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PHYSICAL PROPLRTItC AND TESTING 
CF SINTERED IRON ROTATING BANDS 

..-te.wl-M. -I._ 

introinfîtlon: 

This reporc,which is the fifth In a series of 

reports being coapiled under Contract No. W-3Q-069-0RD- 

4417 on German Sintered Iron Rotating Bands,contains a 

discussion of the physical properties desired in rotating 

bands, an outline of tasting methods used and a brief dis¬ 

cussion of some of the fundamental Icnowledge ayailable on 

powder properties.. 

The section on Physical Properties contain* an 

outline of those properties rhich the Germans found to be 

most desirable ir. rotating bandr. These desired values 

were based on the sum of German experience at the close of 

the war., Opinions expressed by various German powder metal- 

lurgists as to other physical property values that might 

produce better results are also given. 

The methods used by the Germans in the accept¬ 

ance testing end process control testing of rotating bands 

ara given In sufficient detail to parait duplication of tne 

test methods. In some instances, the German test methods 

vere most adequate. In ether instances, they were inade¬ 

quate. Where sufficient data were available to permit the 

formulation of opinions, the adequacy of the various test 

methods has been evaluated. 
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The discussion of the fundamental properties of 

powders has been based on a study of the discussions contain¬ 

ed in some of the German documents in our possession and on 

the studies of a number of American technical papers. The 

information presented is not intended to represent a complete 

evaluation of the fundamental knowledge of powGrr properties 

that is available. Such a complete evaluation is not wltiin 

the scope of the present series of reports. 

A refertnce list of the documents that were con¬ 

sulted in compiling this report has been attached hereto. The 

German documents, together with translations, will be rotui.“^* 

ed to the Ordnance Department upon conclusion of the work 

being carried out under this Contract. 

Physical PropertUa ^snd Teg.Uog» 

The physical properties ranges of standard German 

sintered iron rotating bands were as follows: ; , f'1*' 

Tensile Strength - 7-9 kg/ma2 
Circumferential Elongation - 2 - 
Hardness (Special test) - - 0.195-0.270 mm. 
Specific Gravity — - — 5.7 - 6.0 gm/ccs 
Wax Absorption Capacity - - 2 - 3JÍ by weight. 

During the early stages of the development of the 

sintered iron band, acceptance was based on determinations of 

tensile strength, elongation and hardness, on a 1 percent 

sample of the bands after wax impregnation. It was belleviïd 

that control of these properties would insure control of spec¬ 

ific gravity and wax absorption capacity. Later, hardness 

testing was stopped. Excessive rejections because of failure 

to meet the hardness requirements led to extensive firing 
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tests that prered that there vas no relationship between the 

apparent hardness of the rings and their performance in fir¬ 

ing, This vas probably because of the impossibility of deter¬ 

mining tha true hardness of the bands rather than because 

there is no relationship between Hardness and performance«, 

Acceptance oí the bands after setting in the band 

seat grooves was based on a hardness test of 2% of the bands, 

in which the hardness requireuents were the same as for the 

unset bands, and or: the proof-firing of a sample of about 0.5JÉ 

of the projectiles. After the hardness tests were proved to 

be unreliable, acceptance of the set bands was based only on 

satisfactory proof-firing. 

rrg£-t 
The criteria for satisfactory proof-firing were: 

1. - ’Maintenance of normal muzzle velocity 

with nor-pil powder charge. 

2. - Adherence of the band to the projectile 

during flight. 

In the oiscuEslon of the criteria for satisfactory 

oroof-firing, n'- mention was made of control of powder pres¬ 

sure, requirements of accuracy, temperature correction or 

ranging errors. Although thssa factors were not mentioned, it 

mast be assumed that their effects were taken into considera¬ 

tion in the evaluation of the results of proof-firing. 

It was stated, in some of the German documents 

studied, that maintenance of normal muzzle velocity was at 
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least a partial indication that the bands were soft enough 

to conform to the rifling contours without undue pressure. 

