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Abstract:

The object of this project was to develop an economical method to obtain high-purity beta-pinene from
Waldorf-Hoerner crude sulfate turpentine produced at Missoula, Montana; The basic raw material for
this project was the crude sulfate turpentine from the Waldorf-Hoerner mill. The alpha-pinene and
delta-3-carene content of the crude varies extensively over any given period of time, but the
beta-pinene content,remains quite constant at 10 percent of the crude.

Batch distillation was used as the method of separating the turpentine into pure components. The
material most frequently used as a distillation charge, for the project was a fraction of the crude
turpentine consisting of 40.0 percent alpha-pinene, 4.5 percent camphene, 24.0 percent beta-pinene,
and 31.5 percent delta-3-carene.

Gas chromatography was used for compound identification and determination of sample compositions.

The effects of column height, reflux ratio, and steam on the separation of the turpentine components
were, investigated. Scouting experiments showed that a 45 theoretical plate column operating at a 30:1
reflux ratio and steam distillation would have to be employed to obtain high purity,beta-pinene.

The process proposed for the separation of the alpha-pinene, beta-pinene, delta-3-carene fraction
requires two batch distillation columns. The firs.t removes alpha-pinene at a 10:1 reflux ratio, steam
distillation; the second separates a beta-pinene, delta-3-carene concentrate at a 30:1 reflux ratio, steam
distillation, to obtain high purity beta-pinene and delta-3-carene plus a midfraction that is returned to
the process as recycle..

An economic study of the process shows a 102.8 percent return bn an investment of $82,383 for a plant
processing 2100 gallons of terpenes per. week. The payout time is 0.91 years. The plant and process
described in this report would be economically feasible to build and operate.
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ABSTRACT
The object of this project was to develop an economical method
to obtain high-purity -beta-pinene from Waldorf-Hberner crude sulfate
turpentine produced at Missoula, Montana,

The basic raw material for this project was the crude sulfate
turpentine from the Waldorf-Hoerner mill. The alpha-pinene and delta-
3-carene content of the crude varies extensively over any given
period of time, but the beta-pinene content.remains quite constant
~at 10 percent of the crude.

Batch distillation was used as the method of separating the
turpentine into pure components. The material most frequently
used as a distillation charge for the project was a fraction of
the crude turpentine consisting of 40,0 percent alpha-pinehe, *.5
‘percent camphene, 24.0 percent beta-pinene, and 31.5 percent
délta-3-carene. :

. Gas chromatography was used for compound identification and
determination of sample compositions.

The effects of column height, reflux ratio, and steam on the
separation of the turpentine components were. investigated. Scout-
ing experlments showed that a 45 theoretical plate column operating
at a %0:1 reflux ratio and steam distillation would have to be
employed to obtain high purity.beta-pinene. .

The process proposed for the separation of the alpha-pinene,
beta-pinene, delta-3-carene fraction requires two batch distilla-
tion columns. The first removes alpha-pinene at a 10:1 reflux
ratio, steam distillation; the second sepérates-a beta-pinene,
delta-3-carene concentrate at a 30:1 reflux ratio, steam distilla-
tion, to obtain high purity beta-pinene and delta-3-carene plus a
mldfractlon that is returned to the process as recycle..

An economic study of the process shows a 102 8 percent return
on an investment.of $82,383 for a plant processing 2100 gallons of
terpenes per. week. The payout time is 0.91'years. The :plant and
process described in this report would be eCOnomlcally fea31ble to
bulld and operate.




INTRODUCTION

Montana was introduced to the pﬁlp and paper indusﬁry in, 1959
with the construction of a pulp'mill in thexﬂiséoula, Montané area.
The mill was built by the Waldorf-Hoerner Paper Products Cempany, and |
it utilizes the Krafﬁ sulfate pulping process. The<procéss is es-
-pecially suited for pulping the softwbod found in the-ﬁorthwéstern

United States. ' - : L

"The transformation from woed to pulp take§ place in large cylin-
drical retorts called digesters. Here the action of heat, steam,
pressure, and highly basic chemicals sepafate the cellulose fibers
from wood ohipé by partially_hydrolyzing_the lignins and lower car-
bohydrates in the wood. When the pulp is discharged or "blown" from
the d&gesters,.a foul-smelling, condensable vapor is liberated (6).
Thislvapor, when condensed, is called crude sulfate turpentine.

. The vapor, when not condensed, becomes an air pellubant.

:The Waldorf;Hoerner mill produces 7000 gallons of crude sulfate
"turpentine weekly (3); since there is yet no industrial use for the
material, the condensed turpentine becomes a‘liquid waste product
:ﬁhich must be disposed of. The mill cannotlprofitaﬁly condense the

orude'turpentine until a use is found for the material and a market

is established.

Wwalderf crude sulfate turpentine conslsts essentially of five

partially unsaturated cyclic hydrocarboné.' The five compounds are
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isomers of the molecular formula C1oH14- Table 1 shows the structures
of each of the isomers (4). An anélysis of the crude turpentine is
shown below. The analysis is not exact and is ﬁsed here for illustra-

tion only.

Waldorf-Hoerner Crude Turpentine

Alpha-pinene 349
Camphene 2%
Beta-pinene 10%
Delta-3-carene -42%
Dipentene 12%

Markeﬁs'are available forlall but delta-3-carene, and research is
currentlj being conducted toward industrial application of that com-

pound.

This research project is concerned with determining an economical
process for recovering the beta-pinene from Waldorf crude sulfate
turpentine. It is desired to use a distillation process that will

yield beta-pinene of purity in excess of 90 percent.

