THE RATE OF SOLOTION AND THE POTENTIAL OF DISSOLVED IRON

Ya. V. Durdin and M. A. Oranskaya. S S

. In our pfevious paper [1] -we published the results of.oﬁr in
of the rate of solutlon and the potential of dissolving chromium igeﬁtéfztign
and sulfuric acids. ‘The present research was undertaken with a view Zo 1c oriC,
. now far the behavior patterns observed in the dissolution of chromium holzaggigsf

for the dissolution of other metals.. ™
' Thanks to -the researches of M.»Tsentnershver.on the rate at N
and aluminum dissolve,” we were able to assert, at.the time tﬁ?scgncadmium,
tion was carried out, - that the representative type of relationship derIeSEiga-
~us for the rate of solution of chromium as a function of the COnCentrati've by .
* hydrochloric acid was qualitatively analogous. to -the corresponding rélatggﬁgﬁi
derived by Tsentnershver for the ‘rates at- which the above-menti o
. : - on :
gsolve [3], E o , "I ed mng;s d;s-
‘v- , TsehtneTShVéfvs'data‘on the rate of 501utioﬁ of iron c ' : o
: . , - . arbo
able onelto estimate the Variation‘of this rate with the acid'COEZingigtggz ?2}

tin,

L An exponential equation expressing the variation of th
‘dissolves with the concentration of hydrochloric acid was deiizzgeb;tczgiCh %r?n
- : , : : oy [5].

. '~ p.8ieverts and P. Lueg:[S] made a'sfudy of the diss
Y ‘ ; : , ol :
‘A‘y;\s-ﬂx and 6 N hydrochloric acid and in & N and 8 N sulfz:ignaofdiron‘W1re e
the conclusion that the rate at which iron dissolves En‘hydrochl ci cotg o e
proportional to (Chep,.)2, while in sulfuric acld the rate is proggrgizzii :S B
te . al to S

' somewhat less than the first power of the acid concentration

. Oowing to the primitive methods employed . : ‘ ‘

the results of these investigations as znyyﬁo;ehzgzzeiéawﬁ were unable to regard -

Rem, in his investigation of the rate at-which lowacarbon jopproximations, 8.
uric acid, found that the rate of solution’ of iron rises g ron dissolves in sulf-
tionally to the acid concentration in the region of moderagproximately propor-
sulfuric acid. At high concentrations (ca. 16 N .HaSO4) th © concentrations of

- iron dissolves drops sharply, the iron bEEoming—bassiée'[7? rate at which the .

: Damon, in his investigation of the disso ’ : SR
percentages of carbon in sulfuric acid, féacheéu:iggmifa:teels‘containing various -
Closest to our research 1is the investigation made by A.T §§HC1usion, [8]. .

_made a study of the rate. at which commercial.sheet iron éis asilshchikov [9], wh
and sulfuric acids. at copcentrations ranging from 1 N t0,108§%x%s in hydrochloric
ﬁaturefbf the expression fo:,the variation of the rate of soiétionThg feneral

T : o ron with .

— e wn e e e o wem e me e owem SS es, SS

This investigation was completed before the war, part of it having been publisheq i v ' ‘ ‘
ng be n the Scientific papers
: pers

- . of Leningrad State University for 1940;[5J.
e ‘ 4 ‘
-.**as well as in nitric acid in which the controlling factor in the s of the dissaln.
*.appears to be the diffusion process. -~ ‘ kinetics of the dissolution of iron
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. the , oric or sulfurfc. s _
‘f._blOse,to;What’we‘derivedzfor chromium as well as for.iron.

