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This investigation consists of the installation of an experi-

mental peppermint oil distillation plant and the determination of the

consistency and efficiency of oil recovery by the apparatus.

The amount of peppermint oil produced on experimental plots

and also commercially can be divided into two main phases, (a) the

cultural practices, and (b) the distillation process. The distilla-

thnipmocess must be highly efficient and consistent before the effect

of cultural practices can be determined. Thus, the reasons for the

study are:

1. To install a precision experimental peppermint oil distil-

lation plant.

2. To evaluate the efficiency and consistency of oil recovery

by the distillation plant.

The installation includes four basic pieces of equipment, (a)

a boiler to provide steam, (b) tubs to receive the pepermint hay,

(c) condensers to liquify the mixture of steam and peppenmint oil

vapor, and (d) receivers to separate the water and oil distillate.

The evaluation of the efficiency and consistency of oil recovery

was determined by processing a known amount of peppermint oil through

the apparatus measuring the amount of oil recovered and plotting the

results on statistical control charts.

The long term expected statistical average of the apparatus,

determined from the control charts is 7.8“ percent oil loss; giving

an oil recovery efficiency of 92.16 percent. The consistency of re-

covery, also determined by the control charts, is a long term expected
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standard deviation of 3.01 percent oil loss.

A fast method, applicable to the farmer, of determining the

amount of peppermint oil entrained in the distillate going down the

drain was investigated with negative results. Two methods were tried

(a) freezing the final distillate in an attempt to separate any en-

trained oil from the water and (b) pH tests of the distillate compared

with the pH values of known concentrations of peppermint oil and water.

Many pieces of standard equipment, easily available to the

farmer, were used successfully in the installation of the equipment,

such items included, aluminum irrigation piping, plastic garden hose,

and marine plywood. A Jet type condenser was unsatisfactory creating too

much turbulence in the receiver.
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INTRODUCTION

The distillation of peppermint oil from.peppermint hay is a

process in which steam is passed.through the hay to vaporize the pop-

permint oil; the mixture of steam and oil vapor is then condensed and

the resultant distillate is separated; the oil is kept by the farmer

and the water disposed.

The site of this investigation is at the Michigan State Uni-

versity Experimental Muck Farm at Bath, Michigan. A research program

on the culture of peppermint is carried on by the department of Soil

Science at the.Experimental Muck Farm. The end product of the pep-

permint crop is peppermint oil which is classified as one of the es-

sential oils. Peppermint oil is a source of income for farmers located

on muck lands. The goal of the peppermint research program is to con—

tinuously improve the production efficiency of peppermint oil producers.

The majority of agricultural products indicate efficiency of

production by the weight or volume of fiber or seed produced per acre.

This is not true of peppermint. A large tonnage of peppermint hay

per acre does not mean a large recovery of oil. The amount of hay

produced compared to the amount of oil recovered from.the hay is not

constant; the variance being so large that no rule can be applied.

Therefore, since the amount of oil recovered per acre is the criterion

of efficiency of production, to be able to compare the effect of cul-

tural practices on experimental plots, the peppermint research program
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is dependent upon the accuracy of the method used to recover mint oil

from the peppermint hay. Inaccuracies beyond chance variance in the

recovery of peppermint oil from the hay (h) led to the initiation of

this investigation, with the primary purpose of installing precision

peppermint distillation equipment.

The research divides itself into two components:

1. Installation of the distillation plant.

2. Testing the equipment after installation to evaluate

the efficiency and the degree of consistency of oil re-

covery by the apparatus.

The departments of Soil Science and Agricultural Engineering

of Michigan State University are cooperating in this investigation.



CHAPTER 11

REVIEW OF LITERATURE

Hughes(8)

mint oil distillation. He recommends improving field distillation in

has done some of the more recent research in pepper-

the following manner:

1. Use aluminum condensers, piping and other apparatus which

might be in contact with mint oil rather than galvanized

iron or copper since aluminum is not corroded by peppermint

oil and does not give the oil an off-flavor as these other

metals. Stainless steel is non-corrosive, too.

2. Use automatic control valves on condenser cooling water in

order to maintain proper condensate and receiver temperature

for the most efficient separation of mint oil from the water

... llO°F to l20°F. is recommended. At this temperature

less oil goes down the drain. It is also the temperature

for the most rapid demulsification without too great a

vaporization loss.

3. The use of steam gages, thermometers, insulation, "warming

up" condensers, Laffled and larger separators, and the

”Opti—stopper" are recommended for the purpose of increas-

ing the efficiency of field distillation of peppermint oil.

The work of Hughes is continuing

(5)
Guenther devotes a chapter, pp. 227-367, including 19 pages

of references to the analysis of essential oils. The description and
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detailed explanation of the analysis procedure when using the Clevenger

opparatus to assay the amount of essential oil present in a given herb

should be of particular interest to growers of peppermint. Self-ex-

planatory diagrams are given of the apparatus. It is of laboratory

size and will process enough material to produce two to six cubic cen-

timeters of oil. The apparatus is compact and it is claimed an ac-

curate evaluation of large quantities of raw materials can be made by

using only small amounts of the herb.

Concerning the yield of peppermint oil per acre, Guenther(6)

reports yield variations of from 10 to 75 pounds with an average of

2% to 25 pounds. The proper time to cut the peppermint hay can be

determined by the menthol content of the herb. The menthol content

increases as the peppermint approaches maturity; when the menthol

content nears 50 percent the peppermint should be cut. Guenther(6)

states that Swift and Thornton.have devised a quick viscometeric

method of determining the amount of free menthol in peppermint oil.

Mentha piperita.L, the peppermint grown in America contains

l-menthol and l-menthone as its major constituents. Various values

for the amount of l-menthol in peppenmint oil are given in the liter-

h

ature, Steele(1 ) gives 80 percent, Geunther(5) #5 to 65 percent,

Bullis(2) (11)
#3 to 67 percent. Nelson in assays of experiments on

Verticillium wilt resistant hybrids had total menthol contents ranging

from 32 to Sb percent. The U. S. Thermacopoeia requirement for total

menthol content is 50 percent. Accordingly, the loss due to the

solubility of the oil in water during distilation is approximately



two percent when taking a value of total menthol content of the oil

(7) gives the solubility of 1-menthol in water
at 50 percent. Hodgman

as 0.0“ grams per 100 milliliters of water. Lange(9) gives the solus

bility of l-menthol in water as 0.0” grams per 100 grams of water.

