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ABSTRACT 
, . 
Lcn sorption 111ot1cls \vclrcs tc'sted on tllc wood-water sys ten~  rising data avai1al)lc in thc 

1itel.atnre. The!. \\,ere tvsted solely on the basis of ho\\~ well they cor~ld functionally ~.elatc 
the data fur  eclt~ilil)l.i~~nl i ~ l o i s t ~ ~ r e  content and relative hunlidity. The two-hydrate fo1.m of 
tht) IIail\vood and IIorrobiu model is tlie most acctirate of those tested that are writteir 
;IS ~ ~ ~ o i s t r u . ~  contcnt cclual to :, fu~lct ion of relative hunriclity. The Pierce model is the 
most ncciiratt~ of thosr. tcstvcl that are written as relative l~l lnl idi ty tqual  to a function of 
~ ~ ~ o i s t ~ ~ r e  content. 

Atlditio~~al kcyrc;ortls: Hvlative hrllnidity, \,apor pressru.e, cnr\c3 fitting. 

INTROIIUCTION of the theoric~s relate EMC to relative hu- 

ullt~c,rstk,n~illg tllc, of relative, midity with the? help of several nruterial 

~,lllrlic~ity and tcmpel.aturc, to c,cluilibriul,l ~'aramctws. Most of the parameters have 

I,,oisturc, contc,nt ( EhlC) of ,,,ood im- physical significallcr in the contcxt of the 

l)orta,lt to pllases of wood product thcory, but are not discusscd hcrc c,xccpt 
I)r0 e(,s illg to thcil. to Illini- \vh(?il the original equation is modified for 

,lli,,, the, l,rol)lems nssoc~atcc~ \\-ith shrink- the purpose of this study. The rea(1c.r can 

illg and s,velling of woocl. Nurllcrous wfer to the (original papcrs or some of the 

sorptiorl tll(,orics allalytieally ,.(,late EMC revi(~wsof sorption theories for the physical 
to rcl:ltivcs Immic1ity. TIle objt,ctivcx hereJ meaning of Pi~r~llll(:ters~ 
\\,as to c~valuate somc of thc analytical cx- Analytical c~uprcssions that relate IiMC to 

l,rcsiOsls of tllcsc rclatiollships for how relative humirlity have potential us (  as a 

tllcy fullctiol,ally rc,liLte a v a i l n ~ c  data concise method to store and retric~vc EMC- 

on EM(:, rc~lativc, humidity, and tempcra- relative humidity data (Simpson 1971 ) and 

ture. ill mathematical modcling. In nroisturc 
No e\~aluution of thc. physical reality of diffusion work, interconvc,rsions of n ~oisturc 

tl,e theories is intcllded or should be illl- gradients and diffusion coefficicrlts l)ct\vecn 
plied frOln agr ec,,, or lack of n~oistu-e content ancl vapor prcLssm-c are 
n~c>nt 1)c~twcen inodcl ancl actual data sincc somr~timcs ruade ( Skaar 1954; Kiibk~r 1957; 

is  curve-fit,ing study, Choong 1963); thus an analytical cxpl~cssion 
Tests more, critical tllan these,, like the to relate the tm7o \vould be helpful. h4ath~- 

ability to prcclict thennodynamic variables matical modeling is also uscd in desc<ribing 
thc mechanical properties of wood, par- or somc othcr quantity that can be inde- 
titularly the rhcologjcal properties. Mois- 

~~enclcntly measured, are ncccwary before. 
turc content changes have a pronounced 

thc physical significance of the theory can 
cffcct 011 rhcological behavior (Hearmon 

bc ctvaluated. Therefore, to avoid the im- 
and Paton 1964), and when rhrological 

prc,ssion that thrl ~nodcls :ire necessarily 
modcling advances to the stage where it I>hysiciilly viilid, thc physics of the thcories 
ciin deal with changing moisture. content, 

is rchfcrrcd to as littlc as possible. Most 
-.. c~xprc'ssions of this naturc may bc of valuc. 

