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SUE&WRY 

1.1.102 - Tetrafluoroethane was prepared from isomeric 

mixtures of dichlorotetrafluoroethanes through seleutive hydro- 

genolysis of CF -CC12F catalyzed by Pd/C. The other isomer 

CC1F2-CC1F2 app ared more stable to hydrogenolysis and was only d 
converted pnrtiaS.l.y to the monohydrogenated derivative 
CIlt? -cc1i: l 

" Tile &fluenccsof the three most important operating para- 

meters were define:! on the basis of a statistical testing pro- 
gram. 

The mathematical elaboration of tile experimental data al- 

lowed definition of the relationships by which it is possible 

to foresee conversion of CF3 -CC12F, yield of CFa-CHzF and con- 

centration of reaation products, suoii as CF34&& CF~-CHZF, 
CF3-CIiClF arid CClF@XFi in terms of the above parameters. 

INTRODUCTION 

l,l.la2 - Tetrafluoroethane (A 134a)*, mixed with other 

compounds, is useful as a refrigerant, heat transfer medium, 

gaseous dielectric, expansion agent, aerosol propellant and 

solvent (l,a. 
Chlorofluorocarbons have comparable uses but the problem 

of their interaction with atmospheric ozone, and the imposition 

of a ban on their use, is well known. 

So far, tetraQluoroethane has been obtained in low yield 
from trichloroethylene and l.l.l- trifluoroethylchloride c3,4,53 

or from unusual raw materials (trifluoroethyl ester of p-tolu- 
ene-sulfonic acid and trifluoroethylene) b,7]. 

(0) A is an abbreviation for registered Flontedison trade mark 

ALGOFRENE (chlorofluorocarbon). 
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:;'c had the opportunity of investigating the synthesis star- 
ting from 1.1 - dichlorotetraPluoroet!lanc, which is industrial- 
ly obtained together with 1.2 - dichlorotetrafluoroethane by 
means of chlorofluorination of ethyleneD-12 . On the basis of 

what is already found in literature about the hydregenolysis 

of the C-Cl bondfi3-14 we investigated the hydrogenation on S$ 
palladium on charcoal. The investigation on the operating para- 
meters was conducted on a statistical basis. 

RESULTS AND DISCUSSION 

Using palladium on charcoal we found initially that, 
- the most important operating parameters for hydrogenolysis 

are temperature, contact -time and molar ratio of the reagents; 

- 1,l - dichlorotetrafluoroethane undergoes liydrogenolysin to 

1.101.2 - tetrafluorocthale already at 120°C; 

- 1.2 - dic?Jorotetrafluoroethane isomer does not undergo hydro- 
genolysis to 1.1.2.2 - tetrafluorocthane even at 200°C, but 

is only converted to 1-chloro-101.2.2 - tetrafluoroethane 
(monohydrogenolysis) to a more limited extent* 

The results of the most significant tests at 170°C using 

isomeric mixtures of dichlorotetrafluoroet!lanes are illustrated 
in LADLE 1 :the low reactivity of CClF -CClF 

Cn tile other hand tile sum of the produ&s 
(A 114) is evident. 

frzm asymmetric di- 
chlorotetrafluoroetllane (A 114a) slishtly excec:tls (by about 2s) 

the amount of tilis ispmer in the original mixture : tilis is due 

Lo some isomerization of tile synime-tric dichlorotetrafluoroethanel 
as found in a separate test(at 240°C and 22 sec.). 

Soon after the completion of this please of the investigat 
tion , sur.ul:arized in a patent ap;licationClc] , similar results 
appeared in another patent application [2O]. Therefore more 

precise experimentation was carried out. 
Dichlorotetrafluoroethane containig 75% of the l.l-isomer 

was used; this type of mixture, produced industrially, empha- 
sizes the selectivity of hydrogenolysis upon the two isomers. 
The test set. (eighteen) was planned on a statistico-mathema- 

tical basis&l-%4 . Independent variables we're: 

temperature ranging from 120°C to 240°C 
contact time ranging from 10 to 35 seconds 

molar laatio hydrogen/dichlorotetrafluoroethane ranging from 

2 to 4. 
The following dependent variables (Y) were considered: 

dichloro-~c.tr,~:luoroet!lane conversion (Y ) 
yield of i.l.l.2 - tetrafluoroethane (A'l34a) (Y2) 
concentration of 1.1.1.2 - tetrafl.uoroethane (A 134a) in the 
organic products (Y,) 
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concentration of lolet - trifluoroethane (A 143a) (Y ) 

concentration of l-chloro-1.2,2,2 - tetrafluoroethan8 (A 

(Y ) 
co&entration ofl-c:Joro-loloZo2. - tstrafluorocthane (A 

0,) 
Tl1e statistical plan supplied as a mathematical model 

second degree pol.ynomial of tiie following type: cmpl ete 

Y I 

Wlerc: Y 

124) 

