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FOREWORD

This report was prepared by the Metals Branch and the Anealysis and
Meesurement Branch and was initiated under Metals Branch Projeet No,
7351, *Metallic Materials*, Task No, 73510, *Titanium Metals and Alloys*®,
and Analysis and Measurement Branch Project No, 7360, *Materials Analysis
and Bvaluation Techniques®, and Task No. 73600, *Procedures for the
Composition Analysis of Aircreft Materisls®, I{ waa administered under
the direction of the Materials Laboratary, Directorate of Research, Wright
Air Development Center, with Lt. John W, Seeger and Lt. J. A. ¥Winstead
acting as projeet engineers.

The assistance of the Applied Mathematics Branch of the Aercmautical
Research Laboratory, Dr. H. leon Harter and Mrs, Mary D. Lum, on the
statistical comparisons is gratefully acknowledged,

Many laboratories contributed to this report, Their recognition of
the importance of the problem and their cooperativensss in furnishing
information and in performing analytical work is appreciated,

The actual hydrogen contents of material supplied by the titanium
producers for this investigation should not he taken as representative of
mill eapability since producers were agked to provide & range of hydrogen
levels, Laboratory comparisons should not be taken as necessarily
indicative of pregsent analytical capabilities since titanium technology is
moving rapidly and improvemenhts in analyticel equipment and techniques
can be expected.

This report covers work conducted from January 1955 to May 1956.
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ABSTRACT

Descriptions of various analytical methods for hydrogen determination

in titenium and its alloys are presented, with information on operating
procedures and cosis,

Laboratories using these methods in general are in disagreement, and
vary considerably in analytical reproducibility. Material non-uniformity
in hydrogen distribution from position-to-position in a sheet examined in
relation to experimental error is found to be a significant factor. A
suggested experiment for a single sheet diaputed between two laboratories
is given as a model by which appropriate experiments can be devised to
incorporate the sources for disagreement found in this investigation.

PUBLICATION REVIEW

This report has been reviewed and is approved.,

FOR THE COMMANDER:

4 M. R, WHITMORE
Technical Director
Materials Laboratory
Directoraste of Research
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The various methods for hydrogen determination can be grouped in
two main categories: extraction of hydrogen under vacuum from a solld or
fused specimen, and combustion of e specimen with gas sweep and oxidation
of hydrogen to water.

The need for a vecuum system imposes considerably more elaborate
apparatus, subject to occasional breakdown and consequent delsy. Generally,
however, the vacuum methods are capable of performing more analyses per
day than the esasentially single specimen per sei-up combustion methods.

The combustion methods have the advantage that they are normally less
expensive, and perhaps can be fabricated within the laborstorye.

Choice of a method will in part depend upon the volume of work
anticipated, the availability of skilled construction or maintenance
personnel, and the need for analysis of other interstitial elementsa,

Laboratories, even those using the same method, do not in general
agree. It cannot be established from this investigation how much may be
due to the methodsi however, it does appear that the method is a less
influential factor than leboratory differences themselves, Experience may
show that a bias may hold for a number of laboratories, &s suggested by
this experiment, and adjusting individual hydrogen determinations may be
appropriate.

Laborstories differ in their analytieal reproducibility, which is
difficult to separate from heterogeneity of the material being analyzed.
Certainly, within the usual size bars or sheets or forgings, the differ~
ences from position-to-position can be significant.

It is apparent that acceptance inspection of material must dbe
designed to sample @s many individuel sheets or bars within an order as
can be accomplished, since differences between sheets can be large.
Sempling fram geveral locations within the sheet is suggested to adequately
rule on disputed sheets.
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HYDROGEN CONTAMINATION IN TITANIUM AND TITANIUM ALLOYS
Part II. Comparison of Various Methods for Hydrogen Analysis

I. INTRODUCTION

In July 1954 the Materials Laboratory, Directorate of Research,
Wright Air Development Center initisted an intensive reseasrch program
on the effects of hydrogen contamination in titanium and titanium alloys.
The results of this program were presented at a technical meeting held
at Wright Air Development Center on 29 October 1954, and in WADC
Technical Report 54-616, Part I,

With the growing appreciation of the need for control of hydrogen
content in mill products, attention waz directed to the various
analytical methods available for hydrogen determination. Adoption of
hydrogen analysis for routine acceptance of meterial required analyticel
methods which not only yielded acceptable values but which were not
prohibitively costly or difficult to operate,

Menuscript released by authors September 1956 for publication as a
WADC Technical Report.
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II. METHODS FOR HYDROGEN DETERMINATION

METHOD I. VACUUM FUSION AT 1900°C

Frinciple

The vaecuum fusion gas analysis apparatus was designed for use as a tocl in
analyzing for minute gaseous impurities in highly purified metals, Under proper
melting conditions and under high vacuum, metals may be made to give up their
geses guantitatively. The combined oxides react with the graphite crucible in
whiech the melting is conducted and the oxygen is released in the form of carbon
monoxide. The hydrogen and nitrogen ere liberated directly.

The mixture of hydrogen, nitrogen and cerbon monoxide is pumped by a
mercury diffusion pump into a vacuum chamber of known volume. The pressure of
the ges collected is measured by a Mcleod gauge which is simply a device used
to measure very low gas pressures.

At low pressures Dalton's Law applies. The total pressure PT of the gases
present is equal to the sum of the pressures which each gas would exert if it
alone were present in the given volunme,

PT = PN + P _+P

b, 0 K

After the total pressure of the geses is determined, they are circulated
through a tube containing copper oxide and through & tube containing magneaium
perchlarate, The hydrogen and carbon monoxide take oxygen from the copper oxide
and are converted to water vepor and carbon dioxide respectively. The magnesium
perchlorate absorbs all of the water vapor and the remaining gases are then
allowed to ecirculate through & cold trap cooled %o -196°C by ligquid nitrogen.
Here the carbon dioxide is frozen out while the nitrogen remains gaseous. The
nitrogen is then returned to the Mcleod gauge where its pressure is determined.

The cold trap is then allowed to rise to room temperature and this releases
the CO, whose pressure plus the pressure of nitrogen is then measured, Knowing
the préssure of the nitrogen and the pressure of the nitrogen plus carbon dioxide
and the total pressure of the gases, all the necessary data for computation of
the weight of each gas can be obtained.

P -P =P
+
(Né 002) N2 (002)

Pr= Pw, + coy) © T

Since the volume in which the ges was compressed is known, the respective
weights of each gas can be determined.
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Pescription of Apparatus

At the extreme left of the apparatus is the furnsce (Figure 1), This
consists of a Pyrex shiell closed st the bottom with a ground glass stopper.
The entire shell is air cooled with a suitable blower. Inside the furnace,
suspended by platinum wires, is a quertz test tube. The test tube is
partially filled with very fine grephite. This in turn supports a graphite
crucible,

The graphite erucible is equipped with a funnel to insure that the
sagples will fall into the crucibile. For use in specific instances vhere wvapor
presaure of the metel is very high, or the reaction very violent s graphite
Plug is also provided. This graphite plug is actuated by a external magnetic
device. Gases are led into the epparatua through a tube of approximately
one inch ID. At the upper end of the furnace is a semple tube. The small)
pusher for non-magnetiec samples is used by catching the sample between the
Jews and pushing it along. This precludes a premature introduction of the
sample into the furnace.

At the exireme upper end of the furnace is a right angle prism equipped
with a cobalt glass filter, Through this priam the operator may accurately
observe the temperature of the furnace and, under certain conditions, may even
follow the reactions which are taking place., The cobalt glass is removed from
the optical path when reading temperstures,

Imnediately to the right of the furnace is the transfer pump, (refer to
Figure 1), This is an all-glass, two-stage, high speed mercury diffusion pump,
Gas enters this pump through the 25 mm, tube from the furnace and is driven out
the foreline by the mercury Jet,

At the upper end of the foreline of the transfer pump will be observed two
"U* tubes, These *U*" tubes are mercury cut-off type valves. It will be noted
that one of them (the first ome) when open conducts the gas through a 20 mm,
tube to the main H-2-P diffusion pump and then through the mechsnical pump and
into the atmosphere. The second "U" tube, when open, introduces the gas into
a three stage mercury diffusion pump which drives the gas into the analytical
systems. This pump is heated and controlied in the same way as the transfer
pump and is referred to as the circulating pump.

The foreline of the eirculating pump is connected through a Tee to either
a Toepler pump or a mercury cut-off (operated by stopcock No. 4). Gases directed
into the Toepler (operated by stopcock No. 3) may be quantitatively transferred
to the McLeod gauge (operated by stopcock No, 5) and its aceessory expansion
bulbs by raising the mercury in the Toepler until a little runs over into the
McLeod. This mercury must be returned from time to time (end of esch analysis)
by reising the level of the mercury in the McLeod until it runs into the
Toepler,

Gases which are led through the *U' tubes (operated by stopeock No. L)
may be stopped st the Toepler by closing this "U* or allowed to pass through
the two heated traps., The first of these contains copper oxide and is heated
by a Glas-Col heater., The temperature is controlied by a varisble resistor on
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the console marked CuO Heater, The temperature is measured by an iron-constantac
thermocouple connected to a low resistance microammeter., Throwing the thermo-
couple switch to the left will give the temperature of the Cu0, This should

be approximately 325°G. Throwing the same switech to the right gives the tempere-
ture of the second trap which contains Mg(Cth)z.

Gases pass from the Mg(ClO )2 to a double trap. Under this trap is a sliding
shelf to hold the DeWar flask o¥ liquid nitrogen. At the beginning of an
analysis this flask is cautiously raised into position and the trap is thereby
meinteined et a temperature of about -196°C. Thig will freeze out all the

CO, and eny water not picked up by the Mg(ClO)),. Gases may go in either of

two directions from this trap. By opening ¢ t=off No. 11, they may be pumped

by the circulating pump back into the Toepler to be subsequently measured, or

they may be pumped into the atmosphere by closing No. 11 and opening No. 12,

which connects directly with the main exhasust line.

Return now to the measuring system controlled by the stopcocks Nos. 5 to
10, inclusive. The McLeod gauge and five "U" tubes are attached on one leg to &
menifold. Stopecock No. 6 controls a special leak-proof mercury stopcocke In
the course of ordinery enalysis this is not used., This special "U" tube may be
used to introduce gases into the system, oOTr conversely, $0 remove them for
further examination without breaking vacuum in the system. After the system has
been evacuated, mercury is allowed 1o rise in this "U* tube until it will go mo
further. This should be done with care so as not to demsge the grinding. The
stopcock on the mercury feed tube js then closed. The ground glass cap al the
rear of the apparatus can then be removed and additional apparatus of the
operator's choosing attached,

The next "U* tube, operated by the atopcock No. 7, connects the measuring
system with the remeinder of the apalytical system. When this is open, gas is
pumped from the measuring system by the circulating pump and may be circulated
or returned to the Toepler.,

The "U" tubes controlled by stopcocks Nos. 8 and 9, respectively, connect
McLeod gauge through the manifold to the expansion bulbs of 500 ml. and 2000 ml.
capacity, respectively. In operation, if the quantity of gas collected is too
great to be measured in the McLeod alone, the McLeod is opened and the gas
allowed to expand into either or both of the bulbs and a new reading is then
taken.

The last "U* tube on the manifold coanects the measuring system to the main
exhaust line and is used to evacuate the messuring system at the end of each
analysis.

This is the description of National Research's Vacuum Fusion
Gas Analysis Apperatus. This particular model is available
commercially. Other models have been designed and built by
various laboratories for their use.
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Procedure

Small cubes of titanium, 0.15 to 0,25 grams in weight, are cut with a
hacksaw and the surfaces finished on silicon earbide paper. The sample is
handled with tweezers during and after the final polishing. The specimens
receive a final cleaning in C. P. ether (or other solvent) and are air dried
and weighed on an analytical balance,

Five specimens are loaded into the loading erm together with weighed
pieces of stick tin as well as scrap titanium and tin for conditioning the
spparatus and a tin specimen for determining the "blank® due to gases in the
tin., The order of loading is: scrap titanium, tin for conditioning, tin for
blank determination, sample, tin for sample, tin for conditioning, sample, etc.,
up to a totel of five specimens,

The reaction erucible is of carbon containing about § ml. of graphite chips
of size such that they are retained on a 20-mesh sieve. The carbon crucible is
held inside a quertz crucible with an insulating layer of sub-200 mesh graphite
powder between the carbom and quartz crucibles. The quartz crucible assembly ia
suspended inside the glass furnace shell,

The system is closed, evacuated and the crucible is heated (by induction
heater) to 2400°C to outgas the system. Outgassing requires seversl hours
(varies greatly between laboratories and type of graphite used) and is complete
when a predetermined rate of evolution of gas is achieved with the furnace
temperature reduced to 1900°C.

When the preliminary outga351ng is comolete. the furnace is conditioned by
lowering the temperature to 1200°C, dropping 1n the scrap titanium (0.1-0,2
grams) and then raising the temperature to 1500°C for thirty minutes. Tin
conditioner sdded st 1200°C is outgassed for thirty minutes at 1900°C,

Next, a *blank" on the tin is determined by dropping in another piece
of stick tin at 1200°C and then outgassing for thirty minutes at 1900°C, the
gas evolved during this period being pumped into the anelytical system and
collected in the Toepler pump. The quantity of this blank gas is measured and
analyzed for 002. Héand Né a3 will describe under analysis of gases from the
specimen, These *"blank" wvalues for qu. Hﬁ’ and N2 are subseguently sub-
tracted from the gas values determined on the sample, The blank correction
normally corresponds to approximately 0,008% oxygen and 0,0002% hydrogen, based
on a 0,25 gram titanium sample,

The specimens are now analyzed by lowering the furnace temperature and
simultaneocusly dropping in a titanium specimen and & piece of tin (tin weighed
sbout twice that of the titanium specimen). The furnace temperature is raised
to 1900°C for thirty minutes during which time the gases evolved sre pumped
from the furnace and collected in the Toepler pump. After gas evolution is
complete, the furnace is isolated from the analytical system and opened to the
main evacustion system, cooled to 1200°C, ancther piece of stick tin added and
the furnace sgain conditioned for thirty minutes at 1900°C prior to dropping
the next specimen,

WADC TR 54-616 Pt II 6



The collected gas is then transferred to the McLeod gauge where the pv
(pressure-volume) product is measured by compressing the gas into the calibrated
capillary of the McLeod gauge. This pv product gives a measure of the combined
carbon monoxide, hydrogen and nitrogsn.

