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Standard Test Method for
Carbon Black—Morphological Characterization of Carbon

Black —Primary-Aggregate-Dimensions-from-Ysing
Electron Microscope-tmage-Analysis-Microscopy 1

This standard is issued under the fixed designation D 3849; 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 This test method is under the jurisdiction of ASTM Committee D24 on Carbon Black and is the direct responsibility of Subcommittee D24.81 on Cérbon Blac

Microscopy and Morphology.
Current edition approvee-O¢t. Nov. $6;-1+995. 2002. Published December 1995. 2002. Originatly—published-as—-bB-3849 — 80. approved in 1980. Lastipogvious

approved in 2000 as D 3849 — 95a (2000).

1. Scope

1.1 This test method covers the morphological characterization of carbon black primary aggregates from transmission electron
I microscope images. These measuremen'fs—are—&pplrcable used to derrve the mean partrcle and aqqregate size of earbon blacks in

the dry (as manufactured) state;-extracted yrate paint CAB chip
dispersion or removed from a rubber compound.

1.2 The values stated in Sl units are to be regarded as the standard. The values in parentheses are for information only.

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:
D297 TFestMethods 3182 Practice forRubberProducts—Chemical-Analysis Rubber—Materials, Equipment, and Procedures

for Mixing Standard Compounds and Preparrnq Standard Vulcanized Sheets

g Standard

P 3191 Test Methods for Carbon Black in SBR (Styrene-Butadiene Rubber)—Recipe and Evaluation Précedures
D 3192 Test Methods for Carbon Black Evaluation in NR (Natural RuBber)
I D6556 Test Method for Carbon Black—Total and External Surface Area by Nitrogen Adsdrption

3. Terminology

3.1 Definitions:

3.1.1 Aggregate-Dimensional-Propertiesfrom-tmage-Analysis:General
3.1.1.1 area—{A—the—two-dimensionalprojected—area—of-the—earboncarbon black particle—a small spheroidally shaped,

paracrystalline, non-discrete component of an aggregate; it can only be separated from the aggregate by fracturing. Carbon black

particle size is a distributional property; therefore, the term pagrticle size implies the mean value from multiple measurements.
3.1.1. 2ehefd—fhe—le+=rgﬂa—ef—a—seanrmg—mfefeept—aeress ancarbon black aggregate-in-a—given-directiomearhehord(m

AfP)—a discrete, rigid colloidal entity that is the-average-width smallest dispersible unit; it is composed of extensively coalesced

particles. Carbon black aggregate sinze-is all distributional propecrty; therefore, the term aggregate size implies the mean value

from multiple measurements

aggregateglow discharge—a plasma of ionized

gas that is formed |n—a—g~rven—drreeﬂeﬁ—'Fhe—&verage—Fer)du Qh voltaqe freld at pressures of about 3 to 20 Pa (25 toX 30>
torr). An alternating current (a-c) glow discharge using air-is-derivedfrom-an-average effective in cleaning and oxidizing the

surface of-multiple-measurements-at-specific-angutar-inerements. carbon substrates to improve the wetting characteristics of polar

vehicles containing pigment dispersions.

2 Annual Book of ASTM Standagdgol 09.01.
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3.1.1.4 length-{l)—thefongestFeret's-diametersubstrate—a thin film that is used to support electron microscope specimens.

Evaporated carbon films are commonly used because of relatively good mechanical strength, stability and conductivity.
3.1.2 Aggregate. Dimensional Properties from Image Analysis
3.1.2.1 area (Ay—the two-dimensional projected area of the carbon black aggregate image.

3.1.2.2 perrmeter (Py—the total boundary Iength of an aggregate

follows:

using stereological principles.

3.1.3 earben—btaek—aggrega elmage Analysma—dsem%e—%—eetb@al—enﬂﬁ—%w%maﬂesedﬁperabb—% it is

3.1.3.1 erosion—the process by-fracturing.

3-15-chord-sizing—an-operation-in which-a-specifieeHength-incremelit)(is-cut-off-each-deteeted-chord image features are

reduced iran-image—All-chords—shoerter-thah-are-completely—eliminated size by selectively removing pixels from-theimr
periphery. It consists of examining each binary pixel-ane-at-eherdsHdarger changing it from ON to OFF if it has greafdr than

are-shortened-bxl—The-operationisrepeated-evera+ange preset minimum of neighbors-that-eventually-eliminates all are OFF.
It serves a number efthe-chords-in-theimage useful functions such as smoothing feature outlines and separating features touching
each other.

3.1.3.2 dilation—theby converse of erosion. This provcess is accomplished by changing any OFF pixel to ON if it has greater
than a-chord-size-distribution.

3—1—6—deteeted—ﬂﬂage—aﬁ—e+eetremc—meﬂrteed15ﬁlay Qreset mlnlmum—ef—the—eherds—aeress the ON nelqhbors This process

causes |mage features to gro v 6 ag y-as possible.

v je 0 6 trves size, whrch fills in small breaks in features,

mternal vords OHFaHspaFeHeres on small mdentatlons along—the—seaaner tube.

3-1:8-_feature surface.

