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Abstract

New aliovalent-doped chromium oxide and fluoride catalysts have been prepared by coprecipitation techniques to obtain solid solutions
The catalysts have been characterized by, e.g., X-ray, BET, and pyridine adsorption analysis, and tested for their catalytic activity in the gas
phase reaction of £Cl4 with HF. The latter reaction involves several consecutive steps and produces the expdt@idRg (x + y = 5)
compounds, but also some perhalogenated compounds the formation of which needs further explanation. Reaction data obtained with
(Cr,Mg)(F,OH), catalyst were used to calculate reaction rates and activation energies of all the consecutive steps which could be successfull
used to predict the reaction outcomes under varying experimental conditions.
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1. Introduction affects the catalytic properties. Hengealumina has been
modified with alkali [8,9] and alkaline earth [10] metals,
A wide range of solid catalysts is in use for heteroge- and with d-elements [11-15]. Chromia, modified with zinc,
neously catalyzed fluorination reactions. Oxides, oxofluo- nickel, or magnesium by means of an impregnation tech-
rides, and fluorides of aluminium and chromium are suitable nique, has been investigated recently [16]. Zinc is described
fluorination catalysts [1,2]. The catalyzed halogen exchangeto generate enhancedly catalytic surface sites, although the
reactions involve GIF exchange [Eq. (1)], hydrofluorination  bulk structure of the chromia host is not affected. The other
[Eq. (2)], dismutation [Eg. (3)], and isomerization [Eqg. (4)], metals like nickel and magnesium are reported not to exhibit
this special effect, which is in agreement with reports by
R—Cl+HF — R-F+HCl, @) other authors [17,18]. Since most of these catalysts were pre-
X2C=CX3 + HF - X2HC-CFX (X = halogen, 2) pared by impregnation techniques, it is very difficult to draw
2CChF-CCIR, — CCl—CCIR, + CCLF-CHR;, ©) decisive conclusions about the real catalytic phases formed
at the surface. For a deeper understanding, the formation of
CHF-CHR; — CHzF-CRs. ) solid solutions (e.g., by coprecipitation) as long as it results
Dehydrohalogenation reactions, which can be regarded ash homogeneous solid solutions allows a better assignment
the back reaction of (2), might principally also be consid- of the observed effects. However, for some systems solid so-
ered. Usually, all these processes start with the respectivelutions cannot be formed even by employing coprecipitation
oxides as catalyst, although it has been proven that the ox-methods because this mainly depends on the intrinsic prop-
ide materials become at least partially fluorinated by the erties of the system itself.
haloalkane in the course of the activation [3-7]. Itis further- ~ Among the above noted halogen exchange reaction, the
more reported, that partial substitution of the metal cation transformation of C-Cl bonds into C-F bonds by fluo-
rination of respective chlorinated alkanes is one of the
— _ most important industrial reactions because this involves
Corresponding author. .
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thesis is more complicated. One of the reasons for signifi- washed with a small amount of deionized water and ethanol,
cantly more complicated reaction systems is the instability dried at room temperature, and then calcinated at°€20
of hydrogen-containing haloalkanes against ethylene forma-(2°C/min from room temperature to 42C) for 2 h in
tion by splitting off HX. There are three interesting-C N under a self-generated atmosphere. The (Cr,Mg)(F,OH)
HFC series: @H3Y3_ Xy, CoH2Y 4y X, and GHY5_ X, fluoride samples were prepared by adding the ethanolic so-
(Y =Cl, X=F, x =0-3,y = 0-4,z = 0-5). For the syn- |ytion of chromium and magnesium nitrates into 40% HF
thesis of CHCF; (HFC-143a) and CbFCF; (HFC-134a),  aqueous solution as described previously [21]. Before catal-
respectively, the mechanistic pathway of these catalytic re- ysis experiments were run, all samples (0.5- to 0.8-mm par-
actions has been investigated in detail [19,20]. It was shown ticles) were first pretreated in situ at 38D under N for
that, starting with the respective chloroethylenes, the re- 0.5 h and then fluorinated at 40 in a gas mixture of
action system consists of competitive/Elexchange and 7'0 ml/min HE and 6.3 mimin Ny for 2 h. The fluoride
dehydrohalogenatigiihydrohalogenation reactions. Hence, ' L 2 ' .

