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GENERAL METHODS

BRIX DETERMINATION.

The density of all solutions up to 70 Brix is determined by
a direct reading with the hydrometer, after the removal of air

bubbles if present. If the determination is not made at exactly

i7//2 C., a correction must be applied according to Table XI on

page 64.

Double Dilution Method : In the case of material such as

molasses and fillmass, where the Brix cannot be determined directly

with accuracy, weigh out 300 grams, add about 200 grams of hot

water, dissolve completely, cool, and make up to 600 grams with cold

water. Multiply the Brix reading of this solution by 2.

POLARIZATION.

Practically all of the polariscopes in use for sugar work are

graduated for the following conditions : 26.048 grams of the ma-

terial weighed in air with brass weights, dissolved in water and

made up to a volume of 100 Mohr cc. at iJ
l

/2 C. ;
the solution polar-

ized at 17^ C. in a tube 200 mm. long. A Mohr cc. is the volume

occupied at 17^ C. by i gram of water weighed in air with brass

weights.

The International Commission for Uniform Methods of Sugar

Analysis has recommended the use of a normal weight of 26 grams,

weighed in air with brass weights, made up at 20 C. to a volume

of loo true cc., and polarized at 20 C. With the present polari-

scopes the error resulting from this change is negligible, but in

laboratories already equipped with apparatus graduated in Mohr cc.,

there is no reason for altering the old standards.

SUGAR.

In the absence of other optically active bodies the polarization

represents the true percentage of sugar. In the presence of raffinose

or invert sugar it is necessary to make what is known as the "Cler-

get Test" to determine the sugar accurately.



A. Determination of sugar in absence of other optically active

substances:

Dissolve 26.048 grams in a small quantity of water. Rinse into

a loo cc. flask, add sufficient lead acetate solution to decolorize,

avoiding any great excess, and make up to the mark with water.

The contents of the flask are well shaken, filtered and polarized in

a 200 mm. tube. The polariscope reading gives the percentage of

sugar. In- the case of molasses or dark syrups the half normal

weight is to be used, in the case of thin solutions a multiple of the

normal weight. Where the weight, volume or length of tube used

differs from the above standards, the sugar must be calculated

proportionally.

For strict accuracy the volume should be completed and the

polarization made at 17^ C. It is sufficiently exact, however, for

general work, if water of approximately this temperature is used

for making up the solutions.

B. Determination of sugar in presence of invert sugar
"
Clerget Test":

I. The polarization is found as above, except that the volume

^is completed and the reading made at 20 C. The polarization is

referred to as "P" in the following formula.

II. Transfer 13.024 grams to a 100 cc. flask, using 75 cc. water.

Add 5 cc. hydrochloric acid, sp. gr. 1.188, mix thoroughly and heat

to 67 C. by immersion in a water bath at about 70 C. The acid

solution should reach a temperature of 67 C. in from two and one-

half to five minutes; use,a thin flask, so that the heat may be quickly

transferred to its contents. The temperature is then maintained for

exactly five minutes between 67 and 70 C. From time to time

shake the flask slightly, so that the temperature may be even through-
out the solution. Cool quickly to 20 C., and make up to 100 cc. at

20 C.

Next add 2 to 4 grams of zinc dust, according to the amount

of decolorization required, and allow to stand for half an hour,

shaking at frequent intervals. To aid filtration, not over I gram
of infusorial earth may be used

;
it should be added in small portions

just before filtering, the flask being shaken after each addition. It

is better not to use the infusorial earth if bright filtrates can be
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obtained without it. Polarize at 20 C. in a 200 mm. jacketed tube.

The minus reading multiplied by 2 = "J."

The percentage of sugar is calculated from the following

formula :

% Sugar = (P + J) X-7537

C. Determination of stigar in presence of raffinose:

Determine "P" and "J
M

exactly as in'"B," but substitute the

following formulae:

(0.5124 XP) + J

% Sugar =

Raffinose =

0.839

P Z

1.852

INVERT SUGAR.

Thin juices are first to be concentrated to 6o-65 .Brix. Weigh
out 44 grams of the fillmass, syrup, etc., dissolve in water, and rinse

into a 200 cc. flask. Add lead acetate solution, fill to the mark with

water, mix and filter. Measure out 100 cc. of the filtrate in a 100-

110 cc. flask, add sufficient of a sodium carbonate* or a sodium sul-

phate f solution to precipitate all of the lead, complete the volume to

no cc., mix and filter. 50 cc. of the filtrate, representing 10 grams
of the sample, is transferred to an Erlenmeyer flask of about 250 cc.

capacity containing 50 cc. of Fehling's Solution, i. c., 25 cc. each of

the copper sulphate and the alkali solution. The flask is then heated

by a flame so regulated that the solution begins to boil in at least

three and one-half to four minutes. The time at which boiling com-

mences is to be taken as the point at which bubbles rise, not only in

the middle, but at the sides of the vessel. The solution is boiled for

exactly two minutes, and then cooled by adding 100 cc. of cold dis-

tilled water. It may be allowed to stand a few moments to allow

the precipitate to settle, and is then filtered through an ashless filter

paper. Wash the precipitate with hot water, distribute as evenly

as possible over the filter with a glass rod, and ignite in a porcelain

crucible. From the weight ,of black copper Oxide obtained, the

corresponding percentage of invert sugar is to be found in Table I

on page 47.

*
30 parts of crystallized sodium carbonate to 100 parts water,

arts of crystallized sodium sulphate to 100 parts water.



If the amount of copper oxide obtained above is beyond the

limit of the table, use 25 cc. of the second filtrate with 25 cc. water

and 50 cc. Fehling's Solution, carrying out the determination as

before. The percentage of invert sugar in this case, where the

amount of material is 5 grams, is to be found from Table II,

page 47.

Where the copper oxide weighed is in excess of 300 mg. the

results cannot be relied on because of the difficulty of oxidizing all

of the copper, and should not be reported. In such a case the pre-

cipitate should be collected on an asbestos filter in a glass tube,

ignited in a current of hydrogen and weighed as metallic copper.

Divide by 0.8 to convert Cu to Cu O.

Invert to 100 Brix: Multiply the percentage of invert found

above by 100 and divide by the Brix of the material.

ASH.

Weigh quickly^ in a tared platinum dish, about 3 grams of

sugar or fillmass, grams of molasses, or 20 grams of thin juice

of about 15 Brix. No attempt is made to take a definite weight.
Thin juice must be concentrated on a water bath after weighing.

Add about ten drops of sulphuric acid, 'and heat the dish care-

fully with a flame until the sample is thoroughly carbonized. Then

ignite at a dull red heat till the carbon is completely consumed. It

is advantageous to cover the dish with a piece of platinum foil or

place it in a muffle during this operation. The resulting ash should

be grayish or nearly white.

The dish is cooled in a desiccator and weighed. Subtract one-

tenth of the weight of the ash in all cases to compensate for the use

of the sulphuric acid. The corrected weight of the ash multiplied

by loo and divided by the weight of the original substance taken

gives the percentage of ash.

MOISTURE.

A. Sugar : Weigh out 2 to 5 grams -in a shallow aluminum

dish and dry for three hours in an air bath at ioo-iO5 C. Cool in

a desiccator and weigh. Repeat the drying and weighing until the

loss in one hour is not over one-tenth of I percent. The loss in

weight multiplied by 100 and divided by the amount of sugar taken

10



gives the percentage of moisture. The percentage of moisture sub-

tracted from 100 gives the percentage of dry substance.

B. Fillmass, Molasses, Juices : Dry approximately 25

grams of prepared quartz sand (page 46) and a short glass stirring

rod in an aluminum dish
; cool in a desiccator and weigh. Add suffi-

cient of the sample to approximate i gram of dry substance and

re-weigh. No attempt should be made to take a definite weight.
Mix thoroughly with the sand and dry as under "Sugar," until the

loss in one hour is not over one-tenth of I percent.

It is well to make these determinations in duplicate.

APPARENT PURITY.

