TAP CHI KHOA HQC TRUONG PAI HQC HONG DUC - SO 51.2020
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TOM TAT

Hé gom da tinh thé Pry ;40 3:MnOs (A = Ca, Sr, Ba) c6 cdu tric orthorhombic dioc
ché tao thanh cong bang phirong phap nghién phan iing két hop voi xir Iy nhiét. Thong
qua gian dé nhiéu xa tia X va dir liéu M(H,T), sw anh hwong cua viéc thay thé cation tai
vi trl A 1én cdu tric va tinh chdt tir cia hé Pry;403MnO; (4 = Ca, Sr, Ba) dd duoc thao
ludn mét cdch chi tiét. Két qua cho thd'y co sy thay doi cua cdc tham sé mang va sy dich
chuyén déng ké ciia nhiét dé chuyén pha sdt tir - thudn tir (T¢) khi thay thé mét phan ion
Pr*" bang cdc nguyén to kiém thé cé ban kinh ion lon hon. Trong bién thién ti truong 10
kOe, mdu A = Sr (Pro,78793:MnQO3) néi bdt véi hiéu ung tir nhiét lon tqi gc?n nhiét do
phong voi cdc gia tri dac trung ASpe va ACypme 0 3,06 va 95,82 J/kgK.

Tir khéa: Hiéu img tir nhiét, chuyén pha sdt tir - thudn tir, manganites,
Pl‘0’7A0’3MI’l03.

1. DAT VAN BE

Trong nhitng nam gan ddy, cac 6xit mangan c6 cdu tric perovskite (ABO3) v&i
cong thirc chung RE; A, MnOs, trong d6 RE 1a nguyén t6 dat hiém hoa tri ba (La, Pr...)
va A 1a nguyén t6 hoa tri hai (Ca®’, Sr™', va Ba’") 1a hé vat liéu rit duoc quan tim
nghién ctru vé cdu tric tinh thé va cac tinh chat vat 1y [1,2,3,4]. Tuong tic trao d6i kép
(DE) giita cac ion Mn>" va Mn*" thong qua trung gian 13 ion 6xy cung véi twong tac
electron-phonon manh xuit phat tir bién dang Jahn-Teller cua bat dién MnOs d lam
phat sinh nhiéu dac tinh tha vi trong cac vat li€u nay [5,6]. Mot sO hién tuong vat ly hép
dan nhu tir tré khong 16 (CMR), chuyén pha kim loai-dién méi va hiéu émg tir nhiét
(MCE) di dugc quan st thdy trong hé vat litu RE;.A.MnOs; bang cich diéu chinh
tuong tic giita electron-electron va mang tinh thé-electron véi cac kiéu réi loan khac
nhau [7,8]. Vi nhiéu tinh chat vat 1y hap dan va kha ning diéu chinh dé dang nén hé
vat liéu nay tré thanh dbi twong tiém ning tng dung trong cac thiét bi nhu thiét bi ghi
tir, thiét bi truyén dong tlr, cam bién, va thiét bi 1am lanh tir... [9,10]. Dé ¢6 thé dua vat
lidu tmg dung vao cac thiét bi thi cAn phai hiéu siu vé cac dic tinh vat Iy ctia vat liéu khi
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chiu anh hudng cua céac 16i loan khéc nhau nhim tao ra kha nang kiém soét va thao tac
t6t d6i v6i cac thiét bi. Cac tinh chét khac thuong cia cac vat lidu niy cé thé dat duoc
bang cach dua céc cation c6 kich thude khac nhau vao mang cu triic ma khong 1am thay
d6i trang thdi héa tri cia ion Mn [11]. Piéu nay goi y rang bién dang ngiu nhién cta cac
cation RE*" va A*" phan b6 tai vi tri A trong ciu tric perovskite AMnO; 14 mét tham sb
quan trong dé diéu khién nhiét do chuyén pha va hiéu tGng tir tré' cua vat liéu [12]. Bién
dang mang 1am thay d6i d6 dai lién két Mn-O va géc lién két Mn-O-Mn, do d6 anh
huong dén sy truyén dién tir gitta cdc ion mangan. Gan day, nhiéu cong trinh di
nghién cu anh hudng cua viée thay thé vi tri A bang céc ion ¢6 ban kinh khac nhau
da cho théy co su cai thién dang ké vé tinh chat tir cia vat liéu manganite [11-14].
Tuy nhién, cic nghién cu nay chii yéu tip trung vdo cdc hé manganite nén
lanthanum (RE = La). Rat gin day, Pal va cong sy [15] d3 nghién ctu truong hop
RE = Pr, Nd, Sm, Gd va A = Sr da chi ra réng, Pro7Sro3MnO;3 12 mdt manganite co
momen tu kha 16n, chuyén pha dién va to manh va gia tri tor tré cao ¢ tur truong
thap. Két qua ctia Aguilar [1] va Pal [15] d3 goi y rang, sy khdng vira khdp ban kinh ion
tai vi tri Pr/A trong hé Pry7A¢3MnO; s€ gdy anh hudng manh dén céu trac va tinh chét
tir ctia vat liéu. Trong bai bao nay, chiing t6i nghién ctru chi tiét cdu tric va tinh chat tir
cua hé gém da tinh thé Pro7A03MnO; (voi A = Ca, Sr va Ba). Vice thay thé mot ph?m
Pr’” bang céc ion Ca*", Sr** va Ba®* ¢6 ban kinh ion khéc nhau cho phép chung toi danh
gia dugc su anh hudng cua ban kinh ion trung binh (<r,>) va do sai khac ban kinh ion
tai vi tri Pr/A (6°) 1én céu triic va tinh chét tir ciia hé vt lidu.

