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Synthesis and Characterization of Thermally
Stable Carbon Nano-Tubes using
ARC-Discharge Technique

C MOMeHTa OTKPBITHUS YIJIepoaHbIX HAaHOTPYOOK (YHT)
Cymno Uumxumoii [1, 2], MHOrMe yueHbIe 3aHUMAJIUCh BO-
npocamu cuHTe3a YHT u uccnenoBanuem ux coiicts. YHT
OBLIM BITEPBBIC MOTYYeHBI B KAYECTBE MTOOOYHOTO MPOAYKTa
IIpU CUHTe3€e Py/UIepeHOB 3JEKTPOAYTOBBIM MeTOA0M. B Ha-
crosiee BpeMsi YHT mpou3BomsT pa3aMyHbIMU CIIOCOba-
MM, BKJIIOYAsi XMMUYECKOEe OcaxIeHWe U3 Ta3oBoil (dasbl,
JIa3epHYI0 a0JISILMIO U 3JIEKTpOoAyroBoii meton [2, 3]. bouiu
TIPEATIPUHSTHI TIOTIBITKU TTOMCKA U IPYTUX BO3MOXHOCTEH
st cuate3a YHT, Ho oHM He TTOTyYrIv JOCTaTOYHOTO pac-
MPOCTPaHEHMSI.

DAeKTPOAYroBoil MeToM, KaK MpaBWIo, MpearoJaraet
HCMOJIb30BaHKE IBYX BCTPOEHHbBIX IPa(UTOBBIX 2JEKTPOIOB
BBICOKOI YMCTOTBI. DJIEKTPOIBI TIPY TOAKIIOUEHUU K HUM
9JIEKTPUYECKOTO TOKA MTHOBEHHO BCTYIAlOT B KOHTAKT C
obpaszoBanuem myru [3]. Kak mpaBuiio, aHom — MJIMHHBINA
CTepXXeHb OKOJIO 6 MM B IMaMeTpe, B TO BPeMsI KaK KaTom —
CcTepkKeHb HAaMHOTO Kopoue AuamMeTpoM 9 mm. DddexkTus-
HOCTb BOJSTHOTO OXJIAXEHHUSI KaToJa MMeeT BaxHOe 3Haue-
Hue B ripousBoacTtBe YHT xopoiiiero kauecTBa. AHOI Takxe
YaCTO OXJIAXJAIOT.

IMonoxeHre aHoma JOKHO OBITH PETYIUPYEMbIM M3-
BHE, TaK YTOOBI MOCTOSTHHBIM 3a30p MEXIY 3JeKTPOIaMu
MOAIEPXKUBAJICS B TeueHUe Bcero mnpouecca. OObIYHO UC-
MOJIb3yeTCsl CTAOUIM3UPOBAHHBIN MCTOUHUK MUTAHUS MO-
CTOSTHHOTO TOKa M pa3psill, KaK IMpaBUJIO, TIPOBOIASAT MPU
HanpsbkeHun 20 B. Cuyia Toka 3aBUCHT OT auaMeTpa
CTepXHEHN U pacCTOTHUS MEXIY HUMU U HAXOIUTCS B Tra-
nazoHe 20—100 A. OdyeHb OOJBIION TOK IPUBOIUT K CIIE-
KaHUIO Marepuanga ¢ oOpa3oBaHMEM Majoro KoJuyecTBa
cBoboaHbix YHT. Takum ob6pa3oM, TOK HOJKEH OBITH Ha-
CTOJIbKO HU3KHM, HACKOJIbKO 3TO BO3MOXHO, ISl O/Iep-
KaHUs CTaOMIBHOCTH TUIa3MBbl. DPPEKTUBHOE OXJIaXkKIe-
HHUE 3JIEKTPONOB M KaMephbl TakXke TO3BOJISIET M30eraTh
cnekanus. Eciu MBI C ObLI poBeAeH IMpaBUIbHO, Ha Ka-
TOJAe MJOJIDKHO TIOSIBUTBCSI OJHOPOJHOE OTJIOXEHHE.
Hexoropble ykazaHusi Ha KaueCcTBO MPOMYKTa MOXHO IO-
JIYUUTH TIYTEM MPOCTOro U3MYECKOro OCMOTpa MPOU3BE-
neHHblx YHT. Inoxo cuHTEe3MpOBaHHEBIM 0Opa3er mMeeT
PBIXJIYIO TEKCTYPY, B TO BpeMs KakK 0Opasel] XOpoIlero Ka-
YecTBa UMEET TUIACTUHYATYIO CTPYKTYPY C CEPBIM MEeTaJlIN -
yeckuM Osieckom [1, 4].

