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Geotextile nonwovens made of flax 
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ABSTRACT: It was the main aim of a research project "Development and testing of the applicability of flax 
fibres as geotexti le oonwoven fabries aod composite materials for earth construction and hydraulic 
engineering" supported by the Federal Government 10 produce mechanically bonded nonwoven fabrics and 
composite matenals from !lax fibres USillg the needle-pllnching and knitting technique and to examine the lIse 
of such products for geotextile application cases in earth construction and hydraulic engineering. The present 
contributio.n shows seleet results. 

1 INTRODUCTION 

In general earth construction geotextiles, made of 
natural raw materials, can e.g. be used for slope and 
erosion protection, for the restoration of ski courses 
and slopes, as carrier material for roll grass and grass 
mats with seeds. Especially for the sub natural 
hydJaulic engineering rottable geotextiles play an 
importaIlI part. Geotcxtiles with a flexible fibre 
composition shall be preferred to avoid the 
constraint of growing roots. The rooting can 
effieiently support the filter funelion of a geotexti le 
(Schuppener 1993). 

Coco, jute, ramie, hemp and flax can be chosen as 
natural raw materials but it has to be pointed out that 
for the processing of jute usually eeologically 
ineompalible finishings have 10 be chosen. 

A lot of applications require ehree-dimensional 
(i .e. thick) structures, Jute wovens or similar 
produets used so far (like e.g. woven fabrics with 
synthetic warp fibres and natural ramie-wefl tibres) 
eannot 6.llfil these requiJements. 

In May 1995 Nalle Fosertechllik terminated the 
lwo-year research project "Development and testing 
of the applicability of flax fibres as geotextile 
nonwoven fabries and composite materials for earth 
eonstruction and hydraul ic engineering" with a final 
report (Saathoff & MaUer 1995). 

lt \Vas rhe aim of this research project to produce 
mechanieally bonded nonwoven fabrics snd 
composite materials from flax fibres using the 
needle-punehillg and knitting technique and 10 
e)(amine the use of slIeh prodllcts for geotextile 
application eases in earth construction and hydraulic 
engineering. Tl was planned to moclil)t prototypes in 
several steps by using appropriate produclion 
techniques so thaI fhe characteristie vallIes of 
synthetic geotexli les (calIed "models" ) were rulfilled 
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either to the largest degree or even completely. 
Select results are summarised in the following: 

2 FLAX FIBRES 

Fibre raw material can be divided into 
- synthetic fibres made from natural polymers (e.g. 

the man-made cellulose fibre viscose) and 
synthetic polymers (e.g. polyolefines PE and PP) 
as weil as from inorganic substances (e.g. glass or 
cera mies) and 

- natural tibres consisling of mineral fibres (e.g. 
asbestos) and animal fibres (e.g. sheep's wool) as 
weH as of vegetable fibres with the main grollps 
seed fibres Ce.g. cotton), hard fibres (e.g. sisal Of 

coco) and bast fibres. 
Beside hemp, jute. ramie and others !lax belongs 1.0 
the group of vegetable base fibres and, being part of 
the family of !lax plants, 10 the oldest cu ltivated 
plants. Already in (he Stone Age flax was lIsed for 
the manufacturing of c1othillg, 

For textile production !lax is mainly harvested by 
weeding. The harvested stalk has to be opened so 
that lhe wooden parts can be separated from the 
fibre parts more easily. This procedure produces 
shives AS well as tow. The so obtai.ned Oax, the most 
valuable tibre part, is l1.Jrther refined by hackling and 
after that proccssed to fine, high-quality flax yarns by 
using t.he wer spillni llg method. 

In cooperation with Ihe Sächsisches 
Tcxli{forsclllfllgsillstilUt e. V. Chel/lflirz, aeting as 
RlD subeolltractor, the initial malerial was first of all 
examined in detail. With respect to the selected short 
flax fibre types TR Cl and D4 Cl of the Füssener 
Faser AG as weil as for Sachsentlachs F 1 the 
followillg data can be summed up: 
- The fibre fineness ranges between 16 and 19 dtex. 



