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The work reported herein was conducted at the U.S. Army Fuels and Lubricants

Research Laboratory (USAFLRL) located at Southwest Research Institute, San
Antonio, Texas under Contract No. DAAK70-80-C-0001, The contracting officer's
representative was Mr. F.W. Schaekel, Energy and Water Resources Laboratory,
USAMERADCOM, DRDME-GL, Fort Belvoir, Virginia,
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3 I. INTRODUCTION .

The use of alcohols as fuel extenders 1s 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
L for possible economic and environmental advantages over neat gasoline, For

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

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

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




II. APPROACH

An infrared spectroscopic method for oxygenates has been emphasized because of
its high potential for speed, low cost, and specificity. Figure 1l 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

Component Analytical Frequency, cm'-1
Gasoline 967
Methanol 1030
Ethanol 882
iso-propanol 952
t-butanol 914
Methyl-t-butyl ether 1086

these chosen frequencies. Three background frequencies, 1255 cm-l, 1230 cm-I;
and 860 cm_l, 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 §bsorbance 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.,
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SCAN ROUTINES: 1-SCAM 2-REPSCAN
3-PEAKPICK 4-TINEORIVE '

SEEERERENSEE  PLAKPICK  BENEERERENEEN i ‘
ggT %7 DISCRIMINATOR :

ENTER SCANNING PARAMETERS THEN
PUSH START

f SCAN PARANETERS: 1-RANGE 2-SPEED
3-CHART FORMAT 4~SLIT S-GAIN
ENTER RANGE

2009 10 8688

e bmens

1604CH-1 46.7%7
iSieCh-1 49.9%7
1494CH-1 22.2xT7
1459CH-1 9.547
1378CH-1 26.8%T
1086CH-1 49.7%7
ie3acn-1 6.247
@967Ch-1 48.747
e888CN-1 58.0%7
8843CH-1 44,417
8793Cn-1 37747
8767CN-1 24.1%7
@727Ccn-1 1.147
8689CH-1 1.5%7
8667CH-1 8.2x7
@64aCn-1 8.5%7
8633CN-1 0.4x7
8618CN-1 8.4%7
@612Cn-1 8.347
@688CH-1 8.5xT

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
needed between 700 and 600 cm-l. However, the attack on the cell by methanol
was too severe and requi-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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QUANT ROUTINES: 1-PT PROGRAM 2-MORMAL IZE
3-ARRAYBUILD 4-ANALYSIS S~ENTER ARRAY

SESNSEREREEE PQINT PROCRAN RERESNEREESER
3 gﬂTER NUNBER OF POINTS

l POINTS NUST BE ENTERED IN
DECREASING ORDER
ENTER A HAUENUMBER
1 1255 cn-l

ENTER A NAUVENUMBER
1238 Ch-1

ENTER A WAVENUNBER
1638 CK-1

ENTER A MAVENUMBER
0967 CN-1

ENTER A NAUENUNBER

0860 Ch-1
ENTER NUMBER OF READINGS TO AUERAGE

e

¢ 89
PUSH START
2 1235 Ch-1 7.3
# 1236 Ch-1 78.6 XT
43 1830 CH-1 8.2 2T
84 8967 Ch-1 61.3 %7
#5 0860 Ch-1 78.3 T

QUANT ROUTINES: 1-PT PROGRAM 2-NORMALIZE
3-ARRAYBUILD 4-ANALYSIS J-ENTER ARRAY

FIGURE 6. POINT PROGRAM PRINTOUT
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possible variability in concentration. The absorbance values obtained for the
base gasoline were stored in Array Row 1 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 (! percent)
and the analyte band number of that particular alcohol were identified as
required by the program, The absorbance values obtained for the high staandard
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
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-ml1 sample was extracted using two 50-ml portions of water. After the
washings, the extracted gasoline was filtered over Nazsoa. The recovered fuel
was then used to prepare the low and high standards needed to set up the new

quantitative program.




Because methanol severely attacks the NaCl cell, methanol was run using an
Irtran cell. After being placed in the infrared spectrophotometer, the cell
wvas alloved to warm up for approximately 3-5 minutes to reach 8 constant
pathlength before analysis.




