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INTRODUCTION

To anyone in the field of sulfate pulping the term tall
0il is undoubtedly very familiar, for this by-oroduct is evident
whether or not it is recovered. In fact, sulfate soap (the sodium
salts of tall oil components) is an important constituent of black
liquor, adding to the fuel value in the recovery system as well as
to the problems grieing during the concentration stage. In expla-
nation of this stetement, 1t should be pointed out that sulfate snap
has been found to be responsible for a large amount nf fouling and
plugeing of pipes, tubes, and valves. Furthermore, this substance
is susvected of being one of the chief factors causing foam diffi-

culties during the handling of dblack liquor.

Because tall oll has commercial possibilities and, indeed,
has been produced in “Wurope for several decades, the chemical compo-
sition and proverties of both c¢rude and refined oile have besen studied.
For a review of the information relating to tall oil, reference may
be made to a recent peper by Wiee (l). Some of this information is
Ziven in the historical mection of this report, dbut only the date

vertinent to the immediate problem sre included.

Because the informetion reported in the tall oil literature
by nearly all investirators is derived from studies of cnmmercial

producte, little or nothing is known shout the history of the material
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used for analysis. It appears logical, therefore, to study tall oil
produced under sccurately controlled conditions from wood, the history

of which is also known.

A further object of the proposed study has been the determi-
nation of the effect of wood sessoning on the characteristics and
properties of the tsll oil therefrom. Practical observers have noted
that the difficulties srising from black liquor foam are consideradbly
more pronounced when green wood is used for pulping. 3Because the
sulfate soap in black liquor prob:dbly contridbutes to this foaming,
the question arises as to whether s wood-seasoning veriod vroduces
any change in the tall oil which would reduce the foam trouble.
Special emphasis has been placed on the fatty acid fraction during the

study of the wood-seasoning effect.

Since the nature of tall oil is dependent upon the charac-
teristics of ite precursors in the wood, another aim of this investi-
gation has been the comparison of the composition of the sther-
exé}active material from wood with thet of the tall oil produced by

pulping another portion of the same wood.

An integration of the individusl objectives produced suf-
ficient data to draw some conclusions as to the effect of pulping
conditions on the extractives, the effect of seasoning on the extrac-
tives and the resulting tall oil, and the reason for decreased foaming
in the dlack ligquors from the pulping of seasoned wood. At the same

time, the attack used to fulfill the aims stated ahove also ylelded

|
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information about tall oil produced under controlled conditions from

& known wood.



HISTORICAL REVIEW

When a resinous wood is pulped by an alkeline process, the
organic acids and estergipresent as extraneous components are con-
verted to sodium salts. The ertent of this conversion 1s not known,
but it ie probable that even most of the esters are saponified. These
sodium salts, which are actually soaps, are soluble in water, dut the
electrolytes in the black liquors exert a salting-out action on the
organic selts which is sufficient to render them much lese soluble.
Indeed, a8 the black liguors are concentrated, this effect becomes

marked and there is a gradual separation of a floating soap.

The presence of these floating soaps was noted as early as
1890, and in 1893 Klason (la) pointed out that these soaps contained
rogin. This material 18 now commonly called sulfate soap, as the
sulfate pulning process is generally used with resinous wond. The

Swedish call it sulfattval or sulfat sopa, and the Germans term it

Sulfat Seife. This foreign nomenclature persists in the literature

because most of the interest in tell oil has been centered in Europes.

At the beginning of the twentieth century, the oil produced
by acidificetion of sulfate soap aroused commercial interest in
Sweden. Larsson (g). working at Skutsk:r. Sweden, in 1902 began the
pinneer work on the commercial production of tell oil (Talldl or

tallolja in German and Swedish, respectively). It is of interest to



note at this point that he emoloyed & vacuum distillation method for

purification, a process in use today.

Fahrion (}). prominent German rosin chemist, was requested
by Larsson to analyze samples of tall oil; however, he feiled to recog-
nize the presence of acids other than several rosin acids. It is

probable that the term liquid rosin (flﬁssigos Harez, flystande harts),

enother common name for tall oil, dates from this time. Because
Bergetrom and his coworkers (4, ba) subsequently reported the presence
of fatty acide, it is unfortunate that the term liquid rosin is ap-

plied to tall oil, for the name is misleading.

Tallolja is the Swedish designation for oil of pine which,
indeed, is the source of tall oil; however, it ig not to be confused
with the pine o0il of thie country, which {s a distillation product of

the wood turpentine industry.

Since the early beginning of the work on tall oil, many
investigators, prompted by both scientific and cogmercial interests,
have studied this dy-product of the sulfate nulping process. In ad-
dition to the many academic studies, there are over 200 patents re-
lating to the production, purification, and applications of tell oil.
West (Q) has prepared an extensive annotated bhibliography on the sub-

Ject.

The sulfate soap which separates from black liquor is a

dark brown sticky material containing consideradble water and having
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the characteristic odor of the sulfate process. Drying of this soap
is difficult because of the formstion of a tough film of rosin aclds
on its outer surface. This acid film ie produced dy the action of

carbon dioxide from the air on the roein ealts.

Although floating soaps separate from the strong black
liquor taken immediately from the digester, the amount is greatly in-
creased upon concentration of the black liquor: according to Drewsen (6),
the specific gravity of the socaps is approximately 1.05, a value close
to that of the original black liguor. As the specific gravity of the
liquor is incressed by concentration, the separation becomes more
complete for two reasons: the difference in density between the soaps
and the liquor is greater and, secondly, the salting-out effect,
mentioned above, is more evident. It is & common commercial practice
to separate sulfate soap at an intermediate point in the evaporator
gystem by gravity skimming or by centrifugsl processing. Drewsen
stated that a typical semple of soap contained 36 per cent rosin acid
salts, 23 per cent fatty acid salts, and 34 per cent moisture. The

remainder was probadbly unsaponifiadle matter.

The presence of unsaponifiables in sulfate soap may seem
surorising; however, the components of the unsaponifiable vortion
separate with the soaps in an emulsified form. This non-soap portion

may he removed by solvent extraction (]) of the dried sulfate soap.

Tall o0il may be vroduced from sulfate soep by acidification.

Various procedures have been proposed for carrying out this operation,
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and many chemicals have been suggested as acldifying agents--sulfuric
acid, sulfur dioxide gas, sodium bdisulfate, sod}um bisulfite, waste
sulfite liquor, ete. However, commercial practice generally accepts

only those chemicals which will be useful in the recovery systenm.

It is a well-known fact that crude sulfete sosp contains
occluded ligneous materials which are precipitated upon acidification:
therefore, it is desirable to remove as much of these impurities as
possible orior to acidificgtion. to obviate the formation of very
stable emulsions of finely divided foreign matter. In order to purify
sulfate soap before acidification, sodium sulfate solution is used as
e wash or the soap 1s salted out from a fresh water solution with
sodium sulfate. Although sodium chloride is more effective for this

purpose, its presence is undesirable in the recovery system.

The scidification is generelly carried out on a hot solution
of sulfate gsoap to a pH of about § (§). Agitation is important to
insure proper mixing without danger of emulsion formation; however,
proper purification of the soap eases the latter difficulty. The
liverated crude tall oil may be sevarated directly or extracted with

an immiscible solvent and then separated and concentrated.

The product isolated in this manner is & crude oil--that
is, it contains some objectionable, foreign components; howsver, this
material 1es the by-product of the sulfate industry known as tall oil,
The composition of this odoriferous, viscous, yellow to drown oil is

far from constant. For many years chemists have known that tall oil
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contains many compounds which may be classified in groups as unssponi-

fiables, rosin acids, and fatty sacide. The first class (unsavonifiable

mtét?r) includes phytoéterols. complex alicyclic alcohols, and resenes,
Little is known about the individuel components of the resene material,
but it is probadble that it consists principally of hydrocarbons re-
lated to those found in petroleum and others similar to terpenes or
their derivatives. The phytosterols have been studled in greater de-
tail, and some informstion on thelr nature is available in the litera-
ture. Sandquist and coworkers (9-11) found a mixture of phytosterols
which melts at 137- 139° C. (scetyl derivative, melting at 122- 123°
C.); from this two crystalline comnounds, dihydrositosterol (melting
at 139° C., [a], +25.6°) and a sitosterol (melting at 138.5° C.,

(a]D -32.2°), were isolated and assigned the formulas 0298520 and
C2g8500, respectively. Bergstrom (12, 13) also found a phytosterol
with s melting point of 134° C., and Dittmer (14) repnrted a melting
point of 136° C. for the phytosterol from tell oil. It is probabdble
that long chain alcohols, resulting from the saponification of waxes,
are present in tall oil, and Sandquist and colleagues (lﬁ) have iso-

lated such a compound which they believed to be lisnoceryl alcohol.

