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OBJECTIVES

The main objective of this study was to address the state of 
the art of wood-cement particleboards. Specific objectives of 
the study were to review the literatures concerning important 
aspects of the raw materials, the process, and products 
characteristics, to identify the problems of the existing 
production process and products and finally to identify 
research opportunities.

INTRODUCTION

Canadian particleboard production started in the early 1950's 
and its capacity has reached approximately 1.1 million cubic 
meters annually. Most particleboard is bonded with urea- 
formaldehyde resin and used for interior applications. Its 
markets are in industrial, construction and do-it-yourself 
applications. It is estimated that approximately 82 percent 
of interior grade particleboard is used in industrial 
applications such as household and office furniture, kitchens 
and bath room cabinets, store fixtures, etc.

In general, particleboard has high thickness swelling and 
limited water resistance for interior applications. Although 
they can be reduced by a process developed at Forintek Canada 
Corp. (Hsu, 1985), the process is still at the experimental 
stage. In addition, conventional particleboards (organic 
resin-bonded particleboards) are low in resistance to fire, 
fungi, and termite attacks.

In view of these facts, wood-cement board (i.e., cement-bonded 
particleboard) was logically developed to have better water, 
decay, termite and fire resistance than conventional 
particleboard suitable for the needs of building industry.
The use of sufficient amounts of cement provides a protection 
for wood particles from fire, fungi and termites because it is 
incombustible, indigestable for termites and does not support 
the growth of micro-organisms.

Low density concrete slabs of cement-bonded wood wool have 
been produced since 1928 (Kollman, 1955; Morath, 1966; 
Sandermann, 1970). Then, in the early 1930's (Heizig, 1966) 
wood shavings were used for cement or magnesite-bonded molded 
products in addition to wood wool. This process became known 
as the Swiss Durisol process. The products in general have
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good heat insulation and acoustical properties but low 
strength properties and a rough surface structure. In 1962, 
Elmendorf Research Inc. in the U.S.A. developed a high density 
wood-cement board which is known as cement bonded particle-
board (Elmendorf, 1965; Elmendorf, 1966). This product has 
good fire resistance and low thickness swelling and weather 
resistance. One full scale production plant was then built in 
Japan. It is best known as Century-Board. During the period 
from 1966 to 1970, the Swiss company Durisol AG, Dietikon 
continued research and development based on the concept of the 
Elmendorf's process and eventually manufactured similar 
products in a pilot plant in Switzerland. Numerous buildings 
were erected by Durisol AG with this new product. After this 
on-site experience and successful tests from independent 
institutes, an automated cement-bonded particleboard plant was 
started up in Zurich in 1973 (Stillinger and Wentworth, 1977). 
Additional plants were gradually erected in Europe and Asia in 
the past 10 years.

Now a question arises why is there no wood-cement board 
plants in Canada and the United States? Some reasons are as 
follows :

. There is no shortage of exterior panel products

. Production rate of this product is very slow

. The board density is high and strength is low

. A large quantity of cement is required and thus the wood 
industry has little interest

Since the wood-cement board has found many applications in 
prefabricated buildings and conventional construction 
in Europe, the Canadian board industry has expressed an 
increasing interest in this product in the last two years. 
Therefore this report was prepared to summarize the state of 
the art of wood-cement boards. The report is divided into 
several major sections which address the more important 
aspects of the raw materials, the process and the product-s
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DISCUSSION

1.0 Raw Materials

The raw materials in the production of wood-cement board are 
wood particles, cement, water and a small quantity of chemical 
additives. The proportions of raw materials in the board may 
vary from plant to plant but the ratio of cement/wood/water by 
weight are in the neighbourhood of 60/20/20. In general, an 
increase in cement improves resistance to fire, fungi, 
termites and water and also increases board density. On the 
other hand, an increase in wood particles improves strength 
properties and reduces board density at the expense of other 
properties.

Wood particles may be generated from logs, branches, shavings, 
slabs, edges, etc. Although all blast-furnace slag type 
cement can be used, high green strength Portland cement is 
preferred. It is also possible to incorporate some other 
mineral materials such as volcanic ashes.

