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served values are lower than the calculated values, TT hicli fact 
may be attributed to  the withdrawal of increased amounts of 
water vapor a t  the lower pressures together with a small lag in 
the humidity recorder. The final observed humidity of GO per 
cent is but a rough approximation. No attempt was made to  
reduce the flow through the flowmeter during the last few 
miiiutes of the experiment to approach equilibrium conditions 
more closely, since for the purpose of this work it was sufficient 
to  determine that  the drying efliciency of compressed nitrogen 
decreases rapidly as  the tank pressure decreases. 

Table I-Moisture Content  of Nitrogen a t  Atmospheric Pressure 
af ter  Expansion a t  24' C. f r o m  High-pressure Containers i n  Which 

Liquid Water Is  Present 
RELATIVE Hr M I D I T Y  

TI\%€ 4FT'DR START T 4 ? K  PRESSCRE ObSd Calcd 
Jfannies -1 fm Lbs /so zn Pev cent Pev r e n t  

0 
235 
353 
411 
441 
453 
463 
466 
467a 

150 
75 
37 .5  
1 8 . 8  

9 . 4  
4 . 7  
2 . 3 3  
1 .18  
1 . 0  

2300 
1100 

550 
275 
1 3 i . 5  
68 8 
34 4 
17 2 
14.7 

1 0  
2 0  
3 4  
6 0  

12 0 
19 0 
27 5 
40 0 
44 0 

0 . 6 6  
1 .32  
2 .60  
5 05 
9 . 6 2  

1 7 . 6  
2 0 . 9  
45 9 
50 0 

4702 0 0 60" 100 0 
ahpproximate. 

Table I1 contains experimental data obtained witli a tank 
of nitrogen subjected to  special manufacturing processes. 
Integration of these data indicates that  even in this case the 
expanded gas contained 2 grams of vater  as compared with a 
total of 4.5 grams in the gas obtained from the tank Tvhich was 
known t o  contain excess water. Since it seems impossible 

that  these 2 g r a m  of na te r  existed iri the vapor phase, one 
must conclude that  the precautions taken to evclude n ater in 
the manufacturing processes were insufficient. I n  this second 
case, also, the final vnlue of the relative humidity of the 
gas expanded to  atmospheric pressure is only approximate. 
Since no satisfactory assumption can be made as to  the degree 
of saturation of the gas initially, no significant value of ex- 
pected relative liuniidity can be calculated for purposes of 
comparison. These data, which have been obtained with 
specially dried nitrogen, make it evident that  for most diying 
purposes the less carefully prepared gas should be nearly as 
satisfactory as the "dried" gas, provided that  the taiilc is not 
conipletely discharged. 

Table 11-Moisture Content  of Nitrogen a t  Atmospheric Pressure 
after Expansion a t  24- C. from High-pressure Containers i n  Which 

No Liquid Water Is  Present 

TIME 
A F T E K  START T A S K  PRESSIJRE 

RELATIVE 
HVMIDITY 

(Obsd.) 
.llinu:es A l m .  I.hs./si.  in. Per cent 

"Approximat e 
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Determination of Chromium and Vanadium after 
Oxidation with Potassium Bromate' 

Separate Titration of Chromate and Vanadate in the Same Solution and 
Application of Method in Steel Analysis 

I. M.  Kolthoff and Ernest B. Sandell 

S C H O O L  OF CHEIlISTRY, UNIVERSITY OF 3IINSESOYA. MINNEAPOLIS, MINK. 

The determination of chromium by addition of excess 
arsenious oxide to an acid chromate solution and back- 
titration with permanganate has been investigated sys- 
tematically. Good results are obtained in the presence 
of vanadate, ferric iron, and manganese at various acid 
concentrations. After chromium has been determined, 
vanadate can be titrated in the same solution with ferrous 
sulfate, diphenylbenzidine being used as indicator. 

Oxidation of chromium and vanadium to chromate and 
vanadate, respectively, is effected by use of potassium 

. . . . .  
FEW relatively simple methods have been proposed for 
the titration of vanadium when present with chromium; A a review of these has been given in a recent paper by 

Willard and Young (8). I n  their important TTork, these 
authors oxidize chromium and vanadium by the persulfate 
method and, after removing the excess of persulfate, titrate 
the sum of chromate and vanadate with ferrous sulfate either 
according to  the potentiometric or the usual method, in 
the latter case with diphenyl benzidine as an indicator. 
Vanadium, when present with chromium, can be oxidized 
selectively by potassium bromate in the presence of sufficient 
hydrochloric acid to  preyent the oxidation of the chromium. 
The excess of bromate is removed by boiling with ammonium 

1 Received December 23, 1929. 

bromate; the excess bromate is removed by boiling with 
ammonium sulfate. 

The method can be applied to the rapid determination 
of chromium and vanadium in alloy steels. Tungsten 
interferes in the titration of vanadium and must be 
removed. 

The time required for the total determination of 
chromium and vanadium, including dissolving of the 
steel, is 1 hour or less. 

sulfate and the vanadate titrated with ferrous sulfate accord- 
ing to  the potentiometric or usual method. 

