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Fig. 1 Surveyed stand in Mie University Forest
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Table 1 1ZFR LA L9112, WTFhOBEERIZHVTE, 1000 H 720, (FIE30~40FD fhA
PEBEL T b, BT OWERARICE L TCBEEMIE, {2 XY AT, a3y FTHL
T, NTEIY, AanBhLF, VINTHWIFLEEDERL AT, 3IXA, s, T
Y8, VYT T, ryF e EOEPRIEME €I, AXELETH T

Table 1 Dominant species, basal area, no. of individuals,

of the stands studied

Plot Dominant species No. of species No. of trees Basal area
/1000t / ha m / ha
1 URIHADAKAEDE D
suat 2
ITAYAKAEDE 3) 40 17,900 16.6
KOHAUCHI WAKAEDE ¥ (72.6%)

YAMAMOMLI ¥

2 momr &
MIZUME 7
YAMAZAKURA 8) 30 15, 900 28.0
mizukr ¥ (83.5%)
KuMASIDE 10

3 MIZUME )

AsADA MY

mizuki ¥
yaMAMOMLT o)
KOHAUCHIWAKAEDE 4)

29 18, 0600 17.0
(80. 8%)

4 MIZUME 7
URIHADAKAEDE 1
Asapa 1D 39 19, 200 27.5
EGONOKI 12 : (89. 4%)
KOHAUCHIWAKAEDE 4

1) Acer rufinerve Sieb.et Zuce. 2) Cryptomeria japonica D.Don. 3} Acer mono Maxim,

4) Acer sieboldianum Miq. 5) Acer palmatum var. mastumurae (Koidz.) Makino

6) Abies firma Sieb. et Zuce. 7) Betura grossa Sieb.et Zuce. 8) Prunus jamozdkura Sieb et Zuecc.
9) Cornus coniroversa Hemsley 10) Carpinus japonica Blume  11) Ostrya juponica Sarg.

12) Siyrax japonica Sieb et Zuce.

Figures in parenthesis were the percentage of basal area of dominant species to total basal area.
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Fig. 2 Symmetric finite difference diagram of the stands studied
H(N), H(N n) :Tree height
N,Nn : The order of tree height
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Table2 Dry weight of stem, branch and leaf at each storey
in a sample area(5 X10m)

Classification ’ Dry w.'eight (kg)

(Tree beight) Stem Bark Branch L eaf Total
Over storey (9 —1lm) ** 30. 015 5.412 17. 272 2.020 54,719
Under storey (2 —9m) ** 34. 273 5. 174 12. 824 2.327 54, 598
Floor storey (0 ~2m) * 2 0.075 0.008 10, 050** 0. 140 10.273

Total 64. 363 10. 594 40. 146 4. 487 119. 590

* 1 Contained 3 species (Tree age 30 =33 year, Diameter breast height 6 —11em).
* 2 Contained 22 species. % 3 Contained many species. * 4 Litter.

LR, IR0 D 3L (I F U AT, YRR I Y, ), FRIE220RE (N
m&m,7m%7,wvszW77,bv/b Yyl TTyE, ATHR LR, KRR
TRTY, FrFHTTEX, IHhxY U ELKOBB TR S, FRE LUTROL
Zﬁuh!%ﬁﬁ&0~343m,fﬁ&ﬁf&1-54m,‘&ﬁﬁ28~413m,.%bf20~'23m7ﬂ
TNENENDLE L, FFNEEE, FEA54 Thy, FIBIESA 6kg €, 1ZIFEL o, ZhIZH
L, FRIRIFIZHWTIE, 82% 0.075kg, 4 ° 0.008kg, #EEA'10.050kg, IEIL 0. 140kg, A&t
HZHEI10. Bkg Th o 7o WK ClE, EHIEEFTEEMIZZ 2o 120, ERRILEEI A AR <
BTSN D 52 L oMY X SILIET A XEFD 2, HERLE 2O LWwEIL, i,
02%@mt5£@,¢-F%@%ﬁ%wi¢@ BTG o7,

RRCEERIZ Y & T ERD IR - A O ey W DBL{EENE, Table 31RLAEEHD, |-

Table 3 Dry biomass of each part at height class in a unit area(ha)

