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~URRENT OBJECTIVE: 

~he objective of this report (written in Ou~y, 1982) ~as 
~o pced~c~ the environmental properties of POSE 
(FH-3168) and evaluate its environmental risk. 
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POS£ (perfluorooctane sulfonyl fluoride) is not a 
significant environmental hazard because very little of 
the POSF manufactured reaches the environment. 

A review of the manufacture and processing of PCSF shows 
that less than 2% of that synthesized reaches the 
environment. Of this, 1/2 is discharged with 

-- wastewater, 1/4 is lost to the atmosphere, and i/4 is 
landfilled. Some-of the material which undergo 
treatment could be adsorbed by waste treatment sludge 

-- and eventually land applied with this sludge. A 
fraction of the sewered POSF is also likely to be 
volatilized from waste treatment during aeration and 
dispersed in the atmosphere. No biodegradation and very 
little hydrolysis of POSF is expected in wastewater 
treatment. 
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A ENVIRONMENTAL ASPECTS OF POSE

I. summery

posF (perfluoroostane sulfonyl fluoride) is not a

significant environmental hazard because very little of

the OSP manufactured reaches the environment.

PosE is not a product. It is an intermediate used in the

manufacture of other fluorochemicals. POSE is made from

05F (octane sulfonyl fluoride) in electrochemical

fluorinate cells. The cell products are purified by

distillation and the distillate is reacted to form a

variety of fluorochemical intermediates and products.

A review of the manufacture and processing of POSE shows

that less than 28 of that synthesized reaches the

environment. Of this, 1/2 is discharged with
Jastewater, 1/4 is lost to the atmosphere, and 1/4 is

landfilled. Some of the material which undergo

treatment could be adsorbed by waste treatment sludge

and eventually land applied with this sludge. A

fraction of the severed POSE is also likely to be

volatilized from waste treatment during aeration and

atopersed in the atmosphere. No biodegradation and very

Little hydrolysis of POST is expected in wastewater
treatment.

II. ENVIRONMENTAL ENTRY

A. Manufacturing

MA0019739
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ENVIRONMENTAL ASPECTS OF POSF 

SUMMARY 

POSF (perfluorooctane sulfonyl £1uoride) is not a 

significant environmental hazard because very little of 

the POSF manufactured reaches the environment. 

POSF is not a product. It is an intermediate used in the 

manufacture of other fluorochemicals. POSF is made from 

OSF (octane sulfonyl fluoride) in electrochemical 

fluorinate cells. The cell products are purified by 

distillation and the distillate is reacted to form a 

variety of fluorochemical intermediates and products. 

A review of the manufacture and processing of POSF shows 

that less than 2% of that synthesized reaches the 

environment. Of this, 1/2 is discharged with 

wastewater, 1/4 is lost to the atmosphere, and 1/4 is 

landfilled. Some of the material which undergo 

treatment could be adsorbed by waste treatment sludge 

and eventually land applied with this sludge. A 

fraction of the sewered POSF is also likely to be 

volatilized from waste treatment during aeration and 

d~spersed in the atmosphere. No blodegradation and very 

little hydrolysis of POSF is expected in wastewater 

treatment. 

II. ENVIRONMENTAL ENTRY 

A. Manufactu~In@. 

3M CONFIDENTiAl. 
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: A review of the manufacturing process indicates the

° P0SE will enter the environment by 3 routes: 1)
aiaposal of cell tars; 2) maintenance of cell
clectrolite composition; and 3) distillation of cell

products. Table 1 shows the maximum estinated
environmental releases of POSF from manufacture

assuming an annual production 1,000,000 lbs of POSE

per year.

rable 1 - Environmental Release of POSF Prom Manufacture

Process Causing Release POSE Release (1bs/ye)

Removing tars from cells cas (to wastewater Und EShelEd
ac pros bard

treatment) esefram
dong

° Cell electrolite maintenance  <2000 (to landfill)

Cell product aistillation  <900 (to landfill)
7500 (to wastewater
treatment)
<2500 (to atmosphere)