Adherence of the band during flight and lack of evidences of 

shearing off of parts of the band in recovered projectiles, 

showed that the band had sufficient strength to perform sat¬ 

isfactorily and that the banding technique was adequate. 

Although the inspection procedures set up were 

intended to maintain a reasonably close control of the physi¬ 

cal properties of the bands in the range of properties that 

would produce the best possible band performance, it is doubt¬ 

ful that this objective was achieved. Results of physical 

tests made in this country on German bands showed that, in 

some cases, the actual physical properties of accepted bands 

were well below the specified minimums. 

These differences night be the result of the fact 

that the testing technique used in determining the physical 

properties were not satisfactory or that the Germans were 

accepting, for use, bands that did not meet the specified 

minimum pnysical properties. 

They might also indicate that the sampling 

techniques or the sizes of the samples taken were Inadequate. 

Proper sample sizes and maximum and minimum physical property 

levels can only be determined by statistical studies of phys¬ 

ical property ranges and by correlation of physical properties 
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with comprehensive proof-firing test results. Lacte of time 

and facilities prevented the Germans from carrying out such 

work. 

Ebxsl&yj. 
In the original development of the sintered iron 

rotating bands, a tensile strength range of 4 to 5 kg. per 

sq. mm. were arbitrarily chosen as the desirable strength 

range. Actual use of these bands, indicated that the relative¬ 

ly weak band had a tendency towards the chipping and cracking 

off both in the muzzle of the gun and during flight. To cor¬ 

rect this tendency towards cracking, the physical property 

range of the band was increased to the currently standard 7 to 

9 kg. per sq. mm. Even with the increased strengths there was 

some tendency towards cracking in certain of the larger cali¬ 

bers. 

Bands for special aircraft projectiles, in which 

the prevention of muzzle debris was imperative, were made with 

strengths in the range of 10 to 14 kg. per sq. mm. Although 

no adequate firing records are available unofficial reports 

indicated that these higher strength bands were satisfactory. 

Based on these results, many of the German powder metallurg¬ 

ists believe that increasing the tensile strength of sintered 

iron bands to the range of 15 to 20 kg. per sq. mm, might pro¬ 

duce better bands than those of the accepted standard strength 

range. However, the Germans bad no adequate firing tests upon 

which to base any conclusions as to the optimum strengths of 

the sintered iron rotating bands. 
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Testing Methoc?: 

A. - Twnsl .e Testing Proecdur»: 

Tensile tests wer« carried out on complete rotat¬ 

ing band« by applying loads with conventional tensile testing 

machines while holding the bands in special loading gripj. 

Fig. 1 shows the fora of these grips and the method of placing 

the band for loading. Un^t stresses were determined by divid¬ 

ing the applied load by twice the cross-sectional area of the 

band since the load was assumed to be evenly divided between 

the intersections of tne plana AA with the rotating band. 

This method of tensile testing presents a auch 

better picture of the actual properties of the ring than could 

possibly be obtained by attempting to taice conventions! tt-st 

specimens from such rings. Any possible effects of straighten¬ 

ing or machining nre avoided. 

B. - Elongation Tasting Procedure: 

The elongation of sintered iron rotating bands was 

determined by forcing completa bands down over a tapered plug 

such as that shown In Fig. 2C The plug was calibrated along 

its length so that the position of the ring on the axis of 

the plug at the time of failure would indicate the percentage 

increase of the inner circumference of the ring» Thus, the 

gage length for elongation tests of sintered iron rotating 

bands was the total initial length of the inner clrcuaference* 

The bands always showed initial fracture at the lower section 

as it was being forced over the plug gage. This was not; con¬ 

sidered disadvantageous,. 
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This testing procedure also avoids the necessity 

of aachinlng test specimens and at the same time provides a 

better evaluation of the true ductility properties than any 

test specimen. Although two complete rings art required for 

the determination of tensile and elongation properties by the 

Germans* procedure, it is undoubtedly more economical to 

destroy two rings than to obtain both values from a single 

ring by machining out suitable conventional test specimens. 

