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Fig. 1 XRD pattern of MnCo ¢sCuy ¢sGe at room temperature
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Fig. 2
magnetic field of 0.02 T in zero-field-cooled (ZFC) and
field-cooled (FC) modes (Inset shows temperature dependence
of dM/dT for FC curve around 7¢)
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Fig. 3 Magnetization isotherms(a) and Arrott plots(b) around
TC of MnC00_95Cu0_05Ge
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Table 1 Phase transition type, magnetic entropy change and relative cooling power around 7¢ for MnCoGe-based alloys and Gd

Phase transition Magnetic

Magnetic entropy change,

Relative cooling power,

Sample type field/T AS/(kg K Al0kg ) Reference
Mn 9,Cug 9sCoGe Second 1 1.3 - [7]
Mny o7Feg 03CoGe First 5 10.6 - [9]
CoMnGe 95sGag 0sBo.o15 First 2 6.2 67 [10]
CoMnGe 94Gag 06Bo.o15 First 2 8.7 96.8 [10]
Mng ¢Tig ;CoGe Second 8 4.2 - [11]
MnCoGe ribbon Second 2 1.5 79 [21]
Mn, 73Cr ,7CoGe Second 5 1.8 - [12]
MnCoGe Second 5 4.8 - [12]
MnCoy 95Cuy o5sGe Second 2 4.49 101.03 This work
MnCo 95Cuyq osGe Second 5 10.19 244.56 This work
MnCoyg 95Cuy o5Ge Second 7 13.64 327.36 This work
MnCog ¢, Al sGe Second 1.5 1.52 - [13]
MnV, ,CoGe g9 ribbon Second 1 0.9 36 [14]
Gd Second 5 9.8 - [26]
Mn;Ge; alloy Second 5 9.3 - [27]




2528 B 8 W =)

MG, % MnCoo.o5CuosGe 4 IITEE B L U8

1601

3 %4

-

(.g

1) FFH B TUA BRI H 2 T MnCogosCugosGe
Hd, XA B IR HEAT T IR
Fi. Co 4B Cu Ja, MW 5| NJEFERERMICE,
13 Co L TRz, HufE T
MnCogosCug osGe [ NioIn FL45H

2) IR SR I Rk, B T,
1E Te~=257 K Mk, KA AS, PERA ROR
RIS TEREA B T T B, THEA G ESF
f B KGR AR ik 13.64 J/(kg K), X I AR Xl o V42
N 327.36 J/kg. HHARIR LT, Arrott 2 M — AST™ —
HP [k ok R ZRE R R AL T Az

REFERENCES

[1] 2T 2, &G, BIER, XDtk, fetkns, R0, fts
PR A (Lag-c)Y,)23Ca1sMnOs FIREFZLR[T]. HE A
4 )& 24, 2007, 17(12): 2005—2009.
LUO Guang-sheng, LI Xiao-yi, ZHOU Zheng-you, LIU
Guang-hua, XIONG Wei-hao, WU Xiao-shan. Magnetocaloric
effect on (Lag-.)Y,)23Ca;3MnO; manganese oxides system
with rare-earth vacancies[J]. The Chinese Journal of Nonferrous
Metals, 2007, 17(12): 2005-2009.

[2] ZHANG E, CHEN Y, TANG Y. The

magnetocaloric effect of (MngsCoy s)esGess alloy in low magnetic

magnetic and

field[J]. Journal of Magnetism and Magnetic Materials, 2008,
320(10): 1671-1674.

[3] T, DRk, A, AR, KEK Na By

La 7Sro3-NaMnO; HISH S ERTAZ I R[] A g
241, 2009, 19(5): 894-899.
QI Shu-yan, MA Cheng-guo, DONG Li-min, HAN Zhi-dong,
ZHANG Xian-you. Effect of Na doping on structure and
magnetic entropy of perovskite Lag;Sry3-.Na,MnO; doped with
Na'[J]. The Chinese Journal of Nonferrous Metals, 2009, 19(5):
894-899.

[4] BRI, BRZ B, REAKAN. — GO RE) A bR R Al 1)

BRIT[I]. WHL2EdR, 2014, 63(14): 147502.
CHEN Xiang, CHEN Yun-gui, TANG Yong-bai. Basic problem
in the first-order phase
material[J]. Acta Physica Sinica, 2014, 63(14): 147502.

