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This invention relates to an improved process 
of re?ning sugar and ‘particularly to a process 
of recovering sucrose from impure sugar solu 
tions. 
The invention has for its general object the 

provision of a method or mode of operation 
whereby not only can the normal sugar re?ning 
process be improved but in addition the produc 
tion of greater quantities oi.’ sugars of higher 
purity may be insured. 
The process of this invention is not only appli 

cable to the re?ning of raw sugar, but is also ap 
plicable to the production of what are known 
as unre?ned cane sugars, said unre?ned cane 
sugars forming a class intermediate between raw 
and re?ned sugars. A further object of this in 
vention is to disclose and provide a method of 
re?ning sugar and whereby sugars of high purity 
and good keeping qualities may be more eco 
nomically produced without material alteration 
of the normal plantation re?ning systems. 
In all sugar re?ning processes, whether the 

process is designed to produce white’ re?ned 
sugars or plantation whites or raw sugar, large 
volumes of impure sugar solutions are handled 
and eventually accumulated, these impure sugar 
solutions being generally referred to as molasses. 
Hereinafter the term “molasses” will be applied 
to all impure sugar solutions whether such im 
pure sugar solutions are actually molasses or not. 
In the manufacture of sugar from sugar cane, 
for example, a number of different grades of 
molasses are produced, these being generally 
known as ?rst, second, third, fourth and ?nal 
or black-strap molasses. The number of differ 
ent kinds of molasses produced is optional, de 
pending upon whether second, third or fourth 
massecuite system is used. 
This invention concerns itself primarily with 

what is known as second, third or ?nal molasses, 
all of these molasses having a polarization below 
about 60° Pol. These impure sugar solutions gen 
erally contain sucrose but in addition also contain 
proteins, albuminoids, amido acids, and other ni 
trogenous bodies, pentosans, coloring matters 
such as anthocyanin,_ mineral salts, and other 
substances which retard or prevent the crystal 
lization of sucrose from the solutions. 
An object of this invention is to disclose and 

provide a method of re?ning sugars whereby 
larger yields of sucrose maybe obtained. 
Another object is to disclose and provide a 

methodof treating impure sugar solutions for the 
recovery ofsucrose therefrom. 
An object of this’invention is to-disclose and 
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provide a method of re?ning sugar whereby the 
production of di?’enent grades of molasses is obvi 
ated and the extraction of sucrose therefrom" 
made economically possible. 
A further object of this invention is to disclose 5 

and provide a method of treating impure sugar 
solutions whereby the ‘sucrose content thereof 
may be recovered. ' , ' 

' A still i’urther object 01’ this invention is to dis 
close and provide a process of sugar re?ning 10 
which permits the production or large quantities 
of high purity sugars, the residual molasses con 
taining very little glucose and consequently being 
well adapted for either the Steil’ens or Barium 
process by which the remaining sugar can be ex- 15 
tracted. . 

These and other objects, uses and advantages 
of this invention will in part become obvious to 
those skilled in the art and will readily become - 
apparent from -a consideration of the detailed 20 
description of the invention given hereinafter. 
In describing the invention, reference will be 
had to the appended drawing which diagram 
matically illustrates the process. 

It is to be understood that this invention is 25 
applicable to the production of sugar, not only 
from sugar cane Juices, syrups or molasses, but 
also from the treatment of sugar-containing so 
lutions from various other sources such as, for 
example, sorghum, beets, etc. For purposes of 30 
lucidity, the process as described hereinafter will 
particularly refer to the adaptation of this in 
vention to a cane sugar re?nery. 
As is well known, the sugar cane is ?rst milled 

either by suitable revolving knives on shredders 35 
and then crushed. The bagasse may be sprayed 
with water between crushing operations so as 
to facilitate extraction. The juice is then 
strained to remove bagacillo and the strained 
juice clari?ed in any suitable manner. The clari- 40 
?ed juice is then sent to evaporators and the 
sugar syrup thus produced. ' 

