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In this paper, diatomite was modified with Zn or/and Fe by
hydrothermal method. The material was characterized by using energy-
dispersive X-ray spectroscopy, Fourier-transform infrared spectroscopy,
scanning electron microscopy, and nitrogen adsorption-desorption
isotherms. The catalytic activity of the material was evaluated through
the oxidation reaction of phenol with hydrogen peroxide. The results
showed that the diatomite modified with Fe or Zn-Fe mixture has high
catalytic activity, and phenol can be completely oxidized on these
catalysts to form simple carboxyl acids. The Zn-diatomite composite has
almost no catalytic activity in the Fenton-type reaction system, but the
simultaneous modification of Zn and Fe on diatomite has increased the

durability and reusability of the catalytic material.

Gidi thiéu chung

Phenol dugc biét dén nhu mét trong nhing dai dién
quan trong nhat cla cac chat & nhiém hitu cg kho
phan hdy vi né déc hai ngay cd & néng doé théap [1.
Ngoai ra, sy hién dién cta nd trong nudc tu nhién co
thé dan dén su hinh thanh cac hgp chét thay thé trong
qua trinh khr trung bang clo (disinfection byproducts,
DBPs [2]). Hon nifa, phenol thudng dugc si dung nhu
mot chat & nhiém mo phdng cho cac nghién clu xir ly
nudc thai tién tién, do nd thudng xuét hién trong nudc
thai cong nghiép nhu cac nguyén liéu thd (vi du: tur cac
nganh cong nghiép hoa déu, hda chét va dugc pham)
[3]. Ngoai ra, phenol con dugc coi la san pham trung
gian trong qua trinh oxi hda cac hydrocarbon thom co
khéi lugng phan tir 16n han [4]. Mot Igi thé nlta cla

qué trinh oxi hdéa phenol la sy hinh thanh cac
dihydroxybenzene, 1a san phdm chinh cta phan ng,
dugc st dung réng rai trong cong nghiép hoda chat [4].

Nhiéu phuong phép khac nhau da dugc st dung dé oxi
hda phenol nhu phucong phap dién hda, phucng phép oxi
héa bang O,, phuong phap oxi hda dua trén hé HO,/xtc
tac,... Trong do, phuong phdp oxi héa dua trén hé
H.O/xUc tac dugc xem la nhitng qué trinh oxi hda nang
cao (advanced oxidation processes, AOPs), do qua trinh
tao ra g&c hydroxyl (HO®) co thé oxi hda cao (F° = 2,8
Vire) va co kha nang oxi hda khong chon loc hau hét
cac hgp chét hitu ca thanh CO,, H,O va céc ion vb co
[5]. Trong céc qua trinh AOPs, qué trinh ki€u Fenton di
thé dugc quan tdm nghién cliu nhiéu nhét, trong do,
cac chéat xuc tac di thé co chira cac dang kim loai khac
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nhau (chu yéu la Fe**) dugc ¢6 dinh trén mét chat nén
va dugc st dung dé tao ra g6c HO® trong diéu kién pH
khéng dudgc kiém soat [5]. Nhiéu chét nén khac nhau
da dugc st dung dé gén kim loai va ting dung lam xuc
tac trong hé phan Uing giéng Fenton dj thé [5,6], trong
do co diatomite [7,8].

Diatomite la mét loai dé trém tich vai ty trong thép, c&
hat nhd, bao gdm chd yéu la silica v& dinh hinh
(SiO2nH0) cd ngudn gbe tir tdo cat (diatoms). Cau
tric cla diatomite bao gdm mét loat cac hinh dang
khéc nhau va dac trung bai dd x6p cao (1én dén 80%),
dién tich bé mat riéng tuong déi cao haon so vdi cac
khoang tu nhién khéac, va thay déi tuy theo ngudn géc clia
no, thong thudng tir 1,0 dén 51 m?/g, va c6 nhiéu nhém
hydroxyl trén bé mat [7,8,9]. Dbéng thdi, ngudn
diatomite trong tu nhién I8n, gia thanh thép va la loai
vat liéu than thién vai méi truong [8].

