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Composition optimization of amorphous AINiZr alloys

ZHANG Zhibin,ZHOU Zhidan
(National Innovation Institute of Defense Technology, Academy of Military Sciences of PLA, Beijing 100071, China)

Abstract: In order to solve the problem that the glass forming ability of Al-based amorphous alloy is not easy to be evaluated
because of the easy precipitation of a-Al crystal in the glass forming process, a simple and feasible glass forming ability evalua-
tion scheme was designedto optimize the composition of amorphous AINiZr alloy. Firstly, nine kinds of AINiZr alloy ingots
with different compositions were prepared; Then, under the same preparation conditions, the alloy ribbons with different
compositions were prepared by single-roll strip casting method; Finally, the ribbons were characterized by XRD, and the
amorphous content of alloy ribbon was calculated based on the XRD results. The results show that the glass-forming ability of
Aljpo—. — y Ni, Zr, increases with the increase of Ni content and decreases with the increase of Zr content; When the Zr content
is 3% and the Ni content is further increased to 20% and 25% , the glass-forming ability of the alloy is reduced, and Alg, Niy; Zr;

alloy has better glass-forming ability. By optimizing the compositions of amorphous AINiZr alloy, a new evaluation scheme of
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glass-forming ability can be provided for the Al-based alloy without rare earth elements, and its application space in the field of

equipment protection can be expanded.

Keywords: amorphous and microcrystalline metal materials; Al-based alloy; amorphous alloy; glass-forming ability; com-

ponent optimization; amorphous content

GG b AR S G A Y S AF AR 2R R R A R B DRI B AT G A SR R R TR ol
LT 30 AER AR A AR B RIS B T R R RS AR T Al P B T i R ik R R A A
x0T 3 R AT AR TG R SRR SR R | S R B TR R ) LA R R AR SR A . AR AR A
AN

Sz FLA Ao ) SR R B L RSO 2 0 K O PR SR 68 R AR A S 4 1 BERE TR I RE ) B
22 AR dh A A R T E A 2 T R AR

WA 1965 4F ,PREDECKI % i kil 4 THEM AR ALSE A 4L MG I E T —RH1H0 —Josa 216 &
A4 W Al-Ge, AI-Cr 1 AFCu"™ 48, SR 2 Mt AR A, ER A &P S H T MIARM, 1981 4F,
INOUE%" fil SUZUKI 41 A —niR Lk A 56 m L W inoc R & T 58 2B MY Al-(Fe, Co)-B fil Al-
Fe-(Si,Ge) =JuiR AR M & HiX 2 B i & BABRMEE, YIRS E AN R EW, H 2 1987 4,
WFoE N B A il B A SRR ALNESHE A& . MiE. SRR JER A SR TERA S0z 60,
2 EFEBE S A T BB F 1k 1 000 MPa AT 30 8 Lok B AR 48 SRR A a0 i Tl R
B EAE R A SRS o AL SR, PR R KRR T B siae 1, A THR&SE S &3 IE
BLRE ST BHIF N BLHEAT T R AR I e A ST h B AR e RSN BE R A R JC RS
A SRR T s ARG S N = ooy BB T fiot. H i R EE 1 3 580 BLAR 1 B AR
G ad e ALNi-Y-Co-La Hoo A&, LA MBI ERT A 2.0 mm™ . §AHEHWEZCHEEG S
U = BB T WL BE Ty AR R A 4, B AR . ARk B R+ o0 R A 2 SR 42 T4
Mz R T T S AW LT BRI AER A S SRR, AR R BERIEREGE D EH TSN
i B 8% 76 DR 5 B S B0 1 W) B 38 & 4 (s 320 3l 5l VB U R, T LU 25 5 1 4 AT 9 OK R Y AR
MR X FERRBRAWE , R LA JLE MoK =0 T H RS A &b RS BR
S946 T XSG A BT BURE T SR . R D 2R AR BRI AR B AR G G E R B A U T L SR T A
W LT ER M = el sy, BRI N A LT R RS & WSS Y BURE ) 22 AR XE R R 1 ek
HARREE (T, I EA &R & In B XA & BRI AR J1 5 19 4 SE A 58 55 /0

