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Part Il.—The Distillation of some South Indian Woods.

By I 1. Watson and J. J. Sudborough with
K. 8. Dheerendra Doss and K. Umanatha Rao.

In part 1 a brief description has been given of the
general methods of  distilling wood and of working wup the pro-
ducts.

Before drawing definite conclusions as to the financial
aspects of the wood distillation industry in India it is necessary
to know something about the yiclds of by-products which would
be obtained from Indian woods. Data, derived from both small
scale and commereial experiments, are available for many
Luropean and American woods, but practically no experiments
have been made with woods available in large quantities in India.

The experiments made with American woods prove that
the yields are not the same when commercial retorts are used as
when small scale experiments are made in the laboratory, as it is
practically impossible to reproduce on a small scale the exact
conditions of a commercial plant, so that any series of experiments
in the laboratory give only relative values. These are of use for
determinine the most suitable woods for distillation, and moreover
if one or two of the samples can be treated on a larger scale, the
values may then be made absolute.

The wood samples used in our experiments were, in all
cases, kept in a well ventilated room for some months before dis-
tillation. They were then sawn into two foot lengths, and split,
if necessary, into pieces 3 to 4 square inches in cross sectoinal area.
The bark was not removed and no distinction was made between
heartwood and sapwood. At the time of cutting, thin sections
were removed for moisture determinations. The wood was then
immediately packed into the still until the latter was quite full.
The charge varied from 110—140 Ibs.

The still itself was electrically heated and consisted of a
horizontal eylinder of 1/32 inch sheet iron, 4 feet long and 15 inches
in diameter, and was closed at the ends by circular iron plates
bolted to flanges. It was covered with a sheet of asbestos card
1/8 inch thick over which was wound a length of 300 feet of No. 11
S. W. G nickel wire the resistance of which when eold was 3 ohms.
The wire was protected and held in place by being covered to a
depth of aliont a quarter of an inch with a paste of finely powdered
magnesimn oxide and water. The whole was enclosed in a wooden
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case, 4 feet square and 6 feet long, which was packed with asbestos
powder for heat insulation. One end of hoth the still and wooden
case was removable for charging and emptying the still.

Three extra electrical connections were made to the
heating wire at equidistant points, dividing it into 4 sections
which could he heated independently if necessary. The current
was controlled by suitable carhbon or liquid resistances, but in
practice the increase of the resistance of the heating wire with
rise in temperature of the still afforded a very satisfactory auto-
matic regulator. It was also found necessary to continue the
heating on the end coils rather longer than on those in the middle
owing to the extra loss of heat at the extremities of the still.

The temperature was measured by means of three
copper constantan thermocouples inserted into iron tubes reaching
to the axis of the still. Two of the tubes were inserted about six
inches from the two ends and the third onc midway between the
other two.

The gases were carricd off by a vertical two-inch pipe
from the centre of the top of the still. ~ This was hent downwards
and connected to a tar-pot from which a glass tube led to a
copper condenser. At the bottom of this was a separator for
collecting the condensed liquid, and the gases finally passed
through a scrubber before being allowed to escape.  The gas was
occasionally used for redistilling pyroligneous acid.

The whole arrangement is shown in diagram No. 2.

Diagram No. 2.
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. It was found that the outlet pipe got completely choked
with a hard carbonaceous mass after abouf sixtcen distillations
and it was necessary to take it down and clean it at frequent
intervals.

When conducting a distillation, a considerable amount
of heat was supplied at first, and as soon as water began to distil
the current was reduced.  Subsequently the current was adjusted
so that the rate of distillation was, as far as possible, constant,
(about 1 litre in fifteen minutes), and the temperatures at the
ends and middle of the retort approximately the same. The
maximum temperature reached was in all cases not less than
350°C, and rarely exceeded 400°C.

Table I gives a complete set of readings for one distilla-
tion and shows details as to current, temperature, and the manner
of regulation. It also shows that there were occasionally very
violent local actions in the still. The temperatures given are in
all cases measured on the central axis; those at the surface, while
the current was running, could be measured by partially with-
drawing the thermocouples, and were usually 20°—30° higher than
those on the axis.

