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SUMMARY

A procedure to prepare Pt-promoted sulfated zirconia (SZ) catalysts which results in highly
active and stable catalyst for n-hexane isomerization at atmospheric conditions. High
remperature calcination of §Z prior to Pt addition leads to elimination of loosely-bound sulfur
species from the zirconia surface. It is proposed that regenerative oxidation cycles lead to a
restriucturing of the acid and metal sites which facilitates hydrogen migration and helps to arrest
deactivation. We propose a mechanism involving Lewis sites and liydride species.

- M3 PAU

Vao nhitng nam dau thap nién 60 cha thé ki
20, Holm va Bailey [1] 1a nhitng ngudi dau tién
phat hién ra hé xic tdc Pt trén zirconi sunfat hoa
(Pt/SZ) ¢6 tinh axit phit hgp cho qud trinh ankyl
héa cdc hidrocacbon. Bén thap nién 70, cdc nha
khoa hoc théng béo rang zirconi sunfat héa (SZ)
1A mot ‘siéu axit’ va n6é duge dua vao thir hoat
tinh cho cdc ankan nhe O nhiét do thap, Tuy
nhién, SZ rdt nhanh mat hoat tinh khi ¢4 su tiép
xic cha xic tdc v& cdc hidrocacbon do qué
trinh tao cée boi cacbon, mét tinh axit, ngd doc
béi liru huynh hodc do su k&t hop cha cic yéu 16
nay, 1am han ch€ kha nang dp dung cia SZ
trong cong nghiép.

Pé nang cao hoat tinh clha SZ di ¢6 nhiéu
cong trinh nghién ciru, nhu viéc thém Al vao SZ
st dung chat hoat dong bé mat copolyme P123
{21, hodc dua vao SZ mdt s6 kim loai nhu Mn,
Fe, Pt, Cu. Két qua cho thay viéc them Fe, Mn
heat tinh duge ndng cao khi phan dng thuc hién
¢ nhiét do thap, con khi-thém Pt, Cu thi lam
giam t&¢ do mat hoat tinh, Vai tro cla Pt dd cai
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thién dugc hoat tinh nhung ¢é rat nhiéu quan
diém khdc nhau vé trang thdi ton tai ctia Pt trong
xuc tic P1/SZ.

Trudce d6, dia ¢é mot s6 tic gia nghién ciu
qua trinh isome héa n-butan va n-pentan trén hé
xiic tdc SZ [3, 4] va cho ring viée thém Pt lam
giam t6c do mdt hoat tinh v 18c do chuyén héa
x4y ra ngay & giai doan diu. Viéc thay ddi hoat
tinh xic tac trén co so chit mang SZ dad duge
thuc hién cho phén ing isome hda n-pentan
trong didu kién 4p sudt cao [5, 6] va di tim ra
duge do 6n dinh clia xtc tdc trong thoi gian dai.

Trong cdng winh trude [7], chang toi da
nghién cttu cdc yéu 16 anh huéng dén quy trinh
téng hgp SZ nhu anh hudng cia tién chit sir
dung, noéng do6 SO,” tham gia sunfat hoa, thai
gian gid hoa gel, phuong phdp sunfat hod. . .thay
rang cic yéu 16 niy anh hudng rat Ién dén cau
tridc cing nhu hoat tinh cla xic tc.

Trong cong trinh nay, ching t6i tiép tuc dua
ra quy trinh t6ng hgp Pt trén chit mang SZ bing
cac phuong phdp xtr If khac nhau nhu:

+ Tién hanh nung Zr(OH),/SO,* & nhiét do



cao trudc khi thém kim loai Pt.

+ Tién hanh thém ddng thdi Pt va SO,* vio
Zr{OH), sau d6 xi i nung & nhiét do cao.

+ X li xic tdc Pt/SZ béing chu trinh oxi
héa tai tao trong diéu kién ap sudt khi quyén,

Ciéc xdc tac thu duge nhdm duy tri hoat tinh
6n dinh va cho dé chuyén héa cao trong phén
(ng isome héa n-hexan trong diéu kién 4dp suat
khi quyén.

