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TOM TAT

Trong nghién ctru nay, vat liéu t6 hgp AgNPs/Fe,O; hinh thai 1ap phuong duwgc tong
hop thong qua qua trinh nhiét phéan truc ti€p tién chit Prussian blue c6 chira ion Ag*
0 cac nhiét d6 khac nhau. Cdu trac va ddc trung cua vat liéu dugce nghién ctru bf?mg
nhiéu phuong phap phéan tich hién dai: SEM, TEM, XRD, FT-IR, UV-Vis va BET. Két
qua cho thay vat liéu t6 hop AgNPs/Fe,O; dugc hinh thanh tir cac hat kich thude
nano lién két véi nhau tao nén cau tric x6p voi dién tich bé mét riéng 16n. Nhiét do
nung cé anh huong dang k& dén cau tric va tinh chat cta vat liéu. Trong d6, mau
nung ¢ 450 °C trong 2 gio cho thay hinh théi cdu trac lap phuong rd rang, cac hat
nano bac phan tan dong déu trén nén oxide don pha Fe,O;. Vat liéu AgNPs/Fe,Os
duoc st dung lam xtic tac cho phan tng khtt 4-nitrophenol trong moi trueong nudc.
Két qua cho thdy AgNPs/Fe,O; dugc nung 450 °C trong 2 gio ¢6 hoat tinh xtc tac t6t
nhat, phan tmg tuan theo phuong trinh dong hoc biéu kién bac nhat véi hdang sd toc
dd biéu kién kapp dat 0,723 phut, cho thdy tiém nang ting dung cta vat liéu trong

xtt ly cac hop chat nitro thom trong moi treong nude.

Tt khoa: AgNPs/Fe;O;, hinh thai lap phwong, khtt xtic tac, 4-nitrophenol.

1. MO PAU

Trong nhiing thap ky gan day, sy phét trién manh mé cta cac nganh cdng nghiép
nhu dét nhudm, san xuat duoc phdm, thudc bao vé thuc vat va hoa chat da lam gia tang
dang ké luwong cac hop chat hitu co doc hai thai ra moéi treong nudce [1-2]. Trong s6 do,
cac hop chat nitrophenol duwgc xem 1a nhiitng chat 6 nhiém nguy hiém do c6 doc tinh
cao, d0 bén hoa hoc 16n, khoé phéan huy sinh hoc va ¢é kha nang tich lay lau dai trong hé
sinh thai [4-5]. Ddc biét, 4-nitrophenol (4-NP) 1a mot hop chat trung gian phd bién trong
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nhiéu nganh cong nghiép va duoc xép vao nhém cac chat 6 nhiém wu tién can xt ly do
gay anh huong nghiém trong dén stic khoe con nguoi va méi treong. Cac phwong phap
xw ly truyén théng nhu hdp phu, keo tu hodc xt 1y sinh hoc thuong cho hiéu qua han
ché ddi voi cac hop chat nay do tinh 6n dinh hda hoc cao cta ching. Vi vay, viéc phat
trién cac vat liéu xtic tac hiéu qua nham chuyén héa hodc khit cc chat 6 nhiém hitu co
doc hai dang trd thanh mot hudng nghién ctru quan trong trong linh viec hda hoc moi
truong [6-8]. Trong nhitng ndm gan day, cc vat liéu nano oxit kim loai ban dan da thu
hut sy quan tm 16n nho nhimg wu diém no6i bat nhw dién tich bé mat 16n, kha néng diéu
chinh ciu trtic va hoat tinh xtc tac cao. Trong s& d6, oxit sat (Fe,0s) dugc nghién ctru
rong rai do c6 do bén hda hoc t6t, ddc tinh thap, gia thanh ré va dac biét la kha nang tach
khoi dung dich bang ti truong sau phan tng [9-10]. Tuy nhién, cac vat liéu Fe,Os; don
pha thuong gdp mot s& han ché nhu kha nang truyén dién tich con han ché dan dén hiéu
suit xtc tac chwa thuc su t6i wu. D& khic phuc nhitng han ché nay, viéc két hop oxit sat
v0i cac nano kim loai quy nhw bac (AgNPs) nh3m tao ra cic vét liéu to hop da dwoc
chiing minh la mét giai phap hiéu qua. Cac hat nano Ag c6 thé déng vai tro la cac tam
xuc tac hoat dong manh, gitp ting ceong qua trinh chuyén electron, giam nang luong
hoat hda cta phan ting va tir d6 nang cao dang ké hiéu suat xtc tac ctia hé vat liéu [11-
12].

