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INTRODUCTICHN

The subject of the utilization of agricultural wastes has
become one of great interest and importance in the last few
years, !uch work has been done upon the conversion of mater-
ials such as oat hulls, peanut shells, corn stalks and corn
cohs into products of industrial and commerciasl importance.
Because of its availability as & raw material, the most con-
clusive work has been done on oat hulls. Such research has
led to the development of commercisl furfural.

Most of the previous resesrch on furfural has been done
in connection with its use in plastice. It is used in the
production of a resin which has proven to be satisfsctory en-
ough to form & good lacquer hase for metallic surfaces when
mixed with the proper ingredients. Furfural has also heen
used more or less successfully a8 an ansesthetic, insecticide,
and as a germicide. One major use is in the solvent refining
of lubricating cils,

The primery object of this investigation was to determine
the practicability of using furfural, or a combination of fur-
fural with another materisl or materials, as an efficient paint
and varnish remover, If if was found to be practicable, it was
also to be determined in what proportions should the materisls
be mixed in order to obtain the most efficient and quickest re-
mover. Many different combinations were to be tried snd the re-
sults were to be compared with results obtained by using a stan-

dard commercisl remover,



Particular attention was to be given to the effect that the
remover would have upon the wood, as no combination could be con-
8idered a satisfactory remover which has a darkening or a grain-

reising effect upon the floor,

The formulae for some of the paint and vernish removers

which are in use today are ss follows:; (11)

1. Parsffin waxe--ecee-- e—==-3 parts*
Turpenting-=-cececw- - 30 perts
dsetone-=--=-cecccmmcnna 25 parts

Benzene-«---=- - 20 parts
Iylenge=vvwv== ——————— 10 parts
Ze Paraffin waXee--wwceccec-w-q parts
Benzenge--- ——— --=8 parts
Turpentin@e-eccccccccancaa 7 parts

3. Sodium hydroxidee==----=2,67 1bs.
Water-cecececccccnaa —eeee=2,00 gts,
Aqua ammonige--ceeceen-=2,00 gts,

Sodium silicate---w-weae2,b6 gals,

4, Benzene or toluenee--ececwe= 1 part
Ethyl acetete~w-e-ccceccaaa 1 part
Ethyl alcoholeccccccccanaa 1 part



b« Amylene dichloride-----= 80 perts
Alcoholesccccccnnen--w==40 parts

Dipglycol stearatee-eecce-- 2 parts

6. Ortho dichlorobenzene----7 parts
Propylene dichloride-----6 parts
Benzenge-ecccmcccccncaa- -1 part

Carbon tetrachloride----<1 part

* A1l parts are parts by weight.



HISTORICAL

One of the most phenomenal rises 0f a chemical compound
from a laborstory curiosity to an industrial commodity of the
first rank is that of furfural, HFurfursl was first discovered
in 1830 by Dobereiner (2). He was preparing formic acid by the
action of sulfuric scid and manganese dioxide on sugar, when he
noticed that & yellow oil separated from his distillate. This
0il was given the name of "artificisl o0il of ants” because of
odor and method of accidental preparation., Kot long after
Dobereiner's discovery, Emmett discovered some of the same "oil"
while preparing formic acid by treating rye and corm with sul-
furic acid.

In 1840 Stenhouse (7), by treating oatmesl and sawdust with
sulfuric acid, obtained an sppreciable guantity of oil, about
one ounce from 12 pounds of raw materisl, He determined the
constitution of the aldehyde, ite physical properties, and the
composition of the oil. He also gave it the formula CgHgOge

In 1845 Fownes (3) secured, by distilling bran with sulfuriec
acid, an o0il identicsl with that identified by Stenhouse. From
its method of preparation he suggested the name furfurol (furfur -
bran, oleum - 0il). Ultimately, after the aldehyde character of
the compound was determined, the name was changed to furfural,.

