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FIGURE 2.-·Relation of temperature, time of settling, and pa1·tide size of molding 

sand. 
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FIGURE 3.-Apparatus used in the pipette method of testing the fineness of molding sand. 
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A, Quart fruit jar; B, milk-shake stirrer; 0, bailie system; D, 1,OOO-ml graduated cylinder; E, thermometer; F, transfer pipette; G, evaporating dish, 3-in. diameter. 
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III. DETAILS OF PROCEDURE 

63 

A suspension of the molding sand for the pipette method is pre­
pared as follows: A 50-g sample is placed in a glass jar (I-quart 
capacity) with a screw top, covered with 475 ml of distilled water, 
and 25 ml of a 1 percent aqueous solution of sodium hydroxide is 
added to deflocculate the clay. The sand is dispersed for a period of 
5 minutes in the 500 ml of solution by means of a small electrically 
operated stirrer. Baffles, consisting of 3 pieces of brass rod (%6-inch 
diameter) projecting perpendicularly from a brass ring held in place 
at the top of the jar by the jar cap, hasten the process of dispersion. 
Snugly fitting rubber tubing on the baffle rods prevents excessive 
break-up of the grain material. The arrangement of these baffle 
rods is shown in figure 3, together with other equipment used in the 
dispersion of the sample, and in the sampling and analysis by the 
pipette method. The dispersed suspension together with the rinsings 
of the jar are transferred to a graduated cylinder of I-liter capacity 
and distilled water is added to bring the volume up to 1 liter. After 
closing the open end of the cylinder, it is inverted and agitated for a 
period of 1 minute to insure uniform mixing of the original dispersion 
and the added water. The graduated cylinder is then set upright; a 
stop watch is started, signifying the beginning of actual settling. The 
temperature of the suspension, observed by means of a thermometer 
determi?es, from the nomograph (fig. 2), the time of settling of the 
suspenSIOn. 

About 10 seconds before the indicated time has elapsed a 25-ml 
pipette, the volume of which has been accurately determined, is 
inserted into the suspension until the tip is 5 inches below the surface. 
When the time limit is reached, the pipette is fuled rapidly (in less 
than 30 seconds). The contents are transferred to a weighed porce­
lain evaporating dish; the pipette is rinsed with distilled water and the 
rinsings added to the sample in the evaporating dish. After evaporat­
ing to dryness at a temperature of 105 to 1100 C, preferably in an 
oven, the dish is allowed to cool in a desiccator and is then reweighed. 17 

A balance accurate to 1 mg should be used. The pipette is thorougly 
cleaned and dried after each sampling by rinsing with alcohol and 
ether. Sampling may be repeated at progressive intervals to obtain 
additional size separations. Duplicate determinations may be ob­
tained after reagitation of the remaining suspension. For routine 
work, duplicate pipette samples are taken representing a separation at 
20,u. 

The weight of the dried sample in the evaporating dish must be 
corrected for the small amount of sodium hydroxide which is present. 
Twenty-five ml of a I-percent solution of sodium hydroxide, equiva­
lent to 0.25 g of sodium hydroxide, was present in the 500 ml of solu­
tion which was diluted to 1,000 ml. Each 25-ml sample of the diluted 
solution therefore contains 0.025 X 0.25 =0.006 g of sodium hydroxide. 
This weight must be subtracted from the weight of the dried material 
which was obtained from a pipette sample of the suspension. 

17 For (oundry control work and routine testing for clay substance a complete determination may be 
made in approximately 30 minutes by carefully evaporating the pipette portion in a weighed 250 ml heat­
resisting glass beaker over a low gas fiame, cooling and reweighing. This weight affords a basis for the clay 
substance calculation. 
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To obtain tne size distribution of the grain material of the sample 
the remaining suspension is emptied on a wet no. 270 sieve and washed 
by a gentle stream of water which carries most of the fine particles 
through the sieve. The sieve containing the coarser grain is dried for 
~ hour in an oven at a temperature of 105 to 110 0 C. After cooling, 
the dried grain material is weighed and is classified by means of sieves 
according to the regular American Foundrymen's Association prac­
tice. Is This indicates the size distribution of the coarser material, 
from the particles of largest diameter down to the smallest particles 
retained on a no. 270 sieve. Since the no. 270 sieve has a nominal 
opening of 0.053 mm, particles having a diameter of approximately 501-' 
or less will pass through this sieve.I9 Analysis of the pipette sample, as 
already described, determines the amount of clay substance finer than 
201-'. The material between 50 and 201-' in size, called "pan material" 
or "silt", is determined as the difference between the original weight 
of the sample and the combined weights of the material greater than 
50 I-' and less than 201-'. 

