UD C 547.412 : 546.16 1

5 7

1.

1,2-> 7wan=x 2 OFM7 - FE4
Z XA 7a OB

AN #E K fi
v I 1
fF 5

i

Preparation of Fluorocarbons from 1,2-Dichloroethane by Electrochemical

Fluorination

Hisashi Kisaki
Shunsuke Mabuchi

Toshio Sakomura

1,2-Dichlorothane (1) and trichloromethane (II) and carbontetrachloride (IIT) as the reference materials
of (I), were fluorinated to fluorocorbons in anhydrous hydrogen fluoride by the Simons’ electrochemical
process.

Total current efficiencies for fluorination of these materials seemed to be fairly low because of the
recombination reaction of the generated hydrogen and fluorine, but in our process the high curreut efficien-
cies were obtained by following conditions: high temperature, the addition of conductivity agents for the
lower cell voltage and the large proportion of raw material which separates into two phases in bath.

Under the optimum condition, the mean total current efficiencies were about 90%, 70%, 50% for the
fluorination of I, II and III .respectively.

Products obtained from I were CoFg, CoFgH, CoF5ClI, CF2HCFgH, CF3CFHCI, CFyCICF4Cl, very little
CF4 and some other 4~7 products still unidentified. The number of products obtained from the II and III
were seven and four respectively, which were all expected ones by substitution of fluorine for hydrogen
and chlorinc.

The ratio of fluorocarbons containing less fluorine in each molecule increases gradually with the passage
of time at hime at higher temperature and higher current density.

We explained such phenomena by solubility tendency from the results of the experiments conducted to
find out the solubility of those fluorocarbons in each raw material, i,e. some highly fluorinated products
are removed easily from the cell as gases, while a partially fluorinated ones accumulate in the cell.

Products obtained from the T were Fg compound 8 %, Fs 16%, F4 47%, F3 and the compounds containing
less number fluorine 31 %. II gave the fluorocarbons containing Fy compound 2%, F3 8%, Fy 19 9%, and
F1 71 9%, as for III gave Fy compound 39, F3 7%, ¥2 25 %, and F; 75 9. These compositions of
flons are one of the examples obtained under the conditions as follow: temperature, 10°c; current density,

20 A/dm?; raw material, 200 ml; additive NaF, 6 gr. in 550 ml AHF and amperage 90 Ah.
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A Electyolytic cell (made of nickel)

B Bypath

C Reflax condnser of AHF (—20°~-—15°c)

C1,C2 Const. temperature bath (20°c)

D Absorber containad NaF

I Inlet of AHF and sample

E  Gas washing bottle contained about 2x HaOH
and 1x NapSOg

Fy,Fy Flow meter

G Trap cooled by lig. oxygen

R Brain

S Gas sampling tube

P Pump

Fig. 1 Experimental apparatus
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Fig. 2 Relation of time and current efficiency

R2PBwREDFZ Y, & REE T % ¢
MR BIEET y FKALOBWMMBITE < T2 B D21 B,
FRREEC 12 % 5 T B ED CHIA S LI HEKT »
BARANFUB DI 2 3 X AV X W I 5 5 & Bbite
DTRY 7 THEREY B OOEM Lo k5E, i
BtRIe <902 T ED 7 o RILWHEA (RS & 72,

3.2.2 EDCiHEmEs 7 v RILOE TR

FUBHRIND D b HHNC B L0 2 BERIIC 3513 5
7y FILOBHMELY R L1023 TH s, 10°CT
BLET 3.5%, 0°CT7 %, -10°CCl0%L) [-5H4 %
L@ AUETO~E0%D 7 o FALIRA TF X Hic
bz,

3.2.3 BRBEL 7 v RILT MR $EIK T » ffrh
(CED Coi ol e CHE U E i a e B
» RAEDITA B D TO5KE, 2058/ &\ 5 B 7o

39

100p
N
\; 80_ o . ) [ ——
& — O ora——=0—
& N a
5 /*/ 0
£ 60k 4
$ {
- B
g i o 10°C
.9 40 o
£ & p & 0°C
& A
) */"-" a
. Lo 0~ o—10°C
o 201
[
3
Q -

