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[ED STATES

PATENT OFFICE.

IIENRY BE

SSEMER, OF BAXTER HOUSE, COUNTY OF MIDDLESEX, ENGLAND.

IMPROVEMENT IN CANE-JUICE EVAPORATORS.

Specifieation forming part of T.etters Patent No. 9,697, dated March 8, 1855,

To all whonv it nvar coneern:

Be it known that I, HEXRY BES%E“\[I* 2, of | maintained by a

vessel or pan, in which a partial vacuumn 18
2 suitable condenser and air- .

Baxter House, Old Saint Pancras Road, in the | pumps, the boiling-point of such fluid being

county of M1ddlesex England, have invented
~ ordiscovered ert'un new and useful improve-
" ments or mechanisn for evaporating and con-
centrating saccharine fluids without boiling or
bringing “such fluids in contact with pipes or
SULD faces heatecd by direct contact with fire or
steam; and I do hereby declare that the same
- are fully described and represented in the fol-
lowing specification, reference being had to
the d[“lWll]“S accompanying and mfleO part
of the same.

With regard to 1113? invention of a-method
or methods of evaporating and concentrating
saccharine fluids without boiling or bringing
stuch fluids in contact with pipes or sur faces
heated by fire or steam, in order that it may
be fully understood, ’md in what respect the
same differs from other methods of evaporating
saccharine fluids already known or practised,
I will first give a briet deserlptlon of some of
these 11’161:110&3 and then proceed to explain
“the manner 1n ‘which T accomplish this object.

The evaporation of the saccharine juice of
the sugar-cane has for a long period of time
been offected by applying ire to the bottom
of the vessel containing the finid to be evapo-
rated, and this method is still extensively used
in the British Colonies and many other coun-
tries; but it has been found that saccharine
solutlons when exposed to a high temperature
soon acqguire a dark color, p'ut of the sugar
heing converted 1nto Glucose and. rendered
uner yst allizable, 1n W]ll(‘h form it 18 more gen-
erally known as ‘‘molasses.”” To lessen This
evil various modifications of apparatus have
from time to time been used in which heat is
transmitted to the saccharine fluids by steam
cireulating in pipes which pass through and
Among the fluid, and thus impart the Leftt nec-
essary to boil lt and throw off the aqueous
yortion in the form of steam, it further being
found that boiling by steam A180 producesanin-
juriouseffécton saccharinef nids,andtoremedy
which nummerous attempts have tfrom time to
beenmade. Theapparatus invented by How-

ol

ard for this purpose, and well known under the
name of the *vacuum-pan,’”’ is intended to
lessen such injurious effects by causing -the
fluid' to Dboil and throw off vapor in a “close

der the influence of the atmosphere.

lower in a vacuum-chamber than when un-
The
heat, however, required to produce ebullition
m the vacuum-pan is transmitted thereto by
steam-pipes which pass in and among the uid
to be evaporated, the lower side of the pan
being double or jacketed, for the purpose also
of containing steam.

- Sincethe period of Howard’sinvention other

' means have been devised and patented for

evaporating saceharine fluids 1n such manner
that the bulk of the fluid should be maintained
below the temperature at which such fluids
boil in theopen air. To effect this object Mur.
Cleland invented an apparatus in which a con-
voluted worm or tube is mounted on & hori-
zontal axis extending across the evaporating
pan or vessel In csuch manner that a portion
thereof is immersed in the fluid to be evapo-
rated, to assist which steam is made to pass
throunh the convoluted tube, and as it re-
volves upon its axis a thin co.a,tmn' of the fluid
is taken up upon it and exposed to the action
of tthe surrounding atmosphere. In order to
heat the fiuid to be evaporated, the pan or
vessel is constructed with a chamber below
it containing steam, which steam, by contact
with the bottom of the evaporating-pan, trans-
mits heat to the fluid in which the revolving
tube is partially immersed. After the pub-
lication of this invention a patent was ob-
tained in England by Mr. Augustus Gades-
den, whose 111V{311t1011 CONSISES ot a revolving
cylmder or drum composed of bars or tubes.
This dram is mounted on an axis, which ex-
tends acrossthe pan and at such a height above
it that the bars of the drum as 1t revolves may

