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Abstract: The minimum resolution, sensitivity, reliability and service life of Sn0O, gas sensors are greatly affected by the mi-
crostructure of Sn0, besides the properties of SnO, semiconductors. The differences of the sensitivity, working temperature and
sensitive range to ethanol gas of SnO, with different microscopic morphologies can reach ten times or even dozens of times.
Therefore, in recent years, the research on improving the ethanol sensitivity of SnO, materials and broadening the sensitive

range mainly focuses on how to design and prepare SnO,

N materials with different microscopic morphologies to improve
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their detection capabilities for ethanol gas. For example, the
SnO, microstructures with high stability, rough porosity,

high specific surface area, and even mesoscopic periodicity,

SCBEAEBE G| A& T (R2018SDQ14) can be fabricated by different processes, which can greatly
E—1EE: BT, U, 1988 AR, JHUm improve the sensitivity and sensitive range of the device. In
BIREE: & A&, 9, 198544, TR, this paper, the research progress of ethanol sensitive SnO,
Email; rodgersli@ 163. com materials is summarized from aspects of the morphology and

DOI. 10.7502/j. issn. 1674—3962. 202009012 preparation methods, porosity and specific surface area,
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working temperature, ethanol sensitivity characteristics. The influences of microstructures on the sensitivity of SnO, materials

are discussed to provide guidance for designing and manufacturing high-performance ethanol sensitive SnO, materials.

Ke WOFdS: ethanol sensitive SnO, materials; microstructure; sensitivity; porosity; preparation process
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S0, OMZHAZEH | KR T RE R, Z4L
PEAFPR SRR HIE . sepebE . R B2 A
SO L BABURE SnO, MBEHEIESUAERE e, A48 T H il 4
Tk 2SR X OBERUR R RS,
BT OIS Sn0, A RER B RS2, DU i3
T i RE O BRI Sn0, MRS
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2.1 BEEMSREE

U Sn0, MR Z Rk AR R JLZ LA 98 K (1 94 oK it
Wi, EERIXRI/IN RS 9K URL 5 ke A= T, il 1 i #
R RS, FEOT OB TR EE A, (1
%2 Sn0, & B HUBM B EL £ T v B e 1z 3 LAY AR A
SR FHZK I A6 T B 55 7K BB TR B v b vl 5 - 240k
220 (3.0£0.5) nm ¥ SnO, KPR (K 1a) 2, il
1B Kb R ke BR GR B 2% 5T AT DA v AR R T AR S
DABASE SR SRR A AR ORI [0 3 R R 2. 0~ 103. 0
(220 °C, ZEEWRE 2~500 cm®/m®) ., Wang 25 5@ 5t
W -BE R AE 600 °C F UK A SnO, 44Kk FT Sio,
YORBRAIR AW, w8 T RURL A B R A RSE oA 5%
A FHPRIAE N 3.3 nm B SnO, 9K KL, Q& 1b fF
TR o 1% SnO, G4K FIURL ¥ MR R 3 LR 3.0~ 15.0(30 C,
CPEWRIE 5~300 em®/m?) 38 i PR AR 125 7T LA 4 50—
TP iR SOWLIE 35 09 S B Sn0,'™) | i 1e FiiR, %3
AR BEIE SnO, RiA2Z909 3 nm, [RIERAIR 5 BE I 50 b A 25
A AL N T 2 P AT BURRAAR A P il 435 T (1] 1l 43 L
R, AFYE SnO, OB H: PR ERCIR G 3 X HL T 0 s 2
FA —ERI, HABE R 17.3(225 C, LFEHkAE
100 cm’/m?) .

Bl 1 SnO, 4KIBURING TEM BB (a) (%) SnO, 49KBURIAT TEM IR (b) 124 | SRR DB Sn0, 19 SEM R H(c) 12

Fig. 1 TEM image of SnO, nanoparticles(a) )| TEM image of Sn0, nanoparticles(b)->*! | SEM image of horseshoe shaped Sn0O,(¢) %’
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2.2 —HEMSERFE