N v‘Unfortunately,nininearlyﬁall'theSe invéstigations of "the rate of solution

*“bf:iron, the rate was determined by the gravimetric method, i.e., by the loss

fbf:we;ght of_the'metal throughout “the experdment, and hence'rgpresents merely
. the average rate,applying to the whole test. Owing to the differences in the '

.~ Length of the induction period at various acid
.. . fer considerably from the iron solution rate for & stationary state. Moreover,

"~ in these researches no investigation was made of the effect of stirring the solu-
* tion upon the rate at which the iron dissolves, nor. ( ’
“ for usg*was the potential -of the dissolving ifon»measured,\,We therefore believe
" ‘that the data we obtained on the solut
- iwon are not without interest even today.

s

._,'waé’essentially'Similar to the method described. in our previous reports on mag-
f4ﬁ¢sium'[ld].and chromium [1]. We might mention that the. rate at Which‘tﬁe-iron 

 “dissolved was measured in the same'reaction vessel, with a ca

in - which the solution rate of chromium had been measured; we shall therefore ,dis-
o E ' “spe ically characteristic

f@f'?hé present research. | 4 NI e

{yf».'Infthis researgh we ‘Investigated the rate of solution and

‘potential of -Armeo iron containing the following impurities: L v
© CO.0LTH - 510.025  Mn 0.6006% TP O0.0I% 5 -

Q'dbmmbrcial light sheet iron. - -

R We‘prepared plates 1.5 x 2.0 cm in size™ ~for‘ﬁhesedtests,‘the plates being
affixed to a metal holder by dental cement a8 described in our paper on chromium.
The back and the edges of the plate, as well as the dental cement, were covered

‘with bakelite -lacquer, which was polymerized as described in our paper 'on chrom-.
‘dum. The front surface of the plates was cleaned with fine glass paper. It.

‘should be nated that the plates of Armco iron w

*thisfappreciable thickness, the basic series of te
" formed on a gingle plate. The plates made of ligh
o one or.two tests as a rule. Comnection to the pot
: the -upper edge of the plate by means of a' copper
- of the iron plate, which was under g glass-bell a

sts using Armco iron was per-
t sheet iron were used up in
entiometer circuit was madé- at
wire soldered to the upper edge
nd was insulated.from the acid
the end of the wire being: .
led hr e ‘ ) T as described in our previous
‘paper.on chromiuym, - . R ‘ : o Y e PRNRRE

RO ‘Thé,SOlution8fwere prepared, .as in our researchvon’chromium, with. chemically
and sulfuric acid "pure, for analysis”. All the basic .
est C oo 8 temperature of 60 + 0.2°, We chose o high a temperature
bquusg the rate. at which Armco iron dlssolved at' lower . temperatures Was 00 low.
7. The units used in measuring the rate of solution
ere the sdme in thig research as 1 ] *h
ate 1s expressed in cubi
urface per minute,
alomel electrode, "1
was indicated by t

of‘ian_and its'potentiai'

ubic centimeters of hydrogen evo
‘The potential is expressed in mil
ts~sign.being,téken as{pluS‘(+)J

lved per sq.’ cm. of ‘metal

e stirrer rpm (u).

Lo
N — — e

w;.The':Ln’ce‘ns:!.ty'o:f‘ stirring -
‘The Armco 1ron we used origifally had the shap
these rods were first flattened out on an anvi
means. of avfile,; The surface was given a fina

.

e of round rods 12.um in diameter; in-
1, after which the plates were give
1.treatment with fine glass paper.

preparing the plates

’ it
-

. . ' o

livolts against a saturated

L ) »v‘, SR ,'..r . 5 0 S © N l . : ' ‘.‘ o .‘ o
oncentration.of hydrochloric:or sulfdric,acid.derived,by¢thatpauthoruls.‘v~- o

concentrations, this rate may daif-

what is particularly vital ' .

don,rate and on the potential of dissolving -

% -1, Experimental method. The experimental method employed in this rese&fch-.

pacity of 1.5 liters, . .
the dissolution. =

' _For the sake gf comparison we also inYestigétédfﬁhe'rate.of solutiQ9 of .

gre about 7 mm thick. Because of °.

3

n our réSearch3on:chromium,'i}éﬂ,“the solution - -

D & rectangular form by



.. . 2, Variation of the solution rate and of the potential of dissolving iron
‘with the dissolution time.  The curves illustrating these functions ‘are given in
Figs. 1-%. . In these figures, the iron dissolution time, reckoned from the instant =
. the metal was immersed in the solution, is plotted along the axis of abscissas. o

. The values.of the.dissdlution rate, v°100, and the potential of the dissolving

jron are plotted along the axis of ordinates.

