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SIMPLE COST EFFECTIVE DRYING TECHNOLOGY



PARSEP DRYER FEATURES
MEDIUM WAVE INFRARED DRYING
WHILE SUBJECTED TO vaCcuum

WOVEN STEEL BELTS TO TRANSPORT SUBSTRATES
APPLIED SUCTION UNDERNEATH THE BELTS
MEDIUM WAVE INFRARED RADIATION (MIR) ABOVE THE SUBSTRATE

o SIMPLE i SILENT
ECONOMICAL * No DusT
® LOW MAINTENANCE o HiGH EVAPORATION RATES

MANGANESE DRYING SopiuM SULPHATE DRYING

PVC DRYING IRON FINES DRYING

PATENTED DRYING TECHNOLOGY




PARSEP DRYING
MEDIUM WAVE INFRARED TECHNOLOGY EXPLAINED

HEAT TRANSFER

HEAT TRANSFER IS THE PROCESS OF MEAT
ENERGY FLOWING FROM A SOURCE AT A
HIGH TEMPERATURE TO A LOAD AT A LOWER
TEMPERATURE. THE THREE FORMS OF HEAT
TRANSFER ARE CONDUCTION, CONVECTION,
AND INFRARED RADIATION. CONDUCTION
OCCURS WHEN THERE IS A TRANSFER OF
HEAT ENERGY DUE TO A TEMPERATURE DIF~
FERENCE WITHIN AN OBJECT OR BETWEEN
OBJECTS IN DIRECT PHYSICAL CONTACT.

CONVECTION IS THE RESULT OF A TRANS-
FER OF HEAT ENERGY FROM ONE OBJECT TO
ANDOTHER ViA A MOVING FLUID OR GAS.

RADIATION HEAT TRANSFER CAN OCCUR BY
INFRARED, ULTRAVIOLET, MICROWAVE AND
RADIO WAVES. INFRARED
(ELECTROMAGNETIC RADIANT INFRARED
ENERGY) IS THE TRANSFER OF HEAT
ENERGY VIA INVISIBLE ELECTROMAGNETIC
ENERGY WAVES THAT CAN BE FELT AS THE
WARMTH FROM THE SUN OR A DOWNWIND
FIRE OR OTHER HOT OBJECTS.

ELECTROMAGNETIC ENERGY

INFRARED RAYS ARE PART OF THE ELECTRO-
MAGNETIC SPECTRUM. INFRARED ENERGY
TRAVELS AT THE SPEED OF LIGHT WiITHOUT
HEATING THE AIR IT PASSES THROUGH,
(THE AMOUNT OF INFRARED RADIATION AB-
S0ORBED BY CARBON DIOXIDE, WATER
VAPOUR AND OTHER PARTICLES IN THE AIR
TYPICALLY IS NEGLIGIBLE) AND GETS AB-
SORBED OR REFLECTED BY OBJECTS IT
STRIKES.

ANY OBJECT WITH A SURFACE TEMPERA~
TURE ABOVE ABSOLUTE ZERO - 460°F OR -
273°I’:. WILL EMIT INFRARED RADIATION.
THE TEMPERATURE OF THE OBJECT AS
WELL AS ITS PHYSICAL PROPERTIES WIiLL
DICTATE THE RADIANT EFFICIENCY AND
WAVELENGTHS EMITTED. INFRARED RADIA~
TION CAN BE COMPARED TO RADIO WAVES,
VISIBLE LIGHT, ULTRAVIOLET, MICROWAVES,
AND X"RAYS. THEY ARE ALL ELECTROMAG-
NETIC WAVES THAT TRAVEL THROUGH
SPACE AT THE SPEED OF LIGHT. THE DIF~
FERENCE BETWEEN THEM IS THE WAVE"-
LENGTH OF THE ELECTROMAGNETIC

WAVE. THE INFRARED RADIATION WAVE~
LENGTH IS MEASURED IN MICRONS (M),
STARTING AT O0.70UM AND EXTENDING TO
1000UM. ALTHOUGH THE USEFUL RANGE
OF WAVELENGTHS FOR INFRARED HEATING
APPLICATIONS OCCURS BETWEEN 0.70Um
TO 10UM. AN EMITTER AT A PARTICULAR
TEMPERATURE EMITS POWER OVER A RANGE
OF DIFFERENT WAVELENGTHS.

