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67 ABSTRACT

The present invention discloses a novel transition metal(s)
catalyst supported on nitrogen-doped mesoporous carbon
and a process for the preparation of the same. Further, the
present invention discloses use of transition metal(s) sup-
ported on nitrogen-doped mesoporous carbon catalyst in
catalytic transfer hydrogenation reaction. The invention also
discloses an improved process for the synthesis of 2,3-
Dimethylfuran (DMF) and 2-Methylfuran (MF) from 5-hy-
droxymethylfurfural (HMF) and furfural respectively, using
alcohols as hydrogen donor over a transition metal sup-
ported on nitrogen-doped mesoporous carbon, especially
ruthenium supported on nitrogen-doped mesoporous carbon
without using any co-catalysts, e
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1
TRANSITION METAL(S) CATALYST
SUPPORTED ON NITROGEN-DOPED
MESOPOROUS CARBON AND ITS USE IN
CATALYTIC TRANSFER HYDROGENATION
REACTIONS

FIELD OF THE INVENTION

The present invention relates to a novel transition metal(s)
supported on nitrogen-doped mesoporous carbon and a
process for the preparation of the same. Further, the present
quentlon discloses a use of transition metal(s) supported on
nitrogen-doped mesoporous carbon catalyst in catalytic
transfer hydrogenation reaction. The invention also dis-
closes an improved process for the synthesis of 2,5-Dim-
ethylfuran (DMF) and 2-Methylfuran (MF) from 5-hy-
droxymethylfurfural (HMF) and furfural using transition
metal(s) supported on nitrogen-doped mesoporous carbon
catalyst. More particularly, the present invention also relates
10 a process for the preparation of 2,5-dimethylfuran (DMF)
and 2-methylfuran (MF) from 5-hydroxymethylfurfural
(HMF) and furfural, respectively catalyzed by ruthenium
(cl:::))g nanoparticles supported on nitrogen doped mesoporous

n.

BACKGROUND AND PRIOR ART

In recent years, 2,5-dimethylfuran (DMF), which is pro-
duced by the selective hydrogenolysis of biomass-derived
5-hydroxymethylfurfural (HMF) and is considered as a
new-fashioned liquid biofuel for transportation, has received
much more attention from many researchers in the world.
Compared to the current market-leading bioethanol, DMF
possesses a higher energy density, a higher boiling point and
a higher octane number and is immiscible with water. In
view of the diminishing oil reserves and the clear visible
signs of climate change attributed to greenhouse gas emis-
sions to the atmosphere, utilization of renewable biomass
sources for the production of fuels and chemicals has
become imperative. Worldwide, there is a remarkable
research activity in this area for the development of pro-
cesses and catalysts for transforming abundant lignocellu-
losic biomass into liquid fuels for the transportation sector as
well as to prepare platform chemicals. For these efforts to
become a commercial reality the developed process has to
be economically feasible and the developed catalyst should
be cheap and easy to scale-up. Hydrogenolysis reaction
holds great promise for the proposed bio-refinery concept, as
biomass-derived substrates possess very high oxygen con-

tent, which need to be reduced to get useful chemicals and 5

fuels. The selective hydrogenolysis of furfural and 5-hy-
droxymethylfurfural (HMF) to 2-methylfuran (MF) and
2,5-dimethylfuran (DMF), respectively, holds great poten-
tial for the production of liquid fuel substitutes/additives

from renewable compounds. Furfural and HMF can be s

obtained from the acid-catalyzed dehydration of hemicellu-
lose and cellulose-derived carbohydrates, respecti\lfclyx Both
DMF and MF have desirable chemical and physical prop-
erties to be used as transportation fuels; wilhl nearly 40%
more energy density (35 MJkg™", 31.2 MJkg™) than etha-
nol. They also have high research octane numbers
(RON=119, RON=131), very little sg]ubnhly mowalcr (2.2
gL', 7.0 gL-") and ideal boiling points (92-94° C., 64.7
C.). Furthermore, DMF consumes only one-third of the
energy for the separation by distillation, cgmpared to that
required for the separation of ethanol from fermented broth.

The DMF and MF have been success

A:'J\

fully tested as bigfu€ls
) P

25

65

_sis A: General, 2012, 421-422, pp 99-107 re

~
Al

2
?n a single cylinder spray guided direct-injection spark-
ignition engine. Their performance was satisfactory against
gasoline in terms of ignition, emission and combustion
properties. These excellent characteristics make DMF and
MF as promising renewable fuels for transportation.

One of the vital challenges for the upgradation of HMF
and furfural to value added chemicals and fuels is the
product selectivity. For instance, hydrogenation of HMF and
furfural results in a mixture of ring- and side chain-hydro-
genated products along with ring-opening products. Decou-
pling these processes is highly important for using furans as
renewable fuels. The hydrogenolysis of HMF and furfural
into DMF and MF, respectively, were studied over various
supported metal catalysts by using molecular hydrogen. The
break-through of preparing DMF from biomass-derived
compound (HMF) was first reported by Roman-Leshkov et
al. using a bimetallic CuRwC catalyst with 71% DMF yield
at 220° C. and 6.8 bar H, pressure. Chatterjee et al. reported
the use of Pd/C catalyst in supercritical CO, to get high yield
of DMF. But, this process involves the use of high pressure
CO, and H,.

Article titled “Chemoselective Hydrogenation of Bio-
mass-Derived 5-Hydroxymethylfurfural into the Liquid Bio-
fuel 2,5-Dimethylfuran” by L Hu et al. published in Ind.
Eng. Chem. Res., 2014, 53 (24), pp 9969-9978 reports
catalytic systems and the latest research achievements for
the selective hydrogenation of HMF into DMF in light of the
diversity of hydrogen donors such as molecular hydrogen,
formic acid, alcohols, and water are systematically summa-
rized and discussed. The study shows the maximum yield of
DMF up to 94.6% and 100% conversion of HMF by using
Ruw/C as catalyst in presence of THF solvent and molecular
hydrogen.

Article titled “Selective Transformation of 5-Hydroxym-
ethylfurfural into the Liquid Fuel 2,5-Dimethylfuran over
Carbon-Supported Ruthenium’ by L Hu et al. published in
Ind. Eng. Chem. Res., 2014, 53 (8), pp 3056-3064 reports a
simple and efficient process for the selective hydrogenation
of 5-hydroxymethylfurfural (HMF) into the high-quality
liquid fuel 2,5-dimethylfuran (DMF) in the presence of
tetrahydrofuran (THF) using carbon-supported ruthenium
(RwC) which led to 94.7% DMF yield with 100% HMF
conversion at a relatively mild reaction temperature of 200°
C. for only 2 h.

Article titled “Effect of hydrogen donor on liquid phase
catalytic transfer hydrogenation of furfural over a
Ru/Ru0Q,/C catalyst” by P Panagiotopoulou et al. published
in Applied Catalysis A: General, 2014, 480, pp 17-24 reports
catalytic transfer hydrogenation of furfural toward methyl
furan over a Ru/C catalyst in the temperature range of
120-200° C. using 2-propanol as a solvent. An optimum
methyl furan yield of 61% has been achieved using said
process as reported.

Article titled “Production of Dimethylfuran from
Hydroxymethyl-furfural through Catalytic Transfer Hydro-
genation with Ruthenium Supported on Carbon” by J Jae et
al. published in ChemSusChem, 2013, 6(7), pp 1158-62
reports transfer hydrogenation using alcohols as hydrogen
donors and supported ruthenium catalysts results in the
selective conversion of hydroxymethy|furfural to dimethyl-
furan (>80% yield). i

Article titled *Novel microwave synthesis of ruthenium
nanoparticles supported on carbon nanotubes active in the
selective hydrogenation of p-chlomniuohéﬁ'zém
roaniline” by C Antoneti e . published in A iy Pros.

- published in Applied Cataly-
ports selective

enation of p-chloronitrobenzene (
v

D\ A\
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4
3 X ethylfurfural (HMF)
roaniline (p-CAN) using carbon nanotubes (CNTs) sup- 2-Methylfuran ‘(MI.t'x)-a‘:soix;ofl 2d£glzaml);st supported on
ported ruthenium nanoparticles with almost complete sub-  and furfural using oy carion:
strate conversion with total selectivity to the target product. nitrogen-doped mesopo
Article titled “Ruthenium nanoparticles supported on g SUMMARY OF THE INVENTION

nitrogen-doped carbon nanofibers for the catalytic wet air
oxidation of phenol” by AB Ayusheev et al. published in
Applied Catalysis B: Environmental, 2014, Volume 146, pp
177-185 reports effect of nitrogen content in N-doped car-
bon nanofibers (N-CNFs) on the catalytic activity of Rw/N-
CNFs in the wet air oxidation of phenol. In the case of
Ru-containing catalysts, nitrogen in N-CNFs was found to
be responsible for both the increased activity and stability of
the catalysts toward deactivation. The RwN-CNFs catalyst
is prepared by using wetness impregnation technique.
Article titled “Ruthenium Nanoparticles Supported on
Carbon Nanotubes for Selective Hydrogenolysis of Glycerol
to Glycals™ by J Wang et al. published in Chemistry Letters,
2009, 38(6), pp 572-573 reports Ru nanoparticles supported
on carbon nanotubes showed efficient reactivity for hydrog-
enolysis of aqueous glycerol solution to produce glycols of
1,2-propanediol and ethylene glycol. The glycerol conver-
sion along with the product selectivity depended essentially
on the mean size of Ru nanoparticles.
Most of the reported processes for the hydrogenolysis of
HMF to DMF and furfural to MF were conducted under
high-pressure H, and at elevated reaction temperatures.
Such type of processes are energy intensive, thus difficult to
commercialize. It is desirable to minimize the use of external
H, required for biofuel production, especially if this H, has
to be prepared from fossil fuels. The catalytic transfer
hydrogenation (CTH) process for reducing the substrates has
advantages compared to processes involving molecular H,.
Several investigators employed CTH process for the con-
version of HMF to DMF and furfural to MF over various
metal catalysts. Instead of molecular H,, secondary alco-
hols, supercritical methanol, cyclohexane or 1,4-butanediol
were used as a hydrogen source as well as reaction media.
Rauchfuss et al. reported DMF yield up to 95% using Pd/C
as catalyst and formic acid as a hydrogen donor. However,
this process needs simultaneous use of formic acid and
H,S0, to get high yield of DMF. Use of acids is not
environment friendly and also requires corrosion-resistant
equipment for the process that will add cost to the process.
Moreover, the reported CTH processes include the use of
mineral acids as co-catalysts to improve the hydrogenation
activity, which are difficult to separate from the reaction
mixture and are responsible for undesirable side reactions.
Therefore, there is need to develop an environment
friendly alternative process for the hydrogenolysis of HMF
to DMF and furfural to MF by CTH. Accordingly, the
present inventors developed an improved process for
hydrogenolysis of HMF to DMF and furfural to MF using
alcohols as hydrogen donor instead of molecular H, over a
Ru supported on nitrogen-doped mesoporous carbon with-
out using any co-catalysts.

OBJECT OF THE INVENTION

The main object of the present invention is to develop a
novel transition metal(s) catalyst supported on nitrogen-
doped mesoporous carbon. The another object of the present
invention to provide a process for the preparation of the
same. Further, object the present invention is use of transi-
tion metal(s) catalyst supported on nitrogen-doped mes-
oporous carbon in catalytic transfer hydrogenation reaction.
Yet another object of the invention is to provide an improved
process for the synthesis of 2,5-Dimethylfuran (DMF) a

0

5

4

vy

5

w

Accordingly present invention provides a catalysticom-

) risin -

P msition, meal supported off ftoge i SRP
oporous carbon; wherein the transition metal(s) in the rang
0f 0.5 to 10 weight % of the catalyst.

In another embodiment the transition metal(s) of the
catalyst is selected from the group consisting of Ru, Pt, s
Rh, Au, Ag, Os, Ir, Cu, Ni, Re, Cr, Mn, Fe, Zn, Co; either
alone or in combination of any two or more metals

In another embodiment the BET surface area of 1the
transition metal(s) catalyst in the range of 30 to 1200 m“/g.

In another embodiment the BET surface area of ;he
transition metal(s) catalyst in the range of 36 to 1000 m /g.

In another embodiment the total pore volume of the
transition metal(s) catalyst in the range of 0.07 to 1.2 cc/g.

In another embodiment the average particle/crystal size of
the transition metal(s) in the range of 1 1o 10 nm.

In another embodiment the present invention provides a
process for synthesis of metal(s)-nitrogen doped mes-
oporous carbon catalyst comprising the steps of;

a. dispersing nitrogen doped mesoporous carbon in deion-
ized water under ultrasonication to obtain high dispersion,

b. charging transition metal chloride to above dispersion
obtained in step (a) under ultra sonication and stirring the
mixture at 70-90° C. for 6 to 12 hours.

c. cooling the mixture of step (b) and charging aqueous
solution of NaBH, slowly under ultrasonication and stirring
for 30-60 minutes.

d. filtering the solution and washing with deionized water
and drying at 80-100° C. for 10-12 hours to obtain the
catalyst.

In another embodiment the transition metal chloride
selected from the chlorides of Ru, Pt, Pd, Rh, Au, Ag, Os, Ir,
Cu, Ni, Re, Cr, Mn, Fe, Zn, Co; either alone or in combi-
nation of any two or more metal chlorides.

