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Ché tao va nghién cru mot s6 tinh chat vat 1y cua vat li¢u
tor nhiét co cau tric 1ap phuong loai NaZn,;
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Tém tit: Su hinh thanh pha NaZn13 da duoc khao sat trong hé hop chét La(Fel XSIX)B (voi x =
0,12; 0,14; 0,15; 0,18 va 0,21). O nhiét do phong, hop chét La(Fel Siys két tinh & cau truc 1ap
phuong trong ving 0,12 < x < 0,18 va tir dién khi x > 0,21. Khi nong d¢ Si thay dbi cau trac tinh
thé va tinh chat tir trong hop chit thay dbi mot cach deu dan. Céc thong sb mang giam tuyén tinh
khi nong d6 Si tang. Nhiét do chuyen pha 7¢ tang khi ndng do Si tang con moémen tir bdo hoa M,
giam myen tinh. Nguyén nhan c6 thé do tinh sit tir ctia hop chét giam lam thay dbi tuong téc trao
d6i gitra d4t hiém — kim loai chuyén tiép 3d. Tinh chit nhiét dién da duoc khao sat trén hop chat
du Lantan La1+5(Fe0 85310,15)13 (0 = 0,06 va 0,09). Dlen tré sut co dang tuyen tinh khi nhiét 46 tang
va sy ting ctia d6 dan nhiét theo nhiét d6. Cong suat nhiét dat gia tri nho nhat xung quanh 200 K
(gan Tc) va tang & vung nhiét do phong. Tinh chét tir va tir nhiét coa hop chét La;.,Ce,Fe; 4451; 56
(0,0 <y < 0,3) khi thay thé mot phan Ce cho La d3 duoc khao sat. Do ban kinh cua ion Ce®" nho
hon so v6i ion La®™ nén sy thay thé ciia Ce cho La s& 1am cho hang sé mang co lai ting cuong hiéu
ung tur thé tich va kéo theo sy giam cua nhiét do chuyén pha Curie Tc. Gia tri lon cua sy thay doi
entropy tir AS,, = 18,67 J/kg'K nhan dugc dbi voi y = 0,2 (tai AH = 4 T) 1a do dong gop cua
chuyén pha bac nhit IEM trong vat liéu nay. So véi mau chua thay thé Ce cho La thanh phan Ce
thay thé 20% lam cho AS,, ting khoang 65% ¢ tir truong bién thién 1 T. Két qua nay hira hen
trong viéc ng dung vt liéu ndy trong cong nghiép lam lanh tur.

Tir khéa: Chu trac tinh thé loai NaZn,s, chuyén pha tir gia bén (IEM), tinh chét tir, tinh chét dién,

hiéu tg tir nhiét (MCE).

1. Mé dau

Vit liéu li€n kim loai hai nguyén hodc ba
nguyén gilta d4t hiém voi cac kim loai chuyén
tiép (duoc ky hiéu 1a R-T v6i R = dat hiém, T =
kim loai chuyén tiép) co vai tro quan trong
khéng chi trong viéc hiéu biét ban chat vat ly
cua cac vat li€u ma ching ngay cang tim dugc
nhiéu tmg dung trong ky thuat. Hop chét lién
kim loai hai nguyén c6 nhiing tinh chat rat dic
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biét do t6 hop dugc uu diém cua hai thanh phén
chu yéu 1a @it hiém voi momen tir 16n va di
huéng tr cao ¢ nhiét do thap, con kim loai
chuyén tlep v6i twong tac trao ddi rat manh.
Hop chét lién kim loai ba nguyén trén co s& cac
vat lidu R-T-A (A=B, Si, Ge,...) cho thiy nhiéu
tinh chat vt ly tha vi, dac biét 1a tinh chat tir.
Viéc phat hién cac tinh chit nay cung véi su
phat trién cac phuong phap cong nghé¢ da dang
cho phép ché tao ra cac vat liéu khong chi &
dang khdi ma con & dang bot si€u min, dang hat
xen k&€ trong ma tran (composite), dang bang
trong cong nghé lam ngudi nhanh hoac dang
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mang méng don da 16p. Nhitng thanh cong nay
dan dén cac ung dung v6 cing phong phu cua
céc vat lidu néi trén nhét 1a khi giam kich thudc
clia cac phan tir tir tinh xudng c¢& nanomet.

Nam 1881, Warburg 1an dau tién di phat
hién ra hi€u ung tir nhiét (MCE) [1], d6 1a su
thay ddi nhiét do cua vat lidu tir dudi tac dung
clia tir truong ngoai. Viéc nghién ciru ché tao
vat liéu co6 MCE 16n véi nhiét do chuyén pha
gin véi nhiét do phong va tir truong Gmg dung
thap 1a van d& thu hat sy chi y cta nhiéu nha
khoa hoc trén thé gi6i.