2. NOI DUNG NGHIEN CUU
2.1. Thuc nghiém

H¢ gém da tinh thé Pro7A03MnO; (v6i A = Ca, Sr va Ba) dugc ché tao béng
phuong phap nghién phan tmg két hop xur ly nhiét. Héa chit ban dau da sir dung la céc
bot PrgO;;, CaO, SrO, BaO va Mn ¢6 dd sach 99,9%. Chung dugc tinh toan va can
theo cong thirc danh dinh Pry7A03MnO; (vdi A = Ca, Sr, Ba). Cac hoa chét sau can
dugc nap vao binh nghién cia may nghién co nang lugng cao Spex 8000D. Binh va bi
nghién duoc ché tao tir thép t6i ¢ do cimg cao. Ty 186 khdi lwong bi nghién/bot 13 4,8.
Thoi gian nghién 13 4 gid va trong méi truong khong khi. Hon hop sau khi nghién duoc
ép thanh vién véi dp luc 5000 kg/em®. Céc vién sau dé duoc nung thiéu két 12 gio tai
1200°C trong khong khi. Cdu tric tinh thé ctia vét lidu duoc nghién ciru théng qua
gian dd nhiéu xa tia X (XRD) do trén thiét bi Equinox 5000 (Thermo Scientific) véi
nguén birc xa Cu-K,, budc séng A = 1,54056 A. Tir d6 phu thudc nhiét do va tur
truong dugc do trén thiét bi tir ké mau rung (VSM-Lakeshore 331) theo chiéu ting
nhiét dg, budc ting nhiét 2 K va trong tir truong H = 0-10 kOe.
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Hinh 1. (a) Gian dd XRD tai nhiét 49 phong va (b) sy thay ddi ciia cic thong sé6 mang
(a, b, c/\2 , va V) theo ban kinh ion trung binh tai vi tri Pr/A (<r,>) ctiia h¢
Pro;A0:MnO; (A = Ca, Sr va Ba)

