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Abstract

Pure and Cu doped MgBhink films have been prepared on Cu, Ni and stainless steel substrates using a short-time sintering method. Results
showed that single MgBphase films can be easily formed in a short period of time (3 min) at temperatures abo@ Widdoped MgB
films were found to be loosely attached to the Ni and stainless steel substrates. However, theitl @B powders addition adhered well to
the substrates without serious degradatiom.and flux pinning. Thd. increased one order of magnitude and irreversibility field determined
from M—H loops also increased when sintering temperature increased from 74546.99®alues in the range of 1-9 10° A/lcn? at 15K
have been achieved for both doped and un-doped films sintered &€3603 min.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction phous boron powders, the MgBhase can form quickly,
even in a matter of several seconds or minutes, at tempera-
Since the discovery of the 39K superconductivity in tures above the melting point of magnesium (660. This
Mng [1]' extensive research has been done on the fabrica-finding means that ||qU|d magneSiUm can instantly react with
tion of this superconductor in various sample forms, such amorphous boron to form MgB It has been also observed
as polycrystalline bulk samples, single crystals, metal clad that the superconducting performances of samples obtained
tapes, wires, thin and thick film@—7]. MgB, thick films from such a short-time in-sintering are as good as those
have great potentia| on app"cations in magnetic Sh|e|d|ng obtained from the conventional Iong-time sintering method
devices and large power antenna. Since thick films are rela-[8]. Films of MgB, have been grown mostly on oxide sub-
tively easy to make compared with thin films, single crystals Strateg[7], stainless stegb], and flexible plastic substrates
and metal sheathed tapes, it is more convenient to check thd10]. However, films were found to have poor adherence to
chemical compatibilities of Mg and B, or MgBwith other the stainless steel substrate and the critical current densities
metals or oxides in the form of thick films. With respect to and irreversibility field are poor compared with tapes/wires,
phase formation, MgBphase can be produced via an in-situ bulk samples and thin filmfo]. Recently, Dou et al[11]
reaction between elemental Mg and boron over a wide tem- have discovered that the nano-SiC addition can significantly
perature range between 550 and 1800Several hours of ~ improve the flux pinning and irreversibility field in bulk
sintering have been widely employgtl5]. However, Wang MgB, and Fe sheathed wires. As Ni and stainless steel show

et al.[8] have found that by using elemental Mg and amor- better deformation properties than ¢, they can be alter-
native choices of sheath material for industrial application.

In this paper, we report fabrications and characterisations
* Corresponding author. Tel:61-2-422-13017; faxi-61-2-42215731.  Of MgB2 thick films on Cu, Ni and stainless steel substrates
E-mail address: qy75@uow.edu.au (Q.W. Yao). using a very short-time sintering process.
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1000 . . . . . for 3 or 6 min accordingly. Through out the whole process
900 - T =900°C of 'Fhe .sinterir_wgz a flow of high purity of argon gas was
800 T 810°C 1 maintained within the tube furnace. Soon as the predefined

o sintering time was up, samples were quenched into liquid
° 700r Tow= 710, 745°C ] nitrogen directly upon taken out of the furnace. As shown
::j 600 - ] in Fig. 1, it took about 2—3 min for the sample to reach the
g 500 - . Tmax after the sample was put into the furnace. Therefore,
g— 400 F QLN, samples were only sintered Bhax for a period of 3—4 min.
S a00l ] Sample phases and morphologies were investigated using
s00l. X-ray diffraction (XRD) and scanning electron microscopy
] (SEM). Superconductivities such &g andJ; versus fields
100, ] 5 3 4 5 6 were characterised using a physical property measurement
Time [minutes] system.
Fig. 1. Temperature profile for samples’ sintering.
9 P P P g 3. Results and discussion
2. Experimental Fig. 2 shows SEM images for three selective samples: (a)