Early experimenters obtained furfural from whesot and sulfurie
acid (1)« Stenhouse (8) prepared similer oils from various soure
ces, He also secured from sea weeds an 0il he assumed to be an

isomer of furfural snd named it fucusols Later iaquenne (5) and



Tollens (6) found the compound to be 2 mixture of furfural and
methyl furfural. Other experimenters prepared furfural from
wood(4), and numerous other substences, generally materisls con-
taining a relatively high percentage of pentosan. Among the
agricultural wastes which may be used for the commercial manu-
facture of furfural are corn-stslks, corn-cobs, oat-hulls, peanut
hulls, cottonsecd hulls, beet pulp, sugar cane pulp, rice chaff,
end wheat, oat, rye, and flax straw. At present all of the fur-
fural is manufectured by The Quaker Oats Company, Cedar Rapids,
Iowa, who obtzined it fro~ -* hulls as by-product of their cer-
eal plant,
It is interesting to note the history of the prices of fur-

fural:

Year Selling Price

1920 ccacew- ————— $ 30.00 a pound

AL wocsenswesnes § $0400
LT T IRR——— R D

1923 ~eceve- ceeoes § OulD
1924 ~e-cececccee- § 0,25
1988 wecvensmssnon § 010
1989 sevcenn wonvews § 0410

For the paast few years, due to the limited uses of furfural,
the price has remained approximately constant. However, it is
predicted that the price per pound will become much lower with
the discovery of new uses and applications. Authorities esti-
mate that with the present machinery and mass production the
price should be about § 0.04 a pound and with improvements the
price could possibly be cut down to about a § 001 to § 0,015 &

pounde.



There are several possible methods for the technical pre-
paration of furfursl, The only one in use today is the combi-
nation process of scid hydrolysis and steam distillation of oat
hulls used by the afore mentioned Quaker Oats Company at Cedar
Rapids, Iowan. The waste oat hulls are first ground up; then
digested for from three to five hours under a steam pressure of
60 pounds gauge. The furfural vapors are conducted to a con-
tinvous column still, The product is asbout 95 percent pure.
This is then further rectified somewhat in a socalled "drier”
and as it leaves the drier it has a purity of 98.56 - 99,0
percent. This product is sold as the technical grade furfural,
The refined furfural is produced by vacuum distillation of the
technical grade.

Past resecarches have dealt mostly with the applications
of furfural in plestics, lacquers, orayons, fly repellents,
weed ¥illers, and fungicides, Furfural is used commercially
as a selective solvent for nitrocellulose, cellulose acetate,
mineral oils, and certain varnish gums. It is also used as a
solvent for shoe dyes, and dyes in textile printing. It has
been used as a substitute for formsldehyde in the manufacture
of phenol and urea resins; as a preservative for starch and
glue solutiona; in tanning leathers; and in hardening gelatin-
glycerol mixtures; and as en embalming fluid.

This work on the use of furfurasl as a paint snd varnish
remover represents the continuation of the attempt to add to the

present induairiel usec of furfurals The first work done along



this line was by Charles M. Hobinson who experimented with var-
ious materials which when mixed with furfursl would make effi-
cient peint and varnish remover. Further experimentation by
Howard F. Conway and John S, Wagler (10) checked the validity
of the results obtained by Hobinson.
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PROPERTIES OF FUKFURAL
Furfural is 2 heterocyclic aldehyde whose synonym is furfur-
aldehydes The empiricel formula is CsH4Og. The molecular weight
is 96,0, The generally sccepted formuls for the structure of fur-
fural is as follows:
H-T:c-ﬂ
B-C——C-{-H
\0/
Pure furfural is a aolcrlusa liquid, but is oxidiged quickly
by air to a yellow or brown color. It has = distinct "empy-
ruematic odor". It is non-poisonous compound,
Helting Point =e------- 38,70 C.
Boiling Point e-cewewe 161,79 C.

Specific Gravity ~e-w-- 1.159
(209 C)

Flagsh Point eeeeccce-. 559-570 C,
Solnﬁilitiee:
Furfural is soluble in most organic solvents except gaso-

line, petroleum ether, glycerin, and kerosene.

Solubility in water ececmeeaas e enswene Bedk
(200 ¢C) :

Solubility of water in furfurael --cee---- 4,8%
(209 C)

Farfural is obtained from pentosan containing substances
when the latter are subjected to hydrolysis. The pentoses are
hydrolytic products of the pentosans. They hydrolyze easily to
furfural. The reaction which %‘s*es place is represented as

follows:
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E ROOR H-C=C-H
I TR TR Hydrolysis ¥
H-C-C C-C-C-OH H-C-C~CHO
| N | L 4
H-C-HOH H 0
] : 3 3Hg0
H
Pentose Sugar Farfural

The above reaction is almost quantitative.

The reaction is catalyzed to some extent by the use of a
mineral acid such as hydrochloric acid or sulfuric acid. Some
salts, such as gine chloride and caleium chloride also act as
catalyzers.

Furfural when pure and distilled under vacuum is clear and
of a light straw color, but it darkens quicklj upon exposure to
light.

