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nitroso~R-salt, Without prior separstions colorimetris procedures are not

generally applicable when large smounts of other cations are present,
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have the advantage that {t would have reducing properties only in the
presence of a suiteble complexing agent, Henece, & solution of cobalt sul-
fate could be stored indefinitely without change, and only on addition %o a

aolution conteining & diemine would it become & reducing agent.
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RXPERIMENTAL WORE, PART ONE, THE DETERUMINATION OF COBALT,
A, Belection of Dismine

A number of amines were studied as possible a&wwaaa%aﬁm for ammonia
in the »gwawgue, titration of eobalt, Among these wers tristhylsnetetra-
emine, propylenediamine, dilethylesmetriamine, trimethylenediamine, ceww:ac..
dismine, snd tetrsethylenepentsamine, In Figure 1l are shown representative
curves for the potentiometric titratiom of cobalt with ferricyanide in the
presence of four of these smines. All proved of dwwﬁ in their complexing
aotion &.aw trivalent cobalt, snd of them ethylenediemine gave the best
titration., With the others some drifting of the potential was observed
during the titration, and in some ¢eses equilibrium conditions were resched
slowly,

The advantages of using ethylenediemine in place of smmonla in the
ferricyanide titration were readily apperent., The gobaltous~ethylenedismine
eomplex is a stronger reducing agent by some 0.5 volt than the corresponding
axmonia-cobalt system; the potential bresk at the equivalence point in the
sitration is thus augmented by a2 similar amount, The determination can be
carrvied out as a direct titration in most cases, A further advantage in
using ethylemediamine is that if a suitable complexing agent is used cobalt
nay be determined in the pressnce of manganese,

The cobaltous-ethylensdjamine compound is a powertul reducing agent,
the redustion potentisl approsching that of the chromous-ghromic system.
Aecordingly, oxygen must be removed from the solution prior %o the addition
of othylenediamine, This is conveniently aceomplished by passing oxygen-free



Pig. 1 Titration of Cobalt Sulfate with 0,01 N Potassium
Ferrioyanide, Effect of Amine on Titration Curve. '
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nitrogen through the solution to be titrated. Air must also be exeluded
during the astual titratiom, |

As 1in the titration using smmonis, the presence of the salt as well sas
the free amine is essential, If sthylemediemine alone is present the
potential drifts seriocusly; when both free diamine end its salt are present
the potential rapidly reaches a steady state. The ethylenediammonium salt
is conveniently formed in esitu by neutralizing the acid remaining after
dissolution of the sample,

B. Reagents and Apparatus

1. Ethylenediemine,

Commeyeial ethylenediemine was distilled over sodium hydroxide. The
fraction boiling between 11§~116° was collected,

2. Standard potamssium ferricyanide,

Approximately 0,01 N potassium ferricysnide solution was prepared by
dissolving 6.6 g. of the reagent grade chemical im two liters of water,
The solution wes placed in a Machlett buret and was freed of oxygen by
pessing aitrogen through it for four hours. It was them standerdized

against cobalt sulfate,

3. Cobalt sulfate,

The reference standard, anhydrous ¢obalt sulfate, was prepared from
reagent grade material in the following manner. Cobalt sulfete was first

sonverted to hexemminoeobalti oxalate (47). ~ The luteo oxalate was then
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ignited at & dull red heat to eobeltic oxide. The oxide was dissolved in
sulfuric acid and the solution filtered and concentrated. The cobalt sul-
fate was finally heated to 555° (48),
Reugent grade acids and chemioals were used throughout this work une
less otherwise specified, ; |
All solutions used in the actual titrations were freed of dissolved

oxygen by passing nitrogen through them for ope hour,

A Beckman mal ¢ pH meter was used as af‘p@%mﬁmnar. Bright plati-
num end saturated calomel electrodes were am. The titrations wers per-
formed ia the three-necked vessel shown in Figure 2, A Beckman Model B
spectrophotometer was uged for the colorimetric determination of permane

ganate,

" 5. Nitrogen,

Commercial nitrogen ges was passed through a vanedous sulfate uwww
tion train to remove trace amounts of oxygen (49). 'ﬁm terminal shsorption
bottle contained water 80 as to saturate the ges with water vapor et room
temperature, |

