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TOM TAT

Trong bai bao nayda tng hyp thanh cong at licu AQZO/RGO nanocompozit c6 ham
lwong GO chém 5, 10, va 15 %. & qua cho tHy cac yu t nhr nhist do, thoi gian dé xr I
Ag;O/RGO nanocompozit va thanhaphgraphen 6xit badau c6anh hrong i dic tinh @ia
dién arc. bic trung phéng/ap cia pin CR2032 & Ag,O/RGO nanocompaosite lanwe dwong
va km tim lam arc amduoc phéng 4i cac nit do dong 0,106, 0,212, 0,424 va 0,636 mAJcm
Két qua phong/mp dién cho thy dién arc Ag,O/RGO nanocompozit co kinang phong/ap tai

mat d6 dong cao 0,636 mA/ci(3 C) va c6 th duoc ar dung lamdién arc drong choic qui
bac-kém.

Tuwr khéa bac 6xit, graphen 6xit,doc nanocompozit, pinde- kém, Vat liéu arc drong.
1. MO PAU

Pin kac - km duoc ar dung vadua vaotng ding trong cong nghché tao ngwbn dién tir
rat lau, tuy nhién cac nghiénire cii tién, nang cao ki suit chuyén héa @a he pin nay luén thu
hat sr quan tam ga cac nha nghiénira dién hoéa, chuyén gia nda dién hoa lc [1 - 3]. Mot
trong cac tinh cit vu viét nhit cia ngwn bac kdm la cho t# 6n dinh, kha ning cung é&p dong
lon va I¢ s an toan caafac biét ang ding trong tnh wrc quan g va hang khéng [4 - 6].

Cung \6i su phat trén cia céng ngh nano, cac la vat lidu dién arc trén © sd cdng ngh
nano ngay canduoc nghién ¢u vauang ding cé héu qua trong visc thiét ké, ché tao dién arc
[7, 8]. Vi tinh chit wu viét cia minh, graphetduoc biét dén nhr 1a mpt trong cac hp chit cia
cacbon caio dan dién, din nhigt t6t nhit hién nay [9 - 12]. So & cac chat dan dién khac, 4t
lidu din dién graphen cé nBi tinh ring wu viét: Tro, bén héa cht, kha ning traoddi electron
t6t, & kiém soat éu tric. Chinh vi fy, cac it liéu ché tao dién arc trén @ so vat liéu nén pha
tron voi graphenda thu hat 8 quan tam 4t |6n cia cAc nha nghiénia, nhim i thién tinh
nang din dién, ciu tric @a vat liéu [13 - 15].
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Trong bai bao nay, ching toi trinh bay caa ¥ nhiét do, thoi gian i I nhigt, thanh phn
graphen 0xit badau anh hréng i tinh ning di¢n héa @a \at lieu AG;O/RGO nanocompozit
lam arc drong trong & ac qui ac - kém.

2. THUC NGHIEM
2.1. ChuAn bi miu nghién aru
2.1.1. Chdn bi mdu arc am (amt)

Andt 1a im kdm sach méci (c6 thanh phn kém trén 99,975 %) day 0,12 m#0,01,
duong kinh 12 mm (c6 @h tich 1,13 crf), truéc khi sr dung duoc xir Ii trong dung échdién |i.

2.1.2. Chuin bi miu csc dwong (cabt)

Graphen Oxitiugc mua tr cdng ty XFNANO Co. Ltd, Trung Qie, c6 cac thdngéschinh
sau: (kich tixéc (dai va 6ng) khaing, 50den 100 nm, ctéu day khang 0,8 - 1,2 nm, dén tich
bé mit riéng (BET) 500 - 600 frg. CAc hda cit con hi sir dung laai tinh khiét phan tich.

Vit ligu Ag,O/GO sr dung lam @ic drong duoc diéu ché tir bt bac theo plrong phap ki
bac nitrat (AgNQ) bang natri bohydrua (NaBhi[11, 15], c6 hamdong graphen 6xit badau la
5, 10 va 15 %.

