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I. INTRODUCTION

We are proposing that.the Air Resources Board (ARB or Beard) amend its
designation of the test method for determining the oxygen content of
gascline. The ARB’‘s regulaticns now. .designate American Society. of Testing
and Materials (ASTM) test method D 4815-33. We are proposing that the
designation be amended to identify ASTM test method D 4815-94, an updated
version which providss more precise results.

The updated method would be used in determining whether motor vehicle
gasoline complies with the ARB‘s requirements regarding minimum and maximum
oxygen content. These limits currently apply during winter months only;
starting in March 1996 there will be year-round requirements. The updated
method would also be used for determining the ethanol content of gasoline
under the ARB‘s *egulatlcn limiting the Reid vapor pressure (RVP) cf
gasoline. .

In an October 6, 19%4 letter, the Western States Petroleum Assocization
(WSPA) petitioned the ARB to amend its regulations to update the method feor
measuring oxygen in gasoline by designating ASTM methed D 4815-94. WSPA
noted that the precision of the method had been improved with the addition
of tighter procedures for calibration. In a letter dated November 15, 1994,
the ARB's Executive COfficer granted the petition. He indicated that the
reguested rulemaking would ke scheduled in time for the updated test methed
to apply when the 1985-13%5%5 wintertime oxygenate season starts on
October 1, 1895. In the interim, ASTM methed D 4815-%4 was identified as an'
eqiivalent method for determining the oxygen content of gascline. Copiss of
these two letters are appended in Attachment A,

IT. BACKGROUND

The ASTM is a prominent not-for-profit organization that provides a
ferum for manufacturers and users of products, as well zs academicians and
gevernment representatives, to prepare standards based on a consensus
approach. Among the standards adopted by the ASTM are test methods. The
ARB often identifies ASTM test methods as the means to determine compliance



with its standards for motor vehicle fuels. The last twe digits of an ASTHM
test method represent the year of adoption or last revision.

In late 1991, the Board adopted a requlaticn establishing minimum and
maximum oxygen content requirements for gasoline sold in the wintertime from
November 1992 through February 1996. Around the same time, the Board also
adopted the Phase 2 reformulated gasoline (Phase 2 RFG) regulaticns, which
establish a set of specifications for eight properties of California
gasoline starting in March, 1996. These include year-round minimum and
maximum oxygen content limits. In both programs, the regulations originally
identified ASTM Method D 4815<8% as the method for determining compliance
with the oxygen content requirements. At the time, this was the most recent
version of the ASTM's method for determining oxygenates in gasoline by gas
chromatography.

Blthough ASTM Method 2 4815-89 was the best one available when the
regulations were adopted, both ARB staff and industry recognized that it had
several shortcomings. The test ‘methed did not provide results in the same
units as the requlations and, therefere, required a supplementary conversion
table. In addition, it did not test for all of the common oxygenates that
could potentially appear in gasolines. Finally, the precision of the test
method was poor. In adopting the regulations, the Board accordingly
directed staff to work with industry to identify improved test procedures.

In cooperation with WSPA and the ARB, the ASTM Subcommittee on
Hydrocarbon Analysis revised the method and subjected it to interlaboratory
testing. The revised version, designated as ASTM D 4815-93, improved the
scope of the method to include additicnal cxygenates and broader
concentration ranges. Additionally, the 1993 version specified gravimetric
calibration techniques which allow the weight percent of oxygen to be
measured directly. Following a September 1993 hearing, the Board amended
its regulations to designate the revised method D 4815-53, "Standard Test
Method for Determination of MTBE, ETBE, TAME, DIPE, tertiary-Amyl Alcohol
and C, to €, Alcohels in Gaseoline by Gas Chromatography.” The ASTM has now
reviséd the method again, as ASTM D 4815-54.

ITI. RECOMMENDATICHN

We recommend that the Board amend Sections 2258(c) and 2263(b) of Title
13, California Coda of Regulations. The amendments would update the method
designated for determining the oxygen content of gasoline from ASTM D
4815-93 to ASTM D 4815-94. Section 2258(c) applies to the ARB's currently
applicable requirements regarding the oxygen content of gasoline in the
wintertime. Section 2263(b) is part of the ARB‘'s Phase 2 RFG regulations,
which apply starting in March 1996.

We recommend that the Board also amend its currently applicable
regulation on the RVP of gasoline, section 2251.5 of Title 13, California
Code of Regulations. The proposed amendment, to Section 2251.5(c)(2), would
update the method used in determining the ethanol content of gasoline from
ASTM D 4815-93 to ASTM D 4815-94 and would eliminate the assumed



density of gasoline used in converting results from weight percent to volume
percent. The density of gasoline will be measured using the method
referenced in ASTM D 4815-94. The regulation identifies a method for
determining ethancl content because under sonme circumstances, blends of
gasoline having a specified minimum ethanol content, determined in volume
percent, are subject to a less stringent RVP standard.

The tekt of the proposed amendments ig set forth in Attachment B. A
copy of ASTM D 4815-384 is asppendad as Attachment C.

IV. RATIONALE FOR PROPOSEIﬁ ACTION AND ALTERNATIVES
A. Comparison of Current and Proposed Test Methods

Both test methods, D 4815-93 and D 4815~%4, use identical or nearly
identiczl instrumentation, materials, cpersting parameters and procedures.
However, test methed D 4815-%4 contains an improved calibration procedure
which improves the precisicn of the téest method. '

The calibration procedure in the test method is significant because it

' defines how the concentration of an oxygenate relates tc the response of an
instrument. In ASTM D 4815~93, the instrument response is determined from
the measurement of respons2 of a single sample of a known oxygenate
concentration., In ASTM D 4815<94, the relationship is determined by
measuring the response at five known oxygenate concentration levels, which
is more accurate and less prone to variability. BASTM D 4815-94 is zlso more
explicit in its description of the preparation of calibration standards,
providing greater detail on reagent purification, sample transfer, weighing,
and storage. '

One measure of pracision particularly applicable to interlaboratory
" comparisons is reproducibility. The ASTM uses the following language to
characterize its measurement of reproducibility:

The difference betwesn twe single and independent results
obtained by different operators working in different
laboratories on identical test materizl would, in the long
run excesed the follcowing wvalues [in the reproducibility
table] in one case in twenty.

Table 1 compares the reproducibilities of ASTM D 4815-94 to D 4815-53 for
the two meost widely used oxygenates in Californiz gasoline. BAs Table 1
indicates, ASTM D 4815-%4 has a substantially lower reproducibility lewvel
than ASTM D 4815-94, resuliing in less uncertainty in the measurement of
these oxygenates when using the proposed methed.



Table 1

Reproducibility of ASTM D-481% at Allowable Oxygenate Levels

MTEBE Ethanol
massy )
oxvagen =94 -93 -94. -93
1.80 0.10 0.38 0.20 0.46
2.00 0.11 0.42 .22 0.48
2.20 " 0.12 0.48 0.23 0.52

B. Alternative Methods

1. Gas Chromatogravh/Fourier Transform Infra Red (GC/FTIR)

The ARB's regulations on the oxygen content of gasoline -allow an
alternative test method to be used if the Executive Officer determines that
the alternative method produces results equxvalent tc those obtained with
the designated method.

In the fall of 1993, the Executive Officer’s designeé determined that
a Gas Chromatograph/Fourier Transform Infra Red {CGC/FTIR} method was
equivalent to ASTM 4815-93 for determining the oxygen content of gasoline.
This determination was based on a request from Mcbil Research and
Development Company which developed the test method. The method is very
selective for oxygenates because it utilizes infra-red absorbances for
quantification, reducing the possibilities for interferences and ensuring
that the scope of the method can readily be expanded to test for oxygenates
not currently included.

The GC/FTIR method hae been revised by Mobil to include a determination
of benzene and total aromatics. The revised method has undergone
ASTM-sponsored round robin testing with ARB participation; however, its
reproducibility values arsz not yet available.

The GC/FTIR equivalency determination is based on a comparison to the
currently designated test method. 1f the Board updates the designaticn of
ASTM D 4815-93 to ASTM D 4815-%4, the Executive Officer may be requested to
determine if Mobil's GC/rT?R method yields results equVclent to results
using the updated ASTM method.

2. Gas_Chromatoaraph/Oxvaen Flame Ionization Detector (GC/OFID)

The U.S. Environmentzl Protection Agency (U.S. EPA) administers
regulations requiring that gasoline sold in various areas with poor air
quality meet standards for “"federal" reformulated gasoline. These
regulations have applied in most of Southern California since December 1994.



One regquirement is that the gasoline must meet year-round minimum. oxygen
‘content standards. The federal regulaticns provide that oxygen and
oxygenate content is to be determined by a gas chromatographic procedure
using an oxygen-selective flame ionization detector (GC/OFID). Until
January 1, 1997, refiners and importers are allowed to use ASTM D 4815-53 as
long as the results are correlated with U.S. EPA’s GC/OFID method. {40
C.F.R. sec. 80.45(g).) The federal regulations allow producers and
importers of California gascline to use z test method specified in the ARB’s
Phase 2 RFG regulations in lieu of the otherwise applicable federal method.
(40 C.F.R. sec. 80.81(h).)

