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1

This invention relates in general to apparatus
for spectro-photometric - quantifative - analysis
and, more particularly, to & new and novel spec-
tro-photometric flame injection burner of’ the
type generally disclosed in my co-pending appli~
cation, Serial No. 55,754, filed October 21, 1948,
now Patent No. 2,532,687. '

It is the primary object of the present inven-

tion to provide a “flame “injection burner for
spectro-photometric ‘quantitative analysis which
is simple, accurate, preeise, ard is -particularly
adapted to employ acetyléne and similar gas as a
fuel.
" It is a further object of the present invention
to provide a simple,” highly efficient spectro-
photometric flame producing apparatus or burn-
er which is capable of accurite, reliable; and uni-
form operation.

It is also an object of the present invention to
provide a photometric. burnér having injection
flame controlling means which ¢an be readily ad-
justed to produce a steady uniform flame in an
accurately controlled msiiner so-as to produce a
photometrically measurable flame-effect -which
bears a precise guantitative relation to the chem-
jeal constituency of the solution being injected
thereinto. ; ’ ‘

1t is an additional object of ‘the present inven-
tion to provide apparatus of the type stated
which is eéconomical in construction and simple
in operation. ' :

“With the above and other objects in view, my
invetition” resides in thé ri6vel features of form,
construction, arrarigement, and combination of
parts preseritly described and pointed oub in-the
claims. - . L '

In the accompainying drawing-— ‘

Figure 1 is & top plan view of a photometric
purner constructed in’ aceordance with and em-
bodying the present invertion; ‘
CUWigire - 2is g rvertical  sectional view of the
photometric burner  taken: along line. 2—2 of
Piguie 17 and . =0 oo a

Figure 3 is o' fragmentaly vertical' sectional
view of a modified form of photometric burner
constructed in aécordanceé with and: embodying
the present invention.

Broadly speaking, the present invertion re-
sides 1irii the use of ‘a color=gnalyzing photometer
in combingtion “with - an- oxy-acetylene burner
or so-called lamp having meéns for introducing
a preeisely constant flow of the liquid or solution
to be analyzed directly into the -interior portion
of the flame. T SRR :
© Referring now inrmore detail:and' by refeér=

6 Claims, (C1.:23—253)
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énce characters to the drawing, which illustrate;

g preferred embodiment of the present invention,
A designates a spectro-photometric quantitative
analysis- burner comprising & cylindrical shell 1
provided in:its lower end with a transverse clo-
stire disk 2 peripherally welded or brazed thereto
to form a- gas-tight permanent seal. Brazed or
otherwise -secured within, and-extending radially
outwardly from, the-shell 1 is a gas-inlet tube 3
adapted for connection by a-conventional rubber
hose or other -similar means -(not shown) to- &
source of -acetylene -or other suitable fuel gas.
Between the gas-inlet tube 3 and its upper open
end. 4, the shell: | -is.provided with an external
taper, -so that its- external diametral size: adja-
cent -such -upper :end: 4 is several thousandths
smaller than -its external diametral size just

-above the’ gas-inlet tube-3. - Slip-fitted on, - and

extending -down: over, the shell (. and having-a
complementary internal-taper-is an outer.shell
5 provided at-its upper-end - with a-top wall 6 hav-
ing -a -relatively large-concentric: aperture 1.
‘Projecting: at its -lower-end through and being
brazed into the closure disk 2 :and extending axi-
ally upwardly through the shell {:is a nozzle tube
8 having an integral lower-end ‘wall 9 and form-
ing. o gas chamber:10 within the shell 1. A% its
upper-end, .the tube 8 terminates just below the
aperture T in the provision:of -an annular gas-
outlet orifice s and in such upper end is thread-
edly provided with a.nozzle I having a frusto-
conical upper face {2 and-a central or axial bore
13 which. flares. out at its upper and lower end,
as at 14 and 15. -Welded in the upper end of
the nozzle tube- 8,+in downwardly spaced. rela-
tion-to the nozzle 11, is a-collar 16 having an.an-
nular series of apertures IT.and a central bore 48
Brazed .into- and - extending- radially outwardly
from the lower- projecting end.of the nozzle tube
8 is a tubular lateral off-take 19 for connection
to- a ‘conventional oxygen line (not shown).
similarly. welded. at its-lower end.in. the nozzle-
tube-end .wall 8.is a.fine-bore liquid-tube or cap-
illary .20 ‘which -extends axially therethrough
and. projects downwardly at its lower end for a
substantial- distance.so as to dip down into .the
liguid sample held within a conventional beaker
(not .shown). Adjacent its upper end, the cap-
illary 20 extends-through and-is snugly held in
the collar -6, and, at-its upper end, the capillary.
20 extends through and is of substantaily smaller
diameter than the bore (3 of the nozzle {1 so as
to provide an:annular. space therebetween and
thus create a Venturi-effect at the mouth: of the
nozzle 1. It should be noted in this: con-
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nection that the upper end of the capillary 20 :

