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57 ABSTRACT 

An apparatus for decontaminating a liquid surfactant of a 
dioxane having a vapor pressure which is higher than the 
vapor pressure of the surfactant includes an elevated reser 
voir for dioxane-contaminated liquid surfactant and an elon 
gate inclined conduit, which has an upper portion for receiv 
ing a stream of the contaminated liquid surfactant from the 
elevated reservoir and a lower portion for discharge of 
decontaminated liquid surfactant. A heat source is suitable 
for heating contaminated liquid surfactant in the elongate 
inclined conduit in an amount sufficient to cause the dioxane 
contaminant of the liquid surfactant to volatilize, thereby 
decontaminating the surfactant. A gas source is suitable for 
directing a gas through the inclined conduit to transport 
volatilized dioxane out of the conduit. A receptacle is 
connected to the elongate inclined conduit for receiving the 
decontaminated liquid surfactant discharged from the 
inclined conduit. 
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1. 

APPARATUS FOR DECONTAMINATING A 
LIQUID SURFACTANT OF DIOXANE 

This application is a division of U.S. patent application 
Ser. No. 08/124,971, filed on Sep. 21, 1993 and issued as 
U.S. Pat. No. 5,562,808 on Oct. 8, 1996, which is incorpo 
rated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Surfactants are compounds which are used to change the 
surface chemistry and, in particular, the surface tension, of 
liquids. Many surfactants are formed in a liquid-phase 
reaction wherein the liquid phase is often the solvent, such 
as 14-dioxane (diethylene ether, hereinafter “dioxane”). 
Recent evidence indicates that dioxane is carcinogenic, even 
when present in very small concentrations. Consequently, 
use of surfactants in consumer products generally requires 
that the surfactants substantially be decontaminated of diox 
ane. For example, products to which plants or animals are 
exposed generally must have a dioxane content of less than 
about five parts per million. Pharmaceutical and cosmetic 
requirements are even more strict, limiting dioxane contents 
in products to less than about 0.5 parts per million. 

Several attempts to remove dioxane from surfactants have 
been made. In one method, dioxane is removed by vacuum 
stripping the dioxane from the surfactant. However, vacuum 
stripping and other distillation-like methods commonly 
result in excessive foaming by the surfactant during vola 
tilization of the dioxane. Prolonged heating of the surfactant 
can reduce the amount of foaming, but typically will also 
cause significant decomposition of the surfactant. 

In another method, dioxane is removed from the surfac 
tant by partitioning with an appropriate organic solvent, 
which can extract the dioxane. However, a portion of the 
organic solvent typically remains in the surfactant. Removal 
of the residual organic solvent from the surfactant is gen 
erally difficult and expensive. 

SUMMARY OF THE INVENTION 

The present invention relates to a method and apparatus 
for decontaminating a liquid fluorosurfactant of a dioxane 
having a vapor pressure which is higher than the surfactant. 
The method includes directing a contaminated liquid 

surfactant into an inclined conduit at an upper portion of the 
conduit. A gas is directed into the conduit, whereby the gas 
contacts the surfactant and transports the dioxane 
contaminant, which has volatilized in the conduit, out of the 
conduit, thereby decontaminating the surfactant. The liquid 
surfactant is discharged from a lower portion of the conduit. 
The apparatus includes an elevated reservoir for dioxane 

contaminated liquid surfactant and an elongate inclined 
conduit, which has an upper portion for receiving a stream 
of the contaminated liquid surfactant from the elevated 
reservoir and a lower portion for discharge of decontami 
nated liquid surfactant. A heat source is suitable for heating 
contaminated liquid surfactant in the elongate inclined con 
duit in an amount sufficient to cause the dioxane contami 
nant of the liquid surfactant to volatilize, thereby decon 
taminating the surfactant. A gas source is suitable for 
directing a gas through the inclined conduit to transport 
volatilized dioxane out of the conduit. A receptacle is 
connected to the elongate inclined conduit for receiving the 
decontaminated liquid surfactant discharged from the 
inclined conduit. 

