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Fundamental Studies on the Utilization
of Hardwood Barks

By

Kiyoshi Kawase and Makoto Suzuki
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e~V F Alnus hirsuta TURCZ.

DA A B Betula platyphylla SUKATCH. var. japonica HARA

+ v v A Carpinus cordata BL.

7 A & Ostrya japonica SARG.

X T Quercus mongolica FISCH. var. grosseserrata REHD. et WILS.
N = v Ulmus Davidiana PLANCH. var. japonica NAKAI

Y = v Morus bombycis KOIDZ.

7 P4 v Cercidiphyllum japonicum SIEB. et ZUCC.

A v s Magnolia obovata THUNB.

¥ N £ Phellodendron amurense RUPR.

125 h=7 Acer Mono MAXIM.

Y < ' I U Acer palmatum THUNB. var. Matsumurae MAKINO
Y F X = Fraxinus mandshurica RUPR. var. japonica MAXIM.
v 7 F Tilia japonica SIMONKAI

#EAKOE R, WEERE, K Kok IovgfikofwEgcdd o8 kodle
BERLT2) 2nTs, FLROISTHD, BEIL59~127Tm, BMEERIX 77~
13.0cm, NI 21~T28T, ~A = VOZNRT2E L ETRATTE» >, KL EE
21~51% T20% 17+ X, Y=277, AvI, ¥y= i D4E, BIDEIELALER
30~50% DOMEIT, +®v / FAHEDS5L% TH -1, BEOKFEIMTE L ONEE L
A, MIVENLDIT I XFTF, ~n=bL, xY/F, A EZ¥h=F, vF/%, O
FiD o1z, BERILLI0~21%, ¥i14% TH -1,

a. ZFAEH

BIEAAHET2em FHOKEITUWL, MeRACTHAEEYTEELL, AKORE
BEOEBKERCNTLEEGAIELLLDEELIRCORTHD, Yy YY"V /F, K
VF, YREIVIAENEDLDTITL, MOBERATRHEELLOLH > T DTHHE
DRETH > d, AAROKRIRD DRI, -7eh, AT T LoiorR
K& LUTERCH G, WKL Wiley mill @i TFEL, 40~60 mosh # ket n
—2,1% NaOH $ii#y, ¥ = vE LU=V ++ VOERIC, 60~100 mosh * K55 ¥ X
BT La—L - v v EBRBICH W, TBEERL v/ %, 5 AV "DX5
CHS54F LEBEOLOLB D, Tl =y, wv /%, vFFOLCHRTS
EBREEBROBHICHHETHLDONH - T, BED XA 71255 VG0 LA OIRE
DEIFE ENTe D Z & o Tt

b. H#BERORK

NEXFECINE D LT~y FoliRoOMAE 22 0, - hi#uk CHUBEE, SCHULZE

% iz T 40~50°C T 32 By RIMB L, ¥EB L -7c k¥ X KL, RBRELIE-
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Table 1. Sample trees

Y, N ar wok & Mo R
) i ) B 7T e 65 [ A B EE R s _ Moisture Bark Inner bark
Wood species Period able to peel Diameter at Age @ ﬁ
Height of tree breast height Bark Wood Wood with bark Total bark
{m) (em) (year) (%) (%) (%) (%)
Y <,V F o o
Alnus hirsuta Apr. 30~Aug. 30 11.6 115 31 10 47 10 HA o B RS
v 5 h v PN
Betula platpyhylla v~ 10.2 1056 21 33 37 12 86
var. japonica .
Carponus cordata May 10~ Aug. 30 70 9.0 8 M7 10 52
gstryaﬁ_—ja Ponf;a Apr. 30~Aug. 15 95 95 37 22 41 13 50
X F 7
Quercus mongolica var. Apr. 25~Aug. 30 7.0 95 23 40 37 13 48
grosseserrata
N n = v
Ulmus Davidiana Apr. 20~ Aug. 10 10.6 97 72 45 40 11 73
var. japonica
Morns bombyeis Mar. 20~Sap. 10 87 77 37 29 43 16 53
Corci dz";)hyllujn Japonicum  Avr- 15~ Aug. 30 9.7 95 40 21 43 15 53
X;,agzoha’ bata Apr. 20~ Aug. 20 117 95 2 51 46 13 Py b 0 5 3R S 8
Phellodon dror o vense AT 20~Aug. 30 119 130 39 38 41 15 45
A2 xp=7 b~ 110 80 26 36 33 13 70
¥ = ® 3 Y P A o R
Acer palmatum var. Apr. 20~Aug. 20 59 8.0 41 27 33 11 B4 %E’EER 8
Matsumurae S H
. I F May 10~ Aug. 30 106 125 27 4 40 21* 75
Tilia japonica ay U~Aug. : :
Y F & %
Fraxinus mandshurica Apr. 30~Aug. 30 12.7 9.0 25 47 47 16 82
var. japonica .
¥ \verag e 99 98 34 3 40 14 62

