s
/

I
\“‘.
N = -
= = ==NuN _
\ ¥V W A R RV 4 a
\ YAV B B 8 W N
- B R R =
- W EEE e
P PN PR N £ IR PR £
SiMMipPic GriviyiiCUi SUiviions

YIIGUL SVIVIIVITIO

InfraCal ©® Ethanol Blend

Analyzer
Model HATR-T2E

User’s Guide

InfraCal Analyzer is a registered trademark of Wilks Enterprise, Inc.
Copyright 2009 Wilks Enterprise, Inc., East Norwalk, CT

www.WilksIR.com

Rev 1.8, November 2009



1.

InfraCal Ethanol Blend Analyzer OVEIVIEW........cccuuuvvuiiieiiiiiiiiiiiess s ee e e eeennees 5
0 A [ 1o o [ T £ o USRS 5
1.2. BaSIC MeaSUIrEMENT CONCEPL .....uuurreenieeeeeeeeiieaa e e e e e e e e e e e e e e eeeeeeeeebenna s s 5
1.3. InfraCal Analyzer Description and Physical Pro@ti.............ccoovvvviiiiiiiiiiiiiinnee oo 5
1.3.1. Front operating PAN€l ...........uuuuuuiiii i e s e e e e e e e e e e e e e 6
1.3.2. BACK PANEI....oitieeieiiiie e e e e e eaaaan 6
1.3.3. Front operating Pan@l ...........uuueuuiiii i 7
1.3.4. Description of the push button CONrolS .....ccceeeceeeeiiiieiiiiiee s 7
1.4. InfraCal Ethanol Blend AnalyzZer FEALUIES ... eerrrrmiiiniieeeeeeeeeeeeeeeeieiiiiiemmaneees 7
1.4.1. Internal Calibration: ... 7
1.4.2. External Communication and Calibration: ...............uuuviiiiiiiiieiieeeieeeeeeeeeiiiinnes 7.
1.4.3. Recall Function/Averaging REeSUILS ..........ccoeeemiiiiiiiiee e 8
1.4.4. Printing the RESUIL.........coiiiiii e e e e 8
Getting StArted .......cco o ———————aattrr b ———————— 8
P20 S | 1 7= 11 = U1 o o PR P UUPPPPPPPPPPPRPR 8
P20t St S o Tox- | (o] TSRS RRPPP 8
2.1.2. POWEr REQUITEMENTS .....iieeeeeiiiieeeeeeittceereeeeeeeeettess s s s e e e e e e e aaeeeeeeeeessnnnnneeeennnes 8
2.1.3. Warm UP M@ ..ttt s e e e e e e e e e e e e et e e et e e ns s s 8
2.2. Zeroing the InfraCal Ethanol ANalyzer ... 9
2.2.1. EStabliSNING ZEI0 ... e s 9
2.3. Ethanol Extraction TEChNIQUE ...........oiiiiiiiiiii e 9
2.3.1. Salt Water Extraction Solvent Preparation ................eeeeoiniinnineeeeeeeeeeeeeeiiiees 9
2.3.2. Ethanol Extraction INStrUCIONS..............cccceeevreiiiiieee s e e e e eeveee e emeaaneees 9
InfraCal Analyzer Calibration...........coooo oo 10
TNt I B - = W o (15T o] =1 1o o PP 10
3.2. Selection of suitable calibration standards............ccccevvvviiiiiiiin e 10
3.2.1. MiXING StANUAIAS ......cooiiiiiiiiiiiiii ettt e e e e e e e e e e eeeeesbennnneeeeeeeees 11
3.3. Calibration coNSIAEratioNS.........coooieei i e e eene e 11
3.4, Calibration MOUES .......ccooiiiiiieeee e e e e e e e e e ee e e e e e e 11
3.4.1. Selecting the Calibration MOde ... e, 12
3.4.2. Collecting calibration data .................ewmmmeeeerernmnmniare e e e eeeeeeeeeeeebeennneeeeee 12
3.4.3. Absorbance Versus Calibration Standard or Alteriééhod Table ................... 12



3.4.4. Entering Calibration Data into the Edit MOd€ ccccee..ooooiiiiiiiii 12

3.4.5. User Calibration Mode ProCeaUIe: ...........coemmmmeeeeeriiuimiiiiaiieeeeeeeeeeeeseeeessiennes 13
Note that this is not the preferred method to vseélibration of the InfraCal Analyzer. If
you would like to use this method, please contach @wilksir.com for instructions. ....... 13
3.5, Calibration Printing ........uuuueeeiie s e e e e e e e e e e e ——————————————————— 13
O N =Y\ T = RS TV ] o L= PR 13
I Y= 1 01 o] [ S 13
S Y- 1101 1T = T F= 1Y A RSP 13
4.2.1. Averaged ReSUItS DiSPlay ........ccouuuuiiiiiccceeere e eeeeneaans 13
5. InfraCal Analyzer Sample Stage.........cooov i 14
5.1. Sample StagesS OVEIVIEW........ccuuuuuuiueneeeeiiissaseeeeaeeeeaeeereeanssesnnnnnrnnsnnnnnes 14
5.2, HATR-T2E SaMPIE STAQE ....cceuvuurinnnnis s e e e e ettt e e e e e e aneaaeeeeeaeeas 14
5.2.1. HATR-T2E Measurement CONCEPL .......ooeiiiicemmmmm et 15
5.2.2. HATR-T2E CONSIAEIratiONS ........cccevvvrrrrurmmmmmmeiaaaeeeeeeeeaaeeeeeesnnsnnnnnnn s eeeeens 15
5.2.3. Auto Evaporation Timer Programming ..........ccceeeeieiiiiiiiiieeeeeiiice e 15
6. InfraCal Analyzer SPeCIfiCAtIONS .........civiiiicaiiiiiiiiiiiiie e seeeeeeeenenes 16
6.1. EXternal pOWEr reqUIFEMENTS ...........uuursmmmmmmmeeeeeeeerereeeeesntnnnsaaeeeeeeeesanaaeeeeaeeeeees 16
6.2, PRYSICAI ..ottt et e e e e e e e e e e e e e e e e e e eeeraaraaaaa 16
6.3, ENVINONMENTAL .......oooiiiiiii e e e e e e ea e e e ee e e et e e e eaaaa 17
G 1o 14 o | USSP 17
6.5, CaliDration .......... i ———— 17
7. InfraCal Analyzer Communications INterface............ccccveeeeiiiiiiiiiiiiiieeeeee e 18
4% R = Y= (o= I oo o1 g = ox 1 oI o P 18
7.2. Communications port SEtUP PAramMEtersS ..ot ee e 18
AR T © ] 01T - 1[0 o RSP 18
A S O T - Y (o To T 11 o PP 19
7.5. Remote zero balance CONtrol............cooioveeciiii e 19
7.6. Remote calibration CONrol.............ooovicem i 19
8. Service and Technical SUPPOIT ..........oooiiiiiiieiii e srr e arrnnnes 21
EStabliSNING ZEIO0 ... .t e 25



