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Au, Pt supported on graphene aerogel catalysts (PtAu/rGOA) with
molar ratio of Pt and Au of 11, and total metal concentration of 5 %
were successfully synthesized by hydrothermal method. The obtained
catalysts were characterized by Raman, XRD, XPS, HR-TEM, BET. It
revealed that Au and Pt nanoparticles with average size of 3 — 5 nm
were highly dispersed on aerogel graphene. The activity of these
catalysts was tested in CO oxidation. The results showed that the
conversion of CO at ambient temperature was 100% during 25 minutes.
Accordingly, PtAu/rGOA could be considered as a potential catalysts for

CO oxidation at low temperature.

Gidi thiéu chung

CO la mét trong nhiing khi déc sinh ra ti qua trinh
chay thiéu oxy clia cac vat liéu hitu co. Vdi dac tinh
khong mau, khong mui, CO la "ké giét ngudi tham
lang”. Bac biét, trong cac ddém chay ndi chung, chay
khu chung cu cao tang ndéi rieng, CO la mét trong
nhitng khi d6c nguy hiém [1, 2]. Vi véy, st dung mat na
loai bo tui (tién dung, co thé dp dung cho dai da s6
ngudi dan, moi Iic, moi nai), co kha nang loai bd CO
ndi riéng va cac khi déc ndéi chung trong qué trinh
ngudi dan thoat hiém khoi dam chay, hia hen la mot
trong cac giai phap co hiéu qua.

Da&i vai qua trinh oxi hda xtc tac CO & nhiét do thap
[3], cac chét xdc tac hiéu qua thuong chia kim loai
chuyén tiép, nhu Pt, Pd va Rh, nh& khad nang phan ly
oxy phan t&r & nhiét dé thap va lién két manh véi ca

oxy nguyén ti va CO. Gan day, nhiéu nghién clu da
chi ra rang kim loai vang (Au) c6 hoat tinh cao déi vdi
qua trinh oxy héa CO & nhiét dé thap (gan vdi nhiét
dd méi trucng) [4-6].

Do vay, viéc b6 sung thém lugng nhd kim loai Au cho
phép phan Ung c6 thé dudc tién hanh & nhiét do
phong nhd kha nang lién két chon loc véi CO, b thé
cung cdp du néng do CO trén bé mat, dan tdi lam
giam dang ké nang lugng hoat hoa [7]. Hoat tinh clia
Au déi vd&i qué trinh oxy hda CO dugc tang cudng vdi
su hd trg clia cac oxit kim loai nhu Ce, Al, Zn, Ti, [8-13,
14], TNT [15], zeolite,... [16] vdi vai trd nhu chat mang
luu trlr, ddng thdi kich hoat oxi (Oz), phan tan tam hoat
tinh, gilp gidm gia thanh va cai thién do én dinh cla
xuc tac [17].
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Vat liéu aerogel graphen vdi tinh chét siéu nhe, siéu
x6p, dién tich bé mat riéng 16n, thusng dugc st dung
lam chét hap phu va luu tri khi [11, 18-24], chat mang
xUcC tac [21-24]. Tuy nhién cho dén nay, theo hiéu biét
cla chung téi, chua cé cong trinh nao sif dung aerogel
graphen lam chat mang dé phan tan kim loai Au va Pt
lam xdc tac cho qua trinh oxi hda CO & nhiét dé thap.

Bai bao nay trinh bay cac két qua ban dau lién quan
dén qué trinh t6ng hop xUc tac trén co s& nano Pt, Au
mang trén aerogel graphen (PtAu/rGOA), cho qué
trinh oxi hda CO & nhiét do thudng, hudng i Ung
dung lam vét liéu trong mat na chéng ngat khdi, dang
bd tui.

Thuc nghiém va phuang phap nghién clu

Graphite troc nd, HaSO4 98%; NaNOs; KMnOgs H20:
30% va HCl 36,5%; Etanol 96%; HAUCl+.3H0 > 49%
Au; HaPtCle.6H2O >37,5% Pt; Etylen glycol (EG) déu cé
ngudn goc Sigma Aldrich. Nudc deion dugc san xuat
tai phong thi nghiém.

