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Abstract:

This investigation was performed to study the feasibility of recovering terpene chemicals , primarily
delta—3-carene, from crude sulfate turpentine produced at the Waldorf-Hderner Paper Products
Company pulp mill in Missoula, Montana. The experimental apparatus consisted mainly of a
distillation column, a Corad condensing head, and a gas chromatograph.

The crude sulfate turpentine from Missoula, Montana was analyzed and compared with turpentine
samples from other sources and with those reported in the literature. The subject turpentine was found
to contain an abnormally high percentage of delta-3-carene, a terpene chemical that is practically
unknown in turpentine streams from pulp mills in the United States. Although there were considerable
deviations in the quantity, of the chemical present in samples taken over approximately a one-year
'period., with special emphasis on weekly samples representing two consecutive months operations.*
the crude.,turpentine was found to contain an average of 40 percent delta-3-carene. -Due to the large
quantity of the chemical available from this source® and .its otherwise relative rarity* special emphasis
was placed on the recovery of a high purity delta-3-carene product. Laboratory work was done to
establish the operating conditions necessary to effect this recovery and to prepare high purity samples
to be used in a preliminary market survey. Distillation runs,., by atmospheric and steam methods, .were
made with columns of 6, 12,.18, and 24 .theoretical plates operating at reflux ratios ranging from 2.5:1
to 20:1. It was found that the azeotropic mixtures of water and terpene enhanced the separation process
and produced a product which was superior in odor and color characteristics. Ninety-five percent pure
delta-3-carene can be recovered, by the use of a .24 theoretical plate column operated, with steam at a
reflux ratio of 20:1.

. An economic analysis of the process based on the laboratory, data indicated that significant return on
investment would be obtainable if an adequate market for the delta-3-carene could be developed. At a
selling price of $2.60 per gallon for the 95 percent pure delta-3-carene, a return on investment of 50
percent could be realized.
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_ ABSTRACT

This Investigation was performed te study the feasibility of re-
covering terpene chemicals, primarily délta-3-carene, from crude sulfate
turpentine produced at the Waldorf-Hderner Paper Products Company pulp
mill in Missoula, Montana. -The experimental apparatus consisted mainly

_of a distillation column, a Corad.cordensing head, and a gas chromatograph.

- The crude sulfate turpentine from Missoula, Mentana was analyzed

.and .compared with.turpentine samples from other sources and with those

reported in the literature. The subject.turpentine was found to .contain
an abnormally high percentage of delta-3-carene, a terpene chemical that
1s practically unknown in turpentine streams from pulp mills in the

United States. Although there were considerable deviations in the quan-~
tity of the chemical present in samples taken over approximately a one~

.year period, with special emphasis on weekly samples representing two

consecutive months! operations; the erude. turpentine was found to con-

.tain an average of 40 percent délta-}—carene. .Due teo.the large quantity

of the chemlcal avallable from this ‘sourcey and its otherwise relative
rarity, special emphasis was placed on the recovery of a high purity
delta-=3-carene product. Laboratory work was done to establish the
operating conditlons necessary to effect this recovery and to prepare
high purity samples to be used in a preliminary market survey. Distil-

- lation runs,,by atmospheric and steam methods,.were made with columns

of 6, -12,.18, and 24 .theoretical plates operating at reflux raties ranging
from.2.5:1 to 20:1...It was found that the azeotropic mixtures of water

.and terpene enhanced the separation process and produced a product which

was superior in odor and color characteristics. Ninetyefivé percent pure
delta-3~carene can be recovered by the use of a 24 theoretical plate
column operated with steam at a reflux ratio.of 20:l.

. An economic analysis of the process based on the laboratory. data

indicated that significant return on investment would bée ebtainable if
.an adequate market for the delta-3-carene could. be .developed. At a

selling price of $2.60 per gallon for the 95 percent pure delta=-3-careney
a return on investment of 50 percent could be realized.




.stream -and the fixed solid packing of the chromatograph coelumn.

- INTRODUCTION ,AND THEORY

The purpose of this project was.to examine the avallability, the
ease of recovery,.and the economic¢ feasibility of commercially recover-

ing delta-3-carene from crude suifate turpentine produced at the Waldorf-

- - Hoerner Paper Products Company pulp mill located in Missoula, Montana.