As shown in the appended drawing, this syrup 
having a purity of between about 82 and 90, may 
be sent from the tank It to a suitable crystalliz- 45 
mg pan or calandria ll wherein crystallization 
is allowed to take place, giving rise to what is 
known as ?rst massecuite. This massecuite is 
then sent to centrifugal separators I2 wherein 
the sugar is separated from the mother liquor, 50 
this mother liquor being generally termed ?rst 
molasses. The purity of this ?rst molasses may 
vary widely in practice from about 60° to 75° 
Pol. This ?rst molasses may either be returned I 
to the same crystallizing pan or to a second 55 
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crystallizing pan IS. .A certain amount of syrup 
from the tank I0 may also be sent to the .pan l3 
as by line l4. The second strike of massecuite 
is again sent to the centrifugals l2’ and the 
sugar separated from the mother liquor, this 
mother liquor being now termed second molasses. 
The sugar from the centrifugals l2’ may be 
washed and bagged, being of a grade generally 
referred to as raw sugar. - 
The sugar from the centrifugals I2’ is gen 

erally of slightly lower purity than the sugar 
from centrifugals l2 and furthermore is of darker 
color and does not have the keeping qualities of 
the sugar from centrifugals l2. The second mo 
lasses from the centrifugals I2’. is generally treat 
ed so as to produce a third massecuite and so 
on, depending upon the vnumber of strikes de 
sired or ‘capable of being made. This second 
molasses, however, generally has a purity of less 
than about 60?’ P01. and in accordance with this 
invention is not again sent to crystallizing pans. 
Instead, such molasses (or any other similar im 
pure sugar solution) is sent to a storage tank 
14 from which it may be withdrawn as occasion 
warrants, into a dilution tank I5 wherein it may 
be diluted with water to any desired concentra 
tion. For example, the molasses or impure sugar 
solution may be diluted in the tank IS in accord 
ance with the teachings of Patent #l,788,628, to 
between about 35 and 65° Brix so as to allow the 
subsequent fermentation of invert sugar present 
in such impure solutionto take place without the 
necessity of using special selectively fermenting 
yeasts. If desired, however, special yeasts may 
be ‘employed, in accordance with the teachings 
of Patent #1572359 or Patent #1,401,433. 
The diluted impure sugar solution may then be 

sent to fermenting tanks l6, ll, l8, etc., wherein 
fermentation is allowed to take place so as to 
convert the invert sugar into alcohol without sub 
stantial inversion of the sucrose. The fermented 
molasses, generally containing from 2% to 10% 
of alcohol (caused by the fermentation) may 
then be sent to the tank l9 and a small quantity 
of alkaline earth oxide or hydroxide added as by 
the line 20. Preferably, before the addition of 
the alkaline earth oxide or hydroxide (such as 
milk of lime), a ‘quantity of alcohol is added to 
the fermented molasses, this alcohol being added 
by line 2| from an alcohol storage tank 22. It 
has been found that the presence of alcohol dur 
ing the precipitation of organic impurities by 
lime in the tank I9 is highly desirable, the alco 
hol apparently having three functions: ?rst, it 
stops the fermentation; second, it aids the alka 
line earth oxide or hydroxide in- precipitating or 
ganic impurities, coloring matter, etc.; third, it 
renders subsequent separation of the precipitated 
substances from the liquid easy. If the lime were 
to be added to a fermented molasses containing 
only 3% or 4% alcohol, not only would the pre 
cipitation of organic impurities be incomplete, 
'but in‘ addition, the separation of the precipitate 
from the liquid by ?ltration would be almost im 
possible because of the character, consistency and 
slimy nature of the precipitate. It has been 
found desirable to add a. volume of alcohol equal 
to the volume of the fermented molasses before 
precipitating the organic impurities and coloring 
matter with lime. _ 
When an equal volume of alcohol is thus em 

‘ ployed, 5% to 6% by volume of a_20% milk of 

75 

lime solution may be added to insure complete 
precipitation of the organic impurities. It is to 
be understood, however, that the lime may be 
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added to the fermented molasses before the ad 
dition of the alcohol. The amount of lime added 
to the tank I8 for the purpose of precipitating 
organic impurities and coloring matter without 
precipitating the sucrose, will vary with the 5 
amount of alcohol present. In all events, a quan 
tity of lime insufficient to precipitate the sucrose 
should be added. 
The solution may then be ?ltered as in the ?l 

