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NGHIEN CUU TONG HOP VA PAC TRUNG ZEOLIT HZSM-5 DUNG
NGUON SILIC TU VO TRAU
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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 YAI-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 di dugc biét dén tir lau bdi
nhitng ing dung rdt rong rdi trong linh vuc xiic
tic hip phu, xit 1y méi trudng. Khong nhimg
thé, zeolit nay con duge biét dén 1a mot xic téc
rdt hiéu qua cho qud trinh tao nhién liéu sinh
hoc tir céc loai ddu thuc vat [1 - 3], can dédu, cdc
polime phé thai hay cdc phian doan ning cha ddu
mo. Zeolit ZSM-5 dugc téng hop bing nhidu
cdc phuong phdp khic nhau, c6 thé ding hay
khong ding chét tao cfu trdc, c6 thé sit dung
silic hay nhom tir nhiéu nguon khdc nhau tiy
vao muc dich sit dung vd yéu cfu cha timg
phuong phdp téng hop.

Trau 12 mét dang phé thai dugce tao ra trong
qué trinh san xuat lda gao. Hang nim & Viét
Nam, lugng trdu thai ra sau qud trinh xay xdt
gao 1a hon 5 triéu tin [4], luong trdu nay ducc
xem 1a rat it gi4 tri vA hdu nhu khong c6 gid trj
thuong mai [5]. B&i vay, viéc tdi sit dung triu
theo hudng c6 gid tri kinh t€ cao 12 rit cdn thiét
va da thu hit dugc rdt nhiéu cic nghién ci vé
vin dé nay. Trau c6 thanh phdn chil yéu 1a céc

oxit kim loai, trong d6 SiO, chiém hon 20% va
dd dugc ching minh 14 mdt nguén cung c4p silic
¢6 chét luong rat t6t cho cdc qud trinh téng hop
héa hoc [4, 6, 7].

Véi muc dich giai quyét vadn dé tdi si dung
vO tru theo hudng tao ra cdc sin phdm c6 gid tri
kinh t€ cao, trong cong trinh nay ching t6i trinh
bay cdc két qua nghién citu thanh cong vé téng
hop va dic trung zeolit HZSM-5 1ir nguén vo
trdu gidu silic. Mau dugc dac trung bing céc
phuong phdp héa 1y hién dai nhu IR, XRD,
SEM, TEM, BET va *Al-NMR. Két qua thu
dugc mot 14n nita khing dinh ngudn cung cdp
silic tit vo trdu c6 chat 1u0'ng t6t, phit hop véi
cac qua trinh tdng hop xiic tic.

II - THUC NGHIEM

1. Téng hop vat liéu

Qué trinh téng hop vat liew dugce chia thianh
hai giai doan bao gém:. giai doan mot 12 qui
trinh tich chiét silic tr trdu va giai doan hai 1a
qua trinh téng hop xiic tic.
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a) Tao nguédn silic ti trdu

Nguén Silic cho téng hop vat lieu ZSM-5
dugc ching t6i chiét ti trau v6i dung dich
NaOH 1% trong 30 phiit & 80°C. Sau khi loai bo
bé tréu, dung dich 16ng thu dugc chinh 13 dung
dich long chita silic, dugc sir dung 1am ngudn
cung cép silic cho qu4 trinh tdng hop HZSM-5

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

- Nguén silic: dung dich chiét tir vo triu
(Viét Nam).

- Nguén  nhom: sunfat ~ nhom
(AL,(SO,);.18H,0) (Trung Qudc).
- Chit tao ciu tric vi mao quan:

tetrapropylamonium bromua (TPABr) (Piic).
- Nude cit 2 lan.

*Phuong phdp téng hop

Vat lieu ZSM-5 di duge téng hop bing
phuong phdp két tinh thuy nhigt sir dung chat
tao cfu tric TBABr. Gel dugc két tinh & 170°C
v6i thii gian 1a 24 h. San phdm rin sau khi két
tinh dugc rita bang nudc cit dén pH = 7, say kho
& 100°C va nung & 550°C trong khong khi 5 h dé
loai bd hét chét tao cfu triic. San phdm sau dé
duogc trao ddi H' bing dung dich NHNG; 2 M,
rira, sdy, nung lai & 500°C d€ tao sin phim cuéi
cung 1a HZSM-5.

