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IR GG R A R, nEARUEIR AT SRR . (BN TR A, A
BURI R RAR. IAEER ISR T CLSEEL e A RN ) 26 O — ik, B ZIMARIH IS 5] thReIL R, M
BRI RIE SR F, & TR R SR AR 4o (AT IR s A R SR AR IR BIAR
HEREAETE 1086°C o R A& B, (B 75 ZEAE & T 1100°CIAIRLEE T et A4 R Ad TiB 14 58 AH 78 43 S R A= o
NIRRIZ TP I8, AW TR AR R A R HRIR AEEE R 16 73, DLAR 7 e % rE R i s i 465
29K TiB R S8 R, BB AR TR BRI s S B R P R AT A3 I . ] 45 (RO RDRHL A 5 B L 1000MPa,
WL TIRT 10%. DM AT R AT S AR 2B AT PROTA AL, R BLAK TiB 15| A (gt 7
ArRLAAE, AR AR TR NIAR 73 AT BN 2
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FPORLIE BRI 24 TR PR R R AP R I R TUAT A 5 A SRR
e, DR, T K, Kk
FRERGE R

BT R . By 4 B 5 8K AR AN i #4 S KB B A MR B R a )/ sk, RGRHIE T Rk
KA, BIRSE E A M EHE B AR AT AR ZUE A A, HIRANRR T E AR 2B AL
B ) %2 70 %5 ROBE MG a7 1A 68 PR AR TR P AT ) o 28 5 28 M A, i WL 2 TiB/IMI834. TiC/IMI834
(TiB+TiC)/IMI834 F1(TiB+La203)/IMI834 My #VERFEE &M BRI H R AN R B8, Hie B It s
FEARZE 73 IR R 682% 551% 483%F1 501%. XTEKIE S SR B4 AL TE 1 I O 2H 2R G5 A6 AT VE4H
RAE, 7R 7GRS SRR BN A F BN O AL ARG AR . ShaS F4h WA L6 50 Rachinger &
YRS o BT VPAS AR d oL RO VB A RSP I s RSB o o) B B e A o) 68 B 1 AR T W R AL, TiB &g
Z0RTET AL s S8 A BBl R [ AR T, RIS R AR e S S BRI FI AR L3 A P45 B A% TiC BUR 2L
BRAES S B FHERIE N T 992K La203 FI(Ti,Zr)6Si3 Bkis] FLAL A, 12iksh SR RE. T IEmt
BFEE ] AR TE, HERIEE A MBS IRRE % BOE AR, ok 1 A8 = B A A T e — Al i e/, T
il T 23 R A% N A SR I E A MR, SCHE T B K E RS R K .

C06-03
BRHA A E S HAMBNASRGEISAE: SPS 5 SLM TERT
WAL, RSO, SR, R, e
FPX

A IO R S B2 FEE A AR AR AR ) B TR G m A e, T AR R R AN
BRI Tl N B A e E RO oML a5 i Ae g P, AERASRR R . (IR AN sl RIS 1) 22 ke, RN A
CRPUR PR B v, R v, PSRN H AT & &/ R AR AR L R4 0 7 R i A A
BRI O i 2 R A AR K HTT TS R, R e O e R 2R R A AR s A A KR e,
HIRIE K 2 B DRSS N T, BRSEAIRGER D . AR B T IR LT Y R AL i 15 0 s Bk & e 0
HEPRIASI Bt g, EE T TBBEE TRE T2 (SPS) SHotEXFH (SLM) T 2%
IR SRR O AL LA G5 5 T2 Ve RE SR HL PR 22 5, 45 SRR W] SLM il 4% ) e i 15 <4 5 TC4 2k
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EEMRIAT DSOS 5 LR I 3E T, il 708 TAHLEE, JFRREE 7N
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PVD+ALD JRAr#] & mie A& A HAME A RHEAR
B E
B+ EMPA-Swiss Cluster 57 [E ¢ &b

Gt & R BIH 2 AR K I AN R & e B S S TR, A e K T B H ek SR A A 455
1] Swiss Cluster Z85 5 ML, o7 2 e &, /5 5 48 LUK, JE s vy UAELAR 23 [A) BT ) — Ml A PVDHALD+CVD
RS, HFEREAEH BT =I5 5, Al AU A A ) % i & 405 )2 ALD+PVDHCVD &
BRI
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AR AL fEin e & RER SARURHR B NSRS
sRP, R L AR, HAAR 12
1 MRIE TR, MRERL A5 TR B
2. IR TR, MRS ARG & R S A [ B S =
3. PRRFERA

IR MIARR A W] AR R S i i i YRR RS 26 7 ) < S 7 i B O S A AN LRV E BE - 2R, A AR
ARV BT ) LA R] B A€ AR B R RE A B R 28I AL, XAl KB R ] T A4k I TS H— o 25—
PERER R IMERAEE L. AW UGS 1 — PR A R 2T 4 e SR AR 1 R o (R R 7] 2538 AR R < e B R A e
SRR BN AR T B, HES 7 IBVENAR KR SR LT YRR AT Z B ) E R AR, IR X455
PRYIGE B R FEALIEXT T A R BT TR ZE DT . IRZE TR, ZTTVELE 20% 2 80% L4742 TX & T
HAT RUFRHERATE, 1€ 80%M1ENL NIt ERZEDT+10%. ZJ5, LARPIRESH) TiB/Ti B-aME E], =
T LS R AR TiB/Ti FE i P N AIRES o I8 5 PPRES I AR EAT XL, BT 5E4E R 5 ks 451
I RAF. ZJE IR, HERTE R, AR, BAT Z M 540 .

C06-06
PR TiBw/Ti2AINDb ZERE &M BB & S5 A A MR R
kg2, BEE !, WiEse !, BEREE 12, Bk 12
1 WARIET RS, MPRERLE 5 TR 2R
2. W/RIETM RS, MRS MRS 3 R 5 e A [ s =

BEE LA URBOR B P R X R ZIHUREE . RAT 85 I AT BB RE /P2t 1 S v (25K, B
A BIRPRECME DL BT Ik . A% FERIER & Xl AR 600°CRUE TR, MR IR PERE AT 52T , Tk
mEeFERIETER. RINTE O, RS, S R B (N THEEE A H3E A4S, T AIND &
& B TIAL &8 BA Em Y, (B4 o 20 DL C AT i i Aok BE 22 i 1)@, PRLEE i 75 A DL — T[]
I SHe LA BE AL A s e B R T A s IR 5 A AR, #E P iR A (600-800°C) 70 54X Ni Sy
Bie BN BRI, AT R MRAERR B+ 5L AT R A5 5% 7 20T R IR R T AIND Je 5 544
KL T80 RAR ARG R EYERN S —ARIAT SLamA RCR . AT 5T 2 (IR TiBw/Ti. AIND 2582 A48T
iR R AT LA R 1055MPa,  ZBIERTBLE S 14.7%, A TH ARG &% 1 TiAINb & e5m B VER 2 7K
AR T, AT AT — AU AT R BT Fa SRIR BRI %5 BE R AR S
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AL-Si-Ti RE14F B REAL R BALE R HBRALBOR
skag*, EE, £F, &, TR, FHE
(i NN

MERGE (AMCs) BEARI . R LU DRI K S AR RETT BOA TS HIR . B
TE AL I8 55 UG B R A R AL I — R BRI R . BRHE S IRk A DR LA S 14 70 S A A B R 2 LA
NHGSEARIN AT IR T AMCs 504 D B — Ak LS #AF RS A8 8 SR PRI A R 5 AR 7 AT 2 %0k . &
X R SEAH B S GERAS G 7 LK RIS T AN DR T 220 AMCs SR AL BORANBRAR FOIRUE RS, A 58K
BMARGETE, B EAERITER Ti. Si R RERE AT, DR BoER Ti BRCORAR, A
G AL IR BERR 5T Ti-Si By BUR N I#EAT, 72 AL-Si-Ti Z & R S A& K T TisSis 1Y wRAH Bk . FE
% TiSi WIER B, AR SISt i AVTisSis JEIA% FLIZHN ALy AVTiSi/TisSis L/ 34
G, BRERTE T TisSis MKLE Al BeAA 2 (8] F A &, i/ T F 2 T2, MIMEGE T AMCs
WA RE ) SULFIT, 8 2 5 I S5 A T el 1 e B smAR h RS PGS e, (A LR AMCs R
PLH SR (96.1 GPa). mBihisiEE (327 MPa) R IFHIMIRMKE (6.5%). AWFF AL B AEKTES
JR AL 555 AMCs (A R4 1 RTAT PR He S8

C06-08
SRER SR P RS BAIE K TiB S o A EEAEH
IR, FhiE K, B4EY, 5Kk3k
LA RY:, SRIEREAMRE R E SRR E

BEXTALAS MR A R TR X A2 0T I FAVER IR S5 M RHEEAR (A I 755K, JFRE T TiB/IMI834 E & 44
BEAE X AFLAR T, AT T XESEAAR ST WL AN TiB 2006 JE R i A4 ) S RS s A . )
F EBSD/EDS A ARSI T WA I WAL o #H LKA o A8 5. KIBEE R EIE A, Y4 o AHIE K
T B/T MKy, HIZ BB AR (cra) i B L FME IS5 s KA o AHIU A5 T B2, A2 BEAH B
A TEAT RS AR I AR P AR B E 3L R M . W14 o AEXHRAE o AR AR BEAE A, IRAE o 844
T 5914 o AHERFRAH RSO AR R . AL FE AR ZIR TiB AU A {1001 (010) i 2K . TiB i
ISR BRI AL o MR AEBhAS 45 i LA RN IRAE o #H AR A B4 NI S5 A0 AE ST R b i o st — 20
AR ZE S TEESE T TiB g0 —o MR FEH o DR B HIERAEH . TiB & AU PRIESEEH A L
TEIEBOERE o KA Rt & S0k, FFH BT TiB SAusE LG, $HER o DR EB5E<1-
20>//RD 22444
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Btk X L BER SAOR I B BT A AL
7R

