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Abstract: Methane (CH,), as both a greenhouse gas and a crucial energy source, plays an important role in achieving
China’s carbon peaking and carbon neutrality goals. The significant concentration differences of CH, from various
sources influence the selection of relevant conversion technologies. However, little research has addressed the impact

of CH, concentration variation on catalytic performance, and studies focusing on the catalytic pyrolysis of methane for
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carbon material production are especially scarce. In this work, molten salt catalytic pyrolysis was employed as the core

strategy to systematically investigate the catalytic decomposition behavior of CH, with varying concentrations

(20%-100%) and the morphology control mechanisms of carbon products in a CuCl,-NaCl molten salt system. The

results revealed that the formation of graphene films was attributed to the two-dimensional assembly of carbon atoms

on bubble surfaces at high CH, concentrations, followed by subsequent film growth. High CH,4 concentration in the

CuCl,-NaCl system favored the formation of well-ordered graphene structures, while low concentrations primarily

produced fragmented carbon. Furthermore, various molten salt systems yielded different carbon morphologies,

including graphite sheets, short rod-like carbon nanotubes, and film-like carbon. Comprehensive characterizations

demonstrated that the CH; concentration determined growth mode of the carbon products. This study elucidates

morphology control mechanisms of the carbon products driven by the CH,; concentration gradient in molten salt

systems, providing a theoretical basis for the environmentally friendly synthesis of high-value-added carbon materials

and development of low-carbon technologies.
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Fig. 1 Schematic diagram of online sampling reaction system
for methane pyrolysis using the molten method
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Fig. 2 Results on catalytic pyrolysis of metal chlorides
(a) Time variation curves of CH4 conversion rate; (b) H, production ratio in the product after 3 h of reaction
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Table2 Experimental data on catalytic pyrolysis
activity of metal chlorides

Molten metal CH, conversion Carbon yiild/
rate/% (mg-min”")
CuCl,-NaCl 4.6 0.5
MnCl,-NaCl 33 0.4
CaCl,-NaCl 2.8 0.3
NiCl,-NaCl 14.6 1.6
LiCl-NaCl 0.9 0.1

Note: X mass fraction is 6%; Conversion rate and carbon yield are
calculated based on data obtained after 3 h of reaction.
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Fig. 3 SEM images of carbon products from catalytic pyrolysis
of molten metal chlorides
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Fig. 4 Effect of CH, inlet concentration on CH, conversion
rate

ST USCEE (RS = 3k AT XRD IR, 45 a0 & 5 pr
o FEFTA BRI, SRR TR ARBIN Cu FF
HEUE AN T 9532 ) Graphite-3R 4FAEIE . 76 11356
W, Cu RFAEAT 06 32 AL T 20=43.3° 1 (111) 5 TH A1
20=50.4°[1](200) fh1f . AR % Scherrer 22, J8i 1%
TE X 225 /N 1) 2 o U 5 (FWHM), T 78 £ 5 T 4
g B s RR SRR, BIEI = Y R A e
mEIAK Cu dki. TS H SRR RZA N
45.5 nm, [ RN BT sl 75 IHTE LN,
Graphite-3R FRHIEIEELFELL T 20=26.6°111(003) i
. 20=43.5°[(101) 0 TH ~ 20=46.3°F1(012) & ] -
260=54.8°f{1(006) /4 T Al 260=56.7°/1(104) b . FEA<
PR &5 SR b, A2 (003) & T (1 7 S 0 B 5, A
Bl 5 BBOR B ] SRR, TR AR BEXT B AR e s T
Wz AE SRS, VLRI G2, LGP ER
Tm R BN E, fA4E/D> & Graphite-3R.

iB3E Raman Y%A SEM 70148 78 AN 6] [ i %
FEXTBA B R SN 25 F 520 . Raman S 15 36 i )



390 T AL A R R

W

J._ | CH(80% | |CH:-80%

e A

\

= G0 o
3 CH4-60% 5 |CH,-60%
= (003) < MM\-.
s e L., cHeo% |
g7 (111 g E-}LM
E “‘_A‘JA‘LL A CH.-20% B
g - E |CH,-20%
| Graphite-3R -
= Graphlte—3R‘
| Cu
10 30 50 70 20 25
20/(°) 20/(°)

K5 ANF CHy IR EZFTHRR ™ M1 XRD &I AR 8 8OK K
(26=20°~28°)

Fig. 5 XRD patterns and local magnification (26=20°-28°) of
carbon products obtained from methane concentration control
groups
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Fig. 6 (a) Raman spectra and (b-e) SEM images of carbon

products under different methane concentrations
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Fig. 7 High magnification (a, c) SEM and (b, d) TEM images
of carbon products under (a, b) 40% CH, and (c, d) 100% CH,
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