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TONG HOP Cu/DIATOMITE VA PANH GIA HOAT TiNH XUC TAC
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Tém tat. Trong bai bao nay, Cu/diatomite composite duoc tdng hop bang cich phan tan ion dong 1én
bé mit diatomite théng qua phan tng thiy phan mudi copper(Il) nitrate trihydrate trong nuéc. Anh
huwéng ctia nhiét d6 va thoi gian thuy nhiét 1én hoat tinh xtc tac cia composite da dwoc khao sat. Vat
liéu duoc déc trung bémg phuong phap pho tan xa ndng luong tia X, phd hong ngoai bién d6i Fourier,
nhiéu xa tia X, hién vi dién tir quét va ddng nhiét hdp phu — khir hdp phu nitrogen. O diéu kién t5i uu,
Cu/diatomite thu duwoc c6 dién tich bé mat riéng 44,7 m?/g, chita 0,91% Cu (vé khéi lwong), phan bs
déu trén bé mdt cua diatomite. Phan ¢ng phan hiy phenol trong dung dich nuéc bz\"mg hydrogen
peroxide dwoc st dung d€ danh gia hoat tinh xtc tac ctia Cu/diatomite. P9 chuyén hoéa phenol dat
duoc 94% sau 240 phut phan ting ¢ 50 °C ¢ cac diéu kién nhw sau: ndéng dd ctia dung dich phenol ban
dau 1000 mg/L, Cu/diatomite 1 g/L, hydrogen peroxide 6,6 g/L va pH ban dau & khoang trung tinh. D
bén va kha ning tai st dung cua vat liéu xuc tac ciing dwoc danh gia.
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Abstract. In this paper, Cu/diatomite composites were synthesised by dispersing copper ions onto the
diatomite surface via the hydrolysis reaction of copper(Il) nitrate trihydrate salt in water. The effects of
reaction temperature and time on the catalytic activity of the obtained composite were investigated.
The material was characterised by using energy-dispersive X-ray spectroscopy, Fourier-transform
infrared spectroscopy, X-ray diffraction, scanning electron microscopy, and nitrogen adsorption-
desorption isotherms. Under optimal conditions, the obtained Cu/diatomite composite with a specific
surface area of 44.7 m?/g contained about 0.91% Cu (wt.%), highly dispersed on the diatomite matrix.
The decomposition reaction of phenol in an aqueous solution with hydrogen peroxide was used to
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evaluate the catalytic activity of the material. Phenol conversion was 94% under the following
conditions: reaction time 240 min, temperature 50 °C, phenol concentration 1000 mg/L, Cu/diatomite 1
g/L, hydrogen peroxide 6.6 g/L, and neutral pH. The durability and reusability of the catalytic

materials were also assessed.

Keywords: Cu/diatomite composite, Cu/diatomite catalyst, phenol decomposition, phenol oxidation

1 Mo dau

Su phét trién cong nghiép lam ting 6 nhiém
nude do chat thai cong nghiép. Hau hét cac chat
gy 6 nhiém déu doc hai va kho loai trir bang cac
phuong phap xt ly nudc thai théng thuwong.
Phenol va cac dan xuat cta né 1a nhitng chat gay
6 nhiém dién hinh va c6 doc tinh cao, gdy ung thu
va kho phan hay. Chiung duoc thai vao moi
treong nudc tir cadc nganh cong nghiép nhw nha
may loc dau, cong nghiép hdéa dau, cong nghiép
polyme, nha may soi thuy tinh, hoat dong luyén
kim, cong nghiép duwgc phdm, son va thudc
nhudm [1, 2, 3, 4, 5]. Cac dan xuat ctia phenol c6
tinh acid cao, nhu cau oxy hoéa hoc (COD) va kha
nang phan huy sinh hoc thdp. Ngoai ra, ching c6
dd bay hoi thap va dé tao thanh hdn hop déng phi
(azeotrope) va eutectic. Tat ca nhiing ddc tinh nay
gay tro ngai cho viéc xt ly. Phenol gay chét ca ¢
noéng do thap (5-25 mg/L) va tao ra mui vi kho
chiu cho nuwéc uéng ¢ nong do thap hon nhiéu.
Ngay ca nong do 1 ug/L clng c6 thé khién nudc
khong thich hop d€ stt dung [5]. Phenol la mot
chat gay 6 nhiém phd bién trong chat thai cong
nghiép va ciing duoc cho la mdt san pham trung
gian trong qua trinh oxi héa cac hydrocarbon
thom cé khéi lwong phéan ti cao hon [1]. Do d6,
phenol thuong duoc xem la mot hop chat mau

trong xt¢ ly nudc thai.

