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GENERAL INTRODUCTION,

The chemicel and physiwal nature of wood &nd cellulose
lead to their classification as colloidal substances.
Among the most imvortant nroperties of colloids is the
~henomenon of adsorption. In the case of wood, water
is the most common adsorbste and is the one which plays
the largest pert in affecting itsfphysibal-properties.
Water occurs in wood in two forms, Free weter, and adsorbed
water. The former hes no physical signifigance, while the
latter plays a definite role in the swelling, surinking,
and veristion of mechanicel strength,

- In syite of the i:.portance of these vhenomena there
have been no cereful investigations of the adsorption of
water by woodl throughout en extended range of vapor
rressure and temperature. Many determinations of the
final saturation vélue have been made,bﬁt they are
very conflieting and have laryely been outeined by methods
which are incapable of any degree of accuracy.

Two fundamentsl errdrs hi¢ ve vitiated the results
of many rrevious researches: first, no provision heas been
to prevent the condensation of free water on the sample
at vapor pressures near the saturation point; and second,

the sam;les which were examined were of such lerge size



that the rate of adsorption wes confused with the rate
of diffusion into the interier of the semple, also the
time required for the final establishment of equilibrium
was so great that it became impossible to maintain
constant conditions of pressure and temperature.

In the present research a method is detailed whereby
these scources of error have been eliminated. The adsorption
of water by wood samples weighing no -more than .10 g.
has been measured throughout a complete range of vapor
pressures and between the temperatures of 12 and 42° C.
The complete adsorption isothermals for several species
of the coniferous woods»have been determined for the
first time. The values for cotton cellulose have been
re-determined4by the new method and, due to the eliminatdon
of all possible condensation, these values have proved
to be considerably lower than those previously -accepted.

~the second part of this research comprises an
examination of the rate at which water vapor diffuses -
through the internal structure of wood. The importance
of a knowledge of the manner by which hygroscopic
moisture moves through wood has been frequently emphasized,
yet no picture of the actuazl mechanism is available.

Ine experimental procedure developed in this research

offers a method whereby the rate of penetration of a

vapor through wood may be comparatively measured.



By this mearns the rate of penetration of water vapor
has been measured in vario® directions through the wood
such as loggitudinal, radial, and tangential, and
particularly on the longitudinal direction, for

samples of varying thickness,

Wood has been experimentally and theoretically
treated as a colloidal substance, it has been
classified as an elastic gel, and by an application
of the modern theory of gel structure the experimental

results have received theoretical explanation.

000



HISTORICAL INDRODUCTION.

It has long been known that water was taken u,. or
lost by wood under varying conditions of numidity. This
variaticn in water content wes indicated by the phenomenon
of swelling. It is recorded that the ancient Egyptians (Ref.l)
were zware of this property and employed it to split rocks.
Dry wooden wedges were into,holes bored in the rock and
moistened with water, the great swelling nressure which
Wi s S0 rroduced being sufficient to split the stone. In
certein parts of Germany the irhebitants gre said to
ascertain the relative humicity by the drooping cf the
sranches of certein dead trees due to uneven swelling (Ref.2).
Actual measurements of the water taken up by wood have
been made only in quite recent tires.

i.E. Dunlap determinen the percent of moisture in
several srecies by exrosing the dried samples to an
atmosphere maintcined at some known relative humidity,
and weighing from tiie to time until a constant value
was obtainec. (Ref.3)

Ziemann (Ref.4) determined the fibre se¢turation points
0L Mg ok
of & nuriber of woods by +he bssed on the onservation that
as soon as the moisture content fslls below the fibre

saturation point, the wood begins to shrink and increase

in strength. This method depends on the fact that
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free water in the wood has no efiect on phiysicel jroperties,
while, c¢n the other hand, variation in the amount of
adsorbed water directly effects size, strength, and other
~hysical properties.

There is a great lack of zgreement between the values
for the fibre saturation pidint &as obtsined by different
investigatiors. Thus Tiemann's values run from 20 to 30 per
cent, while Browne (Ref.5) found that only 12.2 percent
of water was taken up when dr’ wood was exiosed to =
saturated atmosphere s&lter the elapse of 25 days at a
temreratuie of 200C., l.cFerzie, (Ref. 6) on the other hand,
found thet blocks of suoruce wood 1 inch x 1 inch x 6 inches
held at 12°C. in air saturated with weter vapor, took
up 45.2 per cent water in 7¢ days and adsorption was
still teking place though slowly. In this latter case

cdsorption is undoubtedly confused with liquid condensatinn,

which would accoumnit for the abriormally high sdsor;tion
value.

As a result of the many commercizl a_plications
of wood in the form of ulanks and beams, there hss been
a tendency on the part of investigstors to em.loy samples
of large size in which the rste of dsorption becomes

confusec with the rate of diffusion into the interior

ol the wood, and adsorpticn curves gannot be readily

interpreted. Thus Tiermsnn found that two years were



required for the centre ¢f a beaml? inches square and

16 feet long to fall to tine fibre saturation point. (Ref. 7)
Zeller (Ref.&) dinvestifsting the effect of resin-

content on hygroscoricity, noticed little effect until the

humidity apyroached 100 per eent, in the vicinity of

which h_groscopicity is recduced by a high resin content.

He also found that there was little difference between the

adsorption values of heartwood and sa:wood.

Fenchel and Cornelly (Ref.9) working. w ith paper znd
paper pulps noticew that water wes adsorbed more rapidly
than it wes lost, though they stateca that adsorption
wes not cow lete after 14 days at 18°., Cotton was
found to adsorb 16.5 percent and spruce mechanicel pulp
z2.35 vercent, when exiosec to a scturated vapor.

The movenent of water through wood, both as free and
inbibed water, has been investigetec tc some extent,
but no picture of the meci.anism is available. Schorger
(Ref. 10) suggests that it may pass in the vapor stage
from one cell wall to the other, where it condenses to the
liquid rhase and the process is repeated.

(Re5 1)
Stillwell has measured the rate of diffusion of water

vapor thhrough & sample the opposite ends of which were

held in equilibrium at different relative humidities,

ena has roughly plotted the res' ltin. moisture gradients.



Stamm -(Ref. 12) has studied the motion of free water
through wood unfier the influence of an electric potential.
The values obtained for the capillary cross-section are
in good agreement with those obtained by direct micros-
copic measurement.

In a recent paper Stamm (Ref. 13%) has measured the adsorp-
of various gases on wood in an interestingd manner. The
density of wood mwal was determined by displacement of
Helium gas, which, it has beem shown is not aasorbed by
wood. The difference between the density by tnis method
and that obtained from measurements with other gases and
ligquids is taken as a measure of the adsor.tion of these

substances.

While the state of knowledge in the case of wood
is very incomplete, cotton cellulose, on the other hand,
has been investigated fairly thoroughly.. Due to the
importance of the moisture relations «fin the textile
industry, much attention has been given to the adsorptior
of water both by raw cotton and by pure cotton cellulose.
Schloesing. (Ref. 14) examined the so-called moisture
"regain" of cotton by passing a stream of air over the dried
sample " until equilibrium~had.beén obtained". The moisture
content of the air was ascertained by absbrbing‘the water

in a weighed drying_train,.and that of the cotton found



by heating a®ove 100Y and noting the loss of weight.

A second method was employed in which the semple was-exposed.
in a dessicator to & sulphuric acid solution Ol known
concentration and hence of known vapor pressure. IThe

sample was weighed from time to time until equilibrium

was established. Schloesing's first method has received
criticism on the ground that the time allowed for the
attainment of equilibrium was quite arbitrary, and also that
the cotton was deied at high temperature after the experiment,
so that the exact initial condition was unknown. His second
methed, while open to serious objection, has formed the
basis for many subseguent investigationg. The adsorption
 isotherms given in this publication, are,however, of the
same general form as those of all recent researches,,

being of a pronounced sigmoid character.

Beadle and later Beadle and Dahl (Refs. 15 &.16) pointed
out the great hygroscopicity of cotton and also that a

‘considerable amount of heat s liberated when water Was

adsorbed by the dry substance.
Masson and Richards, (Ref. 17) following these observations,

measured, these effects by immersing two thermometers

in a saturated water vapor, one surrcunded by dry cotton

wool and thé other uncovered. They were thus able to

mea.sure roughly the heat of adsotption, and, by weighing



the thermometears, they found the amount of water tazken

up. Masson and Richards indicated a hysteresis effect

for cotton similar to that of & silicic &scid el discovered
by Van Bemmeln (Ref. 18). They obtained two different
values of the moisture regain of & samn.e ef cotton in

an atmosvhere of given relative humidity according &s

to whether the cotton wes wet or dry when introduced into
the atmosphere. A few of their results cre revroduced

below: -

Re.ative V,P, 0.100 0.294 0.500 0.710 0.956 0.972

%4 HoO teken  Bry.0175 0.0356 0.0509 0.076 0.137& 0.1563

up by.094 g.
dry cotton. Wet.0198 0.0406 0.0593 0.079 0.1606 Q.179Z

These dif:zerences were attribute.. to incomplete establish-
ment of equilibrium, not to & permanent hysteresis effect.
The true adsor;tion value was consecuently taken as the
meen of the two.

Trouton (Ref. 19) studied the adsorption of water
by flannel by placing the sample in an evacuatec space
into which a measured amount of water vavor could be
introduced. The corresronding pressures were indicated
on a mercury msnometer. Twelve hours wes allowed to elapse
between each «ddition of water vapor to ensure the restoration
of equilibrium. Trouton pointed out two general facts: 1.

the amcunt of edsorption is in general independent of
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the texpegature and is a function of the relative

humidity only, 2. an abnormeally large adsorvtion takes
vlece near the saturation tecurerature, It wes found that
cotton containing & definite &« mount of water beheaves

like an agueous solution in that at daifferent temperztures
it exhibits a vanor vpressure that is ever & constant
fractior of thel of vure water. Troutons zdsocrption
isotherms vere convex 10 the rTressure axis and were a
approximately parsabolic,.

This investige cion weas rervestew by Travers (Ref.z0)
who foind that,for & considerzb.e ran. e of valpor rrecs:sure,
the cdsorption isothermal w:s concave to the pressure
axis. Trouton's work hes been further discounted by
later investigations and it hes been generally recognized
that his th.oretical considerations eapyly only to his
own work.

Hatshorne, (Ref. 21) workin: with cotton, observed the
hysteresis effect and again assumec * the 1mean value
to be tre true amount of adsorption. He devised a rather
ingenious method to obtain this MReaAwli O g Two skeins
of yarn of identical dry weight were prepared, one was
dried, the other wetted, znd both were susperided from the

crm of & small balance in & chember in which the relative

hwiidity wes regulatec w th sulfuric ecid solutions.
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Half the .resulting equilibrium weight whst.e accepted «s
the true equilibriuw weight of the skein. A com lete
se¥ of values for the moisture re¢gain of cotton on this
basis was drawn un by the use of ¢n interpolation formula.
According to Scheurer (Ref. 22) dry bleachex cotton
willteke up 19.0 to 20.2 yercent of water from a saturated
atmosphéfe. Trie amount of'water adsorbed’hy cotton ig
greatly affected by certszin non-cellulose constituents.
Thus Lester (Ref. 23) found that the water-soluble const-
ituents adsorbed £8.7 ver ceht of water in comparison
with 8 per cent for cotton un.ev tune scme conditions.
Williems (Ref. Z4) examinea the hyiroscoricity of
cotton and develored a number of aasorrtion isostere

equations which heéve not, hovever, received much attenticn

from later invefdstigators.

Wilson and Fuwa (Ref. 25) determined the humidity
equilibria of & number of substences by evacuvating through
a weighed drying trzin. Wood vas found to have a higher
adsorption value than mo&t other co:mon substances. The
highegt values were found in tne case of mechenicsl pulp
which hes ®he lignin still rresent. Wood, cottoﬁ, clay, etc.,
2ll possesed the same general curve s that found prevdfﬁs-
ly by iesson end Richards.,

Wilson (Ref. £6) exemined the Humidity relstionships

of a number of sugars by exposing ther to saturected air
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and weighing repestedly. It wes agaln noticed that under
such conditions, great time wes necessary ifor the com lelc
establishment of equilibrium. A hysteresis effect similar
fo that of cotton was noticed for the sugars. Based

on these observations Wilson pointed out the errors

which must arise in any measurement of relative humidity
by a method dependirg on the change in weight of a
hy:roscopic substance.

Kujirai, (Ref. 27) discussing the moisture relations
of a2 number of fibrous insulating matérials, indicatea the
preaence of a hysteretic lag and also stated that the
relation‘between moisture coptent and relative humidity
was revresented by a formule derived from that of langmuir

/

for the adsorption of :1ia gas on a solid:

Q . amount adsorbed.
Q = 1

a/H b - He

H relative humidity.

a,b,c constants.

An elaborate examination of the moisture relations of
soda-builed cotton have been conducted by Urquhart and
Williams, who haw®e publéshed their result® in a number
of communications. (Ref. 28)

Their first experiments were made using sulphuric
acid solutiong8- in dessicators after the methdd of

Sehloesing. Weighing bottles containing the¢ samples



\>-

placed in dessicators until constant weight was obteined,
the time required varied from 3 da,s to 3 months, the
~longer times being required at high er humidities. A
difference was noted in the case of raw cotton, between the
dry weight of a sample dried by heating to 110°C. and that
of a sample dried at 15°C. in vacmo over P20s. . This
difference practically disappeared with pure cellulose
indicating the loss of some volztile, non-cellulose constituent
in the first case. They aiso noticcd that the removal

of impurities increased the amcunt of hysteresis(which
was found in every ccse. This has not been borne out

in the present inveptigation.

This method was not applicablésvery low relative

hunidities or to values near the sépuration oint, hence,

in their secona paper, the authore revived the method

of Trouton. Wat er wes added to an evacuated space cont-
aining the sample from a burette readable to 1/200 cc.

and the corresponding pressure noted. With this'apparatus
they investigzted the extremities of the adsotption
isotherm. It‘was found that the hystereisi ceaseu below

a relative humidity of 148, while ¢t the uppef end ‘the
curves did not necessarily close; In this connectiqn

it must be pointed th&t this apparatus would be expected

to yield erroneous results near the saturation point, as
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the actusl amount of weter adsorbed on the cotton is not

directiy measured, but is obtained only as a difference.

Consequently near the daturetion pcint, liquid water

micht be condensing on tha walls of the apparatus but

the calculation would attribute this to the cellulose.

Urquhart and Williams calculated the size of the pores

by means of'Kelvin's‘formula for the reduction of vauor

rressure with redius of curvature and found them to be

approximately\l.5 times the accerted molecular dimensions.
In a third _aper the effect of tempersture was investigated

utilizing the same experimental procedure. Cotton sat-

uratea with moisture wes heated to various temperestures

and the corresgonding Lseésures noted. Adsorption values

were rlotted and zdsorption isodteres obtained. According

to their nomenclature an adsorption isostere represents

the variaiion of pressure with temperature for some constant

adsorption.

Fisher (Ref. 29) studied the rate of drying of a number
of colloidal substances such as wool, cotton, clay, etc.
It was observed that the velocity of drying diminished
greatly in the final stages and this was attribﬁted to
shrinkége which would reduce the evailable surface for
eveporztion. In a later paper by the same author this

ex.lenation wes discounted on the grounds that other



curvature in drying curves. It was then assumed that

the observed rcie of drying wes due to the combined effect
of imbibed and interstitial water, the latter having a
constant vapor pressure while the former exhibited a

vapor pressure wWhich diminished with the amount of water
present.

It will be seen from the foregoing that, in the case of
wood, there has b-en no systematic measurement of the
amount of adsorption over a range of temperature and
relative humidity. A comsiderable number of determinationg
of the fibre satur:tion point have been made but the
values differ widely. In most cases the samples emi..oyed
have been of such size that great time was require for
establishment of equilibrium,times so great that the
meintainence of cafefully regulated conditions was imposs-
ible. Practically no measurements have been made showing
thgagg penetration of vepors in different woods and
different directions in the wbod. The state of knowledge
is indicated by Hawley and Wise (Réf;30) " Trom these
few data. therefore, it seem that water is adsorbed by
wood with lowering of the vapor pressure and giving off

of heat up to a limit or saturation point. As in the

ccse of otheyédsorptions of volatile liquids by solids,
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the actual mechanism is unknown. It may be condensation
in fine capillaries, or surface ¢dsorption on & peculiar
fine structure existing in the wood, or the watter may
form a solid solution with the wood enterins into the
crystalline structure of the cell wall, oI pernaps tnere
may not be any essential difference between these three
meéhanisms.“

In the cese of cotton cellulose the field has been covered
more thoroughly. The moisture equilibria of cotton and
cotton cellulose is known fairly accur: tely at &ll humid-
ities and =&t tempexafures from 1£° to 110° C. Two
objectiond may be raised to all the previous work. Firstly,
no provision is made to urevent condensation from taking
place on the walls of the apparatus and even cvn the
sample itself, and secondly, the great time reguired
.for equilibrium is not in keeping with the general ideas

of the rate of adsorption of a gas on & solid, which is

gener:.lly a rapid 1rocess.
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PURPOSE AND IETHOD OF ATTACK OF FRESENT RESEARCH.

Since wood is a substamce of complicated structure, the
adsorption of a vapor will consist of two factors, first,
the mpenetration of the adsorbate through the wood
structure, and second, the actusl sdsorption of the
vapor on the walls of the internal structure. In much of
the previous work on the subject the existance of two
factors has been persistently overlooked. In the present
investigation an attempt has been made to separate them.

A Dbrief description of the struc ture of wood will

illustrate the principle of the method which has been

followed.

In the coniferous woods ( to which attention has
been confined) there are no continuous longitudinal passages
through the tree as are dbmmon in the hardwoods, so

the passage of liquids and vapors must take place through
the fibres themselves.

Fig., 1 is a diagramatic interpretation of a sectioh of
spruce wood.

The vertical direction representis the verticel direction
in the tree from which the semple was cut, and is ca.led
the longitudinal difection. The actual length of the sample
would bé about 6 mm. The top of the block reyresents
transverse sections of the wood. The rectangular units

which make up this surface are sections through vertical
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1.

Fige

Typical Coniferous Wood.

of &

Diagrametic Section
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cells, mostly the tracheid: or water carriers,T R, the
walls of which form the bulk of the wood substance. The
tracheids vary in length from .5 mm. to 10 mm. having
in spruce, an average value of 3.53 mm. (Sutermeister)
Communication between the fibres is established by means
of the bordered pits, B P, which are apertures eontalining
a valve-like £lad known as the torus. In the heartwood
is assumed that this flap is glued to one side with
resin thus accounting for the impenetgability of this
part of the tree. The bordered pits also communicete
between the tracheids and the medullary rays M R, which
supply a passage.for radial flow ir. the trgeg‘-The Cross-
section of the medullary ray is seen on the tangential
face,T G. There are other speciai intercellular spaces
known as the resin ducts; V R D, which serve to store
and conduct resir. The sumumerwood fibres are smaller than
the springwood which forms the differentiation_known as
the annual ring.