3.1.3.3 feature—areas within a single continuous boundary-{ferexample-anaggregate-image) thathave-an-eptical-density value
fgray—levet—range) gray- IeveI ranqes that—rs—ehstmct allow them to be dlstlnqwshed from the background area outs1ete—the feature.
esults in

m em the
m with feature via thresholding.

3.1.3. 4thresho|d|nq—select|nq a—m+ﬂ+maHess range—ef—bﬁghtﬁess

310-glew-discharge—a-plasma-ofienized-gas brightness such that discriminatienisfermed-ina-high-voltage-field-atpressures
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ring and
containing

y egion in
aﬁ—rmage—gwes—ﬂqe—h@hest—aeemeal—eu Qut f|gure—&ﬁd—|s—defrﬁed—as—mmrte— whr}e—the—emﬁme’fe—&bseﬁee—ef—trgh{—m—a field is"
black:" background. The ignal is known

as-the gray—level
41 y-level-¢i i ray levels within-features-or-between-different
fea%u+es—m—a—ﬂe+d—'|1he—gfay-levels—m+h|n carbon black mages—m—the—e%eeﬁ%—memscope become lowerwith-diminishing-aggregate

decreasmq partlcle S|ze

and for
dimensional size
ized materials

4. Significance and Use

4.1 Carbon blackprimary-aggregate morphology significantly affects the transient and end-use properties of carbon black loaded
polymer systems—Vuleanizate-hysteresis A carbon black’s particle size distribution is its single most important property, and
strength-properties{tear,tensile, it relates to degree of blackness-and-abrasienresistance) rubber reinforcement. For a given loading
of carbon black, blackness and reinforcement increase-with—diminishing—aggregate smaller particle—size—Extrusion die swell
diminishes Aggregate size and-vuleanizate-moedulus shape (structure) also affect a carbon black’s end-use performance, as higher
carbon black structure increases Vviscosity and |mproves dlsper5|on The st|ffness (modulus) of elastomer systems becomes
significantly higher with increasi i1 ieal shape). structure.
The preferred method for measuring these propert|es is transm|SS|on electron mlcroscopy

4.2 Carbon black aggregate dimensional and shape properties are dependent upon the nature of the system in which the sample
is dispersed, as well as the mixing procedure.

5. Apparatus

5.1 Electron Microscopgtransmission-type, with a point-to-point+esetving-poewer resolution of 1.0 nm or better. Operating
voltages-{electronbeam) should-nelude-settings-of 40 be high enough to provide the desired resolution and low enough to produce
images of sufficient contrast. Recommended voltages can be in the 60 to 120 kV range-—Fhe-speeimen chamber microscope column
should contain a liquid nitrogen-cooled anti-contamination device or a “cold finger” to reduce sample contamination and to
maintain column cleanliness. For image acquisition, the microscope should include a charge-coupled device (CCD) camera
mounted either above or below the mstruments viewing chamber

viewing the
he effects of
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feature-cropping consisting-atthe-berders, minimum-ef-a-compensatorfor-eliminating-shading-effects-a-deteetorfordiscerning the
beundaries TEM-interfaced camera capable—et—the—earben—blaeleaggfegates—at—d#ferea%gﬁay—tevels, and><048CBQD< el or

ere better resolutlon a comp

—Minimum
ameter equrpped with frame qrabbrnq hardware to
|tometry computer software
to perform morphological operations a re devices
fer—automated—data—recording,—processing,—averaging, measurements on |maqe featufes—aﬁd—pﬂnﬂﬁg—et—resutts—Acceptable
feeefder-ﬁfeeesaﬁg—systems store resultlnq data Operatlons must+netude—an—er++me—eemptﬁer—desk—tep—ealeulatef—er a magnetic
d i eferred. The
em—m be—off-line i i i ing—between canner bacquound/norse elimination,
thresholdrnq, erosion aad—e+eetrea—n=nereseepe—|s—reeemmended d|Iat|on on thresholded (binary) images, and measurements must
include area, perimeter and a minimum of 16 Feret diameters at angular spacings of 11.25°.
5.3 Two-roll Mill:
5.4 Vacuum Evaporater®, standard-type, for preparing carbon films to be used as substrates for electron microscopy. The
evaporator should be capable of reducing the absolute pressure to 1—3—|eri~F!f§9‘»\'§1(lXi10 torr) and should also contain the
necessary apparatus for a-c glow discharge.

capture TEM |maqes drqrtally, an —DPesi

as Catalog Ne—4 18050 and and 18060, Ladd Research Industrres Inc., PO Box 901, Burlrngton VT 05401.
5 N isfactory.
4If not done automatlcally |n the image anaIyS|s software, the measured parameters must be converted from pixels and square pixels to? ivafared use in
subsequent calculations.
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5 5 UItrasomc Generatarvariable power tank tvpe or probe that prowdes sufﬁuent energy to give acceptable dispersion.

5.6 Dry Box, capable of maintaining a relative humidity level of no greater than 30 %.
5.67 Analytlcal Balancewnh an accuracy of about 0 5 mg

5 8 earbeﬁ—F%edsEIectrlcally Heated Tube Furnaappfeﬁﬂate{y%—l—mm—m—drameter capable of being heated to 800 to 900°C
under an inert environment, with the ability to introduce and remove the sample boat to the heated zone without allowing oxygen
intrusion.

