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CTC Bag-in/Bag-out (BIBO) Filtration Systems

A Design Guide for Mechanical Engineers

C1-Series Gas-Phase Filter Housing
And HEGA Filter Selections

Second in the IAS series of Power-Point Presentations to
assist Mechanical Engineers & Design-Build Contractors
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IAS Complete Series of Bag-in/Bag-out (BIBO)
Engineering Design Guide Power-Point Presentations:

1. CTC PARTICULATE FILTRATION BIBO HOUSING PRODUCT LINE:
B1-SERIES (One-Door) & B2-SERIES (Two-Door) & FILTER SELECTIONS

2. CTC GAS-PHASE (HEGA) BIBO HOUSING PRODUCT LINE:
C1-SERIES HEGA HOUSING & HEGA FILTER SELECTIONS

3. CTC BUBBLE-TIGHT DAMPERS, CCD-SERIES & RCD-SERIES

4. HOSPITAL AIRBORNE INFECTION ISOLATION ROOM (AlIR) EXHAUST HEPA
FILTERS, CSA Z2317.2 STD. & REDUNDANCY REQUIREMENTS

5. HEALTHCARE HEPA EXHAUST APPLICATIONS AND
IAS/CTC MILESTONE BIBO PROJECTS

2VCI5%II[I5%|§)DFILTRATION DO’S & DON’TS: DESIGNS TO BE USED, AND THOSE TO BE
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CTC C1-Series — One Door BIBO HEGA Housings

CTC offers a housing designed specifically for Gas-Phase or HEGA (High-
Efficiency Gas-Phase Air) Filtration with Bag-in/Bag-out (BIBO) capability. The
C1-Series gas-phase filter housing is 27.6” deep in direction of airflow. The C1-
Series housings are offered in the full range of standard aspect ratios, from
1/2H x 1W, right up to 3H x 3W, and the C1-Series housings are outside
dimensioned to weld directly in series with either the B1-Series or B2-Series
housing upstream (and or downstream) of the C1-Series housing. Most
commonly the particulate filter housing is located upstream of the C1-Series
HEPA housing to remove particulates that would otherwise plug the pores of
the HEGA (High Efficiency Gas-Phase Air) Filter. Sometimes a prefilter housing
is placed immediately downstream of the HEGA housing to capture carbon
granules that would otherwise enter the airstream (if not filtered).
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CTC C1-Series — One Door BIBO HEGA Housings (continued)

CTC offers two filter module depth arrangements for its C1-Series
HEGA/carbon filtration housing: 16” or 18” deep V-bed filter elements. HEGA
Modules (or filter elements) are V-bed formation with 6x 2” deep beds. The
CTC-A-16 24x24x16” module holds 85-lbs of standard 8x16 mesh activated
carbon media, while the CTC-A-18 24x24x18” deep module holds
approximately 95-lbs of 8x16 mesh carbon media, per the table on Slide #8.

SERVICE NOTE: HEGA modules are extremely heavy, often exceeding 1004. It
is recommended to keep these housings at a height where two people can
service the filters. In other words, try not to exceed housings height over 48"
AFF if possible. Higher units will require additional service space to
accommodate scissor-lift or scaffolding.
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C1-Series — Pair with B1 or B2 Series, or Test Sections

The CTC C1-Series housing is dimensioned to mate
directly to any other CTC housing of the same aspect
ratio: B1-Series, B2-Series, Test Sections, all are sized
to mate directly to the C1-Series housing.

In fact, in many complex applications where
particulates and multiple gas-phase contaminants
need to be addressed, it is very common to have
multiple gas-phase sections placed in series with
varying medias, to address different airborne
contaminants, and then sized to guarantee the
residence time required to ensure high gaseous
contaminant absorption.
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DOOR VIEW

CTC-P1T1B1T1C1-61218-4X2 Housing: 4H
x 2W BIBO Assembly c/w 6” Prefilter
section, Upstream Combination Injection &
Sampling Test Section B1 HEPA section,
Downstream Sampling Manifold, C1-Series
4x2 HEGA section; Opposed Transitions &
Bubble-Tight Dampers
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CTC C1-Series — CTC-A-16 & CTC-A-18 Adsorber Cells

