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I. SUMMBARY

The traditional method of production of menthol is to
crystallize 1t from peppermint oil at a temperature of 0 to
-10°C. but about 50% of menthol is retained in the oil. The
vield is low and only peppermint oils of high menthol content
may be used as raw materials,

In spite of the small bolling point difference between
menthol and menthone, these two compdunds have been separated
from peppermint o0il by fractionation in an efficient laboratory-
scale column under a pressure of 21 mm, Hg. Two methods of
obtaining menthol have been studied,

A. Henthone snd other low boiling fractions in peppere
mint o0il were flrst distilled off and menthol in the residue
was crystallized out from an ethyl alcohol solution.

B. Menthol was fractionally distilled over and 78% of
menthol in the oll was recovered in the pure state,

The products by hoth methods met the melting point speci-
fication of U. S. Phormacopoeia, The second method is simpler
and may expect to give a higher yield of menthol than the
first method. A new process of -roducing menthol from pepper-

mint oil by fractional distillstion seems to have great promise.
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11, INTRODUGTION

A. Occurrence of Peppermint 011

There are two general types of peppermint produced from

the fresh flowering tips of mentha piperita, meinly in the

United States and Europe, and mentha arvensis, mainly in China

and Jepan. Peppermint oil is a very important essential oll
produced on a commercisl scale by steam distillation of the

peppermint plent., The yileld of oil from mentha piperita is

usually sbout 0,5%, based on the weight of dried plant, and

the yleld of o1l from mentha arvensis may be as high as 2%

depending on the climntic conditions, soil, snd fertilizer (30).
The American and European peppermint oils are generally
used as flavoring agents for confectionery and medicinally
as a carminative. The Chinese and Japanese oils, due to thelr
high menthol content, are used as the msin source of menthol
and the so-crlled dementholized oil may be used as a substi-
tute for the Americsn peppermint oil. Menthol is used exten-
sively in compounding various medicinal preparstions; it is
often prescribed in fevers, hesdaches, coughs, colds, nervous
disorders of children, snake and insect bites, and diseases
of the nose and throst, It is elso used in confectioneries,
in toilet articles, and even in cigarettes.
Before 1935 Jepan wes almost the exclusive supplier of

menthol and peppermint oll to the world market and the
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production for the years 1921 to 1929 is shown in Table I (16).

TABLE 1
Production of Japanese Peppermint, 1921 -~ 1929
{(unit 100 pounds)

Year Peppermint - Natural Menthol Dementholized
01l Peppermint 011l
1921 604 on2 301
1922 556 249 279
1923 585‘ 263 291
1924 1,004 452 501
1925 1,988 787 873
1926 1,467 660 _ 733
1927 1,411 635 705
1928 1,267 571 633
1929 1,507 679 - 753

After the outbresk of World War II, the export of Japanese
peppermint was completely stopped end China and Brazil became
the main suppliers of the world. The Pacific northwest 1is
rapldly becoming one of the principal peppermint oll producing
areas in the United States, and recently e research project
has been set up in the Washington State College, Pullman, to
improve the yield and quality of peppermint oil (9). Due to
the low menthol content of Ameriecan oil coupled with its high

price as a flavoring 2gent =t present, it has not been used



to produce menthol. The present world production of nntural
menthol is estiméted at about one million pounds annmually.

Synthetic menthol has appeared on the Americin morket
but is considered to be unsuitesble &s a substitute for the
natursl product for medicinal purposes since the natural
product is lnevo active while the synthetic is a mixturs of
d- and l1- menthol. The currcent price for synthetic menthol
iz 56,00 to £6.40 per pound and for U. S. P. natural product
is $9,05 to £9.25 per pound (21}.

Be Properties and Constituents of Peppermint 01l

The composltion of peppermint cil is extremely complicated.
Twenty-~two compounds have been identified in Americen oil (12);
the chilef constituents are arranged in the order of increusing

boiling point as follows:
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T BLE II

Helting Points and Bolling Points of the Chief Constituents
of Peppermint 011 (19)

Compounds Chemical Formlsa

M. P.,%. B. P.,’C.

Iso~valeric 2ldehyde G4K93H0 -81 92,5
Acetic acid CHzCOCH 16,7 118.1
Acetaldehyde CHSGHO -3 139.6
O -pinene Ci0t16 =50 156.2
Q ~Phellondrene cléﬁ16 - 175
Iso~valeric scld C 4HgCOOR =376 176
Cineol 0163180 -1 176 .4
‘Llmonene 010318 «36.9 177.7
{ -¥enthone C105140 - 6.6 209
2 -Menthol Cq gyl 43 216
Pulegone 0165160 - 224
Menthyl acetate cldﬂlgcznao - 227

0f these compounds, menthol, menthone, and menthyl esters

are the most important constituents in the peppermint oil.

The percentages of these constituents and the physical constants

of oils from verious origins vary widely; they are presented

in Pable I1I1:



TABLE III

Physical Constants (22) and Compositions (23) of
Feppermint 0ils from Various Sources

American 01l English 011 Japuanese 011

Chinese 0il
(10)

Density
{25°¢C., )
Optical
Rotation
(25°C. 100mm)

Refractige
Index (nf®)

Solubility

(011:70% alc,.)

% Menthol
¢ Menthone

% Menthyl
esters

«909 - L9820

=23 to «33

1.460-1.471

l 3 2.5"‘5
47 - 62
17 - 31

4.5 - 11

«901- .912

-21 to =33

1;460"1.463

1 3 2-3.5
42 - 64
29 - 42

2.3 =6,2

+8956-~ ,902

-29 to -42

1.460-1.463

1 : 2.3
60 - B5
15 - 22

3 -6

0890" ] 905

-29 to =42
1.460-1.465

1l ¢ 2.3
60 - 80
12 -« 25

2.-6

From these

China snd Japan has a much higher content of menthol.

data it is evident that the oll produced in

The

menthyl esters and other constituents are relatively low in

all of the oils and the chief problem in producing menthol from

peppéermint oil is the sepasration of menthol and menthone.

