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Abstract To identify the cement-hardening inhibitory 
components of hannoki (Japanese alder, Alnus japonica 
Steud.), methanol extractives were fractionated by succes- 
sive organic solvent extraction and column chromatogra- 
phy. Chromatographic analysis and inhibitory indices of the 
solvent-soluble fractions suggested that glucose and sucrose 
seem to be the main cement-hardening inhibitory compo- 
nents of Japanese alder. As these compounds are metabo- 
lized in vivo even after cutting, the particles after withering 
are desirable as raw material for wood-cement board. 

Key words Wood-cement board.  Alnus japonica �9 Cement- 
hardening inhibitory compound �9 Sucrose 

Introduction 

The nature and quantity of wood components affect cement 
hydration reactions and strength of composite boards. The 
typical cement-hardening inhibitory components known up 
to now are divided into two groups. One is comprised of 
carbohydrates of sucrose 1 in beech and arabinogalactan 2 in 
larch and the other of phenolic compounds with a catechol 
unit of plicatic acid 3 in western red cedar, teracacidin 4 in 
Acacia mangium, and sequirin C s in sugi (Cryptomeria 
japonica D. Don). 

Hannoki  (Japanese alder, Alnus japonica Steud.) 6 is 
native to Japan, northeast China, and Korea and is used for 
furniture, particleboard, interior wood and pulp in Japan. 
During the manufacture of wood-cement boards, refuse and 
waste woods are utilized as raw materials in addition to 
logs. The Japanese alder w o o d  7 is an unsuitable material 
and is known to be incompatible with cement. The present 
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paper deals with the identification of that wood's cement- 
hardening inhibitory compounds. 

Material and methods 

Material 

A freshly felled 30-year-old hannoki (Japanese alder, Alnus 
japonica Steud.) tree was used. 

Extraction and fractionation 

About 3 kg of the wood meal was extracted three times with 
methanol at room temperature. The combined methanol 
solution was then evaporated under reduced pressure to 
give 91g (2.8% on wood) of methanol extractives, which 
were successively extracted with n-hexane, benzene, ethyl 
acetate (AcOEt),  methanol (MeOH),  and 75% methanol 
(methanol/water 75:25v/v) to give their soluble fractions. 
The methanol-soluble fraction was further separated by 
silica-gel column chromatography with solvents of ethyl ac- 
etate, ethyl acetate/ethanol (4:1v/v), ethyl acetate/ethanol 
(1 : 1), ethanol (EtOH),  and methanol, successively. 

Thin-layer chromatography 

Thin- layer  ch roma tog raphy  (TLC) analysis of car- 
bohydrates was performed on silica-gel plates with mixed 
solvents of benzene/ethyl acetate/methanol (1 : 1 : 1v/v), 
ethyl acetate/pyridine/water/acetic acid/propionic acid 
(10: 10:2: 1), and 1-butanol/acetic acid/diethyl ether/  
water (9 :6 :3 :1)  as eluents. Spots were made visible by 
spraying with phenol/concentrated sulfuric acid/ethanol 
(3 g : 5 ml : 95 ml) and subsequent heating. 

Hydration reaction 

The heat of hydration 5 was measured as follows: 15 g (oven- 
dried basis) of hannoki wood meals or hot water-extracted 



Table 1. Inhibitory index and compatibility factor of hannoki wood 
meals a 

Accelerator Time (h) b Inhibitory index Compatibility factor c 

CaC12 >50 ~ 50 
MgC12 12 8 83 
A1C13 >50 co 64 

"Hot water-extracted hinoki (Chamaecyparis obtsusa Endl.) was used 
as a control 
bTime to reach maximum temperature (hinoki: 5.5 h) 
~Area under hydration beating rate curve for 24h 

hinoki  (Chamaecyparis obtsusa Endl.)  wood meals (40-120 
mesh)  impregna t ed  with the extract ives,  60g of po r t l and  
cement ,  25g of pear l i te ,  and 100g of wate r  with 1.2g of a 
cement -hardening  accelerator  (2% weight on cement)  were 
kneaded  for 3 rain. The  t empera tu re  rise of the mixtures in 
a po lye thy lene  cup p laced  in a D e w a r  flask were  p lo t t ed  
against  time. 

Inhib i tory  index and compat ib i l i ty  factor  

The  i n h i b i t o r y  index  s and  c o m p a t i b i l i t y  f ac to r  9 were  
calculated from the hydra t ion  t empera tu re  curve for wood-  
c e m e n t  mix tu res .  The  i nh ib i t o ry  i ndex  of  ho t  wa te r -  
ex t rac ted  hinoki  wood meals (control)  was 1.5. 

Spec t romet ry  

The infrared ( IR)  spect rum was recorded  on a Hitachi  260- 
10 infrared spec t rophotometer .  

Results and discussion 

Cement -ha rden ing  inhibi t ion of wood meal  

Based  on the inhibi tory  index and compat ib i l i ty  factor  in 
Table  1, the wood meals were confirmed to contain cement-  
h a r d e n i n g  i n h i b i t o r y  c o m p o n e n t s .  F u r t h e r m o r e ,  the  
addi t ion of calcium chlor ide  and a luminum chlor ide  as ac- 
celerators  did not  have any effect on the inhibi tory compo-  
nents, but  they were  considerably  depressed by magnes ium 
chloride,  suggesting that  the inhibi tory components  may be 
carbohydra tes  or al iphatic compounds  such as inositol  with 
several  hydroxyl  groups. This type of phenomenon  has been 
encoun te red  in the hydra t ion  reac t ion  of sugi hea r twood  S 
and beech (Fagus crenata Blume)  1, in which the inhibi tory  
componen t s  were sucrose and pinitol ,  and sucrose,  respec-  
tively. A l m o s t  the same condi t ions  were  obse rved  in the  
hydra t ion  react ions of this series. 