Trong nghién cttu nay, vat liéu t6 hop AgNPs/Fe;O; ¢ cdu truc hinh théi lap
phuong dugc tong hop thong qua qua trinh nhiét phan tién chat Prussian Blue ¢6 pha
tap ion Ag*. C&u trtic va hinh thai ctia vat liéu duoc dic trung bang cac phuong phép
phan tich hién dai nhue SEM, TEM, HR-TEM, XRD, FT-IR, UV-Vis va BET. Hoat tinh xtic
tac cua vat liéu dugc danh gia thong qua phan tng khtt 4-nitrophenol trong mai trreong
nude. Két qua nghién ctu khong chi gdp phan lam rd méi quan hé gitra cau trac, hinh
thai va hoat tinh xtc tac ciia hé vat liéu AgNPs/Fe,O; ma con mo ra tiém nang tng dung
ctia vat liéu trong xtr Iy cac chat 6 nhiém hitu co trong méi tredng nuwdc.

2. VAT LIEU VA PHUONG PHAP
2.1. Héa chat

Kali hexacyanoferrat(Il) (KsFe(CN)s3H20), polyvinylpyrrolidone (PVP) dugc
cung cdp boi hang Merck (Dtec). Bac nitrat (AgNO3), 4-nitrophenol va dung méi ethanol
dwoc mua tir hang Daejung (Han Qudc). Tat ca cac hda chat duoc st dung truc tiép ma
khong can tinh ché€ thém.

2.2. Thiét bi

DO két tinh caa vat liéu duoc xac dinh béng phueong phap nhiéu xa tia X (XRD)
trén thiét bi D8 Advance Bruker str dung bttc xa CuKa (A = 1,5406 A). Hinh thai va cau
trac caa vat liéu duogc khao sat bé”mg kinh hién vi dién t&r quét (SEM, Hitachi S-4800) va
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kinh hién vi dién t& truyén qua (TEM, HR-TEM, JEOL JEM 1230). Pho hong ngoai bién
ddi Fourier (FT-IR) duogc do trén thiét bi Shimadzu IRPrestige-21, trong khi phd hdp thu
UV-Vis duoc ghi nhan bang may quang phd Jasco V-630. Dién tich bé mit riéng va déc
trung 16 x8p ctia mau dwoc xac dinh bang phuong phap hap phu - khir hap phu N, trén
thiét bi Micromeritics CMS 2020, dién tich bé mat dwgc tinh theo m6 hinh BET va phéan
bd kich thuwdc 16 x8p dugc xac dinh theo phuwong phap BJH.

2.3. Tong hgp vat liéu t6 hgp AgNPs/Fe:0s [13]

Qua trinh tong hop vat liéu AgNPs/Fe,O; c6 hinh théi lap phuong duoc thuc
hién qua hai giai doan. Trudc hét, vat liéu khung hitu co-kim loai Prussian Blue (PB)
duoc tong hop bang phuong phép thuy nhiét. Cu thé, 3,8 g polyvinylpyrrolidone (PVP,
K30, MW = 40000) va 0,11 g K4Fe(CN)e-3H,O duoc hoa tan trong 50 mL dung dich HCl
0,1 M d¢€ tao thanh dung dich mau xanh dong nhat. Hon hop dung dich sau dé duoc
chuyén vao binh Teflon dét trong autoclave va tién hanh phan tng thay nhiét ¢ 80 °C
trong 24 gid. Sau khi két thiic phan ¢ing, san phdm ran mau xanh dwoc loc, rira nhiéu lan
bang nuede cat va ethanol, sau d6 say & 60 °C trong 24 gio dé thu dwoc vat liéu Prussian
Blue.

Trong budc tiép theo, 0,05 g PB va luong duw AgNO; (3 mmol) dugc phan tan
trong 50 mL nudc cat va khudy & nhiét d¢ phong trong 24 gio. San pham Ag*/PB thu
dwoc duwoc loc va rira b.%mg nudc cat va ethanol. Cudi cung, vat liéu Ag*-PB duoc nung
0 cac nhiét d¢ khac nhau (350, 450 va 550 °C) trong 2 gio voi tdc dd nang nhiét 5 °C/phat
trong mdi treong khong khi d€ tao thanh vat liéu AgNPs/Fe,Os-T (T = 350, 450 va 550)
c6 hinh thai lap phuong. Tuwong tu, vat liéu Prussian Blue cling duoc nung theo quy
trinh trén d€ thu duoc Fe,O; ¢6 hinh thai lap phuong.

