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Abstract

In this study, the FeAIPO-5, Fe/AIPO-5 and Fe,O,/AIPO-5 molecular sieves were prepared by hydrothermal,
impregnation and precipitation methods, respectively. The molecular sieves were characterized by X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR), diffuse reflectance UV-VIS spectroscopy (DR UV-Vis)
techniques and Scanning electron microscopy (SEM) and evaluated in the Fenton oxidation of phenol. The results
reveal that iron in the Fe,O,/AIPO-5 molecular sieve mainly exists in iron oxide and hydroxide forms. The amount of

iron oxide in the molecular sieves increases in the order of FeAIPO-5 < Fe/AIPO-5 < Fe,

O,/AIPO-5 and the catalytic

activities of the Fe containing AIPO-5 molecular sieves also increase in this order.

1. DAT VAN BbE

Dai da s6 nude thai cua cac nganh cong nghiép
nhu dau khi, than, nhya, nhuém, duoc, huong liéu,
dung moi, thudc sau,... déu co6 chira cac chit 6
nhidm aromat [1]. San phim trung gian tao thanh
trong qua trinh khoang héa cta cac hop chat aromat
nay thuong 13 phenol, vi thé phenol 14 chat 6 nhidm
phé bién nhét trong nude thai cong nghiép. Do doc
tinh cao, kha nang phan huy sinh hoc thap, nén ap
dung phuong phap xtr 1y sinh hoc di voi phenol 1a
rat kho. Gan day, cac qua trinh oxi hoa ning cao trén
co so sinh ra gbc tw do OH* duoc quan tim nhiéu.
Trong sb cac qué trinh do, qua trinh oxi héa dudi tac
nhan Fenton (HZOZ/Fe hoic Fe’") dugc xem 1a ¢o
trién vong phat trlen trong tuong lai. Tuy nhién, viéc
ap dung cac mudi sat dong thé nay thuong gap mot
s0 bat lgi nhu: Sau qua trinh xtr 1y can phai thu hoi
sat, giai pH hoat dong hep (pH 2-3) va xiic tac dé
mét hoat tinh bdi cac tdc nhan tao phuc sit nhu
anion CI', SO,%,... DPé khéc phuc khuyét diém trén,
rat nhiéu cac nd lyc dd dugc thyc hién nham phat
trién mot hé xuc tac di thé trén co so két hop xuc tac
Fenton 1én cac chat mang khac nhau. Trong d6 déng
cha ¥ 1a xtc tic trén co so Fe két hop 1én zeolit
ZSM-5 [2], clay [3] va than hoat tinh [4] va Fe;04
két hop 1én than hoat tinh dang soi [5]. Ray phan tur
AIPO,-5 v6i cac tinh ning bén nhiét, cdu trac dic
biét va dién tich bé mit cao, thém vao d6 kich thudc
16 mao quan ¢& 0,73 nm rat thich hop cho viéc hip
phu phan t¢ 16n nhu phenol (dudng kinh vong

benzen ¢& 0,68 nm) c6 thé 1a chit mang tot dé cb
dinh cac phan tir sat.

Vi vdy, trong nghién ctru nay, ching t6i tong hop
ray phan tir AIPO4-5 va str dung cac phap phap khac
nhau dé ¢ dinh cac phdn tir sit 1én rdy phan tir
AIPO,-5, dong thoi khao sat hoat tinh ciia ching
dugc thong qua phan ung oxi hoa kiéu Fenton
phenol.

2. THUC NGHIEM
2.1. Héa chit

Cac hoa chét duoc sir dung trong nghién ciru nay
bao gdm: Nhom isopropoxit (Merck), va cac hoa
chat thuong mai Trung Qudc: axit phosphoric (85
wt%), Fe(NO3);.9H,0 (98,5 wt%), triethylamine (99
v/v%) phenol tinh khiét, H,O, (30 v/v%), dung dich
H,SO,4 0,1 N va NaOH 0,1 N.

