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NGHIEN CUU DONG HOC CUA PHAN UNG OXI HOA PHENOL PO
TREN XUC TAC Fe-SBA-15

DbénToa soan 11-10-1007

LE THANH SON, BINH QUANG KHIEU
Khoa Hod hoc, Truong Dai hoc Khoa hoc Hué

SUMMARY

Large-pore hexagonal SBA-15 molecular sieves partially substituted with iron (IIl) have been
synthesized in acidic media. The degree of iron (11l) incorporation into SBA-15 can be controlled
by a simple adjustment of the concentration of acidic solution. All samples have been
characterized by XRD and N, adsorption. The characterization of Fe-SBA-15 suggests that the
iron atoms are highly dispersed and the obtained Fe-SBA-15 possesses highly ordered hexagonal
structures. The obtained Fe-SBA-15 showed a excellent catalytic oxidation over phenol red. In the
range of low temperature from 30 to 90°C, the rate data for the oxidation of phenol red reaction
in excess H,0, over Fe-SBA-15 catalyst can be fitted well to first order law. A Eley-Redeal type
mechanism model were used to fit the proposed sites of [Fe -H,0,]/SBA-15 and total oxidation of
phenol red with the observer rate data. The model fitted to the experimental data generated in this
study indicates that nature of heterogeneous catalytic sites being different from those of
homogeneous ones cause its high catalytic performance.

- DAT VAN DE

Do ¢6 nhitng wu th€ vuot troi so véi zeolit,
nhu: kich thuéc mao quan 16n hon 2 nm<d < 5
nm), cau tric mao quan dong déu hon, bé mait
riéng 16n hon (800 — 1.000 m?*/g) ma vat liéu
ray phan tr mao quan trung binh M41S di thu
hit su quan tam cua nhiéu nha nghién cdu [1].
Mot dot pha trong Iinh vuc nay 1a viéc tdng hop
thanh cong vat liéu SBA-15. So véi vat liéu mao
quan trung binh ¢6 cau trdc luc lang tuong tng
1A MCM-41 thi SBA-15 1a vat liéu ¢6 nhiéu tinh
nang uu viét hon han, d6 1a: kich thuéc mao
quan 16n hon, tudng mao quan day hon, én dinh
nhiét honl. Do kich thuéc mao quan 16n ma
SBA-15 ¢6 uu th€ khi dung lam chét hap phu
hoac xtc tdc cho cédc phan ting clia cac chat hitu
co ¢ kich thudc 16n. Mot s6 két qua nghién ctu
vé phan ting oxi hod phenol dé (kich thudc phan
tlt khoang 15 A) trén xdc tdic Fe-MCM-41 [2] va

trén Fe-SBA-15 [3] da dugc cong bo. Tuy nhién,
s0 luong cdc nghién cdu & linh vuc nay van con
it.

Bai bdo nay trinh bay cdc két qua nghién
ctu tong hop truc ti€p Fe-SBA-15 c¢6 ham lugng
st cao bang phuong phdp diéu chinh pH va
dong hoc hinh thic clia phan ting oxi hod phenol
do bang H,O, trén xiic tic Fe-SBA-15 di€u ché
duoc.

I - THUC NGHIEM

Fe-SBA-15 dugc téng hop tir tetraetyl
orthosilicat (TEOS, > 99%, Merck) va sit nitrat
(Fe(NO,);.9H,0, Merck). Chat dinh huéng cau
tric dugc dung Ia triblockpoly(etylenoxit)-
poly(propyleneoxit)-poly(etylenoxit-
(EO20PO20EO20-P123, M,, = 5800, Aldrich).
Quy trinh téng hgp nhu sau: hoa tan 4 gam P123
trong 70 ml dung dich HCI ¢6 néng do thay déi,
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khudy déu thu dugc dung dich A. Tron 1an 9,4
gam TEOS va 1,8275 gam Fe(NO;);.9H,0 (ti s
Si/Fe = 10), khudy tron thu dugc dung dich
trong sudt (dung dich B). Nho tir tir dung dich B
vao dung dich A, khudly & 40°C trong 28 gio.
Chuyén toan bo gel vao binh teflon dé gia hod &
100°C trong 48 gio. Loc va rua két tha dén khi
nude rira ¢6 moi truong trung tinh va khong con
ion sat (thir bang KSCN, trong moi trudng axit).
Két tha rdn dugec say, nung & 500°C trong 10
gio. Ky hiéu san phim nhan dugc lan luot Ia:
0,05AS; 0,1AS; 0,15AS; 0,2AS (céc chi s6 0,05;
0,1; 0,15 va 0,2 chi ndng do axit HCI st dung dé
tdng hgp mau tuong tng 1a 0,05; 0,1; 0,15 va
0,2 M). C4u tric mao quan trung binh dugc xac
dinh bang phé XRD (Brucker Advance 8),tinh
chat x6p dugc danh gia tir két qua do hap phu va
giai hdp phu nito (Micromerictics & 77 K). Ham
luong sat trong mau duge xdc dinh bang cach
hoa tan mau trong HF va phan tich tric quang.