The unsaponifiable matter in tall oil adds very little to
the value of the nroduet. ¥or most industrial purposes, however, its
presence is not greatly objectionable. The mechanism by which a non-
saponifiable material is included in the sulfate soap, as stated
sbove, seems to be one of emilsion; thus, after acidificatinn of the

soap, these noncarboxylic substances become an integral pert of the

.
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~tall oil.
\\

Little\Qs known regerding the identity of the comoounds
composing the rosik\ucid egroun. The 4ifficulties involved in the
study of these rosin\heids have prevented intensive investigation of
their isolation and 1d€h§if1cation. In spite of this lack of informa-
tion, theas acids are un&&uhtedly related to those found in pine rosin
(colophony). Aschan and aségciatea (16, 17) have revorted pinabietic
acid, 02053002 (melting at 176, 178° C.), as being present in black
liguor and a series of acids (té;med colophenic acids) which differ
from ordinary rosin acids by the ready soludbility of their sodium
gelts in cold water and the stability of the solution toward carbon
dioxide. HAaselstrgm. MePherson, ahd Hopkins (lg) also found a
pinabietic acid which they congidered to be a mixture of Steele's
abietic acid, dehydroabietic acid, and dlhydroabietic acid. Dittmer
(14) found abietic acid only, and Frankel (8) stated that the rosin
acid fraction contained adbout 90 per cent abletic acid. Other rosin
acids reported by Becher (24) are oxyresinic and sboetinic acids. On
the other hand, some investigators have proposed the term tallic acid

for the rosin acids in tall oll, feeling that there is some difference

between them and the ordinary rosin acids.

It is sufficient to say that the individual comnounds com-
vrising the rosin acids are probadly closely relatsd and are undoubted-
ly conversion producte or derivatives of any one of the family of

rosin acids originally present in the wood.
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By far the most important class of compounds found in tall
0il are the fatty acids. Of this class, the unsaturated acids of
eighteen carbons (the oleic acid series) predominate. At least three
compounds--oleic acid (0173330003). linoleic acid (017H31°°°H)' and
linolenic acid (CITHzchOH)—-have been identified. It is significant
that these acids have the same chain length, differing only in the
degree of unsaturation. Most investigators have found that linoleic
2cid 1s usually present in the largest quantity (14, 19-21). How-
ever, this is not necessarily true, bdecause many factors mey influence
the proportion of these acids in tall oil. As an example, Hhsselstrgm
(gg) found only & small quantity of linoleic acid in refined tall oil.
Other unsaturated fatty acids (ricinoleic acid, a hydroxy scid with
one double bond, and erucic acid (célnhlcoon). a singly unsaturated
acid) have been reported by Pyhxlg (23), and Becher (24) found brassic

acid (an isomer of srucic acid).

The presence of saturated fetty acids is a controversial
question, with some investigators reporting solid acids and others
not. Sandquist and colleagues (15) have reported lignoceric acid
(Co3Hy7C00H), and Keghel (25) identified myristic acid (CyH,,CO0H).
Many workers (13, 19, 22, 23, 25) have found palmitic acid (clsajlcoon).
whereas others have denied its presence. Hasselstrom (26) concluded
that the palmitic acid, which he had previously reported (22), was
formed from oleic acid during the cooking process. However, it is
difficult to understand how the chain length could be reduced by two

carbon atoms, rather than be split at the double bond.
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Hodges (27) lists a large numdber of compounds which have
been reported by various authors as present in tall oil. The presence
of some of these is vroblematical, dbut the list is of interest in that

it indicates the variety involved.

It 1is not difficult to understand that different compounds
and analyses heve been reported by different investigators, because
the number of variables influencing the composition of tall oil is
lerge. It is obvious that, with the exception of compounds possidly
formed during the pulping operation, the composition of tall oil is
dependent largely upon the composition of the ether-extractive materi-
al in the wood, which may be considered its precursor. It is also
evident that the extractives in wood will vary from one species to
another; however, the extraneous material is likely to vary to a con-
siderable extent in the seme species. According to Kurth (28), the
composition of the extractives of pine sapwood differs greatly from
those in the heartwood. Moreover, the age, season of cut, climatie
conditions, position in the tree, etc. are factors influencing the

composition and amount of extractives in any one species of wood.

I% should he noted at this point that a considerable amount
of the extractive material in the wood 1s not recovered as tall oil
after cooking. The losses appear to occur during wood storage,
during pulping, and as a result of the partial solubility of the sul-
fate soap in bdlack liguor. Bergstrgnvand Cederquist (gg) found that
the yield of tall 01l amounted to ahout L1.6 per cent of the material

extracted with benzene from the same amount of wood.



- 14 -
f
Table I contains several typical tall oil analyses taken

from West's bibliography (5):

TABLE 1
TALL OIL ARALYSES
B Rosin Fatty

Acid Saponification Unsaponifiable Aciads Aclds
Sample Fo. No.

A 145.0 165.0 10.0 57.0 33.0
B 157.3 167.9 8.2 434 48,5
c 164.4 174.9 \;\ 6.0 32.0 58.0
) 163.0 173.0 8.2 384 52.0
B 151.0 174.0 ‘ioxs 48.0 %0.8
¥ 160.0 169.0 9.5 B1.4 483
6 156.0 172.0 8.5 387 51.2
H 161.0 168.0 6.8 32.2 59.0

Although the history of the materials used as a source for
the data presented in Table I is not evailable, one is struck immedi.-
ately with the wide variationes in the analyses. The data serve to
emphasize the dependency of the composition and properties of tall oil

upon its precursors and preparation.

It is intereasting to odbserve the general difference commonly
found between acid and saponification values., This difference, which

might be termed an ester number, indicates the presence of esters in
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tall oil. At first glance, it aprears odd that any esters should dbe
present in & material which has deen subjected to such strong saponi-
fying action as that of an alkaline pulping process. On the other
hand, the poseidbility of re-esterification after the isolation of

tall oil from sulfate soap gives some reason to expect an ester number

for tall oil.

Analyses for rosin acids and fatty acids show that the lat-
ter are generally present in greater proportion. There are ex-
ceptions, of course, as in the cases of A and ® (Table I). These
data give further evidence that the composition of tall oil is not

constant,

¥rom the amount of study on tall oil, one would consider
the substance a useful and vital commercial préduct. For that matter,
consideradble amounts have foun% a mar¥et in Turope, but in this coun-
try relatively little tall oillis néad. The greatest incentive to
spur research is the vast amount of tall oil available as a by-
product, which, at the moment, is generally burned in the recovery
system. Tstimates of the yleld of tall oil range from 50 to 100
vounds per ton of pulp produced. A rough estimate indicates that

125,000 to 250,000 tons of tall oil could be produced each year in

the United States alone.

The drief description of the isolation of tall oil from
dlack liquor previously given is but a general scheme, and many vari-

ations are in practice: however, regardless of the method dy which
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the crude product is obtained, the odjectionable odor and color
characteristics of the sulfate process are inherently present. These
drawbacks have retarded the use of tall oil in this country and, in
consequence, many investigators have labored to devise methods to
produce s marketable o0il which could compete with natural fats and
oils. Many types of purification schemes have deen suggested to al-
leviate the difficulties mentioned above, and other methods have been
proposed to obtain an oil which has special propertiss, such as a high
concentration of fatty acids. To enumerate and describe the indi-
vidual methods for purification would lead to a voluminous description
and extensive bibliography; therefore, only the principles involved,
including several typical references for each cese, will be classi-
fied. A list of methods of improving the quality of crude tall oil
follows:

1. Distillation with superheated steam (30, 31).

2. Vacuum distillation (30, 32).

3. Heat treatment to 250- 350° C. to effect a pyrolysis of
oxidiged rosin acids, the nrincival coler bodies, and
to expel odor and water (33, 3u).

L. Heat treatment ebove the melting point of tall oil salts
in the absence of air and water, accompanied by a
flushing stream of hot inert gas to carry awvay volatile
materials (35, 36).

5. Treatment with oxidixing or bleaching agents (hydrogen
peroxide, chlorine, hypochlorous acid, dbleaching powder,
hydrosulfites, nitric acid, oxygen gas, etc.) (37- 40).

6. Precipitation of color bodies from hydrocarbon solvents
(vensine or naphthe), with further utilization of de-
colorizing agents (charcoal, fuller's earth), furfural

or its derivatives, ethylene glycol, etc., to remove
impurities (41- L5),
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Treatment of tall 0il salts with strong alkall or of

the oil iteelf with strong mineral acids (U45-L47).

Such purifications have as their purpose the removal of the

objectionable characteristics of odor, color, moisture, etc., dbut the

resulting product has a composition only slightly modified. In order

to obtain a product with a high percentage of fatty acids with little

rosin or vice versa, further treatment i1s necessary. ¥requently the

use requirements prohibit mixtures such as normally occur in tall oil;

consequently methods for separating fatty acids from rosin acids have

been devised.

After a separation of unsaponifiable matter, a further

separation of the acids may be carried out dby the following briefly

outlined principles:

10

2.

Selactive glycerol or alcohol esterification of fatty
acide; separation dy distillation (48- 50).

Complete glycerol esterification with tin catalysts,
followed by a zinc-catalyzed hydrolysis of the fatty
esters; separation by distillation (51).

Selective esterification of fatty acids with an ali-
phatic monohydric alcohol of less than 6 carbon atoms
and & subsequent esterification of rosin acids with
glycerol; separation by dietillation (52).