P 5 RS S B I P BEAREBIE FT A L

CAR AR IR & AR S R A B A, BEARIL T M & A B M BCE AL . I i
JEkaH, UM T EIEM EREEA. mTERERIRET . HAETE A SR 3D THII TR I B TG K,
B P UL SRRSO STRFIE A 3G T — AR SR B ZET7 17 o 5 [ AT B X Y A4 i i SIS R 0 2 AR
BEAT RBIBEABON, 111 5 A3 A4 )38 P B2 ORI Stk 55, 1 BRI R T 1 b4 )38 (5 280 4
ARG . THEFRFR s IBIEAS S B BN T REE R, RIS R BEEE e Bevh s e Bk A 1
Foy NP G K 2R S AL O BRI AR SRS A RIS R Ao A A A LA 4 i 38
MARREEMENIE AN R, AL SLM M Al sk fedn e B MR o v vt eI, W] b e o i 0
Mg E ekl 2P TR ik 2 S RO UG AR sz pL] T2 ] TREAL
Mg ARG R AR, OARER G I P B R 2 R S AP RHR LB e A sE i kAt
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BARG S EEMHREREDISRES SR BT TR
ER R, X, =08, KEE,
[k NN

BEXIHE GUky R iR ik A i i S A S ) o6 AR SR 1 SR Bk A B 5 AR (DRTMCs) I8 Al RS
AT Gy TR, EOZATR SR (] B E A S [, ACSCHR OB R SR BETE AR s AT AT
PR NAB AR F AL (BIGA) 4 T & 40K TiBw HKIBREARREE SR, L NERER M ARG &Y
- LA & R A A AR R A kL. F T IE DG 1 5 AR AR 2 SR BRI SRR S R 5 F A 4G &, LR
AR AL (HDD /EHIJY PRTMCs (1053 411 (8 ™ 55 (0390 el AL (A i ok 0 58 o IR SCIE B
il & BRI B SR AN R, SR AR IR Al (EBMD #il% 7ERIER S0k il O A=
R PERERAE R IANAK TiBw RARELL A1 T S AN RS T RAFH & ST ILER, AL Rt R
(1 % dm s AT R DUV E
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BRET AP 3
2H, AR, Bk

YRR N

K& AR SENG Lo s vl S Ak s BN S 1R A, TERUS RSN )z, (H
HWIRERUC, WM, I HHREE R — DT, BRI 7RG S A0 B R a1 AR 2k S il PR 58 v (1) 52
H AR T 2888 & SN REA R RS S ol NV &I an A BB IE T sm i . Al i Sk,
KH TIG HIME BT VARG &R H 4% 7 B3 TiB. TiC MRk G EE . 45 RRIIRE T
AT RAT B HLEE R T GO R TiB 5 TiC ikl ik — & LA 450, BIR5REZ B RIG &4 6
G #3858 A A5 4% J2 b B R A RN . SERR S BRI, SEUERE R R, s
162.7J/mm, fiff £ 7] ik HRC62.1, B & i TSR AR HRC33.3. 8 A ik )2 B I R LR AR T 89.2%,
HHER T BN, AR A & A S ME, UBKIE TALS ¥R 541/ TiB2 ¥ A5k, I8 KEEER
JE VR RO XIS AL, BRIl i 0.85vol.% 5 A7 F A TiBw 355% TA1S EA K. A TiB M2y
SIURHU AT, AT AR G R, R =R PIR RELA B 1446MPa, SITEIA TAL1S B AHELIR &
217MPa, Wi JG M2 4.1%, R L] 32 203 1% 158 sk 5 40 db 4k . 28 800°CIRIE 2h PR A B S,
FARH LR G IRAR S RN ot B AR, BRI FE B K, P KAR U ATk 46.2, H =R PTH R R 2 1227MPa,
TR EFRTTE 9.4%, BA &R,
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AR S RER SRR RIG S EEMHIERA
Wrigr, =3, EE, Ebl, A, EERL Fal
B[N

Rk, RER MRS VRTINS RN R AR AR PUS IR AR,
HAR LR TEREAENT S NURF S EAT N AT 5. ARG A TR IL TR E &R ER SRR R
16 8 5 M G ) & BORTT R RIARSCAT 7T, HEE 1 1F 5B ARG SRR 8 & R R A M R a T AT N
FHmA S 2R AR, A TR SR G P BRI SRR & 5 ARG S M ERORT R
R T SSRGS, R SmBIE A s TR S R A B SR SRR Baath T AT E )R
A PHRH AT T A SRR R R A ) RERUR SR T 17
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ETERBHBHVIRSRER SH8 3D ITHIHAR
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TEC R E Rk R CR 3D AT BN & @ 5 A MR 6 @ DRI R 35 4 i) 1 A0l A i (1) =
BT ARSCHEET &R V0 i M DUAR B n] S I 2 A R R FEFT BN BRI R T BB AL, $RH T —FEr
RUPRI35) 50 4 J8 A e AE IR 58 AR T BRI i, A B SEI 2 M & B L B S BHEA R R R B
FTEN . AMEW EZAH: (D R BERES) ) BRI T 58 FEARURLE — BT, R 48
LTR80T DR A AT B R R R, IR S T R S VR B B R . T
& JE BRI 5 O IE A R AR, BTV T SR XA SR AR N 0 2 & B AR S DO oF AL
TR RUBE & SRR/, 5 SEI RS = BE DR A . AR SCSEERRIE T 30-150 pm 5 F14HR
T R DURATED, FRRNIRR T A IO a0 . PR [ Rt FE o (2) sl i 2 20K 4 & i
FTEN, ASCHE— D4R T 3 T Pustik 22 45 S ot Is L S S E Rl & RO AR O v . BB SE A LR IR R T
B B RO ERIEE) (<1 m/s) F) ®50 pm 3041 ANEEANLL TR, SH~D150 pm AR TSN 1
BRI SINH, PR T RSB FIAWAS . (3) DAEAI A KA SR s g & )8 E A AR
1R Z R0, WCHRE T B R TR B R I RS 2 T A SR T A R, DR -4 R A AR
HEMERRRFTEN T2,

Co06-14
WU Ti2AIC/TiAl &R 2 RE AR 1% BRBIALH BT T
Bg*l2, AR, ERE 2, W 12
LR RHR S, MRS TR AR
2 (& BHARL S Je b in LHEOR 2 F AL e 1 R Hr bl

TiAl & G2l IR 600°C LA AR 32 0 s g5 A d bl 7R 5 se T HEE A 23 R s AL AT R 30 HS 4
N E R FH AT S, (H TIAL A 4 1 s 5 0 14 22 R0 ey i 5 P A A2 P RO ST S R 1) £ T BB T2 N o R
YZ I, AR HTE TiAl &8RN 5 AR & Ti2AIC, FERHHEHT MR R e 5 2 RUE 42
W PSR NE o JEIE D e g5 VAT TiAL df AL JEAL E AE T BHCK Ti2AIC WUREER, 74 TiAl AR A §-
TiAlo2-Ti3Al 42 v JZHZR, b — it Ab 3 S0 = % B2 Ti2 ALC 9K AT HARTE y-TiAl & IR 7] 20 A7
ZE A PRI R 1 = IR N AR AL R ) A R A SR RIE T 40K Ti2AIC. fICK Ti2AIC. WUIRZ5H4 Rl
TiAl BRI EIIE A . G5 RKH: FIMELE %4 T 90K Ti2AIC ReE 15T y-TiAl TR — 4K 22 i Bl /5
FEAE AR, N y-TIAL EIRADTEARAE TASMAIE R R SRR R T 4K Ti2AIC REBERAAS y-TiAl &
WARTEAR S R BE A2, $2TH T Ml s b AR . BhAh, IR AR A1 K Ti2AIC AT LA R 24 4
AL AS AL A, Ti2AIC MR 4514 RE 8 BRAS RS f&, (et AR T AR AR Bt s il R 40 26 1 R 1k
K Ti2AIC REWTE B m % FE AL 44, Ti2AIC PR Z5 I BB Hh i S A, (R adk i B 32 T . AT
FORNTIT RN R EHLH R mom ) S mriis TIAL JE 58 SRR #1) 46 A0 S F BRI IE A BOR 32
.