1 llaintktined ill cooperatior, \vith lmiversity The widespread use of computers makes 
of LVisconsin. 1)oth the determination of the model pa- 
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ra~nc,tcrs and thc use, of the analytical ex- 
~~rc~ssioiis much easier than was prc~viously 
possible. Many of the cxprc,ssions arc con-- 
plcs, and their use, particularly thc dctc'r- 
i~linntion of thc modcl paramctcrs, rccluircs 
many calculations. No147 that co~nputcrs 
~nakc  thcx calculations, nc~w usc,s for thc 
c~xprcssions can bc consid(,rctl. 

SOHPTION THEORIES FO11 IiYGROSCOPIC 

hIATERIALS 

Moisturc sorption theories can bv divideci 
into two general groups. In onct group 
water molcculcs are considered attached 
to spc,cific sorption sites on internal sur- 
faces. In the other, thc watcr-polymer 
systeni is coiisidcrcd n solution. King (1960) 
states that both approaches arc partly cor- 
rect: the "sorption sitcs" at low inoisturc 
contents, the "solution" at high moisture 
coiitciits. Both approaches lead to equa- 
tions, illany of which either relate moisture 
content to relativc humidity or can be rc- 
\vritten in a form to give this relationship. 
Rcvicws of sorption theories ha1.e been 
prepared by McLaren and Ko\vcn ( 1951 ), 
King ( 1960), Morton and Hearle ( 1962), 
Barric ( 1968), and Venkateswaran ( 1970). 
Skaar (1972) has discussed a number of 
sorption theories with particular rc4erence 
to thc wood-water system. The sorption 
thcories and thcir mathe~natical forms 
;ulalyzcd in this study arc as follows: 

( 1) Hail\vood and Horrobin ( 1946) 

whcrc 
M = per cent lnoisturc, content 
h = relative vapor pressurv 
n = number of hydrates fornled 

M,,, K, K,, KL . . . Ki = inaterial 
paran~eters. 

This model \vas evaluated for the one 
( n  = 1 ) and two ( n  = 2 )  hydratc modt~ls, 
\vhcrc the appropriate equations art,: 

for 11 = 1, 

and for n = 2, 

- 1 0 0  1 Kli + 
M p  1 - K h  

(2) Arunaucr, Eminett, and Teller (BET) 
( 1938) 

where 
in = fractional moisture content 
h = relative vapor pressure 
W,,, C, and 11 = inaterial para1netc:rs. 

( 3 ) Brunauer, Emmett, and Teller plus 
a term to approxiillate the effect of capillary 
condensation. The Kelvin equation relates 
the radius of a capillary (assuming a 
cylindrical capillary) to the relative vapor 
pressure at which capillary condensation 
will occur. 
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whc~rc. 
r = radius of capillary 
rr = surface tension of- the liq11ic1 

h I '  = molecular weight of the liquid 
,, = dcnsity of the liquid 
li = gas constant (1.987 cal-niolc-' - K-I) 
T = tcnipcraturt ( K )  
11 = rclative vapor prcs\urc,. 

It V is the volume of capillary and 1' is 
the, total length of capillary, thcrl 

Sincc thc density of  watcr is 1. the mois- 
turc, content due to capillary condensed 
water, nz,, is 

whcrc W,, is the dry weight. This term was 
addcd to the BET equation, and the com- 
bination tcsted. 

( 4 ) Mal~iiquist ( 1958 ) 

whcrc, 
m = fractional nioisture contcnt 
h = relative vapor prc,ssurc3 
ni,, n, and i = niatc.ria1 p:~raiiicters. 

( 5 )  Frc~undlich ( 1922) 

whclrc. 
M = per cent moistlirt. content 
h = relativc vapor pressure 
k and n = material parameters. 

( 6 )  Bradley ( 1936) 

whcrc, 
R4 = per cent moisture content 
h = rclativc, vapor prcssurc 

K1 , K2, K:{ = material para~neters. 

where 
A = iiloles of water 
H, D, K,, and K2 = material paran~eters 
11 = vapor pressure. 

