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We present the superconducting properties and phase compositions, of Md3, bulk samples
fabricated by a solid-state reaction at ambient pressure. It is found that a small amount of Zr atoms
may be introduced into the lattice of MgBwhile the majority of them forms ZrBphase.

The Mg oZro 4B, sample shows the highesk. of 2.1x10°A/cm? in 0.56 T at 5 K and

1.83x 10° A/cm? in self-field at 20 K, higher irreversibility field and larger upper critical field in
MgB, bulk samples. The combination of good grain connection, the reduction of grain size and
small ZrB, particles in the sample may be responsible for the significant enhancemégtiof
Zr-doped samples. This technique has a great potential to prepare high performangdigB
samples and wires on an industrial scale. 2601 American Institute of Physics.

[DOI: 10.1063/1.1426264

The recent discovery of superconductivity at 39 K in reduction ofT¢ . In addition, contrary to an article describ-
binary intermetallic compound MgBhas attracted much ing a deleterious effect of Ti doping,a previous study
more interest. The critical temperatur@. value of MgB,is  shows a suitable amount of Ti doping will increadg in
much higher than the previous recdfd of 23 K for the A15  MgB,. 12
compound NBGe. Unlike highTc superconductors, MgB In this letter, magnetization, x-ray diffraction results and
has no weak link at the grain boundarfet.is found that  microstructure features in Zr-doped MgBulk samples are

MgB, is a typical type-II superconductaczr, very similar t0 renorted. The results indicate that the Zr doping can signifi-
NbsSn except for the extremely highe.>" Unfortunately, cantly enhance the flux pinning. Thd. value of

the MgB, bulk samples prepared under ambient pressure 1y 16 Alcm? in 056 T at 5 K has been obtained in

: i 5
Ea_ve a lo}'_VJIC (;he ?'gtzesgcd's aroun? %;0: Alem at_lO 0o Ll 1B2, Which is much higher than the best result re-
in zero field due to the bad connection between grains an orted so far in MgB bulks.

poor flux pinning® To date, high quality MgBbulk samples . : .
. . . ‘ . The samples with nominal compositions of MgZr,B,
have been fabricated by using high presﬁ]ré’.he typical (x=0, 0.05, 0.1, and 0)2were fabricated by the solid-state

Jc value of these samples could reack 20* A/lcm? at 20 K ) ) : . .
reaction method at ambient pressure by using the high purity

in 1 T® It is also reported that dense MgBulks with J. of o . )
1.4x 10° Alcm? at zero temperature can be obtained by usingDOWderS of Mg(99%), Zr (9,9 %9, and B(99%. The precur-
sor powders were fully mixed and were cold pressed into

hot isostatic pressinfjAlthough these techniques, including S

high pressure sintering and proton irradiation, can be used @Mall cylindrical pellets. Then, the pellets were put on a Ta

improve the flux pinning, they suffer from the technical plate and heat treated at the temperature region of 600 °C to

problems and are not suitable for the fabrication of MgB 900 °C for 3 h inflowing argon without high pressure. Fi-

wires and tapes. On the other hand, the chemical doping idally, the pellets were followed by a furnace cooling to room

found to be easily controlled, nondestructive and highly eftemperature. Magnetization was measured by a supercon-

ficient in improving microstructure and flux pinning in high- ducting quantum interference device magnetomé@ran-

Tc superconductor¥ Very recently, it was observed that the tum Design, MPMSRRat different temperatures in the mag-

partial substitution of Zn or Cu for Mg in MgBled to a netic field up to 7 T.Jc values were deduced from the
magnetization curves using the Bean critical mddeThe

dAuthor to whom correspondence should be addressed; electronic maiphase composition apaly5|s of all sgmples Wa_s Car.”e.d out by
yfeng@c-nin.com an ac 10000 x-ray diffractometer with a &l irradiation.
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FIG. 3. Temperature dependence of magnetization in ZFC and FC condi-
l MgB,-pure tions for Mgy oZro 4B, at 20 Oe.
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20 30 40 50 60 70 80 temperature changes with Zr doping and slightly decreases
20 (de ) from 38.4 K in pure MgB to 37.3 K in Mg, gZrgoB,. The
9. slight variation of theT ¢ in Zr-doped samples may be due to

the partial substitution of Zr for Mg. The expansion of the a
axis results in the reduction df; in Zr-doped specimens,
which gives evidence of the model of hole superconductivity

. 15 . . . . .
All the samples for this study have the same dimensions of! Mng._ In_ this model, it is predwted that the increase of
0.7% 0.9 1.4 mns. the a axis will decrease thEg;. It is noted that the sample

