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Measurement of Surface Area for Dense Iron and Nickel
Catalysts by Electrolytic Solution Method
Fengman SHEN, Toshio SATO, Reijiro TAKAHASHI and Jun-ichiro YAGI
Synopsis :

As for the estimation of the rates of gas-solid reaction and gas-gas reaction with solid catalysts, an
accurate measurement is very important for determining the surface area of solids. Therefore, the
measuring method of metal surface area should be standardized for the comparison of actual reaction rate.
However, the surface area cannot be easily evaluated from geometric shape even in the case of dense metal,
because the true surface area depends on the surface roughness. In this paper, the measuring method of
dense metal surface area by electrolytic solution was developed for the dense metal of irregular shape
and/or non-smooth surface.

According to the TAFEL’s equation, a linear relationship exists between the current, I ., in circuit and
the solid surface area, S, of the cathode under the given conditions. This principle was adopted as the
measuring method. Optical glass was selected as the standard reference material for determining the sur-
face area. By this method, the linear relationships were measured between I,,,,; and S for nickel and iron.

When the surface roughness and geometric surface area assuming that the surface is smooth were known,
the surface area of catalytic metals could estimate by using the present results, and then, the surface area
could be directly measured by this method even the surface roughness and/or geometric surface area were
not known.

Key words : solid catalysts ; surface area ; electrolytic solution ; dense metal ; surface roughness ; geometric

shape ; optical glass.
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(a) Ni foil (b) Optical glass
Photo. 1. Surface of Ni foil and
optical glass coated by Au film.
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Fig. 1. Change in overvoltage 7 with the current

density i by the discharge of H™ on various
metals?.
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Fig. 2. Measuring apparatus for metal surface
area.
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Table 1. Experimental conditions.
Bath voltage (V) 0.45~5.11
Temperature (K) 290+1
pH (—) 2.52~2.74
Area of cathode (cm?) 0.697~2.94
Kinds of cathode material Ni, Fe, Au
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Fig. 6. Change of Ni ion concentration in aqueous
solution with time.
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Photo. 2. Photographs of Ni plate surface ground by various grinding material.
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Table 2. Relative surface area of metals ground by various grinding materials to optical glass.

Alumina powder Grinding paper
Optical glass
3nm* 0.06 pm*2 0.3pym*? 3.82 pm*? 17.65 pm*?2 30.46 pm*? 40.52 pm*2 101.33 ym*?
#4000*3 #1000*3 #600%3 $#400*3 #220*3
1.00 1.14 1.25 1.33 1.51 1.80 1.87 1.90

* Surface roughness *2 Size of grinding material *3 Number of grinding paper (JIS R-6253)
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Table 3. Comparison of observed surface area with geometrically calulated one.

Surf 2 |
Kind of Number Average weight Densitsy urface area (cm™/sample) | S¢— Sossl/ S¢>X 100
H 0,
material of sample (kg/sample) (kg/m?>) Geometric, Sg Observed, S, (%)
Ni pellet 6 2.1948%1073 8.86x10° 1.91 2.77 45.5
Fe block 5 2.9422%x1073 7.86%10° 2.51 3.74 49.0
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2)—EDFEMHT Tl OB OREIME & $BTF0%
g & ERBERICH S,

3IVKEH I AHEHEL LTEB=» ¥ VB LU
DRHEEDFFM 24T - 7. ZOMELUTOERMPEL R
2. BRBLUZ o F VOREE L 3IZR—, ¥ 7, BB
EIRIEFR—-DOMMNKEL BT 2 EBOEE, BTFME
B XUEREM S B TH NI, Table 2 iI2HS VT
FORMELEMET A LN TES., —F, KAOEE

il ]

MEBLUOTHB LR EET A= v ¥ VB L UBDE
&, FEEE 2.11V, {88 290K, pH {# 2.58 (= » )
BLU2.53 (8%) OFBHTC, EMKBREIZL > THE
BRELZHETAILICLD, =9 7 VB XUOBOER
BEZzne2n(6)RABLO(7)XThkoDZ EHNTE
%.
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