II - THUC NGHIEM

1. Téng hop xiic tac

Quy trinh téng hgp Pt trén chat mang SZ
dugc tién hanh nhur sau:

+ Phuong phép thit nhat

- Zr(OH), duge téng hgp tir dung dich
ZrOC1,.8H,0 va dung dich NH, (28%), hén hgp
dugc khudy déu va duy tri & pH = 10. Sau d6 loc
két tia duge, rira nhiéu lan dé loai bé hét ion CI
va sdy kho qua dém & 110°C, thu duge Zr(OH)..

- T Zr(OH), thu dugc & trén, tién hanh
sunfat héa bang dung dich H,S0, 0,5 M (véi
SO,* chi€ém 4% khéi lugng). Cho bay hoi hén
hgp 6 90°C, sau d6 nung trong khong khi & céc
nhiét dé khic nhau 500°C; 550°C va 650°C. Két
qua thu duge 3 miu xdc tdc ki hiéu 1a SZsy;
SZsqy va SZs.

- T 8Zss; SZ450 thu duge & trén tién hanh
tim dung dich H,PtCl, (v6i 1% khéi lugng P1).
Hén hop duge bay hoi & 90°C vi nung trong
khong khi & 550°C trong 3 h. Két qua thu duoc 2
mau xtic tic ki hiéu: Pt(0)/SZss, vit PL(0)/SZcs0.

+ Phuong phap thit hai

- Tién hanh tim déng thoi Pt va ion SO,* 1én
Zr(OH),. Sau d6 cho bay hoi & 90°C va nung &
- 550°C trong khong khi khoang 3h, thu duogc
PySZ.

Quy trinh dng hop duoc bidu dién theo so
dé 1. ‘

2. Cac phuong phap vit 1i dic trung cho xiic
tac

( a) Phitong phdp nhiéu xa Ronghen (XRD)

Phd nhiéu xa ronghen dugc ghi trén may

HUT-PCM  Brucker D8, st dung é&ng tia
ronghen bing Cu véi budc séng K, = 1,5406 A,
gbc quét 20 thay déi tr 5 + 55° tdc do quét
0,2%s.

ZI'OC]Z + NH4OH

l Say khé

Zr(OH),

SO SO.*

e ] -

Nung 550°C Nung 550°C va 650°C

l l

l*_ P
Nung 550°C
PT(O)/’SZ550 Pt(0)Y/S5Z4:
Sodo !

b) Phuong phdp phdn tich nhiét trong liong
(TGA)

Gian d6 TGA duge ghi trén mdy 2960
INSTRUMENT trong moi trudng khong khi dén
1000°C, véi 16c do gia nhiét 10°C/phuit.

11 - KET QUA VA THAO LUAN

Tir két qua do dién tich bé mat cho thiy SZ
khi nung & nhiét d§ 550°C (SZsss) €6 Sger = 104
m’/g, so v6i mau nung & 650°C (SZs,) dién tich
bé mat gidam xudng con 89 m¥g. Nhu vay, khi
nung ¢ nhiét d¢ cao din dén su mat lién két clia
cdc nhém S véi bé mat hinh thanh SO, hoic SO,
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Exo

lam cho dién tich bé mét giam. C6 thé nhin thay
diéu ndy qua gian d6 phan tich nhict (hinh 1).
Hinh 1, dua ra sy mél khoi fuong tir
Zr{OH),/SO,* khi nhiét d6 nung duge thue hién
dén 800°C. Nhan thay trén gian dé cé 2 ving
nhiét do riéng biét, trude va sau 500°C, wrong
viing nhiét d6 108°C, khdi lugng giam 8% do
chinh la su mat nudc tir hidroxit. Su mat khoi
lugng nay tiép tuc cho dén 500°C nhung téc do
giam va xudt hién pic phdt nhiét trong khodng
nhiét do 500°C, diéu nay duoc ghi nhan 1a do su
chuyén pha, tr pha vo dinh hinh sang pha @
dién nghiéng cha tinh thé ZrO,. Mit khdc, khi
nhiét dé nung duge thue hién cao hon i 650°C,
su giam khoi lugng xdy ra nhanh va bit ddu &
610°C. M6t ldn nira khing dinh, sy mat khéi
lugng nay chinh la su bay hoi SO,. Su mit khai
luong tuong tu duge nhan thdy khi nhi¢t do
nung cudi cong ¢ 750°C. Trén mau lwu huynh