- The fibre length of approx. 25 to 35 mm lies 
beneath the range of 50 mm desired for the 
processing. 

- The fibre strength (according to Presley 
preparation) ranges between 36 and 48 cN/tex. 

3 EFFECTS OF SPIN FINISHINGS 

The characteristic even structure of flax fibres leads 
to an insufficient fibre composition and to an 
extremely high friction to metal surfaces during the 
produetion process. Consequences are irregularities 
in the nonwoven fabrie structure, high loads to 
working elements and increase of the noise level in 
the operating area of processing machines. The fibre 
preparation Wilh spinfinisbings is a possibility to 
improve the workability of f1ax fibres. 

Biologically degradable, adhesive spin finishings 
of different manufactllrers and different ehemical 
composition were examined. The suggestibility of 
the adhesion between the fibres (friction fibre-f1bre) 
in longitudinal direction was established by 
determining lhe maximum tensi le slrength of the 
unbonded fibre before needle-punehing. Forces 
occurring during the reorientation of the fibres 
during the needle-punching proeess (frielion metal
fibre) were determined by placing wire strain gauges 
under the needle puncture plate. 

The test reslIlts C3n be slImmarilled as folIows: 
- In general short flax fibre types offer a 

considerably lower fibre composition than e.g. 
viscose fibres. The friction fibre-fibre can be 
increased by up to 45 % using suitable spin 
finishings, in individual cases the friction fibre
fäbre mayas weil be reduced (Fig. 1). 

- The friction fibre-metal can be redueed by up to 
32 % using suitable spin finishings, in individual 
eases the friclion fibre-metal mayas weil be 
increased (Fig. 2). 
It was the aim of these tests to improve the !ibre 

consisleney and to simultaneously reduce fhe frietion 
!ibre-meta!. As the spin finishings are mainly airned 
at the improvernent of one of the IwO parumeters, 
the spin finishings have to be ohosen aecording 10 
priority. 

Low and one.-sided effects respcctively were 
achieved with spin finishings causing a high residual 
fat Conlenl on the fibre and high conccntralions on 
the tlax fibre or leading to a hydrolysis on the flax 
fibres. Spin finishings, Ihe eompone.nts of which 
cannot be founel on the ·nax fibre or which intensif)r 
U1e natural lipids of lhetlax provided the besl 
efficiency regarding the increase in the fricr.ion fibre
fibre and the reduction of the frietion fibre-metal. 

4 CHARACTERISTIC VALUES OF NEEDLE
PUNCHEDPROTOTYPES 

Initial tests aimed at the adjustment of the machine 
parameters to the flax raw material. In further tests 
on the proeessability of the short flax fibres (1500 
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needleslrunning meter, 600 strokes/min) with a 
desired mass per unit area of300 gfm2 the fabric was 
partially destroyed . The following completion of two 
corresponding liners revea.led an average mass per 
unit area of only 450 glm2. 

The processing behaviour (dust formation, 
inflamrnabjlity) with Ule influence of fhe f1ax !ibre 
and spin finishing material on the nonwoven 
formation and bonding was improved in the 
following tests. Numerous meehanical modifieations 
were required and carried out to achieve this 
improvement. The following examples ean be 
quoted: 
- Ellcapsulation of (he fibre. preparation plant, 

constnlelion of a suitablc spin finishing deviee, 
development and manufacLuring of an exhausl in 
the area ofthe earel feeding system eIe. 

rn the following tests produetion parameters, 
machine aeljustments as weil as the auxiliary means 
of prodllclion were opt.imi cd. The following 
examples can be quoted : 
- Continuous variation of the use and the 

arrangement of felting needles, variation of the 
number of strokes and the thrust, inerease of the 
spin finishing share, improvement of the spin 
finishing applieation ete. 