5.9 €arben-Red-SharpenefPyroprobe, capable of being heated from 150 to 1000°C in an inert environment.

5.10 Carbon Rodsapproximately 3.1 mm in diameter.

5.11 Carbon Rod Sharpener.

5.12 Glass Microscope Slide25 by 75-mm.

5.143 Test Tubes75 by 10-mm, 4-crhcapacity, 0.5-mm wall thickness, with corks.

5.124 Transfer Pipetsdisposable Pasteur-type, 225 mm long, 1-mm inside diameter at tip.
5.135 Rubber Bulbsfor pipets.

5.146 Glass \/als 40- crr?’ capacny with solvent reS|stant tops.

5:48-Biuchner FunnelNo. 3, 111-mm inside dlameter
5.18 Filter Paper, general purpose.

5.19 Vinyl-TFubingCarbon Coated Electron Microscope Specimen Gagproximately-50-mm-long,12-5-mm-inside-diameter.

3-mm diameter, 200 to 300 mesh Commercially available or can be prepared as described in Annex Al.

b oldetfor48 b 6 Mm—in

5—26—Wre ScreenlngW|th openlngs apprOX|mater 1 rtﬁ*n

5:28-

5.21 Tweezersfine-tipped.

5.292 Spatulas micro-type with V-shaped spoon that is approximately 2 mm wide at top and 12.5 mm long.
: i i e.

531

5.23 Fluorocarbon Duster.

5:324 Lens Tissuelint-free.

533

5.25 Porcelain Boatsfor pyrolysis, 98 mm long, 15 mm wide at top.

534

5.26 Centrlfuge—EGQA—Fad%s—(—ze—(—)OO h|qh speed (15 000 to 20 000 r/mln) Wlth head for 75 by 10 mm test tubes.

5.27 Beakers 2000 cni capacity.

6. Reagents and Materials
6.1 Castor-Oil-taboratery-grade.
6-2-Chloroform reagent grade.
6.2 Tetrahydrofuran (THF)reagent grade.
6.3 Colledion-typical-commercial-grade;Y-S.P.
6-4-1,2-Dichloroethangreagent grade.
6.54 Ethyl Acetatereagent grade.
665 Poly (Vinyl Formal) Resirf,Resir Grade 15/95.
6.6 Cellulose Acetate Butyrate Resin (CAB).

6.7 Cellulose Acetate Butyrate Resh
6-8-PhthalatePhthalate Type Plasticizer.
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7. Sample Preparatlonq—Dlspersmn Procedures

he mixture

but IS not a

84.—Sam|sle (Sonic Bath)
8—1—1—Dry—earbeﬁ—B-laeks—D13pers16ﬂ—Preeedtﬁe-A‘Ve|gh
7.1.1 We|gh 8to 10 mg ef—blaeleptaee in carbon bIack |nto a test tube contamm@ Chf(smlvent (typlcally chloroform-frem
viat-of black. or THF).

Note 1—With experience, H#is may not be necessary to weigh each carbonbtack-sampte—One-fuit-seoop with sample, as an estimated amount from
the mlcrospatuta—pfewe}es—a—saﬂs#aetory may be sufficient. There is considerable latitude in the amount of carber-btackFer-all samples.

mg used. The finer N100 and N200 blacks may require somewhat

Iess carbon black than the coarser semi-reinforcing types

7.1.2 Adjust the power of the ultrasonic bath for maximum agitation, this may require that the water level be adjusted. As the
ultrasonic energy heats the water in the bath, ice should be added to control the temperature in order to maintain maximum
dispersive capability.

7.1.3 Place the stoppered test tube containing the carbon black and solvent mixture into the most intense part of the ultrasonic
field and allow the mixture to agitate for 3 to 5 min. The test tube should be held with tongs or mauatedimple wire holder.

7.1.4 Transfer a small portion of the concentrated carbon black-solvent mixture into another test tube centaining 80 1 cm
coltedion-selution-prepared fresh solvent. The amount of concentrate required increases with particle size. Blend the mixture by
repeatedly transferring the sample between the transfer pipet and the test tube, then cork the test tube and repeat the ultrasonic
dispersion procedure.

7.1.5 Check the concentration of the diluted dispersion by extracting a small amount into the tip of the pipet and viewing against
a white background. For tread grade carbon blacks, the dispersions should be relatively transparent, becoming somewhat darker
with increasing particle size. The diluted dispersions for very coarse carbon blacks such as N700 to N90O series will be on the
threshold of complete opacity. If necessary, adjust the concentration by adding more concentrate or solvent as required, then repeat
the ultrasonic agitation. The volume of the carbon black-solvent mixture should be maintained at apprommafd?éeﬂﬂeheﬁ
45 If conS|derabIe d|Iut|on is requwed the excess volume abovébémhyl—aeetateraﬂd—ere&éﬂ—dfep)—e#easte%eﬂ%%meat

£ : age rubber
i mirel ing-types require

ctional area 2—A reasonable degree

Nete—3—ThisHs latitude exists for achlevmg the-recommendeed-precedure proper concentration levels in the final dispersiensfera-large batch different

grades of-rubber-compotned-containing-the-same carbon back—tdealty,—each of Concentration and overall dispersion quality are best determined by
screening the-three-samples—sheuld-beseleeted from actual specimens in the electron microscope and then making the necessary adjustments.




