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TOM TAT

Xdc tdc Au trén nén chit mang than hoat tinh dugc diéu ché bang phuwong phdp ngam tim
va nghién ctru dya trén co s¢ phuong phap do dudng hap phu N,, XRD, va TEM. Ching t6i da
nghién cuu dugc hoat tinh cta xic tic Au/C* cho phan tng oxy hda toluen va chi ra nguyén
nhan dan dén mit hoat tinh cia xtc tdc. Tién hanh thuc nghiém ¢ nhiét d¢ tir 25 — 350 °C véi
ham lugng Au lan luot 12 0,5, 0,75, 1 % vé khéi luong. Két qua cho thdy miu xic tic 1 %
Au/C* c6 hoat tinh xc tic dat két qua tot nhat cho phan ting oxy héa hoan toan toluen & 250 °C.

Tir khéa: xdc tdc Au trén chét mang, than hoat tinh, oxy héa, toluen.

1. GIOI THIEU

Trudc ddy, nhiéu nha khoa hoc cho ring Au khong c6 hoat tinh xiic tic cho céc phan img
chuyén héa hydrocacbon [1]. Céc nghién ctru gan ddy chi ra raing mot sd xtc tdc vang mang trén
chat mang c6 hoat tinh tét cho phan tng oxi héa CO & nhiét d6 thap (dudi nhiét d6 phong), oxi
héa céc hop chét cacbon dé bay hoi (VOCs) [2 - 6]... Bé c¢6 hoat tinh tot cho phan tng oxi héa
CO, hydrocacbon, cdc h¢ xiic tic Au trén chat mang phai c6 kich thudc hat vang nhé (kich thudc
nano), kich thudc hat cang nho thi kha nang oxi héa ctia h¢ xuc tac chtra Au cang cao [1].

D3 c6 mot sé cong trinh nghién ciru vé hoat tinh cta xdc tic Au trén cdc cht mang khic
nhau: M.A. Centeno va cong sy da nghién ctru phan ung oxy héa hoan toan toluen trén xuc tac
Au/Al,O5 va Au/CeOz/Alzog [7] Ki-Joong Kim va cong su di nghién ctu trén xdc tac Pt-
Au/ZnO/AlLO; dugc didu ché bang phuong phép ngam tam [4, 5]; Salvatore Sriref va cong su da
nghién ciru trén xic tic Au/CeQ,, diéu ché bang phuong phap dinh vi két tia va dong két tua
[8]...

Tuy nhién, hau nhu chua c6 cong trinh nao nghién ciru hoat tinh cta xtc tdc Au trén chat
mang la than hoat tinh cho phan trng oxi héa. Than hoat tinh (C*) 14 vat liéu vi mao quan, c6é kha
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nang hip phy tét. Uu diém ctia C* khi sir dung 1am chat mang 1a tinh tro, ré tién, dién tich bé
mat 1én..., ngoai ra viéc xtr Ii C* sau cung kha don gian [9].

Trong cong trinh nay chiing t6i tap trung vao nghién ctru dac trung xic tic Au/C* va danh
gid hoat tinh xtc tdc cho phan ing oxy héa hoan toan toluen trén so d6 vi dong. Viéc nghién ctru
téng hop, dic trung va danh gia hoat tinh cua xic tic Au/C* trong phan g oxy héa hoan toan
VOCs sé& g6p phan 1am séng t6 ban chét va dic trung clia hé xiic tc nay.

2. THU'C NGHIEM

Phuong phép diéu ché xiic tic c6 anh huong dang ké dén kich thudc hat vang va hoat tinh
xtc tac. Nghién ctru cta Ki-Joong Kim va cdng su trén xic tdc Pt-Au/ZnO/Al,O; trong phan
(g oxy héa hoan toan toluen cho thiy xic tdc Au/AlO; tuy c6 dién tich bé mit 168 m*/g dugc
diéu ché bang phuwong phap ngam tim, chi c6 hoat tinh ¢ nhiét do trén 450 °C vi kich thudc cua
hat 16n [4, 5]. Do vdy, trong nghién ctru nay ching toi tién hanh diéu ché xiic tic Au/C* bing
phuong phép ngdm tam.

