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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 nhitng dai dién
quan trong nhét clia cac chat & nhiém hitu cg kho
phan hay vi néd déc hai ngay cd & néng doé thap [11.
Ngoai ra, sy hién dién cla nd trong nudc tu nhién cé
thé dan dén su hinh thanh cac hgp chat thay thé trong
qué trinh khir truing bang clo (disinfection byproducts,
DBPs [2]). Han nita, phenol thudng dugc sif dung nhu
mot chat 6 nhiém mé phdng cho cac nghién clu x ly
nudc thai tién tién, do nd thudng xudt hién trong nudc
thai cong nghiép nhu cac nguyén liéu thod (vi du: tir cac
nganh céng nghiép héa dau, héa chét va dugc pham)
[3]. Ngoai ra, phenol con dugc coi la san phdm trung
gian trong qua trinh oxi hda cac hydrocarbon tham co
khoi lugng phan t 16n hon [4]. Mot Igi thé nlfa cla

qué trinh oxi hda phenol la sy hinh thanh cac
dihydroxybenzene, 1a san phdm chinh cta phan Ung,
dugc st dung réng réi trong cdng nghiép hoa chéat [4].

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

Diatomite la mét loai da trdm tich véi ty trong thédp, c&
hat nhd, bao gém chd yéu la silica vo dinh hinh
(SiO2:nH,0) ¢d ngudn gbc tU tdo cat (diatoms). Cau
tric cla diatomite bao gébm moét loat cac hinh dang
khac nhau va dac trung bdi dé x6p cao (Ién dén 80%),
dién tich bé mat riéng tuong ddi cao hon so vdi cac
khoang tu nhién khac, va thay déi tuy theo ngudn géc clia
no, thong thudng tir 1,0 dén 51 m?/g, va cé nhiéu nhom
hydroxyl trén bé mat [7,8,9]. Doéng thdi, ngudn
diatomite trong tu nhién Ién, gia thanh thap 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 dudc diéu ché bang phuong phap thly
nhiét va Ung dung lam chét xuc tac trong hé phan Ung
ki€u Fenton dé phan hly phenol trong dung dich
nudc. Anh hudng clia nhiét dé dén hiéu suat phan hly
phenol, d6 bén va khad ndng téi su dung vat liéu dé
dugc khao sat.

Thuc nghiém va phuang phap nghién cdu
Vit liéu va phuong phdp ddc trung

Diatomite dugc 18y t& mo Tuy An (tinh Pha Yén).
Diatomite thd dugc loai bd cac tap chét hitu co bang
phuong phép rlia va sa lang nhiéu 1an véi nudc, loc,
sdy khd & 100 °C, sau dé cét gitt trong bi kin dé sir
dung cho céc thi nghiém tiép theo.

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

Ham lugng cac nguyén t8 co trong mau dugc phan
tich bang phuong phap phé tan xa nang lugng 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 phép Brunauer-Emmett-Teller (Sger) tuf
di lieu dang nhiét hdp phu-khi hdp phu nitrogen & 77
K trén may Tristar 3000. Trudc khi do, cac mau dugc x
ly nhiét v&i N> & 200 °C trong 5 gid. Bac trung clia cac
nhém chic trén bé mat vat liéu dugc ghi bang phd FT-
IR trén may Jasco FT/IR-4600 (Japan), mau dudc phan
tan trén nén KBr. Sac ky long 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 séng
254 nm, cot C18, hé dung moi
acetonitrin/methanol/nuéc vai ti 1é 1/1/8 vé thé tich, téc
dd pha dong 1 mL/pht.

Bién tinh diatomite v&i Zn hodic/va Fe

Qui trinh bién tinh diatomite v&i kim loai k8m duagc
thuc hién theo cac budc sau day:

Budc 1: Pha dung dich zinc nitrate bang céch lay 2,975
g Zn(NO3)»-6H,O hoa tan trong 30 mL nudc cét. Sau
do, dun séi 150 mL nudc cat, nhd tu 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.

Budic 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 18y san
pham ran, rifa nhiéu lan bang nudc cét, sdy kho & 100
°C thu dugc Zn-diatomite, ki hiéu Zn-Dia(5).

Qui trinh bién tinh diatomite vdi kim loai s&t, hodc hdn
hop sat va kém, 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 dugc ki hiéu tuong Ung la Fe-Dia(5) va Fe-
Zn-Dia(5-5). O day, s6 5 biéu thi ti [é mmol kim loai/g
diatomite kh6 dugc dua vao ban dau.

