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Effect of Temperature and Relative Humidity on Water
Adsorption and Model Fitting for. Baicalin
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Abstract : Baicalin is a kind of flavonoids and extracted from the roots of Traditional Chinese Medicine Scutellaria ba-
icalensis Georgi. It has antibacterial , diuresis, anti-inflammatory, spasmolysis and antitumor function. However, baicalin
has hygroscopicity due to the polar groups of the hydroxyl and the carboxyl,so the objectives of this study were to investi-
gate the effects of temperature and relative humidity on,the hygroscopicity characteristics of baicalin, and to develop an
adsorption isotherm model. Results showed that low temperature and high relative humidity led to higher equilibrium
moisture content for moisture adsorption processes. At higher temperature,the equilibrium moisture content was reached
over a shorter time indicating a higher.adsorption ratesrelative humidity was also positively correlated with the adsorption
rate. To fit experimental data results indicated that the double exponential model was the most suitable for fitting the
moisture adsorption kinetics’curve and the Peleg model was the most suitable for fitting the adsorption isotherm with R’
= 0.9984 for baicalin by the 1stOpt statistical analysis software package.
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Fig. 1 Chemical structure of baicalin (C,, H,0,,).
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Water activity of saturated salt solution and sulfuric acid of different concentration at 25 C

Saturated salt solution
and sulfuric acid

Relative humidity (% )

CH; COOK
CaCl,
48% H,S0,
K, CO4
LiNO;
44% H,S0,
NaBr
NaCl
KCl
KNO;

22.45
31.00
40.52
42.76
47.50
48.52
57.70
75.28
84.26
92.48

1.3° it o

FH 1stOpt GE 3t 43 A 5044 %68 W 1 5l 27 il 2 il
MR o 45 T £ EA T 4, 1stOpt & L4 s B R A 7]
(7D-Soft High Technology Inc. ) Jii 57 F+ % , A 524
B BRI — BRI A M 255 T R 3R
1o TEARLAERIA, h& WG IRt A A 28K
FEB SR AR , et/ AR SV L A0) 55 0TSl SHORE A A, 5 e
— i, E RS

il 07 AR 22 (RMSE) |, 5% 22 °F J7 Al (RSS)

FesE RE(RY) 3 AMGEiH S HOR K IR 1 #1454
R, 3 ASZHM KB 004, RMSE =




312

KIRF=YIBE R 5T K

Vol. 30

y, RIS, v, ST KR, n R S B I %K
R RBC(RY) M B BT 1, 3y 7 R R
(RMSE ) 15k 2277 il (RSS) B5E M 0, F2 1]
T8 1 480 200 SR B A, 52 56 (1 5 90 (1 78 3%k 4
IR

2 ZWHER

2.1 REXFEREEHZME
2.1.1 REHHFWE

LX) B R I By A th R iy s e ] 2 e
N, BT B B ) A 2R AT, SR IR 43R 5
AN, FE AR AR, B A AN T B K 4
FEUBERAT O AL TR AR AR, SR I B2
BT TR AR PR R A 5 R Y, B T R EE RN R
FEARZS 5 e 2 A= (R 7K 78 =0T ol 8 25 LA WO
PEo MR 25 CTHEE] 45 C P | %
I/, BB R MR RGO BT IR R B, K
TR G 1R RN 5 B B I R, A 5
MRPEBRES . 25 CH 200 h 5 PR A 73 R ORREAN
AFTM 45 CHF 100 h f5 PO A 4 AR RS 35X
Tt B IR PR R R 0 81 R AP B e b

6

4

Moisture content (%)
Moisture content (%)

Sy iR BRI R il BEBAR , P o R OR
L VEE T B IR B 23 AP R K 2 SR R R
TS R K 2 R R B A

64
—=—25 C|
——45C

Moisture content (%)

T T T T
100 150 200 250

Time ()

T
50

B2 25 CH45 CTESHNBRESNFHLE
Fig.2 The moisture adsorption kinetics of baicalin at 25 C
and 45 C
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Fig. 3==Moisture adsorption isotherm
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Fig.4 The moisture adsorption kinetics of baicalin at rela-

tive humidity of 75.28% and 47.50% at 45 C
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Table 2 Model fitting of moisture adsorption kinetics curve

Model

Model expression

Double exponential model

Binomial equation

V= yoAe ™ Be

y=Ax®+Bx + C

Logarithmic model ¥y = A ¥ Blnx
Higuchi model y = Kx%®
Weibull equation toln S =Alnce B
the Zero order process y =y, +Kx
the First order process y =y, (1-e™)

