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A Review of Flame Retarding Polyacrylonitrile (PAN) Fibers and
Composites

Jongho Kim*, Bon-Cheol Ku*"

ABSTRACT: Development of flame retarding polymer based materials has been studied actively due to the increase in
use of polymers. The post treatment of manufactured fibers or the introduction of flame retardant into fibers is
representative method for the way to improve the flame retardancy. Among the polymers, polyacrylonitrile (PAN),
which is a precursor of carbon fiber, has been widely used for clothes. Due to low flame retardancy of PAN fiber (LOI
value: 17~18%), the improvement of flame retardancy of PAN fiber is needed. In this review paper, we report
preparation methods for the fabrication of post-treated (oxidization or chemical reaction) flame-retarding PAN fibers
and composites composed of PAN and organic/inorganic materials (SiO,, 2D materials or CNT).
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Fig. 1. Chemical reaction process during PAN stabilization.
Reproduced with permission [17]. Copyright 2007,
Elsevier
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Fig. 2. Chemical structures of comonomers for fabrication of
PAN based carbon fiber
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2.1.1 Oxidized PAN
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Table 1. Commercial Oxi-PAN fibers and their companies [35-38]

LOI Densi
Product name Company (%) (g /cm?)’
PANOX® SGL Group >45 1.37-1.39
ZOLTEK® OX Toray Group 56 1.40
PYROMEX" Teijin 50-60 1.41




344

Jongho Kim, Bon-Cheol Ku

AL Holt oxidized PAN &= A SGL 129
PANOX", Toray 19| ZOLTEX" OX, Z12]il Teijin2]
PYROMEX”EP% AEo g duE s glon LOIgho] &
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2.1.2 Post-treatment of PAN
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Step 1: Preparation of PAN-g-GMA

0.
D> o0
CN CON
GMA *\
Uv/BP
. o
0”\0/\<(’)

PAN fabric PAN-g-GMA

Step 2: Preparation of Am-PAN-g-GMA

H OH

0.
\>\/°\"f” R S NH
AN = g
NH,NH;* H,0 HN=NH,
\‘}Tn & ™
e V4 - NH,
0¢ 0/\<| -y e

PAN-g-GMA

Am-PAN-g-GMA

Step 3: Preparation of FR-PAN
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Fig. 3. Scheme of fabrication process of FR-PAN via introduction
of phosphoric acid after grafting polymerization of GMA
on PAN fibers. Reproduced with permission [39]. Copy-

right 2014, Royal Society of Chemistry
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Fig. 4. Scheme of post-treated flame retardant PAN fibers with
phosphoric acid. Reproduced with permission [40].
Copyright 2018, John Wiley & Sons, Ltd. Reproduced with
permission [41]. Copyright 2018, Elsevier. Reproduced
with permission [42]. Copy-right 2017, Elsevier
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2.2 PAN composites
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Fig. 5. Scheme of fabrication method for FR-PVA/PAN compos-
ite fiber. Reproduced with permission [43]. Copyright
2018, MDPI
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Fig. 6. Scheme of fabrication process of FR-PVA/PAN composite
fiber. Reproduced with permission [47]. Copyright 2017,
Elsevier
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2.2.3 2D materials-PAN composites
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Fig. 7. Schematic illustration of flame retardant mechanism of
MoS,/PAN composite fiber. Reproduced with permission
[55]. Copyright 2019, Elsevier
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Fig. 8. Photograph images of stabilized flame retardant PAN
composite electrospun nanofibers including CNT ochre
under various temperatures and Oxi-PAN fiber; (a) 190°C,
(b) 220°C, (a) 240°C, (d) Oxi-PAN fiber. Reproduced with
permission [56]. Copyright 2013, Elsevier

Fig. 9. LOI values of commercial polymers (filled), Oxi-PAN
(unfilled), previously reported post-treated PAN fiber
(line pattern), and PAN composites (dot pattern)
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