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The users of sugar, especially the commercial users, are making 
increased demands for sugars of various types based on grain size. 
Some candy makers want coarse sugar because it handles bet ter in 
their kettles, bakers want fine sugar because it creams more easily 
in cake batter, and many housewives want an intermediate size which 
is neither coarse nor fine. If the sugar manufacturers are to supply 
sugar to meet these demands, it is necessary to have a standardized 
method for determining the grain size, and to set up specifications 
for the various typos. It is also necessary to decide on the types 
which most nearly meet various market demands and to produce these 
types as standard products. It is highly desirable, though perhaps a 
bit idealistic, tha t the s tandard types be produced by all manufactur­
ers so that a uniform product is available everywhere. 

It is the purpose of this discussion to make tentative suggestions 
concerning the solution of these problems. 

Sieve Tests 

The determination of particle size by sieve tests is familiar to 
everyone. To the wri ter ' s knowledge, very little effort has been made 
in the sugar industry to standardize the type of sieves to be used or 
the methods of using them. The first step, therefore, is to decide on 
the type and sizes of sieves. A number of sieve series are available, 
but it is desirable that one be selected which is generally accepted as 
s tandard. The American Society for Testing Materials has adopted 
the National Bureau of S tandards sieve series and the practically 
identical Tyler S tandard Screen Series of sieves. 

The Tyler scale has as its base an opening of .0029 inch which is 
the opening in the 200-mesh sieve using 0.0021-inch wi re ; the opening 
increases in the ratio of the square root of 2, or 1.414. The area of 
the openings, therefore, increases in the ratio of 2. Fo r closer sizing 
intermediate sieves are available. In the complete series the sieve 
openings increase in the ratio of the fourth root of 2, or 1.189, and the 
area increases in the ratio of 1.414. 

The U. S. sieve series, designed by the Bureau of S tandards , uses 
a 1-mm. opening as the base, the opening varying in the same rat io as 
the Tyler series. The result is tha t the two series are practically iden-
tical. It is suggested that either of these series may be adopted as 
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standard. The writer's laboratory uses the TyJer series. In both the 
U. S. and Tyler series the sieves arc designated by number and not, 
as is usually the case, by the number of openings per linear inch. 

The set of sieves listed in table 1 has been selected as suitable for 
use in testing sugars: 

Table 1. 

For the average run of granulated sugar, sieves Nos. 30 to 100 
are ail that are required. Tf very close sizing is desired, sieves Nos. 
35 and 45 may be included in the series since about 70 percent fall 
in the range of -30 +50 . However, for routine tests such sizing is 
of doubtful value. The intermediate series, 60 and 80, have little 
value in tests on average sugars as produced but are included because 
of their use in establishing suggested commercial types to be discussed 
later. 

The method of making sieve 1ests has been standardized and the 
following procedure is recommended: 

A Tyler Ro-Tap Sieve Shaker has been adopted as the screening 
apparatus. Eight-inch-diameter, half-height sieves are used. One 
hundred grams of sugar are weighed into the coarsest of the nest of 
sieves, which is placed in the Ro-Tap and shaken for 10 minutes. The 
various fractious are weighed and the results reported in the usual 
way. When testing the product from factory screens where the size 
range lies within narrow limits, a 50-gram sample should be used to 
avoid overloading the sieves. It is particularly important to avoid 
overloading the finer sieves, No. 60 and under. This method has 
been found to give reproducible results when the same 100-gram sam­
ple is recombined and retested, as is Indicated in table 2. 

The most serious difficulty in obtaining accurate sieve tests is in 
getting a truly representative sample. This is especially difficult 
when the range of grain size is large and the size distribution uneven, 



as is the case for practically all unscreened factory sugars. No amount 
of mixing or, so far as the writer knows, no method of mixing will pre­
vent some segregation so that successive portions taken from the same 
sample may show rather wide variations. When the size range is nar­
row, as in the case of factory-screened sugars, this difficulty materi­
ally decreases and satisfactorily concordant results can he obtained. 