124a) 

a 

bO+ blxl + b2x2+ b3x3+ b x2 
11 1 

+ bZ2x; + b33x; + 

+ b12xlX2+ b13X1X3 + b23X2X3 
+e 

is .the ::eneric response for one of the dependent vsria- 

bles 

x1 
is the temperature 

x2 
is the contact time 

x, is the molar r*atio of the reagents 

bi is a constant 

bl> b2' b3 are the coefficents of t:le linear terms of 

polynomial 

b 
11' b22* b33 

are the coefficents of the square terms 

the polynomial 
b b b 
12' 13' 23 

are the coefficents of the interaction 
terms of the polynomial 

e is the experimental error 

the 

of 

T:lc experimental results of tile test set are illusbrated 

in TABLE 2. 

Tlhs elaboration of these data allowed us to obtain the 

cocfficents and constants repor-ted in TABLE 3. 
The high percentage values of the last row show the good 

fit of the experimental data with the selected mathematical 

polynomial model. 
The equations permitted us to draw the curves representing 

the trend of the single respolise as a function of the three in- 

dependent variables. 
In the graphic representation the following values were 

consi&l*ed as the extreme values of the range for each va- 
riablc : 

x1 
f 145 - 215v 

x2 : 15 - 30 sec. 

x3 : 2.4 - 3.6 

Outside these ranges in fact one would pass out of the 
experimental domain. This clearly appears when considering 

that the experimental plan adopted does not involve any test 
where the extreme values of the three variables are simulta- 

neously taken into account (see TABLE 2). 
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Figure 1 shows that dichlorotetrafluoroethane conversion 

increases ai>preciably with temperature up to values almost eclual 

to the percentage of CF -CC1 Fin the feed mixture. however, the 

reagent molar ratio 3 2 arld contact time also aErect the conversion. 

Fi,gure 2 shows that yield of 1.1.1.2 - tetrafluoroethane 
decreases on increasing temperature; it appears slightly higher 
when intermediate contact times are used, but it is not appre- 

ciably afcected by tile reagent molar ratio. 
The trends of the curves of Figures 1 and 2 and the data 

reported in ,YADLE 2 (all referring to the isolileric mixture at 

755 CP -CC1 F) provide evidence that hydrogenolysis in the 

opera&g rsnges examined leads mainly to the following selec- 
tive conversion: 

CF3-CCl,F *--(+ CF3-C:IClF \ CF3-CH?F 
& 

while the symmetric isomer undergoes only monohydrogenolysis at 
low conversion levels according to the reaction 

CC1F2-CC1F2- CClF2-CIIF 
2 

Figures 3-6 show -tZle concentration trends of CF3-CI!3(A143a), 
CF34112F (A134a), CF3-CIIClF (A124) and CClF -CHF2 

the organic products in relation to tempera urea 2 

(A124a) in 

(Since the 

molar ratio H?I/C2C12F4 does not affect yield of AI43a and A124, 
the correspon ing FXC, res $ and j do not report curves at 
difPerent molar ratios). 

Figure 3 shows that the concentration of 101.1.2 - totra- 
Pluoroetirane in the reaction products rises on increasing tem- 

perature up to a maximum at 200°C; it tends to increase on in- 

creasing molar ratio and contact time. 

In Figure 6 the low concentration of l-chloro-1.1.2.2 - te- 
traflucroethane emphasizes the poor reactivity of symmetric di- 

ci~lorotetrafluoroethane; this is furtiler supl)orted by the ab- 

sence of le1.?*2 - tctrafluoroet!lane in the reaction products 

(TADLE 2)* The curve indicates an increase of the symmetric 
monohydrogenated compound (CClF -CHF ) 

with temperature above lsG"C. Elkeovk, 

with contact time and 

the effect of molar 

ratio is scarcPely meaningful. 

Gy setting three values for the hydrogen/dichlorotetra- 
fluoroethane molar ratio (2.4 - 3.0 - 3.6), three level maps 

.rcse obtained; they represent the various levels of dichloro- 

tetrafluoroethane conversion, yield of 1.1.1.2 - tetrafluoro- 

ethane and l-chloro-1.1*2.2 - te+rafluoroethane concentration 
as a function of temperature and contact time. 

Such level maps allow the definition of the operating 
conditions suitable for reproducing (within the limits of expe- 
rimental error) the three responses and, moreover, the selec- 

tion of the optimum operating areas, 
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molar ratio 2.4 = 3 ~3.6 

0 

140 160 180 200 220 

Zemperature OC 

Fig.4 CF3CH3 from hydrogen, 

of C2Cl2F4on Pd/C 

molar ratio 2.4 = 3 -3.6 

160 200 220 

temperature ‘C 

Fig.5 CFrCHCIF from hydrogen. 

