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Preparation of Perfluorocarboxylic Acids by Electrochemical

Fluorination of Organic Compounds containing Oxygen Atoms

Hisashi Kisaki
Shunsuke Mabuchi

Toshio Sakemura

The causes of the low yield of perfluorocarboxylic acids were discussed for the process of electrolytic
fluorination of thirteen organic compounds containing oxygen atoms in the bath of anhydrous hydrogen
fluoride.

Ten compounds, CoH5OH, CH3COOC,Hs, CH3COCH3, CH3COOH, (CH3CO) 20, CoHsOC,Hs5, CH3COF,
CH3COCl, CH3CHO and (CH3CHO)3 were used to obtain trifluoroacetic acid under the conditions of
temperature 3~6°C, current density 5 A/dm2 and stirring. The yield of trifluoroacetic acid obtained from
these raw materials were 349, 489%, 35%, 17%, 32%, 43%, 76%, 38%, 24% and 249%, respectively.

The general causes of the low yield of trifluoroacetic acid seemed to be the removal of fluoroformyl group
and the fluorination of carbonyl group to oxygendifluoride.

A high yield was obtained when acetyl fluoride was used as the electrolyte. The yield of trifluoroacetic
acid was affected by current density, and not so much by temperature. The highest yield was about 83%,
the current efficiency was about 719 ‘and electric power consumed was about 14 kwh per kilogram of tri-
fluoroacetic acid at the current density about 5.3A/dm2.

Other acid fluorides such as CaHzCOF, CgH;COF, and (CHj3)9CHCOF were fluorinated by the same
process to prepare corresponding perfluorocarboxylic acids. The total yields for these acids were about 56%,
43% and 30% respectively.

The purity of corresponding perfluoro-compounds was about 90% and the impurities contained in these
ones were perfluorocarboxylic acids containing less number of carbon atoms than raw materials.

The one of the causes for yield lowering was ascertained to be degradation of carbon chain, and the other
one was the production of cycloether in the process such as perfluorotrimethylene oxide (1) and perfluoro-
tetramethylene oxide (IT). The I was assumed on the basis of infra-red absorption spectra in fluorination
of CoH5COF and much quantity of the I[ was identified in the fluorination of C3H;COF and (CHg),CH-
COF.
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1 Electrolytic cell (Nickel electrode 1.2dm2)

2 Thermostat (—20°C~+15°C)

3 Inlet of material and AHF

4 Reflux condenser of AHF M Magnetic stirrer

5 Absorber (H20) A Amperemeter
6 Absorber (Solid Nak) I Electronic coulomb-
meter

7 Absorber (NagSOgz3) V Voltmeter
8 Absorber (KOH) S Slidac
9,12 Const. temp. bath T

10,13 Flow meter by soap film

Selenium rectifier

R Temp. controller
11 Trap cooled by liq. oxygen P Pump
14 Gas sampling tube B Brain

Fig. 1 Experimental Apparatus
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Fig. 2 Variation of cell voltage against time
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Fig. 3 Effect of concentration of ethyl acetate on
current efficiency, cell voltage and quantity of
acetic acid produced in the cell

Table 2 Electrochemical fluorination of
ethyl acetate

" Conc. of CH3COOC,Hs
(initial wt %) '10, a7 | 72

Curr. efficiency for gene. Hy (%) |95.4 |93.8 86.9
Producing rate of CF3COF

(m.mol /Fr.) 44.9 |24.9 [15.2
” # of OFy (mmol/Fr.)| 2.54) 0.79| 0.29
” #  of FoCO(m.mol/Fr.)|30.7 |27.6 |12.8

Generating rate of flon (m.mol/Fr.)|46 |48 |37

CF4 69| 75| 80

Composition CaFe 8 6 6
of flons CFgH 8 6 4
(wt %) CF30CF3 3| 3| 2
total of others 12| 10 8

Curr. density 5A/dm2, Cell temp. 3~6°C
Time 4hrs
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Table 3 Effect of current density upon the electrical fluorination
of acetyl fluoride