4k SnO, HKIORE Fi— 72 RN HES BRI AT BB AT Ry
SELER (ANGAKRZR | AR RIAKRE 45 ) 1Y SnO, —4EHF
BE, AR B Y H A i TR A R A
SE FERARREE 27 AR SRR A ST B
T EX—4E SnO, HIKRESHH B IR, i PR 4%
T AW SnO, 9Kk, SnO, 49 K#EEFT SnO, 9K,
SEBRAE AT AN e YT A 10. 0~ 350 em®/m’ Y 2B
AR, H RSS2 ] SRR I etk
2.2.1 ¥RWERDHRIEERZHE

Yu PN IR AGE & T2, Ml miR sk & el
B Sn HEAIRAHIRL T IESRANR SRR R Y519 SnO, 44
Kk, WE 2a i, HEAEE R 60~80 nm, KEELH
20 pm, AR L2 25001, MR £ B R R S LA
28.0~57.0(150~350 °C, ZEEHE 500 cm’/m’)

Qin 25 ] FH G HEMUK #1525 SnO, 4k £%
WE 2b Fis, IZAKEMRKELA R (2.5£0.1) pm, H
R M (80£5) nm, AR P S NI B ) F = i i,
KR, ZYIRERS BRI REGELH 4. 1(290 C,
R E 50 em®/m’) o AHERFEHEAKZR, B8 SnO, 44
KLk BA WA R IES e M, X6 B v IR T T AR R
S IET I P s ST

Liang 451 i et —Fh e {8 ) — 25 R BRAR R (PC) A%
i Ay B vk AE AR TRV W TP AR T 3 511 SnO, 40K A,
il 2¢ 7R, T LASE A 5 o S R iR B SR PR R SnO, 44K
WORL RIS SRR 450, FHATBR AT LA 3.75 eV (KA
5.6 nm) JEATIH] 3.99 eV (HifF 3.3 nm), % SnO, 44K
HHEHAAZA 100 nm, FREFIEEE LR 7 nm, WL
BN 1.1~7.5( =, CEWHE 10.0~120.0 cm’/m’)

R o

K2 Sn0, Z4KZ i SEM IR F (a) 20| B SnO, #9KZE 89 SEM IR (b) ™7,

XF LA A 22 SO TORR | BRSO A Kk | B B
B BT 0 TS - I 7 ) 45 1 Sn0, ANk, Z— 4K
PC BN Bk i) U 3 AE T 6 4 2ok B2 e FE AR FLR 45 T
CAHXT R

Wang 557" 38 33 H,0, i Bk #d sl /s 7 Hh
10~15 nm, KHEEH 50~70 nm (9 SnO, 99K4E, & 2d fr
TRo IXEEHOREEHES A T, RO RS E R, B
CUFNRAR” GIARZER , X —FRERES R B T H,0, FK#UR
R NaOH 5 SnCl, 1945 5 e bk (49 5 1) i 2 E ok
6: 1) TR, MR, 1% SnO, 40 KA Y i B 115 [
6.7~9.6( Fili, ZLFEESE 40~80 cm’/m’)

Yu S MO AR R T AREE . &R
Ui, AR S SR, YK LT TS R AR gk
R AR IXEEGRER HARTEREN 80~ 150 nm, KL
8~ 10 pm, 45 B A A i BB A 18.0~33.2(150 ~ 350 °C,
LR FE 500 em’/m’) , X SCRR[ 28 ] A FH AR ) 0y ik 461
RIGRE SHUORFE, RTINS R T, 9IRER
TR R TR, 33X AT BB Rk 4 A K R ) S AR —
YR RST/INF AR R
2.2.2 ¥l O AGRE R R AUE

SR HARE ) — 2520 PC AR Bh i, 3l 3k ek 2D I 1
A, AR RN, A Y SnO, 9K £ R U
AR . 45 °C B4 9 SnO, 99 K48 1Y Wi 13 Y1 BBl N
5.2~20. 1(E#H, LEEHRE 10.0~120.0 cm’/m’); 90 C
LY SnO, GRS IR, 4.9~17. 5(E iRk, &
B 10. 0~ 120.0 em’/m*) 0 3 J2 pl 1 45 38 5
MRDES AR, S8 A R0EE AR KA —,
PET T B 38 A1 R A 7= A 5

