Nghién ctru khoa hoc céng nghé
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1. PAT VAN BE

Khi CO 1a mot chit khi khong mau, khong mui, doc tinh cao. Khi ndng do CO
chiém khoang 0,01% trong khong khi (~ 35ppm) ciing c6 the gy tir vong cho ngudi
va dong vat do CO két hop voi hemoglobin trong hdng cau lam ngan can qua trinh
van chuyén oxy téi ndo ciing nhu cac cac té bao khac cua co thé séng. Ngoai ra, CO
con lién két véi myoglobin gay t6n thuong tim [1,2]. Khi CO thuong duoc sinh ra tir
cac hoat dong san suat cong nghiép, hoat dong ciia cac nha may nhiét dién, cac hoat
dong van chuyén bang Xe co gi6i, trong d6, nganh giao thong van tai phat thai phan
16n khi CO. Do CO rat it tan trong nudc nén qua trinh loai bo n6 khoi khong khi gip
nhiéu khé khin. Vi vy, phuong phap duoc st dung nhiéu nhat dé lam giam lugng
khi CO trong khong khi 14 oxy hoa CO thanh khi cabon dioxit (CO,) st dung vat li¢u
xuc tac. Trong cac nguyén td thi kim loai chuyén tiép thudng duogc st dung rong rai
lam vat liéu xuc tac dé oxi héa CO do chung cé orbital d tréng, dé dang cho hoic
nhan thém electron tao cac lién két hoa hoc. Trong do, Pd cho thiy 1a vat liéu xuc tac
tiém ning do kim loai Pd c6 hoat tinh cao va thuong dugc dung trong phan g oxy
hoa CO do kha ning hip phu chon loc rét tét ctia nd theo phwong trinh phan tng.

2C0+0, —2C0,

Tuy nhién, viéc sir dung cac hat nano Pd lam xuc tic van tdn tai mot sd nhuge
diém: i) cac hat nano Pd d& bi két dam dan dén hiéu suit xtc tic giam. ii) do su
tuong tac manh giita Pd va CO phan tir, rat khé cho oxy dé hap thy va kich hoat bé
mit cta cac chit xuc tac. D& giai quyét van dé nay, cac nha nghién ctru st dung céac
vat liéu hd tro xtic tac 1a cac oxit kim loai nhu TiO,, CeO,, Fe;04, MgO, ZrO,,
Al O3, Si0s... [3-9] dé cung cép thém céac tdm hoat hod cho CO va O,. Trong sb
chung, Al,O3 nhan duoc nhiéu sy quan tdm cua cac nha nghién ciu do mot s6 uu
diém. Thir nhat, Al,O3 c6 sy 6n dinh nhiét cao, khong bi khir thanh Al khi lam viéc
trong diéu kién co tac nhan khir 1a CO & nhiét dé cao. Thtr hai, bé mat alumina co
cac vi tri axit Lewis, anh hudng chinh dén su phan bd va trang thai cia cac thanh
phan hoat dong va xiic tic hoat dong trong cac phan tmg khac nhau. Thir ba, Al,Os
c6 ciu tric spinel khong hoan hao chira mét luong céac vi tri trong mang dién tich am
[10], tao diéu kién thu4n loi cho su tuong tac cia thanh phﬁn hoat dong véi su hd trog
xuc tac. Nguoi ta cling chimg minh dwogc rang, hiéu suit hap phu va chuyén déi CO
thanh CO, st dung xuc tac Pd/ALO; phu thudc vao nhidu tham sé nhu nhiét do, ap
suét khi, do Xép cua cAu tric, kich thudce hat Pd, ham luong Pd trong hon hop. Trong
6, kich thudc hat va ham lugng Pd 14 hai thong s quan trong nhat trong tmg dung.
Do d6, dé Pd dat hoat tinh xtc tic cao, cac hat nano Pd cin c6 kich thudc nho va
phan tan déng déu trén bé mat cua cac hat ALL,Os.
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Gan day, vt liéu graphen thu hit sy chti y nhu mét vat liéu carbon lai hoa sp°
khong c6 d6 rong ving cam. N6 co trién vong cho nhiéu tng dung, nhu dién tir, cam
bién, san xuit nang luong, chuyen ddi va luu trit nang lugng, vi cac dic tinh nhiét,
co hoc, quang hoc va dién hoéa wu viét ciia né [11]. TAm graphen hai chiéu (2D)
cling s& hiru ty 1¢ bé mit trén thé tich cao, thé hién cac cu tric hd tro xac tac 2D thu
vi cho c4c phan ung xtc tac [12]. Ngoai ra, do khlém khuyét cua vi tri cacbon va céac
nhom chirc dugce trinh bay trong graphen co ngudn goc hoa hoc, cac ion kim loai co
thé dwoc hip phu va xen k& vao cic tim graphene dé tao thanh vt lidu composit bén
nhiét [12]. Trén co sé cac dac tinh doc dao cua no, graphen dugc ky vong 1a vét li¢u
hd tro tuyét voi cho cac chat xuc tac di thé khac nhau [13, 14]. Tuy nhién, dé g
dung graphen trong ché tao vat liéu xuc tac, cac nhom chirc can dugc gin 1én bé mat
nham ting kha ning phan tan ciia graphene trong dung dich. Gan déy, cac nha khoa
hoc dang tap trung vao cac dan xuét ctia graphen nhu graphen oxit (GO), graphen
oxit dang khir (rGO) c6 gin nhém chirc trong quéa trinh tong hop. Do dé, trong
nghién ctru nay, ching toi tién hanh ché tao vét liu t6 hop Pd /AL,Os/rGO bang
phwong phap dong két tua. Dic tinh hinh thai hoc, ciu trac cua vat liéu duge danh
gia thong qua cac phép phan tich SEM and XRD. Két qua do chuyén ddi khi CO thé
hién rang vat liéu t6 hop c6 thé chuyen d6i dén 90% CO (700 ppm) & nhiét do phong
trong thoi gian 1000s.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit liéu