Sievers(13) gives the procedure for the method of handling the

oil after it is removed from.the receiver. Allowing the water and oil

emulsion to stand for a period of time in a separatory funnel before

separation is recommended. Filter paper and dry sodium sulfate are

'useful in removing the final amounts of water. Water if not removed

from the oil can aid in chemical changes in the oil if exposed to air.

Amber-colored glass bottles completely full placed in a dark.cabinet

are recommended for storage.

A serious threat to the peppermint industry is Verticillium wilt

first observed by Nelson<11> in 192“. A fungus, of the genus Verticil-

lium, produces the wilt according to Sievers‘lz); the organismris able

to exist in the soil for extended periods making repression of the

(1])

disease a problem. Development of wilt resistant varieties appears

to be the most promising method of controlling the disease.

Moore(19) has an enlightening chapter on the uses of statistical

quality control. The definitions and explanations are so clear and

easily understood in this exposition that it is a good place of begin-

ning for the initiate to this type of statistical analysis. Abruszi(1)

‘presents another version of the control chart, as used to analyze work

measurement. The difficulties encountered by Abruzzi are apparent
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when one considers the inherent subjectiveness of the data gathered,

both the timer and the timed being human.



CHAPTER III

INSTALLATION OF THE DISTILLATION PLANT

The Bath Experimental Much Farm.had inadequate peppermint dis-

tillation equipment. Recovery of oil had too great a variance. The

tub, condenser and fittings were of galvanised iron which is corroded

by mint oil(8) and gives the oil an undesirable off flavor. The

capacity of the equipment was too small; b0 samples per week‘u) were

all that could be expected. Since an adequate peppermint research

program requires at least 500 plots per year‘u) errors will creep into

experimental data due to harvesting‘the plots at varying stages of

maturity and also due to the effects of weather on the amount of leaves

lost, when the harvesting period has to be extended over too long a

time.

The reason for this study is to overcome each of the above de-

ficiencies: by installing precision distillation equipment; by increas-

ing the capacity of the installation to 120 plots per week instead of

60; by installing two stainless steel tubs, two aluminum condensers,

aluminum piping; and controlling the temperature of the condensate

(110°! to 1200?.) by use of a temperature controlled valve to regulate

the flow of cooling water through the condenser.

The information and recommendations given by Hughes, Oregon

State College(8) have been followed to a great extent during this

installation.



The goiler

The boiler is an oil-fired, vertical, fire tube boiler, with

a heating.surface of 219 square feet, and a working pressure of 100

pounds per square inch. It was purchased second-hand.

Figures 1, 2, 9, M, and 25 illustrate the installation.of the

boiler and its fittings. Note the method of offsetting the chimney

to take the stress and resultant strain off the boiler and to facili-

tate cleaning the tubes and_making repairs.

 
Figure l. The Chimney in place. The uptake .

breeching (A) resting on the boiler can be dis-

connected from.the other part of the chimney by

removing eight cap screws. Boiler'feed water (B)

and pressure controls (0) can be seen on the

boiler.



 
Figure 2. Boiler, chimney, tubs, condensers and

fourbinch aluminum irrigation piping between tubs

and condensers.

 

 
Figure 3. Start of concrete block wall to house

the boiler. Note the plastic garden hose (A) on

the rim of tub used effectively as a gasket.
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Figure 1‘. The boiler housed.

T__h_e_ Tube

The tubs into which the peppermint .hay is placed for removal

of the oil from the fiber and. leaves were former dairy processing vats.

They are stainless steel tube with a capacity of 150 gallons, and will

hold 500 pounds of green pepermint hay. The bottoms of the tubs were

fitted withzten gage steel plates into which one-eighth inch holes

were drilled to disperse the steam through the hay. The tube have

sloping bottoms, which provide a steam space between the steel plate

and the bottom of the tub. The center of the plate was supported by

a two inch length of four-inch diameter aluminum irrigation pipe.



 
time 5. Steam ontlet (A) from tub, the four inch

aluminum irrigation pipe is malleable enough to

shape the flange under which a piece of plhstic gar-

den hose was placed to form a vapor seal. The black

portion(B) of the pipe locates one of the vapor leaks

before repairs.

_ ‘\>*l7/

t .;T _'
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Figure 6. the steel plate which fits into the bottom

of the tub. Holes are to.disperse stems.

11

   

 



12

 
Figure 7. Bottom of stainless steel tub. Groove in

bottomois steam inlet. Circular object (A) in center

of tub supports center of steel plate.

The one and one quarter inch steam inlet pipe to these tubs was

fitted to the regular inlet cock of the tub; this inlet valve serves

a dual purpose here since drainage of accumulation of water can be

(8)
done by simply lifting the plug from.its seat. A steam gage was

placed between the thb and a steam flew controlling globe valve.

A four inch outlet hole was drilled in the side of the tub,

two inches from.the top to provide an outlet for the mixed steam.and

mint oil vapor. A four inch aluminum irrigation pipe was used to con-

’duct the vapor to the condensers.

in aluminum cover for the tubs was tried (it had a spring load—

ed clamping device) which could be removed quickly. It proved to be

ineffective in that it allowed pepermint vapor to escape from the tub;

the cover lacked rigidity causing the loss. Marine plywood three -
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quarters inch thick used in the construction of the next tub covers

has given satisfactory service to date and as yet they show no sign

of deterioration due to the action of steam, mint vapor, or weather-

ing. A common vinyl plastic garden hose cut to the proper length has

proved an effective seal between the cover and tub. Gaskets cut from

this plastic hose have made tight seals for the temperature and pres-

sure fittings placed on the apparatus, and the Joints at the tub out-

let and condenser inlet.

 
Figure 8., Steam inlet to tub (A), inlet cock (B) is re-

moved from its seat. The steam header pressure gage (C)

is at the right. The steam flow controlling globe valve

is shown (1)). @etween theglobe valve and the inlet

cock is a fitting for another steam gage (F), pressure

here was measured by-a manometer connected to the end of

the hose (G). The manometer would read six inches of

water under normal operating conditions, that is, 300

pounds of steam per hour and a header pressure of 20

pounds per square inch gage. The reduction in pressure

takes place at the globe valve.
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Figure 9. Photograph of marine plywood cover

taken in January 1955. The lid has been ex-

posed to the weather and.has been used with

steam on 176 mint distillation trials. is yet

their is no sign of deterioration except a dis-

coloration of the wood. To the right is the

condensate temperature control valve (A) and

its sensing elements (B).

