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TONG HOP BANG PHUONG PHAP SOL-GEL
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Truong Pai hoc MJ - Pia chdt

SUMMARY

The catalysts with 1.0 wt% amounts of Pt supported on ZrQ,-ALO WO, (ZrO, 70 wi%; Al,O;
17.5 wit%, ZrO; 12.5 wi%) prepared by sol-gel in the isomerization of n-heptane. The catalysis
were characterized by N, physisorption, XRD, TPR and FT-IR of adsorbed pyridine. The
preparation of ZrAIW mixed oxides by sol-gel favored the high dispersion of WO; and the
stabilization of zirconia in the tetragonal phase. The Al,O; incorporation avoided the formation of
monoclinic WO; bulk phase and increase surface area of the catalysts. Various oxidation states of
WO, species coexist on the surface of the catalysts after calcination. The improvement in the
activity of PUZrAIW catalysts is ascribed to a moderated acid strength and acidity, which can be
correlated to the coexistence of W** and reduced-state WO, species. Selectivity results showed
that the catalyst produced 2MH, 3MH and the high octane 2 3DMP, 2 4DMP isomers.

- MG DAU

Trong nhilng nam gin day viéc nghién ciu,
tong hgp xic tac cho qué trinh isome héa -
parafin déng moét vai trd rit quan trong trong
cong nghiép reforming xuc tdc, vi san phdm cla
qud trinh nay lam tiang chi s§ octan trong xing
{1, 2]. Hién nay, cong nghiép dang str dung xiic
tdc cho qud trinh isome héa 1a Pi/y-Al, O, dugc
clo héa va Pt hoac Pd/Merdenit. Tuy nhién, do
canh bdo clia moéi trudng, hé xic tdc ludng chirc
Pt//v-ALLO;-Cl, trong d6 clo cé trong thanh phin
Al,Q; dé bi phan huy khi ngd déc nude tao HCI
gay doc hai va an mon thiét bi, Mat khdc, xic
tac Pt hoac Pd/Mordenit lai c¢6 hoat tinh xic tac
kém khi qua trinh isome héa thuc hién & nhiét
do cao va cho hi¢u suit phan nhdnh thap.

Trong céc cong trinh nghién ciu trude {3, 4]
chiing to6i da tién hanh nghién cfu qud trinh
isome hda trén cg s& chil mang zirconi sunfat
héa va hé xiic tic ndy ¢d hoat tinh khi thuc hién

qua trinh isome héa & nhiét do thip, chung hoat
tinh xic tdc cla chdng lai khong bén. Theo
Barton va cdc cOng su [5], xdc tdc Pt trén hén
hgp chat mang zirconi vonfram oxit ¢6 hoat tinh
trong qua trinh hidroisome héa khi thuc hién &
nhiét ¢4 vira phai. Tuy nhién, véi dién tich bé
mat nhd va luc axit manh, dan dén do chon loc
cla san phim isome héa khéng cao. Do vay,
viéc tang dién tich bé mat va tao ra vat liéu xdc
tdc ¢6 luc axit vira phai 1a rét cin thi€t cho qud
trinh isome héa céc n-parafin nhe. Qua tim hiéu
ching t6i nhan thay, viéc thém ALO, vao hén
hop chat mang oxit ZrO,-WO, nhim tang dién
tich bé mat va cai thién tinh axit cho dén nay
van chua c6 cong trinh nao nghién clu madt cach
ddy dii. Dé cai thién 2 yéu (8 irén, thi quy trinh
tong hop xic tdc déng mot vai trd hét sic quan
trong, vi hoat tinh xic tdc khéng nhitng phu
thudc vao qud trinh twong tdc gilta cdc chat
mang ma con phu thudc vho sy tuong tac giita
chat mang véi xice tac kim loai.
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Chinh vi vay, trong céng trinh nghién ciu
nay ching t6i st dung phuong phdp sol-gel
trong quy trinh t8ng hop xiic tic P/ZrO,-ALO:-
WO, va nghién cltu méi tvong quan gitra hoat
tinh clia xtic tic dén d¢ chon loc cha qua trinh
isome héa n-heptan tir cdc xidc tic 16ng hop
duge,

