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The first part of this paper [1] dealt with the surface preparation and
surface qualification of steel sheets, used in our heterogenous isotopic exchange
investigations. It tried to define the metal surface with regard to purity and
the actual surface, to render thereby the evaluation of exchange processes
possible.

This paper reports on the isotopic exchange experiments undertaken.

Experimental part

The plates, adequately prepared, were placed into 5 to 10 ml of aqueous
ferric chloride or ferrous ammonium sulfate solution containing 5°Fe ions.
Under intensive stirring of the solution, the isotopic exchange during various
times of investigation was determined with an apparatus Model EKCO,
using NaI(TTI) X-ray erystal for detection. (Applied voltage 1150 V, at a disecri-
minator bias of 10 V, measuring time 100 s, amplifier gain: 100x.)

35Fe (*9Fe) isotope was used for the experiments in form of FeCl, in 0.2
molar HCI solution. The specific activity of this solution was 20.5 mCi/gFe
(5.4 mCi 9Fe/gFe). 15 ml of this solution diluted to 30 ml represented that
stock solution, with which the inactive solutions have heen traced. Generally
0.001 or 0.1 m FeCl, or Fe(NH,),(S0O,), solutions were used as inactive soluti-
ons.

The detection of the 5.9 keV X-ray radiation of Fe® ions of a half life
of 2.7 years with GM counter and with scintillation y-crystal is of poor effici-
ency. We tried therefore a scintillation X-ray crystal and a through-flow GM
counter for measuring the activity of the X-ray radiation. Our experiments
showed the first approach to be more suitable. Further possibilities, such as a
plastic scintillator or the measurement of the 1.1 MeV radiation of *Fe were
not investigated.

* Ministry for Heavy Industries,
*#¢ Physical-chemical Institute of the Technical University of Budapest.
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Aectivity was measured on both sides of the plate, and, under consi-
deration of the decrease in radiation caused through absorption by the plate
of given thickness, the actual activity on both sides of the plate has been
calculated. First, this value was referred to the unit of geometrical surface
(1 em?), then the roughness factor of the surface measured was taken into
account. Fe equivalents in mg, corresponding to the activity measured, were
determined under identical experimental conditions by analytical methods.

Rejection of doubious values

As shown by way of example in Table 1. the rejection of intensity measu-
rements data was decided on the basis of the Chauvenet criterion. Intensity
measurement was considered as »goody, if data obtained from 3 or 5 measure-
ments fulfilled the Chauvenet criterion.

Table I

Application of the Chauvenet criterion

n i n n—n f | Note
L 1416 —2
1449 22

1418 1364 54 ! '1.42 good series
o 1443 25 (c;=1.64)

1426 8
1440 16 :

1424 1387 ! — 40 ! 1.06 . good series
L1446 22 L (=14
57 —22
! 484 5 good series

479 ! 191 12 1.0 - (e;=1.64)
4188 9 |
476 — 3
11— 7 -
f= o G=n c; = 1.64
o

{c; is the value of the Chauvenet criterion, read from the diagram for 5 measurements)

Limit of detection

In course of the detection of 33Fe radiation with an X-ray crystal, the
increase in radiation with increasing Fe ion concentration was investigated
(Table II). The data are reliable, so that it can be accepted as detection
limit, if the level increases by 20 per cent of the background (which maximum
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Table II

The intensification of the radiation for increasing Fe ion concentraticns

Fe gmg) ’(’[l;) § 71:- - 10%
1.68 - 10— | 36.676 e
1.68 - 10~ | 4310 257
8.40 - 10~2 L2059 245
3.36 - 103 888 264
8.40 - 10~ 232 276

is 460 cpm), that is to say, by 100 cpm. The quantity of iron corresponding
to this value is:
_5-10%-100

Xy = ————— 3.6 X107*mg Fe/100 cpm.
1375

This corresponds to 4 10% Fe atoms.

The rejection of the measurement data of the actual exchange

After deciding on the rejection of the results obtained in the intensity
measurements for each specimen, the evaluation of the reliability of surface
isotope exchange data, calculated from these results, poses further problems.
The degree of reliability is influenced by several factors, thus e.g. by the rough-
ness of the surface, discussed in our previous communication [1], by the con-
centration, pH and temperature of the solution, by the efficiency of rinsing,
i.e. the quantity of ions adsorbed on the surface. These variables can be taken
into account and fixed only to a certain extent.

The efficiency of rinsing, or better the quantity of ions adsorbed on the
surface of germanium has been already investigated in this Institute [14].
According to these investigations and other pertinent data in the literature,
in the case of adequate rising a monomeolecular adsorbed ion layer, that is to
say, a quantity of about 105 ions/cm? is to be expected. (In the case of K~
ions and Ge surface, the adsorption of 1 — 5101 K~ ions per each cm?®
is the most probable value.)