In another embodiment, the present invention provides a
process for the preparation of 2,5-Dimethylfuran (DMF) and
2-Methylfuran (MF) from 5-Hydroxymethylfurfural (HMF)
and furfural using alcohols as hydrogen donor instead of
molecular H, over transition metal supported on nitrogen-
doped mesoporous carbon, especially Ru supported on nitro-
gen-doped mesoporous carbon without using any co-cata-
lysts.

In another embodiment the transition metal supported on
nitrogen-doped mesoporous carbon used is Ru supported on
nitrogen-doped mesoporous carbon for the preparation of
2,5-Dimethylfuran (DMF) and 2-Methylfuran (MF) from
5-Hydroxymethylfurfural (HMF) and furfural

In another embodiment the catalytic transfer hydrogena-
tion (CTH) agents are selected from alcohols, organic acids
or organic acid salts or mixture thereof,

In another embodiment the alcohol used as catalytic
transfer hydrogenation (CTH) agents is selected from the
group consisting of 2-propanol, 2-butanol, methanol. etha-
nol, 1-propanol.

In another embodiment the organic acid used as catalytic
transfer hydrogenation (CTH) agents is selegte
consisting formic acid, aceticgci
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! In anoﬁ‘ler embodiment the catalytic transfer hydrogena-
lion reaction is carried out in the presence of molecular
}§ydmgen alone or along with catalytic transfer hydrogena-
tion agent.

In another embodiment the temperature of the catalytic s
transfer hydrogenation reaction is in the range of 80-170° C.

In_]?refen'ed embodiment, the nitrogen content in said
transition metal catalyst support is 3-15 wt %.

; In preferred embodiment, the metal content in said ruthe-
nium catalyst in the range of 0.5 to 10 weight % of the
catalyst

In grefened embodiment, the nitrogen content in said
ruthenium catalyst support is 3-15 wt %.

In another preferred embodiment, the yield of 2,5-Dim-
ethylfuran (DMF) is greater than 80% and conversion of 15
5-hydroxymethylfurfural (HMF) is 100% in catalytic trans-
fer hydrogenation reaction.

In another preferred embodiment, the yield of 2,5-Dim-
ethylfuran (DMF) is greater than 80% and conversion of
S-hydroxymethylfurfural (HMF) is 100% when ruthenium
metal nitrogen doped mesoporous carbon used as catalyst.

In still another preferred embodiment, the yield of
2-methylfuran (MF) is >87% and conversion of furfural is
100% in catalytic transfer hydrogenation reaction.

In still another preferred embodiment, the yield of 25
2-methylfuran (MF) is >87% and conversion of furfural is
100% when ruthenium metal nitrogen doped mesoporous
carbon used as catalyst.

=3

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1: (a) XRD, (b) N, adsorption-desorption isotherm,
(c) BJH pore size distribution and (d) Raman spectra of the
various samples.

FIG. 2: TEM image of the (a) MC, (b) NMC-1, (c)
NMC-2 and (d) NMC-3.

FIG. 3: TEM images and the Ru nanoparticles size
distribution for 2 wt % Ru-MC (3a and 3b), 2 wt %
Ru-NMC-1 (3¢ and 3d), 2 wt % Ru-NMC-2 (3e and 3/) and
2 wt % Ru-NMC-3 (3g and 3k), respectively.

FIG. 4: (a) XPS survey and (b) high-resolution N is
spectra of the NMCs. (c) The distribution of N species in the
NMCs from resolving peaks of the N 1s spectra.

FIG. 5: Effect of reaction temperature on HMF conversion
and product yields. Reaction conditions: HMF (1 mmol);
catalyst (2 wt % Ru-NMC-3, 25 mg); N, pressure (20 bar);
solvent and hydrogen donor (2-propanol, 25 mL); time (8 h).
Other products include ethers.

FIG. 6: Effect of hydrogen donor on HMF conversion and
product yields. Reaction conditions: HMF (1 mmol); cata-
lyst (2 wt % Ru-NMC-3, 25 mg); temperature (160° C.); N,
pressure (20 bar); solvent and hydrogen donor (25 mL); time
(8 h). Other products include ethers.

FIG. 7: Effect of H, pressure on DMF yields over 2 wt %
Ru-NMC-3 as a function of reaction time. Reaction condi-
tions: HMF (1 mmol); catalyst (25 mg); temperature (160°
C.); solvent (THF, 25 mL).

FIG. 8: Recyclability study in CTH of HMF to DMF over
2 wt % Ru-NMC-3. Reaction conditions: molar ratio of
HMF to Ru (200); temperature (160° C.); N, pressure (20
bar); solvent and hydrogen donor (2-propanol, 25 mL); time
(8 h).

FIG. 9: Effect of reaction temperature on furfural conver-
sion and product yields. Reaction conditions: furfural (5
mmol); catalyst (2 wt % Ru-NMC-3, 25 mg); N, pressure 65
(20 bar); solvent and hydrogen donor (2-propanolyZy fl); ==
time (10 h). Others include ethers. ®>
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FIG. 10: Effect of hydrogen donor on furfural conversion
and product yields. Reaction conditions: furfural (5 mmol);
catalyst (2 wt % Ru-NMC-3, 25 mg); N, pressure (20 bar);
solvent and hydrogen donor (25 mL); time (10 h). Others
include ethers.

DETAILED DESCRIPTION OF THE
INVENTION

The invention will now be described in detail in connec-
tion with certain preferred and optional embodiments, so
that various aspects thereof may be more fully understood
and appreciated.

In view of the above, the present invention provides a
process for the preparation of 2,5-dimethylfuran (DMF) and
2-methylfuran (MF) from 5-hydroxymethylfurfural (HMF)
and furfural, respectively using alcohols as hydrogen donor
instead of molecular H, over Ru supported on nitrogen-
doped mesoporous carbon without using any co-catalysts.

In an embodiment, the present invention provides an
improved process for the synthesis of 2,5-dimethylfuran
(DMF) and 2-methylfuran (MF) from 5-hydroxymethylfur-
fural (HMF) and furfural, respectively catalyzed by transi-
tion metal nanoparticles supported on nitrogen doped mes-
oporous carbon in the presence of 2-propanol as hydrogen
donor in the temperature range of 80-170° C., in that
nitrogen content in said catalyst is in the range of 3-15 wt %.

In preferred embodiment, the yield of 2,5-Dimethylfuran
(DMEF) is greater than 80% and conversion of 5-hydroxym-
ethylfurfural (HMF) is 100%.

In another preferred embodiment, the yield of 2-methyl-
furan (MF) is >87% and conversion of furfural is 100%.

In still another preferred embodiment, said reaction is
carried out at temperature range in the range of 80-170° C.

The ruthenium content in said catalyst is in the range of
1-10 wt %. Preferably the ruthenium content in said catalyst
is 2 wt %.

In one embodiment, the transition metals are selected
from Ru, Pt, Pd, Rh, Au, Ag, Os, Ir, Cu, Ni, Re, Cr, Mn, Fe,
Zn, Co; either alone or in combination of any two or more
metals in the range of 0.5-10 wt % of the catalyst.

The NMCs are prepared by a colloidal silica nanocasting
route, which involved the mixing of melamine-phenol-
formaldehyde polymer sol with colloidal silica nanoparticles
to obtain composite hydrogel. Its subsequent carbonization
in N, atmosphere at 800° C. followed by silica dissolution
by treatment with NaOH, gave NMCs with disordered
mesopores (Table 1). The X-ray diffraction (XRD) patterns
of nitrogen-free carbon (MC), nitrogen-doped carbon
samples (NMC-1, NMC-2 and NMC-3) and as-synthesized
2 wt % Ru deposited on various supports are shown in FIG,
la. The formation of highly dispersed Ru nanoparticles is
proven by XRD (FIG. 1a), as no diffraction peaks pertaining
to metallic Ru are observed. Moreover, no change in dif-
fraction peaks of the supports on Ru loading is observed,
indicating that the Ru loading has no effect on the structure
of the supports.

As shown in FIG. 1b, support materials and Ru containing
samples shows similar type IV adsorption-desorption iso-
therms with H, hysteresis loop, corresponding to the typical
mesoporous structure of the materials. These results suggest
that variation in nitrogen content does not strongly affect the
mesoporous structure of the samples. Their BJH pore size
distributions are similar in the range of 10-20 nm (F1G. 1¢).

The formation of graphitic ordered

roved by Raman spectrosco
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carbon at 1335 and 1590 em™' respectively. The intensity
ratios of the D-band to the G-band (1,/1,, calculated from
integral area of the peaks) are 1.6, 1.8, 2.1 and 2.3 for MC,
NMC-1, NMC-2 and NMC-3, respectively. These results
show that the defects in graphite-like layers enhanced with $
increasing nitrogen content.

The mesoporous structure of the MC and nitrogen-doped
carbon samples is further confirmed by transmission elec-
tron microscopy (TEM) observations (FIG. 2). From TEM
images, nitrogen containing samples (FIGS. 2b, 2¢ and 2d)
have no differences when compared with their nitrogen-free
counterpart (FIG. 2a), consisting of spherical mesopores
with a disordered amorphous carbon structure. The Ru
nanoparticles sizes as well as their distribution for various
Ru containing catalysts are investigated by TEM (FIG. 3).
The TEM results suggested that the dominant contributor for
stabilizing Ru nanoparticles is the nitrogen doped in the
carbon structure and increasing nitrogen content in the
sample led to decrease in the size of Ru nanoparticles.

The X-ray photoelectron spectroscopy (XPS) is employed
1o investigate the nitrogen-carbon bonds formed in the
carbon framework. In XPS only oxygen, carbon and nitro-
gen are detected in the overall region scanned (FIG. 4a).
XPS of C is shows very similar peak at 284.6 eV, which is 2
associated with the graphitic carbon, suggesting that most of
the C atoms are assembled in conjugated honeycomb lat-
tices.

The catalyst evaluation for hydrogenolysis of HMF to get
DMEF is performed using 2-propanol as a hydrogen donor in 3
a batch reactor. FIG. 5 shows HMF conversion and product
distributions as a function of reaction temperature over 2 wt
% Ru-NMC-3 catalyst. The catalytic transfer hydrogenation
(CTH) reaction occurs at a lower reaction temperature (80°
C.) and DMF yield increased with increasing temperature. 3
At lower temperature, the primary product is 2,5-bis(hy-
droxymethyl)furan (BHMF) and upon increasing the tem-
perature to 160° C., BHMF is completely converted to DMF
with a yield up to 84 mol % at 100 mol % HMF conversion
after 8 h of reaction. Other products observed at 120 and
140° C. are hydrogenated furans: 5-methyl furfural (MFU),
S-methy] furfuryl alcohol (MFA), 2-methylfuran (MF) and
furfuryl alcohol (FA). The formation of FA indicates the
occurrence of decarbonylation reaction, however, the yield
of FA is low (<4 mol %). The formation of MFU suggested 4
that hydrogenolysis of —OH group in HMF occur in parallel
to the hydrogenation of the —CHO group. In addition,
ethers are also observed at lower temperature (80 and 120°
C.), which are formed via etherification of BHMF or MFA.
and 2-propanol. They are not observed upon increasing the s
reaction temperature (160 and 170° C.).

The effect of hydrogen donor on HMF conversion and
product yields is investigated at 160° C. over 2 wi %
Ru-NMC-3 catalyst. The results (FIG. 6) clearly indicate
that the activity of catalyst heavily depends on the type of 5
alcohol used. The HMF conversion increased from 40 to 100
mol % and the following reactivity order is observed:
methanol<1-butanol<ethanol<1-propanol<2-butanol<2-
propanol. Among the hydrogen donors tested, 2-propanol
showed highest activity giving 84 mol % DMF yield. The
formation of ethers is negligible in 2-propanol and 2-butanol
but significant in other alcohols (2-14 mol %). This shows
that etherification reaction favored with lower chain alcohols

(methanol, ethanol and 1-propancl) indicative of steric
effect.
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In order to investigate the effect of nitrogen wntenr:;’f t(!:
catalyst on CTH activity, the Ru catalyst sup zzd T
various nitrogen containing mesoporous carbons ar Table
gen-free carbon are tested for HMF hYdeen"lys’]s; :i b
3). The HMF conversions are 41, 61, 79 and 100 s MC
DMF yield of 11, 30, 55 and 84 mol % on 2 wt % Ru- o,
2 Wt % Ru-NMC-1, 2 wt % Ru-NMC-2 and 2 wt %
Ru-NMC-3 catalysts, respectively, whicl} shows that the
catalytic activity is improved with increasing nitrogen con-
tent in the catalyst. The high nitrogen content in NMC-3 not
only led to very stable and homogeneous dispgtslon of Ru
nanoparticles but also enriches the electron density of the Ru
nanoparticles, which accelerates the hydrogenolysis reac-
tion, as compared to nitrogen-free catalyst (2 wt % Ru-MC).
The results also shows that the nitrogen plays a key role in
the dehydrogenation of 2-propanol leading to higher H,
pressure.

In preferred embodiment, nitrogen content in said catalyst
is 3-15 wt %,

It is possible that adsorbed hydrogen species formed by
the dehydrogenation of 2-propanol during CTH process can
directly hydrogenate HMF molecule adsorbed on Ru nan-
oparticles instead of being released as H,. To understand this
aspect, HMF hydrogenation is performed at H, pressure of
7 bar (total pressure developed including H, partial pressure
during CTH reaction at 160° C. over 2 wt % Ru-NMC-3
with 2-propanol) using tetrahydrofuran (THF) as solvent.
The results shows HMF conversion and DMF yield were 86
and 59 mol %, respectively, which are inferior to those using
2-propanol as hydrogen donor (compare entry 5 and 7 in
Table 3). This result strongly suggests that HMF hydroge-
nation using hydrogen donors can be more efficient than that
using external H, gas.