MOB/IC B Bofie SIBJSIETCS] MPOCTHIM U 9KOHOMUYHBIM, MO-
CKOJIbKY HE TpeOYyeT BAKYYMHBIX YCTPOICTB.

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Introduction

Since the discovery of CNTs by lijima [1, 2], many re-
searchers have been attracted to this material and a large
number of studies have been piled up. CNTs was first synthe-
sized as a by-product in arc-discharge (ARCD) method in
synthesis of fullerenes and are currently being prepared by
different methods including chemical vapor deposition
(CVD), laser ablation (LA) and ARCD [2, 3]. Some efforts
were also made to look for other possibilities to grow CNTs
but they had less success.

The ARCD technique generally involves the use of two
high-purity graphite electrodes inline. The electrodes are
momentarily brought into contact and an arc is struck [3].
Typically, the anode is the longer rod with approximately 6
mm in diameter while the cathode is the much shorter rod
with 9 mm in diameter. Efficient water-cooling of the cath-
ode is essential in producing good quality CNTs, and the
anode is also frequently cooled. The position of the anode
should be adjustable from outside the chamber, so that a con-
stant gap can be maintained during arcing process. A voltage-
stabilized DC power supply is normally used, and discharge is
typically carried out at a voltage of 20 V. The current depends
on the diameter of the rods and their separation, but is usu-
ally in the range of 20—100 Amp. Very high current will re-
sults in a hard, sintered material with few free CNTs.
Therefore, the current should be kept as low as possible, con-
sistent with maintaining stable plasma. Efficient cooling of
the electrodes and the chamber has also been shown to be
essential in producing good quality CNTs and avoiding ex-
cessive sintering. If ARCD has been carried out correctly, a
cylindrical and homogenous deposit should form on the
cathode. Some indication of the quality of the product is
gained by a simple physical examination of the produced
CNTs. A poor produced sample that containing few CNTs
will generally have a powdery texture, while good quality
material can be smeared to produce sheet-like flakes with a
grey metallic luster [1, 4].

ARCD in water is particularly simple and cost-effective
because it does not require vacuum devices. So, our current
research is aimed to develop an ARCD technique to synthesis
of thermally stable CNTs. Characterization of the modified
product is also focused. As the current research is extracted
from an expanded research project at housing and building
national research center HBRC which represents in three
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Fig. 1. ARCD experimental setup

DKcnepuMeHTaIbHbIE padoThI

Ha puc. 1 nokasaHn skcnepumeHTanbHbii MOJIC anna-
par, KOTOpBIii pa3paboTaH M M3TOTOBJEH B JabopaTopuu
HUIIKHWC. OH coctouT 13 crabmwimzaTopa MOCTOSIHHOTO
HAaIpsDKEHUs ¢ UCTOYHUKOM nutaHus (22 B), mogmepxuBa-
IoIIero ToKu a0 160 A, CHCTeMBI OXJIAXICHUS, COCTOSIIEH
U3 LHUPKYJISILMOHHOTO HAacoca W XOJIOAUIbHUKA. MexaHu-
YECKUE CPEJCTBA MCIOJb3YIOTCS ISl PEryJMpPOBKU 3a30pa
MEXIY rpaUTOBBIMU 3JIEKTPOAAMU TaK, YTOOBI MOIAECPKU-
Bajiach Ayra B peakKlIMOHHOI KamMepe, CoaepKalleil TUCTUII-
JINPOBaHHYIO BOJY.

1000 MJ1 TMCTWLTMPOBAHHOM BOAbLI HAJIMBAIOT B 9KCUKa-
TOP, KOTOPbIf CHAOXEH CUCTEMON OXJTaXAeHUsT (LIUPKYJIsi-
LIMOHHBIN HACOC U XOJIOAUILHUK). JIBa rpadUTOBBIX CTEPXK-
HS auamMeTpoM 6 1 9 MM (aHOA M KaTOJ COOTBETCTBEHHO)
MOTPYKAlOT B MUCTUJUTMPOBAHHYIO BOAY, a 3aTeM TOIKIIIO-
YaloT K MCTOYHWKY TMHUTAaHUSI TOCTOSTHHOTO TOKa. 3a30p
Mexay rpaduToBbIMU deKTpoaamu 1—2 mm. Tlocie paspsi-
Jla Ha TIOBEPXHOCTU KaTo/a oceJaeT TUIOTHAsI YepHasi Macca,
a XUJIKOCTb B 3KCUKATOPE OKPAIIMBAETCS B UEPHBIIA 1IBET.

