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XUC TAC Pt/WO,-ZrO, TREN VAT LIEU MAO QUAN TRUNG BIiNH
SBA-15 TRONG PHAN UNG ISOME HOA n-HEPTAN
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Truong Pai hoc M6 - Dia chdt

SUMMARY

WO;/ZrO,(WIZ) mixed oxides supported on SBA-15 were prepared. Their acidities and
catalytic activities in n-heptane isomerization were examined. For the mesoporous silica SBA-15
was pound to retain after loading with W/Z mixed oxide. HR-TEM photographs shown that
tungstated zirconia was dispersed inside the mesoporous channels of SBA-15 and that the surface
area and pore volume decreased with the loading. The mesoporous SBA-15 supports played an
important role in stabilizing the mixed oxide W/Z with Pt 1% .wt catalyst.

- MG DAU

Nam 1992, hiang Mobil QOil di cé phat minh
quan trong 1a vat liéu mao quan trung binh [1].
KEé tir d6 t6i nay, da c6 nhiéu cong trinh nghién
ctu v6i muc dich diéu khién kich thudc vat liéu
nay sao cho phu hop, nhdm st dung ching lam
xdc tdc hoac chit mang xuc tic trong cong
nghiép loc-héa dau, téng hop hitu co va cic qua
trinh san xudt héa chat tinh khiét khac. Ho vat
liéu nay cé dién tich bé mat riéng 16n (~ 1000
m?/g) do bén nhiét cao (= 800°C), tuy nhién,
chiing lai ¢c6 duong kinh mao quan 16n va tinh
axit rat yé&u, yéu hon rat nhiéu so véi zeolit. Dé
khac phuc nhitng nhuogc diém trén, da c6 mot s6
cong trinh nghién ctu dua ra quy trinh téng hop
vat liéu nay dua trén su élai tap€ gitta hai loai vat
liéu vo co - hitu co bang céch sir dung cdc nhém
axit ankyl sunfonic nhdm tao ra luc axit du
manh cho cdc phan ung ngung tu va phan tng
ete hdéa. Nhung, vat liéu é&lai tap€ nay khong
duoc dp dung mot cach ¢6 hé thong cho cac
phan tng thuc hién & nhiét do trén 250°C, do su
phan huy ctia cdc hgp phan hitu co cau thanh
nén vat liéu.

Mat khic, do tic dong manh mé cta moi
truong, xuc tdc axit ran din duoc thay thé cdc
axit thong thuong la HF va H,SO, ma céc axit
nay hién nay dang dugc dp dung cho cong
nghiép dau khi. Trong suét thap ki qua, zirconi
sunfat héa (SZ) da duoc nhiéu nha khoa hoc
quan tam, boi vi né ¢6 hoat tinh trong qué trinh
isome héa n-parafin khi phan tng dugc thuc
hién & nhiét do thap [2, 3]. Axit ran ndy thuc su
¢6 hiéu qua do qua trinh lién két giita cation kim
loai hodc oxit kim loai vé6i chit mang dé hinh
thanh c4u tric 6n dinh tao ra proton (H") cho
tam axit Bronsted. Theo Hino va Arata [4],
vonfram oxit hodc molipden oxit phan tan tét
trén chit mang zirconi oxit bang phuong phép
tim dung dich amoni hidrohexavonframat va
dung dich amoni polymolipdat, sau d6 nung
trong khong khi & 800°C c6 tinh axit manh trong
phan tng isome hoéa n-parafin thuc hién & nhiét
do thap. Cho dén nay, chua c6 cong trinh nao
nghién cttu diy dt hon hop oxit (WZ) nay mang
lén vat liéu mao quan trung binh.

Chinh vi vay trong cong trinh nghién ctu
nay, ching to6i tién hanh téng hop xic tac
Pt/WO,-ZrO, trén vat liéu mao quan trung binh
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SBA-15 cho qua trinh isome héa n-parafin C,.

IT - THUC NGHIEM

1. Tong hop xiic tac Pt/WO;-ZrO,/SBA-15
+ Téng hgp SBA-15

Hoa tan Pluronic P123 (EO,,PO,,EO,,) vao
dung dich HCI 2 N. Vira khudy vira thém TEOS
vao hén hop trén, ti€p tuc khudy trong 24 h &
nhiét do 45°C. Sau d6 gia héa mau trong
autoclave & 80°C. Loc gel thu dugc, rira sach CI',
sdy kho va nung & 550°C.

