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The present invention relates to chemical analysis and, 
more particularly,to processes and devices for analyzing 
an inorganic Sampie for oxygen content. Oxygen im 
purities may tend to adyersely afect chemical and physi 
Cal properties,For example,undesired oxygen afects 
ductility in chromium and afects transistorcharacteristics 
in Silicon. It is possible to determine the oxygen con 
tent of an inorganic Sample by fusing the sample in the 
preSence of carbon for the purpoSe of converting a pro 
portion of the oxygen content to carbon monoxide and 
measuringits concentration. However,usualythe Sample 
to be analyzed for oxygen contentis Small and the result 
ing carbon monoxide is dificult to handle conveniently. 
Forexample,onegram of berylium having an oxygencon 
tent of 10 parts per milion would provide only.02 cubic 
centimeter of carbon monoxide at standard temperature 
and preSSure. Prior microanalytic techniques,e.g.,selec 
tivelyfreezingorabsorbingthe carbon monoxidefrom the 
gaSeOus Inixture containingit and meaSuring volumetric 
change,have been too cumbersone,Slow and inaccurate. 
The preSentinvention contemplates a rapid process and an 
automatic apparatus that do notinvolve precision volu 
metric meaSurements,that are not subject to operator 
judgment and thatare adaptableto a wide range ofsampie 
sizes. 
The primary object of the present invention is the 

microanalysis of a chemical Sample for oxygen by novel 
processes and devices thatinvolve Saturating a fused ma 
terialincluding a chemical Sample with carbon, of which 
a proportion is radioactive,and measuring the total 
amount of resulting carbon monoxide by a radiation 
COunter? 
Another object of the present invention is to saturate 

the fused material with a carbon concentration, of Which 
a proportion is radioactive,by contact with a Solid com 
pohent comprisingthis concentration. 

Other Objects of the present invention in part Will be 
obvious and in part Will appear hereinafter. 
The inVention accordingly comprises the Several 

steps and the relation and order of Such steps with reSpect 
to each of the others,and the apparatus possessing the 
features,properties and relation of elements,which are 
exemplified in the folowing detailed disclosure,and the 
Sccpe of the application of which wil be indicated in the 
claims. 
For a fuller understanding of the nature and objects of 

the preSentinvention,reference should be had to the fol 
1owing detailed description taken in connection with the 
accompanying drawing wherein an apparatus for efecting 
a process is illustrated in accordance With the preSent 
invention. 

In the process of the present invention ilustrated Spe 
cifically herein the oxygen content of an inorganic Sample 
is determined as folows. The Sample is dissolved in a 
liquified inorganic Solid bath thatis saturated by contact 
with solid carbon havingradioactive carbon(C*)to nor 
mal carbon(C°?C*)in a predetermined ratio. The 
oxygen of the sample is reacted with the carbon of the 
bath to form carbon monoxide including radioactive car 
bonmonoxide(C*O)and normalcarbon monoxide(CO) 
ina predetermined ratio. Since C* is chemicalyidenti 
cal to C13 and C*,the initial predetermined ratio 
C14/(Cl3?C*)is the same as the final predetermined 
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ratio C*O/CO,The Surface of the bath is Subjected to 
a vacuum which causes the carbon monoxide to Vaporize 
Substantialycompletely andpermits the carbon monoxide 
to be collected. C* emits 8 particles with a 0.15 meV. 
maximum energy and has a 5200year half life. The ac 
tivity of the carbon monoxide is measured with a detector 
that counts the number of 6 particles emitted per unit 
time,The original concentration of oxygen in the 
sample is a function of the activity So determined and 
the predeterminedratio C*O/CO. The output of the de 
tectorisa directindication ofthe concentration of Oxygen 
in the Sample. 
The liquified solid solvent may be composed of any of 

