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Linh vue ki thuit dwoc dé cap

Sang ché d& cap dén phuong phap didu ché chit xuc tic chira bach kim (Pt -
platin), v6i ham lugng Pt thip, phan tan trén chit mang chita chdm luwong tir
graphen (Pt/GQDs) dung cho pin nhién liéu c6 hoat tinh tuyét voi trong phan tng
oxy hoéa dién héa rugu (alcohol) (vi du, metanol, etanol), iing dung lam xtc tac
anot cho pin nhién lidu st dung truc tiép alcohol (Direct Alcohol Fuel Cell -
DAFC). Pong thoi, sang ché ciing dé cap dén chat xtc tic thu duoc bing phuong
phap nay dé 1am chét xuc tic anot cho pin nhién liéu DAFC.

Tinh trang k§ thuét ciia sing ché

Pin nhién liéu DAFC 13 mdt thiét bi tao ra dién ning thong qua co ché phan
g dién hoa. Khong gidng nhu dc quy can phai duoc nap dién lai tir mot ngudn
bén ngoai sau mét thoi gian st dung, pin nhién liéu c6 thé tao ra dong dién lién tuc
khi c6 mét ngudn nhién lidu cung cdp cho né. Trong sd céc loai pin nhién liéu
DAFC, loai pin nhién li€u dang dugc thuong mai hoa trén thi trudong 1a pin nhién
liéu metanol truc tiép (Direct Methanol Fuel Cell - DMFC). Ly do 1a vi phan tmg
oxy hoa hoan toan metanol xay ra dé dang hon so véi phan tng oxy hoéa hoan toan
cac ruou khac. Chang han, so véi pin nhién liéu dung metanol, pin nhién liéu dung
etanol (Direct Methanol Fuel Cell - DMFC) c6 mat do nang lugng 1i thuyét cuc dai
cao hon, it doc hai hon va nguyén liéu etanol co thé thu dugc tir qué trinh 1€n men

sinh khéi lignoxenluloza. Tuy nhién, phan tmg oxy héa hoan toan etanol khé cé thé
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x4y ra do sy kho khan trong viéc pha v lién két C-C cua etanol dé tao thanh CO,
va H,O.

Etanol khéng bi oxy hoa hoan toan theo ly thuyét. San phim chinh dugc
hinh thanh 13 axetic. B&i vi hdu hét cac phan tmg chi xay ra trén bé mit cau tric
etanol, chi yéu 13 lién két sp° cua C-H va O-H, dan dén su hinh thanh axetaldehyt
va axit axetic, sau d6 cac chat nay khong thé oxy héa thém. Chia khoa dé qué trinh
oxy hoéa etanol thanh CO, dién ra hiéu qua 13 sy hinh thanh cac aldehyt trudc khi
trai qua sy phéan cat lién két C-C ctia cAu tric etanol. Ngoai ra, qua trinh oxy hoa
etanol tai dién cuc anot bi cham lai do su hép thu cacbon monoxit - mdt san phim
trung gian cta qua trinh oxy hoéa etanol 1én chét xtc tac, gy ngd doc chét xtc tac.
Chinh vi vAy, cai thién hoat tinh chét xuc tac dugce st dung tai dién cuc anot la
nghién ciru quan trong trong linh vyc pin nhién liéu DAFC n6i chung va DEFC noéi
riéng.

Platin (Pt) va cac xuc tac trén co s& Pt dugc coi la cac giai phap tiém ning
dé giai quyét van d& néi trén, boi cac chét xtc tac nay phil hop véi qua trinh oxy
héa cac phan tir hitu co c6 mach cacbon ngén. Tuy nhién, dén nay, cac tng dung
thuc tidn ctia pin DEFC van bi han ché béi viée sit dung dién cuc Pt nguyén khoi 1a
rt tén kém. Ngodi ra, dién cuc Pt ¢6 thé d& dang bi ngd doc boi qua trinh hap phu
c4c san pham trung gian trong qud trinh oxy hoa etanol, nhu axetaldehyt, axit

axetic...

Gan day, dé khic phuc nhuogc diém st dung dién cuc Pt nguyén khéi rét ton
kém, giai phdp phén tan kim loai hoat tinh Pt 1én trén chat mang graphen, thudng
13 graphen oxit d khtt (rGO), 1a mét trong nhimg lya chon dugce quan tam hang
diu. Véi cée tinh chit hoa 1i tuyét voi nhu dd dan dién cao, dién tich bé mit riéng
tinh theo 1y thuyét 16n (~ 2630 m?/g), graphen giup ting kha nang phan tan cla céac

kim loai hoat tinh trén bé mit cia chét mang graphen. Méc du véy, dén nay, ham
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lwong Pt trong xtic tic Pt/rGO, tmg dung lam xdc tac anot cho pin nhién liéu
DAFC, van con kha cao, cht yéu nam trong khoang tir 20% dén 60%. Chéng han,
Lien Thi Tran, Quang Minh Nguyen, Minh Dang Nguyen, Hong Ngan Thi Le, Thao
Thi Nguyen, Thu Ha Thi Vu, Preparation and electrocatalytic charateristics of the
Pt-based anode catalysts for ethanol oxidation in acid and alkaline media,
International Journal of Hydrogen Enegy, 2018 di cong bb qui trinh tong hop cac
xtic tac trén co s& Pt/rGO, ing dung lam anot cho pin nhién liéu DEFC. Cac xtc
tac duge cong bd bao gdm Pt, Pt-Si, Pt-Al, Pt-Co, Pt-Ni va Pt-Al-Si, phén tan trén
chét mang rGO. Trong d6, xtic tac Pt/rGO (Pt chiém 40% khéi lugng so vé6i rGO)
¢6 kich thuée tinh thé nano Pt khoang 3,00 £ 0,62 nm va xtc tac Pt-Al/rGO (Pt
chiém 20% so v6i rGO), kich thudc Pt 2,72 + 0,63 nm, 1an luot 14 2 xuc tac ¢6 hoat
tinh dién héa thap nhat va cao nhét trong sb cac xtic tic da cong bd. Trong méi
trudng axit, xuc tac Pt/rGO c6 gia tri ECSA = 34,38 m?/ gp, va mat do dong quét thé
thuan Ir = 328 mA/mgp,, c4c gia tri dién hda tuong tmg cla xuc tac Pt-Al/rGO lan
luot1a 121,2 mz/gpt va 1194 mA/mgp,. Trong méi truong bazo, cac gia tri ECSA va
Iz cua Pt/rGO va Pt-Al/rGO lan luot dat 103,64 mz/gpt, 2293 mA/mgp; va 188,48
mz/gpt, 3691 mA/mgp. Gladys Arteaga, Luis M. Rivera-Gavidia, Stephanie J.
Martinez, Ruben Rizo, Elena Pastor va Gonzalo Garcia, Methanol oxidation on
graphenic-supported platinum catalysts, Surfaces, 2019 da cong bb phuong phép
diéu ché cac xac tac Pt/C (Cacbon Vucal), Pt/rGO-TT (Reduced Graphene oxide
by Thermal Treatment), Pt/N-rGO (Nitrogen-modified rGO) cho phan (mg oxy héa
dién hoa metanol, trong mdi trudong axit (dung dich CH;OH 2 M + H,SO4 0,5 M).
K&t qua nghién ciru cho thdy, ba chét xtic tac Pt/C, Pt/rGO-TT va Pt/N-rGO c6
kich thudc pha hoat tinh Pt lan luot 14 3,28 £ 0,25 nm, 3,32 + 0,43 nm, va 3,14 +
0,50 nm, ham lugng Pt xac dinh béng SEM-EDX & c& ba mau déu dat giatri 19 £
1,5% so v6i khéi luong xuc tac (ham lugng Pt 1y thuyét 12 20%). Mat d6 dong quét
thé thuén theo phép do CV (Cyclic Voltametry) lan luot 1a 149 mA/mgp; (Pt/C) <
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174 mA/mgp, (PtrGO-TT), xtc tac P/N-rGO c6 tin hiéu pic rat thdp gan nhu
khong thé hién hoat tinh dién hoéa trong phan tmg nghién ciru.

C6 mét vai cong trinh dé cap dén xtic tac trén co sé Pt/rGO, c¢6 ham luong Pt
duéi 20% nhung hoat tinh xtc tdc khong that sy vuot tri. Vi du, S
Themsirimongkon, K. Ounnunkad, S. Saipanya, Electrocatalytic enhancement of
platinum and pladium metal on polydopamine reduced graphene oxide support
alcohol oxidation, Journal of Colloid and Interface Science, 2018, da cong bb céac
két qua nghién ciru, tdng hop céc chat xic tac trén co sé Pt, Pd, t6 hop Pt-Pd, Pt-
Ru trén chit mang GO (Graphen Oxit), C (Cacbon Vucal), va PDA-rGO
(Nitrogen-modified rGO by polydopamine) véi tdbng ham lugng kim loai chiém
10% khdi luwong xtic tac. Céc xtc tac duge khao st hoat tinh trong phan tmg oxy
héa dién héa ctia ca 2 ruou: CH;OH 1 M + H,SO, 0,5 M va C,HsOH 1 M + H,SO4
0,5 M. Trong cac xuc tac da cong bd, xtc tac Pt/PDA-rGO, Pt-Pd/PDA-rGO va Pt-
Pdy/PDA-rGO c6 dién tich bé mit dién héa (ECSA) cao nhit lan luot dat: 195,3
m?*/g; 214,5 m?/g; 203,5 m*/g. Bd 2 xtc tac ndy cling c6 kich thude pha tinh thé Pt
nho nhét trong s céc xtc tac cong bd, 1an luot dat 3,26 + 0,80 nm; 3,51 £ 1,13 nm
va 5,35 + 0,96 nm. Trong mdi trudong phan img CH;O0H 1 M + H,SO4 0,5 M, v6i
phép do quét thé dong tuan hoan, xtc tic Pt-Pd/PDA-rGO c6 mat do dong quét thé
thuén I 16n nhét, dat 225 mA/mgp,, thit 2 13 xtc tac Pt/PDA-rGO (182 mA/mgp),
cao hon nhiéu gia tri Ir nhod nhét, 11,9 mA/mgp, (Pt-Ru/C). Mt khac, trong moi
truong phan img C,HsOH 1 M + H,SO,4 0,5 M, xtc tac Pt/PDA-rGO c¢6 hoat tinh
cao nhat (Ir = 400,8 mA/mgp) va hoat tinh thip nhét 1a xtc tac Pt;Pd/PDA-rGO (I
= 108,0 mA/mgp,). Yulong Ma, Shidong Fang va Qi Wang, The tunable plasma
synthesis of Pt-reduced graphene oxide nanocomposte, AIP Advances, 2017, dé
cap dén xuc tac Pt/P-rGO (chtra 9% Pt so véi khdi luong xtic tac), trong d6 chét
mang P-rGO duogc diéu ché bang phuwong phdp Hummer cai tién két hop chiéu tia
plasma véi cong suét khac nhau, trong dong H,. Véi cong sut chiéu tia plasma

