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Received May 07, 2020 Abstract In this study, lignin/chlorinated poly(vinyl chloride)(CPVC) blended fibers
Revised June 05, 2020 have been produced for the development of low-cost carbon fiber. Carbon fiber
Accepted_June 22, 2020 manufacturing was accomplished through stabilization and carbonization process. The

lignin/CPVC blended fibers were prepared by wet spinning method. Dimethylacetamid
e(DMAc) and cychlohexanone in a ratio of 5:1(wt%) was employed as co-solvent.
The ratio of lignin/CPVC was prepared at 0/10, 1/9, 2/8, 3/7, 4/6, and 5/5(wt%). The
spinning solution was extruded at a rate of 0.1 to 0.4ml/min according to the
blending ratio. The speed of the rollers was the same for all ratios(draw ratio=l).
Analysis of fiber cross-section by scanning eletron microscopy(SEM) showed that as
the lignin ratio increased in the same coagulation bath and distilled water, the pore
size of the spinning fiber decreased. Therefore, the highest tensile strength of the
blending fibers was 6.3£1.2MPa at the 5/5 ratio. The carbon fiber also showed the
best tensile strength of 120.7842.43MPa at 5/5 ratio.
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Figure 1. Chemical structure of kraft lignin and three alcohol groups.
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Figure 2. Chemical structure of chlorinated poly(vinyl chloride)(CPVQ).
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Figure 3. Thermal characterization under different blending
ratio of lignin, CPVC powder and lignin/CPVC blended fiber.
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Table 1. Thermal decomposition temperature of 5% weight loss and 10% weight loss of lignin/CPVC blended fibers

Temperature
Samples
5% weight loss 10% weight loss

Lignin 210°C 262°C
CPVC 252°C 269°C
Lignin/CPVC : 1/9 243°C 261°C
Lignin/CPVC : 2/8 230°C 251°C
Lignin/CPVC : 3/7 216°C 240°C
Lignin/CPVC : 4/6 169°C 236°C
Lignin/CPVC : 5/5 148°C 193°C
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Figure 4. FT-IR analysis of lignin, CPVC and lignin/CPVC blend
ed film: (@) CPVC film, (b) lignin film and (c) lignin/CPVC(50:5
0, wt%) blended film.
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lignin/CPVC blended film.
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Table 2. DMA data table of lignin/CPVC blended fibers

Peak temperature,

Samples N8 )
Lignin/CPVC : 0/10 99.97°C
Lignin/CPVC : 1/9 90.88°C
Lignin/CPVC : 2/8 93.34°C
Lignin/CPVC : 3/7 95.68°C
Lignin/CPVC : 4/6 100.94°C
Lignin/CPVC : 5/5 88.36°C
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Figure 6. SEM surface image and mean diameter of (a) lignin/CPVC : 0/10, (b) lignin/CPVC : 1/9, (c) lignin/CPVC : 2/8,
(d) lignin/CPVC : 3/7, (e) lignin/CPVC : 4/6 and (f) lignin/CPVC : 5/5.

3 deel #H U tHH

etmE 2)ad/CPVC 5319 AdRo) &8 vled s =
El #sks &lshy] Yol ZdE SEM ojujxls Edf
Bt A= Alktsto] Figure 6o YUt 2]2d vl&
% sF A olo] OD:],

AN ARN—

ol
1z

_|

18} SolE 1 EAS o PSP
E3t 20y gRel Zao] m
CPVCe] Bl Z7lo] mE YApgole] Aw 42 2 18
CPVCO] @Al S4o] HF 2]74/CPVC 49 2%
=gt Ho2 AlRgc

Figure 70] 2319 489 £ ul20l
Uehiglet. geto]

AY gl S A

A

==

ol

o
aT

He A9 Za

a

rlu
Jo =

2 9d ojulx]
712 lignin/CPVC
A%71E AN A 1 Y

Figure 7. SEM cross-sectional image of (a) lignin/CPVC : 0/10, (b) lignin/CPVC : 1/9, (c) lignin/CPVC : 2/8, (d) lignin/CPVC :

(e) lignin/CPVC : 4/6 and (f) lignin/CPVC : 5/5.
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Table 3. Mechanical properties data of lignin/CPVC blended fibers

Sarmol Diameter Tensile strength Young's modulus Break elongation
amples
P (pm) (MPa) (GPa) (%)
Lignin/CPVC : 0/10 258.0 86 + 03 56.2 + 3.5 153 + 11
Lignin/CPVC : 1/9 308.5 44 £ 0.2 657 + 31 6.7 + 04
Lignin/CPVC : 2/8 329.8 40 £ 03 1701 + 16.6 23+ 02
Lignin/CPVC : 3/7 3453 20 £ 03 2926 + 409 07 + 02
Lignin/CPVC : 4/6 379.6 38+ 03 2844 + 263 13 +02
Lignin/CPVC : 5/5 366.8 63 + 12 2339 + 472 27 + 04
ol CPVC df 179 20~30%2ts &2 maleol 7]1eh 2 YERHQth ES 2l0d vlgo] UM H& W 7T
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o o
B 42 HAT 4 AUt
2 Apolis Rl B3PS Fot AL sadg axlel
7Fs/dS =lsiATt. gt ARG ErE Addste] nlx)x] 2
szolng 18 7 44 o Fbdel At Wed A
oz wolr},
References

1.

