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Abstract 

The electrochemical activities of graphite electrodes, which were 
treated by H2SO4 98% at 60"C, have been investigated using anodic 
polarization method. The results showed that: in the H2SO4 3M, the 
overpotential of Oxygen and Hydrogen of industrial graphite 
electrodes, after being treated are lower than non-treated and spectra 
-coal electrodes. They has ability to adsorb Ni^* ion. The 
electrochemical conversion ability of Ni^^ to Ni^* of the spongy 
graphite containing Ni-* electrode much higher than pure Nickel 
electrode in the KOH solution. 

1. Mel dau 

Trong cong nghe dien hoa nguoi ta sir dung graphit lam dien cue 
anot cho cac qua trinh san xuat mot so lirgng cha't v6 co va hiiu co. 
Ngay nay ngudi ta da thay the no bang cac dien cue oxit kim loai -
dien cue oxit ruteni tren nen Titan, dien cue h6n hop oxit ruteni va 
mot so oxit khac tren nen titan trong cong nghe dieu che xiit clo. Do 
kha nang din dien tot va do ben cao ve mat hoa hoc cua graphit, cho 
nen viec nghien euu hoan thien loai dien cute nay vSn luon duoc cac 
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nha khoa hoc quan tarn nghien ciiu, mot trong nhflng hudng quan 
trong ciia van de nay la tao dien cue graphit bien tinh [1][2][3]. 

Nham gop phan vao ITnh vue tren, trong bai bao nay ehiing toi de 
cap den van de dieu che dien cue oxi hoa khir Nî /̂Nî "" tren nen 
graphit xop va nghien ciiu tinh chat dien hoa ciia no trong moi trudng 
kiem. 

2. Cac ket qua nghien ciiru va thao luan 

2.1. Cac phuong phap thfnghiem 

Trong qua trinh thi nghiem da six dung cac thiet bi sau day. 

- Thiet bi hap thu quang Hach (Model: DR.4000U) duge dimg de 
phan tich nong dp dung dich chiia ion Nî "̂ . 

- Su dung thiet bi nhieu xa tia X SIEMENS D5005 va phan tich 
nhiet DTG, DTA. 2960. SDT V3.0F de nghien ciru ca'u true san pham. 

Cac dudng cong phan cure cua he dien hoa nghien ciiu duge nhcf 
thiet bi Potentiostat PGS. HH8 kem theo may tinh sir ly so lieu vcfi he 
ba dien cue (dien cue so sanh: dien cue Calomen bao hoa clorua 
(SCE), dien cue phu trg bang Platin va dien cue nghien ciiu - dien cue 
lam viec). 

Hoa chat sir dung la cac hoa chat loai AR. 

2.2. Cac ket qua va thao luan 

2.2.1. Che tao dien cue graphit xop va tinh chat cua no trong moi 
trudng H2SO 4 

Sur dung graphit c6 kieh thudc 1 0 x 1 0 x 3 mm de che tao dien cue 

graphit xop theo cac budfc sau day. 

Dung giay rap min mai nhan cac dien cue graphit sau do ngam 

chiing vao dung dich H2SO4 98% a 60"C trong nhflng khoang thofi gian 

khac nhau 5h, lOh, 20h, 30h. 

Sau th5i gian xuf ly, cac dien cue duge rufa nhieu Ian bang nude eat 

cho den khi het axit va dem say kho trong 24h. 

Tut bang 1 cho tha'y khdi lugng rieng trung binh cua graphit thay 
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doi theo thai gian xu ly. Sau 30h ngam trong ^2^^^ ysvo grapnii c6 
khoi lugng rieng trung binh giam, chiing to no co do xop tang. 

Bang 1: Sir phu thuoc ciia khoi lugng rieng trung binh ciia graphit 
g/cm^ thay doi theo thdi gian xu ly trong H2SO4 98% a 60" 

Thofi gian xu ly (gio =h) 

Khoi lugng rieng TB cua graphit g/cnv' 

0 

3,05 

5 

2,94 

10 

2,88 

20 

2,71 

30 

2,69 

2.2.2. Anh huong ciia do xop den kha nang hogt dgng cua dien cue 

Six dung thiet bi PGS.HH8 do dudng phan cue von- ampe vong cua 
cac dien cue than trong moi trudng H2SO4 3M de danh gia kha nang 
hoat dgng cua chiing doi vdi qua trinh phan huy HjO tao hidro va oxy. 
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Hinh 1: Dudng cong phan cUc cua cac dien cUc graphit trong dung dich 
H2SO43M' 

1. Dien cue graphit xir ly 30h 2 Dien cue graphit xir ly 20h 

3. Dien cue graphit xii ly lOh 4. Dien cue graphit khong xir ly Oh 

5. Dien cue ttr than quang pho. 

Tir hinh 1 cho thay cac dien cue graphit da duge xu ly trong 
H2SO4 98% cf cac thdi gian khac nhau khi bi phan cue trong m6i 
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trudng H2SO4 3M trong khoang the tir - 0,8 d 1,6 V (SCE) nhan duge 
cac dudng phan cue khac nhau. 