It will be seen that in a sample where the longitud-
inzl direction 1s considerablyvless than the length
of the fibres, all the walls Of the wood structure are
immgdiately accessible to an entering vapor. That is,
if a vapor suddenly surrounds such a sample, the apparent

rate of adsorption will correspond to the true rate



\q

for the gas-soldd interface in question. The wood structure
has no influence on the rate of adsorption. Actually,

as will be seen later, the rate of adsorption for &a

sample of 1.5 mm. longitudinal direction is the same

as for finely groung wood meal in which the wood structure
has been largely destroyed.

If a larger sample is taken, one in which the longitudued
direction is greater than the length of the fibre, it will
be seen, that to reach the inner fibres, the entering
vapors mustipass through suchlpéssages as exist in the
wWood structure. Thus/by couparing the time to saturation
of such a sample with that of the standard 'where the Wood
structure pla,s no part, a comparative measure of the
rate of penetration of 2 vaepor through the wood is
obtained. By employing thicker samples of one, two,
three, etc., fibre lengths it will be possible to
isolate the effect off a single fibre on the penetration
by a vapor. This will fbrm a valuble method to compére

various woods and various parts of the same wood.

Since wood is an anisotropic substance the rate
of pehetration in the three directions, longitudinal,
radial, and tangential, will not be the same. These tates
may be examined by masking the required faees thus restrict-

the flow to the desired directions.
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DESCRIPTION OF APPARATUS,

Requirements which must be fulfilled,

There are certain conditions to which the apparatus
must conform. It must be capable of giving an accurczte
measure of weight at any'time, and combined with this,
it must be of such form; that étwall times the sample
is enclosed,and all gases other than the vapor in question
are removed from the system. Some provision must made to
prevent condensation of the liquid on the sample at
vapor pressures near the saturztion point.

Apparatus .

The apparatus which has been employed is essentially
a spring palance suspended from the top of a tube. This
tube is connected to a drying tube, pumping systen, manometer;

and scource of water vapor,

A diagramatic representation of the apparatus is indicated
in Figure 2.

The spirals were mounted in triplicate in three sPeciaI"
'chambers»(c,D,E;) furnished with grbuﬁ;vgiass joints. The‘
spirals were suspended from glaSS'hooks‘sealed just above
the ground joint. Connecting these tubes to the pumping
gystem was a P205 tube (G) closed by a stopecock. To

supply water vapor to the appgratus a-tube was placed
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g 2.
Apparatus.
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at (B). The liquid, water in rost cases, was c: refully

freea from dissolved gases by freezing and evacuating several
times., The stopjcocks connecting the water tube, drying
tube, and the samples, were of special ty;e containing

a large bore to reduce any lag in the establisnment of

a constant pressure throughout the apparstus. T“ne tubes

containing the svtirals were immersed in a glass-sided

thermostat fitted with 2 thermoresulator giving control

to 0.018 C. By means of a coaling coil of lead piping

s workirg range of from 10° to 42° C. was obtainable

with the room temrerature averaging 240 C. When an experim-
ent was performed the required vapor pressure was maintainea
in the cpparatus by controliing the terperature of the tﬁbe
(B).

Deflections of the swiral were necsured with & cathet-
oizeter accurate to 0.05 nine 3Before each reading of the
deflected end of the =vpirasl, the -osition of the fixed
end was taken as & reference point, the difrerence between
the the two giving the length of the spiral when def-
lected by the given weight. Iy this meens it was jossible
to obviate any error due to sccidantel displacernent of
the cathetometer or apparatus .

Apperatus (in deteil).

Spirclse.

In choosing the materizl for the siring balance it
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is essential ‘that the substance posses a very high elast-
icity so thst the spiral will show no lag in returning

to the Zero position after deflection. This requirement
is best filied by Quartz as it forms an exceedingly
sensitive balance, and,due to its cystalline nature

and high melting point; no pemmanent elongation occurs
even after continued stress.

Construction.

A pieée of quartz tube or rod of convenient size is heated
in the oxygen flame.:.i When a small lump is obtained
in the molten condition, the énds of the rod are rapidly
drawn: out to arms l:ngth. The quartz fibre so-formed
will have a thickness which depends on the size of the
original lump and the length to which the fibre has been
drawn. The desired thickness derends on the weights to
be supported and the sensitivity required. A thick
fibre must wound to a larger helix and be longer than
a thin fibre to produce equal sensitivity. The eorrect
thickness must be found by trial. The fibre is then
wound into a helix on a cearbon rod by playing a small
flame on the apprupriate point to allow the fibre to
bend about the rod. The most convenient fla@e for this
purpose proved to be a small gas Jet without internal

air supply. This flame is sufficiently hot to bend the
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fibre without danger of fusing it off, a frequent cventuall-
ity if any type of blast is emploved. The ends of the
spiral are shaped into hooks for the suspemsion of spiral
and load.
The balance was calibrated throughout the working
range by means of known weights. A calibfation Curve
of deflection ylotted against corresponding weight
wzs in all cases a straight line arnd in most cases it

passed through the origin.‘(ri%@ﬁ’!m}

Calibration of Spiral A,

Weight. Defiecﬁion Wt. per 1l mm. def.
e ____ mms, g,

« 0486 ~0.55 « 00236

.0650 27 .60 . 00234

L0890 37.95 . 00235

. 1065  45.05 . 00236

.1234 52.30 ;00236

With the cathetometer rcading to 1/20 mm. a weight of
.0001 g. could be detected with this spiral. That is the
total weight of a sample weighing .0.1 g. could be determined

to an accuracy of .15%. Since the maximug differences

noted in the investigation were about 20% of the weight,

or .0200 g. in the case above, the theoretical accuracy
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was within 0.5% of the differences measured.

In making a reading with the cathetometer it was found
convenient to focus the cross-hairs of the instrument
on ‘the extreme end of the spiral, which, 'if illuminated
from behind, is extremely visible, emem through the
medium of the, thermostat.

Manometer.

In preliminary experiments a mercury manometer was
employed, but it proved unsatisfactory for. low pressures.
It was replaced with a manometer of a heavy non-volatile
oil. Dissolved air and volatile gases were removed by .
heating and long evacuation. The specific gravity of the
oll, determined at the average room temperature,_gave
a con#ersion factor tb chnvert the readings to mm. of Hg.
This manometer gave a reading about fourteen times that of
a simil&r- mercury manometer.

Pumping Systenm.

The first system consisted of a T8pler pump fitted
with & Maass automatic control. Whth this pump pressures
down to .0003 mm. Hg could be obtained by long continued
pumping. The T&pler pump wus later superseded by g
Langmu1r Mercury Condensation pump and retalned as a
fore-pump for the latter. With the Langmuir Pump much

lower pressures were obtainable and with much greater
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Fige 3.

Pumping System,
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‘rapidity. No difference in the adsorption results wepe
noticed between runs made with the T8pler and those
with the Langmuir, the great advantage of the eondensation
pump being its great rapidity.

The pressures Weegread on a McLeod gauge of the

ordinary type.

Semnlesg,

Only the coniferous woods have been examined and in particular

Spruce -- - Picea Canadensis
Jack Pine - Pinus fom~tomo .

Standard cotton cellulose (Ref.31) was carefully
examined, and several oﬁher substaﬁces'such as filter
paper and lignin wre investigated for comparative purposes.
The wood samples included :-

Spruce A. Spruce wood freshly cut and dipped in paraffin
tq preserve ihe original condition. - |
Spruce B. Spruce wood dried in thé 0pen-on.a wood
pile (Pulp mill).
Jack Pine. Fresh wood (as Spruce A.)
Samples were cut ac;oss’these'logs‘with a fine circular
saw. The thickness varied from 1.5 mm to 20 mm. From
these sectioné,the actual samples were ‘cut either from

heartwood or sapwood e&s desired. The average sample
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weiyhed from .1 to .2 g.

Two methods were emnloved to supvwort the seamples from
the hoak‘ of the quartz spiral:

a) In the case of the thin sasmples a slit was cut near
one &nd the spiral inserted.

b) For thicker samples a stirrup of fine silver wire
was provided; For these samples certain desired feces
such as redisal, transverse, etc Wwere blocked oil with
paraffinh . The ﬁeight of stirrup and paraffin was found
before the experiment and subtracted from>the weight as
calculated by the deflection of the spiral. A blank
run shbwed that paraffin does not adsorb enough to interfere
with gravimetric messurements, a fact which has abeen

previously noted (Ref. 32).

EXPERIMENTAI PROCEDURE.

Two general methods were fol.oweds

I. Vapor pressure fixed by maintaining a known constant
temperature in a body of water in communication with
the samples.

The samples were suspended from the spirals and the
groundjoints lubricated and set in uvlace. The pumping
system was then actuated and pumping was continued for
12 hours. At the end of this time the pressure in the

spraratus had fallem to 00005 mm. Hg.-and the sample
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was considered dry (see below). The deflectibon of the
samples~mas theﬁ noted and from it the dry weight vwas
calculated, The tube (B) was then immersed in a Dewar
flask maintained at anyJStateo»temperature, the corresponding
vapor pressure of which could be obtained From tables.
Tempersz.tures fiom -40° to OO\C. meie'obfained by manually
dropping pieces of solid COg into aistirred ether mixture.
From 0° up to ‘the saturation fémpe;éture the required |
vpéint WE S manitainéd by,éddiné ice water in the :equired‘
amounts. When the bulb (B) had reached a constant
[teﬁpératuré the stoucock was opened plading it in contsact
‘with the samples. The tap io the drying tube having been
prevhbusly closed, the vapor of weter filled the apparatus.
Readings were now taken of the deflections of the spirals,
and the time noted. When only the finsl eciﬂuilibri‘um |
‘point was required about tuo hours was allowed to elapse
before taking the reading. Afier the teadinngas éompieted
the tempeiature of the tube was alteréd; either up,to measure
adsorption at a higher vapor ﬁressufe, or dbwn,to measure‘
the equilibriuﬁ when water is lost, the so-called "desorption®
value.

By this method pressures corresponding to all temperatures

below that of the room could be employed. The apparatus

as designed does not allow this point to be exceeded
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as water would condense in the colder parts of the cpparatus.
If, however, the tempercture of the thermostat be maintained
just below that of the room,,all pressures up to fhe
saturation pressure may be employed. Also it will be

seen that as long as the temperaturé .of the water tube

(B) is alightly ©below that of the rest of the apparatus,
there will be no possibility of liquid condensation

taking place on the sample, hence.fhe_saturation value

may be approached without error due to this cause.
Method II Measurement of vapor,pressurgdirec%ly.

In this method only one Sample may be examined at a
timé. The sample is pﬁmped out as before'andehenvcomplet-
1yvdried the stopcock\leading to the P05 tube is closed.
The dry weight is noted after which the tap to the water
tube (B)‘is momentarily opened thus permiting a certain
amount of water vapotr to enter the appraratus. The pressure
will be indiceted on the.oil,manometer and will fall
from its“initiél value aé the water is adsdrbed.by'the ﬁood.
When equilibrium is attained the weight of the sample
is noted and the corresponding vapor pressure -is read
directly on the manometer. Much 1onéér time is required
for equilibrium by this method, as the vapor pressure
falls off as iHe adsorption increases, while in the
first method the pressure is maintained from the water

tube which acts as an inexhaustible reservoir.
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The process may be repeated and an additional amount of
water vapor added and the amount of adsorption for & higher
vapot pressure determined. When the satur:¢tion point is
reached the vapor pressure remain constant and the appar-
ent adsorption increases enormously due to the condensation
of liquid Waterioﬁ the sample. The process may be
conveniently reversed to exa: :ine the desorpfion equilibrium
values. Starting with the saturated sample, .various amounts
of water vapor are withdrawn by opening, at intervals,

the tap leading to the drying tube . The weight ofi the
sample 1is found each time after equilibrium h&s set in.
This method, it will be seen, is particularly applicable

to the examination of hyéteresis efifects, but cannot

be advantageously employed for the messurement of rates of
adsorption.

Method I has been used more generally as it is
convenient for the measurement of rate of adsorption, and
while it requires more careful attention, three samples
maj be examined concurrently. This possesses an added
value in that three samples may be compared under absolutely

identical conditions of temperature and pressure.
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CALCUTATION OF ESULTS.

To indicete the signiifieance of the verious colunins
given in the teblies of results, & specimen run is herewith

submitted.

Semple 1. Svruce sapvwood (Al

DI‘:/' Vv_eibht ‘:Jf Sample ® 3 3 + 32 3 > 85 )38 ® 23 8 03I 1 I IS DS 00707 g.

Trensverse thickrni€ss os. 033255 23305, Caase sees 2.0 mm.
Spiral A.

length with zero weight ....... . . .. 0.5 .55 9.275 cm.
1 mm. corresconds to‘Q.,,,?,,' s e s s s s sy s vesse 2002 g,

Tempersture of thermostat .................. . 330C,

T, V.P. R.H. L. D. W.  HoO .
0c. mm. Hg. 7 cr, mm. <. . A
-80 .03 « 07 12,50 35.45 0709 .0002 0.27
-30 .9 o 17 12,955 35,60 ,071z L0005 o0.71
------------------ €tCe -=v-emmmrm e

In colwn T. is plaeed the temperatuire of the weter
tubgthe corresronding vapor pressure of which is listed
in the column under V.7P,

If pt is the varor pressure &t a temperature t and
p3z0 the vepor pressyre at the temperature of the thermostat,
that is the sctur: tion tempeiature, the relative
humidity is given by p4/pz=0 x 100. Tr.e value soO-

obtained is placed under R,H. in tie third column.

A recaing is teken-of the top and bottom of the suiral
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The difference (column D) gives the deflection of the
spiral, from‘Which 1s subtracted tne'upsyrung*&:iggt
of the spiral s listed at the head of each teble. The
value so-obtained (D) represents the deflection from
the zero position of the weight in question. The
latter value fmllows irmediately by multiplying the
deflection by the factor for the balance. This value
is placed in the column (W)

The amount of water adsorbed (HoO) will be the
agifference between this weight and the dry weight of
the sample.

In the last column the amount of adsorption is
expressed as a per cent of the dry weight.

Method JI(Specimen).

Rl- . R2. DQ N.DO H?Oo Si ) PHg Poil
Cle cm. Ccll. mm., g % mim, cIm,

22.245 5.625 16.620 4.10  .0097  5.88 16,73 25.25
22.245 5.675 16.570 5.60  .0085  5.15 12.32  18.60

In tables XIX to XXII which .contain the results
of the second.method of precédure, a slightly simpier
method of calculation was followed. Since the method
was employed only to examine the hysteresis effect
the actual weights were not calculated. The dry weight

ig"  found and listed at the head of the table.
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R; and Ry &re the readingd of the top and bottom of

the spiral, and D,as before, is tue difference. By
subtracting fros: D the deflection for the dry welight

of the sample a column N.D. is obtained which represents
the deflection caused by the adsorbed water only. The
producté of this value and the factor for the spiral is
at once the weight of the adsorbed water. This value
is expressed as a percentage of the dry weight as before.
The vapor pressure as read on the oil manometer and the
corresponding pressure in mm. of Hg &re given in the

last two colunmns.

DRY POINT,

According to the vypcedure adopted, the adsOrpfion
~value is considered to be the difference between the
weight of the sample when immersed in a given vapor
pressure of water and its weight when evacuated in the
presemce of PoQg. It is probable that this latter

value is not the true dry weight. It has been pointed
out in the literature that cellulose is probably the
most hveroscovie substance known (Ref.33) . That is, even
in the presence of Po0g the samples will still contain
some water. These effects, however, are not large,
Jahn and Wise (Ref. 34) found that at 23°C. cellulose
increased in weight .4% when evacuate. in the presence
of PoOs, while under the same corditions at 769C. it was

perfectly dry. It will be seen that such differences are

less than the experimental errors attendant with the method,
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S0 the equilibrium condition which wood or cellulose
assumes when evacuated inthe presence -0 Po0Og has
throughout been considered as the true dry weight.

A simple calculation will also indicate that the error
conseauent -of weighing the sample in a vacuum and
‘later in an atmosphere of water vapor is quite outside
the experimental accuracy. The first signifigant figure

due to buoyancy is in the fifth gécimal place of a gramk =.

gomenclature;

Throughout the tables of experimental results the
term "transverse length" is intended to indicate the
length between two transverse planes. That is the thick-

ness of a transverse sample,
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EXPLRIMENTAL RUSULTS.

Tzble off contents,

ADSORFTION OF TATER BY WCOD.

A Finel equilibrium values at various temperastures.

Spruce (A) Szpwood &nd hecrtwood, 1.5 mm thickness

o o . Tables
Temperatures 12, 18°, 23°, 299, 339 420,

I to XVII.

Investigation of hysteresis effect and shape of curve

neaz the saturation tempe::ture. Wood-meal and

Tebles
samyzles. . ethod 1 and =.

XVII toXXI.

Equilibrium values Spruce (B) neartwood and s:iwood. libmm.

thickness. Temwe zture 39, Table
XXI1.
Equilibrium vaiues for Jeck-rine 1.5 mm. 23° Table

XXIIT & XXIV,

Standard cotton cellulose. Equilibrium values and hysteresis
effect. Tebleg

XXV to XXVIII

B. Rate of establishment of equilibrium. Rate of venetretion,

Rate of estavilshment of equilibrium for cottcn cellulose

Spruce heartwood and serwood, 1.5 mm thickness Tables

) 0
Tempere tures from 12° to .2 . XXIX to XXXII

Rate of drying. Rezte of desorption, Tahle

XXXIV.



" Rate

Rate
‘Rate

Rate

of penetration. Spruce (A) Heartwood and sapwood
Thicknesses ranging from 4.5 mm. to 20 mm Table

Transverse direction. Radial, tangential. XXXV,

of Penetration. Spruce (B). XXXVI,
of penetration. Jack-pinel Heartwood
sapwood. 1.5 mm. to 14 mm. Transverse Table
and Radial. _ XXXVII,

of adsorption from the dry state to a vapor pressure

equilibrium point near the saturation pressure.
Table

XXXVIII
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TABLE I.

Sample 1.

Spruce satvwood (A)

Dry weight of sauple ..
Transverse trnickness
Temmverature of thermostat

Spiral A. (early calibtation)

Q707 g.

. 330C.

ee 2 0 nm.

Jength wita zero weight . G 375 cms
1l mm. corresponds to 20z
T. V.P. R.H. L. D. W. HoO. S
oC., mn, % cms, mm, g, g 4
2580 .03 . 07 12.920 35.45 .0709 .,0002 0.27
-40 .09 . 27 12,925 &5 50 0710 0003 0.4z
-30 .29 T 12 935 55.60 .0712 .0005 0.71
-20 7 2.87 12.945 35 70 0714 0007 0.99
-10 1.95 D.2% 12.970 35.95 .0719 ,0012 1.69
0 4,58 12.35 13,020 36.45 0729 0024 5-95
12 1:.51 27 90 15.090 37.15 07435 .0036 5.07
24.5 23.54 13.26- 38.90 0778 0071 10,01

61.2




M.

TABLE II,

Sample 2.

Spruce scpwood (A)
Transverse thickness
Dry weight of sample ..
Temgeréture of thermostat
Spiral A.

length with zero weight

..........

..................

.....................

9.220 cms.

1 mu. corresponds to ...... ... . oo, . 00236 ge.

