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DOI: 10.46223/HCMCOUJS. Hop chat Zinlt MgsSb, duoc biét dén 1a ban dan loai p ving
tech.vi.17.2.2290.2022 cam hep va duoc coi la vat liéu nhiét dién mang nhiing tinh chét day

hira hen vi cac nguyén té khong doc hai, than thién véi méi truong va

gia thanh thap. Trong nghién cau nay, cac hop chat MgsSh, pha tap
Ngay nhan: 12/05/2022 Si ,Vé. dféng pha tap fe va Si dugc Ché.'gao 'Fhévnh cdng bang phuqng

phép phan tng pha ran (két hop cta nghién bi nang lugng cao, ép ndng
Ngay nhén lai: 17/05/2022  \;3 nung théu két). Anh huong caa viéc pha tap Si va dng pha tap Fe,
Duyét ding: 18/05/2022 Si vao MgsSh, duogc khao sat trong khoang nhiét do tir 300 d¢én 673K.
Céc pha tap chat xuat hién trong cac mau pha tap duoc quan sat va
phan tich thong qua phép do nhiéu xa tia X (XRD) va anh FE-SEM.
Két qua phan tich tinh chat nhiét dién cho thiy d¢ din dién trong mau
pha tap Si duoc cai thién gap 02 lan trong khi mau dong pha tap Fe,
Si, hé s6 Seebeck dugc tang cuong dang ké so véi mau MgsSh, khong
pha tap. Gi4 tri hé s6 cdng suat cao nhat cho mau MgsSb1 4FeosSio1
dat 1.8 pyWemK2 ¢ 673K, gap 2.2 lan so véi mau khong pha tap.

ABSTRACT

MgzShz-based Zintl compounds are well known as intrinsic p-
type narrow bandgap semiconductors which can be considered as
promising candidates because of their non-toxic and inexpensive
elements. In this study, MgsSb> compounds doped with Si and co-
doped with Fe and Si have been successfully prepared by the solid
phase reaction method (Combination of high-energy ball milling, hot
pressing, and sintering). The thermoelectric properties of Si-doped
and (Fe, Si) co-doped on the Sb sites of MgsSbh> compounds were

Keywords: investigated in the temperature range of 300-673K. The secondary
phases of SiSbhz and FeSb were found in the doping samples. The
thermoelectric results showed that the electrical conductivity strongly
increased in the Si-doped sample, while the additional Fe doping
further enhanced the Seebeck coefficient compared to the undoped
MgsSh. sample. The highest power factor value was observed in the
co-doped Fe, Si sample. The maximum value of the power factor in
MgsSbi.4FeosSio1 was 1.8 pWem K2 at 673K, which is around ~ 2.2
times higher than that of the undoped sample.
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1. Mé dau

Trong bdi canh thiéu hut nang luong nhu hién nay thi linh vuc chuyén ddi nhiét dién vai
wu diém 13 mot ngudn ning luong tai tao, than thién véi moi truong dang trd thanh muyc tiéu nghién
clru ctia cac nha khoa hoc trén thé gigi. Vat liéu nhiét dién la vat liéu c¢é kha nang chuyén ddi truc
tiép nguén nang luong nhiét thanh nang lugng dién va nguoc lai. Hiéu Suat Chuyén ddi nhiét dién
duogc xac dinh qua gia tri cua hé sé pham chét nhiét dién ZT véi ZT = S?0T /k, trong d6 S 13 hé
s6 Seebeck, o 1a 6 dan dién, k = k, + K; 1a 6 din nhiét (véi K, 1a dong gop cua hat tai va k; 1a
dong gop cua mang tinh thé hay phonon) va T 13 nhiét d6 tuyét déi (Duong & ctg., 2016). THi wu
gia tri ZT cua vat liéu dang 1a muc tiéu nghién ciru hang dau va yéu cAu vat liéu ¢6 dai lugng hé
s6 cong sudt (power factor) S2¢ cao va do din nhiét thap (Champier, 2017; Yang & ctg., 2015).

