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TOM TAT

Bai béo trinh bay viéc tdng hop va danh gia hoat tinh xuc tac clia cac mau bot CuFe, Oy ot
tinh trong phan ting oxy hoa chon loc benzyl alcohol thanh benzaldehyde duéi cac diéu kién nhe
nhang (nhiét d6 phong, st dung dung méi nudc). Ba phuong phép diéu ché don gidn da ducc
ap dung, bao gbm ceramic, dong két ta va sol-gel, trong dé phuong phap sol-gel dugc hd tro
bai dich chiét vo thanh long nham thic ddy qua trinh tao gel va cai thién sy phan tan clia cac ion
kim loai trong mang tinh thé. Két qua cho thdy phuong phap téng hap anh hudng dang ké dén
thanh phan pha, kich thudc hat cting nhu su phan bé clia cac ion Cu?t va Fe3t trén bé mét, tir
dé quyét dinh dén hoat tinh xUc tac. Mac du tét cd cac mau CuFe,Oy4 thu dugc déu cho thay kha
nang kich hoat persulfate hiéu qua, thic ddy qua trinh oxy hda benzyl alcohol theo déng hoc gia
bac hai, mau téng hap bdng phuong phap sol-gel thé hién hoat tinh vust troi, véi dd chuyén hoa
benzyl alcohol va d6 chon loc benzaldehyde déu hon 85% sau 24 gid phéan (ng. D6 chuyén hoa
va dé chon loc cao nay duagc cho la xudt phat ti su phan bo téi uu clia cac ion kim loai trén bé mat
vat liéu. Ngoai ra, nhd dac tinh tir tinh tét, xdc téc ¢ thé dé dang thu héi va téi s dung qua nhiéu
chu ky, cho théy tiém ndng tng dung trong cac qua trinh oxi hdéa chon loc than thién mai truong.
Tu khoa: CuFe204 tur tinh, hoat héa persulfate, dich chiét vo thanh long, benzyl alcohol, ben-

zaldehyde

GIOGI THIEU

Benzaldehyde (BzH) la mdt trong nhiing aldehyde
thom quan trong nhdt trong nganh cong nghiép hoéa
chét, dugc st dung rong rai nhu tién chat cha chét
dé€ san xuft huong liéu, my phdm, thudc trit sau va
thuéc nhuéom!. Trudc day, BzH cht yéu dugc tdng
hop théng qua qua trinh oxi héa pha long hodc chlor
héa toluene?. Tuy nhién, do toluene 1a mét hgp cht
hitu co dé bay hoi, tiém 4n nguy co giy 6 nhiém dit
va nudc cliing nhu anh hudng xdu dén stic khoe con
ngudi’, cdc nha nghién ctiu dang tich cyc tim kiém
nhiing phuong phép téng hgp xanh va bén viing hon.
Mot hudng thay thé ddy hia hen 1a oxi héa chon loc
benzyl alcohol (BzA) bing cac chit xtic tac va cc chét
hé trg khac nhau. Thi du, Wu va cong su? da chuyén
hoa thanh cong BzA thanh BzH & 110 °C bang cach
sti dung xtic tdic Au-Pd trén gid mang ZrO,. Tuong
ty, Zhang va cong su° di st dung xtic tic polyoxo-
tungstate lién két Sb két hgp v6i H, O, dé oxi hda hiéu
qua BzA trong acetonitrile & 60 °C, trong khi Berapi
va cong sy ® dé xuit st dung hat nano Co304 lam xtc

tac di thé d€ téng hgp BzH tit BzA trong acetonitrile
G110 °C.

Mic du dat hiéu qué cao vé€ o chuyén héa BzA va do
chon loc BzH, cdc nghién ctiu ndy van ton tai mot s6
han ché, bao goém viéc st dung xic tdc kim loai quy
dat tién va kho khin trong viéc thu hoi xuc tdc. Gan
day, cdc xuc tac trén co s spinel ferrite tii tinh da néi
1én nhu nhiing lya chon thay thé d4y hia hen cho qué
trinh oxi héa BzA thanh BzH, nhd sy hién dién cta
cdc ion kim loai chuyén tiép va tinh chit sét tit cho
phép chung dugc thu héi dé dang sau khi st dung.
Thit véy, nano NiFe,O4 da dugc phat trién nhu vét
liéu xuc tac tu tinh cho phan ting oxi hoéa chon loc
BzA thanh BzH ¢ 60 °C”. Wang va cic cong su® cling
da ap dung thanh cong hé nhi tuong Pickering nhay
tU dya trén vat liéu ferrite lJam chat xtic tdc co thé thu
héi cho qud trinh chuyén héa BzA & 80 °C trong dung
moi acetonitrile. Gilia cic vat liéu ferrite khac nhau,
CuFe;O4 dang dén thu hut nhiéu su chu y nho gia
thanh hop ly, thanh phén it doc hai, ti tinh tot, va
6 hoat tinh xuc tc trién vong cho nhiéu phan ting
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oxi hoa-khti, trong dé c6 phan ting oxi héa chon loc
BzA >0, Dic biét, trang thii oxi héa da dang ctia cc
cap ion Cu(I)/Cu(II) va Fe(II)/Fe(III) trong vat liéu
nay con dem dén kha ning dan truyén dién ti tét, cho
phép hoat héa nhiéu chit oxi héa khac nhau. Cu thé,
khi dugc két hop véi HyO; trong dung méi acetoni-
trile § 60 °C, CuFe,O4 da chuyén hoa thanh cong 98%
BzA thanh BzH chi trong 6 gi¢°. Nhiing dic diém
trén cho thdy CuFe;O4 13 lua chon xuc téc tiém néng,
vita hiéu qua vé mit hoat tinh, viia than thién va dé
thu héi. Tuy nhién, phan ting oxy hoa BzA trong cac
khao sat nay van cin stt dung dung méi hiiu co gay hai
cho moi truong (nhu acetonitrile) va doi hdi nhiét do
cao d€ oxi hoa BzA, 1am han ché€ kha nang ting dung
trong thuc tién va cong nghiép. Ngoai ra, cdc xuic tac
ferrite, nhét 14 CuFe; Oy, thudng dugc tdng hgp bing
nhiing ky thuat phtic tap (thi du phuong phép thay
nhiét), vén yéu ciu thiét bi tinh vi va héa chit cong
nghiép khong than thién véi moi trudng.

