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 HENRY HOWARD, OF CLEVILAND, DHID, ASSIGNOR 10 THE GRASENLLI CHEINMICAT
COMPAWY, OF CLEVELAWD, OHIO, A CORPORATINIY OF OIIO.

CHEMICAL-ANALYSIS APPARATUS AND PROCESS.

Application Aled Maxeh 1, 1884, Sexial Mo, §96,274.

In an article published in the Journal of
the Scciety of Chemical Industry, vol. 29,
1910, page 3 et seq., there is described a
method for the guantitative asnalysis of

5 chemical products which is based upon the

determination of the heat of reaction of

the materiz! to be analyzed with some other
materist. The method consists in mixing

‘the materizl to be analyzed, for instance

oleutn, with a matlerial capable of reacting

therewith to produece a temperature change,
for imstance water or dilute sulfuric acid,
measuring the resulting temperature change
and caleulating therefrom the composition
of the oleum. As is explained in the articls
referred to the method is of general appli-
cation and may be used for the analysis of
any material which is capable of reacting
with some other material or reagent to give
 temperature change. So far as I am aware
the process referred to has never been car-
risd out other than by manual operation.
The present invention relates to improve-
ments in said method, and more particularly

5 to a procedure designed to be carried out

avtomatically and to give not only an indi-

cation and tecord, if desired, of the compe-
sition of the material under consideration
but also o control the production of the
material. The invention relates further to
an apparatus for carrying the process into
effect.

For convenience the invention will be de-
seribed in connection with the manufacture
of oleum for which the process and appara-
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tus are particularly designed, but the in-

vention is applicable generally to the analy-

sis of, for instance, acids and alkalies and.

in fact all chemical substances and com-
pounds which give exothermic or endother-
mic reactions with other substances or com-

1
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pounds, as will be readily understood, and.

the application of the invention to such oth-
er materials is therefore embraced by my
invention, ‘

Referring to the drawings,

Tigure 1 is a plan view of the analysis and
control apparatus associated with an oleum
producting
50 product ther
ation thereef; :

Fig. 2 is a front elevation of the amaly-
Zer; ,

Tig. 8 is a top plan view of the analyzer;

Fig. 4 is an enlarged plan view of the

-om and controlling the oper-

ag)paratus for analyzing the-
eir

analyzer as illustrated in Figs. 2 and 3
with the driving mechanism, the covers,
the base and the acid feed and overflow
pipes omiltted; and,

g, 5 is a vertical section on the
of Fig. 4.

Referring now o Fig. 1 of the drawing, 1
represents an absorbing apparatus with the
usual S0, and absorbing acid supplies 2 and
3 and the oleumn discharge 4. The oleuwm
passes through a cooler b and then through
the temperature equalizer § in which it and
the test acid supplied through a pipe 7 are
brought fo substantially the swme tempera-
turs, The temperature egualizer § is not
an essentisl part of the apparatus and may
be omitted as will appear hereinafter. The
oleum and the test acid then flow through
pipes 8 and 9, respectively, to the analyzer
10 in which they are mized in wmeasured
quantities and the resuiting change in tem-
perature messured or caused o act upon a
temperature sensitive device, for instance,
an elecirical vesistance thermometer, the ef-
fect being indicated and recorded in any
suitable units, for instance, in the case of
oleum, in the percent of free SO, by the
recorder 11 which also controls the opera-
tion of the regulator 12 for the absorbing
acid supply valve 13.:

The absorbing apparatus 1 and its ac-
cessories are of any suitable "construction
and arrangement and do not require further
description excepting, as will appear here-
inafter, that the absorbing acid supply is
automatically regulated so that acid of a
uniform predetermined concentration is pro-
duced. The cooler 5 and the femperatare
equalizer 8 are of any well known and ap-

2
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‘proved construction. The acid supply valve .

regulator is a well known piece of apparatus
and does not require detailed descripticn.
It may be of that type which comprises a
continuously moving power. driven mecha-
nism, mechanism connected with the valve 13
for actuating the same, means for transmit-
ting moticn from the power driven mechan-
ism to the valve actuating mechanism in
forward or reverse direction under the in-
fluence of the recorder 11 and time con-
trolled means for periodically bringing the
means for transmitting motion into opera-
tion. ,

