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Analysis of Water Adsorption of Bamboos on the Basis of
Hailwood & Horrobin Theory *!

Shinji YAMAMOTO*2, Takato NAKANO*2,
Misato NORIMOTO*3 and Junko MIYAZAKI*4

Moisture adsorption properties of three typical bamboo species in Japan, namely madake (Phyllostachys
reticulate) , mousouchiku (Phyllostachys pubescens), and hachiku (Phyllostachys nigra MUNRO var. Henosis) , were
examined and analyzed on the basis of the Hailwood & Horrobin theory. The hygroscopicity of the three bamboos
differ, and its ranking was madake <mousouchiku and hachiku, madake having been extracted with dilute alkaline
solution. The hygroscopicity was greater in the inner than the outer portion of the cross section for all bamboo
species. These differences were due to the extractives content in the bamboo substance, because they disappeared
after extraction with 2% NaOH aqueous solution. It was presumed from the results of analysis based on Hailwood
& Horrobin theory that the change in hygroscopicity following extraction with alkaline solution depended not only
on the removal of extractives but also on the properties of regions newly created by the extraction which can swell
with water adsoption.

Keywords :  water adsorption, Japanese bamboo, Hailwood & Horrobin theory.
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Fig.1.  Isotherm curves for Madake (O), Mousouchiku
(&), and Hachiku ([J) as typical Japanese

bamboo species.
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Fig.2. Isotherm curves of inner (O) and outer (@)
portions of the cross section for Madake.

ZAMUE RS 5) OWRAESRBETH D, NI
FIZHARTEWEKEZR Lz, RO O®
WIERNFZ, BETVYFZIIBWCHRDLNT,
Fig. 1 & Fig. 2 O#5F13, Wik X0 OH &2
DENTARABEFEVSR LB I EE2RLTV S,

Fig 1 & 2ITRL7-BESE 2 L ) @ BWICHE
§57-®12, Hailwood & Horrobin &% @H L, #
DENRT AT OB E [T FRENRG A - ¥
2, MEFICHEETL2REYS 1LY DHF
W, R EICHBARIER LAY E B
T ARIEOTRER K, KREAVERAKICELT
AREDOVHERK, THaH%Y, LT, K
EH 1g N OWmET A MU UW, SIRREE
~NKESNEET 5 K0T et KK, TEb
FTIENTEL, —BRIZIIW, K, #LTK, T&
ENDN, BREHOFAEFNEZ, BET A LR
HWESZ VW, TOERNES5 % KK, CHRTLH
PREBOHEELZE S 25\,

Hailwood & Horrobin B5% 12 & % f##Ti, 4 DK
BEREMBICIBWTHEHBSA TV ™Y, EE-GiiH
SRE L ZEEREm THRLUZ m B EIZMD O
ZREBTRRASNLZ A EHLM LTS, KE
RMBTEHRFIII B L 2w aidiz—%L, %<
D ERLPRN BRI BETH B, KO DBREFE
DOHEL, WBDO 22D F A —F UW L KK, T
BRTDHIENTED, RERIZHAVAHMD T/
A 22 @ R AT 88 & KW 2 7z,

PR O % Table 1 127K L7z Table1 28w
T, UWRERT5<NFo, E9VIF7OIETH
Bo Thabb, NFILEIVIFID1g™iD
DOEEFA B UWIRIZIZALTH Y, chick
BLTY 7O UW idE»-72, ThiZ, Fig 1o
W RO RIS T 5 UW AEIZRE LT
7 EERTVYF 7 IIRESERS-EL, FhbHIC
RRTNERUWOR Y roFhiz ko EICR
EHHERGINMBET 5, Fig 1 & Table. 1 DB DS,
WEEBOECOERD L DRI EEOREY A
MUTHHEHBIND, Zhid, WikEREIZX
> THUBEOBRICE) boThr LB R
Z‘)lz,lﬁ)o

REY A P EHERTA7:012, OHEDE S IR #ll
FEIZL o TER LB Lz, EBBETI 01
PEREHESH & L T2040 e M RN VR #
bOFF VT LAY A (KSCN) %V, &
MUK § 53400 cm™! @ OH DO WRILIEEE D B % 1
B2 L THEBOOHRORE 2T 70 WNER
BH#EKSCN # Wiz ¥ 7 ICB 3 2 KBr ~NOfE 4



