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NGHIEN CUU PAC TRUNG CUA XUC TAC M0oO3/Zr0,-SO,*
TRONG PHAN UNG ISOME HOA N-HEPTAN
Ngé Thi Thugn', Pham Xudn Nui’, Hoa Hivu Thy'

'Khoa Hod hoc. Truong Dai hoc khoa hoc T nhién, Pai hoc Qué'c Gia Ha Ngi,
')Tmr(}ng Dai hoe Mo-Dia chdt.

ABSTRACT

A series of Mo-promoted sulfated zirconia catalysts with different Molvbdenum contains
(from 2 =6 wi.%) were prepared by incipient wetness method. Mo and SO, promoters were
co-impregnated to a czirconium hydroxide by a solution (NH,):Mo-0;, in H,;SO,. After
calcination at 823 K. the solid revealed caialytic activity of n-heptane isomerization at 503
K. Mo contents from 2 = 6 wt.% increase catalytic activity of Zr(Q,-SO; . The ammonia
temperature-programmed desorption (TPD-NH;) results showed that enhanced activity of
MoOyZrO-SO; catalytic can not be completely explained due to higher acid strength. In
the bimolecular mechanism of n-heptane  isomerization . Mo component causes an
enhancement in the surface concentration of olefin. In spite of the relatively high Mo
concentration, but X-ray diffraction results showed no evidence of any MoO; phase due to
this oxide is well-dispersed on the surface of Zr0,-SO, in form of small particles.

All these acid catalvsts obtained showed activity in n-heptane isomerization. The
isomerization products at 303 K were 2-methyl hexane; 3-methyl hexane; 2, 4-dimethyl
pentane and methyl-Cyclohexane.

I- MO DAU

Hién nay. mot trong nhimng chét xtc tic duge ding cho qua trinh isome hoa 13 xuc
tac ludng chie Pt/y-Al,O5-Cl . HE xiuic tac nay co nhiéu vu diém nhu: do bén nhiét. do
chon loc cao hon va co dé chuyén hoa tét. Tuy nhién, clo trong thanh phan y-ALO; lai dé
phan huy tao HC1 doc hai, gy 4n mon thiét bi. Nhitng nim gin ddy, da co nhiéu cong trinh
trong va ngoai nude nghién clru céc hé xic tic mdi thay thé xic tac truyén théng Pt/y-
ALO;-CI'[1, 2]. Qua nhiéu cai tién, nguoi ta théy ré“mg hé xuc tac méi dua trén nén ZrO,-
SO,* va v-Al; 03 khic phuc duge mét s6 nhwoc diém 16 cua xuc téc truyén théng trén.

Thanh phin Zr0,-SO,* 1a mdt superaxit rin, ¢6 do axit manh hon H,SO4 100%,
nhung lai khong bén. Khi dua mot lugng nhé kim loai 1én trén bé mat ZrO,-SO,%", do bén
Xuc tac tang 1én kha cao, xtc tac tr¢ nén 6n dinh hon va thoi gian phan tmg tau hon. Ngudi
ta cho rang su tang dién tich bé mit riéng ciia miu 1a li do lam 6n dinh cua xuc tac. Phan
ung crackinh xuc tac hodc phan ung isome hoa ankan thudng duoc sir dung dé nghién ciru
hoat tinh axit cua cac xuc tdc axit rin nay.