Tmax = 745°C, time in the furnace for 3 min, on stainless

Magnesium and amorphous boron powders were mixed in steel substrate; (Hnax = 840°C, time in the furnace for
atomic ratio of Mg:B=1:2, the mixed powders then stirred 6 min, on stainless steel substrate; {kax = 840°C, time
with acetone in an agate mortar thoroughly. Polished sub- in the furnace for 6 min, Cu-added, on Ni substrate. It can
strates of Ni, Cu or stainless steel pieces of approximatedbe seen that sample (a) showed a looser surface structure
sizes of 5mmx 10 mmx 1 mm were placed in the bottom compared to (b) and (c). This indicated that higher sintering
of the mortar. After the evaporation of the acetone, a layer temperature gave better grain connectivity in Mgtick
of mixed powder was formed. This procedure was repeatedfilms. As a result, higher critical current densily is ex-
several times until a desired layer of the mixed powder was pected as we will see later on. It is also obvious that, unlike
formed. Some of these samples were also have 5wt.% ofother samples, sample (c) showed many small sized voids
Cu powder added. A piece of the same size stainless steeembedded in a highly dense Mgnatrix. This is in agree-
was placed on the top of the substrate piece, covering up thement with that observed in Fe sheathed Mghires using
mixed powder sample layer, then were pressed under highshort-time in-situ reactiofB]. Fig. 3(a)shows a closer look
pressure to increase the density of the deposited films. So,0n the cross-sections of the Mgkhick films grown on Cu
the two metal pieces bonded together tightly so it can also substrate. We can see that the film grown on Cu is well at-
avoid the loss of Mg, and help preventing the oxidation of tached to Cu substrate. This good adherence is caused by
Mg during sintering at high temperatures. These samplesreaction between Cu and Mg at the interface surface. How-
were loaded into a tube furnace having a pre-set tempera-ever, pure MgB films made on stainless steel and Ni did not
ture Tmax (710, 745, 840 and 90) and were kept inside  attach to the substrate and can be easily removed off from

9'4’" ] '"FQ" ’ S 3 SN 1' &
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Fig. 2. SEM images for three different samples. Black bars within these images represent 10fira: {d6°C, r = 3 min, on stainless steel substrate;
(b) T = 840°C, t+ = 6 min, on stainless steel substrate; {t}= 840°C, r = 6 min, Cu-added, on Ni substrate.
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Fig. 3. SEM of cross-section for MglCu film (a) and MgB film removed off from the Ni substrate (b).

the substrateFig. 3(b) shows a SEM cross-section image . . . . . .

for a typical film removed from either the stainless steel or S 0000 _ MgB2+5 wt% Cu/Ni koo
the Ni substrate. It is quite possible that the poor adherence mct{ s MgB2Ni f‘
was resulted from the difference on heat-expanding coeffi- € .0.002
cients between Ni or stainless steel substrates and,MgB 3 T J
After doping with Cu powders, the films were found to be 5 ~0.004 - j
well adhere to Ni and stainless steel substrates. = ' ,
All samples from the short-time sintering method showed & ' | QA/} /
nearly single MgB phase. For samples doped with Cu, g o™ Aj
Cw;Mg were presented as a secondary ph&ig.4. shows - e i s
typical XRD patterns for films with and without Cu addi- '0‘00820 24 o8 3'2 sls 4'0 4'4
tion, sintered at different temperatures for the same short Temperature [K]
period of time of about 3 min. All the peaks can be indexed
using lattice parameters of MgBThis is a confirmation Fig. 5. The ac susceptibility of films of stainless steel substrates.

that the MgB phase can be formed in such a short pe-
riod of time. The films made using the short-time sintering
method showed a very sharp superconducting transition as
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Fig. 4. XRD patterns for films on Ni substrates sintered at different temperature.
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Fig. 6. Jc vs. magnetic field for MgB films grown on Cu: (a) sintered at 731G on Ni and stainless steel substrates, (b) sintered at®40

