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‘ Tong hop vat ligu bac photphat
bang phuong phap dong ket taa ket hop thuy nhiét
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TOM TAT

Chung ti d4 ché tao thanh cong hat nano bac photphat AgsPO4 bang phuong phap dong két tia va phuong
phap dong két tia két hop thay nhiét. Cau trlic cia vat liéu dugc khao sat thong qua phép do gian d6 nhidu
xa tia X (XRD). Hinh thai vat liéu dugc quan sat qua chup anh hién vi dién tur quét phat xa truong (FE-
SEM). Phép do phd hap thuy tir ngoai-kha kién (UV-Vis) dugc thuc hién dé khao sét tinh chat quang cua vat
liéu. Kha nang quang xuc tac cua vat liéu AgsPOs duge danh gia thong qua su suy giam nong do chét hitu
co trong dung dich. Két qua nghién ctru ban dau cho thiy, vat liéu AgsPO, ché tao duoc don pha céu tric,
kich thuéc hat trung binh khoang 200-300 nm. Vat liéu AgsPO4 c6 thé hip thu anh sang kha kién véi bo
hap thu khoang 470-520 nm va phan huay gan nhu hoan toan Rhodamine B (RhB) 10 ppm sau 60 phut chiéu
sang bang dén Xenon.

Tir khéa: Bac photphat; AgsPO4; dong két taa; thuy nhiét; quang xuc tac.

1. D3t van dé

Vit liéu bac photphat (AgsPOs) dugc cha y sau phat hién nim 2010 vé kha ning quang xiic tac rat cao
cua n6 (Yi et al. 2010). Kha nang wng dung vuot troi cua vat liéu nay xudt phat tir cac dic trung cau tric,
hinh théi bé mat va nang lugng vin g cam. AgsPO, c6 cau trac tinh thé dang lap phuong, thuéc nhom
khong gian P4-3n. Trong cau trac nay, mdi nguyén tir P hay Ag déu lién két voi 4 nguyén ti O tao thanh
cac tir dién PO, va AgOs, mdi nguyén tir O lién két véi 3 nguyén tir Ag va 1 nguyén tir P xung quanh
(Botelho et al. 2015; Kahk et al. 2014). Tir dién PO, ¢ cac dinh va tdm cua cau trac lap phuong, nhu Hinh
1. Mdi tir dién POy lién két voi 3 tir dién AgO4 thong qua mot nguyén tir O. Céc ion PO,% c6 dién tich am
I6n duy tri mot ludng cuc dién trong AgsPO4, dan dén sy bién dang cua tir dién AgOs. Dam may dién tir
I6n cia PO, s& hit cac 15 tréng va diy cac dién tr lam phan tach cac cap dién ta-18 tréng. Cau trac nay
cua AgsPO4 tao nén hiéu irng quang xuc tac caa vat liéu (Ma et al. 2011).

@

. . B
Hinh 1. Cau truc tinh thé ldp phirong AgsPOa va md ta cac tir dign PO., AgO4 (Botelho et al. 2015)

*Tac gia lién h¢
Email: nguyenmanhhung@humg.edu.vn
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Do d6 rong viing cam hep, vat liéu AgsPO4 6 kha ning quang xuc tac rit cao trong qua trinh tach O, tur
nuge cling nhu phan huy thuée nhuom hitu co khi duoc kich thich bang anh sang kha Kién. Do rong ving
cam cua AgsPO; khoang 2,36 eV néu coi chuyén muc nang luong la gian tiép, con trong trudng hop coi
chuyen muc nang luong la truc tiép thi do rong viing cim khoang 2,43 eV (Yi et al. 2010). Do vay, AgsPO4
c6 thé hap thu birc xa véi budc song nho hon 530 nm va ma rong sang vung anh sang kha kién.

Cac nghién ctru d chi ra mot s6 phuong phap khac nhau nham 6n dinh ciu truc, tinh chét va ting cuong
hon nita kha ning quang xtic tic ctia AgsPO4trong viing anh sang kha kién. Mot trong cac cach do la ché
tao AgsPO4 vai cac hinh thai va cau trac vi md khac nhau, tir d6 thay doi dién tich bé mat riéng cua vat ligu
dan dén cai thién hiéu qua xuc tac (Wang et al. 2013). Bi va nhom nghién cuu (Bi et al. 2011) da ché tao
AgsPO; don tinh thé co dang 12 'mit hinh thoi va dang lap phuong, mau & ca hai dang nay déu c6 hoat tinh
xuc tac quang cao hon so voi mau c6 hinh dang cac qua cau. Wang va cong su (Wang et al. 2012) da tong
hop vat lidu AgsPO; cau trac tinh thé dang tir gidc cd micro mét, vat liéu cé hoat tinh quang xuc téc cao
hon AgzPO; dang hinh cau.