ter 23 or the precipitate separated from the liquid 10 
in any other suitable manner. The ?ltered 
sugar solution may be discharged into a tank 24. 
The ?lter press may be washed with alcohol from 
a storage tank 25~and then blown with steam or 
steam and air, so as to recover the alcohol, the 15 
steam and air passing into a condenser 26 and 
the alcohol condensed therein returned to the 
storage tank 25_. >The ?lter press cake resulting 
from this operation may be discarded. 
The sugar solution collected in the tank 24 is 20 

alkaline in character, containing a mixture of 
calcium and potassium hydroxide, the alkalinity 
usually running'about 0.2% calculated as CaO. 
This slightly alkaline solution is then preferably 
neutralized in any suitable manner. 
For example, carbon dioxide collected from the 

fermenting tanks l6, l1 and I8, may be conveyed 
by line 21 and passed through the solution in 
tank 24 so as to precipitate the calcium and po 
tassium salts which are substantially insoluble 30 
in the alcoholic solution in the tank 24. Instead 
of using carbon dioxide, sulfuric, phosphoric, or 
any other acid which will form substantially in 
soluble calcium and potassium salts, may be 
mixed with the solution in tank 24, such acid 35 
being supplied from a suitable storage indicated 
at 28. ' 
The neutralization is preferably carried on to 

a pH of between about 6.6 and 7.2. Ordinary 
temperatures are recommended during this neu- 40 
tralization step so as to prevent loss of alcohol but 
if provision is made therefor, higher tempera 
tures may be used satisfactorily. 
The neutralized sugar solution may then be 

?ltered in a ?lter 29 and the cake consisting of 46 
the precipitated bodies discarded. The alcoholic 
sugar solution may then be sent through line 30 
to- a suitable still or evaporator 3| in which the 
alcohol is separated from thesugar solution, the 
alcoholic vapors passing through suitable con- 50 
densers 32 and the alcohol being returned by line 
33 to the alcohol storage tanks 25 and 22. 
The de-alcoholized sugar solution or syrup may 

then be sent by line 34 to any suitable evaporator 
35 and then to a 'crystallizing pan 36 from which 55 
the mass may be discharged into a centrifuge 31 
for the purpose of separatingv the crystallized 
sugar from the residual molasses. The molasses 
discharged at 38 contains very little glucose and 
no gums. and consequently is well adapted for 60 
either the Steffens or Barium process by which 
the remaining sugar can be extracted. If de 
sired, the sugar solution from line 34 may be sent 
as by line 39 to the initial re?ning operations, 
becoming either a part of the syrup fed to the 65 
?rst pan II, or to the second pan l3. 
As a modi?cation of the process described 

hereinabove, the alkaline sugar-containing 
?ltrate from the ?lter 23 may be sent directly to 
a still such as the still 3|, for the removal of 70 
alcohol, thus eliminating the neutralizing oper 
ation 24 and'the ?ltration operation 29. When 
alkaline sugar-containing ?ltrate from ?lter 23 is 
sent directly to still 3|, the alkalinity of the 

25 

?ltrate is used up by the organic bodies remain- 75' 
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ing in the liduid and the de-alcoholized syrup. ~ 
comes out in substantially neutral form but with 
a dark precipitate which can be removed by a 
subsequent ?ltration as, for _ example, in the 
?lter 40. r’ . 

A still further modi?cation of the process may 
consist in precipitating the interfering organic 
impurities in tank 19, ?ltering the solution at 23, 
neutralizing the ?ltrate in the tank 24, and then 
discharging the neutralized ?ltrate directly to the 
still 30 for de-alcoholization. The sugar solution . 
discharged from the still under these conditions 
would contain solid impurities and for this rea 
son,-such solution would have to be ?ltered as at 
40 before being sent to the evaporators and 
crystallizing pan. - , ,\ 