; N : . ; catalysts were designated (Cr,M)(F,QHY (M = doping
olefin formation is a crucial step in these reactions. How- } :

metal; Y= mol% of doping metal).

ever, no comparable investigations of the reaction course in ) . o .
X-ray powder diffraction characterization was carried on

the GHY5_.X; series has been done by now. . . L
Hence, this paper deals with the study of new aliovalent- XRD 7 Seiffert-FPM with Cu-K radiation. BET surface

doped chromium oxide and fluoride catalysts, which are &'€@ and desorption pore volume distribution were measured
used in the catalytic fluorination reaction of tetrachloroethyl- On @ Micrometrics ASAP 2000 analyzer using ks the

ene by gaseous HF to obtain derivatives of thél€s_. X adsorbent. Fluoride content was determined as previously
series. The formation of £Ys_. X series products was also  described [22]. The characteristic data for related samples
investigated. are summarised in Tables 1 and 2. The number in the sample

name refers to the molar percent of the doping metal.
FT-IR photoacoustic pyridine adsorption spectroscopy
2. Experimental (pas) was done as follows. About 80 mg sample was pre-
treated at 150C under a nitrogen flow of 35 minin for
The oxide samples were prepared by addinga 3 MNH 15 min, and then 60 pl pyridine was injected to the sam-
H20 solution to the aqueous solutions of the correspond- pje tupe. The sample was flushed with nitrogen for another
ing metal nitrates (Cr and V) or chloride (Zr) to a pH value 15 min 1o remove physisorbed pyridine. A spectrum of the
of 8 to 9. After ageing at about 9C for 1 h, the precipi- g5 h1e was taken at room temperature using an MTEC cell
tantsowere f||tr.ated and washed yvnh deionized water, dried and FT-IR System 2000 (Perkin-Elmer). A spectrum of the
at 80°C overnight, and th.en calcme_d at 34D for 8 h un- . sample without pyridine absorption was also taken as back-
der Nb. Before the catalysis tests, oxide samples were fluori- ground.

nated in situ. The samples (0.5-0.8-mm particles) were first Temperature-programmed desorption of ammoniagNH
pretreated at 300C under N for 0.5 h and then fluorinated P prog P

at 400°C in gas mixture of 7.0 rfimin HF and 6.3 mimin T'PD.) was employed fpr the determination of the strength
N for 2 h. All the characterizations were performed on the distribution of acid sites. About 200 mg sample (0.3-
partially fluorinated samples. The oxide catalysts were des-0-2-Mm diameter fraction) was pretreated under nitrogen
ignated CrQ and CrMOY, respectively (M= doping metal, (35 ml/min) at 400°C for 1 h, then cooled to 12T, and
V or Zr; Y = mol% of doping metal). then exposed to NiI The physisorbed ammonia was re-
The (Cr,V)(F,OH) and (Cr,zr)(F,OH) fluoride samples ~ moved over 1 h at 120C. After cooling to 80C, the TPD
were prepared by adding the ethanolic solution of chromium program (10C/min, up to 460C, keeping 30 min) was
nitrate into 40% HF aqueous solution in which appropriate started. The desorption of ammonia was monitored by con-
amounts of ZrO(N@)2 - xH>0 or V,03 were predissolved.  tinuously running IR spectroscopy (FT-IR System 2000,
After stirring for 0.5 h, the precipitants were filtrated and Perkin-Elmer).

Table 1

Composition, specific surface area, and intensity of photoacoustic pyridine adsorption (pas) band at74f# foorinated oxide catalysts
Catalyst Composition F content (%) Surface ared/@) Intensity of pas band
Crox CroOy 04F0.92 20.38 152 %
CrvO5 Cip.95V0.0501.11F0.78 17.58 231 17
Crvo10 Co.90v0.1001.13F0.75 16.94 177 )
CrvO15 Ci.85v0.1501.18F0.65 14.85 171 1%
Crvo3o Co.70Y0.3001.14F0.72 16.37 126 o
CrZrO5 Ci.952r0.0501.19F0.67 14.92 137 1a
Crzro10 Cb.90Zr0.1091 12F0.86 19.79 127 12
CrZr020 Ch.802r0.2001.00F1.20 23.17 107 189

