A Suggested Method for the Extpaction of Turpentine, Resin
and Gum from the Gum-oleo-resin of Boswellia Serrata
without the use of Solvents.

By Gilbert J. Fowler and Mangesh Anant Malandkar.
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INTRODUCTION.

The work deseribed in the present paper was undertaken
at the request of Mr. R. S. Pearson, Forest Economist, who, in
conjunction with Mr. Puran Singh, has published a Memoir
entitled “ Note on the preparation of Turpentine, Resin and Gum,
from Boswellia Serratta (Roxb.) gum-oleo-resin* ” in which very
complete information is given as to the occurrence, mode
of collection, chemistry and technical handling of Boswellia
gum-oleo-resin.

Certain problems in connection particularly with the
technical working up of the products wiz. turpentine, resin and
gum remained to be dealt with and it was thought that suit-
able equipment existed at the Institute of Science for their
solution.

One of two processes of extraction are suggested by
Pearson and Puran Singh.

(i) Solvent extraction followed by steam distilla-
tion.

(ii) Steam-distillation followed by solvent extrac-
vion.

Of the two the latter seems most likely to be satisfac-
tory.

The solvents recommended are petroleum benzine or
trichloroethylene. Both of these are less easily obtainable in
India than alcohol and consequently in taking up the problem
afresh in the experiments to be recorded in this paper, alcohol
was first tried as a solvent.

Preliminary labordtory tests revealed certain difficulsies.
The removal of turpentine by vacuum distillation left a residue
of dehydrated gum and resin which could be mslted and handled

* Tndian Forest Records, Vol. VI, Part VI.
@7
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only with difficalty. If the turpentine is drhierés (;ff)t 1";}3{};
moderately superheated steam, this dehydra,twn‘ ‘10 roduct 1s
place and if wet steam is used a highly hydrated P

obtained which melts quite readily. The expulsion Of ?10 turpen-
tine by some form of steam distillation is thus indicated.

The observation that the oleo-resin tendeil 1“’1 f(’(‘)’nf}?z
at the bottom of the tins in which it was stored led t

suggestion that it might be extracted by & simple melting
process.

" Experiment showed however that although a t?“ Pt‘if;
centage of good material could be extracted 1n this way, ith
residue would still contain much resin and turpentine along with
the gum and would again require separate treatment.

On boiling gum, from which the xesin had ?))C‘fm
imperfectly separated, with water, it was found that thxj 1(,511(11
wmelted and rose to the surface from which it could be -Sklmf“e :
off. Tn an attempt to dissolve the gum by heating with W <1t.‘31
under pressure it was observed that’ under these conditions a

practically complete separation of the gum and resin could be
effected.

These experiments led finally to the method described
in the following paper and which is suggested as probably more
economical and easy to carry out than a solvent process, viz. the
removal of the turpentine by wet steam, the cooking of the
residue of hydrated gum resin under pressure with-water when
the hydrated resin collects together as a molten mass, leaving the
gum as a flocculent mucilage. By evaporation, dehydration and
sieving both resin and gum are obtained in a reasonably pure

condition. The details of the experimental work are given in
the following pages.

PRELIMINARY EXAMINATION.

Some ten pounds of the crude gum-oleo-resin were
first sent for examination and afterwards ten tins each contain-
ing about 35 lbs.

Preliminary analyses of four samples gave the follow-
ing percentage results :—

Sample. Moisture. Turpentine. Resin. Gum, &ec.
1 104 94 59-1 21-1
2 82 81 578 - 259
3 84 83 57-7 25 6
4 61 78 57-1 29-0
Avemge. 83 84 m 2547
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. Laboratory expcriments on method of extraction by
steam distillation followed by solvent extraction.

As this was the method which the experimental work
at Dehra Dun suggested as most suitable and preferable for
various reasons to extraction with solvents prior to steam dis-
tillation, some lahoratory trials were made with quantities of
about 150 grams.

The gum-oleo-resin was placed in a round bottomed
flask which was heated in an oil bath, the temperature of which
was kept in the neighbourhood of 125°C. Steam was passed
through and the turpentine was readily distilled off. The residue
in the flask after removal of the turpentine was evidently
somewhat hydrated and could he easily melted out of the flask.

