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Introduction

For over 40 years, Perma Pure Nafion® Gas Sample Dryers have been
successfully designed into a wide range of CEMS and analysis equipment
and are used in many scientific experiments.

The main application is the replacement of Desiccant or the Peltier or
Compressor Gas Cooler to solve water problems.

This training will have four parts:

1. Introduction to Nafion ® Tubing & Dryers for ScientificApplications
2. Benefits of Perma Pure Systems for CEMS and Process Analysis

3. Baldwin Coolers, Probes, and Systems forCEMS

4. Clayborn Lab Heated Sample Lines
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What is Nafion?
Why is Nafion® Selectivity so Unique?

Nafion® is a copolymer of Teflon and Sulfonic acid and ishighly
resistant to chemical attack.

Nafion® removes water by a First Order Kinetic reaction so C
equilibriumis reached very quickly (typically with in

milliseconds). P o/

o)
The transfer of moisture is driven by the differential water %O @
vapor pressure between the membrane sides. o o %%
Nafion® permeation selectivity is based on chemical reactivity, P o &

not the size of the molecule — not traditional permeation.

Only compounds that chemically associate with sulfonic acid permeate through Nafion®. Because
this is a specific chemical reaction with water, the process is very selective and many gases being
dried are entirely unaffected.
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Nafion® Im-Permeability

Totally Retained in Sample

Atmospheric Gases Ar He-H, Nz@

Halogens Br,ClLF, I,

Hydrocarbons Simple forms (alkanes)
InorganicAcids HCl HF HNO,H,50, >

OtherOrganics \ —Aromatics Esters Ethers

xides \ CO CO, SOy I}‘OX >
Sulfur COS H,S Mdrcaptans
Toxic Gases COCIl, HCN' NOCI

Typical Combustion Analytes
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BE Series (Braided Exchangers)

Braided Nafion® Tubing is exposed to the atmosphere

Ultimate performance is a function of the dew point of
atmosphere where unit is operating

Often used to equalize humidity of a Cal gas stream with the -
sample gas %
Available in a variety of lengths and tubing diameters |
Flow rates up to 2 Ipm P AN
PRSON
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)
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MD Series (Monotube Dryers)

e Simple tube in shell design functions with water
vapor similar to how a heat exchanger transfers
heat.

 Available in a wide range of dryer lengths and
tubing diameters

e Materialsin in PP, Fluorocarbon and Stainless

Steel
SampleGas w—p :W IO R n T ;////j///%/%: —> SampleGas
Inlet 2 Outlet
= =
Purge GasOutlet Purge GaslInlet
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MD Series (Monotube Dryers)




MDH Heated

Heated MD in a coiled enclosure

First 12" heated to 8o C

For sample streams with higher than ambient
dew point, up to 70 C dew point (30% water by
volume)

Uptoalpm
Faster moisture transfer at inlet
Use 10x purge flow

110 and 220VDC

Dryer
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PD Series




PD Series Dryers

Simple tube in shell design functions with water
vapor similar to how a heat exchanger transfers
heat

Multiple tubes in parallel to increase flow rate
capability and efficiency

Dryers are corrosion-resistant and rugged,
making them long lasting and tolerant of very
harsh samples

No routine maintenance required
Reliable and easy to operate

Most common dryer used withCEMS

[P Perma Pure

Dry purge
gas inlet

Wet feed inlet

Wet purge
B, gas outlet

To analyzers
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Typical Drying Applications

Sample gas conditioning to remove water

* Protection of equipment
e Higheraccuracy
e Retain water soluble compounds

e Continuous stream or batch water removal
Sample Gas Conditioning Systems for CEMS
Continuous drying of ambient air for use in other processes

Aerosol & Particulate Analysis
e Maintain RH for consistent measurements during the daily RH cycle
* Replace desiccant column

* Flowrates<1lpm
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Benefits of Using Perma Pure Nafion Systems
for CEMS
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What We Will Cover Today

How Perma Pure’s Nafion Based Sample Conditioning Systems for Cold Extractive
and otherCEMS...

e Slash Installation, Maintenance, and OperatingCosts
* Increase System Reliability

e Solve Common ApplicationProblems

The Proven Solution for CEMS Sample Conditioning
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Combustion Gas Analysis

