
(19) 

US 20020148601A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0148601 A1 
United States 

Roos et al. (43) Pub. Date: Oct. 17, 2002 

(54) APPARATUS FOR ACCELERATING (30) Foreign Application Priority Data 
CONDENSATION WITH THE AID 0F 
STRUCTURED SURFACES Dec. 30, 2000 (DE) ................................... .. 100 65 797.4 

(76) 

(21) 

(22) 

Inventors: Martin Roos, Haltern (DE); Edwin 
Nun, Billerbeck (DE); Markus Oles, 
Hattingen (DE); Bernhard Schleich, 
Recklinghausen (DE) 

Correspondence Address: 
OBLON SPIVAK MCCLELLAND MAIER & 
NEUSTADT PC 
FOURTH FLOOR 
1755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VA 22202 (US) 

Appl. No.: 10/028,365 

Filed: Dec. 28, 2001 

Steam out 

Publication Classi?cation 

(51) Int. Cl? ...................................................... ..F28D 7/02 
(52) Us. 01. ............................................................ .. 165/164 

(57) ABSTRACT 

Acondensation apparatus for condensing a gas on a surface, 
Where the surface for condensing the gas has elevations of 
average height of from 50 nm to 1 mm, and With an average 
separation of from 50 nm to 1 mm, alloWs increased 
condensation ef?ciency. The apparatus is used for condens 
ing organic or inorganic gases and may be incorporated into 
distillation systems. 
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APPARATUS FOR ACCELERATING 
CONDENSATION WITH THE AID OF 

STRUCTURED SURFACES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to an apparatus and method 
for condensing gases. An important parameter for many 
industrial processes is the condensation behavior of a vapor/ 
gas. For the purposes of the present invention, condensation 
is the phase change of an element or of a compound from a 
gaseous phase into a liquid phase. 

[0003] 2. Discussion of the Background 

[0004] Taking the eXample of the Water/air system, i.e. 
humidity, a certain percentage of Water vapor is present in 
the air of the outdoor atmosphere. This Water vapor is termed 
humidity. The ratio of the mass of Water vapor present in a 
volume of air to that volume of air is termed the absolute 
humidity. HoWever, a more important value is that knoWn as 
relative humidity. Relative humidity is de?ned as the mass 
of Water vapor present in a volume of air divided by the mass 
of Water vapor When that volume of air is saturated, and can 
be 

PD f 
(p = — : 

PS fmax 

[0005] described by the folloWing formula: 

[0006] Where <|>=relative humidity; PD=Water vapor 
partial pressure; Ps=saturation vapor pressure; f=ab 
solute moisture level; fmaX=maXimum moisture 
level. 

[0007] Relative humidity of 100% therefore means that 
the Water vapor partial pressure is the same as the saturation 
vapor pressure of Water at a given temperature and pressure. 
It is knoWn from thermodynamics that for tWo phases to 
eXist alongside one another in equilibrium their chemical 
potentials have to be identical. Liquid phase and vapor phase 
can therefore only eXist alongside one another at a certain 
pressure, Which is temperature-dependent. 

[0008] Condensation processes are used in a Wide variety 
of industrial processes, eg distillation, reactive distillation, 
cooling Water circuits in poWer plant turbines, and Work-up 
of aqueous or organic solutions by draWing off the solvent. 
These processes therefore have a major part to play in 
industry. 
[0009] The energy balance is an important economic cri 
terion here, implying that the less energy needed to condense 
a liquid, the more cost-effective the condensation process. 
This process may be described as folloWs, taking the 
eXample of condensation of Water vapor from air: 

[0010] A surface (condenser) is cooled With respect to the 
surrounding gas phase. In the immediate vicinity of the 
surface there is cooling of the gas and of the Water vapor. If 
the pressure is held constant here, the prevailing Water vapor 
partial pressure can eXceed the saturation vapor pressure 
associated With the loWer temperature. In that case conden 
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sation occurs, leading to deposition of Water on the surface. 
The droplet present on the surface then gives up heat to the 
surface and thus cools. In many types of condensation 
apparatus, this transfer of heat has to be compensated, 
therefore requiring constant recooling of the condensation 
surface. The cooling of these surfaces is a very energy 
intensive process. The greater the amount of condensate on 
the surface and the longer its residence time, the more 
energy the condensate gives up to the surface. It is therefore 
desirable that the Water droplet is conducted aWay from the 
surface as rapidly as possible and that its temperature is as 
high as possible at that juncture. 

