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PREPARATION OF CARBON NANOFIBERS FROM ACRYLIC POLYMER
SOLUTION BY ELECTROSPINNING

Annotation: The chemical name of acrylic fiber is polyacrylonitrile .Very thin
fibers were made from acrylic yarns as a raw material- containing 85%
polyacrylonitrile- in N, N dimethyl formamide (DMF) as a solvent, to obtain acrylic
nanofibers by electrospinning technique. Electrospun acrylic nanofibers were
stabilized in air at 230°c for 2hours; then carbonizing process at 700°c in nitrogen
atmosphere for lhour was carried out in order to remove almost non-carboneous
matters. Morphologies and diameters of stabilized and carbonized nanofibers were
investigated by scanning electron microscopy (SEM). And the rate of carbon after
carbonizing process was determined by (Energy-dispersive X-ray spectroscopy).

Key words: Carbon nanofibers, Electrospinning, Stabilization, Carbonization,

poly acrylonitrile, acrylic.

CHUHTE3 YIVIEPOAHBIX HAHOBOJIOKOH U3 PACTBOPA
AKPUJIOBOI'O IOJIMMEPA METOAOM 2JIEKTPOCIITMHHHUHT' A

Auuomauuﬂ: Hpa@uﬂbH0€ XUMUUYECKoe Has3eanue daxKpuiloeoco e60J10KHA —

NOJIUAKPUTIOHUMPUIL.
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U3 (85%-noco pacmeopa nonuaxpuronumpuna 6 N,N-oumemunghopmamuoe)
MemoOOM DNIeKMPOCNUHHUH2A OblIU NOJYUEHbl AKPULosble HAHOB0NOKHA. Kak
UCXOOHDI Mamepuan NOAUAKPULIOHUMPULA 8 pacmeope OblIu UCNOIb308aHbl Dollee
MOHKUE  BONOKHUCMbIE  HUMU  aKpunogou  npadxcu.. Hawnosonokna — Oviiu
cmaobunusuposansl Ha 030yxe (230°C, 2 yaca). 3amem ObL1U NOOGEPIHCEHBL NPOYECCY
kapoonuzayuu 6 ammocghepe azoma (700°C, 1 uac) c yenvio yoanewus u3 Hux
Heyenepoousix komnonenmos. Ilocne npoyeccos cmabunuzayuu u kapooruzayuu OvLiu
npoBedeHbl UCCIe008AHUA HA MOpGonocuu U Ouamempsl aKpuilo8vlX HAHOBOJIOKOH
Memooom  cxanupyroueu  dnekmporHou  mukpockonuu (COM). Ilpoyenmnoe
cooepoicanue yanepooa nocie npoyecca KapoorHuzayuu ObL10 ONpeoeieHo Memooom
9Hep2ooucnepcuoHHou penmeenosou cnekmpockonueti (3C).

Kntouesvie  cnoea.  yenepoonvle  HAHOBOJOKHA,  JIEKMPOCHUHHUMHL,

cma6uﬂu3auuﬂ, Kap60H1/l3a1/ﬂ/l}l, NOJUAKPUTIOHUMPUIL, AKPUIL.

1-Introduction:

Carbon nanofibers have recently attracted considerable attention due to their
unigue characteristics such as their high length to their diameter ratio and their physical
and mechanical properties. [2, c. 54][6, c. 2]

We can produce Carbon nanofibers by stabilizing, carbonizing electrospun PAN
Nanofibers. Electrospinning is an easy process to obtain ultrathin fibers from polymers
solution and other materials such as composites and ceramics. [3, c. 401][6, c. 3]
Electrospinning apparatus consists of the following components: high voltage (DC
power), syringe pump, syringe, needle, metal collector. The principle underlying this
process is that an electric charge in the range of kilo volt is applied to polymer solution
held by its surface tension to produce fiber from liquid. The needle and collector
typically serve as electrodes and the distance between them is set in suitable range. A
syringe pump is used to control the flow rate. The needle is connected to the positive
charge and the collector is attached to the ground.as shown in figure (1). [1, c. 113][4,
c. 21]
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Figure 1. Electrospinning Apparatus

Nanofibers obtained through electrospinning are put through thermal treatment.
The thermal treatment processes include stabilization and carbonization of acrylic
nanofibers. The changes focused on in this study took place in the structure of
polyacrylonitrile

The stabilization process was carried out in air (oxidative stabilization), and this
process was very important because it gave a thermally stable structure for PAN
molecules before the conversion of the nanofibers to carbon nanofibers. During
stabilization, the nanofibers were heated to a temperature in the range of (200 — 230)
°c for (2h). The chemical reactions included: cyclization, dehydrogenation,
aromatization, oxidation, and crosslinking occured as a result of the conversion of C=N
bonds to C=N bonds, and the ladder type structure was formed as shown in figure (2).[2,
c. 58] [3, c. 402] [5, c. 1375] [7, c. 157]
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Figure 2. PAN after oxidizing.
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Carbonization process carried out in an inert (Nitrogen) atmosphere for (1h) and
the range of temperatures was (400-1000)°c. During this stage, a thermally stable rings
structure were formed.