The CTC-A-16 & CTC-A-18 adsorber cells both have 2”
deep media beds. These 2” deep beds have fine

erforated screens to permit airflow through the media

ed while retamm% the various gas-phase medias.
Medias are typically activated-carbon, or carbon-
impregnated. Carbon pellets (or granules) are
impregnated with different elements to address a
specific gas or combination of gases. Gas phase media is
typically 8x16 mesh (orgranule size), but other mesh
CTC-A-1624x24x16"Adsorber  s|zes are available includin ﬁ 12x30, 12x16, 20x30. Mesh
o TReEs XeTaeep size selected depends on the contaminant being
addressed, as well as the concentration and residence
time reqwred to obtain high-efficiency absorption.
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CTC C1-Series — Pressure Drop Measurement

The CTC-C1-Series housing is equipped with two
filter pressure-differential taps to measure filter
pressure drop. It is very important to measure
pressure-drop, as gas-phase medias typically
exhibit high pressure-drops. It should also be
noted that pressure-drop in a HEGA filter system
does not change much over time as the
particulate housing(s) are designed to remove
particulates, while the carbon (HEGA) media
filter section is designed specifically to absorb or
chemically react with odours and gaseous
contaminants, and have minimal effect of
pressure-drop escalation over extended service
periods.

6. FILTERS: (GASKET SEAL)

2
2

AIR FLOW

21.

2) 24x24x4” PREFILTER
24x24x12" 99.97% HEPA
24x24x12" CARBON ADSORBER

18" 1D ISOLATION DAMP!
CCD—8-304-M TYP. (2

INJECTION MANIFOLD
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LIFTING LUGS
REMOVABLE

DOWNSTREAM SAMPLE MANIFLOD

1 1/4" DECON WITH VAVLE
TYP. (2)

28.0

84.5

112.5
DOOR VIEW

CTC 3-filter stage containment system, pressure-drop
gauges are provided for each stage and each
measurementis added together to determine overall
(or combined) filter pressure-drop
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Adsorber Cell Models, Depth & Media Content

CTC-A-Series Adsorbers

 Model

: Lbs.; Of Carbon

Shipping Weight

Actual Size | (@ Of Beds) :
In inches Bed Depth Per Unit - Per Unit
CTC-A-12 24x24x11.5 (10) 1" 55 95
CTC-A-16 24x24x16 (6) 2" 85 150
CTC-A-18 24x24x18 (6)2" 95 165

All A-series adsorbers are fabricated from 304 stainless steel. Construction, Filling, and
Testing is to meet or exceed the intent of IES-RP-CC-008-84.
Weight is based on a standard 8x16 mesh carbon.

CTC offers adsorber (HEGA) filter elements
in three depths: 12”,16” and 18”

12” deep adsorbers are used in the B1-
Series housing and have 10-beds @ 1”
deep media.

16” and 18” deep adsorbers are used in
the C1-Series housing and have 6-beds @
2” deep media.

The CTC-A-12 adsorber cell is suited for light contaminant concentrations and where short
residence time is sufficient to achieve high absorbtion efficiency. Otherwise, the 16”-18”
deep filter cells with their 2” deep media beds which offer greater residence time is
required to ensure high efficiency on most contaminant concentrations.
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Common Gaseous Contaminants & Their Recommended

Residence time

The table at right represents some
of the more common contaminants
that require HEGA filtration for
removal. The required residence
time for the specific gas or gases to
be addressed by the filter system
will determine whether 1” or 2”
deep media bed will be required.
The other side of the equation is
the pressure drop that is
permissible. Gas phase medias are
notorious for high pressure drop,
much higher than HEPA filters.

Contaminate Removed

~ Recommended |

Residence Time

Carbon Part Number

Elemental Iodine

0.125

CTC-AC-0519

Methy! lodide

0.250

CTC-AC-0519

Toxic Organic Vapors

0.125

CTC-AC-0730

Non-Toxic Organic Vapors

0.075

CTC-AC-0730

Data is based on 8x16 U.S. screen carbon.

The objective with gas-phase filter systems is to
minimize the face velocity, thus increasing
residence time and optimizing pressure drop.

More about this on the next slide....
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C1-Series — Residence Time vs Pressure Drop (continued)

One of the most important tables for R teast o R T
engineers designing and selecting filters L
and housings for any HEGA application is 2 S
the Pressure Drop vs Residence Time - \\ T -
graph (at right). —\ \

\
First thing to note is that the CTC-A-12 aroe | X X
(blue box at right) adsorber cell has W g
significantly lower pressure drop given ”
the 1” deep media beds, but the o | =
residence time is considerably lower and i il

may not be high enough for many critical
applications or high contaminant
concentrations.

