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Abstract: Continuous nano-porous network structure makes aerogels to have many unique
properties. Because of a wide range of preparation methods and application prospects, it becomes one
of the hot topics in the field of materials science. Based on the types of aerogels, this paper introduces
the research progress of aerogels by discussing the preparation technology, performance and
application prospects of various types of aerogels. At the same time, it discusses the problems
existing in the research of aerogels and main research direction in the future.
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Fig. 1The differences between dry gel and aerogel
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Figure 5 Large-scale fabrication of CuNW aerogel monoliths: (a) Schematic illustration of the fabrication
process; (b) Photographic image; (c and d) SEM images at different magnifications.
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Table 1 Performance parameters of several common inorganic oxide aerogels ¢~
Si0, 500 ~ 1200 ~0.003 2~10 80% ~ 99.8%
Ti0, 200~ 600 ~0.05 2~5 80% ~ 95%
ALOs 300~ 700 ~0.037 — 85% ~99%
Zr0O, 130 ~ 500 ~0.06 2~20 80% ~ 98%
Fe,04 > 140 ~0.2 7~18 85% ~ 95%
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Table 2 Parameters of conventional supercritical solvents %

Solvent Tc/°C Pc/ MPa
Methanol 240 7.9
Ethanol 243 6.3
Acetone 235 4.7
H,0 374 22.1
CO, 31 7.3
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He

SEAI S IRE A AT 4% LA AN s L (45 3L L 25 MR ek ) PR R Uk 25 i sh gl

ARt R FH P B R ek A, AN A R K L BRI BN R el e S A N, g
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BHVREB LR, IRk 4k ) & B2 A RMRENVRER, Il =R F I AR S k=%
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Figure 11  Sol-gel process of RF aerogels
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TREER, —E b 1:2 VR A IS & 25 3 /KB A v, R I NGE &8 [ W1 NapyCOs. Ca(OH),
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TE 2R W 1) 5% 2 58 P 3 S e N S AC B AR BT 0 55, DRLRAE B IR T i 2 i Wb A50% e i AT 2 A b B
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— BRI AR, RS RES, B2 ERTE s HIE DAL, X E A TR R 4R
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2 JUFE W BEA) 2R ) 5 H R ) 2R I 28 M /K 47 6 T2 1l DANIE. FFY S B I0 R R PR Sy i 4 1) R 5 7
KA Bl R E G W R, A AR YL YE S T B — 4 I R 24

2.1.2 MF B &I 6 4] %

MF & =R 5 M) 5HEE (F) 48R ma, rhEd higs o

() HREE: KA SFRELL 1:3.7 MRELRS, IAEEFRENMNER], [FR %
Hil s S &, LASRAS BIA R %5 BE R b, FLIA) N NI & (RS E AT a6 I N AEAL R, TR-A R N
A =R TG VM, AR ERE I RER T pH (N 1.5~ 1.8, % P InFA R B — & i 8]
BN o] 15 3] MF AL .

(2) FRMEAR: BT RS 7 F AL = RS T 248 S G &S /KR, HERR
YT pH A 1.8 ~2.3, T 50°C Fhn#k 1 d, ZAEHT 95°C Fhn#k 5d, BIR4533] MF @R, A5
81 B AR PR AR B R A S K MF 5 -

B 12 FTom N AR AR TR A S R F U 2 . MF SRR TR B R, S 2 i 5 = R EUkh =
NI BRI AR, IR R — 2040 &, TR G 7 R S R B 8 W0 Y D Tk A
AR = AE SR G5, 5E R AL FE
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Figure 12 Sol-gel process of MF aerogels
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Figure 13  Grafting reaction of silicon aerogel ['™¥
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(1) RRBHHE A R FEAIRAEE R R T A R . A RIRIEW pH (2 B IKIT, FRIRE:
TR RIREER], T AHAT, S FRF IR, KERERK, 72 rRaeikitbgin, 4
B TR o TR R P U 2 SR R AR 43 7 Ko7, (1S 2 TREVE AMLARE R, 2> T8EH
FEAER, TEMR = 4EMR SR, AR 5 [ 5 26 R FL A, AT T B A