Another embodiment of the apparatus includes an 
elevated reservoir for the dioxane-contaminated liquid sur 
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2 
factant. An upper elongate inclined conduit has an upper 
portion for receiving a stream of the contaminated liquid 
surfactant from the elevated reservoir and a lower portion 
for discharge of decontaminated liquid surfactant. The upper 
inclined conduit has a first heat source for heating contami 
nated liquid surfactant in the upper inclined conduit in an 
amount sufficient to cause a first portion of the dioxane 
contaminant of the liquid surfactant to volatilize, thereby at 
least partially decontaminating the surfactant. A middle 
elongate inclined conduit has an upper portion for receiving 
a stream of the partially contaminated liquid surfactant from 
the upper elongate inclined conduit and a lower portion for 
discharge of decontaminated liquid surfactant. A first con 
duit connector has a first narrow constriction for directing 
the decontaminated liquid surfactant discharged from the 
upper inclined conduit to the middle elongate inclined 
conduit and a gas by-pass for diverting gas from the middle 
elongate inclined conduit around the first narrow constric 
tion connector to the upper elongate inclined conduit. The 
middle elongate inclined conduit has a second heat source 
for heating the contaminated liquid surfactant in the middle 
elongate inclined conduit in an amount Sufficient to cause a 
second portion of the dioxane contaminant of the liquid 
surfactant to volatilize, thereby further decontaminating the 
surfactant. A lower elongate inclined conduit has an upper 
portion for receiving a stream of the further decontaminated 
liquid surfactant from the middle inclined conduit and a 
lower portion for discharge of decontaminated liquid sur 
factant. A second conduit connector has a second narrow 
constriction for directing the further decontaminated liquid 
surfactant discharged from the middle inclined conduit to 
the lower elongate inclined conduit and a gas by-pass for 
diverting gas from the lower elongate inclined conduit 
around second narrow constriction to the middle elongate 
inclined conduit. The lower inclined conduit has a third heat 
source for heating the further decontaminated liquid surfac 
tant in the lower inclined conduit in an amount sufficient to 
cause a third portion of the dioxane contaminant of the liquid 
surfactant to volatilize, thereby furthermore decontaminat 
ing the surfactant. The apparatus further includes a gas 
source for directing a gas through the lower elongate 
inclined conduit to the middle elongate inclined conduit to 
the upper elongate inclined conduit to transport the volatil 
ized dioxane out of the lower elongate inclined conduit, 
middle elongate inclined conduit and upper elongate 
inclined conduit and a receptacle for receiving the further 
more decontaminated liquid surfactant discharged from the 
lower elongate inclined conduit. 

This invention has many advantages, which include the 
removal of low concentrations of dioxane from surfactants 
without applying an excessive amount of heat to the surfac 
tant. Further, this method can be practiced at atmospheric 
pressure, thereby avoiding the use of vacuum distillation 
which can cause a surfactant to foam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cut-away side elevational view of one embodi 
ment of an apparatus of this invention. 

FIG. 2 is a cut-away side elevational view of another 
embodiment of an apparatus of this invention. 

FIG. 3 is a cut-away side elevational view of a third 
embodiment of an apparatus of this invention. 

FIG. 4 is a cut-away side elevational view of a fourth 
embodiment of an apparatus of this invention. 

DETALED DESCRIPTION OF THE 
INVENTION 

The features and other details of the method and apparatus 
of the invention will now be more particularly described 
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with reference to the accompanying drawings and pointed 
out in the claims. The same numeral present in different 
figures represents the same item. It will be understood that 
the particular embodiments of the invention are shown by 
way of illustration and not as limitations of the invention. 
The principal features of this invention can be employed in 
various embodiments without departing from the scope of 
the invention. All parts and percentages are by weight unless 
otherwise specified. 
The present invention relates generally to a method and 

apparatus for decontaminating a liquid surfactant of a diox 
ane having a vapor pressure which is higher than the 
surfactant. 
One embodiment of the invention is shown in FIG. 1. The 

decontamination apparatus includes inclined conduit 10. 
Inclined conduit 10 includes upper portion 12 and lower 
portion 14. First opening 16 at upper portion 12 is suitable 
for receiving a surfactant contaminated with dioxane. Sec 
ond opening 18, which is located at lower portion 14, is 
suitable for receiving surfactant from inclined conduit 10. 
Preferably, inclined conduit 10 has a substantially constant 
diameter. In a particularly preferred embodiment, inclined 
conduit 10 has a constant diameter of about three centime 
ters and is inclined at an angle of about twenty degrees from 
the horizontal. 

A suitable gas is one which can cause a dioxane contami 
nant of a surfactant to volatilize and separate from the 
surfactant, and which can direct the volatilized dioxane with 
the gas out of the conduit. In one embodiment, the gas is 
substantially inert in the presence of the surfactant and the 
dioxane contaminant. Examples of such gases include 
nitrogen, helium, argon, carbon dioxide, etc., or a combi 
nation thereof. Other gases include organic gases, Such as 
methane, and vaporized liquids, such as ethanol, that are 
non-reactive with the surfactant and contaminant. These 
gases, preferably, have a low relative humidity to minimize 
contamination of water with the surfactant and to enhance 
volatilization of the dioxane contaminant. 