Flow Rate In CFM

Pressure drop and residence time are hased on IES standands and are for relerence

ocaly, Actusl values may vary.

ration Equipment
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C1-Series — Residence Time vs Pressure Drop (continued)

The Second thing to note is that the CTC-A-16
& CTC-A-18 (blue box at right) adsorber cells
have significantl higher pressure-drop given
the 2” deep media beds, but the residence
time is considerably higher at the equivalent
face velocity versus the 1”7 deep bed cells.

Difficult gaseous contaminants require the use
of 16” and 18” deep cells, but face velocity
must be kept very low to keep pressure-drops
at a reasonable water column. A face velocit

of 150fpm (0.762 m3/s), or 600CFM (283 |/s
on a 24x24 cell, results in a 1.00”wc (249Pa)
pressure-drop on a 16” cell with 0.19 second
residence time, oron a 18” deep cell with 0.22
seconds residence time, based on standard
8x16 mesh TEDA carbon.

& Pressure

Drop WG 1

CFM/Pressure Drop/Residence Time

1000 GO0 300

T T L
1000 GO0 300
Flow Rate In CFM
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CTC C1-Series HEPA housings (see pic at left)
are often put in series with particulate filter
housings to address a combination of
particulates and gases, often airborne fines
and fumes.

Typical HEGA applications include:
* Cyclotron exhaust air filtration
* Nuclear Medicine and Radioisotopes

* Radio-Pharmaceutical Mfgq.

lCTC BCZC'I -4121 g-’.;:‘x3 , 3-stage HEPA/I;I:EIGA filter train ;or
arge Cyclotron Exhaust containment. Filter capacity o HH _ H
S080chm @ 250fam face velocity, with 2.5+ (6asraymiat * Military War-Gas Containment

Pressure Drop.
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CTC & RSE Partnership — CTC Housings + RSE HEGA-Filters

For the first few years in business, CTC fabricated its carbon-filter (C1-Series)
housings and its own line of HEGA filter elements. But, as carbon medias
evolved, and standards and testing requirements became increasingly stricter,
it no longer made economic sense to produce their own HEGA filter elements.
Searching for a carbon filter supplier, it made perfect sense to partner with
RSE, one of the most respected companies in the HEGA filter industry.

For many years now, CTC has been partnered with RSE Inc., providing HEGA &
HEPA containment solutions to meet the most stringent standards and
specifications. The next section of this presentation focuses on some of the
more commonly specified HEGA filter modules and medias for nuclear and
other severe performance containment filtration applications.
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RSE Inc. HEGA Medias — Chemical Biological Unit (CBU) Adsorbers

DESCRIPTION

Designed for use in critical
applications in containment. Each unit
is constructed of high quality 304
stainless steel and designed to
perform at a minimum efficiency of
99.9% per the IES designation IES-RP-
CC-008-84, Recommended Practice
for Gas Phase Adsorber Cell. HEGA
CBU's are available in a v-bank
configuration with various bed depths,
different media depending on the
application and gasket or gel seal.

CTC C1-Series HEGA gasket- ~ FEATURES

SE?}' hOUSln”gS daCce pt bOth : iiigilcég{ljetﬁﬁsﬁﬁliillr?;zs:sond bed depths
16” and 18" deep gasketed ! Gowerseat o s

RSE CBU adsorber cells. CBU
media is selected based on RECOMMENDED FOR

ation Equipment
1-888-211-0171
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the contaminant(s) to be | Chercal facilfies

addressed, as well as the : Biohozord confoinment

concentration of those - Domb shefers

contaminants. Activated . Foma hood exhaust

carbon is impregnated with

various reactive age nts, MEDIA PART NUMBER DESCRIPTION

deSigned to add reSS Spefic 816A CARBON MESH 8X16 ACTIVATED CARBON

R 816N CARBON MESH 8X16 NUCLEAR CARBON

Contamlnants, see table at 816M CARBON MESH 8X16 MERCURY CARBON
. 1230A CARBON MESH 12X30 ACTIVATED CARBON

rlght. ASIM CARBON MESH 12X30 ASZM CARBON
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RSE Inc. Media Options
CBU Adsorber Cells

1. G816 = 8x16 Mesh Activated
Carbon is the most common
media specified, works on
most applications

2. G816N = 8x16 Mesh TEDA
Carbon (Nuclear Carbon)

3. ASZM = ASZM-TEDA Carbon,
commonly called “War Gas
Carbon” and primarily for
military use.

Filtration Equipment

1-888-211-0171
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Model No. SizeHXWXD Rated Approx. Res. Time No. of Bed Depth Approx. Approx.