1

PROBE

Perma Puie Systems
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Key Technology Differentiators

Slash operating costs from removing water in the vapor phase and drying
the gas to a lower dew point

Increase system reliability from the elimination of the potential for
catastrophic failure

Reduce costs further by mounting the system on the stack to eliminate the
heated line and drop calibration gas usage

Add Ammonia scrubbers to further cut costs

Result: Nafion Systems Can Pay forThemselves In LessThan 12 Months
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Consequences of Drying CEMS Samples to a Lower Dew
Point in the Vapor Phase

Drastically Lower CEMs Maintenance and Operation Costs

* Protection of analyzers - reduction of acid mists that condense on
analyzer optical bench

Eliminate damage to analyzer or system components

Potential to solve many application issues stemming from the presence

of water

 Loss of water-soluble analytes (SO2, Nox, CI, etc.)

Interference in infrared or other measurements

Clogging of line or system components
r? Perma Pu re .‘; mMaxtec



Nafion Dryers = No Catastrophic Failure Mode

Wet feed inlet

Tube in shell design with multiple tubes in parallel to
increase flow rate capability and efficiency.

Final dew point can be as low as -15°C to -25°C

Wet purge

Dryers are corrosion-resistant and rugged, making =¥ gas outlet

them, long lasting and tolerant of very harsh samples

Flow rates to 20 I/m, pressures to 8o psi (5 bar) inthe  Dry purge
tube when dry gas inlet

No routine maintenance required

Reliable and easy to operate ') Dry gas

Most common dryer used with CEMS

- To analyzers
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Where to Mount the Sample Conditioning System: On
the Stack!

e Further Huge Reductions in Installation and Maintenance Costs

B

6

e Elimination of the heated line

e Bydrying and treating sample gas at the stack, you are now transporting dry
sample gas, so the heated sample line is no longer required.

e Savings: Heat-traced sample line at $30-$60 per foot can be replaced with
freeze- protect or simple multi-line umbilical at one fourth to one third the

cost.

 Total savings: depends on sample line length — from $5,000 up to $30,000+ l
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Where to Mount the Sample Conditioning System: On
the Stack!

e Further Huge Reductions in Installation and Maintenance Costs

e Eliminate clogging of line or system components
e Elimination of unwanted chemical reactions downstream
« Shortening response time due to adsorption/desorption = Greatly reduced
calibration gas consumption

o Teflon sample lines absorb water and SO2 will bleed in and out of it, when
cal gas sucks moisture out of the Teflon. So it takes forever to get to zero.
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How Perma Pure SystemsWork

The Proven Solution for CEMS
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Perma Pure’s CEMS Tri-Zone Nafion Management
System

Zml Heated Filter Body Hinged Mounting Assembly Hastelloy Heat Exchanger

Removes particulate > 10 microns

H e ate d and maintains temperature

EnCIOSU e Heated Backplate _
Mantains constant 80°C : Coalescing Filter

for upper enclosure i ; ik Removes particulate > 0.1 microns
= S s 1 : and coalescing acid mists

Tilts probe up to 10° into stack Moderates temperature

Dual Ammonia Scrubbers { —
Removes ammonia slip and L By @ J3 Z Q IQ E 2
prevents NHz salts ! g = Ty 3 / ’
t - Nafion Dryers H eated
Blowback Accumulator ! - . : -
1 i Remove water in vapor phase D ryer I n I et

Purges probe filter at
regular intervals

Heated Pump Head

Keeps sample hot

& IR R . =i &=— 7 . Ambient Lower Half
Z sz[lg 3 L Bl [ - £3 : Provides dual temperature zone

for Nafion dryer as polisher

Ambient & samplePump

Puts entire system under

D rye r EXit | positive prssr




The Tri-Zone Nafion Management System

Nafion® Sample Conditioning Systems have three zones to enable Nafion®
Gas Sample Dryers to be used effectively for long term CEMS operation.

Zone 1 - Heated Cabinet — Here the sample is maintained at a temperature to prevent
condensation —from the probe, the sample flows through a heated 0.1 micron coalescing filter and
an ammonia scrubber (if required) before it is sent to the Nafion® Dryer.

