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INTERNATIONAL

Standard Test Method for
Automated Heithaus Titrimetry’

This standard is issued under the fixed designation D6703; 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 epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method describes a procedure for quantifying three Heithaus compatibility parameters +2)that estimatequantify

the colloidal stablhty of asphalts and asphalt cross blends H—%}—&ged—a&pha-l-fs—(%)—and pyrolyzed-heavy-oitresidua-and-asphalt-aged
asphalts. 3

1.2 Units—The values stated in SI units are to be regarded as standard. No other units of measurement are included in this
standard.

1.3 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*

D3279 Test Method forn-Heptane Insolubles

D4124 Test Method for Separation of Asphalt into Four Fractions

D5546 Test Method for Solubility of Asphalt Binders in Toluene by Centrifuge
E169 Practices for General Techniques of Ultraviolet-Visible Quantitative Analysis

3. Terminology

3.1 Definitions of Terms Specific to This Standard
3 1.1 asphalt (bmder%— n—a—da .

or may not contam an asphalt modlﬁer (see ef—pet-roieum—asphalt modlﬁer)

! This test method is under the jurisdiction of ASTM Committee D04 on Road and Paving Materials and is the direct responsibility of Subcommittee D04.47 on
Miscellaneous Asphalt Tests.

Current edition approved Pee—-2667Dec. 1, 2013. Published Jantary2668February 2014. Originally approved in 2001. Last previous edition approved in 26042007 as
DB6763—6+D6703 — 07. DOIL: +6-+526/D6763-67-10.1520/D6703-13.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.

3.1.1.1 Discussion—

This term is often used in the Performance Graded Binder system.

3.1.2 asphalt cross-blend, n—any mixture of two or more asphalts blended together to form a consistent material.

3.1.3 asphaltene peptizability, n—the tendency of asphaltenes to exist as a stable dispersion in a maltene solvent, measured by
the Heithaus parameter p,,.
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3.1.5 asphalt state of peptization, n—a measure of the ability of the combination of a maltene solvent and dispersed asphaltenes

to form a stable drspersed system —Eqﬂwa-}eﬂ-t—to—eoﬂ‘rpat-ﬂirﬂ-rty—of—the—s-ystenr

3.1.6 colloidal suspension, n—an intimate mixture of two substances, one of which, called the dispersed phase (or colloid), is
uniformly distributed in a finely divided state through the second substance, called the dispersion medium (or dispersing medium).

3.1.7 compatibility, n—the state of peptization of an asphalt which is measured quantrtatlvely by the Heithaus parameter P.

3.1.8 dispersed phase, n—one phase of a dispersion consisting of particles or droplets of one substance distributed through a
second phase.

3.1.9 dispersing medium, n—one phase of a dispersion that distributes particles or droplets of another substance, the disperse
phase.

3.1.10 flocculation, n—the process of aggregation and coalescence into a flocculent mass.

3.1.11 Heithaus compatibility parameters, n—three parameters: asphaltene peptizability (p,), maltene peptizing power (p,), and
asphalt state of peptization (P), measured using Heithaus titration methods.

3.1.12 maltene, n—soluble fractions of asphalt that are recovered from an eluate by use of selected solvents, such as n-heptane.

3.1.13 maltene peptizing power, n—the ability of a maltene solvent to disperse asphaltenes, measured by the Heithaus parameter

4. Summary of Test Method

4.1 Three 39-m-L—40 mL reaction v1als are tared Three samples of he es ne-wetghing
0 o h ; ; e-asphalt of weights 0. 400 g, 0 600 ¢ and 0. 800 g are transferred to

t-he—reaeﬁon—wa-}s—eme—sampﬂe—m-to—eaeh—\ﬂa{—each of three reactron vrals Toluene (3 OOO mL) is added to each of—t-he—reactron
V-ra-}svral to dlssolve the asphalt heay : S S $ - S

ep A e-prepared-fo al-are onstltutmg
three solutlons Wthh drffer by concentratlon Each solut1on is t1trated W1th isooctane (2,2 4 tr1methyl pentane) or-some-other-titrant

on to promote onset of flocculation of the solutlonfé)—eoﬂdﬂeted—a-t—a

4.2 Titrations are performed by placing reaction vials separately in the apparatus illustrated in Fig. 1. Each reaction vial is

