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1 INTRODUCTION r

The shortage of suitable drying oils during the past few yemrs has
served to empbasire the need for the develorment of suitadble nroducts which
eould de used as substitutes for drying oils. The larger portion of oils
now used in the United 3tates are imported from foreign sources; evecificelly |
the Argentine supplies the linseed oil market. There are very few synthetie
drying oils used at the present time, <Guite a bit of work has been done to |
produce eynthetic paints using certain resins in place of drying oils, but
these new products are not as satisfaoctory as oil base paints and varnishes.
Phe need therefore existes for the production of a domestic drying ofll or s
rroduct that has all of the charscteristics of a drying oil. This would
solve the problem now faced by the pafint and varnish industry of obtalning |
a domestic source of drying odls,

During the past few years investigmtions have been cnarried out to de~
termine the poesibilities of incorporating drying oil characteristies in
tall oil, a by-product of the sulphate rulp and paper industry, Until

recently it was regnrded as a waste product and was elther dispored of or

burned for 1$s heat content. The tall o4l is meparated and recovered from

the black ligquor during the dblack ligquor recovery vrocess, During evanora-
tion of the black liguor scaps are formed which tend to aorrode the evarno-

rating equirment and reduce efficlency. These soaps ere drawn off as they
form during the evaporation, and are acidified with excess minersl seids to
remove the tnll oil, In addition to the tall 04l they contain mercantans,

lignin, sterols, higher aleohole, and rosins,

011 oil conksins some of the bnsic recuirements of a drying oil and

the poszeibility exists that it could dbe converted inte = suitadble drying oil
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substitute. To be a satisfactory drying oil an o0il should have a sufficient
number of unsaturated conjugated ethenoid linkages in the form of unsaturated
esters of unsaturated fatty acids: tall oll contains enough of these unsatu-
rated linkages in the form of the free unsaturated fatty acids. The problem
is to successfully convert these acids into their unsaturated esters.

The object of this investigation is to obtéin drying oil characteristics
in tall oll by esterifying it with a polyhydroxic alcohol, pentaerythritol,

using activated aluminum oxide as a catalyst.




11 LITERATURE REVIEW

Tall o1l was originally regarded as a waste product, and presented
a problem in waste disposal. 3Before 1939 the price of tall oil was asbout
six dollare a ton. After 1939 many new uses were found for tall oil and
the demand for it increased many times. The price has risen to a present
day quotation of one hundred and twenty dollars a ton, and the product is
now being used in industries that had little use for it heretofore.

Yields and Quantitiea. The yleld of crude tall oil per ton of pulp

veries widely depending upon the type vulp used, greenmess of the wood, and

the proceas uaad.(Bz) Some tall oil 18 lost in the black liquor recovery

process, and in the separation of the tall oil from the soaps formed in the
evaporators. A conservative estimate based on available data is that ap-
proximately sixty pounds of tall oil can be obtained from each ton of wood

(32) Some sources estimate that the yleld is as high as 250 pounds

pulp.
for Northern pine, and one Imndred pounds for Southern pine.(zo) At this
time over one hundred and twenty-five thousand tons of tall oil are poten-
tially available based on the fact that nearly five million tons of pulp
were made during 19%4.32) Actusl produetion of tall oil in 1938 wae ten
thousand tons.(s)

Composition of Tall Oil. Tall ofl is defined(B) as the natural mixture

of rosin acids related to abietic acid, and of fatty acida related to oleic
acid, together with monacidic bodies, which is the product of the acidifi-
cation of the skimmings from the black liquor of the alkaline pulr industry.
The analysis of higher fatty acids has not been developed sufficiently to

give the exact composition of tall oil, and the tall oil changes composition




from batch to batch., In viev of these factors the composition of tall oil

is usually reported as, (a) fatty acids, (b) rosin acids, and (c¢) unsaponi-
fiablea, These factors vary widely in snalyces, Threse enslygec sre shown
in Pables I and II. The best work done to drte indicrtes trat the composi-
tion of the three major components ie as follows:(jz)
(a) Patty acids: principally unsaturated 18 certon acids such as oleic,
linoleic, and linolenic acid,
(b) Rosin acids: Those seide which do not esterify with methyl or etbyl
alcohel after boiling for several minutes in the vresence of sul-
furic acid. Undoubtedly contain§ abletic acid,

(¢) Unseponifiebles: Sterocls, higher alcohols, and other substances

which can not be saponified.

Table 1

CRUDL TALL OIL3

From Various Domestic Sources., (31)(32)

m

‘ Sterols,
Source Roein Acids Fatty Acidse Higher Alcohols
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Table 11
Variations in Analyses, (26)(31)
Crude Tall 011 Refined Tall 011
Property Ref.30 Ref.26 Ref.30 Ref.26
Acid Bumber 120-130 145-175 145-175 165-185
Sapon. Number 120-130  145-175% 150-170 165-185
Rosin Aeid Ko, L40-120 10-80
Iodine Number 120-150 100-11  100-150
Fatty Acids ¢ 17-25 25-60 43-50 4o-90
Rosin Acids % 4565 20-60 3845 5-40
Sterols, Higher
Alcohols,ete. § 20-30 6-20 13-18 3-15

Drying Ofls. A drying oil is an ¢il used in paints and varnishes to
form the hard, protective coating produced when paints and varnishes are
applied to a surface in a thin coating., Horrell and Wood(25) define a
drying oil as an 0il that possesses to a marked degree the ability to ab-
sord oxygen from the air and change to a hard, elastic, tough substance
when exposed in a thin surface.

Because of these properties drying oils are used mainly in the paint
and varaish industries, lir-leum industry, and in the printing ink indus-
try. The most important drying oils now in use are linseed oil, tung oil,
perilla oil, and oiticica oil.(ll) The major portion of these oils is im-
ported from foreign sources as shown in Table III, The factory consumption
of the primary animal and vegetable fats is shown in Teble IV.