Zone 2 — Heated Dryer Entrance - the sample is flowed through the heated portion of the dryer to
maintain the water in the vapor phase where the bulk of the water is removed

Zone 3 — Ambient Dryer Exit — the sample moves to the second half of the dryer in the unheated
portion of the system. It is cooled and polished to the end dew point as low as -25 C. The clean and
dry sample then exits the system and is routed to the analyzer.
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GASS Series Nafion® Sample Systems

Low final dew point of -10°C to -45°C

Non-corrosive components accept high concentrations of strong acids or
organics

No moving parts in standard system for low maintenance and high-
reliability

Flow rates from 1 Ipm to 25 [pm
Water content up to 75% by volume
Handles and dries samples that would overwhelm a chiller system

Choose the system based on flow rate requirement and sample gas
components

. @
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GASS Series

GASS 2040 [ GASS 6000- up to 25 liters per minute (Ipm), very wet gases, blowback,
stack-mounted,

e GASS 6000 includes a special humidity sensor
Mini-GASS 1228 —up to 5 Ipm
IndiGASS — up to 5 I[pm, no ammonia scrubber
ReadiGASS —up to 5 Ipm, no clean instrument air available
GASS 35— portable unit, up to 2 [pm, no instrument air required
Micro-GASS — heated, 1 liter per minute

ACES — Ambient temperature, 1 lpm,

using reflux vacuum. bortable

Mini-GASS




Hybrid Cooler Design — Internal View
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Solutions to Benefit

Existing Cooler Based Systems

Lowering Costs and Increasing System Reliability
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Supplemental Drying System (SDS)
Install a Perma Pure Drying System between the Cooler and
Analyzer.
Benefits:
1) Protection of analyzer against cooler catastrophic failure

2) Lowersthe dew point of sample gas

SDS —"“Cooler Booster”

Single or double 12" PD Nafion dryer

Reduces dew point from 4°Cto -15°C or -20°C

Flows up to 10 Ipm
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Ammonia Scrubbers
and HowThey Help Lower CEMS Operating Costs
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Solution: Ammonia Scrubber forCoolers

Protects analyzers and downstream components

e Eliminates ammonia salt deposition

Very selective reagent

* Phosphoric acid removes only bases

Very high corrosionresistance

* Housing: stainless steel, polysulfone

e Element: H,PO, on inert ceramic

Reliable and low maintenance

* No moving parts, only periodic refills

. (]
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Hot, Wet Chemistry

Target Temperature 80-90°C
Ammonia reacts in vapor form

Water remains in vapor form
e Otherwise, bottom fills with liquid

e Heater blanket maintains go°C

Or, maintain 80-90°C in heated enclosure

Phosphoric acid anhydride reacts with water, then forms
ammonium phosphate salts on inert ceramic

. L]
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Ammonia Scrubber Maintenance

SNONIA SCRUBBING 1
Part#AS-200.8-EB
FitB - Active media (1 lite
_ HUTFDN - CDH HIDEW
s T i whEn
e “.-"'-l -.-'-'-' dries
ué’ll hremer‘genr:y assis

Refill media every 40,000 liter/ppm/hours

Hand tighten mounting screw

Example:

Flow rate =10 Ipm

Slip = 5 ppm
Change Media every 33 days

? Perma Pure .‘ maxtec
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Baldwin"™ Digital Coolers - Features
Baldwin’s Classic and M Series cooler lines have been
redesigned with the following world class features:

* Reliable dedicated Digital Control System keeps your system
operating efficiently

e Advanced P.I.D. control algorithm increases temperature PFERMA PuRE
. . . . . BALOWIRY: 5o,
control precision to maintain analysisaccuracy =

e Continuous display of temperature eliminates guess work — a
quick look tells it all

* Alarm outputs provide alarm interface capability for your data
acquisition system as well a direct control of sample pumps

. LJ
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Thermoelectric Principle