C. - Hardness Testing Procedure; 

For the hardness testing of rotating bands* the 

Germans used a standard Rockwell Hardness Tester with a £.5 

mm. diameter hardened steel ball as an indentor* a preload 

of 10 kg. and an additional applied test load of 1£5 kg. Be¬ 

cause this particular combination of indentor and test load is 

not one of the standard Rockwell test combinations, the Rock¬ 

well scale readings were not applicable. 

Hardness values were expressed in terms of mill!* 

meters of depth of impression of the indentor. The depth of 

penetration of the Indentor was measured after removal of the 

125 kg. test load. 

Depth of penetration under load as measured by 

the Rockwell was specified to be between 0.195 and 0.270 mm. 

Divisions in the standard Rockwell scale corres¬ 

pond to 0.002 mm, depth of impression, the total depth of 

impression of the penetrators could be determined by counting 

the divisions on the Rockwell scale. Some later models of 
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the hardness testing machine were provided with a scale 

calibrated directly in millimeters depth of impression so 

that the depth of penetration could be read directly from 

the scale. 

German production of sintered iron rotating hands 

was seriously hampered by inability to meet the required in¬ 

dentation hardness specifications. Large quantities of bands 

were rejected because of this failure to meet hardness require¬ 

ments, The situation finally becaxie so serious that consider¬ 

able investigations were run to determine the reliability of 

the hardness test. It was eventually proven that such hard¬ 

ness tests were not an adequate indicator of the properties of 

the bands, A number of tests on any one band would show a 

great range of value. The use of indentation hardness tests 

was eventually abandoned. The Gernún experiences with the 

hardness testing of sintered bands bear out the general con¬ 

sensus of opinion in this country that hardness testing of 

sintered parts is of little value« 

Detection of CracKs: 

After being banded, all projectiles were run 

through a magnetic particle inspection test to assist in the 

detection of cracked bands or of any cracked projectiles that 

might have escaped prior inspection operations. The procedures 

used in magnetic particle inspection were the same as those 

commonly used in this country. 
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Projectiles whose bands showed any tendency 

towards cracks, especially cracks running in the longitudinal 

axis of the projectile, were rejected and returned for re¬ 

banding. There has been no eridence found, however, to indi¬ 

cate that such cracked bands would have any adverse effect on 

the performance of the projectile. In this connection, it is 

to be nentioned that some thought was given by the Germans to 

the possibility of producing three-piece bands. These would, 

of course, have in effect three longitudinal cracks through 

them. 

.?^glt¿.,De^eri¿a.alioii¿: 

For process control work, densities were deter¬ 

mined by calculations based on the weight and dimensions of 

the bands. The density of each individual rotating band as 

it was taken from the press was determined by comparison of 

the dimensions and weight of the band to that of a standard¬ 

ized band made from the same powder lot. 

Uore precise determinations of density required 

in research or development work were on the basis of weight 

In water and weight in air. 

Work carried out at Sam Tour & Co., Inc. has 

indicated that subs tailt.isi errors in determination of density 

may occur in the weight In air-weight in water method because 

of water penetration into the porous iron bancs. It has been 

found that accurate determinations of density can be made only 

if the oands are coated with lacquer or sealed with some other 
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sealant which will prevent the absorption of water during the 

density determination, With such a technique, suitable cor¬ 

rections must be applied to compensate for the weight of the 

lacquer or other sealant. 

Examination of the results of density determina¬ 

tions made in this country on German sintered iron rotating 

bands indicates a much greater spread in density values than 

those specified by the Germans. In general, these densities 

seem to be somewhat higher than those specified by the Germans. 

It is impossible to determine whether the greater spread in 

density values is due to experimental errors in the density 

determinatiens, ur tanouibr tne bands as produced by the Germans 

had a much greater range of density than the Germans realized. 

