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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 SA3I00). Synthesized 
nano-zeolite has high crystallinity, large surface area of 556 mVg (external surface of 95 m^lg). 
and crystal size of 20 nm. Beside typical microspores, mesopores are formed from nano-size 
particles. 

I-M6DAU 

Khoa hgc vi nano va cac vat lieu cd ciu triic 
nano hien dang thu hiit su quan tam dac biet cua 
nhieu nha khoa hgc va nha ung dung. Vat lieu vi 
mao quan cd cd hat nanomet (nano-zeolit) cung 
dang bat dau dugc chii y do chiing cd nhiing 
tfnh chat uu viet ndi trdi ml vat lieu vi mao quan 
cd hat micromet (zeolit) khdng the cd dugc. 

Viec giam kfeh thudc hat tit cd micromet 
xudng cd nanomet din din su thay ddi dang k i 
tfnh chit cita vat lieu va tie ddng tdi kha nang 
ling dung cita zeolit trong cic linh vue xiic tac 
va hip phu. Ty sd ciia cac nguyen tir trong mang 
tinh thi tang manh khi cd hat giam va cac hat 
nano-zeolit cd bi mat ngoai Idn va hoat tfnh bi 
mat cao. Khi cic tinh the zeolit cd cd hat nhd se 
lam giam chiiu dai quang dudng khuich tan so 
vdi cac tinh the zeolit cd cd hat micromet thdng 
thudng. 

CIc nghien ciiu tdng hgp vat lieu nano-zeolit 

NaX da cdng bd thudng di tit cac hoi chit tinh 
khiit chiia nhdm va silic dang hiiu ca rieng biet 
(vf du, isopropoxit nhdm - Iso.Al; tetraetyl-
octosilicat-TEOS); cic chit tao ciu tnic hiiu co 
(vf du, tetrametylamoni hydroxit - TMAOH; 
tetrametylaiiioni bromua-TMABr) trong mdi 
tradng kiim va qui trinh chuyin hda tao nano-
zeolit NaX diin ra trong diiu kien rat nghiem 
ngat [1 - 3]. Theo tai lieu [1], khi kit tinh trong 
168 gid d 100°C thu dugc tinh the cd kfeh thudc 
75 nm; khi kit tinh trong 72 gid d 130°C thu 
dugc tinh thi cd kfeh thudc 137 nm. Theo [2], 
khi ke't tinh trong 48 gid d 90°C thu dugc tinh 
the cd kfeh thudc 23 nm. Hoac theo [3], qua 
trinh chuyen hda gel vd dinh hinh trong 22 ngly 
tai nhiet do phdng thu dugc tinh thi cd kich 
thudc 20 nm. 

Nhu vay cd the thiy, cic quy trinh tdng hgp 
vat lieu nano-zeolit NaX tren day dugc tien hanh 
trong nhung diiu kien rat da dang, chi phf cao 
va chua cd mdt quy trinh dn dinh vi cdng nghe. 
Dac biet, chua cd cdng trinh nao cdng bd viec 
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tdng hgp thanh cdng vat lieu nano-zeolit NaX tit 
cao lanh. 

Bai bao nay trtnh bay kit qua nghien ciiu 
budc diu vi tdng hg'p va dac trung vat lieu nano-
zeolit NaX tit cao lanh trong dieu kien kit tinh 
thuy tihiet cd mat chat tao ciu tnic hiru co tai Ip 
suit thudng. 

II - THUC NGHIEM 

Xii ly miu cao lanh ban diu bing dung dich 
axit HCl 4N theo ty le rin/ldng = 2/3 (g/ml) 
trong 6 gid d nhiet do 90°C, sau dd Igc rita din 
hit ion CT rdi sly trong 2 gid d 110°C, nung 
trong 3 gid d 600°C, ap suit thudng. Tiip den, 
miu metacaolanh dugc trdn vdi chit tao cau tnic 
hiiu CO (DNx), thuy tinh long, natri hydroxit va 
nude clt, theo ty le mol 
6Na2O.Al2O3.3,4SiO2.2DNx.70H2O, sau dd lam 
gia hdn hgp nay d nhiet do phdng trong 144 gid 
va kit tinh thuy nhiet d nhiet do 80°C trong 72 
gid cd khuiy trdn lien tue. 