DéE gidi quyét nhiing thach thic trén, mot nghién ctu
gin day ctia chung t6i da dé xuét téng hop xic tac
CuFeyOy ¢ tii tinh bang phuong phép sol-gel véi sy
hé trg ctia chiét xuit vo thanh long (dragon fruit peel
extract, DPE)'!. Do thanh long dugc tiéu thu rong rai
& Viét Nam va trén toan thé gidi, qua trinh ché bién
loai qua nay thudng tao ra moét lugng 16n vo thai hing
ndm, gay ra nhiéu vin d€ vé moi trudng. Trong khi
d6, khong it nghién ctiu da chi ra ring vo thanh long
giau polyphenol 12 cac hop chét c6 kha néng tao phtic
v6i ion kim loai va thuc ddy qua trinh hinh thanh gel,
rédt thich hgp d€ ting dung trong tng hop vat liéu. Vi
véy, ung dung dich chiét vo thanh long c6 thé dugc
xem 1a mot gidi phap hép dan, viia cho phép téi st
dung mét nguén phu phdm noéng nghiép, viia c6 thé
téng hgp CuFe; Oy theo tinh than ctia “hda hoc xanh”
Tuy nhién, mttc d¢ hiéu qué cta phuong phép téng
hgp nay van chua dugc so sanh véi cic phuong phap
tong hgp khéc, khién vu diém va gidi han ca phuong
phép dé€ nghi van chua dugc xac dinh rd rang. Pic
biét, & nghién cttu trén, tit cd cdc mau sau qud trinh
tao gel déu dugc nung trong 2 giv. Déy la thoi gian
nung chua du d€ t6i uu hda thanh phéin pha spinel
ciing nhu ham lugng cac ion kim loai trén bé mit vat
liéu, khién hoat tinh xtc tac con han ché. Gén day,
Xu va cic cong sy > nhan dinh thoi gian nung t6i uu
d6i vé6i cdc vat liéu pha spinel nén 1a 3 gig, it hon sé
khoéng du dé€ dat dugc muc d¢ tinh thé héa tét, con
nhiéu hon sé ting lugng pha tap trong vt liéu.
Chinh vi véy, trong nghién ctfu nay, cac mau xic tac
CuFe;Oy4 tit tinh sé dugc téng hgp bing ba phuong
phép khac nhau: phuong phép ceramic, phuong phap
dong két ttia va phuong phap sol-gel ¢6 su hd trg cta
dich chiét vo thanh long nhim lam ré muc d6 hiéu

qua cta tiing phuong phép téng hgp. Tit cd cdc miu
déu dugc nung trong 3 gid, nhim ddm bdo qud trinh
hinh thanh pha spinel ferrite dugc thuin lgi. Bén
canh dd, nhdm thyc hién phan ting oxi h6a BzA thanh
BzH trong diéu kién nhe nhang, sodium persulfate
(NaS,0g) dugc d€ nghi sti dung nhu mdt chit oxi
héa c6 kha ndng sinh ra cic géc tu do sulfate trong
modi truong nudc dudi sy hoat hoa cua ion kim loai
chuyén tiép'*. Chién lugc nay c6 thé mang lai kha
néing oxi héa BzA hiéu qua va chon loc trong nuéc &
diéu kién 6n hoa, qua d6 nang cao tinh kha thi va tiém
nang tGing dung thuc tién ctia qud trinh tdng hgp BzH.

PHUONG PHAP THUC NGHIEM

Téng hop xtic tac tir tinh CuFe, 0,

Nhu di dé cap trong phan gi6i thiéu, cic mau xuic tac
CuFe;O4 dugce téng hgp bang ba phuong phép don
gian gém: phuong phap ceramic, phuong phap déng
két tha, va phuong phap sol-gel c6 ho trg cta chiét
xudt vo thanh long. Trong cd ba quy trinh, cdc tién
chat CuSO4.5H,0 (> 99,0%) va Fer (SO4)3 (> 99,0%)
v6i d6 tinh khiét cao déu dugc cung cép bdi Xilong
Scientific Co. (Trung Qudc). Nhiét do nung 900 °C
dugc lya chon cho tét ca cdc mau, vi day la diéu kién
dugc st dung phé bién trong nhiéu cong trinh nhim
thu dugc CuFe;O4 c6 do két tinh cao va han ché sy
hinh thanh cac pha tap '>1°. Dic biét, nghién ctiu gan
day cua ching toi cing cho thdy nhiét d6 nay la téi
uu cho su hinh thanh pha spinel t& phuong CuFe; Oy,
vOn ¢6 kha nang hoat hoa hiéu qué Na,;S,0Og trong
phan ting oxy héa BzA 1.

