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Einführung 

Bei den cellulosischen Regeneratfasern, auch Viskosefasern genannt, handelt es sich 
um die älteste Faserart, die bereits vor mehr als 100 Jahren technisch gezielt auf der 
Basis von natürlicher Cellulose hergestellt werden konnte. Dabei ist das zu Beginn 
des Verfahrens eingesetzte natürliche Polymer Cellulose chemisch strukturgleich mit 
dem Polymer Cellulose, aus dem die Faser besteht.  

Es ist deshalb erstaunlich, dass trotz dieser langen Historie an technisch 
wissenschaftlichem Know-How heute die Frage ernsthaft diskutiert wird, ob es sich 
bei dem der Viskosefaser zugrunde liegenden natürlichen Polymer Cellulose um 
einen Kunststoff handelt.  

Einweg-Kunststoff-Richtlinie 

Ausgelöst wurde die Diskussion durch die Gestaltung der Einweg-Kunststoff-
Richtlinie (Single-Use-Plastic-Directive, „SUPD“), wo die Grenzen für eine Definition 
von Kunststoffen gezogen werden müssen Speziell die Frage, ob chemisch 
modifizierte polymere Naturstoffe als Kunststoffe zu gelten haben, berührt die 
Viskosefasern. Zu diesem Punkt gibt bereits die REACH-Verordnung unter Artikel 3 
Punkt 40. eine gesetzlich gültige Definition: „Nicht chemisch veränderter Stoff: Stoff, 
dessen chemische Struktur unverändert bleibt, auch wenn er einem chemischen 
Verfahren oder einer chemischen Behandlung oder einer physikalischen 
mineralogischen Umwandlung, zum Beispiel zur Beseitigung von Verunreinigungen, 
unterzogen wurde.“  

Viskoseverfahren 

Um zu klären, ob Viskosefasern als chemische modifiziert gelten, erscheint es 
angebracht, einen näheren Blick auf das Verfahren zu richten, mit dem sie hergestellt 
werden. 

Einer der Ziele des Viskose-Verfahrens besteht darin, die in der Natur vorkommende 
Cellulose einerseits zu reinigen und andererseits in einen Zustand zu überführen, der 
die mechanische Formung in eine faserförmige Geometrie ermöglicht.  

Hierzu ist es u. a. notwendig, die Cellulose intermediär mit Kohlenstoffdisulfid zu 
versetzen, um sie in einen viskosen Aggregatzustand zu überführen. In diesem 
Zustand kann sie durch Filter von Verunreinigungen befreit und anschließend durch 
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Düsen in eine faserförmige Struktur geformt werden. Sobald die Viskose zu Fasern 
geformt wurde, hält man hochreine Cellulose (> 99 %) in Händen, die sich nur durch 
Ihre Reinheit und ihre geometrische Ausformung von der im Verfahren eingesetzten 
Cellulose unterscheidet. Die intermediäre Zwischenstufe ist nach der Bildung der 
Viskosefasern nicht mehr existent und gelangt zu keinem Zeitpunkt in die Umwelt. 
Damit ist die Cellulose der Viskosefaser chemisch nicht modifiziert und die 
Viskosefaser kein Kunststoff. 

Bioabbaubarkeit 

Zudem verhält sich die cellulosische Faser hinsichtlich ihrer Bioabbaubarkeit genauso 
wie Cellulose, die in den unterschiedlichsten Formen in der Natur anzutreffen ist, weil 
sie eben chemisch strukturgleich sind12.  

Für diesen Nachweis werden dieselben internationalen Standards verwendet, wie sie 
auch im Rahmen des REACH-Beschränkungsverfahrens zu Mikroplastik3 zum Einsatz 
gekommen sind. Hier sind zum Beispiel die anerkannten Messmethoden nach DIN EN 
OECD 301, die DIN EN 14851 für die verschiedenen Kompartimente oder 
Desintegrationstests zu nennen.  

