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Abstract:

This investigation was performed to determine the method of operation necessary to recover high
purity terpene chemicals from crude sulfate turpentine. The terpenes to be recovered were alpha-pinene
and delta-3-carene and the purity was 95% for each of the compounds.

The separation of alpha-pinene and delta-3-carene from the turpentine produced by Waldorf-Roerner
Paper Products Company of Missoula, Montana was performed in distillation columns of 24, 36 and 45
theoretical plates. Only the 45 theoretical plate column resulted in good recovery of both the
alpha-pihene and the Delta-3-carene.

The best distillation system was found to be a batch-steam distillation system, operating with a variable
'reflux ratio and a 45 theoretical plate column. With this system the average recovery of the available
alpha-pinene is 80% and the average recovery of the available delta-3-carene is 30%.

An economic analysis was performed on the average composition of the feed available from
Waldorf-Hoerner. When 7000 gallons of turpentine are processed per week, there is an initial
investment of $251,000, a. return on investment of 32% and a payout time of 2.37 years.
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ABSTRACT

This investigation was performed to determine the method of
operatlion necessary to recover high purity terpene chemicals from
crude sulfate turpentine. The terpenes to be recovered were alpha-
pinene and delta-3-carene and the purity was 957 for each of the
compounds

The separation of alpha-pinene and delta-3-carene from the
turpentine produced by Waldorf-Hoerner Paper Products Company of
Missoula, Montanma was performed in distillation columns of 24, 36
and 45 theoretical plates. Only the 45 theoretical plate column
resulted in good recovery of both the alpha—plnene and the delta-
3~carene.

The best distillation system was found to be a batch-steam
distillatlon system, operating with a variable reflux ratio and a
45 theoretical plate column. With this system the average recovery
of the available alpha~pinene 1s 80% and the average recoyery of
the available delta-3-carene is 307

An economic analysis was performed on the average composition
of the feed avallable from Waldorf-Hoerner. When 7000 gallons of
turpentine are processed per week, there is an initial investment of
$251,000, a return on investment of 32% and a payout time of 2.37
years.




INTRODUCTION

Since the turn of the twentieth century the United States has
become primarily an industrial country. Along with industrialization
come some of the objectionable factors such as air and water pollution.
Air and water pollution is the result of exiting waste streams directly

into the atmosphere and water bodies withouﬁ proper treating.

Recently, various communities and states have established laws
requiring the treating of waste streams. Industry has.found that the
waste streams which contain some potentially valuable chemicals often

f

make the treating a profitable operation rather than an expense.

One of the worst industrigs for alr and water pollution is the
pulp and paper Industry. One of their pollution problems is the dis-
posal of the crude sulfate turpentine. This crude turpentine, a by-
product of the.digesters, has a very pungent odor., If the crudelturpenp
tine is vented to the atmosphere, the odor plgces a hardship on the |
community-company relafionship. If the crude turpentine is dumped
into the water bodies, the sulfﬁr compounds contained in the turpen-
tine have such a high biological Qxygeﬁ demand that the water becomes

sterile.

The waste crude suwlfate turpentine is easily treated to be
of commercial.grade.turpentine. The market for turpentine, however,
has stabilized and 1s not dynamic. On thie other hand, the market

for pure terpene chemical is increasing (2).
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.The reason the pure terpenes are increasing in demand is thelr
use as intermediates in the synthesis of camphor, terpene resing,

insecticides and many other produects (2).

All crude sulfate turpentines contain alpha-pinene, beta-pinene,
camphene and dipentene. There are additiopal terpenes in the crude

turpentine depending upon the type of tree being pulped and the

location of the trees gquraphically'(B).

The Mdﬁtana source of crude sulfate turpentine (Waldorf-Hoerner
Paper Producfs Cbmbany, Missoula , Mohtaﬁa) cqntgins alpha-pinene,
beta-pineneé,camphenei dipentene énd &eltaaigcareng. The delta~3~
carene is a rare bhemieél found only iﬁ;the sulfate liquor from
western pondorosa pine (3)., H. T. McCumber,(H) analyzed the turpen-’
tines of many of the pulpiné companiés located in the western part
of the United States. The results of these analyses indicate that
the tree§ must'groy in a'relgtively dry climate if delta-3-carene

is to be presend.

