H51% 3 wRERMBSIE Vol51,  No3
2022 4 3A RARE METAL MATERIALS AND ENGINEERING March 2022

M BT $] & YbCu & YbCUAl EER A 4

B R, KAY

(BRHM ERT TR [ 2 Sk G - SR 5 4

AFHE K E AR E,

g

X, F
WET fsk 014030)

M OE: ETe@ERERE TR, 8RR S R AT R A T R R E SR - (Yb-Cw) B
Hea R, P RE B AR S ARG L, IR R & YbCu HE A R, FIRRF A T ST YoCu JER S &
TE R B R2 , FE ] 4 T YbCUAl HE 8 i . 24 Yb & B 7F 44.5% ~ 46.5% (Jii & 43 550 i I 4 3 o JE i & JR T I i (AFM)
5K YbCu k& SR e g o, AT 240N 31.6 nm, AR 2K, BOREIK A 1199 YbCu Fl
YbCuA =l 5 T i £ K 7 B3 53 49 551 A 1738 mQ-oh, & 47t E Al Xt YbCu JE WL RS = 4 T R F# M. YbCu(Al)

AR o 77 R PR S 4 07 34 AR o) 46 n R T ¢ R Al T AR B T R
KR MG S, WML AE S YbCu &4 REEEIRT
XEHES: 1002-185X(2022)03-1040-07

FEZESES: TB43 XHERFRIRAD: A

R

IE ff A G R 0 - HE A L R O T E
B G AR F R, Al BT SRS
Az g R R, Rk ze R AL FEB
Fe 300Gl i & 4 5 %1 0 1) 4% % 1 S i 1k ™ 5 B i)
T AR S AR A L AR R AT, DR T R HT AR &R
AT 2R R D PR R & el R i e e U0, f%
G Ak G A G BT R, R v s AR R
— MW R R AR, AR, W R AR B A
BHRAEHRENERGSBAEEEZR L. Mt
RS ERSSENE S KEE TN AR
Rk R RE I & SR, i Gd FE AR 8 R AT A R
RO, La BE9E &R 21 g S AR IR B B .
S R 2R B e B A o R AR R P R R R R AL B T 2
LI AR 5 A 4 M B R T R E I Th RE A R B A
HEMMGHEZE L.

H AT La/Ce 3112181 Gd JE1019E f 4, Ho 4
i LA R G S AR A Z . B LS (YD)
FA LG F A (0 #  0 2 BLAT B ORI R T2 4 R I
PEARE, HRERMR TSN (A BTWEE) EREE
R kM RS RAEZ BAMAR 4f-5d LT
B Gl T ARAR T ghah, Bt Yb BAE AR SR
Cel™y o 5 p HIBA LR, ¥4 YbCUAl (Fe,P 7
NG BAIEHAETK A, Hi
TaE M S B R AR R AR, B Yb
SRR, RIS RN 25 5 35 B 51 & e, H

ks HEA: 2021-03-17

A YbeaZnyoMgisCuy 8/ Yh 46 8 3 1)
i, HHEATEE Ce A dh 58 IR A B & . 5 A1 3%
BEFEAR L Ty 10 Yb 58 Wid K LE (4 Cu.
Al 58 S B R TY 4 8 B3 B Al SR ANAF 1 %0
Yb fE 9 (R B A O M LT, R
af F 7 HEA R T RO 2 R SRR R T 3
MR AAEESE. K, R T mEEEdt
T 555 97 348 I B T 1) 46 H YbCu JE & AT YbCuAL FE & &
GUIE, FRRT AT T O R RE

o

1 %X I

ffi ] MSP-300BT 42 Ik 5 15 46 HEAT B4 (45D
A o L A B G, R N4 99.99% 1) Yb 42
Cu J CuAl 41&¥%0, M H 4% 60 mm, JEE 6 mm.
RS B ISR AR K TE IR . JE 7K SRR 25 85 17K
7 IE B 30 min, 5 BEJE R 4 S A0 B 2R
W o S PRI DL (4 99.999%) N TAE S Mk
O I T s R A IS LA P A A /N T 3X 107 Pa, K AT
B s, AN TAESAA TS 10 min, DLE BRI &
AR . TRIRST 5E G, $TF PRl TR . I
BEELEE N 9.0 cm. FEAS[AIG S Bh R T 5 AR 60 min, Ar
I E 30 mL/min, % 0.6 Pay 2 /& 30 V,
Horb Yb $EFD Cu S84 51 A 5 A50ORI B P AR 50, 3 4
SEIG YRS I8 AL B AT C, Hidr A4 Yb: 100 W,
Cu: 150 W; B 41 Yb: 150 W, Cu: 150 W A1 C £ Yb: 250 W,

E£WHE: A=WER - EZEMARSESEAFIHERESSR=EEERE (202022135)
fEZB/N: gake, B, 1992 4, fid, B LFRB, WS Esk 014030, E-mail: 18810962502@163.com



%3

FE AT et W 3IRE 4% YbCu J YbCUAI 3E S & 4 i

*1041 -

Cu: 150 W. YbCuAI FF & i 2k #2 b SR H
BRI, CuAl HA M ARG, DR SH
T, A3: Yb50W, CuAl200W; A4: Yb 100 W,
CUAl 100 W; A8: Yb 150 W, CuAl 100 W. H 45
55 YbCu k5 Z HAH [H] .