N. Yusof and A. F. Ismail,
Processes of Polyacrylonitrile(PAN)-based Carbon Fiber and
Activated Carbon Fiber: A Review, Journal of Analytical
and Applied Pyrolysis, 93, 1(2012).

Post Spinning and Pyrolysis

Diameter Tensile strength Young's modulus Break elongation
Carbon fiber
(pm) (MPa) (GPa) (%)
Lignin/CPVC : 3/7 167.6 20.75 £ 294 326 + 1.98 0.77 £ 0.35
Lignin/CPVC : 4/6 177.5 5444 + 2.66 444 + 0.36 123 + 015
Lignin/CPVC : 5/5 1749 120.78 + 243 829 + 1.03 147 + 0.15

SHAIMIFZEISIZ] ZY 32F A 28



10.

11.

12.

13.

14.

X7t EtaMa & Lignin/Chlorinated Polyvinyl Chloride S&I&

M. A. Rahman, A. F. Ismail, and A. Mustafa, The Effect of

Residence Time on the Physical Characteristics of

PAN-based Fibers Produced using a Solvent-free Coagulation

Process, Materials Science 448,

275(2007).

and  Engineering A,

. D. Sawai, Y. Fujii, and T. Kanamoto, Development of

Oriented and  Tensile
Superdawing of Solution-spun Fibers of Ultra-high Molecular

Weight Poly(acrylonitrile), Polymer, 47, 4445(2006).

Morphology Properties  upon

. M. Norgren and H. Edlund, Lignin: Recent Advances and

Emerging Applications, Current Opinion in Colloid and

Interface Science, 19, 409(2014).

. D. A. Baker and T. G. Rials, Recent Advances in Low-Cost

Carbon Fiber Manufacture from Lignin, Appl. Polym. Sci.,
130, 713(2013).

. M. Norgren, H. Edlund, L. Wagberg, B. Lindstrém, and G.

Annergren, Aggregation of Kraft Lignin Derivatives under
Process, Part [: Phase
Behaviour, Colloids and Surfaces A, 194, 85(2001).

Conditions Relevant to the

. H. Mainka, O. Téger, E. Komer, L. Hilfert, S. Busse, F. T.

Edelmann, and A. S. Herrmann, Lignin - an Alternative
Sustainable and Cost-effective  Automotive
of  Materials

Precursor  for
Carbon  Fiber, Journal
Technology, 4(3), 283(2015).

Research  and

. M. Yan, D. Yang, Y. Deng, P. Chen, H. Zhou, and X. Qiu,

Influence of pH on the Behavior
Macromolecules in Aqueous Solution, Colloids and Surfaces

A: Physicochemical and Engineering Aspects, 371, 50(2010).

of Lignosulfonate

. D. Yang, X. Qiu, M. Zhou, and H. Lou, Properties of

Sodium Lignosulfonate as Dispersant of Coal Water Slurry,
Energy Conversion and Management, 48, 2433(2007).

G. E. Fredheim, S. M. Braaten, and B. E. Christensen,
Weight
Size-exclusion Chromatography and Multi-angle Laser Light
Scattering, Journal of Chromatography A, 942, 191(2002).

A. L. Macfarlane, R. Prestidge, M. M. Farid, and J. J. I.
Chen, Dissolved Air A Novel
Recovery of Organosolv Lignin, Chemical Engineering
Journal, 148, 15(2009).

J. F. Kadla, S. Kubo, R. A. Venditti, R. D. Gilbert, A. L.
Compere, and W. Griffith, Lignin-based Carbon Fibers for
Composite Fiber Applications, Carbon, 40, 2913(2002).

X. Du, J. Li, and M. E. Lindstrom, Modification of
Industrial Softwood Kraft Lignin using Mannich Reaction

Molecular Determination of Lignosulfonates by

Flotation: Approach to

with and without Phenolation Pretreatment, Industrial Crops
and Products, 52, 729(2014).

I. Norberg, Y. Nordstrom, R. Drougge, G. Gellerstedt, and
E. Sjéholm, A New Method for Stabilizing Softwood Kraft
Lignin Fibers for Carbon Fiber Production, J. Appl. Polym.
Sci., 128, 3824(2013).