ITponykTel peakiiuu ObUTM OTOUIBTPOBAHBI C TTOMOIIIBIO
cucTeMbl BakyyMHO# ¢wibTpauuu. OTduAbTpOBaHHBIE
npoaykrel cymmau rnpu 100°C B TeueHue 10 u.

OThunbTpOBaHHBIE U OUMIIIEHHbIE POAYKThI ObLIN UCCIE-
JTIOBaHbI C TOMOIIBIO CKAHUPYIOILIETO 3JIEKTPOHHOTO MUKPO-
ckora (SEM Philips inspect-s FEI Company) u nuddepeHim-
anbHOTO cKaHupytolero Kajopumerpa (DSC Shimadzu-50).

Couetanne pU3NIECKUX M XUMUYECKUX METOIOB OBLIO
npuMeHeHo s nonxydeHus YHT, 4ToObl CTEHKM U IJuHA
TPYOOK OCTaJIUCh HEU3MEHHBIMM.

CyTb METOIa OUUCTKHU COCTOUT B yAajdeHUU QysiepeHoB
1 pacCTBOPUMBIX MIPUMECEi, 3aTeM XMIKO(Da3HOIO OKHUCIIe-

Puc. 2. O6paboTaHHbIin ToNyonom obpaseu, YHT
Fig. 2. SEM photomicrograph of toluene treated CNTs sample
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previous reports, it was exploring the effect of CNTs as addi-
tives to Portland cement pastes with different ratios.

Experimental work

Fig. 1 shows a photographic picture of the experimental
ARCD apparatus which completely designed and fabricated
at HBRC lab. The system is basically consists of four main
parts, voltage stabilized DC power supply (22 V) generate
currents up to 160 Amp, cooling system consisting of circu-
lating pump and refrigerator, mechanical means used to ad-
just distance between two graphite electrodes such that arcing
is initiated and reacting chamber containing deionized water.

A 1000 mL of deionized water was poured in a glass desic-
cator, which was cooled in cooling system (circulating pump
and refrigerator). Two graphite rods of 6 and 9 mm in diam-
eter (anode and cathode respectively) were submerged in the
deionized water and then connected to DC power supply.
The gap between the graphite electrodes was kept at 1—2 mm
(this is the optimum distance to generate plasma), and we
maintained this gap constant manually via mechanical
means. Immediately after ARCD process, carbon soot was
deposited on the surface of the cathode electrode, and thus
the liquid in the desiccator turns into black.

The products in the desiccator were filtered using a vacu-
um filtration system. The filtered products then dried at
100°C over night.

The filtered residues were characterized by scanning elec-
tron microscope (SEM Philips inspect-s FEI Company) and
differential scanning calorimetry (shimadzu DSC-50).

A combination of physical and chemical methods was ap-
plied to as grown CNTs powder to allow the wall and length
of tubes intact.

The method consists initially of the removal of fullerenes
and soluble impurities, followed by liquid-phase oxidation of
amorphous carbon. Then, an acid treatment to remove the
unprotected metallic particles was finally occurred. This
method is very interesting because it allows for the selective
extraction of impurities from CNTs samples without causing
damage to the tube walls.

In order to purify the as grown sample of CNTs; a 500 mg
of untreated as-synthesized raw sample was added to 50 mL
of toluene, the solution was steered at room temperature at
low steering rate for 2 hrs, then filtered and dried at 100°C
over night. Toluene was used to remove only hydrophobic
graphite nano-particles, small polyaromatic carbon chains
and fullerenes in the raw sample [5, 8]. A 400 mg of the tolu-
ene treated sample was dissolved in 30% hydrogen peroxide
and steered at room temperature for a long time, filtered,
washed several times with deionized water and dried over
night at 100°C. Finally 400 mg of hydrogen peroxide treated
sample was dissolved in concentrated H,NO; to remove un-
protected metallic particles and steered for 0.5 hr and finally
filtered, washed several times with deionized water and dried
over night at 100°C. Suspension of the
CNTs in water to use it directly in mix-
ing the cement mortar was finally tried
as one of the main target in this study.