The gas is then analyzed for these three components. The carbon monoxide
is oxidized to carbon dioxide and the hydrogen to water by passing the gases
over hot copper oxide, No change in number of moles of gas occurs during this
reaction. The oxidized gasses then pass through & tube filled with magnesium
perchlorate which permanently removes the water vepor from the gas stream and
then through a trap cooled to the tempersture of liquid nitrogen to freeze out
and temporarily remove the CO,. Thus, only nitrogen remsins; this is pumped
back into the Toepler pump, transferred to the Mcleod gauge znd its py product
measured., The CO, is then released by removing the liquid nitrogen from the
trap and allowing the trap to warm to room temperature. The cerbon dioxide is
then pumped into the Toepler pump, transferred to the Mcleod geuge, and the
pv product of the combined carbon dioxide and nitrogen determined.

The pv products of carbon dioxide and of hydrogen sre then celculated from
these three readings as fcllows:

v
P¥eo

p  TT(Coy + Ny) T PN,

ov. PV -
Hy total pv(co2 + Ny)
The percentages of oxygen and hydrogen may then be calculated by using the

pY¥ products of carbon dioxide, hydrogen and the proper conversion factors. The
conversion factors vary with the volume of the system.

Comments

Hydrogen determination by vacuum fusion at 1900°C is a slow procedure but
oxygen determination cen be performed at the seame operation, Usually five
samples can be enalyzed for hydrogen and oxygen during ome run which requires
two to three eight hour deys., This includes sample preparations, pumping down
of apparatus, outgassing graphite, and meking the oxygen end hydrogen determinations.

An experienced technician can make accurate determinations of oxygen and
hydrogen by this method.

The cost of the described egquipment is approximaiely $8,000, Supplies of

graphite crucibles and funnels, graphite, high vacuum wax, and stopcock greesses,
mercury, and pump oils must be kept in supply.

WAIC TR 54-€16 Pt II T



METHOD I1. VACUUM EXTRACTIQON AT 1600“0.(1)

Principle

Hydrogen is extracted from titanium when it dissolves in a csrbon-saturated
iron bath at 1600°C, Hydrogen can be extracted at lower temperatures but
Battelle chose this procedure to assure complete extraction., ' Oxygen determinee
tions can be made by the tin-bath technique operated at a higher temperature.

At 1600°C only partial removal of 02 ias accomplished. The evolved gases are
collected and the pressure measured in s known volume, and anclyzed for
hydrogen by the fractional-freezing method.

Description of Apparatus

Vacuum fusion apparatus built by Battelle.(z) Prineciple of equipment is
esgentially the same as described in Method I.

Procedure

One gram analytical samples are cut from specimen, abraded with a clean,
degreased file. About eighteen cleaned samples are loaded into the storage arm
of the vacuum-fusion apparatus. The graphite ecrucible is packed with 200 mesh
graphite. ZFnough iron is stored in storage arm so that maximum econcentration of
titanium in the bath will not exceed 30 weight percent, The system is then
closed with high vecuum wax and pumped down to low vacuum. The furnace is
evecuated and outgassed at 2300 to 2500°C for 1-1/2 to 2-1/2 hours. The btempera-
ture is then lowered to 1600°C and a blank collected for five minutes., If
blank is equivalent to 0,006 cc. per hour, the iron bath is dropped into the
graphite crucible and outgassed for about one hour and a blank collected. If
a reproducible blank iz obtained, it is enalyzed and then a sample ia dropped
into the bath at 1600°C and evolved gases are collected for 20 minutes. The gas
is measured and then pumped through & CuQ trap which oxidizes the Hy to Hy0
and CO to CO,. The water is frozen out with dry ice-acetone trap (=90°C) end
CO, and Né pumped back intoc the gauge and pressure measured, The emount of
hydrogen car be determined from differences as indicated in following equation:

=(p

Total ~ Fco, + Ny’ = T8

th lank

When pressure of Hp in a known volume is measured the determination csn be
calculated readily. Twelve determinations per 8 hour day ean be made by this
method ry

{1) Battelle Memorial Institute, analysis performed at 1600°C; temperatures of
1450 and 1500°C are used by other laboratories.
(2) Mallett, M. W., and Griffith, C. B,, Trans. ASM (1954) 46, 375.
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METHOD III. VACUUM EXTRACTION FROM 1200° TO 1450°C

Frinciple

Titenium and titenium alloys will release hydrogen gas quantitatively at
temperatures from 1000° to 1450°C. At this tempersture hydrogen is the only
gas released and can be pumped into the anmlytical system of apparatus and
pressure measured., Calculations can be made directly from total pressure,

Deseription of Appsratus

The apperatus of Method I is also used for this method. The gas is not
circulated through the anmalytical system as gas separation is unnecessary.

Procedure

Small cubes of titanium, 0,15 = 0,30 grams in weight, are cut with a
hacksaw and the surfaces finished on silicon carbide paper or a grease-free
file« The sample is handled with tweezers during and after final polishing.

The specimens receive a final cleasning in C. P. ether (or other solvent) and are
eir-dried and weighed on an anslytical balance, Approximately thirty samples
are then loaded into the loading arms,

The quertz crucible assembly is suspended inside the glasas furnace shell,
The graphite chips and graphite plug are not used as described in Method I,
The gystem is closed, evacuated and the crucible is heated (by induction) to
2AOO°C to outgas the system. Outgassing requires approximately three to four
hours (varies with laboratories and types of graphite used) and is complete when
a8 predetermined rate of evolution of gas is achieved with the furnace
tenperature reduced to 1400°C,

When the outgassing is complete, and a negligible blank is determinad,
the system is ready to meke hydrogen determinations,

The specimens are analyzed by dropping into the furnace at 14,00°C and
collecting gas for ten minutes during which time the gases evolved are pumped
from the furnace and collected in the Toepler pump. (More than.l0 minutes are
required if temperature is below 1400°C). After the gas evolution is complete
the furnace is isolated from the analytical system and opened to the main
evacuation system,

The collected gas is then transferred to the Mcleod gauge where the pv
(pressure-volume) product is measured by compressing the gas into the calibrated
capillary of the McLeod gauge. This pv gives a measurement of the hydrogen
gas, as only hydrogen is released at this temperature. Calculetions are made
from the total pressure. The gas is pumped out of the system and the system is
Teady for the following determination,
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Comments

Various laboratories have different vacuum fusion apparatus with various
modifications for increasing the number of hydrogen determinations per run,
Some laboratories sere using & lerger graphite crucible thus increasing their
capacity to forty or fifty samples per run. Thirty samples can be analyzed in
approximately two to two and one-half eight hour days., The average time per
sample is decreased when more samples are analyzed per run.

The cost of equipment and training of personnel are eguivalent to the
vacuum fusion Method I.

METHOD IV. VACUUM EXTRACTION AT 1400°C, USING MOLYBDENUM CRUCIBLE(1)

Principle

The apparatus works on the prineciple of hot extraction of hydrogen in a
vacuum. Titanium and titenium alloys release hydrogen quantitatively st
temperatures below the melting point,

Description of Apparatus

Figure 2 shows the apperatus. The vacumh pumping system provides the
necessgary capacity to ensure the rapid outgassing of the system which is
accomplished by a mechanical pump and a H-2-P high vaeuum 0il diffusion pump.

The furnace assembly includes the following features:

1. Induction heating for rapid attainment of 1400°C.

Ze uartz furnace tube, which eliminates the need for packed insulation
end permits rapid outgaessing of furnace.

3. Magnetically operated crucible assembly, which allows the sample to be
dumped into a cool receptaclé after ihe completion of an analysis to ensure that
it will not evolve further gases.

4. Large capacity loading arms, which permit operation for at least eight
hours without opening to atmospherae,

Principal components of the furnace assembly include:
1. Quartz furnace tube approximately 3/4* inside diameter by 7* high.
2. Molybdenum crucible spproximately 5/8* X 3/4*.

3. Centering tubes approximately 5/8% X 3/4".

(1) Deseription of National Research Corporation's Method
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4« Magnets for manipulation of erucible,

Be Quertz spent - specimen receptacle approximately 5/8* in diameter by
3-1/2* high.

6., Prism mounted at top of furnace to allow use of optical pyrometer
for measuring furnace temperatures,

Te Two loading arms with capacity of 15 to 20 samples each.

8. Megnetically operated pushers for moving ssmples through loading
ATm3,

9. Industion coils and oseillator gower supply of adequate size to
bring crucible and sample rapidly to 1400°C.

10, Blower to cool gquartz furnace tube,

The analgtical system need measure only the total emount of gas given off,
since at 1400°C hydrogen is the only gas evolved in significant gquantities.
Measurements are made in terms of pressure rise in a known volume, A three
stage mercury diffusion $ranafer pump with extremely high fore preasure
tolerance moves the evolved ges from the furnace into the abalytical train, To
control the mercury better in case of glass breakage and to keep it as clean
as poasible, regulated low pressure c¢aerbon dioxide from a tank is used to actuate
the mercury cut-off. These cut-offs isolate the H-2-F from the train, and the
train from a supplementary volume. This supplementary volume is connected %o
the train when 30 much hydrogen is evolved from & sample that the preasure
rises to the point where the McLeod gauge goes off scale, By use of the two
calibrated volumes, it is possible to get "on scale* reading over the whole range
of the apparatus,

A special Pirani gsuge calibrated for hydrogen, and a strip chert recorder
can be attsched to the analytical system.

The stainless steel cabimet is 28" X 40" X 35" high. Mounted on it are
aluminum rods to support the furnace and analytical assemblies. It houses
the oil diffusion pump, the mechanical pump end the mercury reservoirs. The
controls for the mercury cut-offs and the Mcleod vernier are conveniently
located on top.

Procedure

Semples may be one sclid piece of titanium, compacted pellets, chips,
sponge, or drillings, and weigh about a quarter gram. Chips or drillings are
placed in speeial re-usesble tantalum capsules. Cleaned samples are charged
into horigontal loading arms near the top of the furnace. When charging is
complete, the outer end of each loading arm is sealed off with a glass cap.

The agparatus i3 then pumped down and the molybdemnum erucible heated to

about 1500°C to outgss the system and obtain a suitable blank, The blank is the
background reading of the system when operated without a sample in the furnace,
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It is a measure of gas coming from the crucible and the walls of the apparatus.
For a clean system, it usually takes about forty minutes to get 2 blank of sbout
0.5 parts per million.

After a satisfactory blank has been obtained, one sample is moved by a
magnetically operated pusher along the loading arm until it drops into the
crucible, where it is heated by induction to approximately 1400 C. It is held
at this temperature until the gauge indicates no further gas is being evolved.
This usually takes three to five minutes, At 1&00°C alloy composition has
little effect on the raste of hydrogen evaluation.

The exact pressure of the gas is then read. The volume of the system i3 so
chosen that the pressure develcped from a quarter gram sample containing less than
125 perts per million of hydrogen falls within the linear response region of the
Pirani geuge. The standard model is furnished with both a Mcleod geuge and an
indicating Pirani gsuge calibrated for hydrogen. The Pirani geuge is egquipped
both with an indicating meter 2and with an expanded scale strip-chart recorder.
The recorder not only provides a permanent record, but substantially reduces
analytical time by indicating clearly when the hydrogen evaluation is complete,
For hydrogen concentrations less then 125 ppm, accurate pressures can be resd
directly from the recorder. Between 125 and 625 ppm the non-linear recorder
reading may be used in conjunction with a c¢elibration curve. The McLeod gauge
can be used over the full range of the apparatus, but is slower to operste, It
gives more precise readings, especially in the upper levels of hydrogen conceén-
tration.

When readings on a sample have been completed, the furnace is cooled (5-10
seconds) and the crucible is lowered magnetically to dump the semple into & cold -
container below the furnace. Since the =mamples are not permitied to accumulate
in the hot zone of the furnace, there ia no danger of incomplete hydrogen
evclution of one sample affecting the analysis of a subseguent sample. The
analytical cycle is completed by pumping out the gas until the blank is obtained,
For 2 standard unit the whole cperation takes from four to ten minutes.

Commenta

The equipment described is a eommercial item, National Research Corporation
Model 917 Hydrogen Determinator-Titanium. The equipment complete with Meleod
gauge, indicating Pirani gesuge, recorder, and stand list for approximately
$6,000,00,

The method described is rapid method for hydrogen determinstions of
titanium end can be operated by a competent laboratory technician.

The other laboratory in the report using this method was Brush Development
Laboratory. Their equipment consists of a vacuum fusioa apparatus with an
additional horizontal furnace for induction heating of a molybdenum boat,
Although equipment is considerably different the method is essentially the same
as one described.
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METHOD V. VACUUM EXTRACTION AT 1000°C, USING QUARTZ CRUCIBLE(l)

Principle

The desaign of this apparatus is based on the well established fact that
hydrogen is the only common gas thet, once it is dissolved in titanium, can
be extracted to a measureble extent by the control of temperature and pressure
of the seample environment,

Description of Apparatus

Figure 3 shows the major points in the construction of the apparatus
except for details of instrumentation, electrical wiring, end mechanical
arrangements., These latter details can be readily made to conform to the
plana of the builder.

The vacuum system is constructed of Pyrex, except for the gquartz furnace
tubes, The whole unit is assembled in and rigidly clamped to an angle ircn
framework. The bresks shown in the schematic sketch ¢f the vacuum system are
to be ignored.

The volume of both the =small and large (atopcock 9 open to obtain large
volume) gas measuring volumes of the apperatus are determined from the
relation;

PV = pv

by introducing a measured volume of hydrogen or dry eir (v) at known pressure
(p) into the system volume (V) being determined, and obtaining the resulting
system pressure reading (P) on the dibutyl phthalate manometer.