Dien cue graphit tut than quang pho va graphit khong xir ly cho 
mat dd ddng rat tha'p, "gan bang khong" vdi the thoat oxi khoang 1,55 
V va the thoat hidro khoang - 0,7 V. 

Cac dien cue graphit xop duge xu ly bang H2SO4 98% trong cac 
thdi gian khac nhau deu cho mat do ddng phan cue cao. Mat do ddng 
cang tang khi thdi gian xu ly tang (xem bang 2). 

Bang 2. Gia tri ddng andt i, (mA/cm^) tai the khong doi 0,8 V cua 
cac dien cue graphit xop trong dung djch H2SO4 3M 

Loai dien cue 

ia (mA/em )̂ 

Than 
quang ph6 

ra't nho 

MauO" 

rat nho 

MSu 10'" 

2,00 

Mlu 20" 

2,1 

Mlu 30'' 

3,00 

Mat khac, dien cue than da duge xii ly bang dung dich H2SO4 98% 
con lam giam the thoat oxi va hidro khi phan cue trong moi trudng 
H2SO4 3M trong khoang the tu - 0,7V d 1,5V khi thdi gian xu ly vat 
lieu tang. Tren dudng phan cue vdng ciia cac dien cue graphit duge xu 
ly bang H2SO4 98% trong moi trudng H2SO4 3M ed xuat hien cac dinh 
pic cua mot he oxi hoa khu flng vdi cac gia tri the Ec = 0,48V va Ea = 
0,6V. Cac dinh pic nay cang rd khi thdi gian xir ly graphit tang len 
(xem ket qua bang 3). 

Bang 3: Bang gia tri the oxi hoa Ea va the khu Ec ung vdi mat do 
dong Pic andt ip̂  va Pic catdt ip̂  ciia dien circ graphit xop trong 

dung dich H2SO4 3M 

Loai dien cue 

Pic 
an6't 

Pic 
catdt 

Ea (V) SCE 

ipa(mA/cm )̂ 

Ee(V) 

ipc (mA/em^) 

Than 
quang ph6 

Khong CO 

MauOh 

Khong CO 

Mlu 
lOh 

0,60 

2,00 

0,48 

1,10 

MSu 20h 

0,60 

2,60 

0,48 

1,3 

Mlu 

30h 

0,60 

3,90 

0,48 

1,8 
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2.3. Tinh chat dien hoa cua dien cub niKen xop oien iinn - ne oxi 
hoa fihCfNi^yNi^* tren nen graphit xop trong moi trifcfng kiem 

2.3.1 Kha nang hap phu cua Ni^* tren dien cue graphit xop 

Dien cue Ni '̂'/Ni^^ tren nen graphit xd'p duge che tao bang each 
cho Nî "̂  hap phu len nen graphit xd'p. Su dung phuang phap phan tich 
trae quang tren may Haeh DR 4000U de phan tich va danh gia lugng 
Nî ^ ha'p phu tren nen graphit xd'p. 

Tren hinh 2 trinh bay lugng hap phu cua Nî "̂  tren graphit xo'p 
duge xu ly bang H2SO4 98% d 60"C trong thdi gian 20h va 30h phu 
thuge ndng do dung dich Ni(N03)2 

10 

S 

o' 
3-
o 
3-

3 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

Nong do (mol/1) 

Hinh 2 Su phu 
thugc cm luffng 
Ni-'' Imp phu tren 
graphit xop vao 
nong dp dung 
dich Ni(N0s)2 0 
nhiet do phdng 
30'C 

a) Graphit xop 

duac xif ly 20h 

b) Graphit xd'p 

duac xu ly 30h 

Cac dudng cong (a) va (b) tren hinh 2 ed dang dudng cong ha'p 
phu dang nhiet Langmua. Dieu nay cho phep gia thiet rang tren nen 
graphit xd'p, ion Nî ^ duge hap phu d dang dan Idp va graphit xd'p hon 
thi kha nang hap phu Nî "" tang hon nhung vin d dang don Idp. 

2.3.2. Tinh chat dien hod ciia dien ci/c Ni-*/Ni^'^ tren nen graphit xop 
trong moi trudng kiem 

Tien hanh do phan cue vdng cac dien cue graphit xd'p da ha'p phu 
Nî "̂  trong mdi trudng KOH 6M cho phep danh gia kha nang chuyen 
hoa Nî * thanh Nî "̂  khi cd su phan cue andt. Cac ket qua duge the hien 
tren hinh 3 va bang 4. 
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Hinh 3. Dudng phan ci/c vdng ciia dien cue Ni^* I graphit xd'p 

(man 30h) trong mdi trUdng KOH 6M. 