Traditional Method of Producing Menthol

The present method of production of menthol in China,

Japan, and Brazil is to crystallize the menthol out of pepper-~



mint o1l at a temperature of 0 to -10°C. Since menthol is
very soluble in menthone and other constituents in peppermint
0il even at low temperatures, a large portion of menthol is
retsined in the oil. This éo«ealled dementhollized o1l contains
abouﬁ 50% menthol énd is sold at a price about one-fourth of
that of menthol crystalss The vield of menthol by this method
drops very rapidly for s smell decrezse of the menthol content
of the original oil. This situation is 1llustrated in the
following examples.

(Basis - 100 pounés of peppermint oil):

l; If the original oil contesins 80 pounds menthol and 20
pounﬂé non-menthol constlituents, there will be 20 pounds
msnthol left in the dementholized oil, The yield will be 60
pounds menthol per 100 pounds peppermint oll, or 75% of the
menthol is extracted.

2. If the original oil contsins only 60 pounds menthol
and 40 pounds non-menthol constituents, 40 poundsfmanthol will
be left in the dementholized oil. Only 33% of menthol can be
removed.

It is evident that only peppermint oil of very high
menthol content may be used for the production of menthol by
this methéd. Since the menthol content of the oil is affected
quite seriously by the climatic condltions snd varies froﬁ.year
to year, the production of menthol will be grestly decreased
if the ounlity of the crop is not up to normal. HKoreover, the

menthol content in American snd Furopesn peppermint oils is
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usually below 50% and therefore cannot be used ns raw materials

for the production of menthol by mere crystallization.

D. Purpose of Study

The purpose of the present investigastion is to find &
method to separnte menthol from peppermint oil beyond the
solublility limit so that s much higher yleld of menthol may be
obtained and peépermint cils of low menthol content of American
and European origins may slso be used as raw materials for the
production of menthol. |

The dementholized oll contains sbout 50% menthol while
the price.of the former is only 25% of the latter. It seems
that a complete separation of menthol frcm the o0ill should be
profitable even 1if the residue oil is not utiiized and entirely
wasted., As menthol 1s a very expensive chemiecal, the extra
income derived from an increase in yield will sllow a resson-
able increase in the processing cost,. |

- In the present investigstion, separation of menthol from
peppermint oil by fractional distilliution was studied in a
laboretory colum. %This method was chosen from a number of
possible way of sclving the problem, becnuse no expensive
theniczls are needed and because a separastion by physical .

mesns 18 in general more economical than by chemicnl reactions.



- I1I. REVIEW OF LITERATURE

‘'A. Physical Constants of Henthol and Menthone

Since the key problem in this study is the separstion of

menthol from menthone, the physiecal constants of these two

compounds were first examined,

Table IV

Physical Censtants of Henthol and Henthone (27)(30)

l-Menthol 1=Menthone
Density (30°C.) 0.8911 0.8946
¥elting point 43%. - 6.6%.
0
Boiling point 216 Ce. 209%c,

Refractive Index

Specific Rotation
(c = 20, in alcohol)

Solubility at 20°C.
1. In water
2. In ethyl alcohol
3. In ether, C3,, Céﬁs

1.4461 (n0)

. = 50°

0.42 g/1
Very soluble

Very soluble

1.4504 (n30)
- 28°

0.69 g/1

o0
&S
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The densitles and refractive indexes of menthol and men-
thone are too cloase together to be employed ss accurate criteria
in determination of these two compounds. The specific rotations
of commerclal products vary over guite wide range and are great-
1y affected by the other constltuents present in the oll.
Therefore, s satisfactory method of determining menthol and
menthone in peppermin£ oil by physical properties has not

been found so far,

B« Chemical Properties of Henthol and Menthone

l. ¥Menthol

Menthol is a secomdary aleohol containing s six-membered
cyclohexane ring and two substituent groups, methyl and iso-

propyl.

The carbon atoms are usually designated sccording to the number-
ing system indicated by the formula sbove. The three asymmetric
czrbon atome in menthol allow the existence of 8 stereciscmeric

menthols, of which five (d and l-menthol, M.:r. 43°C., d and
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and l-neomenthol, H.P. -220C., and d-neoisomenthol, K.P. -8°9C,)
are known. The gsynthetlc menthol from thymol is a mixture
of d- znd l-menthol and is optleslly inactive., Thils racemic
mixture has a congesling point at 2?-2800.; after stirring for
seversl minutes, the temperature riges sharply to 31%.

As an galcohol, the most important reactiors of menthol
are those of ester formatlon, oxidatlion, and reduction.

a., Ester formation. MNenthol reacts with acetic anhydride

or acetic chloride to form menthyl acetate. This reaction is
accelerated by the présence of cantalysts or by boiling under
reflux and is utilized as the basis of analyzing menthol.

‘ b. Oxidation., MNenthol may be oxidized to menthone by

leading s mixture of menthol vipor and steam over a catalyst
at 185%°. to give 96% yield of menthone (17). Another method
is to oxidize menthol by chromic-smulfuric acid mixture. The
yieldeas reported to be almost cuantitative (31).

c. Reduction. Menthol may be reduced to menthane by

Ifirst converting 1%t to the iodite and reducing the latter by

the usual methods.

2. Menthone

Henthone is the ketone from menthol.



It occurs in the d-form in oil of pennyroyal and in the l-form
in peppermint oil,

a. Reduction. Menthone may be reduced to menthol either

by hydrogenatlon in the presence of an active metal catalyst
or by using reducing ngent such as sodium alcoholzte or
aluminum 1sopropylate.

b, Additlion. Unlike most other ketones, menthone does

not add sodium bisulfite, Thus 1t is not possible to isolite
menthone from the pepprermint oil by this resction.

