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Research progress in the preparation and application of flame retardant ionic liquids
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Abstract: With the development of polymer materials science and technology, widely used polymer materials such
as plastics and rubber have received increasing attention due to their poor flame retardant performance and
susceptibility to fire. Flame retardant materials have the characteristics of high temperature resistance, reduced
combustion generation, reduced flame propagation speed and smoke volume. Ionic liquids (ILs) have become a
new type of flame retardant material due to their high thermal stability, gas-phase flame retardancy, and ability to
suppress free radicals. Due to its controllable structure of anions and cations and environmental friendliness, it has
gradually been applied in the field of flame retardancy. This article briefly introduces the types, preparation
methods, and flame retardant mechanisms of ionic liquids. Then, a detailed introduction is given on the flame
retardant applications of ionic liquids in various polymer materials such as polymers, textiles, and electronic
materials. Finally, the development of ionic liquids in flame retardant applications is discussed.
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Fig.1 Overview of flame retardant ionic liquids (ILs)
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Table1 Types of flame retardant ionic liquids
Type Chemical name Structural formula Application
/0
C|> HO—C/
L-aspartic acid phosphate HO—P—0" >—\ Polyvinyl alcohol®
OH HN C—OH
/
Phosphates /
N
1, 3-dimethylimidazolium methyl phosphate E> 0O——p——0 Cellulose!
/ |
CH
/ 2tls
T /(11H5
0—Si—O0
1-methylimidazole chloropropyl triethoxysilane / | o Cellulose fabric"”
G c
\N /\
N—
Silicon salts \§/
C.H;
C.H, o
N
0——8i— CH, cr
1-pyridine chloropropyl triethoxysilane salt \N Cellulose fabric"”
5 R
C:Hs/ / \

Borates

Tetrabutyl tetrafluoroborate phosphate salt

Octyltriphenylphosphine chelated orthoborate

/_/7 BF,

Polylactic acid™"

Epoxy resin"?

Imidazole salts

1-butyl-3-methylimidazole chloride salt

1-ethyl-3-methylimidazole chloride

o]

P

Cellulose!™

Polyurethane!"

Sulfonates

1-butyl-3-methylimidazolium methanesulfonate

1-butyl-3-methylimidazolium methanesulfonate

Q
o NZ N
/ \\/ o
2P = CH,SO,

Q -
\

O
0:[( \
\(()3 \ /©/ b
o -

Polyamide 6"

Polyamide 6!
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Table 2 Parameters of different types of flame retardant ionic liquids

Type Melting point Boiling point ~ Feature Disadvantage
. . o May contain highly toxic phosphorus
Phosphates >150C <200°C High thermal stability, strong solubility, elements, resulting in higher preparation

Silicon salts >200°C <300°C

stability

Borates >200°C <250C

Imidazole salts <25°C

Sulfonates >200°C <300°C

and wide liquid phase range

Low melting point, good electrochemical

Around 200°C  High thermal stability and good solubility

High conductivity and good solubility

costs

Has high viscosity, which is not conducive to
fluidity and mixing

Strong acidity or alkalinity, good solubility = May be too acidic or alkaline

May have certain toxicity to organisms and
high preparation cost

The high solubility in water may lead to
some electrolyte loss issues

(VIM) 5 # = 2. B (TEP) I 1 (& 2), 78317
YRI5 B 1 /NG T TR 1- 406 3 -3- 2 FERme
Wik — £ W& (VE[DEP]),

N (0] ?\]/e\ 9
Q Vo /\o-i}-o\/ 11500hc [ \ 6] g 0™\
N
— 5 —
VIM TEP VE[DEP]

VIM—1-vinylimidazole; TEP—Triethyl phosphate
K2 1-ZM5E-3- ZHEKERERR — 21 (VE[DEP]) 1 & Bt 2 e
Fig.2 Synthesis roadmap of 1-vinyl-3-ethylimidazolium phosphate
diethyl ester (VE[DEP])™"
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SiMP

3 1-(3-= ZAFEREEITIE)-3- I HLDRME K B RR 4L (SIMP) & h itk £k 1102
Fig.3 Synthesis roadmap of 1-(3-triethoxysilylpropyl)-3-methylimidazole hypophosphite (SiMP)"*?
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Fig.4 Schematic diagram of flame retardant mechanism
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Quenching effect [
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I DGEBA
i TPP-PF,

DGEBA—Bisphenol A diglycidyl ether
K5 =IO NFERREL (TPP-PF,) TEM ARG (EP) 54 M4 kb A BELIABL T =