 
Figure 10. Method of initially fastening the plastic

garden hose (A) to the marine plywood cover. Pieces of
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Figure 10 (Cont.). plastic clothesline (B)(inner cord-

ing removed) were wrapped once around the gasket and

screwed to the cover. After the gasket had flattened

from.use it was nailed (aluminum) along its outer edge

to the cover. Fittings for the pressure gage (C) and

thermometer well (D) can be seen on the bottom of the

cover.
.

ghg_§ondensers

The two aluminum vertical straight tube condensers(8) were

purchased from the Cobb Manufacturing Company, Jefferson, Oregon

each has a capacity of 1200 pounds of steam per hour. The tempera-

ture of the distillate (110°! to 1200?.) is controlled through a

sensing element in the condensate drain pipe by a bellows type con.

trol valveég) manufactured by the Robert Shawa-Fulton Controls Com—

pany, Knoxville, Tennessee,which regulates the rate of flow of the

condenser cooling water. Three concrete block piers support the

condensers; the condensers rest on two inch planks which span the

distance between the piers.

A Jet type condenser was tried using a garden hose nozzle to

regulate the Jet of cold water. It did a good Job of condensing the

mixture of steam and mint vapor; but caused too much turbulence in

the receiver, 80 percent of the oil being lost down the receiver

drain. In order to use a Jet type condenser a receiver of different

design would have to be made which would bring the distillate to a

quiescent condition. The Jet type condenser has the disadvantage of

losing all the heat of condensation, because the condensate from the

receiver drain cannot be used for boiler feed water, since it is
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possible some mint oil might be entrained in the condensate and the

oil would corrode the steal.

a

I

F"

.errfie‘ ,

fl, ‘. ‘ .

'9 
Figure 11. Aluminum condensers.
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Figure 12. The aluminum condenser (A),

cooling water overflow piping (B), ther—

mometer wells (C), pressure gage connec-

tions (D) and manometer. The Manometer

(E) read 0.2 inches of water at the el-

bow (F) connection and 0.1 inch of water

less then atmospheric pressure at the

‘condenser connection (G)-at normal op—

erating conditions.



 
Figure 13. The Jet type condenser (A). It caused

too much turbulence in the receiver.

.1 .. ..-

_ ’fi’i'bflc'ftfl' '
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Figure l“, loszle (from a garden hose) of the

Jet condenser

18
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‘ ghg_§gceiver

The receiver from the former distillation apparatus was put in-

to use again for the first condenser. Another receiver of similar

design, the design follows the principle of the Florentine flask, was

fabricated for the second condenser. The one and one—half inch tail

pipe from.the condensers were provided with return bonds to facilitate

oil separation and allow the operator to easily observe when either

the oil started or stopped flowing.

 
.Figure 15. The receiver. Here it is placed in

series with the first receiver to test whether

any oil is passing through the drain of the first

receiver. Only non-measurable traces were found

under proper operating conditions. The quart

bottle is used to measure the steam flow by

weighing the amount of condensate caught in.a

period of time. Example: two pounds caught in

30 seconds would give a steam flow of 2M0 pounds

per hour.



 
Figure 16. The condensate return bend

(A) in Operating position in the receiver.

Oil bubbles could easily be seen by the

operator (coming from the end of the

pipe which rises slightly above the top

of the water level in the receiver) when

the oil started to flow, lack of oil

bubbles indicated the oil flow had stop-

ped. The ovenflow from the receiver was

controlled by the globe valve (B). The

condensate temperature control valve (O)

and its sensing element (D) are shown in

operating position. There is a globe

valve (E) to shut pff the water supply

to the control valve, and at the extreme

left a by-pass valve (F) to admit more

cooling water to the condenser.
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Figure 17. The condensate return bend (A)

shown outside the receiver.

 
Figure'lS. Hand operated hoist for renoving

the processed.hay and lifting the tub covers.



 
Figure 19. Top view of condensers, piping, tubs,

tub covers and concrete block piers to support

condensers. Note the three-inch open vents (A)

rising alongside the condensers which removes

air from the tub and connecting piping when first

"breaking a load in".

 
Figure 20. The method of weighing the green

peppermint hay in the field.
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Equipment Changes in 1225_

The above equipment installed during the summer of 1954 re-

quired some changes and additions for the purpose of improving testing

procedure, efficiency of oil recovery and consistency of oil recovery.

The additions and changes made were:

1. Pressure gages and thermometer wells were installed on the

tub lids, condensers and the aluminum piping which conducted the steam

and peppermint oil vapor from the tubs to the condensers. Figures 10,

12, 21 and 22 illustrate these fittings. These gages and themometer

wells were installed to give the operator more information concerning

the behavior of the apparatus; also temperatures and pressures of

these parts of the apparatus could be recorded and used as future

comparison references whenever irregularities in operational perfonm-

ance occured.

2. The rim of one of the tubs became defective and the tub

had to be replaced.

3. Two new marine plywood covers, with different construction

of metal reinforcement to test warpage, were made.

u. The vinyl plastic garden hose gasket was Joined and the

ends held together by lacing with a piece of plastic cord (clothesline).

That is, holes drilled in each end of the hose one length of plastic

cord passed through the holes the cord pulled tight and a square knot

tied. There were no vapor leaks at this Joint. To hold the gasket

in position on the lid pieces of plastic cord were used again (Figure 10).



 
Figure 21. Themolwter well (A) and

pressure gage fitting (B) on aluminum

pipe on horizontal run conducting vapor

from tub to condenser. The pressure

at this point measured by a manometer

was 0.“ inches of water. The temperap

ture was slightly less than 112°F.

The method of catching the skimmed oil

(from the receiver) with a funnel and

'flask (C) is shown.

2M
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Figure 22. The nanometers (A) used to determine

the pressure in the tub and the pipe which con-

ducts the vapor from.the tub to the condenser.

The pressure gage (B) and thenmmmeter well (C)

fittings can be seen. The marine plywood cover

(D) is in operating position. The manometer read-

ing at the tub cover was 0.5 inches of water under

normal operating conditions.

 
Figure 23. Top views of marine plywood covers.

