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MILITARYSPECIFICATION

GASCHOL,AUTOMOTIW,LEADEDOR UNLEADED

Thisspecificationis approved
of the”Department

1. SCOPE.

of Defense.
for by allDepartmentsand/@encies

1.2 Classification

leadedl.i Scope. Thisspecificationcoverscommercial or unleaded
. foruse in automotive,spark-ignitionenginesunderallclimaticconditions
withintheContinentalUnitedStates(includingAlaskaandHawaii),(see6.1).

1.2.1 Grades. TheleadedandunleadedGasohols
follows.major differencesamongthesegrades

Gasohol

shallbe of.threegradesas
arein theantiknockindex

levels.

Grade ASTMantiknockindex

Limited
Regular
Premium

1.2.2 Classes.Ea&
miscibili~ses, as
conditions(see3.6and

SeetableIV
SeetableIV
SeetableIV

gradeis dividedintofivevolatilityandwater
follows,to provideforlocalandseasonalclimatic
tablesI, 11,IVand V):

I

‘Beneficialcorrwnents(recommendations,additions,deletions)and
,

anypert~nent
datawhichmaybe of usein ’improvi~thikdocumentshouldbe addressedto: US
ArmyMobilityEquipmentResearch:’ad’DevelopWntCorrnnand,ATTN: DRDK-DS,Fort
Belvoir,VA 22M”0by’usingttiesel’%ddressedStandardizationDocunent
ImprovementProposal(DDForm1426)appearingattheed of thisdocumenterby
Iletter. ., 8 [
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Class
latility WaterMiscibility Conditionof use: ambienttemperature

A 1 .VeryI-bt
B 2 Hot
c 3 Warm
D 4 Mild
E 5 Cold

%0/

2. APPLICAEi_EDOCUMENTS

2.1 Governmentdocuments.

2.1.1 Specificationsandstandards.Unlessotherwises~ecified(see6.2),
thefollowingspecificationsandstandardsof theissuelistedin thatissue’of

1

theDepartmentof DefenseIndexof SpecificationsandStandards(~DISS)
specifiedin thesolicitation,form
specifiedherein.

SPECIFICATION

FEDERAL

vv-G-16m

STANDARDS

FEDERAL

FED-STD-791

a partof thisspecificationto theextent

- Gasoline,Automotive,Leadedor Unleaded.

‘4

-Lubricants,LiquidFuelsandRelatedProducts;
Methodsof Testing.

MILITARY

I’4IL-STD-105

MIL-STD-25Q

SamplingProceduresandTables
Inspectionby Attributes.

for

Packaging,Packing,andMarkingof Petroleum
andRelatedProducts.

(Copiesof militaryspecificationsandstandardsrequiredby manufacturersin
connectionwith~ecificacquisitionfunctionsshouldbe obtainedfromthe
procuringactivityorasdi;ectedbythecontractingofficer.)

2.1.2 OtherGovernmentdocuments,drawings,andpublications.The
otherGovernmentdocuments,drawint$;andpublicationsforma partof
specificationto theextentspecifiedherein.

following
this

2
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U.S.ENVIRONMENTALPROTECTIONAGENCYPUBLICATION

EPAMSAPCAdvisoryCircularA/CNo. 26-B.

(EPApublicationsmaybe obtainedfromtheU.S.EnvironmentalProtection
Agency,401M Street,SW,Washington,DC 204@.)

CODEOF FEDERALREGULATIONS

27CFR 211-

27CFR 212-

49CFR 171-
to 179

Bureauof Alcohol,Tobacco,andFirearmsR&gulationsRelating
to theDistributionand Useof DenaturedAlcoholandRum.
Bureauof Alcohol,Tobacco,andFirearmsRegulationsRelating
to FormulasforDenaturedAlcoholandRum.
Departmentof TransportationHa.zardousMaterialsRegulations.

(TheCodeof FederalRegulationsis availablefromtheSuperintendentof
Documents,US GovernmentPrintingOffice,Washington,DC 20402. Ordersfor
abovepublicationsshouldcitetheapplicableCFRpartnumber.)

2.2 Otherpublications.Thefollowingdocumentsforma partof this
specificationto theextentspecifiedherein, Theissueof thedocumentswhich
areindicatedas DoDadoptedshallbe the issuelistedin thecurrentDoDISSand
thesupplementthereto,if applicable.

AkERICANSOCIETYFORTESTINGANDMATERIALS(ASTM)STANDARDS

D86- Distillationof PetroleumProducts.
D 130- Detectionof CopperCorrosionfromPetroleumProductsby the Copper

StripTarnishTest.
D 270- SamplingPetroleumand PetroleumProducts.
D 323- VaporPressureof PetroleumProducts(ReidMethod).
D 381- ExistentGumin Fuelsby JetEvaporation.
D 525- OxidationStabilityof Gasoline(InductionPeriodMethod).
D 1266-
D 1613-
D 1744-
D 22~6-
D 2533-
D 2547-
D 2551-
D 2599-
D 2622-
“D2699-
D 2700-
D 2885-
D 3116-
D 3229-
D 3231-
D 3237-

Sulfurin PetroleumProductsand LiquifiedPetroleumGases.
Acidityin VolatileSolventsandChemicalIntermediates.
Waterin LiquidPetroleumProductsby KarlFisherReagent.
ParticulateContaminatein AviationTurbineFuels,Appendix2.
Vapor-LiquidRatioof Gasoline.
Leadin Gasoline,VolumetricChromateMethod.
VaporPressureof PetroleumProducts(MicroMethod),
Leadin Gasolineby X-RaySpectrometry.
SulfurF~yX-Ray$pectrometry.
Knocl$Characteristicsof MotorFuelsby theResearchMethod.
Knock,Qh@racteristicsof MotorFuelsby theMotorMethod.
Reseax@ andMo$orMethodOctaneRatingsUsingOn-lineAnalyzers.
TraceAmountsof Leadin Gasoline.
LowLevelsof Leadin Gasolineby X-RaySpectrometry.
Phosphorusin Gasoline.
Leadin Gasolineby AtomicAbsorptionSpectrometry.

3
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D 3242- TotalAcidityin AviationTurbineFuels.
E 203- TestforWaterUsingKarlFischerReagent.

Thetestmethodslistedaboveareincludedin Part23,24,25,29,or 47 of the W
AnnualBookofASTM Standards.Themethodscanalsorepurchasedseparately.

(@plicationforcopiesshouldbe addressedto theAmericanSocietyfor
TestingandMaterials,1916RaceStreet,Philadel~ia,PA 19103.)

(Industryassociationspecificationsandstandardsaregenerallyavailablefor
referencefromlibraries.Theyarealsodistributedamongtechnicalgroupsand
usingFederalagencies.)

2.3 Orderof precedence.In theeventof a conflictbetweenthetextof this
specificationandthereferencescitedherein,thetext-ofthisspecification“
shalltakeprecedence.

3. REQUIREMENTS

3.1 Materials.TheGasoholshallbe composedof 90 percentvolumegasoline
and 10 percentvolumeethylalcohol.A toleranceof 1 percentis established.

3.2 Legalrequirement.Gasoholfurnishedunderthisspecificationmustmeet
allapplicablelegalrequirementsin accordancewiththeCodeof Federal
Regulations.

3.3 Gasoline.Thegasolinesshallbe volatilehydrocarbonfuelsconforming
to VV4-1690. Theymustcontainno oxygenizedblendingcomponents(alcoholsor
ethers)otherthanminoramountsusedas anti-icingadditives.“ ‘4;

3.4 Ethylalcohol.Theethylalcoholshallhavea minimumpurityof 98.5
percentby volumeandshallbe completelydenatured.Thetotalvolumeof
denaturant,whichis approvedforfuelalcohol,maybe includedin thevolumeof
ethy-1alcoholprovidedit doesnotexceedthe5 percentvolumespecified.The
ethylalcoholto be usedshallbe derivedfromrenewablesourcesandshall
excludealcoholmadefrompetroleum,naturalgas,andcoal.