Trong bai bao nay, vét liéu diatomite bién tinh vai Zn
hoac/va Fe dugc diéu ché bang phuong phéap thly
nhiét va Ung dung lam chat xdc tac trong hé phan Ung
ki€u Fenton dé phan hdy phenol trong dung dich
nudc. Anh hudng clia nhiét do dén hiéu suat phan hay
phenol, d6 bén va kha nang téi st dung vat liéu da
dugc khao sat.

Thyc nghiém va phuong phap nghién ctu
Vit liéu va phuong phdp ddc trung

Diatomite dugc ldy t& mo Tuy An (tinh Phu Yén).
Diatomite thd dugc loai bd cac tap chét hitu co bang
phucng phap rifa va sa lang nhiéu 1an véi nudc, loc,
sdy khé & 100 °C, sau dé cét gilt trong bi kin dé sur
dung cho céc thi nghiém tiép theo.

Zn(NO3);-6H,0 (Fisher, Belgium), FeCls6H.O (Merck,
Germany), CeHsOH (Merck, Germany) va H>O, 30%
(w/v) (Fisher, Korea) la nhing hda chat tinh khiét va
dugc st dung ma khong can tinh ché thém.

Ham lugng cac nguyén t8 co trong mau dugc phan
tich bang phuong phéap phé tan xa ndng luong tia X
(EDX) trén may JEOL (JED-2300 AnalysisStation). Anh
hién vi dién ti quét (SEM) dudc quan sat bang may S-
4800 10.0kV. Dién tich bé mat riéng dugc xac dinh
bang phuong phap Brunauer-Emmett-Teller (Sger) tU
dit liéu dang nhiét hdp phu-khi hdp phu nitrogen & 77
K trén may Tristar 3000. Trudc khi do, cac mau dugc xit
ly nhiét v&i N> & 200 °C trong 5 gid. Bac trung cla cac
nhém chic trén bé mat vat liéu dugc ghi bang phd FT-
IR trén may Jasco FT/IR-4600 (Japan), mau dugc phan
tan trén nén KBr. Sac ky léng hiéu nang cao (HPLC)
dugc thuc hién trén may UFLC Shimadzu (Japan). biéu
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kién thuc nghiém: detector SPD-20A quét & budc song
254 nm, cot 18, hé dung moi
acetonitrin/methanol/nudc vai ti 1& 1/1/8 vé thé tich, t6c
dd pha dong 1 mL/phut.

Bién tinh diatomite v&i Zn hodc/va Fe

Qui trinh bién tinh diatomite v&i kim loai kém dudc
thuc hién theo céc budc sau day:

Bu6c 1: Pha dung dich zinc nitrate bang cach &y 2,975
g Zn(NOs)-6H,0 hoa tan trong 30 mL nudc cét. Sau
do, dun s6i 150 mL nudc cat, nhé ti ti (nhd giot) dung
dich zinc nitrate vao dé tao ra hé keo Zn(OH)s.

Budc 2: Can 2,0 g diatomite cho vao hé keo & budc 1.

Budc 3: Cho toan bd hdn hap trén vao binh Teflon boc
thép (dung tich 200 mL) va dat & 100 °C trong 6 gid.
D& ngudi binh phan Ung (binh Teflon), loc 1dy san
ph&m ran, rifa nhiéu lan bang nudc cét, sdy kho & 100
°C thu dugc Zn-diatomite, ki hiéu Zn-Dia(b).

Qui trinh bién tinh diatomite vai kim loai sat, ho3c hén
hop sat va k&m, cling dugc thuc hién theo cac budc
nhu trén vdi tién chat FeCls6H.O, hodc hdn hop
FeCl3-6H,0 va Zn(NOs)»-6H,0, dugc sir dung & Budc 1.
Cac mau dudc ki hiéu tuong Ung la Fe-Dia(5) va Fe-
Zn-Dia(5-5). § day, s6 5 biéu thi ti Ié mmol kim loai/g
diatomite khé dugc dua vao ban dau.

Khdo sdt phdn Ung oxi hod phenol st dung hydrogen
peroxide

Hoat tinh xUc tac cla vat liéu dugc khdo sat doi vdi
phan Ung oxi héa phenol trong dung dich nudc suf
dung H>0: trong binh cau hai ¢§ cé gan sinh han hoi
luu. Trong mdi thi nghiém, 0,1 g chat xic tac dugc
khudy trén véi 100 mL dung dich phenol ndng dé 1,0
g/L va 2 mL H,O, 30% & nhiét dd xac dinh (30-70 °C).
Sau mdi khoang thdi gian xac dinh, 5 mL dung dich
dugc 13y ra, loc dé loai bd chét xuc tac, nong dd cua
phenol con lai dugc xac dinh bang phuong phap HPLC.