The present writers have tried to  simplify the above pro- 
cedure by applying a reducing agent which would reduce 
chromate but not vanadate. This was accomplished by 
using arsenious oxide as a reagent. Since the reduction of 
the chromic acid takes place rather slowly, an excess of ar- 
senious trioxide is added and this is then titrated back n i th  
potassium permanganate. h slight reduction of the vanadate 
by the excess of arsenious acid would not affect the results 
since the vaiiadyl salt would be oxidized again by perman- 
ganate. After back-titration with permanganate, the vana- 
date can be determined with ferrous sulfate according to  the 
directions of Wllard and Young 18). 
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Determination of Chromic Acid with Arsenious Oxide 
under  Different Conditions 

Ppitalsky ( 7 )  first made use of arsenious acid in the deter- 
mination of chromium. In  brief, his method of procedure 
was to add an excess of arsenious oxide to a hydrochloric acid 
solution of dilute chromate and after 20 to 25 minutes to back- 
titrate the excess of arsenite with potassium bromate using 
methyl orange as indicator. Lang ( 5) determined chromiuni 
in a similar manner, titrating the excess of arsenious acid with 
potassium permanganate in the presence of chloride and a 
trace of potassium iodide or iodate as catalyst: in the absence 
of iodide or iodate the reduction of I\In04- to I \ h +  + does not 
take place smoothly a t  room temperature. Zintl and Zaimis 
(10) have described the determination of chromium by direct 
potentiometric titration of chromate with arsenious acid; 
vanadate is determined in the same solution (after reduction 
of rliroinic acid) by titration with ferrous sulfate, the end- 
point being found potentiometrically. The same workers 
hare  applied a modification of this method to the determina- 
tion of chromium and vanadium in steel (11). The procedure 
given necessitates the removal of all except traces of man- 
ganese, and preferably iron, before titrating chromate and 
vanadate with arsenious acid and ferrous sulfate, respectively. 
The end points are detected potentiometrically; in order that  
chromic acid may be titrated with arsenious acid, the pres- 
ence of a few tenths of a milligram of manganese as a catalyst 
is necessary. Lang and Zw6rina (5 )  have also described a 
method involving the use of arsenious acid and ferrous sul- 
fate for the direct determination of chromium and vanadium 
in steel. Chromium is titrated with arsenious oxide potentio- 
metrically in the presence of much manganese and a trace of 
potassium iodide or iodate. 

It would seem advantageous to  have a t  our disposal a simple 
method by which chromium and vanadium could both be 
determined by visual titration, not involving the detection of 
the end points potentiometrically. The development of such 
a method will be described, especially with reference to  its 
application in the analysis of steel; the influence of various 
factors which affect the method will be discussed. 

An excess of standard arsenious acid is added to  an acid 
solution of chromate and vanadate t o  reduce chromate to  
chromic salt; titration of the excess arsenious acid by per- 
manganate gives the amount of chromium present. Vana- 
dium is then determined in the same solution by titration with 
ferrous sulfate, diphenylbenzidine being used as indicator. 

DETERMINATIOS OF CHR~MKJAI-M aterials Used. Potas- 
sium dichromate: 0.1 -V solution prepared from recrystal- 
lized salt dried a t  200" C. 

0.025 S solution, standardized 
by reducing with sulfur dioxide and titrating the hot vanadyl 
solution with potassium permanganate. 

-4rsenious acid: 0.1 1%' solution prepared by weighing out 
B. of S. arsenic trioxide (99.9iyo). 

Potassium permanganate: 0.1 and 0.025 S solutions, 
qtandardized against either sodium oxalate or arsenious oxide. 

Ferrous sulfate: 0.025 S in approximately 0.1 S sulfuric 
acid. 

Potassium iodide (catalyst): 1/400 S; 1 or 2 drops in 
each titration. 

Procedure. Varying amounts of dichromate were taken and 
the acidified solution, having a volume of 50 to  7 5  cc., was 
treated with a slight excess of arsenious acid and after stand- 
ing for 5 to  10 minutes the excess of the latter was titrated with 
0.1 A' permanganate, 1 or 2 drops of 11400 S potassium iodide 
solution being present. The amounts of acid, chloride, iron 
(as ferric alum), and vanadium (as ammonium vanadate) 
present are specified in the tables. When iron was present in 
the solution to  be titrated, 5 t o  10 cc. of 85 per cent phosphoric 

Ammonium metavanadate: 

acid mere always added to give a more easily discernible end 
point with permanganate. I n  determinations 40 to  49, Table 
I, the only chloride present was that  introduced with the 
standard solution of arsenious acid which contained 10 cc. 
of 12 S hydrochloric acid per liter-i, IC, under the conditions 
of the experiment, the solution to  be titrated with pernian- 
ganate contained approximately the equivalent of 0.25 cc. 
of 12 S hydrochloric acid. 
Table I-Chromate Titrations:  Effect of Chloride, Ac. id Concentra- 

t ion ,  Ferric Iron, and Vanadate 

Cr F e + + +  V CHLORIDE 1 2 l '  
so. TAKEN PRESEST PRESEST ADDED €Id30 

- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

Gram 

0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0443 
0 0433 
0 0433 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0433 
0 0173 
0 0433 
0 0433 
0 0433 

0 0433 
0 0173 
0 0035 
0 0035 

0 00173 
0 0433 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 
0 0445 

Gyains 

. . .  

. . .  

. .  

. .  

. . .  

. . .  

. . .  
1 5  
1 . 5  
0 . 1  
0 . 7  
1 . 5  
. . .  . . .  . . .  
1 . 5  
1 . 5  
1 . 5  
1 . 4  
1 . 5  
1 . 5  
1 . 5  
2 . 0  
1 . 5  
1 . 5  
1 . 5  
1 . 5  

1 . 5  
1 5  
1 . 5  
1 . 5  

2 . 0  
1 . 5  . . .  . . .  . . .  . . .  . . .  . . .  
. . .  . . .  
0 . 7  
0 . 7  
0 .6  
0 . 6  
0 . 6  . . .  

Grant Cc. 
12 S HCl 

0 01 
0 025 
0 05 
0 025  

0 025 
0 075 
0 025 
0 050 
0 025 
0 050 
0 025 
0 025 
0 025 
0 025 

o 025 

0 025 
0 025 
0 025 
0 025 

. .  . .  