Thanh phan hén hop cua gel tao thanh co ti
1¢ sau: P123: 60 TEOS:1506 HCI: 9706 H,0.

+ Tong hop Pt/WO,-ZrO,/SBA-15

Hén hop oxit WO,/ZrO, (W/Z) véi ti 1¢ 0,45
(theo % khdi lugng) duoc mang 1én chiat mang
SBA-15 béng phuong phdp &idng tdmé& hén hop
dung dich ZrOCl, va (NH,)¢H,W,0,,.

Vat liéu SBA-15 thu duge & trén, duoc phan
tdn trong dung dich metanol cé chita ZrOCl,,
hén hop dugc khudy manh, sau dé thém dung
dich (NH,){H,W,0,, va ti€p tuc khudy, vira
khuady vira nhé dung dich NH,OH (28%) cho
dén khi pH ~ 10. Hon hop duoc u, loc, ria va
sdy qua dém & 110°C. Sau d6 nung trong khong

Cudng do

khi ¢ 800°C khoang 3 h, thu dugc xiic tic WO;-
Zr0,/SBA-15.

Tién hanh tdm H,PtCl; 1én WO,-ZrO,/SBA-
15 v6i 1%Pt. Sau d6 sdy qua dém & 110°C va
nung trong 3h & 550°C thu dugc xic tic Pt/
WO;-ZrO,/SBA-15.

2. Cac phuong phap vat li dung dé dac trung
xtic tac

Xic tac da duoc dac trung bang cac phuong
phdp nhiéu xa Ronghen (XRD), phuong phép
hép phu NH; theo chuong trinh nhiét do (TPD-
NH,), phuong phap xdc dinh bé mat riéng theo
BET, phuong phép hién vi dién tt truyén qua véi
do phan giai cao (HR-TEM) va phé héng ngoai
(IR) hap phu piridin.

111 - KET QUA VA THAO LUAN

Anh nhiéu xa ronghen clia miu xic tic
Pt/WO;-ZrO,/SBA-15 dugc biéu dién & hinh 1,
géc do trong viing nhé 20 = 0,5 + 5° ting v6i cc
mat phan xa d,y, d;;o va dy, dac trung cho vat
litu mao quan trung binh SBA-15. Diéu nay
ching to riang céu trdc luc ling cla vat liéu
SBA-15 van duoc duy tri sau khi tdim hdén hop
oxit W/Z.

71O,

-

0,5 1 2 20(do)

Hinh I: Gian d6 nhiéu xa ronghen ctia Pt/WO;-ZrO,/SBA-15
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Trong viing géc rong 20 = 20 + 70°, pha tinh
thé ti dién nghiéng clia ZrO, bit ddu xuét hién
twong tng véi cac goc 31°, 35°, 50°, 60°, dong
thoi cling xuét hién cdc pik nho tuong tng cla
pha tinh thé cia WO; ¢ trong vang 23,3°; 23,8°
va 24,5°.

Puong dang nhiét hap phu va giai hap N,
trén xuc tac Pt/WO;-ZrO,/SBA-15 duoc danra &

Thé tich hap phu, cm®/g

P/P,

hinh 2. Véi vat liéu SBA-15 nung & 550°C cé
dién tich bé mat 12 636 m*/gam, thé tich 16 x6p
va su phan bo kich thuéc mao quan trung binh
tuong tng 12 0,86 cm’/g, 8,4 nm [5], thi sau khi
tdm hdn hop oxit W/Z lén SBA-15, miu nung &
800°C c6 dién tich bé mat riéng, thé tich 16 xop
va duong kinh mao quan giam xudng tuong Gng
con 196,42 m/g, 0,42 cm’/g va 6,73 nm.

BJH Duemorpion diiw Pors Volams

Stanzars

ol

DV/dD

Puong kinh, A

Hinh 2: DBudng dang nhiét hap phu-giai hdp N, va su phan bé kich thuéc mao quan cua
Pt/WO,;-ZrO,/SBA-15

C6 thé thay rang duong dang nhiét hdp phu
va giai hap tng véi ap sudt tuong doi P/P, tir 0,8
+ 1,0 khong khac nhau, ching to vat liéu xtuc tac
sau khi mang Pt/WO,-ZrO, da 1am thay ddi mot
phan dang 16, nghia la xic tic Pt/WO;-
ZrO,/SBA-15 c6 thé bién dang phan tir, trong d6
cdu trdc luc lang ctia vat liéu SBA-15 van chiém

Khit theo chuong trinh nhiét do (TPD-NH;)
da duogc thuc hién dé x4c dinh s6 tam va luc axit
trén xudc tac. Su ¢6 mat cua Pt trén mau xic tic

cht yéu. Két qua do dién tich bé mat riéng ciing
khéng dinh diéu nay.