II - THUC NGHIEM

1. Tong hop xiic tic Pt/ Zr0,-Al,0,-WO,
o Nguyén liéu
- Aluminum-tri-sec-but oxit (ATB)
- Etanol C;H;OH 98%:;
- Dung dich NH, 28%;

- Dung dich
(NH,)sH,W ,,0.,.nH,0;

- Mudi ZrOCl,.8H,0;
- H,PtClg;
- Nudce cét,

amoni  metavonframat

* Quy trinh téng hop

Hon hop chét mang oxit ZrO,-AlLO,-WO,
(ki hi¢u 1a ZrAlW) véi 70%Zr0,; 17,.5%Al,0,
va 12,5% WO, theo khdi lugng. Qua trinh duocc
ti€n hanh nhu sau:

Hoa tan amoni metavonframat vdo dung
dung dich NH; 15% dé qua trinh thuy phan xay
ra hoan toan, thém tiép dung dich ZrOCl,.H,O
va khudy lién tuyc trong 2 h, loc va tach cdc 1ap
chat, thu duge dung dich trong suét (dung dich
).

Hoad tan aluminum tri-sec-butoxit (ATB)
trong etanol, dung dich dugce khuay trong 4 h va
duy tri & nhiet do 60°C (dung dich 2).

Cho dung dich (1) vao dung dich (2) va tiép
tuc khudy trong 8 h, duy tri & nhiét d6 35°C, sau
dé nho wr tir dung dich NH; 28% vao hén hop
cho dén pH = 10. Hén hop duge 0 sau 24 h tai
nhiét do phong. Gel dugc loc, rira nhiéu 14n cho
hét ion CI' va sdy qua dém ¢ [10°C va nung &
800°C trong 4 h. Thu duge hén hop chat mang
oxit ZrO,-AlLQ,-WO, (ZrAIW).

Tién hanh tdm 1%Pt lén hén hop oxit
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ZrAIW bang dung dich H,PtCl,. Sau khi tim
mau duge sdy kho theo 2 budc: Budce 1, sdy &
60°C trong 4 h va sau dé tiép tuc ning nhiét do
dén 100°C trong 2 h. Budc 2, nung méiu & 550°C
trong 3 h. Xic tdc thu duge ki hieu 1a Py
ZrAlW.

2. Cac phuong phap vat li dac trung xiic tic
a) Phuong phdp nhiéu xa Ronghen (XRD)

Phd nhidu xa ronghen dugc ghi trén may
HUT-PCM Brucker D8, s dung 0Ong tia
ronghen bang Cu véi budc séng K, = 1,5406 A,
goc quét 26 thay do6i tr 5 + 55° 16c do quét
0,2%s.

b} Phiong phdp gidi hip NH; theo chuong irinh
nhiét do (TPD)

Do do axit cha mau bang phuong phap giai
hap NH; theo chuong trinh nhiét do (TPD) trén
may Micromeritics AUTOCHEM 11 2920 (M¥).
Tién hanh giai hdp NH, bing cich nang nhiét do
dong khi He lén 500°C vé6i tdc do gia nhiét
10%phit.

c) Phiong phdp xdc dinh bé mdt riéng theo BET

Duong déng nhiét hap phy N, dugc ghi trén
mdy Micromeritics ASAP 2010. Qud trinh hap
phu & nhigt do -196°C (77 K); ap sudt 770
mmHg; luu lugng khi mang 25 ml/phit. Ché do
phén tich vat 1y tinh da diém trong N, 1dng, mau
duoc xir 1Y chan khong & 120°C trong vong 4 h
va 350°C trong vong 9 h trude khi do.

d) Pho hong ngoai IR hdp phu piridin

Pho héng ngoai [R-piridin clia miu xic tdc
duoc tién hanh tai Petrochemical and Catalysis
Material Laboratory, Trudmg Pai hoc Bach khoa
Ha Néi.

e) Phuong phdp khit theo chuong trinh nhiét do
{TPR)

Po tinh chét oxi héa khir theo chuong trinh
nhi¢t do (TPR) duge tién hanh wén mdy
Micromerictics AUTOCHEM I 2920 (M),
Miu xic téc (khodang 200 mg) dugc khir trong
dong khi H, (40 ml/phit) déng thoi duge gia
nhiét theo chuong trinh nhiét do (10°C/phit) &
25°C len 800°C.