Total release <13,000 24- wu.
pr 5H

+ release a. ol20(a8

1. Disposal of Cell mars

Mish molecular veight tarry materials that
accumulate in the electrochemical fluorination
cells are washed from the cells by high pressure

° water streams and sewered. Additional tars are
severed after removal by bubbling steam through
the cells in vater filled boil-vats. Finally,

MA00199740
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A review of the manufacturing process indicates the 

POSF will enter the environment by 3 routes: i) 

disposal of cell tars; 2) maintenance of cell 

electrolite composition; and 3) distillation of cell 

products. Table 1 shows the maximum esti,~ated 

environmental releases of POSF from manufacture 

assuming an annual production 1,000,000 ibs of POSF 

per year. 

Table 1 - Environmental Release of POSF From Manufacture 

Process Causin@ Release 

Removing tars from cells 

Cell electrolite maintenance 

POSF Release (ibs/yr) 

<45 (to wastewater 

treatment) 

<2000 (to landfill) 

Cell product distillation 

Total release 

% release 

<900 (to landfill) 

<7500 (to wastewater 

treatment) 

<2500 (to atmosphere) 

<  ,000 

i. Disposal of Cell Tars 

Hijh molecular weight tarry materials that 

accumulate in the electrochemical fluorination 

cells are washed from the cells by high pressure 

water streams and sewered. Additional tars are 

sewered after removal by bubbling steam through 

the cells in water filled boil-vats. Finally, 

3M CONFiDEHTIAL 
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TL tars which fall off the cells in the housing

. nits (co11 totes) are severed, oF landilled
when Laxge volumes axe present.

. Cleaning of the cells is done spprosinately once
every 6 weeks, and approxinately 100-200 Lbs of

, tas ave Sisposed at each cleaning. Tazo ave
cstinates to contain 1-21 FosP. Based on his
cstisate <5 Ibs of F05F enter the envixonment
Chroust this route every 6 wesks (45 Ios/yess)
ana the majority of this vould 0 to vastevater
wreatnent.

2. Hofntenance of Cell Blectrolits composition
o » second manufacturing process routs of 103s

results feon maintenance of the electrolite
within the cella. Typically 2,500 bs of
clectroiite is vihizaun from the cells 3 tines
ser week and diskiiioa to recover HP.
Approximately 608 of this wishazan material |
(0) is rervenes to the cells. The reminder |
“hich contain approximately 20 POS? is |
landfilled. Approximately 2,000 lbs of FOSP per |

Jose to Tanafitied because of this cell

3. biseitiaion of coll prosuets
he tira rout of 205P anvirommantal entry in
at the coli products distillation step. FOSF is
puciied prisarily by a single plate
sioetiiation, bus some in Eractionatly

3M CORFIDERTIAL
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tars which fall off the cells in the housing 

units (cell .bodies) are sewered, or landfilled 

when large volumes are present. 

Cleaning of the cells is done approximately once 

every 6 weeks, and approximately 100-200 Ibs of 

tars are disposed at each cleaning. Tars are 

estimated to contain 1-2% POSF. Based on this 

estimate <5 Ibs of POSF enter the environment 

through this route every 6 weeks {<45 Ibs/year)~ 

and the majority of this would go to wastewater 

treatment. 

2. Maintenance of Cell Electrolite Composition 

A second manufacturing process route of loss 

results from maintenance of the electrolite 

within the cells. Typically 2,500 ibs of 

electrolite is withdrawn from the cells 2 times 

per week and distilled to recover HF. 

Approximately 60% of this withdrawn material 

(HF) is returned to the cells. The remainder 

which contain approximately 2% POSF is 

landfilled. Approximately 2,000 ibs of FOSF per 

year is landfilled because of this cell 

maintenance process. 

3. Distillation of Cell Products 

The third route of POSF environmental entry Is 

at the cell products distillation step. POSF is 

purified primarily by a single plate 

distillation, but some is fractionally 

1292.0004 
3MA00193741 
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-~ distilled. Materials distilling at higher or

- lower temperatures contain some POSF, but this

is consumed in the manufacture of other
_ products.