The common chemical additives used include aluminum sulfate, 
sodium silicate, calcium hydroxide and calcium chloride. In 
most cases, two or three chemical components are used in the 
system. The amount of chemicals used is usually a small 
percentage based on the mass of cement.

2.0 jt h Process

The manufacturing process of cement-bonded particleboard is, 
in general, similar to that of conventional particleboard. 
Figure 1 shows a schematic manufacturing process for cement- 
bonded particleboard.

2.1 ?££££££tion of Wood Partic1es

The preparation of wood particles is identical to that used in 
the conventional particleboard industry. When flakes are 
used, the flake size is approximately 0.2 to 0.3 mm in 
thickness, 30 to 40 mm in length and less than 12.7 mm in 
width. Usually width reduction is done by passing the flakes 
through a hammermill. After the wood particles (shavings or 
flakes) are refined, the material is separated into face, core 
and oversized materials by screening and air classifying. The 
oversized material is returned and re-milled.

3



2.2 Mat Formation

Wood particles, cement, water and chemical additives are 
metered and charged into a blender where they are mixed 
thoroughly. The mixture is then conveyed to the the surge 
bin of the forming machine. The forming machine with air 
classification spreads a symmetrical mat onto a series of caul 
plates underneath the forming station. Since the mat density 
per unit area and the total mass of the mat determines the 
uniformity and final thickness tolerance of the board, it is 
necessary and essential to keep the accuracy of spreading 
furnish extremely uniform. When a poor quality mat is formed, 
it is rejected and transferred back into the forming machine. 
Of course the mat can also be formed by face and core forming 
machines.

2.3 Pressing and Clamping

A number of formed mats and their caul plates are stacked in a 
open clamp carriage. After the stack reaches its prescribed 
height, the carriage is transported into a hydraulic press 
(see Figure 2) and consolidated until the nominal board 
thickness is reached. The pressed stack is then clamped 
together. This type of pressing operation results in a lack 
of control of board thickness among the panels.

2.4 Hardening

After pressing and clamping, the pressed and clamped stack is 
transported to a primary curing chamber for at least 6 to 8 
hours at a temperature ranging from 60 to 80 degrees Celsius 
to allow the cement to harden. It is also possible to leave 
the pressed and clamped stack at room temperature for a longer 
time.

2.5 Tr i.mming_, Sizing and Stacking

At the end of the period of primary curing or hardening, the 
clamps are released and the caul plates are removed. At this
stage, the boards are dry. They are trimmed and sized to the 
final dimensions. They are then stacked together for final 
curing and climatization.

2.6 Curing , C_1 imat j-£_ing and Finishing

The sized and stacked panels are stored for at least 12 to 18 
days to allow the cement to cure. After this period, the
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boards have nearly reached their final physical and chemical 
properties. The boards are then unstacked and placed into a 
climatizing chamber to equilibrate for moisture content with 
atmospheric conditions in order to obtain good dimensional 
stability. Depending on the end use, the climatized boards 
may be subjected to sanding for reducing thickness variations 
to a minimum or to prepare the surface for further finishing.

2.7 Storage and Shipping

After climatizing or finishing, the boards are again stacked 
into standard packages and moved into the warehouse or shipped 
to the customers.

