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FEhALAE . PRI G S S NS ART, SR _EIRT5VE G B A SLIRAN R R RSN S5 A HRARAS
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R ALk BEFE AT AL P AR o

FERS LR R, ASCHR T — P EAE PRI RSB A IS U, Gl — P et a5 B e
T 1 42 IR e I A LR 7. G5 5R B, AE 1250°Che4s 2h J5, TMALIEE S RFLSHEA 2 R 456 5% .
At BT R K e R R R, XA T IR A R R P K U RIS A P B TR i AN R AN
BN ) 2 THDREDRE AN 2 FLAR 20990 09 178nm Al 2. 1 pm, ARACAS . RS il 46 <6 AT R At 1 —Fh 4
L2,

AT kiR
ZAERENIEREE SRS B TT K B R RE T 5T
#HWH*2, Xiahui Zhang®. Min-Kyu Song®
1. VORI R AR b, Al 610031
2. Washington State University, School of Mechanical and Materials Engineering, Pullman, WA 99164, USA

SJEAWIHESE (Metal-Organic Frameworks, MOFs) 1EN—Fii M Z5L45 Mt kl, BEAFLERER. i
P2 . S5 G RIS, T RIEREIR . Ak SRR 5 B2 B iz 0. A TAE®
AT ARFRFZEMZ L MOF (41 MOF-74, HKUST-1. MOF-5. Ui0-66) KILE &ML, AR 7241
MOF 25 &M EHE R LLRE . M 8 b h N A, W1 MOF 28 & iRl 5 MOF 121 FLb BB . 152,
MY T2 % % FL MOF (4K FLIE 454, FE45 G BRGS0 B MOF 43145 M0 A Ak 14 B LA
e BAL A PERE RS A o JE I PR & R PO A E HLECAR IO AR, B T 3R R = E S T S 0.17 mS
em—1)5 8 58 AL A8 PR T 11(5.6 V) I MOF JEHUfR I . th4h, AR TAERRH 7 2491 MOF 44K Z5 14 1) 55
TWATH RN, R T 24l MOF 14> T 45 MR GK RT X L sA S E RE R s b L. Befis, 1% LAERE
—BIRE T 2 4L MOF A RHI R BT SRR, Bt T E AL R IR MOF-74 1 58 -5 W v fif o3 (1) 3 PR R
A — M R BT T 2 FL MOF i MR IR B8 P AT RIS« AR TAE R £ T2 7L MOF A1k
(R R B FLAE FE A AT ) N SR BT 7, #8578 MOF S22 &M B4 SHEREMMIREE R, AL
FUMEHE Ak 2 i B A3 1) SR $2 £ 1 3 J i

AT Bk
D29-P02
T [ [ ) U 2 FLAT R T S FLFE SR 7
Braef ' &AM Lim Sugun®
1. BB TR MRR 5 TR
2. FHIE PR E LK

AR FEARE < -SRI it g Tl B ] L 2] 9% 1 REIRZ 4L Cu-Cr. Fe-Mn. Fe-Ni &4, Wit/ &Jd&
5K 7 BRI BL A AL el okt ) 2 AT 50t & A LBR A RS AL EAR 5 . 370 130 Jy 22l of
BTAFUE T, CuCr. Fe-Mn K& Fe-Ni &&iRmK S, BIMAREIR, Cu. Fe &R mIK
NIBIe % G eI R KN T FE. SCIREE /K], fE Cu. Fe &kt fEd, G&ITxR (Cr. Mn,
NiD B iCERAEALA AL, BEE LA B & oo ', GefaRimsk e, (it 7k,
BBAE, AL TS SRR X (1 95 B2 AN L BRI dfoki AR K 7 A RE R 7E Cu-Cr 546 (15 [r) it [ 742 v
% Cr SEMIGI, WRRIX P T8RSt a ), B SEFLEAEHI R, RALERLEREREN; £
Fe &€ gL, §EIuR & B A SHMMPAR X T2, (H 2 B8R XA £ K D730, Mn
(ND RIS SRR, SEE SRR/, BEE Mn 50 Ni &2, Fe
F R LEARIZET RN B eI i .
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BRASTRAR kAR
Fe X% fl. Co-Al-Fe &JR IR G # MR R B K Hd SR AT B I R AT A B RS I
PR V2L gt
1 EF R
2. HrEaEUR LR

2 ALAPRHR MR PR REAN L ITT 51362 T RF 22 B2 %0 . Z AU REAT DU AR AR L, il
e|. . BReWmEamel. Hh, ZAeREIRE S, SR EWMEIEIUR ST 1L
SR ZWEI, ABTIAELE B i 22 A 1 . 22 ALB AR BA 57 O it DU PR REA ) 22 P R, (L
FEAENETE R SRPERAN TR YE 2558 R, 78 AR R TP AT RE I iR, 45 A0 R R K. A
B FUaE R PR AR S N — B R T B 3D WA M ALER R 2 AL Co-Al-Fe &L &Y. 1
3D-XRM RS [ ALIREANSE R L AR DI T AR Fe SEFEMAE 900°C. H/MURTK
5120 /NI TR e . S5 RERET, TR SR TR RSB, AEAAE I FLAT R RIS REE
W IR FEAR TE 5

HMFEHHELE (COFs) M2l #& Bt &R PR BIRL S BT IL
Ve, R Mg

e

BT AR R FL PB4, AR & B L5 A TS e A b, TR & 52 50k, A TR e R
EREEAFI MR, MM FHEFINZNE. B TR ES . SRITTEZFE, B2 LR
Wi e E N R R . b, M HUESE (COFs) M T4mER 7. LRI m. itk
SR R T SRR RS AL B O SR LI - 5 o A TR TR 5 4T M B ik, DL T
ORI 9B SR T Phos-COF J#ifa, mI4ail ¢ kb2 RS12h 1.62 £ 0.37 nm BIHE4H. 48 RS A4t
YUK, FRAE AT 185 ZRIIR 1) 28 B E R AR F5 A AL TS AT A R € 1, Pd/Phos-COF 7 X il
AR5 IRINER A28 SRR B H TOF 24 1648 h-1, 5 IRAEIFIS 17229 93%. {EMLIEAT b, 120 & SRmE 4
N FH T DA B P IS ML 1) cyano-COF AR AN 1, TEFRAMINE R, NSl H (110 S
B[] (R AR 9K ik, B4R R ST 2.88 + 0.60 nm, X Suzuki-Miyaura {55 52 572 3 H 48 e A A0 1% 1 A0 R
FIfEARE E eSS, 2SR = IR N, Pd/cyano-COF 78 it FF 4 5 2R B2 128 AR BE S it TOF iy 2578
h-1, fL2EindEtEm T 99 %, LiRAF7ERBITE COFs # A, oIk o fIAH S 2= o) 43 B AR - Jo 0ot
FEGOR TR A KAT R ARAETE ST S 1 R 2.3

