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Abstract − The electrochemical kinetic parameters of aluminum, that were used for the anode material of Al-air fuel cell, and

related mass transfer properties were investigated. The steady-state polarization experiments with respect to concentration of

KOH electrolyte and temperature were performed using aluminum-half cell with rotating disk electrode(RDE). The diffusion coef-

ficients (~10−6 cm2/s) were determined by the limiting current density data according to the Levich equation. The electrochemical

kinetic parameters, exchange current density and transfer coefficient for the anodic reaction of aluminum were estimated.
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  RQ� ,'K ,^�� �_ TQ�� P`�G EFa bF ,

^!�Y, EF-,' ��7
(metal-air fuel cell)� -c#�. d'�

efgh TQV ij 7-ia k>l �m efgh� 7-i23

>-�Y� 7-i  nop
q r5�s3 t 7-i  noK 1

"�� u
l ��q ��. 7-i no:"M efgha vrl

r �G %w� �'G �x vr,"� yq�G zwa q
� �

�[1, 2]. EF-,'7
  /{oK Fig. 1� x|}~�.

EF-,'7
  TQ> �W�G ��, efgh, �t��, ��,

� I� q>�� �G�, t � efgh� �� �T23 �� �

�S �	
 �o(8,100 Wh/kg)K q
Y� �0�a qC ����

�7�� �^� >���, 
E�
 �� �\�;C ��(1,300 Wh/

kg)��o $m �� �	
 �oK q
� ��[1-5]. 
E�
 7'

S23 ��7� q?�� rP0Z56� �  �G ��-,'7


(zinc-air cell)q q% A0�� /0�; P�� �g j>
�~�,

��� ��@> 7
G �>
-���M� zb�
  ��. t¡x

��-,'7
o �7M  ��7Q  r
j 7¢ I  ��K q£

[4], 7'��@>V ¤� �>& 7
  �m 'b¥ �7 ¦¥(§ 7

Q  ¨.)a ©ª�G ��7
�23 �. Mol ���� ��.

��� ���G « �� ��S �	
 �o  7
 7¬(2.75 V)K

q
� ­®! P̄�G %wa qC efgh-,' ��7
(aluminum-†E-mail: hschun@kuccnx.korea.ac.kr
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���������
air fuel cell)� �! �\q A0B CD�� ��[5-8].

t¡x efgh-,'7
G ��S23 d¡ %wa q
� �2

x, ��7Q  ,^.b, 7-i  °� �±� M²³  o´ I 

zwa 
µ� �; �  ¶·'8/0� �>
  9¸��[9].

efgh-,' 7
G ¹)'� 7-W(º3 KOH, NaOH)a k>

��x, �� 7-W(KCl)a k>�G � »¼� ��d t ½�/0

� CD�� ��. ¹)'� 7-Wa k>�Y, ��7-Wa k>

�G �m� r5�G ,'RQ r¾z¶ ��q S�, efgh7Q

¿Y  À
ÁÂ �� Ã�ÄV _�� Å¨S �� 7¼�o  ��

ÆÇa Èa r �; ��@> �ÆÇ �Ç¯23 �� A0�� �\

���. t¡x KOH  ¤� ¹)'� 7-W  �m 7'
4S 56

A�� É� u�! 5Y, CO2  ¤� Ê°�� ()�' Ë�, �f

' ;Ì= zwa 
µ� ��.

¹)'� 7-W��  efgh-,'7
  7Q56� �TV ¤�.

anode : Al+4OH−ÍAl(OH)4
− +3e− (Eo=−2.35 V) (1)

cathode : O2+2H2O+4e−Í4OH− (Eo=0.40 V) (2)

overall : 4Al+3O2+6H2O+4OH−Í4Al(OH)4
− (Ecell=2.75 V) (3)

t�� efgh ¿Y�� �T ¥V ¤� �.¦7� -c�G r

P0Z56� 1;xs3 �  ¦
Îo -Ï-Ð l V���.

