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GElmRAL INTRODUCTION. 

The cheraical cjnd physigal nc .. ture .of \~oocl f.nd cellulose 

lead to their classif~cation &s c6lloidal substanc8s. 

Among the most im-portant r:roperties. of colloids is the 

:henomenon of adsorption. In the case of wood) water 

is the most common adsorbCite and is the one 'which plays 

the largest part in affectin~ itsphysic~l properties. 

Water occurs in wood in tViO formsl Free wf;ter, and adsorbed 

water. The former has no physical siEriifi&ance, while the 

la.tter plays et d~fini ts role in the swelling,' si'lrin~img, 

and v~ri&tion of IDechanic8l strength, 

. In 81;i te of the i1 ;l.lortance of these Ijhenomena there 

have been no cEreful investigations of the adsorption of . 
water by-wood throughout C-.n extended range of vapor 

pressure and temperature. :Many deternlinationsof the 

final saturation value have been made,but they are 

very con'flicting and have lar~)ely been oLitHined by methods 

v;hich are incapable of any degree of accuracy. 

Two funda~ental errors h2ve vitiated the results 

of many l~;revious researches: first, no I)rovision has been 

to prevent the c ortdensa ti on of free v~ra ter on the sample 

at vapor pressures near the saturation point; and second, 

the sam.c1es which were exarnined were of such le,rge size 



that the "rate of adsorption wc.s confused wi th the rate 

of diffusion into the interier ,of the sE.mple, also the 

time required f6r the final e'stablishment of equilibrium 

was so great tha,t it became -impossible to maintain 

constant conditions of pressure and t'emperature. 

In the nresentresearch a l21ethodis detailed whereby 

these scourcef: of error have be-en eliniina.ted-. The adsor-ption 

of water by wood samples weighing no,more- than .le g. 

has been measured throughout a complete rang. of vapor 

v 0 
pressures and between the, temperatures of 12 and 42 C. 

The complete adso'rption isothermals for severa.'l ~pecies 

of the coniferous woo.s have been det,ermined 'for the 

first time. The values for cotton cellulose have been 

re-determined by the new method and, due to the eliminatmon 

of all-possible condensation, th'ese values have pr.oved 

to be consid~rably lower than those previously "abcevted. 

The second part 01" this I'e.-search comIJrises an 
-

examination of the rate at which water vapor diffuses 

through the i_nternal struct\lre of wood. The importa~ce 

of a knowledge of the manner by 'which hygroscopic 

moisture moves through wood has been frequently emphasized, 

yet no picture Qt the actual mechanism is available. 

Tne experl.men-ca.L proc-edure developed in this research 

offers a-method whereby the 'rate of penetration of a 

vapor through wood may be comparatively measured. 



:By this means the rate of penetration of water vapor 

has been measured in vario~ directions through the wood 

such as l08gi tudinal, radia~ I an,d tang ~n tial , and 

particularly on the longitudinal direction, for 

samples of .varying thickness. 

Wood has been eX'Perime'ntally and theoretically 

treate. as a colloidal Bubstanc~, it ha~ been 

classified as· an elastic gel, and by an application 

of the modern theory of gel structure the experime,ntal 

results have received theoreti'cal explanation. 

000 
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HISTORICAL Ilr.DRODUCTION. 

It has lont; been known that water was taken U~j or 

lost by wood un'~E;r· varYlnt, c ondi ti ons of hWl'lidi ty. This 

variati ..... :n in water content wo-s indicated by -Lhe phenomenon 
c: 

of swellj-ng. It is recorded that the anc;ient Egyptians (REf.l) 

'were c:wa,re of this property and employed it to spli tracks. 
~ 

Dry wooden wedges were into"holes bored in the rock and 

moistened with water, the great swelling l)resf)ure which 

WeS so Iroduced being sufficient to split the stone. In 

certein parts of Germany the iEhebitants ire said to 

ascertain the relati ve hun:ic.i ty by the drooring c'f the 

0ranches of certain des.d trees dUE to uneven swelling (Ref.2). 

Actuc;..l ne&surements of the Via ter taken up by wood have 
A 

been made only in qJ)i te recerLt til:les. 

lvI. E. Dunlap de terminecL thE. :p€rcen t of moj_ sture in 

several species by eXI0sinL, the dried samples to an 

a tnosphere maintE inE.d at some known rela ti ve hUJiJidi ty J 

and weighin~ frOE ti lE to time until a constant value 

was obtaineC. (Ref.3) 

2iemann (Ref.4) deterrained the fibre sc:turation points 
o...rm~M"~ 

of s n'ilIlber of woods by ~ bB-seG. on the ouservation that 

as soon as the moisture content falls below the fibr~ 

satul~ation point, the WQod beg~Lns to shrink and lncrease 

in strength. Thi s 1l1E.1hhod depend.s on the fetC t tha t 



freE; v;'6,tE.r irl the wood has no ef:fect on f·hys_icEl r,rorerties, 

while, en the other ha.nd, variation in the ctmount of 

adsorbed water directly effects size I strer~6th, and other 

~hysical properties. 

There is a great lack of C1g.reeni.ent between the values 

for the fibre saturation p~int as obt~ined by different 

invcstie;a-Lors. Thm.s Tiemann's values run from 20 to 30 per 

c en t, v;hi le Browne (Ref. 5 ) f ound that only 12.2 }!erc ent 

of wE.;..ter was taken up 'when dr:,~ v.;ood wa.s eXI_osed to 0. 

saturated atmosphere after the elapse of 25 days at a 

temrler&tul-e of 2000. j"i~cI=er:.zie, (Ref. 6) on the other hand, 

found that blocks of spruce wood 1 inch x 1 inch x 6 inches 

held at 12°C. in air saturatec} wi th I;YEter vapor, took 

up 43.2 per cent wa t er in ? S; days and e"ds or-I-- ti on was 

still taking place though slowly. In this latter case 

&d~orption is undoubtedly confused with liquid condensatinn, 

which would account for the abnormally high E.dsorl~ tion 

value. 

As a resul t of the many c ommercic;.l a.;:-I~licE., ti ons 

of "YVood in the form of l;lanks and beams, there hE;,S been 

a tendency .on the pE,_rt of investig&,tors to emlJloy saL1ples 

of lar€;e size in which the rFte of Edsorption becomes 

confuseQ with the rate of diffusion into the interior 

of the wood, and adsorptio~ curves cannot be readily 

interlJreted. Thus Tier:1snn found that two years were 



required for the centre ef a bearnJ2 inch·es square and 

16 feet long to fall to t~e fibre saturation point. (Ref. 7) 

Zeller (Ref.a) investi~&ting the effect of resin-

content on hygrosco~icity, noticed little effect until the 

humidity &prroached 100 per eent, in the vicinity of 

v\~hich hv groscopicity iE I't.duced by a high resin content. 

He also found that There was little difference between the 

adsorption values of heartwood and sa~::Iv\ood. 

Fenchel and Cornelly (Ref.g) workinG with paper end 

}Japer pulps noticecl. that water Wc; s adsorbed more rEi"Didly 

than it was lost, though they statEc1. that ad·sorption 

WES not cow.lete after 14 days at 18 0
• Cotton was 

found to adso;rb 16.5 l)ercent and spruce mechanicf,.l pulp 

G2.35 lercent, -when eXl-oseci to a sctt;rated vapor. 

The movement of water through WOOd, both as free and 

i~bibed water, has been investig&te~ to some extent, 

but no picture of the mec~-anism is available. Schorger 

(Ref. 10) suggests ·chat it may pass in the vHI:or stage 

from one cell V/Ell to the other, vihere ~_t condenses to the 

liquid phase and the process is repeated. 
(~t1' \\) 

Stillwell has measured the rate of diffusion of 'tvater 

val)or through Et sa.lnple the opposi te ends of which were 

held in equilibrium at different relatiVE: humidities, 

c nu ha. s rcughly I·lotted the l'es' 1 tinG moisture Gradients. 
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stamm·('Ref. 12) has studied the motion of free water 

thr'ough w,ood under the inf~uence of an electric potential. 

The values obtained for the' ca~pill,ary cross-section are 

in good agreement 'with those obtained by direct micros-

copic measurement. 

Ina recent :paper Sta....l'1lIll (Ref. 13) has measured the adsdrp-, 

of various gases on wood in an 'interestint ,manner. The 

density of wood,mwal was 'determined by displacement of 

Helium gas, whicp, it has bee. shown is not adsorbed Oy 

wood. The difference between the' den~i ty by tnis method 

and that obtained from measuremen"ts -wi th other gases and, 
. . 

liquids 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, ~otton cellulose l on the other hand~ 

has been investigated fairly ,thoroughly.. Due to the 

impor~ance of the moisture relations l;j"in the, textile 

industry, much at,tenti'on has been given to the adsorptior 

of water both by raw cotton and by pu~e cotton cellulose. 

Schloesing" lRef ~ 14-) examined the so-called moisture 

"regain tt of cotton by passing a stream of air over the dried 

sample 11 until equilibrium had been obtained". T:he moisture 

content of tp.e air was ascertained by absorbing the water 

i,n a weighed drying train,. and that of the cotton found 



by heating ?oove lOOu and noting the loss of weight. 

A second 'method was employed in·which the sbmple was exposed 

in a dessica~or to a =?ulph!lric acid solution 01' known 

concentration and hence.' of known vapor pressllre. The 

sample was weighed from tim~ to time until eq~il~brium 

was established. Schloesing's first metbod has received 

crii;icism on ~he ground that the time allowed for' the 

attainment of equilibrium was 'Quitearbitrary~ an,d also that 

the cotton was d~ied at high tempe:rature after the experiment, 

so that the exact initial condition was unknown. His second 

meth~d, while open to serious objection,ha·s formed the 

basis for many $ubse.uent inveBtigation~. The adsorption 

isotherms gi:ven 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 (Refe. 15 &0. ~6) :pain ted 

out the great hygros·copici ty of cotton and also tha.t a 

'considerable amount of hea.t is liberated when water Was 

adsor~ed by the. dry substance. 

lIasson antl Richard., (Ref. 17) following these observations, 

measured, these effects by immersing two t.hermometers 

in a saturated water vapor, one surrounded by dry cotton 

wool and th·e other uncovered. Th.ey were thus able to 

measure roughly the heat of adso:bption, and, by weighing 



the thermometers, they found the c..mount of vvater tbken 

up. Masson and RichaTds indic&ted a hysteresis effect 

for cotton similar to that of a silicic &cid Le1 discovered 

by 'van Bemrne1n (Ref. 18). They obtained tvvo different 

values of the moisture retain of r, 
o- samI,' -;- e of cotton In 

H tr.aosT;here of . relative humio.ity 
., . 

an glven accorulng 55 .... 

to whether thE; cotton -Vlct S wet or dry when IDntroduced into 

the atmosphere. A few of thEir results c._re re.Ljroduced 

be1ow:-

Re1ati ve V.P. 

% H20 tB.ken 
up by.094 g. 
dry cotton. 

0.100 0.294 0.500 0.710 0.956 0.972 

Dry. 0175 O. 0356 O. 0509 O. 076 0 • 12; 78 O. 15 63 

Wet.019S 0.0406 0.0593 0.079 0.1606 0.1792 

These diflerences were BttributeL_ to incomplete estab1ish-

ment of eql;.ilibrium, not to ci r,erm&nent hysteresis effect. 

The true adsor~_tion value Vias consec:uently taken as the 

me·p.n of the two. 

Trouton (Ref. 19) studied the adsorption of water 

by flannel by placing the sample in an evacuate~ space 

into which a mea.sured anlOUL t of we ter va-uor c,-~uld be 
~ 

introduced. The correslonding pressures were indicated 

on a mercury lfic;.nometer. TI.'"elve hours Wc-_S allow-ed jJo ela~se 

between each &ddition of water vapor to ensure the restoration 

of e qui 1 i b r i urn. T r 0 u t on l-~ 0 in t e d 0 u t two €;- e ne rF~ 1 fa c t s: 1. 

the amount of edsorption is in general independient of 



the tes~e~ature and is a function of the relative 

hWllidi ty only, 2. an abnormE< lly large cj .. dsol'I-:tion. takE;s 

p18.ce near the saturEtion tcL1I_,erature, It vvo.s founG! that 

cotton containinG a definite b mount of water behaves 

like an aqueous sol;J.tion in thc",t at different 'Gemper& tures 

it exhi bi ts E vaI)or I)ressure that is ever c<. constant 

fractio~, of thst of pure water. Troutons 2dsorrtion 

isotherrns v~ere convex to the I,rEssurl E<.xis E,.nd were EL 

approximately parabolic. 

This investig&Lion ~&s re~e8te~ by Tr&vers (Ref.20) 

the c_dsorption isothermal w:~,s concave to the J>rE.,sf:.ure 

aXlS. Trouton's ~ork h~s been further discounted by 

later investigations and it hES b~en gener~lly recognized 

that his th\_oreticC:;;,l considerations E.;,p~ply only to his 

own v\'ork. 

Hatshorne, (Ref. 21) workins with cotton~ observed the 

hysteresis effect and again assumec the nean value 

to be tLe true amount of adsorption. He devised a rather 

ingenious method to obtain this ~uJLt .. - -·~e. Tvvo skeins 

of yarn of identical. dry 1'ieigh t were prepared ,one was 

dried, the other wetted, c:.nd both were suspended froIn the 

s.rm of 8 small balance In a ChE;l!lber in which the rlla ti ve 

hW~lidity was regulatea w th sulfuric &cid solutions. 
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Half the.resul ting equilibrium weight was.-c.;e; acceptea c:~s 

the true equilibrilliil weight of the skein. A con~ lete 

se$ of values for the boistur~ regain of cotton on this 

basis was drawn up by the use of (~n interpolation formula. 

According to Scheurer (Ref~ 22) dry ~leache~ cotton 

willtake up 19.0 to 20.2 pefcent of water from a s2turated 

T~e amount of water adsorbed by cotton i~ 

greatly affected by cert2in non-cellulose constituents. 

Thus Lester (Ref. 23) found thc;t the water-solub\e const-

ituents adsorbed 28.7 per cent of 1;i;ater ill comparison 

. wi th 8 per cent for cotton un._le,. t.i:l€ s~ne condi tions. 
~ 

Vlilli&.Hls (Ref. 24) examine!)' the hYLrosc Ol.;ici ty of 

cotton and develol~ed a num-ber of E(.QSOrI·tion isostere 

equc;.tions which hc::ve not, ,hov/ever, receive(i much attention 

from l8,ter inve?~stigatorB. 

Wilson and Fuwa (Ref. 25) determined the hmnidity 

equilibria. of 8. number of substences by eVb,ct;.a.ting through 

a weighed drying tra.in. 'Wood -~-,as found to ha.ve a higher 

c;,dsorption value than moat other CO:~Elon substances. The 

highest v[ilues 'Nere found in ti-le CHse of Inechp,nicbl r:ulIJ 

which has Ihe lignin still l-resent. Wood, cotton, clay, etc. I 

all IJossestd the sarlle general curve bS that found IJrev~its-

ly by M~sson &nd Rich&rds. 

Wilson (Ref. ~~6) examined the humidity :relEtionshi;ls 

of a. nUlnber of sugars by eXI10sing therl to sEI.ture ted air 



and weighing r~l,ec;.tedly. It V-,E, S a~5wln noticed tha t under 

such condi tionS I great time was necessary for the com~'..le"te 

establishment of equilibrium. A hysteresis effect similar 

to that of cotton was noticed for the ~ugars. Based 

on these observations Wilson pointed out the errors 

which must p",rise in any measurement of relative p.un:idi ty 

by a l1lethod dependirl£ en the change in weight of Cl 

hygroscopic substance. 

Kuj irai: (Ref. 27) o.iscussing the moisture relations 

of a number of fibrous insul~ting materibls, indi·cateci the 

presence of a hysteretic lag and also stated that the 

relation between moisture cop.tent and reJative humidity 

was rel;resented by a formulev derived from that of Langmuir 

for the adsorption f 
. I 

o 1:1a . , 

Q, - 1 

a/H b - He 

gas on a solid: 

~ . amount adsorbed. 

H relative humidity. 

a,b,c constants. 

An elaborate examination of the moisture l'elations of 

soda-boiled cotton have been conducted by Urquhart and 

Williarns; -who hb;~e published their resultl. in a number 

of communications. (Ref. 28) 

Their first eXT,eriments were made using sulphuric 

acid solutiond~ in dessicators after the method of 

8«hloesing. Weighing bottles containing thE samples 



placed in dessicatore until constant weight was obtaine4, 

the time required varied from 3 daJs 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 t·o 110°C. and that 

of a sample dried at 15°C. ··in vacao over P205. ~This 

difference practically disS!Ppeared with pure cellulose 

indicating the loss of some vole tile, non-cellul·ose consti tuent 

in the firBt case. They a~LSO notic<:.d that the .rernoval 

of impurities increased the amount of hysteresis (which 

was .found in every cc;se. This has not been borne :out 

in the present inveBtigation~. 
. --to 

This method was not applicable very low relative 

hllivuidi ties or to values near the sajurHtion l~oint, hence, 

in their second paper, the'authors revived the method 

of Trou.ton~ Wat er WE-S added to an evacuated spcice cont-

ainingthe sample from a burette readable to 1/200 cc. 

and the corresponding pressure noted. With this apparatus 

,they investigatea the ex~remities of the adsotption 

isotherm. It' was found that the hystereisi cea'seCl. below 

a rel&tive humidity of 1,~8, whilE; E;t the upper end. the 

curves did not necessarily close~ In this connection 

it must be pointed that this apparatus would be expected 

to yield erroneous results near the saturation point, as 
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the actuE_l Rlllount of Wc: ter adsorbed on thE; cotton is not 

directly measured, but is obtained only as a difference. 

Consequently hear the ~atur&tion point, liquid water 

might be condensing on tha walls of the Cipparatus but 

the calculation would attribute this to th~ cellulose. 

UrQuhart and Williams calculated the size of the pores 

by means of Kelvin's formula for the reduction of var:or 

pressure ~ith radius of curvature and found them to be 

approximatelY ,I.5 times the acce~ttd molecular dimensions. 

In a third ~aper the effect tif t~rupeiature was investig&ted 

utilizing the same ex~erimental ~rocedure. Cotton sat­

uratecL with moisture Vve,_S he&ted to various temperatures 

and the cvrresJ:;onding l:EeSsures noted. Adsorption valuets 

were plotted and adsorption isodteres obtained. According 

to their nomenclature an adsorption isostere represents 

the variation of pressure v~-i th tf;mperbture for S0111e constant 

adsorption. 

Fisher (Ref. 29) studied the rClte of drying of a number 

of colloidal substances such as wool, cotton, clay, etc. 

It was observed that the velocity of ~rying diminished 

greatly in the final staLes and this vvas attributed to 

shrinkage "which would reduce the E.vailable surface for 

evapol'c.."tion. In a-later paper by the sa.me author this 

eX.:.--Io.na ti on Wr~S disc Gunted on the gr.ounds that other 
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substances which shrink on ctTying did not show the abnormal 

curvature in drying curves. It was then assi.:uned that 

the observed :re.; te of drying W[s due to thE:: cOInbined effect 

of imbibed and interstitial water, the latter having a 

constant vapor pressure while the fO.rmer exhl bi ted a 

va:po~ pressure which diminished with the amount of water 

present. 

It will be seen from thef0ret;oing that, in -c:he case of 

wood, there hasYbGen no systematic measurement of the 

amount of adsorption over a ra.nge of tem-perature and 

relative humidity. A cOBsiderable nwnb~r of determinationj 
) 

of the fibre satur£tion point have been made but the 

values differ v,idely. In r:.lost cases the samples emi:.~loyed 

have been of such size that great time was require for 

establishment of equilibrium,times so 6reat that the 
, 

maintainence of carefully rEgulated conditions was imposs-

ible. Practically tib measurements have been made showing 
rate' 

the of penetration of vhpors in different woods and 

different directions in the wmod. The state of knowledge 

is indicated by Hawley and Wise (Ref.30) "From these 

few data. therefore, it seem thE t v"S.,ter 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 

cc·.se of othevadsotptions of volatile liquids by solids, 
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the actual mechanism 18 unknown. It may be condensation 

in fine cE"pillaries, or surface c'dsorption on H peculiar 

fine structure existing in the wood, or the wafter may 

form a solid solutionwi th the wood entei-int-:: into the 

crystalline structure of the cell wa~~, or pernaps ~nere 

may not be any essential difference between these three 

mechBnisms." 

In the CHse of cotton cellulose the field h('::8 been covered 

more thoroughly. The moisture equilibric=.;. of cotton and 

cotton cellttlose is known fairly accurc,tely at all humid-

ities and at ternl)eIatures from l~o to 110 0 C. TliiO 

obj ectiona may be raised to all the pj,'evibus viork. Firstly, 

no provision is made to IJrevent condensation from taking 

place on the walls of'the apparatus and e"len 0n the 

sample itself~ and secondly, the great time reQuired 

.for equilibrium is not in keeping with the general ideas 

of the rate of adsorrtion of a gas on a solid, which is 

gener~,lly a rapid 1roces8. 



PURPOSE A1J""D rETHOD OF ATTACK OF I'RESENT P~SEARCH. 
I' 

Since wood is a substamce of complicatr::d sttucture l the 

adsorption of a va~or will consist of two factors; first, 

the l1enetration of the adsorbate through the wood 

structure, and second, the actual &dsorption of the 

vapor on the walls of the inte.rnal structure. In much of 

the previous work on the subject~he exista.nce of two 

factors has been persistently, overlooked. In the present 

investigation an attempt has be'en made to separate them. 

A brief description of the 8tr~ture of wood will 

illustrate the principle of the method which has' been 

followed. 

In the coniferous woods ( to \"~'hich attention has 

been .confined) there are no continuous longitudinal passages 

through the tree as are c:ommon in the hard'w-oods ,s 0 

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 represents the vertic51 d~ction 

in the tree from which the s&..mple was cut, and is cc:Llled 

the longitudinal direction. The actual length of the sample 

would be about 6 mm. The top of the block rel,resents 

transverst sections of the wood. The rectangular units 

which make up this surface are sections through vertical 
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Fig. 1. 

