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Improvement of methyl mercaptan removal by ZnO-coated Ti02 
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CH3SH is listed as one of the causes of a stink and indoor air-pollution. As a method for the removal of CH3SH, we 
paid attention to Ti02 photocatalyst that is harmless and has especially strong oxidation power. The oxidation 
decomposition of photocatalyst occurs when adsorption occurs, but Ti02 with the character of acid solid is not 
necessarily suitable for the adsorption ofCH3SH that is an acid gas. Then, we tried to cover the surface ofTi02 with 
ZnO that is a harmless photocatalyst and base solid. We succeeded in coating it by the simple method. As a result, it 
was confirmed that adsorption ability in the shade place was improved by coating it and the removal performance 
under the irradiation of 254nm UV lamp was improved, too. When the shape of the surface was observed by using 
SEM-EDAX, it was confirmed that the surface ofTi02 was partially covered with ZnO. It was thought that efficient 
adsorption occurred due to the surface coating, and afterwards photolisis was generated by part ofTi02 not covered. 
Therefore, we think that the removal performance is improved by covering Ti02 with ZnO suitable for the 
adsorption ofCH3SH that is an acid gas and the rate of the coating is important. 
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1. INTRODUCTION 
Recently, the deterioration of environment has been 

become a problem. Stink is enumerated as one of the 
causes of air pollution. Four stinks of ammonia, methyl 
mercaptan, hydrogen sulfide, and trimethylamine are 
specified by Environment Agency. 

In this study, we paid attention to the removal of 
methyl mercaptan (CH3SH) generated from our very 
familiar ones. CH3SH is listed as one of the causes of a 
stink and indoor air-pollution[l·3l. CH3SH has an 
unpleasant smell like a rotten onion, and is a harmful gas 
that has carcinogenicity in contact with it for a long time. 
The most important feature is that the sense of smell 
threshold is very low (0.07ppb). Very low sense of smell 
threshold requests the removal in a low concentration. 

It is titanium dioxide (Ti02) that has been used to 
remove it. Ti02 is a photocatalyst and the reason for its 
use is (a) because it is white that can be used anywhere, 
(b) because it stabilizes chemically very much, and is 
harmless for the living thing, and (c) because it can 
remove the stench element by strong oxidation power[4l. 
Here, ilie decomposition occurs in the catalyst because 
adsorption occurs there. Since it was necessary to 
increase the probability of meeting of the revitalization 
site on ilie surface of the catalyst in the removal in a low 
concentration, we thought that adsorption ability was 
important. However, it cannot be said that Ti02 which is 
an acid solid[5l is suitable for the adsorption of CH3SH 
\\;'hich is an acid gas[3l. 

Then, we tried to coat the Ti02 surface with zinc 
oxide (ZnO) to reform the surface. ZnO is also white 
and a harmless photocatalyst for the living iliing, and 
more importantly it is said that ZnO is a base solid[6l and 
suitable for the adsorption ofsulfur compound[7.JOJ. 

We succeeded in coating it by the simple method[ll-BJ_ 
The LPD (Liquid Phase Deposition) method was used to 
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coat the surface, and was able to coat it easily at the low 
temperatures[14

-
15l. 

2. EXPERIMENTAL SECTION 
First, 100-ml aqueous solution, which contained 0.01 

mol of Zn(N03)z • 6H20 (Junsei Chemical Co.,Ltd., 
96.0%), 0.02 mol of N~Cl(Junsei Chemical Co.,Ltd., 
99.0%), 0.01 mol of urea(Junsei Chemical Co.,Ltd., 
99.0%), and 5 m! of ammonia solution(Wako Pure 
Chemical Industries, Ltd., 28-30%) was stirred with 
magnet stirrer for lh. 0. 7g of Ti02(P25, Japan Erogel, 
d=2lnm)was added and stirred for lh. Afterwards, it 
was put in the plastics container, and was heated at 90°C 
for lh and 2h. Thereafter what heated for lh was written 
as Ti02-ZnOCD and the for 2h was written as Ti02-Zn0 
®. As a comparison, what made only by Zn(N03)z was 
prepared. (lOOm! aqueous solution, which contained 
0.01 mol ofZn(N03)z was stirred with magnet stirrer for 
lh and heated at 90°Clh.) After heating at 90°C, they 
were filtered while washing it by distilled water(l7.1M 
Q ), and dried for 12h at 90°C. Afterwards, the sample 
made by only Zn(N03)z was calcined at 500°C for 4.5h. 

The removal performance measurement was done 
with Gas Chromatograph(G-3900, Hitachi) for 
TiOz-ZnO CD, Ti02-Zn0 ®, TiOz, ZnO(Wako Pure 
Chemical Industries, Ltd., d=0.02!lll) and two sample 
made by only Zn(N03)z. The vial container of IOOml 
was filled with CH3SH of about 40ppm, and the time 
when O.Olg of the photocatalyst particle was put into 
container was assumed to be Omin. 

