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FIGURE 9.-Elutriated diamond powder fraction, average size 5 microns, 
Magnification. X 400. 
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Operation of the machine is quite simple. A slurry of diamond 
powder and gelatin solution is introduced into the open top of the 
elutriator can. Gelatin solution flows down an outer glass tube and 
overflows into an inner glass tube to enter the elutriator can at its 
lower end, flows up and over the lip of the can into the overflow chan
nel, then into a collecting can. Arrows in the diagram indicate the 
direction of flow. The rate of upward flow of liquid determines the 
grain size washed over the lip of the can. 

In order to obtain a definite rate of flow, a constant head cone, 
cutter, and nozzle are necessary. The constant head cone provides 
the nozzle with a stream of liquid under constant pressure. The 
nozzle is so made as to deliver a definite volume of liquid per minute. 
As the fine sizes require flow rates of very small magnitude, a system 
of cutters is employed. These cutters are sectors of cones made of 
metal or celluloid. When the glass tube revolves at a constant rate 
(about 25 rpm), the cutter takes a definite portion of the stream from 
the nozzle, the remainder flowing back into the main tank. Cutters 
are of various sizes, 360 degrees for all the flow, 180 degrees for half 
the flow, etc. 

By careful choice of nozzle and cutter any upward rate of flow may be 
obtained. For example, if the upward rate of flow just exceeds the sedi
mentation velocity for a I-micron particle of diamond, then all particles 
1 micron or smaller will overflow and be recovered in the collecting 
can. This overflow process is continued until examination of the 
overflow shows that no more particles 1 micron or smaller remain in 
the elutriator. The cutter can then be changed for a larger one to 
produce a greater flow such that the next desired size fraction is 
removed. 

The stirrer is used to agitate the diamond slurry and prevent aggre
gation. In order to prevent turbulent effects caused by the rotation 
of the stirrer blade, a grid is used. This grid prevents any rotary mo
tion of liquid in the upper part of the can and forces the liquid to rise 
vertically. 

The diamond powder is then removed from the gelatin solution by 
the following method. For coarser sizes of powder (down to 15 to 20 
microns) large volumes of liquid are encountered, and the separation 
takes place in two steps. First, the suspension is allowed to stand 
for a day, which brings the powder down to the bottom of a container 
about 10 inches deep. The excess liquid is decanted. Second, the 
slurry at the bottom is evaporated or centrifuged to remove the remain
ing water. After this, the powder is cleaned with hydrofluoric, nitric, 
and sulfuric acids in a platinum dish. 

For the finer fractions, the volume of liquid from the elutriator is 
seldom more than a few liters. In this case, the liquid is separated 
by centrifuging and decantation of the supernatant liquid. The 
powder is collected, the excess liquid is evaporated, and the powder 
subjected to the cleaning process. 

For a larger installation on a commercial scale it might be desirable 
to use a basket type or a continuous centrifuge. The cleaning in that 
case could be done with hot hydrochloric acid and hot dichromate
sulfuric acid cleaning solutions, followed by rinsing, filtration, and 
final ignition. 
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As diamond powder is relatively expensive, preliminary test runs 
in the elutriator were made with fluorite, which is quite similar to 
diamond in some of its physical properties. Both are cubic, with good 
octahedral cleavage, have similar densities (3.25 and 3.5), and have 
the same electric charge in water. 

With fluorite, fractions were produced with uniform grain size. 
Four fractions were made, 0 to 2.5, 2.5 to 5, 5 to 7.5, and 7.5 to 10 
microns. The average sizes, determined microscopically, of the frac
tions were 2, 5, 7, and 9 microns. 

A charge of diamond powder was next used. Six fractions and a 
residue in the elutriator were recovered. Three of these fractions 
are shown in figures 7, 8, and 9. The size ranges (in microns) are 
o to 2,1 to 3, and 2 to 7. Average sizes for these grades are 1,2, and 
5 microns. 

There are several reasons to account for the better uniformity of the 
size grading of fluorite as compared to the diamond powders. The 
fluorite fractions were made continuously, whereas when running the 
diamond powder several shutdowns of the machine were necessary. 
The lack of reservoir capacity for the gelatin solution prevented over
night operation and, therefore, the machine was shut down at night. 
However, in a commercial installation enough fluid capacity could be 
made available so as to avoid the necessity of fairly constant attend
ance in order to maintain the supply of elutriator fluid. As a result of 
these shut.downs there was some flocculation of the diamond powder. 
Also it is believed that the diamond powder requires longer and more 
intense stirring to break up aggregations. 