All titretions were performed et yoom temperature unless otherwiss

noted,
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Fig, 2 Titration Vessel
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ferrioyanide was added and the excess back titrated with cobalt sulfate,
In either method the potential break wes largs and the syatem reached
‘am&,w»wﬁﬁ. rapidly. The direst titration was the more econvenient and is
recommended except for those ceses in which cobalt is to be determined in
the presence of silver or shromium-molybdenum-venadiuwm {or tungsten) as

- noted subsequently., The back titration must be used in these cases,
1. Iron.

When cobalt iz to be determined in the presence of maerc amounts of
iron 1t is necessary to add a eamplexing agent to prevent the presipitation
of ferrie hydroxide from alkaline solution. Use of citrate, tartrate,
pyrophosphate, fluoride, sulfosalioylete, and memnitol have been reported
in this conneotion., Citrate, tertrate, and sulfosalicylate worked very
well im the presence of ethylenediamine as inhibitors for the precipitetion
of ferric hydroxide, and these resgents of themselves did not interfere in
the determination of cobelt, Fluoride, pyrophosphate, and mannitol were
unsatisfastory owing to sither the formation of & eﬂ%pﬁ.gi or to inter-
ference in the titration with ferricyanide,

The presence of ferrie iron changed the potential st the start of the
titration, shifting the single eleotrode potentiel of the platinum, indics-
tor electrode in the positive direstion (reduetion potentisl basis) by an
amount mgguu& ¢n the amount of irom w&eg? In the case of steel
samples in which as §§ a8 0.5 g. of iron was predent, the potential was
shifted from -0.6 v. 0 =0.2 v. toward the saturated calomel slestrods, I%
18 appsrent thet ferric iron equivelent to the ocbalt was reduced and that
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Titration of Cobalt in Stainless Steel, Direct Titration

Procedure in the Presence of Ethylenediamine and Sulfosalicylate,
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Table 1. REffect of Other Metal Jons on the Direet Titration
of Cobalt with Perrioysnide in Ethylenediemine Solution,

: Other Metal Complexing
Cobalt Taken, Cobald Found, Ion Present, Agent
ng. ng. ng.
11,94 11,94 Ki, 19.0% Citrate
11,94 11,90 Hi, 19.0% Bulfosalicylate
11,94 11.94 . Pe{111), 10,3 Citrate
11,94 11.87 Ye(III), 10.3  Sulfosalieylate
11,94 17.0 ¥n{1I), 11.7 Citrate
11,94 11,92 ¥n{X1), 17.7 Sulfosalicylate

5.9 5.91 ¥n({11), 208 Sulfosalicylate

In an ethylenediemine solution, manganese was oxidized by ferrioyanide
to manganese dioxide, When cobalt um; manganese were both present in the
solution the titration went in two steges; first, the cobelt was oxidized
and then the mengenous sslt wes oxidiged to the dioxlde., Howsver, the
oxidation of manganese teaig, place slowly es the eguivelence point wes
approached, end the exsct }waitwu of ,%w end point depended on the rate of
sddition of ferricyanide., The slownese cf the system to reach equilibrium
sppeared to be & measure of the rate of formation of menganese dioxide.

