
SORPTION ISOTHERMS OF FIVE TYPES

OF GRAIN STRAW AT 70° F *

INTRODUCTION

A project was recently undertaken
to study the sorption characteristics of
five different grain straws that are
common on the Canadian prairies as
there appeared to be very little infor
mation on this subject. This informa
tion is important because of the effect
of moisture on the mechanical proper
ties of straw (hence on the harvesting
process) and also because straw is
used in building components where the
effects of moisture on mechanical and
thermal properties may be significant.

The five straws selected were those
of Thatcher, a widely grown spring
wheat; Cypress, a solid-stemmed,
sawfly - resistant wheat; Garry oats;
Jubilee barley; and Redwood flax.

EXPERIMENTAL PROCEDURE

Two techniques were used: (a) ex
posure to air of controlled humidity
and temperature, and (b) suction. In
the first of these, the straws were cut
into lengths of approximately 2l/i in
and placed in cans made of 40-mesh
stainless-steel screen covered with an
aluminum lid. To determine the dry
weights of the samples, they were
stored in a sealed, 12- by 12-in glass
jar over magnesium perchlorate until
an equilibrium condition was reached.
All of the moisture contents given in
this paper were calculated on the dry
weight basis and are given as percen
tage values.

The required temperature and humi
dity were provided by a jacketed air
bath. Liquid of regulated temperature
was continuously circulated through
the jacketed space thus providing con
trol to within =h0.1°F. Calibrated
Dunmore-type humidity sensors were
used to measure and control the rela
tive humidity of the chamber. Fluctua
tions of humidity about the set value
could be limited to approximately =h
0.1 per cent relative humidity. The
accuracy is considered to be within ±
0.5 per cent relative humidity.
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The sample containers were suspen
ded from a hoop which, in turn, was
attached to the lid of the air bath in
such a way that it could be rotated
from the outside, thus bringing the
samples in succession below a port in
the top of the lid. When in this location,
a sample could be weighed by attaching
it to the underside of an analytical
balance. The moisture content was
calculated using this weight and the
previously measured dry weight. The
relative humidity in the conditioned
space was varied by steps between ap
proximately 4 and 99 per cent. In most
of the cases the samples reached sub
stantially constant weight when ex
posed to a fixed humidity for one or
two days.

One of the difficulties that exists
when obtaining such information is that
mold will form on straw if it is allowed

to remain for an extended period of
time in an atmosphere at a relative
humidity above about 70 per cent. To
avoid this, the work was done in sev
eral steps. First, results between 4 and
70 per cent relative humdity were
obtained fo rboth increasing and de-
creasng humidities, the straw being
mostened prior to the start of measure
ments at decreasing humidities. In the
second part of the work, results at
relative humidities above 70 per cent
were obtained. Values at 97.5 and 99
per cent relative humidity were ob
tained by introducng new samples
for each observation. At the last-
mentioned value, several tests were
made. The scatter was as much as ±
25 per cent moisture content and only
the averaged values are reported. The
results of all of these experiments are
given in table I.

TABLE I. SORPTION MOISTURE CONTENTS OF FIVE GRAIN STRAWS AT 70°F

FOR RELATIVE HUMIDITIES UP TO 99 PER CENT

Relative Thatcher Cypress Garry Jubilee Redwood
Humidity, % Wheat Wheat Oats Barley Flax

A d s o r p t i o n

4.0 2.0 2.0 2.0 2.1 2.0
6.0 2.5 2.5 2.5 2.7 2.5

10.0 3.2 3.2 3.2 3.5 3.3
21.6 4.8 4.8 4.9 5.2 4.9
29.8 5.7 5.7 5.9 6.1 5.7
50.5 8.3 8.6 9.2 9.8 8.4
70.2 13.4 13.9 15.4 14.9 13.7
85.0 21.3 22.2 25.7 23.9 20.6
90.0 27.1 25.9 28.1 26.1 20.5
95.0 48.7 52.2 57.1 51.0 39.8
95.0 46.8 61.2 55.2 46.2 37.7
97.5 77. 73 80 84 49.5
97.5 76 82 82 68 49.7
99.0 175 180 150 165 100

D e s o r p t i o n

93.0 38.0 38.9 43.4 40.5 33.8
84.0 23.1 23.9 25.3 25.5 22.9
70.2 15.1 15.4 17.1 16.7 15.2
50.2 10.2 10.3 11.1 11.0 10.3
30.0 7.1 7.1 7.5 7.6 7.4
21.8 5.9 5.8 6.1 6.2 6.2
10.0 4.1 4.0 4.2 4.3 4.5
4.0 2.7 2.7 2.9 2.9 3.1
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Penner (3) used the suction tech
nique to examine the sorption charac
teristics of spruce wood at high relative
humidities. In the work reported here,
the same technique was applied to
several of the straws in order to mea
sure approximately their maximum
moisture-holding capacities. A 40-mm-
diameter Buchner funnel, of either me
dium or coarse porosity, was connected
with rubber tubing to a pinchcock
burette and a water column establish
ed. This procedure is similar to the
tensiometer method used in testing soil
moisture relationships. A sample of
straw was prepared by cutting stems
into lengths of about Vi in and, in
some cases, splitting the stems. Each
sample was initially dried over mag
nesium perchlorate, weighed, then
placed in the Buchner funnel and
pressed into a layer about 1 cm thick.
The top of the funnel was sealed except
for a vent provided by a length of capil
lary tubing. Severaldays elapsedbefore
equilibrium was reached. Suctions of
10 cm (99.999 per cent relative humi
dity) and 1 cm (measured from the
upper surface of the porous plate) were
used. A change in the appearance of
the water below the porous plate indi
cated that some leaching of the straw
occurred. The results recorded in
Table II are based on the initial dry
weights of the straws and the water
levels observed in the burettes.