dip into the fluid to be evaporated, a thin coat-
ing of which is taken up upoun them and ex-
posed to the atmosphere, w hereby it becomes

cooled and assists in-lowering the tempemtm e

of the fluid in the pan. The pan or vessel 18
usually inclosed in a furnace, and fire 18 ap-
plied dll‘eetl‘}?" to the under side of it for the
purpose of heating the fluid therein. In like
manner plain cu“cul‘lr disks or plates of metal
have been mounted on an axis and made to dip
into the fluid to be evaporated, and take up
upon their surfaces a thin coating of it, which




10 asthus exposed to the cooling influence of the:
E atmosphem md at the same tlme assrsts evfhp-%

~oration. |
- On the 15t]1 of Aprﬂ 18@1., 2 patent Was Gb |

RN fmmed for England by Mr. Herman Schroder,

 for ‘“improvements in manufacturin gandrefin-

o oo1ng sugarn,’’ the invention Gonsm‘tmﬂ of a com- |
L ;hmatmn of steam-pipes with revolvnw dislks: :

- Other plans have also been proposed in which |

- .a1r-has ' been forced below the snrface of the
. fluid and allowed to bubble through it, and |
. thus keep down the mean temper ature of the |
- bullk of the fluld below the: point at whlch the%

~ same would boil in the open air. = .
. Before entering into the details {:}f my prpan 1

SEERRS S gratus for evaporating saccharine fluids, I wish ||
. 1tto be understood that T have dlswvered that |
o cinall cases, and in all forms of ftppfmtus m;

.. which solubmm of sugar are brought in con- |
. taet with metal tubes or surfaces heated hy;

. 1h0 Steam, the heat: thus transmitted produces an

“injurious effect in such saccharine matter, and

. . also that to prevent such injurious. effects of |
SRR E11ea$ 1618 not sufficient that the mean tempera- :

“ture of the fluid should be kept helow the boil-

o ing- pomt of such fluid in the open air by ex- |
0 posing it in thin films or coatings to the cool-

. Ing action of the atmosphere, whﬂe at the same |
.+ time other portions of the fluid are in contact
. owith ‘metal heated: by fire or steam, whereby |
 the low mean temperature of the S‘wcharme |
.00 fluid dn the pan is the joint effect of exposing
. . such fluid to an injuriously-high temperature
. on oneseb of sarfaces and to an unnecessary.
.. cool.one on others, and is not the result of the |
EENES §cll)1)11(3ctt1011 of' heft,tmﬂ media at a low temper-

- ature, asin my: mventlon which 1s hereinafter

described. T all cases where T apply heat to
the bulk of -the saccharine fluid in the pan, I

prefer that the surfaces used to transmit such .

heat shall not exceed a temperature of 140° or
150° Fahrenheit, and so ebullition cannot take
place at this low temperature. 1 force large

quantities of heated air, also, at about 140° or |

150° Fahrenheit, in contact with the fluid,
which has the effect of keeping it at a uni-
form temperatureand of absorbing the aqueous
portions of such fluid, which pass off, 1n com-
bination with the air, in an mVlsﬂ)le vapor.

The apparatus for c carrying into effect my
invention is represented in sheet D of the ac-
companying drawings, whereof—

- Iigure 1 1S a cross- seetlon of 1t taken cn the
line A Bof Fig. 4. Tig. 2 is a longitudinal
vertical sectloll of 1t t‘lkell on the hne C D of
Fig. 1. Fig. 3is an end elevation of it. Fig.
418 a side elevation of 1, and Figs. 5, 8, 9, 10
and 11 details of the same.

