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Toan bo thong tin khoa hoc vé hoi nghi dugc tich hop vao Website chinh thirc cua Hoi nghi
tai dia chi: http://ersd.humg.edu.vn/.

Ban t6 chuc xin trin trong cam on Truong Pai hoc M6 - Dia chét, voi tu cach 1a don vi dang
cai to chirc Hoi nghi, cting cac don vi dong to chirc da hop tac chit ché va gop phan quan trong
vao viéc to chirc Hoi nghi ndy. Cam on cac nha khoa hoc va nha chuyén mén di dong gop cac
cong bd khoa hoc c6 gié tri cho Hoi nghi. Ban to chire cling danh gia cao sy nd luc ciia cac chuyén
gia doc bai d ¢6 nhiéu nd luc va dong gop dé nang cao chat lwong khoa hoc cia cac bao cdo, gop
phan quan trong vao thanh cong cua hoi nghi nay.

Ban to chirc mong mubn tiép tuc nhan duoc sy hop tac chit ché va gop ¥ chan thanh cua cac
don vi va ca nhan d6i voi viée chuan bi va to chirc hoi nghi, chat lucmg bao cao, bién tap, va xuit
ban ky yeu hoi nghi nham nang cao chét lugng cua cac hoi nghi t1ep theo, gop phan thuc day su
phat trién bén ving cta hoat dong nghién ctru khoa hoc va trao d6i hoc thuat thudc cac linh vuc
Khoa hoc Trai dét va Tai nguyén va céc linh vuc khoa hoc khéac c6 lién quan.

Ha Noi, thang 11 ndm 2022
THAY MAT BAN TO CHUC

GS.TS Tran Thanh Hai
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Kha ning quang xuc tac va thu hoi cia vat liéu t6 hop
Ag3PO4/CoFe0q4

Nguyén Manh Hing", Pao Viét Thing, Nguyén Thij Diéu Thu, Ho Quynh Anh
Truong Pai hoc Mo - Dija chat

TOM TAT

Coban ferrit CoFe;04 duge ché tao bang phuong phap sol-gel. Sau d6, vat liéu t6 hgp AgsPO4/CoFe,Oy4
dugc ché tao bang phuong phap thuy nhiét tir CoFe,04 da duoc tao ra trude d6 va cac tién chat AgNOs va
Na,HPO,. Ciu tric va thanh phan cua vat liéu duoc khao sat thong qua phép do gian d6 nhiéu xa tia X
(XRD) va phd tan sic nang lwong (EDS). Hinh thai vét liéu dugc quan sat qua chup anh hién vi dién tir
quet (SEM). Kha nang quang xuc tac va thu hdi cua vat lidu AgiPO4/CoFe;04 dugce danh gia thong qua su
suy giam nong d6 Rhodamine B trong dung dich. Két qua cho thay, vét lidu to hop ton tai dong thoi hai
pha cau trac cia AgsPO4 va CoFexO4. Quan sat thdy cac hat CoFe,04 ¢6 kich thudce 15-18 nm, bam trén
céc hat AgsPO, kich 250-350 nm. Vat lidu t6 hop AgsPO4/CoFe,04 phan hity 95,5% RhB sau 75 phiit chiéu
sang va ti 18 thu hdi vat liéu dat 84,3-92,5%.

Tir khéa: Bac photphat; vat lidu t6 hop; AgsPO4/CoFe,Os; quang xtc tac; thu hdi bang tir truong.