Xic tac Au/C* duoc diéu ché b?ing cach dua mot lugng dung dich HAuCly c6 néng do xac
dinh 1én 3 g than bang phuong phap tim khé. Sau khi tam hoan toan lugng dung dich vang, xtic
tac dugc sdy kho ¢ 100 °C, nung & 300 °C trong 2 gio trong khong khi.

Dic trung cta xdc tic duge nghién clru bang cdc phuong phdp nhidu xa tia X (XRD), kinh
hién vi dién tir truyén qua (TEM) va hip phu vat Ii N,.

Gian dd XRD duoc ghi trén mdy D8 Advance-Bruker Duc; phuong phap hap phu vat Ii N,
dugc ding dé xic dinh dién tich bé mat BET va phin b6 mao quan duoc tién hanh trén may
Micromeritics ASAP 2010 (tai PTN Cong ngh¢ loc héa dau va vat liéu xdc tc, Truong Pai hoc
Bach khoa Ha Noi).

Hoat tinh xtic tic duoc dénh gid qua phan tmg oxi héa toluen trong dong khong khi. Qua
trinh dugc tién hanh trén so do vi dong véi 0,3 g xuc téc va 0,7 g thach anh (d6ng vai tro chat
don), nhiét d6 phan tng thay doi trong khoang 25 + 350 °C, toc do dong khong khi 1a 48
ml/phuit, ti 1€ toluen/khong khi 1a 1/19.

3. KET QUA VA THAO LUAN
3.1. Nghién ciru dac trung xdc tac

3.1.1. Két qua diéu ché xiic tdc

i Mau xtc tdc Au/than hoat ‘tl’nh (Au/C*) v6i ham lugng Au va né)ng d% dung dich HAuCl,
tam lén than khac nhau duoc di€u ché nhu sau:

Bang 1. Thanh phin cdc mau trong xtc téc tng hop.

Mau Ham luwong Au (% khoi luwong) N&ng do dung dich HAuCl,
Ml 0,50 0,0026 M
M2 0,75 0,0026 M
M3 1,00 0,0026 M
M4 0,50 0,0013 M
M5 0,50 0,0052 M
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Khi nung & 300 °C, phitc HAuCl, phan hity nhiét, ion Au** bi khir thanh Au kim loai.
3.1.2. Gian d6 nhiéu xaq tia X

Gian dd XRD ctia miu than hoat tinh va xtc tac 0,5 % Au/C* (M4) dugc dua ra trong hinh
1 va hinh 2.
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Hinh 2. Gian 6 XRD ciia xdc tic
Hinh 1. Gian d6 XRD cua than hoat tinh 0,5 % Au/C*(M4).

Gian do XRD ciia mau than hoat tinh (hinh 1)
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mat véi thong s6 6 mang a =b =c =4,07960 (hinh = s =

3). Nhu vdy, trong mdu M4, vang ton tai & trang

thdi 1ap phuong tdm mat. Hinh 3. Céc thong gé chudn ciia vang trong

Ngoai ra, khéng nhan théy mot pic la nao thu vién cua thiét bi phan tich XRD.

khic trong gian dd XRD cta mau M4 so véi mau

than hoat tinh ban dau. Céc cao do, vi tri pic va do cao ctia duong nén hoan toan khong khéc biét

v6i mau than hoat tinh, ching t6 than khong bi thay ddi cau tric khi tim dung dich phirc Au va

nung tai 300 °C.

3.1.3. Anh kinh hién vi dién tir truyén qua
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Print Mag: 208000x @ 51 mm 20 nm

10:39:06 a 04/20/12 HV=80.0kV

TEM Mode: Imaging Direct Mag: 100000x
EMLab-NIHE

Hinh 4. Anh TEM cua than hoat tinh.

