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ABSTRACT

Carbon nanotubes were activated by a mixture of nitric acid and sulfuric
acid (volume ratio 1:1) with different time and temperatures. The
platinum-ruthenium electrocatalyst material (PtRu) based on activated
carbon nanotubes (CNTSs) was synthesized by chemical reduction method.
The precursors H,PtCls and RuCls were used with the efficient reduction
of NaBH4 agent in ethylene glycol. Analytical methods such as X-ray
diffraction, transmission electron microscopy, and cyclic voltammetry
were used for analysis and evaluation. The results showed that PtRu
nanoparticles on activated CNTs were successfully synthesized. The
PtRU/CNTs sample using activated carbon nanotubes for five hours at
50°C was the highest methanol oxidation ability.

TOM TAT

Trong nghién ciru ndy, ong nano carbon (CNTs) dwoc hoat héa bang hon
hop nitric acid (HNOs) va sulfuric acid (HoSQu) ti 1é 1:1 vé thé tich véi
thoi gian va nhiét dé khac nhau. Sau do, vat ligu xuc tac dién cuc
platinum- ruthenium trén nén ong nano carbon hoat héa (PtRu/CNTs)
dwoe ché tao bang phirong phdp khir héa hoc. Cdc tién chat H>PtCls va
RuCls da dwoc su dung, véi dung dich ethylene glycol (EG) két hop véi
NaBH, lam chdt khir. Thanh phan héa hoc cia cdc mau dwoc xdc dinh
bang phé nhiéu xa tia X (XRD), hinh anh triec quan ciia cdc hat nano PtRu
bam trén bé mat CNTs duoc chi ra béi anh chup tur kinh hién vi dién tir
truyén qua (TEM), va phép do dién héa cyclic voltammetry (CV) dwoc siv
dung dé phan tich va danh gid kha ndng oxy héa methanol cia cdc mdu
nghién ciru. Két qua do phé XRD va anh TEM cho thdy, cdc hat xiic tac
nano PtRu da duwoc tdng hop thanh cong trén nén CNTs véi kich thude
hat twong doi dong nhat. Pac biét, pho CV cho thdy c6 su khdc biét lon
vé kha ndng oxy héa methanol giita cac mau nghién ciru. Trong d6, mdu
xiic tac PtRu/CNTS sir dung 6ng nano carbon hoat héa trong 5 gio & nhiét
dé 50°C cho kha nang xiic tac oxy héa methanol cao nhit.

Trich dan: Pang Long Quan, Huynh Duong Ngoc Ai Tran va Phan Diém Trinh, 2020. Nghién ctru thoi gian
va nhiét do hoat héa 6ng nano carbon tmg dung ché tao vat liéu xtc tac dién cuc pin nhién ligu
methanol. Tap chi Khoa hoc Truong Pai hoc Can Tho. 56(Sé chuyén dé: Khoa hoc tu nhién)(1):

141-147.
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1 PAT VAN PE

Trong nhiing thap nién gan day, pin nhién lidu 1a
mét trong nhitng hudng nghién ctru day hara hen boi
nhiéu tinh nang wu viét ciia nd. Pin nhién liéu 14 loai
thiét bi tao ra dién nang bang su chuyén doi tryc tiép
nang lugng hoda hoc thanh nang luong dién thong
qua cac phan ung dién hoéa (Sharma et al., 2012;
Karim et al., 2015). Trong s cac loai pin nhién liéu,
pin nhién li¢u methanol (DMFC) dugc nghién cuu
rong rai bdi mat do nang lugng cao, dé xir 1y nhién
liéu, d& thay nhién liéu va tic dong méi truong thap
(Chen et al., 2005; Gwak et al., 2015, Wang et al.,
2018). Ngoai ra, DMFC hoat dong & nhiét do thip
(dué6i 100°C) nén c6 thé d& dang dwoc sir dung cho
céc thiét bi di dong hay ¢ dinh (Kwon et al., 2011;
Yan et al., 2017; Gong et al., 2018).

