Why particulate matter matters
(and what firestop-products have to do with it)

Executive Summary

Despite the well-known threat that airborne
contaminants pose to IT-equipment, many
data centers unwittingly design risk into the
facility with the selection of traditional
firestopping materials such as coated
firestop batts. Repenetration of these
materials to accommodate frequent cabling
changes releases high concentrations of
particulate matter into the airflow. Specify
fiber-free firestopping products to prevent
failures due to airborne contamination.
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1. Particulate contamination endangers reliability and energy efficiency

Modern IT equipment continues to get smaller and smaller, improving efficiency but also increasing
susceptibility to problems associated with airborne contaminants in the data center environment:

- Overheating and resultant equipment failure due to particulate accumulation in vents, heat
sinks, filters and fans

- Malfunction of mechanical interfaces of devices (e.g. ports and connection slots)

- Reduced life span of electronic equipment

- Reduced life span of cooling equipment / frequent filter changes

- Lower thermal efficiency and increased cooling costs

“Particulate contamination can increase a data center’s
power demand by 2% or more.” [1]

Most design guidelines recommend data centers be classified and operated as clean room class 8
environments acc. to ISO 14644-1 (the international standard for classifying the cleanliness of the air in
cleanrooms and clean zones). This means particulate matter concentrations should not exceed the
following values at any measuring point within the white space*:

Limit [number of particles per m3] for particles per size
ISO Class 20,5 ym 21,0 pm 25,0 ym
1ISO 8 3.520.000 832.000 29.300
Fig. 1: ISO 14644-1 particulate matter limits in data centers as per ASHRAE recommendations [2] [5]

*number and position of measuring points acc. ISO 14644-1 depends on room size and critical activities within the clean room

The importance of cleanliness is apparent in the variety of methods employed to prevent airborne
contamination:

e Regular professional cleaning by specialized data center crews
e Use of anti-contamination mats

e Over-pressurization of environments with sensitive equipment
e Use of High Efficiency Particulate Air (HEPA) filters

e Separated areas for unpacking cardboard

Owners, designers and operators consistently weigh the trade-offs between cost, safety and particulate
contamination when selecting construction materials during the design process.

“Contamination prevention is just as important in design
consideration as power, cooling, and security.” [3]

Though achieving a 100% particle-free environment is neither feasible nor necessary, respecting
recommended contamination limits helps protect sensitive IT equipment. Unfortunately, traditional
firestopping products often employed as per standard building practices introduce a source of
contaminants that may compromise data center operations, leading to energy waste and even to
unplanned downtime.



2. Cabling changes through traditional firestopping products: a potential source of
contamination

Where services such as pipes or cables penetrate through partition walls, firestopping products must
reestablish the integrity of the wall. In many parts of the world, low-cost firestop mineral wool boards
(commonly known as “firestop batt”) are the most widespread method of firestopping such penetrations.

Fig. 2: Coated firestop mineral wool board [6]

The firestop batt is made of fibers of metallic ore and igneous rock and is effective in preventing the
transmission of heat, flames, toxic smoke and other gases. Although generally perceived to be harmless
because a layer of coating encloses the fibers once initial installation is complete, these boards actually
present a significant particle emission source in many data centers.

The quick evolution of IT and telecommunication technology means that data cables are constantly
being added, changed or removed — even where they cross the white space envelope. To accommodate
these changes, maintenance personnel must cut or tear the firestop batts back out — releasing a wide
spectrum of fibers of various sizes into the data center environment.

diameter [7] [8]

3. Measuring particulate release during firestop board repenetration

The Fraunhofer IPA Institute (Stuttgart), specialized in clean room environments, assessed particle
concentrations released when repenetrating such traditional firestop systems. Unwilling to permit coated
boards inside its highest level cleanroom for fear of damaging the particle counting equipment used for
its official measurements; Fraunhofer nevertheless allowed the batts to be repenetrated in its Class 6
cleanroom environment with turbulent airflow.
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Fig. 4: Measurement of particulate release during firestop board repenetration [9]

Fraunhofer concluded: “The repenetration of firestop mineral wool coated board as
shown in this test series (adding or changing installed cable trays and/or cable
bundles) should be avoided in cleanrooms of any ISO Class acc. ISO 14644-1 due
to the high airborne and sedimenting particle emission levels caused by the
repenetration activities.” (9]

Fig. 5: Measurement of particulate release during firestop board repenetration [9]

A second accredited institute also quantified the emission of particles which entered the airflow during
installation and repenetration of firestop mineral wool boards. The results were evaluated according to
TRGS 519 in combination with BGI/GUV-I- 505-46 and VDI directive 3492 to ensure only fiber release
from the board was considered.
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Fig. 6: Cutting and fitting mineral wool board [11]

During a standard cable tray repenetration, the institute measured particle concentrations up to 2.5 times
higher than recommended limits for data centers (penetration ca. 1000 x 800 mm):

Number of particles (length >5 um, diameter <3 pm)
[fibers/m3]

Limit acc. ISO 14644-1 Class 8 29.300

Airborne particles measured

(repenetration via cutting) 75.250

Fig. 7: Cutting and fitting mineral wool board [10] [11]

These measurements suggest that a significant amount of mineral wool fibers could be released into
the airflow during each cabling change. It is not feasible to completely control fiber dust emissions at the
source during repenetration or maintenance activities and even temporary enclosure of the working area
will not entirely contain all the particles. When cutting and removing the batts, fine fiber particles will be
released into the airflow, where they could quickly accumulate in electronic equipment and ultimately
compromise data center operations.