Do chuyén hoa phenol, a (%), dugc tinh nhu sau:

So — St

a (%) = 5
0

x 100 ()

Trong do, So va S; la dién tich peak phenol tuang Ung
véi thai diém ban dau va thai diém t.

Két qua va thao luan

Tinh chdt ddc trung caa vat liéu

Thanh phan hoa hoc cla diatomite va cac mau
diatomite bién tinh v&i Zn hoac/va Fe dudgc phan tich
bang EDX. Két qua liét ké & Bang 1 cho thdy Si la
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nguyén t& chinh trong khoang diatomite (36,07%).
Ngoai ra, khoang diatomite con c6 mét it nguyén té Al
(3,14%) va mét s6 hgp chéat hitu cg vdi ham luong
nguyén t6 C chiém 3,66%. DSi véi cac mau diatomite
bién tinh vai Zn hoadc/va Fe, két qua phan tich cho thay
sU xuét hién clia nguyén t6 Fe, Zn (ngoai cac nguyén
t§ tuong tu nhu trong mau diatomite) va mot lugng
nhd nguyén t6 Mg, Cl. Theo két qua phan tich va cong
b trong tai liéu [10], diatomite PhU Yén cé chlta ham
lugng sat kha 16n (4,5%) va mét s6 nguyén té khéc véi
ham lugng thdp han, nhu Ti, Ca, K, Mg. Su khac nhau
vé két qua nay c6 thé la do su phan bé khong dong
déu clia céc tap chét trong khoang, cling cé thé do
ham ludng qua thép (dudi gidi han dinh lugng cla
thiét bi). Su xudt hién cla nguyén t& Cl co 18 la tU cac

tién chat bién tinh. Nguyén t6 Fe, Zn ton tai trong cac
mau diatomite bién tinh ching minh rang vat liéu
composite trén nén diatomite chilfa Zn, Fe, hodc ddng
thai Fe-Zn d& dugc diéu ché thanh cong.

Anh SEM cla diatomite (Hinh 1a) cho thay cau tric
chinh cla diatomite Ph Yén c6 dang hinh try tron
dusng kinh khoang 5-7 um vd&i nhiéu mao quan nho
trén bé mat. Bén canh do, con co nhiéu manh nho vdi
hinh dang khong xac dinh, day co 18 1a nhiing manh v&
clia cac cau trdc trén. Su bién tinh diatomite vdi Zn
hodc/va Fe hau nhu khéong anh hudng dén cdu truc
clia V&t liéu (Hinh 1b—d). Anh SEM cla cac mau nay
cho thdy c6 cac vung sang trén bé mat cla vat liéy,
cac vung nay co thé dugc tao ra bdi nguyén té Fe
hodc Zn (do cé nguyén ti khéi 16n).

Bang 1: Thanh phan nguyén té c6 trong cac mau vat liéu

Phan tram theo khéi lugng”

Mau C 0 Al Si Mg Cl Fe Zn
Diatornite 366 5686 341 3607 - - - -
Zn-Dia(5) 380 5661 392 3544 - - - 0,22
Fe-Dia(5) 709 4063 385 2428 015 174 22,25 -

Fe-Zn-Dia(5-5) 398 5299 222 3442 ~ 047 550 043
Fe-Dia(5) thu hdi 632 5120 339 3198 - - 712 -
Fe-Zn-Dia(5-5)thuhdi 8,66 4804 460 2631 ~ 020 1192 028

"Gid tri trung binh cua 3 vung phan tich.

