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supply, room temperature, for 90 minutes. After EP the 
samples were rinsed with de-ionized water till pH value is 
neutral and then air dried. The surface topography and 
chemical information of the Al and Pt samples were 
studied by SEM/EDS and XPS.  

RESULT AND DISCUSSION 

Electrochemical Properties of Different Sized 
Cathodes 

For Al cathodes, the cathode size has no significant 
influence on the total current (Fig 2(a)) and the position 
of i-E curve (Fig 2(b)) (the cathode reaction mechanism is 
not changed). The current density and potential drop (Fig 
2(b)) on the cathode is apparently increased with 
decreasing cathode size (with the same amount of voltage 
applied). 

The potential on cathode is -1.7 V vs. NHE for Al0.56, 
and even more negative for the other two sizes. All of 
them fall into the range where H2S is more favorable than 
H2SO4 according to the E-pH diagram in Figure 1. 
Therefore we can predict that H2S is produced in all these 
cases. And that can explain why H2S is smelled when 
cleaning cavity EP apparatus. 

 

Figure 2: Electrochemical behavior of three sized Al 
cathodes. (a) Current-Time; (b) Cathode current density-
Cathode potential. 

Electrochemical Properties of Different 
Cathode Materials 

Using a Pt cathode instead of the same sized Al cathode 
introduced no significant change in the total current (Fig 
3(a)) and the cathode current density. Pt causes less 
potential drop (Fig 3(b)) on the cathode than Al (with the 
same amount of voltage applied). The current on Pt 
cathode climbs up at an earlier stage than Al and for the 
same amount of potential drop Pt cathode needs larger 
current density, i.e., i-E curve (Fig 3(b)) is shifted 
upwards.  

 

Figure 3: Electrochemical behaviour of Al18 and Pt18. (a) 
Current-Time; (b) Cathode current density-Cathode 
potential 

Pt is known to have lower over-potential for hydrogen 
evolution than other metals. It is also a good absorbent for 
hydrogen. And this seems to apply in Nb EP system as 
well. We chose Pt as an alternative cathode material 
hoping that the low hydrogen evolution over-potential 
will reduce the generation of sulfur. However, from the 
XPS analysis shown below, Pt may not be a good 
candidate for this purpose. 

Characterization of Cathodes with SEM/EDS 
and XPS 

EDS is not a surface sensitive technique. It explores 
elemental information of 1 um thick under the surface [8] 
and a sensitivity of 1% ~ 2%. In our study a high 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 1000 2000 3000 4000 5000 6000

Cu
rr

en
t (

A)

Time (s)

Current vs. Time
a

0.6

18

9

-100

0

100

200

300

400

500

600

700

800

900

-4.5 -4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0

Cu
rr

en
t d

en
si

ty
 (m

A/
cm

2)

Potential (V) (vs. MSE)

Cathode Current Density vs. Cathode Potential

9 0.6

18

b

0

0.05

0.1

0.15

0.2

0.25

0 1000 2000 3000 4000 5000 6000
Cu

rr
en

t (
A)

Time (s)

Current vs. Time

Pt18
Al18

0

100

200

300

400

500

600

700

800

900

1000

-4.5 -4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0

Cu
rr

en
t d

en
si

ty
 (m

A/
cm

2)

Potential (V)

Cathode Current Density vs. Cathode Potential

Pt18

Al18

b

TUPO024 Proceedings of SRF2011, Chicago, IL USA

422 07 Cavity preparation and production



resolution SEM Hitachi-4700 with an energy dispersive 
x-ray detector was used. EDS spectrum was taken under 
15 kV acceleration voltage. EDS analysis shows that 
noticeable amount of sulfur residue is found only on 
Al18, where oxygen peak is also very strong, as shown in 
Figure 4(left). The surface shows a crystal structure. The 
sulfur content on Al0.6 and Al9 was below the EDS 
sensitivity. Considering the difficulty of separating S 
from Pt peaks using EDS, and the lack of chemical state 
information, XPS was used to obtain more surface 

sensitive (3-10 nm under the surface [8]) and chemical 
state information. 

Survey scans shows that significant amount of sulphur 
species presents on Al18 and Pt18, as shown in Figure 4 
(middle) and Figure 4 (right). From high resolution scan 
of S2p peak we found that the sulfur residue on Al18 was 
actually sulfate, consistent with the strong oxygen peak in 
EDS. On Pt18 both sulfate and sulfur exist. Only about 
1% atm sulfate was found on Al0.6 and Al9, also in the 
form of sulfate. It seems that small sized cathode 
increases the possibility of sulfur residue. 

Figure 4: SEM images of Al18 (X4500) (left) and XPS survey spectra for S2p on Al18 (middle) and Pt18 (right). 10.3 
atm% of S was found with EDS. 12 atm% of S was found in sulfate form with XPS. 

 
Elemental sulfur was found only on Pt may relate to 

higher reactivity of H2 on Pt. Pt is known as a good 
catalyst for reactions involving hydrogen, by keeping H in 
an active state [9]. This increased the chance of reaction 
between H2 and H2SO4, consequently more H2S and S can 
be generated. The results suggest that cathode with larger 
surface area and reduced contact between H2 and 
electrolyte can help reduce sulfur residue. 

CONCLUSION 
Cathode potential measured on all the cathodes we used 

were in the range where thermal equilibrium favors H2S 
instead of H2SO4. Total current is not affected by cathode 
size as predicted. Smaller cathode introduces larger 
potential drop on the cathode. SEM and XPS study shows 
that significant amount of sulfate was found covering the 
smallest Al cathode after EP for 90 min at room 
temperature with a 1:18 anode and cathode surface area 
ratio, both sulfate and sulfur presents on the same sized Pt 
cathode. On larger Al cathodes only hint of sulfate were 
found. It provides evidence for the hydrogen reduction 
sulfur generating mechanism. Pt causes less potential 

drop than Al, but it may not help much in reducing sulfur 
generation. 
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