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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 ProcessAnalysis

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  
equilibrium is reached very quickly (typically with in  
milliseconds).

• The transfer of moisture is driven by the differential water  
vapor pressure between the membrane sides.

• Nafion® permeation selectivity is based on chemical reactivity,  
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.



AtmosphericGases  
Halogens

Hydrocarbons
InorganicAcids
OtherOrganics  
Oxides

Sulfur
ToxicGases

Ar He H2 N2 O2 O3  

Br2  Cl2  F2 I2

Simple forms (alkanes)
HCl  HF  HNO3 H2SO4

Aromatics Esters Ethers
CO  CO2  SOX NOX

COS H2S Mercaptans
COCl2 HCN NOCl

Typical CombustionAnalytes

Nafion® Im-Permeability
Totally Retained in Sample



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 lpm



MD Series (Monotube Dryers)

Purge GasOutlet

• 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

• Materials in in PP, Fluorocarbon and Stainless  
Steel

SampleGas  
Inlet

Purge Gas Inlet

SampleGas  
Outlet



MD Series (Monotube Dryers)



MDH Heated Dryer

Heated MD in a coiled enclosure

• First 12” heated to 80C

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

• Up to 1 lpm

• Faster moisture transfer at inlet

• Use 10x purge flow

• 110 and 220VDC



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



Typical Drying Applications

• Sample gas conditioning to remove water
• Protection of equipment

• Higher accuracy

• Retain water soluble compounds

• Continuous stream or batch water removal

• Sample Gas Conditioning Systems for CEMS

• Continuous drying of ambient air for use in other processes

• Aerosol & ParticulateAnalysis
• Maintain RH for consistent measurements during the daily RH cycle

• Replace desiccant column

• Flow rates < 1 lpm



Benefits of Using Perma Pure Nafion Systems  
for CEMS



What We Will Cover Today

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

• Slash Installation, Maintenance, and OperatingCosts

• Increase System Reliability

• Solve Common ApplicationProblems

The ProvenSolution for CEMS SampleConditioning
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SAMPLE CONDITIONING

Combustion Gas Analysis

Perma Pure Systems
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1. Slash operating costs from removing water in the vapor phase and drying  
the gas to a lower dew point

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

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

4. Add Ammonia scrubbers to further cut costs

Result: Nafion SystemsCan Pay forThemselves In LessThan 12 Months

Key Technology Differentiators



Consequences of Drying CEMS Samples to a Lower Dew  
Point in the Vapor Phase

Drastically Lower CEMs Maintenance and OperationCosts

• 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, Cl, etc.)

• Interference in infrared or other measurements

• Clogging of line or system components



Nafion Dryers = No Catastrophic Failure Mode

• 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

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

• Flow rates to 20 l/m, pressures to 80 psi (5 bar) in the  
tube when dry

• No routine maintenance required

• Reliable and easy to operate

• Most common dryer used withCEMS



Where to Mount the Sample Conditioning System: On  
the Stack!

• Further Huge Reductions in Installation and Maintenance Costs

• Elimination of the heated line

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

• 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+



• Further Huge Reductions in Installation and Maintenance Costs

• Eliminate clogging of line or system components

• Elimination of unwanted chemical reactions downstream

• Shortening response time due to adsorption/desorption = Greatly reduced  
calibration gas consumption

• 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.

Where to Mount the Sample Conditioning System: On  
the Stack!



How Perma Pure SystemsWork

The Proven Solution forCEMS



Perma Pure’s CEMS Tri-Zone Nafion Management  
System

Zone 3

Zone 1  
Heated  

Enclosure

Zone 2  
Heated  

Dryer Inlet
Zone 2

Zone 3
Ambient
Dryer Exit



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.



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 lpm to 25 lpm

• 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



GASS Series

• GASS 2040 / GASS 6000– up to 25 liters per minute (lpm), very wet gases, blowback,  
stack-mounted,

• GASS 6000 includes a special humidity sensor

• Mini-GASS 1228 – up to 5 lpm

• IndiGASS – up to 5 lpm, no ammonia scrubber

• ReadiGASS – up to 5 lpm, no clean instrument air available

• GASS 35 – portable unit, up to 2 lpm, no instrument air required

• Micro-GASS – heated, 1 liter per minute

• ACES – Ambient temperature, 1 lpm,
using reflux vacuum. Portable  

Mini-GASS
System
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Hybrid Cooler Design – InternalView



Solutions to Benefit  

Existing Cooler Based Systems

Lowering Costs and Increasing System Reliability



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) Lowers the dew point of sample gas

• SDS – “Cooler Booster”