Since beta-pinene is used as a starting maferial for many
induétrial processes, market availability.does not present a problem.
Linalool is made from betg—pinene and is used in floral perfumes and
colognes. Ciﬁral, anether product made from betafpinene, has a lemon
odor and:iS“used,in flavorings and perfumes. A process involving thermal
isomeriza%ion and chlorination‘of_beta-pinene yields citronellol-which

is used in the soap industry (1). The Glidden Chemical Company
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supplies 40 percent of the United States market for levo-menthol with _

a complicated process using beta-pinene as the sole starting material

(7).

The low‘percentage of beta—pinéne in the crude sulfaté'turpentine
suggests difficulty in obtaining a 5igh yield -of high purity‘be%afpinene,‘
Although cfude turpentines prb&uoed in other sections of the coﬁntry
have'hiéher beta-pinené,content (up to 22 percent), they will not be
considered here (). This project is directed exclusi&ely to:pfo-
duction of betafpinené:from Waldorf;Hoerner'crude turpentine. This
work is but'one phase of a:broad project underway for the purpose
of producing a group of marketaﬁle, profitable prdduefs from-the

crude sulfate turpentine that is now being destroyed:'

'.Distillation\was chosen és the method,df.separating'the turpén~
tine components for two ﬁajor reasons. First, it is the method most
éommonly empioyed to separate totaliy miscible ofganic ligquids;
second, previous research conoe;ning the distillétion of Waldorf
crude turpentine had been conducted by Isaacson and McCumber (4 & .5);
it was desired‘to follow their génefél plan . of attack, since the
ultimate plan is to unitize thg total research into an economic in-

dustrial plant design’ .

Steam distillation found extensive application in this project

because of the high boiling points of the terpene components. Since
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‘water is immiscible'with the crude turpentiﬁe, the partial pressures
of eaph.phase are, additive, and the boiling temperature of ﬁhélfwo
phase system is less than that of pure water. Therefore, the high-
boiling terpénes can.bé distilled at a boiling temperature below
that of water. This pfé%ents decomposition and polymerization of

the terpenes, as well as effecting a better separation between

components.

When a mixture of two Or .more comﬁonents,is distilied, a midfrac;
tion is nearly always obtained between any ftwo pure components. Be-
cause terpenes are difficult to separafe, as much as 20 percent of a
crude'turpentine charge’must be taken off as midfraction. Since this

'amounf of material cannot be economically diséarded, the midfractien
) must be returned somewhere to the system as recycle. Much of this
projgct is devoted fo finding the opﬁimum procedure for handlin

distillation midfractions as recycle.

Reflux ratio has a large effect on both the amount of midfraotion
obtained and the purity of.the isoléted components. It was anticlipated
that because of the low peroghtage of'betﬁrpinene in the crude turpen-
tine, a high reflux rafio wili ulﬁimately:haVe'to‘be gsed to obtaih a

good yield of high purity beta-pinene.




RESEARCH OBJECTIVES

The main objectives of this project were~£o determine the beta-~
pinene content of the Waldorf-Hoerner crude sulfate turpentine from
Missoula, Montana; to ebtain beta-pinene of purity comparable to that
used by industry; to determine the optimum operating procedure and
conditions necessary to produce the high purity beté-pinene; énd to
compile an economic evaluation of the process for industrial appli-

cation.

Since production of beta-pinene from Waldorf-Hoerner crude bturpen-
tine necessarily meant separation from alpha-pinene and delta-3-carene,
considerable attention was devoted to removing these two terpenes as

high purity by-products.




EQUIPMENT AND MATERIALS

A. Distillation Egquipment

During the first four months of the project, the distillation
column used to'attempt sepgration of beta-pinene from alpha-pinene and
delta-3-carene wasla four-foot glass.cylinder of 1.0 inch diameter.

To deckease hea@iloss from the column, the 1.0 inch cylinder was placed
inside’ two othef concentric glass cylindérs of 2.0 and 3.0 inch
diameters, respectively. The middle cylinder was wrapped witﬁ Nicrome
wire as a heating coil. The 1.0 inch inner cylinder was equipped |
with ground glass jéints (ball joint on bottoﬁ,,taper join on top)

to facilitate removable connections with the stillpot and condensiné

head.

The packing selected.for the 1.0 inch Inner cylinder was Fenske
rings, one-eighth inch stainless steel helices. This particular
packing was chosen because it has a high void content (about 50 per-
cent), resists corrosion, and can be readily cleaned by many solventé,
exclﬁding strong acids. The c&lumn had approximately 25 theoretical

plates.’

When 1t was determined thaf the four-foot column would not allow
the desiréd terpene separations, a three-foot section of colum identi-
cal to the one described above was placed on top of the existing column.
The columns were joined by using a taper joint-ball jolint ground glass

adapter. The adapter-was also packed with Fenske rings and insulated -
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.to 1incorporate the connection section as a part of the column. Cali-
bration with a toluene-methylcyclohexane system showed that the column

contained 45 theoretical plates.

A Corad head was used to serve the dual purpose of condensing the
overhead product and establishing the desired reflux ratio. Although
the head offers a .variety of reflux ratios, 10:1, 20:1, and 30:1 were

the ratios used for this project.

A two-liter fldsk was used for a stillpet because of the large
liguid vdlame_required for steam distillations. .It was observed that
atmospheric distillation could not be carried ouf in an open stillpot
because of the combined.influence of the high-boiling terpenes and the
large amount of heat loss through the glass of the stillpot. . In an
effort to reduce the amdunt of “heat loss, the stillpot was wrapped
first with a layer of fiberglass insulation followed by an outside

shield of heavy aluminum.foil. The loss of heat was decreased

sufficiently enough to allow atmospheric distillation of the terpenes.