2.2. Két qua va thio luin

Hinh 1(a) trinh bay gian do XRD do tai nhiét do phong cia ba mdu
Pro7A03MnO; (v&i A = Ca, Sr, va Ba). Két qua phén tich dinh tinh pha cho thiy cé ba
mau déu don pha tinh thé, cdu trac thudc hé orthorhombic véi nhom dbi xing khong
gian Pbnm. C6 thé quan sat thdy cac vach XRD dich dan v& phia goc nhidu xa thip
tuong tng khi A 13 Ca, Sr va Ba. Tir s6 liéu XRD, chung t6i da tinh dugc cac thong s6
cdu tric va liét ké chung trong Bang 1. Gia tri ban kinh ion cua Ca®'; Sr*'; Ba™"; Pr’";
Mn®*"; Mn*"; O* d4 st dung lan luot 1a 1,34; 1,44; 1,61; 1,179; 0,72; 0,67; 1,26 A. Khi
do, viéc thay thé 1an lugt Ca, Sr, va Ba vao vi tri Pr dan dén tang ban kinh trung binh
tai vi tri Pr/A (<ra> = 0,7%rp;+ 0,3X7cay/su/Ba)- Két qua tinh toan cho théy cé4c tham s6
mang tang dan theo ban kinh ion trung binh tai vi tri Pr/A (<r,>) nhu da chi ra trén
Hinh 1(b). Viéc thay thé cdc ion Ca®", Sr**, Ba*" vao vi tri Pr’” dong thoi cling lam
tang d6 sai khdc ban kinh ion tai vi tri Pr/A (o = Zyu - <ra>%) va tang thira sé dung
han (7g = ((<ra> + ro)/ J2 (rs + r0)). Trong d6, 7; cia miu A = Ba ¢6 gia tri cao nhét
(0,924), tiém can dén 1. Diéu ndy goi v rang cAu trac tinh thé cia Pry7Bag3MnOs gin
véi cdu tric perovskite ly tudng (zg = 1) hon so v6i Pry7Srp3MnO3 va Pry7Cag3sMnOs.
Theo Ellouze va Boujelben [16], anh hudng cua “Gng suat ndi” hoac “Gng suit hoa hoc”
gy boi viée thay thé tang dan ciia ban kinh ion tai vi tri A dan dén su gia tang bién
dang cdu tric perovskite theo su ting ctia cac goc lién két Mn-O-Mn va d6 dai lién két
Mn-O. Trong hé cAu trac orthorhombic, ung Sut tu phat co thé dugc xac dinh 1a [16]:

s=2a-c)l(atc) (1)

Trén co s¢ do, chung t61 da tinh dugc ting suét tu phat cua Prg7A¢3MnO; trong
cAu tric orthorhombic véi A = Ca; Sr va Ba tuong tng lan luot 13 s = -36,09x107%;
-34,92x10 va -33,90x10%. Két qua nay cho thiy tng suét tu phat cia miu A = Ba
14 cao nhét, va thdp nhéat véi mau A = Ca, phu hop véi gia tri thira sé dung han d
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tinh duwoc ¢ trén. Nhu vay, viée két hop gitta qud trinh nghién phan tng véi xt 1y
nhiét & 1200°C khi ché tao Pry;A(:MnO; di khong lam thay déi kiéu ciu tric tinh
thé orthorhombic cta vat liéu nhung 1am thay d6i dang ké ung suét cdu tric tu phat,
dan dén céc goc Mn-O-Mn va do dai lién két Mn-O trong ciu tric thay d6i mot cach
ddng thoi [16,17,18].

Bang 1. Cac thong s0 chu triic cia hé vat liéu Pr;A,;MnO; (A = Ca, Sr, Ba)

Al<ra>A)Y o (A aA)y | bA) | c@A) | V(A |s(x107)
Ca | 1,227 | 0,544 | 0,895 | 5,360 | 5,411 | 7,720 | 223.89 | -36,09
Sr | 1,257 | 1,431 | 0,906 | 5439 | 5461 | 7,740 | 229,92 | -34,92
Ba | 1,308 | 3,901 | 0,924 | 5,517 | 5536 | 7,769 | 237,28 | -33,90
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Hinh 2. (a) Pudng cong M(T) do tai 100 Oe trong ché dj 1am lanh khong co tir truong,
(b) dao ham béc nhat dM/dT theo nhiét d va (c) nghich dio dd cam tir phu thudce nhiét
dé y(T) = H/M(T) cia vit liéu Pry;A:MnO; (A = Ca, Sr va Ba)

Hinh 2(a) biéu dién duong cong tur dd phu thudc nhiét do M(7T) do tai H = 100
Oe trong ché d6 1am lanh khong c6 tir truong. Két qua cho thdy ca ba mau déu trai qua
chuyén pha sét tir - thuan tir (FM-PM). Khi thay ddi cac nguyén t6 pha tap 1an luot 1a
A = Ca, Ba, Sr ¢6 thé diéu khién ving chuyén pha dich chuyén vé ving nhiét do cao
hon va gan hon véi nhiét d6 phong. Trong ving nhiét d6 dudi nhiét 6 chuyén pha,
vat liéu o trang thai FM, tir do cua cac miu déu giam bat thuong khi nhiét do giam.
Hién tuong nay dugc cho la ¢o6 lién quan dén su canh tranh gitta cac qua trinh tir hoa,
qua trinh dinh huéng mémen tir va nang luong nhiét [19].