Lax Impregnation Con,roy 

Determination of the quantities of wax that had 

been absorbed during the wax impregnation cycle were made by 

determining the increase in weight which occurred during im¬ 

pregnation. A small quantity of bands in each lot were weigh¬ 

ed both before and after impregnation to maintain control of 

this process. 

No attempts *.?«re made to determine the quantity 

of wax impregnation through extraction methods on a production 

control basis. In some Instances, wax determinations on 

finished bands were made by refluxing in chloroform or similar 

solvent. These determinations were for research purposes only 

and Rere not adaptable to production control. 
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Sotae 'lïork carried out by San Tour & Co., Inc0 on 

bands impregnated with known weights of wax, has shown that 

• the pel cental® of wax content can be accurately determined by 

refluxing in Toluol in a Soxhlette apparatus for a period of 

approximately three hours. Calculations based on the weight 

of the land before and af-ter extraction of the wax check 

closely the known weight of wax with which the band had betn 

Lmpregnetedc 

Chemical km 

The chemical .malysis of the iron powcers used 

in rotating brnds was specified as follows: 

pw Carbon ----. C,25# max, 
Silicon-0.15 ■ 
Sulphur-0.05 * 
Phosphorus --0.06 " 
Oxygen-0,5 ■ 

The contents of carbon, silicon, sulphur and 

phosphorus were determined by standard chemical analyses 

methods, 

A suitable method for the determination of oxygen 

content of the iron powders was developed by the Germans. The 

details of this method are described in Appendix A of this 

report. Acceptance test for the powder also Included sieve 

analysis and apparent specific gravity determination. There 

is no evidence available to indicate that the Germans ware 

much concerned with ths flow characteristics of the po»der0 

A1<ïo, there Is no mention of the use of addition agents to 

improve the flow characteristics. 
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Control of Physical Properties; 

lor rotating bands, th-êrc is *n optimura combina“ 

tion of physical properties - tensile strength, compressive 

strength, density, elongation - that will produce the best 

type of bend. High tensile strength is required to resist 

shearing by the lands while the projectile la in the gun and 

to resist the centrifugal forces set up by rotation of tne 

projectile during flight. At the rape time, low compressive 

strength will probably minimiza wear end band pressures set 

up during engraving of the band. 

In genere! fclth unimoregnatf-d bands, tens!la and 

compressive strengths are directly related so that a change 

in processing that causes an increase in tensile strength 

will cause a corresponding increase in compressive strength. 

Therefore, to determine the best processing cycle for use in 

the production of rotating bends, it is necessary to deter¬ 

mine the effects on the rates of change of tensile and com¬ 

pressive strengths ccused by changes in the processing steps. 

Little information of value is available on the 

effects of changes in the processing cycle. Neither Genaan 

nor American investigators have concerned themselves with 

the question of compressive strengths. Most of the American 

work was carried out with very fine particle sizes in attempts 

to produce the highest possible tensile strengths and densi¬ 

ties (over 6,5 gm./cc^.) The Germans developed the sintered 

iron rotating band of low density (ander 6 gm./cc2) using 

medium to coarse particle sisea on an empirical basis without 
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determining any f’indaaentai data. In much of the work thus 

far carried out, the investigators determined only single 

properties. Thus, in some work, the effects of changes in 

sintering temperature on the tensile properties were deter¬ 

mined but no data were recorded on the changes occurring in 

the density of the compacts. In other work, the effects of 

changes in pressura on tha density were determined but no 

tensile strengths wera determined. 

Much of the investigative work has been contra¬ 

dictory in regard to the effects on the physical properties 

of changes in the processing steps. Squires (80)(x) shows a 

continuous increase in density as pressing pressure Is in¬ 

creased from 40,000 to 200,000 p.s.i. Kelley (72) finds 

that density increases with pressure up to 60,000 p,3oi0 and 

decreases with pressures ebove 60,000 p.s.i. Kuzmiek (85) 

shows results that agree with, those of Squires. 