= Three percent of the cell products remain as

Ss bottoms after distillation. These consist

mostly of very high boiling materials and have
lictle POSE (probably <38). Assuming the
manufacture of 1,000,000 lbs of cell products,
<900 1bn of POSE per year would be landfilled
With these bottons.

During aistillation 0.5-1% of POSE is lost to
volatilization. Based on estimates that the
scrubbers are 75% efficient, 1200-2500 lbs/year
Would be lost to the atmosphere and 3800-7500
1bs/yr would be aischarged with scrubber water
to the wastewater treatment system as a result
of the aistillation process.

3. usage

Very little POSF is wasted as a result of its use in
the synthesis of other fluorochenicals. POSE is the
Rost expensive component in these synthesis |
reactions, and because of this cost, it is reacted |

With excesses of other reactants. Also, tests are
frequently made to maxe sure the FOSF is completely
consumed. It can be assumed that less than .5 of
POSE 1a lost in usage.

3M CONFIDENTIAL
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distilled. Materials distilling at higher or 

lower temperatures contain some POSF, but this 

is consumed in the manufacture of other 

products. 

Three percent of the cell products remain as 

bottoms after distillation. These consist 

mostly of very high boiling materials and have 

little POSF (probably <3%). Assuming the 

manufacture of 1,000,000 ibs of cell products, 

<900 ibs of POSF per year would be landfilled 

with these bottoms. 

During distillation 0.5-1% of POSF is lost to 

volatilization. Based on estimates that the 

scrubbers are 75% efficient, 1200-2500 Ibs/year 

would be lost to the atmosphere and 3800-7500 

Ibs/yr would be discharged with scrubber water 

to the wastewater treatment system as a result 

of the distillation process. 

Usage 

Very little POSF is wasted as a result of its use in 

the synthesis of other fluorochemicals. POSF is the 

most expensive component in these synthesis 

reactions, and because of this cost, it is reacted 

with excesses of other reactants. Also, tests are 

frequently made to make sure the POSF is completely 

consumed. It can be assumed that less than .5% of 

POSF is lost in usage. 
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J Pose is transported by pipeline within the plant.
hese pipelines ave cleaned by purging them with Nz.
“hich forces POSF to return to the tank oF reactors.
As a result, no POSE is normally lost from within
plant transportation. Little (<5) POSE is shipped
off the plant site. Almost all is shipped in steel
acuns ined with blow-nolded polyethylene, and most
is sent vo M's Chemolite plant. Due to its lov
Viscosity, POSE can be nearly completely removed
from the drums. The POSE remaining in the drums
(approximately 0.28) is normally destroyed with the

= drums in the Chemolite Incinerator.

‘® III. ENVIRONMENTAL FATE

A. Persistence

Under strongly basic conditions (pH >10) POSE will
redct to form the sulfonic acid salt.

°

odor son mere sw
t°

At neutral pi this reaction is very slow. For
example, POSE can be steam distilled or stored for
extended periods in the presence of vater without
detectable degradation. Nevertheless, the

porfluorosul fonic acid and its salts vill be the
_ eventus) hydrolysis products of ROSF, although the

M CONFIDENTIAL ,..c11c0 of sosr may be weeks, months, or even years
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POSF is transported by pipeline within the plant. 

These pipelines are cleaned by purging them with N2, 

which forces POSF to return to the tank or reactors. 

As a result, no POSF is normally lost from within 

plant transportation. Little (<5%) POSF is shipped 

off the plant site. Almost all is shipped in steel 

drums lined with blow-molded polyethylene, and most 

is sent to 3M’s Chemolite plant. Due to its low 

viscosity, POSF can be nearly completely removed 

from the drums. The POSF remaining in the drums 

(approximately 0.2%) is norma!ly destroyed with the 

drums in the Chemolite Incinerator. 

III. ENVIRONMENTAL FATE 

Persistence 

Under strongly basic conditions (pH >10) POSF will 

react to form the sulfonic acid salt. 