should preferably be precisely concentric with
the bore 12 to insure maximum uniformity and
accuracy. of analytical results.

The outer shell 5 -may be adjusted vertically
up or down as a result of interfitting: friction of
the complementary tapers, so that-its upper or
orifice end will be located at -an optimum posi-
tion in relation to the upper or discharge end of
the nozzle tube §, since it has been found that
this orifice adjustment is somewhat critical for
gases, such as acetylene and the like.. Onece set;
changes are only necessary at-infrequent -inter-
vals or when the quality of the fuel gas changes
substantially.

In use, the burner A is set in operation by first
turning on the acetylene supply and the gas fills
the chamber -18 exiting through the annular
space s between the aperture T and the upper-end
of the nozzle tube 8. The burner A may then be
lit by applying a match or other conventional
pyrophoric means to the stream of gas issuing
therefrom. The oxygen.is then turned on and
the gas pressures-are adjusted by conventional
pressure regulators (not shown) until the gases
burn steadily and evenly in a.light ‘blue prac-
tically colorless flame.. Under these conditions,
the flame will burn “straight up,” so to speak, in
the form of a vertical cylinder.

The stream of oxygen will flow upwardly
through the nozzle tube 8 and issue- in a high-
pressure. blast through the constricted orifice
formed between the nozzle-bore 13 and the upper
end of the capillary 20; causing the flame to taper
down to an. intensely hot conical blast and also
creating a Venturi effect directly upon the capil-
lary 20.. Thereupon; a sultable quantity of the
liquid sample is placed in a carefully cleaned
beaker (not shown) and the latter set up under
the lower or intake end of the capillary 20, so
that such intake end of the capillary 20 will dip
down into the liquid. The suction capillary 20
draws the liquid sample upwardly in a .constant
flow. As the liquid leaves the upper end of the
capillary 20, it is immediately atomized or vola-
tilized and projected into the interior of the flame
for immediate - ionization.. It should be noted
that the volatilization and ionizZation of the solu-
tion are practically simultaneois.

As the sample is ionized in the flame, a char-
acteristic color will be imparted thereto, such as
yellow for sodium, red for lithium, and so -on.
Furthermore, the degree of intensity of colora-
tion is directly proportional to the percentage of
such cation in the sample. - This degree of color
intensity can be analytically measured as more
fully described  in' my co-pending application,
Serial No. 55,754.. During analytical procedure,
the pressures of entering gases should be held
constant within very close limits.

If desired, I 'may also provide a- modified form
of flame burner A’, which is substantially iden-
tieal with the previously described flamé burner
A except that it is provided with a shell {7 of uni-
form outer diametral size “having an enlarged
threaded section 21 of rather coarse piteh for en-
gagement with a complementarlly threaded sec-
tion 22 on the interior face of an outer shell 5.
It should be noted in this connection that, a,bove
the threaded sections 21, 22, the shells‘{’, 5, fit
rather shugly, so that no appreciable amount of
air will be drawn into the flame. Thus, by turn-
ing the shell 5° with respect to the shell |,
vertical ad;;ustment of the or1ﬁce may be ob-
tained.
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With apparatus of the present invention, varia-~
tions in ambient temperatures and atmospheric
conditions have no-adverse effect upon the ana-
lytical results. 'The burner of the present inven-
tion furthermore obviates all side effect due to
condensation of volatilized liquid, inasumch as a,
constant amount of liquid per unit of time is de-
livered directly into'the flame.

It should be understood that changes and mod-
ifications in-the form, construction, arrangement
and combination of the several parts of the ap-
paratus for spectro-photometric quantitative
analysis may be made and substituted for those
herein shown.and described. without departing
from the nature and principle of the present in-
vention.

