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Tong hop vat liéu composite tir tinh CuFe,04/nano tinh thé
cellulose ¢6 kha nang thu héi lam xuc tac cho phan ing khi

4-nitrophenol
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TOM TAT

Trong nghién ctu nay, vat liéu composite c6 tir tinh cao CuFe,O4/nano tinh thé cellulose
(CuFe,04/CNC) dugc ché tao bang phuong phap dung nhiét don gian mot giai doan. Dua trén
diéu kién ctia qua trinh dung nhiét nay, cac hat ferrite CuFe;Oy4 tur tinh cé kich thudc nanomet
(CuFe;04 NPs) duac téng hap truc tiép va dugc CNC gén két trén bé mat. Thanh phan, cdu tric,
hinh thai va tir tinh cla vat liéu dugc khao sat bang cac phuang phép nhu phd héng ngoai bién
déi Fourrier (FT-IR), nhiéu xa tia X (XRD), kinh hién vi dién tir quét do phan gidi cao (FESEM), phd tan
s&c nang lugng tia X (EDX), phd tir ngoai kha kién (UV-Vis) va phép do tir ké mau rung (VSM). Két
qud anh FESEM va EDX mapping chi ra rdng CuFe;O4 NPs c6 kich thudc khodng 88 nm kha dong
déu va dugc ¢ dinh trén nén CNC. Hoat tinh xdc tac clia composite CuFe; O4/CNC dugc khao sat
thong qua phan ung khir 4-nitrophenol trong dung dich nudc. Vat liéu composite CuFe;O4/CNC
c6 hoat tinh xUc tac cao trong phan Ung kh 4-nitrophenol thanh 4-aminophenol, khi cé mat clia
NaBHy4. Hop chét 4-nitrophenol c6 thé bi khir hoan toan chi trong thdi gian 5 phut. Hoat tinh xtc
tac cao cla vat liéu dua trén kha nang dé tiép can clia cac ion 4-NP trén CNC va cac tam hoat tinh
CuFe,04. Nha tinh chét bén viing véi moi trudng va co thé thu hoi bang tir tinh, CuFe;O4/CNC
dugc cho la mot chat xuc tac hia hen co nhiéu tiém nang Uing dung trong xUt ly nudc thai.

Tu khoa: dung nhiét mét giai doan, hat nano CuFe,O, tir tinh, nano tinh thé cellulose, phan tng

Trudng Pai hoc Khoa hoc Ty nhién,
DHQG-HCM, Viét Nam

Lién hé

Vi Nang An, Trudng Dai hoc Khoa hoc Ty
nhién, PHOG-HCM, Viét Nam

Email: vnan@hcmus.edu.vn

Lich su

o Ngay nhén: 26-2-2021

e Ngay chép nhan: 15-9-2021

o Ngay dang: 01-11-2021

DOI :10.32508/stdjns.v5i4.1025

| '.) Check for updates

Ban quyén

© DHQG Tp.HCM. Dy la bai bdo cong bé
ma& dugc phat hanh theo cac diéu khoan cla
the Creative Commons Attribution 4.0

"\_

VNU-HCM Press

International license.

h

khtt 4-nitrophenol

MG PAU

O nhiém moi trudng, dic biét 1a 6 nhiém nguén nudc
dang la mot trong nhiing van nan cdp thiét trong xa
hoi ngay nay. Céc chit gay 6 nhiém doc hai chu yéu
la nhiing chdt thai ti cic nganh céng nghiép nhu
dét, gidy va bot gidly, in 4n, sit thép, ddu mo, thudc
trit sdu, son va dugc phim... Pay 1a cic linh vuc
san xudt st dung khd nhiéu cic loai hoa chit hiu
col. Trong s6 nay, cac hop chét nitroaromatic, dic
biét 1a 4-nitrophenol (4-NP) la cac chat gay 6 nhiém
chinh trong nudc thai cong nghiép va néng nghiép .
Phan tng khtt 4-NP sé tao ra 4-aminophenol (4-AP),
day 1a mot loai aminoaromatic thiét yéu trong nganh
dugc phdm. 4-AP la tién chit quan trong cho viéc
san xudt cac loai thudc khic nhau nhu paracetamol,
phenacetin, acetanilide...?. Nhiéu phuong phap da
dugc cong bé d€ khii cdc hgp chét nitroaromatic
thanh aminoaromatic, cu thé 13 phin tng khu kim
loai/bazo?, st dung xtc tac d6ng thé*, xic téc hydro
héa di thé” va phan ing khii quang héa>°. Tuy nhién,
cc phuong phép nay tén tai mot s6 han ché, ching
han nhu viéc thu hdi chit xtc tic, viéc loai bo bun oxit
kim loai trong qué trinh phén ting, tiéu ton thaoi gian,

stt dung cdc tdc chit doc hai, c6 thé giy ung thu va
dot bién®. Trong s6 cac phuong phap nay, phan ting
khtt 4-NP trong dung dich nudc khi st dung lugng du
natri borohydride (NaBHy4) va cic chit xuc tac dugc
xem la t6i uu do phan tng don gian cling hiéu qua
khti 4-NP cao.

