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The aim of COMPOFIBRACEM* project is the development of flax nonwoven reinforced cement composites for building envelopes.
These composites are made of environmentally friendly and low cost
materials and processes, and present high strength, ductility and flexibility
[1] but their durability to wet/dry cycling (accelerated aging) is poor [2].

Environmental moisture diffuses through the matrix

Two main approaches are focused in this work to increase the durability to
accelerated aging of the cellulose fibers in the cement based composites:

NaOH treatment
NaOH+oil treatment

 Removal of non-cellulosic components
for decreasing the water absorption
 Surface modification of cellulose with
soybean oil for hydrophobicity [3]

1  Preparation and Treatment of the Flax Nonwoven Fabrics

2  Preparation of the Cement Composites
I.

Flax fibers
~77% cellulose
~7% hemicelluloses
~ 3% lignin
~ 13% waxes, etc.

Water wash @60ºC
with detergent
II. 5% NaOH (1:50
liquor ratio) @100ºC
for 30 min
III. 1% CH3-COOH and
water wash

Untreated

Needle-punching

CAC cement

I. Nonwoven fabrics’ impregnation in CAC paste
II. Production of a sandwich-like composite with CAC
and 4 layers of flax nonwoven fabric with the help
of a mould and a vacuum system
Flax nonwoven fabric

404 ±15 g/m2

Composite moulding

IV. 1 w/w% soybean
oil/acetone (2:1 liquor
ratio-spraying)

7 days @curing chamber

NaOH treated

NaOH+oil treated

327 ±13

338 ±11 g/m2

Press @20.000 kg
for 24 h

g/m2

3  Accelerated Aging of the Cement Composites

4  Characterization of the samples

2  Characterization of the Cement Composites

--17.2 ±0.9

NaOH

16.6 ±0.9

Maximum Force [N]

NaOH+oil

Moisture
absorption (%)

Drop
absorption (s)

7.9 ±0.9
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Density (g/cm3)

CAC/Untreated

6.5 ±0.3

2.01 ±0.05

CAC/NaOH

5.3 ±0.2

2.08 ±0.06

CAC/NaOH+oil

5.6 ±0.4

2.05 ±0.21

47 ±4

5.6 ±0.5

6 ±2

3.8 ±0.3

58 ±4
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1  Characterization of the Nonwoven Fabrics
Nonwoven

Accelerated aging consists of 4 wet/dry cycles:
I. Drying @60ºC in an air oven for 3 days
II. Immersion in water for 4 days

 Tensile testing / Moisture aborption / Drop test
 Flexural testing / Density determination

MOR [MPa]

Nonwoven Fabrics
Cement Composites

Fracture energy: area under the bending stress vs displacement
curve, up to reaching a reduction on MOR of the 40%
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MACHINE DIRECTION

Fiber degradadation due to
precipitation of cement products

Fiber debonding due to
dimensional changes of fibers

CROSS DIRECTION

CAC/NaOH
CAC/A-NW

CAC/NaOH+oil
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CAC/Untreated
CAC/U-NW
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CAC/NaOH+oil
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 Highest strength and toughness after aging was achieved in composites reinforced with the NaOH
treated nonwoven



After aging
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CAC/Untreated
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 The use of CAC cement as matrix led to a low degradation of the fiber in both unaged and aged states

 The nonwoven fabrics decreased their weight due to the treatment. The NaOH treatment increased the hydrophilicity of the fibers, reduced their moisture absorption, and increased the tensile
strength of the nonwovens. Further treatment with soybean oil led to an hydrophobic reinforcement with an ever lower moisture abortion.
 The cement composites produced with the NaOH treated nonwoven presented better mechanical properties than those with the untreated reinforcement after the accelerated aging, pointing to
the effectiveness of the strategy for decreasing the water absorption. However, the hydrophobization of the nonwovens led to a lower fiber-matrix interaction, reducing the mechanical properties
of the composites when the NaOH+oil reinforcement were used.
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