Vao nhitng nam cudi thé ki 20, da co rat
nhiéu thanh cong trong viéc nghién ctru hiéu
g tir nhiét. Song song véi qua trinh phat trién
viéc nghién cttu MCE trén nhiéu loai vat liéu
tir, d3 c6 nhidu cong trinh nghién ctru vé& hop
chét gia ludng nguyén La(Fe,M,);5 xuit phat
tor vat liéu hai nguyén loai LaTi; voi cAu trac
1ap phuong loai NaZn,; [2]. Tinh chit tir cua hé
hop chit nay phu thudc rat manh vao nguyén t6
thay thé hodc nhitng tac nhan bén ngoai nhu tir
truong va 4p sut. Khi thay thé cic nguyén tb
cho Fe, trong hop chét La(Fe;. M3 biéu hién
mot tinh chat tir gia bén dién tir linh dong. Su
thay thé nay lam anh huong dén hiéu ung tir
nhiét, hiéu tmg tir thé tich, tir gido khong 16 va
mot sb tinh chét khac cua vat lidu [3]. Cac cong
trinh nghién ctru cia nhom Fujita [3-4] da
chung t6 cac vat liéu La(Fe,Si);; co tinh sat tir
v6i nhiét do chuyén pha Curie (7¢) & gan nhiét
dd phong va momen tir bao hoa 16n. Hon nita,
chuyén pha tir gia bén & trén nhiét 46 T c6 kém
v6i hién tugng tir giao khong 16 ciing di duoc
phat hién [5]. Chuyén pha tir gia bén dién tir
linh dong 1a chuyén pha bac nhat tir trang thai
sit tir dudi tac dung cua cic tham sb ngoai nhu
tor trudng, ap suat, nhiét do & gﬁn nhiét do
chuyén pha. Do d6, chuyén pha nay c6 thé gay
ra mot sy thay ddi entropy tir (AS,,) 16n va dan
dén mot hiéu Gmg tir nhiét (MCE) dang ké [6-7].
Viéc hydro hoa hop chat LaFe,; 5;Si; 4sH, v6i x
=0;0,8; 1,2; 2,3 da lam thay d6i manh nhiét do
chuyén pha Curie T¢ tir 200 K dén 350 K [6].
Nhitng phan tich vé anh huong cua sy thay thé
cac nguyén té cho Fe dd duge mot sb cong trinh

dé cap dén. Tuy nhién, dé hiéu sau hon vé ban
chét tr cua vat liéu La(Fe;, M3 van can duoc
lam rd.

Cong trinh nay nham b sung cac thong tin
m&i vé ban chat cia vat lidu tir lién kim loai ba
nguyén La(Fe,M,);; nhu céng nghé ché tao
cac mau don pha véi cAu trtc NaZn;; va lam ro
anh huong ciia sy thay thé Si vao vi tri Fe 1én
mot s6 tinh chit co ban caa chung.

Muc tiéu:

- Ché tao thanh cong céac vat licu tu nhiét
v6i ciu triic don pha loai NaZny;. Tim ra quy
trinh ché tao va anh hudng cua cac nguyén tb
thay thé Si cho Fe va dét hiém 1én ciu tric, tinh
chat tir, tir nhiét ctia ho vt lidu LaR(Fe,Si);s.

- Tién hanh céc phép do nhiéu xa bot tia X,
cac phép do tu, tir nhiét, dién tro... tor d6 xac
dinh tinh chét tr cia ho vat liéu LaR(Fe,Si);s.
Tinh toan va danh gia hi€u Gng tir nhiét cia ho
vat li€u nay.

- Nghién ctru mot cach hé théng vai tro cua
cac nguyén t6 thay thé l1én cdu tric tinh thé
cling nhu mot s6 tinh chét vat 1y cta ho vat liéu
tir nhiét véi cau triic loai NaZn,s.

2. Phuong phap nghién ciru

Cac mau dugc ché tao theo dung thanh
ph?m danh dinh La(Fe,,Siy);3 (x = 0,12; 0,14;
0,15, 0,18 va 0,21), La1+5(Feo,g5Si0,15)13 (6 =
0,03; 0,06 va 0,09) va La; \Ry(Fe,S1);; (R = Ce,
Ho, Tb, Yb) tir cac nguyén t0 La (R), Fe, Si co
d6 sach tuong tng 1a 4 N, 5 N bang phwong
phap néng chay hd quang trong méi truong Ar
chan khong cao P = 10° Torr. Trong qué trinh
tinh toan can phai bu thém ¢d 2 + 3 % La va R
vi R 1a dit hiém nhe nén khi bi néng chay rat dé
bdc bay. Dé tao sy ddng nhat, mau duoc 14t 1én
va ndu lai 3 + 4 lan. Sau d6, miu dugc lam
ngudi nhanh b::ing nudc lanh dé tao thanh cac
pha 1:13 va pha o-Fe. Mau chua xir li nhiét goi
la as-cast dugc dua vao éng thach anh va duoc
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hat chan khong ¢& 107 Torr roi han kin. Mau
dugc u & nhiét do ttr 800 + 1200°C trong céc
khoang thoi gian khac nhau dé tao thanh don
pha 1:13. Nhiét d6 va thoi gian tdi wu dé cho
hop chit tao thanh 1a hoan toan don pha di
duoc xac dinh.

CAu trtc tinh thé, su hinh thanh pha cua cac
mau dugc nghién ctru thong qua cac phép do
nhiéu xa bot tia X (XRD) & nhiét do phong.
Tinh chit tir cia cac miu duoc xac dinh qua
phép do tir do bai thiét bi giao thoa ké lugng tir
siéu dan (SQUID) trong vung nhiét do tir 1,8 K
dén 300 K va tir truong 1én dén 70 kOe; tir ké
mau rung (VSM). Céc tinh chét dién duoc xéac
dinh thong qua thiét bi do PPMS.

3. Két qua nghién ciru
3.1. Hé vat li¢u La(Fe,.,.Si,) 5 [8]

Ché tao thanh cong h¢ vat liéu La(Fe;(Siy)13
(x=0,12;0,14; 0,15; 0,18 va 0,21) ) don pha co
cAu trac 1ap phuong loai NaZn ;. Xac dinh dugc
diéu kién ti wu cho ché d u nhiét cia mau 1a
1100 °C trong 7 ngay. Vai mau co nong do Si
cao (x = 0,21) xuit hién su chuyen tur cau tric
lap phuong sang tir dién. Hing s6 mang a trong
cau tric 1dp phuong va momen tir bao hoa M
giam tuyen tinh, nhung nhiét d6 chuyén pha T, c
tang khi ndng d6 Si ting. Nguyén nhan c6 thé
do tinh sat tir ciia hop chét giam lam thay ddi
tuong tic trao d0i gitta dat hiém-kim loai
chuyén tiép 3d.
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Hinh 1. Phd nhiéu xa tia X cua hé miu La(Fe,Siy)3 chua qua xu 1i nhiét.

