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PHAT TIlIEN CHAT MANG Ce0,
TRONG TONG HOP GYBIIIIIEHANONE

Cyclohexanone Ia mot tién chat quan trong trong qua trinh san xuat nylon va cac san pham nhua
polyamid. Tuy nhién, do diéu kién tdng hop cyclohexanone phiic tap da ddy gia thanh cla cac
san pham nylon cudi cung 1&n cao, gay ra khong it kho khan cho nganh cong nghiép nhua va bao
bi. D& giai quyét van dé nay, nhiéu nd Iuc da dugc thuc hién nhim tim ra mot quy trinh diéu ché
cyclohexanone don gian va hiéu qua hon. Gan day, nhém nghién ciu cla tién sy Igor 1. Slowing
(Khoa Héa hoc, Dai hoc bang lowa, Hoa Ky) da thanh cdng trong viéc diéu ché hé xuc tac Pd gan
trén CeQ, véi dién tich bé mat 16n nham muc tiéu tao ra moét hé xdc tac cé hoat tinh cao cho phan
ting hydo héa chon loc phenol thanh cyclohexanone G nhiét do thuong va ap suat thap. Nghién ciu
nay dem lai trién vong rat I6n cho viéc giam gia thanh cac san pham nhua va nylon trong tuong lai.

Kic tdc cho qua trinh diéu ché
cyclohexanone

Cyclohexanone la tién chat dé
diéu ché caprolactam (hinh 1) va
acid adipic, von la nhiing chat trung
gian quan trong trong qué trinh téng
hogp nylon va nhya polyamide. Trén
thi trudng, cyclohexanone thudng
dudc san xudt ti phan (ing oxy héa
cyclohexane hodc hydro hoa phenol
[1]. D&i vé6i phuong phap dau, phan
(ing oxy hoda thudng can nhiét do cao
(140-180°C), ap suéat cao (8-20 bar)
nhung lai c6 do chuyén héa thap (<
10%) [1, 2]. Phuong phap thd hai,
hydro hdéa phenol thudng hiéu qua
hon nhG dugc xuc tac béi palladium
trén carbon (Pd/C) phan bé trong
pha 16ng hoéc xuc tac bdi palladium
trén nhom oxide (Pd/Al,O,) trong pha
khi [3]. Thuc t€, st dung hé xuc tac
Pd/C trong pha Iéng cho phan (ng
khii c6 do chon loc tao ketone cao
hon, tuy nhién lai phai hoat déng &
nhiét dé cao (175°C) va dudi ap suét
H, du (13 bar), gay ra khong it kho
khan cho qua trinh diéu ché. Do tam
quan trong clia cyclohexanone, nhiéu
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Hinh 1: quy trinh diéu ché caprolactam tu cyclohexanone

nd Iuc nghién ctu da dugc trién khai
nham phat trién mot hé xuc tac mdi
c6 hiéu sudt chuyén hoa tét hon,
déng thai co diéu kién hoat déng nhe
nhang han, it khac nghiét hon.

Gan day, mot vai nhom nghién
clu da dat dugc nhiing két qua rat
kha quan, véi do chuyén héa va chon
loc han 90% & nhiét dé phong va ap
sudt H, 1 bar khi két hgp xuc tac Pd
VGi cac acid Lewis [4, 5]. Cu thé, Liu
va cac dong nghiép da thanh cong
trong viéc khii phenol & diéu kién 6n
hoa bang H, hoat hoa trén xtic tac Pd/
AlLO, trong dung dich AICI, [6]. G mot
ngh|en cuu khac, Lee va cac cong sy
[7] da cai thién dang ké quy trinh diéu
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ché cyclohexanone (d6 chuyén héa
100% ¢ 20°C va 1 bar H,) khi st dung
dong thai Sc(OTf), véi xtc tac Pd/C.
C4 hai nhdm nghién ctiu déu nhan
thay viéc s dung céc acid Lewis tan
nhu AICI, va Sc(OTf) c6 thé thuc déy
hinh thanh mot sén pham trung g|an
clia phan (ing cong, khé bi chuyén
hoa thanh alchohol nhung lai uu dai
chuyén héa thanh cyclohexanone.
Tuy nhién, han ché I6n nhat cla hé
x(ic tac nay nam & dac diém déng thé
cla cac acid Lewis, khién cho ching
gén nhu khong thé dudc thu héi sau
qua trinh st dung. Chinh vi vay, phat
trién mot hé xuc tac di thé dua vao
viéc phl Pd trén mét chat mang di
thé dang dan trg thanh huéng nghién
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cliu chinh cho muc tiéu tdng hap
cyclohexanone.
Kiic tac thé hé méi

