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Tablel Parametersand material propertiesof aerogels prepared by template-free chemical vapor deposition method

Target aerogel  Raw materials  Temperature/ 'C

Timeth  Density/(g-cm™) Sger/(m?g™)

Thermal conductivity/

(WemKY) Reference

Mechanical property

SiC Siloxane xerogel 1450 2 0.005

CaCO;, C

SiC SO, S 1500 7 ~0.009

CaCQO;s, C

SiC S0, S 1500 5 0.011

CaCO;, C

SiC SO, S 1400 2 0.004

Si, SO,
C
Propane
Ar
Acetylene
Ar, Hy
CH,4
Ho, Ar 0.032—
Ferrocene 1200 <1 0.055
Thiophene
Ha, N2
Ferrocene
Nickelocene
Cobaltocene
Thiophene
C"®H,, ethanol,
toluene
Carbon H,, Ar 1200 - -
Ferrocene
Thiophene
Waste engine oil
Ferrocene 1150 - -
Thiophene
Ethanol
Ferrocene 1250
Thiophene
Ethanol
Ferrocene 1000 <1 -
Thiophene
Acetone
Hy, Ar
Ferrocene
Thiophene

SiC 1400 2 0.036

Carbon 950-1 000 5 0.12

Carbon 700 - -

Carbon

Carbon 700-1 250 - -

Carbon

Carbon

Carbon

Carbon 1200 - -

1000 cycles
(£:40%) [27]

6% deformation
100 cycles(s:60%)
slight deformation

78.00 0.026(26 C)

163.85 0.020(26 C)

0.027(26 C)
_ 0.041(200C) 1000 cycles(z:60%) [26]
0.069(400 C) slight deformation
0.105(600 C)
0.035(26 C)
B 0.041(100 C) 100 cycles(e:40%) [35]
0.067(300 C) 5% deformation
0.125(500 C)
0.020(26 C)
- 0.055(500 C) - (36]

12.80 0.049(26 C)

[25]

0.543MPa
(Compressive strength)

365.00 - - [33]

[24]

0.127-0.137
170.00 (26°C) - [32]

- - - [41]

- - - [40]

142.90 - - [37]

308.56 MPa
395.00 - (Tensile strength) (38]

- - - [39]

- - - [42]
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Step 3. Free-standing SiC
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highly porous 3D network.
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Fig. 2 Growth process of aerogel prepared by template-free chemical vapor deposition!?”!
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Table2 Parametersand material properties of aerogels prepared by template-assisted chemical vapor deposition method

Thermal
Tagel  pow materials Templates Time/h  Density/(g-cm™)  Sger/ (M?g™)  conductivity/ ~ Mechanical property  Refernce
aerogel (W-m K
BN B20s, N2 Activated carbon 0.75 0.270 167.80 - - [52]
BN B,O3, N> Graphene aerogel - - 431.00 - - [53]
BN Borazine Graphene/CNT 05-2 0.001 1051.00 - - [54]
aerogel
Borazine -
BN - 0.020(26 C) Superelasticity up to
sic Hydrld_opolyca Graphene aerogel 33 0.000 1 1080.00 0.002(vacuum) 05% [28]
rbosilane
Support aweight of
CH, ! 2009
Carbon Hy. Ar SiO, aerogel - 0.002 970.00 - (Own weight of 4.8 [29]
mg)
CHy ’ Support over 10 000
Carbon Hav Ar SiO, aerogel B 1590.00 B times its own weight [30]
BN B2Os, N2 GOJ/CNT aerogel - 0.001 716.56 - — [55]
] . 0.11MPa
: Polycarbosilan ~ Carbon foam |oaded 0.030(26 C) :
SiC . oA 6 ~0.030 - . (Compressive [56]
e with Ni 0.230(900 C) strength)
0.020(26 C)
_ S@sio, y _ B 0.031(400°C) 100 cycles(s:60%)
Sc nanoparticles GO aerogel = 0.051(800°C) 4% deformation (571
0.118(1 200 C)
0.026(26 C)
! Si@Si0, _ 0.039(200 C) 100 cycles(s:60%)
Sic nanoparticles SAn/GO aerogel 5 0.010 179.60 0.065(400 C) slight deformation (31

0.098(600 °C)

21 EMRRIRFELE SHIEUE

PR Bl AL 22 TR TTRNE R B SR LR S
R AR A RO RREAR R AL AR DTAR I 7 1%
FE R B BRI & AR H A SRR 4 &
B2, SR Je R IR o A 7 20 o 25 R [ A BARUA 75
B SRR EA AR A TR . I, Hofek
DUHFE RE UMY AR 5 F4) R 1] BT 7RI (10 544 o

PR AR B A 22 SR ORI ) 48 R K
739 3AIERE: il AR L URDORR BLS B (L
K 4), HAR s & SR v EE, £ gk
JEEWRE TR iR AR RE , PR AR R 2R,
AR =2 LG, IEEH FERNGE 5 F 5 LBk
X, A RO AU R SRR
1 BIR—BRAKAE E ARR™,

1100 C

i ]
CVD

Etching
1n e

Annealing

Silica monolith Silica/graphene 3D graphene

B4 HE AR A A 2 SRR R ) 4% A B At i )
Fig. 4 Process of graphene aerogel prepared by inert template—
assisted chemical vapor depositionf?”