Trong phuong phdp ceramic, 1,25 g CuSO4.5H,0
dugc tron déu véi 0,50 g Fep (SO4)3, sau d6 dugc nung
900 °C trong 3 gid bing 16 Carbolite. San phdm thu
dugc dugc ky hiéu 1a CuFeO-CE.

Xtc tdc CuFe; Oy cling duge tdng hgp bing phuong
phép dong két ttia. Trudc tién, 2,5 g CuSO4.5H,0 va
4 g Fey(SO4)3 dugc hoa tan trong 100 mL nudc cit.
Sau d6, dung dich NaOH (4 mol L~ 1) dugc nhod giot
dé diéu chinh pH dén 9, tao thanh két ta. Két taa
nay dugc loc, sdy 6 150 °C trong 2 gid, r6i nung & 900
°C trong 3 gid. San phdm cudi cung dugc ky hiéu 1a
CuFeO-CP.

béi voi phuong phap sol-gel c6 hé trg ctia DPE, quy
trinh tuong ty nhu trong céng bé trude d6 ' duge st
dung, nhung c6 thay d6i vé thoi gian nung. Cu thé,
100 g vo thanh long (l4y ti Binh Thuan, Viét Nam)
dugc rua sach, nghién nho va tron véi 300 mL nude
cat, sau d6 dun hoi luu trong 1 gid. Dich chiét thu
dugc dugc loc boé phan rin va d€ ngudi vé nhiét do
phong. Tiép d6, 300 mL dich chiét dugc trén véi
60 mL dung dich chia CuSOy4 va Fep(SO4)3 cling cd
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néng d6 0,5 mol L~!, hén hop dugc khudy & nhiét 6
phong trong 2 gid, sau d6 gia nhiét & 80 °C trong 4
gid. Qua trinh nay tao ra mot gel nhét, gel dugc sdy &
150 °C trong 16 gid, nghién thanh b6t min va nung &
900 °C trong 3 git¢ d€ thu dugc san phdm cudi cling,
ky hiéu la CuFeO-SG.

Phan tich vat liéu xuc tac

Gién d6 nhiéu xa tia X dang bot (XRD) ctia cdc mau
xuc tdc CuFepOy dugc ghi nhan bing nhiéu xa ké
Bruker D8 Advance véi biic xa Cu Kot (A = 1,5406 A)
G tdc do quét 0,0206° s~ ! nhim x4c dinh c4u truc tinh
théva thanh phan pha. Kich thuéc hat va hinh thai bé
mat dugc dic trung bang kinh hién vi dién t& quét
phét xa trudng (FESEM) st dung kinh hién vi HI-
TACHI S-4800, vin hanh 6 1000 V va 9800 nA. Thanh
phén nguyén t6 trén bé mét dugc phén tich bang phé
tan xa ndng lugng tia X (EDS) véi dau do X-Max 80
SDD tich hgp trén cuing kinh hién vi. Phé héng ngoai
bién ddi Fourier (FTIR) dugc ghi & nhiét dd phong
béng thiét bi Bruker VERTEX 70 nham xdc dinh céc
nhém chic va lién két hda hoc trén bé mit xtic tic.
Céc thong s6 tli, bao gdom tu do bao hoa (My), luc
khéng tti (H¢) va do tit du (Mg), dugc do & nhiét do
phong béng tit ké DMS 880 (ADE Technologies) duéi
ti trudng ngoai trong khoang —16000 dén +16000 Oe.

Oxi héa chon loc BzA

Hoat tinh xtc téc ctia cdc mau CuFe;O4 da tong hop
(CuFeO-CE, CuFeO-CP va CuFeO-SG) cho phéan ting
oxi hda chon loc BzA dugc danh gia nhu sau: Mot
dung dich chita 10 mmol BzA va 20 mmol NaS,Og
trong 250 mL nudc cit dugc chudn bi, sau d6 0,12 g
bot xuc taic CuFe;O4 dugc thém vao. Hén hgp phin
ung dugc khudy 6 nhiét o phong, va tai cic khoang
thoi gian xac dinh, 10 mL dung dich dugcldy ravatién
hanh chiét long-16ng béng ethyl acetate. Pha hiiu co
sau d6 dugc tdch ra va lam khan bing Na,;SO4 khan.
Cac thanh phén chiét dugc phén tich bang sac ky khi
(GC) Hewlett-Packard 5890 Series II, sti dung c6t mao
quan SE-54 (30 m x 0,25 mm x 0,25 mm) va d4u
do ion hoéa ngon ltia (FID), v6i phenol lam chét néi
chuén. Do chuyén héa BzA (BzA conversion) va do
chonloc BzH (BzH selectivity) dugc xac dinh theo céc
cong thiic sau (Phuong trinh 1 va Phuong trinh 2):

C —Cpg
BzA conversion(%) = wxloo%
BzAO

(Phuong trinh 1)
.. o Cp:u
BzH selectivity(%) = ﬁxloo%
BzH +Cga
(Phuong trinh 2)

v6i Cpoap 12 ky hiéu néng do ddu (ppm) clia BzA;
Cpgza> Cpza, va Cpy lan lugt 13 cac ky hiéu nong do
(ppm) ctia BzA, BzH, va benzoic acid (BA) & thoi
diém t.

