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Abstract

Several equilibrium moisture content (EMC) equations were
reviewed. The derivation of Henderson’s EMC equation was modified
and corrected by the author to show its mathematical and physical
meanings. Then, other researchers’ EMC data was used to get related
coefficients and test the equation’s effectiveness. It is shown that
the modified Henderson’s EMC equation is very good at least in the
30% to 90% range of relative humidities.

Local varieties of rice and corn were also used to get EMC data,
thus deriving respective EMC models for those rice and corn under
different conditions. These models are very useful for future
applications in the modeling of crop drying and storage. -

Key words: moisture, models.
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INTRODUCTION

Equilibrium moisture contents of
agricultural products can usually be
obtained by conducting experiments at
specified conditions. The specified condi-
tions simply need to include three inde-
pendent properties of the agricultural
product and air system.

In the system, the dry matter of the
product is of solid phase; water inside the
product, normally of liquid phase; water
vapor in the air, of gas phase; and dry air,
definitely of gas phase. There are two
susbstances of gas phase existed in the
system, namely dry air and water vapor.
The number of independent thermody-
namic properties needed to specify the
condition is three (2 + 1) because they are
operated at a relatively low pressure thus
can be treated as simple substances.

Generally, we may choose atmospher-
ic pressure, temperature, and relative
humidity as those three independent
properties. The atmospheric pressure is or
can be treated as constant in common
cases. So, we fix the temperature and
vary the relative humidities to get equi-
librium moisture content curves for agri-
cultural products. The EMC curves are
then called EMC isotherms. It is neces-
sary to analyze the thermodynamic states
for deriving EMC models in order to
better represent those EMC data.

The EMC models will be very useful
for the study of grain drying and storage.
However it must be kept in mind that
those equilibrium moisture contents are
still affected by the differing properties
found among grain varieties as well as ex-
perimental procedures and methods.

The intended objectives of this study
are:

1. Modify Henderson’s EMC equation to

show tis mathematical and physical
meanings,

2. Conduct experiments for obtaining
EMC data of Tainung No. 67 paddy
and Tainan No. 5 corn, and

3. Derive modified Henderson’s EMC
equations for the above local varieties
of rice and corn.

REVIEW OF EMC EQUATIONS

The most famous and probably first
EMC equation in agricultural engineering
was derived by Henderson (1952). The
semi-empirical equation is as follows:

| — (th/100) = exp (—k T MP)

Where, rh: relative humidity, %,
M: moisture content, %,
T: absolute temperature, R, and
k. n: constants related to grains.

There was a minor mistake made by
Henderson in his derivation of the equa-
tion. Also, Henderson’s explanation of
his derivation was not very clear. These
will be discussed in the next section.

Day & Nelson (1965) proposed an
EMC model similar to Henderson’s as
below:

1 — (th/100) = exp (—a MP)

Chung & Pfost (1967) proposed the
following EMC model:

In (rh/100) = (A/RT) exp (—BM)

Young & Nelson (1967) described the
adsorption and desorption EMC isotherms
independently by using two EMC equa-
tions to handle hysteresis phenomenon.
Actually, one EMC equation may be used-
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to get different sets of constant values for
the desorption and adsorption processes
spearately.

MODIFIED DERIVATION OF
HENDERSON’S EQUATION

Based on the Gibb’s adsorption equa-
tion, and combining it with other relation-
ships and assumptions, Henderson got a
partial differential equation form as
below:

06=CRT 0 InP (N

Where, o: Surface tension of the adsorbed

liquid, 1b/ft

C: concentration of the adsorbed
liquid, moles/square foot of
wetted surface

R; Gas constant

T: Absolute Temperature, R

P: Vapor pressure of adsorbed
liquid

A sketch of micro void space as shown

in Fig. 1 proposed by Henderson is very
useful for the following analysis. The
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Fig. 1. Micro void
1952)

space (Henderson,

sketch is based on the presumption of the
quantity of water is a function of the sur-
face S.
An indefinite integral of Formula (1) is
0= CRTInP+C, )
Formula (2) is shown in Fig. 2. From Fig.
2, it is very easy to see that the surface
tension at vapor pressure = 0 is infinite. It
is mathematically called an improper
point or a point at infinity. Our interest
in vapor pressure P is in the range of 0
through Ps, which is the saturated pres-
sure of the liquid at T. It can also be
shown that the integration of Formula (1)
from O to P at any point less then Ps is
improper.