Heating equipment for the stillpot and column consisted of
heating mantles and Powerstats. A distillation equipment diagram

is shown in Figure 1..

B. Analytical Equipment
The terpene samples taken throughout the entire project were

analyzed for percentage compositions with a gas chromatograph
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manufactured by the Wilkens Instrument and Reseafch Company. The.
particular column used for terpene analysis was a six foot long steel
tube packea with Ucon polar 50, HBJ-100 with a support made of Chromo-

sorb P.

Chromatographic peaks were recorded on a Minneapolis-Honeywell .
recorder and:the‘chromatograms were converted into percentage composi-

tions with the use of a compensating polar planimeter,

5

It is of interest to note that a refractometer was.not used for
terpene analysis in this project. The major reason is that it is no?
.pgssible-to.obtéin bompletely pﬁre terpenes from which standard weigﬁt
percent solutions car be made for refractive index calibrations. The
refractometeriwas used once when the number of theoretical plateé of
the distillation celumn were determined experimentally with a toluene-

methylcyclohexane system. .

C. Materials

The basic raw material used for this process-waé tﬁé crude suifate
turpentine from Waldorf-Hoerner. The beta—pinéne.oontent of this crude
turpentine is low (average of 10 percent) compared to crude turpentines
£rom pulp mills in other part of the country (4). The Missoula turpen-'
tine is uniqﬁe'iﬁﬂfhaf it gonfains a high percentage of delta-3-carene.
The presence of this compound caused a difficult separation problem which

. will be discussed abt length in a following section.
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Terpené samples needed for calibration, component identifications,’
and equilibfium'studies were either impossible to obtain from outside
sources or were of such low purity that they were too inaccurate to
use for these purposes. High purity samples used for,equilibrium data -

determinations were manufactured by the author.
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RESULTS AND DISCUSSION

- A. Exploratory Distillations

The first important step toward the separation of high purity’
beta—pihene from the crude sulfate'turpentine was to determine at
what reflux ratio and under what particular conditions the separa-

tion'would be carried out.

Because beta-pinene lies between aipha-pinene and délta-3-
carene witﬁ respect to boiling points, it was assumed that the sepaF
ration problems encounteéred would be betweeﬁ‘beté-pinene and alpha-
pilnene and between beté—pinene and delté;B—baréne.' Since the two
separations mentioned above were of primary inferest, a mid-fraction
of the crude turpentiﬁe consisting of alpha-pinene, beta—pinené, and
délta—}-carene was used as the charge.material_for nearly all the

distillations carried out during this project.

The separation capabiiities éf a distillation cpluﬁn under any
given conditions were determined by sampling'%he overhead -{distillate)
and determining its composition-by the gas chrdmatograph, The eom—
positions thus determined were recorded-oﬁ pLots showing: percentaée
of component in distillate vs. percent diétilled,iwith parameters of

alpha -pinene, beta-pinene, and delta-3-carene..

‘1

' The first sepération attempt was a2 steam distillation in the 25
theoretical blate column described in the section on distillation

eduipment; The charge was the alpha-pinene, beta-pinene, delta-3-
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carene fraction and the maximum available reflux ratio (30:1) was
used, Tablé IT gives a breakdown of the chérge and the distilla-
tion results; all exploratory distillations were carried out in the
Same manner. The.plot of this separatioh is shown in Figure 2.

The plot of the first distillation disclesed at once what weuld
prove to be the most difficult aspect of the'pfoject. The plot
showed a rapild decrease in alpha-pinene as the beta-pinene began

to come overhead,.indiaating an easy separétion between alpha-pinene
;nd beta-pinene. The beta~pinene purity rose to 85 peroent,but
dropped off sharply due to the rapid follow~ﬁp of delta-3-carene.

The plot indicated that the separation of beta- pinene from delta-

3=carene would be difficult.

To determine what'effect sfeam had on the first separation, a
di§tillation'was run in the 25 plate coiumn'at a 30:1 reflux ratio
under-a%mospheric pressure; no.steam was‘presént, .The maximum beta=-
pinene purity drobped to 65 percent because of a .poorer separation
between beta-pinene and delta=3~carene. 'An.atmoépheric distilla-
tion at a 20:1 reflux ratio decreased thé maiimum beta=pinene-purity

to 58 percent. The results of these two distillations are plotted

in Figure 3 and Figure 4.-

After this series-of distillations, it was obvious that high
purity beta-pinene could not be produced'ﬁndér‘the conditions used.

Since steam distillation in the four-feot column at a 30:1 reflux
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ratio did not produceya high purity beta-pinene product, the only
alternative was to increase the number of theoretical plates. The
eight-root column ‘described in the section on distillatioﬁ equipment'

was constructed,-increasing the number of theoretical plates to 45,

The first separation attempt with the 45'plate column was an
atmespheric distillation at a 30:1 reflux ratio (Figure 5). With a
max1mum betanplnene peak of 83 percent, the run was almost identical
to the steam distillation at a .30:1 reflux ratlo in the 25 plate
colum, The most noticeable effect of increased plates was the  -im-
prbved separation between beta-pinene and delta—B';carene° When a
charge of the alpha-pinene, beta-pinene, delta 3 ~-carene fraction was
steam dlstllled at a 30:1 reflux ratio in the 45 plate -column, the
maximum beta-pinene:purity was increased to greater than 90 percent.

The results of this distillation are shown in Figure 6.