Anh TEM cla miu xdc tic PyWO,-
7r0O,/SBA-15 & hinh 3, cho thdy cdu tric luc
lang cua vat liéu van duoc duy tri. Qua d6 c6 thé
khéng dinh ring Pt/WO,-ZrO, da phan tén chinh
bén ngoai mao quan.

khong lam thay doi cuong do pic TPD-NH,.
Xic tdc Pt/WO;-ZrO,/SBA-15 c6 2 khoang giai
hap & 130°C va 441°C. & nhiét do 441°C ting v6i
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luc axit trung binh. Trén co s& dién tich pic, ¢6
thé két luan ring Pt/WO;-ZrO, trén chat mang
SBA-15 xuat hién tam axit nhiéu hon trén W/Z
khi khong c6 chdt mang [6, 7]. Diéu nay phu
hop véi két qua do dién tich bé mat riéng theo
BET. Qua d6, ching to6 hén hop W/Z c6 kha
nang phan tian cao va dong déu trén chit mang
SBA-15, nghia la s6 tam axit da dugc trai rong
trén chat mang nham tao ra s6 tam axit dugc
nhiéu hon.

Khi tién hanh chup phé héng ngoai (IR) hap
phu piridin (hinh 4) & cdc nhiét do khac nhau,
thdy xudt hién ca 2 tam axit Lewis va tam axit

Bronsted. Tam axit Lewis xudt hién tai cac dai
14454, 1488,3 va 1605 cm™ va tam Bronsted
dac trung tai dai 1552,5 cm™. Danh gi4 tir ti 1&
dién tich pic, c6 thé két luan rang s6 tam axit
Lewis nhi€u hon tam axit Bronsted. Khi tang
nhiét do giai hdp, cuong do pic dac trung cta 2
tam déu giam. Luc axit clta tam axit Lewis
manh hon tam Bronsted, sy manh hon nay duoc
duy tri ngay tir khi hinh thanh dén nhiét do
500°C, nhung sau d6 tam axit nay bi loai bo
hoan toan. Su ton tai pic piridin cho dén nhiét do
500°C, diéu d6 thé hién luc axit clia tam Lewis
chita trén chat mang W/Z la twong doi manh.

xl

Heé s6 hdp phu

S6 séng, cm’!

Hinh 4: Ph6 héng ngoai IR-piridin cia miu xiic tic Pt/WO,-ZrO,/SBA-15

Hoat tinh xuc tdc cia SBA-15 chia Pt/WO;-
710, duoc khao sét trong phan ing isome héa n-
heptan thanh isoheptan. Viéc dua mot luong

1%Pt tdm lén WO;-ZrO, 1a nguyén nhan chinh
lam tang do chuyén héa va do chon loc ciia san
pham isoheptan (bang 1).

Bdng 1: Qua trinh isome héa n-heptan trén cdc mau xdc tac khac nhau

Céac mau xuc tac

WO,-ZrO,
Pt/WO,-ZrO,
Pt/WO,-Zr0O,/SBA-15
WO,-ZrO,/SBA-15

Do chuyén héa n-heptan, % Do chon loc isoheptan, %
4,2 83
26 89
42,6 91
3,7 85

Xic tdic WO;-ZrO,/SBA-15 khong chia Pt
cho hoat tinh rat thap véi do chuyén héa 3,7%
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va xtic tdic WO;-ZrO, vé6i do chuyén héa 4,2%.
Tuy nhién, vé6i viéc thém 1% Pt vao 2 mau xiic




tac trén hoat tinh xuc tac tang 1én ro rét. Qua do
c6 thé khang dinh, Pt 12 tdc nhan chinh IAm tiang
hoat tinh xuc tic.

Trén xtc tic 1%Pt/WO;-ZrO, cho do
chuyén hoa tuong d6i cao, nhung hoat tinh xdc
tdc giam nhanh so v4i mau xuc tic chia 1%
Pt/WO,-ZrO, khi c6 chat mang SBA-15. Két
qua nay dugc trinh bay trén hinh 5.