2H2O+2e−ÍH2Ñ+2OH− (Eo=0.83 V) (4)

Ò �\��G efgh-,' ��7
  efgh TQ½�a Ó

Ô�' ¬�d efgh v7¯Õ7Q(RDE) 5Ö7
�� "jj×

ØQ��a Ù- ¦7½�a :k�Ú�.

2.� �

2-1. ��� �� ��� � 	
��
 ��	 Butler-Volmer�

efghTQ 5Ö7
�� efgh >-� -c�G 7'
45

6� �TV ¤�.

Al+4OH−ÍAl(OH)4
− +3e− (Eo=−2.35 V)

� 56� ÛÜa ºG ��3G 7Q�W } °o � Ê°� »¼, 7

-W  no  Ýo � RDE  �m 7Q  v7Fo I��. ½B e

fgh }®  Ê°�  »¼� �� rP0Z56� Þ� ÛÜa ß

G�. �°o efgh7Q� ¦7M, /v3 7¬(open circuit voltage,

OCV) �à rP0Z� �* �¯7¼q ^FB áP�G� �_ â"

7¼G efgh  >-ã  ä�s3, 7-i } >W  �W7å 

ÛÜ, 7-W no � Ýo  æ� I� �Ì# 7'
4S 56Fo¥

� �TV ¤�[16, 17].

i = io(COH)mexp

(5)

Ýo � nop
� �* ¦7½�a :k�' ¬-, 25oC, 4 M KOHK

'çj×3 "��, V7è� U Ûé� �-� é¦Ü 56FoK

+Ml �mG �TV ¤� x|ê r ��[16, 17].

(6)

Ò ¥23®ë 7¼ �o  no  Ýo� �!  æ�a \��, '

çj×��  ¨�7¼�o  7åbr Ia \�Y, efgh  >

-� �* 7¼�o  V7è  9bK \l r ��.

2-2. ��������� ����

v7¯Õ7Qa k>�G �m 7-W  �¼(convection)�  -

56�V Z��  7åìj� íî� "jj×(steady state)� oå

��, �¡! "jj×��  !b 7¼�oG Levich¥a �>l r

��[16, 17].

i l = 0.620 nFD2/3ω1/2v−1/6C* (7)

� ¥a �>�d il  ω1/2K oM�Y ¯wa 
xG ïð9bK Èa

r �� 'ñ'3®ë -c >W  òÀbrK \l r ��. t¡x

¬  ¥� 7Q¿Ynoq C(x=0)=0� �m� S>q?��, ¿Yn

oq 0� �
 ó� 56Fo  ÛÜ� æ�l _�G ïð9b��

ô;x� #�. Levich¥�� ¿Ynoõa yq��, 56Fo¥V

Nernst diffusion layer model3®ë ¿Y no� �! ¿ìa \�d

"��Y, RDE�� 7¼�oG �T ¥V ¤�[17].

1/i = 1/nFkfC*+[0.620 nFC* D2/3v−1/6ω1/2]−1

=1/ik+1/il (8)

d'� ik = nFkfC*

� ¥� Åqé öG çqé� -c�G 56� 7'
4S 56V

�W7å `�  ÛÜa ßa _ �>÷ r �G 9b¥��. øO!

!b7¼�oq 9ù�
 óG �m � ¥a �>�d 1"7è�� 

1/i  ω−1/2� �-� oM�Y, 'ñ'3®ë Dúa \l r ��, ûü

ú23®ë ikK \l r ��. d'� ikG �¼  ÛÜ� $m U �m

(ω =ý) 7¼�o� -c�� �K Ù- �W7å þõ� �G �m

  56Fojr kfK bÀl r ��.

3. ���	 
 ����

3-1. ���� �� ���  !"