To convert this nlodel into nloisturc con- 
tent trrms, moisture. content can be written 
as 

cvhcre M ,  is the illolccular weight of poly- 
mer and 1800 is the molecular weight of 
water times 100. The sorption modc.1 thcn 
becomes: 

where h,, is the saturation vapor prclssure 

(8)  Anderson and McCarthy ( 1963) 

whcrc 
h = rclativc vapor pressure 

m = fractional moisture contc'nt 
R = gas constant 
T = temperature ( K )  
I3 and E: = material parameters. 

( 9 )  Pierce ( 1929) 

where 
h = rclativc vapor pressure ( 7 )  King (1960) 



i l l )  altc~n~~itivc to the preceding c,sprc,s- 
sio115 is :i polynot~lial ot the foml 

If  oi~ougli tcxnils iiro usc~l, :I polynomial 
could certainly offcr a bettc>r fit than any 
of tllc nrodc4s tc'stcd here. A check on the 
clatn at sorrlcl of the tcnipc)raturcs indicated 
that at least :i 5th degree, polynon~ial (six 
par:ui~ctcrs) would be, ilecessary to match 
tlrc. fit offercd by thc best of the rnodels 
fro111 sorption theory. Since thc greatest 
uumbc~r of adjustable parameters in the 
solption thcory modcls is only five, it was 
tlccidcd not to inclutlc, a po1ynomi:~l in the 
:inalysis. 

ANALYSIS 

Thc~ so rp t i o~~  inodcls outlined 11c.re were 
c.\,aluatcd with the, sorption data listed in 
Ta l~ l r  08 of the Wood E-Iandbook by the 
U.S. Forc%st Products Laboratory ( 1955) 
iind a ~lonlinc~iir regrc~ssion tcchnicluc dr- 
scril~cd by Scarl~orough ( 1962 ),  wllich was 
c~ztencled to an itcwtivc) tc~cllniquc~ to im- 
provc3 the, fit. The inctllod involves ~naking 
i~iitial c~stimatc~s of thv tnoc1c.l paranlcters 
atrd 11sillg a least-sclnares technique to 
rn:th(, corrc~ctions to the 11arannctc.r~. Thc 
correctcttl parameters 1)ccolnc n c ~ 1 ~  esti- 
tniitvs, a ~ r d  the, iterations continuc~ until the, 
\,alucls of thc paran-retc>rs and tht. sum of 
the: scluarc'tl tl(.viations approach a constant 
\.all~c,. 

Nonlinclar rc~grcssion \i7us ilccc,ssary bc- 
cause of the, for111 of thc sorption ~nodels. 
The, \xri:tk)lc,s of moisturcx contcnt and rela- 
ti\.(. humidity arc, functionally related by 
c~sprc~ssio~is that inclucl(~ sevoral para1netc.r~ 
(such as hl,,, K, K, ,  and K2 in the Hailwood 
and Horrobin model). The manner in which 
thew l~;ir;un('t(~rsappear in the m;itheillat- 
ical mot1c.l is the basis for clnssifjing t\vo 
g ~ i c r a l  typc>sof regression analysis: lincar 
regression and nonlinear regression. In 

linear rnathc~natical modcls, thc. paranlcbtcrs 
are raised to or~ly thc first power ant1 arc, 
conncctc~d only by addition or subtraction. 
Polynomials arc, c~uamplcs of mathc~natical 
rnodcls that arcb linear in this sense. 1'11c 
calculations of linear regression are rcala- 
tively silnplc and require no prior c~stiinatcs 
of the va11ic.s of the parameters. 

In  nonlincar tnathelnatical models, the 
paratrictc~rs arc. raised to 0thc.r than t h ~  
first po \~~c r ,  arc functionally connected 
ot11c.r than by addition or subtraction, or 
each appears as an exponent. All of the 
sorption ~ilocl~ls listed ;ire nonlinear in t-his 
sense,. Thc calculatioils requirccl i l l  non- 
linear rcgrc)ssioll arc much morc rxtr,nsive 
than they are in linear regwssion, i.cc111irc~ 
air initial estin~atc. of the p;u;u~lctu.s, :and 
even then a long iterative process Ins! br 
rc,quircd before the techniclue convcrgcs 
on a minimum suin of squares and param- 
cter values that are constant. Also, sorncX 

'I 11 arc modrls will not convergc if thc d*  t 
erratic or do not fit the model well. 