Nhiéu cong trinh nghién cdu quéd trinh
isome héa n-ankan trén xiic tic Pt chia chat
mang Zr0O,-SO,> va WO;-ZrO, da dé nghi co
ché &inh vi€ hidro bao gém: Su dich chuyén céc
hidrua H' tao ion cacbeni trung gian cua phan
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Hinh 5: D9 chuyén héa n-heptan theo thoi gian
(a) 1%PyWO,-Z1rO,/SBA-15; (b) 1 %PY/WO,-ZrO, ;
(¢) WO,-ZrO,/SBA-15; (d) WO,-ZrO,

Xic tac Pt/WO;-ZrO,/SBA-15 su dung trong
qua trinh isome héa n-heptan dugc thuc hién
theo chu trinh t4i tao 2 lan, nhim kiém tra su
mAt hoat tinh cta xudc tic. K&t qua thuc nghiém
& hinh 6, cho thay xic tdc sau 9h lam viéc &
nhiét do 210°C véi téc do thé tich 1,5 h' vain
duy tr1 duoc hoat tinh.

ung, ion cacbeni trung gian nay dugc giai hip
bdi ankan va ion H dugc dinh vi tao ra tam axit
Bronsted [8, 9]. Co ché &dinh vié€ hidro nay khac
vGi co ch€ dehidro héa va hidro héa da dugc dé
nghi truéc d6. Nhu vay, ion cacbeni da duogc
thay th€ bdi anken trong giai doan trung gian
khi thuc hién qua trinh isome héa. Mat khac, két
qua do TPD-NH; trén mau xic tic WO;-ZrO,
khong chita chat mang cho thiy cuong do luc
axit rat yéu [7]. Qua day mot lan nita khang
dinh tam axit Bronsted duoc tao ra tir &u dinh
vi€proton (H") trong suét qud trinh isome héa n-
heptan va chinh tam nay git vai tro quan trong
trong qud trinh isome hoéa n-heptan.
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Hinh 6: Hoat tinh xuc tac cla
Pt/WO,-ZrO,/SBA-15 sau 2 14n tai tao
(a), (b): o0 chon loc iso-heptan tuong ng véi lan tai
tao 1 va 2; (c), (d): do chuyén héa n-heptan tuong
ting v6i 14n téi tao 1 va 2

IV - KET LUAN

- ba téng hop thanh cong hén hop oxit W/Z
trén chat mang SBA-15. CAu tric cua vat liéu
mao quan trung binh SBA-15 van dugc duy tri
sau khi tim déng thoi hén hop oxit. Vonfram
zirconi oxit duoc phan tin chu yéu bén ngoai
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kénh mao quan cua SBA-15. Tu két qua BET
cho thay, dién tich bé mat riéng cta vat liéu xic
tdc giam sau khi dugc tdm hén hop oxit nay.

- Qua phép do phé héng ngoai IR hip phu
piridin da nhan thay xuit hién ca 2 loai tam axit
Lewis va tam axit Bronsted trén vat liéu xuc tac
téng hop.

- Vé6i xic tic Pt/WO;-ZrO, chita chit mang
va khong chita chat mang SBA-15, déu cho thay
Pt c6 anh hudng rat 16n dén hoat tinh xic tic
trong qud trinh isome héa n-heptan. Su c6 mat
cta Pt 1am ting hoat tinh va xic tdc thuc su 6n
dinh. Qua d6 c6 thé khing dinh, hoat tinh xic
tac khong nhiing phu thudc vao luc axit ma con
phu thudc bdi &u dinh vié€ cac proton (H") tao ra
tam axit Bronsted, va chinh tam axit Bronsted
nay gilt vai trd quan trong trong xuc tic isome
héa n-heptan.

- Vat liéu mao quan trung binh SBA-15 giit
vai trd0 quan trong cho su 6n dinh xic tic
Pt/WO;-ZrO,. Xic tac chira chiat mang c6 hoat
tinh xdc tdc giam rit cham so véi xic tac khong
chita chat mang. Xic tic clta Pt/WO;-
ZrO,/SBA-15 hoan toan c¢6 thé tai tao trd lai.
Vonfram zirconi oxit trén chat mang SBA-15 la
can thiét dap ting duoc yéu cau vé kich c& dac

biét dé tao nén tam hoat dong cho qud trinh
isome héa n-parafin néi chung.
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