Do su khoi mao cua cac phan {mg isome hoa s-parafin ¢6 su tham gia cua xuc tac
axit duoc thuc hién theo co ché ion cacboni [3]. su tao thanh cacbocation ban dau dang 14
maot van dé duoce cde nha khoa hoc quéan tdm hién nay. Viéc tao thanh cacbocation tir olefin
la kha d& dang, do d6 din dén gia thuyét cho ring mét lugng vét cta olefin ¢6 trong hdn
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hop phan (mg duge tao thanh bing phan img crackinh nhiét hodc phan tng dehidro hoa.
doéng vati tro la chat khoi mao [4]. C6 quan diém lai cho rang, cacbocation c6 thé duoe tao
ra bai su tan cong truc tiép vao parafin cua mot tim axit theo 3 cach khac nhau: tach ra
mét ion hidrua; hodc tin céng vao lién ket C-H; hodc tan cbéng vao lién két C- C. Theo
quan diém nay, cac nha khoa hoc cho rang hoat tinh x1ic tic kha manh cia ZrO,- SO, .
khong phai do cac tim axit manh ma théng qua qua trinh 6n dinh hoa cua trang thai phire
chuyén liép ion kim loai trén bé mit ZrO,-SO,” dan dén su hinh thanh trang thai trung
gian la cac olefin [5]. Trong céng trinh nghién ciru niy, ching téi tién hanh didu ché xuc
tac Mo/ Zr0,-SO4”™ va Zr0,-8SO4” khéng chira Mo va khao sat cac dac trung cua ching
bing cac phuong phéap vat li hién dai ciing nhu bude ddu nghién ctru hoat tinh trong phan
(rng 1some hod n-heptan.

II- THU'C NGHIEM
1. Tong hop xace tac

Xac tac Zr0;-SO47 va MoO;/Zr0,-S04>" duge chuén bi nhu sau: Zr(OH)s duoc tao
bai ZrOCl,.8H,0 vai dung dich NH,OH 25%, khudy trén tai nhiét d6 phong; duy tri pH =
6.0 + 9.4. Két tlia zirconi hidroxit dugc sdy khé o 383K trong khoang 12h, sau d6 ngim
trong dung dich H;SO4 0.5M va lai tiép tuc sdy kho 383K. Sau khi sunfat hod tién hanh
mang MoQj; véi cac ham lugng khac nhau. MoQj; duge hinh thanh bang cach nhiét phan
mudi amonipoli molipdat:

(NH4)sM0702; —22C 5 7MoO; + 6NH; + 3H,0

Theo cach nay, xtc tac Zr0,-SO4” va MoOy/ Zr0,-S0O,> duece hinh thanh tir qua
trinh tam (NH4)eMo7044 trong H,80,. Tiép theo la nung trong dong khong khi tai nhiét do
973K trong Sh. Thanh phin SO4” trong miu 13 3.44% va ham luong MoO; tir 0 + 6%.
Thai gian va phuong phéap tdm, sdy khd va qua trinh nung cdc mau déu nhur nhau. Cac méu
xtic tac duoe ki hiéu nhu sau: mau khong chira kim loai Zr0,-S04 (ZrS); mau chira Mo
la: xMoZrS & dy x 14 ham lugng cua Mo trong méu. Chung t6i da tdng hop 3 miu xic téc
la: 2MoZrS; 4MoZrS; 6MoZrS.

2. Cac phwong phap vat ly xiac dinh déc trung cua hé xic tac

Céc két qua nhan duge dwa trén co s¢ phbi hop cac phuong phap: nhiéu xa Ronghen,
do dé axit bang phuong phap hap phu va gidi hip NH; (TPD), do dién tich bé mat riéng
(BET). xac dinh su phan bd 18 xdp va phuong phap phéan tich nhiét vi sai (DTA). Phé
nhiéu xa ronghen duge ghi trén mayVNU-HN-SIEMENS D5005, sir dung dng tia X bing
Cu vai bude song K, = 1,5406A. goc quét 20 thay ddi tir 5-55°, tde dd quét 0,2%s. Do dd
axit cia miu bang phuong phap giai hip phu NH; theo chuong trinh nhiét dé (TPD) trén
may Micromerictics AUTOCHEM II 2920 (M#). Tién hanh giai hap phu NH; bang cach
nang nhiét d6 dong khi He 1&n 500°C véi tbe d6 gia nhiét 10°C/ phit. Dong dang nhiét hap
phu N duoc ghi trén may Micromerictics ASAP 2010. Qué trinh hip phu ¢ nhiét dé -
196°C (77 K); 4p suat 770 mmHg; hru luong khi mang 25 ml/phut. Gian d& DTA dugc ghi
trén may 2960 instrument trong moi truomg khong khi dén 1000°C, véi tbe d6 gia nhiét
10°C/phut.
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3. Kiém tra hoat tinh cia xic tac

Dé xac dinh hoat tinh cla cac xuc téc trén, chiing t6i tién hanh phan {mg chuyén hoa
n- heptan theo phuong phap dong. San pham phan img duoc phan tich trén may GC-MS.

