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GEDRAL IB!RODUOTION 

~he sorption of vapora by wood and cellulose is 

a oontinuation,and elaboration, of an investigation 

started in this laborater, bJ Pidgeon and Jlaass .(/) 

!heir work was oontinecl to the sorption of water 

vapor bJ wood and cellulose, over an extended range 

of vapor pressures and temperatures. JUrther-; a 

detailed stua.r was made ot the penetration ot (~) 

water Yapor into wood. these investigators oon_ 

fined their attention to vario~ aaaplea of two 

ooniterous woods, and to a pure ootton cellulose, 

and examined these throughout the complete range 

ot vapor pressures. and between the temperatures 

of life and 42°Ce 

While a oona14erable number of investigations 

on the fibre saturation point of wood have been 

made,the oomplete aorption iaother.m has rarelJ 

been determined. !iemann (3), MJer and Rees (4), 

Dlmlap ( 5) and Stamm ( 6) have determined saturation 
-

J»Oints bJ' Yar1ous methods. ta.1 te ertensi ve work i 

on ootton cellulose 1a due to U'rquhart and Ylilliams 

(7).who have produoed complete absorption and desor• 

ption 1aother.ms over a 1arge ranse of temperatures. 

However. a new experimental teolmique for the 
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detar.mination o~ the moisture equilibria ot woods 

was develo:ped b7 llidgeon and Kaass (1). the7 evolved 

a method which gives repro4uoible resalt&i and wbioh 

is free from the ob~eotions which characterize muoh 

ot the work done al.oug these lines. !heir method 

has been used in the atud7 of an extended field of 

aaalagous tnvest1gat1on,1n the following disserta­

tion• Moditioations have been introduced to meet 

special needs in the e~erimental methods. 

!he preTioua attention o:t this laborator,' was 

ooD11ned to a fairlJ complete stu47 of two ooDi~er-
. .,._.' 

ous woods,and to a pure cotton oellulose,and that 

oD17 as tar as water vapor was oonoerned. !he work 

here to be deaoribed1 deala with a greatl7 extended 

range ot species. dbv1oual7 it has been impossible, 
~ 

aad 1D4eed unneoesaar,,to deal with each wood and 

cotton in as great detail. iurther 1 a studJ has been 
~ 

made of the sorption ot a number ot vapora 1 other 

than water vapor. 

!he p~oae of this investigation may then be 

described brief17 as follows. !he complete water 

vapor equ111br1a for cotton are tirat ot all nec­

essary when the comparative aapeot 1a introduced. 

It is felt that in an investigation of this kind-, 
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there is a possibilitJ of therebJ eventuall7 obtain• 

1Dg 1~ormat1on as to the essential nature of the 

fUndamental cellulose molecular aggregate,from the 

quaatitative a_,eeta of sorption• !his is partio-
., 

ularl7 so in the r&Dge of extremely low vapor press­

ures. SUch 1Btor.Bation;oorrelated to sorption in 

woo4;oould then be used to specifJ' the part plaJed 

b7 cellulose in the wood sahatanoe. 

A comparative stud7 of 41fterent woods was under­

t&ken,aa it was ~elt that the water vapor equilibria 

of a wood should be more or less of a definite tne, 

depending on the essential atra.oture o-r the wood, 

and V&rJ1Dg from speo1ea to species. !hus, the water 

vapor equ111br1a of a wood are possible means bJ 

wbioh one ma7 olassif7 the various woods. Such a 

olasaitioation would not be arbitrarJ• It would 

depen4 on the es•ential similarities and 41a1m11-

arit1ea ot the various speo1ea,and would be based 

on the aatll.al nature o~ the absorbing &Js:llem• Such 

a p~s1oo-ohem1oal olaas1tioat1on would be of in­

terest in itself. 

Attar consideration of the sorption of water vap­

or bJ woods and eellulo8e1·,one naturallJ prooeeta to 

the sorption of other vapors. !he sorption ot any 



partioular vapor 'bJ wood and cellulose is of in-ter­

eat. !he rate at which sorption occurs is ot import­

ance. ~e modif71Dg influence of the non-cellulose 

sUbstances in wood,and also its defiDite atrueture, 

will respond to this treatment• !hua 'bJ eoJBparison 

of the resul:ta ~or wood and oelluloae the atteot", 

it an7 1 ot the lignin eto.ma, be 1ndioate4• !here 

is alwa7s the hope that information may be obtained 

aa to the actual ohemioal nature of these oonatit• 

uenta.!hus the aim 1D this work on the sorption of 

various vapors is twofold, first; the results are of 

theoretical interest tn themselves,aeoond~oompil• 

ation of data of this kind is,obvioualJ,of praot-

1oal importance. ~s is partioularl7 true it a 

large number of different gases are considered. 

A detailed comparison of the mechanism of sorp-

tion with various gases, and subatanoes,should 

also be fruitful in clarifying ideas as regards 

the actual nature of the systems under oonaid-· 

eration, from the point of view ot colloid chem­

istry. Before this is aoeompl1shed the ter.m sorpt­

ion should preferablJ be used. However it is neo­

essarr to indicate the prooesa that 1s taking plaoe, 

from the point of view of whether, vapor is being 

taken up bJ' the &Jstem,-or being taken out o:t the 
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&Jstem. lo avoid contusion it was thought beat to 

follow the Deaenolature used bJ others (7).and arb-

1 trarilr use the term absorption:~when equilibrium 

values are obtained bf 1noreasing the vapor press­

ure from that pertaining to a previous equilibrium 

yalue,and deworption,when the sequence of pressure 

changes is reversed• these two terms,abaorption and 

deaorption,therefore,do.not negitavate DDr implr 

solid aolution,surtaoe a4aorpt1oa or oompound for­

mation. 

DE!.AILED IB!RODUC!IOB 

Bearing ta mind the general aim outlined above 

there tollowa now a survey of the apeoifio field 

covered. 

lonaiderable work was done to defil11tel7 estab­

lish the reliab111t7 of the various procedures for 

causing aorption,trom the point ot view ot their 

reproduoib111ty. 

!he influence of the precee41ng h1atort,1n 1 ts 

relation to abao~tion and deaorption,was given at­

tention. For inatanoe··,i:f abaorption and deao.rpt1on 

are determined at a given vapor preasure·,cloes the 

final equilibrium Yalue,at this preaaure,.depend on 
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the way in wh10h this absorption or deso~tion ocoura? 

.lgain,will a 41reot passage from zero vapor pressure, 

to that under ooDSideratio~l!ive the same value as a 

prooedure whieh tnvolvea several tnter.aediate sorption 

values? this eatablishaent of method was investigated 

with representative •»•otaens ot heart and sap woods, 

and w1 th two different cottons. In this wa7 the app­

l1oabil1t7 of the results should be quite general. 

!he determination of peroentage sorption aga1Dst 

tille is iaportat from the exper1aental point of view, 

in sover.Ding the time required for the 84tabl1ahment 

of equ111br1UII. Apart from thia·,theae relationships 

are of interest in oonneotion w1 th the structure of 

the abaorb1Dg material• !hua ·,the sorption of water 

n.:pozr.-sainat tille,·ahould QTe results which are more 

or leas oharaoter1at1o of the pa.tiaular wood or 

oellulose. l~ the wood samples are of suoh a thiek• 

ness,that eaoh fibre is out at least onoe,the time 

tntervals reeorded,represent actual aor.ption 1~ ttme1 

and the results are of oomparative importance. I~ 

eaoh fibre is DOt aat at least onoe,there are two 

taotors to be oonsidered-firat,the penetration of 

va:por into the aample·1"&D4 aeoond, the sorption. 
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!he moisture equ111bria :tor two different pure;: 

cellulose aamplea have been determined. One is an 

or41D&.rJ tne absorbent eetto~"the other; rag ootton 

from Eastman ICodak eo. Following an 1Dvea1;1gat1on of 

these oottona;t1ihe oomplete moisture equilibria o:t 

twentJ cUtferent Canadi~ woods were determined• !hree 

woods were chosen from the list of twenty,the ohoioe 

being goTer.ned b7 the three showing the greatest 

divergence from the average sorption ourye.!bia re­

determination of the sorption iaother.Wion new sample~ 

a 7ear after the ~irst samples were 1nveatigatact;,~ha4 

for ita ob~eot the teattas of reproduoib1lit7 ot 

sorption isotherms , oharaoteriatio of a part1oulu 

apaeies. 

:rollowiDg this oomparati ve atu4J of a_ number o:r 

dittarent Canadian woodlttwork was Ulldertaken on the 

aubaequent abili t7 ot the wood to aorb water vapo~.-i 

attar the remov.al of certain of the men-cellulose 

oonatituanta. This was done bJ meaaurins the ooaplete 

sorption isotherms. !he extraetion was carried out bJ 

a oarefullJ regulated standard process. 

some effort has been made to follow the reversib­

ility of sorption of water vapor by ootton,extraoted 

a.Dd l1Dextraote4 wood-1:follo1d.Dg different heat treatments. 



Any modification of the elastic gel system,following 

moderate heat trea~entw;•ould be expected to show 

itself in a oNmge in the ability to take up water 

vapor. 

The vapors,other than water vapor;tor whioh the. 

sorption 'Y&lues have been inveatigatea:,are,aulphur 

4iox1de.&llllloD1atb7drochlorio acid and carbon dioxide. 

0~ these gases h,J'droohlorio ao1d has reoei ved'• by fa~~~ 

the greatest attention. With the other three vapora 

the sorption e~erimenta have been carried ou~ over 

a limited vapor pressure range. It ia felt that -.e 

rell\1l.ta oltta:lne&t"dn addition to be1Dg of interest 

from the point of new ot this 41aaertatio~IW1ll 

also 1D41oate profitable linea for extended tnvest• 

lgatioa 1D this partioular field• The action of hyd­

roohlorio acid on wood and oellulose has been given 

cona14erabl~ttention. !he sorption of bJdroohlorio 

ao14 bJ cotton oellulose was followed over a range 

ot gas preasurea,up to one atmosphere,·only a few 

4eterm1nat1oD8 being made. In the ease of woed the 

oemplete &Jstem,froa 0 to 76 oms. pressure of gas' 

was determined. 

The next BJ&tem to be examined was wood-water 

vapor-hfdroohlorio acid• A series o~ rana was made 
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in wbioh a oerta1n definite amount of absorbed water 

la present in eaoh aampl~. !hese samples were then 

aub~eoted to pressures of bfdroohlorio acid gas• A 

DUJaber of detesi:nations were made in "this m&Dner, 

T&rJiDS the initial amollllt ot water present• ODJ.r 
one apeaiea of wood has 'been investigated in this 

oonnaotione It was felt that the sorption ot hfdro• 

ohlorio ae1~,1t7 wood oontaini~~g a defin1 te amo1ll1t of 

watezttJDight serve as an 1D41reot method of throwi.Dg 

light on the essential difterenoe between absorption 

and 4eaorpt1on values. !wo samples with approxlmatelJ 

the same amounts of torbed water; one clue to absorption 

the other due te 4esorpt1onreare ooapared in regard 

to their behaYior with hfdroohlorio ao1d. FUrther, 

the ease of removal of bl'droohlorio ao14 from woocll·•· 

both with and without water :preaent.is of interest • 

.Also an 1aveatipt1on hae been made ot the water 

abaorbiDg powers ot a wood prev1oual7 exposed to hJd­
roohlorie aoid. 

!he arstem ootton-water vapor-~droohlor1o acid 

has also been taveetigated. !he range ot water contents 

while not quite as extena1 ve aa with woa;~ia s~1o-

1eDUJ great to 1Jl41oate the nature of this tern&rJ 

Jlfat .. •!h• phJa1oal and ohemioal ohangealundersone 
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bJ the eotton when sub~ected to this trea~ent;have 

been given consideration. !he retur.n to original weight 

and the entire water vapor equil1br1a have been ~oll­

owed for ootton treated in this manner. In dealiDg 

w1 th ternarJ &Jstema,-the measurement o~ sorption against 

tiDle was :tollowed,and the affaot of an 1noreaa1~ 

amount o-r water,o:n this ~aetorl'i»dleated • 

.A few ex.perimenta were alao oarl'ied out on the 

ter.narr arstama tDTolvtDs oarbon dioxide,tn the pres­

ence of det1Dite aaounts of preyioualJ absorbed water. 

!he method emploJecl has as 1 ta baaia a quartz spriDg 

balanoa 8118pencled 1n an enouate4 glaaa &J&tea.!hia 

glaas 117•t• muat be oapable of aaiDtaS»'Ing a high 

vaaaw.. ~ oouneotien with the &J&tem there ia a bulb 

oonta1DiDS wata~~th1a serves aa a aouroe tor wapor. 