Portions of this residue containing resin, gum and
mineral and woody extrancous matter were taken for extraction
with various possible solvents for the sake of comparison. Ethyl
alcohol (90%) butyl alcohol and carbon tetrachloride were used
with the following results. ' ‘

Solvent. Yield of resin. Appearance of
Calculated on raw resin.
ma terial. ,
909% aleohol 599% Brown and trans-
parent,
Butyl aleohol : 599 do
Carbon tetrachloride. 69% Dark and opaque.

The resin extracted by cavbon tetrachloride left a dark
residue on redissolving in 90% alcohol, even on repeated boiling.
It is thus evident that the carbon tetrachloride extracts something
additional to the resin, probably some extractive matter from
the woody residues present. ‘

The butyl alcohol was satisfactory but needs a higher
temperature than ordinary alcohol. It can be readily driven off
from the residual gum by means of steam and can be separated
from the condensed water and if it can be cheaply obtained as a
by-product of the acetone fermentation process its use as a solvent
is worth consideration. '

Some of the extractions were carried out in a copper
Soxhlet extractor and it was noticed thatin this case the resin
obtained was darker than when glass apparatus was used and was
found to contain traces of copper. This tendency of an alcoholic
solution of a resin to take up copper has been noted by one of us
in working with lac varnish on the large scale. The metal plant
for such work should always he of tinned copper or hetter of



30

ini i some in - contact
aluminium. On no account must the solution comen
with iron.

The gum was found to hold up alcobol e%;lfll to é?;iﬁlif;
own weight, and its recovery isnot an easy Ima (}ll'.u-h ctreneth
means expensive fractionation in order to ecover gt tisiactory
alcohal. Probably a current of warm ait 18 the most sa 1-?1‘ from
‘method for removing the alcohol which can be sel);mr(ttlc( o
the air by condensation in a manner similar 10 that cmployec
the large scale for recovering acetone from cordite.

S

Doubtless petroleum benzine as re.corpmnndedv }1_r11_ tl ear
son and Puran Singh’s Memoir, apart from its mﬂm-nmz}‘n’ i fd1§ iz
more satisfactory solvent in many ways. The resin it yie “t 1
much paler than thatobtained by the use of aleohol. Chlom}a l(l'(‘
hydrocarbons require that all parts of the plant shall bc' caml ;1 ty
tinned, and both types of solvent are m}lch more (.hﬂim,l’ . 0
obtain in India than alcohol and for this reason the experi-
ments were conducted with this solvent.

Whatever type of solvent is employed the inevitable loss
occuring during’ the process is one of the chief items of cost. It
appeared therefore that. if a method would be devised dispensmg
with the use of solvents it could probably be simple and cheaper

assuming that the same quality and quantity of end products was
turned out. -

Inasmuch as experiments to be “deseribed below show
that practical results can be obtained without the use of any

solvent, the detail of the solvent problem was not [further
pursued.

The following is a description together with the chiel
analytical constants of the turpentine, resin and gum obtained by

distillation with superheated steam followed by extraction with
90 alcohol.

Turpentine. The oil was of a faint yellowish type

specific gravity at 25°C=0.8470. Specific rotation [oc]f =45
367

Fractional distillation of the oil dried over fused caleiun
chloride gave the following results :—

(1) 82.8% of the oil passed helow 160°C.

(2 &7 » .» Dbetween 160°C & 1R80°C.
3 85 ,» above 180°C.
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Fraetion (1) was almost colourless.
» (2) very faint yellow.
' (3) distinctly yellow.
Resin. As mentioned above, the resin obtained by

extraction in a copper soxhlet was somewhat dark in colour.
Its chief analytical constants were determined as follows : —

For comparison, figures obtained for resin obtained by
the use of petroleum benzine are also given.

Resin by alcohol Resin by benzine.
Saponification value 714 689
Acid value 475 514
. Ester valae (by diff) 239 175
Todine value (Wij’s method) 1150 1032

- Gum. This was obtained as a white powder mixed with
small lumps which could be reduced to powder by gentle crushing

when the whole could be separated from pieces of bark &c. by
sieving. ‘

This gum formed a mucilage with water, of indifferent
sticking power. It did not actually dissolve in any quantity.
When boiled with a moderately strong solution of caustic soda or
carhonate of soda partial solution or emulsion took place and on
addition of acid a gelatinous precipitate was thrown down which
was again practically insoluble and impossible to filter.