KET QUA VA THAO LUAN

Thanh phan pha va hanh thai bé mat

Dé danh gia anh hudng ctia cac phuong phap tng
hgp khéc nhau dén thanh phan pha ctia mau diéu ché,
cdc gidn d6 nhiéu xa tia X (XRD) da dugc khao sit
va thé hién trong Hinh 1. Thanh phéan pha cua ting
mau (Bang 1) dugc xdc dinh thong qua phuong phép
hiéu chinh Rietveld bdng phin mém Fullprof Suite.
Mau CuFeO-CE cho thdy cdc dinh nhiéu xa r6 nét tai
18,3°,29,8°, 30,5°, 34,6°, 35,8, 41,8° va 62,1°, tuong
ung v6i cac mit mang (101), (112), (200), (103), (211),
(004) va (224) cta pha spinel ti phuong CuFe;O4
(nhém khong gian 14| /amd), von xuét phét tu hién
tugng bién dang Jahn-Teller c6 lién quan dén ion
Cu?t. Dya trén két qua hiéu chinh Rietveld (Bang 1),
pha nay chiém 72,05% khéi lugng mau. Ngoai ra,
ba pha tinh thé khdc trong méiu nay cing da dugc
x4c dinh. Theo d6, cic dinh nhiéu xa tai 35,5° va
42,5° dugc quy cho cac mat (311) va (400) cta pha
spinel l4p phuong CuFe; O4 (nhom khong gian Fd3m,
chiém 5,91% khdi lugng), trong khi cac dinh tai 33,1°
va 38,6° lan lugt tuong ung véi mat (104) ctia pha
hematite Fe; O3 (nhém khong gian R-3c, chiém 4,84%
khdilugng) va mit (111) ctia pha tenorite CuO (nhém
khong gian C2/c, chiém 17,21% khéi lugng). Su hién
dién clia cic pha tap nhu hematite Fe, O3 va tenorite
CuO cho thdy méc du phuong phéap ceramic c6 thé
tao ra CuFe; Oy, phan ting pha rin gitta cic tién chét
van chua hoan tét, cé thé do sy khuéch tdn ion han
ché trong qua trinh nung. Pang chu y, viéc thay d6i
phuong phép tdng hgp tit ceramic sang dong két taa
da cai thién dang k€ sy hinh thanh pha spinel, thé
hién qua ham lugng spinel ti phuong CuFe;O4 cao
hon (85,39% khéi lugng), giam dang ké phan tenorite
CuO (10,96% khéi lugng) va loai bo hoan toan pha
hematite Fe; O3. Tuong tu, phuong phdp sol-gel c6 ho
trg ctia DPE d4 tao ra mau CuFeO-SG véi thanh phan
chti yéu la spinel ti phuong CuFe,O4 (87,52% khoi
lugng), chi con lai 12.48% khdi lugng tenorite CuO.
Nhiing két qua nay chiing minh rang con dudng tong
hgp c6 anh hudng manh mé dén thanh phan pha cta
cdc mau. Trong ba phuong phép téng hgp, dong két
ttia va sol-gel to ra hiéu qua hon cho viéc hinh thanh
pha spinel, nh¢ kha nang phan tan ion kim loai & cip
do6 phén tii. Dac biét, thai gian nung ciing dugc nhin
théy c6 tdc dong dén thanh phén pha ctia miu, nhatla
khi dugc diéu ché bang phuong phép sol-gel ¢6 sy hd
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trg cia DPE. So vé6i nghién ctiu trudc day ', khi nung

3900 °C trong 2 gi®, mau CuFeO-SG cho thdy c6 su
hinh thanh ctia ca 2 pha spinel, gém spinel ti phuong
(83,61% khéi lugng) va spinel 14p phuong (7,36% khéi
lugng). Trong khi d6, mau CuFeO-SG khi nung trong
3 gid chi thé hién mot pha tinh thé spinel ti phuong
v6i ham lugng cao (87,52% khéi lugng), cho théy kéo
dai thoi gian nung gitp chuyén héa dan pha spinel 1ap
phuong thanh spinel ti phuong.

Bang 1: Thanh phan pha ctia cdc mau CuFeO-CE,
CuFeO-CP va CuFeO-SG

Mau Thanh phén pha (wt%)
CuFe,O4 CuFe,O4 CuO Fe, O3
(I41/amd) (Fd3m) (C2/c) (R-3¢c)
CuFeO-CE 72,05 591 17,21 4,84
CuFeO-CP 85,39 3,65 10,96 -
CuFeO-SG 87,52 - 12,48 -

[Nguén: Nhém tac gia]