Khdo sdt phdn (ng oxi hod phenol st dung hydrogen
peroxide

Hoat tinh xUc tac cua vat liéu dugc khao sat déi vai
phan Ung oxi hdéa phenol trong dung dich nudc su
dung H.O; trong binh cau hai ¢ ¢ gan sinh han hoi
luu. Trong mdi thi nghiém, 0,1 g chat xic tac dugc
khudy trén véi 100 mL dung dich phenol néng dé 1,0
g/L va 2 mL HxO, 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 chat xuc tac, nong dd cla
phenol con lai dugc xac dinh bang phucng phép HPLC.

D6 chuyén hoa phenol, a (%), dugc tinh nhu sau:

_So— St

a(%) =

x 100 ()

0

Trong do, So va S; la dién tich peak phenol tuong Ung
v&i thai diém ban dau va thai diém t.

Két qua va thao luan

Tinh chdt ddc trung caa vt liéu

Thanh phan héa hoc cla diatomite va cac mau
diatomite bién tinh va&i Zn hoac/va Fe dugc phan tich
bang EDX. Két qua liét ké & Bang 1 cho thdy Si la
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nguyén t6 chinh trong khoéng diatomite (36,07%).
Ngoai ra, khoang diatomite con cd mét it nguyén té Al
(3.14%) va mét sé hop chat hitu cg vdi ham lugng
nguyén t& C chiém 3,66%. D&i véi cac mau diatomite
bién tinh vdi Zn hodc/va Fe, két qua phan tich cho thay
su xudt hién cla nguyén t6 Fe, Zn (ngoai cac nguyén
t6 tuong tu nhu trong mau diatomite) va mét lugng
nho nguyén t6 Mg, Cl. Theo két qua phéan tich va cong
bé trong tai liéu [10], diatomite Phd Yén cé chlfa ham
lugng sat kha 16n (4,5%) va mét s6 nguyén t6 khac vdi
ham lugng thép han, nhu Ti, Ca, K, Mg. Su khac nhau
vé két qua nay co thé la do su phan bé khong dong
déu cla céc tap chét trong khoang, cling cé thé do
ham lugng qué thap (dudi gidi han dinh lugng cla
thiét bi). Su xudt hién cda nguyén té Cl c6 18 la tUr cac

tién chéat bién tinh. Nguyén t6 Fe, Zn ton tai trong cac
mau diatomite bién tinh chiing minh réng véat liéu
composite trén nén diatomite chiia Zn, Fe, hoac dong
thai Fe-Zn d& dugc diéu ché thanh cong.

Anh SEM cla diatomite (Hinh 1a) cho thdy cau tric
chinh clia diatomite Phi Yén c6 dang hinh tru tron
dudng kinh khoang 5-7 um vdi nhiéu mao quan nho
trén bé mat. Bén canh do, con ¢ nhiéu manh nho vdi
hinh dang khong xac dinh, day c6 18 1a nhiing manh v&
clia cac cdu trdc trén. Su bién tinh diatomite vd&i Zn
hodc/va Fe hau nhu khong anh hudng dén cdu tric
cla vat liéu (Hinh 1b—d). Anh SEM cla cac mau nay
cho thdy c6 cac vung sang trén bé mat cua vat liéu,
cac vung nay co thé dugc tao ra bdi nguyén t§ Fe
hodc Zn (do cé nguyén t& khéi I6n).

Bang 1: Thanh phan nguyén t6 cé trong cac mau vét liéu

Phan tram theo khéi lugng”

Mau C 0 Al Si Mg Fe Zn
Diatomite 3,66 56,86 3,41 36,07 - - - -
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 866 4804 460 2631 ~ 020 M9 028

"Gid tri trung binh ctia 3 viing 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 thu dac trung trén phd FT-IR cla
diatomite va cac mau diatomite bién tinh I3 tuong tu
nhau (Hinh 2a). Peak hép thu tai 1100, 797 va 470 cm™
dac trung cho cac dao déng cla lién két Si—-O-Si. Cac
peak nam trong vung 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 hda tri cia lién két
Me-0 [8,9]. bBiéu dang chu y la cudng dé cla 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)
cb cudng doé cac dinh hdp thu thép nhét. Nguyén nhan
clia vén dé nay dugc cho la do su tuang tac hda hoc
gilta cac nhom silanol bé mat vai cac oxide [9].
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Hinh 2: a) Phé FT-IR cla diatomite va c&c mau
diatomite bién tinh v&i Zn hodc/va Fe; b) Pudng dang
nhiét hap phu-khir hdp phu nitrogen clia diatomite,
Fe-Dia(5) va Fe-Zn-Dia(5-5)