The cfudelturpentine outpqt from the Waldorf~Hoerner Company
was analyzed|periodically f;om Maréh% 1962 to April, 1963 O}).
These aﬁalyses Showed that the Composition of the turpentine was
fairly variable. /The ‘main varlations oceurred in the alphé—pinene
énd delta=3~carene content. The amount of these two terpenes varied

from 27.8% to 45.5% by weight for’the-alphafpinene and from 28.7% to
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50.3% by weight for the delta-3-carene. Analysis of a later.sample
(Jﬁne; 1964) showed that these ranges may sometimes be largér, The
alpha-pinene aﬁd delta-3-carene contents of this sample were 20,5%

and 63.2% respectively.

The percentage of the beta-pinene and dipentene is 10%+*2.5%
and only trace amounts of camphene. The structural formulae and _

physicai properties are given in Tabie VIIT.

In the December 23, 1963 issue of Chemical and Engineering News
an article'announcing that delta~3%-carene could be made avai;able for
industrial use'was published (5). Because of the large number of
'requests for sémplesj one hundred aﬁd seventy-five, it became
evident that more information regarding the separation of the terpenes
in the Waldprf¢Hoerner turpentine was needed before a commercial plant

‘could be established to produce high purlty terpenes.

The possible methods of separa£ing the terpenes are: distilla-
tion, solyent extraction, and crystallizatlon. Fractional distilla-
.tion is most fawvorable economically if the desired separation can be
accomplished without going to too much expense for the-dis%illation

. column and the heating requirements. ' ;

Fractional distillation as a method of separating mixtures depends

upon the difference in composition between .a boiling liquid and the
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vapor leaving the liquid. The distillation process hecomes a series
of vaporizatioﬁ.and condensation stages with the more volatile com~

ponent being removed at the top of the column.

There are two general types of distillation processes (continuous
distillation and batch distillation) and seyefal subdivisions. The
most common of the subdivisions are: |

1) &atmospheric distillation

2) vacuum distillation

3) azeotropic distillation

When the boiling point of a chemical compoﬁnd is nedr the decom-
position temperature, means must be taken to reduce the boiling point.
This can be done by either azeotropic distillation or vacuum distilla=

tion.

Azeotroplc distillation is the introductioﬁ of another component
which will form a minimum boiling azeotrope with the compound to be
separated. Steam distlllation on terpenes 1is a special form of azeo-
tropic distillation employing Class I and V liquids (1). This form
of azeotropic d;stillation is an immiscible system of water (Class I)
and the insoluble terpenes (Class V). In this ﬁYpe of system each

phase will exert its own vapor pressure and boiling will take place

when the sum-of the two vapor pressures 1s equal to the total'pressure.

0f course, this will be at a temperature which is less than the normal




boiling point of either phase.

Steam distlllation is needed in the separation of the terpenes
because:
1) thé decomposition temperature of the terpenes is near
théir normal boiling point.
2) a better separation can be achieved for a given distilla-
tion column.
3)  the product produced by steam .distillation is much more

pleasant smelling and clear in color (4).

When -large amounts of material are to be processed or the procéss
is well defined, continuous distillation is more economical to operate
thén batch distillation. The terpenes available for'processing are
relatively small in_amount and the process to separate them is not well
defined. This leads t§ the conclusion that initially a batch distilla-

tion system must be used.

Within the batch distillation system there afe two- general methods
of operation. Method 1 is to operate at a set reflux ratio over the
entire distillation range. Method 2 is to change the reflux ratio

when the purity deviates below a set standard'(69.

Method 1 with the set reflux ratio is easler to operate than

Method 2. Method 1 is also desirable when the reflux ratio and number
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of theoretical plates required for the separation is never very high.

Method 2 with ‘the variable reflux ratio is desirable when the
numbér of theoretilcal plates and reflux ratio is in the precision
seﬁaration range, l.e. theoretical plates greater than 25 and reflux
ratio greater than 10:1. However, there are objectlons to the varia-
ble reflux ratio process. The process 1s harder to control since the
operation is not only operating unstéady from the standpoint of the
changing still pot composition but alloﬁances must be made for the

change in reflux ratio as the overhead is ﬁaken_off.

In a multicomponent batch distillation system where there are no
azeotroﬁes formed, the Qistillation process is a seriles of binary
separations. "For the'wéldorf-Hoerner turpentine the sequenee of
binary separations would be alpha-pinene from camphene, camphene
from beta-pinene, beta-pinene from delta-3-carene and delta-3~carene
from dipentene. Due to the small amount of camphene present in the
turpentine the binary separations of alpha-pinene from camphene and
camphene from beta-pinene can be reduced to one binary separation.of'

alpha-pinene from beta-~pinene,

For the removal of high purity alp,ha--pinenef,E the binary which

must be studies is the alpha-pinene beta-pinene binary system.
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For the removal of high purity delta-3-carene there are two
binaries involved. These binaries are the beta-pinene delta-3~
carene binary énd.the.delta73~carene dipentene binary. Since the
beta-pinene delta-3-carene binary has previously been studied, only

the delta-3-carene dipentene binary must be defined (7).