Up to-this point, the practice of recycling distillation mid-
fractions to obtain a higher yield of the”desired product had not
been attempted. When the midfractions taken from either side of the
beta-pinene peak of the preceding run were added to a charge of the

fraction and distilled, the width of the betaepinene peak was
/

‘ noticeebly widened (Figure 7). The plot illustrates the value of

recycling midfractions,
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~B. Comparison of Beta-pinene Purities

For several months it was nét known what befa~pinene purity woudd
have to be reached to cdmpete with beta-pinene already being produced
in this countfy. Since The.Glidden Company'éf:Jackéonville, Florida
is a largé producer and consumer of beta-pinené'produced from crude
sulfate tﬁrpentine, thgir assistance ﬁas soﬁé;ht° qliQden seﬁt an
eight-ounce sample of betampinene labeléd as 96 bercent purity; com=
parison of-chromafograms of Glidden's beta=pinehé and the beta-
pinenelproduced from.Waldorf-Hderner‘furpentine revealed.that the
pufitiés of the two samﬁles were nea;ly iden£ical. The chromato-
grams of the two samples are shown in Figure 8...On the basis of
the above comparison,'it was assumed that the beta—pinené-produoed
from the Waldorf-Hoerner c;ude turpentine was of a quality equal

to that obtained from The (lidden Company.

C. Optimum Operation:

With the determination of beta-pinene of acceptable purity,
atteﬁtién was turned to the development of & process for production
of the beta-pinene from the crude fraction consisting of alpha-

pinene; beta=pinene, and delta-3=carene.

% [

The crude fraction cbntainedzrfor all purposes, the‘total amount
of beta-pinene present in the crude sulféte turpentine. It also
contained a high percentage of alpha-pinene and delta->-carene,

Further experiments indiéated that a .large amount of the alpha-
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pinene could be removed by distilling the fraction under atmospheric
pressure at a 10:1 reflux ratio. The high purity alpha-pinene oﬁer-
head was‘taken off rapidly until beta-pinene became present in the
distillate. The distillatién'was then stopped and the remainder
(a concentrate of alpha-pinene, beta-pinene, and delta-3-carene)

subjected ﬁo steam distillation at a 10:1 reflux ratio. Again high-

purity alpha-pinene was taken off until beta-pinene became present

in the distillate. BRemaihing in the stillpot was a desired concen—'

trate of beta-pinene and delta-3-carene.

A charge of .the beta-pinene, delta-3-carene concentrate was:
then steam distilled and 90 percent purity beta-pinene, 99 per-
cent delta-3-carene, and a midfraction obtained as preoducts. A
breakdown of charge and product compositions for this run is
given in Table III, and a plot of overhead composition vs. per-

cent distilled is shown in Figure 9.

Using the midfraction from the previous distillation as re-
cycle, a second charge of the beta-pinene, delta-3-carene concen-
trate was distilled to determine the effect of recycle on beta-
pinene yield. Table IV gives a breakdown of charge and prqduet
compositions, and a plbt of overhead compositions vs. percent
distilled is shown in Figure 10. Comparison of Figure 9 and
Figure 10 shows that the“addition.of recycle iﬁoreased the yield

of high purity beta-pinene. Comparison of Table III and Table
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IV indicates that the volume of recycle did.not increase.

At first glance, it seems that a reasonable process for break-

ing apart the alpha-pinene, beta-pinene, delta-3-carene -fraction

‘

" [ T . . )
had been found. From the three-step distillation sequence, the

final products were high purity aipha-pinene, beta-pinene, and
delta-3-carene. Still, one phase- of the process was wrong. The
alpha-pinene content of the recycle from Run #14 (see Table III)
was onlj 5;6.percent, while thé alpha-pinene conpent of thé recycle
from Run #15 had'increasedn%o-s.u percent (see Table IV). Alpha-

pinene content 'was ‘on the rise because the recycle was continually

being added back to a charge of beta-pinene and delta-3-carene.

Products of the subsequent distillation were beta-pinene,:delta—
3=-carene, ana recycle. Sinée no -alpha-pinene was being removed
from the cycle? the percentage of alpha-pinene would have continued
to grow. It was decided tojadd the recycle back to the second
distillation where high purity alpha-pinene was being taken as an

ovefhead product.

Therefore the recycle frem Run #15 was added to a charge of
alpha-pinene, beta-pinene, delta-3-carene concentrate. The bottoms
of this run (beta-pinene, delba-3-carene cohcentrate) were then

distilled to obtain high purity beta-pinene, delta-3-carene, and

recycle. It was hoped that the amount of alpha-pinene in the recycle'

would not increase. The conditions and results of these two runs are
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given in Table V and Table VI. It can be seen that the midfraction
recycle from Run #18 contained a lower percentage of alpha-pinene
than the recycle from Run #16, which means the concentration Qf

alpha-pinene will not increase with every distillation cycle.

From the data accumulated, an Optimﬁm distillation sequence

for the alpha-pinene, beta-pinene, delta—}—carehe fraction can be

suggested. The process is best represented by a schematic diagram

and is shown in Figuré 11.

Distillation I of the schematic diagram is not of particular
importance in this project. It is assumed that the alpha-pinene
that can be removed by atmbspheric distillation at a 10:1 reflux

ratio will have been removed before the boundaries of this project

. are reached. An industrial .process for the separation of- high

purity beta-pinene from a mixture of alpha-pinene, beta-pinene, and

. delta-5~-carene will be. designed around Distillation II and Distilla-

tien III of Figure-ll;4 The extensive breakdown of experimental data
given in Tdble V and Table VI qorrespond to Distillation II and
Distillation III} respectively. A flow diagram for the propesed
two-distillatien recovery of beta-pinene is shown in Figure 12.
Valves, éumps, and other necessary equipment are net shown in the

simplified flow diagram.
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D. Assumptions:

Because the distillation project proposed in the previous
section uses the alpha-pinene, beta-pinene, delta-3-carene fractien

as a raw material, it is necessary to determine how much the com-

position will vary over any given period of time. The fraction

spoken of here is obtained from a process that isolétes alpha-

pinene and delta-<3-carene from the crude turpentine.

