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Standard Test Method for
Determining Organic Chloride in Aromatic Hydrocarbons
and Related Chemicals by Microcoulometry 1

This standard is issued under the fixed designation D 5808; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope OSHA Regulations—29CFR paragraphs 1910.1000 and

1.1 This test method covers the organic chlorides in aro- 1910.1206
matic hydrocarbons, their derivatives, and related chemicals ;

1.2 This test method is applicable to samples with chloride3' Termln.ollolgy
concentrations from 1 to 25 mg/kg. 3.1 Definitions: »

1.3 This test method is preferred over Test Method D 5194 3-1.1 dehydration tube-chamber containing concentrated
for products, such as styrene, that are polymerized by th&ulfuric acid that scrubs the effluent gases from combustion to
sodium biphenyl reagent. remove water vapor. _ , ,

1.4 The following applies to all specified limits in this  3-1.2 Oxidative pyrolysis-a process in which a sample is
standard: for purposes of determining conformance with thi§ombusted in an oxygen-rich atmosphere at high temperature
standard, an observed value or a calculated value shall B8 Preak down the components of the sample into elemental
rounded off “to the nearest unit” in the last right-hand digit ©Xides. o _
used in expressing the specification limit, in accordance with 3-1-3 recovery factor-an indication of the efficiency of the
the rounding-off method of Practice E 29. measurement computgd by dividing the measured value of a

1.5 This standard does not purport to address all of theStandard by its theoretical value. .
safety concerns, if any, associated with its use. It is the 3:1.4 reference sensor pairdetects changes in silver ion
responsibility of the user of this standard to establish appro-concentration.
priate safety and health practices and determine the applica- 3.1.5 test t|t_rat|on—a process that allows the coulometer to_
bility of regulatory limitations prior to useFor specific hazard ~S€t the endpoint and gain values to be used for sample analysis.

statements, see 7.3 and Section 9. 3.1.6 titration parameters—various instrumental conditions
that can be changed for different types of analysis.
2. Referenced Documents 3.1.7 working electrode (generator electrodepn electrode
2.1 ASTM Standards: consisting of an anode and a cathode separated by a salt bridge;
D 1193 Specification for Reagent Water maintains a constant silver ion concentration.
Dgi)?jzclgactice for Sampling and Handling Liquid Cyclic 4. Summary of Test Method
D 5194 Test Method for Trace Chloride in Liquid Aromatic ~ 4-1 A liquid specimen is injected into a combustion tube
Hydrocarbond mamtamed_ at 900°C h_avmg a ﬂowmg stream of oxygen an_d
E 29 Practice for Using Significant Digits in Test Data to 90N carrier gas. Oxidative pyrolysis converts the organic
Determine Conformance with Specificatiéns halides to hydrogen halides that then flow into a titration cell
E 691 Practice for Conducting an Interlaboratory Study toVhere it reacts with silver ions present in the electrolyte. The
Determine the Precision of a Test MetHod silver ion thus consumed is coulometrically replaced and the
2.2 Other Document: total electrical work to replace it is a measure of the organic

halides in the specimen injected (see Annex Al).

1 This test method is under the jurisdiction of ASTM Committee D16 on
Aromatic Hydrocarbons and Related Chemicals is the direct responsibility of
Subcommittee D16.04 on Instrumental Analysis.
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5. Significance and Use 7.7 Dehydration Tubgpositioned at the end of the pyrolysis
5.1 Organic as well as inorganic chlorine compounds cafube so that effluent gases are bubbled through a sulfuric acid
prove harmful to equipment and reactions in processes invoh&olution, and water vapor is subsequently trapped, while all

ing hydrocarbons. other gases are allowed to flow into the titration cell.
5.2 Maximum chloride levels are often specified for process /-8 Gas-Tight Sampling Syringéaving a 50 pl capacity,
streams and for hydrocarbon products. capable of accurately delivering 10 to 40 pl of sample.