IV. DISCUSSION 

Other methods that might be used for the size grading of diamond 
powders include the British centrifuge method and air elutriation. 

The first of these methods is described in a British report.2 No 
work was done at the Bureau in sizing powder by this method, but 
the powders so produced have been examined and found to be quite 
uniform in size. Between 1939 and 1941 they were the best to be had 
in this country. For large-scale production the method is believed 
to have certain disadvantages-the time required for centrifuging 
under constant attention of an operator tends to make the process 
uneconomical. There is often difficulty in controling the time of 
centrifuging, especially for larger sizes. The equipment and supplies 
are relatively expensive. On the other hand, this is a simple process 
that does good grading. 

The air elutriator offers no distinct advantages over the liquid 
apparatus, except that the finished product requires no cleaning. 
However, air elutriation equipment is commercially available and has 
been used on diamond powder and other products.34 It was not tried 

I Report 7821, Research Laboratories of the Gencral Electric Co., L td . (1941) . 
• P. S. Roller and P. V. Roundy, Jr., Surface area of portland Cement- Symposium on new methods for 

particle size determination in the subsieve range. Am. Soc. Testing Materials (1941). 
• P. S. Roller, Measurement of particle size with an acurate air analyser, Proe. Am. Soc. Testing Ma· 

terials 32, pt. II. 607 (1932). 
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in this investigation because the equipment was not available at the 
time. 

This work has indicated that the Cooke elukiator is very well 
suited for the size grading of diamond powder. It requires little 
attention as compared to other methods. 

Probably the most economical way to operate the Cooke machine 
commercially would be in the form of a battery of five or more in 
parallel. If the tanks were sufficiently large, it is evident that one 
head tank and one main tank and pump could serve several elutriators. 
Also one motor and one speed reducer could drive the stirrers and 
cutters of several machines. One large tank could receive the over
flow from several machines. 

The attention required by a battery of elutriators would be little 
more than that for a single one. It was found that about 15 minutes 
would be required to change cutters and receptacles for each fraction 
for a battery of five elutriators. Loading would take about 5 minutes 
to a machine, and cleaning out each machine after the last fraction 
has been made would take about 5 minutes. 

V. COMMERCIAL STANDARD AND SPECIFICATION 

As a result of a part of this work, a Commercial Standard 5 was 
devised by the Bureau's Division of Trade Standards. By conference 
with producers and consumers, this was adjusted to meet the require
ments of the trade and was finally adopted on March 6, 1945. The 
sizes and grades as given in that standard are shown in table 5. 

TABLE 5.-Grade designation, grain size, and sieve numbers 

Grain size (microns) U. S. Stand-
Grade desig- ard Sieve 

nation 1 DUJIlbe r 
Minimum Maximum (tbrougb) , 

1 0 2 ---------.-
2 1 3 -----------
3 1 5 -----.-.-.-
3X 0 6 ---------.-
6 4 8 -------- ---

8 6 10 --.--------
8X 4 12 -- -- ----- --

14 8 20 -- ---------
25 13 37 -----------
40 20 60 325 

60 35 85 230 
90 60 120 170 

120 80 160 120 
150 100 200 100 
180 120 240 80 

250 150 350 60 
400 250 550 40 

1 Grades I, 6, and 8 are narrow-range grades lor exacting work in cutting and polisbiug fine diamond dies, 
sappbire bearings, etc. Grades 3X and 8X are wide-range grades desired lor some purposes. 

' United States Stand ard Sieve series. Sieve numbers are included lor relerence only. It does not 
necessarily follow that powders passing tbe sieve indicated lor a grade will meet tbe grain-size require
ments of tbat grade, nor tbat powders retained on tbe sieve necessarily fail to meet tbe grain'size require
ments . 

• Commercial Standard CSl23-45, Grading of diamond powder (1945). 



478 Journal of Researoh of the National Bureau of Standards 

VI. SUMMARY 

Dilute gelatin solution was the best liquid of the 30 tried for dis
persing and sedimenting diamond powder. 

Sieving was found to give a clean separation of the larger size 
fractions if the coarse fraction was washed in acetone after the 
sieving. 

Direct settling gave size separation that was fairly good. 
The Cooke elutriator was found to be the most economical of the 

methods tried for the size grading of diamond powder. 

This work was instigated and financed by the War Production 
Board and the War Metallurgy Committee of the National Academy 
of Sciences. The study was first published as War Production 
Board Serial No. W-156. 

WASHINGTON, January 31, 1946. 


