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GENERAL INTRODUCTION

Phe sorption of vapors by wood and cellulose is
a continuation,and elaboration, of an investigation
started in this laboratory by Pidgeon and Maass (/)
Their work was confined to the sorption of water
vapor by wood and cellulose, over an extended range
of vapor pressures and temperatures. Further, a
detailed study was made of the penetration of (2)
water vapor into wood. These investigators con_
fined their attention to various samples of two
coniferous woods, and to a pure cotton cellulose,
and examined these throughout the complete range
ot vapdi pressures, and between the temperatures
of 12°C ana 42°C,

While a considerable number of investigations
on the fibre saturation point of wood have been
made,the complete sorption isotherm has rarely
been determined. Tiemann (3), Myer and Rees (;),
Dunlap(5) and Stamm (6) have determined saturation
points by various methods. Guite extensive work :
on cotton eellulose is due to Urquhart and Williams
(7),who have prodused complete absorption and desorw
ption isotherms over a large range of temperatures.

However, a new experimental teschnigue for the



determination of the moisture equilibria of woods
was developed by Pidgeon and Maass (1). They evolved
a method which gives reproducible results, and which
is free from the obJections which characterize much
of the work done along these lines. Thelir method

has been used in the study of an extended field of
analagous investigation,in the following disserta-~
tion, Modifications have been introduced to meet
special needs in the experimental methods,

The previous attention of this laboratory was
confined to a fairly complete study of two cog;ter;
ous woods,and to a pure cotton cellulose,and that
only as far as water vapor was concerned. The work
here to be described,deals with a greatly extended
range of species. vaionsly it has been impossibdle,
and indeed unnecessary,to deal with each wood and
cotton in as great detail, Further,a study has been
made of the sorption of a number of vapors,other
than water vapor.

The purpose of this investigation may then be
desoribed briefly as follows. The complete water
vapor equilibria for cotton are first of all nec=-
essary when the comparative aspect is introduced,
It is felt that in an investigation of this kind,



there is a possibility of thereby eventually obtaine
ing information as to the essential nature of the
fundamental cellulose molecular aggregate,from the
quantitative aspeets of sorption. This is partic-
ularly so in the range of extremely low vapor presé-
ures. Such information,correlated to sorption in
wood ,could then be used to specify the part played
by cellulose in the wood substance.

A comparative study of different woods was under-
taken,as it was felt that the water vapor equilibria
of a wood should be more or less of a definite type,
depending on the essential structure of the wood,
and varying from species to species. Thus, the water
vapor equilibria of a wood are possible means by
which one may classify the various woods. Such a
classification would not be arbitrary. It would
depend on the essential similarities and disimil-
arities of the various species,and would be based
on the actual nature of the absorbing sysbem, Such
a physico=-chemical classification would be of in-
terest in itself,

After consideration of the sorption of water vap-
or by woods and sellulose,one naturally proceeds to
the sorption of other vapors. The sorption of any



partiocular vapor by wood and cellulose is of inter-
est. The rate at which sorption ocours is of import-
ance, The modifying influence of the non-cellulose
substances in wood,and also its definite strusture,
will respond to this treatment. Thus by eomparison
of the results for wood and cellulose the affect,
if any,of the lignin ete.may be indicated. There

is always the hope that information may be obtained
a8 to the actual chemical nature of these constit;
uents.Thus the aim in this work on the sorption of
various vapors is twofold,first;the results are of
theoretical interest in themselves,second’ compil-
ation of data of this kind is,odbviously,of pract-
ical importance. This is particularly true if a
large number of different gases are considered.

A detailed comparison of the mechanism of sorp-
tion with various gases, and substances,should

also be fruitful in clarifying ideas as regards

the acfual nature of the systems under consid=- "’
eration, from the point of view of colloid chem-
istry. Before this is aceomplished the term sorpt-
ion should preferably be used. However it is nec=-
essary to indicate the process that is taking place,
from the point of view of whether,vapor is being
taken up by the system,or being taken out of the



system. To avoid confusion it was thought best to
follow the nomenclature used by others (7),and arb-
itrarily use the term absorption,when equilibrium
values are obtained by inereasing the vapor press-
ure from that pertaining to a previous equilibrium
value,and desorption.,when the sequence of pressure
changes is reversed. These two terms,absorption and
desorption,therefore,io not negitavate nor imply

solid solution,surface adsorption or compound fore

mation,

DETAILED INTRODUCTION

Bearing in mind the general aim outlined above
there follows now a survey of the specific field
covered.

Gonsiderable work was done to definitely estabe

lish the reliability of the various procedures for
causing sorption,from the peint of view of their
reprodueibility.

The influence of the preceeding history,in its
relation to absorption and desorption,was given at-
tention, For instance,if absorption and desorption
are determined at a given vapor pressure,dees the

final equilibrium value,at this pressure,depend on



the way in which this absorption or deseorption ocours?
Again,will a direct passage from zero vapor pressure,
to that under consideration,give the same value as &
rrocedure which involves several intermediate sorption
values? This establishment of method was investigated
with representative specimens of heart and sap woods,
and with two different ecottons. In this way the app-
licability of the results should be quite general.

The determination of percentage sorption against
time is important from the experimental point of view,
in governing the time required for the ddtablishment
of equilibrium, Apart from this,these relationships
are of interest in connection with the structure of
the absorbing material. Thus ,the sorption of water
vapori;against time,should give results which are more
or less ocharecteristic of the particular wood or
cellulose, If the wood samples are of such a thiek=
ness,that each fibre is out at least once,the thme
intervals recorded,represent actual sorption iy time;
and the results are of eomparative importance, If
each fibre is not out at least once,there are two
factors to be considered-first,the penetration of

vapor into the sample,and second,the sorption.



The moisture equilibria for two different pure:
cellulose samples have been determined. One is an
ordinary type absorbent sottonthe other, rag cotton
from Eastman Kodak Co. Following an investigation of
these cottons,the oompléte moisture egquilibria of
twenty different Canadian woods were determined.Three
woods were chosen from the list of twenty,the choice
being governed by the three showing the greatest
divergence from the average sorption curve.,This re-
determination of the sorption isotherms,on new samplesk
a year after the first samples were investigated,had
for its obJect the testing of reproducibility of
sorption isotherms ,characteristic of a particular
speeies,

Following this comparative study of a number of
different Canadian woods,work was undertaken on the
subgsequent ability of the wood to sord water vapor
after the removal of certain of the non;cellulose
constituents, This was done by measuring the complete
sorption isotherms, The extraction was carried out by
a carefully regulated standard process.

Some effort has been made to follow the reversib-
ility of sorption of water vapor by cotton,extracted
ahd unextracted wood,following different heat treatments.



Any modification of the elastie gel system,following
moderate heat treatmentsi,would be expected to show
itself in a change in the ability to take up water
vapor.

The vapors,other than water vapor,for which the
sorption values have been investigated,are,sulphur
dioxide.ammonia hydrochloric acid and carbon dloxide.
0f these gases hydrochlorie acid has received,by far
the greatest attention, With the other three vapors
the sorption experiments have been carried out over
a limited vapor pressure range. It is felt that Rhe
results obtained;in addition to being of interest
from the point of view of this dissertation,will
also indicate profitable lines for extended investe
igation in this particular field. The action of hyde-
rochloric acid on wood and eellulose has been given
considerablqéttention. The sorption of hydrochlorie
acid by cotton cellulose was followed over a range
of gas pressures,up to one atmosphere,only & few
determinations being made. In the ecase of wood the
eomplete system,from O to 76 oms. pressure of gash
was determined.

The next system to be examined was wood-water

vapor=hydrochloric acid, A series of runs was made



in which a certain definite amount of absorbed water
is present in each sample. These samples were then
gsub jected te pressures of hydrochloric acid gase. A
number of determinations were made in this manner,
varying the initial amount of water present. Only

one species of wood has been investigated in this
connestion, It was felt that the sorption of hydroe
chloriec aeid,by wood containing a definite amount of
water,might serve as an indirect method of throwing
light on the essential difference between absorption
and desorption values., Two samples with approximately
the same amounts of Sorbed water, one due to absorption
the other due to deserption,were compared in‘regard
to their dehavior with hydrochloric ascid. Further,
the ease of removal of hydrochloric acid from wood;
both with and without water present,is of interest,
Also an investigation has been made of the water
absorbing powers of a wood previously exposed to hyd-
rochloric acid.

The system cotton-water vapor=hydrochloric acid
has also been investigated., The range of water contents
while not quite as extensive as with wood,is suffice
iently great to indicate the nature of this termary
system,The physical and chemical changes;undergone
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by the sotton when subjected to this treatmentjhave
been given consideration. The return to original weight
and the entire water vapoer equilidria have been foll=-
owed for cotton treated in $his mammer, In dealing

with ternary systems,the measurement of sorption against
time was followed,and the affesct of an increasing
amount of water,on this taetor;indioa%ed.

A few experiments were also carried out on the

ternary systems involving carbon dioxide,in the pres-
ence of definite amounts of previously absordbed water.

Experimental Method.

The method employed has as its basis a gquartz spring
balance suspended in an evacuated glass system,This
glass system must be capable of maintaining a high
vacuum, In connection with the system there is a buld
containing water,this serves as a source for ®apor.
The vapor pressure may be determined indirectly by
controlling the temperature of this dulbyor it may be
read off directlyjon an 0il manometer which is a part
of the system. The remainder of the apparatus consists
of a phosphorous pentoxide tube and commection to the
punping system and MacLeod gauge. The pumping system
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is made up of a Languir mercury condensation pump,
backed by a "Censco Hyvao" pump, This is a general out-
line of the type of oqniiment which has been utilized.s
That it serves the desired purpose is readly seen from
the follewing considerations.

There are swweral requirements whieh must be met.
Serption in the first place,is seriously inhibited 1if
air is presentichiefly due to the great increase in the
time required to attain the true equilibrium condition,
Also the presence of air might be decidedly undesirable
from the possihle effeot on sorption. The presence of
sorbed air would almost certainly vitiate the acouracy
of results for the sorption of certain vapors such as
carbon dioxide. This requirement is met by the use of
a vacunﬂ?ﬂ%ial system,

Furthermore, constant vapor pressure must be maine
tained throughéut sorption as hysteresis is shown in
the sorption of water vapor wndépcchanging vapor phess-
ures. Thus,the experimental arrangement must permit
of a definite pressure being held. This necessity is
met by the presence of a water dbuld,kept in a constant
temperature bath,this duld is in direet communication
with the sorbing samplej;and holds the vapor pressure

invariable.