As was mentioned previously, the ampunt,of the alpha-pinene and
delta-3~carene 1n the crude turpentine is highly varlable. Therefore5
to define the Separation.of thege £erpen¢s from the crude turpentine
the binary compositions in the still pot at the time the o%erhead
product is just at the standard purlty must be known. This limiting
binary composition must be known sincé it is not a function of the
feed stock. The limiting binary compositién will only be a function

of the number of ftheoretical plates and reflux ratio used.




RESEARCH OBJECTIVES

The objectives of this project were to determine the method of
operation necessary to produce alpha~pinene and delta-3-carene in
purlity of 95 per cent from commercial grade waste sulfate pulp liquor

and to evaluate an economilc analysis of the process.’




EQUIPMENT

The équipment used in the project included distillation columns,
mantle heaters, still pots, CGorad condensing head, Variacs, a gas

chromatograph and compensating polar planimeter,

The distillation columns were one inch diameter glass columns
wrapped with Nichrome heating wire with a 2 1/2 inch diameter glass

jacket,

The heights of the columns were 46 inches and 36 inches packed
with one—eighth inch stainless steel Fenske rings and a short 2
iﬁch column packed with three-sixteenth inch stainless steel Fenske
rings. The number of theoretical plates for these columns were 24,
21 and,lz'respegtively. Thus by stacking them into a 70 inch column,

36 theoretical plates were obtained aﬁd in the 82 inch column 45

“theoretical plates were obtailned.

The Corad condensing head was a variable reflux condensing head

N

with reflux ratios of 2.5:1, 5:1, 10:1, 20:1 and 30:1 ayailable.’

ihe gas chromatograph used for analytical purposes was a
Wilkens Instrﬁment and Research Company Aerograph model A-110-C.
This instrumeﬁt was fitted with a i/4 inch'stainlesé steel tupe
seven feet long packed with Ucon Polar 50 HBJ.100 absorbent on
Chromosorb P. 35/80 mesh support, A Minneapo;is Honeywell recorder

was used in conjunction with the chrdmatograph.
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The compensating polar planimeter was used for measuring the

characteristic peak area produced by the chromatograph,




TEST PROCEDURE

Operation of the Gas Chromatograph

The gas chromatograph was an Aerograph Model A—llO—C equipped
with a 1/4 inch stainless steel tube seven feet 1ong.. This tube
was packed with Uoon.Polar 50HBJ100 absorbent on Chromosérb P 35/80

mesh support.

The chromatograph was operated at a temperature of 105é C. with -
helium carrier gas flowing at a rate of 45 to 60 milliliters per
minute. The thermal conductivity detector filament carried a current

of 200 milli-amperes. - '

These condlfions resulted in retention times of 7 minutes
for the alpha-pinene, 9 minutes for the camphene, 12 minﬁtes for
the beta-pinene, 14 minutes for the delta~3-carene and 18 minutes

for the dipentene.

The separation of these components was good as even-at a high
purity of one component there was at least one-quarter of a minute

in which the recorder followed the base line.

Because of the high degree of purity set for the alpha-pinene
and délta-}-carene (95% pure), a method of analyzing the samples
was needed. The problem was that when operating the gas chromato-

graph at a sensitivity which would keep the large peak on the
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recording paper{ the lesser pure constituents would barely show up
on the recording paper.making analyéis'difficult and error a problen.
The procedure to obtain an accurate measure of the purity was to
operate the chromatograph at a sensitivity suéhvthat the large-peak
would stéy Qn.the recording paper, and for the impurity components
the sensitivity was changed to four times the sensitivity of the pure
component. In this manner of testing, tﬂe_experimental error in |
measuringnthe area unde? the small peaks was divided by a factor of

four.