Gasket Seal w/ Gasket Flow W.G. (Sec) Beds (Inches) Media Shipping

Seal (CFM) Weight Weight

(inches)

CBU12H-101V-G-816 24X12X11.5 500 1.0 0.1 10 1.0 29 89
CBUI12H-101V-G816N 24X 12X 11.5 1.0 0.1 32 92
CBUT2H-101V-GASIM 24X 12X 11.5 2.1 0.1 35 75
CBU-12-101V-G-814 24X 24X 11.5 1000 1.0 0.1 10 1.0 58 148
CBU-12-101V-G816N 24X 24X 11.5 1.0 0.1 64 156
CBU-12-101V-GASZM 24X 24X 11.5 2.1 0.1 70 162
CBU-16-8138-G-816 24X 24X 16 1000 0.85 0.125 8 1.38 75 200
CBU-16-8138-G816N 24X 24X 16 0.85 0.125 80 205
CBU-16-8138-GASIM 24X 24X 16 2.1 0.125 0 215
CBU-12-62V-G-816 24X 24X 11.5 700 1.7 0.125 [ 20 59 155
CBU-12-62V-G-816N 24X 24X 11.5 1.7 0.125 62 158
CBU-12-62V-G-ASIM 24X 24X 11.5 3.9 0.125 70 166
CBU-16-62V-G-816 24X 24X 16 1000 1.75 0.125 6 20 79 195
CBU-16-62V-G-816N 24X 24X 16 1.75 0.125 86 202
CBU-16-62V-G-ASIM 24X 24X 16 3.8 0.125 8 215
CBU-18-62V-G-816 24X 24X 18 1250 1.75 0.125 [ 20 0 218
CBU-18-62V-G-816N 24X 24X 18 1.75 0.125 96 224
CBU-18-62V-G-ASIM 24X 24X 18 4.0 0.125 105 232
CBU-12-41.3G-814 12X 12X 5.88 55 0.90 0.125 4 1.38 8 31
12X12X11.5 140 1.10 0.125 1.38 15 52
12X24X 16 465 0.85 0.125 1.38 48 124

**Note: Approximate pressure may vary by +/- 20% based on media
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TEDA Carbon is
Jctivated RSE Inc. — 8 x 16 TEDA Carbon
specifically for

SPECIFICATIONS
the removal of

. . Shape Granules

Ia d 104d Ct|ve Activation method High temp steam
- Size Granules (custom sizes available) mm 8.0x158.0

gases. It is Bulk Density Ib/ft3 31 (+/-5%)

. . Hardness min % 25
typlca”y done |n Total ash content max % 2

. lodine (minimum) mg/g 1050

8x16 mesh size. cCia % 5

. . y7) TEDA WT% 5
Available in 127,

16” or 18” deep

DESCRIPTION Ce”S depending APPLICATION GUIDELINES
RSE 8x16 TEDA media is activated , —— .

b o elvih t h Typical air velocity ft/s 0.9-8.2
et 'miﬁgﬁ edwih on the Relative air humidity % 1095
nethylene diamine - X . Temperature F 4-125
TEDA has excellent absorption of conce nt rat IONS Performance % 99 5
radioactive gases including methyl H
iodide. RSE 8x14 TEDA is a proven bel ng
product used by nuclear authorifies a d d ressed RECOMMENDED FOR

around the world. , ]
Radioactive gases
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RSE Inc. CBU Cells -
Calgon ASZM-TEDA Carbon:

ASZM-TEDA carbon is a specialty
impregnated carbon designed for
military applications. Currently, the only
North American manufacturer is
CalgonCarbon. RSE purchases the bulk
ASZM-TEDA carbon and fills their CBU
adsorber cells. Cells are then tested at
the RSE facility for efficiency
performance to relevant standards.