INFRARED HEATING

INFRARED HEATING IS THE TRANSFER OF
THERMAL ENERGY IN THE FORM OF ELEC-
TROMAGNETIC WAVES. TRUE INFRARED HEAT
SHOULD HAVE ONE COMMON CHARACTERIS-
TIC: THAT THE TRANSFER OF HEAT IS EMIT-
TED OR RADIATED FROM THE HEATED
OBJECT OR SUBSTANCE. THE SOURCE
EMITS RADIATION AT A PEAK WAVELENGTH
TOWARDS AN OBJECT. THE OBJECT CAN
ABSOREB, REFLECT AND RE-RADIATE WAVE-
LENGTHS. IT IS THE ABSORBED RADIATION
THAT CREATES THE HEAT WITHIN THE
OBJECT. INFRARED HEATING VARIES BY EF-
FICIENCY, WAVELENGTH AND REFLECTIVITY.
IT IS THESE CHARACTERISTICS THAT SET
THEM APART AND MAKE SOME MORE EFFEC-
TIVE FOR CERTAIN APPLICATIONS THAN
OTHERS. VARYING LEVELS OF EFFICIENCY
ARE POSSIBLE WITHIN IR HEATING AND
OFTEN DEPEND ON THE MATERIAL OF THE
HEAT SOURCE. THE BASIC MEASURE OF EF-
FICIENCY LIES IN THE RATIO BETWEEN THE
ENERGY EMITTED AND THE ENERGY AB-
SORBED. OTHER CONSIDERATIONS MAY
AFFECT THIS MEASUREMENT. ONE IS THE
EMISSIVE VALUE OF THE HEAT SOURCE AS
BASED ON THE PERFECT BLACK BODY"
EMISSIVE LEVEL OF 1.0. CERAMIC EMITTERS
ARE CAPABLE OF 90% OR BETTER EMIS-
SIONS AS OPPOSED TO THE LOWER VALUES
OF OTHER HEATER SUBSTANCE. THE
USEFUL RANGE OF WAVELENGTHS FOR IN-
FRARED HEATING APPLICATIONS FALL
WITHIN THE RANGE OF O.74M = 10UM ON
THE ELECTROMAGNETIC SPECTRUM AND ARE
TERMED SHORT WAVE, MEDIUM WAVE OR
LONG WAVE.

THE MEDIUM TO LONG RANGE WAVE="
LENGTHS ARE MOST ADVANTAGEOUS TO IN-
DUSTRIAL APPLICATIONS SINCE ALMOST ALL
MATERIALS TO BE HEATED OR DRIED PRO*~
VIDE MAXIMUM ABSORPTION IN THE 3 Um
TO 10 UM REGION. ENERGY FROM AN IN-
FRARED HEAT SOURCE THAT ALS0O EMITS
LIGHT (SHORT-"WAVE) WILL TYPICALLY EMIT
B0% OF ITS ENERGY AROUND THE 1UMm
WAVELENGTH; WHEREAS THE CERAMIC IN-
FRARED HEATER EMITS B80% OF ITS ENERGY
ARDUND THE 3UM WAVELENGTH.

THE EMISSION EFFICIENCY OF THE INFRA-
RED HEATING ELEMENT ITSELF 1S NOT
ENOUGH SINCE THEY ARE USED WITHIN A
FIXTURE. THE REFLECTIVITY OF THE FIXTURE
CREATLY CONTRIBUTES TO THE OVERALL
EFFICIENCY OF THE HEATER. THE ELEMENTS
ARE TYPICALLY HOUSED WITHIN THE EFFEC-
TIVE COMBINATION OF AN ALUMINIUM /
STAINLESS STEEL CLAD REFLECTOR. THE
STEEL ADDS STRENGTH AND RIGIDITY WHILE
THE POLISHED SURFACE MAKES FOR HIGH
REFLECTIVITY AND MINIMAL HEAT LOSS.