5.3 Organic chloride species are potentially damaging to /-9 Quartz Boats
refinery processes. Hydrochloric acid can be produced i3 Reagents and Materials
hydrotreating or reforming reactors and this acid accumulates

in condensing regions of the refinery. 8.1 Purity of Reagents-Reagent grade chemicals shall be

used in all tests. Unless otherwise indicated, it is intended that
6. Interferences all reagents shall conform to the speC|f|§:at|ons of the Commlt—
_ _ ~ tee on Analytical Reagents of the American Chemical Society,

6.1 Both nitrogen and sulfur interfere at concentrationsyhere such specifications are availab®ther grades may be

greater than approximately 0.1 %. used, provided that the reagent is of sufficiently high purity to
Note 1—To ensure reliable detectability, all sources of chloride con-PErMit its use without lessening the accuracy of the determi-
tamination must be eliminated. nation.

6.2 Bromid d iodides. if ¢ will b lculated 8.2 Purity of Water—Unless otherwise indicated, references
-~ Bromides and lodides, 1t present, will be caiculaled ag, yater shall be understood to mean reagent water conforming
chlorides. However, fluorides are not detected by this te

method. 0 Specification D 1193, Type Il or lIl.

. . o . 8.3 Acetic Acid—Glacial acetic acid (CECOOH).
6.3 Organic chloride values of samples containing inorganic 8.4 Argon or Helium 99.9 % minimum purity required as

chlorides will be biased high due to partial recovery Ofcarrier gas.

inorganic species during combustion. Interference from inor- 8.5 Amidosulfonic Acid (BNSQH), minimum purity 99.3-
ganic species can be reduced by water washing the sam %0'_3 %. 2 ' '
before analysis. This does not apply to water soluble samples. 8.6 Sodium Acetat@nhydrous, (NaCkCO,), fine granular.
8.7 Cell Electrolyte Solution-Dissolve 1.35 g sodium ac-
7. Apparatus etate (NaCHCO,) in 850 mL of acetic acid (CKCOOH), and
7.1 Pyrolysis Furnacewhich can maintain a temperature dilute to 1000 mL with water or follow manufacturer's
sufficient to pyrolyze the organic matrix and convert all recommendations.
chlorine present in the sample to hydrogen chloride.
7.2 Pyrolysis Tubemade of quartz and constructed so that
when a sample is volatilized in the front of the furnace, it is o o ]
swept into the pyrolysis zone by an inert gas, where it 8-8 Oxygen 99.6 % minimum purity is required as the

combusts when in the presence of oxygen. The inlet end of th€actant gas.

tube must have a sample inlet port with a septum through 8-9 Gas Regulatorstwo-stage gas regulators must be used
which the sample can be injected by syringe. The inlet endOr the reactant and carrier gas.

must also have side arms for the introduction of oxygen and 8-10 Potassium Nitrate (KNg), fine granular.

inert carrier gas. The pyrolysis tube must be of ample volume, 8:11 Potassium Chloride (KCJ)fine granular.

so that complete pyrolysis of the sample is ensured. 8.12 Potassium Sulfate ¢§Q,), crystalline. _

7.3 Titration Cell, containing a reference and sensor pair of 8-13 Working Electrode Solution (10 % KNP-Dissolve
electrodes and a generator anode/cathode pair of electrodes@ 9 Potassium nitrate (KNQin 500 mL of distilled water.
maintain constant chloride ion concentration. An inlet from the 8-14 Inner Chamber Reference Electrode Solution (1 M
pyrolysis tube and magnetic stirring is also required.K_Cl?_D'SS°|Ve 7.46 g potassium chloride (KCI) in 100 mL of
(Warning— Excessive stirring speed will decouple the stirring distilled water. ,
bar and cause it to rise in the titration cell and possibly damage 8:15 Outer Chamber Reference Electrode Solution (1 M
the electrodes. A slight vortex in the cell will be adequate.) <NOs)—Dissolve 10.1 g potassium nitrate (KNAn 100 mL

7.4 Microcoulometer capable of measuring the potential of Of distilled water. ,
the sensing-reference electrode pair, and comparing this poten-8-16 Sodium Chloride (NaCl)fine granular.
tial with a bias potential, and amplifying the difference to the 8-17 Sodium Perchlorate (NaClf), crystalline.
working electrode pair to generate a current. The microcou- S-18 Sulfuric Acid (sp gr 1.84), (BSQ,) concentrated.
lometer output voltage signal should be proportional to the 8-19 2,4,6-Trichlorophenol (TCP) (§4;0Cly), fine granu-
generating current. lar.

