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11. Tém tat cac két qua méi cua ludn an:

11.1. Muc dich va doi tuwong nghién cuu cua lugn an

11.1.1. Muc dich nghién ctu

- Nghién ctru va ché tao miu MgB, dang khdi, toi uvu hoé diéu kién ché tao mau trong
pham vi nghién ciru nham ting mat d6 dong t&i han.

- Nghién ctru va ché tao miu MgB, dang khdi dya trén diéu kién da duoc tbi uu trong
pham vi nghién ctru, pha tap v6i ty phan khac nhau nham tim ra ty phan pha tap ting
mat d§ dong téi han manh nhéat.

- Nghién ctru va ché tao mau MgB, dang mang méng, chiéu xa céac loai ion véi cac
tinh chat vat 1y va thong s6 ki thuat dp ung tiéu chuan, tong hop va dua ra phuong
an t6i uu dé cai thién mat do dong t&i han.

11.1.2. Béi twong nghién ctru: Mau MgB; dang khéi va mau MgB, dang mang mong

11.2. Cac phwong phap nghién cuu da sw dung

11.2.1. Phuwong phap ché tap mau

- MAu MgB: dang khéi duoc ché tap bang phuong phap phan tmg pha ran.

- MAau MgB; dang mang moéng dugc ché tao bang phuong phap HPCVD. Viée chiéu
xa ion dugc thyc hién bdi may gia tc tai Khoa Vat Iy — Truong Pai hoc Khoa hoc tu

nhién.



11.2.2. Phuong phap phan tich tinh chat mdu MgB, dang khdi va mang mong

Céu trac tinh thé s& duoc khao sat thong qua cac phép do: Nhidu xa tia X (XRD), hién
vi Iyc tir (MFM), phan tich phé Raman, phan tich phd hap thy tia X (XAS).

Céc tinh chit siéu dan s& duoc khao sat thong qua cac phép do: Do dién trd suat phu
thudc nhiét do bang phuong phap bén miii do sir dung hé PPMS khao sat 7. cta hé
mau; Do dién tré sudt phy thude nhiét do trong diéu kién co tir trudng bang phuong
phap bdn mii do sir dung hé PPMS, tir d6 ngoai suy gid tri B.> ciia cac mau MgBy;
Puong cong tir hoa (MH) bang hé do PPMS, tir d6 tinh toan mat 6 dong t6i han (J.)
ctia hé mau.

Céc phuong phap xir 1i s6 liéu: S6 liéu s& duoc xu 1i chu yéu théng qua cong cu 1ap
trinh Matlab. Dong thoi két hop voi cac phan mém khao sat chuyén dung nhu Fullprof
cho xur 1i két qua XRD.

11.3. Cdc két qud chinh va két ludn
11.3.1. Céac két qua chinh

Pbi voi mau MgB, dang khdi, khi duoc ché tao & didu kién ex-sifu MgBa nguyén chat
+ 0.5 mol Mg thiéu két & 1000 °C trong 1 gio, gia tri J. cia miu duoc ting manh
nhat. Cy thé, & tir truong ngoai bang 0.1T, gia tri J. dat khoang 1.2x10° A/cm?, gip
khoéang 5 1an so v&i mau & cac nghién ciru khac (2.4x10* A/cm?). Khi so sanh véi cac
nghién ctru trude do, J. ciia mau nay gip khoang 3.2 1an tai tir trudng ngoai bang 0.5
T, khoang 2.3 1an tai tir trudng ngoai bang 1 T, khoang 1.3 1an tai tir truong ngoai
bang 1.5 T va khoang 1.2 1an tai tir trudng ngoai bang 2 T.

Dua trén diéu kién ché tao trén, viéc pha tap dong thoi voi ty phan 5 wt.% BsC + 2.0
wt.% Dy,0; tiép tuc ting cuong gia tri J.. Tai cac gia tri tir trudng ngoai trong khoang
tir 0.1 — 2 T, gia tri J. ciia miu nay tang gip khoang 1.5 - 3.2 1an so v&i cac mau da
duoc pha tap trong cac nghién ctru trude do.

Péi véi mau MgB, dang mang mong, bang viéc chiéu xa ion Sn?* véi liéu lugng
5x10"3 jons/cm? va ning luong 2 MeV, J. cia mau nay dat gia tri 2.5x10° A/cm? & tir
truong ngoai bang 0.1 T, ting gap 2.5 1an so véi cac két qua da dugc cong bd trude
d6 (1x10° A/em?). Pic biét, so voi cac két qua trude day, gia tri J. ting gip khoang
25 1an ¢ tir trudng ngoai bang 1.5 T va khoang 1000 1an ¢ tir trudng ngoai bang 2 T.