Trong nghién ctru nay, chiing t6i bude dau tong hop vat licu AgsPO4 bang phuong phap dong két tia két
hop thity nhiét va danh gia hiéu suit quang xdc tac cua vat liéu tong hop duoc.

2. Phwong phap nghién ciu
2.1. Thuc nghiém

Phuong phap ddng két tua: Dau tién, dung dich AgNO;3 (dung dich A) dugc chuan bi bang cach can
0,5096 g mudi AgNOs hoa tan vao 150 ml nudce cat. Tiép dén, 0,142 g Na,HPO,.12H,0 dugc hoa tan vao
50 ml nudc cét, thu duoc (dung dich B). D4 tir tir dung dich B vao dung dich A va khudy tir trong 3 gio &
nhiét @6 phong dé tao thanh cac hat két tia mau vang dong nhét (dung dich C). Loc rira két taa nhiéu lan
bang bang nudc cat. San pham sau loc rira dwoc say khd trong khdng khi & 100 °C dwoc mau APO-100.
Mot phan mau APO-100 tiép tuc duoc nung né 400 °C trong thoi gian 2 gio, thu dugc mau APO-400.

Phuong phéap ddng két taa két hop thity nhiét: Thuc hién qué trinh dong két tia dé tao thanh dung dich
C nhu trén. Dung dich nay duwoc cho vao binh Teflon, day kin va thuc hién qué trinh thay nhiét ¢ nhiét do
160 °C trong thoi gian 2 gio. Sau d6, dé ngudi dung dich xubng nhiét d6 phong va loc rira mau nhiéu lan
dé loai bo cac ion. San pham dau loc rira dugc siy kho trong khdng khi & 100 °C dwgc mau APO-HT.

a) [ ddAgNO, }-'-\ dd Na,HPO, | b) [ ddAgNO, Dd Na,HPO, |
IR '
. ;‘-Q ~ Khudy tir & nhiét o phong g"; £ Khuéy tir & nhiét do phong

trong 3 gi& ~  trong 3 gi

Loc rira bang nudrc cat l
Séy khd & 100°C I Thay nhiét & 160°C

trong 2 gi&
AgPO, (APO-100) | v

Nung & 400°C Loc rira bang nudc cat
trong 2 gi¢r Séy kho & 100°C
Ag;PO, (APO-400) AgsPO, (APO-HT)

Hinh 2. So d6 quy trinh ché tao vt ligu AgsPO4 bang phirong phdt dong két tiia (a)
va phuong phdp dong ket tua két hop thay nhiét (b).
Bang 1. Piéu kién ché tao va ki hiéu mdu fuwong ung

Ki hi¢gu mau AgsPO4 Phwong phap va diéu kién ché tao
APO-100 Phuong phap dong két taa, xi Ii nhiét & 100 °C
APO-400 Phuong phap dong két tua, xi Ii nhiét & 400 °C
APO-HT Phwong phap dong két tua két hop thity nhiét ¢ 180 °C trong 2 gid

Kha niang quang xuc tac cua hé vat liéu AgsPOs dugc thir nghiém vai dung dich Rhodamine B (RhB) cd
nong do 10 ppm, dudi sy kich thich ciia anh sang dén Xenon va anh sang Mt troi. Dau tién, 0,06 g AgsPO4
dugc cho vao 100 ml dung dich RhB, khuy tir trong diéu kién khong chiéu anh sang trong thoi gian 30
phit dé vat lidu dat trang thai hap phu bao hoa. Sau d6 dung dich dugc dem ra chleu séng, cur sau 15 phat,
mét luong nho dung dich duoc lay ra, li tim loc két tua va dem do xac dinh ndng do RhB con lai trong
dung dich.

2.2. Phwong phdp phdn tich

CAu tric cua vat liéu duoc khao st bdi phép do gian d6 nhiéu xa tia X thuc hi¢n trén h¢ do D8-Advance
véi buc xa Cu-Ko. Hinh thai bé mat cia vat liéu AgsPO. dugc thuc hién boi phép do SEM thuc hién trén
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hé Hitachi S-4800. Kha ning quang xiic tac cua vat liéu duoc danh gia thong qua phép do phd truyén qua
tai bugc song 552 nm trén may Jassco L1 tai phong thi nghiém Trung tdm Khoa hoc va Céng nghé Nano,
Truong Dai hoc Su pham Ha Noi.