EH L ALNZr A& AR R BT R 0 A 4 45 i i Pk i 4 & & W AR e
VPSR A 4535 4 i BRI Y BUBE 71 . 43T Ni JCE A Zr JTR X ANi-Zr & & 1520

fiE
1
ZS
At

1 SCIS#ER4y

1.1 FEHMEER

B AL Ni Fl Zr, 815 2>99.95 Y6 (Bt it 40850, T D A6 50 38 5 B b BB A7 BR 2 Rl 443t

e 7 X L 2 B 55 R 40, S5 NMIS-DR L, s#8 BB b R RN A R 2 Al 4 B2 IE R 28 R
45, 8050 NMS-GP I, BG#ER H BE B AR RN A BR 2 w4 43 s XS 4R A7 S, DS 5, 48 [ A 45 72 AXS /A F)
PR HUE s 7 F 3.
1.2 #HI&AEHE

KB AL NI A Ze, 3858 125 UV B 4 Al — NI Zr, (2 =5,10 Fl 15,y =23,6 F1 952 =20
25,y =3 ARV, 0 TR AR IR IR RO A0 0 & & 5E . I MR & R e #% o0 B 45 B A s 4 &R
G5 AEHRETFT FFE 3R K ¥ 2 Ge e 43 s PR IR B 15~20 °C L 35 BRAR SH 10 L 9 BE RV B, 2% I, 4 B0 I3 26 % s 4%
HESETH 2 40 T EL T op, Lol AR 3 BE 1 AL SRS CE RIS )2 . SRR )L S Je FPLAE 10 7 4l &
25 N LS AT 3X 107 Pa B PR 58 A G 32 4l 20 A5 A0 SR LA AR 0 9 T R A 2R . T R
Ji s Je /N T O i 1 R H DA Ak 4 TR B, A RS T I R R B IR SIS Ak . TR
i B R T A RS ek, RE S KAt L RE SRS .



412 LT A = 5 A N e 2021 4f

13 HEaeEE
S FH 207 R 20 R0 o B LA R A G A G L VB RO OB AR B DL
VR T 5 5 2 B 2 T AL B 1 4 B AT T . BRI 3 o B TR BB FLAE M 0.9 mum (047 948
R T P B A 0.02 mum, P TT BUAYT BB A U T A 2 g 2 R
o e % A ) 5 100 Pa BEJS 78 A G o T M L2 B B A0 0 AR R L B 2B 18 78 AR
LB IEAE N ANEE N 0.02 Pa. MEAJBASBEE, ST IR HUBL S HER AL S 5 38 m/s. FT T I 4L P 0l
Vi 46 AL GBI B A & . FE A A ALIT L FT T o B IR 1 7 0 S 30 5 P 0 2 T o 0 T
Pl 8 9k P £ I 2 Y
14 HERIE
FII X 528 A S5 X4 WM 1 AR 4 28 1 Cuo S 38 4 0L 25Ky 0,027 R 2% /min. & B
ST 1 XRD A7 57 L 500+ S A 7 L b A A o J2 B 3 o)

2 FHR5WiE

B 1 s ks i) XRD i 55 A .

oa-Al; aZr; Al . NiZ s0-Al Al NiZ
vALNi; » Al NiZr; 1005y T, ‘ vALNi 100090 VAT,
.Allzr“; 'Als 33zro 17°
# £ M .
EH = Y .
= = ;,}\J Jl x=10, =9 h .
= = I . \::15, ¥=6
e ™ x=10, =6 | A AN i
\ v
H— o =15, =3
x=10, y=3

30 40 50 60 70 80 90 30 40 50 60 70 80 90 30 40 S50 60 70 80 90
20/ (°) 20/ (°) 20/ (°)