- One of the major problems created by industrisl.development in this

country. has been.the disposal of objectionable.waste products. The dis-

- posal of crude sulfate turpentine streams from pulp.and paper mills is

one of the.most‘striking examples of this prqblem. - The «erude turpentine
contains a mixture of terpene clasgs chemilcals and sul?ur.compound con-
taminates which have a high biological oxygen demand. These .wastes
cause the stream to become sterile and malodorous. -It 1s these pro-

perties thatlcomplicate the procedures necessary for an acceptable dis-

- posal program. After reviewlng the methods employed by other industries

in overcoming this-type of problem;. it was felt that a chemical recovery
process rather than a waste dispoesal process would be the most effectilve
approach for arriving at an acceptable solution to this pollutien

hazard.

In order to evaluate the economic potential of chemical recovery,
it was necessary to identify the major components of the crude turpentine
stream. -This identification was done by qualitative analysls procedures
employing the gas chromatograph. -Gas chromatggraphy 1s ‘based on the

distribution .of the components to be.separated befweeHche'mopile gaseous
5
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A sample of the turpentine 1s introduced.into the .carrier gas stream
and _transported to the column of adsorbant. .Since each.cbmponent of
the sample has its own characteristic distribution between the two
phgses;:the components are separated and pass from the column in the
effluent stream at different times. By passing the effluent stream
.through a thermal conductivity detector in combination.withman.auto-
matic recorder,-a convenient, permanent record of the analysis is
produced. The qualitative analysis 1s based on the measure of re=
tention time for each of the components which will be constant under
identical operating c,onditipns;5 Since retention-fimes for the ter-
pene chemicals, which were assumed te be present in the crude turpen-
. tine, wWere not readily.available in the literature for the operating
conditions to.be used in this studyé:a,modified procedure .of "identi-
flcation was employed. .Pure samples.of suspected.components were
 added to the turpentine sample and .chromatograms were compared with
those of the sample before any. additions were made. The enhancement.
of a peak present in the analysls of the original turpentine was
regarded, as an indication that.that partlcular .terpene .was a .component
of the:turpentine. Similarly, the preSence-of a new .peak indicated
that the terpene being tested was not a component of the crpde tﬁrpen-
. tine. By this technique it was established. that the principal com-
ponents of the turpentine are alpha-pinene%_beta—pineneereltaPB-
carene, and dipentene. -The structural formula and physical properties

of these .compounds’ are glven in Table T.
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'In addition to the identity,. the .relative amounts of eaech component
are important factors in making an evaluation of the commercial potentlal
.of the process., Quantitative analysis by the use of the chromatograph
is based .on the principle that the area under the peak on a -chromato-

- gram 1s propoertional to the amount of substance that_preduced‘it.5

- By this methody the turpentine was further characterized. as-being

. approximately 40 percent alpha-plnene,. 10 percent beta-pineney

4o perceﬁt delta-3-carene, and 10 percent dipentene, Figure 1 .1s a
reprodyction of a typical.chromatogram.of the crude sulfate_turpentine:‘
from MissoglaJ,Montana. Trace amounts of camphene and an unidentified
terpene were also detected in some samples. The unidentified.chemicalts
characteristic peak on the chromatogram could not be satisfactorily
resolved from that of dipentene with the adsorbent column used. Since
the amount of this chemical present appeared smally the exact. identi-

fication was not pursued..

- From the literature and analyses of other avallable turpentine
samples 1b.was found that the presence of alpha-pineney beta-pinene,
-and .dipentene in varying.amounts is common .to most sulfate pulp mill
turpentine streams in the United States. -However, the delta-<3-carene
coﬁtent.of:the Missoula, Montana turpentine was found to.be unique. among
.all those investigated. - Table II shows the composition. of several crude
sulfate turpentine samples. Due to. this unlqueness, it was felt that
-a re-yerification of the ldentity of this component was required. There-

fore,; Infrared analyses of a known gample.of delta-3-carene and a. sanmple
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-of. the recovered product were performed and c¢ompared. - Figures 2.and 3
:show_reproduétions of these analyses.which are essentlally identical
with the_egception of the water content responses at three and six
micron wéﬁenlehgths for the known sample. 'The product sampig;,hanng

had the‘waterdfemdved with caleium chlorilde; .did not exhibilt these

responses.

Having established the ldentity of the delta-3~carene componenty
.the unlqueness of the Missoulé,;Montana‘crude sulfate turpentine was
'suggestiverof the potentlal of a chemlcal recovery process. .Since no
.source of any magnitude has previously been reported.or exploitedg the
deyelopment of delta-B—carené as an. industrial chemical has not been
possible. :The avallabillty of delta-3-carene ls limited even among
manufacturers of uncommon or exotle chemicals,. thus emphasizing its
rarity. Therefore, separation of the chemical fractions by rectlfilcation,
with special emphasis on the production of high purity delta-B-eapene,

was. studied.

