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Application of large-size aerogel particles in waterborne aerogel thick thermal insulation intermediate paint
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Abstract: [Objective| To simplify the production process of waterborne aerogel thick thermal insulation intermediate
paint by directly adding aerogel particles with a particle size of at least 0.6 mm, instead of the conventional method that
involves a complicated pre-dispersion of micron-sized aerogel powder into an aqueous slurry with a certain solid content.
[Method] Acrylic emulsion used as the film-forming material, aerogel particles as the thermal insulation filler, and hollow
glass microbeads as the auxiliary thermal insulation filler and supporting framework for the thick coating. The effects of
the particle size and dosage of aerogel particles, the minimum film-forming temperature (MFFT) and dosage of acrylic
emulsion, and the particle size and dosage of hollow glass microbeads on the thermal conductivity, adhesion strength,
and flexibility of the intermediate coating were studied. [Result] When the formulation contained 30% (mass fraction) of
acrylic emulsion with an MFFT of 14 °C, 13% (mass fraction) of hollow glass microbeads with a particle size of 0.6 mm
and a true density 0.15 g/cm?, and 7% (mass fraction) of aerogel particles with a particle size of 0.6 mm, the coating
achieved balanced properties: thermal conductivity 0.038 61 W/(K-m), adhesion strength 0.96 MPa, and flexibility at
least 100 mm. [Conclusion] Compared with a waterborne aerogel thick thermal insulation intermediate paint prepared
using the same dosage of aerogel powder with a particle size of 50 um, the coating made with large-size aerogel particles
not only exhibits much better performance, but also simplifies the production process, showing considerable market
application value.
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TEALGE B £ T2 rh 22 R FI/INRLAZ (2050 wm) BBEIRENS S 1) 46 7K Mk A o Mg 24 P J5E 00 v i . il
AN IR IR SR AT PR 2 7 O SBEROR R E A BR IR RH 46 H S IR ECN 0.042 W/(Km)
TR VPSR — 1 T 20K R B SRR A 30% [E S R HRRL, BRI 4 H K I SR
Fafamkls B SRS ISIR AR 7R B 10% 06 &gk, il SR ECN 0.041 W/AK-m)FH iR
Bo BRI E B B AK R AR B2 B, W5 e s S ple), EiEM E A R iR, X
B2 R E R T 20 SRR A ] 2% B — o [ 5 B (R K SRR A, AN 7 AR A, i ELYR 9%
BBV . FORAZ (0.5 mm LA_b) (B IBURL FH R4 KM ANZS 55 80% , n] BB INTE TR b3 rp LR i B
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Table 1 Formulation of waterborne aerogel thick thermal insulation intermediate paint

JER} Ji U % Ji RS %
yipial! 0.1~0.2 R R 7 1~2
pH 55 0.1~02 s 71 1~2
T 7 0.1~03 AR R 3~9
MEMEb 0.4~0.6 2 OBk 9~15
vanienl 0.4~0.6 EBTK KE
A I R LK 25 ~40

1.3 HAHE

%2 T/CECS 10126-2021 (SEURAHRERGEI RS , RS T VR 20 IEHE ) 30 mm JEi% 2K
WS RE ISR YR e b AR A R AE SR AR 1) 2 mm JE 3R JZ MR S5 0% o 755 AR k&) 2 mm
BEgE, TR ENS R RSO _EVIEIHE 10 mm x 10 mm x 10 mm FRBe k] & 333
T ABE (SEM) A G A B A R B o
1.4 MRERIE
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Table 2 Properties of coatings prepared with different particle sizes and dosages of aerogel particles

SR RLAE/ mm Ji = 5 Y% S AR (WK 'm™) K250 5/ MPa FHIE

3 0.042 91 1.22 100 mm JER 4L

06 5 0.040 32 1.10 100 mm JEH 4L
7 0.038 61 0.96 100 mm JEH 4L

9 0.037 02 0.53 100 mm A7 &L

3 0.040 22 0.76 100 mm A 24

1 5 0.039 09 0.62 100 mm 4L
7 0.037 65 0.58 100 mm 43 2440

9 0.035 26 0.58 100 mm A 24

3 0.037 22 0.89 100 mm 4L

5 5 0.035 32 0.53 100 mm 5 £44(
7 0.032 56 0.48 100 mm A 24

9 0.030 63 0.26 100 mm A 4L
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#3 RATRESHIRERERFE TRHIREAERE

Table 3 Properties of coatings prepared with different types and dosages of emulsions

AT JR S HU Y% SRRy WK 'm™)  Ri45RSE/ MPa T
25 0.036 29 0.44 100 mm FEZ4L
30 0.038 94 0.52 100 mm JEZ 4L
A e
35 0.040 62 0.68 100 mm FEZLLL
40 0.042 32 0.99 100 mm TEF4L
25 0.036 52 0.87 100 mm A Z44L
s 30 0.038 61 0.96 100 mm JEREL
35 0.040 27 1.05 100 mm FEZL4L
40 0.042 38 1.12 100 mm JEZ 4L
25 0.037 01 0.98 100 mm 4L
c 30 0.039 22 1.01 100 mm & Z24;
35 0.040 99 1.03 100 mm 7 F4L
40 0.042 89 1.05 100 mm JEREL

&4 RATENEN=OHBRBRESFRE TR A

Table 4 Properties of coatings prepared with different types and dosages of hollow glass microbeads

OB S 5 Yo SHAK (WK 'm™) KL 4558/ MPa FWE
9 0.040 25 1.19 100 mm JEH 4L
B 11 0.039 76 1.06 100 mm JEH 4L
13 0.038 61 0.96 100 mm T4
15 0.037 51 0.56 100 mm JEHAL
9 0.048 22 0.96 100 mm JEH 4L
HL20 11 0.043 09 0.92 100 mm T L
13 0.042 65 0.88 100 mm JERAL
15 0.040 26 0.68 100 mm JEH 4L
9 0.051 22 0.99 100 mm JoZ4L
11 0.048 32 0.83 100 mm JER 4L
HL25 i
13 0.045 63 0.78 100 mm JE 4L
15 0.042 63 0.66 100 mm JoF4L
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Table S Comparison between properties of coatings prepared with 0.6 mm aerogel particles and 50 pm aerogel powder

a3yt SHAEH/ (WK m™) KL 4555/ MPa T
42N 0.6 mm R 0.038 61 0.96 100 mm FEEEL
FiAE R 50 um R4 0.042 25 1.02 100 mm T4
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e 1e W HAEE 2] A VIRERI 2 OB S Tk . XFEE 1000 £ RO 1c A 1If T RAE H, #TE RFLIR S
HRBZ, FHEEHRF. ZEINA, RAKAEN 0.6 mm KRR UL B MK S kR 26 H 5 5 iRz
SR MBS 2 LS M, IR AR S AR L

(d) 50 um, 50% (e) 50 pm, 100x (f) 50 pm, 1 000x

E 1 SAIRA 0.6 mm RESEERBRLI 50 pm RRSEEMABRAKESBRERERPIFFN SEM RA
Figure 1 SEM images of waterborne aerogel thick thermal insulation intermediate paint prepared with
0.6-mm-diameter aerogel particles and 50-pm-diameter aerogel powder, respectively
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Figure 2 Synchronous thermal analysis of waterborne aerogel thick thermal insulation intermediate coating
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