Current density (A/dm2) 2 3.5 5 6 7

Electrolysing time (h)y | 6.8 3.7| 2.3

1.9 1.8

*Total prod. containing oxygen atom (m. mol) | 60.8 | 68.9 | 73.1 | 71.2 | 66.1
CF3COF per 1 faraday (m. mol/Fr.) | 45.8 | 70.7 [116.7 |104.9 | 75.8

(kwh/kg CFsCOOH) |26 |18 |14 |15 |25

**Consumed power

*¥ Total quantity of CF3COF, OFy and F5CO. Sample was 75m. mol.
*#% Cell voltages were applied mean values shown in fig. 4.
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Fig. 4 Effect of current density on the
electrolytic fluorination of acetyl fluoride

IO O e W N

MEE—TH 50 BHTERERE 3R LT L DI
BIRFER YR LD,

Scholberg 546 I L HER 2 A/dm2 kit 5
EHBEMG TR %032 BT b TORFOETE
By 13A/0 LHEEIN D, RS Thhic AEER
D 2A/dm2 Wit HEMBEK 25A/0 wAHYML .,
C OBEDIRAFIBT% TH - oo TDOMD EMITITHH
PIL T % 2UNRD S THIR DB S foiE R a 2 7o,

—FHEWERBEEC KT 2 INROE FTRREEDED)

Amperage (Ah)

Temp. 3~6°C
@ 7A/dmé, @ 6A/dm2, (O 5A/dm?
3 3.5A/dm2, @ 2A/dm2
Fig. 5 Variation of generating rates of flons and
hydrogen against time

RPN SHEET B, —IBEET » BHRFEELEL WY
v FALDM TN 12D TRz & B 5 938 BTl
Vo

s s mit. CF3COF, FyCO, OFy D@
7 avEA A bED CF3OCFy »BEHINn5, +
OMOKRFEYE (3T OEFIIFFCHZ O THiR
DATETIT & A LMD EEHRERD > LD D L AR X
o, V7 NF N AF )z —F VR RBOEECH
Db BLFAERL (F1), XLEEZRZRREMD T
{IKDDH 5 & XRAWELLBSERTHDT27 v L
RERBAMH R E L OIS L - THBNLZSEEHHE
2 bhs,

(14)




AREMESWORM 7 » R L BN T VANV B ORE 16

1001

[—: 7 »0”‘0‘0 @ o=
~ .
g
cE W1 o000
X,
- I~
Y 0 5‘\. @
E ‘Q;j 6\ k x" 7 3
1) - K
RS N i
o B - X 1 @
oz L ° 38
o2 2 o—9
g_é . 3 -0—pgo—
;‘ 5 (= ._41:.__4.-. asill ! &1_____?_ el
=20 -10 0 10 20
Temperature(°C)

Current density ; 5A/dm?
1 Yield of CF3COF 5 Cell voltage (V)
2 Current efficiency for 6 Generating rate of flons
CF3COF (m. mol/Fr.)
3 Yield of F3CO 7 Current efficiency for Hyp
4 Yield of OF,

Fig. 6 Effect of temperature on electrolytic
fluorination of acetyl fluoride

2RO LBIREE 2A/dm2 O TRZD D LD
#957%n3%, Fiz BA/dm2 TH) 18% U7 v RLRFE %
HEUIlZ binste. 72 VA XFOHEMETO%L, B
2T v LRRTH » 1o

B 5617 v HEH R L IKRD F A E ORI A LA
RLICHDTH D, ML dRBOEMNC O THRAE
BEXMETL w5, & SIKREFRRFWHL B L
PULIcE EOFEEYMRRT A 0BT »RE OHEE
"EZbIhD,