3M CONFIDENTIAl 

Rf - S- F + KOH -----.-~ Rf SO3-K+ + HF 

At neutral pH this reaction is very slow. For 

example, POSF can be steam distilled or stored for 

extended periods in the presence of water without 

detectable degradation. Nevertheless, the 

perfluorosulfonic acid and its salts will be the 

eventual hydrolysis products of POSF, although the 

halflife of DOSF may be weeks, months, or even years 

1292.0006 
3MA00193743 



be Longest under acidic conditions.
Siosearadation is not expected to ose with ROSE.
Laboratory testing ~hows no biodeazadation of its
sulfonic acid hydrolyse product. This lack of
biodegradability is predicted since all

1 perfluorochemicals are resistent to biodegradation.

B. Mobility

%o direct measurements of the environmental mobility
of POSE have been made. Tough estinates however can
be made based on its physical chemical propertics
(rabte 21.

Table 2 - Physical Chemical Properties of 0ST
o Vapor pressure 1.6 mm Hg at 20°C

: 2.5 an tg at 250
rolecutar weight soz
soiiing range 1s4-ass0c
Specific aravity Lox
feat of vaporization 20.3 eal/a
Solubility fn water very lows
“fo actual measurements of water solubility have
beer sade. It is known to be very lov and is
estimated to be in the sane range as that of nect

° Eluorochenteal liquids (1-10 ppm). (Calculations
confirming this very low solubility are attached in
an appendix.) aM CONFIDENTIAL

|—————"-"""

aurea
1292.0007

be longest under acidic conditions. 

Biodegradation is not expected to occur with POSF. 

Laboratory testing :bows no biodegradation of its 

sulfonic acid hydrolyses product. This lack of 

biodegradability is predicted since all 

perfluorochemicals are resistent to bio~egradation. 

Mobility 

No direct measurements of the environmental mobility 

of POSF have been made. Rough estimates however can 

be made based on its physical chemical properties 

(Table 2). 

Table 2 - Physical Chemical Properties of POSF 

Vapor pressure 1.6 mm Hg at 20oc 

2.5 mm Hg at 25oc 

Molecular weight 502 

Boiling range 154-155oc 

Specific gravity 1.838 

Heat of vaporization 20.3 cal/g 

Solubility in water Very low* 

*No actual measurements of water solubility have 

beel, made. It is known to b~ very low ~nd is 

estimated to be in the same range as that of inert 

fluorochemical liquids (i-i0 ppm). (Calculations 

confirming this very low solubility are attached in 

1292.0007 
3MA00193744 
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These physical chemical properties suggest that

Jolatilized POSE would tend to stay in the

atmosphere, and would not be removed at a

significant rate by rain or deposition.(1) POSE

would also tend to move from water into sediments or

the atmosphere, and would tend to be immobile in

soil.

w. EreecTs

No actual environmental effects data exists on POSE.

based on the limited toxicology data and our experiences

with other non-water soluble perfluorochenicals, no

® significant toxicity to terrestrial plants or aquatic

organisms is expected. While the material could

biceoncentrate, this is unlikely to be of significance

since so little POSE enters the environment.

i 3M CONFIDERTIAL

MA0199745
122.0008

These physical chemical propertie3 suggest that 

volatilized POSF would tend to stay in the 

atmosphere, and would not be removed at a 

significant rate by rain or deposition.(1) POSF 

would also tend to move from water into sediments or 

the atmosphere, and would tend to be immobile in 

soil. 

EFFECTS 

No actual environmental effects data exists on POSF. 

Based on the limited toxicology data and our experiences 

with other non-water soluble perfluorochemicals, no 

significant toxicity to terrestrial plants or aquatic 

organisms is expected. While the material could 

bicconcentrate, this is unlikely to be of significance 

since so little POSF enters the environment. 

3M COHFIi)EHTtP, L 
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Appendix - Calculated Solublity of POSF

The following shows how the solubility of POSE (CgP17S0F)

can be calculated from the measured solubility of

CaF17507N(CHaCH3)CHCHZOH (Ethyl FOSE Alcohol).