• Single or double 12” PD Nafion dryer

• Reduces dew point from 4°C to -15°C or -20°C

• Flows up to 10 lpm
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Ammonia Scrubbers
and HowThey Help Lower CEMS Operating Costs



Solution: Ammonia Scrubber for Coolers

• Protects analyzers and downstream components

• Eliminates ammonia salt deposition

• Very selective reagent

• Phosphoric acid removes only bases

• Very high corrosion resistance

• Housing: stainless steel, polysulfone

• Element: H3PO4 on inert ceramic

• Reliable and low maintenance

• No moving parts, only periodic refills



Hot, WetChemistry

• Target Temperature 80-90°C

• Ammonia reacts in vapor form

• Water remains in vapor form

• Otherwise, bottom fills with liquid

• Heater blanket maintains 90°C

• Or, maintain 80-90°C in heated enclosure

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



Ammonia Scrubber Maintenance

Refill media every 40,000 liter/ppm/hours

Hand tighten mounting screw  

Example:

• Flow rate = 10 lpm

• Slip = 5 ppm

• Change Media every 33 days



BaldwinTM 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

• Advanced P.I.D. control algorithm increases temperature  
control precision to maintain analysis accuracy

• 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



Thermoelectric Principle

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 is used to cool the  
sample stream. There are no moving parts in this device, so it is  
considered a ‘solid state’ component, therefore making it very rugged and  
reliable.



Basic Cooler Components



Impinger Designs



Chiller Configurations
• Heat Exchangers

• Active=Has TE cooling
• Passive=No TEcooling

• Passive Heat Exchangers
• Advantage is it needs no power
• Drops sample gas temperature to heat sink temperature
• Drops inlet water concentration from 20% down to 2%

• Active Heat Exchangers
• Limited to 62 Btu/Hr
• Precise Outlet DewpointControl
• Increase Thermal Efficiency by Mixing Active andPassive



Classic Cooler  
Model 115

Sample  
Pump

Single Head  
Drain Pump

Sample  
Pump

Classic Cooler  
Models 325, 5210

Sample  
Pump

Dual Head  
Drain Pump

Classic Cooler
Models 225, 425, 8210*

3-5 lpm
or 6-10 lpm

3-5 lpm1 lpm

Cooler / Pump Configurations

A P A AA

Dual Head  
Drain Pump



Cooler Model Number System

• Classic Cooler Model 1 1 5
1 =  Nominal Flow Rate: lpm

1 =  Number of Heat Exchangers

5 =  Length of Heat Exchanger

• eCool Model 5 3 0 

0  5 = eControl

Cooler

3 = Nominal Flow Rate: lpm

00  = FutureUse



Baldwin Digital Coolers & Systems

MODEL FLOW RATE IMPINGER  
(HE)

LENGTH SYSTEM

M115D 2 lpm 1 Active 5” 4S-9A

M325D 3 lpm 1 Active 5” 4S-9PA

M425D 4 lpm 1 Active
1 Passive

10” 4S-9AA

5210D 5 lpm 2 Active 10” 4S-9PA

8210D 8 lpm 2 Active 10” 4S-9AA

20410D 20 lpm 2 Passive
2 Active

10” 4S-9PAPA



Digital Cooler Model Selector



Baldwin -Series Coolers – Complete Range

• Characteristics

• A history of reliable performance

• High quality construction

• EZ-clean twist-apart heat exchangers

• High ambient, high water applications

• Range of Models

• Digital Series (5210, 8210, 20410)

• OEM Series Digital (115, 325, 425)

• 10410 SO3 removal

• eCool Digitally controlled

• Only cooler with CSA Class I Div II rating



Catalog Sheets for Our Water Slip Sensor & Filter Assembly
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New Product Introduction
Baldwin’s Sample Conditioning Systems featuring our latest DigitalCooler
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• New Baldwin Sample ConditioningSystems

• 4s-9A – OneActive Impinger

• 4s-9PA – One Passive, OneActive Impinger

• 4s-9AA –Two Active Impingers

• 4s-9PAPA-Two Active, Two PassiveImpingers

• 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



C l a y b o r n  L a b O v e r v i e w
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Agenda:
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• Heated Lines

• Difference between types of heating elements

• Introduction to Clayborn Heated Lines

• Applications

• Emissions Monitoring

• ViscosityControl

• Small LabUse

• OEM

• Open Discussion



A Little About Heated Lines
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What are heated lines?

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

Where are they used?