The separation of mixtures by means of fractional digtillation
and rectification depends upon the difference in compositien which
usuélly exlsts between the boiling liquid.and the vapor in equilibrium
with i1t. The process of distillation therefore becomes a series of
vaporization and condensation stages in which fractions of similar boil-
Ang polnts are combined and separated from the other fractions, fhe final

enriched vapor being removed at the top of the-column;245f6
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~When the ‘temperature required. to vaporize the fra¢tion is near the
compound 's decomposition tenmperature, methods must be employed to .lower
the vaporlzation temperature. Thls can .be.done by.lowering -the operating
pressure -of the distillation. column or by introducing‘another.eomponent
which will form a .minimum beiling azeotrope with the fraetions to.be
separated. .All 1iquids'can be categorized into five basic.classestl

.MClass I, Liquids capable of forming-three-dimensional

.networks of strong hydrogen bonds.

. Class II. Other liquids composed of molecules containing
Both active hydrogen.atoms.and.donor atoms.

- Class III. Liqulds composed of molecules containing donor
atoms but no actiyve hydrogen gtoms.

. Class IV. Liquids composed of molecules econtaining active
hydrogen atoms but no .dener. atoms.

. Class V. CATL other,liqﬁids;“

Steam.distillation 1s an example -of-azeotroplc distillation employing a
.Class "I liguid, .water, and a Class V liqui@,,the terpenes of the crude
sulfate turpentine. .Since all Class V 1liquids -are .very inseluble in
water, both substances exert their ownﬂyapor-pressﬁrgx_thus forming
.an azeodtrope.which will boil at a temperature lower than the normal

Jboiling point of either the water or the terpene.




RESEARCH . QBJECTIVES

‘ The_main}objéctiyes,of this project were to determine.the
deiﬁarE-earené conﬁépt of the erude-sulfate.turpéntineyfrdm‘Missouléj
:Mpﬁéanq,mtp.ekperiméﬁtally set the minlmum.operating conditidns necessary
to proquce a»h;gh.purify deltaiiecaréne,prqduct,.and to evaluate an

-economie analysis of the process. on an'industpiai’spaleu




© EQUIPMENT

- The. equipment used. in this project, included distillation columnsy
'-'Co:adhcondgnsimgfheads@,stillpotg%Jelectricmhéatefsi-Bowenstats# and

-8, gas chromatograph.

- The distillatibn,cplumns.Were.oné&incﬁ_diameterrglass.éylindefs
of 12y 24, 364 .and 48~inch lengths paeked‘withmoneneighth_iﬁeh:staiplesé
sygglﬂhelice pagking.(FeﬁSke,Eingé).supporteq,on.a cone~shaped wireé
sgpport. «TheAtﬁo,lQnger.éolumns_employed.a~set of two concentric.glass
insﬁlating cylindefs of 1.75 and.2.5 inch dlameters. [The mlddle. cylinder
was wound.with 2 Nichrome heatigg-coil_to:allpw_adiabapic.operation of
the qplump. -The two shorter columns. used. only a single insulating
cylinder of ‘2.5 inch diameter an@;.@hereﬂorqj_no heating -coil. -The
inner cylinQer wa's Wraﬁped‘withtaluminum foil iﬂmprdef to .reduce the
heat loss from..the. shorter bglumns. -Ground glass Jointsfat each end
,of “the innef.cylingerIproyided”léakufree connections with.the st1llpot

anducghdensinthead.

.- The Corad. condensing heads used permltfed operation of. the ¢olumn

at-.reflux rations of 2.5:1, 5:1, 10:1; 20:1, and 30:1,

-One-= and .twosliter flasks were emplqyed:as stilipets. -ThE»stillpot:
was.heated‘with,a_5507watt electric resistance heater centrolled by a
0-140.volt . variable Powerstat. A;similar:Poweratat was used to control

the .output .of the Nichrome heating coil on the larger columns.
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The compositions of the various feed and. product samples were
analyzed by means .of a Wilkens Instrument and Research Company Aefdn
graph gas chrdmatograph. This.instrument.was fitted with a one-fourth
inch stainless steel tube, six feet long, packed with Carbowax 4000
adsorbent on Chromosorb C-48560 supp_orts.7 A Minneapolis-Honeywell

recorder was used .wilth the chromatograph.

. A compensating polar planimeter was used to evaluate the charac-

. teristic peak .areas produced by the chromatographic analysis,

An equipment diagram is shown in Figure Y.