Having thus described my-invention, what I
claim and desire to secure by Letters Patent is:

1. In g spectro-photometric analytical appara-
tus, a flame generating burner comprising an
elongated cylindrical shell chamber having an
inlet tube adjacent one end for introducing a
combustible gas into the chamber, said cylindri-
cal shell chamber being provided at its other end

‘with -a diametrically reduced substantially cir-

cular aperture, a nozzle-tube of  substantially
smaller diameter extending through said cylin-
drical shell chambér and having at one end a
discharge nozzle adjacent to and substantially
concentrically within and spaced from the sub-
stantially eircular aperture producing an annular
flame. port therewith and being provided with a
portion having a - constricted passage opening
adapted to create therewith a Venturi effect, said
nozzle-tube being provided adjacent its other
end with an inlet tube for receiving a high-pres-
sure combustion-supporting gas, and a liquid-
sample intake fube of smaller diameter disposed
within and extending coaxially through the noz-
zle-tube, said liquid-sample intake tube termi=
nating at one end substantially concentrically
within the constricted passage opening and af its

other end projecting outwardly from the burnet-

for insertion into a body of liquid to be analyzed.

2. In a spectro-photometric analytical appara-
tus, a flame generating burner comprising an
elongated cylindrical shell chamber having an
inlet tube adjacent one end for introducing a
combustible gas into the chamber, said e¢ylin-
drical shell chamber being provided at its other
end with a diametrically reduced substantially
circular aperture; a nozzle-tube of substantially
smaller diameter extending through- said cylin-
drical shell chamber and having at onie end g, dis-
charge nmnozzle adjacent to and substantially
concentrically within and spaced from the sub-
stantially circular aperture providing an annular
flame port therewith and being provided with a
portion Hhaving a - constricted passage opening
adapted to create therewith a Venturi effect, said
nozzle-tube being provided adjacent its other end
with an inlet tube for receiving a high-pressure
combustion-supporting gas, and a substantially
straight liquid-sample intake tube of smaller di-
ameter disposed within and extending coaxially
through' the nozzle-tube, said liquid-sample in-

take tube terminating at one end substantially -

concentrically within the constricted passage
opening and at its other end projecting outward-

1y from the burner for insertion into a body of ‘

liquid to be analyzed.

3. In a spectro-photometric analytical appa-
ratus, a flame generating burner comprising a
first tubular member being closed at one end and
being - constricted at its other end to provide a
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substa,ntially circular aperture a, gas inlet means
K ening into -the -interior- of’ ‘the first: tubular
‘member adjacent -the closed end thereof for
1ntroducmg a -combustible gas’ theremto, 97 Sec-
ond tibular member disposed- within, and being
Qf substantlally -smaller diametral size ‘than the

first ‘tubular member’ and being " closed - at -one

‘end adjacent to the closed end of ‘the first’ tubular
member and terniinating at its other end in con-
centric.relation to the aperture for providing. in
acaoperatlon therewith an. annular flame.. oFifice,
an inlet. tube opening into the second tube.adja-
cent the closed end thereof for introducing there-
into a flame supporting gas,; and a substantially
straight-liquid-sample intake tube extending co-
axially-through the second-tubular member,: said
liguid-sample intake tube being of ssubstantially
capillary -dimensions and-terminating: at-one:end
adjacent to the annular flame orifice.providing a
discharge opening, said liquid-sample intake
tube projecting outwardly from the closed end of
the second tubular member for insertion into
a body of liquid to be analyzed, said second tubu-
Jar member further being provided at its other
end with means having a constricted passage
opening around the upper end of the liquid-
sample intake tube providing a Venturi constric-
tion for producing suction around the upper end
of the liquid-sample intake tube whereby to
cause the liquid sample to flow upwardly through
the liguid-sample intake tube and through the
discharge opening thereof.

4. In a spectro-photometric analytical appa~-
ratus, a flame generating burner comprising a
first tubular member being closed at one end and
being open at its other end, a tubular cap dis-
posed upon and extending over the open upper
end of said first tubular member, saic cap being
provided at its upper end with a diametrally
reduced substantially circular aperture, a gas
inlet means opening into the interior of the first
tubular member adjacent to the closed end
thereof for introducing a combustible gas there-
into, a second tubular member disposed within,
and being of substantially smaller diametral size
than the first tubular member and bheing closed
at one end adjacent to the closed end of the first
tubular member and terminating at its other
end in concentric relation to the aperture for
providing in cooperation therewith an annular
flame orifice, an inlet tube opening into the sec-
ond tube for introducing thereinto a flame sup-
porting gas, and a substantially straight liquid-
sample intake tube extending coaxially through
the second tubular member, said liquid-sample
intake tube being of substantially -capillary
dimensions and terminating at one end adjacent
to the annular flame orifice so as to discharge
sample liquid directly into the flame, said liquid-
sample intake tube projecting outwardly from
the closed end of the second tubular member for
insertion into a body of liguid to be analyzed,
said second tubular member further being pro-
vided at its other end with means having a con-
stricted passage opening around the upper end
of the liquid-sample intake tube providing a Ven-
turi constriction for producing suction around
the upper end of the liquid-sample intake tube
whereby to cause the liquid sample to flow up-
wardly through the liquid-sample intake tube
and into the flame produced by the burner.