3.5 Additives.TheunleadedGasoholmaycontainantioxidant,metal
deactivators,corrosioninhibitors,dyesandnomosphoruscontaining‘deposit
modifiers.TheleadedGasoholmaycontainantioxidant,metaldeactivators,
corrosion-inhibitors,leadantiknockcompounds,phosphoruscontainingdeposit
modifiersanddyes.

3.5.1 Antiknockcompounds.The.leadantiknockcompoundpresentin the
finishedleadedGasoholshallnotexceedthelimitsspecifiedin tableIII. The
antiknockcompoundsor mixturesshallcontainappropriatequantitiesof
scavengercompoundsas requiredin blendingautomotivegasolines.

3.5.2 Otheradditives.Additivesotherthanthosespecifiedabove,suchas
detergents,dispersants,emulsifiers,solventoils,etc.,willbe permittedin

4
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procurementof Gasoholprovidedpriorexaminationshaveverifiedtheabsenceof
theirpotentialdeleteriouseffects.Permissionfortheirusemustbe obtained

fromtheUS ArmyMobilityEquipmentResearchandDevelopmentCommand,ATTN:
DRDK-GL,FortBelVOir~vA 220a0 Thisrequestshallbe accompaniedbya
reportshowingthechemicalpropertiesof theadditive,laborato~yengine
performancetest-sandcontrolledfleettestsusingfuelscontainingthemaximum
recommendedconcentrationof theadditive.Suchadditivesmustbe compatible

withanyof thematerialsincludedin thisspecificationandmustnot
appreciablyaffectthe specifiedchemicalor physicalproperties.

3.6 Physicalandchemicalrequirements.Thephysicalandchemical
requirementsof Gasoholshallbe as specifiedm tables1, II,III,andIV. ‘

T9BLE1. Volatilityclasses.

characteristic

distillation
l~oevapt,‘C max

50% evap.,‘C min

50%evap.,‘C max

9wo evap.,OC max

Endpoint,‘C max~/

Reidvapor_~ressure(RVP’
kPamax~i

Temperature,‘C
Vapor/Liquid
(v/L)ratio=

lassA

(70)

(77)

121

190

225

(62)

(60)

RecIirement4/ 1
ClassC lassD ClassE

,
I

ClassB

(65)

(77)

118

190

225

(69)

(56)
I

(60)

(77)

116

185

225

(79)

(51)

:55)

:77)

113

U35

225

(93)

(47)

(50)

(77)

110

185

225

(103)

(41)

~/ Valuesgivenpertainto productat pointof acceptance.Limitingvalues
shownin parenthesisareapplicableonly-tothebasegasoline,VV-G-1690.

2/ Endpointincludesadditiveresidueif present.
~/ Reidvaporpressurevaluesaregivenforeachclassbut theyarenot

limiting.The
limitingcriteriaforcontrollingoverallhotfuelhandling(vaporlock,
etc.)is thetemperatureat whichtheV/L = 20.

4/ At 763mm. Hg.pressure(101.3kPa).

5
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TABLE11. Watermiscibility’

Characteristic

Watertolerance;
Phaseseparationafter
additionof 0.1%vol
watershallnotoccur
at a temperature(°C)
greaterthan,

Requirement
Class1 Class2 Class3 - Class4 Class5

5 0 -lo -25 _@..

T/!BLEIII. Chemicalrequirements.

●

Property

Unwashedgum,mg/100ml

Existentgum,”m@100ml,max

Sulfur,% wt,max

unleaded
leaded

Particulates~

Water,ppm

Corrosivenessto copper

Leadcontent,g/1 (g/gal

unleaded

500

max

c, max

Oxidationstability,minutes,min

Ethylalcoholz/
% Vol

Water,% wt,max

Organicacidity(Free
KCWg (wt%),max

acidas Acetic),mg of

Value

Report

5

0
0

10
15

Report

Report

1A

0.013(0.0520
1.1(4.2)

240

10 (@%)

1.25

0.070 0.0076

6
v
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TABLE111. Chemicalrequirements.(Continued)

F

Denaturant:
% vol,max
Type

ltheralcohols,% vol,max

3therimpurities,max

‘hosphorus,g/1 (g/gal)~max

unleaded

Value

5
Report

1.0

Trace

.

0.0013(0.005)

1/ Run accordingtoASTM D 2276,Appendix2, exceptuse0.45micronmembrane

filter.
2/ Theintentionaladditionofleadcompoundsis notpermitted.
~/ Ethylalcoholmusthavea minimumpurityof98.5%. Requirements—

shownapplyonlyto ethylalcohol.

TABLEIV. Antiknockqualityrequirements!-./.

lasoholGrade:
;tateGroup .

LIMITED
#1
#2
#3
#4
#5
#6

REGULlM3
#1
itz
#3
#4
#5
#6

PREMIUM
#1
#2

GRADE:

GRADE:

GR.ADE:

AntiknockIndexg/
(R+M)/2
Minimurn

Leaded
m

unleaded
~

86.3 84.3
85.5 83.5
84.8 82.8
84.0 82.0
82.5 “ 80.5

‘ 89
88.5
87.5
87.5
87.0
86.0

93
92.5

87.0?/
86.3
85.5
84.8
84.0
82.5

90.0
89.5

‘u . 7
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TABLEIV. AntiknockqualityrequirementsL/, (Continued)

I
AntiknockIndex~/

GasoholGrade: (R+M)/2
StateGroup Minimum

PREMIUMGRADE: (Continued) Leaded Unleaded
#1 87,0 “ 85.0
#3 91.5 88.5
#4 . 91.5 88.5
#5 91.0 88.0
#6 ~ 90.0 87.0

~/ Seefigurel.
2/ Averageof theResearchOctaneNumberandtheMotorOctaneNumber.
~/ MinimumMotorOctaneNumbermustbe 82. 0

3.7 Volatility.Thevolatilityclassesof Gasoholas definedin tableI
shallbe suppliedaccordingto therequirementsof tableV. Whenalternate
classesarepermitted,thecontractormayprovideeitherclass. Adjustmentsin
altitudeandclimaticconditionshavebeenconsideredin preparingthis
distributionscheduleto minimizeoperationalproblemsarisingfromhot fuel
handlingandcoldstartirg.Thelimitingguidetemperatures,maximumninetieth
percentile,utilizedfordeterminingthevolatilityclassdistributionareshown
below:

Class Dailyhi@ temperature .

A Greaterthan43°C (109°F)
B Lessthan43°C (109°F)
c Lessthan36°C (95°F)
D Lessthan29°C (84°F)
E Lessthan21°C (70°F)

3.8 Watermiscibility,Thewatermiscibilityclassesof Gasoholas defined
in table11 shallbe suppliedaccordingto therequirementsof.tableVI. The
limitingguidetemperatures,minimumtenthpercentileswhichhavebeenrounded
for.theareasandperiodstabulatedexceptforclass
establishthewatermiscibilityclassesshownbelow:

1, havebeenusedto

Class

1
2
3
4
5

NiMlv LowTem~erature

Greaterthan5° C (41°F)
Greaterthan0°C (32°F)
Greaterthan-lOOC (14°F)
Greaterthan-25°C (-13°F)
Greaterthan-40°C (-40°F)

8 ‘d
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3.9 Workmanship.TheGasoholshallbe visuallyfreefromundissolvedwater,
sediment,andsuspendedmatterandshallbe clearandbricJtat theambient
temperatureor 21°C whicheveris higher.