Phan tng oxi hod phenol d6 (> 99%,
Aldrich) dugc thuc hién trong binh cdu 2 c6
dung tich 250 ml ¢6 gan sinh han nguoc va dugc
diéu chinh nhiét do bang may 6n nhiét (0,2°C).
MOoi phan tng stt dung 100 ml dung dich phenol
do nong do 0,1 mol/l va 0,01 g/l xic tic véi
luong H,O, twong tng. Sau tiing thoi gian, thanh
phan san phdm duoc xac dinh bang HPLC (High
Performance Liquid Choromatography,
Shimazu) v6i pha dong c6 thanh phéan
acetonitril: metanol: nuéc = 1:1:8, cot C18. Do
chuyén hoé dugc xdc dinh theo cong thic: x(%)

S, -8
=—0 2100, véi S, va S, 1a dién tich pic
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phenol do6 & thoi diém ban dau va & thoi diém ¢.
111 - KET QUA VA THAO LUAN

Gian d6 XRD cua cdc mau Fe-SBA-15 trén
hinh 1 (A) cho thdy cic phan xa c6 do phan giai
cao tuong tu vat liéu mao quan trung binh SBA-
15 duogc cong bo bdi Zhao va cong su [4]. Ca ba
phan xa (100), (110) va (200) déu phan giai va
c6 thé dinh danh thuoc nhém khong gian luc
phuong p6mm. Cau tric mao quan trung binh hé
luc phuong con dugc khang dinh bing phép do
hip phu va giai hidp phu nito trén hinh 1(B).
Puodng hap phu dang nhiét c¢6 dang IV kiéu H1
theo phan loai ctia ITUPAC dac trung cho mao
quan trung binh. T4t ca cdc mau c6 budc ngung
tu rat r6 & dp sudt tuong doi khoang 0,62 dén
0,65 ching to vat liéu diéu ché dugc ¢6 cau tric
mao quan trung binh dong déu va sit dua vao cé
do phan tdn cao trén bé mat mao quan trung
binh. Két qua tir bang 1 cho thay, khi giam nong
do axit, ham lugng sit trong méu tang lén. Diéu
nay dugc giai thich 1a khi néng do axit cao, sét
chu yéu ton tai & dang cation hoa tan vao dung
dich loc. O néng do axit thap, sit nim du6i dang
Fe(OH)*, lién két v6i dang silicat tich dién am
(diém dang dién cha hidroxit silic xap xi 2,2)
[1]. Trong nuéc loc cia mau 0,05AS khong con
ion sit cho phép khing dinh toan bo sat duoc
dua vao ndm & dang két tha ran. Tuy nhién, hinh
1 (A) cho thay khi lugng sat dugc dua vao cang
nhiéu thi cdu tric va mic do trat tu cang suy
giam.
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Hinh I: Gian do tia X (hinh A) va cdc dudng hap phu-gidi hap phu dang nhiét nito (hinh B)
cuia cac mau Fe-SBA-15 dugc tong hop & céc nong do axit khac nhau
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Bdng I: Tinh chat hoa 1y cta gel va clia san pham Fe-SBA-15 t6ng hop

Mau Tlgséi fgé?ﬁl;;ng trofllgS:éEeI{l?%m digo» A Sgers mz-g-l Qiness A(*) dyans A(**)
0,20AS 0,1 0,0032 107,0 879.,5 64,3 59,3
0,15AS 0,1 0,0050 108,3 748,8 64,0 61,0
0,10AS 0,1 0,0071 114,0 921,0 77,0 54,6
0,05AS 0,1 0,1000 106,7 896,0 76,3 46,9

(*)-d,ye,: dudng kinh mao quan. (*%)-d,,, : do day thanh mao quan, d  , = 2xdlygy -d, .. [1].