1. Mé diu

Bac photphat (Ag;PO;) dugc chii ¥ sau khi dugc phat hién nam 2010 vé kha ning quang xtc tic rat cao
ciia no (Yi, Ye et al. 2010). Kha nang (mg dung cua vat liéu nay Xuét phat tir cac ddc trung cdu trac, hinh
thai bé mat va nang luong vang cam. AgsPO4 co c4u trac tinh thé dang 1ap phuong, thudc nhoém khong gian
P4-3n. Trong cau truc nay, moi nguyén tir P hay Ag déu lién két voi 4 nguyén tir O tao thanh céc tir dién
PO, va AgO4, mdi nguyén tir O lién két voi 3 nguyén tir Ag va 1 nguyén tr P xung quanh (Kahk, Sheridan
et al. 2014, Botelho, Sczancoski et al. 2015). Pam may dién tir 1én ciia PO,> s& hut cac 18 trong va day cac
dién tir 1am phan tach cac cip dién t-15 trdng, tao nén hidu ing quang xuc tac cua vat lidu AgsPOs (Ma,
Luetal. 2011).

Do d6 rong ving cAm hep, vat liéu AgzPO4 c6 kha nang quang xuc tac rit cao trong qua trinh tach O tur
nudce cling nhu phan huy thudc nhudm hitu co khi dugc kich thich bang anh sang kha kién. Do rong ving
cdm ciia Agz;PO;3 khoang 2,36 eV neu coi chuyén muc nang luong la gian tiép, con trong trudng hop coi
chuyén murc nang lugng la truc tiép thi do rong ving cAm khoang 2,43 eV (Yi, Ye et al. 2010). Do vay,
AgsPO4 co thé hap thu birc xa voi bude song nho hon 530 nm va mo rong sang vung anh sang kha kién.

Gan day, mot vai nghién cuu vé vat lidu td hop gitta AgzPO4 va vat li¢u tir da duogc cong bd. Viéc td
hop AgszPO4 véi vat li€u tir, mdt mét tao ra qua trinh chuyén dién tu, 15 tréng qua lai gitra AgzPO,4 va vét
lidu tir dan dén giam sy tai hop cac cip dién ti-15 trong, tir ¢6 1am tang hiéu tng quang xtc tac. Mit khéc,
thanh phan vat liéu tir trong céu triic t6 hop 1am cho vat liéu t6 hop c6 thé duoc thu hdi bang tir truong
(Gan, Xu et al. 2016, Abroshan, Farhadi et al. 2018, Dong, Wang et al. 2018). Theo bao cdo cua nhom tac
gia Abroshan (Abroshan, Farhadi et al. 2018), vat heu t6 hop AgiPO3/MnFe;04 (30 wt% MnFe,04) da phan
hay dén 98% methylthioninium choloride (MB) sau 82 phit chiéu sang bang 4nh sang Mt troi c6 cudng
d06 sang trung binh 185 mW/cm?. Vat liéu Ag;PO3/MnFe;04 ¢6 tinh st tlr v4i tr do bio hoa 24,4 emu/g,
nho hon nhiéu so véi tir 46 bdo hoa cia MnFe,O4 do AgsPO, khong c6 tir tinh. Tuy nhién, véi tir tinh ¢
duoc, vat liéu AgsPO3/MnFe,04 dé dang dugc tach khoi dung dich MB bﬁng tur truong 0,1 T.

Trong nghién ciru nay, chung t6i tong hop vt lidu té hop AgsPO./CoFe;04 va danh gia hiéu sudt quang
xuc tac, kha nang thu hoi vat liéu bang tir truong théng qua viée phan huy Rhodamine B trong dung dich.

2. Phuong phap nghién ciu
2.1. Thuc nghiém

Vit liéu CoFe,O4 duoc ché tao bang phuong phap sol-gel. Hoa tan CsHgO7 vao 45 ml nudc cat. Thém
4,4 g Co(NO3)2.6H,0 va 12,3 g Fe(NO3)3.9H,0 vao dung dich CsHgO7, khudy hdn hop ¢ 80 °C trong 2 gioy
thu dugc sol. Nho 1,5 ml ethylene glycol vao sol, tiép tuc khuay tir & 80 °C trong 3 gio thu dugc gel uét.