Crzro30 Cb.70210.3000.95F 1 41 25.35 77 15
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Table 2

Composition, specific surface area, and intensity of photoacoustic pyridine adsorption (pas) band at 14f# @inoride catalysts

Catalyst F content (%) XRD Surface are&?(n) Intensity of pas band
Cr(F,OH), 41.57 Amorphous 8 29
(Cr,V)(F,OH). /5 39.99 Amorphous 5 13
(Cr,V)(F,OH), /10 40.28 Amorphous B 15
(Cr,V)(F,OH), /26 41.35 Amorphous .0 19
(Cr,V)(F,OH), /46 44.85 Amorphous R -
(Cr,Zr)(F,OH), /5 39.23 Amorphous 4 11
(Cr,Zr)(F,OH), /15 36.53 Amorphous B 21
(Cr,Zr)(F,OH), /30 43.67 Unknown a 18
(Cr,Mg)(F,OH). /60 52.21 Mgh 106 79
(Cr,Mg)(F,OH), /80 54.19 Mgh 106 126
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Fig. 1. FT-IR photoacoustic pyridine adsorption profiles of chromium oxide catalysts with different dopants.

Catalytic tests were carried out with the in situ pretreated the fluoride catalysts (Table 2), all chromium oxide-based
samples using a flow reactor (nickel tube). The catalytic re- catalysts had quite high surface areas and high intensities
action was investigated using a gas mixture of 1.Z2mih in the FT-IR photoacoustic spectra of pyridine adsorption.
CoClg + 7.0 ml/min HF + 6.3 ml/min Ny. A contact time As shown in Fig. 1, vanadium-doped catalysts had more or
of 10 s was used for the regular test at different tempera- less similar spectra of photoacoustic pyridine adsorption to
tures. The gaseous product mixture was analyzed on-line,that of the undoped chromium oxide, while the spectra of
after passing a solid NaF HF scrubber, by GC-FID with a zirconium-doped catalysts showed much higher intensity at
10% SE 30 Chromsorb column. In addition, GC-MS and 1452 cnt which is characteristic of Lewis acid sites and
19-F NMR were used off-line for identification of the by- 1548 cnt! which belongs to the Bronsted acid sites. How-
products. For that, samples were collected by passing theever, it is worth noting that pas intensities can be regarded
HF-free effluent through an ice-cooled CH@NaF slurry.  semiquantitatively at its best, despite giving pas intensities
The solution obtained was subjected to GC, GC-MS (Shi- in Tables 1 and 2.
madzu QP 5000, PONA 50 m capillary), andfF NMR
(BRUKER AX 300, CCEF extern).

3. Results and discussion acro,

b CrZrO,

3.1. Partially fluorinated oxide catalysts ¢ Crvo,

3.1.1. General physicochemical properties
X-ray powder diffraction showed that all the samples

were in an amorphous state. As can be seen in Table 1, mod-
ification of chromium oxide with vanadium and zirconium .
resulted in substantial changes in the specific surface areas. : . . A
Samples doped with vanadium had higher specific surface
areas than pure chromium oxide, while the addition of zir-
conium decreased the surface area. However, compared to Fig. 2. NH;-TPD profiles of selected oxide catalysts.

NH, desorption (IR Intensity)

.....

Temperature/ °C
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Fig. 3. Catalytic property of fluorinated chromium oxide CrOx. (A) Effect of reaction temperatures at a contact time of 10 s. (B) Effect of contact time a
330°C.
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Fig. 4. Conversion of &Cl4 and its selectivity to various HCFCs on fluori- ) . . . .
nated CrVOY (Y=0, 5, 10, 15, and 30) catalysts. Fig. 5. Conversion of @Cls and its selectivity to various HCFCs on CrvVO5

at different temperatures.