Sn0, KR SEM IR F (¢) B MR Sn0, By

TEM B8 1 (d) PV 24k Sn0, K451 SEM B8 1 (e) P2 | sn0, 40KA 1 TEM BE A (£) B
Fig.2 SEM image of Sn0O, nanowires(a) (28] SEM image of single crystal SnO, nanowires(b) 2] SEM image of SnO, nanotubes(c) (0] TEM

image of urchin-like SnO,(d) (31 , SEM image of fibrous SnO, nanotubes(e) (32] , TEM image of the SnO, nanobelts(f) (33
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Zhu % AR W A4 T B A4 U
SnO, YUK, WK 2e fim, HEZH g RE: ok
S T AR A B 2T 432 A SnCL, SR, R v R R
FEI, FRHETOK SRR T, e BT 450~
700 °C A i S SOHEAR BbE, R A AR ED, O kI
1 SnO, 94K HA B /NIy SRR E A AE IR g R
1E 450~700 C AUBRETRE T, SnO, HUKE R fbkL ST
8.5~14.2 nm, HOKE M HAEEE K 100~200 nm, & EE
JEEERIL4K 78 700 CHBBERI A SnO, 94K B 1) R
HE R 9.9(350 °C, ZFEHE 500 cm’/m’)

2.2.3 AR REMRI AR SR E F4 TR
B

Ying % 3 i Ak 2 S VTUBUE H1 4 9 SnO, 40K
WE 2f fros, AR B EE LA ROK BLE AN
KA, AMEERKBILZK, FHRELH 30 nm, %
ARHE 2 B SR v 1 e 07 3 PR 29 24 4.0 ~ 9.0 ( 140 ~
220 C, LEEREE 1 em®/m’) . QKA TEARMR B0 2 BES,
A BB I R, TR TARRE R, KE
LA ELP Nk N (1 DN 12 o I E NS B S =)
¥, JF HBAT RGBT LA K B 2 R
FOREY S SRR Iy AR F TR 2 B, i 22 AR
TALAT I SR — S AR A A o

RPORE, HA mREUE R —4 SnO, #EHYIE 3 H
FUAF b, — 4Ll —4E SnO, FHRHIEA K Ok i
RS DA K —HE 500 1 F 5 R R8N, R — e 45k
FRE R P2l , XA R T OB HEREEA SnO,
YRR, & T RS SF R, 1A, Sn0, A
KA XTI R R Ak S AR R RE A R i U, H AT
AR 5 2 A S5 R DA G
2.3 “HEMSREE

C TSRS 3580 5 WL A — 4 SnO, FHRIEZ R K A
SnO, 9K R imi A H HURE FLEA IR (0 FLI , Bbahis He
A BING SRS R B BRI BAE , 7E S BRI 7y 1A
B HEMLAPERE RN, AEARRTALARA TR T R & R
BRCRE(EL DRt 17,/ 1 B2 IS TR) A B R A R BB B

Xu 257 s BARUTIE L il 4 T RIR SnO, 48kt Y
WK 3a firs, AT LA 1% Sn0, 40K FEEE/NTF 10 nm,
KL 50 nm, T JAATERTIE [ HmanfEFE7E 6. 0~
30.8(150~400 °C, ZFEVEE 50 cm’/m’) , K i SnO, 4
K AR IR B AN ZKCFHES, A Rz T
YORGER Z AT, KT MRS B AR AR A 422 fik
FRHE T R UE$E T

Zhang 25 F| K $ kil 45 1 T Sn0O, 49K A, 40
& 3b Fi7R . %K R B BENLHES 975 3108 F AR 40K « 8

B SR AL, 3k AR A9 BE A 300 ~ 600 nm, JEEFE
Z9°0 20 nm, FEARF MRS, X485 WA ROt T g8k
HITHYSE A B PE . % Sn0O, 99K A B9 17 95 Bl R 0 ~
275.0(165 C, ZFEEHE 0~1000 ecm’/m*) , HAEEALZ
B BE T, HA MR ) R

R4

'

Y. 3 Tl /. <Ay
SR €I e

l\’l : ) ..:".
/\»ﬁﬁﬁ”“"
§ g

B 7or 2 SO 0

B3 MU BRI A Sn0, 49K JT 1) SEM BB 1 (a) 7, kit
HEHIA I S0, 9K A SEM JB H (b) B

Fig.3 SEM image of the Sn0, nanosheets by homogeneous precipitati-

on method (a) 1) | SEM image of the Sn0O, nanosheets by hy-

drothermal method(b) ">/

XF e SCHR[ 36 1 FISCHR] 37 1l s B9k iy R AR
DUTE AL T AR i 2 Y 98 K v BTN, FEARTRI Y &
i e J32 DX ) 38 L 2 70 SEAIR AR IRLEE T A AT 1Y
RGP A8 10 40 oK R RO DR 7% 3 1o B AT A
PEENE, MR A IR SRR
2.4 ZHEMSERYE