"Complete esterification of doth acid fractions with

glycerol, followed by a transesterification of the
fatty esters with a low boiling monohydric alecohol:;
separation by distillation (53)

Selective esterification of the fatty acids with methyl
or ethyl alcohol, followed by a neutralization of the
rosin acids with aqueous alkali and an extraction of
the fatty esters with an immiscidle solvent. This
method may bde combined with the furfural purification
method previously outlined to accomplish both & purifi-
cation and a separation in one step (42, 54, 55).

Separation by forming water-soluble sulfuric acid esters
at the unsaturations of the fatty acids (L5).
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7. Separation by the selective liberation of the rosin
acids from sulfate soap by cardon dioxide gas or by a
calculated amount of acid. Separation is accomplished
by extraction. Hot secondary amyl alcohol dissolves
both fatty acid soaps and rosin acids; on cooling, rela-
tively pure crystals of fatty acid soavs separate (56).

8. Solution in liquefied propane and heating under pressure
causes the crystallization of rosin acids, which may be
separated (56a).

9. TFractional distillation of the acids (50, 57).

The above methods are not the only ones available, but they
comprise the more important proposals for the commercial separation

and purification of tall oil.

The fact that tall oil has not heen comrercizaliy markaeted
in this country is largely the result of the inability of the chemical
industry, at the present time, to yrodgco purified oils at a cost sub-
stantially lower than the commercicl/pricea of natural oils. Methods
are availables for the manufacture of\puch products, and it is possidble
that, because of the demand for and tA;*;uck of supply of natural
products, tall oil may find application 1n‘certain fields now uti-

lizing common fats and oils.
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APPROACH TO THE PROBLEM

Approximately 1000 pounds of green slash pine wood were
obtained directly from the stump to insure its freshness and divided
into two equal portions. Half of each bolt was placed in eaqh pOY-

tion, one of which was used as received and the other was seasoned.

By ether extraction of the green wood meal, the precursors
of the tall oil produced by pulping the green wood were isolated for
examination. A sulfate cook on another vortion of this green pine
wood under well-defined conditions produced a dlack liquor from which

sulfate soap and ultimately tall oil were likewise isolated.

After a prescribed seasoning periocd, the remaining half of
the pine wood was treated in the same manner as the green wood. ZXx-
traction gave a product containing the precursors to the tall oil

produced by cooking the seasoned wood.

As & result of such wood treatments, four products were
obtained--ether extractives and tall oil from green wog}. and ether
extractives and tall oil from seasoned wood. The attack on the prob-

lem involved the examination of these four materials.

Because primary emphasis was to be placed on the fatty acild
fraction of both extractives and tall oil, this fraction was isolated

from the other classes of materials present. After such a separation,
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those tests which give information as to the composition and the

effects of treatment were run on the fatty actid fraction.
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EXPERIMENTAL PROCEDURES

TRYATMEET OF THE WOOD

The wood used in the study of extractives and tall oil was

slash pine (Pinus caribaea Morelet), one of the common yellow pines

which ranges throughout the southern seadoard and gulf states. Ap-
proximately 1000 pounds {twelve 5-foot bolts) of this species were
sent by express in a green condition dirsctly from Brunswick, Georgia,
to Appleton, Wisconsin. To protect the wood from drying out during
the brief period of shipment, it was wrapped in asphalt laminated

paper.

Each bolt wae cut in half, one end of which was used for
green wood studies and the other was stored for ssasoning. This sea-
soning period was of four months' duration, dut the conditions of
storage only approximated those of actuel practice. Because the
winter monthe in Wisconsin are not conducive to outdoor seasoning,
it was necessary to store the peeled wood indoors where the temnera-
ture averaged about 70° ¥. Every week during the L-month storags
time, the wood was periodically showsered with water. This wetting
was necessery to prevent too rapid drying of the wood; furthermore,

it probably gave a closer approximation to actual southern seasoning

conditions.
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The green half of the wood was used immediately for pulping,

extrection, anslysis, stc. The data pertinent to the wood, as deter-

mined on the green wood only, are given in Table IT. '

ABLE. 11 ﬁ/ - !
DATA OF SLAéﬁ PINE
*Average specific gravity 0.569
Average growth rate, rings per inch 5.17
Average age, years | 15.0

Yood analysis (oven-dry unextracted wood basis)

Cross and Bevan cellulose, % 54.50
Lignin, % 28.20
Pentosans, % N 12.60
Uronic acids, % . 2v *7. ). 0.55

* Based on oven-dry volume.
\\
The procedures for the determinations given in Table II
were taken from Institute Group Prbcedures 31 and 30 and Institute
Methods 1lha, 13, 23a, and 25, respectively From these dntu, the

wood apvnears to be a normal sample ot a\typical sulfate pulpwood

GENERAL METHOD OF PREPARING EXTRACTIVES

From sections of each bolt of wood so chosen as to obtain
e representative sample, sawdust was preﬁared on a rotary saw fitted
with a box for collecting the product. This sawdust was further dis-

integrated in a Mikro-Pulveriser and then fractionated. A small
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amount of 40 to 60-mesh material was separated for analysis, snd a
considerable quantity of 20 to 100-mesh wood meel was prepared for

large-scale ether extraction.

Using & large Soxhlet apvaratus, £- 10-hour ether extrac-
tions were made until adbout 10 pounds of 20 to 100-mesh wood meal had
been extracted. Water was removed from the combined extracts by means
of a separatory funnel, and the ether solution was dried with anhydrous
godium sulfate. The dry ether solution was concentrated to & small
volume on a steam bath and transferred to a suitable round-dottom
flask with a standard ground-glass mouth. A fitting of this flask
with a Claisen distilling head and prover condensing and receiving
flask permitted the removal of most of the remaining ether in vacuo.
During the distillation, cardbon dioxide, dried dy dbudbbling through
concentrated sulfuric acid, was passed through a capillary into the
solution to prevent oxidation. A final drying period of 3 hours in
an oven at 105° C. in a stream of dry carbon dloxide gave the dry

extractives which were used for analysis.

PRODUCTION AND ISOLATION OF TALL OIL

The conversion of the extractives in wood to sulfete soap
by the sulfate pulping process has been reviewed in the histerical
section of this paper. The same process was carried through in th&séﬁ’

investigaticn.



- 24 -

The peeled slash pine wood was chipped in a small commercial
chipper Qith the knives set to produce a 3/M-inch chip. The moisture
content of the chips was determined (49.6% for green wood and 11.7%
f§r seasoned wood), :ndAa pufficient quantity of chips was placed in

/3 DIT I

the digester to £411 it to about three fourths of its capacity. Gener-

A

aliy. this required about 100 to 110 pounds of wood (oven-dry basis).

In order to producs sufficient tall oil for the projected
study and still work on a laboratory scale, a 1l3-cubic foot tumbling
digqster menufactured by the A. O. Smith Corporation was employed.
I€.1§ oquipndd:fo}‘nse with direct .or-indirect steam:t{ﬁdireet heating

is accomplished by means of a jJacket.

The sulfate cooking liquor was made up in a small steel
tank which was fitted in such & manner that the liquor was transferred
to the digester from a side outlet about 6 inches from the bottom. By
this means, the impurities settling from the strong liguor (260 grams

per liter as sodium hydroxide) were not introduced into the digester.

All cooks were made under practically the following con-
ditions:

Active alkali (as NaOH), % 25.
Sulfidity, % 31.
Water ratio, ml./g. 5.
Average maximur temperature, ° C. 17
1
3
r

oo

Time up to maximum temperature, hr.

Time at maximum texperature, hr,

Relief: at 100° C. and to 60 1b./sq. in. defore
blowing

Heating: indirect

NN
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At the end of the cook the pressure was relieved to

60 1v./sq. in., and the pulp and liquor were t¥en dlown into a pit
with & falase bottom separasted by a perforated steel plate. The hot
black liquor was withdrawn from this false bottom and stored in clean
50-gallon drums. Two such cooks vere nade ;:xggﬁh green and seasoned
wood, and in each case the second cook wae blown on top of the first.
As much of the hot liquor as possible was drained from the pit. An
overnight drainage period, followed dy soms presging.‘removed”mqre ,

g

liquor from the pulp. After pressing, the pulggvas approximately
N ' L.

flf‘v
4

The pulp from the green wood had a permanganate number of
15.5, whereas that from the seasoned wood showed a permanganste numder

of 16.9.

The rew black liguor obtained in such a manner had a spe-
eific gravity of 1.05- 1.06, which is approximstely the same as that
of sulfate soap reported by Drewsen (). "In order to build,ug the
specific gravity to approximetely 1.10, which peint Drewlen/ciiims
to be optimum for the separation of sulfate soap, the liguor was con-

centrated to about one half of its volume.

s = ¢
The concentration on a laboratory scale of about 70 gal-

lons of black liquor (the approximate volume recovered from two
.cooks) is & long and arduous process. Thereforey a special distilling
head, employing a change of direction trap principle, wae desicned

and constructed on a larger scale. It was necessary to incorporate

"
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a foam trap in the distilling head to remove water under reduced

pressure without loss of soap in the distillate.

The design of this apoaratus cen be seen from the photo-

graph (Figure 1) and from the cross-sectional diagram (Figure‘2).