Coneerning the variation of the felting needles the 
following ean be pointed out: 
- The coarse needles used in the pre-needle 

maehine (15. 18. 2S. 3.5 Regular Barb 333) 
were replaced by finer needle types ("15 • 18 • 30 
• 3.5 Regular Barb 333). Further modifications 
were earried out in the working area of the 
neeelles by varying the projeeting length of the 
groove (kick-up). 

- In the finish-needle maehine considerably finer 
needles (15 • 18.36.3.0 Close Barb 333) were 
lIsed. These needle types immediately proved 
theit efficiency. 

- The eoating ofthe needles for the flax processing 
with ehromium or similar materials would be 
advantageous due to the low wearing. 
After first tests concerning the processability of 

lhe short flax fibre were carned out, where a mass 
per unil area of 300 gfm2 and the destruction cf the 
fabric struclure were desired, lhe ma s per unit urea 
was varied between approx. 200 and 1150 glm2. rn 
Table 1 selecl results are presented. 

AllhQugh a relatively high strength of the 
individual fibre was determined the strength could 
not be transferred to the mecha.nically bonded 
nonwoven fabric . The rcasons are damaging of the 
tlax fibres irregularities of the fibre structure and a 
considerable variation of the fineness ratios 
(dtexlfibre length). 

In tests with needle-punehed flax fibre nonwoven 
fabrics the plunger puncture force of Secutex® 
351-4 (2500 N) could not be achieved although [he 
mass per unit area was varicd. Even composite 
materials incorporatillg Oax woven fabrics (among 
others test R 13) achieve maximul11 plunger-pullcture 
fm'ces of only 1947 N. Only Ileedle-punched 
producls wilh fibre mixtures of polypropylclle and 
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Table 1. Laboratory results of needle-punched flax fibre nonwoven fabrics 
I) with a flax woven fabric 

test R2 R4 R6 R13 R 18 R22 R24 S 351 T 600 
measuring resu Its 

flax fibre share [%] 100 100 100 100 100 50 50 0 0 
fibre addition [%] I) 1) 50 pp 50 pp 
mass per unit area [g/m2] 325 550 732 1012 581 538 515 325 603 
thickness [mm] 2.7 3.4 3.9 4.7 2.8 5.3 5.1 3.2 4.8 
tensile strength longit. [NIl Ocm ]111 218 505 1897 1682 1600 1306 1350 1452 

elongation longit. [%] 57 51 43 14 14 95 87 75 96 
tensile strength cross [NIl Ocm] 87 196 361 1746 1674 2228 1714 1980 3106 

elongation cross [%] 77 65 72 6 5 100 94 56 56 
plunger-puncture force [N] 160 358 670 1947 1621 2749 2375 2520 

deformation [%] 58 45 46 8 8 89 84 70 

090.W [mm] 0.08 0.08 0.08 0.06 0.08 0.08 0.09 0.09 0.08 
ky BAW [m/s] 2.6 10-4 1.9 10-4 8.5 10-5 1.4 10-4 3.7 10-4 1.6 10-3 

kV.2 F-I [m/s] 3.1 10-4 3.1 10-4 2.7 10-4 5.7 10-5 9.3 10-5 1.9 10-4 4.8 10-3 

kY.20 F-I [m/s] 1.0 10-4 5.4 10-6 8.3 10-5 3.0 10-5 5.2 10-5 1.3 10-4 2.3 10-3 

kV.200 F-I [m/s] 1.7 10-6 2.3 10-6 4.4 10-6 2_5 10-5 6.9 10-4 
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flax (e.g. test R 22) exceed the required plunger
puncture force. 

The tensile strengths in machine direction of 
needle-punched f1ax fibre nonwoven fabrics are 
generally higher than in cross direction. This 
behaviour is usually opposite for customary needle
punched nonwoven fabrics made from cut staple 
fibres. None of the needle-punched pure f1ax fibre 
nonwoven fabrics reaches the value of 1200 N/10 cm 
in the tests. Only composite materials incorporating 
flax fibre woven fabrics (e.g . R 13 and R 18) and 
needle-punched producls wilh fibre mixtures of 
polypropylene and flax (e.g . teSls R 22 and R 24) 
exceed the tensile strength in machine and cross 
direction required for hydraulic engineering in 
Germany. 