3 ‘In all the figures<the potential curves are denoted by digits with a prime
(r), the golution rate curves being denoted by digits without a prime. Figure °
l'illustrates:the_dissolution of 1ight sheet iron in hydrochloric acid, Curves -

. 1.and 17 representinglthe dissolution of the light sheet. iron in 3.5 thydrdchlor—
ic acild, while Curves 2 and 21 represent 1ts dissolution in 10 E‘hydnaﬁhloric“,
acid. Inasmuch‘as‘the rgté'at‘which iron dissolves in the 10 N hydrochloric acid

" is much higher than the solution rate in the 3.5 N acid, different scales are . - . |
employed for Curves 1 and 5 in Fig. 1. The solution rates are 1aid off as ordin-
ates at the left for Curve 1, those for Curve 2 being lald off at the rights o
similarly, the scale for Curve 1" is laid off in hours alongwthe axis of abscissas |
whilé that for Curve. 2 18 1aid off in minutes., Figure 2 gives the curves fop . )

~

‘ two tests of the dissolution of the same
AR light sheet iron in sulfuric acid, Curve
© 1 representing a test in 2 N sulfuric acid
while Curve 2 shows a test using 8 N-Sulfu,

4
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Fig. 1. °

-fThe cusesziq Fig; 3 illustfate'the,dissolution of Armco ironliﬁ h}d;
ile tie curves in Fig. 4 show the behavior of ‘the same Armco
ﬁthn‘we-inspect Figs. 1 and 2, we see that &‘COnsfant fate

‘ uric acid. _
‘rochloric acid, wh

“iron in sulfuric-acidi W - insy : ]
. of solution-is not‘estgbliéhed»at“onca,when 1ight sheet iron is didsolved in hyd-

" rochloric or sulfuri;f@éidgf}Aﬁ,FhQ_?tart of the test there is a characteristic
N indudtidn'period;Adqrigga’hiqh the solution rate rises. 'The potential of the dis-
 solving hight sheet'iron,ion‘ﬁhe’other hend, drops during this period by about .
5030 miliivolts, Hence, ab the peginning of the test, the potential and thé rate
of*adlutioﬁ'df 1ight sheet iron maove in opposite directions. It might also be
noted that in the ‘test represented by the Curves of Fig. 2, the dissolution of the
light shiest iron vas effected &% various stirring speeds, to wit:.at w= 550 Fpili ;
; Coaid ) n et w=o, and again at u =550 rpm toward the end of the Tun.

,

' tq.pegit with, the : d )
'T§i5d§§Vé§”of’Fig. > indicate thet & change in the rate at which the solution is
: sfirréd?hgs‘nojpérceptible‘effect_ugqn the_rate‘at Which<light sheet irbn dis-

soives in sulfuric acid or upon its potential. In general, we' may stete that the
state of affairs observed in the dissolution of 1light sheet iron in hydrochloric =
' acid as well as in sulfuric acid 1s comparatively simple. The behavior patterns

T
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‘exhibited by the Armco iron are more complexnu

: ~In Fig. 3, Curve 1 represents a test of the dlssolution of Armeo. iron in
‘9N hydrochlorlc acid, Curve 2 representing its dissolution in 7.5 N hydrochloric
3'acid and Curve ¥ representing its dissolution in the same 7 5N hydrochloric
,'acid, but at 50°. The curves. in Fig. 3 indicate that the’ length of theé ‘induc-

. tion perlod may vary very~ wldely for the dilssolution of Armco iron in hydrochloric
. .acid, the variation being independent of the acid concentration. Curve 3, for

. example, exhibits an induction period” of the order of 20-30 minutes; in the:test

" represented by Curve 2 the induction perlod was still shorter; .in the test repre-
sented: by Curve 1; on the other hand, the induction period was very long,.some

3 hours, despite the high acid concentration. (The time values. laid off on. the
’haxis of .abscissas ‘must be multiplied by two for this curve, ) ‘

-~ When we turn to sulfuric(acid the
state of affalrs prevailing in;the'dis-'
'solution of Armco irgn becomes much more