3. Két qua va thao luan

Gian dd nhidu xa tia X (XRD) cua cac mau AgsPO4 ché tao ¢ cac diéu kién khéc nhau bang phuong
phap ddng két tua va phuong phap ddng két tua két hop thuy nhiét & nhiét do 180 °C duoc trinh bay trén
Hinh 3.
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Hinh 3. Gian do XRD cua cac mau AgsPO4 ché tao ¢ cdc diéu kién khac nhau

Trén gian ¢6 XRD cua cac mau APO-100, APO-400 va APO-HT déu xuat hién cac dinh tai vi tri goc 26
khoang 20,8; 29,5; 33,2; 36,4; 42,4; 47,7; 52.,6; 54.,9; 57,1; 61,5; 71,7 6. Déi chiéu véi thé chuan JCPDS
s6 06-0505 cuia tinh thé AgsPO4 trong thu vién ICDD, ta thay cac dinh phd tuong tng véi ho cac mat phéng
mang (110), (200), (210), (211), (220), (200), (310), (222), (320), (321), (400) va (421). Vi tri cac dinh pho
ctia tat ca cac mau trung khop voi the chuan, chung to mau ché tao duoc hoan toan don pha AgsPO,. Theo
thé chuan nay, tinh thé AgsPO4 cd cau tric tinh thé dang lap phuong, thugc nhém khong gian P4-3n.

Céc théng s6 mang tinh thé cia cac mau APO-100, APO-400 va APO-HT duogc tinh toan théng qua
phan mém Unicell dya vao gian d6 XRD duoc trinh bay trén Bang 2.

Bang 2. Thong sé mang tinh thé ciia cac mau APO-100, APO-400 va APO-HT

Miu APO-100 APO-400 APO-HT
Hang s6 mang a (A) 6.03 6.029 6.00
Thé tich 6 mang V (A% 219.19 217.94 214.34

Anh hién vi dién tir quét phét xa truong (FE-SEM) cia cac mau APO-100, APO-400 va APO-HT dugc
trinh bay trén Hinh 4. Két qua cho thay mau APO-100, APO-400 dugc ché tao bang phuong phap ddng két
tua co kich thudc hat kém ddng déu hon cac hat cia mdu APO-HT dugc ché tao bang phuong phap dong
két tuaa két hop thuy nhiét. Kich thuéc hat wde lugng duoc trong khoang 200-300 nm. Trén anh FE-SEM
ctia cac mau APO-100 va APO-400 con quan sat thay su két dam cua cac hat, diéu nay dy doan lam giam
dién tich bé mat riéng, dan téi giam hiéu ang quang xUc tac cua cac mau. Viéc nghién ciu dé ché tao cac
mau c6 kich hat thudc nho, ddng déu va it két dam can duoc tiép tuc dé ¢ thé ting kha ning quang xuc tac
cua vat liéu.

APO-100 &

y

Hinh 4. Anh FE-SEM cua cac mau AgsPO4
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Dé nghién ciru kha nang quang xuc tac cua cac mau APO-100, APO-400 va APO-HT khi duoc téng hop
bang phuong phap va diéu kién khac nhau, chung toi danh gia kha nang phan hay dung dich RhB 10 ppm
duéi sy chiéu xa cua dén Xenon. Két qua quang xdc tac phan huy dung dich RhB dugc trinh bay trong Hinh
5. Két qua cho thdy, qua trinh hap phu xay ra trong 10 phut dau tién va bdo hoa sau 30 phat khudy trong
bong toi.

Két qua trinh bay trén Hinh 5 cho thay kha ning quang xtc tic ciia cac vat ligu AgsPO; ché tao bing
phuong phip dong két tia xir I & 100 va 400 °C khong c6 su khac bi¢t Io6n. Ca hai mau APO-100 va APO-
400 déu thé hién kha nang phan huy RhB tét, RhB trong dung dich gan nhu bj phan huy hoan toan sau 90
phdt chiéu sang bang dén Xenon. Mau AgsPO4 dugc ché tao bang phuong phap dong két tua két hop thity
nhiét phan hity gan nhu hoan toan RhB trong dung dich sau 45 phut chiéu sang cting diéu kién trén. Toc do
phan hiy RhB ciia mau APO-HT cao hon so v6i mau APO-100 va APO-400. Diéu nay duoc du doan do
mau APO-HT c6 d6 két tinh tét hon, kich thuéc hat ddng déu hon. Trong khi d6, & cac mau APO-100 va
APO-400, hinh thai bé mat vat li¢u kém dong nhat hon, c6 su két dam ciia cac dam hat tinh thé, lam giam
dién tich bé mat va dan dén giam hiéu suit phan tng quang xuc tac.
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Hinh 5. Su suy giém nong dg RhB trong dung dich theo thoi gian chiéu sang
khi su dung chat xdc tac lan ot la APO-400, APO-100 va APO-HT.