A time of the order of 60 minutes is required for the adsorption equilib-
rium to establish.

Before the actual measurements, the test specimens were rinsed for
1—2 minutes in distilled water, and then dynamically sprayed with a water
jet for 2—3 minutes and dried. Thus, the source of error, due to adsorbhed e
ions, could be minimized.
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Evaluation of experimental results

Some experimental results are shown in Tables IIT to XXI.These tables
contain data on the solutions used in the experiments, the geometry of the
plate used, exchange times, the activity measured and that referred to unit

Table T

Isotopic exchange in 0.001 molar FeCl; solution
Solution: 20 ml of 0.001 m FeCl; 4 0.17 ml of active FeCl,
Activity of the solution: 1.2310° 3.32 - 105 ¢/100s; ¢/100s/mg Fe

| } i | Surface i
| ] Time of | Activity! Activity| Exchange refer- | rough- | Rough- | Exchange refer-
Plate | Geometrical | cohinoe | measurc] caleul- | Ted to the geo- ness ness | red to the actual
“No. surface ! (investi:a- C ed ated metrie surface | measur- | factor surface Re-
’ (em?) tion) | (c/100s) | (c/100s) (z-107¢ = ed | caleul x - 107 mark
| i ! mg Fefem®) | (Ra, | ated mg Fejom?)
1 1am}
1| 2-255 50 sec | 874 232 T 085 28 0.25
| i 879 232
— - ; i I -
l/a 2-2355 0.5 min | 827 187 5.6 0.20
i 736 137 4.1 0.14
6 win | 1419 | 375
1419 375 11.3 0.40
2, 2-28 50 sec | 629 150 4.5 0.45 15 0.30
635 | 155
1 S
2/a | 2-2.8 0.5 min 540 112 3.4 0.23
556 124 3.7 0.25
6 min | 1425 342 10.2 0.68
| 1432 | 348
3. 2-2.8 0.5 min 394 96 2.9 0.5 24 0.12
394 96 i
4. 2-2.55 0.5 min | 525 140 4.2 0.30 10 0.42
1525 140 1
1 i

surface, the exchanged quantity of Fe in mg, referred to the geometrical
surface, data on the fineness of the surface of the plate used (measured Ra
value, calculated roughness factor), and Fe exchange in mg referred to the
actual surface. Under consideration of these factors, in 0.5 to 30 minutes
0.1 to 1.5 X 10~% mg of Fe is exchanged on the actual surface. (1x107* mg
of Fe corresponds to 1.08 - 1015 atoms.)

For a further evaluation, the number of the Fe atoms (ions) on 1 cm?
of the actual surface has to be determined. Starting from the body-centered

lattice structure of steel, and taking as the atomic diameter of Fe 2.5A, the

. 3% [2.5x1078
space requirement of one atom will be __,_./.____.._____: 5.4 x10-1% cm?

2
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Therefore, 1/5.41071 = 1.85 x 10% Fe atoms/cm® will be accomodated
on 1 em? of the actual steel surface. According to this calculation, for the total
exchange of the atoms on 1 cm? of surface 1.7 X10~* mg of Fefcm? is neces-
sary. Values obtained in our investigations are generally below this value.
Also measured data shown in Fig. 1 prove that in 30 minutes the exchange is

0 mgfefem? | /
4 Note:
; o : esperimental dala

/ x  CORR-5 steel
10 ~ S
) ; /
. !
<(51)! :
a1t / i
I I
10 20 30 40 time {minute)

Fig. 1. Isotope exchange measured on the surface in function of exchange time

Table IV
Isotopic exchange in 0.001 molar FeCl; solution

Solution: 20 ml of 0.001 m FeCl, + 0.15 ml of active FeCl,
Activity of the solution: 1.23 X105 ¢/100s

; : i Surface R
. Activity] Activity Exchange refer- gh- | Rough- .
Plate m(e;;‘i)ca] | Time ;:Z;;::? ':z]tétﬁt“‘ re:ic izntlfieregee;- r':ml::ss) glex:'s . Exchange referred to the
~o. surface [ exchange ed ated | metric surface | measur- faln:tolx'" ( afgual sur%\c;a )
LI test s S) x - 104 | d - x - 10~¢ mg Felem®
fomty | (test) [(0/100) (c/lOOV); x:nge/cm=) (ﬁa’ caten
; - wm)
5 2-24 1 min 458 152 4.6 0.93 31 0.15
368 81 2.4 0.08
2 min 935 272 8.2 0.26
907 245 7.4 0.24
4 min | 1424 407 12.2 0.4
1400 387 11.7 0.38
6 2-2.7 1 min | 692 | 174 5.3 Plate treated with
702 | 177 ce HNO, for
1 min

