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In commerce we have various qualities of
canphor, all coming from the Asiatic Orient. The prin-
cipal quality, and the most common, is the ordinary
camphor from Formosa, China and Japan, This has the
chemical composition ekpressed by the formula C;oHe0,
and is extracted from the camphor tree, having the
botanical term Laurus Camphora, or the Cinnamorum
Camphora, or Camphora Officinalis. This tree is a
laurel species coming from the far East and from the
islands of Asia. The chemical study of camphor is not
within the scope of this article. It is limited to the
study of Laurus Camphora, in regard to its yield in com-
mercial camphor(y). We are occupied principally in the
examination of its properties and its foliage which grows
in Jamaica,

Up until the Japanese-Russian war in 1904 and
1905, the growth of the lLaurus Camphora, outside of the
control of the Japanese government, for industrial pur-
poses was unknown, At the time the war broke out the
United States was importing over two million pounds of
camphor from Japan yearly. During the first year the

T B N L N N R K & L X N X N X 1

(1) This investigation was carried out jointly with
Professor H. W. Emerson.
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importation was cut down one million pounds and the
second year, one and one-half million pounds, while the
price was increased from 62 cents to $1.57 per pound.
This large decrease in the amount imported resulted from
the use of camphor by the Japanese in the manufacture of
gun powder. The United States was not the only country
to suffer these high prices, as at this time we stood
second in the importation of camphor, with Germany first,
and England and France a close third and fourth, respec-
tively. A stimulus for the extention of the camphor
industry was therefore furnished, and Italy was the first
country to take it up. Previous to this time the few
camphor trees growing in Italy were used only as orna-
mental trees. The industry soon spread to other sub-

tropical countries, and at present the Laurus Camphora

is being cultivated at Ceylon, Canary Islands, Southern
California, Florida, Texas and Jamaica.

Theee same reasons also brought forth many
companies to prepare camphor synthetically, but almost
all of these companies failed in the attempt to com-
pete with the natural product. This was a stronger
argument in favor of the extracting of canmphor from
the Laurus Camphora as there seems to be no fear of

approaching possible competition on the part of



e
synthetic camphor. Since synthetic camphor must be pre-
pared from the costly American pinene, or even from
ordinary essence of turpentine, it will always be pos=
gsible to obtain with greater profit camphor from the
natural source. Finally, if, as there is reason to
believe, the foliage of the Laurus Camphora is less
rich in camphor when these trees grow in Formosa, the
Japanese will be justified in fearing competition
againet their camphor obtained from the toots and
trunks of century old trees, not only on the part of
synthetic camphor derived from the pinene of Germany,
England and the United States, but the possible compe-
tition of natural camphor ffom Jamaica and the Med-
iterranean countries, where, just as in the case of
Japan, hand labor is relatively cheap, and where the
product may be put on the market more easily. The in-
creasing high prices after the war were a stimulus to
new cultural innovations in spite of the fact that
synthetic camphor was already on the market., It is
proposed to cultivate the camphor tree in such a way
as to permit the annual harvest of foliage. The object
of the investigation which we carried on was, therefore,
to determine the quality and amount of camphor and oil
that can be obtained from the twige and leaves of the
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trees growing in Jamaica,

The methods for determining the quantity of
camphor are not very precise. The camphor in fact, be=-
sides containing water, is found mixed with essential
oils from the transformation by which it is derived.
Furthermore, in the process of drying and distilling
it is not possible to separate it from water and the
essential o0il, except with a loss of some of the camphor,
We have thought it best, therefore, to follow & method
which may be like the one used in Industrial extraction.
The results which we obtained are also obtained on a
large scale,when the wood and foliage af the camphor
tree are subjected to distillation . The method which
proved to be most suitable was the distillation of the
leaves and twigs with steam.

The leaves, twigs or any other part of the
plant, are cut up, weighed and introduced into a large
galvanized iron can, two feet high and one and one-half
feet in diameter, holding about six thousand grammes
of leaves, This can containei& false bottom made of fine
wire gauze, permitting the passing in of steam below the

leaves by means of a glass tube, which reaches to the
bottom of the can, This glass tube is connected with

a steam generator which has a capacity of five gallons
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of water. The steam, together with the camphor in the
vapor form, is led out through a large condenser, con-
nected with a two-liter balloon flask, which is surrounded
by running water and this in turn is connected with a
second condenser, leading into a large bottle filled with
alcohol. Almost all of the camphor is condensed in the
balloan flask, but a very little passes over and is con-
densed in the second condenser. The camphor together with
the 0il, is collected on the water, as it is soluble in
water to the extent of only one part to one thousand, and
is separated from the water by filtration. The camphor in
this form is a heavy brownish-white substance containing
0il and other impurities,

