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Standard Test Method for
Carbon Black—Morphological Characterization of Carbon
Black Using Electron Microscopy

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. Scope black particle size is a distributional property; therefore, the

1.1 This test method covers the morphological characterizd€'m particle size implies the mean value from multiple
tion of carbon black primary aggregates from transmissiorfn€asurements. _ o _
electron microscope images. These measurements are used té-1-1.2 carbon black aggregate-a discrete, rigid colloidal
derive the mean particle and aggregate size of carbon black @ntity that is the smallest dispersible unit; it is composed of
the dry (as manufactured) state, from CAB chip dispersion Opxte_ns!vely coalesced particles. Carbon black aggregate size is
removed from a rubber compound. a d|§tr|but|0nal property; therefor_e, the term aggregate size

1.2 The values stated in S| units are to be regarded as tHE'Plies the mean value from multiple measurements.
standard. The values in parentheses are for information only, 3-1.1.3glow discharge-a plasma of ionized gas that is

1.3 This standard does not purport to address all of theformed in a h|gh-\éoltage field at pressures of about 3 to 20 Pa
safety concerns, if any, associated with its use. It is thd25 t0 150X 10~ torr). An alternating current (a-c) glow
responsibility of the user of this standard to establish appro-discharge using air is effective in cleaning and oxidizing the
priate safety and health practices and determine the appncasurface of carbon substrates to improve the wetting character-

bility of regulatory limitations prior to use. istics of polar vehicles containing pigment dispersions.
3.1.1.4 substrate—a thin film that is used to support elec-
2. Referenced Documents tron microscope specimens. Evaporated carbon films are com-
2.1 ASTM Standards: monly used because of relatively good mechanical strength,

D 3182 Practice for Rubber—Materials, Equipment, andStability and conductivity. _
Procedures for Mixing Standard Compounds and Prepar- 3-1.2 Aggregate Dimensional Properties from Image Analy-
ing Standard Vulcanized Shegéts sIs _ _ .

D 3191 Test Methods for Carbon Black in SBR (Styrene- 3.1.2.1area (A)—the two-dimensional projected area of the
Butadiene Rubber)—Recipe and Evaluation Procedures carbon black aggregate image.

D 3192 Test Methods for Carbon Black Evaluation in NR 3.1.2.2perimeter (P)-the total boundary length of an

(Natural Rubben aggregate. _
D 6556 Test Method for Carbon Black—Total and External 3-1.2.3volume (Vj—an estimate of the volume of the
Surface Area by Nitrogen Adsorpti®n carbon black aggregate using stereological principles.
3.1.3 Image Analysis
3. Terminology 3.1.3.1 erosion—the process by which image features are
3.1 Definitions: reduced in size by selectively removing pixels from their
3.1.1 General periphery. It consists of examining each binary pixel and

3.1.1.1 carbon black particle-a small spheroidally shaped, changing it from ON to OFF if it has greater than a preset
paracrystalline, non-discrete component of an aggregate; it cdfinimum of neighbors that are OFF. It serves a number of
only be separated from the aggregate by fracturing. Carbous_eful functions such as smoothing feature outlines and sepa-

rating features touching each other.
3.1.3.2 dilation—the converse of erosion. This process is

% This test method is under the jurisdiction of ASTM Committee D24 on Carbondccomplished by changing any OFF pixel to ON if it has
Black and is the direct responsibility of Subcommittee D24.81 on Carbon Blackgreater than a preset minimum of ON neighbors_ This process
Microscopy and Morphology. ; ; R ; H ;