R ER &GP R R
MEJA>. B8, 5EE. S
ALK

MR S ALK L U S 45 [ S s ATnT i P RE 2 AL R AR R/ K, TR T BIR B4 & 5t
LA 2SRRI A% L BRI TR A0 S o AROP Rk 6 BoR ST AR PR o S B LA AN R A R 3R
P B R, R SEE T R R R BUE A SR 2 A R 4G o QURMERTR FSW AR S T 5L
KBTI RIERE, 7R T FSW Bl 408 A v 5 A B Bt FLIE A SR 4 g RS2 (0 S s A L. i
IR TR AT IR 2, 25 SR N Z BRI, ST 2 MR AR SO ORI TR %% o B 5T 45 SR HE i
MRS E AN ThEe LR EERE, SRR = o~ yE N B B .
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D29-PO01
T (8 B R F RS A AU SR R
il
NP

Pl G0 R R R 2 s R AR R A R R R BT R RE S A MUHESAL RO A, BATBER T &R 514
P B HUEZAT R, N8 B RS 5 0Pk, EEN A A

BE X SRR R AR S A RHME ) I, 1520 T B VR B D) BE R REMEZE A R, 0 B TR IR
FEED AT e Y pH B AR AT 2R BRI R R TR SO R A, B AE M T B TR S A A
BB IS, TTLL 100% M HERR R X 70 B A TFH8 S5 T0ikibiT B E 8. [RINF, 125 e e Pt A
A Rz JRIRE, AT aE e LR B SR AR SR LI AT AN ER BT AR, NIRRT SRR S W T —
Fh#T AR (Nat. Commun., 2023, 14, 578; Z1.202210650464.1) .

B MR IR S U PRI 75 SR, B BABE T T AT R i S Th 8 (1) R R HEZEAPRL, XTIl 14 BAT 1A
PEDEFD G R o ARFEZIRL, AR T A& REFHL APP By 1 SR Ia il R4, = RG]
HHIAAE 524 BATHAE, SERTESRAE 8 /N I BEAR VP IR B0 o [RIRT, FRATTSZIN 1 %o 2SI e ARG I R 2 152
NHIE AT NI AN 43 2% (ACS Nano, 2024, 18, 728).

RASTRARTY: BiEIR S
Quasi-static and dynamic compressive performance of aluminum foam phase change composites
Ningzhen Wang*!,Ruyuan Yang*,Xiang Chen’
1. Beijing Forestry University
2. Tsinghua University

Aluminum foam exhibits remarkable energy absorption and impact resistant performance. The phase change
composite materials obtained by filling paraffin into aluminum foams can be applied to the battery box to
maintain the batteries at the appropriate temperature, with providing superior mechanical properties. This study
investigated the mechanical properties of aluminum foam-paraffin phase change composite materials, conducting
quasi-static compression and drop hammer experiments on aluminum foam with different porosities and
composite materials with different filling parameters. The results indicate that paraffin enhances the mechanical
properties of the aluminum foams. Under quasi-static conditions, the yield strength of phase change composites
increased by 13% compared to aluminum foams, and the plateau stress increased by 4.8%. Under dynamic
conditions, the yield strength and plateau stress of the phase change composites significantly increased with the
foam density and impact velocity. The compression simulation was conducted using Abaqus, it was found that the
simulation results matched well with the experiments. The research will promote the application of aluminum
foam-paraffin phase change composite materials in the battery box of new energy vehicles.
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ZILEBEN— R R RE S — IR LA kL, Ol 2 N TR . e B B R, W
Boe M R PR B S A . R DTN . FERTT Sl B R T ARIRE N ZLE @k, woe 1
W FESHT g SPERE IR . 240 Cu. £ FL Cu/Ni F1 Cu/ZnNi & & 448K £ £L Ni-W 1 Ni-Co & 444
BHO U & FE s, I8 PR IR IR . IR B A TR A HE B S SH A SR T T
L& IEM RN 12 5. fE2 4L Cu. Cu-Sn F1 Ni-Cu & 410 B/ s BiFBoRWF 70, 8t ik
BEGRST AR E S BIZR A, SEIL TR 2 FUMRHLBRRRIE ) 32 3 4% . (e B 26 T SCE 140
K Au.Ag Tl Au-Ag G S RIURE 1 To 75 48 G il 25, A B AR SURLAR B T 55 F0 2% A 2R 300t B8 e ) (A P B
TR & B PR PR RS S EAR, G TYRZ MR ZIF8 il ZIF-67, TR B IF &M T
JSF SHRHEAT 7 R0 I 252 5 T 2 FLARH IR B % .

RIS BAE IR
HRSKH AL R SR EM AT IT
XK 2>
HHKF

MIARBR S DI — AL TR R, BB REEW. BHJBIR. PRI A SERE, ERTE AT
K VRHERLGE . EHEM . LRSS OEA T Z M. 9 73T HAERE, BT AR RO 2 1%
EEA bR A RO R, FETT AL AR R T SR AL 2L BRI 2, TR RN B AR e 22 SR 1 s iR B &
MR (EERHD . WSO EAL M B2 RO S L 2RSS M RAE, BT 70 M B 2 AT LI R R I A A
i s T T B 20 TR IR T i 1 RE A% RE BN RS MR, SR SR B M URAE I 4 38 T AR SR AL B
SRR, TTALITR R A AR I REAE WOV E A M B 2 o TR i B2 25 PT 8 fr YR B 1) P 4 o L A
EWRIEETT . WONEA S, B EHIRAE S48 BT T 12T LAJR S AR At AT AN Y™ MR AL, 22Tl Y AL
PR T A i B2 2 PRI SR SRR AR DA K% I8 2 15 R 5 T PR BB RG T 5 L P Jee ot L 25 RT3