After completion of a distillation, the rotort was left
closed overnight and opened the next day. Owing to the very thick
lagging the charcoal was still quite hot, and it was necessary to
rake it out very quickly into an airtight vessel to avoid rapid
combustion. It was weighed hot.

The distillate was mixed, allowed to stand for two days,
and the tar and aqueous portions separated and weighed. They
were then analysed by the methods given by XKlar (Technologie
der Holzverkohlung p. 837). As for purposes of comparison it is
essential that the methods of analysis should be the same and as
Klar’s book may not be available for many, we give a brief out-
line of the analytical methods.

"The acetic acid and dissolved tar were estimated by
distilling 100 ¢. ¢. of the pyroligneous acid from a - distilling flask
heated by an oil bath, the temperature of which was gradually
raised to 140°% when no more liguid distilled over steam* was

*The method sometimes used of distilling off the water and acid, heating to
140°, adding 50 c. c. of water and repeating the distillation, gives low results for
the acetic acid, as about 7% of the total acid is retained by the tar. The.method
of blowing steam through or over the tar until the distillate is neutral is more
accurate.

Accurate determinations of acetic acid cannot be made by directly titrating
the crude liquid, this is largely duc to the colour of the liquid aud the presence
of phenolic compounds making it difficult to detect the end point.
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TABLE 1.
Distillation No. 10.

Sample of Wood No. 16. Kendala, Schicicheria trijuga.
Charge= 543 Kilos. Moisture 16'5 per cent. = 895 Kilos.

Current in Amps. igillgg::é?ﬁﬁt. Distillate in litres.
Time. | Left. | Right. | Left. | Middle.; Right. | Total. Per
15 mins.
80 | 25 25 44 44 43
815 | 25 25 49 49 45
830 | 23 23 64 59 64
845 | 21 21 76 74 85
9-0 | 20 20 97 92 107
915 | 20 20 102 | 99 113
9-30 | 19 19 108 | 108 140 0-48 048
9-45 | 13 18 10 . 110 | 125 1-13 0-65
1000 | 18 18 10 109 129 185 - 072
10-15 18 18 115 . 110 137 2:55 070
1030 | 18 18 119 | 114 139 330 0-75
10-45 18 17 120 + 119 147 410 0-80%
11- 0 18 17 128 | 190 150 4-98 0-&8
11-15 18 16 120 | 126 158 5-8% 0-90
11:30 | 18 15 181 ¢ 181 167 686 0-u%
145 | 18 15 184 ¢+ 141 172 7-81 (45
12- 0 18 15 142 151 |16 890 109
1215 | 18 15 158 . 169 | 1s5 10-00 1-10%
2-80 18 0 153 1 100 195 11-18 1-18
12-45 16 0 135 195 196 12:27 1-09
1- 0 16 10 172 205 199 13-26 009
115 16 10 188 | 211 | 206 1398 0772
1-30 16 16 225 | 236 215 14-82 0-84
1-45 15 15 259 1 972 227 1564 082
20 | 17 17 257 | 310 245 15- 4+ 077
215 19 17 271 319 294 17-26 0-85
2:30 | 20 * | 18 * 274 . 819 301 15-84 1-58
245 | 14 0 280 331 399 20°31 146
30 | 12 0 304 | 844 379 21-33 1:02
315 | 10 0 340 1 851 368 2:-29 09
330 | 10 * 0 859 ' 350 360 23-16 087
3-45 0 0 368 | 360 354 28-90 074
4 0 0 0 381 362 358 2450 0-60
415 0 0 358 360 354 2468 018
430 0 0 388 359 351 24753 005

e

* Current in end coil only- ¥ Gas burns unsteadily. 1 Gas burns well.



111

blown through the residual tar until the distillate was no longer
acid. — The residual tar was weighed and an aliquot part of the
distillate titrated with standard sodium hydroxide solution using
one per cent. solution of phenolphthalein as indicator.*

_ The wood spirit was determined Ly distilling 500 . ¢. of
pyroligneous acid untill 60 per cent had been collected in the re-
ceiver,then neatralising this wish sodium hydroxide and redistilling
again until 60 per cent. had been collected, the operation was
repeated a third time using more sodium hydroxide. The density
of the final distillate was determined with a specific gravity bottle
and the percentage of spirit caleulated, assuining it to be pure
wethyl aleohol and using Dittmar and Fawsitt’s table. During
the dustillations, special precautions were taken to avoid loss of
aleohol, as the temperature of the condenser water was usually
25 and sometimes higher.