Bén canh viéc anh hudng dén thanh phéin pha, cic
phuong phap tdng hgp khac nhau con cho théy tic
dong dédng k€ dén hinh thai hoc (Hinh 2a-2¢) va
kich thudc hat (Hinh 2d) cta cic mau CuFeO. Mau
CuFeO-CE bao gém cac hat c¢6 hinh dang khong dong
déu va & trang thai két ty, v6i ddu hiéu ndng chay
cuc bo & céc bién hat, cho thdy qua trinh nung & 900
°C c6 kha ning da thuc ddy sy dinh két gitta cdc hat.
Hién tugng tuong tu cing dugc quan st thiy ¢ mau
CuFeO-CP (Hinh 2b), mic du kich thudc hat cia mau
nay nho hon so véi CuFeO-CE. Cu thé, kich thudc
hat cla CuFeO-CE dao dong trong khoang 0,4-1,0
um, trong khi ctia CuFeO-CP ndm trong khoang 0,2-
0,8 um (Hinh 2d). Péng ngac nhién, mau CuFeO-
SG lai thé hién céc hat c6 kich thuéc 16n hon nhiéu
(Hinh 2c¢), v6i kich thude trung binh 1én dén 19,4
um (Hinh 2d). Do ca ba mau déu dugc nung trong
cuing diéu kién (900 °C, 3 gid), kich thudc hat 16n bat
thudng ctia CuFeO-SG nhiéu kha ning bit ngudn tu
cac hop chit thuc vat c6 trong dich chiét vé thanh
long. Khi nung, cac hgp chét nay bi phan hay hoan
toan, gidi phong thém ning lugng, qua do thuc ddy
qua trinh thiéu két va ddy kich thuéc hat 1én rat 16n.

Thanh phan nguyén t6 va cac nhém chiic
trén bé mat

Béang 2 tém tat thanh phan nguyén t6 bé mit ctia ba
mau, dugc xdc dinh tit phd EDS (Hinh 3). Tét ca cac
mau déu chita O, Cu va Fe trén bé mit, nhung ham
lugng tuong déi ctia ching, dic biét 1a cdc ion kim
loai, c6 sy khdc biét dang ké. Trong d6, mau CuFeO-
SG thé hién ham lugng Fe trén bé mit cao nhit, dat

31,90% nguyén ti. Can luu y ring trong nghién ctu
trudc day'!, ham lugng Fe trén bé mit chi dat dugc
t6i da 24,18% nguyén ti khi mau dugc téng hgp bing
phuong phap sol-gel ¢6 sy hd trg ctia DPE v6i qué
trinh nung kéo dai trong 2 gio. Két qua nay cho thiy
thoi gian nung 3 gid da that sy cai thién hiéu qua ham
lugng clia céc ion kim loai trén bé mat vat liéu. 0]
cac mau CuFe;O4 dugc téng hgp bang hai phuong
phép con lai, ham lugng Fe gidam manh xudng con
22,57-24,97% nguyén ti, di kem véi su gia ting dang
ké& ham lugng Cu trong mau CuFeO-CE. Tuy nhién,
mau CuFeO-CP lai ¢6 ham lugng ca hai ion kim loai
thap nhat. Nhiing bién d&i vé thanh phin nguyén t6
nay dugc ky vong sé anh huéng manh mé dén hoat
tinh xtc tac ctia cdc mau, diéu sé dugc thao luin trong
phén sau cta bai bao.

Bang 2: Thanh phan nguyén té trén bé mat cia
CuFeO-CE, CuFeO-CP va CuFeO-SG

Mau Thanh phadn nguyén t6 trén bé mit (%
nguyén ttr)
Cu Fe (@)
CuFeO-CE 23,44 24,97 51,59
CuFeO-CP 1347 22,57 63,95
CuFeO-SG 14,90 31,90 53,21

[Nguon: Nhom téc gia]

DE phan tich cdc lién két hoa hoc trén bé mit cic
mau CuFe; Oy, phd FTIR ctia chiing dugc nghién ctu
(Hinh 4). Mau CuFeO-CE cho thdy hai dinh dic
trung ctia cdu tric spinel: mot dinh manh tai 576
cm™! ting v6i dao déng kim loai-oxygen tai cic 16
tréng ti dién, va mot dinh yéu tai 438 cm™ !, dugc
gan cho lién két kim loai- oxygen tai céc 16 trong bét
1718 Mau CuFeO-CP ciing thé hi¢n hai dinh
nay, vdi vi tri dich chuyén nhe vé phia s§ song cao

dién

hon. Ngoai ra, mau nay con xuét hién mot dai hdp thu
rong tai 3441 cm~! va mot dinh tai 1628 cm ™!, 14n
lugt lién quan dén dao dong hoa tri va dao dong bién
dang ctia cdc nhém hydroxyl trén bé mit 1920, DBéi véi
mau CuFeO-SG, mét dai hdp thu méi duge quan sat
thdy tai 926 cm™!, c6 thé bit nguén tit cac hop chit
hiiu co du thiia trong dich chiét vé thanh long. Hon
niia, dinh kim loai-oxygen ¢16 trong tit dién ctia mau
nay dich chuyén r6 rét vé phia s6 séng cao hon (598
em™1). Sy dich chuyén dang ké nay nhiéu khi ning
dén tit sy thay d6i thanh phan kim loai trong céc 16
tréng td dién, boi s6 song FTIR lién quan tryc tiép dén
hing s6 lyc lién két. Can luu ¥ ring lién két Fe3+-0%~
bén hon lién két Cu?t-0%~ 2. Do d6, su dich chuyén
1én s6 song cao phan 4nh sy gia ting ham lugng Fe tai
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Hinh 1: Gian d6 XRD clia cdéc mau CuFeO-CE, CuFeO-CP va CuFeO-SG. [Nguén: Nhom tac gial

cac16 tréng td dién trén bé mét vat liéu, diéu nay hoan
toan phtl hgp véi két qua EDS dugc trinh bay trude
do.