* PECEK LD EE 10cm O 3R oW TRIE L0 FiEE Hvie®

j4¢4

EELNWEEEEHEYERI

E1% Ro#
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THEET DD, CPREARLIDIZIGADIFTAT A A E—TBL, 7T ABEDHETEL
DELTHREEX R,

e VSHUNRBEDORKES

T I AV AREE NS EEROBE 116 m 0 30T, HEKF v S—wnld, &
ELR2mm DFy TEDLD, A7) = VENTThb, E5ITEHZOAMD Y5 IR
b0 Rvie, BEABEBIIAK, ARCHFNT, 28K Y 3cm FHOKE S
P Licb or B,

d NLTIEEBRALF/ +8E

ENH T EBERRC RV T 1964 11 Bo o/ R RABEB TR EL -7, Zh
DOHABRBEFZ2THFTH L -Thb, AFELACT3m ORICTH LI DRV T
{ERBEFy 7L L1, —F, ¥~y FOERCE -0 FEEFER Y — F TUEL THh
5, 1GADI/FAT7 4L E—hTHFABTH LSS U CHHELERL, B#EORE
RV, SHRABCLIBZUMOIWICETL, 22 X% 550517 L T 40~60 £ v
vakkatie—2ARIC, 60~100 £y v 2 FDOMORGTHMAE L,

2. ERF K

a BASWEIBHSCLIBER

GHERM BT - TiTle oo KA Y fa AW TELIKIEE, Ry v
AR T 105°C T 30 S RIME, 7o 4 — & —chT 30 FRIGENIE, 7o — & — 55 I
LTobL5SGEBRRB LI, 7TAa—A XVYEVHHBIYy 2 AV —HHESELYHV,
Fra—n - _XvEY 1:20BBEZHCTSEKEHE L, frtie—-RA3HERR
Y~ SR T3EPY =L TUhb, V7=V EKGERHIELR, BEEET X 5 BEcit
=2v S-Ke MIEHSEFERFEBEY A, O THEL, FERX L -1,

b. ¥SHUVIHLEDREK

BERI% ODREFy 7, ThbbyI v -~ sy 785 Hiisry 715 0E4&D
KB A M 400 g HMBEL D, 44 DA~ I V—THRAVTE®RETA A Y 25%, BHALE
25%, i 4T 170°C, 60 4R (170°C ¥ T LRI 60 438 THRML, BAE AL TE Yy
FYDBOFREARTHBELTHLBAL, KFEFRELLLHTRELXHELL, 2O
AATEERHRT AABE -2 -2 T, 7Y -3 A2 400mlé RAHND <L TH DL D,
TAPPI Standard o~ F~ v v HWTF T XHKE oL », HUNTER R EXETY A
WCEa Y, MULLEN SR ERB % A\ C 3% E, ELMENDORF X5 |24 B+ M-
CB|Z4fE, SCHOPPER R HLE NABREA BV THENZAEL, HER L L THLbLI,
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e. YFI/FEEONILTIE

600 g FIMBOTF Yy 72 440 DA— 22 Vv —TWRED, HtegV—FEBEF v
7R LERER 15%, 30%, RER Y — %% 16% %, Wit 5 C2RMA 1 L35 H% L,
EF » TN LERBY - £ 6% LEY 3% ¥k, ThEh 150°C ¥ X 18 165°C T
30 FRIEM LT, 2 BRI TRKEL, FREEKRE Y - FBECX5300REH 5
LHO0Ilmm D7 YV ¥F VATTFTAZ Y 774 F—ChFCEBRLTHLD, ITEBIT S
YRV IAESSETTIELE L 0B HEZRABEOFETETERELFHRL T
EHRBCHE LT, BB BEDID YT H VB & FBEMEL 1o,

3. HBRLER

a. 5 # R

HEDOEG#HEETRTERE 2RO LS THD, Tl v Tt flvicrr, #HED
BAERIEIRDO LS THD, IHLRLBEDIHIEHORFHK ¥ HiFE LR LI,
LB EBMBEIARMEZ D, ThZhOESPHBEICY > TRESZ LT
B, FRGEHMEHOREIIRITLBRTEE L, retware—2 33w,
VI VEY S VRRMOBELBEAES LDV, TRENDOEFITDOTHRD
&, K3 24~130%, P 6.3% TR D 023~091%, 15 054% iz & 5T 11 51
FELTWS, HHEHDOSH 1% H w1 Vv — FHHMIL 154~466%, F¥ 29.7% TRMD
147~276%, V15 188% 12 { HNT 16 5L 0T\ B, T4 3 —aA - < v vEiHmE
26~223%, ¥ 103% TAM D 0.7~86%, P 23% D4 f5L s ->TWn5b, K
MY ERAREC - DRETERVWLORE K-, BARBHEHIEIR T/ +8
BD220% 5 H v ARED 185% O Th 5 X 5, toty s ABERHE L L
BRWIndmbbhb, 28ichr L e — AL 316~798%, FE¥552% TARMD
721~828%, ¥ 736% i BARTEL, R Tr¥<~v/FD316%1LEhHHTE
W, ThTHHHE Y = viikssw I LRy YV FORBBTHED, XV MY
Vi3 11.7~208%, F#176% T, K¥ D 196~258%, F35202% & & HNTRREL
MNEERL, V7= 1 156.0~348%, Fi5227% T, KD 165~238%, ¥ 19.1%
L BRTRRFEGY, PHERXAM ERELVEVIZENTED, TALDORSTEK
BT A EEBE OGP0 L g —FK LT\ 5,