2.2. Chuén bi chét xiic tac

Riy phan tir AIPO45 dugc diéu ché theo
phuong phép thiy nhiét nhu da dugc mo ta trong [6-
8]. Truéc tién tién hanh thuy phan 20g nhoém
isopropoxit trong cdc 500ml trén bép khudy tir, tiép
d6 1an luot nho tir tir lwong thich hop cac dung dich
Fe(NOs);, axit phosphoric, va trietylamin vao, dung
dich keo nhdn duoc c6 thanh phan 1a 1Al : 1PO, :
0,5 Et;N : 40H,0. Sau d6 tién hanh két tinh dung
dich keo nay trong binh Teflon & 150°C trong 48
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gid. Sau khi rira, sdy va nung & 530°C trong 5h ta
nhan mau bot riy phan tir.

Sét duge ¢b dinh trén ray phan tir AIPO,-5 v6i
ham luong 1,2% khdi luong theo 3 phuong phap
sau:

- Phirong phdp thiy nhiét: Piéu ché giéng nhu
AIPO4-5 chi khac 1a thém mubi sit sao cho duogc
dung dich keo c¢6 thanh phan 1 0,025Fe: 0, 975A1
1PO, : 0,5 Et;N : 40H,0. Sau khi két tinh, rira, say
va nung ta nhan dugc bot xuc tac ky hi€u Ia
FeAlIPO-5.

- Phwong phdp tam: Lay mét luong thich hop
Fe(NO3);.9H,O hoa tan vao nudc roi ngdm 2 g
AIPO,-5 vao trong d6. Sau d6 dua hdn hop nay di
sdy qua dém & 100°C va nung & 530°C trong 1 gio.
Chéat bot nhan duoc ky hiéu 1a Fe/AIPO-5.

- Phwong phdp két tia: Ly mot lugng thich hop
Fe(NO3);.9H,O hoa tan vao nudc roi thém 2g
AIPO,-5 vio va khudy déu trong khoang 30 phut rdi
thém dung dich NH; 25% vao dé két tia ion sit. Sau
d6 hon hop ran dugce loc, ria, rdy va nung ¢ 530°C
trong 1 gid. Chét bdot nhan dugc ky hidu la
Fe,O,/AIPO-5.

2.3. Piac trung xuc tac

Dic trung phd nhidu xa tia X (XRD) cua cic
mAu xuc tac rdy phan tir dugc tién hanh trén thiét bi
D8-ADVANCE-BRUKER-Germany véi birc xa
CuK, ¢ 40 kV va 30 mA. Cac dao dong lién két
trong rdy phan tor duoc do trén may hdng ngoai
BRUKER-Germany. Pho DR UV-Vis dugc do trén
thiét bi JASCO V-550 v&i pham vi quét tir 220 - 800
nm. Hinh dang ciia cic mau xtic tic nhan dugc thong
qua thiét bi chup SEM JOEL 5500, Nhat Ban.

2.4. Hoat tinh xuc tac

Hoat tinh ciia xtc tac dugc kiém tra trong phan
ung oxi hoéa Fenton phenol, 200 ml dung dich
phenol v6i ndng d6 50 mg/l duoc thém vao ce 500
ml dit trén may khudy tir, tiép do thém 0,5 g xtc tac
va khudy déu, sau 15 phit (qua trinh hdp phu phenol
1én bé mat x0c tac dat can béng) thém H,0, vao va
tinh thoi gian. Trong sudt quéa trinh phan ung pH
dugc didu chinh ¢ dinh ¢ 4 boi cac dung dich lodng
H,SO, va NaOH. Dung dich phan tmg duoc lay ra ¢
cac thoi diém khac nhau va loc qua mang 0,2 pm.
Dung dich sau lgc dugc chia lam 2 phén, mot phﬁn
dem di x4c dinh ndng d6 H,0,, phan con lai dem di
xac dinh phenol. Néng d6 H,O, duoc xac dinh béng
phuong phéap chudn d6 voi KMnO, trong méi truong
axit, nong do phenol duoc xac dinh théng qua do
phd UV-Vis (trén may UV-1800) véi dung dich nén
la H,0,.