Figure 1: The InfraCal: Front View of Analyzer.............oouuuiiiiiiiieeeeeeiiieeees 5

Figure 2: The Display and Control Panel ........coe..uveiiiiiiiiiiiieeeeeee e 6
Figure 3: The InfraCal: REaAr VIBW ..........uuuiieeuiiiiiiiiee e 7
Figure 4: HATR-T2 Sample Stage: Front VIEW.......ccuuvvviriiiiiiiiiiiieeeeeeeeeeeeeeeeiiiinnnns 14.
Figure 5: Measurement of IR Absorption with an HATR-T2 .......cccoeeeiiiiiiiiiiiiiiiiinnnns 15
AppendiX A: QUICK Start GUIE .........uuuuuiiieiii e e e e e e rreeeaaae e 21

Appendix B: Zeroing on a clean crystal.........ccc.oooiiiiiiiiiiiiiieeeeee 25




1. InfraCal Ethanol Blend Analyzer Overview

1.1. Introduction

InfraCal Ethanol Blend Analyzers are filter basefilared analyzers, providing the precision and ey
necessary for repetitive quantitative mid infra¢etdd IR) measurements in the laboratory, in the
manufacturing plant, or in the field. The Infra@hanol Blend Analyzeutilizes a fixed band pass
filter/pyroelectric detector having one or two me@snent wavelengths. The sample setup is a
Horizontal Attenuated Total Reflection (HATR) ziselenide crystal. Infrared radiation is passed
through a sample using an elliptical source miamad focused through the crystal and onto the dmtect
package that contains filters to isolate an anady/and a reference wavelength. The result is zkd
from the difference in the measured light absoitethe sample at the analytical wavelength(s) aed t
reference wavelengtiDetails for your sampling option and a procedwresbmple preparation
and analysis may be provided for your specific @pgibn.

1.2. Basic measurement concept

The InfraCal Analyzer makes use of the fact thatymaolecules absorb infrared energy at a specific
wavelength and the amount of energy absorbed optional to the concentration. The energy collécte
at the analytical wavelength\J| is reduced when compared to the energy colleatétuke reference
wavelength @). The sample concentration is determined by autation of the logarithm of the ratio of
the light transmission at the reference waveletgthe light transmission at the analytical wavgtan
(Beer-Lambert law). “A” equals the infrared absort& The Beer-Lambert law assumes a linear
relationship between absorbance and concentration.

Beer-Lambert Law:A = log Ir/l A

Deviations from linearity are determined by obtagheabsorbance values from known samples
and an internal point to point calibration tabl@iepared (see Section 3) so that concentration in
the desired units is directly presented on thelalysp

1.3. InfraCal Analyzer Description and Physical Pro  perties
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Figure 1: The InfraCal Analyzer: Front View



1.3.1. Front operating panel

The front panel consists of a 4 digit LED displaygldour labeled, touch-sensitive push button cdsitas
illustrated in Figure 2. The LED display remairigrfinated at all times while the analyzer is plutjge
(switched on). When the instrument is not in use, @ady for use, the display may either show ¢iselt
of the last analysis, or it may shadLE.

Figure 2: The Display and Control Panel

1.3.2. Back panel

The main power socket for the 12 Volt power supplpcated on the back panel. The back panel also
provides a standard nine pin, female DB9 conndotoserial (RS232-C) data communications with the
analyzer. This requires the use of a standardybtrétirough serial data cable. A USB connecticaiss
located on the back panel. See Section 7 forldetBdata communications with the InfraCal Analyze

The back panel also contains the CE Mark desigmatidicating compliance with the codes for operatio
within the European Community countries, and atgoanalyzer serial number. The CAL lockout switch
deactivates the front panel CAL button to keepititernal calibration table from being inadvertently
changed or turned off. For calibration, the switcON (l). After calibration the switch may be nealvto
the locked position (O). Make a permanent notédnefderial number, and quote this when contacting
Wilks Enterprise with a service or warranty relaiesiie.

CALLOCK
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Figure 2: The InfraCal Analyzer: Rear View



1.3.3. Front operating panel

The front panel consists of a 4 digit LED displaygldour labeled, touch-sensitive push button cdsitas
illustrated in Figure 2. The LED display remairigrfinated at all times while the analyzer is plutjge
(switched on). When the instrument is not in use, l@ady for use, the display may either show ¢iselt
of the last analysis, or it may shadLE.

Figure 3: The Display and Control Panel

1.3.4. Description of the push button controls

RUN - initiates sample analysis (Section 4). Also usetthe calibration modeJAL) to record
a calibration sample (Section 3).

UP arrow control - used to increase numerical values used in tlilration mode CAL)
(Section 3).

CAL - Hold for 2 seconds to select calibration typ8Kr, Edit or oFF). Also used to
generate a new user calibration. Quickly pressraledse to print the last result.

ZERO - Hold for 2 seconds to zero balance the instrar(iehl appears on display during
operation (Sections 2). Also used to exit the catibn mode CAL). For printer, quickly press
and release to print the current calibration table.

RECALL - Quickly press and release to recall up to teetkn results (recall mode) or to
display the average (averaging mode). Hold forcdsds to reset the printer sequence number.

DOWN arrow control - used to decrease numerical values used in theataon mode.