Céc nghién ctu da ching minh rang cac vat liéu fer-
rite v6i cong thiic MFe;O4 (trong d6 M = Zn, Cu,
Co, Ni, Mn) dang m¢& ra m¢t huéng nghién ctu vé
vat liéu nano luéng kim loai do cdu tric vat liéu ton
tai cd hai loai cation ctia hai kim loai khdc nhau. Vat
liéu ferrite c6 dién tich bé mat 16n ciing hoat tinh héa
hoc cao, va tinh dac hiéu cua tuong tac bé mit so véi
tuong tac trong cdu tric vat liéu khéi’. So véi cic
vat liéu ferrite khac, cdc hat nano CuFe, Q4 (CuFe; 04
NPs) dugc ting dung rong rai trong cac linh vyc: dién
t&, cdm bién va chit xtc tac® 1% nhd ¢ d6 din dién
cao, bén nhiét va dé dang bi khtt thanh Cu kim loai
v6i hoat tinh vugt trdi tuong tu véi cac kim loai quy
nhu Pt, Au, va Ag. CuFe;O4 con c6 hoat tinh xtc tac
cao trong phan ting kht cdc hgp chit nitroaromatic”.
Ngoai ra, vat liéu CuFe;O4 con c6 tii tinh t6t nén dé
dang thu hoi sau qua trinh phan ting bang ti trudng

Trich dan bai bdo nay: AnV N, Hoa L TN, Han N N, Tran H B, Hi€u L V. Téng hgp vat liéu composite tir tinh
CuFe,0,4/nano tinh thé cellulose c6 kha nang thu héi lam xiic tac cho phan tng khi 4-nitrophenol.
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ngoai va c6 thé tii stt dung cho cic chu ky xdc tac
tiép theo !!. Didu nay khong nhiing mang lai gié tri vé
mat kinh t& ma con ngin chin sy phat sinh cta cac
ngudn 6 nhiém thi cdp, dugc sinh ra do sy ton du ctia
céc chat xuc tdc khong dugc thu héi sau cac qua trinh
xt ly. Gén day, Li cling cac cong sy da téng hop vat
liéu nanocomposite Cu/CuFe;Oy4 c6 tii tinh ting dung
trong linh vic xtc téc xit ly méi trudng 2. Trong cong
bd nay, nhom tac gia da st dung hai tién chit mudi
la copper (II) sulfate pentahydrate (CuSO4.5H,0) va
iron (IIT) chloride hexahydrate (FeCl3.6H,O) cling
CH3COONa dugc hoa tan trong dung mdi ethylene
glycol. Vit liéu Cu/CuFe;O4 dugc tao thanh thong
qua qua trinh dung nhiét & 200°C trong 12 gi6. Vi
hat Cu/CuFe; 04 thu dugc c6 tinh siéu thuin tu vé6i
d6 tit hoa bao hoa 1 58,87 emu.g™! va dudng kinh
trung binh khoéng 150 -200 nm.

Tuy nhién, v6i nhugc diém c6 hitu ctia céc hat nano,
khi kich thuéc hat gidm ciing nang lugng tu do bé mit
tang sé lam cho cac CuFe;O4 NPs khong 6n dinh, cac
hat ¢6 xu huéng két tu dan dén hiéu qua xtc tac gidm.
Vivay, viéc ché tao vat liéu lai t6 hgp gitia cdc oxit kim
loai va polymer dugc xem la mot phuong an kha thi d€
gidi quyét vin dé nay. V6i hudng tiép can nay, cic hat
oxit kim loai sé dugc téng hgp trén polymer ¢ phan
tu lugng cao, dong vai tro 1a gid mang d€ ngan chin
su két tu ctia cdc hat nham nang cao hiéu qua xuc téc.
Cung v6i viéc ¢6 dinh sy hinh thanh va phat trién cua
cac hat nano, chit nén polymer ciing c6 thém céc tinh
chit méi do céc hat nano v6 co mang lai 13 vatliéu lai
t6 hop thudng dugc ché tao thong qua phuong phép
in-situ, cac hat nano kim loai dugc tao thanh truc tiép
trén cc gia mang c6 4i lyc cao tli cac tién chét ion
kim loai ban d4u'4. Gan day, céc vét liéu trén co sg

15,16 graphene oxit dang khtt 17,

carbon nhu graphene
6ng nano carbon da thanh '® va céc polymer sinh hoc,
ching han nhu cellulose, thuong dugc sti dung dé ché
tao vat liéu lai t6 hgp nhd chi phi thip, tri lugng doi
dao va quan trong nhét la tinh bén viing moi trudng.
Trong nhiing ndm gan day, nghién ctiu vé tdng hgp
in-situ cfia oxit st '?, V?angzo va bac?! trén cellulose
thu hut dugc rat nhiéu sy quan tdm. Cellulose véi
cdu tric ¢6 chita mot lugng 16n cac nhém hydroxyl
sé dong vai tro la cdc vi tri tao mdm cho qud trinh
hinh thanh cac hat nano. Céc nano tinh thé cellulose
(CNC) c6 thé dugc sti dung rong rai véi vai tro khong
nhiing 1 gid mang ma con 13 tac nhén phén tin cho
qua trinh téng hop hodc két hgp véi CuFe,O4 NPs.
CNC thudng c6 hinh thai dang sgi v6i déc tinh ciing
chic, dién tich bé mit riéng cao. Cdc tinh chit nay
gitip gid mang CNC ngan chén sy két tu cta cac hat
nano, gitp ich rit nhiéu cho cac ing dung trong linh
viic xtic tc 292223 Ngoai cac vin dé nhu da dé cap
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G trén, vat liéu CuFepO4/CNC con thu hut dugce su
quan tdm vi cic li do khdc nhu: (i) Cdc nhém hy-
droxyl c6 dién tich 4m trén bé mat CNC gitip ngan
chdn sy két tu chia cac hat nano kim loai/oxit kim
loai; (ii) CNC c6 kha ning hép phu t6t doi véi ion 4-
nitrophenolate; (iii) Nguén nguyén liéu ché tao CNC
sdn co, than thién véi moi trudng va huyén phtt CNC
&n dinh t6t ci trong nudc va dung moiZt.