Nghién cuiru hoat tinh cua rdy phan tu...
3. KET QUA VA THAO LUAN
3.1. Pic trung ciu tric
a) Phén tich phé XRD

Hinh 1 biéu dién phd XRD cua cac mﬁu xuc tac.
Tt hinh nay cho thiy, trong tat ca cac miu déu ton
tai cu triic AFI ctia chit nén voi cac pic ddc trung &
20 = 7,3° 12,8° 14,8° 19,7°, 21,0°, 22,3°, 24,7°,
25,8°, 29, 0°, 30,0°, 34,5° va 37,7°[9]. Trén phd XRD
clia mau xuc tac tong hop boi phuong phap két tha
¢6 thé quan sat thdy sy ton tai cta cac pha Fe,Oy ¢
20 = 24,6° va 36,0°. Pbi v6i cac mau xtic tac tong
hop bang phuong phap thuy nhiét va tam _khong
quan sat thay 1d cac pic dic trung cho oxit sét, didu
nay c6 thé do céc oxit nay khong ¢ dang dai phan tir
ma & trang thai phan tan rat nho trong cac 15, kénh,
dong va bé mit cua chat nén AIPO,-5. Tuy nhién,
cling c6 thé do cac oxit sit tao thanh v6i lwong qua
thip khong du dé nhiéu xa tia X phat hién ra.

Hinh 1: Pho XRD cuta cac mau xuc tac

S6 song (cm™)
Hinh 2: Pho IR cua cac mau xuc tac

Phén tich phd IR

Hinh 2 biéu dién pho IR cua cac mau xtic tac. Tu
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hinh nay cho théy, pic rong & khoang 2750 — 3700
cm” dic trung cho dao dong O-H cia cac nhom
hydroxil bé mat (P-OH va tam axit Bronsted) [10].
Su hién dién cua nudc va khi CO, dugce xac dinh boi
cac dao dong & khoang 1570 cm™ va 2200 cm’
tuong tmg. Cac pic ¢ khoang 1000, 700 va 450 cm™
lan luot dic trung cho dao dong kéo gidn cua lién
két Al-O két hop véi lién két P-O, dao dong kéo
gidn cua lién két P-O trong PO,> va dao dong cong
cia lien két O-P-O [11]. Pdi v6i rdy phan tir
Fe,O,/AIPO-5 c6 sy ting manh cuong do hap phu
ctia cac pic dic trung cho dao dong —OH. Diéu nay
c6 thé 1a do sy twong tic cta cac nhom hydroxil bé
mat vo1 nudc va su hép phu nudc va amoni 1én tam
axit Lewis.

Trang thai ton tai ciia Fe trén riy phan tir

Nhidu xa tia X khong phat hién ra cac oxit sat
ton tai trén cac xtic tac FeAIPO-5 va Fe/AIPO-5, vi
v@y phuong phap dédc trung DR-UV-Vis dugc st
dung. Hinh 3 biéu dién phdé DR-UV-Vis cta cac xuc
tac FeAIPO-5 va Fe/AIPO-5. Tir hinh nay cho thiy,
giai hap phu nhé hon 300nm dic trung cho Fe(III)
trong phdi tri tr dién va bat dién [12, 13]. Giai hap
phu tor 300 - 400 nm dic trung cho oligonuclear
Fe’” Oy bén trong va bén ngoai bo khung AFI [12,
13], c6 thé thiy gidi hap phu nay & miu Fe/AlPO-5
m¢ rong hon ¢ mau FeAIPO-5. Diéu nay n01 1én
phuong phap tdm tao ra cac oligonuclear Fe®" Oy
nhiéu hon phuong phép thity nhiét.

