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ABSTRACT

In this study, 3 different molybdenum oxide nano catalysts based on carbon nanotubes were synthesized with the
precursors of MoOs, Na,M00,.2H,O and (NH4)sM0,0,,.4H,0, using reflex and hydrothermal methods. The
structure and morphology of these nano catalysts were studied by FTIR, scanning electron microscopy (SEM),
transmission electron microscopy (TEM), thermal gravimetric analysis (TGA) and X-ray diffraction (XRD) spectra.
FTIR spectra show that MoOs has the peaks more intense than both Na,M00O,.2H,0O and (NH4)sM070,4.4H,0
spectra peaks. XRD spectra also, show higher intensity for MoOs-MWNT peaks than intensities of the others one.
SEM and TEM spectra show that in MoOs-MWNT catalyst, nano particles mostly were placed on the open end and
interior of nanotubes. Whereas, the amounts of nano particles of molybdenum oxide, in Na,MoO,-MWNT and
(NH4)eM0;0,,-MWNT catalysts, are low and are placed on the surface of nanotubes. TGA analysis show that the
amount of MoOs-MWNT catalyst lies over nanotube, in respect of the two others, was more considerable (57/06 wt
%). Thereafter, catalytic ability of these nano catalysts was examined by oxidation of 2-propanol (in presence of
H,0, as oxidant, n-dodecanone as interior standard and CH,CI, as solvent). Studying the results show that, the
transformation of 2-propanol to product, by (NH4)sM0;0.,-MWNT catalyst is more than the two others.

Keywords: molybdenum oxide, nano catalyst, spectrum peatalytic ability, 2-propanol.

INTRODUCTION

Adsorption ability of carbon nanotubes which is daethe nature, large surface area and cylindstaicture of

these materials [1, 2 and 3], make them capablasiimg as the base for metal oxides nano catalykish more

studies have performed over transition metals aatéwns with carbon nanotube and graphite whichrékalts differ

vastly [4], these phenomena were interpreted dubeddlifferences in bonding places over carbon ndr@used as
the base of nano catalysts.

Studies on metallic nickel were shown that it haserstable bond on the surface of single-walleba@amnanotube
than on graphite matrix. This may be consideredtdugylindrical structure of nanotube. Presencaiokel atoms
over the walls of nanotube will cause transmissibcharges from these atoms to nanotube and visa y4].

Reaction of ammoniac synthesis by ruthenium on MWNatrix as a catalyst was compared with ruthenium o
other matrixes such as graphite, fullerene and/atetil carbon. It was observed that ruthenium — M\WdsBalyst
progresses reaction much more than ruthenium + aib&ixes.

This difference may be due to the large surfaca afearbon nanotubes which causes better diswibof catalyst
metal over it and electronic properties of carbanatubes, also, cause better transmission of efexto ruthenium

[5].
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Molybdenum oxide was found in two crystalline formsMoO; thermodynamically stable, anf- MoO;
thermodynamically instable [6, 7, 8, 9 and10]. Tégers ofa-MoOs; is parallel to (100) crystalline planes, which
their inter layers interaction is weak, therefot®@) planes are disposable and thermodynamicadlylestin this
case only oxygen atoms are over the surface.

Molybdenum oxide,a-MoQ;, is widely used as a catalyst. For exampldyloO; catalysts were used often in
polymerization and dehydrogenation reactions arsb,abhs dehydration catalyst [11, 12 and 13]. Moeeov
Molybdenum oxide is one of the most important gestisl in oxidation of hydrocarbons and alcohols donrf
aldehydes and ketones. Mg@atalytic characteristics occur by a series ofaiyic processes over their surfaces
(surface rearrangement, and movement of oxygenespecer surface), under catalytic conditions [hd15].

Carbon nanotubes were discovered in 1991 by lijima process of arc-discharge method [16]. Theestan
structures of carbon nanotubes which are remarkable consist of multi-walled carbon nanotubes (MVYNIL6],
and single-walled carbon nanotubes (SWNT) [17].

In this study we have synthesized three differgpes of nano catalysts MGIWNT, NaM0O,.2H,0-MWNT
and (NH)eMo0;0,4,.4H,O-MWNT, and then catalytic characteristic of thessalysts in the case of oxidation
reaction of 2-propanol, then obtained results vagseussed.

MATERIALSAND METHODS

This study was performed in Payame Noor Univergiran, Iran, as a thesis project on molybdenutalyst -
MWNT properties in 2011.

2.1. Materials

All materials used in this investigation have beéranalytical grade: 1- Multi-walled carbon nanaushenzen
Co.), 2- Molybdenum oxide (Merck Co.), 3- Sodiumlytolate dihydrate (Merck Co.), 4- Ammonium molybelat
hepta hydrate (Merck Co.), 5- Hydrogen peroxidpppanol, dichloromethane, n-dodecane (Merck Co.).