BRASTMARAY: BAE IR
fesh &R % FLIRARITT R R Tk A
U NI = SN N R -0 NI = o
1 iE 5 23 B R [ S 7 I AR 5T 0
2. THEEERIED A IR AT
3. PHZATH AR

a1 2R EZ SR, kR 2B BRI E. M 2. WL, 5E
JIPERAR SRS, TN TR T BB SRS, BAAE 8. SN, 1
A PR h SR T . B3R E XU R B AR IR P HERE & TR AT, fkaibedi&a%
FUAA AR I FH AR A LA R AN Wi BRI T3S B TR, 7RIS ST, besi &8 2 fLIEA R I R A1 T
b B A 7S B AS I N
PH 0 AR A PR A MO PRI B R W 7E Be 4 I Bl X o BoR ol ikFe“e g 250
PORHE S T SeI0 % B S 2 B ROR B S 7 A TREAE T A0 DA R R 4 Tl i o 4 i R
RIFMREE =R T RIVME4S &8 2 FLEM BT R RIS BT TAE . Vi BT R ks &8 %
FLIEAT R T i A BRI R AEERY B E SRS, &SN ¢1.8~400mm,
— A 2 BE R IA 2100mm, /N T FLAR AT 2 50nm, AR U RS 9 500x1500mm,  f /N E R
0.1mm, Ak, PEESEMERIIIT K | 2 PR AR SR
VE A R & B AR LRI s ORI« 22 ik 2lifh G (& B A R RS AL T ST s B e,
i =R AT 8T 6 1470, PIME MRS SRR . RIS R G1H AV R R E 7, A
Wi dh R be st & B BEATRIAE FE MR &, R RUVE FE . AR WE 2400 B L T S0 o) % S AT ) 1o D 51
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BAARAI: 1R
BRS IR &I TR
ERHE2, ER 2 KT i
L S 5 A BRI ST e TRRBFA 0
2. T R 0 4 PR A )

[F1) 7o T 23R 3 i AN/ IN TR A 2 g 34 ) fL T B 4 SO S R B B I T IR A BRAR, A T A X — il S
FRBEHUR AR R A, BB wl SRR oA — FRAT AR IR DT R o WS 2 350 23R P2 8 TR
M Jetids, SEILSS RO SR AE, HBMIERE BB MR R B R IR B B T, RIEAT5E. &
OB AT BB bR

AW TR R ARBEHA, SRR L AL & T 2T 770 18 KRG IE LR Begh Bh
A, B T P BRER R e gt Faue M RN 22 FLAS M IR BRI R LR AR IR I g, R AL -4 B e gt T2 e pRaR
WMRMAZ, LI TR 2 FURBCE I KB i, FHmallhes: T20MAk, HlidH B g HAE &
FIEZILIR R . SEIRAE R, 630°CKHessimE ~, il & 1R I 2 FLIR Ot AR Ay B 4 A e,
H NI o1 A = G WREE R, TFEIFLIRZ 30um, FLEREY) 35%; FHLBAMMERERISIEMEREAIX T, B
BHRY) 3.06x10™7m?, THNETH AT 35mm. BegRE i bL F HURR AR LRG0 AR 52%, A AL IlAR JE
BRI B A i

AR AR T —Fh A w E T3 AR I 2 FLIR RS Il 46 5, AR IR B RS B 1 R R FR A T
(B, T HESh BT I S BB D B S S

=

BRASTRARR Dk AR
YT G M RIS AR & 25 Ni-Co &
WmER. BrEE*
PadL Tk K%

LAV — MR SRR Z DRERIAEL, CROAHTE . IR, 1% MR ESIRHIAT I
MRz XL BRI A TR & b SN B3E T3 V5 SEEU MR E A M (R %, SR A s IR VA AR
FERHIE 5 1 IR S HAA PO Ni-Co &4, PR AEE TZRERRAFRNG LA Ni-Co 5. MR T &
SRR TIBWLEE, S HI ORI . RRE B DIRIRLEE . ORI TR A S S B R T T 2
L Ni-Co &< HIUTRLE A5 8BRSk . 72 R FLARF PR 4 2 b R FEL TR SRR 22 1A% 38 (R AN T L A
LR S R B R ] o BRI 60 remin I AT BT 25035 2 4L Ni-Co & 4 B4 (1359 50 PRI >[4
AR RSP AR B . ARSI T Z SO /K BRI 100 g-L™ BT 1.6
A-dm™?, PUBURIE 40 °C. YU TE] 2 hy BIRREEE 60 r-min™, 7EiZSC560 4605 N H 4 1T & SRS 51
PRI RAIRMER T ZS 84 FCC. /N4 Schwarz D mFF&5# 12 4L Ni-Co &<, AR T
THESS A WER S IR AG LI b T =R SR S5 A AR TR I RE M ) 22 P RE DAL RE BRI R

BEASEIAN: (UREIT
D29-P0O02
e S DS
EH d L e
L U 5 BRI ST B TR L
2. PR ARHI A A

ey EHIVE R L A BERE . il AR B DU RAFII BT A Ja e /1, REFES . Pbd, %
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U= 78 R A AR AR A B0 5 552 B P e R K SR B e o A SR IE W R = i L ALBRE I 2 ALR 45, A
BRI e AT A AR, T HRERE R FE IR My DR, (R RO Wb I 2 R A5 B B2 3R T
ZIRZAZRIIN T, il EHAE B2 e . U TR R R =2, o, pegh ALl
BEHRAENZIZRAEEGEEMAZILZE. SRBLENZILENERBALLZILE. M RZILZE
TR NHRNTZNZ RS . ERLMZIEMEBAgELLZNILRTR S, B S TR,
FLBEE YL, P IRA 7€ I RIEME T .

LALRIERRE (EROFELZIZNEE . LR, 2RSSR LN Ry
P (EEEIREAERE . PURTEREANI ) 2 R sl A il e A T = A 25 I Lk R de b,
A X LS BRI X 22 LR 1 T2 LU A IRARAT D AN F 75 i A A B B4R S8 L 25
B pesi M il B AVE N 2 AUZ SR . 2 LR SRE IS S TERE LU B RN 5%, R T
REETTVEMBORES OAE I fea, R T hRas Y il A E R RE VAN T IR SRR R TT 18], )R
M il R R AR AP B N R R S %

RASTRAR kAR
LA &R SRR TR IT
R, Fg* EgE, i, 28, mool. 5. B
PEALA e m AT 5 b

Z AL BRI BE TR 5 AR L RE (10 ROR A% A Sl LT Z 33 755K (Micro-CT)
WEFC T i Mhbe s 2 SR = RO S5/ 7 ATHFAE . SR)5, RAIBENLE BRI IS8 T 2 FLARL = 4R 1
R AN, RGN T ZAMBE RS EOT LR E SRR NS R E i R . i), R
TN R ETTIERT T T 2 AU RHLBR S AR AR e R i L . 25 R3RET, KR 548 J5 R AN RE B 2 4R
ZAM BRI RARBIER, X T A Al AR i g . 2 TR 2 fLemA R Hl & T 25t iRk
¥, AR 2 L m AR AR A R RE .