DiagramE tic Section of a Typical Coniferous ·Wood. 
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cells, mostly the tracheid::', or water carriers,TR,' the 

wills of which form the -bulk of the wood substance. The 

tra,cheids vary in length from .5 mm •. to 10· mm. ha.ving 
( 

in spruce, an average v~lue· of 3.53 nun. (Slftermeister) 

Communication between the fibres is establ~shed by means 

of the bordered pi ts, B P J which are· apertures aonto.lnlng 

a valve-like ~1a.1> known as the torus.· In the heart..-ood 

is assume" that thirs flap is gluect to one side wi th 

resin thus accounting for the impenet~ability of this 

:part of the tree. . The border~d pi ts also conlIDunicb.te 

between the tracheids and the medullary rays. M R, which 

supply a passage .for radial flow ir~ the tree •. The crOf;?S­

section of the medullary ray is seen on the tangential 

face,T G. There are other special intercellular spaces 

known as the resin ducts .. V R D~ which serve to store 

and conduct resin. The summerwood fibres are smaller than 

the springwood which forms the differentiation known as 

the annual ring. 

It will be Been that in a sample where '~he longi tud­

in~l d1rect1on ls cons1derabl~ less than the length 

of the fibres, all the walls of the wood structure are 

immediately accessible to an entering' vapor. Th t .. a is, 

if a vapor suddenly surrounds such a sample, the apparent 

rate of adsorption will correspond to the true rate 



\'\ 

for .t~e gas-solid interface in question. The wood structure 

has no influence on the rate of adsorptiop. Actually, 
-

as will be seen later, the rate of a~sorption 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 longitud~cJl 

direction is greater than the length of the fibre, it w~ll 

be seen, that to reach the inner fibres, the entering 

vapors must pass through such passages as exist in the 

Wood structure. Thus by cOdparing the time ·to saturation 

of such a samp.Le with that of the standard'where the wood 

structure plaJ , s no part, a compara~i ve measure of the 

rate of penetration of .:; vc.por through the wood is 

obtained. :By employing thicker samples of one, two, 

three J etc., fibre lengths it will b~ possible to 

isolate the effect o' a single fibre on the penetration 

by a vapor. This will form a valullle method to cornpare 

variouB woods and various pa~te of the same wood. 

Since wood is an anisotropic substance the rate 

of pebetration in the three directions~ longitudinal) 
, 

radial, and tangential, will not be the same. These :bates 

may be examined by masking the required fases thus restrict-

thE flow to the desired directions. 



DESCRIPTION 'OF. APPARATUS. 

Requirements which must be fulfilled. 

There are certain conditions to ,*hich the apparatus 

must ,conform. It must be capable of giving an accurate 

measure of weight at any time, and combined with this, 
,-, . 

it must 'be of such fornv,/ that at'all times the sample 

is enclosed/and all gases other than the vapor in question 

are rem0ved from the system. Somep~oTision must made to 

prevent condensation of the liquid on the sam:pleat 

vapor pressures near the saturation point. 

flppara tUB • 

The apparatus which has been employed is essentially 

a .~r~ng valance suspended from the to~ of a tuoe. This 

tube is connected to a drying tube, pumping system, lllanometer, 

~na scource of water vapor. 

A diagrama~ic representation of the apparatus is indicated 

in Figure 2. 

The spirals we~e mounted in triplicate in three special 
I ,,., • '. l 
T'; 

'chambers'(C,D,E,) furnished with groung glass joints. The 

spirals were suspended from glass' hooka sealed just above 

the ground Joint. Connecting th.ese tubes to the pumping 

system was a P205 tube (G) closed by a stopcock. To 

supply water, vapor to the apPtlratu8 ay·tube via's placed 
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at (B). The liquid, water J.n r~lost cases, Vi&.S Cc refully 

freed fr,_,m dissolved gases by freezing and evacuatinb sE:veral 

times. The stoIjcocks connectin6 thewfJ.ter tube, drying 
'1 

tube, a.nd the samples, were of special type containing 

a large bore to reduce any lag in the establishlnent of 

a constant pressure throughout the apparEtus. The tubes 

containing the, sr~irals were immersed in a glass-sided 

thermostat fitted v\i th a thermore6ula tor gi vinb control 

toO. 018 C • By ID e an s 0 fa. cob 1 ling C 0 i 1 of 1 e Cl d I) i ping 

a workiLC range of from 10° to 42 0 C. was obtainable 

with the room temJ.erature averaging 24 0 C. When an experim-

E:nt was performeC( the required vapor pressure was maintaineQ 

in the c_pparatus by controlling 'che t\.urerh ture of the tube 

(B) • 

Deflections of t~e s~iral were mehsured with a cathet-
.J-

ODE:ter accurate to 0.05 nlin. Before each reading of the 

deflected end of the ppiral, the :osition of the fixed 

end Vlas taken as a reference r-;oint, the difference betvlleen 

the the two givin~ the length of the spiral when def-

lected by the [iven weight. Ey this IDe&nS it was 10ssible 

to obviate any error due to o.ccidantbl ciisplc:~cenent of 

the cathetometer or &pparatus • 

Apparatus (in detail). 

In choosing the ma teri&l for the SI· ring balance it 



is essential -that the sUbstance posses a very high elast-

icity so that the spiral will show no lag in returning 

to the zero position after deflection.' ThlS requJ.rement 

is best filled 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 piece of quartz tube or rod of convenient size is heated 

in the oxJgen flame.i: 1-{ When a small lumIJ is obtained 

in the molten condition, the enas of the ro~ are rapidly 

drawn': out to arms l(:~ngth. The quartz fibre so-formed 

will have a thickness which depends on the size of the 

o.rigin&l lump and the length to which the fibre has been 
~ 

drawn. The desired thickness deI.;ends on- the weights to 

be su~ported 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 carbon rod by playing a small 

flame on the apprupr1ate point to allow the fibre to 

bend about the rod. The most convenient fl81ne for this 

purpose proved to be a small gas Je't without internal 

air supply. This flanle is sufficiently hot to bend the 



fibre without danger' of fusinE it· off, a frequent Eventuall­

ity if any type of blast is employed. The ~nds of the 

spiral are shaped into hooks for the sllspemsion of spiral 

and load. 

The balance was calibrated throughout the working 

range by Ineans of knovvn v,,'e igh ts. A et.Ii bra ti on curve 

of deflection l:.;lotted against corres})onding weight· 

was ln all cases a strB,ight line b,nd in 1l10St cases it 

passed' through the origin. ,(T~\t" .. _ ~ 

Calibration of Sljiral A. 

Weight. Def'lec.ti on wt. per 1 mm. de'f. 
" 

g. Ilmlil. g. 

.0486 ~0.55 .00436 

.0650 27.bO .00234 

.0890 37.95 .00235 

.1065 45.05 .-QOi236 

.1234 52.30 .002·36 

Wi th the ca"chetometer reading to l/'~O nun. a weight of 
.... 

• 0001 g. cO,uld b~ 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 maxi~u~ differences 

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

or .0200 g. in the case above, the theoremical accuracy 
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was ,withiil 0.5%' of . th.~ differences measured. 

In making B_ reading ~ith the cathetome~er it was found 

convenient to !"ocus the cross-hairs of the instrument 

on 'the extrem~ end of th-e spiral, which, 7if illuminated 

from beh,ind, is extremely visible. ellenthrough the 

meditun of the. thermostat. 

Manometer. 

In preliminary experiments a mercury manometer \vas 

employed, but' it proved unsati'sfactory for,low pressures. 

It was replaced with a manometer'of a heavy non~volatile 

oil. Dissolv'ed air and volatile ga'ses were reltl0Ved by, 

heating and long evacuation. The specific gravity of the 

oil, determined a.t the average room temperature, gave 

a conversion factor to cbnvert the readings to mm. of Hg. 

This manometer gave a reading about fourteen times that of 

a' similllr,· mercury manome.ter. 

Pumping System. 

The first system consisted of a ,Tepler pump fitted 

wi th ~E Maass automat.;c control. 1lfN.th th' 
--, .J. vy.w. . " 1 B pump pre a'sure s 

down to .0003 mm. Hg could be obtainea. by long continued. 

pumping. TheT6pler IJump w8.slater superseded by a 

Langmuir Me.rcury Condensation pump and retained as a 

fore-pump for the latter. With the Langmuir fjump much 

lower pressures were obtainable' and with much greater 
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· rap·idi ty. No difference in the adsorption results wel!e 

noticed between runs made with the T6pler and those 

with the Lanbmuir, the great advanta.g~of the· eondensation 

pump being its great lapidity. 

The pressureswe~~ead mna McLeod gauge of the 

·ordinary type. 

Sanrrles. 

Only the coniferous wood"s have been examined a.nd in pa.rticular 

Spruce -- - Picea Canadensis 

Jack Pine - Pinu8 f,o.N'"",~" e, 

standard cotton cellulose (Ref.3l) was carefully 

examined, and several other substances such aB filter 

paper and lignin wre investigated for com-para.tive -pur-poses". 

Tne wood samples"ineludej :-

Spruce A. Spruce wood freshly cut &nd dipped in paraffin 

to preserve Lhe original condi tion. ' 

Spruce B. Spruce. wood dried in the open on a wood 

pil~ (Pulp mill). 

Jacik Pine. Fresh wood ·(as Spruce A.) 

Samples were cut across these logs 'with a fine circular 
" 

lJaw~. The thickness varied from 1.5 mm to"20 nnn. From 

these sections, the actual samples were rcut either from 

h.eartwood or s~pwood ES desired. Tbe. average sa.mple 



wei{~ht:d from .1 ·to .2 g. 

Two methods were em1l1oyed to SU:P"!JO it the samples 1'rom 

the hook of the quartz s}!iral: 

a) In the case of the thin 8B.lnples a sli t 'JifFS ell t near 

one and the spiral inserted. 

b) For thicker sa.mples a stirrup of fine silver wire 

was provided. For these sH.mples certain desired fp,ces 

such as radia.l, transverse, etc were blocked o~with 

paraffih • The weight of stirrup BJnd pare.ffin was found 

before the experiment and subtracted from the weight as 

calculated by the deflection of the spiral. A blank 

run s~owed that paraffin does not adsorb enough to interfere 

with gra.vimetric me&surE-ments, a fact which has nbeen 

previously noted (Ref'. 325. 

EXPERIMENTAl PROCEDURE. 

:rwo general methods were fol_! owed: 

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 

ground joints lubricated and set in pl~ce. 

system was thenactua.ted and pumping Was continued for 

12 hours. At the end of this time the pressure in the 
~I..-

e.ppara'tus had fallen tq .00005 mrrL Hg. and the sample 



was considered dry (see below). The deflectIDon of the 

sanlplesV\as then noted and from it the dry weight. vias 

calcula,ted. The tube (B)' wa.s then immersed in a Dewar 

flask maintained at sny, stateo temperature, the corresponding 

vapor pressure of which could be obtained ~rom tnbles. 

Temperatures from -40 0 to 0° C. 'v,ere obtained by manually 

dropping pieces of solid C02 into a·" stirred ether mixture. 
". G 

From 0° up to ,the sa:buration tempere.ture the required 

point was mariitained by .adding ice water in the required 

aIn')unlls. When the bulb (B) had reached a constant 
. " 

. telnperature the stoj)cock W8,S opened placing it in contact 

with the samples. The tap to the dryinb tube ~avin£ been 

prewmmusly closed, the vapor of wEter filled the apparat\ls. 

Readings were now taken of the deflections
r 

of the s~irals, 
"' 

and the time noted. When only the final equilibrium 

"point was required about t\IO hou.rs was allowed to elap.se 

before tE .. king. the reading. ·Af';':er the reading was COIDI)leted 

the tempe'rature of the tube was a.ltered, ei ther up, to measure 

adsorptio'n at a h:i.gher va.por pres'sure, or down, to measure 

the eql;lili brium when water- is lost 1 the Bo-called ttdesorption" 

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 



as water vou] d condense in the, colder parts, of the c,pparatus. 

If I however" the temp erE ture of the th'ermosta t be main tained 

just below tha.t of the room, all pressures up to the 

saturation pressure may be employed. Also Jt will be 

seen that as long as the temperature .;of the water tube 

(B) is slightly below that of the rest of the apparatus, 

there will be no possibility of liquid condensation 

taking place on the sample, hencethe,sa.turation value 

may be approached without errQr due to this cause. 

Method I1 Measu.rement of vapor preasurftdirectly. 

In this method only one sample may be examined at a 
, 

time. The sample is purnped out as before and when compl.et-

ly dried the stopcock-leading to the P205 tube is ~loBed. 

The dry weight is' noted after wliLich the tap to the water 

tube (B) is momenta.rily opened thus permiting a certain 

amount of water vapot to enter the apparatus. The pressure 

wfil be indicc:.ted on the oil manometer and will fall 

" from its -initial value as the~ wat,er is adso'rbed, by the wood. 

When equilibrium is attained the weight of the sample 

is noted and the correB~onding vapor pressure is read 

directly on the manometer. Much longer time is required 

for equilibrium by this method, as the vapor pressure 

falls off as ~ adsqrption increases, while in the 

first method the pressure is maintained from the water 

tube which acts as an inexhaustible reservoir. 



The process ~ay ,be repeated ~nd an addi tional amOLi,Ht of 

water vapor added and the amount of adsorption for a higher 

vapo:t: pressure determined. When the satur{tion pofnt is 

reached the vapor pressure remain constant and the appar-

-ent adsorption increases enormously due to the condensation 

of liquid water' oti thw sample. The process may be 

conveniently reversed to exa,: tine the desor-p;ion equilibrium 

values. Starting with the saturated sample, "various amounts 

of water vapor are withdrawn by opening, at intervals, 

the tap leadint:, to the drying tube. The weight oil the 

sample is found each time after equilibrium hE~S set in. 

This method, it will be seen, is particularly applicable 

to the examination ,of hysteresis Effects, but cannot 

be advantageously employed 'for the m€EJsurement of rates of 

adsorption. 

Method I has been used more generally as it i~ 

convenient for tht measurement of rate of adsorption, and 

while it requires more careful attention, three samples 

may be examined concurrently. This possesses an added 

value in that "three samples maybe cornpared under absolutely 

identical conditions af temperature and pressure. 



CALCUTATION OF :::::ESULTS. 

To indic2 te the sie:;nifi~a.nce of the VE .. I'lOUS COll)jl1IlS 

given in the. tc.bles of resl.~l ts, E:, sIeclmen run is herevJi th 

s U bli.1 i t t e d. 

Dry ~eiLht uf sample .~.J ,~~~ . .)~ ...... ~.Ol )~O'IJ. ~o?O? g. 

TransversE thickness .",.,S:l.l3 .J)3:t.J .•• '.:JIQ ) ~ . . 2 ~ 0 Ern. 

Spiral A. 

Length with zero weight 9.2'75 cm. 

1 mm. c orresl.:onds to· •• " ) ~ . , > .002 g. 

Tempere tUl- e of thermostat • • • !t ~ .:t .. • • • .I • • .. • . . -> .) 330C • 
T. V.P. R.H. L. D. VI. R 0 S, 
°C. - , 2 et mm. Hg. c .. ! cra. nun. g. g. i~ I ,0 

-go .03 .07 1 ,. ~., 0 
~.';JG 35.45 • or, '~9 .0002 0.27 

-30 .~9 .77 l~. 9;"')5 35.60 .0712 .0005 0.71 

~----------------- etc. -------~------------

In coltur~n T. is placed the t€mpCI'btul.e of the wc.ter 

tube,the corr-esrondint; vapor pressure of which is lif!.ted 

in tUhe column under V.P. 

If Pt is the vapor pressure at a temperature t and 

P330 the v8"por press~re at the tempera.ture of the thE:rmostat, 

that is the sftuTrtion tempelature, the relative 

humidity lS given by Pt/P3~o x 100. TL.e va.lue 80-

obtained is r;laced under R.R. In ti:1E. third colurnn. 

A re&~ing is taken-of the tor and bottom of the spiral 



The difference (column n) gives the deflection of the 
~~ 

spira.l, f'rom which is subtracted the ·unsI)rung weight 

of the spiral as listed at. the head of each t[;ole. The 

value so-obtained (n) represents the deflection from 

the zero position of the weight in question. The 

latter value fmllows in~~lediately by nlul tiplying . the 

deflection by the factor for the balance. This value 

is placed in the column (w) 

The amount of vvater adsorhed (H9 0) will be the 

difference between this weight and the dry weight of 

the sample. 

In the last column the amount of adsorption is 

expre·ssed as. a per cent of the dry weight. 

Method II{Specimen). 

R2-
·cm. 

D. 
cm. 

22.245 5.625 16.620 

22.245 5.675 16.570 

H.D. 
mm. 

4.10 

3.60 

------- etc. 

.0097 

.0085 

s. 
% 

5.88 

5.15 

--------------
In t~b1es XIX to XXII which ~contain' the 

16.73 

12.32 

results 

of the second method of precedure, a slightly simpler 

method of calculation was fo11o\~ied. Since the method 

was employed only to examine the hysteresis effect 

Potl 
cm. 

25.25 

18.60 

the actual weights were not ca.lculated. The dry weight 

is'found and listed at the head of the table. 



RI and ~ b"re the readings o~ the t-op and bottom of 

the spiral, and D,as before, is tne di:rrerence. :oy 

subtracting froLl D the detlection for thetlry weight 

of the -sample a column N.D.is obtained which represents 

the deflection caused by the adsorbed water only. The 

product Dfthis value and the factor for the spiral is 

at once the weight of the adsorbed water. This value 

is expressed as a pel'centage of the dry weight as before. 

The vapor pressure as read on the atl manometer and the 

corresponding pressure in mm.' of Hg are gi yen in the 

last two columns. 

DRY POINT. 

According to the p~cedure adopted, the adsorption 

value is considered to be the difference between the 

weight of the sample when imnlersed in a gi v~n vapor 

pressure of water and its weight ~hen evacuated in the 

presemce of P2~5. 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 hvgroscouie substance known (Ref.33) • That is, even 

in the presence of PQ05 the samples will still contain 

Bome water. These effects , hovljeyer, are not ' large: 

Jahn and Wise (Ref. 34) found that at 23°0. cellmlose 

increased in weight .4% when evacua'te~l in the presence 

of P205, while under the same cORditions at ?6oC .. it WEt.S 

perfectly d~. It will be seen that such differences are 

less than the experimental errors attendant with the method. 



So the equi'li,b,rium condi tion which wood or cellulose 

assumes when' evacuated inthe presence ·O!' P?05 has 

throughout been considered as the true dry weight. 

A simnle calculation will also indicate that the error 

conseauent,,-of weighing the saniule 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 ih the fifth pecimal place of a gramJ. .. '~. 

Nomenclature. 

Throughout the tab'lea of expe,rimental results the 

term "tra'nsverse length" is intended fo indicate the 

.Length between two, transverse planes. Tha t is -the thick­

ness of a transverse sample. 
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TABLE I. 

Sarnple 1. 

Spruce sap~ood (A) 

Dry weight of saLiple •• .rJ707 g. 

Transverst tnickness ~, 'J ~, .. •• 2 0 Inn1. 

Tell'llJera tUTe of therr~:osta t ..: 

Spiral A. (early c8_1 i btct ti on) 

I.ength v~i tn zero weight c 375 erns • . / 

1 
. 

COTre s-oono_s to :)02 . mm. g. .... 

T. V.P. R.H. L. D. W. H2 O• S 
QC. mm. Hg. % cms. nun. g. g. 01 

/0 

~50 ... , .03 .07 12.9~0 35.45 .0709 .0002 0.27 

-40 .09 .27 12.925 35 50 0710 .0003 0.4~ 

-30 .29 .77 12 935 35.60 .0712 .0005 0.71 

-20 .?? 2.87 12.945 35 70 • 0714 0007 0099 

-10 1.95 5.22 1~. 970 35.95 .0719 .0012 1.69 

0 4.58 12.35 130020 36045 00729 .0024 3.5 

12 1 ~:. 51 27 .90 13.090 37.15 .0743 00036 5.07 

24.5 23.34 61.2 13. 26;~ 38.90 .0778 0071 10.01 



TABLE 11. 

Sample 2. 

Spruce s&pwQod (A) 

Transverse thickness 

Dry weight of sample 

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

•• ........... w .. • • • .. • .. • • 

Teill)C::C8.ture of thEI'lLO S tat . . . . . . . ~ . . . . . . . . . . 
Spiral A. 

1.5 mIn. 

.0808 g. 

Length with zero weight ..................... 9.220 cms. 

1 ID..::1.. correspollds to . . . .. . . . .. . . . . . . .. .. . . .. . .. . . .00236 g. 

T. V.P. R .. H. L. D. w. H?O. s. 
QC. nnIl. Hg. % ems. mm. g. g. at ([I 

-50 .03 .o? 12.640 34.35 .OBI0 .0007 .87, 

-40 009 .27 12.6"l5 34.40 .0Bll .0008 99 . . 

-30 .29 .77 12.655 7Ll. 50 u _ • .0614 .0011 1.3't-

-20 .77 2.B7 12.660 34.55 • Oc: 16 .00.2 1.45 

-10 1.95 5.22 12.695 34.90 .0823 .0020 2.49 

-5 3.01 c.O? 12.710 35.05 .0827 .0024 2.98 

0 4.58 12.35 12.770 35.65 .Ob41 .0028 3.45 

5 6.54 17.51 12.780 3b.75 .Ob43 .0040 <±.95 

10 9.21 ~4.9 12. rl 'ob 35.80 .0645 .0042 5.23 

21.1 18.71 4916 1~.905 37.00 • OL,'( 3 .0070 8.81 



TABLE Ill. 

Sample 3. 

Spruce heartwoo'd (A) • 

Transverse thickness • • • • 

:Qry. weight of samp1.e 

Temperature of thermostat 

Spiral :D. 

• • '. • L' • _ '~I • I 

Length with zero weight ',: it ,~ " .' .'. ' ,' ..• ' '. ,. • .,. 

. ,' . 

" . 
1 mm. deflectio~ corrEspomds to ~, • (!, ,. • '-::' .. .. c' '. • _ I. 

T. V.P. R.H. L. D. w. HpO. 
aC. mm. Hg. % ems. mm. g. g. 

~%~ .03 .• 0'7 11.380 42c60 .0937 .' 0004 

-40 .09 .27 11.385 42.,.65 ,0938 .0005 

-30 .29 .'77 11.400 42.80 .0941 .0008 

-20 .??6 2.87 11.415 42.,95 .0945 .0012 

-10 '1.95 5.22 11.470 43.50 .0957 0024 

-5 3.01 8.,.07 11 • .f90 43.70 .0961 0028 

0 4.58 12.35 11,540 44·.20 .0972 .0037 

5 6,.54 17 51 11.565 44.45 ,,0978 .0045 
, 

10 9.21, 24.9' 11.600 44.80 .0985 0052 

21.1 18.71 49 6 ,11.715 45.95 .1011 .0078 

25.5 24.65 65.30 11.,_ 890 4?70 1049 .0114 

1·5 mm. 

