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ABSTRACT

This paper presents the initial results of nano-zeolite NaX from acid treated kaolin with the
present of organic template. Nano-zeolite NaX was characterized by XRD (SIEMENS D5005),
SEM (JSM 5410 LV ), TEM (TEM 1010), physical adsorption BET (Coulter SA3100). Synthesized
nano-zeolite has high crystallinity, large surface area of 556 m’lg (external surface of 95 m’lg),
and crystal size of 20 nm. Beside typical microspores, mesopores are formed from nano-size

particles.

- MO PAU

Khoa hoc vé nano va cic vat liéu c6 céu tric
nano hién dang thu hidt sy quan tam dac biét clia
nhiéu nha khoa hoc va nha ing dung. Vat liéu vi
mao quan c6 c¢d hat nanomet (nano-zeolit) ciing
dang bét dau dugc chi y do chiing c6 nhing
tinh chat wu viét ndi troi ma vat liéu vi mao quan
¢ hat micromet (zeolit) khong thé c6 dugc.

Viéc giam kich thudc hat tir ¢& micromet
xuéng c& nanomet din dén su thay déi dang ké
tinh chat cua vat liéu va tac dong t6i kha nang
ting dung cua zeolit trong cac linh vuc xdc tac
va hap phu. Ty s6 clia cdc nguyén tlr trong mang
tinh thé ting manh khi ¢ hat giam va cac hat
nano-zeolit ¢6 bé mit ngoai 16n va hoat tinh bé
mit cao. Khi céc tinh thé zeolit c6 ¢& hat nho s&
lam gidm chiéu dai quang dudng khuéch tdn so
Vi cdc tinh thé zeolit c6 ¢& hat micromet thong
thuong.

Ciac nghién ctu tdng hop vat liéu nano-zeolit

NaX did cong bo thuong di tir cdc hod chat tinh
khiét chita nhom va silic dang hitu co riéng biét
(vi du, isopropoxit nhom - Iso.Al; tetraetyl-
octosilicat-TEOS); cac chat tao cdu tric hitu co
(vi du, tetrametylamoni hydroxit - TMAOH;
tetrametylamoni bromua-TMABr) trong moi
trudong kiém va quad trinh chuyén héa tao nano-
zeolit NaX dién ra trong di€u kién rat nghiém
ngat [1 - 3]. Theo tai liéu [1], khi két tinh trong
168 gid 6 100°C thu duoc tinh thé ¢6 kich thudc
75 nm; khi két tinh trong 72 gio & 130°C thu
duoc tinh thé c6 kich thuéc 137 nm. Theo [2],
khi két tinh trong 48 gio & 90°C thu duoc tinh
thé c6 kich thuéc 23 nm. Hoac theo [3], qud
trinh chuyén héa gel vo dinh hinh trong 22 ngay
tai nhiét do phong thu dugc tinh thé c6 kich
thuée 20 nm.

Nhu vay c6 thé thay, cac quy trinh téng hop
vat liéu nano-zeolit NaX trén day duoc tién hanh
trong nhiing diéu kién rat da dang, chi phi cao
va chua c6 mot quy trinh 6n dinh vé cong nghé.
Dac biét, chua c6 cong trinh nao cong bo viéc

475



téng hop thanh cong vat liéu nano-zeolit NaX tir
cao lanh.

Bai bdo nay trinh bay két qua nghién ciu
budc diu vé téng hop va dic trung vat liéu nano-
zeolit NaX tir cao lanh trong diéu kién két tinh
thuy nhiét c6 mat chat tao cau trdc hitu co tai ap
suét thuong.

IT - THUC NGHIEM

Xir Iy méu cao lanh ban ddu bang dung dich
axit HCl 4N theo ty 1é ran/long = 2/3 (g/ml)
trong 6 gio & nhiét do 90°C, sau d6 loc rira dén
hét ion CI' 161 sdy trong 2 gio & 110°C, nung
trong 3 gio & 600°C, dp suat thuong. Tiép dén,
mau metacaolanh dugc tron véi chat tao cau tric
hitu co (DNXx), thuy tinh 16ng, natri hydroxit va
nudc cit, theo ty 1é mol
6Na,0.A1,0,.3,4Si0,.2DNx.70H,0, sau d6 lam
gia hén hop nay & nhiét do phong trong 144 gidy
va két tinh thuy nhiét & nhiét do 80°C trong 72
gid ¢6 khudy tron lién tuc.