4

4/40



52689

100 W, xiic tac cho hoat tinh cao nhét, véi gia tri mat d6 dong quét thé thuan trong
phép do CV (mdi truong CH;OH 1 M + H,SO, 0,5 M), Ir lan luot 13 366,4
mA/mgp. Thu Ha Thi Vu, Thanh Thuy Thi Trang, Hong Ngan Thi Le, Lien Thi
Tran, Phuong Hoa Thi Nguyen, Minh Dang Nguyen, Bui Ngoc Quynh, Synthesis of
Pt/rGO catalysts with two different reducing agents and their methanol
electrooxidatién activity, Materials Research Bulletin, 2015, da cong bd qui trinh
tbng hop xtc tac voi 2 tac nhan khir khac nhau 1a NaBH, va etylen glycol (EG).
Khao sat hoat tinh dién héa cua hai xuc tac tong hop tlr hai tdc nhan khi, béng
phép quét thé dong tudn hoan (CV) (mdi truong CH;0H 1 M + H,SO4 0,5 M) cho
thay, xuc tac Pt/rGO-B (khtt bang EG) c6 mat do dong quét thé thuén Ir = 413
mA/mgp, cao gip 1,5 13n xtc tac PtrGO-A (khir bing NaBH,), 282 mA/mgp,.
Ngoai ra, tai liéu con cong b6 céc két qua khao sat anh huéng cia ham lugng Pt
thay ddi tir 10 — 60% so vé6i khéi lugng rGO theo Ly thuyét. Két qua thuc nghiém
cho thiy, xtic tic 40% Pt/rGO (khi bing EG) cho két qua ECSA va Iy cao nhat, lan
luot dat 45 mz/g va 326 mA/mgp;.

Bén canh chit mang rGO, gan day, chdm luogng tir graphen (GQDs) ciing
duoc dé cap dén nhu mot chét mang tiém ning cho xtc tac chira kim loai hoat tinh
Pt. Chéng han, cong trinh cta Limei Chen, Yi Peng, Jia-En Lu, Nan Wang,
Peiguang Hu, Bingzhang Lu, Shaowei Chen (Platinum nanoparticles encapsulated
in nitrogendoped graphene quantum dots: Enhanced electrocatalytic reduction of
oxygen by nitrogen dopants, international journal of hydrogen energy 42, 29192 -
29200, 2017) @& cap dén cac chit xuc tac khir dién hod st dung cho catot clia pin
nhién liéu mang trao dbi ion kim loai kiém (Alkaline anion-exchange membrane
fuel cells) trén co s& Pt phéan tan trén chdm luong tir graphen (Pt/GQDs). Mic du
vay, chua c6 céng bd nao lién quan dén viéc diéu ché Pt mang trén chim lugng tit
graphen, 1am xtic tdc oxy héa dién hoa alcohol, sir dung cho anot trong pin nhién
liéu DAFC. Hon nita, trong cong trinh néu trén, ham luong kim loai hoat tinh Pt
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ciing rét cao, dén trén 60% khéi lugng. C6 thé néi, viéc tiéu ton mdt lugng 16n kim
loai qui, cong v6i qué trinh diéu ché chim luong tir graphen rat ton kém do phai
trai qua giai doan thAm téch dai ngay, sir dung vat liéu dét tién 1am cho gi4 thanh
clia xtc tic van ludn ludn cao va khong kha thi dé trién khai ing dung trén thyuc

tien.

XuAt phét tir nhitng nhan thirc trén, nhom tac gia nhan thdy, viéc tim kiém
phuong phap hiéu qua, c6 chi phi phai ching, c6 kha ning mo rong mot cach dé
dang dé didu ché xtic tac 6 hoat tinh cao trong phan tmg oxy hoa dién héa alcohol,
tmg dung lam xtic téc anot cho pin nhién liéu DAFC la can thiét. Cu thé 1a phuong
phép sir dung tiét kiém kim loai qui dé diéu ché xic téc chira Pt, v6i ham luong Pt
thap, phan tan trén chit mang chira chdm luong tir graphen (Pt/GQDs), c6 hoat tinh
tuyét voi trong phan tng oxy hoa dién hoéa rugu (alcohol) vi du, metanol, etanol,
tmg dung 1am xuc tac anot cho pin nhién liéu st dung truc tiép alcohol (Direct

Alcohol Fuel Cell - DAFC).

Ban chat k§ thuit clia sang ché

Muc dich cia sang ché 13 dé xuét phuong phap didu ché chit xtc tac anot
ctia pin nhién liéu DAFC, chua Pt, v6i ham luong Pt thép, phén tan trén chét mang
chita chdm Iuong tir graphen (PGQDs), c6 gid thanh thép nhd sir dung tiét kiém
kim loai qui, cu thé 1a chét xuc tac chira Pt, phan tan trén chdm lugng tir graphen
(Pt/GQDs) va chét xtic tic chira Pt, phan tan trén hon hop bao gdm graphen oxit va
chidm luong tir graphen (Pt/GO-GQDs).

Muc dich khac nita cua sang ché 13 d& xult chét xtc tac chira Pt, voi ham
luong Pt thap, phén tan trén chét mang chira chim lugng tir graphen, cu thé 13 chét
xuc tac chira Pt, phan tan trén chdm lugng tir graphen (Pt/GQDs) va chét xic tac

chira Pt, phén tan trén hdn hop bao gbm graphen oxit va chdm luong tir graphen
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(Pt/GO-GQDs), c6 hoat tinh tuyét voi trong phan ng oxy héa dién hoa alcohol

(ruou), dé 1am xtc tac anot trong pin nhién liéu DAFC.

Pé dat duoc muc dich trén, sang ché dé xuét phurong phap didu ché chét xuc
tac anot cia pin nhién liéu DAFC, trén co s6 Pt phén tan trén chit mang chita cham

luong tir graphen bao gbm céc budc:

1. Pidu ché chit mang chira cham lugng tir graphen

Diéu ché chit mang chia chdm luong tr graphen bang cach cho vai cacbon

da nghién thanh bot tac dung véi hdn hop ctia axit HNO; 70% va axit HySO4 98%,

v6i ty 16 khdi lugng cia bdt vai cacbon so v6i thé tich cta axit HNO; 70% va axit

H,SO, 98% nim trong khoang 1:20:30 dén 1:60:90, trong diéu kién phan ng siéu

am dhu do, cong sudt 750 W va tiép theo 1a phan tmg hdi luu. DE ngudi hon hop vé

nhiét d6 phong, didu chinh dén d6 pH = 7 béng dung dich NaOH trong mdi truong

d4 lanh, sau do dé thu duogc chit mang chira chim luong tir graphen (GQDs) c6 thé
tién hanh bang céch:

a. cho hén hgp vao mang tham tach 1000 Da, tién hanh thim tach bang

nuée khtr ion dé thu duge chat 16ng chira chdm luong ti graphen (GQDs) trong

mang thim tich dung lam chit mang hoic

b. két tinh cidc mudi c6 mit trong hdn hop thu duge sau trung hoa, loc dé
loai bé céc tinh thé két tinh ra khoi phan dich loc dé thu dugc dich loc chira hén
hop graphen oxit va chdm luong tir graphen (GO-GQDs) dung lam chét mang.

2. Piéu ché xtc tac Pt phan tan trén chét mang chira chdm luong tir graphen

Thém dung dich chira tién chét Pt vao dich léng thu duge & bude 1 (a) hodc
buéde 1 (b) roi tién hanh phan Ung siéu 4m, sau d6 tién hanh khir ion Pt bang dung
dich NaBH, 0,15 M ¢ nhiét do nim trong khoang tir 25°C dén 80°C. Tiép theo, thu
hdi v tinh ché san pham rin bing cach ly tAm va rira bang ly tAm nhiéu 14n bing
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nuée khir khoang, siy kho trong chan khong dé 1an luot thu duge xtc tac Pt phan
tan trén cham lugng tr graphen va xtc tac Pt phan tan trén chit mang chira hon
hop bao gdm graphen oxit va chdm luong tir graphen. Chét rén thu dugc duoc st

dung 1am xtc tac anot cho pin nhién liéu DAFC.