%hen this distilling head was attached to a stainless-
steel resin kettle and connected through a miltitube condenser to two
aspirator-type vacuum pumps in parallel, the assembly for concentrating
black iiquor was complete. The kettle was equipved with a steam Jacket
for indirect heating and & motor-driven stirrer to insure more uniform
heating of the liquor. The distillate was collected in two 9-liter
bottles inserted in parallel bepwaen the condenser and the vacuum

pumos (Figure 1).

(peration of this apraratus was relatively smooth between
125 gnd 145° P. at pressures of 35 to 90 mm. of mercury. Foam from
the kettle passed through the expansion chaﬂberfa\(Figure 2) into

\

trep b where 1t dropred to the bottom, vapors passing on through\f‘

\ .

into trap e¢. If any foam entered(f} then trapic;provided a further
o

barrier to its entry into condenserkyf The foam in travs b and ¢ .

eventually broke and returned to the kettle through legs d and e.

It should be pointed out that certain features of the dis-
tilling head ere eszential to efficlent treoping of the foam. The
expansion chambor(é)is necessary to prevent foam from passine into
the treop system 1n”the form of slugs. In other words, it gives the

foam an opoortunity to bresk before entering the traps. The 1egs\d;
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. Figure 1 =

BLACK LIQUOR CONCENTRATION ASSEMBLY
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. Figure 1

BLACK LIQUOR CONCENTRATION ASSEMBLY
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and<;iin the return system, which retain liquor, prevent vapor from

entering the traps from the dbottom. This is very important. Vaéors
entering from the bottonm of the*trans would ceuse further expansion
of the foam in the traps until it nasaed.ovcr through g into condenser

h‘

/\

At first glance, leg;d.annears to he exceedingly long; how-
ever, it was found that the foam in expansion chaﬂber aT1ncreased the
friction to vapor passage to such an extent that a back pressure was
exerted through leg d; Thus, it is necessary to have a hydrostatic

head in leg d greater than this back pressure.

The construction of a complex trap system in the distilling
head was necessary, becauze 1t wses undesirable to incornorate anti-

foaming agents in the liquor.

Although the kettle used had a capacity of asbout 5 gallons,
only about half this volumP was mainteined. As the distillaztion
proceeded, additions were. made through the valve in the bottom of the
kettle (Figure 1). When the liquor became too thick for efficient
overstion, it was returned to %h; Qtorage drum and another vortion
added. In such a manner, the concentration of the liquor in the drum
was bullt un to the desired point. It was observed that the degrse

f{foaming decressed és the liguor became more concentrate?/ An aver-
age rate of distillation was sbout 1 gallon of distillate per hour.
Roughlx, -3 concentrationAyolgpnroximatgly helf volume geié & specific

Lo

gravity of 1.12,

-~
S
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The drum containing the concentrated black liquor wae placed
on a suitable rack, so that the temmerature nf the liguor could be
raised to U2° C. (6) by heating with & small burner. When this temper-
ature was reached and maintained, the licquor was drawn off from the
bottom and run through the separator bowl of a Sharples sunercentrifuge
from a head of 5 feet. The use of a Yo. 7-1/2 ring and a medium in-
jection nozzle gave a volume separation of about 5:1 with respect to
the heavy end ligsht fractione, the soaps being contained in the light

fraction.

After 24 hours, the soavns floating on the smaller fraction
were skimmed off and combined with the major portion of the socaps

vhich remained in the drum as the liquor was withdrawn.

The crude sulfate soans were purified to & considerable
[ 4 ot AT

extent byﬁa tr%ﬁleﬂsalting—oﬁt ﬁrocess. A waber solution of the soaps,

prepared by using the minimum amount of hot water, wee filtered through

L

e finely woven cloth and”hhén trezted with solid sodium chloride in

sufficient smount to give a salt concentration of 200 grams per liter.

With that concentration of aélt. the soaps aie salted out and float’ J

on the surface. The liquor was withdraswn from the bottom of the
separatory funnel. Thie salting-out process was reneated twice, the

maximum amount of liquor being withdrawn durins the last treatment.

Such treatment effects a considerable purificstion of the ,
preoc

soaps, which ere now suiteble for the liberation of thehiiil 0il, The

aeldification wae accomplisheé by the addition of sulfuric acid to a
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hot water solution (70° C.) until a pH of aporoximetely 5 was reached

?//. .

(8). Unfortunately, the liberation of tall oil was accomoanied by &
flocculation of alkali-soludble impurities, This-is an indication of
incomplete vurification of the soaps, bat further selting out of the

I
soapﬁgwas ast vractical,; as will be explatned. Tther extraction of

the acidified solution gave a solution of tall oiyccontaminated with v’

flocenlated ligneous material; hovever, these 1mpufitiea were effec-
tively removed by filtration. In explanation, it should be vointed
out. thet, on a small scale.ﬁgs éiwﬁofe effective and simpler to filter
off emall amounts of these impurities from the sther solution of tall

0il than to attempt a complete purification of sulfate soaps.

Any undiésolved water was removed from the ether solution
of tell oil in a sqbaratory funnel, followed by drying,the gther”.f;
solution with anhydrous sodium sulfate. The driedg;olﬁti6n was Ccon-
centrated on & stean bath to & small volume and transferred to a
tared l-liter round-hottom flask with a standerd ground-slass mouth.
The remainder of the solvent wes removed by vacuuh concantratién with
dry carbon dioxide pascing through the capillary. After a 3-hour

drying period in an oven at 105° C. in a stream of dry carbon dioxide,

the flask and tall oil were weirhed.

FEPARATION OF COMPONWNT CLASSES

In order to separate either tall o0il or the extractives of
wood into component classes, such ae unsaponifiables, rosin acids,

and fatty acids, well-known methods of analysis were used. Kurthu(ig)
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has reported a general scheme for the separation and analyeéls of the
extraneous compvonents in wood. His outline for th;’;naly;is of the
ether extractives is generally epplicable to the products encountered
in this 1nvest1gatio§;) Some modifications were made, but the princi-

vles involved are the seme.

The dry sample of extractives or tsall oil wae saponified by
refluxings with alcoholic potassium hydroxide solution, prepared ac-
cording to Jamieson (52). using 10 ml. of the alcoholic alksli per
gram of substance. After the addition of a suitable amount of water,
the unsaponifiable matter was oxtraéted with ether from the potassium
salts of the saponifiable material. This ether solution was wrshed
with water, dried over anhydrous sodium sulfate, filtgred, and‘con-
centrated. The concentrated unaaponifiahle solutionvwasﬂt;ahsferred
to a tared Trlenmeyer flask, further concentrated, and then dried in

an oven in a stream of dry carbon dioxide. After cooling and weighing,

the nercentage was calculated.
ao s "/‘ ' e
Thedsalta of the acids were transferred to & large sep-

aratory funnel end acidified with sulfuric scid. An ether extraction
removed the acids from =lyveer-l =nd weter., After washing the ether
solution with water to remove excess minersl acid, it was dried with

anhydrous sodium sulfate, filtered, and concentrated.

For the separation of rosin and fatty acids, the Hrefer-

AN

en#&al esterification method’his been recommended. Conridersble con-

troversy has been ralsed over the choice of a catalyst. Twitchell (60),
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Fahrion (61), Wolff and Scholze (62), and Schulz (63) advocated either
hydrochloric or sulfuric acid as a catalyst, but considerable dis-
agreement is found among these authors. However, the fact remains
that the sulfuric acid method of Wolff and Scholze gives a better de-
greegof geparation then the hydrochloric acid method. Kurth (§§)
recoghéﬁ&e&'the Wolff and Scholze method. Blengsli (64) studied the
degree of sulfuric acid ester formation<fthe controvereisl drawback
against the use of sulfurié acid as a catalyst, by following the
amount of free sulfuric acid in the esterification mixture. He con-
cluded that,below 35° C., substantially no sulfuric acid ester was
formed. DRecause the same degree of esterification of the fatty scids
can be obtained with a sulfuric acid catalyst at room temperature in

2 to 18 hours as by refluxing (62), the Wolff and Scholze method ap-

vesrs satisfactory.

For the purvose of this study, however, it was essentiel
thet no sulfuric acid esters result during the esterification, because
such & reaction would reduce the degree of unseturation according to

the following mechanism:

— (§=—CH— —_— — CH—
CH CH + Hésou GH2 CH

0S0,0H

— GH. — CH — drolysis, — CH, — —_
CH, c'm + B0 hydrolyels, —cH,— CHOH — + H,S0)

050,0H

Further, because the degree of unsaturation and the amount of oxidation

{as hydroxy or keto aclids) are fundamental maasuref of the effect of
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wood seasoning, no products ghould bde formed during the analyses which

would ceuse a misinternretation of the reaulta. It wags declided, there-
l/;

fore/,to determine whether sulfuric acid esters are formed during

esterification.