Hoa chat tong hop td hop vat liéu: TAm graphit (Sigma-Aldrich, 99%),
AI(NO3)3.9H,0 (Trung Qudc, 99%), mudi Pd(Oac), (Sigma-Aldrich 99%), NH;OH
(Trung Quéc, 99%), H,SO4 (Trung Qudc > 98%), HsPO, (Trung Qudc, > 85%),
H,0; (Trung Qudc, > 30%).

2.2. Ché tao vt liéu GO

Vit liéu GO duge ché tao bang phuong phap Hummer cai tién. Qua trinh ché
tao dugc tom tit nhu sau: Pau tién, mot hdn horp axit nong d6 cao gom H,SO4 va
H3PO4 v6i ti 16 9:1 (360:40 ml) dugc thém vao hon hop gbm bot graphit dang tam
(3g) va (18g) ¢ 35- 40°C. Sau d6, phan ung dugc gia nhiét dén 50°C va dugc khudy
trong subt 12h. Tiép theo, phan tng dugc lam lanh xuong nhiét d§ phong va duogc
rét vao binh da (400 ml) véi 30 % H,0, (3 ml). Tiép dé, hon hop duogce loc rira nhidu
lan qua nuée cit st dung mang loc polyeste (Carpenter Co). Cudi cing, mau dugc
phan tan trong nudce.

2.3. Ché tao té hop vit liéu Pd/ALO3/rGO

10 g t6 hop vat liéu Pd/AL,O3/rGO dugc ché tao bang phuong phap dong két
tha véi quy trinh dugc thyc hién nhu sau: Pau tién, 71g mudi AI(NO3);.9H,0 duoc
hoa tan trong 500ml nudc cat va 0,64g mubi Pd (OAc), hoa tan trong hdn hop
100ml aceton va 100 ml nudc. Tiép d6, hai dung dich mubi dugc tron véi nhau va
khudy trong 1 h & nhiét d6 phong. Tiép d6, dung dich hdn hop mudi dugc thém vao
cde ¢o chira 500 ml dung dich GO trong nudc (10ml GO: 490 ml nudc). Sau khi
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khiy déu hdn hop trong 30 phut, 300 ml dung dich NH,OH (25-28%) dugc thém
vao tir tir dén khi hdn hop chuyén sang mau tring sita. Hon hop dugc dé ling va tién
hanh ly tim & téc do 3000 vong/phut trong 5 phit. Tiép theo, hdn hop sau ly tim
dugce tron déu véi dung dich PVA trong 30 phut. Tiép do, hon hop duoc u & nhiét do
100°C trong 24 gio. Cudi cing, mau dugc 6 & 750°C trong méi truong khi H, dé
chuyén PdO thanh hat Pd kich thu6c nano dong thdi AI(OH); chuyén thanh ALOs3 va
GO chuyén thanh rGO.