The 2 wt % Ru-NMC-3 catalyst is compared with 2 wt %
Ru-AC under the same reaction conditions as well as with
other oxide-supported Ru nanoparticles, including 2 wt %
Ru-CeO,, 2 wt % Ru—MgO, 2 wt % Ru-TiO,, 2 wt %
Ru—Mg(ANO and 2 wt % Ru-y-Al,O,. Catalyst 2 wt %
Ru-NMC-3 showed remarkably high activity in CTH, giving
100 mol % HMF conversion and 84 mol % DMF yield
(Table 4). Oxide and AC supported Ru nanoparticles were
not effective for this reaction, affording lower yields of DMF
than 2 wt % Ru-NMC-3. In case of 2 wt % Ru-y-Al,O, and
2wt % Ru—Ti0,, the main product was BHMF (entry 6 and
7, Table 4). These results show that these two catalysts have
ability towards carbonyl group hydrogenation to hydroxyl
group, but have less ability for C—O bond hydrogenolysis.
From these results, it is clear that the nature of the support
plays an important role in the activity and selectivity of Ru
based catalysts in CTH reactions.

The CTH of HMF is investigated using NMC-3 supported
Ru, Pt, Pd, Rh, Ni, Cu and Au catalysts. The HMF conver-
sion varied in the range of 21 to 100 mol % and followed the
reactivity order of Cu<Ni<Au<Rh<Pt<Pd=Ru (Table 5).
Gratifyingly, an excellent DMF yield of 84 mol % with 100
mol % HMF conversion was obtained over Ru-based cata-
lyst (Table 5, entry 1). Interestingly, when the reaction was
conducted with Pd catalyst, significant amount of decarbo-
nylation product FA was obtained (Table 5, entry 3), indi-
cating Pd is more suitable for HMF decarbonylation,

The effect of H, pressure on the DMF yields is studied by
varying the pressure from 2-15 bar at 160° C. in THF solvent
over 2 wt % Ru-NMC-3 catalyst (FIG. 7). When the reaction
was carried out at low pressure (2 and 5 bar), the interme-
diate products such as BIIMF and MFA formed irSighificant
ies, which may be converted 19 PME/on proldnging

! bar)

Art's & Science College,
Nagbhid, Dist. Chandrapu:s

Scanned with Camscanner

Rashtrapita Mahatma Gandhl



US 11,000,831 B2

9
the DMF yield reaches the maximum (68 mol %) and the
yield-dec:ess:ed on continuation of the reaction for further
duration. 'I:tus decrease in DMF yield is due to its ring
hydrogenation, leading to the formation of 2,5-dimethyltet-
rahydrofuran (DMTHE). Increasin

g H, pressure further to
10 and 15 bar, has an adverse effect on the DMF yield. At
higher H, pressure, DMF yield suppressed mostly due to the
increased rate of consecutive ring hydrogenation of DMF,

led to the formation of DMTHF in significant amounts.
Moreover,

the concentration of other undesirable by-prod-
ucts such as 5-methyl tetrahydrofurfuryl alcohol (MTHFA),
2.5-bis(hydroxymethyl)tetrahydrofuran (BHMTHF) and
hexanediol increased at higher H, pressure.

The recyclability of the 2 wt % Ru-NMC-3 catalyst is
evaluated by repeating the reaction with the same catalyst
(FIG. 8). The results show that the catalytic performance
remains same even after being reused for four times. These
results indicate good stability of the catalyst. ICP-OES
analysis showed no leaching of Ru afier each recycle.
Moreover, the amount of Ru in the catalyst after four cycles
is found to be similar to that of starting catalyst.

The 2 wt % Ru-NMC-3 catalyst was also investigated for
hydrogenolysis of furfural to get 2-methylfuran (MF). The
effect of temperature on the furfural conversion and product
yields over 2 wt % Ru-NMC-3 catalyst is investigated by
varying the reaction temperature in the range of 50-140° C.
(FIG. 9). The primary product of the transfer hydrogenation
of furfural is FA, which is prominent at lower temperature
(80, 100 and 125° C.). In a consecutive step, hydrogenolysis
of the —OH group in FA yields MF up to 87 mol % at 140°
C. In parallel to hydrogenation, furfural also undergoes
decarbonylation reaction to furan. Furthermore, furan-ring
hydrogenated products like 2-methyl tetrahydrofuran
(MTHF) and tetrahydrofurfury] alcohol (THFA) have also
been observed.

The effect of hydrogen donor on furfural conversion and
product yields is investigated at 140° C. over 2 wt %
Ru-NMC-3 catalyst (FIG. 10). The results clearly suggested
that the catalyst activity is greatly depends on the nature of
hydrogen donor. The furfural conversion increased from 44
to 100 mol % and follows the reactivity order: methanol<1-
butanol<ethanol<1-propanol<2-butanol<2-propanol.
Among the hydrogen donors tested, 2-propanol displayed
the highest activity leading to 87 mol % MF yield. These
results are in good agreement with the reported results,
which normally reports that in CTH secondary alcohols have
a better tendency 1o release hydrogen than primary alcohols.

The following examples, which include preferred
embodiments, will serve to illustrate the practice of this
invention, it being understood that the particulars shown are
by way of example and for purpose of illustrative discussion
of preferred embodiments of the invention.

EXAMPLES

Example 1: Synthesis of Nitrogen-Doped
Mesoporous Carbons (NMC)

The NMCs were prepared by colloidal silica assisted
sol-gel process, using melamine as a nitrogen source. In a
typical synthetic procedure, 3.67 g of phenol (39 mmol) and
6.33 g of formaldehyde (78 mmol) were added drop-wise to
50 mL of NaOH solution (0.2 M, 10 mmol) under stirring.
“This mixture was stirred at room temperature for 20 min and
then heated in an oil bath at 70° C. while stirring, for 40
minutes. About 4.92 g of melamine (39 mmol) and another
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the above solution with continuous stirri for 30 min, Thi

was followed by the addition of 50 ::t??.,udox Smm
(30 wt % SiO,) with stirring for 1 h. The suspension was
then transferred to sealed bottle and heated at 80° C. for3
days. The obtained gels were dried at 80° C. and powdered
using mortar-pestle. The material obtained was carbonized
in nitrogen flow at 800° C. for 3 h while raising the
temperature at a heating rate of 5° C./min. The NMC was
obtained after dissolution of the silica in 2M NaOH solution
at 80° C. for 12 h. The solid obtained was washed with
distilled water until pH is close to neutral and dried at 100°
C. for 10 h. The NMCs with different nitrogen contents were
prepared by changing the mole ratio of melamine to phenol.
The nitrogen free mesoporous carbon (MC) was also pre-

pared by using above process without adding any melamine
content.

Example 2: Synthesis of Ru-NMC

The catalyst 2 wt % Ru-NMC was synthesized by modi-
fied ultrasonic-assisted method. Typically, 0.1 g of NMC
was dispersed in 50 mL of deionized water in a 100 mL
round bottom flask by ultrasonication (20 min). To it, 0.5 mL
of aqueous solution of RuCl, (Ru content 4 mg/mlL) was
added under agitation in ultrasonicator. This mixture was
stirred at 80° C. for 6 h and cooled to room temperature.
Then, aqueous solution of NaBH, (RwNaBH,=1:4 mol
mol™') was added to it slowly under ultrasonication (30
min). The solution was filtered and washed with deionized
water. The resulting 2 wt % Ru-NMC catalyst was dried at
80° C. for 10 h and used as catalyst for hydrogenolysis
reactions. Catalyst samples with different Ru loadings (0.5,
1 and 5 wt %) were prepared using a similar procedure by
taking appropriate amounts of RuCl,. Catalysts 2 wt %
Ru-MC, 2 wt % Ru-AC (AC-activated carbon), 2 wt %
Pd-NMC, 2 wt % Pt-NMC, 2 wt % Rh-NMC, 5 wt %
Ni-NMC, 5 wt % Cu-NMC and 2 wt % Au-NMC were also
prepared by adopting above procedure.

Example 3: Hydrogenolysis of HMF or Furfural

All the reactions were carried out using 100 mL Parr
autoclave (SS316). In a typical experiment, the reactor was
charged with 1 mmol HMF (or 5 mmol furfural), hydrogen
donor (25 mL), n-decane (0.2 g, internal standard) and
required amount of freshly prepared catalyst. The reactor
contents were mixed thoroughly and the reactor was sealed,
purged 2-3 times with N, and pressurized to 20 bar N,
pressure. Subsequently, the reaction vessel was heated under
stirring at required temperature for a desired duration. Lig-
uid samples were withdrawn periodically during the reaction
and analyzed by GC (Agilent 7890A) equipped with a flame
ionization detector (FID) having CP Sil 8CB capillary
column (30 m length, 0.25 mm diameter). Product identifi-
cation was done using authentic standards and GC-MS
(Varian, Saturn 2200) analysis.

Example 4: Characterization of Catalysis

The NMCs were prepared by a colloidal silica nanocast-
ing route, which involved the mixing of melamine-phenol-
formaldehyde polymer sol with colloidal silica nanoparticles
to obtain composite hydrogel. Its subsequent carbonization
in N, atmosphere at 800° C. followed by silica dissolution
by treatment with NaOH, gave NMCs with disordered
mesopores (Table 1). The X-ray diffract RD) patterns
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samples (NMC-1, NMC-2 and NMC-3) and as-synthesized
2 wt % Ru deposited on various supports are shown in FIG.
la. These samples exhibited very similar diffraction fea-
tures. Broader diffraction peaks are observed at around 25.2
(20) and 43.7° (20) that correspond to the (002) and (100)
planes of graphite, respectively. The (002)-diffraction peak
gradually broadens with the increasing nitrogen content in
the sample. The intensity of (100)-diffraction peak related to
interlayer organization gradually decreases with increasing
nitrogen content and even disappears when nitrogen content
reaches 11.6 wt % (NMC-3). However, the positions of two
peaks (25.2 and 43.7°) do not change with the nitrogen
content. The formation of highly dispersed Ru nanoparticles
was proven by XRD (FIG. 1a), as no diffraction peaks
pertaining to metallic Ru were observed. Moreover, no
change in diffraction peaks of the supports on Ru loading
was observed, indicating that the Ru loading has no effect on
the structure of the supports. As shown in FIG. 15, support
materials and Ru containing samples shows similar type IV
adsorption-desorption isotherms with an H2 hysteresis loop,
corresponding to the typical mesoporous structure of the
materials. These results suggest that variation in nitrogen
content does not strongly affect the mesopore structure of the
samples. Their BJH pore size distributions are similar in the
range of 10-20 nm (FIG. 1¢). The physico-chemical prop-
erties of various samples are summarized in Table 1 and
Table 2. The micropores created by the release of volatiles
during the pyrolysis under inert gas flow are dependent on
the melamine to phenol ratio. Increasing nitrogen incorpo-
ration in carbon framework causes inhibiting effect on the
formation of micropores during pyrolysis, resulting in
decreased micropore volume.

TABLE 1

Pore parameters and chemical nature of the NMCs.

BET Total
surface pore  Micropore Elemental
area  volume!  vyolume!® analysis (wt %)
Sample  (m’/g) = (cc/g) (ce/g) (@ N H O(cal)
MC 750 0.74 0.15 863 0 13 124
NMC-1 836 1.08 0.12 80.4 5.1 1.0 135
NMC-2 878 1.13 0.09 771 82 08 139
NMC-3 R44 1.09 0.07 73.0 11.6 07 147
[¥otal pore volume at P/Pg = 0.9,
Bicaiculsted by T-plot method.
TABLE 2

Physico-chemical properties of Ru-containing catalysts.

BET Total Average
Ru surface pore Ru particle
content!®) area  volumel® sizel<]
Catalyst ®t%)  (m¥g)  (em¥g) (nm)
2 wt % Ru-MC 1.92 722 0.71 6.1
2 wt % Ru-NMC-1 1.89 792 1.04 3.1
2 wt % Ru-NMC-2 191 849 1.10 2.5
2 wt % Ru-NMC-3 1,95 805 1.05 1.9
2 wt % Ru-AC 1.81 991 0.51
2wt % Ru-CeO, 1.76 105 0.17 —
2 wt % Ru-MgO 1.82 91 0.13
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TABLE 2-continued
; otal Average
s .;ote Ru p-l;ilcle
5 sizel
(@ area  volume!
Catalyst u(’:vtm:) (m?g)  (cm) (nm)
y —
2 wi % Ru-Mg(AlO 1.79 130 g.g_zl 0
2 wt % Ru-TiO; 1.86 2:3 i i
2 wt % Ru-y-ALO3 1.82

(e} timated by [CP-OES.
[¥Motal pore volume at PPg =03,
(dcalculated based on TEM apalysis.

