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Abstract: A process to produce fibers from Poly(m-phenylem@ishalamide)(PMIA)
solution in an ionic liquid via wet-spinning techogy are described. The spinning process
was investigated on a small laboratory scale. Idigjaid spinning solutions were first
prepared for PMIA fibers, followed by wet spinning. the course of this research, the
physical properties of the PMIA fibers were estieshtWe studied the dependence of the
mechanical properties of the obtained PMIA fibenstioe composition of the coagulation
bath, and on the choice of solvent in spinning tsmhu The morphology of the fibers from
ionic liquid and traditional DMACc solvents via wsgpinning process were observed by
scanning electrical microscopy(SEM). The differenoé morphologies and properties of
the PMIA fibers obtained from two different solvertre discussed.
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1.

Introduction

Poly(m-phenyleneisophthalamide)(PMIA) is well kn@s fire resistant material. It is a kind of

high-crystallinity fibrous polymers and neither @ole nor fusible easily because of the high rigidit
and conjugation of its backbone which cause diffycdo process. At present, PMIA has poor
solubility in organic solvents such as dimethylfammde(DMF) and dimethylacetamide(DMAc) [1-3].
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For several years, investigations aimed at devetppiew environment-friendly technologies to
produce PMIA fibers. The processes elaborated drerbased on ionic liquid as a PMIA solvent.

lonic liquids are salts that are liquids at roormmperature. Usually composing of a bulky organic
cation such as imidazolium or pyridinium cation ansimaller inorganic ion such as Cl-, PF6- or BF4-,
they can be customized like organic solvents. Hamewnic liquids are considered “green” because,
unlike the volatile organic compounds (VOCSs), tleg many of these compounds have negligible
vapor pressure and can be recycled and reusedtedphept-7]. Recent research has focused on the
wet-spinning formation of regenerated silk usingiediquids as a solvent [8,9].

In our current research, we have investigated tbsotlition and wet-spinning formation of PMIA
fiber in and from ionic liquids. The research irddd the following aspects: estimation of the
properties of the PMIA fibers, preparation and duassessment of spinning solutions prepared using
ionic liquid, the impact of the coagulation batlg@mposition and temperature upon the mechanical
properties of the fibers obtained.

2. Materials and Methods

PMIA(MMw 140,000 gmet), DMAc and LiCl were provided from the DuPont Chiliolding
Co.,Ltd, the Shanghai Chemical Company and the J3lémical Ltd respectively. lonic liquid
1-n-butyl-3-methylimidazolium chloride ([Bmim]Cl) as synthesized and purified using the method by
Seddon K.R [10]. The schematic representation ofAPEhd [Bmim]Cl were shown in Figurel.
PMIA-IL mixtures were prepared via mechanical stgrat elevated temperatures (90 - 100 °C).
Characterization of the fibers was performed uSad/.
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Figure 1. The schematic representation of Poly(m-phenylepéit@lamide) (PMIA) and 1-n-butyl-3-
methylimidazolium chloride [Bmim]CI.
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Temperature of PMIA solution was kept at 80 °C igudar water. Filtration film was placed on the
spinneret, and the spinning solution was extrudedugh a spinneret to form a PMIA fiber at an
ambient temperature. The PMIA fiber was then immelgsto nonsolvent (water) coagulation bath for
wet separation and then the washing treatment b&#h.coagulation bath temperature was controlled
at 40 - 60 °C by a refrigeration/heating unit tewe rapid solidification, while the washing bathsw
kept at ambient temperature. The spun fibers ae¢cked (Rmax = 50 - 100 %) in water at 100 °C,
rinsed with water at 40° C, and finally tensionleoled on spools as multifilament yarn.

The mechanical properties of the as-spun fiberewested in accordance with suitable standards
[11, 12]. Cross-section and surface images of itherd were taken with the use of the Quanta 200
scanning electron microscope made by FEI Co, USA.
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3. Results and Discussion

Because of its high viscosity, the temperatureMfA?[Bmim]CI solution must be kept at 80 °C. In
consecutive trials, the temperature of the coatieglium was kept at 40 - 60 °C. The spinning sotutio
manifested good properties; filtration, for exampeceeded smoothly at a pressure of about 0.8 - 0
MPa.

In this phase of the research, the effects of timeposition of the spinning bath, the composition of
coagulation bath and the temperature of coaguldt&ih upon the mechanical properties of the formed
PMIA fibers were presented in Table 1, 2 and 3.

Table 1.Effect of PMIA concentration in spinning solution smechanical properties of as-spun fibers.

) , PMIA concentration in spinning solutiomt%
mechanical properties
14 16 18
linear density (dtex) 9.2 9.6 10.5
tenacity conditioned (cN/dtex) 1.26 1.38 1.45
elongation at break conditioned (%) 18.8 19.2 20.7
sound velocity (km/s) 0.98 1.08 1.13

Table 2.Effect of the composition of coagulation bath ondki@nical properties of as-spun fibers

. . the content of [Bmim]Cl in coagulation batwt%
mechanical properties
0 10
linear density (dtex) 10.5 13.2
tenacity conditioned (cN/dtex) 3.27 2.79
elongation at break conditioned (%) 20.7 18.9
sound velocity (km/s) 1.13 1.02

Table 3.Effect of the temperature of coagulation bath orcMeical properties of as-spun fibers.