Pudng dang nhiét hdp phu-khit hdp phu nitrogen cua
diatomite, Fe-Dia(5) va Fe-Zn-Dia(5-5) déu thudc loai |l
va vong tré loai H3 (Hinh 2b), chi ra sy ton tai clia cac
cdu truc dai mao quan vdi kich thudc va/hoac hinh
dang khéng doéng 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 véat 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 (Sger clla mau Fe-Zn-Dia(5-5) la 63,2 m?/q).

Bdnh gid hoat tinh xtc tdc cua vat lidu

D6 chuyén hoa phenol theo thdi gian phan Ung trén
cac mau vat liéu khac nhau dudc trinh bay & Hinh 3a.
C6 thé thédy rang phenol rat bén va hau nhu khéng bi
phan huay bdi H,O, khi khéng cd mat chat xdc tac. Vi
su c& mat clia diatomite hodc Zn-Dia(5) thi d& chuyén
hda cla phenol cling rat thap (chi dat 8-10% sau 240
phut phan ¢ng), chi ra rdng Zn-Dia(5) va diatomite hau
nhu khéng cd hoat tinh xdc tac. V&i su cd mat cla
mau Fe-Dia(5) thi dé chuyén hda phenol ting lén rat
nhanh, dat dugc xdp xi 91% & 90 phit 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 cham hon so
VGi sy c& mat clia mau Fe-Dia(5). Nguyén nhan co thé
la do ham Iugng sat trén bé mat vat liéu ctia 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 d& dong vai trdo nhu cac tam xUdc tac trong
hé phan Ung kiéu Fenton [6,7,8].
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Hinh 3: a) DO chuyén hda phenol trong diéu kién
khéng o xUc tac va trén cac mau xuc tac khac nhau;
b) Sac ky dé HPLC clia dung dich phan Ung oxi hoa
phenol bdi HO; trén xtc tac Fe-Zn-Dia(5-5) (Diéu kién
phan Ung: 100 mL phenol 1 g/L; 2 mL H.0, 30%, 0,1 g
chét xUc tac; nhiét d6 phan tng 50 °C)
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Hinh 3b trinh bay séc ky dé HPLC cla dung dich phan
Ung oxi hoa phenol bdi H,O, trén Fe-Zn-Dia(5-5).
Theo thai gian phan Ung, trong dung dich ton tai mot
s§ san phadm khéc ngoai phenol va H.0,, bao gém
hydroquinone, catechol, oxalic acid,... (cac san pham
dugc xac dinh dya vao cong bé cta Khieu va codng su
[6]). C6& thé thdy rang cuong do cla peak
hydroquinone (& thdi gian Iuu khodng 8 phut) tang lén
dang k€ so vdéi cac san phdm khéc. Biéu nay chi ra
rang san phdm trung gian chinh clia qua trinh oxi héa
phenol trén chat xtc tac nay la hydroquinone, sau do,
ma vong dé tao thanh céc carboxyl acid co s6 carbon
thdp hon. Sau 90 phdt, cudng dd peak cla ca
hydroguinone va catechol cling gidam dén tuong tu
phenol, va con lai rét it sau 240 phdt phan Ung, ching
té cac chdt nay da bi phan huy gan hét. K&t qua nay
chiing t& Fe-Zn-Dia(5-5) ¢ hoat tinh xUc tac rat cao,
co thé xutc tac dé phéan hdy hoan toan phenol tao
thanh céc carboxyl acid don gian, hay co thé khoang
héa hoan toan dé tao thanh CO, va H,0.

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

Anh hudng ctia nhiét dé phdn (ng

D6 chuyén hda phenol trén Fe-Dia(5) va Fe-Zn-Dia(5-

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

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

B3 bén va kha ndng tdi su dung vt liéu

DE kiém tra d6 bén cla vat liéu, mot thi nghiém loc
dugc tién hanh bang cach tiép tuc theo dai dung dich
sau khi loc chét xuc tac ra khoi hé phan tng. Néu kim
loai trong vat liéu bj r&ia tréi vao dung dich thi IUc nay
phan Uing sé trd thanh hé Fenton dong thé [6,7], ngha
la d& chuyén hoa phenol van tang rdt nhanh sau khi
loai bd vat ligu. Chat xic tac sau khi s& dung cling
dudc thu hdi va st dung lai nham danh gia kha nang
tai st dung. Céc két qué danh gia dd bén va kha néng
tai sir dung cla vat liéu dugc trinh bay & Hinh 5.