A8 D 3849 — 02
“afl

7.1.6 Place a-differentslab—or specimen grid with carbon substrate (film side up) on a piece of filter paper. Remove a small
testbatehes-hewever, amount of the final diluted dispersion using a fresh pipet and place one drop on the grid as close to the center
ams possible, from-a—single-stab-is-considered-adequate.

8-+-4-Carbon-Black height of about 12 mm. AIIow the speumen to dry for about 1 minona p|ece of fllter paper. This specimen
preparation procedure should be performed- % om a dry box if
the relative humidity in the room exceeds 30 %.

7.1.7 For TEM grids that contain formvar or residual CAB—cempound (CAB chip dispersions), place the TEM grid in
aceordance-with-8-1-3—From-this,weigh-a25 mg an appropriate sample and holder, ptace-in-a-glass-testtube-contdining 1 cm
ethyl-acetate the pyrolysis chamber and-€ork.

8-1-4-1There-is-considerablelatitude in allow adequate time ferthe-mass-of-the-sample-With-experience, this can chamber to
be-estimated-satisfactorily.

8-2-Test-Specimens

8:2-1-Substrate-Preparation-Prepare-thin-backing-films purged-by-wiping-a-clean-glass-slide-with-lint-free-tens-tissue. Wipe
three-times-with-onre-sheet an inert gas to prevent oxidation-efHens-tissue-and-then—repeat-with-a—fresh-sheet. Dip the sample.
Pyrolidze the specimen grid-ate-a-0-25-%-setution of sufficient temperature (typically greater than 550°C) to remove the poly (vinyl
formal) film or CAB, or both.

7.1.8 Acceptable dispersions of a carbon blackin-4:2-dichlereethane (Fig. the dry state and removed from a rubber compound

(SBR) are |Ilustrated for N- 220 and N- 774 carbon blacks in qus 1—a)9d-$f&m—ﬂae—d+pped—shdeﬁfe1%al+y—eﬂ—lens—ﬂesue—untll
the slide.

at the bottom
0 positioned

ph either tungsten
Aflow ed grids on
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FIG. 1 Ultrasonic Dispersions of N-220 Carbon Black
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7 2 Dry Carbon—Btaeks—Brsper&en—Preeedtrre A Black (Ultrasonlc Probe)

5 ck in1 qlass vial and add approxrmafely 20 cm

he mixture

rd viewing
ming somewhat
he threshold
Rrd repeat the
intained at

she&td—be—drsearded solvent (typrcally chIoroform)

Note 63—With experience, it may not be necessary to weigh each carbon black sample as an estlmated amount from the mlcrospatula may be
sufficient. There |s—a—jﬂdgment—faetor consrderable Iatrtude—rn—aemevr g-th AHev Hies

of carbor .
erual-rty—are—best—eheeked—by—sereenlng N200 blacks may_require somewhat less carbon black—tha-n—t-he—aetual—speermens—(o grids) in coarser

semi-reinforcing types.
7.2.2 Placet eele

dﬂﬂted—drspersren—uang—a—#eeh—mpet and—ptaee—eﬁe—drop on solvent |nto an ice- Water bath.
7.2.3 Insert the—grieas—elose probe-to-the—center—as—possible, from—a_height depth—ef-about—12-mmeff-idHeé
approxrmately 2 5 cm into the—speermen vraI and uItrasonrcate at~4e—to dry 50 watts-fer-about-L-min—Then,-store-in-a specimen

talog 10 min.

eparing one

employing the
g-be selected on
eening of the

ass dishes.

t-mmerse—ﬂae 4—The uItrason|c probe—rnte+heV|aland—s&bjeeHe—ma*rmﬂm—peweHer—}9—m+n HoId |ce-water bath containing the
g e vrat—and—pfebe should be housed—m—pesrﬁen%ay—means—ef—etamps—eenneeted—te—a—&uta&e support

the slide
o elevate

10
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with-8.2.1. Also,

Pesﬁren—a—lamp acoutlc enclosure—te—re#eet—kght—e#—the—wateesurfaee—ﬁdee—prepare reduce cavrtatlon norse

2. 4 Transfer 3

vith-black tape.

d a piece

water surface

- Remove
ed in case

abeut30 concentrated carbon bIack/solvent mrxture into another vraI and adémﬁcesh—ehlefefenﬂ—and—ag&ate—genﬂﬁgam
pour—off solvent.

7.2.5 Check the-liguid-completely concentration of the diluted dispersion by extracting a small amount into a pipet and then
placing 1 drop on a white filter paper. For tread 5 grade carbon blacks, the dispersions should be relatively transparent, becoming
somewhat darker with increasing particle size. The dispersion for very coarse carbon blacks such as N700 to N90O series will be
on the threshold of complete opacity.