Nhié¢t d§ Curie (7¢) dugc udc tinh tir vi tri diém udn cua duong cong tir 40 phu
thudc nhi¢t do (cuc tiéu coa dM/dT) nhu chi ra trén Hinh 2(b). Gid tr1 7¢ cua
Pro7A03MnO; vé1 A = Ca, Ba, va Sr tuong ung 1a 128, 190, va 268 K. Theo céc cong
bé trudc day, nhiét dd Tc va do rong dai dan W cia vat liéu 6 mdi quan hé tuyén tinh
theo biéu thue [15,20,21]:
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oS
1. OCW:WdT,ISB (2)

Trong d6: w 1a hang s6 ti 18, d 1a d6 dai lién két Mn—O trung binh, 8= (% - @)/2
1a géc quay, ¢ 1a goc lién két Mn-O-Mn trung binh.

Thay thé mot phan céc vi tri trong cdu triic bing cic nguyén t6 c6 ban kinh ion
khac nhau 1a mot trong s céc cach thuong duge sir dung nham diéu chinh cau tric,
nhiét @6 chuyén pha va tinh chat cua vét lidu. Trong cdc manganite, Biéu thirc (2)
thudong duge dung dé giai thich su thay dbi cua nhiét @6 Tc. Theo d6, khi mot phan
Pr’” duoc thay thé 1an lugt béi Sr** hoac Ca’, do goc lién két Mn—O—Mn trung binh
cta Prg7Sro3MnO; (~160°[22]) 16n hon so véi Prg7Cag3MnO; (~ 156° [2,23]), hé qua
1a 1am tang W, dan dén T¢ cia mau A = Sr 16n hon so véi truong hop A = Ca. Trong
khi d6, khi thay thé mot phan Pr’” 14n lugt boi Sr*™ hodc Ba®*, do ion Ba*™ ¢6 ban kinh
16n hon Sr*” nén céc gid tri <ra> va o trong truong hop A = Ba s& 16n hon trudng
hop A = Sr. Dan dén d¢ dai 1ién két Mn-O trung binh khi A = Ba sé& 16n hon khi A = Sr.
Hé qua 13 1am giam sy xen phu cia cac ham séng Mn-3d va O-2p din dén 1am suy
yéu tuong tac trao ddi cua cdc ion Mn’™-Mn*" trong mau A = Ba. Khi dé Tc cia vt
liéu c6 A = Ba sé& thip hon so véi truong hop A= Sr[11,15].

Nghich dao d6 cam tir y(T) x4c dinh duoc tir s6 1iéu H/M(T) cia cac méiu duge
trinh bay trong Hinh 2(c). Trong vung thuén tir, céc sb lidu y'(7) da dugc lam khép
theo ham Curie-Weiss: y = C/(T - 6), v6i C va #1an lugt 13 hang sé Curie va nhiét do
Curie-Weiss. Tir két qua lam khdp chung t6i da xac dinh dugc mémen thuan tur hi¢u
dung (uefy) ciia cdc mau thong qua biéu thuc [24]:

N, (ﬂeﬁ‘ )2 /Uzza
3k,

trong d6 Na = 6,023x10% mol™ 1a sé Avogadro, sz = 9,274x10™" emu 1a
magneton Bohr, va kg = 1,38016x10* J/K 1a héng s6 Boltzmann.

Vé mit ly thuyét, ta gia thiét moémen tir trong hop chét Pro 7A¢3MnOj 1a do céc
ion Mn** (S =2) va Mn*" (S = 3) gdy ra, v6i hé s§ Lande g = 2. Khi d6, gi4 tri mémen
thuén tlr 1y thuyét (i) c6 thé dugce tinh dua trén biéu thirc:

(tspin)” = 0,7%(nans ) + 0,3 (panina+)” (4)

Vi v+ Va fhyma+ lan luot 1a mémen spin cua cac ion Mn®" va Mn* véi gia tri
tuong ung 1a 4,9 va 3,87 ug. Két qua xac dinh gia tri momen thuan tir hi¢u dung ueg va
momen thuan tir ly thuyét Uspin €@ hé Pro7A3MnOs trong céc truong hop A = Ca, Srva Ba
duoc trinh bay trong Bang 2. Ta nhan thiy uer ludn c6 gia tri cao hon so voi Hspin: Két
qua nay dugc cho 1a c6 sy dong gop cua cac twong tac FM trong vung nhiét do trén 7¢,
6 nghia 13 ¢6 sy ton tai ctia cac ddm sit tir & trong ving thuén tir [15]. Day ciing 14 1y do
ma ta thu dugc cac gia tri 6 cao hon so vaoi nhiét do chuyén pha FM-PM cua vat liu.

