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ABSTRACT 

Gold catalysts supported on zeolite Y were prepared by ion-exchange. The catalysts were 
characterized by XRD, TGAIDTA, IR, SEM and TEM. It is shown that gold crystallites are 
deposited on framework of zeolit and zeolit structure is not deformed afier being dried at IWC 
and calcined at 400"C. The average size of the gold particles depends on the gold content of the 
support. The complete oxidation of toluen in air was carried out over AiiY. Catalytic activity was 
tested at temperature of 250 to 400"C. Toluene was converted completely to CO^. No organic 
byproducts were detected. Catalytic activity depends on temperature, gold content and time on 
stream. 

I - GlCil THIEU 

Trudc day Au chi dugc dng dung trong ITnh 
vuc trang sdc, tiin te, edng nghiep dien id, edn 
trong linh vuc xdc tie thi Au dugc coi l i khdng 
cd hoat tfnh. Gin day, eie nha khoa hgc da thiy 
dugc kha nang xdc tic cua Au vi tha'y ring day 
la mdt xue tie ed hoat tfnh cao ne'u dugc phan 
tan d kfeh thude nano [1]. Khi Au dugc mang 
tren chat mang, xuat hien hieu dng dien tu giua 
Au va cha't mang Iim eho Au trd nen hoat ddng 
[2]. Td dd xdc tic chda Au da duge dng dung 
thanh cdng cho phan dng oxi hda CO d ngay 
nhiet do phdng [3] va hien dang duge nghien 
cdu cho phan dng oxi hda hoan toin hgp chat 
him ea di bay hai (VOCs). 

Chat mang cung ddng vai trd quan trgng 
trong xuc tic. Zeolit la mdt chat mang cd nhiiu 
uu diem: ed dien tich b i mat rieng ldn, kha nang 
trao ddi ion, tinh chat chgn lgc hinh dang, kha 
nang phan tan kim loai v i ha'p phu td't,...[4, 5]. 

Do vay nghien cuu cac hien tugng xay ra trong 
qui trinh diiu che xdc tie AuY bing phuong 
phap trao ddi ion se gdp phin lam sang td ban 
chat va dac trung cua he xdc tac nay. Trong 
cdng trinh niy chdng tdi cdng nghien cuu phin 
dng oxi hda hoin loan toluen tren xdc tic 
Au/zeolit Y nham dinh gia hoat tinh va tim ra 
cic diiu kien tdi uu cho phan dng. 

II - THUC NGHIEM 

Xdc tac 3 - 12% Au/Y duge diiu chi bing 
phuang phap trao ddi ion giua dung dich 
HAuCU va zeolit NaY. 

Can chinh xic 2 g zeolit NaY cho vao 200 
ml dung dich HAUCI4 da duge diiu chinh de'n 
pH = 6 bing dung dich NH, (khd'i lugng HAUCI4 
da duge tfnh toin tuang dng vdi lugng Au cin 
trao ddi vdi NaY). Khuay tren miy khuay td d 
80°C (tuy theo him lugng Au trao ddi m i thdi 
gian khua'y se khac nhau). Sau dd dem lgc rua 
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nhiiu lan cho hit ion Cl" (thd bing dung dieh 
AgNO,). Xdc tac dugc say d nhiet do td 60 -
110°C, mdi lin nang kn 10°C vi keo dai trong 
lh, tdng thdi gian say li 6h. Sau khi say, xdc 
tie dugc nung d nhiet do 400°C trong 2h, tdc do 
gia nhiet la 57phdt. 

Dac trimg xuc tie duac nghien cdu bing cic 
phuang phip: TGA/DTA,'lR, XRD, TEM, ICP. 

Phan tfch nhiet TGA vi DTA dugc tie'n hanh 
tren may SETARAM Labsys TG tai phdng phan 
tfch nhiet, Khoa Hoa hgc, Trudng KHTN, 
DHQG Ha Ndi. Cie miu phan tich dugc dat 
trong chen can Pt, nung trong mdi trudng nita td 
nhiet do phdng din 800°C, td'e do gia nhiet la 
5°C/phut. 