The formation of graphitic ordered carbon was further
proved by Raman spectroscopy (FIG. 1d). Raman spectra
show characteristic D- and G-bands of disordered graphitic
carbon at 1335 and 1590 cm™ respectively. The D-band is
a defects-induced Raman feature reflecting the non-perfect
crystalline structure of the carbon, while G-band mdl_ca e
the in-plane vibration of sp® carbon atoms. There. 18 no
dependence of the position of the two bands on the nitrogen
content. The D-band appears to be stronger than G-‘band,
suggesting amorphization of the graphitic carbon. The inten-
sity ratios of the D-band to the G-band (I/], calculated
from integral area of the peaks) are 1.6, 1.8, 2.1 and 2.3 for
MC, NMC-1, NMC-2 and NMC-3, respectively. These
results show that the defects in graphite-like layers enhanced
with increasing nitrogen content. The mesoporous structure
of the MC and nitrogen-doped carbon samples can be further
confirmed by transmission electron microscopy (TEM)
observations (FIG. 2). From TEM images, nitrogen contain-
ing samples (FIGS. 2b,2¢ and 2d) have no differences when
compared with their nitrogen-free counterpart (FIG. 2a),
consisting of spherical mesopores with a disordered amor-
phous carbon structure. The Ru nanoparticle sizes as well as
their distribution of various Ru containing catalysts were
investigated by TEM (FIG. 3). It was found that Ru nan-
oparticles were dispersed unevenly and large agglomerated
Ru nanoparticles were detected on the surface of MC with
an average particle size of 6.1 nm (FIG. 3a,5). On the other
hand Ru nanoparticles were dispersed homogeneously over
nitrogen-doped carbons with an average particle size of 3.1,
2.5 and 1.9 nm for 2 wt % Ru-NMC-1, 2 wit % Ru-NMC-2
and 2 wt % Ru-NMC-3 catalyst, respectively (FIG. 3¢3d,
3e,3(3g and 3k). Thus, it can be concluded that the dominant
contributor for stabilizing Ru nanoparticles is the nitrogen
doped in the carbon structure and increasing nitrogen con-
tent in the sample led to decrease in the size of Ru nanopar-
ticles. X-ray photoelectron spectroscopy (XPS) was
employed to investigate the nitrogen-carbon bonds formed
in the carbon framework. In XPS only oxygen, carbon and
nitrogen are detected in the overall region scanned (FIG.
4a). XPS of C 1s shows very similar peak at 284.6 eV, which
is associated with the graphitic carbon, suggesting that most
of the C atoms are assembled in conjugated honeycomb
lattices. The N Is spectra (FIG. 4b) are curve-fitted into three
peaks with the binding energies at 398.2, 400.4 and 401.8 eV
that correspond to pyridinic N (N1), pyrrolic N (N2) and
graphitic N (N3), respectively. The peaks related to nitrogen
bonded to oxygen (404-408 eV) are absent. It is important
to note that the distribution of these nitrogen species is very
similar at same pyrolysis temperature (800° C.), being
independent of nitrogen content in the sample (FIG. 4c), As
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sheets (N1 and N2) whereas small amount of nitrogen aloms
are situated at the central region of graphene sheet (N3).

Example 5: Catalytic Activity in the Conversion of
HMF to DMF

a) Effect of Reaction Temperature

Catalyst evaluation for hydrogenolysis of HMF to get
DMF was performed using 2-propanol as a hydrogen donor
in a batch reactor. FIG. § shows HMF conversion and
product distributions as a function of reaction temperature
over 2 wt % Ru-NMC-3 catalyst. The catalytic transfer
hydrogenation (CTH) reaction occurs at a lower reaction
temperature (80° C.) and DMF yield increased with increas-
ing temperature. At lower temperature, the primary product
was  2,5-bis(hydroxymethyl)furan (BHMF) and upon

Scheme 1 General scheme for the catalytic transfer hydrogenation of

14
increasing the temperature o 160° C., BHMF is completely
converted to DMF with a yield up to 84 mol % at 100 mo]
% HMEF conversion after 8 h of reaction (Scheme 2). Other
products observed at 120 and 140° C, are hydrogenated

5 furans; 5-methyl furfural (MFU), 5-methy] furfuryl alcohol

(MFA), 2-methylfuran (MF) and furfuryl alcohol (FA). The
formation of FA indicates the occurrence of decarbonylation
reaction, however, the yield of FA was low (<4 mol %). The
formation of MFU suggested that hydrogenolysis of —OH
group in HMF occur in parallel to the hydrogenation of the
—CHO group. In addition, ethers are also observed at lower
temperature (80 and 120° C.), which are formed via etheri-
fication of BHMF or MFA and 2-propanol. They are not

observed upon increasing the reaction temperature (160 and
170° C.).

reaction for

aration of DMF and MF

o

5y 1

“°\/U\/° T “°\/O\./°“ i /[}\/"“ ol /Q\

Scheme 2 Reaction network of the hydrogenolysis of HMF to DMF using 2-propanol and Ru—NMC catalyst.
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Compounds: 5-Hydroxymethylfurfural (HMF); 2,5-bis
(hydroxymethyl)furan (BHMF); 5-methy] furfural (MFU);
S-methyl furfuryl alcohol (MFA); furfuryl alcohol (FA);
2,5-bis(hydroxymethyl)tetrahydrofuran (BHMTHF);

S-methyl tetrahydrofurfuryl alcohol (MTHFA); 2,5-dimeth-

ylfuran (DMF); 2,5-dimethyltetrahydrofuran (DMTLIT);
2-methylfuran (MF).

b) Effect of Hydrogen Donors

The effect of hydrogen donor on HMF conversion and
product yields was investigated at 160° C. over 2 wt %
Ru-NMC-3. The results (FIG. 6) clearly indicate that the
activity of catalyst heavily depends on the type of alcohol
used. The HMF conversion increased from 40 to 100 mol %
and the following reactivity order was observed: metha-
nol<l-butanol<ethanol<] -propanol<2-butanol<2-propanol.
Among the hydrogen donors tested, 2-propanol showed
highest activity giving 84 mol % DMF yield. The formation
of ethers was negligible in 2-propanol and 2-butanol but
significant in other alcohols (2-14 mol %). This shows that
etherification reaction favoured with lower chain alcohols
(methanol, ethanol and 1-propanol) indicative of steric
effect. These findings are in good agreement with the
reported results, which show that for CTH, aliphatic sec-
ondary alcohols show better activity than aliphatic primary
alcohols. The higher tendency to release hydrogen from
secondary alcohols has been attributed to the highest reduc-
tion potential of corresponding dialky! ketones.

c) Effect of Nitrogen Content in the Catalyst on CTH

In order to investigate the effect of nitrogen content of the
catalyst on CTH activity, the Ru catalyst supported on
various nitrogen containing mesoporous carbons and nitro-
gen-free carbon were tested for HMF hydrogenolysis (Table

o

16 _
that are surrounded by basic
the support, which may fav:;
o gty ey B s apcted o b
more active in hydrogenation reaction comp i
0 i thways. Sanchez-Delgado et al.
ionic hydrogenation pathways. Sal s a5

. solitting of H, into H* and H~ (ionic
reported heterolytic splitting of H; s ;

. articles, assisted by
hydrogenation pathway) over Ru nanop | ’4 vinylpyri-
the basic pyridinic groups of the support (po y(4- i }t’hz o
dine)). During CTH reaction I, was produced gl
partial pressure in the closed reactor has increa l;Wl i
increasing N content of the catalyst. These results show ;
the nitrogen plays a key role in the dehqugeﬂ?uonm‘;t
2-propanol leading to higher H, pressure. It is possible I
adsorbed hydrogen species formed by the dehydrogenation
of 2-propanol during CTH process can directly h}:drogenale
HMF molecule adsorbed on Ru nanoparticles instead of
being released as H,. To understand this prospect, HMF
hydrogenation was performed at H, pressure of 7 bar (total
pressure developed including H, partial pressure during
CTH reaction at 160° C. over 2 wi % Ru-NMC-3 with
2-propanol) using tetrahydrofuran (THF) as solvent. The
HMF conversion and DMF yields were 86 and 59 mol %,
respectively, which were inferior to those using 2-propanol
as hydrogen donor (compare entry 5 and 7 in Table 3). This
result strongly suggests that HMF hydrogenation using
hydrogen donors can be more efficient than that using
external H, molecule. It is well known that there are differ-
ences between heterogeneous catalytic hydrogenation using
hydrogen donor molecules as the source of hydrogen and
hydrogenation using molecular H,. The CTH reaction could

occur through direct hydride transfer from 2-propanol to
HMEF.

Ru nanoparticles (1.9 nm)
centers (nitrogen) provided by

TABLE 3

Product distributions for CTH of HMF of HMF over supported Ru catalysts.1*)

HMF Product vields (mol %) TOF!!
Entry Catalyst conv. (mol %) BHMF MFA DMF DMTHF Others! (!)
1 L 8 0 0 0 0 8 —
24l NMC-3 15 3 4 1 0 7 -
3 2wt %Ru-NMC-1 61 7 22111130 0 2 7.5
4 2 wt %Ru-NMC-2 7 5 14 55 2 3 13.7
5 2wt %Ru-NMC-3 100 0 [ 8 8 21.0
6 2 wt %Ru-MC 41 7 (S fb 0 17 2.7
7€l 2 wt %Ru-NMC-3 86 1 3 59 13 10 147

lelRcaction conditions molar ratio of HMF to Ru (200); temperature (160 ° C.);
N; pressure (20 bar); solvent and hydrogen donor (2-propanol, 25 mL); time (8 h).

1125 mg catalyst.

17 par H, pressure was used instead of 2-popancl and THF (25 mlL) as solvent.
Mt includes furfuryl alcohol (FA), 2-methylfuran (MF), ethers and some condensation compounds,
IYTOF = tumnover frequency (moles of DMF produced per mole of Ru per hour).

3). The HMF conversions were 41, 61, 79 and 100 mol %
with DMF yield of 11, 30, 55 and 84 mol % on 2 wt %
Ru-MC, 2 wt % Ru-NMC-1, 2 wt % Ru-NMC-2 and 2 wit
% Ru-NMC-3 catalysts, respectively. Therefore, it can be
concluded that the catalytic activity is improved with
increasing nitrogen content in the catalyst. The high catalytic
performance of 2 wt % Ru-NMC-3 in HMF hydrogenolysis
has been attributed to the uniqueness of the support-Ru
interaction, i.e., N-doped mesoporous carbon-Ru hetero-
junction. The high nitrogen content in NMC-3 not only led
to very stable and homogeneous dispersion of Ru nanopar-
ticles but also enriches the electron density of the Ru

nanoparticles, which accelerates the hydrogenolysis reac
tion, as compared to nitrogen-free catalyst (2 wi % Ru-Mg

Moreover, 2 wt % R?-WC-,’, catalyst is composed

d) CTH of HMF Over Different Catalysts
The catalyst 2 wt % Ru-NMC-3 was compared with 2 wt

55 % Ru-AC under the same reaction conditions as well as with

60

other oxide-supported Ru nanoparticles, including 2 wit %
Ru-CeO,, 2 wt % Ru—MgO, 2 wt % Ru-TiO,, 2 wt %
Ru—Mg(AO and 2 wt % Ru-y-Al,O,. Catalyst 2 wt %
Ru-NMC-3 showed remarkably high activity in CTH, giving
100 mol % HMF conversion and 84 mol % DMF yield
(Table 4). Oxide and AC supported Ru nanoparticles were
not effective for this reaction, affording DMF in lower yields
than 2 wt % Ru-NMC-3 catalyst. In case of 2 wt %
Ru-y-Al,O, and 2 wt % Ru—Ti0O,, the main product was
" (entry 6 and 7, Table 4). These results show that

'raﬁrciat'mg Principal ‘
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€—0 bond hydrogenolysis. From these results, one could
conclude that the nature of the support plays an important

role in the activity and selectivity of Ru based catalysts in
CTH reactions.

18
intermediate products such as BHMF and MFA formed in
significant quantities, which are converted to DMF with
prolonging the reaction time. On further increasing H,
pressure (7 bar); the DMF yield reaches the maximum (68

H of HMF over different catalysts, !
HMF Product yields (mol %) TOF!
Entry Catalyst conv. (mol %) BHMF MFA DMF DMTHF Others'™ (h!)
1 2 wt %Ru-NMC-3 100 0 0 84 8 8 21.0
2 2 wt %Ru-AC 56 7 TS 0 27 37
3 2wt %Ru-CeO, 39 10 9 6 0 14 1.5
4 2wt %Ru-MgO 37 10 4 6 0 17 1.5
5 2 wt %Ru-Mg(Al)O a8 15 6 s 1 21 1.2
6 2 Wt %Ru-TiO, 45 26 1 0 0 18 0
7 2wt %Ru-y-AlLO, 60 35 2 0 0 23 0

FIReaction conditions: molar ratio of HMF to Ru (200); temperature (160 © C.);
szmn(zohr);mlvmlndby&o'mm(z-mpml.ZSmL);lime(sh).
Pl includes ethers, FA, MF and some condemation compounds,

“HOF = turnover frequency (moles of DMF produced per moke of Ru per bour).

e) CTH of HMF Over Different Metal Catalysts

The CTH of HMF was investigated using NMC-3 sup-
ported Ru, Pt, Pd, Rh, Ni, Cu and Au catalysts. The HMF
conversion varied in the range of 21 to 100 mol % and
followed the reactivity order of Cu<Ni<Au<Rh<Pt<Pd-Ru
(Table 5). Gratifyingly, an excellent DMF yield of 84 mol %
with 100 mol % HMF conversion was obtained over Ru-
based catalyst (Table 5, entry 1). Interestingly, when the
reaction was conducted with Pd catalyst, significant amount
of decarbonylation product, FA was obtained (Table 5, entry
3), indicating Pd is more suitable for HMF decarbonylation.

TABLE 5

mol %) and the yield decreased on continuation of the
reaction for further duration. This decreased in DMF yield is
due to its ring hydrogenation, leading to the formation of
DMTHE. On rising H, pressure further to 10 and 15 bar, has
an adverse effect on the DMF yield. At higher H, pressure,
DMF yield suppressed mostly due to the increased rate of
consecutive ring hydrogenation of DMF, led to the forma-
tion of DMTHF in significant amounts. Moreover, the
concentration of other undesirable by-products such as
S-methy] tetrahydrofurfuryl alcohol (MTHFA), 2,5-bis(hy-

Product distributions for CTH of HMF over different metal catalysts. !