The steam distillation for the leaves lasted
two hours, at the end of which time the camphor of the
leaves was generally all removed.Rarely was it necessary

to continue the distillation longer. The steam dis-

tillation for removing the camphor from the twigs required
five hours duration. Long distillations cause a decom=-
position of some of the constituents of the oil of camphor,
giving the distillate a peculiar odor which is not pleas-
ant and is very hard to remove. All of the o0il comes over
with the camphor and is removed by pressing it out in a

small hand press,
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There was sent to us a total of 787.5 pounds
of leaves, wood and roots, and we received 620.25 pounds,
making a loss of 21.2% during transportation.
The following tables contain the results ob=-
tained from examining the leaves:

Sack No. I.

TABLE I,
2000 grammes of lea.ves 54,00 grammes of camphor & oil 2.7
5000 " 119,0 " "N 2.4
2000 " " " 44,5 " ' " " w2 29
5000 " " " 130.0 " " " " " 2.6%
2000 " " " 42,0 " " " " % 2,14
5000 " " " 105,0 " " " "N 2,1%
2000 " " . 45,0 " " " " ow 2.3%
5000 " . " 132,0 " " " “ " 2,
28, 000 671,56 2e

This was the best sack of green leaves, and gave a little
higher percent of camphor.

Sack No. I1I.

TABLE I1I,
1) 2000 grammes of leaves 23.0 grammes of camphor & oil 1,2%)
1) 2000 " " 30.5 " LI 1.52%¥
1) 5000 ] " " 93,5 " . " LI -1 4
2000 " " " 38,0 " " " " % ]1,90%
2000 " » " 38.0 L] " " " " ],90%
5330 " " " 137,.0 " " " " wg2.5
18330 360.0 1.8

(1) Omitting because of leaks and using only those in which
the!:?'; w28 no known loss of camphor, glves an average of
2,2

This was a sack of wettest leaves and the leaves


http://tabj.es

7
were mildewed considerably, and this seems to decrease the
percentage of camphor more than would be accounted for by
the increased moisture, The mildew possibly causes the
breaking up of the cells which contain the camphor and
which seems to hold it quite effectively during ordinary
drying.

Sacks Nos. III. & IV.

TABLE II1I,

1500 grammes of leaves 30,0 grammes of eamphor & oil 2,0%
2000 L ) 39,5 " 1.98%
2000 " " " 39,0 " " " * " 1,95%
2000 ) " ) 46,5 L L "0 w2 337
2000 " " " 40,0 . " * v % 2.00%
2000 " " " 41.8 " " L 2.2?
2000 n " " 48.0 " » " w2,

140 " (500 leaves) 3.0 " " " v % 21%
2000 w " * 62,0 " " " % v 339
2000 » " " 59,5 " " » " v 2,98%
2000 " " " 80.0 n " L] " o" ;__9_0%
19640 469.3 2. 08%

The difference in the percent yield as noted in
the leaves was due to the difference in moisture contained
by them, which ranged from 25% in the leaves, on the out-
side of the sack, to 40% in the wet leaves in the center
of the sack, |
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Summary of the camphor and 0il in the green

leaves,
TABLE IV.
19,640 grammes of leaves 469.3 grammes of camphor & oil 2.38%
9 350 " " 213.0 2.27%
%%f%%% ) n " 1§%%?% n n n u 'u 2:4

On removing the oil from the camphor,
TABILE V,

1,32% pure camphor in green leaves,
.54% 0il of camphor,
.387% water,
043% loss in manipulation

2.3

Percentage of camphor contained in the dried

Yeaves.
Sack 5.
TABLE VI.
6000 grammes of leaven 160, grammes of camphor & oil 2:66%
6000 142.0 s " N 2. 36%
2500 “ ' ' 70.0 " ' ' . : 2.80%
6000 " . " 176,0 " " " ® 2.9
20500 548,0 2,
Sack No. VI,
TABLE VI1I,
2000 grammes of leaves 38.0 grammes of camphor & oil 1.90%
1) 5000 v n 70.0 " " . v 1,40%
2000 " ' " 48,0 " . " ', " 2.40%
5000 " . * 100,0 " " " "% 2 .00%
5000 " " " 133,0 " * " " ® 2 66%
2000 " " " 54,5 . " " e 2,73
21,000 443.5 2.0