Relatively pure oleic acid (Hanus iodine number 91.2) end
2 c.p. abletic acid (¥astman Kodnk product) were mixed in known amounts.
Wolff and Scholere's method prodncnd a 98. Bqéper cent separation, which
is entirely satisfactory for this type of analysis. The iodine number
of the separated oleic acid was 93.8 after an approximate correction
for the rosin acids in the fatty acid fraction This is a zood sub-
stantiatﬁsa of Blengsli's t44ravion av&ﬁcnce that no sulfuric acia
ester is formed below 35° C. It was decided, therefore, to use Wolff
and Scholze's method et room temperature for the separation of rosin

end fatty acids. The method employed Aw-ms follows:

The amount of dry eclds was eetimated from the original
sample weight and fhe percentage of unsanonifiables, allowing for
glycerol loss in the case of extractives, Absolute ethyl aleohol
(7 m1. per gram of aclde) wes added to the acids and solution accom-
plished dy agitation. Then a 5:1 volume mixture of absolute alcohol
and concentrated sulfuric acid (3.5 ml. per gram) was carefully edded,

the mixture stirred, and allowed to stand for 20 to 24 hours.

At the end of this period, the mixture was carefully neu-
tralized to phenolphthalein with dilute (amnroximately normal) aqueous

sodium hydroxide solution. After transferring to a sevsratory funnel,
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‘/;he fatty estere were extracted with ether, adding more water, if

necessary, to obtain z sharp interfeace.

The water solution containing rosin salts was acidified with
sulfuric acid and extracted with ether. This ether solution was washed,
dried, filtered, concentrated, and transferred to a tared flask. After
removal of the ether in vacuo and drying in a carbon dioxide atmosphere,

the rosin acids were weighed and the percentage calculated.

The ether was evaporated from the fatty ester solution and
alcoholic potassium hydroxide solution (10 ml. per gram) was added
After refluxing for 30 minutes, & large volume of water was added and
the solution acidified with sulfuric acid. An ether extrasction re-
moved the fatty acids, thch were isolated and welghed in the same man-

ner as rosin ecids.

The oxidired fatty acids, which may be removed as a result
of their insolubility in petroleum ether, were not isolated at thils
point, as Kurth advoceted. Rather, these oxidired aclds were deter-

mined in the saturated and unsaturated acid fractions after separation.

Becauee of the difference in solubility of the lead salts
of saturated and unsaturated fatty acids in ether or alecohol, more or
less standard methods for their separation have been devised. Wh;
lead salt-ether method, as described in detail by Jamieson (59), was

used in these~ana1yues, -
/. (\ ,," . .
The genpral gcheme of mnalysis, as-described above, 1s "

diagaqued in Figure 3.
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METHOD FOR ISOLATING PHYTOSTEROLS

Although » quantitative determination of the phytosterols
was not c;rried out, a small amount was isolated for the purpose of
confirming the presence of such material in pine extractives and tall
ofl:i-

A sample of the unsaponifiable matter was diesolved in a
small smount of hot alcohol and several ml. of a 1 per cent alcoholic
solution of digitonin added (éﬁ). After cooling in = refrigerator,
the crystals of phytosterol digitonide were filtered off and air dried.
To obtain the acetate from the digitonide, the alr-dry crystals were
heated in sbout 5 ml. of acetic anhydride until solution was complete.
When cold, 30 ml. of 60 per cent alcohol were added, the precinitated
crystals filtered, a2nd washed with 60 ver cent alcohol. Hot 80 per

o
cent alcohol was used to dissolve t?e orystals an%:Qash the filter.
After allowing the phytosteryl acetate to crystallize in & refriger-
etor, the product was further purified by recrystallizatioqlfrom small
volumes of hot absolute alcohol until e constant melting point was .

obtained.

METHOD FOR DRTERMINING PRTROLFUM ETHER- INSOLUBLE MATHRIAL

As mentioned in the procedure for the sevaration of com-
penents, the | Bxidired fetty acids are difficultly soluble in netroleum'
ether. Instead of severating these insoluble materials from the vhoie

fatty acid fraction, they were sevarated from both the saturated and
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the unsaturated acids. By this modification, the degree of unsatura-

tion remeiaing-in the oxidized acids could be deter—ined - --p- i ‘tely.

An arbitrary method for a quantitztive estimation of vetroleum
ether insolubility was devised. The method, which gives comparetive

but not absolute values, is as follows:

(ne-gram samplea»of unsaturated acide and 0.5-gram samles
of saturated acids were weighed into small "rlenmeyer flasks. Petroleum
ether of a boiling range of 30- 60° C. (5C ml. per gram) was added, the
flasks stoppered, swirled to dissolve or disintegrete the samnle, and
the whole allowed to stand at room temperature for 24 hours. At the
end of this time, the precinitate was filtered through a tared porous
porcelain crucidle, using suction. The flask was weshed out with five
swall portions of petroleum ether, which were run throuch the filter.
“hen the nature of the insoluble material was such thet it remained,
for the most part, in the flask, no attempt was made to transfer it to
the filter; in that case, the residual petroleum ether was svanorated
off and the residue weighed. After dryine the crucible and contents
in & vacuum desiccator, this residue was also determined. From the
combined weighte of crucible and flask residues, the vercentaze of
petroleum ether-insoluble material (the oxidized fatty acids) wes cal-

culated.

DETERMINATION OF FOAM STABILITY

The foam stability of soap solutions was measured by the rate

of foam volume decrease. It was desired to determine the foam stebility
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of soap solutions of tall oil and unsaturated fatty acids from both
green and seasoned wood. To saponify the acidic components, 50 ml. of
0.5 ¥ aqueous sodium hydroxide were added to 2.5-grem samples of the
oils; after hesting on a steam dath until solution was complete, the
soap solution was trensferred to a 250-ml. volumetric flaek and diluted
to the marked graduation. One hundred ml. of the resulting (approxi-
mately 1 per cent) solution were added to a l-liter graduated cylinder
fitted with a ground-in glass stopper. After shalking the cylinder 20
times in an up-and-down-lengthwise fas@ion at the rate of one complete
shake per second, a stop watch was st;;iéd.;nd,readings of the foam
end solution levels were made at intervals throughout a 1l0-minute
period. %hen the liquor level reading was subtracted from the foam
level reading, the foam volume at any varticular time v#s obtained.

ALa&rve;of‘foam volume plotted against time gave comparative data on
, M
A L

foam stability.
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EXPERIMENTAL DATA AND DISCUSSION

The first step in the investigation involved an examination
of the wood.  -It is obvious that there is some relation between-the.
_nature of the t2ll oil and that of the wood from which it is obtained. -
(;W Becsause the precursors of tall oil are found in the oxtraneou; vart
of the wood, it seemed logzical to accumulate some information sdbout

the nature and amount of these materials in the wood.

Donmtrant proportions of‘ﬁhe.extraneous matter in wood may b
classed as extractives, removable with various organic solvents. From
previous studies, it is known that thg.gther extractives are comosed
of the same type of compounds which a;Q ?ou;d in tall oil. On the
other hsnd, slcohol and benrene remove tpese same materials, as veil
as others not extracted by ether. That some of these extracted sub-
stances are volatile is to be expected, and the degree to which such
volatile compounds are found in tall oil depends to & considerable ex-
tent on the conditions of pulving. It wae not intended to investigate
the pulping variables, but prelimincry studies were mede to determine
the voletile materiel in the wood. This value was taken s the dif-
ference between the yields of ether extractives from the orisinal wood

and the steam-distilled wood.

Various extractions were carried out on the green U0 to 60-

mesh wood meal and also on the sezsoned wood meel. The results of
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these analyses are shown in Teble Hii.. | -

TABLE III

TXTRACTION DATA®

Green Yood Seasoned Wood

Alcohol-benzene, % 3.0 2.1
Ether, % 2.3 1.4
Hot water (on alcohol-benzene extracted

wood), % 0.6 1.0
ther (on steam-distilled wood), % 1.1 0.8
Alcohol (on steam distilled-ether

extracted wood), % 0.2 0.3
Volatile (calculated), % 1.2 0.6

* Percentage dbased on the oven-dry unextracted wood.

The alcohol-benzene and hot water extractions were mede ac-
cording to_Ins‘ituto ¥ethods 11 and 10a; the ether extractions were
carried out for 8 hours following the general procedure of Instituts
Method 11l. The scheme reported by Kurth (§§) for separating volatile
matter, ether extractives, and alcohol-soluble materizl was followed
in obteining the last two sets of data. After steam dlstilling 4O to
60-mesh wood meal for 1 to 1.5 hours, the residual meal was filtered
throvgh an extraction thimble, air dried, and extracted with ether
and then with alcohol, The difference between the efher extractives
from the original wood and those from steam-distilled wood represents

& calculated percentage of volatile matter.
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The data in Table iﬁlwahow that the seasoning of wood re-
duces the total extractives. An interesting increase in hot water
eolubility was found, but whether this increase is a result of changes
in the extractives or in the wood substance is uncertain. The most
immortant result is the decresse in the vercentage of nonvolatile
ether extractives from 1.2 to 0.8. This i8 & certein indication that
seasoning has sltered the fatty and rosin scids in such a manner as
to decrease their solubility in ether. Although the percentage of
volatiles is decreased, the total loss of extractives cannot be attri-

buted to this class of compounds,

Kurth (58a) found little difference in the percentage of
ether extractives betwecn green and air-dried slash wood meal. He
used the term green wood to describe wood which had been received in
the fall and stored outside through a Wisconsin winter. His air-dried
vood was this particular wood after conversion ingo wood meal and air
drying for 20- 30 days. It is difficult to cormere these samples with

those revorted in the present study.