The main aim of these tests was to deterrrune the 
influence of PP-additions on the strength behaviour 
ofthe whole product by maintainig the mass per unit 
area. Conceming ehe pure strength behaviour a PP 
addition of SO % proved, as expected, to be 
disadvantageous. Compared to 100 % PP-products 
Wilh the same mass per unit area the mechanical 
characteristic values deteriorated. Compared to pure 
flax fibre nonwovens the mechanical characteristic 
values were considerably improved. 

Concerning the other characteristic values of 
needle-punched nonwovens the following can be 
stated: 
- As expected, fixed marginal conditions du ring 

production result in aneffective opening size 
090,w ofapprox. 0.08 mm in all tests. 
An additionally examined, coarse and therefore 
less dissolved tow fibre caused the doubling of 
the effective opening size of these products 
compared to other f1ax fibre nonwoven fabrics. 

- The water permeability in vertioal direction to lhe 
product plane ky is -due LO the high water 
absorption capacity of the flax fibres and the 
entai led "swelling"- up to two decinial powcrs 
lower lhan desired . In cnse of low loads -wh ich 
may be the normal case- a reduction of ky 

(ky fJAy./ and kv 2 F-l respectively) of approx. a 
halt declmal power has to be expected. 

- The water pemleability in the product plane kh is 
higher than the water permeability vertical to the 
product plane kv an~ tor small loads it usually 
ranges around 3 • 10- rn/so 

- The requirernents to the cornbustion behaviour 
could rnostly be fulfilled in the course of the 
project by changing the production parameters. It 
may be assurl~ed that f1ax fibre nonwovens with 
rnA ~ 500 glrn always fulfil cornbustion class B2. 

- Tlte soil retaining capa city of needle-punched f1ax 
fibre nonwoven fabrics towards soil type BT 2, 
BT 3 and partially even soil type BT 4 -tested 
according to the BAW method- is rnainly fulfilled. 
Further tests revealed that the test results are not 

influenced by using different flax fibre types of the 
sarne quality (TR Cl, D4 Cl and Sachsenflachs F1) 
The better the f1ax fibre is dissolved and cleaned 
(flax quality) the better the processability. With a 
50 % portion of f1ax tow the wo oden parts in the 

material did not disturb the processing even with 
respect to the formation of dust. Especially from an 
economic point of view thc us of flax tow is of 
interest as its price is considerably lower lhan Umt of 
synthetic and short flax !ibre types. 

The strength behaviour has a central significance 
for lhe production of prOtotypes. Thc rcquirements 
concerning the strength of the flax !ibre nonwoven 
fabrics can -as per the a.m. explanations- not be 
achieved only with the needle punching technique. 
Additionally chosen production techniques like 
Malivlies and Kunit are according to the results not 
very suitable. The characteristic values of the 
synthetic "models" Secutex® 351-4 and Terrafix® 
600 -in Tables 1 and 2 abbreviated with S 351 and 
T 600- can only be achieved if a high mass per unit 
area of the f1ax fibre (possibly with a pp addition of 
50 to 70 %) or composite materials with incorpora
ting flax woven fabrics are used. Othcr technologies 
have to be used to achieve the rnechanical 
characteristic values ofsynthetic nonwoven fabrics in 
a cost saving way. In the following paragraph the 
results with Maliwatt-bonded nonwoven fabrics are 
explained. 

5 CHARACTERISTIC VALUES OF 
MALIWATT- BONDED PROTOTYPES 

A further rnain point to achieve the high tensile 
strength and plunger-puncture force of the models 
was the MaliwGft-bonding (Grenzendörfer 1993). In 
cooperation with Karf Mayer Malimo 
Maschinenbau GmbH Che/1/flilz rnultilayer needle
punched f1ax flbre nonwoven fabrics were knit.ted to 
compact materials by using lhe Maliw(J/f-technique. 