1.4. InfraCal Ethanol Blend Analyzer Features

1.4.1. Internal Calibration:

The InfraCal Analyzer reads in relative absorbamtés that are proportional to concentration. An
internal microprocessor allows the user to entealération in order to read in the desired unithe
InfraCal Analyzer contains three different useestdble calibration modes. These aFé-, uSEr or
Edit. Section 3.4 explains the calibration functiomsié¢tail.

1.4.2. External Communication and Calibration:

The InfraCal Ethanol Blend Analyzer supports comitaitions to a PC, printer or controller via an RS-
232C asynchronous serial communications port. @dgimbility allows for collection of sample



measurement data and instrument control by a lomgpater. It also allows for multiple calibratiorbtas
if more than one table is being used with a singd&dument. Specification details for communication
parameters are in Section 7.

1.4.3. Recall Function/Averaging Results

The InfraCal Analyzer has the ability to store tesults for use with the averaging function orlémal
recall and display (see Section 4.2.1). Results Ineagata logged via the serial communications fiater
to a serial printer available as an accessory antexternal PC.

1.4.4. Printing the Result

An optional printer can be connected to the analfrm®ugh the RS-232C port located on the back. To
print the result, momentarily press and releas€thke button. Note that the Cal Lock switch must be in
the The result is printed on one line. The first numgénted is a 5-digit sequence number.
The sequence number is followed by the result.réheinder of the line contains the date, time amd d
of the weekTo reset the print sequence number, unplug theégoramd plug it back in. The next result
will print as sequence number 000001.

2. Getting Started

2.1. Installation

2.1.1. Location

The InfraCal Ethanol Blend Analyzer may be instalatually anywhere. It is not affected by vibiati
and it can operate over a broad range of ambiemgeeatures (40, 4°C to 116F, 45C).

2.1.2. Power Requirements

The InfraCal Analyzer is powered from a 12 volt P@ver source. A standard 12 volt power supply is
provided with the analyzer, and this may be opédratam any grounded a.c. outlet (line power
requirements: 100 - 250 VAC, 50-60 Hz, 0.5-0.3 gmp#hen operating, the InfraCal Analyzer consumes
approximately 8 watts (0.67 amps). For field uke,ihstrument may be connected to other sourc&® of
volt DC power, such as an external battery padkercigarette lighter output of an automobile (eoht
Wilks Enterprise for details).

Plug in the external 12 volt supply to the powemrgector at the rear of the instrument. When plugged
the instrument display will shoimit for a short time. Once the power-on initializatisrtomplete, the
instrument display&lLE. The InfraCal is now ready for use.

Note: the connector is polarized with the center@gpositive. Failure to use the correct power suppl
or the correct cable can result in permanent damagehe InfraCal and may invalidate the warranty.

2.1.3. Warm up time

For normal operation, it is recommended that tls&riiment be allowed to warm up for 1 hour prior to
use. However, the InfaCal Analyzer is sufficiergtgble after 15 minutes, and meaningful measuresment
may be obtained at this time. If the analyzer edusnder the 1 hour warm-up time, check the zdaoy pr

to each run for best results. The longer warm-mg tis recommended for critical measurements and for
analyzer calibration. The InfraCal Analyzer drawesy little power so it can be left on for extended
periods.



2.2. Zeroing the InfraCal Ethanol Analyzer

For initial set-up, the InfraCal Analyzer will netalestablish a zero using the following procedufero
the instrument on a sample of the gasoline frons#me stock as the unknown sample(s) to be run.
Since different gasolines can vary significantlchemical makeup, it is necessary to run a zerb eac
time a new gasoline type is to be measured usimgélv gasoline as a zero sample. If an etharml fre
sample of gasoline is not available, see sectidrid2.more information on how to remove the ethanol
from a sample. It is also recommended that the zerrun every three hours.

2.2.1. Establishing Zero

Clean the sample crystal with hexane, isopropydtadt or similar solvent, and ensure that crystal
is completely clean and dry.

Place enough ethanol free gasoline of the sam& atthe sample to be analyzed to cover the
crystal (approximately 1 ml). If the extractionsdgbed in section 2.3 is used, remove some of
the top layer of gasoline from the extraction domsection 2.3.2 and place it on the crystal.

Cover the crystal with the stainless steel cover

Press and hold th#ERO button until the display reatt\L. Release the button. A multiplier
value to 3 decimal places will be displayed whem z& established. The actual value is only of
interest when reporting problems to the factory.

PresRUN. The result should be zero or very close to zdfrthe result is not within the desired
range repeat the zero process.

2.3. Ethanol Extraction Technique

While the InfraCal Analyzer is capable of analyz&tganol blends without an ethanol free sampléef t
gasoline to be measured, chemical variations igéseline will limit the accuracy of the analyzéi.

only one gasoline is to be measured, see Appendix Zeroing on a clean crystal. For the most eateu
measurement, a gasoline sample from the same a$atie unknown sample can be used to zero out any
differences in gasoline makeup. Since ethanoldesmline is not always available, the ethanollmn
extracted from the gasoline in order to zero thadyamer. To extract the ethanol, the gasoline saripl
mixed with a salt water solution which collects #thanol, leaving ethanol free gasoline. If et
gasoline of the same type as to be measured imblgithis step can be skipped. Likewise, if the
analyzer is to be used with a clean crystal zéiie,dtep can be skipped.

2.3.1. Salt Water Extraction Solvent Preparation

These instructions will create one liter of saltevasolution. For smaller amounts, simply usesiume
ratio of salt and water as described below.
Add 1 liter of distilled water to an appropriatentainer.
Add 20g of NaCl (table salt), which is approximgtéltablespoon. The amount of salt added
needs only to be approximate.
Stir thoroughly until all of the salt is dissolved.
Note: Unsalted water may be used although the timéhforvater and gasoline to separate will be
longer.

2.3.2. Ethanol Extraction Instructions

This extraction can be done either by weight ournt. Note that the exact extraction ratio is not
essential.
Add about 10 ml of the salt water solution (or at@giif done by weight) to a tall glass container
with a cover



Add about 4 ml of the gasoline sample (about 3 grdmone by weight)

Shake for 30 seconds

Allow to settle until the water and gasoline hagparated, usually in approximately 30 seconds.
Once this is complete, the resulting gasoline ittp layer can be used as a zero in section 2.2.

