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ridge in Harrison County have their centres filled with 
silicious pebbly conglomerate, two conditions of exist­
ence which no known condition of carbonate of iron in 
the form of clay iron-stone could possibly create, even 
should we admit the existence of a sufficient quantity 
of that ore to form the vast deposits of iron as we now 
find them. The existence of the enormous quantities 
of carbonate of iron or clay iron-stone I am by no 
means inclined to admit. Whether the lignitic ever 
held such quantities I do not know, but certainly . the 
beds as we now find them contain very little of this 
class of ore. The little they do contain is almost alto­
gether a sulphide. 

SORGHUM SUGAR. 

BY T. BERRY SMITH, FAYETTE, MO. 

I T has been many years since the people in the cen­
tral and northern parts of the United States began to 
cultivate sorghum for the purpose of obtaining molasses 
therefrom. The processes were such as could be em­
ployed by almost any farmer. 

But it has been only a few years since experiments 
began for the purpose of extracting sugar from the sor­
ghum cane. 

The first appropriation made by Congress for large 
experiments in sorghum sugar making was during the 
last days of the session of 1884. Since that time, so far 
as we know, annual appropriations have been made and 
untiring efforts put forth to improve both the cane and 
the processes of sugar making; and the advances made 
in each line have been steady and encouraging. 

I t is our purpose to treat mainly of the applications 
of scientific principles, as made in the government ex­
periments in Kansas and elsewhere. 

Let us suppose the cane has been grown under the 
ordinary circumstances and is ready to be harvested. 
The usual course is then to strip and top the cane, cut 
it and haul it to the mill (who that has heard its creak­
ing, can ever forget it ?), there crush it and collect the 
juice, and then evaporate it to molasses by boiling in 
open pans, certain simple processes being employed to 
clarify t h e syrup more or less. 

By such methods are obtained the molasses which we 
have all eaten and of which we can not mistake the 
peculiar flavor. 

A brief analysis of the subject will show us that the 
main steps, are: 

1. Separation of the juice from the cane. 
2. Separation of the sweets from the juiee. 
If we would manufacture sugar there must be a third 

step, viz.: 
3. Separation of sugar from the molasses. 
Let us treat these separately: 
I.—Extraction of Juice. 

Old Method.- Expressing it by passing the cane between 
rollers. 

New Method: Extraction by soaking in heated water, 
the process being termed diffusion. 

The topped cane is delivered to the factory by the 
farmer. There it is cut into short lengths by a cutting 
machine, after which a fan blows away the boots, blades 
and trash, and then the short pieces are delivered to a 
shredding machine, which tears the cane into as small 
bits as possible. 

This pulp is delivered to the diffusion battery, which 
is arranged in various ways, but the principle of which 
may be stated thus: 

If hot water be poured over one jar of pulp it will 

soak out a certain amount of the sugar content. If this 
sweetened water be withdrawn and j^nxred over a sec­
ond jar of pulp, it will become still more sweet; and by 
passing it in like manner over a number of jars of pulp, 
it will finally become as rich in extracts as the original 
juice of the cane was, i e.f it may be called cane juice. 

Now in order to extract all the sweets, the first jar of 
pulp must be subjected to portion after portion of hot 
water, until there will be left in the pulp very little be­
sides woody fibre. And so with the second jar and so 
with all the jars of pulp. 

One can readily see that the jars or cells could be so 
connected that the hot water entering at No. 1 would 
be forced in succession through a sufficient number to 
attain the desired strength, and thus the process be ren­
dered continuous. Such an arrangement is teimed a 
diffusion battery. 

If the subject has been made plain so far, we are now 
ready to take up the second great step. 

II.—Extraction of Sweets. 
Old Method; Simple evaporation in open kettles or 

pans, with constant skimming to remove the 
"scum** formed by hea t 

New Method; (1) Neutralization of acids by lime; (2) 
Removal of surplus lime by carbonic acid gas (car­
bonatation); (3) Heating and skimming; (4) Set­
tling; (5) Evaporation of clear juice under reduced 
pressure and temperature. 

The diffusion juice is placed in large tanks and milk 
of lime added until an alkaline reaction is shown. The 
purpose of this is to counteract the effect of any acids 
that may be present. At this point in our paper it will 
be necessary to digress a little and introduce a small 
amount of chemistry. 

There are in the vegetable world many products 
which are composed of charcoal and water, the only 
difference in chemical constitution being in the propor­
tions of charcoal and water employed. 