Ngoai ra, theo mdt phuong an khac, chét xtic tac Pt phén tan trén hdn hop
bao gébm graphen oxit va chdm luong tr graphen (GO-GQDs) ciing ¢6 thé thu dugc

bang phuong phép vi séng, bao gdm cac budc:

B4 sung etylen glycol 99,5% vao hdn hgp GO-GQDs, véi ty 18 thé tich
cta dung dich etylen glycol so v6i thé tich ctia hdn hop chira GO-GQDs nim trong
khoang 2:1 dn 7:1. Tiép theo, tién hanh phan tng siéu 4m dau do, cong suat 750
W trong thoi gian khoang 1 phut dén 12 phut, thu duge hdén hgp EG-GO-GQDs.
Sau d6, thém dung dich H,PtCls 0,01 M vao hon hop EG-GO-GQDs, véi ty 18 thé
tich ctia dung dich H,PtCls 0,01 M so v6i thé tich ciia hén hop GO-GQDs nam
trong khoang 1:5 dén 1:97. Tiép theo, chuyén hén hgp vao thiét bi phan tmg vi
song, gia nhiét hdn hop 1én khoang 200°C trong thoi gian 20 dén 30 phut; giir hé
6n nhiét trong thoi gian 10 dén 60 phut. Bé ngudi hdn hop san phim vé nhiét do
phong. Qua trinh thu hdi va tinh ché san phim rén dugc tién hanh bang cach ly tAm
@8 thu san phim rén rdi rira nhiéu lan bang nudc khir khoéng, S4y kho trong chan
khong chat rén & 50°C. Chét rin thu duoc dugce str dung lam xuc tac anot cho pin
nhién liéu DAFC.

Theo mot phuong an khac, sang ché d& xuét chit xtc tac chira Pt phan tén
trén chit mang chtra chim luong tr graphen, cu thé 1a chét xtic tac chira Pt phan
t4n trén chAm lugng tir graphen hodc chét xuc tic chita Pt phan tén trén hon hop
bao gdm graphen oxit va chdm luong tir graphen v&i ham lugng Pt trong chét xtc

tac ndm trong khoang tir 1 dén 20% khdi luong.

Mo ta van tat cac hinh vé
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Hinh 1 (a-d). Anh SEM ctia xtc tac 20%Pt/rGO-GQDs(R) & cac dO phén
giai khac nhau.

Hinh 2 (a-d). Anh TEM va HRTEM cua dung dich GO-GQDs & cac d§ phén
giai khac nhau.

Hinh 3 (a-d). Anh TEM va HRTEM cua xtic tac 20%Pt/rGO-GQDs(R).

Hinh 4. Phd UV-Vis ctia dung dich GO-GQDs.

Hinh 5. Phd huynh quang ctia GO-GQDs.

Hinh 6. Phd IR ctia GO-GQDs va ctia xuc tdc 20%Pt/rGO-GQDs(R).

Hinh 7. Gian d EDX cua xuc tac 20%Pt/rGO-GQDs(R).

Hinh 8. K&t qua XPS ctia xitic tac 20%Pt/rGO-GQDs(R).

Hinh 9. Hoat tinh oxy héa dién héa etanol cua xtic tac 20%Pt/rGO (a) va
20%Pt/rGO-GQDs(R) (b) trong mdi trudong axit (C;HsOH 1 M + HSO4 0,5 M),
tdc do quét thé 50 mV/s.

Hinh 10. Hoat tinh oxy héa dién hoéa etanol cta xuc tac 20%Pt/rGO (a) va
20%Pt/rGO-GQDs(R) (b) trong moi truong kiém (C,HsOH 1 M + NaOH 0,5 M),
tdc d6 quét thé 50 mV/s.

Hinh 11. Hoat tinh oxy héa dién héa metanol ctia xtc tac 20%Pt/rGO (a) va
20%Pt/rGO-GQDs(R) trong méi trudng axit (CH;OH 1 M + H,SO,4 0,5 M), tbc do
quét thé 50 mV/s.

Bang 1. So sém‘h hoat tinh oxy hoéa dién héa ruou (alcohol) trong mdi truong
axit va moi trudng kiém cia cac chat xuc tac.

MG ta chi tiét sang ché
Thuét ngit “graphen” dugc st dung trong sang ché nay co6 nghia 1a vat liéu

graphen co s6 16p nhé hon 10.
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Thuat ngit “chdm lugng tir graphen” (Graphene quantum Dots - GQDs)
dugc st dung trong sang ché nay c6 nghia 12 cac manh tinh thé graphen c6 kich

thudc di nhé d& 1am xuét hién cac dic tinh ctia co hoc lugng tir.

Thuit ngit “chit mang chua chdm luong tir graphen” dugc sit dung trong
sang ché duogc hiéu 12 chét mang chi bao gdm chdm luong tir graphen hodc chét

mang bao gdm hdn hop clia graphen oxit va chdm luong tir graphen.

Thut ngit “hdn hop clia graphen oxit va chdm luong tir graphen” dugc su
dung trong sang ché nay c6 nghia 13 hdn hop graphen oxit va chdm luong tir
graphen, da dugc khu bang chat khir, sau khi d3 phan tan mubi kim loai qui trén bé
mit. Hon hop graphen oxit va chdm lugng tir graphen dugce tao ra trong qua trinh
téng hop chim lugng tr graphen ma khéng trai qua giai doan tinh ché san phim dé

tach riéng chdm luwong tir graphen.

Thuét ngfr “tién chit Pt” duoc st dung trong sang ché nay c6 nghia 13 dung

dich mudi H,PtClg trong nuée, c6 néng do 0,01 M.

Thut ngit “bdt vai cacbon” dugc sir dung trong sang ché nay 1a bot dugce
nghién dén kich thuéc duéi 0,1 mm cia vai cacbon thuong mai tinh khiét, c6 ham
luong cacbon trén 98%.

Thuat nglt “phuong phap hdi luu” duge st dung trong sang ché nay c6 nghia
14 qué trinh phan tmg dugc dién ra trong didu kién dun hdi luu.

Thuét ngit “phuong phap vi séng” duge sir dung trong sang ché nay c6 nghia
[a qué trinh phan tmg dugc dién ra trong diéu kién sir dyng thiét bi phan tng vi
song.

Thuat ngl ““chét x0ic tc anot ctia pin nhién liéu DAFC” dugc sir dung trong
sang ché nay c6 nghia la chét xtic tac duge st dung dé phii 1én dién cyc anot cua
pin nhién liéu DAFC. Xuc tac nay c6 vai tr0 quan trong, quyét dinh tubi tho va do
bén pin nhién liéu.
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Thuat ngit "ham luong Pt trong xtic tac" dugc st dung trong sang ché nay c6
nghia 14 ham lugng Pt tinh theo 1i thuyét, dugc tinh dya trén thanh phén phan trim
vé khéi luong clia Pt so véi chat mang rGO, GO-GQDs hodc GQDs.

Thuét nglt “pha xtc tac lén bé mit dién cuc” duoc st dung trong sang ché
nay c6 nghia 13 qua trinh phén tan 1 mg bdt xic tac vao dung dich chira 0,9 mL
etanol va 0,1 mL dung dich Nafion 5%, rung siéu am trong 30 phut, dé tao ra hon
hop phu, roi 14y 10 pl hdén hop phit nay phu 1én dién cuc cacbon thiy tinh (dudng
kinh 5 mm) va dé kho tu nhién & nhiét 4 phong. Pién cyc da phi xtc tic la dién

cuc lam viéc.

Thuét ngit “hé thiét bi dién hoa” dugc sir dung trong sang ché nay c6 nghia
14 hé thiét bi do véi hé ba dién cuc, gom dién cuc lam viéc, dién cuc doi 1a dién

cuc platin va dién cyc so sanh la dién cuc Ag/AgCl.

Thuét ngtt “mat dé dong” dugc stir dung trong sang ché nay co6 nghia 1a mat
d6 dong ciia phan ng oxy hoa etanol trén xuc tac, tinh theo khéi luong Pt c6 mit

trong x0c tac (mA. mg’'p).

Thuét ngit “I/Iz” duge sir dung trong sang ché c6 nghia 13 ti 1& gitra mat do
dong phan Ung & chidu quét thé di (sinh ra do phéan Gng oxy hoa etanol) véi mat do
dong phan tUng & chidu quét thé vé (sinh ra do phan tmg oxy hoa cac chét trung
gian nhur CO ctia phan tng oxy hoa etanol). Gi4 tri Ir/Ir dugc dung dé danh gia kha

nang chiu dung c4c san pham trung gian, nhu CO, cua xic tac.

Thuét ngit “hoat tinh oxy hod dién hod cta xtic tdc” dugc st dung trong sang
ché c6 nghia 13 hoat tinh dién hda cua chét xuc tac trong phan (g oxy hda alcohol,
duge danh gia bang duong quét dong thé tudn hoan trong mdi truong axit (khoang
thé tir -0,2 dén 1 V, véi tde do quét 50 mV.s™, trong dung dich CH;OH 1 M +
H,SO, 0,5 M hoic dung dich C,HsOH 1 M + H,SO4 0,5 M) va trong moi trudng
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kiém (khoang thé tir -1 dén 0,5 V, véi tbc dd quét 50 mV.s™, trong dung dich
CH,;0H 1 M + NaOH 0,5 M ho#c dung dich C;HsOH 1 M + NaOH 0,5 M).

Phurong phép didu ché xtic tac chira Pt, v6i ham luong Pt thap, phan tn trén
chit mang chira chdm luong tir graphen, cu thé 14 xtc tac chia Pt, phan tan trén
chim lugng tir graphen (Pt/GQDs), hodc xfic tic chira Pt, phén tan trén chit mang
bao gdm hdn hop graphen oxit va chdm luong tir graphen (Pt/GO-GQDs), st dung

lam xuc tac anot cho pin nhién liéu DAFC, bao gbm hai budc chinh.