Hinh 1: Anh SEM: a) Diatomite, b) Zn-Dia(5), ¢) Fe-Dia(5), va d) Fe-Zn-Dia(5-5)
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Cac dinh hdp thy dac trung trén phé FT-IR cla
diatomite va cac mau diatomite bién tinh 1a tuong tu
nhau (Hinh 2a). Peak hép thu tai 1100, 797 va 470 cm™
dac trung cho cac dao dong cua lién két Si—O-Si. Cac
peak nam trong viing 3700-3200 cm™ va tai 1637 cm™
dac trung cho dao dong cua lién két O—H, gdbm Si—OH,
Me—OH (Me la kim loai) va H.O hép phu tu do. Peak tai
533 cm™ dugc quy cho dao déng hoa tri cla lién két
Me-O [8,9]. Biéu dang chu y la cudng dé clia cac peak
hap thu nay trén cac mau diatomite bién tinh thdp hon
so vdi diatomite ban dau, trong do, mau Fe-Zn-Dia(5-5)
c6 cudng do cac dinh hap thu thdp nhat. Nguyén nhan
clia van dé nay dugc cho la do su tuong tac hda hoc
gitta cAc nhom silanol bé mét vdi cac oxide [9].
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Hinh 2: a) Phé FT-IR cla diatomite va cac mau
diatomite bién tinh v&i Zn hodc/va Fe; b) Budng dang
nhiét hép phu-khtr hap phu nitrogen cla diatomite,
Fe-Dia(5) va Fe-Zn-Dia(5-5)

Pudng dang nhiét hap phu-khir hip phu nitrogen cla
diatomite, Fe-Dia(5) va Fe-Zn-Dia(5-5) déu thudc loai |l
va vong tré loai H3 (Hinh 2b), chi ra su ton tai cla cac
cdu truc dai mao quan vdi kich thudc va/hodc hinh
dang khéng dong déu [11]. Diatomite c¢o dién tich bé
mat riéng 16n (55,4 m?/g). Su bién tinh diatomite vdi
https://doi.org/10.62239/jca.2025.019
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sat lam gidm dién tich bé mat cla vat liéu (Seer cla
mau Fe-Dia(5) 1a 40,0 m?/g), trong khi do, su bién tinh
vat liéu véi dong thai Fe-Zn lai lam téng dién tich bé
mat (Seer cla mau Fe-Zn-Dia(5-5) 1a 63,2 m?/q).

Bdnh gid hoat tinh xdc tdc cua vat ligu

D6 chuyén hoa phenol theo thdi gian phan Ung trén
cac mau vat liéu khac nhau dudc trinh bay & Hinh 3a.
C6 thé thdy rang phenol rét bén va hau nhu khéng bi
phan hdy bdi H.O; khi khdng cd mat chét xuc tac. Vi
su c6 mat clia diatomite hodc Zn-Dia(5) thi db chuyén
hoa cla phenol ciling rét thap (chi dat 8-10% sau 240
phut phan (ng), chi ra rang Zn-Dia(5) va diatomite hau
nhu khéng cd hoat tinh xic tac. Véi su cd méat cla
mau Fe-Dia(5) thi d& chuyén hoa phenol tang lén rat
nhanh, dat dugc xdp xi 91% & 90 phdt va >99% sau
240 phut phan Ung. D6 chuyén hoa cling dat dudc
95% sau 240 phut phan Ung trén Fe-Zn-Dia(5-5). Tuy
nhién, t6c dé chuyén hoa phenol xdy ra chdm hon so
vdi sy cO mat cia mau Fe-Dia(5). Nguyén nhan c6 thé
la do ham lugng sat trén bé mat vat liéu cla mau Fe-
Zn-Dia(5-5) thdp hon so véi mau Fe-Dia(5) (Bang 1).
Diéu nay ching té sat dugc phan bd trén bé mat
diatomite dd dong vai tro nhu cac tam xUdc tac trong
hé phan Ung kiéu Fenton [6,7,8].
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Hinh 3: @) D6 chuyén hoa phenol trong diéu kién
khong cd xUc tac va trén cac mau xuc tac khac nhau;
b) Sac ky d& HPLC ctia dung dich phan Ung oxi hda
phenol bdi H,O; trén xdc tac Fe-Zn-Dia(5-5) (Diéu kién
phan Ung: 100 mL phenol 1 g/L; 2 mL H,0, 30%, 0,19
chat xuc tac; nhiét dé phan tng 50 °C)
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Hinh 3b trinh bay séc ky do HPLC cla dung dich phan
Ung oxi hda phenol bdi H.O, trén Fe-Zn-Dia(5-5).
Theo thai gian phan Uing, trong dung dich tén tai mét
s6 san phdm khac ngoai phenol va H.O, bao gém
hydroquinone, catechol, oxalic acid,... (cac san phém
dugc xac dinh dya vao céng bd clia Khieu va cong su
[6]). C6& thé thdy rang cudsng do cla peak
hydroquinone (& thdi gian luu khodng 8 phut) tang 1én
dang ké so vdi cac san phadm khac. Diéu nay chi ra
rang san phdm trung gian chinh ctia quéa trinh oxi héa
phenol trén chat xdc tac nay la hydroguinone, sau do,
md vong dé tao thanh cac carboxyl acid cé s carbon
thdp hon. Sau 90 phdt, cuong dd peak cua ca
hydroguinone va catechol cling gidm dan tuong tu
phenol, va con lai rét it sau 240 phdt phan ¢ng, ching
td cac chét nay da bi phan huy gan hét. Két qua nay
chiing té Fe-Zn-Dia(5-5) ¢ hoat tinh xUc tac rét cao,
co thé xtc tac dé phan hly hoan toan phenol tao
thanh cac carboxyl acid don gian, hay c6 thé khoéang
héa hoan toan dé tao thanh CO; va H,O.