Aldrichk  °o 99.999%  efgha 7Q23 k>�Ú�. e

fgh7Q  ¦7½�a e��' ¬�d Fig. 2  ¤� efgh v

7¯Õ7Q 5Ö7
K \��Ú�. 56' º¬�G õÝ:K �>

�d 1"ÝoK u
�� �ÿq >�! ��� �/K �>�d 7

Q � '�9a ���Ú�. 'ç7Q23G SCE(saturated caromel

electrode)K k>�Ú�, j�7Q23G HEða k>�Ú�. 5Ö

7
K \�! à ��� �;q' �� e� öG WPq²K · 30

− 
∆Go a,

RT
-------------- 

 

 1 i
i l a,

------– 
  αaηF RT⁄( )exp 1 i

i l c,

------– 
  α– cηF RT⁄( )exp–×

i = io
o COH

4
---------- 

 
m

 −
∆Go a,

R
-------------- 1

T
--- − 

1
298
--------- 

  1 i
i l a,

------– 
  αaηf( )exp×expFig. 1. Schematic diagram of aluminum-air fuel cell.

1. Aluminum fuel electrode(continuous fed) 4. Separator
2. Gas diffusion cathode(air electrode) 5. Membrane
3. Electrolyte tank
���� �38� �2� 2000� 4�
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Ø� ,^�d 7-W F  >æÀPK ���d ÀP  �¯56�

�* (@q 0Z�
 óo	 ! �T 7'
4��a �M�Ú�[15].

3-2. #$$% &�!"

5Ö7
K �>! ���� 1" V7è ��� â"�G 7¼G

º3 >W  7Q¿Y23  7å½��  - 
' M����G á

P! à, 1"! "jj×� oå�� #�. �¡! "jj× ØQ�

�(steady state polarization potentiometry)a Ù�d efgh7Q 

ØQ� 'd�G �W7åV 7Q56� �! Fo�S ½�a Ø�

�Ú�.

mð /v3 7¬K â"��, 1"! "o  R7¬K ,^�d "

jj×� oå�G 7¼K '	! à �T V7¬� �! ��a �

FS23 �M�Ú�.

Ò ����G MPIk  Potentiostat(Model: MP-1026A)  Yokogawak

  Pen Recorder(Type 3056)K k>�Ú�.

3-3. ������

7-W }�� º;C �Fo3 v7�G v7¯Õ7Q%�(BAS,

Model: RDE-1)K �>�d 7'
4 56Fo¥ $/pr � >W 

�WòÀbr ú�a \�Ú�. 7QMü� RDE %�  3 mm }�a

�G Teflon-holder� �G 
�(mold)}� �°o Aldrich efgh:

�a �� è¢'(Press, Enerpac p-392)3 è¶��(9,000 psi)�d k>

�Ú�. � �m Teflon-holder  }�� Å- 7Q  ï�� ·� Þo

	(0.01-0.02 mm) ���d 7-W� 7QV Teflon-holderk�3 ²

��
 óo	 �Ú�. 7Q  ¿Y� BAS  PK-3 Polishing Kit2

3 ��V"a �� �ñj� �o	 ! à ���Ú�.

3-4. �� � �'( �� ���

��� 'çj×3 �"! 25oC�� u
�� rD�Ú�, Ýo 

æ�a e' ¬-� 40oC, 50oC��o "jj× ØQ��a �M�Ú

�. �¡! ��a ��23 Arrhenius plot�� 7Q56� �! A�


 �	
K \�Ú�.

7-W  noG 4 M KOHK 'ç23 �Ú2x 7-W no  

æ�a e' ¬-� 3 M, 5 M KOH� �! ��o rD�Ú�.

4. 
� 
 ��

4-1. ������� )�* �+

�°o efgh  �m, · −1.8 vs. SCE  /v3 7¬K ��G�,

'ç7Q�  @�K �Ì�Y −1.556 V vs. NHE� -c�G ú23

�� ¥ (1)�� �M! TQ56ø�7¬(−2.35 V vs. NHE)� Å-

� �� ú��. �ä� efgh  >-56� U 0� 56(36 kcal/

g-eq)�s3 �	
 ��� Þ�, /v3 7¬ ®��� �¯56�

rP0Z56o CD�; �3 �- /v3 7¬q áP! _���

� Õz#�. �¡! �u _�� HE L
 �,� OP7Qa RQ

23 k>! efgh-,'7
  /v3 7¬G ��ú� 2.75 V�

� �� ú� 1.5 Vúa q
� #�[16].