Current edition approved Nov. 10, 2002. Published December 2002. Originallcauses.Image feanflres to grqw In size, W.hICh fI||§ in small
approved in 1980. Last previous edition approved in 2000 as D 3849 — 95a (ZOOOy;.)reaks in features, internal voids, or small indentations along
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3.1.3.3 feature—areas within a single continuous boundary 5.8 Electrically Heated Tube Furnagecapable of being
that have gray-level ranges that allow them to be distinguishetleated to 800 to 900°C under an inert environment, with the
from the background area outside the feature via thresholdingbility to introduce and remove the sample boat to the heated
3.1.3.4 thresholding—selecting a range of brightness such zone without allowing oxygen intrusion.
that discrimination is possible between the figure and the 5.9 Pyroprobe capable of being heated from 150 to 1000°C
background. The gray levels within carbon black imagesn an inert environment.

become lower with decreasing particle size. 5.10 Carbon Rodsapproximately 3.1 mm in diameter.
- 5.11 Carbon Rod Sharpener.
4. Significance and Use 5.12 Glass Microscope Slide®5 by 75-mm.

4.1 Carbon black morphology significantly affects the tran- 5.13 Test Tubes75 by 10-mm, 4-cmicapacity, 0.5-mm wall
sient and end-use properties of carbon black loaded polymehickness, with corks.
systems. A carbon black’s particle size distribution is its single 5.14 Transfer Pipetsdisposable Pasteur-type, 225 mm long,
most important property, and it relates to degree of blackness-mm inside diameter at tip.
and rubber reinforcement. For a given loading of carbon black, 5.15 Rubber Bulbsfor pipets.
blackness and reinforcement increase with smaller particle 5.16 Glass Vials 40-cn? capacity, with solvent-resistant
size. Aggregate size and shape (structure) also affect a carbewps.
black’s end-use performance, as higher carbon black structure 5.17 Biichner FunnelNo. 3, 111-mm inside diameter.
increases viscosity and improves dispersion. The stiffness 5.18 Filter Paper, general purpose.
(modulus) of elastomer systems becomes significantly higher 5.19 Carbon Coated Electron Microscope Specimen Grids
with increasing structure. The preferred method for measurin@-mm diameter, 200 to 300 mesh. Commercially available or
these properties is transmission electron microscopy. can be prepared as described in Annex Al.

4.2 Carbon black aggregate dimensional and shape proper-5.20 Wire Screeningwith openings approximately 1 nfm
ties are dependent upon the nature of the system in which the 5.21 Tweezersfine-tipped.
sample is dispersed, as well as the mixing procedure. 5.22 Spatulas micro-type with V-shaped spoon that is
approximately 2 mm wide at top and 12.5 mm long.
5. Apparatus 5.23 Fluorocarbon Duster.

5.1 Electron Microscopgtransmission-type, with a point- 524 Lens Tissuelint-free.

to-point resolution of 1.0 nm or better. Operating voltages 5.25 Porcelain Boats for pyrolysis, 98 mm long, 15 mm
should be high enough to provide the desired resolution angjide at top.

low enough to produce images of sufficient contrast. Recom- 5.26 Centrifuge high speed (15 000 to 20 000 r/min) with
mended voltages can be in the 60 to 120 kV range. Theead for 75 by 10 mm test tubes.

microscope column should contain a liquid nitrogen-cooled 5.27 Beakers 2000 cni capacity.

anti-contamination device or a “cold finger” to reduce sample

contamination and to maintain column cleanliness. For image. Reagents and Materials

acquisition, the microscope should include a charge-coupled

device (CCD) camera mounted either above or below the 6.1 Chloroform reagent grade.
Instrument's viewing chamber. - - 6.3 1,2-Dichloroethangreagent grade.

5.2 Image Analysis Systentonsisting at minimum of a 6.4 Ethyl Acetatereagent grade.
TEM-interfaced camera capable of 640480 pixel or better 6.5 Poly (Vinyl Formal) Resif?, Grade 15/95.
resolution, a computer equipped with frame grabbing hardware 6.6 Cellulose Acetate Butyraté Resin (CAB).
to capture TEM images digitally, and computer software to 6.7 Phthalate Type Plasticizer.
perform morphological operations and measurements on image
features and store resulting data. Operations must include Sample Preparation—
background/noise elimination, thresholding, erosion and dila- .
tion on thresholded (binary) images, and measurements must/ -1 Pry Carbon Black (Sonic Bath)

include area, perimeter and a minimum of 16 Feret diameters /-1-1 Weigh 8 to 10 mg of carbon black into a test tube
at angular spacings of 11.25°. containing 1 cm of solvent (typically chloroform or THF).