2.4. Danh gia hoat tinh xuc tac khwt 4-nitrophenol

Phan tng khtt 4-nitrophenol (4-NP) dugc theo ddi bang phuong phap phd hap
thu UV-Vis trén thiét bi Thermo Evolution 201 (My) tai budc song 400 nm. Trong thi
nghiém, 3 mL dung dich 4-nitrophenol (20 mg L) va 5 mg NaBH,4 dwoc cho vao cuvet
thach anh. Sau khi dung dich chuyén sang mau vang dam on dinh, 5 uL dung dich phan
tén xtic tic AgNPs/Fe,O; (5 mg mL1) duwoc thém vao hon hop phan ting. Qua trinh phan
tng duoc theo dbi lién tuc bang phd UV-Vis tai budc séng cuc dai 400 nm, véi thoi gian
ghi phd mdi 15 gidy. Do chuyén héa ctia phan ting khtr 4-NP duoc tinh theo cong thirc:
Do chuyén hoa (%) = (1-C/Co) x 100

Trong do: C, la ndng dd ban dau ctia 4-NP; C; 1a ndong do 4-NP tai thoi diém t.
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3. KET QUA VA THAO LUAN

3.1. Pac trung vat liéu
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Hinh 1. Gian d6 XRD (a) va phd FT-IR (b) cua khung httu co kim loai
Prussian blue (PB) va Ag*-PB.

Hinh 1a trinh bay gian d6 XRD cua khung hitu co kim loai Prussian blue (PB) va
Ag~PB. Két qua cho thay, cac dinh nhiéu xa quan sat dugc trén gian d6 XRD ctia vat liéu
PB hoan toan phu hgp véi cdu trac 1ap phwong tam dién ctia pha tinh thé Prussian Blue
theo dit liéu chuan JCPDS s6 01-071-6156 [14]. Ngoai ra, quan sat trén gian d6 khong
xuat hién bat ky dinh nhiéu xa pha tap nao khac, cho thdy vat liéu tong hop dat do tinh
khiét cao. Sau khi pha tap ion Ag* vao hé, trén gian d6 XRD cua vat liéu Ag*-PB xuat
hién thém bon dinh nhiéu xa méi tai cac goc 20 Tan luwot la 23,8°, 29,9°, 38,6° va 49,5°,
twong tng voi cac mat tinh thé (101), (110), (012) va (211) cia AgCN. Két qua nay ching
t6 ion Fe?* trong cau tric Fey[Fe(CN)g]snH,O da bi thay thé boi ion Ag*, dan dén sy hinh
thanh ciu triuc Ags[Fe(CN)g]. Tuy nhién, cau tric nay kém bén ¢ nhiét d6 trén 70 °C va
bi phan huy trong qud trinh sdy, chuyén héa thanh pha AgCN [15].

Quan séat pho FT-IR cua hai vat liéu PB va Ag*-PB (hinh 1b) cho thdy vat liéu PB
xuat hién cac dinh hap thu déc trung tai 2087 cm™ va 499 cm™, [an luot twong ting véi
dao dong kéo dan cua lién két C=N va dao dong ddc trung ctia cau ndi Fe?*~CN-Fe3*
trong mang tinh thé PB [16]. Pang cha y, cwong do dinh tai 499 cm™ giam dang ké o
mau Ag*-PB, chiing t6 su suy giam lién két Fe2*~CN-Fe3* do qua trinh thay thé Fe?* bang
Ag* trong cdu truc.
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Hinh 2. Anh SEM ctia PB (a) va Ag*-PB (b).

Anh hién vi dién t&t (hinh 2a va b) cho th&y ca hai mau déu c6 hinh théi vi lap
phuong dac trung. Tuy nhién, bé mdt cua mau Ag*-PB tro nén tho rdp hon so vdi mau
PB ban dau, diéu nay c6 thé'lién quan dén su bién do6i cau truc tinh thé va sy hinh thanh
cac hat AgCN trén bé mat sau qua trinh thay thé ion. Céc két qua thu dwgc tir phén tich
XRD, phé FT-IR va quan sat hinh thai hoc khang dinh rang qud trinh bién tinh bang ion
Ag* da gay ra nhitng thay doi 10 rét vé ciu trac tinh thé cting nhu vi hinh thai cta vat

liéu.
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Hinh 3. Phan tich nhiét trong luong (TGA) ctia cidc mau PB va Ag*-PB

