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Abstract: In this work, the porous Magnesium alloy (AZ91 ) was prepared by Space
holder technique to deposit carbon nanotubes, Novalac powder was used as space
holding and fugitive materials with different particle size (=20 um, 2500 um) and amount
(50, 52, 54, 56, 58, 60%wt.). Impact of Novalac powder (particle size and additive percent)
on density and porosity of porous AZ91 alloy was studied. Fine Novalac powder (=220 um)
not recommended in the porous AZ91 alloy preparation, concurrently coarse Novalac
powder (2500 um) was suitable for that purpose. It was found that the density of AZ91
alloy decreased with increasing Novalac concentration. Carbon nanotubes were deposited
on the porous AZ91 alloy by catalytic chemical vapor deposition whereas NiSO4.6H20
used as catalyst, acetylene gas as a carbon source and argon gas as a carrier gas with
flow rate percent 1:1, at 575°C process temperature for 30 min. Multiwall carbon
nanotubes were obtained and characterized by X-ray diffraction and scanning electron
microscopy techniques. The average diameter of the multi wall carbon nanotubes was (46
nm). Although the porosity percent of AZ91 alloy was not majorly effect proportionally by
the increasing of an additive Novalac percent, the yield (quantity) of Multiwall carbon
nanotubes was enhancing due to increase the porous AZ91 alloy surface area..
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1. INTRODUCTION

Multiwall carbon nanotubes (mwnts) was discovered by iijima [1]. carbon nanotubes (CNTs) had
interested more and more research concerns, because of their extraordinary properties and different
potential applications [2, 3]. carbon nanotubes had matchless properties (mechanical, thermal, electrical and
optical etc.) that made them potentially practical in a wide diversity of applications [4, 5].

Carbon nanotubes were prepared with three main methods, arc discharge, laser ablation and
chemical vapor deposition [6]. chemical vapor deposition cvd used like simplicity and up scalability, which
preferred in commercial production [7]. many factors like carrier gas, carbon source, catalyst type, substrate,
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process temperature and surface area influenced on the synthesis of cnts (length, diameter, type and yield
etc.) in chemical vapor deposition cvd method [8].

There are many methods to manufacture porous metallic materials, and these different methods could
be arranged based on the state of the metal as an example:

To form powdered solid metal from liquid metal, through a metal vapor or gaseous metallic substances
and also from a metal ion solution, the solid metal in the powdered form process could be acquired porous
materials by using filler materials (space-holding) and metal powders. the mass of space-holding material is
mixed with tiny metal powder as shown in Figure 1. suitable solvent [9] or even an organic binder [10]
perhaps used for mixing the space holders and the metal powders [11].
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Figure 1: for preparation of porous materials by space holder technique.

Ceramic particles or cavity spheres, polymer grains or cavity polymer spheres, salts, or even metals
could be used as space holders. then, the filled mass either simply compacted at room temperature[12], or
pressed at elevated temperatures to improve compaction so, it became sintering processes among the metal
powder particles if the space holders were heat resistant [13].

In both states, a compound became acquired, and consisted of a metal matrix with inserted small
grains filler. if the metal content was low enough, it would remove the space holder material almost entirely in
an additional process step because the network formed by the filled material was interconnected. this could
be performed by thermal treatment, leaching, or by using of an aqueous solvent. a final sintering step could
be implemented to more density of porous metallic network [14, 15].

The aim of this study was to prepare porous alloy with high porosity percent, also to study the impact
of a porosity percent in az91 alloy on yield (quantity) of carbon nanotubes, which prepared by chemical
vapor deposition process in order to increase the production of carbon nanotubes. also, it aims to the
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possibility of controlling the deposited carbon nanotubes quantities through dominating on the percentage of
the porous az91 alloy.

2. EXPERIMENTAL WORK

This part is divided into two stages:

Preparation of porous material.

Preparation of Carbon Nanotubes (CNTSs).

2.1. PREPARATION OF POROUS MATERIAL

Magnesium alloy (AZ91 Mg-9 wt%AIl-0.7%Zn) was prepared by powder metallurgy as porous material.
The specification of materials used is shown in Table 1.

Table 1: The particle size of materials used.

No. Material Particle size pm
1 Mg powder 275 um Fluka Co. Germany
2 Al powder 253 ym Fluka Co. Germany
3 Zn powder 275 um Fluka Co. Germany
4 Mn powder 275 um Fluka Co. Germany
5 Novalak powder 220 um Trade India
6 Novalak powder 2500 pym Trade India

The metal powders were mixed in a mortar for 5 minutes, followed by mixing in a ball mill for 30
minutes at rotation speed 750 RPM and this is AZ91 powder. The powder metals and Novalac powder (used
as holding material with different particle size (=20 ym, =500 ym) were mixed in a mortar. The AZ91 alloy
powders was mixed with different wt% (50, 52, 54, 56, 58, 60%wt.) of Novalac powder. The powders were
compacted by using a tool steel die of 15mm diameter with compacting pressure 174 MPa. Four samples
were prepared for each mix.