San pham sau két tinh dugc rira bang nudc
ct dén khi nudc rira c6 do pH = 9; sdy kho &
nhiét do 110°C, cudi cuing nghién va tao ra hat
¢6 ¢& hat < 0,15 mm. Ky hiéu mau 1a Nano-
NaX.

Thi nghiém song song nhim tdng hop zeolit
NaX thong thuong c6 kich thudc micro duoc
thuc hién theo [4], ky hiéu mau 1a Micro-NaX.

Cic méu téng hop dugc dac trung trong

cling céc diéu kién bdi phuong phdp nhiéu xa tia
X (XRD) trén mdy SIEMENS D5005 (Dic),
chup &nh hién vi dién tit (SEM) trén may JSM
5410 LV (Nhat Ban), chup anh hién vi dién tir
truyén qua (TEM) trén mdy JEM 1010 (Nhat
Ban), xic dinh bé mat rieng (BET) trén hé
COULTER SA3100 (My¥).

111 - KET QUA VA THAO LUAN

Két qua phan tich phd nhiéu xa tia X cla
mau Nano-NaX va Micro-NaX tuong ting dugc
trinh bay trén hinh 1 (a) va (b). Trén hinh 1 thay
o, phé XRD ciia ca 2 miu chi xuét hién pha
zeolit NaX tuong ting véi ma s6 tinh thé PDF
38-0237, cong thuc
Na,0.Al,0,.2,55i0,.6,2H,0. Tuy nhién, cé mot
diém khéc biét quan trong 12 dudng nén cla
mau Micro-NaX rit phang, pic tao thanh sic
nhon va rat manh, trong khi d6 mau Nano-NaX
dudng nén cao, pic td va thap. Ddu hiéu nay
chiing t6, kich thudc hat tinh thé zeolit NaX
trong mau Nano-NaX nho hon nhiéu so véi
trong mau Micro-NaX. Tur két qua xac dinh do
rong trung binh FWHM qua phé XRD, kich
thu6c hat tinh thé theo cong thic Scherrer da
duoc xac dinh. Két qua 1a, kich thudc hat zeolit
NaX trong miu Nano-NaX bang 19 nm nho hon
nhiéu so véi kich thuéc tinh thé trong maiu
Micro-NaX (bing 0,40 um) dugc tong hop theo
phuong phdp thong thudng khong st dung chat
tao cdu truc hitu co.
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Hinh I: Phé XRD ctia miu Nano-NaX (a) va ctia miu Micro-NaX (b)
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Két qua chup anh SEM va TEM cua céc
mau tong hop duoc trinh bay trén hinh 2. Quan
sat hinh 2 x4c nhan c4dc miu téng hop déu c6 do
tinh thé to6t, hau nhu khong 14n pha la. Céc tinh
thé zeolit NaX tao thanh c6 dang hinh lap
phuong déu dan. Tuy nhién, gitta &nh SEM clia
mau Micro-NaX (a) vda SEM cta mau Nano-
NaX (b) ¢6 su khac biét 1o rang vé kich thudc
tinh thé (twong tGng bang 0,42 um va 45 nm).
Trén hinh 2c¢, anh TEM cua mau Nano-NaX do
duoc tinh thé c6 kich thuée 20 nm.

Ching ta déu biét, phuong phdp XRD do
kich thudc trung binh cia mot tap hop hat, con
phuong phap TEM do kich thuGe chinh xéac cla

mot s6 hat. Do d6, su sai khdac khong nhiéu vé
kich thudc hat ciia miu Nano-NaX theo phuong
phdp XRD va TEM (tuong ting bang 19 va 20
nm) chiing t6 cdc tinh thé zeolit NaX trong miu
Nano-NaX c¢6 kich thudc rat déu nhau.