b, EMlHEE

P % SCHULZE ¥ TH R L7cd D DEBET H & RO 5 ik PR O X ¥
BRLOMBIRCELRTRTE, »Y7 IR, F2X), vr>/7¥ FE3IN, F4X),
Ay /¥ ESN, F6X), ~r=v BTH, L8N, v~y FHIK, F10X),
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IRERB R OMBCET 2 ERME OIIE-£K)
22X A E oo RS AR
Table 2. Chemical composition of the inner barks of 14 kinds of hardwoods (%)
W W
ﬁw . o] K4 Solubility in KR AR —RA XY LYY Y S =y
ood species Ash 742 — e w2 » Holocellulose Pentosan Lignin
1% NaOH Alcohol-benzene
At 39 465 20.0 316 184 348
v 3 Hh vA
Betula platyphylla 2.4 236 2.6 58.9 20.8 334
var. japonica
4+ 7 v A
Carpinus cordata 9.0 15.4 7.7 46.0 16.9 255
7y x
Ostrya japonica 42 21.3 7.4 579 194 28.2
1 X F 3
Quercus mongolica 8.1 33.1 12.8 46.4 16.3 19.2
var. grosseserrata
7N Vi = v
Ulmus Davidiana 6.0 15.9 6.1 69.5 11.7 15.0
var. japonica
Y = 7 v
Morus bombycis 13.0 36.2 7.8 51.6 17.6 246
7 v Z
Cercidiphyllum japonicum 6.4 244 83 56.7 176 23.2
AV &
Magnolia obovata 44 38.0 22.3 46.4 174 199
¥ o~ F
Phellodendron amurense 7.3 46.6 126 51.6 179 184
412X Hh =7
Acer Mono 86 25.7 41 545 19.7 26.3
¥ v % 3 v :
Acer palmatum 8.6 229 9.3 79.8 16.3 164
var. Matsumurae
vy oFr J *
Tilia japonica 3.3 322 114 65.9 18.7 158
¥ o F ¥ =
Fraxinus mandshurica 3.0 342 12.1 56.6 17.6 17.1
var. japonica
g ¥
Average 6.3 29.7 10.3 55.2 176 227

AP BWe v F 2 FHEORFER

Table 3. Chemical composition of basswood inner bark for pulp (%)

®3x
/3 v
Ash
WmOH®
Solubility in

T —eX VY
Alcohol-benzene

L)

X

Hot water
1% NaOH

fRRAEAR

— A

Holocellulose
FArere—AhOLY Py
Pentosan in holocellulose

R
Pentosan
a-t/a —

A

a-Cellulose

vy 7= v
Lignin

3.3

167

220
52.6
65.9

234
177
45.8

134
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#1 H oy 7 P HRRAE o RS T
Fig. 1. Fiber of the inner bark of
Cercidiphyllum japonicum

(% 37)

EIM v s N EMHED PSS T
Fig. 3. Fiber of the inner bark of
Tilia japonica (X37)

B5E &Y/ PO ST

Fig. 5. Fiber of the inner bark of
Magnolia obovata (x37)

lwumber of fibers

S DR

% & Fiber length, mm

F2E » v 7 NEOEMER S
Fig. 2. Fiber length distribution of the
inner bark of Cercidiphyllum
Japontcum

i

é.;
Er3

7 Fiber length, —mm
FAR v FNEOBERSA

Fig. 4. Fiber length distribution of the
inner bark of Tilia japonica

BEDKE Mumber of fibers

i 13 20
B W K Fiber length, nm
HOR + v s W E OB
Fig. 6. Fiber length distribution of the
inner bark of Magnolia ohovata
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& -

E = L R O S B T
Fig. 7. Fiber of the inner bark of Ulnmus
Davidiana var. japonica (x37)

& B

BOR  vovow s o P kEE D s

Fig. 9. Fiber of the inner bark of
Acer palmatum var. Matsu-
murae (X 37)

Ll

11 7 4 e Al o B G T
Fig. 11. Fiber of the inner bark of
Ostrva japonica (X 37)

% % K Foer length, mm

B8R = v Ko MRHELL 5 T

Fig. 8. Fiber length distribution of the
inner bark of Ulmus Davidiana

var. japonica

fibers
.
8
8

.