Miu xue tic rin duge phan tich hdng ngoai 
IR theo ky thuat ep vien vdi KBr tren miy 
Nicolet 6700 Spectrometer eua Perkin Elmer (tai 
phdng thf nghiem edng nghe hoa diu vi vat lieu 
xdc tic, Trudng Dai hgc Bach khoa Ha Ndi). 
Cic miu dugc phan tfch d nhiet do phdng trong 
vung bude sdng 400 - 4000 cm"'. 

Gian dd XRD duge ghi tren miy D8 
Advance - Brucker - Ddc (tai Khoa Hoa hoc, 
Trudng Dai hgc KHTN, DHQG Ha Ndi vi tai 
Phdng thi nghiem Cdng nghe lgc hoa diu vi vat 
lieu xuc tie, Trudng Dai hge Bich khoa Hi 
Ndi). Chi do phan tich: d'ng phat tia X bing Cu 
vdi budc sdng K^ = 1,54056 A, dien ap 40 KV, 
cudng do ddng dien 40 mA, nhiet do 25°C, gdc 
quet 29 = 5 - 70°, budc quet 0,1° v.v... 

Anh kinh hien vi dien td truyin qua (TEM) 
duge chup tren miy 120 KV TEM Philips EM 
400 T cd kit nd'i vdi he EDXS tai trudng Dai 
hgc Trento (Italia). Miu duge dua len di dd li 
mang phim bing eacbon vdi ludi Cu (400 
mesh). 

Him lugng Au dugc xac dinh tren miy 
quang phd ICP Spectro Ciros tai trudng Dai hge 
Trento (Italia). 

Hoat tinh xdc tac dugc danh gia qua phan 
dng oxi hda toluen bing khdng khf. Qui trinh 
dugc tiin hinh tren sa dd ddng vi lugng vdi 0,3 
gam xdc tic va 0,7 gam thach anh (vai trd chat 
ddn), nhiet do phan dng thay ddi trong khoing 
250 - 400°C, td'e do ddng khdng khi la 
48ml/phdt, ti le toluen/khdng khi la 1/19. 

Ill - KET QUA THAO LUAN 

1. Nghien ciiu dac trimg xiic tac 

a) Phdn tich nhiet TGAIDTA 

Kit qua phan tich nhiet cua miu Au9Y 
dugc trinh bay trong hinh 1. 

Pie thu nhiet tai 97,42°C the hien qui trinh 
mat nudc vat ly cua xdc tac. Pic nay nhd chdng 
td lugng nudc vat ly trong xuc tic khdng nhiiu. 

SETARAM Labsys TG- 9%Au/Y 

5443B Heatflow/iM 

2D0 400 

Temperature (oC) 

Hinh 1: Gian dd DTA/TGA cua 
xuc tic Au9Y 

Pic toa nhiet tai 197,4°C cd thi la do qua 
trinh phan huy tiin chit cua Au, tuong ifng tren 
dudng dTG la diim thay ddi ca'u true tai khoang 
200°C, qui trinh niy lam giam 21,22% trgng 
lugng. 

Dudng dTG the hien pie thay ddi cau true tai 
370°C. Td 270 din 465"C miu giam 5,08% 
trgng lugng, trong khoang nay, miu ed xu 
hudng tda nhiet nhe. Trong qua trinh dieu che 
xdc tac chdng tdi da dung ISIHiOH de diiu chinh 
pH cua dung dich tiin chat. Trong qui trinh trao 
ddi cation vdi NaY thi NH4* da trao ddi vdi NaY 
tao NH4Y, khi gia nhiet de'n tren 300°C, NH4Y 
bit diu phan huy thinh NaY lam eau true xtic 
tic bi thay doi, ddng thdi trgng lugng xdc tac 
giam. 

Trong khoang 465 - 582°C miu mit 1,9% 
trgng lugng ddng thdi xuat hien 1 pic toa nhiet 
tai 547,48°C va 1 diem thay ddi cau true tai 
544,38°C, day cd the la do qui trinh mat nudc 
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eau true, dehydroxyl va tach nhdm cua zeolit. 

