#5145 455 10
2022 4 54

mBEERMPIEI1E Vol51, No.5
RARE METAL MATERIALS AND ENGINEERING May 2022

K ELREFREL T B & A Rt R

ﬂ—tl—‘;*’ ﬂ'ﬁiﬁ', T

=)

7, :f*lg%ﬁ‘

\

=

(RIER%, LT KiE 116622)

0 OF: E AR R DX, AT DA TR A ) e A A AR B R I AR O O A R AR T R A
PRI AL TE P . R, KPR AR AL AT R 1 46 C 2 SO IE LRI I R . R 2 A e B3 T4
B R T AR AT T REAL PERE R L ZE , (H2 H BT ROE TE R SR A A2, s Ap 4R s L2 AR ANk A 2 Th] 4 2%

KA, PRI LR AR RE 0 25 R T8 AL A A0S 12 BE 1D 5

CUEHLER, 1 U R AL VE PR R OC B S M R I, SR A AL

FOBHE AT 16 4 o AERIR RGEEEE T KR I AR AR A [F 4 & 05 3% . DB A HLER L Re bk M 1 6 T
MIPha, X ARRKFEHAT T EE . B RlBE 7R SR RUBERS 1% A0 70 F R 6 K 2 T AR A

2 1 ) R BR
K. KEEREAL AR, WEEYLE, T4
REESZES: 0643.36 XHEkFRIRAD: A

X EHE: 1002-185X(2022)05-1896-11

AR S 0 T B 2 T AR A BT 7T A b e i Ak 1
fig e, e Bl LRI Iy 5y BB i A e
KA EE A RV A S 2 VAR A s, S S R AR K
EE R THARBARL, B8 % 38 5 S S P A £ (R BRSP4 12 )it
AIEEEAEEL WOE RO BB i T
P AT, AL R 0,

FEMEAL U T, ooy i) 4 B =il e, L R+
PE R KT i B U AR TR, — B AT G R E R
TR, KR A o, R (i Ak 5 ) i 1 1 B R
TS R AR KRR KR
(A e4h, e 5 IR FRMMEH . FLERE. KER
SR R ER R E VA K, T
kRS FLBEE . R R R AKX LR &
BOHRAE — @ PR E L g mm L R AR 0 AR 4k, TRl ik 3 o
FE R RIMAX —S4

Zhang" R AR 52 T S [ 4 5t CeO, 4h K IR 11
PiE M I R 2, ERA T bR AR R e R AT
PR B 2R, R AL 1 B L 5 T A 3 KT 1 K
Wu Mao 2 NP 7 — R R A B HL R T AR ) 1 41
G MIMHPIR =42 4L p 7% g-CsN, B (PCNT), 444
9-CsNy 9 21 1%, PCNT (86 4k 77 A 2R 4y )
0-CsNy KE FIPAK g-CoN, 1 4.7 A1 22.4 1% .

REEZMAHMOEERR T MR R I
Xof T A PE BB I B8 B0, (H R X K LR A A R R

%5 HEA: 2021-07-09
EE&WE: BEXASRRHESE (52072055)

PR REREAT RG4S, I 3 R IR K BRI AR AL
OB H 26 T7 5 LB ZZR A2 W A LR R
LS T O HR T AR AL R R A [F 1) 46 7R R
RS IBEINE S 4 4 TN B T RO 7 10 SR I DO o (8
JEREAT T IRE . ZERIR B ARt — DN sions Kk AR T AR
HEALHRE B 26 T7 IR IR, HEEEAE LR R 26 BORAE
S B HH IR N2 AR JE

1 KIbFREREETRIH &ETE

K L 2 T RR R A0 A R (1 ) % T VR AE AN ] 2 R 40
#HAMZ N, 7 Lo ISR R E 2 Rl &
Jiike Wi FEARA S AME TUEE. BIRER
By KRIE LA RERRE . JE o B R AR E S
YIRS AR RO URER BB 1 o DA 23 3 3 &% e 7 vk R T
Wit
1.1 hZFH&EE
1.1.1 feFasmx