Determination of the Still Pot and Binary Compositions

Initially, one thousand milliliters of turpentine and one
thousand milliliters of water were charged to the still pot. After
the column had been flooded, the Variacs were turned to a setting .
slightly below flooding velocity. The column was allowed one half '
ﬁoﬁr to come t§ equilibrium. The reflux ratio was set and owverhead
product was continuously drawn off. The product was collected in a
water cooled, graduated separatory flask so the volume of the overhead
product was known at all times duriné the run. Instantaneous overhead
samples were takén at approximately every 5% by volume of -the originai‘
charge distilled off: These samples were analyzed by injecting two
ﬁicroliters into the chromatograph and measuring the areas under the
curves with the compensating polar planimeter. When the purity of,thg )

instantaneous'overhead product became 95% pure of one component the
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column was shut off and the cumulative overhead product was analyzed

to determine 1ts composition.

The determination of the still pot composition then became a
material balance on the bterpenes. By knpwing the amount and compo-
sitlon of the overhead product and also the amount and composition
of the feed, then by subtracting the overhead product from the feed,
the still pot composition was determined. From the still pot composi-~

. tion, the necessary binary composition was determined.

After recharging the still'pot, by going through the same procedure
except for selecting a new reflux ratlo, the still pot composition at
various reflux ratios for the column was determined and thus, the

binary composition for the various reflux ratios.

Obtgin?né ﬁhe_Deltgfj-Qargne—Dipeptene Binary

To‘obtaiﬁ the delta-3-carene-dipentene binary, the losses of
delta=3-carene in the alpﬁaepinene—beEa;pinene-délta-B—carene mid-
fraétion were minimized by operating gt a high reflux ratio. The
reflux ratio used was a 20:1 since this was the last reflux ratio

used in the determination of the alpha-pinene removal,
\

When the instantaneous overhead product became 95% pure delta~3-
carene, the mid-fraction separation was considered complete and the

reflux ratio was set for the removal of the delta-3-carene.




"RESULTS AND DISCUSSION

When operating a multicomponeét batch distillation dolumn in
which the feed composition 1s varlable, it 1s necessdry to know the
binary composition in the still pot when the oyerhead is at the
standard. For the removal of alpha-pinene, it is necessary to know
the compositlon of the aipha-pinene beta~-pinene binary'in the still
pof at the various reflux ratios. The binary for the delta-3-carene

removal 1s the delta-3-carene-dipenteme binary. '

These blnary ¢ompositions in the still pot for reflux ratios
of 2.5:1, 5:1, 10:1 and 20:1 and columns with theoretical plates

of 24, 36 and 45 are listed on Table VII page 34.

These falués were calcuiated by‘abplying a material-balanqe on
fhe feed and pvérhead_product. This method of calculation’neglects
the hold-up in the column which was one (1) milliliter per cubic inch
of packing. With a feed of 1000 milliliters this holdrup becomes quite
considerable (a; much as 3.2% of the feed charge) and must be accounted

for. To account for this hdldaup} the followlng assumptions were made. -

1) Tﬁe hold-up is 50% water and 50% terpenes by volume.

2) . The composition of the terpenes in the column is 50% by
welght of the more volatile Qompénent.

3) The composition of the material in the étill pot changes only‘

as a result of removal of the more volatile component,
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Using these assumptions the adjusted still pot binary com-
positions were calculated. The adjusted values are also presented

on Table VII .

The adjusted values for the binary compositions contain a factor
of safety as the assumption that the cOmposifion in the column is 50%
by weight of the more volatile component is not exactly correct. The

actual composition should be more than 50% more volatile component,

It should be noted that for the 24 theoretilcal plate column no
binary compositions for the delta-3-carene removal were magde. The
reason fo; this was that a graph of reflux ratio versus per cent alpha-
plnene removed iﬁdicated more theoretical plates were needed in the
alpharpinené recomery before a substantial amoqﬁt of high purity.alpha-'

pinene could be remowved.

For purposes of a plant design the adjusted binary compositions
we?e used to calculate a theoretical graph of reflux ratio versus per .
cent distillea for the average turpentine composition which is 40%
alpha-pinene, 40% delta-3-carene, 10% beta-pinene 10% dipentene by
welght and trace amounts of camphene and heavy oils. The purpose of
" thils type of graph is'to determine the average reflux ratio for the
entire distillétion cycle. Since the feed will be varlable, the re-
covery of delta-3-carene and alpha-pinene.will vary with each batch.

However, for an extenslve period of time the recovery should be that
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obtained with a fged of the average composition. Also when the con-
centration of élpha¢pinene 1s low the concentration of delta-3-carene
is high. Thls means that when the starting reflux, ratio for the delta~
3-carene removal 1s lowered and the average reflux -ratio for any given

batch of material should be close to the average reflux ratio of the

average composition.