TABLE II. SORPTION MOISTURE
CONTENTS OF THREE STRAWS AT

HIGH RELATIVE VAPOUR PRESSURES
AS OBTAINED WITH THE SUCTION

METHOD

pF Thatcher

Wheat

Garry

Oats

Redwood

Flax

A d s o r p t i o n

1

0

350

460

290

400

170

250

D e s o r p t i o n

1 420 330 230

RESULTS AND DISCUSSION

The isotherms plotted in figure 1
are typical for straw and wood. For
these materials the relationships are
similar for relative humidities up to
about 70 per cent. When that value is
exceeded, the moisture content of
wood gradually increases until relative
humidities exceed 99 per cent. At a
point somewhat below 100 per cent
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moisture content,
C is the equilibrium moisture con
tent at relative humidity <£,
n, Kc and i are constants,
n = Cs/C 50 per cent R.H.

For ease of handling, the equation
was rearranged as follows to make <f>
the dependent variable:
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Figure 1. Absorption Isotherms of Thatcher Wheat
Straw and Douglas fir wood shavings at 70°F.

relative humidity, the "fibre saturation"
point is reached (4). Because of its
close proximity to 100 per cent rela
tive humidity, a fairly accurate value
of the fibre saturation moisture content
for wood is given by the extrapolation
of th^ isotherm to the 100 per cent
ordinate. This extrapolation does not
represent the actual moisture content
(4), which has been shown to exhibit
a sharp rise in this region, going from
approximately 40 per cent at pF = 3
(99.9 per cent R.H.) to 235 per cent
atpF = 0 (3).

When the relative humidity is in
creased above 70 per cent, the iso
therms of straw begin to rise sharply.
On the basis of the results of the pre
sent study, they appear to rise at a
steadily increasing rate to the near
saturation moisture levels found with
the suction technique. This investiga
tion was not detailed enough to show
whether the concept of a fibre satura
tion point similar to that used in the
case of wood is applicable.

One of the most recently developed
isotherm equations is that of Malm-
quist (1), (2), which reads

Cs/C = 1 +

t—Kc(i-c/cJ— i y •d)

where

C. is defined as the fibre saturation

1 +

This equation was empirically fitted to
the adsorption data for oats straw.
Since the moisture content correspond
ing to fibre saturation was not found,
a liberty was taken with the equation
in assigning to Cs the value corre
sponding to approximately complete
saturation. Its value was taken to be
400 per cent moisture content, corres
ponding to an arbitrarily selected suc
tion of 1 cm. When using these results,
it appears that the value of Cs can be
varied substantially without greatly
changing the form of the calculated
isotherm below 95 per cent relative
humidity, if corresponding adjustments
are made in the values of n and Kc.

When i = 1, the moisture contents
predicted by the equation are too low

I sotherm of Garry
Oats Straw

Calculated Curve

1-KC(1-C/CS)

Cs/C-
3/i

Kc • 0.0227

CCs • 400 %Moisture Content /
n - 44 /

_ i -1.6
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Figure 2. Absorption Isotherm of Garry Oats Straw at
70°F and a curve calculated by using Malmquist's

Equation with empirically determined constants.

continued on page 42
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$2,720 per year. It should be noted
that these calculations are based on a
non-broiler line. In view of the magni
tude of the potential economic advan
tage of controlled environments it is
of considerable interest to investigate
similar aspects in broiler stock.

SUMMARY

One hundred and twenty New
Hampshire chicks were raised to 20
days of age in an air conditioned room
under one air temperature and two
levels of thermal radiation. The effect
of radiation was measured with a 2
inch diameter black ball radiometer.
The average black ball radiometer rea
dings for treatments 1 and 2 were
76.5°F and 82.1 °F respectively.

Body weight differences were asso
ciated with the treatment levels. These

weight differences at 4, 8 and 12 days
of age were in favour of the lower
radiometer readings. After 12 days a
rise of ambient temperature (approxi
mately 3°F) reduced these body weight
differences. The heavier birds had a
significantly lower growth rate during
this period of additional stress. Light
intensity also appears to be an impor
tant source of environmental variation
to be considered in studies of this
nature.

The influence of an early environ
mental effect and its subsequent eco
nomic result was discussed.
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in the high moisture region and too
high at the other end of the isotherm.
For i = 2, there is a cross over in the
opposite direction. When i = 1.6 is
used, a much better fit is obtained.

The values of the other constants
were n = 44 and Kc = 0.0227. The
calculated curve and the experimental
results obtained with oats straw up to
97.5 per cent relative humidity are
plotted in figure 2.

It should be recognized in making
use of the results presented here, that
they are mainly for adsorption from the
dried state, since an important portion
of the high humidity region is not
covered by the desorption data. In
addition, the history of wetting and
drying, which was not considered in
this study, may be expected to have a
significant effect on the equilibrium
moisture contents, especially at high
moisture levels.
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