Let us look at the accompanying table: 
Wood = . 6 parts carbon and 5 parts water (C6 Hxo Os ) 

Starch — 6 « " " 5 «' « ( C 6 H I O O S ) 

G r a p e S u g ' r « 6 " " " 6 " " (C6 H12 0 6 ) 
CaneSugar—.12 " " «•« 11 " " (C I 2H2 20„) 

Now if we take wood, starch or cane sugar and boil 
them in water with acids, they will be converted into 
grape sugar. 11 is in this way that tons an d tons of starch 
are annually changed into syrup and sugar for house­
hold and other purposes. Almost all of the clear thick 
syrups used on our tables at the present day are glucose 
or*grape sugar syrups. Such syrup is inferior to cane 
sugar syrup in the matter of sweetness, three pounds of 
cane sugar being equal to five ponds of grape sugar in 
this respect. You can plainly see, then, that the effect 
of the acids present in the diffusion juice would be to 
diminish the sweetness of the syrup produced by simply 
evaporating without their removal. Their removal is 
rendered easy by the use of lime, which neutralizes 
them by uniting with them to form insoluble compounds 
which settle to the bottom. Now as lime will combine 
with sugar also to form sucrates, it is necessary to 
remove any surplus lime that may be present, and this 
is done by blowing through the juices a stream of car­
bonic acid gas, which may be inexpensively obtained 
from the smoke stacks of the furnaces. This part of 
the process is known as carbonatation. 

After neutralization and carbonatation, the juice is 
raised to the boiling point, the scum formed by heat is 
removed in the usual way, and then the clarified liquid 
is left in large tanks to settle. From these it is drawn 
off and is ready for concentration by evaporation. 
This is not accomplished in open pans because in an 
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open pan the pressure of the atmosphere amounts to 
about fifteen pounds per square inch, and in order to 
raise the liquid to the boiling point this pressure must 
be overcome. If this pressure can be overcome, or at 
least largely reduced, then the boiling point can be 
reached at much lower temperatures than 2 12" Pahr. 

The pressure is din~inishedby the use of air tight 
pans and of air pumps. Let us suppose that coils 
of pipe, connected with the escape pipo of the engine, 
are laid in a large pan, a supply of clarified juice fills 
the pan, an air-tight cover is put on, and the contained 
air is partially exhausted by the air pump. The ex-
haust stearn from the escape pipe of the engine is hot 
enough to cause the juice to boil. Now let us suppose 
that the steam from this pan be forced thro~ighcoils of 
pipe laic1 in another air-tight pan filled with juice and 
more thorot~ghlyexhausted than the first one, it is clear 
to see that evaporation at a still lower temperatme will 
be secured, Such a combination as above described is 
called a double-effect apparatus. 

A multiple effect wotrld be a multiplication of pansso 
connected and manipulated that the steam of one will 
boil thenest. The advantages in such arrangements are: 
(I) lower temperature and less danger of scorching the 
contents ; (2) speed in evaporating the water from the 
sweets ; ( 3 )  reduction of cost. 

Now if syrup be the end ainled at of course the pro-
cess woi~lclend when a proper degree of concentration 
has been reached. But if it is desired to make sugar 
also, then additional process must be employed 

111.-Extraction of Sugar. 
Under this head we shall give in brief the methods 

employed with large success at the government experi-
~ n e n tstations in 7891. 

The diffusion process affords a juice containing both 
L ' ~ ~ g a r b "and "non-sugars" in acid aqueous soliltion. 
A s  explained, the acid tends to convert cane sugar into 
grape sugar, and this is prevented hl- the use of lime. 
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The effect of the "non-sugars" is to prevent crystalli-
zation and separation of the "sugars" : for this reason 
they are called molasses-makers (melassigenes). Their 
removal is necessary to the formation of a large 
"sugar" product. Their removal is partially accom-
plished in the processes of defecation, i. e., liming, 
heatina and skimming. But there still remain "non-
sugar;' which are soluble in water ancl must be sepa-
rated in some other way. This is now very st~ccessfully 
acconlplished by the use of alcohol. The clarified 
juices are concentrated until they contain about 5 5  per 
cent solid matter, then mixed with an ecjual volume of 
go per cent alcohol, and thoroughly stirred by blowing 
air through the mixture. 

The impurities of the syrup separate in flocculent 
masses, and in the course of twenty-four h o ~ ~ r sthey 
completely settle to the bottom of the tanks, leaving a 
supernatant fluid that is clear and of a pleasant ocior. 

The next step is to draw off the clear fluid and sub-
ject it to distillation, whereby the alcohol is separated 
and recovered for future use. The sediment is sub-
jected to pressure by which an alcoholic syrup is ob-
tained and a hard cake leEt containing more or less of 
sttgar and alcohol, Here is the chief loss of alcohol, 
but the loss may probably be Inore than replaced by 
fernlentation and distillati011 of these "press cakes." 
Here, however, we encounter the United States revenue 
laws, and modificatiorls would have to be made in the 
laws before sugar factories could proceed. In fact, the 
alcoholic process would require so much alcohol that it 
cannot be profitably employed unless the sugar mann-
facturer could be allowed to buy, or manufacture, and 
use alcohol, almost or altogether free of: duty. What 
legislation has been had in regard to this subject we are 
not prepared to say. 

