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Fig. 1 (a) Schematic illustration of TEMPO-mediated oxidation of cellulose; (b) Designing strategy for the PVA/CNF-DF/

CDR composite hydrogel.
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Fig. 2 FTIR spectra of cellulose cotton linter, CNF, and the
PVA/CNF-DF/CDR composite hydrogel.
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Fig. 3 TEM image of CNF.
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Fig. 4 SEM images of the longitudinal sectional view (a)
and the cross-sectional view (b) of the PVA/CNF-DF/CDR
composite hydrogel with 5 wt% PVA and 0.6 wt% CNF;
SEM images of the longitudinal sectional view (c) and the
cross-sectional view (d) of the PVA/CNF-DF/CDR composite
hydrogel with 5 wt% PVA and 1 wt% CNF. The red arrows
were the oriented alignment of the hydrogels.

R 7 1) B BT ) T 35 R A O 42 1) = 4 i K R
ZILE (KB 4b)14(d)). MHELZ T, CNFE&EA
1 wt% i 1] 4% [ PVA/CNF-DF/CDR 7K & fis 3 7 (1)
W 2 £ R BN EE , BRI HEB R G oK £ 4 2 TR) ]
LB UL ER BB 4 4 I B A A2 2 (] 4(c)). X
& BT 5 B 7K B IR AE B i P A P2 AT e i
FEH, CNF A1 PVA 53535 H i 5 ) B, 8 )
AsE B E Y, B CNF & &,
S BRI N, MR AT YRR,
T SEHL T & A KB a4k . A 1R IR 22 7L
SER B BE#E CNF & 2 8 A8 o880, 4L
% H(275.31£51.41) nm (K 4(b))Jk /> M (191.11+
31.70) nm (&l 4(d)). B2 1 WOIR &5 7 R T
PVA/CNF-DF/CDR 7K # % 3t 57 B A 5 4 1 i A%
17H.
2.3 PVA/CNF E5/KBREHREITA
2.3.1 PVA/CNF & A /KEE 145 [ A s S 1
B AR 1) 85 1) S PR RO 5 4 T 3 350 % )
SEPER AR AT N . B 5 9 PVA/CNE-DF/CDR 7K e
FLRAE AT AR BT AR 5 ) b f e R
(G SHAERR(G"). 7E 1 Hz I, = A/KEHM G )
G 5053 °4(76.77£1.61) kPa F1(42.93+1.34) kPa;
G" /1 G" 53 N(5.44+0.26) kPaF1(3.710.13) kPa.
N T EWE A KEER RS & R, X
AT I 11/ Y2 B A B S 1 T ) (L) =
() Zh A5 B 1) B AR N 25 1) S ME LU AR . GG &

100000 el el 10000
|1111] Parallel |1l Parallel

80000L — V}emcal — Vertical | 8000
—~ 60000F 16000 =
<
& &
© 40000} == {4000 °

20000f — 12000

0 0

Fig. 5 Storage modulus (G') and loss modulus (G") of the
PVA/CNF-DF/CDR composite hydrogels in parallel (/) and
vertical (L) to the direction of directional freezing at 1 Hz.
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Fig. 6 Storage modulus (G') and loss modulus (G") at 1 Hz
as a function of strain for the PVA/CNF-DF/CDR composite
hydrogels in parallel (/) to the direction of directional
freezing with varying contents of CNF (0.6 wt%, 0.8 wt%,
1.0 wt%, 1.2 wt%, and 1.4 wt%, respectively).
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Fig. 7 Storage modulus (G"), loss modulus (G"), and loss coefficient (tand) at shear strain of 0.5% as a function of frequency
for the PVA/CNF-DF/CDR composite hydrogels in parallel (/) (a, b) and vertical (L) (c, d) to the direction of directional
freezing with varying contents of CNF (0.6 wt%, 0.8 wt%, 1.0 wt%, 1.2 wt%, and 1.4 wt%, respectively).
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Abstract Biomimetic construction of extracellular microenvironment with dynamic viscoelastic behavior is an
important strategy for the design of extracellular matrix (ECM) in tissue engineering. In this study, a poly(vinyl
alcohol) (PVA)/cellulose nanofiber (CNF) composite hydrogel with anisotropic structure was constructed through
the cooperative strategy of directional freezing (DF) and confined drying and re-swelling (CDR). The prepared
composite hydrogel showed the oriented fiber arrangement structure parallel to the directional freezing direction.
Rheological experiments showed that PVA/CNF composite hydrogel had anisotropic dynamic modulus (G', =
(76.77£1.61) kPa and G'| = (42.93+1.34) kPa; G", = (5.44+0.26) kPa and G", = (3.71£0.13) kPa). The energy
storage modulus (G') and loss modulus (G") improved with the increase of PVA content in the low frequency and
low strain regions, and showed a tendency of increasing and then decreasing with the increase of CNF content.
The results of stress relaxation experiments indicated that the composite hydrogel had viscoelastic properties.
Therefore, the viscoelastic properties and rules of the composite hydrogel with anisotropic structures summarized
in this study have potential applications in guiding the design of tissue-engineered biomimetic ECM and its effect
on cell biological behavior.
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