¢« Reaction with hydroxylamine, hydrazine and substituted

hydrazines. Menthone reacts readily with these reasgents to

form the corresponding oxime =nd hydrazones. These reactions

may be employed in the snalysis of menthone.
C. Possible Methods of Attacking the Problem

l. Separation of menthone from the o0il by chemical means

Menthone reacts with the hydrochlorides of phenyl hydra-
zine, hydroxylamine, and semicarbazide to form phenylhydrazone,

oxime, and semlcarbazone respectively. The menthyl phenyl-
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hydrazone is partially soluble in the oil while the oxime

. and semicarbazpne are insoluble. The last two derivatives
may be separated from the o1l resdily, but these reagents are
too expensive for industrial application, The current price
of hydroxylamine hydrochloride is about $5.00 per pound and
that of semicarbazide hydrochloride is $12.00 per pound.
However, since 1t requires only nbout % pound of hydroxylamine
hydrochloride for each pound of menthone in the oll, the use
of this éeagant mey be feasible if the menthol content in the
01l 1s high compared with the menthone. For example, if the
menthone content in the oil is 20% and 60% of menthol is ob-
tainable, the cost of hydroxylamine hydrochloride will be
about $0.,50 for each pound of oil producing 0.6 ponnd of
menthol, which is worth about £5.70. |

2. Conversion of menthone to menthol by reduction

a. Electrolytic reduction. Vhen menﬁhone wag reduced

electrolytically using aleoholic sulfuric or hydrochloric

acid as the electrolyte, menthol, menthane, &nd C}—menthépinacol
were formed with the yield of menthol not more than $25% (7).
The reduction was found to tnke place best at cathodes of

lead or tin amelgam. Pure mercury was the best cathode, but
then the amount of menthane fofmed was very large. Since the
vield of menthol by reduction of pure menthone was not satig-
factory, the reduction of peppermint oil by electrolytic method

has not been attempted.
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be. Reduction using reducing agents. Buhrer (8) reported

that the menthone in the peppermint oil might be determined by
converting it into menthol using metallic sodium in slcoholic
golution as reducing sgent end then the total menthol detormined
as acetate. Lund (20) reduced menthone to menthol using aluni-
num isopropylate and the yield was 90%., But the presence of
other constituents in the peppermint oil introduces many side
reactions and the reduction is not so simple as the reduction
of pure menthone.

c. Catalytic hydrogenation. The menthone in peppermint

011l can be catalyticnally hydrogenated to menthol, thereby
éﬁ;TEhing the oll, Various nickel catalysts have been tried (28)
but the yileld wns low, The constituents other than menthol

and menthone present in the oil made the renctions very complex
end rendered the hydrogenation difficult tc be controlled and
the results depended on the composition of oil. Although the
cost of‘catalytic hydrogeneation 1s lowe: than that of using
reducing agents, it ia necessary to find the optimum conditlions
and very efficient catalyst to give 2 selective hydrogenation

of menthone without deleterious effect on the menthol.

In general, the reduction of peppermint oil is accompanied
by various undesireble reactions which completely change the
chemical o mposition and the valusble properties of the oil.

If menthone can be separated out first and then hydrogenated,

& good yleld of menthol may be obtained.



Ze Solvent extrsction

Both menthel and menthone were found very soluble in ethyl
aleohol, eﬁher, carbon disulfide, glseisnl scetic ncid, chloro-
form, and cerbon tetrachloride. Huntress (15} reported that
menthol was wvery soluble in concentrated HCl but experimentel
work by the present writer showed that.menthol was only very
slightly soluble in concentrated HC1l even under boiling.

Since menthol and menthone are very similar chemieally, it
does not seem feésible to separate one from the other by the

use of organic solvents,

4, Fractional distillastion

A number of handbooks report that the bolling polnt of
menthol is 212°C. and thet of menthone 209°C. at 760 mm. press-
ure, With only 3 degrees difference in boiling point, 1t seems
very'difficult to separate the two components by fractionsal
dlstillation at first glance. However, other sources state
that the boiling point of menthol at 760 mm. is 216°C., which
was verified by the present writer. The boiling point differ-
ence becomes even greater at reduced pressures, thus the
difference 1is 15 degrees at 20 mm., and 18 degrees st 5 mm.
absolute pressure. By the use of an efficient l-boratory
socale fractionating column at reduced pressure, it was proved
that these two components can be separated aatisfactorily frém

peppermint oil.
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In addition, most constituents other then menthol and
menthone in peppermint o¢il have bolling points below 180°.
under atmospheric presure and they can be separated easily
from the o0il by fractional distillation., These constituents
amount to 10-20% of the 0il and will retain a large portion
of menthol in the oil if they are not separatéd out before
the crystallization., HMost experimental work of this research

has been performed in this direction and will be discussed

later.



IV, M ETHODS OF ANALYSIS

Lo Analysié of ¥Menthol

l. U, 8. P, method

The method descyribed in the United Stntes ‘harmacopoeis (2)
is regarded as the officlal method of analysis in the trade.
The procedure 18 essentially as followss

8. Determination of menthyl esters. 10 ml. of peppermint

oll, acgurately'weighed; is added to 25 ml, of % N. alcoholic
KOH. The mixture is refluxed on a water bath for exactly one
hour and the excess KOH is titrated with #f. sulfuric acid,
using phenolphthélein as indicator. The esters present in the
0oil are cglculated from the number of ml. of XOH consumed in
the saponifiention as menthyl acetate,

b. Determination of total menthol. 10 ml, of peppermint

0il, 10 ml. of acetic anhydride, sand 1 gram of anhydrous sodium
acetate are refluxed under bolling for exactly one hoﬁr. The
mixture is washed with warm water and sodlum carbonate solution
until the last washing 1s alkaline to 2 drops of phenolphthalein,
5 ml, of the acetylated oil, dried with anhydrous sodium

sulfate, is weighed and saporffied with 50 ml. of #N. alcoholic
KOH for one hour and the excess KOH back titrated with #N.
sulfuric scid,



«]l8e-

. L{7.813) }
% total menthol in oil = B = A{0.0217 (1 - B x 0.021)

where A = mle. of excess & N. KOH
B = grams of acetylated oll taken

E = % esters calculated as menthyl acetate

o, Modified methods

The U. S. P. method for determinatlion of menthol is slow
and laborious so that a number of simplified methods has been

recommended.

8. Using ncetic anhydride and pyridine as resgents (18).

A 0.6 gram sample of oil and 0.5 ml. of scetic anhydride are
accurately weighed in a small test tube. After addition of
0.5 ml. of water~-free pyridine, the tube iz closed with a
paraffin cork and set aside at room temperature for 48 hours.
50 ml. of water is then added and the mixture 1is titrated with
%# N. KOH in a flask. Near the end point of the titration,
the flask is heated 5 minutes over a water bath to onsure
complete hydrolysis of the excess acetic anhydride and the
titration 1s carried to the end point for phenolphthalein.
The menthol content is calculated from the amount of acetloc
aclid consumed.

b. Using acetic anhydride and n-butyl ether as reagents (6).

