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TI LE KHOI LUQNG Ag/A-RHA PEN HOAT TINH XUC TAC
CHO PHAN UNG OXI HOA CO
STRUCTURAL PROPERTIES AND THE EFFECT OF
VOLUME RATIO Ag/A-RHA TO CATALYST ACTIVITY
FOR CO OXIDATION REACTION
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T6m tat: Bai bao trinh bay két qua téng hep xlc tc nanocluster Ag trén chat mang tro trau da
hoat hoa (A-RHA), khdo sdt ddc tring cdu tric va hogt tinh cia xtc tac cho phan ing oxi héa CO Véi
phan tram khéi lwong Ag tam trén chat mang tro trau lan ot la 0,32 %, 1,55 %. Cdc dic trung cia
cac mau xdc tac Ag/A-RHA duoc xdc dinh boi phuong phdp do pho hong ngogi, phé nhiéu Xg tia X,
nhiét trong lirong, dién tich bé mat riéng va anh hién vi dién tir truyen qua. Thuc nghi¢m da tong hop
thanh cdng xuc tac Ag Véi kich nweéc nanocluster trén chat mang tro trau hogt héa. Két qua khdo sat
hoat tinh cho thay xuc tac 0,32 % Ag/A-RHA c6 di¢n tich bé mat 11,84 m?/g, c6 khd ndng chuyén hoa
CO ¢ nhiét dg thap (60 - 200°C), véi toc do dong khi gid thai 30 mL/phdt ¢ 60 °C thi kha ndng chuyén
héa dat 20,72 %, va ¢ 200 °C khd ndng chuyén héa CO tang dén 86,63 %, toc dg chuyén héa riéng dat
6,88.10° molco.mag *gidy™.

Tir khoa: Nanocluster, khd ndng chuyén hoa, téc dé chuyén hoa riéng, tro trdu hoat hoa, xdc tac.

Chi sé phan logi: 2.3

Abstract: This article shows the results of catalytic synthesis of Ag nanoclusters on activated rice
husk ash carrier (A-RHA), testing results of the typical structure and catalytic activity for CO
oxidation reaction with the percentage of Ag content soaked on rice husk ash carrier is 0.32 %, 1.55
%, respectively. The characteristics of Ag/A-RHA catalyst samples are determined by Fourier
Transform Infared Spectrometer, X-ray diffraction spectra, thermal gravimetric analysis, surface
area, and transmission electron microscopy. The test has successfully synthesized Ag with nanocluster
on activated rice husk ash carrier. The catalytic activity surveying result shows that 0.32 % catalyst
has a surface area of 11.84 m%g, CO conversion rate at low temperatures (60-200 °C), with the
impure gas flow speed of 30 mL/min at 60 °C, CO conversion rate reaches 20.72 %, and CO
conversion rate is 86.63 % at 200 °C, the specific conversion rate is 6.88.10° molco.mag™s™.

Keywords: Nanocluster, activity surveying, specific conversion rate, activated rice husk ash,
catalyst.

Classification number: 2.3

1. Giéi thiéu don nguyén tir kim loai hay cluster kim loai

Cac hé xuc tac cho phan wng oxi hoa
Carbon monoxide (CO) dugc cac nha khoa
hoc trong va ngoai nudc tap trung nghién ciru
nhim tim ra xtc tac tdi vu vé hoat tinh. Céc
Kim loai qui nhu Au, Pt, Pd, Rh, Ag, ... &
kich thudc nano, nanocluster va don nguyén
tir trén chat mang oxit sat, oxit nhdm, silica,
.. cho hiéu qua xuc tac cao trong phan ung
oxi héa CO & nhiét @6 thap, trong cac kim
loai qui thi Ag c6 chi phi thip hon nhung van
co hoat tinh XUc tac cao.