Suitable surfactants which can be decontaminated of 
dioxane by the method and apparatus of the invention 
include ionic and non-ionic surfactants that have a lower 
vapor pressure than the dioxane contaminant at the tempera 
ture at which the dioxane is decontaminated from the 
surfactant. An example of a suitable surfactant is polyeth 
ylene oxide. Preferably, the surfactants are fluorosubstituted 
surfactants, such as fluoropolyethylene oxide. 

Inclined conduit 10 has means for heating inclined con 
duit 10 and conduit interior 20. Suitable means for heating 
include heat exchanger 22 or heating the tape, not shown. 
Heat exchanger 22 includes shell 24, which extends along 
inclined conduit 10. Heat exchanger inlet 26 is at shell 24 
and proximate to lower portion 14 of inclined conduit 10. 
Heat exchanger outlet 28 is at shell 24 which is proximate 
to upper portion 12 of inclined conduit 10. Heated cavity 30 
extends between inclined conduit 10 and shell 24 for receiv 
ing heat exchanger medium from heat exchanger inlet 26 
and for conducting the medium along inclined conduit 10 to 
heat exchanger outlet 28. Heat exchanger medium is 
received from heat exchanger medium source 32. Heat 
exchanger source 32 has heating means 34 for heating the 
heat exchanger medium to a suitable temperature for heat 
exchanger 22, such as in the range of between about 120° 
and 160° C. The heat exchanger medium is directed to heat 
exchanger inlet 26 through line 36 by pump 38 and is 
returned to heat exchanger medium source 32 through line 
40 from heat exchanger outlet 28. 
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4 
Heated chamber 56 is connected at upper portion 12 to 

first opening 16 of inclined conduit 10. Heated chamber 56 
has chamber inlet 58 and chamber outlet 60. Chamber inlet 
58 is suitable for receiving the surfactant contaminated with 
dioxane from reservoir 62. Heated chamber 56 has heating 
means 64. An example of a suitable heating means 64 is an 
electrical heating tape that is wrapped around heated cham 
ber 56 and which is connected to an electrical power source 
by wires 65. Heating means 64 has sufficient heating capac 
ity to heat the surfactant contaminated with dioxane to a 
temperature at which a substantial amount of the dioxane 
can volatilize. Chamber outlet 60 is connected to collector 
conduit 66 for removing vaporized dioxane with the heated 
gas from heated chamber 56. 

Reservoir 62 is suitable for holding dioxane-contaminated 
surfactant 68 and has reservoir inlet 70 for receiving the 
dioxane-contaminated surfactant and seal 72 for sealing 
reservoir 62 during operation of the decontamination appa 
ratus. Reservoir 62 has reservoir outlet 74 for directing 
dioxane-contaminated Surfactant from reservoir 62 to heated 
chamber 56. Reservoir valve 76 is located at reservoir outlet 
74 to control the flow of contaminated surfactant from 
reservoir 62 to heated chamber 56. The required flow rate of 
the surfactant from reservoir 62 to volatilize the dioxane in 
the surfactant in inclined conduit 10 will depend upon the 
temperature of the surfactant as it flows through inclined 
conduit 10, the size of inclined conduit 10, and the pressure 
in inclined conduit 10. In one embodiment, aboutfifty drops 
per minute are directed from reservoir 62 through valve 76 
into inclined conduit 10. 

Dioxane collector 78, which is configured for receiving 
dioxane, is connected to heated chamber 56 by collector 
conduit 66. Dioxane collector 78 has collector inlet 80 and 
collector outlet 82. Collector inlet 80 receives heated gas 
with the dioxane contaminant from heated chamber 56 
through collector conduit 66. Condenser 84 is located at 
collector outlet 82 and has sufficient capacity to cool the 
heated inert gas, whereby dioxane contaminant contained in 
the gas is condensed, thereby allowing dioxane contaminant 
to flow backinto dioxane collector 78 and collectin dioxane 
pool 86. In one embodiment, condenser 84 is dry ice-cooled 
and has a temperature of about -78° C. The cooled gas is 
allowed to flow out of condenser 84 through condenser 
outlet 88 to the atmosphere substantially free of dioxane 
contaminant. 

Surfactant collector 42, which is suitable for receiving 
decontaminated surfactant 43, is connected to conduit outlet 
18 at lower portion 14 to surfactant collector conduit 44. 
Surfactant collector 42 is located lower than conduit outlet 
14 to allow the surfactant, which is substantially decontami 
nated of the dioxane contaminant, to flow freely from 
inclined conduit 10 through surfactant collector conduit 44 
to surfactant collector inlet 46. 