RSB BAE IR
a2 ALK IR 5 R R
ZHAL*. R, EA. EEA. ik
AEE BRI BRI TR

2 ALA S G 2 R BRI v U AL B A8, SRR, 1 X R B AN 2 SLA RO RRFIE . RAA LR
Ml AR bR A RS A R R A MR T BT, iR U IEEEK,
WA R R L B AT Bl & AF AT M IR R s 0 22 LA T R R SURISE I ([T A, thxd 22 £L485
HITARAN N FFLER S A B T S i 2R

HAT, 2 AL 00 32 2N AR AE G R A ANE R PR A FEAIE BRI AT 1 FURR ARSI | S 78 | A7 A DB S5 ) g
FLBRAE N 2 SLES R A S B 1), LRI B 1 2 LA RO P PR RE o Ao SEBILXT 22 LA AL BRARF L O
SETE, CORBONIRG 2 LB — D R RO, R 5156 1 AT AL AT 2 SRR 2 B % . %t
T, ATAEE R 7 2SRRI E N T g A, RGN R BT el
T EEET5 T 2 LA LB R AT 7T TE,  RJa X R R 2 SLES I T 5 R AR R AR T R

BRASEIRAL: BIER
3D FTEM R AR B Stk R 5 1 iRt
R IIR*
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JentE TR

TR BEEE R AR PGB RS« o SN« S5 A4 T e 1R DL AL R I e P RERE T, 323 1T [ N Ak
FH IR JEHER, FEE 3D FTENSESCHE R s BORMRIE AR, i R R T s S S A AR
Pttt T ERIHEOR SR . BRI, JT R 3D FTENRUARE S5 A RH 1 S M RE BT S RAE R A B E L A
SCLA 3D AT EMUR A RIRT AW TEXT R, ST XA R % T2 - S -2 Ak e — AL TT & T R SEWT T -
HSERANE 3D FTEN T ZAT ENAIBR & 3 AR DL R AR 7RI 7T, 25 S A RHMOI R AE 5 12
TE T 146 T ZE AR RT SAR SA M RE RIS s 25 8 [RI A0 AR T AL A s KA L, R XA 26
W JZ AR SR = 4EAR AT BROTEUE 07 3, R T OR R RRZ W RE B 1 26 T LT SR AR bk, R GEwT 7T
TERE B AT iR 0 2R I DL i R LB s A S R AR AE A B FE A S5 M S5 A,
TR MR TERRIE . JETCIRAS . 2R RAM BTk, I AN [F b o B A el s B R A R
1AM ST RE T S0 SHUEBHUETIT, 75 T APRH R GHO0R L . IREI TS5 R Dy 3D T BN K4
RH 122 RERAE S AAL B it BT — 3 13 2

% FLIR B B SRR 2 A A P BE B M LA B 5T
BRArAEx, BRE)

R

ZAMBHLESHFEE, G5 FRREMIEN, B LA REFHIRE MR, S LR 2R
EZAMRP [ i R SN, AT TR §TBC R . A TAERIER A 75 a8 RS I H
TR TR R A REIE SRR, 25 A AP R X 2 (R R R (i i, B FU AL A
SEHLEE . JEIL SR BR BRI e, E BT A 8 IS 7 T IR H SRR I e &L
AR TR R ALERE G677, PR PTIR B GIEHAL R 1.92 mH-cm™®. AR RANIE L 2 A4
BRI BI /1% 2 LM RHS 20 OO0 E R HLERSR O 1 B0t vk, i Ho Bk i i 2 4L
PG RR AR AL T RIAT I SRR R

RAREMAER: Ok
CoMn204/Mn304/MnAI204 (OV) REFAGK R F R B B 5
TKhg*

EVER

E FL AR RE 6 i S o0 45 40 - W0 8 2 R SR & T ST adE s e e A R Rk P — o B BT A 28 O v« AE
AT T, @A S g A AL UIRNE, BN & T — Bl AT S 2 0 B P R 9K R R AR i A 4544 1)
CoMN,0,/MN30,/MNALLO4(Oy) —AHFREEMNIR G . X PR G LR R B ke, TEHRmEREAN 2
mA/cm2 B, AL R 17,700.32 mF/em2; 7EFERE N 6 mA/cm2 B, 7§ 5,000 [& 5 RE PR KR
92.32%LL 2% . 7E 1.0 M KOH HE#, BL CoMn,04/Mnz04/MnAlLLO4(Oy) AIEM, & JF 8 A A1 8247 (rGO)
N, HBEAFREBH AL, HAERZE N 81.56 Whicm?, IR E N 639.93 Wiems. b4k, DFT
BAE R T CoMn04/Mns0, (Oy) SRS EIRIMALERY), (it 7 &8Iy BT . AT Mshbay
KT M HLAT 1) 73 A 08 T RCALIAEE, MR e 1 AT R R IR R A, RN AR EF T S A5
HL Ay A 7% R AR 110 58 B 1

RASTIER: PR
& BERMPURALFBIRRIIKIL CuOx FASHIH AL I R IR LR & £40
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TERHE. I
b KRS

S BRSO BT Z(HER) AT 48 (OER) WU ) BE HL fHE A4 712 ] R 48 ) S AT ) — AN DGk R AR, {H
F HER/OER " # F ) Pt Ir 8% Ru S5 YR G AT A R, [RISE EA PR M. A3 s b 77 B A ARG
IREE RPN 5, (B TR A0 H VB SS MASER 2, 75 /K 24075 T AT R 820 o Al #ugt I
LRGSR ARG A 0, B T — R BRI 9 K R 1 I 4ok FL CuOx A% & 4k
(Pt@MNPC). XCELENH TN K FLEE AL H B A S IR I N 10T, 39 5 oA s A P A o i) m) Je bk, i —
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Homogeneous age-hardening of large-sized Al-Sc foams via micro-alloying with Zr and Ti
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Hui Wang*
State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing, Beijing
100083, China

Al-based foams have drawn increasing attention from industry due to their integration of structure and
functional properties. However, large-sized Al-based foams still cannot be homogeneously strengthened by
long-time aging due to their low thermal conductivity. In this study, we proposed an age-hardening approach that
was applied in large-sized Al-0.16Sc-0.17Zr (wt.%) foams via micro-alloying with Zr and Ti compared with
Al-0.21Sc foams; it not only achieved homogeneous strength by long-term aging but also reduced the cost of the
alloy by substituting Zr and Ti for the more expensive Sc content. The results show that the AI3(Sc, Zr, Ti) phase
with a core—shell structure as a crucial precipitation strengthening phase by micro-alloying with Zr and Ti was less
prone to coarsening after a prolonged aging heat treatment. Therefore, the yielding strength of Al-Sc foam
micro-alloying with Zr and Ti remained almost unchanged after a maximum aging time of 1440 h due to less
coarsening precipitate, which is consistent with the results of mechanical experiments. These findings provide a
new way for the heat treatment strengthening of large-sized Al-based foams, thus promoting their industrial
applications.
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Two-step preparation and compressive properties of graded foams containing Al foam and aluminum
matrix syntactic foam
5 %
U~