3. InfraCal Analyzer Calibration

3.1. Data Presentation

The InfraCal Ethanol Blend Analyzer is preset teehane decimal place. Changing the data presentatio
mode once the analyzer has been calibrated williredhe analyzer to be recalibrated.

The different data presentation modes availabléfeinfraCal Analyzer are as follows:
Percent Mode PCt): Calculated values are displayed to a single ddqiaae.

Decimal Mode @EC): Calculated values are displayed to two decimalgsac
Absorption Mode (AbS): An arbitrary scale related to the raw absorptibthe sample.

Ratio Mode (RAY): A threshold based scale where a value definingcaemable limit for maximum or
minimum acceptable concentration is set to theevaful.000. All values less than 1.000 indicate tha
concentration is less than the threshold, whileallies greater than 1.000 indicate that the cdretgmm
is greater than the threshold.

The InfraCal Analyzer display format can be switthetween modes by pressing and holding both the
CAL andZERO buttons for two seconds. Each time @&L andZERO buttons are pressed the
display mode changes. Release both buttons aedtraptil the desired mode is displayed. The displ
will read: AbS for absorption moddé?Ct for percent modeJEC for decimal mode, an@At for ratio

mode. Push run to return backdbE.

3.2. Selection of suitable calibration standards

Calibration Standards and calibration servicesage#lable from Wilks Enterprise, Inc. Contact Vgilk
Enterprise, Inc. for more details on calibratioanstards and services. It is recommended althoagh n
essential that these standards are used for daditora

If preparing your own calibration standards, seteset of carefully prepared samples covering the
desired range for the analysis. A maximum of 20@ascan be used. Ensure that the reference samples
are fresh and accurately prepared. Select stanttatisover the entire measurement range. For best
results, standards should be made with the gasatideethanol to be used for analysis. Sampleseabov
the highest calibration standard will need to heted.

The InfraCal Ethanol Blend Analyzer may als®calibrated against an alternate method. Fdoredion
against an alternate method obtain duplicate sanylé possible, test the same sample with thex@dl
Analyzer and the alternate method. Data collefaethis purpose should always be obtained with the
calibrationoFF. With a minimum of 5 data points, make a graph withaCal absorbance data vs. the
alternate method values. Select data points witireérdesired measurement range of operation aed ent
these calibration points into the InfraCal Analymemory using the “edit” program that is described
section 3.4.3.
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3.2.1. Mixing Standards

Standards can be mixed volumetrically or by weitgriending on the application. A maximum of 20
standards can be used in the calibration. Sdiecanalysis range for the application and mix the
appropriate standards for that range. The lisio&an be used as a guideline for mixing volumetric
standards. It is recommended that 5 standards@@6%6 ethanol are used. If a high range is desite

is recommended that points be spaced 5% apartsit rror example, 70-100% ethanol should contain a
point every 5% from 70-100%. This will provide Bcient data for the InfraCal to display accurate
results. Other ranges are possible dependingexifgpneeds of an application. Note that entelavg
range (0-20%) values and high range values (70-)0@% one calibration is possible however, points
between 20-70% will not be accurate. Recommendwahet: Ethanol, anhydrous, 99.5+% CAS 64-
17-5

Volumetric Standards

% Gasoline Ethanol

0 20 ml 0O ml
5 19 ml 1ml
10 18 ml 2ml
15 17 ml 3ml
20 16 ml 4 ml
70 6 ml 14 ml
75 5ml 15 ml
80 4 ml 16 ml
85 3ml 17 ml
90 2ml 18 ml
95 1ml 19 ml
100 0 20 ml

3.3. Calibration considerations

Allow the InfraCal Analyzer to warm up at least draur.

Always zero the InfraCal Analyzer prior to calibicet or collecting data for calibration analysisegse
section 2.2).

Prepare a set of reference samples covering thiedeange for the analysis. Ensure that the sample
are accurately prepared. When comparing againslt@mate method, collect enough data for a good
representation of the measurement range.

3.4. Calibration modes

The Analyzer contains three different user moddhencalibration. These auSEr, Editor oFF. If a
factory calibration is installed there will be aifth mode FACt.

In theoFF mode the instrument measures levels in arbitragpmbion units that are proportional to
concentration levels. Higher values indicate inseeblevels of hydrocarbons. This mode should bé use
to collect “raw” data for th&dit mode or for comparing to an alternate method.

11



The Edit mode allows the user to edit an existing calibratable or to create one from scratch, using
absorption values obtained in thEF mode. In this mode, standards (or samples usealitrate to an
alternate laboratory method) may be run severadiand an average can be entered into the table.

TheuSEr mode enters the calibration at the time the stalsdare presented to the analyzer.

3.4.1. Selecting the Calibration Mode

Make sure the switch on the back of the analyz&Ng(l). See section 1.3.2 and Figure 2.
Press th&€AL button for two seconds, un@AL appears on the display. PressRECALL button
to display the active table, one$Er, Edit or oFF. Press and release tRECALL button
repeatedly until the desired mode is displayed.

Press th ERO button to exit the calibration mod®LE will be displayed.

3.4.2. Collecting calibration data

Take several samples for each calibration stanglaiok each comparison to an alternate method and
measure the absorbance value with calibratiels (section 3.4.1). Be sure to follow the directioas f
zeroing and running samples in Section 2. Avethgeaesults after discarding any obviously erroseou
results. The results can be recorded as showneosethple table below, or plotted graphically as a
calibration curve. If using a curve, the valuesdbsorbance versus calibration standard will kerta
from the curve.

3.4.3. Absorbance Versus Calibration Standard or AlternateMethod Table

(Absorbance Value) (Calibration Standard in Deslogits)
A0l = Co1=
A02 = Co2 =
A03 = C03 =
A04 = Co4 =
AO05 = CO05 =
A20 = C20=

N (Number of calibration points or calibration stands) =

3.4.4. Entering Calibration Data into the Edit Mode

1. Press th€AL button for two seconds, un@AL appears on the display. PrédSCALL until Edit is
displayed.

2. PresCAL . The display will reagh= for a short time, followed by the number of ergroairrently in
the calibration table. Scroll to the desired nunmdifegntries (0 - 20)Selecting 0 will erase any existing
calibration table.