X-ray diffraction patterns for all samples are shown inWith X=0.1 displays a superconducting transition at 37.3 K
Fig. 1. The results show that the MgBrystalline grains in with a sharp transition width of 0.7 K, suggesting the phase

the sample are not textured. It can be observed that the Zré‘_lomogeneny and good connection between grains. In addi-

phase is formed besides the Mgghase and the amount of t|_on, Mbgo.azk:o.sz ha_ls_ the .jahmg—c as thellsz;rlnp:e witlx hi
ZrB, increases with an increase of Zr content in Zr-doped 0.1, but the transition width becomes slightly larger. This

samples. The molar percentage of Zi@ the samples in- may be at.tripute:d to the solubility limit apd more second
creases from 3.63% in MgZrooB, to 14% in p_h_ases_emstmg in the sa_mple. As shown in Flg._ 3, the tran-
Mgo.gZrg.oB,. Furthermore, the lattice parameters are calcu—Sltlons in zero-field coolingZFC) an_d field-cooling(FC)
lated by the least-square fitting. The a axis increases with aﬁrogesses for MgeZro 1B, are dramatically separated, con-
increase of the doping level and tleeaxis remains almost Irming the st_rong flux trapping in the sample .WKh:O'L
unchanged, which indicates that a small amount of Zr atoms _F'S’“re 4 illustrates thdc value as a function of mag-
may be a substitute for Mg in the lattice of MgBHowever, netic field at selected temperatures for the samples with

the lattice constants in the sample witk-0.2 are the same T]O’ 0.05and 0.1. Alillthe”Zr-doped samplez hre]\ve ihlig%erld
as those in MggZry 1B,, implying that the solubility limit is than pure Mgg. Within all temperatures and the whole Tie
achieved in the sample with=0.1. region up to 7 T, thelc value of the sample witkx=0.1

Figure 2 shows the temperature dependence of magnef?, the hiﬁheSt am?]l_mt thezse sgﬁmp;les.z I.t can be seend from
zation for all the samples at 20 Oe. It can be seen that critica{lz'g' 4 that Jc achieves 2.X10°A/cm” in 0.56 T an

FIG. 1. X-ray diffraction patterns for all samples. ZrBhase is found in
Zr-doped specimens.
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FIG. 2. Temperature dependent magnetization curves measured in ZFC coRlG. 4. Jc versus magnetic field at 5, 20, and 30 K for the samples with
dition at 20 Oe for all samples. The sample wit) 0.1 has the maximum x=0, 0.05 and 0.1. Note thalc in Mgy oZry 1B, is very high about 2.1
diamagnetic signal. X 10° Alcm?in 0.56 T at 5 K.
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8 | 1 | I A enhance the flux pinning. The grain size in Mgry 1B, is
much smaller than those around 0.4—gi0 in the samples
fabricated under high pressureBesides the reduction of the
grain size, very small ZrBparticles are formed in the MgB
matrix, which has a contribution to flux pinning in Zr-doped

6 Mg 4210 4B,

'5_:— samples. At the low doping level of=0.05, the density is
£ ar higher than pure MgB but not as high as in MgyZrq 1B>.
Therefore, thelc value in this sample is larger than that in
R pure MgB,, but much smaller than that in MgZrg 1B,. Al-

though the sample wittk=0.2 has higher density and
smaller grain size30 nm), J¢ is still lower than that of
Mgo oZro.1B2. This is due to the decrease of the amount of
MgB, phase and the increase of the Zjihase.

In summary, highly dense MgBbulk samples can be
FIG. 5. Irreversibility fields as a function of temperature for pure MgBd ~ prepared by Zr doping through solid-state reaction under am-
MgooZro.1B, samples. TheH., data for the sample wittx=0.1 is also  bient pressure. The Zr doping leads to the formation of,ZrB
shown. in the sample and a small substitution of Zr for Mg. Ry

=0.1 doping in Mg,X%prz, Jc can be significangly en-
5.7x 10° Alem?in 2 T at 5 K for the Mg,4Zr, B, sample. At hanced to 2.x 10° A/cm in0.56 T and 5.% 10506A/cm |2n_2
20 K, Jc is as high as 1.881C°Alcm’ in selffield, | a8 5 K. At 20 K Jo is as high as 1.8810" Alem in
5.51X 105 AlcmZ in1Tand 1.2% 105 A/CmZ in 2 T. Also, self-field, 5.5 105 Alcm“in 1 T and 1.2X 105 Alcm<in 2
Je reaches 7.2 10° Alem? in self-field and 1.X 10* Alcm? T. Also, this sample has a higher irreversibility field and
in 1 T even at 30 K. Thesd. values are much higher than upper crjtical field. It can be beligveq that the excellent grain
the best data on the MgBbulk samples including proton- connection, the reduction of grain size and very small ZrB

irradiated fragments, hot isostatic pressed sample andzMglipf"‘rtiCIeS contribute to the great enhancement of the flux pin-
specimen prepared under high pressure. The Zr doping i'"9"

MgB, opens up an effective and easily controlled method to  This work was partially supported by New Energy and

improve Jc . It should be noted that this technique is very |nqystrial Technology DevelopmefNEDO) of Japan and
suitable for the industrial scale fabrication of MgBulks  {he Ministry of Science and Technology of China.
and wires because the Zr-doped samples are prepared at am-
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