Khdo sdt phdn Ging oxi héa phenol trén xtc tdc Fe-
Dia(5) va Fe-Zn-Dia(5-5)

Anh huéng cta nhiét dé phdn img

Do chuyén hoa phenol trén Fe-Dia(5) va Fe-Zn-Dia(5-

5) trong khodng nhiét do phan Ung 30-70 °C dugc
trinh bay & Hinh 4.
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Hinh 4: D6 chuyén héa phenol & cac nhiét d6 phan
Ung khac nhau: a) Xuc tac Fe-Dia(5), b) Xuc tac Fe-Zn-
Dia(5-5) (Biéu kién phan Ung: 100 mL phenol 1 g/L; 2
mL H.O, 30%, 0,1 g chét xuc tac)

0 30 °C, do chuyén hoa phenol xdy ra cham, chi dat
khodng 20% sau 120-150 phut phan Ung trén ca hai
mau xUc tac. Sau do, dé chuyén hoa phenol tang
nhanh va dat dugc 76,7% & 180 phut trén Fe-Dia(5) va
65,6% & 240 phut trén Fe-Zn-Dia(5-5). Khi tang nhiét
do phan Ung tr 30 dén 50 °C thi do chuyén hoda
phenol tang nhanh, chi ra rang nhiét dé cé anh hudng
déang ké dén téc do phan Ung. Hinh 4 cling cho thdy
do6 chuyén héa phenol trén Fe-Dia(5) tang nhanh haon
so vdi trén Fe-Zn-Dia(5-5). K&t qua tuong tu da quan
sat thdy & Hinh 3a. Tuy nhién, t6c dé chuyén hoéa
phenol trén cad hai xtc tac déu tdng manh va xay ra
tuong tu nhau & nhiét dé phan tng 70 °C, d6 chuyén
héa dat 97-99% sau 60 phut phan Ung. D6 chuyén
hda phenol dat dugc tuong tu nhu cdng bd cla Son
va cong sy [7] khi thuc hién trén xdc tac F-diatomite
hay FM-diatomite, nhung nhiét dé phan Ung trong
nghién cltu nay thap hon dang ké (70 °C so véi 90 °C).

Do bén va khd ndng tai st dung vat ligu

PéE kiém tra d6 bén cla vat liéu, mét thi nghiém loc
dugc tién hanh bang cach tiép tuc theo ddi dung dich
sau khi loc chat xuc tac ra khoi hé phan ting. Néu kim
loai trong vat liéu bj rlra tréi vao dung dich thi IUc nay
phan Uing sé& trd thanh hé Fenton dong thé [6,7], nghia
la d& chuyén hda phenol van tang rat nhanh sau khi
loai bd vat liéu. Chét xdc tac sau khi st dung ciing
dugc thu hoi va st dung lai nham danh gi& kha nang
tai st dung. Cac két qua danh gia dé bén va kha nang
tai s&r dung cla vat liéu dugc trinh bay & Hinh 5.

