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The phase composition in various stages of prepara- 

tion of the active material coating the catalyst for 

the partial oxidation of anthracene to anthraquinone 

was studied. The presence of an active phase was evi- 

denced in the final active material as well in a pre- 

cursor. 

~cc~e~oBa~H ~a30B~ COCTaB Ha pasH~X 3TaNax o6pa6OTKH 

aKTHBHOFO MaTepHana, BXO~H~eFO B COCTaB KaTanM3aTopa 

~H Hap~Ha~bHOFO 0KHC~eHHH aHTpa~eHa ~0 aHTpaxMHoHa. 

~OKa3aHO ~pHCyTCTBHO aKTHBHO~ ~aBM B KOHeqHOM KaTa~H- 

THqeCKOM MaTepHane, a TaK~e B eFO ~pe~meCTBeHHHKe. 

INTRODUCTION 

Typical catalysts for the partial oxidation of anthracene 

to anthraquinone in the vapor phase are obtained by coating an 

inert support with an active material. 

The active material is a complex system formed in a liquid 

phase by interaction of some V, Fe, Mn, K salts [1,2]. The 

phase composition and the structure of this system have not been 
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extensively studied. It has been reported that an active phase, 

still unidentified, is responsible for the catalytic activity 

[3]. The evolution of some physical properties (RES and M6ssbauer 

spectroscopy) during the synthesis of this systemwas recently 

reported [4,5]. 

This letter presents the phase composition of the active 

material in various stages of its preparation, in order to give 

evidence of the active component and its formation in the sys- 

tem. 

The synthesis of the active material was performed by a 

sequence of steps (Table i) leading to interaction products of 

type V-K (A), V-K-Fe (B,Co), V-K-Fe-Mn (C,F, F O, K) in which 

the V/Fe/Mn molar ratio is constant. The samples are obtained 

by liquid phase, precipitation at pH=7 except for the samples 

B and C (pH=l), drying and calcination at 380~ by conventio- 

nal procedures. The samples F o and C O are obtained by purifica- 

tion of sample F and B, respectively. 

To specify the influence of the support, an active ma- 

terial obtained by stripping the support (K d) has also been 

studied. 

EXPERIMENTAL 

X-ray diffraction analysis was carried out on a SIEMENS- 

KRISTALLOFLEX diffractometer, using a Cu anticathode. Assign- 

ments were based on the ASTM cards (up to card 24) or on the 

catalogs for at least eightdiffraction lines. 

The phase composition of the active material, dried or/and 

calcined, in various stages of preparation, is shown in Table 2. 

The X-ray analysis of these samples show that during the 

precipitation of the vanadium salt with K, Fe, Mn compounds, 

amorphous-crystalline mixtures are formed in different ratios, with 

the equilibrium totally shifted towards either crystalline (A) 

or amorphous phase (C O , Fo). 

By calcination, the amorphous-crystalline equilibrium 

is modified within each sequence, the amorphous phase turning 

into well-crystallized products. In the sequence series 

(A-K)380o C , the amount of amorphous rises in the order: 
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Table 1 

Various ~ages of the active material 

Sample Initial components 

A NH4VO3 + KHO 

B NH4VO 3 + KOH + Fe2(SO4) 3 

C o NH4VO 3 + KOH + Fe2(S04) 3 

C NH4WO 3 + KOH + Fe2(SO4) 3 + MnSO 4 

F NH4VO 3 + KOH + Fe2(SO4) 3 + MnSO 4 

F O NH4VO~3 + KOH + Fe2(SO4)3 + MnSO 4 

K NH4VO 3 + KOH + Fe2(S04} 3 + MnSO 4 + K2SO 4 

A2< B2 < CO2 < F2< Fo2 < K. 
The morphological aspect of the calcined samples show the 

existence of some small, almost undistinguishable crystallites 

( --50 ~ ) included in the amorphous and large, well-shaped 

crystallites (hundreds A ). 

The appearance of the amorphous nucleus occurs on intro- 

ducing F~(S04) 3 into the system, evidenced by a broad maximum 

centered at 2%=32 ~ . After formation, the amorphous nucleus in- 

Cluding pr~ctically all the cations of the system (C O , F o) is 

maintained throughout all the subsequent reaction stages. 