6.2 Tetrahydrofuran (THF)reagent grade.

Dispersion Procedures

5.3 Two-roll Mill; NoTe 1—With experience, it may not be necessary to weigh each

5.4 Vacuum Evaporatqrstandard-type, for preparing car- carbon black sample, as an estimated amount from the microspatula may
bon films to be used as substrates for electron microscopy. THe sufficient. There is considerable latitude in the amount of carbon black
evaporator should be capable of reducing the absolute press d. The finer N100 and N_200_ blacl_<s may require somewhat less carbon
to 1.3 mPa (1X 10° torr) and should also contain the 2k than thfe coarser semi-reinforcing types. . .
necessary apparatus for a-c glow discharge. 7.1.2 Adjust the power of the ultrasonic bath for maximum

5.5 Ultrasonic Generator variable power tank-type or agitation, this may require that the water level be adjusted. As
probe that provides sufficient energy to give acceptable disper-
sion.

5.6 Dry Box capable of maintaining a relative humldlty 3 Formvar, a registered trademark of Monsanto, also available as Catalog No.

level of no g.reater than 30_ %. 18050 and 18060, Ladd Research Industries, Inc., P.O. Box 901, Burlington, VT
5.7 Analytical Balancewith an accuracy of about 0.5 mg. o05401.
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FIG. 1 Ultrasonic Dispersions of N-220 Carbon Black

the ultrasonic energy heats the water in the bath, ice should ksereening the actual specimens in the electron microscope and then
added to control the temperature in order to maintain maximunmaking the necessary adjustments.

dispersive capability. o 7.1.6 Place a specimen grid with carbon substrate (film side
7.1.3 Place the stoppered test tube containing the carbqghy on a piece of filter paper. Remove a small amount of the
black and solvent mixture into the most intense part of theijng| diluted dispersion using a fresh pipet and place one drop
ultrasonic field and allow the mixture to agitate for 3 to 5 min. 5 the grid as close to the center as possible, from a height of
The test tube should be held with tongs or mounted in a simplgpaut 12 mm. Allow the specimen to dry for about 1 min on a
wire holder. piece of filter paper. This specimen preparation procedure

7.1.4 Transfer a small portion of the concentrated carborqid be performed in a dry box if the relative humidity in the
black-solvent mixture into another test tube containing £ cm 50m exceeds 30 %.

of fresh solvent. The amount of concentrate required increases ; - £ TEM grids that contain formvar o residual CAB

with particle size. Blend the mixture by repeatedly transferring

the sample between the transfer pipet and the test tube, thé%AB chip dispersions), place the TEM grid in an appropriate

cork the test tube and repeat the ultrasonic dispersion procgfjlmple holder, place in the pyrolysis chamber and allow

dure adequate time for the chamber to be purged by an inert gas to

7.1.5 Check the concentration of the diluted dispersion b>prevent_oxidation of the sampl.e. Pyrolize the specimenogrid at
extracting a small amount into the tip of the pipet and viewinga sufficient temperature (typlcglly greater than 550°C) to
against a white background. For tread grade carbon blacks, thEMove the poly (me_l formgl) film or CAB, or bOth',
dispersions should be relatively transparent, becoming some- 7-1.8 Acceptable dispersions of a carbon black in the dry
what darker with increasing particle size. The diluted disperState and removed from a rubber compound (SBR) are illus-
sions for very coarse carbon blacks such as N700 to Noo#fated for N-220 and N-774 carbon blacks in Figs. 1 and 2.
series will be on the threshold of complete opacity. If neces- 7.2 Dry Carbon Black (Ultrasonic Probe)
sary, adjust the concentration by adding more concentrate or 7.2.1 Weigh 5 to 10 mg of carbon black into a 30%mgtass
solvent as required, then repeat the ultrasonic agitation. Thgial and add approximately 20 cmof solvent (typically
volume of the carbon black-solvent mixture should be main-chloroform).
tained at approximately 1 ¢ lf considerable dilution is

