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Tong hop va tinh chat quang cia vat ligu huynh quang ¢-ALO, pha tap Mn*
phat xa d6 d4m tmg dung cho dén LED chiéu sang chuyén dung cy trong

Nguyén Vin Quang’
Truong Pai hoc Su pham Ha Noi
Ngay nhédn bai 25/1/2022; ngay chuyén phan bién 28/1/2022; ngay nhan phan bién 1/3/2022; ngay chip nhan ding 4/3/2022

Tém tit:

Bot huynh quang phat xa dé o-Al,O,:Mn** duoc ché tao bang phuong phap dong Kkét tiia va thiéu két ¢ nhiét d¢
1000-1500°C trong khong khi. Anh hu'()’ng ciia nhlet do thiéu két va ndng do Mn** dén tinh chit quang cuia vat liéu
dwge nghlen ciru. Két qua XRD chi ra rang, céu tric tinh thé AL O, mang tinh thé luc gidc co cau tric khong glan
R.C. Phé kich thich ton tai 2 viing hip thu véi 2 buée séng cu’c dal tai 399 va 568 nm, dwgc gin cho sy chuyén
d1ch ning lugng ‘A, (F)—»“T () va ‘A, (F)—T, [(F). Dudi buéc séng kich thich 399 va 568 nm, bot huynh quang

a-ALO,:0,1% Mn* phat ra anh sang mgu dé manh 6 bwéce séng 694 nm do chuyen mirc ning lwgng 2Eg—>“A Mot
dén LED d6 dwgc ché tao bang cach phii bot ALO,:0,1% Mn*" 1én chip violet nam trong vung anh sang do dam Tu
nhirng Kkét qua thu dwgc cho thay, a-ALO, Mn4+ co tiém ning trong san xuét LEDs phat xa do chiéu sang chuyén
dung cho ciy trong.

Tir khéa: phat xa d6 dam, phwong phap dong két tia, ting truong thue vat, a-ALO,:Mn*.
Chi s6 phén logi: 2.5

Pat van de Thuc nghiém va phuong phap nghién ciiu

Anh sang anh huong 16n dén qua trinh ting truéng cua
cdy trong boi né rat can thiét cho qua trinh quang hop [1,
2]. Diép luc cua cdy trong hip thu anh sang trong ving
nhin thdy gém: anh sang xanh dwong (425490 nm), do
(620700 nm) va do xa (700+740 nm) [1-3]. a-ALO, co6
nhiéu tinh chit wu viét nhu: tinh chét co hoc tét, dn dinh vé
mdt hod hoc va khong doc hai. Bac biét, a-Al O, dé dang
pha tap v6i cac kim loai chuyén tiép va nguyén t6 dat hiém.

Trong s6 cac kim loai chuyén tiép, ion Mn** phat quang
manh cho phat xa vung dé 660+700 nm va do xa 700+740
nm tuy thudc vao mang nén nod tuong tac. Ba c6 cong trinh
nghién ctru bot huynh quang AL O, pha tap Mn*" cho phét
xa ving do [4]. Tuy nhién, chua c6 cong bb nao nghién ciru
tiém nang ung dung cho LED ting trudng thuc vat.

Trong nghién ctru nay, bot huynh quang a-AlO, pha tap
Mn*" phat xa mau do da dugc ché tao bang phuong phap
ddng két tia két hop v6i thiéu két nhiét trong moi trudng
khong khi. Anh huong cua nhiét do thiéu két dén cau trac
mang tinh thé, kich thudc hat, tinh chat quang ciing nhu dnh
huong ctia ndng do pha tap Mn*" da duoc nghién ciru dé tim
ra néng d6 t6i vu. Pic biét, thir nghiém ché tao LED phat
xa anh sang do st dung vt liéu AL O, pha tap Mn*" va chip
viloet 410 nm ciing duoc nghién ctru. Cac két qua sé duoc
thao ludn chi tiét & phan sau.
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Thwc nghiém

Vat liéu huynh quang pha tap a-Al,O;Mn*" dugc tong hop
bang phuong phap dong két tua két hop v6i thiéu két nhiét
trong khong khi sir dung céc tién chat sau: AI(NO,),.9H,0
>98% (Slgma) dung dich Mn(NO,), ndéng do 48 52%
(Sigma); NH, nong d6 25% (Sigma).