The GC/OFID method, like the GC/FTIR method, is highly selective for
oxygenates and therefore is less prone to interferences. In addition, the
OFID method can be zpplied to a larger list of oxygenates than

ASTM D 4815-24. However, linterlaboratory testing of the method has shown
the OFID method to have posr reproducibility compared to ASTM D 4815-94 and
OFID instruments are reported to have greater than normal down time.

In a letter dated April 11, 1995, a representative of Wasson~ECE
Instrumentaticon~-a major vendor of OFID instruments--stated that regent ASTM
round-robin data showed the CFID method to be at least as reproducible as '
ASTM D 4815-34. she alsc indicated that the problems leading to OFID
instrument failure have been solved. Staff responded in a letter dated
April 24, 1395, explaining that even with the improved reproducibility
values for the 1995 draft version of the OFID method, the reproducibility of
ASTM D 4815-%4 is still significantly better for determining MTBE and
ethanol content at the two mass percent oxygen level. Copies of the two
letters are appended in Attachment D. The staff will continue to monitor
the development of the OFID method. When issues of precision and
reliability are resolved, staff is prepared to allow usa of the OFID method
as an equivalent method and, if appropriate, recommend its adoption in a
future rulemaking. ' '

IV. AIR QUALITY, ENVIRONMENTAL AKND ECONCMIC IMPACTS
A. Air Quality and Environmental Impacts

The proposed change

i re will not result in air qualitcy
impacts because the underl
r"

is for gascline oxvgen content will
entified any significant adverse
l impacts that would result from the proposal.

remain the same. The stz!
non-air cuulltv environmer

ﬁ th "\: :

B. Econcmic Impacts

This section evaluates the potential economic impact of the proposed
change in test method on business enterprises in Czliférnia. A recent
amendment to Section 11348.33 of the Government Code requires that, in
proposing to adopt or amend any administrative regulaticn, state agencies
shall assess not only the potential for adverse econcmic impact cn
Califernia business enterprises and individuals, but also the ability of




California businesses to compete with businesses in other states. Also a
new sectjion to the Government Code (Section 11346.54) requires state
agencies to assess the potential impact of their regulations on California
jebs and business expansion, elimination, or creation.

The proposed change in test method would have minimal impact, if any,
on California business enterprises, Because the instrumentation, materizls,
and operating parametets of the updated method are unchanged from ASTM D
4815-93, the updated method is unlikely to impose any additonal costs on
businesses. The updated method may reguire additicnal time for calibration;
however, such calibration practices have already been adopted by many
laboratories as part of Good Laboratory Practices. We also expect no
significant ¢hange in employment, business creation, elimination, or
expansion; and business ccompetitivensss due to the change of test method
because the updated method would impose no additional costs on business
enterprises in California.
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ATTACHMENT R

October 6, 1994 Letter from Gina Srey of WSPA to James D. Boyd
{(without attachments)

November 15, 1994 Letter from James D. Boyd to Gina Grey



October 6, 1984
Gina Grey

Managirg Coerdinator

Mr. James D. Boyd

Executive Officer

California Air Resources Beoard
1102 Q Street

P.O. Box 2815

Sacramento, CA 95812

RE: Petition For Acceptance of Revised Test Method for Oxygenates in
Phase Il Gasoline '

/ -
o
Dear bﬂr/soﬁyd:

This letter is being sent to request that ARB amend the California Code of Regulations

- in order to clarify the methed required for measuring oxygen in gasoline, California
reguiations currently specify that ASTM Method D-4815-93, Standard Test Method for
Determination of MTBE, ETBE, TAME, DIPE, tertiary-Amyl Alcohel ang C1 to C4 Alcohols
in Gasoline by Gas Chrematography, be used for determining compliance with the oxygen
content limitations. ASTM D02 Subcommittee 4 on Hydrocarbon Analysis has conducted
a round robin program to improve the precision of ASTM D-4815 with the addition of
tighter procedures for czalibration. This revision of D-4815 has been approved by ASTM
and has now been published as ASTM D-4815-84.

Since method D4815-94 is somewhat improved over the 1893 version, we recommend
that ARB consider amending the regulations at this time to allow the use of the revised
method D4815-84 for oxygenates in gasoline testing. Copy both the 1894 and the 1993
versions of D4815 are attached.

If there arg any questicns cencerning this petition, please contact James M; McCann of
Texaco, Inc. (Chairman of ASTM D02.04 on Hydrocarbon Analysis) at 914-838-7351.

f

505 N. _Brand_BlVd.. Suite 1400 e Glendaje, California 91203 ® (818) 543-5352 » FAX (818) 545-0954

Very truly yours,

u-
s

K
rd
/

AAIm

Attachments

-

Privinc 0N Fecycued pamar
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SACRAMENTO. CA 85814.2815
November 15, 1994

Ms. Gina Grey

Managing Coordinator

Western States Petroleum Association
505 N. Brand Boulevard, Suite 1400
Glendale, CA 91203

Dear Ms. Gey:

Thank you for your letter of October 6, 1994, in which you request that the Air Resources
Board (ARB) amend the California Code of Regulations in order to update the test method
specified for measuring oxygen in gasoline. You note that the ARB's regulations currently
provide that ASTM Method D 4815-93 is to be used to determine compliance with the oxygen
content requirements. You ask that ASTM D 4815-94, which identifies tighter procedures for
calibration, be allowed to be used in gascline testing. ' '

My staff has reviewed your request and has confirmed that ASTM D 4815-94 contains
improvements over ASTM D 4815-93. Accordingly, I am granting your petition. As you know,
currently applicable ARB requirements regarding the oxygen content of gasoline apply only in the
winter months, from October through February, The procedural requirements for rulemakings are
such that it would not be practical to amend our regulations in time to affect the 1994-1995
wintertime oxygen content requirements. Thus, we plan to schedule the rulemaking according to
a timetable that will enable us to have the updated test method in place by the time the 1993-1596¢
season begins in October 1995. Under this schedule, the amendments will of course also be in
place by the time our Phase 2 reformulated gasoline requirements apply starting in March 1996,

As you are aware, Title 13, California Code of Regulations, sections 2258(c) and 2263(c)
authorize the Executive Officer to permit use of an alternative oxygen content test method in
addition to ASTM D 4815-93 upon a determination that the alternative test method produces
results equivalent to the resuits with ASTM D 4815-93. Pending completion of our rulemaking,
we plan to designate ASTM D 4815-94 as an equivalent method for determining the oxygen
content of gasoline. Our equivalency determination will be the subject of a separate letter.

If you have any questions on this matter, please contact Jim Shikiya at {818) 373-6815.

Sincerely,

cc: W. Loscutoff )
J. Shikiya )

Q Prntag on recyched paper



ATTACHMENT B

Proposed Regulation Order

Proposed Amendments to Title 13, California Code cof Regulaticns,
Sections 2258(c), 2251.5(c), and 2263(b)



PROPOSED REGULATION QRDER

Amend Section 2258(c), Title 13, Czlifornia Code of Regulations, to read as

follows:
Section 2258.  Oxygen Content of Gasoline in the Wintertime
[no amendments to secticn (a) or (b)]

{c) Sampling Procedures and Test Methods
. Compliance with the oxygen content standards in this regulation shall

be determined by use of an applicéble sampling méthodology set forth in
Title 13, Califernla Code of Regulations, sectioh_2296, and‘use of American
Society for Testing and Materials Test Method ASTM D 48%5-53 4815-94, which
is iﬁcorporatéd'herein'by reference. Another_ﬁest method may be used. '
following a determination by the executive cfficer that the other method
rroduces results equivaient ﬁo the results obtained.with ASTM D 483%5-93

4815-94",

[No amendments to cections (d) through (£f}]

NOTE: Authority cited: Health and Safety Code Sections 39600, 39601,
43013, 43Q18, and 43101; and Western Oil and Gas Ass’n. v. Orange County
ARir Pollution Control District, 14 Cal. 3d 411, 121 Cal. Rptr. 249 (1975).
Reference: Health and Safety Code Sections 390080, 39001, 35002, 3%003;
39500, 39515, 39516, 41511, 43000, 43016, 43018, and 431C1; and Western Oil

and Gas Ass’'n. v. Qrange Countv Air Polluticn Control District, 14 Cal. 3d
411, 121 Csl. Rptr. 249 (187%8).




Amend Section 2251.5{(¢), Title 13, California Code of Regulations, to read

as follows:

Section 2251.5. Reld Vapor Pressure of Gasoline Sold After
January 1, 1992, and Before March 1, 1996.

(No amendments te section (a) or (b))

(c) Sampling and Test Methods.