The attack on the problem involved the investigation of four
naterials--ether extractives and tall oil from green wood and the same
products from seasoned wood. These products were isolated from the
wood and separated into component zrouvs in the menner described abdove.

The data are given in Teble IV.

The first section of Table IV shows the percentages of the

various groups as they were determined on the oil. The second section
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shows the percentage, multiplied by 100, as cerlculated to the oven-
dry unextracted wood basis. To illustrate the chengee which occur
on cooking and seasoning, doth sets of data are necessary to avold
confusion. The first section shows the proportions of the components
in the 011, whereaas the other section indicates the proportions in

the wood.

An important consideration in a comparison of the tall
oils from green and from seasoned wood is the yield. The method of
isolation used necessarily ylelded only a fraction of the tall oil
available, for only part of the liquor was recovered. The percentage
of the liquor employed for tall oil recovery was determined by ana-
lyzing the black liquor for total sodium (Iﬁstitute Method 104).
From the volume of liquor and its soda analysis. the total sodium
(as sodium hydroxide) in the liquor recovered was calculated. The
ratio of this figure to the total alkeli (as sodium hydroxide) in-
troduced into the cook gives the percentage of the black liquor
actually used. It is true that such a celculation is based on the
essumntion that the sodium and sulfate soap were notxproferentially
absorbed in the pulp, but this assumption is ressonable. In Table V,
the yield date (both actual and calculated) are rebortedbfor the tall

oils from doth green and seasoned wond. \\

N\

As can be seen from Table V, a very marked reduction in the
vield of tall oil resulted from the seasoning of the wood. The cal-

culeted nercentage of tzll o0il yleld on the basis of the oven-dry “\

unextracted green wood corresponds closely to the percentaze of N

| X ‘
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TABLE V

TALL OIL YIZLD DATA

Green Seasoned

Actual yield (on oven-dry unextracted

wood basis), % 0.50 0.12
Actual yield (on basis of ether extractives), % 22.10 g.7u
Calculated total yield (on oven-dry unextracted

wood basis), % : 1.087 0.26
Calculated tota) yield (on basis of ether

extractives), % : 48,00 19.10
Calculated total yield, 1b. per ton of air-

dry pulp 43,25 10.40

nonvolatile ether extractives from green wood (Teble III). This may
be coincidental but, on the other hand, the mnnvolatile ether extrac-
tives mey represent the maximum possible yleld of tell oil. A com-
narison of the characteristice and vromerties of the tall oils 1is

given in Teble VI.

TABLE V1
TALL OIL CHARACT RISTICS

Green Seasoned
Saponification No. 180.5 173.3
Acid No. 171.3 154.9
Tster No. 9.2 18.4
Iodine No. (Hanus) 118.1 90.0
Index of refraction (n20) 1.5001 1.5200
Specific gravity, 20° C. 0.9687 0.9856

Optical rotation [«]5 ‘ 10.87 13.34
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The procedures for the determiuationAof these data were taken from

Jamieson (59).

The fatty acid fractions of both the ether extractives and
the tall oils were subjected to further study. The effect of wood
seasoning on the unsaturated fatty acids is illustrated by the data

in Table VII,
P

¥
TABLE %1%

CHARACTERISTICS OF UNSATURATED FATTY ACIDS

From Green ¥ood From Seasoned Wood
Extractives Tall 0il Extractives Tall 01l

Saponification No. 195.8 197.6 178.4 183.7
 Acid No. 190.9 189.2 165.5 176.6
Wster No. k.9 8.4 12.9 7.1
Iodine No. (Hanus) ~  132.8 116.4 95.5 98.6
Thiocyanogen No. 89.9 89.9 63.5 70.4

Petroleum ether-
insoludble, % 1.31 0.57 10.68 3.02

The data in Tables III, IV, V, VI, and VII give a good over-
all picture of the relationship of the extractives to tall oil, the

effect of cooking, and the effect of wood seasoning.

Several imvortant conclusions can de drawn from Table IV.
The decrease in ether extractives after seasoning, as was previously
pointed out, is marked in all three fractions: unsaponifiadbles, rosin

acids, and fatty acids. Although some groups decrease to a greater
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degree than others, no one class of compounds can be saeid to be the
sole source for the decresased yield of extractives in seasoned wood.
The loss in fatty acids is most dﬁ&staudins. It should also bs noted
that the percentage of glycerol (as esters), determined by subtracting
the total extractives in Tadle IV from 100, decreases on seasoning the
wood.

A comparison of the data for the unsaturated fatty acids
from green and seasoned wood (Tabdble #3&) shows the large decrease in
saponification number, acid number, iodine number, and thiocyanogen
number; én the other hand, the ester number and petroleum ether in-
solubi};ty 1nqreala. Thus, during the seascning period the unsaturated
acidp}undargo an increase in average molecular weight, a decrease in
unsaturation, and an increase in petroleum ether lncolubility‘and
ester formation. All of these changes would be accounted for ;}'tho

formation of hydroxy acids through reaction of the double donds.

The differance between saponification number and acid nusber
(termed ester nuaber) is g;ﬁd.cvidanco for the pvresence of esters.
However, the method followed in the isolation of the unsaturated fatty
acids (1.e., precipitation from an alkaline aquesous solution as lead
salts) gave little opportunity for ester formation decause alcohola |
were not present. Therefore, it seems lozleal to assume that th§
esters present are inner esters of the hydroxy acids or represent a
condensation o: two molecules of hydroxy acids. If this levthe case,

an increase in ester number indicates the formation of hydroxy acids
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as a result of the oxidation of double bonds. This would be proved

by an increase in acetyl numbeg,\'
’ - 4

In discussing the comoarison between extractives and tall
0il, it is necessary to treat separately the products from green and
seasoned wood, because it was obgerved that quite different relation-
shine were found for the two woods. This ie especially trus for the

+

characteristics of the fatty scide.,  ~ - o RS

oy

-

The data of Table IV show that all component groups deerease
in the amount recovered as tall oil from green vood and that the
unsaponifiable matter and rosin acids decrease te « groster degree
than do the fatty acids. The result of this difference is indicated
in the relative proportions of the components on the dasis of the oil,.
where the vercentage of fatty acide imcrease in tall oil. The éhungé
in the fatty acids during pulping is best shown in Table ii&: Sapon-
ificetion and acid numbers are changed but slightly, with the former
rising and the latter decreasing. However, the ester number shows &
significant increase, whgreas the amount of petroleum ether-insoludle
material decreases. It is difficult to explain the conflicting in-
dications of these data. However, there is some reason to belleve
that the unsaturated acids have, to a considersble extent, lost their
unsaturated nature (through oxidation of the double bonds) and are
ieoleted'lg'the saturated fetty acid fraction. The icdine number and

the percentage of petroleum ether-insoluble materials for the saturated

fatty acids isoleted from greesn and seasoned extractives and tall oil
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are given in Table WEIT. /

TABLE VIII

DATA ON SATURATED FATTY ACIDS

Petroleum Ether- Iodine ¥o.
Insoluble, % (Hanus)
Green wood extractives 1.56 13.68
Green wood tall oil 37.60 53.70
Seasoned wood extractives 39.h2 L4 .90
Seasoned wood tall oil ’ 9.6L - 71.60

The amount oftbxidized fatty ucids: as shown by the quantity
of the petroleum ether-insoluble material in the saturated fatty acids
fraction, is seen to increase to a very substantial proportion after
pulping the green wood. Keeping in mind that the same treatment in-
creases the ester number of the unqaturatod acids and lowers the per-
centage of oxidized aclds, it ap%écrnlthat the cooking conditions
change the nature of the oxidized acids so that either they are de-

stroyed or their lead salts become insoluble in ether.

Thiocyanogen theoretically adds at the one doudble bond in
oleic acid, at one of the two doudle bonds in lincleic acid, and at
two of the three double bonds in linolenic acid. On the other hand,
iodine adds at all the double bonds. Because the thiocyanogen velus
is reproiening,ln terms of the iodine eﬁuivalont. the thiocyanogen and
iodine values for oleic acid are the same, 89.9. The theoretical

thiocyanogen value of linoleic acid is 90.5--a value close to that for
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oleic acid, ané/yhat for 1inolenic acid is 182.5. Therefors, the

values from thioeyanogen and iodine determinations give some indi-

cations as to the individual acids{present in an oil.

The dats in Table }I"i; indicate that the lodine nunber de--
creases, whereas the thiocyanogen number is unchanged. This is an
indication that decreased unsaturation resulte from a destruction of
one of the two double bonds in a portion of the linoleic acid. Fur-

thermore, it apnears that no linolenic acld is present in the original

wood extractives.

Another point of interest is the increase of the iodine
number of the saturated acid fract;on. Theoretically, a saturated
acid should have_no fodine uunbeg;uiilﬁhts casé. however, where oxi-
dized acide Li; 1ﬁvolved. some dezree of unsaturation is found in the
ether—inyolublo lead salts, There are some unsaturated ecids whose
lead salts are difficultly soludble in ether: therefore, the saturated
acid separation is Bot uiways abdsolute. The cause for part of the
iodine number in the”;aturated acld fraction;‘nay be found in incom-
plete separation, but & large proportion of the i1odine absorption
pr;babig resﬁlts from the presence of slightly unsaturated oxidized

E————

aclds.