Bu6c thir nhét, 1a bude didu ché chit mang chira chdm luong tir graphen
bang qua trinh oxy hoéa tach 16p va cat manh nguyén liéu bot sgi cacbon bang hén
hop axit manh, duéi téc dung ctia song siéu am va phan ung hdi luu; tiép theo 13
qué trinh trung hoa va xix ly phit hop d& tity ¥ thu hoi chat long chira chim luong tix
graphen hodc chét 16ng chira hdn hop bao gdm graphen oxit va chdm lugng tir

graphen.

Budc thir hai, 13 buéc diéu ché xtc tac Pt phan tan trén chit mang chira

cham luong tir graphen.

Qua trinh oxy hoéa tach 16p va cit manh nguyén liéu bot sgi cacbon bing hon
hop axit manh, dudi tdc dung cta song siéu 4m va sau d6 dun héi luu, duge thuc
hién & ty 18 khéi luong cua bot vai cacbon so véi thé tich cta axit HNO; 70% va
axit H,SO, 98% nim trong khoang tir 1:20:30 dén 1:60:90, thich hop hon 12 nAm
trong khoang tir 1:30:45 dén 1:48:72, thich hop nhat 13 ndm trong khoang tur
1:32:48 dén 1:48:72. Néu lugng axit qua it, hiéu qua oxy hoa s& khong cao, lugng
axit qua nhiéu s& gay lang phi hoa chat. Thoi gian phan tng siéu am nim trong
khoang tu 10 dén 30 phut, tot hon 1a trong khoang tir 13 dén 25 phit, t6t hon ca 1a
nim trong khoang tir 15 dén 20 phit. Qué trinh dun hdi lwu dugc thue hién & nhiét
@6 n3m trong khoang tir 100°C dén 140°C, tét hon la trong khoang tir 110°C dén
130°C, tét nhét 12 trong khoang 115°C dén 125°C, trong thoi gian hoéi Ivu nam
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trong khoang tir 10 gio - 15 gio, t5t hon 13 ndm trong khoang 11 gio dén 14 gio, tot
nhét 13 ndm trong khoang 12 gid dén 13 gio. Sau do, d& ngudi vé nhiét do phong,
tién hanh trung hoa hén hop dén pH=7 bang dung dich NaOH 5 M trong méi
trudng d4 lanh. Dung dich trung hoa tity y dugc xtr Iy nhu sau:

a.  Tién hanh thdm tich bing cich cho dung dich vao mang thdm tach 1000 Da,
tién hanh thiAm tach bang nudc khir ion trong thdi gian 5 ngay, ctr 8 gio thay nude
1 14n, dé thu duoc dung dich chira chdm luong tir graphen (GQDs).

b. Hoic c6 thé dugc tién hanh két tinh dé két tinh cac mudi c6 mat trong hon
hop sau trung hoa, loc nhanh d8 tach loai c4c tinh thé mudi két tinh ra khoi phan
dich loc d& thu dugc phan dich loc chita hdn hop bao gdm graphen oxit va chdm

lugng tr graphen (GO-GQDs).

Budge diéu ché xuc tac Pt phan tan trén chdm luong tir graphen duge thuc
hién béng cach bd sung tién chat Pt, cu thé 13 H,PtCls, vao dich long chia GQDs,
véi ham lugng GQDs duge didu chinh dén 0,7 mg/mL, & ty 1& thé tich cta dung
dich H,PtClg 0,01 M so véi thé tich cta chét 1ong chira GQDs nam trong khoang tir
1:14 dén 1:286, tbt hon 1 nim trong khoang tir 1:14 dén 1:93, 6t nhat 1a nim
trong khoang tir 1:35 dén 1:93 d tién hanh phan (g siéu &m. Thoi gian phan tmg
siéu 4m nam trong khoang 1 dén 12 phut, tot hon 1a nam trong khoang 3 dén 10
phat, t6t nhét 13 nim trong khoang 5 dén 8 phut. Qu4 trinh khir ion Pt dugce thuc
hién &ty 18 thé tich cia dung dich NaBH, 0,15 M so véi thé tich ctia hén hop phan
{mg nam trong khoang 1:8 dén 1:9. Nhiét d6 ctia phan ung khur nam trong khoang
tir 25°C dén 80°C, tdt hon 1a trong khoang tir 35°C dén 70°C, t6t nhat 1a trong
khoang 40°C dén 60°C. Thoi gian phan ing khir nim trong khoang 1 dén 6 gio, tot
hon 12 ndm trong khoang 1 dén 5 gio, t6t nhét 12 ndm trong khoang 2 dén 4 gid.
Qua trinh thu hdi va tinh ché san phém rin duoc tién hanh bing cach ly tm va ria

bing Iy tam nhidu 14n bing nuéc khir khodng, tt nhat la dwoc 13p lai it nhdt 3 lan,
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sdy khé trong chan khong & nhiét d6 nhiét d6 50°C trong 12 gio. Chét rén thu dugc

duoc str dung 1am xtc tic anot cho pin nhién liéu DAFC.

Budc diéu ché xtc tac Pt, phan tan trén chét mang hdn hop bao gbm graphen
oxit va chdm luong tr graphen (Pt/rGO-GQDs), duoc thuc hién bang hai phuong
phap sau:

Phuong phap héi luu: B6 sung tién chéit Pt, cu thé 1a H,PtCls, vao hén hop
chit mang bao gbm graphen oxit va chdm lugng tir graphen (GO-GQDs ) voi ty 1&
thé tich ctia dung dich H,PtCls 0,01 M so véi thé tich cta chét 16ng chira hon hop
GO-GQDs trong d6 ham lugng GO-GQDs dugc didu chinh dén 2 mg/mL, nim
trong khoang 1:5 dén 1:97, tbt hon 14 ndm trong khoang 1:5 dén 1:33, t6t nhét 13
nim trong khoang 1:7 dén 1:33 dé tién hanh phan tng siéu 4m dAu do, cong suét
750W trong thoi gian 1 dén 12 phit, t5t hon 1a ndm trong khoang 3 dén 10 phut,
t6t nhat 14 ndm trong khoang 5 dén 8 phit. Tiép theo, gia nhiét hon hop 1én nhit
6 nim trong khoang tir 25 °C dén 80 °C dé tién hanh phan tmg khir dé khir ion
kim loai qui thanh kim loai va graphen thanh graphen oxit bang dung dich NaBH,
0,15 M véi ty 1¢ thé tich cua dung dich NaBH, 0,15 M so véi thé tich ctia hén hop
phan Ung nam trong khoang 1:8 dén 1:9. Nhiét d6 cua phan ng khir nim trong
khoang tir 25°C dén 80°C, tét hon 14 trong khoang tir 35°C dén 70°C, t6t nhat la
trong khoang 40°C dén 60°C. Phan ung khir duge thuc hién trong thoi gian 1 dén 6
gidy, tot hon 13 nim trong khoang 1 dén 5 gio, tot nhat 13 nim trong khoang 2 dén 4
gi0. Qua trinh thu hdi va tinh ché san phim rén dugc tién hanh bang cach loc, ria
nhidu 1An bing nuéc khir khodng, t6t nht 1a dugc 13p lai it nhat 3 lan, sdy kho
trong chan khéng & nhiét d6 50°C trong 12 gio. Chét rn thu dugc dugc s dung

]am xuc tac anot cho pin nhién lieu DAFC.

Phuong phép vi song: Thém etylen glycol 99,5% vao hdn hop GO-GQDs,
trong d6 ham lugng GO-GQDs duoc diéu chinh dén 2 mg/mL, véi ty 1& thé tich
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cta dung dich etylen glycol so voi thé tich ctia hdn hop chira GO-GQDs nim trong
khoang tir 2:1 dén 7:1, tdt hon 1a tir 2:1 dén 4:1, t&t nhét 1a tir 5:1 dén 7:1. Tiép
theo, tién hanh phan tng siéu 4m du do, cong suét 750 W trong thoi gian khoang
| phut dén 12 phit, tét hon 14 trong khoang 3 dén 10 phi, t6t nhét 12 trong khoang
5 dén 8 phat, thu dugc hén hop EG-GO-GQDs. Sau do, thém dung dich
H,PtCl; 0,01 M vao hén hop EG-GO-GQDs, véi ty 1€ thé tich cua dung dich
FLPtCl, 0,01 M so v6i thé tich ctia hdn hgp GO-GQDs nim trong khoang 1:5 dén
1:97, t6t hon 14 ndm trong khoang 1:5 dén 1:33, tdt nhét 12 ndm trong khoéng 1:7
dén 1:33. Tiép theo, chuyén hdn hop vao thiét bi phan tmg vi s6ng, gia nhiét hon
hop 1én khoang 200°C trong thoi gian 20 dén 30 phut; gitr hé on nhiét trong thoi
gian 10 dén 60 phut, t6t hon 1 trong khoang 20 dén 50 phut, tot nhét 13 trong
khoang 30 dén 40 phut. D& ngudi hdn hop san pham vé nhiét d phong. Qud trinh
thu héi va tinh ché san phdm rén dugc tién hanh bang cach ly tim dé thu san pham
rin rdi rira nhidu 1in véi nude khir khoang, tot nhét 1a dugc 13p lai it nhat 3 lan.

S4y trong chan khong cht rdn & nhiét 6 50°C trong 12 gid.
Vi du thwe hién sing ché

Sang ché s& duoc hiéu mot cach r hon tir cac vi du néu dudi day. Cac vi du
nay chi cé tinh chit minh hoa nhung khong gi6i han pham vi bao h¢ cua sang ché.