4. Select fiber-free products to reduce the risk of airborne contamination during cabling
maintenance activities

“The key to keeping airborne contaminants out of the data
center is to avoid bringing them in.” [12]

It is crucial to select products which not only ensure cleanliness at initial construction, but also with each
subsequent cabling change. Eliminate future contamination sources during the design phase by
selecting fiber-free firestopping materials designed to meet the needs of dynamic cabling environments.

Firestop pathway devices such as the Hilti Speed Sleeve not only reduce the risk of airborne
contamination, but also reduce the amount of costly air escaping the white space envelope.



Fig. 8: Hilti Speed Sleeve (CFS-SL / CP 653 BA)

For larger openings to accommodate multiple services such as cable trays, busbars or ducts, select
reusable fiber-free products such as Hilti Firestop Blocks (CFS-BL).
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Fig. 9: Hilti Firestop Blocks CFS-BL

The Fraunhofer Institute also tested the Hilti Firestop Block and assessed the particle emission
behaviour, concluding the blocks are suitable for cleanroom applications from “class 4” to “classe 9”
(acc. ISO 14644-1). [13]

Suitable fiber-free products such as those mentioned above will not only reduce the release airborne
contaminants during cabling maintenance, they also reduce total facility cost and enhance security by
eliminating or reducing the need for specialized maintenance personnel during cabling changes.

From a long-term perspective, the use of cleaner technologies designed for repenetration not only
ensures a longer equipment lifespan and higher energy efficiency, but also reduces maintenance efforts
while keeping the data center flexible for future growth.

About the Author:

Livia Nogueira Divino received her M. Sc. Chemical Engineering at the University of Mannheim, where she specialized in
environmental management. After gathering professional experience at different companies in various assignments related to
product development, production planning and quality management, Livia joined Hilti as a development engineer in the Technical
Service team in 2015. She currently works developing Firestop Solutions for mission critical facilities and for challenging Energy
and Industry environments, like Data Centers.

About Hilti:

Hilti was founded in 1941 as a family-owned company and its team includes nearly 20,000 members in more than 120 countries.
Together with nonstructural field engineers, fire protection specialists and third-party agencies, Hiltis in house fire protection
engineering teams test every firestop product to the highest standards. Hilti has over 1000 tested systems that provide firestopping
solutions for joints and penetrations through fire-rated walls or floors.


http://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwie5c-sgcTSAhXHWRoKHdR7Ai0QjRwIBw&url=http://bimobject.com/en/hilti/product/209788x&psig=AFQjCNFyYiXjRmwo5S1G_frFaLgneMFQRA&ust=1488962944635301

References

[1] The Threat of Data Centre Contamination — by Colleen Miller on 14.09.2010. Available at:
http://www.datacenterknowledge.com/archives/2010/09/14/the-threat-of-data-centre-contamination/

[2] Design Considerations for Datacom Equipment Centers — Second Edition — ASHRAE Datacom Series 3 — ASHRAE
[3] 2011 Gaseous and Particulate Contamination Guidelines for Data Centers — ASHRAE
[4] DCA Data Centre Anti-Contamination Guide V1.3 from datacentrealliance — The DC Industry association. Available at:

http://c.ymcdn.com/sites/www.data-central.org/resource/collection/78F6045F-6E71-42C6-BD3E-
E8779A7A259D/DCA Data Centre Anti-Contamination_Guide V1 3 final.pdf

[5] ISO 14644-1:2015: Cleanrooms and associated controlled environments - Part 1: Classification of air cleanliness by particle
concentration

[4] Association of Data Center Cleaning Professionals. Available at: www.adccp.org

[5] Data Foundry — Why you shoukd pay attention to DC Contamination Control — 11.Aug.2016
https://www.datafoundry.com/blog/data-center-contamination-control

[6] Ablative coated batt. Available at: http://www.insulationexpress.co.uk/Insulation/Rockwool-Ablative-Coated-Batt.htm

[7] Analysis of Mineral Wool. Available at: https://www.bruker.com/products/x-ray-diffraction-and-elemental-analysis/eds-wds-
ebsd-sem-micro-xrf-and-sem-micro-ct/quantax-micro-xrf/applications/mineral-wool.html

[8] Inorganic Fibers. Available at: http://www.awapaper.co.jp/e/products/detail/s m0le.html