C06-15
The role of TiB2 particles on promoting homogeneous deformation in aluminum alloy studied via in situ
micropillar compression
Hengfu Li*
Shanghai Jiao Tong University

Incorporating ceramic particles has long been recognized as an effective method to enhance metallic materials'
strength and elastic modulus. However, this often comes at the expense of ductility due to induced strain localization.
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This study focuses on TiB2/7075 composite single-crystal micropillars to investigate how uniformly distributed

TiB2 particles can enhance the material's strength and work hardening ability. Our findings reveal that nano-sized
TiB2 particles primarily contribute to strength through the Orowan strengthening mechanism, while submicron-
sized TiB2 particles significantly increase the dislocation density, thereby improving work hardening ability and
plasticity. As deformation progresses, dislocations accumulate around submicron-sized particles, leading to stress
concentration and various stress relaxation mechanisms such as dislocation cross-slip or climb, activation of
secondary slip systems, and lattice rotation around particles to form sub-grains in the matrix. This progressive
interaction results in a uniform deformation mode with cellular substructures in the composite, contrasting with the
strain localization deformation mode observed in 7075 Al single crystals with the formation of deformation bands.
These findings highlight the intricate interplay between particle size, dislocation behavior, and material deformation

mechanisms in composite materials, providing valuable insights for designing high-strength and ductile materials.
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BB A& B A TACK TiC/Ti &0k B BIT N
XITEN, BRE*, 24
PEAE Tk k2

TiC P RRURLZARESIGSRER (Ti) SR GBI — A AN SR A, RGHI S 0E. RN E5s
PR %% P BE TIC/Ti R R RO E ZEIER . BUA I TiC/Ti & MBS AH R~ 2P ERCK R, 64
POEWAOK . R RUE SN TiC 158 Ti R SRR 55 . AR FUHR 23 T HOL L & R op i ol
A PRIAEE ] S5 ARRFAE, #1439 5 o U R AL AE TIC/Ti AL, FE 7038 A T X s A AT A (5
Wi, BEFLLERRY], AMEIERCK TiC R AR Tt b T sm AR sm AL R, oLt . SRS 1L
Ll R R, IR ESMEIAERE . WS ROVEIIG B E S 5 122k Re R &, UL E
BRG], Skhle TSRS SR
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BOLIBALUTIR TiB/Ti-6A1-4V 4KEEE S APRM W S5 F0 7 Z 14 REBR 72
ORGEGT 2, WL 2, BTG 3, B4E G, WHRE?
1 R TR, WK E TSl AR s =
2B IR F A R A 0
3. BB, SR AMRIEZRE ST =

BWOLBEITRR (LMD) 2 —Fh il St kG sAR, LA RshHE S A& E . ASCRAH LMD 75
A TiB2 Al Ti-6A1-4V ¥ K#14¢ T TiB/Ti-6Al-4V 4kEE SR, W RIIAFER LMD 25450
TiB/Ti-6Al1-4V [IOEE I FERFE = A2 o 38 I R MO Th 2 A& Ky sl 28 I TiB/Ti-6Al1-4V HFH # e/
JERR, X SERAFLBIERA . SEM TS ML K, LMD dREF 345 T RR A1 TiB, HAkH
MR, H TEM M EIFAA 54 TiB, £ TiB2 /£ LMD R AR N, AT TiB. 8l LA
ZHUF LMD TiB/Ti-6A1-4V ] /124068, &I LMD TiB/Ti-6A1-4V B3 {53 B F1H K235 1175.0MPa
F16.16%. XEEsE TR LMD A RS A AP RHR HEHT 1 4 T
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T Ti REARZE. BMASUMTRM, 16 B IR LR T 2 95 AHROR S TiN ARG K S TiB A1) 3R
BSR4 Cu &8 RT 12wt.%i, B Ekigifb s 2 um. H1T Mo JCE IRV SRALAT TIN HRIE K, &
AAPRH LA 2 F] 700 HV o, L E. FIRF, 12Cu EA MR T B &R EE 821 MParm,, X
SEARRIAIAL . B Cu AH AT AE AR TiB AHIL FEEFH 45 R . 12Cu AR JE 1 A P [F) 38 5 g2
BET B R AR A R A A AR A R, T BRI i R LL TCA $Em T 7 fiF DA B

C06-19
B ARLYTR BRI S AP A0 7 L2 20 PR 45 W SIAT AR T
B, AETF 2, AR
LAGSUEE TR 2 M R
2 b 5B TR AN 2

BRIEE A KL (Titanium matrix composite, TMC) PRI H = b sm R bl NI BE T 283wkt FH -1 AR 8 a4
RIS MR WOLKERIYTAL (Laser Melting Deposition, LMD) 5 A & —Fhid T8 2 45 M) FI T REAS
FoE PR S A AR A G M & R, 7E TMC SRR S5 - D R — AR AL s 8 7 T B BB M ER LA . Ao
FLLA TIiC A1 TiB /E g8, Ll TALS $h& & F ik, FIH LMD £ioR 14 7 TiC/TA15 A1 TiB/TA15
PR EAEE, I ECNEET RO A GO, 8T TR = AR R IR J) St R e BT ) 4T
RNZEFRINAENIE, IR T m BN AR BT 2641 TMC Bt il s R A 5

C06-20
3D STEI-BHERE MR AR RR AVEE AHE
WA, MEE, KT
bk

AT T E R AR AR et PR T VeI &R - P B R ARBE FE R SRR, LA AL e i L RE A
o R e PERE B REM TR . R Obb 3 (DLP) MIEESKBS (DIW) HAR, 46w 1eES
RBELZ, TR % 7 BAT IR AR BRI AVALOs Al AI/(ALOs-BsC)R &KL, il K%
il DLP T EIS R AR R EAZ (8] B, )R SRR L, T 7 2 SRR 7722 PR REIE AR
o B BB EE B THE T % BJC A1 ALOs (UELGY, SKBL 1 Ao B B WIVE RE SR 4%, b RHERE R &
HL st 1Frgie. WHAAIER T 3D ITEIERAE R & R A L AR T TR BT 70, il i se s 5 i
PUAREE & 7705, AR T SRRSO L . 7 RAIE IS . X LRI A & /M & A R i A
i B PR OB BORSIR, RIS D9 e N2 0EUE AL BRAEERERTRE, 0 T R G RORHK N A V5 FE A T 7

=t B
HIl 3¢

C06-21
SR AR 2 0 RIS O AT B
xR, E
LA

BEMRENERS =R 8 (RHEA) S&ROANE — DN EATPREE R TT, SR 5T SR 136 X A e i o
E ML AT A EREMIWE T . AR AR S, BT 72 AT ZSH, R R G HoR
#ill#& 1 Ti1sNbiTaosZriMoos MEXE R G <o JFH, IXRMER A e o < B JRr A de IR 2k o 3 Rh
A IS R BELAS 1A ATt M a] A 8 e k%, PR T S ML P9 B8 72, AT R 25 5 v 1 s A HAL AR B
Bey. seAh, dRRAR et 15 AR T A AR I EORT BT, DURE G ek A SR B R RIS, S
AR R & e EATEA R AR IS, RIE A R A AE 5 S B A M P o it 5 R s A i B
STAE SR BRI RS o XA TARSR I T AEA RIS B i A SR A M A A DA R (S (183l D dt v
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A 83 M A i A 5 < PR S R RESR L 1 T LA

C06-22
& F1RAE |2 T R R SR AT SRR AL AR i SO M 5 30 2 B S AR R R 21T A LB 5T
R

W& 7R Tk oK %

K TAERIRTHEIEE AR R BT PE R, $E 0t —FaR1S SRy B B R B A PR S . Jik
T RAHGEAL R, R E /7R3 T2 H14% Ti-6A1-4V £F4E(Tipfl SiC f2(SiCw) XA IE R S056A1 & &A1k
((TigtSiCyw)/5056Al). REHT T SiCw &8N 0~10wt.%[K] (Tif+SiCw)/5056A1 B &M BHK B, Ji2att
REFNEE AT )y, FEMIR LIRS R, SiCy, MAERLT 4IRS AERC LA 3wt %, ILAIE T
TR G35 5 A AR Tir-3SiCw/5056 A1) B — £ 4E 14 5 (1] (Tig SOS6 AP S 5 BE 4 15y 11.5%, 1A% 533 MPa,
WIS 5 5.4%, 1K E] 29.1 MPa-m'?; il BEHE 1 13.1%, 1A% 104HB. 7F 40N FIHE & 2/ A1 0.2m/s (1)
WEEE T, BEUR A EERE 25000 I A% 80.7%H1 62.9%. EEMINLIERE, SiCy A 176 H shid it Ak
HUBR & /2 (MML), BRG] 3 ZOR R A B BRI . & i 3wt %, SiC dale R4,
TEEEBE R 5 vk, BB UM, 7 AR R RS A B AR 57 B . AT ORISR S e 1S A
Pe R G AR B BE VS LT I 3 SR

C06-23
Gk RAMRAARE S SRR L 2 e
HeETe, SEERE TR
R T

EEEARHEPKA (GNS) HIH517 BUE 31 GNS/AL B &M EHI RIS ERE RSB Pk R . E4E
GrJ5 A, 8B I IR B I () B D BR B R B R SE I GNS 3 E, (RIXEAE 2 E AR GNS 45
o AR TAERH PP EREE T 21E GNS/Al EEM B 5] N EEGIKRBRL (SiCnp), TE{EHE GNS 35438
IR, SR NSRS g AH SR i T @A s /e . %% SiCnp A1 AL AT 28— DEREE, A5 HA KL
R AL F, AJEEIMAE] GNS #4778 2 BN, A Rdes 7 GNS 17 BRI 7 GNS
CERIRARIR . IR, ERGEE G SR (GNS+SiCnp) /Al E &4 B SiCnp Al GNS ¥4 7 B3 5453k
RUFEEE, R T AR fRdtl, 1S2099K . 195 T GNS B35 K& SiCnp 5 GNS Z AR
FIGsRVER, FYEA (GNSHSICnp) /Al E &M B IRGIR A (UTS) MIZEHZ45) 5t GNS/Al H & 44
BHER T 41.0%F1 47.6%, 38453 | RIFHIZREYERE.