The physical constants as well as the composition of these oils vary
greatly. These are indicated in Table V. The constants of linseed oil,

the most widely used drying oil, are generally accepted as a guide for de-

termining whether or not oils will be acceptable as drying oils. The




requirenents for linseed oil as established by the American Society for

Testing Haterialﬂ(3) are given in Table VI.

The fact that moet Arylng oils are inportod(zl)(ll) causes the supply
to vary with the state of international affairs, To offget this, attempts
have been made to find a domestic source. Attempts have been made to
convert soya bean oil, cottonseed oil, and castor oil into drying oils.
Fumerous attempts have been made to determine the value of tobacco seed

12,
oil as a drying 911.(2)( ) Many attempts have been made to use tall oil

as & drying oil sudetitute.(¥)(9)(10)(15)(16)(18)(23)(27)(1)(28)(29) (14)

With the development of improved methods of obtaining the desired unsatu-
rated fatty aclde from tall oil and other nondrying oils, a domestic source

of drying oile could be developed for future use.

Table 1IIIX
Drying Oils and Oil Seeds rted Into
The United States (1bs)(1)
Year Lingeed Pang 04l Perilla 01l and Oiticica
its Equiv. of Seed 0il
1935 274532000 120058817 73357413
1936 269647500 134829995 119287951 2892137
1937 533724615 174884803 43664481 3631147
1938 292522297 107455674 31821654 5300899
1939 305176000 78717634 53451620 18866689
Table IV
Factory Consumption of Primary Animal & Vegetable
Fats in 1941(21) (In thousands of Pounds)
o1l Soap Paint & Linoleum Inks Total
Varnish

Linseed 2278 373745 110236 23547 539362
Tung 488258 1896 2960 54008
Perilla 5408 340 831 7024
Soye Bean 24737 41 g9k 7666 250 463686
Castor 1976 Lu240 1298 760 85920




Table V
Physical Constants and Composition of Drying 0115(21)
Sapon. Iodine ) 4 4
011 No. Yo. Unsepon. Oleic Linoleic Linolenic
Acid Acld Acid
Castor 176-187 81-91 .3-1.0 7.2 3.6
Perilla 187-197 193-208  4-1.5 3.9 by, 3 by, 2
Oiticica 186-19% 139-155  .4-1.0 8.0 8.0
fung 189-19% 160-17§  .4-1.1 14.9
Table VI
Requirements For Linseed 011(19)
Physical Property Maximum Minisum
Acid Hamber 5.5
Saponification Fumber 195.0 189
Iodine FNumber 177
Unsaponifisble Material 1.5¢

Bequirements of a Drying Qil. An oil must meet certaln requirements to
be classified as a drying oil. When applied tc a surface in a thin coating
and exposed to alr, it must possess the marked ability to absord oxygen
from the atmosphere and then change into a tough, hard, elastic filn.(ZS)
It must contain a sufficient number of unsaturated, conjugated ethenocid
linkages, and polybranched molecules capable of expanding indefinitely 4n
any dlrection.(5) The unsaturated linkages are present in the form of the

esters of the unsaturated fatty acids., These linkages are the reactive

centers at which oxidation supposedly tekes place, and are illustrated ae




(9)

follows:

HHEHHEH
~Cul-CuC-

Linseed o1l which is regarded ms a typical drying oil contains the glyce~
ride esters of oleic acid, linoleic mcid, and linclenic acid. These
compounds contain one, two, and three unsaturated ethenoid linkages re-
spectively.

It has been determined that only those polybranched molecules contain-

ing more than two branches form good £11ms, (97(22)

The esters formed from
alcohels having less than two hydroxyl groups do not have good film forming
qualities. (21 It has also been determined that the filme are formed by the
esters of the unsaturated fatty acids.(ZS) The glyceride esters in lingeed
0il are those of an alcohol containing three hydroxyl radicals and contain
three branches, This is illustrated as follows:

RCOOGH,
RCOOCH,
RCOOCH,

Mechanism of Drying. Drying has been defined by Bradley(s) as the con-
vereion of a two dimensional type of structure into a three dimensional tyve
of structure. Conant(é) defines it as the chemical change in which the unm-
gaturated linkages adsorbd oxygen and then polymerize. Krnmbhaar(22> defines
it as the formation of a film by the oxidatlon of the oil and the polymeri-
gation of the products of oxidation. Actually very little is known about

the mechanism of drying in spite of the many investigations that have Veen

made into the subject. The generally accepted theory is that oxidation takes

place at the unsaturated linkages and that polymerization of the resulting

compounds tekes place. However, thia theory does not completely answer the




question of whst takes place when a drying olil dries. There are many argu-

ments for snd against the theory.

It has been found that the oxidation of the olle takes place very
glovwly at firet due to the presence of anti-oxidants. Ae goon os these are
degtroyed oxidastion proceeds rapidly. Kirschenbauer(21) and Morrell and
wOod(35) report that a molecule of oxygen 1s added at each double bond lead-

ing to the formation of peroxides in the following manner:

EH EE
-0=C- 4 0y ® =C~C-
0-0

This causes an increase in the weight of the compound. These peroxides
break down into monoxidos(zs) and apparently volymerize in the following
manner:

EH

Gl

00

I, Iy

HEE
This polymerigation is defined by conant(é) as the combining of two or more
identieal molecules to form a compound of greater molecular weight. Groggins(13)
defines polymerization as the agglomeration of molecules to form products that
have a molscular weight that is equal to the sum of the molecular weights of
the reaoting substances. The reactants are usually those with a large degree
(7)

of unsaturation. Cheronis defines polymerization ae the chemical union of
a number of similar melecules to form & single complex molecule of high mo-
leoular weight. In order for organic molecules to react some type of remoc-
tivity mast exist or must be indunced. Consequently, the saturated comnounds
do not rolymerize. The greater the degree of unsaturation the more easily

polymerization taikes place. Those molecules having conjugated unsaturated




linkages will polymerize better than those with consecutive unsaturated

linkages. Actually, this polymeriszation is the combination of the poly-
branched molecules to form the film desired of drying oils.