2. Cac phuong phap dac trung vit liéu

- Phé héng ngoai (IR): Miu vat lieu duoc
ghi theo k¥ thuit ép vién véi KBr theo ty 1& 1
mg miu/100 mg KBr trén mdy Impact-410
(buc), tai Vién Hoa hoc, Vien KH&CN Viét
Nam, trong viing dao déng tinh thé 400 — 1300
cm’ & nhiét do phong.

- Phuong phédp phé nhiéu xa tia X (XRD):
Miu dugc ghi trén mdy Siemens D5005 (Dic)
vi cic diéu kién do nhu sau:

- Ong phat tia X biing Cu, véi budc séng (I =
1,5406 A)

-U=30kV,I=25mA
- Gé¢ quét:-20 = 0,1°-50°
- T6c dé quét: 0,2%/phit.
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- Nhiét do phong: 25°C.

- Phuong phép cong hudmg tir hat nhan 2’Al-
NMR: Pugc do trén mdy quang phd Brucker
MSL 400 d6i véi Al & tdn s6 104,3 MHz.

- Phuong phép hién vi dién tir quét (SEM):
Pugc do trén mdy Jeol JSM-7500F, miu duge
phén tin trong etanol, sdy kho, dua 1én d€ ban
dudi dang 16p méng sau d6 duge phi 1én bé mat
mot 16p vang mong trwde khi chup.

- Phuong phdp hién vi dién tif truyén qua
(TEM): DPugc do trén mday Philips Tecnai-10
microscope, do phan giai kich thudc nguyén i,
dién dp 100 KV. Miu duge tron véi epoxy va
ciit thanh ting méu méng c& micro sau d6 dugc
dua 18n ludi déng c6 phit mang cacbon.

- Pudng cong ding nhiét hdp phu-khit hip
phu Nito dugc xdc dinh & 77 K trén thiét bi
Micromeritics ASAP 2010. Miu truéc hét dugc
loai bd khi & di€u kién chan khong tai 593 K
trong vai gid. Kich thuéc mao quan duge xédc
dinh béi phuong phap Horvath-Kawazoe [8]. B&
mét riéng duge x4c dinh sit dung phuong trinh
BET & ving 4p sudt twong ddi P/Po thdp (0,05 <
P/Po < 0,25).

I - KET QUA VA THAO LUAN

1. Phé héng ngoai

Dé x4c dinh nhanh c4u triic, miu nghién ctiu
di dugc ghi phé IR trong ving dao dong 400 -
1300 cm”, viing ndy rat dic tmg cho cic dao
dong mang cua zeolit.

Hinh 1 trinh bay phé héng ngoai clia vat lieu
HZSM-5 téng hop v6i ngudn silic tir vo trau
duge so sanh v6i miu zeolit ZSM-5 chudn clia
Piic trong viing dao dong tir 400 - 1300 cm’’. Tix
hinh 1 ta thdy phé héng ngoai clia vat liéu
HZSM-5 téng hop tif tr&u hoin todn phi hop véi
phé héng ngoai clia miu ZSM-5 chudn, khéng
xudt hién cdc pic la, chimg t0 vat liéu téng hop
dugc chinh 14 zeolit ZSM-5. Pic xudt hién & 550
cm’ dic trung cho dao déng cia cic vong 5-1
trong céu tric ZSM-5, né rdt dac trung cho trang
théi tinh thé cia vat lieu. Theo [9], néu ty I¢
cudng do gita cdc ddm phd & 550 cm'/450 cm™
bing 0,8 thi c6 thé d4nh gid d6 tinh thé cha vat
litu 12 100%. Quan sat trén phd, ty 1& nay & vat



liéu téng hop dugc dat tuong duong véi cic mau
chudn bing 0,8. Két qua ndy cho phép dénh gid
d9 tinh thé cia vat lieu HZSM-5 t6ng hop duge
la 100%. Két qua dic tnmg XRD ti€p theo s&
khing dinh them méi twong quan nay.

