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ABSTRACT

New nano structures of molybdenum oxide based obowsananotubes (CNTs) as MgO
NaM00,.2H,O and (NH)sMo0;0.4.4H,O have prepared in presence of water by reflex and
hydrothermal method. The structures and morphokgkthese nano — catalysts, also, have
confirmed by IR, SEM, TEM, TGA and XRD. In thisesgtigation kinetics of reaction of 2-
propanol in presence of hydrogen peroxide as oxidan dodecane as intern standard and
CH.Cl, as solvent, was studied. Between these three -raraalysts for transformation of 2-
propanol to 2-propanone, (Nf#Mo;O.4- MWNT disposed better yield than the two othenge T
selectivity of these reactions is total, becausgmjle product. The constant of rate of oxidation
reaction of 2- propanol by using (NJdMo;0.4- CNT nano — catalyst, is greater than the others
one. Experimental data for these reactions show ttiey follow a kinetic of second order. The
kinetic relation of oxidation reaction of 2- propalnn presence of nano — catalyst was studied
by a proposed mechanism. By using two methods ogjppation for rate limiting stage and
stationary state approximation, r = [2- propanolHpO,] was obtained.

Keywords: MoOs, NaM00,.2H,O and (NH)sM070,4.4H,0, nano — catalyst, 2- propanol,
constant of rate, stationary state approximation.

INTODUCION

Metal oxides, in particular, transition metal oxsdere well known for their physical, chemical,
surface and catalytic properties [1-BJoO3; oxide which is the basis of three nano — catalysts
which were used in this approach, have two morgho#b structures.

a- MoO; thermodynamically stable and has an orthorhombicstre [4] and3- MoO; semi —
stable and has a monoclinic structure [5-8].

a- MoOs has a layer structure which has octahedral MioQhis layer. MoQ@ layers are parallel
to (100) crystalline planes which have the weetairtlayer interaction. Therefore, present (100)
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crystalline planes are thermodynamically stable ianthis case only oxygen atoms lay on the
surface [4]B- MoOs has a structure similar to W4©ne [5].

Molybdenum oxide and molybdates have investigabedhfeir technological uses in a vast range
[9 -12], for example, their uses in gas sensorg, [&lectrochromic elements [13], cathode in
lithium micro — cells [14 -16]. Moreover, one okthargest applications of molybdenum oxide is
its usage as catalyst [17]. Applicability of molg@mlim oxide achieve by a series of dynamic
processes on its surface [18].

Carbon nanotube (CNT) hazardously have discoveydijima et at®. Carbon nanotubes have a
vacuous structure of single layer of graphen wheke enveloped in cylindrical form. Two
forms of CNTs are remarkable, multi - wall carbcenatubes (MWNT)"” and single - wall
carbon nanotubes (SWN¥)

Nano particles of transition metal oxides on theibaf carbon nanotubes may form nano —
catalysts. In this study nano — catalysts of MoR&M00,.2H,O and (NH)sM0-,0,4.4H,O on

the basis of multi - wall carbon nanotube have sgsized. Obtained nano — catalysts were
contributed in oxidation reaction of 2- propanol.

Kinetic of reaction was studied and the order eifct®n was obtained experimentally. Finally,
with respect to experimental data and evidencee@hanism for this reaction was proposed.

MATERIALS AND METHODS

1- Catalysts synthesis method

(a) MoOs synthesis

This catalyst was processed in two stages. In Fiegfe, Mo@was provided by Mogoxidizing
with H,O». In second stage, MgQinder oxo-diperoxo form was added to carbon nédmeoand
MoOs — MWNT have obtained by reflex in 10D

(b) Naz;MoO, — MWNT
This catalyst was prepared by adding carbon naedimbaturated solution of sodium molybdate
and treating in an oven in 10

(C) (NH4)6M07024— MWNT
This catalyst was prepared by adding carbon naedimisaturated solution of ammonium hepta
molybdate and has treated in an oven in"C80

All catalysts were tested and identified by IR, SENEM, TGA, and XRD.
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Figure 3. SEM image of (Nk;)sM0,0,,-MWNT nano-catalysi

RESULTS AND ISCUSSION

The results obtained by SEM were shown that in 5-MWNT case, nanc- particles are
aggregated over the ends of nanotube. I,MoO,-MWNT case nano particles are coated (
the surface of nanotube and in (4)sM070..-MWNT case nano particles are dispersed o\
MWNT filaments. SEM images of these 3 catal were shown in figures 1, :nd 3.
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1- Catalytic testes

These catalysts were used for catalytic oxidatio2-propanol with HO, in CH,ClI, solvent and
n-Dodecane as internal standard. The general ogaistias following.