Of C2C12F4 on Pd/C 
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For instance (Fig.7, molar ratio 3.6), to reach a conver- 
sion of 80% at a yield of 705, a temperature of l92OC and a 
contact time of 20 seco should be adopted: under these condi- 
tions a coproduction of l-chloro-l.lo202 - tetrafluoroethane of 

1.6% is expected. 

Figure 8 and Figure 9 are the other level maps at molar 

ratios 3.0 and 2.4, respectively. 

A mechanism for cleavage of the C-Cl bond in the reported 
system is not clear on the basis of the data so tar available. 

The following considerations can nevertheless be advanced: the 

higher reactivity of the group -CC12F in CF 

to the -CC1F2 in CC1F2-CC1F2 agrees with th ;3 

-CC12F with respect 

experimental fin- 
dings of other reactions, such as F/Cl substitution, and isome- 
rization and dispsoportionation of chlorofluorocarbons, where 
an "abstufung" of reactivity for the R-CC1 7 R-CC1 FWR-CC1F2 

'BR-CF series was observed[23,24,25)'. In'the rea&ion 
R-CC1 3F + SO 

tivit$*wag sho w4' 

investigated by us p6~, a difference in reac- 
between CF -CC1 and CClF -CC1 F'. 

All this could be expl 4. ined! for the $0~~16 CF 

d 

-CC1 F/ 

CC1F2-CC1F2, by the different positive charge on th reaient 
carbon atom: in one case it is due to the strong effect -I of 

-CF and in the other to the higher number of fluorine atoms 

whidh are "kinetically effective in preventing attack by a 
nucleophile on the carbon to which they are bonded" (Sheppard 

et alo, [27] )'. 

By comparing these hydrogenolysis reactions to the inter- 

actions between alkyl halides and transition metals, such as 

Ti and PC, investigated by Harrod and Skell, respectivelyk8, 
2q, we consider that a rapid dissociative adsorption-associa- 

tive desorption of the type 

R-C-C-X + 2S* -R-C-C-S*+XS 

(s* = univalent active site) may be postulated as initial step. 

The associative desorption of surface alkyd and surface hydride 
can then lead to the formation of the observed produatsr 

R-C-C-S* + HS* - -R-C-C-H + 2S* 

Kinetic investigation and a study with high-resolution 

mass spectroscopy are in progress with a view to clarifying the 
reaction mechanism. 

The fact that, in the case of the system CC1F2-CC1F2/ 

CF -CCQFthe second conversion CFs-CHClF-CF3-CH2F and not the 

on& .CClF2-CHF2-CHF2-CHF2 occurs easily, could be due to ki- 

netic factors deriving from the different concentration of the 

two intermediates in the reaction products'. 
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CONCLUSION 

1.1.1.2 -tetrafluoroethane is obtained from 1.1 - dichlo- 

rotetrafluoroethane by means of catalytic hydrogenation on 

alladium on ‘harcoal at atmospheric pressure. 

Mixtures of the two isomer dichlorotetrafluoroethanes can 
alsi be used since 1.2 - dichlorotetrafluoroethane undergoes 

only monohydrcgenolysis to l-chloro-1.1.2.2bl lltetrafluordethane 

in a very limited way. Hydrogenolysis is affected by tempera- 

ture, contact time and hydrogen/chlorofluorocarbons ratio. 
The effect of these parameters was quantified and expressed by 

means of a complete 2nd degree polynomial. By means of the cal- 

culation of these polynomials level maps were drawn;by which 

it proved possible to define the operating parameters, once di- 

chlorotetrafluoroethane conversionn yield of tetrafluoroethane 
and its concentration in the reaction products were prefixed. 

EXPBRIMBNTAL 

The apparatus (Fig. 10) mainly consisted of a stainless 
steel reactor (R) (length - 700 mm, i.d. = 45 mm)# heated out- 
side with electrical reDistsnce8 connected to an inside thermo- 

couple and containing 235 gr. of Pd/C (pellet form 3 x 1.5 mm, 
at 0.5% of Pd). 

Hydrogenolysis was carried out at atmospheric pressure by 
feeding hydrogen and dichlorotetrafluoroethane vapour, prehea- 
ted in E, through the reactor bottom. The organic reaction mix- 

ture was gas-uhromatographically and spectrometrically analysed. 

Analytical GLC work was carried out using a gas-chroma- 
tograph equipped with thermal conductivity detector and a 6 ht. 
copper column (i.d. 4 mm) packed with 15% (w/w) Polypropylen- 

g-)ycol UCON LB 550X on Chromosorb P 60/80 mesh. The isopleric 

ratio of dichlorotetrafluoroethane was determined by Infra Red 

spectrophotometry using a Perkin-Elmer Model 21 instrument and 

a glass cell of 10 cm. optical path with sodium chloride win- 
dows. Analytical bans used were: 1140 cm-' for the 1.2 - dichlo- 

rotetrafluoroethane and 1295 cm-' for the 1.1 - dichlorotetra- 

fluoroethane. 
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