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ABSTRACT

HZSM-5 zeolite was successfully synthesized by hydrothermal treament using silica derived
from rice husk. The sample was characterized by XRD, IR, SEM, TEM, BET and *’Al-NMR
methods. Characterization results revealed that HZSM-5 material synthesized from rice husk
silica has crystallinity and acidity as high as standard sample. Apart from the conventional pores
system in ZSM-5 zeolite structure, another one which has kinetic diameter in range of 10-50nm
(mesoporous system) in synthesized material structure was discovered. This pore system is expected
to increase significantly the catalytic activity of synthesized material.

- MG DAU

Zeolit ZSM-5 da duoc biét dén tir lau bodi
nhiing Gng dung rat rong rdi trong linh vuc xtc
tic hap phu, xr Iy moi truong. Khong nhiing
th€, zeolit nay con dugc biét dén 1a mot xudc tac
rat hiéu qua cho qua trinh tao nhién liéu sinh
hoc tir cdc loai dau thuc vat [1 - 3], can dau, cic
polime phé thai hay cic phan doan nang cta dau
mo. Zeolit ZSM-5 dugc tong hop biang nhiéu
cac phuong phdp khdc nhau, c¢6 thé dung hay
khong dung chét tao cau tric, c6 thé st dung
silic hay nhom tir nhiéu nguén khic nhau tuy
vao muc dich st dung va yéu cdu cua tung
phuong phép téng hop.

Trau 1a mot dang phé€ thai duoc tao ra trong
qué trinh san xuat lda gao. Hang nam & Viét
Nam, luong trau thai ra sau qud trinh xay xat
gao la hon 5 triéu tin [4], lugng trau nay dugc
xem la rat it gid tri va hau nhu khong c6 gia tri
thuong mai [5]. B&i vay, viéc tai st dung tréu
theo hudng ¢6 gia tri kinh t&€ cao 1a rat can thiét
va da thu hidt duge rat nhiéu cac nghién ciu vé
van dé nay. Trdu c6 thanh phan cha yéu la céc

oxit kim loai, trong d6 SiO, chi€ém hon 20% va
da dugc chitng minh 1a mot nguén cung cép silic
c6 chat luong rat t6t cho cdc qua trinh téng hop
héa hoc [4, 6, 7].

Véi muc dich giai quyét van dé tdi st dung
v trau theo huéng tao ra cdc san phdm c6 gia tri
kinh t€ cao, trong cong trinh nay ching toi trinh
bay cédc két qua nghién ctu thanh cong vé tdng
hop va dac trung zeolit HZSM-5 tir ngudn vo
trau gidu silic. Mau dugc diac trung bang céc
phuong phdp héa ly hién dai nhu IR, XRD,
SEM, TEM, BET va “’Al-NMR. Két qui thu
duoc mot 1an nita khang dinh nguén cung cip
silic tir vo trau c6 chit luogng tot, phu hgp véi
céc qua trinh téng hop xiic tac.

I - THUC NGHIEM

1. Téng hop vat liéu

Qua trinh tdng hop vat liéu dugc chia thanh
hai giai doan bao gom: giai doan mot la qua
trinh tach chiét silic tir trdu va giai doan hai la
qua trinh téng hop xuc téc.
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a) Tao nguon silic tir trdu

Nguén Silic cho téng hop vat liéu ZSM-5
duoc chdng toi chiét tir trdu v6i dung dich
NaOH 1% trong 30 phuit & 80°C. Sau khi loai bo
ba tréu, dung dich 16ng thu duoc chinh la dung
dich 16ng chda silic, duge st dung lam nguén
cung cép silic cho qué trinh téng hgp HZSM-5

b) Téng hop vat liéu HZSM-5
*Nguyén liéu:

- Nguon silic: dung dich chiét tir vo trau
(Viét Nam).

- Nguon  nhom: sunfat ~ nhom
(Al(SO,);.18H,0) (Trung Qudc).
- Chiat tao ciu tric vi mao quan:

tetrapropylamonium bromua (TPABr) (DPuc).
- Nudc cét 2 1an.

*Phuong phdp tong hop

Vat lieu ZSM-5 da dugc téng hop béng
phuong phap két tinh thuy nhiét sit dung chat
tao cau truc TBABr. Gel duoc két tinh & 170°C
vGi thoi gian 1a 24 h. San phdm ran sau khi két
tinh dugc rira bang nude cat dén pH = 7, sdy kho
& 100°C va nung & 550°C trong khong khi 5 h dé
loai bd hét chat tao cau tric. San phdm sau dé
duoc trao d6i H" bang dung dich NH,NO; 2 M,
rira, say, nung lai & 500°C dé tao san phdm cudi
cung la HZSM-5.