Théng sé tu tinh

Hinh 5 trinh bay dudng cong tit tré cta cic miu
CuFeO-CE, CuFeO-CP va CuFeO-SG, qua d6 cho
phép xdc dinh cac thong s6 tii tinh nhu tii d6 bao hoa
(M), luc khang tiit (H¢) va d6 tit du (Mg) (Bang 3).
Ca ba mau déu thé hién tinh chat ti manh, thé hién
qua gid tri Mg cao. Trong d6, cic miu CuFeO-SG
va CuFeO-CP c6 gid tri Mg cao nhét (1an lugt 23,5
va 26,1 emu g~ 1), phit hop v6i ham lugng pha spinel
CuFe;Oy4 cao nhit. Khi ham lugng pha spinel gidm &
mau CuFeO-CE (kém theo su gia ting cac pha tap nhu
tenorite CuO va hematite Fe;O3), gid tri Mg gidm ro
rét xuéng con 18,7 emu g~ !. Ngoai ra, mdu CuFeO-
SG c6 gid tri He va Mg thép nhét, cho thdy mau nay
dé dang bi nhiém ti va khti ti. Nhiing ddc diém nay
goi y ring mau CuFeO-SG 14 ting vién tiém ning nhit
cho céc ing dung xuc tac tui tinh, vi vt liéu nay c6 thé

dé dang dugc thu héi bing nam chim va tai phan tan
hiéu qua cho cac chu ky st dung tiép theo.

Bang 3: Cac théng sé tur tinh, Mg, He va Mg, clia cac
mau CuFeO-CE, CuFeO-CP va CuFeO-SG

Mau Thong s6 tu tinh
MS (emu  HC (Oe) MR (emu
g g
CuFeO-CE 18,7 335,9 6,1
CuFeO-CP 26,1 439,3 9,4
CuFeO-SG 23,5 163,9 4,6

[Nguon: Nhém tac gia]

Panh gia hoat tinh xtic tac cho phan ting oxi
héa BzA

Hinh 6 so sdnh céc sic ky d6 GC-FID cua dung dich
BzA trong nudGc bién ddi theo thoi gian khi c6 mit
NaS,O0g va cdc miu xdc téc ti tinh. O nhiét do
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Hinh 2: Anh FESEM clia CuFeO-CE (a), CuFeO-CP (b) va CuFeO-SG (c) samples; (d) phan bé kich thudc hat. [Nguén:

Nhom tac gia]

phong, ca ba mau xuc tac déu kich hoat hiéu qua ion
persulfate, dan dén qud trinh oxy hoéa chon loc BzA
thanh BzH. Thuc vy, trong sudt qud trinh phan tng,
mii tin hiéu tai 14,30 phut (tuong ting v6i BzA) giam
dén, trong khi mai tin hiéu dic trung cta BzH tai
11,25 phit ting dan vé cudng do. Nhu dugc tom tat
trong Bang 4, sau 24 gi®, hiéu suit chuyén héa BzA
vugt qud 75% véi tat ca cac xdc tac, kem theo do
chon loc BzH trén 85%. Ngudgc lai, khi chi stt dung
Na, S, Og ma khong c6 xuc tic, sau 24 gid, do chuyén
héa BzA chi dat khoang 30%, nhan manh vai tro thiét
yéu clia cdc xuc tac trong phan ting nay. Trong s cac
mau, xdc tic CuFeO-SG thé hién hiéu qua cao nhit,
dat d¢ chuyén hoa BzA dén 85,68%, trong khi hai xtc
tdc con lai chi dat muc 76,98-79,53%.

Dé danh gid thém hiéu qua ctia xuic tac, dong hoc phan
tng da dugc khao sat. Hinh 7 cho thdy qua trinh oxy
héa BzA thanh BzH bdi ion persulfate tuan theo dong
hoc gid bac hai, v6i cic hing s t6c do dugc liét ké
trong Bang 4. Miu CuFeO-SG ti€p tuc dat hing s6
t6c dd cao nhat (7,10 mol L~ h~1), vugt qua CuFeO-
CE (4,63 mol L~! h~1) va CuFeO-CP (3,79 mol L~!
h~!). Nhiing két qui nay chiing minh ring phuong
phép téng hgp khong chi anh hudng dén ti tinh cta

vat liéu CuFe;O4 ma con téc dong dang ké dén hoat
tinh xuc téc clia chung.

Bang 4: So sanh dd chuyén héa BzA, d6 chon loc BzH
va hang sé van téc (k) cia phan (ing oxi héa BzA khi
st dung va khi khéng st dung xtic tac

Mau Do chuyén D6 chon  k(mol L'
héa BzA loc BzH hl)
(%) (%)
No catalyst 30,00 90,35 0,74
CuFeO-CE 79,53 88,10 4,63
CuFeO-CP 76,98 90,93 3,79
CuFeO-SG 85,68 87,52 7,10

[Nguon: Nhém tac gia]

