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Crystals of the boride Tm(Ali-+7x)B4 (T = Cr, Fe) (YCrBa-type, orthorhombic, space group Pbam) were grown by using Al flux
mixed with 7'metal at 1773 K for 5 h under an Ar atmosphere. The maximum dimensions and morphology of obtained crystals were
2.3 mm for trapezoid crystals of Tm(Ali+Crx)B4 and 4.5 mm for prism crystals of Tm(Ali~+Fex)B4. As-grown Tm(Ali-7x)B4
crystals were used for chemical analysis of EPMA, and identification of the crystal phases and determination of lattice constants
were based on powder XRD patterns. The lattice constants determination and chemical analyses of Tm(Ali-x7x)Ba4 (T = Cr, Fe)
compounds were carried out for Fe 0.5-10.0 at% and Cr 0.5—1.0 at%. After realising a solid solution of Fe or Cr in Tm(Al1-+7x)B4,
the lattice constants and the unit lattice volume became smaller than TmAIB4. The lattice constants and the unit lattice volume in
Tm(Ali—Tx)Bas, decreased with increase of the concentration of Fe or Cr. The as-grown Tm(Ali—7x)Bs crystals were measured for
the micro-Vickers hardness. The values of micro-Vickers hardness of Tm(Ali—Fex)B4 (x = 0—10.0 at%) and Tm(Alo.995Cro.005)B4 are
in the ranges of 16(3)—19(2) GPa and 18(2) GPa, respectively. The hardness values increased as the solid solution of Fe or Cr was
realized in Tm(Ali-<Fex)Ba, possibly because of distortion to the crystal structure.

Key Words: Tm(Al1-xTy)B4 (T = Cr, Fe), Al Flux Method, Crystal Morphology, Lattice Constant, Chemical Analysis,
Micro-Vickers Hardness

1. [XL®IC
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Fig.1 Crystal structure of TmAIB, compound.

-2 —



iTol, FOHE, Al TOT7 T v 7 ABARAH(AL:T
=100 : 0.0~90.0 : 10.0 at%) OEFHN CTHEMm AR EITo 72, 7=
2L, Al Cr 77 v 7 ABTIECrE% Cr= 1.5 at%IlZT 5
& 0.05 mm LA FO/NE 72 Tm(AL-+Cry)Ba i i & HLERBY K & 72
FHR O CrB #idh & DIRAHETHLNIZDT, Cr&% Cr= 1.5
a% Ll FIC S L E R EITD o2, 22T,
Tm(AlL~T)Ba #faH D Al ¥ MZ Cr 8V M3 Fe i % B
SHIZDIE, ENENDILHE DR FHER]RA A 48 [9]
PBHAEISEW 2O TH D, YEXY, HFoilz Tm(AL-TY)B4
fhmld, BEERKEE, BTHERL ML Z i LT,
HiZ, IO RESEOYBENRMEE S L CEIR TOME ZRE
L7,

2. EBRAE
HEEEE L THRRIROER LY U & A (Tm20s #IE 99.9 %)

ERERMERTUEBME %), BT v 7 AL LTHRE Y
ROERT NI =0 L (Al FE 99.99 %) & BAFRO 4Rk
(Fe M 99.9 %) WM IAE 7 v A (Cr FE 99.9 %) & i,
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Fig.2 Schematic arrangement of the growth apparatus.
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—J5, TmAIBsfSiITEREEE £ L7 7.0 mm BREOKIR T,
c B EICHE L, REFICK L CEREI/NSR T T v
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Fig.3 Stereomicroscope photograph of TmB, crystal obtained by
Al flux (Al: 100 at%).

500 um

Fig.4 Stereomicroscope photograph of TmAIB, crystal obtained
by Al flux (Tm-AI-B system, Al: 100 at%).



Journal of Flux Growth Vol.13, No.1, 2018

Fig.5 SEM photograph of Tm(Ali-xFex)B4 crystal obtained from Al
flux which substituted with Fe in 0.5 at%.

Fig.6 Stereomicroscope photograph of Tm(Ali-xFex)B4 crystals
obtained from Al flux which substituted with Fe in 3.0 at%.
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Fig.8 XRD patterns of Tm(Ali-xFex)B4 obtained from Al flux which
substituted with Fe in 0.5 at% (a), Fe in 1.0 at% (b), Fe in 3.0 at%
(c) and Fe in 10.0 at% (d). The pattern of (e) is taken from the
ICDD card of AlpgsTmBs7s (No. 48-1678). o; TmAIBs-type, m;
unknown
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Fig.9 Stereomicroscope photograph of Tm(Al1_xCrx)B4 crystals
obtained from Al flux which substituted with Cr in 0.5 at%.
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Fig.10 XRD patterns of Tm(Al;-xCrx)Bs obtained from Al flux
which substituted with Cr in 0.5 at% (a), Crin 1.0 at% (b), and Cr
in 1.5 at% (c). The patterns of (d) and (e) are taken from the
ICDD cards of CrB (No. 32-277) and AlpgeTmB3 75 (No. 48-1678).
o; TmAIB4-type, o; CrB, A; unknown

Table 1 Relationship for lattice constants and blended formula
(atomic ratio) of Tm(Al1-xTx)B4 (T = Fe, Cr) crystals.