The recorder 11 also is 2 known devics
which does not require detailed description.
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It may be of the type involving the prin-
ciples of operation of the Wheatstone bridge,
so arranged that a flow of electric current
will cause & deflection of a galvanometer
needle, which may in the well inown man-
ner be srranged to indicate and record the
defiection in any suitable units of measuve-
ment and to control & flow of eleciric cur-
rent to the regulstor 12,

The snalyzer 10 illustrated in Figs. 2, 3,
4 gnd § has a suitable base 14 upen which
is supported & rectangular box 1§ and its
rectanguliar wing 16. Doth the box. 15 and
the wing 16 sre provided with remsvable
covers. The box 15 is divided into three
compartments 17, 18 and 19 by vertical parti-
tion walls 20 and 21, the wall 20 extending
to the top of the boz and the wall 21 ex-
tending upwardly to about the level of the
top of the wing 16. The compartment 17
does not extend to the base 14 but is cut off
and provided with & semicylindrical bot-
tom, as is illustrated in Figs. 2 and 5. The
shaft 22 is mounted with one end in the bear-
ing nut 23 carried by one side wall of the
box 15 and extends over the top of the parti-
tion 21, through ar opening in the partition
20, through a stuffing box 24 carried by the
opposite side wall of the box 15, and to the
driving motor and reducing gears 25. A
constant level of oleum to be tested or an-
alyzed is maintained in the compartment 17
by means of the supply pipe 8 and the over-
flow pipe 26 and a2 constant level of testing
acid is maintained in the compertment 18

by the test acid supply ¢ and the overflow

pipe 27. The compartment 19 houses two
troughs 28 and 29 for delivering test acid
and oleum supplied thereto by the measur-
ing apparatus now tc be described to the
analyzing apparatus housed in the wing 16.

The test acid and oleum measuring sppa-
ratus comprises the two dippers 80 and 31
which communicate respectively with the two
concentric tubular conduits 82 and 33, said
dippers and conduits being mounted tc ro-
tate with the shaft 22. The dippers 80 and
31 are mounted to dip into the acid held in
the compartments 17 and 18, respectively,
angd to deliver scid therefrom into the con-
duits 32 end 383, respectively, which in turn
deliver into the troughs 29 and 28, respec-
tively. The dipper 30 is in the form of a
hollow cylinder closed at one end. The other
end of the cylinder is cpen and communicates
with en L-shaped canal in the block 347 In
the side of the dipper is a Vishaped notch
or opening 35 for the admission of acid as
it dips into the body of scid maintained in
the compartment 17. 'The block 34, as stated,
has an L-shaped cangl, one arm of which is
co-axial with the shaft 22 and tubular con-
duit 32. The other arm of the L-shaped
canal extends at right angles to the shaft 22
and receives the open end of the dipper

1,604,264

380. The block 34 also has a screw threaded
opening co-axisl with and extending frem
that arm of the L-shaped canal which is ce-
axial with the shaft 92. This opening en-
gages a screvw threaded portion of the shaft
22 and serves to support the block 34 with
the dipper 3C and the conduit 32 upen the
shaft. The conduit 83 is mounted vpon end
concentric with the conduit 82 and is closed
at ils end opposite to the trough 28 where
it engages the conduit 32. It has a lateral
epering in which it receives the open end
ot the dipper 31. The dipper 81 is similar
in comstruction to the dipper 8¢ described
above.