In den beiden nachfolgenden Abbildungen sind die Ergebnisse aus Tests zum 
Nachweis der biologischen Abbaubarkeit gemäß DIN EN ISO 148514 sowie der 
ASTM 66915 aufgeführt: 

  

                                                 
1 Aufsatz „Why are viscose fibres (man-made cellulose fibers) so well biodegradable?” von Prof. Dr. Antje 

Potthast und Prof. Dr. Thomas Rosenau (vom 17.02.2021) 
2 Aufsatz von Dr. Dimitri D. Deheyn vom 16.02.2021 
3 Annex to Background Document to the Opinion on the Annex XV dossier proposing restrictions on 

intentionally added microplastics; ECHA/RAC/RES-O-0000006790-71-01/F; 11 June 2020 
4 Page 40 and 44 of Footnote 3: “ISO 14851:2019 Determination of the ultimate aerobic biodegradability 

of plastic materials in an aqueous medium — Method by measuring the oxygen demand in closed 
respirometer” 

5 Page 31, 43 and 45 of Footnote 3: “ISO 22403:2020 describes methods and criteria for the intrinsic (i.e. 
potential) biodegradability in marine environment of virgin plastic materials and polymers. 
Mineralisation of the whole test material or each individual constituent into carbon dioxide for at least 
90 % or for the same extent of the reference material within 2 years is considered a positive results of 
ISO 18830, ISO 19679, ISO22404, ASTM D6691-17, ISO 23977-1, or ISO 23977-2”. 



 
Vorsitzender: 
Geschäftsführ
  

Abbildu

Abbildu

 

Schluss

Entsche
und di
biologi
herang
die Ma
die obe
sind b
Viskose
ausgen

Weiterg

Industr
Dr. Joch
Mainze
60329 
Tel.: 
Fax.: 
E-mail:

Klaus Holz 
rer: Dr. Wilhelm R

ung links: 

ung rechts

sfolgerung

eidende Ei
e Umwelte
schen Abb

gezogen. E
akroebene 
en genann
ioabbauba
efasern ge
nommen. D

gehende F

rievereinig
hen Ballach
er Landstra
Frankfurt 
069 / 27
069 / 27

: Ballach@

Rauch

Analytisc
EN ISO 1

s: Analytisc
ASTM 66

gen: 

nstufungs
eigenschaf
baubarkeit

Es kann dav
(Fasern) ü

nten Umw
ar. Hinsich
emäß der 
Damit sind

ragen zum

ung Chem
h 
aße 55 
am Main 

79971 – 36
79971 – 37
@IVC-eV.de

cher Nachw
4851 für F

cher Nach
691 unter m

kriterien im
ften der in
t werden 
von ausge

übertragen
elteigensc

htlich der 
bereits ge

d Viskosefa

m Thema kö

miefaser e. V

6 
7 
e 

- 4 / 4 -
Bankkonto:
Commerzbank AG W
IBAN DE47 5154 00

weis zur b
Frischwass

hweise zu
maritimen

m Rahmen
n Verkehr
die Ergeb

egangen w
n und som
haften zug
Definition

esetzlich g
asern keine

önnen ger

V. (IVC) 

- 
Wetzlar
037 0483 2416 00 • B

biologische
ser 

r biologis
 Bedingun

n der SUPD
r gebracht
nisse aus 

werden, das
mit den cel
geschriebe

n der chem
eltenden R
e Kunststo

richtet werd

BIC COBADEFFXXX 

en Abbaub

schen Abb
gen 

D sind die c
en Materia
den Tests

ss diese Er
lulosische
en werden
mischen M
REACH-Ve
ffe! 

den an: 

 

Mainzer Landstra
Telefon: 069/279

X E-mail: IVC@IVC

barkeit gem

baubarkeit

chemische 
alien. Im F
s mit Mik
rgebnisse 
n Fasern e

n können, 
Modifizieru
erordnung 

aße 55 • 60329 Fran
9971-30 • Telefax: 06
C-eV.de • Internet: w

mäß DIN 

t gemäß 

 

Struktur 
Falle der 
roplastik 
auch auf 
ebenfalls 
d. h. sie 

ung sind 
ohnehin 

 
 
 

kfurt am Main 
69/279971-37 

www.IVC-eV.de 





Muthgasse 18, A-1190 Wien and Konrad-Lorenz-Str. 24, A-3430 Tulln, AUSTRIA, phone: +43 1 47654-77471 or 77411, https://boku.ac.at/en/chemie/wpf 
 


 
 
 
 
Univ. Prof. Dipl. Chem. Dr. rer. nat. Antje Potthast 
Univ. Prof. Dipl. Chem. Dr. rer. nat. Dr. h.c. Thomas Rosenau 
 
 
Department of Chemistry  
Institute of Chemistry of Renewable Resources 
Muthgasse 18, A-1190 Wien and UFT Tulln, Konrad-Lorenz-Str. 24, A-3430 Tulln 
antje.potthast@boku.ac.at, thomas.rosenau@boku.ac.at 
phone: +43-1-47654-77471 or +43-1-47654-77412 
https://boku.ac.at/en/chemie/wpf 
 
 


February 17, 2021 
 
 
 
To whom it may concern 
 
 
Why are viscose fibers (man-made cellulose fibers) so well biodegradable ? 
 