!he ~por pressure m&J be detar.mine4 1:n41reotlJ bJ 

oontroUiDg the teaparature of this 'bulbf-or 1 t aa7 be 

read off 41reotl~n an oil manometer whioh is a part 

of the a7atem. !he remainder of the apparatus oODaista 

of a phosphorous pentox14e tube and oouneotion to the 

p'UilpiDg &Jatem and llaoLeod gauge. !he pumping system 
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is made up o~ a l&Dguir merourr condensation pump, 

baoked bJ a "Cenoo Byvao" pump• !his is a general out­

line of the tne of equipment whioh has been utilized• 

!bat it serves the desired purpose la raadlN seen from 

~· ~ollewtDg ooDSideratiGDB• 

there are a.-eral requirements whieh must be met• 

lerption in the :first plaoe-,is aer1ou&lJ inhibited if 

air 1a preaea.hietl,- due to the sreat increase in the 

time required to attain the true equ111,r1um conditione 

Also the presence of air might be deoidedlr undesirable 

from the poaafble etfeot on sorption. !he presence o~ 

aorbed air would almost oerta1D17 vitiate the aoaur&or 

of results for the sorption of oertain Y&pora suoh as 

oarbon dioxide. !his requireaent ia met 'bJ' the use of 
tt h.t: 

a vaoUUID tlaaa BJ&tea. 
" 

IU.rthermore • oonatant vapor pressure must be main­

tained throuchftt BOZ'l)tion as ~atereaia ia shown in 

the aorption of water vapor tD4•a~ohaQS1Dg vapor pteaa­

urea. !hua, the ex.periaental arr&JlBement JDUBt pemi t 

of a 4et1D1ta pressure being hell. !bia neeeaaitJ is 

met bJ the preaenoe ot a wa._er bulbi11tept 1n a constant 

temperature bath,thia bulb is in direot oommunioat1on 

with the aorb1Dg aaapleian4 holds the vapor pressure 

invariable. 
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the expertmental •tuipment must be such that the 

unavoidable adsorption bJ the walls of the oontatner 

in no W&J atteot the measura.anta.!hia requirement 

1a aet bJ the use o~ a quarts spiral, tileu extension 

of whioh indioatea the aaount o~ aorption.Qaartz does 

not adsorb water ap:preo&a'blJ• This d1reot method 
~ 

m&kea it im&terial whether the walla adsorb vapor 
I' 

or not. 

JUrther,the p•aa1b111t7 o~ ua1Dg amall samples of 

wood or ootton is important. A small sample will show 

leas bfatereaia than one whioh ia lar~alao the times 

1nYolve4 tD the attatDment of eq~l1brium will be 

muoh leas. !he importanoe ot a uniform structure in 

the wood apeoimen oan not be ove.mphaa1ze4. A aall 

sample enau.rea a muoh more uniform atruoture than 

might reault11:f a larse one were require4.!he util­

ization of relativelJ small samples ia made poaa1ble 

bJ the uae of the quartz aprin, balanoe. 

The importanoe of the aboTe requirementa,tor the 

tJPe of tnveat1sation UD4ertaken11a brousht out bJ 

ooapuiaon w1 th other metho4a.suoh aa used bJ Urquhart 

and W1111ama(7).whioh lead to results whoae oomparat-

1 Te T&luea may be of 1ntereat:1 but whose absolute values 

are open to queation.~e experimental equipmenv1and 

methodi;o:t these 1nveat1satora was auoh, that a 4et1n1 te 
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quantity of water vapo~ was added to.or removed trom1 

the 8J&tem.!he state of equilibrium was iD.dioated by 

a aaaometer,-8D4 the amount absorbed determined bJ 

measuring the volume of the water Yapor added or re­

moved. Further;this method made use o~ large samples 

of oelluloae.the average weight being around lQsma. 

as OODlJ&red to a sample weight of appronmatel,O.lgms. 

1D this inveat1gation.!bia method o~ measuring ao~tion 

11111.obrioual7•be in error as adsorption bJ the walls 

ia a faotor over whioh there ia DO oontrol.and oon­

oem~ns the extent of whi.oh there is no information. 

hrtherJDOre!• Urquhart and Williama state: "It ia 

perhapa DOteworthJ that after water had been admitted 

to the ootton the preaa~ graduallJ tell to ita eq­

uilibrium valua.wbile after the removal of water from 

the ootton the pressure rose to ita equilibrium value• 

indioating that the gain or loss is ini tiallJ sustain­

ed bJ the outer la7era of the mater1alrlan4 that the 

41ttuaion to or from the 1nter1or,neoeasarr to restore 

a proper balanoe,ia a more leisurelr prooess than the 

absorption or deaorpt1on of water bJ these outer laJer.et. 

This is DOt surprising ainoe measured amounts of water 

were added to the oelluloae and then the pressure at 

"supposed equilibrium" dete~ed.!he addition of a 

quota ot water was not made UD1for.ml7 as far as the 
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whole mass ot cellulose was oonoernet. Conaequentlj 

the outer parts of the oellulose were able to absorb 

this wate~ first~, with the result that this water 

had to be deaorbed to supplJ the farther port1ona. 

But 1f there is &nJ ~aterea1s.UD1tor.mit7 of water 

distribution would be tapoaaible under these oondit• 

1ona,s1nce the 4aaorpt1on pressure ia leas than the 

absorption presaure.CoaaequantlJ the values 4eter.:­

m1ne4 on a basis of absorption would be too high. 

!he disadvantageous features of the abov,metbod 

have been el1m1natel',~ through the tne of apparatus 

uaed &D4 the methods herein 4eaoribed. !here ia 

direot aeaaurement of waight,and the process of 

sorption ooaura in the presenoe of a oonstant and 

1DlTal'J'1Ds vapor p•essure. !he reaul ta obtained 

are not tD error bJ the amount of vapor adsorbed 

bJ the S].aaa walla of the oontainer,and :turthert;' 

theJ represent true absorption or 4eaorpt1on eq• 

uilibrium ooD41t1ona. 
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!he 1nvea't1gat1oa of vapor•l~other than water va:pol\, 

has necessitated no fuDdamental mo41~1oat1ons tn 

either the equipmen" or in the methods wh1oh are 

uae4e Bowever,-the relativelJ lllUoh greater pressures 

requ1re4>neeesa1tated the sUbstitution ot a aeroar,r 

manometer for the oil manometar.!Urther;~t was found 

advisable to admit a quantJSt of the vapo~der 

tnveatisatio~:tnto tbe &Jatea,without the preaenoe 

of the liquicl phase. !hu, no e:ttert was made to 

hold the vapor pressure constant, as was done in 

4eal1Dg w1 th water vapor. In the absorption of a 

gas where the :posaib111 t7 ot hJsteresia exists, the 

possible etteot et a :tall1Dg prean.re1 while a'baerp• 

tien oo.ur&i~ or riatns pressure in the oase ot dea­

orption, ma7 be a1gn1:t:Loaut. ben should hJate.reaia 

ooov w1 th the vapera ea•:l»elili and this remains to 

be ahoWDt the general val1d1 't7 of the reaul ta 1a still 

aatiafaoto~. !his la appreo1ated on a oona14erat1on 

of the small size of the samplea whioh are uael, and 

in the 118ht of the relat1velr larse volume o:t vapor~ 

~rom whioh sorption oooura. Also the vapor pressures 

whioh have been 1nveat1sated;• are muoh greater than 

is the oase w1 th water vapor. !hu; the tall In press­

urer•Wbioh aooompanies abaorption,or the rise 1'11 th des• 

o~t1on,1s not ver7 a1gD1f1oaat in terms of the tinal 
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equilibrium pressure.Therefore the sorption value at 

the final pressure will very closelJ approximate the 

true equilibrium value at this pressure • 

.Apparatus ln Detail. 

J1gure 1 indicates the essential features ot the 

BJ'Btem in whioh sorption ooeura. Aotuall7 three,Ai:tteant 

similar UDita have been oo~ruo•ed in this tnveat-

1gat1on. 

!he glaaa tubes G,D and E are removable • the ground 

glass ~otnta are 1D41oate4 in the 41agraa• !he tubes 

are about eleven inohea in length,with an inside di­

ameter of one inoh. A aall glaaa hoolt,aealed into 

the slaaa hea4,servea as a ~pport for the quartz 

apriDS balanoe. !hesa tubes have tunotioned very 

aat1afaatoril7 as oontatnera for spiral and sample. 

Bo teD4enoy to leak at the large glass Joint has been 

observed. In the oase ef the tubes most reoentl7 

put into aervioe • &nJ possibility of leakage haa been 

el1minated,4ue to the preaenoe of a flange on the 

tuba-,th1s may be tilled with mercury. Another im­

provement ,not tndioated in the 41asram,1a a ohange 

in the position of the oouaeot1ng tube. By inserttns 

this in the side of the tube itself the ground glass 

to» ma7 be remoTed without removal of the theraoetat­

iDC bath. !he 41asram 1n41oatea three aor,tion ohambers 
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Figure 1. 
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Apparatus. 



in series. In praotioe it has been found oonvenient 

to make use of six of these together. This arstem 

has been oonfined to the studr of the water vapor 

equilibria of woods and oottona. lhe advantages of 

thia batterr of six tubes are obvious. It e~les 

the determination of the oomplete moisture equil1br1a 

o:t three different woods both sapwood and heartlreo4:f1 

at one time. l'urther, different samples ot the same 

apeoies may be considere4 under i4ent1~al ooD4it1ons. 

ln the ayateas where other gases have been oona14ere~~ 

single sorption units have been tn operation. 

!he tube B contains water and serves as a source 

-tor vapor. It is aurroUDded bJ a Dewar flask maintained 

at a oonatant teaperature,an4 thuar the T&por pressure 

may be oontrolled. 

!he oil JD&Dometer K is shown. The oil used il "Cenco 
-

HJYao" pump oil,aDd has a density about one fifteenth 

that of mer~,and also a negligible vapor press~. 

!hia enables rea4r ad aoeurate observation of the 

vapor pressures of water in the system• Where gases 

are uaed whioh require the measurement o:t greater 

pressures than can be indicated bJ this oil manometer, 

or with whioh ohemioal aotion may ocour,aubatitution 

is mate tor the oil m&Dometer M,ot a mercury manometer. 
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!his ia capable of indicating pressures up to 76 ems. 

of mero'U!3'. 

!he poai tion et the phosphorous pentoxide tube G 

is indicated in the diagram ~·~1 t is used in detel'JD1n-

1ng the drJll weight of the sample. Furtherr1· the tube 

takes up water yer, l'e&dilr•' thus avoiding the act­

uation ot the pumptng BJ&tem tor the removal of small 

amounts of water vapor. 

Kost of the glass tubiDB used in the assembliDg (d 

thia apparatus is 9 mm. in 41ameter,w1th stopoooks 

having a large bore. !his 1a 1Daportant as 1 t reduces 

the affect of lag in pressures during the "dr,Jing" 

of the sample. 

The bath aurroundiDg the sorption tubes is indic­

ated by the he&TJ linea. It was :tound that·1 the aoo­

ur&OJ' of the optical meaaureme~a was atteoted by the 

use o~ a bath With a OJ11D4r1oal BUJ.'faoe. !rhus the 

bath tn use oonsiata of a oontatner with a flat plate 

81••• aurfacee An aquarium, of suitable aize ~o aoo­

omodate a battel'J of six sorption tubea,has been 

found quite aatiataotorJ• !be bath 1a equiped with 

a stirrer whioh ensures thorough and rapid oiroul­

ation. ~he heating element is controlled by a toluene 

merourJ ther.mo-resulator through a rela,. !his 
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replates the temperature in a satiafaotorr mazmer.-j 

the maximum fluatuationa being 1n the neighborhood 

o:r o.o2°c. Further, a oooliDg ooil of lead piping,· 

through whioh a variable stream of oold water oiroul­

ate•,»•rmita ot the use of temperatures which are 

below those of the rooa,thua inoreas1Dg the temper­

ature range over wbioh investisation may be oondueted. 

Figure 2. indicates the essential features of the 

pumping &Jstem. A is the ooDDeotion whioh leads to 

the BJ&tem to be evaouate4. B 1a a L&DgmDir merour7 

oondeuation pump. K is a boLeod gauge oapable o:t 

1D41oating pressures down to o.ooo5 mm. o~ mero~. 

!his 41asram indicates that the merour7 ooDlenaation 

pump 1a baolced bJ afl8pler pump. It was found more 

convenient to aubat1 tute a JQvao pump. In all exper­

iments the pressure is first lowered to at leaatO.OOl 
)w\..-

mm. before a run 1a oomenoed. 
1\. 

Observation of the extenaiona of the quartz aprtng 

balanoe ia made b7 a oathetometer. !he inatl'UIIlen1i 

used is oaJable ot g1 vimg readiDga aoourate to o.02mm. 

It was toUDCl. moat oonveniellt to tooua the oross hairs 

on the extreme ends o:t the spiral tor eaoh ertena1on. 

!he optioal &Jatea 1a auo!r1c;that at a distanoe of 

about sixteen inohes a distinct image is readil7 

Tiaible. 
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F-igure 2:. 

M 

PUmping ~stem. 
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!he spiral is attached to the glass hook by means 

ot a small wire loop. !he length of this is suoh 

that the upper end of the spiral is below the ground 

glass ~oint. A silver wire stirrup supports the 

sample (fig. 1.}. Direot support of the sample 1a 
.. 

possible it an appropriatelJ placed T Shaped out is 

made in the wood apeoimen,tbna eliminattng correotions 

tor aDJ additioDal weight. 

Spirals were oonstruoted from quartz after the meth• 

.04 of KoBain and B&kr ( 8) • Quartz spirals are parties• 

ularl7 suitablw~a quarts shows negligible b¥aterea1a 

1Dlder the temperature oonc11 tions of experiment. !he 

spirals used in this inveatiption were oonsidera'bly 

finer than those preY1oual7 4eaor1bed. Cona14erable 

oare ia required in clr&wiJ!B out fibres of sui table 

th1okneas aDd then of win41Dg these. Considerable 

•Z»erienoe is neoeasar,r before auitable spirals oan 

be ll&de. 

, !he ap11'&1etirat ot al1,1a oalibrate4 throughout 

the workiDg range bJ obaerv1Dg the 4efleot1ona oaused 

bJ known weights. !he eurve whioh results from plott­

iDC dafleotion against weisht,gives a straight ltne 

which passes throUSb the oristn in moat oases. For 

verJ great defleotiona,the linear relationship falla 
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oft and the r&Dge over whieh it ia to 'be used ia lim­

ited to that ta wbioh no measuraale~eviation is eb­

aerved. 