[T N N | L1
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Fig._’jf_. 3 . Fig,.'b.‘

ilconnlicated When Armco iron is dissolved in sulfuric acid, thé rate of

0olu-—
tion drops rather than rises at the start of the test. It usually reaches a

. ‘constant value after a certain interval of time. has passed but the curve is-

hard to reproduce° In some tésts the solution rate seemed to reach ‘s constant
value, but then it suddenly began to drop, falling to zero. Curve 1 in Flg. I
represents a test of this sort. Curve 2 in that figure represents a test in
which no such drop ‘was observed.

.“‘ B N

: It should 1likéwise be observed that the sulfuric ac1d concentrations were
airly close in the: tests represented by Curves 1 and 2 in Fig. 4, being 10 N

or Curve 2 and 9. N for Curve 1,:.which clearly. proves ‘that the rate at which C
.the Armco iron dissélved was greatly diminished in -the test represented by Curve

1. Thus, phenomena resembling passivation are observed ‘in the dissolution of .

Armco iron in -sulfuric. acid; though these phenomena do not involve- correspond-~ - ﬂ"
ng abrupt changes in- the potential ‘of .the dissqlving metal. As Curve 2 in Fig., t

windicates, stirring the solution® has no®ppreciable effect upon: the rate of - o

dissolution or upon the potential of the Armco iron as it dissolVes in sulfuric
scid . . . L

e Y

B, Tempenature coefficient of the rate at which iron dissdlves. The data

on the. tempéerature- coefficient of the rate of solution of iron are listed in ,, ' fJ
msble 1 and 2, Table 1 referring to the dissolution of Armco iron. in hydrochloric f‘;‘.;
QCid,, while. Table 2 gives the - data for the dissolution of light sheet iron in ' T

---—--.-—-.—-——--._—-._.———-..——

The ‘temperature coefficient of the rate at ‘which Armco 1ron dissolves 1n Sulfuric acid was’ not determined

because of the poor reproducibility of our data from the rate solution of Armco iron in. sulfuric acid -
discussed above. - . ; , ‘ .
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sulfuric aCid. " In these tables, g denotesthe aCid ¢Oncentration; .E.is the.'CI'itt-’,
ical increment of the solution rate; af is the tempcrature coefficient of the
solution rate, éxpressed in per cent per degree; Xt+lO/Vt is the ratio of the

' given in these tables for the solu-

solution rates at t + 10° and t°. The values
“in Figs.

_tion rates at 60° are taken from the curves
for the rates at 40, 50, and 70° represent

5 and 6, while the values

data obtained in special tests.

f
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Fig. 5., ' Fig. 6.
- TABLE 1
Temperature Coéffiéiént of'thé Rate of Solution of A;mco Iron in HC1
1 o 5 o 5 : 6 1.7 8
O t° LW §!1oo E a%b Vt;lo/vt , omv
| 60° 600 | 80 g | u70-480
9.1 { 40 600 o1 | 3RO 6.4 1.91 k70
_ 60 600 38.1 | g L 470
75 { 50 600 21,0 | PO 6.3 1.8 1 e,
: - 60 600 15.0 | h70 -
6.0 { 50 600 g1 | 10 6.5 | 1.8 460"

The data in Table 2 indicate that the t

light sheet iron dissolves in sulfuric ac
al reaction.

“ture coefficient of the rate of a chemic

- of the rate at which Arm
hut 1t is still rather far from the temperature coefficient of

‘rate is~governed by the rate of the diffusion process.

co ‘iron dissolves

7

}

Column

processes whose

8 in Tables 1 and

emperature coefficient of the rate at which
1d 1s.a typical value for the tempera- .
The temperature coefficient -

" in hydrochloric acid is somewhat 1ldwer,




: | PR TABLE 2 'l‘]f” | D
Temperature Coeffi01ent of the Rate of Solution of Light Sheet Iron,