The average reflux ratio for the distillation of the average feed
was calculated to be 13.8:1 fof the 36 theoretical plate column and
12.6:1 for the 45 theoretical plate column. However, the 36 theoretical
plate column would have rather limited usage as the recovery of the
delta-3-carene would be very low, only about 20% of the available delta-
- 3-carene. The additional nine (9) theoreticél plates increases the
recovery of delta-3-carene from 20% recovery to 30% recovery and with
the reduced average reflux ratio,.the cross sectional area of the
column, condensers and heating requirements would be reduced. The
Increase in recovery of delta-3-carene can be seen by comparing

Figures 1 and 2, pages 36 and 37.

The mid-fraction, i.e. the material removed as overhead in going
from 95% pure alpha-pinene to.95% pure delta-3-carene, will consist of
-beta-pinene, alpha-pinene and delta-3-carene. This fraction amounts to
30% of the feed charge and will also have a yariable composition. How-
ever, experimental results indicate that the composition of this mid-

fraction wili be 30% + 3% for each of the three major constituents.




-17-
This analysis appears to hold true, for both the 36 theoretical plate
column and the 45 theoretical plate column when operated at a reflux
ratio of 20:1., The distillation curves for the mid-fraction are pre-
" sented on Figures 3 and 4. It sﬁ;uld be noted that the higher instan-
taneous purity for the beta-pinene was obtained in the 36 theoretical
plate column rather than the 45 theoretical plate column because the
ratio of beta-pinene to delta-3-carene in the feed stock was much ;
‘higher for the runs made with the 36 theoretical plate column.  This
was the.result of a depletion 6f.qriginal feed stoek and obtaihing
'mére at a later date, The effect of changing.the ratio of beta~
Plnene to delta-3~-carene in the feed stock from .0.19 to 0.12 de-

creased the instantaneous purity of beta-pinene from 59% to 40% when

operating with the 36 theoretical plate column.

The operational method by which high purity alpha-pinene and
delta~3-carene can be removed from Waldorf;Hoerner turpentine can be
summarized by the following steps,

1) Analyze feed with gés chromatograph.

2) Determine the starting reflux ratio by calculating the
ratio of alpha-pinene to beta-pinene in the feed and
locating where thils ratio is on the adjusted values of
Table |

3) Determine how much material can be removed at the starting

reflux ratio befo;e changing to -a higher reflux ratio by
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assuming no beta-pinene will be removed as overhead énd using
the binary composition of Table VII again,
) Continue with this procedure for succeeding reflux ratio

changes.

This method bf operation is only good,for a distillation column
operating with no hola—up. If the ratio of hold-up to feed is small

then the effect of hold-up can be neglected.




PLANT DESIGN

After revlewing Figures 1 and 2, it is obvious that a plant
design should be based upon the 45 theoretical plate column. This
then would be a variable reflux ratio, steam distillation system with

45 theoretical plates.

With the column thus defined, all other sizing calculations are
based upon how fast each batch of feed must be processed and how large
each batch-of feed will be. Waldorf~Hoerner estimates the volume of
terpenes avallable for processing at 1000 gallons per day or 7000 gallons
per week. Looking ahead fo the work foree requirements, there would be
a need for four bperators{ one maintenance employee and .one supervisor-
engineer, To allow these employees to recelve a full work week of 49
hours‘it appears that the sdheduling.of two batches per week with a
throughput time of forty hours per batch meets the conditions satls-

factorily,

With the forty hours as total distillation time, the 3500 gallons
as charge and Figure 2 giving the per cent.of charge to be distilled,
75%, the throughput then bec;mes:

Throughput = (Terpene Throughput +-Wéter Throughput) (R +1)

Throughput

(0.75) (3500.gal.) (7.33 1bs./gal.)
(10 hrs.) (0.2 1bs/cu. £t.)(3600 sec/hr.)

4+

(0.75) (3500 gal.)(8.33.1bs/gal.) :](R + 1),
(%0 hrs.)(0.027 1bs/cu: ££.)(3600 séc/hr)
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Throughput = 6.28 (R + 1) cu. ft./sec.
since R = 12.6:1

Throughput = 85.4 cu ft./sec.

