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ABSTRACT

Ten sorption models were tested on the wood-water system using data available in the
literature. They were tested solely on the basis of how well they could functionally relate
the data for equilibrium moisture content and relative humidity. The two-hydrate form of
the Hailwood and Horrobin model is the most accurate of those tested that are written

as moisture content equal to & function of relative humidity.

The Pierce model is the

most accurate of those tested that are written as relative humidity equal to a function of

moisture content.

Additional keywords: Relative humidity, vapor pressure, enrve fitting,

INTRODUCTION

Understanding the relationship of relative
humidity and temperature to cquilibrium
moisture content (EMC) of wood is im-
portant to most phases of wood product
processing and to their end use to mini-
mize the problems associated with shrink-
ing and swelling of wood. Numcrous
sorption theories analytically relate EMC
to rclative humidity. The objective here
was to evaluate some of the analytical ex-
pressions of these relationships for how well
they can functionally relate available data
on EMC, relative humidity, and tempera-
ture.

No cvaluation of the physical reality of
the theorics is intended or should be im-
plied from the agrcement or lack of agree-
ment between model and actual data since
this is cssentially a curve-fitting study.
Tests more critical than these, like the
ability to predict thermodynamic variables
or some other quantity that can be inde-
pendently measured, are necessary before
the physical significance of the theory can
be evaluated. Thercfore, to avoid the im-
pression that the models are necessarily
physically valid, the physics of the theories
is referred to as little as possible. Most

! Maintained in cooperation with the University
of Wisconsin.

WOOD AND FIBER

of the theorics relate EMC to relative hu-
midity with the help of several material
parameters. Most of the parameters have
physical significance in the context of the
theory, but are not discussed here except
when the original equation is modified for
the purposc of this study. The reader can
refer to the original papers or some of the
reviews of sorption theories for the physical
meaning of the parameters.

Analytical expressions that relate EMC to
relative humidity have potential usc as a
concise method to store and retrieve EMC-
relative humidity data (Simpson 1971) and
in mathematical modecling. In moisture
diffusion work, interconversions of moisturc
gradients and diffusion coefficients between
moisture content and vapor pressure are
sometimes made (Skaar 1954; Kiibler 1957;
Choong 1963); thus an analytical expression
to relate the two would be helpful. Mathe-
matical modeling is also used in describing
the mechanical properties of wood, par-
ticularly the rheological properties. Mois-
turc content changes have a pronounced
cffect on rheological behavior (Hearmon
and Paton 1964), and when rheological
modcling advances to the stage where it
can deal with changing moisture content,
expressions of this nature may be of value.

The widespread use of computers makes
both the determination of the model pa-
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rameters and the use of the analytical ex-
pressions much easier than was previously
possible. Many of the expressions are com-
plex, and their use, particularly the deter-
mination of the model paramecters, requires
many calculations. Now that computers
make the calculations, new uses for the
expressions can be considered.

SORPTION THEORIES FOR HYGROSCOPIC
MATERIALS

Moisture sorption theories can be divided
into two general groups. In on¢ group
water molccules are considered attached
to specific sorption sites on internal sur-
faces. In the other, the water-polymer
system is considered a solution. King (1960)
states that both approaches arc partly cor-
rect: the “sorption sites” at low moisture
contents, the “solution”™ at high moisture
contents.  Both approaches lead to equa-
tions, many of which either relate moisture
content to relative humidity or can be re-
written in a form to give this relationship.
Reviews of sorption theories have been
prepared by McLaren and Rowen (1951),
King (1960), Morton and Hearle (1962),
Barric (1968), and Venkateswaran (1970).
Skaar (1972} has discussed a number of
sorption theories with particular reference
to the wood-water system. The sorption
theories and their mathematical forms
analyzed in this study arc as follows:

(1) Hailwood and Horrobin (1946)

1800 | Kh
M=
M, [1-Kh
(1
a i
.Eli(Kll) K1K2-“Ki
1=

n .
1 +_21(Kh)1K1K2 K

1
1=

where
M = per cent moisture content
h = rclative vapor pressure
n = number of hydrates formed

M]n K> Kla K2 oo
parameters.