Mot s6 hé vat lidu nhiét dién cho tinh chat nhiét dién tot nhu BixTes (Kim & ctg., 2015;
Shin & ctg., 2018), SnSe (Chang & ctg., 2018; Duong & ctg., 2016), hop chit GeTe (Nshimyimana
& ctg., 2020), PbTe (Caylor, Coonley, Stuart, Colpitts, & Venkatasubramanian, 2005); hop kim
half-Heusler (C. Fu & ctg., 2015; Zhu & ctg., 2019), ... dang dugc quan tdm nghién clru va cho
gia tri ZT cao, dap tng t6t cho qua trinh tng dung vao ché tao céc thiét bi chuyén dbi nhiét-dién.
Nhung cac hé vat li¢u trén c6 nhugc diém gi4 thanh cao va tinh doc hai 16n. Mgt hé vat liéu nhiét
dién v6i cac wu diém chi phi thap, than thién véi moi trudng va cho tinh chat nhiét dién kha tot
dang dugc chu ¥ nhitng ndm trd lai day, d6 1a MgsShz véi ban chat 1a ban dan thuan loai p va ving
cam hep. Viéc hat tai dién chu dao 13 18 tréng dén tir nhitng khuyét thiéu Mg (intrinsic Mg vacancy)
trong mang tinh thé va qua trinh lam du thira Mg trong hop chét duoc ching minh 13 diéu kién
quan trong chuyén tir ban dan loai p sang n (Tamaki, Sato, & Kanno, 2016). Mot s6 cong bd khoa
hoc gan ddy da cai thién dugc dang ké gia tri ZT cla vat lidu Zinlt nay thong qua phuwong phap pha
tap, dién hinh nhu Bi, Te, Sn thay thé vi tri cia Sb v&i ZT lan lugt dat 1.65, 0.78 va 0.42 (Wang
Zhang, Liu, Zhang, & Yue, 2020; Wang & ctg., 2020; Yangzhong, Zhang, Wang, Liu, & Zhang,
2019) hay thay thé vé phia nguyén t6 Mg bang Na, Ag (Y. Fu, Zhang, Liu, Tian, & Zhang, 2018;
Shuai & ctg., 2015) di dat duoc gia tri ZT nam trong khoang [~0.6 - 0.66] hay thong qua dong
pha tap c&c nguyén té nhu Ren va céc cong su véi viéc ddng pha tap Na va Zn véi ZT cao nhat 0.8
& 773K (Ren & ctg., 2018); Tang va cac cong su voi dong pha tap Li va Cd véi ZT ting gip 03
1an so v&i mau khdng pha tap (Tang & ctg., 2020); ¢ong pha tap Cd va Ag caa nhom tac gia Xiao
va c4c cong su ciing cho nhitng két qua cai thién tinh chat nhiét dién caa vat liéu nén MgsSha véi
dinh ZT dat 0.75 & 773K (Xiao & ctg., 2021).

O bai bao nay, ching tdi chon Si va Fe lam thanh phan pha tap vi chua c6 két qua cong bd
khoa hoc nao vé topic nay ciing nhu day 1a nguyén t6 khong doc hai, gia thanh thap. Anh huong
cua viéc pha tap Si va ddng pha tap (Fe, Si) I&n tinh chat nhiét dién cua vat liéu ban dan loai p
MgsShz da duoc nghién ctu. Thong qua két qua phan tich FE-SEM va XRD cho thay viéc hinh
thanh cé&c pha ciu tric méi dugc trong hop chat nén MgsSh, da gop phan dang ké cai thién tinh
chat nhiét dién. Po din dién duoc ting 02 1an so véi mau khong pha tap khi pha tap Si voi pha
SiShs c6 dac tinh dan dién tot. Trong khi d6, viéc hinh thanh va két hop caa ca hai pha SiSbs va
FeSb gop phan 1am ting dang ké hé s Seebeck cua vat liéu. Két qua cho gia tri hé s cong suat
cai thién 1.7 1an va 2.2 1an lan luot v6i mau pha tai Si (PF = 1.38 pWem™K2) va ddng pha tap (Fe,
Si) (PF = 1.8 pWem™K?) so véi mau khong pha tap (PF = 0.81 pWem™K?) & nhiét ¢ 673K.