Td 582 - 760°C miu giu nguyen trang thii, 
khdng thay ddi trgng lugng. Td 760°C trgng 
lugng xuc tic giam nhanh chdng td xuc tic bi 

phi va eau true. 

b) Phdn tich hong ngogi (IR) 

Phd hdng ngoai cua cic miu xdc tic NaY, 
Au9Y siy vi nung dugc trinh bay tren hinh 2. 

TltJe pho chong 4 

-Thermo 
Nicolet 6700 FT-IR Spectrometer 

Hinh 2: Phd hdng ngoai eua cae miu NaY, AuY sau siy va sau nung 

Phd hdng ngoai cua miu AuY sau say va 
chua nung, ngoii cac cue dai hap thu cd trong 
phd cua NaY cdn xua't hien mdt cue dai hap thu 
tai sd sdng 1404,6 cm"'. Pic nay li dac trung cho 
dao dgng cua nhdm NH4"'̂  [8]. Cd pic niy li do 
da dung NH4OH de diiu chinh pH cua dung 
dich. Trong qua trinh trao ddi cation vdi NaY thi 
NH4* da trao ddi vdi NaY tao NH4Y. Khi say 
xdc tie d 110°C chi lim bay hoi nudc ma khdng 
phan huy duge NH4'' nen tren phd hdng ngoai 
xuat hien pic dac trung cho Î H4* tai 1404,6 
cm"'. Tuy nhien NH4* di bi phan huy d nhiet do 
eao nen khi nung xuc tic d 400°C thi NH4* bi 
phan huy thinh NH, bay di vi do vay tren phd 
hdng ngoai cua miu AuY da nung khdng xuat 
hien pic niy. Diiu niy hoan toan phu hgp vdi 
kit qua eiia qui trinh phan tich nhiet. 

Ngoai ra tren phd cua mlu AuY sau say 
(ehua nung) cdn xuat hien pic tai 3200 cm"' la 
do khi trao ddi cd mdt lugng nudc di vao khung 
zeolit, sau say lugng nude nay vin edn, sau khi 
nung lugng nudc nay mat di va pic nay bi mat. 

c) Phd nhiiu xg tia X (XRD) 

+ Nghien Cliu inh hudng eua pH de'n qua 
trinh trao ddi ion 

pH ddng vai trd quan trgng trong qua trinh 
trao ddi tren zeolit. Theo tai lieu [6] thi trong 
mdi trudng axit manh zeolit se bi phi vd eau 
trdc tinh the. Ngoai ra, trong mdi trudng axit 
manh ed the xay ra trao doi giua cac ion Na"'̂  va 
H*, do dd khd xic dinh mde do trao ddi cua 
cation kim loai mud'n dua vao zeolit va su trao 
ddi gida cation kim loai khac vdi zeolit xay ra 
khd. Cdn trong mdi trudng kiim, cation da hoi 
tri cd the bi thuy phan va tich ra dudi dang 
hydroxit (M„(OH)„""" "'*), va do dd cd the xay ra 
trao ddi khdng duong lugng. Chfnh vl nguyen 
nhan dd, ein quan tam din yiu td pH cua dung 
dieh trao ddi trude khi trao ddi, eung nhu nhdng 
thay ddi trong qua trinh trao ddi ion. 

Ke't qua XRD cua cic miu zeolit trao ddi 
ion vdi Au tai cae pH khac nhau dugc thi hien 
tren hinh 3 va 4. 
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jM'k % KA..I 
-wv^-w^-l^.,,,,.^,,,,^^ 

Au-NaY and NaY 

lUliiU 'twy4w;U/f>i•^J,.»»^.J.i,_..A. 

///n/t 3: Phd XRD cua xuc tic Au9Y 
trao ddi d pH = 2 //(/,/( 4. Phd XRD cua cua xuc tac Au9Y 

trao ddi d pH = 6 

Trong qui trinh trao ddi ion Au vdi NaY, 
khi gid pH = 2 cua dung dich HAuCli, kit qua 
phan tich XRD cua miu xdc tic thu dugc (hinh 
3) cho thiy ciu trdc zeolit bi phi vd. Cae pie dae 
trung cho zeolit NaY (tai gdc 26 = 5°) khdng 
cdn, nin phd cao, khdng phang chdng td miu da 
bi mit dang cau true tinh thi vi chuyen gin nhu 
hoan toan ve dang vd dinh hinh va xuit hien cac 
pic dac trimg cho SiOj. 