B . | in HaB04 _ R B
v [z | s [ o 5 6 | 17."1 |8
"efcﬂ ol e C l‘ “ve100 | ‘E"' | o vtflo/vt~ QY. | %
T 60° | 550 ‘| he.s | L. ool Sl | ass
8 ,T[ ‘50 | 5s0 .| 19,2 | 16-800 DR R W
, r . 60 ;‘550 12, ue" o‘ ' i | w87

~2 gives the values of the potential of the iron dissolv1ng at the given tempera-
“ture. . The filgures in this column indicate that 'the potential of the- dissolving
firon, ‘measured against a saturated calonmel electrode, hardly. varies with- tempera-
Tture, the fluctuations lying within the limits of experimental error. It may be

{said that the drop in potential corresponding to a temperature drop of lO° seems
to be roughly. 10 millivolts,

4, Effect of stirring the solution upon the rate at vhich iron dissolves

An hydrochloric and sulfuric acids.. As we stated-durlng our discussion of Figs.
-2 and I, the rate of. solution.of iron — both the. Armco iron and the light sheet.
ron - in sulfuric acid is’ wholly independent of. the rate’ at which ‘the solution
“is stirred. A slight effect of the stirring rate upon the solution rate of the.
=iron was observed however, in the hydrochloric acid ' Table 5 illustrates the

.extent of this: effect ; , co ;

| The first column of this . . o mamE 3
“table .gives - the “lconcentrai. - . o =_’ o é\, ) rpm/min S , L
.tions of the hydrochloric acid, R » 0 | 400 600 [ -Boo -
" the. others giving the rate at ‘ ' o b0l o 3 _ o
which the iron dissolves in this 500 ;5'5 AEE R ,u-g/“
acid ‘at the stirrer rpm, v ', . Ap 72 2‘ R e
wgiven in the top ‘line. We see: - rmeo 7“, '69 S com o 3k
;from this table that at high con- iron {2-1 68 81 85 {80
‘centrations of hydrochloric acid, . .. 9.9 103 I e ,%17'7
.7 N and more, stirring the: ‘solu- Light PSR O D
*tion increases the rate of solu- . 'shget 551 19.5 9.5 1 = 1 - .
tion of the Armco iron slightly.. . irom |- “'7§AQO),(u05) "*”5) P

Thisﬁinccrease in the rate is so ' R .l‘ :
slight ‘however, that the: only

thing we can remark with any certainty is a difference in the rates of solution
between stirring and the abserce of any stirring, this change in the rate total-.
ing only lO 15%. - . o

L Such a change in the rate is close to the. magnitude of experimental error, ,
1t may be noted, howeVer, when we compare . the solution rates obtained at differ-.
ént values of w during a- single test, In the case of Armco iron, all ‘the: figures
in Table 3 that lie on the same horizontal line- represent the data secured in g
single test. Curves 1 and 2 in Fig.-3 represent tests of this sort (the effect
of_stirring'was somewhat ‘more than usual in: the test represented by Curve 2).

With the light sheet iron, it was only at moderate’ concentrations of hydro—
chloric acid that we were able to measure the, solution rate at various values of
in a single test; as Table 3 Andicates, the rate at which light sheet ‘irén dis-
s0lved was not affected by the’ stirring rate In concentrated solutilons_of. hydrov‘
chloric acid the plates of light sheet- iron dissolved too fast for us to be able




" It should be adde

to_measure‘the rate of solution at more than-one value of in a ; ST

When We'compareQ‘the'rates of solution of light sheet iron ?niioaﬁyﬂgingle*teSt'

tained in different tests at different values of U, we found that the’raz o _

creased somewhat as . was raised, as is seen .in Table 3. It'is‘pdssiblea E in- .