2.2. Instruments

Following analytical instruments were used in tsigdy: 1- Infra red spectroscopy (IR, Bruker, Eguirb5), 2-
Scanning electron microscopy (SEM, XL30, Philips.)C8- Transmission electron microscopy (TEM, EMO90
ZEISS 80 KV), 4- Thermal gravimetric analysis (TGRerkin Elemer, Pyris Diamond), X — ray diffractioRD,
X Pert MPD, Philips Co., Tube: Cuk40 kV), Gas chromatography (GC, Varian).

2.3. Synthesis of MoOs-MWNT

This process consists of two stages: Stage 1- sgistlof molybdenum pentoxide: 0.72 g Moflas mixed with 5
mL H,O, and agitated for 48 hours with a magnetic stiate4(C till insoluble MoQ transform to yellowish Mo©
soluble in water. Stage 2- synthesis of M&DWNT: 100 mg carbon nanotube was added to Mpvided in
stage 1, and then this solution was agitated fohdé&s at 100C in a reflex system. Obtained precipitate was
filtered and rinsed several times by deionized wated then dried in an oven. This synthesized smiost have
analyzed by IR, SEM, TEM, TGA and XRD.

2.4. Synthesis of Na,M 00,-MWNT

30 mL of saturated solution of sodium molybdate wespared, and then 100 mg carbon nanotube wasl ddde

and agitated for a few minutes. All obtained salativas transferred to an autoclave vessel whichssated and
placed for 48 hours in an oven at 180 The precipitate was filtered, rinsed and drizail then analyzed by IR,
SEM, TEM, TGA and XRD.

2.5. Synthesis of (NH4)eM 0;02--MWNT

100 mg carbon nanotube with10 mL deionized water lBmmogenized about 5 minutes by an ultrasonicesyst
Then 20 mL of saturated solution of ammonium moétiechepta hydrate was prepared. Both preparedswuvas
mixed and transferred to an autoclave vessel whiaf sealed and placed for 48 hours in an oven @fQ.8The
precipitate was filtered, rinsed and dried, anchthealyzed by IR, SEM, TEM, TGA and XRD.

2.6. Catalytic tests

Catalytic tests were performed in the same conditio three catalysts synthesized above as wiltrites below. 10
m mol (0.6 g) 2-propanol with 0.03 g catalyst anahlb dichloromethane was transferred to a 25 mLooalland it
was agitated by a magnetic stirrer which is plaositie it. Every 10 minutes the reaction was stdpgred one drop
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of organic phase was injected into the GC for deit@ing amount of oxidizing alcohol. The results Ivdiscuss
later.
RESULTSAND DISCUSSION

In this section, firstly the results of synthesgimano catalysts will be analyze and then Catatgtts for oxidizing
2-propanol alcohol will be discussed.

3.1. Analyzing theresults obtained for Synthesis of MoOs-MWNT

MoQ; is a heterogeneous catalyst and water insolubkidiZing this catalyst by kD, transform oxo group to
peroxo group and Mo§s water soluble and homogeneous catalyst. Byibignthis catalyst to carbon nanotube a
nano catalyst will be obtain which is water insdéub

IR spectrum of MoO5-MWNT (Fig. 1) shows three peak$12, 913 and 979 chwhich are related to tensional
vibrations of different bonds between molybdenurd arygen. The peak in 1608 cm-1 is due to bindiegveen
molybdenum metal and water. The peaks which appe240 and 35109 cfis due to symmetric and asymmetric
vibrations of water molecule.

The peaks of molybdenum and oxygen bonds in Mo@& @, are placed in 918 and 942 trithe position of C =

C bond in IR spectrum of MWNT is in 1494 @€nfFig. 3). Comparing these three spectra, the peakdoO5-
MWNT are shifted towards upper frequencies whichficm formation of covalence bond between MoO5 and
MWNT.
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Figure 1. IR spectrum of MoOs-MWNT nano catalyst
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Figure 2. IR spectrum of MoOs
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Figure 3. IR spectrum of MWNT

SEM image of MoO5-MWNT shows that the structurenahotube was not disturbed by reaction. Assembidge
nano particles of MoO5 at the end of nanotubeglglémobservable (Fig. 4).

TEM image of MoO5-MWNT shows a precise illustratiohreaction characteristic between MoO5 and MWNMIT.
TEM image it is observed that MoOS5 is diffused desof carbon nanotubes (Fig. 5).
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Figure 4. SEM image of MoOs-MWNT Figure5. TEM image of MoOs-MWNT
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Figure 6. TGA diagram of MoOs-MWNT nano catalyst

977
Pelagia Research Library



F. Ashrafi et al Der Chemica Sinica, 2012, 3(4):974-983

MoO, @
MWNTm

10 20 30 40 SO 6O 70O 80
2-Theta

Figure 7. XRD spectrum of MoOs-MWNT nano catalyst
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Figure8. IR spectrum of Na,M00,-MWNT nano catalyst
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Figure9. IR spectrum of Na;M 004

TGA analyze of MO@MWNT catalyst from room temperature to 7G0was shown in Fig. 6. Blow 10C weight
increasing is due to dehydration. The sample, attaB00°C, losses its peroxo groups, and in the range 0ft60
600°C the whole of nanotubes will be burn and at lgshaining residue is molybdenum oxide (57/06 wt %).