/

DREL Nyméer of

HEORY

fiber lenglh, mm

%10 T E S PO MHE 1A
Fig. 10. Fiber length distribution of the
inner bark of Acer palmatum
var. Matsumurae

SREE DR E Nomber of fibers

05 . . 70 I 75
oWk Fer length, mm
HBI2E 7 X MO e 2 A
Fig. 12. Fiber length distribution of the
inner bark of Ostrya japonica
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BIIE v o LR IR T T

Fig. 13. Fiber of the inner bark of
Fraxinus  mandshurica var.
Japonica X 37)

BISE < A T e o SR T
Fig. 15. Fiber of the inner bark
of Quercus mongolica var.

grosseservata (X 37)

BITE =~ % PR O W s 50T
Fig. 17. Fiber of the inner bark of
Phellodendron amurense (< 37)

S OKR Mumber of fibers

B2SE W1y

5 Y 5

MW K Fiber fength, mm

FIE v T 2N oM A

Fig. 14.

BEOERE Number of fibers

Fiber length distribution of the inner
bark of Fraxinus mandshurica var.

japonica

W R Fiber length, na

FI6E 2 <7 ko @il i
Fig. 16. Fiber length distribution of the

inner bark of Quercus mongolica
var. grosseserrata

% o
o=

5

£ 2

g

=

& o

£ g

= o)

# 15 g

WHE Fiter [ength, om

FISE & o~ X NI OMEHER S A

Fig. 18.

Fiber length distribution of the inner
bark of Phellodendron amurense



Fig. 19.

F221H
Fig. 21.

%23 12 h =5 N EHE O WK B L

Fig. 23.

Fiber of the inner bark of
Morus bombyets

7 oS P RERE O TR v

Fiber of the inner bark of

Jix SE R 0 o FUINZ B & QR WEZE O 530K 221

T

Carpinus cordata

Fiber of the inner bark of

Aeer Mono

(% 37)

BI9E v~ 7 v Py ki o BIR T

(X 37)

(x37)

T — e ——
h 5 20

& e fength, mm
BR vy KO BHER

Fig. 20. Fiber length distribution of the
inner bark of Morus bombycis

522 7w PO B S 0 A
Fig. 22. Fiber length distribution of the
inner bark of Carpinus cordata

BB v 7 v A A Wik g 1
Fig. 24. Iiber of the inner bark of

Betula  platyphylla  var.
Japonica (X 37)
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I

: = y

BBE ry=-r

-

v 2% N RREE O iRk BT LT EWE TS E O B

FH
Fig. 25. Fiber of the inner bark of Fig. 26. Fiber of the wood of Betula platyphylla
Alnus hirsuta (X 37) var. japonica (X37)

gak ML o M K
Table 4. Fiber length of inner barks (mm)

: il I FN It A e B

Wood species Maximum Minimum Average
gerCfdé/z_yll:jn Japonicum 21 0.8 1.47
Tl Jehaing 20 038 134
j\}agzolmj St 1.8 07 1.20
i}lnz;:s Ii}’z'idviamz 2.8 0.3 1.14

(MO L OB B

var. japoinca
¥ = £ § 2

Acer palmatum 13 0.5 0.92
var. Matsunerae
7 + 2

o . .
Ostrya japonica Lz 0.6 0.86

Y o X =

Fraxinus mandshurica 1.4 0.5 0.86
var. japonica

i A & Z

Quercus mongolica 1.2 0.6 0.83
var. grosseserrata

g e ¥ 1.4 0.5 0.81
Phellodendron amurense : : :
Y = 7 7 2.3 0.3 0.74
Morus bombycis (O T L o B L)

o A 0.9 0.4 0.69

Carpinus cordata
{f 2 Y Hh =T
Acer Mono

WA JER T <

v oZ h v

Betula platyphylla "
var. japonica

e P
Alnus hirsuta

2[/1 y’)

Average 2.3 0.3 0.99
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THEEEIN F12K), vF4E FE13XN, £14X), 1 2+ 35 (151K, % 16 [X),
FAX (EITH, F18K), v~7v EIIK, H20X), +v v (21K, % 22X),
A2¥ =7 H2WBRX), vIHrv FE24MX), ry= v/ % E2BK OL>5TH
b, FLINLEBAELILLDIELIERDL S TH 5,

BHEOBELHAARM OB LXTEHLOTHEET, B, UM, hlihiksc
EAEENBYL, ~A =2 vor < S VIR Y IIE LS, 2EREDOLOTH
5, BIETELLDICDWTAS E, BEKR23mm, &/ 03 mm, ¥ 099 mm & 7c - T
Wh, MREOE SIIWETE ed»fen, —BiICS TV 2 EXBEBEOBE T b
hic, BERMCRDE, rY< v /3L v Ih v ARNEREAALTELTHATE i
BROMBIZE LD TT L, Y= 774 &Y H =7 NECEHHMER Lo #ifas B
Mb, Hv IS 10 BEON BCBERMEA B Ehofc, BEROSHx & 5 &,
JKEBCOMATHLDC A A=V, Y=Y, BVF, ¥F 7%, x% /) FONEND
NBRICH I E > TWBEDI, +7 ¥, £48, IXF+5, 744X, YF 4%, ¥=
TIPOREBH B, ~r= LTS VICEBREN RSN B0, FEBEEREILNXL
POGHTRARHRBTH B Dk, R UK
IhiclkcdtBbh 3, o

