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NGHIEN CUU TONG HQP HAT NANO Cu(Zn,Sn)Se2 CHO UNG DUNG
LAM LOP HAP THU TRONG PIN NANG LUQNG MAT TROI
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TOM TAT

Trong nghién ctru nay nhom tac gia tép trung vao nghién ciru tong hop hat nano Cu(Zn,Sn)Se:
(CZTSe) cho tmg dung lam l6p hap thu anh sang trong pin nang lugng mit troi. Cac hat nano sau
khi ché tao duoc phu thanh mang va duoc xir Iy & cac diéu kién khac nhau. Hat nano CZTSe duoc
tong hop bang phuong phap phun néng & nhiét d6 220 °C trong moéi truong khi nitrogen. Hat nano
CZTSe da thu duoc c6 cdu tric hoan toan don pha va kich thudc nim trong khoang 6-20 nm va do
két tinh cao. Cac mang mong CZTSe sau khi dugc xir 1y nhiét trong méi trudng khi nitrogen cho
thiy pha CZTSe bi phan hity thanh cac pha khac. Nguoc lai, khi xir Iy cac mang CZTSe trong moi
truong hoi selenium thi sw phan huy pha khong duge nhin thy, cac hat tinh thé ¢6 kich thude 16n
(~ 1um) duoc hinh thanh. Cac két qua nay chi ra rang cac hat nano CZTSe di téng hop duogc rat
tiém ning cho tng dung lam 16p hap thy trong pin ning lugng mit troi CZTSe.

Tw khoa: pin nang lwong mat troi; hat nano CZTSe,; phuong phap phun nong; xur Iy nhiét; moi
triwong hoi selenium
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ABSTRACT

In this study, we focus on synthesizing Cu (Zn,Sn)Se, (CZTSe) nanoparticles for applications as
light absorber layer in solar cells. The nanoparticles after synthesis are coated into films and
annealed at different ambiences. CZTSe nanoparticles are synthesized by hot-injection method at
220 °C in nitrogen ambience. The obtained CZTSe nanoparticles have a completely single-phase
structure and the diameter is in the range of 6-20 nm and high crystallinity. The CZTSe thin films
after being annealed in a nitrogen ambience show that the CZTSe phase is decomposed into other
phases. In contrast, when CZTSe films are annealed in a selenium ambience, the phase
decomposition was not seen, large crystal particles were formed and big crystal particles sized ~
1um. These results indicate that the synthesized CZTSe nanoparticles have a great potential for
applications as an absorbing layer in CZTSe solar cells.
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1. Gi6i thiéu

Céac vat liéu ban dan c¢6 cu tric chalcopyrite,
nhu  Cu(In,Ga)(S,Se).  (CIGS)  hoac
Cu(Zn,Sn)(S,Se)2, da thu hut dugc sy quan
tdm ctia nhidu nha nghién ctu trén thé giGi
cho g dung 1am 16p hap thy anh sang trong
pin nang luwong mat troi. Vat liéu
Chalcopyrite ¢6 nhiéu wu diém nhu hé sé hip
thu cao [1], [2] d& dang diéu khién d6 rong
vung cam [3], [4] va hiéu suat chuyén doi
nang luong cao [5]-[8]. Hiéu suét ciia pin mit
tro1 CIGS da dat 22,9% va cua CZTSe la
12,6% [9], [10]. Phuong phap ché tao pin mat
troi chalcopyrite kha da dang bao gdm chan
khong (phin xa hodc ddng bay hoi) va khong
chan khong (phuong phap in, dién phan, quay
phu va SILLAR) [11]-[16]. Pin mat troi
CZT(S,Se) c¢6 hiéu suat chuyén dbi thip hon
CIG(S,Se) nhung van dugc quan tdm nhiéu
vi chung sir dung cac nguyén td phd bién nhu
Zn va Sn. Pin mat troi CZT(S,Se) co thé dugc
ché tao bang cac phwong phap khac nhau,
ch:fmg han nhu in béng hat nano. Cac hat nano
CZTS da duoc su dung rong rai dé phat trién
16p hap thu [17]-[21]. Hat nano CZTS dé tong
hop bang phuong phap phun néng vi bot luu
huynh rit hoa tan trong dung méi & nhiét do
cao, chang han nhu oleylamine [22]. Mic dii c6
cac dac tinh thuan 1¢i, nhung hat nano CZTSe
hiém khi dugc st dung dé ché tao cac 16p hép
thu boi vi qué trinh tong hop hat nano CZTSe
kho khan hon so voi CZTS do bot Se khong tan
dugc trong dung moéi ¢ nhiét do cao.