If too thick, the material must first be diluted with water to

about 23 Brix. Remove any air bubbles if present and determine

the Brix in the regular way, using the correction table on

page 64 if the temperature is not exactly 171/2. 100 cc. is then

measured out in a 100-110 cc. flask, sufficient lead acetate for clari-

fication added, and the volume completed to no cc. with water. The
solution is filtered, and the polariscope reading is made in a 200 mm.
tube. This figure multiplied by the factor corresponding to the

corrected Brix, as found in Table X, page 63, gives the apparent

purity.

To simplify the above calculation, tables have been prepared

covering a range of 8 to 25 Brix. The purity is found at the inter-

section of columns indicated by the Brix and the polariscope reading.

TRUE PURITY.

The true purity is calculated by the following formula :

Let A = True purity.

B = Moisture percent.

C = Sugar rjft-cent.

Then

loo-B

ALKALINITY.

The acid (page 43) used for all alkalinity determinations of

juices and syrups should be of such a strength that i cc. = .001

ii



gram CaO. The indicator to be used in every case is phenol-

phthalein solution (page 44).

Juices : Transfer 10 cc. with a pipette to a porcelain dish,

and titrate to neutrality with the acid above described. If the ma-
terial is acid, add an excess of a sodium hydroxide solution, i cc. of

which = .001 CaO (page 44), and titrate back to neutrality with the

acid.

The result should be expressed as grams CaO per 100 cc.

Each cc. of the acid required by 10 cc. of the material indicates

o.oi gram CaO per 100 cc. Acidity should be expressed as nega-
tive alkalinity in terms of grams CaO per 100 cc.

In the case of thick juice or any dark colored solution where

it is difficult to observe the end reaction, transfer 10 cc. with a

pipette to a rather wide test tube and dilute with about 50 cc. of

water. Fill a second test tube in the same manner. Add phenol-

phthalein to one, and titrate with the standard acid until the color

of the juice in both test tubes is the same.

Fillmass and Syrup: Use 10 cc. of the portion diluted for

the Brix determination, and multiply the result by 2.-

The water used for diluting in any of the above cases should

have neither an alkaline nor an acid reaction.

CaO BY TITRATION.

The acid to be used is nitric acid, of such a strength that i

cc. = .05 gram CaO (page 43). The indicator to be used is

phenolphthalein solution (page 44).

Dilute the weighed sample to a volume of at least 50 cc., add

an excess of the standard acid, heat to boiling, and titrate back to

neutrality, using a sodium hydroxide solution of which i cc. = .05

CaO (page 44). If carbonates are present, the solution should be

boiled for not over five minutes after the addition of the acid to

expel the CO2; no loss of nitric acid need be apprehended under

these conditions.

For the purpose of calculation it is convenient to take 5 grams
of the sample or a multiple thereof. If 5 grams is used, the number

of cc. of acid required, less the number of cc. of alkali, gives

directly the percentage of CaO.

12



CaO BY SOAP SOLUTION.

The soap solution is to be prepared as directed on page 44.

A convenient strength is such that I cc. = .001 CaO.

Standardization of Soap Solution : Prepare a barium

chloride solution as directed on page 45. Transfer 10-20 cc. with a

pipette to a glass bottle with ground glass stopper. The bottle should

be marked at the point at which it holds 50 cc. Fill to this mark

with water and add the soap solution from a burette in portions of

about i cc. ;
after each addition insert the stopper and shake the

bottle vigorously. The end point is recognized by the formation of

a fine foam 5 mm. in depth, which will last for five minutes.

Determination : Weigh out 10 grams of the juice or ma-

terial under examination, and rinse into the bottle above described,

completing the volume to 50 cc. with water. Then commence the

addition of the soap solution, and proceed as directed above under

"Standardization." If the soap solution used is of such a strength

that i cc. = .001 CaO, and 10 grams of material is taken, the

number of cc. required must be divided by 100 to obtain the

percentage of CaO.

In the case of thin juices, where a number of determinations

are to be made, and the Brix does not vary essentially, it is suffi-

ciently accurate to determine the volume corresponding to 10 grams
and measure out this amount each time with a graduated pipette.

If a sample is acid, it should be neutralized with ammonia before the

soap solution is added.

CaO to 100 Brix, by Soap Solution -.Multiply the per-

centage of CaO found above by 100 and divide by the Brix of the

material.

ALPHA-NAPHTHOL TEST FOR SUGAR.

This test is used for detecting small amounts of sugar, as in the

condensed water from the coils, etc. To 2 or 3 cc. of the water

in a test tube a few drops of alpha-naphthol solution (page 46) are

added. The tube is then held in an oblique position, and concen-

trated sulphuric acid introduced slowly, in such a way that the acid

will not mix with the water but will run to the bottom and form

a separate layer. In the presence of the slightest trace of sugar
there will be formed at the intersection of the two layers a lilac-

13



A/f

colored band, which in the presence of larger amounts of sugar will

assume a deep violet or almost black tinge.

If the water is hot, it should be cooled before the addition of

the sulphuric acid by being held for a few moments in a stream of

old water.

REGULAR SAMPLES AND ANALYSES
GENERAL REMARKS ON SAMPLING OF JUICES AND

SYRUPS.

It is advisable to use an automatic, continuous sampling device

wherever possible. In the absence of this it will be necessary to

depend on analyses of average samples taken in equal amounts at

frequent intervals.

COSSETTES.

Determine every hour :

Sugar by hot water digestion according to Pellet.

Sampling: A pail holding at least 2 gallons should be filled

just before the sample is desired for analysis, by taking successive

handfuls from the cossette conveyor. The entire sample should be

ground without delay in the Enterprise Meat Chopper No. 41, fitted

with plate containing
l
/s in. perforations, and running at the rate

of 300 revolutions per minute. The machine should be thoroughly
cleaned every time after use and should be employed only for grind-

ing cossettes. After the sample has all been introduced into the

machine, several handfuls of the ground portion should be returned

to it to force through the unground material. The machine should

then be stopped and opened, and all the material remaining in the

interior removed and added to the bulk of the sample. The latter

must then be thoroughly mixed with the hands and a small portion

taken for analysis.

Analysis : Weigh out with as little delay as possible 52.096

grams, and rinse into a flask graduated at 401.2 cc. and provided

with an enlarged mouth. Add 10 to 12 cc. of lead acetate and

about 300 cc. of water. Place in a water bath at 80 C. for

thirty-five minutes. During the whole of the heating the body of

the flask must be entirely immersed in the water, and should be kept

from contact with the bottom of the bath by a suitable support.

14



From time to time during digestion the flask should be removed
and shaken with a rotary motion.

When digestion is complete add a few drops of ether and fill

to a volume of 9 to 10 cc. over the rnar-k with water of 80 C.

Replace the flask in the water bath for ten minutes, then cool to

approximately 17^ C., and make up to the mark with the necessary
small amount of water. Shake, filter, and read in a 4^0 mm. tube.-

The reading gives directly the percentage of sugar. '-

Laboratories with the older equipment may use the normal

weight in a 200.6 cc. flask, with 5 to 6 cc. lead acetate, heating at

80 C. for thirty minutes, etc.

PRESSED JUICE.
Determine every 2 hours :

a. Brix.

b. Purity.

c. Sugar.

Sampling : The bulk of the sample of ground cossettes ob-

tained above is placed in a clean, dry cloth and subjected to pressure

in a suitable press. The press must be used exclusively for this pur-

pose and be kept thoroughly clean. The resulting juice should be

subjected to the action of a vacuum for the removal of air; it is

then ready for analysis.

Analysis : a and b. Brix and Purity: To be determined ac-

cording to the directions given in the General Methods.

c. Sugar: Multiply the Brix by the purity and divide by 100.

DIFFUSION JUICE.

Determine every 2 hours :

a. Brix.

b. Purity.

c. Sugar.
d. Acidity.

Sampling : Before passing through the reheaters the juice

should be automatically sampled if possible, bichloride of mercury

being used as a preservative. In the absence of a suitable device the

sample should be taken just before it is desired for analysis in two

portions five minutes apart.