GO duoc phan tan trong dundah bing thiét bi siéu am, trong i gian 2 - 5 gb, dén khi
thu dugc dung dch dong nkit. Cho ftr tir lugng AgNG; theo ¢ 1€ dinh tiroc vao dung ith chra
GO. Khi c6 nat cua chit khe NaBH;, Ag" trong dung ¢ch (m0Gi trong kiem) bi khir thanh Ag
két taa trén cacam GO theo phn ung:

8Ag" + NaBH, + 80OH = 8Ag + NaBQ + 6H,0 (1)

San pham két tia Ag/GO nanocompozitirgc ly tam, tra sich nhéu lan bing nréc cit, sty
san phim & 100°C, trong 10 g¥, bao quan.

Mau arc drong dugc ché tao c6 thanh pim 80 % chit hoat dong (Ag/RGO), 5 % ph gia
CMC, 10 % It cacbon @n dién, ép Iénksi niken day 0,1 mm, &t lusi 1 mm,duong kinh 10
mm (c6 dén tich 0,785 crf), co tiong hrong trung binh 1,0 mg.

Pién arc dugc xi Ii nhiét bang cach nung trongdn hop khi tr Ar - H, (2 %), ¢ nhiét do
400-550°C trong thvi gian 5-10 gb. Dudi tAc ding aia nhiét do va c6 nat cua chit khir H,, cac
nhém chirc COOH, C=0, C-OH trong Ag/GOi tkhe va chugn ve dang Ag/RGO (reduced
graphene oxide). Phamrc arot c6 nfit d6 dong 0,2mA/crhtrong dung ith dién li KOH 2M
thoi gian 48 gb, nra @ach, gy kho, ko quan. Phinangdién arc xay ra nhr sau [5]:

Ag - 2e + 20H= Ag,0 + H,O 2)
hoic Ag,O -2e +20H= 2AgO + HO (3)
~ Tién hanh dp thanh pin tiéu chin CR2032, 4m céch & dung la cellophan (026p), Wi
chat dién li: dung dch KOH 8M + 100 g/l ZnO + 20 g/l phgia, khio sat kla nang phongdién
cua Vat liéu dién axc.
CAch tinh toan dungéng li thuyét caa pin nhr sau:

Cpin = rnAg x Qt (4)
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trong do, Mg la khdi lwong thrc € caa cHit haat dong kac trongdién arc dwong; G la dung
lwong Ii thuyét caa Ag/AgO, G = 231 mAh/g. fra vao cong the (4) va hamdong bandau
cua graphen 6xit, chung tdi tinh toan dungrig cho pin 8 dung AgO/RGO \6i cac hamikong
5, 10, 15 % badiu 1am clit haat dong dién auc lan luot 1&: 0,177 mAh; 0,166 mAh va 0,157
mAh, tir 46 suy ra dong phéngip ¢ cac clé d6 0,5 C, 1 C, 2 C va 3 Qréng tng ddi véi tung
mau.

2.2. Phrong phap nghién @u

Nghién @tu ciu tric \at liéu, trang thai B mat bing phrong phap phan tich ddghen
(Siemen- D5005) va kinh i vi truong dién tr (FESEM, JSM-6700F). Xadinh thanh phn
ham krgng chit hitu av bing phrong phap phan tich ndti (TG, NETZSCH STA 409P/PG)jrs
dung phrong phap phan tich plRaman (Raman; model Renishaw Invia, Britain) va Iplynh
quang tia X (XPS, VG Multilab 20003inh tinh tang thai n tai cac nguyénd.

Nghién cru kha nang phong-ap dién dugc phong trén thét bi chuyén dng Bland 2000
(Wu Han), co kt noi may tinh xr li so liéu.

3. KET QUA VA THAO LUAN
3.1.Anh hwéng aia ham kreng graphen 6xit (GO)

3.1.1. Phéan ticlinh FESEM

Céc miu Ag/GOduoc xit li & cling nhét d6 500°C, thyi gian 5 gb, c6 thanh pin GO ban
dau khac nhau 5, 10 va 15 % khéi lugng. Két qua chup anh hién vi treong dién tir duoc chi ra
trén Hinh 1. \4t liéu Ag/RGOCc6 kich thréc trong khang 50 - 100 nm va caahnano lc dugc
phan tantéu trén cacdm don haic da lop graphen. Trong kling ham rong 5 — 10 %, cacah
nano hac phan taniéu trén & mat graphen oxit, trong khi ham trgng 15 %, c6 ki twong bo
cuon caa cac dm graphen oxit. Viay ham lrong GO baniau < 10 %duoc lra chon cho nliing
nghién @u tiép theo.

