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Chapter I 

Introduction 

Resins are essentb.l to the mimu.facture of 1:tll types of varnish .• 

Unfortunately no figures are available for the amount of 

in the Vl!!.rnish industry. We may., however, Cl'l.lculate the 

In 1928 the United States produced 90.,000,000 gallons of varnish.I 

If only one pound of resin., and this is a low figure, was used for 

one gallon of varnish, the amount of resins consumed, by the varnish 

industry, would be a.pproxi:ma tely 90,000,000 pounds. 

In 1928 the United States imported 5,000,000 pounds of Kauri 

resin. 2 The figures .for other fossil resins are not available but ±t 
is not probable that the imports of all the other fossil resins exceeds 

the amount of Kauri, since Kauri is the most abundant fossil resin. As 

no fossil resins are found in the United States, the total amount of 

fossil resins used in the United States in 1928 would be approxi~Ately 

10,000,000 pounds •. Since the United States could use e.pproximately. 

90,000,000 pounds of fossil resins annually and only 10,000,000 are 

available, there exists a derr~.nd for 80,000,000 pounds of fossil 

resins or fossil resin substitutes. 

The purpose of this investigation is, therefore, a search for 

fossil resin substitutes. Natural resins, at present, are often 

treated to convert them. to products that resemble the fossil resins 

to some extent. Artificial organic compounds often resemble resins 

and are used as substitutes for them. This paper is, therefore, 

entitled, "The Preparation of Treated and Artificial l{esins and Their 

Use in Varnish Mirnufacture. 11 

1. The American Chemical Industry, U.S. Dep't. of Com.~erce, p. 9. 

2 • ..!.:?.~a-, p • 113 • 



Varnishes may be divided into three classes. 

The classes are: 

1. Oleoresinous varnishes 

2. Lacquers 

3. Spirit varnishes 

Oleoresinous varnishes are composed of four ingredients. 

These ingredients are:-

1. A resinous substance 

2. A drying oil 

3. A dryer 

4. A thinner 

Resinous substances, which :b.ave the function of hardening 

the varnish, may be divided into six classes •. These cla.sses are: 

1. Fossil resins, such as amber, Benguela, 

Zanzibar, Sierra Leone, lmgola., East Goo.st, 1/Yest Goi;.st, Kauri, 

and Congo. 

2. Natural resins, such as rosin, Damar, 

Manilla, Pontionak and East India. 

3. Treated resins, such as limed rosin, 

glycerol ester of rosin, and glycerol ester of Congo. 

4. Artificial resins, such as Cumar, 

glypta.l, rezy1, ambero1 and beckacHe. 

5. Asphalts, such as gilsonite, Manjak, 

Barbadoes, Bermudez and Egyptian. 

6. Pitches, such as petroleum, cotton

seed, stearin and bone. 



Drying oils have the function of hardening and giving elasticity 

to the resulting varnishes. They do this by absorbing oxygen and 

changing cheinically from a fluid substance to a hard, horny .one. The 

drying oils are perilla, linseed, soya bean, menhaden fish, and 

Chinese vrnod. All these oils, vv:i. th the exception of Chinese wood, 

are refined before use. 

Dryers act as ca1A'\lyst-s and accelerate the absorption of oxygen 

by the drying oils, causing them to dry in eighteen hours instet:td of 

seventy-two. Dryers consist of the oxides and organic s~tlts, usually 

the acetate, resinate , linoles.te or tunge.te of lea,d, cobalt, 

manganese and iron. 

Thinners reduce the viscosity of the resulting varnish e.nd enables 

it to be brushed or sprayed. Thinners evaporate s the varnish dries 

and do not remain in the dried varnish. The usual thinners are 

naphtha, varnolene, kerosene and turpentine. 

Oleoresinous varnish manufacture consists essentially of boiling 

the resinous substance, drying oil and dryer together t:tnd then adding 

the thinner when the mixture has cooled to 170°c. 

Lacquers popularly known as Duca, are composed of six ingredients. 

These ingredien·ts are: 

1. Nitrocellulose, 

2. resin, 

3. 4~ solvent, 

4. lA. diluent, 

5. ple.stic_i ser, 

6. stabilizer. 



The nitrocellulose, which exists in several grades, has the 

function of giving hardness and body to the resulting h.cquer. 

The resin has the function of giving; gloss and adhesive power 

to the resulting lacquer. The resin rn.ay be glycerol ester of rosin, 

shellac, Dam...~ar, Pontiona...~, g;lyptal or rezyl. 

The solvent has the function of dissolving the nitrocellulose 

and resin. It evaporates and does not remain in the dired 19.cquer 

film. The solvents most com..~only used are ethyl, amyl, butyl, and 

secondary butyl acetate; ethyleneglycol monoethyl ether, and 

ethylene glycol monobutyl ether. 1 

The diluent h!'.!'.s the function of decreasing the price of the 

lacquer. It evaporates and does not remain beh.ind on the dried 

lacquer film. The diluents most commonly used are toluol, benzol, 

xylol, denatured alcohol, butyl alcohol, solvent n&phtha and special 

naphthas. 

The plasticiser lw.s the function of giving ele.sticity to the 

resulting lacquer. The most common plasticisers are castor oil, 

blown castor oil, blown rapeseed oil and camphor. A large nu..mber 

of organic substances, such 1!1.s dibutyl phthalate and tricresyl 

phosphate, are also used. 2 

The stabilizer, usually urea, htts the function of absorbing the 

"I 

nitrous fumes, which a.re liberated from the nitrocellulose on time, 

and by doing so, extend the life of the lacquer. 

Lacquers dry only by the evaporation of the solvents and 

1. :Hi trocellulose H1'~ook, Hercules PO"":rder Co., p. 8. 

2. Ibid. 



diluents. Their manufMture consists essentia,lly of dissolving the 

nitrocellulose in the solvent, adding the resin dissolved in the 

diluent, and finally adding the plastizer and stabilizer. 

Spirit varnishes consist of three ingredients. These ingredients 

are: 

1. A resin 

2. A solvent 

3. A non-drying oil. 

The resin is usually shellac, Pontionak, Manilla or rosin 

and has the function of giving hardness and body'to the varnish.· 

The solvent has the function of dissoJ.ving the res:i.n and is 

almost invariably denatured 1'.lcohol. It evaporates and does not 

remain in the dried film. 

The non-drying oil has the function of giving elasticity to the 

varnish. It is not usually added but, when it is added, it is 

invariably castor oil, the only oil soluble in dcohol. 

Spirit varnishes dry by evaporation only and their mi:mufacture 

consists essentially of d:i.ssolving the resin in alcohol and then 

adding the castor oil, if any is to be added. 

As fossil resins are not sufficiently ahu..~dant to supply the 

needs of the wrnish industry, materials must be substituted for 

them. :Materials, which ~1re substituted for fossil resins, may be 

divided into the classes given belov<r. 

1. Treated resins, which are resins produced by living 

trees combined with chemicals which increase the value of the resin. 

2. Artificial resins, which nre organic compounds s7.F,i.18r 

to resins i!l their physi ccd properties. 



3. Synthetic resins, which are identical in chemical 

composition with the fossil resins. 

The class of treated resins is very probably far larger than 

is generally known for numy varnish companies treat their resJns 

but do not give their methods publicity. All w.:tnish concerns regard 

their formulas and methods a.s trade secrets because patents are 

unsatisfactory in giving protection for processes of treating resins. 

The most ccmmon treated resin is limed rosin. H.osin is 

composed of abietic e.cid, other organic acids and terpenes. The 

abietic acid content varies from 92 to 97 per cent depending upon 

/ 'i " 
the grade of rosin. The formula of rosin therefore is ~t I .:-1;1 

Hooc-
H,C ., H 

The abietic acid is usually detennined by the the rosin, 

that is, the number of milligrams of potassiu:m hydroxide required to 

neutralize the free acid in one gm. Limed rosin is prepared by 

heating rosin and lime together. The resulting product has an acid 

value of 60, indicating that all the acid is not neutralized. Enough 

calcium abieb.te is formed, however, to raise the melting point of 

the rosin and to lessen its stickiness and brittleness. 

Liming rosin is well understood and is used as a method of 

preparing a cheap treated resin. It is usually carried out as 

follmvs: 

Fonn.ula: SOO pounds of rosin 
21 pounds of lime 

The rosin is melted and heated to 190°c. At this temperature the 

lime is slowly nclt'led, w:i. th stirrin-g, unt1.l the lime :i.s equitably 

l. 1,,ellon Institute for Industrial Heses.rch's Letter to me,i\.ug.2,1929. 



The temperature is then raised to 270°c for 30 minutes. 

In factory practice it is frund that rosin 1.rlll not react with 

more them 6 per cent of its weight of lime al though theoretically 

the rosin should react with 14 per cent of its weight in lime.. Should 

more than 6 per cent of lime be added most of the excess 'Will remain 

in the finished product as a colloid dispersed in the free abietie 

acid e.nd calcium abietate. 

Limed rosin is not on the market but is prepared. by all v0.rnish 

companies for their own use. It is used entirely in oleoresinous 

varm.she s as its insolubility in ttl cohol esters and in alcohol prevents 

its use in lacquers and spirit varnishes.· 

The treated resin second in importance today is the glycerol 

ester of abietic acid. This is prepe.red under a patent 'Which 

specifies that rosin, glycerol and Vl'l.rious catalysts are to be 

heated in an autoclave. The resulting reaction is almost quantitative 

as the acid number drops from 160 to 6 indicating that pta.ctica.lly ~.11 

of the abietic acid is combined. Glycerol and rosin will not combine 

if heated, without catalysts, in an ordinary varnish kettle. However, 

the glycerol ester of rosin ce.n be made indirectly during ·the 

manufacture of oleoresinous va.rnishe s. This method uses Chinese 

wood oil as the ca.talyst and is not generally known. Glycerol ester 

is made according to the following formula and method: 

100 pounds of rosin 

16 pounds of glycerol 

18 gallons of Chinese wood oil 

1 pour.d of cobalt linole~te 



2 pounds of fumed li tharge . 