. K; = material

This model was evaluated for the one
(n=1) and two (n = 2) hydrate models,
where the appropriate equations are:

for n=1,

K{Kh
M= 1800 | Kh 1 )
Mp |1-Kh 1+ K(Kh

and for n=2,

1800
Mp

Kh

M= 1-Knh

(3)
K{Kh + 2K K »K2h2
1+ KiKh + K1K,K2h2

(2) Brunaucr, Emmett, and Teller (BET)
(1938)

Wi, Ch
1-h

m =

(4)

1-(n+1)hD + ppn +1
1+(C-1)h -ch"t1

where

m = fractional moisture content
h = relative vapor pressure
W, C, and n = material parameters.

(3) Brunauer, Emmett, and Teller plus
a term to approximate 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.

20M'

= PRTon(1/h) (5)
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where
r = radius of capillary
o = surface tension of the liquid
M' = molecular weight of the liquid
p = density of the liquid
R = gas constant (1.987 cal-mole™! - K1)
T = temperature (K)
h = relative vapor pressure.

If V is the volume of capillary and [ is
the total length of capillary, then

- 20M'
YV/mR = ———————
PRTLu(1/h)

Since the density of water is 1, the mois-
turc content due to capillary condensed
water, m,, is

r =

(6)

_ 7R 20M' 7)
€7 Wq|RTn (1/h)

where W, is the dry weight, This term was
added to the BET equation, and the com-
bination tested.
(4) Malmquist (1938)

myg

‘ - (8)
1/3

1+n [1/h-1] /

m

m =

where
m = fractional moisture content
h =relative vapor pressure
m,, n, and i = material parameters.

(5) Freundlich (1922)

M=kh!/0 (9)

where
M = per cent moisture content
h = relative vapor pressure
k and n = material paramcters.
(6) Bradley (1936)

h = exp I}(KzKlM + K3 ):| 10)

where
M = per cent moisture content
h = relative vapor pressure
Ki, Ks, K = material parameters.

(7) King (1960)

BK1h

_ DK»sh
" 1+Kjh

1"K2h

. 11)
where
A = moles of water
B, D, K;, and Ks = material parameters
h = vapor pressure.

To convert this model into moisture con-
tent terms, moisture content can be written
as

M= 181\(/}()A 12)
p
where M, is the molecular weight of poly-
mer and 1800 is the molecular weight of
water times 100. The sorption mode! then
becomes:

M= 1800 | BRiho(h/ho)
Mp 11+ Kihy(h/hg)
(13)
DKsh(h/hy)

1-Kahg (h/hy)

where h, is the saturation vapor pressure

(8) Anderson and McCarthy (1963)

- -18BE 14
h= exp {( e ) exp(Bm)| (14)

where
h = relative vapor pressure
m = fractional moisture content
R = gas constant
T = temperature (K)
B and E = material parameters.

(9) Pierce (1929)
h=1-[1-K (1-exp-3Gm))]

exp [— B (exp (-3Gm) - (15)
1 +3Gm )]

where
h = relative vapor pressure
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m = fractional moisturc content
K. B, and G = material parameters.

An alternative to the preceding expres-
sions is a polynomial of the form

n :;10+ulh+:12112*'33113+
(16)
-‘14114 + ushs +..,A+unhn

If cnough terms are used, a polynomial
could certainly offer a better fit than any
of the models tested here. A check on the
data at some of the temperatures indicated
that at lcast a 5th degree polynomial (six
parameters) would be necessary to match
the fit offered by the best of the models
from sorption theory. Since the greatest
number of adjustable parameters in the
sorption theory models is only five, it was
decided not to include a polynomial in the
analysis.