Furfural is very readily detected in a solution by the deep

red color which it gives when treated with eniline acetate.
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EXPERIMENTAL
A, MNaterials and Equipment

The materials and equipment which were used to carry on
this research were very simple and comparstively easy to pre-
pare or to obtain. A smell osx floor was used, The floor consisted
of strips of oak flooring lsid upon a sub-floor of 1 in. x 12 in,
pine boards which were in turn laid upon cross-pieces of two by
fours. For the experimental tests standard wood fullers, shellacs
and varnishes were used. The preparation of the oak floor for
experimentation was as follows:

Due to the fact that the floor had been used in previous re-
search it was necessary to first thoroughly ssnd it with coarse
and then fine sand paper. The commercial wood filler was then
applied as directed, rubbing acrose the grain of the woode Three
coatas of clear shellac were next aprlied, This number of coats
was used in order to obtain a rigid base which would be setifac-
tory for the tests, Upon this base three caots of dark oak var-
nish were applied. This finish was used in order to most easily
observe the action of the remover against the background of the
lighter colored wood.

Ko elaborate equipment wes used, the remsinder of the artic-
les employed consisted of a paint brush, scraper and the materials
to be used in the experiments, These materials consisted of crude
furfural, acetone, bengene, paraffin wax, and various other chem-
icals as will be described under the experimental procedure, A

good grade of standerd commercial remover, manufactured by the



Pittsburgh Plate Glass Company, was obtained to be used as a

basis for comparison with the experimental mixtures.
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B, Procedure

In order to establish & basis of comparison for the ex-
perimental tests to be carried out, results obtained by using
the standard remover were noted. The time necessary for com-
plete penetration was about twelve (12) minutes. The removal
was satisfactory, but the liquid evaporated very quickly, nec-
essitating two (2) applications at stubborn points, Contrary
to advertized claims, rubbing the varnish off with a cloth seemed
to be unsatisfactory, and best results were obtained with a scra-
per. This commercial remover did not stain or raise the grain
of the wood in any way.

Furfural alone wns tried next. The time necessary for pen-
etration and softening 4 to 6 minutes., The performance compar-
ed favorably with that of the commercial remover but because of
its high surface tension the furfural tends to pool on the floor
rather than to spread as evenly as is dezsirable. This observa-
tion sugeested the addition of some material or materials capa-
ble of lowering the surface tension of the furfursl. In this
experiment the wood was not affected in any way.

With the above observation in mind, several different sol-
utions containing furfural and one or more other materials, hav-
ing not only a low surface tension but also a more or less eff-
ective solvent action of their own were tried.

The following solutions were prepared and tested:

1. 50% furfural - 50% acetone *

2. 60% furfural - 40% turpentine *
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3. 60% furfural-25% turpentine-15% squeous ammonia
4, 50% furfural-25% scetone-255 benzene *

* Percent by volume.

The results obtained from the use of the above preparations
may be summarized as follows:

l. Time: 2 minutes for cessation of reacticn.

Results: This mixture succeeds quite well in low-
ering the surface tension of the furfur-
gl and does not raise the grain of the
wood or affect it in any manner,

2. Time: 5 minutes.

Hesults: This prepsration steins the wood and s0
it could not be considered & satisfactory
remover.

3 Time: 15 minutes.

Hesults: Darkens the woods There is also an ex-
cessive odor of smmonia present. This
mixture was not considered Turther.

4, Time: 10 minutes.

Results: Unsatisfactory in genersl,

Although the results of mixture No. 1 above were unsatisfac-
tory when used upon the experimentsl floor, older varnish did not
respond 80 readily. &SBefore the preparation had time to act thor-
oughly upon the varnish, the acetone had evaporated to such an
extent as to render the final result unsatisfactory. This sugg-
ested the addition of some material to hold down the rate of ev-

aporation of the more volatile constituent.