The experimental equipment must be such that the
unavoidable adsorption by the walls of the container
in no way affect the measurements.This requirement
is met by the use of a quartz spiral,then extension
of whioch indicates the amount of sorptionoqﬁartz does
not adsorb water apprechably. This direot method
makes it i?aterial whether the walls adserb vapor
or note

PFurther,the possibility of using small samples of
wood or eotton is important, A small sample will show
less hysteresis than one which is large,also the times
involved in the attainment of equilibrium will bde
much less, The importance of a uniform structure in
the wood specimen can not be oveqﬁmyhaaized. A small
sample ensures a much more uniform structure than
might result,if a large one were required,The util-
ization of relatively small samples is made possible
by the use of the gquartz spring balance,

The importance of the above requirements,for the
type of investigation undertaken,is drought out by
comparison with other methods,such as used by Urquhart
and Williams(7),which lead to results whose comparat-
ive values méy‘be of interest,but whose absolute values
are open to question,The experimental equipment,and

method,0f these investigators was susch,that a definite
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quantity of water vapor was added to,or removed from,
the system.The state of equilibrium was indicated by
a manometer,and the amount absorbed determined by
measuring the volume of the water vapor added or re=-
moved. Further,this method made use of large samples
of cellulose,the average weight being around 10gms.
as compared to a sample weight of approximatelyO.lgmse.
in this investigation.This method of measuring sorption
will,obviously,be in error as adsorption by the walls
is a faoctor over which there is no control,and con-
cerning the extent of which there is no information.
Parthermore,Urquhart and Williams state:"It is
perhaps noteworthy that after water had been admitted
to the cotton the pressure gradually fell to its eq-
uilibrium value,while after the removal of water from
the cotgon the pressure rose to its equilibrium value,
indicating that the gain or loss is initially sustain-
ed by the outer layers of the material,and that the
diffusion to or from the interior,necessary to restore
a proper balance,is a more leisurely process than the
absorption or desorption of water by these outer layers™
This is not surprising since measured amounts of water
were added to the cellulose and then the pressure at
"supposed equilidbrium” determined.The addition of a

quota of water was not made miformly as far as the
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whole mass of cellulose was concerned, Consequently
the outer parts of the cellulose were able to absord
this water first, with the result that this water
had to be desorbed to supply the farther portions.
But if there is any hysteresis,uniformity of water
distridbution would be impossible under these condite
ions,since the desorption pressure is lees than the
absorption pressure.Consequently the values deter. -
mined on & basis of absorption would be too high,
The disadvantageous features of the abovemethod
have been eliminated,’ through the type of apparatus
used and the methods herein desoribed, There is
direoct measurement of weight,and the process of
sorption ocours in the presence of a constant and
unvarying vapor peessure, The results obtained
are not in error by the amount of vapor adsorbded
by the glass walls of the eontainer,and furthersy

they represent true absorption or desorption eqe
uilivrium conditions.
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The inveatigation of vapors;other than water vapor,
has neceasitated no fundamental modifications in
either the egquipment or in the methods which are
used, However,the relatively much greater pressures
required necessitated the substitution of a meroury
manometer for the oil manometereFurther,;it was found
advisable to admit a quantys$ of the vaporiunder
investigation;into the system,without the presence
of the liquid phase, Thus, no effert was made to
hold the vapor pressure constant, as was done in
dealing with water vapor. In the absorption of a
gas where the possibility of hysteresis exists, the
possible effect of a falling pressure, while absorpe
tion oeours; or rising pressure in the case of des-
orption, may be significant. Even should hysteresis
ococur with the vapors examined, and this remains to
be shown,the general validity of the results is still
satisfactory. This is appreciated on a consideration
of the small size of the samples which are used, and
in the light of the relatively large volume of vapor,:
from which sorption ocecurs. Also the vapor pressures
which have been investigated, are much greater than
is the case with water vapor. Thus; the fall #n press-
ureywhich aceompanies absorption,or the rise with dese
orption,is not very significant in terms of the final
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equilibrium pressure.Therefore the sorption value at
the final pressure will very closely approximate the

true equilibrium value at this pressure.

Apparatus In Detail,

Figure 1 indicates the essential features of the
system in whioch sorption osceurs. Actually throqﬁiffeggnt
similar units have been construcéed in this invest-
igation.

The glass tubes G,D and E are removable,the ground
glass jJoints are indicated in the diagram, The tubes
are about eleven inches in length,with an inside di-
ameter of one inch., A small glass hook,sealed into
the glase head,serves as a support for the quartz
spring balance. These tubes have functioned very
satisfactorily as containers for spiral and sample,
No tendency to leak at the large glass Joint has been
observed, In the case of the tubes most recently
put into service, any possibility of leakage has been
eliminated,due to the presence of a flange on the
tube,this may be filled with mercury. Another im-
provement ,not indicated in the diagram,is a change
in the position of the comnecting tube. By inserting
this in the side of the tube itself the ground glass
top may be removed without removal of the thermostat-
ing bath. The diagram indicates three sorption chambers
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Figure 1.

Apparatus,
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in series. In prastice it has been found convenient
to make use of six of these together, This system
has been eonfined to the study of the water vapor
equilibria of woods and eottons. The advantages of
this battery of six tubes are obvious. It enshles

the determination of the complete moisture equilibria
of three different woods both sapwood and heartwoody
at one time. Further, different samples of the same
species may be considered under identical conditions,
In the systems where other gases have been consideredy
single sorption units have been in operation.

The tube B contains water and serves as a source
for vapor. It is surrounded by a Dewar flask maintained
at a constant temperature,and thus:: the vapor pressure
may be sontrolled.

The oil manometer M is shown. The o0il used is "Cenco
Hyvao" pump oil,and has a density about one fifte;nth
that of mercury,and also & negligible vapor pressure.
This enables ready amd aceurate observation of the
vapor pressures of water in the system, Where gases
are used which require the measurement of greater
pressures than can be indicated by this o0il manometer,
or with which chemical aetion may occur,substitution

is meade for the oil manometer M,of a mercury manometer,
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This is capable of indieating pressures up to 76 oms.
of meroury.

The position of the phosphorous pentoxide tube G
is indicated in the diagram it is used in determin-
ing the dryn weight of the sample. Further, the tube
takes up water very readily, thus avoiding the act-
uation of the pumping system for the removal of small
amounts of water vapor.

Most of the glass tubing used in the assembling of
this apparatus is 9 mm, in diameter,with stopcocks
having a large bore., This is important as it reduces
the affect of lag in pressures during the "drying"
of the sample., .

The bath surrounding the sorption tubes is indic-
ated by the heavy lines., It was found that: the acc-
uracy of the optiecal measuremengs was affected by the
use of a bath with a oylindrical surface., Thus the
bath in use consists of a container with a flat plate
glass surface., An aguarium, of suitadle size jo0 acc-
omodate a battery of six sorption tudbes,has been
found quite satisfactory. The bath is equiped with
& stirrer which ensures thorough and rapid circul-
ation., The heating element is controlled by a toluene
mercury thermo-regulator through a relay. This
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regulates the temperature in a satisfactory manner,
the maximum fluetuations being in the neighborhood

of 0,02°C. Further, a cooling coil of lead piping,
through which a variable stream of cold water circul-
ateg,permits of the use of temperatures which are
below those of the room,thus inecreasing the temper-
ature range over which investigation may be conducted.

Figure 2. indicates the essential features of the
pumping system. A is the eonneetion‘whioh leads to
the system to be evacuated, B 1s a Langmuir mercury
condensation pump. M is a MacLeod gauge capable of
indicating pressures down to 0,0005 mm, of mercury.
This diagram indicates that the mereury condensation
pump is backed by afSpler pump, It was found more
convenient to substiiute & Hyvac pumpe In all exper-
iments the pressure is first lowered to at least0,001
mm, before & run is céionoed.

Observation of the extensions of the guartz spring
balance is made by a cathetometer. The instrument
used is capable of giving readings acourate to 0,02mm,
It was found most oconvenieht to focus the oross hairs
on the extreme ends of the spiral for eash extension.
The optical system is such;,that at a distance of
about sixteen inches a distinet image is readily
visible,
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Figure 2,

Pumping gystem,
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The spiral is attached to the glass hook by means
of a small wire loop. The length of this is such
that the upper end of the spiral is below the ground
glass Jjointe A silver wire stirrup supports the
sample (fige l.). DPirect support of the sample is
possibl& if an appropriately placed V shaped ocut is
made in the wood specimen,thus eliminating corrections
for any additional weight.

Spirals were constructed from quartz after the methe
o0d of MeBain and Bakr (8). Quartz spirals are partice
ularly suitable,as qnarti shows negligible hysteresis
under the temperature conditions of experiment. The
spirals used in this inveatigation were considerably
finer than those previously described, Considerable
care is required in drawing out fidbres of suitable
thickness and then of winding these. Considerable
experience is necessary before suitable spirals can
be made.

» The spiral,first of all,is calibrated throughout
the working range by observing the deflections caused
by known weights. The curve which results from plott-
ing deflection against weight,gives a straight line
which passes through the orighn in most cases. For
very great deflections,the linear relationship falls
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off and the range over whieh it is to be used is lim-
ited to that in which no meaaurablqﬁeviation is ob-
served.

Over two dozen spirals have been used, On the ave
erage aﬁsfleotion of 1l mm.éorreaponﬁa to a weight of
0.,0030 gms, Thus,with the particular cathetometer
employed,a weight of 0,000§. gm. can be easily detected,
and the total weight of a sample weighing O.lgm. can
be detembdded accurately to within 0.,1%. Since the
maximum differences observed are not greater than
30% of the total weight,the theoretical accuracy is
well within 0.5% of the differences noted.

The selection and preparation of suitable samples
is ocarried out as follows, In the case of cotton
cellulose the two different cottons are kept in stop=-
. ered bottlesj;and samples may be withdrawn as required.
With the woods, storage until it is desired for ine
vestigation,presents a problem., Suitable portions
of wood are taken and wrapped in waxed paper and then
stored in a desicoatod to prevent drying out, On
removal of the wood specimen,for the procural of a
sample,the outside portion of the piece is discarded,
and a peetion,of sultable thickness,teken from the
fresh surface. Care is taken to avoid ineluding
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any obviously unusual structure in this sample,that
is,the section is taken from a portion of the wood
which is representadive and uniform throughout.

The sample is dried by long evacuation in the pres-
ence of phosphorous pentoxide at a pressure of about
00005 mm, mercurye. After approximately 12 hours,

a constant weight is observed, This weight is arb-
itrarily considered as the M"dry weight",and the pere
centage increase due to sorp%ion is alwéya calculated
on this basis. This'point is completely reproducibdle,
and may be checked several times,even after the sorpe
tion of water vapor. However,this reprodueibility is
not always found when other gases are used. It is
only true when the sorbing system suffers no permanent
change.

Attention must be paid to the purity of the gas
admitted to the system in which sorption is determined,
In most cases thg gas is kept in the liquid phase in
a bulb(fig.l).having undergone previous chemical pur-
ification, With water,the chief precaution is the
entire removal of all disolved gases, This is ensured
by alternately freezing and evacuating the water in
the bulb, Generally three freezings are sufficient

to completely remove all gaseous impurities. Some
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care has to be exercised or the water bulb will break.
Slow freezing,with a carbon dioxide ether mixture,
from the bottom upwards has been found satisfactery.

Development of Method.