Over two dozen spirals have been usel. On the av• 

erage ~eneot1on of 1 mm.oorreapon4a to a weight of 

o.oozo PBt !hus,with the partioular· oathetoaeter 

eaplo7ea;a weisht of o.oool.ga. can be easilJ detected, 

and the total weight of a sample we1gh1J1B O.lgm. oan 

be dete .. tled aoouratel7 to within o.l~. Stnoe the 

maximua 41tterenoea observed are not greater than 

~ o~ the total w.ight,the theo~tioal aoourao7 is 

well w1 thin o.~ ot the ditterenoea noted. 

!he selection and preparation o~ suitable saaplea 

ia oarried out aa tollowa. 1B the oaae ot ootton 

cellulose the two 41fter.nt cottons are kept tn atop­

ere4 'ottle•lan4 samples m&J be withdrawn as required. 

With the woods. storage until it 1a desired tor lll• 

veat1s&t1on,preae.nta a proble.. Suitable portiona 

of wood are taken and wrapped in waxed paper and then 

stored tn a deaiooatot to prevent dr,JiDS out. On 

reaoval of the wood apeotman.for the prooural of a 

auple • the outside portion ot the pieoe ia diaoardedtl 

aJ:LCl- a aeetioa,ot au1 table thioknesa·, taken froa the 

freah surface. Care ia taken to avoid 1nolu41ng 
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&UJ obvio\1817 unusual structure in this sampla, that 

ia,the section is taken from a portion of the wood 

which is representative and UDifol'lll 'throughout. 

!be sample 18 dried bJ long evacuation in the pres­

ence ot phosphorous pentonde at a pressure o:t about 

o.ooo5 mm. mercury• .A:tter approxi.alatelJ 12 hours, 

a oonstant weight is obaervea.. !his weight is ar'b-

1tra.r11J oona14ere4 as the "4r7 weight"·,and the per­

centage 1Doreaae due to sorption 1a always calculated 

on this basis. !hia~oint i8 oompletelr reproduoible, 

and may be checked several timea,even after the aorp• 

tion of water vapor. BOwever,this repro4ueib111t7 is 

not alwa,a found when other gases are uaed. It 1a 

oD17 true when the aorbing aystem suffers no peDaanent 

Oh&D£8• 

~ttention muat be paid to the purity of the gas 

admitted to the ayatem tn which sorption is 4eter.mined. 

In moat cases the gas is kept in the liquid phase in 
• 

a bulb ( fig.l) •haviJlB undergone previous ohemioal pur-

ification. With water,the ohiet precaution is the 

entire removal ot all diaolved gases. !his 1a ensured 

b7 alter.natelJ ~reeztQg and evacuating the water tn 

the bulb. Gener&ll7 t~e freez1nga are sufficient 

to oompletelJ remove all gaseous impurities. Some 



oare has to be exercised or the water bulb will break. 

Slow treezing,with a oarbon dioxide ether aixture, 

from the bottom upwards has been ~ound satistaotory. 

Development of Kethod. 

~1gure z. 1Dd1oatea tJPioal sorption isother.aa 

tor water vapor. It 1a seen ·that there are ..,ourves, 

whieh tend to oo1noi4e near their extremities. Per­

oentase a~ao~tiona are plotted as aboiaaas,and either 

the direct vapor pressure ~n mm. o~ mereury,or the 

relative humiditiea as ordinates. !he form of the 

ourves ia similar in both oases. The use o-t relative 

humidi ties•·in 'this ooDneot1on,1a muoh more geaeral 

than plot~ reaulta agaiDat t~e absolute vapor prea­

ureae S1Doe the aorptione at relative humiditiea 

have been :found to be independent o~ the temperature 
. 

this makes possible the oomparlaon of data from res-

ults obtained at 41:t:rerent temperatures• In orcl.er to 

make uae o~ the oomparat1ve aspeot,and emplOJ absol­

ute vapor preaavea,·all deteminatiens DlUSt have been 

made at the same temperature• !he two ourvef,shown, 

illustrate the ~aterea1a wh1oh eziata tn the sorption 

of water vapor bJ wood tn4 oellulose. ijfaterea1a 
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Figure 3· 

Water Sorption Isotherm for Hemlock. 

(Heartwood). 

15 ~--------~----------~--------~------~~~~~----+---------~ 



1n41oates the existenoe of two true equilibrium sorp­

tion values,at one relative bum1d1ty,or vapor press­

ure. One value is obtained b7 the taldn& up of vapor 

from a lower presaure,or results from inoreaatQg Y&por 

pressures. The other resUlts ~roa the removal o~ vapor 

or follows from a lowered pressure. ~ absorption 

there is leas water held 'by the aample~~than is tha case 

if a desorption value ia oontidered ~t the same vapor 

pressure. It is aigDitioant that hJatereaia disappears 

as 10~ relative humiditr••r the saturation vapor 

preasure r,;1a reaohed. !rhia will be discussed later• 

lt is eviden'b,·theretore, that oonaiderable attention 

DIU8t be paid to the details of experilllent in order to 

determine either real absorption or real desorption 

values. !he samplea·;inveatigatecl·•are ot auoh a thiok• 

nea•;that eaoh fibre has been out at least onoe. With 

suoh samples the times to equilibrium varr,depending 

on :firat-;Whether the equ1l1b1ium value being determined 

ia absorption or deaorption,and seoon~.whether the rel• 

ative humidit7 is low or high• ID the res1on o~ 25% raJ:. 

ative humiditr,abaorption equilibrium oonditiona are 

or41Dar117 obtained tn about thirtr minutes. Deaorption 

equilibrium values require upwards of forty five minutes. 
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As the relative humidity 1noreasea, or the absolute 

Yap or pressure • the times to attain equilibrium also 

tnoreaae. ln all oaaea1to attain equilibrium with 

the tald.ng out of water vapor,desorptioJtli the time 

is greater than required :tor the taldn& up of water, 

abaotption. In the upper regions of the curves ab­

sorption require• from one to two hours,while des­

orption takes aearlJ double this time interval. 

!he equilibrium ttaes become great in proximity 

to the saturation value. llo experimental attempt 

ia made to determine this value,·it iss calculated 

b7 extrapolation of either of the t-o curves. Act­

'\1&117 grave diffioul ties are met ill ita experimental 

determination. KoX.nzie was able to report a sat­

uration value of 4Z.2~ attar seventy Dine days with 

"absorption" still slowly taking place.(9). !he 

reason whJ saturation values cannot be determined 

e 2»erimentall7 ma7 be seen from the following 

41aouaaion. It the temperature of the thermostat 

ia low.r than the temperature tor free water con­

densation bJ a slight amount,then indefinite amounts 

will ooDdense. !he best that oan be done exper1m­

ent&ll7 ia to have a thermostatic control whioh has 
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this temperature as a mean value so thatt alter.nately 

water oondenaea and eyaporates. But evaporation will 

be from water held betw.en fibres 1Dfluenced bJ the 

angle of contact and sover.ne4 bJ the closeness of 

paoking of the cellulose fibres in oo~ton or the 

gross atruoture in wood. The extrapolated values 

for saturation oannot be looked upon as true sat• 

vation values,f,rhioh(perhapa do not exist at all). 

The extrapolated values are'ihowever-,o:t interest in 

oompariaon from sample to sample. 

!he problea confronting the tnveat1gato~1is the 

ohoioe ot a method which Will siv• true equilibrium 

values,either absorption or deaorption valualf1:depend-

1Dg on whioh ia 4eaire4,in the shortest possible 

tiJDe. !he method adepted 1muat o~ourae, be capable 

of g1Ying results whioh are defiDitelJ reproducible. 

Thus the first attention of this work was towards 

the development of a technique which would give re­

produoible results,tn as short a apace o:t time as 

.POBB1blee 

tn praot1oe~equ111br1um values are determined tn 

the presence ot a oonstant va~or pressure 1however1 a 

ayale o~ operations ia 1nvolved,the essential features 

ot whioh follc.. 

~ter determiuation of the dry we1ght 1 the sample 

is allowed to beoome saturated with water vapor. 

!hia ia 1D41oated b7 ooDdenaation o:t water vapor 
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on the walls of the sorption veasel:,and &1ter some 

five hours saturation is suffioiently complete. A 

quantity of watalfvapor is quic:tl7 removaa:,the amount 

removed is such that the equilibrium vapor pressure 

will be a few mm. below that at which the first 

sorption value is to be determined. !hus a sudden 

deaorption has been effeoted. Without waiting for 

the complete establishment o:t equilibrium the vapor 

pressure is raised to that to be inveat1sate4. J..b­

ae~tion oooura at this constant preaaure. !he 4e­

term1Dation of eaoh sorption value involves first. 

deaorption from a greater nluec•and seoond.abaorption 

up to that which ia desired. !his gives as a final 

value the 4eaorption 'Y&lue.for the :tiDal vapor pres•­

ure. !he 1Jilportant experimental feature is the des­

orption below the final value. In eaoh case care ia 

taken that aotual deaorption below this point has 

taken place. !his is done quiok17 bJ sudden low­

ering of the vapor pressure and at the same time 

observation of the loss in weight. When the weight 

1a 41at1Jlotl7 leas than that to be d~termined.the 

abaorption process 1a 1111 tiated. ~his OJole of 

eTenta ia ~epeated until the complete equilibrium 

eurve is obtained. 
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Sinoe deaorption equilibrium values are deairetlfl; 

and stnoe this method gives sueh valuea~and gives 

them reprodueibl71 th1a system has been followed as 

beiDg bJ far the moat oonveDient• !hat the above 

process gives a deaorption value is seen bJ the toll• 

owing tJPioal data. 

Attar keep1Dg a sample at 10~ relative humidity•~ 

(17.36 mm.Bg.) the pressure was reduoed to 12.67 mm. 

and held there until equilibrium had been established, 

resulti~~g in a sorption of 16.54~. This ia a true 

deaorption value. !he aaaple was asa1n 8Ub~eote4 to 

10~ bumidity. !he pressure was reduoed to ll.lt.m. 

and held until the quartz spiral showed loss of weight 

below 16.54 ~. !he pressure was then raised to 12.67mm. 

!he final ao~tion reaohed 1&.4?% and ia within the 

experimeatal error of the deaorption value. lt ia 

kno1Dl as a OJole Y&lu&~·.-aa4 is seen to be 1dentioal 

with the deaor,ption value. !he ditte~noe involved 

gives a aaviDg 1n the tillle duriDg whio~he pressure 

ha• to be maintained oonataDt at the final value, 

namel,-,12.67mm. 

Jaother orole value was obtained as follows. Start­

iag with 1~ hWilidity,bJ loweriDg the pressure to 

e.o9mm.an4 then ra1atng it to the desired press~ 
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o~ 9.14mm. this gave a 07cle value of 12.1~ as oom• 

J&red to lle9 bJ direct deaorption. l'or oonvenienoe 

the ooaplete deaorption isotherms for the twenty Can­

adian wooda,tabulated below14Were 4eter.mtned bJ the 

orole metho~;whioh it ia seen ap»rozimatelJ giyea 

cleaorption value a. When 1 t la remembered that some 

sixteen equilibrium values had to '• obtained for each 

apeeia~ t 11111 'be UDderatood whJ a teobD1que was 

evolved in wbioh the time d~ wbioh the pressure 

had to be maiDtaiDed oonatant , was out down to a 

m1Dilllum. 

Care had to be t&keJt1~the :first place,, that the 

first pressure-lowering was maintained for a sufficient 

leDBtil et Uae to allow loea ot water 'ft.Jor,in amouat, 

below that wbioh 1a oharaoter1at1o o:t the final des• 

orpt1n value B7 taklac oonseou:t1ve points on the 

ourve this oould be eatabl1ahe4 1n eaoh oase. Due 

)reoaut1ona were observed that the pressure loweriDg 

was never carried to a point oonaiderablJ below the 

final pre•~••tnoe in thia oaae the OJOle value la 

found to lie between the absorption and 4eaorption 

valuea·,an e:mmple will illustrate thia. Uter aub­

Jeotlmg the sample to 10~ humidity the vapor press­

ure was low.red to 4.57~and then brought up to 
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sorption Isotherms for Black Cherry. 

Sapwood. Heart100d. 
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Water sorption Isotherms for SUgar Maple. 
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F-igure 6. 

Water sorption Isotherms for Hemloc • 
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the aapwood o~ the hemlook has somewhat greater sorption 

values than the heartwood• In the case ot black oherrr 

theJ are the same,and tn the maple the heartwood has 

4ao14edlr sreater sorption values. 

~tar haviDg elaborated this question o~ reprodua• 

1bil1tr1- the data for the twent7 Canadian woods ...,aow 
tabulated. IDstead e-t oom.par1Dg all the 4atar, either 

in tile :tom of a tabulation or curve a;· 1 t is more oon­

veDient to 1D41eat•;~:as has been done-, in !able 1. five 

points that were t&lten from the ••r»tion ourvea drawn 

tD ~oh a war as to represent eaoh sorption 1sother.m. 

(!he experimental 4ata::.:rer, t all the isotherms are tab• 

ulated in the appendix ). ln column one are given 

the amounts of sorption at zero vapor pressure,· extrap­

olated from eaoh aurve. 1n oolumn five is given the 

aa'tua~ion sorption ,..lue, extrapolated from eaoh sorp­

tion isotherm to 18~ hUBdditr• !he three other ool­

umns g1 ve, as their headings show, the aorptions at 

three intermediate points. 
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!able 1. 

Sorption Values for Canadian Woods. 

lle1ative 
Rwld.di tJ ,. e.o 17eZ 51•8 86•• 100.0 

Yapor Pres• 
JDIIleOf Hg. 0 3 9 15 17e36 

Red Pine(Ptnua reainoaa). 