Ty P AFIRTT 23 sx 2 ] 5y \A BLC.D Al K W AR RUBEEIZ 40

Note:y was equilibrium moisture absorption rate; X was time;y,4A;B,C,D and K were corresponding model constant.
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Table  Values of model parameters and statistical coefficients for moisture adsorption kinetics curve of baicalin at 25 °C

Model A B C D Yo K RMSE SSE R?
Double exponential model 3.1130  2.8791. 0.07662 0.008441  5.9829 0.02862  0.01065  0.9997
Binomial equation 070001202 0.04438  1.5233 0.3836  1.9126 0.9379
Logarithmic model 0/7053  1.1722 0.08879  0.1025 0.9967
Higuchi model 0. 4220 0.6551 5.5791 0.9185
Weibull equation 0.4102  4.9665 0.1361  0.2406 0.9398
the Zero ordér_process 2.2948  0.01706  0.7137  6.6225 0.7850
the First order process 5.2187  0.03591  0.2763  0.9923 0.9734
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Table 4  Values of model parameters and statistical coefficients for moisture adsorption kinetics curve of baicalin at 45 C

Model A B C D Yo K RMSE SSE R?
Double/ exponential model 0.09602  0.5666 0.4751 0.02158  0.6625 0.01174 0.001930  0.9973
Binomial equation -1.9987 x10°0.006796  0.1167 0.04750  0.03159 0.9552
Logarithmic model 0.1038 0. 1454 0.02893  0.01254 0.9822
Higuchi model 0.05093 0.07671  0.08239 0.9196
Weibull equation 0.5238 2.6283 0.1092 0.1552 0.9753
the Zero order process 0.2231  0.002386  0.1120 0.1755 0.7510
the First order process 0.6456 0.02961  0.02925 0.01317 0.9815
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Table 5 Model fitting of moisture adsorption isotherm

Model Model expression
Mod-BET ¥ =v,Cx/[ (1-x) (1-x +Cx) ]
Halsey y=[A/In(1/x) /8
Smith y = A-Bln(1-x)
Henderson y=[-In(1-x)/A]"®
Oswin y=A[/(1-x)]P
GAB v = yo CK¥/ (1-Kx) (1-Kx + CKx)
Peleg y = Ax® + Bx"

1 : Mod-BET J2 &2 (1) Brunauer-Emmett-Teller #57 ; GAB & Guggenheim-Anderson-de Boer #5575y A - I 1 493 5 x MAHX 2 5y, A B.C.
D 1 K R ARRL AR S HL

Note ;: Mod-BET was modified Brunauer-Emmett-Teller model ; GAB was Guggenheim-Anderson-de Boermodel ;y was equilibrium moisture absorption rate;
x was relative humidity;y,,A,B,C,D and K were corresponding model constant.
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Table 6 Values of model parameters and statistical coefficients for adsorption isotherm of baicalin at 25 °C

Model A B C D Yo K RMSE SSE R?
Mod-BET 4.4345 0.8332 1.2265 15.0435 0.8546
Halsey 1.3637 1.2238 1.1302 12.7743 0.8868
Smith -1.5914 4.4707 0.5127 2.6281 0.9745
Henderson 0.4961 0.7128 0.7092 5.0300 0.9567
Oswin 1.7250 0.7126 1.0059 10. 1186 0.9114
GAB 3.5620 x 107 5.4537 x10°  0.6967 0.5970 3.5645 0.9737
Peleg -1003.5829 " #1013. 8332 5.2876 5.2398 0.1295 0.1678 0.9984

x7T 45 CHESHRMEREAZITZSHMNRESY

Table 7 Values of model parameters and statistical coefficients for adsorption isotherm of baicalin at 45 °C

Model A B C D Yo K RMSE SSE R?
Mod-BET 5.2966 0.003583 0.003692 0.0001363 0.9231
Halsey 0.001896 1.1992 0.003275 0.0001073 0.9451
Smith -0.006116 0.01866 0.0009769 9.5436 x10° 0.9946
Henderson 23.1173 0.6995 0.001433  2.0536 x10° 0.9899
Oswin 0.007219 0.7268 0.002715  7.3733 x10° 0.9629
GAB 0.0001789 41.0661 0.7170 0.001044  1.0908 x 10° 0.9954
Peleg 0.03543 0.02357 2.6168 7.3299 0.0005584 3.1178 x10° 0.9982

L5425 °C 1 45 °C (34 45 5 5k F : Peleg . F1 SSE {H#{IX, H. Peleg 1% 5 Smith ,GAB Hender-
Smith , GAB #l Henderson #/ fi) R* {H#¢75, RMSE  so A5 RUAH Fb J % 78 O Bk 3T 5% 22 BEHL 20 A, Fir LA
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