Melt foaming method and stir casting method were combined to prepare graded foam. The interface between
Al foam and syntactic foam formed a mechanical bonding. The compressive properties and failure processes of Al
foam, syntactic foam and graded foam were compared. The stress-strain curve of graded foam was the same as
that of Al foam at first, and then the stress gradually increased, keeping a similar trend as that of syntactic foam.
Graded foam began to fail from the weaker Al foam, and then transferred to the syntactic foam. The failure
processes of graded foam corresponded to those of Al foam and syntactic foam when they were compressed
separately. The densification of Al foam was accompanied by the initial failure of syntactic foam within graded
foam, which corresponded to the transitional zone in the stress-strain curve.
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Lightweight, Thermally Insulating, Fire-Proof Biomass-Montmorillonite Foam via Ambient-Drying
Tengyao Jiang™*, Yuxuan Xue
Innovation Center of Yangtze River Delta, Zhejiang University

Most of the traditional foam materials are made of petroleum derivatives, which is not conducive to
environmental protection and resource conservation. The use of renewable biomass resources to prepare
biomass-based foam materials has become a research hotspot. However, the large-scale manufacturing of biomass
foam materials is currently limited due to the lack of effective and scalable methods. In this work, the biomass
foam material with low density and low thermal conductivity was prepared by ambient-drying at the lowest cost.
Through the cross linking of metal ions, MMT is successfully embedded into the foam material, which makes the
Young's modulus of biomass-montmorillonite foam reach 3.93MPa and has good fire-proof properties. It can be
manufactured on a large scale and widely used in the fields of building insulation and new energy vehicles.

RATMABA: R R
D29-PO04
Preparation of Transparent Cellulose Aerogel by Freeze-drying Method
Tengyao Jiang™*, Yuxuan Xue
Innovation Center of Yangtze River Delta, Zhejiang University

At present, biomass materials with cellulose as a typical representative have attracted wide attention. As the
most abundant natural renewable resources on the earth, biomass resources will become the inevitable choice for
sustainable development in the future. Due to the brittleness and high cost of silicon aerogel, cellulose aerogel
may become a substitute for silicon aerogel in building energy conservation and other fields. Transparent cellulose
aerogel can not only meet the requirements of visual interaction, but also reduce building energy consumption.
However, the preparation cost of transparent aerogels is still too high to be mass-produced. In this work,
transparent cellulose aerogels were prepared by freeze-drying method. The preparation mechanism of different
freeze-drying methods was studied. The final prepared aerogels can maintain more than 80% transmittance in the
visible light range. The transparent cellulose aerogel prepared by this method can be manufactured in large scale,
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which can be widely used in building energy saving, optical devices and other fields.
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AR BIEIR S
Preparation of Porous Silicon Precursor Material Mg2Si and Structure Analysis
Shouyan Hu,Hongjie Luo*,Yuekun Yang,Yang Qu
Northeastern University

Porous silicon is widely concerned in electrode negative material for lithium-ion batteries and optical sensors
for bio-detection due to its low density, high specific surface area, and unique physical and chemical properties.
Vacuum sublimation dealloying method, it can also be called physical dealloying route, has been put into use for
the advantages of simplicity and efficiency, no chemical reagents consumption and the recycle of by-product.
Porous silicon was prepared by vacuum sublimation dealloying method with Mg2Si particles as precursor in this
paper, and the Mg2Si was obtained by element blending method. Mg2Si was prepared using commercially
available Mg block and Si powder as raw materials, weighed at stoichiometric ratio, and laid flat in a graphite
crucible. In order to prevent large amounts of volatilization and oxidation of Mg, a layer of carbon paper with a
small holes was laid on the top of the crucible in this paper and an argon environment was maintained. The
temperature was increased from room temperature to 1050°C at a temperature increase rate of 10 °C/min and
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maintained for 3 h. The Mg2Si particles were placed in a graphite crucible and in the vacuum container which was
maintained around 14 Pa, the container was heated by a resistance furnace and temperature was set to rise up to
750°C at 10 °C/min, then holding for 1 hour. After the container was cooled to room temperature in argon
environment, the samples were taken out and subsequent inspection was carried out. The results show that there
are no residual Si as well as oxides in the sample and the yield of Mg2Si is 87.8%. HDBSD as well as EDS results
indicate the presence of a-Mg, incipient Mg2Si, and eutectic phases in the samples, with the Mg2Si grains
engulfing the surrounding small grains to grow up and coarsen, and distributing in a dendritic form in the a-Mg
matrix. In addition, the eutectic formed in the material has an irregular morphology-typical for a
faceted-nonfaceted eutectic. The results show that porous silicon is a brittle particle with cleavage plane. The pore
structure is relatively complicated and the pore distribution appears unevenly. The shape of pores is polygon and
the pore size are also different. BET and MIP results give that the porosity of porous silicon is 30.569% and the
specific surface area is 3.612-3.963 m2+g-1.
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Mgl PUEAL R B 2 IIRERR K, W FOT R L MANLEHA AL R A &R, T TR B 75 5K
THE T RB IR S SR A M Bt 5 TR & o BT SRR (I D e LB ST M s, SeBlE
R L IRER SR, W Sl PUE SRR e . JPAR MR IR S EHER TR
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Bl R BOR T R e IRV LR PP . W RDE LRI, S| TR AN Tk A 2
Mo FRAEA 2 R A S A Bl ) PR AR AL AP 2 S 1 S M A K SR R S B Ao B 0 /K r g SR 1
BE~ R, M SCBETERIVE T o SR 5% BRAS ot FE AR AR T FEL AN (8 A 7 T R B AE JE B E - K]
1, A ZB AR R AS R i vy LA P RE 7 TS R FE R LA BEAT DA, DA E L P kAL R Je