2- propanol] SV TREA? . 2 propanor 2)

By kinetic study of reactions the order of reactamd the constant of rate are determined. A
mechanism was proposed on the basis of reactideeses.

2- Kinetic study of oxidation off 2-propanol by ushg MoOs-MWNT as nano catalyst

The reaction was performed and the results of asive of 2-propanol to 2-propanone are
indicated in table 1 and figure 4. The result a$ tbxidation is a single product; therefore the
selectivity of reaction is 100%.

ecane

2 - propanol I YT ESC1. 2 propanor (3)

The plots 5 and 6 show that the reaction may bepded as a second order one.

Table 1. The yield of conversion of 2-propanol to-propanone by using MoQ-MWNT as catalyst

Conversion | Time
(wt %) (min)
0 00.00
10 82.00
20 81.50
30 83.38
40 81.89
50 83.21
60 83.70
100 -
80 S — - —— * —
S
560 1
2
Q40
c
(@]
© 20
0 T T 1
0 20 40 60
Time (min)

Figure 4. Yield of conversion plot indicated irtable 1
3- Kinetic study of oxidation off 2-propanol by ushg N&aMoO4,-MWNT as nano catalyst

The reaction was performed and the results of asiwe of 2-propanol to 2-propanone are
indicated in table 1 and figure 7.The result otbkidation is a single product; therefore the
selectivity of reaction is 100%.
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Figure 5. The plot of In[2-propanol] against timefor first order reaction
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Figure 6. The plot of 1/ [2- propanol] against tine for second order reaction
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3- Kinetic study of oxidation off 2-propanol by ushg N&aMoO4,-MWNT as nano catalyst
The reaction was performed and the results of asive of 2-propanol to 2-propanone are
indicated in table 1 and figure 7.The result ostbkidation is a single product; therefore the

selectivity of reaction is 100%.

2 - propanol] Wﬁéﬁg i}

TP, 2 propanor

dodecane

4)

Table 2. The yield of conversion of 2-propanol t&-propanone by using NaMoO ,-MWNT as catalyst
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Conversion | Time
(wt %) (min)

0 00.00

10 81.89

20 83.27

30 81.26

40 81.63

50 83.58

60 81.70
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Figure 7. Yield of conversion plot indicated in take 2

Determining the order of reaction the charts obzérst and second order have plotted, also, for
this nano catalytic reaction. Below the plots oftfiand second order are shown in figures 8 and
9. The charts are plotted up to 30 minutes, becaftee 25 minutes the reaction reaches to
equilibrium. The plot dependent to reaction of zerder have neglected because the values were

inconsequential. The plots were shown that thetiwaof oxidation of 2-propanol conform to
second order.

Therefore, it may be deduced from the plots 8 arida® the reaction is rather a second order
reaction.
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Figure 8. The plot of In[2-propanol] against timefor second order reaction
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Figure 9. The plot of 1/[2-propanol] against timeor time for first order reaction
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4- Kinetic study of oxidation off 2-propanol by ushg (NH)eM0;02--MWNT as nano
catalyst

The oxidation reaction of 2-propanol by using @)§Mo;0.,-MWNT was studied as two
precedent reactions. The yield of conversion iscaited in table 3 and figure 10. Selectivity of
reaction because of single product is always 100 %.

2 - propanol] ﬁ”fﬁ,ﬁ@jﬁfﬂ?@lﬁoﬁa 2~ propanor (5)

Table 3. The yield of conversion of 2-propanol t&-propanone by using NaMoO ,-MWNT as catalyst

Conversion | Time
(wt %) (min)
0 00.00
10 88.53
20 93.24
30 95.02
40 92.44
50 88.49
60 69.09
100
80
O\O
- 60
k=)
@
o 40
>
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o 20
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Time (min)

Figure 10. Yield of conversion plot indicatedri table 3

Diminution of conversion value above 40 minute @dally was due to reversibility of reaction.
Determining the order of reaction the chart of zdirst and second order has plotted similar to
precedent nano catalytic reactions. As the prededattions, the plots are more convenient

with a second order reaction. Below the plots mftfand second order reactions are shown in
figures 11 and 12.
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Figure 11. The plot of In[2-propanol] against timefor first order reaction

2:5 1 0.1663x + 0.0631y =
= ] 09921=2R
o
G
g 15
S
g1
S
0.5
0 T 1
0 10 20 30 40
Time (min)

Figure 12. The plot of 1/ [2-propanol] against timdor second order reaction

Comparing the results obtained from all plots, @ynrbe deduced that all of these catalytic
reactions are of second order and the yield of emion of 2-propanol to 2-propanone reaction
by using (NH)sM0;0,--MWNT nano catalyst is greater than the others.|&abshows the
average values of yields of conversion for the titeas using these 3 nano catalysts. Constant of
rates of 3 mentioned reactions in presence offdréifit nano catalysts were compared in table 5.