KRN X B 2475 (X-ray diffraction, XRD)%>
Mr BT il £ 4 J8 A, 1 % %452 Bruker D 8 Advance,
MR A Y 20980 F13E 5Tmin,  F NG A P [
SEN 39 BARE A F P Vanta R %1 XRF 44X (B
5 F2-5000) BEAT R BT . 5% R #g Rk S LB
(Merlin compact) MLl E &b B S  SR FHEREHRBE 5L
AF RTS-11 %4 )& DU BRAT MR Gt A 4 v 1)
JiBH o R 2 DhRe ARk 2 1 B 50 50t e JE
AL Be 2o 2 MR MFT-40000. 6 25 43 firh £ A0k
Zr AR T SR KRR, A TS N IR I B
ZJ-7000. fH[E Bruker A W] 5 77414 B (AFM) (Y
‘5 Dimension edge) k17 # LS RAE, Wi o
{8 7 (peak force tapping) #zt.

2 BRI

2.1 YbCu(ADIEREEM 2%t

Kl 1a’h Yb-Cu Z e R & & AHE . & Cu X (Cu 90%,
JEF 380 ME Yb X (Yb73.5%, Ji14%0) ¥t
N, B YbCu & A R Boy 3 B T RE TR R
mA A IR AW G & R KA T (GFA) 1))
W2 — LIRS AR TE (Tg=Ty/T) w1, H i A

Yb Content, w/%
10203040 50 60 70 80 8 90 95
1600 71— T T T T T T T

oot |1,
A i‘; H
v |50 k 1210 K 3
T 1200 T BT
2 | TR 068 5
£ 1000 /ﬁ
o (901 K
= TR /
(<H
~ 800 745 K.
(Cu) 735
600 v
400
Cu 10 20 30 40 50 60 70 80 90 Yb

Yb Content/at/%

194 pm 143 pm 127 pm

Wb G A SR FE T e/, T B S AR FE T g B e 4y
AN, BRI T iR, EWE BA RIER GFA,
U1 Zr-Cu. Au-Si Fl Pd-Si 25— 0 A 475 35 5 mi bt in B
BEAFH GFA, X EBEHILG A& &gt 5H
UK I SRR A P 4589 (short-range ordered structure,
SRO) Fx, MNEL&EREAEREGE M EMAH
AR, BREE W3 H R 45 & R T BT A .

K 1b 1 1c 4 5 N Hi + Yb.Cu A1 Al Ji 742 .
PR IR S AHmixe =R Z AR KBS B A
Yb-Al (=20 kJmol™), /] Cu-Al (-1 kJmol™),
Yb BHERARKMETERE, 5 Cu JEFFREHA
1.5275. Al 5 Yb. Cu A &i& KR & k& FE /N R
TRAE, KU LLRER S Zr . Cu HEEE& R
AR ST L BE J1 . RAE Inoue = JF I J7 JR i IR R,
Yb-Cu & Yb-Cu-Al Jt % [ VR A & F 5 71 42 bL 3t B
AR R U E B A B A BE AR LR, Ao
TR NS aale S - =l BT R N = I N1l | A |
g5H .

Kl 2a 2y YbCu & A 4 v I S5 0o 7R 1], SRS
VA A} — 5 £A BE o 18 2b D9l 4% 1 YhCu JE & & £ Vi
BT8R A 2 T o B, R S AR AR AL i
AR R G . AFEALER YbCu £ )& A7 7F
B, KRR AWM R R A ERAR, §
FUONT L P PN 27 2H i B SO 25 RO A7 DX 3, T S
2 S R TN S A R B A 22 I W e . B 2¢
4 CuAl H-A&SEM B & i n E B TR AT E X

AH ;= —20 kJ/mol

K1 Yb-Cu & &AHE, Yb-Cu-AlRA RS, JE T2 & Yb. Al Cu JiT2f42
Fig.1 Phase diagram of Yb-Cu alloy (a); mixing enthalpy and atomic radius ratio of Yb-Cu-Al (b); atomic radius of Yb, Al and Cu (c)



© 1042 -

WA ERA RS TR

%5 51 45

Substrate location

Drill
hole

Cu sheet

Al target

Combined target

B2 JLIH % YbCu AR & & B YbCu IR & &M, CuAl & #EH| % ik & CuAl A& LA

Fig.2 Process of Yb-Cu amorphous alloy films prepared by co-sputtering (a), Yb-Cu amorphous alloy films (b), preparation process of

CuAl target (c), and physical picture of CuAl combined target (d)
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Preparation of YbCu and YbCuAIl Amorphous Films by Magnetron Co-sputtering

Cui Hongbing, Zhang Maocai, Wang Yu, Xin Bo
(State Key Laboratory of Baiyunobo Rare Earth Resource Researches and Comprehensive Utilization,

Baotou Research Institute of Rare Earths, Baotou 014030, China)

Abstract: Based on the concept of high-throughput material genetic engineering, metal thin films with continuous change of chemical

composition were prepared by tilting target and adjusting single metal target power, so as to quickly screen the composition range of YbCu
amorphous alloy, and YbCu amorphous alloy film was successfully prepared for the first time. At the same time, the influence of aluminum

on the formation of YbCu amorphous alloy was studied and YbCuAl amorphous films were prepared. When the Yb content is between
44.5wt%~46.5wt%, the films are all amorphous. The results show that the surface of YbCu amorphous alloy is smooth without defects, and

the absolute height difference is only 31.6 nm. The film is hydrophobic with a maximum hydrophobic angle of 119< In addition, the
maximum square resistance of YbCu and YbCuAI amorphous films is 551 and 1738 mQ-o™, respectively. The alloying element Al has a
significant effect on the properties of YbCu amorphous films. Therefore, the composition screening and successful preparation of YbCu(Al)
amorphous films accelerate the development of rare earth based amorphous materials.

Key words: amorphous alloy films; glass forming ability; YbCu alloy; magnetron sputtering; high throughput preparation
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