.0933 g, 

330 c • 

? 120 ems 

.0022 g. 

s. 
% 

0.43 

0.53 

0.85 

1.28 

2.55 

3 ... 00 

4~10 
-

4:83 

5,35 

8.35 

12,32 



TABlJS IV. 

Sample ", 

Spruce sapwooQ. 

Transverse thicknes~ ....... ....t ',_, • -, • • ••.•• • • :v • • • • •.• -

Dry welght 0:[" sam-ple • ' .. •• • .~I " •• I •••• " 

Temperature 01" thermostat. 

Spiral A. .. 

Length unsprung • 

1 mm. deflection corresponds to . . . '. . 
T. V.P. R.H. L. D. 
°C. mm, Hg. % ems, mm. 

~~O .269 .77 12.065 28.60 

-20 .776 2.87 12.090 28.85 

-10 1.95' 5.22 12.100 28.95 

-5 3.013 8.07 12.120 29.15 

0 4.579 12.25 12.145 29.40 

5 6.543 17.51 12·.175 29.70 

10 9.209 24.70 12.240 30.35 

23.8 22 •• 32 63.75 12.345 31.40 

- " ,~, . ~ 
w. 
g • 

• 0675, 

.0681 

.0683 

.0687 

.0694 

.0702 

.0716 

.0741 

.0 

1.-5 mm. 

0671 g. 

33°0. 

9.205 cm • 

.09236 g • 

H2O s. 
g. % 

.0004 .29 

.0010 1.45 

.0012 1.79 

.0016 3.01 

.0023 3.43 

.0031 4.62 

.0045 6.71 

.0070 10.41 



TABLE V. 

Sample 5. 

Spruce heartwood (A) 

Transverse thickness •• • 

Dry weight of sample •• • • •• 

Temperature of thermostat 

Spir~l D. 

Length unsprung . .. ... 
1 wm. deflection corresponds to 

T. V.P. R.H. L. 
ge. mm. Hg. % ems. 

-30 .289 .77 10.715 

-20 .776 2.87 10.730 

-10 1.950 5.22 10.760 

-5 3.013 8.07 10.7?0 

0 4.579 12.2.5 10 805 

5 6~543 17.51 10 840 

10 9.209 24.70 10.980 

23.8 ~2.132 63.75 1].050 

• 0 • 0 • • 0 • • 

• • 

• 

• 

• 

D. W. 
m.nl. g. 

35.95 .0791 

36.10 .0794 

36.40 .0cOl 

36.50 0800 

~6.;85. .0811 

37.20 .0818 

38.60 •. 0849 

39.30 .0864 

1.5 mm. 

.0784 g. 

33 0 c. 

7.120 ems .. 

0022 g • 

H2 O• s. 
g. % 

.0007 .8 

.0010 1.27 

.0017 2.17 

.0019 ,2.43 

.0027 '7 44 ..., 
\...< 

.0034 4 35" 

.0065 8.3 

.00bO 10.21 



\.t\. 

TABLE VI. 

Sample 6. 

Spruce sapwood (A). 

Transverse thickness 

Dry weight of sample -_, • _, ~ ,-, '::.' • 'J -, 

Temp~rature of thermostat 

Spiral A • 
• 

. . 
,-, '-' '-' ,~~ '-' -::' ,~, c, "=-'M '. ~ 

Length unsprung '~I ,~ -. ,= _ '_' ,-, '::-. • _' '-.J '-::' .:;:., ,-, -, '-::' ( .:,.-:'" ~' '_' " I ,- ,-_, 

1 mm. deflection corresponds to . ::.' '-:-' --' 

w. V.p. R.H,·, L. D. W 
°C. mm. Hg~ % ems • mm. g. . 

1 

-:30 .29" .77 13.685 44.80 , 1057c 

-20 .'77 2.87 13 ,700 44.95 ,1061 

-10.2 2.01 5;,48 13. 745 45,.,40 .1071 

0.0 
<. 

~~8.10'· 6Q.65 -5.4 13 770 .1075 

"0 4.58 12.25 13.J 805 46.00 .1085 

5 0:,54 17.51 13.845 46.40 .1095 

10 9.21' 24.70 13.87'0 4Q.65 .1100. 

1!5 1'2.78 34,,28 13.930 47.25 ,1114 

22.2 20.13 54.01 14·,095 48.90 .1154 

1 5 mm. 

• .1055 g. 

• . ~~o c. 

.' . 9.205 ems. 

·00236 g 

H~O. s. 
g. % 

.0007 .67 

.0011 1, 04 

.0021 2.00 

.0025 248 

.0035 3.34 

.0045 4,28 

:0050 4,· 77 
, 

I 

.0064 6.10 

.0104 9.89 



TABLE VI I • 

Sample 6. 

Spruce sapwood,(A). 

Transverse thickness ,-, ~, •• :., '::-' I I • -

Dry weight of sample •• 

Temp,erature of thermostat 

Spiral ,A. 

, . ' 

Length ~ns pru~g , ,_, r, ',', • ' '."'" ecc,., ,.,' '.' .' ,e 

1 mm cor'res,ponds to ~ , " • '-:' C • I I." ,.:.. Cl ,_ 

T. V.P. B.H. L. D. 
°C. mm. He; % ems. mm. 
ill) 
-30 .29 2.'1 13>790 45.85 

.;..20 .77 !).sa 13.850 46.45· 

-10 1,95 la.S~ 13~895 46.90 

0 4.58 '1,,09 14,.,030 48.25 

16 6.54 i'~t0D - 14.195 49 90 

10 9.2'0 87.61 14.440 52, 35 

• 

• 

' .. 

w. 
g. 

1082 

.1096 

.1107 

.1138 

.1177 

.1235 

. . 1.A mm. 

. ' . .1055 g. 

120 c. • 

• • 9 205 ems. 

'. .00236 g. 

H2 O• ,S. 
g. %-

.0027 2 .. 56 

.0041 3 .. 90 

.0052 4,93 

.0083 ? 87 

.0122 11 56 

.0180 17.05 



TABLE VIII 

Sample 6. 

Spruce sapwood (A) 

Transverse thickness -, 'J =-, -... 

Dry weight of sample . ' .. ~ . - ,~, • • ~I -, I -, . ~ '- . 
Temperature of thermostat ,- •• 1 

Spiral A. 

Length with zero weight ~ ... 'c • ,. '-:' '.:.' - ,-, I " • • .. 

1 mm deflection corresponds to (,' (, .. [) . '.:. '-:' -' 

T. V.P. R.H. L. D. w. H2O. 
°c. mm. Hg. % ems. mm •. g. g. 

-30 .29 1.87 13740 45 .55 c1670 ,0021 

-20 .77 5.04' 13,:" 770 45.: 65 .1077 .0028 

-10 1.95 12.59 1'3.845 46.40 .1085 ·0035 

-5 3 01 19. 45 13.: 865 46.60 .1099 .0049 

0 4 .. 58. 29 68 13.·940 47 c. 35 .1117 .0067 
" " 5 6.54 42 30 14 .. 025 48.2,0 .1137 ..0087 

f 

~04 10 9.·21 59.57 14 095 48.90 .1154 

15 12J78 82.48 14.330 51,) 25 1209 .. 0159 

1 5 mm 

.1050g:. ' 

180C .: 

9.205 ems. 

.00236 g .. 

s. 
'% 

2.00 

2.56 

3 .. 33 

4 66 

6.37 

8 29 

9.9 

15·.14 



TABLE IX. 

Sample 6. 

Spruce sEpwood (A) 

Transverse thickness 

Dry weiLht of sEEp1e 

Spiral A. 

I:ength. \\i th z era v,,-e igh t 

1 mm. def1Ectior corr~spofids to 

Temperature of therrnos tat 

T. v.p. R.H. ~. 

°C. mm.Hg. er! 
r ems. 

"'9 ? -t::. • 30 1.42 13 690 

-20 .77 r:;: 67 13.720 v 

-I,' -- 1 95 9.26 13.760 

-5 3 01 14.27 13.795 

0 4 58 21 72 13.045 

5. 6 54 ~·1 00 13.920 

10 9.21 43.75 14.060 
f 

15 12 78 60 68 14 105 

D. W 
mm. g. 

44 85 1058 

45 15 .1065 

45.05 1075 

45 90 10b3 

<j·6·, 40 ..... 1096 

47.15 .1]02 

Lrb 55 1]45 

49 00 .1156 

1.5 mm. 

10~3 g. 

a ':) 05 c-,· S v • &-j t. l:!. 

002~)6 g 

23°C. 

HQO. 
g. 

s. 
c:'l 
/J 

.0015 1. L 1,4 

00~2 
c 12 ~~ 

o 003~ 3.07 

• 000-0 ~ 

83 u 
<-

.0053 5 07 

0059 5 66 

.010~ 9 77 

UIJ3 10 83 



TABLE X. 

Sample 6 

Spruce sapwood (A) 

Transverse th~ekness . - • •• •• 1 .. 5 mm. 
Dry weight of sample 

•• • • • .1049 g. 

SpiTa1 A. 

tent th wi th zero weigh t . • • 9.206 cms. 

1 mm. def1eetioL cOJ:'I'esponds to .00236 g. 

Temperature of thernl0S t[, t ,= • ... . . ~ . . 

T. V.P. R.H. L. D. w. H~O. S. 
OCR nun. Hg. % ems. mm. g. g. % 
-~-5~ .29 .96 13.690 44.85 1058 .0009 .86 

-20 .77 2 56 1~ 710 45 05 .1063 .~'O14 1. :~~ 

-10 1 95 6.48 13.755 Li:5 50 1074 0025 2.38 

-5 3.01 10.05 13.775 45 70 .1079 0030 c-, 86 ~ 

0 4 58 15 ., 12) _20 46 15 1088 0039 r 72 G~ ;) 

16 9.21 30 69 13. -::,65 4 rt. cO .1128 0079 7 52 

15 12.78 43.60 14.050 s.8.45 .1133 0004 b 01 
f 

19 8 17.30 57,,69 1LI.Oc5 LiB.80 1142 00093 8 86 



'fABLE XI. 

Sam:ple 6. 

Spruce ,sapwood (A) 

Dry weibht of saI11ple 
Transverse thickness 

Spiral A. 

Length with zero weight 

.. u • _ -, 1_, I~. _ ,_, 

• •• ':_ - - _ IJ = 

1 mm~ deflection corresponds to 

• r I~' 

, . 
- -' -:.' 

.1050 g. 
1 .. 5 mm. 

9 205 ems 

.00~36 g. 

Temperatl).re of thermostat, • - - :1 ':t 't I, -, • - • • 42 0 c. 

dO. v.p. R .. H. L. D. w. H2O• s. 
mm. Hg. % cms. :mm. g. g. % 

2 

-30 .29 .44 13.675 4470 105,5 .0005 47 

-20 .77 1,:.,31 13)690 44.85 1058 .0008 . .72 

-10 1.95 3.00 13,,720 45:15 _ '1065 .0015 1.43 

0 4 58 7.06 13~755 45 ,50 ,,1073 .0023 2.18 
--I 

5 , 6 54 10.05 13.770 45,. 65 ' ID??' .0027, 2.57 

10 9, 21 14:,15 13~810 46.05 .1086 .0036 3 43 

24.2 22'.5 34.BO 13.935 47,:,30 .1116 ,0066 6 28 



TABLE. XII 

Sample 7 • 

. S~ruce heE:,l·tWQod (A) 

Dry weight of sample 

Transverse thickness • 

Sliral D. 

• 

Length with z~ro weight 

- . ,-

1 mm. deflection corresronds to 

TelnpE.ra -Lure of tr ... ermos tat 

T. VP R.H. L. 
°C. mm. Hg c1 ems. (J 

-30 .29 2.76 12 500 

-20 77 ? 32 12.565 

-10 1 95 12.51 12 620 

0 4~58 43.60 12.765 

5 6.54 62.25 12. 975 

10 9.20 67.61 13.225 

- ,-, ,-=-, I I (I 1_ ,_ • 

'~I • ,- • 

D. w. 
mm. g. 

53 eo • 11(:,3 

54.45 .1196 

55 00 .1210 

56.45 .1241 

58.55 1286 

61.05 1343 

1.5 Ut.L. 

7 120 ems. 

.0022 g. 

12°C. 

H~O. 
g. 

.0028 

.0043 

.0055 

.0086 

s. 
% 

2.42 

3.72-

4.76 

7 44 

.0133 11 50 

.0188 16.25 



.·TABLE XIII. 

Sample 7. 

Spruce heartwood (A). 

Dry weight of sample ..'. ' • I~' -_ a, 'I ,_, , 1151 g. 

Transverse thickness _'. .~, ,-=- • ~, ,-, _\. >_,. /' 1", ,~, I 15 mm 

Spira.l D. 

Length with zero weight .. ' - - -, • ,~ ,~ 1_' a '_' -, .. •. • ,~, ,_, 7.120 cm. 

1 mm .. def1e.ct.ion corresponds to 

Temperature of thermostat • - _, I> I~I .':' ,-,.-

T. V,~,p 0 R.H. L. D. 
oC. mm.Hg. % cm. nnn. 

·-30 29 1.87 12.455 53 35 

-20 77 5.04 12,495 53.75 

-10 1.95 1259 12.575 54.55 

-5 3.01 19.45 12 ~·610 54.90 

0 4.58 28.68 12.700 55:r80 

5 6.,54 42 30 12.800 56.80 

10 9~,21 59.57 13, 000 58.80 . 

15. 1278 82.48 13 150 60.30 

. . ' 

W 
g. 

1173 

1182 

·,1200 

.1207 

1227 

.1249 

.1293 

.·.1326 

0022 g 

.180 C. 

H?O. s. 
g. % 
0022 1,· 91 

.. 0031 2.69 

0049 4,26 

.0056 4.86 

.0076 6.78 

.0098 .8.50 

0142 12.32 

0175 15.20 



TABLE XIVo 

Sample 7. 

Spruce heartwood (A). 

Dry eweight of sample 

Transverse thickness • • • 

Spiral D. 

T,ength wi th zero vleight • • • 

1 mm. C 01"1' t: spono_s to 

Temperature of thermostat • 

T. V.P R.H. L. 
(,J QC. 1D1l1. Hg. /1 cm. 

-29.7 .30 1.42 12.415 

-20 .77 3.67 12.455 

-10 1.95 9.26 12.515 

-5 3 01 14.27 12.535 

0 4.58 2,1,72 lr 
-~ 605 

5 6.54 31.00 12.710 

10 9 21 43.75 12 , 8;:,5 

15 12.78 60.68 12.900 

D. w. 
mm. g. 

53 95 1105 

53&35 .1173 

53.95 .1187 

54 15 .1191 -, 

54.85 .1206 

55.90 1230 

57.15 12.57 

57.80 .122.7 

• 

• • 

• • 

• 

Ht') 0 • , 
g. 

.0016 

.0024 

.0038 

.0042 

.0057 

.0081 

.0108 

.0122 

.1149 g 

1.5 mm. 

7.120 CID. 

0022 g. 

23 0 C. 

s. 
% 

1.39 

2.09 

3 13 

3 63 

Lx.9? 

7.06 

9.50 

11.69 



TABLE XV. 

Saml)le 7. 

Spruce ~e&rtwood (A). 

Dry weight of sample ................... D .. _ ..... ~4e • .., •• .1153 

Transverse thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5 mm. 

Sl~ira.l D. 

Length with zero weight ..... - ...................... 7.120 cm. 

1 IIDTI. corresponds to ........... .... . .............• 002/~_ g. 

Temperature of thE:rmostat . . . . . . . . . . . . . . . . . . . . . . . .. 

T. V.P. R.H. Lo Do w H~O. s . .• 0 

QC. Hg. c:1 % mm.. /t) cm. mL1. g. g. 

-30 .29 .96 12.400 82.80 .1161 .0008 .69 

-20 17? 2.56 12.425 53105 • 1167 .'~Ju14 1.21 

-lJ 1.9S 6.4:8 1'"' 4 (- 5 G. _0 53.65 • 11 r"j 9 .0026 2.2.L..: 

-5 3.01 1G.05 12.505 ~34185 .1165 .0032 2.77 

0 ~.58 15.22 1~o565 54.45 .119c .0045 3.91 

10 9.21 30169 12760 56.40 .1241 .OOcb 7.55 

15 12.78 43.60 12.830 57.10 .1256 .0103 8.92 

19.8 17.30 57.69 l~. b65 57.45 .1264 .0111 9.62 



~ \ 
, 

TABLE XVI. 

Sample 7. 

Spruce hea~twood (A). 

Dry weight of sample • • 

Tl'ansver-se thickness 

Spira.l D. 

Lei~gth \-iii th zero weight 

1 mm.c deflection corresponds to • • 

Tempera ture of thermos ta t ·c:. " -, • I • 

'1'. V.P 
°C. mm. Hg 

-30 .29 

-20 .77 

-10.2 2.01 

-5.4 3.0 

o 4.58 

5 6.54 

10 9-21 

15 12.78 

22.2 20 13 

H.R. 
o! 
Iv 

.?? 

2.8? 

5 48 

,is. 10 

12 25 

17 51 

24 ?O 

3;:.28 

54.01 

L. D. 
cm. mm. 

12.410 52 ~<O 

12.445 53.25 

12.480 53.60 

12.515 53 95 

12 530 54 10 

12.639 55.10 

1~.690 5~.70 

12.905 57.85 

,.. . .. .1153 g. 

• • 1 5 mm. 

• 7. l~~O cm. 

• • 

• 

002~ g. 

33°C, 

w. H?O. 
g. g. 

.1164 .0011 

.1171 .0018 

.1179 .0026 

.118? .0034 

.1190 .0037 
-, 

.1202 .0049 

1212- .0059 

1225 0072 

s. 
% 

1.04 

1.56 

3 2~ 

4.25 

5 12 

6.10 

• 1273 • 01~O 10.40 



TABIJl XVI I. 

Sample ,. 

Spruce heartwood (A). 

Spiral D. 

Length with zero weight ..••••.••••••••... 7.120 cm • 

1 mm. cor~espondsto . . . ,~ . . . . . . . . . . . . . . . . . 
Dry weight-of.sample • •• ••••••••••••••••• 

Transverse thickness . .. .....'........ . 
Temperature of thermostat • • • • • • • • • • • • • • • • , 

T. V.P. H.H. L. D. w. 
°0 Dml. Hg. % cm. ma. g. , 

£ 

-30 .29 .44 12.385 52.65 .1158 

-20 .77 1.31 12.395 52.75 .1160 

-10 1.95 3.00'. 12.425 53.05 .1167 
.Jl~ ... 

0 4.58 7.06 12.485 53.65 .1180 

5 . 9.21 10.05 12.495 53.75 .1183 

10 9.21 14.15 12.540 54.20 .1192 

21.2 22.51 34.60 12.795 56.75- .2248 

• 0022 g. 

.1155 g. 

1.5 mm. 

H2O• 
g. 

.0003 

.0005 

.0012 
) 

.0025 

.0028 

.0037 

00093 

s. 
~ 

.26 

.43 

.1.03 

2.16 

2.42 

3.21 

8.04 



TAJ3LE XVI I I .. 

Spruce sapwood. '!!odd raea1 passed through #60_ mesh screens 

Investigation of hysteretic lag and values near saturation point. 

Weight of sai~lple and container •........... · 0 1818 go 

Ne t dry 1\1e igh t of sempl e ....................• . 1083. g. 

~eight of container .........................•• 0735 g. 

SpiTal D. Length ............ ...... ....• 7 • 110 cm. 

1 mm. deflection correspoYlas to .............• 0022 g. 

~emperature of thermostat ................... 230 c. 

ADSORPTION. 

T. 
QC. 

-30 

-20 

-10 

o 

10 

15 

V.P. 
mm. Hg • 

• 29 

.77 

1.95 

4.58 

c: 01 
./ . ~ 

12.78 

18 15.51 

20 17.45 

21.4 19.-10 

21.5 19.20 

22 19.81 

22.7 GO.659B. 

R.H. L. D. W. H.,O. s. 
~ ~ 
I:) cm. m:;::,:m:.:.,.. __ ,(;6g..:.... ____ gw..:..,. __ ----.j7~o,._ 

1.40 15.420 83.10 .1828 

3.67 15.450 83.40 .1835 

9.26 15.510 84.00 .1848 

21.72 15.605 84.95 .1669 

43.75 15.735 66.25 .1897 

60.68 15.845 07.35 .1921 

73.82 15.950 

83.22 16.035 

91.18 16.090 

91.41 16.130 

94.38 16.220 

98.37 16.370 

89.%5 

89. ,30 

90.20 

91.10 

92.60 

.1945 

.1963 

.1975 

.1984 

.2004 

.2037 

• {bOlt6 

.0017 

.CDCD36 

.0051 

.0079 

.0103 

.0127 

.0143 

.0157 

.0166 

.0186 

.0219 

.92 

1.57 

2177 

4. 'j2 

7.30 

9-52 

11.73 

13.2 

14.51 

15,32 

17.15 

:-- 0 C"\ 0 
.'C.. • r:::, 



TABLE XVIII (Continued 

DESORP'l'ION 

'f. V.P. R.H. L. D4 w. H2O. I· ec. mm. fIg. % cm •. mm. g. g. 

20 17.45 83.22 16.070 89.60 .1971 .0153 16.11 

18 15.51 73.82 16.060 89.50 .1969 .0151 13.85 

15 12.78 60.68 15. 980 88~70 .1951 .0133 12.30 

12 10.5 5rD.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 



_!~~LE XIX. 

Sample 31. 

Spruce sapwood (A). 

~nvesb1gation of hysterisis effect. P measured with oil manomete 

Densl~y or oil at 250 c. . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ .9011 

, . f t t Hg .06627 C anve rS1 on ac or 0 ~"TI. '.··.···················v 
Spiral A Length ............... ! ••••••••••••••• '. • • • • 9.220 cm. 

1 Dnn. deflection corresponds to , •........ • • • • • • • • • • • • • '.00236 g. 

42°0. 

.1649 g. 

16.210 cm 

>. 

Temperature of th,ermostat •.......................•.. 