0 1 i I 1 1 1 1 I

0 20 40 60 80

Added EDC (gr/700cc AHF)
Current dencity; 3A/dm? (current 15A), no stirring

Fig. 3 Relation of current efficiency and EDC
concentration

BIFCRIETBEOREY LO~XADNEL TH B, HE
DEBILVEELD. BULERBERAZRRAEC L5
NEEEDORL I 5 L BN D, HEMNIRETx
T2l % & BICK & I UL A S Dt ,

100 Pm 5

Current efficiency for hydrogen(%)
T 2 T 8 —r
Zer
/ o
y o
DD,O
o OIT' o
oo o
of 1/93@
o QQ{,: .
A
(]
o

40 @10C Continuous  °~ 40
| ©10°,40°, o—10° I
|. ©10° Stirring, continuous |

20|il!l | VRS Y Y T O I S L N M |
01 2 345 2 4 6 8 10 12 14

Current density(A/dm?) Cell voltage (V)
EDC50ce/700cc AHF

Fig. 4 Current density Fig. 5 Cell voltage

and total current and total curre-

efficiency nt efficiency

3.2.4 ABEL 7 vEEHD=

BB T BRMAND S BB ERI B S, e, &
WMHEE, £OMNHWADEET TEmI NI D
WEEY 7 » FLHRORIRA T L K5 D L ) ie A
DRBNIc, WEENSIT EKREE 7 » EOFLESH
BCORF B LE X 5,




. SRR RS W10% %15 (1966)

3.2.5 EmEOTE EDCOBMT » FALEH.
3A/dm2 OEFHE T T ~8 VOBREEATEL, LR
Mr N7 vAbT & VKIS TH Do £ T TROUINA
6 A IR b O AR DR E X R AT,

B BHD NaF, KF, LiF, AgF

W S vy, RED D CaFg, AlFg

ERTONTRH L TS LIBRDH, 7 v RiC
I ABEMN I ~6EDLONnAbNT, K6 CIBELY
Bl & o TERSAR OB A R L 72, HinFlOE
HIVRBEEOEEO)INKE WL HITEL D,

100f

i 20F AN
Ceff -
B \ : Fe

S %\. i

\E B [ ] 0 I S TN S W T 3 I
= ® / "

= 60f e F4

g e Q

2 - 40 \}oo .

(o]

§ 40 [ o °

t e 20_

gm - of F6 Compound 3
1 0 . - =il L L =
A 20 0& [ F3

—

i | \."‘.‘6—
)

0 RN N TN TN TR NN M1 PR 'ou P

4 6 8 10 12 04 6 8 10 12

Cell voltage (V) Cell voltage (V)

Ceff : Total current efficiency for fluorination
Additives (O NaF @ KF ® AgF
@ LiF @ CaFy @ AlFs
Current dencity ; 3 A/dm?2
Conc. of additive ; 0.2 mol/l
Temperature ; 10°¢c
Fig. 6 Additives and composition of products
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Table 1 Effect of curgent density and tempe rature on flons composition

CDD  (A/dm2) Temp.2) 9]
1 3 5 i~ 10° 0° 4 10°
Over-all curr. eff. (%) 81 87 83 85 85 88
Cell voltage (V) 6.2 7.9 8.3 7.2 6.4 6.0
Generating rate of flons
(m.mmol /Fr) 85 82 87 60 64 67
¥ 6 compound 30 22 17 | 38 27 22
Composition
F5 compounds 31 31 28 27 28 31
of prod.
F4 compounds 31 35 37 26 33 34
(wt %)
F3 or less #~ 8 12 18 9 12 13

1) Temp. 10°C, 50cc. EDC in 700cc. AHF

2) C.D. 3A/dm2, 200cc EDC+ 6 gr. NaF in 550cc AHF

The values in the table are mean of 6 values measured at every one hour.
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Table 2 Relation of time and flons composition