Hinh 1 14 phd nhiéu xa bt tia X cua hé miu
La(Fe;.,Si,)13 khi chua xtr 1i nhiét (as-cast). Cac
mau c¢6 thanh phﬁn x=10,12; 0,14 va 0,15 duoc
cit thanh hai phan: phin ngudi nhanh (phan
duéi-bottom) va phan ngudi chdm (phan trén -
top) roi khao sat nhidu xa bot tia X trong cac
truong hgp miu chwa xtr 1i nhiét va mau da xir

li nhiét & cac diéu kién khac nhau.

Két qua do XRD ciia miu x = 0,12 dugc
dua ra trong Hinh 2. Nhan thdy rang déi véi
phan trén va dudi ciia mau, cac dinh XRD la
hoan toan trung nhau va khong c6 dinh la,
chung t6 miu 1a ddng nhét.
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Hinh 2. Phé nhidu xa tia X ctia miu La(FeqgsSig,12)13 trudc va sau khi t nhiét.

So sénh cac dinh XRD cua mau ¢ Hinh 1 va
Hinh 2 cho thiy: v&i mau as-cast cac dinh hoan
toan trung voi dinh cia pha a-Fe, cac dinh cia
pha 1:13 1a rit bé. Nhu vy, miu as-cast chira
pha o-Fe 1a chinh. Tuy nhién, pha o-Fe s€ bi
phan rd va chuyén hoan toan sang pha 1:13
ngay sau khi mau duoc @ nhiét. Bang ching 1a
& gin goc 45° cuong do nhifu xa giam manh
trong phd XRD (Hinh 2). Két qua do XRD cua
cac mau c6 x = 0,14 va 0,15 cling hoan toan
tuong tu.

Tir gian d6 XRD (Hinh 2) con cho thiy: cho
di duoc U nhiét 1 tuan hay 2 tudn & 1100°C déu
khong anh huéng dén cdu trac don pha cua
mau. Béi vi khoéng Xuét hién cac dinh la trén
gian dd6 XRD va cac goc tuong tng véi cac
dinh cua pha o-Fe gin nhu tring hoan toan véi
cac dinh cua pha 1:13, pha a-Fe con lai ¢& 3 %,
diéu nay duoc kiém chung théng qua phép do
tur do.

So sanh cac dinh XRD ciia mau c6 ndng do
Si cao x = 0,21 as-cast va mau di u nhiét, nhan

thdy khong c6 gi khac biét. Chimg to viée xir li
nhiét khong anh huéng dén sy hinh thanh pha
1:13. Nhung & mau nay cac dinh nhiéu xa bi
nhoe di va c6 d6 rong cd 1,5°.

Nhu vdy, v6i cac mau co6 néng do Si nho
(0,12 < x < 0,18) viéc xur li nhiét 1a rat can thiét
cho su hinh thanh don pha 1:13. Ching t6i da
tim dugc: diéu kién u nhiét tt nhit dé cac mau
tao thanh don pha la 1100 °C trong 7 ngay. Khi
néng do Si ting 1én, pha 1:13 bit dau hinh
thanh ngay ca & mau as-cast. Vi ndng do Si c&
x > 0,18 thi viéc xir i nhiét 13 khong cén thiét
nita. Sy chuyén céu trac xuét hién trong miu tir
1ap phuong sang tir dién khi x > 0,21.

Tir cac gian do XRD, , chung t61 da xac dinh
dugc gia tri cic hing s6 mang. Hinh 3a bleu
din sy phu thudc cua hing sb mang vao ndng
do Si, cho thay gia tri cac hang s6 mang giam
tuyén tinh khi nong d6 Si ting dbi voi cac mau
c6 0,12 <x < 0,18. Nguyén nhén 1a do ban kinh
ion cua Si (0,11 um) nhé hon cua Fe (0,13 pum),
vi véy, khi Si thay thé vao vi tri Fe s& lam cho
mang tinh thé bi co lai.
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Hinh 3. Sy phu thudc vao ndng do S’i ctia hang sd mang (a), nhi¢t d¢ Curie (b)
va mémen tir bdo hoa (c) doi voi cac hgp chat La(Fe.Siy)is.

Khi tang nong d¢ Si dén x = 0,21, pha 1:13
c6 sy chuyén cau trac tir lap phuong sang tir
dién cu thé truc ¢ bi kéo dai ra hon so véi truc a

“cub
(@t = ——
tet \5
s6 mang dugc xac dinh la @ = b =7,9316 A va
c=11,7783 A.

Tt cac két qua do tir 6 va duong cong tir
hoéa dang nhiét, ching t6i da xac dinh dugc
nhi¢t d6 chuyén pha Curie (7c) va mémen tur
bdo hoa (M;). Hinh 3b va 3¢ bi€u dién su phu

s Ctet = Coub ) v6Oi cac hang

thudc cta nhiét d6 Curie va moémen tir bao hoa
vao nong do Si.

Hinh 3b cho thdy nhiét d6 T¢ ting tuyén
tinh khi nng do Si ting va dat gia tri 16n nhat
bang 260 K tng véi mau co x = 0,21. Cé thé
cho rang: khi ting nong d6 Si, nong do Fe giam
1am cho tinh sit tir cua hop chat giam, dan dén
su thay d6i twong tac giita dat hiém va kim loai
chuyén tiép. Hé qua 1a nhiét d6 chuyén pha trat
tu tir Tc tang 1én.
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Hinh 4. Puong cong tir hoa dang nhiét (a) va do bién thién entropy tir (b)
trong hOp chat La(FeOAggsioAlz)lj,.