SnO, BHEH = HEEEE I B = ARG K A5 . 9
Kk, 9RAE, TR LBk S R BORL R S AR BT
MATRASTESL, W R BUEHAE R K250, — i =,
YK IR LT R LT 98K ARG AE R, AL
W5 A4 25 s e AR i 4 T 25, = 485 4 HoAT 4y 2 HE
A1 PR TR E R A A8 e R
2.4.1 ¥KILER@ANEIERZHE

Li 255 SR FH JG A MR A % 700 3 BB 325 1 46 T £ 1L
SnO, ZKEK, WNE 4a FiR, XEEPORBKEHITZ HZ
27 6 nm [IEARGUKRBRA R, YR SFZ28 100 nm,
WETIZINREER I Z Fh kT, HEMI AT ge b as . X
Folrves b 2% 10 FRURIT Hh 25 25 A 23 ok T s 1 RBOEE S A
260 C, 1 em’/m’ ZEEREET , ZMBHGRBUE R 3.1,

Ge % 5@ i Ab 2 SR TURLIL 45 T 5 R A% Sno,
ok, AR AK R EE MR, 4%, BURDIR SnO, 410K,
SEBIRSTFZ)H 3.8 wm, MHAFRW], L REE 294 7.0~
104.0(260 °C, ZEEHE 10.0~500.0 cm®/m’) . &R
ST A R REAN K BRORLAR I IN R N, 332 R A
TR ST PO ETEE T, AR BRRAR /N B R AR E
R, RS R RIS, $28 REUE,
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WHEEOR, BRR Sn0, BY HE R B TR Sno,
B, SERAE A E AL SnO, GKRERNT £ BERY R U 5T
GFY BRI, SCER[ 40 ] B9 AR IS 2] TR — S 45
A GORME I R T AORER, AITA N A P 5
W, — KRR — AE S A LA, e BN A
ROtz T, TR R R T o R T AR I B
DIASG ;. IR GR PR R K BRAT 6 S 19 A AR
SCHR[ 41 ] K PR A SnO, GHKERAY LR TRV T
GeRmEn, R EIE T L EWLAL,

Yu 55 RGP vkl 4 T AN 4b R
B IIRE , AR EARZIR 7~9 wm, BRI R

JEREN 7.5~19.4(150~350 °C, Z WK EE 500 cm’/m’)
e T AR 260 C B R AR A B 5 i {19, 4, X EEAEAH
[) T AR TR AR [R] 2 Bk B T I i oK 26 ( R 2
9 58.0), AIKI—4EIE 2S5 B SnO, 78 W [ 2 S
IR D) | W VAR X VA WO Y e i B Y 1 U

Wu 25 i K SRR SnO, GiKAESEFI A de FiF
N, SHHEREI A AEFER Y HAR N 200~400 nm, ¥
STHEFN SnO, G9KAE F—2E DU B AR GORFRAL L, TR Es
SR HRMEE R 58.6(300 °C, ZFEHREE 500 cm®/m’) .
2R FH 7K 383 ) B B 55— Fb SnO, 49 K 461 78 300 °C |
70 em’/m’ SEERIET, X OEESAHREE N 6.5,

B4 £l Sn0, GUKERE TEM B (a) 3
Sn0, 9 SEM HEH ()47,

i WA ,
Sn0, 44K FIHE 9 SEM BB - (b) (%]
MCNT/Sn0, B/ 7240 K45 K1) TEM B (e) 146

Sn0, 49K AE [ SEM B A () [, BE3IE

Fig.4 TEM image of porous SnO, nanospheres (a) (8] SEM image of Sn0O, nanoclusters ( b) (28] SEM image of SnO, nanoflowers

(e) [42] , SEM image of the butterfly wing-SnO,(d) [45] , TEM image of the MCNT/Sn0O, core/shell nanostructures( e) [46]

