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By C. M. VAN WYK, Wool Research Section, Onderstepoort.

InTRODUTCTION.

WooL adsorbs moisture readily irom the swrounding atmosphere,
the amount adsorbed being greater than in the case of other textiles.
This characteristic plays an important part in enhancing the
suitability of wool as a ~lothing material. Also since the moisture
content has a marked influence on its physical properties, the testing
of wool for various attributes has to be carried out under controlled
conditions of humidity and temperature.

Several authors have studied the adsorption of moisture by wool,
the most notable contributions being those of Speakman (1930) and
Speakman, Stott and Conper (1936). It was shown that a marked
hysteresis exists in the moisture content of wool between adsorption
and desorption conditions. In dealing with six different types of
wool, Speakinan (1930) asserted that ‘ the adsorptive powers of
different wools are remarkably similar, and such differences as do
exist may be generalised 1n the statement that the affinity for water
appears to increase slightly as the wool becomes coarser ”’

Althougl the work recorded deals with wool from different
breeds and sources, no direct investigation has previously been made
of the moisture adsorptive capacity of South African Merino wool
or of possible differences in this characteristic among different types
of South African Merino wool.

Studies of this nature would establish the moisture adsorptive
capacity of South African Merino wool and would indicate to what
extent the testing of wool is reliable under controlled conditions of
humidity and temperature. Appreciable differences in the moisture
adsorptive capacity of merino wool would also have a bearing on clean
vield determinations. The present paper is the result of a preliminary
investigation into differences in adsorptive powers of different types
of South African Merino wool.

EXPERIMENTAL PROCEDURE.

Two samples for duplicate determinations were drawn from
each of ten types of South African Merino wool selected for their
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widely differing properties. The bulk of the grease and dirt was
removed by a preliminary washing in cold benzene, after which
adhering foreign matter was carefully extracted by hand with the
aid of finely pointed forceps. The wool was then purified by
extraction in succession with benzene, alcohol and ether in a Soxhlet
apparatus, and finally washed in several changes of distilled water,
to the first of which 0-1 per cent. saponin had been added. When
air dry, each sample was placed in a rvegain bottle of the type
described by Barritt and King (1926).

A current of air from a water blower was allowed to pass slowly
through four flasks in succession. The second, third and fourth of
these each contained a litre of a solution of sulphuric acid made
up to a definite concentration. The solution in the first flask was
of a slightly higher concentration in order to reduce the high
moisture conlent of the air from the water blower. After passing
through the four solutions the current of air was divided into five
portions. Kach portion passed in succession through a spray trap,
a regain bottle containing wool, and finally through a trap containing
a solution of the same concentration as before. The last trap served
the double purpose of preventing access of moisture from the
surrounding atmosphere and of allowing for the adjustment of the
rate of flow of air through each regain bottle separately. The
whole apparatus was placed in a constant humidity chamber,
the temperature of which was maintained at 21-1° €. The generation
of the airstream by pressure instead of suction reduced the possibility
of leakage of the surrounding air into the system.

The solutions were successively diluted to correspond to rvelative
humidities of 20 per cent., 40 per cent., 60 per cent., 80 per cent.,
90 per cent. and 97'5 per cent. according to data given by Wilson
(1921). Observations beyond 975 per cent. relative humidity were
considered impracticable owing to condensation of molsture on the
wool as a result of small unavoidable temperature fluctuations. Before
exposing the samples to the air current at each humidity they were
subjected to a current of dry air so as {o ensure adsorption conditions.

The regain bottles were weighed daily and when the weights
became constant, weighing was continued for another five dawys,
each bottle being allocated to a different portion of the airstream
between weighings. This was to ensure that the humidity of any
portion of the stream of air had not been affected during its passage
through the trap or connecting tubing. In order to allow for possible
changes in weight of the bottles the wool was removed and the
bottles weighed separately after constancy at each humidity had
been ohtained. The specific gravity of the solutions was checked at
frequent intervals with the aid of a Westphal balance. No
appreciable changes in the solutions occurred. Desorption was
studied at 80 per cent., 60 per cent., 40 per cent. and 20 per cent.
relative humidities.

Finally the dry weights of the samples were determined by
heating to 100° C. at 5 ems. Hg. pressure in the presence of sulphuric
acid, an Abderhalden dryving apparatus heing used for the purpose.
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Fig. 1.

The variance bhetween samples differs significantly from the
error variance at P=-001, while the error variance 1~es not differ
significantly from the wvariance within duplicate terminations
at P=-05. The existence of definite differences between the
adsorptive capacities of the different types of wool considered is thus
proved. According to Table 2, the standard error of the mean of
duplicates is 0-2325/,/2 or 0- 44, a value which is satisfactor)
for the purpose of the present study.