HO\/(LO Salye
—_—
0) H; donor
HMF

o LA _ow L) o
O (0]
BHMF MFA

FA DMF DMTHF

HMF

conv.

(mol Product vields (mol % TOF!)
Entry  Catalyst %) BHMF MFA DMF DMTHF FA Othersi® )
1 2 wt % Ru-NMC-3 100 0 0 84 8 5 3 21.0
2 2 wt % Pt-NMC-3 75 5 8 31 2 1 28 7.
3 2 wt % Pd-NMC-3 100 0 5 15 0 62 18 37
4 2 wt % Rh-NMC-3 66 25 15 11 4 1 10 2.7
s 2 wt % Au-NMC-3 40 25 3 2 0 2 8 0.5
6 5 wt % Ni-NMC-3 25 6 1 3 0 1 14 0.7
7 S wt % Cu-NMC-3 21 3 3 2 0 2 11 0.5

[eIR eaction conditions: molar ratio of HMF to metal (200); tempersture (160° C.); N, pressure (20 bar); solvent and bydrogen donor

ﬁ-prop:.no], 25 mL); time (8 h)

It includes ethers, MF, S-mcthyltetrahydrofurfuryl alcobol (MTHFA) and some condensation products

[HOF = turnover frequency (moles of DMF produced per mole of metal per hour),

[) Catalytic Activity for the Conversion of HMF to DMF
Using H,
The effect of H, pressure on the DMF yields was studied

by varying the pressure from 2-15 bar at 160° C. in THF 65

solvent over 2 wt % Ru-NMC-3 catalyst (FIG. 7). When, aluated by repeating the regrsi
reaction was carried out at low pressure (2 and 5 , R . 8). The results shov
: 7 f‘gf\'e oS
U

2

4
\ %

meymethyl)IEWAl]ydrufunin (BHMTHF) and hexanediol
creased at higher H, pressure,
£) Recyclability Study
The recyclability of the 2 wt % Ru-NM

=3\ catalyst was
Jth the syme catalyst
thefcatalytic p
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remains same even after being reused for four times. These
results indicate good stability of the catalyst, 1CP-OES
analysis showed no leaching of Ru after each recycle,
Moreover, the amount of Ru in the catalyst after four cycles
was found to be similar to that of starting catalyst.

Example 6: Catalytic Activity for the Conversion of
Furfural to MF

a) Effect of Reaction Temperature
The effect of temperature on the furfural conversion and
product yields over 2 wt % Ru-NMC-3 catalyst was inves-
tigated by varying the reaction temperature in the range of
50-140° C. (FIG. 9). The primary product of the transfer
hydrogenation of furfural was FA, which is prominent at
lower temperature (80, 100 and 125° C.). In a consecutive
step, hydrogenolysis of the —OH group in FA yields MF up
to 87 mol % with 100 mol % furfural conversion at 140° C.
In parallel to hydrogenation, furfural also undergoes decar-
bonylation reaction to furan. Furthermore, furan-ring hydro-
genated products like 2-methy] tetrahydrofuran (MTHF) and
tetrahydrofurfuryl alcohol (THFA) have also been observed.
b) Effect of Hydrogen Donors
The effect of hydrogen donor on furfural conversion and
product yields was investigated at 140° C. over 2 wt %
Ru-NMC-3 catalyst (FIG. 10). The results clearly suggested
that the catalyst activity is greatly depends on the nature of
hydrogen donor. The furfural conversion increased from 44
to 100 mol % and follows the reactivity order: methanol<1-
butanol<ethanol<1-propanol<2-butanol<2-propanol.
Among the hydrogen donors tested, 2-propanol displayed
the highest activity leading to 87 mol % MF yield with 100
mol % furfural conversion. These results are in good agree-
ment with the reported results, which normally reports that

20

. The catalyst of claim 3, wherein the BET surface area
of :beThu'ansiLig:J metal(s) catalyst is from 36 m*/g to 1200
m*/g.
sisThe catalyst of claim 1, wherein total pore \jrolnme of
the transition metal(s) catalyst is from 0.07 cm’/g to 1.2
cm’/g, :

6.3A process for synthesis of the catalyst according to
claim 1, the process comprising; !

(a) dispersing nitrogen doped mesoporous carbon in
deionized water under ultrasonication to obtain a dis-
persion; ) 4 3

(b) charging transition metal chloride to the qlsperslon
obtained in (a) under ultrasonication and stirring the
dispersion at 70° C, to 90° C. for 6 hours to 12 hours
to obtain a mixture;

(¢) cooling the mixture of (b) and charging aqueous
solution of NaBI, under ultrasonication and stirring
for 30 minutes to 60 minutes to obtain a catalyst
mixture; and

(d) filtering the catalyst mixture obtained in (c) and
washed with deionized water and dried at 80° C. to
100° C. for 10 hours to 12 hours to obtain the catalyst.

7. The process of claim 6, wherein the transition metal
chloride is selected from the group consisting of chlorides of
Ru, chlorides of Pt, chlorides of Pd, chlorides of Rh,
chlorides of Au, chlorides of Ag, chiorides of Os, chlorides
of Ir, chlorides of Cu, chlorides of Ni, chlorides of Re,
chlorides of Cr, chlorides of Mn, chlorides of Fe, chlorides
of Zn, chlorides of Co, and combinations of any two or more
of the transition metal chlorides.

8. A process for the synthesis of 2,5-Dimethylfuran
(DMF) or 2-Methylfuran (MF) using the catalyst according
to claim 1, the process comprising:

stirring 5-hydroxymethylfurfural (HHIMF) and the catalyst,
or furfural and the catalyst, in the presence of a

in CTH secondarx alcohols have a better tendency to release 35 catalytic transfer hydrogenation (C'TH) agent at a tem-

hydrogen than primary a;cohols. perature from 80° C. to 170° C. for a period 0.5 hours

Advtantages o Hveion: ’ to 10 hours, to convert the HMF to DMF or to convert

1. Simple and environment friendly process the furfural to MF

2. The novel transition metal catalyst, especially Ru based 9. Th e SE dsims herein the CTH £
catalyst exhibits excellent activity for the CTH of bio- 49 et ERTemIR S A 8, WEere the peEi 8

mass-derived HMF and furfural,

3. This catalyst also exhibited good recyclability and can be
reused many times without loss in activity.

4. The CTH process using the catalyst does not require
molecular hydrogen as hydrogen source. It uses alcohol
organic acid, organic acid salts as hydrogen source.

5. The process does not require use of any co-catalysts.

We claim:
1. A catalyst comprising:
a transition metal supported on nitrogen doped mes-
oporous carbon,
wherein the transition metal(s) either alone or in combina-
tion is from 0.5 weight % to S weight % of the catalyst; and
wherein average particle/crystal size of the transition metal

(s) is from 1 nm to 5 nm; and wherein the nitrogen content

is from 8.2 weight % to 15 weight % of the catalyst.

2. The catalyst of claim 1, wherein the transition metal is
selected from the group consisting of Ru, Pt, Pd, Rh, Au, Ag,
Os, Ir, Cu, Ni, Re, Cr, Mn, Fe, Zn, Co, and combinations of
any two or more of the transition metals.

3. The catalyst of claim 1, wherein a BET surface area of
the transition metal(s) catalyst is from 30 m/g to 1200 m?/g.

45

50

-4

selected from the group consisting of alcohols, organic
acids, and mixtures thereof.

10. The process of claim 9, wherein the alcohol is selected
from the group consisting of 2-propanol, 2-butanol, metha-
nol, ethanol, and 1-propanol.

11. The process of claim 9, wherein organic acid is
selected from the group consisting formic acid, acetic acid,
propionic acid, and butyric acid.

12. The process of 8, wherein said process is carried out
in the presence of molecular hydrogen and the catalytic
transfer hydrogenation agent.

13. The process of claim 8, wherein HMF and the catalyst
are stirred in the presence of the CTH agent and the [IMF is
converted to DMF; wherein a yield of DMF is greater than
81%; and wherein a conversion of HMF is 100%.

14. The process of claim 9, wherein transition metal(s)
content either alone or in combination in said catalyst is
from 1 weight % to 5 weight %.

15. The catalyst of claim 1, wherein a BET surface area
of the transition metal(s) catalyst is from 805 m?/g to 1200

0 m?g, and wherein total pore volume of the transition

metal(s) catalyst is from 1.05 cm®/g to 1.2 em¥/g,
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1. Renycurex Herbal Syrup
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HERBAL SYRUP

Natural Herbal Syrup for
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'HERBAL HAIR OIL

Natural Herbal Hair 0il

e Natural Herbal Enrichment
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Herb-Boon
HERBAL POWDER

Natural Health Booster

® Boosts Immune system

e Fights against Respiratory Complaints
* @ Improves Liver Function |
e Improves Digestion

e Prevent from Viral Infection

ARG IR S T

"INCUBATION CENTER

RMG Arts & Science College, Nagbhid, Dist. Chandrapur (M.S.) - 442105
Contact : #91 | Email : rmg.incubation@gmail.com

Omu Pr'wcmm
Rashtrapita Mahatma Gandhi
Art’s & Science College
Nagbhid, Dist. Chandrapur

Scanned with CamScanner



: MFG Product Profile Food & Drugs Administration MH

No Na_ _[Tvee e U . | Renewal Date/Valid Upto | Product
Premise: 784sm-UIWALA AYURVEDASHRAM Incharge: €l \NDRAKANT DIANRATUREY (9767935845, Moblle: 976795555, Email: Lic: 1|
handsak anukeyiwgmail com ‘

' Address: i 19 ADDITIONAL MIDE,Y AV ATMALS001
Sections Approved: Capaies. Avivedic Digs. Tail Gl Ney. Svrip v edie Powdar . Anjann T 06 « Auinvedie
Fucilities Availab)

S

le:

5 [Own ST T T ‘ v ] 6
1) Talamhanat Iy raphila spinosa)Seed-Smg, 3) Ashw agandha(Withanis somnifera)Ruot-10mg, 3 AYMRICRER. Eaeh eapsuic contuins ext Tl
GukharugTribulis terrestrisiFroie-T8mg, 4) Shatavars | Aspuragus rasemiosis ) Root.78mg. §) Bala(Sida
| L cordifulin)Rout-Smg, 6) Pipadi Fieu religian)Bark-S0mg i .
PON ATSULE SRR oAb oo plarsd 530 ation: A v v i+ Mt Ry o ALy asue g o Pack g -
70 Ttttk bt NRIOPIIRE spines et Sevid- STy, ) J'rh'.: i lli':;::::: 4 ,: aRann gz, 30 Gokharar Trahulins tervestis Fiie-7Smg, 4 Shito vars (4 paragus rasemosus)Riior-7 5. S BulurSidu |
i) R it 00 Lipert( Koo voligian) Bark St v Pl 13 . B PR - = Er
L l:\g;%{,_z [ : iitin Tlﬁ;:!’t!_m e . Ayu Ph-P&P Each capsule contuims cxiracis
UTRACON CAPSULE Health 1o | desgs~Ax 1N plvsician oL » i
F IR ubbngeny ipemi ol Revr 30 my 3':':‘:.‘-; Hinat Richia owddiredio Rown 3 nme SiParadditResherlos speciev Rinsomes 48 me SiGakimi Teihistus ter rieseios) Fruie 40 mg 31 Wad Fiews i
Nonglony A rnnat) Resssd 10 is B S e RS e i A
YRRV Do Ry 2o Mol e S Ch Mt Ao i PaE LT

A athoor-bha vk - L2 Mg riseessangnaliont i 1 an ke Bogethior &eontarc manke fiy b fisgg Waker ottt singar 1 aabbed bty is o Sl icatoi-tealth ronie.A) Doges-As per phy”
0.

0 dshwan e Withio S, 2Kt h heeyMucumis prowicaesSecd-3 em, Gokhaent T bitus rerisiricl Erit-din, 4 Talamkkana(thygrop/ila i Seed-Jgm. 5) Shattayiirif Aspuragus
Favome Roist=2 g GG inhic b Tine e s difolia)-) 2 % i 1 - G e I e (SRl —— e ~—
(iRt o i o a AP A T

MUANACTIC ARESY RIS INDICA VION UTHRINE TONIE[ns) s AS PER PIYSICIAN 4 A
= Hetlvat Nacta comtd@oliadRoot 10 gin & Gokliocul Tribiliss terrestived fruit 1S g 4. Prol Gursghit Cocondis hivsirtiss Rt S gm $. ArkapushpitHoiostemma checdionmiRout S gm $.Gmw b Onasnir

ractcutmnipleal S gm dvu Phs- GAL R o U R iaals - ARy g A 0 oL e kit St Sk T LI ol
ORL < AV - DOM ayu prop med T p— : 5 Ayu Ph-P&P cach 100 ML contains|
NUDCARE LINGOETR T SYRUP HIPA TODROTIC |\ | L ; o

! BiiugeeattEclinte b l'an heine-2 St 2 Bhufam lup) D it wivarisPain dnate=" Sy, 0 Kuteke gPierorehizs kurod skl zomes L2 S, 4) ChiradlddSiebrtiochir Bt 7 Son 20 2, lor Sipnea
<arSitlray-Spwy suges i have nubhern e el A il : ¢ L mb IR D CPleRL e i
SYI-AY U - DOM 1) Brahmii Bacops monari)Le ~10gm. 2) Shankhapushpl{ Evolvulus alsinoldes)Panchang-10gm, 3) Bach “Avi Ph-P&P Cach 100mi containy ext of !