Cac miu xtc tac dugc tong hop bang
phuong phap ddng két tua cac nguyén té xuc
tac va chat mang [1]. Viéc tong hop xuc tac

trén nén mot chat mang da co sin (vi du tro
tru d3 hoat hoa) 1a mot vin dé moi & thoi
diém hién nay. Céc nghién ctu gan day cho
thiy, tro trau sau hoat héa bang dung dich
HF c6 dién tich bé mat riéng I6n, c6 ham
luong silica chiém 84,3% tong khéi luong tro
trau [2]. Ngoai ra, tro trau c6 sb luong tam
hoat dong trén bé mit cao, tao diéu kién
thuan loi dé tao ra luc lién két manh véi cac
kim loai qui boi silica chira trong tro trau,
thoa man cac yéu cau can thiét cuaa mot chat
mang [3].

Tir cac van dé trén, nghién ciu nay cd y
nghia rat 16n vi vira mang tinh hoc thuét cao
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vira nham giai quyét bai toan da muc tiéu
trong thyuc té: (1) tong hop thanh cong xic
tac co kich thudc nanocluster ¢ hiéu qua cho
phan tng oxi héa CO; (2) tan dung nguén
chét thai tro trdu tir cac 1o dét; (3) mo ra
huéng xt Iy 6 nhidm CO & nhiét do thap, chi
phi dau tu va van hanh thap.

2. Phuwong phap nghién ctiru

2.1. Hoa chat

AgNOs 99,8 % (Trung Quéc) HF 99,99
% (Trung Quoc) nuéc cat hai lan va khir ion
duoc diéu ché tai phong thi nghiém, tro trau
tuoi (F-RHA: Fresh rice husk ash) lay tir co
& san xuét gach tai huyén Chau Thanh, tinh
An Giang, binh khi theo ti I¢ phan tram thé
tichCO: 02:N2=1:1:98, binh khi H2.

2.2. Téng hep xuc tac

Xuc tac dugc tong hop biang phuong
phap dong két taa hdn hop 0,1 gam AgNOs
(d6i v6i mau 0,32 % Ag/A-RHA) hoic 0,5
gam AgNOs (ddi véi mau 1,55 % Ag/A-
RHA), 20 gam tro tru va dung dich HF 10
%. Hon hop phan ung duoc khudy déu 30
phit bang khudy tir ¢ nhiét do phong. Hon
hop xuc tac sau d6 dwoc loc rira nhiéu lan
bang nudc cat khir ion dén trung tinh. San
pham thu dugc sdy ¢ 105 °C trong 12 gio,
sau d6 cho vao lo chua trong binh hat am.

2.3. Pic trung tinh chat va danh gia
hoat tinh xuc tac

Cac dac trung coa mau xdc tac Ag/A-
RHA duoc xac dinh boi phuong phap do phd
hong ngoai (FTIR) va pho nhiéu xa tia X
(XRD) dé xac dinh thanh phan cua xuc tac.
Xuc tac dugc xac dinh do bén nhiét bang
phuong phép nhiét trong luong (TGA), xac
dinh dién tich bé mat riéng cua miu xdc tac
bang phuong phap do BET, xac dinh hinh
dang va kich thudc cua cac hat xic tac bang
anh TEM.

Hé thdng phan @ng oxi héa CO dong vi
lwong gébm ba phan: (1) hé thdng cung cip
khi, (2) binh phan ung va (3) hé théng phan
tich. Khi CO dugc dua vao binh phan tng
nhd dong khi mang nito dong thoi hoa voi
dong khi oxi theo mot ty ¢ thé tich xac dinh
(CO:02:N2=1:1:98). Téc d6 dong nap
liéu téng dugc diéu chinh 6n dinh bang luu
lugng ké (4 L/giod). Mau xuc tac c& hat qua
rdy 40 mesh tao thanh 16p mong cd bé day