The greatest difference was found in the case of samples 3 and 5.
the results for which are given in Table 3.

TasLe 3.

REvative HuMIDITY.
Sample. S
20 Per 40 Per 60 Per 80 Per 90 Per 97-5 Per
cent. cent. cent. cent. cent. cent.
> 6-5 9-8 13-9 18-7 22:3 27-4
5 74 10-9 15-0 20-1 24-0 28-3
DrrrERENCE. . .. 0-9 1-1 1-1 1-4 1-7 0-9
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At all values of the relative humidity, sample 5 adsorbed more
moisture thar sample 3, the excess being of the order of 1 per cent.
of the dry weight.

The variation in adsorptive capacity of the ten samples at
the different values of relative humidity is illustrated in Table 4.

Taerr 4.
| | ‘
Relative humidity . 209, 409, 609, | 809, ‘ 909, l 9759,
; | | |
Standard deviation 0-29 0-31 i 035 ‘ 0-39 i 0-48 I 0-37

i

‘While the standard deviation increases with humidity up to
90 per cent. relative humidity, the value at 97-5 per cent. relative
humidity shows a slight decrease and corresponds with that at
approximately 80 per cent. relative humidity.

The wools used were representative of types that differ among
themselves 1n other physical properties. The averages of the experi-
mental results are therefore only applicable to the series and do
not represent the average adsorptive capacity of the South African
Merino wool clip.

The samples, which gave the lowest and higlest values (viz.
Nos. 3 and 5, Table 1) were a ° ropy ”’ type and an extremely
hairy type rezpectively, wools that form a small portion of the South
African clip. The influence of these two samples on the variation
found is evident when they are omitted in the calculation of the
standard deviation, which at 90 per cent. relative humidity is then
halved. It can thus be reasonably presumed that the average of
the South African clip lies between the limits given by these types
aud will not differ greatly from the average of the values given 1n

Table 1.

Except for the fact that the extremely hairy sample gave the
highest values, the results do mnot follow Spealman’s (1930)
observation that the affinity for water appears to increase slightly
as the wool becomes coarser, though this difference may be due to
the fact that Speakman used wools from different breeds of sheep
whilst the present study confines itself to Merino types only.

Differences in the amount of water adsorbed at any value of
the relative humidity have an important bearing on the method
of estimating the regain of samples by Welr)hlnp them under the
<ame conditions as a standard sample of known dry weight. This
method 1s used for large-scale determinations of the clean yields
of fleeces where the final results have to be expressed in terms of
a definite regain.

Roberts (1930) suggosted that a standard sample should he
made up of a number of smaller samples taken from different wools.
Applying this principle to the ten wools used in the present study,
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a standard sample may be supposed to have been made up of equal
portions taker: from all ‘he samples, and the ten samples weighed
together with the standard at 60 per ceut. relative humidity. It
the dry weights of the samples arve calculated on the assumption
that all contain the same amount of moisture as the standard, then
the errors due to different adsorptive powers have a standard deviation
of +0-2857 per cent. This wmeans that an error exceeding 0-3 per
cent. of the dry weight will occur once in every third case. The three
sanmiples of which the dry weight estimates differed from the true
values by morve than 0-3 per cent. consisted of the hairy and " ropy 7
types already mentioned.  In cases such ax oceur in the laboratory,
o selection of sampless will rarely contain so high a proportion of
these types and will often lack them altogether. 1t can, theretore,
he concluded that the standard sample method of estimating regain
ix satisfactory when an accuracy greater than 0-2 per cent. 1s not
reguired, as in (he case of clean vield determinations provided that
samples of the hairy and ““ ropy "7 types are not included in the sevies
under examination.

SUMMARY AND CONCLUSTONS.

The adsorption of moisture at various relative hwmidities by
ten samples representing different types of South African Merino
wool was investigated.

The samples differed significantly in adsorptive powers. At
90 per cent. relative humidity the extreme values of 24-0 per cent.
and 22-3 per cent. with a mean value of 22-3 per cent. were obtained.
At 975 per cent. relative humidity the corresponding values were
28:3 per cent and 274 per cent.. showing a smaller difference than
at 90 per cent. relative humidity., The highest values were obtained
in the case of au extremely hairy sample, and the Towest in the
caxe of a sample of the “ ropy ™7 type.

The use of a standard sample for estimating the dry weights
of somples 1s discussed. Tt is concluded that the method 1s suitalle
where an accuruey greater than 0°2 per cenl. is not rejuirved.
provided thai samples of the hairv and © ropy 77 fvpes are mnof
ineluded.
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