T AR B A i ), A KR WAL et AL S SR BUZ SR A
SEJTHIT R FOOFIUS TSR . ARSCE B4 T — MIRERHEAL 2 101 % 53, 8 im BRI AR TiB,
BARRIGIN, W EAL 1 BIRRMEAL E AL BT AL ML FALRE T, FE AN FEAL S PR R [P Ir 380 B
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ST 4 i L BEL o O o) I FEL A 2L 7 PEMI R A o 26 I H A S AL 1 8 (1,93 V @2.0 A cm 2 @60°C, N117),
A R R PR RN 2 N

ISR Sk A
CdxZn1-xS/Sh-SnO2/TiO2 NTAs & & HAR I 4 Kt iR AL PR RERF 5T
xR, B B
P d e B R R A A PR A 7

TiO2 NTAs = A 7 256 S LRI JUART o BT R A 1 (58 L AE RE UG A0 S 35 Y [ i S5 Ak =%
BITEBE . SR HRE K 287 98 FE (B4 Eg=3.2 eV; &40 Eg=3.0 eV) {3 HaeF| H KB M 6(TE
KFHYEIE 5 4~5%), Wom PRl TN HYER . thah, Tio2 ARG RSk, SRz, KIS akFE
FE PRSI T e b . Wt R, Sb-SnO2 B RIFHI S eatE, T2 N T 5 s 28 KX s fifk
ARSI, T CdxZnl-xS FEEAF Zn PG NEHAE MR S 58, B o] DUEIESER) CB
VB Z A%, H458 1 M52 X 2 B RE 7T, AR T8 AR I Rl DG B2, Sk REER T AR AL PERE .

AT LD AR B, BEA RS R K RGIE T Tio2 NTAs AT 8B R o, Wk AR
CdxZn1-xS/Sb-SnO2/Ti02 NTAs S & Hitlk, [FEF 4Tt Bl )T BRI o] WoEm N 4stE. SEM 5 EDS 25
WESZ T Sh-Sn0O2 Al CdxZn1-xS B2 & Tio2 NTAs Hibkr, HIAIE KA KE E. XRD 2 #r Ens
Z IR M TiO2 AUAHZ, EELL(101) 5T AT . XPS MRSs &M Tiv Sn. Cd. Zn 20 5ILL Tid+. Snd+.,
Cd2+. Zm2+E\A71E, Sh A Sh3+A1 Sho+F RN 45, SH S2-Fil SO42-FiFpf77E . UV-Vis DRS 45 R ilE
ST O S R B /N A U R AT A A R AR E RE o 1-V IR F e B AR AT R B, AHEE T
Fali CdxZn1-xS/TiO2 NTAs i, CdxZn1-xS/Sh-SnO2/TiO2 NTAs FEAR K5 B i 2 B G N T 31.7%41 13.7%,
HOLHIRAE N 34.5 mA-cm-2, JEHERASE N 15.7%, T Bhr N-0.32 V, #ifi 7Kk JE AN 2.33x1020 cm-3,
L far 7% FIBH A 21.04 Q-em-2, A HL 2 A 05008 5.77x10-5 Fem-2. F=EllR4E R iE7R, HE KK
PAEGEE N 533.4 pmolh-1-cm-2. ¢ 04T, Sb-Sn02 #2445 FIl T3t — 47 e v far 4% 356 3 A O H s e
MR, HZBEEGEMBEER T AR -0 M08, IWmiemEes.

RATMABR: ks
Mechanical characterization of elastic-porous metal rubber based on gradient lamination model and fractal
theory
Shaoxiang Ge, Yuhan Wei,Xin Xue*
Institute of Metal Rubber & Vibration Noise, School of Mechanical Engineering and Automation, Fuzhou
University

As a novel porous material with high elasticity and large damping ability, elastic-porous metal rubber
(EPMR) is considered as an ideal element for the flexible core layer of sandwich shell structure. The
microstructure morphologies of typical EPMR in the axial and radial directions exhibit significant gradient
characteristics, which have not been considered during the mechanical characterizations so far. In this work, the
bidirectional density gradient lamination model of EPMR was developed based on fractal theory. The effect of
heterogeneous pore distribution on the mechanical response of EPMR was investigated by means of experimental
and numerical methods. The results indicate that the pore structure of EPMR presents axisymmetric positive and
negative gradient distribution in the axial and radial direction, respectively. The proposed bidirectional density
gradient lamination model can well capture the super-elastic deformation behaviors of EPMR subjected to
compression loading, but there is still a prediction gap for hysteresis characteristics.
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RIKF*

R RN AR ]

Z AR TR SR AL R VR RE, EREUR. PR, MU HUR A AE Y 4 SURE A T2 B B
PRI BRI, 22 AUAPRHE RIS G ROTOU 25 R 2 b L BE RO RE MR I IR A FE o AHIE FU2E T 5
PLBTZST4 (CT) H50R, X2 FUMRHE AL h 1) =R R AT T R G0 FE . 8L CT R 5IRAL
HEREHR, SC 7 ZAMBHER =48R AL RAE . BEFEEERAERN], wIERe AL X 554k CT HORBENS Lt
M 22 FLA R A B FLRR S5 R R BREE AT AE, DRPRFIIRBAT et 7 S B S . Il ISR 5T, #EoR
T Z UM RHEBIRASA L T RO S5 AR A .

RISk
HHREHINERBEAE LSRR
RO, B BRI DR k. B T
RN

IR ARIEFLE (Composite aluminum foam tubes, CAFTs) Flyf i 5 85 X0 (Aluminum foam sandwich
double tubes, AFSDTs) {E AR E &45MtE, BAHOMPUEgEREFaeERLme /1, FR A&
RIGT e, Bk BRASEDRet:, SR, HoKE SN B ES:, A2 sk, MismioR. &)
PR A T2 I B R 5% o SR AR R EE— AL i £ CAFTs F1 AFSDTs Rl A e il ik s Fl s
B2 IIEAWE. EKEME R Sl L2 — IR bH SR E A S f ok, iR mas
P T HERG FAN A IR BRI R K135 50 o B R o0 AR, FF A 252 M LR R PN S FLIR 1R 45 A4 R0 4y
ffENL. B, et 7 ERAL FRAFRE A S S5 N, IREEE A R T TR R g b
T PR EE AR R AR NI T A AT R LR RE I, BIE T T A0 S 5 Rt RS R R R CE AR AR S 4 )
YERNLEE. BEJG, R — BRI AR 4% 7 241 CAFTs Al AFSDTs F-% H N 38 FLBR = . FLARFNFLIR 2 A
SEHAT TR X Giit, 2O TR EE MY CAFTs A1 AFSDTs P38 FLIIA 70 A « FLARA 5 45 oo
AR A . J8dE— RV SIS AT 7L, AR TAEUESE 1 3 HE 328 ik g5 M a0l 3 s . I i) A
W A A BORREN, B e R A H BTN AR AR 3 AR SRS AR IR AT I AR FE RN, Wi
WY R B R, Refg SEILIERG AT AR AR ISR N3 SR G o [, SRR A2 ] £ 1
CAFTs 1 AFSDTs W ififLAR 2200/ LR AT EORBIA] . IR G0 EE, M Bk 5 & B WAL T A
I & AR . A SOl IS — RAIBFI IR TE, B ER R E S M AT T 52 T I R R T 7 i
A4 B PRI A A A AN R FH AT 5%