Several different mixtures were prepsred as Tollows;
6es 45% furfursl-52% water-3% emulsone B *

6. 25% saturated solution of paraffin in benzene
75% furfural *

7. 60% furfurnl-30% acetone-10j% glaurin wax *
The experimental results obtained by using the mixtures
as described sbove were as follows: .
be Time:; 15 minutes.for cessaticn of reasction.
Hesulte: This mixture was considered as unsat-
isfectory as 1t stained the wood.
6« Time: ©5 minutes. |
Results: This mixture is in the form of = sludge,
The addition of the furfural seems to
decrease the solubility of paraffin in
benzene. It removes the varnish about
85 percent as efficiently as the commer-
cial remover,
7« Time: 4 minutes.
Hesults: This composition stains the wood sligh-
tly and also becomes guite tascky in about
4 minutes. This seems to indicate fthat
the wax used is not capable of lowering
the evaporation rate enough.
The most positive results obtsined in previous research have
been secured by using a.mixture of wax and benzene in furfural,

This mixture forms & sludge and mekes it quite unhandy to work
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withe, In view of this fact, an effort was made to find other
materisls which would produce the same resmnlts as would wax,

Meny other materials were tried in order fto lower the ev-
aporation rate after scetone. Among those tried were starch,
ethylene glycol, scetone oil, corn surar, Halowax No. 1014.
The starch seemed to hasten the evaporation rather than reterd
it, leaving & tacky surfasce after about 2 minutes. Corn sugar
exhibited 2bout the same characteristic. Acetone 0il held down
the evaporation rate to & small extent, but gave off a somewhat
disagreeable odor when mixed with furfurasl. Halowax No, 1014
exhibited very satisfactory properties when used to hold down
the evapnoration, but left an undesirable wax film upon the surface
of the floor. Ethylene glycol seemed to give the most satisfec-
tory results. It slowed down the volatilization of the solvents
did not affect the floor, and had no noticable odor,

dany different solvents were tried. Among the most impor-
tant were trichloroethylene, toluene, benzene, acetone, zylene,
and ethyl methyl ketone., Trichloroethylene was ohserved to have
a very good solvent sction, Toluene, henzene, acetone, and zylene,
gave satisfactory results when used ss solvents, but were not as
efrécient as trichloroethylene. Ethyl methyl ketone was observed
to have the most satisfactory solvent action of any of the mater-
ials tried.

O0f the many combinations tried in order to obtain & satis-
factory remover, the one which showed the greatest possibilities

was comrosed of 40 percent furfural, 55 percent ethyl methyl ke-



tone and 5 percnet ethylene glycol.
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vISCUSSION

The most important characteristice of a good paint and
varnish remover are its ability to penetrate the coating within
a short period of time, its esse of removal after penetration
and softening and its tendency to flow evenly over the entire
gsurface to be treateds Furthermore it must not stain or dis-
color the wood, or raise the grain of the woode

A review of previous research upon this subject disclosed
that no mention had been.mado of the fact that furfural has a
discoloring action upon the skin. This action has no harmful
effect upon the skin, but it requires several days for the stain
to wear off,

Taking into consideration the cost of manufacture, it has
been indicated that furfural can be made at a low price; this
price being approximately 10 cents per pound or perhaps a little
less, The fact that in the production of furfural various agri-
cultural wastes may be nsed assures its continuous msnufacture.

The price of ethylene glycol is higher than that of furfur-
el and wax, but so little is necessary that the price does not
prohibit its use. The price 18 § 0,22 to § 0,23 per pound,

The price of ethyl methyl ketone, the other constituent of
the most successful remover found is § 04,0665 per pound.

The addition of ethyl methyl ketone was observed to material-
ly raise the flash point of the mixture. This decreases the dan-

ger of using the remover indoors.
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CONCLUSIONS

1. Having ohserved the effect of mixing various ingred-
fents with furfural in order to eliminate the pooling action,
it was found that s mixture of ethyl methyl ketone, furfural
and ethylene glycol was the best preparation having the chara-
cteristics of & good removere

2« This mixture as compared with the standard commercial
remover Seems to exhibit superior properties as demanded of a
g£o0od paint and varnish remover.

3e 1t is believed that the mixture ss described shove
sould be produced on 2 latge scole at & price which would make
the production profitable. It is also believed that such s
mixture counld he 80ld more cheaply than many of the removers
on the market at presente.

Further work should be done on the development of furfural
a8 s paint and varnish remover. However, the staining action
of furfural on the skin may have to be overcome before it will
ke possible to develop an scceptahble removers

Many other possible ingredients coukd be used which might
prrove of values These include glycerin, xylene, trichloroethy-

lene, and some of the higher ketones,



SUMMARY

A paint and varnish remover was prepared from & mixture of
40 percent furfursl, 55 percent ethyl methyl ketone and 5§ percent
ethylene glycols

This mixture was applied to an experimental finished oak
floor and also to various other floors with older coatings of
varnish. The results indicated that the product is satisfactory
and possesses the characteristics of a good paint and varnish

remover.
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