A year-long study of Waldorf crude £urpentine revealed that
the ameunt of alpha-pinene and delta-3-carene present varied ex-
tensively, but the beta-pinene content was always between 9 and
12 percent of the crude (5). If the beta-pinene centent dlways
remains this constant, the alphé—pinene,-beta—pinene, delta-3-
carene fractien will always have the same composition regardless
of the variance of alpha-pinene and delta-3-carene content in the
crude. If the crude turpentine is broken apart at a 10:1 reflux
ratio, a certain amount of alpha-pinene and delta-3-carene will
be removed with the beta—pinene, and the amounts will remain the
same in the mid-fraction as leng as the beta-pinene content does
not vary. Therefore it is assumed that the éompositioh of the
alplia-pinene, beta-pinene, delta-3-carene fraction will remain

constant over any given peried of time,

As discussed earlier, the  laberatery distillation columns are
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packed with Fenske rings which results in a large.column void volumq.
Because of the void volume, 60 to 70 milliliters of terpenes are left,
in the 45 plate columﬁ aftér any distillation. In laboratory-scale
distillations, the h&ldup constitutes about 8 percent of the charge. -
It 1is assumed in this project that the amount of holdup becomes
negligible as the volume of the stillpot charge is increased. In
a commercial-scale operation where iarge volume'charges and total-

draining columns are used, the.hoidup problem becomes negligible.




- ECONOMIC STUDY

With the propesal of an optimum distillation sequence for the
alpha-pinene, beta-pinene, delta-3-carene fraction, it was necessary
to determine the economic feagibllity of the process. It should be
stated at this time fhat this process is but one phase of g .proposed
plant for the isolafion of high-purity terpenes from Waldorf-Heerner
crude'sulféte turpentine.\ It was once believed that the beta-pinene
could not be igolated in high'eﬁéugh purity to be marketablé. This
project has shown that high purity beta-pinene can be obtained along
with high pufity alpha-pingne and delta-3-carene as by-products.

The next goal is to make the proposed process economical.

Most of the cost data, assumptions, and physical constants were
taken from a design report compiled by Grose and Ness (3). Approxi-
mately- 30 percent of the crude sulfate turpentine is the alpha-

pinene, beta-pinene, delta-3-carene midfraction. Therefore 2100

gallons per week of the fraction is obtained at an average com-

- position of 40,0 percent alpha-pinene, 4.5 percent camphene, 24.0

percent beta-pinene, and 31.5.percent delta-3-carene., It is
assumed that the fraction has a value of $.40 per gallon. Selling

prices for the high purity product streams are

alpha-pinene $.30/gallon
beta-pinene . .70/gallon
delta-3-carene .5.00/gallon

The prices quoted for alpha-pinene and beta-pinéne are well es-

tablished; the price for delta-3-carene is less certain, but
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market .research indicates that it is reasonable. The colﬁmn data
‘for overhead and bottom produpts’is taﬁen from Table V of the
Appendix and the economics correspond te the process.shown in
Figure 12.

A. Column Calculations

Column 1 , 65 ml recycle X 2100 gal. fresh fraction =
' 500 ml fresh fraction :

273 gal. recycle
(2100 + 273) gal. % _2%9_ 714 gal./wk alpha-pinene over-
565 - head

(2100 + 273) gal. x 322 + 73 = 1660 gal./wk beta-,delta-3 con-
565 centrate bottoms

1l

Assume a 1.1 ratio of water.taken over with terpenes

Assume a t%tai operating time-for columns of 110 hours/wk’

Density terpene liquid = 7.33 1lb/gal.
Density terpene vapor = 0.20 1lb/ft3,
Density water liquid = 8.33 1b/gal.

"Density water vapor

0.027 lq/ft3.

Production raté of alpha-pinene

714 gal x week x. 7.33 1lb. = 47,7 .1b/hr alpha-pinéne
wk 110 hr- " gal )
7 ox 1 x 8.33 = 54.1 Ib/hr water
110
Total: 101.8 1b/hr overhead

Allowable vapor velocity

Average dy = 0.2 1b/ft3 +0.027 1b/ft3 = 114 1b/ft3
Average d. = 5%.8 1b/ft3 + 62.4 1b/ft3 = 53.6 1b/ft3

. 2
u = .056 N/dt/dv = .056 &/ 58.6/.11k

u = 1.27 ft/sec
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.Vapor rate needed to produce 101.8 1b/hr

V =101.8 1p x ft> x ir  x 1.7
hr L11F 1b. 5600 sec
V = 0.365 ft7/sec

.Coluﬁn specifications

Reflux ratio = 10:1

Vapor rate = .365(10 + 1) =.4.02 ft3/sec

Column cross-section = 4,02 £t3/sec = 3.16 f£t2
1.27 ft/sec

Diameter = 24.1 inches

Assume a plate efficiency of 75 percent.

Actual plates = 45 = 60
S5

Using a cost for a 30 .inch column at $251.00 per plate,
$251 x 60 .= -$15,080.