Sapwoo4. 1.85 5.10 10.10 17e60 26.10 

Heartwood. 1.oo 4.45 9e50 16.50 23.00 

Red Oak ( Qa.erous bo~ealia) • 

lapwood• leOO 4.45 9.70 17.20 22.50 

Heartwood. 2.30 5e70 10.10 16.20 21.10 

Ironwood(Bhamn1d1um ~erreua). 

lapwooa.. 1.10 5.65 10.65 18.00 24.00 

Heartwood. lelO 6e65 10.65 18.00 24.00 

Wh1 te Pine (l'inua strobua). 
, 

Sapwoo4. 0.50 4.60 9.00 17.75 24.25 

Heartwood. o.so 4.10 8e60 18.25 27•00 

Blatt Spruoe(P1oea mariana). 

lapwood. o.a5 5.20 10.40 20.00 25.00 

Heartwood. 1.oo &.20 10.45 20e40 26.85 
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!able 1 (continued). 

Relative 
HwDiditJ f,. o.o ~7.Z 51.8 86.4 100•0 

Yaper Prea. 
mm. Bg. 8 I 9 15 17.36 

White Blm(Ulmus amer1oana)• 

lapwoole o.ao 4.45 9.95 19.35 24.20 

Keartwoocl. 2.25 6.10 ll.liO 20.00 24.95 

Soft Kaple. 

Sapwood. _ · -.. ,·14t~D '•65 10.95 19.00 25.20 

Heartwood. 0.95 -4.66 11.45 20e35 24.85 

Basswood(filia glabra). 

Sapwood. 1.80 s.65 7.70 15.10 23.25 

Keartwood. 0.55 4.05 9.50 19.25 26el0 

Balaam(A'b1es balaamea). 

Sapwood. 1.oo 4.65 10.10 19.20 24.50 

Heartwood. 2.35 5.40 10.75 20.00 24.80 

Wh1 te Spruoe (Piaea glauaa). 

Sapwood. 1.90 5.65 11.75 21.00 28.15 

Heartwood. 1•60 5.65 11.75 21.00 28.15 
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!able l (continued). 

Relative 
Jlwnidit,- f,. o.o 17.3 5le8 86.4 100.0 

Vapor Prea. 
mm. of Hg. 0 3 9 15 17.36 

Yellow Biroh(Betula lutea). 

lapwood• o.65 3•85 9e55 20.65 24.40 

Heartwood. 1.50 4.85 10.45 21.60 25.40 

Hemlook(~BQS& Canadenaia). 

Sapwoo4. 2.10 5.55 12.25 20.50 26.70 

Heartwood. 1•80 4.95 11.90 21.10 25.40 

llaok OherrJ(Prunus serotina)• 

Sapwood. 1.70 ,.eo 11.50 21.80 27.20 

aeartwood. 1.80 5.05 11.30 21.60 27.70 

Sugar Map1e(Aoer aaooharum). 

Sapwool. 1.40 4.15 10.20 19.40 23.40 

Heartwood. 1.60 4.80 13.40 21.30 24.80 

White Biroh(Betula papJritera). 

Sapwoo4. o.9o 3.95 10.30 22.00 26.50 

Heartwood• 1.25 4.50 10.65 2Z.OO 27.65 



Table 1 (continued). 

Relative 
Bumidit7 ,. o.o 17.3 51.8 86.4 100.0 

Vapor Prea. 
mm. ot Bg. 0 3 9 15 17.36 

Beeoh(Fagus sran41to11a). 

Sapwooa.. 1.40 5e60 12.20 18•15 25.10 

Heartwood. 1.85 5.95 12•75 22.75 28.80 

White .l.ah(Fraxinua amerioana). 

Sapwood. 1.35 5e85 "11•40 18.90 24.75 

Heartwood. 0.95 5•70 11.85 19.90 24.95 

Eastern Cedar(JUDiperua virgiDiana). 

Sa:pwood. 1.65 5.75 10.65 13.35 22.35 

Heartwood• 1.85 6.05 12.60 22.25 27.80 

Aapen(Populus tremnloides). 

lapwood. o.6o 4.05 9.80 20.50 27.75 

Heartwood. 1.90 5.15 10.80 22.00 30.60 

Laroh(Ltr,ix oooidentalia). 

Sapwood. 3.40 7.10 12•45 21.60 26.50 

Heartwood. 1.80 6.25 12.95 23.00 28.95 



An attempt has been made to correlate the variation 

in the sorption of the various woods, w1 th some of 

their other pb7aioal properties, suoh as density and 

hardness, but w1 thout suooess. The most important 

generalisation, to be foundtt is the great aimilari t7 

ill the amount of sorption for all the woods examined 

to date. !his point will be elaborated~~ ahortlt:, in 

connection with the sorption isotherms for ootton and 

for extraotad wood. 

It is of interest to note that of the twenty woods 

examined, in eleven the heartwood has the greater sorp­

tion, in six the7 are approximatelJ' the same, and An 

oD17 three is there diatinotlJ greater sorption in the 

sapwood. This means that as a rule the heartwood has 

a greater sorption than the aapwoo4. 

Below ia given a table (lable 2) in whioh all the 

values ,given above, have been averaged. ~hese ,there­

fore, mar be taken as the average sorption values for 

woods. Here it ia again brought out that the heart­

wood has a greater sorption than the aapwood. By in­

apeotion the average is seen to be very olose to any 

of the values given in Tabl~. 

!he values obtained for extracted wood are tor two 

samples wbioh gave praotioallJ identical values. !he 



37 

extraction was carried out in the usual manner, The 

wood was refJ:uxeclt~ at the boiling point. for four 

periods of twenty four hours,in a 1% sodium hydroxide 

solution in an atmosphere of nitrogen. The sodium 

hJdroxide solution was replaoed eaoh day bJ a fresh 

solution. 

!he deaorption values for ootton (1). were deter­

mined on a rag ootton obtained from Eaatman Kodak eo., 

and which had been subJected to careful purification. 

~e values for ootton ( 2). are the de sorption values 

obtained b7 Urquhart and W1111ams (7) 

!able 2. 

Average lorption !aluea tor Woods 

and tor two Cottons. 

Relative 

•n•1dit7 %• o.o 17.3 51e8 86.4 100.0 

fapor Prea. 

mm. Jig. o.o z. 9 15 17.36 
' 

.lye rage Sorption Value tor Wood. 

lapwooa.. 1.zo 4.90 10e60 19.0 25.10 

Heartwood• 1.50 5.20 11.10 20e4 26.10 

.lYerage. 1.40 5.05 10.80 19.70 25.60 



!able 2(oontinued).• 

lerption Values for Extracted White -pruce. 
~~ .... 

1lelat1ve 

lltuDiditJ fo. o.o 17•3 51.8 86.4 100.0 

fapor fres. 

mm.Bg. 0 3 9 15 17.36 

lapwool. 1.70 5•25 10.70 21•25 25.10 

Heartwood. 1.75 a;.oo 10.10 19.10 26.80 

An rage. 1;.70 5.10 10.40 20.20 25.90 

lorption Values for Unextraoted White 8pruoe. 

Sapwood. 1.90 5.&5 lm.fD 21.00 28.16 

Heartwood. 1.60 5.65 11.75 21.00 28.15 

Sorption Ya1uea tor Ootton lel1uloae. 
f' 

"" 
Gotton(l)• o.9o 2.80 ~.7o 12.15 18.50 

Cotton{2). 1.40 3.30 6.85 13.30 (22.60). 

!he method used bJ Urquhart and Williama in de• 

ter-tning the val~e at lOO~ hum141tJ is ent1re17 

dit~erent from that deaoribed here. f.bia value is 

open to aeriaua question, as deter~ned bJ these 

investigators. 

F1Burea 7 and 8 give a graphical representation 

ot the data listed above. 

It ia o1earlJ brought out from the above table,, 

that the extraotion. whioh has removed all the oar­

bohJirates resina eto. and left oD17 the cellulose 
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Figure • 

Average Sorption Values for rood and Cellulose • . 

3 

s 10 15 10 
P~rce,.r S orpfton 

Curve 1 Rag Cotton. 

n 2 Cotton by Ur uhaxt and Williams. 

n 3 Average value for wood. 
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Figure g. 

""" Oiption Isotherms for Extracted Wood and Ra~ xotton. 

1. 
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s 

5 /() 

Pt-rcenf" Sorpl"ton 

CUrve 1 Rag Cotton. 

2 Extracted White sPruce. 
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&D4 moat of the lignin, has reduoed the sorption 

bJ oD17 verr little. !his reduction is mostl7 in 

the resion of high relative humidity; where the gross . 
structure o~ the material plays a part• 

It follows definitely, that the experiments o~ 

Pi&seon(l). have been corroborated. these experim­

ents showed, that the sorption of water vapor by 

wood is on a muoh greater soal.e, than the sorption 

~._, o~ton~ 

!his is true over the whole range of vapor 

pressures, both forthe wood in ita natural state:,. 

and tor the extracted samples. 

f.he Influence of Heat freatment of Wood and Qotton• 

the reversibility of the sorption of water vapor 

bJ ootton, has been given some attention. l.he ex­

perimental results·, ill this oonneotion,w:Lll be found 
0 

in the appendix. rollowing evacuation at 50 c and 

redetermination of "the sorption values, onlJ at low 

relative humidities, it is found that there is a 

alight loaa in aorpt1ve oapao1ty. l'his is also true 
0 

after treatment at 75 c, however, in this case, the 

values are a little oloser to those obtained init­

iall7• A third heat treatment, two hour periods 
0 

are always uaed, at 90 C and redeter•~nation o~ 
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the aorption values resulted in exact du~lication 

ot the 1Ditial sorption values. 

tn the case of extracted white spruce the re­

sults are definlttly different. Following treat­
o 

ment at 50 C • there is a marked increase in 

sorption. A further, yet definite, increase is 
0 

aga~ observed after heating at 75 c. However, 
0 after evacuation at lOO c. there is a return to 

the original set of values, an approximate duplic­

ation of the initial sorption values is found. 

With unextraoted white apruoe the results are 

very similar to thos• noted above. Bowever.tollowing 

the highest heating instead ~t the initial values 

being reproduced, there ia an apparent decrease in 

the amount oft~ water vapor sorbed. While the mag­

nitude of this difference is not great, the faot 

appears to be quite definite. 

Thus,the moderate temperature changes involved 

result in no pronounced alteration in the calloid 

systems oonoer.ned. The olose similarity in the 

behavior of cotton and the extracted wood, foll­

oWing the highest temperatures, is apparent. 

further, the slight permanent. effeot noted with the 

unextraoted wood is of interest. f.hese results 

would suggest that the irreversible ohanse might 
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probably be due to some definite alteration in the 

non-cellulose constituents o~ the wood. 

If a sample of cotton or wood i_s saturated with 

water vapor, and then exposed to the vacuum, the 

original drJ weight is exactly reproduced in all 

oases. It the drJ~ process inoludes heat treat­

ment, conditions are somewhat changed. Wood} white 

spruce, loses from 0.33% to o.o7% in weight it evao-
o 

uated at a temperature of 50 c. for a period ot two 

hours. On oooling, and permittiDB the sample to 

remain tn oontaot with the phosphorous pentoxide 

tube, this loss in weight remains unal tared. Further; 
0 

it the heat treatment is raised to 75 e. and then 
0 

lOO c. no appreciable increase in the loss of weight 

is indicated. 

Similar treatment of cotton results in slightly 

different behavior. It cotton is heated to 50°C.a 

loa~n weight ot 0.57% is observed. However, this 

loss in weight ia not constant as is the oase w1 th 

wood,on opening contact to the drying tube a gain 1n 

weight is noticed. Atter roughly one hour the exact 

original weight is apparent. Thi~ lB was checked by re­

heating and then admitting air. Under these oonditiom 

no change in weight occurs in one hour. 
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!hat this increase in weight should be due to 

the sorption of water vapor from the phosphorous 

pento:d.de seems highlJ improbable. However. the 

phenomenon of an increase in weight by cellulose 

over phosphorous pentoxide • following a change in 

the teJBperature • has also been noted by John and 

Wise (10). 



!he Sorption of HJdroohloric Ao±d by Wood and Cellulose. 

When cellulose is brought into an aqueous solution 

ot hJ4roohlorio acid it hydrolizes, the cotton under­

goes a marked change in phJaioal properties. No meas­

urements of the sorption of hydroohlorie acid gas in 

oo tton and wood • as far as the writer knows, have 

been oarried out. ln view of the ohange mentioned 

above, suoh an investigation is of considerable interest• 

It should, perhaps, be mentioned that moat care­

tullJ' prepared hfdroohlorio acid was used, c.P.reag­

ents were employed. The gas was bubbled through two 

wash bottles of oonoentrated sulphuric acid, and fin­

all7 over two phosphorous pentoxide tubes. Ibis en­

sured a pertaotl7 dry sample of gas ooming into oon­

taot ,with the wood and ootton under investigation. 

lhe first experiments,attempted, were with a dry 

cotton, and it became apparent, that equilibrium was 

onl7 brought about in a verr long time. Below are 

the sorption values that were obtained. from the 

flattening out of the time curve they are supposedly 

equilibrium values, eaoh is the result of a ninety 

hours experiment. It is seen that quite appreciable 

amounts of hJdroohlorio aoid are absorbed, and the 
was 

first question that aroseAwhether or not the absorp-

tion was reversible. 



Sorption of H)droohlorio Aoid by Cotton Cellulose. 

Equilibrium value at 5.40 oms. press. of gas o.ao% 

" n " 70.20 n n " 
Sorption against Time. 

!ime(hours). % Sorption. 

17 1.26 

28 

52 

64 

70 

87 

94 

1.61 

1.83 

1.90 

1.95 

1.95 

n 

(Final gas pressure 70.20 oms. Temperature 0 
22 c.). 