33 gallons of Varnolene 

varnolene is the fraction of petroleu.~, intermediate be"bnee~ gasoline 

and kerosene, ha:ving the specific gravity of .780. It has the same 

evaporation ra.te as turpentine. 

The rosin is melted md 6 gallons of the Chinese wood oil are 

added. The temperature is .raised to 270°0 to partly polymerize the 

oil. The temperature is then alloi.~ed to fall to 171°0 and the 

glycerol is added. The temperature is then raised gradually to 

210°c and held there until the mass is no longer milky indicating 

that the rosin is esterfied. The litharge is then stirred in and 

the temperature is allowed to fall to 260°c. This temperature is 

maintained until a drop of the mixture placed on a glass plate 

solidifies to a hard button. The cobalt linoleate is then added 

and the temperature allowed to fall to 150°c and the varnolene is 

added. The li tha.rge and cobalt linoleate are not catalysts for the 

esterfication of rosin but are used to accelerate the absorption of 

oxygen by the oil in the drying of the varnish. 

The resulting varnish will dry in 8 hours and harden in 18 

hours and is suitable for floors and interior work. It will resist 

heat and water well and its acid number will only be about 5.3. 

These properties are much superior to those of a varnish prepared 

with the omission of the glycerol. 

The yield of ester from 116 pounds of rosin and glycerol is 

about 110 pounds. The price of this ester compares favorably with 

the price of $.09 a pound for cor:unercid ester r,.s is i:.hmm. by the 

following calculation: 



$ .448 a pound of rosin X 100 :: .. $4.48 rosin 

$.15 a pound of glycerol X 16 =2.40 glycerol 
J6.■88 

$6.88 (cost of material) 
llO (pounds yield) 

- $.062 a pound of ester 

Glycerol ester of rosin is used in oleoresinous w.rnishes and 

lacquers but is not used in spirit varnishes due to its insolubility 

in alcohol. 

Glycerol ester of Congo resin has been on the rri.arket for a few 

years a..11.d is the only tres.ted fossil resin of co:mraercial importance. 

Undoubtedly some artificial resins are prepared by various 

varnish companies but, for reasons already given, this information 

is not published. There are several artificial resins on the market 

today and there have been many more in the past but, for the most 

part, these have not been successful and have been withdraw. The 

artificial resins produced commercially today are: 

1. Cumar 

2. Glypta.1 

3. Rezyl 

CUllW.r is prepared by polymerizing coumaron and indene, which are 

found in certain solvent naphthas, with sulphuric acid. Cumar is used 

only in oleoresinous varnishes as its insolubility in esters and in 

alcohol prevents its use in lacquers and spirit varnishes. Although 

it is produced in several grades its use is restricted to acid 

resisting varnishes as it is incompatible with other resins and has 

the defect of turning to a dark yello,rr color when exposed to light. 



Glyptal and rezyl are of approxi:rna.tely the same composition as 

they are prepared by combining glycerol md phthalic anhydride in 

the presence of small percentages of other substances. Thes~ resins 

have been en the :mllrket for about two years but are used to a. very 

limited extent al though their use may increase in the future. They 

are used in oleoresinous varnishes llild lacquers only as their 

insolubility in alcohol prevents the.ir use in spirit varnishes • 

.A;mberol and beckacite have been on the market for about four 

years and are used to a considerable extent. They are composed 

chiefly of the glycerol ester of rosin with the addition of phenol 

condensate resin to the extent of 15 to 25 per cent. 1 Phenol 

condensate resin must be combined with ester resin as it is 

insoluble, when used a.lone, in drying oils.:;.... The addition of phenol 

condensate resin to the glycerol ester of rosin so alters the 

properties of the ester rosin that varnishes made from it dry in the 

remarkably short time of four hours. ,Amberbl varnishes are the 

basis of the 1'\lidely advertised "Four Hour" varnishes and enamels. 

No true synthetic resin has, as yet, been prepared although 

several grades of treated resins and artificial resins are incorrectly 

called synthetic resins. The lack of synthetic resins is due to the 

lack of research in resins. There is but- little literature available 

on the subject and what little exists deals almost entirely with 

empirical formulas and not with structural formulas. 

When a true synthetic resin is produced it will have to be the 

result of the study of the fused resin. All fossil resins must be 

melted and from 15 to 30 per cent of their weight distilled off in 

1. The Canadian Paint and Varni!:lh Magazine (July, 1929), Vol. 3, p. 36. 



order to render them soluble in oil. It is very probable that the 

structural formula of the fused resins will differ from that of 

the unfused resin. 



Chapter II 

The Desirable Properties of Varnish Resins 

A resin to be useful as an ingredient of an oleoresinous varnish 

( one composed of a drying oil and a resin) must l:w.ve certain 

properties. These properties are described belO'w. 

1. Cost 

When a number of resins can be used for a definite purpose the 

one most likely to be used is the one tmt is 101•.rest in price. At 

the present time the ma.ximum price of a resin to be used in an oleo

resinous varnish is approximately $.60 a pound. To obtain this 

price any treated resin or Etrtificial resin produced would have to 

equal or surpass the best gre,des of the fossil resins. As this is 

unlikely, the price should be about $.20 a pound. 

2. Solubility in oil 

Since oleoresinous vei.rnishes contain a drying oil, any resin to 

be used in them must be soluble in the oil. The oils most commonly 

used are Chinese wood, linseed, perilla, soya bean and riienhl!l,den fish 

and are so nearly alike in chemical composition that any resin 

soluble in one oil will probably be soluble in all. Most fossil 

resins are soluble in oil but some &re not. By distilling off from 

15 to 30 per cent of their weight they ei.re so changed in composition 

that they dissolve readily in oil under the application of heat. Any 

resinous material produced in this research, if insoluble in oil, 

may, by further treatment, be rendered soluble. 

3. Color 

The color of resin should be as light 1c.s possi e in order that 



the resulting varnish may be pale. ''Color, in a resin, is so 

important that resins are graded on it. For example, there e.re 

twelve grades of gu:m rosin emd e!'!!.ch grade is based entirely upon 

the color, which varies from a pale yellow- to almost black. The 

true criterion of color in a resin is the color of the varnish 

made from it and not the origi:na.1 color. All resins darken to 

some extent at a temperature of 270°c due to carbonization. Th:i.s 

temperature is necessary in order to combine the resin and oil. 

'When a resin possesses a color darker th!m a light brown its value 

falls greatly ei.s it then comes into competition ,tlth asphalts which 

sell as lmv as $. 015 a pound. Asphalts make excellent subs ti tu ties 

for resins in varnishes in which color is of small importance 

4. Hardness 

Res:'i.ns are ~.dded to varnish oils in order that the resulting 

varnish may be hard and tough. Many resins, which have maey 

desirable properties, are almost useless for varnish purposes 

because they lack the property of hardness. Common resin, for 

example, is low in cost, soluble in oil and of a light color but is 

of little use as a varn:'i.sh resin due to its softness. Practically 

everyone has had the experience of sitting in a chsdr. fin:!. shed with 

a cheap resin varnish and having it stick to clothes due to its 

softness. A varnish made from a soft resin mars easily and softens 

under the action of heat and, therefore, can command but a low price. 

5. Acid number 

As a large proportion of varnishes are not used as such but are 

mixed vrl th p.i,c;nents to form enamels ~.nd paints, it is highly desir

able that the c.cid number of the ve.rnish be as lrnv as possible. Some 



pigments, such as white lead and zinc oxide, are decidedly basic in 

cha.racter and will, if mixed with a high t:1.cid varnish, form 

insoluble soaps which precipitate rendering the enamel or paint 

valueless. A highly acid varnish will also. act on colors, such as 

Prussian blue, changing their color. As memy enamels and paints are 

kept in stores several months or yel!l.rs before being sold, it is 

essential th..at the ingredients of paints and enamels do not react 

with one another. In factory practice it is not considered s&.fe to 

use a varnish for mixing purposes wh.os e acid value is greater than ten~ 

6. Brillie.ncy 

As the gloss of a varnish is due :mainly to resin it is desirable 

that the brilliancy or refractive index be as high as possible. 

7. Compatibility with other resins 

Every varnish company endeavors to keep its number of w.rnishes 

as lmv as possible as this saves storage space, equipment and lessens 

the capital invested. Ten is consid.ered a good nu:mber of w.rnishes 

to be kept in stock. However, it is frequen·tly necessary to blend 

or mix various varnishes to obtain a varnish vvi th the desired 

properties. For blending purposes it is es se1itial that the resins 

do not rei,.ct and precipitate one another. CUmar, an artificial resin 

and Congo, a fossil resin, form varnishes .,vhich will not mix 11.Ji th any 

others. This property of cumar resin e.nd Congo resin restricts their 

use. 

8. Resistance to light and water 

Some resins are affected by light and change their color, 

che.nging to a. deep yellow. Cu;~,:or end most of the othor ortificial 

resh1s are especially troublesome in this resvec+;. An ens.mel or 



paint containing an artificial resin is quite likely t0 change its 

shade for this reason. As most varnished and pednted surfaces are 

v;ashed occasionally they must be waterproof. Some resins, s~ch 

as shellac ~.nd rosin, are attacked by water. This defect limits 

their use. 