. .  
10 
10 
10 
1; 
1 
1 
. .  
. .  
1 
1 
1 

1 
1 
. .  . .  . .  . .  
1 
1 
1 
1 
1 
1 
1 
1 

NaCl 
Gram 
0 . 1  
0 .05  
0 . 0 5  
0.05 

cc. 

2: 
C l  5 

S 
. .  . .  
2 5 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25  
25 

5 
25 
25 
25 
25 
25 
25 

10 
50 

2; 
J 

5 : 
5 

Conc. 12 X HCI 
cc. 

. . .  5 
25 

0.06 (I 25 
0 ,025  a 40 . . .  30 . .  

0'025 a 10 

Found Error 

Gram 

0. 0426 
0,0436 
0,0419 
0,0445 
0.0444 
0 .0444  
0.0444 
0.0444 
0.0446 
0 . 0 4 4 5  
0.0415 
0.0429 
0.0442 
0.0443 
0.0443 
(1.04 31 
0.0446 
0.0441 
0.0426 
0.0429 
0.0436 
0 . 0 4 3 5  
0 ,0444  
0.0444 
0.0444 
0.0431 
0.0171 
0.0432 
(1,0433 
0,04  31 

0.0432 
0 . 0 1 i 3  
0.0030 
0 .0030 

0.00177 
0.0433 
0.0447 
0.0445 
(1.0446 
0.0444 
0,0446 
0.0446 
0.0443 
0.0445 
0.0442 
0.0444 
0.04L5 
0.0414 
0.0416 

b 

Gram 

- 0 .  0019 
- n .  0009 
- 0.0026 
0.0000 

-0.0001 
--o.onoi -0 .0001 

-0.0001 
fO.OOO1 

0.0000 
- 0.0030 
-0 .001 

- 0.0002 
- 0.0002 
+0.0001 -0.0014 

- 0.0004 
- 0.0007 
- 0.0004 - 0.0009 
-0.0010 
-0.0001 
-0.0001 
-0.0001 
- 0.0002 
-0 .0002 
-0.0001 

0.0000 
- 0.0002 

- 0 .  OOOP 

-0.0001 
0.0000 

- 0.0005 
- 0.0005 

+0.0004 
0.0000 

+o. 0002 
0.0000 

+o. 0001 
- 0.0001 
$0.0001 

0.0000 
- 0.0002 

0.0000 - 0.0003 
-0.0001 

0.0000 
-0.0001 
f O . O O O 1  
. . . . . .  

a Chloride from As203 only. 
b End point could not be distinguished. 

Table I1 shows the influence of time on reduction of chro- 
mate with arsenite. 
Table 11-Influence of Time of Standing before Back-Titration of 

AsoOe 

Gvam 
1 0,0445 
2 0.0445 
3 0.0445 
4 0 . 0 4 4 5  
5 0.0445 
6 0.0445 
7 0 .0445 
8 0.0433 
9 0.0433 

10 0.0433 
11 0.0036 
12 0 0035 
13 0 0173 

Gvains 
. . .  . . .  

. . .  
0 6  
1 . 5  
1 . 5  
1 . 5  
1 . 5  
1 . 5  
1 . 5  

Gvain Cc. cc. 
. . .  2 2 5  

. , .  0 . 5  10 

0:025 0 . 5  30 
0.015 0.5 10 

. . .  0 . 5  30 

0 . 5  30 

, . ,  0 . 5  25 
2: 

x 
3 
J 

25 - 

0:025 ; 
0 .025  1 
0 . 0 2 5  2 
0 025 3 
0 025 1 

Min. 
90 
10 
10 
1 

180 
1 

15 
3 

15 
1 
1 
2 

30 -- 

Gvam G r a m  
0.0144 -0.0001 

0.0146 0.0146 +0.0001 +0.0001 
0.0145 0.0000 
0 0144 -0.0001 
0 0143 -0 0002 
n 0144 --o.oooi 0 aiai -0.oo02 
0 .  0.i32 - 0.0001 
O.O. i34  f0 .0001  
0.0033 -0.0002 
0.01)34 -0.0001 
0.0171 -0.0002 
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The manganous salt present during the determinaticns 
given in Table I11 was added as pure manganous sulfate. 
Table  111-Determination of Chromium in Presence of Manganese,  

Iron, and Vanadate 

CHROMIUM 

Gram Grams Gram Gram 1 Cc. Cc. Cc. I Gram Gram 
1 0.0441 . .  . . . 0 .005 1 10 10 0.0439 -0.0002 
2 0.0433 1 . 5  0.005 1 25 , .  0,0431 -0,0002 
3 0.0433 1 .5  0165 0.007 1 z 5 -  . .  0.0431 -0.0002 

6 'V 
4 0.0441 . . . , , 0.050 1 15 10 0.04385 -0.00025 
5 0.0441 2 .5  . . 0 .050  0 . 5  20 10 0.0436 -0.0005 
6 0.0441 2 . 5  . .  0.070 0 . 5  30 10 0,0435 -0 0006 

Discussion of Results. The reduction of dichromate by 
arsenious acid is fairly rapid. I n  solutions which are 1 
normal (or more) in acid, the reduction is complete in 1 
minute if 1 or 2 cc. of excess arsenious acid are added (Nos. 
4, 6, 10, and 11, Table 11). The presence of chloride is neces- 
sary in the back-titration of arsenious acid with permanga- 
nate; in the absence of chloride, evm when catalyst is present, 
the results of the titration are low. These observations con- 
firm in some respects the observations of Lang (().  The 
amount of chloride that need be added, however, is small, as 
little as 0.05 to 0.1 gram in 50 cc.  being sufficient (Sos. 31 
and 32, Table I). Even a t  chloride concentrations as high 
as 1 or 2 normal a good end point is obtained with perman- 
ganate; increasing the chloride concentration much above 
this gives a fleeting end point. Varying the acidity of the 
solution from 1 normal to  more than 6 riornial has no effect 
on the results within experimental error. Iron and vanadium 
are  without influence. Experiment 5 in Table I1 slions that 
no interference by vanadate occurs even if the e w e s  of ar- 
senious trioxide is titrated back after 3 hours' standing. 
When iron is present in large amounts, phosphoric acid should 
he added in order that  a sharp end point may be obtained 
with potassium permanganate. 

