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I. INTRODUCTION

The use of alcohols as fuel extenders is being considered to reduce U.S.

dependence on foreign oil and to prolong the existing supply of domestic

petroleum. The use of ethanol in particular has been intensively researched

for possible economic and environmental advantages over neat gasoline. For

example, a blend of 10 vol% ethanol in gasoline increases the antiknock index

2-5 octane numbers over that of the base gasoline and reduces the hydrocarbon

and carbon monoxide exhaust emissions. However, deleterious effects can arise

from incompatibilities of ethanol with different gasolines and elastomers

which may be accentuated in storage, routine handling and distribution. As a

result, other oxygenates such as methanol, iso-propanol, t-butanoA, methyl-t-

butyl ether, and methyl-iso-butyl ketone (MIBK) blended with gasoline alone or

in various combinations are being considered to determine any advantages over

ethanol/gasoline blends.

Several analytical methods dealing with gasohol as well as synfuels and con-

ventional fossil fuels have been studied. Various qualitative and quantita-

tive methods for the determination of alcohols in gasohols are being eva-

luated. Infrared spectrophotometry has been found to be a useful method for

the quantitative determination of the volume percent of oxygenates in a gaso-

line blend for specification conformation.
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II. APPROACH

An infrared spectroscopic method for oxygenates has been emphasized because of

its high potential for speed, low cost, and specificity. Figure I shows a

typical IR spectrum of a fuel blend. Using the PEAKPICK MODE of a Beckman

Microlab 620MX computing infrared spectrophotometer, analytical frequencies

for each component were chosen where there was little or no interference from

other components. Figure 2 shows an instrument printout, and Table 1 lists

TABLE 1. ALCOHOL ANALYTE BAND NUMBERS
-1

Component Analytical Frequency, cm

Gasoline 967
Methanol 1030
Ethanol 882
iso-propanol 952
t-butanol 914
Methyl-t-butyl ether 1086

S-l -1

these chosen frequencies. Three background frequencies, 1255 cm , [230 cm ,

-1
and 860 cm , were also selected which bracket the analytical frequencies and

are used for baseline correction. Figure 3 shows the IR spectrum of a fuel

blend with the analytical and baseline frequencies marked. Using these back-

ground points, the net percent transmittance at each frequency is obtained,

converted to absorbance values, and normalized with respect to unit path

length and concentration.

Each set of values was stored in array rows of a net normalized absorbance

matrix and was later used to calculate the percentages of alcohols in unknown

samples.

6
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SCAN ROUT INES: 1I-SCAN 2-REPSCAN
3-PEAKPICK 4-TIMEORIUE

EEMEEEIE PEAI(PIC( lEEEIEE

SET %cT DISCR1IMINATOR
50
ENTER SCANNING PARAMETERS THEN
PUSH START

SCAN PARAMETERS: I-RANGE a-SPEED
3-CHART FORIIAT 4-SLIT 5-GAIN
ENTER RANGE
2688 TO 668
1684CM-1 46.7%T
1512CM-1 49.9%T
1494CM-1 22.2%T
1459CM-1 9.5%T
1378CM-i 26.@%CT
188CM-i 49.7%T
1838CM-i 6.2%cT
0967C11-1 40.7%T
8888CM-i 56.@%cT
8883CM-i 44.4%T
0793CM-1 37.7%T
8767CM-I 24.1%T

8689CM-1 I.5%T
8667CM-1 0.2%cT
8640CM-1 6.5%T
8633CM-i .%
8618CM-1 0.4%cT
8612CM-1 8.5%cT
68CM-1 0.5%cT

FIGURE 2. INSTRUMENT PRINTOUT OF PEAKPICK MODE
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III. EXPERIMENTAL

All calculations were performed using a matrix set up for each gasoline by the

Beckman Microlab 620MX computing infrared spectrophotometer. An unknown

sample was analyzed using a precisely calibrated (0.025 cm nominal) sealed

cell to prevent evaporation. The cell was filled completely, including the

syringe fittings to ensure that absolutely no air was trapped.

A NaCl cell was used with no difficulty since no analytical frequencies were
-1

needed between 100 and 600 cm7 * However, the attack on the cell by methanol

was too severe and reqi ed the use of Irtran cells. After the analysis was

completed, the cell was cleaned with heptane and dried.