A resin to be useful in lacquers must have certain properties. 

These properties, and the reasons for desiring then, are described 

belO'vV. 

1. Cost 

Because of the high price obtained for lacquers, the. cost of 

any treated or ttrtificial resin :may be slightly higher than th.at of 

the resin used in e.n oleoresinous V$.rn1.sh. A m~ximum cost of $.70 

a pound would be about all the trade could stand while the e.vera.ge 

cost should be around $.25 a pound. 

2. Solubility in esters 

As the nitrocellulose of a lacquer is dissolved in esters it 

is necessary that any resin, used in lacquers, be soluble in them. 

The insolubility of limed rosin Congo and Kauri resins in the esters, 

usually used to dissolve, mti.kes them worthless nitrocellulose lacquer 

resins. 

3. Color 

The color should be as light as possible for the se.me rea.sons 

as those already given in the discussion of the properties desirable 

in oleoresinous varnish resins. 

4. Hardness 

The hardness should be o.s f;reat B.s possible for the same reason 

c:,s those ttlrcmdy gi v·en. 



5. Acid number 

The acid number should be low as free acid acts a.s a catalyst 

in hydrolyzing the esters. The hydrolysis of the ester solvents of 

nitrocellulose is not in itself harmful but if it proceeds very far 

i·b will precipitate the nitrocellulose. 

6. Bri lli!l.ncy 

The brilliancy. should be high for the same reason as that 

already given. 

7. Compatibility with other resins 

'.I'he resin should be compei.tible with other resins for the sMJ.e 

reasons as those already given. 

8. liesistance to light and water 

The resin should be resistant to light and -water for the rei.,.sons 

already given. 

Resins that are to be used in spirit varnishes should have the 

following qualities: 

1. Solubility in alcohol 

Since the solvent in spirit varnishes is usually alcohol a.ny 

resin to be used in a spirit varnish must be soluble in it. As the 

alcohol used is not pure but is denatured the resin must be soluble 

in the permitted formulas. The United States Bureau of Prohibition 

allows the denatured alcohol to be any one of the follffi'ving 

formulas: 1 1. 2-A, 3-A, 30 and 44. 

2. Ha.:rdness 

This should be as grei,_t 1•ts possible as tMs is the only good 

1. Industrial Alcohol Handbook. Jlmerican ,Solvent,:: Corporrti· on , ,,;. , - - - c:l • 



qua.li ty possessed by a dried spirit varnish film. 

Other qualities are desirable in an artificial resin or 

treated resins in spirit varnishes but, if they do not possess 

them, the fact is of little importance as fossil resins used in 

spirit varnishes do not possess them. 



Chapter III 

Experimental Work on Treated Resins 

The experimental V"TOrk on treated resins may be divided into 

three classes. These classes are listed below. 

1. Treated rosin 

2. Treated gum rubber 

3. Treated Congo 

Most of the methods used are actual varnish methods for treating 

resins except for the substitution of' different chemic!!l.ls for those 

usually used. 

Those experiments the.t involved the treating of rosin are given 

below. 

Object 

Method 

Results 

Conclusion 

To prepare the glycol ester of rosin. 

1. 50 gms. of rosin imd 15 gm.s. of glycol were mixed. 

2. The mass ~~s heated to 180°c for 30 minutes. 

1. The resulting product vvets soi't and sticky. 

2. The acid value vl!'fi.s 148. 

The high acid vei.lue indica. te·s th3. t glycol does not 

unite directly with rosin. 

Glycol being a polyhydric alcohol should form an ester with 

rosin but this experiment shows that it does npt -µni te directly. 

Object 
To de·cermine the influence of lime in accelerating the 



Method 

Results 

Conclusion 

action of glycol on rosin. 

1. 10 gms. of rosin were melted and the temperature 

raised to 225°c. 

2. 1 gm. of lime ·wt\ts added and the temperature main

tained for 5 minutes in order to form some calcium 

rosina.te. 

3. The temperature was dropped to 180°c and maintained, 

in order to combine the glycol and rosin, for 10 minutes. 

1. The resulting resin was pa.le in color although it 

was darker than the rosin. 

2. It was very soft and sticky and appeared to be a 

mixture of glycol and rosin as it was not homogeneous. 

Lime does not act as a catalyst to effect the union of 

rosin and glycol. 

As lime combines with wi:tter it was t 1 ought that it would a.id 

in the removal of the vvater farmed by the esterfica.tion of rosin a.nd 

glycol. 

Object 

Method 

To determine th.e action of raw soya. b.ea.n oil in 

influencing the action of glycol on resin in the presence 

of lime. 

1. 10 gm.s. of rosin were melted and the temperature 

raised to 225°c. 

2. 1 gm. of lime was added and the temperature ma.in-



H.esults 

Conclusion 

ta.ined for 5 minutes in order ·to form same calcium 

resinate. 

3. l gm. of soya bean oil was added and then 2 gms. of' 

glycol. 

4. The temperature was dropped to 180°C and :maintained, 

in order to combine the glycol and resin, for 10 minutes. 

l. The resulting resin was pale in color although it was 

darker tb&n the original rosin. 

2. It was very soft and sticky and although it appeared 

to be homogeneous. 

Soya bean oil does not influence the combination of rosin 

and glycol in the presence of lillle. 

Since soaps, with oil, form emulsions it mi.s thought that an 

emulsion would give a greater area, for the glycol to act upon the 

rosin, by dispersing the glycol and rosin. 

Object 

:Method 

To determine the influence of hee,i.vy bodied boiled linseed 

oil upon the combining of glycol and resin in the presence 

of lime. 

1. 10 g:ms. of rosin was melted and the temperature 

raised to 260°c. 

2. 

3. 

4. 

1 gm. of lime was added and stirred into the solution. 

5 gms. of heavy bodied linseed oil vro.s added. 

- 0 The temperature was dropped to 180 C and 2 gms. of 



Results 

Conclusion 

glycol added. 

5. The temperature w-sis :maintained at 180°c for 10 

minutes; 

1. The resulting product was pale in color. 

2. It ,r,m.s considerably bt:trder than rosin and less 

brittle. 

3. The resin obtained was clear. 

Iiea.vy bodied linseed oil seemed to have influence the 

combination of glycol and rosin in the presence of lime 

. favorably. f 
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Heavy bodied linseed oil is polymerized to a far greater extent 

than raw oil. It was thought that this polymerize.ti on would affect 

the degree of dispersion of the rosin in the oil. 

Object 

:Method 

Results 

To prepare an ester of glycol ~.nd rosint using Chinese 

wood oil and sodium carbonate as catalysts. 

1. 100 gms. of rosin, 25 QUS. of Chinese wood oil, 10 

QUS• of glycol llll.d 1 gm. of sodium carbonate were mixed. 

2. The mixture Wt?cs heated to 175°c and the temperature 

maintained for one hour. 

1. '.l.'he resulting product wa.s soft and sticky. 

2. The acid value at different times ~~s as follov1s: 



Conclusion 

A:f'ter 15 minutes 

A:f'ter 30 minutes 

After 45 minutes 

After 60 minutes 

112.6 

113.4 

113.9 

114.6 

1. Had no esterfica tion taken place the acid value 

would have been 111.1. 

2. The rise in acid value shows that no esterfication 

had taken place. 

3. Chinese wood oil and sodium carbonate do not 

influence esterfica tion favorably. 

4. Clycol volatiJ.izes below its boiling point. 

Although sodium soaps are softer than calcium soaps they have a 

greater surface tension. This increased surface tension should 

disperse rosin to a greater extent. 

Object 

Method 

Results 

Conclusion 

To prepare an ester of glycol ~nd rosin using castor 

oil and sodium carbonate e:cs ca.talysts. 

1. 42 gms. of rosin, 10 gms. of glycol, 3 gms. of 

castor oil irnd .05 gms. of sodium carbomte were mixed. 

2. The mixture was heated to 175°c for 30 minutes. 

1. The resulting product was soft and sticky. 

2. Its acid value was 150.3. 

1. The a.cid ,nilue shows that no esterfication had 

·btken ce for the co.lculated e.cid value of the me.1:1s 



before heating was 136.7. 

2. Castor oil and scdium carbom.te do not influence ·bhe 

esterfication of glycol md rosin favorably. 

As castor oil differs from most oils by containing an hydroxyl 

group it was thought that possibly this wru1d affect is emulsifing 

properties. 

Object 

Method 

Results 

Conclusion 

To detennine the effect of alphe. naphthol upon the action 

of glycol upon rosin. 

1. 4.3 gm.s. of alpha naphthol and 10 gms. of rosin were 

intimately mixed by crushing. 

2. The temperature was raised to 250°c and maintained 

for 5 minutes. 

3. The temperature was lov,ered to 15o0 c and 2 gms. of 

glycol were added. 

1. The resulting product was very soft. 

2. The color ,va.s a deep brown., 

3. The product obtained was not homogeneous, as it con

tained many small segregated lumps. 

1. Alpha naphthol had no effect upon the combination of 

glycol and rosin. 

2. The color of the product obtained, being almost 

black, would ha.ve prevented its commercial use even though 

-
.all other properties were satisfactory. 



Object 

Method 

Results 

Conclusion 

Object 

Method 

Result 

Conclusion 
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To prepare glycerol ester of rosin by direct heating. 

1. 10 gms. of glycerol and 50 gms. of rosin were mixed. 