To 1 gram of water-free o1l a2dd exactly 5 ml. of 2 mixture of
4 volume n-butyl ether snd 1 volume acetic anhydride, reflux
1 hour, add 40 ml, water to deéompose excess scetic anhydride

and titrate the free scetic acid with £ N. alcoholic XOH using
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phenolphthalein as indicator. C{alculate the menthol from the

amownt of acetic acld combined,

3« Viscometric method

Peppermint oil 1s composed prinecipally of menthol, menthone,
menthyl esters, and hydrécarbons, all of which have approxle
mately the same molecular weight and therefore might be expect-
ed to heve the same effect on the viscoszity of the oll. De-
eause menthol 1s an alcohol, its OH group gives it a much
higher viscosity than the other constituents, Hince the vis-
coslty of peppermint cil depends to a great extent upon the
menthol present, thls property can be used to estimate the
composition.

Swift snd Thornton (23) prepared a series of peppermint
0ils and plotted the time of draining of the olls from a
S-ml, Ostwald pipette against the menthol content, 'The per-
centages of free menthol content of unknown oils read from
the charf were somewhnt highor than the values obtained by
chemical snalysis and a correction factor should be applied
for the interfering substances, which were correlated with
the insolubility of the oll in a mixture of equal parts by
volume of methyl alcohol and 70: ethyl aleohol. They reported
that the results were in reasonsbly good ngreement between

the chemical and viscometricvanalysis.
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4, Comprerison of the different methods

In order to compare the relative acocuracy of the above
analytical methods, a series of artificinl peppermint oils was
prepared by mixing known weights of pure menthol with the first
portion distillate from the natural oil containing 15.3%
menthol anslyzed by the U. S. P, methocd. The results by differ-

ent methods are tsbuletesd in Tadble V.

T/BLE V

Comparison of Results by Different Analytical
Hethods

Honthol UsSePs EBrror Pyridine Error n-butyl Error Visco- Error
content method method ether metric
method method

50,1% 51.3% 1.2 50,5% 0.4 49,5% 0,6 52.4% 2,3
60,5 60.9 0,4 59,2 1.3 59.8 ~0.7 67.2 6.7
69.2 71.6 2.4 68,0 1.2 67.0 =2.2 70.8 1.6
81,0 B80.8 -0.4 79.2 -l.4 B0e2 <«0,8 =w= ———
100.0 96.4 =3,6 98,7 =1.3 95,0 ~5,0 w-- -—

The pharmacopoeia method is regarded as the standsrd
method of analysis but it dld not always give the most accurate
result, Baldinger (5) state? that the time of scetyletion
may vary withgét broad limits while the time of saponificsation
had best be wvuiried between 45 and 60 minutes te give resulis
that did not deviate abnormslly from the mean. If saponifica-

tion is shorter than 45 minutes, the deviation from the mean
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is ﬁsually'negative; this indicates incomplete saponification;
if it is longer than 60 minutes, the deviation 1as positive,-
which would seem to indicate the occurrence of side reactions
involving KOH, posslbly resinification of certaln constituents.

Both pyridine and n«butyl ether methods give slightly
lower results but they were not less accurate than the U, &. Pa
metrod while much simpler in procedure. The above experiments
proved that these two methods can be used satisfactorily in
place of the officlal method, The pyridine method was used
in most of the analysis in the present work because 1t is
simple and convenlent and because the results cen be reproduced
very closely,

The viscometric method can be used bnly a8 a rough approxi-
mation., It is not applicadble to"oila of high resin contanﬁ
because the resins greatly increase the wviscosity of the oll.
However, it is simple and rapid and can be used undef condi-

tions where the chemical method is 1mpraeticabie.

B. Annlysis of Menthone

Three methods of analyzing menthone were reported in the

literature.

l. Hydroxylamine method

Abart 2 grams of peppermint oil is mixed with 15 ml. of

a 5% solution of Nﬂzoﬁzﬁcl in 95% ethyl alecohol. The mixture



48 heated gently to 100%¢. on a water bath and the HCl liber-
ated is titrated with 3 W. alcoholic KOH. The welght of
menthone in the gample may be ecalculated from the ml, of alkali
used. Methyl orange, dimethyl yellow, and bromophenol blue

have been used as indicator in different laboratories (1)(3).

Ze Semicarbazide method

¥enthone reacts with semigcarbazide hydrochloride cuanti-
tatively to form semicarbazone precipltate in the presence
of sodlum ecetate. The menthone content is determined by

weighing the dried precipitate (24).

34 _2,4-Dinitrophenylhydrazine method (14)

A crysatalline preeipitsete in the form of 2,4-
dinitrophenylhydrazone is obtained from water-aslcohol solu-
tion of menthone. Menthone is preclpltated cuantitatively
from dilute alcoholic solution dy adding a 1.0~1,5% solution

of 2,4-dinitrophenylhydrazine in 10% of sulfuric acid.

4. Choice of method

‘The hydroxylamine method was reported to give results
which approximated very closely to the actuasl content.
‘The writer found that bromophenol blue indicator was compara-

tively most satisfactory for oils of dark color but the end

point was not very sharp. A sample of redistilled pure



menthone was used as a control test by adding calculasted
amount of alcoholic KOH to the neutral point snd this solution
was set sside as the standard of the end point., Ealdinger (4)
reported that the presence of wvarious other constituents in
the peppermint oll definitely asffectes the spparent menthone
content from annlysis and the percentage of menthyl acetate
Shauld be considered in determining the true menthone contente.
The hydroxylamine method using bromophenol blue as indicator

wae employed throughout this investigation.
C. Analysis of Resinous Materials (3)

5 ml, of o1l, carefully weighed in a tared flask, are
steamed distilled until all volatile materials have passed
over. HRemove the flask to an oven and maint«in at a tempera-
ture between 90 and 100°C. After thorough drying, the flask
1s welghed. The difference in weight represents the amount
of resinocus msterial in 5 ml, of the oil.

This method was employed in determining the effect of
temperature and time of hezting on the resinification of the
peppermint oll,



V. FRACTIONAL DISTILLATION

A. Boiling Points of Menthone and Menthol Under
Reduced Pressures '

The boiling points of pure menthol, menthone, and menthyl

formate reported by Hochenberg (25) are shown in Table VII.