3. Pres<CAL to proceed. The display will re#D1="for a short time followed by the current absonptio
value for the first calibration table entry. Scrbiis to the desired value from the “relative absoice
versus calibration standard” table.

4. PresCAL again and the display will reg&D1=followed by the current analyzer concentratiorueal
for the entry. Scroll this to the desired valuarirthe table. Continue to preSaL to step through all

12



absorption and concentration values for the talake (=) entered. Once all entries have been created
pressCAL and the display will readiLE.

3.4.5. User Calibration Mode Procedure:

Note that this is not the preferred method to esedlibration of the InfraCal Analyzer. If you
would like to use this method, please contach@wilksir.confor instructions.

3.5. Calibration printing

With the optional printer, the current calibratitatle can be printed by momentarily pressing and
releasing th& ERO button when the analyzer is idle. The first lindicates which calibration is active
followed by the date and time. The second line gihe headings for the calibration table that fefio
ABS represents absorption a@®@N represents concentration. The table headingstosved by the
balance value. One additional line is printed factecalibration table entry. The absorption and
concentration values are given.

4. Analyzing a Sample
4.1. Samples

Unless the user ordered a factory calibration,Itifi@Cal Analyzer will read out in relative absonica
units. If the user would like the readout in thegsired units directly presented on the displafgrrto
section 3, analyzer calibration. The InfraCal Azal will provide reliable concentration measuretaen
within the range specified for your application. h#v the maximum value is exceededadr warning

code (Section 7) indicates that the light throughpas fallen below an acceptable level, making the

results unreliable. The measurement range can bfeadjusted by either concentrating or diluting th
sample.

4.2. Sample analysis
For technical support, contact Wilks Enterpriseeah@wilksir.com.

Zero the instrument on the gasoline to be measuradtlean crystal following the instructions in
Section 2.2 and Section 2.3

Present a prepared sample to the analyzer. Applygh fuel to entirely cover the sample crystal,
approximately 1ml. As the infrared light only péages 1 micron into the sample only a small
amount is necessary.

Press th&kUN button. The sample concentration will appeartendisplay within 20 seconds. If a
calibration table has not been entered into the @l Analyzer, the readout will be in relative
absorbance units.

4.2.1. Averaged Results Display

The InfraCal Analyzer can display the average ofaufen sample measurements. To use the averaging

mode, use the following procedure:
Momentarily press thRECALL button once and ignore the result displayed.
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Analyze up to ten replicate samples using the nreasnt procedure described above.
Momentarily press thRECALL button to display the average.
The next sample measurement will then start a ne@nage accumulation.

The Analyzer alternatively can be configured taatkethe last 10 measurements (from newest to dldest
a circular fashion. First the InfraCal Analyzer mhbe switched from the average mode (factory défaul
to the recall mode as described below. Once thalm@ode is selected momentarily pressRECALL
button repeatedly to display the previous results.

The InfraCal Analyzer recall mode can be switchggiessing th@ERO button first, immediately
followed by theRECALL button and holding both buttons for two secontise display will readCL
when switched to the recall mode. Repeat the proee return to average mode. The display wiltrea
Ag.

5. InfraCal Analyzer Sample Stage

5.1. Sample Stages Overview

The InfraCal Ethanol Analyzer is offered with ailzontal attenuated total reflection (HATR) sample
stage. Other sample stages include cuvette, seelle@hd card reader stages for other applicatbtons
special circumstances. The HATR T2E sample stadescribed in this manual.

5.2. HATR-T2E Sample Stage

The InfraCal Ethanol Analyzer, Model HATR-T2E igpglied with an integrated ATR zinc selenide
crystal and an integrated optics sensing systeffer®nt crystal material can be custom ordered. The
sample stage includes the infrared source (modi)lated detector system, positioned such that an
elliptical energy beam is transmitted through tieRAcrystal and focused directly on the detectoisisen
window.

=
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Figure 4: The InfraCal Analyzer HATR-T2E Sample Sge: Top View

5.2.1. HATR-T2E Measurement Concept

The InfraCal Analyzer makes use of the fact thatymaolecules absorb infrared energy at a specific
wavelength and the amount of energy absorbed fgoptional to the concentration. The energy codlidct
at the analytical wavelength\JIThe sample concentration is determined by a Gion of the logarithm
of the ration of the light transmission at the refece wavelengthg) to the light transmission at the
analytical wavelength (Beer-Lambert law). “A” etgithe infrared absorbance. The Beer-Lambert law
assumes a linear relationship between absorbamceomicentration. Deviations from linearity are
determined by obtaining absorbance values from kneamples and an internal calibration table is
prepared (Section 3 in the InfraCal Manual) so #tahial concentration is directly presented on the
display.

Beer-Lambert Law:A = log Ir/l A

With the HATR-T2E, an IR beam is internally refledtdown the ATR crystal and the output is focused
directly on the dual detector package. Since tleead evanescent wave that penetrates the saimple a
each internal reflection point, energy is absordetthe analytical wavelength by the sample.

Sample

Q/QV\//\/

Internal Reflectance Element (IRE) /
Source

Filters (I,/1,) ~ Dual
Detector
A=log (I,/1)

Figure 5: The Measurement of IR Absorption of a Smple with an HATR-T2E

5.2.2. HATR-T2E Considerations

The sample must cover the entire crystal in ord@btain repeatable results.
Water is not recommended for cleaning since residli@ffect the zero.

5.2.3. Auto Evaporation Timer Programming

The InfraCal Analyzer supports an evaporation tifoeisome applications. This feature is not needed
for ethanol analysis and is included only for refere. Press and hold tR&/N button until the current
timer value is displayed. The value is displayed a&r 2 digits in minutes and 2 digits in seconds,
separated by a period (.). ReleaseRhMIN button once the current value (initially 0.00fisplayed.

Use the up-arrow and down-arrow keys to scrolltitmer to the desired value. The optimum time will
vary with the type analysis and atmospheric coodgiat the point of use. To zero the timer during
programming, press th#ERO button. Once the desired time has been progranpmess theCAL

button. The display will readLE.
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5.2.4 Timer Operation

The timer is disabled when programmed to zero }0.90hen the timer is non-zero, it is invoked dgrin
the normaRUN, ZERO andCAL functions.