Phén tich nhiét trong lwong (TGA) cua cac vat liéu PB va Ag*-PB duoc tién hanh
trong moi treong khong khi va két qua duoc trinh bay ¢ hinh 3. D6i véi vat liéu PB, su
suy giam khoi luong dang k€ duoc ghi nhén tai khoang 523 °C, cho thay qua trinh oxy
hoa ion Fe?* va sy phan huy ctia phdi ti CN- trong ciu trac. Trong khi d6, mau Ag*PB
xuat hién sy mat khoi luong ro rét @ khoang 375 °C. Két qua nay cho thay suw c6 mét ctia
ion Ag* da lam giam nhiét do phan hay cua vat liéu. Pong thoi trong qud trinh nung,
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Ag* duoc khtt in-situ tao thanh cac hat nano Ag (AgNPs) va thuc day su chuyén hoéa cau
trac PB thanh pha Fe;O; dang vi lap phuong.

Element W,(%)
OK 39.77
FeK 35.56

100

T T
0 1 3 5
ull Scale 11612 cts Cursor: 15.347 keV (55 ds) kaV

Hinh 4. Anh hién vi dién tie quét (SEM) cuia vt liéu Fe;05-450 (a) va AgNPs/Fe,0;-450 (b); phd
tan sac nang luong tia X (EDX) ctia AgNPs/Fe,03-450 (c)

Hinh thai ctia cac san phdm sau nung ¢ 450 °C (ky hiéu Fe205-450 d6i véi vat liéu
Fe,O; va AgNPs/Fe,05-450 ddi véi AgNPs/Fe,Os) dugce trinh bay trong hinh 4a va 4b.
Két qua cho thay ca hai vat liéu déu co hinh thai dang lap phuwong dac trung cua tién
chat ban dau. Tuy nhién, bé mdt cc hat sau nung tré nén tho rap hon, hién tuwgng nay
duoc giai thich la do sy thoat khi trong qua trinh lvu nhiét trong diéu kién nung ngoai
khong khi, tao nén cac 16 rSng trén bé mat vat liéu. Phd EDX (hinh 4¢) xac nhan sy hién
dién va thanh phan nguyén t6 cua Fe, O va Ag trong cac vi lap phuong AgNPs/Fe,Os-
450. Nhing két qua nay chiing minh sy hinh thanh thanh cong cta vat liéu t6 hop
AgNPs/Fe,Os véi cdu truc va thanh phan mong mudn.
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Hinh 5. Anh TEM ctia vat liéu Fe,05-450 (a) va AgNPs/Fe;05-450 (b)

Hinh thai ctia vat liéu Fe;O3-450 va AgNPs/Fe,O;-450 duoc khao sat chi tiét hon
bang anh TEM (hinh 5a, b). Két qua cho thay vat liéu AgNPs/Fe,O; xuat hién cac 16 x3p
bén trong cdu trac véi kich thude khoang 10 nm, 16n hon so vdi vat liéu Fe,O; don pha.
Déng chu ¥, cac 10 xOp nay tao thanh mang luwdi lién thong cé trat tw trong tinh thé. Bén
canh do, kich thudc cac hat nano so cdp ctia mau AgNPs/Fe,03-450 cing ting dang k&
s0 v6i mau Fe,03-450.

Bang 1. Kich thudc tinh thé va ddc tinh x0p cta cac vat liéu Fe,O; va AgNPs/Fe,O;
duoc nung 6 cac nhiét do khac nhau trong 2 gio.

Dién Duong kinh

Kich

o e Kich thuéc  tichbé  trungbinh  Thé tich mao

Vat liéu thwdc AeNP " <t . , s

, nm mat, ama an, cm3.g"

Fe20s, nm® ENLS Cu7 © quan, cm=g
m2g-! quan, nm

Fe,03-350 3,36 162,30 429 0,17
Fe,O3-450 4,09 99,61 13,88 0,33
Fe,O3-550 5,11 95,01 15,27 0,35
AgNPs/Fe;05-350 3,79 10,48 45,32 13,86 0,16
AgNPs/Fe;O5-450 5,91 12,98 34,98 18,24 0,17
AgNPs/Fe;O5-550 6,29 15,27 15,01 27,41 0,11

"‘Dugc tinh todn tir phwong trinh Scherrer dya trén mdt tinh thé’Fe,O3 (104) véi gid tri 260 khodng

33,39° va ** dwa trén AGNPs (111) voi gid tri 260 khoang 38,21°.
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Hinh 6. Gian d6 XRD cua vat liéu Fe205-450, AgNPs/Fe20s-450 (a); Fe205-T (b) va AgNPs/Fe20s-
T (c) dwgc nung & cac nhiét do khac nhau T (T=350, 450, 550 °C) trong 2 gio