Figure 3, indicates typical sorption isotherms

for water vapor. It is seen that there are curves,
whieh tend to coincide near their extremikies., Per-
centage absorptions are plotted as aboissas,and either
the direct vapor pressure in mm, of mercury,or the
relative humidities as ordinates. The form of the
curves is similar in both cases. The use of relative
humidities,in this econnection,is mush more gemeral
than plotting results against the absolute vaper pres-
ures, Since the sorptions at relative humidities
have been found to be independent of the temperature
this makes possible the comparison of data from res-
ults obtained at different temperatures. In order to
make use of the comparative aspect,and employ absol-
ute vapor pressures,all determinations must have been
made at the same temperature, The two curveg,shown,
illustrate the hysteresis whioch exists in the sorption
of water vapor by wood gnd cellulose, Hysteresis
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indicates the existence of two true equilibrium sorp-
tion values,at one relative humidity,or vapor press-
ure. One value is obtained by the taking up of vapor
from a lower pressure,or results from increasing vapor
pressures. The other results from the removal of vapor
or follows from a lowered pressure, In absorption
there is less water held by the sample,than is the case
if a desorption value is condidered at the same vapor
pressure, It is significant that hysteresis disappears
a8 100% relative humidity,or the saturation vapor
pressure ,is reached, This will be discussed laters

It is evident,therefore,that considerable attention
must be paid to the details of experiment in order to
determine either real absorption or real desorption
values, The samples,investigated,are of such a thicke
ness;that each fibre has been out at least once. With
such samples the times te equilibrium vary,depending
on first,whether the equilibyium value being determined
is absorption or desorption,and second,whether the rele
ative humidity is low or high, In the region of 25% rel
ative humidity, absorption equilibrium eonditions are
ordinarily obtained in about thirty minutes. Desorption
equilibrium values require upwards of forty five minutes,
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As the relative humidity inecreases, or the absolute
vapor pressure,the times to attain equilibrium alse
increase. In.all cages,to attain equilibrium with
the taking out of water vapor,desorption, the time
is greater than required for the taking up of water,
absodption. In the upper regions of the curves ab-
sorption requires from one to two hours,while des-
orption takes nearly double this time interval,

The equilibrium times become great in proximity
to the saturation value. HNo experimental attempt
is made to determine this value,it is: calculated
by extrapolation of either of the $wo curves, Act-
ually grave diffieulties are met in its experimental
determination., MoKenzie was able to report a sate
uration value of 43.2% after seventy nine days with
"abgorption" still ﬁiowly taking place.(9). The
reason why saturation values cannot be determined
e xperimentally may be seen from the following
discussion. If the temperature of the thermostat
is lower than the temperature for free water ceon-
densation by a slight amount,then indefinite amounts
will ocondense., The best that can be done experime
entally is to have a thermostatic control which has
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this temperature as a mean value so thatl alternately
water eondenses and evaporates. But evaporation will
be from water held between fibres influenced by the
angle of contact and govermed by the closeness of
packing of the eellulese fibres in eotton or the
gross structure in wood. The extrapolated values

for saturation cannot be looked upon as true sate
uration values,which/perhaps do not exist at all).
The extrapolated values arej however,o0f interest in
comparison <from sample to sample.

The problem confronting the investigator,is the
choice of a method whioh will give true equilibrium
values,either absorption or desorption values,dependi-
ing on which is desired,in the shortest possible
time., The method adepted ,must ogéaurae, be capable
of giving results which are definitely reprodusible.
Thus the first attention of this work was towards
the development of a technigue which would give re-
producible results,in as short a space of time &s
possible.

In practice _equilibrium values are determined in
the presence of a constant vapor pressure,however,ea
cycle of operations is involved,the essential features
of which follow,

After determination of the dry weight,the sample
is allowed to become saturated with water vapor,

This is indicated by eondensation of water vapor
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on the walls of the sorption veasel,and after some
five hours saturation is sufficiently complete. A
quantity of waterapor is quickly removed,the amount
removed is such that the equilibrium vapor pressure
will be & few mm, below that at which the first
sorption value is to be determined, Thus a sudden
desorption has been effected, Without waiting for
the complete establishment of equilibrium the vapor
pressure is raised to that to bde investigated., Ab-
sorption occurs at this constant pressures The de=-
termination of each sorption value involves first,
desorption from a greater value,and second,absorption
up to that which is desired. fThis gives as a final
value the desorption value,for the final vapor press-
uree. The important experimental feature is the des-
orption below the final value, In each case care is
taken that actual desorption below this point has
taken place, This is done gquickly by sudden low=
ering of the vapor pressure and at the same time
observation of the loss in weight. When the weight
is distinotly less than that to be determined,the
absorption process is initiated. This cycle of
events is repeated until the complete equilibrium

eurve is obtained,
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Since desorption equilibrium values are desired;
and since this method gives sueh values,and gives
them reprodueibly,this system has been followed as
being by far the most convenient. That the above
process gives a desorption value is seen by the foll=
owing typical data,

After keeping a sample at 100% relative humidity';
(17,36 mm,Hge) the pressure was reduced to 12,67 mm,
and held there until equilibrium had been established,
resulting in a sorption of 16,64%, This is a true
desorption value. The sample was again subjected to
100# humidity. The pressure was reduced to 1ll.l4mm,
and held until the guartz spiral showed loss of weight
below 16,54 $. The pressure was then raised to 12.67mm.
The final sorption reached 16,47% and is within the
experimental error of the desorption value, It is
known as a oycle value,and is seen to be identical
with the desorption value, The difference involved
gives a saving in the time during whichthe pressure
has to be maintained constant at the final value,
namely,12,67mm,

Another oyocle value was obtained as follows, Start-
ing with 1004 humidity,by lowering the pressure to
8.09mm,and then raising it to the desired pressure
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of 9.14mm. this gave a cycle value of 12.1% as come
pared to 11l.9 by direct desorption. For convenience
the eomplete desorption isotherms for the twenty Can-
adian woods,tabulated belowywere determined by the
eycle method,which it is seen approximately gives
desorption values, When it is remembered that some
sixteen equilibrium values had to be obtained for each
specimeni;it will be understood why a technique was
evolved in whish the time during whish the pressure
had to be maintained constant ,was cut down to a
minimum,

Care had to be takeni;inthe first place, that the
first pressure-lowering was maintained for a sufficient
length of time to allow loss of water vapor,in amoumt,
below that which is characteristic of the final dese
orption value., By taking consecutive points on the
ourve this could be established in each ocase. Duse
precautions were observed thaj the pressure lowering
was never carried to a point considerably below the
final pressure,since in this case the cycle value is
found to lie between the absorption and desorption
values,an example will illustrate this. After sudb-
Jeoting the sample to 1004 humidity the vapor press-
ure was lowered to 4,57mmijand then brought up to
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the sapwood of the hemlock has somewhat greater sorption
values than the heartwood. In the case of black cherry
they are the same,and in the maple the heartwood has
decidedly greater sorption values.

After having elaborated this guestion of reproduce
ibility, the data for the twenty Canadian woods Asehow
tabulated. Instead of comparing all the data; either
in the form of a tabulation or curves; it is more cone
venient to indieate;as has been done, in Table 1., five
points that were taken from the serption eurves drawn
in such a way as to represent each sorption isothemm.
(The experimental data:Zer : all the isotherms are tabe
ulated in the appendix ). In column one are given
the amounts of sorption at zero vapor pressure, extrape
olated from eash curve. In column five is given the
saturation sorption value, extrapolated from each sorp-
tion isotherm to 100% humidity. The three other eol-

umns give, as their headings show, the sorptions at
three intermediate points.
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Table 1,
Sorption Values for Canadian Woods.

Relative
Humidity $e 0.0 173 5148 86,4 100.,0

Vapor Pres.
mm,0f Hge. 0 3 9 158 17.36

Red Pine(Pinus resinesa).
Sapwood, 1,86 5,10 10410 17,60 26,10
Heartwood. 1,00 4,45 9450 16450 23,00

Red Oak(Quercus borealis).
S8apwood. 1,00 4.45 9,70 17.20 22,50
Heartwood. 2630 5670 10,10 1l6.20 21.10

Ironwood (Rhamnidium ferreum).
Sapwood, 1,10 5465 10,65 18,00 24,00
Heartwood, 1,10 5665 10,65 18,00 24.00

White Pine(Pinus strodbus),
Sapwood. 0.50 460 9.00 17.75 24.25
Heartwood. 0,80 4,10 8,60 18,25 27.00

Blafk Spruce(Picea mariana),
Sap'ood. 0.85 5,20 10,45 20,00 25,00
Heartwood, 1,00 5620 10,45 20040 26,85
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Pable 1 (continued).

Relative
Hanidity %o 0,0 B7.3 518 8604

Vaper Pres,
mm, Hg. ) 8 9 15

White Elm(Ulmus americana).
Sapwooﬁc 080 4,45 9¢95 19,35
Heartwood. 2,25 6610 11,80 20,00

Soft Maple,
Sapwood.. - ..1e2885 4465 10,95 19,00
Heartwood. 0695 44656 11.45 20435

Basswood (Tilia glabra),
Sapwood. D.00 3,65 7.70 15.10
Heartwood. 0¢55 4,00 9,60 19.25

Balsam(Abies balsamea).
Sapwood., 1.00 4,65 10,10 19.20
Heartwood, 2,35 De40 10,75 20600

1000

17,36

24420
24095

25,20
24,85

2325
26,10

24.50
24,80

White Spruece(Picea glaueca),.

Sapwood. 1le90 5465 11,75 21,00
Heartwoode 1460 5,65 11,76 21.00

28415
28,15
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Pable 1 (continued).

Relative
Hamidity %o 0.0 17.3 51,8 86.4 10040

Vapor Pres.
mm, of Hge O 3 9 15 17436

Yellow Birch(Betula lutea),
Sapwood. 065 34,85 9655 20,65 24,40
Heartwood, 1,50 4,85 10645 2l¢60 25.40

Hemloock(Tsuga Cansdensis).
Sapwood, 2¢10 54655 12,25 20450 26,70
Heartwood. 1.80 4,95 11,90 21.10 25,40

Black Cherry(Prunus serotina),
Sapwood. 1e70 4,80 11.50 2l.80 27,20
Heartwoole 1480 5,05 11,30 21,60 27,70

Sugar Maple(Ascer saccharum),
Sapwood. 1040 4415 10420 19.40 23.40
Heartwood, 1660 4,80 13,40 21,30 24,80

White Biroch(Betula papyrifera).
Sapwood. 0690 3495 10430 22400 26450
Heartwood, le25 4,50 10,68 23,00 27,65



Relative
Humidity %e

Vapor Pres.
mm, of Hg.

Table 1 (continued).
0.0 17,3 b5le8 86s4 100,0

0 3 9 15 1736

Beech(Fagus grandifelia).

Sapwood,

Heartwood,

Sapwood.

Heartwood.,

le40 54660 12,20 18.15 25,10
1e85 5490 12,70 22,75 28,80

White Ash(Fraxinus americana).

Le35 5485 11640 18490 24,75
0695 5470 11685 19490 24,95

Eastern Cedar(Juniperus virginiana),

Sapwood.,

Heartwood.

Sapwood.

Heartwood.

Sapwood.

Heartwood,

1e65 570 10465 13,35 22,35
1.85 6,00 12,60 22,25 27.80

Aspen(Populus tremuloides).
1,90 5¢10 10680 22,00 30,60

Larch(Larix occidentalis).
Je¢40 780 12645 21,60 26450
1,80 6625 12495 23400 28,95
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An attempt has been made to correlate the variation
in the sorption of the various woods, with some of
their other physical properties, such as density and
hardness, but without success. The most important
generaligation, to be found, is the great similarity
in the amount of sorption for all the woods examined
to date. This point will be elaborated;, shortly, in
connection with the sorption isotherms for cotton and
for extracted wood.