When large amounts of nianganese are present in solution 
with chromic acid, a brownish color appears in the wlution 
soon after the addition of a little arsenious acid in spite of the 
presence of the catalyst, potassium iodide, and has a tendency 
to  persist, especially when iron is present, after a slight excess 
of arsenious acid has been added. After standing for a short 
time (usually less than 1 minute) with a slight exceqs of 0.1 S 
arsenious acid, the murky color of the solution disappear3 and 
the normal bluish green color appears. K h e n  potassium 
iodide is not present as catalyst, the brown color due to  tri- 
valent manganese disappears only with extreme slowness 
after addition of excess arsenious acid. The addition of a 
trace of potassium iodide is, therefore, unconditionally neces- 
sary in the presence of manganese. 

The color change in titrating with permanganate is from 
bluish green to  blue. A deepening of the color indicates the 
end point. The results given in the tables have not been 
corrected for t'he color effect of the chromic salt; the excess 
of permanganate required to  give a perceptible end point in 
the colored solution under the conditions described (40 mg. 
chromium in 100 cc., etc.) corresponds to  a correction of about 
+0.l mg. chromium in the amount found. The riid point 
can easily be detected with a n  accuracy of a drop of 0.1 ;V 
permanganate. The observation of the end point is inconi- 
parably better than in cases where the reduction is accom- 
plished with ferrous sulfate instead of arsenious trioxide in the 
presence of anadate .  It is for this reason that  the writers 
prefer this procedure to  that described by Hamner ( 1 )  and 
ecommended by the Bureau of Standards for routine analysis 

(February 7 1922) 
Knop (3) has recently described the use of several new 

oxidation-reduction indicators in titrations with permanga- 
nate. The applicability of two of these, Eriogrun I3 and 
Setopalin, to  the detection of the end point in the titration of 
excess arsenious acid with permanganate for the determination 
of chromate was tested. One-half a cubic centimeter of a 
0.1 per cent solution of each indicator, respectively, was added 
to the acid solution (1 or 2 S) of chromic salt containing ar- 
senious oxide; titration was then made with 0.025 :V pernian- 
ganate. The end point :thus obtained (color change from 
green to  bluish) was mole distinct' than that with permanga- 
nate alone, but the reiatil-ely high acidity of the solution evi- 
dently is detrimental to the full utility of the indicators. At 
lower acidities (below 0.5 S )  both indicators are very urcfnl. 
The general procedure for the titration of chromate aiid vana- 
date will be described later. 

Determination of Vanadate by Titration with Ferrous 
Sulfate with Diphenyl Benzidine as Indicator 

A brief study v a s  inade of the method of determining vana- 
dic acid by titration with ferrous sulfate using diphenyl- 
benzidine as indicator according to  the procedure given hy 
Willard and Young (8) 

Titrations of vanadic acid were made a t  a volume of 50 to  
100 cc. with 0.025 S ferrous sulfate which had been standard- 
ized against potassium permanganate. Vanadium was 
present as ainiiionium vanadate. The coiiceiitration of t,he 
diphenylbenzidine indicator used was 0.1 per cent in coiicen- 
trated sulfuric acid. Sodiiini acetate was added in the form 
of the trihydrate. (Table IV) 

In  agreement with the results of Killard and Toung (S ) ,  it 
was found that the color change at  the end point in the titra- 
tion of vanadic acid in the absence of sodiuin acetate was 
slow, although good results could even then be obtained if 

Table IV-Titra tion of Vanadate 

Fe-'' 0.1s v Cr 
KO. TAKEX PRESEXT PRESEKT 2:L2D 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Gram Gram Grams c c .  ~~ 

0.0280 
0.0280 
0.0280 
0,0280 
0,0280 
0,0280 
0.0280 
0.0280 
0.00224 
0,00224 
0.00224 
0,00224 
0.00224 
0.00224 
0.00224 
0.00224 
0.00224 
0.00224 

. .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  
0 : 0 3  
0.03 
0 . 0 3  
0 . 0 3  
0 .03  

. . .  . . .  . . .  . . .  

. . .  

. . .  
1 . 5  
1 5  
1 5  
1 . 5  
1 5  
1 5  
1 5  

1 . 5  

1 . 5  
1 . 5  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  . . .  

. . .  . . .  

. . .  
, . .  
. . I  . . .  . . .  
. . .  
. . .  . . .  
0 . 1  
0 . 1  
0 . 5  

a 2 cc. 12 N H C l  also present. 

pRBSENT ~ SODICM DIPHENYL- TIXE 
I ACE- BESZIDIKE B E F O R E  

S HnSOi HzP04 1 *::;2D gfz 
cc. CC. 

5 
10 

5 J 

3 10 

10 J 
10 5 
10 10 
10 10 

10 
10" 
50 

B 
a 

10 ; 

'0 
? 

5 10 
5 10 
5 10 
5 10 

; 10 

Grams Cc. .?fin. 
0 . 8  0 
0 . 6  0 ? 