2) WEDKE

HINEE 5A/dm2 W EE L CIHRE —20°C »5H+
ISC DHIPH CTHAIERDXE6 THD, | MU TF N
A DARICK T2 IREOEERHE DA DN, L
WTE IR, =R e  —10°C §ikBiFTh
olce LOUERIG EIREELE L B DT, BEORE
53, WEENEREDHA0D 0~10°C 2u@Ed e Bb
s,

ek, 7wy OREREPHBERS B LUFE 1 No7
CRLIEE G L AYRU L D TH -7,

3) DB LIKRGDEE

K7 » MO TIRVEM, FERE, BREE, Ho
REL EOEHER—CL, fiinl#EeseLfThian
ST ErH 2 TRENDOK (75m. mol) wEIL 72
BEARACE LD TR LI, R ER TV
ANWANVKRZNVDERDEL 12D bz DL <
REESOUMIIRE 5T 5 E b s,

KRG DFAEEEFRD 7 » FILRE (F1 No.4) i
PLUIHERELEL T D, LOLERRZTDORDDE LY
BRRBIFIINER K m LTz,

BT v BEHACI DT 2F A7) D7 » FHL
TIL7 »y HZOE/ IR VBEWRANRET, b UERGKR
P INTHAHID DKL, COBHE N EBERE
DLEBNI,

3.4 REBOZVWHLRCBILAY FOSBET v
EX(d

— OB DN TR FR L {755 1% & Degrada-
tion 1 & OG5 RN 7 N ANV H IRV EED I 2 L
FTrEINTWS, T 8 18 7Lt Y FItDonTh T
NEEDHIDECTa A /B7 VA K, n- BEKF
iso- FEEE 7 LA ) FaRGTARDE L bz, chb
OFRFHEL TN EN OB SEOK Y A LT =)L CIE A LY
LU, ENERBIBRMEIR BT vt Y U Lk
&8 T2 o1co BOROIPE & FRARBINK T
FIELZREEL Tob b,

INHDIE7 N FREKT v e &< L3523,
BEHRIFHC N X W, T2 CEEBE S DORHD T o
{EF V) 7 LxH 0.5%0mL CEBML, M0.7V OF
FELABRDNS L2 d - TREDHKL L. B
MEA AN D L EEIROB @230 ) BiLo & Hidis-
2o

BIREAF L R AR Uic, RFCIEDT LF
W7 AN FICHT D0 L ARG DHEY G TR
Lz,

2 Bt VT VAN AR VB RNES O T
MU AMEE L, FROMRRIED & 4 F AacEliaEs T
THT LT,

ek, 27 v bR, 7NFNVAH—R=I, VTN
FIWHIWKVEET VA ) FUSDOEEEET » (kT ¢
FNT7 VAV FTCEEOK2 %, Tud V7 VA
Fc34%, n- BEEEZ VT Y K T47%, iso- EEEET LA
Y RCE6%IC MY Lz, abiKkES 7 m VEHA L
FLoTabhadl, TOXERIDETFNT VA
DB E~ N T IVFNDAF N T THY, n-B&
O iso- EEEE 7 LAY FOBEIRE IV T VAT
PO ERT I U ThHolc, TREA VAT NAY KD
A RIER TH DAY, FAMRRINRIC CFg- o3,
BT ——7)iEE L CF- HEORFRBINIEDH DT
L, 19 -380°C OEETRHRTE RV 220 72X h
A7 AN L3 SuE L rAFRy RTHEIND.

PR 6 L LD AN R VIR IER Y LI ACHEA
BLORBBOAIV T VAN 7 ax—T b0l 35

(15)




16

| REHEMERS #10% 1% (1966)