RASZURA: ik
D29-P0O7
LI ERER T A S UTH R AE ST LR B U8 AP IS
TR, B>
KR

bt FET 7 ) N R A 7 I i PR R FE, AR SRR FE R AR (AEC) BRIHBUR IR RIS
KB EERRME, OAFENEEETR&NERE. MERBEE S UL EILAE. PUR G LA
MBKIER A, RIEER AEC BB —RIEH ARKE G 1. AW, RREHBERITERE
SRS I AN 1= PR, M DR CRRF R e B vy 25 B 2% FE 1 R S p 24 /N A, 1X &
AT LR PR YR U S (R S BRI MR S . O T S IR e Bk, AT S i ) £ L R ) 2 fL 4R AR
@AM N IERG, BRAUOKRE FETN ORI AE X RR RS 2%, P A Hsh 1 5 R R E 2 T E. 19
i T 2 LA R R 1 R A R VAN I B B 454, H AR B Wb 22 e RE, £E 120 Hz AbAHAL
FioN-81, FEHEH 1300 uF/em?, I HLRETIL H B AR 25 255 £ 1B L BEL(0.06Q/ em®) AT i 6 FELIS 7 11 (1.2V)
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(RIS R T RS2 I H A AT DA AR D A ) B A, L AR AR AR (B 65 3 BER) A /N L IR B 5 (40m V),
PLAR LR LA AR/ 10 1 IXIUT 7E AT AR A 45 305 W] 5 s rh s B TR R /N AL R R
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TRAEELT 2

I TAERZZH NN NON-PU (4-85 3 2K 38)-1,4- 28 i Al iR 2 i ) B A2 i ECUT-COF-29. 1%
ERLZE — A MERR AN AT HIAE M B . 7E T WBHI RS ™, & REJRT (ALK Au3+IE TR Au. XTES [ B F ik
F| 3714mglg, FILH WK U4 109 17 BEGSTHLERHET T — @ R IR AT, R, Hem b EpE
T BRI [ AR T DUk, B A o AR P T A SRR R P TR . e R AR R AR T A
B[P 7% MR BE P (0t bri, 1T fe oK R ] B S BT B 1) Au+iE A Aus

BRASTRARRY: BAE IR
R R o O A2 FL R AR PR L P R
AT
ARG FL TR

PR AR 1250 K R B Y 2 AL B R — BRI A S R B v . SR, XA E e
—EREE FAERZ), STAEGR 2 LB Rk UM DASERS . Ak, FRATFE @R 2 RSB, R
108 Tt ) P R PR iR B AR I AOK G R A L A RO ] (1) 5 ST DA 51N 9 T4 JB BH B 7™ B b v ey
AR, RN AT S E R ) 2 0 R B A s 2 UL B B R . AR 50% S ALER T, SEELT
337 MPa FIE4E 5% L& 0.76 Wm-1K—1 fI#VS %, [FIR, ZaRbE R T 2000°CHE R 2, 2000°C
PAL T LG RN 2.4%. 2000°CJE AL il FE b B SPE AR, CRBEE RN IZ I Bk, W& I
FEIEZ] T 690 MPa. %2 ALMEHEMTZS MR BRIRAL T AUSREA T R 1) S 7T 5%

BASERAN RS
T PR R B bRV 2 5 5 P 5
T
RER Tk

AR IRAR KL T B SR 20 5 R R G5 M REANK 22 S ZR G54, T A LA BRLE RITA o AUk
RAETRI AR 2 %, HA 99% U k. BAm RIS 82 U S MR X 5T T O, #
TP HRGRS, AROHRG T BRGNS, YOENIEH IR GERIIRRIARRL, i e L R A s 2 R
82 PR AU £ R FE v HL SR IL M AC B PR A0k AT, H AT P ORI A B AR Si02 AU, il 4%
JIA e LA IR 452 B AE 650 °C, Thil I R i pi™ B A FLAS AP 5 BRI - 25 T ot AR DA i verrili 75 5K
WAL Z ALAEINT, 2T 2 RPEBIRBE AU R B B T AT MR 2 TR B B 0 — e b
BT Ve 2T A T EAEH I AR RA G AL D HEAT O T, TS R R ) SE LA S
1 1650°C. VL BRI FT AR IV il WRE A RHE AT 8 B REIRT A [ B % S U N I SR A B AN
BRI
RASTRRA . B R

Bt 3D T B ALK E S RFEARM R FEMU SR E A RISCERII N A
FEBNE NP, 2P N SN
IRE R
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PUrf A RAEAEAE BB I R AN SR BT A7 AR & o« AT FUIE R0 3D 9T BN A4l i (AMD
TriE % T 2L A e R B BT a5, IFRIL T H AT N RIS RE AL R AR OL T, JE
W BRI RS SRR, R T =B E . SRR, BRI 2P RE A AN 7] 0 de g RS T A2
o BORIY RS RS AR R R B2 ALk & S OB MR EIR. thsh, JATEF M 3D fTENZS ST
SR TGS (SPS) BORHIE T Ui Ti-Al WHEMESHEL (IPCs), FFHTTL 1 WAL FMIR B X Hah &5 by
PERERITENE o BT FUAIL, IPCs RIS S I Y 525 (10 AR FR A AL ML RN ) 52 k. IX 28 IPC A,
A e (T SR B AT N AR RENR ACRE 7, X BB T HL R A BUBE 2 G K AN T 45 S LR o

AT Bk
D29-P08
MR IR B 22 FLBR IR AU R ) % 5 R A
BERR V2L AR V2L KA st
1 NS DR T e, NS PR RR TR X 52 Rddy 49 5, WRAIHERR, 010051
2. 5 VA DX ] P v G AR B s &, PEANYERE, 010051
3. *E-mail: miyacetx@163.com
4. FEGIUH : MR RHEN BRI K BIH , 2023YY-03