Trong gin mot thép ky viia qua, mot s6 nghién ctiu
vé viéc tong hgp nano kim loai, nano oxit kim loai
ciing nhu nano ferrite trén gid mang CNC da dugc

cong b 2>%,

Cu thé, nhém nghién ctu ctia Tian
va cac cong su 25 da téng hop in-situ cdc hat tii tinh
Co,Cuj_xFe;O4 phén tan tot trén gia mang CNC
trong moi truong NH3z.H, O béing phuong phap thuy
nhiét. Tuy nhién, vat liéu tong hgp dugc c6 do tu
hoa thap 10,95 emu.gf1 va hoat tinh xdc tic kém.
Nhém nghién ctiu Dong va cac cong su® da st dung
dung dich CNC 1am chét khit d€ khit Ag™ tao thanh
nano Ag. Sau dd, cac hat nano Ag nay sé phan tan
trén bé mit tinh thé Fe304 va CNC. Nanocomposite
Ag@Fe30,@CNC dugc téng hop bang phuong phip
thiy nhiét véi NaOAc, c6 kich thudc hat trung binh
khoang 300 nm, khong nhiing c6 d¢ tii hoa bao hoa

cao 12,34 emu.g*1

ma con tang cudng kha nang phin
hty thuéc nhuom.

Trong nghién ctGu nay, chdt xdGc tdc tu tinh
CuFe;04/CNC di dugc tdng hgp bang phuong phép
dung nhiét dua trén quy trinh cta Li va cdc cong
syu'? da dugc chung t6i thay d6i khi c6 thém thanh
phén CNC. Trong dd, CuFe;O4 dugc CNC gan két
trén bé mit thong qua qua trinh lai hoa tryc tiép ctia
hai tién chét kim loai. Vét liéu t8 hgp CuFe; O4/CNC
thu dugc c6 hoat tinh xtc tac t6t hon so v&i CuFe; Oy
thuan trong phan ting khii 4-nitrophenol (4-NP), v6i
su ¢ mat chia chat cho hydrogen 13 NaBHy. Quy
trinh thuc nghiém ciing cho thdy, so véi cac phuong
phép tdng hop khic, phuong phap dung nhiét gitp
cho viéc tron lan cac cation khdc nhau trong dung
dich phtic tap mot cach hiéu qua.

VAT LIEU VA PHUONG PHAP

Vat liéu

Cellulose (CMC) Avicel_ PH101 c¢6 kich thudc hat
~50 um dugc mua ti hang Sigma-Aldrich. NaOH,
HCOOH, H,0; va HCI déu la héa chit thuong mai
¢6 xuét xii Trung Qudc. Dung mdi ethylene glycol
(EG), polyethylene glycol (PEG-6.000), ammonium
acetate (NH4OAc) cung hai tién chit ctia dong va sit
la copper (II) chloride dihydrate (CuCly.2H,0) va
iron (III) chloride hexahydrate (FeCl3.6H,O) déu la
dang thuong mai ctia Trung Quéc. Polyvinylpyrroli-
done (PVP- My ~1.300.000) va 4-nitrophenol (4-NP)
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la hang thuong mai cia Sigma-Aldrich. Tat ca cic hda
chét dugc st dung truc ti€p ma khong can phai tinh
ché lai.

Phuong phap nghién ctu

Phd hong ngoai bién déi Fourier (FT-IR): Cac mau
trudc khi phan tich dugc nghién min va sy trong 24
gio & 80°C. Sau d6, mot lugng nhd mau (~2-3 mg)
dugc ép vién véi KBr theo ty 1é khdi lugng mau va
KBr 12 1:100 & luc nén 250 kN. Phg FT-IR dugc phin
tich trén may quang phd TENSOR 27 (Bruker, Diic)
trong viing s8 séng tit 4000 cm~! dén 400 cm ™! véi
d6 phan giai 1a 4 cm™!. C4u tric tinh thé va thanh
phén pha ctia cdc mau bot duge xac dinh thong qua
gian d6 nhiéu xa tia X (XRD). Gidn d6 XRD dugc
phén tich véi goc quét 26 tu 10° dén 80° va budc
chuyén 0,02°/phut trén may D2 PHARSER (Bruker,
Duc). Hinh thdi bé mit vét liéu dugc phan tich bing
anh FESEM trén thiét bi S-4800 véi thé gia tdc 10
kV. Ham lugng cling nhu sy phan b6 cic nguyén t&
hién dién trén bé mit dugc xac dinh thong qua phé
EDX cung v6i anh EDX mapping, sti dung hé EMAX
ENERGY két hop trén thiét bi S-4800. Tinh chét ti
clia vat liéu dugc phan tich bing phuong phap tu
ké miu rung (VSM) trén thiét bi System ID: EV11,
SN:2010062 do véi gia tri tif trudng ngoai -12000 dén
+12000 Oe, cho phép thu dugc cac gia tri nhu: do ti
héa bao hoa (M), do tit du (M,), luc khang ti (H.)
va dudng cong tit tré. Ph6 UV-Vis dugc do bang méay
UV-Vis V-670, trong ving budc song tii 200-800 nm,
v6i toc d6 400 nm/phut.