Esterification. ZEsterification is the name applied to the reaction
occuring between an acid and an aloohol. The products of this reaction
ere an ester and water., In making a drying oil it is necessary to esterify
the unsaturated acid with a higher aleohol such as pentaerythritol since a
compound with three or more branches is necessary to form a three dimen-
sional type structnre.(5) Attempts have been made to esterify the higher

unsaturated fatty acids with polyhydroxic alcohols to form synthetic drying
oi1s, (5)(9)(16)(17)(18)(23)(27)(28)(29) (32) gne majority of these attempts
have met with only fair success, Isterification becomes more difficult as
the size of the reacting molecules becomes larger. The saturated groups

tend to retard esterification. In order to increase the rate and degree of
esterification catalysts are sometimes usod.(zu) Sulfuric acid, phosphoric
acid, zinc, and aluminum salts have been used in previous work.(g)(ls)(17)(27)
Attempts have also been made t0 increase ylelds by using gasee such as ni-
trogen and carbon dioxide to form inert atmospheres in the reactiou vessel

in order to preveant oxidation.(9)

Determination of Drving Gharaqteristics. In order to test for drying
characteristics and qualities the drying time should be observed and the
iodine number, saponification number, and acid number of the 0il should be
determined.

Dryinz Time. The method recommended by the A.S.T.M.(3) for determining

the time required for drying is to spread the sample on a glass plate and

after two hours teat the film at intervals by touching with the finger tin.




The time required for the film to remch a point where it no longer ad-

heres to the finger is the drying time. |

Jodine Number. The iodine number will be determined by the Wijs or

Acld Humber. The acid number will be determined by the method ap-

proved by the A.S.T.M.(B)

Appearance Magnified. The film will be examined under a microscope

to determine the quality and appearance.

Tall Qi) Constituenta. The maln components of tall oil are the fatty
acids, rosin acids, and unsaponifiable materials, The unsaturated fatty
acids are the most important fraction as far as esterification is concerned.
The chief acids present in this fraction are oleic acid, linoleic acid, and
linolenic acid. Zach has eighteen carbons, and one, two, and three unsatu-
rated ethenoid linkages respectively.

Driers. Driers are compounds added to drying oils to reduce the time
required for drying. They are introduced in the form of oxides, acetates,
borates, metallic salts of the olls, or as resinateu.(25) The metals most
widely used in driers are mangsnese, cobal$, and lead, These driers form
intermediate products which apparently have a catalytic effect and increase
the rate of drying. Since they 4o not appear in the final product they may

(24)

|
Hanus method as approved by the A.S.T.M.(B) k
|
be classified as catalysts.
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111 EXPER

A. Purpose of Investigation ‘
To determine the practicability of obtaining drying oil characteristics
in tall oil by esterifying it with a polyhydroxic alcohol, pentaerythritol.

To determine the value of esterified tall oil as a drying oil.

B. Elan of Investigation

The plan for carrying out this investigation is outlined as follows:
Review of the Literature
a. Investigation of the drying theory
b. Investigation of the source, ylelds, and composition of tall oil.
Construction of the Equipment to be used in the investigation
a. Construction of the constant temperature oil bath
b. Construction of the air-driven agitator
Experimental
a. A series of runs using refined tall oil and technical pentaerythritol

will be run under the following conditions with an inert atmosphere

of oardbon dioxids:

011 Penteerythritol Act. A1203 gemp. Time

grans grams grams ¢ hrs.
1. 225 28 None 250 6
2. 225 25 12.5 250 6
3. 225 25 None 300 (3
., 225 25 12.5 300 6
5. 225 25 None 320 4
6. 225 25 12.5 320 b
2. 225 25 ¥one 320 6
8. 225 25 12.5 320 6
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d.

-13 -

A series of runs will be made under the following conditions using

refined tall oil and dipentaerythritol with an inert atmosphere of

ocarbon dioxide:

011
grans

225
225
225
225
225
225
228
225

Dipentaerythritol

grare

25
25
25
25
25
25
25
25

A run will be made using

tions:

Cil . . o o &« &
Pentaerythritol
Catalyst . . .
Carbon dioxide
Tamperature . .

Length of run .

A run will be made using

oil - . * L] L] L4 » L]
Dipentaerythritol

Cetalyst . . .
Carbon dioxide

Temperature . .
Length of run .

-

-

.

crude

Act. A10, 'gemp. :i:e
grams c .
None 250 6
12.5 250 6
None 300 6
12.5 300 6
Hone 320 4
12.5 320 b
None 320 6
12.5 220 6

tall oil under the following condi-

e ¢ o o 225 grams

e« s« o o« 25 grams

e « o« + None

e « » o 810 cu.ft./hr.

e« » o » 2500 Centigrade

e « o« « 6 hours

tall o1l under the frollowing conditions:

e o o o 225 grams
s o o o 25 granms

e « « o Hone

e o o « 8210 cu.ft./hr.
¢ o o 250° Centigrade
e « « « 6 hours
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e. The following tests will be made to determine the value of the
esterified tall oil 28 a drying oil:
1. Ilodine number (Hanus Method)
2. Aecid Number (AS!M)(B)
3. Drying time
a. The time required for drying using varsol as a thinner will
be determined
b. The time required for drying using turpentine zs a thinner
will De determined
£. The time required for drying using ethyl alcohol ss thinner

will be determined

C. Materiale
Befined Tall 041. The tall oil was furnished by the Albemarle Pulp and
Paper Company, Riclmond, Virginia, and is the commercial grade marketed by

that company.
Crude Tall O4l. The crude tall oll was furnished by the West Virginia

Pulp and Paper Company, Covington, Virginia, and is sold under the trade
name of Ligro.