The total result of the alkaline nulping conditions on the
fatty acids from green wood appears to be a decrease in the degree of

unsaturation of the more uneaturated acids (i.e., linoleic acid),

wherein oxidised products are formed which are isolated with the
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saturated acid fraction. Although the petroleum ether insolubility
of the unsaturated fraction decreasee, greater esterification is pos-
sible a8 & result of a greater proportion of hydroxyl groups in the

oxidized acids present.

A loss of unsaponifiables is to be expected. Part of this
loes is_likely due to volatility. Furthermore, the unsaponifiadbles
are reteined in sulfate soap through an emulsification mechanism, and

4 - .

it 1is not‘prqﬁab1a~that such an occlusion would give a quantitative

recovery.

X¥o efforta were made to study the changes occurring in the

rosin acids during the pulping operations, but the decrease in these

the pulping conditions probadly change the nature of the rosin acids
80 that they are not effectively recovered as soape from the dlack

liquor.

Turning now to & comparison of the extractives and tall oil
from sessoned wvood, an entirely different result is found in the
characteristics of the fatty acid fractions. Mirst of all, the yteld
of tall o4l on the basis of the extractives present is less than half
-that from green wood (Table V). Although the proportions of the com-
ponent groups in the tall oil from seasoned wood are roughly the same
as those in green wood tall oil, the relationship of these components
to their precursors in the seasoned extrectives is considerably daif-

substances is more evident than that of the fatty acids. Here, again,
ferent from that observed in the case of green wood (Table 1IV).
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The fatty acids isolated from both extractives and tall oil
from seasoned woo¢ were studied in greater detsil than the other con-
ponents (Table !i;). Saponification and acid numbers increase, eater
number decreases, iodine and thiocyanogen numbers increase slightly,
and the petroleum ether-insoluble matter decreases. These trends in-
dicate an increase in unsaturation and a dscrease in average molecular
woigh@r Furthermore, the degree of ester formation was decidedly
less, as was the amount of petroleum ether-insoluble material, which
points to a loss of oxidized fatty acids during pulping. This effect
is in contrast to the results noted for green wood, dbut the nature of
the extractives before subjection to drastic alkaline conditions was
also consideradbly diffcra?t. In seasoned extractives, the unsaturated
fatty acids have undorgone‘an 6xidation at the double bonds. It is
possible that these oxidized acids are unstadle and under cooking
conditions are split at the point of oxidation into fragmentary com-
pounds. Such a decomposition would result in the loss of petroleum
ether-insoluble material, a decreased ester value, and increased

aclid, ssponification, {odine, and thiocyanogen numbers. These results

are shown in Table VII.

A further evidence that the high state of oxidation of the
seasoned extractives is reduced, probably by destruction of oxidized
acids, 15 shown by the decresase in petroleum ether-insoluble material

of the saturated fatty acids (Table VIII).

The thiocyanogen numbers on the unsaturated fatty acids

from extractives and tall oil from seasoned wood are exceedingly low




- 53 -

(Table VII). Indeed, thesze figures are lower than theoretical for
oleic acid, the least unsaturated of the acids which normally are
present in this fraction. This is a very interesting result and raises
the question as to the reason for‘such low valuos. Although no ex-
perimental data can be given t?iilluesfato the following hypothesis,
there is reason to cnggont that the oxidized acids present may de the
cause. Thiocyanogen is known to add at one of the two double bonds

in linoleic acid and at two of the three double bonds in linolenic
acid, This 1s an indication that some of the unsaturated linkages

are more reactive than others. The point of oxidation of the unsatu-
rated acids may be these more sensitive double bonds. If so, then the
reactivity with thiocyanogen would be reduced. Whether or not the
remaining doudle bonds would absord thiocyanogen is, of course, un-
certain; however, it 1s possible that the oxidired acids present,

which are sonewhat unsaturated do not add thiocy&nogan. fu“tnti

theory the answar to the low thlocyanogen values muyuhczﬁzmmt

The effects of the cooking conditions on the seasoned ex-
tractives are in contrast to those noted for green extraectives. The
chief effect seems to be a destruction of oxidized acids.

S ] s A SR
One of the principal objectives of the investigation was to

determine the difference between tall oil from green wood and that
from seasoned wood. The characteristics of the whole tall o1l crudes
are given in Tadle VI. It should be pointed out that sessoned wood

tall o0l) shows very marked differences from green wood tall oll. Sinee.



-S4 -

the cooking conditions were almost identical, these differences must
be the result of the seasoning of the wood. It apnears, therefores,
that oxidation during the seasoning period alters the nature of these
acids before pulping: consequent cooking introduces further changes
end, as a final result, the tall oil from seasoned wood is decidedly

different from the green wood product.

In addition to substantial decreases in scid, saponification,
and iodine numbers, the ester value iz doubled and thephysical=chemi=
cal-eenstents.-refractive index, epecific gravity, and optical rota-
tion--are likewise increased. Visual differences were also observed;
the seasoned wood product had a darker color and a greatly increased
viscosity. All of these differences point to decreased unsaturation,
increased average molecular weight, and increased influence of func-
tional groups. It qépoaro;%fkeiy. then, that oxidation and perhavs
some kind of polymerization are the chief reactions which have taken
place. The fact that the entire nature of tall o0il is dependent on

the degree of wood seasoning is very definitely shown by these data.

The fatty acid fractions from green and seasoned wood tall

oils (the characteristics of which are presented in Table\firl show

. the same indications of oxidation at the double donds. This is sup-

ported by the percentage of petroleum ether-insocluble materisl.

v

After both green and seasoned wood tall oils were isolated,
tests on the foam stability of their wodium soaps were msde according

to the procedures outlined veriter. Curves indicating the rate of
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foam volume decrease for 1 per cent soap solutions of both tall oils

are shown graphically in Figure U.

The obvious conclusion from these curves is that green wood

tall o1l soaps form a much more stable foam.

The same stability tests were then applied to 1 psr cent
soap solutions of the unsatureted fatty aclde isolated from the two

tall oils. The curves representing their foam stadbility are shown in

Figure 5.

It is very interesting to note that the foam volume of
1 per cent sodium soaps of unsaturated fatty acids from the two tall
0ils decreases in a manner similar to that of the tall oil soap?.~‘£ho
difference between the green and seasoned wood fatty acid soaps is

somevhat more pronounced, but the general result is the same.

Ths nuture of these foams was also quite different, the more

stable beﬁng compact, wheress the weaker foames were loose and friable.

Jrom these curves it appears that the decfeased foaming of
the black liguor from seasoned wood is, at least in part, a result of
changes in the nature of the tall oll soaps therein. Furthermore, the
fatty acid fraction of these tzll oils is & principal factor influ.

sncing this effect.

Further evidence for this conclusion is found in the surface
tension of 1 per cent soap solutions of these oils. The date as de-

termined on the du No:y precision tensiometer are shown in &ablo‘ﬁé?“‘
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TABLE .I¥ j/

SURFACE TENSION DATA

Surface Tension

dynes per cm.
Green wood tall oil 40.10
Seasoned wood tall oil 42.06
Unsaturated fatty acids from green wood tall oil 38.08
Unsaturated fatty acids from sesasoned wood tall oil 40.42

Both the whole tall oil and the unsaturated fatty acids from
the green wood show lower surface tension values by approximately 2
dynes per centimeter. This difference is not great, but yet it may de

sufficient to have some effect on foam stability.

!ho essontiul difference between green and seasoned wood
acids was- thaun %o be a result of oxidation at doudble bonds of the
fatty scids, prodbadly to hydroxy acids. The question of foam stabili-
ty may depend upon such s chnnge. In a soap film the molecules have
some degree of orientation, which probably depends upon their lyophilic
and lyophobic groups, or more specifically on the polar groups (66, 67).
The sodium salt formed from the carboxyl group is more compatible with
water and probably is attracted to the inner water layer of a soap
f£ilm. However, other functional groups in the fatty acid chain, such
as double bonds, hydroxyl groups, carbonyl groups, etc., may de of
great influence in goveraning the position and arrangement of the lyo-

phobic chain. For example, the double bonds present in sosps probadbly
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are attracted to the wvater layer of the film, whereas a less hydro-
vhilic group would allov the whole chain to protrude away from the
vater layer. On the other hand, it seems likely that hydroxyl groups
would increase the hydrophilic nature of the whole soap molecule,
perhaps to such an extent that the arrangement of soap molecules at

the film interface would be somewhat random.

In theory, such a random orientation could reduce the strength

of the soap film. Because the proportion of oxidiszed fatty acids in

the seasoned wood tall oil is considerably increased and the degree of
unsaturation decreased over that of green wood tall oil, a cause for
decreased foaming may be found in the more hydrophilic nature of the
functional groups of the fatty acigp. \There is no assurance that such
a mechanism is the nqlg/ﬁau;o fof ﬁho reduced foeming of seasoned wood
black liquor, for other components in the tall oil soaps, as well as
substances in the black liquor which are not present in tall o0il, may

have some effect.