Several sintering attempts were tried. First the sample were heated under argon at 250°C , holding at
this temperature for 30 minutes ,and then the sample were furnace cooled to room temperature. It was found
that in this sintering cycle, the temperature wasn't sufficient to remove all the Novalac from the compacting,
therefore another attempt was utilized.

The proper sintering process was done under argon by heating the green samples to 250°C and hold
at this temperature for 30 minutes. The temperature was then raised to 500°C and hold at this temperature
for another 30 minutes. The samples were then furnace cooled to room temperature. The second attempt
had given good samples, and then all of them were sintered by using that heating cycle.

The samples were cleaned in acetone followed by ultrasonic cleaning for 10 minutes, and then oven
dried at 100°C for 30 minutes. The porous AZ91 alloy became ready to make density and porosity tests.
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2.2. PREPARATION OF CARBON NANOTUBE

2.2.1. CATALYST PREPARATION

The catalyst solution was prepared by dissolving 1 gm of NiSO,4.6H,0 in 100ml of distilled water. The
solution was then mixed ultrasonically for 20 minutes. The AZ91 sintered sampled were dipped in
NiSO,.6H,0 catalyst solution for 30 min. Each sample was then dried in an oven at 150°C for 30 minutes in
atmospheric air. The weight of each sample was taken using 4 digits’ electrical balance. These AZ91
sintered and dipping coated samples are ready to be used in chemical vapor deposition (CVD) process.

2.2.2. FURNACE DESCRIPTION

Two furnaces were used as primary and secondary heating furnace. Each furnace with quartz tube
length (600mm) and (47mm) inside diameter with maximum temperature (11000C). Another long inner
quartz tube (reaction chamber) was inserted inside the two furnaces. This quartz tube reaction chamber is
600mm long with inside diameter 28mm and 30 mm outside diameter. The first half of the reaction chamber
is called secondary chamber used to preheat the reaction gases. The second half of the reaction chamber
is called primary chamber and contain AZ91 sintered coated samples. These AZ91 were put at distance 15
cm from the outlet end. The acetylene and argon gases are fed through the secondary chamber which was
used for preheating of acetylene and argon gases. These gases were discharge from primary chamber as
shown in Figure 2.

Heating elements Quartz tube Catalyst

Gasses inlet
s

Gasses outlet
B

First Reaction Chamber Second Reaction Chamber

Figure 2: lllustration of the CVD furnace system.

The heat distribution of the primary reaction chamber is shown in Figure 3. The reaction chamber was
charged with argon gas first to avoid any oxidation until the temperature of the secondary furnace and the
primary furnace reach 300 and 575 °C respectively. Then, acetylene (as Carbon source) and argon gases
were charged together into the reaction chamber. The flow rates of the two gases (1:1 SLPM) for 30
minutes. Then the sample was allowed to cool under argon into room temperature. The weight of each
sample was recorded (4 samples for each run) before and after CVD process to find the weight of CNTs
deposited.
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Figure (3): Temperature distribution in side tube furnace.

2.2.3. CNTS PURIFICATION

The produced CNTs were purified by heating 0.5 g of MWCNTSs inside furnace at 450°C for 2hrs under
atmospheric air to oxidize the amorphous carbon. Then the CNTs were soaked in 250 ml of acidic solution
consisted of sulfuric acid and nitric acid with a ratio (3:1) respectively [15] and stirred for 1 hour at 90°C using
magnetic stirrer hot plate. The CNTs solution was then centrifuged using a centrifuge (Unimedica 800
centrifuge, China) at 3000 RPM for 10 minutes. The remaining CNTs would be washed with deionized water
and then centrifuged for another 10 minutes at 3000 RPM. This process was repeated 3-4 times until the pH
of the solution is 7. CNTs were then dried in an oven at 90°C for 2 hours [16]. The purified CNTs were
characterized by XRD.

3. TESTS

In this part there were some tests which done on pours AZ91 alloy samples and the other would be
performed on Carbon Nanotubes.