*Tdc gid lién hé
Email: nguyenmanhhung@humg.edu.vn
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Séy gel u6t ¢ nhiét do 100 °C thu dugc gel kho. Gel kho duoc nung & nhiét d6 900 °C trong 5 gior sau d6
dugc nghién dé thu duoc CoFe 04 dang bot.

Vit lidu to hop Ag3PO4/CoFe;04 (APO/CFO) duoc tong hop bang phuong phép thuy nhiét. Cac budc
che tao vat lidu liéu to hgp APO/CFO nhu sau: Hoé chét Na;HPO,, AgNO; va CoFe;04 dugc chuan bj theo
s6 liéu ¢ Bang 1. Hoa tan Na,HPO, va AgNOj; vao nudc cét theo sd lidu da tinh toan, sau d6 khudy tir trong
10 phut thu duoc dung dich Na;HPO4 va dung dich AgNOs. D6 CoFe,0s4 vao dung dich Na,HPO, lac déu
tay thu dugc hon hop 1. Nho tir tir dung dich AgNOs vao hon hop 1 thu duge hon hop 2. Hon hop 2 dugc
thuy nhiét & 160 °C trong 3 gid roi dé ngu01 loc rira va sdy kho thu duoc vat liéu APO/CFO.

5g C,H,0, Khudy tir Khudy tir
+ JE ml[ mrde | Sphat J de;E 2 gitr Dung dich — 1\[':;13;“:‘[" ]
@ = SDT i ! ?:}I 0Ja ----- THouhgp L | Hia hop 2
: MNhe i tir

Khudy tir 8{)0(“ 3 gitr [ ‘
) é Co]’e_-O.iO.lg!! !
— : ' ! Binh thiiy nhigt 1602, 3 git

| Co(NO, ), 6H,0 (4,4095) +
| Fe(NO,),.9H,0 (12,3093g)

Gel wot, sy kho & 100°C

|
o | Nbonern | Oelkh. 1 & 900°C, S giir : | Khuay tir
N e 1 o] omis s,
CoFe,0, & dang bt '
Hinh 1. So do quy trinh ché tao vt liéu CFO b&ngphwcrngphdp sol-gel va quy trinh ché tao vt liéu
APO/CFO bang phiong phdp thiry nhiét.
Badng 1. S6 liéu khoi luong, thé tich héa chat AgNO3, Na;HPOy4, CoFe>0y theo ti 1¢ mol va ki hiéu mau.

Pé ngudi. lpc sira, sy kho

Composite Ag:POy/ CoFe, 0y

TT | Ki hicu Ti 1€ mol AgNO3 Na:HPO4 CoFe204
“ | APO:CFO | m(g) V (ml) m (g) V (ml) m (g)
1 C9:1 9:1 1,9548 50,03 0,8168 25,02 0,1
2 C8:2 8:2 0,8689 46,49 0,3630 23,25 0,1
3 C7:3 7:3 0,5068 49,72 0,2118 24,86 0,1
4 C6:4 6:4 0,3258 54,80 0,1361 24,40 0,1
5 C5:5 5:5 0,2172 51,14 0,0907 25,57 0,1

2.2. Phwong phdp phan tich
Céu trac cua vat liéu dugc khao sat boi phép do gian dd nhilu xa tia X thuc hién trén hé do D8-Advance

véi bre xa Cu-Ka. Phé tan sic nang luong tia X dugc thyc hién tai Trung tdm thi nghiém va phan tich cong
nghé cao, Truong Pai hoc Mo - Dia chét. Hinh thai bé mit cua vat lidu AgiPO4 duoc thuc hién baoi phép
do SEM thuc hién trén h¢ Hitachi S-4800. Kha ndng quang xtic tac cua vat liéu dugc danh gia thong qua
phép do phd truyén qua tai budc song 552 nm trén may Jassco L1 tai phong thi nghiém Trung tam Khoa
hoc va Céng nghé Nano, Truong Dai hoc Su pham Ha Noi.

