TINH CHAT DIEN HOA CUA HE OXI HOA KHU NI**/ Ni2*
TREN NEN GRAPHIT XOP TRONG MOI TRUONG KIEM

The electrochemical properties of Ni**/ Ni**redox system on the
treated graphite in the alkaline solution
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Abstract

The electrochemical activities of graphite electrodes, which were
treated by H,SO, 98% at 60°C, have been investigated using anodic
polarization method. The results showed that: in the H,SO, 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. M6 dau

Trong cong nghé dién hod ngudi ta sir dung graphit lam dién cuc
andt cho cdc qua trinh san xudt mot s6 lugng chit vo co va hitu co.
Ngay nay ngudi ta da thay thé né bing cic dién cuc oxit kim loai -
dién cuc oxit ruténi trén nén Titan, dién cuc hén hop oxit ruténi va
mot s6 oxit khac trén nén titan trong cong nghé diéu ché xiit clo. Do
kha niang din dién t6t va do bén cao vé mat hod hoc cha graphit, cho
nén viéc nghién citu hoan thién loai dién cuc nay vin luon dugc cic
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nha khoa hoc quan tdm nghién cttu, mot trong nhitng huéng quan
trong cua van dé nay la tao dién cuc graphit bién tinh [1][2][3].

Nham gép phén vao linh vuc trén, trong bai bdo nay ching toi dé
cap dén van dé diéu ch€ dién cuc oxi hod khir Ni**/Ni** trén nén
graphit xop va nghién cttu tinh chét dién hod cla né trong moi trudng
kiém.

2. Cac két qua nghién ctru va thao luan

2.1. Cdc phuong phadp thi nghiém

Trong qua trinh thi nghiém da sir dung cac thiét bi sau day.

- Thiét bi hap thu quang Hach (Model: DR.4000U) dugc diing dé
phan tich ndng do dung dich chia ion Ni**,

- Sir dung thiét bi nhiéu xa tia X SIEMENS D5005 va phan tich
nhiét DTG, DTA. 2960. SDT V3.0F dé nghién ciu cdu tric san pham.

Cic dudng cong phéan cuc ctiia hé dién hod nghién cttu dugc nho
thi€t bi Potentiostat PGS. HH8 kém theo mdy tinh sir 1§ s6 liéu véi he
ba dién cuc (dién cuc so sanh: dién cuc Calomen bdao hoa clorua
(SCE), dién cuc phu trg biang Platin va dién cuc nghién ciu - dién cuc
lam viéc).

Ho4 chat sir dung 1a cdc hod chat loai AR.

2.2. Cdc két quad va thdo luan
2.2.1. Ché tao dién citc graphit xop va tinh chdt ciia né trong méi
truong H,SO,

Sir dung graphit c6 kich thuéc 10 x 10 x 3 mm dé ché tao dién cyc
graphit x6p theo cac budc sau day.

Ding gidy rdp min mai nhin cdc dién cuc graphit sau d6 ngam
chiing vao dung dich H,S0, 98% & 60°C trong nhiing khodng thdi gian
khéc nhau 5h, 10h, 20h, 30h.

Sau thdi gian x{ 1y, cic dién cuc dugc rira nhiéu lan bang nudc cat
cho dén khi hét axit va dem sdy kho trong 24h.

Tir bang 1 cho thdy kh6i lugng riéng trung binh cla graphit thay
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ddi theo thoi gian xur ly. Sau 30h ngam trong H,dU, Y870 grapni cé

khoi lugng riéng trung binh giam, chiing té né c6 do x6p tang.

Bang 1: Su phu thuoc cia khoi lugng riéng trung binh cta graphit
g/cm’ thay ddi theo thoi gian xir 1y trong H,SO, 98% & 60°

Thai gian xu 1y (gio =h) 0 5 10 20 30

Khoéi lugng riéng TB clia graphit g/cm® | 3,05 | 2,94 | 2,88 | 2,71 | 2,69

2.2.2. Anh huéng ciia do xop dén khd ndng hoat dong ciia dién cuc

St dung thiét bi PGS.HH8 do dudng phan cuc von- ampe vong cla
cdc dién cuc than trong méi trudng H,SO, 3M dé danh gid kha ning
hoat dong cuia chiing d6i v6i qua trinh phan huy H,O tao hidro va oxy.
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Hinh 1: Duwong cong phan cuc ciia cdc dién cuc graphit trong dung dich
H,S0,3M
1. Dién cuc graphit xit 1y 30h 2 Dién cuc graphit xir 1y 20h
3. Dién cuc graphit xir 1y 10h 4. Dién cuc graphit khong xir 1y Oh
5. Dién cuc tir than quang phé.
Tu hinh 1 cho thay cdc dién cuc graphit da dugc xu ly trong
H,SO, 98% & céc thoi gian khic nhau khi bi phan cuc trong moi
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truong H,SO, 3M trong khoang thé tir - 0,8 & 1,6 V (SCE) nhan dugc
cac duong phan cuc khac nhau.