Heat absorbed from device being cooled

Heat dissipated to heat sink

‘ o ‘ Current —=—

— I+

DC Voltage Source

A Peltier element is a type of electrical device that acts like a miniature
heat pump. When power is applied to it, the device will transfer/heat from
one side of the device to the other. The cold side«isusedto.cool the
sample stream. There are no moving parts im this device, soit/is

considered a ‘solid state’ component, therefore making:itvery rugged and
reliable.
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Basic Cooler Components

Sample Inlet

Air Flow Fan
\ /
AN

O ><\mp'mger

0

Sample Outlet

{//f—#%eat Transfer
o 7 Block

O ]

O

L]

Thermo—Electric

ment .
Heat sink %Perma Pure ‘.maxtec




Impinger Designs
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Chiller Configurations

e Heat Exchangers
* Active=Has TE cooling
» Passive=No TE cooling

» Passive Heat Exchangers
e Advantage is it needs no power
* Drops sample gas temperature to heat sink temperature
e Dropsinlet water concentration from 20% down to 2%

 Active Heat Exchangers
e Limitedto 62 Btu/Hr
e Precise Outlet Dewpoint Control
* Increase Thermal Efficiency by Mixing Active and Passive

. LJ
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Cooler / Pump Configurations

Classic Cooler Classic Cooler Classic Cooler )
Model 115 Models 325, 5210 Models 225, 425, 8210
- @ 3-51pm

@_’1 o @_’3 olpm @ or 6-10 Ipm

Sample v Sample v l

Pump Pump Sample

Pump
P A

& o .

Dual Head
Drain Pump

Single Head
Drain Pump

Dual Head
Drain Pump
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Cooler Model Number System

e Classic Cooler Model 1 1

1= Nominal Flow Rate: Ipm

1= Number of Heat Exchangers

= Length of Heat Exchanger

e ~eCoolModel 53
5 = eControl

Cooler

3 = Nominal Flow Rate: Ipm

= FutureUse r? Pefm@_r’_u"e
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Baldwin™ Digital Coolers & Systems

MODEL FLOW RATE | IMPINGER LENGTH SYSTEM
(HE)

M115D 2lpm 1Active 5" 4S-9A

M325D 3Ipm 1Active 5" 4S-9PA

Mg25D 4lpm 1Active 10" 4S-9AA
1Passive

5210D 5lpm 2 Active 10" 4S-9PA

8210D 8lpm 2 Active 10" 4S-9AA

20410D 20|pm 2 Passive 10" 4S-9PAPA
2 Active

. LJ
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Water Concentration (Volume %)

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

Digital Cooler Model Selector

4 5 6 7 8 9 10 11 12
Flowrate (LPM)
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Baldwin™-Series Coolers — Complete Range

e Characteristics
A history of reliable performance
e High quality construction
e EZ-clean twist-apart heat exchangers

e High ambient, high water applications

e Range of Models
» Digital Series (5210, 8210, 20410)
e OEM Series Digital (115, 325, 425) —
BALDWIN

e 10410 SO3removal s |

e eCool Digitally controlled

e Only cooler with CSA Class | Div Il rating

f? Perma P



Catalog Sheets for Our Water Slip Sensor & Filter Assembly
P gi-sca b PFERMA PURE

PROTECT LIFE

Baldwin™-Series Water Slip

¥

Sample Conditioning
System

In-Line Sample Filter Assembly
The in-ine zample filtsr assembly, 3FA4-001, Is used on all Baldwin-Sarnise wallrack mountsd and Testsrs Choice portable sample Water Slip (Moisture Carry-Over Sensor) Assembly
‘condtioning aysteme 10 provids fine particutate fitraticn. it inciudes a PVDF filker nesd and kock ring, o-ring, boroeiicste giass bowl,
mounting breckst, and & atandsrd 2-micron ceramic fiter sisment. The inert materisls uesd in conzstruction the in-lins fiter asssmiby
do not sbeorb gases of intersat. Sampis flows through the outside of the fiter element indicating fitter contamination.

