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SUMMARY

Al-MSU mesoporous materials were successfully synthesized by hydrothermal treatment using
water glass as a Si-sources). Acidity of the sample was measured by NH;-TPD method. The
catalytic activity of the samples was tested on the cracking of small and large molecular (n-
hexane and tri-isopropylbenzen (TIBP). The results showed that the AI-MSU mesoporous
materials were very active for cracking of large molecule (TIBP).

- MG DAU

Ngay tir khi méi phat hién (nam 1992, hang
Mobil oil), vat liéu mao quan trung binh MCM-
41 (M41S) dugc biét dén 1a loai vat liéu c6 mao
quan dong déu, kich thuéc mao quan 16n (20 -
100 A), dién tich bé mat riéng 16n( >1000 m?/g),
va duoc ddnh gid 1a vat liéu ddy trién vong trong
linh vuc xuc tac, hip phu va cong nghé nano[1 -
5]. Nhung nhitng vat liéu nay c6 hai nhuoc diém
co ban la: do bén nhiét va thuy nhiét thap, bé
mat thanh mao quan 1a vo dinh hinh do vay do
axit thap. D€ khiac phuc nhugc diém nay nhiéu
huéng nghién citu da duoc trién khai, trong d6
huéng nghién ctiu c¢6 nhiéu tiém nang va trién
vong la tinh thé héa thanh mao quéan bang cic
mam vi tinh thé zeolit X, Y, ZSM-5, mordenit,...

Trong phan mot cua cong trinh nay, ching
toi da trinh bay céc két qua nghién ctu téng hop
va dac trung vat liéu AlI-MSU. Vat liéu nay da
duoc chiing t6i téng hgp bing phuong phép tao
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mao quan trung binh di tr mam tinh thé zeolit Y
nhu tién chat ban dau va st dung templat hitu co
cetyltrimethylammoniumbromide(CTAB). Day
la loai vat liéu méi, da mao quan: vi mao quan
va mao quan trung binh cé thanh duoc cdu tao
tlr cdc vi tinh thé zeolit Y, kich thuéc mao quan
32 A va thanh tinh thé véi chiéu day c& 3,5 nm.

Trong phan hai nay ching toi dua ra cac két
qua danh gia tinh chét cta vat liéu (tinh axit, do
bén thuy nhiét) va cdc két qua khao sat hoat tinh
xuc tac cua vat lieu AI-MSU trén hé vi dong véi
phan ung cracking xic tdc n-hexan va tri-
isopropylbenzen(TIBP).

IT - THUC NGHIEM

Piéu ché xic tac H-Al-MSU

Quad trinh téng hop vat liéu zeolit AI-MSU
duoc tién hanh qua hai giai doan: (1) Giai doan
tao mam vi tinh thé zeolit Y (Y seeds); (2) Giai
doan mezo héa tao mao quan trung binh. Cac



két qua da duoc trinh bay trong bai bdo trudc.
San pham AI-MSU thu dugc & dang bot min,
mau tring. Cic miu dugc dua vé dang H-Al-
MSU béng phuong phép trao déi véi dung dich
NH,NO,; 4M, sau d6 mau duogc rira sach NO;
bing nudc cat, qué trinh trao déi duoc lap lai 3
lan. Tiép d6 mau dugc sdy kho & nhiét do 100°C
trong 6 gi®, cudi cing mau dugc nung & 500°C
trong 4 gid. San phadm thu dugc c6 mau tring.
Mau H-AI-MSU dugc so sanh hoat tinh xtc tac
vGi zeolit HY va H-AI-MCM-41. Cic mau xtc
tdc nay c6 cung ti sO Si/Al.