C06-24
Vi S BTHE R RIS R EE S APRHTTHR 4 I S
b AN S U
Hh R 7 B < S T U P

EJE AT RGE IR R e Y BB kA, IR HRAE . WrRPIVE. e, SRR 2 15
FAAEPEE A IR 2R, 8T B ML SO fA%R G0 77 1 0 AR B — 8, kT R R W R e A 37 7
%. BRI ZACTTERE S 5iEs, BT R R DL R 7 s pIERE, PR
OB SE AL BT SR AL B R ko AR B 5 2 R Bl S R TR, JE AR O A VAR 2 TR B 2574
CAEM 223N S AR evh, W msm il BB SR AE B Ak, SCBL TSR BHJE SIRRERCR 1
EACVLHC, HARRAL R BRI SR AC 12 ohae,  dEim ke 05 4 e R ARl 728, 57 1 i AR a5
Hhstbre 2 MR B R, I LIis e Oi A ettt sl T AR F R4 . £ BLAEA L,
AR AR v vt S 5 ) 2 SR e N T Heth g Jm A AR, b A o s i vt BELJE BR-MAX AR 2 82 i
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T EREL R 2 2024 5 i SRR & C06. FRIER MBI =

B e o R AR OT AEADRE e R R I P AR A R — R AT M s m AT AR A
B e Vo, Bk e SSEARVEREZIMRIHILICR, R T BUA MR RER 2 HIR .

C06-25
TR 55 & R EE R AR RERER S AL I F T
Srandr, Wy, SCZENN, XIJEFH, GKEE, BREHSRER, 5K3k
FiERGE R

FURL I 5k & R AR R G MR 2R [ B U et MRS ik AR, 3 5 A A R U m] AT R i
BRI, BET o FE ST A AR SRR IR . H AT, EAMRRE RN Z L S BUL G
FEIS (RIS A8 AL, Xk DL S UKL 5 2 S AR 28, AR SR s X T FU B OB . ACHIE
TR BRI 5 (SiICp/AD EAMEHAIRIZAN S ISR SHLE 2 I S5Mas &, Ikt BA R 2R
MR EMERRL. SEH TR0 ROR EACRUR R AN, DAl UKL A RATRAZ RIS 24, B ih R
SRR SEFIVEVC L AN o ST BR T SRR M E S MR RO R Bl 5, N AINLAS S S B = 541
BHOZAVERE, S5 GR PRI R B o /) A ERE R R A M BRIl o T ST TR S 7 SRR R I I &2
BB -RA S A, PRI TR B A DU sm BIVE DL R S0 TY, B g AN RIAL TR DX SslAE B S A B B

DAL

C06-26
7 T A MR 5 SUR B4R (TiBw-TiB2)/2024A1 S A BPRHAAETY B MERBAAL
BT, AR, RS, Kk
R T

HARAEYIM R B Rk 4540, RILHAL 1 7750k, i TR & St g i AR AL T R
IR AR, fEEZ MR, DSei mnd it R S i B S| T AR = H R . AR R IR T
TR AHAE B HEB AN K Tk (brick-and-mortar) 6514 . W IREEIE S G & RIRE, L LM R RIGH 7z
Tl 2 A R SRR T A MR A SOl W IR a4 S5 R IEH & 7 B DSR4/
TIORE iy AT 24 4 58 1Y) (TiBw-TiB2)/2024 A1 SG ML, B J5 R H G Rt — P ide a7 2 4R 11 6e .
WEFL T BT R A RO A 2 % 71 24 RE s . 45 SRR BEE BT R RE M &, KA MR+
A FLBR IR /L, B3 FE M 98.1%43 T $2 T+ 21 99.4% (475°C), 99.7% (500°C), F199.9% (520°C).
WAk, W2 )R R Bl A B RS (W = T R k2>, 6T 475 °C, 500 °C, il 520 °CHr FE FIRE & 2 R 4y
B8 21.5 um, 18.6 pm LA 12.8 um. (EFEE R RS EEE TR MR SR RSTHEZERNKR, o
BN 2.6 um, 2.5 um 2 2.7 um. 7E S20°CH KRR S 4 T6 AR J5 RILH A1 J124 kR, M T8
WHRL, S ARPRHKPURL 0 B IR IR T 21%F1 6.6 155 o IE4a1EI N2 - 1 3056 26 W 2R 45 Mt 21
TRERBRACE, AR L8 310 MPa.

C06-27
=Y AL AT A H—— SRR B Dy R
R, BRE, [MFE, B8
REERF

BEE RS A 2 AR e, RETEANIA S 1) R 2D R N SIS T s PR 4 A o0 75 g8 R EE R e JC A2
R BroeI SO T AR R A R BE A 7SR H 2t K SR, AR 4E, — 4R —4ERD R
DRIEAMEPERERI AL, CHECLR 2R L, AREALE H N i B R AL A R B, T R S5 R
SUSANDIREM RIS, AR =R SR, JFRGR AR A A s E e Re, SR
AL ZEVERE RIS LB . B IE X ORI 3, PSR E bk, e, 4k
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T EREL R 2 2024 5 i SRR & C06. FRIER MBI =

MR E R SR SRR 2 RE . 8RR, 205 B SR T S S IR SR 5 E>600 MPa FIGEAH Z>8%
ML rtkRe, I H SR UL R e AR ST R . SZ0R A, MBEOL 3D T BRI SRR R SR = 29 2%
PR RN, HLAMOAZERE, PR T =4E S0 NS JHB A 1) = 4E 0 S 07 /MR 9K BE 51 45 = 4 A4 BBk
KEEME PHZMEHES Li @i, K 85/l Li-02 BB Li-CO2 Huiti iktel, R4 7 ifk
MR ES . N A AR R AR, B RS K AL 2GR REPERE, JFBR TiZ =4S M IO RENLEE.

C06-28
BETHFAZNREGRER SRBERESCEREIIHIBT
WEESC 2, B3, s L
LT TR R B
2. A R K 22 [R5 = 22 B I8 () 5 1= Bt
3 TR R A

H 0 B Z0 i T AW mT B DL S 5 R R B AR ) 0 22k 1, S R T — P A8 1 E &
S B 8IS B S SRR TN IR 2, o] AR =y HE AR B, SRR L 38R o SR X B8 i 2 5 BRI 45
B R AN A2 DA AE AL A B i, BELAS 1 B 3 S 2R I R N2 F

Jiiks AUl EAANR R, EBEESCER TR T —MEA AR N E SR E RN
PDA-MHA/Mg, £ & AL (MAO)ZE K IR HERE KA (nHA) I ER 2 2 JiZ(PDA) o il I i A 4H S5 X PDA-
MHA/Mg BRI AR YA BB B REEAT TRl . AR5 R A s 24 %% PDA-MHA/Mg 1§ &
HHUEAT TIRE, 454 RNAL HR. qPCR. IF F1 WB AR N5 5% 20 2 45 BT 7 I0AIE

50 WHRASREY], PDA-MHA iR)= 58 BRI 455 iR 1L F] 40.56 + 1.426 MPa, A& 1
R EARMEIA RAEH T . A% 8@ 2 m RUNX-2. OPN. OCN 1 VEGF & JE itnic
Y, At T B AR e AT PR, PDA-MHA/Mg 2R RESR B R kG Z(CPZ) 21k, 0% Wnt-
4/B-catenin {5 T iEEK, MMIEREE FHA .

iR AWPFHI&E PDA-MHA/Mg S48, BA G EGRENESRE, BEGE CPZ /53 Wnt-4/p-
catenin 5 53 ¢, B &AL HEE FAE o X — KRBT IR N B AR 2R (e b B TR 2B, DA R B3 B8 o fA
B BRI A 2 O E

C06-29
WEULR SRR R H AR S e R
Sl xRT, HAAE, BEX
Hh R 7 Bt < SR T TP

X pEiEE MR Z A, B REALBT s, FRREE G EEE SRR — &
FAAER PR AR AR, ST, AR S APRHE ORI Tt e 2 R A R I H AR, AT RZmi
SEPIEPERCR . MR GURT AL AN e, AR T H TR R o A 78 AR M) AL Bk 00 K7 Y
SRERSEE GBI SN B, BT AR B AR T2, S AR AL OR AL SURAL
s T GUE R AR A A, IR L RIS MU AT T IRAR T .

C06-30
RGN EMERA - EWNTE2RRE-SRE SR
IS, BN, Fas, F
(VNS

Qufer£E N T BB AR R AT 73 AT e ) T - e 48 ¥ B FL 2 3 RPAE A2 =4 T 22 Bk DUAMPRLIE 7E P )
RAEAE o FEIE, BRATZZAKIE B BEIBLE R4 VRIN UK i A8 SR AR I T — A 3 R M 22 v R AR 1A SR B JR K
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T EREL R 2 2024 5 i SRR & C06. FRIER MBI =
St I AbF) Y iX e R AUk <t - Yo S AL AR JEAE B XU v R B G BRI 4 T R <At - S A AT I
JZIR ALOs B TiO, B BB 2 RARIBBAR IR MR HRPEN Al G&/E18, FRIEFIEET A4
BeH PR TERAEI . R BB ek WM E Mk BT FURIUE SR RE 32 Fa R4 70 A
wE, @RTEERZULSmRBILFEER . ESREARREU LR RERZ MRS SBE M
BHOIEREAR, 10725 HA RS R g . BA -2 SR R UG B R O« & &R
T RIFZPH ML 2R R EERIR . BEAS TEH sy SiMFITtkRe 3T 5 AR KRE
FORHRIESE MR RE . K RI ARG bR, JF AR — Mt RAIGHIRRHR S B BOR, i A Hefhde o
R EA R S