Thiy phan tao CNC tir CMC

Cellulose (CMC) dugc thuy phén bing cich khudy
hoan luu lién tuc trong dung dich axit HCl 6 M (ty 1é
khéi lugng s¢i: thé tich axit 1a 1:25) & 90°C trong 90
phat. Phan tng dugc két thic bang cach d6 hon hgp
vao bercher chtia 1000 mL nudc cat, thu dugc huyén
phu. Huyén ph dugc d€ ling, dung dich dugc thay
nudc vai lan dén khi trung hoa (pH = 6-7). Sau do
tién hanh ly tim dung dich bang nudc cit hai lan va
ly tAm bang acetone ba lan véi tdc d¢ 4000 vong/phit
trong vong 10 phut. Két qua thu dugc mau dang bot
trang sau khi sdy kho & 80°C trong 6 gi. San phdm
sau qua trinh thiy phan dugc ky hiéu 1a CNC.

Téng hop CuFe,04 va CuFe;0,4/CNC béang
phuong phap dung nhiét

Quié trinh t6ng hgp vét liéu CuFe; O4/CNC dugc thyc
hién tuén ty theo cdc budc nhu mo ti trén Hinh 1.
DPau tién, huyén phtt CNC dugc tao thanh bang cach
phéan tan 0,3 g CNC trong 40 mL ethylene glycol

béng siéu am trong 0,5 gi¢. Song song véi qud trinh
trén 1a ché tao dung dich tién chit kim loai béng
cach hoa tan 1,6 mmol CuCl,.2H,O va 3,2 mmol
FeCl3.6H, 0 trong 20 mL ethylene glycol. Ti€p dén,
huyén phu CNC dugc d6 vao dung dich tién chét
kim loai. Hén hgp dugc khudy tron déu, 1an lugt
0,75 gam polyethylene glycol (PEG-6.000) va 0,2 g
polyvinylpyrrolidone (PVP, My ~ 1.300.000) dugc
thém tiép vao va hén hgp dugc khudy tiép trong 0,5
gio. Tiép dén, NH4OAc (180 mmol) dugc thém vao
dén khi thu dugc hén hgp mau xanh nhat phén tén
dong nhét. Hén hgp dugc chuyén vao binh thuy nhiét
bang Teflon-thép khong gi (dung tich 80 mL) va
nhiét & 200°C trong 11 gi6. Sau phan tng, binh thay
nhiét dugc lam lanh dén nhiét d6 phong, loc va rtia
sach san phidm bédng nudc va ethanol ba lan. Cudi
cung, san phdm dugc sdy dong kho trong 8 gid, thu
dugc vat liéu t8 hgp CuFe; O4/CNC. D€ so sanh, mau
CuFe;O4 khong ¢ CNC ciing dugc tong hgp theo
diéu kién tuong tu.

Khao sat hoat tinh xtic tac phan hiy 4-NP
Hoat tinh xuc tic cua vat liéu CuFe,O4 va
CuFey04/CNC dugc khao sat thong qua phan
tng chuyén héa 4-NP thanh 4-AP. Dau tién hén hgp
gom 10 mL nudc khii ion va 250 uL dung dich 4-NP
(0,005 mol.L™1) dugc tron v6i 10 mL dung dich
NaBH4 (0,5 mol.L™!). Tiép dén, 750 uL huyén pha
clia CuFe;04 hoic CuFey04/CNC (40 mg.mL~')
dugc cho vao dung dich trén dé€ xuc tic cho phan
ung xay ra. Su thay d6i néng do cua 4-NP dugc xdc
dinh béng ph6 UV-Vis thong qua sy thay ddi cudng
d6 hdp thu cta dinh & vi tri 400 nm theo thdi gian va
phuong trinh dudng chudn cta 4-NP. Phuong trinh
dudng chudn 4-NP dugc xay dung bing cach do phd
UV-Vis ctia cac dung dich 4-NP da dugc pha chinh
x4c tai cac ndng do khac nhau. Sy tuong quan tuyén
tinh gitia d6 hép thu xdc dinh dugc trén phé UV-Vis
va néng do ctia 4-NP dugc thé hién trén Hinh 2.

1,5 .
4 1 i
5 05 —* y=99237x +0,0448
0 R>=0,9987
0 0,00005  0,0001  0,00015
Nong do 4-NP (M)

Hinh 2: D6 thi biéu dién su tuong quan giira d6 hap
thu va ndng d6 4-NP

Phuong trinh héi quy c6 hé s6 tuong quan R? = 0,9987
>0,990. Gid tri nay thoa dinh luat Lambert-Beer. Nhu
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0,30 g CNC

[ 1,60 mmol CuCl,.2H;0 + 3,20 mmol FeCl;.6H;0

|

40mL
ethylene

glycol

» Khuiy 0,5 gic.

Binh Teflor—M/M/M™MM™® ————————»

200°C, 11h

20mL
ethylene
glycol

» (,75g polyethylene glycol ( PEG-6.000)
= 0, 2g polyvinylpyrolidone (PVP-My ~ 1.300.000)

= NH4OAc (90mmol)

1. H;0, Ethanol

2. 54y khé

Hinh 1: So d6 quy trinh téng hgp CuFe,04/CNC béng phuong phéap dung nhiét.

vay, phuong trinh héi quy nay dugc dung la phuong
trinh dudng chudn trong viéc xdc dinh ndng d¢ 4-NP.