Evaluation of particles was measured using X-ray 
diffraction (XRD, Rigaku, RAD-C), field emission 
scanning electron microscope (FE-SEM/EDAX, Hitachi, 
S-4700). Specific surface area was measured by BET 
method using ASAP2010(SHIMADZU). 
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Fig.3 Removal performance (the sample made by only 
Zn(N03)z) 

3. RESULTS AND DISCUSSIONS 

3.1 Removal performance 
The result of measuring the concentration attenuation 

of CH3SH is shown in Figure 1 (black) and Figure 2 
(under the irradiation of 254nmUV lamp). In Figure 1, 
Ti02 had hardly any adsorption ability for CH3SH, 
whereas ZnO had excellent adsorption for it. Therefore, 
it was confirmed that the adsorption ability for CH3SH 
was improved certainly by coating it with ZnO. 

Here, the result of measuring the BET specific surface 
area is shown in Table 1. There was no large difference 
in the specific surface area among the particles. 
Therefm:e, the improvement of the adsorption ability 
was considered to be due not to the specific surface area 
but to the nature of the surface. And the adsorption 
ability of Ti02-Zn0 CD was higher than that of 
TiOz-ZnO®. This reason is mentioned after. 

Table l. Comparison of specific surface area 

Particle 
Ti02 
ZnO 

TiOrZnOCD 
TiOz-ZnO® 

Specific surface area[m2/g] 
66 
44 
47 
55 

Moreover, the removal performance of Ti02 was 
greatly improved when light was irradiated, but the 
removal performance of ZnO had hardly changed. This 
fact is considered to be due to that the oxidation power 
of Ti02 photocatalyst is stronger than that of ZnO. In 
addition, the removal performance of Ti02-ZnOCD that 
had higher adsorption ability than Ti02-Zn0 ® was 
better. 

The adsorption ability of the sample made by only 
Zn(N03)2 is shown in Figure 3. It was understood that 
adsorption hardly occurred when Ti02 was only put into 
the solution of nitrate and then stirred. On the other hand, 
it was confirmed that the adsorption ability was a little 
improved by calcinating at 500 cC , but was low, 
compared with that made by the LPD method. Therefore, 
the LPD method was considered to be best to coat the 
surface of Ti02 with ZnO at low temperatures by the 
very easy method. 

3.2 SEM/EDAX 
The result of observing the prepared particles with a 

SEM is shown in Figure 4. In TiOz-ZnO® heated for 
2h (Figure 4-c), the rod like a hexagonal column was 
observed besides a spherical particle. Then, we tried to 
observe the mapping with EDAX (Figure 5), and it was 
confirmed the rod was made from only ZnO. In addition, 
in both TiOz-ZnO CD and Ti02-Zn0 ®, the Ti02 

surfaces were found to be coated not perfectly but 
partially, because Ti02 existed in whole but ZnO existed 
thinly (Figures 5 and 6). 

From the result of Gas Chromatograph and 
SEM/EDAX, we thought the possibility that the 
adsorption ability of the rod ofZnO was lower than that 
of ZnO coating Ti02• And it was also understood that 
the efficient adsorption of CH3SH was generated by 
ZnO and afterwards photolisis occurred in part of Ti02 

not covered. 

3.3 XRD 
The result of measurement ofXRD is shown in Figure 

7. The crystalline ofZnO appeared only in Ti02-Zn0®. 
From this result, it was also understood that the rod 
observed with a SEM was formed from ZnO. On the 
other hand, though the peak of ZnO did not appear by 
heating at 90"C for lh, it was thought that Ti02 was 
coated by ZnO because the peak of Ti02 decreased 
compared with that not coated. · 

Therefore, the removal performance was improved by 
coating Ti02 with ZnO patially, but when heating at 
90°C for a too long time, the rod of ZnO began to be 
formed, the adsorption ability decreased and the 
removal performance worsened. 
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(a) 

(b) 

(c) 

Fig.4 SEM images of (a) Ti02, (b) Ti02-ZnOQ), (c) 
Ti02-Zn0@ 

4. CONCLUSION 
We succeeded in covering the surface of Ti02 with 

ZnO at low temperatures by very easy synthesis method . 
The adsorption performance was improved certainly by 
coating Ti02 with ZnO. Moreover, the removal 
performance under the irradiation of light was good 
when the adsorption ability was high. 

From the results of SEM/EDAX, it was understood 
that ZnO partially covered the surface of Ti02. The 
efficient adsorption of CH3SH was generated by ZnO 
and afterwards photolisis occurred in part of Ti02 not 
covered. 

The rod of ZnO appeared besides ZnO that covered 
the surface when heating it for 2h. As the heating time at 
90°C became long, the adsorption ability decreased 
because the adsorption ability of the rod was worse than 
that ofZnO which covered Ti02• 

From comparing with the result of the sample 
prepared by only Zn(N03)z, it was understood that the 
LPD method was best to coat the surface of Ti02 with 
ZnO at low temperatures by very easy method. 

Fig.5 EDAX images of rod: (a) SEM image; (b) 
mapping of Ti and Zn; (c) mapping of Ti ; (d) mapping 
ofZn 

Fig.6 EDAX images of Ti02-ZnOQ): (a) SEM image; 
(b) mapping of Ti and Zn; (c) mapping of Ti ; (d) 
mapping ofZn 
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Fig.7 XRD of Ti02-Zn0@ (a), Ti02-ZnOQ) (b), Ti02 

(c), ZnO (d) 

In the future , it will be necessary to examine an 
increase of the specific surface area and the mechanism 
of adsorption to improve adsorption ability. 
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