To complete the data for menthol between the pressure range

of 20 mm. and 700 mm, and to serve as a check, 20-gram samples
of U. S. P. menthol melting at 42°C. and pure menthone were
distilled in s 125 ml, distilling flassk and the boiliﬁg points
under various reduced pressures recorder, The results were in
good agreement with the literature data and are shown in Tabkle
VI. The combined literature asnd experimental dsta are plotted
In Pilgure I showing the relation bstween vapor pressure and
temperature of these two compounds.

The boiling point difference of menthol and menthone is
only 79%. at atmospheric pressure while 1500. at 20 mm.
pressure. Menthone decomposes rapidly when boiling at atmos-~
pheric pressure as evidenced by the darkening of the liouid
and the sppearance of white fumes. Moreover, the rate of
resinification of the peppermint oil was found to be slightly
lower when refluxed at reduced pressure., Therefore, it was

considered more advantageous to carry the fractional distilla-

tion at reduced pressure.
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TABLE VI

Experimental Data of Boiling Points of Menthol
and Menthone

Henthol , | Menthone
Pressure, mm, Hge B.P.,°C. Preésure, mm. Hge BoPe, Ce
735 215 738 208
468 : 198 453 190
262 - 177 280 172
108 , 151 110 140
60 139 58 124
36 128 35 110

- 21 ' 110 21 98




TABLE VII

Litercture Dats of Boiling Points of Menthol
gnd Menthone (25)

Pressure, Bolling Point,YC. _
MMe 1l-Henthol l-identhone
760 218 209
800 218 -——
700 212,70 205,20
600 - 200,00
500 - 192.60
400 - 183.80
300 - 173,00
200 - 159.05
100 -—— 137,48
90 - 134,40
£20 -~ 150-90
70 -~ - 127.30
850 e 118,45
40 . - 112.50
30 s 105.10
20 111.00 96,05
15 105,30 89.61
10 89,20 8l.60
8 94.25 7725
6 89,45 71.80

5 86,50 68.40
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B. Effect of Temperature and Time of Heating
on Resinification of Peppermint 01l

l. Effect of temperature on resiniflicatlion of peppermint oil

10-ml. samples of peppermint oil weighing é.927 grams were
refluxed to gentle boiling on an o0il bath under different pres-
sures for two hours, The resinous materials {ormed were deter-
mined by the steam distillétion method, The results are listed
in Table VIII and shown graphiczlly in Figure II.

TABLE VIII

Effeet of Temperaturs on Resinification of
Peppermint 0%l

Prossure BePe " Time % Resinous materials
21 mm.  109-112°C. 2 hours 3.82
34 123-125 o 4.20

91  144-148 - 4,35

305 181,184 “ 4,82

741 £12-214 " 5.10

The curve 1s approximitely a étraight line indicating that
the rate of resinification seems to increase linearly with
1hcreaaing temperature. However, the effect is not very

remarkable.
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2, Effect of time of heating¥cn resinification of pevrpermint oll

S8imilay experiments were performed.using 10-m1l samples of
péppsrmint 01l but refluxed to gentle doilling under atmospheric
pressurs for periods of 4 to 10 hours. The resinous materials
formed were analyzed as before and the results are shown in

Table IX snd graphically in Figure IIX.

TABLE IX

Effect of Time of Heating on Resinification of
Peppermint 01l

Time of heating Be Pa 4 Resinous materials
% hour 212-214 C. 1.08
1 | " 2,32
13 : " 4.40
2 " 5.10
3 - " 6445
4 " . 7,02
6 ® 6.85
10 " 7.26

The curve begins to flatten after three hours heating.
Further prolonged heating causeqd little increase of the

resinous materials, Although menthol and menthone will form

resinous materials to some extent, the resinification of the

peppermint oil is mainly due to the various other constituents
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in the oill, The rate of resinification seeme to slow down

fhen most of these constituents have converted to reasins.

C. Apparstus and Procedure for Fractional
Dlstilliastion

The arrangement of appsratus is shown in Flgure IV. The
column, jacket, still pot, and condenser were all made of
glasas so that the operation of the colummn was completely visible,
The fractionating column was constructed of 14 mm. inside
dlameter Pyrex glass tubing. It was packted with 3.2 mm. {1/8")
inside diameter single-~turn glass helices to a height of 131
om. (51.,6"). This columm was firast covered with aluminum
paint leaving.a narrow atrip‘ror observation purpose and then
enclosed in an sair jacket mede of 25 mm. inslde dismeter glass
tubing on which was wound asbout 40 feet of No., 24 Nichrome
resistance wire to provide side heating, Outside of this
jacket was a 40 mm. inside diameter glass tubing which served
as further insulation.

The s8till pot was & 250 mi. or 500 ml, flask, depending
on the amount of the charge, heated on an o0ll bath by a gas
burner. A cooling finger st the top of the colum se-ved as
a8 total condenser., All connections were made of 24/40 ground
glass joints which were sufficlently air tight at a pressure
of 20 mm. Hge.

The column was evacuated by a water aspirator which gave



'LEGEND
(1) Valve A (2-way)

(2) valve B (4-way)

[]
oo P it

(3) Velve C (2-way)
(4) 85% magnesia insulation’
(5) 250°C. thermometer, ground

glass joint, indicating
vapor temperature

%) 25090, thermometer indicating
- column temperature '

(7) 250°C. thermometer indicating
still temperature ‘ :

Pigure IV. . Appratus for Fractional Die@illation under Reduced

Pressure \
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an absolute.pressure around 20 mm. Hg. The degrece of wvacuum
obtainable depended on the temperature of the water but was
maintained constant in any single distillation. Three
thermometers were used indicating the vapor temperature, column
temperature, aﬁd stlll pot temperature respectively,

Before starting the fractionation, the column was preheated
approximately to the bolling point of the liguid to be distilled
by careful control of a rheostat attached to the side heating.
The still was then charged and a few small pileces of pumice
wore added to minimire bumpihg. Fenske and coworkers (11)
reported that the efficiency df the column.was greatly incress-
ed 1f the dlstilletion was started with the packing thoroughly
wet. Thorough wetting of the columm wanvaccomplished by
deliberate flooding of the column at the start of the distilla-
tion and then the rate of boiling was decressed by adjusting
the side heating and the burner. The stlll was then operated
at a boiling réte just below flooding under totzl reflux for
2 hours to establish equilibrium, During this time the rate
of boiling was kept as constant as possible, The reflux ratio
was controlled by carefully adjusting the opening of the
product stopcork A and was estimated by observing the
number of drops of total condensate from the cooling finger
and the number of drops of product withdrawn., This reflux
ratio was only approximately correct. The wvolume of a single
drop 6f liquid at a given temperature and pressure was not

exactly the same but was affected by the size of the dropping
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tip.