a wide variety of low vapor preSSure metalic and metal 
loidal elements and compounds havingfinite Carbon Solu 
bity,i.e..01?4.0% by totai weight,and having oxides 
that are unstable at the preSSures and temperatureS em 
ployed in the system,These materials include,for ex 
ample:the metallic and metaloidal elements of groups 
I,II,III,IV and VII of the periodic table of chemical 
elements,e.g,gallium,germanium,tin and particulary 
the noble metals,including ruthenium,rhodium,palladi 
um,osmium,iridium,gold and Silver;and metalic and 
intermetalic compounds embodying at least in part the 
aforementionedelements,e.g.indium antimonide and gal 
ium phosphide ingeneral the temperature of the Solu 
tion is that required to ensure the formation of carbon 
monoxide,e.g,1000—1700°C. and the ambient preSSure 
range,eg10?17-10-7 mm. Hgis that required to enSure 
substantialy complete vaporization of the carbon mon 
oxide,Although the process ofthe presentinvention Can 
be performed byfusingthe sample without dissolution in 
a bath,best resuits are obtained when the Sample is dis 
solved in the bathin a concentration of at most 10% by 
total Weight. 
Inthe foregoing process,the Sample is dissolved in a 

1iquid inorganic solid bath thatis Saturated by contact 
withsolid carbon havinga predetermined C*/(C°?C*) 
ratio. Carbon saturation can be accomplished most ad 
vantageously in a crucibe,at least the inner lining of 
which is composed of a carbon material having this pre 
determined C14/(C13?C*)ratio. In one form,the 
crucible orthe liner forthe crucible is produced by mold 
ing and baking a mixture of amorphous C* and amor 
phous C13?C13 containing a binder in the form of an 
organic material such as parafin or an inorganic ma 
terial such as clay. The binder either Volatilizes or re 
mains as the carbon particles Sinter to form a homogen 
eous solid,In other forms,the crucible is compoSed of 
a carbon compound,forexample a carbide Such as Silicon 
carbide of which a proportion of the carbon content is 
radioactive. For bestreSults the crucible or crucible liner 
weighs from 1 to 100 grams and ranges in radiocarbon 
activity from 0.1 to 1000 microcuries pergram of carbon 
COntent? 
The drawing discloses,in accordance with the present 

invention,a SyStem comprising a vaporizing region 10, 
an evacuating region ?2,a collection region 14,and a 
detectingregion ?6,The components of these regions are 
confined by and Supported within the hermeticaly Sealed 
communicating components now to be deScribed, 

Vaporizing region l{} is defined by jacket ?7. Within 
jacket ?7 is a crucible 18 containing a predetermined 
quantity of an inorganic solid 2@ to Serve as a liquified 
Solvent. Surroundingjacket17 is a radio frequency in 
duction coil 22 for heating Solid 2@ to the liquid state 
and agitatingitto enSure dissolution ofthe Sample rapidly 
and completelyin a manner to be described below Pref 
erably the radio frequency Current in induction coil 22 
ranges from 10×10°to 10×10* cycles per Second,Iower 
frequencies being conducive to increased agitation, 

  



3,091,689 
3 

Crucibie 18is composed of one of the radioactive carbon 
materials described above,having a C*/(C°?C13)ratio 
of 10 microcuries pergram of carbon content. 

fn order to isolate crucible 18thermally from adjacent 
remaining components of the System,which are at rela 
tively low temperatures,crucible ?8 is supported by a 
rod 24,the upper end of which is ofincreased diameter 
aS at 26,to Support the crucible and the lower end of 
Which projects into a wel 28 depending from the base 
portion ofjacket17. Rod 24serves as an insulating sup 
port to preVent the conduction of heat from crucible 18 
to the base of jacket f7. A radiation shield 3@,that 
blocks radiation directed outwardy from crucible 18 
to jacket i7,has a dished conformation that generaly 
Surrounds crucible ?8. The upper freeedges of the con 
formation are outwardlyfianged forthepurpose ofcenter 
ingthe conformation withinjacket17and the base ofthe 
conformation has a circularly flared opening through 
which rod 24 may be seated in well 28. Shield 3@is 
characterized by interrupted metalic portions,for ex 
ample,has a Spiral strip construction,of which the succes 
Sive Substantialyisolated convolutionsprovide only short 
conducting paths. This shield,although substantiaily un 
heated by eddy currents generated by induction coil22, 
is capable of refecting the bulk of thermal radiation 
emanating from liquified solvent2@. 