[9] Machbarkeitsstudie zum partikuldren Emissionsverhalten bei einer Kabelnachbelegung — Fraunhofer IPA report HI 1702-
888-3 from 24.05.2017

[10] Report 160623_Hilti - Exposure Measurement “Man-made mineral fibers (MMMF)” during fitting of MMMF —mattings in fire-
retarding sealing” from 29.06.2016 — IGM: Ingenieurgesellschaft fur Gefahrstoffanalysen Minchen m.b.H. — institute accredited
by DAKkS

[11] Report 160929 _Hilti - Exposure Measurement “Man-made mineral fibers (MMF)” during inserting cables into MMF conduits”
from 05.10.2016 — IGM: Ingenieurgesellschaft fir Gefahrstoffanalysen Miinchen m.b.H. —institute accredited by DakkS

[12] What are the best practices for data center cleaning — by Robert McFarlane - Shen Milsom & Wilke LLC. Available at:
http://searchdatacenter.techtarget.com/answer/What-are-the-best-practices-for-data-center-cleaning

[13] Hilti Firestop Block CFS-BL: Cleanliness suitability and cleanroom suitability tests at Fraunhofer IPA — report HI 1702-888-2
from 05.05.2017

[14] Data Center Best Practices for Contamination Control. Available at: https://www.dataclean.com/data-center-best-
practices.htm

[15] What are the best practices for data center cleaning? By Robert McFarlane. Available at:
http://searchdatacenter.techtarget.com/answer/What-are-the-best-practices-for-data-center-cleaning

[16] Data Center Cleaning Services — Excerpt from Processor magazine from 07.04.2006. Available at:
http://www.airplenum.com/data_center_cleaning_services_article excerpt.pdf

[17] The importance if the Systematic Cleaning of the Data Center — by Rich banta from 10.02.2015. Available at:
http://www.lifelinedatacenters.com/data-center/importance-systematic-cleaning-data-center/

[18] Threat: Data Center Dust. Available at: https://set3.com/threat-data-center-dust/

[19] Clean the Dirt and Dust In Data Center - by Alice Gui from 11.01.2016. Available at: http://www.fiber-optic-tutorial.com/clean-
the-dirt-and-dust-in-data-center.html

[20] Reduce the risk of dust and dirt entering your Data Centre - by Steve Hone from 01.08.2012. Available at: http://www.data-
central.org/blogpost/852693/147117/Reduce-the-risk-of-dust-and-dirt-entering-your-Data-Centre



http://www.datacenterknowledge.com/archives/2010/09/14/the-threat-of-data-centre-contamination/
http://c.ymcdn.com/sites/www.data-central.org/resource/collection/78F6045F-6E71-42C6-BD3E-E8779A7A259D/DCA_Data_Centre_Anti-Contamination_Guide_V1_3_final.pdf
http://c.ymcdn.com/sites/www.data-central.org/resource/collection/78F6045F-6E71-42C6-BD3E-E8779A7A259D/DCA_Data_Centre_Anti-Contamination_Guide_V1_3_final.pdf
http://www.adccp.org/
https://www.datafoundry.com/blog/data-center-contamination-control
http://www.insulationexpress.co.uk/Insulation/Rockwool-Ablative-Coated-Batt.htm
https://www.bruker.com/products/x-ray-diffraction-and-elemental-analysis/eds-wds-ebsd-sem-micro-xrf-and-sem-micro-ct/quantax-micro-xrf/applications/mineral-wool.html
https://www.bruker.com/products/x-ray-diffraction-and-elemental-analysis/eds-wds-ebsd-sem-micro-xrf-and-sem-micro-ct/quantax-micro-xrf/applications/mineral-wool.html
https://www.bruker.com/products/x-ray-diffraction-and-elemental-analysis/eds-wds-ebsd-sem-micro-xrf-and-sem-micro-ct/quantax-micro-xrf/applications/mineral-wool.html
http://www.awapaper.co.jp/e/products/detail/s_m01e.html
http://searchdatacenter.techtarget.com/answer/What-are-the-best-practices-for-data-center-cleaning
https://www.dataclean.com/data-center-best-practices.htm
https://www.dataclean.com/data-center-best-practices.htm
http://searchdatacenter.techtarget.com/answer/What-are-the-best-practices-for-data-center-cleaning
http://www.airplenum.com/data_center_cleaning_services_article_excerpt.pdf
http://www.lifelinedatacenters.com/data-center/importance-systematic-cleaning-data-center/
https://set3.com/threat-data-center-dust/
http://www.fiber-optic-tutorial.com/clean-the-dirt-and-dust-in-data-center.html
http://www.fiber-optic-tutorial.com/clean-the-dirt-and-dust-in-data-center.html
http://www.data-central.org/blogpost/852693/147117/Reduce-the-risk-of-dust-and-dirt-entering-your-Data-Centre
http://www.data-central.org/blogpost/852693/147117/Reduce-the-risk-of-dust-and-dirt-entering-your-Data-Centre