separately placed into a 250-mE;-250 mL water- Jacketed reaction Vessel (Frg 1)—Waterjaeket-rﬂg—13—reqﬂ-rred—f-oﬁ) to QI‘OVld

temperature control of the system

circulation loop is made by eovert

TFE—ﬂ-uoroeaﬂaon—t-u-bes—fpumprng the solutron through a
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FIG. 1 Automated Titration Apparatus

rs—sefewed—rnfe—rhér}se-rt—has-eﬂbf—ene—he-}e—Thesecond reaction vessel is filled with titrant—While-the-sample-sotation—cireutates

mped-titrant is placed into a second 250 mL water-jacketed reaction vessel.
A t1trat10n loop is made by pumping titrant into the sample reaction vial at a constant flow rate using thea low flow rate metering
pump. During this-proeess;a titration the output signal from the spectrophotometer is recorded using an-integrator-or-some-other
data—gathering-deviee—The-a Data acquisition system (computer) to record the change in percent transmittance (%7) of detected
radiation at 740 nm Hpassing through the quartz cell is-plotted versus the-time, ¢, during which the titrant-ts-added-to-the-sampte
reactton—viaktitrant.

4.3 The spectrophotometer output signal deteets-the-onset-of-measures turbidity of the sample setution—This-is-the-solution as

a titration experiment proceeds to a flocculation onset point, corresponding to the beginning-of the-precipitationof-asphattenesonset
of flocculating asphaltene phase separating from the sampte-solution. Fig. 32 illustrates a typicat-series-of ptotsof-plot of %7 versus
t for the-three test solutions. Values of %7 are observed to increase with time untit-maximum-vataes-of-%to the flocculation onset

901nt,¥ are—ebsefved—after Wthh values of %Tdeefease—The—feaseﬂ—t-hat—t-he—etrrves—m-axe observed to decrease The th—?:—e*hi-bﬁ

e-time required to reach
ﬂocculatlon onset 7z When-the-value

eﬂf—tf—feﬁeaeh—samp-}e-ls—multlphed by the tltrant ﬂow rate;rate gives the titrant vel-trme—ﬂocculatlon volume V. required-tocatise

4.4 Fhe-wetght-Given the weights of each asphalt (ef—heavy—eﬁ—resﬁﬂuma—sample W, the volume of toluene initially used to
dissolve each sampte;sample Vg (%GG—&&—m—eaeh—ease—)—and the volume of titrant fequ-rred—te—eause—t-he—at onset of
floeeutatton;flocculation Vi, 4 cach-samples S e ; hree-te P
se%uﬁens—afe—ttsed—te—ea-}eiﬁafe—ﬂa&qﬁaﬂﬁ&es—values of C (-fefeﬁedreferred to as the dilution eeneeﬁtraﬁeﬂiconcentratlon and FR
freferredreferred to as the flocculation ratie)-ratio are calculated as C is-definedas= W, /(Vs + V;>-) and FR isdefinedas= V/(V
+ V). Values of C are-plotted along an x-axis versus FR fef—eaeh—ef—thfrthfee—reeﬁ*&ed—sets—ef—vﬁies—ef—plotted W Vgrand-Vr
tFig——Customarily, the- C-values-are-along thea x-axis,and-the FRvatnesarethe-y-
by-atine;and-the--axis result in a linear regression line (Fig. 3). This line is extrapolated to both axes. The point at which the line
intercepts the x-axis is defined as C,,;,,. The point at which the line intercepts the y-axis is defined as FR,,,,. These two values are
used to calculate the three Heithaus compatibility parameters, designated p,.p,, and P. The parameter p,, the peptizability of
asphaltenes, is defined as the quantity (1 — FR,,,,). The parameter p,, the peptizing power of maltenes, is defined as the quantity

o« L[(1/C,,;,) + 1]. The parameter P, the overall compatibility of the system, is defined as [p,/(1 — p)], or (1/C,,;,, + 1).

min
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FIG. 24 Reaction Vial (30 mL) with TFE-fluorocarbon Cover and Temperature Probe
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FIG. 32 Onset of Flocculation Peaks Measured at Three Successively Increasing Concentrations (Solvent: Toluene, Titrant: Isooctane)