Mangenese was pertially oxidized te the trivalent state in an ethylene-
dlsmine solution aanﬁaﬁing sitrate, The oxidetion of manganese was
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, AW. in the presence of large emounts of iron. Major amounts of ferris
" iren shifted the initial potentiel in the positive direstion to such an
extent that the break at the manganese ead point diseppeared, Figure 7.
Amounts of irom up to four or five times that of mangenese could be toler-
ated,

gt titration. Sexavalent chromium, molybdenum, and tungsten,
and pentavalent vanadium interfered in the direct titration of cobalt with
ferricyanide in an ethylenediamine-citrate solution., The cobaltous-
ethylenedianine systen asmu.uy present redused the higher valent forms
of these elements to lower velent forms; reoxidation by the ferricyanide
proceeded slowly end was not complete,

The interference of chromate in the direct titration of cobalt was
obviated by reducing the ahmm% 0 WM¢ fon which 4id not interfere,
Strong reducing agents were aveided since it was desired to reduce only the
chromate, This reduction was conveniently effected by adding hydrogen
peroxide to an acid solution of the chromate and then boiling to destroy
the sxcess peraxide, The peroxide redustion could not be used if tungsten
or molybdenum were present owing to the formation of stable peroxyacids of
these slements which interfered with the subsequent titration., When these
elements were present it was neeessary to use the back titrstion methed,

{v) Back titretion. Im the back titration procedure, chromate,
tungetate, molybdete, end vanadate did not interfere in the determination
of cobalt either when present singly or when present in ;mirh, However,
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Table 2. Effect of Other Metal Ions on the Back Titration of

Forrioysnide with Cobalt Sulfate in Ethylensdiemine

Solution.

Hundredth Normal Solutions Used,

Cobalt Equivalent

Cobalt Required

Other Metal
of Feyricyenide for Back Titra- Ion Present, Complexing
Taken, mg. tion, mg. ng. Agent

13.25 13,20 - or{vr), 2.84 Citrate
13.2% 13.42 cr{vy), 2.84 Sulfosalicylate
13,25 13.13 TV, 19.7 Citrate |
13.25 13.42 v(v), 19.7 Sulfosalioylate
13,28 13.25 Mo(VI), 32.9 Oitrate
13,25 13,25 Mo{VY), 32.9 Sulfosalicylate
13,25 12,42 AR, 22.3 Citrate
13.25 12,84 Ag, 22.3 Sulfosalicylate
13,25 13,85 wivr), 85.8 Sulfosalicylate
13,30 13,24 v(V), 19.7 Citrate
13.30 13,24 v{v), 1%.1 .

wtvﬁ. 850&
13.30 13,20 vv), 19.7 »

Mo(VI), 65.8
13,30 13.37 w(vi), 8s5.8 "

Hami, 65.8
13.3¢ 13,24 ce{v1), 2.54 "

w(vi), 85.8
13.30 13,34 cr(vI), 2.84 L

Mo(Vv1), €5.8
13.30 13,20 cr(vi), 2.84 .

Mo(VI), 65.8
v(v), 19.7
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Table 2 {aont,)

Cobalt Equivalent
of Ferricysnide
Taken, mg.

. CGobalt Required
. for Back Titra-

giom, mg.

~ Other Hetal

Ion Present,
RE.

Complexing
Agent

13.30
13,30
13.30

13.30

- 13,09
1.1
13,20

132

or{vy), 2.84
wivI), 85.8
viv), 19.9

Gr(vI), 2.84
w(vI), 85.8
¥o(VI), 65.6

vi{v), 19.7

ﬁﬂ(ﬂ}s 65.8
v{v), 19.7 )
Mo(VI}, 65.8

w{vi), 85.8

Citrate
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Pig. 8 Determineticr of Cobalt ia Silver-bearing Bromze. Beack Titration of Excess

Yexrricyenide with 0,01 K Cobalt Sulfate in Ethylenediamine Sclution.,
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Pable 3, Dstermination of Cobalt in Bronze {Silver Absent).*