3. Két qua va thio luin

5
o
g £ %8 = = §8 = e
_ : 8% §FENSRE 8.
> -~
- g -
5 . ool gl ¢ dl s ilis iaeo
©- | ce2l w©
o - - = g
2| - P § b b IR C6:4
B .. » ced| 3 )
- - Cc55 1
8§ 5 § 5 3 CFO| L b e el e s BEO
T T T T T T
20 40 60 80 20 40 60 80
Géc 20 (d6) Gée 26 (d6)

. H~mh 2. Gian d6 XRD cia cchmcfu AggPQ4 ché tao o c~dc c?‘iéu kién khdc nhau :
Gian do6 nhicéu xa tia X (XRD) cta cdc mau APO, mau CFO va mau t6 hgp APO/CFO véi goc nhicu xa
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26 tir 10-80° duoc trinh bay trén Hinh 2. Pbi véi miu
APO, ¢6 xuéit hién céc dinh tai 20 =20,8°;30,1%,33,2°, ¥
36,4% 42,1°; 57,1°; 62,7°... tmg voi ho mit phing
(110), (200), (210), (211), (220), (321), (400),... phu
hop véi thé chuan JCPDS s6 06-0505. Diéu ndy ching
t6 mau APO ché tao ¢6 cdu triic 14p phwong tim khoi
va thudc nhom khong gian P4-3n. V6i mau CFO, c6
thé thay cac dinh tai 20 = 30,1°; 35,4°; 43,5°%; 57,1° va
62,7° g v6i ho mit phang (220), (311), (400), (511) 0.2
va (440) phu hop v6i thé chudn JCPDS sb 22-1086 clia
pha tinh thé CFO thudc nhém khong gian Fd3m. Gian 0.0+
dd XRD cua cic mau composite thé hién cac dinh ; T T ‘ r :
nhiéu xa twong ung véi ca APO, CFO va khong quan 0 ¢ 30.”1 6'50' e R
. A s as A, o » . , .S A i gian (phat)
sat thay cac dinh tap chat nao khac, ching t6 rang vat mow s e g ® O m o
gf;l El;% ;a vat liéu t6 hgp APO/CFO da dugc ché tao Hinh 3. {(é' ! qua phan tich EDS ciia m G
Thanh phin hod hoc ctia vt lisu CFO va céc vat ligu ~ CF O Mau C9:1, mau C7:3 va mau C3:5.
t6 hop APO/CFO dugc xé4c dinh bang phd tan sic ning lugng tia X tai 3 ving khac nhau, két qua dwoc thé
hién & Hinh 3. Hinh 3 cho théy, cac dinh phé ung voi nguyén td Ag, P, O, Co, Fe déu xudt hién, diéu nay
chimg t6 vat lidu t6 hgp APO/CFO c6 chira cac thanh phan hoa hoc mong mudn. Cuong d¢ dinh tng véi
nguyén t6 O, Fe va Co ting dan khi giam ti 16 mol APO:CFO tir 9:1 dén 5:5 trong khi d6 cudng do dinh
g v&i nguyén t6 P, Ag giam dan khi giam ti 1&6 mol APO:CFO.
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0.6+

CiCo

0.4+

Hinh 4. Anh SEM ciia céc mau APO, mau CFO, mau C9:1, mau C7:3 va mau C5:5.