15



Analysis : a, b and c. Brix, Purity and Sugar: Proceed as

(\
Wder "Pressed Juice.''

d. Acidity': Measure out 50 cc., or a convenient amount, with

a pipette in a porcelain dish, add an equal volume of water and a

few drops of phenolphthalein. Titrate to neutrality with a standard

sodium hydroxide solution, of which I cc. = .001 CaO (page 44).

Express the result in grams CaO per 100 cc.

PULP AND PULP WATER.

Determine the sugar every hour in a sample from each battery.

Sampling : The workman under the battery should take from

each cell a cup of the mixture of pulp and water and pour the same

into a covered pail having a movable false bottom, so arranged that

the water will drain into the bottom of the receptacle and not stand

in contact with the pulp. The sample should be taken from the first

pulp and water discharged.

The pulp is to be ground in an Enterprise Meat Chopper No. 41,

as described under "Cossettes," and pressed in a clean, dry cloth in

a suitable press. The grinding machine, press and cloths are to be

kept clean and used only for this purpose.

Analysis : Measure out 100 cc. of the resulting juice in a

loo-no cc. flask, and add sufficient lead acetate for clarification

(ordinarily I or 2 cc. is sufficient). Fill to the no cc. mark and

polarize in a 200 mm. tube. The corresponding percentage of sugar
is to be found in Table III on page 48.

The pulp water is analyzed in the same way.
NOTE : In calculating losses the pulp and pulp water are to be

considered each as equal in weight to the beets from which they have

been produced.

ALKALINITIES.

To be determined every hour in the following samples :

First, Second and Third Saturations: Catch samples to

be taken from the troughs of the respective filters just before they

are desired for analysis.

Evaporator Thick Juice: Catch sample to be taken from

the last body of the evaporators or from the pump connected with

same.

16



Blow-up Thick Juice : Catch sample to be taken from the

filter troughs. By blow-up thick juice is understood the thick juice

after sulphuring and nitration, and in cases where other material,

such as melted sugar and high wash syrup, is added in the blow-ups,

it represents the mixture coming from the niters.

Analysis : See*"Alkalinity," page 11, under General Methods.

EVAPORATOR THIN JUICE.

Determine every 4 hours :

a. Brix.

b. Purity.

c. CaO to 100 Brix, by soap solution.

And when invert is found in the thick juice:

d. Invert to 100 Brix.

Sampling: The juice should be automatically sampled, if

possible, after filtration and before entering the evaporators.

Analysis : Proceed as directed under General Methods.

EVAPORATOR THICK JUICE.

Determine every 4 hours :

a. Brix.

b. Purity.

c. CaO to 100 Brix, by soap solution.

And once a day :

d. Invert to 100 Brix.

Sampling : To be taken with an automatic sampler, if pos-

sible, between the evaporator outlet and the blow-ups inlet.

Analysis : Proceed as directed under General Methods.

SACCHARATE OR LIME MILK.

See also page 27 "Saccharate Milk."

Determine every hour :

a. Brix.

b. CaO in 100 cc.

Sampling : A catch sample is to be taken hourly from the

discharge line of the pump.



Analysis : a. Bri.v: The sample is cooled to approximately

17^/2 C. It is then mixed by gentle shaking, the air removed by
means of a vacuum and the Brix noted as quickly as possible. In

carrying out the latter operation, the spindle is inserted carefully

and then tapped lightly first on one side, then on the other, until it

stops sinking, when the degree Brix is read off, no correction for

temperature being made. If the Brix is taken within five minutes

after mixing, the result will be sufficiently accurate.

b. CaO in 100 cc.: Measure out 10 cc. in a porcelain dish with

a pipette, and rinse the latter into the dish with water. Proceed as

directed on page 12, "CaO by Titration." To obtain the grams of

CaO per 100 cc. divide the number of cc. of acid required by 2.

LIME KILN GAS.

Determine at least every 4 hours :

a. Carbon dioxide (CO2).
b. Oxygen (O2).
c. Carbon monoxide (CO).

Sampling: The gas is sampled by means of a pipe leading
to the laboratory from a point in the main gas line between the pump
and the carbonators. The gas in the pipe should be discharged out-

side the building until the line is filled with fresh gas, which is then

drawn into the apparatus.

Analysis: The Orsat Apparatus is to be used for this

purpose.

LIME CAKE, FIRST PRESSES.

Determine every 3 hours :

a. Free sugar.

b. Total sugar.

c. CaO.

d. Sugar to 100 CaO.

Sampling : The lime cake is to be sampled by a messenger
from the laboratory, who is to take samples from any presses which

are being dumped or ready to be dumped, and the sample may be

taken at any place in the press, but should be distributed equally over

each frame sampled.
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The sample is taken by means of a special closed can, provided

with a tube which cuts a plug one inch in diameter from the cake.

Several frames in a press should be sampled each time, and not less

than three presses should enter into each sample used for analysis.

The samples are to be taken at irregular intervals, so that it

is not known to the pressmen just when the sample is to be taken,

and the lime cake constituting one sample for analysis may be taken

at intervals and as often as desired.

Analysis : The entire sample is thoroughly mixed in a large

mortar.

a. Free Sugar: Weigh out 50 grams, reduce to a thin cream

with water, and rinse into a 200 cc. flask. Add 4 or 5 cc. of lead

acetate, make up to the mark and polarize in a 200 mm. tube. The

reading gives directly the percentage of free sugar.

b. Total Sugar: Weigh out 50 grams as before and reduce

to a cream with water. Ammonium nitrate (15 grams) may be

added, if desired, to facilitate this operation. Rinse into a 200 cc.

flask, add a few drops of phenolphthalein and dilute acetic acid until

neutrality is reached. If acid of about 25 percent strength is added

in small portions, the danger of frothing is minimized. Then add

4 or 5 cc. of lead acetate, complete the volume and polarize in a

200 mm. tube
;
the reading gives directly the percentage of sugar.

The total sugar minus the free sugar gives the combined sugar.

c. CaO. Weigh out 5 grams and proceed as directed under

"CaO by Titration," in the General Methods.

d. Sugar to 100 CaO: Multiply the percentage of total sugar

by 100 and divide by the percentage of CaO.

LIME CAKE, SECOND PRESSES.

Determine every 12 hours:

a. Total sugar.

b. CaO.

c. Sugar to 100 CaO.

Sampling : This is to be sampled in the same manner as the

first lime cake, but in addition a sample is to be taken by the press

foreman from every press emptied.

Analysis : Follow the same procedure as for "Lime Cake,,

First Presses."
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LIME CAKE, FLUME WASTE.
Determine every 6 hours :

a. Total sugar.

b. CaO.

c. Sugar to 100 CaO.

Sampling : In the absence of a satisfactory automatic sam-

pling device, a sample should be taken from the flume every hour
and preserved in a covered vessel. These hourly samples should be

mixed to form a composite sample for the analysis.

Analysis : a. Total Sugar: Weigh out 52.096 grams of

the well-stirred sample, and rinse into a 100 cc. flask. Add a few

drops of phenolphthalein and neutralize with dilute acetic acid, as

under Lime Cake. Add sufficient lead acetate for clarification, fill

to the mark with water, and polarize in a 200 mm. tube. The read-

ing divided by 2 gives the percentage of total sugar.
b. CaO: Weigh out in the same manner 50 grams, or a con-

venient amount, of the material and titrate as directed under "CaO

by Titration."

c. Sttgar to 100 CaO: Multiply the percentage of total sugar

by loo and divide by the percentage of CaO.

MAIN SEWER.

Determine every 24 hours the bags of sugar lost through this

source.

Sampling : In the absence of a satisfactory automatic sam-

pling device, take a sample hourly as under "Lime Cake, Flume

Waste." The whole is concentrated to a small volume. If alkaline

to phenolphthalein, the thickened liquid should be neutralized with

dilute acetic acid, and, if it contains. suspended matter, it should then

be filtered through paper.

Analysis: Measure out 100 cc. in a loo-no cc. flask, add

sufficient lead acetate for decolorization, fill to the upper mark with

water, and polarize. Obtain the sugar in 100 cc. from Table III,

page 48.