SUMMARY OF THE INVENTION 

[0011] It is an object of the present invention, therefore, to 
improve the economics of the condensation process, i.e. the 
process extending from condensation of a vapor to collect 
ing the resultant liquid. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] Surprisingly, it has been found that increased con 
densation efficiency is possible With the aid of a structured 
surface. 

[0013] The present invention provides an apparatus and 
method for condensing a gas on a surface, Where the surface 
for condensing the gas (condensation surface) has elevations 
of average height of from 50 nm to 1 mm, and With an 
average separation of from 50 nm to 1 mm. 

[0014] The arrangement of the elevations may be regular 
(ordered) or stochastic (randomly distributed). The eleva 
tions may moreover have an average height of from 500 nm 
to 50 pm. 

[0015] The surface energy may be from 5 to 20 mN/m, 
preferably from 10-20 mN/m. Higher surface energies, such 
as from 20-40 mN/m, are also possible but are not generally 
necessary, eg for condensing Water. 

[0016] Structured surfaces are knoWn and termed lotus 
surfaces, and have been described, eg in DE 198 03 787 
and WO 96/04123, both incorporated herein by reference, 
Where the self-cleaning action of the structured surfaces is 
described. 

[0017] Those surfaces of the apparatus of the invention at 
Which the vapor condenses have a very small run-off angle 
for liquids, in this case for the condensate. Once a condensed 
droplet has begun to move, it can run off the surface Without 
assistance and can collect other droplets, and this applies 
even to very small droplets. A droplet siZe beloW 0.5 pl is 
sufficient for this purpose. The droplets therefore have 
relatively loW adhesion to the surfaces and thus run off from 
the surface relatively rapidly. This phenomenon affords 
many thermodynamic/technical advantages. The shorter 
residence time of the condensate on the surface reduces the 
amount of heat Which can be given up by the liquid to the 
surface, since this process proceeds in proportion to tem 
perature difference and time. The results of the more rapid 
transport of the condensate aWay from the surface are ?rstly 
that less energy is transferred and secondly that What are 
knoWn as condensation nuclei are made available again 
more rapidly. 
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[0018] The sites at Which the liquid phase is produced are 
termed condensation nuclei. Condensation Within the vapor 
has to begin With formation of small droplets. The smaller 
the droplet, the greater its vapor pressure, and therefore at a 
given level of oversaturation the droplets that can groW are 
only those Whose radius exceeds a certain value. All droplets 
With a smaller radius tend to re-evaporate. Condensation of 
the oversaturated vapor can take place only after a nucleus 
has been produced as a result of a ?uctuation phenomenon 
associated With a fall in entropy. The frequency of this 
nucleation is a decisive factor in determining Whether a 
phase change from gaseous to liquid is likely to occur at a 
given level of oversaturation. The frequency is found to be 
very sensitive to the level of oversaturation of the vapor/gas. 
Within a relatively narroW range of oversaturation levels, the 
scale Will extend from almost no condensation events to 
very frequent condensation events. Whether oversaturation 
of the vapor is present or not depends to a major extent on 
the microscopic environmental parameters applicable to the 
vapor. 

[0019] The condensation surface of the present invention 
therefore preferably has one or more of the folloWing 
features: 

[0020] an angle of inclination of at least 3°, in par 
ticular at least 10°, preferably at least 30°, particu 
larly preferably at least 45°, 

[0021] a surface energy of from 5-20 mN/m, deter 
mined on a surface Without elevations (by the 
method of OWens et al., J. Appl. Polym. Sci. 13, 
1741, 1969, incorporated herein by reference), 

[0022] a material: polytetra?uoroethylene, polyvi 
nylidene ?uoride, or polymers made from per?uo 
roalkoxy compounds, and/or metals, as sole constitu 
ent, main constituent, or coating, 

[0023] a coating made from ?uoroalkanes, from 
alkyl-?uorosilanes, or from ?uorinated vinyl com 
pounds. 

[0024] The apparatus of the invention may be used in 
cooling systems, distillation systems, reactors, re?ux con 
densers, or poWer plant condensers, or else in air condition 
ing systems, dehumidi?ers, or cold traps. The apparatus may 
contain a means for removing condensate formed on the 
condensation surface. Such means may rely on gravity for 
draWing the condensate liquid to a reservoir or outlet from 
the apparatus. A preferred means of removing condensate 
utiliZes gravity to alloW the condensate to move under the 
in?uence of its oWn Weight doWn the condensation surface 
to a removal or containment reservoir or outlet from the 
apparatus. It is preferred to orient the condensation surface 
at an angle to improve the condensate’s ability to move 
under the in?uence of gravity. 