Distillate was collected corresponding as nearly a8 pos=
sible to the constant boiling fraction. W®When changing receiver,
the product valve A was closed, The pressure within the receiv@r
was restored to etmospheric by turning the four-way valve B
while the wvacuum in the columm was undisturbed., Since menthol
tended to solidify at room temperature, warm water at 50° to
60°C. was used in the condensers when menthol was distilled

over.

D. Fracticnation of Peppermint 01l

One hundred ml. of Chinese peppermint oil shipped from
Shaﬁghai,‘weighing 89,5 grams, was fractionated at a pressure
of 21 mm. Hg. The sample was manalyzed to contain 61,9% free
menthol by the pyridine method and 15.8% menthone by the
hydroxylamine method using bromophenol blue as indicator.
The still temperature was gradually ralsed and the aide heating
was so adjusted that the columm tempersature was sbout 1 or
2 degrees Centigrade below the vapor temperature at the still,
A reflux ratlo of about 10 was used and small fractions wWith
aharp boliling points were collecte The fractionstion was
carried out until no more distillate came over and the vapor
temperature at the top of the column dropped rapldly while
the still and column temperature roqé to over 200 C*

The result of the fractionation 1s shown in Table X, and

graphicelly in Pigure V in which the accummlative volume



percent of distllilate is plotted sgalnst the vapor temperature
at the top of the column. The menthol contents of the frac-
tiong were aneslyzZed by the pyridine method.

The menthol fractlions =so0lidified into an amorphous mass
on cooling and deposited long needle-~form crystnls on the
wall of the container. It melted at 38 to 42°C. which did
not ccnform.with the Us 3. P. specification of 41 to 43%,

_The fractions 12 and 13 (B. P. 106 to 110°C.) were com-
bined and refractiomated under 21 mm. pressure. The fraction
" boiling at 110°C. was collectes. It solidified to a erystal-
line powder. The melting point was 41 to 42%. which met the
Ue S Peo requirement. The yield was about 43 grams, or 48,2%
of the welght of the peppermint o0il taken. In other words,
78%¢ of the menthol contsesined in the oll waes recovered as
Ue Se P. menthol.

This crystailine powder was recrystéllizeé from 95%
ethyl elcohol. The crystals obtained still melted at 41 to
42°c,, which seem to indicste no further improvement in
guality, although the powder was transformed to long needle-
like crystals. 1l-Henthol d1d not racemize during fractiona-
tion because the melting point of the racemic mixture of &-
and l-menthol would be only 27-28°C.
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TABLE

X

Fractiohution of Peppermint 041

% Henthol

Fractions  EePe Distilliate Cumul=tive
ml. Yol., %
1 55.,5«56,5°C. 0,8 0.8
2 64 0.5 1.5
3 71-71.5 1.7 3.0
4 74,5-75 1.6 4.5
5 78.45-79 1.0 5.5
6 86,2-87 0.6 6.1
7 89-90 4,0 10,1
8 92-93 1.4 11.5 8.15
9 95.5-96 5.9 17.4 7,24
10 96 5.1 22,5 7.65
11 98-100 0.6 23,1 6645
12 106-108 2,3 25.4 83.6
13 110 58.8 84,2 95.8
14 115-116 2.3 86.5 9.2
15 120-121 1.1 87.6
16 133 0.8 88.4
17 144 0.4 89.8
1| 149-150 0.4 90,2
19 Residue 7.9 98,1
Total 98,1
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'E. Fractionel Distillation of Henthone
from Peppermint 01l

Another 100 ml. samﬁie ofvthe same oll was fractionated
at the same péé;sure‘qf 21 mm, Hg. under the same conditions
as the previous fractimation but this éime the distillation
was carried only to $6°C. wﬁare most of the menthone was
distilled over. The distillat ion was SQOpped 28 soon as the
vapor temperzture at the top of the column rose suddenly
to 100°C. After the pressufe in the colwm hed been brought
to atmospheric, the column temperature was maintained at
50°C. for two more hours by adjusting the side heating to
prevent the menthol from sclidifying in the column'dufing the
draining., After standing overnight, thé columm was cieaneé
by pasaing comprensed alr to reduce tha‘holdup as mudﬁ as
possible. | |

The firat two portions of menthoneidistilled ovei were
analyzed to contain o er lcaﬁ-menthone thch would seém to
indicate that %these fractioﬁs were pure menthone, Thé analyti-
cal results of various rraciions are shéwn in Table XI.

The residue s0lidifled at room temperature. About 20
grams of this residue was recrystzllized from alecohol and 5.6
grams of long needle-like erystals was obtained. The crystals
melted at 41 to 42°C, which was within ihe melting point range

specified in United States Pharmacopoeia.



TABLE XI

Practional Distillation of Menthone from Peppermin
- R 011 :
Fraetions  B.,P. = ml,. % Menthol 4 Henthone

1 Below 94°c, 11l1.8 ——— -
2 94;5-95 2,0 [ 100.5
3 95-96 9.2 — 101.8
4 96 4.0 3.0 | 98,8
5 Residue above 71.5 90.2 1.4

100

Total 98.5

The yield of menthol by recrystallization cannot be calcu-
late¢ from tﬁe above data because the alcohol was saturated
with menthol. This mother 1liguid may be used over and over
again until the resin content becomes so high as tc interfere
with the erystallization.

The resin in the residue may be removed by steam distilla-
tionsv A ten-gram ssmple cof the residue was welghed in a tared
flask and steam distiiled until all volatile materinls had
passed over., The flask was placed in e water bath which served

as a good insulation and suppllied part of the lstent heat

required for the volatile materials. By this means, the amount

of direect steam consumed was reduced so thst the loss of



nenthol in the aqueous layer was minimized. Tho flesk was
then dried in sn oven for 24 hours at 100°C, and weighed.
‘The resinous materials wés found to be 4.05%. The menthol
~was separated from the aqueous 1aye§ and recrystallized from

aleohol, The‘melting point was 42 to 43°C.