The mass of hydrogen gas extracted from a titanium sample on being
measured in either the small or large volume is given by,

mass of H in grams = PV x 2 x anzz
RT 7

where p = system pressure in cm, of dibutyl phthalate.
V = eapacity in liters of particular system
measuring volume in use.
R = gas constant (0.08207).
T = temperature °K,

For a given measuring volume of the apparstus at a given room temperature the
sbove reduced to,

mass of H= kR

(1) The apparatus to be deseribed was designed and built et Allegheny Ludlum
Steel Corporation's Research Laboratory at Brackenridge, Pennsylvanis.
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The percent of bydrogen by weight in the sample 18 readily calculated
from the following,

¢354 )
= J(P-blanks) x 1008 + (residuel in)
Sample weight in grams (gample )

Residual hydrogen in the sample is fairly constant for a given apparatus
but must be determined for the equipment by scme independent means, such as
vacuum fusion, The residusl is dependent, for one thing on the speed at which
the furnace tube is pumped,

The following liat gives additional detsils on the components shown in the
schematic sketchs:

A Cap of sample loading port combined with air leak,

B Sample storage arm,

c window for observation and optical temperature readings.

D Furnace heads, merked #1 and #2 for left and right furnace tubes
respectively.

E Clear fused quartz tubes,

K Double tube resistance wound furnace with temperature automatically
controlled at 1000°C,

M Three stage mercury diffusion pump - speed of 20 liters/sec,

g;) Pireni type vacuum gauges.

S.T3 Cooling trap at about -80°C, (dry ice-acetone mixture).

gé) Traps for manometer fluid in case of blow-over.

TCl

TCZ) Chromel-alumel thermocouples,

U Auxiliary volume (5000 ml,)} for sample of high hydrogen content.

v Dibutyl phthalate manometer with ad justable scele,

W Mechanical pump - speed of 58 liters/min.

Drocedure

The operation of the apparatus will be described step-wise through a
comp lete cycle of operation:

l, Both furnace assemblies are isolated from vacuum system by closing
stopcocks 1 and 2 (abbreviated Sc 1 and Se 2) and turning up S¢ 5. Ses 6 and 7
are closed and scs 8 and 9 are open.

2. Both pumps, vacuum gauges and furnace are turned on,

3. Either liquid nitrogen, or dry ice-acetone mixture is placed arcund
trap (T4). Dry ice-acetone goes on T3.

4o Up to 20 samples are loaded into arm (b) of #1 tube and cap (4)
replaced with Sc¢ 3 closed.
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5+ Furnace assembly /1 is evacuated through mechanical pump for about
5 minutes by turning down Sc 5, then #1 furnace assembly is evacuated through
diffusion pump by turning up Se¢ 5 and opening Se¢ 1, Furnace blank is taken
1/2 to 1 hour later.

6. In the meanwhile the preperation of semples and the loading of them
into right tube #2 can begin and will be completed during the snalysis of those
in the first tube,

7+ By now gauge (Pl) should be reading less than 1.0 micron and (P2)
ebout the same or slightly higher (1 to 2 mierons max.) which indicates it's
time to take & blank on the first tube already losded with semples.

8. Blank gas from furnace is collected for 30 minutes by closing Scs
8 and 9 end reading pressure on manometer (V) after which collected blenk, if
any, is pumped from system through Se¢ 8, Blank reading is generally zero or
not more than 0,02 em, per 30 minutes,

9. Samples in tube #1 are now run in e manner similar to the taking of
the blank, that is, by closing Se 8 (Se¢ 9 is still closed from step 8) just
before pushing sample into furnace tube (E). The sample is moved by a magmetic
pusher activated by an external magnet. Degassing of sample continues, with
pressure readings being recorded every five minutes, until rate of gaes evolution
returns to base or blank rate. If manometer reading exceeds ) ¢m. auxiliary
volume, (U) is opened to the system through Sc 9, Final pressure on manometer
is used in calculating the analysis after correcting for blanks, The extracted
gas is then rejected fromthe system through Se 8 by pumping until pressure on
P2 returns to the value originally registered for the evacuated system,

Time required to run samples depends on the sample thickness, and, of
course, increases with it, Turnings and sheet require from 20 to 30 minutes
to degas. Material one-quarter inch thick would require about 60 minutes,

Semple Preparstion

Sheet, rods, ete, are cut or sawed to size asnd all surfaees filed or
carefully ground to remove all scale or oxidized layer. The sample is then
washed in reagent grade carbon tetrachloride using forceps to manipulate the
samples and taking care not to touch with fingers or otherwise picking up
contamination, Sample is weighed end loaded into apparstus. Sample weight
used depends on amount of hydrogen expected - we use sbout 3 grams for a
hydrogen content of about 0,005 weight percent. Proportionstely smaller weights
are used with samples of higher gas content.

Drillings or millings are weighed and wrapped in pure sheet tin., Turnings
are not washed if it is certain they haven't been touched with hands or other~
wise contaminated. Tin is pre-cut into standard size sheets of about two
inches square and washed before using. A blank is determined on each lot of
tin sheet to determine the necessary correction to be applied to each sample,
The correction is small (about 0,09 cm.) being lesa than 5% of the sample
pressure reading, usually obtained by proper adjustment of sample weight,
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Comments

The total cost of constructing the equipment including labor was sbout
$2,500 per apparatus,

METHOD VI. EQUILIBRIUM PRESSURES AT 1000°¢ ()

Prineciple

MeQuillen's data indicate that in single phase titanium under equilibrium
conditions dissolved hydrogen behaves as an ideal liguid, i.e., & linear
relationship exists between the logarithm of the equilibrium pressure and
reciprocal sbsolute tempersture when the hydrogen concentration in the metal is
held constant. llkewise, a plot of the logarithm of equilibrium pressure vs.
the logarithm of concentration of hydrogen in the metal is linear under isothermsl
conditions. In regions where alpha and beta titanium co-exist, equilibrium
pressure is independent of the hydrogen concentration in the metal, as would
be predicted from phase rule considerations. It has been established that
hydrogzen is the only common gas that once dissolved in the metal can be extracted
to any measursble extent by temperature and pressure manipulation alone., Thus,
determination of the equilibrium hydrogen pressure over a specimen of single
phase titanium at a predetermined temperature for which the pressure-concentration
relationship is known and in an apparatus of known volume affords data from
which the hydrogen content of the metal can be readily calculated,

From a practical standpoint it is highly desirable to make these determina-
tions in the beta region, as squilibrium is established very rapidly with
comnercially pure titanium above the transition point (882°C), The temperature
at the transition point of alloys depends on composition and contaminants,

Description of Apparatus

All parts of the apparatus (Figure 4) other than the sample tubes and
heating sleeves sre febricated from borosilicate glass, Pressure is measured
by means of the Todd Universal Gauge (A), a three-scale mercury gauge with a
range of 0,0001 to 25 mm. mercury. Bulb (B) is of approximately 250 ml.
capacity end is carefully calibrated for volume between stopcocks before
attachment to the manifold. Tapered joint (C) permits attachment of other
equipment to the bulb, Silica sample tubes (D) are connected to the manifold
through i mm. high vacuum stopcocks, Heating sleeve (E) is supplied with power
by a 500 watt combination of a constant voltage transformer and variable
trensformer in tandem (F), Temperature is measured by a 20 gauge chromel-alumel
thermocouple (G) and potentiometer (H). Evacuation is effected by means of a
single stage mercury diffusion pump (I) with conventional mechanical forepump.,.
Power to the heater of the diffusion pump is controlled by a 5 amp variable
transformer (J); 4 mm, stopcocks (K) and (L) permit isolation of the manifold
from the gauge and from the pumping system, All stopcocks and tapered joints
are hend-lapped to a fine finish. Stopcocks are lubricated with a highly
refined vacuum grease with low thermal coefficient of viscosity, such as

(1) Method of E, I. duPont de Nemours as described in Journal of the Electro-
chemical Society, Vol. 102, No. 3, Merch, 1955
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Apiexon N. and jointa sealed with nongassing herd wex. Removable asbestos
paper shields (M) protect the stopcocks from heat of the gas flame used in
sealing and unsealing the hard waxed jointse

Details of a silica sample tube and heating sleeve are shown in Figure 5.
Sample tubes sre fabricated entirely from transparent silica., The titanium
sample rests on the bottom of the sample tube chamber (N), Sleeve (0) acts
as a guide for the thermocouple, the hot junction of which touches the
bottom of the furnace chamber. Thus the ssmple is separated from the thermocouple
by only about 1 mm. of silica, Chember (P) provides for water cocoling sc that
joint (Q) is kept at approximately room temperature. The water-cccled chambers
of adjacent sample tubes are connected by short lengths of rubber tubing
permitting in-line flow of cooling water. The heating sleeve consists of a
silica shell (R) covered with thin asbestos paper and wound with 6 feet of
1/32 x 0.0035 inch nichrome ribbon. The ends of the heating ribbon are joined
to short lengths of heavy nichrome ribbon (S) which protrude from the shell
to form lugs for connection to the power source through small battery clamps.

A small opening (T) at the bottom of the sleevwe provides access for the thermo-
couple, The wound sleeve is covered with a thermal insulating layer of
macerated asbestos paper (U) 3/16 inch in thickness., After bakeout, the
exterior of the sleeve is painted with heat resistant aluminum paint. The inner
diameter of the silica shell of the sleeve is approximetely 1 mm, greater than
the outer dismeter of the sample tubes, A sample tube with heating sleeve in
place is shown in Figure . Approximately 2 ml. of the sample tube volume isa
heated by the sleeve,

Calibretion

The purpose of the calibrated bulb (B) in Figure 4 is to provide £ means
for determining the volume of the equipment. The procedure consists of partial
evacuation of the system with the lower stopcock of the buldb closed, the upper
stopcock open, 2nd the stopccck to one sample tube open. Stopcock (L) is then
closed and pressure measured by the gauge. 'The upper stopeock of the bulb is then
closed, stopeock (1) is opened, and the system evacuated to & low pressure.
This leaves a known volume of gas under a known pressure in the bulb, Stcpeock
(LY is then clossed and the gas in the bulb is expanded to the evacuated system.
Pressure is again determined. The volume of the apparastus (with the bulb) is then:

= - P
v, vbPI_P_e.
2
where V_ = volume of apparatus, Vﬁ = volume of bulb, Py = initiel pressure, and
P2 = final pressure (temperature assumed ccnstant).

Determination of the equilibrium pressure-concentrsastion curve must also
be determined. A few grams of titanium hydride was placed in & silica sample
tube and surmounted by a small plug of glass woel to prevent dusiing, The tube
was attached to the apparetus at joint (C) by herd wax. The hydride was
thoroughly outgassed st room temperature, followed by heating to a moderate
temperature where evolution of & minor amount of hydrogen helped to sweep out
any remaining gases, After ocutgassing, the tube was never exposed to air during
the equilibrium determinations. 4 0.500 gram sample of commercially pure titanium
sponge was placed in a sample tube which was hard waxed to the manifold. The
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titanium specimen was outgassed by heating at 1000°C end = pressure of approximetely
1075 wn. Outgassing under these conditions reduces the hydrogen content of the
titanium to less than 3 ppm in 60 minutes. After outgassing, the sample tube

was allowed to return to room temperature, 3topcock (L) was closed, isolating the
gystem from the pumps and, with both stopcocks on bulb (B) open, the hydride tube
was heated to generate hydrogen. When the desired hydrogen pressure hed been
attained, the upper stopcock on the bulb was c¢losed and the heating discontinued.
Hydrogen pressure and room temperature were cobserved, The titanium specimen was
then heated to 1000°C end, when the system had attained equilibrium (less than

10 minutes over-all), room temperature and hydrogen pressure were agein observed.
From these observations and the known volume of the apparatus, one point of the
equilibrium curve can be calculated:

H) = 2,02 x B x213x_v = 3,23 x 105 PaVv

760 Ty 22,400 Ty
v

HG=2.02xPE xgzax,__"____.=3.23x10"5f§_
760 Tg 22,400 Tg

Hp = H - Hy

c. = ET_ x 100

E s

where: Ho = hydrogen introduced, grams; HG = gaseous hydrogen at equilibrium,
grams; = hydrogen in the titenium at equilibrium, grams; CE = ¢oncentration
of hydrogen in titanium at equilibrium, weight percent; P, = initisl hydrogen
pressure, mm Hg; Ty = room temperature, °K, at Py; P, = equilibrium hydrogen
pressure, mm Hg; Ty = room tempersture, °K, at Ppi V = volume of apparatus, ml;
and 3 = weight of titanium specimen, grams,.

The titanium was then outgassed end the cycle repeated at 12 levels of
equilibrium hydrogen pressure in the renge 0,00] - 10 mm Hg. A plot of ihe
equilibrium pressure vs, concentration at 1000°C is shown in Figure 6. The
mean deviation of points from ihe curves is less than 2%. Repeat measurements
with ingot and sheet of commercial purity showed thet equilibrium values for
these materials fell on the same curve.

Procedure

Specimens to be anelyzed should be in the range 0.4-0.6 gram and are
weighed to 20,01 grem., The physical form of samples 18 relatively immaterial;
samples mey be in the form of sponge, sclid pieces of ingot or sheet, drillings,
turnings, shevings, or finely divided metal, Samples are placed in individusl
sample tubes which are attached to the manifeold with hard wex. If less than
a full complement of sample tubes is attached to the manifold, it is advisable
to cap off the remesining joints to minimize the possibility of leaks. The
system is evacuated at room temperature to an ultimate pressure of about 10~4 mm,
The pressure in the system is observed and, with all stopcocks to sample tube
open, stopcock (L) is closed. After 10 minutes the pressure is agasin observed,
If the final pressure is § x 10=4 mm, or lower, the error introduced by leaks
will be negligible if the hydrogen content of samples is above 20 ppm. A4All
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stopeocks to the sample tubes are then clogsed with the exception of #1 tube.

With heater and thermocouple in place, the tube is heated to 1000°C in 67

minutes and held to ¥2°C to the end of 10 minutes from start of heating.