Projecting through tubularjacket f7is a tube 32 com 
poSed of the same material asis the jacket. The outer 
end of tube 32 normaly is sealed. The inner end of 
the tube,which is open,projects substantially to a point 
in Superposition above the edge of crucible 18. At the 
open inner end of tube 32 may be placed a specimen 34, 
the oxygen content of Which is to be determined. In 
the remainder of tube 32 is a magnetic slug 36,which 
when actuated by a solenoid 38,propels specimen 34 
from the open end of tube 32 into liquified solid 2? for 
dissolution. Slug36 is encased inglass for the purpose 
of preventing any chemical reactivity between the slug 
and the remainder of the System. Whenspecimen 34 dis 
solvesin bath 20,its oxygen combines with the carbon of 
bath2@ to form carbon monoxide. This gasis exhausted 
from vaporizing region ?@ through evacuating region 12 
into collecting region ?4. Since the mean free path with 
in vaporizing region ?{?is thousands of times the size of 
the Vaporizing region it is virtually certain that once a 
carbon monoxide molecule has left the bath it will not 
See another molecule in the vaporizing region. There 
fore,any gettering action of other vaporized portions of 
the Sample will not take place until collecting region i4 
has been reached,Any gettering action Which might 
take place thereis of noimportance Since collectingregion 
14 nevertheless would contain all the carbon atoms that 
combined with the oxygen atoms initially in the bath. 

Evacuatingregion ?2is provided bya mercury difusion 
pump 4@ Pump40 provides a mercuryvaporizingregion 
42,which communicates withevacuating region ?2 freely 
at 42 their upper extremities and through a mercury trap 
at 44 their lower extremities. A conduit 46 from vapor 
izing region i@ protrudes into the upper extremity of 
evacuating region 12. A mercury reservoir 48 is heated 
by a coil 5@ at the lower extremity of mercury vaporiz 
ing region i2. In operation,mercury vapor is directed 
up through mercury Vaporizingregion42,past conduit46 
and down through vaporizing region 10. The mercury 
vapor entrains carbonmonoxide and other molecules from 
conduit 46 and is liquified by a water cooling jacket 52. 
The carbon monoxide molecules are exhausted into col 
lecting region 14through a conduit54. 

Region 14is defined by a tube 56,one wal158 of which 
may constitute the window of a 8 counter tube 6@ of the 
Geiger-Müller type,This window is either mica or alu 
minum and hasalowenough massperunitareato prevent 
undue absorption of 8 rays emitted by carboa monoxide 
molecules in colecting region ?4. Any such absorption 
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4 
is accounted for in the measuring components to be de 
Scribed below. 

Countertube 6?,itSelf,isfiled with agas mixture,Such 
as argon-ethanol,which enables counting of the 6 rayS 
with optimum eficiency. In conventionalfashion,counter 
tube @ includes an anode 62 and a cathode 63 in the 
form of a metal housing,which are operatively connected 
to a Suitable electrical meaSUring SyStemincludinga power 
Supply é4,an amplifier 66,a conStant pulSegenerator 68, 
a filter 7@ and a voitmeter 72. The counting rate,cor 
rected for background radiation 6 ray absorption by win 
dow 58,countertubegeometry,and the C*/(C12?Cl3) 
ratio of crucible ?8,directlyindicates the total number of 
carbon monoxide moiecules evolved from Sample 34 dur 
ing fusion.,Alternatively,a Scintilation counter utilizing 
a Suitable phosphor or otherfuorescent material may be 
emplcyed. The presence of other gases does not afect 
the carbon monoxide activity appreciably. The system 
initiaily is evacuated and outgased by ccnnection to a 
mechanical purap 74through a stop-cock 76,which then 
iS closedtopermitthe apparatusto operate under hermetic 
conditions during analysis. A shield 78 tends to isolate 
the coilecting region and counter from stray radiation. 