2. Thyue nghiém

Vit liéu c6 do tinh khiét cao (Bot Mg 99.5%; Sb 99.5%; Fe 99.9% va Si 99.5%) duoc can
theo thanh phﬁn danh dinh la MgsShz, Mg3Sb1.9Sio.1 va MgsSbh1.4FegsSio.1 lan luot voi téng khéi
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lwong 10g. Sau d6, mau dwoc nghién trong may nghién bi ning luong cao (model: FRITSCH
pulverisette 7, Germany) vai cdi va bi 1am bang vat liéu Tungsten carbide trong 02 gid, téc do 700
vong/phit. Han hop sau khi nghién duoc cho vao khuén ép duong kinh 12mm va ép nong & &p
suit 50MPa, nhiét do 250°C trong 01 gio. Hop kim dang khéi tru sau khi ép néng duoc nung &
nhiét d6 600°C trong moi trudng Ar trong 60 phit. Mau sau khi nung dugc cit thanh hinh hop chix
nhat kich thuéc 2x2x12mm dé do khao sat tinh chat nhiét di¢n. Hinh thai bé mat va cau tric cia
vt lidu duoc khao séat bang phd nhidu xa tia X (XRD) va kinh hién vi dién tir quét do phan giai
cao (FE-SEM). Tinh chat nhiét dién cua vat liéu duoc khao sat thdng qua hé do dic trung Seebeck
(S) va do dan nhiét (o) theo nhiét do.

3. Két qua va théo ludn
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Hinh 1. Pho nhiéu xa tia X (XRD) ctia cdc mau MgsShz, MgaSby.eSio, MgsSbi aFeosSios va
pho chuan nhiéu xa cia MgsShz (#mp-2646) dé so sanh

Ngudn: Data cua téc gia

Két qua khao sat hinh thai cau trdc qua phd nhidu xa tia X (XRD) duoc thé hién ¢ Hinh 1.
Phan tich phé XRD cho thiy tit ca cac mau MgaShz, MgsSbi eSio1 va MgsSbi sFeosSio1 déu co
cau trac luc giac (hexagonal) MgaSh, (# mp-2646), thuoc nhom khong gian P3m1 khi so sanh véi
phd chuan. O mau khdng pha tap MgsSbz va mau pha tap Si MgsSbi.eSio.1 xuat hién cac dinh nhiéu
Xa Sb tai cac vi tri goc 26 lan luot tai 28.9° va 42.3° (dugc danh dau * trén d6 thi). Viéc xuat hién
pha Sb chimg to rang Sb con du thira trong vét liéu. Didu nay 13 do (1) trong qua trinh ché tao mAu,
mdt lwong nho Mg bi bay hoi khién cho hop chit ban dau bi thiéu hut Mg; (2) do ban chat ctia hé
vat liéu MgaShy véi dic diém 1a ton tai nhimng vi tri khuyét thiéu Mg khi hinh thanh pha MgsSbs.
Sy ton tai cua cac chd tréng Mg da giai thich dac tinh ban dan loai p cua vat liu MgsSh, (Mao &
ctg., 2017; Ohno & ctg., 2018). Phd XRD con quan sat dugc & cac mau cé pha tap ton tai mot
lwong nho SiSbz (#mp-972794 - P6z/mmc) (dugc danh dau ¢ trén Hinh 1) do khi dua Si véio trong
hop chét, lwong Sb con du s& két hop véi Si tao thanh pha SiSbs cing cau trac hexagonal xen ké
vao MgsSh,. Pic biét & mau dong pha tap, Fe va Si cung két hop voi luong Sb du tao thanh dong
thoi pha hexagonal FeSb (#mp-2619 - P6z/mmc) vdi peak ¢ vi tri 20 = 31.2° va SiSbs v6i cuong
d6 nhidu xa 1 rang hon va cac dinh nhiéu xa thudc Sb da bién mit do Sb du thira da phan tng hét
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sau khi pha tap ca Fe va Si. Cac pha méi dugc hinh thanh trong vat li¢u dugc quan sat thong qua
phép do FE-SEM.

