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Synthesis of ternary borides RM2B2 (R = rare earth, M = Co, Rh) and quaternary borocarbides RM2B2C have been attempted using
arc melting and molten metal flux growth methods. Tetragonal system ThCr2Siz-type (space group; /4/mmm) compounds of RCo2B2
have been obtained for R = La, Nd, Sm, Gd, Tb, Dy and Y, while compounds of RRh2B: have not been obtained for any R element.
So-called “carbon stabilized ThCr2Siz-type compounds” of RRh2B2C were successfully obtained for R = La—Er (without Pm). In the
case of RRh2B2C, carbon atom occupied in the center of the square which consists of rare earth atoms in the ¢-b plane and it
extended the c-axis of the unit cell significantly. Thermochemical stability of RM2B2 and RM2B2C compounds was discussed based
on the atomic size of R and M elements. Magnetic and electric properties of the obtained compounds were reported.
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Fig.1  Relationship between ThCr,Si-type RM.B, (A) and
carbon-stabilized ThCr,Si,-type RM;B,C (B) compounds.
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Fig.2 The variation of lattice parameters against R (= La-Dy) of
RCOsz.
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Fig.3 XRD patterns of GdCo,B,Cx (O) with x = 0 (a), 0.25 (b),
0.50 (c), 0.75 (d) and 1.00 (e). Main impurity phase
corresponded to GdCosB; (V).

a = 0.35747(8) nm, ¢ = 0.9537(2) nm T»H 5 DITHf L T,
GdCo2B2C DZFN S 13 a = 0.35492(7) nm, ¢ = 1.0491(5) nm T
bole, HTER c OEICERT S &, AIFICK LTEHERN
10 % REV, BEOKTER aHlX, c DEOKRIERER
DRBEZZITT, #ENHEC] & o7z, Figd ([ZHHER D
ALY GdCoxB2(a) B L OV 7 RIEH GdCo:B2C (b) D Z i
sa RO U - M O SEM %4 =4, FMikez, () TIEZ
FEMUA, (b) TXRFEONTHMR 2K EY -7, Wik
MINZxtd 5 XRD /NF— % (o) & (D) IZRT 0, ZoFRET
EEL L BIFIEHMTELMNT, GdCoB: & GdCo2B2C (2%}
LT, REHT TG/DTA %3 L7=fEH % Table 2 1277,
K% O LBIAEEEIZIEE 35 & 783 K, 827K THY, #%
# @ carbon-stabilized type MHEVLFRIZREIZHBNT, LV %E
ETH DT L PREET2[20,21],

Table 1 Crystallographic data of GdCo,B, and GdCo,B,C.

Chemical formula GdCo,B, GdCo,B,C
Crystal system Tetragonal Tetragonal
Structure type ThCr,Si, type  carbon-stabilized
ThCr,Si,-type
Space group 14Immm
Number of molecules 2 2
per uni cell, Z
Lattice parameter a (nm) 0.35747(8) 0.35492(7)
¢ (nm) 0.9537(2) 1.0491(5)
Unit cell volume, V (nm?) 0.12187(8) 0.1322(1)
X-ray density (g/cm?®) 8.09 7.76
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Fig.4 Cross-sectional SEM images and XRD patterns of
GdCo;B; (a,c) and GdCo,B,C (b,d).

Table 2 Phenomenological temperature, weight gain and
oxidation products of GdCo,B,Cx and YCo,B,Cx (x = 0, 1) from
TG-DTA measurements.

Oxidation ~ Weight gain Weight gain Exothermal Endothermal

Sample onset (K) at1473K (%)  (maximum) maximum (K) minimum (K) Oxidized products
GdCo,B, 783 336 34.6% (1322K)  573,951,1019,1195  1334,1383  GdBOs, CoO, Cos0,*
GdCo,B,C 827 293 30.2% (1305K)  572,939,1035,1129  1343,1369  GdBOs, CoO, Cos0,*
YCo,B, 788 471 47.7 % (1340 K) 985, 1246 1349 YBO;, CoO, Coy0,*
YCo,B,C 833 356 36.8 % (1317 K) 558, 1011, 1165 1347,1382  YBOj;, CoO, Coy04*
*trace amount
Fig.5 & YCo2B2Ci(x = 0.00, 0.25, 0.50, 0.75, 1.00) ®
XRD NH —vZpsY, TOHEL, 2 FAVAS=0
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¢ = 0.93654(6) nm, —J7 YC02B2C DZHN 51T a = 0.35104(3)
nm, ¢ = 1.0563(10) nm TH > 7=, K+ EL c DREIZRTE (<
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Fig.5 XRD patterns of YCo,B,Cx (x = 0.00, 0.25, 0.50, 0.75,
1.00).
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Fig.6 Magnetic susceptibilities of GdCo,B; (a) and GdCo;B,C

(b).
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Fig.7 Magnetic susceptibilities of YCo,B, and YCo,B,C.
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Fig.8 The variation of lattice parameters against R (= La—Er) of
RRh,B,C.
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(b) from molten Cu flux.