W SAVRRE R &R AR HRESE X
MEBENY) . & B EMFHEERTRER, KAWL
S, ARG 2 I TR AT B9 ROk

KoK 2w 4 PSR AL S S ML & RO R &
B AR AR 3 PSR CNT-TIO, & M KL,
VRS L R AL B 7 1581 mP/g, AU YLLK T AR
N 50.24 m?/g. {EATILOE R, WK 6 h F SRS VA L

fEZEN: orhFE, B, 1977 F4E, i, N, RERFENMW TR, L7 KiE 116622, Hig: 0411-87402324, E-mail:

gizhanfeng @dlu.edu.cn



%5 W

T KRB R & T S R

- 1897 -

B R 3E T 80%. Shen &M 5y 17— Fh 7 A v 2%
(4 2% SRR P T G e B AR R b 3R T AR
TR AL R 26 Bl 40 K 4 R IR T, AR AR A 7 AR
P 7] 2k A

2 SAEE R B oK, DA A SR 0
B, & B AL . b S DTAR R 1 % A 3K
PR RR A, 4% 1 2% A 2 00T LA BUAS R T SR AR AR K
INITGCRBIORE, PR, SRR . PR DL R
Z i, WATLURAESS, H2 T & kLR R,
TR BRGNS R A R e 4
WS POREE A T H & & E st . 2.
A5 B K ORE .

1.1.2 RiEE

DUVE VA AE FE T 3R R0 0 P I N0 e 77 B3 7E —
E S AF TR AR KR A AR . A KV
gy RJE AW, BE G BR 25 2% BT T ) 2% g KR T
5%

[N A o AR G U 1 B ik s N = )
% L. CoFe JZ R & J& A E L) (CoFe LDH) 4K v,
Sy NS R A S TR AR N1 B | TR X A
Mo [, {RHET Co Ml Fe B -7 IH i AT RS AT N,
JEPLH RAF IR R E M. Yue ZEIPLR UM AL R ik
#4¢ 7 LL CeO,. FegO4v Nb,Os. LagO, #1 AlL,O; Jy#;
R SRR, T 1,2-8 BRI N . BT
i 126 tH 1 44K CollLagOq AL LA BRI L L TR,
BB T SRBRE AL A, TV PR I A R A A R R AT
BRI 3 o S0 IF B TE S AR A S5 1 X 2- 2k -1- T B2
[R5k %y 68%, HEFEIE N 89%.

DUVEH IR 25 & Jm A (ZnO. Al,Oz) Al
F PR TR . DUVEVETE B £k A AL 22 7V
HA T2 AR HE S, 556 &
L2 /N L 23 A1 251 50 B AR K AR Bk fUFE T BT AR DT TE )

O R HEAE DORE B TG B Tl Ak AR 7R
1.1.3 BR-#R*

BRERZ BRGNS EERETA
MU I, BRI S, S8 5 N Fo A 41 47,
TE— W T RN JE BREE R, 5 S5 40 i Ak B 1) B
=

WL K 2k 5 PSR T I - B R i U 4% T — R B
Fe* 152 MgF, AL, K BB 44 7T LA 20 9%/ MgF,
me B2, ELAR R R S [ P I 5 45 2 1 86 o £ A 7R 1)
FE RN . MR DL R 1,1- 2K HE SO AL
TETEY RIS . Gu 2P\ SR B VA -
I 4% 7 R A S IA 206.5 mPg 1) AlLazZrTio,,
£ 196 1200 ‘CH}, CO FlEJE (CiHe) HIHEILFIE

F) 90%.

Vo5 T - U Fi v R 1l 4% TiO,. BiTiOs 256 ik
Flv BLR— RIVSIE M, ] 4 BT A3 04 Ak 4 )
bl 2 T B — M ik 200 mP/g 5 T K VA - i A
TE BRI FE I — PN g V8 Hse -8 Jse Ak 2 v 2L 0 R 7 HUPE
YKV B P 5 1T [ A S RN 2E 90 3 IR 8 SIOK Y8 BB Y
DR b S I 25 5 64T, T AN 77 R 0 & Ol . 2
Je— 7, 1% VE R RN A LA B B, AL
JERCN BN, MHERAE: A, EESK
Y A= SN S NA D A
2.1.4 K#iE