Surfactant collector conduit 44 has gas inlet 48 for 
directing a continuous gas stream from gas source 50 
through gas tube 52. The flow of continuous gas stream is 
controlled by valve 54 into surfactant collector conduit 44 
and inclined conduit 10. 

Inclined conduit 10 is constructed of a suitable material, 
such as glass or metal, which allows the surfactant to flow 
from first opening 16 to second opening 18 in the form of a 
continuous thin liquid film. 

In one embodiment of the method of the invention, the 
dioxane-contaminated surfactant is directed from reservoir 
62 through reservoir outlet 74 to heated chamber 56. The 
dioxane-contaminated surfactant has a dioxane contaminant 
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that has a higher vapor pressure than that of the surfactant. 
In one embodiment, the surfactant has a concentration of 
dioxane contaminant in the range of between about 5,000 
and 20,000 parts per million. The concentration of dioxane 
can be determined by various methods, such as gas 
chromatography, high pressure liquid chromatography and 
mass spectroscopy. The flow of the contaminated surfactant 
is controlled by reservoir valve 76 at a rate of between about 
45 and 55 drops per minute of surfactant. The drops are 
directed through heated chamber 56, which is heated to a 
temperature of about 150° C. A gas, such as nitrogen, is 
directed from gas source 50 through gas tube 52 to gas inlet 
48. The flow of gas is controlled by valve 54. The surfactant 
is conducted from first opening 16 through inclined conduit 
10 to second opening 18. The gas is directed from gas inlet 
48 through inclined conduit 10 and is heated to a tempera 
ture of about 140° C therein. The gas is directed through 
inclined conduit 10 at a rate of between about sixty and 
ninety milliliters per minute. As the gas is directed through 
inclined conduit 10, the dioxane volatilizes from the heated 
surfactant on inclined conduit 10, thereby decontaminating 
the surfactant, 
The volatilized dioxane is conducted from inclined con 

duit interior 20 through first opening 16 to heated chamber 
56 to collector conduit 66 into dioxane collector 78. The gas 
is directed from dioxane collector 78 through condenser 84. 
Condenser 84 sufficiently cools the dioxane contaminant 
contained in the heated gas to a temperature which causes a 
Substantial condensation of dioxane, whereby the conden 
sated dioxane is returned to dioxane collector 78 and is 
collected. The decontaminated surfactant is drained from 
inclined conduit 10 into surfactant collector 42 and is 
cooled, thereby decontaminating the dioxane contaminant 
from the surfactant. 

FIG. 2 illustrates another embodiment of this invention. 
The apparatus of FIG. 2 has many of the same elements of 
FIG. 1 and like elements are designated with like numerals. 
This apparatus has an inclined conduit that has a series of 
steps 90, thereby allowing an increased surface area within 
a specific length of the conduit. 

Further, FIG. 3 illustrates another embodiment of this 
invention. Again, the apparatus of FIG.3 has many the same 
elements of FIG. 1 and like elements are designated with 
like numerals. This apparatus has a series of inclined con 
duits in parallel within shell 24, thereby allowing a greater 
amount of surface area for forming a continuous thin film 
per unit length of inclined conduit. In the cut-away view of 
FIG. 3, three conduit pipes 92.93.94 are located within shell 
24. Conduitpipes 92.93.94 have the same diameter and have 
the same length which extends the length of shell 24. 
Conduit pipes 92.93.94 are bundled in such a manner to 
allow the heat exchanger medium to flow between conduit 
pipes 92.93.94 to substantially heat the pipes to the same 
temperature. Conduit pipes 92.93.94 has a similar construc 
tion as inclined conduit 10 in shell 24. 
Chamber tube 98 is located within heated chamber 56. 

The upper portion of chamber tube 98 is connected to 
chamber inlet 58. Chamber tube 98 at point 99 is evenly 
divided into a series of branches 95.96.97 which are equal in 
number to the number of conduit pipes and allows the 
dioxane-contaminated surfactant to sufficiently heat and 
evenly divide the amount of surfactant to flow in an equal 
amount into each conduit tube 92.93.94 while allowing the 
inert gas to flow through conduit tubes 92.93.94 to heated 
chamber 56. 

Furthermore, FIG. 4 illustrates another embodiment of 
this invention. This apparatus is a series of inclined conduits. 
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6 
In a cut-away view of FIG. 4, the apparatus has upper 
section 100, middle section 102 and lower section 104. 
Upper section 100 has upper inclined conduit 106 which 
includes upper portion 108 and lower portion 110. First 
opening 112 at upper portion 108 is suitable for receiving a 
surfactant contaminated with dioxane. Second opening 114, 
which is located at lower portion 110, is suitable for receiv 
ing surfactant from upper inclined conduit 106. Upper 
inclined conduit 106 is similar in construction and shaped as 
conduit 10 described in FIG. 1. 