SRSESOSISAES  NORNAL [  NSERBEERSEERE

# 1253 Ch-1 0.3 af
® 1230 (-1 2.8 7
L 1038 Cn-1 1.1 27
- 067 On-1 3.9 11
" 060 Cn-1 8.6 21

am BACKGROUND NUNBERS
sgm BACKCROUND NUBERS
gm BACKCROUND NUNGERS
:n.:.m PATHLENGTH

ENTER CONCENTRAT IO

00!

c.o.n’gn SOLUENT CONCENTRATION
5’"" ARRAY ROM NUNBER

ls THIS M INYEICE" CMRECTION"
1 FOR YES FOR WO

N

PUSH STARY

RON = 02

PATHLENGTH = .628
CONCEMTRATION = 0001
SOLVENT CONCENTRATION = 0899
1030 Cn-4 1.0885 A
%7 Cn-1 0.0181 4

BOSEENSESAEE NORMALIZE  SSSEERBEBREEN
]! 1233 CH-1 7.3 11
® 1238 (-1 7.6 1T
L 1038 Cn-1 8.2 I
o 0%7 Cn-1 61.3 1
2] 0068 -1 n.3

ENTER BACKCROUND MURRCES
zrm:n BACKCROUMD NUNGERS
ENTER BACKROUND NUNOERS
ENTER PATHLENCTH

ENVER CONCENTRATIOW

EMIER SOLUENT COCENTRATION
:::t”ta ARRAY ROM NUNBER

IS THIS AN INTERCEPT CNIECTIM"
k;ﬂ YES 0 FOR MO

IS THIS THE FIRST CORRECTION?
k;ﬂ YES 0 FOR M0

E&TER ORIGINAL COMCENTRATION
ENTER ANRLYTE BAND ¢

3

PUSH START

RO = 62

PATHLENGTH = .028
CONCENTRATION = 0810
SOLUENT CONCENTRATION = 8099

1638 CA-1 3.0007 4
%7 Cn-1 0.0303 4
INTERCEPT = - 0.035

COARECTED ABSORBTIVITY =

3.12¢

FIGURE 7. NORMALIZE PRINTOUTS FOR TWO STANDARDS




NSSEBESEBEEA GQRAY BJILD EBREEENEEERE

1S THIS AM INTERCEPT CORRECTION?
1 FOR YES @ FOR MO

YES
ENTER ANALYSIS 8

)|
ENTER SLIT TYPE:
@-RESOLUTION 1-NORMAL

NORMAL SLIT

RON = 81

1630 Ch-1 9.8553 A
8967 Ch-1 9.0389 4
RON = €2

1838 Ch-1 3.1243 A
9967 Ch-1 9.8305 A
INTERCEPT ROM

1630 Ch-1 - 8.0%46 A
8967 CN-t 0.0008 A
BODIFY? 1-YES #-NO

PUSH START

RO = &1

1630 Ch-1 - §.2543
9967 Ch-1 #.3246
RON = 82

1830 Ci-1 26.0477
8967 CN-{ - §.4616
INVERTED INTERCEPTS

1838 Ch-1 - §.0088
0967 Ch-1 0.81:2

SESENSESESNE  GTANDBY  SEREEEEEESEES

FIGURE 8. ARRAY BUILD MODE PRINTOUT

17




SESRESEREESE ANALYS]S  SSERESERSNEER
ENTER ANALYSIS &

1
EgTER NUNBER OF READINGS TO AVERAGE
ENTER PATHLENGTY

043

NORNAL 126 ANSIERS TO 148X ?

1 FOR YES t R N0

YES

PUSH START

ANALYSIS

NORMAL SLIT

GAIN SETTING = 040

i 1255 Cit-1 9.0 20
” 1239 CH-1 “S.8 T
3 1039 (-1 0.1 2T
" 8967 Cn-1 9.5 T
" 0869 Cn-1 39.8 «T

1030 Cn-1 2.6289 A
8%? Ch-1 0.1484 A
CONPONENT 1 80.0206
COMPONENT 2 19.979%¢

FIGURE 9. ANALYSIS PRINTOUT
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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 l- and 10-volX blends. The 20-volX blends have
higher standard deviations, but this concentration i1is 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 multicompbnent 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 analyslis
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 heen recommended to
be set up for MIBK at 1725 cm-l, since MIBK does not use the same background

l, 1230 cm-l. and 860 Cm_1 as used for alcohols,

points of 1255 cm
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.