The amount of sewerage per 24 hours should be measured or

calculated by the best available means. From t,his figure, the polari-

zation of the concentrated material, and the amount of concentration

as measured by the ratio of the two volumes, calculate the loss of

sugar for each 24 hours, using as a unit a Dag of 100 pounds.
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WHITE PAN STORAGE TANKS.
Determine :

a. Brix.

b. Alkalinity.

c. Purity.

Sampling : Each grade of material should be automatically

sampled if possible.

Analysis: Follow the General Methods.

WHITE FILLMASS.

Determine in every strike dropped :

a. Brix.

b. Alkalinity.

c. Purity.

Sampling: The sample is to be taken from the pan or the

spout leading to the mixer before the pan is steamed out.

Analysis : Follow the General Methods.

HIGH GREEN AND WASH SYRUP.

Determine in the green and wash syrup from every strike :

Purity.

Sampling: The samples should be taken from the tanks

which receive the syrup from the centrifugals, and not from the

spouts or troughs of the machines.

Analysis : Follow the general method for apparent purity.

NOTE: All samples of machine syrups should be drawn by

sample cocks and not dipped from the top of the tank, and when

possible the syrup in the tank should previously be mixed by steam

or air.

MOISTURE IN WHITE SUGAR.

Determine every 12 hours in the wet sugar, and every 24 hours

in the granulated.

Sampling : The wet sugar is sampled by taking every four

hours an equal amount from either -the scroll or the elevator. Sev-

eral handfuls should be taken at short intervals, in order that the
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sample may not represent the work of only one machine. The sugar
is kept in a stoppered bottle till desired for analysis. The granulated

sugar is sampled by preserving in a stoppered bottle an equal por-
tion from each lot sacked.

Analysis : See page 10, "Moisture."

REMELT PAN STORAGE TANKS.

The samples are taken and analyzed in exactly the same way as

for the white pans.

RAW FILLMASS FROM PAN.

The fillmass from each raw pan is to be sampled and analyzed
as under "White Fillmass."

MOLASSES ADDED TO CRYSTALLIZER.

Whenever molasses is added to the raw fillmass in the crys-

tallizer, the number of cubic feet and the purity of the same should

be ascertained. If the molasses is added in the mixer, a note should

also be made to that effect.

RAW FILLMASS FROM CRYSTALLIZER.

Each crystallizer emptied is to be sampled when about half the

fillmass has run out. The analysis is to be made as under "White

Fillmass."

LOW GREEN AND WASH SYRUP.

The samples should be taken and tested for purity exactly as

prescribed above for "High Green and Wash Syrup."

MELTED SUGAR.

Determine every 3 hours :

a. Brix.

b. Purity.

Sampling: The sample should be automatically taken, if

possible, between the melted sugar pump and the blow-ups.

Analysis : Follow the General Methods.
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MOLASSES PRODUCED.

Determine every 12 hours:

a. Brix.

b. Sugar.
c. Purity.

d. CaO to 100 Brix, by soap solution.

e. Invert to 100 Brix.

Sampling : No rigid directions can be given, but the best

means should be adopted to obtain an everage sample of the molasses

produced from the house. If an automatic sampling device is avail-

able, it can be attached to the molasses pump or the discharge line.

Analysis : Directions for all these determinations will be

found in the General Methods. In the sugar determination use the

half normal weight in 100 cc.
;
about 10 cc. of lead acetate is usually

necessary for clarification.

TESTS RELATING TO THE STEFFEN
PROCESS

STEFFEN MOLASSES, MOLASSES WORKED.

Determine every 6 hours :

a. Brix.

b. Sugar.
c. Purity.

Sampling : An average sample should be taken by the man
at the molasses scale, in small portions at frequent intervals.

Analysis: Same as under "Molasses Produced."

SOLUTION FOR COOLER.

Determine every 3 hours :

a. Brix.

b. Sugar in 100 cc.

c. Total alkalinity.

d. Soluble alkalinity.
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Sampling: A "catch" sample is to be taken from thefcooler

after the propeller has been started but before the addition of any
lime powder, and immediately analyzed.

Analysis : a. Brit* To be taken directly.

b. Sugar in 100 cc.: Transfer 50 cc. with a pipette to a 100

cc. flask. Add a few drops of phenolphthalein, and if the liquid

shows an alkaline reaction neutralize with dilute acetic acid. Clarify

with 3 to 6 cc. of lead, acetate, fill to the mark and polarize in a 200

mm. tube. The read|J is multiplied by 0.52.

c. Total Alkalinity: Titrate 50 cc. with the standard nitric

acid (i cc. = .05 CaO, page 43), heating the solution, if necessary,

to bring all the lime ijko solution.

d. Soluble Alkalinity: Titrate in the cold 50 cc. of the filtered

solution as in the preceding case.

SOLUTION FROM COOLER.

Determine every 3 hours :

t

a. Suggr in 100 cc.

+b. Alkalinity (CaO in 100 cc.).

c. CaO to loo sugar, by analysis.

d. Sugar in waste water.

Sampling : A catch sample is to be taken from the cooler

after all the lime powder has been added, just before it is desired

for analysis.

Analysis : a. Sugar in TOO cc.: Measure out with a pipette

25 cc. of the well-mixed sample into a 100 cc. flask. Add phenol-

phthalein and neutralize with acetic acid
;
then clarify with about

5 cc. lead acetate, fill to the mark and polarize. Multiply the reading

by 1.04.

b. Alkalinity (CaO in 100 cc.): Titrate 10 cc. with the stand-

ard nitric acid, as directed under "CaO by Titration," page 12.

Divide by 2 the number of cc. of acid required.

c. CaO to 100 Sugar, by Analysis: Multiply the percentage

of CaO by 100 and divide by the percentage of sugar.



d. Sugar in Waste Water: Filter a portion of the sample

through paper, rejecting the first runnings. Determine as under

"Waste Water, c." below.

WASH WATER.

Determine every 4 hours :

'a. Brix.

b. Alkalinity.

c. Sugar in 100 cc.

Sampling : A catch sample is to be taken from a press just

before the washing is completed, and promptly analyzed.

Analysis : a. Brix: To be determined directly.

b. Alkalinity: Measure out 50 cc. with a pipette and trans-

fer to a porcelain dish. Titrate in the cold with the standard nitric

acid (i cc. = .05 CaO), using phenolphthalein as indicator. The
number of cc. of acid used divided by 10 gives the alkalinity as

grams CaO per 100 cc.

c. Sugar in 100 cc.: Rinse the above neutralized liquid into

a 100 cc. flask, add 2 to 4 cc. of lead acetate, fill to the mark and

polarize in a 200 mm. tube. Multiply the reading by 0.52.

PRESS WASTE WATER.

Determine every 2 hours :

a. Brix.

b. Alkalinity.

c. Sugar in 100 cc.

Sampling: A catch sample should be taken from' the sac-

charate presses just before it is desired for analysis.

Analysis : The methods are the same as described under

"Wash Water." Any precipitate present should be thoroughly mixed

in by stirring before the analysis is made.

TANK WASTE WATER.

Determine every 2 hours :

a. Brix.

b. Alkalinity.

c. Sugar in 100 cc.
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Sampling: An automatic sampler should be used if possible.

Analysis : The same methods apply as for "Wash Water"

and 'Tress Waste Water."

SACCHARATE CAKE.

Determine every 4 hours :

a. Sugar.
b. CaO.

c. CaO to 100 sugar.

d. Purity.

Sampling : The cake should be sampled in the same way as

the lime cake (page 18).

The whole sample is mixed as thoroughly as possible. A small

portion is taken for the sugar and CaO determinations
;
the bulk

of the sample is used for the purity test, as described below.

Analysis : a. Sugar: Reduce 26.048 grams to a thin cream

with water, and rinse into a 100 cc. flask. Neutralize with dilute

acetic acid, adding phenolphthalein as indicator. During this opera-

tion considerable heat will be evolved, and the flask must be cooled.