T. V.P. R.H. L. D. W. HoO. S.
oC., mu. Hg. % CIS., m, g. £. %
-50 .03 . 07 12.640 34.35 .0810 .0007 87
-40 .09 .27 12.6.5 34.40 .0811 .0008 Jbe
-30 .29 <17 12.655 34.50 .0cl4 .0011 1.3
-20 17 2.8 12.660 34.55 .0<16 .00.%< 1.45
-10 1.95 . R& 12.695 34.80 .0823 .0020 .49
-5 5.01 c.0'7 12.710 35.056 .0827 .00z4 2.98
0 4.58 12.35 12.770 35.65 .0&41 .00Z8 3.45
0 6.54 17.51 12.780 35.75 .0&843 .0040 .95
10 9.21 4.9 12.905  55.80 .004b5  .004c 5.23
1.1 18;71 4916 12.906 37.00 .0.v3 .00G70 8.81
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TABLE III,

Sample 3,

Spruce heartwood (A).

Transverse thickness .... . . 1 5 mm.
Dry weight of sample .. . .. ... . . . 0933 g
Temperature of thermostat = = .~ - .. . 330 C.
Spiral D.
Length with zero weight - ..... ... .... ... .. ., 7 120 cms
1 mm. deflection correspomds to . 0022 g.
T™. . V.P. R.H. L. D. V. HoO. S.
oC. mm. He. % cms. mm, o g, %
£30 .03 o 07 11.380 42.60 .0937 .0004 0.43
:40 .09 .27 11.385 42.65 0938 .0005 ’0.55
-30 .29 .77 11.400 42.80 .0941 .0008  0.85
_20  .776  2.87  11.415 42 95 .0945 .0012  1.28
-10  '1.95 5.22 11.470 43.50 .0957 0024 2.55
-5 3.01 8 07 11.890 43.70 .0961 0028 3.00
0 4.58 12.35 11 540 44.20 .0972 .0037 4.10
5 654 17 51  11.565 44 45 0978 .0045 4 853
10  9.21  24.9  11.600 44.80 .0985 0052 5 35
51.1 18.71 49 6  -11.715 45.95 .1011 .0078  8.35
25.5 24.65 65. 30 11.890 47.70 1049 .0114 12 32
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TABLE TV,

Sample 4,

Spruce gapwood.

Transverse thickness ...c.. v  vose. cessssssns leDH mm,
Dry welght of sample ..  v¢ .. ce wese--- -« 0671 g.
Temperature of thermostat. 3300,
Spiral As
Length unsprung .. 9.205 cm.
1 mm. deflection corresponds 0 «.o. o . .- . 08236 g.
T. V.P. R.H. L. D. W.  H,0  s.
oc, mm, Hg, % cms,  mm. g. g. %
»30 289 .77 12,065 28.60 .0675 .0004 .29
-20 776 2.87 12,090 28.85 ,0681 .0010 1.45
-10 1.950 5.22 12.100 28.95 .0683 .0012 1.79
-5 3.013 8.07 12;120 29.15 .0687 .0016 3.0l
0 4,579 12,25 12,145 29.40 .0694 .0023  3.43
5 6.543 17.51 12,175 29.70 .0702 .0031 4,62
10 9.209 24.70 12.240 30435 «0716 40045 6.71
23.8 22..32 63.75 12,345 31.40 .0741 .0070 10.41
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TABLE V.,

Sample 5.
(A)

Spruce heartwood

Transverse thickness .. cosessare J1eD mm.
Dry weight of sample .o . 0784 g.
Temperature of thermostat . 339 ¢,
Spiral D.
Length unsprung ... o 7.120 cmse.
1l mm. deflection corresponds to ... . 0022 g
T V.P. R.H. L. D. w. HoO. Se
2¢c. mm. Hg. A cms. I, g, g. 7
-30 . 289 o717 10.715 356.98 .,0791 .0007 «8
-20 776 2. 87 10,730 36.10 .07%94 ,0010 1.27
-10 1.950 5¢22 10. 760 36.40 L0011 .0017 R2.17
-5 3.013 8. 07 10.770 36.50 0805 L0019 2.43
0 4,579 12.25 10 805 36.85 ,0811 ,0027 & 44
5 6@543 17.51 10 840 37.20 .0818 .0034 4 35.
10 9;209 24.70 10.980 36.60 .0849 ,0065 8.3
23. & <2.132 63.75 1L050 39,30 .,0864 .00c0 10.21
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_TABLE VI,

Sample 6.

Spruce sapwood (4).

Transverse thickness .. . .. . 1.5 mm.
Dry Weight‘of sample . ... ... L. . -1055 g.
Temperature of thermostat . 339 c.
Spiral A.

Length unsprumg ... . .. .. ... ... . 9.205 cms.
1 mm. deflection corresponds to . . - 00£36 g-
T. V.P. R.H L. D. w Ho0. s.
O¢. mm. Hg. % cms,  mm, g g. %

-30 .29 .77 13.685 . 44.80 1057 .000% .67

-20 <77 2.87 13.700 44.95 .1061 .0011 1. 04
-10.2 2.01 5.48 13 745 45 40 .1071 .0021 2.00
-5.4 5.0 38.10- 13 770 48.65 .1075 .0025 2 48

0 4,58  12.256 13.805 46.00 .1085 .0035 3.34

5. 654 17,51 13.845 46.40 ,1095 .0045 4 28
10 9.21  24.70 13.870 46,65 .1100. 0050 4 77
15 12.78 34.28 13.930 47.25 1114 .0064 6.10

54.01 14 095 48.90 .1154 .0104 9.89

22.2 20.13




_TABLE VII.

.

Sample 6.,
Spruce sapwood (A).

Transverse thickness

Dry weight of sample .. . ... . . .

Temperature of thermostat

Spiral - A,
Length unsprung

1 mm corresponds to 4

105' mme.

.. . .1055 g.
. 12° ¢C.

9 205 cms,

. .00236 g.

T, V.P.  R.H. L. D. w. HoO. S.
°C. mm. Hg % cms. _ mm. g. g. %
i) | | < ,

=30 .29 2,98 13 790 45.85 1082 .0027 2.56
=20 .77 .52 13.850 46.45 .1096 .0041 3.90
-10  1.95 18.8%  13.895 46.90 .1107 .0052 4 .93
18 6.54 62,85  14.195 49 90 .1177 .0122 11 56
10 9.20 87.61 14,440 52 .35 ,1235 .0180 17.05
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TABILE VIII

Sample 6.
(4)

Spruce sapwood

Transverse thickness 1 5 mm
Dry weight of sample .1050g
Temperature of thermostat 180C,
Spiral A.

Length with zero weight .....- . .. . . . 9.205 cms.
l mm deflection corresponds to ... . 00236 g.
T. V.P. R.H. L. D. V. HoO. S.
0C., mm. Hg. % cms. mm, . g. g %
-30 .29 1.87 13 740 45 B5 1670 0028  2.00
-20 77 5.04° 13.770 45.65 .1077 .0028 2.56
-10  1.95 12.59 13.845 46.40 1085 0035  3.33
-5 3 01 19 45 13.865 46.60 .1099 .0049 4 66

o 4.58 29 68 13.940 47.35 .1117 .0067  6.3%

5 6.54 42 30 14025 48.20 .1137 0087 8 29
10 9 21 59.57 14 095 48.90 .1154 %104 9.9
15 12.78 82.48 14.330 51.25 .1209 .0159 15 14




Sample 6,

(P

TABIE IX.

Spruce sepwood (A)

Transverse thickness

Dry welgnt of sermzle

Length with zero weight

1.5 mm.

10£3 g.

Q.205 cris.

1 mm. deflectior. corresvonds to 00256 g
Temperature of thermostat 230C.
T, V.P. R.H. I. D. W HoO. S.
C. mm. Hg . A cms. mni, g. . %
-29.% 30 1.42 13 650 44 85 1058 ,0015 1.44
-20 N 5 67 13.720 45 15 .1065 00z« e le
-1 1 95 G.26 2.760 45,055 1075 .0005% 5.07
-5 3 01 14,27 13.795 45 90 1083  .0020 o 83
0 4 58 21 7z 13,0456 46,40 1096 .0053 5 07
o. 6 54 21 00 13 920 47.15 .1102 0059 5 66
10 S.21 43,15 14.060 «& 55 1145 .010«< 9 77
15 i2 78 60 68 14 105 49 00 .1156 ull3d 10 895
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TABIE X.

Sample 6
Spruce sspwood (A)

Transverse th&ckness 1.5 mm

Dry weight of sample 1049 g

Spiral A.

ibnbth with zero weight . 9.205 cms.

1 mm. deflectio:: corresponds to . 00236 g.
Temperature of thermostat .. ce e e e 290C.
T. V.P. R.H. L. D. Ww. HsO. Se
oC, mm. He, % cmg., _ mm, g, ;. %
230 .29 96 13.690 44.85 1058 .U009 . 86
-20 .7 2 56 1. 710 45 05 .1063 ..014 1.35
-10 1 G5 6.48 13.755 45 50 1074 00<h <438
-5 3.01 10.05 13.775 45 70 .1079 0030 < 86
o) 4 58 15 <z 15 20 46 15 1088 005¢ ) 7é
16 9.21 30.69 13.:c5 4%.c0  .1128 0079 7 52
15 12.78 £5.60 14.050 48.45 ,1133 G004 s 01
19 8 1%.30 57,69 14.0c5 48,80 1142 .0093 & &6
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TABLE XI.
Sample 6.
Spruce sapwood (A)
Dry weight of sample ... . . .. s, 11050 g.
Transverse thickness . ... . .. ... . . .. 1.5 mm.
Spiral A.
Length with zero weight .. -.. - . . ..+ 9 205 éms
1 mm. deflection corresponds to - . ... . . 00236 g.
Temperature of thermostat . - ... ... . .. 420 C.
Jp.  V.P. R.H. L. D. V. HoO. S.
3 _mm. Hz. % cms, mm,  g&. g, %
-30 .29 .44  13.875 44 70 1055 .0005 47
.20 .77 131 13690 44.85 1058 0008 72
-10  1.95 3.00 13 720 45.15 1065 .0015 1.43
0 458  7.06 13755 4550 1073 .0023 2.18

5 654  10.05  13.770 45.65 1077 .0027 2.57
10 g 21 14.15 13.810 46.05 1086 .0036 3 43
24 2 22.5 34.60  13.935 47.30 .1116 0066 6.28
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TABLE. XII

Sample 7.

(4)

.Spruce heesitwood

Dry weight of sample . 11556 g.
Transverse thickness . e e wre . 1.5 mi.
Siyiral D.

ILength with zero weight 7 120 cnms.

1l mm. cgeflection corresyponds to . 0022 g.
Temperature of thermostat 12%¢.
T. ve R.H. L. D. w. HosO. S.
oC. mm. Hg 7 cms., mm, £, . %
-30 .29 2.76 12 500 53 80 .11c3 .0028 2.42
-20 77 7 32 12,565 54.45 .1195 .0043 3.7¢
-10 1 95 1c.51 12 620 55 00 .1210 .0055 4,76
0 4.58 43.60 12.765 56.45 .1241 .0086 7 44
5 6.54 62.25 12.975 58.55 128¢c .0133 11 50
10 9.20 o7.61 15.225 61.056 1343 ,0188 16.25




_TABLE XIII.

Sample 9. o

spruce heartwood (A).

Dry weight of sample .. . . .. ... ... ... . 1151 g.
Transverse thickness . .. .. . ... it 1.5 mm.
Spiral D.

Length with zero weight . .. .. . .. ...... ... . - 7.120 cm.
1 mm. deflection corresponds to = ... ... .. ... 0022 g
Temperature of thermostat . . ... .. .. ..  ..180C,
T. V.P. R.H. L. D. w HsO. Se
oC. mm. Hg. % cm. . g. £ %
=30 29 1.87 12.455 53 35 1173 0032 1 91
-20 77 5.04 12 495 53.75 1182 0031 £.69

-10 1.95 12.59 12.575 54.55 1200 0049 4 26

-5 3.01  19.45 12-610 54.90 .1207 .0056 4.86
0 4.58  28.68 12.700 55.80 1227 .0076 6.78
5 6.54 42 30 12.800 56.80 .1249 ,0098 .8.50

10 9.21  59.57 13.000 58.80 .1293 0142 12.32

15. 12 .78 82.48 13 150 60.30 1326 0175 15.20




TABLE XIV,

Sample 7.

Spruce hezrtwood (A).

Dry eweight of sample 1149 g
Transverse thickness co , L ee 1.5 mm,
Spirel D.

Length with zero weight . .. 7.120 cu.

1l mm. coriesponus to 0022 g.
Temperature of thermostat . . 230C,
T. V.P R.H. L. D. W. HsO. S.
OC. mm. Hg. 4 CcH. mn, £, Ee %
-29.7 .30 1.42 12.415 53 95 1105 . 0016 1.39
-20 .77 3.67 12.455 55.35 .1173 . 0024 .09
-10 1.95 9.26 12,515 53.95 .1187 . 0038 3 13
-5 3 01 14.27 12.535 54 15 .1191 .0042 3 63
0 4,58 1. .72 1z €05 54.85 .1206 « 0057 4497
5 6.54 31.00 1z.710 55.90 1230 . 0081 7.06
10 9 21 43,75 12,c5h 57.15 1257 .0108 9.50
15 12.78 60.68 12.900 57.80 .127% . 0122 11.69




TABLE XV,

Sample 7.

Spruce neartwood (A).

Dry weight of sample ..c.veiii it e . 1153
Transverse thicKness . ..ottt iein i iieeeneeneas 1.5 mm.
Sgiral D.

Length with zero weight ........ ... ..., 7.120 cm
1 mm. COrTresPOonaAS TO v i v vt it i i e e 002 g.
Temperature of thermostat .ot i it enennn.. . 299 cC.
T. V.P. R.H. Lo D, W Hs5O0. Se

CC, mm. Hg. 4 cm. I, £ g. %

-30 .29 .96 12.400 ©£2.80 .1161 .0008 . 69

-20 377 £.b6 12.425 53105 1167 buld 1.21

-1lu 1.66 6.48 12.465 53.65 1179 .0026 225

-5 5.01 1G.05 12,5056 $3.55 .11ch 0032 <17

0 =.58 15.22 12,565 b4.45 .119& 0045 5.91

10 9.21 30169 12760 56.40 1241 .0uct 7.55

15 £.78 43,60 12.830 57.10 1256 .0103 8.92

16.8 17.30 57.69 12,665 57.45 1264 .Olil 9. 62




TABLE XVI.

Sample 7.
Spruce heattwood (A).

Dry weight of samrle e:0o <1153 g.
Trensverse thickness oo 1 O mm.
Spiral D.
Length with zero weight 7.120 cm.
1l mm.c deflection corresponds to . 002«
Temperature of thermostat 330C,
e V.Pa”“ RQH. L. D. w. HoO. g.
C. mn. 0g % cm. mm. g. g %o
-30 29 17 12.410 S -C .1164 .001l1 1.04
-20 o717 2.87 12.445 53.25 .1171 L001¢& 1.56
-10.2 2.01 5 48 12.480 53.60 .117% .0026 ze&D
-5.4 3.0 x5.10 12.515 53 95 .1187 .0034 2455
0 4.58 12 25 12 530 54 10 .1190 .0037 S 2%
5 6.54 17 51  12..c5 54 65 .1202 .0049  4.25
10 i .21 =4 70 12.630 55.10 1212 .0059 5 12
15 12.7¢ Sk .28 1=.690 55.70 1225 0072 6.10
22.2 20 13 54.01 12.905 57.85 .1z273 .01£0 10.40




Sample 7.

Spruce heartwood (A).

Spiral Do

Length with zero weight .

5%

TABIE XVII.

1 mm. corresponds to

* & & & 0 @

* O O 0 @ ¢ 6 0 0 s e

7.120 cm.

Bry weight of sample ... ...ttt nnenns .1155 g.
Transverse thickness ... ...... ........ . 1.5 mm.
Temperature of thcrmostat .............. .. 420 cC,
%, i "%  on m g 2 F
-30 .29 .44 12.385 52.65 .1158 .0003 .26
-20 77 1.31  12.395 52.75 .1160 .0005 - .43
-10  1.95 3.000 12.425 53,05 .1167 .0012 1.03
0 4.58 7.06  12.485 53.65 .1180 .0025 2.16
5  9.21  10.05  12.495 53.75 .1183 .0028 2.42
10 9.21  14.15  12.540 54.20 .1192 .0037 3.21
28,2 22.51  34.60 12,795 56.75- .2248 .0093 8.04




5.

TABLE XVIIT,

Spruce sapwood. “odd meal passed through #60_mesh screen,

Investigation of hysteretic lag and values near saturation point.

Weight of sample and container ............ . 1818 g.
Net dry weignht of semple ... iiiviiiiio, . .1083.¢g
Vieight of container ....... iy 0735 g.
Spiral D. Length oo vi v Lo o . 7.110 cm.
1 mm. deflection correspornds to ... . 0022 g.
Temperature of thermostat .................. . 230 C.
ADSORPTION,
T. V.P. R.H. L. D. w. HnO. Se
9c. mm. Hg. % cie mm. £ o %
-30 .29 1.40 15.420 83.10 .1828 .00X0 .92
-20 .77 3.67 15.450 83.40 .1835  .0017  1.57
-10 1.95 9.26 15.510 &4.00 .1848 . 0036 2477
o; 4.58 <1.72 15.605 84.95 .1l&69 . 0051 4,72
10 c.21 45.75 15.735 ©6.<5 .1897 . 0079 7.30
15 12.78 60.68 15.845 ©7.35 .1921 . 0103 9.52
%18 15.51 75.82 15.950 8¢.=0 .1845 017 11.73
20 17.45 83.22 16,035 89.25 .1963 .0143 13.2
£l.4 19,10 91.18 16.090 89.30 .1975 .0157 14.51
1.5 19.20 91.41 16.130 90.20 .1984 .0166 15,32
22 19.81 94.38 16.220 9i.10 .2004 .0186 17.15
22.7 «0.6598., 98,37 16.370 92.60 .203% .0219 20.20



Sh

TABLE XVIII (Continued

DESORPTION

(?, V.P. R.H. I. D. W.  HsO. 5
C. mm. He. % cm. mm, g, g, |

20 17.45 83.22 16.070 89.60 .1971 ,0153 1&.18
18 15.51 73.82 16.060 89.50 .1969 .0151  13.85
15 12.76  60.68  15.980 £8.70 .1951 .0133  12.30
12 10.5 50.31 15.875 87.65 .1928 .0110 10.15
10 9.21 43.75 15.845 87.35 .1921 .0103.  9.50
0 4.58  £1.72 15.630 85.20 .1874 .0056  5.17




__EABLE XIX,

Sample 31.
8pruce sapwood (A).

investigation of hysterisis effeet. P measured with 0il manomete

Density of oil at 250 C. ... .ttt 49011
Conversion factor to mm HZe v.vvveevniiieeennnennnsn . 06627
Spiral A Length ............ .o i, weeee Y.220 cm.
1 mm. deflection COrresponds t0 ,e.een. .oen... R 00236 g.
Temperature Qf thermostat ............................ 42°.
Dry wéight of szmple ..., e < e e ne e eaee s PR . . 1649 g.
Peflection of dried sample .o.c.cieiiiecii e eenann ; 16.210 cm
2%6666623. eg: ﬂ;?' éﬁ?. 2. ?nﬁﬁé nﬂi?il
DESORPTION, |

22,245 5.625 16.620 4.10 .0097  5.88  16.73  25.25
22,245 5.675 16.570 3.60 ,0085 5.15 12,32 18.60
22.245 5.710 16.535 3.25  .0077 4.3 9.89 14.94
22.245 5.795 16.450 2.40 .0056  3.40 5.57 8.43
122.245 5.865 16.380 1.70 .0040 2.43 .23 4.87
22,245 5.910 16.335 1.25 .0029  1.76 1.62  2.45
ABBORPTION. |

22,040 5.745 1B.295 .85 ,0018  1.09 1.32 2,00
22.040 5.610 16.450' 2.20 .0052 3.16 7.42  11.20
22.040 5.590 16.450 2.40 .0056  3.40 9.13  13.87
22.040 5.515 16.525 3.15 ,0074  4.49  12.95  19.54
22,040 5,460 16.580 3.70 .0088  5.33  19.51 29 52.