Upper inclined conduit 106 has means for heating upper 
inclined conduit and upper conduit interior 117. Suitable 
means for heating includes upper heat exchanger 116 which 
includes upper shell 118 which extends along upper inclined 
conduit 106. Heat exchanger inlet 120 is at upper shell 118 
and proximate to lower portion 110 of upper inclined 
conduit 106. Heat exchanger outlet 122 is at upper shell 118 
which is proximate to the upper portion 108 of upper 
inclined conduit 106. Upper heated cavity 124 extends 
between upper inclined conduit 106 and upper shell 118 for 
receiving heat exchanger medium from heat exchanger inlet 
120 and for conducting the medium along upper inclined 
conduit 106 to the heat exchanger outlet 122. Heat 
exchanger medium is received from first heat exchanger 
source 126. First heat exchanger source 126 has heating 
means 127 for heating the heat exchanger medium to a 
suitable temperature for upper heat exchanger 116, such as 
in the range of between about 120° and about 160° C. The 
heat exchanger medium is directed to heat exchanger inlet 
120 through line 128 by pump 130 and is returned to the heat 
exchanger medium source through line 132 from heat 
exchanger outlet 122. 

Heated chamber 134 is connected at upper portion 108 to 
first opening 112 of upper inclined conduit 106. Heated 
chamber 134 has chamber inlet 136 and chamber outlet 138. 
Heated chamber 134 has a similar construction as heated 
chamber 50 of FIG. 1. Included in heated chamber 134 is 
heating means 140. An example of a suitable heating means 
140 is an electrical heating tape that is wrapped around 
heated chamber 140 and which is connected to an electrical 
power source by wires 141. Heating means 140 has suffi 
cient capacity to heat the surfactant contaminated with 
dioxane to a temperature at which a substantial amount of 
dioxane can volatilize. Chamber outlet 138 is connected to 
collector conduit 142 for removing vaporized dioxane with 
the heated gas from heated chamber 134. 

Reservoir 144 is suitable for holding dioxane 
contaminated surfactant and has a similar construction as 
reservoir 62 as described in FIG. 1. Reservoir 144 has 
similar elements which include contaminated surfactant 145, 
reservoir inlet 146 for receiving the dioxane-contaminated 
surfactant and seal 148 for sealing reservoir during operation 
of decontamination apparatus. Reservoir 144 has reservoir 
outlet 150 for directing dioxane-contaminated surfactant 
from reservoir to heated chamber 134. Reservoir valve 152 
is located at reservoir outlet 150 similar to reservoir outlet/4 
described in FIG. I. 

Dioxane collector 154, which is configured for receiving 
dioxane, is connected to heated chamber 134 by collector 
conduit 142. Dioxane collector 154 is similar to dioxane 
collector 78, as described in FIG. 1, and has collector inlet 
156 and collector outlet 158. Collector inlet 156 receives 
heated gas with dioxane contaminant from heated chamber 
134 through collector conduit 142. Collector outlet 158 is 
connected to condenser 160 by condenser inlet 159. Con 
denser 160 has sufficient capacity to cool the heated inert 
gas, whereby dioxane contaminant contained in the gas is 
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condensed, thereby allowing dioxane contaminant to flow 
back into dioxane collector 154 and collect in dioxane pool 
162. The cooled gas is allowed to flow out of condenser 160 
through condenser outlet 161 to the atmosphere substantially 
free of dioxane contaminant. In a preferred embodiment, 
condenser 160 is a dry-ice cooled condenser. 
Lower portion 110 of upper section 100 is connected to 

middle section 102 by first conduit section 164. First conduit 
section 164 has first conduit connector 166 which narrows 
significantly at narrow constriction 168 along first conduit 
connector 166, whereby essentially only the liquid surfac 
tant can pass through narrow constriction 168. First conduit 
section 164 has gas outlet 170 and gas inlet 172 which are 
disposed on opposite sides of the narrow constriction 168 of 
first connector conduit 166. Gas outlet 170 is connected to 
outlet tube 174 which is connected to middle dioxane 
collector 176. Middle dioxane collector 176 has middle 
dioxane collector inlet 178 and middle dioxane collector 
outlet 180. Middle dioxane collector outlet 180 is connected 
to condenser 182 by condensing means inlet 184. Condenser 
outlet 186 is connected to tube 188 which is connected to gas 
inlet 172 which is located above narrow constriction 168 of 
conduit section 164. This configuration allows essentially all 
of the inert gas which flows into first conduit section 164 to 
flow through outlet tube 174 to middle collector 176 to 
condenser 182 through inlet tube 188 and into lower portion 
110 of upper section 100. Condenser 182, such as a dry-ice 
cooled condenser, has sufficient cooling capacity to cool the 
heated inert gas, whereby a portion of the dioxane contami 
nant contained in the gas is condensed, thereby allowing 
dioxane contaminant to flow back into middle dioxane 
collector 176 then collect in dioxane pool 177. 