Dién cuc graphit tir than quang ph6 va graphit khong xir ly cho
mat do dong rét thap, “gan bang khong” véi thé thoit oxi khoang 1,55
V va th€ thodt hidro khoang - 0,7 V.

Cdc dién cuc graphit x6p dugc xir Iy bang H,SO, 98% trong céc
thdi gian khdc nhau déu cho mat d6 dong phan cuc cao. Mat do dong
cang tdng khi thoi gian xir 1y tang (xem bang 2).

Bang 2. Gia tri dong anoét i, (mA/cm?) tai thé khong ddi 0,8 V cia
cac dién cuc graphit xop trong dung dich H,SO, 3M

Loai dién cuc Than Mau 0" | Mau 10" | Miu 20" Méiu 30"
quang phé
i, (mA/cm?) rat nho rat nho 2,00 2,1 3,00

Mat khac, dién cyc than di duoc xir ly bang dung dich H,SO, 98%
con lam giam thé thodt oxi va hidro khi phan cyc trong méi trudng
H,SO, 3M trong khoang th€ tir - 0,7V & 1,5V khi thoi gian xir 1y vat
liéu tang. Trén duong phan cuc vong cua cdc dién cuc graphit dugc xir
1y bang H,SO, 98% trong moi trudng H,SO, 3M c6 xuat hién cdc dinh
pic ctia mét hé oxi hod khir ¢ng véi cdc gid tri thé Ec = 0,48V va Ea =
0,6V. Cic dinh pic nay cang rd khi thdi gian x{r 1y graphit tang lén
(xem két qua bang 3).

Bang 3: Bang gia tri thé oxi hoa Ea va thé khit Ec ting v6i mat do
dong Pic anét ip, va Pic catot ip, cia dién cuc graphit xép trong
dung dich H,SO, 3M

Loai dién cuc Than Mau Oh Mau Mau 20h Maéu

quang phé 10h 30h
Pic | Ea (V) SCE Khong c¢6 | Khong cé 0,60 0,60 0,60
anét I (mA/cm?) 200 | 260 | 390
Pic | Ec (V) 0,48 0,48 0,48
sl FRPPp—" 110 13 1,8
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2.3. Tinh chat dién hod cua dién cut niken xop pien unn - He oxi
hod khir Ni**/Ni** trén nén graphit xép trong mai truong kiém
2.3.1 Khd ndng hdp phu ciia Ni** trén dién cuc graphit xop

Pién cuc Ni*/Ni?* trén nén graphit x6p dugc ché tao bang cich
cho Ni** hap phu Ién nén graphit x&p. St dung phuong phédp phan tich
trac quang trén mdy Hach DR 4000U d€ phan tich va ddnh gié lugng
Ni** hap phu trén nén graphit x6p.

Trén hinh 2 trinh bay lugng hap phu cha Ni** trén graphit x6p
duge xUr 1y bang H,S0, 98% & 60°C trong thoi gian 20h va 30h phu
thuoc nong do dung dich Ni(NO,),

10 Hinh 2 Su phu
thuéc cua lugng
Ni** hdp phu trén
graphit xép vio
nong dé dung
dich Ni(NO;), d
nhiét doé phong

Luogng hap phu cyc dai (mg/cm’)

30°C
a) Graphit xép
duoc xir ly 20h
0.0 0.1 02 03 04 05 06 07 b) Graphit xé'p
Néng dé (moll) duwoc xit ly 30h

Cic duong cong (a) va (b) trén hinh 2 c6 dang dudng cong hip
phu dang nhiét Langmua. Diéu nay cho phép gia thiét ring trén nén
graphit xop, ion Ni** dugc hap phu & dang don 16p va graphit xp hon
thi kha nang hap phu Ni** ting hon nhung vin & dang don 16p.

