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11. Tom tat cac két qua mai ciia luan an:

- Hop chit La(FeqgsSig12)13 dugc ché tao bang cac phuong phap khac nhau s& ¢ céu tric khac
nhau, tinh chét tr va hiéu Gng tir nhiét khac nhau. Nhiét do chuyén pha Tc, bién thién
entropy tur -ASyay cua mau hop kim dang bing cao hon dang khéi (-A4S8mag dang bang = 10,2
J/kg K, cao hon dang khéi khoang 8,5 lﬁn). Hiéu suit 1am lanh ciua miu hop kim dang bang
dat 153 J/kg trong ving bién thién tir trudng AH = 13,5 kOe).

- Pi ché tao thanh cong cdc mau hop Kim LaggRo2(Feqs8Sio12)13 (R =Y, Sm, Th, Yb and Ho)
bang phuong phap ndu hd quang. Sau khi U nhiét, mau xut hién cau trac Nazn,; (trong
khong gian Fm/3c¢) va mot phan nho pha a-Fe. Gia tri MCE ctia hop kim d3 dugc tinh toan
va dat gia tri tur 3,1 dén 5,8 J/kg K va h¢ s6 1am lanh RCP dat gia tri cao nhét bﬁng 102 J.kg
g v6i mau LaggSmy »(FeogsSig12)13 trong tir trudng nho AH = 13,5 kOe. Ché tao thanh
cong hé mau hop kim La;.yCe Fe11 44Sis 56 (y = 0,0 dén 0,3). Mau hop kim sau khi xtr Iy nhiét
déu xuat hién ciu tric NaZn,s. Pa nghién ctru cau tric tinh thé phy thudc vao nhiét do thay
d6i tir 100 K dén 290 K (y = 0,1 va 0,3). Két qua cho thiy co su chuyén pha bac nhit xung
quang nhiét 6 chuyén pha Curie T v sy gidn no thé tich 6 mang bén dudi nhiét do T¢ phai
di kém voi sy sdp xép spin cua pha sit tir. Nghién ciru cho thiy vai trd quan trong ctia pha
tap Ce trong cac hop chat LaFeys, vi ham lugng Ce 16n hon dan dén sy mé rong thé tich 6

mang bén dudi T¢ nho hon.



- Hiéu tng tir nhiét va anh hudng cla ap suét 1én tinh chat tir ciia mAu hop kim du La Lay.;
(Fegg5Sig 15)13 (trong d6 & = 0,06 va 0,09) da dugc nghién ciru. Mau hop kim sau khi xir 1y
nhiét xuét hién cAu trac kiéu NaZn;3, mang tinh thé duoc mo rong do thay ddi ham lugng La
(AV/V =0,8%). Hiéu tmng tir thé tich MVE trong ca hai truong hop nén va gidn nd mang tinh
thé c6 anh hudng 16n dén hiéu Gng tir nhiét MCE ctia ca hai hé hop kim. Lun an ciing da
trinh bay cach xac dinh chinh xac nhiét d6 chuyén pha Tc tir phép do dién tré suat phu thude
vao nhiét do tai cac gia tri tir truong va 4p suit xac dinh p(’ Tnp bang cach danh gi4 dién tro

suat phy thudc tir truong Pmag(T).

12. Kha ning tmg dung thuc tién:

Hop kim LaggRg 2(Feos8Sio12)13 (R =Ce, Y, Sm, Tb, Yb, Ho) va La Lay.; (FepgsSig15)13 (0 =
0,06 va 0,09) c6 gié tri hiéu tmg tir nhiét 16n, nhiét d6 chuyén pha Curie T¢ gan viing nhiét
d6 phong. Ching c6 kha ning Gng dung ché tao cac thiét bi 1am lanh hoat dong tai ving
nhiét d6 gan nhiét do phong.

13. Cac hudng nghién ciru tiép theo:

- Nghién ctru thay thé La bang cac kim loai dat hiém R, Fe thay thé bang cac kim loai sit
ttr Co, Ni...nhim diéu khién duoc nhiét do chuyén pha T¢ cua vat liéu.

- Nghién ctru phuong phap ché tao dé nang cao hon nita gid trji bién thién entropy tir nham
muc dich img dung.
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11. Summary of the new findings of the thesis

The thesis shows that the same compound La(FeqgsSig10)13 prepared under different routes
exhibits different structural characteristics and different magnetocaloric responses. It is desirable
that the ribbon sample shows both higher Curie temperature Tc (225 K) and larger maximum
magnetic entropy change /-4Smag/max (10.2 J/kg K, nearly 8.5 times larger in contrast to that of the
bulk), together with a promising value of RCP (153 J/kg), obtained at low field variation (4H =
1.357T).