[5] XIE Z G GENG D Y, ZHANG Z D. Reversible

transition magnetic refrigeration

room-temperature magnetocaloric effect in MnsPB, [J]. Applied
Physics Letters, 2010, 97(20): 202504.

[6] MASC,ZHONG Z C, WANG D H, KE H, CAO Q Q, HUANG
YL, LUOJM, XUJL,HOU Y H, DU Y W. Differences of the
magnetic behaviors in the

hysteresis magnetostructural

[10]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

transformation Mn,_,V,CoGe alloys[J]. Journal of Magnetism
and Magnetic Materials, 2013, 348(12):160—165.

MA S C,HOU D, SHIH C W, WANG J F, LEE Y I, CHANG W
C, ZHONG Z C. Magnetostructural transformation and
magnetocaloric effect in melt-spun and annealed Mn;_,Cu,CoGe
ribbons[J]. Journal of Alloys and Compounds, 2014, 610: 15—-19.
SAMANTA T, DUBENKO I, QUETZ A, STADLER S, ALI N.
Giant
Mn,;,Cu,CoGe[J]. Applied Physics Letters, 2012,
242405.

LIGJ, LIU EK, ZHANG H G, ZHANG Y J, CHEN J L, WANG

W H, WU G H, YU S Y. Phase diagram, ferromagnetic

near room temperature in

101(24):

magnetocaloric effects

martensitic transformation and magnetoresponsive properties of
Fe-doped MnCoGe alloys[J].
Magnetic Materials, 2013, 332(4): 146—150.

YUZUAK E, DURAK G, DINCER I, ELERMAN Y. The

Journal of Magnetism and

magnetostructural  and  magnetocaloric  properties  of
CoMnGe;-,Ga,By 15 (x=0.05 and 0.06 ) alloys[J]. Journal of
Magnetism and Magnetic Materials, 2014, 354: 195—-199.
WANG J L, SHAMBA P, HUTCHISON W D, Md Din M F,
DEBNATH J C, AVDEEV M, ZENG R, KENNEDY S J,
CAMPBELL S J, DOU S X. Ti substitution for Mn in
MnCoGe-The magnetism of MngoTip;CoGel[J].
Alloys and Compounds, 2013, 577(22): 475—479.
TRUNG N T, BIHARIE V, ZHANG L, CARON L, BUSCHOW

K H J, BRUCK E. From single- to double-first-order magnetic

Journal of

phase transition in magnetocaloric Mn;_,Cr,CoGe compounds[J].
Applied Physics Letters, 2010, 96(16): 162507.

ZHANG W G, TEGUS O, WU Y L, YIRGELTU, YAN HY, LIN
S. Magnetocaloric effect in MnCo, ,Al,Ge compounds[J].
Journal of Materials Science and Technology, 2009, 25(6):
781-784.

MA S C, LIU Y H, SHIH C W, LEE Y I, CHANG W C.
Microstructure  and  magnetic  properties in  melt-spun
MnV,0,CoGey g0 ribbons[J]. Journal of Magnetism and Magnetic
Materials, 2014, 357(5): 41-44.

SAMANTA T, DUBENKO I, QUETZ A, STADLER S, ALI N.
Large magnetocaloric effects over a wide temperature range in
MnCo,Zn,Ge[J]. Journal of Applied Physics, 2013, 113(17):
17A922.

LIU EK, ZHU W, FENG L, CHEN J L, WANG W H, WU G H,
LIU H Y, MENG F B, LUO H Z, LI Y X. Vacancy-tuned
paramagnetic/ferromagnetic  martensitic  transformation  in
Mn-poor Mn,_,CoGe alloys[J]. Europhysics Letters, 2010, 91(1):
17003.

FANG Y K, YEH J C, CHANG W C, LI X M, LI W. Structures,
magnetic properties, and magnetocaloric effect in MnCo,_Ge
(0.02<x<0.2) compounds[J].
Magnetic Materials, 2009, 321(19): 3053—3056.

CARON L, TRUNG N T, BRUCK E. Pressure-tuned

Journal of Magnetism and

magnetocaloric effect in Mny 93Cry 7CoGe[J]. Physical Review B,
2011, 84(2): 020414.