’ 300 nm
! H

Hinh 2. Anh FE-SEM bé mit ciia cac mau (a) MgsSh; (b) MgsShi.9Sio.1 va (c-d)
Mg3Sb1.4Feo.5Sio.1 sau khi dugc dap vo

Ngudn: Data cua tac gia

Hinh 2 biéu dién anh chup chat lugng cao bé mit thuc té cua cac mau MgsSbz khéng pha
tap va pha tap bang kinh hién vi dién tir quét phét xa truong (FE-SEM). Hinh 2(a) 1a ciu trac bé
mat ciia mau thuan MgsShy, cho thiy cau tric c6 lién két twong d6i tét nhung van ton tai nhitng 16
va vét niat sinh ra trong qué trinh ché tao vat liéu. Theo két qua phan tich phd XRD, sau khi pha
tap Si va dong thoi Fe, Si vao vat liéu nén MgsSb; thi trong cau triic caa vat liéu xuat hién thém
c4c pha tap chat. Hinh 2(b) 12 anh FE-SEM caa mau MgsSh1 9Sio.1 cho thay nhitng cau trdc cac
tdm dia mong hinh luc giac, c6 do day c¢& vai nanomet thudc vé pha SiSbs c6 cau tric luc gidc moc
xen k& nhau. Déi voi mau MgsSb, dong pha tap, cac hinh thai cu trdc caa pha tap chat SiShs va
FeSb ¢6 cung cau tric luc giac cling duoc phat hién (ving khoanh tron mau do) va phan bé khéng
ddng déu (Hinh 2(c)). Pong thoi anh chup ciing cho thay mau MgsSbi.sFeosSios ton tai nhitng
ranh nut trén bé mat va s& anh hudong dén céc tinh chat dién (phan tich sau). Hinh 2(d) la anh phong
to ciia ving hinh chit nhat do trén Hinh 2(c) dé thiy rd cAu tric dang dia ctiia céc pha tap chat.
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Hinh 3. Su phu thudc cua (a) d6 dan dién o va (b) hé sé Seebeck S vao nhiét do cua cac mau
MgsSh2, MgaSb1.9Sio.1 va MgaSh.4aFeosSio.1

