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Ageing behaviour of cellulose fibre
cement composites in natural
weathering and accelerated tests

S A S Akers”®
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Synopsis
caement products have

found that

mechanism found in natural weathering, and ca

property development may be aresuli of,

bond and change in the reinforcing po
Keywords

properies.

e ageing behaviour of two types (naturaliy
o heen evaluated independently and compared. Two accelerated ageing test m
have been studied and direct comparisons drawn with agemg in natural weathering. In essence it hc.b bean
the accelerated ageing test method in a CO, rich environment appears 1o simulate
an be used successiully for durabtlity studies concernad with
celluiose fiore products. The ageing behaviour of the products studied may be summarised as an increase in
flexural strength and E-modulus of the composite with age. Itis suggpstcd that this change in mechanical
amengst others, carbonation of the matrix, increase in the interfacial
tential of the cellulose fibres with age.

Fibre cement cormposites, cellulase fibres, autoclaving, weathering, accelerated tests, flexural
sirength, elastic modulus, density, carbonation, environmental tests, composite materiais, mechanical

cured and autoclaved) of cellulose fibre ramForced
athods

the ageing

INTRODUCTION
ftis well known [1, 2] that cellulose fibres are particularly
sensitive to alkall attack. The use of cellulose fibres in
cement based composite has, however, been invest-
gated in great depth [3-5] despite their apparent sensi-
tivity to the high alkaiinity of the cement matnx invest-
gations concerned with the use of celluicse fibras in
cement composites would suggest that the mechanism
of the ageing process could be directly refatad to the type
of matrix, perosity, fibre type and ageing method used.
'n the study of the ageing mech anism of cemant
compositas, three main 1opics are identified and
addressed:

fa) Charactensation of the effect of natural agemng and
various accelerated ageing eaiments on ihe
changes in machanical properties

b} Characterisation of the eiffect of the various agcir\g
canditions on changes in the propertes of the fibres,
and to determing to what extént such changes
afiect the performance of the composite

ic)  Characterisation of the various ageing conditions on
tha fiore-marrix interface to rescive the influence of
interfgcial effects on the long term periormance
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This paper should be regarded as an introduciory
paper which is linked 10 twoe subseguent papers [8, 7|
desling with the mechanisms of ageing in two types of
cellulose fibre reinforced compoesite materials cured in a
normmal environment and 1n an autoclaving process. The
oroducts were subjectad ¢ two types of accelerated
ageing tests and a direct comparison Wab rmade with
natural weathering. The development of the mechanical
oroperties, chemical analysis and analysis of the fibre
proparties are described in this paper. The papers 1o
follow in this sequence are devoted to the microstruc-
tural aspects.

EXPERIMENTAL DETAILS

Two products werz manufactured on a standard Hats-
chek machine used in the asbestos cement industry
These were as follows:

i) Product A — 8% callulose fibres in a portland cement
hased matrix and cured at ambient temperaiure and
relative humidity

() Product B — 8% ceilulose fibres in a portland cement
and silica based matrix and autoclaved

The products were exposed to natural weathering
for o and 4 vears respectivaly. Simiar products were aiso
subjaciad to two types of accelerated ageing tests. The
wo test methods were compared with the am of
establishing which test procedure simulated closest the
natural weathernng conditions. One accelarated testwas
carried out in a normal environment and the other n a
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Test in an ambient environment and at elevated
temperatures

Tes: Cvole:
{2411

Test in a CO, rich environment and at elevated

temperatures
Test Cycle:  8h submerged under water 31 20°C
{24n) ih ovenat 80°C

o CO,

S5h i oven at 20°C in & sawra
environment

9h inoven at 80°C

th cooling down from 80°C 10 20°C

The test cycles chosen were optimised by nal and
error sxperimants based on the degree of carbonation
and water penetration of the products. The development
of the mechanical properties of the products wa
measured at various stages of ageing using a standard
point bend test procedure (IS0 39611 — 1980 (Ei). Th
density of the products was determined according ¢
standard procedures {achimedean method]. The degre
of carbonation was measured using a chemical analysis
procedure described m reference 8 and this has been
axpressed in iarms of the CO; content of the products.