Hinh 1.Anh FESEM aa \at liéu Ag/RGO.
3.1.2. Phéan tich TG va Raman
St dung phrong phap phan tich Raman va '?éxéc dinh trang thai on tai cua cacbon
ciing nhr ham trong trong mu cke tao (Ag/GO va mu Ag/RGO). Plh Ramans Hinh 2(a) cho
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thiy cac pic 1345 va 1587,8 entuong ang Wi cac lién Kt C=C va C-C=0 trong thanh fi
graphen 6xit, corat pic 984 c6 th | lién kt C-O hdic Ag-O [2, 13].
Ham krong cac bon trong o vat ligu (Ag/RGO)duogc xacdinh bang phrong phéap phan

tich nhit. Két qua phan tich nlit caa mu vat liéu trong khéng khi co ki lwong giam 4,65,
9,84 va 14,7 % «ongung Wi ham krgng cacbon (graphen oxit) trongim(nguyén nhan gim
khéi luong do qua trinh chayay ra). biéu nay c6 ngta ¢ diéu kien nung 50°C, ham rong
graphen dxit bphan tiy nhiét rat it (so sanh & ham krong bandau 5, 10 va 15 %). Nhvay dé
khir hoan toan cac nhémeh C-O, C=0 c6 trong graphen o6xit bﬂa?ru cin nhiégt d6 cao va thi
gian kéo dai bn. So sanh & qua nay \6i cac tai ltu nghién éu treéc hoan toan phugp [9,
13], cac Kt qua d& cH ra fing viéc phan liy hoan toan cac nhom et C-OH, C=0 iy ra rt
cham doi hoi c6 thyi gian kéo dai va nbit do khoang 500°C — 600°C.

O
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Hinh 2.Ph5 Raman va TGia \at liéu dién arc. (a) Plb Raman aa it liéu dién arc sau khi nungs
500°C, trong 5 g¥ vas 550°C, trong 10 g¥; (b) Pt phan tich niit cia méu c6 hamitong 5, 10 va
15 %graphen 6xit badau

Trén Hinh 2(a) chodt qua cac plé phan tich Ramamia Vat lidu ddi véi thoi gian va nhit
d6 xur li miu khac nhau. F két qua trén Hinh 2(a), cho fly d6i voi mau dugc xir |i ¢ nhigt do
550°C trong thvi gian i I 10 gio, qué trinh kir GO din nhr d& hoan toan. Nhvay ddi voi cac
mﬁuonghién @¢u kha ning phdongdién, chang tbita cton thoi gian nung 10 @i, nhiét d6 nung
550°C.

3.2 Kha nang phong- rap

Kha nang phéngdién cia mau vat liéu Ag;O/RGO nanocompozitugc chi ra ¢ trén Hinh
3. Trén Hinh 3(a, b) cho4k dién arc ch tao c6 khi ning phéng ap ¢ ché d6 mat do dong cao
0,636 mA/c (twong ting 3C) theo thanh gh aia ham ong GO bandau. Béi véi mau cod
10 % graphen 6xit battu, & chu ki phéngtién dau tién cho dunguong 196 mAh/gtat higu
suit chuyén hoa 84,8 % (sod dung krong li thuyét 231 mAh/g, éa AgO). Sau 20 chu ki
phoéng/nap, dién arc cho dungttongdat 176 mAh/g, gim 10 % so %i dung krong bandau (196
mAh/g), trong khang di¢n thé khao sat & 1,8 V gim & 1,2 V (Hinh 3(b)). Vatién arc chra
5 %, 15 % GO c6 dungrdng bandau va sau 20 chu ki phéngmteongung & 187, 180 va 168,
165 mAh/g. Trong khily dién arc duoc ché tao tir bot Ag (kich thréc qua sang 1Q0n) dung
lwong dién arc giam rat nhanho ché o phong dong cao 0, 636 mA/Er8 C), dungikong ch
dat 95 mAh/g. Nhr vay cac Kt qua chi ra (Hinh 3(b)) riu c6 ki luong graphen 6xit bagtu
10 % c6 Kt qua tot hon mau 5 % va 15 %. Vi ay ham trong GO bantau 1a 10 %duoc lya
chon ché tao nanocompozit Ag/RGO.
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Déi vai ca 03 miu Ag,O/RGO,d chu ki thr 2 ¢6 hén twgng gam dung trong dot ngot
(Hinh 3b), c6 th dodién arc am, lién quar@én qua trinhdn dinh aia dién arc am-kkm trong
dung dch chit dién li kiém. Trong qua trinh phongp & 1 - 2 chu kidau, dién arc am Km rat
hoat dong, throng chra 6n dinh v mat cau tric, éing nhr chra 6n dinh rong d6 kém trong
dung dch cHit dién li, lam gim dung trong, hdic ting dién tré ndi, gay tHit thoat ring hrong,
cho nén gim dung trong aia k¢ pin [5]. Tir chu ki thr 3dén chu ki 20dién arc kém hait dong
6n dinh ron, dung trong gam nhe va qua trinh phondién on dinh.