Quy trinh téng hop dwoc thyc hién nhu sau: du tién
Al(NO,);.9H,0 va Mn(NO,), dugc hoa tan trong nudc cat 2
lan va khuay o nhiét do phong tao hon hop dong nhét (dung
dich A). Sau d6 chuén bj dung dich NH, 2 M vao che thuy tinh
(dung dich B). D6 tir tir dung dich A vao B thu dugc két tia.
Tiép theo sy kho két tua & 180°C, 3 gidr trong khong khi. Cubi
cung nung két tia kho & nhiét do 1000-1500°C, 5 gio trong
khong khi (bang 1).

Bang 1. Khéi lwong cac chat tdng hop bot huynh quang
a-ALO_:Mn*,

Mn* AI(NO,),.9H,0 Mn(NO,),
(% mol) ©® )
0,05 25,4959 7
0.1 2548314 14
03 2543212 )
0,5 25,3811 70
0.7 2533 98
10 25,2535 140
1,2 25,2025 168
1,5 25,126 210
19
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Abstract:

Red-emitting  0-ALO;:Mn*  fluorescent powders were
prepared by co-precipitation method and sintered at 1000
to 1500°C in the air. Effects of sintering temperature and
Mn* concentration on the optical properties of the materials
were investigated. The X-ray diffraction (XRD) showed that
the crystallinity of ALO, belonged to hexagonal with R,C
space group. The excitation spectrum consisted of two broad
intense bands centered at 399 and 568 nm and was assigned to
4Azg(F)—>“Tlg(F) and “Azg(F)—>“T2 (F) transitions, respectively.
Under the excitation wavelengtﬁs of 399 and 568 nm, the
0-AL0,:0.1% Mn* phosphors emitted efficient red light at
694 nm caused by ’E —>“Azg transition. A red LED is made by
coating A1,0,:0.1% Mn* powder on a violet chip located in the
deep-red light region. These results showed that a-Al,O,:Mn*
has the potential to produce red LED lightings for plants.

Keywords: co-precipitation method, deep-red emitting, plant
growth, a-ALO,:Mn*.

Classification number: 2.5

Céc phan tmg tong hop 0-ALO,:Mn* gom:

AI(NO,), + 3NH, + 3H,0 — AI(OH), + 3NH,NO,
Mn(NO,), + 2NH, + 2H,0 — Mn(OH), + 2NH,NO,
AI(OH),. Mn(OH), + 0, — ALO,:Mn* + H,0

Phwong phdp nghién ciru

Hinh thai bé mit ciia vét liéu duoc quan sat boi kinh hién vi
dién tir quét phat xa truong (FE-SEM, JOLL LSM - 7600F), cau
triic tinh thé duoc xac dinh béng gian d6 nhiéu xa tia X (XRD,
Rigaku D/MAX-2500) ¢6 bude song t6i A, =1,5406 A, goc quét
20-70°. Nghién ctru tinh chat quang thong qua phép do phd huynh
quang (PL) va phd kich thich huynh quang (PLE) sir dung thiét b
quang phd NanoLog (Horiba Jobin Yvon) c¢6 ngudn kich thich 1a
dén Xenon véi cong suat 450 W. Cac mau khao sat duge do & nhiét

d6 phong.
Keét qua va ban luan
Céu tric tinh thé

Cac mau XRD cia vat liéu a-ALO,:Mn** t}}iéu két ¢
1000-1500°C, 5 gi¢ trong khong khi va the chuan JCPDS
#46-1221 dugc thé hién ¢ hinh 1.
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Hinh 1. XRD cua vat li¢u a-Al,0,:Mn* thiéu két & 1000-1500°C,
5 gio trong khong khi.

Két qua hinh 1 cho thdy, da xuét hi¢n dinh nhidu xa &
cac goc 20=25,511, 35,115, 37,697, 52,371, 57,471, 59,659,
60,999, 65,426 va 68,126 g vai cac mit phing (012), (104),
(110), (113), (024), (116), (122), (214) va (300) ciia cu tric
tinh thé Hexagonal a-ALO, (JCPDS#46-1221). Két qua nhan
dugc cho thay, khong co sy 1éch dinh nhicu xa baoi vi ban kinh
cia AIP* (0,535 A) va Mn* (0,53 A) khong c6 sy khic biét nhau
nhiéu [5-9]. Ngoai ra, quan sat két qua hinh 1 khong thdy cac
pha tinh thé khéc, diéu nay ching t6 vat liéu thu dwoc don pha.