The troughs 28 and 29 are carried in the
compartment 19 by transverse supports 36
and 87 and are inclined to permit the flow
of acid to the analyzing apparatus in the
wing 16. ‘

In the wing 16 is a supporting structure
in the form of a cylindrical receptacle 38
having projections 8% on its inside wall
forming & nest for the Dewar flask 40, a
lateral outlet near its bottom projecting
through the wall of the wing and two simi-
lar projections 41 and 42 on its outer wall
provided with openings and set screws for
receiving and supporting the tubular mem-

‘bers 43 and 44, which in turn support the ¢

acid receiving vessels 45 and 46. The vessels
45 and 46 preferably are made of glass and
therefore are supported as deseribed. Acid
is delivered from the troughs 28 and 29 to
the vessels 45 and 46, respectively, through
the spouts 47 and 48, respectively, and is
delivered from the vessels 45 and 46 into the
mixing tube 51 by the overflow spouts 49 and
50. The mixture of acids formed in the mix-
ing tube then flowsintc the Dewar flask 4C.
The mixing tube 51 in which the oleum
and test acid are mixed and in which a
considerable rise in temperature takes place
preferably is made of, gold. It is a cylin-

drical tube having an enlarged mouth re- I

ceiving the delivery ends of the spouts 49
and 50 and the lower end is shaped to fit
the bottom of the Dewar flask upon which it
reste. Near the bottom of the tube 51 is
an opening 52 through which the mixed acid
discharges into the Dewar flask. The cover
to the wing 16 has three openings 53, 54 and
53, provided with stuffing boxes which
support thermometers in the vessels 45 and
46 and the Dewar flask 40. These three
thermometers are connected as indicated in
Fig. 1 with the recorder 11. The analyzer,
excepting of course the driving mechanism
which is of the ordinary construction, and

the cover to the box 15, the Dewar flask !

and the units comprising the parts 45, 46,
47, 48, 49 and 50, which preferably are
made of glass, and the mixing tube which
preferably is made of gold, are made of any
suitable structural material. Steel is a satis-
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factory meterial for the corfetimetion of an
analyzer designed for the analysis of oleum.
The receptacie 38 may be made of cast ivon.

The operation of the process and appa-
ratus for he analysic of olem and control of
the production thereof is as follows:

All or a portion sufiicient io supply the
anaiyzer of the cleum produced in the ab-
sorber 1 flows through the cooler § where
it is brought tc about room temperature and
then passes o the temperature eguilizer §
which is supplied alse with test acid through
the pipe 7. The cleum and fest acid ar
brought to substantially the same tempera-
ture and then flow by way of pipes 8 and 8
into the receptecles 17 and 18. Excess
oleum snd test acid delivered to the recept-
zeles 17 and 18 overflow through the pipes
96 and 27, thus maintaining constant levels
of liguid in the receptacles. The dippers
30 and 21 af each revelution dip into the re-
ceptacles 17 and 18 and deliver the oleum
and test acid picked np through the condnits
32 and 83, the troughs 28 and 28 and the
spouts 47 and 48 into the vessels 48 and 46.
The dippers may be rotated continuocusly

()

at 2 predetormined uniform rate or they-

mey De given an intermittent or pedicdic
motion by means of suitable time controlled
mechanism ag will be readily understood.
The dippere may be made fo deliver meg-
sured quantities of the cleum and fest acid
at anv suitable freguency, for instance, once
each minute or cnce each ten minutes as
conditions may vequire, The equalizing
tempersture of the oleum and iest acid de-
iverad intp the vessels 45 and 46 is meas-
ed, in the particular form of apparatus il-
stratad, by two 25-ohm electrical resistance
thermometers connected in series.
next revolution of the dippers 80 and 3L
fresh batches of oleum and test acid deliv-
cred into the vessels 45 and 486, displacing the
oleum and test acid therein snd causing it
to flow through spouie 49 and 50 into the

“mixing tube 51 and inte the Dewar flask

60

55

00

40 in which the temperature of the mixture
is measared by 2 50-chm electrical resistance
thermometer. At the nexzt revolution of the
dippers 30 and 81 iresh baiches of oleum
and test acid are delivered into the vessels

5 and 46, oleum and test scid flowing there-
from into the Dewar fiask 40 and displacing
the mixfure therein which flows over the
edge of the flask intc the receptacle 38 and
to waste.