(1) Compliance with the standards set forth in sectien (a){l) and ({2)
shall be determined by use of an applicable sampling methodoldgy set forth
in 13 CCR secticn 2296, and by use of either (A) the American Society for
Testing and Materials Test Method ASTM D 328-58 (which is incorporated by

reference herein), deleting paragraph 4(b) concerning sampling cr (B) the
test method set forth in Section 2297, '

{2} For purposes of section (a}(3), the ethanol conkent of gascline
shall ke determined by: (A) Yse yse of American Society of Testing and
Materials Test Method D 4825-93+ 4815-94 (which is incorporated by
reference herein) to determine the mass percent of ethanol in the gasoline,
and {B) conversion of the concentration of ethanol from percent by mass to

rercent by volume according to Egquatien 5 Secticon 14.3 of ASTM D 48315-93

4815-94 using a fuel denaity of 9:F42 gram per miiiiliter, The vcolume of
ethanol shall include the volume of any denaturant approved for that
purpcse by the United States Bureau of Alcohol, Tobacco and Firearms,
provided those denaturaﬁts do not exceed 5 percent of the volume of alcohol

(including denaturants).

[No amendments to sections {d) through (£)}

NOTE: Buthority cited: Health and Safety Code Secticons 39600, 35601,
43013, 43018, 43101, and 43830; and Western 0il and Gas Ass'n. v. Oranae
Countvy Air Pollution Control District, 14 Cal.3d 411, 121 Cal.Rptr. 249
(1975). Reference: Health and Safety Code Sections 39000, 39001, 3%002,
39003, 39800, 39515, 39516, 39606, 41511, 43000, 43016, 43018, 43101, and
43830; and Western 0il and Gas Ass'n. v. Oranae Countv Alr Pollution
Control District, 14 Cal.3d 411, 121 Cal.Rptr. 249 (1975).




Amend section 2263(b}, Title 13, California Code of Regulations, to

read'aé follows:

Subarticle 2. Standards for Gasoline Sold Beginning March 1, 1996

Section 2263. Sampling Procedures and Test Methods

* * * %

[Nc amendments to secticn (a)]

(b} Test Methods.

{1} In determining compliance with the standards set forth in this

subarticle 2, the test methods presented in Table i1 shall be used. all

identified test methods ars lncorporated herein by reference.

Secticn

2262.1.

2262.2.

2282.3.

2262.4.

2262.5

2262.6.

2262.7.

a/ Delete paragraph 4(b) concerning sampling.

Table 1
Gasoline Specification

Reid Vapor Pressure

Sulfur Centent

Benzene Content

Clefin Content

Aromatic Hydrocarbon Content

' Test Method

ASTM D 323-58 a/ or
13 C.C.R. Secticn 2297

ASTM D 2622-87

ASTM 3608-87
or ARB MLD 116 b/

ASTM D 1319-89
ASTM D 4815-53 4815-%4
ASTM D 86-S%0

ARB MLD 115 b/

b/ Air Resources Board, Monitoring and Laboratory Division, "Procedure for

the Rnalysis of Benzens

and Other Arcmatic Components of Gasoline,®

dated November 1$91. This method is to be used instead of ASTM 3606-87
to determine benzene content if ethanel is present.

NOTE: Authority cited: H

alth and Safety Code Sections 39600, 3%601,

nea
43013, 43018 and 43101; and ¥Wesiern 0il and Gas 2Ass‘n. v. Orange County Air

-3



Pollution Control District, 14 cal.3d 411, 121 Cal.Rptr. 249 (1975).

" Reference: Health and Safety Code Sections 39000, 39001, 39002, 39003,
39010, 39500, 39515, 39516, 39606, 41511, 43000, 43016, 43018, and 43101;
and Western Qil and Gas Ass‘n. v. Qrange County Air Pollution Control
District, 14 cal.3d 411, 121 Cal.Rptr. 249 (1975). :




ATTACHMENT C

‘American Society. of Testing and Materials Method D 4815-94

Standard Test Method for Determinztion of MTBE, ETBE, TAME, DIPE, tertiary-

Amyl Alcohol and C, to C4 Alcohols in Gasoline by Gas Chromatography



qﬂ-ﬁq’ Designation: D 4815 - 94

Standard Test Method for

AMERICAN SOCIETY 7OA TESTING ANQ MATERIALS
1916 Race £ Pruasdaiorg, Py 19107 N
Aepnnted from the Annuat Scok of ASTM Staincares. Ceoyrgrt ASTM
13 not lated 10 T SLATEY COMLCINEs NAeX, wil 30oear i e rext edtcn,

Determination of MTBE, ETBE, TAME, DIPE, tert:ary—Amyl
Alcohol and C, to C, Alcohoels in Gascline by Gas

Chromatography? .

This standard is issued under the fixed designarian D 481 5: the number immediately foilowing the designation indicates the yu:r of
ongnal 3dopuaon or. 1n the case of revision, the year of last sevision. A sumber 1n parentheses indicatss the year of last raapproval. A
superscnipt epnion {¢) indicates an sditonai change since the last reviuon or reapproval,

1. Scope

1. This test method is des:gned for the determination of
ethers and alcohols in gasolines by gas chromategraphy.
Specific compounds determined are: methyl terr-butylether
(MTBE), ¢thyl ten-buryiether (ETBE), ter-amylmethylether
{(TAME)}, diisopropyiether (DIPE), methanol, e¢thanol,
isapropancl, n-propancl, isobutaneol, tert-butanol, - sec-
butanol, n-butanol, and tert-pentanot (zerz-amylalcohol).

1.2 Individual ethers are determined from 0.1 to 20.0
mass percent. individual alcchols are determined from 0.1 to
12.0 mass percent. Equations used to convert to mass
percsnt oxygen and to volume % of individual compounds
are provided. _

1.3 Alcohoi-based fuels such as M-85 and E-85, MTBE
produet, ethano!l product and denatured aleohol are specifi-
cally excluded from this method. The methanol content of
M-85 fuel is considersd bcyond the operating range of the
system.

1.4 Benzene, while dcf.cctcd., cannot B¢ quantified using
this test method and must be analyzed by alternate method-
ology (Test Method D 3606 or D 4420).

1.5 §I {(metnc) units are preferred and used throughout
this standard. Alternate units, in commeon usage, are also
provided to increase clarity and aid the users of this test
method.

1.6 This standard does not purport 10 address all of the
safety concerns, if any, associated with irs use. It is the
responsibility of the user of this standard 10 establish appro-
priale safery and health practices and determine the applica-
biliry of regulatory limitations prior (o use.

2. Referenced Documents

2.1 ASTM Standards:

D 1298 Test Method for Density, Relative Density (Spe-
ctiie-Gravity), or AP Gravity of Crude Pemoleum and
Liquid Petroleura Preducts by Hydrometzr Method?

D 1744 Test Methed for Water in Liquid Petroleum
Products by Karl Fischer Reagent?

D 3606 Test Method for Benzene and Toluene in Finished
Motor and Aviation Gasoline by Gas Chromatography?

' This wst method is under the jurindiction of ASTM Commitize D-2 oca
Petrcbeun Producs and Lubnicants and is the direct respocmbility of Subcom-
munzee D004 on Hydromarbon Analysis

Current editon tpproved Feb. 15, 1994, Publizhed Apat 994, Orwully
published a3 D 4315 - 39. Lag prevecus edition D 4315 - 93,

2 Annua! Bock of ASTM Siandards, Yol 05.01.

3 Annual Book of ASTM Siancards, Yol 05.02

D 4052 Test Method for Deasity and Relative Dcnsuy of
Liquids by Digital Density Meter?

D 4057 Practice for Manual Sampling of P'-Lrolcum and
Petroleum Products®

4307 Practce for Preparation of Liquid Bleads for Use
as Analytical Standards®

D 4420 Test Method for Aromatics in Finished Gasciine
by Gas Chromatography? :

3. Terminology

3.1 Descriptions of Terms Specific to This Standard:

311 low volume connector--a special union for con-
necting two lengths of tubing 1.6 mm inside diameter and
smaller. Sometimes this is referred to as zero dead volume
union.

31.2 MTBE--methyl tertiary-butylether.

3.1.3. ETBE—=¢thyl tertiar~-butylether.

“3.1.4 TAME—(ertiary-amyl methylether.

3.1.5 DIPE—diisopropylether.

3.1.5 tertiary-amy! alcohol—tertiary~pentanol. :

317 oxygenmate—any oxygen-containing organic c¢om-
pound which can be used as a fuel or fuel supplement, for
example, various aicohols and ethers.

3.1.8 spiit ratio—in capillary gas chromatography, the
ratio of the total flow of carrier gas to the sample inlet versus
the flow of the carrier gas to the capillary column, expressed
by )
split ado = (5 + C)/C (n

where:
S = flow rate at the splitter vent, and
C = flow raee at the column outler,

3.1.9 TCEP—!,Z,j—ms—-;—cyanmhcxypropauc—a gas
chroratographic liquid phase.

3.L10 WCOT—a type of capillary gas chromatographic
column prepared by coating the inside of the capiilary with a
thin film of stationary phase,

4. Summary of Test Method

4.1 An appropriate internal standard such as 2.
dimethoxyethane (ethylene glycol dimethyt ether) is added to
the sample which is them introduced into a gas
chromatograph equipped with two coiumns and 2 column
switching valve, The sample first passes onto a polar TCEP

" column which elutes lightzr hydrocarbons 1 vent and

retains the oxygenated and heavier hydrocarbens.