(2) R AR IEAL B AR R RR Ak 1 2 FUREAD 3,6 K AN BT 1,3 FEEF AN B—1,4— K
HEAZFEREN R, SR SRR S EN 15% ~ 40%. XRS50 LR R, it
BRI 3G, o IRIAH EAE g s, MM EE IR &, BRI K. RARASE R, ThK
W EA 5 . AR R IS R R AR e, RN 2K, (BEERR AR UK
Y pHH <4.0 B) KA S RKAERIKME, BURGREMBE TR, EMRFERNE, EREEGT,
RhRAE SR ACHT R 2 R A K AR, 5 BURER R T PR AIC

(3) MR EH (154)-B—LHkH) D—H B HiEEIR AN (1—4)—o—38 BRI oy 45 W e 1 2 o 1Y K
BEW. | MRS FAESHEAE I X, B “M X7 (5 HBEEERX). “G X7 (& & hHikhE
BERRIX) F1 “MG X7 (BRI IR ER A ). Ca™™ MHAL —MBHE 755 G X&45d, WMUFERAS R
PEANR—F Ca® EKBED T 19 G XA ELAZ B SR (1) —Fh = 4E R 2 53 711,

(4) i Ak DL SRR KR A BB (0 LT BRIV T LR R R 72 R0 RIS pH %
ek RN, AT A e SR B A

215 BEKRETH
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2.2 BN SERHIMIE R N A

2.2.1 WEE R B

1991 4F Pekala M7 5 ¥k A= SR EURRT H I 0 SRR 46t = SR B (MF) B, JRAlidL
FELE 100 kg'm™ ~ 800 kg-m ™ Z [AISEHIAT 5, HLRMARZI A 1000 m*g'. 1995 4F Pekala ! 45—k
I NayCO; AL 2K 5 FE I A A SR 2% Tl (RF) SAEAR . 4% RF &R i 24
AR RIS pH {H, FESIE R LLERTHAR LR UR A LR ) S5 Re AR 2 52 21X A [A]
FR . AN E AL T T4 RE BRI, BE S A IRER 645 T oAb AT DR A R AR T <
BERE, INERES A TG-S . AR R sl BA AR, T B R, B TR BN
FIFITERERT I,  NaCOs AL RF B FIAH LI IR —EE R 5 A bR T2 B« 2007 4
Mulik %1 5% 50 LS AR 9957, R BR IR AL T KRR i A 77 3R

RF SBER BA R R TG TRty SR, WOKFR(R, AR S A, &
G T LR & HAERR VORI R TEFEMR . BRI T, MmEm e nr DA B TR, BRe TARIRE
AR 1000°C, FEM A WL TRE&AE K@M E . ttAh, RF SEHR S H ekl R st i mr
DL 2% MR AL R A DRI L .
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WEFCRIBkAL, P “HATE AN ARG AR R IE 7 o MBI, VFZ T AT
GRR AP T 2 SRR

AR RA R LR T ARNVRF 5E (T LA, REIETEVIRT (Rl 258) 0 R #ik. — et
SRR A2 iiE R g R OV R BRI LER TR, 7T LA F i 25 s 4R,
AR RS 1) A RS AN R o] AR R AR 1Y) IR T AR 255 BN . SRR AT AR
BEfE, IF B9 TAETIRSAAE T dsim e &4, BRI FEN DO T 28 R AE 25 danis A A4
B2 R G077 A0 PR RE P A T BROR IBIE T80

RIS, 2 BERE SRR M B 2 T REIE PT LA I 5 TEHLA R S A A5 B — B4R A ). s
EARBR T LRA AR IR BE . ZEVIR S VIR DI RE LA R SRR R AE Wl e .
FLBEFRANUR R R AR SE A R BT . Ak, i HTX L 5 BRI T DA v 22 Wl R B h B RE T 35