1,5 cm ung véi duong kinh 1 cm, dat bén
trong binh phan ¢ng. Cap nhiét dién tiép xdc
binh phan ung tai l6p xuc tac ghi nhan nhiét
dd phan tng, mdi nghiém thuac duogc thuc
hién ba lan sau dé lay két qua trung binh.
Xtc tac dugc hoat hda 3 gio trong dong khi
H2 ¢ 300 °C truéc khi phan tng. Cac thi
nghiém ban diu cho thiy trong hdn hop san
pham khdng chira san pham khac CO2. Po
chuyén héa duoc tinh tir ndng d6 CO trudc
va sau phan ung, duoc phan tich bang hé
théng sic ky khi TRACE 1310 véi dau do
TCD, sir dung phan mém Chronmelon.
Tinh d6 chuyén héa CO:

x =525 100(06) 1)
0

Trong do:

X: 1a d6 chuyén héa cua CO;

So: la dién tich peak CO nguyén li¢u
(trudc phan tng);

S: la dién tich peak CO san pham (sau
phan tng);

3. Két qua

3.1. Pic trung tinh chit cia cac miu
xuc tac

Céc két qua dién tich bé mat riéng; phd
FTIR va XRD; anh TEM; nhiét trong luong
TGA cua cdc mau xic duoc thé hién bén
dudi: ‘ i
Bdng 1. Di¢n tich bé mat riéng cua cac mau xUc tac.

Mau Dién tich bé mit riéng
(m*/g)
Tro tréu twoi (F-RHA) 16
Tro trau hoat héa (A- 80,9
RHA)
0,32 % Ag/A-RHA 11,84
1,55 % Ag/A-RHA 5,56

1,55 % Ag/A-RHA

0,32 % Ag/A-RHA .

VoA
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T v y v T v
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S0 séng cm!

Hinh 1. Phé FTIR cuia cac mau xic tac Ag/A-RHA.
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Hinh 2. Phé nhiéu Xg tia X ciia cac Mdu xUc tac.

Tro_01_AgNO3 [ TEM

3.2. Kha niing chuyén hoa CO (%) theo phan trim khéi lwrong cia Ag tam trén chat

Trong lwgng (%)

\GNC . 50.0nm
Hinh 3. Anh TEM cua cic mdu xuc tac
0,32 % Ag/A-RHA.

Hinh 5. Nhiét trong hirong TGA ciia cac mau x(c tac
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Hinh 4. Anh TEM cua mau xdc tac 1,55 % Ag/A-RHA.
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STT | Nhigtd¢ (C) 0,32 % Ag/A-RHA 1,55 % Ag/A-RHA
1 60 20,72 £0,11 41,19 + 1,67
2 80 24,96 £ 0,53 57,26 £1,31
3 100 39,99+ 1,75 66,98 + 1,51
4 150 74,97 £1,13 83,37 £1,38
5 200 86,63 + 0,18 91,70 £ 0,26
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Hinh 6. Anh huong ciia nhiét d6 dén hiéu qua xir 1y CO ciia cdc mdu xiic tdc.
Ghi chu: Céc sé li¢u + trong do thi duoc biéu dien theo dé léch chudn vgin = 3
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3.3. So sanh két qua thu dwogc véi mot sé cong trinh di nghién ciru
Bdng 3. So sanh két qua thu duwroc véi mét s6 cong trinh nghién ciru khac.

M3u Dy chuyén | (IEEED | Kich thudc hat riéIS c(ggliiu%e: Tc::]?ay
héa CO (%) C) xGc tac (nm) 1y 9
0,32 % Ag/A-RHA 86,63 200 Nanocluster 6,88.10°°
0,32 % Ag/A-RHA 20,72 60 Nanocluster 1,64.10°3
1,55 % Ag/A-RHA 91,70 200 Nanocluster 1,35.10°
1,55 % Ag/A-RHA 41,19 60 Nanocluster 0,60.10°°
2 % Ag/SiO; [4] 98 220 | (Khong xac dinh) 0,08.10°3
8 % Ag/SiO; [4] 98 65 45-55 0,25.10°
5 9% Ag/SiO; [5] 98 200 2-3 0,65.10°
5 % Ag/SiO; [5] 98 57 2-3 0,65.10°3