It is of interest to note that of the twenty woods
examined, in eleven the heartwood has the greater sorp-
tion, in six they are approximately the same, and #n
only three is there distinctly greater sorption in the
sapwood. This means that as a rule the heartwood has
& greater sorption than the sapwood.

Below is given a table (®able 2) in which all the
values ,given above, have been averaged. These ,there=
fore, may be taken as the average sorption values for
woods. Here it is again brought out that the heart-
wood has a greater sorption than the sapwood. By in-
spection the average is seen to be very close to any
of the values given in Tabl#l.

The values obtained for extracted wood are for two

samples whioch gave practically identieal values. The
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extraction was carried out in the usual manner, The
wood was refluxed, at the boiling point, for four
periods of twenty four hours,in a 1% sodium hydroxide
solution in an atmosphere of nitrogen. The sodium
hydroxide solution was replaced each day by a fresh
solution.

The desorption values for cotton (1). were deter-
mined on a rag eotton obtained from Eastman Kodak Co.,
and which had been subjected to careful purification,
The values for cotton (2). are the desorption values
obtained by Urquhart and Williams (7)

Table 2. -
Average 3orpt16n Yalues for Woods
and for two Cottons.
. Relative
Humidity %o 0.0 17.3 51.8 864 100,0
Vapor Pres,
mme Hg. 0.0 3. 9 15 17.36
Average Sorption Value for Wood,
Sapwood, 1630 4490 10,50 19,0 25,10
Heartwoode 150 5,20 11.10 204 26610
Average. 1,40 5,00 1080 19,70 25,60
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Table 2(continued),

Sorption Values for Extracted White gpruoe.
Relative )
Humidity %o 0,0 17.3 51,8 86.4 10060
Vapor Bres.

mm.Hge 0 d 9 15 17.36
Sapwood 1e70 5625 1070 21625 25,10
Heartwoode 1¢75 5,00 10410 19,10 26680

Averages 1,70 5.10 10.40 20,20 25,90
Sorption Values for Unextracted White Spruce.

Sapwood., 1,90 5465 1D.70 21,00 28,16

Hoartwoode 160 5,65 11,76 21,00 28,15

Sorption Values for Cotton ﬁellnlose.
Gotton(l)e 0.90 2,80 5,70 12,15 18.50
Cotton(2)s 1le40 3,30 6685 1330 (22,60)

The method used by Urquhart and Williams in dee
termining the value at 100% humidity is entirely
different from that described here. This value is
open to serimus question, as deterhined by these
investigators,

Figures 7 and 8 give a graphical representation
of the data listed above.

It i8 clearly brought out from the above table,
that the extraction, which has removed all the car=-
bohydrates resins ete. and left only the cellulose
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and most of the lignin, has reduced the sorption

by only very little. This reduction is mostly in
the region of high relative humidity, where thg gross
structure of the material plays a part.

It follows definitely, that the experiments of
Piaéeon(l). have been corroborated. These experim-
ents showed, that the sorption of water vapor dy
wood is on a much greater scale, than the sorption
*ia cotton:

This is true over the whole range of vapor
pressures, both forthe wood in its natural state,
and for the extracted samples.

The Influence of Heat Treatment of Wood and Cotton.

The reversibility of the sorption of water vapor
by cotton, has been given some attention. The ex-
perimental results, in this connection,will be found
in the appendix, Following evacuation at 5o°c and
redetermination of the sorption values, only at low
relative humidities, it is found that there is a
slight loss in sorptive capacity. This is also true
after treatment at 7500, however, in this case, the
values are a little oloser to those obtained init-
iallye A third heat treatment, two hour periods
are always used, at 9000 and redeterhination of
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the sorption values resulted in exact duplication
of the initial sorption values.

In the case of extracted white spruce the re-
sults are defindtaly different. Following treat-
ment at 5000 o there is a marked inerease in
sorption. A further, yet definite, increase is
again observed after heating at 7500. However,
after evacuation at 10000. there 18 a return to
the original set of values, an approximate duplic-
ation of the initial sorption values is found.

With unextracted white spruce the results are
very similar to those noted above. However,;following
the highest heating instead @®f the initial values
being reproduced, there is an apparent decrease in
the amount of . water vapor sorbed. While the mag-
nitude of this difference is not great, the fact
appears to be quite definite,

Thus, the moderate temperature changes involved
result in no pronounced alteration in the colloid
systems concerned. The 6lose similarity in the
behavior of cotton and the extracted wood, foll-
owing the highest temperatures, is apparent,
Further, the slight permaneht effeet noted with the

unextracted wood is of interest. These regults

would suggest that the irreversible change might
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probably be dus to some definite alteration in the
non-cellulose constituents of the wood,

If a sample of cotton or wood is saturated with
water vapor, and then exposed to the vacuum, the
original dry weight is exactly reproduced in all
cases. If the drying process ineludes heat treat-
ment, coﬁditiona are somewhat changed. Woodj white
spruce, loses from 0.33% to 0.57% in weight if evac-
uated at a temperature of 5000. for a period of two
hours. On cooling, and permitting the sample to
remain in contact with the phosphorous pentoxide
tube, this loss in weight remains unaltered. Further;
if the heat treatment is raised to 75 €. and then
10000. no appreciable inorease in the loss of weight
is indicated.

Similar treatment of cotton results in slightly
different behavior. If cotton is heated to 50°C.a
losglin weight of 0,57% is observed. However, this
loss in weight is not constant as is the case with
wood,on opening contact to the drying tube a gain in
weight is noticed. After roughly one hour the exact
original weight 1s apparent. Thi:/s was checked by re-
heating and then admitting air. Under these conditioms

no change in weight occurs in one hour,
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That +this increase in weight should be due to
the sorption of water vapor from the phosphorous
pentoxide seems highly improbable., However, the
phenomenon of an increase in weight by cellulose
over phosphorous pentoxide, following a change in
the temperature , has also been noted by John and
Wise (10).
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The Sorption of Hydrochloric Acid by Wood and Cellulose.

When cellulose is brought into an agueous solution
of hydrochlorie acid it hydrolizes, the cotton under-
goes a marked change in physieal properties. No meas-
urements of the sorption of hydrochlorie acid gas in
cotton and wood, as far as the writer knows, have
been carried out. In view of the change mentioned
above, such an investigation is of considerable interest.

It should, perhaps, be mentioned that most care-
rnliy prepared hydrochloric acid was used, C.P.reag-
ents were employed. The gas was bubbled through two
wash bottles of concentrated sulphuric acid, and fin-
ally over two phosphorous pentoxide tubes., This en-
sured a perfectly dry sample of gas coming into cone
tact with the wood and eotton under investigation,

The first experiments,attempted, were with a dry
cotton, and it became apparent, that equilibrium was
only brought about in a very long time. Below are
the sorption values that were obtained. From the
flattening out of the time curve they are supposedly
equilibrium values, each is the result of a ninety
hours experiment. It is seen that quite appreciable
amounts of hydrochloric acid are absorbed, and the
first question that arosqr%gether or not the absorp=-

tion was reverasible.
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Sorption of Hydrochlorisc Ascid by Cotton Cellulose.

Equilibrium value at 5.40 oms. press. of gas 0.80%

" noom 70,20 " " mon 2,00%.
Sorption aéainst Time.
Pime (hours), % Sorption,
17 1.26
28 1l.49
52 1.61
64 1.83
70 1.90
87 1,95
94 1.95

(Final gas pressure 70,20 cms. Temperature 2200.).

On applying the vacuum, the hydrochloriec acid
came off fairly readily until 0.80% was left. There
had been little change in the &appearance of the
sample. Only at the higher hydrochloric acid press-
ure did it teke on a greyish tinge. On heating in
vacuo, at 50°C.,the last trace of hydrochloric acid
was driven off, and the original dry weight of the
sample was reached. It was Jjudged that the hydro-
chloric acid was absorbed by the cotton and eould be
desorbed, but the time required for equilibrium %o
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be reached, made it impractical to carry out a de=
tailed sorption isotherm,

When the cotton was replaced by a sample of white
spruce, heartwood, it was found that equilibrium was
established much more rapidly, only one third of the
time being required., The equilibrium values for sorp-
tion are given below, and also the data for a typical
time curve. Columm 1 indicates that two samples were
used, and the sorptions obtained(col.2) at various
pressures of hydrochloric acid(col.3) are shown in
figure 9 to lie on a smooth curve, To test out des-
orption sample one , after having been maintained at
a pressure of 76,90 oms,.,was kept until equilibrium
resulted at a pressure of 35,40 ams, This gave a
desorption value of 8.,97%, which it is seen, lies
fairly well on the absorption isotherm, indicating
that there is 1little or no hysteresis. This, of
course, will have to be oconfirmed when time permits,
with further experiments. In a vacuum, the absorbed
hydrochloric aeid was taken out fairly rapidly until

a residue of 2,24% was reached after twenty four

hours,
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Sorption of gydroehloric Acid by White Spruce.

Sample. % Sorption. Pressure (oms.Hg)e
1 d.38 5.50
1 7.60 20609
2 9.40 49,60
1l _10.37 70.60
2 10,71 76.90

Desorption Equilibrium Values,

-

1 8,97 35.40
2 7.01 16.00

@ 0 0000 0000000000000 00060600060 0000006080s0000

Sorption against Time,

Pime (hours). % Sorption.
1/2 2.54
2 4,08
3 4,43
4 .23
5 3/4 5,53
7 2/3 5.83
10 6.02
2l 6.72
24 6.93
27 7.32
31 7.42

)
(¥inal pressure 20,09cms. Temperature 22 C.).
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Desorption of Hydrochloric Acid aghinst Time.
(Initial value 10.71% HC1).

Pime (hours). % Sorption.
1/4 8457
1/2 7467
1 6482
l13/4 5.63
31/4 4,83
7 3.13
13 2.74

23 1/2 2424

The form of the isothermal sorption curve is app-
arently quite different from the sorption curve with
water vapor, and approaches more nearly to the form
of a Freundlich adsorption. It is true that in terms
of relative vapor presaures-aé far as hydrochloric
acid is concerned-it is only a tiny fraction of the
aaturation value that has been examined, But the
oriteria for similarity is found in the sharp upturn
of the ourve. Before diseussing this phase any
further it is w5rth considering the experiments
carried out with wood samples eontaining a definite

amount of water., Because in these oases,also, sorptien
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curves were obtained similar in character to that of
hydrochloric acid in dry wood.

The experimental precedure sonsisted in suspending
a sample from the spiral and first of all bringing it
down to dry weight. ?hé&zwater vapor was brought into
contact, until a desired amount of absorption had
taken place. The stopcock ,leading to the water bulhp,
was then e¢losed, and hydrochlorie acid admitted to
the desired vapor pressure., The latter was always
meny times that of the residual water vapor remaining
in the apparatus, so that further absorption of water
vapor could be neglected in comparison to the strike
ing inorease in sorption, which is to be discussed.
4 calculation shows that the maximum possible error
is in the order of 1/2% of the dry weight of wood,
and it is very unlikely that this would be reached.
The direction in which error would take place would
be, of courss, to give an added apparent sorption of
hydrochloric acid. As a matter of fact, the addition
of hydrochloric acid will sweep any residual water
vapor on to the walls of the containing vessel, This
wes made spparent in the case of highest water vapor
pressure by the formation of a very fine mist. The

experimental results follow,.
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Sorption of HC1l by White Spruce containing Water.
(Amount of water absorbed by wood 1.67%).
% HC1. % HCl. % HC1. VePe
(Held by water)e. (IN wood). (cm.H&).