F.‘ Test.of the Column

l. Teat mixture

- Carbon tetrachloride aﬁd benzene were‘used as the binaiy
mixture in testing the number of theoreticél plates in this
labvoratory fractionating columm., This mixture was used because
it is cheap snd resdily obt#ined In the pure state. The bolling
points of carbon tetrachloride and benzene are 76.75 and 80.190.
respectively under 760 mm, Hg. so that this mixture may be used
for columns having a large number of plates. All physiecsl
constnnts and vapor-liguid squilibria data are available in
the literature., The two liculds form a constsnt boiling
mixture at 91,65 mole ¥ carbon tetrachloride (12) but this
difficulty was avoided by proper choosing of the concentra- -
tiong of the two liacuids so as to operate ln the middle portion

of the x-y diagram.

2. Test procedure

The ¢olumn was e¢arefully cleaned by refluxing ecetone
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for two hours. After complete draining, the columm was heated
to 80%C. for two hours to remove all scetone. About 100 ml.
of carbon tetrachloride and 200 ml, of benzene were then
charged into a 500-ml. flask, which served as a batch distilling
st111. The fractionation was carried out st stmospheric
preésure {742 mm.) for two hours under total reflux to eatab-
1lish eouilibrium, during which time the boiling rate was held
constsnt at just below flooding. Vupor temperatures of still
pot and column hea& were recorded as Vs.oband 75.8°C. respec=
tiﬁely. After equilibrium had been established and with the
column operating, 3-ml. semples of the étill 1icuid and 4is-
tillate were withdrewn within as short an interval of time

as possible, The samples were first cooled to 20°C., drawn

into 2-ml. pipettes, and then accurately weighed.

S« Analysis

The analysis of the mixture was made by measuring the
density at 20°C. The composition was calculated from the
equation given by Fenske and coworkers (11):

3 = 0.8795 + 0.7740x - 0.05654 x°
where @ 2 density of darbnn tetrachloride~benzene mixture at
20%c.
X = weight fraction of carbon tetrachloride in the
mixture.
Density of pure carbon tetrachloride = 1.597 g./ml. at
20°c.



Density of pure benzene = 0.8795 g./ml. st 20°C.
The enuation was claimed to be accurate within 5 parts per ten

thousand, The analytical results were as follows:

TABLE XII
Analytical Results of 0014 and C.H. Test
A Mixture
Distillate Hesidue
Density at 20°C. © 1.3886 ' 1.1069
Mole fraction of CCl, 0.694 0.301
!ﬁle fraction of CgHg 0.306 0.699

4, Calculstions

The nﬁmber of'theoretlcal plates of this column was cale-
culated by two methodsg

a. Using Penske formula. Fenske and coworkers (13)

developed an algebralc method of calculating the minimum number
of theoretical plates by utilizing the relative volatility
together with the fact that at total reflux the operating line
becomes the x~y diagonal in the HcCabe-Thiele diagram.

{ Xg) n+l (Xa)
Tolp = (Xolr

where X, = mole fraction of component a

]

Xy, = mole fractlion of component b

sub D =z in distillate

sub R = in residédue
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P
a ='§%~ = rel=tive volatility at the mean distilla-

tion temperature

Py = vapor pressure of pure compound a at that

temperature

vapor pressure of pure compound b at that

Py
temperature

This formula offers a simple and rapid means of determining
the number of theoreticrl plates at total reflux and avoids
the necesalty of constructing the x-y diagram. In general,
an arithmetical average of the relative volatility at the
temperature of the still and the temperature at the top of the
column is satisfactory. This formula ie bssed on the usual
assumptions that the liquids obey the Raoult!s law and the
molal overflow is constant, This method 1s particularly
useful when the number of theoretical plates 1s very large
where the graphlcal stepwise method cannot give a relisbdble
answer,

The average relative volatility was calculated bssed on
the vapor pressure data of carbon tetrachloride and benzene
given in Lange Handbook (19)s

¥Vapor pressure of 0685 at 70°C, = 547.4 mm.
" mo® o %ghOe, . 753.6 mm.

By interpolation, " " w9 " ng5.g%C.=667 mm,
f " n n " 73‘000.:‘712 i1
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Vapor pressure of CCl, at 70°C, = 622,3 mm,

" “ * " % a5.75%. = 760 mm,
" " “ * "go%, -843 mm.
By interpolation, " # w * "05,8%. - 741 mm.
" “ * " "78,0%. =792 mm.
X at 7548 C. = 741/667 z 1.09
Olat 7840 Co = 792/712 = 1.11
X average = 1.10
Substituting the (Olaverage and the analytiesl results into
Fensket's formula, the ansver iss
( 0.694 ) _ o0)y?*1  (0.301)
o708 = (1.10) (5-639)
n = 16,4 theoretical plates
b. Using MeCable-Thiele graphical method. The vapor-
l1iquid equilivria data of carbon tetrachloride and benzene
mixture at etmospheric pressure were worked out by Hosanoff
and Easlay (26):
TABLE XIII
Vapor-Liguid Equilibria Data of 0014 and CGgHg
B.P. Mole fraction of GGl, Hole fraction of GClg
00, : in liquid (x) in vapor (y)
80.23 0 0
79,36 0.1364 0.158
78.82 0.2157 0.242
78.62 - 0.2573 0.288
78.48 0.2944 0.321
78.15 0.3634 0,392
77.97 0.4057 0.4356
77.57 0.5269 0,549
77423 0.6202 0.639
77407 0.7223 : 0.733

76.69 1.0000 1.000
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Using these data and the MeCabe-Thlele graphical method, the
nuﬁber of theoretlieal plates was figured out to he 16,8,

Ce Discussion. The small difference in the number of

theoretical plates found by two methods was due to the data
of vapor pressure and vapor-liquid equilibrias taken from
different sources. |

The aversge number of th#oretioal plates was 16.6 while
the height of the packed column was 51.6 1nches. Tﬁe He Eo Te
P. (height eculvalent tc a theoretieal plate) was 3.11 inches
for this columm. »

Thé He E. T.lP. was known to vary quite appreociably with
the test liquide used and carbon tetrachloride-benzene mixture
usually gave low values of number of theoretical plates or
high velues of H, E, T. P. Tongberg and coworkers (31)
reported that for a lnboratory oolﬁmn having'lo mm, inslide
diameter and 16 inches packed height packed with 1/8" ningie-
turm glaéa helices, the He Bs Ts Po waa 2,0 to 2.3 inches
- using CCl,~CgHg test mixture but only l.4 to 1.55 inches using
n-heptane and toluene as test mixture,
| The efficiency of the packed colummn decreases rapidly on
increasing the column diemeter and packed height., With the
same kind of packing, Fenske and coworkers found that the H. E.
T. P. was 5.7 to 8.7 inches for a column having 32 mm. inside
diameter and 2,74-meter packéd héight.
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Vi. WNISCUSSION

In view of the preceding experimental results, 1t is seen
that menthol can be separated from peppermint oil by fractional
ﬂistlllation either by first removal of menthone followed by
eryatallilatlon or by directly distilling over menthol.