2. The mixture vras heated to 220°c for one hour. 

1. After 15 minutes the a,cid value was 139.4. 

2. After 30 :minutes th, t!>.cid value -,v-e.s 140.0. 

3. After 45 :minutes the acid value was 140.6. 

4. After 60 minutes the e.cid value we.s 142.1. 

Had no esterfication ta.ken plti.ce the a.cid value would 

have been 150. The acid value of the resulting product 

indicates that pra.ctica1ly no esterficationhad taken place. 

To prepare a glycerol ester of ros:i.n using dibutyl 

phtha.late as a catalyst. 

1. 50 gms. of rosin, 10 gms. of glycerol a:n,d 4 gms. of 

dibutyl phthalate were mixed. 

2. The wixture was heated to 200°c for 30 :minutes. 

1. The acid value of the resulting product vre.s 131.1. 

2. The product was soft i:ind sticky. 

1. Had no esterfica.tion ts.ken place the mass would have 

had m acid value of 133.3. The actual acid value of 131.1 

shows that no esterfication had taken place. 

2. Di butyl phtht1.l1EJ.te h~t s no fi.worable effect on the 

esterfication of rosin. 



Method 

Results 

Conclusion 

To. determine the action of· alpha naphthol on rosin at 

a temperature of 25o0 c. 

1. 4.3 gms. of a naphthol a.nd 10 gms. of rosin were 

intimately mixed by crushing. 

2. The temperature was raised to 250°0 and maintained 

for 5 minutes. 

1. The resulting product was harder than rosin but was 

just as sticky. 

2. The color was deep brown. 

3. The lustre of the resin was better than the rosin. 

1. A naphthol gives some indications of combining with 

rosin. 

2. That further experiments be carried out to determine 

the effect of a naphthol on the melting point and e.cid 

number of rosin. 

Alpha. na.phthol contains a hydroxyl group and it was thought that 

possibly an ester of ne.phthol and rosin might be prepared. 

Object 

Method 

To determine the action of alpha naphthol on rosin at a 

low temperature. 

1. 10 @nS• of rosin and 4.8 gms. of alpha naphthol were 

intimately mixed by crushing. 

- 0 2. The mixture was heated to 110 C !:\Jld the temperature 

maintained for 10 minutes. 

24758 



Results 

Conclusion 

1. The resulting product ,Vl'.l.s dark brown in color. 

2. The product was very soft end acted more like a 

highly viscous liquid than a solid. 

3. The product seemed to a mixture of alpha. naphthol 

and rosin for it did not seem to homogerious. 

Rosin ru1d alpha naphthol do not rea.ct at 110°c. 

A high tempera. ture is conductive to a large fume 1 os s. A 1 ow 

temperature would decrease this and retain the ttlpha naphthol for a 

longer period. 



27 

The experiments that used rubber are given below 

Object 

Method 

Results 

Conclusion 

To introduce gum rubber into w.rnishes by mixing its 

solution in benzine 1Ni th a number of vtlrnishes of different 

types. 

1. A 10% solution of gum rubber in benzine (Sp. Gr • 

• 780) was prepared by dissolving the rubber without the 

aid of he2'.t. 

2. 10 parts of this solution, by volume, were thoroughly 

mixed v:ith 100 p~.rts; by volume, of the following varnishes 

made from: 

a. Calcium rosinate 

b. Glycerol rosinate 

c. East India resin 

d. Congo resin ' 

e. K~mri resin 

f. Cumar resin 

The rubber precipitatalfrom the varnishes in all cases 

increasing the viscosity greatly. 

Rubber is not soluble even to the extent of ftpproximately 

1 per cent in any of the common types of varnish when it is 

added as a solution in benzine. 

Gum rubber is advertized as being rm ingredient of some varnishes. 

Therefore, its introduction into W:rnishe s would enable them to com

pete wtth the advertised products. 



Object 

Method 

Results 

Conclusion 

To introduce gum rubber into "'rnrnishes by mixing its 

solution in benzene ·with a :nunber of viirn:i.shes of 

different types. 

1. A 10 per cent solution of gun rubber in benzene 
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( cornr:1ercial) vras prep ~1.red by dis so 1 ving the rubber vri thout 

the aid of hee>,t. 

2. 10 parts, by volume, of this solution vrere 

thoroughly mixed with 100 parts, by volume, of the 

follo-vring varnishes mei.de from: 

a. Calcium rosixw.te 

b. Glycerol rosinate 

c. Ev.st India resin 

d. Congo resin 

e. l(auri resin 

f. Cumar resin 

'fhe rubber precipito:l::;ed from the varnishes in all casos 

incre:'l,sine: the viscosity greatly. 

Rubber is not soluble even to the extent of apriroximately 

1 per cent in any of the common types of varnish when it 

is added o.s a solution in benzene. 

Benzene, l,e:i.ng; cm faronatic compound, possesses higher solvent 

powers than benzine. 'I'herefore, it should retain rubber on solution 

better thrm benzine. 



Object 

Method 

H.esults 

Conclusion 

'' ' , ,,;7,'Y<:f,'S/li'::SC",_'' 

To introduce gum• rubber into varnishes by mixing its 

solution in solvent naphtha with a number of varnishes 

of different types. 

'.}~g'h" 

1. A 10 per cent solution of gum rubber in solvent 

naphtha was prepared by dissolving the rubber without the 

a.id of heat. 

2. 10 parts., by volume., of this solution were thoroughly 

mixed with 100 parts., by volume., of the f'ollovr.ing varnishes 

made from: 

a. Calcium rosin.ate 

b. Glycerol rosinate 

c. East India resin 

d. Congo resin 

e. Kauri resin 

f. Cumar resin 

The rubber precipitated from the varnishes in all cases 

increasing the viscosity greatly. 

Rubber is not soluble even to the extent of approximately 

l per cent in any of the canmon ·types of varnish when 

it is added as a solution in solvent naphtha. 

Solvent naphth®. consists ma.inly of xylol and should retain ruiber 

on solution more easily than benzine. 



Object 

Method 

Results 

Conclusion 

Object 

Method 

Results 

Conclusion 

To determine the action of phenol on gum rubber. 

1. 5 gms. of gum rubber were shredded into 5 gms. of 

phenol. 

2. The mixture was heated at 120°c for 15 minutes. 

3. The temperature was raised and the mixture boiled 

gently for 5 minutes. 

1. The rubber swelled slightly but did not dissolve. 

2. The resulting product appeared to be a mixture of 

phenol and gum rubber. 

1. Gum rubber does not dissolve in phenol. 
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2. Gum rubl_:er irnd phenol do not react with one another 

directly. 

To determine the l!l.ction of furfure.ldehyde upon gum 

rubber. 

1. 5 gms. of gum rubber and 5 gms. of furfuraldehyde 

were mixed. 

2. The mixture w~.s heated at 145°0 for 10 minutes. 

3. The temperature ·was raised and the mixture boiled 

for 5 minutes. 

The rubber swelled somewht,.t but did not dissolve. 

Rubber does not react directly with furfura.ldehyde nor 

dissolve in it. 



Object 

Method 

Results 

Conclusion 

To determine the solubility of gum rubber in glycerol 

rosinate. 

1. 20 gms. of glycerol rosi:nate and 2 gms. of gum 

rubber were heated together at 175°c. 
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2. The temperature was raised to 225°c and held there 

until the solid gu:m rubber disappeared. 

1. The resulting product was dark in color. 

2. The resin w~.s somewhat softer than the glycerol 

rosim.te. 

3. There was no evidence of the rubber separating on 

cooling and the resin appeared to be homogeneous. 

4. The rubber seemed ·to be incorporated in the ester 

as the resulting resin v,ro.s very flexible. 

1. The rubber seemed to have dissolved in the ester. 

2. The dark color, while not so pronounced as to be 

objectionable, ·was darker than desire.ble. The resin, if 

prepared at a lOl'.rer temperature, might be improved in 

this respect. 



Those experiments involving the treating of Congo resin are 
given below. 

Object 

Method 

Result 

Conclusion 

Object 

Method 

Result 

Conclusion 

To prepare the glycerol ester of Congo resin. 

1. 50 gms. of Congo resin were fused and 10 per cent 

Of its weight wa.s distilled off. 

2. At 111. temperature of 250°0 glyoerol to the weight of 

10 gms. Wl!l.S added. 

Acrolein was given off, as was indicated by the odor, 

and the resulting mass darkened to some extent. 

Congo resin will not unite directly with glycerol. 

To prepare the glycerol ester of Congo resin. 

1. 50 gms. of Congo resin were fused and 20 per 

cent of its weight was distilled off. 

2. At a. temperature of 250°0 glycerol to the extent of 

10 gms. was added. 

Acrolein was given off and the mass darkened to some 

extent. 

Congo resin w.i. 11 not unite directly w.i. th glycerol. 

An ester of Congo resin would be useful a.s varnishes could be 

prepared from it which would be neutra.1 or nearly so. Neutral V111.r-

ni shes are useful in the production -or enamels .and paints as they 

will not react with the pigments. 
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Chapter IV 

Experimental Work Dealing With the Prepe.rati on of Artificial Resins 

Attempts vYere made to prepare artificial resins vm.ich would. be 

similar in composition to those already on the market. These 

attempts may be divided into tl1ree classes. These classes are: 

1. Those tmt involved the production of esters. 

2. Those th..a t involved the production of condensate 
compounds. 

3. Those that attempted the polymerize.tion and direct 
utilization of organic compounds. 

The experiments that attempted the production of resins are 

described below. 

Object 

Method 

Results 

Conclusion 

To deter-mine the action of phenol on tartaric acid. 

1. 9 gms. of phenol were thoroughly mixed with 8 gms. 

of tartaric acid. 

2. The mixture vms heated to 150°c and held at that 

temperature for 5 minutes. 