2.4.2 BHWEBIEIME S 6 F I HGEE KR R AE
Cui 2™ —Fh 4t Ak % 37 B0 7K 3k i 48 1 St AR R
Sn0, FKAE, HAFH E AN 300 ~400 nm, X FP KT
M ARAEACIR, FE WG 0, AL 1 3@ 2k — P R
BT &, AR NS 25 A RE 5 I i SR 0 RN RS
AR T ARME, R AR T 45 R SARY IR , JF R
I A A B AL 5 B ) S A A e R, X H AR B 2
HIKAE, B2 410 SnO, HKAER B X 2 B AR &
B A RE A e BRI, 7EAE IR 200 °C . ZEEHEEE A 100,
200 1300 em’/m* (5AFT, RBAE AR IER R
BEATHIA 44.0, 66.0 F1 87.0; M54 4 B 40 KAL) R A
FES3HIM 123.0, 170.0 F1240.0, LN KAER 3 1%,
FERFE . BRIR . FER 3 MBS, 250 BB ek
AN B BRAR G5 SnO, FLAREE M2k ARk B | o g s
[F] 45 Z2 It R e A Al I AR T AR AR 3. e TR
ARGEF ARG A R R, HE RN B AN A A6k

JERL SnO, 4 HHI) £ Tt R A8 T HE AR 2 1) AT 3
Sn0, 4, FFiXLE = AELEH 1 SO, [F]IE S5AH AL i) 2 4 44
Kt (B /NRGE B ARBRL) A LE, B | 24U
1 = A2t Fay T U 0 i R B, (R A A SR B G
DREXFL
2.4.3 BTy R/ ARG IR F ML

— L8 Sn0, LRHEURATEHE A RAIR A — 4RSS, N
BORBRIUY | OKRAS/ M/ e85, BT EA B
BURRYE . Fang 51 32 51 K 4R 01 B 300 5 0 R 24 14
K, I R R A A T BR3P B9 S0, I
FHAT SRR, 45 1 SnO, MAAAK RUEE B Ok RUEE
JIZE WU EHRSE 5E P8 B 1 b ) R B4 4 (18] 4d) o
X AR LU RS 5 1) 22 AL 3 JZ SE R JELE SO, AR BLAm Y
IR b, FMEGERAE (A | BUE A s 3
(FE) FXUZSEAA AR, AT 30 19 23 0 PN R A A o
fLEE, T2 R Z 2 L85, 3P Sn0, A
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A R HURRR R b R Y S R B 49.8
(170 °C, ZLBEEREE 50 em’/m’) , WRR/PRERE R 11731 s,
Xif L SCHR [ 35 ] A SCHk[ 44 ] il £ RARRE 2k, FE AT
B TAERE . OB IE AR 0~ 100 em®/m® 1 5%
PR, BE3IE SnO, MR BUEMEE & T4k /4R Sno, 19,
EIA T HER (0005 £ 325K SnO, AL AT BEEL & 3 AR 5 19
SRR

Chen %51 38 i3 fA] 2R B IR ALF 7 1A T 2 BEBR YA K
& (MCNT) /Sn0, ¥/ 5c K546 (1 4e) , SnO, 521 JEBE
2970910 nm, FERAJZECH AR/ STEE R, AR R A
LA 2.8 (300 °C, ZEEESE 50 cm®/m®) , i34 AL
TR SN IFIE], MONT 9 4022 10 ] LAJE 1 o J5E
Sn0, 5%, IXREMS I 98 A% /50 5 I 25 4 Y U Pk g, )R
WKL/ FC 25 K 1R R BB 55 1K 24.5(300 °C, LMk
50 em’/m’), HHBEEMRZ 5, T/ 5280

SnO,, Wil W7 B[R] R 52 B 1R] 43 0 290 1 R 10 s, 43 M & 31,
FEAH T IR B FIAH R O BV BE R, B SRR i e T
SCHR[ 307 H (Y SnO, 4K

1 REET AR T AR FEIES Sno, Uk
MR R RAEEE, R 1 AT, —edRR &S Y
Sn0,(ANSRIIE | GBI IE) BB REE, K
JERIK R K SR KBk, — i S, B
BRAAEZE R SnO, B RL X £ B AR A R SO 1 T 141 3
BB, XEHTEZA., T BN Sno, 5
OB A TR TS, SRR AR &S R i o T2 AR w
B Rt e iR R e A A R 451, WEIBIE
ST ELAG T L) SR P () 2 AL 2 R S, WIS T e
fb T AL B R M, A R LA B A T S AN R A
B A, RS A JE R AR R B AR AR I R B
STy — i 2R R R T K