3.0 Parameters Affecting Cement Setting

A wood-Portland cement-water system was reported to be highly 
species-sensitive as determined by a hydration temperature 
study (Hofstrand et al; 1984). Some organic materials present 
certain unfavorable reactions to the cement-setting (Brunauer 
and Copeland, 1964; Clare and Sherwood, 1954; Clare, 1956). 
Therefore, wood must be carefully selected or treated with 
certain chemicals for the production of wood-cement products. 
This effect of wood species on cement setting has been 
experienced by a number of researchers (Batyrbaev and 
Akchabaev, 1967; Burgrina et al, 1968; Buzhevich et al, 1968; 
Davis, 1966; Fisher et al, 1974; Moslemi et al, 1983; 
Sandermann, 1966 and 1969; Sandermann et al 1960; Weathermax 
and Tarkow 1964). The type and percentages of inhibitory 
organic substances in wood varies between sapwood and 
heartwood as well as between spring-cut and winter-cut wood. 
Therefore, these factors influence the cement setting too 
(Biblis and L o , 1968; Sandermann et al 1960; Stepen et al,
1974). In general, of all the organic constituents in wood, 
carbohydrates appear to have the greatest effect on cement 
setting. It has been suggested that the most inhabitory 
organic compound may be glucose, followed by carboxymethy1 
cellulose and cellulose (Clare, 1956). The setting time of 
cement increases as the reducing sugar content increases 
(Biblis and L o , 1968). Lignin has no inhibitory effect
(Clare, 1956; Ernsberger and France, 1945), while tannins, 
especially hydrolyzable types, were found to have a 
significant inhibitory effect on cement setting (Kleinlogel, 
1950). High molecular weight organic acids such as aliphatic 
acids were also found to be inhibitory (Kleinlogel, 1950; Lea 
and Desch, 1940) .
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Generally, hardwoods were found to be more inhibitory to 
cement setting than softwoods, due mainly to hemicullulose 
fractions (Christensen and Lyneis, 1949) . Starches, tannins 
and certain phenolic compounds were also found to be 
inhibitory (Sandermann et al,1960; Sandermann and Dehn, 1956). 
Apparently lignosulfonic and hydroxylated carboxylic acids are 
inhibitory since they are used commercially as retarders for 
cement setting (Hobbs, 1964). Furthermore, the action of the 
common decay fungi on wood could be inhibitory to cement 
setting also because decay increases the amount of 
carbohydrate and lignin soluble (Weatherwax and Trakow, 1967).

The inhibitory effect of various organic compounds described 
above can be neutralized or minimized by the addition of 
various chemical additives to the mixtures. The inhibitory 
effect of sugar can be minimized by the addition of 4 to 5 
percent aqueous aluminum sulfate into the mixture (Shmidt, 
1958). The addition of 1 to 3 percent of calcium chloride is 
necessary to neutralize the effect of 0.1 percent sugar on 
cement setting time but the addition of hydrated lime at 
levels up to 10 percent does not minimize the inhibitory 
effect caused by the presence of 0.1 percent sugar 
(Christeansen and Lyneis, 1949). A solution of calcium 
chloride can expedite cement hydration (Lee, 1984) but the 
addition of more than 4 percent of calcium chloride can cause 
a reduction in strength of concrete (Kleinlogel, 1950). One 
other observation made on chemical effects was that prolonged 
log storage before cutting into excelsior resulted in a lower 
sugar content in the wood (Lee, 1984).

4.0 Prop erties of Wood-Cement Boards

Like other wood-based composite board, the properties of wood- 
cement boards are influenced by numerous variables, especially 
P article geometry, ratio of wood to cement and board density. 
Tables 1 and 2 show some properties of single-layered cement- 
bonded particleboard (type Duripanel) reported by Deppe (1974) 
while Table 3 indicates the mean values and ranges of test 
results of some commercial wood-cement particleboards tested 
at Princes Risborough Laboratory, UK (Dinwoodie and Paxton, 
1983). The values shown in these tables give an indication of 
the general properties to be expected in wood-cement boards.

These tables indicate that the density of wood-cement board is 
about 40 to 50 percent higher than that of conventional 
particleboard. The moduli of elasticity and rupture as well
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as tensile strength of wood-cement boards are much lower than 
those of conventional particleboard, but compression strength 
is excellent.

The thickness swelling of wood-cement boards is considerably 
lower than that of conventional particleboards due mainly to 
the large proportion of cement binder present. The linear 
expansion property of wood-cement boards is not quite good as 
but comparable to those of conventional particleboards. It 
was suggested that the dimensional changes of wood-cement 
boards are most likely attributed to the shrinkage and 
swelling of the porous cement and not to the wood in the 
product (Sandermann, 1973). This argument may not be entirely 
true since the same report indicated that the shrinkage of 
wood-cement boards can be reduced by up to 75 percent by 
employing suitable particle sizes and by adding certain 
chemical substances. The treatment of particles with silicone 
compounds for example, yields a substantial improvement in 
dimensional stability (Brocker, 1973).

Table 2 shows that the impact toughness of wood-cement boards 
is slightly inferior to that of conventional particleboard. 
Wood-cement boards also have a lower thermal insulation (i.e., 
higher thermal conductivity) than conventional particleboards.