Céac phuong phép nghién cttu truyén thong
dé loai bo cdc dan xuat ctia phenol khoi nudc thai
bao gdm phéan huy sinh hoc, chiét xudt dung moi,
hap phu va oxi hda w6t khong thé dua vao van
hanh vi tat ca cac phuong phdp nay déu cé han
ché& do chi phi cao, hiéu qua thap, 6 nhiém thi cap

va cac yéu td khéc [2, 3, 4]. Qua trinh oxi hda nang
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cao (advanced oxidation processes, AOP) la cac
phuong phép hda hoc dién hinh, tao ra cac goc
hoat déng va duoc 4p dung dé€ phan huy nhiéu
hop chét hitu co khac nhau [6]. So véi cac phuong
phap AOP khéc, qud trinh oxi héa Fenton dé van
hanh va twong d6i than thién véi moi truong. Co
ché€ cua qua trinh oxi hoa Fenton dugc m6 ta nhu
sau [4, 6]:

Fe?* + H202 — Fe3* + HO* + OH- (1)
Fe3* + H202 — Fe?* + HO»* + H @)
Fe? + HO:* - Fe3* + HOz 3)
Fe3* + HO»® —> Fe?* + Oz + H (4)
H:0: + HO* — HOx* + H:O (5)

V6i sy c6 mét cua chat hitu co (R-H), goc
hydroxyl (HO®) tach mot nguyén tx hydro khoi
R-H va tao ra gbc hitu co (R*). Sau d6, mot loat
bién doi hoa hoc xay ra, tao thanh cac san pham
oxi héa khac nhau. Trong treong hop khoéng céd
bat ky sw canh tranh nao ctia HO® hodc R®, viéc stv
dung duw ndng d6 Fe? va H20,, vé nguyén tac, sé
chuyén d6i hoan toan tat ca cac hop chat hitu co
thanh CO2 va nudc [6].

Xét vé kha nang phan tng v6i H202, dong
c6 déc tinh oxi héa — khit twong tw nhu sat. Ca hai
trang thai oxi hda, Cu* va Cu?, déu dé dang phan
tng véi H20: theo phuong trinh (6) va (7) [6, 7].

Cu? + H:202 — Cur + HO2* + H* (6)
Cu* + HoO2 — Cuz + HO* + HO™ 7)

Nhuoc diém chinh ctia qua trinh Fenton
dong thé la sy hinh thanh cac hop chat Fe3* két tua
(oxy-hydroxide) khi pH cua dung dich thay déi,
khong tai st dung duoc chat xdc tac va tao ra bun

chita Fe gdy anh hudng dén mdi treong va chi phi
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[1, 8]. D€ giai quyét nhiing nhuwgc diém caa
Fenton dong thé, qua trinh Fenton di thé st dung
chét ran lam chat xtc tac da duoc phat trién, trong
d6, st va cac kim loai hoat dong khac di vao cau
truc ctia vat liéu hodc duoc cd dinh vao chit mang
ran, nhu dat sét palygorskite chira sét [4], CuFe204
duoc cd dinh vao chat mang cao su tro [1], Cu-
MIL-101(Fe)/diatomite [8] va Mn-Fe20s/diatomite
[9], mot loai khoang chat x0p tw nhién ¢ ngudn
goc ttr qua trinh hoa thach cta vo tao cat (diatom),
tao thanh ttr silica vo dinh hinh. Do d6, diatomite
c6 dién tich bé mat riéng 16n, cdu trac mao quan
trung binh (mesoporous) va d¢ on dinh ly hoéa
vugt trdi. Nho nhitng vu diém trén, cung véi trix
lwong do6i dao, gia thanh thdp va ban chat than
thién véi moi treong, diatomite 1a chat mang cho
cac hat nano xdc tac trong cac tng dung thuc t&€
[9]. Thuce vay, su két hop cua diatomite véi dién
tich bé mat 16n véi cac kim loai hoat dong tao ra
nhitng chat xuc tdc hiéu qua cho cic phan tng
kiéu Fenton di thé [8, 9, 10, 11]. Tuy nhién, cic
phuwong phap bién tinh don gian, chi phi thap, ...
va tang cuong su phan tan cua nguyén t6 kim loai
0 cdp d6 nguyén t& hay cum nguyén ti dé tang
hiéu qua hoat dong xtc tac cua composite kim
loai/diatomite trong phan g gidng Fenton van
dang thu hat sy quan tam cta cac nha khoa hoc
[12].