R 1 JLFH Sn0, WA ZERIREE

Table 1 Ethanol sensitivity performance of several morphology SnO,

3005 morphology e e ety Sy et
Nanoparticles Hydrothermal method 150 220 500 2.0~103.0 [23]
Nanoparticles Sol-gel method 600 30 5~300 3.0~15.0 [24]

Horseshoe shape Soft template method 40~ 600 225 100 17.3 [25]

Nanowires Thermal evaporation 970 150~350 500 28.0~57.0 [28]
Nanowires Template-free hydrothermal method 200 290 50 4.1 [29]
Nanorods Hydrothermally synthesized via 200 Room temperature 40~80 6.7-9.6  [31]

a H,0,-assisted route
Nanorods Thermal evaporation 970 150~350 500 18.0~33.2 [28]
Nanotubes One-step PC template-assisted method 90 Room temperature 10.0~120.0 4.9~17.5 [30]
Nanotubes One-step PC template-assisted method 45 Room temperature 10.0~120.0 5.2~20.1 [30]
Nanotubes Sonochemical method 700 350 50 9.9 [32]
Nanobelts Chemical vapor deposition (CVD) method 1000 220 1 7.7 [33]
Nanosheets Homogeneous precipitation method 95 150~400 50 6.0~30.8 [37]
Nanosheets Hydrothermal method 60~ 500 165 0~1000 0~275.0 [36]
Nanospheres Template-free solvothermal method — 260 1 3.1 [38]
Nanospheres Novel CVD method 400~500 260 10.0~500. 0 7.0~104.0 [39]
Nanoclusters Thermal evaporation 970 150~350 500 7.5~19.4 [28]
Nanoflowers Hydrothermal method 180 300 500 58.6 [42]
Nanoflowers Hydrothermal method 220 300 70 6.5 [43]
Nanoflowers Self-reductive hydrothermal method — 200 100 123.0 [44]
Butterfly wings Aqueous sol-gel soakage process 60~550 170 50 49.8 [45]
MENT/Sn0; core/shell Wet-chemical method — 300 50 24.5 [46]

nanostructures
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3 FlLiR, RERMREE

SnO, THA5H Hh o) — A 52 SR 1) T P R R ALY
S50, UKLZAELRM B R R AR, F
Bratits K FAAL 4B 2 (TUPAC) LFLAR RSE R An et
ZALBEH 53 R AL R (FLAR <2 nm) | AFLAFRN(2 ~
50 nm) LB KFLAEL (> 50 nm) . A ASFFLAZR SnO,
RS 2 BRI BURPE AN SR 2 i

HB24 NiO FIZFL Sn0, MERFITEFLA SnO, #) AR
R T B AAR R AR, K EIAE 260 °C | LB
JEHR 100 em®/m’ WIIEBLT, #8244 NiO I9Z4L SnO, fdEk
PR BT €0 0 SR RO (R (B 41, 1), 2 TEAL
SnO, MAIFNA 9. 55447, 524 NiO B2 4L SnO, ok
(B 5) R E A 113.3 m*/g, FHFLIEN 4.5 nm,
MIEAL Sn0, ByR MY LR EFULH 4.5 m*/g.,

*2 EFAREILEN SO, #H ZESEHF T

Table 2 Ethanol gas sensitivity of SnO, materials with different pore size

Ethanol 0 .

. t
Hole shape Material BET/(m?/g) concentration/ peraing Sensitivity Ref.