TG/ % dTG/%!min
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Hinh I Gian d6 TGA trén mau xuc tac
Zr(OH) /SO (1)- TG; (2)- dTG

Két qua chuyén héa n-hexan trén xdc tic
SZss vA SZ.s dugc thuc hién & 200°C, véi t6c do
thé tich 1,5 h' trong diéu kién 4p sudt khi
quyén, duge chi ra & hinh 3. Ngay tir ddu SZ thé
hién hoat tinh rat cao, chuyén héa trén 40%.
Nhung hoat tinh xdc tdc giam nhanh sau 20 phit
dau xudng con 5%.

Chinh vi vy, vin dé dat ra |3 Am thé ndo dé
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licn tuc mat khoi lugng va su mat khéi luong
xay ra voi t18¢ do nhanh va cich xa khodng nhiét
do 6350°C. Toian bd khéi luong gidam hon 20% so
véi ban ddu, Su mung Zr(OH),/SO,™ trén 650°C
din dén su hinh thinh pha don nghiéng, pha niy
xudt hién rat nhanh trong sudt qua trinh nung tir
650 dén 750°C.

Trén gian do nhiéu xa ronghen ciing nhan
thdy sy xudt hién cta pha don nghiéng (m) khi
nhi¢t do nung SZ & 650°C (hinh 2). Trén miu
§Z5 €6 dé tinh thé cao hon so vdi miu nung
SZssy VA SZy, duoc thé hién qua cudng do pic
nhiéu xa cao hon, Su tang dé tinh thé nay 1a do
qué trinh thidu k&t va tinh thé tang lén. SZ ¢é
pha tr dién nghiéng (1) cla tinh thé ZrO, hoin
toan chiém vu hé€ vai cutng do pik d,,, v géc
tuong ting 26 = 31°. Pha t@ di¢n nghiéng thuc su
mang lai hoat tinh cho qua trinh isome hoa [8].

Zr0, (1)
|
| m
o 4
500°C * ft‘k .
550°C L [ .
S ¢ ; Ui
650°C L
M
reage T - % - '*"-u_,l.,l-'-l N .
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Hinh 2: Glan d6 nhidu xa ronghen cia 3 miu
XOc tdc SZey; SZ550 v SZq0

ngan chin kha nang mit hoat tinh va tang do 6n
dinh cha xic tic dé c6 dé chuyén héa ngang
bing vdi gid tri ban ddu. Viéc thém Pt vao SZs,
két qua la tdc do mat hoat tinh xdy ra cham hon
vi do chuyén héa cia n-hexan cao hon so véi
miu xtc tac $Z sau 20 phdt ban ddu (dé chuyén
héa trén 20%). Diéu dé chimg to khi cé mat cua
Pt trén chit mang SZ da thuc su ngan chan kha



nang mdt hoat tinh, mot ldn nita khang dinh vai  bé mat Pt, tao ra cic tam hoat dong va duy tri
trd cha Pt véi su ¢6 mat clia hidro di chuyén trén  hoat tinh trong phan ng refoming hidrocacbon.
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Hinh 3: Su chuyén héa n-hexan trén xiic tdc Hinh 4: Sy chuyén héa n-hexan trén xic tic
Pt{0)/SZ.s50; SZ.s50 VA SZ.¢s0 Pt(0)/S8Z,5, va sau khi xir Iy oxi hda tdi tao
Pi{0)/SZss5q (1): Su tai tao oxi héa 1an that nhat
Pt{o}/SZss (2): Sy tdi tao oxi héa ldn thit hai
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Hinh 5: D6 chuyén hoa n-hexan trén xdc tdc  Hinh 6: Do chuyén héa va chon loc 7-hexan
Pt/SZ va sau khi oxi héa t4i tao trén P1(0)/SZ;s, sau chu trinh t4i tao (1)