required, the excess volume above 1°@hould be discarded. ~_Nore 3—With experience, it may not be necessary to weigh each
carbon black sample, as an estimated amount from the microspatula may

Note 2—Areasonable degree of latitude exists for achieving the propebe sufficient. There is considerable latitude in the amount of carbon black
concentration levels in the final dispersions for different grades of carbomsed. The finer N100 and N200 blacks may require somewhat less carbon
black. Concentration and overall dispersion quality are best determined biylack than the coarser semi-reinforcing types.
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FIG. 2 Ultrasonic Dispersions of N-774 Carbon Black

7.2.2 Place the vial containing the carbon black and solverfrom a height of about 12 mm. Allow the specimen grid to dry
into an ice-water bath. for approximately 1 min on the filter paper.
~ 7.2.3 Insert the probe to a depth of approximately 2.5 cm 7.2.8 Place the grid into the microscope and examine the
into the vial and ultrasonicate at 40 to 50 watts for 10 min. dispersion for visual separation of discrete aggregates. If the
Note 4—The ultrasonic probe and ice-water bath containing thedISperSIon shows a high concentration (overlap of aggregates,

sample vial should be housed in an acoutic enclosure to reduce cavitati(ﬁfggmm_erationy and_ so forth), adjust the concentratipn of the
noise. dispersion by following 7.2.6 and prepare a new specimen grid

7.2.4 Transfer a small portion (approximately 2 to £pof by following 7.2.7. _
the concentrated carbon black/solvent mixture into another vial 7-3 Carbon Blacks Removed from Vulcanized Rubber Com-
and add 20 crhof fresh solvent. pounds

7.2.5 Check the concentration of the diluted dispersion by 7.3.1 Cut thin sections (about approximately 1 fhof the
extracting a small amount into a pipet and then placing 1 dropubber compound using a razor blade.
on a white filter paper. For tread grade carbon blacks, the 7.3.2 Place 5 to 10 sections in an appropriate sample holder,
dispersions should be relatively transparent, becoming somglace in the pyrolysis chamber and allow adequate time for the
what darker with increasing particle size. The dispersion fochamber to be purged by an inert gas to prevent oxidation of
very coarse carbon blacks such as N700 to N90O series will bilne sample. Heat the sample at a temperature in excess of the
on the threshold of complete opacity. decomposition temperature of the polymer.

7.2.6 If necessary, adjust the concentration by adding more 7.3.3 It should be noted that heteroatom polymers such as
concentrate or solvent as required, then repeat the ultrasonieoprene and nitrile rubber will not pyrolyze cleanly and often
agitation. The volume of the carbon black-solvent mixturecarbonize and sinter the aggregates together, resulting in poor
should be maintained at approximately 20°ciRepeat 7.2.5.  dispersion. These samples cannot be analyzed with any degree

Note 5—A reasonable degree of latitude exists for achieving the propeP]c confidence; therefore, CaUt'on_ ,mUSt be used when these
concentration levels in the final dispersions for different grades of carbol?0lymers are encountered. Additionally, rubber compounds
black. Concentration and overall dispersion quality are best determined b§ontaining 5 % or more silica typically result in higher sintered
screening the actual specimens in the electron microscope and therggregate dispersions with agglomerated silica. Advanced
making the necessary adjustments. techniques for removal of the silica must be employed in order

