
�������� ��	
���
��

Thermal release of hydrogen retained in multilayer graphene films prepared
by mist-chemical vapor deposition

B. Tsuchiya, N. Matsunami, S. Bandow, S. Nagata

PII: S0925-9635(15)30098-4
DOI: doi: 10.1016/j.diamond.2015.11.019
Reference: DIAMAT 6521

To appear in: Diamond & Related Materials

Received date: 24 August 2015
Revised date: 14 November 2015
Accepted date: 27 November 2015

Please cite this article as: B. Tsuchiya, N. Matsunami, S. Bandow, S. Nagata, Thermal
release of hydrogen retained in multilayer graphene films prepared by mist-chemical vapor
deposition, Diamond & Related Materials (2015), doi: 10.1016/j.diamond.2015.11.019

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.diamond.2015.11.019
http://dx.doi.org/10.1016/j.diamond.2015.11.019


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

Thermal release of hydrogen retained in multilayer graphene 

films prepared by mist-chemical vapor deposition  
 
 

B. Tsuchiya
1,*

, N. Matsunami
1
, S. Bandow

2
, S. Nagata

3 

 
 

1
 Department of General Education, Faculty of Science and Technology, Meijo University, 

1-501, Shiogamaguchi, Tempaku-ku, Nagoya 468-8502, Japan 
 

2
 Department of Applied Chemistry, Faculty of Science and Technology, Meijo University, 

1-501, Shiogamaguchi, Tempaku-ku, Nagoya 468-8502, Japan 

 
3
 Institute for Materials Research, Tohoku University,  

2-1-1, Katahira, Aoba-ku, Sendai 980-8577, Japan 

 

     *Corresponding author: 

E-mail: btsuchiya@meijo-u.ac.jp, Tel: +81-52-832-1151, Fax: +81-52-832-1179 

 

Abstract 

In this study, we investigated the absorption and thermal desorption processes of H and 

H2O and the thickness of multilayer graphene films deposited on Cu foils using a mist-

chemical vapor deposition method. Ion beam analysis techniques such as nuclear reaction 

analysis (NRA), elastic recoil detection (ERD), and Rutherford backscattering spectrometry 

(RBS) were employed. The RBS measurements revealed that the thickness of the multilayer 

graphene films was approximately 8±3 nm (24±9 layers). The depth distribution of H was 

analyzed using NRA and ERD. Based on these measurements, the residual H/C ratio for 

multilayer graphene was estimated to be approximately 0.03 in the bulk and 0.88 on the top-

most surface. Additionally, the thermal desorption temperature for H from the multilayer 

graphene film was less than 373 K, which was much lower than that from isotropic graphite 

bulk (approximately 673 K). These results suggest that the thermal release of H did not 

occur because of desorption from sp
2
- and sp

3
-hybridized C atoms, such as intercalation and 

defect sites. Instead, it occurred owing to the desorption of H2O adsorbed near the surface.  
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