Curr. density (A/dm2) 3 (15A) 20 (20A)
*¥Curr. eff./ flow rate ot ﬂons| 88.2% , 66.5 m.mol/Fr I 88.5% , 80.2m.mol /Fr
Amperage (Ah) 15 45 90 15 45 90
CF3-CE3 44 .0 32.6 25.6 15.6 11.3 8.7
CF3-CF4Cl 19.3 20.0 20.2 16.1 14.3 11.9
CF3-CFoH 8.0 6.0 6.3 6.0 5.3 5.0
CE3-CFHCI 7.1 4.9 5.1 10.1 6.5 5.5
CF,H-CFH 3.1 3.1 4.3 4.5 4.2 4.8
CF,CL-CF4Cl 8.1 9.3 10.1 | 13.5 12.7 10.9
CFoCL-CFoH 7.0 12.1 13.1 ‘ 20.8 23.4 91.5
*#40thers (4~7 species) 3.4 12.0 15.4 ‘ 13.4 21.8 31.8
Condition, EDC 200cc. + NaF 6 gr. in AHF 550cc. Cell temp. 10°c, Cell was stirred.
* Mean of 6 values measured at every one hour
*#*Compounds containing 3 or less number fluorine atom in a molecule
Table 3 Electrolytic fluorination of chloroform and carbontetrachloride
Semples CCly CHClg
C.D. (A/dm2) 3 20 3 20
*Ceff. for Hy (%) 16.5 49.5 68.6 69.5
*Gene. rate of f{lon
(m. mol /Fr.) 7.9 32.9 20.1 54.6
Amperage (Ah) 30 90 30 90 30 90 30 90
CF4 7.4 2.8 5.5 2.5 5.9 3.9 1.4 1.5
— CClFg 11.7 7.5 23.4 6.7 6.5 2.7 2.3 6.8
X
o CHF3 (tra) | (tra) |“ (6.1) (0.9) 2.0 1.2 1.1 1.3
g
B CClgF, 56.7 48.1 34.6 24.5 44.2 23.9 18.9 15.3
é CHCIF, (0D (0) (1.1) (0.8) 7.1 3.9 5.3 3.5
S CClgF 24.3 41.5 30.4 64.7 17.9 43.2 41.1 43.6
CHCI,F (0) (0) (tra.) (tra.) 16.4 21.8 30.0 27.9
Condition AHF ; 550cc, Temp ; 10°c, Cell was stirred.
Sample ; 200cc, Additive ; NaF 6 gr.
* Mean of 6 values measured at every one hour.
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Table 4 Composition of flons solved in raw materials at 15°¢, 1 atm.

1) Absorption of flons in EDC

Flons CoFs CoFsH C2F5Cl CFoHCFyH CF3CFHCl  CFCICF H CFCICF9H  Fg or less
Bp (°c) —78.1 —48.5 —-38.7 —19.2 —12.0 —10.2 3.6 5 up
Orig. gas(%) 29.2 5.0 24.2 1.7 3.4 16.0 11.3 9.3
Absorbed gas
(%) 1.4 1.8 2.9 2.8 2.8 40.2 22.5 25.6
Ratio 0.05 0.36 0.12 1.65 0.82 2.51 1.99 2.76
2) Absorption of flons produced from materials in CHCl3, CCly
Flons CF4 CHF3 CCIF3 CHCIF, CClyFy CHCIsF  CClsF Raw mate.
- *Bp (°c) —12.8 —82.1 —81.4 —40.8 —29.8 8.9 28.8 61.2 (Bp)
g Orig. gas(%) 3.9 2.9 8.9 7.2 49.2  13.5 14.5
O Absorbed
9 gas (%) 0.04 0.04 0.16 3.5 37.8 22.8 35.5 CHClj
g Il
R Compos. of . } .
soln. (%) = 0 =0 = 0 1.3 6.8 4.1 6.4 81.5
*°Ratio 0.01 0.015 0.026 0.49 0.77 1.69 2.45
Orig. gas(%) 7.8 = 16.0 = 59.2 = 17.0 Bp. 76.8°
- Absorbed
O gas (%) 0.3 - .9 — 57.6 — 41.2 CCly
L; Compos. of =0 . S _ 9.2 — 6.4 84" 4
*é soln. (%) o - : : :
*kRatio 0.04 —- 0..6 - 0.97 — 2.42

* Boiling point was refered to “Advances in Fluorine Chem.” vol 3, p173, 174 (1960)
*¥The ratios in the table show the values of “absorbed gas % /original gas 9%.”
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