3 3 temperature/ °C
(em”’/m”)

Macroporous Hierarchial porous SnO, particles ( Fig. 6a) 52.8 500 240 70.9 [48]
Porous Large SnO, particles ( Fig. 6b) 23.6 200 220 29.1 [49]
Mesoporous Ni-doped SnO, microspheres ( Fig. 5) 113.3 100 260 41.1 [47]
Porous Porous Sn0O, nanocubes ( Fig. 7a) 52.6 200 300 87.0 [50]
Porous Sn0,-Zn0 hetero-nanofibers (Fig. 7b) 44.5 100 300 79.5 [51]
Porous Polycrystalline SnO, particles (Fig. 7¢) 37.5 500 260 104.0 [39]
Porous Porous SnO, hollow nanospheres (Fig. 7d) 41.4 100 260 135.8 [52]
Non-porous Chemical SnO, powder 4.5 100 260 4.3 [47]

5650 “CFABRES 2 h IR OB A% NiO 9241 SO, TERIY SEM R
Fig. 5 SEM image of the NiO/SnO, hybrid microspheres after calcination

at 650 °C for 2 h'*"!
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Zhang 218 DISRIE 2,06 (PS) TR WA AR . SnCl, N8I,
G T £2Z 2 LK Sn0,(HP-Sn0, ) ki 4N & 6a s, 1
FMBUN 52.8 m*/g. %A BH HF TR L LA BR AT 4 4
AR L ) K AL SnO, UKL (LR TIFLR 23.6 m*/g)
B A 6a HRTLAIE S, HP-SnO, Pk f77E = 4EREiAL
HEFI R AL, HOTPHFLELA N 210 nm, BRER G R 7R
500~800 nm Z [i], A HAE RSB, & 6b & K AL

SnO, TR AIFFALIE . HP-SnO, UKL £, B i) S A4 R S
9770.9(240 °C, ZEEHREE 500 em’/m’), KFL SnO, Hik:
M AR R B 29. 1(220 °C, ZFEEHREE 200 em®/m?)

TG Yoy X
6 £JZZ4L Sn0, B SEM B (a) 8 KAl SnO, BIIFRLIR H
(b) ]

Fig. 6 SEM image of the hierarchial porous SnO,( a) (481 the top-view

image of the porous SnO,(b) (4]
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LR RUR 52,6 m*/g, 302 —Ff & i 1) i R 5 22 )7 1k
AR L R T AR 44,5 m*/g B Sn0,-Zn0 5 5T 44 K £F
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IR BRI Sn0, BHEHOROILALSL
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HE(P 7h) Y SCHER[ 39 ] H A 1 R SRR Y SO, 1
BR(E 7o) Gt RMAUY 37.5 m’/g, B HEETIE
2, DB IR A T DL 25 ) 22 £l Sn0, 40K 25 .0 BR
(E7d) ), HILERBHAN 41.4 m*/g, PLLE 4 Ff SnO,
TR LS W AR R 5390 R . 2 4L Sn0, 94K
SEJ5A 87.0(300 C, ZFEHE 200 cm’/m*) 5 Sn0,-ZnO
SERAN K 4T 4E 79.5 (300 °C, ZMEHAE 100 em’/m’) ;
SnO, fiEk 104.0(260 C, ZEEHSE 500 ecm’/m’) ; £1L
Sn0, Y22 ER 135.8(260 °C, ZEEWE 100 em’/m’)
AT ULIX 4 FpbARH L R T ARER R Hoy 2 L5 0, Rt
BT RAERERR T A th 0, 7E SRR Iy T LA T
HHT 5
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Fig. 7 SEM image of porous SnO, nanocubes (a)!™®), SEM image of

LF4ERY SEM JUF (b) P,

Sn0,-Zn0O hetero-nanofibers (b) (s1] , SEM image of the as-pre-
pared SnO, nanospheres (c) ¥1 SEM image of porous SnO, hol-

low nanospheres(d) (2]

2 nlA, RIEEEREER Sno, M, —#
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2 ALY SnO, BFRRRE & AR S iIF 58 ARG AR 1
], WZFL SnO, GUK2s 0 BRI R AL £ WAL A 1 Ve AE b1
B, WFRPIETTLIER], & HERTARA Sn0, B EH 4 T
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MRL(113.3 m*/g), XA AR F ) S il 45 T 25 il 1 o L
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4 % E

SnO, HBT R HOIES . LR ALS 21X &
BERBEAE T EERE I, — S, AR GHE
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T AR T A A iR 1k, 515E % ai A A 2 TERY
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Ph, BEAENE 2RI AT T, ERRA TARREZ T
TR AG A

RECHRIIISY . BORBURA A S, Kok LBk
T SnO, BRI AT A AR A 7 5 B S AR
JUATs T O IS i P LB AL Sn0, s, (il
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