Hinh 3c cho thdy khi nong do Si tang,
momen tr bdo hoa giam gan nhu tuyén tinh.
Chung t61 da xac dinh duoc M, dat gia tri 16n
nhit 2,19 pp/Fe at. v6i mau co6 ndng d6 Si nho
va giam dén 1,65 pg/Fe at. & mau c6 x = 0,21.
Diéu nay 1am cho hiéu tmg tir nhiét bj giam khi
tang ndng do Si.

Hinh 4a 13 cac dudng cong tir hoa ding
nhiét & cac nhiét d6 khac nhau déi véi mau x =
0,12. Nhan thay ring: miu c6 ndng do Si nho (x
= 0,12) khi co tir truong ngoai tac dung xudt
hién mét chuyén pha tir gia bén dién tir linh
dong (IEM) 6 ngay trén nhiét do 7¢ va kéo theo
hi€u g tr nhiét 16n. Ban chét nhiét dong cua
chuyén pha IEM la do tic dung cua ning luong
tu do tir gdy ra boi su thang giang spin (SFs).
Do bién thién entropy tir ctia mau x = 0,12 duoc
mo ta trén Hinh 4b, gia tri cuc dai cia do bién
thién entropy |-ASy| dugc xac dinh ¢& 15 J/kg K
& bién thién tir trudng 1a 5T.

3.2. Hop chdt La; yo(Fey55Sio s) 13 die La [9-10]

Ché tao thanh cong hop chét La1 09o(FeqgsSip, 15)13
bang phuong phép ndu chay ho quang. Anh
hudng cua ap sudt 1én dién tré suét ctia hop chit

du Lantan La, og(Fe() 85810 15)13 duoc thuc hién
trén rnau cho thay nhiéu déc tinh tha vi nhu: khi
ap suit ting dién tré sudt giam, diéu nay duoc
giai thich do sy co mang tinh thé khi ap suit
tang. Nhu vay, khi 4p sut thay doi cac thong s6
ciu truc thay ddi din dén tinh chat tir va nhiét
dién thay dbi.

Hinh 5 trinh bay gian d6 nhiu xa bot tia X
ciia hop chat Lajgo(FeossSios)i3. Cac dinh
nhiéu xa hoan toan tring khép véi cac dinh cua
ciu tric NaZny;. St dung ph?m mém Rietveld
phan tich phdé nhidu xa tia X mau
La go(Feo 85S10,15)13 cho thay mau c¢6 clu
trac 1ap phuong loai NaZn;; (1:13) thudc
nhom khong gian Fm3c.

Trong cAu trac nay, cac ion La nam & vi tri
8a, cic ion Fe ndm & cac vi tri 8b va 96i, cac
jon Si dugc tim thdy chi nim & vi tri 96i. Tuy
nhién, con mdt luong rat nho cua pha o-Fe (tai
dinh ¢6 ky hiéu*). T gian d6 nhifu xa tia X,
chung t6i ciing dd xac dinh dugc hing sb mang
cua mau a = 11,449 A, gia tri nay la nho hon
S0 Vo1 m?lu La(Feo,g5Si0,15)13 (1 1,549 A) Nhu Véy,
viéc thira La trong hop chét La(FeggsSip15)1; da
lam cho 6 mang bi co lai.



D.T.K. Anh / Tap chi Khoa hoc PHOGHN: Khoa hoc Tuw nhién va Céng nghé, Tap 33, S6 1 (2017) 1-14 7

LIRS B B B S B B B B B B B B S B B B B B N B B B B B B B S S B B S B B B B

3000r g § Lal,09(Fe0,SSSi0,15)l3 1
,;.} ~
= 2500r 1
B =
< S
= 2000 A .
=]
S
=
= 1500 1
Qe
= *
[=1)) ~ ~ = T
= S & 8 X
, 1000r8 & % =
g 4 2
> M&MUL@«M

500F
NaZng;; | 1 ' ' [ T O T T T O T I T N T T T I R I m
T T TN S TN N T T T N S T TN T T T T S T [N S T TN T TN T T T [N S TN T T T T T S 1
%0 30 40 50 60 70 80 90 100

20 (°)

Hinh 5. Sy phu thudc ctua cuong do nhiéu xa tia X vao gbc nhiéu xa trong hop chét Lay go(Feo 85S10.15) 13-

Tinh chiat nhiét dién cta hop chét
Lay go(Fey, 3581015)13 du:orc xac dlnh trén co sO
cac thong so dién tro suit, hé sb din nhiét, h¢
s6 Seebeck va dugc danh gia boi hé s6 pham
chat ZT.

Hinh 6a biéu dién su phu thugc vao nhiét do
cta dién tré sudt p(7) trong hop chit du Lantan
Lay go(Fegg5Sio1s)i3. Két qua cho thdy dién tro
sudt ting khi nhiét d6 ting. Khi nhiét do giam

140 T T
Lay g9(Feq g5Sio15)13 a)

130

P (uQ cm)
N
[=)

110

1000 100 200 300

T (K)

vé khong gia tri ctia dién tré sut khong giam
vé khong, ma trong ving nhiét d6 0 < 7<25 K
dudng biéu dién co dang duong cong (hinh nho
trong Hinh 6a) voi gia tri po = 1052 pQ-cm. O
ving nhiét d6 7> 50 K duong biéu dién p(7)
mang dic tinh cta kim loai, nhu vdy, hop chat
du Lantan La go(Feg5Sip, 15) ¢0 tinh kim loai voi
gia tri cua dién tro suat kha nho bang 134

uQ.cm tai nhiét d6 phong.
140 , , ,
b) Lay g9(Feg g5Sip 15)13
at T=300K
1354
5
S 130
=5
S~
QU
125¢ 1
1265 5 10 15 20

P (kbar)