0 0 . 5  0 
8 0 . 5  5 
8 0 . 5  P 
8 0 . 5  
8 0 . 5  
0 0 . 5  0 
0 0 . 5  0 

10 0 . 5  
12 0 . 5  5 
12 0 . 5  5 
8 0 . 5  5 

8 0 . 5  
8 0 . 5  5 
8 0 . 5  3 

: 
0 0 . 5  0 

S 0 . 5  ; 

F o u n d  Error 

Gram Crum 
0 0278 -0 0002 
0 0278 - 0.000a 
0 0278 -0.0002 
0.0278 - 0.0002 
0.0279 -0 .0001  
0 0279 -0 .0001 
0,0278 - 0.0002 
0.0279 -0.0001 
0.00233 +0.00009 
0,00229 + 0.00005 
0.00210 - 0.00014 
0.00216 - 0.00008 
0.00213 - 0.0001 1 
0,00221 - 0.00003 
0.0022f 0.0000 
0,0022 0.0000 
0.0022 0.0000 
0.0218 -0.00006 
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Table V-Simultaneous Determination of Chromate and  Vanadate 
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Cr v Fe 
TAKEN TAKEK PRESGNT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Gram Gram Grams 
0 0433 
0 00346 
0 0433 
0 0433 
0 0433 
0 0433 
0 0433 
0 01732 
0 01732 
0 01732 
0 0433a 

0,00224 
0.0280 
0.0280 
0.0280 
0 0112 
0 00324 
0,00224 
0 00336 
0 00224 
0 0280 
0 00224 

. . .  

. . .  
1 .5  
1 . 5  
1 . 5  
1 . 5  
1 . 5  
3 
1 5  
1 . 5  
1 . 5  

~~ 

I n  this determin3tion 5 mg. >In + 

.%CIDITY 

H z S O I  HCI 
(6 S )  H3P04 (concd. 

cc. Cr. cc. 

were present 

ONDITIONS OF VANADIUM 
TITRATION 

;odiumDiphenyl- Time 
icetate 2:;- staqfd- 
added (0.1%) ing 

Grams Cc. .Win 
10 0 . 5  3-5 
10 0 . 5  3-5 
15 0 .5  3-5 
12 0 . 5  3-5 
12 0 5 3-5 

care was exercised in addition of reagent near the end point. 
I t  is advisable, however, to  add sufficient sodium acetate to 
react with the sulfuric and hydrochloric acid present; a p  
proximately 5 grams of NaC2H3O2.3H2O can be allowed for 
each cubic centimeter of concentrated sulfuric acid and 
1.5 grams for each cubic centimeter of concentrated hydro- 
chloric acid. In  the calculation of the results given in Table 
IT', the volume of ferrous sulfate was corrected for the indi- 
cator blank by adding 0.03 cc. to  the volume of 0.025 S ferrous 
sulfate used for each 0.1 cc.  of 0.1 per cent diphenylbenzidine 
qolution added, this being the value given by TTillard and 
Touiig (8). I n  agreement with the statement of these authors 
it was found that, in the presence of tungstic acid, the blue 
color of diphenylbenzidine does not appear and the titration 
of vanadium is rendered impossible. 

It appears that  more than traces of arsenious acid partially 
reduce vanadate on standing (compare determinations 16, 17, 
and 18, Table IV). 

Combined Determination of Chromate and Vanadate 

In  the determinations of both chromium and vanadium the 
solution had a volunie of 50 to 75 cc. and contained the 
amounts of chromate, vanadate, ferric alum, acid, and chlo- 
ride indicated in T a b k  5'; 1 or 2 drops of 1, 400 S potassium 
iodide were always added a t  the beginning. Tenth-normal 
aisenious acid was added from a buret until the color of the 
solution became bluish green; then a few cubic centimeters 
were always added in excess. After having stood for a few 
minutes, the exces. of arsenious acid was titrated with 0.025 .V 
permanganate and from this volume the amount of chromium 
preceiit was found. One drop of 0.1 S arsenious acid ma$ 
then added to  reduce any small excess of permanganate that 
might be present. After addition of the amounts of sodium 
acetate trihydrate and 0.1 per cent (in concentrated sulfuric 
acid) diphenylbenzidine given in the table, the solution was 
allowed to  stand for the length of time indicated. The titra- 
tion of vanadium was then made by slowly adding 0.025 S 
ferrous sulfate until the blue color of the liquid changed to 
green. I n  the calculation of the quantity of vanadium pres- 
ent, the indicator correction was assumed to be 0.03 cc. 
0.025 S ferrous sulfate per 0.1 cc. 0.1 per cent diphenylbenzi- 
dine, this correction being added to the volume of 0.025X 
ferrous sulfate actually used. 

From the results in Table V it may be concluded that  the 
following general procedure will give satisfactory results. 

preferably prepared by weighing out 4.947 grams of pure 
arsenic trioxide and dissolving in 40 to  80 cc. of 1 9 sodium 
hydroxide and diluting nearly to 1 liter. Hydrochloric acid 
is added until the solution is neutral or slightly acidic and 
finally the solution is made up to  exactly 1 liter. If pure 
arsenir trioxide is not a t  hand, an approximately 0.1 N solu- 

STANDlRD SOLUTIOXS REQUIRED--4rSeniOUS acid: 0.1 h', 

CHROMIUM 

Found Error 

Gram Gram 
0 0434 + O  0001 
0 00338 -0 00008 
0 0430 -0 0003 
0 0432 -0 0001 
0.0432 -0.0001 
0.0430 - 0.0003 n 04.11 - n  no02 
0 01724 -0 0000s 
0 01730 -0 00002 
0 01728 -0 00004 
0 0430 - 0  0003 

VAVADIUM 

Found Error 

Gram Gram 

0 00340 + O  00004 
0 00235 + O  00011 
0 02794 -0 00006 
0 00248 -0 00024 

tion is prepared from the best product and standardized 
against permanganate. The solution of arsenious acid t o  
be standardized should be about 1 normal in hydrochloric 
acid; 1 or 2 drops of 1 400 potassium iodide are added. 
Potassium permanganate is run in (not too rapidly) until the 
faintest pink tinge appears in the liquid. The end point is 
excellent. 