B

i

X T AR B RRAL R R TH S K TSR RS ARG i 2 11 & 22 B R SR T A G AR ) EE 22
PRAR T, SR I A E SRS B I PR BR AR B A SR T R M S B SRR % FLII 4R S R 1 — A
fR R IMEN ST BORIRIE T 2R GRRRE) AT REARRAH N, (B R A B 1 FLAR
S AREEHILE HAMEIX 7 A A gt — Bt 7.
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YR RMER P E T AR, BN AR R B =R @, YRR EREL A
Y2 AE LICUDMAc. NMMO. i/ bR 2 B IR A 2 DA R B 1WA S5 b (A R AN I — Bt i 72 . B 4y
TABET R Bl PR A AR 2R 2 S T R AR K, T4 4E R IO 2 J ol et Rl
BHF R K. Tan 25 NUR DUE I A GRS R AT e R B4, St (T8 5 T %,
MU BE 2 $e . AP 4k 2R @ P B AL 25 e ) & AN R SO E . ASEFSIREIA R, ik
WA AT HOABR AR, R AT N TR . 298RS 7T, B AL ERRAA AR al ks oAb Th A
o T & B RV S D e Bt AR . T M RN AR 4 R RBIR E A TR BN 2 6 5 AR R B
BAMAME. SRR S . Liew 2 AR A SN R E KRR IR IR 4R,
AT A= £ 4 22 B IEAE S B A, R FH I 2 i 1R = 4 R 288 2 B Dl S B s 3R AT 5L SR ] B
AT AT e R Mg 2 A AR WU AR NH &R E & SRR T — P g Bk .

FRAER S B R AR H— B R CRINIEIG) P4l & 5k, apEit&E
WIS R IR, % “AF4EER AR ECN 012 mgem™, JHEFE#HER MR, &
o BT RESR GBI AN 14.5%, AT ARG RSB, HEe R gede 17 110%. B T
AR, PR BRE R T e RS, I SR ABEE 0.026 W-(m-k) ', BT
FREEAME TR PRAL. —B 5 mm JER) “LF4ESER” 7 LR FASZELLE 100 Hz ~ 6300 Hz
T AT B N 1) R RO o B IR 2 FL I AR S I 2 — Bl i PR RE (R B AR, RT RIS Bt B A 200
% CA VR AR5 G, A I AR AR B TS e R IR IR R . BR T RIRR A,
KPR “ A4S MR AT HA TR B 285908 (Wl 14).

LY 2B E BAT IS (R B PR RE o Jiang 25 NI 14 T PUSETER B 41 9K 2T 4 2RI
(B 15), A sEa MBS B B2 5008 210 g-g 7' AT 375 @', Gtk = Z A Rl
AR PR 5 T DASRTF B K M A 4 AR BER, EXT AEAR EESA A W AR S5 A R AN 3o PR B 3
7139 g'g ' ~356 g-g ' Korhonen 2 A"V 1 BKVEGK AF4E RSB (I 16 FoR), W%
FRANIIIRR . 0. OFt. bty FRE. b oSBT i AT S R B
Bk 20gg ' ~40gg .
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Cellulose aerogel

Cellulose aerogel

E 14 FB%5 4% o 4 5 )
Figure 14  Ultralight nanofiber aerogels

B 15 Jiang % 18 & 7 3 5% SR B R 4B BRI P 1Y
Figure 15 Amphiphilic superabsorbent cellulose nanofibril aerogels reported by Jiang
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Figure 16 Hydrophobic nanocellulose aerogels as recyclable oil absorbents reported by Korhonen
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TER B EEOFELLU T =0 (1) dEEdR
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ER o, MBS, SEESEER 7 TR
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Hey, Bl R AT HE AL LU 2 Wl S A (R BT 20 P 4

LR VN A R U B A R MR B JI T
2 T ZS 4. B 0 T E M TR 5 e
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REATOR) MR RE (B 17).
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IR — P& A B 247 1000 K- FURERE R R FE LT Z MR 51 -

ST L R FREPH B T A BR AT R A . SRR Y DL B B I A et R P gk 3 I 2 s e B B
BB Mg G5 R 0, SRR b, AN R S (1 s b R R R R SR SR 1 00 A R T R A e 2 TR
FEAGAEA (G BUKRE A TAER) U ndnT DL R e A P i R, F AR A H 5
HERENRE UN I, a3 1 U B R L DA SR A8 4y T ISR R AT R AL . BRem, AR R TEAL
R 75 EEAE BB & 7 5 - FUB R R AR AR I8 “ R SR RHLE S — M E T (8%
N Ca™) BEE TR, RN 10 wtve ~ 20 wt% HOBE T A B T b BRIk, I ELATRER
B SRR BRI, SRR TR, R mR AL RS, B T A 3
ETREAR SRR

2.2.6 EFEM &

BEIR LB M PR F R E TR (EERNTNE T KRN AT DU R B R Hh A TR
WNBHES Pl () U1 Bom i 5 R R AR R S A R B T (R P R4S
e P AT 3 HACPE FERR SR TR (PR ) AR I A B B T o R BRI A T LU I A
B B R SR SR ) pH R I« BRI B R L 1O T B R AR A K - BT A M I
I HLAT LA A2 b SR sk das T o B v 2 U E (0 M I Sh K AR G R rh AR B R,
S AL R AR T 3K AR SR 4 A B SR A T B R R R A I (K SR N et 2
BRA AR P ¥ 770 28 PR AR B th K 70 B B 2, DR/ BRI AR AL« SCHRIR A 17 3 IR 8 BRI 1
AFETEAS: BRL, BRRCFIERR, W& 18 fis.