The acid in the tar was determined by heating 100
grams of the tar to 130 in an oil bath, blowing steam through it
until the distillato was no longer acid, and titrating the distillate
with standard alkali. 4

The acetic acid and aleohol in the serubber liquid were
also analysed in a similar manner.  The guantity of acetic acid
passing over with the gas was negligible, (about 1%), but as
much as 1075 of the total methyl aleohol was usually eollected
owing to the high temperature of the condenser water.

The percentages of acid and aleohol given in the different
tables include the amounts found in the tar and scrubber liquid.

In all cases at least two distillations were performed,
and it was found that the variations obtained in the cases of
acetie acid, methyl aleohol and tar were usually within 7% and
in the case of charcoal 3%.

The mean results for the Mysore woods are given in
table 11, as percentage yields by weight on the air-dried wood.
The moisture content is also given, so that the yiells from dry
woorl may be ealeulated approximately, but it must be borne in
mind that the wood, if dried previous to  distillation, would give

a different yield.

*1f onc or two drops of phenolphthalein are used the end point is not sharp;
the addition of 10 or 12 deops of the indicator is thorefore recommended.



TABLE II.

Table showing the yields of products obtained by the distillation of various kinds of wood under the same conditions.
All results are given as the number of parts by weight from 100 parts of undried wood.

Vernacular name. Botanical Name. Moisture, Dig‘%ﬁl;te. Charcoal Gas- lmgf ﬁgg‘ﬁg} Tar-
Casurina (old) Casurina equisetifolia (Forst.) 240 505 280 a5 368 115 62
Do. (young) Do. 82-4 559 262 18'6 2:66 113 61
Dindiga Anogeissus latifolia (Wall) 16'8 477 33-8 18'5 354 126 81
Godda Garnga pinnata (Roxb.) 32.0 552 28'8 16°0 336 1-55 57
Eucalyptus globulus 181 49°2 26°2 21-2 3.24 1-34 52

Kanagal Dillenia pentagyna (Roxb.) 16-8 473 348 179 3:12 1-24 69
Padri Stereospermum suaveolons (D.C) 150 49-8 30'9 19-3 3:06 184 100
Jalari Shorea Talura (Roxb.) 181 519 366 115 294 114 60
Nelli Phyllanthus emblica (Linn.) 17:0 49:2 33'5 17-8 2:93 126 57
Teak Tectona grandis (Linn.) 195 54°1 318 146 283 135 89
Tari Terminalia belerica (Roxb,) 12:4 460 29:0 250 2:69 1-55 6'8
Thadasal Grewia tiliaefolia (Vahl.) 17-5 49-2 32-3 18'5 2'64 1-56 70
Zettiga Adina cordifolia (Hk. f.) 19-1 532 290 17'8 254 1-39 80
Ka lvala Anthocephalus cadamba (Miq.) 162 440 327 233 254 1-48 6'9
Bevte Dalbergia latifolia (Roxb,) 1671 480 34'1 179 2-53 1-86 110
Kendala Schleichera trijuga (Willd.) 165 4977 334 169 2-51 1-59 80
Nerlu Eugenia Jambolana (Lam.) 21-4 455 321 22'4 250 0'93 54
Nandi Lagerstroemia lanceolata (Bedd.) 22-0 471 360 16'9 247 108 58
Honal Terminalia paniculata (Roth) 16-1 455 378 177 247 0°90 58
Jambe Xylia dolabriformis (Benth.) 11-2 400 420 18'0 2-46 1-17 49
Honne Pterocarpus marsupium (Roxb.) 26'1 47-3 307 22°0 2:40 125 55
Matbi Terminalia tomentosa (W. and A.) 20-8 423 861 20-6 2:08 1-05 46

Huli Nelli " Bassia malabarica (Bedd.) 860 603 25+8 149 1-95 1-33 53

¢lL
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_ In table III are given some results for teak from
Nilambur. These experiments were conducted with the object
of finding out the value, for distillation purposes, of the various
portions of the trees not required for timber.