For selected samples, NFTPD measurements were fur-
ther performed to characterize the strength distribution of the i , )
acid sites (Fig. 2). Vanadium-doped sample CrvO5 showed compounds; however, it was evident that reaction tempera-
similar distribution to CrOx, whereas addition of the same {Ureé had a more profound effect. _
amount of zirconium decreased the average strength of the F19- 4 shows the results of the catalytic tests of vana-

acid sites. dium-doped samples at a reaction temperature of°860
It can be seen that increase in vanadium content caused a
3.1.2. Catalytic activities dramatic decrease in the catalytic activity and likewise in

The catalytic test was first carried out on pure chromium the selectivity toward HFC-125, but an increase in the for-
oxide under different reaction conditions. Fig. 3 shows the Mation of lower fluorinated compounds. Only the sample
effect of reaction temperature at a contact time of 10 s and With 5% vanadium, CrVOS5, exhibited conversion and selec-
the effect of contact time at a reaction temperature of’g30  tivity similar to those of pure chromium oxide, though all
on the conversion of £C1, and the product distribution. ~ vanadium-doped samples had high surface areas and similar
It can be seen that at 36Q the conversion of §€Cl, was acidities as characterized by photoacoustic pyridine adsorp-
highest reaching 78%, yielding mostly (40%) HFC-125, the tion. This means that the number of the surface acid sites is
highest fluorinated HFC, besides some HCFC-124 and quitenot the only parameter affecting the catalytic property.

a lot CFC-114. With reduced reaction temperature, the con-  The catalytic behavior of CrVOS5 at different temperatures
version decreases, and the selectivity to HFC-125 decreasewas also investigated at a contact time of 10 s. As shown in
significantly, too, while less fluorinated compound became Fig. 5, the change in the conversion of@, as well as the
predominant. Besides reaction temperature, change of theselectivity to HFC-125 with reaction temperature was much
contact time also had an effect on both catalytic activity and more significant compared with that of pure chromium ox-
selectivity. Longer contact times resulted in higher conver- ide, which indicates that the activation energy on CrvVO5 is
sion of GCls and increased formation of higher fluorinated higher than that on CrOx. Under all conditions tested (viz.
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90 ] 270°c, 10s R erzeos 360°C, the selectivity to HFC-125 on CrZrO5 was only
80 Emarzote 17% compared with 40% on undoped CrOx, even though
70 - BEHH CrZr020

Percent

N ~a .z:l:
ConvCCI,CCIF 123 124 125 113 114

the conversion of &Cls was also quite high in the former
case. However, these zirconium-doped samples produced
much more HCFC-123. Thus the sample with 20% zirco-
nium, CrZrO20, gave 61% selectivity toward HCFC-123,
however, with a medium conversion (53%) of@,, and it

may be a good candidate for the production of HCFC-123.

+M22 The appreciable selectivity of CrZrO catalyst can be proba-
bly attributed to its lower strength of the acid sites as shown
in the NHs-TPD profiles.

100+

o CrOx
90] 320°C, 10s B CrzrO5
80 ] == crzr010
[II111 Crzro30
70z BFE Crzr020

Percent

3.2. Fluoride catalysts

3.2.1. General physicochemical properties

The composition, surface area, morphology, and Lewis
acidity of some fluoride catalysts are given in Table 2. Sim-
ilar to undoped Cr(F,OH) the vanadium- and zirconium-
doped catalysts were also in an amorphous state except
(Cr,Zr)(F,OH),/30, and had low surface areas. In contrast,
(Cr,Mg)(F,OH), samples with high surface area displayed
XRD patterns of Mgk (Fig. 7). However, the diffraction
peaks of (Cr,Mg)(F,OH)/60 and (Cr,Mg)(F,OH)/80 are

12122 much broader than those of pure Mglnhdicating that the
crystal size of Mgk had become much smaller, resulting
in a much higher surface area. This point is further sup-
ported by the pore-size distribution shown in Fig. 8 on the