DET AN TN HID v 5 2 F R
B OMME A NaClO, iz & - T #ifE1, 5004
DRMEELXTWELLDIFEIROLHT
% T, SCHULZE KIEIZ X 2 BBBOBE L
LIBEN T e o fe, BHER R/
FHEDOLR LD HRPREVDIL, LTOR 1 , , )

I

HELEZDHZENTELS, W R Fiber length, mm

c. BEEBAONILTADEE 2T >/ FHECHBREENT

RRICH - EROARO BER (X Fig. 27. Fil()lj: (l::r(l);t‘}: jijr?iﬁ)ion of the
MfAKOHREER I THEOREEREDE inner bark of Tilia japonica
B) LTS 02T I ) (Defibrated with NaClO,)
D 10%, P 14% TH%H, AROBERIEERO DI VLOERERE, febxiF¥r s
FILOWTHRD L, HEdem OB EH 42% L&H, HE10em TE21% Lic>Tw 5,
BEBCOVTIME LR L H 528, EFOMETIRER 4cm DBFH 29%, HE
0em OBE1T% Lis>Twb, Lk -T, BELI0cm ANDNERE <L 7T 3
BEIBERISD LA TRERZEEXEL, 220 16~16% OB ERCOVTDRL T
{LRBRO P L5050 T, ChEhvi, Y7h V- Fic156% OB EXEAL

40

T DARE Number of fibvers
T
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T > RBOBRELY T L DB EESRDLHTHD, THITLDE,

I B BEYEALCEED A FINEL 37T~42%, Fi 40% CTHHEE > 5 H v S
ot TIRED 41% X b 2BV, S AR — IS EACIR T e » ) ATEE O G DY KM
W BRCEHBICETNTEIENLEBTE S,

BEE: BEAREA LAV TOEBER 18~29%, ¥524% T, BEYFH VA
Mo 28% X0l Bl »Tunbh, BMEREACI - TABEDOE Lo fcbDik+A Y
7 %D 29% DAXRT, ZiiBEetotn KEAHLI LD L ERTEL, oK
EIHBC L BB TLEREY S H VAMKECS LN TRREVEHETE L, D&
BEOBACL - THAENMETLLLVOXERTEFOVWVIHICHBET L, Y=3

FEo5K v 7Moo 15% BEEERBREE
Table 5. Effect of barks on the pulp properties of birch
wood (bark : wood =15: 85)

; SATRECS, 7Y kA PEE el gk 3B
Bk o | R }1 reld : Breaking
; pulp yield C.S. Freeness Brightness urst Tear
Kind of bark added length factor factor
- I v I méy (%) (km)
ek , A
A hirsa 41 413 18 6.9 54 101
v P
Bctula platyphyl/a 40 348 23 6.9 5.6 78
var. japonica
a4 D e e .
Carpinus cordata 39 363 23 6.9 48 88
7 - A .
- Ostrya japonica 41 340 24 5.9 44 82
N A F T
Quercus mongolica 40 397 20 6.8 45 86
var. grosseserrata
S~ A = v
Ulmus Davidiana 40 412 23 6.5 4.2 78
var. japonica
Y o~ 7 v s . .
Mm us bomb_)cz\ 42 300 25 6.7 4.6 85
> e . .
Cerudzphyllmn Japonicum 3 357 28 6.0 42 4
+ * . , .
Magnalla obovata 39 406 29 6.3 4.7 80
B -~ & B N
Phel/odendronv amurense 3 352 26 7.1 4.5 70
2t h =7 a1 367 %5 58 10 81
vowox U
Acer palmatum 40 370 26 6.9 4.5 78
var. Matsumurae
AN 40 377 24 80 55 94

Tilia japonica
A
Frazinus mandshurica 40 381 25 6.6 4.7 83
var. japonica

Average 40 370 24 6.7 47 83

¥ 7 AT oS 41 412 28 6.4 45 91

Birch wood alone
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VEEEAREO AOEIL 26% CEES 5 H v AABMEKIE L BRI I3 E A S A DR
Thh, ¥ FBEREAREOHEAEL Y~ CLAL26% ThoFhed, HED
REThHI > TRK 05X05 mm NADTREHBIKGOB A% SH AT, HBx b U5
LSXZleoTnT, HBRMCIETBRBAOEENT - X W UM TX I, 1 2 vh =7
BEAREOHOEIL 25% TH AN, ARAMNCIXERE S S 5 v SMREL 02 HET S
ZERTERVEECH -, Y7 7RIV Vv L 2/EBEAOES L EAEN 25%
T, HIBILRLPHEEY B, BEOMENL LCHET S,