Table 3 |2 ErRh:B2C HLfEE OFE S F T — 4 28 97[22],
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Table 3 Crystallographic data of ErRh,B,C.

ErRh,B,C
Tetragonal
carbon-stabilized ThCr,Si,-type

Chemical formula
Crystal system
Structure type
Number of molecule
per unit cell, Z 2
Lattice parameter

a(hm  0.36848(2)
c(hm)  1.05520(3)
Unit cell volume, V (nm?)  0.14327
X-ray density (g/cm®)  9.04
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20 (deg.)

Fig.10 XRD patterns of samples; as melted (a) and heat treated
at 1473 K for 20 h in vacuo (b); nominal composition was settled
asEr:Rh:B:C=1:2:2:1in atomic ratio.
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Fig.11 (a) Magnetic susceptibility x as a function of temperature
at H = 100 Oe for SmRh;B,C. The inset is an expanded plot
down to 1.8 K. The arrows show the positions of the peak of the
specific-heat and onset of large increase in the magnetic
susceptibility; (b) Electrical resistivity as a function of
temperature of SmRh,B,C. The arrows indicate the
temperatures where the anomalies of resistivity appear.

“carbon-stabilized ThCr2Si>-type” D #Hb &4 A% R-Ni-B-C
RICOWTRH SN, BHEEELEOREIZ OV THE S
TW5H[28,29], i, IhE T~ EAvikme a1t
AR T R ORBGR S, A LEE b & A EEERA b
BRICHZIZC S &, HlxiE CeCraSi IZTFELR2 WA, C %
BIMEED Z & THILAY CeCrSinC #2155 Z LN TE-L
DWENRH B[30], WHEBNTD 20D, FLEHOFKIZ C
DIRER R BB ZRIZ LTS E V) Mz TdEL T
Do

4. #HE

ThCr:Six B! R-M-B-(C)RILEWDEHE, M IZ Co L&
FVFEFPEREORE R RhEZEORAAT, M=Co TIZCR L
{ZRCo2B2(R =La, Nd, Sm, Gd, Tb, Dy, Y)2\5bhi=,
R=Gd C, C ®& A L7z carbon-stabilized type @ ThCr2Si» %l
GdCo:BoC #1545 Z ENT&E Tz, —F, Co lZH#EL TR
O LY KEMR Rh ZETLHRTIE, C 7 L0 ThCrSi: BULE
I eond, CEEATDHZ LT, #H L carbon-stabilized
type @ ThCr:Si> ! RRhoB2C (R = La~Er, 7272 L Pm %Rr<)
NELNTZ, ZNHEEMOLTIZIE R £ M OFETFOK
XML B L, Thbb, R OWET & OB~
DREEXE M OFEFH A XORKE EOHEEENEEEM % 2
HLllz, L2L, RIZEZEMICREGRHEAGDEIZENT
tH, CIEFOSAMT, R THKINDHEEDEMAN ¢ flih
MANCE LR L, “carbon-stabilized ThCraSix 4" D L\
LB E L TREICEY HEDHBAENH L Z ENbhroT-,
C X R, M OUITFIET DAY A XDl % 229~ 5 BEik
DD X DIHER Lic, R UoE e 2 ext g,
WEERRL, HILWWE, B LW FOmEkE4 8 0 v T
WIZERL, CEMESEAAFEITIEFHICET 5,

HiEx

KbFe w5 1T, HALKRZFE AR ZERT O B AT B
K, WRFER, HEARMERRR, E LR Ao
FEICMERR, (LIRS, MW EBOTEER, Al R T RO



— %, BINKRFTFERO FRBERESE, mMiE TRERKRE
DORAIEREZ, YW - MEHFZEHER - WPT EES ) 7—%
T b= ARGEIE ORRFERE T Vv — ) — X — I ZRERT T

NizEboTe, FARFEBH BT OF L3k, OHigE,

FHRE RS, /NREAKOSRIZEME TREW -2V, i
LTHBEEET D,

1)
2)

3)

4)

5)
6)
7)

8)

9)

10)
11)
12)

13)