On applying the vacuum, the hydroohlorio acid 

came off fairly readily until o.ao% was left. There 

had been little change in the appearance of the 

sample. Only at the higher hydrochloric acid press­

ure did it take on a greyish tinge. On heating in 
0 

vacuo, at 50 c.,the last trace of hydrochloric acid 

was driven off, and the original dry weight ol the 

sample was reached. It was ~dged that the hydro­

chloric acid was absorbed bJ the cotton and could be 

desorbed, but the time required for equilibrium to 



be reached, made it impractical to carry out a de­

tailed sorption isotherm. 

When the cotton was replaced by a sample of white 

spruce, heartwood, it was found that equilibrium was 

established much more rapidly, only one third of the 

time being required. The equilibrium values for sorp­

tion are given below, and also the data for a typical 

time curve. Column 1 indicates that two samples were 

used, and the sorptions obta1ned(ool.2) at various 
-

pressures of hJdroohloric aoid(ool.3) are shown in 

figure 9 to lie on a smooth curve. To test out des­

orption sample one , after having been maintained at 

a pressure of 76.90 oms.,was kept until equilibrium 

resulted at a pressure of 35.40 ~s. This gave a 

deaorption value of 8.97%, which it is seen, lies 

fairly well on the absorption isotherm, indicating 

that there is little or no hyateres~. This, of 

course, will have to be oonfir.med when time permits• 

with further experiments. In a vacuum, the absorbed 

hy4roohlorio aeid was taken out fairly rapidly until 

a residue of 2.24% was reached after twenty four 

hours. 



Figure 9. 

sorption Isotherm for HCl on White spruce Heartwood. 

bO~--------+---------+---------f---------j-------~ 

~oL---------~------~---------1----~---t----~--~ 

~oL-------~--------~--~~-r--------j-------1 
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Sorption of ~droohlorio Acid by White 
i; 

S:pruce. 

Sample. % Sorption. Pressure (ems .Hg). 

1 3.38 5.50 

1 7.60 20.09 

2 9.40 49.60 

1 10.37 70.60 

2 10.'11 76.90 

Desorption Equilibrium Values. 

1 8.97 35.40 

2 7.01 16.00 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Sorption against Wime. 

!ime(hours). % So~tion. 
1/2 2.54 

2 4.08 

3 4.43 

4 5.23 

5 3/4 5.53 

'1 2/3 5.83 

10 6.02 

21 6.72 

24 6.93 

0 
,.inal pressure 20.09oms. !emperature 22 c.). 



Deaorption of Hydrochloric Acid against ~ime. 

(Initial value 10. 7lfo HCl) • 

fime(houra). fo Sorption. 

l/4 8.57 

1/2 7.67 

1 6.82 

l 3/4 5.63 

3 1/4 4.83 

7 3.13 

13 2.74 

23 1/2 2.24 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

The form of the isothermal sorption ourve is app­

arentlJ quite different from the sorption curve with 

water vapor, and approaohes more nearlr to the form 

of a Freundlioh adsorption. it is true tpat in terms 

o~ relative vapor pressures-as far as hydrochloric 

acid is oonoerned-it is oD17 a tinr fraction of the 

saturation value that has been examined. But the 

oriteria ~or similarity is found in the sharp upturn 

of the curve. Before 4iaeuasing this phase any 

further it is worth considering the experiments 

oarried out with wood samples containing a definite 

amount of water. Because in these oases,also, sorptian 



curves were obtained similar in oharaoter to that o~ 

hJdroohloric acid 1n dry wood. 

the experimental precedure consisted in suspending 

a sample from the spiral and first of all bringing it 

dovm to drJ we1S}1t. ~~n-t water vapor was brought int.o 
l 

contact, until a desired amount of absorption had 

taken place. T.he stopcock .leading to the water b~9, 

was then olosed, and hJdroohlorio acid admitted to 

the desired vapor pressure. lhe latter was always 

many times that of the residual water vapor remaining 

in the apparatus, so that hrther absorption of water 

vapor could be negleoted in ooapariaon to the strik­

ing tnorease tn sorption, whioh is to be discussed. 

A calculation shows that the maximum poasihle error 

is in the order of 1/2% of the dry weight of wood, 

and it ia very unlikely that this would be reached. 

!he direotion 1D whioh error would take place would 

be, of course, to give an added apparent sorption ot 

hJdroohlorio acid. As a matter of fact, the addition 

o~ hJdroohlorio acid will sweep any reaidual water 

vapor on to the walls et the oont&1Ding vessel. !his 

was made apparent in the oase of highest water vapor 

pressure b7 the formation of a very tine mist. The 

experimental results follow. 



Sorption of HCl by White Spruce containing Water. 

(Amount of water absorbed by wood 1.67%). 

% HCl. oJ, HCl. fa HCl. V.P. 

(Held by water). {IN wood). ( om.Hil. 

5.38 0.86 4.52 11.60 

a.az 1.04 7.79 40.60 

11.22 1.16 10.06 74.70 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

(Amount ot water absorbed by wood 3.29%). 

5.24 1.64 3.60 5.30 

6.97 1.73 5.24 11.00 

8.40 1.82 6.58 21.30 

10.26 2.19 a.o7 40.70 

11.24 2.37 8.87 76.00 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

(Amount of water absorbed by wood 5. 0~). 

10.50 

13.08 

14.22 

8.01 

10.04 

10.86 

11.70 

41.00 

73.00 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

(4mount of water absorbed by wood 7.46%). 

11.55 

15.63 

17.17 

7.73 

10.93 

11.95 

9.70 

41.00 

74.30 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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Sorption of HCl by White Spruce containing wat_er• 

~ HC1. % HCl. % HCl. V.P. 

(Held by water). (In Wood). (cm.Hg). 

(A.aaount of water absorbed by wood 9.47~). 

10.58 

13.61 

15.62 

11.50 

43.70 

73.80 

, .....................••.•...•................ 
(Amount of water absorbed by wood 12.za,b). 

18.45 6.27 12.18 9.50 

24e28 7.74 16.54 41.20 

27.04 8.61 18.43 72.40 

.. ·-· ...............................••.......... 
!he fira,.olumn,in the above table, indicates the 

total amount of h7droohlorio ao14 taken up by the 

ayatem wood-water. ~he aeoon4 column indioates the 

amount of ~ehlorio aoid oaloulated as dissolved 

in the water present, on the as~ption that the 

water ia unal tere4. (The oaloulation is made from 

data found in Landolt B8r.natein, page 1397). The 

third oolumn represents the aotual sorption b7 the 

wood. It is obtained bJ subtracting the amount of 

hydroohlorio ao14, oa1oulated as existing in solution 

in the absorbed water, from the total amount of 

aorbed hrdroohlorio aoid. The fourth column indicates 

the hydroohlorio acid pressure at whioh the equilibrium 

point was determined. 
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It is of speoial interest to note that the equil­

ibrium sorption values were reached more rapidly with 

wet wood than is the case with dry wood. fhe differ­

.enoe 1a moat striking w1 th wet and dry cotton. Whereas 

ninety hours were required with the dry ootton, three 

hours sufficed when water was »resent. The comparative 

data will be fol1Ild in the appendix. 

1n the oaae of the W.~ samples evacuation brought 

the weight clown to w1 thin 2% of the dry weight. After 
0 

heatiDg to 50 c. a semi--permanent increase of 1% ·was 

still o~aerved. In the case of ootton, heating re­

duoed the residual tnorease of 4.6% to an actual 

loss of 1.3% showing ~hat some permanent change had 

taken place. However , a water absorption isotherm 

on euoh a sample showed very little change, except at 

the initial stage, where there was a decreased absorp­

tion. If the oompariaon ia made w1 th the initial ab­

sorption of. a speoiallJ purified ootton; this is not 

so great.(T.he oomparative data will be found in the 

appendix~. In tJ:le ease of wood, onl7 the first part 
, 

ot the water isotherm was examined,:! and this, as with 

ootton, showed a small decrease in the water absorption 

o~ the hydroohlorio acid treated wood. 

B7 means ot the data contained in the above tables 

a oompoai te table oan be formed, giving interesting 

information. This is given below. 
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!rab1e 3• 

!he Sorption of HCl by White Spruce Heartwood. 

% Sorption. 

0% 1.&7% 3.29% 5.o5% 7.46% 9.47% 12.30% v.p. 

(cm.Hg). 

3.20 3.20 3.35 

5.70 4.25 4.90 

7.40 5.60 6.52 

8.27 6.80 7.50 

8.90 7.72 8.05 

6.40 7.00 9.30 11.15 5 

7.67 7.85 10.20 12.20 10 

8.87 9.15 11.50 13.95 20 

9.45 10.00 12.15 15.30 30 

9.98 10.70 13.35 16.35 40 

9.35 8.55 8.37 10.37 11.20 14.05 17.20 50 

9.86 ~.25 8.60 10.62 11.55 14.75 17.90 60 

10.36 9.90 8.79 10.80 11.70 15.40 18.35 70 

10.54 10.10 8.87 10.87 11.90 15.80 18.50 75 

This table is made up of values read off curves 

plotted for each of the runs whioh have Just been 

given. Eaah oo1umn is headed by the percentage of 

water present.Stnoe the first oolumn gives values for 

the sorption of hproohloric acid by dry wood''l~ and 

since all the other values have been corrected for 

the aoid held by the water, reading across in a hor­

izontal maane"ne observes a range of hJdroohlorio 

acid sorption& at one gas pressure, but by samples 

with different amounts of absorbed water. 
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These results call. be interpreted in a number of 

ways, and it is rather difficult to decide which is 

the correct interpretation • SUJJ;,ae. first of all'• 

one oonsiders the water absorbed by the wood to be 

unchanged in its power to dissolve hydrochloric acid. 

Then the values in the table • which were calculated 

on this basis, show that in samples havinc less than 

4% of absorbed water, the wood sorbs less hydrochloric 

acid, while above 4~ it sorbs more hydrochloric acid, 

than the clry sample. On the other hand one might 

assume that the sorption of hydrochloric acid, on 

the wood, is unaltered, and that tha absorbed water 

has ohanged in relation to its capability of disaol­

viDB h7drogen chloride. This would mean that the 

water absorbed in samples containing the highest 

percentages of water, dissolved hydrochloric ~oid 

better than ordinary water. The water absorbed to 

high percentages is, however. more likel7 to retain 

ita usual characteristics than the first water that 

is absorbed. Doubtless the first 1 or 2% ot water 

absorbed by wood will not have the same solvent 

aetion on the h7drogen chloride as ordinary water, 

but with inoreased water content the ordinary water 

properties should be approached more and more by the 

absorbed water. 



Some experiments carried out on hydrochloric acid 

sorption by samples containing water left after de­

sorption had taken place, are interesting in connect­

ion with what was said above. ~o samples were first 

of all saturated with water vapor, then desorption 

was allowed to take place u:ntil{a value was reached, 

as near as possible, to an absorption value. In the 

table below, 5.4o% desorption is compared with a 5.05% 

absorption value, and a 7.88% water desorption value 

is compared with an absorption one of 7.46%. 

Table 4. 

~ So~tion. 

5.05 % 5.40 % 7.46 % 7.88 ~ v.P. 
(•laa). (Des). (Abs). (Des). (mm. Hg). 

6.40 4.30 7.00 5.35 5 

7.67 5.35 7.85 6.00. 10 

8.87 7.00 9.15 7.15 20 

9.45 8.15 10.00 8.20 30 

9.98 9.00 10.70 8.95 40 

10.37 9.60 11.20 9.60 50 

10.62 10.10 11.55 10.10 60 

10.80 10.45 11.70 10.50 70 

10.87 10.60 11.90 10.60 75 

(The underlined values indicate the amount of water). 
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From the results of Table 3. the amount of hyd­

rochloric acid sorbed increases with the amount of 

water present, above the 4t/o water sample. Thus, if 

.the tact of the equilibrium water value being ab-

sorption or desorption is of no consequence, one 

would naturally expect the two "desorption" woods 

to take up the largest amount of acid, as each 

exceeds the "absorption" value by about 0.40%. 

However, both woods w1 th the larger amount of water­

but present as equilibrium desorption values-

sorb deoidedly less hydrogen chloride than the woods 

with less water-but water present through absorption. 

Apparently the wood has a lessened ability to take 

up acid when the water exists there following de­

sorption. 

In the above table(Table 4) is given the percent­

age sorbed on the dry wood, that is ,after the hyd­

rolhlorio acid dissolved in the wate~as been snb-

tracted, as was described • Before discussing 

the reason for this, it is neoessar.y to see whether 

any information can be obtained with regard to the 

nature of the hydrochloric acid sorption. 

As was pointed out before~,- the absorption curve 

for hydrochloric acid has a different form fro~ that 
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Figure 10. 

Sorption Cul:'ves for water on Cotton and HCl on C;o~J\-tHzo 

(Plotted according to Langmuir 1a equation). 

20 80 

/. /i,_o o)\_ Qottoh. 

d. . 'i c.J. 0 h. l 0 "t-t Q )\ T H l. CJ . 



of the water sorption isotherms. If both of these 

are tested by applying Langmuir's adsorption for.mula 

Xjh =- a bf/{t+afJ. 
it ia found that the water sorption dnelr.potefallow6 

this, whereas the hydrochloric acid sorption on dry 

cellulose does. In figure 10. aurve 1. represents 

sorption of water in cellulose, "211 that o:r hydro­

chloric acid. According to MoBain(ll).the inter­

pretation give~s that in the case of HCl we are 

dealing wit~ straight surface adsorption, whereas 

in the case o:t water, part, at least, must be due 

to filling up of the interstices between the actual 

cellulose and part to absorption. It the hydrogen 

ohlori.de sorption is surface adsorption.-· then the 

interpretation that oan be given to the increased 

aorptio~t the wet samples(above 4~ moisture content} 

is that the water increases the active surface of 

cellulose, on wbioh adsorption takes place. In 

that case the application of Langmnirs formula to 

the data of Table 3 should also give straight lines. 