Middle inclined conduit 190 includes upper portion 192 
and lower portion 194. First opening 196 at upper portion 
192 suitable for receiving a surfactant contaminated partially 
with dioxane. Second opening 198 which is located at lower 
portion 194 of middle inclined conduit 190 is suitable for 
receiving surfactant from middle inclined conduit 190. 
Preferably, middle inclined conduit 190 is configured simi 
larly to conduit 10 as described in FIG. 1. 
Middle inclined conduit 190 has means for heating middle 

inclined conduit and middle conduit interior 200. Suitable 
means for heating include heat exchanger 202. Heat 
exchanger includes middle shell 204 which extends along 
middle inclined conduit 190. Heat exchanger inlet 206 is 
proximate to the lower portion 194 of middle inclined 
conduit 190. Heat exchanger outlet 208 is at middle shell 
204 which is proximate to upper portion 192 of middle 
inclined conduit 190. Middle heated cavity 210 extends 
between middle inclined conduit 190 and middle shell 204 
for receiving heat exchanger medium from heat exchanger 
inlet 206 and for conducting the medium along middle 
inclined conduit 194 to heat exchanger outlet 208. Heat 
exchanger medium is received from heat exchanger medium 
source 212. Heat exchanger source 212 has heating means 
214 for heating the heat exchanger medium to a suitable 
temperature for heat exchanger 202, such as in the range of 
between about 120° and 160° C. The heat exchanger 
medium is directed to heat exchanger inlet 206 through line 
216 by pump 218 and is returned to heat exchanger medium 
source 212 through line 220 from heat exchanger outlet 208. 
Middle inclined conduit 190 is connected to the lower 

inclined conduit 222 by second conduit section 224. Second 
conduit section 224 has second conduit connector 226 which 
has narrow constriction 228 through which essentially only 
surfactant can pass. Second conduit connector 226 has gas 
outlet 230 and gas inlet 232 which are disposed pn either 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

8 
side of narrow constriction 228 of second conduit connector 
224. Gas outlet 230 is connected to tube 234 which is 
connected to third dioxane collector 236 which is configured 
for collecting dioxane. Third dioxane collector 236 has 
collector inlet 238 and collector outlet 240. Collector inet 
238 receives heated gas with dioxane contaminant from 
lower section 104 through tube 234. Condenser 242 has 
condenser inlet 243, which collector outlet 240 is located at 
the collector outlet 240 and has sufficient cooling capacity to 
cool the heated inert gas, whereby the portion of the dioxane 
contaminant contained in the gas is condensed, thereby 
allowing dioxane contaminant to flow back into lower 
dioxane collector 236 then collect in dioxane pool 244. 
Condenser outlet 245 is connected to tube 247 which is 
connected to gas inlet 232 which is located above narrow 
constriction 228 on second conduit section 224. This con 
figuration allows essentially all of the inert gas which flows 
into second conduit section 224 to flow through outlet tube 
234 into lower collector 236 to lower condenser 242 through 
inlet tube 247 and into lower portion 194 middle inclined 
conduit 190 of middle section 102. 
Lower inclined conduit 222 includes upper portion 246 

and lower portion 248. First opening 250 at upper portion 
246 is suitable for receiving a surfactant which can be at 
least partially contaminated with dioxane. Second opening 
252 which is located at lower portion 248 is suitable for 
receiving surfactant from lower inclined conduit 222. 
Preferably, lower inclined conduit 222 has a Similar con 
figuration as conduit 10 described in FIG. 1. 
Lower inclined conduit 222 has means for heating lower 

inclined conduit in lower conduit interior 254. Suitable 
means for heating includes heat exchanger 256 or heating 
tape, which is not shown. Heat exchanger 256 includes 
lower shell 258 which extends along lower inclined conduit 
222. Heat exchanger inlet 260 is at lower shell 258 proxi 
mate to lower portion 248 of lower inclined conduit 222. 
Heat exchanger 262 outlet is at lower shell 258 which is 
proximate to upper portion 246 of lower inclined conduit 
222. Heated cavity 264 extends between lower inclined 
conduit 222 and lower shell 258 for receiving heat 
exchanger medium from heat exchanger inlet 260 and for 
conducting medium along lower inclined conduit 222 to heat 
exchanger outlet 262. Heat exchanger medium is received 
from heat exchanger medium source 266. Heat exchanger 
medium 266 source has means for heating 268 the heat 
exchanger medium to a suitable temperature for heat 
exchanger, such as in the range of between about 120° and 
160° C. The heat exchanger medium is directed to heat 
exchanger inlet 260 through line 270 by pump 272 and is 
returned to heat exchanger medium source 266 through line 
274 from heat exchanger outlet 262. 