Height class Dry biomass (t)
(Tree height) Stem Bark Branch Leaf Total
Over storey  [Above 9m) 6. 003 1. 082 3. 454 0. 404 10. 943
Under storey (2 — 9m) 6. 855 1. 035 2. 565 0. 465 10. 920
floor storey (Under 2m) © 0,015 0. 002 2.010 0.028 2. 055
Total 12. 873 2.119 8.029 0. 897 23.918

TR T %>h>MM>1®%LZ<,M%W?@,%W>%>%>w&mMT%otoim
TR O hay O BFEBTERNE, B E TR, Z2hF01lt, MERAH 2.1t T, BBFRE, 24
tefiEshi, 2053 fol}é( Fhklk, ERE L 1t, TR LOt, FREER 0.002t, At
ALY 2.1t Tho/o, 610, BB 2RULHAR MR/ 2BER X 100) |
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Fig. 3 Relationship between bark ratio and stem height
of broad- leaved trees
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Table 4 Dry weight and bark ratio of broad-leaved tree

Tree age Tree D.B.H**  Dry weight (kg) Bark ratio**

Sample tree ' {year) heigt{m) {em) Stem Bark (%)
MIZUNARA (1) 119 24.8 42.0 575, 229 63, 021 9.9
ASADA(2) 57 16. 4 23,4 179. 603 13. 085 6.8
MIZUME (3) 59 20.1 22.0 123.532 20. 616 14.3
MIZUME(3) 57 16.6 34.4 173. 835 15. 270 8.1
HARIGIRI4) 60 17.8 21.6 167. 666 30. 150 15.2
EGONOKI(5) 51 13.4 21.0 108. 913 7.584 6.5
RYOBU(6) 41 10.8 iL.5 35, 680 0. 869 2.4
KOHAUCHIWAKAEDE(7) 31 10.8 10.6 14. 805 2.382 13.8
YAMAMOMILJI(8) 33 9,2 9.4 9.373 1. 556 4.2
KEYAKI(9) 30 9.8 6.5 5.737 1.474 20. 4
Over storey (9 species)Total 30-119 9.2-24.8 86.5-42.0 1394.473  156. 007 10. 1
KUROMOJIN0) 15. 117 2.558 14.5
UWAMIZUZAKURA (1)) 8. 288 1. 004 10.8
KAMATSUKA(12) 2. 567 0. 328 1.3
TANNASAWAHUTAGIL(13 2. 068 0.238 10.3
MURASAKISHIKIBU (14 1.611 0. 145 8.3
ABURACHAN (15 1. 181 0,174 12.8
KIBUSHI (16) 1. 316 0. 127 8.8
GAKUUTSUGILOT 0.245 0.033 1.9
GAMAZUMIY) 0. 740 0.114 13.3
SHIKIMI (19 0. 245 0.074 23.2
SARUNASHI 20 0.411 0. 245 37.3
SHIRODAMO 2)) 0. 094 0. 027 22.3
MITSUBAAKEBI 22 - 2.0-9.0 - - 0.117 0. 045 27.8
YABUMURASAKI (23 0.125 0.016 11.3
[WAGARAMIQY 0. 096 0.031 24. 4
MOMI @29 0. 006 0. 005 45,5
KEYAKI(9) 0.031 0. 006 16.2
KOBANOGAMAZUMI (26) 0. 009 0. 002 18.2
URIHADAKAEDE 27 0. 003 0. 0005 14.3
NOIBARA 28 0. 002 0. 0003 13.0
NAGABAMOMIJIICHIGO (29 0.0004  0.0005 55.6
KOBANOKUROUMEMODOKI (30) 0.001 0. 0004 28.6
Under storey ( 22 species ) Total . 34.273 5. 1734 13.1
Floor storey { many species }Total - ~ - 0.0-2.0 - - - 0,075 0. 008 9.6