EXPERIMENTAL .PROCEDURE

Samples, of the .crude sulf§$ewturpentine streams,fnom‘Sevgral”pulp
.m1lls -Wwere analyzed by means of the.gas chromategraph. - Twé.micro-liters
‘?f:thé'samglguwere injected into a sfream.of helium gas. flewing at
approximately 50:milliliters per minutey which.transported.it to the

éolﬁmniadsOrbent,papkihg,of’Cgrbowax_4@00; -The. chromatograph, was
operatéd.at:SO?C”and.the;thgrmal—QOndugtiviﬁy.dexector filament carried
a current of 190 milli-amperes. - The raw turpentine used‘aslieed,and'
“the prQauct streams were similar;y analyzed by gas chromatography. The
turpentine samples.were obtained. from Missoula,.Montana in order to
represent the stream.over'a,period-bf approximately one year. Specilal
emphasis on the stream composition.over a two-month period was obtained

by the analysis of weekly samples.

In an effort to determine the minimum conditions required, for the
productien of high purity deltaaﬁ&carengg,distillation,rung.were nade.
-with. columms of 6y 12, 18, and 24 theoretical plates. at reflux ratlo:
Settimés on a Gorad.coﬁdensing head,rénging'frgm.2.5zl“po.20al, .mﬁ
initial_charge-of 500 milliliters of q:ude.sulfatelturpemiine was
intrpduced;intolthe.stilipot:and,heat.applied,until the.del$a;3*carene
fraction had passed through the column. When sfeam distillation was |
usedy 750 milliliters of water were also added to the stillpot before
the run was started. -The-overhead,ﬁgs.reeoveredﬂﬁrom the steam dis-
.tillation.in”two.phaées and,separatedﬁby decantation. ° The terpeneito-

water .ratio in the overhead was about.one to. -one on a volume basis.
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- The. first 200 milliliters of terpene overhead conbtalned primarily alpha-
pilnene;. the next 100.milliliters a relatively equal mixture of beta-
pinene qnd.deltagE%careney.and the third fraction was 100 milliliters

of high purity delta-3-carene. - The stillpot residuwe was a mixture of
delta-3-carene -and .dipentene. Samples of approximately 20 milliliters
each were taken throughout each digtillation run and analygzed by means

of the '‘gas chromatograph.

Distillation runs madé wilth the six thEOrepical,plate column proved
to be-of,no_utility.with regard tg the production of a high purity
product, . Although the 12 theoretical plate column was ineffective for
actual produect recovery, 1t was found to be sufficient for making .an
initial.separation in which the alpha-plnene fractlon was. taken from
the crude,turpentine.charge.--This:topping”colnmn,was pperated‘at:a

.reflux ratio.of 5:;1.and its use facilitated a significant reduction
in the required size -of the precislon column:due -to the reduced

* throughput.

- The area under the peaks produced by the chromatographic analysis
was considered to be proportional.to,the relative amounts of the sub-

- stances preducing the peaks. For very accurate quantitative analysis
this method must be modified by correction. factors based upon the mole-
cular welght and class of compound. Since all components of the samples

- analyzed in this work were of the terpene chemical class and all had the

same molecular welght, these correction factors were not included.
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. Additionallyy.when, Internal.normalization of the pedk areas is wused

in .order to provide the relative distribution of the components rather
than dn exact quantitative analysis, these correction factors are of

“less importance,

A number. of methods have -been proposed for;measuring:the peak

. 1. . Cut out the peak with a scissors and weightthe paper.
2. -Measyre .the area with a planimeter. ‘

3. Multiply the peak height by the peak width at half the
peak helght.

4. - Multiply the peak height by the retention time,

5. TUsé an aytomatbic. integrator.

- Simce the charagteristic peak for dipentene was not. completely
symmetridal,under the operating oonditiens used inﬂthe.ghromatograph#
.multiplication of the peak height by elther the peak width at half -the
peaknheighti.or retention time was.ndt suitable for this analysis. - An,
automatic . integrator was not ayailable. -Therefore, measurement.of the
pedk.aredgs by means of a planimeter was chosen.-since 1ts Single opera-
tion was felt to . be more accurate than cutting out the peaks with a

gcissors and welghing the paper.

_Results of the.distillation runs are shown in Figures 5 and 6.
‘These .results cerrelate the purities obtainable in this study with

various degrees of recovery. Since .the purity decreases.with recovery,
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-an. effort was made,td'find an optimum relationship between the two.
-From these resulté it appéaré,that.the incremental decrease. in purity is

much greater at recoveries above 50 ‘percent. - Therefdre, it is felt

that 50 percent recovery. is'the maximum. obtainable in order to presérve

" the high puriﬁy,requireméhts.