4.2 Afier methylcyclopentane, but befors DIPE and
MTBE elute from the polar column, the valve is switched 10
backflush the oxygenates onto a WCOT non-polar column.



The alcohols and ethers elute from the non-polar column in
boiling point order, before elution of any major hydrocarbon
constituents, '

4.3 After benzene and TAME elute from the non-polar
column, the column switching valve is switched back o its
onginal position to backflush the heavy hydrocarbons.

4.4 The eluted components are detected by a flame
ionization or thermal conducuvity detector. The detector
response, proporcticnal to the component concentration, is
recorded; the peak areas are measured: and the concesntra-

- tion of each component is calculated with reference to the
internal standard.

5. Significance and Use

5.1 Ethers, alcohols, and other oxygenates can be added to
gasoline to increase octane number and to reduce emissions.
Type and concentration of various oxygenates are specified
and regulated to ensure accesptable commercial gasoline
quality. Drivability, vapor pressure, phase separation, €x-
haust and evaporative emissions are some of the concerns
associated with oxygenated fuels.

5.2 This test method is appiicable to both quality control
in the preduction of gasoline and for the determination of
deliberate or extraneous oxygenate additions or contamina-
tion.

6. Apparstus

6.1 Chromatograph—While any gas chromatographic
system, which is capable of adequately resciving the indi-
vidual ethers and alcohols that are presented in Tabie I, can
be used for these analyses, a gas chromatographic instrument
which can be operated at the conditions given in Table 2,
and having a column switching and backflushing system
equivalent to Fig. | has been found acceptable. Carrier gas
flow controllers shall be capable of precise control where the
required flow rates are low (Table 2). Pressure control
devices and gages shall be capable of precise control for the
typical pressures required.

6.1.2 Detector—A thermal conductivity detector or flame

TABLE 1 Pertinent Constomts and Ratanten
Characteristics for TCER/WCOT Column Sst Conditicns
33 in Tabis 2
Retrm Agtorton R&amive
. Retanton Tire Mciscuiar Doraity at
Time, M. MTRE @  (CME = Yeicrt 18.58¢
1.00% 1.00% 15.58°C
Waiwr 2.50 0x3 0.43 184 1.000
Methancl 3.1% 0.6 0.43 329 0.75483
Ethancl 3.48 0.29 0.51 481 0.7923
Iscorcoana 3.a3 0.78 0.58 a1 0.7859
ar1-Butanc 4.15 0.22 0.81 74,1 0.732
n-Frooencl 4.58 0.90 Q.57 80.1 0.2C30
MTBE 5.04 1.00 0.74 852 07480
sac -Butanal 5.38 1.08 073 74,1 0.8114
DIPE 5.78 1.14 0.4% 102.2 0.7200
Isctutanc 5.00 .19 0.32 74.1 0.50238
ETBE 820 1.23 0.91 L1022 0.7452
‘lert-Pentanc 6.43 1.28 0.948 431 0.8170
t.2-Ormethoxyethane 6.80 1.3% 1.00 Q.1 0.8720
{OME} .
n-Bestancl 7.04 1.40 1.04 741 0.5137
Banzane - T 1.47 1.09 78.1 0.4330
TAME - 8.17 1.82 . 120 1022

Q.7753

i o4a15 — o

TABLE 2 Chromatographic Operation Conditions

Temperatres Flows. mi_frmin Carr Gas: Hesom
Coiumn Cven 80 tomecior 75 Samcie uze, ui 4 1.0-3.0
Inyector, " 200 Column 5 Spi ratic 181
Detector—TCD, *C 200 Auxsary J  Backfiush, mn 4.2-0.3

—FiD, *C 250 Maksup 18 Vaive retst bme 8-10 mn
Valve *C 60 Tot¥ Anstyss e 1820 mn

4 Sampie 3iz8 Must be acjuated 30 that slcchols N T ranga of 0.1 to 12.0
mass % and sthers in the rangs of 0,1 Lozo.ﬂmxuemmmmm,
uummn&wry:tmmwc'a.Amszuoi1.0ut.moo«mt:mmcaa
N Mos! cases.

ionization detector, can be used. The system shall have
sufficient sensitivity and stability to obtain a recorder deflec-
tion of at least 2 mm at a signal-to-noise ratio of at least § 10
I for 0.005 volume % concentration of an oxygenate.

6.1.3 Switching and Backflushing Valve—A valve, 10 be
located within the gas chromatographic column oven. ca-
pable of performing the functions described in Section ||
and illustrated in Fig. 1. The valve shail be of low volume
design and not contribute significantly to chromatographic
deteriorztion,.

6.1.3.1 Valco Model No. A 4CI0WP, 1.6 mm (V16 in.)
fittings. This particular valve was used in the majority of the
analyses used for the development of Section 15. .

6.1.3.2 Valco Mode! No. CI0W, 0.8 mm (V42 in.) fittings.
This valve is recommended for use with columns of 0.32 mm
inside diameter and smaller.

6.1.3.3 Some gas chromatographs are equippad with an
auxiliary oven which can be used 1o contain the valve and
polar column. In such a configuration, the nonpolar column
is located in the main oven and the temperature can be
adjusted for optimum oxygenates resolution.

6.1.4 An automatic valve switching device must be used
10 ensure repeatabie switching times. Such a device should be
synchronized with injection and data collection times,

6.1.5 Injection System—The chromatograph should be
equipped with a splitting-type inlet devics if capillary col-
umns or flame ionization detection are used. Split injection
is necessary to maintain the actual chromatographed sample
size within the limits of column and detector optimum
efficiency and linearity.

6.1.5.1 Some gas chromatographs are equipped with on-
column inpectors and autosamplers which can inject smail
samples suzes. Such injection systems can be used provided
that sampile size is within the limit of the column and
detectors optimum efficiency and linearity,

6.1.5.2 Microlitre syringes, automatic syringe injectors.
and liquid sampling vaives have been used successfully for
introdecing representative samples into the gas chromato-
graphic inket

6.2 Data Preseruation or Calculation, or Both;

6.2.1 Recorder—A recording potentiometer or equivalent
with a fuil-scale deflection of 5§ mV or less can be used (o
monitor detector signal. Full-scale response time should be |
§ or lexs with sufficient sensitivity and stability to mest the
requirements of 6.1.2.

6.2.2 Integraior or Computer—Means shall be provided
for determining the detector response. Peak heights or areas
can be measured by computer, electronic integration or
manual techniques

8.3 Cuwlumns, Two as Follows:
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6.3.1 Polar Colwmn—This column pedforms a
preseparation of the oxygenates from volatile hydrecarbons
in the same boiling point range. The oxygenatss and
r:mmnmg hydrecarbons are backflushed onto the non-polar
column in 6.3.2. Any column with equivaient or better
chromatographic efficiency and selectivity to that described
in 6.3.1.1 canbcum'f'hecoiumnshaﬂprformaxthcsamc
lemperature as required for the column in 6.3.2, except if
located in a separate auxiliary oven as in 6, 1.3.3.
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FiG. 2 Analyses of Oxygenatas In Gazoling Exampla
Chromatogram Showing Oxygonates

6.3.1.0 TCEP Micro-Packed Cofumn,* 560 mm (22 m)
by 1.6 mm (s in.) outside diameter by 0.38 mm (0.0!5 in. )
inside diameter stainless stee] tube packed with 0.14 to 0.15g
of 20 % (mass/mass) TCEP on 80/100 mesh Chromcscr::
P{AW). This column was used in the cocpcranve study to
provide the precision and bias data referred to in Section 15.

6.3.2 Non-Polar (Anaiytical) Column—Any column with’

.egquivalent or berter chromatographm efficiency and ssiec-

tvity to that described in 6.3.2.1 aad illustrated in Fig. 2 can
be used.

6.3.2.1 WCOT Methy! Silicone Column, 30 m (1181 in)
long by 0.53 mm (0.02! in.) inside diameter fused silica
WCOT column with a 2.6 pm film thickness of cross-linkad
methyl siloxane. This column was usad in the coopc'amc
study 1o provide the precision and bias data referred o i
Section 5. :

7. Reagents and Materials

7.1 Carrier Gas—Carrier gas appropriate to the type of
detector used. Helium has besn used succsssiuily. The
minimum purity -of the carrer gas uszd must be 99.95
mol %.

1.2 Standards for Calibration and ldentification—Stan-
dards of all components to be analyzed and the intemai
standard are required for establishing identificstion Dy rzten-
don ume as well as calibration for quanstative measure-
ments. Thesz matenals shall be of xnown purity aad free of
the cther components 10 te analyzed,

NoTE 1 Warsing—These materigly are /lammable and can =~
harmful or fatad if ingestad or inhaled,

1.3 Methylene Chloride—Usad for column preparaucn
Reagent grade free of non-volatile residue.

NoTz 3: Warzbg—Harm#ul if iahsled, High concentrauons s
Quse uncogaciousness or death,

8. Preparadon of Columa Packings

8.1 TCEP Column Packing:
8.1.1 Any satisfactory methed, usad in the practics of 'he
art that will preduce a column capable of retaining the € o

* Avulatie from Hewlett Pacrard Co.. Avondale, PA.
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C4 alcohols and MTBE, ETBE, DIPE and TAME from -

components of the same boiling point range in a gasoline
sample. The following procedurs has besn used successfully.