Cho dén nay, viéc nghién ciru DMFC dugc cha
trong vé phuong phap ché tao xtic tac, chat nén, cac
C4u tric nano, ndong d6 methanol, d6 6n dinh/do bén,
d6 dan proton, mang dién phan, phan (ng oxy hoa
khur methanol (MOR), ngé doc CO,... (Li et al.,
2013; Huang et al., 2014; Mehmood et al., 2015).
Trong do, ché tao xuc tac & dién cuc duge xem la
vén dé quan trong nhat. Mic di cc chét xuc tac dua
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trén Pt duoc sir dung phd bién nhét, Pt lai 1a kim loai
rat dét tién, vi vay viéc giam luong Pt sir dung 1a mot
nhu cau thiét yéu dé thwong mai hoa pin nhién liéu.
Dé giai quyét van dé nay, nhiéu dang hop kim xuc
tac nhu Pt-Ru, Pt-Ni, Pt-Co, Pt-Mo, Pt-Sn,... da
dugc khao sat (Nakashima et al., 2019). Tuy nhién,
néu khong c6 vat lidu nén, co thé dan dén su két dam
Cua cac hat nano Pt hodc ludng kim va do d6, giam
dién tich bé mit, tir &6 anh hudng dén hiéu suat xuc
tac (Jung et al., 2014). Vat liéu nén duoc sir dung
rong rai nhét trong DMFC 14 carbon den (CB). Bén
canh CB, mét s loai vat liéu khic nhu sgi carbon,
dng nano carbon, graphene, carbon aerogel,... di
dugc sir dung. Trong diéu kién binh thuong, CNTs
¢6 cung uu thé véi CB, nhung lai ¢6 kha nang giam
thiéu su két ty caa cac hat nano Pt (Luo et al., 2015).
Nghién ciru cua Shao et al. (2006) ciing cho thy
Pt/CNTs 6n dinh hon Pt/C ddi véi pin nhién liéu
mang trao doi proton (PEMFC), chu yéu 1a do tro
khang ctia CNTs cao hon CB ddi véi qua trinh oxy
héa dién hoa. Hon nira, CNTSs thé hién 1a mot vat
liéu nén tét do do dan dién, do tinh khiét va do bén
cao so Vdi cac vat liéu nén thong thuong (Li et al.,
2002; Li et al., 2003; Kongkanand et al., 2006; Li et
al., 2006

Bang 1: Thoi gian va nhi¢t dd hoat héa CNTs ciia mat sé cong trinh da cong bd Shao et al., 2006; Tian
et al., 2006; Wang et al., 2006; Li et al., 2008)

T Thoi gian Nhiét do (s
STT Chat xuc tac hoat héa (gid) hoat héa (°C) Tac gia
M/CNTs 4 120 Li et al., 2002
1 Pt/CNTSs 4 120 Li et al., 2003
Pt-Fe/MCNTSs 4 120 Li et al., 2004
Pt-Ru/DWCNTSs 4 120 Li et al., 2006
2 Pt/MWCNTs 6 140 Liu et al., 2002
3 Pt-Ni/CNTs - 120 Dipti et al., 2007
4 Pt-Ru/CNTs vai gio - Hsu et al., 2008
5 Pt/CNTs 12 - Matsumoto et al., 2004
6 Pt-Ru/MWCTNS 5 90 Prabhuram et al., 2007
7 Pt-Ni/CNTs - 120 Seo et al., 2007
8 Pt-Pd/CTNs 6 100 Winjobi et al., 2010
9 Pt-RU/MWCTNSs 2 27 Yang et al., 2008
10 Pt-Ru/CTNs 2 27 Yoo et al., 2008
11 Pt-Ru/MWCTNSs 12 - Zhao et al., 2014