7.2.6 If necessary, adjust the concentration by adding more concentrate or solvent as required, then repeat the ultrasonic
aqrtatron The vqume of the carbon bIack solvent mixture should be marntarned at approxrmatelﬁ—éﬁt&s&h—ehlefeteﬁm

ower and

agrtate—m—ﬂqe—mest—rntense—part—e#—the—ﬂeld—fer—]:G—m Regeat 7. 2 5

Note—9—DBreakdewn 5—A reasonable degree of latitude eX|sts for ach|eV| 6
1o0-mintitrasenic-agitation proper concentration levels irthejar eV P
sample—Samples-ef-blackremoved at flnal dlspersmns for differen
serireirfereing grades efbla metim i A A
dispersion quality are best determined by screenrng—the—lelaeleeh#uses—threugheut—the solvent actual specrmens—rn—the—;&r—mt-heut—ultraeenlc agitat
H-neleHhese—eeﬁdmens—ene-eaﬂnet—e#eetwely—Femove electron microscope and then makirg-the-disselved-polymer in necessary adjustments.

7.2.7 When the affect the final
dispersion-guatity, drop on the fllter paper is in an acceptable color range, plaee—a—mere—ehlute—euspensron specimen grid with a
thin carbon substrate (film side up) on a piece-efblackispreduced-—TFhisrequires-eitherthe-addition filter paper. Using a fresh pipet,

remove a small amount -ef-mere-coencentrate in the final dispersion-er-the-use-of-Hess—chleroferm-in-the-initialjarpreparation.
8.2.4.3 Remove 1 chof the black dispersion from the jar, place in-a test tube, and cork. Treat this sample in place one drop

on the-same-manner grid as close to-the-eoneentrate-in-8-2.2-2-and-continge with all center as possible, from a height of about 12
mm. Allow theremaining-steps-for-Procedure-A-—The-one-exceptionpertains specimen-grid-to-the-carboen-substrates-—Fhese should
be-prepared dry for approximately 1 min-en-tungsten-grids.

8244 Place the-specimens—{film-side-up)-along filter paper.

7.2.8 Place the-bettom-ef-one-or-more—porcetain-boats grid into the microscope-and-reecord-theirpositions.
8-245-Place examine theporecelain-boats—econtaining dispersion for visual separation of discrete aggregates—f-the specimens

n d|sger5|on shows—a—eembus&en—tulee—furnace h|qh concentrat|on (overlap of aqqreqates aqqlomerat-ren—and—pyrelﬁreally remove
stion tube

Ff-SO forth), adjust the—eqtrrpmeﬁt—has—been—used—e*teﬁewely—feebuﬂepyrolvsrs concentratron—of—rubberesamples
8-24-6-Remove the-poreelain-boatsfrom-the-furnace dispersion by following 7.2-6-and-coot-them-to-room-temperature before

eepeang—ﬂaem—te—aH—Stere—tl&e—ngs in prepare a new speemaen—helde%m—aeeerdanee—wrthﬁs—E—Z—G—and—S—Ze—S—Acceptable
ig—4-and Fig. 5.

8—2—5— grid by followmq 7. 2 7

11
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7 3 Carbon—BJraelerH—eAB—Bispefswﬁ—Pfeeedure D Blacks Removed from Vulcanlzed Rubber Compounds
0 mixture in

7. 3 1 Cut thln sectlons (about apprommately—l cm :‘fhof—e%hyJ—aee%a{e—mio the Fultbber compound using a razor blade.

7.3.2 Place 5 to 10 sections-ic dn an appropriate sample holder, place in the pyrolysis chamber-and agitate allow adequate time
for-3 the chamber to be purged by an inert gas to prevent oxidation of the sample. Heat the sample at a temperature in excess of
the decomposition temperature of the polymer.

7.3.3 1t should be noted that heteroatom polymers such as neoprene and nitrile rubber will not pyrolyze cleanly and often
carbonize and sinter the aggregates together, resulting in poor dispersion. These samples cannot be anatyzee-with 8.2.2.2.

8252 Add-an-additienal 3 any degree of confidence; therefore, caution must be used when these polymers are encountered.
Additionally, rubber compounds containing 5 % or more silica typically result in higher sintered aggregate dispersions with
agglomerated silica. Advanced techniques for removal of the silica must be employed in order to get reliable results.

7.3.4 Allow the sample to cool to room temperature before removing it from the pyrolysis chamber. Place the sample in a test
tube containing 1 crof solvent (typically chloroform or THF).

7.3.5 Disperse the residual carbon black sample as described in 7.1.2-7.1.8.

7.4 Carbon Black in CAB (Cellulose Acetate Butyrate)

7.4.1 The preparation of the CAB chip utilizes high shear mixing on a two-roll mill which greatly reduces the level of
aggregation; therefore, the aggregate size measurements then become more directly related to particle size, thus reducing shape
related corrections.

7.4.2 Preparation of CAB Chip

7.4.2.1 The following conditions were defined for a Farrel Tecno Lab Polymill 110P. Slight adjustments may be necessary

depending on the-testtube-and-transfer size of-the-eentents 2-roll mill used.

7.4.2.2 Preheat the 2-roll mill to give-apolypropylene-testtube-with-eap—Centrifuge temperature on the front roll of the mill
at1571 76°C and the rear roll at 66°C, noting that rolls should be in motion while heating.