Két qua theo ddi dung dich sau khi loc vt liéu ra khoi
hé phan Ung cho thdy dé chuyén hoa phenol van ting
trong ca hai hé xuc tac, tuy nhién, t6c dé chuyén hoa
xady ra cham han so vdi su c& mat clia chét xdc tac ban
dau. Nguyén nhan cla van dé nay co thé la do mot
phén sat/ k&m trong vét liéu da rda tréi vao dung dich
va hé phan Ung chuyén thanh kiéu Fenton déng thé.
Mat khac, su thé hién nay cling co thé 1a do géc HO*
ton tai trong hé phan Ung, nén phan Ung day chuyén
van tiép tuc xdy ra ma khéng can su ¢ mat clia chét
xUc tac. C& hai nguyén nhan nay déu cé thé lam tang
do6 chuyén héa phenol sau khi loc chat xuc téc.

K&t qua kiém tra kha nang tai s&t dung vat liéu cho théy
dd chuyén héa phenol gidm manh trén xuc tac Fe-
Dia(5) thu hoi, sau 240 phut phan tng dé chuyén hoa
phenol chi dat 22,3% (so vai 99,1% trén mau xuc tac
ban dau). Ngugc lai, trén xUc tac Fe-Zn-Dia(5-5) thu
hdi, do chuyén hoa phenol van xdy ra nhanh va xép xi
so v&i mau vat liéu ban dau, do chuyén hoa phenol dat
92,8% (s0 v&i 94,8% trén mau xUc tac ban dau).
https://doi.org/10.62239/jca.2025.019
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Mau Fe-Dia(5) va Fe-Zn-Dia(5-5) thu hoi cling dugc
phan tich EDX. Két qué cho thdy ham lugng nguyén t&
s&t trong méau 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 hdi, ham lugng nguyén t6 sat va kém tucng Ung la
11,92% va 0,28 (so vdi ban dau la 5,50% va 0,43%,
Bang 1). Ham lugng kim loai sit trong méau Fe-Zn-
Dia(5-5) thu hoi tang lén la do sy phai bay khi mét
phan k&m bj rifa tréi vao dung dich, do do, mau nay
van cé hoat tinh xdc tac cao. Ngugc lai, nguyén nhan
lam gidm manh hoat tinh xtc tac ctia mau Fe-Dia(5)
thu hoi la do sat trong vat liéu da bi ria tréi kha 16n.
Su ria tréi cla cac kim loai 1a do méi trudng pH thap
(khoadng 2,5-3) clia dung dich sau phéan (ng dugc tao
ra bdi cac acid hltu cg tU qua trinh oxi phenol [6].

(a) —B—Fe-Dia(5)
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100 4 —de—Tii sir dung

80 —
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(b) —8—Fe Zn-Dia(5-5)
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Hinh 5: Thi nghiém kiém tra su ria tréi cla sat hoac
kém trong vat liéu va kha néng tai st dung xUc tac: a)
XUc tac Fe-Dia(5), b) Xuc tac Fe-Zn-Dia(5-5) (Biéu kién
phan Ung: 100 mL phenol 1g/L; 2 mL H0; 30%, 0,1g

chat xUc tac; nhiét dé phan Ung 50 °C)
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K&t ludn

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) tuang 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 khong cé hoat tinh xic tac trong phan Ung
oxi héa phenol bdi H,O,. Trong khi do, cac composite
c6d chira kim loai sat déu cé hoat tinh xdc tac cao.
Phenol c6 thé bi phan hiy hoan toan tao thanh cac
carboxyl acid don gian trén xutc tac Fe-Dia(5) va Fe-Zn-
Dia(5-5) & nhiét d6 50-70 °C. Viéc bién tinh ditomite
vGi kim loai k&m khong lam tdng hoat tinh xtc tac cla
vat liéu nhung lam tang do bén va khad nang tai su
dung clia mau Fe-Zn-Dia(5-5). Do d6, c6 thé Ung
dung composite nay trong linh vuc xtc tac dé phan
hlly cac chat & nhiém hitu co trong dung dich nudc.
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