Hoat tinh cta xdc tic Pt trén SZ khi nung & giai doan ddu, do chuyén héa nay ciing gidm sau
650°C (Pt(0)SZss,) dugc dua ra & hinh 4. Céc két 20 phit twong tu nhu trén Xdc tdc Pt(o)/SZs,.
qua cho thdy, xiic tic c6 60 chuyén héa cao & Nhung, ¢6 mot diéu thi vi trén xc tic nay la sy
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khoi phuc hoat tinh xdc tdc theo thdi gian da
lam cho xiic tdc 6n dinh va cé dO chuyén héa
cao hon (trén 25%) so v&i Pt(0)/SZ.s,. Hon nita,
khi xdc tdc da trai qua chu trinh oxi héa tai tao
trong khong khi, xdc tac thuc swr dugc khoéi phuc
vGi do chuyén héa trén 30%.

Ching 161 cho ring su ¢6 mét cha cdc nhém
S lién két véi bé mit SZ khi nung & 550°C ¢6 thé
ngd doc bé mat kim loai Pt dan dén giam tic
dung ngan chin su mat hoat tinh. Trong khi d6
SZ nung ¢ nhiét do cao hon 650°C, két qua la
loai bo duge lién két gitta cdc nhdém S véi bé mat
SZ va lam cho kha nang ngd doc boi S cua Pt
kém di, do dé thuan loi cho qud trinh hdp phu va
phan tich hidro trong sudt cdc diéu ki¢én phan
img, diéu nay cling phi hop véi ¥ kién clia Li va
Gonzalez [10]. Nhu vdy, qud trinh nung
Zr{OH)./SO,> & nhiét do cao 1a nguyén nhan
ldm mat lién két cha cdc nhém S vdi bé mat SZ
va sir ¢ mat chia céc tinh thé Pt 16n hon da ngan
chin duge su mat hoat tinh.

Khi tién hanh diéu ch€ xic tdc Pt/SZs, theo
phuong phdp thong thudng (cing tdm Pt va S
déng thoi 1én chat mang), két qua qud trinh
isome héa n-hexan cho thiy, dé chuyén héa trén
xic tdc nidy co thdp hon so v&i Pt(o)/SZss,,
nhung hoat tinh ctia xic tac van duge duy tri sau
khi thuc hién chu ki oxi hoéa ti tao trong khong
khi. K&t qua duge nhan thdy trén hinh 5.

Nguyén nhan cla sy tang do chuyén hda
trong mdi chu trinh oxi héa tdi tao ¢6 (hé la do
sir phan ba lai bé mat cdc 1am Pt trén tinh thé,
hodc cdc tam axit trén nén SZ, hodc su phéan ba
lat ¢a tdm kim loai va tim axit, sy phin bd nay
xudt hién trong suét qud trinh xir If khdc nhau.

Trén cdc xuc tdc SZ va Piy/SZ, trong céc
trudng hgp déu ¢6 hoat tinh ban dau rat cao
nihing sau d6 gidm rat nhanh vi dé chinh la
nguyén nhin cracking s-hexan trong vai phit
ddu tién cua sy tuong tdc gilta n-hexan va xic
tac trong 10 phan tng. Nhu vay, c6 su khdc biét
gita xuc tdc Pt/SZ slr dung véi xdc tdc ludng
chirc kim loai trén chadt mang axit & dé anken
trung gian dugc hinh thanh trong pha khi. Trén
loai xdc¢ tdc Pt/SZ nay, ban dau chi ¢6 cdc tam
axil SZ hoat dong cho qud trinh isome héa va
chua c6 cac tam Pt tham gia, nhu vay chifc nang
phan tich hidro trén tam nay chua dugc thyc
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hién. Mot lan nita cdc tam axit chiém vu thé va
cracking olefin con sot lai ldm cho hoat tinh
giam di nhanh chéng. Khi hidro hdp phu va
phan tach trén tam Pt trong sudt qui trinh thyc
hién phan ting dé su hidro héa c6c duge dé dang
trén tam axit can ké [6, 11] va do d6 ngan chan
dugc kha nang mit hoat tinh xdy ra trén tam
ndy, T6c do di chuyén cia hidro tgo ra cg ché
phan tmg duge thuc hién trén tam axit, voi chitce
nang cua cdc tam kim loai Pt can ké lam cho
hoat tinh xdc tac tr& nén én dinh trong thdi gian
dai, Nhu vay, khi thuc hién qud trinh oxi hoa tat
tao, cdc tam axit di bi bao boc bdi su céc hda da
duoc khir v tdi 1ao trd lai cde (Am axit niy, sau
d6 hidro di chuyén trén bé mat v trai qua su
phén bd lai cac 1am axit, va cde tam kim loai P
bao quanh bdi tam nay.

