
Supporting Information

Synergistic Electrochemical Properties of Conductive 
Additives by 1D-2D Carbon Networks

Seon Leea,b,1, Seongjae Oha,c,1, Chae-Lin Parka,b, Yong-Chul Songd, Hyun Kime,k, Keon Jung 
Kimf, Kwang Won Kima, Seo Won Songa, Joonmyung Choia,g,h, Ki Ro Yoona,b, Xinghao Hum, 
Youngbok Leeb,i*, Shi Hyeong Kima,l*

aTextile Innovation R&D Department, Korea Institute of Industrial Technology, 143, 
Hanggaulro, Sangnok-gu, Ansan-si, Gyeonggi-do, 15588, Republic of Korea
bHYU-KITECH Joint Department, Hanyang University, 222, Wangsimni-ro, Seongdong-gu, 
Seoul, 04763, Republic of Korea
cDepartment of Energy Science, Sungkyunkwan University, Suwon-si, Gyeonggi-do 16419, 
Republic of Korea 
d Chemical Analysis Center, Korea Research Institute of Chemical Technology, Daejeon
34114, Republic of Korea
eAdvanced Materials Division, Korea Research Institute of Chemical Technology, Daejeon
34114, Republic of Korea
f Semiconductor R&D Center, Samsung Electronics, Hwaseong 18448, Republic of Korea 
g Department of Mechanical Design Engineering, Hanyang University, Seoul 04763, Republic
of Korea
hDepartment of Mechanical Engineering, BK21 FOUR ERICA-ACE Center, Hanyang
University, Ansan 15588, Republic of Korea
iHanyang University Department of Chemical and Molecular Engineering, 55 
Hanyangdeahak-ro, Sangnok-gu, Ansan, Gyeonggi-do, 15588, Korea
jDivision of Materials Science and Engineering, Hanyang University, 222, Wangsimni-ro, 
Seongdong-gu, Seoul, 04763, Republic of Korea
kAdvanced Materials and Chemical Engineering, KRICT School, University of Science and 
Technology, Daejeon, 34114, Republic of Korea
lDepartment of Advanced Materials Engineering, Chung-Ang University, Anseong 17546, 
Republic of Korea
mSchool of Mechanical Engineering, Key Laboratory of Intelligent Flexible Actuation and 
Control in Universities of Jiangsu Province, Jiangsu University, Zhenjiang 212013, PR China

* Corresponding author.

E-mail address: shk@kitech.re.kr (S.H.K), yblee@hanyang.ac.kr (Y.B.L)

Supplementary Information (SI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2025

mailto:shk@kitech.re.kr
mailto:yblee@hanyang.ac.kr


1These authors contributed equally to this work.

Keywords: carbon material, conductive additive, conductivity network, secondary battery



  

Supporting information S1 Comparison BET surface area of rGO/CNS powder with and 
without ethanol treatment. The black and red solid line represents the adsorption-desorption 
isotherm of rGO/CNS powder without ethanol treatment and after ethanol treatment, 
respectively, with the closed circles indicating adsorption and the open circles indicating 
desorption. 



Supporting information S2 SEM image of the rGO powder.



 

Supporting information S3 Comparison the BET surface of rGO powder and rGO/CNS 
powder. The adsorption-desorption isotherms of GO/CNS powder for rGO and rGO/CNS are 
shown by the black and red solid lines, respectively. Closed circles indicate adsorption points, 
whereas open circles indicate desorption points.



Supporting information S4 A typical AFM of (a) a rGO sheet (b) a rGO/CNS particle. The 
right side of images show the AFM images and the height and length determined based on red 
dashed lines. The particle size peaks shown on the right side represent the particle height and 
length, respectively. And they illustrate the size and surface morphology.



Supporting information S5 Particle size distribution analysis by DLS for (a) rGO particles 
and (b) rGO/CNS particles. The black line represents the particle size distribution based on the 
intensity of scattered light, while the red line indicated the cumulative distribution percentage 
by weight. Each powder was prepared at a concentration of 0.5wt% in ethanol.



Supporting information S6 Bode plots for rGO and rGO/CNS measured in coin cell-type. 
The black line indicated the phase plot based on frequency of rGO/CNS, while the red line 
represents the phase plot of rGO.



Supporting information S7 SEM images of the rGO/CNS composite. (a) High-
magnification image (scale bar: 500 nm), (b) Low-magnification image (scale bar: 2 μm) 
highlighting CNS connecting rGO layers.



Supporting information S8 TEM image of the cathode after cycling. The rectangular region 
in the image represent the rGO sheets and the circular mark is the active material. Only yellow 
arrows indicated the CNS.