Fortunately, there is a mathematical
technique called mapping (Kreyszig,
1979) that can be applied here. In this
special case, the mapping is called a linear

o

o s CRT lnp + Cy

Surface tension

T~

&

vapor pressure

Fig. 2. Relationship between vapor pres-
sure and surface tension
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o = CRT ln (B =P} +C;

fractional transformation. The trans-
formation is done by substituting (Ps-P)
for P in Formula (1). Then we have:

00 =CRT 0 In (Ps — P) A3)

The indefinite integral form of Formula
(3) is:

0=CRTIn(Ps —P)+C, @)

Formula (4) is also shown in Fig. 3.

The mapping we are concerned with is
the shaded portion — oo 0 Ps opg in Fig. 2
on the shaded portion opg Ps O’ — oo in
Fig. 3. Now, the integration of Forrmula
(1) at vapor pressure from O to P is pos-
sible by using Formula (3) from Ps to
(Ps—P). Does the transformation have a
physical meaning other than the previ-
ously mentioned mathematical meaning?
Yes, it does. Let’s take a look at Fig. 1,

o

Tranaformed axis of
surface tenaion

Transformed axis N
N N,
of vapor pressure N X
(09

-0

Fig. 3. Linear fractional transformation
of Fig. 2.

where the shaded portion (the crescent
moon shape on the left side) that is liquid
before mapping becomes vapor after
mapping. Actually, it will never happen
in the real world. However, we may
imagine it. This also shows that Formula
(1D&(3) can be integrated only at vapor
phase.

Now, the integration of Formula (3)
Gives:

0(Ps—P) — Ops = CRT In [(Ps—P)/Ps]
(5)

By the way, the minor mistake made
by Henderson is that he took (P—Ps)
instead of (Ps—P) for the substitution of
P. (P—Ps) is a negative quantity which is
not suitable for logarithm operations.

Rearrange Formula (5):

In [(Ps—P)/Ps] = (o(ps_p)—0pg)/ CRT"
(6)

Combine Formula (6) with Hender-
son’s original assumptions as follows:

C=k, M8 @)
1/(o(ps_p) —0ps) = k2 mh (8)
we get,

In [(Ps—P)/Ps] = (k; k, R T)™!
Mm(g+h) €))

Leta=(k; k, RT), b=—(g+h)
Then,
In [(Ps—P)/Ps] = a MP (10)

Substitute rh/100 = P/Ps into Formula
(10), we have:
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1 — (th/100) = exp (a MY) (11)

Henderson’s EMC equation has the
same form as Formula (11), only with
minor differences in constants. This
shows why Henderson’s EMC equation
works.

CHECK OF THE EQUATION USING
SOME EXISTED EMC DATA

After doing two logarithm operations
on Formula (11), we have:

In [—In (1 —(rh/100) )] =In (—a)
+bln M (12)

Formula (12) is a linear equation of
the standard form of Y = A + BX. So,
linear regression analysis can be applied
for analyzing EMC data to get constants a
& b and correlation coefficient R.

Juliano (1964) obtained several sets of
EMC data of rough rice (Taichung No. 65)
at 27.5 and 32.5 C. In this study, it is
intended to relate relative humidities with
moisture contents by using dry basis and
wet basis for comparing their relation-
ships. The linear regression analysis

results are shown in Table 1. We can see
that there are no differences in using dry
or wet basis for expressing moisture
contents. In both cases, we can be over
99% sure that In [ — In (1 —(rh/100) )]
and In(M) are linearly related. However,
the dry matter remains unchanged during
drying or moistening, so, moisture con-
tent is expressed on a dry basis in this
study for convenience.

Other EMC data (Breese, 1955; Karon
& Adams, 1949; and Houston, 1953) of
rough & brown rice are also used to get
EMC model constants and their correla-
tion coefficients as shown in Table 2. The
reason for only choosing rice data for
analysis is that rice is the main staple crop
in Taiwan. From Table 2, we can still see

‘those R squares are surprisingly high.

This forces us to believe the Henderson
EMC equation does in fact express the
relationship between moisture content
and relative humidity very well.

EMC'’ISOTHERMS OF LOCAL
PADDY AND CORN

Local varieties of Tainung No. 67
paddy (the most popular one in Taiwan)

Table 1. Basis comparisons of EMC model characteristics

Temp. C Process Moisture a b R square
27.5 desorption dry basis —.0031385 2.1621 9925
275 adsorption dry basis —.0095530 1.8239 29965
325 desorption dry basis —-.0046551 2.0414 9943
32,5 adsorption dry basis —.013008 1.7239 9977
27.5 desorption wet basis —-.0017958 2.5002 9945
27.5 adsorption wet basis —.0064479 2.0795 9980
325 desorption wet basis —.0028237 2.3504 9962
325 adsorption wet basis —.0091601 1.9574 9989

Note: 1. EMC data from Juliano, 1964.