Hinh 6. Sy phu thudc ciia dién tré suat p vao nhiét do (a) va ap suét (b)
trong hop chat La, go(Fegg5Sig,15)13 ¢ nhiét d6 phong.
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Anh huong cua ap sudt 1én dién tro suét
trong hop chét Lay go(FeossSio15)13 ¢ nhi¢t do
phong duogc chi ra trong Hinh 6b. Tai nhiét do
phong, dién tro suat giam khi ting 4p suat. Diéu
nay duoc ly gidi dua trén hi€u trng mang tinh
thé: sy thay d6i khoang cach giira cac nguyén tir
lam tang mat d¢ trong phd phonon, _tang nang
luong tu do (G) va qua trinh chuyen ddi pha
trong ciu trac din dén sy thay ddi cac thude
tinh vat 1y cua vat ligu. Tang ap suit, cac
nguyén tir tré nén gan nhau hon, khi d6 dién trd
suét cta kim loai dugc cho béi cong thirc: p =
m/ne2t trong d6, m - khéi luong dién tr va e -
dién tich khong phu thudc vao ap suit, chi co

10
La,go(FeogsSio sz &
8 L
a)

E
2 ©f
z
<

4 L

2 L

0 o 1 1

0 100 200 300

T (K)

thoi gian nghi 7 va mat d6 dién tich » 1a tang
theo 4p sut vi sb eletron tu do (N) khong thay
doi, trong khi thé tich ¥ giam khi ap suét ting
dan dén n = N/V ting. Két qua p cta kim loai
giam theo 4p suét.

Su phu thudc cua d6 dan nhiét vao nhiét do
x(T) cua hop chét La, go(Feog5S1¢,15)13 duge biéu
dién trén Hinh 7a. Tir d6 thi cho thy ¢ ving
nhiét do thip, hé sb dan nhiét kha nho, nhung
khi nhi¢t d6 tang thi hé s6 dan nhiét tang va dat
gia tri bang 9,6 W/K.m tai nhiét d6 phong 300
K. Xu huéng ciia dudong x(7) van tiép tuc ting
khi nhiét d6 tang trén vung nhiét d§ phong.

Orr; . . .
\ Lay oo(Feg g5Sio.15)13 116
%%,
@ i
-2 \ b) & e
g s, e
— o o 11.2 !
£ £ Y, 2
= \ S “, J x
~ % ° ~
s T4 \\ §‘? - N
D g 10.8
L ‘\ s |
%
61 SN 10.4
W, -
_8 1 1 1 L 0.0
0 100 200 300
T (K)

Hinh 7. Sy phu thuc vao nhiét do cua hé s6 dan nhiét « (a), hé s6 Seebeck o va hé s6 pham chét ZT (b)
trong hO’p chat Lalgog(Feoig5Si0’15)13.

Hé s6 dan nhiét x(7) cia mot vat liéu bao
g6m dan nhiét do dién tir x, va dan nhiét do
mang tinh thé Kpn va dugc xac dinh thong qua
biéu thire: k = ka(T) + x(T). S dong gop vao
hé s6 dan nhiét do dién tir duoc xac dinh 13 16n
hon so véi dong gdp cua mang tinh thé (xem
Hinh 7a) va ting tuyén tinh theo nhiét do, diéu
nay hoan toan phu hop véi 1y thuyét cua
Weidemann — Franz thong qua ham # = Lo7/p,
& d6 Lo 1a chi s Lorenz va bang 2,45 x 10
WOQK”. Trong khi dé, do din dién do mang
tinh thé gy ra tang tir 0 dén 2,0 W/K.m & ving
nhiét do thap (T < 50 K) sau do dat gia tri

khong ddi c& 2,5 W/K.m ¢ vung nhié¢t 46 77 >
100 K.

Su phu thuéc vao nhi¢t do6 cia hé $6
Seebeck « trong hop chat Lal,qg(Feo,gSSio,15)13
duoc c}}i ra trong hinh 7b. Hé s0 Sepbeck cua
hop chat c6 gid tri &m va tri tuyét doi 16n nhat
bang a =-5.5 uV/K tai nhiét do phong. Hé s6
pham chit ZT cua hop chit La, 0o(Feo5Sip 15)13
dugc xéac dinh théng qua biéu thirc:

ZT = o’ Txp (1)
Trong d6, p 1a dién tr& suét, k- hé sb dan nhiét

va a — hé s6 Seebeck.
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Duong biéu didn ZT(T) c6 dang gidng nhu
duong o T) nhung ddi ddu va c6 gia tri 16n nhat
& 200 K bang 1,55 x 107, bang 1,1x 107 tai
nhiét d6 chuyén pha Curie va bang 0,9 x 107 &
nhiét d6 phong.

3.3. Hé vdt liéu La,.,Ce,(Fe,Si);; [11]

Ché tao thanh cong hé mau La,. JCeFer
Siys6 (y = 0,1, 0,2; 0,3). Nhleu xa bot tia X da
chi ra cac mau don pha véi ciu tric tir dién loai
NaZn,; thuéc nhom khéng gian [4/mm. Héng
s mang va kich thudc hat déu giam khi ting
ndéng do Ce. Pidu ndy duogc giai thich 1a do ban
kinh cta nguyén tor Ce nhé hon ban kinh cta
nguyén tir La. Anh hudng cta nhiét d6 16n hing
$6 mang trén hé mau La, Ce,Fe;; 4451 56 vOiy =
0,1 va 0,3 da dugc chi ra. Két qua cho théy ca
hai mau déu xuét hién chuyén pha ciu trac &
nhiét do chuyén pha Curie. Tinh chit tir ctia céc
hO'p Chét Lal_yCeyFe“,44Si1,56 da CTIIOC khao sat.