2. Cac phuong phap dac trung vat liéu

- Pho héng ngoai (IR): Mau vat liéu dugc
ghi theo k¥ thuat ép vién vGi KBr theo ty 1& 1
mg mau/100 mg KBr trén may Impact-410
(Dic), tai Vien Hod hoc, Vien KH&CN Viét
Nam, trong ving dao dong tinh thé 400 — 1300
cm’ & nhiét do phong.

- Phuong phap pho nhiéu xa tia X (XRD):
Maiu duoc ghi trén mdy Siemens D5005 (Pic)
v6i cdc diéu kién do nhu sau:

- Ong phit tia X bing Cu, v6i budc séng (1 =
1,5406 A)

-U=30kV,1=25mA

- Géc quét: 20 = 0,1°-50°

- Toéc do quét: 0,2%/phuit.
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- Nhiét do phong: 25°C.

- Phuong phdp cong hudng tir hat nhan >’ Al-
NMR: Duogc do trén mdy quang phé Brucker
MSL 400 d6i vé6i ’Al & tan s6 104,3 MHz.

- Phuong phép hién vi dién tr quét (SEM):
Pugc do trén may Jeol JSM-7500F, mau dugc
phan tan trong etanol, say kho, dua 1én dé€ ban
duéi dang 16p mong sau dé dugc phu 1én bé mat
mot 16p vang mdng trude khi chup.

- Phuong phap hién vi dién tir truyén qua
(TEM): Duoc do trén mdy Philips Tecnai-10
microscope, d0 phan giai kich thudc nguyén tir,
dién dap 100 KV. Mau dugc tron véi epoxy va
cét thanh ting mau mong ¢& micro sau dé dugc
dua 1én ludi dong ¢6 phit mang cacbon.

- Duong cong dang nhiét hap phu-khir hap
phu Nito dugc xdc dinh & 77 K trén thiét bi
Micromeritics ASAP 2010. Mau truéc hét duoc
loai bo khi & diéu kién chan khong tai 593 K
trong vai gio. Kich thuéc mao quan dugc xac
dinh boi phuong phiap Horvath—Kawazoe [8].
Bé mat riéng dugc xdc dinh sit dung phuong
trinh BET & ving ap suat tuong doi P/Po thap
(0,05 < P/Po £0,25).

111 - KET QUA VA THAO LUAN

1. Phé hong ngoai

D¢ xac dinh nhanh céu tric, miu nghién citu
da dugc ghi phé IR trong ving dao dong 400 -
1300 cm™, ving nay rat dac trung cho cac dao
dong mang cua zeolit.

Hinh 1 trinh bay phé hong ngoai ctia vat liéu
HZSM-5 téng hop vé6i ngudn silic tir vo trdu
dugc so sanh v6i mau zeolit ZSM-5 chuin cla
Diic trong ving dao dong tir 400 - 1300 cm™. Tur
hinh 1 ta thdy phé héng ngoai cla vat liéu
HZSM-5 tong hop tir trdu hoan toan phu hop véi
phd héng ngoai ciia mau ZSM-5 chudn, khong
xudt hién céc pic la, ching t6 vat liéu téng hop
dugc chinh 1a zeolit ZSM-5. Pic xuét hién & 550
cm™ dic trung cho dao dong ciia cdc vong 5-1
trong cdu tric ZSM-5, n6 rt dac trung cho trang
thdi tinh thé cta vat liéu. Theo [9], néu ty lé
cudng do gitta cdc ddm phé & 550 cm™'/450 cm'”
bang 0,8 thi c6 thé danh gia do tinh thé cha vat
lieu 1a 100%. Quan st trén phd, ty 1& nay & vat



liéu téng hop dugc dat twong dwong vé6i cdc mau
chuén bing 0,8. K&t qua nay cho phép danh gid
do tinh thé cha vat lieu HZSM-5 t6ng hop duoc
la 100%. Két qua dac trung XRD ti€p theo s€
khing dinh thém méi twong quan nay.

2. Phé nhiéu xa Ronghen XRD

Do tinh thé clia miu nghién ctu duge xac
dinh bang phuong phap ghi phé XRD. Két qua
tt phuong phap dac trung XRD s€ lam r6 hon
nhan dinh da dugc dua ra trong phan dac trung
héng ngoai. Hinh 2 thé hién phé XRD cua vat
lieu HZSM-5 téng hop tir trau (hinh 2b) duoc
ghi so sdnh v6i phd clia mdu ZSM-5 chuin (hinh
2a). Quan sdt phé XRD ctia HZSM-5 t6ng hop
tr trdu, ta thdy phd c6 dudng nén rit bang
phéng, cdc pic dac trung cho cau tric zeolit
ZSM-5 rét rd nét va phu hop véi phé clia mau
chudn, khong xuat hién pha la. Hon nita, c6 thé
thay cudng do céc pic nhiéu xa dac trung & 20 =
5 - 10° va 20 = 20 - 25° cao tuong duong mau
zeolit ZSM-5 chudn. Tir d6 két luan mau vat liéu
HZSM-5 téng hgp tir trdu c6 do tinh thé rat cao
(dat xap xi 100%), thanh phan chi ton tai hau
nhu duy nhat mot pha tinh thé. Piéu nay la hoan
toan phu hop véi cac két luan da dua ra trong
phan dac trung hong ngoai.