7.2.7 When the final dispersion drop on the filter paper is inf0 get reliable results.
an acceptable color range, place a specimen grid with a thin 7.3.4 Allow the sample to cool to room temperature before
carbon substrate (film side up) on a piece of filter paper. Usingemoving it from the pyrolysis chamber. Place the sample in a
a fresh pipet, remove a small amount of the final dispersion antest tube containing 1 crof solvent (typically chloroform or
place one drop on the grid as close to the center as possiblEHF).
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7.3.5 Disperse the residual carbon black sample as de- 7.4.4 Disperse the carbon black in the CAB chip as de-
scribed in 7.1.2-7.1.8. scribed in 7.1 (bath) or 7.2 (probe).
7.4 Carbon Black in CAB (Cellulose Acetate Butyrate)
7.4.1 The preparation of the CAB chip utilizes high shear8. Calibration and Standardization
mixing on a two-roll mill which greatly reduces the level of 8.1 Prepare the electron microscope/image analysis system
aggregation; therefore, the aggregate size measurements then operation according to the manufacturer's recommenda-
become more directly related to particle size, thus reducingon.
shape related corrections. 8.2 Set the microscope at the proper magnification to obtain
7.4.2 Preparation of CAB Chip EMSA values that are similar to STSA values (see Test Method
7.4.2.1 The following conditions were defined for a FarrelD 6556). The following resolution guidelines are offered to get
Tecno Lab Polymill 110P. Slight adjustments may be necessarne operator in the proper magnification range, but minor

depending on the size of the 2-roll mill used. adjustments £1 magnification level) may be necessary to
7.4.2.2 Preheat the 2-roll mill to give a temperature on theachieve similar EMSA and STSA values:
front roll of the mill at 76°C and the rear roll at 66°C, noting Particle Size Range (nm) Resolution (nm/pixel)
that rolls should be in motion while heating. ;‘2‘ Ig gé ;g :g ;g
7.4.2.3 Set the roll gap to 0.2 mm and roll rate of 20 r/min. 27 to 37 2510 3.0
7.4.2.4 Weigh out the following ingredients depending on gg to gg 2-8 to 451-8
H . to .0 to 5.
the carbon black type being analyzed: 63 10 100 01060
Weight (g) 101 to 199 6.0 to 12.0
Carbon Black CAB Santicizer 200 to 400 12.0 to 20.0
N100-N300 (25 % CB Loading) 375 82.5 30.0 . . . . . )
N500-N900 (40 % CB Loading) 60.0 66.0 24.0 8.3 Confirm the instrument resolution using a calibration

grating at the center of the specimen stage in the eucentric
osition, for example, 2160 lines/mm.

8.4 Determine the magnification factor in nm/pixel, and its
square in nri(square pixel), for use in converting raw pixel
data to dimensional properties.

7.4.2.5 Mix the carbon black and CAB resin in a container,
then add the Santicizer, taking care not to let the Santicizerr)
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 1  TEM Analysis Procedure
intermittently turn off the mill heaters to control the tempera-
ture, as the energy of mixing will generate additional heat. Foj
the 25 % carbon black loading the temperature may increase B
to 10°C above the starting conditions, and up to 20°C for thebr
40 % carbon black loading.

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

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

. . 9.3 Insert the first carbon black specimen into the electron
7.4.2.8 Any material that passes through the mill gap r’nus}nicroscope, locate it at the center of the microscope stage,

be7cA?II2e;tTﬁan?haddecti b.aTkhtO the mllxtturle.b ded i adjust to eucentric height, and adjust the microscope focus.
e er the material has completely banded (uniform 9.4 Start the measurements on a field near one side of a grid

sheet), cut the baﬂd z_:md fold it together, _then replace i_t in th%pening. Continue to select and measure adjoining fields of
gap for ﬁ total m_|x| time k())f 10 mln.dl?urlnghthe ”10 m]!nldOfdcarbon black aggregates in a straight line tracking pattern
mixing, the material Is to be removed from the rollers, foldedy, 54 the center of the grid opening, until the far edge of the

together, then placed back in the gap at 1—min_ interva_ls._ opening has been reached. Repeat if necessary until data for
7.4.2.10 Remove the material from the mill, cut it into 5p5,t 2000 aggregates have been recorded.