Surfactant collector 276, which is suitable for receiving 
decontaminated Surfactant, is connected to lower inclined 
conduit 222 at lower portion 248 to surfactant collector 
conduit 278. Surfactant collector 276, which is similar to 
surfactant collector 42 described in FIG. 1, is located lower 
than lower opening 252 to allow the surfactant which is 
substantially decontaminated of a dioxane contaminant, to 
flow freely from lower inclined conduit 222 through surfac 
tant collector conduit 278 to surfactant collector inlet 280 to 
surfactant collector 276, thereby forming a substantially 
dioxane free surfactant pool. 281. 

Surfactant collector conduit 278 has gas inlet 282 for 
directing a continuous gas stream from gas source 284 
through gas tube 286. The flow of continuous gas stream is 
controlled by valve 288 to surfactant collector conduit 278 
and lower inclined conduit 222. 
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EXAMPLE 

Afluorosurfactant, Zonyl(s) FSO-100 commercially avail 
able from E.I. dupont de Nemours & Co. (duPont) having a 
general formula of RCHCHO(CHCHO).H where R. 
equals F(CFCF), which was contaminated with a diox 
ane contaminant at a concentration of 20,000 parts per 
million, was directed through an apparatus, as shown in FIG. 
1, from reservoir 62 through reservoir outlet 74 into heated 
chamber 56 onto heating means 64. Inclined conduit 10 was 
Smooth and glass-lined and had an inside diameter of three 
centimeters and a length of about sixty-five centimeters. The 
dioxane-contaminated Surfactant was directed at a rate of 
fifty drops per minute. Heating means 64 had a surface 
temperature of about 150° C. Dry nitrogen gas was directed 
through surfactant conduit 44 at a rate of ninety milliliters 
per minute. At upper portion 12, the temperature was 150 
C. At lower portion 14, the temperature was 150° C. 
The fluorosurfactant with dioxane contaminant was 

directed through inclined conduit 10 for a period of ten 
hours. During this period of time, 0.25 liters of surfactant 
was collected in surfactant collector 42. The surfactant 
collected in collector 42 had less than one part per million 
of dioxane contaminant after decontamination. 
Equivalents 
Those skilled in the art will recognize, or be able to 

ascertain using no more than routine experimentation, many 
equivalents to the specific embodiments of the invention 
described specifically herein. Such equivalents are intended 
to be encompassed in the scope of the claims. 
We claim: 
1. An apparatus for decontaminating a liquid surfactant of 

a dioxane having a vapor pressure which is higher than the 
vapor pressure of the surfactant, comprising: 

a) an elevated reservoir for the dioxane-contaminated 
liquid surfactant; 

b) an upper elongate inclined conduit, said upper elongate 
inclined conduit having an upper portion for receiving 
a stream of the contaminated liquid surfactant from the 
elevated reservoir and a lower portion for discharge of 
an at least partially decontaminated liquid surfactant; 

c) a first heat source for heating the contaminated liquid 
surfactant in the upper elongate, inclined conduit in an 
amount sufficient to cause a first portion of the dioxane 
contaminant of the liquid surfactant to volatilize, 
thereby at least partially decontaminating the liquid 
surfactant; 

d) a middle elongate inclined conduit, said middle elon 
gate inclined conduit having an upper portion for 
receiving a stream of the at least partially decontami 
nated liquid surfactant from the upper elongate inclined 
conduit and a lower portion for discharge of a further 
decontaminated liquid surfactant; 

e) a first conduit connector having a first narrow constric 
tion for directing the decontaminated liquid surfactant 
discharged from the upper elongate inclined conduit to 
the middle elongate inclined conduit and a gas by-pass 
for diverting gas from the middle elongate inclined 
conduit around the first narrow constriction connector 
to the upper elongate inclined conduit; 

f) a second heat source for heating the at least partially 
decontaminated liquid surfactantin the middle elongate 
inclined conduit in an amount Sufficient to cause a 
second portion of the dioxane contaminant of the liquid 
surfactant to volatilize, thereby further decontaminat 
ing the liquid surfactant; 
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10 
g) a lower elongate inclined conduit, said lower elongate 