(Acorus calamus)Rhizomes-Sgm, 4) Jatamansi(Nardostachi jutamansi)-Sgm, sugar syrup base

HRANOCON SYRUP Auhitr-bhavptakanh part FIndication-tomeManufactunng procesys trgradiont no. | 1o 4 are ok towetlier and extract mnde by adding warer, to this siiggr is udded ind sy buse bs propured

11 RraadmuitBacopa monarid eaf-Migm. 25 ShankhapiochpitEvolvudis lsivoides) Pam a1 Ogm, 3) Bachy Acorny colamus)Rbizomes-Sgm. §) Jai: i(Nurdosiuchi J-Sem, virgar svrup hase i
L0 ¢ 450wl MU 2l o G e R b, S

€ AP AVU-DOAS ~ NIRUV.CAPSULE T ~ TR LA A ey Ayt Ph-P&P Each capsules contains
MRUA CARSULE HEALTH TONIC . a8 PR PHY STCIAN X

smiasstis pRovi-70me S Kot h

T vy g Wehanta Somsifera) Rovt-66ue 231 idor ikhavd(Preraria Tuberosc) Rhizonie-Btlmg.3) Talan kharaiHygrophils Spinosa)seed-S0mg. 4 )Shalavarif |sparagies ra

cen Mucuna Paticnsisecd-Tmg. 4w Phiiln mgi L 2 P L S 2ol LA IL A . T —

FPL-AVU-DOM  AVUPROPMED i 3 T AvaPh-P&P eack 100 gm cont3ins
AMIC ACNECARE LEPAM CREAM indicatun-skin ca(c - a5 por physician

! Ldromreumplocos e sa) burk 6 2. Luphiadburtsthea i ims) it 2 wm3 Dariehiiridral Berhes (s sissy o 3 um 4 Dhawv (Cortandeint sarsumisced 3 gm S Acjuntienninalo aypmay hak
o g A1 aachi tAtrows cotamus- Ll thizonies 2 gin Avie Ph (- GAl) Ty T iy LAl T S o MR RO e " i

SOL - AVU- DOM Avu prop med/for ext use g T il ! Avu Ph-P&P cach 100 ML contains

VEDCARE HATR SOLUTION ' FOR HAIR (X1 FRNAL APILICAHON) 1 s
13 Amaalaki (Emblica officinealis)trun-Sga 2) vodt o beugalensis i out=Sen 3 jvwundl dibiscas vosasinensisiflower-3gm, 4) karphad| alog burhadeusisileat-13em, 51 neembazadiachiin mdicailea
g Ave Pl 1046 miy £ R LI S AR T i ST y; = el g d
SYP - ANU- DOM 1) Shatavary(Asparagus ra JRoof-Sgm, 2) Bala(Sida cordifoll Sgm, 3) Gokharw( 1 ribuins Ayu Ph-PEP Each 100m contams exi of
fervestris)Fruit-10gm. 4) Guduchi( Tinospora cordifolia)Panchang-10gm, §) Kantakary(Solanum
vanthocarpum)Root-3gm, 6) Warun(Cralaeva nury ula)BaﬂHm.{ugu syrup base |
FOIRACONSYRUP Auther-bitiy prakash pan | *Indicabion-ulefing lonic® aclliring povceas- Ingredicnt nol 46 6 ury Lk on topethier so extract madc by adeinge waler 10 1l suger is dded wnd v base m prepsaed
£) Sharayand Asparagus rave movusiRoor-Sgm, 21 BulaiSido o or itdia)Roor-Sgm. 3) GoklarafTreibilus tery c.ﬂlf!)l“)’n}]-h)gm_’d; Gt hit Torosporu cordifolay Parc hians-1em. 355 Kanakarv Solenun
samhocarpumyRaor-3gm, f) WiniindCrolacya nrvalayBark ", sugar svrip hase Ao 24 (200 mi) P
ORL - AYL - DOM 31 prop med \
VIR ARE MOMCTPT SYRUP FOR INCTETING WOMEN e
') Shapavan ( 4sparoeis rasenosies) Rooi-Sem, ) KuprastGosvpiam dierhacewmjRnor-6am, 3 Vidurikand {Pripuria tuhcrasal Rhizomos-{em, 4) BalalSida cordifofiviRoot-2
sotndisiRhizanys-Sgm sugar <yiup bave A Pl 4100 mib). S . Bihrtltl S L cad B
LPL -AYU - DOM AYU PROP MED FOR EXTUSE e Avu Ph-P&P
ANC DERMA CARE LEPAM CREAM indicatinn-SKIN UART. 1 e
! LodhwarSvmplocos racemosal hark 10 om 2 massrdalgions cudthanisyseed 10 pin 5. Darwharndiay Bewberis aristataysien: 19 em 4. Rakr
menvisjchall 3 g Ayu Phi= GM) | ¢

3

T Avu Ph-P&P ’ cach 100 ML contains

em. 3 Nugermatharl

cach T am contains|

a{ plelosaepus Naolalmssibark 3 g 3. Mavjisthe (eubia

LTN- AYU- DOM ~ ayu prop med/for cxt use, ! R Ayu Ph-P&P ~ ach [0 ML contmins
VEDCAR BACE SOLUTION S FACE SOLUTION (EXTERNAL APMACATION) Tt ; b

1 PupavaiCursca popovan) S gm 2. Konphad (Aloe Barbadensis) leaf 30 ml 3. Haldi donag) Riiz L gurd. Muvjisthograhio CarditoliciReot 2 gm S Japhale Myristica fragransifrui | em é
fanclan (Saulun altam) Wood Lem Ave Ph 100 ml g & £

- AYLU- DOM 1) Shatvary( Asparagus rasemosusiRoot-8em.2) Kapsy(Gusypiun herbaceum)Root-6gm. 3) Vida Avu Ph-P&P Lacit 10tml confins ext of
(Furpuria tuberosa)Rbizomcs-sgm, 4) BalagSida cordifolim) Root-2gm, 5) Nagermothai Cyprus
rotundus) RhiZomes—dgm sugar syrup hase i
MAMICONSYRUP  Author-Bhaspeayush pgr 1*Indication-for lacteting wﬁmrr'Mmulﬁ-.miqpmim_:’m]mu a1 S e iaken ngatheruned extraet made by adding water. i this suser bs added snd svoup hase

muthie(Cyprus

1) ShawayanfAspuriy,

) "NL"""‘“!“'W'F"‘RW 2) Kapas(Gosypium herbacenmRoot-8gn, 3) Vidarikand( Purpiriu ruhercsa)Rivzomes-4em, 45 BulaiSula cordifoliciReot-2pm. 51 Nuw,

solundusiRlzomes—<pm syl upt Wirse Avie Ph {200, ml) 1 Y ; je % 2oyl
EPI - ANIEEDOME. #yil prop med/for ext nse Ay Ph-P&P cach 10D zm contains
VA AREMURH TEFAMIPASTE | OR FACEEXTERNAL APPLICATION) i

w ! Masompdaltlens citlivaris) seed 7 gm2 DaruharidrarBerberies specis)RootAgn 3 vakrachandam Prorocapis saptalinusiBurk Lam 2 Manjisthat Rithia Covditodiag stem 3 g 3. Sunira (Citvus
vericaditafeut chal! = gm 6 AnsntmoolidlenideSmits indicusiRont S g At Ph CLINEGA S BRI S TGN AL RN o
EPL - ANLE- DOM AYL PROP MED Avu Ph-P&P cach 100 em contiins
SHC STOMA CAREGEL wdacaiun savourh edrs gel dimcs 1¢ porphasisizgts

nes ciehlivafriau it Sem S Havikaki ¢ Terneialio

G

| Chamelipatrar Jasminim officinolel uf 3 Iichigtinaspore CordifolialPanihanz em 3 Dejdshar Vidis vinsiered Jit sunt S amalatphyif
Lachuluriudt 3gm 4 bohadeg Terningdia Belliricly) 7 Vs durtiadhui@hvevodizu glabro)ront 3gm dvu Phi-GM) 2 ol . L 3 =
PWD - AYU- DOM ayu prop med for et use £ Avu Ph-P& P Bl TV COnaine
VEDUARE FACT PACK(POWDER), FOR FACE { EXTERNAL APPLICATION)

[ ‘ll'IlHllTt"UHWI{M'IIIjMIMI bark dgm 2 KorphadiAloc harbadeisisifeal S g 2 Neem (Lzadivaehisa indicatleal t gm AMulini Mii 83 gm 5 additCurcunia Lange) Rhizome Tont 6.Chandean ¢ Santalinm
tihamiand | gm Avie PH {100 GM)_ e SO, L
SYP - AYL - DOM DNeem(Azadirachita indica)Bark:-Sem.2)Babgol (A,

JRoot-2gm, 4) Ashok(Saraca indica)Bay
(Berberies specius)Root-Sgi

cii arabica)Rark-3gm, 3)Buly (Sida cordifolia Avu PheP&P Each 100 o
1, 5) Kapas(Gossy pinm herb cous) Roat-Sgm, 6)Daruhaldi neembabool. bulu.axhol
- Sugar syrup base aldh.s
M HITOCON SYRUP £ Authoy-hbo prokash por | ®indications iy AmiacTaring peocoss- Ingredical mo. | 1o 0 uie rken (gethor apd earact madg by addding water. o (s suger b dded amd syrip base 15 preparod
)Neeps(Azadivachita indica)Bark: -5 cm, 2iBabool ( \caclu arabicalBur L 3)Bala (Sdoy cordjfoliw )Ruws-29m, 41 AshakiSaraca indico) Bark-2em. 5) Kapas(Gassypinm lerboc ot Ronl-Sem

o) DuzhaldigBerberies speciusiReo!-Sgm, Sugar 811 buse Avie Ph (200 ml) R
P - A DOM ayu.prop med Avu Ph-P&P Euch capsule o

%* TSSOMENCAPSULE ; | ealih F unie, dose-As I'cr Brysic or

i

[ Gokhgu (Tribilus terrestris) Fruits$0 mg? Kounch (Muce priagions) Seeds 510 mg 3 Shatawari ( dsparogus vecemeosusy Roois A0 med, Ashiwogardha (Witlinia sonnirera) Ruoted s micS Sif
(€ lduroplivum borivillianum) Roois 50 Kals musalt (Cincnhgas_ viclioudes) Roois 40 g Avie Ph ftotal 293w

SYP - AYL-DOM RUGYNO SYRUP Avu Ph-P&P [

RUGYNO SYRUP A uthoc-bhavprakash pari- 1.2 1M g poccesseingredient ng 1=7 are b Wgetlicrdent are mual, adding water. Filteat ol supr is Ml caniostisgy i ) e
b Akl clibuli Podalthia Iongifoliu) Burk-3a ) Losedliyat SUMpIEROs savoniomea) Rtk <y, 35 § INPIRIEUS 1N St N

Seeled. Synt. 0) Ritsuctr e Lt fangenlita)<) igheshuirg e wd)=L Sgnisie 1 U = G

% AVU PROP MED T A Phrgr

it 100N e
ph [

el Wit s

int)Se

gt Tises- As per physician
lad € Ficus henghilenst) roor 2-¢ni 2 PipaltFicws religosadmnon 2 um, 3 Udionbarad Fieus glomeralaiool 2.em. 4 Plaksht Fius microcapra Linnt yook dom 3 Verast Saliy vu
o Yashiimadhu ¢ gheys rhiza glibra L roor 1 g Avi Ph = M) é U
L - AYUSDOM AYU prop med/for ext use ral” Ty
DEARF HERBAL VAIR OIL - FOR HAIRIEXTERNAL PREPARATION] |
il Ol (Seasanuny Indicim) veed 90wl 2
Seahmi (Ceuiita Asisiiva) loap 3 gm Ay Phr23 GM) e
ORI - AYU- DOM ~ ayu prop med v ;
FCARETLLSICOUGH SYRUP - COLGHESYRUP Al1e- 0y exles o i ngg Wil b
Uit s i 2 Adiire ol Vitsuking o5 am 3 Kul,
e 1 putdi ) lnehany 1 go 7 Dadelini¢Cimamon Ze
SYP - ANL- DOM 1) Khursani ulnaillill_\xuﬁlﬁhfu ger)e v
Chotta gokharu(Tribulus terrestris) Fru 4) ('Muhlr.ﬂl(hhu

vandillibiscus cosd simensisifrull 8 gy 30Vt Fiies Bengaleniytsifatu 7 g 4. Bhvi

1 1Ed,

sharitSotoimn =

“Officiating g, .
lmc:\r;ml")‘Ra‘gﬁt‘ll_a i tmsnﬂﬁﬂpa‘.

aspera)Roo:

Wekhandef Acoru ulumuslRnul-!..‘gm. B s than(Rubia cardi § pi-7.5gm. sugar syrup pase pna Mahalma G,‘;—!n(i 2]
Print Date 1 04/10/2021 Data Counts. (0 - 0) T N & SCl'eﬁ?:KCO”GS(; m n
QR
JJW Af? R%R"E ﬁhﬂﬁl“l\u, ur