@ 1s a tank or vessel (constructed of plate-
iron or other suitable material) for the pur-
pose of containing water,which is kept at any
desired temper ature by the pipes b, which pass
through it, and are heated by steft,m The up-

per part of the tank has a close cover riveted .

thereto, which is hollowed out so as to form |
the sugar-pan ¢, the central part of which is

I 1s: cahown on a large scale at ¢, Fie. 10. R
phtes thus muted are repr esented at: Fig. 9,
where < shows thie riveted junetion; or, nmtead? ERERERERE
of this mode of uniting the phtes? the edges’ =
‘may be ¢ p}owed and: tgnwued 7 as 1‘epresentedf SERERRERE
ab hin I‘IO‘ 8. A number of circular plates '+
{ thus prepfwed are sprung bufﬁclentlyto cause:
their under edges to be insertéd in the spiral
groove or thread of the axle e, on which they
|rare fitted and riveted towether ‘the plates as-
1The:

9,607

| inder, the rivets being countersunk: aud the
plates: put together with butt-points, so as to

At each end of the tank there are formed
one end by a suitable: oover ¢

-of the tube ¢’ is open,and rests on the bearing. ;
@, The tubular axle ¢
it, as shown at £ f,

such breadth as to fit: a plate: of sheet metal, ?
which is to beinserted therein.

hmited to these dlmenqmm,z |

an inch less in diameter than the axle e, |
plate ¢ has a slit eut in it at ¢ gy and E‘:’teh edgea -
of the metal next to thisslitisredueed to half

suming the form 1epresented in Fig. 9.
above- de&erlbed modes of joining the plates
together constitute no part of my invention.

W’Vhen as many plates are thus put on as will
occupy the spiral groove from end to end, a
large screw will be formed by them, as 1*ep1 C-
Sented by Figs. 2 and 4.

On that pfut of the axle ¢ which intervenes
between the spiral blades or threads of the
screw a great number of holes are drilled into
the interior. (Shownatn.) These holesextend
entirely around the axle at a distance of a few
inches apart, and are for the purpose of ad-
mitting jets of airin between theconvolutions
| of the screw.

The action of the apparatus is as follows:
The tank ais first filled with water by the
opening m, and steam is admitted to the pipe
b, which consists of several lengths united by
bends at each end, so as to form a continuous
| passage for the St(—}‘llll to rush through; or, in-
stead of these pipes, fire may be apphed to the
under side of the tank «, the object 1n either
case being to heat the W"ltel which forms a
bath for the sugar-pan, awamst the underside
of which the water is in contact. A thermom-
eter may be Inserted in the opening m, for the
purpose of ascertaining the temperature of the
bath, which I prefer to use at 150° Fahren-
heit. The opening m 18 left open to the at-

]

aecumtel} curved 101 ming a segment of acyl- | mosphere, in oulel to prevent (even with care-

1eave no projections on the inside of the pan E

bearmgs d and &, for the purpose of support- =
ing a large tubular- axle, ¢, thh 1s closed at -
This coveris . -
elongated, and forms an flus ¢, onwhichthat
end of the tubus supp()rted The oppositeend: .

has a screw-thread on SR
Mg, 5. Thl’% threadisto be SRR
about a quarter of an inch in depth, and of

" The distance.
between the convolutions I prefer to be from
‘half anineh to oneineh; but it ]S by 103 m fm%i SERERERES

Fig. 11 1epresents a plate of metﬂ J._. h,w . g ¥ .
mg a cireular hole in its center of .:Ib{)llt half o
The

1ts thickness, in orderthat a similar edge ofan-" ﬁ .
‘other plate may be riveted thereto “Wlthout in-
creasing the thiekness at that 1)art ThlSJOIHLf EEEE R
T“{O SRR :




9,607

2.

lessness) the water from being raised above | fore being allowed to crystallize, as already

212° Fahrenheit, and consequently so as to
prevent latent heat of steam from acting upon
the metal against which the saccharine fiuid
18 1n contact; and although I have herein de-
seribed water as being used as a heating me-

dium, the heat may be transmitted to the ﬁuld |
in the pan by heated air, or by any liquid or i

aeriform fluid whose _tempemtnre is below
212° Fahrenheit; or the process of evapora-

tion may be carried on by the application of |

heated air to the fiuid on the surfaces of the
moving or revolving apparatus without any
application of heat to the bulk of fluid in the
pan otherwise than what it may obftain from
the revolving apparatus, which becomes heat-