1602

hEA O RYR

2018 £ 8 H

[19]

[20]

[21]

[22]

[23]

TRUNG N T, BIHARIE V, ZHANG L, CARON L, BUSCHOW
K H J, BRUCH E. From single- to double-first-order magnetic
phase transition in magnetocaloric Mn;_,Cr,CoGe compounds[J].
Applied Physics Letters, 2010, 96(16): 162507.

FANG Y K, YEH C C, CHANG C W, ZHU M G, LI W. Large
low-field magnetocaloric effect in MnCogsGe; 14 alloy[J].
Scripta Materialia, 2007, 57(6): 453—456.

SANCHEZ-VALDES C F, LLAMAZARES J L S,
FLORES-ZUNIGA H, RIOS-JARA D, ALVAREZ-ALONSO P,
GORRIA P. Magnetocaloric effect in melt-spun MnCoGe
ribbons[J]. Scripta Materialia, 2013, 69(3): 211-214.

X T, FoCEk, KEM. Niln BNH MMX 2 IRk

AHASAERL B FR etk R (0], EARLEERR, 2012, 31(4): 13-25.

LIU En-Ke, WANG Wen-hong, ZHANG Hong-wei. Ni,In-type
hexagonal
materials [J]. Materials China, 2012, 31(4): 13-25.

m o B, 00, RO, R, keh. Cu B
LaMn,,Cu,O; 14 2 (K15 2 A0 3 AT A BEFE ()], PB4,
2006, 55(7): 3692-3697.

MM’X ferromagnetic Martensitic-transformation

[24]

[25]

[26]

[27]

GAO Tian, CAO Shi-xun, LI Wen-juan, KANG Bao-juan,
YUAN Shu-juan, ZHANG Jin-cang. Study on magnetic
Cu-doped
LaMn,_,Cu,0; system[J]. Acta Physica Sinica, 2006, 55(7):
3692-3697.

DHAHRI A, JEMMALI M, TAIBI K, DHAHRI E, HLIL E K.

transition and conducting behavior for the

Structural, magnetic and magnetocaloric properties of
Lag;Cag2Sry ;Mn,Cr,O; compounds with x = 0, 0.05 and 0.1[J].
Journal of Alloys and Compounds, 2015, 618(2): 488—496.
DONG Q Y, ZHANG H W, SHEN J L, SUN J R, SHEN B G.
Field dependence of the magnetic entropy change in typical
materials with a second-order phase transition[J]. Journal of
Magnetism and Magnetic Materials, 2007, 319(1): 56—59.
PECHARSKY V K, GSCHNEIDNER K A. Giant
magnetocaloric effect in Gds(Si,Ge,)[J]. Physical Review Letters,
1997, 78(23): 4494—4497.

TOLINSKI T, SYNORADZKI K.
magnetocaloric  effect of the

Intermetallics, 2014, 47(8): 1-5.

Specific heat and

MnsGe;  ferromagnet[J].

Magnetic properties and
magnetocaloric effects in MnCog 9sCug ¢sGe alloy

GAO Tian"?, QI Ning-ning', SUN Chao', WU Mei', LIU Yong-sheng', XU Yan', ZHOU Tao'

(1. Department of Physics, Shanghai University of Electric Power, Shanghai 200090, China;

2. Shanghai Key Laboratory of High Temperature Superconductors, Shanghai University, Shanghai 200444, China)

Abstract: The structure, magnetic and magnetocaloric properties of MnCog95CugosGe alloy prepared by arc melting

method were studied. X-ray diffraction data at room temperature indicate that the sample exists a single phase of

Ni,In-type hexagonal structure. It shows strong ferromagnetic properties below the Curie temperature (7¢) about 257 K.

With the increase of temperature, a reversible second order phase transition from ferromagnetic to paramagnetic state is

observed at T¢, accompanied with a large magnetocaloric effect, which is mainly due to the exchange effect of Mn-Mn

ordering. The maximum magnetic entropy changes are 4.49, 10.19 and 13.64 J/(kg-K) at applied magnetic field of 2, 5

and 7 T, the corresponding relative cooling power are calculated to be 103.27, 249.66 and 347.82 J/kg, respectively.

Key words: MnCoGe alloy; magnetocaloric effect; ferromagnetic order system; magnetic curves
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