DXEZYF IR, THE, AV ISOBEYRALCKEDABEILE R Fh 24, 24,
23% T, 2 DEFICHTH T ORECET LTS EARBRHCBE T 505, WET
LZRROOBSEN, 7Y IFOBFTRIL-TWE, Y TH VA, 7.5 ~r=vof
BaBEALICHREOACEITICTRYL 28% Th v 7 LEN VN, TR L BIREOH A
BENIIRWE AR DY T s Tuh, FRABRMTIE YT 5 v EERADHK
EIFRERODIVEBORLLDTHDL, X735, ry=-v ) *ORBEORA LS
EDoBHREIXEThER 20, 18% ThH - T, ARMBETL ZOMERLAEYRBLUCE Y >
TR T, BKAEDCHALE .,

BIRBEACIZTEYRAL TAL LAAKEOET, Hhk I OBREREYC T 5
HFROBEDIONEZDIR D, r Y~ v/ *k I X+ FIAGBEOKT, B AR O B
PEBITOEL, MEOHBIA VL UL L E I obh, -~ FEHAROBENE TS,
YIN VNIRRT ERTRARD D, KA TOT ) R ANMETFT AR T LA
Do THBENRPCETT L2, BEC I AV A HD 7Y — 220 412mf ¢, BEEA S
ATD7Y —F AL 300~413ml DRBEIZH 5D TIREA EEBIL LD L EL T,

SALTHE: BEITY -5 A40ml DB EORETH L, BRI S v <o
v FEBRAD 413 mé hHREY ~ 7 70 300 ml, ¥ 370ml T, v 5 v
V7D A12mel L H LB, BERIRE Y FBEREAD 80km 75 BE 1
YH=FEERAD 58km, 56 7km TEEE > T H v ML FD6Tkm L3 L AL
EhTow, HEHEIRESG Y 7 7V S BEBADLSE L REAS 2 v 7 = FRIFRAD 4.0
W3 4T THRESY T VST D45 LREVEREREIR LA EEN L, DFTH
SIMERRE Y Y=~ v/ FBARAD 101 B RIE* -~ SRR A D 70, F¥ 83 ¢, iE
BOFHAVAHDIL LD RRE:, CALDORERENS, BERAZLZ BE~D Z81
15% BEDOEATHNILZ LD THRNE VD ZENTED, 2L TRIRE M7
IO, TAN ARG DS EHEOEEN NI oL EL SN BT LD 5,

IhLORFRIBADORKR L ZIE—HL T 5, T/ MARTIN & BROWN®(1952)
i% shortleaf pine ¥z 0, 8, 16, 24, 100% OEIEXEA L TR L &8, BEOR A



E6E v/ FHED AL FLRBRRE
Table 6. Pulping test of inner bark of Tilia japonica
3 v F 7 % B E (a) o5 h v 4+ 3 (b)
Sample Inner bark of basswood Birch wood basrsii o
Kind of Chemic‘:fls Na;SO; Na,SO; NaOH  NaOH  Na,CO3  NaSO3; NaySOs Na;SO;
EHBEmE (%) 5 . .
Chenrrx‘licals added 6 6 30 15 15 6 6 6
% M B B (C) .
Cooking temperature 165 150 100 100 100 165 150 165
#%# @ ® M (hr)
Cooking time 0.5 0.5 2 2 2 0.5 0.5 0.5
Ao IR (%)
Pulp yield 53 66 — 64 89 77 9 76
B W o pH _ _ _
pH of waste liquor 58 5.8 48 58 52
AT KR (%)
Chemical composition of pulps
FAa— v ¥y o -
Alcohol-benzene solubility 32 45 76 6.5 10 27
< v by v ‘
Pentosan 186 17.2 — 17.8 194 233 - 2.6
Lo =7 15.3 15.2 — 15.6 17.1 157 — 176
ignin
70 = F A (ml) 215 230 - 620 310 160 320 220
C.S. freeness )
P ﬁ E
Strength properties of pulps
a W B (km) B
Breaking length 29 1.8 2.8 30 5.7 39 24
rom H K
Burst factor 13 0.9 15 15 — 55 2.0 1.2
o5 H B
Tear factor 71 52 80 122 - 90 85 35
e H 0.32 — — — — 058 042 0.44