The alloy samples with composition LaggRg»(FegsSio.12)13 (R =Y, Sm, Th, Yb and Ho) are
successfully prepared by means of arc-melting technique. The alloys exhibit a well defined NaZn,3
structure with small amounts of a-Fe phase. The obtained MCE values range between 3.1 and 5.8
J/kg.K and the corresponding RCP-s reached highest values in low magnetic field (13.5 kOe) for
Sm-doped compound (102 J/kg). We have successfully fabricated the compounds of composition
Lay.,CeyFe1144Si156 (y = 0.1 and 0.3) and investigated their structures according to temperature
change from 100 to 295 K. The results clearly show the first order phase transition around their
Curie temperature Tc and that the volume expansion below T¢ should be accompanied by the
ferromagnetic arrangement of spin. The study reveals an important role of Ce doping in LaFe

compounds, as the larger Ce content led to a smaller volume expansion below T¢.



The magnetocaloric effect and the influence of pressure on magnetic properties of La-excess
alloys Lay.5(FeogsSio1s)13 (8 = 0.06 and 0.09) were investigated. It is found that the compounds
preserved their NaZns-type structure but the lattices recognizably expanded due to La excess
content (AV/V = 0.8%). The effect from the MVE in both lattice compression and expansion has a
great influence on the MCE of both alloy systems. We also outline how to obtain accurate values
of Tc from electric resistivity p(T)yp measured at field H and pressure P by evaluating the

magnetic part of resistivity prag(T).
12. Pratical applicability, if any:

Alloy La0,8R0,2(Fe0,88Si0,12)13 (R =Ce, Y, Sm, Tbh, Yb, Ho) and La Lal+d
(Fe0,85Si0,15)13 (6 = 0,06 and 0,09) have large MCE values. The Curie TC phase transition
temperature is near room temperature. They are capable of fabricating refrigerating equipment

operating at temperatures near room temperature.
13. Further research directions, if any

- Study on replacing La with rare earth metal R, Fe replacing with ferromagnetic metal Co,

Ni... in order to control the TC phase transition temperature of the material.

- Study on fabrication method to further improve the magnetic entropy variation for

application purposes.
14. Thesis-related publications:

1. Do Thi Kim Anh, Vuong Van Hiep, Makio Kurisu, Dinh Van Chau and Hoang Nam Nhat,
(2015), “Effect of Cerium Doping on Crystal Structure and Magnetic Properties of La;.
yCeyFe11.44Si1 56 Compounds”, Materials Transactions Vol. 56, No. 9, pp. 1335 to 1338.

2. Van Hiep Vuong, Kim Anh Do Thi, Khac Thuan Nguyen, Van Hong Le, and Nam Nhat
Hoang, (2016), “Magnetocaloric effect and the influence of pressure on magnetic properties of
Laexcess pseudo-binary alloys La;;s(Fegg5Sig.15)13”, Journal of Applied Physics 120, 142120.

3. Van-Hiep Vuong, Kim-Anh Do-Thi, Duy-Thien Nguyen, Quang-Hoa Nguyen, Nam Nhat
Hoang, (2018), “Low field magnetocaloric effect in bulk and ribbon alloy
La(Fe0.88Si0.12)13”, Physica B 532, p115-118.

4. Vuong Van Hiep, Nguyen Khac Thuan, Do Thi Kim Anh, and Hoang Nam Nhat, (2018),
“Crystal Structure and Magnetic Properties of La0.8R0.2(Fe0.88Si0.12)13 (R = Sm and Tb)
Compounds”, Materials Transactions VVol. 59, No. 7, pp. 1068 to 1070.



5. Vuong Van Hiep, Hoang Nam Nhat, Huynh Dang Chinh, Ngac An Bang, Dinh Van Chau
and Do Thi Kim Anh, (2020), “Effect of Temperature on Structure of La;.,Ce,Fe1; 44Si1 56 (Y =
0.1 and 0.3)”, Materials Transactions Vol. 61, No. 8 pp. 1480 to 1482.

6. Vuong Van Hiep, Ngac An Bang, Huynh Dang Chinh, Dinh Van Chau and Do Thi Kim
Anh, (2020), “Magnetocaloric Effects of LaggRg(F€ogsSipi2)is (R = Y, Ho and Yb)
Compounds in Low Applied Magnetic Field” , Materials Transactions Vol. 61, No. 8, pp.
1496 to 1499.

7. Vuong Van Hiep, Do Thi Kim Anh, Ngac An Bang, Sai Cong Doanh, Nguyen Duy Thien,
Huynh Dang Chinh, Pham Duc Hanh, (2020), “The Effect of Residual La on Crystal Structure
and Magnetic Properties of Lal+6Fel1.05Si1.95 Compounds”, VNU Journal of Science:
Mathematics — Physics Vol. 36, No. 3, p100-105.

Date:
Supervisor PhD Student

Assoc.Prof. Dr. Do Thi Kim Anh Vuong Van Hiep