Dry weight of sample ••....... ,No - - • • • • • • • • • • • • • • • • • • • 

lIeflec ti on of dri ed sample .••.....................•. 

R! R" D. N.D. 
6:ti666666m. cm • mm. . -
DESORPTION. 

22.245 5.625 16.620 4.10 

22.245 5.675 16.570 3.60 

22.245 5.710 16.535 3.25 

22.245 5.795 16.450 2.40 
. 

Ii20. 
g. 

.0097 

.0085 

.0077 

.0056 

-22.245 5.865 16.380 1.70 .0040 

22.245 5.910 16.335 ~ 1.25 
-ABI6UI'IOlf. 
22;040 5.745 1S.295 .85 

22.040 5.610 16.430 2.20 

2f.040 5.590 16.450 2.40 

22.0405.515 16.525 3.15 

22.040 5.460 16.580' 3.70 

.0029 

.0018 

.0052 

.0056 

.0074 

.0088 

s. 
% 

5.88 

5.15 

4.73 

-3.40 

2.43 

1.76 

1.09 

3.16 

3.40 

4.49 

5.33 

16.'73, 25.25 
J 

12.3:2 18.60 

9.89 14. 94 

5.57 

3.23 

1.62 

1.32 

8.43 

4.87 

2.45 

2.00 

7.42 11.20 

9.13 

12.95 

13.87 

19.54 

19.51 29 52. 



TABLE XX. 

Sample 31. 

Investigation of Hysterisis effect cont. (see table XIX) 

Temperature of thermostat ................... 330 c. 

Spiral A.. 

Deflection ~f dry sample •••................. 16.225 cm. 

Drl weight of .sample .•....................•• .1653 g. 

Rl R2 D. N.D. H2O s. PHg Poil 
cm. cm. cm. mm. g. %' 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 .0067 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 

Adsorption. 

22.200 5.770 16.430 2.05 .0049 2.96 3.43 5.18 

22.200 5.7'30 16.470 2.45 10058 3.51 4.92 7.43 

22.200 5.560 16.640 4.15 ~OO98 5.93 10.61 15.'10 

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 

."' .1 



TABLE XXI. 

Sample 31. 

Hysterisis effect continued (see table XIX) 

T em per a tu reo f th e rm 0 s tat 0........ ...... -. . . . . .. :2 3 0 C • 

Deflection of d.ry saIn=~,le ........................ 16.260 cm. 

Dry weight of sa.mp1e . . . . . . . . . . . . . . . -

, 

RI R? D. N.D. H~O 
cm. cm. cm. mm. g. 
Desorption 

22.175 4.030 18.145 18.85 .0445 

22.190 4.205 17.9c5 17.25 .0407 

22.190 4.465 17.725 14 65 .03fl6 

22.190 4.670 17.520 12.60 .0297 

22.190 5.235 16.955 6i95 .0164 

22.190 5.450 16.740 4.80 .0113 

22.200 51695 16.505 2.45 .0057 

22.200 5.805 16.395 1.35 .0032 

22.200 5.830 16.370 1.100 .0026 

22.200 5.874 16 0 325 0.65 .0015 

22.200 5.920 16.280 0.20 .0005 

Adsorption 

22.190 5.845 16.345 0.85 .0020 

22.190 5.745 16.445 1.85 -, 0 " • ',) s:4 

2~,190 5.685 16.505 2.45 .0058 

22.190 5.500 16.690 4.30 .0102 

22.190 5.130 17.060 8000 .0=L89 

22.190 4.975 17.215 9.55 .0227 

22.1 ~-:'O 4. 8:=,0 17.360 11.00 .0259 
6 

. . . .. . . . . . .1661 g. 

S. PRg Poil 
d mm. cm. (0 

26.67 20.70 31.22 

24.50 19.50 29.45 

20.70 17.31 26 0 17 

17.70 16.30 24.65 

9085 8.57 1~.95 

6.80 5.40 8.15 

3.32 1.90 2.93 

1 r·e 0.66 \ 0 .. 94 \...-": ..... , . ,-,' '-.-' 

1056 0.38 0.57 

.90 0.18 0.28 

0280 0.05 0.08 

1.21 0J.38 0.58 

2.62 1018 1.78 

3.50 2.46 3.72 

6.12 6.05 9.12 

11.38 12.71 19.2 

12.66 14l.98 22.60 

15.60 16.37 24.70 



TABL.E XXII. 

Spruce Eeartwood. (B). 

Tra.nsverse thickness ..... 111111 .............. 0 •• , 1.5 mm. 

Spiral B. Length without load ...... 0 "'0' ••• 11.465 cm. 

1 mm. corresponds to .......................••.•• 00338 g. 

Tempe,rature of thermostat .. · · · o ••••••••• 0 • • • 0 •• 
23 0 c. 

T. ' V.P. R?!. D. N.D. H29. s. 
a6~ 1DfD. • Hg cm. nnn. g. % 
Dry sample 17.350 weight • • • • .1989 g. 

0 4.58 21.72 17.600 2.45 .0085 4,.32 

•• 0.1. ~f,('.O:t ~~i4~ 17.700 3.50 .0119 5.98 

10 9.21 4~.75 17.'155 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} 

Length .• 9.220 cm. 1 mm. • •.. . . . . . .00236 g. Spiral A. 

Dry sample aer~ec~10n •. 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 .g187 10.50 

22 19.81 94.38 18.165 13.95 .0329 18.49 



TABLE x..XI I I • 

Sample Ij. 

3ack-pine heErt~ood. 

Transverse ti-J.ickness. . .......................•• 1.5 mm 

Spiral B. 

Length with zero weicht .. ~ . . . . . . . . . . . . .... .. .. 13.:GIO cm. 

1 mm. corle2,l:::onds to .. ........ ~ . . . . -: . . . . . . . . . · 002<J8 b 

Tenrcerature of thermostat .... 
.!.; 

. . . 

T. V.P. R.Hw L. D .. w. H2 O• S 
QC. mr J & d cm. nUll. g. g. (._.-7 

!..J.. {ID .i? 

-30 .29 1. 1-10 1?670 4c4.60 .1507 .0015 1.02 

-20 .77 3.67 17.720 45.10 .1524 .0032 2.14 

-10 1.95 9.26 17.770 45.60 .1541 .0049 r, r'18 
0.~ 

0 4.58 21 .. 72 17.900 46.90 .1585 .0093 6.23 

6 7.01 33.43 17 • 95~) 47.45 .1603 .0111 't .43 

12 10.51 50.31 18.040 48.30 .1632 .0140 9.38 

21.3 18.97 90.35 lc.450 52.40 .1771 .0279 18.70 

2:G.5 20.40 -7 .- 0 I~- • G 16.710 55.00 .1859 .0367 ~.4. 60 



TABLE XXIV. 
" . 

Jaclc-l>in-e sanwQoa.. 

Samples 2j a.-nd 3j • 

Temperature of thermostat o 
•• " •.••.• ". • • . . • • • . • • . • . . . . .. 23 C. 

Spiral A.. San "DIe 2j • 

V.P. R.H. L. 
cm. 

D. VI. s. 
mm.Jig % mm. s. ,$ 

Dry weight ••••••••••• 14.900 56.80 .1342 -
-30 

-20 

-10 

o 
6 

12 

.29 

.77 

1.95 

4.58 

7.01 

10.51 

21.3 18.97 

22.5 20.40 

1.40 14.970 57.50 .1357 .0013 0.98 

"3.-67 15.020 58. 00 .1369 .0027 .2.05 

9~26 15.065 58.45 .1380 .0038 2.83 

21.72 15.205 59185 11412 .0070 5.21 

33.43 15.340 61.20" .1444 .0102 7.60 

50.31 15.430 62.10 .1465 .0123 9.16 

90.35 15.910 66.90 .1542 .0200 11.19 

97.20 16.335 71.15 .1679 .0337 25.11 

Spiral D.SaJl'J.ple 3j 

Dry-weight 13.965 68.55 .1508 -
-30 .29 -1.40 14.085 69.25 .1523 .0015 0.99 

-20 -.17 n 3.~7 14.090 69.80 .1535 .0027 1.79 

-10 1.95 9.26 14.155 70.45 .1550 .00422.78 

"0 4:68" 21;72 14.345" 72.3_5 ."1591 .0083 5.56 

6 

12 

21 

7.01 

10.51 

18.65 

22.5 20.40 

33.4~14.475 73.67 .1620 .0112 7.42 

~O.31 14.585 74.75 .1644 .0136 9.01 

88.72 15.360 82.!O .1815.0307 20.35 

97.20 15.650 85140 .1879 .0371 24.60 



standard eotton,cellulose. 

Spiral e: L. • .--5. 695 cm. 1 ,mm. correWpGnds to ••• 0047 g. 

Temperature or thermostat ••••••..••••••.... . J. •• ,330 c. 

'T. V.P. o R.H;. L. 1). w. H2O• s. 
0 

,Hi· % % C~ mm. . cm.. mm • g. g. , 

-30 .29 .77 9.640 39.45 .1863 .0013 0.70 

-20 .77 2.,87 9.655 39.60 . .1869 .00.19 1'.02 

-10.2 2.01 5.48 9.665 29.70 .1875 .0025 1.~5 

-5.4 3.00 8.10 9.685 :39.90 .1883 .0033 1.'8 

0 4.58 12.25 9.695 40.00 .~887 .0037 2.00 

5 6.54 17.51 9.710 40.15 .1895 .0045 2.43 

10 ):1.21 24.70 9.735 40.16 .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 '.0098 5.~3" 

Dry ~eight • • • • • • • • • • • 9.620 39.25 .1850 -'-

Temperature of thermostat • • • • • • • • • • • • • • • • • • • • • 29° c. 
-30 .29 196 9.620 39.15 .1860 .0010 0.50 

-20 .'17 2 .. 56 9.655 39.60 .1868' .0018 0.97 

-10 1.95 6.48 9.675 :39~o80 .1879 .0029 1.57 

-5 3.01 10.05 9.,685 ' 39.90 ' .1883 .O03~ 1.78 

0 4.85 12.7b 9. '710 40.15 .1893 .0043 2'.32 

10 i:2~ 39.'69 9.'160 40 •. 65 .1925 .0075 4.06 

15 12.'8 43.60 9.795 41.00 .1937 .008? 4.70 

19.8 17.30 5'1.69 9.820 41.25 ~'1950 .0100 5.40 



TABLE XXVI. 

Cotton Cellumose. 

Thermostat temperature • • • • • • • • • • • • • • • • • • • • • 

Spiral B. Length .!. 12.375 cm. 1 mm ••.. o. i00338 g. 

T. 
oC. 

V.P. 
wn. Hg 

R.H. 
d/ 
10 

L. 
cm. 

D. 
ram. 

w. 
g. 

Dry v.Jeigh t • • • • • • • • • • • 17.845 54.70 .1849 -
-10 1.95 12.59 18.020 56.45 .1908 .0058 

-5 3.01 19.45 18.0A5 56.70 .1916 .0066 

o 4.58 29.69 18.055 56.80 .1920 .0070 

5 6.54 4~.30 18.100 57.25 .1905 .0085 

10 9.21 59.57 1b.190 58.15 .1965 .0115 

15 12.78 82.48 18.300 59.25 .2002 .0152 

Temperature of ther:llosta t . . . . . . . . . . , ~ . . . . . . . . . .. . . 
Dry weight • • • • • • • • • 18.630 62.55 ,;2114 -
-30 129 2.76 18.740 63.65 .2151 .0037 

-20 .77 7.32 18.760 63.85 .2158 .0044 

-10 1.95 18.51 18.785 64.10 .2166 .0052 

0 4.58 43.60 18.890 65.15 .2202 .0088 

5 6.54 62.25 19.015 66.40 .2244 .0130 

10 9.20 87.61 19.170 67.95 .2297 .0183 

Tempecrature of thermostat • • • • • • • • • • • • • • • • • • • • • • • • • 

Dry weight • • • • • • • • • 18.470 60.95 .2059 .. -----
-30 .29 .44 18.490 61.15 .2066 .0006 

-20 . 77 1.31 18.500 61.25 .2070 .0010 

-10 1.95 3.00 16.525 61.50 .2078 .0018 

0 4.58 7.06 18 .. 556 61.'16 .2087 .0027 

10 9.21 14.15 18.600 62.25 .2104 .0044 

.:~4. 2 22.5 34.60 18.695 63.20 .2135 .0075 

s. 
~ 
f 

3.13 

3.57 

3.78 

4.59 

6.22 

8.23 

120 C. 

1.75 

2.08 

~.46 

4.13 

6.14 

8.66 

42° C. 

0.29 

o. L~8 

0.87 

1.31 

2.13 

3.64 



TABlE XXVII. 

Investigation of hysteresis effect and also the magnitude of 

equilibrium values near the saturation te:qlperature in the 

case of cotton cellulose (Se) and extracted wood cellulose (Sw). 
Themmostat ••. 23° C. 

T. V.P. gC. mm. Hg 

ADSORPTION. 

-30 

-20 

-10 

o 

10 

15 

18 

20 

21.4 

21.5 

22 

.29 

.?? 

1.95 

4.58 

9.21 

12.78 

15.51 

17.45 

19.10 

l e "0 . ..). t:::, 

19.81 

20065 

DESORPTION. 

18 

15 

12 

10 

o 

17.45 

15.51 

12.78 

10.51 

9.21 

4.58 

R.H. 
% 

1.40 

3.67 

9.26 

43.75 

6,). 68 

73.82 

83.22 

91.18 

:;:;1.41 

94.38 

98.37 

83.22 

73.82 

60.68 

50.31 

43.75 

21.72 

0.57 

0.88 

1.78 

2.75 

3.6 

5.57 

6.70 

7.52 

8.00 

8.27 

9.05 

9.94 

7.82 

-
6.18 

5.57 

3.95 

2.62 

~W· 
10 

1051 

1.91 

3.49 

5.40 

8.10 

11.17 

13.17 

14.55 

17.06 

18.00 

18.90 

23.00 

16.15 

14.05 

12.24 

10.26 

8.10 

6.03 



TABLE XXIX. 

Rate of establishment of eauilibrium. 

Spruce sapwood (A) • Transverse' thickness · ',. .. l.b mm. 

'ffapor pressure in RP"paratus ......... . .. o ••••••• 4.58 mm .. Hg. 

:tem:perature of thermostat ..•.............. • • • • 33'0 c. 
~~,lm~;~e~,~_,~(m~1~·n~.~) ______ ~S~.~(~%~) ____ ~T~im~e~.~(~m~in~.~)~ ________ ~S~.(%) 

Simple 1. dry .Sam121e 2. 

1.5 • • • • 

3.0 • • • · 
7.,0 • • • 

10.0 • • • • 

17.0 • • • 

25.0 • • • 

40.0 • • • • 

52.0 • • • • 

Sample 6. 

1.42 1~5 • • · • • • • • • • • · · • • 

• • • · , · • • 2.27 4.6 • • • • • 

• • • • • · · • • 2.55 8.1 • • • • • 

• · · • • • • • · 2.84, 14.5 · • • 

• '. • · · • ~.41 21.5 Q • • 

• · 1::-' · · · • 3.41 60 • • • 

• • • • • • · • • 3.41 76 • • 

• • • • · · • • · 3.41 97 . • • 
,-

rim.e (min.) , s. (%J 
" 

o · · · · · · · .' . · · · · · · · · · · · DIY 

4.0 

10.0 

18:0 

32.0 

41.0 

· . . ...... . . . . . . ' . . . . ......... " . 
.... ,. ...... ~ ... ': .... . 
.. ~ ~ ... . . . . . . . . . . .... 
.e • • •• .....:,....'~.. 

. . . , . . . . . . . . . . . . . .. 

2.5' 

2.96 

3.24 
·3.24 

3.24 

• • 

• • \ 

• • 

• • 

• • 

• · • • · · · • • • 1.23 

0 0 · · • • • · • 1.47 

• • · • · · r .'. • • 2.33, 

• • • • · · · · • • 3.06 

, 
• 3'.19 • • · • • 0 • • · . 

• · • • • · • • • • 3.19 

• • • • • • · · • • 3.19 

• • • • • · • • • • 3.19 



TABLE XXX. 

Rate or establishment or equilibrium. 

Spruce heartwood (A) • Transverse thickness ........... 1.5 mm. 

Vapor pressure in appa.ra.tu8 .. . .. . ......... -; . . ... 4.58 mm. Hg.-

T~mperature of ther.mosiaB •....................• 33° c. 

Sample p. 
.Time (min). 

0 

s. (%) 

1.6 • •......... 1.8-2 

3.5 • • • • • • • • • • .2.67 

12.,1 · ~ . . . . . . . . 3.51 

22.~ · . . . ~ . . . . . ~.68 
40.0 • • • • • • • • • • 3.85 

60.0 · . ,- ....... 3.85 

18 hrs. • • • • 3.85 

RATE FOR STANDARD SAPWOOD SAMPLE. 

Sa.mple 7 .• 

Time (min) 
( 

0 

4.0 • • • • • • • • • • • • 

7.0 • • • • • • • • • • • • 

12.0 • • • • • • • • • • • • 

19.0 • • • • • • • • • • • • 

2?O · . . . . . ". . . . . . 
36.0 • • • • • • • • • • • • 

-11 9 wood meal 

Temperature of tiJ.ermostat ....................... 23° C 

Time. - (min) 

3.5 

7.0 

12.0 

15.0 

21.0 . 

24.0 

31. O. 

· .......... " .. . 
• • • • • • • • • •• • • • • • 

• • • • • • • • • • 0 • • • • 

• • • • • • • • • • • • • •• 

• • • • • • • • • • • • • • • 

• • • • • • •• •••••• 

.Il·.· ... c, ••• c. 

s ($) 

3.23 

4.06 

4.24 

4.43 

4.72 

4.72 

4.72 

s.(%) 

3.12 

3 •. 20 

5.47 

3.91 

3.91 

3.91 



TABLE XXXI. 

Rate of esiablishrnent of equilibrium. 

. . . . . . . . . . . . . . . . . . . . . . . 4.58 mm.Hg 

Spruce Sapwood (A). Sample 6. 

n,-·t il.Go· e B.t 42°. c. Rate a.t '"'9° t::. • c. Rate at 23°c c. 
Time. (mir..) s. (% ) Jime. (min) s. (%) Time. (min ) s. 
2.0 • • • • • • 0.67 3.0 • • • • • • ~.28 5.0 • • • • • • 303 

4.5 1.81 6.0 r- r;r-r 7.0 • • • • 4.32 • • • • • • • • • • • • .. ~! • ~.J • 

6.5 • • • • o • 2.00 11.0 • • • • • • 3.52 c 0 v. • • • • • 4.60 

9.0 • • • • • • 2.09 18.0 • • • • • • ;~. 61 11.0 • • • • • Lj..71 

1210 • • • • • • 2.18 25.0 • • • • • • . 7 9 .:) . ..., 14.l: • • • • • s:.90 

20.0 • • • 0 • • 2.18 50.0 • • • • • • ~:\. 72 ' 19.0 • • • • • 5007 

~.9. 0 • • • • • 5.07 

Rate at 180 e. Rate at 12° c. -
~ime (min) S (%) • m' .Llme (minL S (%) • 

3.5 • • • • • • 4.47 2.5 • • • • • • • • 3-61 

6.0 • • • • • 5115 5.0 • • • • • • 5.42 

ro. 0 
\::; . • • • • • • 5.62 8.0 • • • • • • 6.45 

12.0 • • • • • • 0.90 11.0 • • • • • • 7.12 

15.0 • • · . • • 6.10 16.0 • • • • • • 7.78 

19.0 • • • • • • 6.37 ~:oo 0 • • • • • • 7.87 

27.0 • • • • • • b.:67 24.0 • • • • • • 7.d7 

~8.0 • • • • • • 6.37 38.0 · . • • • • ? '07 



b ,-

TABLE XXXII. 

Rate of establishment of equilibrium., 

'Tapor pres sure~' in apparatus •... . ..••.••.• ! •• ,... 4.58 mm. Hg. 

Spruce heartwood (A)' Sam~le7. 

:ijate at 42u C. Rate at 29° C. Rate at 23°C. 
-

(min) (%) (min) Time. S Time. S 1%) Time. (mi)n ) S (%) 
t .• _ 

3.0 • • • • • 1'.47 4.0 • • • • • 3.12 2.'0 • • • • • 2.60 

5.5 • • • • • 1.91 7.0 • • • • • 3.20 6.0 • • • • • 3.92 
) 

,7.5 • • • • • 2.08 12.0 • • • • .. 3.47 8'.0 • • • • • 4.01 

10.0 • • • • • 2,16 19.0 • • • • • 3.91 10.0 • • • • • 4.35 

13.0, .• • • • 2.16 27.0 • • • • • 3.91 12.0 • • • • • 4.56 

21.0 2.,16 36.0 .. . • • 3.91 18.0 • • • • • 4178 • • • • • • 
; 

30.0- .. • • · .4.97 

Ra.te at" 180 e. Rate at 12° C. 

Time. (min} S (%.) .' Time. (min) S (%) • 
I 

,4.5 • • • • • • 4.77 3.0 • • •• o • 4.24 

7.0 • • • • • • 5.47 6.0 4.67 • • • • o • 

10.0 · ': • • • • 5.89 9.0 5.87 o • · . . • • 

13.0 • • • • • • 6.16 12.0 6.84 • • • • .. . 
16.0 • • • • • • 6.2-6 18.0 7.44 •• • • • • 

20.0 • • ... . ... . 6.34 39.0 7.44, · '. • • o ,. 

30.0 • • • • • • 6.43 

47.0 • • • • • • 6.60 



Rate of establismn,ent of equilibrium. 

standard cotton ,cellulose • 

-Vapor pressure in apparatus · . . . - . .:, ': . . - . 
o • Rate at 42 C 

T. (min}. 

1.5 

4.0 

• • 

• • 

• • 

• • 

,6.0 • 

8.0 

• • • 

· .' • • 

11.0 

35.0 

• • • 

• • • 

s (%) 
0.57 

0.73 

0.88 

0,97 

1.11 :' 

1.30 

Rate at 33°. C. 

s.o • • • • 1.67 

15.0 • 

24.0 

• • • • 1.78 

• • 

50.0 • 

~ • 2. 00 

• 2.16 • • 

, °c Rate at 18 • 

,-, . . . '. - . 5.48 mm. Hg.' 

S (a!) .. 

• • • 0.97 

• • 

2.0 • 

9.0 . 