1. The tartaric acid 1Nas slightly decomposed. 

2. Tartaric acid and phenol gave no evidence at cambin:ing. 

Phenol and tartaric acid do not unite directly· under the 

influence of a high temperature. 

Since phenol contains a hydroxyl group it should form an ester 

with tartaric acid. An ester probably is possible but this experiment 
-

showed that it could not be formed directly. 



Object 

Method 

Results 

Conclusion 
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To determine the action of phenol upon stearic acid. 

1. 10 gms. of stearic acid were shredded into 10 gms. 

of phenol. 

2. The mixture was heated to 150°c for 10 minutes. 

1. A waxy dirty solid resulted. 

2. This seemed to be a mixture of phenol and stearic 

acid as it was soft and pasty. 

Phenol end steari c acid do not corrib ine d:i. rectly under 

the influence of heat. 

Phenol, being 011 alcohol., should form an ester with stee.ric acid. 

Object 

Method 

Results 

Conclusion 

To detennine the action of glycol upon oxalic acid. 

1. 4 gms. of glycol and 6 gms. of oxalic acid were 

intimately mixed. 

2. The temperature was raised to 175°C and held for 10 

minutes. 

1. A highly viscous liquid was obtained. 

2. The liquid was 1/lfater w-hl. te in color. 

3. Oxalic acid crystals separated after 24 hours. 

Oxalic acid and glycol do not react directly under the 

influence of heat. 

Glycol should form an ester wfth oxalic acid as it is a polyhydric 

alcohol. 



Object 

Method 

Results 

Conclusion 
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To determine the influence of heavy bodied linseed oil 

upon the action of glycol on oxalic acid. 

1. 4 gms. of glycol and 6 gms. of oxalic acid were 

intimately mixed. 

2. The temperature v"ffl.S raised to 175°c and maintained 

for 10 minutes. 

3. 10 gms. of heavy bodied linseed oil vrere added slowly 

and the temperature raised to 200°c for 10 minutes. 

1. The resulting mass charred badly and became almost 

black in color. 

2. The viscosity was about the same as that of the oil 

added. 

3. There w·as no indication of a resin being formed. 

Heavy bodied linseed oil hs.s no effect upon the action 

of glycol upon oxalic acid. 

It vms thought that an emulsifing agent i.vould enable glycol and 

oxalic acid to react more readily by dispersing them and creating a 

larger surface area for them. 

Objject 

Method 

Result 

To determine the action of glycol on tartaric acid. 

1. 12 gms. of tartaric acid were intimately mixed 'With 

2 gms. of glycol. 

2. The mixture was heated to 150°c for 10 minutes. 

1. The resulting product was 1vater mite in color. 
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2. The resin obtained was a highly viscous liquid. 

3. It was entirely and readily soluble in vve.ter. 

Conclusion 
Tartaric acid ani glycol do not unite directly under the 

influence of heat. 

As glycol is a polyhydric alcohol it should form an ester vtlth 

tartaric acid. 

Object 

Method 

Results 

Conclusion 

To determine the action of glycerol on phthalic anhydride. 

1. 10 gms. of phthalic anhydride and 2.5 gms. of glycol 

1vere mixed. 

2. The temperature was raised to 185°c and maintained 

for 15 :minutes. 

1. The resulting product was almost ,,water white. 

2. The product obtained 1Nas a highly viscous liquid. 

3. As the product had a decided sweetish taste it is 

probably that the glycerol did not react with the phthalic 

anhydride. 

Glycerol and phthalic anhydride do not react with one 

another directly. 

Glycerol phthalate is the main constituent of the artificial resins 

glyptal and r epyl. It is probably f or.m.ed with the aid of catalysts 

since it is not formed readily. 

Object 
To determine the action of glycerol on tartaric acid 



Method 

Results 

Conclusion 

under the influence of a high temperature. 

l. 10 gms. of glycerol and 4 gms. of tartaric acid were 

thoroughly mixed. 

2. The mixture was heated to lso0 c and :maintained at 

that temperature for 10 minutes. 

l. The resulting resin was water whi.te in color. 

2. Its lustre was very good. 

3. Its hardness ,'18.s very satisfactory. 

4. It wa.s completely and readily soluble in 1llll!l.ter. 

1. Glycerol and tartaric acid combine to form an ester 

at a temperature of 1so0 c. 

2. As the resulting ester is soluble on water it is 

useless for varnish purposes. 

Since glycerol is a polyhydric alcohol it should form an ester 

with tartaric acid. This was the case but the ester was worthless. 



2. The experiments involving the production of condensate 

compounds are described below. 

Object 

Method 

Results 

Conclusion 

To deter.mine the action of phenol on a paraformaldehyde 

solution of 40 per cent. 

l. 10 gms. of phenol and 10 gms. of para.formaldehyde 

solution were intimately mixed. 

2. The mixture was heated to 140°C and the temperature 

maintained for 10 minutes. 

Solid pars.formaldehyde and liquid phenol remained. 

Phenol and pare.formaldehyde do not react directly. 

Phenol and formaldehyde condense to form a resin called bakelite 

but the resin, from the results obtained, probably is obtained by the 

use of catalysts. 

Object 

Method 

This experiment was performed in order to determine the 

effect of hydrochloric acid on the reaction of phenol and 

furfuraldehyde in the presence of rosin. 

l. 5 gms. of phenol, 5 gms. of :f'urfuraldehyde, 5 drops 

of HCL and 10 gms. of rosin were intimately mixed. 

2. The mixture was heated gradually to 15o0 c and held 

there for three minutes. 

3. The temperature was_ raised to 2;;0°c and held there 

for five minutes. 



Results 

Conclusion 

Object 

Method 

Results 

Conclusion 

1. A brownish-black resin, insoluble in 11\fl!l.ter, -was 

obtained. 

2. The resin did not appear to be homogeneous. 

3. The resin was fairly.hard which indicated a fairly 

high melting point. 

1. The resin !:J.ppeared to have some valuable characteris

tics. 

2. Further work is suggested with the object of 

improving the color and rendering the resin homogeneous. 

3. The resin obtained has no commercial value as it 

would not be able to compete with natural asphalts at the 

price of $.018 per lb. 

To determine the action of glycol on para.formaldehyde 

under the influence of heat. 

1. 10 gms. of glycerol and 10 gms. of para.formaldehyde 

were intimately mixed. 

2. The mixture was heated to 125°C and the temperature 

maintained for 10 minutes. 

The resulting product exhibited the white granular 

particles of para.formaldehyde and the viscous liquid of 

glycol. 

-
Glycol tmd paraformaldehyde will not condense directly 

under the influence of hee.t. 
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It -vms thought that glycol, an aliphatic alcohol, might be 

substituted for phenol, an aromatic alcohol, in producing a condensate 

resin. 

Object 

Method 

Results 

Conclusion 

To detenn.ine the action of glycerol on .para.formaldehyde 

under the influence of heat. 

1. 10 gms. of glycerol and 10 gms. of para.formaldehyde 

were intimately mixed. 

2. The mixture was heated to 125°c and held for 10 

minutes. 

The resulting product exhibited the 'White granular 

particles of para.formaldehyde as well as the viscous 

liquid of glycerol. 

Glycerol and paraformaldehyde will not condense directly 

under the action of heat. 

As phenol, an aromatic alcohol, condenses with formaldehyde to 

form a condensation resin it was thought that possibly an aliphatic 

alcohol could be substituted for the phenol. 

Object 

11Iethod 

To determine the action of furfuraldehyde upon 

phthalic anhydride. 

1. 3 gms. of phthalic anhydride w·ere mixed with 10 gms. 

of furfuraldehyde. 

2. The mixture was heated to 150°c and the temperature 



Result 

Conclusion 

Object 

Method 

Result 

Conclusion 

Object 

Method 

maintained for 15 minutes. 

1. Phthalic anhydride crystallized e.s the mixture 

cooled leaving furfuraldehyde as the mother liquor. 

2. The furfuraldehyde darkened greatly upon heating. 

1. Furfuraldehyde and phthalic anhydride do not react 

directly. 

2. Phthalic anhydride is soluble in furfuraldehyde at 

an elevated temperature but is insoluble at room 

temperature. 

To determine the action of urea upon phthalic anhydride. 

1. 5 gms. of urea and 5 gms. of phthalic anhydride were 

crushed and intimately mixed. 

2. The temperature ,ws raised to 135°c and held for 10 

minutes. 

1. The urea decomposed ,vi.th the evolution of gases. 

2. The resulting product appeared to be a mixture of 

urea and phthalic anhydride. 

Urea end phthalic anhydride do not unite directly under 

the influence of heat. 

To detennine the acti. on of urea upon para.formaldehyde. 

1. 10 gms. of urea a.nd'lO gms. of paraformaldehyde 



were inti:ma tely mixed. 

2. The mixture was heated to about 120°c for 2 minutes. 

Result 
l. A hard opaque white glassy substance formed~ 

2. This me.terial had an. excellent lustre. 

3. It decomposed at a high tempere.ture without melting. 

Conclusion 
1. Urea and formaldehyde react directly under the 

influence of heat. 

2. The resulting exhibited properties which are 

desirable in r,esins. 

3. Further experimentation is necessary in the study of 

this resin. 

4. Since there seemed to be an excess of para.formaldehyde 

the amount of this substance will be decreased in any 

further experiments. 

Object 
y 

Method 

To determine the solubility of the compounds resulting 

from the action of urea upon paraformaldehyde, on oil .. 

1. 10 gms. of urea and 2.5 g:m.s. of para were int;L•tely 

mixed. 

2. The temperature was raised to 120°0 for about 2 

minutes. 