San phim sau kit tinh dugc rira bing nude 
clt din khi nude rira cd dd pH = 9; sly khd d 
nhiet do 110°C, cudi ciing nghiin va tao ra hat 
cd cd hat < 0,15 mm. Ky hieu miu la Nano-
NaX. 

Thf nghiem song song nhim tdng hgp zeolit 
NaX thdng thudng cd kfeh thudc micro dugc 
thuc hien theo [4], ky hieu miu II Micro-NaX. 

Cac miu tdng hgp dugc dac trung trong 

ciing cac dieu kien bdi phuang phap nhiiu xa tia 
X (XRD) tren mIy SIEMENS D5005 (Diic), 
chup anh hiin vi dien tit (SEM) tren may JSM 
54io LV (Nhat Ban), chup anh hiin vi dien tit 
trayin qua (TEM) tren may JEM 1010 (Nhat 
Ban), xac dinh bi mat rieng (BET) tren he 
COULTER SA3100 (M ?̂). 

Ill - KET QUA VA THAO LUAN 

Kit qua phan tfch phd nhiiu xa tia X cita 
miu Nano-NaX va Micro-NaX tuang ung dugc 
trtnh bay tren hinh 1 (a) va (b). Tren hinh 1 thiy 
rd, phd XRD cita ca 2 miu chi xuit hien pha 
zeolit NaX tuong ung vdi ma sd tinh the PDF 
38-0237, cdng thiic 
Na20.Al203.2,5Si02.6,2H20. Tuy nhien, cd mdt 
diem khic biet quan trgng la dudng nin cita 
miu Micro-NaX rit phang, pic tao thanh sic 
nhgn va rat manh, trong khi dd miu Nano-NaX 
dudng nin cao, pic til va thip. Diu hieu nay 
chung td, klch thudc hat tinh the zeolit NaX 
trong miu Nano-NaX nhd hon nhiiu so vdi 
trong miu Micro-NaX. Tit kit qua xac dinh do 
rdng trang binh FWHM qua phd XRD, kfeh 
thudc hat tinh thi theo cdng thiic Scherrer da 
dugc xic dinh. Kit qua II, kich thudc hat zeoHt 
NaX trong miu Nano-NaX bing 19 nm nhd hon 
nhiiu so vdi kfeh thudc tinh the trong miu 
Micro-NaX (bing 0,40 pm) dugc tdng hgp theo 
phuang phap thdng thudng khdng sii dung chat 
tao cau triic hiiu CO. 
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Hinh 1: Phd XRD cua miu Nano-NaX (a) va cua miu Micro-NaX (b) 
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Ke't qua chup anh SEM va TEM cua cac 
miu tdng hgp dugc trinh bay tren hinh 2. Quan 
sat hinh 2 xic nhan cac miu tdng hgp diu cd do 
tinh thi tdt, hiu nhu khdng lin pha la. CIc tinh 
the zeolit NaX tao thanh cd dang hinh lap 
phuang diu dan. Tuy nhien, giiia anh SEM cita 
miu Micro-NaX (a) va SEM cita miu Nano-
NaX (b) cd su khac biet rd rang vi kfeh thudc 
tinh thi (tuong ting bang 0,42 pm va 45 nm). 
Tren hinh 2c, anh TEM cita miu Nano-NaX do 
dugc tinh thi cd kfeh thudc 20 nm. 

Chiing ta diu biit, phuang phIp XRD do 
kfeh thudc trung binh cita mdt tap hgp hat, cdn 
phuang phap TEM do kfeh thudc chfnh xic ciia 

mdt sd hat. Do dd, su sai khic khdng nhiiu vi 
kfeh thudc hat cita miu Nano-NaX theo phuong 
phIp XRD vl TEM (tuong ting bang 19 va 20 
nm) chiing td cic tinh the zeolit NaX trong miu 
Nano-NaX cd kfeh thudc rit diu nhau. 

Tuy nhien, khi do kich thudc hat tinh the 
zeolit NaX trong miu Nano-NaX theo phuong 
phap SEM vl TEM lai cd sir khic biet dang ke. 
Theo SEM bing 45 nm, nhung theo TEM lai 
bang 20 nm. Su sai khac nly nim trong vung 
gidi ban vi thang do nanomet nen khdng lam 
thay ddi y nghia cita vat lieu kich thudc nano, 
dugc giai thfch la do do phan giai thip cua 
phuang phIp SEM so vdi phuong phap TEM. 