8.1.2 Completely dissolve 10 g of TCEP in 100 mL of
methylene chloride. Next add 40 g of 80/100 mesh
Chromosorb P(AW) to the TCEP solution. Quickly transfer
this mixture to a drying dish, in a fume hood, without
scraping any of the residual packing from the sides of the
container. Constantly, but gently, stir the packing until all of
the sofvent has evaporatad. This column packing can be used
immediately to prepare the TCEP column.,

9. Sampling

9.1 Every effort should be made to ensure that the sample
is representative of the fuel source from which it is taken.
Foliow the recommendations of Practice D 4057 or its
equivalent when obtaining samples from bulk storage or
pipelines,

9.2 Upon receipt in the laboratory, chill the sample in its
original container to 0 to 5°C (32 to 40'F) before any
subsampling is performed. :

9.3 If necessary, transfer the chilled sampie to a vapor
tight container and store at 0 to 5°C (32 t0 40°F) until nesded
for analysis.

10. Preparation of Micro-Packed TCEP Column
10.1 Wash a straight 560 mm length of 1.6 mm outside

diameter {0.38 mm inside diameter) stainless stez] tubing

with methanol and dry with compressed nitrogen.

10.2 Insert 6 to 12 strands of silversd wire, a small mesh
screen or stainless steel frit inside one end of the tube. Slowly
add 0.14 to 0.15 g of packing material to the column and
gently vibrate to settle the packing inside the column. When
strands of wire arc used 10 retain the packing material inside
the column, leave 6.0 mm (0.25 in.) of space at the top of the
colurmn. :

10.3 Cofumn Conditioning—Both the TCEP and WCOT
columns are to be briefly conditioned before usz. Connect
the columns to the valve (ses I1.1) in the chromatographic
oven. Adjust the carrier gas flows as in 11.3 and place the
valve in the RESET position. After savera] minutes, increase
the column oven temperature to 120°C and maintain thess
conditions for § to 10 min. Cool the columns below &60°C
before shutung off the carrier flow.

11. Preparation of Apparatcs and Establishment of Condi-
tions _

L.l Assembly—Connect the WCOT column to the valve
System using low volume connectors and narrow bore
tubing. It is important to minirnize the volume of the
chromatographic system that comes in contact with the
sample, otherwise peak broadening will occur,

F1.2 Adjust the operating conditions to those listed in
Table 2, but do not turn on the detector circuits, Check the
system for |eaks before procezding further.

11.2.1 If different polar and nonpolar columns are used,
or capillary columns of smaller [D are used, or both, it can
be necessary to use different opumum flows and tempera-
tures. . .

1.3 Flow Rate Adjustmen:: )

11.3.] Attach a flow measuring device to the column vent

J—

with the valve in 1he RESET position and adjust the pressure "
to the injection port 10 give 5.0 mL/min flow (14 psig). Soap .

- bubble flow meters are suitable.

11.3.2 Anach a flow measuring device to the split injectar
vent and adjust the flow from the split vent using the A flow
controller 1o give a flow of 70 mL/min. Racheck the column
vent flow set in 11.3.1 and adjust if necsssary. '

I1.3.3 Switch the vaive to the BACKFLUSH position and
adjust the variable restrictor to give the same column ven:
flow set in 11.3.1. This is necessary to minimize flow changes
when the valve is swirched,

11.3.4" Switch the valve 10 the inject position RESET and
adjust the B flow controller to give a flow of 3.0 10 3.2
mL/min at the detector exit, When required {or the partic-
ular instrumentation ysed, add makeup flow or TCD
switching flow to give a tota] of 21 mL/min at the detector
exit.

11.4 When a thermal conductivity detector is used. turn
on the filament current and allow the detector to equilibrate.
When a flame ionization detector is used, set the hydrogen
and air flows and ignite the flame,

11.5 Determine the Time 1o Backflush—The iime to
backflush will vary slightly for each column system and must
be determined experimentally as follows. The start time of
the integrator and valve timer must be synchronized with the
injection to accurately reproduce the backflush time. _

F1.5.1 Initially assume a valve BACKFLUSH time of 0.23
min. With the valve RESET, inject | 10 3 uL of a blend
containing at least 0.5 % or greater oxygenates (7.3), and
simultaneousty begin timing the analysis. At 0.23 min, rotate
the valve to the BACKFLUSH position and leave it thers
until the complete elution of TAME is realized. Record this
time as the RESET time, which is the time at which the valve
is returned o the RESET position. When all of the re-
maining hydrocarbons are backflushed the signal will retumn
to a stable baseline and the system is ready for another
analysis. The chromatogram should appear similar to the
one illustrated in Fig. 2.

11.5.1.1 Ensure that the BACKFLUSH timea is sufficient
t0 quantitatively transfer the higher concentrations of the
ethers, specifically MTBE, into the nonpelar column.

11.5.2 1t is necessary to optimize the valve BACKFLUSH
time by analyzing a standard blend containing oxygenates.
The correct BACKFLUSH time is determined experimen-
tally by using vaive switching times berwesn 0.20 and 0.15
min, When the valve is switched too soon, C5 and lighter
hydrocarbons are backflushed and are co-eluted in the C4
alcohol section of the chromatcgram. When the valve

" BACKFLUSH is switched too late, part or all of the ether

companent (MTBE, ETBE or TAME) is vented resuiting n

' an incorrect ether measurement,

11.5.2.1 DIPE may require a BACKFLUSH time slighuly
shorter than the other ethers. The System may require
reoptimization if the analysis of DIPE is required.

11.5.3 To facilitats sestting BACKFLUSH time, the
column vent in Figure | can be connected 1o a second
detector {TCD or FID) as described in Test Method D 4420 .
and used 10 set BACKFLUSH TIME based on the oxvgen-
ales standard containing the ethers of interest.
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12. Calibration and Standardization

12.1 Jdentification—Determine the retention time of each
component by injecting small amounts either scparatcly,- or
in known mixtures or by comparing the relative retention
times with thoss in Table 1.

12.1.1 In order to ensure minimum interferencs from.

hydrocarbons, it is sttongly recommended that a fuel deveid
of oxygenates be chromatographed to determine the level of
any hydrocarbon interference.

12.2 Preparation of Calibration Samples—Prepare multi-
cemponent calibration standards of the oxygenates and
conceniration ranges of interest by mass according to Test
Methed D 4307, For each oxygenate, prepars a minimum of
- five calibration standards spanning the range of the oxy-
genate in the samples. As an example, for full range
calibration, 0.1, 0.5, 2, 5, 10, 15, and 20 mass percent of each
oxygenaie may be used. Befors preparing the standards,
determine the purity of the oxygenate stocks and make
corrections for the impurities found. Whenever possible, use
stocks of at least 59.9 % purity. Correct the purity of the
components for water contant determined by Test Method
D 1744, To minimize evaporation of light components, chill
ali chemicals and gasoline used to prepare standards, Prepare
standards by transferring a fixed volume of oxygenates using
pipettes or ¢ye druppers (for volumes below one volume
percent) to 100 mL volumetric flasks or septumn capped vials
as follows. Cap and record the tare weight of the volumetric
* flask or vial t0 0.1 mg. Remove the cap and carefully add the

oxygenate 10 the flask or vial. Do not contaminate with -

sample the part within the flask or vial which contacts the
cap. Cap and record the net mass (W) 10 0.1 mg of the
oxygenate added. Repeat the additon and weighing procs-
dure for each oxygenate of intersst, Similarly, add § mL of
the internal standard {DME) and record its net mass ( #s) to
0.1 mg. Dilute each standard'to 100.0 mL with oxygenate-
fres gasoline or a mixture of hydrocartons such as iscoctane/
mixed xylenes (63.35 volume percant). Do not excesd 30
volume percent for all oxygenates, including the internal
standard added. Siore the capped calibrations standards
below 5°C (40°F) when not in use,

12.3 Standardization: .

12.3.1 Run the calibration standards and estabiizh the
calibration curve for ¢ach oxygenats, Plot the response ratio
(rspik

rop; = (AijAs) 2)
where:
Ai = area of oxygenate, and
As = arsa of interpal standard,
as the y-axis versus the amount rato (a:m,)

= (Wi} #s) (3

whers:

Wi = mass of oxygenate, and

Ws = mass of intarnai standard.

as the x-axus calibration curves for each oxygenate. Check the
correiation 7~ value for each oxygenate calibration. The ~
value should be at least 0.99 or better. P is calculawd as
follows:

2 a (Zxpy @

(ZTXZy) -

where:

o
=]

and:
X, = arn, ratio data point,
A = average values for all (amt,) data pomts,
Y; = corresponding rsp, ratio data point, and
¥ = average values for all {rsp;) data points. _

12.3.2 Table 3 gives an example on the calculation of ~
for an ideal data set X, and ¥

12.3.3 For each oxygenate | calibration daia set, ootam
the linear least-squares fit equation in the form:

(rsp;) = (m;Xamt,) + &; {7)

where: .
(rsp;) = response ratio for oxygenate / (y-axis),
m; = slope of linear equation for oxygenate i,
amt; = amount rato for oxygenate [ {x-axis), and
b, = y-axis intercept

17 .3:4 The vaiues m, and 5, are calculat:d as follows:

= Zry/Ixd (8)
and
bymp-mz )
12.3.5 For the example in Tabie 3: , '
m; = o = (.5 (1o
and o _
bymPemIm ]S —(0.53)=0 (1

Therefors, the feast-squares fit (Eq 7) {or the above cxampic
in Table 3 is:

(rsp;) = 0.5 amt; + 0 {

NoTE 5—Normally the 5, value is not zerp and may be zither
pesitive or negative. Figure 3 gives an example of a linear least-squares
fit for MTBE and the resulting equation in the form of Eq 7 atove.