a) Ni& &EH5% b) NI & H10% c) NigEN1%
B 1 ey XRD B
Fig.1 XRD patterns of ribbons

K1 a)h Ni [E#l5E N 5%, AR Ze S8 (3% ,6 %M 9%0) B4R G4 iy XRD #7585 . I 1 a) a X
B A EGEYME M AR LT A EAEMA Y Ze R OV, BT & RS ARV R0 Zr R
Mr Bt AL Nis Zr, & & A Ze M AN &8 o-AlL AL NI, Al g Zro o M AL Ze M 24 Zr HEEE
6 % mf & A Zr BATRARIS 25 A MR o ALFT AL NG A 24 Zr & 3 %0, il IF 1R 96 4k, U
BG4 T 0 B R AL B 1], FE AR H B o AL AL NI D AL NiZrs, 1 b)) Ni &8 1048
B4 WA 1 XRD i &, ATLAE H Ze 528 9000, &AW WA o ALAHFID> & AL Ni A, 53 5ME 427/
LA — AR/ 08 S 1 I R AR B RRAE . XFHE Ze B 6 X0 390 A AT A9 XRD &3 AT A, B
& LZr BRI G AR IR 0 5 B RS 1l S A R Sk i R . BT 1 o) O Ni [ R 15 YR Y G 4
W XRD fir 1 . Y4 Zr S 9V, A ASH R Zr 5 & R T —
Ni S 1096 I Ay XRD 757 ], 4 4 B0 AR 545 1F 38 W 0 5 25 7 r ..
Frik R 6 YoMt A4 XRD [ 15 v i 1A F e JE A9 2 1L 20 | (A !
AR AR S Ze S E— P RRARE 3V0RL B T A 0 H1 ' |
A LA, AR AR fh A Y 18 Sk g AR vz .

YR 1 H iy XRD B i i A 5, o] U 2R [ 41
O 1A A A AR R R 2 TR 20 |

AT 26581 1 28 B4 B 5 4 ity AR A 2 o e U 3R 3
IV N Re Sk . e 2 Bros i G A s B, B Ni
TR, B EIE B GE I K. WA Zr R TR B Y
BURE ST BEAK . I TT 20, Al Niys Zr, 20 43 4 4 00 3 3801 1% B B2 SedvhiEasss
B, Wik A U5, v ARG I Ni % a2 30 k> Ze Fig.2 Amorphous content of ribbons

wE )%

40 ¥




5 439 kM, A AR AINIZe & 4 s i 1k 413

%\io H:I:J: Zr @iﬂé’éﬁﬂ&‘yiﬁ*b’lﬁtfjﬁﬁqﬁl‘mﬁﬁcd\ ’ J—H: v *a-Al .Ninz; A197.xNierj
Wi Zr Byl 3%, AT LA i ik — B 18 B Ni A ok - A

Vo A A vy i Al B A

B3 RN Zr il 3%, Ni & 15%,.20% 1 25%
B 1Y) G 4 v 1 XRD AT 5 K

M3 LA Y Ni & &2 20 %0 B, & 4 XRD &l
TEIRA PSR I ) . 4 NI & i & 25 Do i, DX
) XRD it T LR . &S B 2B A M. & 817
E Ni ﬁiﬁ*ﬁﬂﬁﬁﬁ{mﬁé{ké% ’ ﬁﬂ Al3 Ni ﬂl Ninz 30 4.() 5.() (;() 7&) 80 9;)
L U NIFHRT I5X0E, &N BGE I E T 20/ (°)
e, I AT DL A e RICIIE LR T & &4 7k B3 4 XRD A
Alg, Nij; Zr; Fig.3 XRD patterns of ribbons

RT3

3 & iF

DL ALN-Zr AFFAR R S EEXT AINIZr & 4 35508 W E 1R 25 2F Al 0 Ta) 8, 23 1 a7 50 1Y) 38 38 01 i 7
FIVPAE 7 BT N [EI AL 4 AINIZe B 4 (0 3 55 T2 1 g

2)iH X 9 A ST A T N R Ze SRS A S . BEE Ni &R0 L8, &40
BEHE Y WLRE 7 MO R s B Ze S I 3E N L A 4 10 R B E BRE 7Bk

3 E Zr ik 3%, Ni & 15%)5 . & & MBI BEE 1 T 4w . @ fefb vl s, BoA I
FEBCISIE WRE 1 & & 4530 Al NisZr,

D) AR SR £ OC R BB IS 4 BB Y RS T WA BRI T O O X A B T Zr 3 Fe
BT bR R A S RLRE AT T . B4R B TAE L AT LT AINIZr & & 440 i A Al e %
a4 W EA T SBIEIL e I Zum I ERE 4.

2 2% 3Lk /References:

[1] WANG Z,GEORGARAKIS K,NAKAYAMA K S.et al.Microstructure and mechanical behavior of metallic glass fiber-reinforced Al alloy
matrix composites| ] ].Scientific Reports,2016,6:24384-24390.