ECONOMIC ANALYSIS

‘In. order to evaluéte~effectively the commercial potential of this
. project, an e¢ohomic analysis of. the précess based on the laboratory

. data,obtained was. completed. -Because of 'the previous lack of a size-
.able quantity source. that would stimulate industrial.interest,.delta-3-
carene. 1s an undeveloped .chemical as far as commercial.application is
concerned. -Therefore,.no indication of selling price was available
upon which to_base an economic study. - This analysié,has provided a

correlation between selling price, return on investmenti,and purity.

As in all economlc studies, cerfain costs must be estimated since
.exagt figures are net available until,the equipment’ is actually in-
stalled and the plant 1s operdting. -In this analysis 1t was attempted
.to estimate these costs at thelr maximum value in order ‘to provlde a
consérvative figure for return on investment. . Some of these estimations
'arg:

1. Total.installed equipment cost =.2.5 times material
cost of eguipment

2. - Auxiliary equipment-= 30 peréent‘of”toﬁal installed
o equipment cost

3. - Land and building cost = $12,000
4. ytilitles.cost = $1,000 per year

5. .Labor.cost = $800 per.week

Other cost figures are.developedhfrom,Quotes on the wvarious items of
equipment as furnished by several.manufacturers. - It 1s realized that

these quotes may-be high or low when compared to lsolated markets for
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a specific plece of equlpment, but they are felt to be representative
averages upon Whicﬁ the overall .analysis can be based. . Among the manu-
. facturers whose quotes are used in this study are:
-1, Artlisan Industries, Inec., Waltham, Massachusetts
2. Matt. Corcoran Company, Loulsville, Kentucky
-3, .Pacific Hide & Fur Company, Bozeman, Montana
U, . Perry Equipment=Gorporation,-Ehiladelphié,.Pennsylvania

5. Struthers Wells Corporation, Warren, Pennsylvania

This analysis is based on a production of 1000 gallons per day of
‘the crude turﬁentine, available at $0.13 per gallony which are the figures
estimated by Waldorf-Hoerner. - The process will be batch distillation
- with two forty-hour. runs per week. The crude turpentine contains ‘40
percent delta-3-carene. Frou laboratery data 1t was.found that a re-
.covery. of 50 percent of the delta=3~-carene 1s the maximum allowable in
order to preserve the high purlty under the operating conditions inves-
.tigated. Similarly,. it is apparent that the operation of two,coluhns,
one a smaller column functioning.as a topping. column in which the alpha-
pinene fraction.1s removed and the other a precision column where a more
complete separation of the remaining fractions 1s accpmplishedgﬂis the

optimum procedure.

<A flow.dlagram for this process is given'in Flgure 7.
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Column Requirements (sample calculations)

From laboratory data:
Number of theoretical plates = 12
Reflux ratlio = 5:1
Atmospheric distillation

From literature:
Plate efflciency for terpene system based on
viscosity correlations = 75 percent

Pp, - P

Maximum vapor velocity = 0.15 Vi 1h
Py
where
P, = Liquid density, 1b/cu ft
Py = Vapor density, 1b/cu ft
h = Tray spaclng, ft

Number of theoretical plates
Plate efficiency

Number of actual plates

i 12 = 16 Plates
0.75

Throughput (Production) (Reflux ratio + 1)

(1400 gallons)(7.33 lbs/gallon) (5 + 1)
(40 hours) (0.2 1bs/cu ft) (3600 sec/hour)

2.13 cu ft/sec

0.15 \Jéﬁ;§_:_9;§ 1.5

Maximum vapor veloclty

052

3.03 ft/sec

Throughput

Column area =
Maximum vapor velocity

2.13 cu ft/sec = 0.70 sq ft
3,03 ft/sec
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Column dlameter = 12 inches

From manufacturers' quotes:
Cost of 1l2-inch diameter column = $210/Plate

Cost of column = ($210)(16) = $3360

From laboratory data:
Number of theoretical plates = 24
Reflux ratio = 20:1
Steam distillation (one part of water to one part
terpene in the overhead)

From literature:
Plate efficiency for water systems based on
viscosity correlations = 90 percent

Using the terpene efficiency figure for the most conservative estimate:

Number of actual plates = 2k = 32 Plates
0.75

Throughput = Terpene throughput + Water throughput

(1400)(7.33) (20 + 1) 3 (1400) (8.33) (20 + 1)

1

Maximum vapor

where EL = H.8 +62.4
2
E 2 0.240.027
vV

(40) (0.2) (3600)

7.5%63.0

70.5 cu ft/sec

velocity = 0.15

2

(40) (0.027) (3600)

58.6 lbs/cu ft

= 0.114 lbs/cu ft




Maximum .-vapo

Lolumn -area =

Column .diame

From manufac

17
r velocity = 4.17 ft/sec
= 1713 sq £t
ter = 57 inche;

turers! quotes:
Cost of 57-inch diameter .column = $560/Plate

Cost of column = ($560)(32) = $17.900

A summary of column costs is glven in Table III.