The strength properties and water resistance of wood-cement 
boards depend on the types of cement used. For example, the 
strength and stiffness properties of magnesite-bonded board is 
higher than those of Portland cement-bonded board while the 
water resistance is reversed.

One of the principal attributes of wood-cement boards is their 
excellent performance in fire tests (Dinwoodie and Paxton, 
1983). In the U.K., Class 1 rating is achieved in the 
'surface spread of flame' as set out in BS476:Part 7(1971) and 
Class 0 in the Ignitability and Fire Propagation' tests in 
B476:Part 5 (1979) and Part 6 (1981). But the product failed
to pass the 'Noncombustibility' test of BS476:Part 4 (1970)
and AMD2483 (1978) . In Germany, the wood-cement boards are
rated at Category B of DIN4102:Part 1, i.e., 'hard to burn'. 
However, developments by one manufacturer have led to the very 
recent production of wood-cement board satisfying the 
requirements of category A2 of DIN3102, the second of two non-
combustible classes, at the expense of strength properties.

Table 4 summarizes the results of tests the by Federal 
Institute of Materials Testing, West Germany (Deppe, 1974).
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Obviously, for exterior use, the application of a suitable 
weatherproof coating is strongly recommended for wood-cement 
boards. A short but severe test in a weathering tunnel 
resulted in compression strength loss of about 38 percent. It 
should be noted in a similar test, conventional particleboard 
bonded with phenolic resin only lost 20 percent. However, 
when the wood-cement boards were protected with suitable 
coating, no strength loss was found for the same test.
In short, the properties of wood-cement boards can be 
considered to be between those of conventional particleboard 
and asbestos-cement boards. For strength properties, they are 
inferior to conventional particleboards but superior to 
asbestos — cement boards while for fire and water resistance 
they are superior to conventional particleboards but inferior 
to asbestos-cement boards. There is no significant 
difference in linear expansion properties between wood-cement 
boards and conventional particleboards. It should be noted 
that excellent weather resistance of wood-cement boards can be 
achieved only if suitable coatings are used to protect their 
surface.

5.0 Applications

Wood-cement boards have demonstrated their successful 
applications in Europe over the last 10 — 12 years where high 
resistance to fire or moisture or both is specified. In 
general, they can be used in the pre-fabrication industry, 
mobile homes, school buildings, industrial buildings, 
commercial buildings, agriculture buildings, auxiliary and 
temporary buildings for cladding, internal wall linings, 
flooring, fire doors, ventilation ducts, refuse shafts, 
so^f;*-ts, etc. The products may not be recommended for load-
carrying applications due to their insufficient fatigue 
strength.

Since the wood-cement board possesses some outstanding 
properties such as high resistance to fire, decay and 
termites, it should not be considered a competitor or 
substitute for conventional particleboard or plywood. It 
should be viewed as a unique building material which can be 
used in areas where either moisture or fire risk preclude the 
use of conventional particleboard and plywood.
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6.0 Advantages and Disadvantages of Wood-Cement Boards

As compared with conventional particleboard, wood-cement 
boards do have the following advantages and disadvantages in 
terms of board properties and processes.

Advantages

. High resistance to fire 

. Low thickness swelling

. High resistance to decay and termite attack 

. High weather resistance if suitable coating is applied

Disadvantages

. Long curing processes 

. High density 

. Low strength properties

. Poor thickness accuracy because a large number of mats, 
separated with caul plates are compressed with a 
single—open press, without any thickness control device 
among the pressing boards

RESEARCH OPPORTUNITIES

Wood-cement boards are very interesting building products. 
Although they have some excellent properties they also have 
some undesirable properties. Indeed, the development of this 
type of product is only at a beginning stage, some 
technological bottlenecks have to be solved before the 
industry reaches maturity. The major concern of the industry 
is the long process curing time required.

Long curing times affect the economy of the system to a great 
extent. Conventional multiple opening presses cannot be used 
because of this time restriction and thus many mats pressed in 
a special single-opening press result in inconsistencies in 
board properties among the pressed boards. Long curing time 
makes automation of the process difficult and necessitates a 
tremendous storage space for handling, conditioning and final 
curing operations. Consequently, a research effort for 
reducing curing time is highly desirable. The curing stage is 
ideally conducted in the press in an acceptable time frame.