5,38 0.86 4,52 11.60
8.83 1.04 7.79 40,60
11,22 1.16 10.06 74.70

® 00000000000 0000000 000000000000 0000000000 OSNOSOITS

(Amount of water absorbed by wood 3.29%).

5.24 1,64 3,60 5,30
6,97 1,73 B.24 11.00
8440 1.82 6458 21 .30
10.26 2.19 8,07 40,70
11.24 2,37 8.87 76400

® 00 0 0000000000000 0000060000000 060000¢00060060000 000

(Amount of water absorbed by wood 5.05¢),

10.50 2049 8,01 11,70
13,08 304 10,04 41,00
14,22 3026 10.86 73.00

® 00 000 0000 C OO0 00 00 000 00 000000 0000000090090 00000

(Amount of water absorbed by wood 7.46%).

11,56 3482 7.73 9.70
15.63 4,70 10,93 41 .00
17,17 .22 11,95 74.30

G 0 00 0 O 00000000000 0 0000008006000 0060060006000 00069 00



50

Sorption of HC1l by White Spruce containing water,
4% HCl. % HCl. % HCl. V.Pe
(Held by watér). (In Wood). (ocm.Hg)e
(Amount of water absorbed by wood 9.47%).

15.74 5416 10,58 11.50
19.74 6013 13.61 43,70
22446 6.84 15,62 73.80

Q@O0 0000000000000 00000000000000006000060600000ac00 0

(Amount of water absorbed by wood 12.30%).

18.45 6427 12.18 950
24428 7.74 16454 41,20
27.04 8,61 18,43 72440

09 0000600006060 00000000000000000000000000000000000

The first/solumn,in the above table, indicates the
total amount of hydroshloriec asid taken up by the
system wood-water, The second column indicates the
amount of hydroechlorie acid calculated as dissolved
in the water present, on the assumption that the
water is unaltered, (The caloulation is made from
data found in Landolt BSrnstein, page 1397). The
third column represents the actual sorption by the
wood, It is obtained by subtracting the amount of
hydrochloric acid, caloculated as existing in solution
in the absorbed water, from the total amount of
sorbed hydroehloric acid. The fourth solumn indicates
the hydrochloric acid pressure at which the equilibrium

point was determined,
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It is of special interest to note that the equil-
ibrium sorption values were reached more rapidly with
wet wood than is the case with dry wood. The differ-
ence is most striking with wet and dry cotton., Whereas
ninety hours were required with the dry eotton, three
hours sufficed when water was present, The comparative
data will be found in the appendix,

In the case of the wef samples evacuation brought
the weight down to within 2% of the dry weight. After
heating to 5000. & semi-permanent increase of 1% was
still observed. In the case of cotton, heating re-
duced the residual inorease of 4.6% to an actual
loss of 1,3% showing that some permanent change had
taken place. However , a water absorption isotherm
on such a sample showed very little change, except at
the initial stage, where there was a decreased absorp-
tion, If the comparison is made with the initial abe
sorption of a specially purified cotton, this is not
8o great.(The comparative data will be found in the
appendixj. In the case of.woo&, only the first part
of the water isotherm was examined, and this, as with
eotton, showed a small decrease in the water absorption
of the hydrochloric acid treated wood.

By means of the data contained in the above tables
a composite table can be formed, giving interesting
information, This is given below,



52

Table 3,
The Sorption of HC1l by White Spruce Heartwood,
% Sorption.
0F _1.67% 3.29% 5.05% 7.46% 9.47% 12,304 V.P.

(OmoHE) .
3620 3420 Se 3D 640 7.00 9430 11,15 5

5670 4425 4490 7467 785 1020 12,20 10
7.40 5,60 6652 887 9.15 11.50 13,95 20
8427 6480 7,50  9.45 10,00 12,85 15,30 30
8490 7,72 8405 998 10,70 13,35 16,35 40
9430 B8e55 8,37 10437 11l.20 14,05 17.20 50
9¢86 9425 8,60 10662 11.55 14,75 17.90 60
10636 9690 8479 10480 11470 1540 18,35 70
10e54 10,10 8.87 10487 11.90 15,80 18,50 75
This table is made up of values read off curves
plotted for each of the runs which have Jjust been
given, Each column is headed by the percentage of
water present.Since the first column gives values for
the sorption of hydroochloric acid by dry wood, and
since all the other values have been corrected for
the aeid held by the water, reading across in a hore
izontal mannayéne observes a range of hydrochloric
acid sorptions at one gas pressure, but by samples

with different amounts of absorbed water.
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These results cal be interpreted in a number of
ways, and it is rather difficult to decide whieh is
the correct interpretation . Supgae, first of all,
one considers the water absorbed by the wood to be
unchanged in its power to dissolve hydrochloric acid.
Then the values in the table, which were salculated
on this basis, show that in samples having less than
4% of absorbed water, the wood sorbs less hydroechloric
acid, while above 4% it sorbs more hydrochloric acid,
than the dry sample. On the other hand one might
assume that the sorption of hydrochloric aecid, on
the wood, is unaltered, and that tha absorbed water
has changed in relation to its capability of dissol-
ving hydrogen chloride, This would mean that the
water absorbed in samples eontaining the highest
percentages of water, dissolved hydrochloric a:cid
better than ordinary water. The water absorbed to
high percentages is, however, more likely to retain
its usual characteristics than the first water that
is absorbed. Doubtless the first 1 or 2% of water
absorbed by wood will not have the same solvent
Qetion on the hydrogen chloride as ordinary water,
but with inoreased water content the ordinary water
properties should be approached more and more by the

absorbed water.
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Some experiments carried out on hydroehlorie acid
sorption by samples containing water left after de-
sorption had taken place, are interesting in connect-
ion with what was said above., Two samples were first
of all saturated with water vapor, then desorption
was allowed to take place untiyﬁ value was reached,
as near as possible, to an absorption value. In the
table below, 5.40% desorption is compared with a 5.05%
absorption value, and a 7.88% water desorption value
is compared with an absorption one of 7.46%e

Table 4.

% Sorption.,

5.06 % 5.40 % 746 % 7.88 % VePe

(aws). (Des). (Abs). (Des)e (mm. Hg).
6440 4,30 700 5635 5
7.67 5¢35 7.85 6400, 10
8.87 7400 9415 715 20
9.45 8e15 10,00 8.20 30
9.98 9.00 10,70 8495 40
10,37 9.60 11.20 9.60 50
10.62 1010 11,55 10410 60
10,80 10,45 11,70 10.50 70
10.87 10,60 11.90 10460 75

(The underlined values indicate the amount of water).
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From the results of Table 3, the amount of hyd-
rochloric acid sorbed increases with the amount of
water present, above the 4% water sample, Thus, if
the fact of the equilibrium water value being abe
sorption or desorption is of no consequence, one
would naturally expect the two "desorption"™ woods
to take up the largest amount of acid, as each
exceeds the "absorption" value by about 0.40%.
However, both woods with the larger amount of water-
but present as equilibrium desorption values-
sorb decidedly less hydrogen chloride than the woods
with less water-but water present through absorption,
Apparently the wood has a lessened ability to take
up acid when the water exists there following de-
sorption,

In the above table(Table 4) is given the percente-
age sorbed on the dry wood, that is ,after the hyd-
rodhloric acid dissolved in the wate#has been sub-
tracted, as was described » Before discussing
the reason for this, it is necessary to see whether
any information can be obtained with regard to the
nature of the hydrochloric acid sorption.

Ag was pointed out before, the absorption curve

for hydrochloric acid has a different form from that
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of the water sorption isotherms. If both of these
are tested by applying Langmuir's adsorption formula
)(//h( - @& b/)/(/+a/6).
it is found that the water sorption dmeérpodcIdilows
this, whereas the hydrochloric acid sorption on dry
cellulose does. In figure 10. curve l. represents
sorption of water in cellulose, "2" that of hydro-
chloric acids Aoccording to MeBain(ll).the intere
pretation giveq#s that in the case of HCl we are
dealing withk straight surface adsorption, whereas
in the case of water, part, at least, muat be due
to filling up of the interstices between the actual
cellulose and part to absorption, If the hydrogen
chlordde sorption is surface adsorption, then the
interpretation that can be given to the increased
sorptionpf the wet samples(above 4% moisture content)
is that the water inereases the active surface of
cellulose, on which adsorption takes place, In
that case the application of Langmuirs formula to
the data of Table 3 should also give straight lines,
Figure 11 shows that this is the case, On each curve
is indicated the percent of water. The only one not
conforming to a straight line is the one Jjust below
4% of sorbed water. The decrease in hydrochlorie

acid sorption below 4% water content,can then be
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explained by the active surface being partially used
up by the adsorbed water, This &ffect will, of course,
hold for all the other determinations, but is more
than counterbalanced by the increase in active sur-
face, caused by the addition of the larger amounts
of water

The decrease in sorption, when water is left by
desorption, can also be explained. The water ,so
held, is more intimately associated with the cellul-
ose ,as 1s shown by the lower vapor pressure of the
water desorption point. This results in a greater
decrease of the astive sorbing surface available for

the hydrochloric acid seorption,
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The Sorption of Sulphur Diomide, Ammonia and
Carbon Dioxide by Wood and Cellulose,

Cotton cellulose takes up sulphur dioxide exceed=
ingly slowly, over one hundred hours is required for
the establishment of equilibrium., At a gas pressure
of 76cms. and at 22°C, approximately 5.0% is sorbed.
The last 6.80% of this is held very rigidly, ordin-
ary evacuation does not, over a period of three days,
remove this part of the sorbed gas. However, three
hours of heating at 8500. removed the last traces.

The sorption of sulphur dioxide evidently does
effeoct some permanent alteration in the cellulose,
The sorption values, indicated above are not reprod-
ucible, The second sorption, at an identical gas
pressure, gives a sorption value of 3,09%p as com-
pared to 5.10% initially determined. Further, a
water vapor sorption was determined on this sample
(dhe experimental data is given in the appendix]).
The results show a slight change in sorptive cap-
acity, in the region of high relative humidities.
There is an increase in sorptive power comparable
to that found in the case of hydrochloric aeid
treated cellulose.
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A characteristically different behavior is noted
when wood is considered. Spruce sapwood alone has
been investigated.

There 1s a much greater amount of sulphur dioxide
taken up by the wood, than id the case with cotton,
13.6% as compared to 5.,0%. Further, the time to
reach the true equilibrium condidion is comparatively
very smalle Ten hours is the time interval at 76cms.
pressure of the gas, Another marked difference is

the much greater amount of the residual gas. After
twenty four hours nearly 4% of the sorbed sulphur
dioxide is still held by the wood. This is,however,
readily removed on heating to 8500.

In general, the results with ammonia are similar
to those just mentioned., Approximately 4% of ammonia
is sorbed by cotton cellulose at 76oms, pressure,
Equilibrium takes roughly forty eight hours. However,
the sorbed gas is very easily removed, one hour on
the vacuum effects its complete removal.