3. 20 gms. of raw soya bean oil were added gradually. 

4. The temperature vvas raised to 220°0 and held for 10 

rnj_nutes. 



Result 

Conclusion 
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1. The resulting product was deep brown in color. 

2. It seemed to be composed almost entirely of oil. 

3. The urea-para.formaldehyde compound carbonized with 

the evolution of gases. 

1. The urea•paraformaldehyde compound is insoluble in 

vegetable drying .oils. 

2. It is, therefore, unsuitable for oleo-resinous var

nishes. 

Should the urea-paraformaldehyde compound be soluble in esters 

or in alcohol it might be useful in their manufacture although use

less for aleo-resinous varnishes. 

Object 

Method 

Results 

Conclusion 

To determine the effect of alkali in influencing the 

combining of phenol and xylose in aqueous solution. 

1. 5 gms. of phenol, 5 gms. of xylose and .5 gm. of 

sodium hydroxide were dissolved in water to make 100 cc 

and allowed to stand £or one week. 

2. 15 gms. of phenol, 15 gms. of xylose and.5 gm. of 

NA0H were dissolved in water to make 100 cc and allmYed 

to stand for one week. 

The solutions darkened but no precipitate formed. 

Alkali does not influence phenol and xylose into 

combining ·with each other. 



Object 

J!Iethod 

Results 

Conclusion 

Object 

Method 

Results 

Conclusion 
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To determine the action of phenol on xylose at a high 

temperature~ 

1. 10 gms. of xylose ·were moistened ·with 3 gms. of phenol. 

2. The mixture was heated to 140°c for 10 minutes. 

Xylose decomposed into charcoal and only phenol rer.1ained. 

Phenol and xylose ,Nill not unite directly. 

To detem.ine the action of phenol on xylose in aqueous 

solution. 

1. 5 per cent solutions of xylose and phenol ,Nere 

allowed to stand for one week after mixing. 

2. 15 per cent solutions of xylose and phenol ·were 

allowed to stand for one y,reek after mixing. 

The solutions darkened somewhat but no precipitate 

formed. 

Phenol and xylose do not react in aqueous solutions. 

Phenol condenses with forma1dehyde to form a resin. It ,v-o.s 

thought that xylose, containing an aldehyde group, r:::.ight be 

substituted for formaldehyde and a phenol-xylose condensate resin be 

formed. 

Object 
To determine the action of phenol on xylose in the 



Method 

Result 

Conclusion 

presence of rosin. 

1. 25 gms. of rosin., 5 gms. of phenol ~md 5 gms. of 

xylose vrere intimately mixed. 

2. The mixture 1\ias heated to 125°c for 20 minutes. 

1. The resulting product was dark brmv:n. 

2. It was very soft and sticky. 
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Rosin does not influence the action of phenol on rosin. 

Rosin fluxes many insoluble resins and makes them suitable for 

oleoresinous varnishes. Phenol-formaldehyde condensate resin is not 

suitable for oleoresinous varnishes but rosin., or glycerol ester of 

rosin., will flux it and make it useful for 1rarnish purposes. 

Object 

Method 

Result 

To deter.mine the solubility of the compound resulting 

from the action of aniline upon xylose in varnish oil. 

1. 10 gms. of xylose and 6 gms. of aniline were 

intimately mixed. 

. 
2. The temperature was raised to 105°c and maintained 

for 5 mi.nute s. 

3. 25 gms. of alkali refined linseed oil were added. 

4. The temperature was raised to 200°c and maintained 

for 10 minutes. 

1. The aniline-xylose compound decomposed some1,~rhat at 

this temperature. 

2. The aniline-xylose compound collect in a gelatinous 
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mass insoluble in oil. 

1. Aniline-xylose compound is insoluble in varnish oil. 

2. Aniline-xylose compound is unsuitable for oleoresinous 

v~.rnishes. 

Aniline-xylose compound has many resinous properties and if it 

were soluble in oil it might possibly have some use .in oleoresinous 

varnish manufacture. 

Object 

Method 

Result 

Conclusion 

To determine the action of urea upon xylose under the 

influence of heat. 

1. 5 gms. of urea and 5 gms. of -xylose ·were intimately 

mixed. 

2. The temperature vm.s re.ised to 120°c for 5 minutes. 

1. Urea decomposed with the esce.pe of steam and ammonia. 

2. The resulting product Wi:ts dark bro'Wl'l in color and v..ras 

soluble in vrater. 

3. Crystals of urea crystallized from the mass on 

cooling. 

Xylose and urea will not react directly under the 

influence of heat. 

Since urea forms a compound 'With formaldehyde it was thought 

that possibly urea might react vtlth xylose as xylose contains an 

aldehyde group. 
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3. The experiments involving the polymerization and direct 

utilization of organic compounds are described below. 

Object 

Method 

Results 

Conclusion 

To determine if naphthalene will polymerize under the 

influence of heat. 

1. 25 gms. of naphthalene vrere me 1 ted. 

2. The temperature ~~s maintained at 210°c for 15 

minutes. 

The naphthalene crystallized to the same solid as the 

original naphthalene. 

Naphthalene vvi 11 not polJ-1111erize under the influence of 

heat. 
,,, 

Many hydrocarbons polymerize under the influence of heat and it 

1r.r0.s thought trn.t naphthalene possibly might also pol;ymerize under the 

influence of heat. 

Object 

Method 

Results 

To determine if xylose w:i.11 polY:31erize to a resin under 

heat. 

10 gms. of xylose were heated gradually with the xylose 

being stirred continually to prevent local burning. 

1. Decomposition with the escape of sterun began at 

100°c. 

2. Xylose melted at approximately 14o0 c. 
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3. Xylose melted to reddish brovm soft w~ss soluble in 

1Nater. 

1. Xylose is not stable at 100°c and is decompos·ed at a 

temperature considerably below its melting point. 

2. Xylose does not polymerize under the action of heat. 

As many organic substances pol;ymerize or condense under the action 

of heat, it 1vas thought possible that xylose might either polymerize 

or condense and, in doing so, fonna resin. 

Object 

Method. 

Results 

Conclusion 

To determine the solubilit-J of urea in varnish oil. 

1. 5 g:ms. of urea were thoroughly mixed with 10 gm.s. 

of alkali refined linseed oil. 

2. The temperature vms raised to 120°c and held for 10 

minutes. 

1. The urea decomposed somewhat s the odor of 8.Tilt"1l.Onia 

1vas evident. 

2. After cooling the urea separtited into small granular 

lu.mps. 

1. Urea is not soluble in varnish oil. 

2. Should a resin be prepared, using urea as one of the 

constituents, an excess of ureEt would have to be a voided. 

Urea, exhibiting many resinous propertieS'., might be useful in 

oleoresinous varnish manufacture., if it 1Nere soluble in "rarni sh oil. 
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Result 
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To determine the solubility of naphthalene in s. varrJ.sh 

oil. 

1. 20 g:ms. of heavy bodied linseed oil 1vere heated to 

200°c. 

2. 5 gms. of naphthalene -;;ere added and the temperature 

wa,s constant until the solution became clear. 

The resulting ufJ,SS was clear and nothing sepr,.rated from 

it upon cooli:ng. 

Eaphthalene is soluble in varnish oil. 

Naphthalene has I'.'.any properties of a resin v.nd its solubility in 

oil increases the possibility of its use in oleoresinous varnish 

manufacture. 
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Chapter V 

Experimental Work on the Manufacture of Varnishes 

All the methods used ~.re adaptations of the methods actually 

used in the production of commercial oleoresinous varnishes. 

Object 

Method 

Result 

Conclusion 

To determine the 1.cid value, referred to on page 7, 

of the oil, dryers and thinners used in a stand8.rd ve.rnish. 

A varnish was prepared according to the formula and 

method specified on page with the omission of glycerol 

and rosin. 

The acid value of the varnish vra.s 4.9. 

Knowing the acid value of the oil, dryers and thinners 

used in a varnish we can calculate the acid value of the 

resin used by use of a formula. 

Acid Value of Resin= 100 (Acid Value of Varnish--per cent oil., 
per cent of resin 

dryers and thinners X Acid Value of Oil., dryers and thinners) 

As many of ·the follmvi ng experiments consisted in the manufacture 

of a varnish this experiment was necessary in order that the acid 

number of the resin might be determined indirectly. By me~.ns of the 

acid value of the resin it is possible to calculate the per cent of 

neutralization of the resin acids. 



Object 

Method 

Results 

To determine the effect of a number of 1,y~1xes upon the 

gloss of 8. varnish. 

1. One quart of a high gloss varnish ·w~.s ground in a 

pebble mill for four hours -with 2 ounces of beesyva.x. 

2. Carn!3.uba wax iv-as substituted for the beesvvax in 

another batch. 

3. Candellila v.rax vras substituted for the beesv.'!l.x in 

another bf:l.tch. 

4. Paraffine ·w~.x VJ"f.3.S substituted for the beesvro.x in 

frnother batch. 

5. Ceresine vYttX wiis substituted for the beesvv-ax in 

another batch. 

6. Palmitic acid ~~s substitu.ted for the beeswax in 

another batch. 

7. Steo..ric irnid vY1J.S substituted for the beesv,ra.x in 

another batch. 

5l 

1. Beeswax made the varnish dry, dull and fairly hard. 

2. The c~.rrnrnba wax did not c;o into solution and the 

varnish Yras full of small lumps and particles. 

3. Candeli.lla wax made the resulti.ng varnish dry, dull 

and f[;dr ly hard. 

4. Par~.ffine me.de the varnish dry, dull but slovved the 

drying of the n.rni sh too much. 