Room temperature and hydrogen pressure are then observed. Heating is discontinued,
the stopcock of #1 tube closed and #2 opened. The system is evacuated to about
104 and the analytical cycle repeated for the second specimen. 3uccessive
samples are treated in the same fashion. FEquilibrium pressures cean be

determined in a single apparatus at the rate of four per hour,

Caleulation of the hydrogen content of a specimen involves, for the general
cage: (a) estimastion of equilibrium hydrogen concentration, Cg, from the curve
(Figure 6); (b) caleulation of the hydrogen in the gas phase at equilibrium
fram observed pressure and room temperature and known volume of the apparatus;
(¢) summation of the hydrogen in the gaseous and condensed phases and conversion
to percent hydrogen in the original specimen:

Cg vo,2xPE x273x _V__ x100

%H
760 Tg 22,400 S

fl

P
Cp + 3.23 x 10°3v _E_
TS
¢ + KB = -3
E .~E , where K = 3.23 x 10 -V

T

Nominal values used in the calculations are V = 400 ml, Ty = 300°K, and
S = 0,50 gram,

1

If the sample weight and room temperature are held constant, the percent
hydrogen in the sample will be & funetion of the equilibrium pressure alone, Small
variations in Ty introduce negligible error. Therefore, if S is held constant,

TE variea only & few degrees, and V is known, it is possible to draw & curve
interrelating percent H with Pg. A plot of percent H vs, Py is shown in Figure 7
in which nominal values of Ty = 300°K and S = 0,50 gram were used.

After analyses have been completed, sample tubes are removed from the
manifold, the titanium specimen discarded, and the tubes cleaned by digestion in
warm 10% HCl, After rinsing with water and methanol and oven drying, the tubes
gre ready for re~uses.

This method can be applied to the determination of hydrogen rich alloys
provided the proper Cy curves are established for the particular alloy.

Comments

The equilibrium method is rapid for hydrogen deteminations in titznium,
and with low hydrogen titenium, such as sponge, the sample need not be weighed
as the weight percent hydrogen can be read from the graph (Figure 6), Equilibrium
curves must be established for each alloy of titanium. If some alloying element
raises the beta transition point above 1000°C, results may be uarelisble.

WADC TR 54-616 Pt 11 21



0,000T 38 Eaansselgd WMTIQITINDY *TA POURSK JOJ engereddy -  eandtg

He) o)

U
o S
-

e

J

i@ © &=
| 00 '®
e [ |

Loty ﬁ%
|

WADC TR 54-616 Pt II



: $%% SCALE ~ mm.

i

\

L

I

Figure 5 - Details of Sample Tube and Heating Sleeve,
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Figure 8 - Commercial Model of Equilibrium
Equipment
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The equipment deacribed was built by duPont for the development of the
method. Hjuilibrium equipment as being built by A. A. Pesce is shown in
Figure 8, A twenty unit apparatus, less sample tubes and sample tube heater,
lists for approximately $1,850.00, Quartz sample tubes are $20,00 each and
sample tube heater is $8.,00.

METHOD VII, MACRO-COMBUSTICN AT 90000(1)

Principle

The titanium sample is heated to 900°C in an oxygen etmosphere with lead
as & catalyst to control the rate of reaction. The hydrogen liberated is

oxidized 1o water by copper and collected in a magnesium perchlorate weighing
tube and weighed.

Deseription of Apparatus

The diagram of the apparatus used is showa in Figure 9, (The copper oxide
tube for oxygen purification has been lengthened and an electric furnace has
replaced the Meker burnmer). The weighed sample plus lead is placed in a piece
of Vycor Tubing, 15 mm in diameter and 7 inches long, and this tube is supported
in the reaction tube upon clay supports (3 rounded clay covers for combustion
boats). The reaction tube is made of quartz., The furnace is the hinge type
{(Multiple Unit, Hevi Duty Electric Compeny) because the furnace should be removable.
The copper oxide (wire form) which is used to insure oxidation of the hydrogen
is held in place by crumpled balls of fine copper wire and is heated by a Meker
burner. The water is collected in a small magnesium perchlorate weighing tube
with stopcocks at its ends. 4 protective tower containing magnesium perchlorate
and Agcarite is placed after the weighing tube. The oxygen used in the deter-
mination is purified by passing it through hot copper oxide and then through
Ascarite and megnesium perchlorate, A blank must be deducted. The method is
applied to the determinetion of hydrogen over the range 0.005 tc 1 percent.

The time required for & single anslysis is about 1-1/2 hours. By the use of
3 or more parallel systems a considerable number of analyses can be run daily.
The epparatus is not expensive and is not subject to long breakdowns,

Procedure
Prepare the apparatus as shown in Figure 9. Ignite several pieces of

Vycor tubing 15 mm in diemeter and 7 inches long, and several clay supports in
a muffle at 1000°C for 2 houra, remove and atore in a desiecator,

(1) Method of Frankford Arsenal
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Turn on the furnace and the Meker burner to preheat the copper oxide and
ad just the flow of oxygen to a rapid rate. Place a piece of the 15 mm Vycor
tubing on three of the clay supports and push the tubing and supports to the
center of the reaction tube by means of a stout wire bent at the end. Place the
furnace which has been previously heated to 900°C in place, and heat for 30
minutes. Remove the furnace but allow oxygen to flow. Turn the stopcucks of
the collection tube and quickly disconnect the collection tube., Open momsntarily
to the atmosphere to equalize the pressure and weigh. Maintain the furnace at
high tempersture while permitting the reaction tube to cocl to approximately
room temperasture.

The sample can be in any form so long es the volume is amall enough to
allow the lead to flux with the entire semple, Thin strips of sample are
preferred. The sample should be cleaned with carbon tetraehloride and dried
in an oven at 100°C for several minutes. Use a 5 grem sample and 10 grams of
lead. With the oxygen flowing detach the copper oxide tube and placs it in a
desiccator. Quickly remove the 15 mm tubing from the reaction tube and place
the weighed sample, mixed with lead, into this tubing., Push the tubing and
sample %o the center of the reaction tube, teking care that the tubing rests on
the clay supports end dces not come in contact with the sides of the resction
tube. Attach the copper oxide tube, heat it for 5 minutes with the Meker burner,
then attach the collection tube and the protective tower. Place the furnece,
previously heated, to about 900°C, in position and heat for 30 minutes, The
sample should ignite within 5 to 10 minutes after the furnace is put in position,
Disconnect the colleetion tube and weigh. The gain in weight is water. Find the
blank by carrying an empty tube through the determination. Calculate the
hydrogen in the ssmple by the following formula:

where H = Weight of water (grams) obtained for run.
B = Weight of water (grams) obtained for blank.
W = Weight of sample (grams)

To prepare for the next run, detach the copper oxide tube and place it in
a desiecator. Remove the 15 mm tubing from the reaction tube., If this tubing
is not cracked, the titanium cxide may be pushed out and the same tubing used
&gaine.

To shut down the apperatus, detach the copper oxide tube and store it in
a degiccator. Attach to the reaction tube a protective tube containing ‘
magnesium perchlorate which is held in place by glass wool. This protective
tube is made of a piece of pyrex tubing about 6 inches long with & 29/42 male
ground glass joint at one end.

Comments

Macro-combustion units can be built for approximately $4,00 sach, but an
eccurate analytical balance is necessary to weigh the water preoduced,
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METHOD VIII. MICRO-COMBUSTION AT 120000(1)

frinciple

The titenium metal is burned in pure oxygen to titanium oxids. The water
and carbon dioxide liberated are absorbed in micro absorption tubes filled with
magnesium perchlorete and Ascarite, respectively. The cerbon and hydrogen are
calculated from the increase in weight of the tubes,

Description of Appsratus
(a) Oxygen Purification Train (Figure 10).

(1) Oxygen reservoir bottle, 1 gallon, filled about two thirds full
of concentrated sulfuric acid,

(2) Absorption tower containing a layer of glass wool, a layer of
sodium hydroxide pellets and another layer of glass wool,.

(3) Two sidearm Vycor combustion tubes. The tubes are packed as
follows:s 7 em of silver wool or wire screen is placed in the far end of the
tube, followed by 3 mm of ignited asbestos, 7.5 cm of copper oxide, 3 mm of
platinized asbestos, 7.5 cm of copper oxide and then 3 mm of platinized
asbestos to hold the copper oxide in place. The tubes are placed in two electrie
tube furnaces so that all of the copper oxide and 3.5 em of the silver are
within the heated zone,

(4) Four U-tubes, two filled with Ascarite and two filled with
magnesium perchlorate.

(b) Combustion Tube.

(1) The combustion tube for burning the titanium metal is made of
Vycor tubing es follows: a 520 mm length of 25 mm i.d. tubing is sealed to a
300 ml length of miero carbon and hydrogen tubing. The latter should be 10 mm
i.d. and have a 30 mm length of 3 mm o.d. tubing on the exit end, The large
tube has two side erms of 3=-5 mm 0.d. tubing opposite from one another and
25 mm from the opem end, through which oxygen is admitted.

(2) The combustion tube is filled (beginning at the small end) with
100 mm of silver wool or screen, 2 mm of ignited asbestos plug, 90 mm of copper
oxide, 2 mm platinized asbestos plug, 90 mm of copper oxide and 2 mm platinized
asbestos plug. This filling is different from the usual micro carbon hydrogen
filling in theat no lead dioxide is used. The copper oxide is heated to 650°C
in a electric tube furnace. The first 20 to 30 mm of silver is alsc loeated
within the furnace and is heated to 500-600°C, The remainder of the silver
is heated in a constant temperature mortar at 175°C,

(1) Method of Dow Chemical Company. Reproduction in whole or in part not
authorized without the written permission of The Dow Chemieal Company.
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{e) Miero Stopoock, This is attached to the 3 mm section of the
combustion tube protruding from the constant temperature meortar,

(d) Absorption Tubes, The standard miero carbon and hydrogen absorption
tubes are used for collecting the water and carbon dioxide, These tubes ere
filled with magnesium perchlorate and Ascarite in the usual manner,

(e) Aspirstor System.

(1) A U-tube filled with magnesium perchlorate and Ascarite is
inserted between the absorption tubes and the aspirator bottle., This
prevents any water or water vapor from backing up into the absorption tubes.

(2) A h4=liter aspirator bottle filled about two-thirda full of water.

(f) Alundum Shields, These tubes or shields, which should just fit the
larger part of the combustion tube, can be purchased from the Fisher Scientifie
Company as No. 7-685, Size No. 2 (5.5 inchea long). These tubes are then cut
along their length so that an are of sbout 2 em is cut out. The combustion
boat can then rest on the Vycor tube and the upper port of the tube be protected
from spattering of the sample, '

(g) High temperature furnace (1200°C) equipped with thermocouple and
pyrometer, This is a split furnsee that can be pulled over the combustion tube
tc fire the sample., This furnace was ccnstructed in the laboratorye.

(h) Two oxygen cylinders with reducing gauges.
(i) Miecro balance.

{j) Combustion boats, Leco HF-B, 3-3/4 inches long, 5/8 inch wide and
1/2 inch high. For protection of the boats during combustion, they should
be 1lined with 60-mesh alundum,

Procedure
Conditioning of the Combustion Tube and Absorption Tubes

(a) With the entire train set up as in the diagram, open the aspirator
bottle and pass oxygen through the train at a rate of approximately 30-50 ml
per minute. The water is measured in a graduate and the stopecock on the last
U=tube is adjusted %o obtain the correct rate of flow. When this adjustment is
complete s 1500 ml beaker is used to catch the water during a complete analysis.

(b) With oxygen passing through the train, move the high temperature
furnace, which has been brought up to 900°C, over the combustion tube (which
contains the alundum shield and boat)., Turn the pyrometer up to 1200°C
and heat for sbout 10-15 mlnutes or uatil sbout 500 ml water has been collected.
Turn the pyrometer back to 1000°C and continue heating until 750-800 ml of water
has been collected. Remove the furnace and allow the combustion tube and
contents to cocl, meanwhile continuing the sweeping until a liter of water has
been collected., Place a pinch clamp on the aapirator bottle and close the
stopcock on the U-tube, Disconnect the gbsorption tubes and take them to the
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micro balance. Wipe the tubes with a ehamois, place them on the rack hoider
and remove any atatic charges. Allow the tubes to stand 15 minutes befcre
weighing,

Preparation of the Sample

The titanium metal should preferably be in the form of fine turnings,
or shavings, It was found that approximately 0.5 gm of iron chip accelerator
plus 0.3-~0.5 gm of tinned copper (Dualaccelerator) burns 0,5 gram of sample
completely and forms a homogenous melt. Weigh the sample in a boat smaller
than the one used for the combustion, which can be inserted into the cembustion
tube and emptied into the large boat by means of a long pair of forceps,
Spread 0.5 gm of iron chip accelerator on top of the sample. Place timned
copper airips (Dualsecelerator) in the large combustion boat,

Combustion of the Metal

(a) Cloae the miero stopcock and step up the supply of oxygen. Remove
the large aluminum foil-covered rubber stopper from the large end of the
combustion tube. The fast rate of oxygen ¢coming out the side arms of the
combustion tube prevents any air from entering the tube. By means of a glass
rod with a platinum wire attached pull the boat Jjust out of the shield but do
not remove from the combustion tube., With the long pair of forceps place 1
strip of tinned copper in the boat. Next transfer the sample which conteins
the iron chip accelerator to the boat. Transfer as campletely as possible,
Finally place another strip of tinned copper on top of the sample in the
combustion boat. Push the combustion boat back into the middle of the shield
and replace the rubber stopper. Open the miero stopcock and let the oxygen pass
through the combustion tube for 10 minutes, Connect the tared absorption tubes
in the proper place in the train (between the micro stopeoek and the protective
U~-tube). Close the miero stopcock. With the oxygen turned on at a fast rate,
move the high temperature furnace which is at 900°C over the sample, Turn the
pyrometer up to 1700°C,

(b) When the combustion of the titanium has ceased (approximately 1-2
minutes) the miero stopcock and the aspirator bottle are opened., The oxygen
rate is reduced so that just an excess is indiceted in the reservoir bottles,
Sweep at 1200°C till about 500 ml of oxygen hes been passed through, then turn
the pyrometer back to 1000°C. Hold this temperature for another 250-300 ml of
water, Remove the furnace from the combustion tube and continue sweeping till
1 liter of water (totel) has been collected. Shut off the aspirator bottle and
the protective U-tube. Disconnect the absorption tubes and take them to the
micro balance. Wipe the tubes with a chamois, discharge them, and place on the
rack holder for 15 minutes before weighing. Weigh the tubes and reserve them for
the next determination.

