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Synthesis of Al, Cu, Zn, Mg-nanocarbon composites for hydrogen
- storage by pyrolysis method
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Synthesis of Al, Cu, Zn, Mg-nanocarbon composites for hydrogen
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Abstract 190903

This research was conducted to characterize the properties of the metal-carbon composites
or metal—carbon fiber composites for hydrogen storage. The metal-carbon composites or metal-
carbon fibers composites were synthesized form the metal salt of Al or Cu or Zn or Mg and
banana peel or kapok fiber or cotton fiber by pyrolysis at 400 to 700°C. The composites products
were characterized by FTIR, XRD, SEM and EDS and storage by hydrogen. Generally, it was found
that the crystalline of all metal-carbon composites have been reduced as the pyrolysis temperature
increases from 400 to 700°C. The composites of all kind have a tendency of a decreasing percent yield
with increasing temperature of pyrolysis from 400 to 700°C. The oxidizing strength of metal salts are
arranged in order Al,O, < ZnCl, < MgSO,.7H,0 < Cu(NO,),. The amount of metal-carbon composite
on surface of carbon or carbon fiber was ordered as follows: Zn-carbon (or carbon fiber) composite <
Cu-carbon (or carbon fiber) composite < Mg-carbon (or carbon fiber) composite < Al-carbon (or
carbon fiber) composite. For the hydrogen storage experiment, it was found that the hydrogen storage

of Cu-banana peel charcoal composites are closed up to 6.5 wt%.
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| 1) 4.1 e1/na5y FTIR 494 aluminium- banana peel charcoal composite w15 laga ‘ﬁ 400°C 11
(AB1), 500°C (AB2), 600°C (AB3), 700 °C (AB4)

] 1) 4.2 a11ne U FTIR ¥09 copper-banana peel charcoal composite T s lade “71 400°C (CB1), 12
500°C (CB2), 600°C (CB3), 700 °C (CB4)

p| 1) 4.3 a11lnA5Y FTIR ¥4 magnesium- banana peel charcoal composite nlslade ‘171 13
400°C (MB1), 500°C (MB2), 600°C (MB3), 700 °C (MB4)

3 1/ 4.4 e11/n»5Y FTIR Y09 zinc- banana peel charcoal composite w15 lage “7] 400°C 13
(ZB1), 500°C (ZB2), 600°C (ZB3), 700 °C (ZB4)

3 1) 4.5 aa)na5y FTIR U904 aluminium- kapok carbonfiber composite s laga ﬁ 15
400°C (AN1), 500°C (AN2), 600°C (AN3), 700 °C (AN4)

3 1/ 4.6 @)nAFu FTIR 494 copper- kapok carbonfiber composite w15 laga ‘71 400°C 15
(CN1), 500°C (CN2), 600°C (CN3), 700 °C (CN4)

31] 4.7 ?1nA5u FTIR Y94 magnesium- kapok carbonfiber composite InTs laga “71 16
400°C (MN1), 500°C (MN2), 600°C (MN3), 700 °C (MN4)

3 1) 4.8 a11/ne5U FTIR 409 zinc- kapok carbonfiber composite nwis'lada 171 400°C 17
(ZN1), 500°C (ZN2), 600°C (ZN3), 700 °C (ZN4)

gﬂ 4.9 enasu FTIR Y04 aluminium- cotton carbonfiber composite Iwlslada 171 18
400°C (AS1), 500°C (AS2), 600°C (AS3), 700 °C (AS4)

] 1/ 4.10 @)nAF FTIR ¥84 copper- cotton carbonfiber composite nslaga ‘71 400°C 19
(CS1), 500°C (CS2), 600°C (CS3), 700 °C (CS4)

31] 4.11 ?11)na5y FTIR Y99 magnesium- cotton carbonfiber composite Inis'laga 17\ 19
400°C (MS1), 500°C (MS2), 600°C (MS3), 700 °C (MS4)

3 1) 4.12 )@y FTIR U404 zinc- cotton carbonfiber composite wlslada "7] 400°C 20
(ZS1), 500°C (ZS2), 600°C (ZS3), 700 °C (ZS4)

g‘ﬂ 4.13 ?11/n®SY XRD U904 aluminium- banana peel charcoal composites 21
Taens 1nls ladafi 400°C (AB1), 500°C (AB2), 600°C (AB3) 1Az 700°C (AB4)