Btandard

Alloy and Reported Weight of Ejre(CN) ¢ Cobalt Found
Analysis Sample, g. Uked, ml, Per Cont
Be=Cu~00 Alloy A™* 1,0849 6,45 0.43
{oobalt 0,53 per 1.1124 6.50 0.43
cent as determined 1.0449 6,30 0,44
spestrogrephically) 1,0868 6.51 0.44
1,1985 7.48 0.45
{eobalt 0.27 per 1,1378 4.0 0.26
cent as determined 1.0667 4,2 0.29
spectrographically) 0.9667 3.6 0.27
1,2041 4.1 0.29
Be~fu~Co Alloy C** 0.9761 4,8 . 0.36
cent as determined 0. 9702 4,6 0.35
spestrographically) 1.1519 5.1 0.37
1.0803 5.3 0,36
Anpeo #91 Bronze 0.3409 14,35 2.92
{sobalt 2,897 per 0.3868 16.5 .97
0.1992 B.35 2,91

0.4180 17.62 2,93

*Results given are for consecutive anslyses on each sample.,

**gneetrographic analysis of Be-fu-~Co alloys showed the presence of the
following: Be, 1.0~2.25 per cent; &n, 0.05-0.40 per cent; and small
anounts of Fe, Si, A, Pb, Un, and Ni.
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Table 4, Determination of Cobalt in Silver-bearing Bronze,

Baek Titretion of Hxcess FPerricyanide with Cobalt Sulfate,*

Stendard Standard
Weight of E Lﬂ‘a{mﬁ Co80y Cobalt Found
Sample, 2. Agéaa. . Used, nl, Per cent
0.4978 . 25 135.6 1,73
0,594 25 10,4 1.7
0.7020 25 71.80 1.73%
0.4568 25 14,2 1. 79

Average 1.75

*Analysis of Be-Cu~Co Alloy D: Co, 1.71 per cent; Be, 0.25-0,50; Ag,
Oo 9@""1016: Also small smounts ot ?9, 8&.; Alg %, %) zﬂg and Wi,
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Teble 5. Determination of Cobalt in Armeo
Stainless Steel j29. Direct Titration,*

Stenderd

Weight of E;Fe(CN) Gobalt Pound

Sample, g. Ugaa. nl, Per Cent
0. 6603 6.5 0. 64
0.8017 7.3 0,60
0.7273 6.6 0.59
0.7429 7.1 0.63

0.6653 6.4 0.63

Average 0,62

*Reported Analysis: Cr, 18 per cent; Ni, 10; Mm, 1,20-1,3%; Co,
0.,60=0,65, Ob also present in undetermined emounts.
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Since this steel is probably as complex an alleoy as is likely to be
met in practice, the failure of the present method was not totally unexpsct-
ed. The back titretion method can be used to approximste the cobalt econtent
of such a chromium-molybdenum-venedium steel, and a detailed procedure is

given for this reason.

¥. Recommended Procedures

Welgh ascurately a semple of no more than 1 g. and of such size es to
gontain 5 to 30 mg. cobald. Diesolve the sample is the minimum amount of
nitric eseid; 4 ml, are adequate for a 0.3 g, sample, 4dd 5 ml., of per-
ehlorie ecid and evaporste the solution to strong fumes over a burner,
Cool the mixture, dilute to 30 ml., end boil for five minutes, Cool egain
and transfer to the titration vessel, Bubble oxygen-free nitrogen through
the solution for ten minmutes, Ad4 ethylenediamine, 2.5 ml. for & 0.3 g.
sample, 5.0 ml, for & 1 g. semple., Titrate the sample with 0,01 X ferri-
eyanide and follow the titration potentiometrically using & platinum-
seturated calomel electrode system.