KET QUA VA THAO LUAN

Phan tich phé FT-IR

Hinh 3 1a phé FT-IR ctia CMC, CNC, CuFe;04/CNC
va CuFe;Oy4. Két quéa cho thady CNC c6 hai vung hép
thu chinh: viing s6 séng thép tit 850-600 cm™! va
viing s6 song cao tii 3500-2850 cm~!. Mai hdp thu
tai s séng 3400-3300 cm ! diic trung cho dao dong
kéo dan ctia nhom O-H, mii bau va rong cho thay sy
hinh thanh caclién két hydrogen lién phén tu gitia cac
mach trong cu tric?’. Mii hép thu tai s6 song 2910
cm~ ! dic trung cho dao dong kéo din ctia CH, 28,
Mii dao dong & 1640 em~! dic trung cho dao dong
bién dang ctia nhém O-H ctia nudc bi hdp phu trong
cellulose?®. Hai miii hdp thu tai s6 song trong khoang
1150-1060 cm ™! dic trung cho dao dong kéo dan bt
d6i xting va déi xting ctia C-O-C. Dao dong bién dang
(udn) ctia C-H cho tin hiéu trong khoang 1470-1400
cm~!. Mii phé dic trung cho dao dong cta lién két
glycosidic gitia cdc don vi glucose trong cellulose dugc
th& hién trong viing s6 séng khoang 900 cm 28, Qua
trinh thtly phén axit d loai bo b6t cac viing cellulose
v dinh hinh. Do d4, nhiéu lién két C-OH, C-O-C
va C-C trén cdu truc tinh thé da tuong tic v6i nhau,
chinh sy tuong tac nay lam xudt hién nhiing mii hap

thu tai 710 cm~! va vai yéu tai 750 cm 1%,
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Miii hdp thu tai 3440 cm ™! va mii vai yéu tai 2910
cm™! trong phd FT-IR ctia CuFe;O4 (Hinh 3d) 1an
lugt la dao ddng kéo dan cua lién két O-H va nhém -
CH; ctia PEG. Sy hinh thanh ctia lién két Fe-O va Cu-
O ctia CuFe; Oy dugc xac dinh thong qua hai mai hdp
thu tai 590 va 430 cm ! 1830, Sy xu4t hién ctia hai mii
hép thu nay trén ph6 FT-IR ctia mau CuFe; O4/CNC
cho thdy sau qua trinh t6ng hgp CuFe, 04 da dugc c6
dinh trén nén CNC.

Phan tich phé EDX

Két qua EDX phan tich thanh phin ctia cic miu
CuFe;O4 va CuFepO4/CNC trén Hinh 4 cho thdy
trong mau CuFe;O4 ¢6 cdc nguyén td 13 Cu, Fe va
O; riéng mau gan CNC c6 thém nguyén t6 C. T do,
xdc minh dugc su ton tai CNC trong mau va clng
cho th&y miu CuFe;04/CNC t6ng hgp dugc 1a tinh
khiét, khong bi nhiém tap chét. Ty 1é nguyén t6 Fe/Cu
ctia miu CuFe; Oy 1a 18,50:1 trong khi d6 trong mau
CuFe;04/CNCla 26,15:1. Diéu nay chiing td pha nén
CNC c6 anh hudéng dén qua trinh hinh thanh cta
CuFe,Oy4.

Phan tich gian dé XRD

C4u truc tinh thé clia cdc mau CNC, CuFe;04/CNC
va CuFe;Oy4 dugc xdc dinh qua gian d6 XRD trén
Hinh 5. MAiu CNC c¢6 cdu trac cellulose If véi
cac dinh dic trung tai goc 20 la 14,6° (110); 16,5°
(100); 22,5° (200) va 34,6° (004)3!. CuFe,Oy4 cb
cac dinh nhiéu xa ¢ 26 = 18,5°; 30,2°; 35,6%; 43,0°;
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Weight®  Atomic%
35.08 69.28
£7.38 219.14
.54 1.58

100.00

il Sonle 688 cly Curger 10 B0 eV (2 ote)

Element Weight% Atomic%

CK 10.91 23.67
0K l0.02 48.90
FeK £6.59 26.41
CuL .47 1.01
Totals 100.00

Hinh 4: Phé EDX cia mau (a) CuFe,04 va (b) CuFe,04/CNC

53,4°; 57,1°; 62,8° va 74,5° ddc trung cho mét mang
(111), (220), (311), (400), (422), (511), (440) va
(533) thudc céu truc spinel 14p phuong ctia CuFe; Oy
(JCPDS 25-0283)3!. Ngoai ra, ca miu CuFe; Oy va
CuFe;04/CNC déu c6 xudt hién thém dinh nhiéu xa
426 = 50,8°, tuong ting v6i mit phing tinh thé (200)
trong cdu tric l4p phuong ctia Cu (Hinh 5). Ly do t6n
tai ciia Cu kim loai 1a ethylene glycol dugc st dung
lam dung moi trong qua trinh diéu ché CuFe;04 c6
tinh kht manh nén mét s6 kim loai dong Cu?* bi khtt
xuéng Cu trong qua trinh ché tao CuFe, 043!, Vat
liéu Cu c6 tinh chit hoa ly t6t, d6 dan dién cao cung
chi phi san xudt thdp nén dugc ting dung kha nhiéu
trong cong nghiép, nhit la linh vuc dién ti. Gan day,
mot s6 bao cdo cho thiy hat nano déng c6 hoat tinh
xuc tac cao trong viéc khit 4-NP v6i chdt khtt NaBHy.