The uncalcined product A is completely crystallized as 

KVO 3 (I and II). The I and II structures are similar yet dif- 

ferent with respect to line intensities and consequentlY to 

the location of atoms in the lattice. The crystallographic sys- 

tem has not been identified. By calcination, polyvanadates 9f 

V2Os/K20 ratio equal to 5/3 and 5/2 are formed. 

One can notice that in stage B, unlike the Co,F and F o 

stages, the amorphous nucleus incorporates only partially 

vanadium and separates it on calcination, as well-crystallized 

sulfur and vanadium polyanhydrides. 
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Table 2 

Phase composition of the active material in 

various stages of preparation 

System 
t = ll0~ 

Sample Phase comp. Sample 

t = 380~ 

Phase comp~ 

V-K 

KVO3(I) 

A KVO3(II) A 2 
unident.lines 

K3V5OI4 

K4VI0021 
VO 2 

V-K-Fe 

amorphous 

V10024 .12 H20 

B B 2 

amorphous 

K3Fe(SO4) 3 

KFe(SO4) 3 

K2V6S2022 

K5V2SI9069 
a-Fe203 

V205 

V-K-Fe 

amorphous 

C o Co2 

amorphous 

K2VsO21 
KFe(SO4) 3 

V203 

V-K-Fe-Mn 

amorphous 

F K2SO 4 F 2 

amorphous 

K2SO 4 

m-Fe203 
D phase 

(continued) 
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(Table 2 contd.) 

V-K-Fe-Mn F o 

amorphous amorphous 
Fo2 s-Fe203 

K2VlsO45 

amorphous amorphous 
K2SO 4 K2SO 4 

V-K-Fe-Mn K 
VO 2 K 2 VO 2 

D phase 

amorphous amorphous 
K stripped K d K~SO. K^SO. 

z ~ Kd2 DZph~se 
V4OII 

Beginning from stage F, K2SO 4 is separated from the amor- 

phous nucleus. The disappearence of the K2SO 4 from the F o phase 

is explained by its total elimination, following purification 

of the sample. 

On calcination, the amorphous phase becomes partially or- 

dered by removing the vanadium as sulfur and vanadium polyan- 

hydrides and the iron as mixed sulfates and/or s-Fe203. 

The appearance of an unidentified crystalline phase, called 

phase D, is noted in the intermediate (F 2) and in the final 

product before coating (K2)'and after stripping (Kd2) of the 

support. According to interplanar distances d and to relative 

intensities Ire I this phase corresponds to the D phase mention- 

ed by Kursheva et al. [3]. Table 3 lists comparatively, our 

data and Kursheva's data concerning the D phase. 

These authors consider that phase D is the active cc~pcment 

of the V-Fe-Mn-K system for the partial oxidation of anthraoene 
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Table 3 

Interplanar distances and relative intensities 

of the D phase 

Sample F 2 Ref.3 

d{A} I/I 0 d(A) I / I  o 

3.46 ~i0 3.50 

3.22 50 3.26 

3.14 I00 3.16 

3.06 i00 3.07 

2.13 i0 2.12 

2.08 

1.99 5 2.01 

1.95 10 1.95 

1.65 15 1.65 

1.43 

20 

65 

i00 

95 

25 

20 

20 

15 

30 

20 

to anthraquinone. The compound has not been identified, but it 

was suggested that it contains the vanadium stabilized as V 5+, 

probably, as V03 or VO4 groups. 

Data in Table 2 show that the appearance of the D phase 

takes place only in the stage F, which suggests that the cata- 

lytically active compound is separated only after introduction 

of the manganese salt into the system. The above data support 

the hypothesis that the manganese is the promoter of the active 

phase formation, typical for this system." 

It is Worth noting that in simple Fo2, corresponding to 

sample F 2 from which the K2SO 4 was completely removed by puri- 

fication, phase D was hardly detected. Conversely, when the 

K2SO 4 is reintroduced into the system (K 2) theD phase dis- 

tinctly reappears. 

This finding allows us to correlate in a first hypothesis, 

the appearence of the D phase not only with the content of 
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manganese but with that of K2SO 4 as well; this latter seems to 

favor crystallization of the active phase. 
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