1) Man khong niing sau 10 vdng qiiet 2) Man khong nung sau 17 vdng quet 

3) Mdii khong nung sau 25 vdng quet 4) Mdu nung d3000C (sau 25 vdng quet) 

Bang 4. Mat do ddng andt ip̂  va catdt ip̂  ling vdi cac dinh Pic 
ciia cac dudng phan cue vdng cua he dien cue Ni^Vgraphit xop 

trong dung dich KOH 6M 

Loai dien cue 

MSu khong nung sau 10 vong quet the 

M5u kh6ng nung sau 25 vong quet the 

Mau nung d 300"C 

Ni kim loai AR 

ipa 

(mA/cm^) 

71,7 

46,5 

33,7 

3,0 

- ip̂  (mA/cm^) 

59,1 

31,3 

23,8 

2,15 

Cac so lieu bang 4 riit ra tfl hinh 3 cho tha'y rang trong mdi trudng 
kiem cac ion Nî "̂  ton tai tren graphit d dang Ni(0H)2 va su oxi hoa 
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dien hoa de chuyen Nî "" thanh Nî "̂  xay ra trong khoang tue u,U3V -r 
0,5V theo phuang trinh: 

Ni (OH)2 - le + OH ^ NiOOH + H20 (1) 

Khac vdi cac ket qua da edng bd [4] [5] [6], tren dien cue 
Ni^Vgraphit xd'p cd mat do ddng chuyen hoa ciia he oxi khir theo 
phuong trinh (1) ra't cao va tang ga'p gan 30 Ian so vdi dien cue niken 
tinh khie't. Do tang nay giam dan khi so vdng quet the cua qua trinh 
phan cue vdng tang len. Doi vdi dien cue Ni^Vgraphit xd'p khong nung 
sau 25 vdng quet kha nang chuyen hoa Nî ^ —> Nî ^ ma't dSn. Dieu nay 
ed the giai thich bang su taeh eiia ion Nî "̂  ra khdi be mat va di vao 
dung dich. 

Ket qua phan tich pho nhi6u xa tia X ciia cac mSu graphit ha'p phu 
Nî ^ nung tai eae nhiet do 150"C, 200"C va 300"C cho phep khang dinh 
rang: d 200"C ion Nî * tdn tai d dang NiO va cd tinh hoat dgng dien 
hoa cao. Dieu nay duge the hien tren hinh 4, 5. 

VNU-HN-SIEMtNS D5005 • Mau ngan 

-k-̂ _J 
' ' • ' • • + - ' • ' ' ' I—•-

MIS(D)-CV4pU(. 

2-Tneta-Scale 

Pho X-Ray ciia mau nung a 2(XfC 

Hinh 4. Pho nhiiu xa tia Xciia dien cue graphit xop ha'p phu Ni^^ 
sau khi nung d 200"C 
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Hinh 5. Dudng phan cite vdng ciia dien cue Ni^* I graphit xd'p (mdu 
30h) trong dung dich KOH IM 

I) Dien cue duac nung a I50"C 2) Dien cue duge nung a 200"C 

3) Dien cue duge nung a 300"C 

So vdi dien cue Ni^Vgraphit xd'p khong nung, do chuyen hoa theo 
phan ling (1) tren dien cue Ni^Vgraphit xd'p trong mdi trudng kiem 
KOH IM sau khi nung bi giam di khoang 37%, song do chuyen hoa 
nay con cao han so vdi dien cue niken tinh khie't khoang 10 Ian. Sau 
khi nung do ben cua dien eutc duge tang len va sau 400 vdng phan 
circ dien cue van hoat ddng tot. Dieu do cd the gia thiet rang trong 
qua trinh nung, lugng Ni(0H)2 chuyen hoa khdng hoan toan thanh 
NiO hoat ddng va dang NiO tao ra da bam ehae len be mat eiia 
graphit xd'p. 

3. Ket luan 

1. Cac dien cue graphit xd'p duge xir ly bang H2SO4 98% d dCCcd 
tac dung giam qua the thoat oxi va hidro khi phan cue chiing trong 
dung dich H2SO4 3M. 

2. Dien cue graphit xd'p duge che tao tfl graphit edng nghiep duge 
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xiJt ly trong H2SO4 98% d 60"C sau 20 H- 30h ed kha nang nap pnu ion 
Nî "̂  dang dan Idp. 

3. d nhiet do 150"C va 200"C Idp hap phu Nî ^ tren nen graphit 
xd'p (mSu xu ly 30h) bam vao ntn graphit dang NiO va tao ra dien cue 
Nî V graphit xd'p cd kha nang oxi hoa dien hoa chuyen Nî "̂  —> Ni"** 
trong dung dich KOH IM H- 6M Idn hon tren dien cue niken tinh khig't 
khoang 10 Ian va kha ben vung. 
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