17.0 • • • 

• 1.62 

. ' 2.23 

24.0 • • .. • 2.32 

31.0 •.•• 2.32 

Rat e at 1'2 0 , C. 

T. (min)., s. (%) .;:"T,;:;... _(..,;;;;m;;.;;;;i,;;;;,n.l-.) .~_-...... S ___ {_if )T • lmi n) • p s. (~) I 

L.~ • • •• 0.80 

5.0 • . ,. . 1.73 

8.0 • • • .1.95 

.. . • ' 2.17 

• • 

l~.O • 

17.0 • 

22.0 · .. . . 
• 2.31' 

2.49 

26.0 • • • • 8.49 

3.0 • 

5.0 

.: •• G.13 

" . • • 2',71 

8. 0 • • • • ;3 _, 03 

11.0 • _ •• 3.31 

14.0 

18.0 

27.0 

• • • .' 3.46 

• • • • 3.57 

· , . . 3.63 

50.0 •••• 3.78 

2. 0 •• • • 

4.5 • . ., 
0.88 

2.14 

~ ~ 52. • • • -3.02 

lO.O 

14.0 

19.0 

26.0 

· - . • 3.36 

· . ,. . 
.. .. • • 

• •• • • 

3.93 

4.13 

4.13 



!ABM XXXIV. 

~te of establishment of equilibrium. Drying. 

Pressure of wa tel:" vapor lowered from a higher, value to 4. 58 mm. 

Temperature of the~mostat 33°C. 

Sample 2~ Spruce sapwood. Sample 3. 'Spruce heartwoog. 

, T .• (~in). S (,;/) 
·i'~ J e_ 

• • • • • • • 7.38 2.0 • 

5.0 • • • • • • • • 

• • • • • • · 4.93 9.0 . 

18.0 • 

23 .. 0 

• • • . • • ,.' 4. 18 

.. . • • • • • • 4.18 

39.0 .. .. • • • • • • 3.94 

"58.0 ' •••• ~ ••• 3~45 

99.0 • • • • • • • • 
, . 

20 hrs. . . . . '. . 
3.45 

3J45 

T. (min). 

1.5 

2.5 

• • • • • • 

• • • · . .. . 
5.5 • • • • • • • 

14. 0 . • • • . • 

20.0 . 

29.5 • 

46.0 

90.0 -

• • • • • • 

• • • • • • 

• • • • • • 

• • • • • • 

20 hrs. • • • . . 

s. (%) 

10.15 

8.57 

6.63 

5.56 

5.24 

5,.05 

4.59 

4 .. 20" 

4'.2 

(Adsorption value •. 3.45) (Adsorption value .4.00) 

Sample 6 Spruce sapwood. Thermostat • • 

v.p. 4.58 init~a11y pumped out through P205 tube. 

_Time. (min). s. (%). ; -.--_&.~~ 

5.0 

10.0 
, ' 

.. . 
· ' .. 

· .. .. • • 

· .. . . .. 

13.'0 • 

19.0 

· .. .. • • •• 

• • '. . • • • 

26.0 • • • • • • • 

32.0 • • • • .. • • 

L20.0 • • • • • • '. 

• 1.33 Initia.1ly B. 

• 0.86 

• 0.66 

• 0.57 

• 0.29 

• 0.19 

.. 0.00 

3.72% 



,0 -

TABLE x.Y.xV. 

PENETP .. A7ION OF 'WOOD BY V/ATER VAPOR • 

Sprue e (A). 

Var;;or pressure in 8.p~j2ratus •..................... 4.55 W.ll1. Hg. 

Tem1Jerature of thermostHt ... . . . . . . . . . . . . . . . . . . . . . . 0-z.° C t::.v • 

Sam-c1e 10. Sapw66d. Thickness • • . . . . · - · . · · · · . • 4.8 mIO. 

One transverse end onen. 
--*'-'-.... -

To (min) . S. ( .-.') '~::J • 

1.0 • • • • • • • • 1. ~'9 

5.0 c ~- r. 
• • • • • • • • G.~~ 

0.0 • • • • • • • ~~ .19 

11.0 • • • • • • • <-".25 

16.0 • • • • • 3.71 

20.0 • • • • • • • 3.78 

""'5 0 t:::, • • • • • 4.20 

31.0 • • • • • • • 4.32 

40.0 • • • • • • • 4.380 

52.0 • • • • • • 4.53 

Final · • • • • • 4.53 

Sam:ple 15. Sapwood. 

One transverse end open. 

3.0 • • • • • • • • 

6.'0 . • • • • • • 1.?7 

• • • • • • • • 2.31 

12.5 • • • • • • • • 2.22 

Both transverse ends OIJen. -
T. (Thin) . S. (;1b) 

r~ 0 
.:J. • • • • • • • · 2.06 

6.0 • • • • • • • • 2.59 

11.Q • • • • • • • • ~ 3'"' .). '- ~ 

13.0 • • • • • • 3;66 

16.0 • • • • • • • 3 .. 85 

IS;.O • • • · • • • ;::,.99 

22.0 • • • • · • • • 4.18 

2700 • • • • • • • • 4.32 
\ 

50.0 • • • • • • • • '7 •• 52 

Final • • • • • • • • 4.52 

Thickness ........... 9.5 mm. 

5.0 

10.0 

17.0 

• • • 

• • • 

• • • 

23.0 • • • 

• • • • 0 2.13 

• • 

• • 

• • 

• • 

• 

. 3.16 

3.50 • • 

• • . 3.80 



,I 

Table XXXV. (cont.) 

T. (min) s. (%) • T. (min) . _ .. s. (/; ) 

27.0. • • • • • • 3.07 28.0 • • • • • • • • 4.18 

32.0 • • • • • • 3.15 48.0 • • • • • • • • 4.50 

42.0 • • · • • • 3.33 66.0 • • • • • • • • 4.62 

61.0 • • • • • 3.33 GC 0 ~.; ./" . • • · • · • • 4.76 

93.0 • • · · · • 3.b3 160.0 • • · • • 5.03 

Sample 19. 
1 

Sa1iv~ood. Tr&~sverse thickness • • • • • 14.0 mm. 

One -crar:svers e end o:~,en. 
---_._ .. -. + 

Two transverse ends open. 

2. o. . • • • • • 

• • • • • • 4.0 

7.0 • • • • • • 

10.0 . • • • • • 

15. c) • • • • • • 

19.0 • • • • • • 

24.0 • • • • • • 

29. 0 • • . • • • 

34.0 • • • • • • 

41.0 •.. • • • 

50.0 . • • • • • 

60-0 . • • • • • 

94.0 . • • • • • 

.1.06 

1.40 

1.73 

2.18 

2.85 

3.07 

3.24 

3.30 

3.53 

3.73 

3.80 

4.02 

2.0 • • • • • • • • 

~.5 
• 0 • • • • • • 

10.0 • 

16.0 

• • • • • • • 

• • • • • • • • 

20.0 • • • • • • 

25.0 • • • • • • • 

33.0 . • • 

• • 40.0 . 

61.0 • • • 

• • • • 

• • • • •• 

• • • • • 

Final .•...... 

0.95 

1.79 

2.13 

3- 230-

3.47 

3.81 

;'1.08 

4.66 

4.66 

4.66 



Table XXXV (cont.) 

. Sample 25. Sample ?6 . 

Samples with ooth, transverse enas oJ)en. 

Thickness 
• I •• 

. . . . . . ." .. ..,. .. '-' - , , , 20.0 mm. 

Sapwood. 

T. (mint 

4.0 • • • • • 

8.0 . 

12.0 

. . ..... 
• • · .) . 
• • • • • 

s. (%) 

1.62 

2.28· 

.2.90 

15.0 

18.0 

23.0 

· ... 
· 3.12 

3.34 • • • 

-, . • • • 

27. 0.. • · .. . 
32JO • • • • • 

37.0 • • • • • 

47.0 • • • • • 

• • • • 63.0 •. 

93.0. . • • • 

• 3.09 

· 3.8? 

4.07 

4.22 

4.38 

4.65 

4.66 

Heartwood_ 

s. t%) T.. \rnin) 

3.0 • • • • • •.. 1~ 03 

5.0 • • • • .. . 1.34 

9.0 • • • .. • 1.4'9 

13.0 • • • • • • 2.01 

16.0 • It • .. • • 2.11 

19.0 • • • • • • 2.21 

24.0 • • • .. • • 2.52 

30 .. 0 • • • • • 2.73 

38.0 • • • • • • 3.01 

48.0 .. • • • • • 3.19 

64.0 • • • • • • 3.60 

94.·0 ,-. .. • • • • 4.12 

S~le GO. 14 0 Barn 1 21 ~ • mm •. in thickness. "PI' e • 14.0 rmn .. 
Heartwood One transverse end open. 

1 •. • •• • • 

5.5 ••• • • 

8. 0 • '. . . • 
. , 

11.0 . • • •• • 

~4. 0 • • • • • 

0.23 

0.69 

0.75 

0.81 

0.93 

Both transverse ends ope~. 

3.0 • • • .. . . . 0.83 

6.0 • • • • • • • 1.27 

9.0 ••• , •... 1.48 

12. 0 • • •• . . • 1. 87 

15.0 • • • • • • 1.98 



l' 

Table XXXV. (cont. ) 

T. -{min} - - Os. (%) 

17.0 

21.0 

• • • • • • .. 1.16 

.0. • • • • 1.24 

26.0 • • • • • • • 1.51 

34.0 • • • • • • • 1.5? 

41.0 • • 

63.0 • . 

100.0 • 

1?6.0 • 

.. . · • 1.68 

• • .2.21 

• • • •• 2.56 

• • • • • 3.20 

Sample 14. 

T. _ (min) . 

18.0 · . . ,. • • 

22.0 .. . • • • • • • 

27.0 •• • • · - .. • • 

35.0 • • • • • •• • 

42.C .. • • • • • • 

64,0 , , , , , ~,., 

100.0 • • • • • • e: • 

172. 0 . . • • .0 • 

...§ample 17. .. 

s. (%) 

2.20 

2.47 

2.64 

2.90 

3.14 

3 .. 70 

4 02 

4.47 

Heartwood. Thickness .• 9.5 mm. 

Both transverse ends opeR. 

Sapwood. - 6.5 mm. - Thickness. 

Both tadgentiRl ends open. 

2.5 • • • 

.. . • • • 

· . .. .. . 
7. 0 . 

14.0 • 

18.0 • • • • • • 

26.0 .. 

33.0 .. 

46.0 • 

• • • • • 

• • • · .-

• • • • • 

-65.0 • • .. . • • 

• • • • 91.0 .. . 

160.0 ... .. .- • • • 

6.61 

2.39 

2.?0 

3.30 

3, .. 80 

4.10 

4.-40 

4.96 

,4.96 

5.21 

5. 0 • • • • • • 

9.0 • • · .. . . 
'. . · _. . 
• • • • 

· 1.36 

• 1.46 

• 1.79 

· 1.88 

1:3.0 • 

16.0 • 

20.0 • 

24.0 . 

• • • • . • 2-.05 

• 2.31 • • • • • 

• • • • • · 2.48 35.0 • 

44.0 • • • • • • 2.74 

55.0 • • • •• • • 2.82 

73.0 •.. • • • 3.16 

~128.0 • • . • .. 3.50 

2.30 • • • • • • • 3.68 



TQb~e xxxv. (cont.) 

. RADIAL PENETRATION. . "....... -

Samp,le 16. 

Sapwood,~ Radial thickness .. • 6. 5m.'D. •.. Heartwood. 

• • • 3.0. '. 

7,/0 .. .. .. . 

s (%). 

'. . 0.57 

JIOO • 

19.0 

• • 0.76 

. 0.95 .' . . . 
• • • • • • ' 1. 03 

1.39 . .. . . 25.0 • • 

39.0 • • • • .. . 1.65 

54.0 • • • • · ·'1.7'7 

• 1.96 • • • • • '18.0 

167'.0 • • • • • • 2.73 

234.0 • . 

360.0-. • 

• • . . 2.85 

• • • • 3.30 

-
Sample 23 _ 1 

Radial, Thickness 

2.0 

4.5 

• • • • 

· .. • • 

· . .. 
• o. 

10.0 •••••• ,0.61 

Aj·O • • • • • • 0.94 

49.0 .. • • • • • 1.47 

83.0 • .. • • • • 2.08 

124.0 • 2.62 • • • • • • 

T. (min) 

3.0 • • 

8.0 • • • 

• • • 

· '. . 
19.0 • • • • • • 

28.0 • • • 

S.' !2t) 
" 

0.34 

0.34 

44.0 • '.=.t • • " '. ' O. 86 

53.0 

73.0 

• • • • • • 

· .' . · .,. 
0091 

1.26 

127.0 • 

2:50.0 

• • • • • 1043 

1. 7~ ,.. 
• • • • • • 

Hea.rtflood - Sa.mple 22. 

5. 0, mm. 

1.0 • 

5. 0 et 

10.0 • 

20.0 0 

48.0 

• • • • • • 

.. 0 · .. . 
• • • • • 

• • o • • 

•• • • 

• • • • • 82.0 • 

124.0 • • .. . .a • 

.Cl:34 

0.34 

0.46 

0.58 

0.76 

'1.04 

1.15 



TABLE XXXVI. 

Rate of establishment of equilibrium and 'penetration. 

Sprue e (:B). 

Tempera~ure of thermostat • • • • • • • • • • • • 

Vapor pressure in apparatus • • • •• • • • . . '. 4.58 mm. Hg. 

SaJllPle lb. 1.5 mm. 

Heartwood. 

T.' (min) 
.~ $ •.• , ,t .- ! 

15. • • • • 

s~ (~) 

4.0 • • • 

• 1.26 

3.00 • • 

7.0 • • • • • 3.66 

10.0, • • • • • 3.81 

• 4.03 

16.:3 •• • • • 4.27 

19.0~ •.• . .. • 4.32' 

23.0 • • • • • 4.32 

Sample 4b., He;:trtw,ood. 
t 

Sample 2b. 1.5 mm. Sample 3b. 1.5.m 

Sapwood. Sapwood, 

___ T-...,. --..,L;(m;,;.;;;i;.;;,;n ..... ) __ 8_. --l{_~) T. {min ) ,~, (% ) 

2.0 • • • • • 1.69, 

5.0 • • • .. • 3.59 

8.0 .. . • • • 4.1 

11.0 • • • • • 4.,54 

14.0' •• • • 

17.0 • 

20.0 .. 

• ~ r • 

• 4.77" 

5.00 • • 
, 

• • • • 5.07 

24.v • • · ., • 5.07' 

6.0. 

\ 9.0 

• • 

.• 2~36 

.• 3.41 

• • • 

12.0 • • • 

15.0 • • • 

18 .. 0 • • • 

3.95 

.4.57 

..4.73 

.4.~6 
I 

21.0 .'. • ,.5.08 

25.0 • • • .5.08 

Sa~le Bb ,Sapwood. 

Both transverse ends open Both transverse. ends oren 

- Thickness 5.0 mm. _ 

1.5 •• • • • • 

3.0 • • • • • 

1 •. 02 

1.68 

5.0 • • • •• 2.41 

7.0 • • • • • 2.93 

2.0 • 

4.0 • 

6.0 • 

9.0 • 

• • • • • 1.87 

• • • • • 2.25 

• • · t· • 2.87 

• • • • • 3.13 



Table XXXVI. (con~.) 

10.0 • • • • 

• .. . 
• • • 

• • • 

17.0 • 

2-1.5 • 

24.0 • 

28.5 • • • • 

Sample 8D 

Heartwood 

• iI 

• • 

• 

• • 

• 3.13 

• 3.39 

3.84 

3 •. 90 

3.90 

(min. ) 

13.0 • 

16.0 • 

20.0 • 

• 

• 

• 

23.5 • • 

· ) 

• · .. -. . 
• 

• • • • • 

• · ... . . 

Sample 8b. 

Sapwood. 

s. (%l 
3.43 

3.75 

3.85 

3.85 

- 9.5 mm thickness. -

2.0 • 

4.0 • 

• • • • 

• • • • 

6. a • • • • • 

8.0 • 

10.0 • 

13.0 • 

16.'0 • 

19.0 • 

'23.0 • 

27.0 • 

42.0 • 

59 .. 5 • 

168.0 • 

240.0 • 

• • • • 

· . . '. 
• • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • 

• • •• 

• • • 

.. . . 

• 

• 

• 

• 0.86 

• l.68 

• 1.91 

• 2.24 

2.45 

• 2.79 

• 3.14 

• 3.32 

• 3.35 

• 3.50 

.·4.05 

4.45 

5.0Q 

p.OO 

ill 

1.0 • 

3.0 • 

5.5 • 

7.0 • 

15.0 • 

17.0 • 

20.0 • 

24.0 • 

28.0 • 

41.0 • 

60.0 • 

160.0 • 

241.0 • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• 

• 1.34 

• 2.20 

• .2.93 

• 3.45 

• 3.60 

• 4.06 

• 4.32 

4.40 

4.73 

4.80 

4.86 

4.92 

I.I~ 

5.07 

5.07 



TABIJ!: XXXVI I •. 

Rate of establishment of equilibrium and penetratfon. 

Jack-pine. 

Yap or pre s sure 01" wa ter • • • • • • • • • • • 4.58 mm. Hg. 

Tem"Derature of ther mostat • • • •• • • • • • 

Sample 1.1. Sample 2,1. , Sample 3j. 

-- Thickness 1.5 mm. -- --
Heartwood. 

T.- (min) s. '(%) .. 

2.0 • • •• 2.48 

4.0 • • • • 3.62 

7.0 • • • • 4.23 

11.0 • • •• 4.89 

• • • 4.96 

• • • 5.08 

14.0 • 

17.0 • 

20.0 • • •• P. 08 

23. 0.. • • • 5.15· 

88.0 • • • • 

41.0 •• •• 5.56 

52.0 • • • • 5.81 

Sample 3J Repea~ • 
. 

1.5 • • • • • .2.1.9 

4.0 • • • • • 3.31 
"If ., 

o " '.0 .. • • • • 3.97 

10.0 • • • • • 4.37 

. 
lapwood Spwood. 

T. (min) S. (%). T. (min) 
--------------------

s. (%) 

2.5 

-5.0 
• • • • • 2.75 

• •• • • • 3.80 

9.0 • • • • • 4.17 

12.0 • • 

15.0 •• 

• • . 4.77 

4.17 • • • 

18.0 • • • • • 4.98 

21.0 • • • •• 

24.0 • • • • • 

5.06 

5.06 

'27.0 

·40.0 

• • • • • - 5.13 

• • • • • 5 .. 13 

55.0 • • • • • 5.21 

3.0 •••• 

6.0 • • • • 

3.92 

3.84 

10.0. • • • 4.51 
..,. 

I 

13.0 • • •• 4.71 

16.0 • • • • 4.7·7 

19.0 •••• 4.91 

• • • .5.11 

• • 

22.0 • 

25.0 • 

30.0 · . . .. 

• 5.17 

5.23 

39.0 , 
• • .. . 0.23 

54.0 At • • • 5.23 

1.0 • • • • • • • 2.19 

3.45 

3.97 

4~Sl 

4.0 • • • • • • 

• • • • 
9.0 • • • • • • ·tt 



Table XXXVII. (cont). 

T. (min) 
( :~.: ~ (min) (%) S. T. s. \ :'" 

12.0 • a • • • • • 4.44 12.0 • • • • • • 4.44 

15.0 4.71 15.0 • 10 • • • 4.56 • • ~ • • • 

19.5 • • 11 • • • 4.35 18.5 • • • • • 4.03 

G6.0 • • a • • • 5110 22.0 ~ It » • • 4.84 

33.0 a • • • • • 5.10 26.0 • • • • • ~~ .• 84 

-_ ........ -. 

Sample 4j. Heartwood 

5. 0 mril. Thickness. 

One tre-nsvers e tnd open. Both 'l,ransvet:se ends._9pe!l. 

2.0 • • • • • • 0.61 2.0 • • • • • 1.97 

4.5 • • • • • • 1.28 5,,0 11 • • ~ • f.t? 

7.0 1.59 b.O G' r. 3 ...... .., 
• • • • • • • • • • ~ ....... 

8.0 • • • • • • 1.66 11.0 • • • • • 3.93 

10.0 • • • • • 1.74 14.0 r_" 0""'" 
• • • • • .... 1. ~0 

13.0 • • • • • 1.96 19.0 • " • .. .. 4.53 

16.0 • • • .. .. • ~.19 25.0 ~ a a • • ~l .61 

19.0 ,-. " ,- =:1.0 5.22 • • • • a • e::.4t: • .. • ~ 

27.0 • • a • 11 • 2.95 3&.0 • • " • • 5 .. 30 

42.0 • , .. • • • 3a17 60.0 • • .. • .. 5 ~ • u 

51.0 ~ • .. ~ • .. ~ .• 32 

140.0 • • .. 3.26 

- .. --- _ .. _ ..... - _.-----.. _- --~-



Tcb le XXXVII. (c on t. ) 

Sam~].~_ 5j !..., 

Sapwood. 7ra,nsverse thic,kness ., ,. ~ . , . 5.0 rmn • 

One transversE-. end (jTJ en et Both transverse -
ends o-I-en., . ...........~ ....... r_ 

Ta (min) S (c:) J-!._lmin ) s. f Cf,
11 

t. .-'~ • ,L?...!-
. ----~-

3.J 1 r,,- 3.0 ' OLl 
• • • • • .ot:: " ~ ~ 11 t::, • ... 

5.0 • ~ .. ~~ .. 61 5.5 • ~ • • 2.72 

c::~ .5 • 3,07 9.0 .. " ~ • 3,. 6;) 

11.0 3~46 
1'-· ~ 3.26 

• • , • • t.J • () • • ~ • 

14.0 21.75 1 Cl 0 Lj • 0"8 
• • • .. c. " • • • • 

17 • I.) 3.ul '3 1== 4.26 .. • a • • ~ • v • • • .. • • 

20.0 ,-; Cl 30.0 4.b3 
• • • • ~) . ...;," • • • • • 

35.0 • • • a • 4.31 :)5.0 • • .. .. ., .. 5.05i 

43.0 11 • • • • 4.j? 6u.0 • • • ~ • ., 5.05 

140.0 • .. • 11 • 5.05 

Sarn121e (jj • Tra.nsverse thickness • • c 5 0;;. mm. 

Heartwood. 