Graphen oxit (GO) dugc téng hgp bang phuong phap
Hummer cai tién [25]. Chét xUc tdc PtAu/rGOA dugc
diéu ché bang cach phan tan GO trong hén hop dung
moi H2O:EG (1:2), d€ thu dugc ham lugng chat ran 1a 5
mg/mL. Thém tién chat HAuCl4.3H20 va H2PtCle.6H20
vao 200 mL hdén hgp néu trén. Bdng nhat hén hop
bang rung siéu &m trong 2 phut, sau do tién hanh qua
trinh x( ly thay nhiét hdn hgp trong autoclave, &
180°C, trong 15 gid. San phdm dang khéi tru dugc
ngam trong dung madi etanol trong thdi gian 3 = 5
ngay. Tién hanh thay dung méi hang ngay dé loai bo
EG du. Tiép theo, khéi hinh tru thu dugc dudc séy &
nhiét dé 31°C, &p suat 73,8 bar, trén thiét bj say siéu tdi
han CO:z Helix - Appllied Separation. Téng ham Iuong
kim loai la 5% va ty 1&é mol Pt:Au la 1:1 trong xUc tac
PtAu/rGOA

Thuc nghiém d&c trung tinh chat cac mau vat liéu
bang phuong phap nhiéu xa tia X dugc thyc hién trén
may D8 Advance (Bruker); bang phuang phap Raman
trén thiét bi Horiba HR 800; bang phuang phap XPS
trén méay KRATOS Axis Ultra DLD; bang phuong phap
HR-TEM trén méay JEOL, JEM2100F.

Thuc nghiém danh gi& hoat tinh oxi héa CO cla xuc
tdc PtAu/rGOA dudc tién hanh trong hé thiét bi phan
Ung I6p xtc tac cé dinh, vai duong kinh trong clia éng
phan Ung 1,8 cm, chiéu cao I6p xdc tac 16,2 cm. Khi
dau vao chlia 48400 ppm khi CO (4,84%), 15,16% O,
80% N> dugc cho qua I6p xdc tac vdi luu lugng 62
ml/phdt. Chat xtc tac PtAu/rGOA dugc qilt & dang

nguyén khai, khong nghién, vdi khéi luang 0,2 g. Khi ra
dugc phéan tich ham lugng CO bang sac ky khi Agilent
A7890, detector dan nhiét (TCD). D& chuyén hda cla
xUc tac dudc tinh theo cong thuc:

P S =5
bg chuyén hod (%) = :
0

% 100

Trong dé, So dién tich pic CO ban dau, S dién tich pic
CO sau phan ung.

K&t qua va thao luan

Ph& Raman cua vat liéu AuPt/rGOA, mau nguyén liéu
va mau GO dugc thé hién & hinh 1.

D G
JL_,J_\
5
<] 2D
O
b
o 4
c b
&
5
O <4
1 a
1 v 1 M 1 M I M T ' T ' 1
500 1000 1500 2000 2500 3000 3500
Tén sb (cm™)

Hinh 1.. Ph& Raman clia graphen oxit (a), graphite tréc
nd (b), PtAu/rGOA (c)

T hinh 1 ¢é thé thdy, trén phé Raman cla ca 3 loai vat
liéu déu xudt hién 2 pic dac trung, godm pic D (1350
cm™) va pic G (1575 cm™). Ti 1é cudng do pic Ip/ls cla
cac loai vat liéu nay la khac nhau, cu thé, Ip/lc cla
graphite troc n& c6 gid tri <1, trong khi do cla
graphen oxit ~ 1 va aerogel graphen >1. Biéu nay cé
thé dugc gidi thich 13 do ¢6 sy gidm mién lai hoa sp?
clia cac nguyén tir cacbon va tang mot sé khuyét tat,
dan dén lam tang cudng dé pic D, thé hién & sy tang ti
|é Io/lc trén vat liéu aerogel graphen.

Nhu véy, tdc nhan khir trong qué trinh t6ng hop GO
da khir dugc cac nhdm chiic chira oxi trén bé mat cla
GO. Ngoai ra, trén phd Raman cla nguyén liéu
graphite tréc nd con xudt hién pic 2D (2700 cm™) vdi
cudng dé manh, dac trung cho cdu truc tinh thé cla
vat liéu graphite troc nd. Trén phé Raman ciia hai mau
vat liéu con lai, pic dac trung nay xuét hién véi cudng
do rét thdp ching té da cd su chuyén hda nguyén liéu
graphite tréc nd thanh GO.
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Trén gian d& XRD clia mau PtAu/rGOA xudt hién cac
pic déc trung cla Au(111) tai goc 20 - 38,23; Au (200)
tai 26 - 44,34; Au (220) tai 20 - 64,6 va Au (311) tai 20 -
77,6 v&i cudng dé manh. Bén canh do, & cac vi tri goc
20 tai 39,6; 46,2; 67,5, tuong Ung vdi cac mat phang
mang Pt (111), Pt (200) va Pt (220) cling xuéat hién cac
pic dac trung vdi cudng dé yéu. biéu dod chiing to su
ton tai dong thdi cia Pt va Au trong mau xUc tac
PtAu/rGOA.
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Hinh 2: K&t qua XRD clia mau PtAu/rGOA
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Hinh 3: K&t qua XPS clia mau PtAu/rGOA