Ths Beiowin™-Seriee water =ip sensor ig designed 10 provids gas ssmpls pump
ahut down 1o protect analyzers in the svent of water sipping past the thermo-
electric cooisr. The watsr =ip asssmbly includes 8 esneor with Hastslioy® pins
{3CWE-001), water silp hoider (3CuWS-002), hoiding pin and retainsr ohain.
Koy Features Outline & Mounting Dimeansaions Thiz contact sensor iz used in the Baldwin-Sedes gas conditicning syatems

-5 Connection: 16~ NPT Female with thermo-slectric coolers with reley/aiarm capabiities.

= Maximum pressurs: 80 PSIG {right) water Stp Sensor SKCW-002

= Max Iniet Temperatura: 280 °F (138 “C)

= Maximum Fiow Aate: 80 Ipm
= Pressure Drop at 6 Ipm: 17 H20 Golumn
= "0 Ring Seal: Viton™

nart PVDF material fs wesd in conatructing ths water elip sensor 1o prevent sbecrption of relevant
= ion ials: PVDF. gasse. The water eiip 3ensor iz often used in conjunction with the Baldwin™-Series in-ine sampis
« Dead Volume: ¢ finer asssminly (3FA-001), which iz used on al Wall'Rack mounted and Testers' Chotes poriable
sample conditioning &ystsms to provide fine particulats fitration.
= Filter Surface Ares: 12 sq in
. Includes
= Mounting: Surface with Integral Bracket . PO - i i
= Weight: 11 az { 0.31 kg) = O-Ring « Borosilicate Glass Bowl
* Filter Elsmant Material: {TF) TFE Taflon * Mounting Bracket = 2-Micron Ceremic Filter Blement (Standard)
(TA) PFA Tofion
PR) P ne
Qmw isft) Water Sip Sensor SKOW-002
[HS)H lloy G-276 Shown with in-ine fiter asssmbly pin 3KFA-001
[CR) Caramic
[GF) Glass Fiber
(&T) Giass Frit

. LJ
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New Product Introduction

Baldwin’s Sample Conditioning Systems featuring our latest Digital Cooler

P PERMA PURE
PROTECT LIFE

Baldwin™-Series 9AA

Sample Conditioning

System

4

-

e -

New! Digital Control System, Same Reliable Performance

The new Baldwin™-Series 844 Sampie Conditicning Syztems by Parma Pure ane a powerful combination of the proven track reccrd
«of Baldwin™-Series ciazsic coolers with & new digital control syatsm. The syatems ane pre-aszembied and testad to enzurs IMmediats,
refable performence. Al components ars mountsd and plumibed, Eystem teated and checked for leaka, and ready to mount

on & wall o in a rack.

Koy Featurea
= Baldwin Digital Cooler: Newest, high quality design provides sxtendad service life
= Two active impingsrs with one or two sample streams
= Drain Pump: Stesl housing and all metal gear box ensurs lasting parformancs:
= Tubing: Haavy-duty, thick wall does not "set”, significantly reducing repiacement costs
= Sampile Pump: Invert disk valve doas not comode, providing reliabée parformance
= Sampie Filtar: High purity, 2 micron ceramic elsment doss not absort MOy
= Communication: RS 485 Modbus Standard on all systems

Components Include
= Baldwin-Saries Thermo-Elactric Cooler (Modsl M425D or 82100}
= In-line sample Filter{s) with sacy access exchangeabie cartridgs(s)
= Water Slip Sanson(s) = Peristaltic Pumpjs) = Sampile Pump(s)

All Baldwin™ Seriea Coolers Include:

« Dependable water removal « Low maintenance
« Single or dual sample streams « Alarm relays protect analyzers
« EZ-Clean twist-apart impingers (Optienaly « Durinert coated impingers {Optional)

Confidential. May not be reproduced or distributed without permission from PermaPure.

New Baldwin Sample ConditioningSystems

* 45-9A—0OneActive Impinger

* 45-9PA—0One Passive, One Active Impinger

* 45-9AA—-Two Active Impingers

* 45-9PAPA-Two Active, Two Passivelmpingers

Wall or Rack MountVersions

Complete Documentation

New Sales Literature for each model
Complete Submittal Drawings

Specs for Water Slip Sensors, Sample Pumps, Peristaltic Pumps &
Filters

Many OptionsAvailable

. L]
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Clayborn Lab Overview

f? Perma Pure | ¢ Clayborn Lab

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!
Confidential. May not be reproduced or distributed without permission from PermaPure.
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Agenda:

Heated Lines

Difference between types of heating elements

Introduction to Clayborn Heated Lines

Applications
* Emissions Monitoring
 ViscosityControl
* SmallLabUse
« OEM

* Open Discussion

Confidential. May not be reproduced or distributed without permission from PermaPure.
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A Little About Heated Lines
What are heated lines?