Trén quan diém xUc tac di thé hién
dai, st dung hé xuc tac véi chat mang
hoat tinh thay vi mét chat mang trg,
chi dan thuan phan tan pha hoat tinh,
dang ngay cang thu hut sy chu y clia
cac nha khoa hoc. Bac biét nhiing
chat mang c¢6 hoat tinh oxy hoa khir
nhu cerium oxide (CeO,) té ra rat
thich hgp bdi khd nang tham gia vao
viéc van chuyén electron trong suét
quaé trinh xdc tac cling nhu kha nang
tuang tac vai kim loai quy. Nh& nhiing
tinh chat dac biét nay, CeO, da dugc
nghién clu va s dung cho cac hé
théng xuc tac khac nhau trong téng
hop hiu co [8]. Chang han, CeO,
dudc s dung nhu mot thanh phan
chinh trong xdc tac chuyén héa 3
giai doan [9], hodc xUc tac cho phan
ting cracking [10]. Gan day, CeO, con
dudc Uing dung cho viéc loai bo bui
than tu khi thai dong co diesel [11],
phan hly cac hgp chéat hiiu cd dé bay
hoi [12], Ung dung trong c6ng nghé
pin nhién liéu [13], hay oxy hda chon
loc cac hydrocacbon [14, 15]. Tinh
chét xtc tdc manh mé ctia CeO, c6
thé dén tlii kha nang chuyén héa qua
lai clla Ce* va Ce® ma khong lam
thay déi cdu tric fluorite clia CeQ, [8].

Tuy nhién, dén thaoi diém hién tai,
chi ¢c6 mét vai nghién cliu s dung
CeO, lam chat xic tadc cho phan
ting hydro hoa phenol. Nhém nghién
clu cla Inagaki va Scire da dat do
chuyén héa 80% va dé chon loc 50%
khi hydro hoa phenol trén xuc tac Pd
pht trén CeO, 6 180°C [16, 17]. Song
song do, Li va cong sy [18] dat t6i do
chuyén héa 82% cyclohexanone khi
dling céc hat cau nano Pd pha tap Ce
(0,43% mol Ce) & 80°C va 10 bar H,.
Mot bao céo khac [19] cho thay, hé
xuc tac Pd-Ce-B gan trén chat mang
hydrotalcite c6 thé gip phan (ng

TAP CHI

48 | KHOA HOC

chuyén héa cyclohexanone dat hiéu
suéat 82% va do chon loc 80% trong
4 gid 6 100°C va 10 bar H,. Nhiing
nghién cliu nay cho thay, viéc st dung
CeO, lam 9héit mang cho xuc tac kim
loai c6 thé 1a mét phudng phéap hiu
hiéu dé tan dung tinh chat oxy héa
khii cla oxide nay va cac hiéu (ng
dién t trén pha kim loai hoat tinh
trong phan tng pha Idng. Hon niia,
néu chat mang CeO, dudc diéu ché
c6 dién tich bé mat riéng I6n, kim loai
dudc phan tan tét trén chat mang sé
dem lai mét sO lugng I6n tam hoat
tinh, gilp nang cao hoat tinh xuc tac.

Xuat phat ti nhing nhan dinh
trén, nhom nghién clu cla tién sy
Igor I. Slowing (Khoa Hoa hoc, Pai
hoc bang lowa, Hoa Ky) d4 tién hanh
diéu ché hé xuc tac Pd gén trén CeO,
véi dién tich b& mat I6n nham muc
tiéu tao ra moét hé xuc tac cé hoat tinh
cao cho phan Uing hydo héa chon loc
phenol thanh cyclohexanone trong
pha 16ng & nhiét do thap va ap suat
H, thap [20].

Tng hop xic tac Pd/Ce0, bé mat lén

Dau tién, nhom nghién clu cla
Slowing tdng hgp chét mang CeO,
vGi dién tich bé mat I6n bang phuang
phap sol-gel. Ce(NQ,),.6H,0 va chat
hoat dong bé méat Pluronic P104
dudc hoa tan trong ethanol dudi diéu
kién khudy tu trong 3 gid. Dung dich
thu dugc sé dugc dat trong 1 dia
két tinh 16n va sdy & 65°C dé dudi

N

=

8001(3

o o o o
I

N, hap phu (cm?.g")

gt |

N

a

o
I

dung méi. Sau 12-24 gig, hé gel dugc
sdy tiép & 150°C trong 12 gid va nung
& 450°C trong khong khi trong 4 gio
dé loai bd chat hoat dong bé mit
P104. San phdm thu dugc la CeO,,
vGi dién tich bé mat riéng dat t6i uu
khi d6 &m ludn dudc giti & mic 60%.