Hinh 6 trinh bay gian do nhidéu xa tia X (XRD) cua cac vat lieu Fe,O; va
AgNPs/Fe;O; dwgc nung ¢ cac nhiét do khac nhau (T = 350, 450 va 550 °C) trong 2 gio.
Dai véi vat liéu AgNPs/Fe,05-450 (Hinh 6a), cac dinh nhiéu xa tai 20: 24,17; 33,39; 35,85;
41,02; 49,57; 54,08 va 62,34° duoc quy cho pha tinh thé a-Fe,O; (JCPDS s6 33-0664) [17].
Dong thoi, cac dinh tai 20: 38,21; 44,35; 64,35 va 77,36° ddc trung cac hat nano Ag
(AgNPs) (JCPDS s6 65-2871) [12], chiing to cac ion Ag* da dugc khir thanh AgNPs. So
v6i mau Fe,03-450, cac dinh nhiéu xa ctia a-Fe,O; trong mau AgNPs/Fe,05-450 van gitr
nguyén vi tri, cho thdy cau trac tinh thé khong bi thay d6i khi hinh thanh vat liéu t6 hop.
Tuy nhién, cuong do cac dinh tang va tro nén sdcnét hon, phan anh d¢ két tinh dwoc cai
thién. Dac biét, dinh (111) cua Ag tai 26= 38,21° xuat hién ro rét, chiing minh su hinh
thanh va phan b cia AgNPs trén nén Fe,O;. D61 voi cac mau Fe,Os nung 6 cac nhiét do
khac nhau (hinh 6b), tat ca cac dinh nhiéu xa déu phti hop véi pha a-Fe,Os, cho thdy qué
trinh chuyén hoéa tir tién chat sang oxit sit ¢ hoan toan. Khi nhiét d6 nung ting tir 350
1én 550 °C, cac dinh nhiéu xa trd nén sic nét hon, chiing t6 do két tinh tang 1én va kich
thudce tinh thé phat trién theo nhiét do. Tuong tw, trong hinh 6¢, cac mau AgNPs/Fe;Os
nung O cac nhiét dé khac nhau déu xuat hién déng thoi cac dinh dic trung cua a-Fe,Os
va Ag kim loai. Khi tang nhiét d nung, cuong do cac dinh Ag tang 1én rd rét, cho thay
sw hinh thanh va phat trién ctia cdc hat AgNPs. Dong thoi, kich thudc tinh thé trung binh
cta AgNPs, tinh theo phuong trinh Scherrer, tang dan theo nhiét ¢ nung, phan anh qua
trinh két tinh va két tu hat xay ra manh hon ¢ nhiét d6 cao (bang 1). Biéu nay cho thay
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nhiét d6 nung déng vai tro quan trong trong viéc diéu chinh cau truc va tinh chét cta

vat liéu.
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Hinh 7. Dudong dang nhiét hap phu — khit hdp phu nito (a) va duong cong phan bd kich thuéc
15 x0p (b) ctia nhitng vat liéu Fe,O3; va AgNPs/Fe;O; thu dugc ¢ cac nhiét d¢ nung khac nhau
(T=350, 450 va 550 °C) trong 2 gio

Hinh 7 trinh bay cac duong dang nhiét hap phu — khit hdp phu N, va phan bd
kich thudc 16 x8p ctia cdc mau, trong khi d6 cac thong s6 déc trung tinh chat x6p duoc
tong hop trong Bang 1. Tat ca cac mau déu thudc kidu IV véi vong tré H3 theo phan loai
IUPAC, dac trung cho vat liéu mao quan trung binh [18]. B6i vdi cac mau Fe,O;, lwong
hap phu ting dan theo ap sudt twong ddi va ting manh & viing P/P, > 0,8, cho thay hé 16
x0p phat trién t6t. Cau tric nay hinh thanh ttr sw phan huy khung Prussian Blue, tao nén
mang lwdi 16 x6p twong d6i trat tw. Két qua phan bd kich thudc 16 x8p cho thdy cac 16
x6p chti yéu nam trong viing mesopore. D&i véi cac vat liéu t8 hop AgNPs/Fe,Os, dang
duong dang nhiét van duoc duy tri, tuy nhién thé tich hdp phu giam 16 rét so véi Fe,Os,
phan anh sy gidm dién tich bé mit riéng. Nguyén nhan cht yéu do sy lang dong ctia cac
hat AgNPs trén bé mat va trong cdc mao quan. Ngoai ra, khi tang nhiét 46 nung tir 350
dén 550 °C, dién tich bé mat tiép tuc giam trong khi kich thuéc 16 x8p trung binh ting
1én. Hién twong nay duoc giai thich boi qua trinh thiéu két, 1am cac hat nano két ty, dan
dén giam vi mao quan va md rong mao quan trung binh. Diéu nay cho thiy nhiét do
nung c6 anh hwong quan trong dén ciu tric x6p va tinh chat cta vat liéu.
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Hinh 8. Pho UV-Vis ctia 4-NP trude va sau khi thém NaBHy, (a); s thay d6i theo thoi gian ctia
phan tng khi vang mat (b) va c6 sy hién dién xtic tac AgNPs/Fe,05-450 (c).