ed by the air sobrought in contact therewith. |

I also use a blowing-fan or other convenient

‘air-forcing apparatus, which I connect with a-

pipe. One end of this pipe is inserted into
the open end ¢’ of the hollow axis of the screw.
The air so forced I prefer to heat to about
150° Fahrenheit by the application of heat to
the pipe which conveys 1t to the evaporating
apparatus, or by any econvenient mode ot heat-
ing air mlrecmdy known and practiced. The
"5‘1(3(31’1‘11‘1]18 fluid 1s let into the pan so asnearly
to fillit. Rotary motion is then to be commu-
nicated from -any first mover to the axle e,
which should revolve at the rate of about
elight or ten revolutions per minute. As the
serew revolves, 16 will take up upon its surface
a thin coating: of the saccharine fluid, and as
the heated air rushes out of the numerous
holes in the hollow axle 1t will be brought in
~contact with the thin stratum  of fluid thus
presented to its action, the aqueous portions
of the flunid will be flbsmbed by the air and
carried off in combination therewith, while
the saccharine fluid on the screw, Wthh has
thereby become more dense, will again de-
scend into and mix with the fluid, while fresh
portions are rising out of it, to be acted on
in like manner. As the quantity of fluid in
the pan diminishes by evaporation,fresh por-
tions should be added lmtil-the-requisite den-
sity 1s obtained.

To prevent the deposit of the sugar, or the
formation of a concrete mass on the bottom of
the pan, I cause the screw to be fitted so asto
come a]most in contact with the bottom of the
pan,whereby the blades of the screw will form
a scraper and remove any such deposit or con-
crete matter to one end of the pan. This tend-
ency to bring the charge to one end of the pan
renders it necessary to leave room on both
- sides of the serew at ¢* and ¢’, for the fluid to

return to theoppositeendof the pan, and thus

keep up a circulation of the fluid during the
whole process. Whenthe chargeissufficiently
concentrated, a sluice properly placed at one
end of the pan may be opened and the screw
continued in motion,which will greatly facili-
tate the discharge of the sirup from the pan,

which can then be refilled, and the process

continned as before. After the concentrated

practiced with sirups concentrated in the vac-.
unm-pan. Although theapparatusherein last
described may be used for effecting the final
concentration of the cane-juice or other sac:
charine fiuids, 1 prefer to use it only for the
purpose of inereasing the density of such fluids
to 27° or 50° mee in which case the screw
nmy be made to move an inch or two clear of
the boittom of the pan, because no deposit of
crystals will take place at that density. The
convolutions of the screw or the disks may in
that case be made much closer together in con-
sequence of the degree of fluidity possessed by
siraps of that deﬂsﬁy |

When two different pfms are to be used, 1
prefer to construct the one used for the ﬁnal

concentration of the sirup, as represented on

Sheet Eofthe drawings annexed,where I‘Jﬂ ure
11is a cross-section of the 11we11t10n- Fig. 2, an
end elevation of it; I'1g. 3, a plan of 18 Fig. 4,
a longitudinal sec,tmn of it, and Iig. o 2 lon-
oitudinal elevation of it. Ifigs. 6 and 7 show
a scraped used to cleanse the screws.

¢ is a tank or jacket, of cast-iron or other

suitable material, in the upper part of whlch

there are two hrﬂe cylindrical hollows, ¢ «,
forming the sugar-pan, and which are of such

a radius as to fit nearly close to the large
screws 0. | | .
Between the h]-c. ehollows ¢ thereisasmaller
one, ¢, which 18 for the purpose of receiving
the thlck sirup,which is scraped off the 5p11*al
blade during the emptying of the pan. The
axes O’ of the serews b are hollow, and perfo-
rated with numerous holesfor the distribution
of air between the bladesof the screws.  Hach
axis &’ is supported at one end by brass bear-
ings in the plumber-box d, and thelarge open
ends of the axes b'are each supported by three

friction-rollers,e,which work ina case, 7, boltec

to the end of the tank. The outer ends of the
axes b’ have spur-wheels g2 keyed upon them.