A. Standards

To establish a procedure for preparing standards, spectra of varying concen-

trations of each alcohol in a gasoline were obtained, with Figure 4 showing a

low and high standard for methanol. The net peak absorbance was plotted as a

function of concentration for each alcohol, and a linear response with a non-

zero intercept was obtained in each case. Figure 5 shows the plot for metha-

nol. As a result, a low and high calibration standard is used for each com-

ponent in a non-zero intercept method.

B. Instrumental

Using the quantitative routines on the computing infrared spectrophotometer, a

POINT PROGRAM MODE and NORMALIZE MODE are run for each component. A POINT

PROGRAM operation obtains transmittance measurement at prescribed wavelengths

and stores these data for further use. A POINT PROGRAM printout is shown in

Figure 6. The NORMALIZE MODE operation retrieves the data stored by the POINT

PROGRAM, and with cell pathlength and component concentration values supplied,

converts all data to a "normalized" standard format for future use. These

normalized data take into account variations in cell pathlengths in subsequent

analyses and the concentration of components in the standardization runs.

Although used as the solvent for the alcohols, the gasoline was run as an

undiluted component due to some absorbance at the analytical frequencies and

10
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GUMT ROUTINES: 1-PT PROGRAN 2-NORNALIZE

3-ARRAYBUILD 4-NAYSIS 5-ENTER ARRAY

liUiEllii POINT PROGRAM IUUEEnl
ENTER NUNBER OF POINTS5

POINTS MST BE ENTERED IN
DECREASING ORDER
ENTER A MAUENUIMER
1255 C"- I
ENTER A MAENUIBER
1230 cn-I
ENTER A WAVENUBER
1030 CN-I
ENTER A MAENUCNBER
0%7 CA- I
ENTER A UAUENUNBER
amOW CI-1
ENTER HUIIBER OF READINGS TO AVERAGE

4 09
PUSH START
#1 1255 CN-1 77.3 %T
#2 1230 CN-1 ?8.6 %T
#3 1130 CN-1 8.2 %T
#4 1967 CN-1 61.3 %T
#5 860 CN-1 78.3 ZT

GMANT ROUTINES: I-PT PROGRAN 2-NORNALIZE
3-ARRAYBUILO 4-ANALYSIS 5-ENTER ARRAY

FIGURE 6. POINT PROGRAM PRINTOUT

13
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possible variability in concentration. The absorbance values obtained for the

base gasoline were stored in Array Row I of the net normalized absorbance

matrix and were used to correct the absorbance values at the other analytical

frequencies.

A POINT PROGRAM and NORMALIZE MODE were run for each low and high standard of

the alcohol components. The low standard, Usually 1 percent alcohol, was run

first, and the high standard, usually 10 percent alcohol, was then run as an

intercept correction. The original concentration of the alcohol (I percent)

and the analyte band number of that particular alcohol were identified as

required by the program. The absorbonce values obtained for the high standard

were entered in the same array row as the values for the low standard. NOR-

MALIZE printouts for the two standards are shown in Figure 7. After all the

components had been entered, the normalized absorbance matrix was inverted

using the ARRAY BUILD MODE which formed the analysis matrix shown in Figure 8.

A sample was scanned using the ANALYSIS MODE of the quantitative routines

which recalled the matrix set up by the computer, measured the data at the

II specified frequencies, and computed the concentrations of the component pre-
sent. The sample was normalized to 100 percent since the sum of all com-

ponents was 100 percent. Figure 9 shows an ANALYSIS printout.

C. Sample Preparation and Handling

Blends of alcohols with different base fuels were analyzed to study the gaso-

line matrix effect. Since different gasolines have variable compositions, a

new quantitative program was established for each new gasoline to be analyzed.

To identify which alcohols were present as analytes, a scan of the blend was

obtained and examined for peaks at the respective analyte wavelengths. If the

base fuel was not readily available, it was recovered by removing the alcohols

by water extraction.

A 100-mi sample was extracted using two 50-ml portions of water. After the

washings, the extracted gasoline was filtered over Na 2O so4 The recovered fuel

was then used to prepare the low and high standards needed to set up the new

quantitative program.