Ext rac t ion  of wood  meal  with methanol  and subsequent  
f rac t ionat ion of the methanol  extract ives 

To sepa ra t e  the inh ib i to ry  componen t s ,  the  wood  meals  
were  ex t rac ted  with methanol .  The  me thano l  extract ives  

Wood meals 

MeOH extraction 
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MeOH extractives 

Fractionation 

n-Hexane Benzene Ethyl acetate MeOH 75% MeOH 
soluble f. soluble f. soluble f. soluble f. soluble f. 
(inhibitory (_) (0)  (71) (0.1) 
index: - ) 

Separation with column 
chromatography 

! I ] I 
Fraction ] f. 2 f. 3 f. 4 f. 5 

(0) (0) (0) (0) (0.1) 

~_____w_____~ 

Sucrose and glucose 

Fig. 1. Separation of inhibitory components 

Table 2. Yield, inhibitory index, and compatibility factor of the organic 
solvent-soluble fractions 

Solvent Yield Time Inhibitory Compatibility 
(% on wood) (h) index factor 

n-Hexane 0.30 • 10 2 _ _ 
Benzene 0.20 • 10 1 _ _ _ 
AcOEt 0.25 5.0 0 100 
MeOH 2.00 20.5 71 72 
75% MeOH 0.40 5.6 0.1 100 

were then successively f ract ionated in the usual way with n- 
hexane,  benzene,  ethyl acetate,  methanol ,  and 75% metha-  
nol to obta in  their  soluble fractions, as shown in Fig. 1. As  
the  po la r i ty  of these  solvents  differs great ly,  the compo-  
nents dissolved in the solvents also differ to a great  extent.  
The inhibi tory index of the soluble fractions could be calcu- 
la ted  f rom the hydra t ion  t e m p e r a t u r e  curves of  the  hot  
w a t e r - e x t r a c t e d  hinoki  (Chamaecyparis obtsusa Endl . )  
wood  meal ,  which was impregna ted  with the soluble frac- 
tions. The  yield, inhibi tory  index, and compat ib i l i ty  factor  
of the  f ract ions are  summar ized  in Table  2. Because  the 
inhibi tory effects of compounds  could be largely ascribed to 
the amount  of inhibi tory compounds  in the wood,  low-yield 
n -hexane-  and benzene - so lub le  f ract ions  were  exc luded  
f rom the hyd ra t i on  reac t ion  tests.  As  can be seen f rom 
T a b l e  2, the  m e t h a n o l - s o l u b l e  f rac t ion  con ta ins  large  
amount s  of inh ib i to ry  components .  Disso lu t ion  into the  
po la r  solvent  of methanol  indicates the high polar i ty  of the 
inhibi tory components .  

To separa te  the inhib i tory  components ,  the methanol -  
so lub le  f rac t ion  was fu r the r  f r a c t i o n a t e d  by sil ica gel 
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Table 3. Yield, inhibitory index, and compatibility factor of fractions obtained by column chro- 
matography of the methanol-soluble fraction 

Fraction Solvent Yield Inhibitory Compatibility 
(% on wood) index factor 

1 AcOEt 0.28 0 103 
2 AcOEt-EtOH (4:1) 0.53 0 102 
3 AcOEt-EtOH (1 : 1) 0.26 0 94 
4 EtOH 0.25 0 100 
5 MeOH 0.53 0.1 86 

column chromatography to yield five fractions (Fig. 1), as 
shown in Table 3. Even compounds with a large inhibitory 
index exert only a small effect when the content in wood 3 is 
less than 1%. Depending on the content of inhibitory com- 
pounds, all five low-yield fractions had a small inhibitory 
index and large compatibility factor. The above findings can 
be explained by dispersion of the inhibitory components to 
the five fractions, as their combined fraction is equal to the 
methanol-soluble fraction, which yielded a considerable 
inhibitory effect. 

The IR spectra of fractions 3-5 were measured and 
found to be similar to that of commercial  crude xylan. 
Because the five fractions passed through the silica-gel col- 
umn eluted with methanol as a final eluent, carbohydrates 
with a molecular weight higher than those of oligosaccha- 
rides were removed. Therefore, the fractions are assumed 
to be composed of monosaccharides or lower oligosaccha- 
rides as major  components.  The sum of these fractions 
amounts to 1% content of the wood, suggesting that the 
major components of fractions 3-5 are cement-inhibitory 
components of the wood. 

Identification of components 

The TLC analysis of fractions 3-5 with suitable solvents 
for carbohydrates confirmed the presence of glucose and 
sucrose judging from the Rf value and color tones by visual- 
ization with a phenol-sulfuric acid method. 

Countermeasures 

It is known that glucose and sucrose are widely distributed 
in plants 1~ and sapwood" and that they disappear soon after 
the withering process I2 of woods. 
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