Hoa tan
Tron H,0
\Iuél )
AI(NOy), Khdy tir 1h
Hoa tan +
Trong H,0 >
Muéi -
PA(OA¢), -

GO
Hinh 1. Qué trinh ché tao vét li¢u t6 hop Pd/AL,03/rGO
bang phuwong phap dong két tha

2.4. Phwong phap nghién ctru dic tinh

Hinh thai hoc vat li¢u dugc phéan tich thong qua anh kinh hién vi dién tu phat xa
truong FE-SEM Hitachi 4800 (Vién Khoa hoc vét li€u, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam) va dic trung cau tric duoc danh gia thong qua phép do nhidu
xa tia X (XRD) (Empyrean cia hiang PANalytical, Ha Lan). Dién tich bé mat riéng
BET duogc danh gia sir dung h¢ TRI START 3000, MICROMERITICS. Hinh thai va
do6 day cac tim GO dugc xac dinh thong qua phép do AFM (XE-100, Park systems).

2.5. Xac dinh d§ chuyén hos khi CO

Pé do kha niang chuyén hoa khi CO cua t6 hop vat liéu Pd/ALO3/rGO & nhiét
d6 phong chiing toi tién hanh thiét ké mot hé do nhu dugc moé ta trong so d6 hinh 2.
Hé do gom 3 bo phan chinh: 1) Budng chira khi véi thé tich 6 1 bén trong dugc dt
module CMM5042 (tich hop cam bién khi CO TGS5042, dai hoat dong 0-800 ppm,
hang Figaro-M¥) va mot bom khi c¢6 chirc ning dua khi tuan hoan qua xuc tac. 2) Hé
thdng luu lugng ké dién tir (Aalborg Digital Mass Flowmeter GFC cho CO) c6 chtrc
nang diéu khién luvu lwong khi vao budng chira mot cach chinh xac. 3) Hé thng thu
nhan tin hiéu (2700 multimeter, Keithley) va két ndi may tinh. Khéi lugng miu xtic
tac dugc sir dung cho qua trinh do6 14 9 g. Phép do do chuyén hoa duoc mo ta nhu sau:
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Dau tién, hdn hop khi CO (1% CO trong hd hop Na: O, (~ 4:1)) duge dwa vao
budng phan tng dén khi ndong d6 CO trong budng dat gia tri 700 ppm (twong tng
v6i tin hidu dong 1.4 pA). Khi gi4 tri ndy 6n dinh trong mét khoang thoi gian thi cac
van dau vao va dau ra dugc dong va két nbi qua h¢ théng vat liéu xuc tac sao cho
dau ra cua buéng khi s& két ndi v6i dau vao cua hé xuc tac. Pau ra cla hé xuc tac s&
két ndi v6i dau vao cua budng khi tao nén mot qua trinh tuan hoan. Khi cac van mo
va bom khi trong budng hoat dong, lugng khi CO s& di chuyén tudn hoan tir xuc tac
va quay tré vé budng khi. Khi d6 ta thu duoc két qua d6 giam ndéng do khi CO nhu
1a mot ham cua thoi gian. PO chuyén hoa khi CO dugc tinh theo cong thirc:

o t
— Céo—Co

o
Cco

n x100%

Trong d6: C¢,, 1a nong d ctia CO ban dau c6 trong hdn hop khi va C, 1a
nong d6 khi CO di qua hdn hop khi trong mot khoang thoi gian t (s).

a)
khién khi \i
Van Khi —
Xuc tac
b) Buﬁng Kkhi

Man hinh
hién thi két
qua do

Hinh 2. a) So d6 h¢ thiét bi do chuyén d6i khi CO ¢ nhiét do phong,
b) Anh chup hé thiét bi do
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3. KET QUA VA THAO LUAN

3.1. Ché tao vit liéu GO

Pé danh gia hinh thai hoc bé mat, kich thudc va do day cac tdm GO sau khi
tong hop bang phuong phap Hummer cai tién, mdu GO duoc phén tan trong nudc &
ndng do thap va dugc _phu lén bé mat dé Si0,/8i dé thuc hién phép do AFM. Anh

AFM (hinh 3) chi ra ring cac tam‘GO duoc chq tao c6 kich thude tir 1 pm dén vai
um vai do day tu 1-2 16p va mdt bé mat tuong doi sach.