7.4.2.3 Set the roll gap t6-2094—+ad/s{15-000-+6-20-000-r/min) until 0.2 mm and roll rate of 20 r/min.

7.4.2.4 Weigh out the following ingredients depending on the carbon black-has-been-separated from type being analyzed:

Weight (9)
Carbon Black CAB Santicizer
N100-N300 (25 % CB Loading) 375 82.5 30.0
N500-N900 (40 % CB Loading) 60 0 66 0 24 0

7.4.2.5 Mix the-mixture—The-centrifugation-step-requires-about-30—40 min. carbon black and CAB resin in a container, then add

the Santicizer, taking care not to let the Santicizer touch the sides of the container.

7.4.2.6 Stop the rolls, then evenly distribute the mixture across the roll gap and allow it to heat for 2 min.

7.4.2.7 Initiate the rollers, noting that it may be necessary to intermittently turn off the mill heaters to control the temperature,
as the energy of mixing will generate additional heat.+or-efficieney—several-samples-are-generally-centrifuged-simuitaneously.

8:2.5:3Dbrain the—eleartiquid-from 25 % carbon black loading the temperature may increase up to 10°C above the starting
conditions, and up to 20°C for the 40 % carbon black loading.

7.4.2.8 Any material that passes through the mill gap must be collected and added back to the mixture.

7.4.2.9 After the material has completely banded (uniform sheet), cut the band and fold it together, then replace it in the gap
for a total mix time of 10 min. During the 10 min of mixing, the material is to be removed from tuhe rollers, folded together, then
placed back in the gap at 1-min intervals.

7.4.2.10 Remove the material from the mill, cut it into approximately eight equal parts and allow it to cool mix to room
temperature.

7.4.2.11 Slowly add material back to mill for an additional 5 min of mixing. During the mixing cycle, the material is to be
removed from the rollers, folded together then placed back in the gap at 1-min intervals.

7.4.2.12 Remove the material from the mill, cut it into approximately eight equal parts and allow it to cool mix to room
temperature.

7.4.2.13 Repeat step 7.4.2.11 for an additional 5-min mixing cycle for a total flux time of 20 min.

7.4.2.14 Remove the material from the mill and allow it to cool to room temperature.

7.4.3 Cut approximately a 25 mg section of the chip and place in a glass test tube containif@ftfrersh-chioroform.

8254 Agitate-the-mixture-ultrasenically-for-30 s solvent. There is considerable latitude-inaccordanee-with 8.2.2.2.

8-2.5.5Place-tefthe mass offresh-chleroferm-in-aglasstest tube-and-add-2-te-7-drops of the sample. With experience, this

can be estimated satisfactorily.

7.4.4 Disperse the carbon bIaeHuepen&%—a&d—bleed—m%&me&#&F&S%—aﬂ%@—N&%—M%ype carbon
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Procedure

9— 7.1 (bath) or 7.2 (probe).

8. Calibration and Standardization

98.1 Prepare the electron microscepe and/image analysis systems-fer-eperation.
9:2-When operation according to the-abselute-pressure-within manufacturer's recommendation.

8 2 Set the m|croscope |s—a&a—etmﬂb+e—epeﬁ3%mg—le\fel—fe%e*amp+e+3—mpﬁqf;feﬁﬁ—m+ thereservoir-of-the-speeimen

and align-the proper size
ype of image

NUTE—]:G—FOf-ﬁﬁ-HHE'SVSteﬁﬂSﬂNﬁh-HﬂeﬁO'pﬂCS“COﬂpHngS magnlflcatleﬁﬁdﬂumbmﬁtypeecaﬁfmrﬁe—kmﬁmapertures obtaln EMSA values

i ended Image

amﬂaﬁe—&s%mgtu&bﬂrﬁéwas
Ve%y—lew—epe%aﬂﬁg—vemages—m—t-he—mge—#em—ze—te%e kV STSA values (see Test Method D 6556) The foIIowmg resolutlon QU|de+rnes—a1=e applicable
offered te—e#4+ﬁe—rmage—&ﬁa+ys+s—syetems—us+ﬁg4&m—rrrefdeﬁe—pfowde g

i SiS-Sy I ificati ig i solut|on maqmﬂcatlon F&ng—bu{—low enough
to-permitreasonably-efficientsampling—-A-suitable-guideline to minor adjustmem:sr(agmflcatloa—seleeﬂon level) may-be-based
greg i i 0 appears necessary to
oth-on-h - y - i ac ks of a achieve-similar size range

he dry state

EMSA and STSA values:

Particle Size Range (nm) Resolution (nm/pixel)

—NION220,N231 140660
14 to 21 1.5t0 2.0
—N37F5N339 115-660

22 to 26 20to 2.5
—N336N347-N351 —95-060
27 to 37 2.5103.0
—NBE50,N++4 —50-660

38 to 49 3.0t0 4.0
—N996 —46-060

50 to 62 —40-660

tze-types), auto
Bien techniqu

be &6 i i i acki errtoward the
e image 2 jecti teld selection

e detected



eed to the

specimen.
from 675

as follows:

(8)

follows:

-5.0 ReferenceBlack Anm? Pram Lrhm
A2 56575.0 to 6.0
A-263 to 100 5.01t0 6.0

16++6-199 —3716:0-t6-12:6
101 to 199 6.0t0 12.0
200 to 400 H+

arbonb 3 d-ea rAer. Continue
h-of- the 0 on-b to the second
g the final
icroscope
2 0 5 o ield vide-imag 5 : - Rieregrap ot sent at least
i grid-o ings. Field i nay be based ai i i i 1€ bv+ardoem-se i of different
i - s npling p d o-one mi 0 i ino g v elected from a
: . 5 i h—gri A v 675 0—agg im on the final
|
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B-2 16667 —586 165
e-2 —6819 472 34
B2 65400 1332 412
D-2

65400 1332 41212.0 to 20.0

Nete—13—TFhis-step-does-hot-appearto-be-necessary-when-colleeting
8.3 Confirm the instrument resolution using a calibration grating at the center of the specimen stage in the eucentric position,
for example, 2160 lines/mm.
8.4 Determine the magnification factor in nm/pixel, and its square if{(square pixel), for use in converting raw pixel data
w to dimensional properties.