Density

NapSO0;
6
165
0.5
73

6.0

285

15
0.5
51

0.24

{H#& Mix digestion
a:b=1:1

9%¢

SELIWRBEEFEEYERI

“&1% B0
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LoT 1) WEHMET, 2 ACEIMET, 3) ERHEEENEMT LI LERED TS,
16% DI ERA DB &4 ERAH 1 7 & B 5 & IREE 4% 75 40% 1o, FEEE
RELLOEE27% 225 16% 12, 5 L4 7Tl 68% b 58% i€ T L, W& E
11.68% 55 T4% i LT\ 5, KURTH® (1956) (1= 3 7 5 7 } 2 X - € Douglas fir
MCBEZBEAL THABRLUICHER RESETL, BMHEEREHEINT 239 L4 v FEH
—VERAETEZ 8RR 15% LTORARTEL N, &5 BROWN® (1956)i1 5
EBRLtiyr i r7Hko KP @ ouw T red oak 5 X O white oak & Bt R & 17
e, 1) BB ORBEIET T2 EAMY D OREIHINT S, 2 AEEXETT5,
3) MENETT2LMEL,16% OBEXEALLEAOBERA L 7OREELR 2
V= =T, FIEM LD AL T LRBEORENZONRHELTWE, Ehtir 57
FOBEIXL16% BAT D LFHTE NG ERENMETT5 LBXTv5%, ¥ PIPER,
COWGILL s X (8 LAUER™ (1964) 1% red oak M &8 LREBL, i/t LiCbNTHFLEMN
KEWELTH B,

CDERMTLBED DD L T 2 KR NSSCP i@ i3 # 0 B8, SP ~
DEEY® I RS ) HFEIT TR Tebh T 5,
d oFJFAROINLT

V) FNEDOAALTRBROBRILEE6RDIS> THD, vF/ FHKL Il Vv —
ERRBY — ExFACTHEET TR TRBRC AL LT ENTE D2, Ky — 5T
BB AR ELRAMT L0 TE R oT, ThbbbiEBC T8 E, Bl
NHHBFVRELDTHEL, 74 ¥ 2o\ RCBT LT b7, BEFy 7E
B L, 15% D nwg v —EEMiicBhs, S 7OBRELCThOEREELI VLS
Mote, PHTGREE Y — £ X b 165°C T, 30 R L 73 T, F—4 oM
Licy T AV S 7R 05RD, R FIZFREDVTHOBEDL Ebd TEL -7,
¥ 2 FRAROBMEIMEL S T, BECEGWKEZ bR E0T, MEED 5
EDREH T - T, FH A TRy F 7 FHEAAL T EBEEMCIXIZEALRALT
HHEH, BEOKBISI XM EENTEOEBMELRLIIENE, 51D, WHAHEL
LB oTe, SATORGHEBEIBE AL TOT A a2 -1 - Xy YD BHRH
AT BERTERL, 2V IHvye) 7= vEFRICIIREN L -1, b DR
HRETHL, B THLE ST REISHLLPWEADOH L O TH DA, MEIL
K< Fim B8 Rl -7,

& b b [
JeEEDREBB K OR T, LBICEL, JEPEBNES T, WESECEL LD L
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LTk, EELDO2 HLARr Ye~v /)%, T HVS, 4703, THE, $XF7,
A=V, YRIT, AVT, RIS F, FAL, A XV NT, YY1V, YFHE,
v E20 UBEORTIEYF ) $DLTHE, LALAELE LT L THE LIk
Bropd Shicoiz R ich oo, LTehs - THbHgs s L FEBS L o Rk & L T
ORI I FIH BB TIE L bR,

—HBEDOARM AL T ~DRADEELZD L, MEOHREVB LI REVEEZ
bhz, Ll 15% BEORA TIMECIIEBENEE /NS0T, FuFaE Ll
FEOFATE B, BESOTe > RBIEVEREFOBETHLOT, EEBECHWS
BEIEDREIRALIrORNEZET S Z AR IR bRy,
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Summary

For about eighteen hundred years paper has been manufactured from phloem
fiber of “Kozo” (paper mulberry-Broussonetia kajinok:i Sieb.), “Mitsumata” (paper birch-
Edgeworthia papyrifera Sieb. et Zucc.) and “Gampi” (Diplomorpha papyrifera Sieb.
et Zucc.) in Japan.

In general, bark is the largest contributor to specks in the pulp and the bark
that comes from debarking of pulp wood or in lumber mills is used for fuel to
generate power for the mill in northern Europe and North America. Recently, bark
has become to be used as soil conditioner, building board, raw material of various
extractives. A number of recent review articles have discussed the chemical proper-
ties of extractives and their utlization.

The purposes of this investigation are (1) to search good phloem fibers for
Japanese paper from inner barks of hardwoods in Hokkaido island, and (2) to inves-
tigate the effect of bark on pulp properties. :

Fourteen species of hardwood (Alnus hirsuta TURCZ., Betula platyphylla SUKATCH.
var. japonica, Carpinus cordata BL., Ostrya japonica SARG., Quercus mongolica FISCH.
var. grosseserrata REHD. et WILS., Ulmus Davidiana PLANCH. var. japonica NAKAI,
Morus bombycis KOIDZ., Cercidiphyllum japonicum SIEB. et ZUCC. Magnolia obovata
THUNB., Phellodendron amurense RUPR., Acer Mono MAXIM., Acer palmatum THUNB.
var. Matsumurae MAKINO, Tilia japonica SIMONKAI, Fraxinus mandshurica RUPR.
var. japonica MAXIM.) of about 10cm in diameter at breast-height, were felled in
Tomakomai experiment forest on June 24, 1965, and their barks were tested.