Add about 5 cc. of lead acetate, fill to the mark and polarize in a 200

mm. tube. The reading gives directly the percentage of sugar.

b. CaO: Weigh out 5 or 10 grams, thin with water and pro-

ceed as directed in the General Methods under "CaO by Titration."

c. CaO to 100 Sugar: Multiply the percentage of CaO by
loo and divide by the percentage of sugar.

d. Purity: The following special apparatus will be needed:

A carbonator with steam connection for heating, and an evaporator

heated by steam, so constructed as to obviate any possibility of

burning the juice during the evaporation.

A suitable amount of the sample, mixed with 4 to 5 parts

water to form a milk, is heated to boiling in the carbonator and

treated with CO2 till only a faint pink color is shown with phenolph-

thalein
;
the gas should not be passed to neutrality. The sample is

again heated to boiling, filtered, concentrated to about 23 Brix in

the special evaporator, carbonated to neutrality and again filtered.
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The resulting syrup is tested for purity as described in the General

Methods under "Apparent Purity," page n.

UNWASHED SACCHARATE CAKE.

Determine every 12 hours:

Purity.

Sampling: The sample is obtained by taking a quantity of

finished cooler solution from the cooler and filtering this imme-

diately by means of the small experimental filter press. The cake

is made by starting the pump with the relief valve wide open, the

latter is gradually closed until the pressure reaches 40 pounds;
the press should be allowed to run at this pressure until the waste

water ceases to come or comes in slow drops. A frame 2^/2 inches

thick should be used.

Analysis : Determine the purity as under "Saccharate Cake."

SACCHARATE MILK.

See also page 17, "Saccharate or Lime Milk."

Determine every 3 hours :

a. Brix.

b. CaO in 100 cc.

c. Purity.

d. CaO to 100 Brix, by Soap Solution.

Sampling: The hourly samples taken for Brix and CaO
determination should be saved to form a composite sample. The
latter should be thoroughly mixed by stirring.

Analysis : a and b. Brix and CaO in 100 cc.: Determine

as under "Saccharate or Lime Milk," page 17.

c. Purity: The milk should be mixed with 3 to 4 parts of

water, carbonated, filtered, evaporated, etc., exactly as described

under "Saccharate Cake."

d. CaO to 100 Brix, by Soap Solution: Determine in the final

syrup used for the purity test, as described in the General Methods,

page 13.
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LIME POWDER.

Determine every 6 hours :

a. Loss on ignition.

b. CaO by Titration.

c. Available CaO.

d. Percentage coarser than 200 mesh.

And once a day:
e. Make a slacking test.

Sampling: The sample should be taken in equal portions

at frequent intervals and preserved in a Mason jar or tightly stop-

pered bottle. Where two mills are in use the samples from each

mill should be kept separate and analyzed alternately.

Analysis : a. Loss on Ignition: Weigh out i to 2 grams on

an analytical balance in a covered platinum crucible. Ignite to con-

stant weight at as high a temperature as possible with a blast lamp.

Twenty minutes is usually sufficient.

b. CaO by Titration: Weigh out 5 grams and proceed as

directed in the General Methods.

c. Available CaO: Rinse 5 grams into a 200 cc. flask. Add

150 cc. of a 25 Brix sugar solution, fill to the mark with water,

close the flask with a stopper and shake vigorously, repeating the

shaking at short intervals as the lime settles to the bottom. At the

end of thirty minutes filter, and titrate 100 cc. with the standard

nitric acid (i cc. = .05' CaO), using phenolphthalein as indicator.

The number of cc. of acid required multiplied by 2 gives the

percentage of "Available CaO."

d. Percentage Coarser than 200 Mesh: A sieve of brass wire

should be used having 200 meshes to the linear inch. Transfer 20

to 50 grams of the lime powder to the sieve, and brush the material

carefully with a flat camel's hair brush, until on further brushing

practically no more fine powder comes through the screen. Weigh
the coarse residue and figure the percentage.

e. Slacking Test: Into a beaker of 250 cc. capacity measure

out 100 cc. of water at exactly 20 C. Add 25 grams of the lime

powder, using a thermometer as a stirring rod, and continue to stir

till there is no further increase in temperature.

Record the number of degrees increase in temperature over
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the original 20, and the number of minutes required to attain the

maximum temperature.

SMALL COOLER TESTS.

These 1

tests should be made from time to time to determine the

efficiency of the large coolers. The directions given apply to the

experimental cooler in general use. The speeds must be as follows :

propeller, 200 revolutions per minute
; bolter, 40 ; conveyor, 95 ;

worm shaft of agitator, 1150.

The test is conducted as follows : The perfectly clean and well-

drained cooler is filled with a weighed or measured amount of the

dilute molasses somewhat in excess of 14 litres. The solution to be

treated may be obtained from the large coolers or prepared by dilut-

ing the molasses as desired. The circulation of the cooling water

is commenced immediately, but the liquid in the cooler is allowed

to come to perfect rest previous to starting the propeller; this is to

avoid the formation of foam.

Allow the propeller to run a few moments to insure perfect

mixing, then remove sufficient of the solution to bring the volume

down to 13,875 cc., keeping the propeller still in motion. In this

portion determine the sugar in the usual manner.

When the solution is sufficiently cold, the calculated amount of

lime is placed in the hopper and added through the bolter. The

temperature of the solution should be about 4 C. at the beginning
of the lime addition, and should not exceed 6 C. during the opera-
tion. It is frequently found convenient to add the lime in several

portions, especially when experimenting with an unknown lime. By
removing 100 cc. of the finished cooler solution after each lime

addition, with the propeller running, filtering and testing for sugar
in the waste water, the additional amount of lime necessary can be

estimated and then added.

Record the grams of sugar in 100 cc. of the cooler solution, the

same in the final waste water, the parts of lime added to 100 sugar,
and the percentage of sugar precipitated. To obtain the last of the

above figures, multiply by TOO the difference between the sugar in

the dilute molasses and the sugar in the waste water, and divide by
the sugar in the dilute molasses.

Care should be taken to wash out the cooler thoroughly after

each test. It is occasionally necessary to remove the bolter and
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cleanse the meshes of the screen with dilute hydrochloric acid. It

is then washed with hot water and dried in a hot place before being

replaced.

TESTS RELATING TO THE OSMOSE
PROCESS

MOLASSES TO BE OSMOSED.

Determine every 4 hours :

a. Brix.

b. Sugar.
c. Purity.

Sampling : Preferably a continuous sample from the pipe

supplying the press supply tank, or, in the absence of this, a catch

sample from the tank itself.

Analysis; Follow the General Methods.

OSMOSED MOLASSES.

Determine every 4 hours :

a. Brix.

b. Sugar.

c. Purity.

Sampling : Preferably a continuous sample from the pipe

supplying the evaporators, or, in the absence of this, a catch sample
from the press receiving tank.

Analysis : Follow the General Methods.

OSMOSE WATER.

Determine every 4 hours :

a. Brix.

b. Purity.

Sampling : An equal volume is to be collected frorq each

press in operation and combined to make a composite sample.

Analysis : Follow the General Methods.
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OSMOSE LOSSES.

Loss of Dry Substance : Use the following formula:

(P2-Pl)lOO

P2-P3

in which

X = percentage loss of dry substance.

Pi = purity of molasses to be osmosed, for example = 60.

P2 = purity of osmosed molasses, for example = 70.

?3 = purity of osmose water, for example = 40.

Then

(70-60) IPO

70-40
33 73 70

Loss of Sugar on 100 Parts Dry Substance in the

Molasses : Multiply the percentage loss of dry substance by the

purity of the osmose water and divide by 100. In the above case, for

example,

33.3 X 40 = i ^
100

Loss of Sugar on 100 Parts Sugar in the Molasses :

Multiply the percentage loss of dry substance by the purity of the

osmose water and divide by the purity of the molasses to be osmosed.

In the above case, for example,

60

MISCELLANEOUS TESTS

CONDENSED WATERS.

All main hot water collectors are to be tested for sugar every

hour. The pan and evaporator condenser tailpipes should be pro-

vided with some form of continuous sampler and should be indi-

vidually tested every two hours.