Hinh dang, kich thudc cac hat APO, CFO va APO/CFO dugc dugc quan sat thong qua anh SEM duogc
thé hién trong Hinh 4. Anh ctia CFO cho thiy n6 c6 dang gia cau, kha dong déu, kich thudc hat khoang 15-
18 nm, dé dang nhan tha?iy ¢6 su co cum cua cac dam hat. Con cac hat APO c6 cling c6 dang hinh gia cau,
kha déng déu va co kich thuéc hat khoang 250-350 nm. Tuy nhién, vin c6 mot s6 hat c6 kich thuée 16n
hon hin, khoang 500 nm. Vi cac mau vat liéu t6 hop APO/CFO, cac hat CFO nhé bam trén cac hat APO,
c6 su phén tan déu va bam dinh cua CFO 1én bé mit APO. O mau C9:1, quan sat théy s6 hat CFO bam dinh
trén hat APO it hon mau C7:3 va mau C5:5. Chung toi hy vong rang, nhd ¢6 cac hat CFO bam dinh chac
vao cac hat APO ma vat liéu composite c6 thé d& dang thu hdi bang tir truong.

Kha nang quang xuc tac cua cac hé vat liéu dugce thir nghiém véi dung dich Rhodamine B (RhB) cé
ndng d6 10 ppm, dudi sy kich thich cua anh sang dén Xenon. Pau tién, 0,06 g vat lidu dugc cho vao 100
ml dung dich RhB, khudy tir trong diéu kién khong chiéu anh sang trong thoi gian 30 phut dé vat liéu dat
trang thai hap phu béo hoa. Sau d6 dung dich dugc dem ra chleu sang, ¢t sau 15 phut, mdt lugng nho dung
dich duoc lay ra, li tm loc két tua va dem do xac dinh nong d6 RhB con lai trong dung dich. Hiéu suét
phan hity RhB ctia céc vat liéu t6 hop APO/CFO theo ti 1& mol dugc danh gia thong qua ti s6 ndng d6 C/Co
va duoc biéu dién trén Hinh 5. Két qua cho thay, sau 10 phut khuay t6i, nong d6 RhB trong dung dich giam
khoang 12-16% tuy thudc vat liéu to hop APO/CFO. Tir 10 phat dén 30 phat, mau duoc tiép tuc khudy tdi,
nong do RhB ciia hé mau gan nhu khong doi. Didu nay chimg t6 tat ca cac mau dat trang hip phu bao hoa
sau 10 phit khudy t6i.
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Khi giam ti 16 mol APO:CFO tir 9:1 dén 5:5 thi hiéu sut
quang xuc tac cua vat liéu to hop giam. C6 thé Iy dit liéu sau
75 phut chiéu sang dé so sanh. Hiéu suat quang xic tac ting dan
ctia cac mau theo thir tw C5:5, C6:4, C3:7, C2:8 va C9:1. Vit
lidu t& hop C9:1 cho két qua quang xic tac cao nhét, sau 75 phut
chiéu sdng da dat hiéu suat phan hay 95,5%. Chiing toi cho rang
¢6 2 nguyén nhan dan t6i viéc giam hiéu suat quang xuc
tac nhu sau: Thir nhét, tir két qua SEM cho thay cac Hmh
mau C7:3 va miu C5:5 ¢6 sb hat CFO bam trén bé mat dunga g
hat APO nhiéu hon mau C9:1. Sé hat bam trén APO
tang s& che chin anh sang kich tich tiép xtc véi APO dan t6i bé
mat hat APO duoc tiép xUc voi anh sang kich thich giam lam
cho hiéu sut quang xtc tic giam. Thit hai, khdi lugng mau ding Hinh 8. Ti 1é thu héi ciia méu C9:1
dé quang xtc tac 12 0,06 g. Khi ti 16 mol CFO tang thi khéi lwong '
CFO trong vat liéu t6 hop tang va khdi lugng APO giam khién
cho hiéu suat trong cac 1an quang xuc tic giam. Tuy viy, cac
mAu vét lidu APO/CFO van cho hiéu suat quang xic tac cao so v6i mot s6 vat liéu quang xtc tac khac.
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Hinh 6. Ti I¢ thu hoi ciia vt liéu t6 hop APO/CFO sau quang xiic tdc lan thir nht.