Vidul

Diéu ché hdén hop GO-GQDs

L4y 25 g bot vai cacbon + 1000 mL HNO; 70% (Sigma) + 1500 mL
H,SO, 98% (Sigma), siéu 4m dau do, cong suat 750W, trong vong 17 phut. Sau do,
dun hdi luu hdn hop & nhiét d6 120°C trong 12 gid trong ti hut. Sau do, dé nguoi
v& nhiét d phong, diéu chinh pH=7 bang dung dich NaOH 5 M trong mdi truong
d4 lanh. K&t tinh loai bd mubi trong dung dich. Tién hanh loc nhanh. Phan dich thu
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duge chira dong thoi ca graphen oxit va chdm luong tir graphen dugc st dung dé

1am chét mang xtc tac anot cho pin nhién liéu DAFC.
Vidu2
Diéu ché GQDs

L4y 0,25 g bot vai cacbon + 10 mL HNO;70% (Sigma) + 15 mL
H,SO, 98% (Sigma), siéu am dau do cong suat 750W, trong vong 17 phiit. Sau do,
dun hdi luu hdn hop & nhiét ¢6 120°C trong 12 gio trong ti hut. Sau do, dé ngudi
v& nhiét d6 phong, didu chinh pH=7 bang dung dich NaOH 5 M trong méi truong
d4 lanh. Cho hdn hop thu duge vao mang thdm tach 1000 Da, tién hanh tham tach
bang nudc khir ion trong thoi gian 5 ngay, cir 8 gi¢ thay nudc 1 14n. Dung dich

chira trong mang thim tach 13 dung dich GQDs.
Vidu3

Didu ché xtc tac 20%Pt/GQDs

L4y 80 mL dung dich GQDs, trong d6 ham lugng GQDs dugc diéu chinh
dén 0,7 mg/mL; thém 5,7 mL dung dich HyPtCls 0,01 M, si€u am dau do cong sut
750W trong thoi gian 6 phit. Gia nhiét hdn hop 1én 50°C, nhé tir tir 28 mL dung
dich NaBH, 0,15 M, giit hé bn nhiét trong thoi gian 3 gio. Loc hon hop phan tng
d thu hdi chét rin. Xt Iy chit rén bang cach ly tAm va rira bing ly tAm nhiéu lan
bang nuéc khir khoéng, sdy khé trong chan khong & nhiét do 50°C trong 12 gio.
Chét rén thu dugc lac nay, ky hiéu 12 20%Pt/GQDs, duge st dung lam xac tac anot
cho pin nhién liéu DAFC.

Vidu 4

Diéu ché xtic tac 8%Pt/GQDs
Lay 80 mL dung dich GQDs, trong d6 ham lugng GQDs dugc diéu chinh
dén 0,7 mg/mL; thém 2,3 mL dung dich H,PtCls 0,01 M, siéu &m dau do cong sut
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750W trong thoi gian 6 phut. Gia nhiét hdn hop 1én 50°C, nho tir tir 28 mL dung
dich NaBH, 0,15 M; giit h¢ bn nhiét trong thoi gian 3 gid. Loc hén hop phan tng
d8 thu hoi chét rén. Xir 1y chét rén bang cach ly tim va ria bang ly tAm nhiéu 1an
bing nudc khir khoang, sdy kho trong chan khong & nhiét 4o 50°C trong 12 gio.
Chét rén thu duoc ltc nay, ky hiéu 1a 8%Pt/GQDs, dugc sir dung lam xuc tac anot
cho pin nhién liéu DAFC.

Vidub

Diéu ché xuc tac 3%Pt/GQDs

Ly 80 mL dung dich GQDs, trong d6 ham lugng GQDs dugc diéu chinh
dén 0,7 mg/mL, thém 0,9 mL dung dich H,PtCls 0,01 M, si€u &m dau do cong suét
750W trong thoi gian 6 phit. Gia nhiét hdn hop 1én 50°C, nhé tir tir 28 mL dung
dich NaBH, 0,15 M, giit hé 6n nhiét trong thdi gian 3 gio. Loc hon hop phan tng
@8 thu hdi chét rin. X 1y chét ran bang cach ly tim va ria béng ly tAm nhiéu 1an
bing nuéc khir khodng, sdy khd trong chan khong & nhiét do 50°C trong 12 gid.
Chét rén thu dugce lac nay, ky hidu 1a 3%Pt/GQDs, dugc str dung lam xudc tac anot
cho pin nhién liéu DAFC.

Vidub6

Piéu ché xtc tac 1%Pt/GQDs

L4y 80 mL dung dich GQDs, trong d6 ham lugng GQDs duogc diéu chinh
dén 0,7 mg/mL, thém 0,3 mL dung dich HyPtCls 0,01 M, si€u am dau do cong suét
750W trong thoi gian 6 phut. Gia nhiét hdn hop 1én 50°C, nho tir tir 28 mL dung
dich NaBH, 0,15 M, giit h¢ on nhiét trong thoi gian 3 gio. Loc hon hop phan tng
@8 thu hdi chat rén. X 1y chét rin bang cach ly tAm va rira bing ly tAm nhiéu l4n
bang nudc khir khodng, sdy khé trong chan khéng ¢ nhiét d6 50°C trong 12 gio.
Chét rén thu duoc lic nay, ky hiéu 13 1%Pt/GQDs, dugc st dung lam xtic tic anot
cho pin nhién liéu DAFC.
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Vidu7

Pidu ché xtic tc 20%Pt/rGO-GQDs bing phuong phap hdi luu

Budc 1: Thém 32 mL dung dich H,PtCls 0,01 M vao 160 mL dung dich GO-
GQDs, trong d6 ham luong GO-GQDs dugc didu chinh dén 2 mg/mL, i tién
hanh siéu 4m hdn hop thu dugc trong thiét bi siéu 4m dau do, cong sudt 750W
trong 6 phat. Gia nhiét hon hop 1én 50°C roi nho tir tir 56 mL dung dich NaBH,
0,15 M véao hdn hop. Tiép tuc giit hé on nhiét trong thoi gian 3 gio.

Bude 2: Loc hdn hop phan tmg & budc 1 dé thu hdi chit ran. X ly chat rén
bang céach loc, rira nhiéu 1an bang nude khir khodng, sdy kho trong chan khéng &
nhiét d6 50°C trong 12 gio. Chét rn thu dugc luc ndy, ky hiéu 13 20%Pt/rGO-
GQDs(R), duoc st dung lam xuc tac anot cho pin nhién ligu DAFC.

Vidu$

Didu ché xtic tac 20%Pt/rGO-GQDs bang phuong phép vi song

Budc 1: Thém 360 mL etylen glycol 99,5% vao 160 mL dung dich GO-
GQDs, trong d6 ham lugng GO-GQDs dugc didu chinh dén 2 mg/mL. Tién hanh
siéu am hdn hop trong thiét bi siéu am du do, cong sut 750 W, trong thoi gian 6
phit, thu duoc hdn hgp EG-GO-GQDs. Sau d6, thém tiép 19,6 mL dung dich
H,PtCls 0,01 M vao hdn hgp EG-GO-GQDs. Tiép theo, chuyén hdn hop vao thiét
bi phan mg vi séng, gia nhiét hon hop 1én khoang 200°C trong thoi gian 25 phit;
gift hé én nhiét trong thoi gian 30 phut.

Bude 2: D ngudi hdn hop san pham thu dugc tir bude 1 vé nhiét do phong.
Tién hanh loc, rira hdn hop dé thu san pham rin rdi rira sach chét ran v6i nude khir
khoéng, ciing bang phuong phép ly tAm. Sy chét rén trong chan khong & 50°C
trong 12 gid. San phém thu dugc, ky hiéu la 20%Pt/rGO-GQDs(M), dugc dic
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trung tinh chit héa ly, danh gi4 hoat tinh dién hoa dé str dung 13m xtc tac anot cho
pin nhién liéu DAFC.

Vidu9

Didu ché xic tac 8%Pt/rGO-GQDs bing phuong phap hdi luu

Buéc 1: Thém 12,8 mL dung dich H,PtClg 0,01 M vao 160 mL dung dich
GO-GQDs, trong d6 ham lugng GO-GQDs duge didu chinh dén 2 mg/mL, 1di tién
hanh siéu 4m hdn hop thu dugc trong thiét bi siéu am dau do, cong suét 750W,
trong 6 phut. Gia nhiét hdn hop 1én 50°C rdi nhé tir tir 56 mL dung dich NaBH,
0,15 M vao hdn hop. Tiép tuc giit hé on nhiét trong thoi gian 3 gio.

Bude 2: Loc hdn hop phan tmg & budc 1 dé thu hdi chit ran. Xir ly chat rén
bang céch loc, ria nhiéu 14n bing nudc khir khoang, sdy kho trong chan khong &
nhiét d6 50°C trong 12 gid. Chét rin thu duge lic ndy, ky hiéu 1 8%Pt/rGO-
GQDs(R), duoc sir dung lam xuc tac anot cho pin nhién ligu DAFC.

Vidu 10

Didu ché xuc tac 3%Pt/rGO-GQDs bang phuong phap héi Iuu

Bugc 1: Thém 4,8 mL dung dich HyPtCls 0,01 M vao 160 mL dung dich
GO-GQDs, trong d6 him lugng GO-GQDs dugc diéu chinh dén 2 mg/mL, rdi tién
hanh siéu 4m hdn hop thu dugc trong thiét bi siéu am dau do, cong sut 750W,
trong 6 phut. Gia nhiét hdn hop 1én 50°C réi nhé tr tir 56 mL dung dich NaBH,
0,15 M vao hdn hop. Tiép tuc giit hé 6n nhiét trong thoi gian 3 gio.

Budc 2: Loc hon hop phéan tng & budce 1 @2 thu hdi chét rén. Xt 1y chat ran
béang cach loc, ria nhiéu 14n béng nudc khir khoang, sdy kho trong chan khong &
nhiét do 50°C trong 12 gio. Chét rén thu dugc lic ndy, ky hiéu 1a 3%Pt/rGO-

GQDs(R), dugc st dung lam xtc téc dién hoa.