Hoat tinh xtc tadc ctia vat lieu AgNPs/Fe;O3-450 trong phan tng khir 4-
nitrophenol (4-NP) bang NaBH, da duoc khao sét bang phd UV-Vis. Nhu trinh bay o
hinh 8a, dung dich 4-NP ban dau cé dinh hép thu tai 317 nm, sau khi b6 sung NaBH,,
dinh nay dich chuyén vé khoang 400 nm, ddc trung cho sw hinh thanh ion 4-
nitrophenolat trong mdi treong kiém. Khi khong c6 mdt chat xdc tac (hinh 8b), cuong
dd hép thu tai 400 nm gan nhu khong thay d6i theo thoi gian, cho thdy phan tng khw
dién ra rat cham. Nguoc lai, khi b6 sung vat liéu AgNPs/Fe;O;-450 (hinh 8c), cwong do
dinh tai 400 nm giam nhanh va bién mat hoan toan sau khoang 5 phut, ching t6 qua
trinh khtt dién ra hiéu qua. Pong thoi, su xuat hién ctia dinh hap thu méi tai khoang 300
nm dugc ghi nhan, teong tng véi sy hinh thanh san pham 4-aminophenol, khang dinh
vai tro xtc tac ctia vat liéu trong qua trinh chuyén hoéa 4-NP.
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Hinh 9. D) chuyén hoa phan huy 4-NP (a) va gian d6 In(C/Co) theo thoi gian (c) ctia
nhitng vat liéu Fe,O; va AgNPs/Fe,Os thu diroc 6 cac nhiét d6 nung khac nhau (T= 350, 450 va
550 °C) trong 2 gio

Hinh 9 trinh bay do chuyén héa 4-NP va db thi In(C/Co) theo thoi gian ctia cadc mau
Fe,O; va AgNPs/Fe,O; nung ¢ cac nhiét dd khac nhau (350, 450 va 550 °C). Két qua cho
thdy cdc mau Fe;O; hau nhu khong cé hoat tinh xtc tac, khi d6 chuyén héa gan nhu
khong thay doi theo thoi gian. Nguoc lai, cac mau AgNPs/Fe;0Os thé hién hoat tinh xtc
téc 16 rét, trong d6 mau AgNPs/Fe,0s-450 dat hiéu qua cao nhat véi dd chuyén héa
khoang 99% sau 5 phtit. Mau AgNPs/Fe,0;-350 dat khoang 80%, trong khi mau nung &
550 °C giam con khoang 40%, do hién tuong két tu hat va suy giam dién tich bé mat ¢
nhiét do cao.

Déng hoc phan ting tuan theo mé hinh gia bac nhat do NaBH, dw, dwgc md ta boi
phuong trinh In(C/Co) = —kappt. Cac gia tri hang sd tdc do bidu kién ctia AgNPs/Fe;O5-T
(T= 350, 450 va 550) Tan lwot la 0,342; 0,723 va 0,094 phat™, véi hé sd twong quan cao.
Trong d6, mau AgNPs/Fe,0:-450 thé hién hoat tinh xtc tac t&i wu, phtt hop véi cac két
qua ddc trung vat liéu.

Trong dé: kapp 12 hang s toc dd biéu kién.