4-2. ������� ,- �./0�� 1�

efgh v7¯Õ7Q  v7rK 300, 600, 900, 1,200, 1,500 rpm

23 :û�d 7¼K â"! ÏV  ¥ (6)23 x|� Butler-Volmer

¥a �>�d v�Ø�(regression)! ÏVK Fig. 3� x|}~�. t

��� ��� 900 rpm�j  v7r� �-�G Å¨S �� 7è �

¬(−1.8~0.0 V vs. SCE)�� 7¼�oq Þ� @�q x
 ó� $m

�� V7è��ã 7Qv7r� �� �q�� Ø¾! øO7¼(!

b7¼)q 9ù�
 óG ��a ���. �G v7¯Ù�7Qa k>

! efgh ¦7��a rD! ��  ÏV  1�!�[12]. ö!

¥ (7)23 ¿ì�G 15S� Levich¥23 oM! ÏV ¯wa 


x
 óG ��a �Ú�. �¡! ØQ�ð  ½�� Åqé öG ç

qé 7Q56  �m 9ù�G ½�23 �®Ø  V7è �¬��

7¼�oq 7'
4 56Fo  �W7å `�  ÛÜa ßG�G

äa  g!�[17]. ��� �j  ÏVK »X�Y, efgh7Q�

� efgh  >-� �* 7Q56� ÅqéS23 CD�; ¥ (8)

  ��a �K ä23 Õz#�. Åqé56� �! q"� 56Z�

�� Al(OH)4
−q $m �"! Al(OH)33 �7�G ÏV3 gf;  

®X#�[12, 16]. �!� ØQ�ð� 
' V7è Ûé�� ¥ (6)�

�* bÀ ÏV  @�K ��G ä� rP0Z56� �* �¯7

¼3 �! 7. 7¼  áP  0�56�  - /v3 7¬q ø�

Fig. 2. Experimental apparatus of aluminum rotating disk anode half cell.
1. Water bath 7. Pt counter electrode
2. Potentiostat 8. Membrane
3. Rotator 9. Thermostat
4. Teflon holder 10. Percolator
5. SCE, reference electrode 11. Flow meter
6. Al working electrode 12. Ar or nitrogen bomb

Fig. 3. Steady-state polarization curves for pure Al-RDE(4 M KOH solu-
tion at 25oC).
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000



132 ����������	��
���
���������
7¬3®ë ��! _�23 d"C�. U V7è �¬�� Ø¾!

øO7¼q 9ù�
 ó� 7¼q ��B �q�G ½�� efgh

� >-�Y� ¿Y� �#;
� �;, $¼%&� u
�
 '��

(PS  ¼ I  )¼%&� ���; �W7å� JC�' _��

ä23o *jl r ��.

15S23 EF>-56� �* ØQ�ð�� x|xG À
ÁÂ

� �* 7¼�o  ^+! áPG 9ù�
 ó� ¹)' 7-W�

�  efgh7Q� À
ÁÂ ���  ! ®�×
(passivation) ì

j� �Ta e r �~�.

4-3. ������� 2(�3 � ��1�

efgh v7¯Õ7Qa k>! ���� ¥ (6)��±, Ýo, 7

-WnoÛÜa Ø��d 56 ½�a :k�Ú�. Ýo æ�� �

! ��� 25oC, 4 M KOHK 'çj×3 �"�d, ÝoK 40oC, 50oC

3 p
M[Y� "jj× ØQ��a rD�Ú�. Ýoq �q-�

�� 7¼�oq Þ� �q-a e r �~�, � ��ÏVK k>-

� Fig. 4� x|� �  ¤� Arrhenius plota �d 'ñ'[(αaFη−
∆G*)/R]3®ë \! TQA�
 �	
 ú� 11.5 kcal/mol�~�. �

ú� Savinell I[12]� \! 13.7 kcal/molV Å.! ú23 efg

h  >-� �* ¦7� Ýo� Þ�  æ�G äa x|}G U ú

��. efgh7Q  7¼�oG 7-W no� �� �q�G �Ü

a �Ú�. 7-Wno� �* ��ÏV3®ë È� 7¼�o  no

õ  9bK Fig. 5� x|}~�. t��� 'ñ'3®ë 7-W n

o� �* 56@rK \! ÏV m=0.75  úa È~�. 7-W n

o� �! 56@rG Savinell I[12]� \! 1V Brown I[18]�

\! 0.5  ��ú� È;/�. �j��  TQA�
�	
  56

@r� �! ÏVq �* ��ÏV  ·� @�K ��G ä� ��

¦8(potentiostatic öG galvanostatic polarization), ��:¸(7-W

no, Ýo, V7è �¬) I  @��� 0Z�G ä23 Õz#�. 0�

7-W no�� °�7¼7è8(transient method)a rD! Brown

I  ÏV� Å�d Å.! 7-W no�¬�� "jj× ØQ��

(galvanostatic mode)a rD! Savinell I  ÏVq Ò ��ÏV� «

�1! �Üa ���.

Ýo � no  æ� ÏV  «Ê;, ¥ (6)a �>�d �P�28

(MinPack�� �,�G LMDIF)23 \! 'çj×(25oC, 4 M KOH)�

�  ¨�7¼�o  7'
4 7åbrG �� io=0.0147 A/cm2, α=

0.06�~�. ¨�7¼�o  7åbrG Table 1� x|� �  ¤�

Savinell I[12]  ��K ð� }3! ÏV  �  uk�Ú�. �]

� \! ¨�7¼�o  7åbrK q
� ¥ (6)� �� no � Ý

op
K �Ì! ØQ�ða ��úV -4 Fig. 6-8� x|}~�. �

�úV �P @�K ��G� V7è� �� Ûé�� x|xG @

�G rP0Z� �* �¯7¼�  ! ä23 �¾l r ��. no

� �* ØQ�ð  �mG Å¨S ��úV uk! ��a x|}

~�. efgh 7Q56� Ýo� $m 5á�d 50oC  �m bÀ

úV U @�K �Ú�. ¬�� TQA�
 �	
K \! V7è �

¬(���¬)��ã �P uk! ��a ��� �* V7è Ûé�

�G @�q É
G ä23 gf; efgh  >-� �* ¦75

6� �q�G V7è� �� TQA�
 �	
q p�G ä23 *

Fig. 4. Log i vs. 1/T plots at different potentials(4 M KOH, 900 rpm).
(Arrhenius plot, ∆Go,a=11.5 kcal/mol)

Fig. 5. Log i vs. log conc. plots at different potentials(25oC, 900 rpm).

Table 1. Comparison of exchange current density and transfer coefficient

This work Savinell[12]

Exchange current density(A/cm2)
Transfer coeff.

0.0147
0.0600

0.012
0.080

Fig. 6. Steady-state polarization curves for pure Al(99.999+%)-RDE in
25oC, 4 M KOH and calculated(900 rpm).
���� �38� �2� 2000� 4�



���� ������� ���� ! "� 133
jl r ��.

efgh v7¯Õ7Q��  efgh >-� �* 7Q56  F

ojr  òÀbrK e��' ¬�d ¥ (8)� �� 1/i  1/ω−1/2K

oM�d Fig. 9� x|}~�. øO! !b7¼�oq 9ù�
 ó'