Khi trao ddi d pH = 6 (hinh 4) thi cac pic 
dac trung cho NaY vin edn gid nguyen. Tuy 
nhien cudng do va do rgng cua pic giam chdng 
td Au da dugc trao ddi va di vio cau trdc cua 
zeolit. Ngoii ra cdn thiy cac pic dac trung cho 
Au xuit hien vdi cudng do manh tai gdc 20 = 
38,2 va 44,4°. Ngoai ra, kiem tra pH trong sudt 
thdi gian trao ddi thi pH eua dung dich dugc dn 
dinh. 

Anh hudng cUa dieu kien sd'y, nung 

Tren hinh 5 so sanh pic cua tinh the Au ( tai 
gdc 29 = 38,2 vi 44,4°.)cua miu xuc tac sau siy 
va sau nung ta thay pic d miu nung cd cudng dd 
cao han sau siy. Miu sau siy cd pic dac trung 
ciia NaY (tai gdc 29 = 5°) cd cudng do manh 
han nhiiu so vdi pic cua Au, ngugc lai d miu 
sau nung thi cudng do cua pic Au manh han 
cudng do pic cua NaY. Diiu niy cho thiy khi 
tang nhiet do thi Au kit tinh td't han. 

c) Nghien citu dnh hudng ciia hdm lugng Au 

Hinh 6 so sanh phd XRD cua cic miu xuc 
tic vdi ham lugng Au khac nhau. 

AJY- died and caldrKJ 

Hinh 5: Phd XRD cua miu Au9Y sau 
say, nung so vdi miu NaY 

Tren phd cho tha'y cudng do pic dae trung 
cho pha tinh thi Au (tai 29 = 38; 44,5 va 64,5°) 
tang din ddng thdi cudng do pic dac trimg cho 
zeolit Y giam td miu Au3Y de'n Aul2Y, chdng 
td lugng Au dugc trao ddi tang din. Kieh thudc 
tinh thi Au ed thi tinh toin dua tren cic kit qua 
thu dugc cua phd XRD theo phuang trinh 
Sherrer [7]. Vdi kich thudc tinh thi Au nim 
trong khoing 22,25 - 31,62 nm (bang 1), cac 
tam xue tic nano Au niy cd the xdc tie cho 
phin dng oxi hda hoin toan eac hgp chat him ca 
di bay hai. 

d) Anh kinh hien vi dien tic truyen qua TEM va 
phdn tich ICP 

Anh TEM cua miu Au9Y dugc trinh bay 
tren hinh 7. 
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* Au 

2-Theta - Scale 

Hinh 6: Phd XRD eua cic miu AuxY 
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i l i ~. 
Hinh 7: Anh TEM va phd EDXS tai vi trf 1 cua miu Au9Y 

Tren anh TEM cua miu Au9Y ta thay cac 
hat Au (chim den- dugc chdng minh la Au tren 
phd EDXS) cd kfeh thudc nam trong khoang 20 
- 40 nm. Ngoai ra ta cdn thiy rd ca'u trdc mao 
quan rat ddng diu eua chat mang zeolit Y. Diiu 
niy ehdng minh su tdn tai cua cic hat Au trong 
he thd'ng mao quan cua Y, chdng td Au va dugc 
trao ddi vao he mao quin cua Y. 

Cung vdi miu xdc tic nay, chdng tdi da tie'n 
hanh phan tfch ICP di xac dinh ham lugng Au 
trong xuc tic, kit qua thu duge miu chda 9% 
Au (bing vdi lugng Au da tinh toin ban diu), 
nhu vay toan bd lugng Au trong dung dieh trao 
ddi cation da di vio trong mao quan zeolit Y. 