KA B IS VA R TR A LB, UK ORI
A, I v v e R K A R e AR KA A
B ME A B T A BRI TR PR SR T
08 2 ) v A PR DV R EE 22 A 7 A o Y DA B
Sk L RBR 25 T AT A K AR R T

37 4% 76 25 N 281 Y K A2 & T Bl 3 T AR v ik
239.2 m%/g ALK TiO, fEk, FFERIT T K FAE [A] %6f
YK ERTE BRI 52 M0, SI2 56 0F B H ) & 1 9K Tio,
TR 6 % KR 3 R 1 0 4 4k 2% . Zhang PR 5 A iy
SE T 7K ARG ) % I R R AN R 1 R ) CeO, 4K
UKL A A0 T VE B 3 I DK 2, TR B T BL AR T AR A 5
FOEAGTE YRR E B 2 . A0S 1 B L S T AR )
K 38K

IKBIETE G o T &8 S ARG KN 1k 7 TH
BAETZ R KIGE T & PR 405 & B 47
p T FR P, ER RS TR, B
JE BRI R O A, A
PEREZE . FET DL ESR AR, ARG R PGE AR
IKBGE B b Sk ) — FhARH % T B — R E L
FlAT RIS BORNZ  R G (s E NS H, fF
WBRGEAET, AFENEFIAE L, 43 R B RE U8 7R
BAGRSE TR RAE . BT TR R G RN,
BT AN 2 P2 A 0 SR SR BN ARG 858 S5 IRk, e —F
W R R AR
115 #EHE

R 2 A2 DI R 2 RBR Y e 2] . B2 mi A& T
MR, 2 i) )ROST 33 17 ke s R JoR I — il 4 oK
il & 7% o T ELAE GR oK A ARk R T A 43 2 DR RS A1) 1) A7
EH I — A S, XS MELEA T R I
PE. BB R S A LR T AR . SCHR[28] R A N #%
TR AR 751 110 7 92 1) 4% v Bl 3R TR AR AL, AR AR 77
PR 43 o B TR v (R IR .+ e 2 5 IR
BRI 7S ot ik = FR R IRAL i R R B BB VE (A
RAWBMERHT



- 1898 -

Wit R RS TR

%5 51 45

I NG R N i 0 R =l = g
(MOF) Bt kil 4% T CosO4 ML, LR A A 7K #4
PRI R MR 4.5 % (101.7 m¥g) , H MOF-Co;0,
RNZ ALK LR TN T2, X RhB I3 9 fif 2614 )
92.91%, fH A B 14 RE AR T /K B 45 (A4 RE, FEmT
FEHEFIM . Wang PO E R ARTIE, L 12 nm
SiO, PUKERONBEREMN, AT RN %%, 132 R
FR 190.7 mPlg (8 Hn T 13 £%), FLA A 0.52 cm®gt,
FEIFLAEN 10.9 nm ) MCNL.0 A~ FLAEAL T, e ik
IR RO PR 9-C3N, 1 6.75 fi%

TR V5 88 i FH SR il 2% R R T S B Al KA B, gl
KLk, GUKAT . Pkez. GeKE 5 RRGUK R
BRI FH AR & B Re A R B K EE R T AR (F K LA
ZILHEASE) EREZ WE T, HRERAE S
T g AR S, S P AR, 2 BRI S X
B R DK AR BB 227 A AN R RS
1.2 ¥IEHI&E
121 A%

WIS AR DU R R R, w3 55 2 1
A S5 v i AR SRR I A 2 Rk, SRS BRI VA A,
W 28 ST AN K AR

1984 4 GleiterHa A & 4 B S 44 2% K A Ao
B 77 ¥ i Th il 4 T Pd. Cu Ml Fe 259K ik, M
MR SANEE B A JIT R T — R AIHESE . Pascu
Alexandru2 7 ] K BH BE BE 47 9 B & S TR ) 4% T
BR7 % L, bb 2 1 B 594 50000 m?/g 94 KRR AR A