Figure 11 shows that this is the case. On each curve 

1a indicated the percent of water. The only one not 

conforming to a straight line is the one Just below 

4~ of sorbed water. The decrease in hydroohlorio 

acid sorption below 4~ water oontent.oan then be 
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Figure 11. 

The soxption of HCl by wood with different amounts 

of absorbed water. 

( White Spruce). 
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explained by the aotive surface be~ partiallJ used 

up by the adsorbed water. !his 6ttect will• o~ course, 

hold for all the other determinations, but is more 

than counterbalanced by the increase tn active sur­

face, caused bJ the addition of the larger amounts 

of water 

!he decrease in sorption, when water is left by 

deaorption, can also be explained. The water ;-'so 

held,- is more intimatel7 associated with the cellul­

ose ,as is shown by the lower vapor pressure o~ the 

water desorption point. ~a results in a greater 

decrease of the aotive sorbing surface available for 

the hJdroohloric acid sorption. 



!he Sorption of Sulphur Diollide, Ammonia and 

Carbon Dioxide by Wood and Cellulose. 

Cotton cellulose takes up sulphur dioxide exoeed­

inglJ slow17, over one hundred hours is required for 

the establishment of equilibrium. J.t a gas pressure 

o~ '16oms. and at 22°C. approximately 5.~ is sorbedo 

!he last 1.80~ of this is held very rigidly, ordin­

ary evacuation does not, over a period of three days, 

remove this part of the aorbed gas. However, three 
0 

hours of heating at 85 c. removed the last traces. 

T.he sorption of sulphur dioxide evidently does 

effect some permanent alteration in the cellulose. 

The sorption values, indicated above are not reprod­

ucible. The second sorption, at an identical gas 

pressure, gives a sorption value of 3.09~ as com­

pared to 5.1~ initially determined. fUrther,- a 

water vapor sorption was determined on this sample 

(ihe experimental data is given in the appendix). 

!he results show a slight change in sorptive oap­

aoitJ, in the region of high relative humidities. 

~ere is an increase in sorptive power comparable 

to that found in the case of hydrochloric acid 

treated cellulose. 
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A o~araoteristioally different behavior is noted 

when wood is considered. Spruce sapwood alone has 

been investigated. 

!here is a muoh greater amount of sulphur dioxide 

taken up by the wood, than 18 the case with cotton, 

13.6~ as compared to 5.o%. Further, the time to 

reach the true equilibrium oondi:bion is oomparat1vel7 

ver7 small. Ten hours is the time interval at 76cms. 

pressure of the gas. Another marked differenoe is 

the much greater amount of the residual gas. After 

twenty four hours nearly 4% of the sorbed sulphur 

dioxide i8 still held by the wood. This is,however, 
0 readilJ removed on heating to 85 c. 

In general, the results with ammonia are similar 

to those ~t mentioned. Approximate:J.r 4% of ammonia 

is sorbed bJ cotton cellulose at 76oms. pressure. 

Equilibrium takes roughl7 forty eight hours. Howeve.r,­

the sorbed gas is very eaa117 removed, one hour on 

the vaouum effects its complete removal. 

As was the case w1 th sulphur dioxide and wood, the 

latter takes up muoh more ammonia than does cotton. 

The equilibrium value is reached in about twelve 

hours, and 1Ddicates a sorption of 7.57~ at 76cms 

pressure of ammonia. All but the last 1% of the 

sorbed ammonia i8 quite easilj removed on evacuation. 

HOwever, even heating to 95°C. still lett a residue 

o:t 0.4~. 
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The work so far with sulphur dioxide ant ammonia 

is merely introductory. However, even from such pre­

llmin&rJ e~eriments, certain generalizations ar~p­

parent. With wood the attainment of equilibrium 

takes muoh less time than with pure cotton cellulose. 

The modifJing influence of the non-cellulose oon• 

stituents, as well perhaps, as ita structure, e~d­

entlJ effeot the sorbing syatea to a marked extent. 

Also the degree of sorption is quite different with 

the wood samples investigated. It is on a much larg­

er soale. 

Carbon dioxide is not appreoiably sorbed by oell­

ulose, up to a gas pressure of 76oms. Further.if the 

aotton oellUlose contains 5.Q% ot absorbed water 

there is still absolutely no sorption evident. With 

wood, 1.07% ot sorption takes place at a pressure ot 

42oma. Raising the pressure to ?6oms. results in no 

1nerease tn sorption. The sorbed gas is readil7 re­

moved. Starting from 0 sorption and a pressure of 

76oms. oDl7 1.03% of carbon dioxide is sorbed. F.aom 

0 sorption and at 22oma. pressure, a sorption of 

0.75% is observed. Apparentlr sorption becomes asym~­

totio to the value 1% somewhere between a gas pressure 

of 22oms. and 42oms. If wood contains 3.36% of water, 

there 1a abaolutelJ no sorption of carbon dioxide by 

suoh a sampl~. T.he water completely inhibits the app­

reciable retention ot carbon dioxide. 
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Summary and Conclusions. 

In the above heading the term eonolus1on must be 

taken as having a temporfry character. Not oDlJ are 

the interpretations put to the results not unique in 

the senae that others of equal value might well be 

put forward, but also the necessity for more extended 

research is made apparent. Perhaps the most oonolus­

ive result that has been obtained is tn regard to 

the sorption of water vapor in wood. In the first 

place, it was shown that the sorption of water vapor 

by &DJ species of wood examjned was very much great­

er than the sorption in cotton oellu1ose. In the 

aeoond plaoe, it was shown that the extent of sorp­

tion of one particular species of wood was a re prod-
c·t uoible quant$, that the variation from one species to 

another oould very often be detected. 

The s1milar1 ty in the amount of sorption in sap 

and heart wood shows that there is very little diff­

erence in tbe oharaoter of what might be termed living 

and dead wood, the sorption in the sap-.od is slightly 

less than in the heartwood. 

The sorption of water vapor, according to ·the 

writers point of view, is a surface adsorption on 

the colloidal micelles whioh aooordin~g to Clark(l2) 
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very often consist of 8500 hexosan units. Conseq­

uentlJ the amount of sorption can be looked upon as 

a measure of the extent of suoh a surface in the 

sample which is investigated •• TA bring out what 

this is leading to, the following table has been ooa­

piled. 

Relative HUmidity 

Rag cotton. 

(Sheppard&Bewaome) 

cotton. 

HJdrate oellulose A 

n n n n B 

1t " n n c 
... ~ 

(C~bell&Russel) 

ICraft pulp • 

'food(Hemlook). 

Table 5. 

(% Sorption). 

2 

2 

2.96 

2.0 

3.80 

4.15 

4.3 

8.75 

9.20 

8.25 

9.1 

10.15 

9.8 

13.150 

15.50 

17.02 

16.33 

19.70 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

tn the above table the ootton cellulose absorption 

values of the writer and of lheppard and Newsome(l3) 

have been ohoaen in preference to those of Urquhart 

and W1111ams(7) in view of the oritioiam of the method 

of these investigators mentioned in the introduction. 
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However, Urquhart and William's values do not differ 

enough from those quoted to alter the deductions about 

to be made. The values for hydrate cellulose are also 

taken from the paper by lheppard and »ewsome(l3). The 

values for wood cellulose of lampbell and Russell have 

not, as yet, been published. This is unbleached oel*­

ulose prepared by the Kraft process and contains about 

C '1JI, of lignin. Finally, the absorption values for 

Kemlock are given as obtained by the author. 

In the first place it may be pointed out that so­

called cellulose hydrate·• or mercerized cotton, simply 

consists, according to accepted hypothesis, of cell­

ulose with more free linkage• for adsorbent p~oses 

due to greater dispersion than 1n the 6riginal oottono 

Hydrate cellulose A, B and C are in the order of the 

amount of diapersion. Then it may be pointed out 

that the sorption of extracted wood and of natural 

wood is practically identical. Extracted wood con­

tains onlJ lignin(from 20 to 25%) besides the cellul­

ose. Methods of obtaining so-called lignin may in­

volve a change in the latters' physical composition, 

however, that may be, Pidgeon and Maass (1) showed 

that such lignin has leas water vapor sorption tend­

ency than wood, and therefore than extracted wood. 

T.hus the assumption may be Justified that the 
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experiments with wood have shown that the cellulose 

present in the latter, has a far greater sorption 

capacity for water vapor, than cotton cellulose and 

perhaps, even than mero6rized cotton. 

The fact that dried wood shows less absorption 

than fresh wood(l) is in agreement with this point 

of view,, since a drying o~ the wood would tend to 

decrease the number of free linkages available for 

sorption. 

f.he faot that the rate of sorption for wood is 

much greater , than the rate of sorption for cotton 

oellulose,is in agreement with the above. It is too 

earl~ to venture to state Just what part the lignin 

plays in the cellulose dispersion. Experiments will 

have to be carried out with extracted woods containing 

various amounts of lignin, in order to be able to 
assign an absolute value to the part in sorption 

played by the lignin and by the cellulose. 

It is important to emphasize the faot that the 

cellulose found in wood is very similar to that which 

ooaurs in cotton. The x-ray spectra of ordinary wood 

is very similar to that of cotton and of extracted 

wood, the extractive ~rooess effeots~ittle change. 

Exoept insofar as the non-cellulose materials help 

to hold the cellulose fibres and constituent micelles 



in position as a kind of cement, they have a neglig­

ible effect on the x-ray patterns. Thus, the consid­

erations mentioned would seem to indicate that the 

lignin is present in a dispersed condition in the 

wood structure. Evidently no definite compound is 

formed with the cellu1ose crystals. Other investig­

ato~s (14) have come to the conclusion that wood re:p­

reaents a complete intergrowth of carbohydrates and 

lignin, the latter being formed by adsorption and 

the formation of a gel on the surface of the cellulose 

fibres. 

A realization of the fact of relatively great dis­

persion of the cellulose in wood seems to definitely 

favor the above concept as regards lignin. It would 

appear that the lignin was the dispersion mediua, 
-

and that its protective presence stabilizes a fine 

dispersion of cellulose micelles.. In the process of 

paper-making the protective materials are removed. 

A temporary satisfying of the residual free surfaces 

occurs by loose union w1 th water. As the drying 

process takes place definite agglomeration i~~ 

ocOU?rs. If a Kraft pulp is desorbed the initial 

desorption values are quite close th those for the 

average wood. HOwever, subsequent absorption gives 



a series of values distinctly below those for a com~­

arable wood absorption isotherm. This indicates that 

the iDitial behavior is typical of finely dis~ersed 

wood cellulose. After it has been dried there is an 

increase in the average particle size. followed by 

the inevitable decrease in the ability to absorb 

water vapor. 

The amount of water sorbed, at zero humidity as 

given by the extrapolation of the smrption curve 

from 6o% relative humidity down•· might be considered 

as indicating the amount of water more definitely 

held and having a stoichiometric relation to the 

adsorbing surface. 

In order to discuss sorption from the point of 

view of its fund~ental nature, it is necessary to 

take into aooount the fundamental structure of 

cellulose. such as it occurs in nature, in cotton 

fibres.(See paper by Clark (12).) According to 

this the cellulose is a hexose, the next stage 

being two of these hexoses whichn appear to be more 

closely allied to oneanother as a glucoside. Thise 

gluoosides form chains which theoretically may be 

of indefinite length. Actually, these chains are 

found to have an average oell length and to be bun­

dled together to compose a unit crystal of cellulose 
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which is called a micelle. The dimensions of these 

micelles have been determined by x-ray analysis and 

by other means. The7 may be looked upon as forming 

parallelopipeds which are, on the average 500I.u.Jo~t 

and 50I .u. in cross seotion. ~rom the x•ray analysis 

it is found that there are, on the average, 85 chains 

each oonta1n1ng 100 hexose units, so that there are 

8500 units in one micelle. 

If now adsorption is considered tp take place only 

on the surface of these micelles, that is,if the water 

does not penetrate iato the micelle itself, then two 

types of adsorption may be discussed. ln the first 

place, if the adsorbent is one having speoifio seo• 
-a...o 

ondary valances such as wate~(an account of its oxygen 

atom) then suoh an absorption ourve(as obtained with 

water) might well be explained. Because in that case 

all points of the surface of the micelle would not 

have equal adsorbing powers. In the second place-, 

where pronounced secondary valances do not exist in 

the adsorbent, the surface alone would gover.n the 

amount o:t adsorption. 

!aking up the case of the water adsorption first 

of all, the difference in the adsorption may be traced 

to the different latent valenoes of different points 

o~ the mioelle surface. Whe eight corner hexoses of 
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the mioelle must possess the greatest latent valence, 

next come the hexose groups around the edges of the 

ends of the mioelle-48 in number• !hen come the ends 

o~ the chains 120 in number, then possibly the four 

longitudinal edges oontainjng 384 hexose groups and 

finall7, the surfaces along the sides with 2350 hexose 

groups. If now we first consider one molecule of 

water adsorbed per hexose group existing at the 

surface, the percentage of water adsorbed on the 

eight corners corresponds to 0.01%, on the end edges 

o.05%, on the ends 0.15%, along the remaining edges 

o.45%, and on the remaining sides 2.7%. T.hose fam­

iliar with the theorr of adsorption put forward by 

Langmuir and extended bJ H.S.Taylor will realize the 

hJpothesis about to·be discussed. 