[0025] The method of the invention may be used to 
improve the energy efficiency of any process that involves 
condensing a condensable gas. The method may be con 
ducted by bringing a condensable gas into contact With the 
condensation surface. The condensation surface is prefer 
ably cooled. The pressure of the condensation gas is pref 
erably substantially constant and may be adjusted so as to 
change the rate of condensation of the gas on the conden 
sation surface. The rate of condensation may be further 
regulated by adjusting the cooling of the condensation 
surface. 
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[0026] Particular applications of the invention include 
cooling, distillation, or condensation systems for any of the 
elements and compounds Which can change their phase from 
gaseous to liquid, in particular for Water, ethanol, methanol, 
MTBE, hydrocarbons, fuels, combustion gases, or lique?ed 
gases, such as N2 or air. 

[0027] In the invention method, a gas containing a con 
densable vapor is brought into contact With the invention 
condensation surface, preferably With cooling of the con 
densation surface and collection of the resultant condensate. 

[0028] German Application Number 100 65 797.4, ?led 
on Dec. 20, 2000, is incorporated herein by reference in its 
entirety. 

BRIEF DESCRIPTION OF THE DRAWING 

[0029] Amore complete appreciation of the invention and 
many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in connection With the accompanying draWings, Wherein the 
condensation apparatus of the Examples is shoWn. 

EXAMPLE 1 

[0030] A negative shape Was produced by UV lithography 
of a photosensitive plastic and subsequent electroforming 
With nickel according to EP 0 933 388, incorporated herein 
by reference. This shape Was used to cast a polycarbonate 
?lm having a microstructure With protuberances of about 2 
pm Wide (measured at half height) and about 4 pm height 
With a spacing of 4 pm. The structure of the shape has the 
same dimensions With opposite sign. 

[0031] The polycarbonate ?lm structured in this manner 
Was then rendered hydrophobic With Dynasilan F 8262 
(Degussa AG). An unstructured polycarbonate ?lm Was also 
rendered hydrophobic With Dynasilan F 8262 (Degussa 
AG). A polycarbonate ?lm rendered hydrophobic in the 
same manner but unstructured had a contact angle With 
Water of 109.8° and a surface energy of less than 20 mN/m 
(determined according to OWens et al.) and the structured 
?lm a contact angle of 150°. 

[0032] Asecond negative shape Was produced in the same 
manner as described above. With the second shape a poly 
carbonate ?lm having protuberances of about 0.5 pm Wide 
(measured at half height) and about 0.5 pm height With a 
spacing of 0.5 pm, Was produced. 

[0033] The ?lms having different structured surfaces as 
Well as a hydrophobic and unstructured polycarbonate ?lm 
Were ?xed on the outside of metal tubes. Those tubes Were 
one after another installed into a second, larger tube. The 
?rst tube Was cooled by streaming cooling Water (10° C.) 
through the inside of the tube. The larger tube Was ?lled With 
steam of Water having a pressure of 105 N/m2. A schematic 
picture of this arrangement is given in the draWing. 

[0034] The inner tubes With the different ?lms ?xed on the 
outside Were exchanged after a given period of time. The 
Water condensed on the different sheets or ?lms in the same 
period of time Was collected and Weighted. The mass of the 
Water collected on structured surfaces Was at least 50% 
higher than the mass of Water collected on the tubes having 
hydrophobic but non structured surfaces. There Was no 
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signi?cant difference in the mass of Water collected on 
structured surfaces having protuberances With a Wide of 2 
urn and those having protuberances With a Wide of 0.5 urn. 

EXAMPLE 2 

[0035] The same negative shape as described in the 
Example above can be used to form a structured nickel sheet 
by galvanic forrning. This sheet once again can have a 
rnicrostructure With protuberances of about 2 urn Wide 
(measured at half height) and about 4 urn height With a 
spacing of 4 urn. 

[0036] A nickel sheet With this structure can be rendered 
hydrophobic With Dynasilan F 8262 (Degussa AG). An 
unstructured nickel sheet can also be rendered hydrophobic 
With Dynasilan F 8262 (Degussa AG). 

[0037] A second negative shape can be produced in the 
same manner as described above. With the second shape a 
nickel sheet can be produced having protuberances of about 
0.5 urn Wide (measured at half height) and about 0.5 urn 
height With a spacing of 0.5 urn. 