As compared with conventional particleboards, wood-cement 
boards are relatively high in density and relatively low in
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strength. Therefore a research effort should be considered to 
reduce density and to improve strength properties without 
sacrificing resistances to fire, weather and moisture.

The linear expansion of wood-cement boards is almost equal to 
that of conventional particleboard. This is not very 
satisfactory for exterior applications, a research effort is 
highly recommended in this area also.

Wood-cement boards at present are not completely non-
combustible and further research is required to improve this 
property without increasing the density and lowering the 
strength and dimensional stability.

Finally, since the weather resistance of wood-cement boards 
depends on the coating used, a research effort is suggested to 
develop or identify a suitable exterior coatings.
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FIGURE 1

A Schematic Manufacturing Process of Cement-Bonded
Particleboard
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FIGURE 2

A Press for Making Cement-Bonded Particleboards
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Table 1 Some Mechanical and Physical Properties of Single-Layer Cement-Bonded Wood Chipboards (Deppe, 1974)

Properties Dimensions Test Conditions
Test Results 

x + s

Wood Chipboards 
(3 layers)

Type V 100 DIN 68 763

Board Thickness mm

Density kg/m1

Modulus of elasticity 
(after deflection) kp/cm1

Bending Strength kp/cm1

Tensile Strength kp/cm1

Compression Strength kp/cm1

Face Strength kp/cm1

Strength Perpendicular 
to the plane kp/cm1

thickness Swelling %

Moisture Content %

Swelling and Shrinkage 
in longitud. direction 
in transverse direction

«

in thickness direction

Moisture Content After %
water storage

accord, to DIN 52 361 11.5 + 0.4

accord, to DIN 52 361 1100.0 + 26.3

13 + 0.3 

750 + 25

longitudinal direction 50 ,i000
transverse direction 20p000 32,000
whole boards 35,i000

longitudinal direction 150.0 + .10.0 220 + 12
transverse direction 100.0 + 8.0 —

longitudinal direction 49.0 + 4.0 _____

transverse direction 46.0 + 3.0 —

longitudinal direction 130.0 + 9.0 __
Transverse direction 121.0 + 8.0 —

Fahrni method 6.0 + 1 . 0 10 + 1

DIN 52 365 5.0 + 1.0 4 * 1

DIN 52 364 after 2 h 1.5 5 + 1
DIN 52 364 after 24 h 2.7 11 + 1
DIN 52 364 after 4 d 2.9 22 + 2

storage at 35% rel. hum. 7.5 _____

storage at 60% rel. hum. 13.5 —

storage at 90% rel. hum. 20.0 —

air-dry - normal 0.15 0.25 - 0
absol. dry - water stor. 0.45 ____

air-dry - normal 0.20 —

absol. dry - water stor. 0.60 _____

air-dry - normal 3.10 __

40.0



Table 2. Some Physico-constructional Properties of Single-Layer
Cement bonded Wood Chipboards (Deppe, 1974)

Properties Dimensions Test Conditions
Test Results 

x + s

Board Thickness 

Density

Hoi8ture Content 

Weight Per Unit Area 

Screw Holding Power

Nail Holding Power

Impact Strength

Impact Toughness Av/f (3) 

Resistance to Frost

Thermal Conductivity

resistance to heat 
transmission of one 
layer (4 boards) 
of one board

Resistance Coefficient 
to water vapor diffus

mm DIN 52 361 12
kg/m1 2 3 DIN 52 361 1070

% DIN 52 361 8.7
kg/m3 DIN 52 361 12.84
kp/cm vertical (1) 98

parallel 50
kp/cm vertical (2) 40

parallel 13
mkp DIN 52 302 slight break due 

to brittleness
kp/cm3 —

0.0695
kp/cm3 initial value 95

after 50 cycles 95
after 100 cycles 79
after 150 cycles 81

kcal/m h “C —
0.155

m3h “C/kcal 9.9“ - 30.4“C

m3h “C/kcal 9.9“ - 30.4“C n 3i
m3h “C/kcal 9.9“ - 30.4“C 0.077

dry-cup method (5) 23
wet-cup method 48

(1) Vertical to the plane of the board related
Parallel to the plane of the board related