determined from ac susceptibility with; around 37.5K. higher J; values can be achieved as heat treatment condi-
The transition is a bit wide for films made on Cu substrates, tions improved in the future.
being caused by strong diamagnetic signal from Cu itself.
Fig. 5shows ac susceptibility measured for Mgg@own on
Ni with and without 5wt.% Cu addition. The Cu addition ~Acknowledgements
did not cause any obvious degradationTgfand transition
width, only with a slight reduction of superconducting vol- This work is supported by funding from the Australian
ume. Research Council and the SFC Australia PTY, LTD.
The critical current density; at different temperatures
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using the Bean model; = 20AM/[a(1 — a/3b)], wherea References
andb are the sample dimensions. The field dependence of
Jc at different temperatures for samples sintered at 710 and [1] J. Nagamatsu, N. Nakagawa, T. Muranaka, Y. Zenitani, J. Akimitsu,
840°C for Cu and both stainless steel and Ni, respectively, Nature 410 (2001) 63.
are shown irFig. 6. It can be seen that films/Cu hadgof [2] C. Buzea, T. Yamashita, Supercond. Sci. Technol. 14 (2001) R115

2. . (review).
about 4x 105’ 2% 105 and 6x 104 Alem*in zero field and at [3] D.C. Larbalestier, L.D. Cooley, M.O. Rikel, A.A. Polyanskii, J. Jiang,

5,20 and 30K, respectively, and it was 20* Alcm? in 2T S. Patnaik, X.Y. Cai, D.M. Feldmann, A. Gurevich, A.A. Squitieri,
and 5K. These data are the best among all the repdgted M.T. Naus, C.B. Eom, E.E. Hellstrom, R.J. Cava, K.A. Regan, N.
values for MgB with Cu as the Supporting mater[ﬁ]_ For Rogado, M.A. Hayward, T. He, J.S. Slusky, P. Khalifah, K. Inumaru,

M. Haas, Nature 410 (2001) L53.

films grown on Ni and stainless steel and sintered at°’840 i i )
[4] P.C. Canfield, S.L. Budko, D.K. Finnemore, Physica C 385 (2003)

they showed almost the same valuedaf 2.5x 10° Alcm?

. . 1 (review).
at30K and Z€ro fieldle Ya|UeS were as high as710° and [5] R. Flukiger, H.L. Suo, N. Musolino, C. Beneduce, P. Toulemonde,
9 x 10° A/lcm? in zero field and 20 K. Thesé values are P. Lezza, Physica C 385 (2003) 286 (review).

much higher than thos® values obtained from other thick ~ [6] W.N. Kang, E.M. Choi, H.J. Kim, H.J. Kim, S.I. Lee, Physica C

films, wires and tapes fabricated by both in-situ and ex-situ __ 385 (2003) 24 (review). _

thOdS[S] (Fi 6(b)) [7] S. Lee, Physica C 385 (2003) 31 (review).
me g. 6(b). [8] X.L. Wang, S. Soltanian, J. Horvat, M.J. Qin, H.K. Liu, S.X. Dou,
It should be pointed out that our samples were heated Physica C 361 (2001) 149.

treated for only 3—4 min at above 710. This very short [9] AH. Li, X.L. Wang, M. lonescu, S. Soltonian, J. Horvat, T. Silver,
period of sintering time would certainly produce smaller H.K. Liu, S.X. Dou, Physica C 361 (2001) 73. _
MgB; grains compare to the conventional long-time sinter- [19] E‘h;;susl'_e';‘t' z'le‘(:zeg(')kz')'-z'lig"ap'”s"y' Y. Xu, R. Sobolewski, Appl.
Ing methods. Large |_'1umber of grain bou_nda”,es _IS expected[ll] S.X. Dou, S. Soltanian, J. Horvat, X.L. Wang, S.H. Zou, M. lonescu,
due to the small grains and act as effective pinning centres, k. Liu, P. Munroe, M. Tomsic, Appl. Phys. Lett. 81 (2002)

hence giving rise to high values df. It is believed that 3419.



	Fabrication, microstructure and critical current density of pure and Cu doped MgB2 thick films on Cu, Ni and stainless steel substrates by short-time in-situ reaction
	Introduction
	Experimental
	Results and discussion
	Acknowledgements
	References