Sample 31.

Sb,

TABLE XX,

Investigation of Hysterisis effect cont. (see table XIX)

Temperature of thermostat ................... 330 C.
Spiral A.

Deflection of dry sample .......... ... 16.225 cm,
Dry weight of P P . .1653 g.
Ry Ro D. N.D. HoO S. PHg Poil
cH. cm, cm, mm. ge % mm, cm,
Desorption

22.180 5.170 17.010 7.85 .0185 11.18 18.90 28,56
22,185 5.365 16.820 5.95 .0140 8.46 12.83 19.38
22.185 5.540 16.645 4.20 .0099 5.98 7.34 11.08
22.185 5.675 16.590 2.85 .006% 4.06  3.92 5.93
22.185 5.740 16.445 2.20 .0052 3.17 2.10 3.3
22.185 51790 16.395 1.70 .0040 2.42 1.62 1.73
Adsorptions

22.200 5.770 16.430 2.05 .0049 2.96 3.43 5.18
22.200 5.730 16.470 2.45 10058 3.51  4.92 7.43
22.200 5.560 16.640 4.15 310098 5.93 10.61 15.70
22,200 5.440 16.760 5.35 ,0126 7.58 14.76 22.33
22.200 5.375 16.825 6.00 .0141 8.53 17.58 26.58
22,200 5.365 16.835 6.10 ,0144 8.71 18.43 27.88




Sample 31.

s

TABIE XXI.

Hysterisis effect continued (see table XIX)

Temperature of thermostat o...vvve. o.o... e 239 ¢,
Deflection of dry sam=le ... ittt 16.260 cn.
Dry weight of sample ... vvvvvvvon oo . 1661 g.

Ry Ro D. N.D. Hs0 S. PHg Poil
cm. cm. cm. mm. c. A mm, Cl,
Desorption

22.175 4.030 18.145 18.85 .0445 26.67 20.70 51,22
£2.190 4£.205 17.9¢5 17.25 .0407 24.50 19.50 29.45
22,190 4.465 17.725 14 65 .03&6 20.70 17,31 26,17
22,190 4.670 17.520 12.60 .0297 17.70 16.30 24465
292,190 5.235 16.955 6495 .0164  9.85 8.57 12.95
22.190 5.450 16.740 4.80 .0113  6.80 5.40 8.15
22.200 51695 16.505 2.45 .0057 @ 3.32 1.90 2.93
22.200 5.805 16.395 1.35 .0032  1.%C 0.66 L 0.94
22,200 5.830 16.370 1.100 .0026  1.56 0.38 0.57
22.200 5.874 16,325 0.656 ,0015 .90 0.18 0.28
22.200 5.920 16.280 0.20 .0005 .280 0.05 0.08
Adsorption

22.190 5.845 16.345 0.85 .0020 1.21 0138 0.58
©2.190 5.745 16,445 1.85 .3024 2.62 1.18 1.78
22,190 5.685 16.505 2.45 .0058 3.50 2.46 3.72
22.190 5.500 16.690 4.30 .0102 6.12 6.05 9.12
22.190 5.130 17.060 8.00 .0i89 11.38 12.71 19.2
22.190 4.975 17.215  9.556 ,0227 12.66 14198 22.60
22,190 4.820 17.360 11.00 .0259 15.60 16.37 24.70

6




TABLE XXII,

Spruce Heartwood. (B).

Transverse thickness ..... 111111

................. 1.5 mm.
Spiral B. Length without load . .......... ... 11.465 cn.
1 mm. corresponds tOo ... .. it ;00338’g.
Temperature of thermostat ............... ... 22z° C.

366‘ ga?.ﬂg R%H. Bﬁ. 'Nﬁgﬁ Hé?. %.

Dry sample 17.350 weight .... .1989 g.

0 4.58 21.72 17.600 2.45 . 0085 4.32

$... 27,01  BB.48 17.700 3.50 .0119 5.98

10  9.21  43.75 17.755 4.05 . 0137 6.89

15 12.78  60.68 17.900 5.50 .0186 9.35

22 19.81 94.38 18.325 9.75 . 0339 17.05

Spruce sapwood (B)

Spiral A. Iength .. 9.220 cm. 1l mme o voi aen.. .00236 g.
Dry sample derlection .. 16.770 weight .. .1781

0 4.58 21.72 17.155 3.85 . 0090 5.07

6 7.01 33143  17.295 5.25 . 0124 6.95

10 9.21 43,75 17.385  6.15 . 0145 8.15

15 12.78 60.68 17.565 7.95 .9187 10.50

22 19.81 94.38 18.165 13.95 .0329 18.49



Sample 1j.

TABLE XXITI.

Jack-pine hecsrtwood.

Transverse TnlCKREesSsS .+ ottt i it it i i e it en o 1.0 mm
Spiral B.
Length with zero wei.ht .. ... oo, 13.210 cm.
1 mm. corresyponds to e fhe e e 00338 g
Temierature of thermostat 23°C.
T. V.P. R.H. L. D. W. HoO. S
OC. 10 % cm. . g. £. o
-30 =9 1.40 17.670 <4<4.60 .1507 . 0015 1.02
-20 N 3.867 17.720 45.10 1524 . 0032 <.14
-10 1.95 9.26 17.770 45.60 .1541 . 0049 $.28
0 4.5€ 21.72 17.200 46.90 .1585 . 0093 6.23
6 7.01 33.43 17.95H 47,45 .1603 .0111 (43
12 10.51 50.31 18.040 48.30 .163Z . 0140 9.38
£1.3 18.97 90.35 1c.450 be.40 L1771 .0£79 18.70
2z.5 =20.40 “7.20 15.710 55.00 .1¢c59 . 0367 4 .60




Lo

TABLE XXIV,

Jack-pine sapwood.

Samples 2j amnd 3j .
Temperature of thermostat ccececscerienercceanaine 239 ¢,
Spiral A. Sampnle 2j.
T, V.P. R.H. L. D. W. HoO. S.
Co  mm, Hg % cm. mm. g, g. y
Dry weight ........... 14.900 56.80 .1342 - -
-30 .29 1.40 14.970 57.50 .1357 .0013  0.98
-20 77 -3.67  15.020 58.00 .1369 .0027 . 2.05
-10  1.95 9.26 . 15,065 58.45 .1380 .0038 2.83
0 4.58  21.72 15.205 59185 12412 .0070 5.21
6 7.01  33.43 15.340 61.20 .1444 .0102 7.60
12 10.51  50.31 15.430 62.10 .1465 .0123  9.16
21.3 18.97  90.35 15.910 66.90 .1542 .0200 148.19
22.5 20.40  97.20 16.335 71.15 .1679 .0337 25.11
Spiral D, Sample 3j
Dry weight 13.965 68.55 .1508 - -
-30 .29 1.40 14.085 69.25 .1523 .0015 0,99
-20 77 n 3.67 14.090 69.80 .1535 .0027  1.79
10  1.95  9.26 14.155 70.45 .1550 .0042 2.78
0 4,58  21.72 14.345 72.35 .1591 .0083 5.56
6 7.01  33.43 14.475 73.67 ,1620 .0112  7.42
12 10.51  50.31 14,585 74.75 .1644 .0136 9.0l
21  18.65  88.72 15.360 82,50 .1815 .0307 20.35
22.5 20.40  97.20 15.650 85140 .1879 ,0371 24.60




bl

Standard ¢otton ecellulose.

Spiral €. L ... -5.695 cm. 1 mm. corresponds to .. .0047 g.
Temperature of thermostal seceecvectcnnsecnn < 33° @,
I. V.P. ‘R.H. L. D. w. HpO. S.
Cs mme Hg. Z cm, mm, g Ze %
-30 .29 <77 9.640 39.45 .1863 .0013 0.70
-20 77 2.87 9.655 39,60 .1869 .0019  1.02
-10.2 2.01 5.48 9.665 29.70 .1875 .0025 1.35
-5.4 3.00 8.10 9.685 39,90 .1883 .0033  1.78
0 4.58 12.25  9.695 40.00 .1887 .0037  2.00
5 6.54 17.51 9.710 40.15 .1895 .0045 2.43
10 19.21 24.70 9.735 40.28 .1909 10059  3.19
15 12.78 34.28 9.755 40.65 .1918 .0068 3.68
22.2 20.13 54.01 9.815 41.20 .1948 .0088 5.3
Dry weight ........... 9.620 39.25 .1850 - -
Temperature of thermostat .................... . 299 C.
-30 .29 196 9.620 39.85 .1860 .0010 0.50
-20 77 2.56 9.655 39.60 .1868 0018 0.97
-10 1,95 6.48 9.675 39:80 .1879 .0029  1.57
-5 3.01 10,05 9,685 39.90 .1883 .003% 1,78
0 4.85 12.78 9.710 40.15 .1893 .0043 2.32
10 9.38 39.60 9.760 40.65 .1925 .0075  4.06
15 12.78 43,60 9.795 41.00 .1937 .0087 4.70
19.8 17.30 57.69 9.820 41.25 .1950 .0100 5.40




bl

TABLE XXVI.

Cotton Celluliose.

Thermostat temperature . ...c.ieeiiieeeennnn. 180¢.
Spiral B. Length ... 12.375 cm. 1 mn. +00338 g
T. V.P. R.H. L. D. W. HoO. Se
o(C. . He % CIi. m . £. £. %
Dry weight ........... 17.845 54.70 .1849 - -
-10 1.95 12.59 18,020 56.45 ,.,1908 .0058 3+13
-5 3.01 19.45 18.086 56.70 .1916 .0066 S.57
0 4.58 29.69 18.055 56.80 .1920 .0070 3.78
5 6.54 42.30 18.100 bH7.25 .1935 .0085 4,59
10 9.21 59.957 15.190 58.15 .1965 .0115 6.22
15 12.78 82.48 18.300 59.256 .200z .0152 Becd
Temper&ture of thermostat ............. ... ... ..., 120 C.
Dry weight ....... .. 18.630 62,55 <2114 - -
-30 429 2.76 18.740 63.65 2151 .0037 1.75
-20 o 17 7632 16.760 63.85 .2158 .0044 2.08
-10 1.95 18.51 18.785 64,10 .2166 .0052 .46
0 4.58 43.60 18.890 65.156 .2202 .0088 4,13
) 6.54 62.25 19.015 66.40 .2244 .0130 6.14
10 9.20 ©&7.61 19,170 67.95 2297 0183 8.66
Tempezature of thermostat ............ciiiia. 42° ¢.
Dry weight ........ . 18.470 60.95 .2059 s--=---
-30 .29 44 18.490 61.15 .2066 .0006 0.29
-20 77 1.31 18.500 61.25 2070 .0010 0.48
-10 1.95 3.00 15.5256 61.50 .2078 .0018 0.8%
0 4.58 17.06 18.580 61.26 .2087 .0027 1.31
10 9.21 14.15 18.600 62.25 .2104 .0044 2.13
~4.2 22.5 34.60 18.695 63.20 .2135 .0075 3.64



b,

TABLE XXVII.

Investigation of hysteresis effect and also the magnitude of
equilibrium values near the saturation temperature in the

case of cotton cellulose (Sg) and extracted wood cellulose (Sg).

Themmostat ... 23° C.
R T 7 Al
N
ADSORPTION,
-30 «29 1.40 0.57 1.51
-20 .17 3.67 0.88 1.91
-10 1.95 9.26 1.78 3.49
0 4.58 £1.72 2.75 5.40
10 9.21 43,75 3.6 8.10
15 12.78 65.68 5¢57 11,17
18 15.51 73,82 6.70 13.17
20 17.45 83,22 7.52 14.55
21.4 19.10 91.18 8. 00 17.06
21.5 1%.20 Gl.41 8.27 18. 00
22 16.81 94.38 9.05 18. 90
22.7  20.65 98.37 9. 94 23.00
DESORPTION.
20 17.45 83,22 7.82 16.15
18 15.51 75.82 - 14,05
15 12.78 60.68 6.18 12.24
12 10.51 50.31 5.57 10.26
10 9.21 43,75 3.95 8.10
0 4.58 21.72 2.62 6.03



by

_TABLE XXIX.

Rate of establishment of equilibrium.

Spruce sapwood (A). Transverse thickness . 1.5 mm.
TapoOr Pressure in apparabis ......... ..ee-venens 4,58 mm. Hg.
Temperature of thermostat .......cveeeeeene . .. 330 C.
Time., (min.) 8. (%) Timé.(min,) s. (%)
Sfmple 1. dry Sample 2.

L5 i, 1.42 1.5 e 1.23
30 v L. 2,27 46 ... ... .. 1.47
70 . 2.55 8.1 L. 2.33;
1000 oo 2.84, 1405 o, 3.06
17.0 ... ... 5.41 23 1N ; SO N 3.19
25.0 ........ 3.41 B0 e 3.19
40.0 Ceeeeseenaas 3.41 76 R 3.19
B2.0 ... eneecoans 3.41 o . 3(19
Sample 6.

Pime (min.) S. (%)
O cevennrnaenaae Dry
4,0 o=+ e e e e 2.57
10,0 evv-vrrrermt i 2.96
180 + - receeee s + 3.94
BO 0 ereer reeen o eee s . J.24
41.0 .. e e ce D.24



Ls

TABLE XXX,

Hate ol establishment of equilibrium.

Spruce heartwood (A).

Vapor pressure in apparatus

Transverse thickness ...

.....

Temperature of thermostat

230 ¢

® 8 & ¢ & @ 6 & 9 OO0 B g e e

Time. (min)
3¢5 auies
7.0".'.....

12.0
15.0

21.0‘.0.'!.".

24,0
31.0.

s (%)
3,23
.. £.06
cieee. 4.24
4.43
ceiee. 4,72
ceeees 472

4.72

Temperature of thermostal  ......ooeeevenee covnnn. . 339 ¢C.
_Samg}e Se Sample 7. | |
Time (min). 8. (%) Time (min) _ S
0 0
106 ovenennnnn. 1,82 4.0 oo 3.12
BB e <. 67 7.0 iiereinnes 3.20
121 cveerenen. S.51 12,0 vevennennnnn 5. 47
22fl ecciesees 5,68 1900 eurrennnnn.. 3.91
40-0 et + 985 2.0 tuiiiiinn.n. 5,91
60.0 &ovvnnnn. 585 3600 vt 3.91
18 hrs. . 3.85
RATE FOR STANDARD SAPWOOD SAMPLE. # 9 wood meal
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TABLE XXXI.

Rate of esiablishment of equilibrium.

Vepor tre-sure in ayparatus

ooooooooooooooooooooooo

Spruce Sapwood (A). Sample 6.

Rete et 42°. €. _ Rate at 29% C. Rate at  23% C.

Time. (mir) S. (%) Time. (min) S. (%) Time. (min) S.
2.0 «. oo .. 0.67 300 e vu 0. £.28 5.0 . Sed
4.5 ¢v o4 .. 1.81 6.0 .. .. 5.23 7.0 «o .o . 4.32
6.5 v oo o. 2.00 11.0 o+ .. .. 3.52 “.0 . . .« 4.60
9.0 . 2.09 18.0 . . 61 11.0 .. .. 4.71

1230 . 2.18 £5.0 .. . 5. 72 l4.0 . .« %490

20.0 e .o .. £.18 50.0 “.72 1¢.0 « .« 5,07

£9.0 .. . 5.07

Rate at 18°C. Rete at 12° C.

Time (min) S (%) Time (min) s (%)
3.5 ce e. 4,47 2.5 vt ve o we .. 3.61
6.0 . .. .. 5115 5.0 .. B.42
5.0 v. .. .. 5.62 8.0 vo .. .o 6.45

12.0 . 5.90 11.0 .. 7.12

15.0 . .. 6.10 16.0 .. .. 7.78

15.0 . 6.37 £0.0 7.8%

27.0 . SPCY, 24.0 7. =7

48.0 . 6.37 38.0 757
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TABLE XXXII.

Rate of establishment of equilibrium.
Vapor pressure“in‘apparatus oo o ....;.....,.p... 4.58 mm. Hg.

Spruce heartwood (A)  Sample 7.

Rate at 42V C. Rate at 29Y C. Rate at 230°C.

Time. (min) S (#) Time. (min) § {#) _Time. (min) 8 (%)
3.0 or .. . 1.47 4.0 .. .. . 3.12 2.0 .. .. . 2.60
5.5 .. .. . 191  7.0.....3.20 6.0.....3.92
7.5 .. .. . 2.08 12.0 .. ... 3.47 8.0 .. .. . 4.01

200 «. v. 2 2.16  19.0 e w. . 3.91  AL0.0 .. .. . 4.35

13.0 .. .. . 2.16 27.0 .. .. . 3.91 12.0 .. .. . 4.56

21-0 [ *® [ ] 2-16 56.0 . [ I . 3091 1800 * o o . 4178
30,0 .. .. ..4.9%

Rate at’ 189C. Rate at 12° C.

Time. (min) S (%). Time. (min) S (#).
4.5 oo ee on 477 3.0 oo o0 o. 4.24
7.0 .. vv .. 5.47 6.0 oo vv ou 4.67

- 10.0 .. .. ..  5.89 9;0';' e e 5,57

15. 0 o ee .. 616 12.0 v +. .. 6.84

16.0 .. .. .. 6.25 18.0 oo o. .. 7.44

20.0 .. .. .. 6.34 5900 or or .. T.44

30.0 oo .. .. 6.43
47‘0~" [ N J o @ 6.60
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TQBLE"MIIIQ

Rate of establishment‘of\equilibrium.

Standard cotton cellulose .

‘Vapor pressure in apPaTatus ... . .. . ... . 5.48 mm. Hg.
Rate at 42°¢C° Rate at 33°. C. Rate at 20VC.