Note different metal reinforcement, used to come

pare degree of warp after use, and whether the

heavier construction was necessary. Trials dur-

ing the summer of 1955 showed the heavier construc-

tion was not needed. The distance between the

spokes at the extremities (A) was lb 1/2 inches.
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Figure 2“. Bottom view of covers shown in Figure

23. The two pieces of 3/” inch plywood are fas-

tened together by wood screws.

This method proved effective. In 195“ a way had not been found to

fasten the gasket to the cover, this resulted in loss of time during

the loading and unloading operation.



CHAITER IV

EVALUATION OF THE DISTILLATION PLANT

Testing the Equipment After Installation, 195“

Since there is now way of knowing how much peppermint oil is

in the hay and because any variance in the amount of oil recovered

could be either attributed to varying amounts of oil in the hay or

to lack of consistency in recovery of oil by the distillation appar-

atus, it was decided to place a known amount of previously processed

oil into the tub, pass steam through it and see how much of the oil

could be recovered in the receiver. The first problem encountered

here was how to put the pure oil in the tub so that steam could be

passed through it.

A porcelain funnel with filter paper was tried. This method

of placing oil in the tub was discarded after five trials, because

filters retained portions of the oil. Oil recovery on these five

trials was unsatisfactory (Table 1) since recovery was never greater

than 81.b percent by weight and losses ran as high as #3 percent.

Leaks at the seal between tub and lid (aluminum lid was being used),

at the tub outlet, and at the elbows of the four inch aluminum pipe

carrying the vapor from the tub to the condenser were responsible

for most of the losses.

Next aluminum wool saturated with peppermint oil was used to

place oil in the tub. This method was also unsatisfactory because

all of the oil did not evaporate. Part of the oil ran out of the

aluminum wool and remained on the floor of the tub with only 20.9 per-

cent of the oil by weight being recovered in the receiver.



 
Figure 25. The blackened portions on the four-

inch aluminum pipe locate the vapor leaks be.

fore repairs. The wall housing the boiler is

nearing coupletion. The pipe was dismantled

welded and then replaced to stop the leaks.

  wr-a 7

Figure 26. A ring (A) elm ed tightly to the

aluminum irrigation pipe(3), nuts (0) welded

to the ring and cap screws (D) forced against

the outer wall of the tub, is the method used

to draw the flange of the pipe up tightly a.

gainst the inner wall of the tub. Shown is

the method of using plastic garden hose (E) as

a cover seal in 195“. Also, the manner of

placing peppermint oil in the tub by using a

porcelain funnel (F) and filter. This method

of placing oil in the tub was ineffective.
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the next method of placing oil in the tub was to put enough

hot water in the bottom of the tub to cover the steam inlet, pour a

measured amount of oil on top of the water and after the lid.had been

fastened, pass steam through the water and oil mixture. this method

("oil on water“) was satisfactory.

 _ (i‘:./r ‘) . r "" 3“." O \ a . ‘ ;"“-

{:3 ~ 1‘ _~:_+gtaE;X.-: '_.__'_.-__.L§1r£§

Figure 27. The three concrete block piers which

support the condensers. Method of placing pep-

permint oil in the tub prior to distillation;

there is water in the tub up to a level covering

the steam inlet, the oil floats on the water and

is vaporized by the steam passing through it.
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Table II indicates the efficiency of oil recovery which can be

expected when vapor leaks are present in the distillation equipment.

lhile making the tests shown in Table II it was not known whether the

losses were due to the vapor leaks (this proved to be true as later

tests (Table III)showed) or due to oil being passed to the drain by

the receiver. In order to check the effeciency of separation of the

receiver another receiver was placed in series with it, Figure 15,

that is the separated water which ordinarily passed directly to the

drain was now passed through this second receiver. no trace of oil'

appeared at the number two receiver while data for Table II was be-

ing gathered.

 
Figure 28. Another method (more accurate than

that described in Figure 15) for determining the

amount of steam used druing a distillation trial

In background can be seen.the balance (A) used

to weigh the peppermint oil (accurate to 0.1 gram). '

Also can be seen the gallon bottle (B) used to

. catch the distilled water, from the steam header

(0), used in pH tests.



T
a
b
l
e

I
I
.

O
i
l

r
e
c
o
v
e
r
y

-
v
a
p
o
r

l
e
a
k
s

i
n

d
i
s
t
i
l
l
a
t
i
o
n
a
p
p
a
r
a
t
u
s

-
o
i
l

o
n

w
a
t
e
r

m
e
t
h
o
d

 
A
m
o
u
n
t

o
f

o
i
l

p
l
a
c
e
d

i
n

t
u
b

~
g
r
a
m
s
-

O
i
l

r
e
c
o
v
e
r
e
d

i
n

r
e
c
e
i
v
e
r

~
g
r
a
m
s
-

P
e
r
c
e
n
t

r
e
c
o
v
e
r
e
d

P
e
r
c
e
n
t

l
o
s
t

D
i
s
t
i
l
l
a
t
i
o
n

t
i
m
e
,

m
i
n
u
t
e
s

S
t
e
a
m

f
l
o
w

l
b
s
.
/
h
r
.

S
t
e
a
m

p
r
e
s
s
u
r
e

(
b
o
i
l
e
r
)

p
s
i
.

 
2
2
0
.
3

2
1
9
.
5

4
3
8
.
7

4
4
1
4
.
2

n
u
n
.
)

M
4
6
.
c

1
1
6
.
8

1
4
7
.
2

3
6
1
.
1

3
2
0
.
1

2
8
2
.
3

3
0
5
-
}

5
2
-
3

b
7
.
1

8
2
.
3

7
2
.
1

0
3
.
5

6
8
.
0

4
7
.
7

3
2
-
9

1
7
.
7

2
7
.
9

3
6
.
5

3
2
.
0

5
0

5
5

s
o

5
5

4
5

2
5
0

2
5
0

3
3
3

2
5
0

2
5
0

2
5
0

2
8

2
8

2
8

2
8

2
5

2
8

32



 

1
'
u
b
7

‘
4
5
:

 



33

Since the, "oil-water method," assured complete evaporation of

the test oil from the tub, and the receiver was separating the distil-

late properly, the loss of oil could only be attributed to two parts

of the apparatus, either the leaking wisps of vapor were the cause

of the loss or else the oil was being trapped in the condenser. Ac-

cordingly, the piping was dismantled from the condenser to look for

oil pockets. There was no oil lodged in the condenser. While the

piping was down all leaks were welded and stopped. A piece of plas-

tic garden hose proved effective in stopping the vapor leak at the

tub outlet Joint. It should be emphasized that these leaks were barely

discernable.