T=60°C

1,64

0,81
0,65

0,54 4

0,27 o

Toc dp chuyén héa riéng (molgo.my,".s7.10%)

0,00 4
0,32 % Ag/A-RHA 1,55 % Ag/A-RHA

8 %Ag/SIO, 5 % Ag/SIO,

Miu xiic tic
Hinh 7. Q5 thi so sanh toc do chzgyé?n héa riéng cia
cac mau xiic tac ¢ nhiét do thap khodang 60 °C
(8 % Ag/SiO; [4]; 5 % Ag/SiO; [5]).

6,88 T=200°C

5110

55

44 4

ng (molco.my,

334

huyen hoa rié

' 2,2 4

11

0,32 % AglA-RHA 155/AQ‘ARHA 2/‘oAng|0

0,65

§ % Ag/SIOz

0,0

Hinh 8.~Bo th_l SO Sanh téc dé chuyén hoa
riéng cua cac mau xuc tac ¢ nhiét dg khoang 200 °C
(2 % Ag/SiO; [4]; 5 % Ag/SiO; [5]).

4. Théo luan

Dién tich bé mat riéng cua tro trau truge
va sau khi hoat héa c6 su thay doi rat 16n
(Bang 1). Tro tru twoi c6 dién tich bé mat
riéng 16 m?/g tang 1én 80,9 m%g ddi vai tro
trau hoat hda A-RHA, ting xap xi 5 lan. Mu
xuc tac 0,32 % Ag/A-RHA cé dién tich la
11,84 m?/g va 1,55 % Ag/A-RHA c6 dién
tich 1a 5,56 m%g. Thuc nghiém thay ring

luong Ag tam trén bé mit caa tro trau cang
nhiéu thi dién tich bé mat cua xdc tic cang
giam. Két qua nay rat phu hop veéi mot s6
cong trinh di nghién ctru vé x{c tac tim nano
bac trén chat mang SiOz2 [5, 6].

Phd FTIR cua cac mau xtc tac dugc thé
hién trong hinh 1. Vi tri cic peak thay doi
khong déng ké, cac peak & vi tri sb song 720
cm?*va 730 cm? ung véi dao dong cua Si-H
(520-800 cm™). O cac vj tri s6 séng 1090 cm
1 g véi dao dong cua Si-O-Si (1080 cm™);
2850, 2915, 2960 cm™ trng vé&i dao dong cua
C-H (2930 cm™), 3417, 3475, 3550 cm™ ung
véi dao dong cua -OH (3400 cm?) [6].

Cac peak cua Si-O-Ag ¢6 vi tri s6 song &
1074 cm™ dén 1226 cm™ [7] va 1169 cm™
dén 1637 cm™ [8], tuy nhién két qua phan
tich pho FTIR nhu hinh 1 khéng nhan thay
dinh peak tai vi tri do, diéu nay co thé giai
thich do ham luong Ag ¢6 trong mau qua it
nén khdng thé xac dinh duoc cac dinh peak.
Cac mau xtc tac duge xac dinh phd nhiéu xa
tia X, két qua thu dugc nhu hinh 2 cho thiy
bé mit cia tro trau sau hoat hoa (A-RHA) bi
thay d6i rat nhiéu so véi tro triu chua hoat
héa (F-RHA).

Phd nhiéu xa tia X c6 thé xac dinh dugc
cuong do peak cia Ag20 c6 trong mau & goc
chiéu xa 33° (8% Ag/SiO2) [4] va cuong do
peak cua Ag & cac goc chiéu xa 38° (5%
Ag/SiO2) [5], 38,2°, 44,2°, 64,4° va 77,1°
(8% Ag/SiO2) [4]. MAu tro triu chira lugng
Ag nhiéu hon c¢6 cuong do peak cao hon.
Tuy nhién lugng Ag ¢ trong cdc mau ma
thuc nghiém dang nghién cttu (0,32 % Ag/A-



140

Journal of Transportation Science and Technology, Vol 27+28, May 2018

RHA va 1,55 % Ag/A-RHA) qua nho nén
khoéng xuit hién peak dic trung cia Ag va
Ag20, két qua nay rat phi hop véi viéc phan
tich phd FTIR di khao sét.