I - KET QUA VA THAO LUAN

K&t qua do di¢n tich bé mat cho thay xdc tic
Pt/ZrAIW c6 dién tich bé mat thuc sy tang (119
m’/g) so véi xic tde PYZrW (67 m%/g). Nhu vay,
¢6 thé nhan thay viéc thém Al,O, vao hén hop
cé anh hudng dén cau tric bén ngodi cta ZrO,-
WO, (Zrw). Mat khéc, qua gian d6 ronghen ctia
méiu xic tic nay (hinh 1) khong nhan thdy pic
nhiéu xa dic trung cho pha tinh thé Al,Q, va chi
thay xuat hién pik duy nhét dic trung cho pha tit
di¢n nghiéng cua tinh thé ZrO,. Qua dé c6 thé
khang dinh chat mang oxit ZrAIW d c6 su hop
nhat gita cdc thanh phan oxit trong vat liéu va
WO; ¢é kha nang phan tin cao trén bé mit hén
hop zirconi nhém oxit.

ZrOs(1)

Anh nhidu xa ronghen cla xic tic PyyZrw
duoc biéu dién & hinh 2, géc do trong viing nho
26 = 23,3; 23,8 va 24,5% dac trumg cho pha tinh
thé ciia WO, trén chdt mang oxit ZrW, diéu nay
cho thdy bing phuong phdp tdm dung dich
amoni metavonframat 1én ZrQ, dd hinh thanh
cic pha tinh thé WO, riéng biet. Mat khéc, ciing
trén gian d6 nay nhan thidy pic nhiéu xa trong
ving 50,5° ¢6 cutmg do pic réng va cao hon so
v6i pic twong Ung cha xic tdc Pt/ZrAlW, diéu
nay di chiing t6 ¢d sy hop nhat cdc thanh phén
nhom oxit vi zirconi vonfram oxit lam bién déi
thanh phan vat liéu xiic tdc, 1a0 ra vat liéu xdc
tdc ¢o kich thudc hat tinh thé ZrO, nho hon so
vdi kich thude tinh thé ZrQ, trén xic tdc ZrWw.

40 50 60 70

26 (d6)

Hinh 2: Gian d6 nhiéu xa ronghen clia mAu xuc tac PY/Zrw
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Cudmg d0 pic khir TPR
ciia xtc tic Pt/ZrAIW (hinh
3) tuong Ung véi 2 khoang
nhiét do, pic khu tap trung
trong khoang nhiét do
400°C duge xdc nhan 14 su
khit mot s6 vi tinh thé WO,
(6, 7]. Pic trong Kkhoang
rong t = 600 + 900°C dugc

5 o= : T T T e

xdc nhan 12 sy khir cdc
nhém dime vonframat trong
phdi tri tr dién [6, 8]. Khi

Tin hiéu TCD

D, ‘0P WIUN

cuong do pic khir & nhiét do o

cao hon 800°C duge xac
dinh la qud trinh khir nhém
monome vonframat riéng
biét trong phdi tri t0 dién
ma phdi tri nay ¢6 lién két
manh vdi zirconi va nhom
oxit [6, 8].

Thei gian, phit

Hinh 3; Gian d6 TPR cua méu xic tdc PYZrAlw

Hoat tinh xic tic cia PYZrAIW dugc thyc hién trén phan tng
isome hda n-heptan. Két qua duara & bang 1.