Huang 5k i SIO, SRER AR, % 1
FLA VU T 30 1) 2 IR A SR R, L RAT I

TR B (] SZ 4% B 40 000 £ 1 o ) AR v (1
000 & 80%~90% & 4 1ifi ¥ J5 B K B 77 £ B it it
80%). 534, 1% BAIE k7 DY I 1) 20 A
T SRR T A RRIR 2 RS R SRR
KRR R AT v bR T AR (1 590 mP/g) Al 5 HL R
(325 Sem) %54 i, AENfifRE#s I B A 303 F/g 1)
i FE S H 10000 G JE PR fF 2 T 98%, fERE
VAT B A BRI R /7. Song 0BT 8-
RPIRE B &SRO, §% TR AN
R, HEEELE 0.005 g/lem’®, [EIN LF BAA B E )
LT A (1 051 m?/g) Ml R W5 B RE 7 (RT MR AL 1 2
160 5 I3, X SRR A5 LA AR AR VAL AN R B R
S B A BRI T
22 GEMEMGEEN M E SRR

T PR A B AL 2 SAH TR L R 4R 1E miR A B
P SR SRR N oK = 4 2 FLBRAR Hh I SRR 4
o3 RAEJEAL R E 5 Frow), dEimfs 3 i s <k
fizo Han ZBR5E 7 LA LG TR iR, LIRS
AT N B FIIIR, 76 =R A R 2 LAk
AR 715, A I B AN BRI SRR
TEPERAA Z AL, (H B TiE R ALES AN
i 35— H G BRRTE [ & 2 FLEAR H IR AR A 75, A
AHI A R b 3 TR IR 9 M e AR (1) bR T
. Kutty 255 DU AL T BB ghRAE S BB A



3 52 &5 12

XL S5 AL AR DR SRR F 7T i i .+ 3901 -

PERRAR , 76 S iR N BN RS R AR R AL B AR,
#1145 =5 L 2R T AR (716.56 M2 g) T EAL I Uk . Uk
A, I AR SRR ) | R A A A T R s
PURFAS S ERCHI & H AR W, B 3 AT M
SRR

O (j Borazine
) )l OO

{*) Graphene template

BEBEEE FRR8S
_ Particle or branched-chain | 5~
In situ deposition polyborazylene l

N, oo

-0 O ) ;"/"\[";"’("\:"‘/)
0R BREARE PR
t}iil 500 ("-q(t{:-“’h > vt:' (‘ITXVYII V{J’:'J
ElLS2eSe0e000esc i 00000000

< > 1§

>3 ; ¢
BERERE oo
eassenes ol st

hBN Dehydrogenation  Further polymerized

KI5 R A A 2 SRR AR s AL
Fig. 5 Resaction mechanism of reactive template-assisted
chemical vapor deposition'®

SR FH AR e B0 235 SRR OB v AT ) 4 R K
2 W BA LB R (I 5 X un 2512898 2 ) 4% 1y L
15 41 Poisson’s LA 471 AV K R 2 0t 26 20 % FLF
SRIA B ASIAR , SR i M AR Bk SR
YRR 4 T BAT $7 Poisson's HL T AU K 2 4 &
IR, 1B ALBR 2 =ik 99.99%, % EAY
>4 0.000 1g/em®, 4k, 1t Poisson’s ELAE R AL,
WAL R PR R R S, S AR i
95%.

BRI PR 2 FLR AR AT Sy ]

A RA SR IE AR, [RIRE T o ) % ik Ak ik
BRI IR AR, HR BN SMERE(RES
SIOBM ik N % FLEE v I 5 B4 e A IR A R
WAk R, R AR K 2 FLEE R, BTS2
S -

— PR A RE G K 2 R0 — SRR RS K B (2
GEF AT ASZI R AF B PHATEUC IS, {2 X bR A ik
REYR 25 g M LB AR T B A R T — 4
TR AN LR RN AT BRI (1 4 & S5 FU M T 25 5 & . Song
S SEST g S ) 46t — AR R AN — A K P 2L
PRI LA B E &R B R ER, 1F
1 350 CAA SIO #E AN &R -5 Bk 70 A I v
A2 R RE TV A PRI B A R ST A e b 4k
AR TR AIER, L, AR R gk &5
P — SRR AL RGN K 26 A0 — EBR AL TE N K A K
X Fh S5 R e BB AR A BB UC BS, AT 1644
BEHEAE RUF RGeS FE T £-61.6 dB,
e KA BRI 558 9.8 GHz.