• Transport the sample gas from the sample source to the gas  
conditioning system or analyzer

• Ensure the temperature of the sample gas stays above the dew point  
to prevent condensation from occurring in the samples

• Moisture can distort the analytical measurement and damage the  
equipment

• Temperature maintenance in process control

• Viscosity control (glues, adhesives resins)

• Freeze protect



Anatomy of a Heated Line
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S a m p l e Line(s)

H eater

In s u lation
Ou ter   
C overin g

A d d - O n s a n d   
Innovat ions



Anatomy of Different Heating Elements
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Th ermal E n e r g y is transferred to t h e t u b e t h ro u g h   
b o t h con d u ct ive a n d radiant m o d e s of heat.
Rad iant e n e rg y emitted away f rom t h e t u b e is  
ref lected b a c k o n to t h e tube.

• B u s co ntacts s urro unded by a   
co nduct ive  sel f -regulat ing  
h e at i n g matr ix

• Adjusts o utput heat in respect   
to increase a n d  decreas es  in  
s a m p l e temperature

Electrical  Res istance  H e a t Ta p e

Insulation

B u s Wires

Cond uct ive  Core Self-
R e g u l a t i n g  Heat in g   
Matrix

• Alternat ing b u s co ntacts at  
f ixed intervals

• P ro d u c e s co nstant foot to foot  
po wer o utput

C o n sta n t Powe r Dens i ty ( C P D )

B u s Wires

H eatin g   
wires

Insulation

S e l f - Re g u lat in g (SR)



Consistent Heating – Which Heater is Best?
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• H e a t  Ta p e  is precisely w o u n d  a ro u n d   
the s a m p l e t u b e to provide cons istent   
s a m p l e  te m p e ratu re  a l o n g  the  entire  
c i rcu mfe re n ce a n d l e n gt h of the line

• Heaters lay o n o n e s ide of the s a m p l e
line creat ing a te m p e rature g rad ie nt
in the s a m p l e a l o n g the wh ole l e n gt h
of the line

Electrical Res istanc e   
H e at Ta p e

C o n sta nt Po w e r Dens i ty &  
S e l f -Reg u lat in g



Durabi l i ty a n d Flexibi l i ty – W h i c h H e a t e r is B e s t ?
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• Flexible even  w h e n en erg i zed
• Freq u ent m o v e m e n t d oes not d a m a g e the  

h eat i n g e l ement
• Ideal  for r u g g e d appl icat ions l ike portable  

s ta ck  test ing  (RATA) a n d  industrial   
processes

• H e a t i n g wire c a n break if f lexed
• S ect io n w o u l d b e left u n h e a t e d
• Zo na l dro po ut p ro d u c i n g a cold spot

Electrical Res istanc e   
H e at Ta p e

C o n sta nt  Po w e r Dens i ty

S elf-R e g u latin g

• Least flexible
• H e a t i n g matr ix c a n c ra c k leading to cold spots
• P ro n e to b u s wire breakage; co m p l ete failure



C u s t o m i z e d P o w e r O u t p u t – W h i c h H e a t e r is B e s t ?
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Powe r ou t p u t c a n b e c u st o m i ze d for e a c h   
appl icat ion
Factors  affect ing p ower output:
• L e n g t h
• Metal lurgy
• N u m b e r  of wires
• Electrical Circuitry

Electrical Res istanc e   
H e at Ta p e

C o n sta nt  Po w e r Dens i ty   
&

S e l f -Reg u lat in g
Wa t t a g e is static per l e n gt h a n d ca n n ot b e   
ad justed

0

10

20

30

40

50

60

70

CPower CPDPower SR Power

C P D  & S R  hav e  discrete  
w a t t a ge points per l e n g t h



Comparison of Heaters
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Electr ica l R e s i s t a n c e   
H e a t T a p e

C o n s t a n t P o w e r   
D e n s i t y

S e l f - R e g u l a t i n g

Consistent H e a t i n g  X X

C u s t o m i z a b le  P o w e r O u t p u t  X X

Abil ity to b e F lexed w h e n en erg i z ed  X X

Resistant  to Zon a l D rop ou t / Breakage  X X

H i g h  Temp erat ure Appl icat ions   X

W a t t a g e Regu lat ion Cus t omi z ab l e/Appl i cat i on S t a t i c / L e n g t h S t a t i c / L e n g t h

External Control ler F r e q u e n t l y A l w a y s Opt iona l

Cost $ $ $ $

E a s e  of l e n g t h  a d j u s t m en t  in field

L i g h t w e i g h t

Relative Strengt h

L owH ig h



Clayborn Heat Electrical Resistance Heat Tape
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H e a t i n g E l e m e n t

• Electrical  res istance h e a t i n g tape

•H i g h l y  efficient architecture

• R a p i d  h e at -u p t i m e

• Prec ise  w ra p p i n g  for cons istent h e a t i n g

•Cu stomiza b l e  to achieve specif ic   
temperature  / l e n gt h  / input  voltage  
comb in at ion s