KSR BRI K T R B I AR R S A WA TEHLZL 20 7 1200-1700°C N RAKE i 7= A 1 Tl [ A4 % 38470
MK E s, WA Yl oK 15 gy, SIERASIIAFIMIG G E . (H2BREHET R, HR
PR AS LA R BAR BRIE AT R AR e M, BB R IR I EL il & = A R o Filih 2] 2035 4,
JER FIT 7 Be R ) LL AT R Bk 24% . BRIL, AR IR TG S AR ER AR & R 2 — N 75 BEAR VR 1) A R BRI AN
VR . HRT, HEREIR R R R L 45%, EE Mokl TR SRR S E R TR
FRCRI, ¥ A G s B & HUTUR WA G AN n R B A & A B AR i
FE RN ER A LB E 10%. SRR T — @ I T2, DLs BEIE ™ 5 o8 5 ) T R A Ak
JER I A S 7 1) o

%2 FLBR R I PR e BB AL G, iy e T 2 A BTG o £ 1) — P B AT Je B LI (1 B
o ZALBESHIA N — B Z BRI R AR AR FT R R AU R AR €2021-2025
L LB IAT VIR BE T 3 VR S P50 S ms i RS ) BoR, ZFLBEEEE ST R N A A 7 T
B IR R B2 8] o K 5T LKA (FADVE SR k), 1 475 21 1 Ry 2K 3 22 FLB% F5 (Fly ash porous glass,
FPG) #ifdptkl, FERIAM AR LRI A T2, FREAHIG M, FEMRTE kA 0 S . 3 T3
FH BOALER, Jd i A B 2H e AN i A B T 25643k A5 T A RIFLAR R K 2 FLIEES, FPG RIS Ak 45
PEEAR—3, B=4EXUESTURILAW, A, EREAAEY—. WS UEERK (0.2um-50um). £
M AZEK (C.A=00) HAMEMEMR s 7E NIFRIRE T 29, #Hl KRR EE<4oum JEEN, EKIh
3MPa, HIEIEFER 973K, Dl 2% t 2 FLIBHS T AR, 1A 7 73 B8 el B A T i 1 R A
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pagh 2 LR B I & R AR RERT 5T
. FLAEME. X ZE*
VU2 A R

TERMBR R (LHP) R0Ei, 2B LA IEE — B EYUES LHP LR atkRe. A
Wik e i I B R KL AR ALE FLA AN, Ehl e 1 B AR SLEMRR L 10 2 LR B4, it XRD.
SEM DL K LA JSARASON B B B AR S R IAR AL oW S5 44 DA S SR MR REREAT T 20 b, WIETE T RS L
IEFLARLEE . BRSNS B ILRR . ALAHIES IR ERE RS . 85 RRY, LA E €M
UL, PR BANOREE AR T G FLARAR I, FLERAR . PR FLAR AR s i 2 R R
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FaFh s W HORTRINIE FLARIBE B B4R, A IN3E FLAR AR B B4R 1A ACRURL )36 BT B FLER AL, ik
PEBEA BRI SLIE AL, BB I ALARRE FESS K s I8 O3l B B AN i FLAI TR NI IR, iR%%
S T RHAREALAR KNI A A RO . a1 S8 T SLRBR AR X BN S A B AVE P BE I
SO, BT P AR BR D RERS L B 40 B P B AVE AR A AT T A e, 4 T = bR AP AR R PR A
B, IERTIRERIVE R B PERE B AR AT T NN RAE, S5 W LR AN 7 I FLAR B B X 1)
T, REEIVE IR SN REIREF, RGREIGIEATIR AR, BT AT

RAATTARTY: N
Preparation and properties of sintered porous nickel gradient capillary wick
Yan LI,Jiaxu DU,Zhongjun LIU*
Xi’an Shiyou University

Capillary wick is the core component of loop heat pipe (LHP), and its pore structure determines the heat
transfer performance of LHP. In this study, porous nickel (Ni) capillary wicks with gradient pore structure were
successfully prepared by adjusting Ni particle sizes and the amount of pore-forming agent. The phase composition,
microstructure, and capillary performance of gradient wicks were analyzed using XRD, SEM, and thermal
infrared imager. The effects of sintering temperature, pore size, and gradient structure on the porosity, and suction
performance of the capillary wick were investigated. The results indicate that as sintering temperature increases
and pore size decreases, the porosity, average pore size and suction quality decrease for Ni capillary wicks.
Compared with gradient capillary wicks without pore-forming agent, the wicks with pore-forming agents presents
a double-pore gradient structure. Via altering particle size and the addition amount of pore-forming agent, the pore
size and pore distributions of capillary wick were effectively controlled. Finally, in order to comprehensively
analyze the influence of aperture gradient changes on the performance of capillary wick and LHP, the pore and
assembly structure of capillary wick and flat plate LHP substrate were optimized. Three types of flat plate LHP
were assembled, and the start-up performance and heat transfer effects of LHP were tested and characterized. The
results showed that as the increase in pore size along the direction of the working fluid flow, the starting
performance of LHP is getting better, and the initial operating temperature of the system is getting lower.
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BRASTRARRY: BAE IR
JRBE SR 5 55 2 LM B BRI R 45 1Rl 2 S PR REAIT 9T
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REEFL TP

LSRR AN EZ R RE, 4HEL AI203 Ath e tadi, AIF3 A& Aif#EILT T, MoO3. B203. Ce02 %N
IREEINF, TEEIR B FOKVEM NG LN, Z5E R AL AUE % IS I0IE FLANE R I AR T 18256
T A& SR A SR - RS S G R I 2 LIRS, VEAERIE T T e BhRIA . SR, AL E R, KR
FE ORIRIE] . B2 T 2550 2 LM EFLIRE . PUEsREER#m, %A XRD 5 SEM 3 Hr & AE 75
AL R S W TS . 45 R W] BegiBhFIRISS. S8, Begh I Ml T2 xS £ FLIE
PERERIRZ AR . 2 AIF3 R INE 12 wi%. B203. JE RN NS 2 wi%e, KepliiEE 1100°C. {RIEHT[H 1 h,
il I Z AL R LR G VERE IR, PRSI S B B SR A S48, G N— IR i, Sa2i
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T hES DI RE — AL S A SRR R, LR A T, BRERE bR v STk I AEL A
Kb AR R G PR R RONALE, DRI 1AM RE i — 203 Tt . BRIl /AR . R EE
VERE. DR RE S IOV E REREAT I T, SRERE], AT T % R A BR O BLEAT RIFINZR & A1k
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KA. EEH. WY B . Mg . BB 4. BoriEr
Hh [ T AR ERHI 7E B b R 7T BT

AR 3 BRI T IJCHAZ TR R B E 2, FHR S A RN ER 7 S H AR S oA s
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