Trong bai bao nay, vat liéu composite
Cu/diatomite duoc diéu ché bang phuong phap
thuy nhiét don gian thong qua phan ting thay
phan ctia mudi copper(Il) nitrate trihydrate nham
tao ra sy phan bd cac cum oxide dong trén bé mat
diatomite. Vat liéu dugc ing dung lam chat xtc
téc cho phan ting oxi héa phenol bang hydrogen
peroxide trong dung dich nuéc. Anh hudng cia
nhiét d6 va thoi gian thay nhiét dén qua trinh
diéu ché xac tdc Cu/diatomite, d0 bén va kha
ndng tai st dung vat liéu xtc tic da duoc
khao sat.
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2 Thuc nghiém

21 Vatliéu va phuwong phap dac trung

Diatomite duoc 1ay tit mé Tuy An (tinh Pha
Yén). Diatomite thd dwoc riza va sa lang nhiéu lan
bf“ing nude dé€ loai bo cac tap chét hitu co, loc, sdy
kho ¢ 100 °C va cat gitt trong bi kin d€ st dung
cho cac thi nghiém tiép theo. Cu(NOs)2-3H20
(Merck, India), CeHsOH (Merck, Birc) va H20:
30% (Fisher, Han Qudc) la nhitng hoéa chat tinh
khiét va duoc st dung ma khoéng can tinh ché

thém.

Phé tan xa nang luong tia X (EDX) dwoc ghi
trén may JEOL (JED-2300 AnalysisStation) dé xac
dinh ham lwong cac nguyén t& c6 trong mau. Mai
mau duoc phan tich tai 3 viing khac nhau d€ x4c
dinh ham luong trung binh cua cac nguyén to.
Phd hong ngoai (FT-IR) duoc ghi trén may Jasco
FT/IR-4600 (Nhat Ban); mau duwoc phan tan trén
nén KBr. Pang nhiét hap phu — khit hdp phu
nitrogen dugc ghi trén may Tristar 3000 ¢ 77 K,
mau duoc xtt 1y nhiét véi N2 ¢ 200 °C trong 5 gid
truée khi do. Anh hién vi dién t& quét (SEM)
dugc chup bang méay S-4800 10.0 kV. Sic ky long
hiéu ndng cao (HPLC) dwoc thuc hién trén may
UFLC Shimadzu (Nhat Ban).

2.2 Diéu ché composite Cu/diatomite

Quy trinh duoc tién hanh theo cac budc sau
day:

Buoc 1: Pha ché dung dich copper nitrate
bang cach 1ay 2,416 g Cu(NOs)»3H20 hoa tan
trong 30 mL nudc cdt. Sau d6, dun séi 150 mL
nudc cat va nho tir tir (nho giot) dung dich copper
nitrate vao dé tao ra hé keo Cu(OH)a.

Buéc 2: Can 2,0 g diatomite roi cho vao hé
keo ¢ budc 1 (ti 1& 5 mmol Cu/g diatomite khd).
Buéc 3: Cho toan bd hdn hop trén vao binh

Teflon (dung tich 200 mL) va dat trong tu sy &
100-150 °C trong 6—48 gio. D€ ngudi binh phan
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ung (binh Teflon), loc 18y san pham rin, riva nhiéu
lan bang nudc cat, sdy kho ¢ 100 °C thu duoc
Cu/diatomite. C4c miu duoc ky hiéu CuD-x(yh),

véi x va y la nhiét d6 va thoi gian thuy nhiét.

2.3  Khao sat hoat tinh xtc tac

Hoat tinh xtc tac ctia vat liéu dwoc khao sat
d6i véi phan tng oxi héa phenol trong dung dich
nudc, st dung H20:z lam tac nhan oxi hda. Trong
mdi thi nghiém, 0,1 g chat xac tac dwoc tron véi
100 mL dung dich gom phenol 1000 mg/L va H20:
6,6 g/L & 50 °C. Sau mdi khoang thoi gian xac
dinh, 1dy ra 5 mL dung dich va loc d€ loai bo chat
xuc tac. Nong dd ctuia phenol con lai trong dung
dich dugc xac dinh bing phuong phap sac ky
long hiéu ndng cao (HPLC) trén may UFLC
Shimadzu (Nhat Ban). Diéu kién thyc nghiém:
dau do SPD-20A quét 6 budc séng 254 nm, cot
C18, hé dung moi acetonitrile/methanol/nude voi
ti 1& 1/1/8 vé thé tich, toc dd pha ddong 1 mL/phut.