227 LT i b mRABERK
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Figure 18 Calcium-alginate aerogel obtained in different shapes: (a) monoliths, (b) beads; (¢) microparticles

(AR (IR R . S B A R, S S N, N- HE kR A7 )
fR. AL, LT BRI T LAJE I B8 B A BB KRR KRR BUPHE (Alcogel) 1 FiREAS
B LT RIS BORFE B [N, TU T B KGR B o) LU FE Z A 5 M (/K P v b sk agl ). 78
SEEEAL SR, WK LT BREREEAT RN A TR, TSRS B LR . R R AR
(LT R AT,

FERMERILT R BV 7ER) Bt N-Z B f 74, il e s i & 55% BLER N-Z B3RS,
D TR (pH < 6). TR RBEIIEEE R 552 & WG R BE RIS Z M Aok sl ™), S
(PR 7K RIS PT A 7E P v R i R M 7 SR R A e — e A JS AR KHE 52
TR BK, HA) pH AR, K K-ZREEFIZHE, IR TR,
AR AR 60% U7 BhAh, SCHRIEARIE 7 F 2R — EAE A S B AIAE R MR R
il 4% S RO 2 KR s 18 SR AR WA RIS H T BRI TR 4% 1 S R B B
e SRR FE A1 T s R A N A AL K . S8R, ML I 7 S R A A L
MBREE S RAS IR S 4F (S5 PR RE

BIA PRI ZEA G TE RS T3 3.

R 3 A AR B B9 45 A S
Table 3 The structure and properties of organic aerogels

Aerogel type Densi‘gf Surfazce irea Thermal condu?fivity Reference
/g-em /m°-g /' W-(m-K)
RF 0.03 ~0.60 350 ~ 900 0.012 (7]
MF 0.1~0.8 1000 — [138]
PU 0.016 ~0.55 ~300 0.027 ~ 0.066 [22,176-179]
cellulose 0.06 ~0.3 50 ~ 420 — [137, 152, 154, 180-187]
Starch 0.34~0.46 34 ~ 180 — [142]
Pectin 0.07 ~0.20 150 ~ 600 — [163, 169]
Alginate 0.13 300 ~ 680 — [135, 162, 164—-167]
Chitosan — 66 ~ 845 — [171, 174,175, 188, 189]

Chitin 0.12~0.22 220 ~ 560 — [136, 170, 171]
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Figure 19 Trimethylsilylation modification of

bacterial cellulose aerogels for oil/water separation
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DA R b 24038 B Al oK A SR IR B 5 F fi) 6 T e
PURE BT LLARSZ KT H & 8000 fifH =
. BiJE, Aliev 25 NPONZ BERANK A R EL
BRI E SEER T Z2 R A N E LA, X P N i
JWLAIZE 80 K F| 1900 K i B T AT LR E KL 0N

R Fs & ; ;

] 20 # B 40 K E S BEFR Y SEM (52
Figure 20 SEM of single-walled carbon nanotube
aerogel
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220% KK LR AERD (3.7 x 10%% MIIEMR, HARFHMEIHIE. Worsley 25 N22% il th T
T8 R ) BB R A K A RIS, EEUBRME RE B B K ek . T2 )5 Tslam A P00 N3 5 f0 78
SRR A BB IR OR S SBEIR I 5R L, 45 R R I S8 0 B 78 I B G oK Sk R AT L o P55 A 53 1432
B TERIISEF . XA KRNI G f 8806 SRR 1 7= A2 3558 1 WS L4l o

2009 4, Wang 2 NPT RE R T S RRA BIESEG. 2 )5, WETREIEY TR
T A BRI EAT A S (R OS2, o T SRR R VA AT, K A SRR,
WA RO e s P02 “Breath Figure” 3% 22228 DLRAER St ) CVD 2244
W70 S8 B () LA 32 B b T U O P K P R . Qiu TR PR AL S B e 5 i 46t T
R L7 B AT R 46 1 SR RS . Ling 26 NP5 el 7 07 AR B bk A SR 6 A LA