Potassium Iodide. C. P. Lot 31246. Obtained from the J. T, Baker
Chemical Company, Phillipsburg, New Jersey,

Iodina. Resublimed. Lot 5246. Obtained from the J. T. Baker Chemical
Company, Phillipsburg, New Jersey.

Bramine. C. P. Lot 10843, Obtained from the J. T. Baker Chemical
Company, Phillipsburg, New Jersey.

Carbon Tetrachloride. Purchased from Fhipps and Bird, Incorporated,

Richmond, Virginia,.
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Spdium Thiosulphate. Grystala-xa28203.5ﬂzo. Lot 112039. Obteined
from the J. T. Baker Chemical Company, FPhillipsburg, New Jersey.

Hethyl Alcohol. Absolute. Obtained from Phipps and Bird, Incorpo-
rated, Richmond, Virginia.

Zthyl Alocohol. Absolute. Obtained from the Chemistry Department,
Virginia Polytechnic Institute, Blacksburg, Virginia.

Potassium xide, C. P. (Pellets). Obtained from the J. T. Bsker

Chemical Company, Phillipsburg, Kew Jersey.
Technicsl Pentasrythritol. Obtained from the Trojan Powder Company,

Allentown, Pennsylvania,

Dipentaerythritol. Obtained from the TroJan Powder Comovany, Allentown,

Pennsylvania.

Carbon Dioxide. Dry. Fifty pound cylinder. Obtained from the Southern

Oxygen Company, Roanoke, Virginia.
Ac cid. 99.5%. Technical grade. Can be substituted for

C. P. Obtained from the Arthur 8. LaPine Company, Chicago, Illinols,
through the Chemistry Department, Virginia Polytechnic Institute, Blacks-
burg, Virginia.

q Blue. Obtained from the Chemistry Department, Virginia Poly-
technic Institute, Blacksburg, Virginia,

Activated Alumina Catalyst. F-10, 4-8 mesh. Obtained from the

Alupinum Company of America, St. Louls, Missouri.

D. Apparatus

The apparatus used in this investigation consisted of a constant temp-

erature oil bath, a two liter Wolfe three-neck flask, a carbon dioxide
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pipeline, two thermometers with a range of from 0°C to 360°C, & Sargent Vet
Test Meter, an alr-driven agitator, and assorted nieces of laboratory glass-
ware.

The oil bath container was a nickel

kettle, lagsed with asbestos, and heated by meens of four insulated Ni-
chrome wire coils which were wrapped around the kettle and held in place
by the lagzing. The heating elements were made of fifteen foot lengths of
nunber 24 Kichrome wire wounﬁ into coils. The coils were passed through
procelain insulators one-half inch in diameter, and four inches lonz, and
then wrapned around the kettle, the bottom coil being placed one inch sbove
the bottom of the kettle, and the remaining coils bdeing placed above the
bottom coll at mteﬁals of two inches. The kettle and coils were then en-
cased in a layer of asbestos two inches thick, and the coils were connected
to the source of power through jack-knife switches. Each coll was canable
of delivering five hundred watts.

The heating medium used in the bath was S.A.E. 250 gear oil with a
minimum gusranteed flash point of 625°F. The bath was tested and found
capable of heating the 0il to s temperature of 350°G. For o detalled Araw-
ing of the bath see Figure 1.

¥olfe Flask. The flask was a two liter, glass, three-neck laboratory
flask, and wae obtained from the Chemistry Department, Virginie Polytechnic
Institute, Blacksburg, Virginia.

Air-driven Agitator. The agitator consisted of a sheet metal disc
three inches in diameter, a welding rod twelve inches long, a number seven

cork, and a stirrer. Eight fins were made in the disc by cutting in a dis-

tance of one inch from the cutside edge toward the center and bending the cut
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portion upward. A hole one-quarter inch in diameter was drilled in the
center of the dise, and the disc welded to the welding rod a distance of
one inch from the end. A hole was then bored through the cork with the
number five cork punch, and a short piece of glasg tubing was forced into
the hole, The welding rod was then placed through the glass tube in the
cork and a stirrer one-half inch wide and onc and one-half inch long vas
welded to the bottom of the rod. Several washers vere inserted between the
disc and the cork to prevent the disec from revolving directly on the cork.
The agitator was driven by & stream of compressed air directed agminst the
finn. For a detalled drawing of the agitator see Figare I.

Carbon Dioxide Pipeline. The pipeline was made of one-quarter inch

black iron pipe, and was used to conduct tic carbor dinxide from the storage
cylinders to the recaction vessel.

Sargent Wet Teat Meter. Number 50259. This meter was used to determine
the rate of flow of carbon dioxide into the reaction vessel. The meter was
made by the Precision Scientific Company, Chicago, Illinois, and was ob-
teined from the Chemicsl Engineering Departmeut, Virginia Polytechnic

Institute, Blacksburg, Virginia.

E. Method of Procedure
A sample of 225 grams of refined tall cil was weighed out and placed in
a wolfe flagk., Dhes flack wéa lowered into the constant temperature oil bath
until the level of the heating melium was avproximstely one inch above the
level of the %all o0i)l. This wes done to insure uniform heating. A ther-
mometer and distillate line were inserted in one nec: of the flask, the

agitator was inserted in the middle neck, and a carbon dioxide inlet line
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vwas inserted in the third neck. The cnrdon dloxide was bubbled into the
tall o0il and the rate of flow adjusted by nesns of the Sargent Yot Tent
teter until sbhout ten cubic fest of cerbon dioxide were belng nazsed
through the oil psr hour., The gas provided an inert atmosphere above