Thao luan

Cac két qua thuc nghiém trén da chiing minh sy két
hgp gitia xtic tdc CuFe;O4 va NayS»Og hoan toan ¢
kha ning chuyén héa hiéu qua BzA thanh BzH trong
dung dich nudc ¢ nhiét 46 phong. Ngoai viéc xac dinh
hiéu qua ctia hé xuc tdc nay, két qua con cho théy hoat
tinh ctia cdc mau phu thu¢c manh vao phuong phép
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Hinh 3: Phé EDS ctia cdc mau (a)CuFeO-CE, (b) CuFeO-CP va (c) CuFeO-SG. [Nguén: Nhém tac gidl
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Hinh 4: Phé FTIR ctia cdc mau CuFeO-CE, CuFeO-CP va CuFeO-SG. [Ngudn: Nhom tac gial

téng hop. Trong ba loai xtic tdc, CuFeO-SG thé€ hién
hoat tinh xtc tdc cao nhét, mac du co kich thudc hat
16n nhét. Thong thudng, kich thudc hat 16n lam giam
dién tich bé mdt riéng, ti d6 han ché hiéu qua xuc
tdc. Tuy nhién, hiéu sufit chuyén hoéa BzA vugt trdi
ctia CuFeO-SG cho théy hoat tinh xdc tic khong chi
bi chi phdi bdi kich thudce hat, ma con chiu anh hudng
manh tu cac yéu td then chot khac.

Nhu di dugc ching minh trong nghién ctu trusc ',
cdc ion Cu?" va Fe3" trén bé mit c6 thé phén tng
vdi ion persulfate d€ tao ra g6c tu do sulfate (Phuong
trinh 3-7). Nh& kha nang oxi hdéa manh va chon loc,
céc gbc tu do nay c6 thé oxi hoa hiéu qua BzA thanh
BzH. Do d6, ngoai kich thuéc hat va dién tich bé mit,
su phan b6 va ham lugng ion kim loai hoat dong trén
bé mit chinh 13 yéu t§ quan trong quyét dinh dén hoat
tinh xtc tdc. Cu thé, mic du c6 kich thudc hatlén hon
s0 vOi cac mau téng hgp bang phuong phdp ceramic
va dong két ttia, mau CuFeO-SG lai s hitu sy phan b
toi uu cac ion kim loai trong bé mit, v6i ham lugng
Fe>* trén bé mit cao nh&t. Nhiéu kha ning trong
qua trinh tao sol, cic hgp chat hiiu co dén tit DPE da

hoat dong nhu nhiing tac nhan tao phtic, giip phan
bd dong déu cac ion kim loai & cdp do phan tit ding
véi ty 1é hop thic, tii d6 ddm bao ham lugng Fe3*
trén bé mit gdp doi Cu®>*. Nh& vay, mau CuFeO-SG
¢6 kha ning tao ra nhiéu gdc tu do sulfate hon théng
qua cdc phan ting (3) va (4), dan dén hoat tinh xtc tac
cao nhét. Pac biét, thoi gian nung mau trong phuong
phap sol-gel stt dung DPE ciing dugc nhan thdy co
tac dong dén hoat tinh xdc tdc. Khac véi nghién ctiu
trude ', khi ma cdc miu CuFeO-SG chi dugc nung
trong 2 git va dat do chuyén héa BzA t6i da la 80,94%,
& nghién ctiu nay, nhé dugc nung trong 3 gid, cac
mau CuFeO-SG d4 nang d6 chuyén hoa BzA 1én dén
85,68%. Su cai thién hoat tinh nay c6 thé dugc giai
thich nho vao su gia tang ham lugng ion kim loai, nhat
1a Fe37, trén bé mat vat licu. D6i v6i mau CuFeO-
CE, mic ditham lugng Fe3* giam dang ké, ham lugng
Cu?* trén bé mit lai dugc ting lén, ti d6 da thuc ddy
cac phan ung (Phuong trinh 5-7) xay ra, duy tri qua
trinh tao géc tu do hiéu qua. Ngugc lai, mau CuFeO-
CP ¢6 ham luong ca ion Cu?*t va ion Fe’* thdp nhit,
gidi thich cho hoat tinh xtc tdc kém nhét cia mau.
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Hinh 5: Budng cong tur tré ctia cac mau CuFeO-CE, CuFeO-CP va CuFeO-SG. [Nguén: Nhom tac gidl

=Fe(IIl) + S,082~ — =Fe(Il) + $,0°~ (Phuong
trinh 3)

=Fe(Il) + $,082~ — =Fe(Ill) + SO42~ + SO4*~
(Phuong trinh 4)

$,08%~ + HyO — HSO5~ + HSO4~ (Phuong trinh
5)

=Cu(l) + HSOs~ — =Cu(l) + SOs*~ + H*t
(Phuong trinh 6)

=Cu(l) + $,0g2~ — =Cu(ll) + SO42~ + SO4*~
(Phuong trinh 7)

Tai st dung xtc tac

Do 1a mau ¢ hoat tinh xtc tic t6t nhit, mau CuFeO-
SG dugc chon dé thit nghiém téi st dung. Cu thé, sau
lan phan ting d4u tién, mau xuc téc dugc tich ra khoi
dung dich phéan tng bang nam chim, ngim rtta vé6i
10 mL ethyl acetate va 3 14n véi nudc cit. Mau sau d6
dugc sdy 6 150° C trong 30 phut réi dugc st dung cho
céac 1an phan tng tiép theo trong cting diéu kién thuc
nghiém ctia lan thi nhat. Nhu trinh bay trong Bang 5,
hoat tinh xtc tdc clia xtc tdc nay giam dan theo tiing
chu ky, thé hién qua sy suy gidm d¢ chuyén hoa BzA,
trong khi d6 chon loc BzH lai ting nhe. Nguyén nhan
clia sy mét hoat tinh nay c6 thé do qua trinh giai hdp

BzH khoi bé mit chit xtc tic khong hoan toan va su
thay d6i ham lugng ion Cu®* va Fe3* trén bé mit,
von khéng dugc hoan nguyén kip so véi toc d bi tiéu
thu bdi Nay S, Og. Tuy véy, sau ba chu ky tai st dung,
hiéu sudt chuyén d6i BzA van duy tri trén 65%, chiing
t0 mau xuc tdc CuFeO-SG van ¢6 ti€ém ning ting dung
thuc tién trong cdc phan tGing chuyén héa hiu co.