2. Gobalt in bronae (silver present),

Weigh acourstely s ssmple of 0.5 g. or of such size es to contain 5 %o
30 mg. w¢obalt, Dissolve the esmple im a mixture of 5 ml. of nitric acid
and 5 ml, of perchbloric acid, and evaporate the solution to strong fumes of
perchlorie acid. Cool the mixture and dilute to 30 ml. Boil the clear

solution for ten minutes; if & precipitate of silver chloride appears at
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V. EXPERIMENTAL WORE, PART WO, USE OF COBALT SULFATE
AB A STANDARD REDUCING AGENT,

A. Preliminsry Consideretions

Preliminery work hed shown thet cobalt sulfate is a fairly powerful
redueing agent in ethylenediemine solution, the redustion potential of the
cobaltous-ethylenediamine system being approximately -0,25 v. The cobaltouse
ethylenedianine system za} sensitive to oxygen, tut difficulty from this
direction was n&viwu& by ﬁm of a standard solution of cobalt sulfate,

The ethylenedienine was added to the solution being titrated, The reducing
agent wes thus formed iz situ upon the addition of cobalt sulfate, A
standard solution of cobalt sulfate could be made up by weight end stored
indefinitely without loss of titre.

Aside from the advanteges of stability on storage and ease of prepera-
tion, 1t wes expected that use of this reagent in alkeline solution would
enable selective reduetion of orgsnic end inorganic compounds, By choice
of diamine it was thought possible to vary the strengih of reductant and
hence ensble even more selective reductions.

Initially, howevaer, it was deemed sdvissble to study the use of the
eobaltous~sthylenediamine system as & reducing sgent for mermm come
pounds. 'This cobslt complex has the lowest reduction potentiel of any of
the sobalt-dismine systems studied; the dlamine was readily purified, and
equilibrium potentiels wers established rapidly in most cases.

‘:tt was thought advissble to iawst&aaﬁe the reduction of such com-
pounds as permenganate, dichromste, and arsenste which were known to be
effeative oxidizing agents in acid solution. The second group of elements
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0 be studied were those such as copper and mercury which formed complexes
with ethylenediemine and whioh were reducible to a lower valence state.
The final phase of this | study was concerned with heavy metals, such as
silver and mercury, which sould be easily redused o ﬁha} free metal,
Insofar as organic compounds were concernsd, the redustion of eromatic
nitro compounds was studied. It was thought possible that the cobaltous-
ethylenediamine system would reduce nitro groups to smines or possibly to
intermediate reduction atatms. ‘The axpected solubility of organic com-
pounds in ethylemediemine solution would enhence the practicality of these
reductions, Here sgain by choice of diamine it might be possible to

seleotively reduce the nitro group to & nitroso or related group.
'B. Reduction of Group VIA Anions

The first group of catioms %o be studied for théir oxidizing power in
alkeline solution were the metals of group VIA, Chromate, molybdate,
tungstate, end uranate are all fairly easily reduced in ecid solution, and
i1t was expected that while this behaviour wes pH dependent some reduction
would teke place in alkaline solution, A esloulation indiceted thet the
reduction potential for the chromate~chromous couple would bs about -0.1 v
st & pH of 10, and hence resction with the cobaltous-ethylenediamine com-
plex would be expected to osour, The other group VI metals ere lems power-

ful oxidizing agents, but at the ssme time their reduction potentials are

leas pH dependent.
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It was postulated mi; it permanganate were asdded to an exoess of
eobalt sulfate in ethylenediamine solution snd the excess baek titrated
with ferricysnide, that 1) permangenste would be reduced to the bivalent
form snd 2) oxidation of organic material would be minimized, Since man~
ganous salts are oxidized to manganese dioxide by ferricyanide in alkaline
solution, sulfosalicylate was sdded to complex trivalent manganese,
Accordingly, en aliquet of 0,01 N potassium ﬁpmang&naﬁo wes slowly added
to a solution of cobelt sulfate in sthylenedianine solution, Sulfosalicyl~
ie acid wes then added and the rnsulti#g solution back titrated with 0,01 N
potassium ferricyanide. The titration was followed potentiometricslly and
in Figure 9 is ﬂmm the titration curve so obtained. The first break in
the titration curve was the end point for the back titration of excess
cobalt sulfate; the result agreed closely with the theoretical amount based
on the redustion of permenganate to bivalent mangenese. “i‘hn second portion
of the titration curve was that showing the emd point for the oxidation of
bivalent mangenese to t'huv mpm of trivaleat mangenese with sulfosalicy-
late, ,