2. Phan ting cracking xic tac

Pé danh gid tinh chat xic tic cua vat liéu
téng hop ching toi di tién hanh phan tng
cracking xuc tic n-hexan va tri-isopropylbenzen
(TIPB) trén hé phan ung vi dong. Diéu kién
phan tng: nhiét do phan tng, t, = 500°C; khoi
lugng xtc tic, m = 20 mg; toéc do dong nguyén
liéu: 21/ gio; ap sudt hoi bao hoa cia nguyén
liéu, P, exan = 90 mmHg; Pppp = 75 mmHg. Xic
tdc duoc dua vao binh phan ting lam béing thuy
tinh pyrex cé duong kinh ¢ = 10 mm. Trudc khi
tién hanh phan tng, chat xic tdc dugc hoat hda
bang oxi trong thdi gian 3 gio ¢ nhiét do 500°C.
Khi két thic thoi gian hoat hod, duéi oxi du bing
N, trong khoang thoi gian 30 phit. Tién hanh do
hoat tinh xtc t4c tai nhiing thoi gian xdc dinh.

San phdm dugc phan tich trén mdy sic ky
khi IGC-120 FB cua Phdp, cot Unibead cé
duong kinh 2mm, detecto ion hda ngon llta
(FID), dung ch& do bom ban ty dong (bom
nguyén liéu). Két qua dugc phan tich trén dau
ghi HITACHI D-10000.

I - KET QUA VA THAO LUAN

1. Panh gia tinh chat cua vat liéu
a) Do bén nhiét va thity nhiét

Dé ddnh gid do bén nhiét va thily nhiét ctia
vat liéu H-AI-MSU va H-AI-MCM-41, cac
mau duogc ti€n hanh x{r Iy nhiét hoi nude trong
2h & 600°C. Sau d6 cdc mau d6 dugc do nhiéu
xa tia X két qua thé hién trén hinh 1.

Trude khi steaming Sau khi steaming
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Hinh 1: Phé XRD cia cidc mAu trudc va sau
steaming A-mau H-Al-MSU;
B-mau H-Al-MCM41

Hinh 1 cho thdy cudong do cuc dai nhiéu xa
6 goc 20 =~ 2,2 trén mau H-AI-MSU giam
khong ddng ké ching td ciu tric mao quin
trung binh gan nhu duogc gitt nguyén ven,
trong khi dé cuc dai nhiéu xa dac trung cho
vat lieu MQTB & mau H-AI-MCM-41 Kkhong
con sau khi xu 1y nhiét hoi nudc. Két qua nay
mot 1an nita khang dinh do bén thuy nhiét cia
vat lieu H-AI-MSU, chiing t6 thanh mao quan
cta vat lieu H-AI-MSU ¢6 céu tric tinh thé
hoan toan ddi 1ap véi ban chat vo dinh hinh
cua cac vat lieu MQTB thong thuong.

b) Ddc trung d¢ axit

Phan tng cracking xic tic xay ra theo co
ch€ cacbocation trén cac tam axit do d6 tinh
chit axit ctia chdt xdc tic 1a mot trong nhing
yéu td quan trong quyét dinh hiéu qua cua qua
trinh nay. Tinh chat axit cia H-AI-MSU duoc
dac trung boi phuong phap khit hap phu NH,
theo chuong trinh nhiét do (TPD-NH;). D€ so
sanh, ching toi ti€én hanh do TPD-NH,; dong
thoi ca hai mau HY va H-AI-MCM-41 ¢6 cung
ty s0 Si/Al v6i mau H-Al-MSU (hinh 2).

Puong cong TPD-NH; clia ca 3 mau HY, H-
Al-MCM-41, H-AI-MSU cho thay su ton tai cia
2 loai tam axit: tam axit yéu giai hap & 150 -
200°C (tam Lewis), tam axit manh giai hap &
300 - 400°C (tam Bronsted) [6].
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Hinh 2: Gian d6 TPD cua cac mau HY, Al-
MCM-41, AI-MSU

Tir hinh 2 cho thdy dinh dac trung cho céc
tam axit manh (nhiét do giai hdp NH; khoang
300 - 400°C) cia HY & vi tri nhiét do cao hon
H-AI-MSU khong ddng ké diéu nay chiing to do
axit cua HY cao hon so v6i H-AI-MSU tuy
nhién su khic biét nay l1a khong 16n. Trong khi
d6 do axit cia H-Al-MCM-41 lai thap hon han
so v6i HY va H-AI-MSU, diéu nay duoc thé
hién & duong TPD-NH, cua H-AI-MCM-41,
ddm phoé dic trung cho tam axit manh & ving
nhiét do nho hon 300°C va cuong do rat thap.