Céc phuong trinh dong hoc cia AgNPs/Fe,Os-T dirgc mo ta nhu sau:

AgNPs/Fe;05-350: In(Ci/Co) = (-0,34240,016)t + (0,019+0,043), r=0,962

AgNPs/Fe,05-450: In(Cy/Co) = (-0,72340,0281)t + (0,0354:0,0843), =0,973 (3.4)

AgNPs/Fe;05-550: In(Cy/Co) = (-0,0942-0,0005)t + (0,0064-0,016), =0,952 (3.6)

Két qua cho thdy cac d6 thi tuyén tinh thu duoc c6 hé s6 twong quan cao, ching to
phan Ging tuan theo md hinh dong hoc biéu kién bac nhat. Hz“ing s0 toc do biéu kién (kapp)
clia cadc mau AgNPs/Fe;Os-T (T = 350, 450 va 550 °C) lan luot la 0,342; 0,723 va 0,094
phut. Trong d6, mau AgNPs/Fe;O;5-450 thé hién gid tri kapp cao nhat, cho thay hoat tinh
XUc tac vurot troi so véi cac mau con lai. Két qua nay phit hop véi cac phan tich déc trung
truede do, cho thady nhiét dd nung 450 °C tao diéu kién t6i wu vé cau trac va su phan tan
cua AgNPs trén bé mat Fe,Os.
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Bang 2 trinh bay sy so sanh hoat tinh xtc tac ciia hé¢ AgNPs/Fe,O; véi mot s6 vat
liéu da duwoc cong bs. C6 the nhan thdy rang xuc tac AgNPs/Fe,O; trong nghién ctru nay
dat gid tri kapp 1én dén 0,723 phut, cao hon so véi nhiéu hé xtc tac khac nhu Au@[Nal-
HAMS (0,310 phtit), Pd/C (0,529 phiit), Co@C (0,660 phiat™) va Pt/Co,0,~CeO; (0,678
phuat™). Biéu nay cho thdy hé AgNPs/Fe;O; cé tiém nang ting dung cao trong phan ting
khtr 4-nitrophenol, nho su két hgp hiéu qua gitra cac tdim hoat dong AgNPs va chat mang
Fe;Os.

Bang 2: Sy so sanh hoat tinh xtic tdc ciia hé AgNPs/Fe,O; véi mot so vat liéu da duoc

cong bo
Cxu’c ac Th\ i Ka
~ CAu truc vat Canr t ) o p,p
Mau n (mg mL- gian (phut  TLTK
lieu (mM) . , )
) (phat) )
Cau trac vo-
Au@[Na]-HAMS . 5,217 1,739 15 0,310 [19]
noan
Cau trv 0,0024
Pd/C R W/ 8 0529  [20]
nanocomposit mM
Co@C Cau truc x6p 0,1 0,02 4 0,660 [21]
Cau trv
Pt/C050+-CeOn AEEC 00958 0,0479 4 0,678  [22]
nanocomposit
Ca/Co030s Cau trucx6p  3,5x10° 0,08 41,67 0,230 [23]
Cau trv Nghié
AgNPs/Fe:0s WHIE 043 0,008 5 0723 ot
nanocomposit ciu
4-Nitrophenol (4-NP)
OH"~
4-Nitrosophenol 4-Hydroxylamino-  4-Aminophenol Aminophenol
(-N=0) ™ phenol o= (-NH) ——  (4.ap)

+2H,0

Hinh 10. So d6 co ché truyén electron trong phan ting khi 4-nitrophenol trén xtc tac
AgNPs/Fe;Os.

Hoat tinh xtc tac cao cia hé AgNPs/Fe;Os c6 thé duoc giai thich dua trén co ché€
truyén electron trung gian (hinh 10). Trong m6i treong c6 NaBH, du, ion BH,~ dong vai
tro 1a nguon cung cap electron, trong khi 4-nitrophenol ton tai chu yéu dudi dang ion 4-
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nitrophenolat. Trén bé mat xtic tac, ca BHy~ va 4-nitrophenolat dwoc hdp phu dong thoi,
tao diéu kién thuan loi cho qua trinh chuyén electron. Cac hat nano AgNPs dong vai tro
la tm hoat ddng, hoat dong nhu “cau noi electron”, gitp truyén electron tir BHs~ dén
nhém -NO; ctia 4-nitrophenol. Qua trinh nay dién ra qua cac buéc trung gian nhwe -NO
va -NHOH, cudi cung chuyén héa thanh 4-aminophenol. Trong khi d6, Fe,O; khong chi
déng vai tro la chat mang gitp phan tan t6t AgNPs ma con gép phan ting ceong twong
tac bé mat va hd trg qud trinh truyén electron. Nho hiéu tmg hiép dong gitta AgNPs va
Fe;Os, qua trinh hdp phu va truyén electron duoc ting cuong, tit d6 nang cao téc do
phan tng va hoat tinh xdc tac cua vat liéu.