2. Nghien cufu hoat tinh xiic tac cho phan dng 
oxi hoa hoan toan toluen 

a) Anh hudng ciia nhiet do phdn dug 

De tim ra nhiet do td'i uu eho phan dng, 
chdng tdi da tien hanh phan dng tren miu xdc 
tic Au9Y, vdi nhiet do thay ddi tu 250 - 400°C. 
Kit qua phan ung sau 30 phut dugc trinh bay 
trong hinh 8. 

Td ket qui thu dugc d dd thi hinh 8 cho 
thiy, do chuyin hoi tang din khi tang nhiet do. 
Do chuyin hoa tang manh td 250 de'n 300°C vi 
sau dd tang eham, din gin 350°C thi do chuyin 
hoi tang khdng ding ke va khdng thay ddi d 
400°C. Nhu vay 300 - 350°C la nhiet do td'i uu 
nhit cho phin dng. d nhiet do thip (250°C), cic 
san phim trung gian chua chuyin hdi dugc hit 
thanh CO2 va H2O, hon nda kha nang khue'ch 
tin tha'p, nen cae san pham niy bi giu lai ben 
trong mao quan zeolit lam can trd su hap phu va 

317 



tiip xuc ciia toluen vi oxi len tam hoat tinh nen 
do chuyin hoi toluen thip. d nhiet do cao, cic 
sin pham trung gian di dang oxi hda sau thanh 
CO2 va H2O khue'ch tan ra ngoai, khdng cin trd 
su hip phu cua oxi vi toluen len tam hoat tfnh 
nen do chuyen hoi toluen td't hon. 

b) Anh hudng cua hdm luang xiic tdc 

Khao sat anh hudng cua ham lugng Au 
trong xuc tic AuY chdng tdi tiin hanh phan dng 
vdi cac miu xuc tic Au^Y d nhiet do 350°C, sau 
30 phut phan dng. Kit qua phan dng trinh bay 
trong dd thi hinh 9. 

Dd thi 9 cho thiy, do chuyin hoi toluen 
tang din theo him lugng xdc tic tu 3% de'n 
9%Au, dat cue dai tai miu 9%Au vi sau dd lai 
giam d miu 12%Au. Do chuyen hoa tang theo 
him lugng Au tu miu 3% din 9%Au dugc giai 
thfeh la do sd tam hoat tfnh tang nen da xdc tiin 
phan dng xiy ra nhanh (the hien d cudng do pie 
dac trtmg cho Au tang trong phd XRD). 

Qua bang 1 ta thay kfeh thudc tinh the Au 
tang theo him lugng Au trao ddi vdi zeolit. Khi 
ham lugng Au tang len 12% da xay ra su tu tap 
cac hat nhd lai tao hat cd kfeh thudc ldn. Kich 
thudc hat Au tfnh theo phuang trinh Sherrer 

hoin toan phu hgp vdi ke't qua do dugc khi chup 
anh TEM. Cic hat Au vdi kich thudc nano nay 
chfnh la cic tam xuc tic cho phan dng oxi hoa 
hoan toan toluen. 

Vdi miu Aul2Y thi do chuyen hoa lai giam 
la do khi him lugng Au qui cao, cac tinh the 
vang khdng phan tan d trang thii dan ldp ma kit 
tinh lai lam cho kfeh thudc hat vang va bi mat 

, hoat tfnh ciia xuc tie giam, do vay Iam giam kha 
nang ha'p phu toluen [1]. Nhu vay ham lugng toi 
tm nha't cho xuc tie la 9% Au. 

300 350 

Nhjet do (oC) 

Hinh 8: Anh hudng cua nhiet do den do 
chuyen hoa toluen 

Bdng 1: Kich thudc tinh thi Au tfnh 
theo phuang trinh Sherrer 

Xuc tic 

Au3Y 

Au6Y 

Au9Y 

Aul2Y 

d, nm 

22,25 

29,1 

31,62 

30,69 

c) Anh hudng ciia thdi gian ldm viec 

Do chuyin hoi toluen thay ddi theo thdi 
gian dugc khio sit tren miu AuY d nhiet do 
350°C. Ke't qui dugc trinh bay trong hinh 10. 