For this latter magti.en results were high and not exasetly reprodueci-
ble. This was believed due to the presente of bivalent manganese salts in
the »Ww, which hed been stepdardiged by titration against sodium
oxalate, Accordingly, an aqum lizat"f;hﬁ permangenate was boiled with
periodic acid mi compared amm@&%mw&mly with permangsnete solu-
tions of kmown concentration. A Beckmen Model B apestrophotometer was used
for this purpose and readings were teken at 525 m . Resulis on iwo
different aliquots showed thet there wes mo Getectable amount of bivalemt

‘manganese present in the permsnganste solution.
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‘potassivm permenganate was yiﬁ%te& into the t'mretién vessel, Ethylene-
diemine was then sdded and the solution titrated with cobalt sulfete. In
Figure 11 is shown the potentiometric titration curve so obtained. Only
one break 1a the titration curve wes observed., Thres titrations gave
identlcal results and all were slightly hight taken, 1.39 mg. mengsnese;
found, 1.45 mg. mengenese, The method is olesn-cut and highly reproducible;
for accurate results the codalt sulfste should be standardized sgainst
pormsnganste of know normslity by the method described sbove.

In the course of the above work it was found necessary to determine
the ferricyanide content of the potessium ferrocyanide used in the titra-
tion studies, Titration with eobalt sulfate in ethylenediamine solution is
en excellent means of enslysis for ferrvicyanide, since large amounts of

ferrooyenide 4o not interfere in the titration,
E. Titration of Metal-Amine Complexes

A number of metals are known to form ammine complexes in alkaline
solution, The work of Bjerrum (51) was 1mﬁmamal in establishing the
stability constants of meny metal-amine systems, snd the recent book o!'
Mertell and Celvin (52) contains an appendix listing chelate stability
constents. Much date remain o be gathersd, but a thorough groundwork has

been lald for further systematio study in this field,
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Honovalent and bivalent %&Kn ions form a number of ammine complexes
of varylng stability, The intense blue-colored cupric ammonia complex is
weoll known in gwgw«& c¢hemistry, snd the corresponding cuprous ammonis
system has been used as an absorbemt for oxygen. The oxidation-reduction
sharacteristics of thess species have bees caleoulated, and a method for the
separation of silver from sopper is based on these properties (53).

Ethylenediamine forms & deep purple camplex with bivalent copper. The
euprous complex with this ligand is colorless and somewhat less stable, By
anslogy ﬁa& the ammonis complexes, it was believed @gu»«wa to reduce the
euprie 0 the cuprous ion in ethylensdiamine solution using cobalt sulfate
es the reducipg agent, Acecordingly, an swwmﬁﬁ. of & copper sulfste aclution
was pipetted imto the titration vessel, ethylenedismine added, and the
golution titrated with sobalt sulfate following removal nu oxyzen from the
solution., No color change was observed during the titration, and the
potential of the platinum indicator electrode resched -0.47 v. vs. the
ecalomel electrode after the addition of one ml, of titrant, Apparently
the cuprous-ethylenediemine complex is at least as powerful a reducing
agent ss is the sobalions~ethylenedismine system,

This conclusion was confirmed by the titration of ecbalt sulfate with
ferrieyenide in sthylenedismine solution and in the presence of copper
sulfate. Only one break im the titration curve was obaerved, and this
eagreed with the equivalenocs point for cobalt alone.
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A sample of pierie acid was weighed out and dissolved in water. An
aliguot of this solution was pipetted into the titration vessel and en
nﬁa&ua, of eobalt sulfate added., Zithylenediamine wes then added and the
aﬁ.ﬁﬁg refluxed for five minutes under an atmosphere of nitrogen. Back
titration with ferricyanide geve resulte identical with that of the blank,
mg failure of emy reduction to oceur in the case of pierie acid would seem
conelusive evidence thet aromatic nitre compounds cannot be reduced by
cobalt sulfate in ethylenediamine solution, Further atudy of the reduction
of other organic compounds wes not made since the seme type of pH depend-
ence would be expected, |
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VI. SUMMARY

