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Phases and inhomogeneity in
ex-situ PIT MgB:/ Fe monofilamentary tapes
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Abstract: The monofilamentary M gB2/ Fe superconducting tapes were fabricated by an ex-situ PIT method. The
quantitative phase analysis was carried out using X-ray diffraction and differential thermal analysis on short samples
heattreated at 700, 850 and 920 T in vacuum, respectively. The reaction mechanism of MgB: core during the
process of the heat treatment was discussed. The impurity phase of MgO was found in all MgB: cores and the largest
amount was detected near the Fe sheath of the sample annealed at the highest temperature. M gB4 appeares in the in-
ner part of MgB2 core, which is possibly formed by the decomposition of MgB>. A reaction layer ( Fe:B) is observed
between M gB: core and Fe sheath, which is decomposed by Fe2zs Bs. The result indicates that the presence of the ox-
ygen inside sheath material is the main obstacle to the further improvement of the phase purity and homogeneity of
the ex-situ PIT MgBa2/Fe tapes.
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Fig. 1 Refined XRD patterns of different samples using Fullprof program
(a) —MgB: filament; (b) —Fe sheath

R MgBy il 3 X AT G A S B U A 46

Table 1 Refinement parameters and results for patterns of MgB: filament

Wavelength/ Reliability factor Goodiess Offset of FWHM parameter
it S 26 zero Phase Space group
nm Ry Rup OTHIE; ¢ point, 260/ (°) U v w
0. 154 06 MgBo P6/ mmm 0.221 09 0. 057 46 0. 005 72
0‘ 154 44 2.56 3.45 1.8 0.195(2) MgO Pnma 0.221 09 0. 057 46 0.005 72
’ MgB4 14/ mem 0.221 09 0. 057 46 0. 005 72
Cell parameter/ nm Cell volume/ Content, Reliability factor
a b c nm’ w/ % Ry Rs
0.30828(0.2) - 0.352 38(0.2) 0. 029 002( 0. 003) 88.77(0. 50) 6.12 5.25
0.42225(0. 3) - — 0.07529(0.001) 6. 19(0. 12) 6.83 9.67
0.543 6(0. 4) 0.4393(0. 3) 0.7493(0.4) 0. 178 90( 0. 002) 5.02(0. 20) 33.5 26. 1
w2 Fe WENEE X JLAHERISSHMER
Table 2 Refinement parameters and results for patterns of Fe sheath
Wavelength/ Reliability factor Eoodness Offset of FWHM parameter
it S 26 zero Phase Space group
nm R, Rup OFMIt; .« point, 20/ (°) U 4 W
0. 178 897 Fe Im =~ 3m 0.060 51 0.08751 - 0.01904
0.179285 =07 3% 4 0.207(6) Fe:B Wmem  0.06051  0.08751 - 0.01904
Cell parameter/ nm Cell voluiial Content, Reliability factor
a b c nm’ w/ % Ry Rs
0.286 86(0. 3) — — 0. 023 606( 0. 004) 43.22(0. 64) 5.74 5.84
0.51139(0.5) — 0.424 73(0.5) 0. 111 08(0.002) 56.78(0.73) 8.87 8.89

T3 R AR KA il AR B2 R KA FE b
M gBo i 505 R T HEAT X 5 e fir i o M LI 3)
R B AT TEREAT UG T . G5 AR SR AL P AT B
BRI HNNTT AB: B MgB, HEAT LTS

NaCl ZUZ5KI 1) MgO . 75 4b, 18 920 CiB K45+
IR BT AT MgBs AIPUJT Al Cu BU4E K1
FexB . 3 4 51 i A7 S 900 & 45 S P 149 380 00 &% il 2
(700, 850, 920 °C) iR KAF it i AL BAH I BT 4044 .
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Fig.2 Mass gain/ heat flow —temperature

curves of starting powder M gB>
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Table 3 Phase contents as calculated by
XRD patterns of starting powder and
of powder sample extracted after

DT A measurement(mass fraction, %)

Mass gain/mg

Sample MgB2 MgO
Commercial MgB2 powder 96.20( 0. 56) 3.80(0. 31)
Powder after DTA at 930 T 90. 11(0. 72) 9. 89(0. 20)