(a) (b) (c) 

Hinh 2: Anh SEM cita miu Micro-NaX (a), SEM cita miu Nano-NaX (b) va 
TEM cita miu Nano-NaX (c) 

Tren hinh 3, gian dd hap phu va giii hip phu 
cua miu Nano-NaX (a) va cita miu Micro-NaX 
(b) theo phuong phIp BET cho thI'y cd su khac 
biet rat thii vi. Dudng cong hip phu va giai hip 
phu cita miu Micro-NaX cd dang I theo BET 
[5], hiu nhu khdng cd vdng tri, dac trung cho 
vat lieu vi mao quan ngay tai ap suit rieng phin 
rit thip. Trong khi dd, dudng cong hip phu va 
giai hip phu cita miu Nano-NaX xuat hien vdng 
tri bat diu tai p/p^ « 0,45 thudc dang III [6], 
dugc giai thfch la do cd su ngung tu phan tir nita 
trong mao quan trang binh. Vdi miu Nano-
NaX, mao quan trang binh chi cd thi dugc hinh 
thanh tit phin the tfch rdng giiia cic hat tinh the 
cd kich thudc nanomet. 

Phan bd mao quan cita cac miu Nano-NaX 
va Micro-NaX dugc tfnh toln tren co sd phuang 
phIp ly thuyit ham [7] va dugc chi ra tren hinh 

4. Ca 2 miu diu chiia he mao quan chfnh vdi 
kfeh thudc khoang 0,8 Inm. Tuy nhien, d miu 
Nano-NaX cdn xuit hien mao quan rdng ban d 
vilng ~ 8,7nm la nguyen nhan gay ra vdng tri da 
dugc xic nhan d tren. 

Kit qua phan tfch r-plot thuc hien tai p/po < 
0,32 xac dinh dugc be mat rieng cua miu Nano-
NaX va Micro-NaX tuong ting bing 556 va 520 
mVg. Trong dd, b i mat ngoli cita miu Nano-
NaX bang 95 mVg va cua Micro-NaX bing 
39mVg. Su tang bi mat ngoai cua Nano-NaX so 
vdi Micro-NaX la do su giam kfeh thudc hat 
tinh thi zeolit NaX tit micromet xudng nanomet 
(xem bang 1). Cac ket qua tdng hgp trong bang 
1 da cho thiy tfnh uu viet vugt trdi cita vat lieu 
zeolit NaX klch thudc nanomet so vdi kfeh 
thudc micromet trong viec sit dung lam chit hip 
phu. 
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Hinh 4: Phan bd Id xd'p cita miu Nano-NaX va 
cita miu Micro-NaX 

Bang 1: Kit qua so sanh dac trung vat lieu Nano-NaX va Micro-NaX 

Miu 

Nano-NaX 

Micro-NaX 

Tdng bi 
mat rieng, 

mVg 

556 

520 

Bi mat 
ngoai, 
mVg 

95 

39 

Phan bd 
Id xd'p, 

nm 

0,81; 8,7 

0,81 

Kich thudc hat tinh thi, nm 

Theo 
XRD 

19 

400 

Theo 
SEM 

45 

420 

Theo 
TEM 

20 

-

Tdng thi 
tich Id xd'p, 

cmVg 

0,341 

0,322 

The tich 
micro, 
cmVg 

0,154 

0,223 

IV - KET LUAN 

1. Lin diu tien da tdng hgp thanh cdng vat 
lieu nano-zeolit NaX tit cao lanh da xii ly axit, 
trong siJ cd mat cita chit tao cl'u tnic hiiu co. 

2. Bing cic phuang phap XRD, SEM, TEM 
va BET da xic nhan, vat lieu nano-zeolit NaX 
dugc tdng hgp cd dd tinh the tdt, b i mat rieng 
556 mVg, trong d d b i mat ngoai dat 95 m^/g, 
tinh the tao thanh cd kfeh thudc khoang 20 nm. 
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3. Vat lieu nano-zeolit NaX dugc tdng hgp 
khdng nhiing chiia kich thudc mao quIn dac 
trung cho kieu cau tnic cita zeolit NaX thdng 
thudng d viing 0,81 nm, ml cdn chiia mao quan 
trang binh d vilng 8,7 nm, md ra kha nang ling 
dung tdt hon cua vat lieu nano-zeolit NaX so vdi 
vat lieu zeolit NaX thdng thudng tai Viet Nam. 
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