2. a, b: EMC model constants.
3. R: coirelation coefficient.
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Table 2. Comparisons of using different EMC data

Material Temp. C Process a b R square Remarks
“Rough rice 25 desorption  —.0038360 2.0942 9988 1
Rough rice 25 adsorption ~ —.0074817 1.9464 9972 1
Rough rice 25 desorption  —.0042446 2.0740 .9988 2
Rough rice 25 desorption  —.0027926 2.2585 .9954 3
Brown rice 25 desorption  —.0009970 2.4870 9990 4

Note: 1. Breese, 1955.
2. Karon and Adams, 1949; naturally dried.
3.Karon and Adams, 1949; artificially dried.
4. Houston, 1952.

5.a,b, R: same as in Table 1.
6. MC used, dry basis.

and Tainan No. 5 corn were used to Table 3. Salt-saturated solutions for main-

obtain EMC data for deriving respective

taining constant relative humid-

models. The Conway diffusion units ities

shown in Fig. 4 were used to maintain con-
stant relative humidities as suggested by Solid phase
Wang et. al. (1980).

Those relative

Relative humidity, %

humidities measured by Wang et. al are K0, 98.0
) ) BaCl, 90.1
shown in Table 3. Experimental tem- Kcl 84.2
peratures were set at 15, 25, and 35 C for NaNO, 737
Mg(NO,), *6H,0 52.8
K,CO;2H,0 42.7
MgCl, *6H,0 330
YITIILIL LTI EITTITI AL LI ILIL 1LY, KC,H;0,*2H,0 224
% | ) '
2 ; /d Note: All relative humidities measured at 25 C
; % e by Wang et. al., 1980.
c
§];f getting different EMC isotherms.
,,,,, Eooy § ] Moisture contents of all samples were
R R R A I DR AT _,%/ determined by measuring the loss on heat-
N OUNOOOSONNNVNONINONNNONNNNNNY ing 3 to 5 g samples (whole grain) in an air

oven at 105 C for 24 h (paddy) and 72 h

a, sample; b, aluminum cap as the sample holder; ~ (corn).

¢, inner dish; d, upper dish serving as the cover;

At each condition, three samples

e, contacting line sealed with elastic adhesive  were used to obtain the respective equi-
vinyl tape; f, lower dish serving as the mainbody;  1hiym moisture content.  All moisture

g, salt-saturated solution for maintaining con-

stant humidity.

content data (wet basis) are shown in
Table 4 (paddy) and Table 5 (corn).

Fig. 4. Arrangements of the Conway  There are 6 sets of data for each product
diffusion unit (Wang et. al., 1980)  in all, that is, desorption and adsorption
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Table 4. Moisture ‘c‘oritent data of Tainung No. 67 paddy -

1. Desorption at 15C o "~ 2.Adsorptionat 15C
Relative Moisture content, %5wb.  Relative =~ Moisture contenlt, %Wb
humidity, % Exp. data’ - Average humidity, % Exp.data  Average
28.28 1998
98.0 16.21* 27.51 98.0 klll.59"l 20.13
- 26.75 .20.28
2421 . 16.09 |
90.1 22.14 2293 90.1 16.02 16.17
22.46 16 .41
; 20.29 , - 1472
84.2 1932 1983 84.2 14.81 14.70
19.89 ) 14.57 '
16.34 ' ’ 12.31
73.7 : 16.96 16.60 <737 12.38 12.27
16.49 ’ - 1212
12.87 o : 7.05 ' '
52.8 13.31 -13.05 52.8 7.54 7.49
1297 7.88
11.80 5 3w’
42.7 11.36 "11.65 427. .. . 398 3.87
- - 1179 ‘ ' . .3.86
10.23 o 2.40 ‘
33.0 10.45 10.35 33.0 , 245 2.43
1036 : - 3n
| 98s. . itaor
24 . 948 960 24 209 . . 215
947 . 2.28

* Deleted because of error.



Table 4. Moisture content data of Tainung No. 67 paddy (cont.)