3.10 Overseasprocurement.Unlessotherwisespecifiedin thecontractor
purchaseorder(see6.2),Gasoholprocuredoverseasshallconformto the
requirementsof thisspecificationat thetimeof delivery.

10 ●
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TN3LEV. Geogra@icalandseasonaldistribute.onofvolatilityclassesL/.

State

Alabama
Alaska
Arizona
Arkansas
California:Z/
NorthCoast
SouthCoast
Southeast
Interior

Colorado
Connecticut
Delaware
Dist.of Columbia
Florida
Georgia
Hawaii
Idaho
Illinois:
N 40°Lat.
S 40° La.t

Indiaha
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada:
N
s

New

New
F/ew
N
s

New

38°Lat.
38°Lat.
Hampshire
Jersey
Mexico:
34°Lat.
34° Lat.
York

North
North
Chio

Carolina
Dakota.

Jan

D
E
D
E/D

E/D
D
D
E/D
E
E
E
E
D
D
c
E

E
E
E
E
E
E
D
E
E
E
E
E
D
E
E
E

E
D
E
E

E/D
D
E
E/D
E
E

Feb

D
E
D/C
D

D
D
D/C
D
E/I)
E
E
E
D
D
c
E/D

E
E
E
E
E/I)
E/D
D
E
E
E
E
E
D
E/D
E
E

E/l)
D/C
E
E

D
D/C
E
D
E
E

FE

D/C
E
C/B
D/C

D
D
CA
D
D/C
E/D
E/D
E/D
D/C
D/C
c
D

E/D
E/D
EMI
E/O
D/C
D
D/C
E/D
E/I)
E/D
E/D
E/D
D/C
D
E/D
m

D
C/B
E/l)
E/G

I

D/c

C/B
E/D
D
Em
E/D

Apr

c
E
B
c

D/C
D/C
B
D/C
c
D
D
D
c
c
c
D/C

D
D/C
D
D/C
c
D/C
c
D
D
D
D
D
c
D/C
D/C
D/C

D/C
B
D
D

‘cm
B
D
D/C
D
D

F@-

C
E/D
B/A
c

c
C/B
B/A
C/B
CA
D/C
D/C
D/C
c
c
c
C/B

D/C
c
D/C
c
cm
c
c
D/C
D/C
D/C
D/C
D/C
c
c
cm
C/B

cm
WA
D/C
D/C

B/A
B/A
D/C
c
D/C
D/C

11

Jun

c
EA)
d
cm

cm
B
A
B
B
c
c
c
c
c
c
B

c
c
c
C/B
B
c
c
c
c
c
c
c
c
C/B
B
B

B
A
c
c

A
A
c
c
CA3
c

Tii

C/B
D
A
B

B
B
A
B
B/A
c
c
c
c
C/B
c
B

c
C/B
c
B/C
B
c
cm
c
c
c
c
c
C/El
B
B
B

B
A
c
c

A
A
c
C/B
B
c

Au~

B
D
A
B

B
B
A
B
A/B
c
c
c
c
B
c
B

c
B/C
c
c
B
c
B
c
c
c
c
c
B
B
B
B

B
A
c
c

A/B
A
c
B
B
c

Sept

B/C
D/E
A
B/C

B
B
A
B
B
C/D
c
c
c
B/C
c
B

c
c
c
c
B
c
B/C
C/D
c
C/D
cm
c
B/C
B/C
B/c
B

B
A
cm
C/D

B
A/B
CA)
B/C
B/C
c

Ott

c
E
A/B
cm

B/C
B/C
A/B
B/C
B/C
D
cm
C/D
c
c
c
B/C

CA)
C/D
CA)
C/D
B/C
C/D
c
D
cm
D
D
C/D
c
C/D
cm
B/C

B/C
A/B
D
D

0/C
B/C
D
C/D
CA)
c/o

Nov

:/D
rL
B/C
D

cm
:/D
B/C
C/D
cm
D/E
D/E
D/E
CA)
C/D
c
C/D

D/E
D
D/E
D/E
cm
D/E
cm
D/E
D/E
D/E
D/E
D/E
CA)
D
D/E
C/D

CA)
B/C
D/E
D

cm
C/D
13/E
D
D/E
WE

E-

3
~
:/0
3/E

)/E
2
C/D
D/E
D/E
E
E
E
D
D
c
D/E

E
D/E
E
E
D/E
E
D
E
E
E
E
E
D
D/E
E
D/E

D/E
C/D
E
E

D
D
E
D/E
E
E
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TABLEV. Geographicalandseasonaldistributionof volatilityclasses~/.

(

‘State

Oklahoma
Oregon:
E 122°long.
w 1220 long.

Pennsylvania
RhodeIsland
SouthCarolina
SouthDakota
Tennessee
Texas:
E ~9° long.
W 99° long.

Jtah
Yermont
iirginia
Washington:
E 122°long.
w 122° long.

lestVirginia
~isconsin
~yoming ..

m

E/D

E
E
E
E
D
E
E/D

D
D
E
E
E

E
E
E

-FEE

D

E/l)
E/D
E
E
D
E
D

D
D/C
E/I)
E
EM)

E
E
E
E
E
J

-m

D/C

D
f)
EA)
E/D
D
E/D
D

D/C
C/B
D
E/D
D

Em ;
E/D~
En :
VD
:A)

*

c

D
D
D
D
0/C
D/C
D/C

c
B
)/c
)
)/c

1
)
1
)
I/c

T@

C/B

D/C
D/C
D/C
D/C
c
C/B
c

B
B/A
C/El
D/C
c

D/C
D/C
D/C
D/C
cm

-3iE

B

cm
c
c
c
c
B
c

CA
A
B
c
c

cm
c
c
c
BI
-J

-m

B

B
c
c
c
cm
B
CA

B
A
B/A
c
c

B
mu
-iu
T

;

~

B

B
c
c
c
B
B
B

B
A
AA3
c
c

B’
c
C(
c

B B/C

B/C CA)
c C/D
cm D
C/D “ D
B/C CA)
B B/C
B/C CA)

B B/C
A/B B/C
B w c
C/D D
c CA)

B/C cm
c C/D.
c cm
c C/D

IIBB B/C

m

C/D

D
D/E
D/E
D/E
D
C/D
D

cm
C/D
C/D
D/E
D/E

D/E
D/E
D/E
YE
2AI

~/ Wheretwoclassesaregiven(i.e.,A/B,C/b,etc.),thisremesentsa
transitionalmonthin thatbothclassesare-permitted. ‘

~\ Detailsof statedivisionbycountyas indicated:

California,NorthCoast-

California,Interior .

California,SouthCoast-

California,Southeast -

%----

D/E

D/E
E
E
E
D
D/E
D/E

D
D
D/E
E
E

E
E
E
E
D/E

w’

Alameda,Contra~sta, DelPbrte,Humboldt,Lake,
Marin,Mendocino,Monterey,Napa?SanBeni~o,San
Francisco,SanMateo,SantaClara,SantaCruz,
Solano,Sonoma,Trinity. “
Alpine,Amador,Butte,Calaveras,Colusa,El
Dorado,Fresno,Glenn,Kern(exceptthatportion
lyingeastof theLosArigelesCountyAqueduct),
Kings,Lassen,Madera,Mariposa,Merced,Modoc,
NevadajPlacer,Plumas,Sacramento,SanJoaquin,
Shasta,Sierra,Siskiyou,Stanislaus,Sutter,
Tehama,Tulare,Tuolumne,Yolo,Yuba
LosAngeles(exceptthatportionnorthof theSan
GabrielMountainrangeandeastof theLosAngeles
CountyAqueduct),Orange,SanDiego,SanLuis
Obispo,SantaBarbara,Ventura
Imperial,Inyo,Kern(thatportionlyirigeastof
theLosl@gelesCounty~ueduct),LosAngeles
(thatportionnorthof theSanGabrielMountain
rangeandeastof theLosAngelesCounty
Aqueduct),Mono,Riverside,SanBernardino

12.

