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Preparation and Properties of Hydrophobic Pulp Fiber-Based
Insulating Foam Materials

ZHANG Zicong, HAO Fayi', LIU Weili, YU Wenlong

(College of Publishing, University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: The work aims to develop a hydrophobic, resilient, and biodegradable pulp fiber-based insulating foam.
With pulp fibers as the main raw material, sodium dodecyl sulfate as the foaming agent, polyvinyl alcohol as the
cross-linking agent, and cationic polyacrylamide as the binder, the pulp fiber-based foam materials were prepared through
a process involving pulping, mixing and foaming, drainage, and drying. To reduce the hygroscopicity of the pulp
fiber-based foam, a hydrophobic modification was performed by coating with a polylactic acid/silica layer. The
performance tests showed that the pulp fiber-based foam had ultra-low density (0.044 3-0.069 8 g/cm®), high porosity
(95.22%-97.04%), low thermal conductivity (0.071 1-0.081 1 W/(m-K)), excellent resilience (resilience up to 91.65%
after once compression, 87.77% after ten times of compression). The polylactic acid/silica coating significantly improved
the thermal insulation, and hydrophobicity (contact angle 132.3°) of the pulp fiber-based foam. Hydrophobic pulp
fiber-based foams can be used in cold chain packaging instead of traditional foams, supporting the sustainable
development of the packaging industry.
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Sulfate, SDS), Zrtali, LiZHBHIARAR;
ZJWE (Polyvinyl Alcohol, PVA ), Zr#frdl, LifE5)
BALEBARA R A A FHEFRNMEEN ( Cationic
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Fig.1 Preparation process (a) , crosslinking diagram (b) and hydrophobic modification
process of pulp fiber-based foam (c)
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Fig.2 Foaming properties of pulp fiber-based
foams with different conditions
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Fig.3 Wet foam stability at 0, 30 and 60 min (a) and
pictures in corresponding states (b)
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Fig.4 SEM images of pulp fiber-based foam uncoated (a, b), coated with
PLA (c, d) and coated with PLA/SiO, (e, f)
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Fig.5 FTIR spectra of pulp fiber-based
foams before and after hydrophobic
modification

2.3 [E45[O 3 ERE

R ) 7 2 R 2 038 i R 45 A 17 0
fili o ASTRIHC J7 AR £F A SEyf ik i) 25 B | FLBR R A ]
PRI 2, MEER E-3 RGNS N 50%HT, 5 1k
JE 45 89 8] 352k 91.65%, #EAT 10 Y48 IR A6 34
Ja . BISRRAEA I 87.77% SR PLA/SIO, X4
I LT o Fe o VR A R [l S T2, F-PLA/SIO,
YUK RS 1 R EI 2N 87.71%, 10 Y46 MBI
WG RISHRN 79.71%, AL 5 A HUN FRE. 48
LT R B SR BRI 3, (e R EY
FEIL R AL 7 T AT AR KWW 7o

K2 REAHEBANTE. FLERMESREEERE
Tab.2 Density, porosity, and compression resilience of
pulp fiber-based foam

BEARIF S BB/ (grem™) FLEAR/% P

1K 10 %

E-1 0.043 2 97.04 91.09 85.15
E-2 0.044 3 96.91 91.49 85.54
E-3 0.048 9 96.64 91.65 87.77
E-4 0.061 5 95.81 91.16 85.73
E-5 0.066 1 95.52 90.27 85.68
E-6 0.066 0 95.61 89.55 83.33
E-7 0.067 9 95.37 89.10 84.18
E-8 0.067 7 95.37 87.85 83.13
E-9 0.069 8 95.22 88.97 81.74
F-PLA/SiO, 0.077 3 94.71 87.71 79.71
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ZEILANP 6b B, F-PLA BYRIEAEEfl A4 108.8°, 30's
Ja A RIZU R 72.2°, 0000 PLA #2751 21 15
KM, HRORRER N . 1 F-PLA/SIO, B4 4h 2 fil
FA°h 132.3°, 045 1 min J5 32k N 126°, Ui PLA/SIO,
Tt P40 TR B mK e BB E et
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Fig.6 Droplet morphology on the surface of F-PLA/SiO, foam (a) and
contact angle of F-PLA/SiO, and F-PLA (b)
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Fig.7 Moisture absorption rate of uncoated
foam and F-PLA/SiO,, and F-PLA foams
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Fig.8 Thermal conductivity of pulp fiber-based foam
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Fig.9 Infrared photos of the top and side surfaces of uncoated (a, ¢) and PLA/SiO; coated (b, d)
pulp fiber-based foam on a heating plate thermostatic at 70 °C
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