Fig.5 Flame retardant mechanism of triphenylphosphine hexafluorophosphate (TPP-PFg) in epoxy resin (EP) composites'
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Fig.6 Schematic diagram of preparation process of PVA/L-aspartic acid phosphate ionic liquid film (PLA)"*
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Fig.7 Photos of UL 94 test PVA and PVA hybrid membrane (PL-20) containing 20.0wt% ionic liquid®
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Table 3 Application of flame retardant ionic liquids on polymers
Ionicliquid  Ionic liquid Flame retardant
e . - . s Flame retardant

Ionic liquid Polymer matrix composite addition effect parameters mechanism Ref.

method amount/wt% (LOI)/%

N The main

L-aspartic acid phosphate PVA Graft 20 30.1 consumption effect (8]
1-(3-triethoxysilylpropyl)-3- High density . The main
methylimidazolium chloride polyethylene (HDPE) Blending ! 27.6 carbonization effect [38]
1-ethyl-3-(diethoxyphosphoryl)- Polyurethane . The main
propylimidazolium bromide elastomer (IFR/TPU) Blending 10 301 carbonization effect [39]
1-methyl-3-((6-oxido-
dibenzo[c,e][1,2]oxaphosphinin- . The main
6-yl)methyl)-1H-imidazol-3-ium EP Blending 4 325 consumption effect [40]
4-methylbenzenesulfonate
1-methylimidazole-3-bromo- EP Blending 3 99.8 The main [41]

propylamine hydrobromide

consumption effect

Note: LOI—Limiting oxygen index.
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30 um i 30 um

E9 ML (a)). Cot/HESABEIEMIT LUK LT 4k (AEP)/IL (b,) Fil Cot/AEP/IL/Cu (c,) FIEHBIRF 5 #i4E ((a), (a3)). Cot/AEP/IL ((by), (bs)) Al
Cot/AEP/IL/Cu ((c,), (c3)) # SEM [E{%; (d) Cot/AEP/IL/Cu BYTGE WL

Fig.9 Digital photos of cotton (a,), surface modified cotton fabric (Cot)/epichlorohydrin-modified aramid nanofibers (AEP)/IL (b,), and Cot/AEP/IL/Cu
(c1); SEM images of cotton ((a,), (a3)), Cot/AEP/IL ((by), (bs)), and Cot/AEP/IL/Cu ((c,), (c3)); (d) Element mapping spectra of
Surface modified cotton fabric Cot/AEP/IL/Cu*!
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Table 4 Application of flame retardant ionic liquids in textiles

Ionic liquid  Ionic liquid Flame retardant Flame retardant
Ionic liquid Polymer matrix composite addition effect parameters chtheis?n a Ref.
method amount/wt%  (LOI)/%
Polyacrylate (PA), .
Hexaﬂuoropb@phate polyurethane (PU),  Blending 2 29.3 The mam [43]
N-hexylpyridinium and latex carbonization effect
1-aminopropyl-3- .
methylimidazolium Cotton fabric Graft 5 28.5 Thfi)ma'm . i [44]
hexafluorophosphate carbonization effect
1, 3-dimethylimidazolium
methylphosphonate The main
1-ethyl-3-methylimidazolium Cellulose Graft 5 325 carbonization effect (9]
methylphosphonate
HEZRF5E . 5 P T P SR O ) Bl R R 2R AT LI 0 2 K 2 0
4.3 B FiRUTE R F 0 R BE A R B R A FFAE BRI 22 A P TR R ST vl b 388 3 22 4 [ AR

LM AR S LT AR, R TR R R, SROIUH KRR A SRS, AT
KB B o B R R Tt PR R e R R R A DATE S [] ) S BOPE T 19 B Wk B A A2
MR RE Mg Z N, (Heg s e B RUE ks . BURRIE T SR A, A 2R



- 1714 -

EaMB=ER

R B R A 28 4 )

Chen %517 75 3 &8 47 1 Bt #2009 0 — B
BTWAR, AT —F A R LOL A . IR A& A
KR 5 8 A1) 78 98 85 1 VAR A 3RS T 1 4 e i
R (FR-ILPU), HALHE E o R 50, — 5 P
TCRIESAM P EAL B A 3, BAT A A 5
55 A i 5L 4E R BE RN 5 53— oA AR £k

0.016

0.012

0.008
0.004

Absorbance (a.u.)

0.008
(b)
FR-ILPU

0.006 |~

0.004

Absorbance (a.u.)

0.002

0.016

(c) —— R-PU
—+— FR-ILPU

0.012

0.008

Intensity (a.u.)