The two 25-ohm electrical resistance ther-
mometers connécted in series and the 50-chm
electrical vesistance thermometer sre coun-
terbalanced in & Wheatstone bridge arrange-
ment including the recorder 11, in which
the defiection ¢f a galvanometer needle re-
sponsive to potential difference produced by
the thermometers due fo the differences in
the temperatures to which they are sub-

‘

At the’

jected, is, by means of & suitably calibrated
scale, made to indicate the composition of
the oleum, for instance, its content of free
SO, The deflection of the galvanometer
needle is slso made to produce a coniinuous
record of the analysis in the well know way
and through the control of eleciric circuits
to the regulator 1% to control its epevation,
that is, to cause it to operate to close the
absorbing acid supply valve 18 if the oleum
falls below the desired concentrstion or to
open the valve to admit more absorking acid
if the concentration of the cleum exceeds the
predetermined concentration.

The recorder 11 is adjusted so that the
position of the pointer at which it does not
cause any change in the supply of absorbing

acid corresponds to the concentration of
&

the product desired and the galvanomete

‘seale is calibrated with reference to the rise

in temperature which corresponds to the
change in composition of the oleum, as
will be apparent from the disclosure in the
article in the Journal of the Society of
Chemical Industry referred {o.

The apparatus deseribed is capable of con-
siderable modification without deperting
from my invention or the principles in-
volved. For instence, when using an efi-
cient temperature equalizer for the oleum and
test acid the two 25-ohm electrical resistance
thermometers in series with esch other as
described are not necessavy, A single ther-
mometer mey be used to messure the tem-
perature of only the oleum or the test aeid
and this tempersture taker as the squalizing
temperature of the two acids, sivce the other
is at approximately the same tempersbure.
QOr, if the acids are supplied to the snalyzer
at a constant temperature the continucus
measurement of the tempersture of the un-
mixed acids is unnecessary. in this case the
temperature of the mixture may be made to
indicate directly the composition of the
oleumn. It will slso be apparent that the
invention is applicable where more than two
materials are caused to react.  The specific
form of analyzer illustrated may be replaced
by other devices capable of preparing the
same or equivalent funciions. For instance,
the dippers 30 and 31 with their associated
parts may be replaced by other meszns such
as time-controlled valve mechanism for pe-
riodically delivering batches of oleum and
test acid or in place of mechanism for de-
livering the oleum and test acid periodical-
ly and in batches means such as adjustable
valves or orifices or jete supplied with oleurm
and test acid under constant pressure or
head may be employed for delivering con-
tinuous uniform supplies of the oleum snd
test acid. An apparstuc of the latier type
is disclosed and claimed in an application in

“the name of John C. Boertlein filed March

1, 1924, Serial No. 696,301, -
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Tnstaed of analyzing oleum as described
3¢ the olenm may serve as the reagent in
i Iysis of sulfuric acid containing free
in this case sufficlent oleum is used
i ol the free water im

stated in the article above referred

1 differences in the composition of

the olenm give comparatively large changes

in the temperaturs of the reaction product.

The method thevefore is very accurate, al-

though of course the composition of the test
a

acid must ke fairly constant and its tempera-
ture must nat change too rapidly because
changes in the composition of the test acid
as well as sudden changes in its temperature
will producs corresponding changes, al-
though relatively smsll, in the resuits.

Jn the foregeing description and in the
appended claims reference is made to heat
of reaction, it being understood that heat
of reaction is intended to include not only
the heat generated or absorbed when {rue
chemical reactions take place, but also heat
changes produnced by hydrations and dehy-
drations, solution and precipitation, solidifi-
cation and liguefaction, and in fact to all
known phenomena in which a heat change

: takes place which bears a definite relation

to the composition of the material involved.

I claim:

1. Chemical analysis apparatus compris-
ing a reaction vessel, a source of supply of a
material to be analyzed, a source of supply
of a material capable when mixed with said
material to be analyzed of producing a heat
reaction, means for delivering measured
quantities of said materials into the reaction
vessel, and means comprising heat responsive
elements for directly indicating a charac-
teristic of the difference between the equaliz-
ing temperature of said materials and the
temperature of the mixture thereof in said
reaction vessel.