TABLE IIL

South Indian Teak (Tectona grandis).

Yields caleulated on moist Yields calculated on wood
wool ag distilled. with 15% moisture.
Dia- | ;o . ‘ T
; o0 Totud s
o oomaeter 0 Maige | Char- | Acotic m Char- | Aceti
No. of wumiZ ture. ]u&x.l» coal. | acid. Alcohol| Taz- cola‘af ::ié? Alcohol| Taxr.
: inehes. ' o

D05 | 1006 |06 | 318 | 202 | 101 |92
2o mi-ni 101 7 | os1s | 832 | 147 |94 | 208 | 314 | 139 |89
BBy -5y 186 0§ o810 |

L B A T BN 352

k) | 120 |02 f 805 | 284 | 118 |91
4 b6 1T ed | oor |
.

58 1-49 | 64 28-3 2-63 1-54 | 6:6
5 112 |75 98-2 2:71 1-19 |80

S

213 a7 pates

F 50

All the above were cut into picces about 16 inches long.
No. 1 was distilled whole with bark, Nos. 2 and 3 were split into
two, and Nos. 4 and 5 split into four.

The larger picces contained the most water and conse-
quently, weight for weight give considerably less by-products
than the smaller picces. If the second part of the tableis ex-
amined, where the yiclds are calculated for a uniform moisture
content of 15 pereent., it will be scen that the yields given by the
smaller picees still preponderate. This difference may be a real
one depending on the actual structure of the wood, but it is more
likely due to the fact, mentioned in part 1 p. 85, that wood which
contains excessive moisture gives a lower yield of acid than
drier wood.

In any case from the commercial point of view it would
seern more advantageous to distil the smaller picces, both be-
ause they are more readily dried, and because the labour re-
quired for breaking them up is less; or perhaps, in view 'of the
fact that the distiller is not vsually able to control the sizes of
wood availalile, it would be advisable to say that ‘ther‘e is no
disadvantage in distilling wood down to 1} inches in diameter.
For smaller sizes than this the charcoal would be of little value
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for ordinary purposes and this would be the deciding factor rather
than the yields of by-products, unless the method of briquetting
the charcoal was adopted.

A certain number of experiments werc made with the
object of ascertaining relationships between variations in the
conditions of distillation and {he yields of by-products. The re-
sults are not sufliciently numerous to justify any definite con-
clusions being drawn, hut apparently small variations, which
must inevitably occur during a distillation in the normal manner,
have no appreciable etfect on the results.

As already mentioned a most important (uestion which
arises in connection with our experiments is, how do the yields
obtained in the laboratory on a small scale compare with those
which would be obtained from the same woods on a commercial
scale ? It is, impossible to answer this definicely, but a rough
idea can be formed by comparing the results for Casurina and
Eucalyptus with some which were obtained in England with
samples of these woods on a commercial scale. These results ave

given in Table LV.
TABLE IV.

Comparison of commercial and small scale distillations.

Type of wood. Moisture. Chareeal.  Acctio acid- Methyl alcohol. Tar.

Casurina 26 years old, c. 23-0 29-7 376 2:0 45

» 14, , ,c 220 29-0 3-08 1-9 45
,, from table I, 1. 24-0 250 368 1-15 62
Kucalyptus, c. 15-0 30-0 35 1-0 47
»  from table I, 1. 181 26-2 324 1-3% 52

From this comparison it would appear that the yiclds of
acetic acid obtained in the experimental retort are lower than
those in the large scale operations. The discrepancies in the case
of methyl alcohol are too large for any conclusionsto be drawn.