) , the temperature of coagulation bathC
mechanical properties
40 60
linear density (dtex) 10.5 11.8
tenacity conditioned (cN/dtex) 3.27 3.18
elongation at break conditioned (%) 20.7 19.8
sound velocity (km/s) 1.13 1.09

As shown in Table 1, mechanical properties of asisfibers are improved with the increasing
concentration of PMIA. From the results presentadTable 2, it may be concluded that the
concentration of [Bmim]Cl in the coagulation batied not radically influence the fibers’ conditioned
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tenacity. The highest value of the parameter apolear fibers that were spun to a coagulation bath
containing 100 % water. In Table 3, the temperatireoagulation bath actually has no influence on
the mechanical properties of the fibers obtaindak fensile properties of the samples were a fibler
compared to that of Nomex. The poor properties wiere to the low spin draw ratios (and therefore
low degrees of orientation)

() (b)

Figure 2. SEM photos of PMIA fibers from ionic liquid [Bmim]Ca) cross-section, b) outer surface.
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Figure 3. SEM photos of PMIA fibers from DMAC; a) cross-sectj b) outer surface.

Figure 2 and 3 show SEM inages of the as-spundifrem two different solvents. These SEM
images presented display a circular shape of thesesection. While much more holes, differentiated
in dimensions, can be seen on the cross-sectidib@fs from DMAc, and some micro pores are
presented on the outer fiber surface. The reasothaif phenomenon can be due to much rapid
solidification during the process of wet separatibhese images indicate that the fiber had an outer
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dense skin responsible for the retention, whichfioonour design objective that water as a strong
coagulant started to precipitate the nascent fitmen the outside and the precipitation moved to the
inside until the completion of whole fiber matrixhibe a bore fluid with high solvent concentration
was used to delay the liquid-liquid phase inversibthe inner surface of the nascent fiber.

Figure 2 shows SEM images of the as-spun fibems fidBmim]CI. It could be evidently seen that
from [Bmim]Cl, thickness of the dense region nds buter edge of the fiber enhanced comparing
Figure 3(a) to Figure 2(a), the network pore siadh® inner surface decreased comparing Figure 3(a)
to Figure 2(a) and especially the outer surfacenfroicroporous became dense comparing Figure 3(b)
to Figure 2(b), which supported the results of na@etal properties measured above. These changes in
the fibers surface morphology could be attributethe warm solidification during the process of wet
separation.

4. Conclusions

In this work, PMIA fibers were first prepared fraonic liquid spinning solutions by wet-spinning
process on a small laboratory scale. The experaheasults showed that the highest value of the
parameter appeared in fibers that were spun tagutation bath containing 100 % water at 40 °C. The
SEM images revealed that the as-spun fibers fromif§Cl had much denser outer skin and less
micro pores in cross-section than that from DMAactufe work will focus on process analysis,
increased productivity, and optimization of procegsoperating regimes to produce fibers of high
orientation, well-controlled size, good mechanmalperties and other target characteristics.

References and Notes

1. Machalaba, N.N; Perepelkin, K.E. Heterocyclic amenfibers -production principles, properties
and applicationd. Indus. Tex2002 31, 189-204.

2. Asano, S.; Ohmory, A.; Akiyama, A.; Osawa, M.; Sika, K.; Kouno, M.Heat resistant organic
synthetic fibers and process for producing the saitePatend75864919887.

3. Norota, S. Wholly aromatic polyamide fibers and paosite fibers, process for production thereof
and use thereoS Paten854839.1988 6

4. Huddleston, J.G.; Willauer, H.W.; Swatloski, R.Yisser, A.E.; Rogers, R.D. Room Temperature
lonic Liquids as Novel Media for 'Clean’ Liquid-Ligl Extraction.Chem Communl1998 1765-
1766.

5. Suarez, P.A.Z.; Selbach, V.M.; Dullius, J.E.L.; IBih S.; Piatnicki, C.M.S.; Azambuja, D.S,;
Desouza, R.F.; Dupont, J. Enlarged electrochemmgadow in dialkyl-imidazolium cation based
room-temperature air and water-stable molten dalextrochim. Actd 99742, 2533-2535.

6. Gordon, C.M.; Holbrey, J.D.; Kennedy, A.R.; SeddoK.R. lonic liquid crystals:
hexafluorophosphate salts.Mater. Chem1998 8, 2627-2636.

7. Welton, T. Room-temperature lonic Liquids Solvefds Synthesis and Catalysi€hem. Rev
1999 99, 2071-2083

8. Vipul, D.; John, Z.W.; Wolfgang, G.G.; David, A.Bellulose-based fibers from liquid crystalline
solutions. IV. Effects of lithium chloride on acetdutyrate esterd. Poly. Sc. Part B: Polymer
Physics2003 32, 1105-1114



Int. J. Mol. Sci2007, 8 685

9. Fox, D.M.; Fylstra, P.A.; Henderson, W.A.; GilmahW.; Trulove, P.C.; De Long, H.Che
Preparation and Characterization of Bombyx mork $iknocomposites Using lonic Liquids
ECS 210th Meeting00§ 10, 101-102

10. Elaiwi, A.; Hitchcock, P.B.; Seddon, K.R. Hydrogdronding in imidazolium salts and its
implications for ambient-temperature halogenoalwatg(ill) ionic liquids.J. Chem. Soc. Dalton.
Trans 1995 3467-3471

11. Standard PN-ISO-1973:1997

12. Standard PN-EN ISO 5075:1999.

© 2007 by MDPI (http://www.mdpi.org). Reproductiapermitted for noncommercial purposes.