Furthemlore bond type, scwing thread and 
machine adjllslments were varied. The tricot bonding 
was considered as being the optimum solution. Flax 
yarn, flax thread, polyester silk, viscose silk in single 
and double design and viscose cord type of different 
thicknesses were tesled as sewing threads. The 
machine refinement was chosen with F 3.5 and a 
stitch length ofbetween 2.5 and 3.5 mrn. 

As rnentioned, tensile strengths of at least 
1200 N/lO crn in rnachine and cross direction are 
required for hydraulic engineering ("model" 
Terrafix® 600). This is in longitudinal direction 
usually achieved for the Maliwatt-bonded nonwoven 
flax fibre fabrics. The tensile strength in cross 
direction can be achieved witp a mass per unit area 
of approx. mA = 1000 g/m (e.g. test 93.93 in 
Table 2). 

During the tests with Maliwatt-bonded f1ax fibre 
nonwoven fabrics made fi·om two layers of needle
punched f1ax fibre nonwoven fabncs a plunger
puncture force of > 2500 N can be 8chieved ~vith a 
mass per unit ares of 8pproX. mA = 1000 glm (e.g. 
test 93 .93 or 94.09). Single thread viscose silk (or 
viscose cord type) with a fibre fineness of 122 tex 
should be used as sewing thread. 

To further irnprove the plunger-puncture forces 
and tensile strengths for Maliwatt-bonded f1ax fibre 
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Table 2. Laboratory results of Maliwatt-bonded flax fibre nonwoven fablics 

test 93.13 93.15 93.19 
measuring results 

flax fibre share [%] 100 100 100 
mass per unit area [g/m1] 1751 1810 2044 
thlckness [mm] 8.5 9.1 6.9 
m.p.a. prenonwoven [gIm1] 436 436 732 
number ofprenonwoven layers 4 4 3 
bonding of layers Tricot Trieot Tricot 
raw mat. of sewing threads N.N. PES-S PES-S 
thlckness ofsewing threads [tex]N.N. 47.6 167 
machine fineness F 3.5 F3.5 F 3.5 
stitch length [mm] 3.5 3.5 3.5 

tensile strength longit. [N/IOcm]1674 1780 4090 
elongation longit. [%] 42 48 40 

tensile strength cross [NIl Oem] 1253 1228 2470 
elongation cross [%] 66 62 64 

plunger puncture force [N] 
defonnation [%] 

090.W [mm] 
kv BAW [m/s] 
kV.2 F-1 [m/s] 
kV.20 F -I [m/s] 
kV.200 F-1 [m/s] 

nonwoven fabrics processing the same mass per unit 
area it may be possible to use needle-punched 
nonwoven fabries made from flaxIPP mixtures or a 
combination of a needle-punched flax fibre fabric 
with a linen woven fabric. 

Concerning the other characteristic values of 
Maliwatt-bonded flax fibre nonwoven fabrics the 
following can be stated: 
- The elongations/deformations are relatively low. 
- The effective opening size ranges around 

0.07 mm. 
- The Maliwatt-bonding results in a further 

reduction of the water permeability compared to 
the needle-punched prototypes. 

- The requirements to the combustion behaviour 
were fulfilled. 

- The soil retaining capacity is -compared to the 
needle-punched prototypes- usually further 
improved. 

6 ADDITIONAL TESTS 

Additional tests were carried out concerning the 
abrasion, shear and degradation behaviour. 

Pure flax fibre nonwoven fabrics, even those with 
a mass per unit area of 1000 g/m2, which are 
produced according to the Maliwatt-technique do 
not fulfil the abrasion test. Products made from 50 % 
flax and 50 % PP with a mass per unit area of 
544 g/m2 pass the test. PP-additions have to be 
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I) untwisted 

93.27 93.93 93.94 94.09 S 351 T600 

100 100 100 100 0 0 
861 956 1103 986 325 603 
4.3 5.0 4.9 4.8 3.2 4.8 
732 

I 2 2 2 
Tricot Tricot Tricot Tricot 
PES-S CV-S CV-S (2x) CV-S 
47.6 122 122 122 
F 3.5 F 3.5 F 3.5 F 3.5 
3.5 3.5 3.5 2.5 