C= 3)
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Bang 2. Cic thong sé dic trung tir va hiéu @ng tir nhiét trong
bién thién tir truomg 10 kOe ctia hé vat liéu Pry;A,;MnOj; (A = Ca, Sr, Ba)

A TC 9 Heff ﬂSpin MlOkOe,lOOK |ASmaX| ACPmin A(:Pmax
® | & | @) | @) | (emwg) | J/kgK) | (J/kgK) | (/kegK)
Ca| 128 | 1339 | 530 | 462 71,57 101 | 486 | 439
Sr | 268 | 2739 4,77 4,62 95,83 3,06 -70,92 95,82
Ba| 190 190,7 5,43 4,62 78,33 1,88 -22,90 | 24,29

Hinh 3(a) trinh bay cic duong cong tir hoa ban ddu M(H) dugc do tai nhiét do
T=100 K trong tir truong cuc dai 10 kOe cta hé vat li¢u Pry7A03MnOs (A = Ca, Sr, Ba).
Trong ving tir truong thap, tir 4 cia cac mau déu tang rat nhanh, sau d6 tiém can bio
hoa trong vung tir truong cao hon (trén 4 kOe). Pac trung nay thuong dugc quan sat
thdy trong trang thai sat tir ctia cic manganite. Tai 100 K, trong tir trudng 10 kOe, tir
do cua cac mau A = Sr, Ba va Ca c6 gia tri 95,83; 78,33 va 71,57 emu/g tuong ung
v6i Te = 268; 190 va 128 K. Két qua ndy goi y ring twong téc sit tir trong mau A = Sr
¢ cudng d6 manh nhét.

100 L L L 3‘57l L B B ‘7 7‘ L L L L B ‘7100
37 (b) AH =10 kOe 1 200 () ‘i Y I
801 C —¥—A=Ca { _ 5‘\‘ ‘ <
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Hinh 3. (a) Puong cong tir héa ban dau do tai 100 K, (b) bién thién entropy tir va
(c) bien thién nhiét dung riéng xac dinh dwgc trong bién thién tir treong 10 kOe
cia hé vit liéu Pry,A,;MnO; (A = Ca, Sr va Ba)

Trén co s& cac so lidu thuc nghiém M(H,T) do tai cac nhiét d0 khac nhau quanh
nhiét d6 Tc cua cic mau, chiing t6i dd tinh duoc gia tri bién thién entropy (ASm) va
bién thién nhiét dung riéng (AC,) cua vat liéu Pry;7A03MnO; (A = Ca, Sr, Ba) trong
bién thién tir truomg 10 kOe thong qua céc biéu thire sau [25,26]:

AS, (T, H)= [ @—Aﬁ

OAS, (T,H)
oT

dH (5)

AC (T,H)=T (6)
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Hinh 3(b) va 3(c) trinh bay su phu thudc nhiét do cua AS,, va AC, da tinh dugc
theo cac Biéu thic (5) va (6) cho hé vat lidu Pro;A¢3MnOs (A = Ca, Sr, Ba). Puong
cong ASm(T) ctia cac mau déu thé hién mot dinh cuc dai Gng véi chuyén pha FM-PM
ctia vat liéu. Khi thay d6i nguyén té pha tap theo thir ty A = Ca, Ba, Sr thi gié tri bién
thién entropy tir cyc dai ting dan tir 1,01 t6i 3,06 J/kgK (Bang 2). Puong cong ACK(T)
cuia cac mau thé hién mot su thay doi dot ngdt tur tin hiéu am (khi 7' < 7¢) sang tin hiéu
duong (khi T > T¢) & 14n can ving chuyén pha FM-PM. Trong d6, tiéu biéu nhat 13
mau A = Sr, trong bién thién tir trudng 10 kOe, AC, dat gia tri nho nhat va 16n nhét
tuong tng 13 -70,92 va 95,82 J/kgK. Diéu nay c6 nghia 1a mau A = Sr c6 hiéu tng tir
nhiét manh nhét trong sé cac mau nghién ciru.