12.3.6 For an optimum calibration, the absclute valve of
the y-intercept b; must be at a minimum. In this case, 4,
approaches zero when w; is [ess than 0.] mass percent. The
equation to detzymins the mass percent oxygenate [ or w,
reduces 1o Eq 13. The jintercept can be tested using Fq 13
below:

w, = (bjm X W)W 100 % (13)

whers:

, w; = mass % oxygenate /, where w; is <0.! mass %

W, = mass of internal standard added to the gasoline
samples g, and

TABLE 3 Exsmels Coicuiafion of Comolation Costficient

X Y, r=X,=f ymwY -¢ xy b r
1.0 0.5 ~20 -1.0 20 4.0 19
2.0 1.0 -1.0 ] 0.5 1.0 028
30 15 ag 0.0 g0 0.0 co
40 2.0 +1.0 0.5 oS 1.0 025
50 25 +2.0 1.0 0 4.0 14
I=30 7=15 ' (yP =250 Ix= 100 I,9-2%
Ty %0 -
R { - =10
(AT (100029
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W, = mass of gasoline samples, g. _

Notz 6—Since in practice W, and W, vary slightly from sample (o
sample, use average values

12.3.7 The following gives an example of the calculation
for the j-intercept (&) test using Fig. 3 for oxygenate |
(MTBE) for which b, = 0.015 and m, = 1.33. From 13.1, a
typical sample preparation may contain approximately W, =
0.4 g (0.5 mL) of internal standard and approximately W, =
7 g (9.5 mL) of a gasoline sample. Substituting these values
into Eq 13 yields:

w,; = (0.015/1.83X0.4 grams/7 grams) 100 %
= 005 mass ®

12.3.8 Sincs w; is less than 0.! mass percent, the
y-intercept &; has an acceptable value for MTBE. Similarly,
determine w; for all other oxygenates. For all oxygenates, w,
must be less than 0.1 mass percent. If any of the w; values are
greater than 0.1 mass percent, rerun the calibration proce-
dure for oxygzenate /i or check instrument parameters and
hardware or check for hydrocarbon interferences.

13. Procedure

13.1 Preparation of Sample—Transfer 0.5 mL of internal
standard (H#5) by a volumermic piperte into a2 tared and
capped 10 mL volumerric flask. Record weight to nearest 0.1
mg. Record the net mass of the intarnal standard added.
Retare the capped flask. Fill the 10 mL volumetric flask to

- volume with sample, cap and record the net mass (#3) to0
the nearest .1 mg of the sample added, Mix thoroughly and
inject into the gas chromatcgraph. If using an automatic
sampler then transfer an aliquot of the solution into a glass
gas chromatographic (GC) vial. Seal the GC vial with a
Teflon-lined septum. If the sample is not immediately
analyzed, storz below 5°C (40°F).

13.2 Chromatographic Analysis—Introducs a representa-

(14)

MTIBE

note: exampilo only

[T}

rap ratlo

rsp ratio =1.33(am ratie)-).013
r'2 = 1,640

= i SR v
amt ratio
FiIG. 3 A Least-3quares Fit Calibration for MTRE

tive aliquo_t af the sample, Eonraining internal standard, intb :
‘the gas chromatograph using the same technique and sampie

size as used for the calibration analysis. An injection volume
of 1.0 to 3.0 uL with a I5:1 split ratio has besn used
successfully. Start recording and integrating devices in syn-
chronization with sample introduction. Obtain a chromate-
gram or integrated peak report or both which dispiays the
retention times and integrated area of each detected compo-
nent.

13.3 Interpretation of Chromatogram—Caompare the re-
tention times of sample components 1o those of the calibra-
tion analysis to determine the identities of oxygenates
present.

14. Calculations and Reporting

14.1 Mass Concentration of Oxygenates—After identi-
fying the various oxygenates measure the area of cach
oxygenate peak and that of the internal standard. From the
least-squares fit calibrations, as depicted in the MTBRE
example in Fig. 3, calculate the mass of each oxygenate { W)
in the gasoline samples using the response ratio ( rsp;) of the
areas of the oxygenate 10 that of the internal standard as
follows:

r3p; = (m,Xami,) + b, )]
where:
m; = slope of the linear fit,

b; = p-intercept, and
ami; = amount ratio as defined by Eq 3,

or
ml"%'(”ﬁp"bﬂ/”’f (i5)
or . '
Wim I(rsp, = b)/m]Ws (16}
= {(difAs = b))/m)Ws (17
To obtain mass percent (w;) resuits for each oxygenate:
- 03 "

i Wl

where:
W, = weight of gasoline sample.

14.2 Report the mass percent of each axygenate 1o the
nearest 0.01 mass percent,

14.3 Voiumetnc Concemtration of Oxygenates—If the
volumetric concentration of each oxygenats is dasired. calcu-
late the volumetric concentration according to Eq 14:

sDp
i)
D.
where:
W, = mass percent of each oxygenate as determined using Ey
13,

V, = volume percent of each oxygenate to be determined.
D, = relative density at 15.56°C (60°F) of the individuai
Oxygenate as found in Table 2, and
Dy = refative density of the fuel under study as determined
by Test Methed D 1298 or D 4052,
-"14.4 Report the volume percent of each oxygenate (o the
nearest 0.01 volume percent.
14.5 Mass Percemt Oxygen—To determine the ox» gen

content of the fuel, convert and sum the oxygen contents

LY
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£ TABLE 4§ Pracision Interval as Datermined from Cocperative Study Data

Aepaatatility
Compoment  ggon  EIOM A BA  nPA  MTBE  sBA  OIPE BA  ETBE WA ngA  TAME 013;"‘;”
WL % ' : : :
0.20 gose Qo2 002 o0z 00t 002 GO 003 003 00t 0oz 002 002
0.50 5o o004 003 003 o062 003 002 Q05 005 003 003 024 003
1.00 0% o6 00« oo+ 003 005 003 00a 08 005 G4 006 005 002
200 514 00 006  Cos 00§ 007 005 01 012 009 008 003 008 0.05
3.00 817 o012 o7  o0Q7 006 003 0c6 035 @15 012 cos 01200 Q08
P 020 014 089 008 007 oM 607 017 €17 016 003 Q34 033 042

500 S 418  os os 008 Q2 go8 020 020 018 011 0318 035 01%
% oh i1 oee o ees 02 02 02 g1z 08 07

8.00 0.28
10.0C 0.35 Q.24 0.15 Q.15 on o 0.1 Q.12 0.29 0.29 0.23 0.16 0.24 Q.28
12.00 Q.39 0.27 0.16 Q.18 0.12 0.20 0.14 0.22 0.32 0.38 Q.18 0.27 029
14,00 0.22 0.35 Q.44 - g.32
16.03 Q.24 0.38 0.48 0.35
20.00 0.27 0.43 0.58 041
Aeproauctdity
Component . ' - Total
MECH ErOM PA t8A nPA MTBE sBA QIFE 1B8A ETBE AA nBA TAME Guygen
we s ‘ .
2.20 Q.14 0.0e 0.14 0.07 Q.04 004 015 .14 Q.14 an Q.08 Q.09 .14
0.50 Q.24 0.18 0.28 0.12 0.07 0.08 .28 0.28 0.28 .21 010 - Q1% 0 Q22
1.00 0.37 .23 0.42 818 2N c.12 Q.44 042 0.42 0.48 0.15 022 0.3 .08
2.00 Q.57 .34 0.67 - 0.30 0.18 - Q.19 070 . 0.67 0.87 ¢.51 0.22 0.3 Q.44 Q.22
.00 Q.72 0.43 0.80 .40 .2y | GZ5 Q.92 0.83 0.88 0.83 028 0.41 0.54 Q.28
400 .88 0.51 1.08 0.48 .24 0.30 1.1 1.08 1.08 1.03 .33 .49 083 . Q.82
5.00 09.93 0.58 1.23 Q.53 0.28 0.35 1.29 1.23 123 1.22 0.28 0.55 0.7G Q.70
5.00 1.10 Q.64 1.40 Q.83 .31 - 0.4 1.48 1.40 1.40 1.41 © Q.42 Q.81 0.77
10.00 1.5 0.88 1.97 Q.89 .41 0.58 2.08 197 1.97 2.07 Q.58 0.82 1.00
12.00Q 1.68 0.95 222 1.08 Q.45 0.83 2.3 2.2 2.22 2.22 .42 2.9 1.10
14.00 _ : : .70 . 245 288 . R RL
16.00 077 .59 258 1.28
26.00 : 0.89 : 313 s 1.43