[2] ZHOU L C.,PANG S J.WANG H.et al.Ductile bulk aluminum-based alloy with good glass-forming ability and high strength[ J].Chinese
Physics Letters,2009,26(6) :66402-66409.

[3] LIG H.,PAN SP,QIN ] Y.et al.Insight into thermodynamics and corrosion behavior of Al-Ni-Gd glassy alloys from atomic structure[ J].
Corrosion Science,2013,66:360-368.

[4] YANG BJ,YAO ] H,ZHANG ]J.et al. Al-rich bulk metallic glasses with plasticity and ultrahigh specific strength[]].Scripta Materialia,
2009,61(4) :423-426.

[5] INOUE A,WANG X M,ZHANG W L.Developments and applications of bulk metallic glasses[ ] ].Review on Advanced Materials Science,
2008,18(1):1-9.

[6] LIHX,LUZC,WANG S L,et al.Fe-based bulk metallic glasses:Glass formation,fabrication, properties and applications[ ] ].Progress in
Materials Science,2019,103:235-318.

[7] INOUE A.,TAKEUCHI A.Recent development and application products of bulk glassy alloys[J]. Acta Materialia,2011,59(6) :2243-2267.

[8] INOUE A,TAKEUCHI A.Recent progress in bulk glassy,nanoquasicrystalline and nanocrystalline alloys[ ] ].Materials Science and Engi-
neering: A,2004,375/376/377:16-30.

[9] LIANG X B,CHENG ] B,FENG Y.et al.Research progress on Fe-based amorphous coatings[ ] ].Journal of Materials Engineering,2017,
45(9) . 1-12.

[10] BET e, HEH I, BROUEE , 55 Bk B AR ML I &/ 901 K 5 4 0F 5 0 8 S BT I A 5 () 0. 9 32 412, 2018,67(1) 2 1-8.
YAO Kefu,SHI Lingxiang, CHEN Shuangqin,et al.Research progress and application prospect of Fe-based soft magnetic amorphous/nano
crystalline alloys[J].Acta Physica Sinica,2018,67(1) ;1-8.

[11] SUN B A.PAN M X,ZHAO D Q.et al. Aluminum-rich bulk metallic glasses[]].Scripta Materialia,2008,59(10) :1159-1162.

[12] TELFORD M.The case for bulk metallic glass[ J].Materials Today,2004,7(3) ;36-43.

[13] PREDECKI P,GIESSEN B C,GRANT N J.New metastable alloy phases of gold silver and aluminum[ ] ]. Transactions of the Metallurgical
Society of AIME,1965,233(7):1438-1439.



414

mode B Bk ¥ % i 2021 4F

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

FURRER P,WARLIMONT H.Crystalline and amorphous structures of rapidly solidified Al-Cr alloys[J].Materials Science and Engineer-
ing,1977,281.:127-137.

INOUE A,KITAMURA A,MASUMOTO T.The effect of aluminium on mechanical properties and thermal stability of (Fe,Co,Ni)-Al-
B ternary amorphous alloys[ J].Journal of Materials Science,1981,16(7) :1895-1908.

SUZUKI R O,KOMATSU Y,KOBAYASHI K F,et al. Formation and crystallization of Al-Fe-Si amorphous alloys[J].Journal of Materi-
als Science,1983,18(4):1195-1201.

INOUE A, YAMAMOTO M, KIMURA H M, et al.Ductile aluminium-base amorphous alloys with two separate phases[ J].Journal of
Materials Science Letters,1987,6(2):194-196.

DUBOIS ] M, DE BOISSIEU M, PIANELLI A, et al. Transformation of amorphous Al-Cu-V alloys into a new icosahedral phase[ ] ].
Scripta Metallurgica, 1989,23(7) :1069-1074.

HE Y,POON S J, SHIFLET G J.Synthesis and properties of metallic glasses that contain aluminum/[ ]J]. Science, 1988, 241 (4873)
1640-1642.

TSAI A P,INOUE A,MASUMOTO T.Formation of metal-metal type aluminum-based amorphous alloys[ ] ]. Metallurgical Transactions.,
1988,19(5):1369-1371.

INOUE A,OHTERA K,TSAI A P,et al.Glass transition behavior of Al-Y-Ni and Al-Ce-Ni amorphous alloys[ ]J].Japanese Journal of
Applied Physics»1988,27(9A) : L1579-1.1586.