11.3.2. Két luan

Piéu kién ché tao mau dé tang J. nhiéu nhat 13 ex-situ MgB, nguyén chét + 0.5 mol
Mg thiéu két & 1000 °C trong 1 gio.

- Su tang cuong J. 16n nhét thu dugc di véi mau MgB, ¢6 pha tap 5 wt.% B4C + 2.0 wt.%

Dy>0:s.

- Diéu kién dé J. taing manh nhat 14 khi miu mang méng MgB. duoc chiéu xa bang ion Sn*

v6i lidu lwong 5x10" jons/cm?.



12. Céc hudng nghién ctru tiép theo:

- Khao sat tinh chat siéu dan ctia mau MgB, dang khdi c6 pha tap.

- Khao sat tinh chit siéu din ctia miu MgB, dang mang mong dugc chiéu xa ion tir
tinh.
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11. Summary of the new findings of the thesis:
11.1. Research methods

11.1.1. Research purpose

Research and manufacture MgB> bulk samples, optimize sample manufacturing
conditions within the research scope to increase critical current density.

Research and manufacture MgB, bulk samples based on optimized conditions within
the research scope, doped with different ratios to find the doping ratio that increases
the critical current density the most.

Research and manufacture MgB> thin film samples, irradiate various ions with
physical properties and technical parameters meeting standards, synthesize and

propose optimal solutions to improve critical current density.

11.1.2. Research object

MgB; bulk samples
MgB:; thin film samples

11.2. Research methods
11.2.1. Sample preparation method

MgB:> bulk samples was prepared by solid-state reaction method.
MgB: thin film samples were fabricated by HPCVD method. Ion irradiation was
performed by accelerator at Faculty of Physics — VNU University of Sciences.



11.2.2. Method for analyzing properties of MgB, samples in bulk and thin film form

The crystal structure will be investigated through the following measurements:

X-ray diffraction (XRD).
Magnetic force microscopy (MFM).
Raman spectroscopy.

X-ray absorption spectroscopy (XAS).

Superconducting properties will be investigated through the following measurements:

Measuring temperature-dependent resistivity by the four-probe method using the PPMS
system to investigate 7. of the sample system.

Measuring temperature-dependent resistivity under magnetic field conditions by the
four-probe method using the PPMS system, from which the B.; value of the MgB:
samples is extrapolated.

Magnetization curve (MH) using the PPMS measurement system, from which the critical

current density (J;) of the sample system is calculated.

11.3. Major results and conclusions

11.3.1. The major results

For the MgB; bulk samples, when fabricated in the ex-situ condition of Pure ex-situ
MgB:+ 0.5 Mg sintered at 1000 °C for 1 h, the J. value of the sample increased the
most. Specifically, at the field of 0.1T, the J. value reached about 1.2x10° A/cm?,
about 5 times higher than that f the samples in other studies (2.4x10* A/cm?). When
compared with previous studies, the J. of this sample was about 3.2 times higher the
field of 0.5 T, about 2.3 times higher at the field of 1 T, about 1.3 times higher at the
field of 1.5 T, and about 1.2 times higher the field of 2 T.

Based on the above fabrication conditions, the coaddition with a ratio of 5 wt.% B4C
+ 2.0 wt.% Dy20s3 further enhances the J. value. At the field in the range of 0.1 — 2
T, the J. value of this sample increases about 1.5 - 3.2 times compared to the doped
samples in previous studies.

For the MgB, thin film samples, by irradiating Sn** ions with a dose of 5x10'"3
ions/cm? and an energy of 2 MeV, the J. of this sample reached a value of 2.5x10°
A/cm? at an external magnetic field of 0.1 T, about 2.5 times higher than the
previously published results (1x10% A/cm?). In particular, compared with the previous
results, the J. value increased about 25 times at the field of 1.5 T and about 1000
times at the field of 2 T.

11.3.2. Conclusions

The sample fabrication condition to increase J. the most is Pure ex-situ MgB,+ 0.5 Mg
sintered at 1000 °C for 1 h.
The greatest J. enhancement was obtained for the sample with 5 wt.% B4C + 2.0 wt.%



Dy20:s.

- The condition for the strongest increase in J. was when the MgB> thin film sample was
irradiated with Sn?* ions at a dose of 510" ions/cm?.

12. Futher research directions:

- Investigation of superconductivity of doped bulk MgB» samples.

- Investigation of superconductivity of thin film MgB, samples irradiated with
magnetic ions.
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