. Condenser and Reboiler Requirements (sample calculations)

From laborat

‘From literat

”

Assumptilons

ory data: .
Reflux ratio = 5:1
Atmospheric .distillation

ure.:

Heat'of.vapprization>of,tuppentiﬁe = 68,6 BTU/1b
Heat capacity of.turpentine = 0.4 BTU/1b °F

Cooling water temperature to eondenser = HO°F

- Cooling water temperature out of condensér = 110°F

Heat duty for condensation =

Heat duty for cooling =

Turpentine temperature out of condenser = 21Q°F
Overall heat transfer .coefficlent for condensing.=
. 150 'BTU/sq ft hr °F
Oyerall heat transfer cdéfficient for. cooling.=
115 BTY/sq.ft hr. °F

(1400)(5ﬂ+ 1)(7.33)(68.6)
. (ko)
104,000 -BTU/hr

it

(1400) (5 + 1) (7.33) (300 - -210) (0.4)
(40)

55,200 BTU/hr
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Temperatgre of water entering the condensing zone =

0 + (110 - ko) (28:200) __ _ g pop
(159,000)
Area required for eondensingf: L 104 4000 ,
00 - 110 00. - 4
g€ )+ 00 § 2) 11501

.= 3.26.8q ft

225200

Area required;forucooling , - -
(210 =.40) + (300 - 64.2)

il

* (115)
2 ?
= 2.36 sq.ft.
Total céndenser area .= 5.62 sq £t
-From manufacturersl duotes :
 Minimum standard heat exchanger area = 9.0.sq ft

Cost .of cpndénSer = $570.

From laboratory data
. Reflux ratio = 5:1
Steam distillation

From literature:
Heat of vapordzation of water = 970 ‘BTU/1b
‘Heat -capaelty of water .= 1 BTU/1b

Agsumptions: :

' Cooling water temperature to condenser = 4Q0°F

Cooling water temperature.-out of condenser = 80°F

Turpentine and water.overhead temperature out .of
condenser = 145°F
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104,000 + (1400) (8.33) (981) (5 + ;)

(40).

Heat dubty for coendensation

1,819,000 BTU/hr

Heat duby for cooling = (1400)(7.33)(0.4) (195 - I45)(5 + 1)
(4+0) "

(1400)(8.33) (1).¢195 ~ 145) (5 + 1)
' (40)

118,000 BTU/hr-

- Temperature of water entering condensing zone =

4o + (80 - o) (12850000  _ yp 5op
(1,937.,000)
1,819,000 -
Area required fofﬂgondensing = [3195 _ EETE;‘;f?E95 —‘8§ﬂ(15o)'
2
= 91 8q £,
Ar ired f Ling .
. ea require or €Qo g = — -
' (195 - 42.5) + (145 - 40)
—J(115)
oo s ),
= 8 sq ft
Total .condenser area = 99 sq ft .

From manufaeturers' quotes: .
_Cost of condenser = $920
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From laboratory data.:
:Reflux ratio = 5:1
Atmospheric .distillation

Assumpftions: )
Steam available at 600 psia (485°F)
Turpentine storage temperature = U5

°F
Overall heat transfer coefficient 120 BTH/sq .ft °F hr

Heat duty requirement based on an eight-hour start-up =

(3500) (7.33) (0.4) (300 - 45)
(8)

= 3204000 BTU/hr

In mean temperature difference = (485 = 45) - (4&5 - 300)
1n (485 - U45)
(485. - 300)
= 295°F
&,
Reboiler area 520,000 = 9.0 sq ft

(295) (120)

From manufacturers? quotes:
Cost. of reboiler = $570
A summary of the condenser.and reboiler costs is given .in Table IV.
Since live steam can be introduced into.the stillpot for steam distil-

lationy no. reboiler heating element is necessary.

‘The yarious tanks have been sized.and priced according to manu-
Sfaeturerst quotesh A summary. of fank. requirements and. costs is shown

in Table V.
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The total equipment costs are compiled in Table VI. Assuming total
cost of installed equipment to be 2.5 times the materdal cost, this

figure is calculated and also presented in Table VI.