Kelley (72) shows that increased sintering tem¬ 

peratures cause increased density, Kuzmiek (85) indicates 

that changes in sintering temperature cause no changes in 

density. Squires (80) stitas that increased sintering temper¬ 

ature causes increased density when low pressing pressures are 

used but decreased density when high pressing pressures are 

used. 

Squires (80) states that increasing the sintering 

temperature causes Increases in tensile strength. Kuzmiek 

(*5 - Numbers in parentheses refer to reference list given 
at the end of this report. 
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shows that sintering temperature has no effect on tensile 

strength. Various data sheets show that tensile strength 

increases with sintering tenperaturw up to 1050° C. (19£0°J.), 

decreases at 1150° C. (2100°r.) and then increases as the 

temperature is raissd above 1150° C. (2100°Fo). 

IMiile soma of these contradictory conclusions 

may be caused by differences in the conditions of the experi¬ 

ments, it is most probable that experimental errors aro a 

major cause of the different conclusions. Thus, it is appar¬ 

ent that additional experimental work must be carried out to 

determine the affects of changes in processing steps on the 

properties of sintered iron rotating bands. 

All tills worn, was carried out on compacts that 

had not been impregnated with wax. Since wax impregnation 

lowers the compressive strength without changing the tensile 

strength, a major part of the investigation of the properties 

of iron powders for rotating bands should be done on wax 

impregnated compacts. 

Concluslonei 

The German methods for the testing of rotating 

bands, which have been described herein, appear to to entire¬ 

ly satisfactory. However, the suitability of any test method 

is largely dependent upon the sise of the samples submitted 

for test. It appears that the Germans did not work cut com¬ 

pletely satisfactory sampling methods. 
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The brief resume of fundamental physical proper¬ 

ties of powder metals, wnich has been included herein, «as 

not intended es a complete euaunary of the available knowledge 

on fundamental properties. It does, however, represent the 

more readily available knowledge and indicates that more work 

along this line will be required to provide a full knowledge 

of the factors influencing the properties of powder metals. 

Respectfully submitted. 

SAM TOUR & CO., INC. 

Sam Tour, 
President. 

ST: AR 
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Fig. 1 - Special grips used in the tensile 
testing of sintered iron rotating 
bands.
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/PrLHDIX A 

M. W. Torachunfifinctitute 

Eaaort 9K lltv^atlgaUon #£5/44 

Subject: A method for th» determination of oxygen in 
iron and steel powder. 

By Br, Gerhard Naeser, Duisburg- 
Hueking en. 

The large scale production of iron and steel 

powders called for a rapid and continuous determination of 

oxygen in powders that mi^ht he rather high in this element 

and in carbon. Since the usual analytical procedures includ¬ 

ed no such method, the latter had to be discovered and de¬ 

veloped. Such a method has been developed and proved to be 

quite satisfactory. 

Such methods as were known before (Gmelin's Hdb. 

der Anorganischen Chemie 8th edition #59 F.I. IS 41/105) were 

developed for steels and gray Iron carrying from 0.02 to OolJÍ 

oxygen. The first step was to find whether they would be 

suited to powders containing 0.2 - 0.4JÉ 0 plus 0.02 - 0.08JÍ C 

in addition. 

The whole literature on this subject was recently 

surveyed so that there is no need to mention it here, except 

for the most recent article by A. Gotta (Archiv fuer Eisen- 

huettenverein 17 (1942/44, pages 52-55). 

The most rellible method of oxygen determination 

used so far depends on an extraction in the hot state, but 

its precision is only -flOl of the total determined. It has 
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two drawbacks which make its practical us® in the plants too 

difficult. The apparatus is guite complicated and the proce¬ 

dure is long. Furthermore, the possible precision is lowered 

by the necessity of taking very small samples. Powders con¬ 

taining over Oo5% oxygen have to be comminuted and they are 

likely to absorb more oxygen during this operation. 

Reduction with hyorogen becomes practically im¬ 

possible if the sample contains more than 0,8% of carbon, or 

if silica and silicates are present. At best it would require 

a 20-SO hours run to be nearly complete. The aluminum diffu¬ 

sion process is not suitable because the larger part of the 

oxygen contained is on the surfaces of the particles and does 

not enter the process. 