Vidull
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Pidu ché xtc tac 1%Pt/rGO-GQDs bing phuong phap hdi luu

Buéc 1: Thém 1,6 mL dung dich H,PtCls 0,01 M vao 160 mL dung dich
GO-GQDs, trong d6 ham lugng GO-GQDs duoc didu chinh dén 2 mg/mL, rdi tién
hanh siéu 4m hdn hop thu dugc trong thiét bi siéu 4m dau do, cong sudt 750W,
trong 6 phut. Gia nhiét hdn hop 1én 50°C rdi nhé tir tir 56 mL dung dich NaBH,
0,15 M vao hdn hop. Tiép tuc giit hé 6n nhiét trong thoi gian 3 gio.

Buéc 2: Loc hdn hop phan tmg & budce 1 dé thu hdi chét rin. Xir ly chat rén
bang céach loc, rira nhiéu 14n bing nude khir khoang, sdy khd trong chan khéng &
nhiét d6 50°C trong 12 gid. Chét rin thu dugc lac nay, ky hiéu 1a 1%Pt/rGO-
GQDs(R), dugc sir dung lam xtic tac dién hoa.

CAc tinh chét dic trung clia xic tac 20%Pt/rGO-GQDs(R)

Phéan tich SEM

Hinh anh kinh hién vi SEM (hinh la-d) cia mau xuc téc 20%Pt/rGO-
GQDs(R) cho thiy céu triic bé mit ctia xuc tac. Cu thé, xdic tic c6 bé mit x6p gom
c4c hat nano Pt phan b kha dong déu trén bé mat vat liéu.

Phéan tich HRTEM

Hinh théi c4u trac cuia GO-GQDs va cta xtc tdc 20%Pt/rGO-GQDs(R), dac
trung boi phuong phép kinh hién vi dién ti truyén qua (TEM) va kinh hién vi dién
tir d6 phéan giai cao (HRTEM), duoc thé hién trén hinh 2 va hinh 3.

Két qua dic trung tir hinh 2a-c cho thiy sy phan tan ddng déu cia GQDs ¢6
kich thuéc trung binh khoang 3-5 nm. DPong thoi, cling cho thdy su xuét hién cua
cac manh graphen trong sudt dang mang méng xen k& céc chdm lugng tir graphen.
Hinh anh véi do phong dai cao hon (hinh 2d) cho thdy su xuét hién cla cic 16p
graphen véi gia tri d 1 0,24 nm. Nhu vay, két qua dic trung TEM va HRTEM cho
thdy sy xuét hién ddng thoi clia graphen va chdm luong tir graphen trong san pham

GO-GQDs.
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Hinh 3a-d trinh bay két qua TEM va HRTEM cia mu 20%Pt/rGO-
GQDs(R). Anh TEM (hinh 3a-c) cho thdy cac tiéu phan Pt ¢6 cAu trac hinh cau
dudng kinh 8-10 nm, phén tan kha ddng déu. Anh HRTEM (hinh 3d) cho thy cac
tiéu phan Pt phan tan trén c4 graphen va cham luong tir graphen.

Phan tich dic tinh quang hoc cua GO-GQDs: phd UV-vis va phd huynh
quang

Hinh 4 va hinh 5 md ta cac dic tinh quang hoc cia GO-GQDs. Phd UV-Vis
ciia GO-GQDs trong nuée (hinh 4a) cho thdy hai dai hip thu & 250 va 330 nm thé
hién hai qué trinh chuyén tiép dién tir 43 x4y ra dudi 4nh sang UV. Trong d6, su
hép thu manh xay ra tai 250 nm, hép thu yéu tai buéc séng 330 nm. Hinh 5 m6 t
phé huynh quang (PL) ciia GO-GQDs. Khi thay d6i buéc séng kich thich tir 340
dén 460 nm, mat d6 huynh quang cia GO-GQDs ciing thay dbi theo. Cu thé, GO-
GQDs dat dinh huynh quang cuc dai tai budc song kich thich la 330 nm twong tur
nhu két qué thu dugc tir phé UV-Vis. Tuy nhién, dung dich GO-GQDs dugc quan
sat ¢c6 mau vang nau duéi 4nh sang ban ngay nhung GO-GQDs khong c6 kha nang
phat quang duédi dén UV va mat d6 huynh quang thu duoc tir két qua phan tich PL
yéu co thé do sy xuét hién ctia cac tap chét c6 trong GO-GQDs (chua qua qua trinh
tinh ché) d3 1am can tré tin hiéu quang cua GQDs c6 mit trong san pham.

Phan tich ph6 hong ngoai IR

Phd FT-IR cho thdy cac nhom chirc cia GO-GQDs va xuc tac 20%Pt/rGO-
GQDs(R) (hinh 6). Cac dai hap thu cia GO-GQDs va 20%Pt/rGO-GQDs(R) ¢
3300-3500 cm™ dai dién cho rung dong kéo dai ctia O-H. Céc dao dong & 1590 cm’
! dai dién cho dao dong ctia C = O (nhoém cacboxyl hodc cacboxyl kéo dai). Riéng
dbi v6i mau GO-GQDs xuét hién céc dao ddng tai 1350 cm’ (O-H trong lién két
C-OH) va 1135 cm™ (lién két khong dbi xtmg C-O-C trong céu triic epoxide). Mau
xuc tac Pt/rGO-GQDs(R), khong xudt hién cac dao dong O-H (tai 1350 cm™) va C-
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O-C (tai 1135 cm™). K&t qua nay chiing t6 viéc dua Pt 1én d3 loai bo hoan toan cac
nhom chirc ndng nay trén bé mit ca vat lidu graphen va chdm luong tir graphen.

Phén tich phé EDX

Két qua dic trung EDX (hinh 7) ctia xuc tac 20%Pt/rGO-GQDs(R) da chi ra
thanh phin cua xuc tac 20%Pt/rGO-GQDs(R) bao gom C, O va Pt. Trong d6, C
chiém chu yéu va ham lugng Pt bé mat khoang 50% (vé khéi luong).

Phan tich XPS

Két qua xac dinh thanh phﬁn va trang thai héa hoc trén bé mit cla xuc tac
20%Pt/rGO-GQDs(R) bing phuong phép XPS (hinh 8) cho thay su c6 mit cia C,
O va Pt trén bé mit xtc tac, voi cac pic dic trung cia Cls, Ols va Pt4f. Ph6 XPS
ctia Pt 4f gdm 1 pic c6 cudng d6 & 71eV dic trung cho Pt’ (40%) va 1 pic & 74eV
dic trung cho Pt** (60%).

Phén tich ICP

Két qua phan tich ham lugng Pt bang phuong phap ICP cho thiy xuc tac
20%Pt/rGO-GQDs(R) chuira 12,28%Pt.

Panh gi4 hoat tinh dién hoa cua xtic tac 20%Pt/rGO-GQDs(R)

Céc phép do dién hoa dugc thuc hién ¢ nhiét do phong trén thiét bi PGS-ioc-
HH12 Potentiostat/Galvanostat vdi hé ba dién cuc. Pién cuc lam viéc 1a dién cuc
cacbon thuy tinh (dudng kinh 5 mm), dugce pht 10 pl dung dich phu va dé kho tu
nhién & nhiét d6 phong. Pién cuc ddi 1a dién cuc platin va dién cyc so sanh 1a dién
cuc Ag/AgCl. Cac gia tri thé biéu dién trong bai 1a gié tri so véi dién cyc so sanh
nay. Dung dich phu dién cuc duogc chuén bi béng cach phan tan 1 mg bt xuc tac
vao dung dich chtra 0,9 mL etanol va 0,1 mL dung dich Nafion 5% roi rung siéu
am trong 30 phut. Dung dich dién héa dugc suc bdo hoa N, nham loai bé O, du
trude khi thue hién cac phép do.
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Hoat tinh cta xuc tac 20%Pt/rGO-GQDs(R) trong phan Umg oxy héa dién hoa
etanol

Hoat tinh dién hoéa cla xac tac 20%Pt/rGO-GQDs(R) trong phan ung oxy
héa etanol dugce danh gia bing dudong quét dong thé tudn hoan trong moi truong
axit (khoang thé tir 0 dén 1 V véi tbc d6 quét 50 mV/s, trong dung dich C,HsOH 1
M + H,S0, 0,5 M) va trong mdi trudng bazo (khoang thé tir -0,8 dén 0,5 V véi tdc
d6 quét 50 mV/s™, trong dung dich C,HsOH 1 M + NaOH 0,5 M).

Két qua do dién thé tudn hoan dua trén dudng quét thé dong (CV) trong mbi
truong axit va moi truong bazo, dé danh gia hidu qua cua xtc tic 20%Pt/rGO va
xuc tac 20%Pt/rGO-GQDs(R), trong qua trinh oxy hoa dién hoa etanol, dugc trinh
bay tuong g trong cac hinh 9 va hinh 10. Két qua danh gia hoat tinh cua xtc tac
cho thiy trong qué trinh quét anot, thé oxy hoéa bat du xay ra xung quanh gi4 tri
0,5 V (mdi truong axit - hinh 9), -0,4 V (méi truong bazo - hinh 10), sau do ting
manh do qu4 trinh oxy hoa etanol xay ra va dat gia tri cuc dai trong khoang thé 0,7
— 0,8 V (m6i truong axit - hinh 9) va -0,2 dén 0 V (mdi trudng bazo - hinh 10).
Dic trung cho qua trinh nay 1a dai lugng méat d¢ dong quét thuén (Ir) trong moi
treong axit va moi truong bazo 1an luot 14 3381 mA/mgp, va 10285 mA/mgp, (bang
1). Trong qua trinh quét catot, xuét hién cac pic dic trung cho qud trinh oxy hoa
cac hop chéit trung gian (sinh ra trong qué trinh oxy héa etanol) bi hép phu trén bé
mit dién cuc trong khoang thé tir 0,2 - 0,6 V tai moi trudng axit (hinh 9) va -0,6
dén -0,2 V trong moi trudng bazo (hinh 10). Xuc tac c6 kha ning chéng doc
COxp t8t va hoat tinh dién hoa ctia xtc tac cao thé hién qua ti 18 I/Ig cao trong mdi
truong axit (0,94) va moi trudng bazo (1,4) - bang 1.