Table III gives the data gathered after all vapor leaks were

stopped and the aluminum cover had been replaced by the marine plya

‘lbod cover. With this data control charts were constructed to de-

termine the efficiency and consistency of oil recovery by the appara-

tus.

Testing the Equipment After the Changes Made In_13§§.

The amount of oil lost by entrainment with the water discharged

from the receiver has been a problem of the farmer who is the processor

of peppermint hay into peppermint oil. If the amount of oil lost in

this manner during field distillation could be quickly determined the

farmer could adjust his apparatus and distillation procedure to obtain

the most efficient oil separation at the receiver. Accordingly tests

were run to see if this problem could be solved.
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Separation of oil by freezing with the hope of being able to

measure the oil separated in this manner was unsuccessful. The oil

could not be differentiated from the water in the frozen sample.

Next, varied concentrations of peppermint oil and distilled

water from the boiler were given pH measurements with a Beckman pH

meter to see if a useful relationship existed which could be used to

determine the amount of oil entrained in the distillate. These pH

values (which referred to known concentrations of peppermint oil and

water) were compared with the pH values obtained from the distillate

after leaving the receiver. No useful relationship could be found.

Three samples of four measurements each were taken (Table IV)

after all changes in the apparatus had been completed for the 1955

season. These samples were plotted on the 195k control charts (Figh

ures 29 and 30) to observe their degree of control. Then these

samples were included with the samples of 1954 to give a new body of

control chart data; the control charts were then revised and brought

up to date (Figures 31 and 32), that is, to the beginning of the 1955

8888011.

Evaluation g£_Tests
 

The tests were analyzed statistically. The statistical tool

used was the control chart. The control chart statistically answers

the following:

I. Are the samples from a normal population or lot?

2. Is the process in control, that is, the variance is due

only to chance and not to assignable variables?
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3. Are the samples random?

u. What is the long range (unbiased if in control) expectation

of the 2222: and standard_deviatigg7

5. Has a new variable been introduced into the test? This may

be due to either unwittingly changing the test procedure,

or deliberately introducing a new variable. With the form.

er the chart will go out of control and the operator can

immediately search for the cause and prevent gathering

needless data; with the latter new variables may be entered

one at the time and their effect on the test noted after

only a few measurements.

Construction_g§_the Contrgl Chart

The total population or lot of a statistic is all the units of

the physical objects which are being examined; the objects are homo-

geneous and they are exposed to the same conditions. A.random sample

is as true to the total population as possible. One sample consists

of several measurements. For the control chart a minimum of eight

samples is recommended(h); each sample containing four measurements.

The number of measurements in a sample will be signified by, n; the

number of samples by, k. The control chart is based upon the t 3 0"

limits. Sigma,(,', being the symbol for a standard deviation. Three

types of control charts are used, the TREE: EEEEQEEQ deviation and

Egggg_charts.

The control chart for means is constructed in the following

manner:
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1. the average of each sample is determined and denoted by the

symboljizj1.

2. The sum of sample averages is determined and is symbolized

by EEEEii.

i=1

3. The average of the swm_2f flhe sample averages is determined

and is symbolized by.ji? = 2§§j§§ . This value determines

1.2%....

the center line,<t2, of the control chart.

h. The upper control line, UCL, and the lower control line,

LCL, are found by using multipliers from the statistical

tables for control charts. These lines may be determined

by either the 52252, i'or ggagdard deviation 2;; Using the

was.“

UCI. =)?+ A2 if

LCL §S:E- A2 fix where A2 is the multiplier obtained from

statistical tables.

Using the standard deviation,

UCI. =X+ A16.“

LCL = )7 - .12)"

5. After the control lines are established each sample mggn,

X.” is plotted on the chart.

The control chart for the standard_deviatiogg,¢!f is constructed

in the following manner:

1. The standard deviationJO'a, of each sample is obtained;

which is the value determined by performing the following
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calculations in sequence; (1) find the deviation of each

measurement from the sample mean,)(1 -X, (2) square this

a- n __

value, (X1 -X)2, (3) sum these squares, 2 (X1 -X)2,

=1

n - 2

(it) obtain the mean of this sum, 2 -X) .

 

  

n

(5) take the square root of this mean, 2 ()(1 -X)2 .

 

Symbolically the entire calculation is denoted thus:

 

 

a; = 122‘; (Xi-55>?

and the value obtained is the variability from the sample

~

mean xknown as the standard; deviation:

Then the sum of the standard deviation; of the samples is

I:

calculated, 2: 0‘1.

i=1

The average of the sum of the standard deviations of the

— 1:

samples, a is detemined, that is 0": 2:0; .

=1

, k

This value is the center line of the control chart.

The upper and lower control lines are obtained by the use

of multipliers from statistical tables thus:

UCL = 131,0“

LCL = 330‘, where Bit and B are multipliers obtained from

3

statistical tables available in statistical quality control



texts such as Burr(3) page 409.

After the control lines are established each sample stand,

ard deviation,(T;, is plotted on the chart.

The control chart for the ranges, R, is constructed in the fol-

lowing manner:

1. The range, R1, of each sample is determined, that is, the

difference between the smallest and largest measurement of

the sample.

k.

The sum of the sample ranges is calculated, z 31'

' i=1

The average of the sum of the sample ranges, fl: is obtained,

§'= :E: R1 . This value determines the center line,

i=1

k

of the control chart.

Using multipliers the upper and lower control lines are

determined thus:

43:5

UCL = 1315'

;§', where Du and D are obtained from statisticalLu=n

3

tables.

After the control lines are established each sample, Ri’

is plotted on the chart.

Both the ragge.and the mean charts demonstrate that the tests

on the apparatus were in control, which indicates the samples were

random and from a normal population with variations due only to chance.
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Thus the apparatus can be said to be consistent in recovery of oil with

variations due to chance. The efficiency of recovery can be given by

the long term unbiased (unbiased because the equipment is in control)

estimate of the mean and standard; deviation. Burro) gives the un-
 

biased estimate of the standard deviation, 0‘ , as either, 3-2 = a:

or 3—2: = where fanda" are the averages of the ragges and standagi

deviatigs respectively of a run of samples, (1;. and c2 are values found

in statisticalb‘tfbles on qualéty .cAontrol; also the unbiased estinmte

of the wi is given be=X. For this peppermint oil distil-

lation apparatus the long tens expectedAinbiasgd estimate of the m_e_a_n_

effeciency of recovery of oil would be? =X = 7.90 percent loss

or 92.10 percent recovery. The long term expected unbiased estimate

"" 6. .... 3... g -
of the standard deviation variability would be 0‘ - d2 2.059

3.15 percent loss and with a natural tolerance limits of}: 33",

giving limits of 7.90 I 30.15) = + 17.35, - 1.55 percent loss which

should contain all of the future individual measurements when the

variations are due to chance only.