Do chuyén hod phenol duoc tinh theo cong
thic (8)

So — St

a (%) =

x 100 8)
0
trong do So va St la dién tich peak phenol twong

ung vai thoi diém ban dau va thoi diém ¢.

24 Kiém tra d0 bén va tii st dung chat

xuc tac

D€ kiém tra dd bén cua chat xtc tadc, mot thi
nghiém loc dwgc tién hanh bé“mg cach tiép tuc theo
doi dung dich sau khi loc chat xtc tac ra khoi hé
phan ting. Néu kim loai dong trong vat liéu bi rira
troi vao dung dich thi ltic nay phan tng sé tro
thanh hé xtc tadc dong thé, nghia la d chuyén hoa
phenol van ting rat nhanh sau khi loai bd chat

xuc tac.

Vat liéu sau khi sit dung duoc thu hoi, riva

nhiéu lan bang nudc cat, say khd va st dung lai
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lam chét xtc tac nham danh gia kha nang tai sw

dung.

3 K&t qua va thao luan

3.1 Anh huéng cta nhiét d6 diéu ché vat liéu

PhS EDX ctia cac mau Cu/diatomite duoc
tong hop ¢ cac nhiét o thay nhiét khac nhau cho
thdy thanh phéan chinh cua vat liéu 1a Si (Hinh
la—1c). Ngoai ra, vat liéu con chira mét s6 nguyén
t0 khac voi ham luwgng thdp nhu Al, Fe, Ti va céc
hop chat hitu co (nguyén t6 C). Day 1a ban chét
cua diatomite ty nhién [13]. S xudt hién nguyén
t6 Cu trong cac mau cho thdy réng qua trinh bién
tinh da gan nguyén t& Cu lén nén diatomite.
Trong d6, ham luwgng nguyén t6 Cu tang dan ti
0,73 dén 1,17% (chen bén trong Hinh la-1c) khi
téng nhiét d6 thuy nhiét ttr 100 dén 150 °C.

D6 chuyén hda phenol trén chat xuc tac
diatomite va cic miu Cu/diatomite diéu ché véGi
nhiét d6 thuy nhiét khac nhau duoc trinh bay trén
Hinh 1d. C6 thé thay rang hoat tinh xtc tac cta
diatomite rat thap; do chuyén hoa chi dat khoang
8% sau 240 phat phan tng. Trong khi d6, do
chuyén hoéa phenol trén cac mau CuD-100(6h),
CuD-120(6h) va CuD-150(6h) rat cao, dat
77,0-82,7%. Diéu nay cho thdy ring nguyén t6 Cu
trén nén diatomite da déng vai trdo nhu cac tam

xtc tac trong phan tmg oxi héa phenol bang H20x.

Mac du ham lwong Cu trén cac mau CuD-
100(6h), CuD-120(6h) va CuD-150(6h) tang dan,
nhung d6 chuyén hdéa phenol trén cadc mau xtc tac
nay khéc nhau khéng dang ké. Nguyén nhan co
thé la do sw phan b8 cua nguyén t6 Cu trén bé
madt vat liéu khong dong nhat (thé hién qua sai s6
chuédn, SE, Hinh la-1c), cing c6 thé 1a do phan
tng oxi hda phenol xay ra phtic tap, c6 nhiéu san
phdm trung gian nhw hydroquinone va catechol.
Cac san phdm trung gian nay cing tiép tuc bi oxi
hda trong su6t qua trinh phan tng. Tuy nhién,
mau CuD-120(6h) c6 hoat tinh xtc tic 16n hon
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khong nhiéu hon so véi hai mau con lai, do d6,
nhiét d6 thuy nhiét 120 °C dwoc lya chon dé tiép
tuc khao sat qua trinh bién tinh diatomite véi
nguyén t6 Cu.

3.2 Anh huéng caa thoi gian diéu ché vat liéu

Ham luong nguyén t& Cu trong cic mau
CuD-120(16h) va CuD-120(24h) gan bang nhau
(0,97% va 0,91%) va hoi cao hon so véi trong mau
CuD-120(6h) (Hinh 2a, 2b va 1b). Sy kéo dai thoi
gian thiy nhiét dén 48 gio lam tang ham luwong
nguyén t6 Cu trén vat liéu (1,33% vé khdi luong),

(@)
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nhung su phan bd ctia ching trén bé mat
diatomite cang khong dong déu (thé€ hién qua sai
s6 chuén, SE = 0,48, Hinh 2¢).

