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ABSTRACT.

It is sometimes necessary to study minutely the variations in the weight of a hygro-
scopic substance or to compare the behaviour of two such substances. For this purpose an
apparatus was set up at the Technological Laboratory, in which the material is kept in
one arm of a balance, which is suspended with a fine wire into a chamber in which variations
of humidity are brought about. A spiral spring serves to counterpoige the weight in the
other arm, while a non-hygroscopic string tied to this arm and passing over a frictionless
pulley is fastened to one end of a recording pen, which can oscillate freely in a vertical
plane. The pen is kept close to a rotating drum, run by a clock-work. A separate electric
circuit containing a solenoid with a plunger and a time-piece, in which arrangement is
made for hourly contact moves a small carriage on a horizontal glass plate. Every time
the contact is made a vertical rod fixed to the small carriage presses the pen against the
drum leaving a small dot. The friction of the pen against the drum is entirely eliminated
and the apparatus can be calibrated to give variations in the weight of the material, its
rate of absorption or desorption, time of lag, time of attaining equilibrium, etc., can be
worked out.

I. INTRODUOTION.

The hygroscopic properties of a substance frequently play an important
part in scientific research, in industrial processing and commercial transactions.
When textile material is brought into a new atmosphere, it will absorb or
desorb moisture depending upon its nature, previous history and moisture
content and upon the relative humidity of the atmosphere. The moisture
content, at a given relative humidity, is generally more when the material
is brought from a higher to a lower humidity than in the reverse order, this
phenomenon being termed as hysteresis. In the case of such wmaterials as
cotton, wool, wood, etc., the rate of absorption or desorption as well as the
period required for attaining perfect equilibrium with the atmosphere would
depend upon their degree of compression. This period would also depend,
to some extent, upon the degree of accuracy adopted in weighing the material.
In the case of cotton some workers think that a day is sufficient for attaining
the equilibrium, while others are of the opinion that some weeks are necessary.
Balls 1 states that two days would generally suffice, while Urquart and Williams 2
varied the period of conditioning from seven days to several weeks depending
on the relative humidity at which the sample was conditioned.

Experiments 3 carried out at the Massachusetts Institute of Technology
showed that half an hour for light fabrics and one hour for average fabric was

VOL. VII—No. 1. [Published March 18th, 1941.



80 NAZIR AHMAD ! AUTOMATIC DEVICE FOR RECORDING

sufficient. Some experiments conducted recently by the author ¢ showed
that diffusion of moisture in a bale of cotton took place at a quicker rate
than is generally believed. All these different researches and results point to
the desirability of designing some fairly simple apparatus which should enable
a worker to study the absorption or desorption of moisture by hygroscopic
substance over long periods without putting too much strain on his time.

An allied problem which can also be conveniently studied by an apparatus
of the kind mentioned above is to find out whether there exists a differential
response between different varieties of cotton to the same relative humidity.
There appears to be no agreement between the previous workers on this point.
Schloesing 5 found that Indian cotton was more hygroscopic than Egyptian,
and Egyptian more hygroscopic than American; but this result was not
confirmed by Naumberg 8, who showed that Egyptian was very similar to the
average American., Urquart and Williams 7 showed that the differences
exhibited by raw cotton were in some cases due to the presence of non-cellulosic
impurities, the celluloses themselves being very similar in their hygroscopic
properties regardless of their origin. With the object of studying these two
problems an automatic device for recording the moisture content of hygro-
scopic materials has been designed and an account of it will be given in the
following pages.

II. DESCRIPTION OF THE APPARATUS.

The apparatus shown in Fig. 1 consists essentially of (s) chemical
balance and (b) an electrical device for recording automatically the weight
of the material every hour. These will be described one by one.