20/(°)

B3 AS[RI IR KR i
M gBo il 3 5 AT IR XS 2 A7 5 1%
Fig.3 XRD patterns taken from MgB: core
surfaces of samples annealed at
different temperatures ( extracted from

tapes after mechanical removal

of Fe sheath)
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Fig. 4 XRD patterns taken from centre of
MgB: core of samples annealed at
different temperatures ( extracted after
removal of Fe sheath and

mechanical polishing of tapes)
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Table 4 Phase contents as extracted from refinements of XRD patterns

of surfaces and centre of filaments for samples annealed at various temperatures( mass fraction, %)

At surface of filament

At center of filament

Annealing
temperature/ ‘C MgB. MgO MgB4 MgB> MgO MgB4
Room 94.27(0. 73) 5.37(0. 26) 94. 96( 2. 38) 5. 04(0. 20)
temperature
700 91.40(0. 63) 8. 60( 0. 30) 91. 38( 0. 90) 6.41(0. 29) 2.21(0. 07)
850 90. 11(2. 12) 9.88(0. 38) 89. 07(0. 85) 6. 63(0. 24) 4.24(0. 56)
920 84.22(0. 74) 12.25(0. 19) 3.53(0.61) 88.77( 0. 50) 6.19(0. 12) 5.02(0. 20)

The calculation of phase content is subject to statistical error which is shown in parenthesis for each phase.

MgB, O N EBH) X SR EATE 5 . I X 5 G fiT S 4
BT AE SR KR LT MgBa (A E525 AR
SR . MR 4 WAI7E R T 700 CiB K, #f b
SEMH LA RO S HIT >8I MgBs, 700
CIB KFES &1 2. 2% MgBs, 117 920 CiB KFE
HIM gBa B I B IRIM g B 3 ik 5% . X U] MgBs
MITEAZ FT e 5 AL BN (9 ) K, ERET,
M gBa FIAZRRGHRE S HEAK, SCHR[ 22] 8 HRIE 7EIK
AR s T 3t AT T al M gBa . AR B8 AH B2 w] %0,
fE 107° mbar FiB K2 ER MgBy, 2R i T-#¢
PRALE IR R LA S5 M R I BE 2 s, TR
P B T S R S A B v R A s o, O R B
MgB: . 54, £ 4. K 3 M4 J5 KRIGB k)G
MgB: 5 N B I A AL BE S | 5% 8 24 6. 4%
(700 ‘CiB k), MEE T HRMAMESTEMN
5.37% W4 8. 6% (700 CiE k), ENLEER ST
rh L A AR B B R KR AR A AN N AR
K, XAJER H TR K fEd Mg i/ 218 505

[f T TE RO 3 MgO PrEl .
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6 Jr s A IR K G MR I A 2H AR 1R 20 A1

GiGR 432, 33NN, BB S S
RZMPAHSAS EG, BT RN R

FE MgBa iSO ERAL M gBa 43 i M gBa Fil
Mg, BiJG Mg 55 RORL (8] £7 75 B 480 SR A2 % Mg O,

(Fe

1920 Cliess
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Fig. 5 SEM images of reaction layer after

annealing at different temperatures
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Fig. 6 Phase distributions in

cross section of tape annealed at 920 C
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Fig. 7 XRD patterns of Fe sheath in
contact with M gB2 powder for sample

annealed at different temperatures
(a) —920 € (b} —700
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(a)), 920 CiB KAy M ERE R N BE X S AT it %
KHI FensBs £ . 41 0% M0 I & 2k 1 Ak
W) Fexn B BFBWI AL 1 Fea B, X5 0] fif B S0 4b
AR IR, BV AN B A 55 40 1 B T L
g, FBEEARMAE R, 240V R T A
£ 2 B A PR AR B AR AR A EE

ik XRD, DTA F SEM X} B % 414 F A A
VB K R IR AL M gBa/ Fe 17 347 41 43 #7 & W,
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PERE . TR 700 CHA S A B, DR A
KA FAH & M gBy 2 H 75 2% Fe b BRI
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