Those skilled in the art will observe from the 
description given hereinabove that an improved 
process of re?ning sugar has been disclosed. In 
order to speci?cally refer to the results attained 
_by this process, reference will be had to the fol 
lowing example: 1 ton of second molasses of 
about 80° Brix, containing 19.51% glucose, 
44.77% sucrose, 5.09% ash and 8.22% organic 
non-sugars, was diluted to 48° Brix, a yeast cul 
ture added, and the molasses fermented. After , 
dilution but before fermentation, the molassesor 
impure sugar solution consisted of 340 gallons 
containing 11.68% g‘ucose, 26.81% sucrose, 
3.05% ash, 4.92% organic non-sugars, 46.46% 
solids, and a. real purity of about 57.71. After 
fermentation, this molasses solution contained 
only 2.2% glucose and 26.76% sucrose. Its real 
purity had been increased to 64.83. This fer 
mented molasses was mixed with about 300 gal 
lons of alcohol and about 40 gallons of 20% milk 
of lime, for the purpose of precipitating the or 
ganic impurities and coloring matter. 
?ltration, it was .found that the ?lter cake 
weighed about 300 pounds, contained about 0.65% 
P205, 43.15% ash, other than P205, 10.60% pro 
tein, and 39.24% organic matter other than pro 
tein. The alkaline sugar solution or ?ltrate was 
then neutralized with dilute sulfuric acid and 
?ltered. The ?ltrate contained only 0.84% glu 
cose, 26.16% sucrose, 1.87% ash, and 3.75% or 
ganic non-sugars. It had a real purity of 80.18 
and upon being de-alcoholized, passed through a. 
crystallizing pan and then centrifuged to give 
rise to about 716 pounds of sugar of 96° Po]. and 
about 537 pounds of ?nal molasses. The ?lter 
press cake from the ?ltration” after neutralization 
with dilute sulfuric acid, consisted of about 40 
pounds, of which about 54% consisted of calcium 
sulfate and 34% consisted of potassium sulfate. 
These speci?c ?gures clearly show that the ash 

content of the molasses is materially reduced, the 
loss in sucrose content is negligible, and that a 
sugar of relatively high purity can be made eco- . 
nomically. It is to be observed‘that the repeated 
reboiling of successive grades of molasses, with 
accompanying cost of power and labor, is elimi 
nated to a great extent by the method of this in 
vention. The cost of the sugar is thus reduced 
not only by reason of the increased yield and 
higher purity, but also by reason of the reduction 
in power and labor costs. The loss of alcohol in 
the process is negligible and instead alcohol is 
actually produced as a by-product. The invest 
ment in equipment (other than that found nor 
mally in plantation re?neries) is very low, it 
being understood that'instead of using a number 
of separate units (as, for example, ?lters 23, 29 
and 40 or centrifugals I2, l2’ and 31)‘ the same 
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3 
units can‘ be employed at different times for the 
different operations. 

- In a.‘ further modi?cation of the process (par 
ticularly adapted to treatment of molasses of low 
glucose content) the step of fermenting molasses 5 
may be eliminated. In this modi?cation, alco-' 
hol and lime are added to the unfermented mo 
lasses and the process carried out as described 
hereinbefore. 
Although theme of alkaline earth oxides and 10 

hydroxides for the precipitation of organic and 
coloring impurities has been speci?caliy stated, 
it is to be understood that other substances may 
also be employed for this purpose,'for example, 
aluminum hydroxide or aluminum cream. 15 
Certain modi?cations have been described in 

detail in the description given hereinabove but 
other modi?cations may be made in the process 
without departing from the scope of the in 
vention. ' 

All such changes and modi?cations as come 
within the scope of the appendedrclaims are em 
braced thereby. 
I claim: 

20 

I. In a’process of re?ning sugar, the steps of 25 
withdrawing molasses having a polarization of 

' below about 60° Pol., from a sugar re?ning' sys 
tem, diluting such molasses with water, adding 
yeast to such molasses, fermenting invert sugar 
present in .said molasses without inversion of 30 
sucrose, adding alcohol to the fermented molasses 
in the substantial absence of invert sugar, adding 
an alkaline earth oxide or hydroxide to the alco 
holic-sucrose solution in amount sufficient to pre 
cipitate organic impurities but insufficient to pre- 35 
cipitate sucrose, separating the precipitated im 
purities from the alcoholic sucrose solution, neu 
tralizing the alcoholic sucrose solution with an 
acid capable of forming substantially insoluble 
calcium and potassium salts, separating the pre- 40 
cipitated salts from the substantially neutral 
alcoholic sucrose solution, said solution being sub 
stantially free from invert sugar, removing alco 
hol from the solution, and then concentrating the 
solution and crystallizing sugar therefrom. 

