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KHA NANG SU DUNG SILICAGEN NHU CHAT MANG XUC TAC
TRONG PHAN UNG OXI HOA PHENOL
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Khoa Cong nghé Héa hoc, Truong Pai hoc Bach khoa Ha N i

SUMMARY

This paper presents the results of study the ability of silicagel as support-substance of
catalysts in the phenol oxidation reaction. Silicagel have positive effect in the phenol oxidation
reaction if diameter of pore approximately 46 - 70 A. With silicagel as support-substance
Me(acac), have shown very good activity in the phenol conversion 100%. The products were

almost acetic acid.

1- MO PAU

Kha nang cta xdc tic axetyl axetonat kim
loai trong phan tung oxi héa phenol da dugc
nghién cdu gin day [1]. Bai bdo nay dé cap dén
kha nang st dung silicagen nhu chat mang xtc
tdc. Me(acac), duoc tdm vao silicagen va luu lai
trong céc 16 x0p, phan ting oxi héa dién ra trong
nhiing 16 x0p. Béng cdch nay xic tdc c6 thé su
dung nhiéu 1an, phan dng oxi hdéa xay ra c6
chon loc va sau hon.

Silicagen duoc Iua chon dé nghién cdu 1a
céc loai c6 kich thudc 16 x6p khéac nhau.

Xic tdc duge lua chon dé nghién citu 1 céc
axetyl axetonat kim loai déng, sit, vanadi va
coban di dugc khao sat hoat tinh trong phan tng
oxi héa phenol [1].

Muc dich cua nghién ctu la tim ra loai
silicagen c6 tinh chét phit hop 1am chit mang dé
nang cao hoat tinh cta xuc tdc, lam xuc tac cé
thé st dung nhiéu 1an, déng thoi tao diéu kién
dé phan ting oxi héa xay ra triét dé, oxi héa sau
hon, phit hgp v6i muc dich sir dung.

II - THUC NGHIEM

Silicagen dugc lua chon dé nghién citu 1a ba

loai v6i cdc tinh chat thé hién & bang 1.

Bang I: Silicagen va cac tinh chat

Loai Dudng Dién tich
STT " ol kinh16 | bémat,
suicagen X6p, A mz/g
SA 23-32 | 624-715
ST 46-70 | 650-522
3 SB 104 - 140 | 376 - 130

Phan dng oxi héa phenol duogc ti€n hanh
trong binh cau ¢6 canh khudy, dat trong thiét bi
diéu nhiét dam bao 60°C. Hén hgp phan tng
gom 50 ml phenol 0,5 M, 50 ml H,O, 30%,
luong xuc tic Fe(CH;COCHCOCH;); 1a 0,5
mM, hoa tan hoan toan trong dung moi, tim vao
3 g silicagen moi loai, sau duoc sdy kho &
100°C. Phéan tng thuc hién trong 90 phit dudi
4p sudt khi quyén.

Cé4c san phdm phan ting duoc phan tich bing
HPLC véi céc diéu kién chay nhu sau:

Cot Zobax C18 4,6 Id; 150 mm; UV: 254
nm;

Thoi gian chay mau 55 phuit;
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Hé dung moi 1a Metanol : H,O (0,1% axit
fomic);

MS: Sit dung Mod APCI (Ion héa héa hoc &
ap suat khi quyén).

Sau khi phan tich so sinh cdc sic ky do
HPLC, chon loai silicagen phit hop dé st dung
lam chdt mang trong nhiing khao sét k€& ti€p véi
cac axetyl axetonat kim loai khac nhau.

Cic axetyl axetonat kim loai tdm vao
silicagen la:

Fe(CH,COCHCOCHS,),VO(CH,COCHCOCH,),
Co(CH,COCHCOCHS,),(H,0),
Cu(CH,COCHCOCHS,),

Trong d6 Fe(acac);, Cu(acac),, VO(acac), thé
hién hoat tinh tot trong phan ting oxi héa phenol
theo tht tu gidm din; Co(acac),.2H,O chua thé
hién hoat tinh tot [1].

Silicagen sau tdm xtc tic dugc st dung
nhiéu lan, moi 14n sy lai & 100°C.

Diéu kién phan dng oxi hdéa cdc lan sau
tuong tu nhu 14n dau. Phan dng dugc thuc hién
trong 90 phiit, & diéu kién 4p suét khi quyén.