2. Phé nhiéu xa Ronghen XRD

Do tinh thé cha miu nghién ctu duoc xébc
dinh bang phwong phép ghi phd XRD. Két qua
tit phuong phdp dic tnmg XRD s& 1am 15 hon
nhdn dinh di dugc dua ra trong phdn dic trung
héng ngoai. Hinh 2 thé hién phé XRD ciia vt
litu HZSM-5 t6ng hop tir wfu (hinh 2b) duoc
ghi so sdnh v6i phé ciia miu ZSM-5 chudn (hinh
2a). Quan st phé XRD clia HZSM-5 tdng hop
i trfl, ta thdy ph cé dudng nén rit bing
phing, cdc pic dic tnmg cho cdu tric zeolit
ZSM-5 rét rd nét va phi hgp v&i phé clia miu
chuin, khong xu4t hién pha la. Hon nifa, c6 thé
thiy cubng do céc pic nhiéu xa dic trung & 20 =
5 - 10° va 20 = 20 - 25" cao twong dwong miu
zeolit ZSM-5 chudn. Tir d6 két luan miu vat liéu
HZSM-5 téng hop tir trdu c6 do tinh thé rt cao
(dat x4p xi 100%), thanh phdn chi t6n tai hdu
nhr duy nhdt mot pha tinh thé. Didu nay 12 hoan
toan phd hgp véi cdc két ludn di dua ra trong
phén dic trung héng ngoai.

3. Anh SEM, TEM

132516 813

Dé xem xét 15 hon vé cu triic tinh thé, vat
litu tdng hop di dugc phan tich bing cdc
phuong phidp ghi anh SEM vi TEM. Anh SEM
va TEM cia HZSM-5 l4n lugt duoc dua ra trén
cdc hinh 3 va hinh 4. Tir anh SEM clia HZSM-5
(hinh 3) ta thdy rang céc hat zeolit di dugc hinh
thanh trong qua trinh két tinh c6 kich thudc kh4
ddng déu, khoang ti 0,5 - 0,7 um.

Khi nghién citu cfu tric vat liéu bing anh
TEM (hinh 4), chiing t6i nhan thdy trong cfu
tric vat litu HZSM-5 c6 t6n tai hé théng mao
quan, 16 x6p khong trat ty, kich thuéc phan bs
khd rong. Can cir theo ti 1& ¢6 thé thdy ring cic
mao quan, 16 x6p ndy c6 kich thuéc khoang tir
10 — 50 nm. Sy t6n tai ca cic mao quan, 16 x6p
nay c6 thé dugc giai thich do sy d6t chdy véi oxi
trong qui trinh nung miu cla cacbon con lai
trong trdu da xir 1y. Hién twong niy di tao nén
hé théng 16 x6p, mao quin c6 kich thuéc trung
binh clia vat lidu. '

4. Phuong phap BET

Sy t6n tai clia h¢ mao quan trung binh trong
cdu tric clia vat liecu HZSM-5 t6ng hop tir trfu
duge 1am 16 hon bang phuong phép x4c dinh bé
mat rieng BET. Quan s4t dudng cong hdp phu-
khir héip phu N, clia méu téng hop dugc thé hién
trén hinh 5 ta thdy x4t hi¢n mot vong tr& & P/Po
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Hinh I: Ph8 IR cha zeolit ZSM-5
(a) Miu chudn; (b) Miu tdng hop tix trfu
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Hinh 2: Phé XRD ciia zeolit ZSM-5
(a) Méu chudn; (b) Miu tdng hop tir trau

o
Hinh 3: Anh SEM cia zeolit HZSM-5

gin 0,5 do c¢6 hién tugng ngung tu mao quén,
mdt dang dic trung dién hinh cho c4u tric mao
quan trung binh cta vat liéu [10]. Diéu nay cho
thay vat lieu HZSM-5 t6ng hop duge ¢ ciu tric
mao quan trung binh.

