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Kirin Beer Uses 3M™ Liqui-Cel™
Membrane Contactors for CO,
and O, Removal to Prevent
Pipe Corrosion at Three
Japanese Breweries

In the food and beverage industry,
there is a growing awareness of
environmental considerations
wherever chemicals are used. In
response, companies are trending
towards alternative systems that
operate with less chemical usage.

Kirin Beer has been successfully
using 3M™ Liqui-Cel™ Membrane
Contactors for CO, and O, removal
in their Okayama, Hokuriku, and
Kobe Japan facilities. The contactors
successfully prevent corrosion of
pipes that feed the boiler without
using high volumes of neutralizing
amine chemicals that negatively
impact the environment.

Carbon dioxide is formed when water
containing dissolved salts, such as
sodium bicarbonate, is heated in a
boiler. This process is illustrated in the
diagram below. The carbon dioxide
dissolves into condensed water in

the pipes; this creates an acidic
environment that will attack the inner
surface of the pipe. O: is another
known corrosive element in water
used to feed the boilers.

The Process .
Boiler

Supply Water

Kurita Water Industries Ltd.
incorporates Liqui-Cel Membrane
Contactors in their Oxyace® System
which they installed to remove the
CO; and O3 in front of the boiler at
Kirin Beer to prevent pipe corrosion.

Method of Carbon Dioxide
Removal

In order to prevent the formation of
carbon dioxide in the steam, sulfuric
acid can be added to the feed water.
The sulfuric acid reacts with the
sodium bicarbonate and forms sodium
sulfate, carbon dioxide and water.
This is illustrated in the chemical
equation below.

Membrane contactors are unique
devices that are designed to remove
dissolved gasses from water. In this
system, they remove dissolved carbon
dioxide and oxygen that are present in
the water.

The Oxyace® system includes:

a Softener, Filtration, pH control
(M-Alkali control), 3M™ Liqui-Cel™
Membrane Contactors and a
vacuum pump. With system

automation and a feed back signal,
the soft water is controlled to a pH of
5.0 with sulfuric acid. Caustic soda is
added daily to inhibit bacteria growth.
Very minimal chemical usage is
required to control the pH.

To date there are 14 Oxyace® systems
operating in Japan. All of these
systems utilize Liqui-Cel membrane
contactors for degassing.

For additional information, please
contact your 3M representative or visit
3M.com/Liqui-Cel.

Chemical Reaction

Condensation

pH 5.0

and return

adjustment

2NaHCOs; + H,SO, > Na,SO, + 2H20 + 2CO.

CO. removal by
3M™ Liqui-Cel™ Membrane
Contactors
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System Summary

End user Kirin Brewery

Water Flow 70 m3/h (308 gpm)

Number of Contactors Four configured 4 in parallel with 1 in series
Purpose of system Primarily CO, removal with bonus of O, removal
Inlet gas 30-32 ppm CO;,

Outlet gas 8-10 ppm CO,

Operating mode N, sweep with vacuum combo

Boiler Small steam pressure boiler of 16.6 kg/cm? (236 psi)

Outlet Summary

The contactors reduce the CO, concentration from 30 ppm down to 10 ppm. This reduces the corrosion rate from 50 mdd (mg/square decimeters/day)
down to 22 mdd. This chemical free alternative is equivalent to the reduction in corrosion rate that can be observed with neutralizing amines.

Note: Corrosion rate = (Weight of test sample before immersion in mg) — (Weight of test after immersion in mg) / Surface area (100 cm?) / Test days.

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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