Example 
The lower limit of oxygen content that reasonably can 

be measured in the disclosed System is indicated by con 
Sideringa Sample 34 composed of berylium weighing one 
gram of which 10 parts per million(0.0018% by total 
Weight)is oxygen Cnanatomic basis,Thissampleis fused 
in a bath2@compoSed of 50 grams of platinum at 1400° 
C. under a pressure of 10?* mm,Hg. Bath 2@ is con 
tainedin a crucible 18 having a Cl4/(C13?Cl3)ratio of 
10?* A total of 6.6×10?' carbon monoxide molecules 
are produced of a total of 6.6×10?* C*O molecules 
preSent,The 5200 year half life of C* resuits in an 
activity of about 160 counts per minute for this amount 
of C*O. Even if the counting eficiency is as low as 
10%,16 counts per minute are obtained,This counting 
rate is meaSurable with care since background counting 
fatesare below this level. The conditionspresentedabove 
represent the conservative lower limit of the oxygen level 
Which can be determined in a one gram Sample,Higher 
OXygen COntents Or larger Samples would make measure 
ment depend partly on the total number of countsrecorded 
and partly on the eXperimental technique,viz,the degree 
to which outgasing of the system removes residual oxygen 
and Water vapor from the wals,etc,With bath2@ con 
Sisting of 50grams of metal,several Samples of berylium 
can be added to the bath beforeit becomestoo contami 
nated forfurther use. 

Since certain changes may be made in the above proc 
esses and devices without departingfrom the scope ofthe 
invention herein involved,itis intended that all matter 
containedinthe above description orshowninthe accom 
panying drawing shal be interpretedin aniHustrative and 
notin a limiting Sense. 
Whatis claimedis: 
1. A System for analyzing a chemical sample for 

oxygen,Said System comprising a vaporizing assembly, 
an evacuating assembly,a collecting assembly and a de 
tecting assembly,Said vaporizing assembly including a 
jacket,a Crucible within Said jacket,a predetermined 
quantity of a iquified inorganic material within said 
crucible,a radio frequency induction coil surrounding 
Said jacket for maintaining Saidinorganic material liqui 
fied,Said crucible presentinga surface in contactwithsaid 
liquiedinorganic material,said surface beingcomposed 
of a material containing carbon having a radioactivity of 
from 0.1 to 1000 microcuries pergram of carbon,a heat 
insulating Support between said jacket and said crucible, 
a radiation shield Surrounding said crucible within said 
jacket,means within Saidjacketforpropelingaspecimen 
into Said iquified inorganic material,said evacuating 
aSSemblyincluding a mercury difusionpump forexhaust 
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ing gaseous products from Said vaporizing system,Said 
colecting system providing a conduit through Which Said 
gaseous products advance from Said mercury difusion 
pump and an auxiliary pump for continuously evacuating 
said conduit,said detecting system including a radioac 
tivity counting unit contiguous with Said conduit. 

2. The system of claim 1 wherein Said iquefied inor 
ganic materialis a metallic or metalloidal material having 
finite carbon Solubity. 