.,
I

‘w’
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TABLEVI. GeoaraDhicalandseasonaldistributionof classesforwater
miscibility.

State
Alabama
Alaska
Arizona
N. of34° Latitude
S. of 34° Latitude

Rrkansas
California~/
NorthCoast
Southcoast
Interior

Dlorado
E. of105° Lo~.
W. of 105°Long.

Connecticut
lelaware
list,of Columbia
‘lorida
N. of29° Latitude
S. of 29° Latitude

~eorgia
iawaii
[daho
Illinois
[ndiana
Iowa
(ansas -
(entucky
.ouisiana
dai.ne
laryland
~assachusetts
dichigan
dinnesota
Mississippi
iissouri
!ontana
Jebraska
Jevada
N. of38° Latitude
S. of 38° Latutude

JewHampshire
@w Jersey
JewMexico
N. of34° Latitude
S. of 34° Latitude

Ei
T
5

4
3
3

3
2
3

5
4
4
3
3

3
2
3
1
4
4
4
4
4
3
3
4
4
4
4
5
3
4
5
4

4
3
4
4

4
3

Feb
3
5

4
3
3

2
2
3

4
4
4
3
3

2
1
3
1
4
4
4
4
4
3
3
4
3
4
4
5
3
4“
4
4

4
3
4
4

4
3

E
T
5

3
2
2

2
2
3

4
4
3
2
3

2
1
3
1
4
4
4
4
4
3
2
4
3
3
4
4
2
3
4
4

4
2
3
3

3
2

lipF
2
3

2
1
1

1
1
2

3
3
2
1
2

1
1
2
“1
3
3
3
3
3
2
1
3
2
2
3
3
1
2
3
3

3
1
3
2

2
1

May
1
2

1
1
1

1
1
1

2
2
1
1
1

1
1
1
1
2
2
2
2
2
1
1
2
1
1.
2
2
1
1
2
2

2
1
2
1

1
1

F
1
2

1
1
1

1
1
1

1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1

1
1

m
r
1

1
1
1

1
1
1

1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1

1
1

Aug
1
1

1
1“
1

1
1
1

1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1

1
1

.

Sept
1
2

2
1
1

1
1
1

2
2
1
1
1

1
1
1
1
2
1
1
2
2
1
1
2
1
1
1
2
1
1
2
2

2
1
2
1

2
2

J..

~

Ott
2
3

3
1
1

i-
1
2

3
3
2
2
2

1
1
2
1
3
2
2
3
3
1
1
3
2
2
2
3
2
2
3
3

3
1
3
2

3
3

Nov-
3
4

4
2
2

2
2
3

4
4
3
3
3

2
1
3
1
4
3
3
4
3
2
2
3
3
3
3
4
3
3
.4
4

4
2
3
3

4
3

E
T
4

4
3
3

3
2
3

4
4
4
3
3

3
2
3
1
4
4
4
4
4
3
3
4
3
4
4
5
3
4
4
4

4
3
4
3

4
3
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TABLEVI. Geographicalandseasonaldistributionof classesforwater
miscibility.

State
NewYork
NorthCarolina
NorthDakota
Ohio
Oklahoma
Oregon
E, of122° Long.
W. of 122°Long.

Pennsylvania
N. of41° Long.

S. of 41°Long.
RhodeIsland
SouthCarolina
SouthDakota
Tennessee“
Texas
N. of 31°Latitude
S. of 31°Latitude

Utah
Vermont
Virginia
Washington
E. oflzz” Low.
W. of 122°Long.

WestVirginia
flisconsin
Wyoming

1/ California.Nort- ,

m
T
3
5
4
4

3
4

4
4
4
3
5
3

4
3
4
4
3

3
4
4
5
4

Feb
4
3
5
4
3

3
4

4’
4
4
3
4
.3

3
2
4
4
3

3
3
4
4
4

Coast-

California,SouthCoast-

.California,Interior

lvhT
4
3
4
3
3

3
3

4
3
3
3
4
3

3
2
3
4
3

3
3
3
4
4

@F-
3
2
3
2
2

2
2

3
2
2
2
3
2

2
1
2

r

3
2

2
2
2
3
3

May
2
1
2
1
1

1
1

2’
-1

i
1
2
1

1
1
1
2
1

1
1
1
2
2

ntra

~n
1
1
1
1
1

1
1

1
1
1
1
1
1

1
1
1
1
1

1
1
1
1
1

m

1
1
1
1

1
1

1
1
1
1
1
1

1
1
1
1
1

1
1
1
1
1

ml ‘Aug
1“ ‘1

1
1
1
1

1
1

1
1
1
1
1
1

1.
1
1
1
1

1
1
1
1
1

I
, DelNor

Sept
2
1.
1
2
1

1
2

1
1
1
1
2
1

1
1
2
2
1

1
2
2
2
2

m
T
2
2
3
2

“2
3

2
2
2
2
3
2

2
1
3
3
2

2
3
3
3
3

e,Hum~

Nov
3
3
3
4
3

3
4

3
3
3
2
4
3

3
2
3
3
3

3
3
3
4
4

,m

E
z-
3
4
5
3

3
4

4
4
4
3
4
3

3
3
4
4
3

3
4
4
4
4

Marin,Mendocino,Monterey,Napa~SanBenitojSan
Francisco,SanMateo,SantaClara,SantaCruz,
Solano,Sonoma,Trinity.
Orange,SanDiego,SanLuisObispo,SantaBarbara,
Ventura,LosAngeles(exceptthatportionnorthof
theSan’Gabriel-Mountainrangeandeastof theLos
Angeles
Lassen,
Amador,
Fresno,
eastof
Madera,

CountyAqueduct).
Modoc,Plumas,Sierra,Siskiyou,Alpine,
Butte,Calaveras,Colusa,El Dorado,
Glenn,Kern(exceptthatportionlying
theLosAngelesCountyAqueduct),Ki~s,
Mariposa,Merced,Placer,Sacramento,San

‘u’

Joaquin,Shasta,Stanislaus,Wtter, Tehama,
Tulare,Tuolumne,Yolo,Yuba,Nevada,Imperial,
Riverside,SanBernardino,LosAngeles(that
portionnorthof theSanGarbrielMountainrange
andeastof theLosAngelesCountyPqueduct),
Mono,Inyo,Kern(thatportionlyi~east of the
LosAngelesCountyAqueduct).

14 ‘w’
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4. QUALITYASSLHWCEPROVISIONS

.

w

.

4.1 Responsibilityforinspection.Unlessotherwisespecifiedin the
contractor purchaseorder,thecontractoris responsiblefortheperformanceof
all inspectionrequirementsas specifiedherein. Exceptas otherwisespecified
in thecontractor order,the contractormayusehisownor anyotherfacilitie
suitablefortheperformanceof inspectionrequirementsspecifiedherein.

4.2 Lot.
,

4.2.1“Bulklot. An indefinitequantityofa homogeneousblendof Gasoholof
onegradeandoneclass,offeredforacceptancein a single,isolatedcontainer
or manufacturedin a singleplantrun (notexceeding24 hours),throughthesame
processingequipment,withno changein the ingredientmaterials.

4.2.2 packagedlot..An indefinitenumberof 55-gallondrumsor otherunit
containersof identicalsizeandtype,offeredforacceptanceandfilledwitha
homogeneousblendof Gasoholof onegradeandoneclass,froma single,isolate
container;or filledwitha homogeneousblendof Gasoholof one gradeandone
class,manufacturedin a singleplantrun (notexceeding24 hours),throughthe
sameprocessingequipment,withno changein theingredientmaterials.