approximately eight equal parts and allow it to cool mix to g g Image Analysis

room temperature. . . - 9.5.1 Each image analysis system will have its own propri-
7.4.2.11 Slowly add material back to mill for an additional gtary means for processing the images it receives from the

5 min of mixing. During the mixing cycle, the material is to be camera. However, some general comments and guidelines are

removed from the rollers, folded together then placed back ify, order.

the gap at 1-min intervals. 9.5.2 Thresholding can be accomplished via an automated
7.4.2.12 Remove the material from the mill, cut it into process, manually for each field, or even using a preset

approximately eight equal parts and allow it to cool mix to threshold if carbon film thickness and morphology are consis-

room temperature. tent and other imaging conditions are not altered.
7.4.2.13 Repeat step 7.4.2.11 for an additional 5-min mixing 9.5.3 Configure the acquisition software to reject aggregates
cycle for a total flux time of 20 min. smaller than 50 pixels in area (if resolution is chosen correctly
7.4.2.14 Remove the material from the mill and allow it to as directed above, this is slightly smaller than a single particle
cool to room temperature. having the mean particle size value). These features are

7.4.3 Cut approximately a 25 mg section of the chip andgenerally attributable to noise in the image. The use of erosion
place in a glass test tube containing 13avfi solvent. There is  followed by dilation (1 pixel depth and minimum number of
considerable latitude in the mass of the sample. With experieycles—typically 1 to 2 cycles) on each binary image can
ence, this can be estimated satisfactorily. smooth “noise” associated with particle boundaries without
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significantly altering “real” data if magnification/resolution are  m = mean particle size (nm) =[n*d,)] / n,,

selected optimally (see above). sd = particle size standard deviation (nm) Zr{(d,- m)?/
9.5.4 A “guard frame” should be employed to selectively (n— 1) ]*4,

deal with partial aggregate images (aggregates that touch wm = weight mean particle size (nm) =] (n * dp4)] T3

image boundaries). Rejecting all aggregates that touch image * dp3)],

or guard frame boundaries, or setting the relative size of the hi = particle size heterogeneity index = wm/m,

guard frame too small or too large, will tend to bias the results. d = particle size surface mean diameter (nm) X [n *

Again, proper magnification/resolution selection will help dp3)] [[2(n* dpz)],

minimize these effects. EMSA = electron microscope surface are&/@gh= 6000/ p

9.6 Repeat the analysis for a standard carbon black sampted_ ); where:p = 1.8 g/cn? (assume density of carbon black),
with a similar particle size suitable for the appropriate magni- N, = number of aggregates measured,

fication. This analysis verifies that the microscope, camera and M = mean aggregate size (nm)3=D / N,,

image processing system are functioning properly. SD= aggregate size standard deviation (nm)X([p - M)%
9.7 At a minimum, area (A) and perimeter (P) of the (N, - 1) ¥,

aggregate projections must be measured for use in the follow- \w\= weight mean aggregate size (nmE®?% D3, and
ing morphological property calculations. HI = aggregate size heterogeneity index = WM/M.