(@) Chemical balance.—A chemical balance, A, iz placed on a raised
wooden platform. The left pan of the balance is replaced by a thin pan B,
which is suspended from it by a long metallic wire CD inside a chamber ZZ',
which can be maintained at any desired humidity. (Such a chamber 8 has
also been designed at the Technological Laboratory and an account of it is
given in another paper.) The wire passes through holes E and ¥ bored in the
bottom plank of the balance and the wooden platform respectively. One
end of a vertical spiral spring G is attached to this arm, while the other is fixed
to astand. A light non-extensible string, H, is tied at one end to the extremity
of the arm, while its other end is fastened to a recording pen. The recording
pen JK can oscillate freely in a vertical plane about a horizontal axle, whose
two ends are V-shaped and move in pivots M, L. These conical bearings
reduce the friction and allow the pen to oscillate freely. The metallic frame
NN’ which carries the pivot and the pen is held in a stand. A rotating drum
0, worked by a clock-work, is fitted with an arrangement to move it to and
fro, and is placed in such a position that the pen if allowed to touch it, would
describe an arc of a circle, which would coincide with the lines ruled on the
chart. Actually, the drum is placed a little away from the point of the recording

pen.
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Automatic device for recording the moisture content of hygroscopic materials.

(b) The electrical device for recording automatically the weight of the sample
every hour.—A solenoid Q containing a plunger 8, a 4.volt battery and a time-
piece P are connected in series. The time-piece is fitted with two terminals,
one is attached to its body, while the other is connected through an insulating
piece to a small metallic knob R on the dial so that when the minute hand
makes a contact with the knob, the electric circuit is made. The plunger S,
with nearly half its length inside the solenoid, is supported by a string which
passes over a frictionless pulley, and is fixed, at the other end, to a metallic
carriage Y, to which an upright W is soldered which stands just on the off side
of the recording pen. The carriage moves over a horizontal glass sheet T,
which is mounted on the same platform as the rotating drum; the movement
of the carriage is controlled by a spring V, one end of which is tied to the
carriage and the other to a vertical pillar. When the plunger is attracted
within the solenoid, the carriage is pulled forward so that it pushes the recording
pen forward which, in turn, makes a dot on the drum. This happens every
hour when the circuit is made by the minute hand, while as soon as the circuit
is broken the pull on the plunger is released and the spring pulls the carriage
backwards and the pen returns to its original position. If during the interval
between two markings, the weight of the material changes as a result of absorp-
tion or desorption of moisture, the pen is free to move up or down in accordance
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with the change in weight, while its movement is not hampered in the least
by friction against the drum. In this way the friction of the pen against
the drum is entirely eliminated which is a special feature of this apparatus.
If, instead of hourly readings, it is desired to take half hourly or quarter hourly
readings, it could be done easily by having suitably placed contacts in the time-
piece.

TT1. PRELIMINARY EXPERIMENTS TO TEST THE SENSITIVENESS
or THE WEIGHT RECORDING DEVICE.

The apparatus was set up in a room, in which the humidity could be
controlled by means of a humidifier.

Cotton weighing 50 gms. (well opened out) was dried in an oven at 110°C.
Simultaneously another small sample was taken in a weighing bottle and its
moisture content was determined by the oven method. The dry hot cotton
was kept for some time over calcium chloride in a desiccator to cool down.
It was then very quickly transferred to the pan B inside the constant humidity
chamber. The chamber was sealed and the cotton allowed to absorb moisture
from the atmosphere inside after making the initial dot on the drum. The
increase in the weight of the sample, first rapid and then slow, was shown by
the rising level of the dots. The sample was allowed to remain inside the
chamber till a constant weight was recorded for at least 24 hours. At this
stage the deflections of the pen corresponding to successive increments of 1 gm.
were noted on the chart. The mean deflection per gram of several readings
was taken for calculating the amount of moisture absorbed by the sample.
Afterwards, the sample was weighed, and a sub-sample was removed in a
weighing bottle and its moisture content was determined.

The dry weight of 50 gms. of cotton was calculated by using the initial
moisture content. TFurther, the total increase in weight was obtained by
calculating the weight corresponding to the initial and final readings on the
drum. This gives the moisture content as determined by the balance, which
should very nearly agree with the final moisture content experimentally
determined.

Results.—The following Table contains the values of moisture content
determined by the two methods.