It is suggested that these control charts be maintained (the

m and the £2259. charts) by the operator of the installation. Three

samples of four measurements each should be obtained at the beginning

of each season to determine whether the equipment is in control. If

the points fall out of control a search should be made for the cause

and a correction made to the apparatus or operation procedure. If

the points are in control they should be added to the existing control

chart data and a new control chart calculated. If the samples are in



to

control the apparatus is satisfactory for gathering data on peppermint

hay for replications. During the season whenever suspicious results

are obtained from peppermint hay replications the apparatus should be

tested by the "oil on water" method to determine nhether the apparatus

is still in control and the variance of the equipment is due to chance

and not an assignable cause which could effect the values obtained

from the peppermint hay replications. Three more points should be

plotted on the control chart and the chart revised at the end of each

season.

The four samples obtained at the beginning of the 1955 season

were pletted on the 19514 control chart. The apparatus was in control.

Including these new samples (1955) with the samples of 1951+ to revise

the original control charts gave a new 135313,? , of 7.815 percent oil

less, an upper control line of 12.1} percent oil less and a lower con-

trol line of 3.32 percent oil loss; a new ran e, fi; of 6.20 percent

oil lose an upper control line of 1N.l percent oil loss and a lower

control line of zero percent loss (Figures 31 and 32). The revised

calculation fortthe long term expected unbiased estimate of the 13935

became,X =X 8 7.81} percent loss compared to the 7.90 percent

less of the original chart (Figure 29). The revised long term expected

Al

unbiased estimate of the standard deviation became a. = g—= 2-1-0459 =

2 e

3.01 percent loss compared to the 3.15 percent less calculated from

the original chart. Comparing the natural tolerance limits gave
\—

~ Al

x: 30.. = 16.87 and -1.19 revised percent less to 17.35, - 1.55

percent less calculated from the original chart.
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It is suggested that the mean and Egggg.charts be used to keep

the peppermint distillation plant in control. The Egggg.chart will

give the same information required concerning the variability of the

process, as the gtandard dgviation. when the number of measurements

in a sample is six or less‘B) , and is much easier to calculate. That

is, when both charts (the standard deviation and the {Eggs} are drawn

of the same process the plotted points will fall on the same side

of the center line and a proportionate distance; when the standard

deviation shows out of control so too does the {9353. Taking values

from the gaggg_chart and using the proper multipliers(1) from the

statistical tables the unbiased estimate of the gtandard deviation(3)

may be calculated if this information is desired.
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Table III. 011 recovery - no leaks in the distillation apparatus -

oil on water method.

Date Steam Time Amount of 011 recovered Percent Sample 3? R

1954 flow min. 011 placed in receiver lost

lb/hr. in tub -grams-

..grams-

10/30 250 40 444.2 385.9 13.1

10/30 300 40 443.8 399.4 9.8

10/30 350 40 442.5 387.5 17.0

10/30 375 40 437.8 332.4 23.9

83.8 15.9 14.1

11/2 300 40 439.4 405.5 7.5

11/2 300 40 885.8 785.7 11.2

11/2 250 45 888.1 778.4 12.4

11/2 350 45 878.8 807.1 8.2

39.3 9.8 4.9

11/2 300 45 885.2 821.3 7.3

11/2 300 40 877.8 787.8 12.5

11/2 300 40 877.4 811.8 7.5

11/2 250 40 875.3 823.5 8.0

33.3 8.3 8.5

11/3 300 40 872.9 803.0 8.0

11/3 300 40 895.3 827.3 7.8

11/3 337 40 892.8 775.4 13.2

11/3 300 45 880.8 811.1 7.9

38.7 9.2 5.8

11/3 337 40 870.8 808.1 7.4

11/3 337 40‘ 874.9 782.8 10.4

11/3 337 40 875.7 803.8 8.2

11/3 300 40 877.3 817.8 8.8

32.8 8.2 3.8

11/4 300 40 890.4 837.0 8.0

11/4 300 80 893.7 841.0 5.9

11/4 300 80 1328.5 1247.5 8.1

11/4 250 80 1328.4 1187.2 12.0

30.0 7.5 8.1

11/4 250 80 1319.3 1238.8 8.1

11/4 250 45 1319.9 1259.3 4.8

11/4 250 50 1295.3 1237.0 4.5

11/8 250 45 1334.3 1224.9 _'§;2

23.4" 5.8 3.7
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Table III. (Continued)

Date Steam Time Amount of Oil recovered Percent Seinple if R

 

 

 

1954 flow min. oil placed in receiver lost number

1b/hr. in tub -grams-

__ -grams-

11/12 375 40 1353.0 1231.7 8.9

11/12 375 40 1372.8 1239.5 9.7

1151; 125 7; 334.: 333.2 . 2.9

11 1 125 7 9. . .1

3 .2 15 8.5 3.0

11/12 125 75 439.1 400.1 8.9

11/18 375 40 2229.5 1834.9 17.7

11/18 375 40 2225.0 2162.7 2.8

11/19 300 40 1780.8 1722.1 3.3

32.7 16 8.2 14.9

11/19 300 40 1780.4 1746.6 1.9

11/19 300 40 1759.8 1698.2 3.5

11/19 300 :3 1783.5 1562.5 11.2

11 19 300 175 .0 1890.9 3.

20. 17 5.1 9.5

134.4 110.4

k ...

-._- 228
X: 1:; = 31-1115— = 7.90 percent loss

U01. =X+ A2 E8 7.90 + 0. 729(6.49) = 12.0 percent less

LCL =56 .. 12 ii: 7.90 - 0.729(6.49) = 3.17 percent 18..

k

2‘?