Su phu thuoc ctia do chuyén hoa phenol do
theo thoi gian trén cdc mau xuc tac duoc trinh
bay trén hinh 2(A) cho thdy do chuyén hoa trén
cdc mau xtc tac tang dan theo thi tu: 0,20AS <
0,15AS < 0,10AS < 0,05AS. Ro rang 1a hoat do
xtc tac tang ti 1& v6i ham lugng sat dua vao mau
xuc tac. Tur két qua nay, ching téi chon mau
0,05AS dé thuc hién cic nghién ctu tiép theo.
Hinh 2 (B) trinh bay két qua HPLC ctuia hon hop
phan tng trén mau xdc tac 0,05AS & 70°C. Dang
chi y la qud trinh chuyén hoa ctia phenol do
khong sinh ra san phdm trung gian. Piéu nay
cho phép gia thiét rang qud trinh oxi hod trong
moi truong nudc (Wet catalytic oxidation) trén
xdc tdc da st dung x4y ra véi su khodng hod
hoan toan phenol do theo phuong trinh:
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C,H,0sS + 42H,0, — 19CO, + 49H,0 + SO,
(1
Két qua thi nghiém tham do cta ching toi
cho thay, khi noéng do cta H,0, dugc 1dy thoa
man diéu kién ty 1&¢ mol H,O,/phenol > 1,5H,0,
so VGi ti 1€ trong phuong trinh ti lugng clia phan
ung (1) thi t6c do phan ung khong con phu
thudc vao nong do H,O, nita. N6i khdc di, trong
diéu kién d6 phan tng c6 bac khong theo H,0,.
Vi vay, trong céc thi nghiém ti€p theo ching toi
chon néng do H,0O, gdp 1,5 1an so vdi ti 1é cla
phuong trinh ti lugng dé khao sat. Mat khéc, khi
phan ting c6 bac khong theo H,O,, phuong trinh
dong hoc cta phan tng c6 dang: v = k.C"véi C
1a nong do cua phenol do va n 1a bac cta phan
ting theo phenol do.

Detector A (254nm) . Datector A (254nm):

- Detector A (254nn)
B00SRO0Y | 5005B0(G0Y |

© T so0sB0(1z0)

Thoi gian luu, phtt

Hinh 2: Su phu thudc ctia do chuyén hod vao thoi gian trén cdc xtc tdc khdc nhau (hinh A)
va sic d6 HPLC cuia hén hgp phén tng theo thdi gian trén xdc tac 0,05AS (hinh B)
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Dua vao su phu thuoc ctia do chuyén hoa
ctia phenol theo thoi gian ¢ cdc nhiét d6 phan
ting khdc nhau (hinh 3,A) ta xay dung do6 thi
quan hé —InC/C, (trong dé C, va C la néng do
ctia phenol do ban diu va & thoi diém t) theo
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=
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w00
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thoi gian va nhan duoc cic dudng thang tuyén
tinh (hinh 3,B). Két qua nay ching t6 phan tng
c6 bacl theo néng do phenol do, do d6 biéu thitc
dong hoc duogc viét lai la:
v=k.C

2
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Hinh 3: Su phu thuoc ctia do chuyén hod ctia phenol do vao thoi gian (hinh A) va méi quan hé tuyén
tinh —InC/C,theo t & cac nhiét do phan tng khac nhau trén xtc tac 0,05AS (hinh B)

Két qua xay dung d6 thi su phu thudc cia
Ink theo 1/T trén hinh 4 cho phép nhan duoc
duong Arrhenius va tinh duoc nang lugng hoat
hod ctia phan tng trén xic tac 0,05AS bang 17,1
Kcal/mol. Két qua nay cho phép két luan phan
ting oxi hoa phenol do trén xic tac 0.05AS xay
ra trong vung dong hoc [7].

Diéu déng luu y 1a hoat tinh cla xtc tic Fe-
ZSM-5 trong phan tng oxi hod phenol do rat

thap. Di€u nay duoc giai thich 1a do kich thudc
kénh mao quan ctia ZSM5 (~ 5 A) nhd hon
nhiéu so véi kich thudc ctia phan tir phenol do.
Nhu vay, hoat tinh cao cua xic tic Fe-SBA-15
trong phan ting oxi hod phenol d6 c6 lién quan
dén kich thuéc mao quan 16n cua SBA-15.
Trong diéu kién du H,0,, c6 thé gia thiét
phan tng x4y ra theo mo hinh Eley-Redeal [6].
Theo mo6 hinh nay, truée tién, H,O, hap phu

y=8,6388+ 19,882
R?=0,981

Hinh 4: D6 thi Ink - 1/T
clia phan tng oxi hod
phenol dé trén xtc tac

0,05AS

3
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27 28 29 3.0
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vao tam sét trong kénh mao quan trung binh ctia Fe-SBA-15 tao ra phiic hoat dong bé mat (SBA —
15/Fe” - H,0,), giai doan nay x4y ra nhanh va tao can bing:

k

Fe/SBA — 15 + H202 %

-1

SBA — 15/Fe’ - H,0,) 3)