Separation by melting out oleo-resin. During a discus-
sion of these results it was suggested that it might be possible
-simply to melt out the oleo-resin without the use of solvents at
all.” This suggestion was supported by the fact that the oleo-resin
tended to accumulate to some extent at the bottom of a tin of
raw material. Accordingly an attempt was made on the labo-
ratory scale to accelerate this process and melt out the oleo-resin
from the gum. For this purpose the apparatus used vonsisted of
two concentric hollow cylinders, one inside the other The inner
cylinder which was 8” high and 8" in diameter could be drained
out by means of a tube passing through the wall of the outer
cylinder and provided with a tap. The upper end of the inner
cylinder was closed by a large Indiarubber stopper through which
was passed the stem of a reflux condenser. The space hetween
the cylinders was filled with water or oil which could be heated.

The gum-oleo-resin was suspended in the inner cylinder
by means of a wire gauze cage or muslin hag.
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Samples from the top and bottor portions of a tin of
raw material were treated separately.

In the experiments, the results of which are _ta}ml?;f ((
below, 150 grams of crude gum oleo-resin Were t&k(ﬂl; “;(
percentage of oleo-resin drained out is calculated on t (t eruet
material. In the last column is given the actual percen “%‘? © 1
oleo-resin in the crude gum-oleo-resin as determined by solven

analysis. Different meshes of strainer were used as follows —

In Experiments 1, 4, 7, 10, a cylindrical coarse linen bhag
' . (diameter 2-5” height 3'3")

In Experiments 2, 5, 8, 11, a cylindrical ?0 megh per sq. 11
wire gauze cage (diameter 2'5" height 37)

In Bxperiments 8, 6, 9, 12, a cylindrical 20 mesh por sq
. . . = 4 t 3"
 "in wire gauze cage (diameter 2'5” height 37

- No. " Oleo-resin Oleo-resin

drained in drained in
4 hours. 7 hours.

Nature of oleo-resin Porcentage of
drained. oleo-xesin in
* the gum-oleo-resin.
Draining of top portions at the boiling tem-
' " perature of water.

1 26% 32% . Practically free 64%
- from gum.

2 27% 32% f do ”
3 29% 35% Mixed with some gnm.

Draining of top portions at 130°C.
4 40% 40% Practically free from »
&, gum.
5 40% 40% do »
6 42% 43% " Mixed with some gum. "

Draining of bottom portions at the beiling
point of water. ‘

7. 28% 31% Practically free from %1%
gum.
8 8% 32% do "
9 30% 34% Mixed with some gum. 9
. Draining of bottom portion at 130°C.
10 41% 01% Practically free from .
gum.
n 419 8% do

12 429, 4% Mixed with some gum.
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. It will be seen that little more than half of the oleo-resin
could be obtained in this way so that further treatment by solvents
or ctherwise would be required for the residue.

o Unless therefore the resin melted out in this way was of
distinctly higher quality than the product obtained by other
methods, this process does not appear to possess any advantage.

Some of the above experiments were performed in a tin
apparatus and others in a copper one. The drained oleo-resin
from the copper apparatus was darker in colour than that from
the tin. Copper was detected in the ash of the oleo-resin from
the copper apparatus.

Turpentine could be recovered both from the drained
portion audgdhe residue when they were subjected to steam dis-
tillation.

There was practically no increase in the amount of oleo-
resin drained out, when the 80 mesh wire gauze cage was made
longer and narrower.

An attempt was made to determine whether the turpen-
tine could be removel by distillation and the resin could be
separated by draining in one and the same operation. According-
ly steam was passed into the apparatus from below the gum
oleo-resin, suspended in the 80 mesh wire gauze cage, the tem-
perature of the oil in the annular space being kept at 130°C.
Turpentine came over with the steam but very slowly and the
resin was found to have carried some gum with it.