Bang 5: D6 chuyén héa BzA va d6 chon loc BzH cua
phan ng oxi héa BzA khi st dung Na,S,0g va mau
xuc tac CuFeO-SG trong cac lan thi nghiém tai sirdung

Do chuyén héa BzA Do chon loc
(%) BzH (%)

Lan 1 85,68 87,52

Lan 2 79,52 89,01

Lan 3 72,15 91,27

Lan 4 67,51 93,51

[Nguon: Nhém tac gia]
KET LUAN

Céc mau xuc tac ti tinh CuFe,O4 di dugc tdng hop
thanh cong bing ba phuong phép don gian: ceramic,
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Hinh 6: Sac ky d6 GC-FID cho qua trinh oxi hoa chon loc BzA b&i NayS;Og trong sy hién dién clia cdc mau xuc tac
CuFeO-CE, CuFeO-CP va CuFeO-SG. [Nguon: Nhém téc gial

dong két ttia va sol-gel c6 ho trg ctia DPE, d€ thuc
hién phan ting oxy hda chon loc BzA trong dung moi
nuéce 6 nhiét do phong. Céc chat xuc tac nay da ching
minh khé nang hoat hda hiéu qué Na, S, Og dé chuyén
d6i BzA thanh BzH thong qua viéc hinh thanh géc tu
do sulfate. Trong s6 cdc mau, xuc tic dugc téng hgp
béng phuong phdp sol-gel c6 hd trg ciia DPE cho théy
hiéu sudt chuyén d6i BzA cao nhit sau 24 gig, véi hing
s6 van t6c gia bac hai 1a 7,10 mol L~! h=!, nh& ham
lugng ion Fe3t trén bé mit cao nhit. Bén canh hoat
tinh xuc tdc ddy hida hen, cic chit xic tic nay con c6
thé dé dang tach ra khoi dung dich phan ting nhd tinh

chét sat ti, cho phép tai st dung qua nhiéu chu ky.

DANH MUC CAC CHU VIET TAT

BzA: Benzyl alcohol

BzH: Benzaldehyde

BA: Benzoic acid

XRD: Nhiéu xa tia X

FESEM: Kinh hién vi dién ti quét phat xa trudng
FTIR: Quang phé hong ngoai chuyén hoa Fourier
EDS: Phé tan sic ning lugng tia X

VSM: Phuong phap tit ké mau rung

GC-FID: Séc ky khi — Pau do ion héa ngon lia
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Hinh 7: Bién thién (1/Cp,4) —(1/Cp,40) theo thai gian trong qua trinh oxi héa BzA bai Na, S, Og khi sir dung va khi

khong st dung xdc tac. [Nguon: Nhém téc gial
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ABSTRACT

This paper presents the synthesis and evaluation of the catalytic activity of magnetic CuFe;O4 pow-
ders for the selective oxidation of benzyl alcohol to benzaldehyde under mild and environmentally
friendly conditions, in an aqueous medium at room temperature. Three simple preparation routes,
including ceramic, co-precipitation, and sol-gel methods, were employed to investigate the influ-
ence of synthesis methodology on material characteristics and catalytic behavior. More specifically,
the sol-gel method was assisted by a dragon fruit peel extract, which served as a natural gelling
agent to facilitate gel formation and enhance the dispersion of metal ions within CuFe,Oy lattice.
The experimental results showed that the choice of synthetic method significantly impacts several
key physicochemical properties, including phase composition, particle size, and importantly, the
surface distribution of Cu** and Fe* ions. These structural and surface features played a decisive
role in governing the catalytic activity during persulfate activation. While all CuFe;O4 samples effec-
tively activated persulfate to drive the oxidation of benzyl alcohol following pseudo-second-order
kinetics, the sol-gel-derived sample exhibited superior catalytic activity, with benzyl alcohol conver-
sion and benzaldehyde selectivity both exceeding 85% after 24 hours of reaction. This enhanced
performance was attributed to the more homogeneous dispersion and optimal surface arrange-
ment of metal ions, which facilitated electron transfer processes and the generation of reactive
species during persulfate activation. In addition to high catalytic activity, this prepared CuFe,O4
sample exhibited strong magnetic properties, enabling rapid and efficient separation from the so-
lution after reactions. The catalyst also retained its activity over repeated reaction cycles, demon-
strating its high stability and reusability. Overall, the CuFe;O4 materials could promise magnet-
ically recoverable catalysts for green, selective oxidation processes in aqueous systems, with the
bio-assisted sol-gel method emerging as the most effective synthesis route.

Key words: Magnetic CuFe204, persulfate activation, dragon fruit peel extract, benzyl alcohol,
benzaldehyde.
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