14



Because methanol severely attacks the NaCi cell, methanol was run using an

Irtran cell. After being placed in the infrared spectrophotometer. the cell

was allowed to warm up for approximately 3-5 minutes to reach a constant

pathlength before analysis.

I
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NO W Id uhuU I NLI, u i
I1 I£5 CN-I 1.3 %T 01 # 1 5 CIwl 77.3 %T
fe 1131 C.-I 02.6 %T #2 113# 0C-I ?8.6 %I
03 Im ma 51.1 T 03 I O CN-I 1.2 %T
04 "67 CN-I 63.9 %T U4 067 CN-I 61.3 1
05 N" CR-I 01.6 %T Is "4 Co-I 178.3 %T

ENTER MCKGROVIO NIWERS ENTER OACKCIOINO NtERS

ENTER IMCXMQOIUNKS ENTER DAOI0W UIERS

ENTER SACKmR O HUWRS ENTER BACKGROVID NUNIERS
m wENTERt PAtTNLE1CTH ENTER PTAI.ENCTN

.0ot .0i0

ENTER CONCENTRATION ENTER CONCENTRATION
ml "is
ENTER SOLVENT CONCENTRATION ENTER SOLVENT CONCENTRATION

ENTER ARRAY RI NUSKR ENTER ARMY RO NURSER
2 2
IS THIS AN INTERCEPT CORRECTIO? IS THIS AN INTERCEPT CORRECTION?
I FOR YES I FOR NO I rORt YES I FOR NO
No YESPUSH STAT IS THIS THE rFIST CORECTION

Nol = I I I O YES IOR tNO

CONCENTRTION : WI0 ENTER OIGINAiL CONtCENTRATION

SOLVENT COCETRATION : It" 51
1535 C-I !.W5 aENTER ANALYTE B1 0
097 C-I 0.0101 A 3

PUSH START
ROIl 0 2
PATHLENTH= .: W
CONCENTRATION 0010
SOLVENT CONCENTRATION 0090
1030 CN-i 3.w? a
0%? CI- 0.0305 A
INTERCEPT - 0.135
CORRECTED AISORSTIUITY 3.124

FIGURE 7. NORMALIZE PRINTOUTS FOR TWO STANDARDS

16
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inuhUU ~ AMY Wt~OILD Ui3iu3
IS THIS AN INTERCEPT CORRECTION?
I FOR YES IOFOR NO
YES
ENTER ANALYSIS
I
ENTER SLIT TYPE:
$-RESOLUTION i-NORNAL
NORMIALIT 1
ROM :- I1
103 Ch-i 8.0553 A
0%7 ch-i 0.0389 A
ROM : 1 2
103 Cs-i 3.1243 A
0%7 CN-i 0.0305 A
INTEREPT ROM
1Io0 cN-i - .8346 A
8%? cs-i #.Me0 A
WOIFY? 1-YES 90

RON = #@I

103 CM-i 26.0477
9%? CH-I 0.461#
INVERTED INTERCEPTS
103 CH-i $ ."0a
0%? CH-i 0.0112

iEmlIIEI STANDBY IUE .'

FIGURE 8. ARRAY BUILD MODE PRINTOUT

17



E'I"I"m MdIg.YSIS i'EU l
ENTER ANALYSIS #1
ENTER NWIM R OF AOINWS TO MUAGE09
ENTER PATNLEN&G*A
.045
NORMALIZE NO- TO IZ ?
I FOR YES Z " NO
YES
PUSH START
ANALYSIS
HOOKA SLIT
GAIN SETTING : 64
#1 1255 Ch-1 49. %T
@2 1236 C-I 45.8 %T
#3 1638 C-i 6.1 %T
#4 167 CH-1 29.5 %T
#5 6it C1-i 39.8 %T

1036 cn-i 2.1RA A
o96? C1-i 1.1484 A
COMNPOE T 1 0.126
COMPONENT 2 19.979

FIGURE 9. ANALYSIS PRINTOUT

-I
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IV. RESULTS

Single-component standards of known concentrations were run in tests of re-

peatability and reproducibility. Low standard and average deviations for all

alcohols are shown in Table 2. In tests of repeatability, the relative devia-

tions remained low for the I- and 10-vol% blends. The 20-volZ blends have

higher standard deviations, but this concentration is not normally en-

countered. The relative deviations, which remained fairly constant for all

blends, were larger for the reproducibility tests due to the decreased trans-

mittance of the Irtran cells.