() Omitting because of leak in the still,
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16,000 grammes of leaves 373.5 grammes of camphor & oil., 2.33%
Sack HP_’ _Y_I_;.c

TABLE VIII,
5000 grammes of leaves 125.,0 grammes of camphor & oil 2.50%
2000 " " " 44.0 " " " » v 2,20%
5000 LI *  136.0 " v " "o 2 n2d
2000 " " " 48.0 " J . " " 2.40%
5000 LI *  126,0 " \J » "% 2. 529
2000 LI " 55,0 " " " " ® 2,75%
5000 " " " 140.0 " . " " v 2.80%
2000 " . . 54.0 " " " " 2.7%
2500 " ® " 70,0 " " . " " 2.8
30, 500 798.0 2. 60%

Summary of results of dried leaves.

TABLE I1IX.
20,500 grammes of leaves 548.0 grammes of camphor & oil 2,69%
16, 000 " " " 3735 " R " n 2,33
30, 500 " . " 798.0 " " n " " 2.6
&7, 000 1719.5 ETEE%

Removing the oil from the camphor.
TABLE X,
600 grammes gave 365 grammes camphor 60 .83%

110 *  oil 18.33%

120 " water 20,00%

5 " loss 0.84%
TABLE XI,

500 grammes gave 305 grammes camphor 61.00%

90 " 0il 18.00%
95 " water 19.00%
10 " loss 2, %



TABLE XII,
600 grammes gave 380 grammes camphor 63,3
106 " oil 17,5
105 "  water 17,5%
10 " loss 1.67%
TABLE XIII,
300 grammes gave 190 grammes camphor 63.33%
50 . oil 16.6%%
55 . water 18.33%
5 ] loss 1.67%

TABLE XIV,
Yield of camphor is made up of
1,55% camphor in dried leaves
0.445% o0il of camphor
0.471% water
0,074% loss in operation
2.0
Camohor in dead leaves,

TABLE XV,

2730 grammes leaves 38 grammes camphor 1,397,

The variation of the camphor content depends

both on the very tender leaves which contain more water,

10,

and also on the proportion of twigs mixed with the leaves,

On comparing Table V. with that of Table XIV.,

it is evident that the perventage of camphor is nuch
higher in the dried leaves, while the percentage of oil
is lower. The transformation of the oil of camphor into
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camphor is presumably aided by an oxidizing fungus(y).

From the above determinations we believe we can
safely estate that the dry leaves left for a long time on
the ground are much richer in camphor than the green leaves,
This is probably Gue to an accelerated oxidation of oil of
camphor during the last stages of life in the leaves. This
also shows that the camphor is s0 well enclosed in the
vegetable cells that it is not easily dispersed, This is
further substantiated by the fact, that the dead leaves
still contain a considerable quantity of camphor, as in-
dicated in Table XV. In comparing our results with those
of Giglioli(g), they appear very favorable. The form, size
and conditions of the leaves doees not indicate hybridiza=-
tion taking place by the changed conditions to which the
plants were subjected. In all cases where hybridization
does take place, the percentage of camphor found in the
leaves is greatly decreased,

Table XV, shows the amount of camphor don-

tained in the twigs.

i; J. of Soc. of Chem, Ind. Vol. 21, p. 1036.
2) Book ILa Camfora Italiana by Italo Giglioli, Chap. XII1I,
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First, twigs from the green leaves.

TABLE XVI,
2,270 grammes of twigs 24.15 grammes of camphor & oil 1,06%
2, 800 " " " 22.00 " " " LI .81%
2 800 v " " 38.00 n . L "o ).36%
4,000 : ® : £1.00 ; " " "o 1.27%
10, 560 " 138,00 " L " v 1,.30%
25,425 273.1b6 .16%

From 273,15 grammes of camphor & oid obtained.

TABLE XVII,
156 609 grammes of camphor 50% camphor
60.28 " cil 22% o0il
61,24 " ' water 22,.4% water
15.03 ) ® loss 5.0% loss

The green twigs then yielded.

TABLE XVIII,
.580ﬁ camphor
.255p oil of camphor

+.260% water
065p loss

Twigs from dried leaves,
TABLE XIX,
8970 grammes of twigs 84 grammes camphor and oil 0,99% yielded
46.2 grammes camphor, 55% of crude gum is cauphor,
0.5445% of dried twigs is camphor.
Camphor contained in the wood.
TABLE XX,
1800 grammes of wood 1l grammes camphor and oil 0,61%
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The bark from the camphor tree and the roots
did not contain any camphor., The rpots, however, yielded
20 cc. of oil, having a strong safrol odor, and a specific
gravity of 1,044 at 159C, The specific gravity of safrol
at 159C, is 1,065.