Lattice constant [nm]

X a b c V [nm]
Fe 0005 0.5919(3) 1.1439(7) 0.3450(3)  0.2336(5)
0.010  0.5906(1)  1.1397(4) 0.3454(4)  0.2325(3)
0.030 0.5898(4) 1.1407(8) 0.3415(1)  0.2297(9)
0100 0.5908(2) 1.1411(8) 0.3415(5)  0.2302(8)
Cr 0005 05917(6) 1.1451(6) 0.3464(1)  0.2347(5)
0010 0.5905(2) 1.1391(8) 0.3440(6)  0.2314(5)
0015 05899(3) 1.1392(9) 0.3439(9)  0.2311(9)

Ref. 1) TmAIBs : a = 0.5918(1), b = 1.1472(1), ¢ = 0.3477(1) nm, V =
0.2361(1) nm?

Ref. 2) TmAIBs : a = 0.59225(2), b = 1.14784(5), ¢ = 0.35224(2) nm
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M5 1.0 at% DL S THER L7z Tm(ALT)Bs © EPMA I E D
FER A Table 2 (IR T, N 6EEIOEA L AL AL D
BE{RI%, T =Fellxl L CTALALE(AL: Fe =99.5: 0.5 at%) T
Tm(Alo.79Fe021)Bass T, Bl&EE (Al @ Fe = 97.0 : 3.0 at%) TlE
Tm(AlosiFeo39)Ba.17 C, ELA L (Al : Fe = 90.0 : 10.0 at%) Tl
Tm(AlosoFeos0)Bai7 Toh o7z, —F, T = CriZxt L TEA
(Al : Cr=99.5 : 0.5 at%) TIL Tm(Alos1Cro49)Ba2s T, FLALE
(Al: Cr=99.0 : 1.0 at%) TiE Tm(Alo33Cro67)B4a20 TH o7z, 7=
7ZL, BA Al : Cr=985:15 at%) TH N T=
Tm(Al+Cry)Bs ff gt 13 0.05 mm LA F D K& T EPMA HIE D
RABETH -7z, ZALDORREIY, Tm(AL~T)Balx T DIA
WERHIHA A T2 2 ENEMRTE T, Ez, ALIT Fe g
X Cr DIRINEZE U720z 7zl & (Al : T=99.5: 0.5 at%;
Al: T=99.0 : 1.0 at%) CHA/=fEMm O ILIZ Fe 1V Cr &0
FRED L ERT D2 ENBfETE 2, Tm(AL-TY)Bs DFE
ERAEIE I Cr T O 5 M Fe Jfi 7L 0 &% < [ElYa L7- 2RI,
ALJR T & TR0 B AYIT Y Cr JF7-80\V M Fe 7D J 1
PRERORE IITEFE LTS, IS, JRT-ER8]i A1(0.143
nm) £ ¥ Fe(0.126 nm) 8\ MX Cr(0.136 nm) D HF D3/ W=D
2, EEEAAREL feotz, F72, Al OJFEF¥5 & RIFRE O
FYREHETD Cr OFN Fe LV HEBEEL TV,
Tm(Al~Ty)Bs DALEHARK & #EFERITF ER < B LTWD
2%, SCHRME[1,5]9> TmAIBsla = 0.5918(1), b = 1.1472(1), ¢ =
0.3477(1) nm, V = 0.2361(1) nm*][a = 0.59225(2), b =
1.14784(5), ¢ = 0.35224(2) nm][2] & ¥ HA&FEEL & HALHE 1
BREDN/NS L 2o T,

Table 2 Results for chemical analyses of EPMA measurements
using TM(Al1—xTx)B4 (T = Cr, Fe).