(¢c) Run a blank determination under identical conditions without the
sample,
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Calculations:

% Carbon = 02723 x wt, of carbon dioxide in mjlligrems x 100
wte Of sample in milligrams

4 Hydrogen = 0,1119 x wte of water in milligrams x 100
wt, of sample in milligrams

Comments

(a) A complete determination can be run in approximately 1 hour sccording
to the following schedule:

5 minutes to ignite sample

30 minutes to heat and sweep entire train

15 minutes to wipe, discharge and prepare absorption tubes for
weighing

5 minutes to weigh absorption tubes

_5 minutes to load sample and connect sbsorption tubes

60 minutes total

(b) A new combustion tube should be conditioned by actually firing three
or four 0.5 gm samples of titenium according to the procedure and also by
heating and cooling the combustion tube for 15 minute periods until on running
a blank determination the hydrogen sbsorption tube will show en increase of not
over 0.2 mg and the carbon tube not over 0,1 mg.

Cnce a new combustion tube has been conditioned it is not necessary to run
& blank every day unless different amounts of flux are added. The blanks on a
0.5 gm of iron chip accelerator plus two strips of tinned copper (0.3 Zn)
usually are quite consistant,

{(¢) The micro-combustion train can be constructed for approximately
$900 but & micro-analytical balance is necessary for weighing the water and
carbon dioxide produced. If a micro-balance is not presently available, this
wil) meke a considerable inerease in the cost of micro-equipment,
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METHOD IX. HOT EXTRACTION IN HILIUM ATMOSPHIRE(Y)

Principle

Hydrogen may be determined by thermelly decomposing the sample in & helium
atmosphere with & high frequency combustion unit, the evolved hydrogen oxidized
to water with hot copper oxide, and the resulting water vapor esbsorbed in
magnesium perchlorate.

Description of Apparatus

The apperatus is sssembled in the following menner: A cylinder of Grade A
helium (National Cylinder Gas Company) is fitted with an Oxweld valve &and a
float type helium flow meter. A glass-stoppereddrying jer (Fisher) filled
with anhydrous Magnesium perchlorate is connected to the flow meter with tygon
tubing., Additional tubing is used to connect the drying jar to the incoming
gas port on the Lindberg ("H-F*) High Frequency Combusticn Unit (1/2 to 1 KW).
The two ges flow control valves on the front panel of the combustion unit are
opened completely asnd the gas flow controlled by the flow meter on the helium
cylinder. Ancther drying jar is connected by tygon tubing to the out-going
gas port of the combustion unit., The drying jar is joined to a quertz com-
btustion tube (35 em length x 1 cm dismeter) by additional tygon tubing. The
quartz tube is filled to within 5 cm from both ends with wire form cupric
oxide, which is held in place with quartz wool plugs. The tube is heated by a
Fisher Micro Combustion Furnace and the combustion tube temperature measured
with a Hoskins "Chromel Alumel® pyrometer, The outgoing end of the combustion
tube is fitted with a glass socket which connects to a ball joint on a®"Nesbitt
absorption bulb., A ball joint clamp is used to hold the quartz tube and
Nesbitt absorption bulb together, The first absorption bulb is connected with
tygon tubing to a second sbsorption bulb. Both bulbs are filled with anhydrous
magnesium perchlorate. The second bulb is used only to keep water vapor fran
coming into the system. The exhaust helium is passed through tygon tubing
into an Erlenmeyer flask conteining water in order that the rate of flow may be
observed visually.

Procedure Comment s

l. Test the entire apparatus for
leaks manometirically.

2e Sweep the system with helium gas 2+ The purpose of this operation is
(2.5 cu. £t per hour) for at least to free the eppsratus from absorbed
30 minutes. moisture and to equalize the

entire systam, It need only be
repeated at the start of each
series of enalysis., The first
determination may be slightly high
for this reason., The quertz tube
containing the cupric oxide is
also heated (650°C) during this
period.

(1) Method of ANP Division, General Electric Company
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Te

8.

9.

10.

11,

12,

Turn the filament switeh of the
Lindberg ("H-F*)} High Frequency
Combustion Unit to ®*ON",

Remove the first Nesbitt absorp-
tion bulb from the hydrogen train
and weight it.

Reconnect the bulb, mllowing helium
to pass through for sbout 10 minutes.

Disconnect and reweigh,

Replace the absorption bulb in the
hydrogen train.

Weigh rapidly a 1.0 to 2.0 gram
samp le into the cupelet.

Cover the weighed sample with about
two grams of tungsten powder
(30-mesh ),

Place fhe prepared cupelet on the
pedestal hearth and insert into the
Lindberg (*H-F*) High Frequency
Combustion Unit,

Fire the sample by turning the high
voltage switch of the Lindberg
("H-#*) High Frequency Combustion
Unit to "N,

Allow helium to passg for 10 to 15
minutes,

WADC TR S54=-616 Pt II
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Ge

With the helium gas flowing at the
rate of about 2.5 cu. ft. per hour
and the temperature of the quariz
combustion tube controlled at 650°C,
the apparatus is now ready to use,

While weighing the bulb, allow
helium to continue passinz through
the remaining eapparatus.

Repeat this operation until constant
weight is obtained,

Cupelets are previously heated at
800°C for 30 minutes and stored in
e desiecator before use,

The tungsten powder is commercial
grade and prepared by heating in
helium for 15 minutes at 2200°C.



13+ Move the Micro Combustion furnace to
all parts of the quartz combustion
tube in order to vaporize any condensed
vater present.

l4. Remove the first Nesbitt absorption 14s Allow five minutes for the bulb to
bulb end weigh. come 0 equilibrium before weighing.
After removing spent cupelet and
turning "HV" switech to *OFF*, the
apparatus is ready for the next
determination.

Caleculations

wt H20 = FPinal wt. bulb - Initial wt, bulb

ZH= Wt. HQO x 11.19
Wt, of sample

I1I. COMPARISON OF HYDROGEN DETERMINATIONS BY THE VARICUS WMETHODS
SELECTION OF SAMPLES
Materials from which samples were taken were supplied by the four
producers of titanium mill products and represented a range of hydrogen

contents, of alloying elements, and of sheet and bar sizes. The
nominal composition and form of these materisls is shown in Table I.
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TABLE I, NOMINAL COMPOSITION AND FORM OF MATERIALS

Deaignation Nominal Composition Form

RR 1 Commeyceially pure Sheet, approx. 0,080

RR 2 5 41, 2-1/2 5n Sheet, approx. 0.080*

FR 3 8 Mn Sheet, approx. 0,080*

RR 4 Commercially pure Bar, approx. 2" diameter
HR 5 4 Al, 4 Mn Bar, approx. 2* diameter
RR 6 5 Al, 1 Fe, 2 Cx, 2 Mo Bar, approx. 3/4* dieameter
RR 7 2 Pe, 2 Cr, 2 Mo Bar, approx. 3/4* diemeter
RR 8 34, 5Cr Bar, approx. 2" diameter
RR 9 6 A2, 4 V Bar, approx. 2* diameter
RR 10 3Ma, 1 Cr, 1 Fe, 1 Mo, 1V Sheet, approx. 0,080%

RR 11 3Mn, 1 Cry 1 Fe, 1 Mo, 1 V Sheet, approx. 0.080*

RR 12 8 Mn Sheet, approx. 0.080*

RR 13 3 Mn, 1-1/2 A Sheet, spprox. 0,125¢

RR 1} Same as RR Bar, approx. 2" diameter
RR 15 8 m Sheet, approx. 0.035*

Specimens were milled with coolant to avoid overheating and possible
change in hydrogen content. Sheet specimens except the thin RR 15 were
alsc milled to avoid fine laminar shear cracks which might for some
methods have influenced results., Specimens for Frankford Arsenal were
prepared as fine chips by light cuts with a shsper, and specimens for
other laboratories using & combustion method were furnished as solid
pieces from which chipa could be taken,

To avoid eonfusion, the materials sampled for this experiment will be
referred to as alloys, such as Alloy RR 1, even though some are commercially
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pure grades. The specific piece on which triplicate hydrogen determinations
were made will be referred to as a specimen.

No thermal trestments were performed on the specimens to promote
uniformity in hydrogen distribution. Such non-uniformity is encountered
in routine analyses of titanium mill products, ard it was of interest to
observe the extent of this non-uniformity end its influence in combination
with other factors in the experiment. Also, assurance that true homogeniety
had been achieved would be questionable., By assigning specimens to lebora-
tories in random fashion, the effect of differences between specimens can
be hendled statistically.

HYDROGEN DETERMINATIONS AS REPORTED

Hydrogen determinstions as reported by the participating leboratories
are presented in Table II, Several features are not apparent by imspection
of the datat

a. The determinations by WADC Materials laboratory for both Methods
I and III were all obtained from the same Alloy specimen
(e.g. RR 3)-

b. Two sets of specimens were analyzed by duPont, each set by both
Method I and Method VI. The determinations for a given set
were all obtained from a single Alloy specimen.

Ce Some laboratories purposely performed the individual determinsations
which comprise the triplicate determinations on different deys,
thereby reflecting in their resulis a source of error from day-toe-
day differences not reflected in results from all laboratories.
Although the variation in triplicate determinations is likely to
be larger, this affords the best eatimate of laboratory repro-
ducibility.

do Specimens were distributed to the participating laboratories at
intervals rather than all at one time, Scme laboratories per=
formed the analytical work s specimens were received; others
weited until all specimens were accumulated. Results from some
laboratcries may have been influenced by a change in analytical:
technique or a difference in operators during the elapsed time
between groups of specimens, The difference between Alloys RR 4
end FR 1), the same commercially pure bar reintroduced into the
experiment, may in scme cases be pertly attributed to this.

WADC TR 54-616 Pt II 39



LLZ
Gl
£LL
98t

HEl
£ETs

861
lo2

ihe
gtz
et

EECw

TRE
ol= 4

*37om 30U PID (US 2/1-2 - T¥ §) 2 Hy uswiveds 35y} pue ‘ewowyoads
94B21Tdnp wo pouTEAqO Adom SNETIa1sE Aq pPPIBROTPUT SUOT4BUTWISLED S090U JTIFDATH TBISUSD »

1919 ST T ggs  GGT
26 gt 62t  Eg 881
126 L5T @11 e 6L

981
601

991

gée
£z2e
0zz

e
e
6T

892
afte
Tie

*pendTeM puUe Joqem 04 PaAZIpPIXe wedoIpAy ‘esoudsomie WnIlsy UT UOTAOBILXS 404

962
o€
loz

Lot
Let
T1E

‘dosms noPLxo GlIM

9l2
192
2ge

gce
£le
62

Gog
262
e

%6z
Y62
162

g0t
221
G0t

£ent
14
05T

£ot
66
101

Get
2T
LAg

691
21
2L1

921
921
621

26T
gt
it

Gt
fg1
661

6€T
28T
1

05T
6%t
9l1

0L
091
2L

191
291
191

T4
092
0se

162
2
iz

15%e
£vz
852

ez
162
2t2

L7
6T 6T ol w0t 2
061 HeT 69 £zt 2
o1 e L9 60T 98

g12 09T 96 TIT 60T
908 &M g8 60T E6
L 1 LT 69 02T L6

6T
£1
91
1€

R
i
e
(19

291
A
E91

FA N
Get
011

*psudtem pup JojnM 04
pe21piXo uelolpiy ‘0,002 0% 008 3% aTdues wexd 2/1 Suisn *poylsm HoTISNQEOL-OIDTY -

14
189
ULl

98

20T
201

1z1
ot
091

021
SET
121

*peydTen puw JajoM 04 POZTpRTX0 usPoapAiy
0,006 03 0og %8 aTdues wetd QT J0 § PUIsSn TOTLRNQUOI=0IITW - TTA POYLSW

861 - - - 26
Set 2t M9 L6 g
261 goT %9 66 g8
161 Lzt ol 40T €9
261 62T g9 66 e
161 % G ) got L

of
o
s

iz
62
92

89
69
0l

8s
L
9L

6E1
SET
06T

96
£01
8

get
WET
L2t

€1
Gzt
121

*oamegasxd wumtaqilinbe woly sisieue 93,0001 48 wnT2qITInbI

g6z
g4z
g62

it
oLz
0ge

pojIodey 30N
- L5T 8l 0t 6g
zoe GET £ 01T g
002 gzt el tor gg
lat st gl ot g
091 1% G 7 o1  £g

2 et
frefg
0*EE

gt
26
€e

£
h

L
1L

99

L7
2zl

£9T
9Nt
19T

6t
o1

051
9
T

9T
vt
161

g
6ET

flgz 12
() { S ]
G0t liz

« YT Pou3eRn
£z1

0ET 921
SeT 121
gzt ft
ITIA oMo

601 -
91T 80T
fe1 o1t
ot -
61 Lot
12T S0t
- IA DOUISH
GET -
LET -
%A ¢ -
ELT  GET
™t et
SoT hex
S A |
2t get

.wuﬂmn@an 19304 Wicl] 6isfl{oue
‘eqny zixenb pegway a@duwlETEeT Uy o] dmes .oumsoﬁ 01 00T WOIJ 38 WOT4dBIIXS tnnowy = K PONLOR

942 92T 2.1 9Lz geT 261 g*tL 1TT 1788
— - T6E— 63T — LT - Nle— pET— LST grtal— - 0FrT LYy
282 62T 691 Gz 981 L5T 2L 61T S*hg
121
FARS
11
692 £1T ™t gz 9T 1*66 T°Ig 0°p6 2°2p
gce 111 FAN gde 08T £-g6 tezg Z01 £°Yg
Y19z LR mr gtz £ELT £TT 2°19 1°g6 fG*eg

T°16
FAZ:S
0*6E

PR
FAL (%
9°cL

0°0g
06
FATe)

gl
2*hl
61l
Lol
£ gl
g gl

2Tt
111
STt

T2t
42T
811

XAl
o¥rt
it

L2
Ger
121

GET
we1
Eft

rAN
A2t
A

61T
LiT
BTT

£ot
211
£oT

*aInseasld Te303 WO E18AIsUB

‘180q J0 FTQIINID umuepqiTow uy oTdwes .ooOOdﬁ 04 QOEY WOIJ 3B UOITOWIIXD UMNIB, — AT DOUIOR