Tiép theo, nhom nghién clu tién
hanh c6 dinh Pd én chat mang CeO,
bang phuadng phap phl nhing véi 1%
khéi lugng Pd. Tién chat Pd(O,CCH,),
(0,0419 g, 0,187 mmol) dugc hoa tan
trong 1 ml acetone. Tiép theo, 2,00
g chat mang CeO, dugc nhung vao
dung dich Pd. Sau méi lan nhing,
xUc tac dudc trén déu va phoi kho.
Sau dé vat liéu sé dugc nung  350°C
trong 2 gid va dudc kh{ dudi dong khi
H, cling & 350°C trong 2 gid dé thu
dugc hé xuc tac Pd/CeO,.

Hoat tinh ciia xiic tac Pd/Ce0, bé mét Idn

Trudc khi khdo séat hoat tinh cla
hé xuc tac Pd/CeO, via téng hop,
Slowing va cac cong su da khao sat
hinh thai va dién tich bé mat riéng
cla CeO, truéc va sau khi gan pha
kim loai hoat tinh Pd. Hinh 2 trinh
bay anh kinh hién vi dién ti truyén
qua va dé thi hap phu dang nhiét khi
N, ctia CeO, diéu ché bang phuong
phdap sol-gel. Két qua cho thay, CeO,
ton tai dudi dang cac hat da phan tan
véi kich thudc trung binh khoang 5,9
nm, tuong Ung vdi dién tich bé mat
riéng 16n (241 m2g™') va thé tich 16 x&p
khoang 0,31 cm®g" (bang 1).
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Hinh 2: hinh &nh kinh hién vi dién t& truyén qua cia CeO, diéu ché (a)
va dudng cong hdp phu ding nhiét N, trén CeO, (b)



Béng 1: ddc tinh bé mat clia mau CeO, diéu ché bdng phuong phép sol-gel
va mau Pd/CeO, diéu ché bang phuong phap phi nhing

M3y Dién tich bé mat | Kich thudc 16 x6p | Kich thudc tinh thé
BET (m%g™) BJH (cm3g™) CeO, (nm)
CeO, 241 0,31 5,9
Pd/CeO, 159 0,27 7.1

Khi Pd dugc phl 1én CeO,, cac
gia tri nay bat dau thay déi. Dlen tich
bé mat riéng giam xudng con 159
m2g", con thé tich 16 x3p gidm con
0,27 cm®g, chiing t6 cac hat kim loai
Pd da dudc cd dinh 1&én bé mat chat
mang CeO,.

Hon niia, nhdém nghién cliu ciing tién
hanh so sanh hoat tinh clia Pd/CeO,
diéu ché véi Pd/CeO, thuong mai. le
dién tich bé mat rleng thap cla CeO,
thudng mai (55 m2g™), mau Pd/CeO
thuong mai cho gia tri do chuyén hoa
thdp hon nhiéu.

Béng 2: két qua chuyén héa va dé chon loc tao cyclohexanone tii phan ting khii phenol
trén cdc mau xuc tac khdc nhau

~ R 2 . Po6 chon loc (%
Mau Do chuyén héa (%) C-0 (OL
CeO, 0,0
Pd/CeO2 86,2 +1,8 96,3 +1,4 3,7+1,4
Pd/Al,O, 7,4+ 3,4 100,0 £ 0,0 0,0
Pd/SiO, 36,6 + 3,3 100,0 + 0,0 0,0
Pd/C 42,7 £ 2,5 95,4 +2,6 46 +2,6
Pd/CeO, thuong mai 62,5+ 3,6 96,2 +2,0 3,8+2,0

Bang 2 trinh bay két qua ctia phan
ting hydro héa phenol trén chat mang
va cac mau xuc tac diéu ché & diéu
kién khac nhau. Khi CeO, dugc su
dung riéng, phenol hoan toan khéng
bi khti, ching té vai tro cla Pd vo
cung quan trong trong qué trinh xuc
tac. That vay, khi Pd dugc mang trén
CeO,, phan Ung dat do chuyén hoa
rat cao (85,5%) va do chon loc tao
ketone gan nhu tuyét doi (96,1%) &
nhiét d6 phong va 1 bar H, trong 4
gig. Bac biét khi so sanh véi cac hé
xtc tac Pd dudc gan trén cac chat
mang théng dung nhu ALQ,, SiO,, C
(diéu ché véi phuong phap tuong tu)
hoat tinh clia Pd/CeQ, van cao vugt
trgi, t 2 dén han 10 lan trong phan
ing téng hop cyclohexanone. Diéu
nay c6 thé duogc gii thich do tuong
tac giGia Pd va CeO, manh hon so
véi gitta Pd va cac chat mang thong
dung, d&n dén kha nang phan tan cla
Pdtrén CeQ, t6t hon va kha nang van
chuyén H, tu Pd qua CeO, t6t hon.