2.3.2. Tinh chat dién hod ciia dién cuc Ni**INi** trén nén graphit xop
trong moi truong kiém

Ti€n hanh do phan cuc vong cic dién cuc graphit xop da hap phu
Ni** trong moi trudng KOH 6M cho phép danh gia kha nang chuyén
hod Ni** thanh Ni** khi c6 sy phan cuc anot. Céc két qua dugc thé hién
trén hinh 3 va bang 4.
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Hinh 3. Puong phdn cic vong cuia dién cicc Ni**/graphit xop
(madu 30h) trong méi tricong KOH 6M.
1) Mdu khong nung sau 10 vong quét 2) Mdu khéong nung sau 17 vong quét
3) Mdu khong nung sau 25 vong quét 4) Mdu nung ¢ 3000C (sau 25 vong quét)

Bang 4. Mat do dong anoét ip, va catot ip, ing véi cac dinh Pic
cua cac duong phan cuc vong cia hé dién cuc Ni**/graphit xop
trong dung dich KOH 6M

Loai dién cuc ipa - ip. (MA/cm?)
(mA/cm?)

Mau khong nung sau 10 vong quét thé 71,7 59,1

Méu khong nung sau 25 vong quét thé 46,5 31,3

Méiu nung & 300°C 33,7 23,8

Ni kim loai AR 3,0 2,15

Céc s6 liéu bang 4 rit ra tir hinh 3 cho thdy rang trong moi trudng
ki€m cédc ion Ni?* ton tai trén graphit & dang Ni(OH), va sy oxi hod
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dién hoa dé chuyén Ni** thanh Ni** xdy ra trong khoang thé U,U5V +
0,5V theo phuong trinh:

Ni (OH), - le + OHF == NiOOH + H,0 (1)

Khic véi cédc két qua da cong bo [4][5][6], trén dién cuc
Ni**/graphit x6p c6 mat do dong chuyén hod ctia hé oxi khir theo
phuong trinh (1) rat cao va tang gdp gan 30 lan so véi dién cuc niken
tinh khiét. Do tang nay giam dan khi s6 vong quét thé cua qud trinh
phan cuc vong tang lén. Déi véi dién cuc Ni**/graphit x6p khong nung
sau 25 vong quét kha nang chuyén hod Ni** — Ni** mat dan. Diéu nay
c6 thé gii thich bang su tach cta ion Ni** ra khoi bé mat va di vao
dung dich. '

K&t qua phan tich phd nhiéu xa tia X clia cdc mau graphit hap phu
Ni?* nung tai cdc nhiét d6 150°C, 200°C va 300°C cho phép khang dinh
rang: & 200°C ion Ni** t6n tai & dang NiO va cé tinh hoat dong dién
hod cao. Piéu nay dugc thé hién trén hinh 4, 5.
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Hinh 4. Phd nhiéu xa tia X cia dién cuc graphit xop hdp phu Ni**
sau khi nung ¢ 200°C

978



: 7
504 b VA

4 ] 1 e /.//,

30- N v

//r’

“g /%<
< 10 /
=~ M= -

_10: 1:‘_"‘\ o ot

20 \\\ / s

30 \t\y/

02 0 02 04 06 08
U (v)

Hinh 5. Puong phdn cuc vong ctia dién ciwc Ni**Igraphit xop (mdu
30h) trong dung dich KOH IM

1) Pién cuc duoc nung ¢ 150°C 2) Dién cuc duge nung & 200°C

3) Pién cuc duoc nung & 300°C

So véi dién cuc Ni**/graphit x6p khong nung, do chuyén hoa theo
phan tng (1) trén dién cuc Ni**/graphit x6p trong moi trudng ki€m
KOH 1M sau khi nung bi giam di khoang 37%, song do chuyén hoa
nay con cao hon so vé6i dién cuc niken tinh khiét khoang 10 lan. Sau
khi nung do bén cta dién cuc dugc tang lén va sau 400 vong phan
cuc dién cuc vin hoat dong tot. Piéu d6 c6 thé gia thi€t rang trong
qué trinh nung, lugng Ni(OH), chuyén hod khong hoan toan thanh
NiO hoat dong va dang NiO tao ra da bim chic lén bé mat cua
graphit xop.

3. Két luan

1. Céc dién cuc graphit xp dugc xit ly bang H,SO, 98% & 60°Cco
tdc dung giam qua thé thodt oxi va hidro khi phan cuc ching trong
dung dich H,SO, 3M.

2. Pién cuc graphit x6p dugc ché tao tir graphit cong nghiép dugc
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xtr 1y trong H,S0, 98% & 60°C sau 20 + 30h c6 kha nang hap phu 1on
Ni** dang don 16p.

3. O nhiét do 150°C va 200°C 16p hap phu Ni** trén nén graphit
x6p (méu x1r 1y 30h) bam vao nén graphit dang NiO va tao ra dién cuc
Ni?*/ graphit x6p c6 kha nang oxi hod dién hod chuyén Ni** — Nj*
trong dung dich KOH 1M =+ 6M 16n hon trén dién cuc niken tinh khiét
khoang 10 lan va kha bén viing.
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