Kich thudc tinh thé (D) dugc tinh theo cong thirc ctia Scherrer:

)

_ Ka
- B.Cos6

trong d6: K: hing sb (0,9); A: budc song t6i XRD (A=1,54 A);
B: ban do rong dinh nhiéu xa cuc dai.

Két qua tinh kich thudc tinh thé trung binh tuong tmg voi
mit phang (113) cta vat liéu khi thidu két ¢ nhiét do 1000-
1500°C dugc thé hién & bang 2.

Bang 2. Kich thwéc tinh thé trung binh cla a-Al,0,:0,1%Mn*
thiéu két & nhiét doé 1000-1500°C, 5 gi& trong khéng khi.

Nhiét dg (°C) Kich thude (nm)
1000 38,702
1100 38,789
1200 39,627
1300 40,771
1400 41,661
1500 42,497

Két qua bang 2 cho thay, kich thudc tinh thé ting khi nhiét
d6 thiéu két tang va kich thudc trung binh 16n nhat dat ~42,497
nm, g véi mau nung & 1500°C, 5 gid trong khong khi.

Tinh chit quang ciia vit ligu

PLE va PL: két qua PLE va PLALO,:0,1% Mn* thiéu két &
1500°C, 5 gio trong khong khi dugc thé hién & hinh 2.
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Hinh 2. Két qua PLE cua ALO.:0,1% Mn* tai bwéc séng 694
nm (A) va PL AL,O,:0,1% Mn* tai bwéc séng 399 va 568 nm (B).

Quan sat hinh 2A cho thay, khi kich thich tai budc song
694 nm phd hap thu ¢ 2 ving 320460, 480600 nm dat cuc dai
& bude song 399 va 568 nm. Nguyén nhan ving hap thu nay 1a do
su chuyén muc ndng lugng *A, (F)—*T, (F) va “A, (F)—T, (F)
[9-11].

Két qua hinh 2B cho théy, khi kich thich bing budc song 399
va 568 nm nhan dugc pho phat xa dinh cao nhat & 694 nm, nguyén
nhan dinh phét xa Ia do sw chuyén nang luong °E —*A,_trong ion
Mn*. Két qua nhan duoc ciing chi cho ring, ngoai dinh phat xa 694
nm con quan st dugc cac dinh nhidu xa khac v6i cuong do yéu hon
0 658, 668,705 va 713 nm [9-11]. Nguyén nhan cua cac dinh phat
xa nay la do chuyén mic nang lugng spin cam 2Eg—»“A va lién
két vai sy chuyén tiép dugce hd trg phonon ciia ion Mn** [12 13].

Dua vao gian do Tanabe - Sunago tinh duoc ty 1& Dg/B theo
phuong trinh sau:

E(*Azg— *Tyg) )

10

Dy =

E(4A2g—>4T2g) 12 nang lugng chuyén muc 4 A2g _’4ng

Dg _ 15(x-8) 3)

B x2-10x

<= E( *Azg— 4T1g)D—E( *Azg— *Tog) )
q

E(*A,,—~*T,) 1d ning lugng chuyén mitc ‘A, —*T, . T PLE ¢

hinh 2 va phu’(mg trinh (2-4) tinh duoc D 1754 38 cm , X=2,32,

/B 2,32>2.3 [14]. Vay ion Mn** trong mang tinh thé Al O, chiu
tac dong truong tinh thé manh nén phd dang vach hep (hmh 3)
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Hinh 3. Gian dé Tanabe - Sunago cua ion Mn* trong trwéong
tinh thé a-Al0..
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Anh hiwrong cua nhiét do dén tinh chat quang cua vt li¢u: nhi¢t
do thiéu két anh huong dén chat luong tinh thé ciing nhu kha ning
thay thé ctia ion Mn* vao ion A" trong tinh thé ALO,. Vi vy,
nghién ctru anh hudng cua nhiét d6 dén tinh chat quang 1a can thiét.
Hinh 4 thé hién PL clia mau AL0,:0,1% Mn* kich thich tai budc
song 399 nm khi thiéu két & 1000 1500°C 5 gio trong khong khi.
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Hinh 4. PL cua vat liéu ALO,.:0,1% Mn* kich thich tai buwéc
séng 399 nm khi thiéu két & nhiét dd khac nhau.