Operating Cost (sample calculationsg)

From laboratory data:
Theoretical plates = 24
Reflux ratio = 10:1
Atmospheric distillation

From assumptions and previous calculations:
.Crude turpentine available at $0.13 per gallon
Steam available at 600 psia for $0.80 per 1000 lbs
Total installed .equipment cost = $48,000

Steam cost =
Steam cost for topping column + steam.cost for precision celumn

= Heat-up cost for topping column + operation cost for topping column

+ Heat-up cost for precision column + operation cost for precision
column

(8) (320,000) (0.80)¢2) , (40) (159,000) (0.80) (2)
(1,000) (1,000) © (1,000) (1,000)

(8) (192,000) (0.80) (2) , (40)(292.000) (0.80) (2)
(1,000) (1,000) +(1,000) (1,000)

4

.= $35 per week

Labor. costs $800 per week

Utilities $14000 per year = $ 19 per week
Turpentine = ($0.13)(7000) = $910 per yeek
Incidentals = $271 per week

Total $2,000 per.week




-Income from turpentine produce ($0.50 per gallon}
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Depreclation = (10%)($48,000) per year = $92 per week
Maintenance .= (lo%)($48,000)_per year = $92 per week
Property tax and imsurance = (3%)($48,000) per year = $28 per week
Total operating cost per.week = $2,247.00.

($0.50) (4200)

$24,100.00

Income from bottoms product ($0.10 per gallon) ($0.1.0) (1400)

$146 per week

Net operating cost per week = $2,247 - $2,240 = $7.00.

. A summary of operating costs is shown in:Table VII. .Allowing three

months !- total operating costs as working capital, total initial invest-

.ment is calculated and ecompiled in Table. VIII.

- The figures-cal%?lated in this analysis were used to establish a

N

correlation between purity. of the product,Jselling5price;-and\returﬂ

on investment. The selling prices.per gallon required in order to

provide returns of 25, .50, 75, and 100 percent on investment were cal-

culated for the various purities of product. The results of these cal-
culations are tabulated in Table VIII and are.shown graphically in

Figure 8.




DISCUSSION OF RESUDLTS

The comparison of the Missoula, Montana crude sulfate turpentine
composition with samples from other.sources and those reported in the

literature clearly indlcates the uniqueness of the local turpentine.

-Obviously, the composition of the turpentine is dependent upon the species

of trees being processed and, therefore&.may vary throughout the year.
Information received from Waldorf-Hoermer indicates that they process
primarily pine, larch, fir and spruce. A thorough study.of the turpen-
tine compogition from trees of the genus pinus is‘reported in the litera-
ture and indicates that the prime source of delta-3-carene is the
Honderosa pine.u Since this tree is common to the western portion of
Montana, a logical basis for the high delta-3-carene content of the
Missoula, Montana turpentine is evident. Due to the very low. delta-3-~

carene content in all the other samples, it is felt that 1t can be

\\x\\
assumed with confidence that the turpentine from these .sources will not

approach the composition of the Missoula.stream at any time during the
year unless the proecessing of Ponderosa pine becomes predominant. Cor-
respondence from Lewiston,.Idaho indicates that crude sulfate turpentine
from a mill in Léwiston contalns approximately 30 percent delta-3-carene.

If sufficient Industrial interest were developed for this chemical,

~this may provide an additional source.

During the study of the variation in the composition of the Missoula
crude turpentine it was found that the beta-pinene and dipentene content

remained relatively constant while large deviations were apparent in the
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amounts of alpha-pinene and.delta-3-carene present. When the alpha-pinene
content was'hfgb, the amount of delta-3-carene would be re@uced}'and
vice-versa. Although an inefficient condenser which did not eondense
all of the alpha-pinene produced in each run would explain the cyclic
nature of the alpha-pinene and-.delta-3-carene content, it presents no
reason why thé amount of dipenteney which is the highest boiling.compoﬁent,
would not also.increase with the higher delta-3-carene content. Since
the Missoula mill is known to process wood material from several dif-
ferent locations, and several different species of trees, a more justi-
fiable conclusion would be that the vardations in the composition ob-
served. were, .for the most part, due to echanges in the species of trees

being processed.