SWyq BSYNUTW QZ 01 PI1EBIJUOD

052
L%
£ %4

e
in2
262

52
292

g6z
262
&z

T
6.z
092

gse
6%z
042

Lot
tot
(409

2tz
qgz
0lz

g5e
26z
52

greATeuR *e1qicndd s31yder®d

of1
LET
Zht

001t
S0t
o1

60T
TTT
011

191
291
£91

€81
9.1
nit

Zet
121
921

gt
a1
AT

L3
261
261

211
1t
FAY

paggodey joN

621
OET
ott

671
2t
™t

651
65T
291

951
851
£91

g1
991
991

251
£CT
%61

081
it
€41

2l1
191
f91

951
64T
651

64z
ggz
192

otz
042
ghz

g1z
112
£12

692
99¢
alz

oge
2ge
182

Loz
lge
192

962
gg2
992

K]
ghe
oge

0le
89¢
alz

£01 LET °CL 601 £°28
481 ERT 00l O1T 6°08
gt M1 0*69 20T g*o0g

661 £ST W % Gg
et 6T op 38 L
£gt 251 6L 8 T
L 6L £6 0%0l
£91 ££T 2°99 6 fe9l
%Hr 16T T1*9L o1 2*22
Set ENT E*29 801 g*99
L bt . pol 9
qwm mmH wrm Hﬂa mfwm
96T L2T 9°EL 60T 0°19
161 21 9%gl 20T g*0R
6T I6T 2% 60T /g
Eoz 2e1  lg £E1T g6
f1e T 6L 11 BTt
961 2T L1 et 0°pl
R6T et 279 21 0°gl
gé1 RET 0°LL 12T §5"99
61 SIT 0"l L*l6 2'gl
Goz  loT W9l T°%6 gvl
961 Lot E°CGL €66 o0°gl
66T g1l 6L it I8
1133 2T of 1T L
oz 61T 6L 811 68
1 a1 - 21T 06
502 1% S Y 1t 6
% 64 EnT 98 Lt 01
461 9T 28 ¥1T 98
961 0ET 28 E1t 64
281 TET 28 0Tt 3¢

sogATeuR @53y} IoJ

8WI4 TOT309T100

E2»

e

ST
g°e

2*te
o*te
G0z
2 62
6*g2
1'Ls
G T
fezf
g°Gt

49
St
g€

gLz
P AT
0°*92

62
g%z
LetE

s
ol
G

off
gt
(39

0&
133
82

1°6.
il
19

09
S9
49

£*94
819
6*L9

£
FAL
E*¥p

6l
k]
g

418
§e6L
LAl

FAI W)
6°GL
°9.

Gl
98
)

18
7
18

L7
og
:7

02T
911
11

191
TSt
191

£1t
FA RS
911

6ET
Zht
Zht

g1t
021
121

60T
Got
L1%

ght
LA
™t

9t
651
€91

ﬂmﬁ
9Nt
25T

91
oLT
oLt

811
811
£tr

*greylo J0J
569 FI4NUTW (Qf S330U JNOWIY

TET
921
221

FrAs
20T
Yot

621
Ge1
fre1

LET
gf1
LA

ENT
13
o

0tT
gfT
161

LA
9Lt
ot

€ET
0ET
ofit

gET
GET
ot

*amssaxd (w30l wmoxl

E91
891
%91

-

£ot
F7AN

FA%)
LGT
251

Get
.1
621

GL1
€91
891

9£T
£e1
Efrt

0Lt
1ET
0ET

7
91
251

mt
9ET
g

g1t
STt
401

96

mmﬂ
CLAS
g2t

(A1
11T
11T

Lan
E1T
511

£ET
PXAS
621

01T
g1t
1841

0ET
elt
0ET

42T
FANN
611

11
61T
021

ut oTdmwes ‘0 0GWT €3 00ZT WOIJ 3@ UOTI0RIJXe Unmnoes - TIT TOUTSRH

(EoTeTAT]
QIY) 9TI408TY TRISUSD

fuedwony TeeTWeUn sog

Teuesly pIojyusli

(928 pOZ) 3uogmp

(19% 38T) juodnp

uofieJodIo) Qoxeessy TEUOTIBN

uotjwiodio) sTe}sl] IMTUELT]

13995 umipni-Aney@etTy

notiexodacy nunaomwm 18UOTIEN

69701 BI0qR] Yshig

uoTswaodaog Yormesay TEUOTAEN

TOTASPUNOT Uddwossy Inowxy

TeEe5IY TMOLIDARH

*oul ‘umiuetll NIH=may

4J5I0XTY AST4TUM B $384d

UOT4BIONION 9TX408TH OSNOYIUTIEIM

Augdmoy TOpPIOH-URWAR

*drop ‘umiwe}(] BOIEGS~-AIOTTEW

woTieIodI0) Ta931S otriqnday

AI03BI0QET BTSTINEW OOVM

t9 o2
g6z L 691 Lz 02 T W 901 Tg 2 99 TLT  o€T oET  2tt
So2 1t 65T £Lz 081 T 9l 201 tg W 99 21T 9k AT Gg
062 021 191 Siz 061 6T gl 1T 99 e 9L et let 291 2rt Awedmop 180 THINTIEASH 043091T
*ganesald [RT3ULISJIID WOI]
syediTous *oTqronsd 931udea? Ui oTdwes *H 0091 0% QLT WolJ 98 WOT3OBIIXS WNMoBA - TI DOUTSR
It garl 901
L*99 02T 62T 121 OIT
pesxodey soN L*a9 6ot Wer EIT £6
*lg 60T 1TET @11 9ot 1BU0EIY UMOLIIGEM
6.2 68 0ET ihe 261 90T 1 20T £6 off 09 €T e2T 62T Lot
09z €6 oft Mz  E6T 90T 69 96 13 9t 19 92T 92T L1T 901 =1
9Lz %6 ot ehre £61 1 99 ot &g " 65 ofT g2T oel Lot (3ss pug) jmodnp
L2 l2t 95T aGe 661  WET WL fotr £g 62 €L - 22t gET ool
olz 6TT 6ot gae 151 SET 99 gé gl  of 69 68 61T ShT 20t
uz 121 33 2te 98T et 99 65 7 he ol 00T T2T HET Mot (398 18T) juednp
2Lz 202 28t oge 161 EvT  for EET ST 6L i) 19T 0ET 59T  Yet
192 T6T £a1 62t 26T EET W gor 18 en gL WET Tyt IhT 94T
162 26T o) g1t 202 ¢t sL 61T 96 6% o1 LGT IWT  TGT  t21 uotierodrop Tee3s arrandey
le 6% 261 e loz Mt og W6 gl AE 16 - ZZT 9T Tl
£le EET 291 262 g61 05T &g 96 17) 49 98 FA% SR G4 4 Q0] § =
99z  EET @Sl P AN - N § 66T S8 RIT o6 9 98  HEY g1 et 9ot Aas duog nnﬁumqhn
94e 211 Y91 692 00Z 62T gl 81T og 0g 08 26T gEt  TET 22T =t
g%z 1Tt 18T l9z &Y  TeT T o1 9L 92 2B mmﬁ ot 65T ETt N
52 TTT 95T L9z £61 zt L9 oIl .9 =19 £g 04T 62T @21 60T £I04830QE] STSTISIEN oave 2
*sameeadd TBTIUSISIITL WOXT STSATBUE *‘yjeq uis Ut seldues ' 006T 3° UOTA0uIIX? unnosp - T POULSH &
8
3

TTod Wiog ETHg 2Twd Tt 0

ot o5 m HH Tog ZTug o Sug "o TEE THE THE
o1y

LroyvaoqeT

SE MOLWHOdY T HNILVATOIINYS XE QRIyoddy v (Wdd ut) sNOILYNIMMELZQ NADOMdRH

II TIgYL



OBSERVATIONS FROM THE DaATA

Several observations caen be made from cursory inspecticn of the data:

aes Reproducibility for most leboratories, judged by variation within
triplicete determinations, is neither surprisingly good or bad.

b, Real differences appear to exist between specimens of some of the
Alloys, exceeding the variation within triplicate determinstions.
Values for RR 4 and for RR 14 show this most strikingly.

ce The volume of data makea further observations difficult, although
the values for Method IX seem to be significantly different from
those for other Methodas,

STATISTICAL ANALYSIS OF THE DATA

Statisticel analysis offers substentially more informstion from a
volume of data than is ususlly possible by inspection alone, relating
observed differences to the probebility they might have occurred by chance
effects of unrecognized factors rather than by real effects of experimental
factors. 4n apalogy to a quality control problem will illustrate operaticon
of chance effects, For an assembly, the dimensjons of the whole are a
funetion of the dimensional tolerances of the components, snd = tolerance
for the whole assembly is far less than the sum of tolerances for its
components since a “canceling ocut" of plus and minus tolerances is experi-
enced, Use of a close tolerance for the assembly is thereby possible,
and the frequency with which the assembly tolerance will be exceeded can
be predicted if component dimensions are *in control®*. The effects are
real, but the action is by chance,

A frequent consequence of collecting a volume of data generated by
a8 number of observera is that precise control over all elements of an
experiment is sacrificed. Some of the loss has already been mentioned.
It becomes necessary to adapt the resulting data to statistical analysis
and to recognize whatever restrictions this imposes,

Missing date@e a frequent experience, Techniques have been developed
for laboriously supplying velues whieh will restore the desired condition
of equal subgroup numbers without biassing observations to be made from the
experiment, The difficulty increases tremendously, however, where subgroup
size varies considerably or where values for entire samples are missing.

WADC TR 54-616 Pt II 41



Simpler steps are taken to adapt the raw data of Table II to statise
tical treatment:

Be Only laboratories reporting results for all fifteen Alloys are
used for statisticel comparisons, with one exception. Frankford
Arsenal, using Method VII, reported no values for Alloys RR 1
and HR 2 so these Alloys are excluded for cther laboretories to
permit comparison with Frankford Arsenal.

b. All determinations have been rounded off to units of parts per
million hydrogen (0,0001%).

¢, VWhere one determination for & specimen is missing, the arithme-
tic mean of the other two wvalues is supplied. The specimen
mesn is not biased by this, but better analytical reproducibility
is elaimed., Therefore, a degree of freedom for the error term '
and total is lost for each missing value supplied.

d. VWhere determinations in excess of three are reported for a
specimen, these are rejected by using a table of random numbers _/.
A1l values thereby have an equal chance of being retained, and
no degrees of freedom are lost.

e, Where an apparently valid cause exists for s difference between
determinations for a given specimen, and this reeson is stated
by the particular laboratory, the questioned value is replaced
by a substitute as though it were a missing value. This was
necessary only for data of Method IX.

Data thus prepered for statistical apnalysis are presented in Table III.

Analysis of Variange

Persons unfamiliar with statistical methods neverthelesa recognize
that eaeh individual value reflects in some way the effect of the various
experimental factors, and in some way it should be possible to separate
variation among values into components due to the factors, in this case due
to the method of anelysis, to the laboratory and operator, to location of
the specimen within the original sheet or bar, to the material and its
hydrogen level, to analytical precision, and possibly to influence of these
factors one upon the other.

Comparisons of averages and ranges determined arithmetically would
furnish only a part of this information. If a statistical term called the
variance, related to the familiar sigma or standard deviation, is calculated

i/ Soedecor, G. W., Statistical Methods. Table 1.2, pp 10-13

WADC TR 54-616 Pt II 42
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this can be separated into components to furnish the desired information
if proper experimental design is provided. The Analysis of Variance
technique is used for this report, as described below., References to the
atatistical methods will be found in the Bibliography.

Experimeptel Model

Alloys for this experiment include nearly all ccmmercially important
titenium all.ys end represent & range of hydrogen contents from low to
high as well. The factor "Alloys" is therefore considered a fixed
factor 1/,

Similerly, nearly all known methods for hydrogen anelysis are
included, so that the factor *Methods® is considered a fixed factor,

Leboratories are naturally associated with some one or more methods
of analysis available to them, so that agreement of laboratories using the
same method is an observation of interest., The term "Laboratories within
Methods® is a nested or hierarchal classification, and the experimental
model locks like this

A, B, clB

where capital letters designate fixed factors and lower case letters
designate random factors.

Here a complication arises. To properly achieve randommness for a
neated factor it must represent & random seample of a large population
and must be assigned to the factor in which it nests in & random fashiomn.
Lacking this mathematically ideal condition, a restriction is placed on
the observation drawn from the "B® factor as will be discussed 2/.

For the ideal condition with random nested factor "c¢", test ratios
are determined as follows:

1/ A fixed factor is one whose levels comprise a finite population. A
random factor is one whose levels constitute a random sample from &
large population.

2/ Harter, H. L. & Lum, M. D., Partially Hierarchal Models in the Analysis
of Variance. WADC Technical Report 55-33, March 1955, pp 3=i.
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A, By ciB

Source Expected Value of Mean Square Test Ratio
2+ 2 2
A ancnecrA n 6% *+ 6 sA/sAc
B 22 & 2 4+ g2
nAPcnesﬁ nAneﬁc 6e SB/Sc
2
cIB n.n 62 + 6 S /s
Aeoc¢ e c e
2 2 2
4B » + » +
ncneﬁAB nésAc 69 SAB[SAc
2 2
AcIB + 6
‘ neszc -] SAc/se
e‘ABc 62 -—

where n = the number of levels of the subscript effect and 62 = the
variances

If the nesting factor does not meet all of the requirements for
randomness, then the mean square for factor *By, Methods, represents a
combination of effects. One is the desired effect of Methods and the
other is a meaningless effect Laboratoriea between Methods, which may be
large and acting either to inflate or partly cancel the effect of
Methods, leading to a wrong conclusion.

For this experiment, the nested factor Laboratories within Methods
would have to meet these requirements for randomness:

a. That for each Method there ere a great number of Laboratories
who may paerticipate

be. That each Laboratory may be directed to use eny of the Methods

Ce That selection of the Laboratories and assignment to a Method
is done in & random fashion,

These requirements cannot be fully met in practice. The resulting weskneas
in comparing Methods will be examined.