INOUE A,OHTERA K, TSAI A P, et al. Aluminum-based amorphous alloys with tensile strength above 980 MPa (100 kg/mm?)[]].
Japanese Journal of Applied Physics,1988,27(4A) :1.479-1.486.

INOUE A, SOBU S, LOUZGUINE D V, et al. Ultrahigh strength Al-based amorphous alloys containing Sc[ ] ].Journal of Materials
Research,2004,19(5) :1539-1543.

JUN J H,KIM J] M,KIM K T,et al.Glass formability and thermal stability of Al-Ni-Y-Be amorphous alloys[ ]J].Journal of Alloys and
Compounds,2007,434/435:190-193.

LOUZGUINE D V,INOUE A.Strong influence of supercooled liquid on crystallization of the AI85Ni5Y4Nd4Co2 metallic glass[J]. Applied
Physics Letters,2001,78(20):3061-3063.

ZHOU Z D,ZHANG Z B,CHEN Y X, et al.Composition optimization of Al-Ni-Ti alloys based on glass-forming ability and preparation of
amorphous coating with good wear resistance by plasma spray[J ].Surface and Coatings Technology,2021,408:126800-126812.

INOUE A,OHTERA K,MASUMOTO T.New amorphous Al-Y,Al-La and Al-Ce alloys prepared by melt spinning[ J].Japanese Journal
of Applicd Physics1988.27(5A) : L736-L744.

INOUE A,OHTERA K, TSAI A P,et al.New amorphous alloys with good ductility in AI-YM and Al-La-M(M= Fe, Co, Ni or Cu) sys-
tems[ J].Japanese Journal of Applied Physics,1988,27(3A) :1.280-1.289.

INOUE A,OHTERA K,KITA K,et al. New amorphous alloys with good ductility in Al-Ce-M (M= Nb, Fe,Co, Ni or Cu) systems[]].
Japanese Journal of Applied Physics,1988,27(10A) :1.1796-1.1809.

YANG BJ,LUW Y,ZHANG ] L,et al. Melt fluxing to elevate the forming ability of Al-based bulk metallic glasses[ ] ].Scientific Reports,
2017,7(1):11053-11061.

ABROSIMOVA G,MATVEEV D, PERSHINA E, et al. Effect of treatment conditions on parameters of nanocrystalline structure in
Al-based alloys[J].Materials Letters,2016,183:131-134.

CHENG J B,WANG B L,LIU Q,et al.In-situ synthesis of novel Al-Fe-Si metallic glass coating by arc spraying[ ] ].Journal of Alloys and
Compounds,2017,716:88-95.

LIU Q,CHENG ] B,WANG B L,et al.Effects of substitution of Fe by mischmetal on formation and properties of arc-sprayed AlSi-based
amorphous coating[ ] ].Journal of Thermal Spray Technology,2018,27(6) :949-958.

CHENG J B,FENG Y.YAN C,et al.Development and characterization of Al-based amorphous coating[J].JOM Journal of the Minerals
Metals and Materials Society,2020,72(2) :745-753.

GAO M H,LU W Y,YANG B J,et al. High corrosion and wear resistance of Al-based amorphous metallic coating synthesized by HVAF
spraying[ J ].Journal of Alloys and Compounds,2018,735:1363-1373.

ZHANG L M,ZHANG S D.MA A L,et al.Influence of sealing treatment on the corrosion behavior of HVAF sprayed Al-based amor-
phous/nanocrystalline coating[ J].Surface and Coatings Technology,2018,353:263-273.

MAURYA R S,SAHU A,LAHA T.Quantitative phase analysis in AI86Ni8Y6 bulk glassy alloy synthesized by consolidating mechanically
alloyed amorphous powder via spark plasma sintering[J].Materials &. Design,2016,93:96-103.

GLORIANT T,GICH M,SURINACH S, et al.Evaluation of the volume fraction crystallised during devitrification of Al-based amorphous
alloys[]].Journal of Metastable and Nanocrystalline Materials,2000,8:365-370.

HENAO J,CONCUSTELL A,CANO I G,et al.Novel Al-based metallic glass coatings by cold gas spray[ J].Materials &. Design,2016,
94.:253-261.

XIE L.XIONG X,ZENG Y,et al. The wear properties and mechanism of detonation sprayed iron-based amorphous coating[ ] ].Surface and
Coatings Technology,2019,366:146-155.