In addition to the decreased foam stability per unit weight

of seasoned wood tall oil soap, the amount of tell oil ind thus the

1

concentration of sulfate soap in seasoned wood black ltﬁuor (Table V) \
are decreased markedly. It apvears, therefore, that the decrease in |

/ .
foam troubles in sessoned wood black liquors 1s s result of a combi- 5

nation of these two factors.

Some further work was carried out on the unsaponifiable frac-

tions of both extractives and tall oil from both green and seasoned
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wood. A phytosterol materizl was isolated by the digitonin method
described in tht'p};ééding section. After the formation and purifi.
cation of phytosteryl acetate, the melting point was determined. It
wes found that tﬁe ph{tontgryl'acotutoa from all four of the unsaponi-
fisdle fractions m;\ melting point of 120° C. This is in agreement
with data reported by Kurth (28) for phytosteryl acetate from yellow

pine extractives.

The phygoste#ols, althong?‘they gqre not/studiod quantitap‘
tively, seem %o remninfungltérod dnriug,WBod toasdﬁing and cooktng.//

- J//

Because some authors have denled the presence of solid fatty
acids in tall oil, it was interesting to note that all four materials--
green wood extractives and tall 0il and seasoned wood extractives and
tall oil--contained small amounts of saturated fatty scids. An at-
tempt to identify the solid acid from green extractives was made. Re-
crystallization of this product from 80 per cent ethyl alcohol produced
an acid which melted at 66- 68° C. Further recrystallization did not
change the yellowish color or improve the sharpness of the melting
point, but it is possidle that a well purified product might prove to
be stearic acid. Kurth (gg) has reported stearic acid in the ether

extractives of longleaf pine.

EXTRACTIVES OF LOBLOLLY PINE

In addition to the data presented in the main body of this

thesis, a partial analysis of green loblolly pine wood (Pinus taeda L.)
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;nd the ether extractives therefrom is here appended. Thess data were
determined in the same manner as descrided for slash pine. 3Because the
yield of extractives wes exceedingly low and since a loss of tall oil
from this wood occurred accidentelly, the investigation was abandoned
in favor of slash pine. However, the data in Table X show a striking

contrast to those for slash pine presented in Tables II, III, and IV.

TABLE X
DATA ON GREEN LOBLOLLY PINR

Average specific gravity 0.53
Average growth rate, rings per inch 4.93
Average age, years 18.0

Wood analysis (oven-dry unextracted wood basis)

Pentosans, % 8.83
Cross and Bevan cellulose, % 59.00
Lignin, % 27.10
Uronic acids, % : 0.79

Extractions (oven-dry unextracted wood dasis)

Alcohol-benzene, % ' 2.76
Ether, % 1.83
Hot vater (on alcohol-bensene extracted wood), % 1.24
Ether (on steam-distilled wood), % 1.35
Alcohol (on steam-distilled and ether-extracted

vood), % 0.21

Volatile (calculated), % 0.48

Ether extractives analysis (on the basis of the oil)

Unsaponifiable, % . 15.80
Rosin acids, % X 37.20
Tatty acids, % ‘ 43.60

Total, % ‘ 96.60
Saturated fatty acids, % ‘ 2.28
Unsaturated fatty acids, § 41,32

Hanus iodine number 113.5
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~

Although these data do'hot {}t in the problem as it was pro-
N/
Ny
posed, a comparison with the correspﬁhding dats for slash pine gives
emphasis to the dependency of tally%il on the specles of wood used as

& source.
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SUMMARY

Green slash pine wood bolts directly from the stump were cut
in half: one set of halves was stored for U months to season, whereas

the other set was used immedistely for green wood studies.

In order to duild up a historical dackground for the wood,
its physical and chemical properties were determined. The age, growth
rate, density, chemical composition, etc. were recorded so that the
tall oil and its precursors in the extraneous portion would also have
a definite history. The nature of the extractives from both green
and seasoned wood was determined by various extractions. The ether,
alcohol, alcohol-bentene, and hot water solubilities, as well ae the

volatile matter, of the wood mesl were measured.

After this preliminary information had been assemdled, &
study was made of the effect of wood seasoning on the ether extractives

and the tall oll.

The precursors of tell oil (the ether extractives) were iso-
lated from both green and seasoned wood {n sufficient quantity by

large-scale extraction in a Soxhlet apvaratus.

Tall oil was also prepsred from both green and seasoned wood

by sulfate pulping under well-defined conditions, concentration of the

black liquor, separation of the sulfate sosps, and acidification. This
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crude tall oil was mechanically purified and dried, and then subjected

to further study.

The four fractions--green wood extractives and tall oil and
seasoned wood extractives and tall oll-.-were examined. TFach was sepa-
rated into component groups of unsaponifiables, rosin acids, and fatty
acids (both saturated and unsaturated), and the percentage of each

group was determined.

The chemical properties of the unsaturated fatty acids were
then studied, because this fraction vas of primary interest. Saponi-
fication, acid, ester, lodine, and thiocyanogen numbers and petroleum
ether-insoluble meterial gave good indications as to the differences

between the fractioas.

A comparison of the whole crude tall oils from green and
ssasoned wood was also made. !ibld?;;ponification. acld, ester, and
iodine numbers, index of refraction, specific gravity, and optical
rotation were determined. These results showed striking differences--

with trends toward reduced unsaturation.

In order to ascertain the foam stability of tall oil scaps
and soaps of the unsaturated fatty acids therefrom, the rate of foam
volume decrease of 1 per cent solutions was measured. This infor-
mation, together with surface teneion measurements on 1 per cent soap

solutions, gave data showing considerable differences between green

and seasoned wood products.
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Phytosterols (as acetatey) were 1solated from each of the
four unsaponifiable fractions. The melting points were found to de

identical.

In the discussion of the results of the experimental work,
comparisons are made between green and seasoned wood products, between

extractives and tall oil, and between fatty acids and other components.

»
Jos

Several thqaritl are advanced which attempt to explain some

Ed

of the results of the experimental determinations.

A complete analysis of the wood and extractives of green

loblolly pine is given.
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CONCLUSIONS

In the seasoning of slash pine wood, several imnortent
changes occur in the extraneous matter. The most outstanding of these
is the decrease in ether solubility. This decrease is not confined to
a loss of volatile matter. On the contrary, very substantial decreases
in the percentages of fatgy acids and rosin acids are noted. The loss

of fatty acids is most prominent.
(-\

The yield ;g&‘properties of the tall 01l are largely de-
vendent on the degree of seasoning of the wood., The-yleld of tall oil
from the seasoned slash pine is less than one-fourth that from green
slash. Seasoned wood tall oil shows decreased unsaturation, increased
average molecular weight, accentuated physical properties, and in-

creased color. These changes appeer td be a result of oxidation and

perhaps polymerization.

There ia some relation between the composition of tall oil
and the nsture of the ether extractives of the wood; however, some of
the components are not recovered in the form of teall 01l as efficient-
ly as are others. Tall oil from both green and seasoned wood is com-
paratively richer in fatty acids and poorer in rosin acidq\th&n the

ether extractives.

The fatty aclds in green wood undergo a decrease in ﬁ%ﬁw

saturation on seasoiing;’ Conlldnr‘ble amounts of what may-be hydroxy
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fatty acids are formed from the unsaturated fatty acids through oxi-

dation by air during the seasoning period.

The effect of the cooking conditions on green and seasoned
extractives is very different. Green wood extractives are not lost
during cooking and isoletion of tall oil to as great an extent as are
seasoned vood extractives. The oxidizod :c&&t appear to e partially

destroyed during cooking.

In the pulping and 1solation operations, green wood fatty
acids undergo a decresss in unsaturation. It appears that this de-
crease is chiefly a result of the oxidation of one double bond in

linoleic acid. On the other hand, the fatty acids in toasoned wood

\\/“

are already in a highly oxidized state, and these oxidiszed Acids are
oither destroyed or lost during the pulping operation. Consequently,
the resulting tall oil contains fatty acids of epparently higher un-

saturation than 4o the seasoned extractives.

Although this point requires further chemical preof, a
hypothesis expluining an ester number in tall oil 1s the presence of
hydroxy acids which oc%o:t!y with themlelvoc or with carboxyl groups

|

of adjacent molecules.
,’,

Tall 0il from slash pine contains so0lid fatty acids, of which

stearic acid may be a constituent.

A phytosterol matertxl (acetate, melting at 120° C.) was

found in each of the tall oils; the products were identical with those
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1s0lated from the green and seasoned extractives.

The soaps of tall oil in dlack liquors ara»foie&ed;to the

‘ problem of foaming, "éhi so#pl from seasoned wood tall oil show con-
siderably lower foam stability than thoss from green wood. Further-
more, the soaps of fatty acids from seasoned wood tall oil are much
less stable than those from green wood tall oil. The oxidation of
double bonds appears to be one cause for this reduced stability. This
effect, in comdbination with the decreased concentration of soaps,
seems to be the resson for reduced foaming troubles with seasoned wood

black liquor during evaporation.

It should be pointed out that there are numerous variables
affecting the yield and quality of tall oi{l. Not only do the age,
proportion of heart- and sapwood, species, degree of seasoning, etc.
of the wood exert a direct influence on the resulting tall oil, dut
the conditions of pulping also have a direct effect. Therefore, a
complete history of the wood and its treatment is necessary for an

accurate evaluation of tall oil.

i
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