Blended formula

Atomic ratio
of starting material

Atomic percent (at%)
obtained from EPMA

Chemical composition

Tm Al + (FeorCr) B Tm Al + (FeorCr) B Total
Theory
composition 1 1 - 4 1667 16.67 - 66.67 1000  TmAIB,
Tm(Aly g95Fey.005)B3

10995 0.005 - 3 1479 1458 389 - 6675 100.0 Tm(AlFey,)Bys
Tm(Alyg90Fey010)B3

1099 0010 - 3 1510 1427 540 - 6523 1000 Tm(Al,,;Fe, 1B,y
Tm(Alyy70Feq030)B;

10970 0030 - 3 1570 1158 7.28 - 6544 1000 Tm(AlygFe,s0)B,
Tm(AlyggoFey.100)B;3

10900 0100 - 3 1582 920 905 - 6593 1000 Tm(AlysFe) 5By
Tm(Aly,99sCri005)B3

10995 - 0005 3 1526 948 - 932 6593 1000 Tm(Aly5Cry)Bis

Tm(Al999Cro.010)B;
1

099 - 0010 3 1546 570 - 1191 66.92 100.0 Tm(Aly3,Cry By

Tm-AI-B system"

Ref. 1) S. Okada, T. Shishido, T. Mori, K. Kudou, K. lizumi, T. Lundstrém,
K. Nakajima, J. Alloys Compd., 408-412 (2006) 547-550.

TmA]D,HQBJJS

MBI MEE E L THEEORIEEIT> 7o, REOREH &
B oM Tm(ALT)B4(T = Cr, Fe) fidh DAL EHERL & T &
DOBER%E Table 31279, 2N HEIA (Al Fe =99.5: 0.5
at%, Al:Fe=97.0:3.0 at% K% " Al : Fe = 90.0 : 10.0 at%) T
7= Tm(Ali~Fe)Baffi it OFEFE I 16(3), 18(2)K T8 19(2) GPa T
Hotl, —F, BLAK AL : Cr=995:05 at%) TH7=
Tm(Ali—~Cry)Bs F 5 OREEE 1T 18(2) GPa Th o7, ZHHDIE
i, A S[1L,10]0385 L72 TmAIBs DFFEEAS 15(1) GPa TH
23, FhE kT 5 & EEAER Tm(AlL-T0)Ba(T = Cr, Fe) D
FRETEWVMETH 7=, Zi1uid TmAIBsFE SR TIZ Fe 8iu i
Cr TENBEIET D LS ICOT a5 2 5 72 DI EN
EL ol bDEHEER L=, 72721, BBt (Al: Fe =99.0 :
1.0 at%) 2 ONAL : Cr=99.0 : 1.0 at%) & (Al : Cr =985 : 1.5
at%) CAR LIt/ N & < CHEDHIENRA[RETH - 7=,



Table 3
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Results for chemical analysis and micro-Vickers
hardness of Tm(Al;xTx)B4 (T = Fe, Cr) crystals.

Blended formula

Chemical composition

Micro-Vickers

hardness(GPa)

Tm(Aly.g9sFeo.005)Bs Tm(Aly79Fe21)Bass 16(3) =
Tm(Al.990F€0.010)B3 Tm(Aly7Feo27)Bas -
Tm(Alg.970Fe0.030)B3 Tm(Algs1Feo30)Ba 17 18(2)
Tm(Al.g00Feo.100)B3 Tm(Aly.soFeos0)Ba.i7 19(2) 1 )
Tm(Alg995Cro.005)B3 Tm(Alys51Cro.49)Bas 18(2)
Tm(Aly.990Cro.010)B3 Tm(Aly33Cro.67)Ba2o - 2)
TmAIB, Y TmAl B3 75 15(1)
Aload; 1.96 N, Load time; 20 s 3)
4. F&BH K
Tm20; & B #E L7zt TmBs (FR &R 7k B/Tm = 5)

HEE

ARIEBR IR 2 B BT OB RZF B K, /NE
R, #RNKRFTAHHEINBRB OS5 HETFIR, V14— K
B SET O Gerda Rogl LD T x2S E Lz, Z

3.0)ITRA L, Al & Fe OELA L (AL : Fe = 100~90.0 : 0~10.0
at%) BT Al & Cr OFEEA L (AL Cr = 100~98.5 : 0~1.5 6)
at%) D7 7 v 7 AT, TmAIBs BOWIZEFRIA Tm(Al-Ty)Bs

(T'=Cr, Fe)Df

£ B s
=RcENE]

REAT T2, FORES, TmAIBL S
D Al FFYA M Cr 8T Fe B2 EESE 52 L0870
AECh o7, Tm(AliFen)Bs fifhix, BIELNH 2 2 LI
JEH O EBRRAE & & BRIRAE SN ER S, SHICHEeT L

7)

8)

unknown & DREMHTEHEOLND, F72 Tm(AL-Cro)Bs fEfIL, 9)
FoA LS 2 5 & HITEL O H D BIRFESS & &1k CrB %

g & AR D Tm(AL-Cry)Bs & Y unknown & DIEAHHTH S

b, F2, Fo7z Tm(AL-T)Bs #iidh OB E ORIE 217 10)
572, Tm(AL-~T)Bs DFEEIL, Fe & Cr OETAR & HIomH

HEL 7roT,

HEEERLET,
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