Some nonlinc:.ar models can be trans- 
formed so that linear rcgrc.ssion tccllniclucs 
can be uscd. Howcvcr, the sum of squares 
that is nrininlizcd is no 1ongc.r basctl on 
the dependent variable but rather some 
transforination of thc clcpcndcnt ~.itri:ilde; 
this call distort the rcmlts. For exanrl~lc, 
the one-hydrate form of the Hail\voocl and 
Horrobin model call bc transforinrd so that 
linear regression can 1 1 ~ ~  usccl ( Hail~vood 
and Horrobin 1.946). This trnnsfonnation, 
however, can result in the regrcssio~~ cclua- 
tion's predicting too lo\v moisture, cor~tctnts 
in thc high relative humidity rangcB. Non- 
linear regression applied to thc untrans- 
formc~cl ccluation considcral~ly in~provcbs the 
fit in thc high relative hurnidity rartge. In 
their original paper, Hailwoocl and Hor- 
robin used this transformation and con- 
sidered the poor agreement at high ~.clntivc 
humiditic~s in their evaluation of tllcir 
theory. They attributed it to inadcclu:icics 
in the, model, whereas it \\?as at least par- 
tially due to tl-I(, incthod of analysis. The 
application of this nonlincar techniqlic to 
the data prcscnted in their paper does im- 
prove the fit at high relative humidities. 
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a ion \vas As nrcntioncd, thc, HET c ~ p l  t '  
c\~aluatcd I)!; t\vo different nlctlrods. If n 
l)c,c*omc,s irifinitc, in th(, BET ccluation, it 
call \rrittclii as: 

\vll(~r(l 
11 = \xpor pr(,ssllr(L 
h,, - saturatiolm \xpor pressure. 

Thc~ First. or usual, ~~~c ' t l iod  of evaluation 
( Rrl~nauor, Emmc.tt, and T(,ll(,r 1938) of the 
BET cscluatiolr is to plot ( 1  Mr,,,)(hi (h,, - h)) 
\csrsl~s li II , ,  fro111 allout 11 I],, - 0.1 to 0.4. 
'I'llis plot is usu:~lly linear in this rangc. of 
\ . a im pr(~sstir(~, and li~rc,ar rc~jircssion is 
usc~l to tl(tcrnrinct the. slopc. of tlrc curve 
(((: - l i  '(\V,,,C)) and the, intc,rccpt ( I , ,  
( ) )  I , I ( .  The, particular 
\ i~lucs of I I  that gives thv I~cst Fit for the 
csntirc, rang(% of vapor ~~rc,ssm-c, is then 
cllosc,n. Th(, sc,cond ~rmrthotl of ?valuating 
tlic, BET c~cl~latioir is adding th(1 capillary 
\\later ten11 ~ultl using norrlinc>ar rt.gression 
t o  csstilnatc, all of th(, motlcl parnnlctc,rs. 

'1'1lcs rc,sults of a~ralyzirig tlic, eft'ectivc~nc~ss 
of the, sorption niodels arc1 sho\vn in 'Table 
1 .  It should bc. uridcrstood that the rc~sults 
of the cl~r\~c> fitting arcs rc~stricted to thv data 
o f  the, Wootl Handlwok, ant1 caution should 
I)(. usc~l. Tllc data for c~cluilibrium 111ois- 
~ I I I - c s  contc>irt-rclntiw Iiumidity-tcatnprraturc., 
1lcmc.c. th(1 rctlationships 11rc.scmtcd hcre, do 
not clistiilguish l )c~ t \vc~~~r  ntlsorption and dc- 
sorptio~r. Thv original data nrcro taken on 
Sitkii sprr~cc~ ill a manncr to c~sta1)lish an 
ocl11i1il)riunr nioistllre content for each rela- 
ti\,(. hutiiitlity that is intc,rnicdiatc, betwccm 
the, tn70 cLxtrcliic~s of tho 1i)~strresis loop. The 
d(stuils of t h ~  c~xpc~riinc~ntal proc~~dures can 
I)c,  found ill  Stamm ancl T,ou%hborough 
( 193Ti). The va1uc.s of cach modc.1 param- 
cstcsr as \vcll as any tcirll~craturc~-clr~pc~nd(~nt 
c,o~rstants i l l  thc mod(tls arcx listc,d for each 