3. Desorptionat 25C 4. Adsorption.at 25 C
Relative Moisture content, % w.b. Relative Moisture content, % w.b.

humidity, % Exp. data Average humidity, % Exp. data Average
26.78 17.50

98.0 27.89 27.51 98.0 17.72 17.43
27.86 17.07
19.78 16.79

90.1 19.19 19.65 90.1 16.10 16.33
19.97 16.09
17.06 14.53

84.2 18.19 17.45 84.2 14.79 14.73
17.09 14.87
14.40 12.27

73.7 14.38 14.38 73.7 12.14 12.13
1435 : 11.97
1143 8.54

52.8 10.97 11.16 52.8 8.32 8.42
11.09 8.40
10.54 6.26

427 10.08 10.30 42.7 6.21 6.34
10.30 6.57
9.57 4.15

33.0 8.74 9.10 33.0 4.31 423

8.97 45.57*

8.48 3.40

22.4 891 9.01 224 3.29 3.26
9.63 3.09

* Deleted because of error.
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Table 4. Moisture content data of Tainung No. 67 paddy (cont.)

5. Desorption at 35 C ) 6. Adsorption at 35 C
Relative Moisture content, % w.b. Relative Moisture content, % w.b.l
humidity, % Exp. data Average ~ humidity, % Exp. data Average
28.48* 21.46
98.0 25.46 25.26 98.0 21.96 21.80
25.05 21.99
18.85 16.20
90.1 - 18.83 18.59 90.1 16.31 16.22
18.08 16.14
15.77 13.63
84.2 20.04* - 1593 84.2 13.68 13.69
16.09° 13.78
13.23 11.84
73.7 13.16 13.17 73.7 12.09 11.91
13.13 11.79
9.98 9.74
52.8 10.37 10.58 528 8.50 8.97
11.38 " 8.65
10.64* 7.59
427 9.45 9.48 42.7 7.67 7.57
9.51 , : 7.44
7.74 , 6.93
330 7.45 7.73 33.0 6.09 6.51
. 8.01 ' 1.67*
T 7.10 2.80
22.4 6.34 6.65 22.4 2.88 2.70

6.53 2.41

* Deleted because of error.
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Table 5. Moisture content data of Tainan No. 5 corn

1. Desorption at 15.C 2. Adsorption at 15 C
Relative Moisture content, % w.b. Relative Moisture content, % w.b.
humidity, % Exp. data Average humidity,%  Exp. data Average
37.10 13.16*
98.0 22.96* 36.84 98.0 20.68 19.97
36.57 19.27
32.64 17.03
90.1 3191 32.41 90.1 17.58 17.22
32.68 17.06
25.96 14.72
84.2 25.81 25.89 84.2 14.40 14.59
22.29* 14.64
20.43 11.88
73.7 19.00 19.70 73.7 11.41 11.75
19.66 11.96
13.91 6.52
52.8 14.79 14.76 52.8 5.97* 6.49
15.57 6.47
12.46 474
427 14.68* 12.40 427 4.62 4.68
12.33 4.00*
11.90 3.29
33.0 11.46 11.68 33.0 3.27 3.27
25.79* 3.26
11.09 _ 2.90
22.4 10.54 10.98 224 3.00 3.02
11.32 3.16

* Deleted because of error.



Table 5. Moisture content data of Tainan No. 5 corn (cont.)

3. Desorption at 25 C : 4. Adsorption at 25 C
Relative Moisture content, % w.b. Relative Moisture content, % w.b.
humidity, % Exp. data Average humidity, % Exp. data Average
. 39.49 23.56
98.0 40.24 39.87 98.0 13.75* 23.81
17.80* 24.05 -
23.98 18.73
90.1 .. 23.38 23.68 90.1 18.10 18.35
22.31* 18.22
18.37 16.14
84.2 17.85* 18.41 842 15.86 15.93
18.45 15.80
15.69 12.65
73.7 15.38 15.38 73.7 12.61 12.65
' 15.06 12.67
12.12 8.09
52.8 11.97 12.01 52.8 7.76 8.01
11.95 8.19
10.98 5.35
42.7 11.19 11.04 42.7 5.61 5.48
10.95 6.39*
9.86 v 4.50
33.0 9.61 9.64 330 4.52 4.55
: 9.44 4.63
8.88 3.85
22.4 8.76 8.90 224 393 3.85
9.05 3.77

* Deleted because of error.



Table 5. Moisture content data of Tainan No. 5 corn (cont.)