_�� Levich¥a k>�
 '�� �� q"! �  ¤� Åqé

56� �! ¥ (8)a �>�d 1" V7è ���  úa k>�d

oM�Ú�. 'ñ'3®ë 56� OH−  òÀbrK \�Ú�, ûü

ú23®ë �W7åþõ� �G �m  7¼�o ik  �� �* 5

6Fojr kfK \- Table 2� ÏVK x|}~�. òÀbrG ·

10−6cm2/s, kfú� · 10−3 cm/s"o  úa x|}~�. woG °r

! �  ú(· 1 cP)a k>�Ú2x �� �* ÛÜ� Þ
 ó� ä

23 Õz#�. �W7åþõ� �G �m  7¼�o ikG $m U

úa �d V7è� É6� �� �  1 A/cm2� �îG äa e r

��. òÀbrG V7è� �q-� �� ·� �q�Ú2x 15S

� r>i 7-W  òÀbr ú� 10−5 cm2/s��G �� úa �d

òÀ�  ! ÛÜ� �Ta e r ��. �ä� 56 Z��� Al

(OH)4
−q $m �"! Al(OH)33 �7�; efgh ¿Y� ·��

®¢# j×3 æ��Y� òÀa ¦-�d òÀbrq �� x|x

G ä23 Õz#�. § ¹)'� 7-W ���o efgh  í*

>-5623 �- (®S23 OH−noq 0�C efgh7Q  ¿

Y��G À
ÁÂÛÜ� �
ã 1;7a x|��. ��� v7¯Õ

7Q� �8 "
j×  øÕ� efgh7Qa k>�� �G %M�
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�	
 ∆Go,a=11.5 kcal/mol(at

25 oC), 7-Wno� �! 56@rG 0.75  úa È~�.

(3)'çj×3 �"! 25oC, 4 M KOH :¸�� \! 7'
4

7åbr, ¨�7¼�o � òÀbrG �TV ¤�.

α(transfer coeff.)=0.06

io
o (̈ �7¼�o)=1.47;10−2 A/cm2  úa \<�.

Diffusion coefficient=0.3-0.7;10−5 cm2/s

�j  ��ÏV3®ë efgh7Q� $m �� 7¼�o  0�

À
7¬K q£ �ÆÇ 7¯>23 �Ø! q?�a q
� �Ta

Fig. 7. Effect of concentration of KOH for pure Al(99.999+%)-RDE
(25oC, 900 rpm).

Fig. 8. Effect of temperature for pure Al(99.999+%)-RDE(4 M KOH,
900 rpm).

Fig. 9. 1/i vs. 1/ωωωω1/2 plots for kinetic parameters at different potentials
(25 oC, 900 rpm).

Table 2. Diffusion coefficients and forward reaction rate constants at
various potential(25oC, 4 M KOH)

−1.3 V vs.
SCE

−1.0 V vs.
SCE

1.0 V vs.
SCE

1.66 V vs.
SCE

ik(mA/cm2) 218.500 365.400 931.100 987.200
103

�kf (cm/s) 0.7 01.26 03.22 03.41
105

�D(cm2/s) 00.26 00.31 00.64 0.7
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C : concentration [M, mol/cm3]

C* : bulk concentration [M, mol/cm3]

COH : concentration of KOH electrolyte [M]

D : diffusion coefficient [cm2/s]

Eo : standard equilibrium potential [V]

Ecell : cell voltage [V]

F : Faraday constant [C/eq-mol]

f : =F/RT

i : current density [A/cm2, mA/cm2]

i l : limiting current density [A/cm2, mA/cm2]

i l,a : anodic limiting current density [A/cm2]

i l,c : cathodic limiting current density [A/cm2]

io : exchange current density [A/cm2]

io
o : exchange current density at reference state(25oC, 4 M KOH)

[A/cm2]

kf : forward reaction rate constant [cm/s]

m : reaction order according to electrolyte concentration

n : number of electron

R : gas constant

T : temperature [K]

4567 89

∆Go,a : anodic activation energy [J/mol, kcal/mol]

α : transfer coefficient for electrochemical reaction

αa : anodic transfer coefficient for electrochemical reaction

αc : cathodic transfer coefficient for electrochemical reaction

η : overpotential [V]

v : kinematic viscosity [cm2/s]

ω : angular velocity [rad/s]
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