Several multicomponent mixtures of methanol, ethanol, and t-butanol were

prepared and analyzed. Table 3 shows the results of these analyses. Compared

to the single-component analysis shown in Table 2, a multicomponent analysis

was not quite as accurate due to the functional group similarity of the alco-

hols. However, this is a good method to identify the relative concentrations

of any alcohols present. A single-component analysis has been recommended to

be set up for MIBK at 1725 cm- 1, since MIBK does not use the same background
-1 -I -I

points of 1255 cm , 1230 cm , and 860 cm as used for alcohols.

Actual analysis of an individual sample required only five minutes. Approxi-

mately thirty minutes is needed to set up a single-component quantitative

program. An extra twenty minutes is needed for each additional alcohol, and

if necessary, a water extraction can be completed in thirty minutes.

19

- -- =-... .. _ _ _ _ _ _ _ _
z Jr. ,



TABLE 2. ALCOHOL-GASOLINE BLENDS: IR ANALYSIS

Repeatability
5 Runs

Alcohol Label Value, % Stan. Dev. Avg. Dev.

MeOH* 1% 1.04 0.01 0.01
10% 9.49 0.09 0.07
20% 19.39 0.14 0.12

EtOH 1% 1.18 0.02 0.01
10% 9.73 0.02 0.02
20% 19.45 0.04 0.03

IPA 1% 1.16 0.01 0.004
10% 9.58 0.05 0.04
20% 18.90 0.24 0.18

TBA 1% 1.01 0.01 0.01
10% 9.73 0.03 0.02
20% 19.87 0.06 0.05

MTBE 1% 1.01 0.05 0.04
10% 10.37 0.06 0.04
20% 17.97 0.21 0.17

Reproducibility

Alcohol Label Value, % Stan. Dev. Avg. Dev.

MeOH* 1% 0.99 0.05 0.03
10% 8.81 0.11 0.08
20% 20.91 0.15 0.11

EtOH 1% 1.10 0.02 0.01

10% 9.88 0.06 0.05
20% 19.13 0.05 0.04

IPA 1% 1.16 0.01 0.01
10% 9.86 0.04 0.03
20% 18.24 0.08 0.05

TBA 1% 1.00 0.01 0.004
10% 10.06 0.05 0.04
20% 19.55 0.04 0.05

MTBE 1% 0.96 0.003 0.003
10% 10.13 0.04 0.04
20% 20.11 0.08 0.06

*Irtran cell used with 4 runs.

20
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TABLE 3. HULTICOMPONENT ANALYSIS

Sample Component Known vol% Determined volZ

A MeOH 1 1.15
EtOH 9 9.58
TEA 5 5.35

B, MeOH 2.75 3.16

EtOll 10.0 12.05
TEA 2.75 2.95

C MeOll 2.75 3.08

EtOH -- 0.06
TEA 2.75 3.01

21



V. CONCLUSIONS

The infrared method for oxygenates is a quick, economical way to quantita-

tively determine the presence of alcohols in gasoline/alcohol blends. The

Beckman Microlab 620MX computing infrared spectrophotometer is easily pro-

grammed for this analysis.

Both single- and multicomponent analyses were run using several different

alcohols. However, due to the functional group similarity of the alcohols,

the multicomponent analysis was not as accurate. The use of Irtran cells for

methanol blends increases the relative deviations due to lower transmittance.

When not readily available to prepare the standards, the base fuel is re-

covered by water extraction of the alcohols.

Once the quantitative program is set up for a particular gasoline, an actual

analysis requires only five minutes, and tests of repeatability and reproduci-

bility have shown low standard deviations for each alcohol. Multicomponent

standards are also easily set up for methanol, ethanol, and t-butanol mix-

tures, but a single-component program using different background points is

needed for methyl-t-butyl ether.