 Electrified transport tubes used to control or maintain
temperature of a sample gas or material

Where are they used?
e Transport the sample gas from the sample source to the gas ‘_-"‘,»
conditioning system or analyzer 3
* Ensure the temperature of the sample gas stays above the dew point ‘{;

to prevent condensation from occurring in the samples

e Moisture can distort the analytical measurement and damage the
equipment

e Temperature maintenance in process control
* Viscosity control (glues, adhesives resins)

* Freeze protect

f? Perma Pure | Clayborn Lab

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!
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Anatomy of a Heated Line

P

Insulation —— §7 .

£

Sample Line(s)

Confidential. May not be reproduced or distributed without permission from PermaPure.

i -mm\\'\mnmu

Outer
Covering

r?Perma Pure ‘ ¢ (Clayborn Lab

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!

mm-m.--n”""'""'”'""'

Add-Ons and
Innovations

r?Perma Pure ‘ ¢ Clayborn Lab

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!
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Anatomy of Different Heating Elements

Electrical Resistance HeatTape

Layer 1: Outer, radiant heat reflective surface

Layer 2: Thin, flexible dielectric ﬁ

Layer 3: Resistive heating element f i

Thermal Energy is transferred to the tube through
both conductive and radiant modes of heat.
Radiant energy emitted away from the tube is
reflected back on to the tube.

Confidential. May not be reproduced or distributed without permission from PermaPure.

Constant Power Density (CPD)

Bus Wires * Alternating bus contacts at

fixed intervals
e Producesconstant footto foot
poweroutput

Heating T
wires

Insulation

Self-Regulating (SR)

Insulation

» Bus contactssurrounded by a
conductive self-regulating
heating matrix

» Adjusts output heatinrespect
to increase and decreases in

Bus Wires sample temperature

Conductive Core Self-
Regulating Heating —» .
Matrix T

r? Perma Pure Clayborn Lab
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Consistent Heating — Which Heater is Best?

V Electrical Resistance
Heat Tape

e Heat Tape is precisely wound around
the sample tube to provide consistent
sample temperature along the entire
circumference and length of the line

Confidential. May not be reproduced or distributed without permission from PermaPure.

Constant Power Density &
Self-Regulating

e Heaters lay on one side of the sample
line creating a temperature gradient
in the sample along the whole length
of the line

r? Perma Pure

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!

Clayborn Lab
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Durability and Flexibility —Which Heater is Best?

Constant Power Density
V Electrical Resistance ‘ ‘ .
H e a t Ta p e ‘ Cold Section | Hot Section | |

2

Bus Wire Insuation Heaing Elemert Module Length Contact Module Point

Heating wire can break if flexed
Section would be leftunheated
Zonal dropout producing a cold spot

Self-Regulating

e Flexible even whenenergized
* Frequent movement does not damage the

heating element ‘
e l|deal forruggedapplications like portable Ny

stack testing (RATA) and industrial
processes

Least flexible

Heating matrix can crack leading to cold spots
Prone to bus wire breakage; complete failure

r? Perma Pure | ¢ (Clayborn Lab
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Customized Power Output —Which Heater is Best?

Electrical Resistance
V Heat Tape

Layer 1: Outer, radiant heat reflective surface

Layer 2: Thin, flexible dielectric )R

Layer 3: Resistive heating element _‘:r—
CEE L E L Y ] R L L

——‘:—lr ST TPETETNTTETS
Layer 4: Thin, flexible dielectric !; l

Layer 5: Adhesive .é

Heated tube material

Power output can be customized for each
application

Factors affecting power output:

e Length

e Metallurgy

* Number ofwires

e Electrical Circuitry

Confidential. May not be reproduced or distributed without permission from PermaPure.