"ne trE,nsverse end open. Both trEnsverse ends Qljen. 
I 

1.0 • • • • • 0.1 1.0 • • • • • • .0.35 

3.0 .. • • 11 • O~15 4.0 .. • ., • • • 0.96 

6.0 • • 11 • ~ 0.30 7.0 .. It .. It • 1 .. 21 

9.0 • ~ .. .. 0.66 10.0 .. .. .. .. • ~ 
1 LJ '? • • .': '(....J 

12.0 ~ • • .,00.81 13.0 la .. .. .. • 1.78 

16.0 • • · ~ 0.91 16.0 • .. • • .. 1.92 



Table XXOXVIr. (c on t. ) 

T. (min} s. (%1 T, (min) S. (%) 

20.0 • .. • • • 0.91 19.0 • • • • " • • • • 1.92 

_27.0' • • • fi- • ~.OI 22.0 • • • • • • • 2.07 

32.0 • • • • 1.16 26.0 • • • • • • • 2.27 

42.0 • • • • • 1.16' 31.0 • • • • • • • • 2·.33 

54.0 • • • • • 1.36 37.0 • • • • • • • • 2.48 . , 

'16.0 • • • • • 1.72 50.0 • • • • • • • • 2.58 

-
If4~WOOd. StpB=f 9j. Transverse ~thickness • • • • • • • 9.5 mm. 

One tTansverse end open. Both transverse ends °Een. 

1.5 • 

4.0 • 

7.0 • 

• • • 

• • • 

• • • 

~ • 1.14 

• • 

• • 

1.88 

2.54 

• • • • 2.70 10.0,. 

13.0 • • • • • • 3.36 

17.5 • 

21.0 • 

28.0 • 

• • • • 

• • • • 

• • • • 

33.0 • • • 

43.0 • .. . • • 

3.7'1 

• 4.02 

• 4'" 26 

• 4.51 

• 4.76 

55.0 

77.0 • 

• • • • • 4.92 

• • • • • 5.07 

-
2.0 

5.0. 

8.0 

11~0 

14.-0 

20.0 

23.0 

27.0 

32.0 

38.0 

51.0 

• • • • • • • 0.98 

• • • • • 2.05 

• • • • • • 2.79 

• • • • • • 3.28 

• • .• • • • 3.61 

.. • • • • • 3.69 

• • • • • .. 4.'03 

• • • • • • 4.10 

• • • • • • 4.26 

• • • • .. • 4.43 

• • • • • • 4.58 



~ \. 

Table XXXVII. (co~t.) 

~S~a~m.p_l_e~1_4~J~· __ ~.Heartwood. 

Transverse thickness • • • • • • • 14. U m.m. 

Q..~_ transverse end OI)€n. Both tran~veFse ends opell~ 

T. (min). s. T. (n1in). s. 
3.0 • • • • • • ~ 0.55 " 0 t:::, • • • • • • • • 6.45 

6. 0 • • • • • • 0.55 4.5 • • • 0.83 

11.0 11 » • • • 0.78 7.0 ~ • • • 0.92 

16.0 • • • • • • 0.E7 , . . • 0.97 

~4.0 . 11 • 11 • • O.E? 15.0 • • • • • • 1.06 

• • • • • • 0.97 19. 0 • • • • • • 1.06 

• • • • • • 1.10 ~~4. 0 • o • • • • 1 '~4 _.t:::. 

60.0 • • • • • · 1.20 31.0 • • • • 

180.0 • • • • 1.56 42.0 • • • • • • 1.56 

57.0 • • • • • 1.c4 

75.0 . • • • 

Sample 15j Sapwood. 
Tronsverse thickness • • • • 14.0 nun • 

One transverse end open. Both transverse ends open. 

2.0 • • • • • • 1.61 1. 0 • • • • • • 1162 

5.0 . • • • , 2.18 5.0 :J • • • • • 3.15 

9 /' 
• V • • • • • 8.0 • · . .. • • • 3.79 

14. Cl • • • ~ . 3.63 1~'.0 • • • • 4.04 

~10 • • • ~ .. • A 16 .. 0 • • • • • • • 

7" 0 vr::. • • • 11 • • • 4.27 21.0 . • • • • • L~. 61 

------
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Tc:ble XXXVII. (cont. ) 

:L._(min) s. ( <) T. \ ~' .. -- I • ~ \1 II n ~ S • (/~) . 
44.0 ~ ~ 

., • .. .4.5~. ~6.0 • • • 3 • • 4.77 

59.0 • • ;0 .. • .4.61 41.0 • • • • • • ~.93 

lE-D.O .. ;0 .. ~ .. 4.61 58.0 • • • • • • LJ.08 

SEmple 16. HeE. rtvvood. 3 c.mple 10. Sc:_.pwo od • 

3.0 • • • • • • 11 0.82 3.0 • • • , • • 0.68 

6.0 • ~ • a , 11 0 .. 87 6.0 • • • • • 1.31 

13.0 • • • • • • • 0.94 9.0 • .. • • • 1.81 

le.O • • • .. • • 1,,05 12.0 • • • • • ~'. 00 
r 1 r, 1.11 c 1 ' 2.56 t::, • \J • • • • • • c:,. • u ;0 • ~ a C 

30.0 • • .. • • • 1.11 ~4.0 • ,) • • 2.dl 

~O.O .. • • • • 1.23 ;:8.0 01 • .. • • 2.87 

59.0 • ;0 ;0 • 11 • 1. ,:: 5 33.0 ,., • • • .. 3.05 
r, h 0 

1~ =;5 40.0 3.43 
(v. • • • ~ • • • • • • • 

52.0 • • • • 3.61 

-----, - -.-.- ---. - . ---.".-- ----



Rate of establishment of equilibrium E;.t higher vcpor pressures. 

Cotton cellulose. 

4.8 mm~ thickness. 

T~ (min) 

2.0 • 

5.0 • 

7.0 • 

11. 0 • 

15 .. 0 . 

lc..O II • 

27.C) .. 

32.0 .. 

47.0 .. 

67.0 .. 

162.0 • 

195. 0 • 

300.0 • 

-~ . 1 
,,:,'ln2~ • 

'rErJperEtu.e of thermostat ~ ?30C. 

Vapor !)ressure In a})I-~aratus 18.10 mm. Hg. 

• • • • • 

• • • 

• • 

• ."2.. 

• · .. . 
• • .. 

• • • • • 

• • • • • 

• .. • 

• • • • • 

• • • .. 

. .. • 

• • • • • 

• • • • • 

• • • 

s. (%) 

. 3.78 

4.00 

6.38 

j.30 

8.43 

9.03 

9.75 

10.40 

11.10 

1: LlO _ t::, • ... 

15.60 

15.05 

16.35 

16.42 

T, (min) 

1.0 • • • • • • 

4.0 • • • • • 

• 0 • .. • 

10.0 et • · .. . . 
14.0 • • · .. .. . 
21.0 • • • • • • 

• • • • • 

30. (j • • • • • • 

46. J • • • • • • 

65.0 • • • • • • 

161.0 • • • • • • 

196.0 • • • • • • 

196.0 • • • • • • 

::s 0 0.0 • ., • • • • • 

Final • • • JI • 

Th e rmo s t 0, t a. t ••• ~·~"$,a,) ... ., ••• 

1.90 

5.06 

6.13 

6.'15 

• 7.60 

7.83 

8.00 

8.18 

8.18 

0.76 

6.76 

8.76 

. 0.76 

So.m;ple 7. BeE. rtwood. S3nple 6. Sapwood. Cotton Cellulose. 
; 

6.0 • • • • • • b.4E 4. 0 • 

10.0 • • • • • • 9. l~: 9. 0 • 

• • • 

• • 

• • 

• • 

7.05 

8.7? 

2.0 • • • • • 3.84 

• • • • 5.72 



T. (min) .::,.T...:-. _(~m~i~n..L-) .;.....-._8. (% ) ..:!:,T,.!..! ~( m;!!.:l=.=," n=....i)~ __ S~._ W"· 

13.0 • 

17.0 '" 

24.0 • 

• 

33.0 • 

40.0 • 

p..- 0 o~. 

74.0 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

.. • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

84. 0 • • • • 

• c 70 ~. v 12.0 • 

• 10.60 16.0 • 

10.95 • 

11.20 27.0 • 

11.45 
• 

11.70 37. 0 • 

11.70 45.0 .. 

12.20 60.0 • 

75.0 o 

12.50 

j\'~i sce 11 c ne 0 us. 

Ashle8s filter 

1. 0 • • • • • • 1.30 

5.0 • • • • • 2.06 

7.0 • • • • 2.73 

c 0 v • • • • 3.05 

• • • .. 3.11 

15.0 • • • • 3.11 

FinEl • • ~.11 

• • • 10.21 12.0 • • 

• • 
16.0 • 

• 10.58 • 

• • 
21.0 

• 10.91 • • 

• • 
25.0 • 

• 1 1 5r, __ • r.:. • 

• • 
30.0 • 

• 12 .. 02 • 

• • 
40.0 • 

• 12.11 
60.0 • • 

• <> • 

.. • 
Finc~l 

• 12.68 

.. • • 1?'.68 

Lignin. 

G1~;-c 01 ExtreJC t eu .• 

4.0 • • • • • 

9.0 .. • • • . ., 

15.0 • • 

27.0 • • .. • • • 

34.0 • • • • 

,- 0 
i-:r { • • • .. . • 

Fine=- 1 • • • 

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

• • 6.26 

• • 6.80 

• • 6.65 

• • 6.65 

• • 6.65 

• • 6.65-

• • 6.65 

• • .6.65 

1.82 

1 0 0 
.'_ • ..; G 

2.12 

2.12 

2.12 

2.12 

~.12 



DISCUSSION OF RESULTS. 

A d:ii.scussion of the e~·_p(.rimental resul ts ma.y fall 

into two sections: 

Part I. ~hich deals with the ~dsor~tion of water 

by wood purely froTa tLe roint of view of the gas-solid 

. t -P ln er .... ace. Such a 'discussi0n will bear on ~he colloid-

al nature of wood &nd c~llulose and ~ill consi~er the 

ultra-microscopic structure of the cell wall. 

Part 11. which dE:&ls rather vvi th the larger structure 

v~hich L~&y be viewed under the microscoJ:,e. SC-:ILll)les 

of wood a:l:'c_,texaInineci if.i th a vie .. , of fir~ding the re te 

at which vE.pors 'will lla.ss through the ir.itE:rnctl structure. 

P A R'T I. ---- -

A. Igisture Eguilibria of Spruce Wood (picea canadensis) 

The equilibrium values for various sam~les of spruce 

wood detenninEd throughout a coti.siderable 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 

Sf.fJle species. In all cases b hysteresis effect is found 



the vCllue attained by the adsorption of water fLom a 

drier state being lower than that obtE;..ined by the loss 

oj water. It is, howev6~rossible to obtain 8 result 

which may be regarded 8.S the true equilibriwll value 

at any ~iven vapor pressure. 

Va.riation of Adsorption with Vapor Pressure. ---
The tYI;ical graph connecting E~dsorption vii th vo,por 

I (D) 
~ressure is indicated in Fig. 5. These values ~ere 

obtained during an ex&mination of wood meal (table 

XVIII) at a tem}Jel'ature of 23
0

C. The values for 

adsor~tion and desorr·'t.ion c"re both indicated but for 

reasons to be statt~ later the lower curve is reGarded 

as the true f,dsor~ tion isotherm. This smooth s-shaped. 

curve 18 typical of the adsorption of 8. vapor which 

is condensible to a liquid ~hich wets the adsbrbent. 

There o,re three relions 'vwhich may be mentioned. The 

first 1 - 2% of water is qJ parently very highly 

adsorbed causing a cOl~respondinbly low vapor prEssure, 

-~.hich brings about c.. flc:.ttening of the curve near the 

origin. From an &dsorption of to 10% the curve , 

follows practiCElly ~ str~iLht line indicatinL tha~ 

adsorption is practically proportional to pressure in 

this region. As the sE'.turc,tion pressure is al .. ljroachex 

thE curve ~'cEin flattens out becoming bsyn~itotic to 

the aX1S of cdsorl-tion. In this region Et. small imcrease 
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1 n ~j res sur e br inG s c_ b ou t Et VE:. ry 1 c-~ rb e in Cl ea s € in 

E~cisor:rt ion, thc.~t is ds/dp becoIDi_s infini tel:j" 1bTbe. 

The shE.pe of the curVE; irl -'chi:--- T~gi on dt,1iJons tra te s the 

J.ifficul ty of ol)ts.ining r·n accul_>c<-te Vo_lu(~. faT the 

fibre sa turF., tio:n l-.oi:l.:.t; IL fE;ct it is seen thclt no 

such Sl1arl:ljl defined point exists, but TB.. ther therE:; IS 

&. range of b!~~sor:ption v-alues exh:i.bi tine Cl. veil_·or i_·rt-ssure 

has been obtained by careful extrh~olation ~hich ~ill 

serve as a basis ofcobI-c.rison \-~i th the work of other 

investigators. 

Fibre sa turbti on l~loint of S=_.=r.:·uce v~-ood at G3° ::::. Z. ~ '\0 

The diffic'llty of obtainir"ts & cCineral relction to 

fi t the "-,Dole iso~herm will be evi tent. For a considerable 

portion of the curve the 8i~llle equation of thE: straight 

line hol SE,S rigidly HS any other, I.i:hile for the part 

'wlli ch i S convex to th e 1-: re ss ur e axi s Vc." r i ou S III 0 d if i c Cl t i on s 

of th (; para b 01 i c eq Ub t i on c T E- b.l-; 1.1 i cc! b 1 e • The s € re lEt i on s 

\l-Ioulo. noi l-,rovl; to bE: of Lrect use so that no atteL:pt 

to develop tht::l:t h~-;=: bt:en l'lFClE'. 

~'he thEoreticc,,1 signifibance of the diff€I'er~t l,ortions 

of the ;~.dsorrtion isotherm Y.:ill be ciscussed in (. IF_Ter 

sectiono 



Variation' of Ads6rption with Temperatmre. 

In Fig.6 are seen the adso!ption is_othermals af 

spruce sapwaod betw.een 12 0 and 42 .... C. In comrnon \\iith 

the gQneral case adsorption declines with'rise in temper­

ature. At temperatures below that of the room the 

cqmplete curve is indigated, while at higher temp€ratures 

the curves are, incoml~:l.ete, as the method does not allow 

a vapor pressure cprrespondinGto that of the room 

temperature to be exceeded. 

Wh-ile adsorption falls off· wi th increase:) J.n tem~erature 

the vapor pressure reqUl.red to :produce the sam·e re.lative 

humidity 'will also be greater. In fact ,the increase 
-l 

occurs .. in the same ratio as the adsorption falls off. 

This can re.adily be seen in a qualitative way. The 

adsorbed wate':';- exhibits a ,vapor pressure which is a constknt 

f~action of that 0 f pu:be water, '50 that as temperature 

is ,increase. the increase in v~por p~essure of the 

adsorbed water is proportionately the same as that of. the 

pure water. Sind~ the vapor pressure of adsorbe~ water 

an6.lIn~ amuun", OI a(lJ50rp~~ on are l.nverse.lY :propor"Cl. anal', 

the vapor pressure of water will increase in the same 

ratio as adsorption decreases. Hence it follows that if 

the relative vapar pressure be kept constant hdsorption 

Wl.l.J. De ~naepenllent 01" temperature. 

~ractically it is found that thi~' ; A nnt. PYlt.trely th.e 
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Fig. 6 . 

Adsorption isotherms of Spruce. (Picea cEna.densis) 
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though nearly so. In Fig.? the isotherms of Fig.6 have 

been plotted on the basis of re~at~ve vapor~~ressures in 

Place of the ab~6lute values.' It will be' seen that 
, 'bot 

the isotherms of lower temperature tend to,exh:',.J.. 
. . . ty of the orJ..gJ..n ... 

~xce5sive adsorption in the vJ..cJ..nJ.. 

In the upper portions, however j there is no difference 

dls~lnguishable from the experimental error. 

Adsorption Isosteres. 

If the vapor pressures corresponding to a gibe·n amount 

of ,adsorption are plotted .againat the coresponding tempe:e­

ature an adsorption "Isostere" is obtained (Wo. Ostwald) • 

that is a curve wich repreBents~the variation of vapor 
- . 

pressure with te]llp·erature for any.constant ampunt of 

adsorbed water •. In Fig. 8 isosteres have been plottea 

for adsorption values from 1% to 8%. From wh; t haS been 

said above it will be evident that these iso.teres will 

be expon~ntial curves similar to the typical vapor pressure 

curve. If, in place of vapor pr'essures, the logari thms . 

are plotted agains l, t~mperat ure j the resul ting graph 

should be aI-proximately a. straight line. In the second 

part of Fig~8 where this procedure has been adopted·, 

it appears that a straight li~e is produce!a. for 

isoeteres representing an adsorption value greater than 

2%. Below this value the -lines are no longer straight 
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become convex to the presf~ure' axis. These isosteres 

fall in the region where E, S c:,lready r.1cn ti oned J ltlhe 

adsorption isotherm in~"-icatt s a discmntinui ty 

which is probabl~i caus( CL by the introductioL c·.t this point' 

of some &ddi tional fcJctor in tht mechanism of c:l"dsorI·tion. 

This point will receive further discussion. It would 

be expected that the adsorption isosteres for values 

near the sE;turation point would Elso ehibi t anomalous 

behaviour .~ut a:~ sufficient number of -exjpeTirnt:ntal 

va I u e sin th i s re g i 0 ~ .. : Cl re no 1. E va i l[~· b 1 e • 

From purely theoretical reEsoning Wi=Llianls (Ref. ::,4) 

has derived &n isosttre equation 01 t~8 following form: 

log alc = B -t A T 

"i,here c is the equilibrium concentro.tion outside 

the adsorbent, 

T is the absolutE tEm~,erci ture I 

a amount oDr H sor}~\ti on I 

Band .A an~ functions of a but not of T. 

If the concentrEtion c is replaced by Ii the lressure the 

equation takes the form-

log alp = B t -\- A T 

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

thEt if log p is plotted against liT 
. 

the resulting graph 



G\\ '\ 

should be .st-raigh.t line. . The results for spruce when 

submitted to' this procedure give: curves ~im'ilar to' 

those of 'Fig.8 (rii~:ht) se that for a consi'derable range 

of adsorption they may be expressed by this general equation. 

The curved isosteres which are obtained at low values 

of "a.dsorption are probably due to the combination uf two 

effects or forms of adsorption.ene ef which acts at 

low relative vapoi- pressures and wgich is superseded 

by the other at higher press·ures. If it were possible to' 

obtain a eet of isostere values" completely in the 

regien of pov;erf,ul adsorption which has been referred to 

above) lt is likely that it would follow'the equation 

ef Williams. 

The indep~ndenceof the isothermal of tem:p'erature 

may be p.ointed out by an rapp~ication of the Clausius­

Clapeyron argument. 

Let there .. b,e a quan:ti ty of gas (a) ·adsorbed by a solid, 

se large that on the adsorption of further gas the amount 

present may be taken as unaltered. With (a) a pressure 

(p) i·B in equilibrium. At a temperature higher by dt 

we have the same (a)·. but at a ,pressure greater by dp. 

Let qa be· the iaosteric heat of adsorption 
, (1 cc.· of gas ·at 1 atmos-ph'ere pressure) 

It the gas be water vapor and a certain amount evaporates 

the followina relation will hold:-

dp .4-



here v2 _I Tl is the increasil in volume when an ,amplint 
·tJ 

of .water fw) evaporates from· the adsorbent. Ac.cording to 

Boyles-law:-

w = ',E. • de (v2 - vI) 
Ps 

where Ps and ds are the pressure and vRpor density 

at the saturation point •. 

hence:-

dp - P 
= • • • • • • • • • • • • • • • 

Pe T 

at the saturation pressure P = P.s so that:-

dp 

d! 
-- • • • • • • • • • • • • • • • • • ,2 ) 

It is aseJ'uDtEd that qa does not vary with the amount of. 
-:. > 

water takep. up ( the heat of adsorption v:ari~'6 greatly '. . 

when the a.mount of adsorptiGn is sma·ll bu t ~Li t tIe 

when adsorption is high). 

from 2) and ·'1) 

dp 

dT Ps dT 

Integration Of. this form 'bring's out the fact -that pips 

is·a constant. That is for a given adsorption the 

vapor pressure at various temperatur~s is a cmnstant ~r(;,ction 

of the saturation pressure, which is a re-statement 



of the fact that adsorption is independent of temperature 

and is a ~unction only of relative vapor pressure. 
" 

Isobars. 

Isobars may be plotted in a manner similar to the iso-

steres. The amounts ad-sorbed at- some constant vapor pressure 

for various tempera~uresare plotted. These curves 

are of course identical in character to the isosteres being 

simply the _converse form. 

Effect of Heartwood and Sapwood on Adsorption. 

A careful examination of· the" adsorption of water 
, 

by heartwood and sapwood has ""been made as will be seen i n 
, 

the tables of res~lts. It seems, however, that while 

the rate of penctration of the two woods may be very 

different their adsorptton isothermals are identical. 
- ) 

The following-are equilibrium values of heartwood and 

sapwood exam-ined eoncnrrently under the satne conditions 

of pressure and temperature. 

VP. 29 , $' _ t • _ ,7 

Sample 

11 2 s. 1.37 

"/3# -H. ".85 

.77 
-;"..-

1.45 

1.28 

1.95 

2.49 2 98 ., 

2.55 3.00 

4.58 

3.75 

4.10 

6.04 

4.95 

4.83 



V.P. .29 . 

Sample 

# 4 S 1.29 1.45 

# 5 H .80 1.27 

# 6 S .67 1.04 

# 7 H 1.04 1.56 

1.79 

2.17 

2.00 

2.25 

3.01 

2.43 

2.48 

2.95 

3.43 

3.44 

3.34 

3.22 

4.62 

4.35 

4.28 

4.25 

It will be seen that "while a.greement is poor 

in the ini tial values, at higher I1ressures the re-

suIts are quite similar, considering the accuracy 

obtainable in adsorption measurements by Gravimetric 

methods. 

In Figure 6, the values for heartwood have been 

~lotted and it is evident that no Leneral trend from 

the curve as drawn for sapwood exists. It would seem 

then, that whatever changes occur in the transformation 

of sapwood into heartwood they do not materially af­

fect the moisture equiibrium, hence all discussion will 

apply indiscriminately to hea.rffiwood or sapwood. 