22
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US ARMY MATERIALS & MECHANICS AVIATION MATERIAL READINESS

RSCH CTR COMMAND
ATTN DRXMR-E 1 ATTN DRSTS-MEG (2) 1

DRXMR-T 1 DRCPO-PDE (LTC FOSTER) 1
DRXMR-R 1 4300 GOODFELLOW BLVD

WATERTOWN MA 02172 ST LOUIS MO 63120

CDR DEPARTMENT OF THE ARMY
US ARMY DEPOT SYSTEMS CMD CONSTRUCTION ENG RSCH LAB

ATTN DRSDS 1 ATTN CERL-EM 1
CHAMBERSBURG PA 17201 CERL-ZT 1

CERL-EH 1

CDR P 0 BOX 4005
US AlMY WATERVLIET ARSENAL CHAMPAIGN IL 61820
ATTN SARWY-RDD 1
WATERVLIET NY 12189 HQ

US ARMY TRAINING & DOCTRINE CMI)

CDR ATTN ATCD-SL (MR RAFFERTY) 1
US ARMY LEA ATCD-TA 1
ATTN DALO-LEP ATCD-D 1
NEW CUMBERLAND ARMY DEPOT FORT MONROE VA 23651
NEW CUMBERLAND PA 17070

DIRECTOR
CDR US ARMY RSCH & TECH LAB (AVRADCOM)
US ARMY GENERAL MATERIAL & PROPULSION LABORATORY

PETROLEUM ACTIVITY ATTN DAVDL-PL-D (MR ACURIO) 1
ATTN STSGP-PW (MR PRICE) 1 21000 BROOKPARK ROAD
SHARPE ARMY DEPOT CLEVELAND OH 44135
LATHROP CA 95330

CDR
CDR US ARMY NATICK RES & DEV CMD
US ARMY FOREIGN SCIENCE & TECH ATTN DRDNA-YEP (DR KAPLAN) 1

CENTER NATICK MA 01760
ATTN DRXST-MT 1
FEDERAL BLDG CDR
CHARLOTTESVILLE VA 22901 US ARMY TRANSPORTATION SCHOOL

ATTN ATSP-CD-MS I
CDR FORT EUSTIS VA 23604
DARCOM MATERIAL READINESS

SUPPORT ACTIVITY (MRSA) CDR
ATTN DRXMD-MD 1 US ARMY QUARTERMASTER SCHOOL
LEXINGTON KY 40511 ATTN ATSM-CTD-MS I

ATSM-TNG-PT (COL VOLPE) 1
HQ, US ARMY T&E COMMAND FORT LEE VA 23801

ATTN DRSTE-TO-O 1
ABERDEEN PROVING GROUND, MD 21005 HQ, US ARMY ARMOR SCHOOL

ATTN ATSB-TD 1
FORT KNOX KY 40121
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CDR DEPARTMENT OF THE NAVY
US ARMY LOGISTICS CTR HQ, US MARINE CORPS
ATTN ATCL-MS (MR A MARSHALL) 1 ATTN LPP (MAJ SANBERG)
FORT LEE VA 23801 LMM (MAJ GRIGGS)

WASHINGTON DC 20380
CDR
US ARMY FIELD ARTILLERY SCHOOL CDR
ATTN ATSF-CD NAVAL AIR SYSTEMS CMD
FORT SILL OK 73503 ATTN CODE 52032E (MR WEINBURG)

CODE 53645

CDR WASHINGTON DC 20361
US ARMY ORDNANCE CTR & SCHOOL
ATTN ATSL-CTD-MS CDR
ABERDEEN PROVING GROUND MD 21005 NAVAL AIR DEVELOPMENT CTR

ATTN CODE 60612 (MR L STALLINGS) 1
CDR WARMINSTER PA 18974
US ARMY ENGINEER SCHOOL
ATTN ATSE-CDM I CDR
FORT BELVOIR VA 22060 NAVAL RESEARCH LABORATORY

ATTN CODE 6170 (MR H RAVNER) I
CDR CODE 6180 1

US ARMY INFANTRY SCHOOL CODE 6110 (DR HARVEY) I

ATTN ATSH-CD-MS-M I WASHINGTON DC 20375
FORT BENNING GA 31905

CDR
CDR NAVAL FACILITIES ENGR CTR
US ARMY AVIATION CTR & FT RUCKER ATTN CODE 1202B (MR R BURRIS) I
ATTN ATZQ-D CODE 120B (MR BUSCHELMAN) 1
FORT RUCKER AL 36362 200 STOVWALL ST