Pé giai thich cho mirc d6 manh hay yéu (lién quan dén gid tri bién thién entropy
tir cao hay thap), ta tré lai Biéu thuc (5). Trong mdi bién thién tir trwong x4c dinh, gid tri
cua ASy, phu thudc déng thoi vao hai dai lugng, d6 1a d§ 16n cua tor do M va do sdc nét
clia qua trinh thay déi tir @6 M theo nhiét 46 T (0M/0T). Cé nghia 1a AS,, cua vt licu tir
¢6 gia tri cao khi vat lidu d6 c¢6 déng thoi hai yéu td 1a tir d6 cao va chuyén pha tir sic
nét. Trong nghién ciru ndy, mau A = Sr ¢6 gid tri M cao nhét va chuyén pha FM-PM sic
nét nhét (Hinh 2(b)), nén ASy, cia mau nay dat gia tri cao nhét (|ASma| = 3,06 J/kgK).

3. KET LUAN

Bing phuong phép nghién phan tmg két hop véi xur 1y nhiét chiing t6i da ché tao
thanh cong hé gém da tinh thé Pro;A¢3MnO; (A = Ca, Sr va Ba). Viéc thay doi
nguyén t6 pha tap ¢ ban kinh ion khic nhau di gy ra mot sé bién dang mang tinh thé
va thay dbi cic thong sé ciu tric nhung khong gdy ra chuyén pha cdu trac
orthorhombic. Két qua nghién ctru chi ra rang nhiét d6 chuyén pha FM-PM va cic dac
trung tir nhiét cia vat liéu (AS, va AC,) hoan toan c6 thé diéu khién dugc théng qua
viéc Iya chon nguyén t6 thay thé A. Vi A = Sr, vat liéu thé hién cac diac trung tw t6i
uu hon so vdi hai truong hop con lai. Trong bién thién tir truong 10 kOe, vat liéu
Pr7S103MnO5 dat dugc |ASmax| = 3,06 J/kgK tai g'?m Tc =268 K va gia tri bién thién
nhiét dung 1on v6i ACymin = -70,92 J/kgK, ACpmax = 95,82 J/kgK. Vi cac uu diém
nhu d& ché tao va do bén cao, vat liéu Pry7Sro3sMnOj; co thé tr¢ thanh mot doi tuong
tiém ning trong tng dung cong nghé 1am lanh tir & ving gan nhiét d6 phong.
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STRUCTURE AND MAGNETIC PROPERTIES OF Pry,A,;MnOj;
(A = Ca, Sr, Ba) CERAMICS PREPARED BY COMBINATION OF
REACTIVE MILLING AND HEAT TREATMENT METHODS

Nguyen Thi Dung, Nguyen Thi Viet Chinh, Nguyen Van Dang, Tran Dang Thanh
ABSTRACT

Pry;403MnO; (with A = Ca, Sr, Ba) ceramics belonging to an orthorhombic
structure were successfully prepared by a combination of the reactive milling and the
heat treatment methods. Based on experimental data of X-ray diffraction and M (H,T),
the effect of cation replacement at Pr/A-site on the structure and the magnetic
properties of the Pry;Ap3;MnO; (A = Ca, Sr, Ba) system has been carefully
investigated. The results show a change in the lattice parameters and a significant
shift in the ferromagnetic-paramagnetic phase transition temperature (T¢c) when a
part of the Pr'" ion was replaced by a larger ion (Ca’*, S, and Ba’"). Under an
applied magnetic field change of 10 kOe, Pry ;Sry3;MnQO; sample stands out clearly in
a large magnetocaloric effect near room temperature with the characteristic values
such as |ASyq| and ACppmay about 3.06 and 95.82 J/kgK, respectively.

Keywords: Magnetocaloric, magnetic phase transition, manganites, Pro 7579 ;MnQOs.
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* Lot cam on: Cong trinh nay diegc tai tro- mot phan kinh phi boi dé tai Khoa hoc va
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nghé Quéc gia (NAFOSTED) trong dé tai mad sé 103.02-2019.42.

47