In this connection it is interesting to compare the pre-
sent experiments, with a series carried ont hy L. F. Hawley and
R. C. Palmer* on the Destruetive Distillation of Iardwoods. The
still used by these authors was similar to the one described in
this paper, but rather smaller; it was heated in an oil bath and

* U. 8. Dept. of Agriculturo Forest Bulletin No. 124, 1914,
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was provided with an outlet at one end. The yields of acetic
acid obtained were about 50 per cent. higher than the usual
commercial figures. 'lhis is possibly due to the fact that the
large mass of the retort and oil compared with that of the wood,
very effectively controlled the temperature and prevented sundden
changes. In the present experiments, the retort was larger and
its heat capacity very small, so that a nearer approximation to
the conditions in a large factory retort is attained. [he differ-
ence is shown in a striking manner by examining the rates of
distillation. From the one example given in detail by Hawley
and Palmer it appears that in the oil-heated still a smaller charge
gave a larger amount of distillate in less time than a larger
charge in the electrically heated still, and yet the temperature rise
in the former was considerably less, indicating a great loss of heat
in the walls of the still.

Diagram III.
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Diagram 3 shows the percentage of total distillate at
various temperatures. Curves A and B are selected at random
from the present experiments, the woods chosen being Kendala
(Schleicheria trijuga) (A) and Honne- (Pterocarpus Marsupium)
(B) with 165 and 26 per cent. of moisture respectively.
Curve C is given by Palmer* as the mean curve for maple wood
in his small retort, and curve D by the same author for distilla-
tion on a commercial scale. It is obvious, that curves A and B
are of a type quite different from Cand D. In the two former the

# Journ. Indus. Eng. Chem., 1915, 7, 663.
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distillate comes off rapidly at first for equal changes in temper-
ature, and then much more slowly, while in the latter the reverse
is the case. At the same timoe it is not clear how it is possible
for no distillate to be evolved until the centre of the retort reaches
a temperature of 180° and even 250" as is apparently the case
in curves C and D.

Apart from this, however, it is evident that the exother-
mic reaction was much more rapid in the curves A and B, and
this is probably the reason for the lower yields of acetic acid.

Since these experiments were carried out, a number of
tests have been made on the woods of the Phillipine Islands by A. II.
Wells* using a very similar, hut much smaller clectrically beated
still.  Unfortunately this author gives no details as to the course
of individual experiments, so that his results cannot he compared
with tho others.

In addition to knowing the yields of by-products given
by Indian woods, it is important to compare them with those
given by woods in other countrics, as in the event of the esta-
blishment of the industry in India, there would most certainly be
a considerable amount of foreign competition. It is however
very difficult to obtain any reliable data for other woods, parti-
cularly on a commereial scalo, owing to the practice of measur-
ing the quantities of wood distilled by the cord, a very indoefinite
" quantity, and also owing to the fact that the moisture content of
the wond is never determined in ordinary works. Table No. V.
comprises a number of results from various sources for a few
selected woods. Tn all cases where the moisture content of the
wood is known, the fizures are recaleulated fora wood containing
16% moisture.

‘ Column 6 gives the source of information, the ahbrevia-
tions being as follows : —

H.P. L.F. Hawley and R.C. Palmer, U.S. Depart-

ment of Agriculture. Bull. No. 129,

P. R.C. Palmer, U. 8. Department of Agriculture-—
Bull. No. 508 and Journ. Iudus. Eng Chem.
1915, 7, 663.

D. Imp. Inst. Bull., 1916, 1.4, 572.

S. Senfft, Bor., 1885, 18. ¢0. ~
L. J. C. Lawrence, Journ. Soc. Chem. [nd., 1918,
37, 11,

* Phillipine Journ. of Sei. A. 1917, 12, 111.
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W. A. H. Wells, Phillipine Journ. of Sci., A, 1917,

12, 111.
I Results taken from the present paper.
L. denotes a laboratory, and ¢ a commercical value.

The last column gives the actual amount of moistore in
the wood used, although the yields are all calculated for a 15%
moisture content.*

On stvdying these results it will at once be seen what
little reliance can be placed on the absolute values. The experi-
ments of Senfft were performed over 80 years ago, and he gives
no details as to his methods of analysis. Hawley and Palmer’s
lahoratory yields of charcoal appear to be very high, while those
obtained at the Imperial Institute are low; no details as to the
maximum temperature of distillation are given, however, in the
latter case. Hawley and Palmer conclude that in actual factory
practice the values for acetic acid would he about 66 per cent. of
those obtained in their own small scale experiments.