T. (min). s (%) T. (min) . J_ S (Z). L. (min) 8 (Z).
1.5 « « o « 0.57 8.0 « & & .+ 1467 2.0 ¢« o o o« 0.97
4.0 . . . . 0.73 15.0 « ... . 1.78 9.0 » « o . 1.62
6.0. ... 0.88 2.0 . . .. 2,00 17.0....2.23
8.0. ... 0x 50,0 + + . . 2.16  24.0 . . .. 2.32
11.0 . . . 1.11° 31.0 . . . . 2.32

35.0 . . . 1,30

Ratte at 23°C. Rate at 18°C. Rat e at 12° C.
T, (min).. S. (%) T. (min). ‘S.’(%)‘_T. (min). .S. (%) .
L.%.. .. 0.80 3.0 « . . . £.13

l 2.0 .. . . 0.88

5.0 « o« « o 1.73 5.0 . .+ . . 2.71 4.5 . . .. 2.14
8.0 . . . . 1.95 8.0 . . . . 3.03 3.52. . . ..3.02
13.0 « . . . 2.17 1.0 . . ., . 3.31 10,0 « & . o 3.36
17.0 . . . . 2,31 14.0 . . . . 3.46 4.0 « + . . 3.9%3
22.0 . . . . 2.49 18.0 . . . . 3.57 19.0 . . . . 4.13
26.0 . . . . 8.49 27.0 . . . . 3.63 26.0 . . . . 4.13

50.0 . . . . 3.78




£

TABLE XXXIV.

Rate of establishment of equilibrium. Drying.
Pressure of water vapor lowered from a higher value to 4.58 mm.

Temperature of thermostat 33°C.

Sample 2. Spruce sapwood. gamplg_§,vspruce heartwood.
‘T, (min). s. (7). T. (min) s. (%
2.0 « « + « . . . . 7.38 1.5 .« « « . . 10.15
5.0 « « « « « « « o 5.30 2.5 ¢« « « « « . . 8.57
9.0 « . . . . . . . 4.93 5.5 . . « « . . . 6.63
18.0 . . . . ... 48 14.0 . . . . . . 5.56
23.0 . . .« « o« . . . 4.18 2000 . « « & . . . b5.24
39.0 -+ « . 4 . . . 3.9 29.5 . . + . . . . 5.05
BB.0 . v 4 s . s . .3.45 46.0 . . . ... 4.59
99.0 + » « . . . . . 3.45 90,0 . + .+ .« . . . 4.20
20 hrs. . . ... . o« 3.45 20 hrs. . . . Coe 4}2
(Adsorption valué .. 3.45) (Adsorption value .4.00)
Sample 6 Spruce sapwood. Thermostat e . 29°C.

V.P. 4.58 initially pumped out through Po05 tube.
Time. (min). 8. (2).

5.0 » + v .« + . . 1.33 Initially 8a 3.72%
10,0 « + + v . . . . 0.86

13.0 0 . v 0 0. .. 0.66
19.0 « . . . . . .. 0.57
26.0 . . . . . .
32.0 . . .. .

e . 0.29

.« « 0.19

'.2000 . 0 . . ' ° » . 'OQ OO
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TABLE XXXV,

PENETRATION CF WOCD BY WATER VAPOR .
Spruce (A).
Varor pressure in ePialaluS oot v oot ooenseenons 4.50 mm. Hg.
Temnerature of thermostat ...........cc0ii 23° ¢.
Semyle 10. Sapw66d. Thickness oo oo 4,8 mm,
One transverse end orven. | Both transverse ends open.
T. (min). S. (%) T. (min). S. (%)

1.0 « o v v 0 e .o 109 5.0 . .. . - - 2.06

5.0 .« « 4 . . . 2.52 6.0 . . o+ 2.09

5.0 0 e e e e 3.19 11.9 . . v oeow 2259
11.0 . ok 13.0 . 2,66
16.0 2 71 16.0 . . 5.85
£0.0 v v 4 . . .. .78 1¢.0 . c e e s 9099
&5 () 4.920 22.0 .+ .+ . . . . 4.18
31,0 & v 4 . . . . 4.32 7.0 . . + .+ .+ 4e32
40.0 . « . . . . . 4.380 50.0 . . . . v e 4.B2
5Z.0 « « .« . . 4,53 Final e + o o o ¢ & w.D2
Final . . . .« . . 4.53

Sample 15. Sapwood. Thickness ........... 9.5 mm.

One transverse end oven .

5._0 L ) [ 2 e [} [ ] [ ] [ ] [ loll

. . I I &
9.0 4 e e e e e e . 231
12.5 . . . . . . 2.22

¥oth transverse

ends OpeEne.

5.0 L L J o ] L ]

106.0 . « . . .
17.0 . . . .

25.0 « .+ . .

[

P

L] . 5'16
3.50

Z

L g

80
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Table XXXV.

T. (min) S. (%).

27.0¢ « o ¢ « « . 3.07

(cont. )

T. (min).

28.0 .

2.0 . .+« . . 3.15 48.0 .
42.0 + « . o 0. 3.33 66.0 .
61.0 . . . . . B.53 ¢C.0 .
3.0 . . . . .. 3.E3 160.0 .
Sample 19. Sapwood. Trersverse thickness

One trazrnsverse end c:ien.

2.0, « « « .+ . . 1,06
4.0 «+ « « « « + 1,40
7.0 ¢« ¢ o .. 1.73
10.0 . . . . . . 2.18
15.0 « o o o . . .68
19.0 . . . . « . .85
c4.0 « « . . .. 2.07
<9.0 . . . . .. 3.24
54.0 e e e e e e &0
41.0 . . . . . . 5.53

50.0 . . . . . . 3.73

600 . . . . .. 3.80
94.0 . . . . . . 4.02

Two transverse ends Open.

N
[}
o O

lO.

o
.

16.0 .
20.0 .

5.0 .
35.0 L

40.0 .
61.0 .

Final .

4.66



Sample 29.

1%

Table XXXV (cont.)

Samples with both transverse ends open.

Thickness

Sapwood.

P. (min)-
4.0 . . .
8.0 . . .

12.0 . . .

~15.0 . . .

18.0 . . ..

23.0 . . .

27.0 . .

32.0 . « .

- 37.0 . . .

47.0 . . .

63.0 .. . .

93.0 . . .

Sample 20.

--------------

S.
.. 1.62
.. 2.28
. . 2.90
. . 3.12

. . 3.34

« o D.09

. . 3.87

. 4.07

. 4.22

. 4.38

. 4.65

. 4.c6

14.0 mm,

Sample 26.

________ . 20.0 nmm.

- Heartwood.

T. min) S. (%)
3.0 . . . . . . 1.03
5.0 . 1.34
9.0 . . 1.49

13.0 . . . 2.01

16.0 . o o + . . 2.11

19.0 . 2.21

24.0 . . . 2. 52

300 « . . . =.73

38.0 . . . . 3.01

48.0 . . 3.19

64.0 . . . . 5. 60

94.0 . . . . 4.12
Sample 21. 14.0 mnm.

- in thickness.

Heartwood One transverse end open.

0.23
. 0.69
. 0.75
. 0.81
. 0.93

Both

transv erse ends opexm.

3.0 . v v . . . . 0.83

6.0 .
9.0 .
12.0 L ]

15.0 .

... .27

.. . . . l- 48
¢ s+ e . _lo 87

* | L] 1. 98
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Table XXXV. (cont.)

T. (min) s. (%) T, (min). S. (%)
17.0 « « « .« . . 1.16 18.0 o o v + .u . . 2.20
2.0 ¢« ¢+« . . . . 1.24 22,0 + .« 4 . 4 4 . o 2,47
2600 4 4+ . . . . 1.51 27.0 4 v . . e . . 2.64
34.0 . .« . . . . 1.57 35.0 . . C e e . 2.90
41.0 . o . . . . 1.68 2.0 . ... .. 3.4
63.0 . 2.21 64,0 4 3 5 5 s sses 370
100.0 . . . . . .. 2.56 100.0 « .« . . .. . 402
176.0 « . . . . . 3.20 172.0 .« . . . . . 4.47
Sample 14. SamplellV.
Heartwood. Thickness .. 9.5 mm, Sapwood,  §,5'mm. Thickness.
Both transverse ends open. Both tangential ends open.“
25 4 0 0 s . . 0.61 5.0 « o « « + - . 1.36
7.0 . . . . . . 2.39 9.0 o v + o + o+ . 1.46
24,0 . - . . . . 2.70 13,0 « 4 v o v . . 1.79
18.0 . « . . . . 3.30 16.0 . . . . . . 1.88
26,0 . + . . « . 3.80 20,0 « + . .+ . . . 2.05
33.0 « . . . . . 4.10 24.0 . . . . . . . 2.3
46.0 . « 4 . . . 4.40 35.0 . . . . . . . 2.48
65.0 . . . . . . 4.96 44,0 . . . . L. 2.4
91.0 . . . . . . 4.96 55.0 & « 4 .. . . 2.82
160.0 . . . . . . 5.21 73.0 . . . ...  3.16

128.0 « « . . .. 3.50

2.30 « « . 4 . . . 3.68




ALY

'Table XXXV, (cont.)

_RADIAL PENETRATION.

Sample 12, Sample 16.

Sapwood. _Rodial thickness . .6.5 mm, Heartwood.

T, (min). _s (#). T. (min) s. (%)
3.0 « v « « » . 0.57 3.0 . . . . . 0.34
740 « « . . . . 0.76 8.0 . . . . . . 0.34

300 . . . . . . 0.95 19.0 . . . . . . 0.46
19.0 . . . . . . 1.03 28.0 . . . . 0.46
25,0 « . . « . . 1.39  44.0 . . . . ..-0.86
39.0 . . . . . . 1.65 53.0 « o o & o » 0,91

94.0 . . . . - - 9y 95,0 + o o . o . 1.26

78.0 . « . « . - 1.96 127.0 o o o « o o 1.43

167.0 « « « « . - 2.73 230.0 « o .o oo 177

334.0 . . . . . . 2.85
360.0°. « . . . . 3.30

Sapwood. Banmple 293 _HeartWood Sample 22.

‘Radial Thickness 5.0 mm.

2.0 ¢« o o o » o o V33 1.0 o o o o o o+ 4034
4.5 . e e e . . . 0.41 5.0 » » o 4 . .  0.34
10,0 « o + o o o 0.61 10,0 « « + « o o 0,46
BEO o o o v o s 0.94 2000 . . 4 . . . 0.58
49,0 + o o o o . 1,47 48.0 . 4 .« a . . 0.76
83.0 « o« o « + o 2.08 82.0 « & + » & o 1.04

124.0 2,62 124.0 o« o « + . . 1.15




An-

_TABLE XXXVI.

Rate of establishment of equilibrium and penetration.

Spruce (B).

Temperature of thermostat « o o o « « o o o o o« . 239 c.
Vapor pressure in apparatus . . . .. . . . . . .  4.58 mm. Ha.
Sample 1b. 1.5 mm. Sample 2b, 1.5 mm. Sample 3b, l+9+m
Heartwood. | Sapwood. - Sapwood,

T, (min) S. (#) _T. (min) 5. (%) _T. (min) 8 (%)
15, « . o . . 1.26 2.0 v o s e w169 3.0 . . .. 2.36
4.0 « « « « . 3.00 5.0 « « « .« + 3.59 6.0 . . .. 5.4l
7.0 « .« + .+ . 3.56 820 . o o o o 4u1 . 9.0 4 4 . 3,95

1000 « o o o o 3.87 11.0 o o « .« o 4.54 12,0 . . . .4.57

15.0.ceveees o 4,03 1400 2 o o o o 4277, 15.0 + o . 4.73

16.3 + o o o o 4.27 17,0 v oo . . 5.00 18.0 . . . .4.96

1000 « o + . o 4232 2040 . 4 o o « 5,07 21.0 « . . .5.08

23,0 o o o o o 4.32 24.U + 4 o o 4 5,07  25.0 . . . .5.08

Sample 4b. Heartwood. Sample 5b _Sapwood.
Both transverse ends open Both transverse. ends oyen
- Thickness 5.0 mm. .
1.5« .« 0 0. 1002 2.0 . . v ... 1.87
3.0+ .. .. 1.68 40 . .. . . . 2.35
5.0+ v v . . 2041 60 . . . . . o.8"
7¢0 ¢« ¢« o o & 2¢93 900 « v 4 v . . 3.13




b

Table XXXVI. (cont.)

T. (Mim.) s. (%) T, (min.) N . (%)
1060 s o o o o o +3.13 13.0 o o 4 0 e e o 3.43
17.0 v 4 . e . . 23439 1620 o o « o o + o 3,75
21.5 4 4 o o o . 3.84 2000 « ¢ « + o o & 3.85
24.0 « + . . . 3.90 2345 4 4 o o - o o« 3.85

28.5 « o o o o+ 3.90

Sample 8b Sample &b,

Heartwood Sapwood.
- 9.5 mm thickrness. -

2.0 « « « o o« « 0.86 100 o o o o &+ o o 1.34

4.0 « « « o « o 1.68 3.0 « 2 o o o o o 2420

6.0 « « « o « o« 1.01 5.5 e e e e . . 4 R.93

8:0 v o ¢ o o « 2.24 7.0 « « « « « « « 3.45
10.0 & « ¢ o« 2.45 900 « « o « + o« o 3.60
13.0 o o o o o « 2479 12,5 % o 0 o o o . 4.06
16.0 « + o « . . B.14 15.0 « o o + o o . 4.32
19.0 v « o o o o 3.32 17.0 v 4 o o . . 4.40
25.0 « 4 o 4 . o B.35 2000 . 4 e . 0. 4,73
27.0 + v o+ + 4 3.50 24,0 « « « o o . 4.80
42,0 « « o + . o 4.05 280 4 4 e e 4 . 4.86
9.5 + » « .+ o 4.45 41.0 « + o« 4 . 4,92
16.0 . . . . . 5.00 6000« « . . . . B.OR
24040 4 + « « . 5.00 16000 « « v v o . 5.07

241e0 ¢ o o o o & 5.07




nht

TABLE XXXVII,

Rate of establishmént'of equilibrium and penetration.

Vapor pressure Of Wate€r o o « o o o o o o o . 4.58 mm. Hg.

Temperature of ther mostat e o o o o o o o % o 230 C.

Sample 1j. Sample 2]. _Sample 3j.

| -- Thickness 1.5 mm. -- -

Heartwood. éapwood Sawood.

. (min) 8. (#). _T. (min) S. (#). T. (min) 8. (%)
2.0 . . . . 2.48 2.5 4+ . . . . 2.75 3.0 « 4 . . 3.02
4.0 . . . . 3.62 5.0 ... .. . 3.80 6.0 . . .. 3.84
7.0 « « . . 4.23 9.0 ¢+ v « « . 4.17 10,0 . . . . 4.51

11.0 . . . . 4.89 1200 o v v 0 . 4077 1%.0 . . . . 4.71

14.0 « « . . 4.96 1540 o o v o o 4a77T 1640 . . . . 4.77

17.0 « « . . 5.08 18.0 « . . . . 4.98 19.0 oo . . 4.91

20.0 « + . . 5.08 21,0 . . . .. 5.06  22.0 . . . . 5.11

23.00. . . . 5.15 24.0 . . . . .5.06 25.0 .. ..5.17

26.0 . . . . 5.380 27.0 . . . .. 5413 30.0 « . . . 5.23

41.0 . . 4 . 5.56  40.0 . . . . . 5.13  39.0 . v . . 5.93

52.0 . . . . 5.81  55.0 ... ..5.21 54.0 . . . . 5.23

Bample 3j  Repeat.

1.5 o v w v W 42,10 1.0 v 4w v v v . 2010
4.0, .. .. 3.3 40 .« . ... 3.5
B0 .. v .. 3,07 6.0 v v v v 4 . 3.9
10,0 v v+ 4 . 437 90 v v v v v . 4B



Table XXXVII. (cont).

s. (%) T. (min) s. (%)

12.0 ¢ .+ o 4 . . 4.44 12.0 ¢ o o o o o 4.44
1540 « o + o o o 4,71 15.0 « + » . + . 4.56
19.5 + « » « o« o  4.35 18.5 « « v o o 4.83
£6.0 o 4 4 4 e 53110 22.0 . . . 2 . 4,04
33.0 .+ 4+« « « 5,10 26,0 « + o . . L.84

—n S+ —lr———

Semple 4i. Heartwood

5.0 mm, Thickness.

One trensverse end open. Both transvekse ends open.

2.0 4 + « « « o 0.61 2.0 o o o o . 1,97
4.5 o o+« . . 1l.28 5.0 » o o 4 0 £.E7
7.0 « v b . . 1.59 EeO o o v 0 . 2,33
8.0 « o o« « o o 1.66 11.0 o+« .« . 3.93
10.0 « o o« . . 1.74 1.0 o o o & o .93
12,0 « o .+« « 1.96 19.0 o« + . . 4.53
16,0 « v o . . . £.19 £5.0 . 4 4 . . .61
190 o v o o . . 2.4% 1,0 . . . . . B.2Z
7.0 v v 4+ .+ 2 £.95 38,0 + 4 o . . 5,30
2.0 o v o . 4 . 3,17 60.0 + & 4o o . B.3
51.0 . v 4 s . . T.32
140.0 « . . . .  3.€6




Sam.le 5

One transverse end ovnen.

Sapwood.

14-
(cont.)

Teo 1le XXXVII.

Transverse thickness ...

5,0 mmo.

Both treansverse

ends OVE€N.

T. (min)
SeU o s o o
5.0
! R
1.0 . . .
14.0 . « .
17.0 .« s
20.0
35,0 ¢« « & &
43,0 o o o
14C.0 o o »
Sample ©Je

Orne trensverse end oOren.

8. (&) 7. (min) .

. l.8z 3.0 s
£.61 5.5 .+
. 3.07 9.0 . :
. 5.4¢ 18,0 .
$a15 1.0 & « o
. d.cl 3¢5 4« o e
. S.¢1 30,0 o« &
. 4.31 5.0 o o
o 4.0 6Je 0 o
. 5H.05
Trensverse thickness .. Cob5 mm,
Heartwood.

—

0)

fomt
(&)
]

1.

W\

o o

O (&)}
[

O

o O

Both trensverse

S, (%)

¢

. .04

. “e'l2
3,09

. D.tb

. 4.08

. 4.26

e 4eCd
5.08Y
. D.0b

eENAs OLEN.

. 0.1 1.0 .
. 0.15 4.0,
. 0.30 7.0 .
. 0.66 10,0 .
JB0.81 13.0 .
. 0.91 16.0 .

.0.35
0.96
1.21
1,45
1.78

1.62
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Table XXXVII. (cont.)

20.0 .
\27.0

:52.0
42.0
54.0

76.0

T s L P

One transverse

5. (%) T, (min) S._
0.91 190 « » o o o . o o 1,92
1.01 22.0 v 4 4 0 e e e 2.07
1.16 26,0 « o4 00 .. 227
1.16 3100 « v 0 0 0 o oo 2.33
1.36 37¢0 o« o o o o o o o 2.48
1.72 5000 « o « o » + o . 2.58
Transverse -thickness « ¢« ¢« ¢« &« « « 9.5 mm.

Both transvérse ends open.