Results

Fig. 2 illustrates the SEM micrograph
for the toluene treated CNTs sample. It
can be seen that the appearance of loose
curly CNTs together with some amor-
phous-like particles. These nanotubes
seemingly have a broad length distribu-
tion. In addition to the bundle of CNTs,
the white spot, carbonaceous particles,
mainly amorphous carbons, are shown in
the toluene treated CNTs sample.

Fig. 3. shows the DSC thermo-gram
of the as grown and purified CNTs sam-
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HMST aMOPdHOTO yIyIepoa MepeKruchbio BOIOPoIa U, HAKOHell,
00paboTKe a30THOM KUCIOTOI. DTOT METOA MHTEPECEH TEM,
YTO MO3BOJISIET MPOU3BOAUTH CEJIEKTUBHOE U3BJICUEHUE TTPU-
Meceit u3 oopasnoB YHT 6e3 moBpexaeHusI CTEHOK TPYOOK.

Hnsa ounctku YHT B 500 Mr HeoO6paboTaHHOTO CUHTE-
3MPOBAHHOTO MCXOMHOTO 00pasiia Obl10 mobaBiaeHo 50 M
TOJIyOJIa, PACTBOP MepeMeIIMBaIN MPY KOMHATHOM TeMIIe-
patype okoJio 2 4. 3aTeM ero puiabTpyroT 1 cymar 10 u mpu
100°C. Tosyos UCIOIB3YeTCS TOJBKO IS YIaJleHUs TUAPO-
(hoOHBIX TPaPUTOBBIX HAHOYACTHII, IMOJIMAPOMATHYECKUX
mereit yrepona u QyJuiepeHoOB B ChIpoM obpasie [5, 8].
400 mr ob6pasma, 06paboTaHHOIO TOIYOJIOM, PACTBOPSIOT B
30% mepekucu BOJOPONA M OCTABJSIIOT NMPU KOMHATHOM
TeMIlepaType B TeUE€HME JUIUTETbHOTO BPEMEHU, DUIBTPY-
0T, TPOMBIBAIOT HECKOJILKO Pa3 JUCTWIIMPOBAHHOI BOIOI
u cymar B TedeHue 10 9 npu 100°C. [Inst ynageHus: MOHOB
METaJIJIOB TIOJIyYeHHBIN 00pasel] MOMEeIalT B KOHLIEHTPH-
posanHyio H,NO; u ocrasnsior Ha 30 muH. W HakoHer,
UIBTPYIOT, TPOMBIBAIOT HECKOJIBKO pa3, TUCTUUIMPOBAHHOMN
Bone u cymat B TeueHue 104 mpu 100°C. Cycnensust YHT B
BOJIE MICTOJIB3YETCSI JIs1 IPUTOTOBJIEHUS IIEeMEHTHOTO PacTBOPA.

Pe3ynbTaTbl

Ha puc. 2 nokazan o6pazenr YHT, o6paboTtaHHbIl TO-
ayonoM. MoxHO yBuUIeTh mosiBieHHe cBobomHoir YHT
BMecTe ¢ amopdomnogoOHbIMU vyacTuliaMu. [logydeHHbIE
HAHOTPYOKU MMEIOT IIUPOKUI TUana3oH aauHbl. Hapsay ¢
nyukamu YHT B oOpasue npucyTCTBYIOT YIJIEpOIHBIE Ya-
CTHUIIbI, B OCHOBHOM aMOp(¢HOTro yrjiepoia.

HeouunnienHslit obpaserr ObLT UCCIEA0BAH C TOMOIIbIO
shimadzue DSC-50 ananuzaTtopa npu tremmepatype ot 20 1o
700°C B atmocdepe Bo3ayxa (puc. 3). [IBa nmuka onpeaesi-
1oT poct YHT; nepsoiii muk DSC Haxomutcsa B 562,7°C u
MOXET OBITb OTHECEH K YMEHBIICHUIO CTaOMJILHOCTU
amopdHoOro yriieposa, B TO BpeMsl KaK BTOPOI MUK TOSIBJISI-
etcst ipu 645,8°C, yto 0OBsIcHSIeTCS TosiBiIeHeM YHT.