IV. RESULTS OBTAINED BY THE PIPETTE METHOD 

The following data and computations illustrate the information 
obtained from a fineness analysis of a 50-g sample of fine brass molding 
sand. 

Determination of clay substance (material less than 201-' in diameter): 
Temperature ____________ __ ___________________ ___ ___________ 0 C __ 
Time of settling ____________________________________________ min __ 
Volume of pipette ____________ ______ ___________ __ _____________ mL_ 
Dry weight of clay substance and sodium hydroxide in pipette portion_g __ 
Weight of sodium hydroxide in pipette portion __________________ do __ 
Net weight of clay substance in pipette sample _________________ _ do __ 
Total weight of clay substance in 1000 ml of original suspension (0 .144X 1000/25.11) _________________________________________________ g __ 

Weight percent of clay substance in terms of weight of original sample 
(5.73 X 100/50) ______________________________________ __ percenL_ 

27 
5 

25.11 
.150 
.006 
.144 

5. 73 

11. 46 

Determination of grain material (material retained on no. 270 sieve): 
Total weight of dry grain retained on no. 270 sieve, 26.72 g (53.4 percent). 

This weight of dry grain is further classified by use of a series of 
sieves as shown in the summary of results. 

Determination of pan material or silt (material passing a no. 270 
sieve and larger than 20M): 

Grams. 
Weight of original sample ________________________________ __________ 50 ~ 

Combined weight of clay substance (5.73 g) and weight of grain coarser 
than no. 270 sieve (26.72 g) ______________________________________ 32. 45 

Weight of silt, by difference ____________ _____________ _____________ __ 17.55 

is Testing and Grading Foundry Sands, Standards and Tentative Standards. Fineness Test, p. 86. 
American Founnryman's Association, Chicago. 

" In ordinary mechanical analyses of sand no attention is paid to absolute sizes of grains but the uominal 
sizes of the screen openings are taken as the sizes of separation . For further discussion the reaner is referred 
to Techn. Pap. BS 48, 50 (1915) T48. 
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Summary oj the results obtained jor a sample oj .fine bmss molding 
sand: 

Retained on sieve no. : Percent 
6______________ ______ ____ _____ __ __ _________ ______ 0. ° 
12__ ______________ ____________ ________________ ___ . 6 
20 ___________________ _________ ,_ ____________ ___ __ .1 
30_______________________ _____ _________________ __ .1 
40 ____ ___ ____ ________ ____________ ______________ __ . 2 
50_____________________ __ ________________________ .8 
70 ___ _________ ____ ______ ___ _____ _________________ 1.4 
100 __ ___ ________ ___ ______________________________ 3. 9 
140 ________________________________ ___ ___________ 11.2 
200 ____ _____ _______ ____________ ____ __ ____________ 23.8 
270 ____ _______ ___________________________________ 10.8 

Pan material or silt __________ _____ ____________________ 35.1 
Clay substance _____________ ___ _______ ________________ 11.46 

Such a summary constitutes the conventional report of the fineness 
of a molding sand. 

When further information is desired as to the size distribution of the 
fine portion of a sand, relative data suitable for comparison can be 
obtained by use of the pipette method. For example,. the material 
finer than that retained on a no. 270 sieve in the above sample of fine 
brass molding sand showed the followiD ;" size distribution: 

Percent 
Material passing a no. 270 sieve ____ ______ ______ ____ ___ ____________ ___ 46.6 

Material with an effective diameter less than{~g~===~~~~~~~~~~~~~~~~~ =~= it ~ 10IL __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ 9. 5 
5~----- --------- ---- -- - --- ~ ° 

In order to establish the reproducibility of results obtained by the 
pipette method, 5 successive pipette samples for a 20M separation 
were taken under similar conditions from a suspension of a sample of 
molding sand. The weights of the dry material less than 20M in 
diameter, obtained from these 5 portions were 0.207, 0.209, 0.209, 
0.207 and 0.206 g, which correspond to 16.5, 16.6, 16.6, 16.5, and 16.4 
percent by weight, respectively. 

V. SUMMARY 

The pipette method is a modified sedimentation method for classi­
fying finely divided material according to particle size. It is readily 
adaptable to the determination of the fineness of molding sand and 
has been satisfactorily used for this purpose at the National Bureau 
of Standards. The equipment required is easily assembled, the 
operation is simple, the time required for a determination is short, 
the information obtained is wider in scope, and the reproducibility of 
results is greater than is obtained by other methods now in use. 

WASHINGTON, D. C., September 18, 1934. 