Tuy nhién, khi do kich thu6c hat tinh thé
zeolit NaX trong miu Nano-NaX theo phuong
phdp SEM va TEM lai c6 su khdc biét diang ké.
Theo SEM bang 45 nm, nhung theo TEM lai
bing 20 nm. Sy sai khdc nay nam trong ving
gi6i han vé€ thang do nanomet nén khong lam
thay déi y nghia ctia vat liéu kich thuéc nano,
duoc giai thich 1a do do phan giai thap cua
phuong phiap SEM so vé6i phuong phip TEM.

(b) ()

Hinh 2: Anh SEM clia miu Micro-NaX (a), SEM ctia miu Nano-NaX (b) va
TEM clia mau Nano-NaX (¢)

Trén hinh 3, gian d6 hap phu va giai hap phu
ctia mau Nano-NaX (a) va ctia mau Micro-NaX
(b) theo phuong phap BET cho thdy c6 su khac
biét rat thd vi. Duong cong hap phu va giai hap
phu cia miu Micro-NaX c¢6 dang I theo BET
[5], hau nhu khong c¢6 vong tré, dac trung cho
vat liu vi mao quan ngay tai p suét riéng phan
rat thip. Trong khi d6, duong cong hap phu va
giai hap phu clia mau Nano-NaX xuat hién vong
tré bit ddu tai p/p, = 0,45 thuoc dang III [6],
dugc giai thich 1a do ¢6 su ngung tu phan tl nito
trong mao quan trung binh. Vi miu Nano-
NaX, mao quan trung binh chi c6 thé dugc hinh
thanh tir phan thé tich rdng giita c4c hat tinh thé
c6 kich thuéc nanomet.

Phan b6 mao quan cua cdc mau Nano-NaX

va Micro-NaX dugc tinh toan trén co s& phuong
phép 1y thuyét ham [7] va dugc chi ra trén hinh

4. Ca 2 miu déu chia hé mao quéan chinh véi
kich thudc khoang 0,81nm. Tuy nhién, & mau
Nano-NaX con xuat hién mao quan rong hon &
viing = 8,7nm la nguyén nhan gy ra vong tré da
duoc x4c nhan & trén.

K&t qua phan tich -plot thuc hién tai p/po <
0,32 xéc dinh duoc bé mat riéng cia miu Nano-
NaX va Micro-NaX tuong tng bang 556 va 520
m*/g. Trong d6, bé mat ngoai clia mau Nano-
NaX bing 95 m%g va clia Micro-NaX bing
39m?/g. Su tang bé mat ngoai ctia Nano-NaX so
v6i Micro-NaX la do su giam kich thuée hat
tinh thé zeolit NaX tir micromet xuéng nanomet
(xem bang 1). Cic két qua tong hop trong bang
1 da cho thay tinh uu viét vuot troi cta vat liéu
zeolit NaX kich thuéc nanomet so vé6i kich
thuGc micromet trong viéc st dung lam chat hap
phu.
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Hinh 3: Dudng cong hap phu - nha hip phu ctia mau
Nano-NaX (a) va cia mau Micro-NaX (b)
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Hinh 4: Phan b6 16 x6p cia mau Nano-NaX va
ctia mau Micro-NaX

Bdng 1: Két qua so sanh dac trung vat liéu Nano-NaX va Micro-NaX

N Tong bé | Bé mat | Phan bo Kich thuéc hat tinh thé, nm Tong thé | Thé tich
Mau mat riéng,| ngoai, | 16 xdp, Theo Theo Theo | tich16x6p, | micro,
m/g | m/g | nm | XRp | SEM | TEM | cm/g | cm'/g
Nano-NaX 556 95 0,81; 8,7 19 45 20 0,341 0,154
Micro-NaX 520 39 0,81 400 420 - 0,322 0,223

1. Lan ddu tién da tong hgp thanh cong vat
liéu nano-zeolit NaX tir cao lanh di x{r 1y axit,
trong su ¢6 mat cla chat tao cdu tric hitu co.
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IV - KET LUAN

2. Bang cac phuong phdp XRD, SEM, TEM
va BET da xac nhan, vat liéu nano-zeolit NaX
duoc tong hop c6 do tinh thé t6t, bé mat riéng
556 m*/g, trong d6 bé mat ngoai dat 95 m?/g,
tinh thé tao thanh c6 kich thuéc khoang 20 nm.
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