Cac thanh phan trong san phdm phéan tng
duoc xac dinh bing sic ky long cao dp vdi céc
diéu kién chay da xdc dinh.

11 - KET QUA VA THAO LUAN

1. Xidc tdc da duoc khao sat dac trung bang
céc phuong phdp vat 1y hién dai. Pho hong ngoai
clia xic tac axetyl axetonat sat trén chit mang
silicagen dugc thé hién trén hinh 1. Pay 1a phiic
ki€u vong cang, ion sit lién két vé6i ba ligan 1a
cac ion axetyl axeton [2].

2. Phan tng oxi héa phenol dugc ti€n hanh
trén xuc tac Fe(acac), tim vao céc loai silicagen
khac nhau (bang 1). Thanh phan san phdm phan
ting dugc phan tich bing sic ky 1ong cao ap
dugc thong ké trong bang 2.

Bang 2 cho thdy silicagen loai ST da dugc
tdm Fe(acac), tao kha niang oxi héa phenol sau
hon ca. Phenol dugc chuyén héa hoan toan, san
phdm cua phan Gng chh yéu la axit axetic va
mot luong nhd axit maleic, axit acrylic. Trong
hon hop sau phan tng khong con céc chat chita
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Hinh 1: Phé hap thu hdng ngoai cua xic tac
Fe(acac),

Vong benzen. Hai loai silicagen con lai cho két
qua kém hon silicagen ST, két qua la phan tng
oxi hoéa xay ra chua du sau, trong san phdm cua
SA con cic hgp chit c6 vong benzen la
hydroquinon, quinon va catechol chiém 11%.
Véi SB con quinon, hydroquinon va mot s6 chat
hitu co ¢6 khoi luong phan tir 16n chiém 7%.
Nghién citu san phdm phan ing nhan thay dién
tich bé mat silicagen khong anh hudng nhiéu
dén hoat tinh clta xic tdc trong chuyén héa
phenol. SA c6 dién tich bé mat xap si so v6i ST
song lai ¢6 do chuyén héa phenol kém ST.
Ngugc lai, SB ¢6 dién tich bé mat nho hon ST va
SA nhiéu song lai dat do chuyén héa phenol
kém ST va xdp si SA. Chinh céu tric 16 x6p va
kich thuéc duong kinh 16 x06p cé anh hudng
quan trong hon dén do chuyén héa va do chon
loc san pham chuyén héa. Kich thuéc dudng
kinh 16 x6p ctia SA 1a 23 dén 32 A nhé hon kich
thuGc phan tir chat tham gia phan tng oxi héa
do d6 xic tac kho vao trong 16 x6p cla chat
mang SA ma chi & trén bé mat chit mang dan
dén do chuyén hoa phenol kém, kich thuée 16
x0p ctia SB 1a 104 - 140 A lai 16n, dan dén kha
nang thi€u chon loc san phiam tao thanh, do vay
¢6 nhiéu phan tir hitu co mach dai, kich thuéc
16n dugc tao ra. Do d6 ST dugc lua chon dé tdim
cac loai Me(acac), khac nhau, st dung lam xuc
tdc trong qua trinh khao sat ti€p. Két qua cta
oxi hoa phenol bang Fe(acac),/ST 1an dau dugc
st dung nhu Fe(acac),/ST1 dé so sdnh véi cac
két qua khao sat & phan 3.



Bdng 2: Thanh phan san phdm cta phan tng oxi héa phenol trén Fe(acac),
véi cac chit mang 1a silicagen

Ti 1€ cac chat trong hén hop sau phan ting
Loai Axit Axit Axit | Hydro- .
silicagen H,0,, | Phenol, axetic maleic acrylic, | quinon Quinon, | Polyme,
% % % % % | % | % %
SA 39 0 44 0 6 6 5 0
ST 79 0 19.5 0.5
SB 93 0 0 0 0 3 1 3

3. Str dung Fe(acac),/ST lap lai bon 1an oxi
héa phenol véi cic diéu kién nhu 1an dau. Cac
san phdm duogc dua phan tich bing HPLC, Sic
ky do cha san pham lan thit tv duoc thé hién &
hinh 2.