5. Significance and Use

5.1 This test method is intended primarily as a laboratory diagnostic tool for estimating the colloidal stability of bitumen asphalt,
asphalt cross blends, aged asphalt, pyrotyzed—asphatt,—and heavy oil residuum. Historically, bituminous asphalt and heavy oil
residua have been modeled as colloidal suspensions 8;9)in which a petar;polar associated asphaltene moiety (the dispersed phase)
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FIG. 43 Flocculation Ratio Versus Dilution Concentration for One Stable Asphalt and One Less Stable Asphalt

is suspended in a maltene solvent moiety (the dispersing medium) (refer to testmethodsTest Methods D3279, D4124, and D5546
for further definition of asphalt fraction materials). The extent to which these two moieties remain in a-given-state of peptization
is a measure of the compatibility (colloidal stability) of the suspension. Compatibility influences impeortantthe physical properties
of these materials, including rheological properties, for example, phase angle and viseosttyviscosity. {1H0;HH—Compatibility-also
inflaences—cokeformation—in—refiningproeesses—<(4);:This test method and other similar test methods, {75-—1+2-+5)along with the

classical Heithaus test, t1;2);measures the overall compatibility of a colloidal system by determining a destgnated—parameter
referred to as the state of peptization, P. The value of P commonly varies between 2.5 andto 10 for unmodified or neat asphalts.
Materials calculated to have low values of P are designated as-incompatible;-where-as-matertats-incompatible. Materials calculated
to have high P values are designated as-compatible. Values ofin P may-be-are calculated as a function of two other-destgnated
parameters that relate to the peptizability of the asphaltene moiety (the asphaltene peptizability parameter, p,) and the solvent
power of the maltene moiety (the maltene peptizing power parameter, p,). Values of p, and p, are calculated as functions of the
quantities C,,;, and FR the-vataes-Values of whichC,,;, and FR,, . are ebtaineddetermined from three-experimental variables,

min max’ =

the weight of restdutm-or-asphalt (W,), the volume of solvent (V¢);-) to dissolve the weight of asphalt, and the volume of titrant
added-up-to-thefloeceutationpoint-(V;):) added to initiate flocculation.

6. Apparatus

6.1 UV-visible Spectrophotometer, wavelength scanning range from 200 to 1000 nm, with adjustable aperture or attenuator.

6.2 Digital Integrator-Acquisition System (computer).
rate:

6.3 Water-Jacketed Reaction Vessel, 200-mE;250-mL, two.

6.4 TFE-fluorocarbon Covers, two.
6.4.1 TFE-fluorocarbon Cover No. 1, (see Fig. 24), threaded to hold a 36-mE-40 mL reaction vial. Bimenstons:—thickness;2:0
mm—{(%ein)-diameter,70-mm—(234-tn);-threaded-to-30-mE—reaction—vial—Three holes, 1.5 mm l4e-in)tr-diameter, concentric

to the cover’s eeﬁ-teﬁafe—aﬁanged—m—a—ﬁﬁaﬂg-}rafehcenter are tapped to set w1th1n the inside diameter of the vial when attached
to the TFE-fluorocarbon eeve mm-(cover,. 34-t1-)—One additional hole, 3.0

mmtmm, %-in);is tapped off center posmoned ]ust to the outside of where the reaction vial is positioned in the TFE-fluorocarbon
cover. This hole allows the temperature probe to be inserted into the water-filled reaction vessel.

6.4.2 TFE-fluorocarbon Cover No. 2, as a lid for the second 200-mL, water-jacketed reaction vessel, containing titrant.
Dimensions: thickness, 2.0 mm—tmm; %4et-);-diameter, 70 mm—<2mm. 34-in-)—One hole 1.5 mm {M4e-in)-in diameter tapped
through the cover’s center. This cover is identical to the cover described in 6.4.1 except for the number of holes, and is not
threaded.

6.5 High Flow Rate Metering Pump—Piston-diameter, 3-0-mm<(Flow &-in):piston-displacement<0-+mb;-flowrate range from

+60.5 to 26:610.0 mL/min; flow rate consistency, = 0.1 mL/min; and piston chamber resistant to damage from solvent contact.

