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(57) Abstract:

The invention relates to a polymeric fibre derived from a copolymer of polyacrylonitrile and a
comonomer. The fibre comprises a metal ion and/or silicon at from about 1 to about 15 wt%. A
process for making the fibre is also described.
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and are being phased out. Hydrazine hydrate is corrosive, irritant, biologically (carcinogen, 

skin corrosion and sensitisation) and environmentally toxic (aquatic), is a strong reducing 

agent and in its anhydrous form extremely explosive. Due to it hazardous nature, its use 

requires stringent safety controls.  

[0007] An alternative to the hydrazine process which avoids many of its problems is 

described in Australian Provisional Patent Application No. 2016900596 and related 

International Application No. PCT/AU2017/000046,, the entire contents of both of which 

are incorporated herein by reference. This process used organic diamines, which also 

require careful handling and may be toxic. Additionally, it relied on post-treatment of an 

existing fibre rather than generating a fibre with the desired properties initially. 

[0008] Polyacrylonitrile fibres are predominately produced by a wet-spinning process. This 

is a costly, hazardous and difficult process, requiring specialised equipment and solvent 

handling capability. 

[0009] It is therefore desirable to develop a process for making a flame-retardant PAN-

based fibre that overcomes at least some of the above disadvantages. 

Summary of Invention 

[0009a] In a first embodiment there is provided a polymeric fibre derived from a copolymer 

of polyacrylonitrile and a comonomer, said fibre comprising a metal ion and/or silicon at 

from about 1 to about 15 wt% and said fibre having no detectable crystallinity as measured 

using x-ray scattering; 

wherein the copolymer comprises from about 10 to about 30 mol% of the comonomer; the 

comonomer is an acrylic or methacrylic comonomer; and 

the copolymer is not a block copolymer. 

[0009b] In a second embodiment there is provided a process for making the polymeric fibre 

according to the first embodiment, said process comprising: 

• Preparing a copolymer melt comprising (i) a copolymer of polyacrylonitrile 

and a comonomer, and (ii) a metal ion additive and/or silicon containing 

additive at from about 1 to about 15 wt%; and 

• Extruding the copolymer melt through a dye to form said fibre. 
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[0009c] In a third embodiment there is provided a process for making the polymeric fibre 

according to the first embodiment, said process comprising: 

• preparing a copolymer melt comprising a copolymer of polyacrylonitrile and 

a comonomer; 

• extruding the copolymer melt through a dye to form a precursor fibre; and 

• treating the precursor fibre with a metal ion additive and/or silicon containing 

additive so as to form the polymeric fibre. 

[0009d] In a fourth embodiment there is provided use of a fibre according to the first 

embodiment, for manufacture of a flame resistant or flame retardant fabric. 

[0009e] In a fifth embodiment there is provided use of a fibre according to the first 

embodiment, for manufacture of an antimicrobial fabric. 

[00010] In a first aspect of the invention there is provided a polymeric fibre derived from a 

copolymer of polyacrylonitrile and a comonomer, said fibre comprising a metal ion and/or 

silicon at from about 1 to about 15 wt%.  

[00011] The following options may be used in conjunction with the first aspect, either 

individually or in any suitable combination. 

[00012] The copolymer may comprise from about 10 to about 30 mol% of the comonomer. 

It may be an acrylic or methacrylic comonomer. It may be halogen-free. 

[00013] The metal ion may be a Group 3 to 16 metal ion, for example zinc (II). 

THE NEXT PAGE IS PAGE 3 
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Claims: 

1. A polymeric fibre derived from a copolymer of polyacrylonitrile and a 

comonomer, said fibre comprising a metal ion and/or silicon at from about 1 to about 15 

wt% and said fibre having no detectable crystallinity as measured using x-ray scattering; 

wherein the copolymer comprises from about 10 to about 30 mol% of the comonomer; the 

comonomer is an acrylic or methacrylic comonomer; and 

the copolymer is not a block copolymer. 

2. The polymeric fibre of claim 1 wherein the comonomer is halogen-free. 

3. The polymeric fibre of any one of claim 1 or 2 wherein the metal ion is a Group 3 

to 16 metal ion. 

4. The polymeric fibre of claim 3 wherein the metal ion is zinc (II). 

5. The polymeric fibre of any one of claims 1 to 4 wherein the copolymer is a random 

copolymer. 

6. The polymeric fibre of any one of claims 1 to 5 wherein the copolymer has a 

weight average molecular weight between about 10 and about 100kDa. 

7. The polymeric fibre of any one of claims 1 to 6 wherein the copolymer has a 

bimodal molecular weight distribution. 

8. The polymeric fibre of any one of claims 1 to 7 which comprises a filler. 

9. The polymeric fibre of any one of claims 1 to 8 which is crosslinked. 

10. The polymeric fibre of any one of claims 1 to 9 which is crosslinked by means of 

the metal ion and/or silicon. 

11. The polymeric fibre of any one of claims 1 to 10 having a limiting oxygen index 

(LOI) of at least 40 as measured using ASTM D2863-13. 

12. The polymeric fibre of any one of claims 1 to 11 which does not sustain 

combustion in ambient air. 
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13. A process for making the polymeric fibre of claim 1, said process comprising: 

• Preparing a copolymer melt comprising (i) a copolymer of polyacrylonitrile 

and a comonomer, and (ii) a metal ion additive and/or silicon containing 

additive at from about 1 to about 15 wt%; and 

• Extruding the copolymer melt through a dye to form said fibre. 

14. The process of claim 13 wherein the step of preparing the copolymer melt 

comprises melting the copolymer to a temperature above its melting point, adding the 

additive and dispersing said additive in the molten copolymer. 

15. The process of claim 14 wherein the agitating is performed by means of a screw 

extruder. 

16. The process of any one of claims 13 to 15 wherein the additive comprises a metal 

ion additive, said additive being a salt of said metal ion. 

17. The process of any one of claims 13 to 16 wherein the additive comprises a silicon 

containing additive, said additive being an alkoxysilane comprising a functional alkyl group 

attached to silicon. 

18. The process of claim 17 wherein the functional alkyl group comprises a radically 

polymerisable group and the process comprises adding a thermal initiator to the copolymer 

prior to adding the additive.  

19. A process for making the polymeric fibre of claim 1, said process comprising: 

• preparing a copolymer melt comprising a copolymer of polyacrylonitrile and 

a comonomer; 

• extruding the copolymer melt through a dye to form a precursor fibre; and 

• treating the precursor fibre with a metal ion additive and/or silicon containing 

additive so as to form the polymeric fibre. 

20. The process of claim 19 wherein the step of treating comprises exposing the 

precursor fibre to a solution of the additive for sufficient time to incorporate from about 1 

to about 15 wt% of the metal ion and/or silicon into the fibre. 

21. The process of any one of claims 13 to 20 wherein the copolymer melt comprises 

a diluent. 
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22. The process of claim 21 wherein the diluent is a diol or a triol. 

23. The process of any one of claims 13 to 22 wherein the copolymer melt comprises 

a vinyl functional crosslinker, whereby the copolymer crosslinks during said extruding. 

24. The process of any one of claims 13 to 23 wherein the copolymer melt comprises 

a filler capable of crosslinking with the copolymer. 

25. Use of a fibre according to any one of claims 1 to 12, for manufacture of a flame 

resistant or flame retardant fabric. 

26. Use of a fibre according to any one of claims 1 to 12, for manufacture of an 

antimicrobial fabric. 

 Metis Technologies Pty Ltd 

 By the Attorneys for the Applicant 
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