Xof bl S R AR 1) 45 T i, AR A Bh AL A
ASAHDURUE S INE F T A LA R R 4 A
Uz O EDIRAT SRIG B . WU R 7 £ LA <
B S BRACEEGN K 28— AL RE QK 2 B S B A 5 e
DAIE 3 VR 732 A B BB o B, %7 VR
BB R B T LT, MR 1 %
MR, WAL A FEREAT 20 bT, tBABETRE .

TeRR A2 AR PR FIASAR 4 B4k 2 S AR TR
BEA ML Z AL, AR, F 3XFE T TR
A S A DR R AR A B AL 22 SRR T2 1
A& LGS, sk s,

F 3 TERUFESHETRMERFEN M E SRR
Table3 Comparison of template-less chemical vapor deposition and template-assisted chemical vapor deposition

Items Template-free chemical vapor deposition Template-assisted chemical vapor deposition

Preparation mechanism and Growth of various nanostructured units on substrates with Using a material with an aerogel structure as a template to grow
process active sites, interconnected to build aerogels the desired material on its nanoskeleton
Applicable material scope SiC nanowire aerogel, carbon aerogel, etc BN aerogel, SiC aerogel, Graphene aerogel, etc

Aerogel characteristics and low density, excellent mechanical properties, good thermal Negative Poisson's ratio, good wave absorption, high specific

properties stability at high temperatures and good thermal insulation capacitance, etc

properties, etc

Thermal protection , organic adsorption, electromagnetic Energy storage, water purification, environmental protection,

wave absorption, etc thermal protection, etc

Advantages and disadvantages Preparation time is relatively short, but the preparation of More suitable for synthesizing aerogels with specia structures,
large SiC aerogel building blocks may be difficult due to the however, the method usually requires specialized preparation of
substrate used templates and may not be energy enoughly efficient

Field of application
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Extended Abstract

Aerogel isakind of highly dispersed solid material with extremely low density, in which nano-scale particles aggregate to form a
nanoporous network structure with a gaseous dispersed medium in the voids. This material has some superior characteristics such as
high specific surface area and low thermal conductivity, having broad application prospects in aerospace, building insulation, energy,
environmental protection and other fields.

However, gelation process as a conventional preparation process of aerogel is mostly carried out in aliquid phase. The complex
solvent replacement or sophisticated supercritical drying equipment is needed to avoid the influence of surface tension in the gel
drying process, resulting in harsh preparation conditions, high cost, and cumbersome preparation process, and restricting the
large-scale application of the aerogel in a certain extent.

The direct construction of aerogel nanoskeleton in vapor phase environment by chemical vapor deposition process can avoid the
drying stage, which can greatly simplify the process and reduce its cost. Also, the aerogel prepared by chemical vapor deposition
process has good mechanical properties, and the vapor phase process is suitable for the preparation of some aerogels with a special
structure. This review represents the latest research progress on the chemical vapor deposition processes for preparation of aerogels
(i.e., template-less chemical vapor deposition and template-assisted chemical vapor deposition). In addition, the future research
direction is also prospected.

Summary and Prospects This review summarizes recent research progress on the preparation of aerogels by chemica vapor
deposition. The template-free chemical vapor deposition (CVD) method of the aerogel preparation can produce carbon material
aerogels and multifunctional silicon carbide nanowire aerogels with superior performances for several hours. The template-assisted
CVD method can customize the microstructure of the aerogel according to the template in order to achieve some special functions
(i.e., superelasticity, negative Poisson's ratio, etc.). The chemical vapor deposition process for the preparation of aerogel can
completely avoid the influence of surface tension during the drying process and the preparation process is more efficient due to the
absence of liquid phase, compared with the traditional aerogel liquid-phase preparation process. The existing research in the related
field is not sufficient due to the presence of some problems. Some possible aspects of subsequent research include:

1) To further simplify the process. The template-assisted chemical vapor deposition method in the chemical vapor deposition
preparation process for aerogels usualy requires the specialized preparation of templates with aerogel structures, which increases the
complexity of the process and is not conducive to large-scale production. Industrially produced fumed silica or fumed alumina has a
structure similar to that of an aerogel, and the use of fumed silica or fumed alumina as a template to grow the desired material on its
nano-skeleton is expected to reduce the cost of preparation of partial oxide aerogels.

2) To develop a chemical vapor deposition preparation process for aerogels with milder conditions. At present, the reaction
temperature is mostly more than 1000 ‘C when using chemical vapor deposition to prepare aerogels. The reaction conditions become
milder and the requirements of equipment reduce through the introduction of catalysts and other methods, which is an important
research aspect for the future development of chemical vapor deposition process of aerogel.

3) To broaden the scope of application of the material type of aerogel chemica vapor deposition process. From the existing
reports, the chemical vapor deposition process can be used for the preparation of some aerogel types (i.e., mainly carbon materials,
carbides, borides and other aerogels). The reaction mechanism of the aerogel chemical vapor deposition preparation process needs to
be further investigated. The chemical vapor deposition process can be used to prepare oxide aerogels (i.e., silica and alumina) via
utilizing the advantages of the chemical vapor deposition process (i.e., short cycle time and no drying).

Keywords aerogel; chemical vapor deposition; template method; preparation process