The maximum ﬁapor velocity was found from literature to follow

the equation:

- D 1/2

Maximum Vapor Velocity = 0.15 D, - D,

Dy

where Dy is liquid density lbs/cu ft = 54.8 + 62.4
St
= 58.6 1bs/cu ft.
' Dy 1s vapor density 1bs/cu ft

= 0.2 + 0.027 = 0.114 1bs/cu ft.
e T

H is plate spacing = 1.5 f%t.
Operating at 80% of maximum vapor velocity, the operating velocity

becomes :

[

"Operating Velocity

(0.80) (0.15) [('5,8.6.7 0.1;4)(1.5)] ‘
: To.1E)

It

3.34 ft/sec

From the throughput and vapor veloeity the cplumn.croéh sectional.
area can be found to be:

Area = 85.4 cu ft/sec = 25.5 sq ft
31}4 ft/sec

or a plate dlameter of 69 inches.

%
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The correlations available of theoretical plates to actual plates
indicate an actual plate efficiency of 90% for the terpene-water system.
To be on the conservatlve side an efficilency of 75% was used and the

number of actual platés required for the separation would be 60 plates.

The column is now sized to be 60 plates, 69 inches in diameter

with plate spacing of 1.5 feet.

In sizing the condensers the condensing system must be‘defined;
The system is a shell and tube heat exchanger located at the top of the
column to remove the latent heat of vaporization and another heat
exchanger located on the ground to remove 80 Fahrenheit degrees of
sensible heat. The heat exchanger at the top of the column will be
mounted vertical so the cross section of the tubes 1s in line with the
column cross section. In this manner the rising vapor will condense
inside the tube and the liquid will flow down the tube and ‘drop %o the
plate below. The desired reflux ratio can be obtained by removing .the
down coming liquid from the same ratio of tubes. Through slight
modifications any number of reflux ratios can be built into the top
condenser. The following data is needed before the areas of these

two condensors can be found;

Heat of Vaporization of Terpenes 68.6 BTU/1b.

Heat Capaeity of Terpenes 0.4 BTH/1b .°F

7
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Heat of Vaporization of Water " 970 BTU/1b.
Heat Capacity of Water 1 BTU/1b °F
Overall Heat Transfer Coefficient for Condensing _

150 BTU/ £tZ hr °F
Overall Heat Transfer Coefficieﬁt for Cooling

115 BTU/ hr £t2 °p

Assume water available at 40 .°F and will exit at 80 °F

With the above data and assumptions, the heat duty for the two

heat exchangers is:

Condensng:  13.6(0.75) (3500) [(7-33)(.68.6) . (8’53)(97‘°)J
:6(0.75) (3

= 10,600,000 BTU/hr.

Cooling (0.75)(25,0,0)(8.0) (7.33) (0. 4) + (8.33)(1)]
0 ' - :

59,200 BTU/hr

The required area for the condénser follows the equation:

Q= -UA Esﬂln‘mean

Therefore the area for condensing 1s:

A = '101600;_000 - 5”_3 ftZ

150 [(‘195-80) + (19_5740)]
: 22

The area for cooling is:

A= _-59,200 - : = 6.5 £t
-115 [(195» - 80) . (105 - 40)] -

2
We now have the two heat exchangers sized to be 543 ft2 for

condensing and 6.5 £° for cooling.
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When operating with steam distillation, there is no need for a
- heating element on the reboller as steam can be charged directly to
the terpenes. In this ‘manner of operation only a steam sparger would

be needed to disperse the steam In the terpene phase,

The jauxiliary equipment that 1s needgd in. the fterperie separation
can best be presented by'listing the specialty equipment rather than
the standard. The specialty equipment is;

1) one gas chromatograph~

2) one recorder with built-in integrator

3) two flow meters |

4) generally, no rubber, polypropylene, poly-ethylene or neoprene

gaskets where the terpenes will come in‘contact with gaskets

or hoses. At the present time 1t ‘has been found that only

"Teflon" will withstand the solvéht properties of the terpenes.

A one week storage should be adequate for both the finished predicts

and the crude liqﬁor. Thére would be storage tanks for: crude
turpentine, alpha-pinehe, beta-pinene mid-fractlon, delta-3-carene
and the dipentene—rich fraction (bottoms). Once again using Figure 2
as the basis'for calculations, the storage of these products wili re-~
quire a 7000 gallon capacity fbrvcrude turpentine, ZéOO gallons for
alpha-pinene, 2000 gallons for beta-pinene mid-fraction, i050 gallons

for delta-ﬁ_qarene-and 1750 gallons for dipentene fraction. Since




~2ha

storage tanks do not come 1n odd sizes, the actual storage ftank

sizes would be 10,000 gallon tank for crude and 5000 gallon tanks

for each of the products.

two week storage capacity fpr the finished products.