Hinh 9 va hinh 10 cho thiy so véi xuc tac 20%Pt/rGO, xtic tac 20%Pt/rGO-
GQDs(R) c6 hoat tinh dién hda ting 1o rét (mat do dong Ir tdng manh) cho théy, Sur
c6 mit déng thoi ciia clia graphen va chdm luong tir graphen d3 lam tdng mét do va
cai thién qu4 trinh phén tin céac hat nano Pt, do d6, 1am ting kha ndng tiép xuc clia
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Pt v6i etanol. Két qua tinh toan thé dién héa theo khéi lwong pha hoat tinh ctia cac
x0c tac trong moi trudng axit tang dan theo thir tu: 20%Pt/rGO (328 mA/mp,) <
20%Pt/rGO-GQDs(R) (3381 mA/mgp,), trong mbi truong bazo: 20%Pt/rGO (2293
mA/mgp) < 20%Pt/rGO-GQDs(R) (10285 mA/mgp;) - bang 1.

Nhu viy, cac thuc nghiém quét thé dong CV chimg minh rang xuc tac
20%Pt/rGO-GQDs(R) c6 hoat tinh xuc tac dién hoa déi voi phan tmg oxy héa
ethanol duogc cai thién 16 rét so véi xuc tac Pt/rGO. Diéu nay cé thé giai thich do
su ¢6 mat dong thoi graphen va chdm luong tir graphen d3 tao nén hiéu ung hiép
ddng voi Pt gitip gia ting mat 4o, d phan tan cia Pt din dén su hip phu ciia etanol
trén bé mit cia xic tac duge uu tién, 1am ting hoat tinh cua xdc tac.

Hoat tinh cta xtc tic 20%Pt/rGO-GQD(R) trong phan tmg oxy hoa dién hoa
metanol

Xuc tac 20%Pt/rGO-GQDs(R) duoc khao sat hoat tinh trong phan tng oxy
hoéa dién hoa metanol cling tai 2 moi trudng axit va bazo véi cung diéu kién va
thong s6 do nhu véi phan tmg oxy hoa dién héa etanol da thuc hién trude do.

Két qua do dién héa dong quét thé tudn hoan (CV) cta xtc tac 20%Pt/rGO-
GQDs(R) duogc so sanh voi két qua dién hoa cua xuc tac 20%Pt/rGO, 1an luot duoc
trinh bay trong céc hinh 11, hinh 12 va bang 2. Trén biéu d6 CV cia xic tac
20%Pt/rGO-GQDs, xuét hién pic oxy héa metanol xung quanh gid tri thé 0,4 V va
dat cuc dai trong khoang 0,6 — 0,7 V (mdi truong axit — hinh 11), -0,5 V (trong m6i
_truimg bazo) va dat cuc dai tai khoang tur - 0,3 dén - 0,1 V, tha“ip hon @61 chut so
véi etanol va cuong do pic cao hon tuong dbi so véi etanol. Piéu nay dugc giai
thich do ning lugng hoat hda ctia phan tmg oxy hoa dién héa metanol thip hon
nhiéu so véi etanol do khéng tén nhidu ning lugng dé pha v& lién két C-C. Pic
trung cho cac qué trinh bay la dai lugng mat do dong quét thé thusn dat 9063

mA/mgp; trong mdi trudng axit va 18.096 mA/mgp; trong modi truong kiém. Ngoai
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ra, xtc téc c¢6 kha ning chéng ngd doc COy, rat tot thé hién qua ti 18 Ig/Ig cao trong
mdi trudng axit (1,29) va moéi truong bazo (4,22) — bang 1.

Hinh 11 va hinh 12 cho thdy, so véi xic tac 20%Pt/rGO, xuc tic
20%Pt/rGO-GQDs(R) c¢6 hoat tinh dién héa cao hon rd rét, cho théy, su ¢6 mat
ddng thoi cua graphen 14n chdm luong tir graphen lam ting mat d6 ciing nhu kha
nang phin tdn cdc hat nano Pt, qua d6 cai thién kha nang tiép xuc gilta Pt va
metanol trong qua trinh phén Ung oxy héa dién hoa. Két qua khao st hoat tinh
dién hoa theo khdi luong pha hoat tinh Pt ctia x{ic tic trong ca 2 mdi truong déu
dugce sip xép theo thi tur sau: 20%Pt/rGO < 20%Pt/rGO-GQDs(R) — bang 1.

Nhu vay, cac thuc nghiém quét thé dong tudn hoan CV chiing minh dugc
xtc tac 20%Pt/rGO-GQDs(R) c6 hoat tinh dién hoa cao hon 18 rét so voi xuc tac
20%Pt/rGO trong phan Gng oxy hdéa metanol. Diéu nay c6 thé dugc 1y gidi do sy
c6 mat déng thoi cla graphen va cham lugng ti graphen tao nén hiéu tmg hiép
ddng v6i Pt, gitp cai thién d6 phan tan va mat do Pt trén bé mit vét liéu graphen.
Pay dugc cho 1a nguyén nhan dan dén sy hip phu ctia metanol trén bé mit xtc tac
duoc wu tién, din dén 1am tang hoat tinh dién hoa clia xtc tac.

Hoat tinh cta xtc tac 20%Pt/GQDs trong phan tmg oxy hoéa dién hoa etanol va
metanol

Bang 1 trinh bay hoat tinh dién hoa cia chat xtc tic 20%Pt/GQDs trong phan tmg
oxy hoa dién hoa etanol va metanol

Két qua tinh toan thé dién hoa theo khéi luong pha hoat tinh cla cac xtc tac (gid tri
Ir) trong mdi trudng axit, d6i v6i phan tmg oxy héa dién hoa etanol, ting dan theo
thi tu: 20%Pt/rGO (328 mA/mp) < 20%Pt/GQDs (3432 mA/mgp), trong moi
trudng bazo: 20%Pt/rGO (2293 mA/mgp) < 20%Pt/GQDs (11255 mA/mgp).

Péi véi phan tmg oxy héa dién héa metanol, hoat tinh dién héa cua chat xic téc
20%Pt/GQDs, trong méi truong kiém ciing nhu trong mdi truong axit, so v6i hoat
tinh cua chét xuc tac 20%Pt/rGO ciing cao hon rAt nhiéu, cu thé nhu sau: trong mdi
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trudng axit: 20%Pt/rGO (328 mA/mp;) < 20%Pt/GQDs (9664 mA/mgpy); trong moi
truomg bazo: 20%Pt/rGO (2293 mA/mgp,) < 20%Pt/GQDs (42691 mA/mgp,).
So sanh hoat tinh dién héa cta cac chét xtc tac

Két qua danh gi4 hoat tinh oxy hoa dién héa ruou (alcohol) trong moéi truong
axit va moi truong kidm ciia cac chat xtic tic PYGQDs va PtrGO-GQDs déu cao
hon rit nhiéu so V6’i hoat tinh cua cac xuc tac Pt/rGO da cong bd. Pic biét, cac
mau xtc tac 3%Pt/GQDs va 3%Pt/rGO-GQDs c6 hoat tinh cao nhét trong sb cac

chat xuac tac khao sat.
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Nhitng lgi ich c6 thé dat dwge

Céac chét xtc tac chita Pt hodc kim loai qui, phén tan trén chit mang, tng
‘dung 1am xuc tac anot cho pin nhién liéu st dung truc tiép alcohol, da dugc cong
b6, c6 ham lugng kim loai qui Pt rat cao, thudng 13 20 - 40%, thdm chi 1én dén
60%. Hon nita, cac chit xtic tac nay chil yéu duge phat trién cho phan tmg oxy héa
dién hoéa metanol, it dugc ing dung cho phan Ung oxy héa dién hoa etanol. Chét
mang GQDs ciing chua dugc nghién ctru timg dung lam chat mang cho xtic tac oxy
hoéa dién hoa rugu (alcohol) trong pin nhién liéu DAFC. Déc biét, chua ¢6 cong bd
nao lién quan dén phuong phap don gian dé diéu ché chit mang chira GQDs, c6

hiéu qua cao cho phan tmg oxy hoa dién héa alcohol.

Xuc tac Pt/GQDs trong sang ché nay, chita céc tiéu phan Pt, v6i ham luong
Pt thip, phén tan trén chét mang chim luong tir graphen, c6 gia thanh thap hon
nhidu so véi gia thanh xtc tac hién hanh, nhd qué trinh didu ché tiét kiém duge
kim loai qui. Pong thoi, xac tac P/GQD c6 hoat tinh tuyét voi trong phan tmg oxy
hoa dién héa ruou (alcohol) (metandl, etanol), phu hop véi tng dung lam xuc tac
anot cho pin nhién li€u st dung truc tiép alcohol (Direct Alcohol Fuel Cell -
DAFC).