100- ——— assumption that the pore size is of the same level as parti-
0] 360°C, 10s S Crzr05 cle size. In Fig. 8, Mgk shows a narrow peak centred at
80 ] B Crzro10 400 A, while (Cr,Mg)(F,0H)/80 shows also narrow peak
70 % g:i:ggg but with a much smaller size of 35 A. In the pore-size distri-
60 bution profile of (Cr,Mg)(F,OH)/60, t'here is a very broad
£ ] peak between 300 and 1500 A besides the narrow peak at
g 40, 35 A. Referring to the broad peak of Cr(F,QH)t can be
e deduced that there is some isolated amorphous Cr(k,OH)
30 X phase in the sample of (Cr,Mg)(F,OHPO0, while in the
f‘;: 7 é d-A 1 sample of (Cr,Mg)(F,OH)/80, the chromium species is ei-
o] ? ‘ 55 ?§§E §.5_ N ther dispersed on the surface of Mgparticle or incorpo-
ConvCCLCCIF 123 124 125 113 114
+122 a (Cr,Mg)(F,OH)x/60
Fig. 6. Conversion of €Cly and its selectivity to various HCFCs on :E,’:Mg)(F’OH)Xlso
CrZrOY (Y =0, 5, 10, 20, and 30) catalysts at different temperatures. z
Figs. 4 and 5) there was a substantial formation of fully halo-
genated CFCs, mostly of CFC-114a.
The catalytic properties of zirconium-doped samples
were investigated at three different temperatures (Fig. 6). l
The catalytic activity decreased with increasing zirconium
content, but not so dramatic compared with that of vanadi- g
um-doped samples. The conversion decreased from 80 to a
50% when zirconium content increased from 5 to 30%
though the number of the surface acid sites increased, too.
The effect of the reaction temperature on the catalytic activ- 20 0 5% 6 70

ity was similar to those observed with pure chromium oxide
and vanadium-doped samples, but the selectivity changed
significantly. For example, at a reaction temperature of

2theta/®

Fig. 7. XRD patterns of (Cr,Mg)(F,OH)samples.
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Fig. 9. NH3-TPD profiles of Cr(F,OH) and (Cr,Mg)(F,OH) /60.

rated into the lattice of Mgfto form a solid solution, but

there is no evident shift in the XRD peaks.

As shown in Table 2, V- and Zr-doped chromium flu-
oride samples had most probably only small amounts of conditions. The highest selectivity to a special product can
Lewis acid sites on their surface. On the other hand, (Cr,Mg) be possibly obtained by modulating the reaction conditions.

Table 3
The results of the catalytic measurement for fluoride catalysts

13

(F,OH), /60 and (Cr,Mg)(F,OH)/80 show higher intensities
comparable to that of oxide catalyst in FT-IR photoacoustic
spectra of pyridine adsorption. NHI'PD profiles were also
measured for (Cr,Mg)(F,OH)60 and Cr(F,OH), and they
are shown in Fig. 9. Clearly, (Cr,Mg)(F,OH)60 has many
more acid sites than Cr(F,OH)and the strength of the acid-
ity is also enhanced.

3.2.2. Catalytic activities

The results of catalytic tests for fluoride catalysts are
listed in Table 3. Chromium fluoride as well as V- and
Zr-doped catalysts showed relatively low activities because
of their low surface areas and fewer acid sites. The main
products from these catalysts were the lowest fluorinated
HCFC-122 and CGICCIF, the latter is possibly derived from
HCFC-121. Among the higher fluorinated products CFC-
113 and CFC-114a were always present; in all experiments
the sum of their respective selectivities exceeded the sum of
the selectivities of the other minor products. As expected,
(Cr,Mg)(F,OH),/60 and (Cr,Mg)(F,OH)/80 were quite ac-
tive, and the main products were higher fluorinated HFC-125
and HCFC-124. And most interestingly, they produced al-
most no CFC-110 series by-products.

3.3. Theoretical calculation

The results of the catalytic measurements indicate that the
fluorination of tetrachloroethylene with HF proceeds via a
complex system of consecutive and competitive reactions.
Besides the expected HCFC-12X series compounds, chlo-
rofluoroethylene with varying fluorine numbers and certain
amounts of CFC-11X series (which are also observed in in-
dustrial processes) are also formed (see later). Ignoring these
products, a simplified reaction pathway can be summarized
in Scheme 1. The distribution of the products depends not
only on the activity of the catalyst, but also on the reaction