Comperison of Methods for Hydrogen Determinstion

Table IV presents the analysis of varisnce for all data except that
of Method VII, where results for the firat two Allcys were not reported.
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The statistically highly significaent difference among Alloyas is a
result of the intentionally provided range of hydrogen contents. (Signifi-
cance is denoted by an F value larger than that expected for & 5% or a
1% probability that the effect would appear significant by chance alone.
The F value is a ratio of the appropriate mean squares, and is determined
by the experimental design. Each P value is a test of an hypothesis that
the numerator and denominator Yield a ratio of 1,0 and a real effect does
not exist,)

From the experimental design, a test ratio for Methods is

mean square for EEOI‘&EOI‘IGS within HEEOHS

F = 5g = mean square for Methods
/S
[

where the denominator is for a randog nested factor. Neglecting this
reastriction, Teble IV shows the P value obtained:

F= 575365 = 18,64%ws Highly significant,
53?%36?5

A mean sjuare can be ealculated contrasting Method IX with Other
Metiods, and tested in the seme way:

F= 389.393.1 = 126,18%#» Highly signifieant
3.0 .o

And similarly, Method IX can be excluded and a mean square for Other
Methods tested:

F= 24227.1 = 0.72 Not significant at 5% level.
3,086,0

Without the knowledge that interpretation of the F value is restricted,
Table IV would indicate that once Method IX is excluded the remaining
Methods are in agreement., Exclusion of Method IX is supported by inspec-
tion of the raw data; the further inference thet remaining Methods are in
agreement is uncertain,

WADC Materials Laboratory enalyzed the seme Alloy specimen by both
Methods I and III (vacuum fusion operated at 1900°C and 1400°C)e If the
data are used for a separate analysis of variance, Table V, a g8ignificant
difference between the two Methods is seen:

F = leéan square for Method I vs, Method III
mear square for triplicate observations (error

21146 = 10.4%% Significant at the 1% level,

“20.%

n

F
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This gives an idea of the weaknegs of the Table IV comparison of COther
Methods, imposed by deviations from rendomness of the Laboratories within
Methods term by which Methods were tested.

The conclusions from comparison of Methods, then:
a, One Msthod is readily seen to differ from the rest

b, The snalysis of variance suggests that non-agreamsnt due to the
remaining Methods is less than non-agreement among Laboratories
themselves

¢s No inference about agreement among the remaining Metheds is
really justified

de To establish an exact test for agreement among Mstheds, 2 much
more elaborate experiment would be required with replication
for each Laboratory te provide the necessary randomness,

C arison o boratories wit th

while non-randomness of the nested facter Laboratories weakens the
comparison of Methods since this is the yardstick by which Metheds are
judged, the nen-randomness does net jeopardize comparison of Laboratcories
themse lves,

The straightforward test weuld be to disregard the classification by
Methods and to test the factor Laborateries by an error term derived from
all triplicate observations. Doing this, non-agreement is readily seen.
The next question is whether Laboratories using any one Methed might
agrec smong themselves. The error term is derived for only the Labora-
tories being teated,

Laberateries Errer {triplicate obs.) Reg'd fer

Methed M.Se Se3, DeFo  MsSe F 8i e
I 5399.9 9862.7 118 83.58 6l 61%%* 2.68/3.95
11 156.8 6020,0 90 66.89 2.34 3.10/ 485
III 306543 9196,0 266 3457 88,674 1.98/2.58
Iv 4080.4 790.7 60 13.18 309.59% % 400/7.08
v 1173.7 1844.7 48 38.43 30540 LeOU/T.19

The three Laboratoriass using Methed II appear te be in agreement; elsewhere,
Leboratories using the same Method de net all agree. Undoubtedly it would
be possible to select pairs or groups of Laboratories which agree, and
might agree alsc with the Laboratories of Msthed II, but this grouplag
would not correspond to a clagsificatien by the Methed used,

Agreement does net imply accuracy, for ne absolute standards exist
by which accuracy can be judged. It would be sufficient fer the present
if Laboratory agreement could be achieved, or at least if Laboratories
were known te differ by a constant and predictable bias,
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To see if a fixed bias exists for any of the Laboratories, a regressicn
line (the best fitting straight line for all of the hydrogen values) for
each Laboratory is shewn in Figures 1l through 15. Calculations are similar
to the familier method of least squares for curve fitting.

It iz to be expected that the slopes ef these regression lines will
vary from unity (which weuld represent perfect agreement with calculated
mean hydrogen values), but the lines should be clustered fajirly cleosely
about the dashed unity-slepe lime., Only the regression line is shewn,
*Gocdness of Fit* of actual points teo the regression line 13 indicated
by the term sum of deviatiens from regression, dzy.x.

A regression line paralleling the dashed line and separated from
it by an appreciable distance would be an indication of a fixed bias.
Several of the Laboratories show such a bias; most, however, show regres-
sien lines skewed to the dashed line so that an average bias determined
a2t the center would net held over the entire range of hydrogen values,

Agreement among Laborateories can be ferced by using as & cerrection
factor the average of the bias at O ppm hydrogen and the bias at 300 ppm
hyaregen, applying this to each hydrogem value for the Laboratoary. Teo
obtain agreement, it is necessary to adjust every Laberatory having a
bias of 4 ppm or greater. The adjustment will naturally be most effective
near the center of skewed linea, but this range ef hydrogen values aroumnd
150 ppm is the one of most practical importance,

Table VI shows the average bias determined for each Laboratory.
It is pet recommended that these correction factors be adopted by the
individual Laboratoriea without further confirmation,

Specimen Non-Uniformity

Just by inspectien, there is reason to suspect that specimens of
the same alloy differed in hydrogen content. In the statistical snalysis
of Table IV, the effect appears in the term Alloys by Laboratories within
Methodse Three other sources possibly contribute to the interaction
significance:

2. The alleying elements by which Alloys differed may influence a
Iaboratory's ability to determine hydrogen,

b. A Lesboratery's accuracy may not be consistent over the range of
hydrogen contents provided,
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TABLE VI

DETERMINING AVERAGE BIAS FOR LABORATORIES FROM REGRESSION LINES,
FOR ADJUSTING HYDROGEN VALUES TO FORCE LABORATORY AGREEMENT

Method and Iaboratory Slope ¥y intercept Bias at Average

b (x = 0 ppm) x = 300 ppm Bias
a

I WADC Materials Lab. 0.9631 + 3 - 8 - 2
ladish Company 0.9527 + 11 - 11 0
Republic Steel Corp. 1.0125 + 15 + 19 + 17
duPont 0.9842 - 7 - 12 - 9
Il Battelle Mem. Inst. 0.9412 + 4 - 14 - 5
Naval Research Lab. 1.0290 C- 5 + 4 0
Electro Metallurgical Co. 1.0675 - 10 + 10 0
III WADC Materials Lab, 0.9715 + 5 - 3 + 1
Republic Steel Corp. 0.9946 + 9 + 8 + 8
Mallory-Sharon 1.0973 - h + 26 + 11
Wyman-Gordon Co. 0.9725 - 1 - 9 - 5
Westinghouse 1,0335 + 2 +12 + 7
Pratt & Whitney Acft, 1.0360 + 2 + 12 + 7
Rem=Cru Titanium 0.8393 + 17 - 31 - 7
Watertown Arsenal 0.9416 - 6 - 23 - 14
Armour Research Fndn., 0.9601 -1 - 13 7
IV  Brush Laboratories 0.9247 - 1 - 24 - 12
National Research Corp. 1.0535 - 4 + 12 + 4
V  Allegheny-Ludlum 1,0545 - 2 + 14 + b
Titanium Metals Cocrp. 1,1365 - 6 + 34 + 14
VI duPont 0.9527 - 3 - 17 - 10
VII Frankford Arsenal 1,0318 + 11 + 20 + 15
VIII Dow Chemical Company 1.0976 - 17 + 12 - 2
IX General Electrie 1.0759 + 85 +108 + 97

(ANP Division)
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ce Some laboratories may have cbtained the triplicate determinations
for an Alloy specimen in one analytical run, with day-to-day
differences appearing between Alloy specimens, Day=-to-day
differences should appeer randomly among the triplicate deter-
mipations to yield the best estimate of analytical cepability
(the truest error term),

These three effects, along with specimen differences in hydrogen content,
cannot be separated, but are represented together in the Lsboratory-Alloy
interaction term. It would be possible to separate them by proper repli-
cation in an experimentel design if the additional information werranted

the hydrogen determimations required,

Suspicions of specimen differences are confirmed by Alloys RR j and
RR 14, where the same bar was reintroduced in the experiment with apecimens
machined from opposite ends. Each specimen was taken as an element of the
bay, from near-center to near-surface. No difference is found between
ends, but is found between elements within ends. Radial non-uniformity is
far more pronounced then longitudinal non-uniformity. Several other bars
were examined, Table VII, and found also to exceed the veriation to be
expected from chance alone,

Two sets of specimens were distributed to duPont, who analyzed each
set by both Method I and Method VI. This in effect provides the desired
replication so that further informstion ¢an be obtained from this dats,
as presented in Tables VIII and IX. The term Specimens of Table IX
corresponds to the Laboratory cla&ssification of previous tables, and by
not showing significance confirms that specimen non-uniformity does not
prejudice Leboratory comparisons. The importent informetion sought from
Table IX, however, is a distinetion between the effect of apecimen
differences and other sources which would contribute to an interaction
t eIM,.

If the other sources - that is, inability to handle the elloying
elements, or the extended range of hydrogen contents, or if day-to-day
errors appeared between specimens of the various alloys -~ acted to inflate
the interaction term, these would appear for either set of specimens,
Differences between specimens would appesr only in the interaction term
vwhen the two sets are compared. In Table IX, only the interaction term
comparing the two sets of specimens is significant. Lack of significance
for either set alone indicates the three other sources for =n inflated
interaction are not of major importance.

Without this type of experimental replication, this observation
cannot be made for other Laboratories and Methods.
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TABLE VIIX

HY DROGEN DISTRIBUTION ACRCSS THE DIAMETER OF THREE BARS, RR 5, RR 8, AND RR ¢

Hydrogen Distribution {in ppm)

RR 5 FR 8 KR 9
Position 1 63 114 72
63 113 72

2 84 113 77
81 114 76

3 86 111 7
84 109 77

L 86 108 T
84 110 72

5 69 109 72
73 110 1

6 66 109 66
64 112 67

Hydrogen determinations cobtained by WADC Materials Laboratory.
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Anslvticel Reproducibility

Analytical reproducibility expressed in the triplicate hydrogen
determinations for each specimen has been the basic yardstick by whieh
experimental factors have been judged.

The mean square or variance derived from these triplicate determina-
tions is the squere of the stendard deviation, sigma, which is a descriptive
term for reproducibility or precision.

A standard deviation taken from the mean squere for all enalyses in
Table IV (excluding those of Method VII & IX) is approximetely 7 ppm.
This seys that in running repeated determinations on the same specimen,
about two-thirds of them can be expected to fall within plus or minus
7 ppm of the grand mean of all determinations. This is & composite figure,
based on all Laboratories.

Some Laboratories may do better, as shown by Table X. Closer agree~
ment can be obtained by always running check analyses at the same time
if desy-to-day errors are apprecisble, but this is a claim for betiter _
analytical capability then is justified and from time to time would cause
suspicions of real differencea between specimens where none actually
exists. It is not known how meny of the participating leboratories
randomized the order between days when running the triplicate determinations
for this experiment, but where known this in indicated in Table X,

Note that even when day-to-day errors were introduced by these
Laboratories, the standerd deviations nevertheless are lower than for many
others, Analytical reproducibility or precisiocn for some of the Labora-
tories is a cause for concern.

It might be speculated that this evidence of poor reproducibility is
actually evidence of non-uniform hydrogen distribution even between
analyses taken as close together as possible, There would be some justi-
fication for this view, as shown by the following exemination of sampling
from various heats of mill products.

UNIFORMITY IN DUPLICATE ANALYSES FROM SMAIL SAMFLES OF MILL PRODUCTS

When duplicate specimens are taken &s closely together as possible,
for check analyses, it is presumed that they are identical in hydrogen
content. This assumption itaself may be questioned, in which case resolving
a dispute between leboratories beccmes difficult, The four titanium
producers were asked to sample six rendomly chosen sheets or bars from
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TABLE X

CCMPARISON OF ANALYTICAL REPRODUCIBILITY FOR LABORATORIES

Method and Laboratory Variance, Standard
triplicate Deviation
cobservations
I WADC Materials Iaboratory 2547 51 Includes day error
Ladish Compeny bli 5 6.7
Republie Steel Corporation 2732,7 ir,.2
{Alloy Division)
duPont, lst set of specimens 28.3 5.3
duPont, 2nd set of specimens 36.4 6.0
IT Battelle Memorial Institute 43.4 6.6 Does not include
day error
Naval Research Laboratory 4Tl 6.9
Electro Metallurgical Co. 140.0 11.8
III WADC Meteriesls Leboratory 15.3 349 Includes dsy error
Republic Steel Corporation 47.4 6.9
(South Division)
Mallory~Sharon Titenium Corp. 18.6 le3
Wyman-Gordon Company 10.4 3.2
Weatinghouse Electrie Corp. 25.6 Sel
Pratt & Whitney Aircraft 41.9 6.5
Rem=Cru Titanium. Inc, 705 2.7
Watertown Arsensl 85.5 Ge2
Armour Research Foundation 25.6 5el
IV  Brush Lesborstories 20,9 L4e6 Includes day error
National Research Corporation 5e5 2.3
v Allegheny-Ludlum Steel Corp. 79 2.8
Titanium Metals Corp. 5648 7.5
VI  AuPont, lst set of specimens 62.8 X
duPont, 2nd set of specimens 20.7 Le5
VII Frankford Arsenal 162,2 12.7
VIII Dow Chemicel Company 6446 8.0
IX  General Electric Co, (ANP Div) 52443 22,9
WADC TR 54~616 Pt II



three heats of one or more amlloys, by which an estimaste of the difficulties
in obtaining satisfactory duplicate specimens could be had.

From sheet, the samples were taken aa strips about 8 inches long
from the perimeter and presumably at the midpoint =along an edge. Bar waa
sampled at some convenient point, either at an end or & cut-in. Randomizea=
tion of these locations was not sttempted both beceuse of its destruetion of
material and because this experiment did not seek to characterize the entire
sheet or bar but rather to examine localized distribution of hydrogen.
Figure 16 shows the manner in which positions were layed out on these
samples, Designating an end as End 1 and the other as End 2 is merely a
convenience and does not imply eny special associaetion in this way.

Remembering that this type of sampling is not intended to accurately
portrey differences between heats or sheets, nevertheless it is interesting
that in some cases these differences are great., From position to position
within samples, the hydrogen content is sometimes consistent, scmetimesz not.