Do chuyén héa phenol trén mau CuD-
120(16h) khong khéc nhiéu so véi trén mau CuD-
120(6h). Tuy nhién, d8i véi mau CuD-120(24h), do
chuyén hoéa phenol ting nhanh dang ké va dat
duoc cao nhét (94%) sau 240 phat phan tng. Trén
chét xuc tac CuD-120(48h), d6 chuyén héa phenol
chi dat 89,7% sau 240 phut phan ttng (Hinh 2d)

(b)
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Hinh 1. Phd EDX: a) Mau CuD-100(6h); b) Mau CuD-120(6h); c) Mau CuD-150(6h); d) D6 chuyén héa phenol trén xtic
tac diatomite va cac mau Cu/diatomite diéu ché& ¢ cac nhiét do thiiy nhiét khac nhau (thoi gian thtiy nhiét dugc c&
dinh trong 6 gio)
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Hinh 2. Ph EDX: a) Mau CuD-120(16h); b) Mau CuD-120(24h); c¢) Mau CuD-120(48h); d) D6 chuyén héa phenol trén
chét xtc tdc Cu/diatomite diéu ché€ & cac thoi gian thiy nhiét khac nhau (nhiét d6 diéu ché duoc cd dinh ¢ 120 °C)

Hinh 3 trinh bay sac ky 6 HPLC ctia dung
dich phan ting oxi héa phenol bang H20: & 50 °C
trén chit xuc tdc CuD-120(24h). Sic ky d6 cho
thdy chi phenol va H20: trong dung dich phan
tng & thoi diém ban dau. Theo thoi gian phan
tng, ceong do ctia peak dac trung cho phenol
giam dan. Luc nay, trong dung dich ton tai mot s
san pham khac ngoai phenol va H20;, trong d6 c6
hydroquinone, catechol va cac carboxylic acid. Co6
thé thay rang cuong do ctia peak dac trung cho
hydroquinone (¢ thoi gian leu khoang 8 phut)
tang 1én dang k&€ so vdi peak cta cac san pham
khac sau 30-60 phuat phan tng. Diéu nay cho thdy
san pham trung gian chinh cta qua trinh oxi hda
phenol trén chat xtc tac nay 1a hydroquinone, sau
dé, mé vong tao thanh cac carboxyl acid véi s6
carbon thap hon. Theo thoi gian phan tng, cuong

do ctia peak dac trung cho hydroquinone ciing
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giam dan, dong thoi cuong do cta cac peak ddc
trung cho cac carboxyl acid ¢6 sd carbon thap tang
Diéu nay cho thdy ring vat liéu Cu/diatomite c6
hoat tinh xtac tac cao, c6 thé thuc day phan tGng
phan huy hoan toan phenol thanh cac acid don
gian, hay c6 thé khoang hda hoan toan phenol
thanh CO: va H:O néu kéo dai thoi gian
phéan tng.

Bang 1 so sanh d¢ chuyén hoa phenol trong
phén tng phan huy phenol bang H20: trén cac
chat xtic tdc khac nhau. Mic du cac diéu kién
phén tng 1a khac nhau, nhung c6 thé thay rang
composite Cu/diatomite trong nghién cttu nay
ciing la mét chat xdc tac htru hiéu cho phan tng

oxi héa phenol trong dung dich nwde.



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Ty nhién
Tap 134, S6 1A, 123-134, 2025

pISSN 1859-1388
elSSN 2615-9678

Qua trinh bién tinh diatomite bang kim loai
Cu cho thdy rang ham luong nguyén t6 Cu trong
cdc mau composite Cu/diatomite la tixr 0,73 dén
1,33% (vé khdi lugng). Do chuyén hda phenol trén
cac mau chét xtc tac tong hop khac nhau khong
nhiéu (77,0-94%); trong d6, dd chuyén hda phenol
dat gia tri cao nhat trén mau CuD-120(24h). Vi
vay, mau CuD-120(24h) tiép tuc dwoc st dung dé

nghién ctru.

carboxylic acid
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Hinh 3. Sic ky d6 HPLC ctia dung dich phan tng oxi
héa phenol bang H20: trén chét xtc tac CuD-120(24h)