The degrae of polymerisation (DP} of the celiuiose
finres was measurad using a particuiar test pracedure
described elsewhere [3]. In essence, the composite (s
crusihed o a powder and the cellulose fibres are dis-
solved out of the powder using a solution of cupri-
etnylenediamena (CUENY This method 13 rather
compliax since great care has 1o be taken not o damege
the cellulose fibras

An additional expariment was concucted on ihe
cellutose fibres {pinus radiaia) whereby the fibres weare
subjected o alkalt attack at elevated temperatures. This
resulted in a preak down of the DP of the fibres. The
fiores subjected 1o this treatment were tested for thewr
tensile strength using a standard procedure used oy the
paper manufacturng indusiry L. the zer
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of water and subseguently surring u
was achievad. The water was then su
filtar and the fibre mat formed on the |
small portion of the fibre mat was ¢
between the jaws of a tensile tesur
fibres was clamped betweaen the |aws
at ‘zero span’ and pulled apart.
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RESULTS AND DISCUSSION

Development of composite properties in natural
weathering

[

vical, physical and chemic:
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strengih may be associats
sity from 1750 10 1870 kgim?
extant of carbonation of the
& 115 represenied by the CO,
3 conirbution to the strengih
uct For autoclaved producis the
: n density over a period of £ years was 1610 1o
1790 kg m~ . The products were also well carbonated and
again would indicate that this contributed 10 a strengin
ncreass in the composie
The DP of the cellulose fibres in the naturally aged
products was found to decrease with age by about 20%
for normal cured products over a pariod of byears natural
waathering and 35% for autoclaved products. Thisis in
contrast 1o the sirength trends, which show an incrgase
with age. Thus, the weakening effects which rmight have
hean expected on the reduction in DP arz apparenty
more than compensated by other processes such as
carbonation and densification. It will be pointed out later
[8] that tha againg mechanism in celluloss fibre compo-
sites 1s complax and there appears to be a change in the
reinforcing potental of the celiviose fibres with age. This
would than imply that the measured drop in DP of the
cellulose fibres with age 18 of little consequence 10 the
reinforcing propertias of the fibres.

.

Comparison of natural weathering with accelerated
ageing tests

The trends in the material property development during
natural weatharing have been comparad with the trends
cund in e two types of ageing tests described sarlier
he resulis given in Table 1 suggest that the develop-
ent of mechanical properiies of product A when

N

3 o

exposed 1 an accelerated test wath CO; rich anviron-
mant simulates more closaly the behaviour in natural
weathering. Accalerated ageing in a CO» nch environ-
ment and natursl weathering both fed 10 an increase in
strengtih and E-modufus. Also, the increase in the degree
of carbonasion for the specimens in a CO» environment,
compares favourably with the naturally weathered pro-
cducts. Altnough thare appears {0 be an increase in

v of The product with age may be associaied with
srbonation of the matrix.

raspeci 1o the cetluloss fibre propertas, there
can: breakdown n the molecular chains of the
es yage, which may be directly correlated with the
crease in DP. This s evident for all three ageing iests.
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Table 1

Properties of the naturally cured cellufose fibre cement products (Product A}

exposed to varied ageing tests
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Table 2 Properties of the autoclaved cellulose fibre cement products (Product
toc varied ageing tests
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Table 3 Tensi estrorﬂtba ured by the zero span test z
method and correspending degree of peiymeris-
ation {DP! of celluiose fi

fibres {Pinus Radizta)
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4. The ageng trends observed here (18 inCraass «
strangth and E-modulust can i

changes in the DF of the cellul 2
that there could be other facio
mechansms which inffuence
composite.
g
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