The water at the corners of the micelle 0.01% will 

be the most difficult to dri~e off and then will foli­

ow the other adsorbent portions of the surface in the 

" order mentioned. The greatest difference ooo~ing~ 

probabl71~ between the first four types that were ment­

ioned and the last. If the first four are added to­

gether it will be seen that this corresponds to about 

o.75% of water whioh is of the oeder of magnitude of 

the water adsorbed at zero vapor pressure, from 



extrapolation of the exjerimental values. After this 

adsorption there follows the muoh more loosely held 

water on the surfaces other than the end. Here it is 

not unlikely that a value up to six molecules of water 

per un1 t of hexose will be reached. This would be 

what might be termed the saturation value, that is 

when the whole surface of the micelle is covered w1 th 

a layer of water one molecule thiok. This would corr­

espond to some 2Q% of water adsorption. As is seen, 

these values are in agreement with the observed ab­

sorption ourve, within the limits w1 thin whioh the 

calculation is ~tified. ~at the curve is a con­

tinuous one, and not broken at definite points; is 

to be expected. After all1 the dimensions of the 

micelle, are from their nature oaly able to give 

average values, so that doubtless micelles, of small­

er and greater dimensions exist, these gradations 

givins rise to the continuity found in the absorption. 

curve. The ao-oalled saturation value,found exper­

imentally by several investigators of a higher per­

centage than mentioned above, may have to do With a 

filling up of the capillaries between the micelles-, 

and from that point of view there is no limit to the 

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

the nature of the hysteresis may be explained. 

Once those portions of the surfaoe(edges and 

ends of the chains) are saturated, the remainder of 

the surfave has not nearlr the same affinity for the 

water. On the other hand, the surfaces of the various 

micelles must have a considerable affinity for one 

another, the partial valances coming into plas there, 

being the origtn of the strength of the fibre which 

the cells form. Consequently there is competition 

between the saturation of the secondary valence by 

cellulose surface for cellulose surface, and cell­

ulose surfao• for water molecules. Originally the 

cellulose surfaces being together, a certain amount 

of energy is required to displace them before the 

water will take their place,either partially or 

completely. Consequently, the amount of adsorption 

with continued increase in concentration of water 

vapor lags behind a value whioro1would be obtained 

were the micelle surfaces not acting upon one anothe!. 

On desorption, that is with decreased concentration 

of water vapor, this hindrance pas been removed, and 

the water adsorption has a greater value. 

Both in mercerized cotton and in wood, x-ray 

analysis has shown the existence of the unit cell­

ulose cell. The mioelles however, are smaller thus 
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presenting a much larger surface for adsorption. 

The same tJPe of curve and hysteresis is, therefore, 

to be expected, and the amount of adsorption, in a 

way; can be used for estimating the relative surfaces. 

:From that point of view the micelles in wood probablyc,­

present the largest surface. The relation between 

the water adsorbed on the ends of the micelles sad 

along the edges, to the further surface adsorption, 

must have definite relationships, from geometrical 

considerations. One of the important conclusions 

of the work described, is the realization that this 

point is worth consideration, by an extended invest­

igation over the low relative humidity range, attention 

being pai~o the obtaining of the greatest possible 

precision. But already, from these results it is 

seen that an increase in the total absorptio~s acc­

ompanied by an increase in the adsorption on the se­

lective part of the surface, where the water is most 

firmly held. In the -case of wood this value is 

1.4Q% as compared to 0.90% for cotton oellulose,and 

Dr. Campbell obtained about 2% with an unbleaohed 

Kraft pulp, with the corresponding increase in the 

total absorption. 

The hypothesis put forward above is of a highly 

speculative character and may not be in agreement 



with all the facts. It may serve a useful p~ose 

though, in stimulating further e~erimentation 

along certain lines. For instance it may J~st be 

possible that the difference between the various 

forms of cellulose may be bruught down to a question 

of a limiting number of carbon chains going to for.m 

the bundle in one micelle. Work is being carried 

out in conneotion with sodium hydroxide adsorption 

whioh may prove to be of interest in this regard. 

The sorption of hydroohloric acid appears to be 

in the nature of an adsorption on the surface which 

everywhere, has equal potentialities of adsorption. 

There does not exist the same affinity between the 

hydroohlorio aoi~d the micelle surface that seems 

to exist in the case of the water adsorption. As 

was pointed out before·, the presence of the water 

seems to increase the available surface and this can 

be reconciled with the ideas put forward above. 

There is an indication of a residual adsorption at 

zero vapor pressure,this is rather against the hypoth­

esis as indicating a selective surface adsorption. 

However, this residual adsorption is not the same 

as the extrapolated value discussed in the water ad­

sorption, but is more in the nature of a permanent 

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

it is directl' connected with a ohemiaal cgange 

which has taken place in the cellulose. That the 

hydrochloric acid does not hydrolyse the cellulose 

is indicated by ita unchanged sorption of water 

vapor on the removal of the hydrochloric acid. The 

nature of this.·\ permanent cada@;l'ption must, of course, 

be investigated still further. 



74 

Ref'erenaes. 

(1) Pldgeon a.nd Maass. J·~A~·c.s. 52. 1053. (1930). 

(2) Pidgeon and Maass. Can. Jour.Res. 2. 318. (1930) 

(3) Tieman, u.s. Dept. Agr. Forest Serviae Bull. 

70, 82, (1906) 

(~) MYer and Rees, New York State College of Forestry, 
Teeh. Bull. 26, No. 19. (1926). 

(5) Haw1ey and Wise, "The Chemistry of Wood", page 286, 

data of Dunlap, u.s. Forest Produat~ Lab. (1929). 

(6) Stamm, Ind. ~ng. Chem. Anal. Ed. 1, 94. (1929). 

(7) Urquhart and Williams, Shirely Institute Memoirs 

~ 197. (1924). 

( 8) MeBain and Bakr, J·.A.C .s. 48, 694 ( 1926). 

(9) Haw1ey and Wise, "The Chemistry of Woodn, MaKenzie 

unpublished report, u.s. Forest Products Lab. 

(10) John and Wise, Paper Industry, 10, 248 (1928). 

(11) MaBain, Lucas and Chapman, J.A.c.s. ~~ 2668 (1930). 

(12) Clark, Ind. Eng. Chem. 22, 474. (1930). 

(13) Sheppard and Newsome, Jour.Phys.Chem. 33, 1817 (1929). 

(1') Kru~ahner, T.A.P.P.I. 11, 1, lOO. (1928). 



75 

Appendix. 

In the following compilation of experimental data, 

the sample weight is not specified each time. The 

minimum weight of sample was 0.0850 gms. and the max­

imum was about 0.1380 gms. On the average the weight 

ef the samples used in this investigation was 0.1070 

grns. 

(l).The Sorption of Water Tapor against Time. 

Hem1oak. 

Time {min). Sapwood. Heartwood. 

2 2.89 1.71 

5 3.83 2.60 

10 5.13 3.75 

15 5.78 4.58 

20 6.16 4.77 

30 6.34: 5.08 

40 6.,4 5.21 

50 6.34 5.28. 

55 6.34 5.40 

60 6.34 5.40 
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Sugar Maple. 

Time(min). Sapwood. Heartwood. 

2 2.22 2.02 

5 2.73 3.20 

10 3.67 4.0~ 

15 4.01 ~.76 

20 4.35 4.98 

25 4.61 5.11 

30 4.78 5.25 

40 4.69 5.38 

50 4.69 5.43 

60 4.69 5.52 

75 5.52 

Cherry. 

Time(min). Sapwood. Heartwooci. 

2 1. 91 ~- 1.12 

5 2.27 2.18 

10 3.59 3.23 

15 4.41 3.76 

20 4.50 4.13 

25 4.63 4:.51 

35 4:.77 4.69 

40 4.86 4.81 

50 5.00 4.88 

60 5.00 4.88 
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(2) The Water Vapor Equi11bria of Canadian Woods. 

(The ·temperature of the thermostat is 208 C in all aasea) 

Red Pine 

Sapwood. Heartwood. Yapor Pressure. 

per oent Sorption per oent Sorption mm. Hg. 

2.21 2.16 0.79 

4.00 3.19 1.97 

6.38 6.20 4.57 

7.94 7.73 6.51 

9.65 

12.95 

15.96 

22.38 

12.17 

15.14 

19.48 

Red Oak. 

9.14 

12.67 

14:.39 

16.32 

Sapwood. Heartwood. Vapor Pressure. 

per oent Sorption per cent Sorption mm •. Hg. 

2.19 3.84 0.79 

2.88 4.39 1.97 

6.11 7.01 4.57 

7.82 8.63 6.51 

9.77 10.52 9.14 

12.78 12.14 12.67 

15.62 15.25 14.39 

20.38 18.98 16.32 
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Ironwood. 

Sapwood Heartwood Yapor Pressure. 

per cent Sorption per aent Sorption mm. Hg. 

2.49 2.48 0.79 

3.75 4.31 1.97 

7.45 7.36 4.57 

8.39 8.75 6.51 

11.14 11.20 9.14 

13.31 13.76 12.67 

17.36 16.57 14.39 

21.81 21.91 16.32 

White Pine 

Sapwood Heartwood Vapor Pressure 

per oent Sorption ·per aent Sorption mm. Hg. 

1.46 1.64 0.79 

3.51 3.26 1.97 

5.92 5.71 4.57 

7.45 6.99 6.51 

9.05 7.86 9.14 

12.28 12.67 12.67 

17.32 18.77 14.39 

22.00 24.67 16.32 
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B1aak Spruae 

Sapwood. Heartwood. Vapor Pressure. 

per oent Sorption per eent Sorption mm. Hg. 

1.82 2.13 0.79 

4.38 4.11 1.97 

6.64 6.71 4.57 

8.83 8.69 6.51 

10.73 10.44 9.14 

14.09 14.03 12.67 

20.01 20.27 14:.39 

23.30 24.84 16.32 

White Elm. 

Sapwood. Heartwood.. Vapor Pressure. 

per aent Sorption per oent Sorption mm. Hg. 

2.20 2.75 0.~9 

3.17 4.55 1.97 

6.08 8.03 4.57 

7.92 10.53 6.51 

9.60 11.51 9.14 

13.65 14.82 12.67 

18.06 18.66 14.39 

22.02 22.68 16.52 
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Soft Maple. 

Sapwood Heartwood Yapor Pressure. 

per cent Sorption per cent Sorption mm. Hg. 

2.26 1.98 0.79 

3.87 2.97 1.97 

6.26 6.55 4.57 

8.15 8.63 6.51 

12.02 11.71 9.14 

14.91 16.38 12.67 

17.69 19.16 14.39 

22.66 22.93 16.32 

Basswood 

Sapwood Heartwood Ya.por Pressure 

per cent Sorption per cent Sorption mm. Hg. 

1.26 1.11 0.79 

2.62 3.33 1.97 

5.05 4.70 4.57 

6.41 7.11 6.51 

7.76 9.33 9.14 

11.16 13.89 12.67 

18.33 14.39 

24.22 16.32 
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Baliiam 

Sapwood Heartwood Yapor Pressure 

per aent Sorption per cent Sorption mm. Hg. 

2.08 3.01 0.79 

3.12 ~.17 1.97 

6.36 6.96 4.57 

8.21 9.28 6.51 

10.28 10.79 9.14 

14:.22 15.42 12.67 

18.26 18.91 14.39 

22.10 22.50 16.32 

White Spruce 

Sapwood Heartwood Tapor Pressure 

per cent Sorption per cent Sorption mm. Hg. 

2.7~ 2.31 0.79 

4.11 4.18 1.97 

7.37 7.40 4.57 

8.95 9.25 6.51 

11.4:8 11.88 9.14 

15.91 15.74 12.67 

20.23 20.37 1~.39 

24:.44 24.76 16.32 
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White Birah 

Sapwood Heartwood Yapor Pressure 

per aent Sorption per cent Sorption mm. Hg. 

1.51 1.99 0.79 

3.02 3.04 1·97 

5.91 6.30 4.57 

7.63 7.85 6.51 

10.~9 10.79 9.14 

17.54 18.65 12.67 

20.52 21.57 14.39 

24.84 25.82 16.32 

Yellow Biroh 

Sapwood Heartwood Vapor Pressure 

per aent Sorption per cent Sorption mm. Hg. 

1.31 2.19 0.79 

3.01 3.18 1.97 

5.48 6.53 4.57 

6.86 8.23 6.51 

9.61 10.39 9.14 

17.34 17.40 12.67 

19.65 20.49 14.39 

22.63 23.76 16.32 
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Aspen 

Sapwood Heartwood Va:por Pressure 

per oent Sorption per cent Sorption mm. Hg. 

1.51 2.74 0.79 

2.95 4.14 1~97 

6.06 6.59 4.57 

6.85 7.91 6.51 

10.04 11.52 9.14 

1~.20 13.86 12.67 

19.9-4: 20.42 14.39 

24.57 27.42 16.32 

Lareh 

Sapwood Heartwood Vapor Pressure 

per cent Sorption per cent Sorption mm. Hg. 

4.47 2.91 0.79 

5.96 4.88 1.97 

7.62 8.44 4.57 

9.26 9.85 6.51 

12.71 14.18 9.14 

16.27 17.90 12.67 

21.31 21.58 14.39 

2-4:.35 26.38 16.32 
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Eastern Hem1oak 

Sapwood 1929. Sapwoad 1931. Vapor Pressure. 

p.a. Sorption p.c. Sorption mm. Hg. 

2.95 2.86 0.79 

4.22 4.92 1.97 

7.50 7.50 4.57 

9.96 9.56 6.51 

12.06 13.03 9.14 

15.10 17.26 12.67 

19.23 21.01 14.39 

23.11 24.29 16.32 

Heartwood.'29. Heartwood.'31. Vapor Pressure. 

p.c. Sorption p.c. Sorption mm. Hg. 

2.21 2.79 0.79 

3.75 4.07 1.97 

7.06 6.47 4.57 

9.02 8.84 6.51 

11.48 11.83 9.14 

15.32 17.62 12.67 

20.17 20.92 14.39 

23.31 23.44 16.32 
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B1aak Cherry 

Sapwood.'29. Sapwood.'31. Vapor Pressure. 

p.a. Sorption p.a. Sorption mm. Hg. 