3.1. DENSITY AND POROSITY TEST

ASTM D 792 standard reference was used in density and porosity measurements, which were based
on Archimedes principle. The Density of the material and the porosity were calculated using equation 1 and
2 respectively. Four measurement were done and the average value was taken [16].

wd

Sp.Gr = [wd—w

i] * acetone 5.G. (1)

Where Sp.Gr = Specific gravity of material, Wd= weight of material in air (gm), Wi= weight of material
suspended in acetone (gm) [4].
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P= [Ws_mf] * acetone 5. G. )
Ws—Wi

Where P= Porosity of material Ws = Weight of Wet material, i.e. weight of soaked material in air.

3.2. SCANNING ELECTRON MICROSCOPY

Carbon Nanotubes samples were characterized using HITACHI S-4160 Scanning Electron
Microscope (SEM), Scanning Electron Microscope Lab. /Tehran University.

3.3. X-RAY DIFFRACTION (XRD) TEST

The X-Ray Diffraction test was done for Carbon Nanotubes samples at Specialist Institute for
Mechanical Industry, Baghdad, Republic of Iraq.

4. RESULTS AND DISCUSSION

4.1. DENSITY AND POROSITY TEST

In this work, pours AZ91 alloy sample was prepared by using Novalac as space holding material with
particle size (20< particle size< 500 ym) and (=500 pm). In this work, it was found that all the samples were
failed when Novalac powder particle size (20< particle size< 500 pm) as shown in Figure 4. This is due to
the small particle size of Novalac powder particle size. This very fine powder is situated interstitially into
particles of metal powders. During sintering process, when Novalac evaporated, the gases entrapped
between metal particles causing cracks of the samples as shown in Figure 4.

Metal particle Novalac particle Entrapped gases

R -

Lo

Figure (4): Show failed samples.
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When the Novalac powder with a particle size (=500 pm) was used, no cracks in the sintered samples
were observed and these sample are good as shown in Figure 5.In sintering process, when coarse Novalac
powder evaporated there was enough space for the gases to escape and no entrapment as shown in Figure
5. Therefore, the powder particles size of the metal powder should be smaller than the average powder
particles size of the space holder [17].

Metal particle Vapor Impurities

Novalac particle Pours

Figure (5): Show open pores and close pores in good samples.

From Figure 6, the density of the sintered AZ91 decreases with Novalac percent due the open pores
and the impurities left after Novalac evaporation, where a general difficulty of this method is the removal of
large quantities of the space holder materials from the compacted mix, this result agrees with previous study
[18].
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Figure (6): Effect the Novalac additive percent on the AZ91 alloy density.
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The porosity of the AZ91 sintered samples vs. Novalac wt% is shown in Figure 7. The change in the
porosity does not proportional to the changes in the density. This is may be due to the closed pores which
contained impurities caused by Novalac evaporation and the Segregation of Novalac particle during mixing
the metal powder with the often much larger space holders material, where Segregation minimize Novalac
activity in increasing AZ91 sintered porosity, this result agrees with previous study [19].
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Figure (7): Effect Novalac additive percent on the AZ91 alloy porosity.

4.2. SCANNING ELECTRON MICROSCOPE (SEM) AND XRD
The CNTs were examined by SEM and the average diameter was (46.66 nm), as shown in Figure 8.

This indicates that the produced CNTs by CVD method are MWCNTs. XRD of Multiwall Carbon
Nanotubes (MWCNTSs) shows the peak at 26.6 based on the (0 0 2) diffracting plane as shown in Figure 9.

The (0 0 2) peak was shifted from 26.6 to 26 due to the high curvature and high strain energy of MWCNTSs
[20].

15.9kV X68.8K  SB8@nm 1S5S.8kV X188k

Figure (8): Show the SEM image for carbon nanotubes.
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Figure (9): XRD of MWCNTS.

The quantity of MWCNTSs vyield produced by CVD using AZ91 as porous substrate as a function of
Novalac wt. % is shown in Figure 10. The quantity of MWCNTSs (yield) is Influenced by AZ91 open pores
surfaces and the lumpy surface which left by segregated Novalac Contributing to increase AZ91 surface
area, from Figure 10 can be noted the fluctuating in The yield of CNTs with a clear increase along
increasing in Novalac wt.%, to discuss that , from Figure 7 it could note the porosity at 54 and 58 Novalac
wt.% are approximately equal but, in Figure 10 The quantity of MWCNTSs yield at 58 Novalac wt.% is a
doubled of The quantity at 54 Novalac wt.% ,this improve that the porosity is not The only influential on The
quantity of MWCNTSs vyield but there is another influential, which is the lumpy surface which left by
segregated Novalac on AZ91 surface, the last factor might be the main factor in increasing carbon
nanotubes quantity.
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Figure (10): effect the Novalac additive percent on the CNTs quantity.
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5. CONCLUSIONS

Particle size of the space holder (Novalac powder) should be appropriated to particle size of metal
powders to stop samples cracks. The closed pores had negative affecting on the activated porosity (surface
area). It is not recommend using Novalac powder in the preparation of porous metallic materials due to the
segregation which occurred to the Novalac powder.