B SAHYTAREIE A T ) 8% H BORH V25 R [ A 32 0
DAE 815 2] 1 4 K BiokE, B2 — M S & T A UG A
%y B 5 — HI 9K AR R
1.2.2 #HEENE

WIEREA L R 2 25, B 1 RRAMAIELL.
AMTEGER A ToTS Je s AR AR S, (R i
A LB FLBR R . LR A AN K, S Hak 2 i A
FRIEE ER B LB B, 55 2 KM L, BlEid
o By SR EOH T AT IE R BOE . T
WAL TR I S5 T 1986 4F Gedye R 5 ZE MM I I
BEAT IR AL« AR AN SR AL S REBY 78 22 B K S W
SOOI W AR AT O I A AR B, e BB 3 A X
B 3 B R 20 MoS, [ 1 BE AN 45 ) 3545 — 52 I e i LA
A R K HEAE T ) EL R T B A 6099 m/g. T REDE
IIIE R S K -5 HR TR 0 4y R RN B, R S
re T PR B3 1 R A AR FE R 50 B, DL Sy M 4 oy A
MR 1 (35 50 4 IR 3 T B v e S A o A BE T AR e

o Jse 24 2R T JSE SRV T i, SR N AR AT R R PR PR

MEE S JLT-BA PFERCE R S, (FR T s A I 2
IREE, PR, Hid—P 5w,

VB TE AT AR BEIE IA RE B EE R TAR, (3
A2, B2 ARy K L2 T AR e A0 A e ) 25 0 A2
MBI R A . Heln, Guol A\ K s i 4k 2 A1 AR
LM S, @I A AR AR R R, /53 7 . M
ANTR NN 2 AN TR NN 6 B WANTIR S NN S = e
KR A Z FL Fe,03 9K L5 .

1.2.3 HURIRE %

1970 4 Benjaminl"7E BF 78 S A6 W 7 ik ik A 4 3k
el B e I RS AR T UK L, MU BR B 4
AR T AT 2 Kt HUMER B v 2 8 i 2R B AL
) 3% By AR 2 A0 A S ROt [ Rl AT SR 2 A e o BE B
A EE, FIFHBRBEGE. BEER. EREEYIR = Z H P
R FE 5 JEE BRI HH ) v T R AR AR R A S A
TE BB AF F LR qf AR G5 B A AR 55— R A SR,
FEAE R, R AR R B A KR, R
TORL L R THAR ,  3F — 25 38 IR 2 2 e A 1 v v 12
Gy FTH DX Ik LA, B v e A

1 B K 2 B S e 4 NBBR AT B A ER B ML X
Ni-AlLOs A FI A7 e, B e 72 v R Bk 7 R~
I 3K BB I ) /N S 36K, Wi 1 AR . BKEE 60 min
AR T RSB B /N, RIS K25 it
329 m?/g, H CO Ak CH, k1Al R ¥ B A5
KAE, ATV AR IS B

Guo %5 N\ BRI Y R BB v s o A R T 2 o R
PEYK R W4 8 FALES A Y (DMC) 4L ] Zn-Ni
DMC #1 Co-Ni DMC. 5255 % £ ) Zn-Ni DMC #I Co-Ni
DMC ) A90K gk, Bt s R AR 17 HAE
P, PRAUE 7 &AL RN S SV TR B R fR . fE CO, Al

= N N N

(e} o N B

(=} o o o
T T T

[uny
[o2]
o

Average Particle Size/nm

\Val

30 40 50 60 70 80 90
Time/min

-

S

o
T

KL AL RDORE R ST 55 3R B8 I ] 9 5¢ 3
Fig.1 Relationship between particle size and milling time for the

prepared catalysts®®



%5 W

oT i KRR R ] % D7 A0 Uik g

= 1899 -

IR AT 51X 2 Fhoi A0 70 (10 28 & 31 5K e B 351 3 300
B R AT P . Lee S NVOVEJE 1 IS [ i i) BR 1%
FEERT” LageSresCo0s.s (BM LSC 1000) 5% H 45 #) F1
R E R VRS2, I IE A K N 1) A 3G hm .
kit Zm A RSk 0.2 mP/g #£ 36 h Hin&E 32.38
m?/g, B J5BURL K /NI R RS E T ke . SRRk
% LSC1000 A, BM LSC1000 fF % ik J5 Al i Ak [
[ CORR #1 OER) 77 [H #¢ I tH 5 47 1 W 44 4 3% 1
i oK LSC1000 fi#fb Hh 58 1 IRJE 25 & 2092
mAh/g & 3 8 1 # 2354.3256.2444 1 2142 mAh/g,
FLAR S 10 4 A0 O PR T BR S BT P AR I 45 R R AR
e 1 SR B8 3 1D