'olled Environments &
Cleanroom Equipment

ASZM-TEDA

Impregnated Carbon

Description

ASIM-TEDA is Calgon Carbon's military-use impregnated carbon. It
was designed to be a chromefree replacement of ASC carbon used
by the military beginning in WWIL It is also used in the Industrial
environment for first responder masks designed to protect against
cyanide, cyanogens chloride (CK), and a variety of other harmful
gases. This versatile carbon is designed to protect against many of
the chemical weapons the government lists as potential homeland
threats ASZM-TEDA is available in warious mesh sizes 12x30,
6x16, 20x50, etc.The 12x30 mesh size material conforms to
MIL-DTL-32101.

Features
* Low ash coakbased carbon substrate
* Mo chromium in formulation

+ Tailored towards military and industrial applications:
Military respirator = chemical warfare agents Building
protection Industnal resparator - first responder (CERMN)

* Industry leading impregnation process
« Controlled particle size distribution

Benefits
# Dependable performance under low and high humidity conditions
# Disposal issues minimized
+ Meed for multiple carbons minimized

* Consistent guality, reduced dust, no detectable release
of substances during normal use
* Reduced breathing resistance and improved comifort

Packaging (Net Weight)
250 pound steel or fiber drum

n Equipment
1-888-211-0171

Applications

Calgon Carbon's impregnated carbons clean the air and protect
against toxic vapors and gases in laboratories, chemical plants,
hospitals, airports, government buildings, and other places where
people gather and work.

We are always looking for technological advancements to improve
human protection. Calgon Carbon is wiling to explore potential
partnerships from toll manufacturing unique media or media blends to
Jointly developing new and innovatve solutions for the most difficult
nuclear, biological, and chemical protection challenges. i wou have
such an application that you would like to discuss, please contact us
at 1-800-422-7266.

Safety Message

‘Wet actvated carbon preferentially removes axygen from air, In closed
or partially closed containers and wessels, oxygen depletion may reach
hazardous levels. If workers are to enter a vessel containing carbon,
appropriate sampling and work procedures for potentizlly low oxygen
spaces should be followed, including all applicable federal and
state requiremnents. Please refer to the MSDS for all up to date product
satety information.
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RSE Inc. - CBU-12

The CBU-12 adsorber cell is
available in three sizes:
12x12, 12x24 and 24x24. All
cells are 11.5” deep, plus
closed-cell gasket on one
face. The CBU-12 cell is
designed to fit into the CTC
B1-Series housing. The CBU-
12 cell has 1”7 deep media
beds, and is typically used for
gases (contaminants)
requiring low-residence time
for high-efficiency removal.

VIA—S itrolled Environments &

Equipmﬂnt
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SPECIFICATIONS:

MADI
ALL WELDED CONSTRUCTION

UNIT HOLDS:

ELS W
CU FT. MEDIA
BX16 MESH CARBON
ESIGN VELOCITY:
500 CFM 0.2 RES. / 230 MESH CAREON
1000 CFM 0.1 RES. / H CARBON
1000 CFM 0.1 RES. / CAREON CAREO!
IT CAN BE FILLED WITH TREATED CARS
FOR. DIFFERNT APPLICATIONS:

IT EMPTY WEIGHT: 55LES

LLED WEIGHT APPROX: 110 LB:
[WILL VERY WITH TYPS OF MEDIA)

wwwww

IS DRAWING REMAINS THE EXCULSIVE PROPERTY OF
INCORPORATED ALL AUTHORIZED COPIES ARE

00D FATTH ANY FURTHER REPRODUCTION
UT THE CONSENT OF RSE INCORPORATED

CBU-12
SLZE [OWG MO REV
*0/-16) C | 12 GASKET |
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RSE Inc. — CBU-16

The CBU-16 adsorber cell is
available in three sizes: 12x12,
12x24 and 24x24. All cells are
16.0” deep, plus closed-cell
gasket on one face. The CBU-16
cell is designed to fit into the
CTC C1-Series housing. The CBU-
16 cell has 6x 2” deep media
beds, and is typically used for
gases (contaminants) requiring
moderate/high residence time

-——AIRFLOW

R DIFFERNT APPLICATIONS:

[DEAWN
AIR OUTLET VIEW miuler 4152000 | RSE INCORPORATED . e .