Bang 1. Su phan huy phenol stt dung tac nhan oxi héa H202 trén cac chét xtc tac khac nhau

D6 chuyén hoéa

Chat xtic tac phenol (%) pH Diéu kién thiec nghiém TLTK
Cu/Diatomite 94 Khong kiém Phenol 1000 mg/L; H20:2 0,192 mol/L; Cua NC
soat chét xtc tac 1 g/L; 4 gio; 50 °C nay

CuFe20s: duogc 6 85,4 4,208 Phenol 300 mg/L; ti 16 H202/ch4t xtc tac [1]

dinh vao ch4t mang la 14,35 vé khoi luwong; 69,586 phut

cao su tro

bat sét palygorskite 94 (hiéu suat 3 Phenol 100 mg/L; H202 30 mmol/L; chat [4]

chira sét phan hay COD xuc tac 0,5 g/L; 15 phut; 20 °C

ctia phenol)

Hop kim FezSioB13 99 2,5 Phenol 1000 mg/L; H202 0,31 mol/L; chat [5]
xuc tac 6 g/L; 10 phat; 60 °C

Mn-Diatomite 0 47 Phenol 1000 mg/L; H202 6,6 g/L; chat [11]
xtc tac 0,5 g/L; 110 phat; 90 °C

Fe-Diatomite 100 4,7 Phenol 1000 mg/L, H202 6,6 g/L, chat [11]
xtc tac 0,5 g/L, 110 phat, 90 °C

FeMn-Diatomite 100 4,7 Phenol 1000 mg/L, H202 6,6 g/L, chat [11]

xtc tac 0,5 g/L, 50 phut, 90 °C

3.3 Mot s6 tinh chat dic trung ctia composite
Cu/diatomite

Gian d6 XRD cta mau CuD-120(24h) cho
thdy c6 peak nhiéu xa tu tap trung & 26 tai 20-25°
(Hinh 4a). Day la dinh dac trung cua silica vo
dinh hinh; khéng quan sat thdy cac dinh dic
trung cua dong oxide. Nguyén nhan c¢6 1€ la do
dong oxide hinh thanh véi kich thuwdc rat nho, co
d6 két tinh thdp hay vo dinh hinh. Két qua tuong
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te cing thu dwgc khi bién tinh diatomite voi

manganese oxide [14].

Phé FT-IR cia mau CuD-120(24h) dwoc
trinh bay trén Hinh 4b. Dai hap thu tu c6 dinh tai
1100 cm™ va hai dai hdp thu tai 793 cm™ va 469
cm! twong tng véi dao dong hoda tri phan doi
xung, d6i xting va dao dong bién dang cua lién
két Si—-O-Si. Peak tai 3697 cm™ ddc trung cho cac
nhom hydroxyl bé mét trén vat liéu. Dai hap thu
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tu tai 3439 cm™! va 1626 cm™ l1a dao dong cua lién
két O-H ctia cac phan t¢ H2O hap phy, bao gom
nudc hdp phu te do va nudce lién két hydro véi
cac nhom hydroxyl bé mat. Peak hdp thu tai 533
cm! twong tng v6i dao dong bién dang cua lién
két Me-O (v6i Me la kim loai) [13].

D6 x0p va su phan bd mao quan cua vat
liéu duoc danh gid bang phuong phap hap phu -
khtr hdp phu nitrogen 6 77 K; két qua duoc trinh
bay trén Hinh 4c va 4d. Puong ding nhiét ctia
mau CuD-120(24h) va diatomite (Hinh 4c) thudc

kiéu 1T va vong tré loai H3, chting to c6 sy ton tai
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ctia cdc mao quan 1én véi kich thiede va hinh dang
khong dong déu. Buong phan b6 mao quan
(Hinh 4d) cho thay mau CuD-120(24h) c6 cdc mao
quan voéi duong kinh chiing 3,8 nm, trong khi cuia
diatomite tap trung ¢ 4,3 nm. Dién tich bé mat
riéng ctia mau CuD-120(24h) tinh duwoc la 44,7
m?g, hoi thdp hon so vdi cua diatomite ban dau
(55,4 m2/g). Nguyén nhan co thé la do sy sup do
mot phéan cdu tric mao quan cua diatomite trong