Moisture content (©
Cotton. R{,H' (%)
(%) Balance. ] Oven.
P.A. 4F .. .. .. 60 6-60 651
Do. .. .. .. 66 7-30 6-85
Cambodia Co. 2 .. .. 61 6-60 6:50
Do. .. .. .. 63 6-94 6:55
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It will be seen that the two values in columns 3 and 4 agree fairly well
within experimental errors and testify to the accuracy of the weight-recording
device. It was further brought out very clearly in the charts that more than
999, of the total quantity of moisture is absorbed within the first 24 hours,
leaving only 19, to be absorbed in the next few days until the weight becomes
constant.

IV. EXPERIMENTS TO STUDY THE DIFFERENTIAL RESPONSE OF
DiFFERENT VARIETIES OF COTTON TO THE SAME HuMIDITY.

(@) Material.—The following Table 1 gives some details regarding four
Indian cottons, selected for this experiment.

TasLe I.
Average F. Wt. per
Cotton, Botanical species. length inch.
(inch). 10-6¢ oz.
Surat 1027 A.L.F. .. | G. Herbaceum .. 0-96 0-183
Cambodia Co. 2 .. | G. Hirsutum .. 0-84 0-155
P.A. 4F. .. .. | G. Hirsutum .. 078 0-153
Mollisoni . .. | G. Indicum .. 0-68 0-280

(b) Method —The procedure adopted in this experiment was somewhat
different from that described in connection with the preliminary experiments.
50 grams of raw cotton was kept on the pan which was suspended inside the
humidity chamber, maintained at 30% R.H. A small representative sample
was taken at the same time and its moisture content was determined. Next
the initial position of the pen was marked on the drum. As the cotton started
desorbing moisture, the pen moved downwards, its position being marked
every hour on the drum. When constant weight was recorded for a day, the
bumidity was changed to 449, and the chamber was once again sealed. This
process was repeated at the relative humidities of 609, and 76, respectively.
At the end of the experiment, the deflection of the pen for 1 gm. change in
weight was determined. A moisture test was also performed to serve as a
check on the accuracy of the apparatus. Fig. 2 shows an actual record of the
relative humidity and the corresponding variation in the weight of a variety
of Indian cotton known as Mollisoni. It will be noticed that the two curves
show very similar trends, the weight rising and falling with an increase and
decrease respectively in the relative humidity inside the box.

(¢) Results and discussion.—The results of duplicate tests are embodied
in Table 1T while the means are given in Table II1.

One noticeable feature of the results is the close agreement of the final
moisture regain determined by the oven method with that of the balance
method. As has already been remarked this fact demonstrates that the
apparatus is capable of yielding very accurate results.
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Showing the actual record of variation in humnidity and weight of sample.

It will be seen that up to 609, the rate of absorption is the same for all
cottons, Slight differences are, however, observed at 76%, R.H., but even
these are within the experimental errors. These may partly be ascribed to
slight variations in relative humidity in the chamber as in this region the
slope of absorption curve is considerable and even a fluctuation of 9, R.H.
produces an appreciable effect on the moisture content.