Press and releasdJN and the timer value is displayed. The timer wdlnt down one second at a time.
The dot separating minutes and seconds flasheslitate the timer is counting. Once the timer heac
zero the display will readun during the sample measurement cycle followed byrdisult.

TheZERO function is initiated by pressing and holding #€RO button until the timer value is
displayed. The timer will count down as describbdve andAL will then be displayed. On
completion the balance result is displayed.

The timer is also invoked during calibration, ediole the RUN button is pressed to analyze a sample.

To override the timer, press the RUN button a séd¢itne and the analyzer will go directly into tha
cycle.

6. InfraCal Analyzer Specifications

6.1. External power requirements

The InfraCal Analyzer operates off external 12-ymltver. The power sources can be either regulated
DC power supplies or an external battery. Thisgrosan be provided by the user or by Wilks
Enterprise, Inc. The suggested minimum requirerapetifications for the 12 volt power source agplie
to the analyzer are described below:

Wall Supply Specifications:
Input: 100-250 VAC, 50-60 Hz, 0.5A
Output: 12 VDC, +1%, 25 Watts

Battery Supply Specifications:
Output: 14 VDC Maximum, 11 VDC Minimum

Load Specifications:
1.5 Amperes Peak

6.2. Physical
Dimensions: 6.5in.x6.5in. x5in. (165 mm65 mm x 127 mm)
Weight: 4.5 1b. (2.0 kg.)
Control: Display (output) 4 digit 7 segment refd,
5/8 in. character height
User (input) 4 multi-function push-button sviies
Connectors:  Power -- Switchcraft Model 760 phugequivalent
Communications -- 9-pin D-Sub, female
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6.3.

6.4.

6.5.

Environmental

Temperature: Non-operating -- 0°F (-18°C) to 2852°C)
Operating -- 40°F (4°C) to 110°F (45°C)
Humidity: Relative -- 10% to 60% non-condensing
Electrical
Noise: Rejection -- 60 dB minimum
Drift: Short term Ambient -- (< 1 Hr.) = 0.3% oflfiscale
Long term Ambient -- (> 1 Hr.) £ 0.1% of full seal
Temperature -- + 0.03% of full scale per degree C
Repeatability -- * 0.1% of full scale
Response: On Delay -- 5, 10, 15 or 20 secondrasket intervals
Measure Time -- 5 seconds
Modes -- Local control or remote PC control
Resolution:  Conversion -- 16 Bits (0.0015%)
Ranging: Digital Ranging -- 256 step automatic iagg
Analog Range -- 0 to 4.096 volts

Answer Range -- Absolute; 00 to 9999
Percent; 0.0 to 100.0%
Decimal; .00 to 99.99
Measure Range -- Dependant on sample concentratiion

Memory: Non-volatile memory for calibration and figaration data

Calibration

Electronic zero balance adjustment
Up to 20 point curve fitting calibration

Modes: User Table
Off
Factory (special order)
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7. InfraCal Analyzer Communications Interface

The InfraCal Analyzer supports communications RCaor other host via an RS-232C asynchronous
serial communications port. This capability alldwscollection of sample measurement data and
instrument control by a host computer. The hostatan maintain calibration tables and download them
to the instrument as required. This is particuladgful when more than one table is being usedavith
single instrument.

7.1. Physical connection

The InfraCal Analyzer is connected to the extedwalice via the 9-pin female DB9 connector located o
the rear panel in the lower left-hand corner. TiifealCal Analyzer operates as a DCE device. To atnne
to a PC, a standard straight through 9 pin cabiebeaused, but only 3 wires are requite@ihe required
signals are Transmit Data (TXD), Receive Data (RAD) Ground (GND). The pinout is as follows:

Function Pin
RXD 3
TXD 2
GND 5

! Systems with serial numbers lower than 10200 recuinull modem cable or null modem adapter.

7.2. Communications port setup parameters

The port setup required by the InfraCal Analyzer is
9600 baud
8 data bits, 1 stop bit
No parity

7.3. Operation

The InfraCal Analyzer accepts ASCIl commands fromhost and returns data as a response to certain
commands or, in data logging mode, on completioa wleasurement cycle. All commands are two
characters in length. Certain commands have paeamitat follow the command. Parameters are
separated by commas. All commands are terminateddayriage return character. All data responses ar
comma separated ASCII fields, terminated by a agerireturn character. The first field indicates the
result type; the remaining fields are the resudtsiitt types are ‘B’ for balance results, ‘R’ fonresults

or ‘C’ for calibration data. The result format istdrmined by the presentation mode and is idertticthle
LED display data. The Read Display Mode commanarnsta two character mode code. Alphabetic
characters can be sent in upper or lower casepdres data is always upper case.

Command Set

Command Description Response Examples

RB Read balance B,1.025 B,0.865

RR Read displayed result R,27.5 R,315 R3.87
RU Run (same as RUN button) None

RA Run & diagluncalibrated result None

BA Balance (same as Zero switch) None

LR Enable results data logging None

DR Disable results data logging None
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RM
MA
MP
MD
MR

Read display mode

Set display mode to absolute

Set display mode to percent
Set digplaode to decimal

Set display mode to ratio

WB,<params.> Set balance data
RC,<params.> Read calibration table
WC,<params.> Set calibration table

CM
CD
CE
CF
ES
RE
ID

7.4. Data logging

Read Calibration Mode
Disable Calibration
Enable User Calibration
Enable Factory Calibration
Return error status
Systersate
Returmiware ID

MA, MP, MD or MR
None
None
None
None
None
See ddtdiscription
None
CD, CEor CF
None
None
None
E.0OE2
None
2.02.06

Data logging provides a result output at the @neich RUN or BALANCE cycle. The results are
output when data logging is enabled both for furdiinitiated from the instrument control panel and
functions initiated by the host. The format of ttega returned after a RUN cycle is as shown for the
RR command and is determined by the display moke.fdrmat of the data returned after a
BALANCE cycle is as shown for the RB command. R#ecommand allows the host to initiate a
run cycle and data log a result that is not adflibtethe calibration procedure. This can be used b
an intelligent host resident calibration table gatu.