. as we just said, that this effect 1s the result of nothing but the expert owever,,
error. In any case Wwe may -state that here), ‘too the effect of'stirrin mentgl\

is extremely small. N o o ' : . : g, if any, -

i

5. Variation of the rate of solution and of the potential S

o L= of ¢

_ing iron with the concentration of hydrochloric and sulfuric acid. . gﬁediiislvf
lone are shown in Figs. 5 and 6, the curves shown 1nes

representing:these funct

Fig. 5 representing‘the dissolution of Armco iron while the c

: , . ur

tion of'light sheet 1irom. ’ , ) veé in Fig,.6

represent the dissolu
_ ‘Inspection of these curves demonstrates that the rate of L
. Armco iron and of the 1ight sheet iron rises very rapldly with zﬁiuziﬁieﬁfrzii

of hydrochloric,acid, being .a modulus, as it ‘were, of th
the case of sulfuric gcid, the increase in the raée_of iiznczgizzizztigg’ In-
~.acid concentration 1s much slower,.the rate of dissolution being Closw th‘the-,
.~ function of»the'acidrconcentrati‘on° Hence, the underlying nature of ih 0 a linear
of the rate of solution with the concentratlon of hydrochloric or sulf e variation
is the same in the dissolution of iron as in the dissolution of chro iuric acld
over, it must be remembered that in plotting the curve representing,thme More-
which chromium dissolves as a function of the concentration of Sulfurii rate at
found that the curve is slightly convex downward, thus departing frOm‘staiid,"we"
linearity. Figure 6 seems to indicate that s similar phenomenon is j riet,
the dissolution of light sheet iron. ' T present in
v Tn the case of Armco ironm, the reproducibility of our N S
factory for the rate of sqlution’in,sulfuric acid, as we havze::igs ::Stgnzatis"
only recourse was to draw an approximate straight line, as is showﬂ in Fia our -
led that we have plotted two curves in Fig. 5 for thé dlssol 5.
" of Armco iron in nydrochloric acids the solid curve, representing the doto ution
the dotted curve, representing the circles. The dotted curve represents iﬁ and
. tests made without gtirring, at> v =0, while the solid curve represents th €
" periments in which stirring was employed. ‘ : ‘ sents the ‘ex-
We see that in both cases we get a curve of the same type;- . .
.'ﬁearl& coincide at hydrochloriC‘aCid concentrations below 5}%?;? tXE‘EYOhCUTVeSs
" centrations the dotted curve ls-somewhat below the solid one, but this grer con-
insignificant, averaging some 10515%0'_(These facts are, of. course ‘mereiop is
-~ paraphrase of the statements made earlier; in FPar. 4), The fact tﬁat sf'y a
influences the rate at which iron dissolves in hydrochloric acid enabl trrine
.‘.assume that the diffusion process has some influence upon the rate of ii us to
" action. This influence'is-EVidently very small, however, practicall diis‘re- :
ing‘at-a rather low stirring.rate° In support of this conclusion Weyma sappear=-
point out that'experiments on the rate of solution of magnesium made b y also
‘similar instruﬁénts'[lo] have shovl that the rate at which magnesium dz s in
.rises about 300% as the stirrer speed 1s increased from zero to 700 ssolves
) £ solut;on‘of iron is only 10_15%°~* ‘ rp@,»whereas

. the change in the rate O
son is also supported by the high temperature coefficient of
. . ) . A . A 0

- o Tﬁis conclus
. the rate at which 1ron dissolves. = . S

‘ : : : {ron dissol o ’ . l

‘ ' The values of the rate at which ves (v°100) in hyd
'and sulfuric acids of various‘concentrat_i.ons are listed in Table ﬁ rggglgric R
interpolation from the curves.reproducedkin Figs. 5 and 6. . ;a an-by -
‘  In accordance with what was set forth on Page 672, the figures obtained
g e = = ¢ magnesium in hydrochloric acid as.a t 1 : " '

zgerggzzgrtggvgizigéugégnrgactioh rate is the diffusion process. ~yp cal example of & reaction in which

. R o SR | .6



TABLE 4

¢ Wormality of © .| 1 | 2 |3 | & |5 617 8:]9 | 10
”».uﬁhe aCid ‘ L .  ’,f' , :
_ VI-“i , ve100 C
. Armco iron ) ... - | = |- |23(55 |15 |30 ] 50| 77 ] 120
Lignt } et N O I B
+. sheet iron _8,0 13(5)| 17 |2k 36 56 _85 135 | 230 /'h}O
. Armco from ) .- - | - - (178) F“‘ (5~0) - (M“SQ";' (6.4) | = (8.0) .
Light sheet pHzSO4 | U . oo ‘ o
iron , - = 11203116 200 |25 |30 |35 | ko | 46 | s2

i for the rate at which Armco iron dissolves in sulfuric ‘acid fluctuated widely,