Another important feature which emerges from the study of Table II in
conjunction with Table T is that the moisture absorbing capacity of cotton is
not influenced by their botanical species. This result is in conformity with the
author’s # observations on baled cotton and those of Urquart and Williams ”
who found that slight variations in moisture content would not suffice to
characterise the variety of cotton. The present experiments do not support
the observations of Willis 12, who found that different varieties of cotton take
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Tasrre II.
o DIFFERENCE 2 o
3 TN
2
g | ws | B | 2 -
Cotton R. H. g | 8 = @ By
' (%) ® . g  Rfs | =2 g~ | & . E
2% | 3  E.E| BE  2f | £-lzis
88 | P EpE| F5 0 EE | Em (3R
= 3 A ’ 3 =] g @ | E ~ S ~ & =]
P.A. 4F. Bone dry
weight .. ' 45-829 .
2977 .. . 50-000 .. ..
27 28:95 0-82 2:294 | 47706 1-878 4-10
44 29-16 0-21 0-607 | 48:313 | 2-484 5-42
60 29-38 0-22 0-629 | 48942 | 3-113 8-78
77 29-74 0-36 0-987 | 49-929 | 4:100 895 1 8-90
Do.
(Repeat expt.) Bone dry
weight .. 45-795 ..
29-59 .. .. 50-000 . .
30 28-86 073 2:100  47-900 | 2-105 4-56
44 29-02 0-16 0-460 { 48-360 | 2-565 5-57
60 29.22 0-20 0575 | 48-935 | 3-140 6-85
| 76 ¢ 29-60 0-38 1-092 | 30-027 | 4-232 9-15 | 9-18
Mollisoni | Bone dry | :
i weight . 46-695 | ..
| 29-57 - - 50-000 . ..
28 29-12 0-45 1-269 | 48731 | 2-036 4-35
44 29-28 0-16 0-462 | 49-193 | 2-498 5-33
60 29-50 022 0-611 | 49-804 { 3-109 6-68
76 29.-94 0-44 1-230 { 51-034 | 4-339 9-30 | 9-10
Do. Bone dry ‘
(Repest expt.) | weight . 45-910
! 29:56 .. . 50-000 .. ..
30 28-80 0-76 2-169 | 47-841 1-931 4-20
! 44 28-92 0-12 0:-337 | 48-178 ! 2-268 4-95
i 60 29-18 0:26 0743 | 48-921 | 3-011 6-54
I 29-58 | 0-39 | 1114 | 50-085 | 4125 | 9-00 | 9-08
Cambodia Co. 2 Bone dry
weight .. .. 46-475
29-52 . .. 50-600 e .
28 29-00 0:52 1495 | 48-505 1 2-030 437
44 29-12 0-12 0-338 | 48-843 | 2-368 5-11
60 29-35 0-23 0-648 | 49-491 3-016 6:50
b 76 29-67 0-32 0-926 | 50-417 | 3-942 8:48 | 849
0.
(Repeat expt.) Bone dry
weight .. 45-889 ..
2952 . .. 50:000 .. ..
20 28'75} Zo77 | 2170 | 47821 | 1932 | 421
29:08 § | :
sl
44 29-28 0-20 0-563 | 48-384 | 2-495 545 |
60 29-51 0-23 0-648 | 49-032 | 3-143 6-85
76 29-78 0-27 0:762 | 49-794 | 3-905 8:51 | 830
Surat 1027ALF. | Bone dry
weight . . 46-292 ..
29-54 . .. 50000 .. ..
28 28-96 0-58 1673 | 48:327 | 2:035 4-38
44 2911 0-15 0-434 | 48-761 | 2-469 5-34
60 29-32 0-21 0-607 | 49-368 | 3-076 6-64
b 76 29-78 0-46 1-303 | 50-671 | 4-379 945 | 9-78
0.
(Repeat expt.) Bomne dry
weight .. 45-627
29-64 .. . 50-000 .. .
28 28-82 0-82 2:320 | 47-680 | 2-053 4-50
44 28-92 0:10 0-282 | 47-962 | 2-335 514
60 29-12 0-20 0-565 | 48527 | 2-900 6-36
76 29-50 0-38 1-076 | 49-602 | 3-975 876 { 870
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Tasre IIT.
Moisture

regain

Cotton., 1(“;/}1)' (%).

o). (Mean of
2 expts.)

P.A. 4F .. .. . 28-5 4-33
44 5-50

60 6-81

’ 76-6 9-05

Molligoni . .. .. 29 4-28
44 514

60 6-61

76 9-15

Cambodia Co. 2.. .. ‘. 28-5 4:29
44 528

60 6:68

76 ’ 8.50

Surat 1027 A.L.F. e .. 28 4:44
44 5-24

60 6:50

76 9.10

up different amounts of moisture regain, although worked under the same
relative humidity.

The four cottons represent a fairly wide range of fibre length and fibre
weight per inch or fineness of Indian cottons. It will be seen that the hygro-
scopic properties of cotton in this range are not significantly affected either by
the length or fineness of its staple.

It should, however, be remembered that the conclusions derived in this
experiment are based on a small number of samples and are confined to the
range of relative humidity between 30-809%, However, the principal object
of the present experiment was not so much to verify the observations of the
previous workers as to design an automatic recording apparatus and to test
the accuracy of the results obtained by it.
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