The standard deviations obtained from duplicate determinations for
each heat are shown below:

Heat 1 Heat 2 " Heat 3
Std, Dev, 3td, Dev, Std, Dev,
Ii-1004 Sheet
WADC Materials Laboratory 1.7 1.3 510
8 Mn Shee Republie Steel
WADC Materials Laboratory leb 2.7 565
8 Mn Sheet. (Rem-Cru)
Battelle Memorial Institute 2.l 1.7 1.7
8 Shest, (Mallory-Sharon
Battelle Memorial Institute 245 2.0 2.7

These standard deviations give an idea of how much veriation cen be
expected in results on presumably identical specimens, DBattelle analyses
did not include day~to-day error, and hence are a more favorable estimate
of very locslized material non-uniformity. The WADC Materials Laboratory
analyses show a possible effect from unavoideble equipment breakdown and
delays and change of operators.
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Selection of Specimens from Sheet Sample

2%

L

SN TS

T
- @

Selection of Specimens from Bar Sample

Figure 16 - Specimens from Small Samples of Mill Products for
Checking Uniformity in Duplicate Analyses.
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HYDROGEN DETERMINATIONS (in ppm) BY WADC MATERIALS LABORATORY
ON RANDOM SHEXTS FROM THREE HEATS OF Ti-l40A

TABLE XI

Heat 1 Heat 2 Heat 3
End ] Center End 2 End 1 Center Fnd 2 End J] Center End 2
Sheet 1| 48 47 L5 53 57 57 T4 63 71
56 47 49 54 57 58 72 65 67
Sheet 2| 44 by 46 55 56 57 63 63 64
43 43 45 56 56 56 b4 81 64
Sheet 3| 80 86 75 60 59 60 60 60 70
81 85 73 56 57 60 59 59 68
Sheet 4 | 68 62 65 54 51 50 62 62 70
69 65 66 57 50 52 65 76 69
Sheet. 51 74 72 68 59 56 55 67 70 75
T 72 69 59 54 57 66 71 72
Sheet 6] 49 48 45 56 5 53 70 73 i
49 48 46 53 53 53 69 74 75
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TABLE XIII

HYDROGEN DETERMINATIONS (in ppm) BY WADC MATERIALS LABORATORY
ON RANDOM SHEXTS FRQM THREE HEATS OF REPUBLIC STESL 8 Mn

Heat 1 Heat 2 Heat 3

End 1 Ceater End 2 End 1 Center End 2 End 1 Center End 2
Sheet 1 73 ‘70 81 70 70 65 62 65 63
76 69 92 70 65 6k 58 61 56
Sheet 2 100 115 104 56 62 64 77 65 64
101 116 109 60 59 70 79 76 76
Sheet 3 93 10, 110 62 59 60 57 69 61
103 106 108 62 59 59 70 56 63
Sheet 4 75 71 86 81 75 78 69 72 67
73 73 79 79 75 75 70 T4 75
Sheet 5 78 71 86 56 bl 51 61 82 82
76 80 90 56 52 52 79 82 84
Sheet 6 101 84 71 61 62 63 82 78 77
96 75 86 59 60 62 82 79 75
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TABLE XV

HY DROGEN DETERMINATIONS (in ppm) BY BATTELLE MEMORIAL INSTITUTE
ON RANDOM SHEETS FROM THREE HEATS OF REM-CRU & Mn

Heat 1 Heat 2 Heat 3

End 1 Center End 2 End 1 Center End 2 End 1 Center End 2
Sheet 1 79 79 81 88 86 86 66 63 64
79 80 82 90 86 84 70 64 62
Sheet 2 73 78 78 85 90 93 84 81 79
82 77 76 85 86 95 8l 82 81
Sheet 3 77 Th 78 79 82 83 69 79 75
78 76 72 81 83 81 72 79 75
Sheet } 73 80 78 78 h 76 72 b4 66
7 8o Th 75 77 75 71 66 65
Sheet § 72 73 72 108 93 g7 60 5L 58
Kg! 72 70 108 91 92 59 59 58
Sheet 6 86 90 86 92 92 9l 86 79 72
84 92 84 L 9% 97 82 83 74
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HYDROGEN DETERMINATIONS (in ppm) BY BATTEILE MEMORT AL INSTITUTE

TABLE XVII

ON RANDCM SHEXTS FROM THREE HEATS OF MALLORY-SHARON 8 Mn

Hest 1 Heat 2 Heat 3
Znd@ 1 Center FEnd 2 End 1 Center Hnd 2 End 1 Center End 2
Sheet 1 183 188 187 146 156 156 146 134 134
183 188 186 148 158 159 143 135 131
Sheet 2 178 188 189 141 155 153 138 132 128
177 194 188 146 153 152 143 132 127
Sheet 3 191 197 194 155 155 150 133 137 142
192 195 191 157 156 151 133 136 141
Sheet 4 206 191 196 147 148 152 158 155 157
195 196 200 149 150 152 158 158 169
Sheet 5 191 192 198 155 156 145 ' 152 148 146
189 191 196 151 155 146 155 146 148
Sheet 6 184 186 190 167 149 14k 154 157 152
182 185 192 160 150 148 156 156 158
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TABLE XIX

HYDROGEN DETERMINATIONS (in ppm) BY REM-CRU
ON RANDOM BARS FR(M THREE HEATS OF C=1304M

Heat 1 Heat 2 Heat 3

End 1 Center End 2 End 1 Center End 2 End 1 Center Engd 2
Bar 1 12) 117 112 93 90 97 101 104 100
Bar 2 118 113 108 125 130 128 104 104 99
Bar 3 84 85 84 99 98 104 97 101 87
Bar } 87 89 87 103 103 101 92 99 93
Bar 5 86 8l 8l 98 92 95 96 91 96
Bar 6 97 98 102 98 101 99 89 95 85
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SUGGESTED EXPERIMENTS FOR RESOLVING DISPUTES BETWEEN LABORATORIES

Conditions: A single sheet of material involved, with two lsborateries

Sampling:

8.

b.

:

disagreeing,

<)
Ow
D,

7

Six individual aspecimens cut at each position, three randcmly
assigned after cutting to each laboratory.

Each laboratory to perform the required twenty-four determinations
in & single run if possible. If not, both laboratories must
agree to randomly assign individuel specimens among the alloted
days.

Sheet Fositions

3l 2 3 4 .5 6 __7 _8

X X X X X X X X

Lab A x x X X X X x x
X X X X X X X X

X ¥ X X X X X x

lab B ¥ X X X X X x X
X X X X*® X X X X

It is important that nc specimens be logt during analysis.
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Calculationg
I. Caleulate X and R, for each laboratcery and for data pooled.
i = Averege; R = Range

II. 4Analysis of variance:

Degrees Req'd for
Source of Variation of Sum of Mean Tesat Significance
Freedom Squares  Square by F 5% 1% levels
(1) Between Labs 1 (4) Le15/7450
(2) 4mong Positions 7 ' (4) 2.32/3.25
(3) Llsbs x Positions 7 (4) 2.32/3.25
(4) Among triplicate
determinations 32 ——— emau=
for Lab A 16
for Lab B 16
Total 47

To find Sums of Squaress:

5,3, Total = £(x2) -i% where X = the individual hydrogen value,
4
2(12) = the sum of each value squared
S.3. Lebs = (gL, -£LB)2 where E_LA = the sum of values obteined
48 by lab A,
5.5, Positions = (£1)°+ @)% @)% @ @5)% @) @)’ @8)°
6
- £x
48

where £1 = the sum of all wvalues for Pesition 1
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S.S. L x P = (8a1)%+ (w)2+ CEA3)2+ ete + (231)2+ (232)2+ ete

3
-2X - S.S, Lebs ~ S.S5, Positions
48
= 2 2 2, . 2 2 2
5.5, Observations = E(X)° - (3A1)°+ (Sa2)°+ ($A3)°+ etc + (EB1) + (EB2) + etc
3
The Mean Square = 3um of Squsares

Degreea of Freedom

and F = Mean Square for factor being tested
Mean Square for Observations {error)

This tests an hypothesis that the numerator is only another estimate of
experimental error and the test ratio veries from 1.0 only by chance
sampling effects, This is related to probability by a table of F values
giving levels corresponding to & 1 in 20 end a 1 in 100 chance thet this
variation of F from unity is by sampling or chance effect alone. The
converse, then, is that an F value exceeding the 5% or 1% level is the
result of a real effect.

Interpretation

In the Analysis of Variance, if (1) is significent then the difference
between X obtained by esmch lsboratory is more than would be expected from
experimental error. If (3) is significant, this difference is not constant
from position to position and varies more than would be expected.

If (2) is significant the sheet has non-uniform hydrogen distribution
judged by sempling from its edges. The Range is greater than it would
ba from experimental error alone, Additicpal information can be sought
by comparisons of step III.

111, Compere from edge vs. rear edge, top edge vs. bottom edge, corners
v3. midpoints. Other comparisons are possible, such as compering one
corner vs. other corners, but these can as easily be made by inspection,

Calculations

S.S. front vs, rear * Positions 1, 8, 7 vS. 3, 44 5

(@1 458 +27 .53 -3 -35)°

36
Degrees of Freedom = 1 Req'd for significancé at
5% level, L.l15
F = MsS. front vs. rear 1% level, 7.50

M.S. observations (error)
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S. S. top vs. bottom = Positions 1, 2, 3Vvs. 5, 6, 7

"

Gl +Z2 +x3 - 35 - T - .-1:5)2

36
Degreesof Mreedom = 1 Req'd for significance at
5% level, 4.15
V3 bottom l% level. 7050

M.S. observations (error)

S. S. Corners vs,
Midpoints = Positions 1, 3, 5, 7 vs. 2, 4, 6, 8

= () +33 +55 +£7 .32 -3, -6 -:8)2
48

Degrees of Freedom = ] Req'd for significance at
5% level, 4.15
F = M.3, gorpers vs, midpoints 1% level, 7.50
M.S. observations (error)

Comments

If more than one sheet is to be considered, the volume of analytieal
work per sheet may be reduced by obtaining hydrogen determinations in
duplicate rather than in triplicate. This still gives a reasonable

estimate of experimental error. Calculations for such an experiment should
be outlined by a statistieian,

It is importent that no specimens be lost during analysis,

CONCLUSIONS

1. While one of the methods for hydrogen determination celearly differs
from the rest, it cannot be established thet the remaining methods
do not contribute in part to differences between laboratories., It
does appear that the method is a lesa influential factor than differ-
ences among laboratories themselves using the same method.

2. Leboratories in general are not in adgreement. Certain groups could
be found which agree, and one such group are the three laboratoriea
using Method II. Some few lsboratories show a constant bias, indi-
cating a celibration error in the equipment perhaps. Most show a
bias which changes over the range of hydrogen contents, but agreement

¢an be forced in this experiment by adjusting individual hydrogen
values where a laboratory shows a bias greater then 4 ppm in the
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be

Se

neighborhood of 150 ppm. the range of most practical importance.
Experience may show that a correction factor for an individuel
laboratory is permissible, but experience alone would be the basis
for such action.

It cannot be established that laboratories have equal asnalytical
capabilities for ell alloys, since this observation is confounded
with differences in hydrogen content between specimens taken from
mill products. One instance jinvolving Methods I and VI indicates
that only the specimen nop-uniformity is significantly contributing
to the interaction term. This is of perticular interest since
Method VI (Equilibrium Pressures) requires a calibration curve for
eech alloy making it prome to & lack of agreement with Vacuum
Fusion for some alloys.

Not only do laboratories in general show lack of agreement, but some
show poorer reproducibility than might be expected, When day-to=-

day error is jntentionally introduced by a few of the lsboratories,
reproducibility is reasonebly good, howevers.

It is apparent that acceptance jnspection of materiel must be designed
to sample as many individual shects or bars within en order as can be
accomplished, since differences between sheets or bars cen be signifi-
cant. A stendard deviation of about 3 ppm cen be expected just from
duplicate analyses® ©On sheet, analyzed without dey-to-day error, 80
that the individuel sheet should be considered & heterogeneous item,
and sampling et a number of Jocations within the sheet should be
practiced to adequately rule on disputed sheets.
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APPENDIX

Preparation of Reported Deta fof Statistical Analysis

The hydrogen determinations presented in Table II are treated in
the following manner to adapt them to statistical enalysis. Resulting
data sre given in Table III of the report,.

a. JIncomplete datae Only data where at least two valid determina-
tions are reported for each specimen are
statistically analyzed, with the exception of results by Method VII where
some comparisons are made,

b. Rounding-off values Hydrogen determinations reported to
three significant figures are rounded-off
to units of parts per million (0.0001%), and to the nearest even integer.

¢, [Missing valuesg The arithmetic mean of the other two values
' is entered for 2 missing velue., This decreases
the degrees of freedom for the error term and the total by one for each
such value supplied,

Method Laboratory Alloy Reported Value
values Supplied

I Ladish Company RR 4 134 137 136

duPont, lst set specimens RR 4 100 89 94

III Republic Steel RR § 86 79 82

Watertown Arsenal RR 2 122 103 - 112

RR 15 247 244 246

Armour Research Foundation ER 6 9 15 12

v Allegheny=-Ludlum Steel RR 1 128 124 126

RR 2 142 149 146

RR 3 139 14 140

RR 4 154 156 155

RR 5 7 T4 73

RR 6 42 43 42

RR 7 83 84 84

RR 8 105 107 106

RR 9 74 718 76

RR 10 136 142 139

FR 11 180 187 18y

Titenium Metals Corpe. RR 11 200 202 201
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Method
VI
X

de

Method

II

I11

Iv

VIII

Excegs values

Iaboratory

duFont, lst set specimens
duPont, 2nd set specimena

General Electriec (ANP
Division)

-
[
o
<&

e~ ey

CEEEREEE
=N

3
&

Reported

valyes

105
110
99
65
108
88
388
207
386

107
108
97
64
112
83
381
198
373

Value
Supplied

106
109
98
64
110
86
384
202
380

Where determinations in excess of the three

requested for the specimen &re reported, these
are rejected by use of a table of random numbers (Table 1.2, pp 10-13,
Statistical Methods. Snedecor,)

Leboratory

Naval Research Laboratory
Electro Metallurgical Co.

Rem=Cru Titanium, Inc.

Watertown Arsenal

Brush Laboratcries

Dow Chemical Company
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