2 Periodica Polytechnica Ch. 13/4
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Table V

Isotopic exchange in 0.001 molar FeCl, solution

Solution: 10 ml of 0.001 m FeCl; -~ 0.07 ml of active FeCl,
Activity of the solution: 5.32 X105 ¢/100 s

Surface
Geo- Time Activity| Activity Exchange refer- | rough- Rough-
Plat metrical exchange | measure | caleul- | Ted to the geo- ness ness Exchange to the actual
No. surface (investig?a- ed ated metric suf‘face measur- | factor _surface :
(cm?) tion) (c/100s) | (c/200s) ,:Ef; . i?cmz) (fzc};, cx;ltcex&l- (x - 10~¢ mg Fejcr?)
| pm)
7 2-11 27 min | 1670 | 1040 224 the plate decolour-
1670 ized, became ,,rustv™”
1260 680 14.6 Decolourization,
1418 960 20.5 ..rust’” removed
10 min | 1211 | 722 15.5 "
1272 800 17.2
277 | 120 2.6 Surface layer dis-
363 273 5.9 solved in 1:1 HCl,
30 sec
129 4 1.6 Etched in 1: 1 HCI,
30 sec
Table VI
Isotopic exchange in 0.001 molar FeCl; solution
Solution: 10 ml of 0.001 m FeCl; 4+ 0.12 ml of active FeCl,
Activity of the solution: 1.25x 108 ¢/100s
Exch " Surface N
. .y - - ahae Rourh-
Plate mgtexg::al Te{:i € ig::::? '::;érﬁy r::]c tingﬁer:gee;- r‘:?ss g‘elsvs Exchange to the actual
No. surface change ed ated metric sxir‘face measur- | factor _s:lrfuce )
{em?) (test) | (cf100s) | (c/1003) f;g X Fl‘g/cmz) (g{t i calent- (x - 1074 mg Fejem?)
#m)
8 | 2-11 33 min| 5048 3570 76 the plate decolouriz-
4792 3080 66 ed, corroded
73 min| 72.019 | 49.500 1050
70.713 | 46.963 995

about 80 per cent of the total exchange of the calculated surface. Presumably,
the exchange proceeds at the active sites of the surface, repeatedly mentioned
in the literature on adsorption.

This statement is contrary to the opinion, stated also in the book of
Haissinsky [8], according to which, notwithstanding the small self-diffusion
a relatively great number of atomic layers participate in the exchange. For
example, in the 0.001 molar solutions of most of the metals several times 10
atomic layers participate for about 10 minutes in the exchange, and several
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Table VII
Isotopic exchange in 0.001 molar FeCl; solution

Solution: 10 ml of 0.001 m FeCl; + 0.10 ml of active FeCl,
Activity of solution: 9.91x 105 ¢/100s; 4.65 X 105 ¢/100s/mg Fe

i

i | Surface N
Geo- ivity ivity] Exchange refer- | rough- | Rough-
Plate meter(i)cal Time “ ;}z:i::_y ::;:Itculfy red LGtlier;:; (r)xl;ssl g:;s Exchange to the actual
No. sur- exchange 1 eé ated metric su{f;ace measur- | factor surface (xn- 10—
(ﬁfﬁ) (test) | (c/100s) | (c/1003) m(;éel/gms) (zezi ’ caloul- mg Fejom?)
i um)
9 2.1 7 min 680 | 460 9.9 N, introduced during
786 | 565 12.1 exchange into the
solution
600 ¢ 400, - 8.6 Decolourization wiped
off
276 | 201 4.3 ! Decolourization polished
! 252 | 155 3.3 i : . off
Aectivity of the solution: 9.58 X 10% ¢/100 s
10min | 816 590 12.7 3
i 766 483 10.4
134 463 9.9 | Decolourization partly
720 . wiped off
198 | 125 2.7 ‘ - Etched in 1:1 HCI,
! ¢ 30 sec
H J —— - S —
67 42 0.9 | | Etched in 1:1 HCI,
30 sec

hundred, if the solution concentration is 10 times higher. After the initial
exchange, the process slows down, and becomes ,,irreproducible”. The exchange
of 10 and 100 surface atom layers has been observed by several authors,
without however giving a logical explanation of the phenomenon, or elimina-
ting the inconsistency with the known fact that the self-diffusion of metals
is very low at this temperature (Table 21). Concerning the rate of heterogeneous
exchange processes, HaissiNnsky [8] mentions that the rate determining step
is either the exchange process proper, or the diffusion of one of the components.
If one of the components is a solid, the overall rate will be determined usually
by the self-diffusion. (Investigations of WAGNER, ZIEMENS.)