ANALYSIS

The sorption models outlined here were
evaluated with the sorption data listed in
Table 38 of the Wood Handbook by the
U.S. Forest Products Laboratory (1955)
and a nonlinear regression technigque de-
scribed by Scarborough (1962), which was
extended to an iterative technique to im-
prove the fit. The method involves making
initial cstimates of the model parameters
and using a least-squares technique to
make corrections to the parameters. The
corrected  parameters  become new  esti-
mates, and the iterations continue until the
values of the parameters and the sum of
the squared deviations approach a constant
valuc.

Nonlincar regression was necessary be-
causc of the form of the sorption models.
The variables of moisture content and rela-
tive humidity are functionally related by
expressions that include several parameters
{such as M,,, K, K;, and Ks in the Hailwood
and Horrobin model). The manner in which
these parameters appear in the mathemat-
ical model is the basis for classifying two
general types of regression analysis: linear
regression and nonlinear regression.  In

lincar mathematical models, the parameters
are raisced to only the first power and are
connected only by addition or subtraction.
Polynomials are examples of mathcmatical
modcls that are linear in this sensc. The
-alculations of linear regression are rela-
tively simple and require no prior cstimates
of the values of the parameters.

In nonlincar mathematical models, the
paramcters arce raised to other than the
first power, are functionally connected
other than by addition or subtraction, or
each appears as an exponent. All of the
sorption models listed are nonlinear in this
sense. The caleulations required in non-
linear regression are much more extensive
than they arc in linear regression, require
an initial estimate of the parameters, and
even then a long iterative process may be
required before the technique converges
on a minimum sum of squarcs and param-
eter values that are constant. Also, some
models will not converge if the data are
erratic or do not fit the model well.

Some nonlinear models can be trans-
formed so that linear regression techniques
can be used. However, the sum of squares
that is minimized is no longer based on
the dependent variable but rather some
transformation of the dependent variable;
this can distort the results. For example,
the one-hydrate form of the Hailwood and
Horrobin model can be transformed so that
lincar regression can be used (Hailwood
and Horrobin 1946). This transformation,
however, can result in the regression equa-
tion’s predicting too low moisture contents
in the high relative humidity range. Non-
lincar regression applied to the untrans-
formed equation considerably improves the
fit in the high relative humidity range. In
their original paper, Hailwood and Hor-
robin used this transformation and con-
sidered the poor agreement at high relative
humidities in their evaluation of their
theory. They attributed it to inadequacics
in the model, whereas it was at least par-
tially due to the method of analysis. The
application of this nonlincar technique to
the data presented in their paper does im-
prove the fit at high relative humidities.
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As mentioned, the BET equation was
cvaluated by two different methods. If n
becomes infinite in the BET cquation, it
can be written as:

1 h - 1
Wm hg-h

G1 (17)

W€ hy

where
h = vapor pressure
h,= saturation vapor pressurc.

The first, or usual, method of evaluation
(Brunauer, Emmett, and Teller 1938) of the
BET cquation is to plot (1. W, )(h/(h, - h))
versus hoh, from about h-h, = 0.1 to 0.4.
This plot is usually lincar in this range of
vapor pressure, and lincar regression  is
used to determine the slope of the curve
e 1 /(W,C)) and the intercept (1/
(W,,C)): thus W,, and C. The particular
value of n that gives the best fit for the
entire range of vapor pressure is then
chosen. The second method of evaluating
the BET cquation is adding the capillary
water term and using nonlinear regression
to estimate all of the model parameters.