. From the»distillqtion runs performed-on the crude turpentine, it
became very apparent tﬁat recoyvery of the terpenes in high purity was
significantly enhanced,by the use of steam-distillation. The laboratory
.data. shows -that formation 0f the terpene-water azeotropes presents
systems that are much more easily separated than the terpenes. This
behayior 18 not uncommoﬁ*.however,.sinee azeotrepic distillation has
found utllity in the.separation of several clese boiling mixtures. .In
addition to this advantage, 1t was observed that steam distillation
yielded a much more pleasant smelling producty-a color-free product,
and protected the stillpot reslidue from thermal decomposition. Theluse
‘of steam distillation appears to be especilally attractiVe,,thgrefore@ if

utilization of the bottoms product is contemplated.
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-The economic  -analysis performed must be accepted. as.an estimate,
‘hopefully a'maximum estimate, .of what. it would cost an outside firm to
locate and start production near the pulp mill. in Missoula. Devilations
frém and’ éxceptions to this analysis. are expected for SPecific\items
fromjdifferent source information. ‘From this study, howevery it .is
. apparenkkthéﬂ féfther,investigation,,directed primarily at creating.a
market for the terpene products, is juétified, The ecgngmic,study.done'
here 1s based on the recoyery.of .only 50 percent of the avallable .delta-
-3=-carene as_high.purity product. From,the laberatory data, this.appears
t0 be the optimum recovery at this time. If 1t became apparent that .
the selling price of . delta=-3-carene prohibited this amount of less to
. the other,fractionsl.the-economics_oﬁ the. greater recoyery should. also
be investigated.

: %
Evaluyating the probable error in this study is very difficult due

to éhe-estimations necessary in the economie -analysis. Obyiously, there
are errors infroduced in the laboratory procedures through the use of

the Corad coﬁdenéing head, the packed:columns¢_the.gas_chromatbgraph,

rand the planimeter. Among: these 1t is fely that the use.of the plani- '
-meter in evaluating the peak areas and thus the.compésitionﬂpf_the samples 4
-contributed the greatest.error. The use of this instruﬁent?”thereﬂore%
included .many -duplicating evalumations in an.eﬁforﬁ to.reduce this error.
It -was found after. some amount Qf pracfice_that the operation .of fhe
planimeter could produce results within approximately + two pelcent.

. deviation. .Duplicate.distillation runs. and. chromatographic analysis of
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samples gave.results reproduclble to within the accuracy.ebtainable
with the planimeter. .Since.the,laboratory data in this study was used
primarily as the basis for the .ecomomic analysis of the délta—}»pareﬁe
recoyery.processr\the error introduced through the lagboratory procedure

is not of critical proportions.




- CONCLUSIONS

'The.compositibn“qf the MiSSoglay Montana -crude sulfate turpentine
is . unigque amoné the pulp mill turpentines becéusevof its .abnormally
high delta-3-carene content. ' The amount of delta-3-carene present
varles.depending upon the species of trees being processed; however,’
ovef an extended period it has .averaged .approximately 4Q percent. of
the turpentine stream. The recoVery.of’delta-}-carene as a high purity
product can be accomplished with moderate ease by steam distillation,.
The economics of the recovery process on an industrial scale appeaf
very promising and justify additional -study on the separation of other

terpenes and the various reactions of these products. .




SUGGESTIONS FOR.FUTURE STUDY

:In. order to. maeke the .chemical recovery, method of dealing with
the crude sulfate turpentine appear even .more attractive, investigation

of the separation and purification of the beta-pinene-and dipentene

.may produce.other high purity pfoduétsm Similarlyl.studies_oﬁ reaction
mechanlsms such. ag hydrégenation,:pdlymeri2a$ion},halpgenation¢.etcmh

.of the ayailable terpenes.might provide information necessary to

develop. suitable markets for these products.
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APPENDIX
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Alpha-pinene
Gamphene
Beta-pinene
Delta-3-carene
Dipentene

Ul W =

/ (5)\\\j (1) (3) 2) |

Figure 1. Chromatographic Analysis of Crude Sulfate
Turpentine from Missoula, Montana
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Figure 4. Distillation Equipment Diagram
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Figure 5. Atmospheric Distillation -- Purity vs. Recovery
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Figure 6. Steam Distillation -- Purity vs. Recovery
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Crude turpentine
from pulp mill

Crude turpentine
storage

Topping column

Precision column -

Bottoms storage

Turpentine product storage

Delta-3-carene storage

|

Caustic wash tank
Water wash tank

Figure 7. Process Flow Diagram
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Figure 8. Return on Investment -- Selling Price vs. Purity




Table TI.

Compound Structure

Alpha-pinene

Beta-pinene

Delta-3-carene

Dipentene

Rph P 0D
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Chemical Compounds

Boiling

Point

156°C

162°C

176%¢C

178°C

Density

0.8620

0.8740

0.8668

0.8411

Refractive
Index

1.465

1.487

1.468

1.473