cccccccc E
i or nign-erriciency removal.
MFG CBU-16-62V-G-

THIS DRAWING REMAINS THE EXCULSIVE PROPERTY OFAFFROVED

RSE INCORPORATED ALL AUTHORIZED COPIES ARE Evs | |m I | 7

LOAN TN GOOD FAITH ANY FURTHER REPRODUCTION . )

WITH DUT THE CONSENT OF RSE INCORPORATED TOLERANCE: w0/-1i8) € CBU-16-62V-G-

I SQUARNESS +-1/8 [SOE fowrr g org
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RSE Inc. - DMMP-18

The DMMP-18 adsorber cell is
a specialized adsorber used
for ASZM-TEDA carbon only.

The 14-gauge type 304SS

module is fully seam-welded,

filled with 12x30 mesh
Calgon ASZM-TEDA carbon
and qualified to IEST-RP-
CC008-84 Standard. The

DMMP-18 CBU fits in the CTC

C1-Series gasket-seal HEGA
housing.

ration Equipment
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TOP VIEW

THIS DRAWING REMAINS THE EXCULSIVE PROPERTY OF
RSE INCORPORATED ALL AUTHORIZED COPIES ARE
LOAN IN GOOD FAITH ANY FURTHER REPRODUCTION
'WITH OUT THE CONSENT OF RSE INCORPORATED

15 THEREBY PROHIBITED

DOVE TATL GASKET
ASTM D 1056, GRADE 2B2 (INCLUDES 2C2)

UNIT HOLDS:
6-2 1/8 PANELS WITH MIN. 2" BED DEPTH

2.8 CU FT. MEDLA

1230 MESH ASZM TEDA CARBON (CALGON CORP.)

MMMMMMMMMMM

[EXPERIENCE:OVER 1000 INSTALLED AT APG

RSE INCORPORATED
33333 DMMP-18
SIZE DWG NO
J-16 | C | DMMP 181N GASKET
| I lowerl oed
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CTC C1-Series Housings — Presentation Recap

e C1-Series housings are used for HEGA (gas-phase) filter elements, either 16”
or 18” deep cells

 CTC-A-12, 24x24x11.5” adsorber cells are suitable for light concentrations, or
where low residence time is adequate for high gas-phase removal efficiency

* Residence Time is the critical criteria for media and adsorber selection and
sizing. Do not exceed 250fpm face velocity for any contaminant application.

e C1-Series housings have full Bag-in/Bag-out (BIBO) capability

e C1-Series housings mate with all of the other CTC housings and test sections,
up to 3H x 3W aspect ratio. Contact IAS/CTC for larger size housings.

e CTC offers standard 8x16 activated carbon for its CTC-A-12, A-16 & A-18
adsorber cells, and partners with RSE for other specialty medias and testing.
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CTC C1-Series Housings — Presentation Recap (continued)

* The media selected and cell depth required is dependant upon the concentration of

the contaminant(s) to be address, as well as the residence time required to remove
those particular contaminants

* Many applications require the combination of particulate and gas-phase filtration,

and sometimes multiple gas-phase sections in series to address various and specific
contaminants

* Many gas-phase medias have extremely hiﬁh pressure-drop, requiring face
velocities to be kept very low to obtain high residence time and removal efficiency

As always, this design guide is just that, a method for obtaining general
information on filters, equipment and IAS/CTC capabilities. It is always
recommended to pull together project requirements for air filtration and

then reach out to IAS/CTC for assistance with equipment and filter
selection, considerations and specifications.
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CTC C1-Series Housings — Presentation Recap (continued)

* Just as HEPA or ULPA filters cannot provide 100% removal efficiencies, likewise,

HEGA (or Gas-phase) medias can provide very high contaminant removal
efficiencies, but they can never guarantee 100% contaminant removal.

* Obtaining high-efficiency from the HEPA-HEGA filter system is a careful balance of
media selection and concentration, residence time and face velocity. This requires
the expertise only achieved with significant experience in this critical area of

filtration.

Unless the engineer has significant experience in this field of gas-phase
filtration, it is wisest to leave filter and media selections, as well as filter
equipment sizing and arrangement in the hands of the sales engineers at
CTC and RSE. Reach out to IAS, the Canadian representative for CTC BIBO

equipment and RSE HEGA medias.
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