Vi luong Ag c6 trong mau rat nho nén
cac kich thudc nanocluster bac khd co thé
xac dinh dugc mot cach chinh xac, két qua
anh TEM cua hai mau xdc tac 0,32 % Ag/A-
RHA (Hinh 3) va mau xuc tac 1,55 % Ag/A-
RHA (Hinh 4) cho thiy Ag phan tan trén bé
mat chat mang véi kich thudc nanocluster.

Céc hinh dang cua nanocluster Ag thu
duoc 1 hinh tron (c6 dang tim). Hai mau x(c
tac v6i ti 16 phan trim theo khdi lwong Ag
khac nhau cho kich thuéc hat va mat d6 phan
b khéc nhau.

C4c mau xuc tac dugc xac dinh nhiét
trong lugng TGA, nhiét do khao sat 1én dén
1000 °C. Tir két qua hinh 5 cho thay sy giam
trong lugng cac mau A-RHA tinh theo phan
tram khdi lugng twong tng khoang 0,76 %,
0,56 % va 0,90 %. Xét trong khoang nhiét do
dudi 450 °C, su giam trong luong cua cac
mau gan giéng nhu nhau, do sy mat di mot
phan nho silanol (Si-O-H) va H20 trén bé
mat cta SiO2 trong mau x(c tac [7].

Trong khoang nhiét do tr 450 - 650 °C,
Mau xuc tac 1,55 % Ag/A-RHA c6 sy giam
trong lwong nhanh nhat, mau A-RHA khdng
tam Ag va 0,32 % Ag/A-RHA c6 su giam
trong luong twong tu nhau. Su giam trong
lwong cua cac mau & nhiét do nay do su mat
di céc silanol va cac phan ta H2.0 phan bé
bén trong cua 16p SiO2 cb trong tro trau [7].
O nhiét d6 tir 650 °C - 1000 °C ca 3 mau c6
su giam trong luong rat it va gan glong nhau,
do & nhiét d6 ndy cac mau dia mat hét céc
silanol va cac phan tir nude. Nhu vay tir két
qua phan tich TGA c6 thé két luan cac mau
xuc tac bén vai nhiét ¢ khoang dudi 200 °C,
day la khoang nhiét d6 ma nghién ctu dang
khao sat. Néu tinh ¢ khoang nhiét do tir 60-
650 °C thi mau xdc tac 0,32 % Ag/A-RHA it
giam trong luong nhat, phi hop dé nghién
cau khao sat hoat tinh xuc tac cho phan ung
oxi hda CO & nhiét do thap tir 60-200 °C.

Giira cac ty 18 phan tram theo khdi luong
ctia Ag trén chat mang tro trau hoat hoa khéc
nhau: Sy gan két cua cac nguyén tir Ag thic
day viéc truyén va khuéch tan oxi trén bé

mit, dong vai tro quan trong di véi qua trinh
oxi héa CO, ting hoat tinh caa xuc tac. Poi
véi xuc tac 1,55 % Ag/A-RHA, qua két qua
khao st cho thay: Ban dau kha ning chuyén
hoa CO cua xuc tac nay c6 budc nhay cao
hon xuc tac 0,32 % Ag/A-RHA, & 60 °C kha
ning chuyén héa CO tang 1&n gap 2 lan, & 80
°C ting lén gap 2,3 lan va & 100 °C ting 1én
1,6 1an. Tuy nhién, khi nhiét do phan tng
tang 1én 150 °C va 200 °C thi kha nang
chuyén hoa cé thay doi it.