4.3 Sampling.

4.3.1 Samplinqfortheinspectionof filledcontainers.Takea randomsample
of filledcontainersfromeachlotin accordancewithMIL-STD-105,at inspectio
levelII and acceptablequalitylevel(AQL)= for2.5 percentdefective.

4.3.2 Samplingfortests. Takesamplesfortestin accordancewithASTMD
270.

4.4 Inspection.Performinspectionin accordancewithmethod9@l of
FED-STD-791.

4.4.1 Examinationof filledcontainers.Examinesamplestakenin accordance
with4.3.1forcompliancewithMIL-STD-290withregardto fill,closure,
sealing,leakage,packaging,packing,andmarkingrequirements.Rejectany

containerhavingoneor moredefectsor undertherequiredfill. Rejectthelot
representedby a samplei’fthenumberof defectiveor underfilledcontainers
exceedstheacceptancenumberfortheappropriatesamplingplanof MIL-STD-105

4.5 Classificationof tests. Alltestsarequalityconformancetests,

4.6 Testmethods. Performstestsin accordancewithtableVII.

15
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TABLEVII, Testmethods.

Test

Ethylalcoholcontent
Otheralcoholor ethers
Distillation
Existentgutiunwashedgum
Sulfur
Phosphorus
_eadcontent

danganesecontentz/
corrosiveness
)xidationstability
#ater
%rticulatecontamination
(neckcharacteristics,researchoctanemethod
(neckcharacteristics,motoroctanemethod
(neckcharacteristics,researchandmotoroctane
methodsusingon-lineanalyzers

iatertolerance

NeutralizationNumber,Acidity
detectionof MethylAlcohol
iapor-liquidratio(V/L)
?eidvaporpressures

.

1/—

2/

3/

4/

y

g

7/

b

t

ASTM
MethodNo.

SeeAppendix,TestMethod1
SeeAppendix,TestMethod5
D 86
D 381
D 12660rD 2622L/
D 3231
D 2547,D 2599,D 3116,
D 3237?/ orD 3229

D 130
D 525
D 17440rE 203&
D 2276
D 2699
D 2700

.0 2885
SeeAppendix,TestMethods
2and42
D 1613or D 3242
SeeAppendix,TestMethod3
D 25339
D3230r D 2551LJ

-,

ASTMD 2622,Sulfurin PetroleumProducts(x-rayspectrogra~icmethod)may
be usedas an alternativemethodfordeterminingsulfurcontent,
ASTMD 3237,Leadin Gasolineby atomicabsorptionspectrometryis
designatedas therefereemethod,othermethodsmay be usedas alternates.
D 3237is themethodtheEnvironmentalProtectionAgency(EPA)has
designatedforunleadedgasolines.
Manganesewillbe determinedby themethodgivenin theEPA MSAPCAdvisory
CircularA/CNo,26-B,p 4 or otherequivalentmethods,
ASTMD1744is to be usedin thedeterminationof waterin theGasohol,
ASTME203is to be usedin thedeterminationof waterin theethanol.
Eithermethodmaybe usedforthedeterminationof watertolerance;however
in theeventof a discrepancy,TestMethod4 willbe usedas thereferee
method.
ASTMD2533mustremodifiedto usemercuryin thelevelingbulbin placeof
glycerin.
ASTMD 2551,VaporPressuresof PetroleumProducts(Micromethod)maybe used
aG an alternativemethodfordeterminingvaporpressure.ASTMD323mustbe
modifiedas describedin theASTMInformationDocumenton Gasoholin the
1981ASTMStandardPartNo.23.

16
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5. PACKAGING

5.1 Containersandmarking.Unlessotherwisespecifiedin thecontract(see
6.2),containersandmarkingshallbe in accordancewithMIL-STD-290,

6, NOTES

6.1 Intendeduse. Gasoholfurnishedunderthisspecificationis intendedfor
immediateusein allspark-ignitioninternal-combustionenginesandallother
equipmentdesignedto operateon gasoline.Gasohol,aswell as gasolines
procuredunderVV-G-1960,is not intendedforstaticstorageenvironments.It
shouldnotbe storedformorethan60 dayswithoutreplenishmentbecauseof
possibleauto-oxidationandwaterabsorptionwhichcanresultin deterioration
of theoverallqualityof gasohol.

Baseduponrecentlycompletedresearchinvestigations,satisfactoryutilization
of gasoholwilloccurif the followingconditionsandreservationsareadhered
to:

a.

b,

c.

d.

601,1
1971(or

Gasoholshouldneverbe introducedintoanyaboveor underground
tankagewherewaterbottomsor sumpsareknownto exist. This
accumulatedwaterwillcauseextractionof ethylalcoholanda
resultantlossin product.
Wheregasoholhasbeeninadvertentlycontaminatedwithwaterand
a twophasemixtureexists,separationof waterwithuseof standard
militarydesignedfilter-separators(asis normallydonewithgasoline
turbinefuel,etc.)is notrecommended.Specificinstructionscan
be providedfromtheUS ArmyMobilityEquipmentResearchand
DevelopmentCommand,ATTN: DRDNE-GL,FortBelvoir,VA 22060.
Wherewatercontaminationin gasoholis suspect,microbiological
organismsmayproliferatein thoseareaswhererelativelymildor
warmambienttemperatureexist. To controlthisgrowthofmicrG
organisms,theadditionof an approvedbiocideadditivemaybe
required.Specificinstructionrelativeto thebiocideadditioncan
be providedfromtheabovementionedaddress[see6.1(b)1.
“Gasoholis notrecommendedforusedin thosemultifiredengines
(LD/LDT/LDS-495seriesandLDS-427)currentlypoweringthe2-1/2-ton
and5-tonmilitarytruckfleet. Theadditionof ethylalcoholto
gasolineproducesan unusuallylowcetanenumberwhicheffects
startabilityandcreatesabnormalcombustionproblems,

Limited-gradeGasohol.Limited-gradeGasoholis intendedforusein
~ater)commercialandadministrativevehiclesequippedwiththelower

compressionratiospark-ignitionenginesdesignedto operateon a reduced
antiknockqualityproduct.Thisgrademaybe usedin manyearliermodel
vehiclesequippedwithlowercompressionenginesdescribedaboveor whichhave
beenmodifiedto accomodatethisgrade(seel.2.1).

6.1.2 Regular-gradeGasohol.Regular-gradeGasoholis intendedforusein
spark-ignitionenginesdesignedto operatewitha productof thisantiknock

.17
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qualityor,whenso requiredby equipmentmanufacturer’srecommendations(see
1.2.1)0 Thisgrademaybe requiredin 1971or latermodelvehiclesthathave
antiknockrequirementswhichexceedthoseof limitedgrade.

6.1.3 Premium-gradeGasohol.PremiuwgradeGasoholis intendedforusein
spark-ignitionenginesdesignedto operatewitha productof thisantiknock
qualityor whenso requiredby equipmentmanufacturer’srecommendations(see
1.2.1). Thisgrademaybe requiredin 1971or latermodelvehiclesthathave
antiknockrequirementswhichexceedthoseof limitedgrade.

6.2 Orderingdata. Purchasersshouldselectthe preferredoptionspermitted
hereinand includethe followinginformationin procurementdocuments:

(a) Title,number,anddateof thisspecification,
(b) Gradeandclassesof Gasoholrequired(seel.2and3.6).
(c) @antityof Gasoholrequired.Theunitof purchaseis oneUS gallon

(3.7851iters)at60°F (15.6°C).
(d) Typeandsizeof containersrequired(see5.1).
(e) Markingrequired(see5.1). ,
(f) ~rity of ethylalcoholanddenaturantused,

6.3
apply
urider

Definitions.Thedesignations‘ftimited,’t“Regular)llandlfPremium’lgrades
to gasolinesfurnishedunderVV-G-1690in additionto theGasoholgrades
thisspecification.