P o t n s s i m  pernannganate: 0.023 5, standardized against 
pure arsenious acid or pure sodium oxalate. 

Ferrous sulfate: 0.025 S in approximately 0.1 S sulfuric 
acid. 

chromium and vanadium are to be determined 1nay converi- 
iently have a x-olume of 100 cc. and sliould not' ieontain more 
than 0.05 or 0.075 gram of chronliwn in this volume. The 
acidity of the solution should he a t  least 1 norm:al; 1 or 2 cc. 
of concentrated hydrochloric acid, or its ecluivaleut, should be 
present, as well as 1 or 2 drops of 1;'400 S potassium iodide. 
I n  case iron is present, 5 to 10 cc. of 85 per cent phosphoric 
acid must be added. Standard arsenious acid is slowly run 
into the solution of chromate and vanadate from a buret until 
the  color becomes bluish green; a few cubic centimeters in 
excess are then added. I n  case much manganese is present, 
the appearance of the bluish green color may take some time. 
Therefore, 5 minutes should elapse bet-ween the addition of 
arsenious acid and the beginning of the back-titration with 
permanganate; in most cases when the quantity of manga- 
nese present is small, it is sufficient, t o  allow the solution to 
stand for 1 or 2 niinutes to effect complet,e reduction of chro- 
mate. The excess of arsenious acid is now titrated by slowly 
running in potassium permanganate; the end point is in- 
dicated by a sudden deepening in color of the green chroniic 
solution to bluish green. The end point may be recognized 
to within 1 or 2 drops of 0.025 S permanganate without, 
difficulty if not much more than 0.05 gram of chromium is 
present per 100 cc. 

DETERMINATIOS OF VASADATE-TO remove a possible slight 
excess of permanganat'e, 1 drop of arsenious oxide is added. 
Vanadium is now determined essentially according to t'he 
directions of Willard and Young. Approximately 5 grams of 
sodium acetate trihydrat'e are added for each cubic centimet'er 
of concentrated sulfuric acid present (including also the sul- 
furic acid of the indicator to  be added) and 1.5 grams for 
each cubic centimeter of 12 S hydrochloric acid, and there- 
after 0.5 to 1.0 cc. of 0.1 per cent diphenylbenzidine (in 
concentrated sulfuric acid). The solution is allowed to  
stand for 5 minutes and is then titrated slowly with 0.025 N 
ferrous sulfate. Special care should be taken to  add the 
ferrous sulfate dropJvise near the end point. The color 
change is from blue to green 3r bluish green, the change being 
sharper the less chromium is present in solution. To correct 
for the indieator hlank add 0.03 cc. for each 0.1 cc. of di- 

DETERVISATIOS OF CHRO>IIATE-The sOlutiO11 in WhiCll 
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phenylbenzidine indicator present to  the volume of 0.025 Ar 
ferrous sulfate used in the titration. In  case tungstic acid 
is present, it  must be removed before vanadate can be titrated 
with diphenylbenzidine as indicator (8). 

Oxidation of Chromic and Vanadyl Salts with Potassium 
Bromate 

The oxidation of chromic salts to chromic acid and vanadyl 
salts to  vanadic acid can be effected by the use of potassium 
persulfate as oxidizing agent, and this is the reagent ordinarily 
used in determining the sum of chromium and vanadium in 
steels (2, G,  9). I n  the present investigation the possibility 
of using potassium bromate as the oxidizing agent m s  studied. 
Potassium bromate has already been utilized by Willard and 
Young (8)  as a reagent for the oxidation of vanadyl salts to  
vanadic acid in hydrochloric acid solution x-ithout affecting 
chromic salts. 

I n  the experimental work to be described, the Oxidation of 
chromium was carried out in a solution acidified ~ ~ i t h  sulfuric 

a 100-cc. portion of chromic and vanatlyl Yalts (obtained bv 
reducing dichromate and vanadate with sulfur dioxide) con- 
taining the stated amounts of acid and manganese (as man- 
ganous sulfate) with 2 grams of pure potassium bromate. 111 

determinations 1 to 6 boiling with potassium bromate ivas 
continued for 10 minutes, in determinations 7 to  18 for only 
5 minutes. Five grams of ammonium sulfate were then added 
to the solution; after most of the bromine had been boiled 
out, 10 cc. of 1 S hydrochloric acid were added and boiling 
was continued until starch-iodide paper was no longer coloicd 
After cooling, chromate and vanadate were determined a i  
already described. In  all cases when iron was present enough 
additional phosphoric acid was added after oxidation to 
make the total amount present about 10 cc. of 85 per cent 
acid. After the addition of 2 drops of 1/400 S potassiiirn 
iodide and a small excess arsenious acid (usually only a few 
cubic centimeters), the solution n-as allowed to  stand 3 to 
5 minutes or until it  mas bluish green with no murky color, 
which mould be due to trivalent manganese. 

Table VI-Oxidation of C r + + +  a n d  V O + +  with Potassium Bromate and  t h e  Determination of Chromium and  Vanadium according 
t o  the  Proposed Method 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4 O  
15 
16 
1 7 O  1s 

Gram Gram Grams Gram 
0.0441 
0 .0441 
0.0441 
0.0441 
0.0441 
0.0441 
0.0441 
0.0441 
0.0441 
0.0441 
0 .0441 
0 .0441 
0.0441 
0.0441 
0.0441 
0.0176 
0.0882 
0.0176 

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  
0,0112 
0,0112 
0.0112 
0.0112 
0,0280 
0.0280 

. . .  
La 
. . .  
. . .  
. . .  
. . .  
2 . 5  

2 . 5  

2 . 0  
2 . 0  
2 . 0  
2 . 0  

. . .  