9. TEM Analysis Procedure

9.1 With the specimen removed, set the beam intensity to the proper level for the image analysis system.

9.2 Correct for any shading in the blank image and reset the brightness level.

9.3 Insert the first carbon black specimen into the electron microscope, locate it at the center of the microscope stage, adjust
to eucentric height, and adjust the microscope focus.

9.4 Start the measurements on-a-single-taberatory—hewever—if-interlaboratery-comparisons are field near one side of a grid

opening. Continue to-be-made;-this-step-is+egdired.
11-2Partiele-Size select and measure adjoining fields of carbon black aggregates in a straight line tracking pattern toward the

center of the grid opening, until the far edge of the opening has been reached. Repeat if necessary until data for about 2000
aggregates have been recorded.

9.5 Image Analysis

preparation

d = the
9.5.1 Each image analysis system will have its own proprietary means for processing the images it receives from the camera.
However, some general comments and guidelines are in order.

9.5.2 Thresholding can be accomplished via an automated process, manually for each field, or even using a preset threshold if

carbon film thickness and morphology are consistent and other imaging conditions are not altered.

9.5.3 Configure the acquisition software to reject aggregates smaller than 50 pixels in area (if resolution is chosen correctly as
directed above, this is slightly smaller than a single particle having the mean patrticle size value). These features are generally
attributable to noise in the image. The use of erosion followed by dilation (1 pixel depth and minimum number of
cycles—typicavilly 1 to 2 cycles) on each binary image can smooth “noise” associated with particle boundaries without

significantly altering “real” data if magnification/resolution are selected optimally (see above).

9.5.4 A “guard frame” should be employed to selectively deal with partial aggregate images (aggregates that touch image
boundaries). Rejecting all aggregates that touch image or guard frame boundaries, or setting the relative size of the guard frame
too small or too large, will tend to bias the results. Again, proper magnification/resolution selection will help minimize these

effects.

9.6 Repeat the analysis fer-each-aggregate, nm,

A = projeeted a standard carbon black sample with a similar particle size suitable for the appropriate magnification. This
analysis verifies that the microscope, camera and image processing system are functioning properly.

9.7 At a minimum, area (A) and perimeter (P) of the aggregate projections must be measured for use in the following
morphologica,|l property calculations.

10. Calculations

10.1 Single Aggregate

10.1.1 Measured Parametets

A = aggregate area (rfin and

P = aggregate perimeter (nm).

10.1.2 Derived Parameters

D = area-equivalent aggregate diameter (nm) = AA?,
aggregate-perimeter—am;—and
a-nen-dimensionatparticle

«a = aggregation-factor.
11221 Calettate factor = 13.092%(R) %°% however, if this yieldsx < 0.4, usex = 0.4,
d, = average particle size fGFeaeh—meas&Fed—ea*beFrblack black a single aggregate-as follows:

P
o
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11222 - the-caledlated-value (nm)azrA/P,
V, = aggregate volume (nth= (8/3)A%P,
Vp = particle volume (nrf) = wd, 6, and

n = number ofe=-0-4-use-a-value-of-0-4for-that-aggregate.

11-2-3—Caleutate particles in the-velumé,;—of-each-measured-carbon-black aggregate-asfollows:

\/ Qa2

Vi — OoATor

1124 Caleulate-the-averageparticle-voluives V,/V.
10.2 Distributional Properties for-each-measured-carbon-black-aggregate-asfollows:

I1d 3
Vo=—% (14)
(t5)
(16)
Particles and Aggregates:
10.2.1 Derived Parameters
where:
- = thenumber-average particle-diameterfor-all-aggregates,am, and
n. = Znferaltof-the-measured-carbon-black-aggregates.
sn
for
all
of
the
ag-
gregates
measured,
or
to-
tal
number
of
all
particles,
m = mean particle size (nm) ={n*d,)] / n,
112 7-Caledlate-the-standard-deviationfor the,
sd = particle size-distribution-asfellews:
on 111 /2 [(17\
QIJ*L ||\u u) I\It J.}J \J.I}
1128 Caleulate-the-coeflicient-of-variationfor-theparticlesize-distributionas-fellows
€Ov——Sbid (18)
11.2.9-Caleutate-the-surface standard deviation (nnmyr{d,- m)?/ (n— 1) ['Z
wm = weight mean particte-eiamete; i, nm) = [ (n * oS TOHOWS:
dsm = A= (19)
11.2.10 Calculate the specific surface-area as follows:
6000
=— (20)
P Ysm
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3 (n*d3)],
hi = particle size heterogeneity index = wm/m,
d., = particle size surface mean diameter (nm) = {n * d, /[ (n*d Zﬁeg)L
EMSA electron microscope surface areg#gh-aned
the/g) = 6000 / § * d..); where:p = 1.8 g/cn? (assume density efthe carbon blaek), k
N, = number of aggregates measured,
M = mean aggregate size (nm)>=D / N,,
SD = aggregate size standard deviation (hm) (P — M)3% (9N, - 1) ]2
WI\/I: welqht mean aqqreqate size (nm)Z@“/ 2D3)-