As was the case with sulphur dioxide and wood, the
latter takes up much more ammonia than does cotton.
The equilibrium value is reached in about twelve
hours, and indicates a sorption of 7.37% at 76ems
pressure of ammonia, All but the last 1% of the
sorbed ammonia is quite easily removed on evacuation,
However, even heating to 95°C. still left a residue
of 0,40%.
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The work so far with sulphur dioxide and ammonia
is merely introductory. However, even from such pre=-
liminary experiments, certain generalizations arth~
parent. With wood the attainment of equilibrium
takes much less time than with pure cotton cellulose.
The modifying influence of the non-cellulose con~
stituents, as well perhaps, as 1ts structure, evid=
ently effeet the sorbing system to a marked extent.
Also the degree of sorption is quite different with
the wood samples investigated. It is on a much larg-
er scale,

Carbon dioxide is not appreeiably sorbed by cell=-
ulose, up to a gas pressure of 76cms, Further,if the
cotton cellulose contains 5.,0% of absorbed water
there is still absolutely no sorption evideht, With
wood, 1.07% of sorption takes place at a pressure of
42oms, Raising the pressure to 76cmse results in no
inerease in sorption, The sorbed gas is readily re-
moved, Starting from O sorption and a pressure of
760ms. only 1,03% of carbon dioxide is sorbed. FRom
0 sorption and at 22cms, pressure, a sorption of
0.76% is observed. Apparently sorption becomes asymp-
totic to the value 1% somewhere between a gas pressure
of 22ecms, and 42omse If wood contains 3.36% of water,
there is absolutely no sorption of carbon dioxide by
such a sample, The water completely inhibits the app=-

reciable retention of carbon dioxide.
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Summary and Conclusions,

In the above heading the term eonclusion must be
taken as having a temporgry character. Not only are
the interpretations put to the results not unigue in
the sense that others of equal value might well be
put forward, but also the necessity for more extended
research is made apparent. Perhaps the moat conelus-
ive result that has been obtained is in regard to
the sorption of water vapor in wood. In the first
place, it was shown that the sorption of water vapor
by any species of wood examined was very much great-
er than the sorption in cotton cellulose. In the
second place, it was shown that the extent of sorp-
tion of one particular species of wood was & re prod-
ucible qnanﬁg, that the variation from one species to
another could very often be detected.

The similarity in the amount of sorption in sap
and heart wood shows that there is very little diff-
erence in the character of what might be termed living
and dead wood, the sorption in the sapwwod is slightly
less than in the heartwood.

The sorption of water vapor, according to the
writers point of view, is a surface adsorption on

the colloidal micelles which acocordin’g to Clark(l2)
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very often consist of 8500 hexosan units. Conseg-
uently the amount of sorption can be looked upon as
a measure of the extent of such a surface in the
sample which is investigated.. Té bring out what
this is leading to, the following table has been com-
piled.

Table 5.
Relative Humidity 17.2g% 51.8% 86.4%
(% Sorption).
Rag cotton. 2 4,85 10.15
(Sheppard&Newsome )
cotton. 2 4,3 9.8
Hydrate cellulose A 2.96 720 13.50
n n n " B 2.0 8,75 16.50
non n n c 3.80 9.20 17,02
(Campbell&ﬁusaél)
Kraft pulp. 4,15 8.25 16,33
Wood (Hemloack). 4,6 9.1 19.70

00 00000000000 0000006000000 0000 ¢

In the above table the cotton cellulose absorption
values of the writer and of Sheppard and Newsome(13)
have been chosen in preferehce to those of Urquhart
and Williams(7) in view of the oriticism of the method

of these investigabors mentioned in the introduction.
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However, Urquhart and William's values do not differ
enough from those guoted to alter the deductions about
to be made. The values for hydrate cellulose are also
taken from the paper by Sheppard and Newsome(13). The
values for wood cellulose of Campbell and Russell have
not, as yet, been published., This is unbleached celz-
ulose prepared by the Kraft process and contains &bout
3% of lignin. Finally, the absorption values for
Hemlock are given as obtained by the author.

In the first place it may be pointed out that so-
called cellulose hydrate, or mercerized cotton,simply
consists, according to asccepted hypothesis, of cell-
ulose with more free linkagew for adsorbent purposes
due to greater dispersion than in the driginal cotton.
Hydrate cellulose A, B and C are in the order of the
amount of dispersion. Then it may be pointed out
that the sorption of extracted wood and of natural
wood is practically identical. Extraoted wood con-
tains only lignin(from 20 to 25%) besides the cellul-
ose. Methods of obtaining so-called lignin may in-
volve a change in the latters' physiecal composition,
however that may be, Pidgeon and Maass (1) showed
that such lignin has less water vapor sorption tend-
ency than wood, and therefore than extracted wood.

Thus the assumption may be Justified that the
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experiments with wood have shown that the eellulose
present in the latter, has a far greater sorption
capacity for water vapor, than cotton cellulose and
perhaps, even than merc#rized cotton.

The fact that dried wood shows less absorption
than fresh wood(l) is in agreement with this point
of view,, since a drying of the wood would tend to
decrease the number of free linkages available for
sorption.

fhe fact that the rate of sorption for wood is
much greater , than the rate of sorption for cotton
cellulose,is in agreement with the above. It is too
early to venture to state Just what part the lignin
plays in the cellulose dispersion. Experiments will
have to be carried out with extracted woods containing
various amounts of lignin, in order to be able to
assign an absolute value to the part in sorption
played by the lignin and by the cellulose.

It is important to emphasize the fact that the
cellulose found in wood is very similar to that which
occurs in cotton. The x-ray spectra of ordinary wood
is very similar to that of cotton and of extraocted
wood, the extractive process effectslittle change.
Except insofar as the non-cellulose materials help

to hold the cellulose fibres and constituent micelles
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in position as a kind of cement, they have a neglig-
ible effect on the x-ray patterns., Thus, the consid=-
erations mentioned would seem to indicate that the
lignin is present in a dispersed condition in the
wood structure. Evidently no definite compound is
formed with the cellulose erystals. Other investig=-
atobs (14) have come to the conclusion that wood rep-
resents a complete intergrowth of carbohydrates and
lignin, the latter being formed by adsorption and
the formation of a gel on the surface of the cellulose
fibres,

A realizetion of the fact of relatively great dis-
persion of the cellulose in wood seems to definktely
favor the above concept as regards lignin, It would
appear that the lignin was the dispersion medium,
and that its protective presence stabilizes a fine
dispersion of cellulose micelles.. In the process of
paper-making the protective materials are removed.

A temporary satisfying of the residual free surfaces
occurs by loose union with water. As the drying
process takes place definite agglomeration gigs
ocours, If a Kraft pulp is desorbed the initial
desorption values are quite close th those for the

average wood., However, subsequent absorption gives
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a series of values distinetly below those for a compe
arable wood absorption isotherm. This indicates that
the initial behavior is typical of finely dispersed
wood cellulose, After it has been dried there is an
increase in the average particle size, followed by
the inevitable decrease in the ability to absorbd
water vapor.

The amount of water sorbed, at zero humidity as
g€iven by the extrapolation of the sdrption curve
from 60% relative humidity down, might be considered
as indicating the amount of water more definitely
held and having a stoichiometrie relation to the
adsorbing surface.

In order to discuss sorption from the point of
view of its fundamental nature, it is necessary to
take into aceount the fundamental structure of
cellulose., such as it occurs in nature, in cotton
fibres. (See paper by Clark (12).) According to
this the cellulose is a hexose, the next stage
being two of these hexoses whichn appear to be more
closely allied to oneanother as a glucoside. Thése
glucosides form chains which theoretically may be
of indefinite length. Actually, these chains are
found to have an average cell length and to be bun-

dled together to compose a unit orystal of cellulose
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which is called a micelle. The dimensions of these
micelles have been determined by x-ray analysis and
by other means. They may be looked upon as forming
parallelopipeds which are, on the average 5008.U. )on¢
and 50R .U. in oross section. From the x-ray analysis
it is found that there are, on the average, 85 chains
each containing 100 hexose unité, so that there are
8500 units in one micelle.

If now adsorption is considered tp take place only
on the surface of these micelles, that is if the water
does not penetrate imto the micelle itself, then two
types of adsorption may be discussed. In the first
place, if the adsorbent is one having specific sec-
ondary valences such as waterf;n account of its oxygen
atom) then such an absorption curve(as obtained with
water) might well be explained. Because in that ocase
all points of the surface of the micelle would not
have equal adsorbing powers. In the second place,
where pronounced secondary valences do not exist in
the adsorbent, the surface alone would govern the
amount of adsorption.

Takiﬁg up the case of the water adsorption first
of all, the difference in the adsorption may be traced
to the different latent valences of different points

of the micelle surface. The eight cormer hexoses of
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the micelle must possess the greatest latent valenecs,
next come the hexose groups around the edges of the
ends of the micelle-48 in number. Then come the ends
of the chains 120 in number, then possibly the four
longitudinal edges containing 384 hexose groups and
finally, the surfaces along the sides with 2350 hexose
groups. If now we first consider one molecule of
water adsorbed per hexose group existing at the
surface, the percentage of water adsorbed on the
eight corners corresponds to 0.01%, on the end edges
0.05%, on the ends 0.15%, along the remaining edges
0.45%, and on the remaining sides 2.7%. Those fam-
iliar with the theory of adsorption put forward by
Langmuir and extended by HeS.Taylor will realize the
hypothesis about tp'be discussed.,

The water at the cormers of the micelle 0.01% will
be the most difficult to drige off and then will foll-
ow the other adsorbent portions of the surface in the
order mentioned, The greatest difference occuﬁﬁng%
probably, between the first four types that were ment-
ioned and the last, If the firat four are added to=-
gether it will be seen that this corresponds to about
0.75% of water which is of the omder of magnitude of

the water adsorbed at zero vapor pressure, from
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extrapolation of the experimental values. After this
adsorption there follows the much more loosely held
water on the surfaces other than the end, Here it is
not unlikely that a value up to six molecules of water
per unit of hexose will be reached. This would be
what might be termed the saturation value, that is
when the whole surface of the micelle is covered with
a layer of water one molecule thick, This would corr-
espond to some 20% of water adsorption. As is seen,
these values are in agreement with the observed ab-
sorption curve, within the limits within which the
calculation is justified. That the ocurve is & con=-
tinuous one, and not broken at definite points, is

to be expected. After all, the dimensions of the
micelle, are from their nature omly able to give
average values, so that doubtless micelles, of small-
er and greater dimensions exist, these gradations
giving rise to the continuity found in the absorption .
curve., The so-called saturation value,found exper-
imentally by several investigators of a higher per-
centage than mentioned above, may have to do with a
£i11ing up of the capillaries between the micelles,
and from that point of view there is no limit to the

amount of water which may continue to be sorbed.
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From the point of view of the above hypothesis,
the nature of the hysteresis may be explained.

Once those portions of the surface(edges and
ends of the chains) are saturated, the remainder of
the surfage has not nearly the same affinity for the
water. On the other hand, the surfaces of the various
micelles must have a considerable affinity for one
another, the partial valences coming into play there,
being the orig¢n of the strength of the fibre whiech
the c6ells form., Consequently there is competition
between the saturation of the secondary valence by
cellulose surface for cellulose surface, and cell=-
ulose surface for water molecules, Originally the
cellulose surfaces being together, a certain amount
of energy is required to displace them before the
water will take their place,either partially or
completely. Consequently, the amount of adsorption
with continued inorease in concentration of water
vapor lags behind & value whichnwould be obtained
were the micelle surfaces not acting upon one anothef,
On desorption, that is with decreased concentration
of water vapor, this hindrance jas been removed, and
the water adsorption has a greater value.