3. The system of claim 1 wherein Said iquefied inor 
ganic materialranges from1000—1700°C.intemperature. 

4. A syStem for analyzing a chemical Sample for Oxy 
gen,said System comprising a vaporizing assembly,an 
evacuating assembly,a coilectingaSSembly and a detecting 
assembly,said vaporizing assembly including a jacket,a 
crucible within Said jacket,a predetermined quantity of 
a liquifiedinorganic material within said crucible,a radio 
frequencyinduction coil SurroundingSaidjacket for main 
taining Said inorganic material liquified,Said crucible 
presentinga Surface in contactwith Said liquifiedinorganic 
material,Said Surface being compoSed of a material Con 
taining carbon having a radio-activity of from 0.1 to 
1000 microcuries per gram of carbon,a heat insulating 
support between saidjacket and Said crucible,a radiation 
Shield Surroünding Said crucible within Said jacket,means 
within Said jacket for propeling a Specimen into Said 
iquified inorganic material,said evacuating assembly 
including a pump for exhausting gaSeous products from 
said vaporizing System,Said colecting syStem providinga 
conduitthroughwhich SaidgaSeous products advance from 
said pump for continuously evacuating Said conduit,Said 
detecting System including a radioactivity counting unit 
contiguous with Said conduit,Said liquifiedinorganic mate 
rial being Selectedfrom the metalic and metaloidal mate 
rials havingfinite carbon Solubity,said liquifiedinorganic 
material ranging from 1000 to 1700° C.in temperature. 

5. A device for analyzing a high melting point com 
pound for oxygen,said device comprising crucible means, 
a predetermined quantity of an inorganic material within 
said crucible means,saidinorganic material being Selected 
from the class consisting of the metalic materials and 
metalloidal materials characterized byfinite carbon solu 
bity, heating means for maintaining Said inorganic ma 
terial in the liquid state,Solid carbon means in contact 
with Said liquefiable means,at1easta part of Which con 
tains a predetermined ratio of radioactive carbon to 
normal carbon,pump means for withdrawing carbon 
monoxide formed in Said crucible means when a sample 
containing oxygen is dissolvedin Said inorganic material 
and radiation detection meansfor determiningthe activity 
of Said carbon monoxide. 

6. The device of claim 5 wherein Said part possesses 
an activity of from 0.1 to 1000 microcuries pergram. 

7. The device of claim 5 wherein said inorganic ma 
terial possesses a carbon Solubility of from .01 to 4.0%. 
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8. The device of claim 5 wherein Said inorganic ma 

terial,when operative,ranges in temperature from 1000 
to 1700°C? 

9. A process for analyzing a chemical sample for 
oxygen,Said process comprising liquefying at a pre 
determined temperature a predetermined quantity of an 
inorganic material selected from the class consisting of 
the metallic and metalloidal materials having a finite 
carbon solubility,contacting Said inorganic material with 
a solid component havinga predetermined ratio ofradio 
active carbon to normal carbon,dissolving an oxygen 
containing sample in saidinorganic material,saidelevated 
temperature being such that Said carbon and Said oxygen 
are reacted to form carbon monoxide,removing Said 
carbon monoxide from Said inorganic material and de 
termining the activity of Said carbon monoxide, 
10,A System for analyzing a chemical Sample,Said 

System comprising housingmeans andinaSSociation there 
with a Vaporizing assembly,an evacuating aSSembly,a 
colecting assembly and a detecting aSSembly,Said Va 
porizing assembly including a heating means,a Crucible 
in association with said heating means,a predetermined 
quantity of inorganic material within Said crucible,Said 
crucible presenting a Surface in contact with Said liquefied 
inorganic material,Said Surface being compoSed of a 
material containing carbon havinga radioactivity offrom 
0.1 to 1000 microcuries per gram of carbon,a heatin 
Sulating Support between Said housing means and Said 
crucible,and means for propelling a Specimen into Said 
liquefiedinorganic material. 

11. The system of claim 10 wherein said liquefied in 
organic material is Selected from the class consisting of 
metallic and metaloidal materials having a finite carbon 
Solubility. 

12. The System of claim 10 wherein Said liquefied 
inorganic material ranges from 1000 to 1700°C,intem 
perature. 
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