Theo cac nghién ciru trude day cho thiy
kich thudc nanocluster nguyén tir Ag cang
nho sé cho hoat tinh xdc tac cang cao [9],
tham chi véi don nguyén tir kim loai thi hoat
tinh xuc tac 1a cao nhat. Tuy nhién, cac don
nguyén tir kim loai trén chat mang oxit d& bi
thiéu két trong cac phan tng oxi héa nén
giam hiéu suat cua xuc tac.

Tir két qua so sénh bang 3, db thi hinh 6,
hinh 7 va hinh 8 cho thay kich thudc hat xdc
tac nho hon, do chuyén hoa thap hon va téc
d6 chuyén hoa riéng cua su chuyén héa CO
dbi vai xic tac 0,32 % Ag/A-RHA cao hon
rat nhiéu so voi cac mau x(c tac cua cac cong
trinh nghién ctu khéc ca & nhiét do thap 60
°C hay ¢ nhiét do cao khoang 200 °C. Céc
mau x0c tdc thu duoc & kich thudc
nanocluster, nho hon so véi mot sé cong
trinh dd nghién ctu [5, 6], khi kich thudc
cang nho thi hoat tinh xuc tac cang cao do do
tbc d6 chuyén hoa riéng ciing cao. Bén canh
do, luong Ag sir dung cho qua trinh xdc tac
cling thdp hon va nghién cttu con thyc hién
trén chat mang tro triu — mot nguon chat
thai, it tbn chi phi so vai chit mang SiOz2 tinh
khiét. Tur hai mau xuc tac di tong hop duoc
c6 thé két luan mau xtc tac 0,32 % Ag/A-
RHA ¢6 hiéu suat chuyén hoa khong cao hon
mau xuc tac 1,55 % Ag/A-RHA & clng
khoang nhiét do khao sat, tuy nhién téc do
chuyén héa riéng cao hon nhiéu, diéu nay
gilp tiét kiém Iuwong Ag, giam chi phi cho
qua trinh nghién ctu.

5. Két luan

Hoat hoéa tro trau bang phuong phap an
mon héa hoc boi dung dich HF 10 % la
phuong phap don gian, nhung mang lai hiéu
qua cao. Nghién ctu da téng hop thanh cong
nanocluster nguyén tir Ag trén chat mang tro
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triu da hoat hoa, véi kich thudc cia cac mau
xUc tac la nanocluster va c6 hinh tron (cé
dang tim).
Khao sat dugc hoat tinh xdc tac Ag/A-
RHA cho phan ung oxi hoa CO trong khoang
nhiét d6 60-200 °C. Qua trinh nghién curu cho
thiy véi xuc tac 0,32 % Ag/A-RHA thi cho
hiéu suat chuyén hoa CO dat 86,63 % & 200
°C voi tbe d6 chuyén hoa riéng dat 6,88.10°
(molco.mag™.giay™?).
Qua trinh khao sat kha nang chuyén héa
CO cua xuc tac Ag/A-RHA da tim ra dugc
nhing diéu kién thich hop cho phan tmg oxi
hoéa CO nhu: (1) téc do dong khi gia thai la
30 mL/phut; (2) nhiét @6 phan tng 1a 200 °C;
(3) Ty 1& khdi luong Ag tam trén bé mat chat
mang A-RHA 1a 0,32 %.
Xuc tac 0,32 % Ag/A-RHA di tong hop
c6 hiéu qua va do bén cao, ¢ kha nang xu ly
CO ¢ nhiét do thap. Pay co thé duoc xem la
loai xUc tdc méi, vai kim loai Ag co6 chi phi
thap hon céc kim loai quy khéac va duogc tong
hop trén chat mang ré tién d6 1a tro tréu.
Nghién ctru s& md ra hudng tan dung tro trau
c6 hiéu qua véi chi phi van hanh va dau tu
thapQ
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