Tuy nhién, do thiéu cac vi tri lién két, cu thé 1a
céc nhom -COOH, C = O va -OH trén cac 6ng nano
carbon nén viéc ling dong cac hat nano kim loai trén
bé& mat Cla cac 6ng nano carbon 1a rat kho khan. Dé
giai quyét van dé nay, nhiéu phuong phap khac nhau
da duoc thuc hién dé chic héa 6ng nano carbon
nham giir cac hat nano kim loai trén bé mat cua
chung (Wu et al., 2007; Hsu et al., 2010; Zhang et
al., 2010; He et al., 2011). Phuong phap théng dung
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la st dung hai loai acid HNO3 va H,SO, hoat hoa
CNTs trong mét thoi gian & mot nhiét d6 nao do.
Tuy nhién cho dén nay, van chua c6 mét cong trinh
nghién ciru v& thoi gian va nhiét do hoat hoa CNTs
t6i wu, mdi cong trinh sir dung Mot thong sé khac
nhau nhu dugce néu ra & Bang 1. Nghién clru nay s€
khao sat viéc hoat héa CNTs & nhirng thoi gian va
nhiét do khac nhau nhim tim ra quy trinh hoat héa
t6t nhat.
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2 THUC NGHIEM
2.1 Vat liéu va héa chit

Trong nghién ctru nay, CNTs dugc st dung lam
chat nén xuc tac. Hexachloroplatinic (IV) acid
hexahydrate (H2PtCls.6H,0) va ruthenium (III)
chloride hydrate (RuCls.xH,0) 1a cac tién chét caa
Pt va Ru. Céc chét khir dugc ding trong thi nghiém
goém ethylene glycol (EG) va sodium borohydride
(NaBH,). Dé tang cuong kha ning khir cia EG va
diéu chinh pH cua dung dich, sulfuric acid (H2SOa,

98%) va sodium hydroxide (NaOH) dugc st dung.
Tat ca hoa chat dung trong thi nghiém c6 ngudn goc
tor hang Merck — buc.

2.2 Hoat héa bé miat CNTs

Ong nano carbon twong ddi tro vé mat hoa hoc
va c6 lién két bén giita cac nguyén tir carbon. Vi vay,
can tao ra cac nhom chuc phén cyc trén bé mat dé
tang cudng kha nang phéan tan chét xtc tac. Trong
nghién ciru ndy, hon hop acid HNO3 65% va H,SO,
98% (ty lé 1:1 vé thé tich) dugc sir dung nham pha
vd cac vong thom trén CNTs va hinh thanh céac
nhém carboxyl (-COOH), hydroxyl (-OH) va
carbonyl (>C=0). Cac nhém chtrc nay c6 tinh phan
cuc nén ching tuong tac tdt véi cac ion kim loai, tir
d6 lam tang kha nang phan tan cac hat nano kim loai
trong qua trinh khir.

Quy trinh hoat héa CNTs dugc thuc hién nhu
sau: cho vao binh ciu 500 mg CNTs cing véi 50 mL
H,SO4 va 50 mL HNOs, rung si€u am 15 phut. Sau
d6, hdn hop dugc khudy tir & thoi gian va nhiét do
khac nhau. Trong thi nghiém nay, c6 6 mau CNTs
duoc hoat hoa véi thoi gian va nhiét do khudy tir nhu
sau: 5h - nhiét do phong; 10h - nhiét @6 phong; Sh -
50°C; 10h - 50°C; 5h - 100°C va 10h - 100°C.

Sau khi khudy tir, hdn hop duoc rira bing nudc
cit dén khi dung dich vé trung tinh (pH = 7). Sdy
kho & 110°C ta thu dugc CNTs da duoc hoat hoa bé
mat. Cac mau CNTs hoat hoa nay s& duogc sir dung
1am chat nén trong ché tao xuc tac dién cuc pin nhién
liéu DMFC.