Trén Hinh 3(clanh hrong aia cté d6 phéng 0,5 C, 1 C, 2 C va 3d@n dic trung phéng
dién cia miu vat ligu dién arc Ag/RGO clra 10 % GO. T Hinh 3(c) cho thy, véi cac ckt do
phdng i dong thip (0,5 C) va dong phéng cao (3 C) abthay doi rat it vé dung lrong ban
dau va sau 20 chu kiljéu nay cling © dién arc Ag/RGO (10 %) cé4u trac kn vadn dinh, co
thé phongdién & ché d6 dong cao, co téh vonging ding trongac qui ac-kam.
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Hinh 3.(a) Buong cong phonghp cia e pin Zn/KOH/AgO/RGO compozit, gé'\dé phong/nap 3C.
(b) Sr phu thude caa dung drong riéng i s6 chu ki phéng, chdd phong 3C. (cAnh hréng aia ck do
phéng khac nhawt dic tinhduong cong phénghap (RGO 10 %).

3.3 Phan tichdién cuc sau khi phdéng

Mau dién arc dwong trréc va sau khi phondién dugc phan tich u trac king nhéu xa
Ronghen va pb huynh quang tia Xdinh tinh tang thai tn tai cac nguyenét trongdién auc
trugc va sau khi phondién. Sau 20 chu ki phéngim o 3 C, \& dién thé cubi 0,5 V, dién arc
dugc rra sich nheéu lan king nrdc cit (s dung thét bi siéu am), lai bo lugng kiém con dr,
dén khi thr c6 méi trong trung tinh, & va ko quan dé tién hanh phan tichd day ching toi
lya chon mau dién arc Ag;O/RGO c6 thanh gim va clé d6 cong ngh nhe sau: 10% kbi luong
graphen 6xit badau, nung 550C, trong thi gian 10 gb.

3.3.1. Phan tich nBi xz Ron ghen (XRD)

Trén Hinh 4(a) cho #ly c6 cac wch dic trung Wi nhitng hing $ mang 2,7482 (1,1,1);
2,800 (2,0,0); 1,6829 (2,2,0); 1,4235 (3,1,1) \8740A (2,2,2) 6a nhéu xa Ag,0, trong ung
V6i cau trac Bp phrong tam kioi (Cubic (Pn-3)). Ngoai ra trénagi d6 Ronghen con xit hién
cac \ét khong ré nétea AgCO; 6 the do Hip thy CO, tir khdng khi éadién arc trong qua trinhw
quin. Ngha ladién cyc bac Oxito didu kién diéu ché co thanh phn bac (1) dxit (AgO) la chi
yéu. Hinh 4(b) 1a Kt qua nhiu xa caadién arc bac 6xit sau khi phéngdién & ché 46 3 C, sau 20
chu ki phong/ap, v dién thé 0,5 V. Két qua cho thiy trén giin @6 Ronghen chcon hi cac ach
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dac treng Ag kim laai véi théng $ mang 2,35911 (1,1,1); 2,0430 (2,0,0); 1,4446 (2,2®)
1,2321A (3,1,1), khéng con caaoh dic trung aia AgO.
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Hinh 4.Gian d6 nhiéu xa tia X (a)Dién arc trudc khi phong (AgO); (b) Pién arc sau khi phéng (Ag).