Both in mercerized cotton and in wood, x-ray
analysis has shown the existence of the unit celle

ulose cell, The micelles however, are smaller thus
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presenting a much larger surface for adsorption.
The same type of curve and hysteresis is, therefore,
to be expected, and the amount of adsorption, in a
way, can be used for estimating the relative surfaces.
From that point of view the micelles in wood probably,
present the largest surface. The relation between
the water adsorbed on the ends of the micelles and
along the edges, to the further surface adsorption,
must have definite relationships, from geometrical
congiderations., One of the important conclusions
of the work described, is the realization that this
point is worth consideration, by an extended investe
igation over the low relative humidity range, attention
being paiq%o the obtaining of the greatest possible
precision, But already, from these results it is
seen that an increase in the total absorptionﬁs agce=
ompanied by an increase in the adsorption on the se~
lective part of the surface, where the water is most
firmly held. In the ocase of wood this value is
1.40% as ocompared to 0.90% for cotton cellulose,and
Dr. Campbell obtained about 2% with an unbleached
Kraft pulp, with the corresponding increase in the
total absorption.

The hypothesis put forward above is of a highly

speculative character and may not be in agreement
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with all the facts. It may serve & useful purpose
though, in stimulating further experimentation
along certain lines, For instance it may just be
possible that the difference between the various
forms of cellulose may be brought down to a question
of a limiting number of carbon chains going to form
the bundle in one micelle. Work is being carried
out in conneoction with sodium hydroxide adsorption
which may prove to be of interest in this regard.
The sorption of hydrochloric acid appears to be
in the nature of an adsorption on the surface which
everywhere, has equal potentialities of adsorption.
There does not exist the same affinity between the
hydrochloric acidbnd the micelle surface that seems
to exist in the case of the water adsorption. As
was pointed out before, the presence of the water
seems to increase the available surface and this can
be reconciled with the ideas put forward above.
There is an indication of a residual adsorption at
zero vapor pressure,this is rather against the hypoth-
esis as indicating a selective surface adsorption.
However, this residual adsorption is not the same
as the extrapolated value discussed in the water ad-
gorption, but is more in the nature of a permanent

adsorption which a continued evacuation at low
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temperature will not remove, It is probable that

it is directly connected with a chemical change

which has taken place in the cellulose, That the
hydrochloric acid does not hydrolyze the cellulose

is indicated by its unchanged sorption of water
vapor on the removal of the hydrochloric acid. The
nature of this . permanent chdsgrption must, of course,

be investigated still further.
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Appendix.

In the following compilation of experimental data,
the sample weight is not specified each time. The
minimum weight of sample was 0.0850 gms. and the max-
imum was about 0.1380 gms. On the average the weight
of the samples used in this investigation was 0.1070
gms.

(1) .The Sorption of Water Vapor against Time.

Hemlock.

Time (min). Sapwood. Heartwood.
2 2.89 1.71
5 3.83 2.60

10 5.13 3.75
15 5.78 4.58
20 6.16 4.77
30 6.34 5.08
40 6.44 5.21
50 6.34 5.28
55 6.34 5.40

60 6.34 5.40
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Sugar Maple.

Time(min). Sapwood. Heartwood.
2 2.22 2.02
S 2.73 3.20

10 367 4.04
15 4.01 4.76
20 4,35 4.98
25 4.61 5.11
30 4,78 5.25
40 4.69 5.38
50 4.69 5,43
60 4.69 5.52
75 5.52
Cherry.

Time(min). Sapwood. Heartwood.
2 1.91¢ 1.12
5 2.27 2.18

10 3.59 3.23
15 4.4]) 3.76
20 4.50 4.13
25 4,63 4.51
35 4,77 4.69
40 4,86 4.81
50 5.00 4.88

60 5.00 4,88
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(2) The Water Vapor Equilibria of Canadian Woods.

(The temperature of the thermostat is 20°C in all cases)

Red Pine
Sapwood. Heartwood. Yapor Pressure.
per cent Sorption per cent Sorption mm. Hg.
2.21 2.16 0.79
4.00 3.19 1.97
6.38 6.20 4,57
7.94 7.73 6.51
9.65 9.14
12.95 12.17 12.67
15.96 15.14 14.39
22.38 19.48 16.32
Red Oak.
Sapwood. Heartwood. Vapor Pressure.
per cent Sorption per cent Sorption mm. .Hg.
2.19 3.84 0.79
2.88 4,39 1.97
6.11 7.01 4,57
7.82 8.63 6.51
9.77 10.52 9.14
12.78 12.14 12.67
15.62 15.25 14.39

20.38 18.98 16.32



78

Ironwoed.
Sapwood Heartwood Vapor Pressure.
per cent Sorption per cent Sorption mme. Hge
2.49 2.48 0.79
3.75 4,31 1.97
7.45 7.36 4.57
8.39 8.75 6.51
11.14 11.20 9.14
13.31 13.76 12.67
17.36 16.57 14.39
21.81 21.91 16.32
White Pine
Sapwood Heartwood Yapor Pressure
per cent Sorption per cent Sorption mm. Hg.
1.46 1.64 0.79
3.51 3.26 1.97
5.92 5.71 4.57
7.45 6.99 6.51
9.05 7.86 9.14
12.28 12.67 12.67
17.32 18.77 14.39
22.00 24.67 16.32
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Black Spruce

Sapwood. Heartwood. Vapor Pressure.
per cent Sorption per cent Sorption mm. Hg.

1.82 2.13 0.79

4,38 4.11 1.97

6.64 6.71 4,57

8.83 8.69 6.51
10.73 10.44 9.14
14.09 14.03 12.67
20.01 20.27 14.39
23.30 24.84 16.32

White Elm.
Sapwood. Heartwood. Yapor Pressure.
per cent Sorption per cent Sorptien mm. Hg.

2.20 2.75 0.79

3.17 4.55 1.97

6.08 8.03 4,57

7.92 10.53 6.51

9,60 11.51 9.14
13.65 14.82 12.67
18.06 18.66 14.39

22.02 22.68 16.52
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Soft Maple.

Sapwood Heartwood Vapor Pressure.
per cent Sorption per cent Sorption mm. Hg.
2.26 1.98 0.79
3.87 2.97 1.97
6.26 6.55 4.57
8.15 8.63 6.51
12.02 11.71 9.14
14.91 16.38 12.67
17.69 19.16 14.39
22.66 22.93 16.32
Basswood
Sapwood Heartwood Yapor Pressure
per cent Sorption per cent Sorption mm. Hg.
1.26 1.11 0.79
2.62 3433 1.97
5.08 4.70 4.57
6.41 7.11 6.51
7.76 9.33 2.14
11.16 13.89 12.67
18.33 14.39

24.22 16.32
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Balsam
Sapwood Heartwood Vapor Pressure
per cent Sorption per cent Sorption mm. Hg.
2.08 3.01 0.79
3.12 4.17 1.97
6.36 6.96 4,57
8.21 9.28 6.51
10.28 10.79 9.14
14.22 15.42 12.67
18.26 18.91 14.39
22.10 22.50 16.32
White Spruce
Sapwood Heartwood Vapor Pressure
per cent Sorption per cent Sorption mm. Hge.
2.74 2.31 0.79
4,11 4.18 1.97
7.37 7 .40 4.57
8.956 9.25 6.51
11.48 11.88 9.14
15.91 15.74 12.67
20.23 20.37 14.39
24 .44 24.76 16.32
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White Birech

Sapwood Heartwood VYapor Pressure
per cent Sorption per cent Sorption mm. Hg.
1.51 1.99 0.79
3.02 3.04 1.97
5.91 6.30 4,57
7.63 7.85 6.51
10.49 10.79 9.14
17.54 18.65 12.67
20.52 21.57 14.39
24 .84 25.82 16.32

Yellow Birch

Sapwood Heartwood Vapor Pressure
per cent Sorption per cent Sorption mm. Hg.
1.31 2.19 0.79
3.01 3.18 1.97
5.48 6.53 4,57
6.86 8.23 6.51
9.61 10.39 9.14
17.34 17.40 12.67
19.65 20.49 14.39

22.63 23.76 16.22
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Aspen
Sapwood Heartwood Vapor Pressure
per cent Sorption per cent Sorption mm. Hg.
1.51 2.74 0.79
2.95 4.14 1.97
6.06 6.59 4,57
6.85 7.91 6.51
10.04 11.52 9.14
14.20 13.86 12.67
19.94 20.42 14.39
24.57 27 .42 16.32
Larch
Sapwood Heartwood Yapor Pressure
per cent Sorption per cent Sorption mm. Hg.
4,47 2.91 0.79
5.96 4.88 1.97
7.62 8.44 4.57
9.26 9.85 6.51
12.71 14.18 9.14
16.27 17.90 12.67
21.31 21.58 14.39

24,35 26.38 16.32
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Dastern Hemlock

Sapwood 1929. Sapwood 1931. Vapor Pressure.

p.c. Sorption p.c. Sorption mm. Hg.
2.95 2.86 0.79
4,22 4,92 1.97
7.50 7.50 4,57
9.96 9.56 6.51

12.06 13.03 9.14
15.10 17.26 12.67
19.23 21.01 14.39
23.11 24.29 16.32

p.c¢. Sorption p.c. Sorption mm. Hge
2.21 2.79 0.79
3.75 4.07 1.97
7.06 6.47 4.57
9.02 8.84 6.51
11.48 11.83 9.14
15.32 17.62 12.67
20.17 20.92 14.39
23.31 23.44 16.32

Heartwood.'29. Heartwood.'3l.

Vapor Pressure.
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Black Cherry

Sapwood.'29. Sspwood.'3l. Vapor Pressure.
p.c. Sorption p.c. Sorption mme. Hge
2.09 234 0.79
3.94 4.02 1.97
6.46 6.93 4.57
8.97 8.77 6.51
11.49 12.11 9.14
15.85 16.93 12.67
20.05 21.06 14.39
24.31 25.45 16.32

Heartwood.'29. Heartwood.'3l. Yapor Pressure.

p.¢. Sorption p.c¢. Sorption mm. Hg.
2.06 2.51 0.79
3.57 4.13 1.97
6.81 6.83 4,57
8.87 8.83 6.51
11.47 10.97 9.14
16.14 17.02 12.67
20.98 19.69 14.39

25.62 25.37 16.32
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Sugar Maple

Sapwood.'29. Sapwood.'3l. Vapor Pressure.
p.c¢. Sorption p.c. Sorption mm. Hg.
1.30 2.30 0.79
2.14 3.48 1.97
5.88 6.06 4.57
7.04 7.81 6.51
9.48 10.97 9.14
15.89 15.41 12.67
18.10 19.00 14.39
21.38 21.22 16.32
Heartwood.'29. Heartwood.'3l. Vapor Pressure.
p.c. Sorption p.c. Sorption mme. Hge.
2.80 2.80 0.79
3.28 4.44 1.97
6.31 7.04 4.57
7.61 9.06 6.51
8.03 12.55 9.14
17.20 12.67
20.75 20.92 14.39

23.08 23.95 16.32
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Spruce Sapwoed

p.c¢. Absorption. V.P.(mm.Hg). p.c. Desorption. V.P.(mm.Hg).