()
i

e
[}

SR 3 ady 9 FEaEeRh 8 add i more of the
i Referen § e-of-the-un wis should be
ize viation
11. Report
12 1-Aggregate-Dimensional-Properties
11.1 Report the-morphotogical-state—of-the-black(dry-btack—SBR, following information for Particle Size Distributional
Properties:
11.1.1 Dispersion method (CAB, DB-6 or C), and

the-type removed from rubber compound),
11.1.2 Number of-data-eutput{feature-orfield-speeific).

12-3-2-Hist-the-number-of-specimensand-thetotal-aggregate-cot)y{
1213 Reportthenormalized-valuesdto-thenearest-3-0-nm, aggregates measured,

11.1.3 Mean particle size, m (nm),
11.1.4 Weight mean, wm (nm),
11.1.5 Heterogeneity index, hi, and

11 1.6 Electron microscope surface area, EMSATﬁ’?#g)—

_ S(LJW,
F, = (Ii‘. ) (21)
S(P24mA)
= (22)
S(P3¥6m?
_ ZP¥er) 03)
. — 1\ (24
=t W, 24
Cho Plidar A {25
SF—=—PYent V- (26)

12, and
Hl = aggregate size heterogeneity index = WM/M.
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parameters.

e of Aggregate Size
D|str|but|onal Propertles

11.2.1 Dispersion method (DB or removed from rubber-grade-carben-blacks{dry-state)the-average-eoefficients compound),
11.2.2 Number of-variation-for aggregates measured,

11.2.3 Mean aggregate-area;perimeterana-Hongesteret's-diameter-are-as follows:

14— size, m (hm),

11.2.4 Weight mean, WM (nm), and
11.2.5 Heterogeneity index, HI.

12. Keywords

142.1 aggregate size; automated image analysis; carbon black; electron micreseepy—image—analysisi—primary aggregate
dimensions particle size

ANNEX

(Mandatory Information)

Al. PREPARATION OF CARBON COATED TEM GRIDS

Al.1 Substrate PreparationPrepare thin backing films by wiping a clean glass slide with lint-free lens tissue. Wipe three
times with one sheet of lens tissue and then repeat with a fresh sheet. Dip the slide into a 0.25 % solution of poly (vinyl formal)
in 1,2-dichloroethane. Drain the dipped slide vertically on lens tissue until the film dries (about 1 to 2 min). Then, score all the
edges of the film by rubbing a razor blade around the top edges of the slide. Blow away all film fragments using the aerosol duster.

Al.2 Carefully float the poly (vinyl formal) film on to a distilled water surface in the Biichner funnel. Place the specimen grids
(shiny side up) one at a time on the top of the floating poly (vinyl formal) film. Generally, a total of 40 or more grids are prepared
in a single operation.

Al1.3 Prepare a small screen platform and place face down on the grids, then remove the grids and poly (vinyl formal) film from
the water by depressing the screen platform and rotating it 180°. An alternative procedure allows placement of the screen platform
underneath the water in the Bichner funnel. The grids are deposited on the platform and the poly (vinyl formal) film is positioned
over the grids and allowed to settle on them by draining the water from the funnel. Allow the coated grids to dry at least 3 to 4
h before using them.

Al.4 Place the screen platform containing the poly (vinyl formal) coated grids in a vacuum evaporator that has been set up for
carbon evaporation. Pare down one carbon rod using the sharpener to provide a 1-mm diameter, 3-mm long, cylindrical tip. Set
this up to make contact in the center of the flat surface of the second carbon rod, which has not been pared down. Center the grids
on the screen platform in the evaporator at a distance 100 mm away from the evaporation tip of the carbon rods. Insure that a-c
glow loop is moved to the side during this process. Follow manufacturer's recommendation for carbon evaporation.

Al1.5 Turn off the current through the carbon rods and allow the system to cool for about 10 min. Close the vacuum valve and
allow air to enter the bell jar so that it can be removed. Place a-c glow loop directly over the screen platform, then replace the bell
jar. Apply vacuum to achieve an absolute pressure of 20 Pa K50 torr). Activate the a-c glow discharge system at
approximately 1500 V. Dim the room lights and inspect the glow pattern. There should be a discernible pinkish glow around the
loop, while the region around the specimens (on the grounded stage) is dark. The specimens are in the zone of maximum ion
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bombardment. Maintain the glow discharge at a pressure of 13 to 20 Pa (100 to 168 torr) for a period of 3 min. Turn off
the glow discharge and bring the bell jar to atmospheric pressure. Remove the coated specimen grids and store in a dry atmosphere.

| | 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).
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