0.004

0 5 10 15 20 25 30 35 40

Time/min

&Y (HPO) WL AAEE TRER A, B FmZ
HIIE R, DA S5 B AR FABH B A AT 5 N-HE Rk g
SRR g — H Rk (H-NMIm) F175 W B 5L — 54
1% g (HDI) 38 i iy 5]V 0 iR i i A, R AIR
R PB4 o, o0l U LA E B (NLO))
TKZESF CO, AN TR SAR , fd R e ik 7 X DL ¢
2k, 2t FR-ILPU B (14 10) 20 B M BH %

@5

Intensity

0 0.5 1.0 L5 2.0 2.5 3.0
Energy/keV

Intensity

1.0 1.5 2.0 2.5 3.0
Energy/keV
Heat

] 1
Condense phase} ¢—C cc ) |
i ¢ + |
i H
i HPO, B0, c—C |

. o 000 of.\. - 3 - t
) . ° i
mom o 01'1::\ o, N,O, NO, i
H,0 Nonflammable Flammable \\:\‘ + + + H
gas gas - CO, {
S vas ) > {
Gas phase ~} H:0(gas) + 0, H
+ H,0(gas) e !
+ 1
PO- F- H,O(gas)|

FR-ILPU network structure EMPEP H-NMIm HDI

EMPEP—Ethylene glycol methyl phosphonate ethylene glycol propionate; H-NMIm—N-methylimidazole tetrafluoroborate diethylene glycol ether;
HDI—Hexamethylene diisocyanate
K10 (a) RELXARERE (R-PU) BERIMIRIE AW = e M0 (b) EREREAAR TR AR A (FR-ILPU) ARG AT M = 4R LT 161 5
(c) BEAEA W s A PRI S (d) FR-ILPU SMEJEBRIZR M1 A (1) SEM-EDX 45215 (e) FR-ILPU SM#J5 PERIZ B i) SEM-EDX 454 ;
(f) FR-ILPU JEEBHLIAHIL I % 255 [ )

Fig. 10 (a) 3D-infrared spectra of gas products after the thermal decomposition of non-flame retardant polyurethane (R-PU) membrane; (b) 3D-infrared

spectra of gas products after the thermal decomposition of phosphorus-containing flame retardant ionic liquid polyurethane (FR-ILPU) membrane;

(c) Total gas release of membranes during the thermal degradation; (d) SEM-EDX result for position A in the surface of carbon layer after the

decomposition of FR-ILPU; (e) SEM-EDX result for position B of the inner carbon layer after the decomposition of FR-ILPU;

(f) Schematic diagram of the flame retardant mechanism of FR-ILPU membrane

[47]
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Fig. 11 Thermal stability of imidazole ionic liquid-electrolyte system (IIL-
E) under different 1-butyl-3-methylimidazolium hexafluorophosphate
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Table 5 Application of flame retardant ionic liquids in electronic materials

Tonic liquid Ionic liquid Flame retardant
T . - . Flame retardant
Tonic liquid Polymer matrix ~ composite addition effect parameters mechanism Ref.
method amount/wt% (Lon/%
N-methylimidazole The main
tetrafluoroborate PU Graft 15 32.3 consumption [47]
diethylene glycol ether effect
1-butyl-3- Commercial The main
menthylimidazolium- organic Blending 5 30.2 consumption [48]
hexafluorophosphate electrolytes effect
Lo R . The main
?OS.S-ImIdaZOh ronic Polyionic liquid Copolyrnerl- 2 33.5 consumption [49]
liquids zation effect

Note: POSS—Polyhedral oligomeric silsesquioxanes.
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CB—Carbon black; EGFs—Expandable graphite flakes; FRs—Flame retardant fillers; MDI—Methylene diphenyl diisocyanate;
[Bmim]DBP— 1-butyl-3-methylimidazolium dibutylphosphate
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Fig. 12 (a) Fabrication of flame retardant polyurethane/carbon composite foam; (b) Plausible mechanism of IL-catalyzed polyurethane foam (PUF)

formation in the presence of water®')
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Fig. 13 SEM images of the surface ((a;)-(c,)) and cross section ((a,)-(c,))
of flame retardant/raw lacquer (FR/RL) lacquer film burned at 500°C

for 1.5 h in muffle furnace’®
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Table 6 Application of flame retardant ionic liquids on other materials
Tonic liquid Tonic liquid Flame retardant
e . - . Flame retardant
Tonic liquid Polymer matrix ~ composite addition effect parameters mechanism Ref.
method amount/wt% (Lon/%
rlr;:tl;ltylli_r?;idazole The main
yun EP Graft 15 37 carbonization [50]
hexasodium effect
fluorophosphate
1-butyl-3- The main
methylimidazolium PUF Blending 4.9 30.4 carbonization [51]
dibutylphosphate effect
. The main
Tetrabutylphosphonium Raw lacquer Blending 10 28.6 consumption [52]
tetrafluoroborate offect
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