‘determined by a statisiical examination of interiaboratory
test results is as follows:

15.1.1 Repeatability—The difference betwesn successive
results obtained by the same operator with the same appa-
(20)  ratus under constant operating conditions on identical test
materials would, in the long rum, in the normal and the
correct operation of the test method exceed the following

all oxygenated components determined above according o
the following equation:

oW X 16.0 x ¥,
H/hl‘-" MI

or ; . .
wy % 160 X N, wy x 160 X ¥, values in Table 4 only in one case in twenty.

e = v + v; I (2n Repeaubility Estimates for Oxygeaawes in Gasoline

- e Compocent Repestasijiry

where: , . Methanci (McCH) 0.09 (X%
w, = mass percent of cach oxygenate as determined using Erhanal { EXOH) .06 [ X041
Eq i3, lsopropanal (iPA) 0.04. [ KO-

W, = 1ol mass percent oxygen in the fuel, weni-Buuandl [1BA) 0.04 X724
A . n-Procanct (aPA) 0.003 (X%

M, = molecular mass of the oxygenate as given in Table 2, MTBE 0.05 (X030
16.0 = atomic mass of axygen, and sex- Butanal (3BA) 0.003 (X941
N, = number of oxygen atoms in'the oxygenate molecule. DIPE A g-g: :i::;
14.6 Report the total mass percent of oxygen in the fuel to Em“ 0 0.05 {X943)
the nearest (.01 mass peresnt. 1er-Pratancl {LAA) 0.0 (X94%)
n-8uuanol (RBA) 0,06 (X4

TAME 0.0 (X279

Tosad Qaypen 0.0Z (X! 8}

15. Precision and Bias®
15.1 Precision—The precision of this test method as

3 Supporung data avalable from ASTM Headquarters. Reques DG2-12%6.

where ¥ 13 the mean mass percent of the component.

15.1.2 Reproducibility—The difference berwesn w0
ungle and independent results obtained Dy differant opera-
tors woriung in different laboratories on idenucal matenal
woulkd. 1n the long run, excesd the following values in Table
4 gnly 1n one case in twenty. -



i D4s15 - - -
Reproducibility Esumates in Oxygeaates in Gasolines -15.2- Bias—The National Instimtcs of Sundards and -
) Reproducibility Technology (NIST) provides selected alconols in reference

Component . E .
. fuels., As ‘an example the following standard reference

Methanol (McOH) 0.37 (X041 . : AN ; °;

:th:nolo(JE(:OH) ) 0.23 Exo.ar) materials (SRM) in reierence fuels are available as described

lsopropanol (iPA) 0.42 (X%47) in the NIST Standard Reference Caralag.b.

ler-Butanal {1BA) 0.19 (X°47)

. PA 0.1 (X237 :

nMiPrrar)g:nol (nPA) 0.12 :xo.n) 16. KE)"WOFdS .

see-Butanct (sBA) 3:;:?::} . 16.1 alcohols; ethers; oxygenates: gasoline: gas chroma-

D ol (iBA) 0,41 (xo47 tograpty; MTBE (Methyl ten-butylether): ETBE (Ethyl

TBE " 0.36 X9 ter-butyiether); TAME (Tert-amylmethylether): DIPE

tert-Pentancl (tAA) 015 (X237} (Disopropylether)

n-Butanal (nBA) 0.12 {X93T) :

TAME T 031 (X0 '

Tatal Oxygen 0.09 (X137 _ ] )

) 4NIST Specal Publicauon 2580 NIST Sizndard Refsrence  Matenals
where X is the mean mass percent of the component. F990-1991.

The Amencan Scowety for Tasting 2 Matanass taxas no posgion redcaciing the validity of any pa'wrrg'fa": aszared in connechicn
WRR &y tam markoned @ the nancard, Usses of (08 3anaard ar3 exprosdly savisad that dacanmunstion of the valgay S any sueh
PAaX iGN, AnG the nsk of winngoment of 3LCA NGITI, X8 erirory Ihaw own rasooniity. 4

Tr..iasrwwa;uom::mmmmumyrmbyrrummmrocnnucmmoamdmmbnammﬁw yokr2 ang

" H DOt revIzod, ether HRCErTedd Of wthdrawn. Your COmments are wvited enher (or revenon of 1AM 318rcard or for aarional 3anoaras

I should b aCOressd [0 ASTM HOBCCUATES. YOUr Camumonts will rocsne Carsill consdorstion ot 4 meetng o I rEtoensta

MChUCY Commatos, wikeh you may Etond, I you fost [N youe commenta NIYe NCE racHVed & lan Pesnng yOU 3ncuNd MAXe your
YRPWE KnCwt [0 [ha ASTM Commaize on Sincrss, 1978 Race 81, Phisdoiciua, PA 19103 .
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April 11, 1995 Letter from Lynn Hunter of Wasson-ECE to Dr. Shiou~Mei Huang

April 24, 1%%% Letter from Paul Rieger to Lynn Hunter
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Zr. Shiou-Mei Huang
California Air Resources Ecard
2530 Telstar Avenue

21 Mcnte, -CRA 91731-29%0

Th. 818-3575-6873

TEX 818-575-6318

- ™ T

ezr Dr., Huang

Thank you for all the help which vou prov‘ded to me which allowed
me to attend the workshop which you hosted last Wednesday. I

cound the workshop to be very interesting and informative -and
specifically wanted to present some information which I hcpe vou
will find wvaluaple. If this information should not be addressed
Lo you, please forwa:d‘th;a document to. the proper party.

As I understoced it, the Board has chosen to use ASTM method D-
28135-94 pecause it is percsived as tThe most reproducizle and
reliable methoed. As I rememper 1t from my notes, I beliesve tThatl
you showed a reproducibility for the ASTM D-4815-%4 method of
eperoximately 2.5% and a reproducibility for the 0FID methoed

102, Please tell me where the reproducibility for the OFID came
Irsm? My guess was that the reproducibility was actually pulled
Ircm the CEFR rather than from exrerimental results, is this true?

I have contacted Ms. Cherlyn Bradley of Amcco in Naperville with
T272rds to 2roviding me with ASTM round-robin sxperimenzally
crocuced data shewing the reproducinility of tfhe J7ID o pe lsss
—hzn 2.3% in the concentration range of ZEteres: Zcr all
coemponents. I have enclosed a cooy of that deta for vour review.
- 2m sure that Ms. 2radlev, the chalir for the committee charcged
WwlZh evzluating and cresating the CFID method Ffor ASTM, would e
mzppy To provide you with the raw data and calculzticns which she
used to generate those numbers. Ms. Bradleyv may be rsachsed by
tocne at 708-420-5216 or by FRX at 708-420-5252.
205 Duff Grve B . . - : . -
- Fort Coling, Saorage 80524 T i - . -

i303] 221-9179
FAX {303) 221-9364



Your concern about the historic reliability of the OFID is
founded based on the performance of the OFID during the months of
December '94 and January ‘95. I would estimate that Wasson-ECE
has provided more than 95% of the OFID's purchased in the U.S.
thus far and that during those months, we saw failures of the
catalytic cracking reactor which may have been due to materials
problems.

All of those cracking reactor units wnich failed were replaced
under warranty. We began intensive research to eliminate the
materials problem. Design changes have been made, including
rector composition and dimensions. We began releasing the

redesigned reactors to our customer base in mid-January and have
not seen any failures of the new reactor design thus far. We are
confident that the reliability problem has been sSolved.

Another criterion that was mentioned for other analyses (nct
varticularly for oxygenates) was the stability of calibration.
Because of the use of the TCEP column in the D-4813 method, the
alibration and timing of that configuration is particularly
subject to change. This is because ¢f the high bleed rate of the
ICE? column. If you consult with scme of the WSPA members wno
_have both OFID and 4815 instruments, I think that you will find
thet the 4815 requires much more constant maintenance (with
regard to valve timing) and calibration than the OFID and is
subject to change more offen than the OFID.