H A8 70 A 2R B VL AR A B 100 nm Ze A B RBE, B
FETH A — R E T E 100~400 mP/g 3 B HUAR IR B v
BT HUORM B 6 & SR EM B G & 26
MR 25 . PR EOE . & AL R ) 4% DL R B
e 1 e F BN LA B I D RE A B AT AR, HLBRER
VR 3 9 A 1 T b FH T ) % AS 8] R ST 5 % 35 48
ki, Wl Bi0s 94k BikiM, Fe 05 4Kk 45 H12 Fn
NC(nanocellulose) 4k 7 41431, ML T4& G 75 E
EHRMNEEMK THRwR&D. ALK, TERE.,
R GO EN R, AR & A E )T
Z R

X L& BIKG AR HRL AR AL BEAS R /DN , U] L o) A% B A
s, TP AR 9T B b SR T AR R AR I LU A,
fia] B b A 84 ol ) 2% 7 V2 (R R S R . X — U R A
RLAR A [F I, BOAEBR R, TN REa8 75 31 11 bU 2 A s
] A 7 VR . YR DL B U, R E K
/NI AT IS 3 1.

LR, XEERASRIARRE, WikA
H MBI R RS AR AL, AUNAE CF Bk} b 2 4 b
il 2% 7 1R AR S R AT A B, F DA A & Fh i) 4 J7
PIRTREAR A 38 . SR I AT 3 Al 5 243 Sl o 38 A
s PELEA R R BR B

2 KEbRERELIHLH ZHIE

PNE AN SR A p SR e il P o -
AR AE FIPLERAROG . AL RHI AR LB 3 4
Jilale Ho—RAEEEAL D B MEE AL
HSE, R < e 8 A 2 1] (AR T A F AR 5028082,
5837 P8 o 1R 3 1 6 P B AR R B 2 (MR PR R, B
VR R S R, AT S R T A S L F)
AR TR B 2 A A 0 R B R ALTRRBA B R
AALBREE AT, JE I SR AT RS,
o H T B 5 48 T R AR R A SR R T =R

F1 KIeREREAMRIE &%
Table 1 Preparation method of large specific surface area

catalytic material

. Specific . Specific
Preparation Particle surface Refer-
method surfazce 1 Size/nm arealparticle ence
area/m- g -
size
Physics
gas-phase 50000 100 500 [32]
method
Physical
activation 6099 72.4 84.2 [35]
method
Ball milling 202 5 40.4 [42]
Sol-gel method 251 12 20.9 [24]
Template
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Chemical
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method
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method 176.79 15 11.8 [44]
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Fig.2 Schematic illustration of the bottom-up supramolecular

self-assembly route for synthesizing 3D g-CsN4 NSP?
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Research Progress on Preparation of Catalytic Materials with
Large Specific Surface Area

Qi Zhanfeng, Zhao Xinshu, Wang Zhen, Guo Xiuli
(Dalian University, Dalian 116622, China)

Abstract: By increasing the surface area of a material, the highly dispersed active components can be promoted, the electron migration of
the catalyst can be accelerated, the acid level on the material’s surface can be changed, and the catalytic activity can be greatly improved.
As a result, the preparation of catalytic materials with large specific surface area has become a research hotspot. Although many studies
have emphasized the importance of material surface changes for catalytic performance, there is currently a lack of systematic research that
can reveal the structure-activity relationship between specific surface area and catalytic activity. Furthermore, several studies have proven
the structure of the large specific surface area material evolution mechanism and the performance impact. The construction of key
structural characteristics affects catalytic activity, thus, realizing the controllable preparation of catalytic materials. In this review, the
different preparation methods, physicochemical mechanism, characteristic analysis, and preparation challenges of catalytic materials with a
large specific surface area were systematically summarized, and future development was prospected. In addition, the influence and
limitation of morphology, scale, and elemental characteristics on the preparation of catalytic materials with a large specific surface area
were emphasized.

Key words: large specific surface area; catalytic material; physical mechanism; increasing dimension
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