5. Ceresine had the same effect as para.ffine. 

6. Palmi tic aci.d made the varnish dry, streaky and 
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7. Stearic acid hs.d the same effect as palmi tic f::'l.cid. 

Beeswax and candellila vvax will produce a flat varnish 

when ground into a high gloss varnish. Beesvvax is 

impracticable bec~.use of its cost but cand.ellila y.;ax :::;.t 

$.23 a pound is practicable. 

East Indi~. resin is used in the production of fla.t or dull 

m,.rnishes. It vras lmmm th2<.t beesivax Ymuld mak:e a. vi;.rnish dry flat 

and it Yras thought ths.t possibly other vvaxes could be substituted. 

Object 

Uethod 

Results 

To prepare a ve,.rnish using naphth~.lene ~ts resin. 

1. 20 gms. of hea:vy bodied boiled linseed oil vrere 

heated to 200°c. 

2 • 2 gms. of 1i 

maintained for 5 minutes. 

s e.dded and the temperature 

3. 20 g:ms. of naphthalene were e.dded and the temperature 

maintained until the mixture cleared. 

4. 1 gm. of precipi fated co-linolei,.te 

temperei.ture dropped to 150°c. 

&dded f:l.nd the 

5. 30 gms. of Texaco gasoline were t\.dded slmYly. 

6. The solution vm.s filtered ·through filter pc";.per while 

vra.nn. 

1. 1:J.1he resulting varnish w~.s deep brown in color. 

2. It dried overnight with a good gloss. 

3. The film vm.s somewhi,.t soft rrnd t~te~J. 

4. The dried film still h~.d 2'. persistent naphth:tlene 
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Results 

Conclusion 
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5. Naphthalene c~ystdlized out in 24 hours. 

1. Naphthalene when substituted for resin can be made 

into a fair varnish. 

2. This var-nish me.y ht.:1.ve some use ~.s a moth repelling 

varnish for clothes closets. 

3. Its cost would be 57/ per gallon. 

4. Further experiments 8.re necessary to prevent the 

crystallization of mtphthalene after the varnish is 

prepared. 

5. The solubility of m>.phth~,_lene in Chinese wood oil 

will he,ve to be determined. 

6. Experiments vr.i th naphthalene were discontinued as 

a thin film completely volatilizes within a month. 

To prepa.re the glycerol ester of Congo resin, vvhi ch has 

an acid v~.lue of 76 when fused., during the manufacture of 

~- varnish. 

A varnish 1Yas prepared according to formula Emd method 

given on ~.ge 1,11rith the exception of Congo resin, havlng 

5 per cent of its vreight dis ti 1.led off, being substituted 

for the rosin. 

The resin vras insoluble in oil tJ.nd no viirni sh could be 

prepared. 

Glycerol will not form an ester with Congo resin., which 
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has had 5 per cent of its weight distilled off, during the 

:manufacture of a varnish. 

To prepare the glycerol ester of Congo resin during.the 

manufacture of a varnish. 

A varnish was prepared according to the formula and 

method given on page 7; with the exception of Congo resin, 

having 10 per cent of its weight distilled off, being 

substituted for the rosin. 

The resin was insoluble in oil and no varnish could be 

prepared. 

Glycerol wi 11 not form !'ln ester with Congo resin, which 

has had 10 per cent of its weight distilled off, during the 

manufacture of a varnfsh. 

To prepare the glycerol ester of Congo resin during the 

:rn.a.nufacture of a varnish. 

A varnish was preJ?S.red according to the formula s.nd 

method given on page 7; with the exception of Con~o resin, 

having 20 per cent of its weight distilled off, being 

substituted for the resin. 

1. The resulting varnish had a good gloss, dried in 

18 hours l!l.lld was waterproof. 

2. Its acid value was 9. 



Con.cl usi on 

Object 

Method 

Results 

s. The acid value of the resin contained in the varnish 

is approximately 26 by calculation. 

Glycerol will form an ester w:i.th Congo resin, which has 

had 20 per cent of its weight distilled off, during the 

manufacture of a varnish. 

To prepare a. varnish containing gum rubber as one of the 

resins. 

1. 20 gms. of glycerol a.bietate were heated to 200°c 

and 2 gms. of gum rubber ,vere added. 

2. After the rubber was dissolved in the ester 30 gms. 

of heavy boiled linseed oil were added and the temperature 

maintained at 

3. After the ester, gum rubber and oil seemed amalea:mated 

.06 gr.is. of litharge was slowly stirred in. 

4. 'When the litharge V'Jlls dissolved .03 gms. of 

precipitated colinolee.te was added. 

5. The solution 'M!l.s allowed to cool to 150°c and 40 gms. 

of Texaco gasoline were then carefully added. 

1. The resulting varnish was dark in color. 

2. It$ viscosity WlllS high and its brushing qualities 

were only fair. 

3. It dried with a good gloss. 

4. The film vro.s very elastic but did not seem to be 

dry throughout. 



Conclusion 

Object 

Iviethod 

Results 

Conclusion 

Object 

l. Rubber ca.n be incorporated into a varnish as a 

resin. 

2. The properties of the resulting varnish are desir

able and the varnish probably can be improved by using a 

lovrer temperature., decreasing the amount of cobalt and 

adding gasoline at e,_ higher temperature. 

To incorporate gum rubber into a varnish as one of the 

resins. 

A varnish 1mi1.s prepared according to the formula and 

method given on page 7 J with the s.ddi tion of gum rubber to 

the extent of 20 per cent of the weight of the resin. 

1. The rubber dissolved in the r~sulting varnish and 

did not precipitate after the varnish cooled. 

2. The varnish had a high viscosity and needed the 

additional extra thinners before it was suitable for 

brushing. 

3. The varnish was slightly more eh.stic than a varn.i.sh 

prepared according to the same formula. but without the 

addition of gum rubber. 

Gu.~ rubber can be introduced into a varnish by dissolving 

it in the rosin alnd oil before they are boiled. 

To prep!'lre the glucose ester of rosin during the mv.nu-
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facture of a varnish. 

A varnish ,iva.s prepared according to the formula and 

method given on pr:,,.ge 7, with the exception of glucose being 

substituted for glycerol. 

The glucose carbonized badly. 

Glucose will not form an ester of rosin during the :m8.nu

facture of a varnish. 

It was thought that glucose would form an ester ~~th rosin 

since glucose is an alcohol. 

To prepare the starch ester of rosin during the manu

facture of a varnish. 

A varnish was prepared according to the formula and 

method given on pe.ge 7, with the exception of starch being 

substituted for the glycerol. 

The starch carbonized biitdly and the varnish could not be 

prept!l.red. 

Starch wi 11 not form an ester ·or rosin during the ma.nu

facture of varnish. 

Since glucose is an alcohol it WfiS thought that it m.i.ght 

form e.n ester with rosin. 

To detennine the G.cti on of glycol on rosin during the 
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Results 

manufacture of a varnish. 

1. 10 gms. of rosin were melted and the temperature 

raised to 177°c. 
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2. 10 gms. of heavy bodied linseed oil were added slowly 

and the temperature raised to 250°c for 5 minutes, to 

thoroughly mix the rosin e,nd oil. 

3. The temperature was lowered to 177°c ~.nd 2 gms. of 

glycol were added. 

4. The temperature ~~s raised to 250°c., to thoroughly 

combine the glycol and rosin., and maintained for 5 minutes. 

5 •• 05 gms. of litharge and .03 gms. of colinoleate were 

added. 

6. 0 The temperature was low·ered to 150 C rmd 20 gms. of 

Texaco gasoline were added slmvly. 

1. The resulting varnish was pale in color. 

2. It dried in 15 hours to a fairly hard film. 

3. It ~as co:rrrmercial possibilities as its cost of 

54Jt' a gallon permits this. 

4. Further Yvork with a larger_ batch is suggested with 

the view of detennining its ~mid number and durability. 

5. In three -week I s ti me the varnish film ht:1.d the same 

properties as ~ cormnon rosin varnis:h film. It is., there

fore, unlikely that glycol corabines with rosin during the 

manufacture of a varnish. 
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Conclusion 

To prepare the glycol ester of rosin during the manu

facture of a varnish. 
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A wrnish vras prepared according to the formula tmd 

method given on ps.ge 7, vvi th the omission of glycerol 8.nd 

the addition of glycol to the extent of 20 per cent of the 

vreight of the rosin. 

The resulting varnish dried to a soft film similar to a 

rosin varnish film. 

Glycol gives no indication of combining 1v:i .. th rosin durmg 

the manufacture of a varnish. 

To prep~ire the alpha. naphthol ester of rosin during the 

manufacture of a varnish. 

A varnish 1\1"8.s preptired according to the formula emd 

method given on pe,ge 7, with the omission of glycerol and 

the t:tddi ti on of d pha naphthol to the extent of 20 per 

cent of the weight of .J..1 • 1.,ne rosin. 

1. Much of the alpha naphthol volatilized during the 

1 • 
COOKJ.ng. 

2. The resulting v~.rnish 'Has deep brmm in color. 

3. It dried much harder than a rosin v~.rnish. 

Alpha naphthol gives some indications of combining with 
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rosin in the direct manufacture of varnish. 

To prepare the diethylene glycol ester of rosin in the 

manufacture of a varnish. 

A varnish vvas prepe,red according to the formula and 

method given on page 7 , with the omission of glycerol 

and the addition of diethylene glycol to the extent of 

20 per cent, tmd of rr~gnesia to the extent of 1 per cent, 

of the weight of the rosin. 

1. The resulting v~.rnish dried ht,.rder th~.n i::t pure 

rosin VB.rni sh. 