Another method that suggested itself was to separate
the turpentine first under reduced pressure and then melt out
the resin from the residue. The experiment was tried in a flask
heated on the oil bath, the pressure heing reduced to 18 ¢. m. of
mercury. Water and turpentine distilled over forming separate
layers in the distillate. The results are tabulated below :——

Temperature Yield of Time for Yield of Sp. Gr. of Sp- Rotation
of bath. turpentine. distillation. water. Turpentine. of turpentine
120°C 8% 4% hrs. 7% 0-8418 at, + 7°52'

‘. 27°C.
130°C 8% 2, 7% 0-8437 at +  2°4T
27-6°C.
1407 8% 1%, 6%  08472at — 2°3
27:6°C.

The turpentines obtained were yellowish in tinge and
possessed a smell different from that of steam distilled turpentine.
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The residue of gum and resin remaining behind could
not be melted out of the flask so easily as the hydrated mixture
of gum and resin remaining after stcam distillation.

An average sample of this residue, when cooked with
water in the autoclave yiclded resin as hydrated resin and the
gum formed a thick mucilage. The hydrated resin after dehydra-
tion was found to contain some matter insoluble in 90, aleohol
but the quantity was not large.

For want of sufficient material, the draining out of
resin from the above mixture of gum and resin left behind after
the turpentine was distilled under reduced pressure, was not
tried.

An attempt was, therefore, made to welt out the resin
and distil off the turpentine under reduced pressure in one and
the same operation. Accordingly the gum-oleo-resin was sus-
pended in a linen bag in the Jacketed copper exlinder alrendy
described. The temperature of the oil was kept at 140 € and
the pressure was 18 cm of mereury. Resin equal to about 162
of the gum oleo-resin was melted out in this way.

By none of these methods is a elean separation effected
between gum and resin.

It was evident from the observations wmade that the
hydrated resin resulting from steam distillation of the turpentine
was much easier to handle than resin simply melted in vacuo.

It is also of interest that the turpentines obtained by
this method, showed a tendeney to inerease in specific gravity
and change the sign of rotation on keeping. They also developed
a yellow tinge, the intensity of colour being the greatest in the
case of sample A (below) and least in the case of samnple €.
Steam distilled turpentine also showed the above changes hut to
a very small extent as will he seen from the following table.

In the following table:—

Sample A is turpentine obtained when the

temperature of the bath = 120 C.
Sample B do 1307°C.
Sample C do 1407 C.

Sample D is steam distilled turpentine.
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[oc)n [><]p

Sample. Specific Specific  Sp. Gra. at - Sp. rotation Sp. Gra.at Sp. rotation
gravity. rotation. 30°C on on the 30°C on on the
[OC] D 15th July  15th July the 23rd 23rd Octr.
1920. 1920, Octr, 1920. 1920.
A, 0'8418 at + 7952 09111 - / 93 - 2o
27°C on on the 2028 0-9369 oal
the 16th 16th March
March 1920. 1920.
B. 08437 at + 2047 08706 — 8°37 08708 - 10°107

27:6°C on on the
the 12th 12th March .
March 1920. 1920.

C. 08472 at — 2°8% 0°8598 — 6°25 08598 — 7928
27:6°C on onthe
the 12th 12th March
March 1920. 1920.

D. 08485 at 4 4%54 08447 4 434 (8482 + 383
30°C on on the

the 81st 81st March

March 1920. 1920.

It will be seen that the change is the greatest in the
case of sample A and least in the case of sample D. The change
scems to be intramolecular and not due to oxidation because
samples of steam distilled turpentine kept in two bottles one
completely full and the other half full, gave almost identical
results.

It was therefore decided to distil off the turpentine
with wet steam leaving a hydrated miscture of resin and gum
which for convenience was termed €candy’ from its appear-
ance. ‘

An attempt was made to drain out the resin {rom the
candy by melting it in a 80 mesh wire gauze sieve at about
130°C. Only about 30% of the resin could be melted out in this
way. This resin contained a small quantity of matter insoluble
in 90% alcohol.

The method finally adopted enabled a complete separa-
tion to he effected. This method originated in the following
ohservation.

It had been noticed while endeavouring to dissolve gum
by boiling with water, that any resin present in it readily
separated and rose to the surface from which it could be skimmed
off. It appeared likely therefore that complete separation could
be carried out this way even from the original candy. With the
object of effecting the solution of the gum in water if possible,
recourse was bad to heating a small quantity with water under
pressure when it was found that a very clean separation of the
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large scale working it would not be necessary to clean out the

still every time as the residue from one operation would come
away with the next.