INFRARED ABSORPTION AND REFLECTION
RATE OF MATERIALS

THE AMOUNT OF ENERGY AUSORULD OR RL-
FLECTED BOY A BODY CTAN DE DETERMINED
FOR ALL OBJECTS AND IS DEPENDENT ON
THE WAVELENGTH OF THE RADIATION. THIS
1S BEYOND THE SCOPE OF THIS DISCOURSE
THEREFORE FOR ABSORPTION AND REFLEC-
TION PERCENTAGLE RATLS FOR SPECIFIC MA-
TERIALS PLEASE SEE A PHYSICAL PROP-
ERTY OF MATERIALS TABLE. FOR EXACT
WAVELENGTH ABSORPTION AND REFLECTION
FOR SELECTED MATERIALS SIMILARLY
PLEASE SEE A TABLE ON SPECTRAL AB-
SORPTION CURVES.

THE EFFECT OF AIR ALONE

IF A WET SUBSTRATE IS LEFT IN OPEN AIR
IT WILL EVENTUALLY DRY TO THE EXTENT
THAT THE RELATIVE HUMIDITY IN THE AMBDI-
ENT AIR WILL ALLOW - THE DRIER THE AIR
THE DRIER THE SUBSTRATE. THIS IS AS A
RESULT OF THE PARTIAL PRESSURES OF
THE GASES WHICH MAKE UP THE AIR IN~
CLUDING THE GAS PHASE OF WATER WHICH
1S VAPOUR.

FACTORS AFFECTING THE RATE AND
AMOUNT OF MOISTURE REMOVED FROM A
SUBSTRATE:

* AIR TEMPERATURE
* ATMOSPHERIC PRESSURE
* PARTIAL PRESSURE RATIO BETWEEN THE
WATER VAPOUR AND

OTHER CONSTITUENT GASES (RELATIVE
HUMIDITY)
* MOVEMENT OF AIR

AIR FORCED ONTO A WET SUBSTRATE

WHEN AIR IS FORCED ONTO A SUBSTRATE,
THE BOUNDARY BETWEEN THE SUGSTRATE
AND THE AIR 1§ CONTINUALLY REFRESHED
WITH AIR AT AMBIENT CONDITIONS. THIS
DISALLOWS THE SATURATION OF THE AIR AT
THE BOUNDARY AND CONSEQUENTLY
CAUSES A HMIGHER RATE OF MOISTURE RE-
MOVAL.

AIR DRAWN THROUGH A SUBSTRATE

WHEN A VACUUM IS PLACED AT A SURFACE
OF A SUBSTRATE, CAUSING AIR TO D
DRAWN THROUGH THE SUBSTRATE, THE
MOISTURE REMOVAL EFFICIENCY 1§ FURTHER
ENMANCED DUE TO:

* THE TOTAL SURFACE AREA OF THE sSuB-
STRATE, CXPOSED TO THE

AR BEING GREATLY INCREASED B8Y IN-
CLUDING INNER SURFACES

AND BOTH TOP AND BOTTOM SURFACES
* THE REDUCED PRESSURE AT THE sSuB-
STRATE SURFACE WHERE

THE VACUUM IS APPLIED *~ THIS CAUSES
EXPANSION OF THE

AIR AND CONSEQUENTLY A GREATER CA~
PACITY FOR MOISTURE

REMOVAL

THE BRANCH OF SCIENCE WHICH DEALS
WITH THE PHENOMENDON OF GASES' ABILITY
TO REMOVE OR EXCHANGE MOISTURE IS
KNOWN AS PSYCHROMETRY. A PSYCHRO-
METRIC CHART MAY BE USED TO DETERMINE
THE CARRYING CAFPACITY OF NORMAL AIR AT
DIFFERENT TEMPERATURES

FROM THE ABOVE IT CAN BE SEEN THAT AIR
AT AMBIENT CONDITIONS, FORCED THROUGH
A WET SUBSTRATE DDES WORK ON THE
SUBSTRATE TO REMOVE MOISTURE ~ THE
RATE AND AMOUNT DEPENDENT ON THE
FACTORS MENTIONED.