Hus cpaBHeHus, ounineHHbIi YHT obGpasen mokazan
TOJIBKO OOWH MUK npu 634,2°C. VBeanueHue TeMITepaTyphbl
MPOMCXOAMT U3-3a YCTpaHeHUsT aMOphHOTO yriepoaa U hyHK-
LIMOHAILHBIX Tpym Ha ouuiieHHylo YHT. Cunte3upoBaH-
HbIi1 06pazenr YHT umeeT 6ojiee BBICOKYIO TEpPMUYECKYIO CTa-
OWIBHOCTH, YeM TiosydeHHbIi Jleonom /1. Ilepecom u coaBTo-
pamu [6].

Ilocne ounctku Ob11M monxydeHsl Y HT BeicOKOI yncTo-
ThI, KaKk MTOKa3aHo Ha puc. 4.

CuuTaeTtcs, uTo TepMuueckasi crabuinbHocTh YHT 3aBu-
cuT OT JeeKTOB Ha OOKOBBIX CTEeHKaX M IIpUMeceil B 0opa3-
1e. C yMeHbIIIEHMEM KOJMYECTBA MPUMECEeil MOBbBIIIAETCS
kauectBo YHT, 4To criocoOCTByeT BBICOKOI TEPMHUIECKOM
crabwibHOCTH [4, 7].

YHT He obpa3yeT cycrneH3uil B YMCTOM BOAE U OpraHu-
YecKUX pacTBopuTessix. [1oaToMy BaXXHO HaWTU croco®
MOJIyYeHUsT ONHOPOJHON M cTabwibHoi cycnieH3un YHT
B Boje. C 3TOil 1eNnbi0 J00aBISIOT
IMOBEPXHOCTHO-aKTUBHOE BEIIIECTBO U
HCTIONB3YIOT YJIBTPa3BYK. MOJIEKYJIbI
ITAB umeroT XBocT 13 12 aTOMOB yIJie-
pona, MPUKPEIJIEHHbIX K CyJb(aTHOM
rpynrie, TpugaBasi MoJieKyjdaM CBOWi-
CTBa, HEOOXOIMMBbIE [JII MOIIIETO
cpenctia. [ToasIpHBIN KOHEI MPUTATH -
BaeTCsI K MOJIEKYJIaM BOJIBI, a HETIOJISIP-
HBIN KOHell oTTaakuBaetcs. [Ipu Ha-
guyun YHT 3TOT mpoaykr mnpumaet
CTeHKe TpyObl TMApO(dOOHbBIC CBOIICTBA,
YTO TIO3BOJISIET M30eXaTh KOHTaKTa
MEXIy HUMHU W TIOJYYUTh CYCITCH3UIO
YHT B Boge [9, 10].

VabTpa3ByK HEOOXOIUM KaK UCTOY-
HUK BHEIIHEH 3HepruM, Kotopas IMo-
MOTaeT 4YacTUIlaM IPeooJeTh CHUJIbI

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN
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Puc. 3. DSC Tepmorpamma pocta 1 o4ncTkn obpasua YHT
Fig. 3. Thermogram of as grown and purified CNT sample

ple. A 4.7 mg of purified sample were measured using shimad-
zue DSC-50 analyzer from room temperature up to 700°C
under air atmosphere. Two peaks can be identified for the as
grown CNTs sample, the first DSC peak located at 562.7°C
may be attributed to the degradation of less stable amorphous
carbon, while the second peak appearing at 645.8°C which is
attributed to CNTs themselves.

In contrast, the purified CNTs sample showed only a single
peak at 634.2°C. The increasing in the degradation temperature is
due to the elimination of amorphous carbon and functional groups
on the purified CNTs. The location of the second peak is high
compared to that obtained by Leon D. Perez [6] which was about
572.5°C So, this means that the synthesized CNTs sample has
higher thermal stability than that prepared by Leon D. Perez et al.

After purification process amorphous carbon and other
unwanted spices were removed and high purity sample of
CNT were obtained as shown in Fig. 4. It is believed that the
thermal stability of CNTs depends on the defects on the side
walls and impurities in the sample. With the reduced amount
of impurities, the high quality of CNTs with few defects con-
tributes to the high thermal stability [4, 7].