1883 1904 2600 1806 1350 1452 
49 54 49 46 75 96 
835 1386 1656 203 I) 1980 3106 
87 103 95 29 56 56 

2837 4080 2737 2520 
47 46 28 70 

0.07 0.07 0.06 0.05 0.09 0.08 
4.0 10-5 2.8 10.5 3.2 10-5 1.6 10.3 

1.2 10.4 2.0 10.4 1.7 10-4 4.8 10-3 

3.910.5 4.1 10.5 4.5 10-5 2.3 10-3 

2.1 10.6 1.8 10.5 2.6 10.6 6.9 10.4 

recommended to achieve the required abrasion 
resi stance. 

The results of the shear tests prove the possible 
use of geotextiles made from flax fibres in slopes 
(angle offrietion against sand in the range of30"). 

In cooperation wilh Ihe Stlchs/sclles 
Texlilforschul/gsinsllfut e. V. Chemnilz, (Fuchs & 
Schmalz. 1994) the degradation behaviour towards 
micro-organisms and in the Global UV-test and the 
Suntest (Schmalz, Lembicki & Saathoff 1994) was 
examined. 
- When evaluating the tests concerning the 

degradation behaviollr towards micro-organisms 
it has to be stated Ihat flax fibre nonwoven fabrics 
which are completely surrounded by earth very 
quickly sllstain a e1ear decrease of strength due to 
the influence of micro-organisms and wetness. 
This rapid degradation would quesl'ion several 
fields of application (e.g. dllring rooting of plants 
at a slopc). The rllpidness of the degradation, 
however, was not expeclcd . Since these resulls 
were only achieved in laboratory tests and since 
they cannot generally be transferred to natural 
conditions, a test field seems to be recommen
dable. 

- After the Global UV test pure flax fibre 
nonwoven fabrics showed a clear increase of the 
tensile strength. 

- The tests concerning the degradation behaviour in 
the Suntest revealed that flax fibre nonwoven 
fabrics bleach out and even after two cyeles show 



a higher tensile strength compared to the initial 
tensile strength. In this case the fibre fineness is of 
considerable importance. The increase in strength 
with a simultaneous reduction ofthe fibre fineness 
can be explained by a kind ofinterla.cing. 

- Regarding the resistance against micro-organisms 
of nonwoven fabrics made trom flax and PP, the 
pp fibres are responsible for the UV resistance 
and the flax fibres are responsible for the 
remaining tensile strength. The mixture ratio 
flaxlPP is decisive for the resistance against 
Xenon-radiation. The mixture ratio 50 % flax and 
50 % pp has in all cases an advantageous 
influence on the resistance. 

- The application of special finishings (e.g. spin 
finishings with stabilizers) may be suitable to 
improve the degradation behaviour of flax fibre 
nonwoven fabrics. 

7 CONCLUSIONS 

The strength behaviour plays an important part in the 
development and production of flax-geotextiles. 
With an increasing mass per unit area aU prototypes 
tend to show a higher tensile strength and plunger
puncture force. Different kinds of nax {ibre winning 
and processing, the resulting fibre fineness, use, raw 
material and thickness of possible sewing threads, 
machine fineness and stilch Icngths, use ofspin 
finishings and synthetie additions ete. make il 
difficult 10 estill1ate thc characteristic values. Ir may 
be summnrized, however, that within the scope of 
this research project extensive trend-sett ing tests 
were carried out. 

The project -lhis report is based on- was 
supported with means of the BtU/(/esminisler Jär 
Forschung und Technologie and of the 
Bun(/esminister Jür Emllhnmg, LOlltll1linschqft lind 
Forsten (reference number 0310525A). 

The projeet was particularly made possible by the 
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Textilforschungsinstitut e. V. Chemnilz, the 
Forschungszentrum Jülich GmbH and the 
Fachagelllur Nachwachsende RohslojJe. 
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