. . .  

. . .  

. . .  

. . .  

0.004 
0 .004  
0 ,005  
0 .005  
0 ,005 
0 ,005 
0.010 
0 010 
0,005 
0 .025  
0 .036  
0 , 0 0 5  
0 ,005  
0.050 
0,050 
0,040 
0.050 
0 .050  

ACID PRESENT 1 CHROMIC,! I V A N A D I U M  

Found Error Found Error 

cc. cc. ~ Gram Gram , Gram Gram 

H2S01 HaPO4 
(concd.) (85%) 

3 
3 
3 
8 
3 
1 
1 
1 
2 
3 
3 
5 
2 
3 
2 
2 
2 
3 

10 
10 
10 
10 
10 
4 
5 
5 
2 
2 
1 
5 
2 

1: 
4 

10 
3 

0,0436 
0 0435 
0.0434 
0 0433 
0.0435 
0.0439 
0.0439 
0 0442 
0.0441 
0.0439 
0.0440 
0.0439 
0.0438 
0.0442 
0.0438 
0.0175 
0 0882 
0 0176 

- 0.0006 
- 0.0006 
- 0.0007 
- 0  0008 
- 0.0006 
- 0.0002 
- 0.0002 
+0.0001 

0,0000 - 0.0002 
- 0.0001 
- 0.0002 
- 0,0003 
TO.0001 
- 0.0003 
-0.0001 

0.0000 
0 0000 

. , . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  . . . .  

. . . .  

. . . .  
0 0112 
0.0110 
0.0110 
0.0112 
0.0282 
0.0281 

. . . . . .  

. . . .  

. . . . . .  

. . . .  

. . . . . .  

. . . . .  

. . . . . .  

. . . . .  

. . . .  . . . . .  

. .  , . .  

. . , . .  
0 0000 - 0.0002 - 0.0002 
0.0000 +o .  0002 

+o ,0001 

0 Vol. 200 cc. instead of 100 cc. 

and phosphoric acids. At low acid concentrations the oxida- 
tion is so slow that it is not conveniently applicable. It was 
found, however, that  small amounts of manganese greatly in- 
creased the speed of the reaction, since in the presence of 
phosphoric acid the trivalent (and quadrivalent) forms of 
manganese catalyze the oxidation of chromic salts to  chromic 
acid. After the oxidation has been completed, it is necessary 
to  destroy all excess of bromate and to  decompose the man- 
ganic phosphate still present. For this purpose ammonium 
sulfate was used. The higher oxidation states of manganese 
are quickly reduced to  h h + +  in hot solution, but it was found 
that  a complete decomposition of bromate a t  100" C. was 
difficult t o  attain after a moderate period of boiling even 
though the presence of manganese is decidedly favorable. 
Thus, after boiling for 15 minutes with about 3 grams (excess) 
ammonium sulfate in the presence of 3 cc. of concentrated 
sulfuric acid and 10 cc. of phosphoric acid and 5 to  10 mg. of 
A h + +  in 100 cc., the solution still contained enough bromate 
to  give an error of about $0.5 mg. in the amount of chromium 
found. I t  was found, however, that, after most of the bro- 
mate had been destroyed by boiling for a few minutes with 
ammonium sulfate, the last traces could be eliminated by add- 
ing a small amount of hydrochloric acid. If 5 grams am- 
monium sulfate were added to  a solution containing 5 cc. of 
concentrated sulfuric acid, 5 to  10 cc. of phosphoric acid 
(85 per cent), and 1 cc. of concentrated hydrochloric acid with 
1 gram of potassium bromate, no bromate was left after 
boiling for 10 to 15 minutes (methyl orange test). 

The results recorded in Table VI were obtained byoxidizing 

Sole-At the  Minneapolis meeting of the AMERICAK CEIEMICAL SOCIETS 
September, 1929, H. H. Willard described the favorable properties of i o  
per cent perchloric acid as  an  oxidizing agent. In  concentrated solution 
chromium and vanadium can be oxidized t o  chromic acid and vanadic 
acid, respectively, by boiling with perchloric acid. After the completion 
of the  oxidation, the  perchloric acid need not be removed; by simply dilut- 
ing with water its oxidizing properties practically disappear and  i t  will not 
interfere in the titration of chromate and vanadate. I n  this way i t  may 
be possible to  avoid the use of potas.ium bromate entirely. See a150 
Lichtin, IKD. ENG. CHEX, Anal. Ed., 2, 126 (1930). 

It will be seen that, when the acidity is high, the amount 
of chromium found is too low. This may be attributed to the 
decomposition of chromic acid by boiling with C1- in th? 
presence of the amounts of acid given. Decreasing the acitl 
concentration improves the results. It had been the original 
intention to  maintain a rather high concentration of phos- 
phoric acid in the solution during oxidation to  prevent the 
precipitation of manganese dioxide, which dissolves rather 
slondy when boiled with ammonium sulfate. In  the presence 
of smaller amounts of phosphoric acid (2 to  5 cc. per 100 cc. 
of solution) there is more or less precipitation of manganese 
during the 5-minute period of boiling required for oxidation, 
depending upon the amount of manganese present. When 
ammonium sulfate is added and the liquid boiled, manganese 
dioxide will be dissolved by the combined action of ammonium 
ion and phosphoric acid. Only when 50 mg. or more of 
manganese are present is complete solution of manganese 
dioxide effected with difficulty a t  phosphoric acid concen- 
trations of 3 or 4 cc. per 100 cc. The hydrochloric acid added 
to  decompose the residual bromate will, of course, also attack 
manganese dioxide. 
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Table S'II shows that the proposed method gives satisfac- Determination of Chromium and Vanadium in Steel 