Constant PowerDensity
&
Self-Regulating

Wattage is static per length and cannot be

adjusted
70
6o CPD &SR have discrete
wattage points perlength
50
40
30

20

10

= CPower ® CPDPower ® SRPower

r? Perma Pure | ¢ Clayborn Lab
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Comparison of Heaters

Electrical Resistance Constant Power Self-Regulating
Heat Tape Density

Consistent Heating v X X
Customizable Power Qutput v X X
Ability to be Flexed when energized v X X
Resistant to ZonalDropout/Breakage v X X

High TemperatureApplications v v X
Wattage Regulation Customizable/Application Static/Length Static/Length
External Controller Always Optional

Cost S S

Ease of length adjustment in field @ . .
Lightweight ‘ 0 O

QGOVOO

<

High Low

Relative Strength

r? Perma Pure |

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!

Clayborn Lab
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Clayborn Heat Electrical Resistance Heat Tape

Heating Element

eElectrical resistance heatingtape
*Highly efficient architecture
eRapid heat-uptime
*Precise wrapping for consistentheating
eCustomizable to achieve specific
temperature /length /input voltage

combinations

*ACorDC operation

e 12v, 24v, 120v, 208v, 240, 277v, and 480v
input

e3-phase operation

Confidential. May not be reproduced or distributed without permission from PermaPure.

r? Perma Pure

Clayborn Lab

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!
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Customizable Design Configurations

Sample Line Materials:

e Teflon
e Various Grades

Up to 6 Heated Sample Lines

e Smooth b f luted i
moo OliE U ERTOIHUE Up to 6 Unheated Sample Lines

* Stainless Steel 24 pass throughwires

* Welded orSeamless
e Electropolished
e Large IDconvoluted
e Polyethylene
* Nylon

Insulation Materials::

e Standard Nomex
e High performance Aerogel
e Closed/Open cellfoam

f? Perma Pure | & Clayborn Lab

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!
Confidential. May not be reproduced or distributed without permission from PermaPure.
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Customizable Design Configurations

Cover Options

Tuffguard
Nylon Braid
Silicone
Heat Shrink

Innovative Design

Integrated strain relief loops at
customizable locations

Finished ends standard from factory
Armored Ends

Embedded Thermostats
Thermocouples

On/OFF indicatorlights
“Run Wild” Temperature of sample
line will fluctuate with ambient

Confidential. May not be reproduced or distributed without permission from PermaPure.

Sample / Calibration ‘Tee' fitting (far left)

Early calibration ling breakout (middie)

Strain relief (far right)

r? Perma Pure

OUR ENVIROAM

MENTAL BUS

SINESS |

Clayborn Lab

IS HEATING UP!

Glrcull

Kick / Hold
Circuit
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Customization Options Help to Serve Many Applications

e Emissions StackTesting

CEMS
RATA

 Viscosity Control

Confidential. May not be reproduced or distributed without permission from PermaPure.

Water (freeze protection)
Plastics

Epoxy

Glues/Adhesives

Fiberglass

e Chemical Analysis

pH analysis
Particle analysis
Liquid extraction

Stability testing

* NaturalGas:

Midstream
Chemical processing
Power generation
Refineries

Fertilizer production

Hydrogen production

r?li’erma Pure Clayborn Lab

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!
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Application: Viscosity Control

* Indicatorlights
* Greenindicates power is applied
* Redindicates over-temp protection is active

* Hose cores of almost any size and length

23' DAL

50 CORD & 1 T/C WIRE BXIT [EXITS TOWARDS TUBE END)
HEATED SACKAGE TOWARDS 10" 16/3 iliis S0 CORD
TUBE END NO PLUGH

Confidential. May not be reproduced or distributed without permission from PermaPure.

r? Perma Pure

Clayborn Lab
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Application: Clayborn CEMS Collaborations

* Three-phase, three zone

SHELTER INDOOR QUTDOOR INDOOR
AME TEMP NOM 75' F  AMB TEMP 20° TD 110" F AME TEMP 45 TO 114° F

278"

& 3 258"

& FT POWER

JWEWT i N
== LT T T =

J T/

rf) Perma Pure | ¢ Clayborn Lab

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!
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Application: Clayborn CEMS Collaborations

* Separate heated, unheated umbilical cords

ﬁ) Perma Pure | ¢ Clayborn Lab

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!