On the end of the tank ¢, and midway be-
tween the two screws, there 18 a plumber-
block, 4, which supports one end of the main
driving-shaft j. This shaft has upon it a
wheel, 7;,, that gears into both the wheels g and

I, s0 as to drive both the screws b in one di-

rection. The screws are made one right and
the other left handed, so that each of them
move the sirup to oljposite ends of the pan.
At each end of the pan there is a space of &
few inches in width at ¢*, which communi-
cates with both of the serew s, S0 that the sirap
moved by one screw fHows freely along this.
space and supplies the other screw, while the
space at the opposite end in like manner al-
lows the sirup propelled back again by the
last-named screw to pass again into the first
one, and thus a circulation of the fluid is ob-
tained, which equalizes its temperature and
densﬂ;y When the concentration of the sirup
is effectcd, the pan is to be emptied by revers-
ing the motion of one of the screws, and there-
by causing the sirup to be hrouﬂht to that end

sirup leaves the pan, it should be heated be- | of the pan where the sluice [ 18 provlded for




O @

- 8luice.
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drawing it off.

tank «,and 1s alwaysin gear with the driving-
wheel % of the screw. There is also another
wheel, n, which gears with the wheels g, £,
and m.
stud, which projects from the end of the tank

a, and 1s made to slide backward or forward

upon it.  The wheel  1s also arranged so as
to slide endwise on its shaft, a forked lever,

if desirable, being made to act on the wheels

k and n, 80 as to slide them along in opposite
(]ll‘eCt](}llS In. a manner well understood SO

that when the wheel £ 18 In ﬂefu:* with the_
wheels ¢ and 7 the wheel % will be out of oear |

~with the wheels & and ¢, and thus the screws
- will move both the same way, as before de-
scribed.
wheel & will be thrown out of gear with the
- wheels ¢ and A, while the wheel n will be
~thrown in gear with the wheels ¢ and m, and

- as the wheel n1s of double the breadth of tooth
~to the others it will continue in gear with the |:

- wheel %, and thus the wheels 5 and 2, with -
- their respective screws, will be car 1‘1@(1 1omld-

“1n-opposite directions. | -
After the greater portion of the sirup h"ts
.be;en run off by the sluice, 1t will be found

~that a considerable quantity of it is still left
| In or-:

~der to remove this portion also, a seraper,
formed as represented in Figs. .6 and: 7, is
placed between the convolutions of the screws

~adhering to the blades of the screws.

b at that end farthest from the discharging-

1. The semi-filuid matter adhering
serews will thus be.removed and be made to
flow 1nto the gutter ¢, and from thence it will
flow into the space «, and escape by the sluice
[. As the screws revolve the scraper will be
carried along a distance equal to the breadth
ofoneconvolutionevery timetheyturnaround,
and thus the entire surface of both serews will
be cleansed by the action of one scraper.

The atmosphere of large towns (in which
sugar-refineries are generally carried on) has
fioating 1n 1t soot, -dust, and other matters,

which, “if blown with it on the wet surface Of

the bcren, would render thesirup impure and
injure 1ts color. I therefore force the air
through silk, cotton, or woolen fabries, and
thus Sepamte the sohd matters from the air
before allowing 1t to enter the screws. This
filtration of the air may be readily accom-
plished by causing the air from the blowing
apparatus to enter at one side of a wind- ehest
which has a central division formed of some
sultable textile fabric tightly stretched overa
frame.
will eollect and be carried off by a pipe pro-
ceeding from the opposite side of the chest
from that at which 1t entered, while the solid
matters floating therein will be separated by
the fabrie, from the surface of which they may
he brushed from time to time.

1xed stud proj ectmﬂ {rom the end of the

The wheel n 18 supported on a fixed:
g, .
10 the holes through whieh heated air is forced

By reversing the forked lever, the

This scraper is shown by dotsin Fig..
to the

tions of such fluids.