In each case the water should be examined with alpha-naphthol

and sulphuric acid as described in the General Methods. If an

apparently large amount of sugar is indicated, the water should be

polarized as follows: If sufficiently clear, the water is read directly



in a polarization tube, and the reading multiplied by 0.26 to convert

into percentage. If the water is turbid, measure out 100 cc. in a

loo-no cc. flask, add i cc. of alumina cream, fill to no cc. with

pure water and polarize. Multiply the polariscope reading in this

case by 0.29.

When sugar is detected the matter should be at once traced to

its source and reported to the superintendent.

BOILER WATER.

Determine every 12 hours:

Alkalinity.

Sampling: A composite sample is to be made up by taking

a small portion from each of the boilers in service.

Analysis : Titrate with the standard acid (i cc. = .001 CaO,

page 43), using methyl orange (page 44) as indicator. Express
the result as grams CaO per 100 cc.

The number of pounds of soda used for the previous 24 hours

is to be entered on each daily sheet.

WEEKLY COMPOSITE SAMPLES.

A weekly analysis is to be made in the following cases :

Molasses Produced.

Saccharate Milk.

White Fillmass.

Raw Fillmass.

Evaporator Thick Juice.

Sampling : In the case of each material an average sample

for the week is to be made up by taking a small portion of each

sample brought to the laboratory, and preserving in a Mason jar or

stoppered bottle.

In the case of saccharate milk, the saturated and evaporated

syrup from the purity test should be used, and not the original, milk.

Each portion should be immediately concentrated to 6o-7O' Brix

before it is added to the bulk of the sample.

WT

hen it is desired to remove the fillmass samples for analysis,

the jar or bottle should be heated by immersion in hot water. Par-



ticular attention should be paid to mixing thoroughly the syrup and

sugar crystals. In the case of raw fillmass, only the samples from

the pan and not those from the crystallizer should be used.

Analysis : Make the following determinations according to

the directions in the General Methods : Brix, Moisture, Dry Sub-

stance, Apparent Purity, Sugar (by direct polarization), Sugar by

Inversion, Raffinose, Invert, Ash, and CaO (by soap solution).

To obtain the percentage on dry substance in any case, having
found the percentage in the syrup or juice, multiply the latter by
100 and divide by the percentage of dry substance in the syrup. To
obtain the "Undetermined," subtract from 100 the sum of the per-

centages of Sugar by Inversion, Raffinose, Invert and Ash.

DATA AND CALCULATIONS

Juice Sheet

TONS OF BEETS SLICED.

The number of tons sliced each day is taken from the corrected

reading of the automatic beet scales. The average for any period is

obtained by dividing the total number of tons sliced in the period by
the number of days in the period.

DRAFT OF DIFFUSION BATTERY.

Calculate for each battery every shift.

The total volume of juice drawn should be calculated from the

measuring tank record. The draft is obtained by the following

formula :

Let V = Total number hectolitres of juice drawn.

S = Specific gravity of same, equivalent of average
Brix found by analysis.

B Number of tons beet sliced.

Then the draft = -



TEMPERATURE OF JUICE LEAVING BATTERY.

The temperature for each hour is obtained from the chart of the

recording thermometer, and the average of these hourly records

entered for each shift.

AVERAGE TEMPERATURE OF BATTERY SUPPLY
WATER.

Enter for each shift same as preceding.

Filter Press, Etc., Sheet

SQUARE FEET EFFICIENT FILTERING SURFACE OF
NEW JUTE AND DUCK CLOTH USED PER

100 TONS BEETS.
V

The efficient filtering surface is the area through which the

juice filters. For instance, if the frames are 30x30 inches inside

measurement, then the efficient filtering surface of one cloth is

2 x 30 x 30, or 1800 sq. in., or 12^2 sq. ft.

The efficient filtering surface of a cloth as described above, mul-

tiplied by the number of new cloths used, multiplied again by 100,

and divided by the number of tons of beets sliced in the same period

gives the desired figure.

SQUARE FEET TOTAL FILTERING SURFACE USED PER
100 TONS BEETS.

The "total, filtering surface used" of a press is the efficient

filtering surface multiplied by the number of times the press is

emptied. Thus to obtain this figure the number of square feet of

efficient filtering surface of one press is multiplied by the number of

presses emptied, in cases where all the presses are alike. If there are

different sized presses, a record of the number of presses of each

kind emptied must be kept.

To obtain the "Square Feet Total Filtering Surface Used per

100 Tons Beets," divide the number of square feet of total filtering
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surface used for the period by the number of tons of beets sliced

during- the period, and multiply this result by 100.

CaO INTRODUCED.

In factories having Steffen houses this should be calculated

from the lime powder weighed to the crusher or coolers, and the

average percentage CaO by titration. Account should also be taken

of any lime used in the form of milk at the coolers or carbonation,

the amount of CaO, obtained as described below, being added to

the CaO introduced in the form of lime powder.
In factories not equipped with the Steffen Process, the "CaO

Introduced'" should be calculated from the milk of lime used.

In any case, in calculating CaO from milk of lime, the figure

should be obtained, (a) preferably from the weight of lime intro-

duced into the slacker and the average percentage CaO by titration
;

(b) if these figures are not at hand, from the volume of the milk

of lime used and the average percentage by volume of CaO in the

milk, as found by analysis; (c) if the percentage of CaO in the milk

has not been determined, from the volume of the milk of lime used

and the percentage CaO as found in Table IV, page 48, corre-

sponding to the average Brix.

For example, if 1,500 hectolitres (150,000 litres) of milk of

lime of 36 Brix were used, the analysis not being known :

. kilos CaO

1 50,000 X 203

IOOO

'03\ X 2.2

= 33 495 tons CaO

AVERAGE WEIGHT OF LIME CAKES.

A first and a second lime cake should be weighed frequently,

and the average of each obtained. This average should be read-

justed, if necessary, by frequent repetition of the weighing, but in

no case should a single weight be taken as the average for a day

or longer period.
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CUBIC FEET SEWERAGE PER 24 HOURS.
This is to be obtained by measurement or calculation, prefer-

ably the former.

MOLASSES PRODUCED.

By. "molasses produced" is understood all molasses obtained

from raw pan magmas and not again returned to the pans, crys-

tallizers or mixers. In the Steffen houses the sugar in the greater

part of this molasses will eventually be extracted by lime. In fac-

tories having the Steffen Process the discarded molasses should

be distinguished on the sheet by an asterisk.

Pan Sheets

HEADINGS.
These are provided for the purpose of giving full information

about the nature of the material used in the pans. The information

on the White Pan Sheet is grouped in six double sections, and a

single column marked "No of Pans Boiled from Straight Material."

In the latter is to be entered, on the line opposite the material in

question, the number of pans boiled from that alone, without the

addition of any other liquor or syrup in or before reaching the pan.

Where more than one grade of material is used in a pan, but each

one introduced separately, the section farthest to the left is to be

used, the number of pans being inserted in the left-hand column, and

the average number of cubic feet of each material used on the proper
line in the adjoining column. , t

The other sections provide for cases where mixtures are taken

into the pan. If a mixture of thick juice and melted sugar is em-

ployed as a pan liquor, use the second section from the left, entering

the number of pans in the left-hand column. In the right-hand col-

umn the first blank space, which includes two lines, is to be filled

out with the average number of cubic feet of the above mixture.

If high wash and high green syrup are also taken into the same pans

separately, insert the proper data on the lines below.

Similarly the third section is to be used for a mixture of thick

juice, melted sugar and high wash syrup, whether or not followed

by high green. The sections at the right are for other possible

mixtures.

The Remelt Pan Sheet is filled out in a similar manner.
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Steffen Sheet No. 1

TONS OF LIME ADDED AS MILK.

From the record of the volume of milk of lime added to the

coolers, the equivalent number of tons of CaO is calculated as

under "CaO Introduced," page 35.

SQUARE FEET EFFICIENT FILTERING SURFACE OF
NEW CLOTH USED, PER TON MOLASSES WORKED.

The efficient filtering surface of a cloth is calculated as above

directed for the first and second presses i this multiplied by the

number of new cloths used, and divided by the tons of molasses

worked during the corresponding period, gives the desired

information.

CaO TO 100 SUGAR ADDED AS MILK TO THE COOLERS.