"The syrup, freed from alcohol, was passed through 
the usual sttgar house processes of granulation in the 
vacurrni pan and purging in the centrifugals." ((Bulle-
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tin No. 34, experiments with sorghum in 1891, by 
Prof. H. W. Wiley.) 

The sugar crystallized readily and separated perfectly 
in the centrifrugals from the syrup in frotn two to five 
minutes. By the processes hereinbefore mentioned the 
sorghum grower of the ccntral States may compete with 
the grower of ordinary cane in the South. Froill an 
acre of good sorghum may be obtained a barrel of nice 
nearly white sugar, eclual in every way to or~linary cane 
sugar. 

The question may arise: "Can the fnrrncr prc!fitably 
manufacture his own sugar, i. e., on a snlall sc'\le?" 

Probably no inore than the fartner can nianufacturc 
his own woollen goods or make his own flour. 

I t  is doubtful if cane can be profitably raisccl more 
than three miles froin a central factory, and besides 
enough cane can be raised within two nl~lesof the fac- 
tory to supply all of its detn:mds. Such being the fact, 
the central and northern States must hope to make their 
own supply of sugar, not by indiviclual factories, but 
by a systein of central factories put up on a large scale 
and equipped for all the stcps of ~ilolasscs ant1 sugar 
making. 

The amount of sugar consumcd it1 the United States 
For the year ending June 30, 1890, was about three 
billion pounds (an average of fifty-five pounds per 
capita), and there were eighty n~illion gallons of 
rnolasses consumed. 

The United States produced about one-tenth of the 
sugar and one-fifth of the molasses. Hence the 
necessity for increasing our sugar producing crops, viz. : 
the southern cane and the northern sorghum and the 
beet.' 

1 T o  these may be added "corn cane," for  a iuost interesting discussion of 
which the realler is referred to Scinbce during the month of Septeml>er, 1Rc j3  

-The third annual meeting of the Ohio Academy of 
Science was held at Columbus on L)cc. 28 and 2 9 ,  1893. 
The usual ncccssary formal busineis ~vas  done, and 
papers T S C ~ Cread on various subjects connected with 
geology, l~otany, entomology, ornithology, and a be-
ginning was nlaclc in cliei~ri~try whichancl astronomy, 
11~1-enot 111evioudy cl:litned tlieir fair share of atten-
tion. 'rhe followiiig :~moiig the papers reacl may clairn 
notice liere: " 0 1 1  tlzc I:\.olution of Inclian Corn," by 
11r. IY. A. !<cller~n:ul; "1)istrihution of North Ameri-
can 1,epiclopttr:~ in Xorway," 11y Piof. F. M. \FTebster ; 
"011 Cert;l~n NCIV :11?c1 Kno11~11 Marine Infusoria," by 
1)s. I). S. Kcllicott ; "l,.il;c 1,ickirig: a Contribution 
to the Buried L)rainaqc ot Oltio," by I'rof. TV. G. Tight; 
"li'urther Study of' the \Vhent Scale," by Prof. A. I): 
Selhy ; ' ' 0 1 1  n Nc\r lposs~l Cru5tacean froin tlie Water-
Lime," by l'rof. 15. \\'. C'iaypolc ; "A Icevision of the 
1,ichens of 011:0," 11)- Mr. 15. E. Ihgue, and "On the 
Nutritive Value or Comluon Ii'r~ut," by Prof. W. It. 
1,azenby. i2rratlge111ents were :dso completed for the 
organization of a N:~tural I-listory Survey of the State. 
T l~ rccdirectors Tvcse :q~l)ointed, I'rofessors Claypole, 
Kcllicott and Kel1c1-niail, ~vhose duties u7cre simply to 
enlist and :Lrr:Lngc a11 the \~oltlntcer laborers who could 
I)e indtricci to take part in the work and aid them in 
tlie c1io:ce of fields :mil in the prosetution of their 
lsbors, leaving tlie thole methocl or responsibility in 
their li:~;~ds as much as if they were independent work- 
ers. These results when obtained will be presented to 
the Academy, by the autl~oss if possible, referred to 
suitable esperts ancl, at thc discretion of the rlcademy, 
printed in the annual report. The organization of the 
nndcrtaking is the inoit important one of the still 
young acaclemy. I'rof. F. \V. 'ih'ebster, of the Agricul- 
tural I;sperin~ent St:ltion, was clectecl. president for 
1894. 
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