5. Desorptionat 35C 6. Adsorption at 35 C
Relative Moisture content, % w.b. Relative Moisture content, % w.b.

humidity, % Exp. data Average humidity, % Exp. data Average
35.35 : 23.28

98.0 34.88 35.25 98.0 23.43 23.36
35.52 23.37
21.13 17.83

90.1 21.17 21.14 90.1 17.94 17.83
21.11 - 17
16.82 14.97

84.2 16.94 16.87 84.2 15.03 15.00
16.85 14.99
14.55 12.31

73.7 15.90* 14.37 73.7 11.95 12.10
14.18 12.03
10.99 7.83

52.8 10.83 10.88 52.8 8.13 7.98
10.83 7.97
10.33 6.56

42.7 10.59 10.69 42.7 7.13 6.94
11.14 7.14
9.47 494

33.0 11.14* 9.17 33.0 7.85* - 576
8.86 447
7.64 341

22.4 7.99 791 224 3.41 340
8.08 3.39

* Deleted because of error.



processes at three temperatures. In case of
any error, then that experimental result
was deleted and not used for calculation
of the average of the moisture contents at
that condition.

Those moisture content results are also
shown in the second column (wet basis)
and the third column (dry basis) in Tables
6 and 7. :

Moisture contents (dry basis) are
analyzed to get modified Henderson’s EMC
model’s constants a, b and correlation
coefficient R squares. They are shown in
the fourth column in Tables 6 and 7. .

With constants a and b available, we-.

can get an EMC equation for each case.
Moisture contents are calculated back by
using these EMC equations at the experi-
mental relative humidities. They are also
shown in Tables 6 and 7 as well as the
differences between calculated and experi-
mental results.

Even though the values of R square for
all cases are high, the moisture content dif-
ferences between calculated and experi-
mental results are not acceptable, especial-
ly at both end conditions, that is, relative
humidities at 22.4% and 98.0%. Therefore,
analyses are conducted by skipping ex-
perimental data at those conditions. Then,
better results are obtained as shown in
Table 8 and 9. They are constructed by
the same procedures as Tables 6 and 7.

EMC curves in Fig. S and 6 are
obtained by using respective constants a
and b in Tables 8 and 9 (first, to get EMC
equations; then, EMC curves.)

DISCUSSIONS

All R (correlation coefficient) squares
for paddy in Table 8 are grater than 0.98
except the case of adsorption at 15 C.
This means that we can be over 98% sure

that the moisture contents of paddy and
the relative humidities of the environment
have the relationship depicted by Hender-
son’s EMC equation.

The case of desorption at 15 C shows
big differences such as 3.21%, 1.36%,
1.80% in the last column of Table 8. This
is probably due to experimental or human
error in determining moisture contents.

All R squares for corn in Table 9 are
fairly good as are the differences between
experimental and calculated M.C. data.
Experimental M.C. data are also marked
on Fig. 5.d and Fig. 6.d for quick com-
parisons. They are nicely fitted.

However, those adsorption isotherms
are not consistent as shown in Fig. 5.d
and Fig. 6.d. So, exercise caution when
using those isotherms. It would be better
to conduct more experiments to see what
went wrong. Those desorption isotherms
which can be well represented by the
modified Henderson’s EMC model

1 — (th/100) = exp (a MP)

are summarized below with constants a’s
and b’s values.

Product Process Temp., C a b

Paddy  Desorption 15 —.0045960 1.8613
Paddy Desorption 25 —.0050229 1.9405
Paddy  Desorption 35 —-.0089799 1.8344
Corn Desorption 25  -.0031846 2.0614
Corn Desorption 35 -.0027266 2.1816

CONCLUSIONS AND SUGGESTIONS

It is concluded that the Henderson’s
EMC equation is very good to describe the
relationship between the moisture con-
tents of agricultural products and the air
relative humidities. However, it must be
simplified to the following form:
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Table 6. Comparisons of experimental and calculated moisture contents of Tainung No.
67 paddy (using whole original data)

a, Desorption at 15 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis wet basis
98.0 27.51 37.95 36.74 26.87 —0.64
90.1 22.93 29.75 a =-0.0029845 28.22 22.01 -0.92
84.2 19.83 24.73 25.19 20.12 0.29
73.7 16.60 19.90 b=19918 21.42 17.64 » 1.04
52.8 13.05 15.01 ’ ‘ 16.04 13.82 0.77
427 11.65 13.19 13.81 12.13 "0.48
33.0 10.35 11.54 R2=0.9782 11.70 10.48 0.13
22.4 9.60 10.62 9.30 8.51 -1.09

b. Adsorption at 15 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis  wet basis
98.0 20.13 25.20 34.73 25.78 5.65
90.1 16.17 19.29 a=—-0.1337437 19.99 16.66 0.49
84.2 14.70 17.23 15.77 13.62 —-1.08
73.7 12.27 13.99 _ 11.23 10.09 -2.18
52.8 7.49 8.01 b=09516 6.13 5.77 ~1.72
42.7 3.87 4.03 4.48 4.28 0.42
33.0 2.43 2.49 R? =0.9530 3.17 3.07 0.64
22.4 2.15 2.20 1.96 1.92 -0.23