This is calculated every 12 hours by multiplying by 100 the

tons of lime added as milk in that period (see above) and dividing

by the tons of sugar in the molasses worked during the same time.

LIME TO 100 SUGAR BY WEIGHT (SOLUTION FROM
COOLER).

By this is understood only the lime added to the cooler in the

form of lime powder. This is calculated daily similarly to the

preceding.

Steffen Sheet No. 2

SUGAR IN TANK WASTE WATER, PERCENT BEETS.

An account is kept of the amount of tank waste water in cubic

feet for each 24 hours. If the waste water is weighed instead of

measured, the equivalent number of cubic feet is calculated from the
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average density. The percentage of sugar to be taken is the average
of the sugar by analysis on the laboratory sheet for 24 hours.

The number of pounds of sugar lost is calculated by the follow-

ing formula, where P = no. of Ibs. of sugar lost
;
S = grams sugar

in 100 cc., by analysis ;
and W = no. cu. ft. waste water :

P = 0.623 X W X S

Multiply P by 100 and divide by the pounds of beets sliced to

obtain the percentage on beets. The percentage for a period is ob-

tained by adding together the pounds of sugar lost each day, multi-

plying by 100, and dividing by the pounds of beets sliced duri'ng the

period.

SUGAR IN MOLASSES WORKED, PERCENT BEETS.

To obtain this figure multiply the tons of sugar in the molasses

worked by 100 and divide by the tons of beets sliced. The sugar in

the molasses is calculated directly from the daily average percentage
of sugar given on Steffen Sheet No. i, by multiplying by the tons

of molasses worked and dividing by 100.

SUGAR IN TANK WASTE WATER, PERCENT SUGAR IN
MOLASSES.

By this is understood the percentage of the total sugar in the

molasses which is' lost in the wraste water. Multiply by 100 the total

amount of sugar in the waste water (see above) and divide by the

total amount of sugar in the molasses worked (see above).

AVERAGE TEMPERATURE OF COOLING WATER.

This is obtained from the recording thermometer chart by

averaging in the same way as directed under "Temperature of Juice

Leaving Battery."

AVERAGE MAXIMUM TEMPERATURE OF COOLER
SOLUTION IN COOLERS.

To be obtained from a recording thermometer where the latter

is in use.
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STOCK TAKING
As a general rule, in taking stock while the factory is running,

the scale weight should be noted, and then the juice present in all

tanks and apparatus measured successively without delay through-

out the house. It should not be necessary to interrupt the running
of the house for this purpose. Samples should be taken for analysis

where the latter is not known. If it is possible to determine, by a

sufficient number of observations, a figure which will represent the

stock of the beet end when the factory is running normally, this may
be used 'provided that the data previously obtained have demon-

strated its accuracy. The stock in the Steffen house is to be deter-

mined 'by observation of the amount of saccharate on hand in the

storage tanks and filter presses, and the number of coolers full. In

all cases data should be at hand as to the capacity of tanks and appa-

ratus, so that the work of calculation may be reduced to a minimum.

The percentage of available granulated in any material may
be calculated from the polarization and purity with Tables V and VI,

or from the Brix and purity with Tables VII and VIII. The differ-

ence between the total sugar and the available granulated, or six-

tenths of the difference between the total dry substance and the

available granulated, gives the sugar in the resulting molasses.

Fillmass : All fillmass in the mixers and crystallizers is to

be measured. The amount and quality of liquor and syrup in the

pans at the time of taking stock is to be obtained from the sugar

boiler's record.

Raw Sugar : In taking stock of raw sugar, the pile should

be evened up, and the amount estimated as closely as possible, taking

the weight of a cubic foot as 55 pounds.

Molasses : The amount of sugar should in all cases be calcu-

lated directly from the polarization. Any molasses just produced
which has not been weighed at the time of taking stock is to be

included in the stock as molasses in process.

Damaged Granulated and Off Sugar : When damaged

granulated from a previous campaign is re-worked, an equivalent

amount must be deducted from the current year's production.

Off sugar to be remelted is to be entered on the stock invoice

as sugar in process.
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EXTRACTION STATEMENT
SUGAR IN COSSETTES.

The amount of sugar entering the house is to be calculated for

each shift from the number of tons of beets sliced, and the average

sugar by digestion. The sugar for a period is the sum of the

amounts found for each shift during the period.

LOSS IN PULP.

This is obtained daily from the tons of beets sliced and the

average percentage of sugar in the pulp for the day. In the case of

two batteries, the mean of the two averages is taken. The pulp is

to be taken as equal in weight to the beets from which it has been

produced.

LOSS IN PULP WATER.

This is obtained in the same way as the sugar in the pulp, using
the average sugar found by analysis and considering the pulp water

IOO percent on beets.

LOSS IN FILTER PRESS CAKE.

This is obtained daily from the number of presses emptied and

the average weight and sugar content of the cakes. For purposes

of comparison, the sugar going to waste in the lime flume should

also be determined ;
this can be estimated by measuring the volume

of the material and determining the sugar it contains, or it can be

calculated from the ratio of sugar to 100 CaO and the total quantity

of lime used.

LOSS IN STEFFEN WASTE WATER.
See page 37.

LOSS IN OSMOSE WASTE WATER.

See page 31.
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SUGAR IN TOTAL MOLASSES PRODUCED.

The amount of molasses produced should be ascertained by
actual weighing where possible. In case automatic continuous sam-

ples are taken of this molasses, the amount of sugar may be calcu-

lated from the average figure on the laboratory sheet, but where the

molasses is weighed in large quantities and in irregular amounts, it

is better to calculate the sugar from the weight and polarization of

each lot.

EXTRACTION ON BEETS PURCHASED.

If the beets are accurately tested when received, an extraction

statement should be based, at the close of the campaign, upon the

weight of the beets paid for and their sugar content at the time of

receipt. The average sugar content should be obtained from the

individual grower's averages and the number of tons of beets

furnished by each.

APPARATUS AND SUPPLIES

POLARISCOPES.

The Schmidt and Haensch half-shadow, single compensation

polariscopes for 400 mm. tubes, with "Bockstativ," are recom-

mended for ordinary work.

Metallic observation tubes are to be preferred for general use.

Any found bent are not to be used in that condition.

The polariscopes are to be checked at least once a day by the

chemist in charge ;
under no conditions should any of the assistants

be allowed to change the scale.

The polariscope
* should be screened from strong light. For

illumination a high candle power, frosted, incandescent electric light

is suitable ;
it should be placed about six inches from the end of the

instrument, and the latter protected from the heat by an appropriate
screen.
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HYDROMETERS.

The hydrometers for laboratory use should consist of the fol-

lowing sizes: 0-6, 6-12, 12-18, 18-24, 24-30, 30-36, 36-42, 42-48,

48-54, 54-60, 60-66, 66-72, graduated in one-tenths of one degree.

They should be 12 inches long, with a scale covering a distance of

about 4 inches on the stem.

All hydrometers for analytical work must be standardized

before being used, and those which are more than one-tenth of a

degree in error rejected.

FLASKS, BURETTES, PIPETTES.

Flasks, burettes, pipettes and other measuring instruments

should be graduated to Mohr's cubic centimetres.

The flasks are to be of the regular "sugar" type. With the

exception of those used for the inversion test and the cossette diges-

tion, it is advisable that they should be made heavier than the

ordinary standard to save breakage.
All these instruments should be standardized before use. Sugar

flasks may be standardized by weighing into them distilled water at

17^2 C., or by filling them from an accurate pipette. Burettes and

pipettes should be tested by weighing the water discharged from

them.

THERMOMETERS.

Thermometers should be compared with standard instruments.

The Centigrade scale only should be employed.
For temperature corrections, in determining the Brix of solu-

tions, the floating type, with enclosed paper scale, is recommended.

CYLINDERS (HYDROMETER JARS).

Those used with the hydrometers of the type described should

be 12 inches long and 2 inches in diameter.
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CHEMICALS.

All chemicals used for analytical work should be of the grade
known as "C. P." unless otherwise stated.

BALANCES AND WEIGHTS.

Balances and weights should be tested from time to- time. All

normal and multiple normal weights, all counterweighted dishes,

etc., should be checked frequently.