R4 KEHVEVET NI FOERT » R

Samples #CH 3COF CyH5COF & H,COF (i:S;é7c0F

Condition Stirred no st. water no NaF NaF NaF I;IaF
Cell votage (V) 658 | 7P | | %m0 | Vs TR T
Electrolyzed Time (h) 2.3 2.7 3.2 3.5 3.4 4.7 4.9
Curr. eff. for He (%) 99.8 97.1 96.0 98.9 94.7 98.5 94.2
Yield of R« COF (%) 76.1 60.5 28.2 46.9 55.6 42.8 30.3
” OF9 (%) 2.7 3.7 18.5 2.6 1.8 3.3 6.4
7 FoCO (%) 19.2 35.0 48.7 26.1 8.8 6.9 7.7
Gene. rate of flons (m.mol/Fr.) 38.1 72.0 92.7 35.3 16.3 35.9 28.5
Clky 74.2 95 76 7.5 1.9 1.5 6.7
CoFg 4.7 0.7 1.1 71.3 72.4 1.2 1.7
#Composition CaFg - = - 2.8 1.9 29.8 35.5
of gas C4F10 - — - — — "0 “j) 3.8
(%) CF3H 16.1 2.2 17.9 tra tra tra tra
CoFgH tra tra tra 8.0 7.1 tra tra
unknown - - - 9.8 14.9 — —

C4FgO — .- - — — 57 51
CF30OCF3 2.4 1.4 1.8 0.6 tra tra 2.2

#kkCurr. eff. R;COF (%) 70 46 18 45 52 43 29

Electrolytic condition :

Sample ; 75m. mol,
C.D ; 5A/dm?,

Cell was stirred magnetically.

*  Additive NaF was not used in all experiment.

AHF ; 95¢cc, NaF ; 0.8b6¢r,
Temp ; 3~6°C

#% Principal products was shown. The percent are area ratio of gas chromatograph.

#%t Current efficinecy was calculated as corresponding perfluoro-carboxylic acids to samples.
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Samples CH3COF | CyHsCOF nC_3H7COF Call;COF
Mol. weight of Rf COONa 136.01 186.02 236.03 236.03
Obs. Mw of RfCOONa ) 136.0 183.4 227.7 227.5
CF3COONa (mol %) 2 100 8.5 5.1 l
CyFsCOONa (mol %) 2 — 91 4.3 joto
C3F;COONa (mol %) 2 — e n-90 n:}g:(i)

1) Weighed dry samples_was titlated by alkali solution after_hthey were

exchanged Nat to H* with ion exch. resin.

2) Infra-red absorption method (ref. paper no. 7)
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LINTWBHDZD BE7 )04 FOBERE 6 FLLF
THAER Lz, To¥s iso- EEMET LAY FraflgEsiu <
Bon R nwCr, FeEuAdRCl - (FEUKD
7T —T )V ERTHC Ldibhotz,

F U LEE L TBL IV T VA VA VR B
DHPIES KR LT,

4. &

N7V IVEERE A ST 5 B C EEERL Y10
REMT7 v RILL, HEPINERD L0 efiffg =7 )b =
AT N, TEFNTNF) FEDHNTLbLL L b X
720 ABICHKFHDOEWIET VA Y FHEMRLIC,

) WRETFOXRBFER: LTCTNVT v FRAVR=
WEDT » REXETH D, TOMDILEWERFR B
BEDT v FALYMIETH - Tco VAR VER, FEEKY
T2 L ICRFERE S OYIMNAT Lo oo

2) TEFNTINVFAY FEY 7 NFIVERRORE -
LTFNTnW5B, BREEOKENIRE {, AFKBRT
(1 5.3A/dm2 s\ THEBINEY 83%, BHBHHRLNTL
%, WERHERN ldkwh/kg TM Y 7NV VERE X
tro BEVEH G- O DOWHRMATLE L Ui T,

3) RFEHDENET VA Y Kb L7 AV
KA D HIEOINEE TRREREGO TN & EHO
—DTCHDBH, AN TNVFANL T RT—=TIVOERD KR
BN TH - 12, iso- BEEZ VA ) KB OERMIC
n- (L& Rk A X128 LD 7 v B DR
HEZBID,

AWgeC 4 B TR O RERBERDO JER
W &Y HE X CIRAMRBIGEIC & 5 5 HT & 1T THW
1o TeBAMBIAEL, RFEEKLD §BLIL Z 3
Wz, CNRBEZERICE KBSl 3,
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