the 0il and prevented oxidation during the aesterification process. The
heating elements of the oll bath were turned on and the temperature al-
lowed to rise to 200°C, At this point 25 grams of the technical penta-
erythritol were added $o the tall oil. The air jet was adjusted until the
alr azitator wes turning fast enough to insure thbrough agitation of the
tell 611, The oil bath wes then heated to a temperature of 250°C, ‘hen
thies temperature was rsached the run sctually began, The temperature was
held at this level for a period of eix hours, during which time the dis-
tillate was collected and the volume recorded. The reaction was observed
closely t0 see what took rlsce, It was important that sufficient agitation
was maintained to insure comnleteness of reactlion, and that enough CO, was
entering to completely blanket the surface of the tall 0il and prevent
oxidation. After the temmerature had been kept at 250°C for alx hours the
bath and nroduct were allowed to cool to about 15006, the product removed
from the flask, nlaced in a2 ssmple bottle, and saved for future sxaminntion,
The same procedure was followed for a run of six hours at 30008. e run of
four hours at 320°C, and a run of six hours at 3209C,

Another series of runs was made using 12,5 grams of activated alunins,
¥=10, &4=3 mesh as s catalyst in an attempt to increase the rate and degree
of eaterification. fTechnical pentaerythritol and refined tall oil were
used and the procedure for making the runs was the same as outlined above,

The catalyst was added with the pentaerythritol when a tomperature of 200°C




was reached. Six hour runs were made at temperatures of 250°C. 300°G, and
320°C. A four hour run was made at 320°C.

Dipentaerythritol and refined tall oil were remcted together in an
attempt to obtain a comparison between this reaction in which pentaery-
thritol wvere used. The procedure followed in these runs and the tempera-
tures used were the same as those used in the technical pentaerythritol
tall oil reaction. Additional runs were made under the same conditions
using 12.5 grams of activated alumina, F-10, 4-8 mesh, in order to determine
the effect of the catalyst on the reasction of the dipentaerythritol and tall
oil.

Crude tall oil was placed in the reaction vessel, CO, sunplied at the
rate of 8-10 cubic feet per hour, and agitation was begun while the tem-
perature was being brought up to 200°C. At this point 25 grams of techni~
cal pentaerythritol were added and the temperature was dbrought up to 250°C.
The 225 grams of crude tall oil and the pentaerythritol were allowed to
react together for six hours. Upon completion of the run the product was
allowed to cool and was transferred to a sample bottle for future examina-
tion. Another run was made under the same conditions using dipentaerythri.
tol in place of pentaerythritol., Agitation was provided in these runs by
neans of the sir-driven agitator.

In all of the previously described runs the flow of carbon dioxide was
measured by means of the Sargent Wet Test Meter.

The i1odine mumber of each of the.samplsu of esterified tall oil was
determined b the Hanus method as prescribed by the American Society For
Testing Materials.(3> An accurately weighed sample of the oill was dis-

solved in a solvent, mixed with 25 cc., of iodine monobromide solution, and
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allowed to stand for thirty minutes in a dark place. Ten cc. of 15%
potassium iodide solution were added and the sample was titrated with a
golutinn of sodfum thiosulfate of known normality. Dunlieate runs were
made to obtain an sverage iodine number for each sample.

The acid number of each sample was determined by the method pre-
seribed as standard by the Americsan Soclety For Testing Materials(B). A
known weizht of the sample was dissolved in methanol and titrated with a
sodium hydroxide solution of known normallity using thymol blue as an indi-
cator. Duplicate rune were made to obtain an aversge acid number,

The drying rates of each of the samples was determined in several ways.
The first method was to dissolve 20 ec. of product in annugh varsol to give
it the consistency of varnish and then quickly dip a strip of galvanized
tin into the mixture. The strip of metal was then lung up to dry. The time
required for the oil to dry to a point where it could be touched without re-
moving any of the oil was recorded, 7This was known as tack hardness.

The second method used to determine dryins times of the various pro-
ducts was to dissolve 20 cc. of the product in 20 cc. of turpentine, after
which the mixture was heated gently for a period of five minutes to drive
off some of the excess turpentins. A strip of galvanized tin was then
dipped quickly into the mixture and hung up to dry. The time required for
the 01l to dry to a point where it could be touched without removing any of
the oil wes recorded as the time to reach tack hardness.

The procedure described in the preceding naragrarh was renested on
each of the samples using ethyl alecohol insteed of turnentine. The time

required for the samplesz to dry to tack hrrdness wee rocorded.




Data and Resulis

Iodine Number, icid Fumber, and Color of The Products of The Isteri-
fication of Refined Tall Cil With Pentaerythritol. The acid numbers,
fodine numbers, and color of the products of the esterification of 225
grams of refined tzll oil with 25 grams of pentmerythritol in =n inert
atmosphere of carbon dloxide at temperatures of 250, 300 and 320°C, with
and without a catalyst, are compiled in Table VI1I.

Iodine Number, Acid sumber, and Color of The Products of Refined Tall

011 Esterified With Dipentasrythritol. The acid numbers, iodine numbers,
and color of the products of the easterification of 225 grams of refined tall
011 with 25 grams of dipentaerythritol in an inert atmosphere of carbon
dioxide at temperatures of 250, 300, and 32000, with and without a catalyst,
are compiled in Table VIII,

Iodine Number, jcid Number, and Color of the Products of Crude Tall 011
Zsterified With Pentaeryihritol and Dipentaerythritol. The iodine numbers,
acid numbers, and color of the products of the esterification of 225 grams
of crude tall oil with 25 grams of pentaerythritol and with 25 grems of
dipentaerythritol, both in an inert atmosphere of carbon dioxide, at 250°C,
are compiled in Table IX.

Drying Rates of The Products of The Esterification of Refined Tall 0il

With Pentaerythritol. The rates of drying of the products of the esterifi-
cation of 225 grams of refined tall oil with 25 grame of pentaerythritol in
an inert atmosphere of carbon dioxide at temperatures of 250, 300, and 32000.

with and without & catalyst, are compiled in Table X.