TABLE 2, ALCOHOL-GASOLINE BLENDS: IR ANALYSIS
Repeatability
5 Runs
Alcohol Label Value, 2 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
X 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
102 10.37 0.06 0.04

20% 17.97 0.21 0.17

Reproducibility
5 Runs
Alcohol Label Value, Z 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

2072 18.24 0.08 0.05
TBA 1% 1.00 0.01 0.004
102 10.06 0.05 0.04

20% - 19.55 0.04 0.05
MTBE 12 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., MULTICOMPONENT ANALYSIS

Sample Compounent Known volZX Determined volX

A MeOH 1 1.15

EtOH 9 9,58

TBA 5 5.35

B MeOH 2.75 3.16

EtOH 10.0 12.05

TBA 2.75 2.95

C MeOH 2.75 3.08

3 EtOH —— 0.06
. TBA 2.75 3.01

21
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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, ethancl, 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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COMMANDER DRXSY~S 1
. DEFENSE GENEXAL SUPPLY CTR DRXSY-L 1
ATTN: DGSC-SSA 1 ABERDEEN PROVING GROUND MD 21005
RICHMOND VA 23297
CDR
DEPARTMENT OF THE ARMY US ARMY APPLIED TECH LAB
ATTN DAVDL~-ATL-DD 1
HQ, DEPT OF ARMY DAVDL-ATL-ATP (MR MORROW) 1
ATTN: DALO-~TSE 1 DAVDL-ATL-ASV 1
DALO-~AU 1 FORT EUSTIS VA 23604
DAMA~CSS-P (DR BRYANT) 1
i DAMA~ARZ (DR CHURCH) 1 HQ, 172D INFANTRY BRIGADE (ALASKA)
DAMA~SM:.~E 1 ATTN AFZT-DI-L 1
WASHINGTON DC 20310 AFZT-DI-M 1
DIRECTORATE OF INDUSTRIAL
CDR OPERATIONS
U.S. ARMY MOBILITY EQUIPMENT FT RICHARDSON AK 99505
R&D COMMAND
| Attn: DRDME-GL 10 CDR
E FORT BELVOIR VA 22060 US ARMY GENERAL MATERIAL &
| PETROLEUM ACTIVITY
; ATTN STSGP-FT (MS GEORGE) 1
STSGP-PE 1

STSGP (COL HILL)
i NEW CUMBERLAND ARMY DEPOT
| NEW CUMBERLAND PA 17070
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CDR

US ARMY ARRCOM, LOG ENGR DIR
ATTN DRSAR-LEM (MR MENKE)
ROCK ISLAND ARSENAL IL 61299

CDR

US ARMY COLD REGION TEST CENTER
ATTN STECR-TA (MR HASLEM)

APO SEATTLE 98733

CDR

US ARMY RES & STDZN GROUP
(EUROPE)

ATTN DRXSN-E-RA

BOX 65

FPO NEW YORK 09510

HQ, US ARMY AVIATION R&D CMD

ATTN DRDAV-D (MR CRAWFORD)
DRDAV-N (MR BORGMAN)
DRDAV-E (MR LONG)

P 0 BOX 209

ST LOUIS MO 63166

CDR

US ARMY FORCES COMMAND

ATTN AFLG-REG (MR HAMMERSTROM)
AFLG~POP (MR COOK)

FORT MCPHERSON GA 30330

CDR
US ARMY ABERDEEN PROVING GROUND
ATTN STEAP-MT

STEAP-MT-U (MR DEAVER)

ABERDEEN PROVING GROUND MD 21005

CDR

US ARMY YUMA PROVING GROUND
ATTN STEYP-MT (MR DOEBBLER)
YUMA AR 85364

MICHIGAN ARMY MISSILE PLANT
OFC OF PROJ MGR, XM-1 TANK SYS
ATTN DRCPM-GCM-S

WARREN MI 48090

MICHIGAN ARMY MISSILE PLANT
PROG MGR, FIGHTING VEHICLE SYS
ATTN DRCPM-FVS-SE

WARREN MI 48090

[y S

—

e

PROJ MGR, M60 TANK DEVELOPMENT
ATTN DRCPM-M60-E (MR WESALA)
WARREN MI 48090

PROG MGR, M113/M113A1 FAMILY
OF VEHICLES

ATTN DRCPM-M113

WARREN MI 48090

PROJ MGR, MOBILE ELECTRIC POWER
ATTN DRCPM-MEP-TM

7500 BACKLICK ROAD

SPRINGFIELD VA 22150

OFC OF PROJ MGR, IMPROVED TOW
VEHICLE

US ARMY TANK-AUTOMOTIVE R&D CMD

ATTN DRCPM-ITV-T

WARREN MI 48090

CDR

US ARMY EUROPE & SEVENTH ARMY
ATTN AEAGC-FMD

APO NY 09403

PROJ MGR, PATRIOT PROJ OFC
ATTN DRCPM-MD-T-G

US ARMY DARCOM

REDSTONE ARSENAL AL 35809

CDR

THEATER ARMY MATERIAL MGMT
CENTER (200TH)