Trong bai bao nay, nhém tac gia nghién ctru
tong hop cac hat nano CZTSe phu hop dé ché
tao 16p hép thu cho pin mat troi. Cac hat nano
CZTSe cén ¢6 cac dic diém sau: don pha,
thanh phan nghéo dong, do két tinh cao va
phan tan tt trong dung méi hiru co.

2. Phuwong phap nghién ciru

bé téng hop cac hat nano CZTSe, trudc hét,
0,36 g vién selenium (do tinh khiét 99,99%,
Sigma, Aldrich) dd dugc hoa tan trong hon
hop 4 ml oleylamine va 0,5 ml hexanethiol

(do tinh khiét 95%, Sigma Ald Aldrich) duoc
ky hiéu nhu dung dich A. Tiép theo, 1,2
mmol dong (II) acetylacetonate, 0,75 mmol
bis (2,4-pentanedionato) kém (II) (do tinh
khiét > 96%, Cong ty cong nghiép hoa chat
Tokyo) va 0,75 mmol thiéc (IV) Bis
(acetylacetonate) dibromide (d9 tinh khiét
97%, Aldrich) duoc tron voi 20 ml
oleylamine (d6 tinh khiét 70%, Sigma-
Aldrich) trong binh ba cd, dun nong dén ~
60°C va khudy tir trong 20 phit dé dam bao
hoa tan hoan toan tién chit trong dung méi.
Sau d6, nhiét d6 dugc tang 1én 130°C va duy
tri trong 30 phut va dung dich chuyén tir trong
sudt sang m& duc do su phan huy cua céc tién
chit. Nhiét do sau d6 duoc tang l1én t6i 220°C
va dung dich A dugc phun vao. Qud trinh
phan tng dé tao thanh cic hat nano CZTSe
duoc mo ta nhu sau:

Cu(0,CHy), + Zn(0,CH,), + (0,CH,), SnBr,

+Se %’ Cu(Zn.Sn)Se, + san pham phy
Sau khi phun, dung dich dugc giir & nhiét do
220°C trong 1 gio dé hoan thanh phan tng va
lam lanh xudng nhiét d6 phong. Cubi cung,
cac hat nano CZTSe duoc tach ra khoi dung
dich bang quay ly tim va duoc phén tan trong
dung mdi Toluene dé hinh thanh muc in nano
6n dinh.

Thanh phan pha va dinh huéng ua thich cia
céc tinh thé nano CZTSe duoc phan tich bang
nhiéu xa tia X (XRD) (D8-Advance, Dtc). Ty
1& nguyén tir cia cac nguyén t6 trong hat nano
CZTSe di duoc xac nhan bang phd tan sic
nang luong tia X (EDX) (Jeol JSM-7600F) &
dién ap gia toc 10 kV. Viéc quan sat kich
thudc va tinh dong déu cua cac hat nano
CZTSe voi d6 phong dai thip duge thuc hién
trén kinh hién vi dién tir quét (SEM) (Jeol
JSM-7600, Nhat Ban). Kich thudc hat, mat
phing mang di dugc do bang kinh hién vi
dién tir truyén qua véi d6 phan giai thuong va
do phan giai cao (HR-TEM) (JEM2100, Jeol).
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3. Két qué va ban luin

Hinh 1 1a anh SEM cua cac hat nano CZTSe
duoc téng hop & nhiét d6 220°C dudi modi
truong khi nitrogen bang phuong phap phun
nong. Két qua cho thay san pham thu dugc 1a
céc hat nano c6 kich thuéc kha dong déu voi
duong kinh hat duéi 20 nm.