Too little work has been done to establish the range of variations 
due to sampling. Some indications as to the character of the problem 
are il lustrated by some tests made recently in the wr i te r ' s laboratory. 
The sugar from the sieve tests of 57 samples was recombined into a. 
single composite and the weighted average sieve test calculated. The 
entire composite was placed in a closed container and thoroughly 
mixed. A series of tests was made on the mixture. After each two 
or three tests the whole sample was remixed. A total of eight tests 
and three mixings were made. After this the samples were again re-
combined, remixed, and passed through a " J o n e s " ore sampler unti l 
the weight had been reduced to approximately 100 grams. On the 
last pass through the sampler there were, of course, two such portions 
(a) and (b) . Sieve tests were made on both. Data for the above tests 
are shown in table 3. 

It is noted that samples taken from the mixed composite invari­
ably indicated the sugar to be finer than it really was, while the sam­
ples obtained from the " J o n e s " sampler checked the calculated com­
position very closely. When an accurate test on a given sample of 
sugar is desired, this method is recommended. 

The results of a sieve test reported in the usual manner are dif­
ficult to interpret . It is desirable, therefore, to express the average 
fineness or average grain size by a single number which may be called 
the "fineness modulus" . There are numerous methods of calculating 
the average particle size ; each one is mathematically sound and each 
one gives a different result. The point is to choose the method of 
calculation which suits the purpose for which the figures are to be 
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Table 2. 

Repeated tests on the same 100-gram sample 
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Table 3. 

used. For the present purpose it is desirable to use a modulus which 
will express the relative grain size as it appears to the eye and one 
which is simple to calculate. After considerable exploratory work, 
such a modulus has been devised ; the derivation is explained in the 
following paragraphs. 

Tn the first place it is necessary to determine 1 he average grain 
size in any given sieve fraction, for example, the average grain size 
which passes No. 40 sieve and is retained on No. 50. A number of cal­
culations were tried, but the one which appears to meet the conditions 
best is the simple geometric mean of the adjacent sieve openings. 

Mean Diam. = D x d where D and d are diameters 
of the sieve openings. 

The reason for adopting this value is shown in figure 1. The 
sieve openings in mm. are plotted against the sieve number on a semi­
log scale. The plot is, of course, a straight line. It will be noted that 
the geometric mean of any two sieves falls on the line at exactly the 
midpoint between the sieves. This method of calculating the mean 
therefore conforms to the characteristics of the sieve series. The mean 
values for the entire series are given in figure 1. 

In order to simplify future calculations, the values of the mean 
diameters are rounded off as indicated under the heading "Modulus 
Factor" in figure 1. 

Having established the mean grain size for each sieve fraction, 
it still remains to calculate a "fineness modulus" for any given sieve 
test. The simplest and for the present purposes the most practical 
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method is to take the ar i thmatical average of the mean grain size of 
all the sieve fractions. This is done by taking the p roduc t of the 
percentage and the modulus factor for each fraction and dividing the 
sum of the products by 100. This method is i l lustrated by the fol­
lowing example : 

Figure 1.— 
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37.80 

A v g . d i a m . of g r a i n = ——— = 0.3786 mm. 

100 

It may appear inconsistent to use the geometric mean for deter­
mining the average grain size between successive sieves and the arith­
metical mean for the overall average. This is done for the sake of 
simplicity. The geometric mean appears to be more accurate, but 
the difference is very small and its use involves constant reference to 
a table of logarithms. Briefly, the method is to use the log of the 
mean sieve opening as the modulus factor, which is applied in the 
same manner as illustrated above. The. overall mean grain size is the 
anti-log of the sum of the products. 