Hinh 3. Anh AFM ciia mau GO dugc phan tan va phi 1én bé mat dé SiO,/Si
3.2. Tong hop vit liéu Pd/ALO3/rGO

Hinh 4. Anh SEM cua t6 hop vét liéu Pd/ALO3/rGO
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Hinh thai hoc bé mat vat liéu to hop Pd/Al,O3/Gr dugc chi ra trong hinh 4. Ta
c6 thé quan sat thdy cac rGO duoc bao phu boi cac hat Pd va AL,Os véi mat do day
dic. bé quan sat mot cach chi tiét hon, mot anh SEM phong tai da duoc chup. Anh
chi ra rang, cac hat bao phi trén bé mit rGO c6 kich thudc rat nho tir 100-250 nm.
Tuy nhién, that kho dé c6 thé phan biét duoc cac hat nay trong t6 hop vat liéu. Tur
anh SEM cén canh ta ciing c6 thé thiy rang, vat liéu t6 hop co céu truc xdp cao. Nhu
da duoc chimg minh, cdu trac x6p cua vat liéu anh huong rat nhiéu to1 ddc tinh xuc
tac cua vat liu. Do do, trong nghién ctru nay, ching to1 ciing tién hanh danh gia do
xbp cuia vat liéu t6 hop thong qua két qua do dién tich bé mat BET. Vat liéu t6 hop
c6 dién tich bé mit twong dbi 16n 184,6 m*/g. Két qua nay 1a twong d6i phu hop véi
két qua chi ra trong anh SEM.

Gian d6 XRD trong hinh 5 cho phép khéng dinh sy ¢6 mat cta Pd kim loai thé
hién qua cac dinh nhiéu xa tai cac vi tri 20 = ~ 40 Ung v6i cac mit lap phuong tim
mat (111) cua Pd. Vi tri cac dinh cia ¥-Al,O3 dugc quan sat ¢ vi tri 20 = 32, 37, 46
va 67. Bén canh d6, dinh nhiéu xa cta rGO xuét hién trong khi dinh cta GO la
tuong ddi yéu. Piéu nay c6 thé giai thich 1 do hau hét cac tim GO duoc khir & nhiét
d6 750°C dé hinh thanh rGO.

¢ Pd

Cwong do (dvtd)

0 10 20 30 40 50 60 70 80
Géc (20)

Hinh 5. Gian dd nhiéu xa tia X cua vat liéu td hop Pd (3%)/A1,05/rGO
3.3. Két qua do d9 chuyén hoa khi CO ¢ nhiét do phong