tcmpc~raturc, ill Tablc 1. The total sum of 
the scluarrd deviations (residual sum of 
scluaws) of the calculated rnoisturc, con- 
tc>~lts or rclativc hu~rliditics from thc \,aluc's 
givm in the Wood Handbook of tlrc U.S. 
Forest Products Laboratory is 1istc.d for 
cach model, ;IS well as the avcragc, of tlrc 
absolute, valuc>s of the, deviations and th(> 
a1)solutc value of thc worst deviation be- 
t\\lecn the calculated and Wood IIantlbook 
valuw. These three comparative statistics 
are basc~d, according to thc model, on cithcr 
per ccbnt ~i~oisturc content or per cent rola- 
tivt. humidity. 

Of the mod(1ls written in thc forrn of 
moisture, content as a function of rolati\lc~ 
vapor pressur(>, thr King 11rod~I ;111(1 the 
two-hyclratc, form of thc Hail\rootl and 
Horrobin modrl lwst fit the sorptio~r data. 
Thc King moclel has a total sun1 of scluarcs 
of 6.8, an avc'rage deviation of 0.154 mois- 
ture contcwt, and the grcatcst drvi;ttion was 
0.89 1noistu1.c contont. The 1.c'sl)c~cti\7c 
valuc,s for the. t\vo-hydrate form of the 
Hailwood and Horrol~in model wcyrc> 7.9, 
and 0.1% ant! 0.5% moisture contcrlt. 

Thcl Freundlich model (not listc,d in 
Tal~lc  1) offcrcd the worst fit, with a total 
sum of scluarl:)s of 555, and an avt rngcJ arid 
a largest dev~iation of 0.79 and 3.9% nlois- 
tmc, content, rc,sprctivcdy. 

The BET analysis in which linc>;u rc,grc,s- 
sion \\,as usc~l  to detcrnminc. C and V17,,, also 
gave a very poor fit. The calculatc~l \,alucs 
of moisture, (.ontent fall below tlrc, \.nlucs 
of th(> Wood Handbook at the l~iglr rcla- 
ti\.(, vapor 1wcssurcs. The sum of scluarc,s 
is 404; thc aIreragr and thc greatost tlc\7i:1- 
tio~rs arc 0.57; and 3.2% rnoisturr, content, 
rc,slx~cti\~cly. The fit was consideral)ly i ~ n -  
proved at high vapor prcssurcs by adding 
thv capillary w a t c ~  term and by usirrg non- 
linear regression. The total sum of sciuarc,s 
wi1s reduced to :38.0; thv avcmgc. and the 
grcatcst dc\,iations arc 0.2% ant1 0.9% 
~noisturc, contclnt, respr,c.tivrly. 

The, hlalrncll~ist modc.1 gavcx a fairly good 
fit, with a total sum of squares of 14.8 and 
an avrragr and a grcatest dc\,iation of 0.1';: 
ancl 0.89 ~noisturc, contc,nt, respc~c~tivc~ly. 