Tiép theo 1a su tuong tac cuia phenol véi phiic hoat dong tao ra san pham va H,O, giai doan

nay xay ra cham theo phuong trinh:

(SBA — 15/Fe" - H,0,) + C,H,, 08 — K -

Tir can bang (3) ta ¢6:
(sB4-15/Fe - 1,0,)] &,

\(sBA-15/Fe' ~H,0,)| _

SBA — 15 + San phdm + H,O  (4)

[FersBA—15]H,0,] &, "

[Fe/SBA—15]

K[H,0,]

Trong dé [(SBA-15/Fe” - H,0,)] 1a ndng do phiic chat hoat dong tao ra gitta tam sat va H,0,
trong kénh mao quan ctia SBA-15; [Fe/SBA-15] 1a nong do cua tam sat; [H,0,] 12 ndng do ctia H,0,
trong pha 16ng. k, va k, 1a cdc hang s6 t6c do cua phan ting thuan va nghich. Néu ky hiéu 6 1a phan
bé mat bi hap phu boi H,0, trén tam sat mang ludi, thi:

(sB4-15/Fe” - H,0,)

K[H,0,]

[Fe/SBA—15]+[(SBA 15/ Fe’

~H,0,)| 1+K[H,0,]

(&)

T6c do chung clia phan ting oxi hod v dugc quyét dinh bdi téc do clia phan tng (4);

dC
v=v,=

dt

products __ — k 9 WC

(6)

phenol

Trong d6 v, va k, 1a téc do va hang s6 toc do cua tng (4); w 1a khoi lugng xiic tac va C,,, 12 néng

do6 cua phenol do. Thay 6 tir (5) vao (6), ta c6:

K|H,0
v=k, M.W.Cpheno,

1+[H,0, ]
< . v K|H,O o
Trong diéu kién nong do H,0, khong d6i, néu dat k; = kz.M.w, ta c6 the viét lai

1+[H,0,]
biéu thiic nay nhu sau:

V= kS‘Cphen()/' (7)

Nhu vay phuong trinh (7) rit ra tit co ché hai
giai doan néu trén phu hop vé6i két qua thu duge
tir thuc nghiém theo phuong trinh (2). Diéu d6
chiing t6 trong di€u kién thi nghiém ma ching
toi tién hanh cé thé dp dung co ché theo mo
hinh Eley-Redeal cho phan ting oxi hod phenol
do. Pay 1a co so thuc nghiém dé phan biét co
ché phan tng trén xiic tdc Fe-SBA-15 di thé véi
co ché clia hé xic tdc Fenton dong thé da biét
[8]. C6 thé thdy ring viéc tao thanh phiic chat
hoat dong bé mat gitta H,0O, v6i tam sat trong

kénh mao quan SBA-15 da tao ra cac trung tam
hoat dong ¢6 luc oxi hod manh, dan dén viéc
phenol do6 bi oxi hod sau hon so véi viéc st dung
xtic tdc dong thé hay céc xuc tac Fe-Zeolit khac.

IV - KET LUAN
1. ba tién hanh téng hop truc ti€p cdc mau
xtic tdc Fe-SBA-15 véi viéc kiém sodt luong sit
dua vao chdt mang SBA-15 thong qua diéu
chinh lugng axit. Cic mau Fe-SBA-15 nhéan
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duoc ¢6 do trat tu va ham lugng st cao.

2. Pa nghién ctitu dong hoc hinh thic cta
phan tng oxi hod phenol do trén xic tac Fe-
SBA-15. Két qua cho thdy, trong khoang nhiét
do tuong dai thap (30 — 70°C) va véi lugng du
H,0,, phan (ing xdy ra trong ving dong hoc va
tuan theo quy luat dong hoc bac 1 theo nong do
phenol dé. Su phu hop gitta phuong trinh dong
hoc tlr thuc nghiém véi gia thiét ¢6 su tao thanh
tam phic hoat dong bé mat theo mo hinh Eley-
Redeal ching té co ché phan tng oxi hod xay ra
trén xtc tdc Fe-SBA-15 c6 ban chat di thé khéac
vGi phan tng xay ra trén hé xdc tic Fenton dong
thé va do ciing chinh 12 nguyén nhan din dén
hoat tinh oxi ho4 sau cua xiic tac Fe-SBA-15.
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