Dic biét, xtc tac Pt/rGO-GQDs trong sang ché nay, chita Pt véi ham lugng
Pt thap, phén tan trén t6 hop graphen va chdm luong tir graphen, c6 gia thanh thip
hon nhiéu so voi xtc tac Pt/GQDs, khong chi nhd qua trinh didu ché tiét kiém
duoc kim loai qui, ma con nho phuong phéap diéu ché don gian, hiéu qua, c6 chi
phi thp, khéng gy lang phi ngudn cacbon (graphen) va c6 kha ning nang cong
suAt mot cach d& dang. Xuc téc Pt/rGO-GQDs c6 hoat tinh va d6 on dinh hoat tinh
cao trong phan ing oxy hoa dién hoa alcohol, phu hop dé 1am xdc tac anot trong

pin nhién li¢u DAFC.
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YEU CAUBAO HO
1. Phuong phép diéu ché chét xuc tic chira bach kim (Pt) phan tan trén chat mang

chira chim luogng tir graphen bao gdm cac budc:

buéc 1: didu ché chat mang chira chdm lwong tir graphen:

cho vai cacbon di nghién thanh bot (bot vai cacbon) tic dung véi hén hop
cua axit HNO; 70% va axit H,SO,; 98%, v6i ty 1€ khdi lugng cua bot vai cacbon so
v6i thé tich cua axit HNO; 70% va axit H,SO, 98% nam trong khoang 1:20:30 dén
1:60:90, trong didu kién phéan tng siéu 4m dau do, cong sudt 750 W va tiép theo
tién hanh phéan Gng hdi luu, d& ngudi hdn hop vé nhiét d6 phong, trung hoa hén
hop dén d6 pH = 7 bing dung dich NaOH trong mdi truong d4 lanh, sau d6 tly y
xir Iy dung dich trung hoa bang hai céch:

a.1. cho dung dich trung hoa vao mang thdm tach 1000 Da, tién hanh tham
tach bing nudc khir ion dé thu dugc chét léng chira chidm luong tir graphen

(GQDs) trong mang thim tach ding lam chit mang hozc

a.2. két tinh cac mudi c6 mit trong dung dich trung hoa, loc dé loai b céc
tinh thé két tinh ra khéi phﬁn dich loc @ thu duogc dich loc chira hén hop graphen
oxit va chdm luong tir graphen (GO-GQDs) ding 1am chit mang;

bude 2: didu ché xuc tac Pt phan tan trén chit mang chira chim luong tir

graphen:

cho dung dich chira tién chét Pt vao dich 16ng thu dugc & budce 1 (a.1.) hoic
dich lgc thu duge & bude 1 (a.2.) rdi tién hanh phan tng siéu 4m, sau d6 tién hanh
khir ion Pt bang dung dich NaBH, 0,15 M & nhiét do nim trong khoang tir 25°C
dén 80°C, thu hdi va tinh ché san phdm rén bing céch ly tm va rira bang cach ly
tAm nhiéu 14n biang nude khir khoang, sy kho trong chan khong, dé 1an luot thu

duoc xtc tac Pt phan tan trén chim lugng tir graphen va xuc tac Pt phan tan trén
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chit mang chira hon hop bao gdm graphen oxit va chdm luong tir graphen, ding

lam x1c tac anot cho pin nhién liéu DAFC.

2. Phuong phép theo diém 1, trong d6 dung dich chira tién chat Pt 1a dung dich

mubi H,PtCle trong nudc, b néng do 0,01 M.

3. Phuong phép theo diém 1 hodc 2, trong d6 budce 1 duge thuc hién & ty 18 khoi
luong cua bot vai cacbon so voi thé tich cua axit HNO; 70% va axit H,SO, 98%
nam trong khoang tir 1:20:30 dén 1:60:90, thich hop hon 14 nim trong khoang tir
1: 30:45 dén 1:48:72, thich hop nhat 13 ndm trong khoang tir 1:32:48 dén 1:48:72.

4. Phuong phap theo diém 1, trong d6 & buéce 2, dé thu duoc xtc tac Pt phan tan
trén chat mang chira hén hgp bao gbdm graphen oxit va chdm luong tir graphen c6
‘thé tién hanh phan tmg dudi tic dung cua vi song bing cach bd sung etylen glycol
99,5% vao hén hop GO-GQDs thu dugc & bude 1 a.2, véi ty 1€ thé tich cua dung
dich etylen glycol so véi thé tich ctia hon hop chira GO-GQDs nim trong khoang
2:1 dén 7:1, tién hanh phan tng siéu &m dau do, trong thoi gian khoang 1 phut dén
12 phut, thu duoc hén hop EG-GO-GQDs; sau do, thém dung dich H,PtCls 0,01 M
vao hén hop EG-GO-GQDs, voi ty 18 thé tich ctia dung dich H,PtCls 0,01 M so v6i
thé tich ctia hdn hop GO-GQDs nam trong khoang 1:5 dén 1:97 va chuyén hdn hop
vao thiét bi phan tmg vi séng, gia nhiét hdn hop 1én khoang 200°C trong thoi gian
20 dén 30 phut; giit hé 6n nhiét trong thoi gian 10 dén 60 phut, dé ngudi hdn hop
san phim vé nhiét do phong; ly tAm dé thu duoc san phdm ran, sau d6 ria nhiéu
14n bang nudc khir khoang va sdy kho trong chan khong, thu duge xuc tac Pt phan
tan trén chit mang chira hon hgp bao gdm graphen oxit va chdm luong t graphen
duéi dang chit ran sir dung 1am xtc tic anot cho pin nhién liéu DAFC.

5. Chit xtc tic chira bach kim (Pt) phén tén trén chdm luong tir graphen
(P/GQDs), thu duoc theo phuong phap bit ky duge néu & céc diém 1-3 c6 ham

lugng Pt trong chét xtc tac ndm trong khoang tir 1 dén 20% khéi luong.
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6. Chét xuc tac chira bach kim (Pt) phan tan trén chat mang chira hén hop bao gbm
graphen oxit va chdm luong tir graphen (Pt/rGO-GQDs) thu dugc theo phuong
phap bét ky dugc néu & cac diém 1-4 c6 ham lugng Pt trong chét xic tac nim trong

khoéng tir 1 dn 20% khéi lugng.
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| Hinh 1 (a-d). Anh SEM ciia xie tic 20%Pt/rGO-GQDs(R) & cac d9
phan giai khac nhau
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Hinh 2 (a-d). Anh TEM va HRTEM ciia dung dich GO-GQDs & cac d$
phan giai khac nhau
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* Hinh 3 (a-d). Anh TEM va HRTEM cia xiic tac 20%Pt/rGO-GQDs(R)
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Hinh 4. Ph6 UV-Vis ciia dung dich GO-GQDs
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Hinh 5. Phé huynh quang ciia GO-GQDs
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Hinh 6. Phd IR ciia GO-GQDs vi 20%Pt/rGO-GQDs(R)
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Hinh 7. Gian d6 EDX cita xtic tac 20%Pt/rGO-GQDs(R)
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Hinh 8. Két qua XPS ciia xiic tac 20%Pt/rGO-GQDs(R)
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Hinh 9. Hoat tinh oxy hoa di€n hoéa etanol ciia xic tac 20%Pt/rGO (a) va
20%Pt/rGO-GQDs(R) (b) trong méi trwong axit (C;HsOH 1 M + H,SO, 0,5
M), téc d6 quét thé 50 mV/s
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Hinh 10. Hoat tinh oxy héa dién héa etanol ciia xiic tac 20%Pt/rGO (a) va
20%Pt/rGO-GQDs(R) (b) trong mdi trwdng kiem (C,HsOH 1 M + NaOH 0,5
M), téc d§ quét thé 50 mV/s
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Hinh 11. Hoat tinh oxy hoa dién héa metanol ciia xtc tac 20%Pt/rGO (a) va
20%Pt/rGO-GQDs(R) trong méi trwong axit (CH;0H 1 M + H,SO, 0,5 M),
toc d6 quét thé 50 mV/s
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Hinh 12. Hoat tinh oxy hoa dién hoéa metanol ciia xic tac 20%Pt/rGO (a) va
20%Pt/rGO-GQDs(R) trong méi trwomg axit (CH;0H 1 M + H,SO,4 0,5 M),
toc A6 quét thé 50 mV/s
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Bang 1. So sanh hoat tinh oxy h6a dién héa rwgu (alcohol) trong mdi trudng
axit va moi trudng kiém cia cic chit xiic tic

Etanol
Mau xic | Ham lwong Moi trwong H,SO, Moi trwong NaOH
tac Pt% khéi | Ty Is I/l Iy Iy Tg/lg
lwong theo | mA/mg | mA/mgp; mA/mgp; | mA/mgp;
Iy thuyét bt
(so v&i
rGO)
20 3432 5331 0,64 11255 6453 1,74
8 3946 4651 0,85 8769 8916 0,98
PYGQDs 3 4717 7545 0,63 16363 9052 1,81
1 3661 4739 0,77 11088 2481 4,47
Pt/rGO+ 20 3381 3601 0,94 10285 7324 1,40
GQDs 8 4635 5002 0,93 12628 9207 1,37
3 4968 5620 0,88 14859 10057 1,47
1 2600 1659 1,57 9612 5890 1,63
Metanol
Mau xic | Ham lugng Moi trwong H,SO, Moi trwong NaOH
tac Pt% Kkhdi Ir Iy I/1g Ir Iy I/l
lwong theo | mA/mg | mA/mgp, mA/mgp, | mA/mgp,
ly thuyét Pt
(so vai
rGO)
20 9664 5435 1,78 | 42619 8333 5,12
8 11588 6599 1,76 | 40974 8370 4,89
PYGQDs 3 13512 8111 1,67 | 49670 9623 5,16
7929 2778 2,85 | 35619 7542 4,72
Pt/rGO+ 20 9064 7040 1,28 | 18096 4291 4,21
GQDs 8 10737 11107 | 0,97 | 20700 4765 4,34
3 13069 9184 1,42 | 22162 5368 4,13
1 10560 8399 1,25 | 20241 4287 4,72