C06-31
FHEENGB? 1060 AVAZ31B Mg 54 1R H LN 88 B0
sRAESE T, BRIEIR 2, R S, VEEE Y, R A
1. PUpg K%
2. )M B B AR A BR A 7] 48 ThREA AL 43 A ]
3. SN TRER A B

B E SRR KR TPl 5 £E 5 AR OB SEIEVE R S R AL SR, KIE R AR E SR J1 22 R
A R 8] J2 2 A B i i) 5 2, (B H RTHIRI 7 — A DU S M B Z O, A R TP 2 1
FRWF AR BAR b, AR P ZA AT DA g R S RIS, JE ] DASCHLRIURL I 55 77
T IRCR . ASGEEAEAEL 1060/AZ31 BRI, 7T LSRR E . FLi TP aR KEL AR
KIEXS 1060/AZ31 B ERIIHLRPERER M o 30 B AT R B AL ISR AL, AL B
o B =GR B 9 BE AP 5B AR AR T RN R G, A& 55%F RIR K 20min I iz
15 8.15N/mm; X AT SEM M1 EBSD £AE, KM Sgekasa RYr, HaslEMin
Frm kA, WA EAs G, GG R BWEE S, 13 TR0 A S A B RURL R R OR 145
o PR KEREREE SR BRI S Y)Z, BRI A2 B R, £ T8 AL
JR AL E RS, ARCRY: < SR TE) Ak 5 A F T (R R DS BIBURLRE 55 R, 1R 1 LI R . AL
Fr AR S ARAE T RR KIS FIRE P AR B e R AL &9, (BB Rl 7 HOEsE K, MG 08
URELHIE AT <2 1) A6 S O RE R RE PRGN, ORI 9B OR B, F I R B o R S o L IR I R R R (1
EJE AL EDIZHERZAR, AR TR B of 8 N e, alR ML 5 1B KR TR AR R IR 4
e R LGV ER MOy AMn A, w] DL AN AT DU I 2 W 7 A sR e Rl AR AR
EREE 54 A B AMn A A s 5 Sl st A A

C06-32
£ B4R AMR B R LR AR AL
PIELS

AL Tk R

ZREREGMEHERURNE . RGN, e RS EE IR HENEM . ML T g —&
J&, ZREREGMEAA > S BEAE GE TR R TME SR br . ASCERRN A2 R/ E M RHELE
AR RE P K N AR SR AR S IR AN T T R A AT LB, A9t PR I 30 i )2 W3y BEIEZRAL. SRy bl
O 2 R R YRR PR I PLER, BRI R0 X BREREON 2 26 R g wpLELAN
WINEREARAT B E R, Ao @A R RS- BT 1 i B A R S 4%

C06-33
R B (LrB2+BACY Al &R R LS AR & 5 4L S REBT X
thE
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T EREL R 2 2024 5 i SRR & C06. FRIER MBI =

AR

BAC/Al &R AR L i b TR Re 0 St 2 BAR RS 45 M ARLAN b I b
Bl SRIM, P BE0G o A AN R A 2 8] i) IR AR AR B BC AN S PR B RIS, A Rk G (1R s B4 0 1 il F i 1)
A DRI ST AR SRALIX 36 PRS2 AR TE 1 Ao v AR X W [ AR T e i 7 A AR JRp Al o R A1
e, Behh, TR R R . AL I RR T SRR A SN . DARB R RE 5 5 Al
SRR FAH, H12) TACERAS AR SEE H % BAC/AL LM RHOHET R o AT Fude st IR A7 5 4=
757%, ERAMREREAR P AR BAX SINGK ZeB2 Uk,  SEEILIE S 10 A7 5 A DRIz 518 (K 44 K 5
RISEALIX PR RIARTE, Rl % 3 9] (K1 (ZrB2+B4C)Y/ Al 54 KL

C06-34
BREE SN E R R Y T8 R MR S
FARAE, T, BREM
PEAL kR A

PRETYES SRR T AR (COMg) RAAHRRT. mytbomfe ., mtbreE . D05 R JE 1t RE AN HvAa i 155
DU, WTRASRAMEGT R & SR AN AL, BT — AR, FERTE MR . AR A LB ATl <5 40
AL RN AR R0, BES EiREM IR R YE S B G e MNEIR MR, X4 CMg BE R
S A (1 ) 6 AR o B A R B KBkl . B IRBH I T 22—kl s &R E SR T2,
EA M E SRR R RS E R AT, BERIENUE IER R IRE, AL TR 2 s
i E AL e 0 s 4h A7 LASEELECEAL,  IMIHBRE S AR P RREREE, S mf (R A PERE . AN 750
AP AERAE COMg B A MR A2 T2 oS A A= G ARG FE 58 55 7 T AR ST R EA T
fEA o BT UIRET YE . BEARRRES . 2D ST RIBRBEANEBERRET 4 A LA B SO S84 B L T A
MR T IAFEE, AR TSRS CiMg E AR BIE 77 & BRI . BREE T
SRS AU I R A 1 RYEAIPE A FE AT 73K, TR IEARRL R Ak fe . RO ReE A 3 B g
FTL. JEXT CiMg REMBII K GG AT /3 AR .

C06-35
ETHETROSREL A HHETL
WER 12, B, S, A
LSS, SR A RPRHE 5 %
2P 5 K

SR PEE AT 1) {1 B 0K AR R RS AR A ) < S 3 B2 5 MRL A JRE RIS o AR AR B BEAE Ny — SRR AR
SEAME R REAN R A BE FT BB M 9 AR, FEIR I B R e s A AR BRERAR (DU A <> R AR
CRRURD nlIEAEAE, b4 20 10%0 ks BAR, 7 BER AR N AR R A AN B /8, SEELE SR RH
SR S PINED FIR T 2T, A% T RIS R A BB s A - 2R R AR (CZ-AD), il
REE THRE NI ERT B SEHL TR R AR o P B sik i 1Y 38 2 E-ARAR A2 5 3 P
rESETE GREE SIS tLaiinite | 50D GG wmnd X Sk, B /AT EoR, s 7 A n]il
FAAZ 5 SR A LIRS T < SR LR R A g B AR AL « B i) = 4E IR/ D BER L I S R B A R
Wt mas & 5 MRS . DL ERIIERM, MEHARBKI ML, M TR R, B
AR 5| FEC ) i % 3 RS T U 3 AR - SE AR (KA, 3 S N2 B v s RIS, B AR AR it — D AE R PR A2 RE
SRR AR R SEBUARAS ). AR < R B S AR S M e R mT I AR AR, g adt— 2D X R
FOBME R BEAL IS IXBh S S F AT 5

C06-36
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T EREL R 2 2024 5 i SRR & C06. FRIER MBI =

BRI VR -F BB B B 2 57 TR 1 2 R A BDR B LM R
s, T
128 T K
2. A

HARFZAE T2 BRI A YIARL, AT Sl BEIR B Bk I R RS R BTt . ALl B RS
XA WAL IE,  ONBIEACHT— A ORI B B R BORIE, RV AR N TR rh S 8 TR 4 1) 015 A= 45 4
T 5 RORBEG . fEUE, JRATEUEM PR A R T — FhHK A VR - LI B - R RIS IR SRS, DAR-41
s (AI-A1R03) MEEDARRIZG], lahifiliE b — R EEM G K57 a5 NI tEREDIRE T — 1R 1)
W eEIEE AR IR TR OW S5 R RS R R . 2RSSR 2 P o, R A R
BARRME BA IR FENP R E AL Ba, (EBIENRBER, BeRHRARZmEE 3, &
FIEEMEL BACRYE: (1) BUARER-FIR-E RS BARP N THE BA R REH RS, X
I RERA T AL G UR BRI REAE R — S5 SR K R Sl TR B R 5 b OR 530 b tARILED,
T R R FLRS A RIS SR o 120 o0 it T O EE H SRR A E 2 T (5B, 45 R 1
JEIRVEARGEA AR LA F 2 25 35 7 MR e e 77, KT T R A MPRL sl (1 77 A PEREAT e SRS
Yo (20 HUARR- B O-I ST EIS BRI A Tl 46 BT R ARAB LS R G AR} B0 A B n] 5 i etk
SRR AT, BN a3k P B S IS [ R 1Y G A B N o KR 1 e ] DU RS SR AR S5 ), [T I OR B  2RA1
BRI L. I IRBRE &R, G T EA RN IR SR 2R SRSRAE N 2 B S
P, LSRR B EEONN 1 2T 5 M R AR & DN IR ARG, 1 LIRS 2t T R AR LE B A B2 T e
IR R I AMEIIT . Zr ERNE, AWFFAMER D 7P RE SR H AR o 5 5 (10 = A A R
WS, EEIIE KT 2R EA R R RN REE SR, s E. SRR SR R
RERIIE SRR A AR AL T TR ELIE 55 SC IR

C06-37
= AT B A PR B T 5
2, TR 12, RS
LI ARG Tl A BDRLR 5 AR
DIRIET ALK, MR R R 5B A W S

R TR RS T LI SO T R AP AE A . SR, SRR TR Lt R A AR i
THTAR PRI AN ] AR R B < SR v b 2 £ 338 A L PR AR VR P 2 F 1 BELAE T 2= 4 IR AT 82 BT B ek 11 o
ATl 7 R =4ERGE R R SR, AR BRE M N B IR TR T Mgt 3 LI, Bk
B R AR AL AEDTELA) Me(TESDy/ L AR P s rT B (1 BAb 2. RIS, S0 N3 i 5
f Mg/V>0s 2= I RE S 75 5 /K 1) £ 2 R o o S R TR 20, XTI S0 o0 5 WL AL i 5 8k s vl
e AR AL 18T (0 R