Két qua do XPS clia mau PtAu/rGOA (hinh 3) cho thay,
3 khodng thé tUr 64 eV dén 80 eV xuat hién 4 pic dac

trung cho Pt¥ 4fsp va PO 4f o PE2* 4fsn va PE2* 4f.
Piéu do chiing té Pt** da dugc khir vé dang Pt0 (76%)
va Pt (24%). Két qué phan tich XPS cling cho thdy su
xudt hién cac pic & 80-85 eV dac trung cho nguyén té
Au. Két hop két quad phan tich XRD va XPS c6 thé
khang dinh Pt va Au da dugc mang thanh céng trén
chat nén aerogel graphen.

TU 3nh HR-TEM clia mau PtAU/rGOA (hinh 4) co thé
théy cac tiéu phan Pt va Au phan bé kha dong déu vdi
kich thudc trung binh trong khodng 3 = 5 nm, trén chét
mang rGOA.

K&t qua do BET (hinh 5), cho théy, vat liéu cé dién tich
bé mat riéng I6n, dat 836 m?/g. Dang dudng cong hap
phu dang nhiét dac trung cho vat liéu mao quan trung
binh, kich thudc mao quan phéan bé trong khodng
rong, dudi 100 nm, tap trung & khodng 19 nm, dac
trung cho vat liéu aerogel graphen.

Hinh 4: Hinh anh HRTEM ctia mau PtAu/rGOA
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Hinh 5: Budng dang nhiét hdp phu va gidi hdp N va
phan b& mao quan clia mau PtAu/rGOA
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Hinh 6: D6 chuyén hda CO theo thdi gian trén xdc tac
PtAu/rGOA

TU gidn do hinh 6 c6 thé thay, do chuyén héa CO trén
xUc tac PtAu/rGOA dat 100% trong 25 phut dau tién,
sau do gidm nhanh chong vé 10% sau 50 phdt phan
Ung. Ngoai ra, da co su xuét hién pic COz trén phé GC
clia mau khi dau ra. Nhu vay, xtc tac di cho thay kha
nang xdc tién qué trinh chuyén héa CO thanh CO2 &
nhiét dé thuong. Khi so sanh két qua nay vdi xuc tac
AuPt/zeolite [15] co thé thdy, xUc tac AuPt/zeolite — 1%
kim loai, cho dé chuyén héa CO dat 100% & nhiét do
50°C (CO chiém 1% trong dong khi dau vao) trong khi
dé, xuc tac PtAu/rGOA — 5% kim loai clia nghién cliu
nay cho dé chuyén hoa 100 % & nhiét d6 thdp hon
(30°C) vdi dong khi dau vao cé ndng do CO 4,84%.

V&i két qua nay cé thé thay, téng luong khi CO chuyén
hoa dugc trén xuc tac dat 48400 ppm (4,84% CO
trong dong khi d&u vao) trong vong 25 phut. Sau do,
xUc tac duy tri xr ly dugc dong khi CO c6 ham lugng
khoang 4840 ppm sau 50 phut phan Ung.

Két luén

XUc tac PtAu/rGOA dugc téng hop thanh céng bang
phuang phap thiy nhiét, cac hat kim loai Au, Pt vdi
kich thudc trung binh khoang 3-5 nm dugc phan bé
déu trén chat nén aerogel graphen.

Xuc tac PtAu/rGOA vd&i ham lugng 5 % kim loai, ty 1é
mol clia Pt:Au la 1:1 c6 hoat tinh cao déi véi qua trinh
xUt ly CO & nhiét do thuong, dé chuyén hoa CO dat
100% trong vong 25 phut & nong dé CO trong dong
khi dau vao la 48400 ppm.
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