Pé xem xét rd hon vé cu tric cua vat liéu than hoat tinh va cdc hat kim loai Au duoc dua
[én than, mau xuc tac va chat mang da dugc phan tich bang phuong phap TEM (hinh 4, 5).

Khi nghién citu céu tric vat liéu bang anh TEM, nhan thiy mot dic diém chi ¥ trong cdu
tric than hoat tinh: Than hoat tinh cé mdt hé thong mao quan véi kich thudc khong dong déu va
rat da dang. Cdc mao quan trung binh va 16n c6 thé quan sat dugc bang anh TEM.

Sau khi dua Au Ién than hoat tinh, anh TEM cho thiy cdc cdu tric mao quan ciia than
khong bi anh hudng. Hat Au c6 kich thude tir 10 — 45 nm va khong dong nhat, chi yéu dugc
phén bo trén bé mat cda than.

-
72.9 nm

0.5-Au-Than.003 0.5-Au-Than.012

— —

Print Mag: 49100x @ 51 mm 100 nm Print Mag: 58200x @ 51 mm 100 nm

10:03:15 a 042012 HV=80.0kV 10:27:14 a 042012 HV=80.0kV

TEM Mode: Imaging Direct Mag: 25000x TEM Mode: Imaging Direct Mag: 30000x
EMLab-NTHE EMLab-NIHE

Hinh 5. Anh TEM cua xic tic 0,5 % Au/C (M1).

3.1.4. Puong dding nhiét hdp phu nito
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bé xdc dinh sy phén bd kich thuée mao quan va bé mat riéng cua than hoat tinh trudc va
sau khi tam dung dich HAuCl,, mau dugc tién hanh phéan tich hap phu vét 1f N,. Puong dang
nhiét hap phu N, cua hai mau than hoat tinh va xdc tdic M1 dugc trinh bay trong hinh 6 va 7.
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Hinh 6. Pudng déng nhiét hép phu cua C* (a) va 0,5%Au/C* (M1) (b). (Tén dgi lwong do t. Viét)

Hinh 6 c6 xuét hién diém tiép xic ciia duong cong Vol tryc thé tich hap phu. So sanh 2 d6
thi duong cong c6 su thay doi sau khi dua vang nano 1én mau chat mang. Xuét hién diém ngung
tu ctia dudng cong dong thoi diém tiép xuc ting 1én cho thay sau khi dua vang I€n, kha nang hap
phu N, gidm nhe. Piéu nay c6 thé I gidi do vang phan bd vao trong ciu tric ctia chit mang.
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Hinh 7. Phan bd kich thuéc mao quan cua C* (a) va xuc tac 0,5 % Au/C* (b).

Ttr hinh 7, kich thuéc mao quan cua than hoat tinh phan b rong, bao gom ca ba loai kich
thuéc mao quan, trong d6 vi mao quan chiém ty 1& 16n. Bén canh vi mao quan, than hoat tinh
con ¢6 cdc mao quan trung binh c6 kich thude tap trung ¢ khoang 20 — 28 A°. Mat khdc, ciing ¢6
cédc mao quan véi kich thude 16n hon tir 100 — 200 A°. Mao quan 16n chiém mét ty 18 nhé trong
céu triic than.
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Khi dua Au 1én than hoat tinh, phin bd kich thuéc mao quan ciia xiic tic thay déi. Cac vi
Mao quan mao quan vi mao quan trung binh van chiém da s6. Céc mao quan c6 kich thudc > 60
A° khong con, diéu nay c6 thé 1a do cdc hat vang nam trén bé mit than hoat tinh, che phu 1én bé
mdt va cdc mao quan trung binh, mao quan 16n.