c. Desorption at 25 C

rh, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis wet basis
98.0 27.51 37.95 33.42 25.05 -2.46
90.1 19.65 24.46 = —-0.0051346 25.31 20.20 0.55
842 17.45 21.14 22.46 18.34 0.89
73.7 14.38 16.80 b=1.8910 18.93 15.92 1.54
52.8 11.16 12.56 13.96 12.25 1.09
42.7 10.30 11.48 11.92 10.65 0.35
33.0 9.10 10.01 R?2=0.9414 10.01 9.10 0.00
22.4 9.01 9.90 7.86 7.29 -1.72




Table 6. Comparisons of experimental and calculated moisture contents of Tainung
No. 67 paddy (cont.)

d. Adsorption at 25 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis dry basis dry basis wet basis
98.0¢ 17.43 21.11 27.99 21.87 4.44
90.1 16.33 19.52 a=—0.0486336 18.78, 15.81 —0.52
842 14.73 17.27 15.82 13.66 -1.07
73.7 12.13 13.80 _ 12.37 11.01 —1.12
528 842 919 013168 7.99 7.40 ~1.02
427 6.34 6.77 6.37 5.99 -0.35
33.0 423 4.42 R? =0.9609 495 4.72 0.49
224 3.26 3.37 3.51 3.39 0.13

e. Desorption at 35 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis _ dry basis wet basis

- 98.0 25.26 33.80 30.82 23.56 -1.70
90.1 18.59 22.84 a=-0.0091670 22.89 18.63 0.04
84.2 1593 18.95 20.14 16.77 0.84
73.7 13.17 15.17 _ 16.78 14.37 1.20
52.8 10.58 11.83 b= 1.7665 12.11 10.80 0.22
427 9.48 10.47 10.22 928 -0.20
33.0 7.73 8.38 R?=0.9845 8.48 7.82 0.09
224 6.65 7.12 6.55 6.15 —0.50

f. Adsorption at 35 C

rh, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis dry basis dry basis wet basis
98.0 21.80 27.88 31.54 2398 2.18
90.1 16 .22 19.36 a=—0.0556374 20.59 17.07 0.85
84.2 13.69 15.86 17.14 14.63 0.94
73.7 1191 13.52 _ 13.19 11.65 -0.26
528 897 985  0=12323 8.26 7.63 _1.34
4?27 157 8.19 6.48 6.09 —1.48
33.0 6.51 6.96 R2=09614 4.96 4.73 -0.17
22.4 2.70 2.71 342 3.31 0.61

Note: a, b, R, same as in Table 1.
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Table 7. Comparisons of experimental and calculated moisture contents of Tainan No.
' 5 corn (using whole original data)

a. Desorption at 15C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis wet basis
98.0 36.84 58.33 58.79 37.03 0.19
90.1 32.41 4795 a=—0.0086387 4142 29.29 -3.12
842 25.89 3493 35.64 26.27 0.38
73.7 19.70 24.53 b=15011 28.74 22.32 2.62
52.8 14.76 17.32 ’ 19.58 16.37 .61
427 12.40 14.16 16.04 13.83 1.43
33.0 11.68 13.22 R? =0.9465 12.88 11.41 -0.27
22.4 10.98 12.33 9.50 8.68 -2.30

b. Adsorption at 15C

rh, % Experimental MC, % EMC constants Calculated MC, % Difference

wet basis  dry basis dry basis wet basis
98.0 19.97 2495 30.71 23.50 3.53
90.1 17.22 20.80 a=-0.0859147  19.17 16.08 ~1.14
84.2 14.59 17.08 15.65 13.53 ~-1.06
73.7 11.75 13.31 b=1.1150 1171 10.49 -1.26
52.8 6.49 6.94 : 6.99 6.53 0.04
42.7 4.68 491 5.35 5.07 0.39
33.0 3.27 3.38 R?=09728 3.98 3.82 0.55
22.4 3.02 3.11 2.64 2.57 —0.45

c. Desorption at 25 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis dry basis dry basis wet basis
98.0 39.87 66.31 50.56 33.58  -6.29
90.1 23.68 31.03 a=—-0.0175938 34.52 25.66 1.98
84.2 18.41 22.56 29.30 22.66 4.25
73.7 15.38 18.18 _ 23.17 18.81 343
52.8 12.01 - 13.65 b=13775 15.26 13.24 1.23
42.7 11.04 12.41 12.28 1094 —0.10
33.0 9.64 10.67 R%2=0.8918 9.66 8.81 —0.83
22.4 8.90 9.77 6.94 6.49 —-2.41
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Table 7. Comparisons of experimental and calculated moisture contents of Tainan No.
5 corn (cont.)