(1) Quercus mongolica var.grosse-serrala Rehd. et Wils. (2)Ostrya japonice Sarg. (3)Betula
grossa Sieb. et Zucc. (d)Kalopanax pictus NaKai (5)Styrax japonica Sieb. et Zuce. (6)Clethra
barbinervis Sieb. et Zucc. (7)Acer sieboldianus Miq. (8)Acer palmatum var.maisumurae Koidz.
(9)Zelkova serrale Makino (0Lindera umbellata Thunb. (1)Pruns gareyene Maxim. (19 Pour-
thinea villosa var. leevis Stapf. (13Symplocos coreana Ohwi (14 Callicarpa japonica Thunb.
(19Parabenzoin praecox Nakai (18Siachyurus praecox Sieb et Zuce. {(NHydrangea scandens
Seringe (§Viburnum dilatatum Thunb. (/licium religiosum Sieb. et Zuce. Q0Actinidia arguia
Planch. @UNeolitsea sericea Koidz. (JAkebia trifoliate Koidz. (@3Callicarpu motlis Sieb. et Zuce.
@)Schizophragma hydrangeoides Sieb. et Zuce. @5Abies firma Sieb. et Zuce. = (coniferous
tree). QOViburnum erosum Thunb. QOAcer rufinerver Sieb. et Zuce. 28Rosa multiflora Thunb.
@9Rubus paelmatus Thunb.30) Rhamnus japoniea var. microphylle Hara.

*! Diameter at breast height. ** Bark ratio=Bark/ Stem -+ Bark X 100 .
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DB OME &Y~ 74 v 7L, 28D RHIE (ERR=-7 54 MEKAIY v 7EA
-268) & Hlvx Tl BUkE }’&fmﬁﬁ fEE L, CFHGIRY HilE BE L

s, BTRO PR r,xk*@?f[‘ PH AL, FRO 2BMNE ﬁ%fvifl"“é‘bﬁ‘z;{‘iﬂ L7

RRRE 5 2004 5°C
RIS o — B BUER ; 50kg / enf— 5 min —10kg / onf — 25 min

-2 #HREERE

(1) BHEE & N #

PR & D 2 ORBIMES FORY) 72/ = VEFEALTWEZ L4 &, {LFErgfgis
b kDMl LM E K& B B0, NSRRI O MR L L THEETSH
%o

P 45 o U & BEHELZ & 2 IR E R OIERE R & Table 5 1R, il U 72 BRI

Table 5 Thickness of stem brak of various hardwoods

Age DBH*' H** Thickness (mm) Inner bark

Species {yr} {em) {m) Inner bark Whole bark  ratio (%)
A 8 (A /B}
TANNASAWAFUTAG] *°  — o - 0. 605 0. 704 86. 02
KiBuUsI ** — - - 0, 507 0.711 79. 47
KUROMOJI ** - — - 0. 877 1. 001 87. 14
GAMAZUMI ** - - -— 0. 926 1. 027 87. 59
YAMAMOMLJI **® 33 9.4 9.2 1.012 1. 208 83. 87
KAMATUKA ** - — - 1. 079 1.214 87.76
KOHAUTIWAKAEDE ** 31 10.6 10.8 1.117 1. 358 §1.81
UWAMIZUZAKURA ** - e — 1, 266 1. 518 83. 44
KEYAKI **® 30 6.5 9.8 1. 385 1.573 87.85
ASADA 57 23.4 16. 4 1. 582 2.663 59. 18
MIZUME (2) ** 59 22.0 20.1 2.355 2.870 88. 33
EGONOKI1 51 21.0 13.40 2,359 2.723 87.22
MIZUME (1) **® 57 - 34.4 16. 63 2.503 3.037 84. 60
(81.85%1 )
ASUNARO(2) - e - 3.706 4.718 79, 52
ASUNARO(1) - - - 7.972 12. 180 65. 38
MIZUNARA 118 42.0 24,75 10. 733 15. 399 67.71
% 1 . Diameter breast height % 3 1 Tree of coppice

%2 | Tree height % 4 ! based on dry- weight
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Table 6 Extractives content and pH of stem barks

Species Soluble in pH of H:0
hot-water (%) 1 % NaOH{ %) Solut'n
SUGI 4.34~14. 48 21. 26~28. 68 3.8~4.4
HINOKI 12.41~20. 72 42, 04~51. 46 4.0~4. 4
KARAMATSU 24, 83~28, 78 40. 65~58. 16 —
KIBUSI 19. 38 61.02 4.75
MURASAKISIKIBU 13.00 58. 44 5.50
SARUNASHI 9. 80 57.39 5.35
UWAMIZUZAKURA 7.23 50.75 4.63
KUROMOJI 8.75 49.23 5.16
GAMAZUMI 10. 82 46. 45 4.85
KAMATSUKA 9.59 - 45,77 5.03
TANNASAWAFUTAGI 15. 31 44. 47 4.70
KOHAWTIWAKAEDE 9.74 37.74 4,87
KEYAKI{1) 10. 51 35,18 5. 47
KEYAKI(2) 7.76 25. 64 -
MIZUME (1) 8.73 35.09 4, 84
MIZUME (2) 5.75 28.33 e
YAMAMOMIJL 5.79 34. 14 5.65