11‘: iii-— = 1123,“ = 6.49 percent less

 

U01. = ”4 E: 2.282(6.49) = 14.8 percent less

LCL = D 1?: 0(b.l+9) = 0 percent less
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Table III. (Continued)

 

 

 

 

Date Steam Time Amount of Oil recovered Percent Sample .1? R

1954 flow min. oil placed in receiver lost number

lb/hre in tub -graln8—

_ -grams-

11/12 375 40 1353.0 1231.7 8.9

11/12 375 40 1372.8 1239.5 9.7

1151: 125 7; 434.: 333.2 . z.9

11 1 125 7 9. . .1

3 .2 15 8.5 3.0

11/12 125 75 439.1 400.1 8.

11/18 375 40 2229.5 1834.9 17.7

11/18 375 40 2225.0 2162.7 2.8

11/19 300 40 1780.8 1722.1 3.3

32.7 16 8.2 14.9

11/19 300 40 1780.4 1746.6 1.9

11/19 300 40 1759.8 1698.2 3.5

11/19 300 :3 1763.5 1562.5 11.2

11/19 300 175 .0 1890.9 3.

2o. 17 5.1 9.5

mrib—:4-

k ...

-._-. 2: i
X: iii—~— = 3111;43- = 7.90 percent loss

UCL =X+ A2 i8 7.90 + 0. 729(6.49) = 12.0 percent less

1.01. =Y .. 12 1?: 7.90 - 0.729(6.49) = 3.17 percent 18..

 

k

E Ri

§= 4%— = 1123,“ = 6.99 percent loss

U01. = Du 'fi'= 2.282(8.49) = 14.8 percent 1088

LCL = D3 §= 0(b.49) = 0 percent loss



Table III. (Continued)

 

 

 

 

Date Steam Time Amount of Oil recovered Percent Sample if R

1954 flow min. 011 placed in receiver lost number

lb/hr. in tub ..grams-

; -grams-

11/12 375 40 1353.0 1231.7 8.9

11/12 375 40 1372.8 1239.5 9.7

1151; 1:2 7; 334.: £23.; . 2.9

11 1 1 7 9. . .1

3 .2 15 8.5 3.0

11/12 125 75 439.1 400.1 8.

11/18 375 40 2229.5 1834.9 17.7

11/18 375 40 2225.0 2162.7 2.8

11/19 300 40 1780.8 1722.1 3.3

32.7 16 8.2 14.9

11/19 300 40 1780.4 1746.6 1.9

11/19 300 40 1759.8 1698.2 3.5

11/19 300 :2 1783.5 1562.5 11.2

11/19 300 175 .0 1890.9 3.

20. 17 5.1 9.5

134.4 110.4

k _.

= z .
x: 1:1]; = 3%;3—11- = 7.90 percent less

UCL =X+ A2 12‘: 7.90 + 0.729(6.49) = 12.0 percent less

LCL =jif - 12 if: 7.90 - 0.729(6.49) = 3.17 percent 18..

k

EEZ"i

§= ”1:1?" = 1123,“ = 0.49 percent loss
 

U01. = Du §= 2.282(b.49) = 14.8 percent less

LCL = 113 11' = 0(8.49) = 0 percent 18..
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Table IV. Oil recovery - no leaks in the distillation apparatus -

oil on water method.

 
I

Date Steam Time Amount of 011 recovered Percent Sample .1? R

 

 

 

 

 

 

 

1955 flow min. oil placed in receiver lost number

1b/hr. in tub ~grame- all

~grams- 1955 data

7/18 250 50 995.0 877.6 11.8

7/29 300 40 1006.0 892.3 11.3

7529 300 40 1000.0 938.0 6.2

7 29 300 40 1001.2 950.1 2.1

3 . 1 18 8.6 6.7

7/29 300 40 1000.4 929.4 7.1

7/29 300 40 1000.0 9 8.0 6.2

7/29 300 40 999. 8 6.8 5 . 3

7 29 300 40 1000.3 932.2 6.8

/ 25.4 2 19 6.3 1.8

7/29 300 45 1000.2 948.1 5.2

8/1 300 40 1000.4 909.3 9.1

8/1 300 40 1000.1 887 .0 11 . 3

8/1 300 45 999.8 950.8 __._2_“- .
30.5 3 20 7.6 8.4

8/1 300 45 1000.3 929.3 7.1

8/1 300 40 999.4 887.5 11.2

8/1 300 40 999.2 933.3 6.6

8/1 300 40 1000.0 938.1 6.2

31.1 3 21 1.8 5.0

30.3 19-9

Ueigg De? O_§_ 1954 35.3 1955:

:- 2 X3 64

x= J—E-L = 1—2-1—‘1- = 7.84 percent loss

UCL = f't A2 §= 7.84 + 0.729(0.20) = 12.4 percent loss

LCI. =2- A2 11.: 7.84 - 0.729(0.20) = 3.32 percent loss

I:

Z Ra

fi': Jilin UM: 0.20 percent less

k 21

UCL = D4 1?: 2.282(0.20) = 14.1 percent less

LCL = D} i = 0(0.20) = 0 percent less
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Figure 29. Mean control chart of the distillation plant for 1954. The

last four samples were obtained in 1955 and plotted. They

were not used to calculate the control lines.
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Figure 30. Rage control chart of the distillation plant for 1954.

The last four samples were obtained in 1955 and plotted.

They were not used to calculate the control lines.
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Figures 33, 34, 35, and 30 were drawn to indicate the proper

steam.flow required to obtain.the best efficiency of oil recovery for

various amounts of oil processed. The points for these curves were

taken from Tables III and IV.

A statistical analysis was not used on the curves because it

was felt that more data at each rate of steam flow and for each amount

of oil processed should be gathered. The curves do seem to give a

strong indication that the amount of oil processed should influence

the rate of steam.flow at which the distillation plant is operated.

When yields of 400 to 500 grams of peppermint oil are processed this

installation would require a steam flow of between 125 and 250 pounds

per hour for the least percent of oil loss, according to Figure 33.

When 800 to 1000 grams of oil are processed a steam.flow between 250

and 300 pounds per hour is indicated by Figure 34. For 1300 to 1400

grams of oil processed a steam rate of between 250 and 400 pounds per

hour is indicated, Figure 35. When 1700 to 1800 grams of oil are pro-

cessed a steam flow of 250 to 400 pounds is best, at 500 pounds of

steam per hour there appears to be an increase in the amount of oil

lost, Figure 30. When larger amounts of oil are processed through the

still, Figures 35 and 30, the steam flow may be increased.up to 400

pounds per hour without increasing the percent of oil lost. When

lesser amounts of oil are processed, Figures 33 and 34, the steam

flow should be decreased. The best operational steam flow according

to these curves should be between 250 and 300 pounds per hour.
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Figure 33. Percent 011 loss versus steam flow, 400 to 500 grams

of peppermint oil distilled.
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Figure 30. Percent oil loss versus steam flow 1700 to 1800

grams peppermint oil distilled.
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Peppermint hay cut

Weighed green in the field. (400 to 500 lbs.)