In comparing the percentage of camphor found in
the twigs (Tables XVIII & XIX) with that in the leaves
(Tables V. & IX), it will be seen that it runs less than
half, and taking this into consideration with the length of
time it takes to completely extract the camphor from the
leaves and twigse, and the fact that long distillations
bring over a disagreeable odor caused by the breaking down
of the oil, it appears that for industrial work the camphor
must all be obtained from the leaves., However, if all the
camphor is to be removed from the twigs, the leaves and twigs
will have to be separated before distillation, The amount of
camphor contained in the wood and roots of these young trees
may be regarded as worthless, However, as the trees become
older the indications point to an incressed amount of camphor
in the wood, but the question at present is not to obtain
camphor from the woods but from the leaves and twigs, =0 as
to spare the forests from destruction.

The camphor obtained by the above method is
separated from the oil by pressing and subjecting to
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further purification by subkimation. This is accomplishe-

ed as follows: the cnmphor is mixed with sand, slacked
lime and carbon, in an iron dish,covered with a large
funnel. It is heated by electricity so as to obtain a
more constant temperature. The sand is added to moderate
the release of camphor rendering more uniform the process
of sublimation, the lime to remove water and any oils
present, and the carbon to remove the color. The tempera=-
ture is gradually raised to the boiling point of camphor,
about 2049C, The process of sublimation used was not of
the best, and a loss of ten percent was the result. The
camphor completely sublimes without leaving a residue.

The product obtained is a white crystalline
substance, having a peculiar odor and taste, When first
taken frolm the press and dried, it had a melting point of
175.569C, and boiling point of 203°C,, on subliging, melt-
ing point 176°C., boiling point 2040C. and on resubliming
and crystallizing from petroleum ether, melting point
177°C., and boiling point 204.5%C. It is dextro rotatory
42,820, Bpecific Gravity 0.980., Very readily soluble
in alcohol but only slightly soluble in water. One part
dissolves in 1CO0 parts of water.

The properties of caumphor required by the

U, 8. P, are as follows:
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lielting point 1749C,
Boiling point 2040cC.
Specific gravity 0,990
Dextro rotatory 419

The above properties indicate this to be a

€o00d pure gum camphor, possessing all of the properties
required by the U, 8. P,

The o0il obtained from the green leaves was
fractionated into the portions, as shown in Table XXI,

Boiling point 1580 to 165° ===== 11,2%

J " 1650 to 1730 ==eew= 14,5%
1739 to 1780 ===== 9,828
1780 t0 1900 ~=-== 10,20%
1900 t0 1950 ewe-- 5.3;% 35.2%
1959 to 2050 wweaa 12, camphoy
2050 to0 22890 eee== 21,1% obtained
2280 t0 2400 === 5,454) from these

" 2400 to 2650 =--== 3,63% fractions.

Regidue =-==c-cesccccccceas 1,829

2 3 3 2 232 3
s 3 s 383

The oil from the dried leaves gave the
following results.
TABLE XXII,

Bokling point 1580 to 1760 «=ce==

. 1760 to 1850 ~e=e=-
" 1850 t0 1950 m===-=e
" 1950 to 2050 wev-=e
" 2050 to0 2200 we==ee
" 2200 to 2400 =ece==

" 2400 45 2520 emmce-
ReSidue Seecseasascessreeeeeese

fK KREEeA

.‘-----------‘-----------ﬂ'

(,) Pharmacopoeia of the United States, Eighth Decennial
Revision, p. 88.
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After severad fractionations the following

fractions were obtained.

TABLE XXIII,

Boiling point 158° to 1700
" " 1700 to 1750
" " 1750 to 1850
» " 1859 to 1950
" " 1950 to 2060
" * 8050 to 2150
" " 2159 to 2300
" " 2300 to 23569
" " 2359 to 2400
" 't 2400 to 2609
) . 2600 to 2800

Residue =-

GToeaanwee

» M
mmumqu?r??

camphor
separatad

*

*

*

R RURSRUAT AU WERT g R

The o0il from the dried leaves gave the following

results,

TABLE XXIV.

Boiling point 1509 t0 1950 ~ecccueaa
" 1950 {p 2200 =meccacaa

' " amo t0 24590 ccancacae
Residue red 0il ==eeescccccccas

The 0il has a specific grabity 0.915.