105 ] -. 2 [ ] L]

4.0
7.0

10.0

13.0
17.9
21.0
28.0
33.0
43.0
55.0
7.0

end open.
. 1.14 2.0 « « o .
. 1.88 5e0e o o .
. 2.54 8.0 4 4 .
2.70 11.0 « o o .
. 3.36 14.0 . Ca .
3.77 20.0 . . . .
. 4.02 23.0 o« « o
. 4.26 27.0 + + . .
. 4.51 32.0 « .« . .
. 4.76 38.0 « . . .
. 4.92 51.0 . . . .
5.0%

0.98
2.05
2.79
5.28

- 3.61

3.69
4.03
4,10
4.26
4.43

4.58
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Table XXXVII. {(coat.)

Sample 143 Heartwood.

Transverse thickness . o« « o o o o 14,0 mm.

One transverse end oren. Both transverse ends open,

W

T. (min). S. (&) T. (min). 8. (]

3¢0 ¢« o o o« o« o 5> 0.55 20 o o« o s o o o 0.45
6.0 « 5 ¢« 2 . « o 0,05 L o 0.83
11.6 + -+« ., « C.78 7¢O . o + o » C.©

16.0 . . . o o o QL&Y 11.0 « o s o« o 0.97%
24,0 + v s e . e . 027 15.0 ¢ . o & o 1.06
6,0 & v e s . s s 0,97 190 o o o o o & 1.06

50‘] ) ® [ ° [} . ™ 1.10 -£L4.0 ® ° . ° [} ® 1024

=

6000 L) [ ] 9 ] * ® L4 1020 51.0 [ ] ° » ° L] L 10:)6
lB0.0 ° ] L] L ] E 4 L ] 1.56 4200 L J L] L] L ] [ ] e 1.56
5’7.0 ® L] [ ] L [ ] 1. C4

75.0 ] [ ] o d L o léc4

Sample 15] Sapwood.
Trensverse thickness « « o o 14.0 mm,

One transverse end owen. Both transversc¢ ends oven.

2.0 « ¢« + + « » o 1l.61 1.0 ¢ o & ¢ o o o dd62
5.0 « » .+ + .+ . . 2.18 50 . ¢ o e e s . 3415
9.0 & 4 .+ s s . . 2,90 Be0 o o o s o o o 3.79
14.0 . 0 s s . 3.63 1.0 « . . . . . 4,04
220 . . . . . e . 3LT9 16.0 . . « ¢« . « « .27

2200 4w e aoa e 427 21.0 + 4 4 . 4 . . a.6]




¥

Teble XXXVII. fcont.)

T. (win) S. (7). T, 'winQ, S . (%).
A

e

44.0 £ k] L] * L] .4.5? ;”;6.0 [ ] L ] [ ] 3 L ] €
5900 [ ] ] 2 ] ] .4061 41.0 ° [ ] 1 ] [ ] ° L /_;.93
.08

(O

1e0.0 . . + ., . 4.61 58¢0 o ¢ o ¢ o

RADIAT T iU FATION, Triickress in reciel dizection « 6.5 mm

Semple 16. Hesrtwood. _Semple 10. Szpwood.

00068

O

S

[ ] L ] ? L ] L ® 3 0082 300
3 ] 3 3 » 0387 600 L] ® L ] L 4 ° 1031

)}
-
.

e
t CR
® ®
Q (D]
[ J

o

[ ]

1

O Q)
(@)

—

Q)

O

®

N

O

O

9] o N AN
Ne) o o =
® [ ] [ ] v
(®] O o ]
® [ 3
o .
P
co %) =
(WY =
AN N
98] -~
@) C
® 3
Y 0o
[ ] L ]
o0 n
~3 (0}

[ ] 2 > L ] ? [ ] J—-l 5 55.0 ] [ 2 L] L ] ® 3.05

e Be43
52.0 ° . . » > 5.61

f eE e e e e e e e
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. TABLE XXXVIIL _

Rate of establishment of equilibrium &t higher veDOr pressures.

Semcle 10 Cotton cellulose.

4,8 mm, thickness.
Terperatu. e of thermostat . ~3°C.
Vavor wressure in avrvaratus 18.10 mm. Hg.
T, (min) S. (%) T, (min) S. (3)

2.0 e ° [ [ ] [ ] L - 5.78 100 [ ] L * ® L ] [ ] llgo

O 4.0 ] L ] L ] £ 3 L] 5.06

o

o,
o
> b

7"\} | ] ? © L ] L4 * 6013

N
(08)

l0.0 -] L] ] L] [ ] L] 6.‘75

SN
O

14.0 [ ] L] L J o L] L] 7.2}5

—

&)

O
© 0 2
[} [ ] [
o H
N W

£1.0 4 4e o 4 o+ 7460
£2.0 v o 4 o« . 9,75 2600 o o o e 0 o TLED
27.C v v « + 4+ 10.40 3000 4 o o & » o 8,00
32,0 « 4 2 » . o 11,10 46,0 « « & & o . B8.18
47.0 « o o+ o o 12,40 65.0 « o + o o o B8.18
67.0 . . . » . . 13,50, 161.0 « « o o 2 o ©.76

162.0 . . . « - . 15.860 19600 o « o o & o 076

195.0 « o « & o o 15.65 166.0 « « . . . . 8.76

30000 « o » . o o 16,35 5000se o v o 4 o . .76

:ﬂine_l L ] L » » * » 16.42 Final L] 3 a » » [ ] 8.“?6

Thermosta.t 8\t ® & & 23 2 3 3 3 2 3 » » 3 3 9 @ JJ90033)500290 CQ

Semple 7. Hesrtwood. Semple 6. Sapwood. Cotton Cellulose.

600 . * . ° ° . 6.‘:& 4.0 . ° e . . . 7005 200 ° . . . . 5.84
l0.0 . . . ) * » 9012 9.0 . . . . . 8.7'7 8o‘~" . . ® . ) 5.72
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Table Y 7VIII{cont.)

T. (min)
13,0 « &
17.0 .
.0 o
z&.0 .
23.0 .
40,0 .
49.0 .
6.0 .
4,0 .
54,0 .

Ashless filter

1.0 .
5.0
7.0 .
.0 .,
12,0 ,
15.0 .
Hinal

1,30
.06

N

o35
5. 05

3.11

L ] 5.11

Cell

Glycol extracteu.

4.0 » v o v oo
9.0 v v . v . .
15.0 . ...
7.0 o 0 v v u .

34,0 o o o o
27e0 o o 2 e

Finsl . .

s. (3) T. (min). . (4) T, (min) S, (i)
¢.79 12.0 . . 10.21 2.0 « o o o 6426
«1C.60 16.0 . . 10,58 16.0. .« o o 6.80
10,65 co.0 . . 10,91 1.0 . o . 6.65
11.20 o0 . 11,52 25,0 « o« o o 6465
11,45 2o g . 1o.0p 30,0 . . . . 0.65
. 11,70 3.0 . C12.11 40,0 . . « 6.B5
. 11.70 45.0 . Cqc.c9 60.0 . . . . 6.65
. 12.20 60.0 . . 12.68 Finsl . 6,65
- 120 95,0 . . 12.68
£.20
Liscellsneous.
I TET. Lignin.,
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DIBCUSSION OF RESULTS.

A discussion of the e-pecrimentel results mey fall
into two sections:

Part I. wiich deals with the adsoription of water
by wood purely from the toint of view of the gas-solid
interfece. Such & Giscussi.n will bear on the colloid-
al nature of wood znd cegllulose and will cpﬁsiuer the
ultra-microscopic structure of the cell wall,

Part II. which deecls rather with the larger Structuie
which ey be viewed undé} the microscope. Scmples
of wood are_cexaminea vith a view of finding the r: te

&t which wvevors will pass through the internal structure.

PART I.

A. Moisture Equilibria of Svruce Wood (picea canadensis)

The equilibrium values for various samples of spruce
wood determined throughout a considerabie range of
temperature and pressure are found in tables I to XXII,
The values are reproducible within the range of exper-
mental error, and remarkable regularity exists between
the equilibrium values of different samples of the

scnie species.s In all cases ¢ hysteresis effect is found
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the value sttained by the adsorption of water from a
drier state being lower than that obtained by the loss
of water. It is, however, yossible to obtain & result
which may be regarded as the true eguilibrium value

at any given vapor pressuré.

Variation of Adsorrtion with Vavor Pressure.

The tyrnical graph connecting edsorption with vapor
vressure is indicated in Fig. 5.(%2686 values were
obtained during an exemination of wood meal (table
XVIII) at a temperature of 230C- The values ior
adsorction and desor-tion are both indicated but for
reasons to be stafca later the lower curve is regarded
as tne true edsoriytion isothérm. This smooth s-shaped
curve is typicel of the adsorption of a wapor which
is condensible to a liquid which wets the adsbriuent.
There ere three regions which may be mentioned. The
first 1 - 2%  of water is g parently very highly
adsorbed causing a correspondingly low vapor bressure,
which brings about & flettening of the curve near the
origin.  From en zdsorption of £% to 10% the curve
follows practiceslly =z streight line indiceting that
adsorption is practically proportional ito pressure in
this region. As the scturstion pressure is ailroachen

the curve ¢_cin flattens out becoming 8ymytotic to

the axis of cdsorption., In this region = small imcrease
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Adsorpilion Isothermals of Spruce and eellulose,
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in vressure brings sboutl a very lerge increase in
cdsory ion, thet is ds/dp becom.s infinitely lerge.
The shape of the curve in this region demonstrates the
aifficulty of obtsining cn accurete velue for the
fibre saturetion point; in fect it is seen that no
such sner:ly defined point exists, but rather therc is

& range ol cusorption walues exhiblting a vepror pLre-ssure

.
av.roximatinge thet of the saturction vpressure. A velue
has been obteined by cereful extraoolation vwhich will
serve &s a basis of conjarison witn the work of other
investigators.

Fibre saturstion roint of Sivuce wood at <3° = 2\ Y,

The difficulty of obtainirg & .aneral rel:tion to
fit the vhole isolherm will be evitent. ZFor a considerable
rortion of the curve the siiple equation of the straight
line hol s &s rigidly &s any other, vwhile for the part
which‘is convex to the pressure axis verious modifications
of the parabolic equation :¢re &3 liceble. These relations
vwould not prove to be of prect use so that no attenpt
to develop their he ¢ been meae,

“he theoretical signifigance oi the different portions
of the cdsorntion isotherm v.ill be cdiscussed in &« leter

sectione



Variation of Adsorption with Temperature.

In Fig.6 are seen the adsorption isothermals of
spruce sapwood between 120 gnd 42“ C. In coimon with
the general case adsorption declines With?rése'in temper-
ature. At temperatures‘belqw that of the room the
cqmpléte curve is indievated, while at higher temperatures
the curves are incom;lete, as the method does not allow
a vapor pressure cprrespdnding'to that of the room
temperature to be exceeded.

While aasorption falls off with increase:; in temperature
the vapor pressure required to produce tne ssme relative
humidity will aiso be greater. 1In fact the increase
occurs.in the{same ratio as the adsorption falls off.
This can readily be seen in a qualitative way.  The
adsdrbed Wate:’exhibits & vapor pressure which is a consént
fraction of that o f pute watér,‘so that as temperature
is increased the increase in vapor pressure of the
adsorbed water is proportionately the same as that of the
pure water. Since the vapor pressure of adsorbed water
ana uie amoulnt 0L &us0orprion are 1nversely proportional,
the vapor pressure of water will increase in the same
ratio as adsorption decreases. Hence it follows that if
the relative vapor pressure be kept condtant adsorption
wWlll pbe 1naepensient ol temperature,

Practically it is found that this is not entirely the
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~though nearly so. In Fig.7 the isotherms of Fig.6 have
been plotted on the hasis of relatdve vapor> .ressures in
place.of the absolute values. It Will beaseen.that
the isotherms of lower temperature tend tolgxh}?}t.

i in the vicinity of the origlnls
,xcessive adsorption 1 ,

In the upper portions, however, there is no difference
distinguishable from the experimental error.

Adsorption Isosteres.

If the vapor’pressures éorresponding to a giWwen amount
of adsorption are plotted against the coresponding tempet-
ature an adsorption "Isostere" is obtained (Wo. Ostwald) ,
that is a curve wich represents the variation of vapor
pressure with temperature'for anyAconstanﬁ ampunt of
adsorbed water. In Fig. 8 isosteres have been plottea
for adsorption vélues from 1% to 8%4. From wh:t has been
gaid above it will be evident that these isogteres will

be exponential curves similar to the typical vapor pressure

curve. If,in place of vapor pressures, the logarithms
are plotted against temperdét ure, the resulting giaph
should be arproximately a straight line. In the second
part of Fig.8 where this procedure has been adopted ,
it appears that a straight line is producea | for
isosteres representing an adsorption value greater than

2%. Below this value the .lines are no longer straight
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become convex to the pressure axis. These isosteres
fall in the region where ES aiready mnentioned, Hhe
adsorption isotherm inuicates a discontinuity
which is probably caus: .« by the introductioi. &t this point
of some edditional fector in the mechanism of adsorrtion.
This point will recegive further discussion. It would
‘be expected that the adsorption ésosteres for values
near the szturation voint would elso € hiWwit anomalous
behaviour .ut 8 sufficient number of exterimental
values 1n this regiorn &are noi availeble.

Fromqpurely theoretical resscning Wiiliams (Ref. 24)

has derived &an isostere equation oi tiie forlowing form:

log a/c = B 4+ AT
where ¢ 1s the equilibrium concentretion outside
the adsorbent,
T is the ebsolute tem.erature ,
a amount offi & sorption,
B &nd A an@& functions of a but not of T.
If the concentrstion ¢ is replaced by p the pressure thé

equation takes the form-
log a/p = B' -+ AT

Now if a is constant, B' «nd A are also constant so

thet if log p is plotted against 1/T the resulting graph
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should'be stTaight”1ine. “The results for’spruce when
submitted to this procedure give-curves similar to
those of Fig.8 (risht) so that for a considerable range
of adsorption they may be expressed by this general equation.
The curved isosteres which are obtained at low values
of adsorption are probably due to the combination of two
effects or forms of adsorption, one of_which aéts at
low relative vapo: pressures and wRich is superseded
by the other at higher pressures. If it were possible to
obtain a set of isostere values”completely in the
region of poverful é@sorption fhich has been referred to
above) it is likely that it would follow' the equation
of Williams.

The independence of the isothermal of temperature
may bé,pointed out by an application of the Clausius-
Clapeyron argument}

Let there be a quantity of gas (a);adsorbed by a solid,
S0 lafge that on the adsorption of further gas the amount
present may be taken as unaltered, With-(a) a pressure
(p) is in equilibrium. At a temperature higher by dt -
we have the same (a)- but at a pressure greater bj’dp.

Let qg be the isosteric heat of adsorption
(1 ce.. of gas at 1 atmosphere pressure)

If the gas be water vapor and a certain amount evaporates

the following relation will hold:-

——!21—-1.'1( dp .'-.'d'...j}—

W ds
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here v2 - vl is the increas® in volume when &n ampunt
of water {W) evanorates from the adsorbent. According to
Boyles -law:-

w=2 dg (vp= v;)
Ps

where pg and dg are the pressure and vapor density

at the saturation point.

hence:-
dp " p dga,
r— = ] ® 6000002200 a0 l)

at the saturation pressure p = pg so that:-

d'p = ‘.da Qs

at T

It is assuped that g, does not vary with the amount of

oooo’ooo-‘uoooanooo 12)

water taken up ( the @eai of édsorption varies greatly
when the amount of-adsorptign is small but iitiie,A
when adsorption‘is high).

from 2) and 1)

dp P dpg

-
- -
———— T r————

aT pg dT
 Integration of this form brings out the fact that p/pg
is a constant. That is for a given adsorption the
vapor pressure at #arious temperatures is a cinstant fraction

of the saturation pressure, which is a re-statement
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of the fact that adsorption is independent of temperature
and is a function only of relative vapor pressure.

Isobars.

Isobars may be plotted in a manner similar to the iso-
steres. The amounﬁsadSorbed'at;some constant vapor pressure
for various temperatures are plotted. These curves
are of course identical in character to the isosteres being

simply thé_conVerse form.

Effect of Heartwood and Sapwood on Adsorption,

A careful examination of the'édserption of water
by heartwood and sapwood has ‘been made as will be seen i n
the tables of results. It seems,_however,‘that while
the rate of penctration of the two woods may be very
- different their adsorption isothermals are identical.
The following are equiliﬁgium.vaiues of heartwood and
sapwood examined éoncurrently’under tne same cendifions~

of pressure and temperature.

; . | 1.95 3. 01 4,58 654
%V'P‘ *29~. 77éww~ — T —— -
Sample
2o g, 1.37 1.45 2.49 2,98 3.75 4,95

434 H. .85  1.28  2.55  3.00  4.10  4.83
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V.P. .29 .77 1.95 3,01 4,58 6454

Sample
# 4 S 1.29 1.45 1.79 3.01 S5.43 4.62

#5 H .80 1.27 2.17 .43 3.44 4.35

# 68 .67 1.04 2.00 2,48 3,34 4,28

# 7 H 1.04 1.56 2e25 2e 95 22 4,25

It will be seen that while agreement is poor
in the initial values, at higher nressures the re-
sults are quite similar, considering the accuracy
obtainable in adasorption measurements by gravimetric
methods.

In Figure 6, the values for heartwood have been
zlotted and it is evident that no genercl trend from
the curve as drawn for sapwood exists. It would seem
then, that whatever changes océur in the transformation
of sapwood into heartwood they do not materially af-
fect the moisture equiibrium, hence all discussion will

aprly indiscriminately to hear®wood or sapwood.



Effect Of Natural Drying:

Spruce sample (B) was obtained from a log which had
been exposed for some time (at least 1 year) on a pile
in the open The resuits of these measurements are listed
in table XXII, a few of which are reproduced be low
for purposes of éomparison.

Temperature of thermostat..........',,.. 23° ¢,

V.P, Bpruce (A) Spruce (B).
4.58 5.07 5.07
9.21 9. 77 6.89

12.78 11.83 9.35

It seem tnat at lower pressures there is ngflifference
between the twb woods while at higher j;ressures the
alr deied sample shows much lower adsorption, and it
may .be presumed that the final saturation value would
be much lower. This may be almost stated as a general
rule, that if differences in adsorption are found they
will be greatest in the vicinity of thé,saturatioﬁ;poigt.
(see Fig. 9 Spruce and Jack-pine.)

The effect of long continued drying is to lower the
value attained on.édsorptiGn, this is exemplified\in
the case of pine, ( Sample 33, thble XXXVII) The sample

2

was dried after which it was exposed to &’ vepor pressure
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of 4.58 mm. Hg. After the estzblishwent of equilibrium

the sample was again thoroushlv dried and the nrocess
repeated. If this is is done several times -the equilibrium
value attained between each drying slowly diminishes in

magnitude.

lst. adsorption . . . . . 5.23%

2nd. " « o s + « B.10%

3rde " e o o o o 4.84%

If, however, at any time a very high ad sorption

takes,plaqe, such as near the fibre satursation coint,
the sample seems to be restored to its orifinal condition.
A list follows of the saturation values of Siruce sample
2. at 33°C and a pressure of 4.58 mm. Hg. Between the
determinations at these stated conditions, the samples

were both dried and thens subjected to higher vapor
pressures. It will be seen that in this case there is

no reduction in the amount of adsorption.