References
J. Nagamatsu, N. Nakagawa, Z. Takahiro, J. Akimitsu, Nature,
2001, 410, 63.
T. Shishido, J. Ye, T. Sasaki, R. Note, K. Obara, T. Takahashi,
T. Matsumoto, T. Fukuda, J. Solid State Chem., 1997, 133, 82.
T. Shishido, J. Ye, S. Okada, K. Kudou, K. lizumi, M. Oku, Y.
Ishizawa, R. Sahara, V. Kumar, A. Yoshikawa, M. Tanaka, H.
Horiuchi, A. Nomura, T. Sugawara, K. Obara, T. Amano, S.
Kohiki, Y. Kaswazoe, K. Nakajima, J. Alloys Compd., 2006,
408-412, 379.
T. Shishido, K. Yubuta, T. Mori, M. Tanaka, S. Okada, A.
Nomura, T. Sugawara, R. Sahara, K. Hayashi, Y. Sawada, K.
Teshima, S. Oishi, Y. Kawazoe, A. Yoshikawa, J. Flux
Growth, 2015, 10, 2.
T. Shishido, I. Higashi, H. Kitazawa, J. Bernhard, H. Takei, T.
Fukuda, Jpn. J. Appl. Phys., Series 10,1994, 142.
T. Shishido, J. Ye, M. Oku, S. Okada, K. Kudou, T. Sasaki, T.
Matsumoto, T. Fukuda, J. Alloys Compd., 1997, 248, 18.
J. Ye, T. Shishido, T. Fukuda, J. Cryst. Growth, 2001, 229,
521.
J. Bernhard, 1. Higashi, P. Granberg, T. Lundstrom, T.
Shishido, A. Lukolainen, H. Takei, T. Fukuda, J. Alloys
Compd., 1993, 193, 295.
H. Takei, T. Shishido, H. Iwasaki, Y. Muto, Jpn. J. Appl.
Phys., 1983, 22, 1463.
H. Takeya, H. Takei, Y. Koike, T. Fukase, T. Shishido, N.
Toyota, Y. Syono, Jpn. J. Appl. Phys., 1986, 25, 1954.
Y. Koike, T. Fukase, H. Takeya, H. Takei, T. Shishido, N.
Toyota, Y. Syono, Physica B&C, 1987, 148, 126.
S. Okada, K. Kudou, T. Shishido, Y. Sato, T. Fukuda, Jpn. J.
Appl. Phys., 1996, 35, L790.
ICDD card No. 18-397, International Center for Diffraction

14)
15)
16)
17)
18)
19)
20)

21)

22)

23)
24)
25)

26)

27)

28)
29)
30)

31)

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

Data.

A. Nomura, T. Shishido, J. Flux Growth, 2010, 5, 21.

S. Oishi, T. Shishido, K. Teshima, Hurakkusu-kessyo-seicho
No Hanashi, Nikkan-kogyo-sya, 2010.

T. Shishido, J. Flux Growth, 2009, 4, 58.

K. Niihara, T. Shishido, S. Yajima, Bull. Chem. Soc. Jpn.,
1971, 44, 3214.

K. Niihara, T. Shishido, S. Yajima, Bull. Chem. Soc. Jpn. 1973,
46, 1137.

T. Shishido, J. Ye, K. Obara, T. Fukuda, J. Ceram. Soc. Jpn.,
1998, 106, 299.

T. Shishido, K. Yubuta, T. Mori, M. Tanaka, S. Okada, A.
Nomura, T. Sugawara, S. Tozawa, K. Obara, K. Suzuki, R.
Sahara, K. Hayashi, S. Kohiki, Y. Sawada, K. Teshima, S.
Oishi, Y. Kawazoe, A. Yoshikawa, J. Flux Growth, 2013, 8,
125.

T. Shishido, K. Yubuta, T. Mori, M. Tanaka, S. Okada, A.
Nomura, T. Sugawara, R. Sahara, K. Hayashi, Y. Kawazoe, A.
Yoshikawa, Abstract book of the 18" International
Symposiume on Boron, Borides and Related Materials, 2014,
p-132.

T. Shishido, J. Ye, T. Sasaki, T. Matsumoto, T. Fukuda, J.
Ceram. Soc. Jpn., 1996, 104, 1117.

J. Ye, T. Shishido, T. Kimura, T. Matsumoto, T. Fukuda, Acta
Cryst., 1996, C52, 2652.

J. Ye, T. Shishido, T. Kimura, T. Matsumoto, T. Fukuda, Acta
Cryst., 1998, C54, 1211.

T. Shishido, K. Yubuta, T. Mori, M. Tanaka, S. Okada, Y.
Sawada, A. Nomura, T. Sugawara, S. Tozawa, K. Obara, R.
Saharas, K. Hayashi, Y. Kawazoe, A. Yoshikawa, J. Flux
Growth, 2014, 9, 100.

T. Shishido, A. Nomura, T. Sugawara, K. Yubuta, K. Kouzu,
T. Yamasaki, S. Okada, T. Mori, A. Yoshikawa, J. Flux
Growth, 2017, 12, 101.

S. Ishida, T. Naka, A. Matsushita, J. Ye, T. Shishido, T.
Fukuda, Physica B, 2000, 293, 91.

T. Siegrist, H. W. Zandbergen, R. J. Cava, J. J. Krajewski, W.
F. Peck Jr., Nature, 1994, 367, 254.

B. K. Cho, M. Xu, P. C. Canfield, L. L. Miller, D. C.
Johonston, Phys. Rev. B, 1995, 52, 3676.

C. Tang, S. Fan, M. Zhu, J. Alloys Compd., 2000, 299, 1.