1; A literature survey of the existing volumetric methods for the
determinetion of cobalt has been presented. A critical analysis has been
made of the ferricysnide titrstion of cobalt in ammoniacal solution,

2. An improved ferricyanide titration has been deseribed im which
ammonia is replaced by ethylenediemine as the complexing sgent for the |
cobaltic iang_ The cobaltous~ethylenediemine complex is a stronger reducing
agent by some 0,5 v. Lthan the corresponding smmonis-cobalt system, and the
potential break at the end point is augmented by a similar amount,

B.Q Optimal conditions for the determinestion of cobalt have been
established, Care must be taken to aveid the untoward eoffeots of air., The
determination can be aa&rﬁa& out as a direct titration in most instances,

4., The effsot of other metals on the ferricyanide titration of codbalt
in ethylenedismine solution has been studied, The presence of iron was
found to shift the potential at the start of the titration by as much 2s
0.4 v. The use of citrate, tertrate, fluoride, pyrophosphate, mannitol,
end sulfosalicylate was studied in comnection with the complexation of
ferric iron. Nickel and copper were found not to interfere in the direct
titration of eobelt with ferricyanide in aﬁhylanéaiamina sclution. The
interference of mangenese in the cobalt determinetion was studied in detail,
It was found that citrate could not hafuaea as s ocomplexing agent when
menganese wes present; the menganese-citrate complex wes oxidized by forri-
eyaniaa concomitantly with the cobaltous~ethylenediamine complex, Results
for both cobalt end mangenese wers in error, Using sulfosalicylic acid,

however, the succesaive titration of cobalt and mangenese was possible in
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ethylenediamine solution using ferrieyanide es the oxidizing agent.

The back titration of excess ferricyanide with cobalt sulfate was found
necessary when silver or a guaa...gﬁugaﬁ mixture of tungeten (or molybde-
nwm), chromiuwm, end venadium was present, Using this procedure the inter-
ference of these elements was obviated. ‘

5. 'The applicetion of the present method to the determination of
ecobalt in ferrous and non-ferrcus alloys g*vﬁé made, The following
alloys have been gwﬂu& \, for aeawww with excellent results {all figures
are percentages): 1) Armeo ,agw@%ﬁ steel #29 containing 18 chromium, 10
nickel, ©, m?m. &5 ggww.. _‘,wwumasw. uwaagaga? and niebium in unreported
amount; 2) Ampeoloy w&ﬁ»ﬁ bronze %3, conbuining 96.49 copper, 0,602
gu.%ﬁ».g’ and 2,897 cobalt; 3} beryllium bromze Alloy A containing 2,00~
2.25 beryllium, ?uw ggwa., end lesser smounts of irom, silicom, aluminum,
tin, leed, zine, and nickel; 4) beryllium auﬁﬁc Alloy B containing 1,85~
‘2,00 beryllium, 0,27 ecobalt, end small amounts of irom, silicen, aluminum,
tin, lead, zine, and nickel; 5) beryllium bronze Alloy C comteining 1.00-
1,25 verylliuwm, 0,33 cobalt, 1, m?.m.&m zine, 0O. wm iron, eand asuﬁ. smounts
of silicon, slumipum, tin, lead, end nickel; and 6) silver-bearing beryllium
bronze Alloy D containing 0,25~0, 50 beryllium, 0.90-1.10 silver, 1.71
cobalt, and lesser percentages of irom, silicom, aluminum, tin, lesd, zing,
and nickel. The experimentsl conditions for carrying out these determins-
tions have been deseribed. ,

é. 'The analysis for cobalt in National Bureaw of Standards 153 steel
hes been studied in detail. This ateel contained macro amounts of chromium,

vepadium, molybdenum, tungsten, and gcobalt and smaller amounts of mengenese
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