Table 7 Extractives content of stem barks for molding examination

Species Soluble in
n-Hexan ( %) Methanol { %) 1 % NaOW( %)
SUGI 0.58 5.80 42.11
HINOKI 2.11 6. 00 32.78
KARAMATSU 1.67 29. 65 27.66
ASADA-2 0.75 5,45 38. 54
MIZUKI 0.78 15. 35 39.39
MIZUME 1.59 4,22 32.61
KEYAKI 0.21 3.23 23.70
RYOUBU 1.60 19. 60 37.83
HARIGIRI 129 6.16 32.47
EGONOKI .77 11.61 34.41

4 2 Bk ED pH % 3.8~ 5. 7TOMPATH 0, AUEE & FRRITEN: T h > TH B 5
o, Table? OBKIMHEMEERD Y b, Hizhowy, IXAF, Vav 7, =I/%
S I R 2 R A &/ — VY E R L Tn i,
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Fig. 6 Relationship between ash content
and ‘calorific value of woody biomass

1 TANNASAWAFUTAGI 9 MIZUME

2 KAMATSUKA 10 YAMAMOMLUII

3 SARUNASHI 11 KEYAKI

4 KIBUSHI 12 KOHAUCHIWAKAEDE
5 UWAMIZUZAKURA 13 ASADA

6 MURASAKISHIKIBU 14 EGONOKI

7 GAMAZUMI 15 MIZUNARA

8 KUROMOJI 16 BUNA
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JR S D BN RO TE B AP T B AD ARG AR L TV B0 FEBURDREIL I AABIET,
5,010 cal g, IRAEHEHE 3.36 %, HIKWE Y v+ 779 FHET, 3,799cal /g, KHEH
#12.28 %Th 7z,
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TIETRE P DO L oles & v T 778 FHE iﬁfwkﬁ@l“}lliéio’( 15.31 %Dt &
B, FEERBIORMALE 4,242 cal /g T, 443 cal /g LML, BOBWE L IZEF U E 2 - 720

AF (BBl 4,744~ 4,961cal/g) LU/ ¥ (B&8dL; 4,811~ 5103 cal/g) O
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Table 8 Particle diameter in the most frequency of flour
prepared by a Willey mill (Xmax: #m)* and tensile
strength perpendicular to the suface of the boards
made from the flour of stem bark (F :kgf/ 6 X 6cm)*

Species Xmax F Species Xmax F
SUGI 155 13.3 ASADA-2 90 26.4
HINOKI 89 78.1 MIZUKI 269 88.0
KARAMATSU 244 258.8 MIZUME 412 89.3

KEYAKI 240 92.5
ASADA-1 278 95, 8
RYOUBU - 114.2
HARIGIRI - 126. 1
KUROMOJT . 704 154.1
HOUNOKI 131 188.6
EGONOKI 278 351.6

% Xmax : Caluculated by Rosin-Rammler’s rule
Melding conditions : 200°C, 50kg / eni~ 5 min —10kg / caf~ 25 min
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Fig 7 Relationship between mixing ratio of HINOKI bark
flour to SUGI bark and tensile strength perpendiculer
to the surface of the boards
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Summary

In order to utilize the stem bark of broad—leaved forest as fuel resources, a fundamental study of struc-
ture and biomass in Mie University Forest, and physicochemical nature and molding property of broad-leaved

tree stem barks were carried out in the Forest.

1. Structure and Biomass of the Forest.
(1) Structure and species composition

The structure and species composition of a coppice in the university forest were investigated. This forest
is second growth which was used for firewood and chacoal and consisted of 30—40 woody species. Domi-
nants in tree layer (above 14m) were Acer sieboldianum Miq., Acer mono Maxim., Acer palmatum var. mai-
umurae (Koidz.) Makino, Zelkova serrata(Thunb.) Makino, Cornus coniroversa Hemsley, Carpinus japonica
Blume, Prunus jamasehura Sieb.et Zucc., ete. Dominants in sub—tree layer (7-13m in height) and in shrub
layer (under 6m) were Styrax japonica Sarg., Pourthicea villosa var. laevis (Thunb.) Stapf., Lndella umbellata
Thunb., Parabenzoin praecox (Sieb. et Zucc.) Nakai, Callicarpa mollis Sieb, et Zucc., ete. These deciduous
" trees are common spécies in temperate zone of Japan.