T a b l e  1 . - -Pa rame te r  v a l u e s  o f  s o r p t i o n  models  

- ~~ -- 

I c,m]>?r,itur? 11.1 i lwood and llailwood .*nd Iforrobin--  King Malrnquist 

. - -~  - ------ ]lor r o b i n - - ~ ~ ~ ~  two h y d r a t e s  ( n  = 2 )  

l l y ~ l r a t e  ( n  = 1 )  
K I: B D K x  ?f 1 x m n 1 . . -- K x 

K 
1 

K1 ti2 ?1 
5 

K I ?I l o 5  
- - 

272 
274 
LXO 
2x2 
2x4 
2 x 9  
291 
294 
297 
3 00 
101 
J05 
308 
311 
114 
316 
i l 9  
322 
125 
J L H  
J J J  
139 
344 
350 
155 
361 
166 
372 

150 
160 
170  
180  
190  
L U O  
210 

R e s i d u a l  sum 
of s q u a r e s  1 9 . 2  

. \ ve rage  d e v i a t i o n  

i , r i , . l test  d c v i : l t i o n  $5 



l a b l e  1 . - -Pa ramete r  v a l u e s  o i  s o r p t i o n  models--continued 

pp-- . . - . - - . . - -- -- 

r e m p e r , ~ t ~ ~ r c .  '3 E1 BET p l u s  c a p i l l a r y  w a t e r  ( a l l  P i e r c e  Anderson and Brad ley  
C a n d  U irom p a r a m e t e r s  from n o n l i n e a r  r e g r e s s i o n )  McCarthy 

K F K 8 (; Kl K 2  K x 
l i n r d r  r e g r e s s i o n  -- 

C n  !fwd x 2 -B -E  
3 

C k' n dynes /  lo1 lJm 
rn 10-l' c e n t i -  

me te r  

Res idua l  sum 
o f  s q u a r e s  

Average d e v i a t i o n  

C r e a t e s t  d e v i a t i o n  

?-B~  p e r c e n t  m o i s t u r e  c o n t e n t .  

- 
By p e r c e n t  r e l a t i v e  humid i ty .  



'Chc. ~notlol (lid well for most of the  noi is- 
turc contc,nt rangc except bclo\il :al)out 4%!, 
~vhcrc. it ~xcdictccl tlroisturc. chontcvlts that 
wcxrc, too higli. 

Tho Pic,rcc, isothcmr~ g i \m thct l)c>.st fit of 
the, cxpressio~ns \witten in the form of rela- 
tivcl \'alIor 1x(wlir(" function of nioisturc 
c*olitcnt. Tlic total sun1 of sc1uurc.s is 230; 
th(\ a\,c,ragc, and the grc,ntcxst deviations arc, 
0.4';/1 and 1.6% rc,lativc hunridity, rcspcc- 
ti\7c,ly. Thv Hrndlcy isotherm also gives a 
fairly good fit; analysis is sinlplor than it is 
for t h ~  Piclrec isoth(~r111. The, total sum of 
scl~~;wcsis  233, \\?hcreas th(, a\rcragc and 
t h ~  grcntc~st clcviations arc 0.33 and 2.4% 
rc,lativcx I~u~nitlity, rcspclctivcly. 

Sinco thc palanic,tc~rs of the 1iioclc.1~ arc 
tornperaturo-t1e1~(~11(1(~1~t, it is usrful analyt- 
ically to rc,lntc thc parnmctc,rs to tcxmpcra- 
turc so that th(b ~lioisturcs c,ontc1nt-rel:tti\~(l 
hlumidity relationship call I)(, colnpletely 
intl(ycndent of nrly tal)l(,s and so that 
\~alucls intcr~rlc~cliatc~ l~ct\vc~c>n tabulated tcm- 
pc1r;1tlirc' \ralnc,s can 1 ~ .  calcu1;itecl. 'This has 
heon clonc~ for tho o~ie-hydratc~ for111 of the. 
Hail\vootl ;ind Horrobin ~nodcl (Sinipson 
1971), :uid is done, here for the Iwst moclel 
of c~icll of the, functional forms, i.c,., mois- 
turcl ctontcnt as a function of rc,lativc hu- 
lnidity ant1 vice, \7c,rsa. The two-hydrato 
form of thv Hailwooel and Horrobin theory 
\vas judgctl the, most accurate of the group 
\\,rittc,n in the. for111 of nloisturc contc,nt as a 
f~mc*tion of rc,lative humidity. E\.eii though 
thc Hailwood-Horrol,in inocl(~l rcsrllts in a 
slightly highcr total sum of squares than 
t1oc.s tht~ King mocl(*l, i t  has thv same a\-c,r- 
age dc\riation and its greatc~st dcviation is 
l o ~ v c ~ .  ITurthc,rn~orc. with on(. Ivss ;idjust- 
a l~ lc  para~rit'ter than the King nioclc.1, it is 
c>;lsier to us(,. The, tc~mp(~r;~tluc~ de~cndencc  
of tli(> p;wan~~tc".sc*an 1~ rc~lx(wntt '~1 as 
f O l l O \ \ ~ ~  : 