Why would the case of metal surfaces be exceptional?

At room temperature, atomic translations in solids are determined
essentially by the degree of irregularities, i.e. by the number and presence

a%

&
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Table VIII
Isotopic exchange in 0.001 molar FeCl; solution

Solution: 20 ml of 0.001 m FeCl; -~ 0.15 ml of active FeCl,
Activity of the solution: 1.233<10° ¢/100 s

! ! } Surface :
. . Activity, Activity Exchange referred rough- | Rough- Exchange to the
Plate Geometrical Time measur- | caleul.” | to the geometric ' ness < mess actual surface
No. surface exchauge ed ated | surface measur- | factor (x - 10—+
{em?) (test) 11005 1100s (x - 10~ ed caleul- 1o o
(e ) : {e/1005) mg Fefem®) | (Ra, ated | ® efem?)
; i L pm)
10. 2x3.05 {0.5min 232 51 1.5 . 0.58 19 0.08
(CORR-5) 232 :
e — { . ; .
18.5min | 375 79 2.4 | 0.12
! L 351 | :
1 | i

Activity of the solution: 6.7:<10% ¢/100s Solution: 10 ml of 0.001 m FeCl; -+~ 0.08 ml

of FeCl,
11. | 209 |5lmin | 170 148 45 042 14 032
(CORR-5) | 143 89 27 C09
| L 6h 216 | 104 5.8 0.41
; 169 - 95 2.9 ; 0.21
Solution: see that of plate No. 10
12, 2445 [L5min | 252, 37 1.1 |
Glass plate 263 39 L2

of lattice defects according to ScHOTTEY and FrRENKEL [8]. Neither can this
be the explanation for the exchange of several times 10 or 100 atomic layers.

According to ERBACHER, the exchange is confined to a single atomic
layer, if the metal has been kept previously in an identical solution. According
to Haissinsky, this may diminish, or alternatively, increase the exchange [8].

Ismre [7] explains the phenomenon by the so-called pseudo-diffusion
mechanism. According to this concept, at certain spots of the surface ions
are formed and as a process opposite to dissolution, also ion adsorption, and
precipitation by ion capture, incorporation takes place. In this way, it can be
assumed that the tracer atom gets into the atomic layers of the deepler lattices
of the metal surface. This concept gives an explanation for the phenomenon
obsexved, it may be assumed, however, that the structure of the layer formed
in the secondary process is different from the original structure of the metal.
In this case, no isotope exchange on the surface can be spoken of since an
isotope layer comented out is present.

In our investigations, the attack on the metal surface soon begun due
partly to the strong acidity of the solution. In 10 to 15 minutes, visible discol-
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Table IX

Isotopic exchange in 0.001 molar FeCl; solution

Solutien: 5 ml of 0.001 m FeCl, + 0.1 ml of active FeCl;
Activity of the solution: 1.0410% ¢/100s; 5.38>:10% ¢/mg Fe

T

| Exchange = Surface

Activity! Activity referred to  rough- = Rough Exchange |
Plate | Geometrical Time measur- | caleul- | the geo- | ness ness | to the actnal
No . surface exchange | o4 ated I metric sur- ' measur-  factor ;  surface Remark
o (cm®} : {test) (/100s) | (c/100s) | face L ed calcul {x - 10-¢
: : ' Po(x 207 (Ra.  ated | mg Fejem?
: : | mg Fe/fem?) . pm) !
13 2x227  05min 130 91 075 0.25 8 | 0.09
Imin 223 119 0.98 0.12
195 143 1.17 015
2 min 522 2.95 0.37
. 4 min 524 3.12 0.39
9 min 733 520 ) 4.26 P 053
36min 1209 | 950 | 7.8 0.98
- 1017 589 4.8 0.60
96 68 0.56 ‘ i Etched in
! 1:1HCL,
10 sec
Table X
Isotopic exchange in 0.001 molar FeCl; solution
| Exchange  Surface ! !
! A . Ex a
i Activity! Activity| Feferred to | rough.  Roughe | pope |
Plate | Geometsical Time measur- | ecalcul- | the geo- ness mess | aopual
No. suriace a,\;rhﬁmge ed . ated | metric measur- ~ factor ' surface | Remark
(cm¥) {test) (c/100s) | {c/100s) surface ed caleul- | (% - 10~ i
; o Pofx - 107 {Ra. ated | o Fefem?) |
’1 mg Fefem®}  am) Lo |
- ,- : o VAV“T - o - o - U —— -
13/fa 2227 r 1 min 295_3 1§0 1.3 Pretreat-
i 437 353 1 2.9 - ment: 1:1
i ; HCI, 3 min
| 26min - 632 | 340 ¢ 2.8
: 806 680 3.6
{ 86 min : 1387 980 8.0
! a4