The structure activity relationships used here, hovever, may

not be valid for use with perfluorochenical like POSE. The

probable reason for this is that perfluorochemicals are both

hydrophobic and oleophobic. An example of this problem is
woek done with tri-perfluorohexylanine which revealed a 5

° order of magnitude discrepancy between the measured
partition coefficient (Koy) and that calculated from its
water solubility of 0.76 ma/l. Its calculated Koy was 1.25
X 106 while its measured Koy was 1.1 x 101.

The water solubility of Ethyl FOSE Alcohol has been measured
2 times with the following results: 0.05 mg/l and 0.16

mg/l. The average value of 0.1 mg/l will be used in this
calculation. This is equivalent to a molar solubility (S)

of 0.18 u moles/l. Using the regression equation of
Banerjee et al.(2) and its melting point of approximately
450C, ons can calculate the log octanol water partition
coefficient (log Koy) for Ethyl FOSE Alcohol.

° 109 Kou = 6.5 - 0.89 log § = 0.015 (Mx)

10g Kow = 6.5 = 0.89 (-.74) = 0.015 (45)

Jog Kow = 7.2
® Mm CONFIDENTIAL |

MA0019746
1292.0009

Appendix - Calculated Solublity of POSF 

The following shows how the solubility of POSF (CsF17SOF) 

can be calculated from the measured solubility of 

CsFI7SO2N(CH2CH3)CH2CH2OH (Ethyl FOSE Alcohol). 

The structure activity relationships used here, however, may 

not be valid for use with perfluorochemical llke POSF. The 

probable reason for this is that perfluorochemicals are both 

hydrophobic and oleophobic. An example of this problem is 

work done with tri-perfluorohexylamine which revealed a 5 

order of magnitude discrepancy between the measured 

partition coefficient (Kow) and that calculated from its 

water solubility of 0.76 mg/l. Its calculated Kow was 1.25 

x 106 while its measured KOW was I.I x I0I. 

The water solubility of Ethyl FOSE Alcohol has been measured 

2 times with the following results: 0.05 mg/l and 0.16 

mg/l. The average value of 0.1 mg/l will be used in this 

calculation. This is equivalent to a molar solubility (S) 

of 0.18 u moles/l. Using the regression equation of 

Banerjee et al.(2) and its melting point of approximately 

45oc, one can calculate the log octanol water partition 

coefficient (log Kow) for Ethyl FOSE Alcohol. 

log Kow = 6.5 - 0.89 log S - 0.015 

log Kow = 6.5 - 0.89 (-.74) - 0.015 (45) 

1292.0009 
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costticients, (3) one can calculate the log Koy for (POSP)
from the 10g Koy of Ethyl FOSE Alcohol

® - s05¢ = pose

- (ACH2CH3 coho!® - SONA, = Beh) POSE Alcohol

he fragnent constant for ~S02F (sone) When attached to
aromatics is 0.30. Its fragnent constant to an aliphatic is
not listed (3) but aliphatic fragment constants for
fragnents without carbon or hydrogen are alvays lower. On
an average they are lower by .87. This calculation assumes
that the aliphatic fragaent constant for-s0zF is 0.30-0.87 =
“0.57.

he xaqnent. constant for ~s0pn< Sz,00 is calculated
£ron the sum of its fragment constants {f) and binding and
branching actors (F) as follows.

he factor for SON = has only been measured for aromatics
as 2.09. Again this calculation assumes the fragment
constant for aliphatics as (-2.08 - 0.87) = ~2.96 = fsopNe

he bonding factor Fp is calculated by multiplying the
number of bonds, not counting those from hydrogen or within
Eragnents, minus 1 (n-1 = 4) tines the bord factor. Here,
as described in the method, a bond factor of -0.20 is used
since 3 hydrophobic chains radiate from a tetrahedral atom