Confidential. May not be reproduced or distributed without permission from PermaPure.
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Application: Clayborn CEMS Collaborations

* Primary/spare umbilical with reduced heated section

f;" Perma Pure | ¢ Clayborn Lab

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!

Confidential. May not be reproduced or distributed without permission from PermaPure.
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Application: Clayborn CEMS Collaborations

e Unheated (with freeze-protect option) umbilical with custom wire
bundle pass-through

ﬁ) Perma Pure | ¢ Clayborn Lab

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!

Confidential. May not be reproduced or distributed without permission from PermaPure.
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Application: Clayborn CEMS Collaborations

* Heated sample lie with “tee” in-line connections

ﬁ) Perma Pure | ¢ Clayborn Lab

Confidential. May not be reproduced or distributed without permission from PermaPure.

OUR ENVIRONMENTAL BUSINESS IS HEATING UP!
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Application: Class 1, Division 2

e Unheated umbilical with custom pass through wire bundle

Approvals:
Ordinary Locations
Hozordouws Locafions:
Chass [, Division 2, Groups B. C, & D
Class ||, Divislon 2, Groups F, & G

Cicss Jil, Division 2
i 207 KK CAR CVERALL LERGTH 6" COLEE LS00 LACH |ty 3
E J2,7Y HATIR CABLE thiGTH FRASED DN MODE LENGTY] = :
i |
; i 27 OVERALL TURING LEWGTH of
(] il H
i | |
LIS be 0 HEATED PACLAGE LENGTH o s
: e ¥
: P Ay Pl
i H : HTHNT e 1
1 i : .L 1 }

. L ZANNTG RED-RED-WHT TEFLON LLATY W 100 OB AT

L CIANE DLARFE: 7 " 0 T

i L DA |BUE-GRN-WHT] IR BUSS weRis
" A v
¢ n ¥ L 164WE (RED } L s WS
[ R AT ]

QL NGT TERM|MATE MEAT CARLE] -
CUSTORER TO TERMINATE WITH ARPROVED KITS
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Application: Small Lab Use

Perma Pure’s

Own
Lab

Why Selected:

e Short 3ftline used in a variety of Applications
e Environmental Chamber testing
* Prior toFTIR

 Moved often

e Rugged, durable

e Flexible for various uses and applications

Confidential. May not be reproduced or distributed without permission from PermaPure.
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-20 dewpoint compressed
air

Travels through Perma
Pure PD for humidification

PD Purge = water bath

Clayborn Heated Line

EnvironmentalChamber




Application: OEM

AC or DC Operations Configurable Circuitry

* Input voltage from 1v — 480V * Manage inputcurrent

e Thickness less than 1/64" * Maintain wattage as temperature increases

e Reduced wattage holding circuit
e Temperatures up to 450 degrees F

e Over-temp protection
e Shortto LongLength: 6”-300 Ft

* One tape designed for multiple
temperatures

e 3-Phase Operation 7% TELEDYNE
’ TECHNOLOGIES
Everywhereyoulook
INDUSTRIES, VG s I ‘ K

Frmrstriirrmrent s
r? Perma Pure Clayborn Lab

ThermoFisher
SCIENTIFIC

HORIBA
Explore the future

Confidential. May not be reproduced or distributed without permission from PermaPure.
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About Clayborn Labs

1960s

Precision
heat tape
provides the
necessary
heat for space
flight and
satellite
technology

1980

First tubular
application of
heat tape
used to sniff
gasin Desert
Storm

Confidential. May not be reproduced or distributed without permission from PermaPure.

1992
First heated
sample line
produced in
longlengths

2021

Acquiredby
PermaPure

2013
Introduces
tough but
lightweight
outer
sheathing,
changing
industry
standards

e Expertise

e Design Capabilities

e Industry Leading Innovation

e Proven Durability —Nearlyevery
satellite has Clayborn Heat
Tape!

. (]
f? Perma Pure @ maxtec
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Questions and Discussion

. L]
[P Perma Pure @ mexcec
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