The obtained nano-fibers before analyzing by XR@svexposed to a calcification at 3%D about 1 hour for
transforming its amorphous structure to crystalbne. Fig. 7 shows XRD spectrum of MeRIWNT catalyst.

In this spectrum 12.77, 23.41, 27.33, 29.49, 333637, 45.89, 49.25, 52.77, 55.33 and 58.85 aragesell as in
accordance with orthorhombic structure of Mo@hich coincide with JCPDS No. 35-0609 and correspwith
(020), (110), 021), (130), (111), (041), (200),4n0211), (112) and (081) crystalline planes. Pher3 and 39.01
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angles also, show presence of carbon nanotube (MWitiich coincide with JCPDS No. 41-1487 and coroeshb
with (002) and (100) crystalline planes.

3.1. Analyzing theresults obtained for Synthesis of Na,M 004 MWNT
This nano catalyst was produced by hydrothermatgss.

IR spectrum of NaMoO,- MWNT nano catalyst is show on Fig. 8. The peak833, 1016 and 1254 chare due to
tensional vibration of bonds formed between molyhoe an oxygen (Mo — O — Mo and Mo = O). The peaks i
1580 and 1631cthcorrespond with MWNT. These peaks are shifted tdwaipper frequencies, comparing with
NaMoO, peaks (Fig. 9) and MWNT peaks (Fig. 3) which confformation of covalence bond between MoO5 and
MWNT in Na,MoO,- MWNT nano catalyst.

SEM image of NgMoO,-MWNT nano catalyst shows MWNT which nano particifsmolybdenum oxide are
coated its surface (Fig. 10). TEM image shows #mesresult, but the amount of coated nano partislsmall (Fig.
11).

TGA analyze of NaMoO,-MWNT catalyst from room temperature to 7G0was shown in Fig. 12. The catalyst
looses lightly its weight; about 53C nanotube begins to burn and at about 3@ burns completely. At last,
molybdenum oxide remains as a residue (7.20 wt %).

XRD spectrum of NaMoO,-MWNT was shown in Fig. 13. In this spectrum 26.43,93 and 44.37 angles coincide
with (002), (100) and (101) crystalline planes ahdw the presence of carbon nanotubes (JCPDS NbA8IZ).
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Figure 10. SEM image of Na;M 0O,-MWNT Figure11. TEM image of Na,M 00,-MWNT
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Figure 12. TGA diagram of Na,M00,-MWNT nano catalyst
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Figure 13. XRD spectrum of Na,M 00,-MWNT nano catalyst

23.33, 29.41.34.37, 39.57 and 42.53 angles ardalpeesence of molybdenum oxide and are in coimcdeavith
(110), (130), (140), (150) and (141) crystallinamds which correspond to orthorhombic phase of Ma®Gich
coincide with JCPDS No. 35-0609.

3.3. Analyzing theresults obtained for Synthesis of (NH;)¢M 0;02,- MWNT

This nano catalyst was produced by hydrothermatgs® as have described above. The peaks of IRrsmpeof
which (NH))sM0;0,.- MWNT nano catalyst which was appear in 684, 782, 905 and 947 chare related with
different bonds between oxygen and molybdenum (E4y.. The peaks placed in 1414, 1442 and 1566 depend
on carbon nanotube bindings. The peak in 1640 depends on the bond between water and molybdeAlim.
these peaks comparing with the peaks in IR specwfintNH,)sMo0-0,, (Fig. 15) were shifted towards upper
frequencies which are due to covalence bonds.

In SEM image of (NB)sMo0,0,,- MWNT we observe Mo@nano particles which were dispersed over MWNTs
filament (Fig. 16).

In TEM image of (NH)sMo0;0,,- MWNT we observe Mo@nano particles in small quantities were disper»est
MWNTs (Fig. 17).

TGA analyze of (NH)sM0;0,4 -MWNT nano catalyst from room temperature to ®as shown in Fig. 17. The
catalyst looses lightly its weight; about S8Dnanotube begins to burn and at about 5@ burns completely. At
last, molybdenum oxide remains as a residue (410G

XRD spectrum of this nano catalyst (Fig. 18) shbat 26.29, 42.53, 44.21 and 54.53 angles areatioalwith
(002), (100), (101) and (004) crystalline plane8®¥NTs and coincide with JCPDS No. 41-1487.