Buong cong mau den trong hinh 6 thé hién sy chuyén hod khi CO ¢ nhiét do
phong cua vt li¢u to hop Pd (3%)/A1,05/rGO. Két qua chi ra rang vat liéu t6 hop
the hién mot hiéu sudt chuyén hoa cao. Trong khoang thoi gian 1000s, mau vat lidu
t6 hop Pd (3%)/AL,05/1GO ¢ the chuyén hoa 90% luong khi CO (700 ppm) trong
budng chira khi. Trudce d6, mot sé nhoém da nghién ciru hiéu sudt chuyén d01 khi CO
ctia vat lidu xuc tac Pd /ALOs. Dé danh gi4 vai trd cta rGO trong vat liéu t6 hop 1én
tdc d6 chuyén dbi khi CO, vat liéu xuc tac Pd (3%)/Al,053 khong co rGO ciing dugc
ché tao dé so sanh (tat ca cac thong sb va diéu kién do 1a nhu nhau). Tir két qua do,
chung t6i nhan thiy ring xuc tac Pd (3%)/AL,0; (dudong cong mau do hinh 6) ciing
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thé hién mot hiéu suét chuyén hoa khi CO ¢ nhiét d§ phong cao. Tuy nhién, tbc do
chuyén hoa khi CO cta mau Pd (3%)/Al,0; 14 thap hon so vé6i toc dd chuyén hoa
ctia miu Pd (3%)/AL,03/rGO. Diéu nay dugc thé hién thong qua thoi gian dé vat lidu
xuc tac Pd (3%)/A1,05 chuyén hod 90 % khi CO tang 1én 2000s khi so sanh v6i mau
vat liéu t6 hop Pd (3%)/ALL03/rGO (1000s). Két qua nay co thé duoc cho 1a do khi
thém thanh phan rGO dan dén sy tang dién tich tiép xtic. Tl d4nh gia nay, ching toi
cho rang rGO thé hién mot dong gop quan trong dén sy hinh thanh cua cac hat nano
Pd va nano Al,O; ma anh hudng dén hiéu suét cua hé xuc tac. Dé khfmg dinh diéu
nay, chung t6i thir nghiém giam lugng Pd xubng 2% trong vat liéu t6 hop va so sanh
két qua do chuyén ddi khi CO véi mau xuc tic Pd (3%)/Al,0;. Két qua do trong
hinh 7 cho thdy rang hai mau xtc tac co hiéu suat va tbc d6 chuyén hoa khi CO la
tuong duong nhau.

100 |
= —— Pd (3%)/AL,0,/rGO
X 8of —— Pd (3%)/A1,0,
S
£ 6o}
=
~Q
3 a0}
=
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Hinh 6. Gian d6 thé hién su chuyén ho khi CO theo thoi gian & nhiét d6 phong
ctia vat liéu xac tac Pd (3%)/Al,03/rGO va Pd (3%)/A1,0;
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Hinh 7. Su so sanh hiéu sudt chuyén va téc d6 chuyén hoa ciia mau xuc tac c6 rGO
nhung ham lugng Pd 14 2% va mau xtc tac khong c6 rGO nhung ham lugng Pd 13 3%
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4. KET LUAN

Vit liéu t6 hop (3%)/Al,03/rGO dugc ché tao thanh cong bing phuong phap
dong két tiia. Két qua hinh thai hoc chi ra ring cac hat nano Pd/A1,05 ¢6 kich thudc
d@)ng déu duoc phan bd v6i mat do day dac trén bé mat cac tim rGO. Vit liéu to hop
thé hién hiéu suat va téc do chuyén hoa khi CO & nhi¢t 46 phong cao. Sy c6 mét cta
rGO gitp giam ham lugng Pd xudng 2% trong vat liéu to hop, trong khi hi¢u suat va
téc d6 chuyén hoa 1a twong duong véi 3% Pd/ALO;. Két qua nay cling mé ra mot
hudng tiép can moi trong viéc ché tao cac vt liéu chuyén hoa khi CO & nhiét do
phong véi ham luong Pd dua vao thap khi sir dung thém vat liéu mang mong 2 chiéu
rGO.

Loi cam on: Tap thé tdc gid xin cam on sy hé ro tai chinh twr Vién Han lam
Khoa hoc va Cong nghé Viét Nam (VAST) voi ma so deé tai HTCBT.03/22-22.
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SUMMARY

PREPARATION AND CHARACTERIZATION OF Pd/Al,O3/rGO
NANOCOMPOSITE FOR ROOM - TEMPERATURE CARBON
MONOXIDE OXIDATION

In this work, we present a report on preparing Pd/Al,O3/rGO nanocomposite by
utilizing the co-precipitation method. SEM images show that highly dense Pd/Al,O3
nanoparticles are decorated on the graphene surface. The nanocomposite has a high
surface area of 184.6 m?/g is confirmed by BET measurement. The crystal structure of
the nanocomposite is also done by X-ray measurement. The catalystic performance of
the nanocomposite for room - temperature CO oxidation is tested. The measured
results demonstrated that the performance of room-temperature CO oxidation could be
retained with low Pd content (2% w/w) by using rGO nanosheets as catalyst support.

Keywords: Room-temperature CO oxidation, nanoparticles, Pd/Al;O3,
reduced graphene oxide (rGO).
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