RESULTS

The results of analyzing the effectiveness
of the sorption models are shown in Table
1. It should be understood that the results
of the curve fitting are restricted to the data
of the Wood Handbook, and caution should
be used. The data for cquilibrium mois-
ture content-relative humidity-temperature,
henee the relationships presented here, do
not distinguish between adsorption and de-
sorption. The original data were taken on
Sitka spruce in a mammer to establish an
equilibrium moisture content for each rela-
tive humidity that is intermediate between
the two extremes of the hysteresis loop. The
details of the experimental procedures can
be found in Stamm and Toughborough
(1935). The values of each model param-
cter as well as any temperature-dependent
constants in the models are listed for cach

temperature in Table 1. The total sum of
the squared deviations (residual sum of
squarcs) of the calculated moisture con-
tents or relative humidities from the values
given in the Wood Handbook ot the U.S.
Forest Products Laboratory is listed for
sach model, as well as the average of the
absolute valucs of the deviations and the
absolute value of the worst deviation be-
tween the calculated and Wood Handbook
values. These three comparative statistics
are based, according to the model, on cither
per cent moisture content or per cent rela-
tive humidity.

Of the models written in the form of
moisture content as a function of relative
vapor pressure, the King model and the
two-hydrate form of the Hailwood and
Horrobin model best fit the sorption data.
The King model has a total sum of squares
of 6.8, an average deviation of 0.1% mois-
ture content, and the greatest deviation was
0.8% moisture content. The respective
values for the two-hydrate form of the
Hailwood and Horrobin model were 7.9,
and 0.1% and 0.5% moisture content.

The Freundlich model (not listed in
Table 1) offered the worst fit, with a total
sum of squares of 355, and an average and
a largest deviation of 0.7% and 3.9% mois-
ture content, respectively.

The BET analysis in which lincar regres-
sion was used to determine C and W, also
gave a very poor fit. The calculated valucs
of moisture content fall below the values
of the Wood Handbook at the high rcla-
tive vapor pressures. The sum of squares
is 404; the average and the greatest devia-
tions arc 0.5% and 3.2% moisture content,
respectively. The fit was considerably im-
proved at high vapor pressures by adding
the capillary water term and by using non-
lincar regression. The total sum of squares
was reduced to 38.0; the average and the
greatest  deviations are 0.2% and 0.9%
moisture content, respectively.

The Malmcuist model gave a fairly good
fit, with a total sum of squarcs of 14.8 and
an average and a greatest deviation of 0.1%
and 0.6% moisture content, respectively.



Femperature

Hailwood and

Horrobin--one
hydrate (n =

Ko o
K
27230 0.677
274 35 706
280 45 719
282 50 753
284 55 735
289 60 733
291 65 730
294 70 .746
29775 .745
300 80 .757
302 45 .745
305 90 L7564
J08 95 .755
311 100 .762
314 105 .754
36 110 772
39 115 773
322 120 771
325 125 .779
128 130 .782
333 140 .782
339 150 .790
344 160 .799
350 170 .806
355 180 .807
361 190 .814
366 200 .818
372 210 .821

Residual sum
of squares

Average deviation

Greatest deviation

(SIS
~ = 0O
PRV R

(SR

5.49
5.13
5.80
5.28
5.76
5.24
5.87
5.22
6.09
5.22
5.81
5.68
5.82
6.11
5.91
5.74
5.49
5.89
5.93
5.61
5.58
4,72
3.82

Table 1.~-Parameter values

of sorption models

Hailwood and Horrobin--
two hydrates (n = 2)
1) e
K K K M
\ 1 2 p
205 0.794 5.39 2.19 343
224 .810 6.31 2.34 362
230 .830 5.03 3.56 392
252 .834  7.18 2.39 385
243 .799 7.13 .97 317
241 .815 6.26 2.55 375
239 .815 5.14 3.16 381
252 .824 b6.22 2.73 388
250 .820 5.82 2.49 383
261 .827 6.35 2,40 392
255 .821 5.23 2.86 394
266 .827 5.69 2.95 407
264 .827 5.30 2,68 403
278 L824 6.25 2.33 406
271 .818 5.55 2.17 398
289 .831 5.97 2.20 418
293 844 4.54 3.62 451
297 .826 5.67 2.19 425
309 .836  5.30 2,62 447
315 .838 5.28 2.53 456
327 .831 5.12 2.17 459
345 .842 3.84 2.97 494
370 .850 3.33 3.64 531
393 .864 1.06 12.68 596
411 .847 3,22 2.89 563
438 .852 3.03 2.85 593
451 .844 3,86 1.24 561
462 .843  3.19 1.07 562
7.9
BE
52