I1I- THAO LUAN KET QUA

Qua két qud nhan duge trén gian d6 DTA (hinh1) ctia cac méu ZrS ; 2MoZrS;
AMoZ1S; 6MoZrS ¢6 thé nhin thay pik thu nhiét & khoang nhiét d6 135 = 171° C dé loai bo
nudc hap phu va qua trinh dé hidroxi hod cta ZrO,. xH,0. dinh phat nhigt rong tip trung ¢
nhiét do 814°C trén miu ZrO,- SO4 phu hop voi sir sap xép lai cu trac tir dién cua ZrO,
bdi vi co sy hoat dong cua ion SO, .
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Chiing ta c6 thé nhén thay pik phat nhiét khonﬂ anh huong dén su két tinh ctia Zr0;
va thanh phin ctta Mo trén chit mang ZrO;~ SO4 ¢ anh huéng dén su chuyén dich mét sb
pic ¢ nhiét d§ cao hon. Didu nay da chi ra ring, & diy s& ¢6 su két hop gitra Mo va ion
SO4" lam tang hoat tinh xuc tac, on dinh pha tur d1en Zr0; va céac diic tinh bé mat cta no
cling 6n dinh khi & nhiét do cao hon. Trong cde miu Mo/ Zr0,-SO4* ¢6 2 pik phat nhiét &
khoang 589 + 601°C trong khi d6 trén méu ZrQO»- SO,* chi cé | pik phat nhiét. Diéu nay la
vi ¢6 s két tinh cua MoO;. Chiing ta cé thé d& dang nhan thiy pik nay ird nén nhon hon
khi ham luong cua Mo tang.

Tir gian d6 nhidu xa X. Ray (hinh 2) sau khi nung néng dén 675° C két qua duge dua
ra & hinh 2. Phé X.Ray trén miu ZrO,- SO; khdng chita Mo thay xut hién cdu tric tinh
thé va mét luong nho cua pha don ta. diéu nay hoan toan phit hop véi két qua trén gidn b
DTA. Chung ta c6 thé nhan thay rang, su xuat hi¢n clia Mo da lam ting d6 on dinh cua pha
tr dién ZrO;- 804 . Viéc giam bt sy xudt hién cua pha don ta trong vung 26 = 18° chinh
la do thanh phan ctia Mo ting lén. Trén gidn dd ¢6 thé nhan thiy khong thdy pik nhifu xa
cua pha MoOj; tuong ing vdi cac mau 2MoZrS; 4MoZrS; 6MoZrS. Didu nay da chi ra su
t6n tai cita pha vi tmh thé véi kich ¢& nhé hon 304, va & day da co su tuong tac manh giffa
mdt phin Zr0,-SOs> va MoQs, chinh str tuong tac nay da ngan chan su tao cbe cho cac
qua trinh sau.

Tl biéu dd TPD (hinh 3) thiy ring ZrO,- SOq ¢O hai tdm axit vira v4 manh. Khi
thuc hién & ché d6 gia nhiét 10°C/phut, ta nhéan thiy c6 hai khoang giai hap khac nhau,
chimg to ¢é hai tim axit. Ung VOI ta & 510°C 14 pick cao va nhon, chimg t6 do axit manh
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va tip trung, pic con lai ¢ 205°C Gng v&i tim axit trung binh.