6.3.1 Leadantiknock.UnleadedGasoholis definedas Gasoholto whichthe
additionof leadantiknockis notpermitted-.Leadantiknockpresentshallnot
exceedthatamountwhichresultsfromcontaminationwhengoodrefineryand
distributionpracticesarefollowedandshaU notexceed0.013g/1(O.05
g/gal). Additionally,thephosphoruscontentof unleadedGasoholshallnot
exceed0.0013g/1 (0.005g/gal).

Custodians: Preparingactivity:
Army- ME Army- NE
Navy- YD
AirForce- 68 Project9130-0105

Reviewactivities:
Army- MD
Navy- SAY.SH,MC
DLA- PS

‘J

Useractivity:
Army- AT

.,. “
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APPENDIX

GASOHOL,AUTOMOTIVE,LEADEDOR UNLEADED

10* SCOPE

10.1 Scope. Thetestmethodscontainedwithinthisappendixareto determine”
theamountof denaturedalcohol(ethanol)in Gasohol(TestMethod1),water
toleranceof Gasohol(TestMethods2 and4),detectionof methylalcoholin
Gasohol(TestMethod3) anddete~ini~ oxygenatesin @sohol (TestMethod5)”
Thisappendixis a mandatorypartof thespecification.Theinformation
containedhereinis forcompliance.

20,

20.1

APPLICA3LED~UWNTS

AbfiRICANSOCIETYFORTESTINGAND M4TERIALS

‘w’

ASTMD2500- CloudPointof PetroleumOils

(Applicationforcopiesshouldbe addressedto theAmericanSocietyfor
TestingandMaterials,1916RaceStreet,Philadel~ia,PA 19103.)
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APPENDIX

TESTMETHOD1

TESTMETHODFORDETERMININGTHEAMOUNTOF
DENATUREDETHyLAL~HOL (ETHANOL)INGASCHOL

w

1. SC@E

1.1 Thismethodis fordeterminingtheamountofdenatureo’ethanolin
Gasohol,Thismethodis intendedto providea simpleandreliablemeansfor
determinationof theethylalcoholcontentof Gasohol,Quantitativetechniques
employinggas liquidchromatographyandinfraredspectroscopy
beingdevelopedwhitiwillbe availableshortly,

2. SUMMARYOF METHOD

arecurrently

2.1 A sampleof Gasoholis shakenat roomtemperaturewithethyleneglyco},
Thechangein volumeof theethyleneglycollayeris relatedto theamountof
denaturedethanolin thesampleof Gasohol,

30 APPARATUS

3.1 Graduatedglassmixingcylinder,glass-stoppe~ed,100-mlwithl-ml
graduations,Thismustbe capableof acceptinga totalvolumeof in exeessof
110ml withthestopperin place.

3.2 Pipet,volumetric,10 ml,type1,classB.

3.3 Pipetfilleror bulb,Koroseal,30 ml,

40 REAGENTS

4.1 Ethyleneglycol,reagentgradewith0.02g/1000ml methylvioletdye
added(methyleneblueor otherwatersolubledyesmayalsobe used).

4.2 Acetone,commercialgrade.

5. PREPARATIONOF APPARATUS

5.1 Cleanthegraduatedcylinderthorouc$lybeforecarryingoutthistestas
follows.

5.1.1 Removetracesof fuelandethyleneglycolfromthegraduatedcylinder
andstopperby flushingtwicewithacetoneanddraindry.

5,1.2 Rinsetwicewithsampleof Gasoholto be testedanddrain.

5,2 Cleanpipetby fillingtwicewithacetone,drain,andairdry,usingthe
bulb,

20
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APPENDIX

6. FFWEDURE

6.1 Measure1~ ml of Gasoholsampleto be testedintothegraduatedmixing
cylinderat roomtemperatureto thenearest0.2ml andstopperthecylinder.

6.2 Removestopperandpipet10 ml of ethyleneglycolintothecylinderana
stopperthecylinder.(Caution:.Drawethyleneglycolintothepipetusingthe
pi.petfilleror Korosealbulb. Do notsuckwithmouth(see9.2).

6.3 Invertthecylinderholdingthestopperwitha fingerandshakethe
cylinderbackand forthfor15 seconosusingabout10-inchstrokesfora total
of 25 backand forthstrokes,

6.4 Immediatelyplacethecylinderon a vibratiowfreesurface,andallowthe
contentsto settleundisturbedfor5 minutes. >

6.5 Recordthevolumeof theethyleneglyco~alcohollayerin thebottomof
thecylinderto the nearest0.2ml,

7. CALCULATION

7.1 Calculatethevolumepercentageof denaturedethanolusinga previously
preparedcalibrationcurve,developedusingappropriatemixtures(i.e.,5, 8,
10,12,15 and20 percent)of thespecifieddenaturedalcoholandblendedinto
thebasegasoline.

8. PRECISION

8.1 Repeatability- Duplicateresultsby thesameoperatorforGasohol
containing10percentdenaturedethanolshouldbe consideredsuspectif they
differby morethanl.Oml.

9. PRECAUTIONARYSTATEfVENTS

9.1 Gasohol- Volatileandextremelyflammable.Harmfulor.fatalif
swallowed.Keepawayfromheat,sparks,or openflame. Keepcontainerclosed.
Useonlyin wellventilatedarea. Avoidprolongedorrepeatedbreathingof
vaporor contactwithskinor eyes.“ ‘Ifswallowed,do notinducevomitirg.Call
a physicianimmediately.

9.2 Ethyleneglycol- Harmfulorfatalif swallowed.If swallowed,induce
vomitingimmediately.ull a physicianimmediately.Washthoroughlyafter
handling.

9.3 Acetone- Extremelyflammable.
awayfromheat,sparks,or openflame.
adequateventilation.Avoidprolonged
contactwitheyesandskin.

Maycauseeyeandskinirritation.Keep
Keepcontainerclosed. Usewith
or repeatedbreathingof vapors.Avoid

21
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APPENDIX

TESTMETHOD2

TESTltTHODFORDETERMININGTHE
WATERTOLERANCEOF GASOHOL

SCOPE

Thismethodis usedto

SUMMARYOF METHID

Specificamounts
hazeappears,thewater

3.

3.1

3.2

3.3

4.

4.1

5.

5.1

5.2

measurethe

of waterare
toleranceof

watertoleranceof Gasohol.

Graduatedglassmixingcylinder,

addedto measuredvolumesof Gasohol.If
the Gasoholis unacceptable.

glassstoppered,100ml.

Micropipette,50 u1.

Micropipettetips,5-~0 u1,

REAGENTS “

Distilledwater

f%OCEDURE

Testis tobe conductedatroomtemperature(approximately70°F).

Rinsethe 100-mlmixingcylinderandstopper-withGasoholto be tested
anddrain.

5.3 Fillthecylinderwith100ml of Gasoholsample.

5.4 Addwaterusingthe50-u1micropipetteanddisposabletipas follows:

Water MinimumAmbient Waterto add
rolerance Temp.,‘F,where to theGasoho.
ClassA/ Gasoholwillbe used sample,U1

1 41 150
2 32 200
3 14 250
4 -13 300
5 -40 35Q

#

a

~/ Seegeogra~icalapplicationtableVI.

22
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U
5.5

6.

6.1

7.

7.1

7.2

Stopperthemixingcylinder

PRECAUTIONARYSTATEMENTS

Seeparagraph9.1 from“

REIWRT

est

APPENDIX

and shakesamplevigorouslyforoneminute.

ethod1.

If hazepersistsafterone-minuteshake,report:FAIL.

If no hazeappearsafterone+ninuteshake,report:PASS.