2. Tinh chat xtc tac trén phan ting craking
n-hexan va TIBP

Nhu da trinh bay & phan 1 cua bai bdo nay,
cic két qua dac trung da khing dinh ring vat
lieu H-AI-MSU ¢6 cau tric mao quan trung
binh, ¢6 thanh Ia su sap xép ca céc vi tinh thé.
Cac két qua dac trung tinh chat vat liéu nhu da
dua ra ¢ trén chiing to rang vat lieu H-Al-MSU
c6 do axit va do bén thuy nhiét cao hon hén so
v6i vat lieu H-AI-MCM-41 thong thudng.

Mot trong nhitng vu diém ndi bat ctia chat
xic tic H-AI-MSU la duong kinh mao quan
rong, c6 kha nang cho phép cac phan tir 16n dé
dang khuéch tdn vao trong mao quan dé tham
gia phan tng. DE khdo sit 4nh hudng cla kich
thudc mao quan dén hoat tinh xic tic chuyén
héa cac phan tit c6 kich thude khac nhau ching
t6i da chon n-hexan c6 kich thuéc phan tir 4,3 A

414

va tri-isopropylbenzen (TIPB) c6 kich thudc
phan tir 8,5 A 1am nguyén liéu cho qué trinh
cracking. Két qua cracking n-hexan trén hé vi
dong st dung céc chat xic tic H-Al-MSU, HY
duoc thé hién trén hinh 3.
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Hinh 3: D9 chuyén héa n-hexan ctia cdc miu
HY va H-Al-MSU

Hinh 3 cho ta thdy do chuyén héa n-hexan
cta H-Al-MSU thap hon HY khong nhicu. Két
qua nay ciling hoan toan phu hgp véi dac trung
vé tinh chat axit ciia HY va H-AI-MSU duoc thé
hién qua gian d6 TPD-NH,; trén hinh 2.

Két qua cracking TIPB trén hé vi dong st
dung cac chat xuc tic H-Al-MSU, HY, H-Al-
MCM-41 duoc thé hién trén hinh 4.

Tuy nhién phan tng cracking TIPB lai cho
ta thdy mot hinh anh nguoc lai vé6i truong hgp
cracking n-hexan. Do chuyén héa TIPB ciia mau
H-AI-MSU lai cao hon rét nhiéu so v6i mau HY.
Diéu nay c6 thé dugc giai thich nhu sau:

- Mic du ¢6 do axit yéu hon so véi HY,
nhung véi kich thuéc mao quan 32 A chat xiic
tdc H-AI-MSU cho phép cédc phan tir TIPB dé
dang khuéch tén vao trong mao quan dé tuong
tac v6i cac tam axit. Khong nhitng thé, cac san
pham trung gian c6 kich thudc phan tir nhd hon
con c6 thé khuéch tan vao trong hé vi mao quan
trén thanh mao quan cua vat lieu H-AlI-MSU dé
ti€p tuc tham gia phan tng, chinh vi vay ma kich
thuGe phan t& TIPB mac du cao hon so véi kich



thudc phan tir ctia n-hexan nhung van khong anh
hudng dén do chuyén héa. Khong nhitng vay do
chuyén héa TIPB con cao hon do chuyén héa n-
hexan vi xét vé mat nhiét dong hoc thi phan tir
cang 16n cang dé bi cracking [7].
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Hinh 4: Do chuyén héa TIPB clia cic mau
HY, H-AI-MCM-41 va H-Al-MSU

- Trong khi d6, véi kich thudc phan tu 1a 8,5
A céc phan tir TIPB khé c6 thé khuéch tan vao
bén trong mao quan kich thuéc 7,4 A cia HY,
chinh vi vay ma phan tng cracking TIPB chi
xay ra trén bé mat ngoai cua HY. Do vay do
chuyén héa cta TIPB trén chat xdc tic HY thap
hon nhiéu so véi truong hop ding chét xic tic
H-AI-MSU. Vat lieu H-AI-MSU khong chi to ra
uu viét vi c6 kich thuéec mao quan trung binh ma
day con 1a vat liéu c6 tinh axit cao do c6 ban
chat thanh tinh thé. Chinh vi ¢6 dugc tinh chat
ndy nén trong phan tng chuyén héa n-hexan
hoat tinh ciia H-AI-MSU khong kém so véi HY.