ADDING AN ENERGY SOURCE

WHEN WATER EVAPDORATES, IT REQUIRES
ENERGY TO CHANGE STATE] THIS ENERGY IS
DRAWN FROM THE SURROUNDINGS. IN THE
CASE OF USING AIR ALONE, THIS LATENT
HEAT OF EVAPORATION IS DRAWN FROM THE
SUBSTRATE MATERIAL (CAUSING LOWER
TEMPERATURE) AS WELL AS FROM THE AIR.
THIS SETS THE PACE INSOFAR AS MOIS-
TURE REMOVAL IS CONCERNED. WHEN HEAT
ENERGY IS APPLIED HOWEVER, THE ENTIRE
PROCESS IS SPEEDED UP DUE TO THE FACT
THAT ENERGY IS ABSORBED (NOT FROM THE
AMBIENT MATERIAL AND AIR AS THIS IS
NORMALLY WELL BELOW THE TEMPERATURE
OF THE HEAT SOURCE) FOR THE FOLLOW-
ING:

HEATING THE SUBSTRATE = THIS MAY GET
CLOSE TO THE BOILING POINT OF WATER
BUT WILL DEFPEND ON THE NATURE AND
PHYSICAL PROPERTIES OF THE SUBSTRATE,
SUCH AS SPECIFIC HEAT AND SURFACE AB-
SORPTIVITY

* HEATING THE WATER TO BOILING POINT
* SUPPLYING LATENT ENERGY FOR CHANGE
OF STATE TO VAPOUR

CALCULATION OF EFFICIENCY

CALCULATING THE TOTAL ENERGY NEEDED
TO REMOVE MOISTURE AT A PARTICULAR
RATE IS A SIMPLE ENOUGH PROCEDURE.
WHEN ATTEMPTING TO CALCULATE THE EF-
FICIENCY OF HEAT ENERGY SUPPLIED
AGAINST THE RATE OF MOISTURE REMOVAL,
THE PLOT THICKENS:

AS THE ENERGY SOURCE, ONE
NEEDS TO TAKE INTO ACCOUNT THAT THE
ENTIRE SYSTEM CONTAINING THE
EMITTERS/ELEMENTS




FIRST HEATS UP AND THEN CONTINU-
OUSLY RADIATES ENERGY FROMITS
SURFACE.

FURTHERMORE THE ENERGY WHICH IS
HAIMEDY AT THE SUBSTRATE DOES NOT
ALL GET ABSORBED BY THE WATER — A
SIGNIFICANT PORTION OF IT HEATS AIR
WHICH IS NOT INVOLVED IN REMOVING
MOISTURE.

ADDITIONALLY, THE ENERGY USED TO
HEAT THE SUBSTRATE IN THE PROCESS,
IS LOST AS IT COOLS DOWN AFTER
DRYING — THIS IS A SIGNIFICANT
AMOUNT OF ENERGY. ONE CANNDT
THEN ACCURATELY DETERMINE HOW
MUCH ELECTRICAL ENERGY HAS ACTU-
ALLY BEEN USED TO REMOVE MDISTURE.
THE LARGEST ERROR HOWEVER WOULD
BE IN NEGLECTING THE EFFECT OF THE
MOISTURE REMOVED BY THE INHMERENT
PSYCHOMETRIC PROPERTIES OF THE AIR
ALONE. TO TAKE THIS INTO ACCOUNT A
NUMBER OF MEASUREMENTS wWOuLD
NEED TO BE CONTINUOUSLY RECORDED,
E.G.:

* WET BULB TEMPERATURE OF AMBIENT
AIR

* DRY BULB TEMPERATURE OF AMBIENT
AIR

* RATE OF AIR FLOW ETC.

THIS IN ITSELF MAY NOT BE JUSTIFIED
WHEN LOOKING AT THE OVERALL PIC-
TURE, AS THE CORRECT APPROACH TO
EFFICIENCY SHOULD BE, DURING THE
DESIGN STAGES, TO MINIMIZE ENERGY
LOSSES FROM THE SYSTEM AND MAXI-
MIZE ENERGY ABSORBED BY THE sSuB-
STRATE

FOR SYSTEMS WITH LOW LOSSES AND
HIGH ABSORPTION, THE EFFICIENCY OF
THE ELECTRICAL POWER USED IN KW TO
REMOVE MOISTURE AT A CERTAIN RATE,
MAY IN FACT BE CALCULATED AT LESS
THAN THE POWER ABSORBED.

