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Paper

Study on the Improvement of Flame Retardancy of Bamboo Fiber Using
Eco-Friendly Liquid Flame Retardant

Dong-Woo Lee*, Maksym Li*, Jung-il Song*'

ABSTRACT: Since natural fibers are highly flammable, it is not easy to make them flame retardant. In this study, a
liquid flame retardant based on phytic acid, APTES, and Thiourea, which are flame retardant candidates derived from
nature, was prepared and its performance was verified through flame retardant treatment and flame retardancy
evaluation of bamboo fibers. When a liquid flame retardant is used, it is possible to treat a large amount of natural
fibers with flame retardant treatment. Nine types of flame-retardant treated bamboo fibers were prepared according to
the Taguchi design of experiment method. Thereafter, vertical burning test and microcalorimeter test were performed
for flame retardancy evaluation, and the surface of natural fibers before and after flame-retardant treatment was
compared using scanning electron microscope. The results show that phytic acid has a significant effect on improving
the flame retardancy of natural fibers. Through microstructure analysis, it was assumed that the phytic acid helps
flame retardant to uniformly adhere to the surface of natural fibers. If such research results are utilized, it is possible
to make a large amount of natural fibers high flammability in an eco-friendly way, which is expected to be
advantageous for the application of prototypes.
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Table 1. Mechanical properties of natural fibers

Fiber Tensile Strength Young’s Modulus
(MPa) (GPa)
Jute 393-773 13-26.5
Hemp 690
Kenaf
Flax 345-1100 27.6
Ramie 400-938 61.4-128
Sunn 1.17-1.9
Sisal 468-640 9.4-22.0
Cotton 287-800 5.5-12.6
Kapok -
Coir 131-175 4-6
Banana 1.7-7.9
PALF 413-1627 34.5-82.5

Table 2. Phosphorus Flame retardant for polymer matrix

Retardant Target polymer
Phosphate PC, PP, PA66
Red phosphorus PAG, 66, 610, Epoxies
Phosphonate PET, PC, ABS, PU foam, PA6
Phosphinate PA, PBT, PA6
Phosphazene PA, PBT, epoxies
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Fig. 1. Bamboo felt fiber
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Fig. 2. Flame retardant for this study
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Fig. 3. Chemical bonding of melamine and phytic acid [4]
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Table 3. Available Taguchi designs

Available Taguchi Designs (with Number of Factors)

gE' le-level designs
Designs 2 level 3 level 4 level 5 level
L4 23
L8 s
L9 23
L12 2-11 3 factor
L16 2-15
L16 25
L25 e 26
127 213
132 2-31
[ «[»\Single-level { Mixed 2-3 level £ Mixed 2-4 level

Table 4. Taguchi L9 table

PA (%) APTES (%) Thiourea (%)
L1 0 0 0

L2
L3
14
L5
L6
L7
L8
L9
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Fig. 5. Surface treatment of bamboo fiber using liquid retardant
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Fig. 6. Schematic diagram of vertical burning test

£5 4417184 olule] HRR 28 245190,
243 A5 e 24

Al 5ol 22-H](Signal to noise ratio, SNR) £44-2 = 7| %]
ol gstel fAUA N $EE kI ol
5] 2919 HRR 2 218
DP/\:]—*;J (smaller

2.4.4 o) QL2 EA

F= A4 A8 1] 7 (Scanning Electron Microscope, SEM)-S
o] gato] dl A M3t Fo MfrHE FYsta Wl
Aejoll ofat Aol e ulm LAjsheich

3. 97 At

31 $HA2NY & 20| 7'0|
A 71l ket 2H1E 9 BRe) diel Hao] o
3 449l F ATHe Fig wf Utk L1 A He 93]
A2 917] T glow, x| AmNE SR
L2~L9 A]&Ho|t}.

AL -Heby golomut elg L1o| A9 o] 2o 5
263 o] 2 BA7IK] BE e ek u]H e Hf

$ 102 o] ol 23] AhE R HISA L AR
B QLo A7haske ) g Bheo] X454 0 2 Shak
w4 $h 3] dashglr] o] LIe Ao vl
RlzA A7 gl

L2 E L7 B 2 PAsHA A7tasteo]
oujgt 520) TS AWTkn & 4 gk AFH 82
A5 %0 WolS S4T A Table 59 2k,

PA7} £3HEl L4, L5, L6. L7, L8, L9o] AL B2 12327}
S 74T AN A0 o ol sigo] WA g
9tth. g, PAZE 3% wjek 6% uf 2p7hasl A7) of
ZFE mhE e Bl 4 glglom o] PAS] Yol %

<
A= = e=a T

FHN >H>
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Table 5. Measured char length after vertical burning test

Level PA, APTES, TH (wt.%) Char length (cm)
L1 (0,0,0) X
L2 (0,3,3) 18+2.2
L3 (0,6,6) 18+ 1.6
L4 (3,0,3) 75+0.7
L5 (3,3,6) 8406
L6 (3,6,0) 7.5+£0.5
L7 (6,0,6) 6.5%0.3
L8 (6,3,0)
L9 (6,6,3) 7+04
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Table 6. Load-Displacement graph of tensile test result

Level |PA, APTES, TH (Wt.%)| Tpyee(°C) | PHRR (W/g)
L1 (0,0,0) 359.17 249.17
L2 (0,3,3) 334.47 161.33
L3 (0,6,6) 329.62 151.99
L4 (3,0,3) 314.67 30.65
L5 (3,3,6) 301.14 35.51
L6 (3,6,0) 316.36 23.90
L7 (6,0,6) 361.58 15.65
L8 (6,3,0) 311.24 27.91
L9 (6,6,3) 297.04 10.66
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