In recent communications regarding the nature of man-made cellulosic fibers, in particular viscose, 
we have already emphasized repeatedly that a viscose fiber is comprised of neat cellulose, a fact 
which is corroborated by analytical data and scientific publications galore. The fact that viscose 
production involves a temporarily chemical derivatization is not contradictory to that, because the 
provisionally required substituents – imposing solubility and spinability – are quantitatively cleaved 
off afterwards to produce a regenerated material which chemically is neat cellulose again. 
 
A scientific study by the Deheyn group (Skripps Institute, USC, USA, letter attached) has proven 
that viscose fibers degrade in seawater at a similar rate compared to cotton or cellulosic pulp which, 
at least to cellulose scientists, is not a source of surprise. This is briefly sustained in the following 
statement. 
 
In order to break down a substance in a natural environment, it needs to be subject to 
biodegradation, i.e. the corresponding enzymatic systems must be able to work. For 
biodegradation, polymeric matter needs to be solubilized, which is mostly – also in the cellulose 
case – achieved by fragmentation and oxidation into compounds of significantly lower molecular 
weight. In this process, insoluble polymers are converted to soluble (and metabolizable) oligomers 
and monomers. For this conversion to work, enzymes have to attach to the polymers´ surface and 
catalyze the degradation by their inherent mechanisms, which include hydrolysis and oxidation. 
How fast this step proceeds depends on several parameters. Most importantly, the matter to be 
degraded has to be recognizable by the enzyme as substrate (the famous “key – lock” principle), 
i.e. the material has to fit the enzymes´ specificity. Obviously this is the case for viscose fibers as 
it is degraded fast. Its good biodegradability is on the other hand a clear proof of its chemical nature 
being neat cellulose: otherwise it would not be recognized and accepted by the enzymes as 
substrate. Apart from these specific biochemical degradation pathways, hydrolysis and oxidation 
are also induced by chemical means in the seawater. Also, cotton, viscose or lyocell are all pure 
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celluloses, bleached pulps often contain hemicelluloses, which are readily biodegradable as well 
(but by other enzyme systems).  
 
The different cellulose chain orientation in the highly ordered, “crystalline” parts of cellulosic 
materials (which is parallel for cotton and pulp and antiparallel for viscose) has no limiting influence 
on the described chemical and enzymatic reactions. Viscose is characterized by a rather low 
degree of crystallinity (wide-angle X-ray scattering data) in the range of 25-30%1, compared to 
cotton (between 50-60)2. As non-crystalline areas are mostly of higher reactivity than crystalline 
ones, another reason for the fast biodegradation of viscose is provided.  
Compared to cotton or cellulosic pulp, the molar mass of regenerated cellulose fibers is lower so 
that less bond cleavage and time for a structural breakdown and solubilization is required, which 
represents the third justification for the good and fast biodegradability.   
Another decisive factor for biodegradation is the surface structure of the fibers. Recent studies 
confirm that the surface of viscose fibers exhibit high nano-roughness - larger than that of cotton 
or silk3 - which promotes adhesion of microorganisms and, in turn, faster breakdown and 
biodegradation.  
 
Having briefly outlined four reasons for the rapid and efficient biodegradability of viscose fibers, we 
hope that the introductory statement from above - that the good biodegradability of viscose comes 
as no surprise to cellulose experts - has been well illustrated and made understandable also to 
non-experts. Quite simply, viscose is cellulose - why should we expect anything different? 
 