C06-38
i SR S Tl R AL PR SRR 88 5 ST AT
BEE BB, BRI
AN

FEXRHATZE AR . PUBSGHE . VRSSO A B iR & e mom ). PURST . PIERE. i T ss
EPEREESRI AWy, T H 252 RS AL KBRS & s LR & &0 ik, WHIT 1 F £ S 40RBRE
MEER RS SRR A A, JHRR X TR Re . TR e R RE . HUs T SR RERISE T
178 B FSRACHLER, TP T RO S 3 R P Al R SR A L i AR & I S AL SR RE AL B, SEBAERR
L AT REIRT TR L AR N o

13



T EREL R 2 2024 5 i SRR & C06. FRIER MBI =
C06-39

FORANYIRBGERM A S R BT ST AL
[EE==an
KK

L 20 L U T i L 14 B K 5SRO B SR R I A PR RESR U 1 B v 285K, A giin & ekt T
AT AR A SRR RE SUR R B, 300°C A EARGEIERE ks BT X SEHUR & bR AR E PEAT R
JIEEPERETEBX — SCH R L, AR B << T B 7 ORI 1l 46 132 10 nm AL BRIR ARG &
&, JFSEHL T iR AR E S A IR, R T IZAR R R R AL B SRR, AR T B AR
AR E T e 5 S R IR AR PR RE AR A AR, OV R — AR R S e RO TR B B

C06-40
HEMRR R RS
GRAR 2+
H b2 e < SR AT S i

S ALTTAH I PR BER TSR AR VR BEXT AT RS T A A BAT B S ARG RIS &
AT K R AR, HES Y 7 4 S B O AR AU AL RL A (BIDD MR RIS —RIA, S TR
aEtE (YYD BERREEE. — O, 2R E SRR BN TR A EE S, AMERET
GRS RER BRI S E IS IE, T HE TS ARRST RE oA B HoR 28 A 1 SUH A RHE
EHEENSGRIEN, FMEAEEHRE L. H—Jrm, 2EUETHESAE R SE IR TS0
TER AR, THEL A URIE, DRIt E AR = IR SE PR L F A - A, 453 ol i) LS R ) R
R R 3G FH - TSR R S VR 15 3 FL R

Co06-41
BRAPKE BRESPRIT IR R IR R RE
XPRT*, HAAE, B

TR (AR PERE R AHETRD R, WML 2 bR — R ELAINSRAR, JIEEE R BE AT B T
e, STSCTARBIARGE T ORI, SR, BRAVRE SHER . A0 UL 55 5 B0 R 51 A 5 A T
Hl, BEAMKREBRAVITE A2 0 FE 2 5 3 R RN 2T R B S5 IR S 2 AR,
SIILIBEKAE R £ bR TR G . A B T I N R AE BRI KB B L b
ek R ST SRV TR IF R AUBETART AR, FEATTRAR AR A bDR AR50 Ry
iRt

C06-42
I BEIRIBYKRE SRS B 1 ke
e, mhE !, EET, Qinghua Qin?, RICEL!
1.7 B KA
2RI BB B R K %

WA PG LRI & SRR R AR AR R ML IR (0.5-2) %A s8liank )y (GNP 1554
YUK GRS 8 B 5 VERRTT R 1 S A A 9T . A5 RRW, A SEMEYIKE SR IRy
SI93E BAT RAF I AT A OR S5 F AL  EGKR B A AR R i B R B FH R BRAL AR (ALCs).
AL, S AR Bon SRIG PR E GBI 1 AR RE B IR & MAE AR 0.51 1. 2v0l%
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A SBIET, ARG RGUK A MR PR SR 4> A 297MPa. 345MPa Fl 527MPa, M 330% %%
FemB] 586%. A, AMFTA SId G SRR AN K B A RIS BRI A0 FLIRN H ) 54T e, JF e 7
FAFT . AT T AL . FLBR R~ RALBRIIR=EAEERN RS 2vol%f 800 /AL B A AR SO
JI~ NARDARWIRFR . GREH, FLIRATE AR 5 7 (1 AR R RN, LBt IR IR /g, A2
TEMMZRECIR  FLBR AR  FLERFLARER R, APk ERe e & o RFLE &M R 0T :nT Be 2 FLBR T2,
FBTARFURR &G b4 ) I 58 A ) - 57 i e 5

C06-43
SiC BRI SR EE S A RHK 57 1 2 i R A A
ABHERTS, XIS4T, W, XUBEL EEF, EI0K,
T P R

BIFRIEZIK SiCp/Al-Cu-Mg HAMEHE N —FBi B M- Thae— i Arkl, fEPA ., RS E . RS
PRIEERTR AR, CLER CML B —ARZENL AN W B A HE R E . 5 SiC Bk
EREAAPR S VORI, SRR ) B R M. SR AR (R B Ok R K DR
A& BIEE A MRLR B SR . T s M R it m B SRR A s s . AT Mg ot
FMFRRE, B A Mg SRS T2, 16 SiC PURER H A A R A EEZE, 8 5m
R SRR S A TR m A R R TIE . BFROR BB SiC 1AL DR U R A & R R Mg (B
SiC 5 Al Z[AJHILAF R K MgAR04 [Nz, FE Mg & 28 HAFE I B84k, 44k SiCp/Al-4.2Cu-
1.6Mg 2 &R BEAELE SiC/AL B, WAELE SiC/ MgAI204/A1, MgA1204 Je i ZEARYIE), JEE KN
27 nm; fE%L SiCp/Al-4.2Cu-4.0Mg H-EMEHIEE T MgAI204@SiC 4514, MgAI204 522 K %) 300 nm;
Mg SEIIINZE 6.0 wt%, MgAlR04 JZ A kS 8, R BLAAL SiCp/Al-4.2Cu-4.0Mg H-&4 k124
RERAL, T SZEL 0 MBI 2R 4R T . &G MgA1204 J2 1] AR i sk Sic 534k Al 2 18] S 45
4, H SiC/MgAI1204 Fti 4 & =T MgAIRO4/Al FHii

C06-44
X ORI EE PR TIC/AZ61 BREE AR B R 5 R HLERT 7
TFRES 1, ARMEFHS, B2, T2, Rl 2
1. RS SAHUA B
2. PHRESCE KRR AR
3. PHEASE KA AR

DR GRS -SRI, A SC LA R RSB it S, I B AR EEAT SR 45 A e T RS
DS EEANEYE R R] o SR ARG B 25 & AT IR IR Eh il 2 1 XUE S RL S5/ 9K TiC BRI s Bt B 544
B AT U A XU SRS R i B A LR S B AT, RIS RS 1 R s A AR 50 70 A, BT
S A RPREE TIC RSURLAR B 10 RH & X RN TiC R0k & R A0 it X AL Bl ASCREGER AT 12 1) AN A
PRI CRMRLR NN AR 5 B ) =AM S BE RIS LU 000 e L 25 1) AR 1 SEATLER s 2) HH e 4
RT3 BN e IR A ¥ S5 PR} T 2 P BE R e O U o B s Ak AN B s AL RS2 R s 3) 392045
FEAY 5 K 5B DR HE BB A T AR v F) S AR VPR R AR BEA B AR A, 45 B DR T 3 S B 43 A
I T SRS AR T AR AR BEAL LB, Al A AR s B - BB PE U R LA, LR PTRN R S AR 3R
HL o

AW FERRLSERWT: D SEREEH 0.75 mm/s FINZE 2.5 mm/s B, BEHEEAARH R
P SI R AR O R 5 4, HLBE B Bt — P BN 28 3.5 mmy/s I, R i iy o ok RO 22K ELAE A
HRERK. SYWAEMEEMEUAL, mEBE (3.5 mm/s) 4 X0 R 4E K 52 G BRI 3G 9 386 ) 24
R, AT PR CRAEGURL 5% L ) LF- 3T BEAR A0[RI 2 S 3R T T 116.7% HARERRTF 97.7%.
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B, RIS B B PR R B SR, X B TSR A ARl S B A R S P VT
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Witk MR F AR RS A . 7B AR AR 5 1, MM IX GND 25 Pusi i n Bz
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ST RS A8 58 B 3 e AR A AR O AE B IR At o 2 a5 A) . 35—, ARTRASI AP in i) 5 8507 S o L T Pl e A
T2 GND, MIifi$ Eoi ih X 1 R ASEAL . 55 =, HHARIX DT 2 2% 0 ol B PRS2, BRI T BIEE L
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PR X T g, MMIELE T REE RN . M2 T, fERABERE SR, A
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7 e J5e 48 BRI G I B R G AR G 5B ARSI BIAN I S2IE IR AL bR, ARAE T2 REERIZK
FURLAE AR T 2 2 0 BOIRZS, SEDL 7 ST R AT IR T AR RE R R 2B 5Tt o B IX A SR S DT e 1 1k
REDL 57 (1 e S AR 2L R A RORL, S IRARBR P47 92 5 AT 38 700MPa, i LE 26 Al SR 52T 250%, I H. 300°C
e AR AT AR BR G 3 B 350MPa. A TAEIAIE R Z N H =) i i e LR SRR et
RAMERE_ERRFTAL 7 BISTE T AUHT BB
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HUEALRIEEN . 45 RRYI =S BN 1% SRR MAN 5, ARGUKE & BN 0.5% M3 & MR
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N 1523 MPa. fieJedk T AR TS HPRE — M R S5 8 1 he sl BB R Bt e L2005k, sl R &
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Metal oxide-based planar miniature supercapacitors manufactured by electric discharge machining
Ri Chen',Jie Qin',Zehan Xu',Siqi Lv',Kaiyuan Shi?,Igor Zhitomirsky*3
1. Guangdong Polytechnic Normal University