7.5 Automatic Boat Drivehaving variable stops, such that
the sample boat may be driven into the furnace, and stopped atereagent Chemicals, American Chemical Society Specificatiomerican
various points as it enters the furnace. Chemical Society, Washington, DC. For suggestions on the testing of reagents not

7.6 Contrller,wih connections fo he reference, working 1120 e Amarcn Cremce S shsks St ot
and sensor electrodes. The controller is used for settlng nd National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
operating parameters and integration of data. MD.

Note 2—Bulk quantities of the electrolyte should be stored in a dark
bottle or in a dark place and be prepared fresh at least every two weeks.
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8.20 Solverw—The solvent of choice should be capable of TABLE 1 Densities of Common Hydrocarbons ~ *
dissolving the chloride sample. The solvent of choice should Component Density Temperature °C
have a boiling point similar to the sample being analyzed. Benzene 0.879 20
Suggested possibilities include, but not limited to, methanol, Cyclohexane 0.779 20
isooctane, toluene, anuxylene. Finvibenzene 0.867 20
i . . sopropylbenzene 0.862 20
8.21 Chloride Standard Stock SolutiedWeigh accurately Toluene 0.867 20
0.093 g of 2,4,6-Trichlorophenol to 0.1 mg. Transfer to a m-Xylene 0.864 20
500-mL volumetric flask. Dilute to the mark with methanol. o-Xylene 0.880 20
. AHandbook of Chemistry and Physics, 40th Edition,* Table, Physical Constants
HgCVML MeOH= (grams of TCR X (%Cl in TCP) of Organic Compounds,” Chemical Rubber Co.
x 10°/500mL MeOH (1)
where: , ) i
TCP = 2,4,6, Trichlorophenol, and 12.4.2 Alternatively, the syringe may be weighed before and
MeOH = Methanol. after the injection to determine the weight of sample injected.
%Clin TCP = 53.86 This technique provides greater precision than the volume
delivery method, provided a balance with a precisionzof
9. Hazards 0.0001 g is used.

9.1 Consult the current version OSHA regu|ations, Supp”- 12.5 Follow the instrument manufacturer’'s recommendation
er's Material Safety Data Sheets, and local regulations for affor introducing samples into the instrument.

materials used in this test method. 12.6 Repeat the measurement of each calibration standard at
least three times.
10. Sampling 12.7 If the calibration standards come out high or low,
10.1 Consult guidelines for taking samples from bulk inprepare fresh standards. If the calibration standards remain
accordance with Practice D 3437. high or low, follow the instrument manufacturer’s recommen-
dations to correct.
11. Preparation of Apparatus 12.8 Construct a three-point curve using the instrument

11.1 Install the instrument in accordance with manufacturmanufacturer's recommendations.
er's instructions.
11.2 Adjust gas flows and pyrolysis temperature(s) to thel3. Procedure

operating conditions as recommended by the manufacturer. 131 Clean the syringe to be used for the sample. Flush it

11.3 The actual operation of injecting a sample will vary seyeral times with the sample. Determine the chloride concen-
depending upon the instrument manufacturer and the type @fation in accordance with 12.4-12.6.

inlet system used. - 13.2 Chloride determination for the sample may require a
%_1-4 Prebake the sample boats to be used for the determinange in titration parameters or adjustment in sample size, or
nation. both.

12. Calibration and Standardization 14. Calculation

12.1 Using the chloride standard stock solution (see 8.21), 141 M t utilizi | d k ii
make a series of three calibration standards covering the range t . eaigremen u 'k'.f'ng Vo umi ﬁm . hown' specific
of expected chloride concentration. ravity In mifligrams per kilograms as Tollows.

12.2 Into three 100-mL volumetric flasks, respectively pipet . _M-B 1
1, 15, and 30 mL of chloride stock solution and dilute to the Chloride, make= 55 % RF &
mark with solvent. (The standards are approximately 1 mg 14.2 Measurement utilizing weight of sample, considering

Cl/mL, 15 mg Cl/mL H and 30 mg Cl/mL.) dilution’s in milligrams per kilograms as follows:

12.3 It is customary to use a one-point calibration, but if M-B) 1
analyzing a wide range of samples, use a three-point calibra- Chloride, mg/kg= —— X g ©)
tion.