Tuy nhién, lugng mao quan 16n cua than hoat tinh khong nhiéu (hinh 7a) nén dién tich bé
mit riéng cua than hoat tinh (BET) trudc va sau khi tim Au gan nhu khong thay ddi, két qua thé
hién trong bang 2.

Bdng 2. Dién tich bé mat riéng cua C* va xuc tic 0,5%Au/C* (M1).

Maiu Than hoat tinh (C*) MI
Dién tich bé mit riéng (BET) (m?/g) 288,11 287,62

3.2. Nghién ciru hoat tinh xic tac
3.2.1. Khao sdt @ chuyén héa ciia phdn iimg theo thoi gian

~ Khao sit do ghuyén hoa toluen theo thoi gian phan ng cua m?tqu xtc tdc 1 % Au/C* (M3).
Keét qua su thay d6i d chuyén héa toluen theo thoi gian phan ung thé hién nhu do thi hinh 8.
Giai doan phan ung tr 90 - 190 phit do chuyén hod ting nhung rat it va dat cyc dai

34,08 % tai thoi diém 150 phut. Tiép tuc tién hanh phan tng, d6 chuyén héa giam dan theo thoi
gian phan ung, tuy nhién mic do giam kha cham.

Thoi gian d6 chuyén héa toluen dat gid tri cao (> 30 %) kha dai, téc d6 giam khong dang ké
trong khoang thoi gian phan trng 90 — 190 phuit.

Néu tiép tuc ting thoi gian phan tng thi do chuyén héa giam, do sy hinh thanh cdc san
phdm trung gian chua kip phan hity va cdc hinh thanh bam trén bé mit cic tim xuc tic Au, che
phu tam hoat tinh, dong thoi bit kin cdc mao quan ctia than, 1am mét hoat tinh xic téc. Diéu nay
dan dén sy tiép xiic giira toluen va tdm hoat tinh giam, dan dén do chuyén héa ciia phan tmg
giam.
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Hinh 8. Anh hudng ciia thoi gian phan tng dén do chuyén héa toluen ctia mau M3.
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3.2.2. Nghién citu anh huong cua ham luong Au

Khao st anh huong cia ham luong Au trong xuc tac dbi véi do chuyén hoda duoc thuc hién

tai nhiét @6 phan trng 150 °C.

Két qua cho thdy khi ham lugng Au
ting tir 0,5 % (M1) 1én 0,75 % (M2), do

chuyén hod tang tr 21 % 1én 29 %. Con | — 3%
khi ting tiép ham luong Au Ién 1% =

(M3), d6 chuyén hod c6 ting nhung @ =3
khong nhiéu (34 %). Piéu nay duoc giai = =
thich béi khi ham luong Au cao s& xdy ra | o >

su co cum cac tinh thé vang nho thanh
céc hat vang c6 kich thudc 16n. Cac hat
vang kich thugc 16n ¢6 hoat tinh xuc tic
thip hon céc hat kich thuéc nho do bi
giam dién tich tiép xic.

Do Au la mot kim loai dat ti€én, so sanh
voi xdc tdc cda cic kim loai khic (Co,

40 -
M3
M2
M1
10 T T T T T 1
0 02 04 06 08 | 12
Ham lwgng Au (%)/C*

Cu, Ni), do chuyén hoa toluen cua xuc
tac Au c6 hoat tinh rat cao, nén chung toi
chi tong hop va thyc nghiém déi véi xic
tac c6 ham lugng Au 16n nhét 1a 1 %.

Hinh 9. Anh huéng cua ham luong vang dén do
chuyén héa toluen.

3.2.3. Nghién ciru dnh hudng ciia nong dé dung dich HAuCl, dén qud trinh tam xiic tdc

Tién hanh phan g oxy ho4 toluen trén 3 mau xiic tic ¢ nong do dung dich HAuCl, diing
dé tdm 1én than c6 ham luong 0,5 % Au lan luot nhu sau: 0,0013 M (M4); 0,0026 M (M1) va
0,0052 M (M5). Két qua do do chuyén hoa diing dé khao sét anh huong ciia nong d6 dung dich
vang dén d6 chuyén héa toluen thé hién trén hinh 10.