d. Adsorption at 25 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis dry basis dry basis wet basis
98.0 23.81 31.25 33.54 25.12 1.31
90.1 18.35 22.47 a=-0.0557209 21.72 17.85 -0.50
84.2 15.93 18.95 18.03 15.27 —0.66
73.7 12.65 14.48 _ 13.80 12.13 —0.52
528 801 g71  °=12103 8.57 7.90 —0.11
42.7 5.48 5.80 6.70 6.28 0.80
33.0 4.55 4.77 R? =0.9869 5.10 4.85 0.30

22.4 3.85 4.00 3.50 3.38 -0.47

e. Desorption at 35 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis dry basis dry basis wet basis
98.0 35.25 54.44 42.44 29.79 -5.46
90.1 21.14 26.81 a=—-0.0153729 29.74 22.92 1.78
84.2 16.87 20.29 25.52 20.33 3.46
73.7 14.37 16.78 - 20.51 17.02 2.65
528  10.88 1221  PEL4TO 13.89 12.20 132
42.7 10.69 11.97 11.35 10.19 —-0.50
33.0 9.17 10.10 R? =0.9076 9.08 8.32 —0.85
22.4 791 8.59 6.66 6.25 ~1.66

f. Adsorption at 35 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis wet basis
98.0 23.36 30.48 . 31.75 24.10 0.74
90.1 17.83 21.70 a=-—0.0437178 21.19 17.49 -0.34
84.2 15.00 17.65 17.81 15.12 0.12
73.7 12.10 13.77 _ 13.89 12.20 0.10
52.8 7.98 g7  P=129% 8.92 8.19 021
42.7 6.94 7.46 7.08 6.62 —-0.32
33.0 5.76 6.11 R? =0.9929 5.50 5.21 0.55
224 3.40 3.52 3.87 3.72 0.32

Note: a, b, R, same as in Table 1.
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Table 8. Comparisons of experimental and calculated moisture contents of Tainung
No. 67 paddy (skipping some original data)

a. Desorption at 15 C

th, % Experimental MC,% = EMC constants Calculated MC, % Difference
wet basis dry basis dry basis wet basis
90.1 22.93 29.75 28.28 22.05 —0.88
84.2 19.83 24.73 a=-0.0045960 5505 20.03 0.20
73.7 16.60 19.90 21.06 17.40 0.80
52.8 13.05 15.01 b=18613 15.45 13.39 0.34
42.7 11.65 13.19 2 13.16 11.63 —0.02
330 1035 11.54 R* =0.9873 11.03 9.93 —0.42

b. Adsorption at 15C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis wet basis
90.1 16.17 19.29 _ 24.04 19.38 3.21
842 1470 1723 2= 01737281 45 15.41 0.71
73.7 12.27 13.99 12.25 1091 -1.36
52.8 7.49 glo  0b=08142 6.04 5.69 ~1.80
42.7 3.87 4.03 2 _ 4.18 4.01 0.14
330 243 249  RT=09536 2.79 271 0.28

c. Desorption at 25 C

th, % Experimental MC, %  EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis wet basis
90.1 19.65 24.46 23.57 19.08 —0.57
842 1745 21.14  2=-0.0050229 5499 17.34 —0.11
737 1438 16.80 1776 15.08 0.70
528  11.16 1256  0=19405 13.20 11.66 0.50
427 1030 11.48 . 11.32 10.17 —0.13
33.0 9.10 10.01 R*=0.9853 9.55 872 ~0238
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Table 8. Comparisons of experimental and calculated moisture contents of Tainung
No. 67 paddy (cont.)

d. Adsorption at 25 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference

wet basis  dry basis dry basis wet basis
84.2 14.73 17.27 _ ” 18.44 15.57 0.84
73.7 12.13 13.80 =-00677822 1389 12.18 0.05
52.8 8.42 9.19 b=14.1338 8.34 7.70 -0.72
427 6.34 6.77 R2 = 09808 6.41 6.02 -0.32