Analysis of 0il of camphor., Schimmel's Report

1902, Oct. (1)

Six samples., TABLE XXV,

Boiling point 1750

# L] 1800
" " 1900
" " 1950
n " 2000

to
to
to
to
to

1800
1900
19850
2000

cenaee 26
esames 11

- = - = - S 4

(b) J. of Soc. Chem. Ind, Vol, 21, p. 1551.

to 38%
to 44%
to 19%
to 7%
to 6%
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400 cc, of the o0il obtained by combining fractions
which boiled at the same temperature were redistilled snd

the following results were obtained.

TABLE XXVI,

I. 1580 t0 1650 ==<==e= 20 cc =-=- 5%, Bp., gr. 0.844
II. 1659 to 1730 =cwceea 76 ¢¢ == » " " 0.860
III., 1730 t0 1780 wewwew= 43 cc - 10%4 " " 0,87
IV. 1780 t0 1920 wweceew= 56 cc - 144 " W 0,899
V. 1920 t0 2020 ew-m-- -=08¢cec - 24 " " 0,915

Vg Camphor 101 gnms, 2
VI. 2020 to 2150 ===-=w= 26cc - 6,6% * " 0,924
VII, 21560 t0 2280 «-we-ee 20 cc = 5 " " (,928
VIII. 2280 t0 2360 =ewwewe 18 cc = 4.5%4 " " 0,931
IX, 2360 t0 2520 eew-wee 16 cc - 4,04 " ' 0,933

X, Residue ~eweccca--- - 20 ¢c¢c - 5,0
100,

V. and VI. are the result of six fractionations,
Starting with 120 ce. boiling between 1920 and 2150C, we

froze out successively,

TABLE XXVII,
65 grammes of cauphor
26 " " "
14 ] " "
6 " " "
Total == 101

Thus from 400 cc, of oil 26.25% of camphor was
obtained. Comparing the o0il of camphor from the quaica
leaves, Table XXVI, with that of the analysis of camphor

oil, Table XXV, we find,
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TABLE XXVIII.
Jamailca. Schimmels.

Bo:lling point 1750 to 1800 34% 26-38%
1800 to 1850 144 30-44%
n - 1850 to 1900 "% 11-19%
" " 1900 to 2150 31% 10% ca.mphor.
" " 2150 18.5% 4% safrol &
eugenol,

The last three constituents are valuable and
for this reason the Jamaica o0il is a very good oil.

The constituents of the oil as given by Allen(:).

TABLE XXIX,

Pinene ==««=-= CjoHjg ===-=== 1580 to 1670

Phellandrene = CjgHjyg ======= 1700

Cineol ====w=m C;gH1g0 ==e=ee 1760

Dipentene L L X} cloHla coeosesse 1800

Cmphor coeosaee CIOH].BO Y Y Y YY) 2040

Terpbneol ==== C3oHig0g ===== 232°

Bafrol ===wmae C)gH140 ===ee= 2360

Carvacrol ===« CyoHjelg ===== 2740

Sesquiterpene- CygsHae

Eugengl ==-==-

Tke 0il as first obtained in pressing the
canplhox is a colorless liquidt‘ which soon turns yellow
on exposure to the air. On fractionating this a color-
less +trangsparent liquid is obtained, specific gravity
870-9210, It boils from 150° to 1969, The chief con-
etituents are pinene, phellandrene, cineol, dipentene and

some camphor, On further fractionating, a yellow and a

(1) Schimmel & Co., Allen's Commercial Organic Analysis,
Vol. II. Part I1I, p. 804,
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red oil are obtained. The camphor is separated out from

the yellow o0il and safrol from the red oil.

There are two grades of camphor oil on the
market, known as the "light camphor 0il and the "heavy
camphor " O0i}), respectively. The former oil consists of
the lower fractions, obtained in the manufacture of safrol’
It has a specific gravity from 895 to 900, The rectified
camphor 0il has been recommended as a substitute for the
0il of turpentine, although it cannot replace the latter
in the manufacture of paints: It is useful as a solvent
for reeins. The "heavy camphor " 0Oil is of a light green
colored liquid, beiling at 24090 to 3000, specific gravity
from 960 to 970, It is also used as a solvent for resins
and for scenting soft soap. The oil of camphor has only
come into use within the last few years.

From this report it is evident that the
determinations are almost all made from the leaves which
in all cases were richer in camphor than the wood: the
very opposite being true in Japan, Formosa and China.
However, from the percentage of the camphor contained in
the leaves, with the cheap labor and the good methods for
obtaining the camphor and oil, which has been found to
possess equal properties with the best camphor placed on
the market, renders poesible the industry of camphor in

Jamaica.
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