Bdng 1: Thanh phdn % céc san phdm isome héa n-heptan trén xic tic P/ZrW va PUZrAIW

(1% Pt; 12,5%WOy; 17,5%A1,05; t, = 200°C; t6c do thé tich 2 h'")

Pi/ZrW Pt/ZrAIW
Céc san phdm nhe C;+ C, 2,29 0,2
2,4-dimetyl pentan (2,4-DMP) 1,32 2,93
2,3-dimety! pentan (2,3-DMP) 2,43 1,64
3-metyl hexan (3-MH) 15,54 13,47
2-metyl hexan (2-MH) 3.85 4,76
n-heptan 74 76
Mety! xiclohexan 0,57 1,0
Do chuyén hod 26 24
Do chon loc” 89 95

"B¢ chon loc duge tinh theo 2,3-DMP; 2,4-DMP; 2-MH va 3-MH.

C6 thé nhan thdy do chuyén héa trén xdc tdc
Pt/ZrW cao hon so véi Pt/ZrAlW (khoang 2%)
nhung do chon loc san phdm isome héa trén xdc
tac nay lai gidm xuéng 6%. D9 chuyén héa ting
va do chon loc giam trén Pt/Zrw di chimg to
Iuc va tAm axit trén xiic tic nay manh hon so vdi
Pt/ZrAIW, din dén qud trinh cracking va tao
thanh cdc sdn phdm nhe. Diéu ndy dugc khing
dinh trong phd héng ngoai IR-piridin (hinh 4),
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qua cudng do cic pic 1450; 1483 cm’ (tam
Lewis) va 1548 cm’ (tam Bronsted) nhimg tdm
ndy duoc duy tri dén nhiét d¢ 400°C. Trong khi
d6, céc dai pik nay trén xidc tic Pt/ZrAIW déu bi
loai bé & nhiét do 300°C, chiing to toan by s&
tam Bronsted va tam Lewis dd bi giam. Mat
khdc, lyc axit manh xuat hién trén xdc tac
Pt/ZrW 1a do cing tdn tai trang thdi W™ véi
W*(WOQO,) trén bé mat tinh thé chit mang ZrO,.



S t6n tai nay dugc thé hién qua sy xudt hién
pha tinh thé W,,0,(WO, ), su xudt hién trang
thai W** trong ZrW 13 do hién tugng ngung tu
bé mat monome vonframat thanh cic polyme [9

0285w &
0.260

Q255

Hé s6 hép phu
i

- 11}. Do vay, c6 thé khing dinh ring cdc tam
axit manh cta xdc tdc Pt/ZrW s& dugc phét ra
cing v6i sy t6n tai trang thai W va W lién
két manh vdi Pt.

200
095
AREN 1600 1550 1500 1450
56 séng, ¢m’

Hinh 4: Pho hong ngoai IR-piridin clia miu xtc tdc P/ZrAIW

Véi muc dich thém nhém oxit vao hén hop
ZrW nham tao ra xdc tic cé hre va s§ tam axit
phit hop cho qua trinh isome héa n-heptan va két
qud do hdp phu NH, trén xiic tdc Pt/ZrAIW
(hinh 5).
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Thoi gian, phit
Hinh 5: Gian d6 hap phu NH, theo chuong trinh
nhiét do clla Pt/ZrAlW

Trén gian d6 TPD-NH, chi thay xuét hién 2
pic nhon va réng ing vai gid tri T, = 128,6°C
va 421,3°C ching to vat liéu xtc tdc c6 tam axit
trung binh, Cdn pic ung véi T, = 561°C c¢6

cuong do rdt yéu va khong rd rang. Qua dé, cho
théy luc axit hoan toan phu hgp cho qué trinh
isome hda nay.

Nguyén nhan gay ra tinh axit yéu cla
Pt/ZrAlW chinh l1a do luc vd s& tam axit trén
xdc tdc Pt/ZrAIW giam, su cling tén tai W va
trang thai khir WO, (W* hoac trang th4i oxi héa
thdp hon) hinh thanh phéi tri ¢ dién oxo
vonframat [12]. M6t nguyén nhan khic lam
giam tinh axit cba xic téc 1a do su tao thanh tam
bazo Lewis, tAm nay hinh thanh tit cic ion nhém
oxit phoi tri chua bdo hoa, trong su6t qud trinh
nung méau & 800°C. Tam bazo Lewis khéc ciing
xudt hién dé dang qua qua trinh dehidrat héa khi
proton lién két v6i nguyén Gr oxi qua cdu bdt
dién va cdc nguyén tir Al tt dién duge két hop
vOi nhém hydroxyl ciia cdc nguyén tir Al trong
phéi tri bat dién [10, 11, 13]. Do dé, bing qus
trinh dehidrat héa thong thudng cla Al, cdc
nguyén tlr Al ¢6 ca phéi tri bac 5 (tao tam axit
Lewis) va cdc nguyén tir oxi phdi tri chua bio
hoa (tao tam bazo Lewis) déu dugce tac thanh.