Sample Reaction Conversion Selectivity f6)
condition (%) CCHCCIF+ 122 113 123 114a 124 125
Cr(F,OH) 360°C, 10s 14 58 ] 45 14 15 33
(Cr,V)(F,OH) /5 360°C, 10 s 6 53 72 32 15 0 52
(Cr,V)(F,OH), /10 360°C, 10s 91 66 62 43 83 0 30
(Cr,V)(F,OH). /26 360°C, 10s 46 35 11 0 37 0 16
(Cr,Zr)(F,OH) /5 360°C, 10 s 14 47 14 a 14 0 32
(Cr,Zr)(F,OH), /15 360°C, 10s 10 68 3 9.7 15 0 13
(Cr,Zr)(F,OH). /30 360°C, 10 s 53 54 18 7.8 12 0 0
(Cr,Mg)(F,OH), /60 360°C, 10s 78 0 10 5.9 0 22 67
320°C, 16 s 69 0 10 18 0 40 34
320°C, 10s 66 O 0.8 20 0 44 27
320°C, 4 s 41 17 B 31 80 33 11
280°C, 10s 36 27 o 53 0 18 (0s]
(Cr,Mg)(F,OH),/80 360°C, 10's 58 10 g 11 0 18 54

@ The rest are 112, 121, CiIF; traces of CHCIFCCIE are included in 123; traces of 115 are included in 125.
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CCLCCIF CCL,CF, CHCIFCCIF, CHF,CCIF,
HF +HF
T-HC]\ ¢ H& ) i .
ccLech, THE CHCLCCLF ---» CHCLCCIF, MY cHCl,cR, HHE CHCIFCFy > CHF.CF;
_HCI -HCI -

HCFC-121 HCFC-122 HCFC-123 HCFC-124 HFC-125

Scheme 1. Reaction pathways of the catalyzed fluorination of tetrachloroethylene with HF (bold arrows, probable path; dotted arrow, lessthjobable pa

In order to estimate the influence of reaction temperature,
contact time, and HFC,Cly ratio on the distribution of the ]
products and the conversion obCl4, theoretical calcula- 0,07 ccl
tions were performed on (Cr,Mg)(F,OH)%0 which pro-
duces almost no by-products.

A mathematical program was applied which has already
been applied and in detail described for the isomerization
reaction of CECICFRCI to CRRCFCb that also consists of

280°C, 6:1

Concentration / mol/mol
o
b3
1

a system of equilibrium and consecutive reaction steps [23]. 0.027 24

Using this program and the experimental data obtained un- 0,014 125

der different conditions (Table 3), one can calculate reaction 0,00 ——————————————————
0 5 10 15 20 25 30

rates and activation energies of all reaction steps involved,
and, consequently, calculate the theoretical product distribu-
tions at other reaction conditions. In Fig. 10, the comparison 0,09+
of the results of theoretical calculation with the experimental 0,08 320°C, 6:1
data is shown. Evidently, the theoretical calculation agrees
well with the experimental data. From the theoretical calcu-
lation, it can be seen that at 320 and an HIFC,Cl, ratio

of 6:1, short contact time< 6 s) favors the formation of
HFC-123, medium contact time (6—16 s) results mainly in
HFC-124, and with contact times longer than 16 s, HFC-
125 becomes the dominant product. The calculation shows
that at constant HFC,Cly ratio, an increase in the reac-
tion temperature can be compensated by decreased contact
time to get similar product distributions. In addition, the in-

Contact time /s

Concentration / mol/mol

fluence of the HFC,Cl,4 ratio on product distribution was Contact time / s

also calculated (Fig. 11). Interestingly, HFC-125 can be- 0,09

come the major product even at a HF;Cl4 ratio of 4:1, 0,08- 360°C, 6:1

i.e., with less than the stoichiometric amount to form HFC- ;]