(2) Vertical to the plane of the board related
Parallel to the plane of the board related

(3) 10kp impact pendulum - impact A related to

to the board thickness (wooden screws 4/40 DIN 96) 
to the length of thread

to the board thickness

to the reference cross section F (dt LN~1°) 

the initial cross section F

(4) Changes in the bending strength according to DIN 52 362 after 50, iuo, ana isu rrost cvcres 
(-20°C and +20#C)

(5) Cf. Also DIN 52 615 " Determination of the water vapour conductivity of building and insulating

Wood Chipboards 
(3 layers)

Type V 100 DIN 68 763

13

700

8

10

118
56

70
12

0.0757

0.12

0.17



Table 3. Comparison of the Mean Value and Range of Test REsults of Wood-Cement Particleboard (Excluding Preproduction Boards) with 
Minimum Values - Given in BS 5669 for Wood Chipboard (Dinwoodie and Paxton, 1985)

Portland Cement-bonded Boards Magnesite
Chipboard to BS 

(6-19 mm)
5669

12 mm
24

18mm mm
28
mm

12
mm

Type Type 
I II

Type
III

Consignments Tested 4 6 1 1 1
Thickness (mm) 12.11(11.97-12.34)a 17.89(17.76-18.17) 23.69 27.75 12.40 _ _

Density (kg/m3) 

Modulus of rupture

1250(1110-1450) 1220(1060-1290) 1250 1240 1240 - - -

(N/mm3)

Modulus of elasticity

10.4(7.3-13.3) 10.3(6.3-12.8) 10.1 10.5 18.3 13.8 17.0 19.0

(N/mm3 )

Impact resistance

4940(4240-5760) 4890(2860-6600) 4950 5110 6360 2000 2500 2750

(mm drop)

Tensile strength 
perp. (N/mm3):

324(192-410) 413(254-538) 504 631 521 525

'

New board 0.73(0.34-0.93) 0.72(0.36-1.06) 0.60 0.72 1.25 0.34 0.5 n 5
After V313 Test 

Residual swelling

0.49(0.14-0.72) 0.33 (0.24-0.41)b 0.38 0.39 0.17

after V313 test(%)

Thickness and length 
swelling after / 
water soak (%)

0.62(0.43-1.13) 0.33(0.17-0.49)b 0.35 0.27 4.66 max
8

Thickness - lh 0.73(0.19-1.76) 0.50(0.14-1.47) 0.61 0.42 1.27
max
12

max
10

max
g

Thickness - 24h 0.96(0.33-2.10) 0.74(0.34-2.01) 0.90 0.69 2.78 max

Length - lh 0.07(0.04-0.12) 0.07(0.05-0.11) 0.09 0.11 0.04
8

Length - 24h

Thickness and length 
swelling after RH 
changes from 65% to 
95%:

0.09(0.08-0.12) 0.11(0.07-0.14) 0.14 0.14 0.12

Thickness 0.37(0.26-0.58)c

Length 0.06(0.05-0.07)

Figures in parentheses indicate the range of results

Only two consignements tested 
c

Only three consignments tested

3.27
max max max
7 7 8
max max max
0.35 0.35 0.350.19



Table 4. Effects of Short Weathering Cycles on the Compression Strength 
of Cement-bonded Wood Chipboards (type Duripanel) According to 
Tests Performed by the Federal Institute of Material Testing, 
West Germany (1)

Compression Moisture Strength Changes
Pretreatment Density Strength(2) Content Related to the
of Boards (kg/m3 ) (kp/cm2 ) (%) Initial Value (%)

Uncoated
Unweathered

1163 117 + 15 9.3 100

Uncoated
Weathered

1123 73 + 13 9.8 - 37.5

Coated with DD 
Weathered

1102 125 + 15 — + 6.8

Coated with
mod. alkyd resin 1093 116 + 12 — - 0.9
Weathered

(1) Details regarding the short weathering cycles cf. Deppe/stolzenberg, 
Holz. ZB1. 97 (1971) No. 19/25, pp. 247-248, 349-350.

(2) Compression strength tested with samples of 50 mm x 50 mm x 18 mm in 
accordance with DIN 1164, Part 7, issued June 1970, parallel to the 
board face (in an upright position).
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