Effect Of Natural Drxin~: 

'S:pruce sam,:ple (B) WciS obtained from a -log which had 

been eXJ)osed for some time (at least I year) on a 'Pile 

in the open The reSU~L ts of these measurements are listed 

in table XXII, a few of which are reproduced be low 

for purposes of cam:parison. 

. 0 C Temperature 01" thermostat ••• JJ • • • • •• .».. 23 • 

v.p. Epruce (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 nCfdifference ,. 

between thE; two woods whi1·e at higher iJressures the 

air d:eied sample shows .much lower adsorption, and it, 

may ~e 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 the .saturation .poi~(t. 

(see Fig. 9 Spruce and Jack-pine.) 

The effect of long continued drying is to lower the 

value attained on adsorption, this is exemplified in 

the case of pine~j sample 3j J t~ble XXXVII) .The sample 

waE: dried after which it was exposed to 8." VE.por pressure 
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of 4.58 mm. Hg'lt Aft,er the estcjbli.~'h.1ftent of equilibrium 

the sample was again thorou£hlv dried and the llrocARR 

repeated. If ·thi s is. is done several times ·the equilibrium 

value attained between each drying slowly diminishes in 

magnitude. 

1st. adsorption ••••• 5.23% 

2nd. " 
3rd. " 

• 0 • • • 

• • • • • 

5.10% 

4.84% 

If, hov·: ever l _a t any time a very high cd s orpti on 

takes place, such as near the fibre saturb.tion I;oint, 

the sample seems to be restored to its ori~inalcondition. 

A list follows of the saturation values ot" Sl·ruce sample 

2. at 33°0 and a pressure of 4.58.mm. Hg. Between the 

determln&tlons at these stated conditions, the 'samples 

were both dried and thenf: subj ected to higher vapor 

pressures. It will be seen that in this case 'there is 

no reduction in 
1. -2. .. 

3.45% 3.45% 

the amount 

~ . 
3.61% 

of a.dsorption. 

~. 

3.49% 

Moisture Eguili bria of Jack· .. 'Pine • (Pinus banxiana) 

The equilibritim-va;tues for pine have.been·determined 

at 230 (table XXI'!I). Heartwood and s&l)wood have been 

examined the values for the former being considerably high­

er at low·humidities. Th~s effect is considerably more 



marked than in the case of spruce as the following table 

will show. 

R.H. 

1.40 

3.67 

9. !I 26 

21.72 

33.43 

50.31 

90.35 

97.20 

Heart. 

1.02 

2.14 

3.28 

6.23 

7.43 

9.38 

18.70 

~4.60 

,Sap. 

0.98 

2.05 

2.83 

5.21 

7.60 

9.16 

20.35 

24.60 

This behaviour is rather unusual c,s the grea.test 

differences are ordinarily exhibited neaF the saturation 

point. 

In Fig. 9 the complete isotherm for pine Sc;pwQod 

is shown together with->that of of spruce. It will be 

seen that 'Pine~'P'osseses a much higher saturation value 

than s:pruce Whi.ler in the ini tia,l stages the two curves 

are identical. It has &lready beeo mentioned that 

this is probably the typical behaviour of many woods, 

aB it is in this region that condensation lS taKlng 

place in the larger capjJllaries of the woodu which 

wll1 vary conSideratlly between' different species. 

The lower part of the curve deals more wi th tt.ue aasorptJ.on 

and since it is probable that- the fundamental wood 

substance is the same in all species, the curves in this 



'. region will tend'to co-incide. Thus the wide vc.:.riation 

in fibre saturCi.tion points which have been found by 

various investigators may ,be simply the upper end of 

adsorp~icn isothermals which would be similar at lower 

vapor"pressJlres. 

An hysteresis effect was found as in the case of 

spruce and cotton cellulose but in every ce.se,the 

tru'e equilibrium was taJj:en as' represented by the desorption 

value. 

The fibre s&.turation 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 B~ple 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 m. adsorption is m~ch less. In Big. 5 (C) 

the isotherm at: 23 0 C. has been plott,ed wi th tha t of 

spruce. A't aJ. .. L vapor ,pressures the value for cellulose 

is approximately two thirds that of wood ( average of 

6 determinat'ions is.61) In the same manner as wood 

th~ ~dsorption by cellulose is independent of temperature. 

The value obtained' for the saturation point by 

extrapolation of the isothermal a t230C. is \ \.i '\, 



There bre sever~~ possible explanations of the lower 

values for cotton cellulose. If ~e assume that the cellul-
" 

OSE in wood behaves in 2 similar W&y to the cotton 

cellulose it follows that the non-cellulose parts of 

wood Ere reSl10nsible for the increased adsorption. consider 

the' C8.se of coniferous lJood cont&ining ,=2% cellulose and 
. 

8,.ttribute to this part 2~n r:dsorrtion equiv8lent to that 

of cotton cellulose; it is then possible to calculate the 

amount of wE;ter E~-dsorbed by the consti tuents other 

than cellu~ose. The velues so obtsined are indicated 

in the following table. 

P. Cotton. Wood - N 6-u';-G.elli Extre.cted cell. 

1.0 1.18 1.70 l.3'ilO .2. 50 

2.5 1.85 2.58 5.00 4.05 

5.0 r- 7h ~. v 3.95 7.55 5.70 

7.5 3.58 5.15 9090 7.32 

It will be seen that the values obtbineu ~re consider~bly 

in excess of those of wood. In an Rttempt to directly 

measure the adsorption of some other wood constituents. 

lignin Wo8 examined. This constituent cOfr1prisett about 

25 to 35% of the wood SUbstance. It was extrEcted by B. 

method developed in the Dept. odr 6ellulose Chenlistry 

of this university employing ethylene Glycol 6S the 
\ 
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solvento The value obta.ined for this substa·nce c_t 4.5 mm. 

pressure and a tempBrature of ~30C" (Table XXXVIII) 

The corresponding value for wood lS 5.07% so the 

increase in &dsorption cannot be due to lignin. Aside 

from lignin e.nci cellulose the remainint; consti tuents 

of. wood Ere lbhe hemicelluloses 8.,nd -certEin soluble 

cabbohydrates and resins. It does not seem rrobable 

tha t these substa.nces will shov: excessive adsorption so 

it seems thcJt -L,he difference can not be E..ttributed to 

the non-c8l1ulose I,ortions of woodo 

The natural conclusion is that tht differt~ncc is 

due to som~thinL inh~rent In the two types of cellulose. 

Cellulose was extracted from wood by chlorination 

followed by treatment with sodium sulI-,h8te. The 

values obtFJined are indicatec in ta.ble XXVII and 

Rre rartly reproduced above for comparative purposes. 

It will be seen that the values Hre considerE:bly higher 

than for wood End are, in fHct, of the same order of 

magnitude as the values calculateu from the difference 

betw·een viood and cotton cellu} 08e. This fact makes 

availEble anothe::c explana ti on. 

The cellulose obtain{:;u from v/ood by reUIOVEtl of the 

lignin by chlorination is commonly differentiEted into 

three types. 

Alpha cellulose 

Beta cellulose 

insoluble in 17.5% alkali. 

soluble in the above but re-frecivitated 

by E;cetic c:cido 



Gama cellulose Soluble un slkHli but not ref!Tjrecipit&_ted 

Cotton cellulose is considered 

of acmd 
~ 

to lsrgely &lpha ce11-
1\ 

ulose. It may well be that the bE. ta and GE.IIlE;- celluloses 

have a much greater affinity for w2ter than the alpha 

ce.i-lulose which would at once Fccount for the hii:.,he:r 

8.dso:rption of wodd and of extI'2cted cel.Lulose. The 

solubility of these lwo forms in alkfli lends favor~ble 

evidence to this ide~. 

There remains the possibility that the increased 

value for wood is due to a more complex ultra-microscopic 

structure which causes c~pillary condensation et lower 

vapor pressures. It is known thBt cotton belongs to the 

class of gels possesin~ v~ry coarse capillaries so that 

the 6mount of water taken up ~ould be largely done so 

by true 5.dsorption ot' absOTIJtion Dnd cE-pillary condensation 

would play no p~rt. This uoes not, however, accord so 

well ~ith the obsLrved results as it f~ils to explain 

the increases adsorption of extracted cellulose and also 

if this were the Cbse it w,..;uld be expected that in the 

lower l"egions the c.dsorrJtion isothermals for 'fi.,od and 

cotton would co-incide. As this does not take place 

E,t any point it l)oints to the previous sugLestion of 

& aifference in chemical attr2ction rather than a 

physi4al difference .iL structure. 



Summary of Resultsoof the Fibre 8e.turat i on Point. 

Saturation voints obt2inei by extrapolation of Adsorption 

isothernlals at 23° C. Results eXI:ressed. as percent of 

dry weight of wood (si_;bj ect to restl'ictions of p. ) 

Cotton ce~lulose • ~ . . • • • et • • • • • • et 11.8 

Spruce sf,:pwood • • • • • • • • • • • • • • • 24.0 

Jack rine sa)wood • • • • ~ •• et • • • • • • • 31.0 

The li teratu~ cioes not contain reference' to any previous 

determinations of the fibre saturation point of these 

particular species of wood which are typically Canadian 

woods. For purposes of comparison several other species 

are represented below together with the naHle of the 

method by which the poiLt was determ~Lneclo 

Sitka srruce. 1\" • t l~.J.O~ B ure content 30.5 

t. Shrinkc,ge 28.0. 

It Modulus of rupture ~7.0 

It Electrical conductivity 29.0 

Redwood tt tt 30.5 

tt Jmtracted It tt 31.0 

The values for electrical conductivity a.rt; due to stamm 

and have appeared in the ,< -j.~f_ Jonrnal of Industrial 

and Engineering Chemistry April 15, 1929. The value 



~ t cte' wood a.re l'nterestin~ and may be cmnIJared Ior ex ra u. -

with the value obtained for extracted ce~lulose in this 

research • • • • • • • • • • • • • • • • • 

The most accurate determination of the saturation 

point fo~ cotton cellulose has been made by Urquhart and 

Williams (ref 28) 

Soda boile~ Cotton . . ~ . . • • • . . . ~ . . 22.4% 

It will be noticed that this v&lue is greatly in 

excess of those obtained in the ~resent researcho This 

is no doubt due -::.0 the l.;resence fuf condensed wE_ter v'ihich 

these investigators admitted to be visible in t~eir 

apparatus at the saturation point. 

ANAL YS:LS I .-oFADSOR2TI-ON' .Is.oTh~R1I1lS. 

The behaviour of gels durin~ the adsorption of gases 

or vapors divides them roughly into two classes, 

non-swelling and swelling. In Fig.9 a comparison 

has been made between the adsorption isothermal of 

wood and of gelati~which may be taken as a typical 

11" 1 swe-- l.ng ge • The similarity in general ch.r~cter is 

at mnce apparent. The wood substance nlay be considered 

as a swelling or elastic gel. The adsorption of water 

is then completely reversible, as the gel dries the 

process occurs smoothly 'without any discmnt'nuities as 
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are found in non-ela~tic gels, (like the opacity point 

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

a hard solid. 

A description of the most comnlonly accepted theory 

of gel structure will a1ford c:: picture by which the 

phemomenon of [-;dsorption may be explained.. It is generally 

assumed that gels poise~a heterogeneous structure, a net-

work of ul tra-microscopic c'-- pillaries sepf<bates the actual 

particles of tne gel. In the case of a gel which is 

sa turc. ted wi th v/a ter these caI:illaries a.re iTilled 

with liq:liid, hS the gel dries the liquid is removed 

from these sp&ce~. In the Ctse of non-elsstic gels 

the particles, or micells &s they are termed, expErience 

irreversible CI}&nge s by \rhiCh they become progressi vely 

more rigid and less hydrophtlic, hence upon drying a 

limi t is reached at which they c;_re too rigid to close 

up further e.nd open capillory spaces are. left. Upon 

being again brought into contHct vvi th WE;,Ter they only t[;.ke 

~t up in so far 8S they fill the capillary spaces 

wi thOEt the micella, which have b€corae coarser B.nd more 

rigid, beinG again subdivided and the g~l softened anew. 

In the case of swelling gels, on the oih er hand, the micelle 

do not los~ their Dower of takin& up liquid reversibly. 

That is, when the.), are packed closely together on dry-

ing, the walls remain suple e,nd the micells do not 

become coarser and lose their identi ty. Vlhen liquid 
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is added again they now move a-part to t.heir original 

condition causing the whol~ gel to swell. 

The adsorption of water by follows this behaviour closely, 

The micells may be thw cellulose· molecules themselves j 

or more probably agregates of these molecules. (Herzog, 

by x ray measurement.s has calculated the volume 813 the 

cellulose molecule as .68 MU~ while micellular particles 

are generally many times this value.) The mice lIs are 

proba~ly orientated in the cellulose fibres as swelling 

is much greater in the lon~itudina.l than in a.ny other 

direction. 

The dry wood is then a highly dessicated colloidal 

gel consisting of an aggregate of minute ~atticl~s 

held together by their mutual attraction. Owing to 

the fineness of the micella the surface area will 

be large compared to the volume ( stamm 'Ref. 1.3) calcula.tes 

the surface per gram of wood substance as 310,000 sq. cm.) 

On this surface the vapor is first adsorbed, the.presBure 

exerted by the w~ter molecules being less than the saturation 

value by virtue of the attraction between water molecule 

and 'UJ."~1 micell. The amount olll water requirecl to saturate 

this surface will be ·taken up rapidly by the process of 

true adsorption of a gas on a solid,and for any giv~n . 

vapor pressure the equilibrium adsorption value may be 



att8ine0 in either direction, that is, there is no 

hysteresis effect. This is v.yell shown, in the case of 

wood, by the shEpe of the F(dsOI'I1tion isotherm neor the 

origin. The first 1 to:2% of water is taken up 

reversibly and at a re~uced vapor pressure (see Fig 5 F.) 

causing a flattening of the curve in this region. 

As more water is o.uded eventually the oPllos:tng 

surf ac e S \ivC ill uni t e t 0 form a column of Vi 8. t er j. n a 

capillary I the pressure G"t whidh this takes place 

will depend on the diam~ter, thE l&rgest capillaries 

being the last to fill. In this :p8.bt of the curve there 

is essentially & free water surface, the vRpor pressure 

of which is governed by the radius of curvature. As 

more v~a_ter is a,dded, it would be expected that the 

vapor prespure would remain ~racticBlly constant until 

the caPi!illaries were Tilled, any increase in vapor 

pressure bei~ due to the filling of cL lc>rgt,r C ClI.Ji11cJ,ry. 

This is the case for cL non-swellinL gE;l whe1'e the 

walls c"re rigid, 'but E.S wood belonGS to the elastic 

class the walls of the capillFriE s move apc:rt cHusing 

an incl'ease in the rttadius of curvature of the surfc,"ce. 

Hence vapor pressure increases wi th adsorption, F,nd 

from the curves it will be seen th~t this takes plece 

in a linear fashion. 

As the vapor pressure a.pproaches the saturation Ijoint J 
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ave'ry- -small loweringwil.l be sufficient to CHuse lilfUid 

conden~ation. Hence it is conceivable tha~ at this point 

the larger"-- pores in the wood J such aea.re ,mlcroscop-

ically visibleJ~>are "becoming filled with water. In this 
, 

way very small changes in vapor pressure will entai"l 

great changes in adsorption and the isothermal wbich 

expresses this will flatttn out near the saturation point. 

Thus it will' be seen that this picture of the colloidal 

nature of wood affords a plausible theoret~cal exp~anatlor 

of the observed facts. . The reEtSOn why the adsorption 
" -

isothermals of different woods often co-incide in the 
-

lower parts of the curve is at once appafent, for the 

taking up of water in this region depends on the fine 

invisible structure of'the wood substance, which is 

probabl~ fairly constant between different species. 

Condensation near the saturation point will probable. 
';"';"- ~ .... ~J-~ c.& 

be occuring in the lumina of the fibres themselves which 
A 

varie,s widely 

Further eviaence in t"avor o:r this view is adduced 

from a consid'eration of the rates of adsorption at 

differentrela1.ii ve va:por pressures. If dI"J woodadsorbs 

water a~ a vapor pressure of .1 mm. Hg, the time required 

for the establishment of equilibrium is· approximately 

nine minutes. This value is of the order of magnitude 

comparaD~e w~th usual rates of adsorption which seldom 

exceed several .minutes. The longer time in the case of 

wood is probably due to some absorption which takes place 



together with the. adsorptl{bn. 

Along the straight portion of the a_dsQrption isothermal 

the time required for the establishment of equilibrium 
.. U 

is approximately the same showing a value of ·20 minutes , 
which increases slightly a.t higher vajlor -pressures'. 

According to the idea sumnitted above the increased 

time over tIle case for pure adsopption will be due 

to the time req·uired to fill the capillary spaces between 

the micella of the wood. This time will be proportional 
~ 

to the rate of condensation and the rate at the vaDor 
.. .. " . .4 

diffuses to the condensing surface. 

For the upper part of the curve, near,the saturation 

p'oint, the time required is very great, the establishment 

of equilibrium being inGomplete even after the elapse 

of three hours. This is again due tm the time required 

to fill the larger capillaries, and the time reqmired 

for gaseous diffusion. This latter factor is probably 

a very considerable one near the saturation point as 

approximately 20 litres of vapor at the temperature 

and pressure' o'f the experiment are required to satura.te 

one gram of ~'iood. (500 volumes at N.T.P.) 

The rates which have beBll di8cusae_~ above are listed 

in the following table: 



Results for s~ruce sapwood. 

o T •• ~3 c. 
V.P. .105 mm. v. P. 4.58 mm. V.P. 18.11 mm. 

TIME. 

1.0 

3.5 

9.0 

Final 

s 

.14 

.14 

.28 

.28 

TI:ME 

1.5 

4.5 

8.5 

14.5 

~1. 5 

Final 

s 

1.23 

1.47 

2.35 

3.06 

3.19 

3.19 

TI1"'l'J"7t V· _~ 

2.0 

7.0 

15.0 

32.0 

67.0 

162.0 

195.0 

300.0 

Final 

s 

3.78 

6.3 

8.4 

11.1 

13.5 

15.6 

15.85 

16.35 

16.42 

It is convenient at 1hhis point to nlention the rates 

of estcLblisbment of equilibrium of cotton cellulose. 

A survey of ta.ble XX:XIII vvill indicate that the time 

for cotton is very simil~r to that of wood about 20 minutes. 

In table XXXVIII, hovvever, a differen t -beha vi our is manifes ted 

In this experiment, which wa.s :performed C\,t a vapor 1)res8Ure 

of 22 rarn. Hg, the cotion cellulose reached equilibrium 

in ~l minutes, while the wood, in common wi;h behaviour 
. 

indicated abhve, required 75 minutes. It is possible 

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

different vapor pressures. 

lize of Inter-micellular Capilla:1ies. 

If it·is a.ssumecl that the pressure of ttle.system is 

controlled by the curvature of water surfaces in-aapill-
~-

aries, the pressure. at any point depends on the corr es:ponding 

diameter of th~ capillaries. Thus' by the use of the 

formula. connecting lowering of vapor pressure with 

curva1;ure 01 Burlace, J.'t snou..ta ne POsslO.Le to 

calculate the size of the capillaries. 

The a.ppropriate formula is obtained as l"O.L.LOW1J:-

The expression invovling ~ius of curvature, surface 
'"'" \r ~ 

tension and rise in a capillary is, 

l\ = 
f g r 

2 

where h is the height, 

;;; (h ;-1/3 r ) • • • • 1 ) 

r i5 the radius of curvat~re 

~ is the' surface t~nsiOn~ 

f is,the density, and 

g is the gravity constant 

When r 'is-very s~al~, h i~ corres~onding large I so that 

in the expression (h. 1/3r) /1/3 r may be neglected J hence 

~ = g r h 
\ • .' • • • • • .'. • G} 

2 
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The relation connecting reduction of,vapor pTessu~e 

with height is: 

log llh • • • • • • • • 3) --
1000.1033 Ji T 

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

is obtained: 

r --
r g 1000 

• • • • • • 
I~I 1033 R T log Po I 

"Ph 

• 4) 

In which Po is the prLssure at h. 0 in this case 

corresponding to the saturation pressur~ Ps • 

~ is the pressure at height h, in this 

case. the vapor pressure coresponding to 

a radius of curvature r. 

X, R, and T, h~ve their usual signifigance. 
, 

It is customary to assume that the surface tension 

is the same as that of the liquid in bulk, whereas for 
, . 

the thin films under consideration this is probably not 
• 

the case. However, making this assumption w~afind th~t 
theoretical radius of the capillaries at different stages 

in the swelling process. 

Values for Spruce are as follows~-
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Adsorption. Yap. Press. r. 

2.30 .~ 1.8 Hg. -8 mm. 4.5 )r 16 cms. r 

8.85 n 10.5 tt 16.2 .., 10-8 t1 

20.00 t1 20.5 It .. 381.0 )r 10-8 It 

The first value is taken at the point at which hysteresis 

disappe; rs and thus it. may be considered e:: s the smallest 

capillary in -,:,he colloidal structure. The diameter 

corresponding to this radius is 9 110-8 cmi which 

represents the di.tances between two opposinb surfaces. 

of adsorbed water int the smallest pores. At relative 

vapor pressures smaller than 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 rressures above this region the 

radius of curvature increases becoming comparatively 

very large as' the sa turation l)reSSUre is approached, 

HystereticLag Between the TakinL Up and 

Loss of Water • 

The appearance of a hysteresis effect has been 
~o--~ 

generally noticed. The relation of the ~dBorptloh 

adsorption curve. to one another is shown in Fig. 5 for 
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spruce and cotton cellulose. The effect. is not continued 

to the origin but disarpears at an adsorption of approxim­

ately 2.5%. The significance of this fEJ.ct hES already 

been discussed. The tvvo curves apparently co-incide at 

the sC!,turation p in.t although this cai·lnot be determined 

experimentally. 
1)~ 

Certain CRses failed toAthis 

hy s t ere s i s e f f e C t as w i 11 be see n in l' i g lO ( p. \ "" l) ) • 

In this experiment the same value W2~S attained. from 

ei ther direction v.heE the temperature yra,s 33°C. At 

a lower temI'eraturG however an apparent pemmlEtnent 

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 pra.ctically 

all Bases a definite hysteresis m8S found which decreases 

C".S temperature increases. In spi te of a few wxceptions 

it must be considered that this phenomenon is a 

cha.racteristic one and a. fundamental explanation Inust 

be sought. 