2. Chemical analysis apparatus compris-
ing a source of supply of a material to be
analyzed, a source of supply of a material
capable when mized with said material to be
analyzed of producing 2 heat reaction, a
temperature equalizer, means for delivering
szid materials from said sources of supply
te said temperature equalizer, a reaction ves-
sel, means for delivering measured quantities
of said material from said temperature
equalizer to said reaction vessel, and means
comprising heaf responsive elements for di-
rectly indicating a characteristic of the dif-
ference between the temperature of one of
said matlerials at a point between said tem-

luding 2 1<

T § o,

- goparately deliver-

St 4k - Ay O S,
inic ths reaction chamuber,

RN

of
the rate of feed ¢
sel, meang for delivering thersto

gquantities of said product snd oI 2 ;
red therewith o give 2

adapted when m
heat resction, means including 3 beat-resy
sive element in ths vessel for indicating by
changes of temperature therein changes in 2
characteristic of the product, and means ac-
tuated by the last named means for vary-
ing said rate of feed.

4. In appevatus for continuous formation
of suifuric acid including an absorbing ap-
paratus, feed lines for feeding abscibing
acid and 8C, respectively thereto, means for
varying the rate of flow in one of said feed
lines and means for withdrawing the sul-
furic acid product from the absorbing 2p-
paratus, the combination of a reaction ves-
sel, a source of supply of liquid adapted
when mized with said sulfuric acid prod-
uct to preduce a heat reaction, mesns con-
nected with the said withdrawing means and
with the said source of supply for deliver-
ing measured guantities of said sulfuric acid
product and of the said liquid into the re-
action vessel, means including a heat-respon-
sive element in the said vessel for indicat-
ing by:changes of temperature in the vessel
changes in the degree of concentration of
said sulfuric acid product, and means actu-
ated by the last named means for actuating
said varying means.

5. In a chemical analysis apparatus the
combination of a reaction vessel, separate
reservoirs, means for maintaining substan-
tially constant levels of lignids in said reser-
voirs, dippers mounted to move in fixed

aths dipping into said reservoirs, means for

elivering liquids from said dippers into said
regction vessel, and means comprising heat
responsive elements for directly indicating a
characteristic of the difference between the
equalizing temperature of the liguids in said
reservoirs and the temperature of the miz-
ture of liquids in said reaction vessel.

6. In chemical analysis apparatus a2 re-
action vessel, separate reservoirs, means for
maintaining supplies of liguids in said res-
ervoirs, means for delivering liquid from
each of said reservoirs at & constant rate
into said reaction vessel and means compris-
ing heat responsive elements for directly in-
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dicating a characteristic of the difference be-
tween the equalizing temperature of the lig-

uids in said reservoirs and the temperature

of the mixture of liquids in the reaction
vessel. ,

7. In chemical analysis apparatus a source
of supply of a material to be analyzed, a
source of supply of a material capable when
mixed'with said material to be analyzed of
producing a heat- reaction, a temperature

equalizer, means for delivering said mate-

18

20

rials from said soucres of supply to said
equalizer, reservoirs, means for separately
delivering said materials from said tempera-
ture equalizer to said reservoirs, a reaction

vessel, means comprising dippers mounted

to move in fixed paths dipping into said res-
ervoirs for delivering said materials from
said reservoirs inte said reaction vessel at
constant rates, and means comprising tem-
perature responsive elements for directly in-
dicating a characteristic of the difference
between the temperature of the liquid in one
of said reservoirs and the temperature of
the mixture of liquids in said reaction vessel.

8. Process of controlling the production of 80

a chemical product which comprises supply-
ing a raw material and forming said product
in a continuous operation, causing a portion

-at least of said product to undergo a phe-

nomenon involving a spontaneous tempera-
ture change in the presence of a temperature
sensitive device, and causing the effect upon
said device.to automatically control the sup-
ply of said raw material.

9. Process of controlling the production of
a chemical product which comprises supply-
ing a raw material and forming said prod-
uct in a continuous operation, causing a
supply of said product immediately follow-
ing its formation to undergo a phenomenon
involving a spontaneous temperature change
in the presence of a temperature sensitive de-
vice, automatically indicating and recording
the temperature effect upon said device, and

causing said effect to automatically control 50

the supply of said raw material.
~ In testimony whereof, I affix my signature.

HENRY HOWARD.