qua trinh bién tinh vat liéu.
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Hinh 4. Gian d6 XRD (a) va phd FT-IR (b) ctia mau CuD-120(24h); Puong déng nhiét hdp phu — khtt hap phu
nitrogen (c); Puong phan bd kich thuwdc mao quan (d) ctia mau CuD-120(24h) va diatomite
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Hinh 5 trinh bay anh dién t va s phan bo
ctia nguyén t8 Si va Cu ctia mau CuD-120(24h).
Do Si la thanh phén chinh cta diatomite nén sy
anh xa ctia né duoc quan sat kha r6 rang. Trong
khi d6, nguyén t5 Cu chi gan 1én diatomite véi
ham luong rat nho, chiém khoang 0,91% vé khdi
lwong, do d6, su anh xa ctia nguyén td Cu thép.
Tuy nhién, cdc nguyén t Cu phan bs déu dan
trén bé mat cta vat liéu. Bay co 1€ 1a nguyén nhan
lam cho composite Cu/diatomite c¢é hoat tinh xtc

tac cao.

Hinh thai ctia diatomite, mau CuD-100(6h)
va mau CuD-120(24h) duoc nghién cttu thong qua

T Electron Image 1

a1 kKal

anh SEM (Hinh 6). C6 thé thdy rang bé mit cta
diatomite c6 nhiéu 16 x8p véi duong kinh ching
0,5 um. Bén canh d6, cing c6 nhiéu manh nho,
duoc cho 1a do su vo vun cua cac cau trac khung
xuong vo tao cat (Hinh 6 a va b). D&i véi mau
CuD-100(6h) va CuD-120(24h), xudt hién nhiéu
manh vun hon so vé6i diatomite ban dau (Hinh 6c
va 6d), c6 thé la do tac dong cta su thuay nhiét
trong qua trinh diéu ché composite nhu da thao
luan ¢ trén. Trong d6, mau CuD-120(24h) c6 bé
mit tuong ddi gd ghé hon so véi mau CuD-
100(6h), c6 thé la do ham luong ctia nguyén t& Cu

cao hon.

X 3um X 3um T Mix

Cu kal

Hinh 5. Anh dién t va 4nh xa nguyén t& Si, Cu ciia mau CuD-120(24h)
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IMS-NKL x5.00k SE(M)

5-4800 10.0kV 8. 1mm x20.0k SE{M)

7.9mm x20.0k SE(M)

Hinh 6. Anh SEM: a va b) Diatomite; ¢) Mau CuD-100(6h); d) Mau CuD-120(24h)

3.4 D¢ bén va kha ning tai sit dung vat liéu

Séc ky d6 HPLC ctia dung dich phan tng
oxi héa phenol bang H:0: trén chit xdic tac
diatomite va xtic tic bang ion Cu?* duoc trinh bay
trén Hinh 7. V&i chat xtc tic diatomite, cd thé
thdy rang cac peak ctia phenol va H20z hau nhu
khong thay doi trong sudt qua trinh phan tng (tte
lic ban dau dén 240 phut phan tng) va khong
quan sat thdy cac peak ddc trung cho cic san
pham trung gian (Hinh 7a). Véi sy ¢6 mat ctia ion
Cu?, peak ddc trung cho phenol giam dang ké
ngay ti lic bat dau phan tng va xuat hién nhiéu
peak ddc trung cho cdc san phdm trung gian, nhw
hydroquinone va cac carboxylic acid. Sau 30 phut
phan 1ng, peak dac trung cho phenol va
hydroquinone bién mat (Hinh 7b,) chiing to cac
chit nay da bi oxi héa hoan toan thanh cac acid
don gian. Diéu nay cho thay rang ion Cu?* c6 hoat
tinh xtc tac rdt manh trong hé xac tic dong thé
H202/Cu?.

132

Két qua thi nghiém loc xuc tac duoc trinh
bay trén Hinh 8a. Sau khi loc chat xtc tac, phan
tng chuyén hda phenol xay ra cham hon dang ké
so v6i khi c6 mét ctia chéat xuc tac (duong B so voi
duwong A, Hinh 8a). B9 pH cta dung dich phan
ung O thoi diém ban dau va luc két thac thi
nghiém cling duwge xac dinh va trinh bay trén
Hinh 8a. Vdi su ¢4 mat ctia chat xtc tac (méu
CuD-120(24h)), pH cua dung dich sau phan ting
giam dang ké so vdi tai thoi diém ban dau, tir 7,24
xuong 2,6. Nguyén nhan la do qua trinh oxi hdéa
phenol tao ra nhiéu san phdm trung gian la cac
carboxyl acid (Hinh 3). Sau khi loc chéat xuc téac,
pH cta dung dich c6 gia tri 2,91 sau 240 phat
phén Gng. Diéu nay ciing cho thdy rang tdc do
cua qua trinh oxi hda giam dang ké so véi khi ¢
mdt ctia chdt xac tac; san pham acid tao ra it hon

nén pH dung dich c6 gia tri cao hon.
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Hinh 7. Séc ky & HPLC ctia dung dich phan ting oxi héa phenol bang H20z: a) Chat xc tac diatomite;
b) Chét xtic tdc Cu?* (5 mmol/L)