A Inechanis:(i \iv11ich is al)rlicable to the case under 

discussion has been 5u[,_~ested by Zsig.lHondy (Ref. 3 ) 

an d 1;~· as fir s t E PP 1 i e d to si 1 i c i C He id gel s • it is 

assumed that when the .. valls of the micells have becon1e 

dried they are less eCt,sily wetted. Thus as water is 

being taken up the radius of curvature of the surf2ce 
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18 less then when water is lost in which case the 

walls of the capillary have already been wetted by the 
as 

liquid. If t~:liB is so, water is taken up the radius of 

curvt-:ture of the liiIUid slIlrfaces is greater and hence 

the vapor pressure is greater for the sarle content. 

When Vlnter is removed f~co!n the sample the walls will be 

already wet so the true radius of curvature for the 

ca:Jillary tube Yiill be assWlled, if the liquid compl~tely 

wetifS the solid surface3,the curvature will be considerc:bly 

greater causing a lower vapor pressure for the SHme 

amount of wa.ter taken up. So thc..t v,herever the taking 

up or loss of liquid takes place by the filling or ~ 

emptying of small capillaries, a lP.ysteresis effect will 

be noticed. 

Applying this picture to the case of wooi, for 

the first 2:~'~ it has been pointecL out that water is 

taken up by true Ctdsorption on the large specific surface 

pre.~Btwd by the wood structure- Accordingly, in 

this region the adsorption will be cOlnpletely reversible, 

H fact which has been found to be eXIJerimentFlly true. 

For all adsot'pions above :27; till near the so.tuI'Htion l)mint 

pronounced hysteresis is found , this would be expected 

if the th"ory of gel structure is accepted, as the taking 

UI/ of the f",dsorbate is caused by the fi_a_ling of 

capillaries •• Near the saturation point the hysteresis 



decreases and presumabl~ disappea,rs when the actuc; .. l 

saturation point is res,ched. This is texplicable on the 

grounds that the capillaries twhich f/,re 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 \;,a.ter. That is 

the desorl~;tion :iSotherm is the true one. This idea has 

been adopted by ano~her investigator, Coolidge,in his 

work on the adsorption of val-;ors by charcoal (Ref. 31:, ) 

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 vf the results obtained 

by loss and gain of the adsorbate. 

A rather convincing piece of evidence for the view­

point is afforded by the following experiment. 

Spruce sapwood. 

The following steps are passed through: V.p. 

Step 1. So.ruple adsorbs Via ter from dry state $..~8jjj(. 

.t 2. vapor pressure rises to 20.0 It 
It • • • • 

" 3. pressure r eturned to 4.58 tt • • • " • 

et 4. Pressure to' xero for 10 minutes • 

» 5. pressure raised to • • • • • 

This process is immediately explicable on the grounds 

S. 

10.50% 

6.03% 

3. 80~~ 

6.03% 
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of Zsigmondy's theory. When the walls of the micells 

are very dry, the value attained by the sample at a 

constant vapor ljreSsUre 013 water is 5.56%. If the 

pressure is considerably elevated and the adsorption 

increased to 10%, on teturning to the previous 

pressure the a.dsorption value will now b~ 6.03% showing . 
the hysteresis effect, which has been attributed to the 

fact that the walls of the capillaries are now wet. If 

nOVl the presfure is lowered to zero c_nd the sample dried 

for a short time, the value the value obtained 

on re-exposure to eo vapor pressure of .:±.58 nIDI. is found 

to be identical \!wi th that obtaineu. by loss of water 

narnely 6.03%. Hence if the walls m' the capillaries 

have been previously wetted by increasing the adsorption 

above the expeeted saturation value, the true value 

may be reached either by adsorption or by desorption. 

The process indicated aboul constitutes a simple 

and rapid method of obtaining the true adsorption value 

for any given vapor pressure. As will be seen in Fig.ID 

the rate of adsorption is very slow and it is 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 adsor~tion corresponding 

to a v8.IJor presf~ure of 5 mm. Hg. The tube (B) (See Eppa.ratus) 



is heEted to a temperature corresponding to 8_ much higher 

vapor pressure, in this way the sample is satuI'c-,_ted 

with wa~er ,the tap to the water tube is then closed 

and the sample is rapidly driecl below the expected value. 

Vfuen the sample is again exposed to the required vapor 

pressure the true equilibriur.fl vE;~lue will be attained 

by the adsor~_tion of ¥later in a very short time. This 

procedure has been followe~ in the present research. 

Adsorption of Condensible Vapors Which do not Wet 

the Adsorbent. 

One case of this type of adsOrl.ition hc~s been examined 

namely benzent; and wood. The isothermal so-obtained 

is plotted in Fig. 9. The amount of e,dsorption is much 

less than in the case of ~ater, and a gre&t difference 

in character is noted near the s£turation point. 

Near a relative vapor pressure of 100% there is no 

flattening of the curve ~s i~ the case of wood. 

This indicates that in the case of benzene, at no time 

is condensed liquid present, and the increE;Jsei~eight 

is due purely to aQsorption of molecules of 6aseous benzene 

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

isothermal is typical of the case of the oo.sorption 



of a gEt s above its cri ticaJ tEmperB_ ture, Slnce the 

liquid does not ~et the solid there is no t6ndency for 

i t to be forme d. f.2h i sea S Eis v f; r:y' in t ere s t i ng for 

there havE; been fevv determinc~tions of the ads0rption 

of a non-vietting liquid. The shape of the curve in the 

vicini ty of the s&.tuI'c<,tion I~oint sllbgeststhet super-

saturc:tion ElEcY exist which v;ill be removed only when 

suitable nuclei for condensation exist. 



PAR T I1. ---- --

GENERAL 

In oraer to utilize the rate-of establishment of 

equilibrium c, sac ompc.;.rati ve Y':lec' sure of the 

rate of diffusion of v&pors through wood, it is absolutely 

necessery that the vc:.rious s8mples of wood be exposed 

to a constant vapor pressure in every case. The most 

convenient way to obtain this is to immerse the wgter 

tube in a stirred mixture of melting ice. In order 

to standardize conditions,all the samples whic~ will 

be discussed have been examined Et 23°C. and at a 

va~or pressure of A.58 mm. Hg. 

standard SOumple. 

To sef8.rc"" te the effect of thickne;;ss on the rete of 

vapor' ,d_,-ffusion, it is necessary to have a standc;rd 

against v,hich to cOLpFJre these r2:.tes. Th8.t is the rate 

at which E' fret: surface adsorbs -vrater vapor. A longidludinal 

thickness of 1.5 mm. has beEn chosen since this is 

so L'1uch ~less than the average fibl e lE;ngth that every 

fibre i3 cut through CL t le8 et once • It is E1ssumed 

in such 0" saraple that every surface is accessi tIe to 

an entering vapor, so that the structure of thE wood 



· plays no part in affecting the Tt te of penetration. 

In Fig. 10 the ra te at vvhich such E;, SElT(FJle c~ds orbs 
-'-

wa ter is shown. It -vyill be seen tha.t the re. te 

atl... different :Dempere.tures is simil&.r , vvhile the 

rE,te of loss Ibf vYE-ter is much slower and tends to 

lncrese at lower t~rnperatures. This standard time 

is much the SErne \",'i th different samples a s the 

following t2ble will show, 

Time in minutes, from the dry st2te to equilibrium 

at Cl vapor pressure of 4.5(: mm. Hg. 

S~pruce • ~o· 2. - 4Q. 6. ~ 

Sapwood 18.0 21J.0 21.5 26 

HeB-rtwood 21.0 17.5 21.5 

Aver8_ge~ 

21.2 

20.0 

The question as to whether this time represents adsorption 

absorI) tion~ or the process of fillinG u~) cc-,.pilary 

spaces has been discussed previously. A decision ln 

this matter is not necessary for -~,his part of tne discussion, 

&s it is only necess&ry to &ssume th8t the walls of the 

wood structure require this time to become saturated 

when directly exposed to water vapor at the Given 

pressure. If this ~ate is measured carefully and 

an cverage value obtained, any increH.se in the ttime 
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required to establish equilibrium in the cas'e of thicker· 

samples will~e due to the time taken to diffuse through 

the wood structure. 

Method of Comparison. 

it· ",,'as necessary to find some convenient basis 

of comparison of the rates for different sa.mples. 

The uncertainty of the final saturation point makes it 

a. :poor cri terion on Vvhich to base comparisons of the 

diffusion rate. It is -therefore p.ssumed that all 

samples of the same wood would finpclly attain the 

the value Tt'_ached byLhe standard were the experiment , 

protracted until equilibrium was completely estcLblishea.. 

This assumption has been tested· in the case of- samples 

which are saturated in a reasonable time and it has been 

found to be valid. If the sa.turat i on' value is measured 

-or assumen the time to half value may be obt~ned 

fl'om the curve. 

Directions in which Diffusion has been Measured. , 

The most important passages iyl. the tree occnrf; 
I 

in the longi tudinal direction as, it is in this WHy that 

a p~ssage for the food carrying li~ids must be found. 

The generB.l s true ture . of "!ood has been described 

previously,reference to Fig. 1 will at once indicate the 

importance of the longitudinal dir~ction. Thus it is that 



by far the greater number of determinaticns have been 

made in this direction. Samples whose longitudinal dimensions 

o,re various multiples of the & .. verage fibre length have 
/., 

been chosen and the rate of establis-_ment of equilibrium 

eXan1:2.lied wi th both one and two trbJnsverse fEcces 

open. 

A number of experiments have been pelformed in 

the radial direction, by blocking off the transverse 

and tangential faces. 

The tangential direction has little interest 

and beyond one experiment it ha~Oteen eXEmined. 

A. Longitudinal Diffusion through Spruce. (Picea canadensist 

San.ples wi th a longi tudinal dimeBsion of 5, 9, 14, 

and 20, mm. have been examined both for heartwood and 

sapwood. The results are listed in tables XXXV and 

~rXVI. A diseussion of these results is best conducted 

by reference to the time curves which have been 

plo~ted in Fig. 11 and Fig. 12. 

It 1S at once apparent th~ there is a great diff­

erence in the rate for heartwwod Hnd sapwood. In the 

case of the latter, even up to a longitudinal dimension 

l'~%JP/ of 9.5 mm. there is little difference in rate 

from the 1.5 mL1. 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 com~letely enclosed in the body of the wood 

and \"{hich can be reached by the varor onl~ by passing 

through the openings between the fibres. 

In the ease of heartwood (~Iig. IS) The rates 

for thicker samples are quite difierent. For the 

standard sample of 1.5 inm. thickness the rb. te·.~· is 

sil:tilar to that of sc.pwood ~~o that the difference which 

is so obvious in the C8se of thi«ker sc·.mrles must be 

due to the resistano; offered to the enteriEg. vapors 

by the opening bet~een the fibres. The marked differEnce 

between rates of diffusion in the t~o kinds of wood is 

v\-ell shown by b. consideration of the tillle to half value. 

SlTuce. 

Long. Thickness 

1.5 rmn • 

5.0 .. 
9.5 n 

14 .. 0 n 

TimeJ2 
Heartvv·ood. 

2.2 min. 

9.9 It 

18.1 It 

• 

Time/2 
Sapwood. 

2.3 mln. 

3.2 " 

4.3 

8.0 

tI 

" 

Since a smell change in thE; "U-~ to half value corresponds 

to a very greF t difference in rE.te the difference bt. t"\veen 

diffusion in heartwood and sapwood is even more marked 

than the above woul~ indicate. 

Diffusion !hrough Dried Spruce .. in the Longitludinal 

Direction. 

The results of time experiments on VSJ:IOUS samples 



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 ta.ble will ~e 

Thickness. Heartwood.- T/2 Sapwood T/2 -
1.5 mm. 2.1 min. 2.2 min. 

5.0 n 5.5 " 4.4 " 
9.5 11 10.4 It 4.5 It 

These values check vvell wi th 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 tree 

has ceased to ~ake an active part in the life process, 

it is difficult to state just.how "dead" it i60 If the 

changes which characterize the formation of heartwood 

take pIEce -by natural by natur21 ageing after the 

death 0' the wo04, it would reas onably be expected 

that sap~ood would undergo a similar change ; so that 

a sample chosen from the sapwood of a log which has 

been air dried for several years wbuld prove more im-

permeable to water vapor than a fresh sample. This 

ppparently is not the case as indicated by the unchanged 

rate of penetration, so the impenetrable condition 

of heartwood is evidently a change which takes place 

by the agency of ~ife processes • 



Diffusion Through Spruce wood in the Radial Dlhrecti.on. 

In table x:x:x.V are listed the results of severe.l 

experiments in which the transverse and tangential faces 

were masked so that the penetration of the water vapor 

into the dry sample "was restricted to the radial direction. 

The resul ts are plotted for heartwoo d and sapwo'od 

in Fig. 12 and Fig. 11 respectively. A greater difference 

between the tv'iO kinds of wood is manifested than in the 

case of longitudinal diffusion. In fact, in the case 

of hear-twood, c:,fter the first rc:~pid adsorption which 

saturates all the readily accessible surfaces, the 

adsorption proceeds so slowly that even the time 

to half v; 1ue must be obtained by extrapolation. 

The magnitude of these values is indicated below:-

Sapwood • • • • • • • • • • • • • • • 122 Min. 

Heartwood •• • • • • • • • • • • •• • 310 tt 

Diffusion in this direction must take ylace through 

the medullary rays which are comparatively few J.n 

number • Communication between the rays and the 

fibres which make up the bulk of the wood substance 

is established by means of the boraered 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 sB_pwood sho-vi' a rna.rkeCl silnllari ty 

to thmse of spruce (see Fig. 13 and tables) while in 

the case of heartwood there is considerabl~ difference. 

As seen from the curves the thicker keartwood samples 

are quite as impenetrable as the radial sections of 

spruce. For c,oDlparati ve purposes the values t9 half 

saturation are reproduced below together with those of 

spruce. 

Sa.pwood. 
Thickness. 

1.5 nilll. 

5.0 It 

9.5 " 

14.0 It 

Heartwood. 

1.5 mm. 

5.0 If 

9.5 11 

14.0 11 

T/2 in minutes. 
Spruce (A) Spruce (B) 

2.3 

4.3 

6.4 

8.0 

2.0 

9.9 

18.0 

2.2 

4.45 

4.5 

2.1 

5.5 

10.4 

Pine. 

2.2 

4.2 

6.6 

2.5 

4.0 

50.0 

160.0 

It is apparent that the natural process which 

IJroduces heartwood f:.com Se :pvvood resul ts in Eluch 

creater stoping Ulj of the pores. This is I)erhaps to be 

expected from the fact that the resin content of 

pine is. much higher than that of SlJruce. 



The curves for the rate of diffusion mn the radial 

direction are plotted in Fig. 13. These values indicc!.te 

that Fine is in general more penetrable in this direction, 

as the r~te for sapwood is [reater than that of spruce, 

and that of pine heartwood is the same C~.s spruc e whi le J 

from a consideration of the longitudmnal penetration it 

should be much slower. 

Discussion of the Nurn.ber of Fibre Lengths per Swn-ple. 

In order to give the results of time measurements 

a meaning in terms of the vwood structure, it is necessary 

to find the number of fibre ends which must be ·~assed 

to saturate each sample. 

The fibre h&.s not a constant length so ·Ghat an average 

value must be accepted. According to Sutermeister the 

average for spruve is 3.53 Dml.. If this value is accepted 

a sample whose longitudinal dEmension is 5 mm. should 

contain ;~t leo_.st 1 fibre length. If both ends of such a 

sample are open the greater part of the fibres will 

bw accessible at one end at least. The closing of one 

end, however, should mask off at le&st half of the 

fibres so that they must be reached through the pores 

connecting them to the fibres vv-hose end is open. 

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



borne out, the 5 1l1ln. sample showcbli ttle 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 und8r the microscmpe substantiates 

thi s rt:~ sul t. 

In Fig. 15 the effect of closing one end of a sample 

of 9.5 nun. longi tudinal thickness lS del:Jicted. 

In this case there is a·consider8.ble reduction in rate 

takes lJlace. It would E:l~pear that In :.his section at 

least one fibre, on the average is so placed that 

it may be reFched only by passing through the bordered 

pits between the fibres •• 

The effect of closing one end is indicEtted Dn the 

following t&b~e of times to half value:-

A. Sa-pwood 1. Face. 2. Faces. 
S-pruce 

4.5 mm. 4.4 min. 4.3 min. 

9.5 et 9.2 6.4 

14.0 It 11.5 8.0 

Pine. S&pwood. 

5.0 nnn. 5.5 4.2 

9.5 n 7.4 6.6 

Heartwood. 

5.0 mm. 19.7 4.0 

9.5 It 200.0 50 

14.0 11 ? 160.0 



\~O 

The table well-illustrates the extreme lack of i)orosity 

of pirle hea.rtwood. TIte closin~ of one transverse end 

has a tremendous e,ffect in retarding the attaimnent of 

final equilibrium. It is to be com 'cluded that the 

formation of heartwood ln the case of pine involves 

almost a complete stopping up of the ~ores. There lS 

much difference of opinion e,_8 to the luechanism of this 

change. It is considered by some that the torus, whicD. 

is like the flap of a valve, is presseu over to one side 
p 

thus firmly closing the lassage. The above results 

would tend to su~port this view,at least In the case of 

plne, for ~ne slow rate of ~en~tration ( ~hen there must 

be considerable ~ressure difference across the oienings) 

l-)oints to a very tight sealing of the 01 enlngs. 

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



SUMMARY A~ID CONCLUSIONS. 

In this investigation the adsorption isotherm.als 

of wood and cellulose have been for the first time 

deterruined by 2 illethod. free from inherent error~ The 

isothermals lillave been indicated throughout their entire 

length from the origin to the saturation p~int. 

A consideration of the isothermals at different 

temperature has established the fact that adsorption 

is independent of temperature and is a function only 

of relative vapor ~ressure. ~he theoretical reason for 

this has been indicateci both qualitatively and maltlhemat­

ically. 

By J)lotting the variation of valJor l)reSf3.·ure 1I'iTith 

temper£ture,adsorption isosteres have been obtained 

vvhich are exponential curves similar to the 

typical va~or ~ressure curve. For a consdkerable range 

of adsorrtion the points of log p plotted egainst l/! 

fall on fJ straight line. It follows that '(he adsorption 

in this region may be expressed by the relhtion, 

log alp = Bt A T 

This relc;,tion has been de;luced from purely theoTetical grounds 

and its application to wood is significant. 

The ef'fect of various na tural factors on the adsorption 

of vv&ter by wood hE,ve been carefullLl attention. There 



seems to be little differ~nce between the final saturation 

value attained by heartwood and sapwood. The curves 

for pine show a marked divergence at lOllver vapor pressures 

finally co-inciding again at the s2turation I)oint. The effect 

of natural drying has been examined and it is found to 

reduce the amount of adsorption near the saturation 

point, which is itself considerably lowered. At lower 

humidities, however, ther.e is little difference between 

dried and treen wood. 

This effect,both from practical and experimental 

grounds, may be considered as a characteristi~ one: that 

is, if differences are noted, they will ue most marked 

a.t high rE:lative vapor lJrt: ssures. Thus it is seen that 

tfue saturation point 0' spruce is 24%, that of pine is 

31%, while fron1the origin to a relative hunlidity of 

25% the two isotherms are identical. 

A theoretical analysis of the hdsorption isotherm 

has led to an understanding of the observed f&cts In the 

light o~ the modern theory of gel structure. 

The shape of the isotherm find the reversabili ty of the 

adsorption place wood ip the class of swelling gels. 

It is considered that the wood substance is made up 

of small particles which are separated by ultra-microscopic 



capillaries. In the I,rocees of takinf, up wate~ 

the walls of these capillaries are first aeturated "h"i th 

an adsorbed layer of the vapor, this is followed by the 

filling up of the pores wi th liquid condensecl at reduced 

vapor pressure due to the small radius of curvature of 

the liquid surface. As the vapol' pressure increases 

the C&'l~;illaries increase in si·ze causing the wood to swell, 

until neE~.r the sa tur&.tion Ijoint the E;J~lount of liquid 

taken uy is very l&rge for a small increase ln vapor 
{i 

pressure.. In this region it is considered that lar(:.,e 

pores such ss are microscopically visible will be filling 

with water as the required reduction of vcpor pressure 

to produce 'condensation is very small. This uicture 

exactly fits the adsorptioL isothermal of wood, it 

explBin2 the shape of the curve End .he reason for the 

great variation between species &t higher vapor pressures. 

Or rather it may be considered that the similarity of 

the curves in the lower regions l~roves, the fundamental 

unity of WOOQ ~.'~.ce 

Tne theory Cl.S extended to c;cpply to wood affords a 

"theoretical reason for the hysteresis effect 1vhich 

was observed in c:.lmost all C8ses. It is due to the 

difference in curvature of surface during filling 

and emptyint, of the sub-microscopic capillaries with 

its attentant variation in vapor pressure for the same 



amountdf 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 

values for cotton cellulose ere lI1uch less than those for 

\;\iood, while these for extracted wood cellulose ·are 

consideri:. bIe grec;,ter. A consideration of the composi tion 

of the two varieties of celluloses at once uisclosed 

the reason for' tht: difference. Cotton ceilulose is 

while wood cellulse contciins 

two additional varieties, beta and gamma cellulose. 

The)e latter, being soluble in alkali I have a greater 

affinity for water than alpha cellulose, hence their 

presence In wood is res~onsible for th~ increased 
~ 

adsorption. 

In the second part of this research the expt,rin1ental 

method h~ s been extended to afford c:. means of exa.mining 

the rEte of diffusion of wEter Vf;i-,or through the wood 

in various directions. The rete of l·enetrfition iJn the 

longitudinal direction hhS been given pH,l'ticular attention. 

It has been dempnstrated th&t heartwood is much more 

imperme&bli: thaIb. S8.r:viood and in the ca.se of pine 

the difference is particularly striking. The r8.te of 

diffusion in the radial direction has also been examined. 



This method makes it ·cossible to obta.in numerice_l 
.J.. 

values of a cOlTI!)are.ti ve nC>. ture • 

It will be evident that the experimental rrocedure 

described in this invtstig8tion is one Caljab~e of v~ide 

application in the field of adsorrtion measurements. 

It is particularly adapted to the m~asurement of &dsorption 

of condensible vapors, and posseses c,ll the obvious 

advanta--ges of direct measurement. 

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