The results of the analvses of different steels given in Table tory 

Pev cent Pev cent 
1.3; 0 . 2 1  

1-11 were obtained by th'e fOlloTYing recommench Procedure: 
For steels containing chromium to the extent of 1 per cent 

a 2- to 3-gram sample is taken and for higher contents cor- 

T a b l e  VII-Analyses of B u r e a u  of s t a n d a r d s  Steels accord ing  to t h e  
Proposed Method 

Per cenl Per cenl 
1 .343  0 220 
1 . 3 3 3  ri 214 

respondingly less. The weighed sample is transferred to  STEEL 

a 250-cc. Erlenmeyer flask; 25 cc. water are added and then 
1.5 cc. of concentrated sulfuric acid for each giam of steel, 
allowing 1 t o  2 cc. in excess, and 3 or 4 cc. of 85 per cent phos- 
phoric acid. To  hasten solution of the steel, the liquid is 
boiled. JT7hen solution is complete, sufficient concentrated 30" 
nitric acid is added dropwse to oxidize iron to the ferric condi- 

I \  now boiled to expel the oxides of nitrogen and sufficient 
nater  added to make the total volume approxirnatelv 100 cc. 

30 

tion; about 1 cc. per gram of steel is sufficient. The solution 30 b 

32 

One or two grams of pure potassium bromate are then added 
and the solution is boiled for 5 minutes. Five grams of 
animonium sulfate are cautiously added in small portions 
to  the solution (which should again hare been brought t o  
alqiroximately 100 cc.) ; the solution 1s hoiled until most of 
the bromine has been expelled. Then 10 cc .  of 1 L\r hydro- 
chloric acid are added and boiling is continued until starch- 
iodide paper is no longer colored. After cooling to  room tem- 
perature, 5 to  8 cc. of 85 per cent phosphoric acid and 1 to 
2 drops of 1/400 S potassium iodide are added: 0.1 9 ar- 
Yenious acid is run in slowly from a buret until the color of 
the solution has become bluish green and finally 2 to  3 cc. in 
e w e s .  The analysis is then continued as described above 
for the combined determination of chromate and vanadate. 

B a n m u  O F  STAKDARDS 1 VALCES B Y  PROPOSED 
VALL-ES ~ ~ E X ' H O D  

Chromium Vanadium 1 Chromium Vanadium 

1 fl4n 0 . 2 1  1 005 0 2007 
1 0 1 0  0.998 0 . 2 1 2  I 
1 03 0 20s I 0.99  0 .208  

0.89 0.930 0.018 1 0.941 

a Persulfate oxidation, 
b Permanganate oxidation. 
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The Testing of Automotive Rubber Parts 
Assembled under Compression' . 

Part I-Deflection under Compression 
Franz D. Abbott 

FIRESTOSE TIRE ASD RCBBER CO>IPASY, A K R O N ,  OHIO 

Present-day test specifications on automotive rubber 
parts are not only incomplete and misleading, bu t  entirely 
lacking in  uniformity. This is particularly t rue  of com- 
pression and permanent-set tests on automotive mechani- 
cal rubber parts assembled under  compression. Conse- 
quently, a n  effort has been made to show the  urgent need 
for unification of such methods. 

Data are presented in  Part  I to  show t h a t  high tensile 
is no criterion of relative resistance to compression set 
and tha t  hardness is not a measure of deflectability. In 
addition, deflection and  permanent  set  under compres- 
sion are greatly influenced by the  size and shape of the  

. . . .  

S KEEPISG with the rapid stiides in the automobile 
industry, an almost endless variety of rubber mechanical 
goods is being used in motor-car manufacture. As a 

result there has arisen a great variety of tests and test speci- 
fications, many of which are worthless for evaluating the parts 
under consideration. In fact, some of these specifications, 
particularly those requiring compression- and permanent-set 
tests, are often defeating the purpose for which they were 

I 

1 Receiked July 3, 1929, reiised paper receibed December 2, 1929 
Presented before the  Division of Rubber Chemistry a t  the  77th Meeting 
of the hmerican Chemical Society, Columbus, Ohio, April 29 t o  May 3, 
1929. 

test  piece, t he  method of cutt ing the  sample, the  gage 
and  methods of measuring it,  and condition and  kinds 
of surfaces in  contact with the  test piece. 

Compression and compression-set testing equipment 
are discussed, and some newly designed laboratory equip- 
m e n t  is described. One piece of apparatus,  t he  com- 
pressetometer, has been found extremely useful i n  making 
deflection, hysteresis, and set tests. These tests may be 
performed under constant load or constant distortion. 
The constant-load (spring) compression-set clamp is 
suggested as  a suitable laboratory standard for permanent- 
set  testing under  compressive loads. 
. .  
written. The authors of these specifications have either pre- 
supposed a uniformity in testing equipment and details of 
tests, and hence have very briefly stated the tests, or else, 
through a lack of appreciation of the many factcm influencing 
the results, have failed to  include such important details as 
size of test piece, gage, etc. Consequently many inferior 
stocks may pass these specifications if the testing conditions 
are carefully chosen. There are generally other require- 
ments, such as tensile, elongation, etc., to preclude the possi- 
bility of passing certain very low-grade stocks, hut even these 
requirements do not offer an absoluie safeguard against in- 
ferior quality, for a very high tensile, for example, does not 