2. Sun Yat-sen University
3. McMaster University

Micro-Supercapacitors (MSCs) have attracted widespread attention due to their ability to charge and discharge
quickly, long life and efficient storage of energy. The electrode material is one of the important parameters affecting
its electrochemical performance and industrialization prospect, and it is crucial to develop low-cost, high specific
capacitance, high energy density and high-power density electrode materials. Vanadium oxide-based compounds
are esteemed as an enabling material for MSCs due to their variable valence, high theoretical capacity and cost-
effectiveness. Herein, a new and simple strategy, Electric Discharge Machining (EDM) with computer-aided control
was developed to fabricate vanadium oxide-based electrodes and devices. The vanadium sheet was machined using
a wire EDM machine. The positive and negative terminals of the power supply were connected to the molybdenum
wire and vanadium sheet, respectively, by computer-assisted control cutting completed in deionized water. The
maximum capacitance value of 32 mF cm? of Mo@V Oy at 1 mV s-!' with an electrode distance of 300 um. Similarly,
copper oxides have great potential for MSCs applications due to their natural abundance, high theoretical
capacitance, and environmental friendliness. Recently, 3D Cu-Cu,O MSCs (CuMSCs) consisting of binderless Cu-
Cu,0 integrated electrodes have been successfully fabricated by EDM with excellent electrochemical properties.
The manufactured 3D CuMSCs exhibits a capacitance of 65.7 mF cm-2 at ImV s-1, and it retained 6.5 mF cm-2 at
super-high charging/discharging rate of 10,000 mV s-1, and possessed a good cycling stability of 94. 29% (1000
cycles). In addition, we extended the material system to other metal oxides and prepared high-performance MoOx
and Fe-Fel—xO MSCs in a single step by EDM method. This research results of this project presents a streamlined,
secure, and cost-effective fabrication technique to formulate MSCs. This innovative approach holds considerable
promise for the manufacturing of other electronic devices such as micro-batteries and microsensors.
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[ AE SR S L s PR 9K A 3 55 SR 2 R S AR AL DL B 5T
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WURLAN y-A1203 R0 2 4L e i[RI SRR L 2 G A kL. @I E T Al203 S BB AL, R H KR
AH & PN 20 A A A MR RIS B R 1) R R . B ARO3 FIBI N R SRS I f2HF GND RELH B
EHW b N ATRHIE . FE TR N AR A, $875 T AL2O3 X T AR Eh A A AN 2% [r) [F] A A 1 S5
%iﬁ WESE T f N A1203 TESCGE A M BN AR 3L AR/ . 774 366 FH 53 B2 D IC J7 T i B A o RT3

SR PR VE DX R A5 0 45 X B, s T ARO3“E X "—FHLIX "2 B i AR KB S) S5 M 2 SR AL OB Al-
CuO I SRS TITER R R . A0 7045 R0 BARE S AR 5 N AR AR s AT R
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SR G R LILNIEE . m TR T AGEA AT RIS, SR E 22 r i RN B A
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R JEF 0. #3%. Wlg. B 0 XIRT DU R RH) 2516 12 SR 0k 22 S & 1) <83 e (2 1) Je
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MPa Al TR R e 15% vol. SiCp/2009A1 FHHIBI )58 % 200.3 + 14.2 MPa. iZJ7VERIES 1 — SR
G G X HERR T 20 20 51 [E I AE AR I RS AR A RN, B AER kb e B ST S AN SR T AR )
TEASREESR AL T — AN (B o 38 I AN URE I 25 (R AN SR AT T ST 3 LS 3] 1 AR i S TR A X
TEARKRENE, BIan, Al B TE SR R 4 N B Sk ib B, (HR R X Y AL B SRR R
ST L R AR B AT 5 SR, I LR B A - AR it 2 5 BRI TREAL A I B S R, T AR gK
JEFEI Mg S B 1 7] 235 35558 SiCp/2009A1 7 I 58 BE FIER A ST X P fe /1. bk, FEfEwL
IS (0 )5 TR T REAE SIC/AL MK WASTH T AL RS 40K ah . AR 2 R4, X7EL
Br ) TAEA R 25 2 M LS IR, HLE AR 12 DA% 2 REES5 M) FIB ZI1h i) SiC/Al E &bt (EAE~3
pm) FJERE RGN, 30%I AR i KPR SR B S 1.7 GPa, A Al IARKAL Ktk BRI R34 1
TR S

Co06-51
WEACBRIORE /& R E SR S 5 /1 A ReRT 5T
BR/hEx, PR, =40, g, S%
FLH TR
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BENE CNT BT UIE], 3R19 T BA SR g fe 2R S5 M A m R E IR GPKE (UZCNT), JF
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HIFE UZCNT/AL F1 UZCNT/CuCr A #RN FHRIAL 73 590 T2 B B0% FE 9K RS AI4C3 F1 Cr7C3,  TiifE
746 CNT/AL #l CNT/CuCr E & AR FHRIAL 5 T UL FE R RSP . RS 5rHrR, UZCNT/AL #
UZCNT/CuCr &Mk F BT £ ST EHLE N e -4, T CNT/AL 1 CNT/CuCr Hk 647 LA
AMIELE KON T TR AR K BB S B B A R S I LR AR SRR OC R, 1T A0 ZE T A ) S TR R AL A
55 REARAE TR 1 R4 O A AR 2 B o 2 DA SRR AR A CNT 81 7 5 T B8 A5 A5 v A Ay A 18 R
R, P RGRRGEREUER, (R GAPR SR - BBV R . 1% SRR S ST SRR fff 428 B L SR e
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PR AAH AR AR 2 [V A VLT, S 1 i 25 5 sm EE M AR RS e 1k, AT S B v 28 ) B A A% 328
55 i IA) 73 A B E 8 CNTs AHEL, 3D-C ol A R AL fbL I 20 SR AR Y, Gl BG5S 3 AN U R 8™
JEBt AR TGRSR . 22D PRGN KA 25 SR Py R et 1 A A i Y RSN SRR, B2
(¥) Orowan SEALAER S ATRIRBL L FUIN TAELLRE 7o X AIBRINK A R R S BT 8 70 R AT T RRGAK
FOL R AL PEREF 2 T S AL A BLAR AT O, A B S BUBR AN R AR 3 5 B2 B2 5 M RL 0 -8 R
BRI SE OB LA -

C06-53
Surface modification of CNTs through the SiO: coating to increase the intragranular
reinforcement content in Al matrix composites
Hossein Ziaei
Shanghai Jiao Tong University

Surface modification of CNTs with SiO- coating was proposed to fabricate Al matrix composites
with high-content intragranular reinforcements. The deposition of SiO2 nanoparticles on the surface
of CNTs improved their compatibility with the Al matrix and thus increased the penetration of
CNT@Si0: reinforcements into Al grain interiors during powder processing. The intragranular
reaction during the sintering process converted the CNT@SiO> hybrid reinforcements into AlsO4C
nanoparticles, leading to a remarkable increment in reinforcement content. As a result, incorporating
CNT@Si0: reinforcements (0.5 wt% CNT coated with 2 wt% SiO) into Al resulted in a final
composite with 9 vol.% nanoreinforcement, of which 85% were located in the grain interiors. The
high-content intragranular reinforcements greatly improved dislocation storage capability and strain
hardening rate, resulting in a significant increase in strength while retaining good ductility. The
composite’s yield strength and tensile strength increased to 370 MPa and 472 MPa, respectively,
which were about 66% and 67% higher than those of the CNT-Al composite with the same CNT
content.

C06-54
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PR ER B IG IR AR Jo 3 Wit N B ER A ok P 3, RIS 5 AR A A7 FE R RS & Fh i, Br R4 R
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FYERE. VIPEEVEREATGEPVERERIRE M, BEFT T 2 AIRURL PR FIHE5R Cu SR SAPRHSRALLE]. B TE4EREK

21



T EREL R 2 2024 5 i SRR & C06. FRIER MBI =

B 3 U BN R e st T2, AT DAL BRI 58 A Gd0s FURL IR~ 580, sz & &4k
FIPTHism A S HR . ARRIGIIE T EAN: 925 °CHEM 60 min, 7E 900 °C N #HJELELE 30 min; E1H
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C06-71
Study on the dissolution behavior of hot tin plating for copper materials
Jinhan Zhang*
Jiangxi University of Science and Technology

This paper explores the continuous hot tin plating technology and its application in industrial production. As a
solder additive, P can enhance the oxidation resistance; adding a small amount of Ge can improve the oxidation
resistance of the alloy without affecting the melting point. Ni can slow down the reaction rate at the Cu/Sn interface.
The addition of RE elements to the solder can improve the surface activity, etc. The Sn-Ce alloy is oxidation-
resistant and has good chemical stability, and can improve the solderability of the coating; the Sn-Ag alloy coating
has excellent performance but a relatively high melting point and high cost; the Sn-Cu alloy has the characteristics
of low cost but poor creep resistance and wettability; the Sn-Zn alloy has good corrosion resistance but poor solder
wettability and oxidation resistance; the Sn-Bi alloy has advantages, but Bi is a brittle metal, and there are some

limitations in its coating.
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TR TERE . AT SR S HEA AR [RJFR) 7 73 F A2 S5 SRS 240 1A 422 (14 1l 36 T A Bt R AN B R AR 5
AR T 86.03%F1 23.87%. 157 T 710 AL JRAERRALA (1 3G Y LA KA SBAs () TR I R S SR il
MR GRS TIET K28 HEA £ B E SR BERAIERE. 1o, B RO MR R A
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A 11.6%. SJERHTAIILERL, FE4ERF EL AR RIEH T, UTS A YS 2051300 1 112.7%H1 96.6%.

