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In this study, we perform the basic verification of an extended Flory-Rehner (F-R) model using

experimental data of polyacrylamide hydrogels. The equilibrium free swelling and subsequent

uniaxial tensile tests are experimentally performed to determine two scaling exponents

characterizing the extended F-R free energy function for polymeric gels. To show the ability of the

two scaling exponents, the Ogden model is compared as the different strain energy in the F-R

model. The parameter set in the Ogden model cannot uniquely be determined to represent the

swelling effects on stress-stretch responses while the extended F-R model can predict them well

only with one scaling exponent. In addition, the other scaling exponent has a strong interaction with

the Flory-Huggins interaction parameter.
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Fig. 1 Relation of mass and volume of Specimens BIS10 and
BIS1S5 at States ES (equilibrium swelling), AP (as prepared), DA
(dry in air) and ID (ideal dry).
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Fig. 2 Stress-strain responses under uniaxial tension of
Specimens BIS10 and BIS15 at States AP and ES.
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Fig. 3 Predictions of F-R model compared with experimental
data under uniaxial tension at States AP and ES. Solid and broken
lines are based on parameter set at States AP and ES, respectively,
while dotted lines are based on that at opposite state.

Table 1 Parameter sets used for F-R model (FR), extended F-R
model (eFR) and Ogden model; E£4 and E; in kPa.

Specimen BIS10 Specimen BIS15
R State AP E~151.5 State AP Es~137.5
State ES E~141.5 State ES E~173.6
¢FR States E~178.0 States E~92.9
AP&ES  ;;,=—0.092 AP & ES  ;=0247
E=1020 E=95.9
Ogden ~ Sttes g 579 State AP E~73.9
AP & ES
(V=3) Ey=—152 E=-7.22x10"°
a1=0.598 a=0.26
a,=3.61 a,=2.52
a=-3.67x10" a=—-10.7
E\=723
State ES E=29.7
E=1.53x10"
=236
=237
=16.8

F—|T Neo-Hookean BUCEESNWTE Y, S FEHOMOEI Y ©
WA ERTHZLIITERY. LER-T, JREEESICH
NDEHI RS THOMOPE Y IZERT 2 LB D0
DOERZHETDHZEIETE RV, LLERS, Zo8%
B 1E, $E9E F-R &5 /113 BIS10 2 OV BIS15 (2xF L C, ke
WD LTI EMODRBRE EmMERRICHELT 5 2 L ITK
HLTW5.

Ogden T /L DFER% Fig. 5 1Z/”87. Ogden ET /LT,
Y T RONREEARTEEL E Loy T2 LK



500

BIS10 fitted by cFR |
L A )
400 >
—_ OA Experiments AT
< 300 f e
) A
= Porca
0T Guear  gnt
tate o OAg
100 SO A
State ES
/A
0 o1 K L L L L L
1 2 3 4 5 6 7 8
A4
(a) Specimen BIS10
400
| BISIS fitted by cFR |
300 f -
= oA Experiments -
@/ 200
>y
State AP
100 t 7S
@State ES
0 ﬁ 1 1 |
1 2 3 4 5 6
A4
(b) Specimen BIS15

Fig. 4 Predictions of extended F-R model compared with
experimental data under uniaxial tension at States AP and ES.
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Fig. 5 Predictions of Ogden model compared with experimental
data under uniaxial tension at States AP and ES. Solid and broken
lines are based on parameter set at States AP and ES, respectively,
while dotted lines are based on that at opposite state.
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Table 2 Comparison of ypr and yog with experimental values.

Specimen BIS10 Specimen BIS15
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States State AP ,,=0.506

Ogden =0.492
g AP&ES 406 State ES  4,3=0.505

References™ " 7=0.42~0.51
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Fig. 6  y.rr as a function of # and a.
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