1. The properties of the barks are printed in Table 1. The bark content of the
14 species of hardwood was ranged from 10 to 21%, and the mean value was 14%,
by oven-dried weight.

2. Chemical composition of the inner barks presented in Table 2 showed higher
content of ash and extractives and lower content of holocellulose than that of wood
(See Appendix 1).

3. Microphotographs and the illustration of fiber-length distribution of inner-
bark fibers were shown in Figures 1-25. Average fiber length was presented in
Table 4. In the case of Acer Mono, Alnus hirsuta and Betula platyphylia var.
Jjaponica very little fibrous cells were found. The average fiber length ranged from
147 mm to 0.74mm and the mean value of the average length of 11 species was
099 mm. As a result, no inner bark containing abundant fibers long enough to be
used for Japanese paper was observed.

4, Sulphate pulping tests were made on birch chips without bark and on the
mixture of the wood chip and bark, the mixing rate of bark being 15% by weight.
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The percentage is considered the average in small diameter pulpwood.

The cooking conditions for all digestion were: liquor-to-wood ratio, 4 to 1;
temperature-pressure increase period from about 20°C to maximum temperature of
170°C, 1.0 hour; duration at maximum temperature, 1 hour: active alkali, 25% ;
sulphydity, 25%. The physical properties of all the pulps were tested by standard
methods, and the data are given in Table 5.

a) The yield of sulphate pulp obtained from the mixture of wood and bark
ranged from 37% in the case of Acer Mono to 42% of Cercidiphyllum japonicum
and the mean value of the 14 speies was 40% which was 1% lower than that of
wood alone.

b) Brightness ranged from 18% in the case of Alnus hirsuta to 29% of Magnolia
obovata and the mean value of the 14 species was 24%, which was considerably
lower than the 28% in the case of wood alone.

¢) In the case of Alnus hirsuta, Quercus mongolica var. grosseserrata, Cercidi-
phyllum japonicum and Phellodendron amurense the presence of bark caused not
only a decrease in pulp brightness but also an increase in dirt over the sheet surface.

d) Breaking length ranged from 58 km in the case of Quercus mongolica var.
grosseserrata to 80km of Tilia japonica and the mean value of the 14 species was
6.7 km, which was the same as the value of wood alone.

5. Bark of Tilia japonica, which grows abundantly in Hokkaido island, is rela-
tively rich in fibrous cells. From the inner bark of the species the pulp was prepared
by the neutral sulphite semichemical process and the properties of this pulp was
presented in Table 6. The bark was digested easily with sodium carbonate and
sodium hydroxide solutions under atmospheric pressure. The yield of neutral sulphite
semichemical pulp obtained from the bark was 53 to 66% and those values were
24% lower respectively than that of wood alone. . The sheet strength of this pulp
made from bark alone was much lower than that of from wood alone.
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Appendix 1. Chemical compositions of 14 kinds hardwood in Hokkaido (%)

H
Solubility in
b 7’/1/:1——/1/ZEL mmn«t/v )
Wood Species WK 5 1% v v Wy e — A Xy by y S=v
Ash NaOH Alcohol- Holo- Pentosan Lignin

- ) o _benzene water  olullose
Ty )R 0.26 216 45 49 793 200 19.9
Alnus hirsuta
v 7 A v
Betula platyphylla 037 155 14 29 828 22.7 186

var. japonica
+ v v A
Carpinus cordata 054 228 2.0 39 794 20.1 21.2

7 W Ed

Ostrya japonica 070 190 19 4.9 78.3 21.3 20.7

i X F 7

Quercus mongolica 028 222 18 8.5 78.6 22.2 21.6
var. grosseserrata

o~ N = v

Ulmus Davidiana 086 147 0.7 2.8 80.3 20.3 213
var. japonica

Y = 7 v

Morus bombycis 082 276 8.6 10.3 72.1 258 21.1
Y 7 072 206 0.4 6.3 77.6 233 238
Cercidiphyllum japonicum ’ : - - . - -
kv F

Magnolia obovata 023 167 L9 28 810 19.6 235
* o~ x . ‘
Phellodendron amurense 058 195 0.7 4.6 79.5 20.8 187
4 8Y =5 ) )

A2 040 166 16 43 813 222 186

o= ' 3 Y )
Acer palmatum 045 236 2.8 7.0 76.8 23.3 215
var. Matsumurae

A 2% 5 6 ; 20.5

Tilia japonica 075 260 6.6 5.6 799 20.2 16.5
Y oF X x

Frazinus mandshurica 091 185 1.0 54 82.1 20.6 20.2
var. japonica

F #H .
Average 054 188 2.3 6.1 73.6 20.2 19.1