REAGENTS AND SOLUTIONS

STANDARD ACID SOLUTIONS.

For determining the alkalinity of juices and syrups, etc., there

will be required 1-28 normal acid, of which i cc. = .001 CaO. This

acid will be needed in large quantities and is conveniently prepared

by diluting normal acid to 28 times its volume. To prepare the

normal acid, take 55 grams of sulphuric acid, sp. gr. 1.84; 100

grams of hydrochloric acid, sp. gr., 1.19; or 95 grams of nitric acid,

sp. gr., 1.42, and dilute to i litre. Titrate in the cold with a normal

sodium carbonate solution,* using methyl orange as indicator, and

dilute with the necessary amount of water to bring it to the required

strength. For example, if 20 cc. of the acid is exactly neutralized

by 22 cc. of the sodium carbonate solution, 2 cc. of water must be

added to each 20 cc. of the original acid. The value of the corrected

solution is confirmed by another titration.

For the titration of lime in Steffen products, etc., nitric acid is

used, i cc. of which = .05 CaO. It is prepared similarly to the

above, by diluting nitric acid, sp. gr. 1.42, in the proportion of

120 grams to I litre. Its strength is corrected by the normal sodium

carbonate, each cc. of which should be equivalent to 0.56 cc. of the

acid.

* Prepared by dissolving in water 53 grams of freshly ignited sodium carbonate or bicarbonate of the

highest purity obtainable, and diluting to one litre. The ignition should be conducted in a platinum
crucible at a dull red heat, to constant weight ; the material must not fuse.
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STANDARD ALKALI SOLUTIONS.

Two caustic alkali solutions will be needed, respectively equiva-
lent in value to the two above described acid solutions, on which

they should be standardized. For the stronger solution use about

80 grams and the other 1.6 grams of sodium hydroxide per litre.

PHENOLPHTHALEIN INDICATOR.

Dissolve 2 grams of the powder in 500 cc. of neutralized de-

natured alcohol-, and dilute to I litre with water.

METHYL ORANGE INDICATOR.

Dissolve one part of the salt in 1,000 parts of water.

SOAP SOLUTION.

Dissolve 20 grams of pure potassium hydroxide in 25 cc. of

water and add 200 cc. of 95 percent alcohol. Add 100 cc. of best

pure olive oil and heat on the water bath in a flask provided with a

reflux condenser until saponification is complete, recognizable by
the fact that several drops of the clear solution, when mixed with

water, cause no turbidity.

Pour the solution into a vessel containing 3 litres of distilled

water, mix well, and add calcium chloride solution as long as a

precipitate is formed. The precipitate is then filtered off by means

of a fine cloth, and pressed to remove the mother liquor as completely

as possible.

Mix the above precipitate thoroughly with 40 parts of potas-

sium carbonate in a large mortar, and extract with several portions

of 95 percent alcohol, using a water bath and reflux condenser as

before. The different portions are mixed, filtered and preserved in

a stoppered bottle, forming a strong solution of potassium soap,

44



which is diluted, as desired, to the required strength with 60 percent

alcohol.

Directions for standardizing the soap solution are given on

page 13.

BARIUM CHLORIDE SOLUTION.

To be used for standardizing soap solutions.

Dissolve 4.357 grams of the crystalline C. P. salt in water, add

also 100 grams of granulated sugar and stir till solution is complete,

then dilute the solution to a volume of i litre, i cc. ofi^his solution

is equivalent to .001 gram CaO.

FEHLING'S SOLUTION.

This consists of two separate solutions which are to be mixed

in equal proportions immediately before use.

I. Dissolve 34.639 grams of C. P. crystallized copper sulphate

in water and dilute to a volume of 500 cc.

II. Dissolve 173 grams of C. P. sodium potassium tartrate

(Rochelle salt) and 50 grams sodium hydroxide in water, and dilute

to a volume of 500 cc.

LEAD ACETATE.

Mix together one part of litharge, three parts of sugar of .lead

and ten parts of boiling water. Commercial articles of good quality

may be used. Let the hot liquid stand for some time, stirring occa-

sionally. Then allow the undissolved precipitate to settle, and decant

the clear supernatant liquid.

The solution should have a density of about 55 Brix.

ALUMINA CREAM.

Add a slight excess of ammonium hydroxide to a cold saturated

solution of alum, then bring to a faint acid reaction with a portion

of the original alum solution retained for the purpose.
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ALPHA-NAPHTHOL.

Dissolve 20 grams of alpha-naphthol in 100 cc. of 95 percent
alcohol.

REAGENTS FOR ORSAT APPARATUS.

Caustic Potash Solution : To be used for the absorption
of carbon dioxide (CO2). This solution should have a specific grav-

ity of 1.26 to 1.28, and is prepared by dissolving 25 grams potas-

sium hydroxide in 100 parts of water.

Pyrogallic Acid Solution : To be used for the absorption

of oxygen (O2). 27 grams of pyrogallic acid are dissolved in 60 cc.

hot water; the solution is filtered and cooled, and then mixed with

105 cc. caustic potash solution of 1.26 to 1.28 specific gravity, and

immediately placed in the absorption pipette of the apparatus.

Caustic potash purified with alcohol should not be used.

Cuprous Chloride Solution : To r)e used for the absorption

of carbon monoxide (CO). 53 grams of cupric chloride and 75

grams of copper turnings are covered with 300 cc. of concentrated

hydrochloric acid and allowed to stand in a stoppered bottle for about

24 hours, with occasional shaking. The cuprous chloride solution

thus produced is diluted with 150 cc. water and preserved in a tightly

stoppered bottle.

QUARTZ SAND FOR MOISTURE DETERMINATIONS.

Clean quartz sand is digested with strong hydrochloric acid>

washed, dried, ignited and preserved in a stoppered bottle.



TABLE

For obtaining the percentage of Invert Sugar in presence of Sucrose from

the Copper Oxide (CuO) found (10 grams of material).

CuO

mg



w^-^C"
TABLE III.

s

Polarization of Pulp and Pulp Water.

y

Polariscope

Reading



TABLE V.

Weight Per Cubic Foot, and U. S. Gallon (231 Cubic Inches) of Sugar
Solutions at 17^ C.

(Calculated from Stammer's Table of Specific Gravities.)

m
V

1



Weight Per Cubic Foot, and U. S. Gallon (231 Cubic Inches) of Sugar
Solutions at 17^ 'C. Continued.

H

I



TABLE VI.

Percentage of Available Granulated on Total Sugar of Sugar Solutions,
Molasses Purity of 60.0.

Purity
of Juice



TABLE VII.

Pounds Total Solids Per Cubic Foot of Sugar Solutions.



Pounds Total Solids Per Cubic Foot of Sugar Solutions. Continued.



TABLE VIII.

"Granulated Factors."

Percentage of Available Granulated on Total Solids of Sugar Solutions.



TABLE IX.

Comparison of Degrees Brix and Baume, and of the Specific Gravity of Sugar
Solutions at 17^ C. (STAMMER.)

Degree
Brix (Per

Cent
Sugar).



Comparison of the Degrees Brix and Baume, etc., of Sugar
Solutions. Continued.

Degree
Brix (Per

Cent
Sugar).



Comparison of the Degrees Brix and Baume", Etc. Continued.

Degree
Brix (Per

Cent
Sugar).



Comparison of the Degrees Brix and Baum6, Etc. Continued.

Degree
Brix (Per

Cent
Sugar).



Comparison of the Degrees Brix and Baume", etc. Continued.

Degree
Brix (Per

Cent
Sugar).



Comparison of the Degrees Brix and Baume", etc. Continued.

Degree
Brix (Per

Cent
Sugar).



Comparison of the Degrees Brix and Baum, etc. Continued.

Degree
Brix (Per

Cent
Sugar).



Comparison of the Degrees Brix and Baum, etc. Continued.

Degree Brix

(Per Cent
Sugar).



TABLE X.

Table of Factors for Purity Calculations.

Deg.
Brix



TABLE XI.

Temperature Corrections for Brix Hydrometer
(\1

l/2 C. normal temperature).
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