2.3 Ché tao chit xiic tic PtRu/CNTs

Dé tim ra mau CNTSs hoat hoa cho kha niang oxy
héa methanol tdt nhat, sdu mau xtc tic PtRU/CNTS
dugc ché tao v6i cing mot quy trinh nhu nhau, chi
khac nhau vé loai CNTs hoat hoa str dung. Cu thé,
tat ca 6 mau déu co thanh phan kim loai PtRu chiém
30 wt.%, ty 1€ nguyén tir Pt:Ru = 1:1.

Quy trinh ché tao dugc thuc hién nhu sau: Cho

vao binh cau 70 mg CNTs hoat héa cling véi 50 mL
EG va 25 mL H»SO04 98%, rung siéu dam 15 phut roi
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khudy tir 30 phut & 170°C. Tiép theo, hdn hop gom
26 mg RuCls.xH>0 va 54 mg H,PtCls.6H,0 hoa tan
trong 5 mL nudc cat duoc nho ting giot vao binh
cau. Sau d6, hoa tan 300 mg NaBH, véi 10 mL nuéc
cét, nho tirng giot vao hon hop. Diéu chinh pH = 10
bang dung dich NaOH 10 M. Tiép tuc khuay tur
trong 5 gio. Két thiic qué trinh khtr, hdn hop dugc
rira dén trung tinh, sau do say kho ¢ 110°C ta thu
duogc chét xuc tac PtRU/CNTS. Tén goi ciia cic mau
xuc tac twong tng vai diéu kién thoi gian va nhiét
d6 hoat hoa CNTs dugc trinh bay ¢ Bang 2.

Béng 2: Tén goi Ciia cdc miu xiic tac trong ing diéu

kién thoi gian va nhiét d hoat héa CNTs

Theoi gian hoat  Nhiét dg hoat

Tén goi héa (gio) héa (°C)
Mau 1 5 nhiét d6 phong
Mau 2 10 nhiét 46 phong
Mau 3 5 50

Mau 4 10 50

Mau 5 5 100

Mau 6 10 100

2.4 Phwong phap phan tich danh gia

Cac mau vat liéu xtic tac PtRWCNTSs duoc kiém
tra thanh phan ciu tao bang phd nhidu xa tia X
(Bruker — D8 ADVANCE). Hinh anh tryc quan vé
kich thudc va sy phan bd cua cac hat nano PtRu trén
nén CNTs dugc cung cap théng qua cac anh TEM
(JEOL JEM-ARMZ200F). Kha nang xtic tac oxy hoa
methanol dwoc khao sat bang phép do thé vong tuan
hoan (Autolab — Booster 20A). Trong phép do CV,
4 mg vit liéu PtRu/CNTs duoc quét 1én 1,0 cm? gidy
carbon Toray va ching dwoc st dung & vi tri dién
cuc lam viéc trong hé do dién hoa.

3 KET QUA VA THAO LUAN
3.1 Thanh phan ciu tao cia miu

Thanh phan ciu tao cia mau dugc xac dinh boi
phd XRD. O diy, do tit ca cac mau déu sir dung
cung mot loai hoa cht, vat liéu va duoc ché tao cung
mot quy trinh (chi khac nhau ¢ thoi gian va nhiét d6
hoat héa CNTs) nén méu 2 dwoc chon dé do phd.
Két qua do phd XRD caa mau 2 duoc thé hién trong
Hinh 1. Céc dinh nhidu xa quan sat duoc trén phd
XRD gom cac dinh (111), (200), (220), va (311)
xuét hién do cau trac lap phuong tam mét (f.c.c) cua
tinh thé platinum. Dinh nhiéu xa quan sat tai 25° 1a
cua carbon. O déy, phé XRD khong quan sat duoc
cac dinh nhidu xa cua Ru, diéu nay cho thiy riang
cac nguyén tir Ru di két hop véi cac nguyén tir
platinum tao thanh hop kim.