J 8o that the values given in the table for the rate of solution of Armco iron in
~sulfuric acid are placed in parentheses, as being merely approximate. Nonethe-
fless;vit\is obvious that the rate at which Armco.iron dissolves in sulfuric acid
-as well as in hydrochloric-acid is much lower than the rate of solution for light
‘sheet iron. The potential of the iron dissolving in hydrochloric and sulfuric
-acids at different concentrations are given at the top of Figs. 5 and 6, the poten-
tials of iron dissolving in hydrochloric acid being indicated by dots, while those
for dissolution in sulfuric acid are shown by crosses. The data in Fig. 5 indi-
cate that the potential of Armco iron varies very 1little with the acid concentra-
‘tion. 'The potential of the light‘sheet3iron\in sulfuric acid drops slightly as
‘the acid concéntration is increased. L A

K ‘We have a total of three points for the potential of light sheet iron'in =~
hydrochloric acid, their positions not permitting us to make any definite state-
‘ment regarding the variation of this potential with the acid contentration. By
‘analogy with the potential 'of Armco iron, it may be thought thet this poténtial

18 close tb-a constant (the horizontally aligned dots shown in Fig, 6).

| For the sake of greater clarity, the variation of the potential’ of dissolv-

ng iron with the acid concentration 1s shown on a, larger scale in Fig. 7 (A, B

2

€).  Fig. 7(A) represents the dissolution of light sheet:ifon in sulfuric acid;
‘Fig. 7(B) represents Armco iron in’sulfuric acid; and Fig. 7(C) represents Armco
" iron in hydrochloric acid, "The potentials -of the dissolvingiiron at the begin-
ning of the test are denoted by circles, the crosses denoting the potentials at
the end of-the test. Figure 7 shows that the difference between the initial and
the final values of the potential 1s much greater for light sheet iron. In sulf-
‘uric.acld, the potential of dissolving iron, whether Iight sheet or Armco ironm,
wdrops somewhat as the acid concentration increases, the drop being biggest for
the potential of light sheet iron as measured at the end of the tests, this drop
totaling some 45-50 millivolts, according to Fig. 7(A), between 2 N and 10°N
‘ sulfuric acid. The.decrease in the initial values of the potential of. light . '
heet iron during the same concentration range 1s smaller — of the order of 20
i11livolts.  As we see-in Fig. 7(B), the potential of Armco iron in sulfuric’
c1ld drops by about the same amount, though the difference between the initial . o
1&§ﬁffi§aliyalues'of'the potential is much smaller than in the case of the light &
eet iron. ' S R S ' PR Do

: When Armco iron is dissolved in hydrochloric acid, Fig. 7(C), the difference
etween the initial and terminal values of the potential is again small. In view
£'the falrly high scattering of the points in-Fig. 7(C), we may take the poten-
‘}al’of iron dissolving in hydrochloric acid to be a constant, equaling ¢ = . :
= 047 + 0.0L v.  Here too, however, as in the potential of chromium dissolving

>”676 :



2 R .
"TABLE 5.

Aéid'”' Potentlal ofv,Potential-of‘
- Armco iron, [light sheet ' 4%0
“mv, \ iron, mv o .
. ] 465*‘ o
H280s [, W75 { 480° o Ayt
. B h3ow A Do
HC1 472 { 460° _ ‘:;
in hydrochloric. acid, there is an ) “m L. -
apparent tendency for the potential : - |-
to rise somewhat as the acid concen-- ’ 21235 47 -i 789 #
tration 1s increased, as is indicated - ;b' o c.
roughly by the dotted straight line gg:‘ . o re 3453
in Fig. 7(C). 1In general, we see & ° 70 g =R T
that the behavior of the potential R N I e
of dissolving Armco iron is rather - - B I e B RN 200
much like that of the potential of N !
S , Fig. 7. :

dlssolving chromium°

The values of the potential of

dissolving iron in a 6 N acid are : ;
listed in Table 5. for the sake of comparison° In this table the potentials of

light sheet iron are indicated by an asterisk for the start of the run, and by a
_degree mark (°) for the end of the run. The differences between the initial and

terminal potentials of Armco iron were insignificent, so that a- single: mean ‘value
is given in Table- 5 for the potential of Armco iron.