Chemical reactions involved reorganization and merging of cyclized sections
leading to an increased levels of H,O, NH3, HCN, CO and CO; during the low
temperature stage of carbonization. The foundation of the carbon building block is set-
up. Cross-linking fixed the structure of the polymer. The cyclized structures underwent

dehydrogenation and cross-linking produced a graphite-like structure of three
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Figure 3. PAN after carbonizing.

hexagons in the lateral direction bounded by nitrogen atoms as shown in figures (3).
[2, c. 67][3, c. 402][7, c. 244]

2-Experimental:

2-1-Materials:

Yarns of acrylic were purchased from a local market. The dimethylformamide (DMF)
(99.7%) were got from LOBA CHEMIE PVT.LTD

2-2- procedure:

2-2-1- Electospinning of acrylic polymeric solution:

The raw material (acrylic yarns) were dissolved in DMF at (10g/100ml) ratio
and was mixed and stirred for (30min) at (80°c). The mixture was then injected into
(20ml) syringe. Nanofibers were fabricated using the electrospinning technique with
(30kv) at a feed rate of (5ml/h) and the distance between the needle and collector was

(10cm) and figure (4) shows a photo of electrospun acrylic sample.
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Figure 4. a photo of electrospun acrylic sample

2-2-2- stabilization of nanofibers:
The nanofibers were stabilized in an oxygen atmosphere at (230°¢) for (2h) in a
drying oven. The sample was given a little stretching by tweezers in two directions.

Figure (5) shows a photo of an oxidized electrospun acrylic sample.

!
figure 5. a photo of oxidized electrospun acrylic sample
2-2-3- carbonization of stabilized nanofibers:
The stabilized nanofibers were carbonated in an inert atmosphere (Nitrogen). We
put the sample in an ashtray at (700°c) for (1h) with a little stretching of the sample by

tweezers in two directions. Figure (6) shows a photo of carbonized sample.

figure 6. a photo of carbonized electrospun acrylic sample.
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The color of the sample was turned to black because of the oxidizing and
carbonizing processes.
3-Results and discussion:

After preparing nanofibers from (acrylic yarns) by the electrospinning technique,
the nanofibers were oxidized and carbonized. The electrospun, oxidized, and
carbonized samples were tasted using the scanning electron microscope, and the rate
of carbon element was determined by (Energy-dispersive X-ray spectroscopy).
3-1-Scanning electron microscope (SEM):

The nanofibers obtained from (acrylic yarns) were identified by the scanning
electron microscope (SEM, VEGA I, XMU, and Czech)

L2= 109 nm

L3= 138 nm

L1= 89 nm
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Figure 7. SEM images of the electrospun acrylic

Figure 8. SEM images of Stabilized electrospun acrylic nanofibers
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Figure 9. SEM images of carbonized electrospun acrylic nanofibers

The above figures (7,8) show that electrospun acrylic and oxidized acrylic
nanofibers have almost the same diameters; while we can see in figure (9) the decrease
of diameter of carbonized acrylic nanofibers and the increase in the porosity because
of the decrease of nanofibers diameters.
3-2-Energy-dispersive X-ray spectroscopy (EDX)

The rate of carbon in the sample at (700°c) was determined by Energy-dispersive
X-ray spectroscopy (EDX). Graph (1) shows the rate of carbon element in the sample
with the higher peak referring to carbon element. It shows too the rate of residual
elements such as oxygen and nitrogen. Further, the carbonization rate was (86.55%) as

it appears in table (1)
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Graph (1): the rate of carbon element in the sample after carbonizing
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Table 1.

the rate of carbon, nitrogen, hydrogen elements in the sample after carbonizing

4-Conclusion:

Nanofibers were obtained by electrospinning of solution of acrylic polymer as a
raw material in DMF as solvent. Then, the nanofibers were stabilized by heat treatment
in an oxygen atmosphere at (230°c) for (2h). After that, the carbonization process was
carried out for the oxidized nanofibers in nitrogen at (700°c). The scanning electron
microscopy images showed the nanofibers after oxidizing and carbonizing. Results
showed that the diameters were in the range of nanometers. In addition, it could be
noticed there was a decrease in diameters after the carbonizing process and the rate of
carbon in the sample at (700°c) - determined by Energy-dispersive X-ray spectroscopy
(EDX)- was (86.55%).
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