Két qua cho thay do chuyén hod toluen
trong phan ung oxy hoé giam khi ting ndng
d6 dung dich vang diing dé tdm Ién than hoat
tinh. Didu nay dugc giai thich nhu sau: khi
sir dung dung dich HAuCl, lodng dé tam, do
mat do cac hat Au trong mdi 1an tim thép
nén khd ning phan tdn Au trén than hoat tinh
cao, cac tam kim loai khong bi co cum hay
che 14p 14n nhau. Khi ting nong d dung dich
HAuCl,, mat d6 cac hat Au trong dung dich
tang, lam gidm kha ndng dua cic hat Au 1én
trén bé mat xudc tac, hoat tinh cda xuc tac bi
anh hudng.

Tuy nhién, néu ndng d6 dung dich
HAuCl, thay d6i nhung vin nam trong
khoang 10° M (ndng d6 dung dich lodng),

21 M4
N
o N
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@ . Ml
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202 ‘ ‘ ‘ ‘ ‘ ‘
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Noéng dé dung dich HAuCl4 (M)

Hinh 10. Anh huong cua ndng d6 dung dich
vang dén d6 chuyén hda toluen.

anh hudng ctia ndng d6 dung dich tim 1én hoat tinh xtic tic Au/C* khong 16n (giam 0,51 % khi
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tang ndng do 1én 4 1an). Do d6, trén thuc té khi diéu ché xidc tic Au/C*, ndng d6 dung dich vang
tam lén than hoat tinh chi can dam bao khéng qué ddc dé khong anh huong dén kha nang tam va
phan bo cic hat Au trén xuc téc.

3.2.4. Nghién ciru anh huong cua nhiét do phan ung

Tién hanh khao sat hoat tinh xtdc tdc ctia mau 0,5 % Au/C* (M1) dé nghién cttu nhiét do
phan ung tdi wu. Khoang nhiét do dugc khao sat tir nhiét do 25 — 300 °C, budc nhay nhiét do
50 °C. Két qua dugc trinh bay trong hinh 11.

D6 thi hinh 11, cho thay trong khoang nhiét do tir 25 — 250 °C, d6 chuyén héa toluen ting
manh theo nhiét 6 (tr 9,34 % 1€én 35,04 %). Tuy nhién, khi tiép tuc tang nhiét do phan ung thi
d6 chuyén héa toluen bat dau giam nhe. Sy giam d6 chuyén héa clia phan tng c6 thé dugc giai
thich do khi ¢ nhiét do cao, dé xdy ra hién tugng cic hat Au bi co cum lam gidm kha ning tiép
xtic v6i nguyén liéu. Mit khéc, khi ¢ nhiét do cao, qué trinh nha hip phu xay ra dong thoi va
chiém uu thé (nha hép phu tai nhiét d0 cao) nén sy tiép xUc gifta c4c phan ti toluen, oxy véi cac
tam hoat tinh gidm.

40
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20

Po chuyén hoa (%)

0 50 100 150 200 250 300 350

Nhiét @6 phan timg (°C)

Hinh 11. B thi anh huéng cua nhiét 6 phan tng dén d6 chuyén héa toluen.

Nhu vay, ta xac dinh dugc nhiét do tdi wu dé tién hanh phan ung oxy hda hoan toan toluen
1a & 250 °C (35,04 %).