° (tha Ny. Therefore Fp = 4(-0.20) = -.80. Another factor
for branching Fp; is calculated by multiplying the number of
branches tines -0.13. FETE3M CORFiDEXTIAL
The Erament constant for-S0;N(CHZCH3)CHICH;0H Ls thus

amco16a747
1292.0010

coefficients, (3) one can calculate the log Kow for (POSF) 

from the log KOW of Ethyl FOSE Alcohol 

R - SO2F = POSF 

" iCH2CH3 = Ethyl FOSE Alcohol R - SO2~CH2CH20N 

The fragment constant for -S02F (fSO2F) when attached to 

aromatics is 0.30. Its fragment constant to an aliphatic is 

not listed (3) but aliphatic fragment constants for 

fragments without carbon or hydrogen are always lower. On 

an average they are lower by .87. This calculation assumes 

that the aliphatic fragment constant for-SO2F is 0.30-0.87 = 

-0.57. 

/CH2CH The fragment constant for -SO2N~CH2_C~2-OH is calculated 

from the sum of its fragment constants If) and binding and 

branching factors (F) as follows. 

The factor for SO2N = has only been measured for aromatics 

as -2.09. Again this calculation assumes the fragment 
constant for aliphatics as (-2.09 - 0.87) = -2.96 = fSO2N= 

The bonding factor FB is calculated by multiplying the 

number of bongs, not counting those from hydrogen or within 

fragments, minus 1 (n-i = 4) times the bond factor. Here, 

as described in the method, a bond factor of -0.20 is used 

since 3 hydrophobic chains radiate from a tetrahedral atom 

(the N). Therefore FB = 4(-0.20) = -.80. Another factor 

for branching FBr is calculated by multiplying the number of 

branches times -0.13. 
3M ~f~.~~’~ 

The fragment constant for-SO2N(CH2CH3)CH2CH2OH is thus 

~292.00~0 

3MA00193747 
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° fcuy + 3c, + EsopNe + fon + Fp + For

= 0.89 + 3(0.66) - 2.96 = 1.64 = .80 - .13

- 2.66

The log Koy for POSE is then calculated as:

| 10g Kou = log Koy for Ethyl FOSE Alcohol -
£50,N(CHCH)CH CHo0H + £5057

10g Kow = 7.2 = (<2.66) + (<0.57)

109 Kou = 9.29

The solubility of POSF can be calculated by using the
regression equation of Banerjee et al. (2)

log § = 7.3 - 1.12 log Kow = 0.017 (MP)

Since OSE is a liquid, 259C is used instead of the actual
melting point.

= 7.3 = 112 (9.29) - 0.027 (25)

log s = -3.5

S = .0003 u moles/l

S = 15 ug/L

This is an extremely low water solubility. Due to the lack
of experience in applying these methods to

° perfluorochenicals and the number of assumptions made the
reliability of this calculation is lov. The calculation,
however, does confirm the low solubility of POSE.

aMAOD103748
1292.0011

+ fSO2N= + f-OH + FB + FBr IfCH3 + 3fCH2 

= 0.89 + 3(0.66) - 2.96 - 1.64 - .80 - .13 

= -2.66 

The log Kow for POSF is then calculated as: 

!og Kow = log Kow for Ethyl FOSE Alcohol - 

fSO2N(CH2CH2)CH2CH2OH + fSO2F 

Log Kow = 7.2 - (-2.66} + (-0.57) 

log Kow = 9.29 

The solubility of POSF can be calculated by using the 

regression equation of Banerjee et al. (2) 

log S = 7.3 - 1.12 log Kow - 0.017 (MP) 

Since POSF is a liquid, 25oc is used instead of the actual 

melting point. 

= 7.3 - 1.12 {9.29) - 0.017 (25) 

log S = -3.5 

S = .0003 u moles[l 

S = .15 ug/l 

This is an extremely low water solubility. Due to the lack 

of experience in applying these methods to 

perfluorochemicals and the number of assumptions made the 

reliability of this calculation is low. The calculation, 

however, does confirm the low solubility of POSF. 

3M 

1292.0011 
3MA00193748 
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