9

Céc hop chat déu 1a cht sat tir & dudi nhiét do
chuyén pha Curie 7c. Nhiét d6 chuyén pha
Curie T va momen tir bio hoa M, déu giam khi
ting ndng d6 Ce. Chuyén pha tir gia bén di
dugc quan sit thdy trong hop chat
Lao,7Ceo,3Fe“,44Si1,56 g trén nhlét dé TC =183 K
thong qua cac duong cong Arrott plots. Hi¢u
mg tir nhiét di duoc tinh toan trong hop chat
Lao,sceo,zFenA44Si1,56-

Hinh 8 bidu dién gian dd nhidu xa bot tia X
cua hop chét La;,Ce,Fe;; 44Sips¢ ¢ nhiét do
phong. Ta thay, khi thay thé mot phan La bang
Ce céu tric tinh thé cua hop chit khong thay
ddi, cac hop chit déu két tinh trong cdu trac
loai NaZn;; (1:13) thudc nhom khong gian Fm-
3c. Tuy nhién, & goc 20 = 4323° két qua cho
thiy xudt hién mot peak la cia pha LaFeSi
trong cac hop chét. Ti 1é cua pha nay rat nho so
v6i pha 1:13 nén c6 thé bo qua.

12000

Cuong dd nhiéu xa (d.v.t.y)

La;_,Ce,Fe;y 48 56

~
[\
ey
[
-~

y=01

4000F 1
y=0.2

2000_ A A D .l R .L A e R 3 N VP SO W ]

NaZn13 1 1 (I R R R R R DN RN BN IR BN R N BN BN RN ] y-=10.3 L
0 TN T TN T A TN TN TN NS TN Y TN TN TN Y TN T TN TN TN TN Y T TN [N TN T T T T TN T Y TN A T T TN T N T N T

10 20 30 40 50 60 70 80 90 100
26 (°)

Hinh 8. Phé nhidu xa bot tia X cua céac hop chét La,.,Ce,Fe ;4451 56 (v = 0.0-0.3) 6 nhiét d6 phong.
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Két qua phan tich Rietveld cho thiy cac
nguyén tr La chiém cac vi tri 8a (0,25; 0,25;
0,25), trong khi d6 cac nguyén tur Fe chiém cac
vi tri khong dbi xtng 85 (0, 0, 0) va 96i (0;
0,1798; 0,1191) trong nhom Fm-3c. Két qua
cling d chi ra cac nguyén tir Si chiém mot cach
ngau nhién & cac vi tri 8b va 96i. Tinh toan
hing s6 mang cua hé¢ hop chat La,.
CeyFen 4451 56 cho thay tAt ca cac hop chét deu
c6 cau tric 1ap phuong loai NaZn,; voi hing s6
mang lan luot 1a: 1,1477; 1,1476; 1,1474 va
1,1471 A twong tng véiy = 0,0; 0,1; 0,2 va 0,3.

T T T 200

I3
A

3
M

La,_ Ce Fe; 44Si; 56 g
~ 1.150 B
E . 7 o0 3
g ‘ ©
on
| ]
£ 1.149 )
=} 1180 o
- Q)
2 =)
op 1.148 2
= q S
g )
== \\ 170 =T
1.147 &
2
Z
1.146 : ‘ ‘ 60
00 0.2 0%

Nong dd Ce

Hinh 9. Sy phu thl}(f)c cua héng sé mang a va nhiét
d6 Curie Tc vao néng do thay thé Ce trong hé hop
chat Lal_yCeyFe“,44Si1’56 (y = 0,1, 0,2, 0,3)

Nhu vy, hing s6 mang ciia hé hop chét La,.
yCeyFe44Sig 56 giam khi tang néng do thay thé
Ce cho La. Sy phu thudc cua héng ) mang vao
néng do Ce trong hop chét La,.,Ce,Fe;; 4451056
dugc chi ra trong Hinh 9, sy giam nay 1a tuyén
tinh va dugc cho 1a hién tugng “co Lanthan” do
ban kinh ion ctia Ce nho hon ban kinh ion La.

Tinh chat tir cia hé hop chat La,,Ce,Fe, 44
Siy 56 vO1 y=0,0; 0,1; 0,2; 0,3 dugc xac dinh thong

qua cac phép do: sy phu thudc cua tir d¢ vao
nhiét d6 M(7) va su phu thudc cua tir d6 vao tur
truong M(H). Khi do sy phu thudc cua tur do
vao nhiét d6 dbi véi tat ca cac hop chat két qua
cho thay cac hop chét déu ton tai chuyén pha tir
trang thai sat tir sang trang thai thuan tu tai
nhiét d6 chuyén pha Curie 7 (Hinh 10). Gia tri
cua nhiét do chuyén pha Curie dugc xac dinh tir
duong M(T) 1an luot 1a 197; 193; 185 va 175 K
twong tmg voi y = 0,0; 0,1; 0,2; 0,3. Nhu vay,
nhiét do chuyén pha 7T giam khi ting nong do
Ce nhu da biéu dién trén Hinh 9.

Sy thay d6i ctia nhiét do chuyén pha 7¢ theo
nong do thay thé Ce dugc giai thich dya vao
tuong tac T-T va R-R trong hop chat dat hiém
kim loai chuyén tiép. Nhiét do Tc chiu anh
huéng nho cia tuong tac R-T thong qua mdi
lién hé gitra cudng d6 twong tac trao ddi R-T
v6i nhiét d6 Tc cho béi biéu thic:

(T.-T,XT.-T,)
ART — 3k3\/ C R C T (2)
4ZRTZTR GR GT

Trong do: Zrr, Z1r 12 ) nguyén tr 1an can
tham gia va tuong tac; Gy, Gr = St(Srtl) la
thira s6 de Gennes ctia ion R va T twong Ung;
Tr va Trla dong gop cua phan mang R va phan
mang 7 vao Tc. Gia tri ciia Tc chi yéu do twong
tac T-T quyét dinh thong qua mdi lién hé cho
béi biéu thie:

3kgT,

C
Npp =————— 3)
" 4N T/JLz? Gr

Nhu vay, khi di tir dau diy dat hiém thi hé
sO Agr trong twong tac R-T giam di, nghia la
Atare > Acere do d6 nhiét @ Curie giam khi
thay thé La bang mot phan Ce. Dbi voi tuong
tac T-T khi tang néng dd6 Ce muc do bat trat tu
ctia hop chit giam xudng, din dén hé sb truong
phan tu nrr gidm nén nhiét do 7 giam.
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35 T T T T

La,_,Ce/Fe;; 448i 56

H=01T

251 @ o o y=0.0 b
e y=0.1
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5_
0 1 1 1
180 200 220 240 260
T (K)

Hinh 10. Su phu thugc cua tir do vao nhiét do trong
hé hOp chat Lal_yCeyFe“’44Si1,56 (y = 0,0, 0,1
and 0,2) & tu truong H= 0,1 T.

Dé khao sat vé loai chuyén pha tir trong cac
hop chét nay chung t6i da thuc hién cac phép
do duong tir héa dang nhiét cia hop chat
LaO,gCCO,2F611,44SiO’56. Hinh 11 bléu dlén cac
dudng cong tir hoa ding nhiét cia hop chit
LaO,SceO,ZFell,44Si0,56~

T T T T T T T T T
Lao,sceO,ZFell,MSil,Sﬁ
120
e 7 18K
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Hinh 11. Cac duong cong tir hoa déng nhiét
trén hOp chat Lao,gC€0’2F611’44Si1’56.

15000 ———————————————————
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F\ﬂ:w 1.8 K
o
W 180 K — 186 K
: 190 K - 200 K
__10000[-°¢ ""‘f‘? i
NQD 0" B
N: o, ,
£
K °
o g . e . 210K
5000( - L ]
o . e ]
o . s 20K
b 04 08 12 1.6 2
H/M (kOe g/emu)

Hinh 12. Cac dudng cong Arrot plots trén hop chit
Lay 3Ceg ke 44511 560

Ttr hinh 11 cho thiy cac dudng cong tir héa
ddng nhiét déu dat t6i gia tri bdo hoa trong ving
nhi¢t d6 dudi 185 K va hinh dang cac duong
khong thay d6i. Tuy nhién, hinh dang cua
duong tir hoa ding nhiét c6 su thay ddi rd nét
bt du trong ving nhiét d6 185 K + 200 K.
Céc duong tir hoa 1a tuyén tinh & ving nhiét o
T > 200 K. Dé thay rd sy thay doi nay, ching
t6i v& cic dudong Arrott plots cia hop chat
LagsCepoFe144Sipss (Hinh 12). Trong vung
nhié¢t d6 184 K + 200 K duong Arrott plots co
dang chir "S", ching t6 trong vung nhiét d ndy
trong hop chat xuit hién chuyen pha tir gia bén
(ngay trén nhiét do chuyén pha Curie Tc = 185
K).

Chuyén pha tir gia bén dong vai tro quan
trong trong bién thién entropy tur. Ngudn gbe
ctia chuyén pha tir gia bén 1a do su tach ving
ning luong cua cac dién tir dan 3d trong nguyén
tir Fe. Dudi tac dung cia tir truong ngoai du
16n, sy tach ving nay lam cho cuc tiéu ning
lwong cua sat tir nhd hon cuc tiéu niang lugng
cua thuan tur.

Chuyén pha tir gia bén déng vai trd quan
trong trong bién thién entropy tir. D6 bién thién
entropy tur AS,, theo nhiét do tuong ung voi do
bién thién tir truong ddi véi hop chéat La(Feogs
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Sip12)13 dugce xac dinh gian tlep tir ho cac duong
cong tir héa ddng nhiét théng qua biéu thirc:

~AS, =Y —— ! (M, —M., AH, (4)
T, T

Trong @6, Ti, Ti+ 12 gié tri nhiét d cua hai

dq(‘)’ng cong tr hoa dang nhi¢t M;, M., lién

tiep.

20F LaygCey,Fe ; 44Si 56 o 04T
. & 03T
o LaFe, 4Sij 54 © 02T
— B

—AS,, (J/kg K)

Hinh 13. Sy phu thudc vao nhiét d¢ cia do bién
thién entropy tir |-AS,,| dbi v6i cac hop chat
LaFel 1,44Si1,56 va La()’gce()’zFe] 1,44Si1,56 trong blén
thién tir truong AH=1T,2T,3 Tva4T.

Cu thé, chung toi di tinh toan hi¢u tng tir
nhiét ddi voi cac hop chét La(Feo 88810 12)13 va
Lag sCey 2Fe11 4451y 56. Hinh 13 biéu dién su phu
thudc ciia bién thién entropy tir vao nhiét do, ta
nhan thdy cic duong déu c6 dang dinh nhon
(caret-like) va & trén nhiét 6 chuyén pha Curie
do bién thién entropy dat gid tri cuc dai. Trong
bién thién tur truong AH =1 T, gia tri cuc dai
ctia AS,, = 10,69 J/kg'K nhan duoc dbi v6i hop
Chét Lao,gceo,zFell,44Si1,56 16n hon 65% so voi
hop chit chuwa thay thé La boi Ce
(La(Feog5Sig.12)13 vOi AS, = 6,52 J/kg'K). O
bién thién tir truong cao AH = 4 T gia trj
(ASom)max tinh duwoc dbi voi LagsCeoaFe 44Siys6
la 18,67 J/kgK, chi 16n hon 15,6% so voi hop

Ché(lt La(Feo,ggSio,lz)B (16,14 J/kgK) Nhu Vély,
khi thay thé mot phan La béi Ce hiéu ung tir
nhiét trong hop chét La(FegsSip12)1; da thay
do6i dang ké ¢ ving tir truong thap. Didu d6 mo
ra mdt kha nang Gng dung cua vat li¢u trong
viéc 1am lanh tir & ving tir truong thap.

