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s |Violeclles have: characterstic IR spectra
s Spectra are additive

o |R Analysis Is' nen destructive
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In Ilne IR Sensors

'For Beverage Lines and in
Chemical Processing Environments



Diagram e Slip=stream

b Process Stream

STANDARD VEA
SOLUTION SPECTROMETER

Slip-stream permits either an offi shooet firom the main
Process stream or standard solutions for calibration
PUrPOSES




Process CATR Schematic

Process Monitoring with Slip-Stream



On Site Analysis
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With Portable Infirared Analyzer
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NiRFaRd Mid=IR
Strengthsiand W\ EeaknESSEs

NIRSStrengtias:

s Higher energy. levels--black body emitters
peak at sherter wavelengtis

s [High' sensitivity: phote conductive detectors
s \Water transparent in NIR region

s [Low cost celll materials—Ie: glass, guartz
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NiRFaRd Mid=IR
Strengthsiand W\ EeaknESSEs

NIR Weaknesses:
s Qvertones of fundamental bands

s Bands weak and not clearly delineated
s Quantitative calculatiens complex

e (Can not transfer calibrations from one
Instrument to another
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NiRFaRd Mid=IR
Strengthsiand W\ EeaknESSEs

MIdEIR Strengtias:

s Organic functienali groups have well
delineated albsorption bands

s Vielecules have different functionallgroups
that cani be used to identify: them; in Mid-IR

s Mid=IR spectra are additive

s (Calibration data more generc and more
transferable between instruments
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NiRFaRd Mid=IR
Strengthsiand W\ EeaknESSEs

Mid-IR Weaknesses:

s Availlable energy decreases with
wavelengtih due torblack bedy radiatien curve

s Mid=IR transmitting materials more
expensive and: often less chemically: resistant

s Mid-IR optical fibers expensive and lose
transmission With' Iengti

s Materials have strong alkserbances and
reguires short pathlength cells-10-100um



NIR: Vs Mid-1R"Applications

Sample Type
Protein in Grain
Moisture in; Vegetahble Matter
Trace Water inf Selvents
Eat i Meat
Fat in Hemegenized Milk
Trans Fat in VVegetable Ol
PillfCampesition — known components
Pilll Composition — unknoewn compoemnents
Powder Identification
Coatings on Metal — thin
Coatings on Metal = thick
Reaction Menitering — liquid
Reaction Moenitering — powders
Eluidiin containers
Gas Analysis

Minerals

Sampling Methoed
diffuse reflection
diffuse reflection
trans ATR
tramsmission
ATR
ATR
trans or diffuse reflection
ATR
ATR
specular reflection
diffuse reflection
ATR
diffuse reflection
transmission

transmission

specular reflection or ATR

Spectral Region
NIR
NIR

mid-IR
NIR
mid-IR
mid-IR
NI
mid-1R
mid-IR
mid-IR
NIR
mid-IR
NIR
NIR
mid-IR
mid-IR



ATR Schematic of the
VEA-IR Spectrometer

, Internal Reflections
Sample Surface —_

Hemicylinder—

Van Hemicylinder

Linear Variable
Filter
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VFA Spectrometer — Optical Componéhts



Linear Variable Eilter (LVE)




ENTERPRISE
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8.0 9.0 10.0 11.0
Wavelength (um)

One meter + epticalf path (EI-1R) vs.
no air path (VEA)



Resolution Effect
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ATR Treugh Plate ATR Elat Plate

Spectromefer
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laeal 1or:

s Viaterals Verfication

s Quality: Control

s Foed Analysis

s Envirenmental Testing

n Reaction Vioniterng

n Elexible Eilmr Analysis

s Precess Moniterng (PAT)




IypIcal Applications.

a [rans Eatty’ Acid Measurement
= D,OIn H,0O

s Blodiesel i Diesel Fuel

a Powdered Viateral  Vernficauon
s Liguid: Materal Verification



Trans-Fatty Acid Ini Edilble Olls

= 1.0% transfat
— 3.9%

— 8.7%

—_— 22.4%

— 46.8%

= 0.5%




Deuterium; Oxide ([D20) In \Water

100% H20

— .3% D20 in H20

— .7% D20 in H20

— 1.5% D20 in H20

— 2.9% D20 in H20
5.8% D20 in H20

—— 11.7% D20 in H20
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Biodiesel in Diesel Fuel

- '5 88%biodiesel'

=== '0%biodiesel'




Ethanol in Gasoline

% Reflectance
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Infrared Filtometer



Material Verification

%Reflectance

— p-Xylene
= 0-Xylene
— m-Xylene
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Diffuse Reflection

Overtene spectra ofi various minerals, by difftise
reflectance firom a first protetype in cooperation
with the University of Washington in St. Louis



A cure for ebesity In the laberatory!