Hinh 1. Anh SEM ciia hat nano CZTSe duwoc téng
hop o nhiét do 220 °C trong moi truong khi
nitrogen bang phwrong phap phun nong

CZTSe(112)

CZTSe(112)

Cuongdo /d.v.ty
CZTSe(112)

.2

20 30 40 50 60 70
2theta / do

Hinh 2. Gidn do nhiéu xa tia X cia hat nano
CZTSe dwge tong hop tai 220 °C bang phirong
phéap phun néng
Dé nghién ctru thanh phin pha cua cac hat
nano di thu duoc, nhom tac gia da tién hanh
do pho nhiéu xa tia X va két qua dugc mo ta &
trong hinh 2. Cac dinh nhiu xa duoc nhin
thiy & cac vi tri ciia goc 20 14 27,26, 45,24 va
53,63°. Cac vi tri ndy tuong tng voi dinh
huéng tinh thé (112), (220) va (312) ciia pha
CZTSe (JCPDS 52 - 0868). Két qua nay cho

théy ri“ing, cac hat nano thu duoc sau phan
ung l1a hoan toan don pha CZTSe, cac pha tha
cap khong dugc hinh thanh trong qua trinh
téng hop. Céc dinh nhiéu xa sic nhon, diéu
nay chi ra d6 két tinh cta cac hat nano CZTSe
1a khé cao.

‘

Hinh 3. Phé EDX ciia hat nano CZTSe dwoc tong
hop tai 220 °C bang phwong phdp phun néng

Hinh 3 13 ph6 tan sic ning luong tia x cta hat
nano CZTSe dugc téng hop bing phuong
phap phun néng. Két qua cho thiy ty 1é
nguyen tir ciia cac nguyén td trong hat nano l1a
Cu = 24,1%, Zn = 15,2%, Sn = 9,6% va Se =
51,1%. Viay cong thuc hod hoc ctua hat nano
thu dugc la Cuog7(Znos1,Snosg)Sez2. Thanh
phan gidu Zn, nghéo Sn cia hat nano CZTSe
thu duogc sau phan rng chéch khoi trang thai
can bang hoéa hoc c6 thé do mirc d6 phan tng
khac nhau cua cac tién chit kim loai [23]. Ty
1¢ nguyén tir cia Cu/(Zn+Sn) = 0,97 cho thiy
hat nano di tong hop dugc 1a nghéo dong.
Nhu vay, hat nano CZTSe thu dugc co dic
diém don pha, thinh phan nghéo Cu va Sn,
gidu Zn phu hop cho tng dung lam 16p hip
thu anh sang trong pin mat troi [24], [25] .

Dé nghién ciru sau hon vé kich thudc hat
cling nhu su két tinh cua tinh thé, cac hat
nano CZTSe di duoc chup bang phép do
TEM ¢ d6 phéan giai thuong va cao nhu dugc
trinh bay trong hinh 4. Theo nhu két qua, cac
hat nano CZTSe c6 dudong kinh nam trong
khoang ~ 6 - 19 nm. Theo nhu hinh 4(b), cac
mit phing mang duogc nhin thdy rd rang tir
trong ra ngoai bién hat, diéu nay cho thay cic
hat nano CZTSe két tinh rat tot va két qua nay
cling phu hop véi phd nhidu xa tia x nhu da
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phéan tich & trén. Céac hat nano CZTSe 1a kha
nho, do d6 chung phén tan tét trong dung moi
toluene dé hinh thanh myc in nano tmg dung
cho viéc ché tao mang moéng biang phuong
phép in.

@

Hinh 4. Anh TEM (a) va HR-TEM cua hat nano
CZTSe duwoc tong hop o 220 C
Sau khi téng hop thanh c6ng hat muc in nano
CZTSe, cic mang mong da duoc ché tao trén
dé kinh phi dién cuc molybdenum bang
phuong phap in gat dé nghién ctru didc tinh
céu trac cua mang hép thy anh sang cho pin
mat troi. Sau khi phu 1€n dé molybdenum, cac
mang hat nano CZTSe duogc xu ly ¢ 520°C
trong thoi gian 20 phat dudi moéi truong
nitrogen va hoi selenium nham tinh thé hoa
cac mang. Hinh 5 1a gian dd XRD cua cac
mang dugc xir ly trong cac méi truong khac
nhau. Truong hgp xur Iy trong moéi truong khi
nitrogen, ngoai pha CZTSe thi cac pha tha
cap gdm CuzSe, SnSe va MoSe; duoc quan
sat thay tai cic goc nhidu xa 20 = 26,08,