At this point the question arises as to the best method of ex­
pressing the results in terms of a "fineness modulus" so that the 
modulus will be consistent with the appearance to the eye. The first 
thought is to use the mean grain size or a multiple of it as the modulus. 
This puts the modulus on the basis of a linear function, that is, the 
diameter of the crystal. The chief objection is that there is a very 
small spread in the modulus of many sugars so that judgment of what 
constitutes a significant difference becomes difficult. This objection 
can be overcome by stating the modulus in terms of the volume of the 
average crystal. This is done by taking the cube of the average 
diameter as determined above. In order to avoid unwieldy fractions 
the cube of the average diameter is multiplied by 1,000 and only one 
figure to the right of the decimal point is carried in the final result. 
The method of calculation is expressed by this equation: 

( FW )3 

M = —————1000 
( 100 ) 

M = Fineness modulus 
F = Modulus factor 
W = Percentage in each fraction 
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Referring to above example : 
(37.86)3 

M =—————1000 = 54.3 
( 100) 

Table 4 will illustrate the foregoing points. The figures were ob­
tained from actual sieve tests on run-of-factory sugars. 

Table 4. 

An objection to the use of this modulus is that it becomes quite 
large when applied to coarse sugars. This is illustrated by the ex­
amples given in table 5. 

Table 5 

It should be noted that astronomical figures occur only when 
dealing with special sugars which are a very minor par t of the total 
production. It does not seem logical to discard an otherwise satisfac­
tory method on this account. The wri ter ' s laboratory has, therefore, 
tentatively adopted this method of report ing "f ineness m o d u l u s " 
pending further developments. 

Standard Types of Commercial Sugars 

Tn the beginning of this paper reference was made to selecting and 
setting up specifications for commercial types of sugar based on grain 
size. With full realization of the controversial aspects which are in­
volved, the writer suggests the following five types as meeting a large 
majority of the commercial and household demand. 
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The fraction -12 + 2 0 designated as "Sand ing" 
-20 + 4 0 designated as ''Standard. Granulated" 
-40 + 60 designated as " T a b l e " 
-60 + 8 0 designated as "Bake r s " 
-80 +200 designated as "Desser t" 

The fineness modulus, assuming an ideal distribution of size in 
each fraction, are : 

"Sand ing" 1,728.0 

"S tanda rd" 216.0 

"Tab le" 29.8 

"Baker s" 9.3 

"Desser t" 2.7 

The foregoing description of the types is based on the assumption 
that 100 percent falls within the sieve limits designated and that 
there is a uniform size distribution in each sieve fraction. These con­
ditions, of course, are impossible of attainment in commercial prac­
tice. Therefore it is necessary to complete the specifications by set­
ting up limits of tolerance. The lack of sufficient data on the per­
formance of commercial sieves makes this difficult to do at the present 
time. In order to get preliminary data on allowable variations, syn­
thetic mixtures of each of the types were made up, varying the per­
centage oversize and undersize, as well as the size distribution. The 
example given in table 6 will serve to illustrate the results. 

Observation of slides projected on a screen gave visual evidence 
that No. 1 was coarse and No. 4 fine than No. 5. Very little differ­
ence could be distinguished between Nos. 2, 3, and 5. On the basis 
of these observations the following tentative tolerances were set up, 
subject to change as further data are accumulated : 

Table 6 
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The limits, of course, become less for the finer types. It is pos­
sible to have sugars fall within the given modulus range which would 
not conform to the classification indicated, because of wide size varia­
tion. Therefore in applying these specifications it is understood 
that at least 80 percent falls within the rated sieve range. 

Tt was stated in the beginning that the purpose of this discus­
sion is to propose a standardized method for determining the average 
grain size of granulated sugars, and to suggest specifications for 
s tandard types which will meet the growing demand of the commer­
cial and household users. Tt is fully realized tha t much yet remains 
to be done, but it is hoped that through cooperation of the indust ry as 
a whole a mutually satisfactory solution of the problems will be 
reached. 

Summary 

The Tyler Standard Screen Series or its equivalent is recom­
mended for making sieve tests on granulated sugar. A s tandard 
method of making the tests is described. A numerical expression for 
the average crystal size is derived and termed the "f ineness modu lus" . 
Five commercial types, based on fineness, which most nearly meet 
various consumer demands, are suggested and their specifications 
set up. 