• A C or D C operat ion

• 12v, 24v, 120v, 208v, 240, 277v, a n d 4 8 0 v
input

• 3-phase operat ion



Confidential. May not be reproduced or distributed without permission from PermaPure. 54

S a m p l e  L i n e Materials:

• Teflon
• Various Grades
• S m o o t h  bore of convoluted

• Stainless Steel
• W e l d e d  or Sea ml ess
• Electropol ished
• L a r g e  I D convoluted

• Polyethylene
• Nylon
Insulat ion Materials::

• St a n d a rd N o m e x
• H i g h  p er f orma n ce Aerogel
• Closed/Open cell f o a m

U p  to 6  H e a te d  S a m p l e  L in e s   
U p to 6 U n h e a te d S a m p l e L in e s   

24  p a s s  t h ro u g h wires

C u s t o m i z a b l e  D e s i g n Conf igurat ions
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C o v e r O p t i o n s

• Tuffguard
• Nylon Br a i d
• Si l icone
• H e a t Sh r i n k
Innova t i ve D e s i g n

• Integrated strain relief loops at  
cu s tomi zab l e locat ions

• F i n i sh ed e n d s stan d ar d from factory
• A r m o r e d E n d s
• E m b e d d e d Thermostats
• T h e r m oc ou p l e s
• O n / O F F  indicator l ights
• “Run Wild” Temp er atu r e of s a m p l e   

l ine will f luctuate with a m b i e n t

C u s t o m i z a b l e  D e s i g n Conf igurat ions



Customization Options Help to Serve Many Applications

• Emissions StackTesting

• CEMS

• RATA

• ViscosityControl

• Water (freeze protection)

• Plastics

• Epoxy

• Glues/Adhesives

• Fiberglass

• ChemicalAnalysis

• pH analysis

• Particle analysis

• Liquid extraction

• Stability testing

• NaturalGas:

• Midstream

• Chemical processing

• Power generation

• Refineries

• Fertilizer production

• Hydrogen production
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Application: ViscosityControl

• Indicator lights

• Green indicates power is applied

• Red indicates over-temp protection is active

• Hose cores of almost any size and length

Confidential. May not be reproduced or distributed without permission from PermaPure. 57



Application: Clayborn CEMSCollaborations

• Three-phase,  three zone
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Application: Clayborn CEMSCollaborations
• Separate heated, unheated umbilical cords
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Application: Clayborn CEMSCollaborations

• Primary/spare umbilical with reduced heated section
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Application: Clayborn CEMSCollaborations

• Unheated (with freeze-protect option) umbilical with custom wire  
bundle pass-through
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Application: Clayborn CEMSCollaborations

• Heated sample lie with “tee” in-line connections
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Application: Class 1, Division 2

• Unheated umbilical with custom pass through wire bundle
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Application: Small Lab Use
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-20 dewpoint compressed  
air

Travels through Perma  
Pure PD for humidification

PD Purge = water bath

Clayborn Heated Line

EnvironmentalChamber

Perma Pure’s  
Own  
Lab

W h y Selected:

• Short 3 ft l ine u s e d in a variety of Appl icat ions
• Env i ro n m e nta l  C h a m b e r test ing
• Prior to F T I R

• Moved often
• R u g g e d , durab le
• Flexible for various u s e s a n d appl icat ions



Application: OEM
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• AC or DCOperations

• Input voltage from 1v – 480V

• Thickness less than 1/64”

• Temperatures up to 450 degrees F

• Short to Long Length:  6” – 300 Ft

Conf igurab le Circuitry

• M a n a g e  in p u t current

• Maintain wa tta g e as te m p e ratu re increases

• R e d u c e d wa tta g e h o l d i n g circuit

• O v e r - te m p protection

• O n e tape d e s i g n e d for mult ip le   
te m p e ratu res

• 3- Ph a s e Operat ion



About Clayborn Labs
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1960s

Precision  
heat tape  

provides the  
necessary  

heat for space  
flight and  
satellite  

technology

1980

First tubular  
application of  

heat tape  
used to sniff  
gas in Desert  

Storm

1992

First heated
sample line
produced in
long lengths

2013
Introduces  
tough but  

lightweight  
outer  

sheathing,  
changing  
industry  

standards

2021

Acquiredby  
PermaPure

• Expert ise
• D e s i g n Capabi l i t ies
• Industry  L e a d i n g Innovat ion
• Prove n  Durabi l i ty  – Nearly every  

satellite h a s  C layborn  H e a t   
Tape!



Questions and Discussion
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