Thanh phan san phdm goém:
H,O, du:  75,0%
Axit axetic: 18,5%
Axit maleic: 2,2%
Axit acrylic: 2,8%

Axit malonic ~ 1,5%
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Hinh 2: Sac ky d6 HPLC san phdm phan tng oxi
héa phenol trén xic tac Fe(acac), tim trong ST
str dung & 1an 1ap tha 4 (ky hiéu Fe(acac),/ST4)

Két qua cho thdy xdc tic Fe(acac); /ST4 van
thé hién hoat tinh t6t. Sén pham cta phan tng
oxi héa tuong doéi dong nhat, gdbm axit axetic 1a
chu y&u va mot s6 loai axit hitu co khac chiém
lugng nho. So sanh véi két qua khi xic tac dugc

stt dung lan dau Fe(acac),/ST1 (da trinh bay
trong phan 2, bang 2) nhan thay trong cic hon
hop san phdm phan tng khi ding Fe(acac),/ST
cung khong con phenol, khong con céac hgp chat
hitu co c6 vong thom, san pham chi 1a mot s6
loai axit hitu co.

4. ST duogc sit dung 1am chit mang dé tim
Cu(acac), va VO(acac),. Phan tng oxi héa duoc
lap lai 4 lan trén xic tdc. San pham cla phéan
ting oxi hoa dugc phan tich baing HPLC. Thanh
phan san phdm phan ting trén cédc xic téc & lan
thit nhat va 1an thit 4 dugc thé hién trén bang 3.

San phdm phan tng oxi hoéa phenol trén
nhiing xiic tic nay dat do chuyén héa cao,
chuyén héa hoan toan phenol. Cu(acac),/ST4 thé
hién hoat tinh kém hon VO(acac),/ST4 do trong
san phidm phan (ng cdon nhiéu chdt hon.
VO(acac), néu dung truc ti€p cé hoat tinh thap
hon Cu(acac), [1], song néu tdm vao chit mang
ST lai cho d6 chuyén hoéa cao hon va sau hon.

Nhan thdy VO(acac), khong tan trong hon
hop phan tng khién phan ting khé xay ra hoan
toan khién do chuyén héa phenol kém [1]. Vin
dé nay duoc giai quyét khi VO(acac), hoa tan
hoan toan trong dung moi thich hop, dugc tdm
vao ST. Khi dat ST ¢6 tdm xic tic dugc dat
trong dung dich, phan Gng quan sat thdy xay ra
manh liét hon khong chi trén bé mat ma ca trong
toan dung dich.

Trong thanh phan sdn phim phan tGng oxi
héa trén Cu(acac),/ST va VO(acac),/ST clng
khong con phenol, san phim twong d6i dong
nhat, chi gébm mot s axit hitu co: axit axetic,
axit maleic, axit acrylic, axit malonic.

5. Co(acac),.2H,0 1a xtc tdc khong thé hién
hoat tinh t6t trong phan tng oxi héa phenol néu
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dugc dung & dang truc ti€p [1]. ST dugc su dung hda phenol trén xic tic Co(acac),.2H,0/ST &
dé tam Co(acac),.2H,0. Két qua phan tng oxi  céc lan thit nhat va thi tu thé hién trén bang 4.

Bdng 3: Thanh phan san phdm clia phan tng oxi héa phenol trén
cac xuc tac Cu(acac),/ST va VO(acac),/ST

Ti 1é cac chat trong hén hop sau phan ting
Loai xtic tic | {,0,, | Phenol, | AXit Axit Axit Axit Quinon, | Polyme
37 » axetic, | maleic | acrylic, | malonic, o ’ o ’
o % % % % % o o
Cu(acac), /ST1 | 82,0 0 12 4,0 2 0 0 0
Cu(acac), /ST4 | 80,4 0 6,9 4,5 6.2 2 0 0
VO(acac),/ST1 | 83,5 0 11 2,5 0 1,38 0 0
VO(acac),/ST4 | 94,0 0 0 5,4 0 0,60 0 0

Bdng 4: Thanh phan san phdm clia phan tng oxi héa phenol trén Co(acac),.2H,0
ding & dang truc ti€p va tdm qua chit mang silicagen

Ti 1é céc chat trong hon hop sau phan ting
C Axit | Axit Axit Axit .
Loai xitc tac H,O,, | Phenol, axetic, | maleic, | acrylic, | malonic, Hydroquinon, polt}yfme,
% % A 9% % % % 0
Co(acac),.2H,0
g 343 | 41,3 1,5 2 1,3 0,7 2,9 16
truc ti€p
Co(acac),.2H,0/ST1| 80,4 0 12 4.5 3,1 0 0 0
Co(acac),.2H,0/ST4| 90,5 0 7.5 1.5 0,5 0 0 0
Theo két qua khao sit xdc tdc truc tiép cho hiéu qua kém. Khi duoc hoa tan