C06-78
AL-TiO2 JRALE SR A LA /7 £ 44 RERT 7T
g, HTTH
Hh R 7 B < S T TP

AL-TiO2 VEy— R S IR S, A R 2 v AR e PER AR SE S ARE . AR FURIL,  DMAERT T+
SR FH B B A RAIE SRS B L 78 73 R 958 T AN - 3RA5 S v (1 el 5 2 o i TR B ) vt R PR
IR SE, A SN S, (B R SMRH SR e T s Bk miR PGV SRR N T, 8
o A IR S M ) SR B B PR AR AT LS i A4 R URPE RE o S S A iR T B s AL 2 AT B T
RIVEIR T BB AL £ 2R A A% # A Orowan SRACHLE], 177 T 40/ NBTRLAOAT SLIE T EE D9 556«

C06-79
TiNip /Al 2 &FHRH 5 42 5 P it fe RALELRT 5T
Ph
M AR ol K2

27



T EREL R 2 2024 5 i SRR & C06. FRIER MBI =
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IR A356 & &H IR 1R RN, X TIN BRI A356 &4 MIME ML HEAT T BRI, S2it 44
R TR DT ASEIRGNoK TiN BORL 35210, B TIN ORI D0 & p38 i, Sk RO A0 IR0 ot 1)
T S ISR NS o 492K TIN BRI RIS T A356 44 IR FE A8 BE AR F BN, W E iR (362%)
M 10.1%3 TR 15.6%, TS 50%. 29K TiN Bk (3 Ina 2028l 7 WI2E s dnik, B35 040
eIt 41 sR AN A AR R AL PR FIVE 2 40K TIN Bk as A356 & @ amib bl .

C06-P08
Study of tissue structure evolution and slat martensite precipitation behavior of Co@GNPs/CoCrMo
composites fabricated by selective laser melting
Rongxia Zhao*
Ningbo College of Materials Science and Engineering, Chinese Academy of Sciences

Spherical Co nanoparticles were reduced and deposited in situ onto graphene (GNP) surfaces using a
hydrothermal method, and the prepared Co@GNPs reinforcing phase was uniformly dispersed in the alloy matrix.
The fine equiaxed grains, elongated columnar grains, and € + y dual-phase dense microstructure were observed in
the organization of Co@GNPs/CoCrMo complex fabricated by selective laser melting (SLM). The successful
introduction of the Co@GNPs reinforcing phase reduces the hole defects of the composites and thus serves to
improve the microstructure. Meanwhile, a high density of dislocations and nanoscale and atomic-scale stacked layer
dislocations along the cellular equiaxial crystal boundary region are observed; furthermore, the successful
introduction of the nano-strengthened phases leads to the susceptibility of e-Co to heterogeneous nucleation growth
on the GNPs, which facilitates the transformation of the face-centered cubic y-Co (FCC) austenite phase to the
densely-arranged hexagonal e-Co (HCP) martensite phase. Their joint action promotes the precipitation of nanoscale
lath martensite, leading to the formation of a unique characteristic structure of parallel rows of lath martensite on
the surface of GNPs. And a co-lattice structure is formed between g-Co and y-Co, both of which show a specific
orientation relationship of crystallographic plane (111) y-Co // (0002) e-Co, and the crystallographic zone axis [110]
v-Co // [11-20] &-Co.

C06-P09
Significantly improved strength of TiC/TA19 composite via grain boundary engineering and their
strenthening mechanisms
Zekun Zheng'2,Zhaohui Zhang*2 Xiang Li*,xuezhe Zhang?,Guodong Sun',Linbo Li?, Yongqing Fu*,Ahmed
Elmarakbi*,Longlong Dong?
1. Xi’an Rare Metal Materials Institute Co., Ltd.
2. School of Metallurgical Engineering, Xi’an University of Architecture and Technology
3. Northwest Institute for Nonferrous Metal Research
4. Faculty of Engineering and Environment, Northumbria University

Interfacial structure and their bond strength are critical for regulating microstructure, and unique chemical
interfacial engineering enables good interface bonding TMCs with enhanced mechanical properties. Herein,
TiC/TA19 matrix composites with super-high strength was fabricated using spark plasma sintering (SPS) and multi-
pass cumulative rolling (MPCR). After MPCR, TiC particles with discontinuous network structure distributed at
grain boundary and formed [100]TiC//[112( )0]a-Ti semi-coherent interface. A large number of nanoscale
secondary o-phases (os) precipitated within the B-phase with typical Burgers orientation relationship of
(0001)as//(110)B & [112( )0]Jas//[1(_)11]B and (0001)as//(011( )P & [112( )0]as//[1(_)11]B, respectively. When
the rolling reduction is 75%, the ultimate tensile strength of TiC/TA19 composite reaches 1571 MPa, which is 41.6%
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higher than that of sintered, while the elongation is only 0.7% lower than that of sintered composites. The enhanced
strength is mainly attributed to the as precipitation for as/p interface strengthening and dislocation strengthening
derived from the TiC and nanoscale as precipitates. The volume fraction of dynamic recrystallization grains in
TiC/TA19 composites increased with the rolling reduction, and more pyramidal <c+a> slip systems were activated
to coordinate the plastic deformation of the composites.

C06-P10
Nb Fl Ag2MoO4 I EBLNT NiAl &8 [al4k &4 BE R 2 BB I B )
Fhedr, BER, K
HiR K2

BEXIALAS WK A% TR SR S B AR P I ) vy T R Rt vl S5 A o 21 00, IR AR P T A v g A
(R0 B N B S A T P R R ORI IR s, AR ST A NiAL AR R, 384 & I0 R Nb MEAL A R
W& IR, LL=Ju& B Ag2MoO4 A [E 1AM 7R, K FH & Re sk B A B 2 B R R 4 AR il £
NiAl EEAMEL, A4S IT0R Nb Al Ag2Mo04 IR FLNT NiAl 2 ik BT 2 A MR H 251 . Pk
PEREFIEE B LM RE AR . S5 R A4 I0EK Nb (ERLE 2 52 & TE R T NbC T3 i F A, M =04
JEBEMNA) Ag2MoO4 TEAI iR, TERLT Mo2C H Ag. [FIITEEHRIGFE T, FEBEAMRIEIEEIN, BT 5
WALV, & NAB (NiAI-Nb) £1 NABM (NiAl-Nb-Ag2MoO4) FEH#E 2 ¥ )T, 1#E 800°C F,
NABM & &M B EEB KRR A% (0.28), BHIZFEZN 1.8x10-5 mm3/(Nem), iXJHH T NiAl-Nb-Ag2MoO4
A PRI BE 0 2 8 BE A IR S BT R 2, 2 T MR, e I RO 53 A i v
7 Ag2MoO4 1 Nb205.

Co06-P11
Strategy of Introducing B-Ti Ductile-Zones for Ameliorating both Strength and Ductility in
Heterostructured Titanium Alloy Composites
Xiaoqi Mao*
Xi'an Rare Metal Materials Institute Co., Ltd.

Breaking trade-off barriers of strength-ductility in Ti alloys and their composites hasbeen a key challenge for
their engineering applications. Herein, we developed a new strategy of introducing B-Ti ductile zones in
heterostructured (Cu@CNTs/TC4)+TC18 composites, which were synthesized using two-stage ball milling, spark
plasma sintering and hot rolling processes. Such the heterostructured composites are composed of TC18-coarse
grain zones (CGZ) and TiC+a” reinforced TC4-fine grainzones (FGZ), achieving a high ultimate tensile strength
(UTS) of 1459 MPa and auniform elongation (UE) of 5.1%, which are superior to those of TC4 alloy (with its UTS
of 1160 MPa and UE of 4.5%) and homogeneous Cu@CNTs/TC4 composite (with its UTS of 1461 MPa and UE
0f 2.4%). The enhanced strength of (Cu@CNTs/TC4)+TC18 composite is mainly attributed to the heterogeneously
interfacial strengthening achieved by the geometrically formed dislocations at the TC4-FGZ/TC18-CGZ interfaces.
The grain-coordinated deformation between TC18-CGZ and TC4-FGZ has been demonstrated as the key reason for
achieving the exceptional ductility. This study provides a new structural design methodology for the amelioration
of both strength-ductility in Ti matrix composites.

URFRRX

C06-PO01
BB B T4 %% Cu-B/Dia &R K SRR
gk Jiic*
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SN REEMELEE T SRUA R T AR R AR R R AR P2 AR S AL, & H
AT A L AT S A B R (HER A G NI AT 2 IRV AE S TR AR 0 ) . R S B T el & 1
Cu-xB/Dia E&MEL, HEFEAFRLSRIAIENEME, 73T &NIRAR KN B & &80 #2115
i, 45 REKWE CuxB/Dia EEMEIH, B InRiBdy # 5 &NA PR R B AR T BoC IR, st 174
BRI G WA R 2 (B 456 R3S« B BrEAE— T VE NI (0~1 wt%), Cu-xB/Dia E&MEH#HG:
B NG HHAE Co AP S &S E—EMENT, BEESRIARERIEM, Cu-B/Dia E&5HE
(PSR, X2 TR S NIRRT K, Cu-B/Dia & &A1 RHE UK BoC 13I8 Z 480, 244 R4k
f£79 701 pm, Cu-0.5B/Dia EGM B F R, KF T 904 W/(mK).
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