where T is in F. 
WIicn the isotherms arc, calculatccl with 

these \7dluc1\ of thv four pararnt'tcrs, t h ~  
avrlagcJ dcviation i\ st111 0.1% n~noistulc 
content 'ind the greatest dcviation is 0.8% 
rnoisturc, content ~ o r n p ~ ~ r c d  to thc 0.5% 
\vhc~ii thc actual parameters arc used. 

The Pierce   nod el gave the best fit of thv 
modc,l\ written in the form of rclativo 1iu- 
midity '15 '1 function of rnoistuie contcmt. 
Howrl\7c.r, the i ~ ~ m p c r a t u r e - c l c ~ ~ ~ e ~ ~ c l c ~ ~ ~ c ~ ~  of 
t h ~  parCimetcJr\ i \  somewhat erratic, and 
\onre of the, sm~oothecl vC1luc~s that ic,sult 
from thv rcgrc,c,sion arc, fdr e i l o ~ g l ~  1101n 
thv actual values to c'lusc lnrge dc\iat~on\ 
whc.11 nsccl in the sorption model. The 
Rracllcy mod(,l \\'is cllnlo~t '15 good as the' 
Pierce, model, dnd thc smoothed valuc,s of 
the 11.1i.in1eters worked \vcll in thc motlcl. 
Their tcmpcxraturc d(~pc~ndc~ncc can 1 ) ~ .  rclp- 
rc\cntetl as foIlo\vs: 

\vherc T i\ in F. 
When the' isotllernrs arc) calculated fro~ii 

thesc. va1uc.s tht- avcrage dcviation 1s 0.8% 
rclative humidity and the greatest d~vi~ i t ion  
i\ 2.7% (comparecl with 0.4% ant1 2.4% 
\vith the actual parameter,). 

A numlbcr of 5orption thcories ha\ c, 1)ec.n 
tested as analytical c,xprcssions that rc,latr 
c,quilibriun~ moistr~rc co~itcnt to rc~lntivc, 
humidity. Tosting inclucl(~d fitting ( l y  non- 
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linear rc~grrssion) thcx sorption data of the 
U.S. Forest Products Laboratory ( 1955) to 
t h ~  various c~xpu~ssioi~s. Thr  c:xprcssions 
\vcre judged solclp on how well thcy could 
prvdict the data for the relationship of 
tnoisturc. content to rc,lative hu~niclity. Thc 
two-hydratc form of tho E-Iailwoocl ancl 
I-Iorrobin thcory (1946) and the King thcory 
(1960) are tho most accurate of thr  group 
that arcy written as moistlirt. content equal 
to a function of rc.lativc1 hu~nidity. The 
13runauer, Enlmctt, and Teller (BET)  
( 19338) thcory is not satisfactory for predic- 
tion purposes. An attempt was made to 
ili~lxovc the BET thcory for prediction pur- 
1x)svsl1y adding a term that \vould account 
for capillary condcnscd water. This greatly 
in~ lnovc~d  thc~ fit, but the modvl still was 
not as offectivc. as thc Hailwood and Hor- 
rol)in nrodr4 or t h ~  King modcl. 

Of the, mod(xls writtc.11 a s  rclativc, hu- 
tnidity csclual to :I function of nloisture 
content, the Pierce. (1929) mod(,l and thc 
I3radley ( 1936) ~nod(.l predict rc,lati\le hu- 
n~idity t h ~  rnost accuratc,ly. 
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