Although the increasing of which occurred in deposited carbon nanotube in compatible with the raising
of porosity, where it is not controlled on it, due to the difficulty of controlling on porosity percentage of AZ91
alloy.

The carbon nanotubes quantity would be increased with Novalac powder percent increase.

6. ACKNOWLEDGEMENTS

The authors were grateful for stuff of Production Engineering and Metallurgy Department/University of
Technology-Baghdad for their support and the stuff of Scanning Electron Microscope Lab. /Tehran
University.

REFERENCES

1. Ajayan, P. M. and S. lijima, "Capillarity-induced filling of carbon nanotubes", Nature, v. 361, p.p. 333-334,
1993.

2. Ansaree, M. J. and S. Upadhyay, "Electrical characterization of porous La-doped BaSnO using
impedance spectroscopy”, lonics, v. 23, p.p. 213-217, 2015.

3. Gerke, K. M., "Studying structure and determining permeability of materials based on X-Ray
microtomography data (using porous ceramics as an example)." Inorganic Materials, v. 51, p.p. 951-957,
2015.

4. Hou, Z., "Effects of pore shape and porosity on the dielectric constant of porous B-SIAION ceramics.”
Journal of the European Ceramic Society, v. 114, p.p. 452-458, 2015.

5. lijima, S., "The effected factors on the CNts properties”, Chem. Sripta, v. 14, p.p. 117-123, 1978.

6. lijima, S., " Helical microtubules of graphitic carbon”, Nature, v. 354, p.p. 56-58, 1991.

7. lijima, S., " Growth model for carbon nanotubes" Physical Review Letters, v. 69, p.p. 3100-3103, 1992.
8. lijima, S., " Single-shell carbon nanotubes of 1-nm diameter", Nature, v. 356, p.p. 776-778, 1992.

9. Kim, D. H., "A microreactor with metallic catalyst support for hydrogen production by partial oxidation of
dimethyl ether" Chemical Engineering Journal, v. 280, p.p. 468-474, (2015).

10. Kirichenko, O. V. "Filtering Properties of Porous Materials Made of Thin Stainless Steel Fibers." Powder
Metallurgy and Metal Ceramics, v. 317, p.p. 625-631, 2015.

11. Li, W., "Sintering of bi-porous titanium dioxide scaffolds: Experimentation, modeling and simulation”
Materials Science and Engineering, v. A 636, p.p. 148-156, 2015.

12. Liu, X., "Characterization and application of porous ceramic prepared through reactive synthesis"
Materials and Design, v. 79, p.p. 94-98, 2015.

13. Mintmire, J. W., " fullerene tubules metallic", Physical Review Letters, v. 68, p.p. 631-634, 1992.

Page 212 Copyright © 2017 Al-Qadisiyah Journal For Enginnering Science. All rights reserved.



e T AL-QADISIYAH JOURNAL FOR Vol. 10 , No. 2

{i - ar ¥ ENGINEERING SCIENCES
\._,f\ : f&& ?"\’, ISSN 1998'4456
- =
= AT Py f‘—.

14. Oberlin, A. and M. Endo, " Filamentous growth of carbon through benzene decomposition”, Journal of
Crystal Growth, v. 32, p.p. 335-349, 1976.

15. Safronova, T., "Erratum to: Porous Ceramic Based on Calcium Pyrophosphate", Refractories and
Industrial Ceramics, v. 38, p.p. 117-123, 2015.

16. Saito, R., " Electronic structure of graphene tubules based on C60”, Physical Review B, v. 46, p.p. 1804-
1811, 1992.

17. Trifonov, Y. G., "Highly Porous Strong Ceramic Material Made from Powder Prepared by Chemical
Dispersion of Aluminum Alloy Containing Lithium" Refractories and Industrial Ceramics, v. 457, p.p. 163-168,
2015.

18. Vajtai, R., "Controlled Growth of Carbon Nanotubes." Philosophical Transactions: Mathematical”,
Physical and Engineering Sciences, v. 362, p.p. 2143-2160, 2004.

19. Yin, L., "Silicon nitride foams with uniform pore structure prepared by using protein foaming method with
a planetary ball-milling foaming route”, Journal of Porous Materials, v. 62, p.p. 22-26, 2015.

20. Zhang, R., "Porous of ceramics with a centrosymmetric structure produced by freeze casting" Ceramics
International, v. 48, p.p. 216-222, 2015.

Page 213 Copyright © 2017 Al-Qadisiyah Journal For Enginnering Science. All rights reserved.