Tap chi Khoa hoc Truong Pai hoc Can Tho Tdp 56, S6 chuyén dé: Khoa hoc tir nhién (2020)(1): 141-147

2000 — 3.2 Sw phéan b6 hat nano trén nén CNTs
PLITY) Hinh 2 cho thdy anh TEM cuia cac mau xdc tac

100 Vi thuge chuan 100 nm. C6 thé thay 3, tat ca cac
mau xtc tac déu c6 su phan tan ddng déu cac hat
nano kim loai PtRu trén nén CNTSs. Kich thudc hat
trung binh khoang vai nm chting té da ché tao thanh
cong cac hat & kich thudc nano. Trong méi mau, cac
PLE0)  Prat) hat nano phén bd kha déu trén chat nén. Didu nay
chiing to qua trinh xtr Iy CNTs va qua trinh khir ion
kim loai thanh hat nano nho hai loai chat khir 1a

oW 5"29 (ae;m wooos e ethylene glycol va NaBH, da dat két qua tot.

1000 |

Cuéng do

Hinh 1: Phé nhiéu xa tia X ciia miu 2
a) Mau 1 b) Miu 2

¢) Miu 5 f) Miu 6

Hinh 2: Anh TEM ciia sdau méu xic tac
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3.3 Kha ning oxy héa methanol ciia cac
Mmau xuc tac

Phé dién héa CV cho biét kha ning oxy hoa
methanol cuia mot mau xic tac. Viée do dién hoa cac
mau xtic tic RuPt/CNTs trong thi nghiém nay dugc
thyc hién trong dung dich CH3OH 1,0 M + H,SO,
0,5 M, quét thé tir -0,2 V dén 1,5 V. Trén dudng
cong dién hoa s& xuat hién dinh oxy hoa methanol.
Cuong d¢ cua dinh nay cang 16n chung to kha ning
xtic tac oxy héa methanol ciia mau xuc tac cang cao

Tdp 56, S6 chuyén dé: Khoa hoc tur nhién (2020)(1): 141-147

(Li et al., 2006; Prabhuram et al., 2007; Baglio et
al., 2008).

Tirphd CV & Hinh 3 ¢6 thé thiy 16 mau 1, 4 va
6 c6 gia tri cuong do dong thap, trong khi gia tri
cudng do dong ciia mau 2, 3, va 5 ¢6 gia tri cao hon
Vi cuong d6 dong cao nhét thu duoc ¢ mau 3. Nhur
vay, mau xiic tic PtRU/CNTSs sir dung CNTs hoat
hoa 5" & nhiét d6 50°C cho kha ning xuc tic oxy hda
methanol cao nhit.

0.25
Mau 1
020 b ——Mau2
M3u 3
—— Mau 4
015 Miu 5
——Ma&u 6

g 0.10

0.05

0.00

-0.05

-0.2 0.0 0.2 0.4

0.6
E(V)

0.8 1.0 1.2 14

Hinh 3: Puong cong dién héa CV ciia cic miu xic tic

4 KET LUAN

Sau mau vat lidu xtic tac dién cuc PtRU/CNTS,
Vi cac hat nano hop kim PtRu trén nén CNTs hoat
hoa ¢ nhitng thoi gian va nhiét d6 khac nhau, da
duoc téng hop thanh cong. Cac hat nano PtRu phan
bé twong d6i ddng déu trén cac soi CNTSs Vi kich
thude trung binh khoang vai nm, ching to qua trinh
hoat hoa CNTs dat két qua tét. Két qua khao sat CV
cho thdy, co su khac biét Ién vé kha ning oxy hoa
methanol giita cac mau xuc tac. Trong d6, mau xuc
tac PtRu/CNTs st dung 6ng nano carbon hoat héa
trong 5 gio ¢ nhiét do 50°C cho kha nang xuc tac
oxy héa methanol cao nhat. Vi vay, khi ché tao vat
liéu xuc tac dién cuc pin nhién liéu methanol, CNTs
dugce dé nghi hoat hoa & nhiét do 50°C trong thoi
gian 5 gio dé cho hi¢u qua oxy hoa methanol t6t
nhat.
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