The new process, like the hot extraction method, 

depends on a reduction with carbon and the determination of 

oxygen as carbon-monoxide. However, it requires no vacuum, 

therefore, a simple Volumetrie measurement is substituted for 

a complicated system of pumping and gas collecting0 The 5-15^ 

of carbon dioxide that usually would be present is reduced to 

monoxide in a simple manner. 

The apparatus consists essentially of a furnace 

(fig. 1) which carries a tubing closed at the bottom and con¬ 

taining the carbon crucible end a gas burette for collecting 

the developed monoxide. The powdered sample is introduced 

into the crucible and the volume of the CO developed is read 

on the burette after 6-8 minutes. If the samples are stand¬ 

ardised as to weight, the reading can be done directly in 
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Í of oxygen. Just as with the ole method slight corrections 

for temperature and pressure are required# 

The furnace should develop a minimum temperature 

of 1500° C. Usually a silicon carbide furnace of the type 

used for the determination of sulphur will do# Far more con¬ 

venient is a furnace with platinum winding as its control is 

easier and the power consumption much smaller. At present we 

are experimenting with furnaces having a carbon tube resistor 

which would permit considerably higher temperatures. The 

furnace is regulated by means of an ammeter, a series rheostat 

and a thermocouple with a millivoltmeter. The furnace is 

mounted adjustably as to height, so that it could be lowered 

in order to manipulate the tube. The latter is made either of 

silliaanite or of sintered alumina. It is 500 mm. long and 20 

mm. i.d. The graphite crucible consists of three parts; the 

actual melting crucible, a conical intermediate funnel and a 

graphite cylinder (fig. 2). The conical part serves for the 

proper introduction of the sample, while the cylinder reduces 

to CO whatever C0g happens to form. The crucible has to be re¬ 

placed after 5-10 determinations, but the other two serve 

much longer. The samples weighing 2-5 grams can be compacted 

to little rods or can be put in a small iron tubing (of iron 

containing no silicon). The tubing is closed with tin foil. A 

stock of such tubings must be annealed in hydrogen and kept 

ready. The gas burette is filled with paraffin oil. It is de¬ 

sirable to have two burettes one for samples containing much 

oxygen, the second for the lessor contents. 
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Procedure; 

About two g re. as or purs iron containing no silicon 

is placed in the crucible first. This wes found best in pre¬ 

vious research work. Metal remaining from a previous test is 

satisfactory« It forms a pool of molten metal irldch acceler- 

at.ee the melting of the new staple. This is covered with about 

1 gr» of graphite powder» This floats on the bath and reduces 

some of the C0p to C0c The conical part and the tube of graph¬ 

ite ore pieced upon the crucible next end the siUiaanita tube 

connected to the burette. 

In practice the sample should heva a constant weight 

but, in our experiments, samples of 2 and 5 gr*. were used. The 

burettes are graduated directly in * of oxygen. Correcticne 

for temperature and pressure are taken from a table. The 

sample As placed in the sample compartment. 

The apparatus is do-aired usùug a water pump and 

washing it out with pure, dry nitrogen. The pump is operated 

until the pressure reaches a minimum, then its stopcock 1» 

closed and nitrogen let in. This is repeated a number of times 

in order to eliminate all air. Hext the furnace is switched on 

and run for at least an hour at 1200° C. or in the case of a 

platinum wound furnace at 140.° C. with a continuous checking 

of the volume in the burette every two minutes, until the 

latter stops changing or changes very slightly at a uniform 

rate svhich can be alloved for in exact analysis. The semple 

is thrown in with toe help of a small magnet, A rapid forma¬ 

tion 6f CO begins and is finished in 5-10 minutes. Wen 
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higher precision is needed the readings are corrected for the 

rate of change for two-oinute interralso 

If, in cases of emergency, the burette and the 

chamber carrying the sample must be used without a protection 

by double wall tubings, the rooa-teaperature must be kept close¬ 

ly constant. 