3.3.2. Phan tich hunh quang tia X (XPS)

Két qua phan tich hynh quang tia Xié xacdinh trang thai dn tai cua ac trong ndu dién
cuc treéc va sau khi phéng. Trén Hinh 5(a)opphan tich hinh quang tia X, kio sat cac
nguyén & cé trong Mu va cho thy sy ton tai C1s, O1s va Ag3d,iadién arc truéc khi phong.
Trén Hinh 5(b) cho #ly cac picd mic ning lwong 367,6 eV(Ag3d,), 375,2eV (Ag3d,) tuong
rng Wi trang thai Ag™ trong hyp chit Ag,O [15]. Trén Hinh 5(c) cho fly cac pico mic ning
lwong 367,98 eV(Ag3gh), 375,7 eV (Ag3g,) trng Wi trang thai tac kim laai (Ag®) [2].
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Hinh 5.Ph nhiéu xa huynh quang tia X.

Phan tng chinh iy ra trong qua trinh phéng/pic qui ac- kém 1a [6]:
Ag.O + Zn » Ag + ZnO

Néu phan tng phongdién theo plrong trinh (5) @y ra hoan toan, nga la tit ca luong
Ag,0 dugc chuyn e trang thai Ag kim lai. Vei cac Kt qua phan tich nidu xa tia X, huynh
quang tia X, cho tty san pram sau khi phéndién la Ag kim lai, nghia 1a qua trinh phondién
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cia phin ung (5) »ay ra dgin nhr hoan toanbiéu nay kn nia khang dinh, di¢n arxc Ag;O/RGO
nanocompozite c6 kming phongtién & mat d6 dong cao va Bu suit chuyén héa cao.

4. KET LUAN

D3 tng hyp thanh cong va nghiénire, khao sat ba §u t6: thanh pn GO, nhit do va thi
gian xr Ii nhiét anh hréng ©i tinh chit dién hoa déa mu vat liéu AgO/RGO nanocompozit.
Két qua phan tich Raman, XPS, TGidia du tric graphen 6xitathg graphitda I6p, & nhiét d6
550°C va sau 10 gixt li nhiét, d& b phan iy nhiét gin nhr hoan toan.

Véi didu kién tong hop AgO/RGO nanocompozit c6 hamoing 10 % graphen 6xit ban
dau, & nhiét ¢6 550°C, thvi gian trong 10 @i, cho Kt qua phongdién on dinh, higu suit cao.
Khi dugc sr dung lamdién arc dwong trong & pin kim-bac, lip thanh pin CR2032, cho dung
lwong riéngdat 86,8 % i thugt va cé ki ning cho dong phéngsh 0,636 mA/crfi (3C), khi
nang phdng-ap dién on dinh, sau 20 chu ki, dungdng giam con 176 mAh/g (trung binhagn
0,5 %/chu ki). Vi két qua nay, miu AgO/RGO nanocomp02|6ng hyp c6 the dugc ung ding
trong viéc ché tao dién arc drong trong cac &ipin bac-kém, ic qui ac- km.
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CATHODE MATERIALS FOR ZINC - SILVER BATTERIES

Nguyen Van T4 %", Shah Abdul Hakirh

YInstitute of Chemistry and Materials, Military litsite of Science and Technology,
17 Hoang Sam Street, Nghia Do, Cau Giay, HaNoi

“State Key Laboratory of Advanced Technology foreMals Synthesis and Processing, School
of Material Science and Engineering, Wuhan Uniwgrsf Technology, Wuhan, P. R. China

"Email: nguyenvantu882008@yahoo.com

In this article, the AgD/reduced graphene oxide (RGO) nanocomposite has be
successfully prepared by reduced chemical methde: discharge/charge property of the
Ag,O/RGO nanocomposite was studied by galvanostaicgehdischarge measurement as a
cathode material, CR2032 cells at different curréensities: 0.106, 0.212, 0.424 and 0.636
mA/cn?. The results indicated that the temperature and for annealing to treat AQ/RGO
nanocomposite and graphene composition have etfgmbperties of electrochemical electrode.
The AgO/RGO nanocomposite electrode may be dischargegfetiaat high current density
0.636 mA/cmM (3 C) and used as a cathode for zinc- silver biagter

Keywords: gsver oxide, graphene oxide, silver nanocompost@gc-silver battery, cathode
materials.
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