3‘1.] 4.14 a11/nA5u XRD U094 copper- banana peel charcoal composites Tay 21
m3'lw s ladead 400°C (CB1), 500°C (CB2), 600°C (CB3) 11ag 700°C (CB4)

g‘ﬂ 4.15 g1 5U XRD D9 magnesium-banana peel charcoal composites Tag 22



3 InTsladadi 400°C (MB1), 500°C (MB2), 600°C (MB3) t1ag 700°C (MB4)
3‘1.] 4.16 a11lnATy XRD v04 zinc- banana peel charcoal composites Taoms
Tw1s'ladadi 400°C (ZB1), 500°C (ZB2), 600°C (ZB3) tag 700°C (zB4)
31.] 4.17 alna§u XRD 499 aluminium- kapok carbon fiber composites Tag
M3 InTsladail 400°C (AN1), 500°C (AN2), 600°C (AN3) 1A 700°C (AN4)
3‘1] 4.18 ilnasu XRD v99 copper- kapok carbon fiber composites Taons
InT5'ladadi 400°C (CN1), 500°C (CN2), 600°C (CN3) 1A 700°C (CN4)
31] 4.19 alna sy XRD ¥4 magnesium- kapok carbon fiber composites
TaumsTwTs Tadadi 400°C (MN1), 500°C (MN2), 600°C (MN3) 1Az 700°C (MN4)
gﬂ 4.20 AU XRD v04 zinc- kapok carbon fiber composites Tagn1s
TnTs'ladad 400°C (ZN1), 500°C (ZN2), 600°C (ZN3) 1ag 700°C (ZN4)
3 1 4.21 ana$u XRD v04 aluminium- cotton carbon fiber composites
Taunms InTsla@aii 400°C (AS1), 500°C (AS2), 600°C (AS3) Uz 700°C (AS4)
g‘ﬂ 4.22 alnasy XRD v09 copper- cotton carbon fiber composites Taons
w5 ladaii 400°C (CS1), 500°C (CS2), 600°C (CS3) uag 700°C (Cs4)
p| 1 4.23 aulnaTu XRD vo4 magnesium- cotton carbon fiber composites
Taons Tn 15 Tadadi 400°C (MS1), 500°C (MS2), 600°C (MS3) Az 700°C (MS4)
gﬂ 4.24 ?1nAT XRD U094 zinc- cotton carbon fiber composites Taons
TwTsla@aril 400°C (ZS1), 500°C (Z52), 600°C (ZS3) uag 700°C (ZS4)
3 1 4.25 71 SEM YD aluminium- banana peel charcoal composite w15 lada 171 400 °C
3 1 4.26 W SEM 409 aluminium- banana peel charcoal composite w15 lada ﬁ 500 °C
gﬂ 4.27 9N SEM 904 aluminium- banana peel charcoal composite ns Vl’ﬁ“?fﬁﬁ 600 °C
p] 1 4.28 71W SEM 499 aluminium- banana peel charcoal composite InTs lade 17! 700 °C
3 1l 4.29 21w SEM o9 copper- banana peel charcoal composite n s laga ‘171 400 °C
gﬂ 4.30 MW SEM 494 copper- banana peel charcoal composite "les"lachﬁ‘?i 500 °C
p] 1 4.31 71 SEM w09 copper- banana peel charcoal composite nls'lada 171 600 °C
3 1 432 910 SEM veq copper- banana peel charcoal composite nls'lada ﬁ 700 °C
3 1/ 4.33 711 SEM w049 magnesium- banana peel charcoal composite w15 lada “71 400 °C
p| 1 4.34 71N SEM ¥849 magnesium- banana peel charcoal composite s lada ﬁ 500 °C
3 1 4.35 71N SEM ¥4 magnesium- banana peel charcoal composite w15 lada “71 600 °C
3 1 4.36 71N SEM 049 magnesium- banana peel charcoal composite w15 lada “71 700 °C

gﬂ 4.37 9N SEM 901 zinc- banana peel charcoal composite InTs'lad e 400 °C
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3 1 4.38 7MW SEM %94 zinc- banana peel charcoal composite w15 laga “71 500 °C

3 1 4.39 7N SEM %94 zinc- banana peel charcoal composite n1slada 171 600 °C

g‘ﬂ 4.40 MW SEM 984 zinc- banana peel charcoal composite InTs lade ﬁ 700 °C

3 1 4.41 7T SEM 94 aluminium- kapok carbonfiber composite Inls'lada 1‘71 400 °C
3 1 4.42 7w SEM %94 aluminium- kapok carbonfiber composite nTslada ﬁ 500 °C
gﬂ 4.43 7N SEM 904 aluminium- kapok carbonfiber composite w15 lada “7] 600 °C
3 1 4.44 7T SEM %94 aluminium- kapok carbonfiber composite In s lade ‘ﬁ 700 °C
3 1l 4.45 71N SEM ¥94 copper- kapok carbonfiber composite nTslade ‘ﬁ 400 °C