Hat nano Cu xtc tac cho qua trinh khti 4-NP thanh 4-
AP rét hiéu qua. Gid tri hing s6 t6c d¢ t8i da khoang
0,0953 phl’lt71 dugc xéc dinh theo phuong trinh dong
hoc gia bac nhét 2. Ngoai ra, phén tii nano Cu c6 thé
xuc tac cho qud trinh khtt ma khong lam giam déng
ké hoat tinh xtc tac trong b6n chu ky cia phan tng 2.
Gian d6 XRD ctia CuFe;O4/CNC con xuét hién thém
dinh nhiéu xa & goc 20 = 22,5° tuong ung véi mit
mang (200) ctia CNC. Qua d6, da xdc minh hat
CuFe; 04 da dugc c6 dinh trén nén CNC. Két qua
ciing cho théy cu trac tinh thé ctia CuFe; O4 khong
bi anh hudng bdi pha nén CNC. Khi ¢c6 CNC trong
qué trinh t8ng hop, cac ion Cu®>* va Fe3 T sé dugc 8
dinh trén bé mit ctia CNC thong qua tuong tac tinh
dién. CuFe,;O4 sé bat dau hinh thanh cdc mam két
tinh ¢6 dinh trén nén CNC, tiép dén la qua trinh phat
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Hinh 3: Phé FT-IR clia cac mau (a) CMC, (b) CNC, (c)
CuFe;04/CNC va (d) CuFe, 04

trién céc tinh thé va tit d6 phat trién hat CuFe;Oy4.
Kich thudc tinh thé ctia CuFe;O4 va CuFe, Q4 trén
nén CNC dugc tinh todn tif dinh nhiéu xa (311) cé
cuong d6 manh nhdt trén gian d6 XRD theo cong
thiic Debye-Scherrer: D = ;3062?9 . Trong d6 D la kich
thudc tinh thé, A la bude séng ctia biic xa tia X (1,5406
A), B 14 d6 ban rong ctia dinh nhiéu xa (FWHM) va
6 1a géc nhiéu xa Bragg do bang radian. Két qua xdc
dinh CuFeyO4 trong CuFe;O4/CNC c6 kich thudce
tinh thé1a 34,83 nm, cao hon so v6i CuFe, 04 12 19,80
nm. Diéu nay sé gop phén giup cho hoat tinh xuc tac
ctia CuFe;04/CNC cao hon so v6i CuFe; O4 thudn.

Phéan tich anh FESEM

Anh FESEM cho thdy dugc hinh théi, kich thudc hat
ciing nhu sy phan bd ctia cac hat. Qua anh FESEM
(Hinh 6) c6 thé thdy CNC thu dugc sau qua trinh
thay phén cellulose bing axit HCI ¢6 dang sgi. Trong
khi d6 cdc mau CuFe;O4 va CuFe; O4/CNC c¢6 dang
hinh c4u, kich thudc hat to nho khac nhau. Céc hat
c6 bé mit tuong do6i nhan, it ghd ghé. Ngoai ra hat
6 céu truc x8p do c¢b tdc nhan tao khi 1a NH3 sinh
ra tit NH4OAc trong qud trinh t6ng hgp. Dua vao
anh FESEM, c6 thé udc lugng kich thuéc hat chiém
chu yéu ctia cdc mau CuFe;Oy4 va CuFe;O4/CNC lan
lugt la 88 nm va 96 nm. Nguyén nhén kich thudc
clia CuFe;O4/CNC 16n hon so v6i CuFe;Oy4 ¢6 thé
dugc giai thich thong qua co ché hinh thanh vét liéu
CuFe,04/CNC dugc thé hién trén Hinh 7.
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Hinh 5: Gidn d6 XRD cla cdc mau CNC,

CUF6204/CNC va CuFe204

DPau tién, dung dich ethylene glycol c6 chita cac cation
hoa tan 1a Cu®>* va Fe’* dugc tron lan véi hé huyén
phit cia CNC trong ethylene glycol. O giai doan nay,
céc cation Cu?t va Fe3t sé dugc hdp phu trén bé
mit cia CNC thong qua tuong téc tinh dién gitia cac
cation mang dién tich duong nay va cic nhém hy-
droxyl mang dién tich &m ctia CNC. Tiép dén, cac chat
bao vé bé mat 1a PEG va PVP cung NH4OAc dugc
thém vao hén hgp phan ting. Qua trinh dung nhiét
xdy ra, NH4OAc sé bi phan hay va hinh thanh cac
bong béng khi NHj gin trén bé mat CNC. O nhiét d6
cao, cac cation Cu?™ va Fe3* sé hinh thanh cic mam
két tinh va phét trién thanh cdc tinh thé CuFe;Oy4.
Mot s6 hat CuFe;O4 sé két tu lai va gin két trén bé
miét cac bong khi NH3. Cudi cung la qua trinh gdn
két ctia CNC trén bé mit cia CuFe, O4 (Hinh 7). Nhu
vay, chinh do sy gdn két nay da 1am cho kich thudce cta
CuFe;O4/CNC 16n hon so v6i CuFer Oy.

Dé khao sat sy phin b6 cdc nguyén t6 trong ciu tric
vat liéu, chung t6i tién hanh phén tich EDX mapping
ctia mau CuFe;O4/CNC (Hinh 8). Két qua cho thdy
cac nguyén t6 C, O, Cu va Fe phan b6 dong déu trong
toan bo khéi cdu tric vat liéu. Két qua nay phu hop
v6i két qua FESEM trude d6. Cac hat CuFe;O4 tao
thanh duéi dang hat ciu va dugc CNC bam dinh 1én
bé mit trong qua trinh dung nhiét.