3.2.5. Ddnh gid hoat tinh xiic tdc khi dwa thém Ag vao Au/C*

Vang 1a kim loai quy, vi vay chiing t6i thir nghiém thay dua thém Ag vao hé xtc tic Au/C*
thay cho Au nham giam gi thanh ma hoat tinh xiic tdc khong mat di.
Mau xiic tic mdi dugc tong hop 12 0,5 Au - 0,5 Ag/C* v6i ndng do dung dich AgNO; va
HAuCl, tAm 1én than déng thoi 12 0,0026 M; so sdnh véi cdc mau 0,5 % Au/C* (M1) va
1 % Au/C* (M3) ciing nong d6 dung dich. Kha ning oxy héa toluen ciia cic mau khdo sat tai
thoi diém 150 phdt, phan tng & 150 °C dugc trinh bay & hinh 12.
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Vé6i cung ham lugng vang trong xuc
tac (Q,S %), khi thém kim loai Ag vao, (16 Pb chuyén hoa
chuyén hoéa toluen tang 1én (tir 20,68 % dén )
30,77 %). Piéu nay dugc giai thich do
nguyén ti Ag trén xtc tac cling déng vai tro

kich hoat oxy. 30
Mat khdc, mau 0,5 Au - 0,5Ag/C* ¢6 | ¥
do chuyeén héa thap hon so v6i mau 1 |20 .l

Au/C* (34,08 %) do ban than kim loai Ag |15
c6 hoat tinh thap hon Au trong phan ung |
oxy hod ¢ nhiét do thdp, nén néu so sanh
hai miu c6 cing 1% ham lugng kim loai,

hoat tinh ciia xtc tic hdn hop Au - Ag s& | ' jouer | osaosaecr | e
kém hon so véi n}ﬁu xuc tac chi c¢6 Au. Tuy -
nhién, do chuyén héa thap hon khong Hinh 12: Anh huéng cuia kim loai khac dén kha
nhiéu. Vi vy c6 thé dung Ag thay thé Au nang oxy hda toluen.

nham giam gi4 thanh tong hop vt lidu.

4. KET LUAN

Pa didu ché dugc xic tic Au/C* bang phuong phép ngdm tdm do c¢6 uu diém tién hanh
nhanh, don gian. Xic tdc thu dugc c6 kich thude hat Au tép trung khoang 10 - 45 nm phén b6
trén bé mat chat mang.

Xéc dinh dugc thoi gian do chuyén héa toluen dat gia tri cao (> 30 %) kha dai (90 - 190
phut).

_ Hoat tinh xic téc tuy thuc ham lugng Au, nong do dung dich tim va nhiét d6 phan tmg.
Mau Au/C* véi ham lugng Au 0,5 %, nhiét d6 phan tng & 250 °C 1a tot nhat véi d6 chuyén héa
toluen dat 35 %.

Hoat tinh cua xuc tdc Au - Ag/C* thip hon khong nhiéu so véi mau xudc tac Au/C* ¢ cung
ham lugng kim loai trén chat mang (1 %). Vi vay, ¢6 thé dung Ag thay thé Au nham giam gid
thanh tong hop vat liu.
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ABSTRACT

SYNTHESIS AND EVALUATION OF TEST RESULTS OF THE COMPLETE OXIDATION
OF TOLUENE ON CATALYST OF Au/C*

Le Thi Huyen Trang', Nguyen Hanh Nguyen', Tran Quang Vinh?, Pham Thanh Huyen',
Le Thi Hoai Nam™ "

School of Chemical Engineering, Hanoi University of Science and Technology

?Institute of Chemistry, VAST, 18 Hoang Quoc Viet, Cau Giay, Hanoi

*Email: namlht2005 @yahoo.com

The catalysts of Au/C* were prepared by impregnation method and characterized by N,
adsorption, XRD, and TEM. The catalytic activity of Au/C* for the complete oxidation of
toluene and causes of catalyst deactivation were evaluated. Catalytic activities were carried out
at temperature of 25 — 350 °C with the Au loading content of 0.5, 0.75, and 1 wt.% Au. The
results show that 1 wt.% Au/C* catalyst has the highest catalytic activity for complete oxidation
of toluene at 250 °C.

Keywords: catalyst of Au, activated carbon, oxidation, toluene.
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