Pac trung SEM

Hinh 4 biéu dien hinh anh SEM cuta cac mau xac

Pham Quoc Nhién va cong sw

tac. Tr hinh nay cho thdy, su két tinh rdy phén tur
AIPO,-5 (hinh 4A) ¢6 khuynh huéng tao cac tinh thé
lang try. Trong khi véi miu FeAIPO-5 (hinh 4B) cic
tinh thé co khuynh huéng tao hinh ciu tir cac tinh
thé khdi chit nhat lién két lai voi nhau. Diéu nay noi
1én rang cac phan tir sit da két hop vao trong khung
AFI ctia AIPO,-5 dan dén sy thay doi hinh dang cua
tinh thé AIPO,-5. V&i mau Fe/AIPO-5 (hinh 4C) cac
tinh thé vé co ban van giit dugc hinh dang cia tinh
thé nén AIPO4-5, tuy nhién trén bé mat ching xuat
hién mot sé cac vi tinh thé oxit sit. Véi mau
Fe,O,/AIPO-5 (hinh 3D) ngoai sy hién dién cua cac
vi tinh thé oxit st ra, trén bé mit tinh the con xuét
hién mot sd cac manh 16n tinh thé oxit sat. Cac két
qua quan sat trén hinh SEM hoan toan phu hop véi
cac két quia phan tich XRD va DR-UV-Vis & trén.
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Hinh 3: Phd DR-UV-Vis ctia FeAIPO-5 va
Fe/AIPO-5

Hinh 4: Hinh SEM ctia mau xc tac

4. Hoat tinh xitc tac

Két qua kiém tra hoat tinh xtac tac trong phan
tmg oxi hoa Fenton phenol dugc biéu dién trong
hinh 4. Hinh nay cho thdy ring AIPO4-5 hau nhu
khong cé kha nang oxi hdéa phenol. Va kha nang oxi
hoa phenol ting dan trén cac xtic tic FeAlPO- 5<
Fe/AIPO-5 < Fe,O,/AIPO-5. Diéu nay noi 1én ring
sat két hop vao b khung AFI cho hoat tinh xtic tac

thip hon so véi cac phan tir sit ngoai b khung AFI
va sy ting dan hoat tinh xtic nay c6 thé 1a do ham
luong trung tdm hoat tinh Fe,O, trong cac mau
gay ra.

4. KET LUAN

ba sir dung 3 phuong phap thuy nhiét, tam va
két tia dé tong hop 3 mau xuc tic FeAlPO-5,
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Fe/AIPO-5, Fe,O,/AIPO-5, twong mg. Cac mau xuc
tac nay duoc dic trung boi cac phé XRD, FT-IR, Dr-
UV-Vis va SEM, va hoat tinh xtc tic ctia chung
dugc danh gia thong qua phan ng oxi hoa Fenton
phenol. Két qua chi ra cac mau xuc tac nhén dugc
déu co6 chtra ciu trac dic trung AFT coa chat nén va
ham luong Fe,O, trong céac mau xdc tic ting dan
theo thr tu sau: FeAlPO-5 < Fe/AIPO-5 <
Fe,O,/AIPO-5. Riéng mau Fe,O,/AIPO-5 c6 chia
lwong 16n nhom —OH bé mat. Két qua kiém tra hoat
tinh xuc tac chi ra hoat tinh ting theo thu tu:
FeAlPO 5 < Fe/AlPO 5 < Fe,O,/AIPO-5. Mit du
mAu xdc tac chira sit nhan dugc tir phuong phap két
tia thé hién hoat tinh cao hon so véi cac mau xuc tac
diéu ché tir phuong phap thiy nhiét va tam. Tuy
nhién hoat tinh ctia nd van con thép, do chuyén hoa
phenol chi dat khoang 15% sau 240 phut phan tGng.
Hoat tinh thap nay liéu c6 phai la do ham luong thip
clia sat cd dinh trén chat mang AIPO,-5 gdy ra hay
khong? Va liéu phuong phap két tua nay c6 tao nén
dugc tinh bén cho chat xuac tic hay khong hay liéu
cac phan tir sit sau khi ¢ dinh 1én chat mang bang
phuong phap nay cé bi rua tréi vao dung dich trong
quéa trinh phan ung hay khong? Nhitng cau hoi nay
s& 1a muc tidu nghién ctru tiép theo cua ching t6i
trong phan hai.
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Nghién cuiru hoat tinh cua rdy phan tu...

Nam (NAFOSTED), ma s6: 104.06.42.09 da tai tro
kinh phi, Vien Cong nghé Hoa hoc, Vién Khoa hoc
va Cong nghé Viét Nam, Khoa Khoa hoc Ty nhién,
Truong Dai hoc Can Tho dé thuc hién nghién ciru
nay.
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