Tu két qua dudng cong tii hoa trén Hinh 9 cho thay
ca hai mau CuFe;O4 va CuFe;O4/CNC c6 d6 khéng
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CNC

CuFe,0,

CuFe,0,/CNC

Hinh 6: Anh FESEM clia cdc mau CNC (a,b), CuFe,04 (c,d) va CuFe,0,4/CNC (ef) & cac thang do khac nhau

@y,
Fe' Cu?* Fet
H Dung nhiét
—_—
! +NH,0Ac | !

Cu?* i Fe* Cu?
Phat
trién
mam

Locnra
—_—

CuFe,0,/CNC

Hinh 7: Co ché dé nghi cho sy hinh thanh vat liéu CuFe;04/CNC

tit thdp v6i do tré khong ré rang. Khi thém CNC vao
thi gi4 tri M clia CuFepO4/CNC 1a 23,14 emu. g~ !,
giam manh so v6i cia CuFe; Oy 12 68,86 emu.g~!. Tt
tinh ctia CuFe;O4/CNC giam so v6i CuFe;Oy4 la do
CNC Ia vat liéu khong c6 tit tinh, do d6 khi c6 mit
ctia CNC dan dén tinh chét tit t6ng thé cua vat liéu
gidm. Tuy nhién ti tinh ctia vét liéu van du 16n dé sy
tach ti xay ra nhanh. Két qué da chling minh cac hat
khong thé hién tinh siéu thuén ti dién hinh nhung
xdc minh dugc sy tdng hgp thanh cong hat CuFe; Oy

¢6 tinh chét thuén ti3!.

Hoat tinh xtc tic cta vat liéu CuFe,O4 va
CuFe;04/CNC  dugc khao sit trong phdn tng
chuyén hoa 4-NP tao thanh 4-AP. Tu két qua phd
UV-Vis trén Hinh 10 cho th4y, ca hai phan tng khi
6 chat xuc tdc thi mai hdp thu & buée song 400 nm,
déc trung ctia 4-NP khi ¢c6 mit NaBHy, déu giam,
kém theo d6 la sy tang cuong d6 mii hap thu & budc
soéng 317 nm, 1a mai hdp thu ctia 4-AP. Qud trinh
hydrogen hoéa 4-NP thanh 4-AP xay ra theo co ché
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Hinh 8: Anh EDX mapping ctia mau CuFe;04/CNC
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Hinh 9: Buong cong tU hoéa cla CuFe;O4 va
CuFe;04/CNC

xuc tac di thé trén bé mit CuFe,O4 va tudn theo
mo hinh Langmuir-Hinshelwood®?. Khi CuFe,04
dugc st dung cung v6i NaBHy trong phéan ting khu
4-NP, thi trudc tién BH4~ va 4-NP sé khuéch tan
ti dung dich dén hip phu trén bé mit CuFe,Oy,
sau d6 CuFe;O4 doéng vai tro la chat xic tdc chuyén
hydrogen dang sinh tii BH4~ dén 4-NP d€ thuyc
hién phan tng chuyén héa thanh 4-AP3%. Day la
giai doan t6c dinh cua phan tng. Cubi cung, san
phém 4-AP tao thanh sé giai hdp ra khoi bé mit cua
CuFe, 04 va khuéch tdn vao dung dich. Co ché chi
tiét clia qua trinh hydrogen héa 4-NP thanh 4-AP
trén bé mat CuFe,; O4 dugc dé nghi trén Hinh 11.

Két qua cho thdy sau khi téng hgp CuFe;O4 gén trén
CNC thi vat liéu c6 hoat tinh cao hon so v6i CuFe; 04

1600

100 ke —=— CuFe,0,
. ~u, +— CuFe,0,/CNC
80 - S
= N
e .
2 60+ ~
T \
=%
© 40 . e
e \
20 4 \
.
0 r T r r T +
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Théi gian (s)

Hinh 12: Ham lugng 4-NP phan hady theo thaoi gian
trong qua trinh phan ting véi chat xuc tac la CuFe; Oy
va CuFe;04/CNC

thudn (Hinh 12). Theo céc két qua FESEM va XRD,
khi c6 sy hién dién cia CNC, cac hat CuFe; Oy4 ¢ kich
thudc tinh thé16n, dong thoi sy gan két ctia CNC trén
bé mat ctia CuFe, O4 da gitip cho qua trinh hdp phu 4-
NP trén bé mat vat liéu xay ra t6t hon, dong thoi lam
cho qua trinh chuyén hydrogen dang sinh tit BH4 ™
dén 4-NP @€ thyc hién phan tGng chuyén hoa thanh
4-AP trong giai doan t6c dinh dugc thuin lgi. bay
6 thé1a hai nguyén nhén giap cho CuFe; O4/CNC c¢6
hoat tinh cao hon so v6i CuFe; Q4 thuén.