Nhing két quéa nay chiing té muc
dd anh hudng quan trong cla chat
mang ddi vGi hoat tinh clia toan bo hé
xuc tac. Trong do CeO, téng hop béng
phudng phap sol-gel trong nghién
ctiu cla Slowing cho thay l1a mét chat
mang tiém nang cho viéc tng hop
cyclehexanone, hia hen cé thé cai
thién manh mé nganh cong nghiép
san xuét nylon va nhuya polyamide &

LTK (t6ng hop)

Tai liéu tham khao

[1] Fisher W.B, Van Peppen J.F (2000), In Kirk-
Othmer Encyclopedia of Chemical Technology [Online],
John Wiley & Sons, Inc, 1-7.

[2] Musser M.T (2011), In Ullmann’s Encyclopedia
of Industrial Chemistry [Online], Wiley-VCH Verlag
GmbH & Co. KGaA, 1-12.

[3] Rase H.F (2000), Handbook of Commercial
Catalysts: Heterogeneous Catalysts, CRC Press: Boca
Raton, FL, 128-130.

[4] Buil M.L, Esteruelas M.A, Niembro S, Olivan
M, Orzechowski L, Pelayo C, Vallribera A (2010),
Dehalogenation and Hydrogenation of Aromatic

S6 7 nam 2015

NHIN RA THE GIOI

Compounds Catalyzed by Nanoparticles Generated
from  Rhodium  bis(imino)pyridine ~ Complexes,
Organomet., 29, 4375-4383.

[5] Zhong J, Chen J, Chen L (2014), Selective
Hydrogenation of Phenol and Related Derivatives,
Catal. Sci. Technol, 4, 3555-3569.

[6] Liu H, Jiang T, Han B, Liang S, Zhou Y (2009),
Selective phenol hydrogenation to cyclohexanone over
a dual supported Pd-Lewis acid catalyst, Science, 326,
1250-1252.

[7] Shin J.Y, Jung D.J, Lee S.G (2013), A
Multifunction Pd/Sc(OTf)3/lonic Liquid Catalyst System
for the Tandem One-Pot Conversion of Phenol to
e-Caprolactam, ACS Catal., 3, 525-528.

[8] Trovarelli A (1996), Catalytic Properties of
ceria and CeO,-containing materials, Catal. Rev., 38,
439-520.

[9] Trovarelli A, Ed (2002), Catalysis by Ceria and
Related Materials, Imperial College Press: London, Vol.
2.

[10] Trovarelli A, Leitenburg C, Boaro M, Dolcetti
G (1999), The use of temperature-programmed and
dynamic/transient methods in surface area ceria, Catal.
Today, 50, 353-367.

[11] Aneggi E, Wiater D, Leitenburg C, Llorca J,
Trovarelli A (2014), Shape-dependent activity of ceria
in soot combustion, ACS Catal., 4, 172-181.

[12] Li W.B, Wang J.X, Gong H (2009), Catalytic
combustion of VOCs on non-noble metal catalysts,
Catal. Today, 148, 81-87.

[13] Fan L, Wang C, Chen M, Zhu B.J (2013),
Recent development of ceria-based (nano)composite
materials for low temperature ceramic fuel cells and
electrolyte-free fuel cells, Power Sources, 234, 154-
174.

[14] Beckers J, Rothenberg G (2010), Sustainable
selective oxidations using ceria-based materials,
Green Chem., 12, 939-948.

[15] Vivier L, Duprez D (2010), Review: Ceria-
Based Solid Catalysts for Organic Chemistry, Chem.
Sus. Chem., 3, 654-678.

[16] Velu S, Kapoor M.P, Inagaki S, Suzuki K
(2003), Vapor phase hydrogenation of phenol over
palladium, Appl. Catal. A, 245, 317-331.

[17]Scire S, Minico S, Crisafulli C (2002), Selective
hydrogenation of phenol to cyclohexanone over
supported Pd and Pd-Ca catalysts: an investigation on
the influence of different supports and Pd precursors,
Appl. Catal. A, 235, 21-31.

[18] Li H, Liu J, Xie S, Qiao M, Dai W, Lu Y, Li H
(2008), Vesicle-Assisted Assembly of Mesoporous Ce-
Doped Pd Nanospheres with a Hollow Chamber and
Enhanced Catalytic Efficiency, Adv. Func. Mater. 18,
3235-3241.

[19] Liu J, Li H, Li H (2007), Liquid-phase selective
hydrogenation of phenol to cyclo- hexanone over Pd-
Ce-B/hydrotalcite catalyst, Chin. J. Catal. 28, 312-316.

[20] Nelson N.C, Manzano J.S, Sadow A.D,
Overbury, S.H, Slowing LI (2015), Selective
Hydrogenation of Phenol Catalyzed by Palladium on
High-Surface-Area Ceria at Room Temperature and
Ambient Pressure, ACS Catal. 5, 2051-2061.

TAP CHI

HOA HOC
ONG NGHE |e

Nam