The separation of resin from gum was carried out in a
large copper container holding about 3 gallons. Some 5 Ibs. of
candy were treated at a time. The container was placed in a
large autoclave and kept at 30 lbs Pressure for 1} hours. The
details of the different experiments were as follows r—

In experiment (A) 5 lbs of candy were “cooked with
_ 3 litres of water, at 30 lbs pressuve.

¢

do (B) 51bs of candy were cooked with
6 litres of water at 80 lbs pressure.
do (C) 5 1bs of candy were boiled with 6

litres of water and the hydrated
resin that rose to the top was
skimmed off. It was again boiled
with water for some time, the
whole operation requiring about

an hour.
i Matter
. m;fi;f l(iﬁ’fuii;& q  Moisture in insoluble
Experiment. on the amount the hydrated in 90% Appearance of the resin,
of gum resin resin. alcohol in
. the dry resin
A - 5% 20% - 16% Brown a'nmd trans-
' parent.
B 54% 36% 1-5% Practieally the same
C 45% 34% 26% A little "darker but
. transparent.

It is evident that the best conditions obtained in
experiment B. It would appear necessary to have enough water
present to enable complete separation to take place between the
gum and the resin and a sufficiently high temperature to ensure
that the letter is completely mobile and so does not tend to take
up extraneous matter.

The hydrated resin after separation and cooling was
removed and washed as indicated above and was dehydrated by
heating in an air oven at 1830°C. A good deal of frothing takes
place at first and constant stirring is necessary. As the dehydra-
tion proceeds the melted mass which is originally yellow, opaque
and very viscous becomes brown mobile and clear and frothing
ceases completely. The melted resin can then he readily filtered
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through muslin or a fine wire sieve and so separated [rom  the
small quantity of finely divided extraneous matter still present.

After removing the resin the residual gum mucilage wat
allowed to settle and the supernatant liquid carefully decanted off
This formed about 609 of the water added and contained zf.bom
1'6% of gum in solution which it was not judged worth while t«
- recover. The mucilage after straining off debris &c¢ wa

carefully evaporated to dryness.

Description of the products obtained by the cooking process.

For comparison the constants quoted by Pearson anc
Purap Singh on page 21 of their Memoir are also added.

Turpentine g
Fowler Pearson
Fractional distillation. an and
. Malandkar. Puran Singh.
Fraction passing below 8109 50%
160°C (by volume) (by volame)
, do 160°C — 180°C. 14-4% 28'5%
Fraction passing above 46% 22:5%
180°C. (by difference)
Specific Gravity 0.8485 at 0-8371 at
: 30°C. 22°C
(for bulk fractio
after the higle
hoiling portion
, were eliminated ).
Optieal rotation [oc]y +4°54 + 82080
: (for the above fraction
Resin, .
Acid value, 51-6 1871
Saponification valye, 61-3 89-66
Todine valne,

1081 (Wij's) 9710 (Hubl)

- . _The resin obtained by the cooking process did mot diffes
appreciably n_appearance from that extracted by a solverr
though containing a very small percentage of insoluble matter

:m:a;,[v‘gilfeg%s been sent to two Bombay firms and their report:

Gum. After drvi : 4
mass which vy grindingrymg the gum was obtained as a darl

ielded X
dry gum was 23 per cent, Jielded a grey powder. The yield of

The powder forms : .
sticking power. "Attempts £ :edmucﬂage Wwith water of feehle

: ; uce the amoun i
mucilage hy filtering were unsuecessful b of water in the
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The gum obtained by the cooking method was darker
than that left after separation of the resin by a solvent and the
process appears to cause incipient decomposition of the gum but
not so as seriously to alter the composition of the' main bulk of
the substance.

Attempts at bleaching the gum by chlorine or sulphur '
dioxide were not very satisfactory.

‘When mixed with ¢blanc fixe’ or precipitated barium
sulphate in the proportion of about 50% together with ecolouring
matters such as lead chromate, or Prussian Blue fairly good dis-
tempers were obtained, and the slight gray tint of the powder
was of little moment.