C6 thé thiy, phd PL ciia cac mau & nhiét do 1000-1500°C, 5
gio trong khong khi c6 hinh dang gibng nhau. Tuy nhién, cuong do
PL c6 sy thay doi, ¢ nhiét do thiéu két 1000-1200°C thi cuong do
huynh quang van khd yéu, cuong d6 huynh quang manh hon khi
thiéu két & 1300°C, tang kha manh khi nhiét d¢ thiéu két & 1400°C
va dat cuc dai & 1500°C. Néu tién hanh thiéu két & 1600°C thi vat
liéu bi nong chay. Su tdng cuong do huynh quang khi tdng nhiét do
thiéu két dugc giai thich la do chét lwgng tinh thé t6t hon va kha
ning thay thé AI** bang Mn* trong mang nén ALO, tang Ién [15].

Anh hwdng ciia nong dg d@én tinh chat quang ciia vt liéu: ndng
d9 ion pha tap cing anh huong manh dén tinh chat quang cia vat
liéu. Hinh 5 1a két qua PL cua vat liéu ALO,:x%Mn* (x=0,05-1,2)
thiéu két 6 1500°C, 5 gio trong khong kh1 kh1 kich thich tai budce
song 399 nm.
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Hinh 5. PL cua vat liéu ALO,:x%Mn*" (x=0,05-1,2) thiéu két &
1500°C, 5 gi® trong khong khi khi kich thich tai bwéc séng
399 nm.

Két qua hinh 5 cho thay, cuong do huynh quang thay d6i nong
do khi tang nong d¢ pha tap tur 0,05 dén 0,1%, cuong do huynh
quang giam khi tiép tuc ting nong do va cuong do huynh quang rit
yéu khi nong do pha tap Mn*" ¢ 1,2%.
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Dé giai thich co ché dap tit huynh quang theo nong do, tinh
khoang t6i han Rc, néu Re<5 A s& ¢6 su tuong tac giita cdc ion
Mn*[9]:

3y
XN (5

trong do: X_la nong d6 pha tap t6i han; N 1a s§ phdi tri trong
0 coso; V I thé tich 6 co s0. Trong vat li¢u A1,O,:0,1% Mn*,
V=293,9A°, X =0,1% va N=6. Thay cic gia tri vao phuong trinh
(5) tinh dwoc Rc=9,4 A, In hon 5 A nén khong co sy truyen ning
luong giita cac ion Mn* [9]. Do @6, nguyén nhan dap tit cuong do
boi nong do 1a do twong tic da cuc giita cac ion Mn*".

3
Rc~2R=2(

Pé tmg dung ché tao LED anh sang do cho chiéu sang cdy
trong, bot huynh quang AL0,:0,1% Mn* duoc tron véi silicon va
phu trén 410 nm chip LED H1nh 6 1a két qua phd dién quang cua
LED dugc ché tao sir dung bot huynh quang ALO,:0,1% Mn* phu
trén chip 410 nm. Két qua hinh 6 cho théy, kh1 bot dugc phu trén
chip 410 nm da xuét hién dinh phéat xa 694 nm va nhimg dinh phat
xa khac véi cuong d yéu hon.
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Hinh 6. Phé dién quang ctia LED khi ph bét ALO,:0,1% Mn*
1én chip 410 nm.

Toa d6 mau cta bt ché tao dugc voi x=0,721, y=0,278 va
anh phat xa d6 dam khi stir dung dong dién 60 mA duoc thé hién
6 hinh 7.
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Hinh 7. Toa dé mau cua bét ALLO,:Mn**0,1% thiéu két & 1500°C,

5 gio’ trong khéng khi.
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Cac két qua nhan duoc chi ra ring, bot huynh quang ALO_:Mn*
¢ tiém ndng trong viéc ché tao LED phat xa anh sang do cho chiéu
sang nong nghiép.

Bing phuong php dong két tia két hop voi thiéu két nhiét,
nghién ciru da tong hop thanh cong vét liéu a-AL,0, pha tap Mn*".
XRD chi ra rang, vat liéu a- -Al,O, don pha cau truc hexagonal VoI
cau tric khong gian R C. PLE tal budc song 694 nm cua vat ligu
hap thu cuc dai ¢ 2 dinh 1a 399 va 568 nm. Vit li¢u phat xa manh
nhit & dinh 694 nm, ngoai ra con quan st thdy cac dinh phat xa
voi cudng do yéu hon 6 658, 668, 705 va 713 nm. Mau cho cuong
do huynh quang va kich thich huynh quang cao nhét 1a Al ,O, pha
tap Mn** 0,1% va thiéu két nhiét & 1500°C.
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