Dé danh gia vai tro cua cap dién ta-15 tréng trong qua trinh phan huy RhB & phan tng quang xuc tc,
ching t6i da thi nghiém “bay” cc dién tir bang chat isopropyl alcohol (IPA). Trong thi nghiém nay, ching
t6i tién hanh thi nghiém vai vat liéu APO-100 va nong do IPA lan luot 12 0,006; 0,06 M. Thi nghiém quang
xuc tac duoc tién hanh tuong tu nhu trén, chi khéc 1a chat IPA véi cac nong d6 khac nhau dwoc st dung
trong mdi lan thi nghiém. Két qua vé su suy giam nong d6 RhB trong thi nghiém duoc so sanh vai két qua
cua thi nghiém khdng st dung chit IPA (Hinh 6). Két qua trén Hinh 6 cho thiy, hiéu tng quang xuc tac
giam khi c6 su tham gia cua IPA trong qué trinh phan ung. Khi khong st dung chat IPA, sau 60 phat chiéu
sang, RhB trong dung dich gan nhu bi phan hity hoan toan (duong IPA 0 trong Hinh 6). Khi dung chit IPA
ndng d6 0,006 M, sau 60 phut chiéu sang, RhB bj suy giam ndng d6 khoang 90%. Néu st dung chit IPA
ndng d6 0,06 M thi ndng do RhB chi suy giam 40% sau 60 phut chiéu sang. Diéu nay chi ra rang, dién tir
¢6 vai tro déng ké trong phan tng quang xdc tac cua vat ligu AgsPO,. Day 1a mot két qua kha thi vi, két
qua nay goi y trong nghién ctru tiép theo vé& vat lieu AgsPO4 khi thuc hién viéc pha tap hodc tao vét lieu t6
hop nham tao ra sy linh déng cho dlen tir trong ciu trac dé ting cuong kha nang quang xtc tac.

1.0 H 1 1
—m-PAO -
08 —@— IPA 0,006

\\ —A—PAOOS |

AN
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cic,

0.2
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0 30 6'0 $;0 150
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Hinh 6. Sw suy giam nong dg RhB trong dung dich theo thoi gian chieu sang
khi si dung chat bay dién tir IPA ¢ cac nong dé khac nhau
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4. Két luan

Trong nghién ctru nay, chung t6i da tong hop thanh cong vat liéu AgsPO4 don pha cau tric bang phwong
phap dong két taa két hop xir Ii nhiét va két hop phuong phéap thay nhiét. Vat liéu AgsPO4 ¢6 cau tric tinh
thé dang lap phuong, thudc nhém khdng gian P4-3n véi kich thudc hat 200-300 nm. Vat liéu ¢6 hiéu tng
quang xdc tac tét khi phan huy Rhodamine B nong d6 10 ppm duéi sy chiéu sang cua dén Xenon. Phan
g quang XUc tac xay ra gan nhu hoan toan sau 60 phut chiéu sang. Nghién ctru ban dau chi ra vai tro dang
ké cua dién tir trong qué trinh quang xuc tac cua vat liéu AgsPO..
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ABSTRACT

T Synthesis of silver phosphate materials by co-precipitation method
combined with hydrothermal method

Nguyen Manh Hung®”, Vu Thanh Mai?, Nguyen Thi Dieu Thu?,
Dao Viet Thang?, Le Thi Vinh!, Lam Thi Hang?, Le Thi Mai Oanh?
! Hanoi University of Mining and Geology
2 Hanoi National University of Education
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In this study, silver phosphate materials were prepared by co-precipitation method combined with
hydrothermal method. The structure, morphology and optical properties of material were investigated by
X-ray powder diffraction (XRD), field emission scanning electron microscopy (FE-SEM), UV-Vis
absorption spectroscopy. Photocatalytic activities of AgsPOs samples were tested in photocatalytic
degradation of Rhodamine B (RhB) in liquid phase under visible light irradiation. After 60 minutes of reaction,
the conversion reached the value of 100%.

Keywords: Silver phosphate; AgsPO4; co-precipitation method; hydrothermal method; photocatalyst.
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