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Tab. 1 Basic parameters of phenolic resins and alcohol solvents

Phenolic resins

Alcohol solvents

. w(Free Curing . 5 Surface tension/  Boiling
0, 0, 0, .
w(Resin)/% phenol)/% w(Boron)/ % w(HMTA)/% temperature/'C Density/(gecm™) ( mNem") point/C
BaPF 82.1 153 150 Et-OH 0.79 223 78
TPPF 85.0 4.5 9 150 NPA 0.80 24.5 97
BPF 94.0 3.5 2.9 200 /
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Fig.1 (a)Preparation process and (b)synthesis mechanism of PFR aerogel



Tab. 2 Orthogonal experimental group numbers and experimental conditions

Samples Pre(c;l/[r;;)sr;zig;lon tem;s)grle-lgtjll‘e C Atmospheric drying conditions

BaPF-Et-OH BaPF:Et-OH:catalyst=1:8.5:0.05
BaPF-NPA BaPF : NPA :catalyst=1:8.5:0.05

3 The wet gel was placed in the

TPPF-Et-OH TPPF:Et-OH:catalyst=1:8.5:0.05 % atmosphere for 1 d and then heated

TPPF-NPA TPPF: NPA :catalyst=1:8.5:0.05 and dried in an oven for 24 h

(60 'C,90 °C, 120 C, 150 C)

BPF-Et-OH BPF:Et-OH:catalyst=1:8.5:0.05
BPF-NPA BPF : NPA :catalyst=1:8.5:0.05
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Tab. 3 Macroscopic characteristics of the reaction process of the six experimental groups

Sample Solution state Wet gel state Acrogel state Gel time/h Drying ;il)rinkage Density/(g*cm™)
BaPF-Et-OH Homogeneous Elastic solid Red hard solid 10 20 0.23
BaPF-NPA Phase separated Elastic solid ~ Black hard solid 10 85 1.00
TPPF-Et-OH Homogeneous Elastic solid  Yellow hard solid 5 5 0.18
TPPF-NPA Homogeneous Elastic solid ~ Yellow hard solid 5 10 0.19
BPF-Et-OH Homogeneous Soft gel Black hard solid 12 75 >0.90°
BPF-NPA Homogeneous Soft gel Black hard solid 12 75 >0.90°

note: a and b indicate that the density is the minimum density value estimated by geometric method
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Fig.2 (a)Photographs of different PFR aerogels; SEM images of PFR aerogels under (b) low and (c¢) high magnification pixels
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Fig.4 N, adsorption-desorption isotherms of PFR aerogels (inset: BJH pore size distribution curve)
Tab. 4 Porosity parameters of PFR aerogels
Samples S *per/(m’eg™) S /(m*eg’) S Cneso/ (Mo g™ Voul(cm’ s g™") V ol (e’ s g7)
BaPF-Et-OH 31.767 4.067 17.634 0.056 0.060
BaPF-NPA 56.733 58.954 59.600 0.161 0.198
TPPF-Et-OH 37.616 43.353 30.154 0.080 0.083
TPPF-NPA 61.174 62.875 63.168 0.182 0.025

notes: “BET specific surface area; "micropore (<2 nm) surface area calculated by DFT method; “BJH desorption cumulative surface area with pore size
between 2~1000 nm; ‘total pore volume at P/P=0.995; ‘BJH desorption cumulative pore volume for pores with diameters between 2~1000 nm
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Fig.5 (a) Compressive stress-strain curves; (b)relationship between compressive strength and density
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Fig.7 (a)Relationship between the thermal conductivities and density; (b)schematic diagram of aerogel heat transfer mechanism.

Heat conduction through the network skeleton formed by primary particles (gray particle chains), gas phase heat transfer

(thick arrow) and radiative heat transfer (corrugated arrows) in the open pore structure of aerogels
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Preparation and Synthesis Mechanism of Phenolic Resin Aerogel by Sol-Gel
Method

Jiamin Fan, Yan Qin, Huadong Fu, Zhenyue Zou, Chenyi Xue
(School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

ABSTRACT: A facile, rapid, low-cost and low temperature sol-gel polymerization and atmospheric drying process
was developed using commercial phenolic resin as raw material. Gels were prepared from three different phenolic
resins (low viscosity barium phenolic resin, thermoplastic phenolic resin and boron phenolic resin) using ethanol and
n-propanol as solvent, respectively. Scanning electron microscope (SEM), automatic specific surface area and porosity
analyzer, Fourier transform infrared spectrometer (FT-IR) were applied to analyses the synthesis mechanism, skeleton
and pores structure of aerogels. The prepared aerogels have the density of 0.17~0.23 g/cm’, compressive strength of
0.68~0.80 MPa and low thermal conductivity of 0.039~0.046 W/(m- K) with porous nano structure. Results show that
there is strong selective matching between phenolic resin and alcohol solvents. Low-density barium phenolic resin
aerogels could only be synthesized in ethanol while homogeneous thermoplastic phenolic resin aerogels were easier to
be prepared in n-propanol solvent. However, it is difficult to obtain boron phenolic resin aerogels for its high curing
temperature via this method. This low-cost and facile aerogel preparation process is of great significance, which can
promote the large-scale preparation and industrialization of organic phenolic aerogels.

Keywords: commercial phenolic resin; aerogel; low temperature sol-gel polymerization; ambient pressure drying; low-

cost