125, provided the contact time is long enough. And natu- § 0.06. 125

rally, increase in the HRC,Cly ratio will greatly decrease 2 C.Cl,

the contact time needed to get similar results. However, the ‘g 0.051

influence of the reaction temperature seems more significant % 9041

than that of the contact time. At 32C and HF C,Cl4 ra- § 0,03

tio of 10:1, HFC-125 becomes the main product when the  § o002] 124

contact time exceeds 8.5 s. But at the lower/B§Cl, ratio © 0,01 123

of 6:1 and a higher reaction temperature of 360 HFC- 0,00 e
125 becomes the main product at contact times of more than 0 5 10 15 20 25 30
4.5 s (Fig. 10). This means that the lowest contact time to Contact time / s

get HFC-125 is significantly decreased at the higher temper- i i o )
ture. According to the results of the theoretical calculations Fig. 10. Comparison of the results of theoretical calculation (line) with the
a ’ 9 ' experimental data (symbol).

it is possible to choose suitable reaction conditions to get a
specific target product.
were formed in addition to the aimed HCFGHY5_, X -
3.4. Formation of CFC-110 series products series compounds. The formation of, e.g., CFC-114a, and
of CFC-113 and CFC-114, which have been confirmed both
Under all reaction conditions tested, different amounts of by 1°F NMR [24,25] and by GC in comparison with au-
fully halogenated compounds, i.e., of the CFC-11X-series, thentic samples, cannot be explained on the basis of con-
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Fig. 11. Results of the theoretical calculation of the products distribution under different conditions.
. . — . . e 8 1315
secutive addition and elimination reactions as exemplified 14 16
in Scheme 1. Speaking in terms of reaction types, an ox-
idation reaction had to take place. Whereas the presence
of oxygen could be excluded, there is a small possibility,
though a very unlikely one, that species with higher oxida-
tion states in the chromium catalyst act as oxidative agents.
To exclude this, an experiment was performed under identi-
cal conditions but with pure MgFas catalyst. Th&°F NMR
spectrum of the effluent is shown in Fig. 12, and the assign-
ment of the spectrum is given in Table 4. As can be seen from 21
Fig. 12 and Table 4, even with an MgEatalyst totally halo-
genated CFCs have been formed in course of the reaction of
C,Cl4 with HF. A quantitative evaluation of the NMR spec-
trum (Table 4), based on peak integration and subsequent
normalization according to the numbers of F atoms in the
respective molecules, revealed that the totally halogenated
compounds amount to about 33.5% of the mixture. This fig-
ure is in good agreement with the GC data. The results with | : | : | : |
MgF; indicate that any oxidative action of the catalyst can be 50 80 -100 120 -140 160
excluded as cause of CFC formation. Disproportionation is
; . ) ppm

another possible way of CFC formation. However, starting
from HCFC-GHYs_,X,-series molecules, for each CFC Fig. 12.19F NMR spectrum of a product mixture from the reaction ol
molecule formed one molecule of thel>X,Y 4, series with HF over MgPR,.
must be formed, too, as exemplified schematically in Eq. (5).

A further reaction pathway yielding CFCs starts from
2CHX Y5—x = CoXy Y6y + CoH2X: Ya—; the primary product, CHGCCLF, which might undergo
(X, Y=CI, F;x=0-5 y=0-6 z=0-4). (5) dechlorination whereby the chlorine formed should re-
act with, e.g., GCls giving C;Clg as starting compound
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Table 4 comparable with that of pure chromium oxide. And it is
Analysis of a product mixture obtained with MgEatalyst by its!%F NMR worth noting that Cr—Zr—O samples show much reduced se-
data

lectivity to HFC-125 but quite high selectivity to CFC-123.

Compound Peak No. Peakarea  Areadvided Relative  This different selectivity can be probably attributed to the
in Fig. 12 by No. of  concentration  jower strength of the acid sites.

F atoms ©6) 3. Chromium hydroxofluoride as well as V and Zr-doped
F1ll L 2.46 2.46 2 samples show relatively low surface areas and low catalytic
Fll12a 2 0.3 0.15 a L L
F113 5410 6234293 305 a activities whereas (Cr,Mg)(F,QI;_I)gampIes with high sur-
F114 8 12.91 323 8 face areas show very high activities and produce almost no
Fll4a 12+16  218+7.38 2.39 7 by-products.
F123a 3+44+6 124+201+181 2.93 87

+74+20 4124253

F123 13 18.37 6.12 18
Fl2da 1419 161+171 0.83 % References
F124 15+21  2461+45.57 7.55 224 3
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