Costs. Assuming that the products are equal in value
to those obtained by a solvent extraction process, it remains to
compare the question of costs.

The following items are given in Pearsons and Puran
Singh’s Memoir. Pages 42 and 43.

Cost of dealing with 100 maunds of gum-oleo-resin. Rs. A, P
1+ Cost of collecting 100 maunds of crude * drxp :
at Rs. 5 per maund ... . 500 0 0

2. Cost of distillation :—

(1) Loss of 5 per cent. of Benzine (Sp.
Gr.=T74) at Rs. 2 per ga.llon on 100
maunds of resin . 112 0 0

(11) Steam distillation, recovery. of solvent
from both stillls per 100 maund, at
0—8—0 per maund 50

(=]

8. Labour and supervision at Rs. 0—8—0 per
maund per 100 maunds of resin . 50 0 0

4. Over head charges at 2 annas pe1 maund per

100 mau ds of resin 12 8 0
5. Depreciation at 10 per cent. on plant per 100

gnaunda assuming its cost to be Rs. 1,00,000

and its capacity 60,000 maunds of resin per |

annum 16 12 0
6. Interest each year at 6 per c(nt on Rs 50, 000

working capital per 100 maunds 5 0 0
7. Packing, insurance, etc., 4 annas per maunds 0 0

per 100 maunds of resin e . 25 0

' 8 1

8- Miscellaneous charges

o

Grand Total... - 780 0
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operations which would be required to develope the processon a
large scale.

The following items of plant would appear to be neces-
sary :— : '

(1) A boiler capable of deliveri
80 lbs pressure. P elivering steam say at

' (2) A still provided with closed and open steam -
coils and necessary condensers.

(3) An autoclave tested to say 40 lbs pressure and
provided with a closed steam coil. : Pr an

. __(4) Anenamnelled steam jacketted evaporating pan
provided with tipping and stirring gear. :

(5) A plain tinned iron evaporatingpan.
(6) A small grinding mill or disintegrator.

Taking these items separately :—

(1) A vertical boiler capable of delivering about
400 ]bs. steam per hour will be adequate and will probably be
found most convenient although the waste heat from the flues
cannot be readily utilised.

(2) A still of the type figured in Messrs. Pearson
and Puran Singh’s Memoir will serve very well for the distilla-
tion of the turpentine. To avoid too great dilution of the
turpentine with condensed water it will probably be advisable to
use hoth open and closed steam coils, their proper manipulation
being a matter of experience.

If possible it will be convenient if the still is placed on
an upper platform so that the molten candy can be run direct
into the autoclave beneath with consequent economy in heat and

labour.

(3) The diagram attached to the present paper
shows the character of the autoclave suggested. It may be of
tinned iron, heated by a closed coil. An autoclave of the diamen-
sions given in the diagram will serve to heat about 5 cwts. of
candy. A grid with a number of hooks is hung in the upper
part of the autoclave to facilitate removal of the resin. After
heating the candy in the autoclavs for about one hour at 20—30
lhs. pressure the whole can be allowed to cool and the mucilage
run off from the bottom into any convenient receptacle. The
hydrated frozen resin will gencrally be found at the top and it
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may be assumed that it will adhere to the hooks and thus be
capable of removal in one solid piece,’or it may be found more
convenient to ladle out the molten material into the evaporating
pan, where it can be washed free from any adhering mucilage,

(4) An evaporating pan of the chararter required
can now be obtained from several British firms. It should be
shallow rather than deep to facilitate rapid removal of the water.
Heating will have to be cautious at first with continued stirring
to prevent undue frothing. When the resin has cleared the

“molten mass can be filtered through a fine meshed sieve or through
cotton wool into moulds. Probably shallow tinned iron tray!
would be best for this purpose.

The mucilage may be concentrated somewhat in a larg:
conical wooden vat in which small extraneous particles of wooc
and other impurities will settle to the bottom from which the)
can be removed. The bulk of the mucilage can then be strainex

/through a fine sieve and evaporated to a granular mass in f
tinned iron pan. over an open fire. The lumps of dried materia
can be reduced to fine powder in a small disintegrator.

DEPARTMENT OF APPLIED CHEMISTRY,
INDIAN INSTITUTE OF SCIENOE,
BANGAIORE.
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