DIRECTORATE FOR PETROL MGMT

ATTN AEAGD-MM-PT-Q (MR PINZOLA)

ZUEIBRUCKEN

APO NY 09052

CDR
US ARMY RESEARCH OFC
ATTN DRXRO-EG
DRXRO-CB (DR GHIRARDELLI)

DRXRO-TT (DR SCHMIEORSHOFF)

P O BOX 12211
RSCH TRIANGLE PARK NC 27709

DIR

US ARMY R&T LAB

ADVANCED SYSTEMS RSCH OFC
ATTN MR D WILSTED

AMES RSCH CTR

MOFFITT FILELD CA 94035

AFLRL No. 134
Page 2 of 5

1

—




CDR

TOBYHANNA ARMY DEPOT
ATTN SDSTO-TP-S
TOBYHANNA PA 18466

DIR
US ARMY MATERIALS & MECHANICS
RSCH CTR
ATTN DRXMR-E
DRXMR-T
DRXMR-R
WATERTOWN MA 02172

CDR

US ARMY DEPOT SYSTEMS CMD
ATTN DRSDS

CHAMBERSBURG PA 17201

CDR

US A MY WATERVLIET ARSENAL
ATTN SARWY-RDD

WATERVLIET NY 12189

CDR

US ARMY LEA

ATTN DALO-LEP

NEW CUMBERLAND ARMY DEPOT
NEW CUMBERLAND PA 17070

CDR

US ARMY GENERAL MATERIAL &
PETROLEUM ACTIVITY

ATTN STSGP-PW (MR PRICE)

SHARPE ARMY DEPOT

LATHROP CA 95330

CDR

US ARMY FOREIGN SCIENCE & TECH
CENTER

ATTN DRXST-MT1

FEDERAL BLDG

CHARLOTTESVILLE VA 22901

CDR

DARCOM MATERIAL READINESS
SUPPORT ACTIVITY (MRSA)

ATTN DRXMD-MD

LEXINGTON KY 40511

HQ, US ARMY T&E COMMAND
ATTN DRSTE-TO-0

ABERDEEN PROVING GROUND, MD 21005

—

1

HQ, US ARMY ARMAMENT R&D CMD

ATTN DRDAR-SCM-00 (MR MUFFLEY)
DRDAR-TST-S

DOVER NJ 07801

HQ, US ARMY TROOP SUPPORT &
AVIATION MATERIAL READINESS
COMMAND
ATTN DRSTS-MEG (2)
DRCPO-PDE (LTC FOSTER)
4300 GOODFELLOW BLVD
ST LOUIS MO 63120

DEPARTMENT OF THE ARMY
CONSTRUCTION ENG RSCH LAB
ATTN CERL-EM

CERL-ZT
CERL-EH
P O BOX 4005
CHAMPAIGN IL 61820
HQ
US ARMY TRAINING & DOCTRINE CMD
ATTN ATCD-SL (MR RAFFERTY)
ATCD-TA
ATCD-D

FORT MONROE VA 23651

DIRECTOR

[

—

US ARMY RSCH & TECH LAB (AVRADCOM)