The fractiomation ¢an be completed in a much shorter time
if 1t 1s earried out only up to the point whsre menthone and
dfher low boiliﬁg fractions sre distilled over. The oapacity
of n giveh column Wwill be greatly inereased and cost of heating
will be cénsideiabiy roduced, Since most other coﬁstituente
in yeppermint 01l are more volatile than menthbl, the residue
left afteé removal of menthone will contsin about 90% menthol.
This menthol may be obtained in pure crystalline form by
cryatallizlng from a sulteble solvent, such as athyl alcdhol.
The mother liguid will retain a large amount of menthol but
it can be used as fresh aolvent repaatedly until the resin
content in the liquid becomes so high #s to :équire purifica=~
tion. The alcohol then can be easily distilled off and the
menthol can be separated from the resins by steam distillation.
In.this manner, most of the menthol in the residua may be
recovered, This précess will produce menthol in the form
ér iong needle-lika orystals which is preferred in the'trads
although thia‘demand.may not be logical,

In the case that fractionation is carried out until all



¢ 4B

the menthol has been distille? over, a much longer time is
needed., After a second fractionation of the menthol fraction,
the product obtained was within the melting point range of
U, S5« P. quality menthol., Due to the construction of the
distilling head, a reflux ratio larger than 10 could not be
maeintained for this column, If =& 1srger reflux ratio were
uéed, a single fractlonation would be able to effect the desired
separation. Seventy-elght percent of the menthol contained
in the pepﬁermint oil was recovered in this experiment and
an improvement of the yleld may be expected i1f the fractlions
boiling close to the menthol were charged to the seeond batch
and refrasctionated again, or a larger reflux ratio were
employed. This process seems to be simpler and may be expected
to give a higher yield thamn the crystalllzation process.
Menthone is the main by-product of the fractionation.
#hile the price quoted for menthone 1s’con§1derab1y higher
than that of menthol, there is very little demand for menthone
st the present time except in chemlecal lesboraiories. However,
thia-menthone iz free from the unsaturated constituents present
in the oil and can be converted into menthol by reduction which
13 mach easier to be controlled then the reduction of pepper-
mint oil as previously diecussed. The yleld of menthol from
peppermint oil oen be further incrensed if the reduction can

be carried out successfully.
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The first cost of a plant producing menthol will be small

compared with the working capital regquired. For example, if

a plant producing 300 pounde of menthol daily or sbout

100,000 pounds per year, the annual sales will be about

$900,000 while the first cost of such a small plant will be

only a few percent of the annual ssles. OSome idea of the cost

of raw material and the value of the prodﬁct may be had from

the following estimates, which are based on the sssumption

that 80%f of menthol in the 01l can be recovered.

{1) Assume peppermint oil conteining 60% menthol is used
as raw material, |
Bagls; 1 pourd of peppermint oil
Value of product; 0.48 1b. menthol at $9.00 §4.32
Cost of oil: 1 1lb. peppermint oil at §2.50 _§2.50

Marging $1.82
per 1b. of oil.

or $3.80
per 1lb. of menthol
made, |
{2) Assume dementholized oll conteining 50% menthol is
used as raw material.
Basiss 1 poﬁnd 6f dementholized o1l
Velue of product: 0.40 1b, menthol at §9<00 43,60
Cost of oils 1 1b. dementholized oil at $2.25 $2,25

Marging £1.,35
per 1lb, of oil.

or $3+38
per 1b, of menthol
made,



The cost of the peppermint oil 1s based on the actual cost of
a sample recently recelved from Shanghai, Chini. The cost of
the dementholized o1l is estimated to be one-fourth of the
cost of menthol (21). The above margin should be ample to
cover the proéessing éost. |

For commercial operation, & bubble-cap columm may be more
efficient than a packed column since the efficlency of packed
columns 1is greatly deoreased for colummns having large diameters.
The boiling point difference of menthol and menthone is 15°C.
at 20 mm, while 12°G. at 50 mm, Hg. An abaolute pressure of
about 2 inches Hg. 1s readlly obtainable and may be more .
sultable for larger scnle fractionation.

Future reseirch should be carried out on the fractionation
of menthol in a larger éolumn ﬁsing larger reflux ratios to‘
obtain data required for deslign purposes snd on the reductién
of menthone to menthol either by reducing agent, such as

sluminum isopropylate, or b catalytiec hydrogenation.



VII. CONCLUSIONS

1, The analysis of menthol in peppermint o0il using pyridine
and mcetic anhydridé‘as acetylation reagents is more conveniemt
than other methods and the results were not less accurate

than the U. S. Pharmacopoeia official method.

2, The analysis of menthone in peppermint oil by the hydroxyl-
anine method using_bromophenol blue as indieator is recommended,
3« The bolling point difference of menthol and menthone is
mach gréater at reduced pressures than at atmospheric pressure.
4, These two coﬁpcundaAmay be separated from peppermint oil
by fractionatidn in anuefticient column under reduced pressures,
5, Seventy-eight.percent of the menthol cont:ined in pepper-
mint 0il was recovered in pure crystulline state by fractiona-
tion alone.‘

6. The purity of mgnthol produced either by fractionstion
alone or followed by erystallization from alcohol meets thé
melting point specification of U. S, P,

7 l-Menthol will not change to a racemic mixture by heat-
ing during the fractional distillation.

8, The rate of resinification of peppermint oil 1ncreases'
alightly with inereasing temperature.

9., The resinous materials formed will not further increase
after four houwrs of heating under atmospheric pressure.
10. 4 new process of producing menthol from peppermint oil

by fractional distillation seems to be economieally feasible.
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