Dipentaerythritol. The drying rates of the products of 225 grame of re-
fined $all oll esterified with 25 grams of dipentaerythritol in an inert
atmosphere of cerbon dioxide at temperatures of 250, 300, and 320°C, with |
and without a catalyst, sre compiled in Table XI.
Drying Rates of The Products of the Esterification of Crude Tall 011
¥With Pentaervthritol and Ripentaervthritcl. The drying rates of the pro-
ducts formed by the esterification of 225 grams of crude tzll oil with 25
grams of dipentaerythritol, and with 25 grams of pentaerythritol, in an

-23 -
Drying Rates of Ihe Products of Hefined Iall Q11 Egterified With
inert atmosphere of carbon dioxide at 250°C are compiled in Table XII.
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Table VII

Evaluation of Refined Tall 031l Esterified

With Pentaerythritol

Run Penta- Time Temp. Activ. Iodine Acid Color
Ko. 011. erythritol o¢ A1203 Fumber No.
gms. ens. hrs. gns.,

1. 225 25 6 250 ¥one 103 30 Light
2. 225 25 6 250 12.5 99 25  Light
3. 225 25 6 300 None 89 3.5 Light
b, 225 25 6 300 12.5 80 3.6 Dark
5. 225 25 4 320 None 85 5.7 Black
é. 225 25 b 320 12.5 73 4,8 Black
7. 225 25 6 320 None 82 $.6 Black
8. 225 28 6 320 12.5 85 5.0 Black
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Table VII

Evaluation of Refined Tall 011 Esterified

¥ith Dipentaerythritol

Run 011 Dipenta- Time Temp. Activ. JIodine Acid Color
Yo. erythritol % Alzo3 Humber No.
ame. ans. hrs. &ns,

9. 225 25 6 250 Fone 90 26 Blaok
10. 225 25 é 250 12.5 89 26 Black
11. 225 25 6 300 None 86 4,8 Blsek
12. 225 25 é 300 12.5 84 4.6 Black
13. 225 25 b 320 None 75 5.7 Black
1k, 225 25 k 320 12.5 77 5.1 Black
15. 225 25 6 320 None 83 5.2 Black
16. 228 25 6 320 12.5 84 4.8 Black
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With Pentaerythritol and Dipentaerythritol at 250°C

Run 01l Penta- Dipente- Time Iodine Acid Color
Ko. erythritol erythritol Fumber ¥o.

gns, ans, Zns, hrs.
17. 225 25 —— é 123 7.5 Black
18. 225 —— 25 6 112 7.0 Black

Pable IX
Evaluation of Crude Tall 01l Esterified
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Table X

Drying Bates of The Products of The Esterificotion of Refined

Tall Oil With Pentaerythritol Using Various Solvents as Thinners
Run Varsol Turpentine Ethyl Alcohol
No. Tack-hard Dry Tack-hard Dry Tack-hard Dry

hrs. hrs, hrs, hrs. hrs. hrs.

1. XX XX XX xx xx XX
2, 72 X XX XX Xx Xx
3. 72 xx 96 XX L8 XX
b, 72 Xx 72 XX 48 120
5. Lo 96 72 X 48 96
6. ho 96 72 xx L8 96
7. ko 72 72 Xx L8 96
8. ko 72 48 72 36 60

XX Indicates sample discarded if not dry after seven days.
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Table XI

Drying Hates of the Products of The Esterification of Refined Tall
011 With Dipentaserythritol Using Various Solvents As Thinners
Run Varsol Turpent ine Ethyl Alcohol

¥o. Tack~-hard Dry Tack-hard Dry Tack-hard Dry
hrs. hre. hrs. hrs. hrs, hrs.

9. XX D # ¢ 96 XX xx xx

10. 72 XX xx X 72 X

11. 96 XX 72 XX 48 120

12, 96 XX 72 xx 48 96

13. ko 96 96 xx L8 72

14, 4o 96 72 120 L8 96

15. Lo 72 L8 XX 36 72

16. 36 72 L8 96 36 72

XX 1Indicates sample discarded if not dry after seven days
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Table XII

Drying Rates of Products of The Esterificstion of Crude Tall
011 With Pentaerythritol and Dipenteerythritol Using Various

Solvents as Thinners

Run Penta~-  Dipenta- Vareol Turpentine Ethyl Aleohol
Yo. erythritol  erythritol Tack- Dry Tack- Dry Tack- Dry
hard hard hard
hre, hrs. hrs. hrs, hrs, hrs.
17. Yes No 24 72 10 72 10 36
18, No Yes 24 72 10 72 10 36




1Y RISCUSSION

Theory of Dryipz. Although the theory of drying has been the subject
of many investigations, the question of hov does a drying oil dry remsins
unanswered. HNumerous theories have been advanced on the subject, dut each
one has certain limitations and does not completely answer the question.
The most widely accepted theory is that oxygen is absorbed from the atmos-
phere at the unsaturated linkages in the oll, a2nd thet polymeriszation of
the resulting compounds follows, This theory is known as the oxidation
and polymerization theory. A great amount of research has been done, and
many facts have been uncovered in an attempt to justify the theory. How-
ever, the supporters of this theory admit that there are many phases that
are not satisfactorily answered by it, and that there are many facts that
can be used tc disprove it.

The exmet part that oxygen plays in drying is not clearly known. ZEx-
periments made using linseed oil have proven that oxyzen ias absorbed by the
0il in amounts as high as eizhteen percent by weight. Yhen the cil began
to lose weight later in the drying eycle no earbon dioxide was detacted. It
is doubtful if the oxygen combined chemically with any of the components of
the oll.