Céc tac gia [8, 9] da chtiing minh d0 bén cua
chit xuc tac composite Cu-MIL-101(Fe)/diatomite
va Mn-Fe:Os/diatomite bang cach do tong luong
cac kim loai bi rta tréi vao dung dich va tai st
dung chdt xac tac. Két qua cho thdy ton tai cac
kim loai trong dung dich sau phan tng, nhung
tong nong do cua cac kim loai rat thdp va hoat
tinh xtic tdc ctia composite van duy tri 6n dinh
sau 5 chu ky tdi st dung. O diy, mau CuD-
120(24h) thu hoi sau phan tng xuc tac thi nhat
duoc phan tich EDX dé€ xidc dinh ham luong
nguyén t& Cu con lai trén mau (Hinh 8b). Két qua
cho thdy ham luong nguyén t5 Cu trén mau thu
hoi 14 0,90% (vé khdi luong). Gia tri nay nho hon
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khong dang ké so véi trong mau CuD-120(24h)
ban dau (Hinh 2b). Tuy nhién, diéu nay ciing cho
thay rang mot luong nho kim loai Cu bj rira troi
vao dung dich. Ngoai ra, diatomite ty nhién cling
chtta tap chét kim loai, nhw Fe va Al. C4c kim loai
nay cting c6 thé bi ro ri vao dung dich trong qua
trinh phan ting. Day c6 1€ 1a nguyén nhan lam cho
dd chuyén hoa phenol ting nhe sau khi loc chat
xuc tac (duwong B, Hinh 8a). Sw chuyén hoa phenol
trén mau CuD-120(24h) thu hdi van xay ra nhanh
va gan tuong tw nhu trén mau vat lieu ban dau
(duwong C so v6i duong A, Hinh 8a), cho thay

Cu/diatomite c6 do bén va kha ning tai s

dung cao.
b
( ) 1200 4
o Si
10001 Ham lugng nguyén t6
w00 Cu £ 0,90 + 0,08 (Wt.%)
g 00
2
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O
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Hinh 8. a) Si phu thudc ctia d6 chuyén héa phenol theo thoi gian phan ting khi ¢é mét xtc tac CuD-120(24h) (duong
A) ; khi lgc xtc tac sau 60 phit phan tng (duong B) ; trén xtc tac CuD-120(24h) tai sit dung [an tht nhat (duong C);
b) Phd EDX ctia mau CuD-120(24h) thu hdéi sau lan st dung dau tién
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4  Kétluan

Vat liéu composite Cu/diatomite da duwoc
diéu ché& thanh cong bang phuong phéap thuy
nhiét don gian thong qua phan ¢ng thuy phan
cua mudi copper(Il) nitrate trihydrate trong moi
treong nuwde. Trong nghién ctru nay, diéu kién
thich hgp d€ tao ra vat liéu Cu/diatomite c6 hoat
tinh xtdc tac cao la nhiét d¢ 120 °C va thoi gian
thuy nhiét 24 gio. Cu/diatomite thu dwgc c6 ham
luong nguyén t6 Cu khoang 0,91% (vé khéi
luong) va phan bd déu trén dién tich bé mat cua
vat liéu; dién tich bé mat riéng ctia vat liéu la 44,7
m?/g. Cu/diatomite cd hoat tinh xtc tac cao trong
phan tGng phan hay phenol bing H0. Do
chuyén hoa phenol ¢ thé dat dén 94% sau 240
phut phan tng (6 diéu kién: nong d6 phenol 1000
mg/L, ham lwgng chdt xtc tac 1 g/L, hydrogen
peroxide 6,6 g/L va nhiét do phan ttng 50 °C). Vat
liéu Cu/diatomite c6 d0 bén va c6 kha nang tai st
dung cao. Do d6, c6 thé tng dung vat liéu nay
trong linh vuc xtc tdc d€ phan hly phenol trong
dung dich nudc.
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