26,68, 31,22 va 34,12°. Su xuat hién cia pha
thir cdp cho thdy mang mong duogc ché tao tir
cac hat nano don pha CZTSe da bi phan huy
khi nung & nhiét d cao trong mdi truong khi
nitrogen theo phan ung:
Cu2ZnSnSes«—~Cu,Se+ ZnSe + SnSe + Se [26]
Phan ung phan huy vt ligu CZTSe ¢ nhiét do
cao la thuan nghich va phu thudc vao nhiét
do, ap suét chung trong budng xir 1y nhiét va
4p suét riéng cua cac nguyén td trong vat liéu.
Hinh 5(b) la gian 6 XRD cta mang hat nano
CZTSe dugc xuir ly trong mdi truong hoi
selenium. Chi c6 cac dinh nhiu xa sic nhon
ctia pha CZTSe dugc nhin thiy trén gian dd;
cac pha thir cAp khong xuét hién trong mang
sau khi nung. Diéu nay chi ra rang, d6 két tinh
cua mang CZTSe da ting 1én kha manh va
qua trinh phan huy pha CZTSe da khong xay
ra. Nhu vay, lugng hoi selenium trong buéng
xir 1y nhiét, ngoai viéc gitip mang két tinh tot
hon con c6 tac dung ngédn qua trinh phan hiy
vat liéu CZTSe ¢ nhiét do cao [26].

Hinh 6(a) 1a anh SEM bé mit ctia mang mong
CZTSe sau khi dugc xtr ly nhiét trong méi
truong khi nitrogen. So sanh hinh anh nay véi
anh SEM bé mit mang CZTSe trudc khi xur 1y
nhiét trén hinh 1 c6 thé thiy, mang CZTSe
dugc xu ly trong moéi truong khi nitrogen cho
thdy c6 sy hinh thanh cac hat tinh thé tir hat
nano CZTSe. Tuy nhién kich thudec cua cac
hat tinh thé nay van con kha bé. Mit khac,
nhu di phén tich gian d6 nhiéu xa tia x ¢ hinh
5, thanh phan pha ctia mang trong truong hop
nay la da pha. Ngoai ra, cac 16 nhé ciing dugc
nhin thy trén mang CZTSe sau khi xu ly
nhiét trong moi truong khi nitrogen. Do do,
cac mang CZTSe xu ly trong moi truong
nitrogen 14 chwa cho tng dung lam 16p hip
thu trong pin mét troi.

Hinh 6(b) 1a anh SEM bé mit cta mang xir Iy
nhi¢t trong moi trudong hoi selenium. Céc hat
tinh thé c6 kich thudc 16n ~ lpm di duoc
hinh thanh sau khi xir 1y. So v6i mang xt 1y
trong mdi truong hoi nitrogen, kich thude hat
tinh thé trong trudng hop nay 16n hon nhiéu
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lan. Kich thuéc tinh thé cia mang CZTSe xu
1y trong méi truong hoi selenium la hoan toan
phu hop cho tmg dung 1am 16p hép thy trong
pin mat troi.
4. Két luan

Hat nano CZTSe di dwoc tong hop thanh
cong bang phuong phap phun néng. Cac hat
nano sau khi ché tao dugc 1a hoan toan don
pha, két tinh tét, c6 kich thudc trong khoang
6-19 nm, phan tan t6t trong dung méi toluene.
Mang CZTSe, dugc ché tao tir cac hat nano
da tong hop, sau khi xtr Iy trong méi truong
khi selenium d3 hinh thanh cac hat tinh thé
16n véi kich thude ~ 1 pm, hoan toan don pha
va rat tiém nang cho mg dung lam 16p hip
thu anh sang trong pin nang lugng mat troi
CZTSe.
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Hinh 5. Phé nhiéu xa tia x cia cdc mang CZTSe
dwoc xuw Iy 0 520 °C voi thoi gian 20 phut trong
moi truong (a) khi nitrogen va (b) hoi selenium

T |
Hinh 6. Anh SEM bé mdt ciia mang CZTSe duwoc xir
ly trong cac moi triecong nitrogen (a) va (b) hoi Se
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