With regard to acetic acid, it was hoped that a connect-
ing link might be found between Palmer’s results and the present
series in Bucalyptus. This wood gave almost the lowest yield in
the former set of experiments, and among the highest in the latter.
Palmer’s actual figure reduced to 15 % moisture hasis is 4'2% which
is much higher than our figcure while his reduced value 2°8% is
much lower. The charcoal yiclds moreover are very different,
and it is obvions that no comparison of any value can be wmade ;
indeed the actual species may be different.

* Since the above was written a paper by R. C. Palmer and H, Cloukey
has appeared in the Journ. Ind. and Eng. chemistry (191%, 10, 262). Tn this
paper experiments are described in which woods with different percentage of
moisture were distilled under similar conditions. The anthors draw the con-
clusion that both heech and birch actually give more acid and aleohol when the
percentage of moisture is high. The results cannot be considered as altogether
conclusive as the moisture content varied between 20 and 30 per cent only and
the differences in the yields were small and in some cases wero less than the
differences between the results given in a previous paper (U.S. Forest Bull 1914
No. 129) and the present results, ¢ g.in the case of birch the figare 6-68 per
cent of acetic acid calculated on the dry wood is given in the earlier paper, and
in the later paper the figure 5-02 is given forair dried wood presumably under
similar conditivns. The highest value given for birch in the later paper is only
562 namely for a wood coutaining 302 per cens of moisture. A larger number of
experiments are required before the matter can be regarded as settl?d and in any
case the other disadvantages of using wet wood, to which attention has been

drawn, remain the same.
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Showing percentage yields of pure acetic acid, pure methyl
alcohol, charcoal and tar for woods containing 15% of moisture.

Name of wood. Source of Char- Acetic Methyl Tar. Autho Per cent of moisture

”

Eucalyptus

2

2
Casurina

”

Teak

Vera (Hemicy-
clis Sepiaria).

W. A.

Black Waittle.

Apitong

wood.

America
England
America
Germany
England
England
America
Indiana
Germany
America
America
Wisconsin
America

Germany

Califormia
S. Tudia
S. India
5. India
S. India
S. India

Ceylon

coal.

30-3
307
29-8
34-7
256
260
326
34
26-7
309
313
396
30-8
330
303
250
400
27-2
30-0
31-3
322
29-6

250

Bast Africa 26-1
Cocoanut Shells. Phillipines 27:6

(Dipterocurpus) Phillipines 27-7

Bacauan
(Rhizophora)

Phillipines 29-9

acid. alcohol

379
460
4-35
408
493
38
443
498
521
363
417
148
314
2:19
27
24
420
337
35
412
Ae24
2-86

1:69
474
536
3-23

435

1-21
1-3%
1-13
1-09
il
1-66
1-59
1:62
72
164
145
(-6
N-60
1-27
1-39
1-0
1-19
2:14
1-27

112
055

0-77

1-50

47
12:5
4
37
66
45
54
S8
44
107
101

172
44
17-2
50
o
17
69
40
5k

10
10:0
8.6

16:8

rity.

IJ- Ce

L. L.
L.l

S. L

D. 1.
D.e.

Ii. 1
HEP, 1.
S L

Tu c.
L. 1.
H&P. 1.
P.o.

L 1.

S. L
DL

P. 1L
I.L

3

-~

Pt gt

1.
. ¢
I

D.c.
bl
W. L

WL

actuully present in
the wood distilled.

30

17-1

15

unstated.
%8

10-0

81
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On the whole, however, it would seem that Casurina
gives yields as high as those from the woods commonly distilled in
other countries, and Eucalyptus rather lower ones. IFf this is so,
the majority of woods examined, for example teak, give consider-
ably lower yields, a fact which must be taken into careful consi-
deration when considering the establishment of wood distillation
factories in India.

SUMMARY.

1. 22 species of South Indian woods have been distilled in
the laboratory, and the yields of charcoal, acetic acid, methyl
alcohol and tar ascertained.

2. The results appear to agree approximately with those
obtained under commmercial conditions.

3. The yields of acetic acid are low when compared with
those from the woods which are usually distilled in other coun-
tries,
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