3 1 4.46 7N SEM 04 copper- kapok carbonfiber composite w15 lada “71 500 °C

3 1 4.47 71 SEM w049 copper- kapok carbonfiber composite “1w15"lac§a°'7i 600 °C

3 1 4.48 71 SEM w049 copper- kapok carbonfiber composite InTslada “71 700 °C

3 1 4.49 71N SEM 09 magnesium- kapok carbonfiber composite In s lade ﬁ 400 °C
?| 1 4.50 7NN SEM w049 magnesium- kapok carbonfiber composite nTslada ﬁ 500 °C
3 1/ 4.51 710 SEM 04 magnesium- kapok carbonfiber composite nwTslade 171 600 °C
3 1 4.52 W SEM w949 magnesium- kapok carbonfiber composite Ins %Qﬁﬁ 700 °C
3 1 4.53 7 SEM 994 zinc- kapok carbonfiber composite InTslada ﬁ 400 °C

p] 1 4.54 71N SEM 994 zinc- kapok carbonfiber composite Ins 'la%ﬁ 500 °C

g‘ﬂ 4.55 7N SEM 491 zinc- kapok carbonfiber composite Twls'lada ﬁ 600 °C

3 1 4.56 7N SEM 904 zinc- kapok carbonfiber composite Iwlslada 171 700 °C

3 1 4.57 7IW SEM 904 aluminium- cotton carbonfiber composite Inlslada 17! 400 °C
3 1 4.58 71W SEM 994 aluminium- cotton carbonfiber composite nlslada 17] 500 °C
| 1 4.59 71N SEM 994 aluminium- cotton carbonfiber composite nwTslada ﬁ 600 °C
3 1] 4.60 7MW SEM 84 aluminium- cotton carbonfiber composite TnTslade 171 700 °C
;| 1 4.61 21w SEM o4 copper- cotton carbonfiber composite Inls'lade ‘ﬁ 400 °C

‘| 1 4.62 7MW SEM 94 copper- cotton carbonfiber composite w5 lade “71 500 °C

p] 1 4.63 7MW SEM vo9 copper- cotton carbonfiber composite nls'lada ﬁ 600 °C

p| 1 4.64 7N SEM w049 copper- cotton carbonfiber composite Inlslada ‘171 700 °C

b | 1 4.65 7MW SEM w09 magnesium- cotton carbonfiber composite Inls llﬁ@ﬁﬁ 400 °C
gﬂ 4.66 7NN SEM ¥4 magnesium- cotton carbonfiber composite w15 Tade “71 500 °C
| 1 4.67 7NN SEM ¥849 magnesium- cotton carbonfiber composite nTslada ﬁ 600 °C
gﬂ 4.68 71N SEM 9949 magnesium- cotton carbonfiber composite w15 laga 17! 700 °C

gﬂ 4.69 7N SEM 409 zinc- cotton carbonfiber composite w15 ladern 400 °C
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;i“lJ 4.70 N SEM 991 zinc- cotton carbonfiber composite InTslada ﬁ 500 °C

3 1 4.71 71w SEM %94 zinc- cotton carbonfiber composite Inls 'lﬁ‘?fﬁﬁ 600 °C

3 1] 4.72 7 SEM %94 zinc- cotton carbonfiber composite n1slada ﬁ 700 °C

p] 1 4.73 @1nasu EDS 404 aluminum- cotton carbonfiber composite Tag
mi"lwis"la%ﬁ 400°C (74.08 wt% C, 24.71 wt% O wag 1.12 wt% Al)

3 1 4.74 anau EDS ¥049 aluminum-cotton carbonfiber composite Tay
mﬁ"lwis"laé?aﬁ 500°C (82.50 wt% C, 16.21 wt% O 1a21.29 wt% Al)

31] 4.75 eilna sy EDS w04 copper-cotton carbonfiber composite Tag
ms'lnls ladadi 400°C (38.60 wt% C, 20.40 wt% O 1% 40.98 wt% Cu).

gﬂ 4.76 ailnasu EDS o4 magnesium -cotton carbonfiber composite Tag
ms"lwii'lac'l?ﬁﬁ 400°C (38.50 wt% C, 44.86 wt% O Lag 16.64 wt% Mg)

g‘lJ 4.77 ailna$u EDS 904 zinc — cotton carbonfiber composite Tagns

Iw15'Tadaf 400°C (8.33 wt% C, 6.36 wt% O, 44.10 wt% Zn U8 41.17 wt% CI).
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g = gram
Al = Aluminium
Cu = Copper
Mg = Magnesium
Zn=Zinc
B = banana peel carbon
N = kapok fibet
S = cotton fiber
FTIR = Fourier Transform Infrared Spectroscopy
TEM = Transmission Electron Microscope
SEM = Scanning Electron Microscope
XRD = X- Ray Diffraction

EDS = Energy Dispersive X-Ray Spectrometer