Két qua theo ddi dung dich sau khi loc vat liéu ra khoi
hé phan Ung cho thdy dé chuyén hoa phenol van ting
trong ca hai hé xuic tac, tuy nhién, t6c dé chuyén hoa
xady ra cham hon so vdi sy cé mat clia chét xdc tac ban
dau. Nguyén nhén clia van dé nay cé thé 1a do mot
phan st/ k&m trong vat liéu da ria tréi vao dung dich
va hé phan Ung chuyén thanh kiéu Fenton dong thé.
M&t khac, su thé hién nay cling co thé la do géc HO®
ton tai trong hé phan Ung, nén phan Ung day chuyén
van tiép tuc xay ra ma khong can su ¢ mat clia chat
x(c tac. Ca hai nguyén nhéan nay déu cé thé lam tang
dod chuyén hoa phenol sau khi loc chét xuc tac.

Két qua kiém tra kha nang tai st dung vét liéu cho théy
dd chuyén hoa phenol gidm manh trén xic tac Fe-
Dia(5) thu hoi, sau 240 phdt phan tng dé chuyén hoa
phenol chi dat 22,3% (so vdi 99,1% trén mau xdc tac
ban dau). Ngudc lai, trén xUc tac Fe-Zn-Dia(5-5) thu
hoi, do chuyén hdéa phenol van xay ra nhanh va x&p xi
so v8i mau vat lieu ban dau, do chuyén héa phenol dat
92,8% (50 v&i 94,8% trén mau xUc tac ban dau).
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Mau Fe-Dia(5) va Fe-Zn-Dia(5-5) thu hdéi cling dugc
phén tich EDX. Két qua cho thdy ham lugng nguyén t&
s&t trong mau Fe-Dia(5) thu hoi 1a 7,12% (so vdi ban
dau 1a 22,25%, Bang 1); Con trong mau Fe-Zn-Dia(5-5)
thu hoi, ham lugng nguyén t6 sat va kém tuong Ung la
11,92% va 0,28 (so vd&i ban dau la 5,50% va 0,43%,
Bang 1). Ham luong kim loai sat trong méau Fe-Zn-
Dia(5-5) thu hdi tang 1én la do su phai bay khi mét
phan kém bj rra tréi vao dung dich, do d6, mau nay
van cé hoat tinh xtc tac cao. Ngudc lai, nguyén nhan
lam gidm manh hoat tinh x{c tac clia mau Fe-Dia(5)
thu hoi la do sat trong vat liéu da bi ria troi kha lén.
Sy rlfa tréi cla cac kim loai la do méi trudng pH thép
(khodng 2,5-3) clia dung dich sau phan Ung dugc tao
ra bdi cac acid hitu cg tU qua trinh oxi phenol [6].

(a) —B—Fe-Dia(5)
7 —@—Loc xiic tic sau 60 phiit phan ting
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(b) —8—Fe Zn-Dia(5-5)
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Hinh 5: Thi nghiém kiém tra su rira troi ca sat hodc
kém trong vat liéu va kha nang tai st dung xUc tac: a)
XUc tic Fe-Dia(5), b) Xuc tac Fe-Zn-Dia(5-5) (Biéu kién
phan Ung: 100 mL phenol 1 g/L; 2 mL H,O, 30%, 0,1g

chat xic tac; nhiét dé phan Ung 50 °C)
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Két luan

Su bién tinh diatomite v&i Zn hodc/va Fe khong anh
hudng nhiéu dén hinh thai va dién tich bé mat riéng
clia diatomite. Dién tich bé mat riéng clia Fe-Dia(5) va
Fe-Zn-Dia(5-5) tuong Uing la 40,0 va 63,2 m?/g, va cla
diatomite ban dau la 55,4 m?/g. Diatomite va Zn-Dia(5)
hau nhu khéng co hoat tinh xdc tac trong phan Ung
oxi héa phenol bdi H,O,. Trong khi do, cac composite
co chita kim loai sat déu co hoat tinh xUc tac cao.
Phenol c6 thé bi phan hiy hoan toan tao thanh cac
carboxyl acid don gian trén xic tac Fe-Dia(5) va Fe-Zn-
Dia(5-5) & nhiét d6 50-70 °C. Viéc bién tinh ditomite
va&i kim loai kém khong lam tang hoat tinh xdc tac cla
vat liéu nhung lam tdng dé bén va kha néang téi su
dung cta mau Fe-Zn-Dia(5-5). Do dé, co thé Ung
dung composite nay trong inh vuc xdc tac dé phan
huly cac chat 6 nhiém hitu ¢a trong dung dich nudc.
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