The air passing through this fabric

To pmduce this chf.mﬂe of | deseribed affords great facility in discharging

. motion thele 18 a wheel, m, which moves fleely I the.contents. of the pan and in scmpmﬂ the -
“bottom of it, nevertheless plain circular plates

or disks may be used instead, and as this dif-

ference will not affeet the geneml arrange-
‘ments of the apparatus, I have shown only a

portion of a hollow axie with piain disks. In
6, Sheet D, w 1s the axle, v the disks, and

between the disks, to cause the evaporation of
the fluid taken up upon their surfaces; and al-

though I prefer to force heated air from the
center of such disks, it will nevertheless be ob

vious that a similar, though less perfect, re-
sult may be obtained: by forecing such heated
alr between disks mounted on a solid axis, as
represented 1n Fig., 7, Sheet D, where z rep-
resents the disks, y the solid axis, and 2z a pipe

placed parallel thereto, and perforated on that
side next to the disks, so that heated air may

be forced between aud in contact wﬂah lhe weh

| surface of the revolving disks.

Although I have he]:'em described the mode
which I prefer of evaporating saccharine fluids

by taking up thin films or coatings thereof
upon revolving suarfaces, 1t will nevertheless

be obvious that plates or surfaces made to re-

{-eiprocate or otherwise move into and out of -

the fluid to be evaporated may also:-be made

to take up the fluid upon them and exposeit to
the action of lieated air, and may therefore = -
be used as a-means of carrying into effect this

L part of my invention; and, further, instead of

using revolving or moving surfaces as a'means
of exposing thin films of saccharine fluid to

the action of heated air, fixed plates or sur- -
faces may be used 1in a vertical or inclined po-

sition without being heated otherwise than
by theheated air, which isforced bétween them
for the purpose of absorbing the aqueous por-
These plates or surfaces
may be placed 1in an upright tank or vessel
open at the top for the escape of the heated
alr and vapor, and connected at bottom with
a pipe or trank, through which heated air is
forced by a fan-blower or other suitable means,
and thus a strong current of heated air will
be made to sweep over the wet surfaces and
broduce a rapid evaporation.

The plates or sarfaces may be placed with-
1in a quarter or half an inch of each other,
and the fluid allowed to flow onto the top end
of them from perforated pipes, in connection

el

-with a reservoir, which may be supplied by a

common lift-pump {rom a tank or vessel, into
which the fluid falls after passing over the
plates; and thus a repetition of the process
may be carried on until the fluid has arrived
at the desired density.

I have not hereunto annexed any drawings
of such apparatus because the form and ar-
rangement thereof will be readily understood.
by any workman, and admits of great varia-
tion without atffecting the prineiple on which
1t depends. | |

It sometimes happens that, owing to cer-.

Although the spiral blade or serew herein i tain interruptions caubed by the stafe of the




9.607

weather or by otheér circumstances, a portion of
the crop of canes of an estate 18 in danger of
being lost or spoiled unless they can be used

with great expedition, and whenever, from |

this or other causes, 1t 18 reguisite to Increase
the evaporative power of the apparatus here-
1n described, I etther increase the temperature
of the alr up to or about 212° Fahrenheit, or
I turn on steam from any suitable boiler into
the jacket or tank below the pan, the open-
1ng or openings m being closed for the pur-
pose, and a pipe attached tothe tank ¢ 1n con-
nection with a steam-boiler, to which mode of
lieating separately I make no claim. I thus
increase the rate of evaporation, considering
1t preferable in such emergencies-to produce
an inferior sugar to allowing the same to be
entirely wasted from want of the means of
sufficiently rapid evaporation.

Having thus described the nature of my said
invention and the manner of constructing the
same, what I claim therein is as follows:

L

1. The combination of a hollow and perfo-
rated shaft connected with an air-blast appa-
ratus, a series of plates or a screw-plate,
(placed around and on the shaft,) and a reser-
volr, trough, or basin for holding the liquor
to be evaporated, all substantially as exhib-
1ted in Sheet D of the above-mentioned draw-
Ings, and as above specified.

2 The combination of a hot- W&tel‘ vessel
and its heating apparatus, the cistern for hold-
ing the saccharine liquor, the apparatus for
effecting its evaporation by means of hot air
blown on thin or extended suriaces, and a
screw or plates, as specified.

In testimony whereof I have hereto Set nmy

Signature th1<s 31st day of December, A. D.

1852.
HENRY BESSEMER,

Witnesses:
JOSEPH MARQUETTE,
JOHUN R. DARKER.
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