King Malmquist
B Kl X D KZ X Mp ho X m n i
10° 10° 1072
2.13 23.6 0,291 16.3 204 0.0562 0.262 1.72 2.26
1.72 28.7 437 12.6 224 .0687 .282 1.94 2.13
2.20 17.6 . 347 10.8 232 .0838 . 304 2.25 2,07
1.62 20.6 .541 7.01 252 .123 .364 2.90 1.87
1.14 23.9 .863 5.15 242 .148 L334 2.56 1.92
1.52 13.8 . 606 4,68 241 .175 .318 2.41 1.99
1.67 9.34 .543 3.94 233 .210 .313 2.38 2,01
1.67 2.06 .554 3.39 251 .249 .342 2.75 1.89
1.56 7.47 .591 2.80 243 .296 327 2.61 1.98
1.58 6.91 .612 2.39 260 .350 . 347 2.87 1.90
1.78 4,64 .559 2.04 255 .410 .319  2.58 1.98
1.91 3.93 .502 1.79 264 .481 .335 2.80 1.90
2.08 2.86 .482 1.54 265 . 562 .328  2.77 1.96
1.67 3.46 . 607 1.28 278 .655 .339 2.95 1.87
1.94 2.27 .546 1.11 273 .761 .318 2.75 1.96
1.91 2.14 .551 .981 289 .876 . 342 3.12 1.89
2.96 1.10 2357 .902 294 1.01 . 348 3,28 1.86
1.92 1.54 . 569 .727 296 1.17 .325 3.03 1.90
2.09 1.25 .542 .645 309 1.34 .336 3.26 1.86
2.15 1.04 .526 .568 313 1.53 .332 3.30 1.87
1.96 .843 .597 427 322 1.99 .305 3.11 1.93
2.31 . 517 575 .335 345 2.57 .301 3.27 1.95
3.07 .299 .493 L271 371 3.26 .303 3.52 1.91
6.62 . 100 L340 .224 393 4.1 . 305 3.78 1.89
2.52 .218 .618 .166 409 5.19 .266 3.41 2.01
2.77 .116 L5426 .137 340 6.43 .264 3.61 2.01
2.26 .143 .721 .108 451 7.95 .252 3.66 2.10
2.26 .102 .761 .088 462 9.72 V241 3.74 2.19
6.8 14.8
a2 a2
.82 .6

9¥
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fable 1.~-Parameter values of sorption models--continued