[0038] The sheets With different structured surfaces as 
Well as a hydrophobic and unstructured nickel sheet can be 
?xed on the outside of metal tubes. Those tubes can be 
installed one after another into a second, larger tube. The 
?rst tube can be cooled by strearning cooling Water (10° C.) 
through the inside of the tube. The larger tube can be ?lled 
with steam of Water having a pressure of 105 N/rn2. 

[0039] The inner tubes With the different sheets on the 
outside can be exchanged after a given period of time. The 
Water that can condense on the different sheets in the same 
period of time can be collected and Weighted. On structured 
surfaces, the mass of the Water that could be collected is at 
least 50% higher than the mass of Water for the tubes With 
hydrophobic but non structured surfaces. The mass of Water 
that could collect at the tube can be much higher When using 
tubes having rnetal sheets ?xed on it instead of polycarbon 
ate ?lrns. There is no signi?cant difference expected in the 
mass of Water collected on structured surfaces With protu 
berances With a Wide of 2 urn and those With protuberances 
With a Wide of 0.5 urn. 

[0040] Obviously, nurnerous rnodi?cations and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that Within the 
scope of the appended claims, the invention may be prac 
ticed otherWise than as speci?cally described herein. 

1. A condensation apparatus comprising, 

a condensation surface, Wherein said condensation sur 
face cornprises a plurality of elevations, said plurality 
of elevations having an average height of from 50 nrn 
to 1 mm and an average separation of from 50 nrn to 1 
mm. 

2. The apparatus as claimed in claim 1, Wherein the 
condensation surface has an angle of inclination of at least 
3°. 

3. The apparatus as claimed in claim 1, Wherein the 
condensation surface has a surface energy of from 5 to 20 
rnN/rn When the plurality of elevations is not present. 
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4. The apparatus as claimed in claim 1, Wherein the 
condensation surface is coated With polytetra?uoroethylene, 
polyvinylidene ?uoride, or polyrners cornprising per?uoro 
alkoxy compounds. 

5. The apparatus as claimed in claim 1, Wherein the 
condensation surface comprises at least one metal. 

6. The apparatus as claimed in claim 1, Wherein the 
condensation surface comprises a coating, said coating corn 
prising at least one compound selected from the group 
consisting of ?uoroalkanes, alkyl?uorosilanes and ?uori 
nated vinyls. 

7. The apparatus as claimed in claim 1, Wherein the 
condensation surface cornprises polytetra?uoroethylene, 
polyvinylidene, ?uoride, or polyrners made from per?uoro 
alkoxy compounds. 

8. The apparatus as claimed in claim 1, Wherein the 
plurality of elevations is randomly distributed on the con 
densation surface. 

9. The apparatus as claimed in claim 1, Wherein the 
plurality of elevations are distributed in an ordered pattern 
on the condensation surface. 

10. A distillation system comprising the apparatus as 
claimed in claim 1. 

11. A method for condensing a gas comprising, 

contacting a condensable gas With a condensation surface 
to form a condensate, 

Wherein said condensation surface comprises a plurality 
of elevations having an average height of from 50 nrn 
to 1 mm and an average separation of from 50 nrn to 1 
mm. 

12. The method as claimed in claim 11, Wherein the 
condensable gas is stearn, alcohol vapor or fuel vapor. 

13. The method as claimed in claim 11, Wherein the 
condensate is Water, alcohol or fuel. 

14. The method as claimed in claim 11, Wherein the 
condensation surface has an angle of inclination of at least 
3°. 

15. The method as claimed in claim 11, Wherein the 
condensation surface has a surface energy of from 5 to 20 
rnN/rn When the plurality of elevations is not present. 

16. The method as claimed in claim 11, Wherein the 
condensation surface is coated With polytetra?uoroethylene, 
polyvinylidene ?uoride, or polyrners cornprising per?uoro 
alkoxy compounds. 

17. The method as claimed in claim 11, Wherein the 
condensation surface comprises at least one metal. 

18. The method as claimed in claim 11, Wherein the 
condensation surface comprises a coating, said coating corn 
prising at least one compound selected from the group 
consisting of ?uoroalkanes, alkyl?uorosilanes and ?uori 
nated vinyls. 

19. The method as claimed in claim 11, Wherein the 
condensation surface cornprises polytetra?uoroethylene, 
polyvinylidene, ?uoride, or polyrners made from per?uoro 
alkoxy compounds. 

20. The method as claimed in claim 11, Wherein the 
plurality of elevations is randomly distributed on the con 
densation surface. 

21. The method as claimed in claim 11, Wherein the 
plurality of elevations are distributed in an ordered pattern 
on the condensation surface. 