The reboller would necessarily be 3500 gallon capacity.

This résults in slightly more than a

Again .

allowing an oyerdesign and the use of standard sizes, the reboiler

would be a 5000 gallon tank.

All the major equipment has now been sized. Using the standard

sizes furnished by manufacturers the specifieations for the equipment

are:
Table I: Standard Equipment Specifications
Description ]
of Calculated Standard Company | Price
Equipment - §1§e »Sl?e, S ,,
Column 60 Plates 72 in. Diameter | Matt $864/Plate
Corcoran '
. . . Co. | oy
ODverhead | 543 f12 " 662 £t Struther |$2380
Condensor - Designed for Wells
Vertical Corp.
Condehsing
, 18N12
Cooling 6.5 £t° 20 ft2 Struther | $500
Condensor. 6N Wells
. , Corp.
Kettles (1) 10000 gal. Pacific |$2000
(5) 5000 gal. Hide and | $1200

Fur Co.




-25-

Now that the major equipment has been priced and sized, there
is a need for the job description and a production scheaule SO a
rate of pay can be established and élso an economic analysis of
the process. The job description and prdduction schedule are

tabulated below.

Table II: Job Description

Hours
Job Number of - " Dutles Employee
Employees : Works
' per week

Maintenance 1 Empty.aﬁd Refill
feb;iief‘fﬁﬁce ;
week

Cleaning of Column

Once a Week

General Maintenance 4o

Operating Employees b Perform Necessary
Changes in Operation
Fill Orders

Minor Maintenance Lo

Sﬁpervisor—Engineer 1 Analyze Feed
Calculate Positions
for Chaﬁge in Reflux
Ratio

General Management
Loock for New Outlets

for Products : 4o
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Table III: Production Schedule

Wednesday

Time Monday, Tueéday ”Thursday Friday
12 PM{Fill Reboiler| Distillation Fill Reboller|Distillation
to [Start Heat-up| Start Heat-up
8 AM
8 AM
to Distillation Distillation Distillation |Distillation
4 PM ' . . :
4 pM Distillation - Distillation
to ! and Distillation and
12 PM Distlllation Shut Down Shut Down
The maintenarice employee would work from 12 P.M. to 8 A.M. five
days a week. Thg supervisor-engineer would work from 8 A.M. to 4 P.M,
five days a week. The two operating crews with two operators on each
crew would alternate the distillation shifts and would work 5 eight
hour shifts each week. .

A

The established rate of pay in Missoula, Montana for employees

with the above-mentioned skillls exeept: for the supervisor-englneer

appears to be $2.25 per hour,

However, because of the peculiar

hours to be kept by this type of operation and as an incentive to

work, the rate of pay should be increased to $2.50 per hour. The

supervisor~engineer would receive $8400 per year,

It should be noted that with this production schedule there is

the advantage of possible expansion to a three batch per week pro-

duction schedule by adding one more operating crew and working.a

six day week,
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It.is now obvious that an economic analysis must be performed to
determine whether the previously described process is feasil‘)le° When-
ever an economic analysislis performed there are a few assumptions
that are used. Some of the assumptibn to be used in this economic

analysis are:

Installed Equipment 2.5 times Equipment Cost
Auxiliary Equipment 30% of Installed Equipment
Working Capital 3 months Expenses

Labor Benefits 25% of Labor Costs

Summing the various capltal expenses of Table I results in a
total major equipment cost of $62,880. Applying the first assump-

tion listed above, the installed equipment cost is $157,000.

Waldorf-Hoerner Paper Products Company estimated thé price of
the crude turpentine at $0.13 per gallon, They also have available
low pressure steam at an estimated cost of 25 cents per thousand
pounds. If the installed equipment is depreclated on the straight-
line method over a period of ten\years, maintenance is estlmated at
ten per cent of installed equipment éOSt and taxeg and insurance
estimated at three per cent of installed equipment cost, then the
cost of the operatidn per week can be found. These costs are

tabulated as follows:
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Table IV: Operating Costs Per-Week

Iteﬁ . ) Cost per Week
‘Steam, Raw Matérials and Utilities $1200
Wages and Benefits 825
Dépreéiation , . 303
Taxes and Insurance _ . " 90
‘Maintenance , - 303 (
Total - $2721

The total initial investment is obtained by summing the in-
stalled equipment, auxiliary equipment, land and building, and work-

ing capital.