Column 1 coests $15,080

Column 2
1660 gal., x 77 + 37 = U479 gal./wk beta-pinene overhead
_ 322 + 75 B .
1660 gal. x 65 = 273 gal/wk midfraction overhead
' 395
1660 gal. x 117 + 36 + 60 = 907 gal./wk delta-3%-carene bottoms
595 ‘
479 + 273 = 752 gal./wk overhead in Column 2

Production rate of Column 2

752 gal x _week x 7.33 1b = 50.2 1b/hr terpene

WK 110 hr .
752 x 1 x8.33 = 57.0 1pb/ht water
110 ' T

Total: " 107.2 1b/hr overhead
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Allowable vapor velocity

u = .056 N 58.6/.114 = 1.27 ft/sec

Vapor rate needed to produce 107.2 1lb/hr

V= 107.2 1lb x ft3 x  _hr x - 1.4y
hr 114 1b 3600 sec
V= 0.384 ft3/sec

Column 2 specifications

Reflux ratieo = 30:1

X Vapor rate = .384% (30 + 1) = 11.90 ft3/sec
Column cross-section = 11,90 ft3/sec = 9.37 rt2
"1.27 ft/sec
H
Diameter = 41.0 inches

Actual plates = 60
Using a cost for a 41 inch column at $315.00 per plate,
$315 x 60 = $18,900

Column 2 costs $18,900 "

B. ' Condenser Calculations

_Assumptions: Cooling water to condenser - 4o°F
Cooling water out of cohdenser 110°F
Terpenes out of condenser 203°F
Condensing area heat transfer
coeff. - 150
Cooling area heat transfer 115
coeff,
Column 1

Heat duty for condensing

(714 gal/wk)(7.33 1b/gal) (123.5BTU/1b) (10+1) (for terpenes)
110 hr/wk

+ (714) (8.33) (970) (10+1) (for water)
110 '
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65,000 + 583,000

18

648,000 "BTU/hr
Heat duty for cooling product 5 degrees

(364) (7.33) (L411) (5) (10+1)
110

= 2260 BTU/hr
Total-heat duty = 648,000 + 2260 = 650,260 BTU/hr

Temperature of water entering condenser zone

T = 40 + (110- 40) 2,260 =U40.4°=F
50,260

Log mean temperature difference

AT),, = (203 - 110) - (198 - 40.4) = 103°F

-203 - 110 - .

n 19816k

Area for condensing .= . 650,260 = k2,3 f£t2

: (103).(150)
Area 'for ceoling = 2260 = 0.19 ft2

' (103) (115) '

Total condenser.area = H42.3 + .19 = 42,49 £t2
Ooﬁdensef cost = $920.00

Column 2

Heat duty for condensing
. ]

(752) (7.33)(123.5) (30+1) +  (752)(8.33) (970) (30+1)
110 110

= 1403,000 + 3,590,000 = 3,993,000 BTU/hr
Heat duty fer cooling product 5 degrees

(752)-{7.33) (\411) (5) (30+1)
110

= 6680 BTU/hr
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~24 - .
.Total heat duty = 3,993,000 + 6,680 = 3,999,680 BTU/hr
Temperature of Water entering condenser zone
= 40 . L4°F
Log mean temperature difference
| @ar),, = 103 °F |

Area for.condenéiﬁg = 3,999,680 - 337.0 ft2

(103) (150)
Area for cooling = 6,680 = 0.56 £t2
(103) (115)
Total condenser area = 337.56 ft2
Condenger cost =  $1685.00-
Steam Cost '
Cost = Pr +lj(l;33) H X U .-
' 1000 1000
= (101.8 1)(110 hr) (10 + 1) (1.33) (864 ($.5o}
hr " wk 1000 1000

+(1o7.2)(110)(50+1)(1.33)< 86u>(§;§g>
C 1000 /11000

$70: 5/week + $204 0/week - $271. 50/ week .

Equlpment Schedule

Steam distillation columns

One 60 plate column, 24.1 inch diameter,

3251 00/plate $15,080.00

One 60 plate column, 41.0 ipch dlameter, :

R315 00 plate o _ . 18,900.00
Condensers _ _

One 42,@9'ft2'hegt transfer area 920.00

One 337.6 £t2 heat transfer area -.1,685.00
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Kettles (Stillpots)

One with 2500 gallon capacity 700.00
‘One with 1500 gallen capacity . 500,00
Pumps (est.) 1,500.00 .
Storage
3000 gal.o(, B, A-3 storage . $590
1000 'gal,- alpha~- storage 500
500 gal. .beta-  storage © Yoo
- 1000 gal. delta-3- storage 500
500 gal: recycle storage koo 2,390.00
Total Equipment Cost $40,630.00

Economic Balance

Total equipment cost (. $40,630.00

Installation at 10% of equipment . ) 4,063.00
Engineering at 5% 2,03%2,00
Instrumentation at 10% : 4,06%.00
Piping at 10% &,063,00-
Wiring at 5% . ' 2,032.00
Building . ' ' . 5,000.00
Plant Investment o $61,883.00

Weekly operating coests

Raw material 2100 gal. at $.40/gal. $8140.00
Utilities $1000/year 19.00
Labor 1 man, % shifts, $2.50/hr 420.00
Taxes and insurance at 3% of plant-investment 36.00
Depreciation:at 10% of plant investment 119.00
Steam cost ' 274 .50