7.5. Remote zero balance control

The instrument zero balance can be controlledhnéacommunications port. The RB, WB and BA
commands provide the necessary controls. Thisrheatn be used to store multiple zero values for
different operating conditions. This feature conelginvith the calibration controls described in the
next section can be used to maintain multiple cafibn curves when using the instrument for

multiple applications.

The RB command will retrieve the current zero bedadata. The WB command can then be used to
reset the current zero balance to a previouslyrdecbvalue. The WB data field is identical in fotma
to the data returned in response to the RB command.

The BA command can be used to initiate a zero lbal&mction under remote control. The operation
is identical to initiating a zero balance from thstrument control panel. The user must insert the
zero sample in the instrument prior to issuing tusymand. If data logging is enabled the result wil
be returned on completion of the function. The datanat is identical to the RB command response.
The result can optionally be read with the RB comahnid data logging mode is not used.

7.6. Remote calibration control

Calibration data can be retrieved or set under termontrol. Due to the complexity of the calibratio
function (and the need to utilize multiple calibwatstandards) initial calibration can only be
performed from the instrument panel. Another apginda to use the host to generate one or more
calibration curves from uncorrected data log resciilected with the RA command. This technique
is extremely useful if the user desires to genaxatalibration curve based on an average result of
several measurements from a lot of each calibratiandard.
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The RC command is used to retrieve the currenbredion table. A Calibration table consists of zero
to twenty entries. The RC command can take thevatlg forms:

RC Read entire calibration table
RC,0 Read calibration table size
RC,n Read a single calibration table entry, wheisthe entry number.

The RC,0 command response is C,n where n is théewai calibration table entries from 0 to 20. If
0, the instrument is not calibrated. Otherwises the number of calibration table entries.

The RC,n command response is C,n,x,y where n ienttrg number as received, x is the raw
measurement data as it appears on the displaygdeadibration and y is the actual value as sehby t
user during calibration. The format is determingdhe display mode (absolute, percent, or decimal).
Calibration commands should not be used when io nabde since ratio mode does not use a
calibration table. An RC command requesting dataftable entry number greater than the current
table size returns erroneous data.

The RC command with no arguments returns the campbdibration table, one entry at a time
starting with the table size information. The iridival entries are then returned in numerical ocger
to the number of entries.

Read Calibration Table Example

Assume the instrument is calibrated in the absohdde using three standards. Assume the
calibration results were as follows:

Entry Measured Actual
1 15 30
2 26 50
3 33 70

The RC command will return the following:

C,0,3

C,1,15,30
C,2,26,50
C,3,33,70

The RC,0 command will return C,0,3
The RC,2 command will return C,2,26,50

The WC command can be used to download calibragiole data based on previously uploaded data
or as determined by a host program. The commamadafois WC,n,x,y where the parameters are
identical in format to the RC command. The paramataist match the current display mode. When
using the WC command the table size and all nepetasale entries should always be downloaded.
Once all table entries have been downloaded the s@e should be set.

Write Calibration Table Example

To download the calibration table described inghevious example, send the following commands:

WC,1, 15,30
WC,2, 26,50
WC,3, 33,70
WC,0,3
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8. Service and Technical Support

Your InfraCaf Ethanol Blend Analyzer may have been purchaséereitirectly from Wilks Enterprise
or from a local dealer or representative. If youena technical question relative to the operatiothe
instrument or relative to the analysis, pleaseadniVilks Enterprise at the contact address pravide
below:

Customer Services Department
Wilks Enterprise, Inc.

25 Van Zant Street, Suite 8F
East Norwalk, CT 06855

USA

Telephone: (203) 855-9136
FAX: (203) 838-9868
E-mail; tech@wilksir.com

During the warranty period, Wilks Enterprise, Inffers free factory service for all failures thatcar

from normal instrument usage. The user is onlyireg to cover the cost of shipping the instruntent
the factory. After the warranty period, the usarequired to cover the factory’s cost of servigohgs all
shipping charges. Normal one week turnaroundfesed for all InfraCal Analyzer instruments thae ar
returned to the factory for service. For usersiirug faster service times, Wilks Enterprise a$i@rs

an advance replacement program that can respandder’'s needs with instrument replacement typicall
in less than 24 hours. For extended service otistradvanced replacement programs, factory service
charges or sample system installation procedutease contact Wilks Enterprise, Inc. for details.

Appendix A: Quick Start Guide

These instructions are provided as a quick stadegio using the method with the InfraCal
Ethanol Blend Analyzer.

Section A.1: Calibration

Materials Needed:
Ethanol Standards available from Wilks Enterprise, OR 100% ethanol (not denatured),
anhydrous ethanol free gasoline, preferably ofstrae type to be used in the analysis.
Alternatively at least 5 samples of known ethanajasoline samples covering the range of
interest.

Kimwipes or other delicate task wipes
Disposable pipettes
Tall glass covered jar
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Calibration Standard Preparation:

1. Prepare ethanol/gasoline standards that coveatigerof interest by mixing ethanol and
gasoline volumetrically or gravimetrically. Taldldbelow shows recommended
concentrations for the most popular ranges. Nwethe range of the standards can vary
depending on the desired measurement range. jples should be analyzed at 20 deg C.

2.

Alternatively, at least 5 samples of known concaindn that cover the range of interest
can be used. These samples may be analyzed anchmgeanatograph or other analytical
method to obtain ethanol values.
Low Range Vélues Low Range Vm
% vol. Gasoline, ml | Ethanol, ml % vol. Gasoline, g Ethanol, g
0.000 20 0 0.00 20 0
5.000 19 1 4.70 19 1
10.000 18 2 9.44 18 2
15.000 17 3 14.20 17 3
20.000 16 4 18.99 16 4
High Range Values High Range Values
70.000 6 14 68.64 6 14
80.000 4 16 78.95 4 16
85.000 3 17 84.16 3 17
90.000 2 18 89.41 2 18
95.000 1 19 94.69 1 19
100.000 0 20 100.00 0 20
Table 1: Volumetric Standard Guide Table 2: Weight Standard Guide

fote: values listed are based on a
density of 0.74 kg/l for gasoline and
0.79 kg/l for ethanol at 20 deg C)

Instrument Setup for Calibration:

1.
2.
3.
4.