2005411 H]

DORT AR EZFOHAE L OBRERET L L
ZAHRIFLEREELND D, AEBROHREONE
BEHRE L CELETHA I EHHERTE, ZONE
A HOWTEON AR ETET 1 M YW

L OB % Tablel TEIIRT o UW DO KRITHE,
EPTHLHPOHEIHKRL, BEFA I2ELL
THEEIHERET L OHETH LI bbb,

AL DOREATAE R % Table 2 1R L7ze 2 B,
Table 2 DNF 7 ONPORKERIZBVWTK BX O
KK, DIEXREIIHVEEZR LD, Jhicow
TRABRETIIMN LV, Table 212BWVT, WT
NOTHES UWIRRRH<HEITH o7 v ¥ 7 &
EYVIFIDOUWIRIZIZRILTH B2, NF2
TN DHRN X TH S 22/ T o 72 Fig
2L Table2 D UW O#FERKLET DL, UWHK
EWVIZERBEIMEERNICH B, ThbL, B
N OWRHEZREE DENIE, M OREEE OB L
B3R, WEY AL M UW THBETE 2w,

Ay il B DR 0 e & ERAE R D W iR o ki
B S FEREOKERE, WBEoORBIIB VT, M
TIZBRZ &) ITHMEEO B2 ERTREZ L
BRBLTWS, FEO—RPELIERIE, RN
DRI DB I HHHETE B,

PREMLBEORA L, PEHANIZE > THRBT LA
BHTHV. ZORKE, A SAH~NDET
OIS * L. LT, TORNZHV

it

Hailwood & Horrobin a2 362 < Arf o 7K 5500 2 28 &) D AT 375

AR B3 & COMMEE £ T 5. ARFEERIC
FA W 74 B C A O e A 2 D AR v
5, FOMMBEENOHBIIEVIFy V&R,
ML LTEFMEROEE () BB E N 5,
BV LI, HEOBBVIZESSBETA M ED
BOVORDPIRAEREI KIS, THISHLT,
A OB TR 2 NA LSO Z R Fh
BRI L7z Mol & 4 0367 C i s
BIIKRELER D, Ldis T, MO ETIE,
LB DB & & ISR S DRSS h
bo TOTED, &S A B REE QWSS E)
DENI LTS L, A OWEREENIIHN LT
S Ladro-BERNTHEEEDbNS,

W RE) L, MRBEOMMBEEDOLEL %5,
Nakano' 1370 v 7 K#t & K & OWRBHDHE
PEBMICKRE L, REEX7TT Y 7 AKM<ABT
HY, ZOERISHMBEOHEEICHLILET IS
WRT V¥ 2 VIZERDWTERDEMIIHLPIIL
7o $hbb, IREDS, &S RIHTE LAINRE
DOPIEHNCE B L7723 297 4 7 VAR A
MBI E L, TOMHE, MBEREIRKRS
78y 7 AMOBREIEENSTRAT L2 VARIC
RCET TS, COBMBECE 2 EEIEE L
THRBET 205, KA EBEICEEISHET
BEBBAKIZBOTHEETH 5,

R OWH OB, BRICINL L 2SR

Table 1. Parameters of the Hailwood & Horrobin theory and OH content for various bamboo species.

o - Madake Mousouchiku Hachiku
Hailwood & Horrobin theory
Parameters
Ww(g) 427 328 350
Uw(g™) 0.0023 0.0031 0.0029
K 5.24 330 473
K 0.828 0.810 0.841
K/K: 434 2.67 397
_ OH content’ 0.353 0.388 0.394

* Relative intensity of Duw/Dms with IR spectrometer; Dsw and Das are adsorption intensity of OH and internal reference,

respectively.

Table 2. Parameters of the Hailwood & Horrobin theory of the inner and the outer portions of the cross section for various

bamboo species.
" Hailwood & Horrobin theor Madake Mousouchiku Hachiku -
Parameters Inside  Outside Inside  Outside Inside  Outside
Wi(g) 416 394 369 348 386 334
Yw(g™) 0.00240  0.00254 0.00271  0.00288 0.00259  0.00299
K 473 5.66 991 823 68.56 10.51
K: 0.848 0.763 0.895 0.822 0919 0.804
K/K> 401 432 888 677 63.03 845
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Table 3. Extraction yield (fraction) of the inner and the
outer portions for various bamboo species.

Extraction portion Madake Mousouchiku Hachiku
Whole —0.142 —0.159 —0.156
Inside —0.242 —0.217 —0.212
Outside ~ —0.139 —0.159 —0.122
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Fig.3.  Isotherm curves for Madake (O), Mousouchiku
(&), and Hachiku ((]) after extraction with 2%
NaOH aqueous solution.
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