Trancemitance
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Figure 14. IR spectrum of (NH4)eM 0;02s-MWNT nano catalyst
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Figure 14. IR spectrum of (NH4)sM 07,024

Figure 15. SEM image of (NH4)sM 0,024 -MWNT Figure 16. TEM image of (NH4)sM 0702--MWNT
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Figure 17. TGA diagram of (NH4)eM 07024 -MWNT nano catalyst

Presence of molybdenum oxide was presented by 237465, 29.65 and 33.01 angles which correspor{d10),
(021), (130) and (101) orthorhombic phase of Ma@d coincide with JCPS No. 35-0609.

Analysis these three synthetic nano catalysts gshatvMoG-MWNT nano catalyst is in better compatibility with
carbon nanotubes than two other. IR and XRD pe&ksi®nano catalyst have been higher intensityt, B&EM and
TEM images of MO@MWNT nano catalyst large amount of Molybdenum exidave observed inside of
nanotubes. Whereas, the amount of this oxide fordter nano catalyst is low, but was placed dveir surfaces.

TGA Analysis shows that remaining residues due tOMMWNT, Na,MoO,-MWNT and (NH)sM0,0,4 —-MWNT
nano catalysts burning are 57.06 %, 7.20 % and %0fespectively. At last, XRD spectra show coveéebonds
between oxide and nanotube.
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Figure 18. XRD spectrum of (NH4)sM 07,024 -MWNT nano catalyst

Now we must examining catalytic reaction of oxidatof 2-propanol in presence of these three natadyssés and
comparing obtained results. As it was describethéuy we have stopped every 10 minute the reactimh its
progress was determined. We have performed six urements during 60 minutes and the calculation stia
alcohol conversion vyields of oxidizing reactions presence of Mo®OMWNT, NaMoO,-MWNT and
(NH4)eM0;0,4 —MWNT nano catalysts, are 83.87 %, 81.89%, an83886, respectively. The order of reactions in
presence of any of these three nano catalystslyeem determined to be 2 [18]. The rate of thes®ydat reactions
was given by following relation [18]:

r = k [2-propanol][HO,] (1)

The constant of rates of oxidizing reactions inspree of MO@MWNT, Na,MoO,-MWNT and (NH;)sMo0,0,4 —
MWNT nano catalysts were determined and are 1.8%nin®, 2.4 x 10* min™ and 6.3 x 18 min*, respectively.
These results show that catalytic effect of (NM0;0,, —MWNT nano catalyst is suitable than two otheraan
catalysts. (NH)sMo;0,, —-MWNT nano catalyst nevertheless of its small amaf molybdenum oxide, has better
catalytic effect and higher yield than both othana catalysts. It may be interpreted as followingloOs-MWNT
nano catalyst molybdenum oxide placed inside obtares and this may decrease its catalytic effelcereas, in
NaMoO,-MWNT and (NH,)sM0;0,4, —MWNT nano catalysts molybdenum oxide was disgkoser the surface of
carbon nanotubes. Otherwise, (NiV0,0,, —MWNT, has several types of Mo — O and Mo = O l®oradd this
make it capable to have more catalytic effect thagMoO,-MWNT.

CONCLUSION

We have synthesized three nano catalysts of motylbdeoxide on basis of carbon nanotubes (MWNTS) digqu
MoOs, NaMoO, and NaMoO, compounds.

The peaks of IR and XRD spectra of MoO5-MWNT arerenmtense comparing with Na2MoO4-MWNT and
(NH4)eM0;0,4, —MWNT peaks. All IR peaks of three nano catalysese shifted towards upper frequencies which
are due to covalent bonds between MoO5 and MWNT.

SEM and TEM images of three nano catalysts showith®1005-MWNT a large amount of molybdenum oxide
was placed inside of carbon nanotubes, whereasiM®D,-MWNT and (NH)sM0;0,, —-MWNT, molybdenum
oxide was placed over MWNTSs surface.

TGA diagram shows that remaining residues aftergieta burning of nano catalysts are 57.06 %, 7.2in& 4.06

% for MOOs-MWNT, NaaMoO,-MWNT and (NH,)sM0;0,, —-MWNT nano catalysts, respectively. Neverthelefss o
its smallest amount of molybdenum oxide, (jgo-O,, —-MWNT nano catalyst have more compatible catalytic
ability due to better dispersion of molybdenum exaler the surface of MWNTSs and several types di/buenum
oxygen bonds.

These nano catalysts were contributed in catabptidation of 2-propanole and the conversion yiedew that all
these synthesized nano materials act as good ststaly

The order of these catalytic oxidations was deteechito be 2. Determined constants of rates of thataytic
oxidations, confirm more compatible catalytic ailbf (NH;)sM0;0., —-MWNT nano catalyst.
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