3. Anh SEM, TEM
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Pé xem xét 15 hon vé cau tric tinh thé, vat
lieu tong hop di duoc phan tich bang cédc
phuong phap ghi anh SEM va TEM. Anh SEM
va TEM cua HZSM-5 1an luot dugc dua ra trén
cac hinh 3 va hinh 4. T anh SEM cua HZSM-5
(hinh 3) ta thdy rang céc hat zeolit da dugc hinh
thanh trong qua trinh két tinh c6 kich thudc kha
dbng déu, khoang tir 0,5 - 0,7 pum.

Khi nghién cttu c4u tric vat liéu bang anh
TEM (hinh 4), ching to6i nhan thdy trong céu
trdc vat liéu HZSM-5 c6 ton tai hé théng mao
quan, 16 x6p khong trat tu, kich thuGc phan bo
kha rong. Cian cit theo ti 1¢ c6 thé thay ring cdc
mao quan, 16 x6p nay c6 kich thuGc khoang tir
10 — 50 nm. Su ton tai cua cdc mao quan, 16
x0p nay c6 thé dugc giai thich do su dot chdy
vGi oxi trong qud trinh nung mau cta cacbon
con lai trong triu da xtr ly. Hién tuong nay da
tao nén hé théng 16 x6p, mao quan c6 kich
thudGc trung binh cta vat liéu.

4. Phuong phap BET

Su ton tai cia hé mao quan trung binh trong
célu tric cta vat lieu HZSM-5 tong hop tir trau
dugc 1am 16 hon bang phuong phap xdc dinh bé
mat riéng BET. Quan sat duong cong hap phu-
khir hap phu N, clia mau téng hop dugc thé hién
trén hinh 5 ta thdy xuét hién mot vong tré & P/Po
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Hinh I: Phé IR cia zeolit ZSM-5
(a) Mau chuén; (b) Mau téng hgp tir trau
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Hinh 2: Phé XRD cua zeolit ZSM-5
(a) Mau chuén; (b) Mau téng hgp tir trau

Hinh 3: Anh SEM culia zeolit HZSM-5

gan 0,5 do ¢6 hién tuong ngung tu mao quan,
mot dang dic trung dién hinh cho ciu tric mao
quan trung binh cta vat liéu [10]. Diéu nay cho
thay vat lieu HZSM-5 téng hop duoc c6 ciu triic
mao quan trung binh.

Kich thuéc mao quan dugc thé hién chon loc
trén duong phan bs hinh 6 véi kich thude dugc
dua ra la 5,1 nm (mao quan trung binh). Cac két
qué tinh todn tir dudng dang nhiét hap phu-khi
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Hinh 4: Anh TEM cua zeolit HZSM-5

hdp phu va duong phan b6 mao quan cla
HZSM-5 cho thdy vat liéu téng hop dugc ngoai
hé thong vi mao quan con ton tai hé mao quan
trung binh vé6i thé tich mao quan la 0,2635
cm’/g va dién tich bé mat rieng vat liéu Ia
483,51 m?/g.

5. Cong huong tir hat nhan Al NMR

Su ton tai cia nhom trong khung mang
zeolit c6 lién quan dén tinh chat axit cha vat



lieu. Tir két qua thu duogc ta c6 thé ddnh gid d0 hudng tir hat nhan *Al-NMR dé xac dinh su
axit ctia vat liéu gidn tié€p thong qua viéc xdc  phan bo AI** trong, ngoai khung mang zeolit.
dinh su phan bd AI** trong mang luéi vat liéu. & Hinh 7 dua ra phd *AI-NMR clia mau zeolit
day, ching t0i di st dung phuong phdp cong HZSM-5 téng hop tir triu.
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Hinh 5: Pudng dang nhiét hdp phu - khir hap phu N, clia mau HZSM-5

2,0
1,5
5,1
a 1,07 y
o
S i
= —
0,5
| | | [ ]

I I
0 5 10 15 20
Hinh 6: Buong phan bo kich thuéc mao quan cia HZSM-5 (nm)
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Hinh 7: Phé ¥ AI-NMR cta HZSM-5