Maic du clung 1a vat liéu c6 cdu tric mao quan
trung binh nhung do chuyén héa TIPB cla H-
Al-MSU cao hon nhiéu so v6i H-AI-MCM-41,
két qua nay ching t6 ban chat thanh tinh thé
anh hudng rat 16n dén do axit. Nho ¢6 céu tric
thanh tinh thé ma cdc géc lién két Si-(OH)-Al
trén thanh mao quan vat liéu H-AI-MSU dong
déu hon so v6i trén thanh mao quan vo dinh
hinh cta H-AI-MCM-41 dan dén do phan cuc
cta lién két O-H trong H-Al-MSU manh hon so
v6i H-AI-MCM-41. Chinh vi vay ma tinh chat
axit ctia vat lieu H-Al-MSU hon han so véi H-
AI-MCM-41 diéu nay pht hop véi két qua do
TPD-NH; thé hién trén hinh 2.

Nhu chiing ta da biét trong qua trinh cracking
xtic tic FCC chét xdc tic dugc tdi sinh & diéu
kién nhiét do cao véi su ¢6 mat clia hoi nuée. O
diéu kién nay chat xdc tac rat dé bi pha huy néu
khong dat duoc do bén thuy nhiét cin thiét. Dé
duy tri 6n dinh hoat tinh va do chon loc xiic tic
trong qué trinh hoan nguyén khéc nghiét doi hoi
do bén nhiét va thuy nhiét cao cua chét xic tac.
Pay 1a yéu cau khong thé thi€u d6i véi chat xiic
tdc cho qua trinh cracking. D€ khao sét tinh chat
nay cta vat lieu H-AI-MSU, qua trinh cracking
TIPB dugc ti€n hanh trén chat xic tic H-Al-MSU
va H-AI-MCM-41 trudc va sau khi xtr Iy nhiét
hoi nudc 6 600°C trong vong 2 gio. Két qua duge
dua ra trén hinh 5.

Hinh 5 chi ra rdng hoat tinh ctia H-Al-
MSU giam khong dang ké sau khi da dugc xu
1y nhiét- hoi nudc, diéu nay ching to céu tric
mao quan cta H-AI-MSU van duoc giit
nguyén. Trong khi d6 hoat tinh cta H-Al-
MCM-41 gin nhu mat hoan toan sau khi dugc
xt 1y nhiét-hoi nuée & 600°C (hinh 5). K&t qua
ndy mot lan nita khang dinh vat lieu H-Al-
MSU t6ng hop dugc ¢6 céu tric thanh tinh thé
nén rat bén nhiét va bén thuy nhiét.

IV - KET LUAN

Két qua khir hap phu NH; theo chuong trinh
nhiét do (TPD-NH;) cho thdy do axit cia H-Al-
MSU cao hon so v6i H-AI-MCM41.

Tinh chét xdc tic cta vat lieu H-Al-MSU
dugc xac dinh qua phan ting cracking xtc tac n-
hexan va TIPB trén hé vi dong. Vat liéu H-Al-
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MSU c6 hoat tinh cao trong ca hai phan tng dac
biét trong phan tng cracking phan ti 16n TIPB
(8,5 A). Khi so sanh hoat tinh xiic tic cracking
TIPB, do chuyén hoéa tang dan theo thit tu HY <
H-Al-MCM-41 < H-AI-MSU.
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B. H-AI-MSU

Hinh 5: Do chuyén héa TIPB trén chét xdc tac
H-Al-MCM-41,H-Al-MSU trudc va sau
steaming
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Vat lieu H-AI-MSU c6 do bén thuy nhiét
cao. Sau khi xur Iy hoi nuéc & nhiét do cao
(600°C), H-AI-MSU van giit nguyén duoc cau
tric va hoat tinh xdc tidc. Pay 1a mot xic tic
méi, diy trién vong tng dung trong xic tic
cracking FCC dac biét doi véi cracking xuc tac
phan doan niang dé tan thu nhién liéu.
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