ALEXANDRIA VA 22322

DEPARTMENT OF THE NAVY
CHIEF OF NAVAL RESEARCH

CDR ATTN CODE 473 (DR R MILLER)
NAVAL AIR PROPULSION CENTER ARLINGTON VA 22217

ATTN PE-71 1
PE-72 (MR D'ORAZIO) I CDR

P 0 BOX 7176 NAVAL AIR ENGR CENTER
TRENTON NJ 06828 ATTN CODE 92727

LAKEHURST NJ 08733

CDR
NAVAL SEA SYSTEMS CMD CDR
CODE 6101F (MR R LAYNE) 1 NAVY FACILITIES ENGRG CMD
WASHINGTON DC 20362 CIVIL ENGR SUPPORT OFC

CODE 15312A (ATTN EOC COOK)

CDR NAVAL CONSTRUCTION BATTALION CTR
DAVID TAYLOR NAVAL SHIP R&D CTR PORT HUENEME CA 93043
CODE 2830 (MR G BOSMAJIAN) I
CODE 2831 1 CDR, NAVAL MATERIAL COMMAND
ANNAPOLIS MD 2140- ATTN MAT-O8E (DR A ROBERTS) 1

CP6, RM 606 MAT-OSE (MR ZIEM)
JOINT OIL ANALYSIS PROGRAM - WASHINGTON DC 20360

TECHNICAL SUPPORT CTR
BLDG 780

NAVAL AIR STATION

PENSACOLA FL 32508
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CDR OTHER GOVERNMENT AGENCIES
NAVY PETROLET-'M OFC
ATTN CODE 40 1 US DEPARTMENT OF TRANSPORTATION
CAMERON STATION ATTN AIRCRAFT DESIGN CRITERIA
ALEXANDRIA VA 22314 BRANCH 2

FEDERAL AVIATION ADMIN
CDR 2100 2ND ST SW
MARINE CORPS LOGISTICS SUPPORT WASHINGTON DC 20590
BASE ATLANTIC
ATTN CODE P841 1 US DEPARTMENT OF ENERGY

ALBANY GA 31704 DIV OF TRANS ENERGY CONSERV 2
ALTERNATIVE FUELS UTILIZATION

DEPARTMENT OF THE AIR FORCE BRANCH
20 MASSACHUSETTS AVENUE

HQ, USAF WASHINGTON DC 20545
ATTN RDPT 1
WASHINGTON DC 20330 DIRECTOR

NATL MAINTENANCE TECH SUPPORT
HQ AIR FORCE SYSTEMS CMD CTR 2

ATTN AFSC/DLF (LTC RADLOF) 1 US POSTAL SERVICE
ANDREWS AFB MD 20334 NORMAN OK 73069

CDR US DEPARTMENT OF ENERGY
US AIR FORCE WRIGHT AERONAUTICAL BARTLESVILLE ENERGY RSCH CTR

LAB DIV OF PROCESSING & THERMO RES I
ATTN AFWAL/POSF (MR CHURCHILL) I DIV OF UTILIZATION RES I

AFWAL/POSL (MR JONES) I BOX 1398
WRIGHT-PATTERSON AFB OH 45433 BARTLESVILLE OK 74003

CDR SCI & TECH INFO FACILITY
USAF SAN ANTONIO AIR LOGISTICS ATTN NASA REP (SAK/DL) 1

CTR P 0 BOX 8757
ATTN SAALC/SFQ (MR MAKRIS) I BALTIMORE/WASH INT AIRPORT MD 21240

SAALC/MMPRR (MR ELLIOT) 1
KELLY AIR FORCE BASE, TX 78241

CDR
US AIR FORCE WRIGHT AERONAUTICAL

LAB
ATTN AFAL/MLSE (MR MORRIS) I

AFWAL/MLBT 1
WRIGHT-PATTERSON AFB OH 45433

CDR
USAF WARNER ROBINS AIR LOGISTIC

CTR
ATTN WR-ALC/MMIRAB-1 (MR GRAHAM) I
ROBINS AFB GA 31098
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