TSR ) & T2 R BT LA AR — SRR I IR—B R R & A HLRBR, < J51Em
T E SR N AT R4 (0 CRF SEERIH£5)s o — RN R ek S Il s soe, 2 )G
KR A T VR AR TG AT A HR, TR AT AE B I SRR (AR K R o 5
Js S o

B—RKIETEEMT CRF [ER IG5 RR PO 5 74 1) 5 45 14 DA B ml 8 =45 PR 15
R 8 77 AE MRS ARAT T2 (R RO, BRI b 5 25 T 75 (A iR A R AE — e R B BRI T K
KAL) SLF o

B ROTE B TR GOK B SR S A S A B R B % . (HEURGPKE SER T S, XK
T30 LAy A S SR TR Bl A B A 2 6 1l DA R TRORE A B B 9 K R R AT TR 2K

X T SAHDURR B A B B T, A5 SAHPTAR (Chemical Vapor Deposition, CVD)
FARBRWYASHAEK S TR A7 BRI E EIREEE 5w R Rk, = B LA S
HLPERER 228, Lin 2 NPPVR BRI — SR N RRIE T LT R B0 K A K R A ek, T T
B = 2 B BE WL HE RT3 - Hata YA P22 R B CVD AR B T HRBEHR A Bk B 4 K A 2 IRk
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Figure 21 Preparation of CNT aerogels by sol—gel assembly: (a) Illustration of the process in which a dispersed
CNT suspension (sol) is converted into a wet gel and then an aerogel by freeze-drying; (b) Photograph of
as-prepared CNT aerogels in different shapes and sizes; (c) SEM image of the acrogel showing a porous CNT
network. Reproduced with permission; (d) A hyperboloid shape aerogel formed by air-drying MWNT slurry;
(e) Macroscopic blocks of a pristine (left, black one) and PV A-reinforced CNT aerogel (right, gray one), and
SEM image of PVA-coated CNTs; (f) Photograph of an orbiculate solid by defluorination of fluorinated
MWNTs and corresponding SEM image; (g) Synthesis of CNT aerogels from powders; (h) SEM image of a
MWNT aerogel with a honeycomb porous structure.
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Table 4 The parameters of some carbon aerogels

Surface Electrical Young . . Thermal
L Densit P t .
Area conductivity  modulus ens11 o/r(;s1 y conductivity  Ref.
/mzlg—l /S.Cmfl /MPa /ng % /W.Kfl
0.01 ~
CNT aerogel — 1 — 0.03 — — [200]
Graphene coated
CNT acrogel — 0.3 0.75 0.014 99 — [206]
Carbon aerogel 3000 — — — — — [271]
Carbon aerogel 650 2.5 — 0.17 — — [272]
DWNT-CA 585 5.0 — 0.139 — — [272]
SWNT aerogel 248 400 — 1.59 — — [204]
300 ~ 0.005 ~
CNT sponge 400 — — 001 99 <0.15 [229]
MWCNT aerogel 580 0.67 — 0.004 — — [243]
SWCNT aerogel — 70 ~ 108 — 0'8%81 - — — [247]
SWCNT-DWCNT 590 ~ 1~ o 0.009 99 o [236]
aerogel 680
Polymer-CNT 280~  1.2x107%~ 0.04 ~ 273]
composite aerogel 400 6.9 x 1072 o 0.07 o o
SWCNT aerogel 1190 — — — — 0.025+0.01 [274]
SWCNT aerogel 1291 — — 0.0073 — — [239]
CNT foam >350 _ 139 0.0021 _ _ [242]
composites
Graphene-CNT 0.011 ~ 0.011 ~ [254]
aerogel o o 0.29 0.087 o o
Graphene aerogel — — — 0.003 ~ 99.7 ~99.8 — [251]

0.005
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Figure 23 Schematic Illustration of Noble Metal Aerogel: preparation via gelation of preformed nanoparticles
(Strategy (I)) and via an in situ spontaneous gelation process (Strategy (II)).
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Figure 24 (A, B) SEM and (C, D) TEM images of aerogels from platinum nanoparticles destabilized from
solution by the addition of ethanol.
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