Kich thuéc mao quin dugc thé hién chon loc
trén dudng phan bé hinh 6 véi kich thudc duoc
dua ra 1a 5,1 nm (mao quén trung binh). Cic két
qua tinh todn ti dudng ding nhiet hdp phu-khir
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Hinh 4: Anh TEM cia zeolit HZSM-5

hdp phu vd dudng phan b6 mao quan cha
HZSM-5 cho th&y vat liéu t8ng hop dugc ngoai
hé théng vi mao quan con tén tai hé mao quan
trung binh véi thé tich mao quin 1A 0,2635
cm’/g va dién tich bé mat rieng vat lieu 1a
483,51 m*/g.

5. Cong hudng tir hat nhan Al NMR

Su t6n tai cha nhom trong khung mang
zeolit ¢ lién quan dén tinh chat axit cia vat



lieu. Tir két qua thu duoe ta c6 thé dénh gid do  hudng tir hat nhan “Al-NMR dé xéc dinh sy
axit cha vat lieu gidn ti€p thong qua viéc xdc phan b6 Al* trong, ngoai khung mang zeolit.
dinh si phan b6 Al* trong mang luéi vat liéu. & Hinh 7 dua ra phé Al-NMR clia méu zeolit
day, chiing t6i dd sit dung phuong phdp cong HZSM-5 téng hop tir trdu.
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Hinh 6: Dudng phan b6 kich thuéc mao quan cia HZSM-5 (nm)
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Hinh 7: Phé “A1-NMR ciia HZSM-5

Quan sit phé YAl-NMR ciia miu ta thdy
xudt hién mot pic rat 5 nét vdi cudng do 16n
gdn 55 ppm, pic nay biéu thj lugng nhom ndm
trong mang ludi zeolit [11, 12]. Ngoai pic nay ta
con thdy & khodng O ppm xudt hién thém mot
pic. Pic nay c6 cudmg do rat nhd, khong déng ké
$0 v6i pic & 55 - 60 ppm. Theo [11, 12}, pic nay
dic tnmg cho Al nidm ngoaj mang luéi zeolit.
Két qué ndy chiing to trong qud trinh tdng hop
vat lieu HZSM-5, lwgng nh6m dua vio hdu nhy
hoan toan nim trong mang Iu6i zeolit. Cic ket
qué thu dugc tir phuong phdp cong hudmg tir hat
nhin ¥AI-NMR ciia HZSM-5 cho thdy vat liéu
tdng hop tir trfu c6 d6 axit cao.

IV - KET LUAN

Di téng hop thanh cong vat litu HZSM-5
ding nguén silic tir trfu, mét vat liéu dugc xem
12 ph€ thai trong qui trinh sin xu4t nong nghiép.
Céc két qua dac trung cho thay vat lieu téng hop
dugc ¢6 d6 tinh thé rat cao, trong duong véi vat
lieu chudn.

Mot dac di€m méi vé& c4u tric khi t6ng hop
HZSM-5 tix vo trdu da dugc phat hién. Trong vat
liéu téng hop ngoai he th6ng mao quan cta
zeolit con phit hién thdy t6n tai mdt hé mao
quan khong trat tv, c6 kich thudc phén b6 trong
khoing rong i 10 - 50 nm (hé mao quan trung
binh). H¢ mao quan nay dugc tao ra do su dot
chdy véi oxi trong qui trinh nung cia phin
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cacbon con lai trong v trdu da xir Iy. Pac diém
mdi vé€ ciu tric HZSM-5 hi vong sé lam ting
ddng k€ hoat tinh xic tic clia vat liéu, Céc két
qua thu dugc d3 mé ra them mot hudng nghién
clitu mdi, ¢6 ¥ nghia trong viec tan dung nguén
trdu phé thii néng nghiep dé tdng hop cdc chat
xiic tdc tri€n vong khong chi trong linh vuc xic
tic hdp phu ma con trong qua trinh tao nhién
liéu sinh hoc tir can diu thuc vat, thay th€ ngudn
nhién liéu tir ddu mo dang ngay cang can kiat.
Cic nghién citu v& van dé tren s& duge cong bs
trong cic bai bdo ti€p theo.
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