The land and’building is estimated as $7.50 per square foot
for 1600 square feet of building.  Auxiliary equipment is 30% of
installed equipment cost ana workiné capital is three months ex-~
penses. The various 1fems totéling the' initial investment are tabu-
lated below.

Table V: Initial Investment

Item. g Cost
Total Installed Equipment Cost $157 ,000
Auxiliary Equipment : ' 47,000
Land and Building : . 12,000
Working Capital 35,Qoo

Total Initisl Investment $251.000
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The revenue obtained by selling the pure'terpenes will be 30 cents

per gallon for the alpha-plnene, 40 cents per gallon for the.beta-
pinene mid-fraction, 5.00 dollars per gallon for the delta-3-carene
and 10 cents per gallon for the dipeﬁtene rich fraction. The only
price which is actually quoted 1s the alpha-pinene pfice. The
beta-pinene mid-fraction price is an estimated interplant price
for a process which separates- the beta~pinene into a high purity
product wilth by-products of alpha-plnene and delta-3-carene. The
price for the delta-3-carere 1s a suggested market price, at least
for initial peruct;ond The price for the dipentene rich fraction

is a fuel value ﬁrice.

Using the average composition of Figure 2 for the amount of
each material to be produced and the above selling prices, the
revenue then becomes:

alpha-pinene $ 31,400

beta-pinene . 43,700
delté*B-carene 236,000
dipentene , 9z106

Total annuél revenue $3204000

Using the results of Table IV and V, the revenue figure from a-
bove and assuming Federal and State taxes are 55%, then the return on
iﬁvestment‘and payout:time can be found. These values are tabulated

below.
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Table VI; Return on Investment and Payout Time

ngm. : . ' : Amount
Imitial Investment | $251,000
Revenue _ 320;000
Expenses Including Depreciation - 141,000
Taxes : 98,500
Net Income ~ 803700
Depreciation " 25,100
Return on, Investment 32%
Payout Time 2.37 years

This economicﬁéhalysis énd plant design was performed in .a
conservative manner. .Thé return on investment of 32%'and the payout
time of 2.3%7 years indicate that the terpene separation can be per-
formed economically. .The only hinderance to the proposed design is

in establishing an initial stable market for the delta-3-carene.




CONCLUSIONS

The remoial of alpha-pinene and delta-3-carene in purities
of 95% from the crude turpentine produced by Waldorf-Hoerner ‘
Paber Products Company of Missoula, Montana is a difficult separa~
tion. ,Howeyer, the separation can be accomplished in 3'45 theoretical
plate.distiilatiqn_column operating with a variable reflux ratio and

steam distillation.

An economical evaluation of the distillation system shows &

return on inyestment of 32% and a payout time of 2.37 years.




SUGGESTIONS FOR FUTURE STUDY

Since the process of'terpene separation depends, economically,
upon the marketing of delta-3-carene, there is a need to get high
purity test samples to industrial companies. These companles may .

be able to find 2 use for the delta-3-carene.

The reactlon kinetics could also be studiled on the hydro-

genation of alphar~pinene to pinane.

Another area where research is needed is in the separation of
dipentene from,the.othef heévy oils. ;f dipentene ecould be separa-
ted 1n a reasoﬁable manner, the ecotiomics of the process would
appear even more atfraetive. The economiecs would appéar more
attractive since the proposed price for the dipentene was £en cents
per gallon as fuel and the in@ustrial price for dipenftene is fifty
cents per gallon when the purlty 1s frqm 50 to 80 per cent

dipentene.
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APPENDIX
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Table VII; Limiting Binary Composition in 8till Pot for
Removal of 95% Pure Product
" Desired Theoretical | Reflux] Binary |Mass Fraction More Volatile
Product Plates Ratio Unadjusted Adjusted
Alpha-pinene 2L 2.5:1 | Alpha- 0.750 04735
' pinene i
10:1 0.613 0.576
Beta- ‘

20:1 pinene 0.546 0.495

36 2.5:1 0.756 0.745
5:1 0.620 0.596
10:1 0.559 0.529
20:1 0.483 0.u4lo

45 5:1 0.636 0.609
10:1 0.570 0.529
20:1 0.493 0.443

1 .
Delta-3-carene 36 5:1 Delta 0.820 0.810
3.
10:1 carene 0.690 0.670
20:1 |Dipen- 0.680 0.650
tene ‘

5 2.5:1 0.810 0.800
5:1 0.785. 0.765
10:1 0.703 0.678
20:1 0.663

0.609

