Lf’
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1. SCOPE

1.1 This
in Gasohol.

MIL-G-53006

APPENDIX

TESTtvETHOD3

FIELDTESTMETHODFOR THEDETECTIONOF tvETHYLALCOHOL
AS AN ADULTERANTIN GASCHOL

methodcoversthedetectionof 1 percentor moreof mekhylalcohol

2. SM44RY 0FMETH3D

2.1 Thetestwasd&elopedto detectabout!1 percent(ormore)of methyl
alcoholin Gasohol.Thesensitivityof theprocedurecanbe increased,but
conditionswereestablishedto preventa“falseconclusionbaseduponthe
presenceof onlya smallamountof methylalcohol.A faintcoloris a negative
test. Undertheconditions,no testwasobserveo’forgasolineor Gasohol
preparedfromethanol.A strongpositivetestis obtainedif theGasohol
contains1 percentmethanol.Thetemperatureof lU1°C is recommendedas water
canbe boiledwithimmersionheatersoperatingoff an automobile battery
(cigarettelic$terattachment)forfielduse. Theadditionof thesolid
reagentsis notcriticalin amount. If a smallexcessof chromotropicacidis
present(asa precipitate)it doesno harm. Thetestformethanoliswell
establishedin theliteratureandhasbeenadoptedforthedetectionof methyl
alcoholin Gasohol.

3.

3.1

3,2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.

4.1

APPARATUS

Flask,Erlenmeyer,glassstoppered,2~-ml withgraduations.

Bottles,reagent,narrowmouth,250-mlwithstoppers,3 each.

Cylinder,graduated,capacity100-ml,

Cylinder,graduated,capaci.ty 10+1.

Balance,fourbeam,Cen&O-GramOhaus.

Plastictransferpipets,capacity5-ml,length5-3/4-inch.

Testtube,OD 16-mm,length150+m.

Beaker,250+1 capacity.

Heater,capableof

REAGENTS

Phosphoricacid,5
concentrated(87percent)

boilingwater.

percentsolution,preparedbydiluting6-mlof
phosphoricacidto 100+1 withwater.

24 ‘u”
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4.2 Potassiumpermanganatesolution,5 percentpreparedby adding5 g of
potassiumpermanganateto 95 ml water.

4.3 Solidsodiumbisulfite(~ HS~) .

4.4 Sulfuricacid,72 percentsolution,preparedby adding150ml of
concentratedsulfuricacid(98perceot)to 100ml of

4.5 Chromotropicacid(1,8- dihydroxynapthalene

5. PR02EDURE

water(see6.2).

- 3,6- disulfonicacid).

5.1 To 100ml of Gasoholadd50 ml of waterintoglassstoppered
shakeandallowto settle.

5.2 Usinga medicinedropperor transferpipet,takea sampleof
layerandtransfer3 dropsto testtube. Do notusemouthpipeting

5,3 Add1-2dropsof the phosphoric acid solution and 1-2drops

Erlenmeyer,

thebottom
techniques.

of the
potassiumpermanganatesolutionto thetesttube. Shakefor1/2minute.

5.4 Add a small amountof sodiumbisulfite(approximately100mg),shakeand
if the solutionis notdecolonized,addan additionalamountof sodium
bisulfite.If a brownprecipitateforms,addan additionaldropof the
phosphoricacidsolutionto clearthesolution.

5.5 Add4 ml of thesulfuricacidsolutionanda smallamountof solid
chromotropicacid(about50 mg).

5.6 Placethetesttubeintoa
1000C) for1 minute. An intense,

6. PRECAUTIONARYSTATEMENTS

beakerof boilingwater(era waterbath
blueto purplecoloris a positivetest.

at

6.1 The reaqents used in this test method may cause eye and skin irritation,
burns,andmay-beharmfulor fatalif swallowed.Keepreagentcontainers
closed. Useonlyin wellventilatedareas. Avoidprolongedor repeated
breathingof vaporandcontactwithskinor eyes.

6.2 Sulfuricacid- usegreatcautionin mixingwith
evolutionthatcausesexplosivespatterimj.Alwaysadd
thereverse.

waterdueto heat
theacidto water,never

6.3 SeeTestMethodl,9.1.
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TESTl’ETHOD4

TESTMETHODFORDETERMININGTHEWATER
TOLERAKEOF GASC1-10L,REFEREEMETH3D

1. SCWE “

1.1 Thismethodcoversthe abilityforGasoho\
percentvolumewaterwithoutexhibitinganyphase
to specifiedtemperatures.

to tolerateadditionsofO.10
separationafterbeingexposed

2* SUMMARYOF METHOD

2.1 AfteradditionofO.10 percentvolwatertoa 100ml Gasoholsample,the
solutionis cooledat a specifiedratedownto thetemperaturerequired.The
prescribedcoolingrateusedis identicalto thatspecifiedunderD 2~0,
StandardTestMethodforCloudPointof PetroleumFuels. l’hetemperatureat
whicha “cloudlayerll,approximately1 to 1.5mm irrthickness,formsat the
bottomof thetestjaris interpretedas the ~~watertoleranceor separation
~oint~’. The minimum temperature specifiedis baseduponthewatermiscibility
classificationof the Gasoholsanples;i.e.,class1 designedforhot
environments.hasto meeta minimumtemperatureof 5° C (41°F) whereasclass5
(desig~~dforcoldenvironments)mustmeeta minimumtemperatureof -40°C (-40°F).

3. APPARATUS

3.1 Testbottle,clearglass,cylindricalform,flatbottom,118to120 ml
capacity, 150mm in heightand 35 mm in diameter.Testbottlemustbe
ableto fitintoreceptacldja&etof coolingbathapparatususedto determine
CloudPoint,D 2500. Testbottlesimilarto theonesidentifiedin chemical
cataloguesas OilDeterminationBottleor OilSampleBottle.

3.2 Thermometers,havingtherangesshownu~derparagraph4.2ofD 2500.

3.3 Cork,to fitthetestjar,boredcentrallyto takethetestthermometer.

3.4 Coolingbathapparatus,of thetypesspecifiedunderparagraph4.4
throu@ 4.7 fordeterminingCloudPoint,D 25D0.

.
3.5 Syringe,tuberculin,l.Oml capacity.

3.6 Graduatedglasscylinder,glass-stoppered,100+1, withl-mlgraduations.

4. REAGENT5

4.1 Water,distilled.

5. PROCEDURE

4’
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5.1 Usingthesyringe,add0.10ml distilledwaterto the1OO-M1graduateo
cylinder.Transfer99.9ml of Gasoholto thegraduatedcylinderso thatthe
totalvolumeis 100.Oml. Replacewithglassstopperandshakethorouc$ly.

5.2 TransfertheGasoholsolutionto the 125-mltallformsamplebottle.

5.3 Closethetestbottletic$tlyby corkcarryingthetestthermometer(use
a thermometerappropriateto thetemperaturerequired).Adjustthepositionof
thecorkandthethermometerso thatthecorkfitsti@tlyj thethermometerand
thebottlearecoaxial,andthermometerbulbis locatedmidwayin theGasohol
mixture.

5.4 Followingthesamec~olingrateas prescribedunderparagra~s5.5
through5.7of D 2500fordeterminingCloudPointwiththeexceptionthateach
testtemperaturereadingshouldbe a multipleof 5° C (18°F),bringthe
temperaturedownto thatspecified.

5.5 At thetesttemperature,removethetestbottlefromthecoolingjacket
quickly,inspectfortheappearanceand‘he “clOudlayer”‘omationat ‘he
bottomof thebottle.

5.6 If theinspectionrevealsa distinct“cloudlayer”of approximately1 to
1.5mm in thickness,raisethetemperature1° C. If thecloudlayerdisappears

the sampleis acceptable.If thecloudlayerpersists!thesamPleis not .
acceptable. .