YNU-HMN-SIEMENS DS5005 - Maw ZrQ2- 574 va MoOizr0 2. 504
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Hinh 2. Phé nhiéu xa Ronghen cta cac mau xuc tac ZrS; 2MoZrS; 4MoZrS va 6MoZrS

TCD Signal vs. Time
TCD Signal - 10 C/min

0.035 Femperature - 10 C/mim
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Hinh 3. TPD cia Zr0,-80,%

Dién tich bé mat riéng va sw phan bd 15 xbp cua m§u xuc tic ZrS; 2MoZrS i
102m%/g véi dudng kinh mao quan 39A vi 2MoZrS 1a 250 m*/g véi duongkinh mao quan
46A tuong, img. Piéu nhan thiy ¢ day khi ¢o sy XUt hién cua Mo thi dién tich bé mat va
dé x6p thuc sy hoan hao. Nhitng sy thay ddi cAu truc 15 xop va dién tich bé mit gifta mau
xuc tac ZrS: 2MoZrS la do sy két tinh v&i cac mam tinh thé ting nhanh va kém theo su
chuyén pha la do két qua cuia qua trinh két tinh do. Tir két qua nay. ¢6 thé khing dinh da cé
su tuong tac gitra ion SO~ va ZrO, trong miu xic tac va ¢ day su tdp trung Mo 16n da xay
ra sur hap phu chon loc gitra tién chat Mo trén chit nén va 1am ting kha nang lién két cua
nhém SO,% dén chat mang Zr(OH),. Hoat tinh cua xtc tac duge thyuc hlen trén phan Ung
chuyén hoa n-heptan theo thii gian O nhiét 230°C voi tbe do thé tich 4h™". Két qua duge
dua ra & hinh 4. Isohexan 12 san pham chinh v&i do chon toc ~71%, sau do la 2, 4-dimethyl
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pentan va methyl xiclohexan, Trén hinh 4, ¢6 thé nhin thay xtc tic chira 2% Mo va 6%
Mo ¢6 hoat tinh cao hon ZrO;- SO,* mét it. € hing ta khong thiy sur khéc nhau nhiéu gilra
2 mau xuc tac ndy. Nhung véi ham lugng Mo khoang 4% thi hoat tinh xic tc hdu nhu
khong tang. Tuy vdy d6 chuyén hoa rit dn dinh. Két qua nay hoan toan phu hop véi cac két
qua do DTA va X ray da phan tich & trén. nghia la, khi ham luorng Mo ting 1én dén 6% thi
hoat tinh xtc tac hdu nhu giam manh bdi vi, sir mét ion SO, két hop trong pha tr dién va

chuven sang pha don ta va hoat tinh cua xidc tac chung t6i con tiép tuc nghién clru trong bai
bao tiép theo.
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IV- KET LUAN

- Trong cong trinh nghién ctru ndy ching t6i d@ diéu ché duoc hé xtc tac
MoQ;3/Zr0>-80" véi cac ham luong Mo khac nhau. Cau tric cua xuc tac duoc dic trung
bing cac phuong phéap vt li hién dai nhu nhiéu xa tia X (XRD), phuong phap giai hap phu
NH; (TPD), phuong phép xéac dinh bé mat riéng theo BET va phuong phap phén tich nhiét
vi sai (DTA). Céc két qua cho thdy ham leong Mo ¢6 anh huong truc tiép dén sy én dinh
cua pha tir dién Zr0;-SO,” .

- Chung tdi da budce dau tién hanh kiém tra hoat tinh xtc tac cua Mo/ZrO,- SO va
7r02-S04% d6i voi phan umg isome hoa n-heptan. Diéu li tha 14 tit ca cac mau xuc tac déu
co kha ning tsome hoa - heptan. Vi ham lugng Mo thich hop thi d6 chuyén hoa c6 tang
lén mot it, qua két qua ¢6 thé thao ludn thém vé& co ché cta phéan tmg hréng phén tu, trong
dé Mo thic day su tao thanh olefin (chét trung gian cta phan &ng) hon 13 tao ra cac tim
axit manh.
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