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Carbonization of Wood Biomass : Effects of Addition of Transition Metal Salt on
Chemical Structure of Sugi Charcoal

Takanao MATSUI, Yoh-ichi MATSUSHITA, Kazuhiro SUGAMOTO, and
Suguru FUJIMOTO

~ Abstract
Sugi sapwood containing transition metal salt as an additive was carbonized at 400 C for

1 h under nitrogen atmosphere. The relationship between the carbonization conditions and the

chemical structure of the charcoal was investigated. The results were as follows :

1) Carbon radicals on charcoal surface measured by ESR were decreased by the addition of

transition metal salts.

2) Aromatic carbon ratio on charcoal surface measured by XPS was increase by the addition

of transition metal salts.
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Tablel Components substances of
inorganic content from Sugi sapwood
and charcoal

sapwood | charcoal
CaO 69.0 62.3
SiOz 6.3 7.3
MgO 2.3 2.2
SOs 2.0 1.1
. . AlOs 1.1 1.1
morgame | p,0, 3.1 2.7
content Naz20 trace 2.2
(wt.%) K20 5.5 4.2
MnO trace 3.1
Feg0s 4.9 7.3
NiQO 1.2 2.2
Zn0O 3.7 3.0
Cu0O 0.9 1.1
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Table 2 Material balance of products on carbonization of Sugi sapwood containing metal salts as an

additive at 400 C

. . Yield/%
Weight ratio of metal . .
Metal salt  jon to Sugi sapwood. Charcoal® Wood- Wood- Total/% Loss/%
reoa vinegar® tar®

— — 33 39 13 85 15
Fe(NOs)s 1/100 34 32 9 75 25
Fe(NOs)s 5/100 24 30 6 60 40
Mn(NOg)2 1/100 34 31 10 75 25
Mn(NOs)z 5/100 35 28 5 68 32
Co(NOg)2 1/100 33 33 10 76 24
Co(NOs) 5/100 28 29 4 61 39
Ca(NOs3): 1/100 39 38 7 84 16
Ca(NOs)2 5/100 28 39 6 73 27
a) Yield of charcoal/%=(Charcoal—Metal salt)/(Sample—Metal salt) X 100
b) Yield of Wood-vinegar/%=(Wood-vinegar)/(Sample —Metal salt) X 100
¢) Yield of Wood-tar/%=(Wood-tar)/(Sample—Metal salt) X 100
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Fig.1. ESR spectra of charcoals prepared from the
mixtures of Sugi sapwood and transition metal salts
at 400 C.The weight ratio of the metal ion to the
wood was 1/100 or 5/100.
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Fig.2. ESR spectra of charcoals prepared from

the mixtures of charcoal and Fe(NQ3)s.

Samples : a mixture of charcoal and Fe(NOs)s
(1/100) (A) heating of sample A at
400 °C for 1h (B),heating of
charcoal at 400 °C for 1h (O).
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Table 3. C1s-XPS analysis of the charcoals prepared from a mixture of Sugi sapwood and

transition metal salt at 400 °C

a)

Metal salt Weight ratio of Metal ion to Sugi _AArea of Cls peak™/%

wood 1 C3 C4 C5 C6
— — 14.7 48.1 18.2 122 6.2 0.5
Fe(NOs); 1/100 20.0 48.6 149 10.4 55 0.5
Fe(NO3); 5/100 284 476 96 88 41 1.3
Mn(NQO;), 1/100 18.2 457 16.6 11.8 6.4 1.0
Mn(NQO;), 5/100 28.5 422 16.1 91 37 0.1
Co(NO3), 1/100 17.4 509 14.7 10.2 52 1.3
Co(NO3), 5/100 244 49 4 129 8.2 38 0.9
Ca(NO3), 1/100 16.5 436 19.2 15.6 4.6 0.5
Ca(NOs), 5/100 11.4 477 174 173 57 0.6

a)Cl Aromatlc carbon, C2: aliphatic carbon C3: hydroxy carbon C4: calbonyl carbon, C5 :calboxy carbon C6 :

n-n¥
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