33.0 423 442 4.79 4.57 0.34

e. Desorption at 35 C

rh, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis wet basis
90.1 18.59 22.84 21.84 17.92 -0.67
84.2 15.93 18.95 a = -0.0080799 19.13 16.18 0.25
73.7 13.17 15.17 _ 16.19 13.93 0.76
528  10.58 1183 P18 11.83 10.58 ~0.00
42.7 9.48 7.73 2 _ 10.05 9.13 -0.35
33.0 7.73 8.38 R™ =0.9885 8.40 7.75 0.02

f. Adsorption at 35 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis wet basis
90.1 16.22 19.36 _ 18.70 15.75 —-0.47
84.2 13.69 15.86 a=-00138%85 s 14.11 0.42
73.7 1191 13.52 _ 13.65 12.01 0.10
52.8 8.97 9.85 b= 17465 9.82 8.94 —0.03
427 7.57 8.19 2 _ 8.27 7.64 0.07
33.0 6.51 6.96 R =0.9963 - 6.85 6.41 -0.10

Note: a, b, R, same as in Table 1.
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Table 9. Comparisons of experimental and calculated moisture contents of Tainan No.
S corn ( skipping some original data)

a. Desorption at 15 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis dry basis dry basis wet basis

98.0 36.84 58.33 _ 58.03 36.72 -0.12

84.2 25.89 3493 a=-00112461 3445 25.62 —0.27

52.8 14.76 17.32 b=1.4410 18.46 15.58 0.82

42.7 12.40 14.16 2 - 15.00 13.04 0.64

33.0 11.68 13.22 R™=0.9892 11.93 10.66 —-1.02

b. Adsorption at 15 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis dry basis dry basis wet basis
90.1 17.22 20.80 _ 21.97 18.01 0.79
84.2 14.59 17.08 a=-0.1218171 17.33 14.77 0.18
73.7 11.75 13.31 _ 12.35 10.99 -0.76
52.8 6.49 694 009528 6.74 6.32 ~0.17
42.7 4.68 491 2 493 4.70 0.02
330 3.27 3.38 R*=0.9960 3.49 3.37 0.10

c. Desorption at 25 C

rh, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis wet basis

84.2 1841 22.56 _ 21.89 17.96 ~0.45

73.7 15.38 18.18 a=-0.0031846 18.72 15.77 0.39

52.8 12.01 13.65 b=2.0614 14.15 12.40 0.39

42.7 11.04 12.41 2_ 12.24 1091 -0.13

33.0 9.64 1067 N ° 09899 10.43 9.45 ~0.19




Table 9. Comparisons of experimental and calculated moisture contents of Tainan No.
5 corn (cont.)

d. Adsorption at 25 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis wet basis
90.1 18.35 22.47 _ 23.27 18.88 0.53
842 1593 18.95 a=-0.0756658 18.90 15.90 —0.03
73.7 12.65 14.48 _ 14.04 12.31 -0.34
52.8 8.01 8.71 b=1.0867 8.26 7.63 -0.38
42.7 5.48 5.80 2 _ 6.28 591 043
33.0 455 477 R*=05941 4.63 4.43 -0.12

e. Desorption at 35 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis dry basis dry basis wet basis

84.2 18.87 20.29 _ 19.83 16.55 —-0.32

737 1437 1678 8- 00027266 ., 14.60 0.23

52.8 10.88 12.21 b=2.1816 10.28 11.61 0.73

42.7 10.69 11.97 2 _ 11.45, 10.28 ~-0.41

33.0 9.17 10.10 R®=0.9732 9.85 8.96 -0.21

f. Adsorption at 35 C

th, % Experimental MC, % EMC constants Calculated MC, % Difference
wet basis  dry basis dry basis wet basis
90.1 17.83 21.70 _ 20.96 17.33 —0.50
842 15.00 17.65 a=-0.0357994 17.77 15.09 0.09
73.7 12.10 13.77 _ 14.04 12.31 0.21
52.8 7.98 8.67 b=13699 9.22 8.44 0.46
42.7 6.94 7.46 2_ 7.41 6.90 —0.04
33.0 5.76 6.11 R*=09940 5.83 5.51 -0.25

Note: a, b, R, same as in Table 1.
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1 — (rh/100) = exp (a MP)

For different temperatures, it is necessary
to get different sets of constants a and b.

In regard to local varieties of paddy and
corn, it seems that only the desorption
EMC isotherms obtained in this study are
appropriate for use. For generating
adsorption isotherms, more experiments
should be conducted in order to get better
results.

Further studies may be done on relat-
ing EMC model constants a and b with
absolute temperature T. If it is successful-
ly developed, then a 3-D EMC model with
temperature as the third axis will be very
possibly constructed.
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