Kha nang tai st dung xdc tac dong vai tro quan trong trong phan tng xtc tac di
thé. D€ danh gid kha nang tai st dung ctia xtc tac, vat liéu AgNPs/Fe,O; duoc st dung
cho phan ting khtr xtic tac 4-nitrophenol trong 5 vong lién tuc. Két qua dwgc trinh bay ¢
hinh 11, két qua cho thay trong 5 vong lién tuc d6 chuyén hoa trén 95 % trong vong 5
phut tién hanh phan tng. Diéu nay cho thay vat liéu xtc tac AgNPs/Fe;O; ¢6 d bén cao
va kha nang tai sit dung khi thirc hién phan tng khtr xtc tac 4-nitrophenol.

100 ~

1 2 3 4 5

Chu ky tai str dung

Do chuyén héa (%)
3 3 3

[\
o
]

Hinh 11. Danh gia kha nang tai sit dung ctia xtic tac AgNPs/Fe,Os.

Tai st dung ctia xtic tac 1a mot yéu td quan trong phan anh tinh ing dung thuee
tién cua hé xuc tac. Trong thi nghiém nay, vat liéu AgNPs/Fe,O; dwoc st dung lap lai
trong 5 chu ky phan tng khtt 4-nitrophenol nhdm danh gia do 6n dinh. Két qua trinh
bay 6 Hinh 11 cho thay hiéu sudt chuyén hoéa ludn duy tri trén 95% sau 5 phut phan tng
0 tat ca cac chu ky. Két qua nay cho thdy xuc tac c6 do bén cao va kha nang tai st dung
tot trong phan tng khtr 4-nitrophenol.
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4. KET LUAN

Trong nghién ctru nay, vat liéu t6 hop AgNPs/Fe,O; cé hinh thai lap phuwong da
duoc tong hop thanh céng thong qua phuong phap nhiét phan truc tiép tién chat
Prussian Blue chita ion Ag*. Két qua dac trung cho thay vat liéu c6 cau tric xop, dién
tich bé mat twong ddi 16n va cac hat nano Ag phan bd dong déu trén nén Fe,Os. Nhiét
dd nung anh hudng dang ké dén hinh thai, cdu trac va hoat tinh xtc tac cua vat liéu,
trong d6 mau nung & 450 °C trong 2 gid thé hién déc trung t&i wu voi hinh thai lap
phuong rd rang va cau trac 6n dinh. Vat liéu AgNPs/Fe,05-450 cho thay hoat tinh xtc
tac cao trong phan ting khtt 4-nitrophenol trong moi trieong nudce, tuan theo dong hoc
gia bac nhat voi hf?mg s0 toc do biéu kién dat 0,723 phat™. Ddc biét, vat liéu van duy tri
hiéu suat xuc tac tot sau nhiéu chu ky st dung, cho thdy kha néng tai sit dung va d¢ bén
cao, htta hen tiém néng tng dung trong x& ly cac hop chat hitu co doc hai trong moi
treong nudc.
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SYNTHESIS OF CUBIC-STRUCTURED AgNPs/Fe,O; COMPOSITES AND THEIR
APPLICATION IN THE CATALYTIC REDUCTION OF 4-NITROPHENOL

Ton That Tuan!, Vu Tung Duong?, Ho Van Minh Hai"
Faculty of Chemistry, University of Sciences, Hue University
?Faculty of Fundamental Sciences, Nguyen Hue University
* Email: humhai@hueuni.edu.vn
ABSTRACT

In this study, cubic-structured AgNPs/Fe;O3; composites were synthesized via direct
pyrolysis of Ag*incorporated Prussian Blue precursors at different temperatures.
The structural and physicochemical properties of the materials were characterized
by various advanced techniques, including SEM, TEM, EDX, FT-IR, and BET. The
results revealed that the cubic AgNPs/Fe;O; structures were constructed from
nanosized subunits, forming a porous architecture with a high specific surface area.
The calcination temperature significantly affected the morphology and properties of
the materials. Notably, the sample calcined at 450 °C for 2 h exhibited well-defined
cubic morphology, with Ag nanoparticles uniformly dispersed on the Fe,Os; matrix.
The AgNPs/Fe,Os; composites were employed as catalysts for the reduction of 4-
nitrophenol in aqueous solution. The results demonstrated that the sample calcined
at 450 °C showed the best catalytic performance, following pseudo-first-order
kinetics with an apparent rate constant (kapp) of 0.723 min?, indicating its excellent

stability and reusability.

Keywords: AgNPs/Fe;O;, cubic morphology, catalytic reduction, 4-nitrophenol.
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