inclined conduit having an upper portion for receiving 
a stream of the further decontaminated liquid surfactant 
from the middle elongate inclined conduit and a lower 
portion for discharge of decontaminated liquid surfac 
tant; 

h) a second conduit connector having a second narrow 
constriction for directing the further decontaminated 
liquid surfactant discharged from the middle elongate 
inclined conduit to the lower elongate inclined conduit 
and a gas by-pass for diverting gas from the lower 
elongate inclined conduit around second narrow con 
striction to the middle elongate inclined conduit; 

i) a third heat source for heating the further decontami 
nated liquid surfactant in the lower elongate inclined 
conduit in an amount sufficient to cause a third portion 
of the dioxane contaminant of the liquid surfactant to 
volatilize, thereby furthermore decontaminating the 
liquid surfactant; 

j) a gas source for directing a gas through the lower 
elongate inclined conduit to the middle elongate 
inclined conduit to the upper elongate inclined conduit 
to transport the volatilized dioxane out of said lower 
elongate inclined conduit, middle elongate inclined 
conduit and upper elongate inclined conduit; and 

k) a receptacle for receiving the furthermore decontami 
nated liquid surfactant discharged from the lower elon 
gate inclined conduit. 

2. The apparatus of claim 1 wherein the upper elongate 
inclined conduit, middle elongate inclined conduit and lower 
elongate inclined conduit are straight tubes. 

3. The apparatus of claim 1 wherein the upper elongate 
inclined conduit, middle elongate inclined conduit and lower 
elongate inclined conduit include a series of straight tubes in 
parallel contained within shell heat exchangers. 

4. The apparatus of claim 1 wherein the upper elongate 
inclined conduit, middle elongate inclined conduit and lower 
elongate inclined conduit are stepped. 

5. The apparatus of claim 1 wherein the gas source 
includes a gas that is nonreactive with the liquid surfactant. 

6. The apparatus of claim 5 wherein the gas is selected 
from the group consisting of nitrogen, helium, argon, carbon 
dioxide, methane, and ethanol. 

7. The apparatus of claim 6 wherein the gas source can 
direct the gas countercurrently to the direction of flow of the 
liquid surfactant. 

8. The apparatus of claim 6 wherein the gas source can 
direct the gas concurrently with the direction of flow of the 
liquid surfactant. 

9. The apparatus of claim 1 wherein the stream of the 
contaminated liquid from the elevated reservoir is in the 
form of drops. 

10. The apparatus of claim 1 wherein the discharged 
decontaminated liquid includes a contaminant concentration 
of less than five parts per million. 

11. An apparatus for decontaminating a liquid surfactant 
of a dioxane having a vapor pressure which is higher than 
the vapor pressure of the surfactant, comprising: 

a) an elevated reservoir for the dioxane-contaminated 
liquid surfactant; 

b) an upper elongate inclined conduit, said upper elon 
gated inclined conduit having an upper portion for 
receiving a stream of the contaminated liquid surfactant 
from the elevated reservoir and a lower portion for 
discharge of an at least partially decontaminated liquid 
Surfactant; 
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c) a first heat source for heating the contaminated liquid 
surfactant in the upper elongate inclined conduit in an 
amount sufficient to cause a first portion of the dioxane 
contaminant of the liquid Surfactant to volatilize, 
thereby at least partially decontaminating the liquid 
Surfactant; 

d) a lower elongate inclined conduit, said lower elongate 
inclined conduit having an upper portion for receiving 
a stream of the at least partially decontaminated liquid 
surfactant from the upper elongate inclined conduit and 
a lower portion for discharge of a decontaminated 
liquid surfactant; 

e) a conduit connector having a narrow constriction for 
directing the decontaminated liquid surfactant dis 
charged from the upper elongate inclined conduit to the 
lower elongate inclined conduit and a gas by-pass for 
diverting gas from the lower elongate inclined conduit 
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around the narrow constriction connector to the upper 
elongate inclined conduit; 

f) a second heat source for heating the at least partially 
decontaminated liquid surfactant in the lower elongate 
inclined conduit in an amount Sufficient to cause a 
second portion of the dioxane contaminant of the liquid 
surfactant to volatilize, thereby decontaminating the 
liquid surfactant; 

g) a gas source for directing a gas through the lower 
elongate inclined conduit to the upper elongate inclined 
conduit to transport the volatilized dioxane out of said 
lower elongate inclined conduit and upper elongate 
inclined conduit; and 

h) a receptacle for receiving the decontaminated liquid 
surfactant discharged from the lower elongate inclined 
conduit. 