2.09 2.34 0.79 

3.94 4.02 1.97 

6.46 6.93 4.57 

8.97 8.77 6.51 

11.49 12.11 9.14 

15.85 16.93 12.67 

20.05 21.06 14.39 

24.31 25.45 16.32 

Heartwood.'29. Heartwood.'31. Vapor Pressure. 

p.o. Sorption p.a. Sorption mm. Hg. 

2.06 2.51 0.79 

3.57 4.13 1.97 

6.81 6.83 4.57 

8.87 8.83 6.51 

11.47 10.97 9.14 

16.14 17.02 12.67 

20.98 19.69 14.39 

25.62 25.37 16.32 
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Sugar Maple 

s·apwood. '29. Sapwood.'31. Vapor Pressure. 

p.o. Sorption p.c. Sorption mm. Hg. 

1.30 2.30 0.79 

2.14 3.48 1.97 

5.88 6.06 4.57 

7.04 7.81 6.51 

9.48 10.97 9.14 

15.89 15.41 12.67 

18.10 19.00 14.39 

21.38 21.22 16.32 

Heartwood.'29. Heartwood.'31. Vapor Pressure. 

p.a. Sorption p.c. Sorption mm. Hg. 

2.80 2.80 0.79 

3.28 4.44 1.97 

6.31 7.04 4.57 

7.61 9.06 6.51 

8.03 12.55 9.14 

17.20 12.67 

20.75 20.92 14:.39 

23.08 23.95 16.32 
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Spruce Sapwood 

p.e. Absorption. V. P • { mm. Hg) • p.a. De sorption. V. P • ( mm • H~) • 

3.95 4.27 0.68 0.10 

5.05 7.60 1.95 1.20 

6.58 10.30 4.58 2.13 

7.58 12.72 5.26 4.33 

8.89 13.40 8.21 8.53 

9.89 13.80 9.89 11.53 

11.75 14.20 

Bee oh 

A.bsorption. v.P. De sorption. v.P. 
p.o. Sorption. (mm.Hg). p.o. Sorption. (mm.Hg) 

0.37 0.37 1.94 0.41 

1.94 1.29 2.41 0.61 

3.78 2.71 3.97 1.69 

4:.72 4.4:8 5.00 2.64 

6.95 8.30 7.87 5.19 

11.31 12.50 10.37 7.12 

19.37 17.23 18.81 15.55 
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Beech Heartwood 

Absorption. V.P. (mm.Hg). Desor:ption. V.P. (nnn.Hg). 

%sorption %sorption 

0.8'1 0.10 1.48 0.14 

2.18 1.02 3.22 0.95 

4.3'1 2.99 4.57 2.10 

6.45 5.30 8.81 5.50 

11.'78 10.80 12.28 9.09 

14.39 13.59 15.63 10.66 

1'7.3'1 14.70 19.23 13.58 

24.94 17.29 26.79 15.82 

Cedar Heartwood 

1.53 0.41 0.24 o.oo 

1.93 0.68 2.06 0.14 

2.06 0.75 2.66 0.54 

3.02 1.97 6.03 3.12 

4.48 3.56 6.'79 3.60 

5.32 5.22 '7.34 4.55 

6.65 6.38 8.84 5.29 

9.19 7.88 10.65 '7.13 

11.01 9.70 10.76 7.91 

13.32 11.85 13.68 9.84 

16.21 14.39 18.77 13.10 

21.07 15.01 24.57 15.95 

22.51 16.55 24.69 16.36 
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Cedar Sapwood 

Absorption V.P. Cnnn.Hg). Desorption V .P. ·lmm.Hg) • 

%sorption %sorption 

0.91 0.2'1 2.05 0.41 

1.94 o.88 2.51 0.68 

2.63 1.49 3.65 1.29 

3.42 2.24 4.34 1.83 

4.34 3.60 5.48 3.12 

5.36 4.83 '1.31 5.02 

8.22 8.55 9.58 7.20 

11.30 11.41 12.55 10.70 

12.31 13.24 16.65 14.32 

20.66 1'1.03 20.52 16.90 

White Ash ( sapwood) 

1.88 0.52 1.88 0.33 

3.40 1.91 2.11 0.46 

5.28 4.20 2.58 0.72 

6.69 6.04 3.43 1.25 

8.45 7.95 4.86 2.10 

10.44 10.58 5.40 3.42 

11.96 11.82 7.39 4.53 

13.61 13.4'1 12.09 9.33 

17.37 14.92 15.26 12.02 

21.83 15.90 18.31 14.92 
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White Ash Heartwood. 

Absorption. V.P. (nnn.Hg). Desorption. V.P. (mm.Hg). 

%sorption <foSorption 

1.69 0.59 0.84 0.13 

3.29 1.97 2.35 0.59 

4.32 3.02 3.48 1.31 

6.10 5.06 4.04 1.90 

'1.43 7.36 5.82 3.09 

9.20 9.26 6.86 4.53 

12.69 11.56 8.84 6.18 

14.01 13.52 11.36 8.34 

16.36 14.45 14.45 11.04 

20.22 16.02 18.44 13.60 

23.51 16.88 20.98 16.7'7 
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(3). The Water Vapor Equilibria of 

Extracted White Spruce 

Extraction 1. 

Sapwood 

foSorption 

2.21 

4.10 

6.52 

'1.78 

11.04 

15.93 

21.30 

26.45 

Extraction 2. 

Sapwood 

cfoSorption 

2.85 

4-.79 

7.28 

8.79 

12.01 

15.41 

19.17 

21.60 

Heartwood 

%Sorption 

2.89 

4.37 

5.92 

7.03 

9.53 

13.36 

17.03 

22.89 

Heartwood 

%sorption 

3.15 

5.12 

6.87 

8.74 

11.50 

15.09 

18.90 

22.52 

Vapor Pressure 

mm. Hg. 

0.79 

1.97 

4.57 

6.51 

9.14 

12.67 

14.39 

16.32 

Vapor Pressure 

mm. Hg. 

0.79 

1.97 

4.57 

6.51 

9.14 

12.6'7 

i4.39 

16.32 
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(4) Water Vapor Equilibria for .cotton Cellulose. 

Ordinary Cotton Cellulose. 

%Absorption. V.P. (mm.Hg). foDesorption. V.P. (mm.Hg). 

0.84 0.13 1.59 o.·27 

1.'79 0.34 1.78 0.41 

2.63 0.68 2.44 0.96 

3.48 1.'73 3.57 2.24 

4.14 3.36 4.89 3.38 

4.99 5.34 5.73 4.69 

6.68 7.92 7.24 5.60 

8.93 9.69 7.71 6.32 

9.87 10.35 8.65 6.66 

(Saturation pressure 11.14mm. Temperature l3oc.). 

Rag Cotton 

Absorption. V.P. (mrn.Hg). Desorpt1on 

%sorption %sorption 
1. 2. 1. 2. 

0.54 0.98 0.89 1.'77 1.61 

1.55 1.52 1.68 2.19 2.28 

-Z~!l 3.14 6.04 3.11 2.79 

4.61 4.53 8.61 3.'15 3.33 

6.86 '1.41 12.68 5.79 5.43 

9.54 9.56 14.78 8.31 8.31 

13.30 11.32 15.64 11.31 11.31 

16.20 16.30 16.56 
I 

(Saturation 1'1.36mm. Temperature 20°0.). 

V .P~. (mm.- Hg) • 

1.61 

3.09 

4.83 

8.41 

12.42 

14.52 
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Moisture Equilibria for Rag Cotton 

(Results by Cyclic Process) 

% ·Sorption Vapor Pressure (mm. Hg). 

0.96 

1.91 

3.83 

4.90 

6.42 

9.29 

12.11 

15.61 

0.79 

1.97 

4.57 

6.51 

9.14 

12.67 

14.39 

16.32 

(~esults at 20°0.). 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

(5). The Reversibility of Sorption following 

rieat Treatments of Wood and Cotton. 
0 (All results determined at 22 c.). 

toSorption 
0 

Initial. 50 c. 75°C. 90°c. V.P. (mm.Hg). 

3.60 2.90 3.12 3.57 4.5'1 

2.3'1 2.12 2.08 2.25 1.97 

1.67 1.68 1.82 1.55 0.79 

1.41 1.42 1.55 0.29 

(Results for, cotton cellulose). 
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t5). Heat Treatment of ~xtracted White Spruce. 

1 % Sorption 

Initial. 

5.45 

4.16 

2.'12 

1.56 

Sample 2. 

6.'15 

4.26 

2.75 

1.1'1 

7.01 

4.22 

3.31 

1.09 

7.30 

4.96 

3.30 

2.06 

75°c. 

9.26 

6.69 

3.74 

1.77 

7.43 

5.23 

3.58 

2.34 

6.81 

4.22 

2.72 

1.29 

90°c. 
7.02 

4.27 

3.16 

1.72 

(All results at 22°C.). 

V. P • ( mm.Hg) • 

4.5'1 

1.97 

0.79 

0.29 

4.57 

1.97 

0.79 

0.29 

Heat Treatment of Unextraoted White Spruce. 

Initial value. 

% Sorption •. 

San:p1e 1. Sample 2. 

5.08 

3.26 

2.07 

4.41 

2.83 

1.58 

Relative vapor pressure (%). 

18.97 

7.98 

3.28 

Following evacuation at 50°0. 

4.71 

3.64 

2.66 

2.04 

4.94 

3~18 

2.38 

1.47 

18.20 

8.89 

3.65 

1.35 
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Heat Treatment of White Spruce Heartwood. 

% Sorption Helative vapor pressure <%). 
Sample 1. Sample 2. 

Following evacuation at 75°c. 

5.42 4.89 19.90 

3.99 3.07 9~44 

2.06 1.82 3.'73 

Following evacuation at l00°c. 

4.69 4.08 21.38 

3.26 2.89 9.21 

1.97 3.52 

1.39 1.36 

(The foregoing was repeated with new samples). 

Initial. 

5.93 4.81 20.63 

4.08 3.69 8.28 

2.46 2.57 3.48 

1.56 1.5'7 1.28 

Following evacuation at 5o0 c. 
6.20 5.04 20.14 

4.38 3.13 8.4'7 

2.63 2.01 3.52 

1.81 1.45 1.29 

Following evacuation at 75°C. 

4.86 4.48 17.89 

3.17 3.02 a.oa 

2.56 1.79 3.32 
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(6) Water ~orption by Sulphur Dioxide Treated Cellulose. 

(TelJlperature of thermostat 20oc.). 

io Sorption Vapor Pressure (mm. Hg.) 

0.'10 0.41 

0.34 0.68· 

1.40 o.aa 
2.10 1.56 

3.36 3.74 

4.76 7.13 

7.14 12.03 

'1.98 13.17 

8.82 13.99 

10.7'1 15.82 

11.20 16.32 

(These are desorption values). 

Sorption of Sulphur Dioxide by Spruce Sapwood. 

7o Sorption. 

4.'13 

13.62 

Time (hours) 

1 

10 

Removal of the sorbed gas 

5.30 

5.07 

3.87 

1 

2 

24 

V. P. ( ems • Hg) • 

76 
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(7) Sorption of Ammonia by Cotton Cellulose. 

('o Sorption 

1.19 

1.58 

1.98 

2.08 

2.18 

2.38 

2.58 

Time (Minutes) 

5 

10 

20 

40 

60 

120 

17 (houxs). 

(Gas pressure was 76 ems. of Hg). 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

The Sorption of Ammonia by Beech Sapwood. 

5.19 

5.73 

6.23 

6.34 

6.54 

6.85 

7.3V 

Desorption against time. 

3.58 

2.70 

1.24 

1.04 

0.96 

0.83 

5 

10 

40 

80 

100 

120 

19 (hours) 

5 

10 

40 

80 

100 

15 thours) 
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(8) The ~orption of Hydrochloric Acid by Moist Cotton. 

Sorption against Time. 

\Am0unt of absorbed water 2.92%). 

Time thours). % HCl Sorbed 

1;4 2.91 

1/2 3.39 

1 3.86 

1 1/2 4.15 

2 4.24 

3 4.33 

13 4.42 

(Final gas pressure was 10.40 ems. Hg) • 

On raising the pressure of HCl to 41.50 ems. the 

following gives the sorption 

1 

2 

6 

8 

5.46 

5.65 

5.93 

5.90 

Sorption of HCl 

(Water content of cotton 2.92%). 

% HCl. % HCL. 
(In water). 

4.42 

5.93 

6.49 

1.45 

1.86 

2.04 

% HCL. V.P. (mm.Hg). 
(By cellulose) 

2.97 

4.07 

4.45 

10.40 

41.50 

74.50 
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(Water content of cotton 4.32%). 

% HCL. % HCl. % HCl. V.P. (mm. Hg) • 

(In the water) (By cotton). 

6.90 2.20 4.70 9.90 

9.20 2.72 6.48 41.00 

9.93 3.02 6.91 75.20 

The Water Sorption of HCL treated moist cotton 

as contrasted to that which is untreated. 

% Sorption. 

Untreated. Treated. Relative V.P. (%) 

1.00 0.60 10 

1.60 1.20 20 

2.40 2.25 30 

3.40 3.30 40 

4.35 4.30 50 

5.55 5.40 60 

6.35 6.60 70 

7.40 8.00 80 

8.45 10.00 90 

11.00 12.80 100 
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The Sorption of HCl by Wood containing desorbed 

water vapor. 

(Amount of desorbed water 7 .sa%). 
% HCl. % HCl. fo HCl. V.P. (mm.Hg). 

(In water) (By wood) 

9.85 4.01 5.84 9.30 

14.1'7 4.99 9.18 42.60 

16.08 5.50 10.58 74.13 

(Amount of water present 5.40%). 

8.16 2.74 5.42 9.40 

12.35 3.34 9.01 39.10 

14.21 3.'76 10.45 71.00 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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