2. In a process of re?ning sugar, the steps of 
withdrawing an impure solution containing in 
vert sugars and sucrose and having a polariza 
tion of below about 60° Pol., from a sugar re?n 
ing system, diluting such impure solution with 50 
water, adding a yeast thereto, fermenting the 
diluted solution to remove invert sugars without 
inverting the sucrose, adding alcohol to the fer 
mented solution, adding an alkaline earth oxide 
or hydroxide to the alcoholic sucrose solution in 55 
amount su?icient to precipitate organic impuri 
ties but insufficient to precipitate sucrose, wpa 
rating the precipitated impurities from the alco 
holic sucrose solution, neutralizing the alcoholic 
sucrose solution with an acid capable of forming 60 
calcium salts which are substantially insoluble 
in such alcoholic sucrose solution, removing al 
cohol from the solution, and then separating 
precipitated impurities from the .de-alcoholized 
sucrose solution to form a sucrose solution sub- 65 
stantially free from invert sugar whereby sucrose 
may be crystallized therefrom. - . 

3. In a process of re?ning sugar, the steps of 
withdrawing an impure sugar solution contain 
ing invert sugars and sucrose and having a polari- 70 
zation of below about 60° Pol., from a sugar 
re?ning system, diluting such impure solution 
with water, adding a yeast thereto and ferment 
ing the solution to remove invert sugar without 
inverting the sucrose, adding an alkaline earth 75 

45 
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oxide or hydroxide to the alcoholic sucrose solu 
tion in amount su?icient to precipitate organic 
impurities but insu?lcient to precipitate sucrose, 
separating the precipitated impurities from the 
alcoholic sucrose solution, neutralizing the alco 
holic sucrose solution with an acid capable of 
forming substantially insoluble calcium and po 
tassium salts, removing alcohol from the solution 
by distillation, then separating precipitated im_ 
purities from the 
said solution being substantially free from invert 
sugar whereby sucrose may be crystallized there 
from. . 

4. In a method of recovering sucrose from im 
pure sugar solutions, the steps of fermenting an 
impure solution containing invert sugar and suc 
rose to remove invert sugar without inverting the 
sucrose, adding alcohol to the fermented solution 
in volume approximating the volume of the fer 
mented solution, adding an alkaline earth oxide or 
hydroxide to the alcoholic sucrose solution in 
amount su?icient to precipitate organic impuri 
ties but insufficient to precipitate sucrose, sepa 
rating the precipitated organic impurities from 
the alcoholic sucrose solution, removing alcohol 
from the sucrose solution by distillation, and then 
separating precipitated impurities from the de 
alcoholized sucrose solution to form a sucrose 
solution substantially free from‘ invert sugar 
whereby sucrose may be crystallized therefrom. 

5. In a method of recovering sucrose from im 
pure sugar solutions, the steps of fermenting an 
impure solution' containing invert, sugar and 
sucrose to remove invert sugar without inverting 
the sucrose, adding alcohol to the fermented so 

de-alcoholized sucrose solution, ‘ 
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lution in volume approximating the volume of 
the fermented solution, adding an alkaline earth 
oxide or hydroxide to the alcoholic sucrose solu 
tion in amount sufficient to precipitate organic 
impurities but insufficient to precipitate sucrose, 
separating the precipitated impurities from the 
alcoholic sucrose solution, neutralizing the alco 
holic sucrose solution to a pH of about 6.6-7.2 
with an acid capable of forming calcium salts 
which are substantially insoluble in such alco 
holic sucrose solution, separating the precipitated 
salts from the substantially neutral alcoholic 
sucrose solution, and then removing alcohol from 
the solution to form a sucrose solution substan 
tially free from invert sugar whereby sucrose may 
be crystallized therefrom. 

6. In a method of recovering sucrose from im 
‘pure sugar solutions, the steps of fermenting an 
impure solution containing invert sugars and 
sucrose to remove invert sugar without invert 
ing the sucrose, adding an alkaline earth oxide 
or hydroxide to the alcoholic sucrose solution in 
amount sufficient to precipitate organic impuri 
ties but insu?‘icient to precipitate sucrose, sepa 
rating the precipitated impurities from the al 
coholic sucrose solution, neutralizing the alcoholic 
sucrose solution with an acid capable of forming 
calcium salts whichare substantially insoluble in 
such alcoholic sucrose solution, separating the 
precipitated salts from the substantially neutral 
alcoholic sucrose solution, and removing alco 
hol from the solution to form a sucrose solution 
substantially free from invert sugar whereby 
sucrose may be crystallized therefrom. 
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