Scanned with CamScanner



e g

S ULATTRRT]

exchy IOATL ia-i-u:ﬁm;

iy (Aspaaragus rm-cmgmﬂlual 1B gm 5) Bhin |‘

Fach 100ml contains extracts olﬁl

4 i 428 i
~ Avu Ph-P&P Each capsule contains extracts

»Sewd St g 4 arkiCualatropis procersiRoot s mz S, Sanuidra Phal |

o

! - .\)‘ﬂ Ph-P&P Faoh ecapsule contams vxtrdls
5 Kllll'l;fpﬁ.'?'l‘l'i:“ “';Wlmflﬂ‘.wﬁ,\' 20 g A Vidavikaiidt Pueraria TuberosaiRoor 70 mg 5.Chivaita ‘[
1 y \ ) R A

qury(SnInnum xa irp-m‘} rooi-50mg, 3) Avu Ph-PRP EACH CAPSULE CONTAINS
! chyru era)roat-Smg, 5) h f EXTRACTS OF
cardiloia Root-7Sms. ‘ i
g Ll
Um, 3) Chouta gokharitTribulas terrestisijiuit-73me 4) Chirchirat Achyveanthes asperaronl-Sing, 5 |
A r N |
m oil{ Pru us amygdalus)sced- Tl 3)Salal gugele Avu Ph-P&P Each 100m[ contuins et of|

mihohlgw‘i)l\j_wllu ke phool(Thymol)-

sy Tgecieir a3 adue i s OB LTI Uinaolvied, o Tt add fhigredient 285,00 00 s ke Wit sy il

: Satai giggletBosielli sércaiaiGum-lum. 1ikapoar (Camphorat-tgm, SiNenthods bam. G14jwain ke pPlionlfThieioli-
m‘!! anngdalushveed- Ik 35alal gaggletBovielli sercara)Gum- L. 4ikeapaor (Camplorai- Tem, SiMvithol- (g,
g

& 1] A PhPSP Caeh 100 ML contains
LRI o dﬂ‘w-ln’wrnh_u L j )
eradRgen i 2 Kith (Dolclon biflonserSecd 2uni 3 CouaidrasinfLepihim SativmiSeal 5 o1 4. Kimibha 1€t exaurhorsdabiek $ o 5, etz divachit i)
ic: Higm Ayu Ph (10 anh). i BN 0w R FUE f i
% 4 : Avu Ph-P& P ach 1110 gn contains
C g el |
2. Flivehi 7!.:{1 i canifuniomion ) Frigis { gne 3 Sugar (Sacchariong ojficiarnmg (00 g Avie Pl (10 GAL. !
PROP MED 1 ¢ Avu Ph-P&P Lach 100 ml edivaiis

SE3AS FEI PRYSICIAN

i zevlanivin-Bark 2gm1 3 Black PapperdKali Mireh) Piper nigram-Secd Yem ¥, W Uing‘rrv.\'muMZv:‘mlbw officianalis-Rhizoms
: " b Ctyus mediew -frun {.ml Ava Ph -« GM, | i
NU-DOM © AYU PIROP MED/FOR EXT USE |
HC MUKHA LEPAM CREAM indication-SKIN CARE AS PER PHYSICIAN i A
| 1 Masoar daithens culinarrsh seed 115 @ns 2 Avgiont Terntinalia srjuna) bark (8 ) 3. ManfistharBubia fﬁfd’ﬁﬂiﬂ J stom 1y 4
3 Avn P -‘G.Ih. " M }".dahl_mu-nbﬂitimx secd 1 gnn 2. Aejint Ferminglia argn oark 1 g, Malyisthar R

s abiuis, 2.5
", w‘ﬂ

cuch 100 2m contans

RS N s ptensish dladi S g >
e
Lage

: i 4 CACH \J‘\!I\ \r \‘»\lil\ J\\J\”w
1 [RUMATOL ng e .
ing g f it At - l! ’s .
ms"!ﬁgl ﬂ unify . R e
‘Science College -

Y
>handrapur
mnsiopur

¥ “LI,I NN

:"A:IJI Gy




-
Koot S g S, Aikapushpigofostcnmi

" Cach lq(:ML :unl.'ulﬁ

allictanalis-Ri d T

~ach 00 ] Caning
7 n‘w{bemdg:mu.v

FACH CAPSULE CONTAINS |
EXTRACTS OF

1)l 5) Kale miirefPiper nigrani) Secd-

P&P Fach 100mI contains ext of

ﬁ‘ﬂilhl and syrup hase 1 repaced

zames-2um, 3 1Sounthizizinber offi {is iRl -
Avu Ph-P&P Each capsule contains
1=7301g.4) ('hi‘r fiiratAchyranthey aspecaproot-3limg. 5) i
T Ayurphpar each touMmeiuTi
i ; W o |

et W ] Lo,

A mnmlﬂun‘)ﬂmﬁ_Tgmif.%luh]'ivlhum@iu("qnl&ﬂlrmmum 3en 3 Santear Citrus revculatal Fruit olial * |

_ ; T - T AVUPhPEP

Benghulonsis) n I " Ficur ' ‘{I erata) it 3 win 4. Plaksht Fius i e Laioy

arlizu gllohra, (- s ) !
DOM I

eady 100 gny containg

wla(Phylantius wirur) Panchang 7 Sgm, 3) Kutki AWWPh-P&P Eaeh 100m coniding GxTor
hiraita)Rark-7.5gm, 5) Gu’@rhlﬂ‘lnmmﬂ

Vot S S VesSuliy ¢ dpiriety Mirk S ol 6

S dre ki Logurhien dind statet made by audling witer, i this ger i addod and sy e I prpied
Rl Pr v or izt Aok hizhazes )2, 5

S A5 ChivaiearSwertia Hiroing Buck-7. Sen 3 Gueue g Tinasgonr
e ¢ /]

T Ayu Ph-PEP

G et
’ v Fach capsule contains extracty |
L8 § 4

Saded masalitChi ophitin arudine

30mg 2)Shaiun urvl,ﬁ,:mvr[,mc mvn-nnl\'urmt’-lllﬂllni‘g.li
{17 T T

o
an

) Roor Sting4iMerhir 7 rigonetla foeamiSced bl my SIKula foery |

ik i o T A PhPED Tach 100t T
3 Bk Fogethe e st i)k by g wite Ty oL Ul iy S Dyt e s detne, jlidicationetig e Dsea=As per physic i [
)PﬂlqﬂpmhmlHmm.lmudnkn)ﬂnwwul:Sum. 3 Py
J |

navnavatBoc hawia diffiisaiRaor-5 um, 4) WaruntCralagva wirrvata) Byid-

2un), 5) H‘rkhwrdldyorm |
T Avu PhiP&R

ach 100 gt containg

s Do ales Dt S Kol Ty (Cumbniim ciomine
op med/Tar exi use | R T e T\-Q"W-F'_Pm"_l— o)
SRKTERN AL A PN ICATION ' A
Hhuss, 7

, materia ' s Ph i ml)
Ayw prop med/dose-as per physic

%ﬁ Wil 4liem 2 ScunuiCovsia wugilfndiul 4 ear 39 g 4 Awenlf Carvnt capticum Sced 10

T Each 100 ML containa,

BT = e

um A Seadha nantak(Sodipm ¢

_glﬁin}:lihﬁn powdcrs
lionidey. {ym 3 Kol Jogra (Cummim «  minn)
! AR Prermba ool e uk "R
_° 1) Aairan(Premna ilkgrllnlls)llupm,.‘ 2)s o ﬁ_qfﬂ!ylu_m — S
! ot -ugﬂl
RUMBIOL L ABSL L Ay,

i Raat-Riim P i TpGT | TFEAGHICAPSULL CONTAINS
plcta)Root-75mg, 4) Tindhari niwdung(Euphoibia antiquorum)-75mg, ) Nirgundi(V itex ]
o o.)ll..?HSmg, ..‘) yirnnvrtlﬂgdem foetida)R

EXTRACTS OF
001-T5mg
. J g pi e Caphile Tiling b ek
1 dais i Premaa in HiloliasRool-Sthup, 3 Ym:/wba(l)mn;rhmymdmmukmnfmu ”J{rry:'[“n ,:)fzwk.mr- Ynug, 11 Tipd guriel
tirgunads ul-d3mg. ) Hiranoliuoderio foondu), o0t-75mg dvi I*h (60 1jigs \
PWD - AYU-DOM 1s;:'o--r¢z=nmaxgum.uumu‘m,sml K ) b \ “W { T Fach 100,
1 pudina)-|, 3 <

e e A Samdraphen(Pu g Ty ¥ 0
i wthoxytum alauthin - K, St 7 & % o
o s i DOM PEA Tl = il
| y A\ Sl
| INDieATION T DAIN, DVStAS NS s sienn

an

Print Date : 04101202 1, Data Caue: -0

e~ —— T

Scanned with CamScanner




} MFG Product Profile

- LIGLGGULBalswmoden dvim wiikil) Gum=2$m1e. 2) N Vo 1
Auirsednn pwneHION e e Seed- TS )i i 1325 it
= - DOM VU prop med T BN Tae - L —— S T Rae T . = Mgl
\(-l)'})tun‘;gjowﬂ'w SYRUP Ilh]l\:lﬂu\lpﬂ-'\':wh et hA AR Ayu PhPap cach 100 ML contains
| 1) Khirsant apwaintHvosormiie weoried-2ai 3 Ay tekanvtsolamims santhocarpini Root Sam, 1 Clioti eokharmeToibutis tervostrl dFonie- 7 Sgm. 41 Chia Wbt e Bt hins sprer as Rupg-
Wekhunderdcora galams)Ront-2 Sy, 6) \a antRubi cardifolig R ? S, st @i usse Ay Y 10 mly
EPL - AYU- DO AYUPROP MEDFOR EXNT USE e e e
CHAL RO e pack AINDICATION FOR FACENTLRN AL Al
1 AasrtEvtun ensiDal Sem 2 LowdhisisSuniploc o e
g 6 dnammoaliHemidesmus indicus 1oy AR AV Pl g A
PWD - AVL- DO AVUPROP MEDFOR EXT USE - ——— . e (v VO
RAFACE PACKIFOWDERY INDICATION ) O AL A% PER PLYSICTAN )
1 AvfuntTesviinelio wfinias Dack dem 2 Ko plode Ao Dinvbadensivilear §

Sl £ gm .iynf_fl! G\

o -—‘—.;—-—J' = - -
CAP-AVU- DO! YU prop med it R — T T T —
NEDCAREORTHOCH! T CAPSULYS G\N'l’ml';nmll SANDHIN vy VU Bb-P& Each capuic contains extracls

f ‘ ! VROV e o
| D davant Promna e iR oar-Stimg. ) Sonpathat O i i s Wi =St 30 P (Ut it Root28mg. 4y Tdluard misdien
i evtf-dSmg, Ayu Ph (3N mg)

F(- AP - AYU- DOM 1) Pipal®iper longum)F
(AIpenia gatanga)Ruot-78m

Food & Drugs Administration MH

ot s Faals 3 S O 0l cagrinethid Withs i e i Resots Stinig. 4y Loidmnnh R

HEAIN.Commmuinty {iml) RewnsStimg, §)

Sam, 5)

Ayu Ph-P&P - ST -
MILICATION DOSTS A8 LR Y SICTAN Sl 10t g contains

vinoraiBik Zum 3 Rakuehandant Pieyog s santalfiusi Bk L 4 ManpisthatRubia cordifolieiRaoi 1iygn § SunsratClirus fetienfurg VERII chal 2

— |
o ench 100 gm contains

e 3 Newnt (=il it dndicaiteal & s St Wi 83 g $ LalditClars uni LauzwiRhizome tny 6

Chrtrdian (Sunraln;

Euphoibia antiqueram)-75mg, §) Nivgianelin Vires

— v . 4 e . N— )V, " L
=78 2) Khursant ajwaln( voses nius nlger)Seed-78my, 1) Kulingen - Avu Ph-Pay EACH CAPSULECONT AINS

M 4) Adulal Adiatoda vasaca)Leat-| 28mg, 5) Kuntakari(Solanum 1 EXTRACTS OF
vanthocarpum)Root ~S0my l
i\sl'll AL ﬂh.f APSULE S \ull_vm»hln:\rvu.uh fant P*Indication=as por IS ST i ovonsaM iy, cupsule g anil packing ? N
| 1) VipaltPiper bogumpFreun-=Sme, 2) Khisani ajivain Hy ey niin HRCEISeed 7S 3) KirlingentAfpoisia galanga)Root-Smg, 4) Adul i Adhertogcke JLeuf-125mg. 8) KantakaritSolan
RanthocarpumyRoot=Slog Ave Ph 160 wnissy - ‘
TENT - AVL - DOM ) Bhringraj(E clipta atha)P anchang-Sgin ) Amia(Emblica afelnalis) Froft-3gm, HKorpharl(aloe + " AVa Ph-P&P Bl 100 cursing v
barbadenssiy)Lear-10 4

R AINeemAzuckiruekiltn Indiea)Lenf-2gm, BrahmliCentella astatica)pancharng-
| 2gm, Water base presenvative
FHARVEAIR SOVUTION . Author-hahpraksh pact {mdcations o tdandemts (NI
! DB heimgragtElipr oMol Paschang-Sem, ) Amde Emblica wpicinalis)ilivul.
Warcr buse presciaative Ay Ph (100 mly d
PWD - AV - DOM ayu prop mivd . Ti-hL g 2 o i Ayu Ph-Pa P F 2otl S0 & Canfaiits
/ HEFROON mw-u..s:f-i«-vw

Jidde dina i b IS b 100 g1 o2 Miri( Pipe igrtni) Fruits 1 2gm3 Sunthf Zingiher t_»lﬂcllmhkur#l.‘gﬁllbbﬁﬁlﬂli&‘hwahaﬂvm gelamicumStenm 1 2gm S TulasiOcimum sanetini)