After absorbing the oxygen at the unsaturated linkages the resulting
compounds in the oil are supposed to polymerize according to the azccepted
theory. Polymerization has been defined az the chemiczl union of 2 number
of similar molecules to form a single, complex molecule of high molecular
veight.(7) In order for this to teke place there must be precent some tyne

of reactivity, either nzturzl or induced. Consequently, saturated compounds
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do not polymerize. If this definition of polymerization is to be accepted,
the supposition that oxygen is absorbed at the unsaturated linkages must be
discounted, for if the oxygen is absorded at these points there no longer
exists a state of unsaturation, and polymerisation can not take place. If
oxygen is not absorbed at these linkages, it follows that drying is merely
polymerization without oxidation. The resulte obtained from investigations
made to determine the smount of oxygen absorbed during drying show that as
drying continues some of the oxygen absorbed is gradually evolved. It is
possible that some of the absorted oxygen does combine at the unsaturated
linkages. Drying requires a long perlod of time to reach completion, and

it is possible that this is because of the small portion of absorbed oxygen.
Ag this oxygen is released by the linkages, the polymerization of those
molecules which release the oxygen proceeds. Linseed oil used as heavy
bodied linseed oil in the manufacture of printer's ink is treated by blowing
large smounts of air through the o0il for a period of several hours. The oil
becomes thicker than raw linseed o0il, and in spite of the fact that it has
been exposed to large amounte of atmospheric oxygen, it requires a much
longer period of time to dry than ordinary linseed oil. This could be due
to the fact that oxygen is absorbed at the unsaturated linkages, thus pre-
venting rapid polymerization. )

If oxygen is not absorbed at the unsaturated linkages present in a
drying 01, what does prevent an oil that m-ets the structural requirements
of a drying oil from drying?! It is possible that there are certain drying
*prohibitors" present in the o0il. These could be present in the form of
sterols and other unsaponifiable comvounds. When a drying oil is mixed

with a very volatile thinner and spread on a surface in a thin coating drying
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proceeds much more rapidly than in the case of pure oil spread in a like
manner. There is a possibility that the sterols are carried off during

the vaporization stage of the volatile thinner. The removal of these
compounds would then allow polymerization to teke place. Boiled linseed
0il dries morefrapidly after deing boiled than rav linseed oil. The drying
"prohibitors" could be removed drying the boiling of the 0il. The M. K.
Kellogeg Gompany(Bh) has found that 2 large portion of drying oils and
drying oil fortifiers can be produced by the selective extraction of fish
oils and soya besn oll. After this separation the drying o1l portions have
been found to be very suitable as linmeed oil substitutes. It 4o a distinect
possibility that oils now classed as non-drying olls could be converted into
drying oils by the removal of the portion of unsaponifiable materials, thus
allowing polymerization of the unsaturated linkoges.

The fact that previous drying theories leave s=o many questions un-
answered indicates that some factor in the mechanism of drying has been
overlooked. The idea that drying is fundamentaly pure polymerization as
described in the preceding paragraphs is offered as snother attempt to
clarify the process involved in drying.

Effect of Temperature on The Esterification of Zall Qil. The time re-
Quired for the drying of the products of the runs made at 250°C was con-
giderably longer than that required by the products obtained at higher
temperatures. The products obtained a2t 300°C dried in less time than those
formed at 25000. vhile those formed at 320°C required even less time to dry.
(See Tables X and XI). This seemed to indicate that esterification was more

complete at higher temperatures. The acid numbers of the high temperature
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products were lower than those of the low temperature products as is shown

in Tables VII and VIII. This low acid number showed that the percentage

of free acide in the oil was reduced considerably during the high tempera-
ture runs. The iodine numbers (see Tables VII and VIII) of the high tem-
perature products were lower than those of the low temperature runs. This
may have been caused by the unsaturated compounds breaking down into smaller
compounds with a lower degree of unsaturstion, or by the hydroxyl radicals

of the alcohols used combining with the unsaturated linkages and thus reducing
the amount of unsaturation. ZEither of these effects may have been caused or
accelerated by the high temperatures,

Runs §, 6, 7, 8, 13, 14, 15, and 16 were made at a temperature of 320%
which is slightly above the decomposition of tall 011(35). 1t was hoped that
esterification would be more complete when the reaction took place jJust above
the point at which a change occurs in the structure of the tall oil. The
products obtained from these runs exhibited better drying characteristics
than those of the other runs. (See Tables X and XI). This may have been due
to the fact that esterification was more easily accomplished when a change

occurred in the tall oil.

Effect of Activated Alumina on The Esterification of Iall Oil When Used
as A Catelyst. The catalyst used wae activated aluminum oxide, F-10, 4-8

mesh. This catalyst was selected because in previous investigations con-
ducted in aluminum containers, esterification seemed to proceed more rapidly.

The catalyst did not have any apparent effect on the reaction in this
investigation. The products obtained in the runs using the catalyst showed
no improvement over those obtained from the other runs as is indicated in

Tables VII, VII1I, X, and XI. The catalyst showed no visible signs of change
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when removed after the runs and cleaned with methyl alcohol.

A Comparison of ihe Begquits Obtained By Esterifying Tall Qi1 With Penta-
erythritol gaglgigg,Digentaerzghriho;. The nroducts obtained by esterifying
tall oil with pentaerythritol and dipentaerythritol wexre very similar. The
times required for drying of the various samples showed no wide variance,
and the acid numbers and iodine numbers were nearly equal. For a comparison
of these values see Tables VII, VIII, IX, X, XI, and XII, These facte indi-
cate that nothing is gained by using dipentaerythritol because of its greater
number of hydroxyl radicals., It 1s possible that scme of the excess hydroxyl
radicals reacted with the unsaturated compounds present at the unsaturated
linkages. This might have been the cause of the drop in iodine numbers shown
in Tables VII and VIII.

fhe Effect of Time on Ihe Esterification of Tall Oll. All of the runs
made at 250°C and 300°C were six hours in length. Four of the runs made at
320°C were four hours long and the other four runs were six hours long. This
was done in an attempt to determine the effect of time on the reaction, The
difference in the length of the runs did not seem to materirlly effect the
products. The iodine numbers, acid numbers, and drying times of the products
of the four hour runs were practically the eszme as those of the six hour run
products. (See Tables VII, VIII, X, and XI). It was noted that the dis-
tillate collected during the six hour runs was double the amount of dlstillate
collected during the four hour runs, The color and type of distillate col-

lected during the various rune were the same,
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LRecommendations

As a result of thie investigation the following recommendations are
made:

1. 1%t is recommended that additional work be cerried out in the
esterification of tall oil at temperatures ranging between 320 and 330°C.
Since these temperatures are just sbove the decomposition point of tall oil,
and just below the pbint of complete destruction of tall oil a better degrse
of esterificction may be obtained.