10. Calculations

11. Report
10.1 Single Aggregate P L . . .
10.1.1 Measured Parametefs 11.1 Report the following information for Particle Size
A= éggregate area (ifn and Distributional Properties:
P = aggregate perimetér (nm). 11.1.1 Dispersion method (CAB, DB or removed from
10.1.2 Derived Parameters rubber compound),
D = area-equivalent aggregate diameter (nm) = (JA?, 11.1.2 Number of aggregates measured,
o = aggregation factor = 13.0929R)%-°2 however, if this 11.1.3 Mean particle size, m (nm),
yields« < 0.4, usex = 0.4, 11.1.4 Weight mean, wm (nm),
d, = average particle size for a single aggregate (nm) = 11.1.5 Heterogeneity index, hi, and
amA/P, 11.1.6 Electron microscope surface area, EMSA/gn
V,, = aggregate volume (nth= (8/3)A%/P, 11.2 Report the following information for Aggregate Size
Ve = particle volume (nrf) = wdp3/6, and Distributional Properties:
n = number of particles in the aggregate =/Vp. 11.2.1 Dispersion method (DB or removed from rubber
10.2 Distributional Properties for Particles and Aggre- compound),
gates 11.2.2 Number of aggregates measured,
10.2.1 Derived Parameters 11.2.3 Mean aggregate size, m (nm),
n, = 2n for all of the aggregates measured, or total number 11.2.4 Weight mean, WM (nm), and
of all particles, 11.2.5 Heterogeneity index, HI.
12. Keywords
41f not done automatically in the image analysis software, the measured o . .
parameters must be converted from pixels and square pixels to nm gniokefone 121 aggregate_ Size; aUtom.ated .lmage anaIyS|s, carbon
use in subsequent calculations. black; electron microscopy; particle size
ANNEX

(Mandatory Information)

Al. PREPARATION OF CARBON COATED TEM GRIDS

Al.1 Substrate PreparationPrepare thin backing films by ~ A1.2 Carefully float the poly (vinyl formal) film on to a
wiping a clean glass slide with lint-free lens tissue. Wipe thredlistilled water surface in the Blchner funnel. Place the
times with one sheet of lens tissue and then repeat with a fresgpecimen grids (shiny side up) one at a time on the top of the
sheet. Dip the slide into a 0.25 % solution of poly (vinyl floating poly (vinyl formal) film. Generally, a total of 40 or
formal) in 1,2-dichloroethane. Drain the dipped slide verticallymore grids are prepared in a single operation.
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 A1.3 Prepare a small screen platform and place face down
the top edges of the slide. Blow away all film fragments usingon the grids, then remove the grids and poly (vinyl formal) film
the aerosol duster. from the water by depressing the screen platform and rotating
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it 180°. An alternative procedure allows placement of the AL1.5 Turn off the current through the carbon rods and allow
screen platform underneath the water in the Bichner funnethe system to cool for about 10 min. Close the vacuum valve
The grids are deposited on the platform and the poly (vinyland allow air to enter the bell jar so that it can be removed.
formal) film is positioned over the grids and allowed to settleplace a-c glow loop directly over the screen platform, then
on them by draining the water from the funnel. Allow the replace the bell jar. Apply vacuum to achieve an absolute
coated grids to dry at least 8 # h before using them. pressure of 20 Pa (158 10° torr). Activate the a-c glow

Al.4 Place the screen platform containing the poly (vinyldischarge system at approximately 1500 V. Dim the room
formal) coated grids in a vacuum evaporator that has been sbghts and inspect the glow pattern. There should be a discern-
up for carbon evaporation. Pare down one carbon rod using tHele pinkish glow around the loop, while the region around the
sharpener to provide a 1-mm diameter, 3-mm long, cylindricappecimens (on the grounded stage) is dark. The specimens are
tip. Set this up to make contact in the center of the flat surfacé the zone of maximum ion bombardment. Maintain the glow
of the second carbon rod, which has not been pared dowlischarge at a pressure of 13 to 20 Pa (100 to X500 torr)
Center the grids on the screen platform in the evaporator at #r a period of 3 min. Turn off the glow discharge and bring the
distance 100 mm away from the evaporation tip of the carbotell jar to atmospheric pressure. Remove the coated specimen
rods. Insure that a-c glow loop is moved to the side during thigyrids and store in a dry atmosphere.
process. Follow manufacturer's recommendation for carbon
evaporation.
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