" &
Leaveslgmé, Gulwel( Tinaspora_cordifol AStem 2y 7. Haladd( o) Root] 2gimd. Lavang(Syzigivm_arennaticum) Flower 7gm Ay Pho( 100 () =
Avu Sch

uEPL ~AYU- DOM SOLUTION

<107 AYU PROP MEDTOR EXT USE M- . }
| 1) Amalakt tEmblica officiualis)iie-Sen 10 hibisens vosus nessisyflower3gm, 4) karphad( afee barbadensiatenf-13on. S 1reembuidivact i infico !
Ham Ava Scl-F10l 1 il Y

CAP- AYU- DOM LIVOSPAR CAPSULE L= g N

gl eebignt i (400 S e taken (opether wind o (et e by adding water, @ INx <usr s wdded and SHAUP Brase i~ fore
il Soh e oloe bihadens it b, SN eemtAzadin i Indics ot 2y

. Hralimi( Contellu avieticempane Deng-2gm,

PGP Gach (00ml containg

XLction miving with preseavative Al ks
o 2D icus engalensi Jront-Som 1 fusivanm

'l

* Ayu Ph-P&P EACH CAPSULE CONTAINS
X LXTRACTS OF
Author-Bhaypeakash part |, M prowess-Miving capaule filling macking < ludicatoneLwer fke Divses-its oy physic tan K 7

DBluansalatPhylontlies nirwi) Panchane AT, 2) Guetwohi (Tinoporien covdyfolin-Nmg,3) Kitaki t Pierorhiza ki oipRizonic-30mg, ) ChiraitafSicertio <hiraita) Burk
fubcroca)Rhizame-35mg, Ay Ph - nig) b

75mg.3) Vidars kad(pueraria

CAP - AYU- DOM v prap med F RSP T T i Bl y “Avu Ph-P&P Fach capsule contams
VEDCARE DBCERTCAPSULES £ indicatinn.dice-is Pt phyveician mitle

14 Sczvginn cumin Seedd-6lmy, 2)KarelotMomordica vhiramtia i Bt 30 Metinf Trigonelin foenumgraécai) Secd- 6Umg.4) BabultAcaciia aribica) Bork-60 mg SiWad(Fiscus Bengalensis)Bavk
SO0omg Avu PhiTow) 360mg) 05 A5 S AR L sl
|CAP- AYL- DOM AYU PROP MED i E Avo Ph-P&P  Each capsulc contains cxtracts
AVANA PEARE CAPSULE INDICATION HEALTH TONIC, DOSFS) AS PER PHYSICIAN i

1 PathatCascampealos parciradRont 600 g 2. Bivion lotPinflanthos i Parchung 70 mg 3 Kunlokark(Satioum sapithocarpun i) S0 g 4. Churidrasir Lopidinm satovaniSeed b«
{CiperussedtiosisRhizome 61) mg 6. . spermun suaveoling) Panchung 66 ma dyu Plg- m; 3 2
HRO - AYU- DOM AYU PROP MED/FOR E i
H 10 HAIR DIL/ Hai oilimfg=sidhh rail
/- Til Oil t8ewsaming Tnclicum) seed Y mi 2. JasswandtHibiscins rovu sinensis)fruil 3 g
Brahimi (Centila 4xistica) leaf 3 L Avw Pl 23 GA)

¢ 5 Nagarmorhu

Avu Ph-P&P ~ cach 100 ml cantains|

o 3 Wal(Fittes BengalewsisiJata 7 gm 4\ Bhviaras (Fiipta AthasPanciane S en § tlat Ensblica Offinalisijruir 15 gor 6
i i

‘OIL-AYU-DOM ayu prop med/for oxt usc T BT i DI Ty T AvuPh-P&P cach |04 ML contins
VEDCAREORTIOCEPTOIL EX)LRNAL MASNSAGE OIL f
)Neent wilf d=adirchita indica)-20mi, %) Sarso vl Musiard)-79mi. 3K,

ala jeerat Carnmcanyi)Secd-Sgm, $K apoor-1gm SiGagele 1 Comnifera mukil)Gun-3gn 6)Salar yugglerBoswellin criata) Gun-7gm
7) Nirgundit! itex nirgundoiLeaf- 1 pni KiKavanjifPonganuy glabrujseed-Som Ava PR (LG )

CAP- AYU-DOM DVavuvidang(Fmblica ribes)Fruit-75mg, 2) Kale mire(Piper nigrangm)Fruit-75mg. 3) Sarpunkha Avu Ph-P&T FACIH CAPSULE CONTAINS
(Tephrosia purpuria)Roat-30mg, 4) Ll]rl(l\lhumﬂ pudica)Panclrang-Shmg, 5) Chitrakmool(Plumbhago EXTRACTS OF
zexlanica) Roat-7T5me, 6) € handrasur(lepidum sativum)Seed-75mg
PYMOL CAPSHLE  \uth kst park 1 Indicatun-as por physiciyn® Mg process-Miring capsub 1l and packi
VidanglEmblica vihes) Fruit-3mg. 2) Kale mive(Py) « nigranumIEvuit-75mg, 31 SarpunkliagTephrosia purpuriai Root-50me. 4) LejritMimosa pudicalPanchang-30mg. 53 ChitrakmoaltPlumi
Rooi-75mg. 6) Chundrisurf Lepidum sativim Seed 73me Avu Ph (60 wnits) - | a ol UL - £
- DOM 1) GuduchiiTinospora cordifolia)Panchange-10gm, 2) Sunth(Zizimber officinalisyRhizomes-2gm, 3) Ayu Ph-P&P
Chiraita(Swertia chirsita) Bark-3gm, 4) Pi da(Fumaria indica)Panch =dgm. 5) Bhringraj(Eclipta
alha)Panchang-3gm; &) Padal(Sterenspermum supaveolensyffark-Sam, 7) \ idarikand(Pueraria

Fach 100m! contains ext of

tuberosa)Root-Sgm.s )

ASSICON SYRLP © Authoc-bhavprakinh part 1#Tdieatiou-diges tonee® Manufs Proveas. DO L 0T are taken togeiier and extiuct wadk by 18 wikter, 6 this suger s added and syrup base s pocj e

1) GuduehiTinaspara cordifolia)Panchange-10gm, 2) Sunth(Zizimber ol tnalis) Rhizomes-2gni, 3) ChiraitarSweltia chiraia) Rark-3am. 41 PiipapdatFumaria iidica) Panchans c-2om uj(Felipta
wlhai Panchang-3gm. 6) PaduliStercaspermum supaveolens)Bark-Sghi, 7) Vidai kand(Puiraiia 1uhos asa)Root-Sgn, s Avu Ph (10 mh y [l - A
CAP - AYU-DOM CAPSULE 3 % Avu Sch-1-P&P Capwule € n
31107 AYEERROP MED My xing.cspvillis tifling packiog 4 1

I idarikandt Pueraria (1berosa)ivor-20mg, 2) AndafEnblica olficinalis)Fruit 60w, 308l Contalin ayiation) Pan lung-70mg ) WadcFious hongalensis)Roat-30m ¢ 31 NagarmiothufCyperius
potundus)REzome-J 2nne Avi Sch-1 (3 iy 3 A £ g I

CAP-AYU-DOM SPa CAPSULE Avi Ph-P&P \CI1 CAPSULE CONTAINS

EXTRACTS OF

AU Bhavprakash part | Manuiacioning process Mix ing,Caps ' filling Pacing | Indica Brinea A et pliy

dclisscigaBellaOVithinn i sonifcra Roor-TSmz bl o] (Hiecting prip i R ARGk Ty Trabne/is pee JF kAT S aataveer ([ dspar
pordiolia) Panchang-60mg dyu Ph(360mg) " ST, SRR ey ) L AR ST
ORL - AYU-DOM ayu prop med . Avu Ph-P&P cach 100 ML contains
VEDCARE BRENOCEPT.SYRUP / TONIC doke ns per physician

1) BrahmitBacnpa monarijLeaf-1lgm, 2) ShankhapishpiEvolvutus alcinoides) anchung-
Phttomly 5 o S
"CAP - AYU- DOM AYL PROP N Wu Ph-P&P rET,
AVANA CAPSULE INDICATION ' HEALTIITONIC . DOSES. A5 PR PHYSICIAN

L JamuniSyzygium eunini)Seed 0 mg 2. KarelatMomordica charnytia Fruir 60
WO g AV Pl 1= b f o
IPL - AYU- DOM AYU PROP MED/FOR EXT USE

H0gm. 3) Bach fAcorus dulamisiRRizames=Sgi, 4) fus

tgy 3 Methit Teigonella Foeiinigeaelm ) Seod 60 miy . BabuliAcavia avabica 1hark fih o

Avu Ph-P&P each |0ml e
RA GULAB JAL/ARK / INDICATION SKIN SOLUTION¢x (il spplication )
I Gulab JatiRosa Centifolia) Peraly S nil base mrerial-eygu, Glicering Presoraties it Drayin Q.8 Ay Ph t- i,
CAP - AYU-DOM ayu prop med/dose-as per physician =T Avi Ph-P& P Fach capsule contiins ¢
FOCARE LIVOCEPT CAPSULES HIPATOPRUTHC 1IN ‘
/ thmﬁ?a.farl’hyllambmm‘rw'uf‘am‘ilang 90 ige 2 Cuduchig Trinospeva condifolia) Pan hng 7 mg 3 R ot hizu knrod )R hizon )i 34V Tdar Eand e Prcianin TahborosRGE 700 6

Swertio gl

i) Bark 80 g 6.

ri(Calafrrpis procera)Burk 5 myg Ay Ph (333 gl

A\
A

1 P
gfficiating Principa | v
Rashtrapita Mahatma Gandh | ,1_ )7

Art's & Science Co\\eg{;e, ; :
. Negbhid, Dist. Chandrapu

Print Date : 04/10/2021, Data Counts; {0 - 0) 4 m ﬂ

Scanned with CamScanner



Sighting record of Black Eagle from Kitali
Lake, Maharashtra, India

The Black Eagle Ictinaetus malaiensis
(Temminck 1822) is a large diurnal raptor

of tropical and sub-tropical mountainous
forests. (Clark 1994;Cristae 2001). It is

the monophyletic species, placed in the
family Accipitridae. It has two races, I. m.
malaiensis, found mainly in China and the
Indian race I. m. perniger is distributed
throughout the Himalayan foothills from
Kashmir to Arunachal Pradesh, the Western
and Eastern Ghats, the highlands of Madhya
Pradesh, and the Chhota Nagpur Plateau
regions in Odisha and West Bengal (Naoroji
2006; Rasmussen & Anderton 2012).

On the 9 January 2022, during our
birdwatching trip to Satbahini foothills, when

we were busy taking photographs of the
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Site map of Kitali poind amongs forested hilly
ranges and large Ghodazari Lake, showing in inset
hydrophytes like Nelumbo sp. providing ideal habitat
for waterfowl and Jacana'’s, also surrounded by
paddyfields.

Common Hawk-Cuckoo at a roadside small
wetland Kitali pond, we were very surprised
to get glimpses of a large black-coloured
raptor, perched on Azadirachta indica. Due
to vehicular movement on both
the sides of the road, the bird
got disturbed. It just takeoff

Image 1: Photo showing
location site of Black Eagle
over the Azadirecta indica on
the embankment of Kitali ponc
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from the perched site and passively glided
overhead twice. It was a real delight to watch
such a passive sail of black raptor, giving

me sufficient time to capture photographs in
Canon 200D camera. Initially, we thought it to
be a Greater Spotted Eagle, but after citing
few research articles and referencing through
field guides of Grimmett et al. (1999) and Ali
(2002), it was confirmed as Black Eagle. The
body of the bird is entirely black in colour.
The beak has yellow cere with a black tip and
toes are yellow in colour. A whitish patch

is seen at the base of primaries and pale
barring on primaries, secondaries and tail
coverts.

Kitali Lake (20.502N, 79.645265E) is located
near forested area of Satbahini hill ranges

in Nagbhid. It lies within the buffer area of
newly declared ‘Ghodazari Sanctuary’ by
Maharashtra Government.

The Kitali Lake is 16 km northeast of
Nagbhid and 94 km south of Chandrapur.
This part of Nagbhid Taluka of Chandrapur
District has mixed vegetation of moist and
dry deciduous forest interspersed with hill
ranges of Shiv Tekdi of Nagbhid, Muktai
Hills towards Chimur Taluka and Satbahini
Hill nearby study site. Agrarian rural people
totally depend upon paddy cultivation for
their livelihood. The study site is a perfect
wetland habitat for waterfowls like, Grey-
headed Swamphen, Bronze-winged Jacana,
Pheasant-tailed Jacana and so many waders
as the pond is shallow and oc :
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While going through the published research
articles, it was found that, there are only a
few published records of the species from
Vidarbha region. Black Eagle was reported
earlier in Maharashtra from Satpuda hill
ranges (Wadatkar et al. 2014), which is about
400 km away from Satbahini Hills.

Although widespread in distribution and
enlisted as Least Concern as like other
raptors, Black Eagle also shows declining
trend (BirdLife International 2022). Earlier,

it was a regular winter migrant to forested
mountainous ranges and hills in peninsular
India, but in the recent past, it is very rare
and uncommon to locate them in this

part of eastern Vidarbha and is a vagrant
species. It was earlier reported from the core
zone of Tadoba Andhari Tiger Reserve by
Bayani & Dandekar (2017), but there was no
photographic record of this raptor, hence, we
conclude that sighting of Black Eagle from
this unprotected area is a very significant
event and further study is recommended for
their protection and conservation.
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