Ngudn: Data cua tac gia
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Sy phu thudc caa d6 din dién va hé sé Seebeck cua cac mau MgsShz, MgaShi oSio1 va
Mg3Sbi.4FeosSio.1 theo nhiét do khao sat trong khoang 300K dén 673K duoc thé hién qua Hinh 3.
Hinh 3(a) biéu dién d6 dan dién cua cac mau déu ting dan khi ting nhiét d6 khao sat, thé hién dac
tinh cua chét ban dan khdng suy bién. Dbi véi mau chi pha tap Si, 46 dan dién ting gip 02 lan so
v6i mau khong pha tap. Biéu nay cho thay vai tro cua Si khi thay thé vi tri Sb trong mang tinh thé
cling nhu dong goép mot phan caa Sb con du va dic tinh din dién tét cua SiSbs da cai thién dang
ké gid tri do dan dién. Trong khi d6, mau MgsSb, dong pha tap Fe va Si cho do dan khong cao &
mién nhiét d6 dudi 600K. Nguyén nhan 1a do nhitng vét nit trén bé mat cua vat liéu cung voi pha
tap chit FeSb hinh thanh trong vat li¢u dugc cho 1a 1am ting cuong hi€u trng tan xa cta cac hat tai
dién trong mang tinh thé, anh huong tiéu cuc dén do dan dién cua vat liéu (Yu & ctg., 2013). Tuy
nhién viéc ting d6 dan dién cua vat lidu nhiét dién chi co y nghia khi hé s6 Seebeck luén giit ¢
mitc cao dé khong l1am anh huong dén gia tri hé sé cong suat do thong thudng, do dan dién va hé
s6 Seebeck c6 méi lién hé ti 1é nghich vai nhau. Qua Hinh 3(b) thé hién sy phu thudc cua hé
Seebeck theo nhiét do, ta thay rd duoc tinh dung din cua nhan dinh trén. Tuy cai thién dang ké 4o
dan dién sau khi pha tap Si nhung hé s6 Seebeck ctia mau MgsSbi 9Sio.1 thap hon va chi cho gia tri
gan tiém can voi mau khdng pha tap. Gié tri cao nhat cua S dat 175 uWK™ so v6i 196 pVK™* cia
mau MgsSh; tai 673K. Trong khi d6, viéc dong pha tap Fe va Si tuy cho gia trj d6 dan dién khiém
t6n nhung hé sé Seebeck cuia vat lidu rt cao va xu huéng khéc so véi hai mau con lai. Hé sb
Seebeck ctia mau MgsSbi 4FeosSio1 giam cham theo chiéu tang ctia nhiét do khao sat nhung van
& mirc cao trén ca dai nhiét do do va gia tri trung binh ctia S trén 300 pVK™. Qua viéc khao sit do
dan dién va hé sé Seebeck ctia mau MgsSb pha tap Si va dong pha tap (Fe,Si) ta thiy dugc mbi
lien hé tac dong 1an nhau cia o va S va 1a tinh chat thu vi cta vat liéu ban dan nhiét dién. Mau pha
tap Si cai thién duoc do dan dién nhung hé sb Seebeck suy giam doi chut, trong khi vi¢c déng pha
tap giltt dugc gia tri do dan tiém cén vi mau khong pha tap nhung cai thién dang ké hé s6 Seebeck.
Ca hai van dé déu thuc sy co y nghia trong viéc cai thién hé s6 cong suit cua vat liéu.
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Hinh 4. Su phu thudc cua hé s6 cong suat (PF) vao nhiét do cua cac mau
MgsSh2, MgsSh1.9Sio1 va MgaShi 4aFeosSio.1

Ngudn: Data cua tac gia
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Hinh 4 biéu di&n sy phu thudc caa hé sb cong suat (PF) vao nhiét do ciia cac mau MgaShy,
Mg3Sh1.eSio1 V& MgaShiaFeosSio1 va dugc xac dinh qua hé thiec PF = S% véi S 1a hé s6 Seebeck
va o 1a gia tri d6 din dién cua vat lidu. PF cia cac mau déu cho gié tri tang dan khi ting dan nhiét
d6 khao sat. i vai mau pha tap Si, PF dugc cai thién rd rét so vai mau thuin MgsSh, va dat gia
tri 16n nhat PF = 1.38 pWem™ K tai 673K, ting gap 1.7 lan so véi gié tri PF = 0.81 pWem™K2
ctia mau MgsSbz & cling nhiét do khao sat. Dac biét, viéc dong pha tap dong thoi ca Fe va Si vao
nén vt liéu MgsSbz con nang cao gia tri hé sb cong suat hon nita thong qua PF dat dinh véi gia tri
1.8 pWem™K2 tai 673K, tang gip 2.2 lan khi so sanh voi mau khong pha tap.

4. Két ludn

Nhu vay, cac hop chat MgsShz va MgsSb, pha tap Si va d¢ong pha tap (Fe, Si) duoc ché tao
thanh cong bang phuong phap phan ung pha ran (su két hop giira nghién bi ning luong cao véi ép
néng va nung théu két). Anh hudng cua cac cau trlic pha tap chat hinh thanh trong vat liéu nén sau
khi pha tap Si va dong pha tap Fe, Si dén tinh chat nhiét dién cua MgsSb, da dwoc nghién ctu
thdng qua két qua phan tich phd XRD, anh FE-SEM va cac phép do tinh chat nhiét dién. Két qua
cho thay hé sb cong suat da duoc cai thién dang ké so vai vat liéu thuan sau khi pha tap. PF cua
mau pha tap Si va dong pha tap Fe, Si lan luot ting gap 1.7 1an va 2.2 lan so véi mau khdng pha
tap MgaShs.
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