Hinh 10 cho thiy lue diu xdc tic cd hoat 
tfnh rat cao, d 5 phut diu do chuyin hoi toluen 
nhu li hoin loan, luc nay cic tam hoat tfnh chua 
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Ham lifo'ng Au (%) 

Hinh 9: Anh hudng eua ham lugng xuc tac 
din do chuyin hoa toluen 

bi che phu bdi cic sin pham trung gian va cdc. 
Sau dd do chuyin hoa giam dan theo thdi gian 
phan ung, hoat tinh xdc tic giam nhanh trong 
150 phdt diu, sau dd thi giam eham hon. Nhu 
vay sau thdi gian phan dng thi cdc va cac san 
phim trung gian chua kip phan huy da che lip 
cic tam hoat tfnh lim cho do chuyen hoa toluen 
bi giam. Chi sau 210 phut lam viec do chuyen 
hoa giam td 99% xud'ng cdn 33%. 



Anh hu'O'ng cua thcri gian 
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Hinh 10: Quan he giua thdi gian phan dng va 
do chuyen hoa toluen 

(a) (b) 

Hinh 11: FTinh inh kfnh hien vi dien tu quet 
(SEM) cua mau Au9Y trudc (a) va sau phan dng 

(b) 

De giai thieh nguyen nhan mat hoat tfnh xuc 
tic chdng tdi da kiem tra su thay ddi bi mat cua 
xdc tie trude va sau phin dng bing phuong 
phap SEM (hinh 11). 

Td hinh 11 cho thay trudc phan dng xdc tic 
AuY cd ciu trdc tinh the vdi nhung hat ldn kich 
thude 2 pm (do theo SEM), sau phan dng ngoai 
nhung hat ldn cdn xuat hien nhdng dim hat nhd 
vdi kfeh thude 0,1 - 0,2 pm. Nhdng hat nhd niy 
chfnh la cdc tao ra sau phan dng. Su hinh thinh 
cdc tren bi mat edn di dang nhan thiy bing mil 
thudng qua su ddi mau eua xuc tie td miu tfm 
hoa ca sang mau den. Cdc tao ra bim tren bi 
mat, bit cic mao quin, che lip cie tam hoat tfnh 
cua xdc tie khdng cho toluen tiip xdc vdi cic 
tam hoat tfnh, do vay day ehinh la nguyen nhan 
da lim mat hoat tfnh eua xde t i c 

IV - KET LUAN 

- Da dieu che dugc xdc tic AuY bing 
phuang phip trao ddi ion. Do pH td'i uu ciia 
dung dich trao ddi td 6 - 7, kfeh thudc tinh the 
Au tang khi him lugng Au trao ddi tang va nim 
trong khoang 22,25 - 31,62 nm (tfnh theo 
Sherrer), 20 - 40 nm (theo TEM) 

- Da ly giai dugc cac hien tugng xay ra dd'i 
vdi miu xue tie trong qui trinh say, nung, ca'u 
trdc xde tie khdng bi thay ddi d nhiet do nung 
400°C. Khi tang nhiet do thi cac hat Au di 
chuye'n sau vao ben trong mao quan zeolit va 

kha nang phan tan eua Au tang len. Xdc tic bi 
vd cau true d nhiet do tren 760°C. 

- Hoat tfnh xdc tic phu thudc ham Iugng 
Au, miu Au9Y vdi him lugng Au 9% la td't 
nhit, nhiet do phan dng td'i uu li 350°C. 

- Hoat tfnh xde tac giam nhanh sau mdt thdi 
gian phin dng (210 phdt), nguyen nhan mat 
hoat tfnh chu yiu do cd'e tao thinh bim tren bi 
mat va nim trong mao quan che lip eae tam 
hoat tfnh eua xdc t ic 

Ldi citm an: Cluing tdi xin chdn thdnh cdm an 
PGS. TS. Tg Nggc Ddn, Trudng Dgi hgc Bdch 
khoa HN dd cung cap zeolit Y cho de tdi. 
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