$1,708.50
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Working capital (3 months operating costs) $20,500.00
Total investment = plant iﬁvest..+ working cap.
= 61,883.00 + 20,500.00 82,283.00
Total receipts | | |
alpha~pinene 74 gal, at $.30 = $214.00
beta-pinene 479 gal.-at $.70 = 335.00
delta-3-carene 907 gal. at $5.00 = U4530.00
Yearly expenses
52 x $1708.00 .= $88,800
Gross Receipts
50 x $5079.00 = $254,000
Gross profit
254,000 - 88,800 = $165,200
Taxes (Federal income) .
(25,000) (.30) + (1%0,200)(.52) = $80,500
Net profit |
165,200 -'80,500 = $84,7od
Return on investment = net profit/tetal investment
84,700/82,383
= 102.8% '
Payout time .= total'inveétment/(net p;ofit + depreciation)

82,383/ (84,700 + 6190)

= 0,91 years




CONCLUSIONS

The data presented in this report shows that beta-pinene can be
economically extracted from Waldorf-Hoerner cfude sulfafe turpentine.
The proposed plant would proceSs-élOO gallons of alpha-pinene, beta-
pinene, delta-3-carene fraction weekly ﬁsing the sugéested selling
price for-delta-3-carene of $5.00 per gallon the plant gives 102.8
percent return on an investment of $82,38% and a payout time of 0,91
years. .1t .should be noted that‘the process is eéonomioally feagible
only if alpha-pinene and delta-3-carene are removed as high-purity

by-products.

The plant and process proposed here would break even for a delta-
3-carene selling price as low as $1.30 per gallon. If the delta~3-
carene was sold for $2.00 pef gallon, the return on Investment
would be 23 percent and the payout time would be 3.26 yeérs. It
can be seeﬁ that the proposeg p:ocess:wéuld be economipally'

. feasible even 1f the original proposed sélling.price for delta-

.3—caréne~was found to be too high,

Because of the favorable economics of the proposed process, it
is probable that the Waldorf-Hoerner pulp and paper mill at
Missoula, Montana will become an industrial source of beta-pinene

and other valuable terpene products.
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APPENDIX
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TABLE I. Components of Crude Sulfate Turpentine

Alpha-pinene

Delta-3-carene

Camphene

Beta-pinene

Dipentene
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Corad Condenser Head

\\\\\\______B-inch Outer Cylinder

‘-
k\\\\\\\_____iaper Joint-Ball Joint

Adapter (packed)

g
\\\\\\_____—l-inch Inner Cylinder,

Fenske Ring Packing

00@

Powerpstats

wo-liter Distillation
Flask (stillpot)

‘Fiberglass and Aluminum
Foil Insulation

Figure 1. Distillation Apparatus
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Run #1

1l

50:1 reflux ratio,

Conditions and Results of a Typical Distillation Run

31

3-carene fraetion

Charge:
Composition:
Cut Volume
1 20 |
2 20
3 20
i 21
5 22
6 ., 9.
7 12,
8 12
}
9 9 i
o
10 5
9

36.9 % alpha-pinene
24.2 % beta-pinene
“38.8 % delta~3-carene

Compeosition
99% alpha
99% alpha
97% alpha

91.5% alpha
4.2% veta

90.5% alpha
4.9% beta

37.5% alpha
54.2% beta

8.5% alpha
81.0% beta
:8.5% delta-3

5.1% alpha
85.5% beta
11.5% delta-3

78.6% beta.
21.4% delta-3

61.3% beta
38.7% delta-3

‘ 41.2% beta
58.8% delta-3

steam.distillation'

Still
Temp.,

96
96

96

105

103

102 .

102

102

106

100

100

300 milliliters of alpha- plnene, beta-pinene, delta-

Column Top
Temp}A Temp.
86 80
86 90
86 90
86 90
86 90
86 90
86 90
86 91
86 91
86 91
86 92




Percent of Component in Product

L

O Beta-Pinene
[0 Alpha-Pinene

100, /A Delta-3-carene
80+
60
|
201
0 .
0 20 40 60 8h 100

Percent of Charge Distilled

Figure 2: Run #1; Steam Distillation of the
Alpha-pinene, Beta-pinene, Delta-3-
carene Fraction, 30:1 Reflux Ratio.




Percent of Component in Product

100+

804

60

4o

207

O Beta-Pinene
O Alpha-Pinene
A Delta-3%-carene

iz

Figure 35:

| i | I

20 4o 60 80

Percent of Charge Distilled

Run #4; Abtmospheric Distillation of the
Alpha-pinene, Beta-pinene, Delta-3-carene
Fraction with 25 Plates, 30:1 Reflux Ratio




Percent of Component in Product

P, o

O Beta-Pinene
[0 Alpha-Pinene
A Delta-3-carene

1007
807
607
40
201

0 { ! I T

20 4o 60 80 100
Percent of Charge Distilled
Figure 4: Run #5; Atmosphere Distillation of the

Alpha-Pinene, Beta-pinene, Delta-3-carene

Fraction with 25 Plates, 20:1 Reflux Ratio.




Percent of Component in Product

106

80

60

201

_35_

O Beta-Pinene
[0 Alpha-Pinene

A Delta-3-carene

T

20

I 1

40 60

Percent of Charge Distilled

Figure 5: Run #7; Atmospheric Distillation of the

Alpha-pinene, Beta-pinene, Delta-3-carene
Fraction with 45 Plates; 30:1 Reflux Ratio.
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Percent of Component in Product

100 T3

807

60.]

40

204

<35

O Beta-Pingne
0O Alpha-Pinene

/\ Delta-3-carene

1 I
0 20 10 60
Percent of Charge Distilled

Figure 6: Run #9, Steam Distillation of the
Alpha-pinene, Beta-pinene, Delta-3-
carene Fraction with 45 Plates,
30:1 Reflux Ratio.
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Percent of Component in Product

807

60

40

201

_57_

O Beta-Pinene
d Alpha-Pinene
A Delta-3-Carene

Figure T:

Percent of Charge Distilled

Run #10, Steam Distillation of the
Alpha-pinene, Beta-pinene, Delta-3-
carene Fraction with 45 Plates, 30:1
Reflux Ratio, and Recycle Added.