5. In a spectro-photometric analytical appa-
ratus, a flame generating burner comprising a
first tubular member being closed at one end and
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6 1
‘being-open at its'other-end; a tubular cap slip-
fittedupon -and extending over ‘the open- upper

‘end: of ‘said first tubular member, said cap being

provided at'its upper end with a diametrally re=~

‘duced -substantially- cireular aperture, said islip=~
fitted connection’ being sufficiently tight so- ‘that
the relative distance between the aperture of the
‘cap.and the closed end of the first tubular mem-
‘ber may be: adjusted ‘to any position within pre-
‘determined limlts a-gas inlet means opening into
#the irterior of the first tubular member adjacent

the closed end thereof for introdticing a com-
bustible gas thereinto; a-second tubular member
disposed within, and being . of . substantially
smaller diamefral- size than the"first tubular
member and-being closed at one end:adjacent to
the closed end of the first tubular- member and
terminating. at its other end in--concentric rela-
tion to the aperture for providing in cooperation
therew1th an annular flame orifice, an inlet tube
'openmg into the second tube adjacent the closed
end thereof for introducing thereinto a flame
supporting gas, and a substantially straight
liquid-sample - intake tube extending coaxially
through the second tubular member, said liquid-
sample intake tube being of substantially cap-
illary dimensions and terminating at one end
adjacent to the annular flame orifice so as to
discharge sample liquid directly into the flame,
said liquid-sample intake tube projecting out-
wardly from the closed end of the second tubular
member for insertion into a body of liquid to be
analyzed, said second tubular member further
being provided at its other end with means hav-
ing a constricted passage opening around the
upper end of the liguid-sample intake tube pro-
viding a Venturi constriction for producing suc-
tion around the upper end of the liguid-sample
intake tube whereby to cause the ligquid sample to
flow upwardly through the liquid-sample intake
tube and into the flame produced by the burner.

6. In a spectro-photometric analytical appa-
ratus, a flame generating burner comprising a
first tubular member being closed at one end and
being open at its other end, a tubular cap thread-
edly fitted upon and extending over the open
upper end of said first tubular member, said cap
being provided at its upper end with a diame-
trally reduced substantially circular aperture,
said threaded connection being sufficiently tight
so that the relative distance between the aper-
ture of the cap and the closed end of the first
tubular member may be adjusted to any position
within predetermined limits, a gas inlet means
opening into the inferior of the first tubular
member adjacent the closed end thereof for
introducing a combustible gas thereinto, a sec-
ond tubular member disposed within, and being
of substantially smaller diametral size than the
first tubular member and being closed at one end
adjacent to the closed end of the first tubular
member and terminating at its other end in con-
centric relation to the aperture for providing in
cooperation therewith an annular flame orifice,
an inlet tube opening into the second tube adja~
cent the closed end thereof for introducing
thereinto a flame supporting gas, and a substan-
tially straight liquid-sample intake tube extend-
ing coaxially through the second tubular mem-
ber, said liguid-sample intake tube being of sub-
stantially capillary dimensions and terminating
at one end adjacent to the annular flame orifice
so as to discharge sample liquid directly into the
flame, said liquid-sample intake tube projecting
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7
outwardly from the closed end of the second
tubular member. for insertion into a body of
lauid to be analyzed, said second tubular mem-
ber further being provided at its other end with
means having a constricted passage opening
around the upper end of the liquid-sample intake
tube providing a Venturi constriction for produc-
ing suction around the upper end of the liquid-
sample intake tube whereby to cause the liquid

sample to flow upwardly through the ligquid-. i

sample intake tube and into the flame produced
by the burner. -
S THEODORE E. WEICHSELBAUM.
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