Table 4. The average value of conversion for 3 méahed cases

Conversion
Nano catalyst (average wt. %)
(NH4)eM070,-MWNT 88.53
MoOs-MWNT 82.00
NaoMoO,-MWNT 81.89

Table 5. Comparing the value of constant of rates

K
Nano catalyst (min)
(NH4)eM0;0,+-MWNT | 6.3x10°
MoOs-MWNT 2.4x10°
Na,MoO,-MWNT 1.8x10°

Experimental data show that molecularity of oxidatreaction of 2-propanol to 2-propanone in
presence of nano catalysts is 2 and on basis s¢ thi@ta proposed relation for rate of reaction is
as following:
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r=k[2- propano][ H Q] (6)

Proposed mechanism must be convenient with abdaéore for reaction rate. Two methods
were used for this approach: rate determining-stggproximation and steady-state
approximation.

5- Determining the equation of rate by using rate dtermining-step approximation

This approximation assume that the reaction cortaim or several reversible reactions which
are almost rapid. This follows by a slow reactiohich is determining step. Then this step
follows by one or several rapid reactions.

Following mechanism may be propose for oxidatioacten of 2-propanol by using MgG-
MWNT.

MoO, - MWNT,, +H.,0, Q@j MoO.- MWNT (Rapid) (7)

MoO, - MWNT + C,H,OHO 1 . MoO,- MWNT+ C,H,CO+ H,C (Slow) (8)
Since second reaction is determining step, thusalation of reaction rate will be as following:
r=k,[MoO,-MWNT][C H OH] (9)

Therefore, the relation (6) must be deducted frehation (9) for proposed mechanism. The
constant of equilibrium of equilibrium (7) may bktained as following.

Kel=ﬁ=[MOOS_MWNT] (10)
, k—l [H 202]
And,
[MoO, - MWNT] = if—l[H 0] (11)
-1

By replacing the relation (11) in relation (9) tte¢ation of reaction rate will be obtain.

=Ky HH.0,]IC H OH] (12

r'=KepH 0 JIC H OH] (13)
Then the relation (13) is same as relation (6).

6- Determining the equation of rate by using steadgtate approximation

The approximation assumes that formation rate ahtammediate is equal to its expending rate,
as its steady-state concentration preserved relgtisonstant. The supposed reaction has the
same rate which indicated in relation (9). Thussieady-state following relation may be
established.
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d[MoO; - MWNT] _ k,[H,0,] —k_IMoO ,~MWNT] -k JMoO .~MWNT][CH QH] (14)

dt
And then,
[MOO, = MWNT] = — -:'(lk[:éOHZ]OH] (15)
By replacing equation (15) in equation (9) thedwling relation will obtain.
=k, —KlHOal ey on (16)

?k_, +k,[CH,OH]
Assuming k>>k;[C3H;OH], relation (6) will be obtain.
For example, the rate of reaction catalyzed by {Wo,O0.,-MWNT may be calculated as

following.
r=0.063(mir* x 0.01(mol* X 0.03(molL 3 1.80 10mELL . min %) (17)

7- Proposal of a mechanism on the basis of experintal evidence
Following mechanism may be proposed for catalyaction by using MOOMWNT catalyst.

CONCLUSION

As experimental results show (WEMo0;0.,-MWNT nano catalyst has better catalytic behavior
(88.53% conversion) in comparing with both MRWNT and NaMoO,-MWNT nano
catalysts. This characteristic may be interpresetbbowing:
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(a) The structure of hepta molybdate has the more Mo ®Mo=0 bindings which increase its
catalytic behavior.

(b) Comparing SEM images of these three catalysts . gMb-,0O,4 can be well dispersed over
MWNT surface, thus this effect gives better catalgharacteristic to (NiJsM0702.-MWNT.

Moreover, the reaction of oxidation of 2-propanglHyO, by using all three nano catalysts has a
kinetic of second order. Demonstrating that thevabeoeaction has the molecularity 2, a
mechanism proposed by two different approximatioate determining-step approximation and
steady-state approximation. By both approximatitesrate equation r = k[2-prppanol&h] is

the best confirmation of proposed mechanism.
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