3.95 4.27 0.68 0.10
5.05 7.60 1.95 1.20
6.58 10.30 4.58 2.13
7.58 12.72 5.26 4.33
8.89 13.40 8.21 8.53
9.89 13.80 9.89 11.53
11.75 14.20
Beech
Absorption. V.P. Desorption. V.P.
p.c¢. Sorption. (mm.Hg). p.¢. Sorption. {(mm.Hg)
0.37 0.37 1.94 0.41
1.94 1.29 2.41 0.61
3.78 2.71 3.97 1.69
4.72 4.48 5.00 2.64
6.95 8.30 7.87 5.19
11.31 12.50 10.37 7.12

19.37 17.23 18.81 15.556
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Beech Heartwood

Absorption. V.P. (mm.Hg). Desorption. V.P. (mm.Hg).
%Sorption %Serption
0.87 0.10 1.48 0.14
2.18 1.02 3422 0.95
4,37 2.99 4,57 2.10
6.45 5.30 8.81 5.50
11.78 10.80 12.28 9,09
14.39 13.59 15.63 10,66
17 .37 14,70 19.23 13,58
24,94 17.29 26,79 15.82

Cedar Heartwood

1.53 0.41 0.24 0.00
1.93 0.68 2.06 0.14
2,06 0.75 2466 0.54
3.02 1,97 6.03 3.12
4.48 3456 6679 3460
5.32 5.22 7.54 4,55
6.65 6.38 8.84 5.29
9.19 7 .88 10,65 7.13
11.01 9.70 10,76 7.91
13.32 11.85 13.68 9.84
16.21 14,39 18.77 13,10
21,07 15.01 24,57 15.95

22,61 16,55 24,69 16.36
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Cedar Sapwood

Absorption V.P, (m.Hg). Desorption V.Pe {(mm.Hg).
#sorption %Sorption
0.91 0.27 2.05 0.41
1.94 0.88 2.51 0.68
2.63 1.49 3.65 1.29
342 2.24 4,34 1.83
4,34 3,60 5.48 3.12
b.36 4,83 7«31 5,02
8.22 8.55 9,58 7.20
11.30 11.41 12,55 10.70
12,31 13.24 16.65 14.32
20,66 17.03 20.52 16,90

White Ash (sapwood)

1.88 0.52 1.88 0.33
3.40 1.91 2.11 0.46
5.28 4,20 2.58 0.72
6469 6.04 3443 1.25
8.45 7.95 4.86 2.10
10,44 10,58 5,40 3442
11,96 11.82 739 4,53
13.61 13,47 12.09 9.33
17,37 14.92 15.26 12.02

21,83 15,90 18,31 14,92
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White Ash Heartwood.

Absorption. VP, (mm.Hg). Desorption. VoP. (hini Hg)e
%Sorption %Sorption
1.69 0.59 0.84 0.13
3.29 1.97 2 ¢35 0.59
4,32 3,02 3.48 1.31
6.10 5.06 4,04 1.90
7.43 736 5.82 3.09
9.20 9.26 6.86 4,53
12,69 11.56 8.84 6.18
14.01 13.52 11.36 8.34
16.36 14.45 14.45 11,04
20,22 16.02 18,44 13,60

23,51 16,88 20.98 15.77
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(3). The Water Vapor Equilibria of

Extraction 1.
Sapwood
%Sorption

2.21
4,10
6.52
7.78
11.04
15.93
21,30
26,45

Extraction 2,
Sapwood
%Sorption

2.85
4,79
7.28
8.79
12,01
15.41
19.17
21.60

Heartwood

%Sorption

289
4,37
5.92
7.03
9.53
13.36
17.03
22,89

Heartwood

%Sorption

3,15
5.12
6.87
8.74

11.50

15.09

18,90

22,52

Extracted White Spruce

Vapor Pressure

mme, Hge
0.79

1,97

4,57

6.51

9.14

12,67
14.39
16,32

Vapor Pressure

mm, Hg,

0.79

1.97

4,57

6.51

9.14

12,67

14.39

16.32
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(4) Water Vapor Equilibria for Cotton Cellulose.

%Absorption.

0.84
1.79
2,63
3.48
4,14
4,99
6.68
8493
9,87

Ordinary Cotton Cellulose.

V.P. (mm.Hg). %Desorpti
0.13 1.59
0.34 1.78
0.68 2.44
1.73 3457
3436 4,89
5.34 5473
7.92 7.24
9.69 7.71

10.35 8.65

on,

V.P. (mm.Hg).
0.27
0.41
0.96
2,24
3438
4,69
5,60
6.32
6.66

(Saturation pressure 1l.l4mm. Temperature 13°C.).

Absorpt

%Sorpt
1.

0.54
1,565
de21
4,61
6.86
9.54
13.30 1
16.20 1

ion.

ion
2

0.98
1,52
3.14
4,53
7.41
9,56
1.32
6.30

jon

ion
2e

l1.61
2.28
2,79
3633
5,43
8.31

Rag Cotton
V.P, (mm.Hg). Desorpt
%Sorpt
1.
0.89 1.77
1.68 2,19
6.04 Se11
8.61 3.75
12.68 5.79
14,78 8431
15.64 11.31 11l.31
16.56

(Saturation 17 .36mm.

Temperature 20°C.).

V.P. (mm. Hg).

1328~
1,61
3.09
4.83
8.41
12.42
14.52
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Moisture Equilibria for Rag Cotton
(Results by Cyeclie Process)

% Sorption Vapor Pressure (mm. Hg).
0.96 0.79
1.91 1.97
3.8 4,57
4,90 6451
6.42 9.14
9.29 12,67
12,11 14,39
15,61 16.32

(results at 20°C.).

(5). The Reversibility of Sorption following
neat Treatments of Wood and Cotton.

(A1l results determined st 22°C.).

~JeSorption
Initisl. 50 C. 75°C, 90°c, V.P. (mm.Hg).
3.60 2.90 3.12 3457 4,57
2,37 2.12 2,08 2425 1.97
1.67 1.68 1.82 1.55 0,79
1.41 1.42 1.55 0.29

(Results for, cotton cellulose).
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Heat Treatment of kxtracted white Spruce.

(5).
1l % Sorption
Initial. 50°¢C.
5.45 7.01
4,15 4,22
2.72 3.31
1.56 1.09
Sample 2,
6.75 730
4,26 4,96
2,75 3430
1.17 2.06

75°C,
9.26
6469
3.74
1.77

7.43
5.23
3458
2.34

100°¢C
6.81
4,22
2,72
1.29

90°¢
7.02
4.27
3.16
1.72

(411 results at 22°C.).

V.P, (mm.Hg).
4,57
1.97
0.79
0.29

4,57
1.97
0.79
0.29

Heat Treatment of Unextracted White Spruce.

Initial value.

% Sorption,

Sanple 1.
5.08
3.26
2,07

Sample 2.
4,41
2.83
1.58

Relative vapor pressure (%).

Following evacuation at 50°C,

4,71
3.64
2.66
2.04

4,94
.18
2.38
1.47

18,97
7.98
5.28

18,20
8.89
3.65
1.35
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Heat Treatment of White Spruce Heartwood.
% Sorption Relative vapor pressure (%).
Sample 1. Sample 2.

Following evacuation at 7500.

5.42 4.89 19.90
3499 3.07 9.44
2.06 1.82 3,73

Following evacuation at 100°c,

4,69 4,08 21.38
3426 2.89 9.21
1.97 3452
1.39 1.36

(The foregoing was repeated with new samples).

Initial.
5,93 4,81 20.63
4,08 3469 8.28
2.46 2.57 3448
1.56 1.57 1.28

Following evacuation at 50°C.

6.20 5,04 20.14
4.38 3413 8.47
263 2.01 3452
1.81 1.45 1.29

Following evacuation at 75°C.
4.86 4,48 17.89
3.17 3.02 8.08
2.56 1.79 3.52
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(6) Water sorption by Sulphur Dioxide Treated Cellulose.
(Temperature of thermostat 200C.,).

% Sorption Vapor Pressure (mm. Hg.)
0.70 0.41
0.34 0.68
1.40 0.88
2.10 1.56
3.36 3.74
4,76 7.13
7.14 12.03
7.98 13.17
8.82 13.99

10.77 15.82
11.20 16.32

(These are desorption values).

Sorption of Sulphur Dioxide by Spruce Sapwood.

% Sorption. Time (hours) V.P. (cms.Hg).
4,73 1 76
13.62 10

Removal of the sorbed gas
5.30 1
5.07 2
3.87 24
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(7) Sorption of Ammonia by Cotton Cellulose.

% Sorption Time (Minutes)
1,19 5
1.58 10
1.98 20
2.08 40
2.18 60
2.38 120
2.58 17 (hours).

(Gas pressure was 76 cms. of Hg).

® @ 0000 06000 00000000 005 000000 09 S0 00 OSSOSO S

The Sorption of Ammonia by Beech Sapwood.

5.19 5
5,73 10
6.23 40
6.34 80
6.54 100
6.85 120
7 .37 19 (hours)

Desorption against time.

358 5
270 10
1.24 40
1,04 80
0.96 100

0.83 15 thours)
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(8) The Sorption of Hydrochloric Acid by Moist Cotton.
Sorption against Time.

(Amount of absorbed water 2.92%).

Time (hours). % HC1 Sorbed

1/4 2.91

1/2 3439
1 3.86
11/2 4,15
2 4.24
3 4.33
13 4.42

(Final gas pressure was 10.40 cms. Hg).
On raising the pressure of HCl1l to 41.50 cms., the
following gives the sorption

1l 5.46
2 5,65
6 5.93
8 5.90

Sorption of HC1
(Water content of cotton 2.92%).

% HC1. % HCL. % HCL. V.P. (mm.Hg).
(In water). (By cellulose)

4,42 1.45 2497 10.40
5,93 1.86 4,07 41.50
6+49 2.04 4,45 74.50
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(Water content of cotton 4.32%).
% HCL, % HC1. % HC1. V.P. (mm. Hg).

(In the water) (By cotton).

6.90 2.20 4,70 9.90
9.20 2.72 6.48 41,00
9.93 3.02 6.91 75.20

The Water Sorption of HCL treated modist cotton
as contrasted to that which is untreated.

% Sorption.

Untreated. Treated. Relative V.P. (%)
1.00 0.60 10
1.60 1.20 20
2.40 225 30
3.40 3430 40
4,35 4,30 50
5.55 5,40 60
6.35 6.60 70
7.40 8.00 80
8.45 10.00 90

11.00 12.80 100
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The Sorption of HC1l by Wood containing desorbed
water vapor.

(Amount of desorbed water 7.88%).

% HC1. % HC1., % HC1. V.P. (mm.Hg).
(In water) (By wood)
9.85 4,01 5.84 9,30
14.17 4,99 9.18 42,60
16.08 5.50 10.58 74,13

(Amount of water present 5.40%).
8.16 2.74 5.42 9,40
12.35 3,34 9.01 39.10
14.21 3.76 10.45 71.00

® 0002 0000000000000 000000060000600900800000009000
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