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Abstract

A capillary method was used to evaluate the properties of mass transfer process and diffusion
coefficients in the gel food. Amaranth dye was selected as a diffusant material to visualize the degree
of diffusion procedure easily. After contacting cylinder containing agar gel with amaramth dye solution
for some hours, the gel was cut to five segments by 0.5cm in length. The diffusant concentration
from the segments were measured by the spectrophotometer at 523 nm. Prediction models for the
diffused quantities in gel food were established by the regression program of SPSS package program.
Generally, diffusion coefficient can be calculated by Fick’s second law, however, it will be determined
by using numerical analysis method more easily. Finally the diffusion coefficients in this research
were calculated by arithmetic mean of the measured values. As raising gel agent concentration, the
mean diffusion coefficient tended to decrease because the obstruction effect came to become significant.
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B A&l A= agar(Junsei Co., Lot No. 9H1366)E
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Fig. 1. Experimental apparatus used for diffusion pro-
cess
1: 250 m/ flask, 2 . piston, 3 : scaled cylinder by 1mm
length
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Fig. 2. Comparison of diffusant concentration of second
slab and time at various agar concentrations
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Fig. 3. Comparison of diffusant concentration and le-
ngth at various time when agar concentration is 1%
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Table 1. Coefficient values in the proposed model of

A Eea] A A 23 A 2 5(199D)

the length depending on diffusant concentrations

Table 2. Coefficient values in the proposed model of

the time depending on diffusant concentrations

Agar Time Coefficient values R-square Agar Length Coefiicient values R-square
(%) (hr) A A, (%)  (cm) A, A,
1 06 —0.37850 5.00275 097752 1 2.5 3.79410 —12.84860 0.94037
12 —0.34610 5.10885 0.97923 2.0 2.74508 —8.15520 0.88890
18 —0.22578 445595 0.97875 15 1.60478 —3.35154 0.97081
24 —0.21023 464755 0.95631 1.0 0.79941 0.06193 0.96712
2 06 —0.30172 3.86424 0.93458 0.5 0.31014 2.22092 0.97451
12 —0.35642 5.00217 0.97102 2 2.5 1.08269 —5.43637 0.78908
18 —0.24898 4.59062 0.97827 2.0 2.40880 —7.56464 0.84688
24 —0.25960 491144 0.94360 15 1.98041 —4.75773 0.98670
3 06 —0.36299 4.17828 0.99205 1.0 1.15691 —1.17389 0.99225
12 -0.33673 4.56319 0.97766 0.5 0.28455 2.24035 0.93471
18 —0.26375 441919 099173 3 2.5 2.81884 —10.34033 1.00000
24 —0.22753 435328 0.99718 2.0 1.84823 —6.22483 0.99217
4 06 —0.30981 2.98345 0.79860 1.5 1.93074 —5.09720 0.96314
12 —0.32891 4.37681 0.99357 1.0 1.25961 —1.75015 0.97052
18 —0.31032 4.69073 0.97204 0.5 041588 1.74304 0.94942
24 —0.28429 4.58299 0.97695 4 25 2.81884 —10.54325 1.00000
2.0 2.00781 —7.14430 0.97882
1.5 3.17983 —9.02002 0.96217
1.0 1.33533 —2.19766 0.96345
al 0.5 0.35012 1.72650 0.96552
% 4% Eul7) veld 184 7k3) 24A17H¢]
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Fig. 4. Relationship of diffusant concentration and le-
ngth at various agar concentration when time is 18
hr
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Fig. 5. Relationship of diffusant concentration and time
at various agar concentration when length is 1.5 cm

Table 3. Coefficient values in the proposed model of
the agar concentration depending on concentrations

Agar Length Coefficient values R-square
(%) (cm) A; A,
06 2.5 —0.05776 —2.65493 1.00000
2.0 —0.04567 —2.71672 0.74667
15  —020307 —013204 094535
10 —009073 141070  0.89259
0.5 —0.03280 2.85228 0.95789
12 25 - - -
2.0 000685 233668  0.10714
15  —0.77340 032489 083737
10 —0.09073 195593  0.93769
0.5 —0.02458 2.99023 0.97280
18 25  —013233 —131790 094241
20 —0.08705 012095  0.84950
15 —0.06581 135972 095277
10 —0.06581 235890  0.99119
05  —0.04054 310906  0.97027
24 25  —009563  -115148 055991
20  —0.0552 072034  0.98856
15 —0.07297 ".82446 0.96770
10 —005154 267598  0.93985
05  —0.02909 330455 091033
Ao el ol
Ln(C) =A,Ln(t) + A;G*+A, (11)
C=Exp(As+A,G?) X t* (12)
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Fig. 6. Relationship of diffusant and agar concentration
at various time when length is 1.0 cm

Table 4. Coefficient values in the proposed model of
the length and time depending on concentrations

Length Coefficient values R-square
(cm) A, As Ay
25 —0.07054 097716 —4.60870 0.56861
2.0 —0.05638 225566 —6.86617 0.89190
15 —0.10380 2.17394 —-4.77815  0.91847
1.0 —0.05635 1.13782 —8.42330 0.94429
0.5 —0.02687 0.34017 2.18425  0.95975
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et
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Table 5. Coefficient values in the proposed model of
the length, time and agar concentration depending on
diffusant concentrations

Coefficient values R-square
A A, A, A
141682 028528 —0.06175 1.16880 0.93096

Table 6. Diffusivities of amaranth dye in the agar gel

Time difference Diffusivity(cm?/sec)

(sec) 2nd slab 3rd slab

21600 0.000003929 0.000002701
21600 0.000004477 0.000005934
21600 0.000010163 0.000008409
43200 0.000003972 0.000005257
43200 0.000006525 0.000006373
64800 0.000005210 0.000006494

Table 7. Mean diffusivities of amaranth dye in the agar
gel

Agar Mean diffusivity
(%) . (X107° cm?/sec)
1 5.787
2 5.086
3 4.365
4 3.910

T A7 18~2447ko] He B9 o]
o swelling A4 7418 4 Qv 2ag vl 9l
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A : Cross sectional area(cm?)
At : Difference of time(sec)
D : Diffusivity(cm?/sec)
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