1. ‘2, 3, 4.
3.45% 3.45% 3.61% 3.49%

Moisture Equilibria of Jack Pine . (Pinus banxiana)

The equilibrium values for pine have been determined
at £3° (table XXIII) . Heartwood and sapwood have been

examined the values for the former being considerably high-

er at low humidities. This effect is considerably more
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marked than in the case of spruce as the following table

will show.

R.H, Heaxrt. - _Sape
1.40 1.02 0.98
3.67 2.14 £.05
9.26 3.28 2.83
£1.72 6.23 5.21
33,43 7.43 | 7.60:
50.31 9.38 9.16
90. 35 18.70 £0.35
97.20 £4.60 24.60

This behaviour is rather unusual s the greatest
differences are ordinarily exhibited near the saturation
point,.

In Fig. 9 the complete‘isotherm for pine sepwood
is shown together with that of of spruce. It will be
seen that pine-posseses a much higher saturation value
than spruce while in the initisl stages the two curves
are identical. It has clready been'mentioned that |
this is probably the typical tehawiour of many woods,
as it is in this region that condensation is taking
place in the larger cepbllaries of the woodc which
will vary considerably between different species.
,Tﬁe lower part of the curve deals more with true adsorption
and since it is probable that the fundamental wood

substance is the same in all species, the curves in this
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.region will tend to co-incide. .Thus the wide veriation
in fibre saturstion points which have been found by
various investigators may be simply the upper end of
adsorpticn isothermals which would be similar at lower
Vapor pressures.

An hysteresis effect was found as in the case of
spruce and cotton cellulose but in every cese, the
true equilibrium was taken as represented by the desorption
value.

The fibre ssturation point as found by extrapolation of

the adsorption isothermal at 23°C. is

Moisture Eguilibria‘of Cotton Cellulose.,

A complete ' survey of the equilibrium values for standard

cotton cellulose hae been made (tables XXV and XXVI)
a sample being examined concurrently with spruce sapwood
and heartwood (#6 and #7) The adsorption isothermal for
cellulose follows the same general form as that of wood,
but the amount &8 adsoeption is much less. In Eig.S (C)
the isotherm at 23° C. has been plotted with that of
spruce. At all vapor pressures the value for cellulose
is approximately two thirds that of wood ( average of
6 determinations is.61 ) 1In the same manner as wood
the adsorption by cellulose is independentAof temperature.

The value obtained 'foi,the saturation point by

extrapolation of the isothermal at £3°C. is {\-3%e
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There sre severcl possible exylanations of the lower
values for cotton cellulose. If we assume that the cellul-
ose in wood behaves in e similar wey to the cotton
cellulose it follows that the non-cellulose parts §f
wood ere resyponsible for the increased adsorption. consider
the casc of coniferous wood containing 42% cellulose and
attribute to this part an sdsorytion équivelent to that
of cotton cellulose; it is then possible to calculate the
amount of wester adsorbed by the constituents other
than cellutose. The velues so obtsined sre indicated

in the following tchle.

P. Cotton. Wood Hon-gcell s Extrected cell,
1.0 1,18 1.70 1e5410 2 50
2¢5 1.88 8.568 5.00 4,05
5.0 2.78 3. 95 755 5.70
7¢5 3458 5.15 9,90 732

It will be seen that the values obtcineu cre considerzbly
in excess of those of wood. In an attempt to directly
measure the adsorption of some other wocod constituents.
lignin wes examined. This cdnstituent comprise& sbout
26 to 35% of the wood substance, It was extrected by &
method developed in the Dept. off Bellulose Chemistry

of this university employing ethylene glycol s the
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solvent, The value obtained for this substance et 4.5 mm.
pressure and a temperature of 2300, is 2.12% (Table XXXVIII)
The corresponding value for wood is 5.07% so the
increase in zdsorption caniot be due to lignin. Aside
from lignin ena cellulose the remaining constituents
of wood sre hhe hemicelluloses and-certein soluble
cabbohydrates and resins. It does not seeri probable
that these substances will shov excessive adsorption so
it seems thaet the difference can not be attributed to
the non-cellulose rortions of wood,

The natural conclusion is that the difference is
due to somethin; inherent in the two tyres of cellulose.
Cellulose was extrected from wood by chlorinaticn
followed by treatment with sodium sulphste. The
values obtsined are indicatec¢ in teble XXVII and
are nartly reproduced sbove for comparative purposes.
It will be seen that the values are considerably higher
than for wood ¢nd are, in fact, of the same order of
magnitude s the values calculstea from the difference
between vood and cotton cellu.cde. This fact makes

availeble anothe:r exrlanation.

The cellulose obtainea from wood by removal of the
lignin by chlorination 1is commonly differentiested into
three types.

Alpha cellulose  insoluble in 17.5% &lkali.

Bets cellulose soluble in the sbove but re-precipitated

by ccetic scid.
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Gama cellulose Soluble un slkeli but not repprecipiteted
by the =ddition of =acmd

Cotton cellulose is considered t§riargely &lpha cell-
ulose. It may well be that the beta and geme celluloses
have a much greater affinity for weter than the alyha
ce.lulose which would at once sccount for the hi her
cdsorption of wodd and of extrected cel.ulose. The
solubility of these (wo forms in alksli lends favor:ble
evidence to this idec.

There remeins the possibilit; that the increased
value for wood is due 1o a more complex ultra-microscopic
structure vhich czuses cc¢pillery condensation &t lower
vepor pressures., It is known thet cotton bhelongs to the
class of gels possesing very coarse ceplillaries so that
the c¢mount of weter taken up would be largely done so
by true sdsorption o¥ absorption znd cepillary condensstion
would plsy no pert. This uoes not, however, accord so
well with the observed results es it feils to explain
the increases adsorption of extracted cellulose &and &lso

if this were the case it w.uld be expected that in the
lower regions the cdsorption isothermals for w.od and
cotton would co-incide. As this does not take place
¢t any point it points to the previous sugiestion of

& cifference 1in chemical attrection rather than a

physieal difference in structure.
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Summary of Results.of the Fibre Szturation Point.

Saturation voints obteines by extrapolation of Adsorption
isothermals at 23° C, Results exyresseu as percent of

dry weight of wood (stbject to restrictions of p. )

Cotton ceilulose « o & v v o v o o .+ . . e o o 11.8
Spruce scpwood © ¢ & e s s s s s e s e e e e 24,0

Jack £ine sauwood + ¢ v 4 5 e 0 s e s e 0 4 . 31.0

The literatu® does not contain refcrence to any previous
determinationd of the fibre saturation point of these
particuler species of wood which are typically Canadizn
woods, TFor purposes of comparison several other species
are represented below together with the name of the

method by which the point was determined,

Sitka siruce. Lioisture content 3065
" Shrinkesge 2840
" Modulus of rupture <7.0

" Electrical conductivity £9,0
Redwood " " 3045

" eEtracted " " 31.0

The values for electrical conductivity are due to Stamm
and have apreared in the + i: Jonrnal of Industrisl

and Engkneering Chemistry April 15, 1929, The value
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for extracted wood are interesting &nd may be compared
with the value obtained for extracted ce.lulose in this

research c e s e e e e e N T 44

The most accurate determination of the saturation
point fo. cotton cellulose has béen made by Urquhart and
Williams (ref 28)

Soda boiled COttom o o 5 o o o o o s o o s o o 22.4%

Tt will be noticed that this velue is greatly in

excess of those obtained in the present research. This
is no doubt due o the _resence »f condensed weter which
these investigators admitted to be visible in their

apparatus at the saturation point.

ANALYSIS' OFADSORRTICN .I1SOTHERMS.

The behaviour of gels during the zdsorption of gases
or vapors divides them roughly into two classes,
non-swelling and swelling. In Fig.9 a comparison
hag been made between the adsorption isothermal of
wood and of gelatin vhich may be taken as & typical
swelling gel. The similsrity in general cha&racter is
at once apparent. The wood substance may be considcred
as a swelling or elastic gel. The adsorption of water

is then completely reversible, as the gel dries the

process occurs smoothly 'without any discenténuities as
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are found in non-elastic gels, (like the opacity point

of a silicic acid .el) the gel finally dries to

a hard solid.

A déscription of the most commonly accepted theory
of gel structure will aiford ¢« picture by which the
phemomenon of cdsorption may be explained. It 1is cenerally
assumed that gels pogsessa heterogeneous structure, a net-
R it

work of ultra-microscopic c.pillaries sepebates the actual
particles of tne gel. In the case of a gel which is
satur-ted with water these capillaries are €illed

with ligwid, &as the gel dries the liguid is removed

from these spaces. In the ccse of non-elaestic gels

the paerticles, or micells as they ere termed, experience
irreversible crnanges by which they become progressively
more rigid and less hydrophyiic, hence upon drying a

limit is reached a2t which they cre too rigid to close

up further znd open capillsry spaces are left. Upon

being &again brought into contact with wetier they only tzke
Ngg}t up in so far =s th;y £ill the capillery spaces
without the micells, which have become coarser =nd more
rigid, being zgain subdivided and the gel softcned snew.
In the case of swelling gels, on the other hand, the micells
do not losc their vower of teking up liquid reversibly.
That is, when the, are packed closely together on dry-
ing, the walls remain suple =nd the micells do not

become coarser and lose their identity. ‘hen liquid
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is added again theyv now move apart to their original
condition causing the wholc gel to swell,

The adsorpfion of water by follows this behaviour closely,
The micells may be thw cellulose molecules themselves,
or more probably agregates1of these molecules. (Herzog,
by x ray measurements has calculated the volume af the
cellulose molecule as .68 Mh? while micellular particles
are generally many times this wvalue.) The micells are
probably orientated in the cellulose fibres as swelling
is much greater in ithe longitudinal than in snv other
direction.

The dry wood is then a highly dessicated colloidal

gel consisting of an aggregate of minute pabticles
neld together by their mutual attraction. Owing to
the fineness of the micells the surface area will
be large comparéd to the volume ( Stamm §Ref. 13) calculates
the surface per gram of wood substance as 510;000 sq. Cm.)
On this surface the vapor is first adsorbed, the. pressure
exerted by the water molecules being less than the saturation
value by virtﬁe of'the attraction between water molecule
and waﬁ“l micell. The amount off water requireu to saturate
this surface will be taken up rapidly by the process of
true adsorptiqn:of a gas on a solid,and for any'given‘

vapor pressure the equilibrium adsorption value may be
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astteinec in either direction, that is, there is no
nhysteresis effect. This is well shown, in the case of
wood, by the shape of the adsorption isotherm nesr the
origin. The first 1 to 2% of water is taken up
reversibly and at a reiuced vapor pressure (see Fig 5 F.)
causing a flattening of the curve in this region.

As more water is auded eventually the oprosing
surfaces will unite to form a column of @ater in a
capillary, the pressure et whicgh this takes pleace
will depend on the diamcter, the lergest cepillaries
being the last to fill. In this pap¥ of the curve there
is essentially = free water surface, the vapor pressure
of which is governed by'the radius of curvature. As
nore vwater is added, it would be expected that the
vapor prescure would remain vracticelly constant until
the cappillaries were rilled, any increase in vapor
préssure bein. due to the filling of & larger canillerye.
This is the case for & non-swelling gel where the
wells are rigid, but s wood belongs to the elastic
class the walls of the capilleriecs move apert causing
an increase in the madius of curvature of the surfeace.
Hence vapor pressure infreases with adsorption, end
from the curves it will be secn thet this tskes plsce
in & linear fashion.

As the vapor pressure approaches the saturation uoint,
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a very smell lowering will be sufficient to cause liguid
condensation., Hence it is conceivable that at this point
the larger  pores in the wood, such as are microscop-
ically visible,:. are becoming filled with water. 1In this
way very small changes in Vabor pressure w111 entail
great changes in adsorptlon and the 1sothermal which
expresseS'thls will flatten out near the saturation point.
Thus it will be seen that this picture of the colloidal
nature of wood affords a plausible theoret:i:cal explanatior
of the observed facts. The'reason why the adsorption
isothermals of different woods often co-incide in the
lower parts of the curve is at once apparent, for the
taking up of water in this_regiOn‘depends'on.the fine
invisible structure of the wood substance, which is
probably fairly constant between different species.
Condensatlon near the saturatlon roint will probable .
e drorrtn
‘be occuring in the lumlna of the fibres themselves which
varies widely
Further evidence in favor of this view 1s adduced
from & consideration of the rstes of sdsorption at
different relative vapor pressures . If dry wood adsorbs
water at a vapor pressure of .1 mm. Hg, the time required
'for the estabiishment of equilibrium is aprroximetely
nine minutes. This value is of the order of magnitude
comparable wiih usual rates of adsorption which seldom

exceed several minvtes. The longer time in the case of

wood is probably due to some absorption which takes place
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together with the adsorption.
Along the straight portion of the adsorption isothermal

the time required for the establishment of eguilibrium

L

is approximately the same)showing a‘vaiue of 20 minutes
which increases slightly at higher va@of-pressures.
According to the idea»Submitted above the increased

time over tie case for pure adsorption wi11 be due

to the time required to fill‘the capillary spaces between
the micells of the wood.; This time will be‘pr0portioﬁal
to the rate of condensation and the rate E%Tg;erapor
diffuses to the condensing surface,

,Fdr the upper part of the curve, near-.the saturation
p%int, the time required is very great, the establishment
of equilibrium being incomplete even after the elapse
of three hours. This is again due td the time requifed
to fill +the larger capillaries, and the time reqiired
for gaseous diffusion. This latter factor is probably
a very considerable one-neai the saturationpoint és
approximately 20 litres of vapor at thé temperature
and pressure of the'experiment are required to saturate
one gram of wood. (500 volumes at N.T.P.)

The rates which have besn diecusse. above are listed

in the following table:
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Results for suruce scpwood.

T.. 83°C. T ove. 33°C T ... 23°C.
VePo o105 mm, V.P. 4.58 mm. VoP, 18.11 mm,
TIME. S TINE S TINE S
1.0 .14 1.5 1.23 2.0 3.78
3.5 .14 4.5 1.47 7.0 6.3
9.0 .28 8.5 2,35 15.0 8.4
Final .28 14.5 3.06 32.0 11.1
£1.5 3.19 67.0 13.5
Final 3.19 162.0 15.6

165.0 15.85
300,0 16.35
Final 16,42

It is convenient at #his point to mention the rates
of establishment of equilibrium of cottion cellulose.
A survey of table XXXIII will indicate thet the time
for cotton is very similer to £hat of wood about <0 minutes.
In table XXXVIII, however, a different behaviour is manifested
In this experiment, which was performéd &t a vapor pressuke
of 22 mm. Hg, the cotion cellulose reached equilibrium
in 21 minutes, while the wood, in common with behaviour
indicated’abhve, required 75 minutes. It is possible

that cotton has a more uniform inter-micellular structure
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80 that the time required to fill them is the same at

different vapor pressures,..

Bize of Inter-micellular Capillaries.,

If it is assumea that the pressure of the system is

controlled by the curvature of water surfaces in -seapill-

aries, the pressueke at any point depends on‘the cory esponding

diameter of the capillaries. Thus by the use of the
formula connecting lowering of’vapor“pressure with
curvature Ol suriace, 1T should be possible to
calculate the size of the capillaries.

The appropriate formula is obtained as tolloww:-

The expression invovling éé}ius of curvéturé, surface
tension and rise in a capillary is,

per

A = o (h+1/3 1) . ... 1)
~= . |

where h is the height,
r is the radius of curvature
N is the surface tension,
© is-the density, and
g is thé gravity constant

When r'is‘very_small, h is corresponding large, so that

in the expression (h 1/3r) -1/3 r may be neglected, hence

): gr‘h
2

o ¢ o e e o 2 e e s &)
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The relation connecting reduction of wvapor pressuge

with height is:

Po - M h

log L 4 L] o [) . [ o‘ ® 3)

Pn 1000.1033 B T

By a combination of (2) and (3) the following expression

is obtained:

M2 A
Tr = e o o o o o 4)

@ & 1000 . 1033 R T log Pq/ph

In which p, is the pressure at he 0 in this case
corresponding to the saturation pressure Pg *
P, is the pressure at height h, .in this
case. the vapor pressure coresponding to
a radius of curvature r.
M, R, and T, have their uéual.signifiganee.
It is customary to assume that the surface tension
is the same as that of the liquid in bulk, whereas for
the thin‘films.ander consideration this is probably not
the case; However, making this assumption we ¥ing thgt
theoretical radius of the capillaries at different stages
in the swelling process. |

Values for Sprucé are as follows:—
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Adsorption. Vap. Press. Te
2.30 % 1.6 mm. Hg. 4.5 ¥ 16~° cms.
8.85 " 10.5 " 16.2 ¥10~8 »
20.00 " 20.5 " 381.0 y10°8 »

The first value is taken at the point at which hysteresis
disappe: rs and thus it may be considered s ﬁhe smallest
capillary in the collocidal structure. The diameter
corresponding to this radius is 9 5,:10-8 cmg which
represents the distances between two opposing surfaces.
of adsorbed water int the smallest pores. At relative
vapor pressures smaller thaﬁ this value the results
of the calculation of r become smaller than the size
of the molecules themselves, hence it may be assumed that
in this region the taking up of water consists of
adsorption on the dry walls and not on capillary condensat-
ion. For all vapor pressures above this region the
radius of curvature increases becoming comparatively

very large as the saturation pressure is approached,

Hysteretic lag Between thne Takin: Up a&nd

Loss of Water,

The appearence of a hysteresis effect has been

. : A Jane Ao ond
generally noticed . The relation of the ddserption

adsorption curver to one another is shown in Fig. 5 for
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spruc® and cotton cellulose. The effect is not continued
to the origin but disappears at an adsorption of spproxim-
ately 2.5%. The significance of this fect hes already
been discussed. The two curves apparently co-incide at
the saturation p int although this ca.not be determined
experimentally. Certain ceses failed toi?g;é
hysteresis effect as will be seen in Fig 10 (p \uo ).

In this experiment the same value was attained from
either direction when the temperature was 33°C. At

a lower temrerature however an apparent pemmsnent
hysteresis was observed. A careful survey of the effect
of gain or loss of water has been conducted the results

of which are found in tables XVII to XXI .« In practically
all eases a definite hysteresis mas found which decreases
&8 temperature increases. In spite of a few wxceptions
it must be considered that this phenomenon is a

chsracteristic one and a fundamental explanation must

be sought.

A mechanisa wiiich is awrlicable to the case under
discussion has been sug.ested by Zsigmondy (Ref. 3 )
and was first applied to silicic acid gels. it is
assumed that when the walls of the micells have become
dried they are less easily wetted. Thus as water is

being taken up the radius of curvature of the surfece
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is less then when water is lost in which case the
walls of the capillary have already been wetted by the
liguid. If tais is s;?%ater is taken up the radius of
curve ture of the liguid smrfaces 1is greater and hence
the vapor pressure is greater for the sesme content.
When water is removed from the sample the walls will be
already wet so the true radius of curvature for the
canillary tube will be assumed, if the liquid completely
wet¥s the solid surfaces ,the curvature will be considerasbly
greater causing a lower vapor pressure for the same
amcunt of water taken up. So that vherever the taking
up or loss of liquid takes place by the filling or <
empltying of small capillaries, a jysteresis effect will
be noticed.