The main target during the manufacturing of the CNTs in
this research program is to get a homogenous and stable sus-
pension of the CNTs in water. CNTs are insoluble in water
and organic solvents. However, if a surfactant is added, with
the use of sonication, a homogeneous and stable suspension
can be obtained. A surfactant molecule has a tail of 12 carbon
atoms, attached to a sulfate group, giving the molecule the
amphiphilic properties required for a detergent as seen in
Fig.6. The polar end is attracted to the water molecules, while
the non-polar end is repelled. By the presence of CNTs this
product attaches to the wall of the tube (hydrophobic mole-
cule) thus avoiding the contact between them and allowing a
free standing suspension of the CNTs in the water [9, 10].

Fig. 4. High purity CNTs sample after purification process
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nputskeHuss BaH-gep-Baanbca.
IIpouecc nDpUroTOBAEHUS CYy-
CTIEH3UM MPOBOIWICS C KOHIEH-
Tpauueil TMOBEPXHOCTHO-aKTUB-
HOTO BEIEeCTBA B AUCTU/UIMPOBAH-
Hoif Boze 1o 1%. KoHmeHTpammst
VYHT cocraBnsiia IIpuMepHO
0,3 mr/mu. Cycnensust YHT
(puc. 5) MOXET HCITOJIb30BaThCS
HETMOCPEACTBEHHO B LIEMEHTHOM
pactBope sl obecriedeHUsl
ONTUMAJIBHOTO pacClpeaesieHUsI
YHT B maTpulie LieMeHTa U, Clie-
JIOBaTeNbHO, IS MOCTUXKEHUS
BBICOKMX MEXaHMUYECKHUX CBOMCTB.

Puc. 5. Cycnensusa YHT, no-
Jly4EHHas C MCMNOJIb30BaHNEM
MAB v ynbTpassyka

Fig. 5. CNT suspension was

prepared using ultrasonic
waves and surfactant

3akiouenue

HWcnonb3oBaHue TepeKUcHU
BOIOpPOJIA B yIaJleHU aMOpdOHO-
o yriepoja oueHb 3(p(peKTUBHO,
tak Kak SEM mukpodororpadus mokasbBaeT, 4To 00paselr
cBoOO/eH OT amopdHoro yriaepoga v mnepBbiii muk DSC
TEPMOTPAMMBbI OBLUT TUKBUANPOBAH.

Tepmuueckas crabuibHocTh YHT 3aBUCUT OT nedhekToB
Ha OOKOBBIX CTEHKaX U COAepKaHUs TTpUMeceil B OUMIIEH-
HOM 00pas3lie, a TakKe 0T 3¢ (GHEKTUBHOCTH CUCTEMBI OXJIaXK-
IeHUsI, UCIojb3yeMoil B ycTpoiicTBe. IloaroroBieHHbIE
OYMILEHHbIe HAHOTPYOKHM, mojydyeHHble MBOC, umeror
0oJiee BBICOKYIO TEPMUYECKYIO CTAOMJIBHOCTb, YeM 00Opa3-
11bl, cuHTe3upoBaHHbIe JleoHowm [I. [Tepecom MeTromom Ka-
TaJIUTUYECKOTO MMHPOJIN3A.
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The sonication process is necessary as a source of external
mechanical energy which helps the particles to overcome the
attractive Van Der Waals forces. The dispersion preparation
process was carried out with a concentration of surfactant in
de-ionized water of 1%. The concentration of CNTs was ap-
proximately 0.3 mg/mL. The suspended CNTs (as shown in
Fig. 5.) can used directly with cement mortar to ensure good
distribution of CNTs in cement matrix and hence optimum
mechanical properties can be achieved.

Conclusion

It can be concluded that the using of hydrogen peroxide
in removing amorphous carbon is very effective, as SEM
micrograph of hydrogen peroxide treated sample shows that
it is free of amorphous carbon and the first peak of DSC ther-
mogram was eliminated as indicated.

The thermal stability of CNTs depends on the defects on
the side walls and impurities in the purified sample and it can
be attributed to efficient cooling system used in the appara-
tus. The prepared purified CNTs sample with ARCD method
has higher thermal stability than the sample obtained from
CVD method and to that obtained by Leon D. Perez.

The authors would like to thanks all members of thermal
lab at HBRC and specially Prof. Magdy Helal prim head of
physics department and Prof. Mohamed Saad for their co-
operation during this work.

Keywords: CNTs, SEM, Arc discharge, DSC, Cement mortar.
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