KET LUAN

Trong nghién cu nay, thong qua qua trinh dung
nhiét moét giai doan don gidn, chung t6i da tong



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién, 5(4):1593-1604

M7 nm

— Sau khi thémNaBH,
——4-NP ban diu

B§ hap thu (a.u)

400 nm

T T T
300 350 400

T
450 500

B sdng (nmj)

Théigian phan dng
e
— il

1

— 180

— s

— s

£

D6 hap thu (a.u)

350 400
Buot song (nm)

00

B hap thu (a.u)

Théi gian phan img

a0 450

o _ 350
Burdre 20ng (nm)

Hinh 10: Phé UV-Vis cla (a) dung dich 4-NP ban dau va sau khi thém NaBHy4, trong qua trinh phén (ing véi chat

xuc tac la (b) CuFe; 04 va (c) CuFe;04/CNC

hgp thanh cong vat liéu composite cé ti tinh cao
CuFe;O4/nano tinh thé cellulose (CuFe,04/CNC)
nhdm tng dung lam xuc tic cho phén tng khtt hgp
chét 4-nitrophenol doc hai. Két qua FESEM va EDX
mapping cho thdy cac hat ferrite CuFe; Oy tii tinh ¢
kich thuéc khoang 88 nm dugc tdng hop truc tiép,
phén tén dong déu va dugc CNC gén két trén bé mit.
Khi c6 CNC trong qua trinh t8ng hop, cac ion Cu?*
va Fet s& dugc 6 dinh trén bé mit cia CNC thong
qua tuong tac tinh dién. CuFeyO4 sé bat ddu hinh
thanh cac mam két tinh c6 dinh trén nén CNC, tiép
dén la qua trinh phat trién cdc tinh thé va ti d6 phat
trién hat nén hat thu dugc sé c6 CNC gén két trén bé
mat. Diéu nay gitp cho CuFe;O4/CNC cé kha ning
hép phu 4-NP va lam cho qué trinh chuyén hydro-
gen dang sinh tit BH;~ dén 4-NP trong phan ting xay
ra tét. Chinh vily do d¢6, vét liéu CuFe;O4/CNC c6
hoat tinh kht 4-nitrophenol cao, khi c6 mét NaBHj.
Hop chat 4-nitrophenol c6 thé bi khit hoan toan tao
thanh 4-aminophenol chi trong thdi gian 5 phut. Nha
tinh chit bén viing v6i moi trudng va ¢ kha nang c6
14p nhd c6 tii tinh, vat liéu CuFe;O4/CNC htta hen 1a

nhiing xuc tac hiéu qua va c6 1gi thé trong viéc ting
dung vao linh vuc xt Iy nudce thai.

LGOI CAM ON

Tac gia xin gtii 161 cdm on chan thanh dén Phong thi
nghiém Vit liéu da chiic nang, Khoa Khoa hoc va
Cong nghé Vat liéu, Truong Pai hoc Khoa hoc Ty
nhién, Pai hoc Qudc gia TPHCM vi da tao diéu kién
dé thyc hién nghién ctu nay.

DANH MUC CAC TU VIET TAT

CNC: Nanocellulose tinh thé

EDX: Phé tan sic nang lugng tia X

FT-IR: Phé héng ngoai bién d6i Fourier

FESEM: Kinh hién vi dién tt quét d¢ phan giai cao
UV-Vis: Phé tu ngoai kha kién

VSM: Tt ké miu rung

XRD: Nhiéu xa tia X
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Nhoém tac gid cam két khong c6 xung dot loi ich
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Hinh 11: Co ché ctia qua trinh hydrogen héa 4-NP thanh 4-AP trén bé mat CuFe, Oy

PONG GOP CUA CAC TAC GIA

Lé Thi Ngoc Hoa, Nguyén Ngoc Han, Huynh Bao
Tran: thuc nghiém

Vit Ning An, Lé Vin Hiéu: dinh huéng nghién cuu,
chuén bi ban thdo va chinh stta/phan héi phan bién,
hoan chinh ban thao.
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Magnetic recoverable CuFe,0,/cellulose nanocrystal composite as
an efficient catalyst for 4-nitrophenol reduction

Vu Nang An’, Le Thi Ngoc Hoa, Nguyen Ngoc Han, Huynh Bao Tran, Le Van Hieu
EE&‘%‘%
AN\ ABSTRACT
CuFe;O4/cellulose nanocrystal (CuFe;04/CNC) composite featured high magnetic activity was
: prepared by a facile and one-pot solvothermal method. Based on the solvothermal condition,
Use your smartphone to scan this nanometer-sized magnetic CuFe,Oy4 ferrite particles (CuFe,O4 NPs) were directly synthesized and
QR code and download this article CNC was coated on the surfaces of CuFe;O4 NPs. The composition, structure, morphology, and
magnetic property of prepared CuFe;O4/CNC material were characterized by Fourier transform
infrared spectroscopy (FT-IR), X-ray diffraction (XRD), field emission scanning electron microscope
(FESEM), energy-dispersive X-ray spectroscopy (EDX), ultraviolet-visible spectroscopy (UV-Vis), and
vibrating-sample magnetometer (VSM). FESEM and EDX mapping results showed that CuFe;Oq4
NPs had a uniform size of 88 nm and were immobilized on the CNC. The catalytic activity of
CuFe;04/CNC was tested in the catalytic reduction of 4-nitrophenol in aqueous solution. After
immersion treatment by NaBH4, the CuFe;04/CNC composite exhibited high catalytic efficiency in
reducing 4-nitrophenol to 4-aminophenol. The 4-nitrophenol could be fully reduced in less than
5 minutes. The high catalytic activity was attributed to the easy accessibility of the 4-NP ions by
CNC and CuFe,O4 active sites. Owing to its environmental sustainability and being recoverable by
magnetic force, CuFe;O4/CNC is suggested to be a promising catalyst with potential applications
in wastewater treatment.
Key words: cellulose nanocrystals, magnetic CuFe,O4 nanoparticles, one-pot solvothermal,
4-nitrophenol reduction
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