PROPULSION LABORATORY

ATTN DAVDL-PL-D (MR ACURIO)
21000 BROOKPARK ROAD
CLEVELAND OH 44135

CDR

US ARMY NATICK RES & DEV CMD
ATTN DRDNA-YEP (DR KAPLAN)
NATICK MA 01760

CDR

US ARMY TRANSPORTATION SCHOOL
ATTN ATSP-CD-MS

FORT EUSTIS VA 23604

CDR
US ARMY QUARTERMASTER SCHOOL
ATTN ATSM-CTD-MS

ATSM-TNG~-PT (COL VOLPE)
FORT LEE VA 23801

HQ, US ARMY ARMOR SCHOOL
ATIN ATSB-TD
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) 1
FORT LEE VA 23801 ' MM (MAJ GRIGGS) 1
' 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) 1
CODE 53645 1
CDR WASHINGTON DC 20361
US ARMY ORDNANCE CTR & SCHOOL
ATTN ATSL-CTD-MS 1 CDR {
ABERDEEN PROVING GROUND MD 21005 NAVAL AIR DEVELOPMENT CTR
3 ATTN CODE 60612 (MR L STALLINGS) 1
. CDR WARMINSTER PA 18974
i US ARMY ENGINEER SCHOOL
ATTN ATSE-CDM 1 CDR
FORT BELVOIR VA 22060 NAVAL RESEARCH LABORATORY
ATTN CODE 6170 (MR H RAVNER) 1
CDR CODE 6180 1
US ARMY INFANTRY SCHOOL CODE 6110 (DR HARVEY) 1
ATTN ATSH-CD-MS-M 1 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) 1
ATTN ATZQ-D 1 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) 1
NAVAL AIR PROPULSION CENTER ARLINGTON VA 22217
ATTN PE-71 1
PE-72 (MR D'ORAZIO) 1 CDR
P O BOX 7176 NAVAL AIR ENGR CENTER
TRENTON NJ 06828 ATIN CODE 92727 1
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) 1
CDR NAVAL CONSTRUCTION BATTALION CTR
DAVID TAYLOR NAVAL SHIP R&D CTR PORT HUENEME CA 93043
CODE 2830 (MR G BOSMAJIAN) 1
CODE 2831 1 CDR, NAVAL MATERIAL COMMAND
ANNAPOLIS MD 2140. ATTN MAT-08E (DR A ROBERTS) 1
CP6, RM 606 MAT-O8E (MR ZIEM) 1
JOINT OIL ANALYSIS PROGRAM - WASHINGTON DC 20360
TECHNICAL SUPPORT CTR 1
BLDG 780
NAVAL AIR STATION
PENSACOLA FL 32508
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CDR

NAVY PETROLEI'M OFC

ATTN CODE 40 1
CAMERON STATION

ALEXANDRIA VA 22314

CDR

MARINE CORPS LOGISTICS SUPPORT
BASE ATLANTIC

ATTN CODE P84l 1
ALBANY GA 31704

DEPARTMENT OF THE AIR FORCE

HQ, USAF
ATTN RDPT 1
WASHINGTON DC 20330

HQ AIR FORCE SYSTEMS CMD
ATTN AFSC/DLF (LTC RADLOF) 1
ANDREWS AFB MD 20334

CDR
US AIR FORCE WRIGHT AERONAUTICAL
LAB
ATTN AFWAL/POSF (MR CHURCHILL)
AFWAL/POSL (MR JONES)
WRIGHT-PATTERSON AFB OH 45433

——

CDR
USAF SAN ANTONIO AIR LOGISTICS
CTR
ATTN SAALC/SFQ (MR MAKRIS)
SAALC/MMPRR (MR ELLIOT)
KELLY AIR FORCE BASE, TX 78241

—

CDR
US AIR FORCE WRIGHT AERONAUTICAL
LAB
ATTN AFWAL/MLSE (MR MORRIS) 1
AFWAL/MLBT 1
WRIGHT-PATTERSON AFB OH 45433

CDR

USAF WARNER ROBINS AIR LOGISTIC
CTR

ATTN WR-ALC/MMIRAB-1 (MR GRARAM) 1

ROBINS AFB GA 31098

OTHER GOVERNMENT AGENCIES

US DEPARTMENT OF TRANSPORTATION

ATTN AIRCRAFT DESIGN CRITERIA
BRANCH 2

FEDERAL AVIATION ADMIN

2100 2ND ST SwW

WASHINGTON DC 20590

US DEPARTMENT OF ENERGY

DIV OF TRANS ENERGY CONSERV 2

ALTERNATIVE FUELS UTILIZATION
BRANCH

20 MASSACHUSSTTS AVENUE

WASHINGTON DC 20545

DIRECTOR
NATL MAINTENANCE TECH SUPPORT
CIR 2
US POSTAL SERVICE
NORMAN OK 73069

US DEPARTMENT OF ENERGY
BARTLESVILLE ENERGY RSCH CTR
DIV OF PROCESSING & THERMO RES
DIV OF UTILIZATION RES 1
BOX 1398

BARTLESVILLE OK 74003

—

SCI & TECH INFO FACILITY

ATTN NASA REP (SAK/DL) 1
P O BOX 8757

BALTIMORE/WASH INT AIRPORT MD 21240
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