6.6 Low Flow Rate Metering Pump—Piston-diameter; 3-0-mm(Flow -y flowrate range from 0.100 to 1.000 mL/min; flow
rate consistency, =6:00+*=0.002 mL/min; and piston chamber resistant to damage from solvent contact.
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6.7 Magnetic Stirring Plates, two.

6.8 Refrigerated Water Bath €irentator-Circulator—(for-greatertemperature-controb)—Temperature eontrol-in-thisprocedure
ts-at25°C(FF°F—Temperature-variation,=0-1+°€(0:2°F);-variation, =0.1°C; temperature range from 0 to +66°€32-to212°F)-
Coupled-to-fitneoprene-tubing,13-mm—100°C Jo-in)-in-inside-diameter:

6 9 Quartz Flow Cell, 9%6—mm—0 20 mm path length with tube-end-fittings

6.10 TFE-fluorocarbon Tubing, 6-56-mm—(0-:022-in-)-inside—diameter/H-59-mm—0.559 mm inside diameter/1.575 mml4e-i)

outside diameter.

6.11 Reaction Vials,
capacity.

6.12 “4-hole” TFE-fluorocarbon cover and “I1-hole” TFE- ﬂuorocarbon cover.

6.13 TFE- ﬂuorocarbon Coated Magnetic Stir Bars;Bars. dis

6.14 Stopwatch.

e»-40 mL volume

6.15 Syringe, 2:500-em5.000 cc,>; glass, gas-sealed, and resistant to solvents that it will be used to sample.

6.16 TFE-fluorocarbon Tube Fittings—Fittings (4), Tnetadingincluding standard 6:2-mm—6.35 mml4-ino-flange flanged fittings
for 6:56-mm-(6-022-in-instde-dtameter/H-59-mm~<0.559 mm inside diameter/1.575 mml4e-in-) outside diameter TFE-fluorocarbon
tubing.

6.17 Neoprene Tubing, +3-mm—<13 mmls-ins) inside diameter.
6.18 Tubing Clamps, sized to fit +3-mm—<13 mmle-tn-) inside diameter tubing.

6.19 Digital Probe Thermometer, °C b
{<(calibrated to +0.2°C). Probe length, >8O mm, probe dlameter 3. 0 mm. -/s—nﬂ-

6.20 Graduated Cylinders, two. Volumes: 1.000 = 0.001 mL and 10.0 = 0.1 mL.
6.21 Argon Gas Supply.

6.22 Laboratory Jacks—Laboratory jacks are used as stands for the metering pumps previously listed. The size requirements
of these laboratory jacks will vary depending on the size to the metering pumps.

6.23 Beakers, two. Volume: 500 mL.
6.24 Polypropylene SquirtRinse Bottles, two. Volume: 200 mL.

6.25 TFE-fluorocarbon Lined Caps, for elosingreaction—vials—and-storing-sotations:40 mL reaction vials.
7. Reagents

7.1 Purity of Reagents—HPLC grade chemicals shall be used in all sample preparations and tests. Unless otherwise indicated,
it is intended that all reagents conform to the specifications of the Committee on Analytical Reagents of the American Chemical
Society where such specifications are available.* Other grades may be used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the accuracy of the determination.

7.2 isooctanelsooctane (2,2,4-trimethylpentane), HPLC grade.
7.3 Toluene, HPLC grade.

7.4 Toluene, reagent grade,for-cleaning-grade.
8. Assembly

8.1 Installation Requirements:
8.1.1 It is recommended that the following assembly be conducted in a fume hood-(ventttation-oftoluene,isooectane-or-att-other

solventsrequired;-or-combination—thereof)—hood. The fume hood should be of sufficient size to accommodate all pieces of the
apparatus and supplies usedneeded to perform thisthe test method.

3 The sole source of supply of the apparatus known to the committee at this time is Qua 620 pa v em-Starna Cells, Inc. If you are
aware of alternative suppliers, pledse provide this information to ASTM International Heddqumers Your comments will receive Cdl‘Cflll consideration at a meeting of the
responsible technical committee," which you may attend.

* Reagent Chemicals, American Chemical Society Specifications, American Chemical Society, Washington, DC. For Suggestions on the testing of reagents not listed by
the American Chemical Society, see Annual Standards for Laboratory Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia and National
Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville, MD.
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