing s harder lacquer film
from the plasticized lacquers than air drying., The un-
plasticized lacquers give more brittle lacquer films whan
baked. l

8low baking produces a harder and smoother film than
rapid baking.

The use of Chinawood 011 in a plasticized lacquer is mors

beneficial than castor oil.
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SUGGESTIONS

Much ie yet to be done in the development of this lac-
quer to a point where it will be of commarcial value, =2nd
the writer offers the following suggestions for further work
on a furfural lacquer:

The effect of plagticizers other than those mentioned in
this paper may be tried--either by introducing them during
the synthesis of the resin or by adding them to the lacquer
solutions prepared from unplasticized resins,

Baking temperatures higher than 125°C way be tried, Per-
haps a rapid baking process at higher temperatures, which is
more sultable for commercial practice, can be developed.

Drying oils other than Chinawcod oil may be tried, of

which linseed and soya bean oil are suggested.
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SUMMARY

A baking lacquer applicable to metallic surfsces and
yielding a black, lustrous surface was prepared from 2 mix-
ture of furfural, crescl, and ammoﬁia together with such
plasticizers as carmphor, di-butyl-phthalate, and tri-cresyl=-
phosphate, using Bakelite thinner as the solvent, and such
oils as Chinawood or castor oil as conditioning agente. Ap-
Plications to metal panels indicated that the most durable
lacquer films were obtained from those lacquers in the pre-
paration of which Chinawood o0il and di-butyl-phthalate were

used,
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