2. The color vvas pa.le and no cRrbonization occurred. 

Diethylene glycol, in the presence of magnesium rosinate, 

gives some indications of combining with rosin in the 

manufacture of ~- v~.rnis h. 

To prepare the cresol ester of rosin in the :manufacture 

of ve.rnish. 

JA. varnish w~.s prep~_red according to the formula ~md 

method given on pt,.ge 7, vdth the omission of glycerol and 

the c~ddi tion of para cresol to the extent of 20 per cent 

of the ·weight of the rosin. 

The resulting varnish dried harder-than a pure rosin 

vt,.rnish but ws.s just s susceptible to the influence of 



Conclusion 

heat. 

Pa.ra cresol gtive Sffme indications of combining ·with 

rosin during the manuf~.cture of a varnish. 
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Cresol being an alcohol should form an ester ·w:i th rosin. 

Object 

Method 

Results 

Conclusion 

To determine the influence of acetaldehyde resin on 

the combining of para cresol arrl rosin during the ma.nu

facture of a varnish. 

l. Aoetaldehyde resin s prepared by allowing 

e.oehtldehyde solution to ste.nd for one week after it had 

been mixed with 10 per cent of its volurne of concentrated 

sodium hydroxide. 

2. A varnish vro.s prep~.red according to the formula and 

method g:i ven on page 7, 'lJIJ"i th the omission of glycerol 

and with the ~tddi tion of para cresol to the extent of 20 

per cent, and with the addition of 1.cetaldehyde resin to 

the extent of 20 per cent, of the vreight of the rosin. 

1. The resulting v~.mi sh dried hard in 18 hours. 

2. It vira.s pa.le in color. 

The aceb.ldehyde resin did not form a condensation 

product with the para cresol but did seem to harden the 

rosin to some extent. 

It W8.s thought that possibly the acete.ldehyde resin would reB.ct 

with the pt;1.ra oresol to form a condensation resin. Had this t~.ken 
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place the resulting varnish v.rould he,.ve dr:i.ed in 4 hours and the 

resin so prepared would h~.ve been similttr to the commercid artificial 

resin na.,,med amberol. 

Object 

1i1ethod 

Hesults 

Conclusion 

To prepare magnesium rosi~.te during the m~nufl'l'.cture of 

a varnish. 

A varnish was prepared according to the method and 

form.uh. given on page 7, ·w:i th the omission of glycerol 

and the addition of mtignesia to the extent of 6 per cent 

of the weight of the rosin. 

1. There was no doubt of the magnesia and rosin com

bining as they formed a hard soap that dissolved in oil 

at a temperature of 300°c. 

2. The resulting v~.rnish dried h1ird in 18 hours and 

1vas pale in color. 

Me.gnesia vnll combine with rosin to form a soap with 

desirable resinous properties. 

Lime is used to hrnden rosin arrl it was thought that magnesia 

would likewise harden rosin. This proved tp be the case t!'A,nd the 

resulting varnish hei.d ma11y properties that ·were superior to 

commercial limed rosin varnishes. 

Object 
To prepare the phenol ester of rosin during the manu

f!!ll.cture of ~. v1.rnish. 
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Hesults 

Conclusion 

A varnisp was prepared according to the formula and 

method given on page 7 , 1tl th the omission of glycerol 
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and the addition of phenol to the extent of 20 per cent of 

the weight of the rosin. 

1. The resulting varnish was pale in color. 

2 ~ It dried to a soft film in 18 hours. 

Phenol does not unite vrith rosin directly during the 

manufacture of a varnish. 

Phenol, being an t:,.lcohol, should unite with rosin to form an 

ester but, from the results of this experiment., it does not do so 

without the aid of catalysts. 

Object 

Method 

Results 

Conclusion 

To determine the influence of magnesium rosimte upon the 

formation of the phenol ester of rosin. 

A v~.rni sh w~.s prep®red according to the formula ~.nd 

method given on pitge 7, vJith the omission of glycerol 

and the Etddi tion of phenol to the extent of 20 per cent, 

and of lrle,gnesia to the extent of 3 per cent, of the weight 

of the rosin. 

1. The resulting varnish was ~.le in color. 

2. It dried to a ha.rd film in 18 hours. 

Magnesia influences, from the results of this experiment, 

the esterfioation of rosin favorably. 



It is knovm, to few Vtlrni sh s, that lime 

accelerate the esterfict1..tion of rosin by glycerol. This 

the use of :~iagnesi~. soaps in atccelerating the esterfica tion of rosin 

by phenol. 

Object 

Method 

Results 

Conclusion 

To determine the influence of magnesimn. soaps upon the 

~cti on of phenol on formaldehyde during the manuf~.cture of 

a varnish. 

A varnish was prepared according to the fonnula !.nd 

method giv_en on page 7 , with the onLi.. ssion of glycerol and 

the addition of phenol to the extent of 10 per cent, of 

para formaldehyde to the extent of 10 per cent, and of 

ma.gnesia to the extent of 3 per cent of the weight of the 

rosin. 

1. The varnish was pale in color. 

2. It dried in 18 hours to a very hard, flexible film. 

1. The phenol, fo r:rnaldehyde, crnd is the best 

method for htirdening rosin found during this resea.rch ~nd 

is the best method knmm to the 

2. The resulting varnish s commercial possibilities 

as its r~.w materi.~.l cost would be $ .46 per lon. 
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No positive results 1Nhatever were obt~dned fro:m the results of 

the experiments involving the treating of resins. 

No positive results vrere obb.ined from the results of the 

experimer:ts involving the prepar~.ti on of ®l.rtiffoh.l resins. 

These neg~.tive results., hrnvever, do not mean thtl.t the objects 

of the experiments, involving the production of tre21.ted resins and 

of artificial resins, are impossible. Theoretically they :ire all 

-possible. An excellent the sis could be ·written upon any one of these 

experiments and the negatives results meoo. thrc1.t the methods used, 

usunlly direct he~.ting ~:vith the aid of soaps smd oils, are not the 

proper ones. 

In the direct production of treated resins in tte 1118.nufacture 

of varnish some positive results vrnre obtained. 

rt -vras shown that glycerol Congo ester could be prep~.red in the 

direct rn:mufacture of an oleoresinous varnish. Glycerol ester of 

Congo resin is on the market but, by prepc..ring it directly in the 

manufticture of a. varnish, the costs of production are cut when it is 

prepB. red by the company using it. Glycerol ester of Congo resin, vn th 

its 1 cw.r ticid value, has an ~.dvante.ge over Congo resin since it can be 

used to produce e. V61.:rnish sui tab1e for the production of emimels and 

paints. 

It v1n1s also shaNn tht1t gum rubber could be introduced into a. 

varnish as one of the resins. The resulting varnish w,.y have some 

desirable properties but a weathering test ·would ttt.ke. approximately 
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six months to determine them. The ehi:sticity of the rubber might m8.ke 

the varnish especially useful as floor v-atrnish. 

Alpha n~.phthol hardens the rosin, used in the m:,.nufa,cture of a 

varnish., probably by the form.•:ition of an ester. The cost of 2illpha 
' 

ne.phthol, hmvever., would probably 1imi t its use in this ffi(ift_nner 

al though Et v~rnish cont~.ining alpha naphfool might possess certain 

qualities that would justify its higher price. 

It ,wits shown that glycol did not combine v;rith rosin in the memu

facture of a varnish. 

Diethylene glycol shO'wn to combine v11r.L th rosin to some 

extent during the rmmufacture of varnish. As diethylene glycol is 

similar to glycerol in chemical composition., it is probttble that 

diethylene glycol wi 11 combine w:i. th rosin itlm.ost quantitatively if 

the heat treatment of the varnish cooking is ch!rnged to meet the 

peculh,ri ties of di ethylene glycol. 

It 1~.s shovm that phenol and creso1 ha.rden rosin to some extent. 

As the resulting varnishes are as susceptible to hee.t s rosin varnim, 

for pr~.cti cal varnish purposes they are useless. 

Nl'agnesium. rosinate was shovvn to be useful in 1.ntrnish making. 

1/fagnesiurn rosina te varnish -vvas rard but softened under heat to some 

extent. This defect would limit its use unless it could be 

avoided by the introduction of some other compound into the varnish. 

Phenol and pitr~. creso1., vrhen used with me:1.gnesium rosinate, 1Nere 

shown to make excel.lent varnishes which are comp~.r~.ble vvith fossil 

resin varnishes. 

The greatest success in the production of treated resins., in the 



manufacture of' V11.rnishes, was obtained when phenol, or cresol, 

f'orma.ldehyde and magnesia were used to combine with the_ rosin. The 

resulting nrnishe s were pai.le in color, ha.rd drying and flexible 

when dry. As it is _improbable that any condensate resins were 

produced, further research would be necessary to determine the cause 

of the hardening effect. 

Unfortunately the lack of time brings the investigation to a 

close before the subject could be carried through to a commercially 

successful conclusion. 

By detennining the !:!.Cid number of the varnishes and the 

preparation of additional experimental batches, the exact effect of' 

the various hardening substances could be determined. This would 

result in lo.1Tering the costs of production. A more exact determina

tion of the properties of the varnishes produced would le@.d to a. 

better understanding of their uses. 

Enough work was done in this investigation, however, to prove 

thl!d; phenol, para. cresol, alpha. naphthol, diethylene glycol, magnesia 

·an.!11. :formaldehyde are useful, in treating rosin in the manufacture of' . . . 

va.rnish, _as ingredients for tLe production of varnishes thi,.t offer 

pos-sibili ties of commercial success. 
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