12.4 The sample size can be determined either volumetriwhere:
cally, by syringe, or by mass. Make sure that the sample size iM
80 % or less of the syringe capacity. B

12.4.1 Volumetric measurement can be utilized by filling the V
syringe with standard, carefully eliminating all bubbles, and W ,
pushing the plunger to a calibrated mark on the syringe, an density, and o
recording the volume of liquid in the syringe. After injecting RF = recovery factor srams chiordes thaiffheorerical value.
the standard, read the volume remaining in the syringe. The 14.3 If this equation does not’ apply to your instrument, then
difference between the two volume readings is the volume of0!low instrument manufacturer's recommendations.
standard injected. This test method requires the known or
measured density, to the third decimal place. Several densitid®- Report
of various hydrocarbons are listed in Table 1. 15.1 Report the chloride results as (mg/kg) of the sample.

measured chloride value, ug,
blank chloride value, ug,
sample injection volume, mL,
weight of sample, g,
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16. Precision and Bias’ 16.3 Reproducibility—Two tests generated in different labo-
16.1 Precision—The results from six laboratories were used "atories, on the same sample, should not be considered suspect
to generate statistical data. Three values were recorded for eabfless the difference is greater than 1.3 mg/kg, with 95 %
sample. The standard used to calibrate a standard curve wégnfidence. _ _
provided with the samples and a volume of 40 L was specified 16.4 Bias—The results from the analysis by 6 different
for all injections. For statistical calculations, the average valudaboratories of gravimetrically prepared standard addition
obtained on the neat (or blank) sample was subtracted from t&mples indicated that this procedure does not contain a
average value for the 1 mg/kg, 5 mg/kg, and 25 mg/kg Samp|e§neas_urable amount of bias nor systematic error that could
16.2 Intermediate Precision-Two successive test results contribute to a difference between a population mean and the
generated by the same laboratory, on the same sample, by tAgcepted true value.
same operator, with the same test equipment should not beNore 3—Although the data in this report was compiled using an
considered suspect unless the difference is greater than Oadtomatic boat drive, direct needle injections with a constant rate injector
mg/kg, with 95 % confidence. have been found to give satisfactory results.

17. Keywords
17.1 density; electrolysis; electrolyte; microcoulometry; po-

7 Supporting data are available from ASTM International Headquarters. Requeglentlal; py.mlyS'S; recovery factor; relative density; titration;
RR: D16-1017. total chloride; volatilization

ANNEX
(Mandatory Information)

Al. COMBUSTION AND TITRATION MEASUREMENT PRINCIPLES

Al.1 Oxidative Pyrolysis: Al1.2 Titration:

Al.1.1 The sample is injected by a 50-pL syringe, into a A1.2.1 Before hydrogen chloride is introduced into the cell,

quartz boat, which is driven into a pyrolysis tube. Here, theihe electrolysis potential is kept at the end point potential, and
sample_|s first volatilized, and ?h(lan swept by a carrier gaghe following equilibrium equation is maintained:
further into the furnace, where it is combusted in a flow of

oxygen gas. Hydrogen atoms from the breakdown of the AgAg’ +e
hydrocarbon sample react with the chlorine atoms liberated by (A1.1)
combustion to form hydrogen chloride. Hydrocarbons break a1.2.2 when hydrogen chloride is introduced into the cell,
down and form the following combustion products: the following reaction takes place:

X (Cl) - HX (HCI greater than

Cl,) HCl + Ag™ 7 AgCl + H*

S - SO, greater than SO, (A1.2)

C ©%900°c - CO,

H - H,0 A1.2.3 When the potential changes, electrolysis current is

N N NGO, N0z applied to the working electrode to generate silver ions. Thus,

. the silver ions consumed are replaced coulometrically. The

Al.1.2 These product gases are swept |n.to a dehydra.“%tal current applied is a measure of the chlorine in the sample.
tube to remove water, and then introduced into the titration

cell.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