After the burette is emptied of gas through open¬ 

ing b and brought back to zero (using the adjustable scale 

provided behind the burette), a second sample can be thrown in. 

Precision of the method. The precision obtainable 

as well as the limits of applicability can be determined only 

after the whole apparatus is Installed. The original equipment 

gave serviceable results even though it was a mere contraption. 

However, from the 500 analyses so iar completed, the precision 

can be estimated to run ±b%, the error is consequently less 
than half than in the hot extraction process. Considerably 

greater errors occur, when the powder contains particles of 

slag or sand. They are reduced too, but the speed is low and 

it affects the speed of the determination and makes the end¬ 

point indistinct. 

Fig. 5 presents a diagram in which the volume-time 

relationship was plotted each two minutes. Curve 1 obtained 

for pure powder shows the usual behavior, while curve 2 obtained 

for an Impure powder is obviously composed of two overlapping 

isothermic processes. The steep part corresponds to the reduc¬ 

tion of iron oxide, the second, shallower part, to that of the 

silicate. The presence of such silica carrying impurities can 
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he determined easily uain¿ a weak magnet, but the non-uniforai- 

ty of their distribution through the mass of the powder can lead 

to additional errors. Tests have shown that the speed of reduc¬ 

tion is materially effected by the presence of over 0,2JÍ ßi. 

Using a platinum wound furnace and running the test at 1400° C. 

eight materially assist in the completeness of the reduction. 

The described method was tested with pure iron 

oxido and the results compared with those obtained in the usual 

scheme of hot extraction. In all cases the agreement was quite 

good, frequently being much better than the 5* error mentioned 

above. The data of such tests are presented in Table 1, (The 

original apparatus is shown in the attached photograph and there 

is also added a list of the parts and chemicals needed.). 

Resume. A new rapid method for the determination of 

oxygen in technical iron po»d«r is described. It is based upon 

the formation of carbon monoxide when such powder .« s melted in 

the graphite crucible, under the cover of nitrogen. The use 

of an additional gr*?hit3 tubing above the crucible permits to 

obtain a complete reduction of the COg formed to CO. The oxy¬ 

gen content is determined directly from the volume of gas col¬ 

lected in a burette. 
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List of parts and chemicals needed to start oxygen 

determinations according to the ne« method: 

1. - Furnace capable of giting a temperature 
above 1500° C. 

2. - A bottom closed tubing of slllimanite or 
sintered alumina. 

2. - Graphite crucible for melting. 
4. - Graphite funnel to prevent the metal from 

spitting out. 
5. - Graphite tubing for the reduction of the CO 

formed. 
6. - Sample compartment. 
7. - Sample shell of pure iron to take the sample 

of powder. 
8. - Gas burette for collecting and measuring the 

CO formed. 
9. - Level bottle for the adjustment of the level 

when reading the burette. 
10. - Three-way stopcock. 
11. - Hg. manometer. 
12. - Three-way stopcock connecting the manometer. 
IS. - Stopcocks for che evacuation and for nitro¬ 

gen inlet. 
14. - ■ 
15. - Thermoelement. 
16. - Millivoltmeter. 
17. - Thermometer for the room air temperature. 
18. - Asbestos screen to prevent heat radiation. 
19. - Gasholder with purified nitrogen. 

Nitrogen to create a neutral atmosphere. 
Cu or Fe chips for the purification of the nitrogen. 
Furnace for the purification of the nitrogen. 
Sulphuric acid for drying the nitrogen, 
flashing bottle. 
Paraffin oil as a burette liquid. 
Pure Si-free iron to form a pool in the crucible. 
Graphite powder. 
Shells of pure Si-free iron for containers. 
Tin foil for the closing of these shells, 
flater-stream air pump. 
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Fig. 2 - Details of Graphite Crucible used in 
determining Oxygen in Iron Powders.
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Fig. 4 - Apparatus Used In the Determination 
of Oxygen In Iron Powders.
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