2. It is recormended that work be done on the extraction of the variouns
components of tsll oil to determine more fully the composition of the oil.

(34)

The work done by the M. K. Kellogg Company using Solexol ag a solvent
could be used as a gulde for this work.

3. It is recommended that a series of drying tests having better con-
trol over temperature and humidity of the surrounding atmosphere be devised
for use in future investigations,

4, It is recommended that an investigation be made to determine more
fully the poasibility that drying is pure polymerization without oxidation.

5. It is recormended that an investigetion be made to determine the
exact part that oxygen plays in drying.

6. It is recommended that an investigation be made to determine what

part the sterols and other unsaponifiasble materials present in tall oil play

in retarding drying, and r quick, economical method for removing them.
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¥ CONCLUSIONS

A, V¥When a ezmple of 225 grams of refined tall oll is esterified with 25

grans of pentaerythritol in an inert atmoephere of carbon dioxide it is

concluded that:

1. The product

obtained after gix hours at 25000 does not exhibit

good drying oil characteristics,

2. The product
activated alumina as
tics.

3. The product
ol)l characteristics.

L4, The product
activated alumina as

5. The product
011 characteristics.

6. The product
01l characteristics,

7. The product
activated alumina as

8. The product
activated alumina as
B, When a sample of
of dipentaerythritol

1, The product

obtained after six hours at 250°C neing 12.5 grams of

a catalyst does not exhibit good drying oil characteris-

obtained after six hours at 300°C exhibits fair drying

obtained after six hours at 300°C using 12.5 grams of
a catalyst exhibits fair drying oil characteristies.

obtained after four hours at 320°C exhibits fair drying

obtained after six hours at 320°C exhibits fair drying

obtained after four hours at 320°C using 12.5 grams of

e catalyst exhibits falr drying oil charscteristiecs.
obtained after six hours at 320°C using 12.5 grams of

a catalyst exhibits fair drying oll characteristics.

225 grams of refined tall oil is esterified with 25 grams
in an inert atmosphere it is concluded that:

obtained after six hours at 250°C does not exhibit good

drying oil characteristics,
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2. The product obtained after six hours at 300°C exhibits fair drying
0il characteristics.

3. The product obtained after four hours at 320°C exhibits fair drying
0ll charsacteristics,

4. 'The product obtained after six hours at 320°C exhibits fair drying
0il characteristics.

5. The product obtained after six hours at 250°C using 12.5 grams of
activated alumina as a catalyst does not exhibit good drying o1l charascteris-
tics.

6. The products obtained after six hours at 300 and 320°C, and after
four hours at 320°C. using 12.5 grams of activated alumina as a catalyst,

exhibit falr arying oll characteristics.

C. VWhen samplss of 225 grams of crude tall oll are esterified with 25 grams
of pentaerythritol and with 25 grams of dipentaerythritol for eix hours at
250°C 1n an inert atmosphere of carbon dioxide, it is concluded that the pro-

ducte obtained do not exhivit good drying oil characteristics,
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VI SUMbARY

An investigation of the literature was made to determine the scope of
previous investigations into the possibilities of obtaining drying oil
characterictics in tall oll. Refined tall oll was esterified in an inert
atmosphere with pentaerythritol at temperatures of 250, 300, and 320°C.
Cerdon dioxide was used to maintain an inert atmosphere. The esterification
was carried out in a glass, Wolfe, three-necked flask heated in a constant
temperature oil bath using 5.A.E, 250 gear 0il as a heating medium. Agita-
tion wes supplied by means of an alr driven agitator. The runs were six
houre in length with the exception of one four hour run made at 320°C. The
procedurs was repeated using activated alumina as a catalyst. The same pro-
cedure was repeated using dipentaerythritol in place of pentaerythritol.
Crude t2ll oil was esterified with both pentaerythritol and dipentaerythritol
at 250°C for six hours in an inert atmosphere of carbon dloxide.

The rroducts of the runs were tested for iodine numbers by the Hanus
method and for acid numbers by the A.S.T.M.(B) method. Tests were made to
determine the drylng rates of each of the products. A sample of each of the
products was mixed in varsocl, turpentine, and ethyl alcohol. The samples vere
then placed on atrips of galvanized metal and mng up to dry. The times re-
quired for the samples to reach tack-hardness and to completely dry were noted.

It was found that there was a marked decrease in acid number in the pro-
ducts from that of the original tall oils, The products of high temperature
runs had lower numbers than did those of low temperature runs., The iodine
numbers of the producte decreased as the temperature of the runs increased.

The values obtained for the products were coneiderably less than those of the




original tall oils.

The time required for drying of the products of high temperature runs
was less than that required by tne products of low temperature ruas,

It was determined that refined tall oil esterified with either penta-
erythritol or dipentaerythritol at temperaturss of 300°C and 320°C zave a
product that exhibited frir drying oil characteristics. The products ob-
tained at 250°C di¢ not oxhibit even falr drying oil characteristiss.

Crude tall oll esterified at 250°C with both pentaerythritol and dizente-

erythritol gave vroducts with falr drying oil characteristics.
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