Nhu vay c6 thé két luan ring, su xudt hién
clia cdc tam axit Lewis do trang thdi khir WO,
va cic nguyén tr Al ¢6 phéi tri bac 5 chua bao
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hoa ¢6 lue ngang bing véi thm bazo Lewis do
céc ion nhém oxit phdi tri chua bdo hoa. Cac két
qua nay, hoan toan phl hgp véi do chon loc san
phdm khi thyc hién qua trinh isome héa n-
heptan.

Trén co s& nhilng két qua thu duge, ¢ thé
nhan thdy qua trinh hinh thanh cdc san phiam
isome héa trén xic tdc Py/ZrAlW qua cédc giai
doan hdp phu va giai hap n-heptan gan nhu can
bing va gidi han cdc giai doan isome héa bé mat
trong toan bd qua trinh hdp phu va giai hap nay.
Do d6, hidro di chuyén dé dang qua cdc giai
doan lam giam thoi gian ti€p xdc trén bé mat
chat mang cua giai doan trung gian, dan dén qud
trinh giai hap cdc san phdm isome héa trudc khi
xay ra qua trinh phan cat B, tham chi qud trinh
nay xudt hién ngay trén tam axit WO,. Cling
chinh tai thm WO, nay, hidro dugc dinh vi va
xay ra su phan tach trén bé mat Pt. Qud trinh
nay dugc mo ta nhu sau:

(n-CH,5)(W*), (WO, + H-Pt, —
(W®0), + isoC;H ¢ + Pt,
So d6 phdn tdach hidro trén bé mat Pt 1ai tém
Wo,

Mat khéc, qud trinh hap phu hidro xudt hién
trén bé mat WO, va duge dinh vi 0 d6 dé tao
thanh cdc proton H'. Qud trinh hinh thanh
proton (H*) biéu dién nhur sau:

(W*05), + H-H (H); (W), (W™),

03:1
So do phdn tdch hidro trén tam WO,

C6 thé thiy, sy hidp phu cdc nguyén tir hidro
dugce tao thanh do qué trinh phan tich hidro trén
bé mit Pt 1am mat mot sd electron 161 tam axit
Lewis WO,, tai tam axit Lewis nay dién tich
duge khir chuyén vi va 1am cho proton tr& nén
én dinh. Nhr vay, su hip phu hidro khong
nhitng giai hip dugc cic hgp chat trung gian hap
phu ma con tao proton va duy tri cdc tam axit
Bronsted va chinh céc tam nay gilr vai trd quan
trong trong qud trinh isome héa n-heptan.

IV - KET LUAN

- Qud trinh thém nhom oxit vic hdn hop
chdt mang ZrW bang phuong phdp sol-gel, da
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thu dudc chdt mang oxit ZrAIW vdi dién tich bé
mat cao va t¥ phd nhiéu xa ronghen cho thdy
pha tif dién nghiéng cla tinh thé ZrO, hoan toan
chiém vu thé. Qua d6 khang dinh ring, nhom
oxit di 1am bién déi kha nang k€t tinh, trdnh tao
thanh cdc vi tinh thé WO,, thé hién qua su phan
tdn cao cia WO, trén bé mat chat mang oxit.

- Hoat tinh xidc tdc cua Pi/ZrAlW dugc cai
thién 1a do su két hop gilfa luc va tam axit. Luc
vd tAm axit nay lién quan dén sy ton tai dong
thdi trang thdi oxi héa W va WO, (W' hoic
s3 oxi hoa thidp hon) hinh thanh phéi tri 6 dién
oxo vonframat va sy xudt hién tdm bazo Lewis
clia nhom.
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