(2) Biomass

Dry weight of the stem wood, stem bark, branches and leaves in a sample area (5X10m) were 30.02,
5.41, 17.27 and 2.02kg for the over storey (above 9m), 34.27, 5.17,12.82 and 2.33kg for the under storey
(2-9m), and 0.075, 0.008, 10.050 and 0.140kg for the floor storey (under 2m), respectively.

Dry biomass of the parts for each storey per unit area (ha) were calculated as 6.0, 1.1, 3.5 and 0.4t for
the over storey, 6.9, 1.0, 2.6 and 0.5t for the under storey, and 0.02, 0.002, 0.2 and 0.03t for the floor
storey.

(3) Bark ratio

Bark ratio of the individual sample tree was in a range of 2.4 to 55.6%, but the bark ratio contained

all sample trees in the over, under, and floor storey were 10.1, 13.1 and 9.6%, respectively.

2. Physicochemical and Molding Property of the Stem Bark
(1) Reducing property of bark into flour

The inner bark ratio to the whole bark in the most hardwood, which largely affects the toughness of
the materials and depends on the species, was 80~90% and was much lager than SUGI and HINOKI barks.



L SRS L 0 MRV ST SEBE R 28

L

79

The ease of reducibility or pulverizatidn of hardwood barks into flour, as well as softwood barks, depended
largely on the toughness and rigidity of the materials and also on the type of pulverizer. With a Wiley
mill, the stem bark preparations from softwood could be ground more easily than hardwood ones. When another
type of mill was applied, however, different results were obtained. SUGI bark was converted easily into
the fine powder but not HINOKI, KEYAKI or MIZUNARA bark, because they had more tough components.

These results show that a cutter type pulverizer is more convenient for woody materials having a diver-
sity of physical properties.

(2) The extractive content and pH of bark

The hot water and the 1% NaOH extractives of the air—dried flour of barks were contained in a range
of 4.3-28.8% and 21.3-61.0%, respectively. Especially, the extractives could be obtained in quantity from
the barks of KARAMATSU, KIBUSHI, MURASAKISHIKIBU and SARUNASHI. The solution of the hot
water extraction weak acidic nature ranging in pH from 3.8 to 5.7, which are almost similar to those of
the aqueous solution from softwood bark or a common wood.

The bark flour of KARAMATSU, MIZUKI, RYOUBU and EGONOKI, which was served for the pressure
molding test, was also contained a large quantity of the methanol extractives.

(3) Fuel value of bark

The average heat of combustion quantified by the calorific value of absolutely dry wood is 19 MJ/kg
or 4,500keal/kg, However, there seemed to be greater variation in this value for barks than wood materials
because of the difference in ash and extractive contents. Heat value among hardwood species exhibited a
big difference, but most hardwood barks recorded 4,000~5,000kcal/kg, about 400kcal/kg less than those of
softwood barks.

Mineral or ash content of bark was much higher than wood, and a high content of certain soluble con-
stituents such as phenolic compounds as well as oligosaccharides was also observed. Such alteration in the
chemical constituents was responsible for the cmbustion nature. The experimental resuls indicated that
calorific value of bark reduced with increasing ash content in the material and an approximately linear
relationship existed between both values.

(4) The pressure molding property of bark

Woody biomass containes non—crystalline and amorphous constituents like relatively low-molecular
phenolics and carbohydrates. Such constituents have thermoplasticity and exhibit auto-adhesion and produce
densified material, if a polymeric material soften.

To evaluate the molding property responsible for the ease of pelletizing, boards of 5Smm thickness were |
made from the stem bark flour prepared by the Wiley mill, and the tensile strength perpendicular to the
surface of the board was measured.

Among the bark flour tested, lowest strength was 13kgf/6x6cm for SUGI ; KARAMATSU and EGONOKI
were more adventageous as molding materials. As a general rule, the barks having larger quantities of ex-
tractives were better than the lower content ones in their molding property. However, the strength of such
lower grade materials as SUGI bark could be improved by mixing with more appropriate materials.