Allow the instrument to warm up for at least 1 hbefore attempting to calibrate.
Press and hold the “Cal” button until “CAL” appearsthe display.

Press the down arrow/’"Recall” button repeatedlyl 4OF" is displayed.

Press the “Zero” button to exit. The screen showl say “idle”

For further information on the operation and setfithe InfraCal, refer to the InfraCal Ethanol
Blend Analyzer Manual

Calibration Sample Collection:

1.

2.

Nookow

Clean the sample crystal with isopropyl alcohosionilar solvent, and make sure the
crystal is dry.

Place about 1ml of ethanol free gasoline onto tistal and cover. There should be
enough sample on the crystal to entirely. Coverctlystal with the stainless steel or
plastic cover provided.

Press and hold the “Zero” button until “BAL” appsam the display.

In about 5 seconds, a number will be displayedithahly used for troubleshooting.
Wipe off the zero gasoline sample and ensure tystalris clean

Place 1ml of the lowest non-zero sample onto tlkstar and cover

Press the “Run” button.
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8. Record the resulting number for future referentable 3 below provides a format to
keep track of sample data.
9. Clean off the crystal and ensure it is clean, tlegreat steps 6-8 for each additional
calibration sample. It is recommended that eaatpsabe run at least 3 times.
10. Average the results from each concentration. Thesabers will be used to enter the
calibration.
It is recommended that each calibration standardnsat least three times so that a sample that is
significantly different from the other two can tedwn out.

Awerage
Calibration Entry Calibration Standard Absorbance Absorbance Absorbance Absorbance
Table Concentration Value 1 Value 2 Value 3 Value
C01= AO01=
C02= A02=
C03= A03=
C04= A04=
C05= A05=
C20= A20=
n (number of
calibration
standards)=

Table 3: Calibration Entry Table

Calibration Entry
1. Press and hold the “Cal” button until “CAL” appearsthe display.
2. Press the down arrow/’"Recall” button repeatedlyl dedit” is displayed.
3. Press the “Cal” button again to confirm the setatcti
4. “n=" will briefly be displayed, followed by a twoigit number. Using the up and down
arrow buttons, set the number of calibration poifi@® not include any zero points. For
example, if the calibration contains 5, 10 and 158&bthis number to 3.
5. Press the “Cal” button to confirm the selection.
“A01” will briefly display, followed by a numberThis is the raw instrument absorbance
for the first (lowest sample). Enter the averagki® for the lowest concentration sample
found in step 10 of the Calibration Sample Collaati
Press the “Cal” button to confirm the selection.
“CO1” will briefly display, followed by the numberThis is the concentration of the first
sample. Enter the concentration of the sampleabimesponds with the absorbance
entered in Step 6.
9. Press the “Cal” button to confirm the selection.
10.“A02” will briefly display. Follow Steps 6-8 forach calibration point.
11. After the last concentration is entered, the digpldl read “idle”. The instrument is
now calibrated and ready to use.

o

o~

Section A.2: Sample Ethanol Determination
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Salt Water Extraction Explanation:

Since different gasolines vary significantly inithehemical makeup, it is necessary to zero the
InfraCal Ethanol Blend Analyzer with an ethanokfiample of the gasoline to be tested. Many
times it is not possible to obtain an ethanol Bample of the gasoline to set the zero. In this
case, the ethanol can be extracted from the gasosimg a simple salt water extraction that
takes less than one minute.

This step is necessary when the instrument is oseddifferent gasoline type. For example, if
the instrument is first zeroed on a regular gasolamd the user wishes to run a premium
gasoline, he must first obtain an ethanol free $ampthis gasoline by doing the salt water
extraction.

Salt Water Extraction Solution Preparation:
1. Add 1000 ml of distilled water to an appropriatetzoner.
2. Add 20g of NaCl (table salt) to the water. Thisproximately 1 tablespoon. The exact
amount is not important.
3. Stir the solution until all of the salt is dissotive

Note: this solution can be made in any quantity ag las the ratio of water to salt is kept
similar.

Salt Water Extraction and Zeroing Procedure:
Ensure that the InfraCal Analyzer sample crystalean and dry
Add 10 ml (or 10g if extraction is to be done byigie) to a tall glass covered container.
Add 4ml (or 3g) of the gasoline sample to be aredyz
Cover the container and shake for 30 seconds.
Allow the solution to settle, which should takedélsan 30 seconds.
There should now be two layers in the containdre fp layer is ethanol free gasoline.
Using a pipette, carefully remove about 1 ml oftihye layer and place it on the InfraCal
Analyzer sample crystal.
Cover the sample crystal and press and hold theo"Zmitton until the display reads
“BAL”
9. A three digit number will appear that is only ugedtroubleshooting.
The instrument is now zeroed on the gasoline tmbasured and is ready to analyze
samples.

NoakwnNpE

o

Note: if there is a zero sample available for the gasdio be analyzed, it can be used instead of
the extracted sample to zero the instrument.

Analyzing Unknown Samples:

1. If the instrument has not been zeroed for overdr,har if the gasoline base to be
measured has changed (for example from regularetmipm gasoline), the instrument
should be re-zeroed using the salt water extragtionedure above.

2. After the instrument has been zeroed for the dégjesoline base, ensure that the sample
crystal is clean and dry
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3. Add approximately 1 ml of the gasoline sample ®shmple crystal and cover the
crystal.

4. Press the “Run” button to start the analysis.
5. After approximately 5 seconds, the resulting cotregion will display.

Appendix B: Zeroing on a clean crystal

Establishing Zero

Clean the sample crystal with hexane, isopropydtadt or similar solvent, and ensure that crystal is
completely clean and dry.

Cover the crystal with the stainless steel cover

Press and hold th#ERO button until the display reatts\L. Release the button. A multiplier value
to 3 decimal places will be displayed when zeresisblished. The actual value is only of interest
when reporting problems to the factory.

PresRUN. The result should be zero or very close to zdfrthe result is not within the desired
range repeat the zero process.

Wilks Enterprise, Inc.25 Van Zant Street, Suite 8Fzast Norwalk, CT 06855www.WilksIR.com
Tel: 203-855-9136-ax: 203-838-9868nfo@wilksir.com' tech@wilksir.com
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