femperature BET BET plus capillary water (all Pierce Anderson and Bradley
o R C and Wm from parameters from nonlinear regression} McCarthy
K ¥ linear regression K B ¢ —_— Kl K K3 %
C W n 7./wd x I -B -E 2 1
C W n ™ ~10 dynes/ 10
n 10 centi-
meter
272 30 4.92 0.0645 5.2 4.33 0.0683 3.80  3.78 75.7 0.455 4,38 1.78 16.7 6.22 0.842 3.50 0.190
274 35 6.42 L0597 5.9 5.49 0631 4.28 3.05 75.3 L4691 5.96 1.53  17.2 6.36 .835 3.70 .328
280 45 4.79 L0647 5.3 5.17 L0623 4.55 2.35 74.6 .657 7.22 1.34 17.1 6.31 .838 3.54 .190
282 50 6.64 L0591 6.1 7.10 .0573 5.17 2,20 74.2 .176 2.06 3.05 17.4 6.48 .829 3.79 L451
284 55 7.91 L0561 6.7 8.21 0548 6.01 1.22 73.8 .160 1.95 3.18 17.3 6.51 .833 3.70 .309
289 60 6.68 L0585 6.3 7.11 0564 5.73 1.23 73.4 .332 3.77 2,07 17.5 6.56 .834 3.68 .235
291 65 5.2 L0623 5.8 7.11 0553 6.03 990 73.0 .450 4.72 1.78 17.3 6.51 .838 3.55 .133
294 70 6.31 .0587 6.3 7.67 . 0546 5.93  1.23 72.6 .238 2.62 2.64 17.6 6.57 .833 3.65 . 240
297 75 5.23 L0610 6.0 7.306 .0536 6.31 .945 72.2 .324 3.01 2.38 17.5 6.50 .833 3.56 .245
300 80 5.94 .0582 6.3 7.94 0525 6.35 1.07 71.8 .212 2.12 3.06 17.8 6.53 .828 3.63 .318
302 85 5.23 L0593 6.1 7.60 0522 6.46 .831 71.3 .361 3.31 2,27 17.7 6.47 .833 3.50 .181
305 90 6.89 L0547 6.8 7.97 0517 6.29 .975 70.9 .269 2.75 2.63 18.1 6.51 .828 3.59 .207
308 95 5.23 L0574 6.3 7.21 0515 6.37 1.01 70.5 .371 3.02 2,42 18.0 6.41 .829 3.48 .250
311 100 6.48 .0538 6.8 9.73 0482 7.05 .698 70.0 .183 1.91 3.44 18.5 6.43 .825 3.56 .232
314 105 5.96 .0536 6.8 7.76 L0493 6.73 .785 69.6 .324 2.58 2.75 18.3 6.32 .828 3.41 .184
3ie 110 6.42 0514 7.1 8.64 L0472 6.98 .854 69.2 .195 1.63 3.86 18.7 6.26 .820  3.48 .307
319 115 6.13 L0510 7.1 7.76 0475 6.69 .990 68.7 .291 2.16 3.17 18.7 6.16 .822 3.37 .222
322 120 6.65 L0492 7.3 9.93 L0447 7.46 .612 68.2 .200 1.64 3.95 19.1 6.13 .820 3.39 .217
325 125 6.33 L0491 7.2 11.0 . 0432 7.67 .645 67.8 .153 1.32 4.67 19.3 6.04 .816 3.38 .253
328 130 5.96 04e4 7.3 9.79 L0428 7.60 .691 67.3 L1174 1.33 4.69 19.6 5.94 .813 3.35 .283
333 140 6.39 L0453 7.6 12.0 . 0397 8.33 2435 66.3 .179 1.26 5.03 20.1 5.73 .810  3.24 .228
339 150 5.59 L0440 7.7 13.4 0372 8.78 .450 65.3 .231 1.28 5.03 20.3 5.45 .807 3.08 .225
344 160 6,09 L0411 8.1 14.5 .0353  8.83 L521 64.3 .189  1.05 6.09 21.0 5.24 .801  3.02 .228
350 170 4.54 L0418 7.5 13.4 .0338 8.80 .605 63.3 .314 1.38 5.02 21.5 4.99 .798 2.88 .188
355 180 6.23 .0362 8.8 31.9 0303 10.2 .307 62.2 .193 .888 7.42 22.3 4.76 .790 2.83 .211
361 190 5.73 .0351 8.7 37.5 0285 10.5 . 342 61l.1 .128 .629 10.2 22.9 4.52 .783 2.74 .241
366 200 5.22 L0339 8.9 49.4 0269 11.2 .328 60.0 .051 .380 16.2 23.0  4.27 779 2.60 .287
372 210 5.09 L0314 9.7 38.4 0256 11.7 .321 58.9 .108 .391 15.8 23.0 4.03 .779 2.40 .280
Residual sum
of squares 404 38.0 230 379 233
Average deviation .52 22 4= GE 4k
Greatest deviation 3.2 s 1.6E 2.8—b‘ 2.4E

INAINCO HHAISIOWN WATHGITINOA ONLIDIQAM

a .