 
Don’t hesitate to contact me if there are any further questions,  
Sincerely yours,  
 


       
           Antje POTTHAST       Thomas ROSENAU 


                                                 
1 T. Röder, J. Moosbauer, M. Fasching, A. Bohn, H. Fink, T. Baldinger, et al. Crystallinity determination of man-made cellulose fibers-comparison 
of analytical methods. Lenzinger Berichte, 86 (2006), pp. 132-136 
2 T. Röder, J. Moosbauer, M. Fasching, A. Bohn, H. Fink, T. Baldinger, et al. Crystallinity determination of native cellulose-comparison of analytical 
methods. Lenzinger Berichte, 86 (2006), pp. 85-89 
3 Varshney, S., Sain, A., Gupta, D., Sharma, S. Factors Affecting Bacterial Adhesion on Selected Textile Fibres 
(2021) Indian Journal of Microbiology, 61 (1), pp. 31-37.  
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I am a marine biologist at Scripps Institution of Oceanography, where I have a lab to conduct research on various 


topics, including environmental health. Over the years, my research has found increasing amounts of plastics in 


remote places, which lead to my recent focus on the “plastic issue” in the recent years. Through various platforms 


that bridge the gap between policy makers and industry (The BEST Initiative, CPRfortheOceans, and others), I have 


worked on topics related to cleaning plastics (which is not a sustainable solution) but especially what makes plastics 


what it is. At the end, what makes plastic what it is, is the disproportionate time between the use of the material 


(from minutes sometimes to more often hours and a few years) and the time it takes to degrade once in the 


environment… most often hundreds to thousands of years for most plastics. So this comes back to the definition of 


plastic… although currently based on the chemistry to make the “precious material”, the definition should be on its 


degradability, going back to full carbon molecules that can be reused by ecosystems. Think about what is around 


you in these terms, and you will see that everything that is slow to degrade in nature, has had very long ecosystems 


services when of natural origin… only manmade synthetic materials, like plastics, have such a disproportionate time 


between use and biodegradation.  


In California, our efforts towards inclusion of biodegradation ability is starting to shape our policies. Our governor 


encourages nature-based solutions (where the ratio between use and biodegradation is “natural”, and not 


disproportionate as for plastics).  


This train of thoughts is based on scientific demonstrations (from academic institutions) about the difference in 


degradation between plastics and “the alternatives”. In my case, we tested the degradation of various plastics (such 


as polyester, polypropylene, polystyrene, PLA) and natural alternatives (such as cotton, viscose, lyocell). Our 


analysis was focused on the degradation aspects of the materials, under natural conditions but also under industry-


approved assay.  


Our results were clear: plastic materials placed in the ocean for more than 210 days did not show any significant 


sign of biodegradation.  In contrast, all natural materials, fully degraded with 21 days~! We compare the 


mechanisms of degradation of wood-based materials (such as viscose and lyocell) to that of tree leaves, and showed 


that the mechanisms were very similar, going through progressive thinning of the material as it gets weakened by 


increased biofilm. The mechanisms of biodegradation of these materials were clearly natural, and distinct from those 


of the plastics (which in effect showed no significant degradation). Another striking discovery was that the all the 


natural based materials behaved similarly: whether viscose, pulp or cotton, the biodegradability analyses ended up 


similar for these natural-based materials, and in striking contrast with the more synthetic materials (the “true” 


plastics).  


Our results are in review in the peer-reviewed journal Science of the Total Environment, a copy of which I would be 


happy to provide once accepted by the journal. The most telling part of this paper is the shocking images of the 


plastic material after 210 days in seawater, which looked “clean” and no different than before being dropped in the 


ocean. That is plastic indeed. Now if a material of whatever chemistry, degraded in the environment similar to 


natural materials, using the same processed and the same mechanisms, this is clearly not plastic. I have included at 


the end of this letter the graphic abstract of the paper for your perusal.  


BERKELEY DAVIS IRVINE LOS ANGELES RIVERSIDE SAN DIEGO SAN FRANCISCO• • • • • • SANTA BARBARA SANTA CRUZ•







We also are finalizing another paper in which we compared more materials (natural, blend and synthetic), which we 


left for >400 days in the ocean. We compared these materials from the structural integrity standpoint but also the 


chemical integrity standpoint (using Raman). The results are equally stunning and fully in line with the publication 


currently in review at STOTEN. Here again, I would be happy to share with you these data in full confidentiality 


until accepted for publication.  


I hope that this input is helpful in the decision-making process around plastic definition and how to categorize 


materials (please consider their ability to biodegrade~!).  


As usual for all the people I reach out to about this topic, I would be happy to provide more information and details 


about this topic. Please do not hesitate to contact me.  


 


Sincerely yours, 


 


 
 


Dimitri Deheyn 


SIO Researcher 


 


 


From our article in revision in STOTEN. The data shown for synthetic fibers are for polyester while the wood-based 


fibers are for viscose (although the paper also assessed lyocell with no difference to viscose). 


 
 


 


 