100 '
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Figure 8: Comparison of the Chromatograms of Beta-pinene produced by the
Glidden Co. and Beta-pinene produced from Waldorf Turpentine,
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TABLE III. Conditions and results for the Distillation of
Beta-pinene, Delta-3-carene concentrate

Run #14
Charge: 300 ml beta-, A\ -3 carene concentrate

Composition: 1.9% alpha-pinene
0.6% camphene
37.0% beta-pinene
60.5% £\ -3 carene

400 ml H.0

2
Reflux ratio: 30:1 & 20:1

Products: 60 ml beta-pinene

Composition: 4.1% alpha-pinene
' 0.9% camphene
92.0% beta-pinene
2.9% & -3 carene

75 ml'fecycle (midfraction)
Composition: 5.6% alpha-pinene
5.6% camphene :
60.5% beta~-pinene
"28.3% 2\ -3 carene

126 ml delta-3-carene (bottoms)

Composition: 99+ % A -3 carene




Percent of Component in Product

O Beta-pinene

O Alpha-pinene
100 = A A -3-carene

O
80 - ¥
@)
60
4o A
20 1
0
| 1 T T
0 10 20 30 40 50
Percent of Charge Distilled
Figure 9: Run #l4; Steam Distillation of the Beta-pinene,

Delta-3-carene Concentrate.
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TABLE IV. Conditions and Results for the Distilla-
tion of Beta-pinene, Delta-3-carene
_Concentrate with Recycle Added.

Run #15
Charge: 225 ml beta A\~ concentrate
.75 ml recycle from Run #14
500 ml terpenes
400 ml HZO
Reflux Ratio: 30:1 & 20:1
Products: 75 ml beta-pinene

Compositidn:' same as in Run #14
75 ml recycle

Composition: 8.4% alpha-pinene
3.8% camphene

64 4% beta-pinene

23,44 A -3 carene

110 ml delta~3-carene {bottoms)

Composition: 99+% /A -3 carene




Percent of Component in Product

<UL OF

O Beta-pinene
0 Alpha-pinene

A Delta-3-carene
100

80

601

40—

20 A \D

1 i) I

]
10 20 30 4o
Percent of Charge Distilled
Figure 10: Run #15; Steam Distillation of the

Beta-pinene, Delta-3%-carene Concentrate
with Recycle Added.

50
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TABLE V., Conditions and Results for Optimum
Distillation of Alpha-pinene, Beta-
pinene, Delta-3-~carene Concentrate

Run #17
10:1 reflux ratio, steam distillation
Charge: 500'ml alpha, beta-, A -3 carene concentrate

Composition: 40.0% alpha-pinene
4.5% camphene
24.0% beta~-pinene
31.5% /\ -3-carene

65 ml recycle from Run #15

_ Composition: 8.4% alpha-pinene
" 3.8% camphene
64 .6% beta-pinene
23.4% A -3 carene

Charge: 565 ml terpenes

Composition: 35.8% alpha-pinene
4.0% camphene
30.5% beta-pinene
29.8% /\-3 carene

Removed: 170 ml tops (alpha-pinene)

Composition: 88.9% alpha-pinene
8.3%% camphene
2.8% veta-pinene

322 ml bottoms A -3 carene (bottons)

Composition: 2.2% alpha-pinene
: 1.8% camphene
U42,.3% beta-pinene
53.7% [\ -3 carene
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. "TABLE VI. Conditions and Results for Optimum -
s " Distjillation of Beta-pinene, Delta-3-
.. carene ¢¢nceptrate .

| Run #18
BOz}Lﬁef;uxiféﬁié;'steam'disti;létiOn
Charge: 322~ﬁi'beta-, A3 carene concentrate
" Composition: ”2{2% alpha-pinene
' ! 1.8% camphene

U2 .%% beta-pinene
53.7% p -5 carene

Removéd}'“77_ml.beta-pinene

Composition: - 4;1% alpha-pinene
" 0,9% camphene
92.0% beta-pinene -
2.9% /-3 carene

.65 ml recycle
Composition: 5-7%;alpha—bine4e
. 2.9% camphene -
57.9% beta-pinene
_ 33.9% (-3 cavene
137 ml'boftoms-és - 3 carene (hottoms)

COmpositidn: .994% [\ -3 carene
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Alpha, beta, delta-3-

carene fraction

Distillation I
10:1 Atmospheric

{

/

Bottoms Tops
Alpha, beta, delta- Alpha_pinene
3~carene canc. High purity
Distillation II
> 10:1 Steam
Y
Bottoms RURE
Beta, delta-3- Alph?—Pinene
carene concentrate High purity
pigtlllation 1L i
30:1 & 20:1 Steam
\
/
(
Recycle
to
DiBG LT
By-Product Product By-Product
Delta-3-carene Beta-pinene Alpha-pinene
99 + % purity 90 % purity 95 + % purity

Figure 11.

Optimum Distillation Process for the Alpha-pinene,
Beta-pinene, Delta-3-carene Fraction.
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St11l T St1Lls 2 Délla-}
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é_______ Storage
\ \
,B,A-3 Beta,deltat
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from topping trate Storage
Column. Storage

Figure 12. Flow Diagram of Proposed Beta-pinene Recovery Process.
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