Co(acac),.2H,0 dung & dang truc tiép khong thé
hién hoat tinh t6t, phenol khong duoc chuyén
héa hoan toan (con trén 41%), dong thoi trong
hon hop sau phan tng con rat nhiéu céc chat. St
dung ST dé tdam Co(acac),.2H,0O mang lai két
qué thd vi: phenol dugc chuyén héa hoan toan,
khong con vong benzen, san pham déng nhat, c6
do chon loc cao. Axit axetic 1a san phdm cha
dao. Luong san pham phu 1a céc axit hitu co
khdc chiém luong nho. Nhu vay c6 thé phan 16n
phenol da dugc chuyén héa thanh CO, va H,O.
Sau 4 lan st dung xuc tac van cho két qua nhu
lan 1.

biu nay c¢6 thé gidi thich do
Co(acac),.2H,0 von khong tan trong hén hop
phan tng, chi ton tai trén bé mat gay kho6 khan
cho su ti€p xdc nén khi st dung xic tic & dang
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trong dung moi, tim vao silicagen, phan tir ctia
chét xidc tdc ndm lot sau trong cédc 16 x6p voi
kich thude thich hop, phan tng duogc ti€n hanh
trong cdc 16 x0p véi kich thudc xdc dinh xay ra
¢6 do chon loc cao, tao san pham déng nhat.

So sanh véi xtic tic hé Fenton va xtic tac Fe-
ZSMS5 nhan thdy cdc xic tic trén tao nhiéu san
phdm phu la hydroquinon, catechol, quinon va
nhiéu axit hitu co khdc, diac biét phenol van
chua dugc chuyén héa hét [4]. Phan ting trén hai
loai xtic tdc nay dat do chuyén hoa khong cao va
khong sau biang Me(acac),/ST.

Nhu vay ¢6 thé di dén nhan xét 12 silicagen
la chat mang t6t. Chinh nhitng 16 x6p véi kich
thuéc phit hop tao diéu kién cho qud trinh oxi
héa dién ra tir tir va 6n dinh trong su6t thoi gian



tién hanh phéan tng véi do chuyén héa phenol
cao. ST mang lai cho nhiing xdc tdc Me(acac),
von khong thé hién hoat tinh cao khi sit dung
truc ti€p cling trd thanh xvc tac c¢6 hoat tinh tot.

IV - KET LUAN

- Silicagen dugc lva chon lam chat mang
xuc tdc axetyl axetonat kim loai c6 kich thuéc 16
xop la tir 46 dén 70 A phi hop nhat.

- Xiic tdc Me(acac),/ST c6 thé sit dung nhiéu
l1an dam béo hoat tinh t6t.

- Cac xtc tdc VO(acac),, Co(acac),.(H,0),
hoat tinh khong cao khi st dung & dang truc ti€p
nhung VO(acac),/ST va Co(acac),.(H,0),/ST
(xtic tdc tAm vao chat mang 12 silicagen) lai thé
hién hoat tinh cao, oxi héa hoan toan phenol.

- Sir dung silicagen 1am chat mang c6 thé ¢6
y nghia thuc t€ trong x& 1y nguén nudc thai bi 6
nhiém hgp chat hitu co chita vong benzen, 1am

sach moi truong.
TAI LIEU THAM KHAO

1. Do Khanh Van, Vu Dao Thang, Hoang
Trong Yem. Regional Symposium on

Chemical Engineering 2005. Science and
Technics Pub. P. 220 - 226, 11/2005.

2. D6 Khianh Van, Vi Dao Thing, Hoang
Trong Yém. Tong hop axetyl axetonat kim
loai. Bai cho dang trén tap chi Héa hoc va
ung dung (2006).

3. D. Duprez, F. Delanoe, J. Barbier, P. Isnard,
G. Blanchard. Catalysts Today 29 (1996).

4. Tran Thi Kim Hoa. Luan én tién si héa hoc.
Ha Noi (2001).

5. Ngo6 Thi Thuan, Tran Thi Van Thi. Cac kim
loai chuyén tiép trong hé xic tac di thé oxi
hoéa phenol va ancol. Tap chi Hoa hoc, T.
38, Tr. 19 - 22 (2000).

293