6. PRECAUTION~YSTATEMENTS

6.1 Seeparagraph9.1fromTestMethod1.

7. REPORT

7.1 Reportthetesttemperaturerecordedin5.6 as the “watertolerance
point”. ~is reportedtemperaturemustbe no greaterthanthatspecifiedfor
thewatermiscibilityclasstobe consideredacceptable.
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TESTFIZTHOD5

TESTlETHODFORDETERMINE-OXYGENATES
IN GASOHOLBY GASCEROM4TOGRAPHY

1. Scope

1.1 This method is fordeterminingtheamountof methanol,ethanol,isopropyl
alcohol,tert-butylalcohol,andtert-butyletherin hydrocarbonmixtures.

2, SUVIMARY0FMETH3D

2.1 A tw~columnchromatogra~icsystemconnectedto a thermalconductivity
detectoris used. A reproduciblevolumeof sampleis injectedintothecolumn
containinga polarliquidphasey Theli~t hydrocarbonsthrou@
methylcyclopentaneareventedto theatmosphereas theyelute. Thecolumnis
backflushedimmediatelyaftertheelutionof methylcyclopentane,andthe
componentsremainingin thecolumnaredirectedintothesecondcolumn
containingan activesolid. In thiscolumn,theoxygenateselutebeforethe
remaininghydrocarbons.Immediatelyaftertheoxgenatesof interesthave
eluted,the flowthrou@ theactivesolidcolumnis reversedto backflushthe
remaininghydrocarbonsfromthecolumn. ~antitativeresultsareobtainedfrom
measuredareasof therecordedoxygenatepeaksby utilizingfactorsobtained
fromtheanalysesof blendsof knownoxygenatecontent.

3. APPARATUS

3.1 Gaschromatogra@- A gaschromatogra~equippedwitha dualthermal
conductivitydetectorwithprovisionforinstallinga valvein thecolumnoven
or otherheatedzone. Provisionmustalsobe made,eitherwithinthe
chromatographyor externally,to operatethesecondcolumnat a higher
temperaturethanthefirstcolumnandthevalve.“

3.2 Valve- Eightportrotaryor equivalent.

3.3 Integrator- Electronicintegrationisrecommended.

3.4 Recorder- A l-mVrecorderwitha l-ret.fullscaleresponse.If
electronic”integrationis notused,a minimumchartwidthof2~ mm anda
minimumchartspeedof l-cm/minuteis required.

3.5 Columnl - A stainlesssteelcolumn2.4+ long,3.5-mmID (3/16”00)
packedwith80-100meshChromosorbP coatedto a 25 wt-percentlevelwith
tetracyanoethylatedpentaerythritol(TCEPE).

w

‘d’

3.6 Column2- A stainlesssteelcolumn4.6-mlong,3.5-m ID (3/16”00)
packedwith80-100meshPorapakP. “

●
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4. REAGENTSANDMATERIALS

4.1 Carriergas- Chromatogra@icgradehelium (hydrogen shouldbe tried
beforethemethodis finalized).

4.2 Purecompoundsforcalibration- shallincludemethanol,
isopropylalcohol,tert-butylalcohol,methyltert-butylether,
methylcyclopentaneandtoluene.Thepurityof allthereagents
percentor greater.

ethanol,

shall be 99

5. PREPARATIONOF APFRARATUS

5.1 Installthevalveand thecolumnsas shownin figure1.

5.2 Column2 is placedin a separateheatedzone. Anynecessaryconnecting
linesshouldbe of minimumdiameterandlengthandshouldbeheaded.

5.3 Therestrictorshown is optional and is used to reduce baseline
disruption when the position of the valve is changed. It consists ofa short
length of 0.25-mm ID stainless steel capillary tubing and approximates the
restriction of column 2.

5.4 Establish the instrument parameters shown in table 1,

TABLEI. Operatingconditions.

Carriergas helium

Carriergas flowrate 60 ni_/minute

Detectortype thermalconductivity

Detectortemperature 200 c

Injectionporttemperature 170 c

Column1 temperature 115C isothermal

Valvetemperature 115c

Column2 temperature’ 170C isothermal
,

Samplesiz& ‘ ~ 2.5U1 (reproducible)I
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?

6. CALIBRATION

6.1 Prepare,by precisewei~ing,a calibrationblendof oxvaenatesin -
tolueneat levelsapproximatingthosein thesamplesto be ana~~zed.Thisblend
shouldalsocontain10 percent methylcyclopentane.Usirtgdensities,convertthe
calculatedweight-percentto liquidvolume-percent.

6.2 Chromatogra@thisblendwiththevalvein theinjectpositionwiththe
detectoron polarity 11611. Determinethetimein secondsat which
methylcyclopentanehascompletelyeluted. CallthistimeT1.

6.3 Chromatographytheblendwiththedetectoron polarity“A”. At timeT1
switchthevalveto theanalyseposition.Whenthelastoxygenate
haseluted,switchthevalveto theinjectposition.Call this time
figure2.

finterest
T2. See

6.3.1 Referringto figure2, acetoneelutesat theisopropylalcoholsite,
n-propylalcoholelutesbetweentert-butyl alcohol and methyl tert-butyl ether.
Sec-butylalcoholandn-butylalcoholeluteseparatelyaftermethyltert-butyl
ether,buthydrocarbonsbeginto elute in this region andmay prevent
quantitation.

6.4 Measuretheareasof theoxygenates.Calculatetheresponsefactor “
(volume-percentper unitof area)foreachof thelsecomponentsfromthe
following formula:

F=L
7i

Where:

A=

F=

L=

peakareaof the component

response factorof thecomponent

concentrationof thecomponent,liquidvolume-percent

6.5 Calculatetheresponsefactorto at leastthreesignificantfigures.

6.6 Theblendpreparedin6.1 abovecontainsveryvolatilecomponentsandmay
notbe stableforan extehdedperiod. Becauseof this,an alternative
calibrationproceduremay be used.

6.6.1 Prepare and analyze the blend as described in
responsefactors(F)to determinethe responseof each
tert-butylalcoholas follows:

6.1to6.5. Usethe
oxygenaterelativeto

F
R .J
c T
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Where:

F = responsefactorforan oxygenate
c

R = relativeresponseof thatcomDonent

Tc=relativeresponseof tert-butylalcohol

6.6.2 Preparea blend(Blend2) containingtert-butylalcohol in toluene as
describedin 6.1. Usethisblendas thedailycalibrationblend,determini~
responsefactorsfortheotheroxygenatesas follows:

F =FR
d tc

Where:

F = dailyresponsefactorforeachoxygenate
d

F= responsefactorfortert-butylalcoholfromBlend 2,
t calculated as describedin 6.4

R = relativeresponseof theindividualoxygenate,previously
c determinedin 6.6,1

6.6.3 Redetermine relativeresponsefactorsmonthlyor afteranyapparatus
changeby preparinga newblendas describedin 6.1

7. Procedure

7.1 Chromatogra@thesamplesusingthete~niquedescribedfortheblendin
6.3. llhevolumeof sampleinjectedmustbe exactlythesameas thevolumeof
blendinjected.

7.2 Measuretheareasof theoxygenates.Unitesmustbe consistentwith6.4
above.

8. CALCULATION

8.1 Calculatetheliquidvolunwpercent(LV-percent) of each exygenate
presentin thesampleusingthe followingequation:

Co~onent$LV-Percent - FC

Where:

c = peak area for that component

F = response factor, previously defined (Fd if the alternative
calibration is used)

●
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Reporttheconcentrationof theindividualoxygenateson an absolute
to the nearest0.1percent.

PRECAUTIONS

This
equipment.
appropriate
limitations

standard may involve theuseof hazardous materials,operationsand
It is theresponsibilityof whoeverusedthisstandardto establish
safety practices and to determinetheapplicablitityof regulatory
prior-touse. ..

.

“%+
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