-By percent moisture content.
b

By percent relative humidity.

Ly
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The model did well for most of the mois-
turc content range except below about 4%,
where it predicted moisture contents that
were too high,

The Picrce isotherm gives the best fit of
the expressions written in the form of rela-
tive vapor pressure as a function of moisture
content. The total sum of squares is 230;
the average and the greatest deviations are
0.4% and 1.6% relative humidity, respec-
tively. The Bradley isotherm also gives a
fairly good fit; analysis is simpler than it is
for the Pierce isotherm. The total sum of
squares is 233, whereas the average and
the greatest deviations are 0.4% and 2.4%
relative humidity, respectively.

Since the parameters of the models are
temperature-dependent, it is useful analyt-
ically to relate the paramcters to tempera-
turc so that the moisture content-relative
humidity relationship can be completely
independent of any tables and so that
values intermediate between tabulated tem-
perature values can be calculated. This has
been done for the one-hydrate form of the
Hailwood and Horrobin model (Simpson
1971), and is done here for the best model
of cach of the functional forms, i.c., mois-
ture content as a function of relative hu-
midity and vice versa. The two-hydrate
form of the Hailwood and Horrobin theory
wis judged the most accurate of the group
written in the form of moisture content as a
tunction of relative humidity. Even though
the Hailwood-Horrobin model results in a
slightly higher total sum of squares than
docs the King model, it has the same aver-
age deviation and its greatest deviation is
lower. Furthermore, with one less adjust-
able parameter than the King model, it is
easier to use. The temperature dependence
of the parameters can be represented as
follows:

Mp =330+ 0.4527T +

0 (18)
0.0041572
K =0.791+0.000463T -
19)

0.0000008447T>

Ky=6.17+ 0.00313T -

" (20)
0.00009267T+

Ky = 165+ 0.0202T -
R 21)
0.0000934T =

where T is in F.

When the isotherms are calculated with
these values of the four parameters, the
average deviation is still 0.1% moisture
content and the greatest deviation is 0.8%
moisture content compared to the 0.5%
when the actual parameters are used.

The Picree model gave the best fit of the
models written in the form of relative hu-
midity as a function of moisture content.
However, the temperature-dependence of
the parameters is somewhat erratic, and
some of the smoothed values that result
from the regression are far enough from
the actual values to cause large deviations
when used in the sorption model. The
Bradley model was almost as good as the
Pierce model, and the smoothed values of
the parameters worked well in the model.
Their temperature dependence ean be rep-
resented as follows:

K1 = 0.839 +0.00002027T -

(22
0.00000156T2 )

Ko =3.56 + 0.00392T -

., (23)
0.00004457T2

K3 =0.0219 + 0.0000164T (24)

where T is in F.

When the isotherms are calculated from
these values the average deviation is 0.8%
relative humidity and the greatest deviation
is 2.7% (compared with 04% and 2.4%
with the actual parameters).

SUMMARY

A number of sorption theories have been
tested as analytical expressions that relate
equilibrium moisture content to relative
humidity. Testing included fitting (by non-
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linear regression) the sorption data of the
U.S. Forest Products Laboratory (1955) to
the various expressions. The expressions
were judged solely on how well they could
predict the data for the relationship of
moisture content to relative humidity. The
two-hydrate form of the Hailwood and
Horrobin theory (1946) and the King theory
(1960) are the most accurate of the group
that are written as moisture content cqual
to a function of relative humidity. The
Brunauer, Emmett, and Teller (BET)
(1938) theory is not satistactory for predic-
tion purposes. An attempt was made to
improve the BET theory for prediction pur-
poses by adding a term that would account
for capillary condensed water. This greatly
improved the fit, but the model still was
not as cffective as the Hailwood and Hor-
robin model or the King model.

Of the models written as relative hu-
midity cqual to a function of moisture
content, the Pierce (1929) model and the
Bradley (1936) model predict relative hu-
midity the most accurately.
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