Chiing ta déu biét rang, tinh axit déu duge
tao ra bdi cdc tam Bronsted [12], trong d6 cic
ion cacbeni dugce tao thinh tir ankan qua cic hop
chit ion cacboni trung gian va hidro duge hinh
thanh.

v
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NN /\/“\/-—»:bf/\/\/

Sie hinh thanh lon cacheni tr ankan

Tuy nhién, két qua tir qua trinh isome hoa n-
hexan cho thdy, qud trinh dién ra phan tng &
giai doan dau hoan todn khong phil hop véi toc
do can bing. Mat khdc, cic tam Lewis ciing
dugc tao thanh nhanh chéng trong sudt qu4 trinh
hoat héa SZ [12]. Chinh vi vay, ching 01 dé
nghi ¢o ch& bao gém cdc tam axit Lewis, theo
co ch& nay cdc hidrua duge tao ra tir n-hexan
dua trén sy pho6i tri chua bdo hod cia cdc
nguyén (I zirconi tao ra cdc ion cacbeni:
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Céc ion cacbeni nay hip phu trén tdm bazo
Lewis, tam nay dugc tao boi ciu lién két cua cac
nguyén tir oxi. Giai doan ndy c6 su sdp x&p lai
ion cacbeni trung gian:
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Nhu viy, cdc ion n-cacbeni chuyén thanh
cdc ion isocacbeni, sau dé tich va giai hap ra
khoi bé mat xiic tic di vio pha khi:
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Mat khéc, hidro ¢é anh hudng dén t6e
do isome hod va su di chuyén hidro lién
quan dén su hoat dong cla tam kim loai Pt
Nhu vay, sy phan tdch hidro trén tam kim
loai Pt cé thé dién ra nhu sau:

P+ hy 2Pt H
o oH*
7/ \Zr|:] + PH —— /Z’/ \ZF\H' + opt
o\ /\0 o\ S /OH
A\, 7N

IV - KET LUAN

- Tir cdc két qua thu duge cho thiy, quy
trinh téng hop xlic tdc Pt chia trén SZ va qui
trinh xur If oxi héa khong khi di thyc su ngan
chin duge su mat hoat tinh, 1am cho xiic tic ¢é
hoat tinh va do chuyén héa én dinh trong qué
trinh isome héa #-hexan.

- Két qua thyc nghiém ciing cho thdy viée
nung Zr(OH),/SO.> & nhiét cao truc khi tién
hanh tdm Pt dd mang lai d¢ chuyén héa cao trong
sudt qud trinh isome hod. Xic tdc dugc xir If qua
chu trinh oxi héa tdi tao @ 4p suat thudng da
mang lai hoat tinh xiic tic hoan toan 6n dinh. Su
chuyen héa thyc su vuot troi duge thé hién trén

- Xuc tdc Pt(0)/SZgs, khi ti€n hanh nung & 650°C.

Qua trinh oxi héa tdi tao niy chinh la su
sip xep lai cac tam kim loai hodc cdc tam axit
hoac sdp x¢&p lai toan bo tam kim loai — axit va
chinh tam kim loai Pt d3 ngan chin to6c d6 mit
hoat tinh cia xuc tic.

- Budc ddu dé nghi co ché phic tap cta qua
trinh isome héa n-hexan dién ra trén tam Lewis
cua zirconi sunfat hod.
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