Quan sit phé Al-NMR clia miu ta thay
xuat hién mot pic rdt rd nét v6i cuong do 16n
gin 55 ppm, pic nay biéu thi lugng nhom nam
trong mang luéi zeolit [11, 12]. Ngoai pic nay ta
con thdy & khoang O ppm xudt hién thém mot
pic. Pic nay c6 cudng do rat nho, khong déng ké
0 V@i pic 6 55 - 60 ppm. Theo [11, 12], pic nay
dac trung cho Al nam ngoai mang ludi zeolit.
Két qua nay chiing to trong qué trinh téng hop
vat lieu HZSM-5, lugng nhom dua vao hau nhu
hoan toan nam trong mang ludi zeolit. Cac két
qua thu dugc tir phuong phap cong hudng tir hat
nhan “Al-NMR ctia HZSM-5 cho thdy vat liéu
téng hop tir trau ¢6 do axit cao.

IV - KET LUAN

Di téng hop thanh cong vat lieu HZSM-5
dung nguon silic tir trdu, mot vat liéu duoc xem
la ph€ thai trong qua trinh san xuat nong nghiép.
Céc két qua dac trung cho thdy vat liéu téng hop
duoc c6 do tinh thé rat cao, tuong duong véi vat
liéu chuén.

Mot diac diém mdi vé cdu tric khi téng hop
HZSM-5 tlr vo trau da dugc phat hién. Trong vat
lieu téng hop ngoai hé théng mao quéan cla
zeolit con phét hién thdy ton tai mot hé mao
quan khong trat tu, ¢6 kich thudc phan bo trong
khoang rong tir 10 - 50 nm (hé mao quan trung
binh). H&¢ mao quan nay dugc tao ra do su dot
chdy v6i oxi trong qud trinh nung cta phan
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cacbon con lai trong vo trau da xtr ly. Dac diém
mdéi vé cdu tric HZSM-5 hi vong s& lam tang
ddng ké hoat tinh xtc tdc cta vat lieu. Cac két
qua thu dugc da mé ra thém mot hudng nghién
ctru méi, c6 y nghia trong viéc tan dung nguoén
trau phé thai nong nghiép dé téng hop cac chat
xtc téc trién vong khong chi trong linh vuc xiic
tdc hap phu ma con trong qud trinh tao nhién
liéu sinh hoc tir can dau thuc vat, thay thé nguon
nhién liéu tir dau md dang ngay cang can kiét.
Céc nghién ctiu vé van dé trén s€ duogc cong bo
trong céc bai bdo ti€p theo.

TAI LIEU THAM KHAO

1. S. P. R. Katikaneni, J. D. Adjaye, N. N.
Bakhshi. Energy Fuels, 9 (4), 599 - 609
(1995a).

2. S. P. R. Katikaneni, J. D. Adjaye, N. N.
Bakhshi. Can. J. Chem. Eng. 73 (4), 484 -
497 (1995b).

3. S. P. R. Katikaneni, J. D. Adjaye, R. O.
Idem, N. N. Bakhshi. Ind. Eng. Chem. Res.,
35 (10), 3332 - 3346 (1996).

4. Lé Van Cit, Tran Thi Kim Hoa. Ch€ tao
than hoat tinh tir vo trdu va tinh niang hap
phu chat hitu co trong nuée. Vién Hoa hoc,
Vién Khoa hoc va Coéong ngh¢ Viét Nam
(2005).

5. M. R. F. Gonc,alves, C. P. Bergmann.



Thermal insulators made with rice husk
ashes: Production and correlation between
properties and microstructure. Construction
and Building Materials, In Press, Corrected
Proof, Available online 17 October 2006.

Hiroaki Katsuki, Sachiko Furuta, Takanori
Watari, Sridhar Komarneni. Microporous
and Mesoporous Materials, Vol. 86 (1-3),
145 - 151 (2005).

Tran Thi Kim Hoa. Luan van thac si hod
hoc (2004).

G. Hortvath, K. J. Kawazoe, Journal of
Chemical Engineering of Japan, 16, 470
(1983).

9.

10.

11.

12.

Kulkarni S. B., V. P. Shiralkar, A. N.
Kosthane, R. B. Borade and P. Ratnasamy.
J.Zeo. Vol. 2, 313 - 318 (1982).

HoangVinh Théang, Qinglin Huang, Mladen
Eic', Do Trong On and Serge Kaliaguine.
Langmuir, 21, 5094 - 5101 (2005).

J. Jiao, S. S. Ray, W.Wang, J. Weitkamp,
and M. Hunger. Z. Anogrg. Allg. Chem.,
631, 484 - 490 (2005)

Michael Hunger, Eike Brunner. NMR
Spectroscopy. Mol. Sieves, 4, 201 - 293
(2004).

53



