
 

 

 

 

 
 

 

 
 

 

 

 
 

   

 

 

 

 

3M™ Liqui-Cel™ Membrane 
Contactors Can Help Meet 
Pure Steam Requirements in 
Pharmaceutical Industry 
Pure Steam 
Pure steam is used in sterilization 
chambers as a common method to 
sterilize pharmaceutical products, 
such as equipment parts, instruments, 
containers and materials for sterile 
environments. Although regional 
Pharmacopeias in Europe, Canada, 
Japan, India and China have minor 
differences in limits and measurement 
techniques, they each have similar 
specifications on pure steam 
sterilization and Water for Injection 
(WFI). 

The US Pharmacopeia (USP) defines 
pure steam as steam that meets the 
criteria for WFI when condensed. The 
European and British Pharmacopeias 
have similar standards with additional 
specifications for dryness and 
the noncondensible gas content 
allowance. The UK National Health 
document HTM 2010 and the 
European Standard EN 285 set limits 
for noncondensible gases at 3.5% v/v 
and moisture content <5.0%. 

The USP does not include a 
requirement for noncondensible 
gases but does state, “The level of  
steam saturation or dryness, and the 
amount of noncondensible gases 
are to be determined by  the pure 
steam application.” This places the 
responsibility of producing the proper  
quality of steam for a particular  
application on the user. In many cases 
pure steam generators adopt the 
European and British pharmacopeia 
requirements for noncondensible 
gases and dryness to assure the steam 
meets or exceeds the required quality. 

Noncondensible Gas 
Whenever water and gas come into 
contact, gas has the tendency to 
dissolve into the water. The amount 
of gas that dissolves into the water 
is governed by Henry’s Law, which 
dictates that the amount of gas 
dissolved into a liquid is proportional 
to the partial pressure of the gas. 
The partial pressure value of the gas 

Specification Pure Steam HTM 2010/EDN 285 

pH 5-7 5-7 
TOC <500 ppb <500 ppb 

Total  Bacteria ≤10 CFU/100 ml,  
pathogen free 

≤10 CFU/100 ml,  
pathogen free 

Endotoxin ≤0.5 EU/ml ≤0.5 EU/ml 
Conductivity  (20°C) 1.1  μS/cm 1.1  μS/cm 

Noncondesible  Gas To be determined  
by  application 3.5% 

Moisture To be determined  
by  application <5.0% 

is dependent on temperature and 
atmospheric pressure. Henry’s Law 
shows us that noncondensible gases, 
such as nitrogen, oxygen and carbon 
dioxide, will be present in water 
that comes into contact with the 
atmosphere. 

Any noncondensible gases present in 
water that is used to produce steam 
will carryover with the steam when the 
water is boiled.  These noncondensible 
gases mixed into the steam decreases 
the steam temperature at a given 
pressure. This reduces the sterilizer’s 
ability to properly transfer the 
required heat to sterilize its contents, 
so the removal of dissolved gases 
is a necessary step in the steam 
generation process. 

Conductivity 
The conductivity specification for 
WFI water is 1.1 µS/cm. Dissolved 
carbon dioxide can contribute to 
the conductivity of water. Carbon 
dioxide will freely pass through an 
RO membrane and dissociate in 
the permeate water to increase the 
conductivity. 

Meeting the Specification 
In order to remove the dissolved 
gas, many steam generators will 
preheat the feed water. Heating 
lowers the solubility of dissolved 
gases in the water, thereby lowering 
any noncondensible gas carried 
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over into the steam. However, 
this process requires that the hot 
water be stored to allow  time 
for  the gas to be released. This 
process is energy intensive. 

3M™ Liqui-Cel™ Membrane  
Contactors offer a reliable, in-line 
solution that is far more economical 
for removing dissolved gas. The 
feedwater enters the membrane 
contactor on the outside (shellside) of  
the microporous hollow  fiber. Since 
the hollow  fiber is a hydrophobic 
membrane, water cannot pass through
the small pores in the membrane wall. 

Carbon dioxide removal is often 
done using a double pass RO with 
pH adjustment. This requires a higher
initial investment and operating cost.

 
  

Figure 1.  Dissolved gas is removed from  
water using a 3M™ Liqui-Cel™   
Membrane Contactor  

However, the dissolved gases will 
pass though the pores to the inside 
(lumenside) of  the hollow  fiber  and exit 
the lumenside port. 

A  vacuum is applied to the lumenside 
of  the hollow  fiber.  By lowering the 
gas pressure in contact with water a 
driving force is generated to remove 
the dissolved gas from the water.  
(See Figure 1.) 

For more information and system 
sizing, please contact your 3M 
representative or  visit  
3M.com/Liqui-Cel. 

Figure 2. O perating System by Pharmatec 
GmbH, a Bosch Packaging  
Technology Company 

Feature Benefit 

No need for storage tank to  
allow time for gas to be 
removed from hot water 

In-line 

Operates  under   
vacuum  only 

No need to preheat the water - 
energy  savings 

Compact  Can fit on existing racks 
FDA listed 
materials Easily  validated 

Technical Information:  The technical information, guidance, and other statements contained in this document or otherwise provided by 3M are based upon records, tests, or 
experience that 3M believes to be reliable, but the accuracy, completeness, and representative nature of such information is not guaranteed. Such information is intended for 
people with knowledge and technical skills sufficient to assess and apply their own informed judgment to the information. No license under any 3M or third party intellectual 
property rights is granted or implied with this information. 

Product Selection and Use:  Many factors beyond 3M’s control and uniquely within user’s knowledge and control can affect the use and performance of a 3M product in a 
particular application. As a result, customer is solely responsible for evaluating the product and determining whether it is appropriate and suitable for customer’s application, 
including conducting a workplace hazard assessment and reviewing all applicable regulations and standards (e.g., OSHA, ANSI, etc.). Failure to properly evaluate, select, and 
use a 3M product and appropriate safety products, or to meet all applicable safety regulations, may result in injury, sickness, death, and/or harm to property. 

Warranty, Limited Remedy, and Disclaimer:  Unless a different warranty is specifically stated on the applicable 3M product packaging or product literature (in which case such 
warranty governs), 3M warrants that each 3M product meets the applicable 3M product specification at the time 3M ships the product. 3M MAKES NO OTHER WARRANTIES 
OR CONDITIONS, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OR CONDITION OF MERCHANTABILITY, FITNESS FOR A 
PARTICULAR PURPOSE, OR ARISING OUT OF A COURSE OF DEALING, CUSTOM, OR USAGE OF TRADE. If a 3M product does not conform to this warranty, then the sole 
and exclusive remedy is, at 3M’s option, replacement of the 3M product or refund of the purchase price. 

Limitation of Liability:  Except for the limited remedy stated above, and except to the extent prohibited by law, 3M will not be liable for any loss or damage arising from or 
related to the 3M product, whether direct, indirect, special, incidental, or consequential (including, but not limited to, lost profits or business opportunity), regardless of the legal 
or equitable theory asserted, including, but not limited to, warranty, contract, negligence, or strict liability. 

3M and Liqui-Cel are trademarks of 3M Company. All other trademarks are the property of their respective owners. © 2021 3M Company. All rights reserved. 
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3M Separation and 
Purification Sciences Division
13840 South Lakes Drive  
Charlotte, North Carolina 
28273 USA  
Phone: +1 980 859 5400 

3M Deutschland GmbH  
3M Separation and 
Purification Sciences Division  
Öhder Straße 28  
42289 Wuppertal Germany  
Phone: +49 202 6099 - 0 
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