Cured, us 1y two days

Placed in tub

Packed in tn by tramping

Cover placed on tub _

Distillation begins - Steam admitted to tub

(Header pressure 20 psi. this installation)

|

Steam passes through hay, 300 lb/hr this

installation - oil vaporized

Oil vapor and steam

conducted to condenser

Cooling_!g}er 51°F‘_ Cooling water To boiler

into condenser *.~ out of condenser 185.2000F. feed water

pump

Oil vapor and steam

condensed in condenser

Condensate flows to receiver

Condensate sepaJLtes in receiver

peppermint oil floating on top of

water

 

Oil rembved from }

receiver later isposed

Fil teret - sold

53

-‘

7F

 
Spent hay‘removed

distillation ends

(40 minutes approx-

imately)

Figure 37. Product flow diagram of the experimental distillation

plant.



CHAPTER V

SUMMARY AND CONCLUSIONS

Many standard pieces of equipment easily available to the fanmer

may be utilized in the construction and maintenance of a peppermint

oil distillation plant. Those used in this investigation were:

1. Four-inch aluminum irrigation piping to conduct the vapor

from the tub to the condenser.

2. A vinyl plastic garden hose used as a gasket between the

cover and rim of the tub. Cut to proper sizes and shapes the plastic

garden hose makes excellent gaskets for fittings placed on the appar-

atus. An example is the gasket placed under the pipe flange of the

vapor outlet from the tub.

3. A plastic clothesline used to lace the ends of the cover

gasket together and to fasten this gasket to the cover.

4. Marine plywood (3/4 inch) was used as a tub cover with no

sign of deterioration from steam and peppermint vapors or weathering

after a year of service. Tub covers made fromimarine plywood are

satisfactory for experimental stills; whether they would be adequate

for commercial stills is not known.

A return bend on the condenser tail pipe will drrect the oil

toward the top of the receiver; also the operator can observe the oil

bubbles rising in the tail pipe showing when the oil has commenced and

stepped flowing.
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A jet condenser is not satisfactory; although condensing action

is good, it gives too great a turbulence in the receiver. There is

no way of recovering the heat of condensation.

Pressure gage fittings and thermometer wells placed in the

steam header, entrance to tub, tub cover, vapor conducting pipe (tub

outlet and condenser inlet) and condenser will give the operator inp _ if

formation concerning the performance of the still. By recording the I

readings of these instruments periodically a permanent history of the V

 
apparatus will be available, to refer to, whenever irregularities in

performance occur.

Losses as great as “7.7 percent by weight as a result of vapor

leaks at the tub, condenser and piping between the tub and condenser

were recorded.

When two receivers are placed in series the second receiver

will indicate whether oil is being lost from the first receiver and

operating methods can be altered to correct this condition. Improper

receiver temperatures, failure to warm up condenser and receiver prior

to operation and too great a steam flow are the more frequent causes

of losses down the drain. Nb method was found of quickly determining

the amount of oil entrained in the water passing from the receiver.

Tests on both the freezing of the distillate and pH determinations

gave negative results.

Distillation tests were made to determine the efficiency and

consistency of oil recovery by the apparatus. The results of these

tests were analyzed with the statistical control chart. The method
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of processing the oil for these tests was to put enough hot water on

the bottom of the tub to cover the steam inlet, pour a measured amount

of oil on top of the water and after the lid had been fastened, pass

steam through the water and oil. The amount of oil recovered at the

receiver was weighed and compared with the amount placed in the tub.

The statistical control charts indicated the apparatus was in control

and consistent in recovery. Continuation of these control charts,

w and w, can be used as a method of insuring the consistency

of oil recovery, by the apparatus, required in determining the amount

of oil produced from eXperimental peppermint plots. The efficiency

of the apparatus is given by a mean of 7.8fl percent oil loss from the

control chart with an expected long term.gtgngg£g_deviation of 3.01

percent loss. The mean of the range was 6.20 percent oil loss.

inseam“. Passes {amt1 3.1.9.2.

l. The actual efficiency of the receiver should be investigated. This

study indicates a 7.8% average oil loss with indications that the

receiver is largely responsible. It seems that a receiver (per-

haps separator is a better word) of more efficient design is needed.

N e A method of quickly determining the amount of oil lost by entrain-

ment with the water from the receiver is needed. Perhaps this

problem would resolve itself when determining the efficiency of

the receiver.

3. Design a continuous peppermint oil distillation process.

 



h.

5.

b.

5?

Determine the efficiency of commercial distillation plants; which

would include the distillation, time and motion studies, and an

analysis of the flow of the product. This study should include

the synthesis of the most efficient methods.

The feasibility of new drying the peppermint hay with fans or

heated air and distilling from the mow. Thus the hay could be

harvested in a few days at the optimumsmaturity period and dis-

(5)
tilled later. The Clevenger apparatus and the viscometric

method of determining the menthol content(5) could be used to de-

termine proper maturity.

Investigation of the possibility of an improvement in condenser

design. The processor should be able to completely dismantle the

condenser, to clean inside and outside tubing. Final condenser

cooling water temperatures are of the order of 2009! which will

deposit many of the solids from.the water. Two passes, cast alum-

inum.heads fastened with cap screws and easily removed tubes

threaded and screwed into place are suggested.

A study of the most efficient size and shape (depth compared with

diameter) of tub for time and amount of oil recovery. Included

in this determination should.bs the best methods of steam inlet,

that is, one or several inlets, inlet from bottom sides or top,

one, two, or three passes of steam through the material. Also, a

mechanical means of packing the hay should be devised. A heavy

wide (12 inches) flat-rimmed wheel that revolves riding on the

hay at the inner wall of the tub is suggested.
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Is there an engineering method of controlling Verticillium wilt(11)?

Such as treating transplants with electron beams, high frequency

sound waves, or a method of sterilizing the soil, without harming

beneficial organisms.
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(1)

(2)

(3)

(u)

(5)

(b)

(7)

(8)

(9)

(10)

(11)

(12)

(13)
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