WATER ABSORPTION

THE ACCOMPANYING CHARTS SHOW THE
GRAPHS OF TWO EMITTERS — ONE AT A
TEMPERATURE CAUSING IT TO RADIATE
AT SHORT WAVE WITH A PEAK RELATIVE
POWER WAVELENGTH OF 'llJM, AND THE
OTHER AT A TEMPERATURE CAUSING IT
TO RADIATE AT MEDIUM WAVE WITH A
PEAK RELATIVE POWER WAVELENGTH OF
3um.

IN EACH CHART IS A GRAPH SHOWING
THE ABILITY OF WATER (MOISTURE) TO
ABSORE ENERGY AT VARIOUS WAVE-
LENGTHS, THE ENERGY NOT AB-
SORBED IS EITHER REFLECTED OR
TRANSMITTED THROUGH. AS CAN BE
SEEN, WATER HAS A PEAK ABSORP-
TION IN THE REGION OF 3UM AND 6UM.

THE OPPOSITE IS TRUE FOR POWER
RADIATED BY A MEDIUM WAVE EMIT-
TER - HERE AS CAN BE SEEN A SIGNIF-
ICANT PORTION OF THE RADIATED
ENERGY IS EFFICIENTLY ABSORBED.
THE PEAK RELATIVE POWER REDUCES
FOR EACH SUCCESSIVELY LOWER EMIT-
TER TEMPERATURE, THUS THE AMOUNT
OF ENERGY AVAILABLE AT MEDIUM
WAVE WILL ALSO BE SIGNIFICANTLY
HIGHER THAN A LONG WAVE EMITTER
WORKING AT THE OTHER HIGH AB-
SORPTION PEAK FOR WATER AT 6 MI-
CRONS.

THE HIGH EFFICIENCY AND RELATIVELY
HIGHER POWER RADIATION RESULTS IN
MEDIUM WAVE BEING THE OBVIOUS
CHOICE FOR EFFICIENTLY REMOVING
WATER FROM SUBSTRATES.

Relative Power Density vs, Wavelength
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FAST RESPONSE EMITTER BOARDS
METAL EDGED AND RIGIDISED INHOUSE CONTROL
MANUFACTURED TO 60 KW/m=2 PANEL MANUFACTURE
POWER QUTPUT
NICR EMITTER WIRES 220/38B0/525V

EASILY ACCESSIBLE ARRAYS ROBUST ENGINEERED FRAME AND
MANUFACTURED IN STAINLESS STEEL PULLEYS MANUFACTURED IN
MODULAR DESIGN

INTERLOCKED ARRAY DOORS PNEUMATIC LINKED BELT TRACKING
AND TENSIONING ENSURES PERFECT
BELT ALIGNMENT




EVAPORATION RATES Z2LU/KW TO 6LU/KW

FUSED ALUMINIUM DRYING

il g -

CoBsALT SALT DRYING 25% SOLIDS TO DRY

AMMONIUM META VANADATE B80% Souips To DRY
DRYING

GRANULATED CoAL DRYING B0O% SouIDs TOo 90% Souios
EXTRUDED COAL DRYING 70% SouLiDs TO 90% Souips




SIMPLE, DUSTFREE AND EFFICIENT DRYING

IRON ORE 1 KW EVAPORATES 1 — 6L OF
DIAMOND GRAVEL WATER DEPENDING ON APPLICATION

Siuic
A BANDS CAN DRY MINERALS FROM A PASTE

Mica CAN ACCEPT FREE WATER
CoBALT HYDROXIDE CAN DRY FROM 100 - BOO°C

MAGNETITE
MANGANESE
ALUMINA
GyPsum
PVC
CHROMIUM
PHOSPHATES
Coav
NICKEL CONCENTRATE RuBBER DRYING
CoPPER CONCENTRATE

MINERAL SANDS
12% To DRY

CosALT CARBONATE DRYING
80% WATER TO DRY DiaMOND GRAVEL DRYING

ENVIRONMENT FRIENDLY
DRYING
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Tew: 0O11-412-2100 4 TAMBOTIE STREET
FAX: 086-553-8088 HOMELAKE

EMAIL: REIN-PSS@IAFRICA.COM 1759

WEB: WWW.PARSEP.CO.ZA RANDFONTEIN

CONTACT: REIN SOUTH AFRICA