'~ We see in Table 5 that the mean values of the potential of ArmCO and light
sheet iron in hydrochloric and sulfuric acids are fuivly close together, so that

they may all be covered by a single expression;  ® = 0.47 + 0.01 v. The sole ex-
ception is the potential of light sheet iron.in hydrochloric acld at the end of

‘the tests, the value of which was lower: ca. 0.43 volt.
Taking the potential of the calomel electrode with respect to the reference

hydrogen electrode as 0.221 volt at 60°, we get a value of 0.25 volt for the
potential of dissolving iron, measured ageinst the reference hydrogen electrode, .

but With a plus sign. .

SUMMARY

o 1. The rate of solution of Armco iron and of commercial llght sheet iron
in- hydrochloricgand sulfuric dcids at 60° was investigated up to a01d concentra-
tlons of 10 N A B

- 2. The data on the effect of stirring upon the rate at which 1ron'dissolves‘
and 'on the temperature coefficient of ‘this rate indicate that the rate of solution
of iron in sulfuric or in hydrochloric acid may be regarded as practically inde-
pendent of the effect of the diffusion process. . N

" 3. The rate at .which Armco ‘iron dissolves, whether in hydrochloric or in

sulfuric acid, is much lower. than the rate of solution for light sheet iron.

4, The rate at which Armco and light sheet iron 'dissolve in hydrochloric
acld 1s .an index to the concentration of the .acid, the relationship being: nearly
a linear function in sulfuric acid, however, up to a 10 N concentration. Hence,
the variation of the rate at which-iron dissolves with the acid concentration
(HCl and HoS04) is analogous to'the corresponding function described in our pre-
vious paper on chromium, the sole difference being, however, that the v-Cgey curve

-~
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for iron at wE O has no maximum, such as it had in chromium,,exhlbiting prac-\3v
" ~ fically- no difference from’ the curve obtained for vigorous stirring of the solu-
tion., - : :
ERATE 5. The potential of Armco'iron in hydrochloric acid changes very'little
*: with the concentration of the acid. The potential of Armco iron in sulfuric
‘acid drops somewhat as the abtid. concentration is.increased,. but this drop is
small, amounting to some 20 mv'in the range from 2 N to 10 N HgSO4,‘ This drop
. is somewhat greater, ca 45 mv, in the case of light sheet 1iron.*

. 6. The. potential of Armco iron is. practically the same in average 6 N
concentrations of sulfuric or hydrochloric acids, .

: Measured with respect. to a saturated calomel electrode and with its sign
. taken as plus, it amounts to O. 47 + 0.01 volt; measured with respect to a refer-
;ence hydrogen electrode and taken with a plus sign, it is 0. 25 volt.

S Inasmuch as the normal. potential of iron is 0. hh volt, it is evident that’
h the dissolution of iron, like. that of chromium, is accompanied by considerable
anodic polarization. ' . o
It should be noted that the book by Gatty and Spooner [11] gives the i

"potential of iron:in 1 N hydrochloric and sulfuric acids as 0.27 volt in a table
“dn p.. 312-313, 'this’ figure being in close enough agreement with the values we

{have found.

;. The problem of the potentials of dissolving iron w1ll be considered in
greater detail in one of our forthcoming papers. ,
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"It should be borne in mind however, that the iron potential measured with resDGCt to & saturated calomel
_électrode contains the potential jump at the boundary betweenthe hydrochloric acid and the saturated =
solution of potassium chloride, which may vary with a change in the acid concentration. The feasibility -
of excluding the resulting difficultles from a theoretioal treatment of the problem Will be discussed ‘
in one of our forthcoming papers.’ , ! '

'_SeeCBtranslationp. 8605 ££. - .o