4. Két luan

Khi thyuc hién dé tai QG.14.16, ching t6i da
ché tao thanh cong ba hé mau La(Fe;xSiy)s (x
=0,12; 0,14; 0,15; 0,18 va 0,21), h¢ mau du
lantan LaHg(Feo gSSi015)13 (6 = 0 03 0 06 va
0,09) va h¢ mau La,, y(Fe Si);3 (R = Ce, Ho,
Tb, Yb). Két qua do nhiéu xa bot tia X da chi ra
rang hau hét cac mau dugc ché tao déu don pha
két tinh trong cAu trac NaZnj; thuoc nhom
khong gian Fm-3c.

D6i v6i hé hop chat La(Fe,.Si,);;, di khao
sat sy hinh thanh pha NaZn,; khi x = 0,12; 0,14;
0,15; 0,18 va 0,21. Khi ndng do Si ting trong
hé La(FelXSix)n cO su chuyén tr chu tric lap
phuong sang cu tric tir dién trong pha NaZn;
do trat ti wu tién cia cac nguyén tir Fe va Si. O
nhiét do phong, hop chét La(Fe,Siy)3 két tinh
& chu trac 14p phuong trong ving 0,12 < x <
0,18 va tir dién khi x > 0,21. Khi noéng do Si
thay ddi cdu trac tinh thé va tinh chét tir trong
hop chat thay doi mdt cach déu dan. Céc théng
sO mang giam tuyen tinh khi nong do Si tang.
Nhiét do chuyén pha T¢ ting khi ndng do Si
tang con momen tir bao hoa M, giam tuyén tinh.
Nguyén nhan c¢6 thé do tinh sat tir ciia hop chat
giam lam thay ddi twong tac trao ddi giita dat
hiém — kim loai chuyén tiép 3d.

Véi hO'p Ché:lt du Lantan La1+5(Feo,g5Sio,15)13,
chung t61 thém lugng du La 6 = 0,03; 0,06 va
0,09. Cac tinh chét tir, tinh chat nhiét dién va
anh huéng cua 4p suit 1én dién tré sut va nhiét
d6 chuyén pha Curie. Két qua cho thiy khi ap
suat tang dién tro suat giam, diéu nay dugc giai
thich do sy co mang tinh thé khi 4p sut tang.
Nhu vay, khi ap sut thay doi cac thong sb cdu
truc thay d6i dan dén tinh chit tir va nhiét dién
thay doi.
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Déi v6i hop chit La,,Ce,Fey) 44Si; 56 (0,0 <
y < 0,3), tinh chit tir va hiéu ung tir nhiét da
dugc khao sat khi thay thé mot phan Ce cho La.
Do ban kinh cta ion Ce’" nho hon so véi ion
La®* nén su thay thé cua Ce cho La s& 1am cho
hang s6 mang co lai ting cudng hiédu tmg tir thé
tich va kéo theo sy giam cua nhiét do chuyén
pha Curie Tc. Gia tri 16n cua sy thay doi
entropy tir AS, = 18.67 J/kg-K nhén dugc ddi
voiy = 0,2 (tai AH =4 T) la do dong gop cia
chuyén pha bac nhit IEM trong vét liéu nay. So
v6i mau chua thay thé Ce cho La thanh phan Ce
thay thé 20% lam cho AS,, ting khoang 65% &
tir truong bién thién 1 T. Két qua nay hira hen
trong viéc ung dung vat li€u nay trong cong
nghiép lam lanh tur.
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Synthesis and Study some Physical Properties in the
Magnetocaloric Materials with a Cubic NaZn,;-type Structure

Do Thi Kim Anh
Faculty of Physics, VNU University of Science, 334 Nguyen Trai, HaNoi, Vietnam

Abstract: The formation of NaZn;; structural phase has been investigated in the La(Fe,Si,)3
compound system (with x = 0.12, 0.14, 0.15, 0.18, and 0.21). At room temperature, La(Fe;..Si,);3
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crystallize in the cubic structure for the range 0.12 < x < 0.18 and in the tetragonal for x > 0.21. When
the Si concentration changes the crystal structure and magnetic properties of the compounds changed
in the certain regularities. The lattice parameters decreased linearly by increasing the Si concentration.
Conversely, when x increases, increased Curie transition temperature 7¢ and saturation magnetization
M decreased linearly. It is caused by decreased Fe concentrations lead to decreased iron compound,
the exchange interaction between rare earth - transition metal changes. The thermoelectric properties
of La-excess Laj.s(FeossSigis)iz (0 = 0.06 and 0.09) alloys were investigated. The obtained results
demonstrated on one hand a linear increase of electric resistivity due to the increase in temperature, on
the other hand showed the increase of thermal conductivity. The thermopower showed the minimum at
around 200 K (near the reported 7¢) then increased again in the room temperature region. The
magnetic and magnetocaloric properties of Ce-doped inter-metallic compounds of form La;.
yCeyFe 4481156 (0.0 <y < 0.3) have been investigated. Since Ce** possesses a slightly smaller ionic
radius in comparison with that of La’*, the substitution of Ce for La induced a mere shortening of the
lattice constant which in turn raised the MVE and as a consequence the Curie temperature 7¢ of all
samples decreased simultaneously. A large value of magnetic entropy change AS,,, = 18.67 J/kg-K was
observed for y = 0.2 (at AH =4 T) which is believed to associate with the first-order IEM transition in
this material. The relative increase of AS,, due to 20% Ce-doping was around 65% under the field
change of AH = 1 T. These results are promising for the application of this class of compounds in
modern cooling technology.

Keywords: NaZnjs-type cubic structure, Itinerant-electron metamagnetic (IEM), magnetic
property, electronic property, magnetocaloric effect (MCE).