Applyving this picture to the case of woof, for
the first 2% it has been pointea out that water is
taken up by true adsorption on the large specific surface

presented by the wood structure. Accordingly, in
this region the adsorption will be completely reversible,

& fact which has been found to be experimentslly true.

For all adsofhions above £7% till near the ssturation pbint

pronounced hysteresis is found , this would be expected

if the th.ory of gel structure is accepted, as the taking
ur, of the adsorbate is caused by the fi.ling of

capillaries.. Near the saturation point the hysteresis
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decreases and presumablg disappears when the actucl
saturation point is rezched. This is cexplicable on the
grounds that the capillaries iwhich are becoming filled
in this region of the curve,are so large that the liguid
surfaces which are presented‘differ little from a plane
surface.

The natural conclusion of the above is that the
true equilibrium value for any given vapor pressure
will be attained by the loss of water. That is
the desorition idotherm is the true one. This idea has
been zdorted by another investigator, Coolidge,in his
work on the adsorption of vajpors by charcoal (Ref. 36 )
noticed a hysteresis effect and considered that the

true value was represented by the lower curve, In general

however, the tendency has been to regard the true
adsorption value as the mean ®f the results obtzined
by loss and gain of the adsorbate.

A rather conviincing piece of evidence for the view-

point is afforded by the following experiment.

?

Spruce sapwood. 23° ¢,
The following steps are passed through VePo. _Se
Step 1. Sample adsorbs water from dry state &.. B8iiki, 2.86%
" 2, vapor pressure rises to . . . . . 20,0 " 10.50%
" 3, pressure r eturned to « o o s 4,58" 6.03%
" 4., Pressure to zero for 10 minutes . - 3.80%
" 5, pressure raised to « e o o o 4.,58" 6.03%

This process is immediately explicable on the grounds
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of Zsignmondy's theory. When the walls of the micells
are very dry, the value attained by the sample at a
constant vapor uressure of water is 5.56% . If the
pressure is considerably elevated and the adsorption
increased to 10%, on teturning to the prewious

pressure the adsorption value will now bg 6.03% showing
the hysteresis effect, which has been attributed to the
fact that the walls of the ceapillaries are now wet. If
now the prescure is lowered to zero ¢nd the sample dried
for a short time, the valué the value obtained

on re-exprosure to & vapor pressurc of 4.58 mm. is found
to be identical witn that obtaine« by loss of water
namely 6.03%. Hence if the walls of the capillarics
have been previously wetted by increzsing the adsorption
above the expeeted saturation value, the true value

may be reached either by adsorption or by desorption.

The process indicated abowe constitutes a simple
and repid method of obtaining the true adsorption value
for any given vapor pressure. As will be seen in Fig.l0
the rate of adsorption is very slow and it 1is inconvenient
to obtain the required values  by this method. The
following method, based on the theory outlined above,
has been used to overcome this difficulty. If it is
desired to obtain the amount of adsorption corresponding

to a vapor pressure of 5 mm. Hg. The tube (B) (See zpparatus)
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is hested to a temperature corresponding to & much higher
vapor pressure, ih this way the sample isgsaturated

with walhker , the tap to the water tube is then closed
and the sample is rapidly driea below the expected value.
When the sample is again exposed to the required vapor
pressure the true equilibrium velue will be attained

by the adsor-tion of water in a very short time. This

procedure has been followed in the present research.

Adsorption of Condensible Vapors Which do not Vet

the Adsorbent.

One case of this type of adsorytion has been examined
namely benzéne and wood. The isothermal so-obtained
is plotted in Fig. 9. The amount of &dsorption is much
less than in the cese of water, and a great difference
in character is noted near the scturstion point.
Near & relative vapor pressure of lOQ% there is no
flattening of the curve as ip the case of wood.
This indicates that in the case of benzene, &t no time
is condensed liquid present, and the increasei%eight
is due purely to aasofption of molecules of gaseous benzene

on the surfece of the wood structure. The form of this

isothermal is typical of the case of the adsorption
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of a gas above its critical temperature, since the
liquid does not wet the solid there is no tendency for
it to be formed. ~“his case is very interesting for
there have been few determinations of the adscrption

of a non-wetting liquid. The shape of tne curve in the
vicinity of the seturation roint suggeststhet super-
saturction mey exist which will be removed only when

suitable nuclei for condensation exist.
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GENERAL

In order to utilize the rate_of establishment of
equilibrium &s a compsrative messure of the
rate of diffusion o® vepors through wood, it is &bsolutely
necesssry that the verious semples of wood be exposed
to a constant wvapor pressure in every case. The most
convenient way to obtain this 1is to immerse the water
tube in a stirred mixture of melting ice. In order
to standardize conditions,all the samples which will
be discussed have been examined =t 23°C. and &t a
vanor pressure of 4.58 mm. Hg.

Standard Sample.

Toserarete the effect of thickness on the rete of
vapor -d ffusion, it is necessary to have a standsrd
against vhich to corpere these retes. That is the rate
et which ¢ free surface adsorbs gater vapor. A longidudinal
thickness of 1.5 mm. has been chosen since this is
so riuch #less than the average fibie length that every

fibre ® cut through zt lesst once . It is assumed

in such & sample that every surface is accessible to

an entering vapor, so that the structure of the wood
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plays no part in sffecting the r. te of penetration.
In Fig. 10 the rate at which such & ssmnle cdsorbs
water 1is shown. It will be seen that the rate
at. different %emperatures id similaer , while the
r=te of loss &f weter is much slower and tends to
increse at lower temperztures. This standard time
is much the same with different samples as the

following tzble will show,

Time in minutes, from the dry state to equilibrium

at a vapnor pressure of 4.5t mm. Hg.

Srruce. Mo. 2. 4, 6. 9. Aversges
Heertwood <l.0 17.5 21l.5 20.0

The question as to whether this time represents adsorption
absorptiong or the process of filling un cepilary
spaces has been discussed previously. A decision in

this matter is not necessary for +his part of trne discussion,

s it is only necessery to assume that the walls of the
wood structure require this time to become ssturated
when airectly exposéd to water vapor gt the given
pressure. If this bate is measurea carefully &nd

en everage velue obteined, sny increase in the téime
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required to establish equilibrium in the case of thicker
samples will be due to the time taken to diffuse through

the wood structure.

Method of Comparison.
it was necessary to find some convenient basis

of comparison of the rates for different samples.
The uncertainty of the final saturation point mekes it
a poor criterion on which to base comparisons of the
diffusion rate. It is therefore assumed that 21l
samples of the séme wood would finpally attain the
the value rcached by che standard were the experiment
protracted until equilibrium was completely established.

This assumption has been tested in the case of samples
which are saturated in a reasonable time and it has been
foundto be valid. If the saturation value is measured
.or assumea the time to half value may be obtsai ned
firom the curve.

Directions in which Diffusion has been Measured.

The most important passages ir the tree occuarc
in the longitudinal direction as it is in this way that
a passage for the food carrying liguids must be found.
The genersl structure.of wood has been described
previously,reference to Fig. 1 will at once indicate the

importance of the longitudinal direction. Thus it is that
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by far the greater number of determinaticns have been
made in this direction. Samples whose longitudinal dimensions
ere various multiples of the average fibre length have
been chosen and the rate of establis ment Oféequilibrium
examined with both one and two transverse fecces
open.
A number of experiments have been peiformed in
the radial direction, by blocking off the transverse
and tangential faces.
The tangential direction has little interest

. : no .
and Dbeyond one experiment it has %een exemined,

A, ILongitudinal Diffusion through Spruce. (Picea canadensis)

Samples with a longitudinal dimemsion of 5, 9, 14,
and 20, mm. have been examined both for heartwood and
sapwood. The results are listed in tables XXXV and

XYXVI. A diseussion of these results is best conducted

by reference to the time curves which have been
ployted in Fige. 11l and Fig. 12.

It is at once apparent that there is a great diff-

erence in the rate for heartwwod and sapwood. In the

case of the latter, even up to a longitudinal dimension
1eAgEl/ of 9.5 mm. there is little difference in rate
from the 1.5 mm. sample: while in this case, with an

average fibre length of 3.5 mm , there must be at least
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one fibre comuletely enclosed in the body of the wood
and which can be reached by the vapor onlyg by passing
through the openingd between the fibres.

In the sase of heartwood (Fig. 1Z) The rates
for thicker samples are quite difierent. For the
standard sample of 1.5 mm. thickness the rate: is -
siilar to that of scepwood =0 that the difference which
is so obvious in the cese of thimrker scmrles must be
due to the resistance offered to the enterimg vapors
by the opening between the fibres. The marked difierence
between retes of diffusion in the two kinds of wood is

well shown by & consideration of the tiwme to half value.

Jrruce. Timed2 Time/2

Long. Thickness Heartwood. Sapwood.
1.5 rmm, 2.8 min, 2ed Min,

5.0 - Se2 M

9.5 " 9.9 " 4,5 "

14.0 " 1.1 " 8.0 "

Since & smell change in the AR@ee to half value corresponds
to a very grest difference in rete the difference b:tween
diffusion in heartwood and sspwood 1s even more marked
than the above woulu indicate.,

Diffusion Through Dried Spruce in the Longidudinal

Directione.

The results of time experiments on various samples
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of Spruce B (see p. 25) are indicated in table XXXVI.
The values are not essentially different from those

of green wood as the following table will gnedsaste

Thickness. Heartwood. T/2 Sapwood  T/2
1.5 mm. 2.1 min. 2.2 min.
5.0 " 5.5 " 4.4 "

9.5 # 10.4 ® 4,5 "

These values check well with those obtained above

for Spruce (A).
This fact has a bearing on the unsolved problem

of the nature of heartwood. While this part of the free
has ceased to ¥ake an active part in the 1life process,
it is difficult to state just .how "dead" it is. If the
changes which characterize the formation of heartwood
take place-by'natural by natural ageing after the
death of the woofl, it would reas onably be expected
that sapwood would undergo a similar change ; sd that
a sample chosen from the savpwood bf a log which has
been air dried for several years whuld prove more im-
permeable to water vapor than a fresh sample. This
epparently is not the case as indicated by the unchanged
rate of penetration, so the impenetreble condition
of heartwood is evidently a change which takes place

by the agency of life processes .



Diffusion Through Spruce Wood in the Radial Darection.

In table XXXV are listed the results of severel
experiments in which the transverse and tangential faces
were masked so that the penetration of the water veapor
into the dry sample was restricted to the radial direction.
The results are plotted for heartwoo d and sapwood
in Fig. 1< and Fig. 11 respectively. A greater difference
betweern the two kinds of wood is manifested than in the
case of longitudinal diffusion. In fact, in the case
of heartwood, zfter the first repid adsorption which
saturates all the readily accessible surfaces, the
adsorption proceeds so slowly that even the time
to half v:. lue must be obtained by extrapolation.

The magnitude of these values 1s indicated below:-
SaAPWOOA o o o o s o s s o » s s o » » 122 Min,
HeartWwood « « o o o o o o o o oo oa o 310 "

Diffusion in this direction must take place through
the medullary rays which are comparatively few ih
number . Communication between the rays and the
fibres which make ﬁp the bulk of the wood substance
is established by means of the borédered pits.

Thus it is that in the case of heartwood, in which
these pits are stopped up in some way, the small number

of openings makes the wood almost impenetrable.
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Diffusion in the Longitudinal Direction.

The values for sspwood show & markec similarity
to thise of spruce (see Fig. 13 and tables) while in
the case of heartwood there is considerable difference.
As seen from the curves the thicker keartwood samples
are quite s impenetrable as the radial sections of
spruce. For comparative purposes the values to half

saturation are reproduced below together with those of

spruce.

Sapwood. T/2 in minutes.

Thickness. Spruce (4) Spruce (B) Pine.
1.5 mm, 2.3 £e2 22
5.0 " 443 4445 4,2
9.5 " 6.4 4,5 6.6

14,0 v 8.0 - -

Heartwood.

1.5 mm, 2.0 Sel 2e¢D
5,0 " - 5.5 4.0
9.5 " 9.9 10.4 50.0

14.0 " 18,0 - 160. 0

It is apparent that the natursi process which
produces heartwood from s:pwood results in much
greater stoping uv of the pores. This is perhaps to be
expected from the fect thet the resin content of

pine id much higher than that of spruce.,
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Redlal ven- tgation,.

The curves for the rate of diffusion dn the radial
direction are plotted in Fig. 13. These values indicete
that Fine is in generel more penetrsble in this direction,
as the rate for sapwood is greater than that of spruce,
and that of pine hesrtwood is the same &s spruce while,
from a2 consideration of the longitudinal penetration it

should be much slower.

Discussion of the Number of Fibre lengths per Sample.

In order to gif% the results of time measurements
a meaning in terms of the wood structure, it 1is nccessary
to find the number of fibre ends which must be -.assed
to saturate each sample.

The fibre has not a constant length so that an average
value must be accepted. According to Sutermeister the
average for spruge 1is 5.53 mm.. If this value is accepted
a sample whose longitudinal démension is 5 mm. should
contain #t least 1 fibre length. If both ends of such a
gample are open the greater part of the fibres will
be accessible zt one end at least. The closing of one
end, however, should mask off at lecst half of the
fibres so that they must be reached through the pores
connecting them to the fibres whose end is open.

In Fig. 15 it 1is seen that this is not experimentally



L A W

borne out, the 5 mm. sample showwlittle change in rate
when one of the transverse faces is blocked off.
Apparently in &his sample the average length of fibre
is greater than 3.5 mm. A qualitative examination
of sections of spruce under the microschpe substantiates
this rosult.

In Fig. 15 the effect of closing one end of a sample
of 9.5 mm. longitudinal thickness 1s depicted.
In this case there is a considderaible reduction in rate
takes place. It would zipear that in -his section at
least one fibre, on the average is so placed that

it may be recched only by passing through the bordered

pits between the fibres..

The effect of closing one end is indicated ©n the

following tabie of times to half value:-

Spruce A. Sapwood 1. Face. 2. Faces.
4,5 mm. 4,4 min. 4,3 mine
9.5 " 9.2 el

l14.0 " 11.5 8.0

Pine. Sepwood.

5.0 mm, 545 4.2

9.5 " 7.4 646
Heartwood.

5.0 mm. 19.7 4.0

9.5 " 200.0 50

14,0 " % 160.0
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The table wgll-illustrates the extreme lack of _orosity
of pine hezrtwood. The closing of one transverse end
hes a tremendous effect in retarding the attainment of
final equilibrium. It is to be com cluded that the
formation of heartwood in the case of pine involves
almost a complete stopping up of the vores. There is
much difference of opinion «s to the mechanism of this
change. It 1s considered by some that the torus, which
is like the f%ﬁp of a valve, 1is presseu over to one side
thus firmly closing the passage. The above results
would tend to support this view,at least in line case of
pine, for tune slow rate of penctration [ when there must
be considerable pressure difference across the o;enings)

voints to a very tight sealing of the oienings.
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SUMMARY AND CONCLUSIONS.

In this investigation the ®mdsorption isothermals
of wood and cellulose have been for the first time
determined by & method free from inherent error. 1ne
isothermals :ihave been indicated throughout their entire
length from the origin to the saturation paint.

A consideration of the isothermals at different
temperature haes edtablished the fact that adsorption
is indevendent of temperature and is a function only
of relative vapor vressure. The theoretical reason for
this has been indicateda both qualitatively and mahhemat-
ically.

By vlotting the variation of vapor pressure with
tempereaturegadsorption isosteres have been obtained
which &re exponential curves similar to the
typical vapor pressure curve. For a consd¥erable range
of adsorption the points of log p plotted sgainst 1/%
fall on & straight line. It follows that the adsorption
in this region may be expressed by the relation,

log a/p = B' AT
This releation has been deduced from purely theoretical grounds
and its application to wood is significant.

The effect of various natural factors on the adsorption

of water by wood have been carefulls attention. There
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seems to be little differcncé between the final saturation
value attained by heartwood and sauwood. The curves

for pine show a marked divergence at lower vVapor pressures
finally co-inciding again at the ssturation noint. The effect
of natural drying has been examined and it is found to

reduce the smount of adsorpytion nesr the saturation

point, which is itself condiderably lowered. At lower
humidities, however, there is little difference between
dried and ¢ reen wood.

This effect,both from practical and experimental
grounds, may be considered as a characteristig one: that
is, if differences are noted, they will ve most marked
at high relative vapor prcssures. Thus it is seen that
the saturation voint off spruce is 24%, that of pine is
31%, while fromthe origin to a relative humidity of
25% the two isotherms are identical.

A theoretical analysis of the adsorption isotherm
has led to an understanding of lhe observed facts in the
light of the modern theory of gel structure.
The shape bf the isotherm snd the reversability of the
adsorption place wood in the class of swelling gels.
It is considered that the wood substance is made up

of small particles which are separated by ultra-microscoypic
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canillaries. In the vrocess of taking up water
the walls of these capillaries are first szturated with
an adsorbed layer of the vapor, this is followed by the
filling up of the pores with liquid condensea at reduced
vapor pressure due to the small radius of curVature of
the liquid surface. As the vapor pressure increaées
the capillaries increasé in size causing the wood to swell,
until near the saturation point the awmount of liguid
taken uv is very largeé for a small increase in vapor
pressure.. In this region it is considered that largze
pores such ss are microscopically visible will be filling
with water as the required reduction of v« por pressure
to produce condensation is very small. This picture
exactly fits the adsorption isothermal of wood, it
explains the shape of the curve end he reason for the
great'variation between cpecies et higher vapor pressures.
Or rather it may be considered that the similarity of
the curves in the lower regions proves the fundamental
unity of woou stlhgtamnee

The theory &as extended to apply to wood affords a
theoretica} reason for the hysteresis éffect which
was observed in elmost all ceses. It is due to the
difference in curvature of surface during filling
and emptyin; of the sub-microscopic capillaries with

its attentant variation in vapor vressure for the same
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amount of adsorption.

The moisture equilibrium of cotton cellulose has been
examined and new values obtained which are greatly
less than those indicated in the literature. The
vaelues for cotton cellulose zre much less than those for
wood, while these for extracted wood cellulose are
consider: ble grecater. A consideration of the composition
01 the two varieties of celluloses at once uisclosed
the reason tor the difference. Cotton ceilulose is
lar-ely adpha cellulose while wood cellulse contains
two additional varieties, beta and gamma cellulose.
The; e latter , being soluble in alkali , have a greater
effinity for water than alpha cellulose, hence their
presence 1in wood is resronsible for the increesseda
adsogption.

In the second part of this research the experimental
method his been extended to afford « means of examining
the rate of diffusion of weter veior through the wood
in various directions. The rete of ienetration in the
longitudinal direction hé&s been given pa:sticular attention.
It has been dempnstrated thet heazrtwoofl is much more
impermeeble that sarwood and in the case of pine
the difference is particuiarly striking. The rste of

diffusion in the radial direction has @lso been examined,



This method makes it possible to obtein numerical
values of a comperative nesture .

It will be evident that the experimenteal jprocedure
described in this investigation is one capabie of wide
application in the field of adsorption measurements.

It 1is perticularly adapted to the mecasurement of zdsorption
of condensible vapors, and poéseses &1l the obvious

advanteges of direct measurement,
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