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

M4R9 ME % Y 119

A. V. Gidh, S. R. Decker, T. B. Vinzant, M. E. Himmel,
and C. Williford, Determination of Lignin by Size Exclusion
Chromatography using Multi Angle Laser Light Scattering,
Journal of Chromatography A, 1114, 102(2006).

M. Zhang and A. A. Ogale, Carbon Fibers
Dry-spinning of Acetylated Softwood Kraft Lignin, Carbon,
69, 626(2014).

S. Laurichesse and L. Avérous, Chemical Modification of

from

Lignins: Towards Biobased Polymers, Progress in Polymer
Science, 39, 1266(2014).

S. Kubo, Y. Uraki, and Y. Sano, Preparation of Carbon
Fibers from Softwood Lignin by Atmospheric Acetic Acid
Pulping, Carbon, 36, 1119(1998).

J. L. Braun, K. M. Holtman, and J. F. Kadla, Lignin-based
Carbon Fibers: Oxidative Thermostabilization of Kraft Lignin,
Carbon, 43, 385(2005).

D. A. Baker, N. C. Gallego, and F. S. Baker, On the
Characterization and Spinning of an Organic-Purified Lignin
Toward the Manufacture of Low-Cost Carbon Fiber, J. Appl.
Polym. Sci., 124, 227(2012).

M. Thunga, K. Chen, D. Grewell, and M. R. Kessler,

Bio-renewable  Precursor Fibers from Lignin/polylactide
Blends for Conversion to Carbon Fibers, Carbon, 68,
159(2014).

S. Kubo and J. F. Kadla, Lignin-based Carbon Fibers: Effect
of Synthetic Polymer Blending on Fiber Properties, Journal
of Polymers and the Environment, 13(2), 97(2005).

J. F. Kadla and S. Kubo, Lignin-based Polymer Blends:
Analysis of Intermolecular Interactions in Lignin-synthetic
Polymer Blends, Composites: Part A, 35, 395(2004).

S. Wang, Y. Li, H. Xiang, Z. Zhou, T. Chang, and M. Zhu,
Low Cost Carbon Fibers from Bio-renewable Lignin/Poly(lact
ic acid), Composites Science and Technology, 119, 20(2015).
X. Dong, C. Lu, P. Zhou, S. Zhang, L. Wang, and D. Li,
Polyacrylonitrile/lignin Sulfonate Blend Fiber for Low-Cost
Carbon Fiber, RSC Adv., 5, 42259(2015).

N. Merah, M. Irfanul-Haq, and Z. Khan, Temperature and
Weld-line Effects Properties of CPVC,
Journal of Materials Processing Technology, 142, 247(2003).
P. Carty, S. White, D. Price, and L. Lu, Smoke-suppression
in Plasticised Chlorinated Poly(vinyl chloride)(CPVC),
Polymer Degradation and Stability, 63, 465(1999).

C. S. Choi, J. H. Bae, J. H. Park, J. H. Seo, and Y. S.
Kim, Characterization of Fractionated Hardwood Kraft Lignin
with Organic Solvents, Journal of Korea TAPPI, 50(6),
42(2018).

Q. Liu, S. Wang, Y. Zheng, Z. Luo, and K. Cen,
Mechanism Study of Wood Lignin Pyrolysis by using
TG-FTIR Analysis, Journal of Analytical and Applied
Pyrolysis, 82(1), 170(2008).

on Mechanical

Textile Coloration and Finishing, Vol. 32, No. 2



120 XS, Ol¢R, Zrtd, 843 gttt OIS

30. J. Wu, T. Chen, X. Luo, D. Han, Z. Wang, and J. Wu,
TG/FTIR Analysis on Co-pyrolysis Behavior of PE, PVC and
PS, Waste Management, 34(3), 676(2014).

31.J. H Cha and S. H. Yoon,
Prediction of Carbon Fiber Reinforced Composites Using

Long-Term Performance
Dynamic Mechanical Analyzer, Composites Research, 32(1),

78(2019).
32. J. Lisperguer, P. Perez, and S. Urizar, Structure and Thermal

SIEGMIIZEISIY H 32E A 28

Properties of Lignins: Characterization by Infrared Spectrosco
py and Differential Scanning Calorimetry, J. Chil. Chem.
Soc., 54(4), 460(2009).

33. C. Cui, H. Sadeghifar, S. Sen, and D. S. Argyropoulos,
Toward Thermoplastic Lignin Polymers Partll: Thermal and
Polymer Characteristics of Kraft Lignin and Derivatives,
BioResources, 8(1), 864(2013).

Authors

ZHME  QLTHS D THO|H{A|AH TS D} ALY SiAl
O|&e Jfristn o|FujMstat W

4rd (Wgestol2| =R ER0TY AR

BN8t sRuRTIASEATY 9T

BT SASD AR|HA AT 14
OIFHS LTSt m MO|HAAHTSL} w4