-

3 oFh,0) (B
b o

R OFID method requires control charting for the OFID which
es users to recalibrate if the independent or routine

nce standards fall outside the conitrol parameters. M
in of Ashland troleum Research and Develovment
a 3% RSD control point on 10%
th ¢f these arzs more stringent
h she Has not needed to recall
cracking reactors. If ycu have
in, she may be reached by ohone at
-921-2580.
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Finally, the OFID method is more selective than the 4815 method.
High concentrations of olefinic compounds in gasolines have
caused interiferences with MTBE in the ASTM D-4815 method. I know
that severzl of the WSPA members have seen this interference and
that the capability of running & clean “blank” uSLng gasoline has
peen difficult, if not impossible, below the $0.5% level. By
comparison, the OFID methed azllows clean blanks to be run down to
a limit of about 0.005% :

1

{1

‘With regards to comnlnacion of methods, it is possible to install
ot the CTID cenfiguration and the ASTM D-5580 ceonfiguration in
Che same gas chromatograph. While these two methcds could be
~combined in the same GC, they could not run simultaneously.

I would request that you re-evaluate the OFID based on the
information and resources provided. I suggest that CAREB adopt
the OFID method for the following reasons: 1) it is more
reproducible and repeatable than the ASTM D-4815-94 methed 2) it
is more specific to oxygenates 3) it is easier to use than the
ASTM D-4815-94 method because it deoes not require valve timing
adjustments based on column degradation over time 4) the OFID
method is more stable than the D-4815-394 method.

Some of the information presented here was not available to me
until after I attended the meeting. I did not wantT To present
some of the information aur;ng the workshop beczuse I did not

isnh te turn vour workshep into a Wasson-ECE info-mercial. I£

SLlOHS or would like additional information or
1

L&
rescurceu, please call ne.

Aromatics in gascline

I zellsave That the beoard’s choice of ASTY method D-3580 is
correct and that 1t will provide 2 petter analysis than D-38086.
dowever, the methed 1s not as accurate as the GC/MS methoed
suggested by the USEPA because ¢f the limited numper of
COmMZCnents wnich are assaved ALsc, thers are crawbacks To the
analysis wnich I think that you shculd be aware 0of and for which
Jou may want To consider scoliciting solutions from the tfechnical
communivy.

One of tChe participants of the recent ASTM round-robin testing
for the D-3380 method found that toluene and 2-hexanone (the
internal tandard) are not baseline resolved. The user does not
wils ARSTM) .

s
n to be icdentified for political reascons (within the A I
included an excerpt frcom the user’s letter to USEPA for vour

E
Y
<
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“We participated in both ASTM D 5580 round robins for
benzene and aromatics and did well. ASTM did not
accept our D 3606 round robin results because they were
run using the modified method even though our results
were in good agreement with other D 3606 participants,
D 5580 and GC/MS results. The D 5580 separation
between toluene and the internal standard, 2 hexanone,
is not a baseline separation as seen in chromatogram II
{enclosed). Chromatograms I (modified D 3606) and IT
{D 5580) were plotted using the same scale for
comparison of resolution., All D 3580 round rcbin
samples centained at least 2 volume % of zoluene.
Gasolines from refineries with BTX extraction processes
typically contain less than 2 volume % toluene. This
may be a problem since it will be difficult to quantify
accurately the internal standerd in the presence of
diminutive amounts c¢f toluene. The difference in
retention time between ethanol and benzene by modified
D 3606 is 1.336 minutes. The difference between 2-
hexanone and toluene is only 0.5% minutes. This
difference is not as bad as it locks since D 3606 is a
packed column while D 5580 is megabore; and ethanol
tails while 2 hexanone does not.”

The chromatograms referred to are enclcsed for your review. As
with the D-4815-94 method, the D-5580 mecthod uses a TCEP micro-
packnd stripper column which may alsc degrade over time and may
possibly cause even more coelution of toluene and 2-hexanone. I
think that this should be considered, sven though the D-5580
method is mcre powerful than the D-3606 method with alternate
columns which have been accepted for use by the USEPA. I would
suggest that research be 1n+t¢ated fcr an alternate er1DDer
zolumn be used in placs ¢f “he TCIP coix which is used in the
-3580 method.

Also, please be aware (and make your constituents aware) tha
nexanone is a volatile neural agent which mav be adsdrbed th
Tog s<in or mucous membranes. This fact is not preminent in T
ASTM methodology, and anyone who is adding the compcnent as an
internal stancdard to samples is at risk. Also note that the
efizscts of 2-hexancne are cumulative and are not dissipated over
tine.

Bt

As 1t was suggested during the workshop, should the board decide
tc stay with the D-4815 method, both configurations for D-4813
and D-5580 could be incorpcrated into the same GC, ‘although they
could not be run simultaneocusly.
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Thank you agai

this opportunit

that there wilil

would like Lo submit

October 26, onc

Please keep me i

submitting T

like additiona

i LH/ab

enc. . _

cc: D. Sanders, HP
R, Cherney, HP
S. Balin, Ashland
C. Bradley, Amoco

ain for your help, for hosting the workshop, and for
Y To present data and information to you. I hepe
be a September 29 workshop. Barring that, I

alternate methcds at the Board Hearing on

e the logistics of that issue have been resolved.
informed of workshops and procedures for

alternate methods.

onal

If you have any guestions cor would

information, please call me at 303-221-917%.

Sincerely,

A

/ bynn Hunter
r

Preduct Manager Chromatography

&.
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" stalE oF caLrrorna : i _ : PETE WILSON, Governor -

. AIR RESOURCES BOARD
» HAMGEN-SMIT LABORATORY

9525 TELSTAR AVENUE

EL MONTE, CA §1731-2980

PHONE: {818) 575-5800

April 24, 1995

Lynn Hunter

Product Manager Chromatography
Wasson—-ZCE Instrumentation
1205 Duff Drive

Fort Collins, Colcrado 80524

Dear Ms. Hunter

~Thank you for attending our workshop on Fuels Test Methods
on April 5, 19%5 and for your subseguent letter to Dr. Shiou-Mel
" Huang dated April 11, 1995. In your letter, you expressed some
concerns about our proposed methods for the measurement of
oxygenates and arcmatics in Phase 2 gascline.

In this letter I would like to address your concerns
regarding cur proposed oxygenates test methods. We will address
your concerns regarding cur proposed method for aromatics at the

- next workshcp on fuels test metheds, currently scheduled for '
Septempber 19, 1995. For the sake of clarity, I will briefly
restate the comments/duestwons raised in your letter and then
provide a response.

Question Where did we obtain the data for the table of
repreducibilities presented at the workshop comparing the OFID
.method to ASTM D4815-%94 and why 1s the OFID reproducikility
different from reproducibilities cited in the table recently
obtained from the ASTM?

Resvonse The table presented at the workshop indicated
relative reproducikilities, that is, the actual reprcducibility
at a target concentration divided by the target concentration.
The OFID data we used were from the Draft -94 methed since the
data from the Draft -93 method were not available to us at the
time of the wcrkshon.

The --Droduc1b171uv data from the Draft -%¢3 CFID methced,
provided with vour letter, shows an imprevement in
renroduc1b1llu1es but does ncot change the conclusion that the
OFID method is not as reproducible as ASTM D4815-94 for MTBE and
ethanol. The relative reproducibility of the twc methcds at the

Q,

2 mass % oxygen level is as follows:

MTBE Ethangl
ASTM D 4815-94 5.5 % 10.7 %
CFID Draft -95 2.8 % 18.8 %



Comment The reliability problems of the OFID detector have
been resolved. :

Response We were alerted to the OFID detector problem.by
several oll company laboratories who are participants in the
WSPA/CARB Working Group on Test Methods. We are continuing our
participation with this Working Group and will continue to
monitor the development of the OFID method.

Comment Olefinic compounds may interfere with MTBE as
determined by ASTM D 4815,

Response ASTM D 4815 has been in use in our laboratery for
over six years. We have not observed any evidence of an clefin
interference for MTBE nor has anyone reported such a problem to
us. Phase 2 RFG specificaticns limit the olefin content to a
relatively low level and therefore the potential for clefinic
interference will be further reduced.. However, we would be very
interested in obtaining additional information you may have about
this interference.

Comment The OFID method'is more stable and easier to use
than ASTM D 4815-94,

Responge Our instrument configured for ASTM D 4815-94 has
been in operation on a mobile laboratory for well over six years.
During that time only simple maintenance was required regquiring
very little down time. As to ease of use, we have not found it
necessary to make the frequent valve timing adjustments suggested
in your letter.

We are very supportive of the development of selective
methods for the determination of regulated components in
gasoline. For that reason we evaluated and approved the GC/FTIR
method for the determination of oxygenates in gasoline as an
equivalent method and participated in the ASTM round robin
studies of the GC/FTIR method. We expect that when issues of
reliability and precision are resolved, the oil industry will
petition the ARB to evaluate the OFID method as an equivalent

- method to ASTM D 4815.

Thank you for your interest in fuels test methods
development. I hope that this letter has addressed your
concerns regarding the test method for oxygenates. The
rulemaking scheduled for June and October of this year will not
end our interest in methods$ improvement. We will continue to
participate with industry and all interested parties in the
refinement, updating, and replacement of methods. :

*



If you have any questions please call me at (818) 575-8876,
or Dr. Shiocu-Mel Huang at (813) 575-6875.

Sincerel
Pl ’“ay’
LA

Paul Rieger, Spectroscopist
Monitering and Laboratory Division