Dé dénh gia kha nang thu hoi va tinh 6n dinh cia vat lidu t6 hop APO/CFO, cac thi nghiém thu hdi va
quang xuc tac lap lai da dugc thuc hién. Hinh 6 cho két qua v& ti 18 thu hdi vat liéu tb hop APO/CFO béng
tir truong sau khi thyuc hién phan ng quang xtc tac. Khdi lugng mau thu hdi sut giam tir 7,5% dén 15,7%.
Luong mau bi that thoat do qua trinh loc rira va lugng mau con bam lai cde dung khi 14y mau. Dé danh gia
su 6n dinh cua vat liéu to hop APO/CFO sau khi da thuc hién phan img quang xuc tac, mau C9:1 sau khi
thu hdi, duoc quang xuc tac ladp lai 14n 2, 14n 3. Hiéu suét quang xUc tac cua vt liéu td hop C9:1 sau 3 chu
ki quang xuc tac v6i 75 phut chiéu sang trong cing diéu kién dugc thé hién trén Hinh 7.
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Hinh 7. Hiéu sudt quang xiic tc ciia mau C9:1 sau 3 chu ki véi 75 phiit chiéu sang.

Két qua cho thay, sau 3 chu ki, mau C9:1 van cho hi¢u suit quang xtc téc tét. Cu thé, lan quang xuc tac
thtr 2, mau cho hiéu suit 74,4% va & lan 3, miu cho hiéu suét 66,2%. Sau khi quang xtc tac, mau duoc thu
hoi d& dang béng nam cham va ti 1& thu hdi miu sau 3 chu ki quang xuc tac dugc thé hién trén Hinh 8. Khéi
lugng clia mau giam 15,7% dén 24,7% cho thdy kha ning thu hoi vat liéu bang nam cham t6t. Diéu nay
chimg t6 vat liéu té hop APO/CFO ché tao duoc c6 tinh on dinh, c¢6 kha nang thu hdi va hiéu sut quang
Xuc tac cao.

4. Két luin
Trong nghién ctru nay, chiing t6i da tong hop thanh cong vat liéu t6 hop AgsPO4/CoFe,04. Pi danh gia
dugc kha nang phan hiy RhB cia cac mau vat liéu véi ti 18 t& hop khac nhau. Trong d6, vat liéu t& hop

1211



AgiPO4/CoFey04 v6i ti 1€ 9/1 cho hiéu suét _quang xuc tac cao nhét, phan huy 95,5% chét hitu co sau 75
phit chiéu sang. Vat liéu c6 thé dugc thu hoi trén 90% bang tir truong va van dat hiéu sudt cao khi phan
huy chét hiru co sau khi dugc thu hoi va st dung lai.
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ABSTRACT
Photocatalysis and magnetic separation of Ag;PO4/CoFe204
composite materials

Nguyen Manh Hung", Dao Viet Thang, Nguyen Thi Dieu Thu, Ho Quynh Anh
Hanoi University of Mining and Geology

Cobalt ferrite CoFe>O4 was prepared by sol-gel method. The AgsPO4/CoFe;O4 composite material was
prepared by hydrothermal method from the previously generated CoFe,O4 and the precursors AgNO3 and
Na,HPO,. The structure and elemental composition of the materials were investigated through X-ray
diffraction (XRD) and energy dispersive spectroscopy (EDS), respectively. The material morphology was
observed by scanning electron microscopy (SEM). The photocatalytic ability and magnetic separation of
Ag3P0O4/CoFe,04 composite materials was evaluated through the reduction of Rhodamine B concentration.
The results show that, the composite material have two phases of Ag;PO4 and CoFe,O4. Size of CoFe;04
particles were 15-18 nm and size of AgsPOj4 particles were 250-350 nm. Agi;PO4/CoFe>Os composite
material decomposes 95.5% Rhodamine B after 75 minutes of light and the material recovery rate reaches
84.3-92.5%.

Keywords: Silver phosphate; composite; Ag;PO4/CoFe,Os; photocatalyst; magnetic separation.
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