1438 ¢ 1150

ru o

h min 2230 1570 1
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Table XI
Isotopic exchange in 0.001 molar FeCl, solution

Solution: 5 ml of 0.001 m FeCl; + 0.1 ml of active FeCl,
Activity of the solution: 9.103< 105 ¢/100s; 4.983< 105

; 1 | ! ! Surface %
i | Activity' Activity] Exchange refer- gh- | Rough-
Plate | Geometrical i Time ;ig:?‘;:_} '::f;;ify re:lc un)ntl?emg:;- ? n;‘;ss 1 x‘::ss Exchange to the actual
No. surface ! exchange ed | ated me(tric lsourface ‘[ mea‘siur‘ 1 fa;:tolr = IO‘SFIfmaCCF o)
2 { test .11605) | s - 10-4 H - ’ g re/om®
o (em?) (e (1009 | (00 | o) | (Ra, | e
I | | wm)
14 | 2x2.27 05min @ 127 67 0.6 Pretreatment: in
? 177 . 146 1.3 10 ml of 0.001 m
| FeCly, 1 hour
1 min 248 190 1.7
; | o217 | 132 1.2
2 min 204 206 18 | |
 85min 635 | 510 45 |
i 165 | 280 2.4
| 245min| 733 | 582 5.2 . Osidized, decolour-
! . 675 322 2.9 i ized surface
274 | 208 18 | Etched in 1: 1 HCI,
244 | 153 1.4 | ~ . 5min
i 120 1 85 0.75 | " Btched in 1 : 1HCL,
¢ 3 min
| 12min 441 319 28
i : | 2.4 |

415 276

ouration, a corroded layer was formed on the surface. Therefore, surfaces
worked mechanically, change quickly, owing to dissolution and etching, so
that the surface isotope exchange of plates kept longer in the solution, was
difficult to evaluate. In our measurements, we tried to remove these surface
formations. Else (e.g. in Tables 19 and 20), exchanges involving several atomic
layers are to be expected. The dissolution of the surface in the test solution
can have either of two effects: it may a) smoothen or b) coarsen the surface.
This circumstance may be important for the evaluatuion of results shown
in Table 16. With longer contact periods, the difference between the roughness
factors decreases, partly explaining for the great difference between the actual
exchanges. Though investigations described in the literature referred also
almost without exception to acid solutions, little consideration was given
to the effect of these solutions on the metal surface except the statement
that in general, the rate of the exchange increases with inecreasing acidity.
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Table XII
Isotopic exchange in 0.001 molar FeCl; solution

Solution: 10 ml of 0.001 m FeCl; 4 0.2 ml of active FeCl;
Activity of the solution: 1.68 X 108 ¢/100s; 4.98 X 105 ¢/100s/mg Fe

| | 1 | Surface
it ivitv] Exchange refer- gh- | Rough- | Exchang
Plate Ge:‘;x;;:icul Time nii:sul;_} i;ltémf) re:{c t:ntlferzr::;- rzx‘:ss ;A)esgs to t\hce 2(?“:331
No. ® (om?) ex(ct}:::x)ge ed ! ated mz"t‘rfcl (s)lix;face me:f{ur- é’glcct‘(:lr‘ ( ;u-rﬁ)c*el Remark
i (e/1005)  (¢/1005) mg Fefem?) (Ra, ated | mg Fefem?)
| [ pm)
15 | 2x2,27 | 0.5 min 127 65 0.6 0.67 22 0.03
175 145 1.3 0.06
1 min 308 248 2.2 i 0.10
242 133 1.2 0.05
2 min 383 269 2.4 0.11
7 min | 598 | 370 33 0.15
3 712 550 ¢ 4.9 ©oo0.22
17 | 22,27 | 0.5 min 124 68 0.6 Plate coated
154 126 1.2 with sul-
fur-oxide
| layer!
1.5 min 221 1340 1.2
254 198 1.7
6.5 min 204 142 1.25
36.5min! 330 194 1.7
383 300 2.7
2 h 640 190 1.7
1111 | 1040 9.2 5.4

The corrosion of metals is not a necessary precondition of the exchange,
nevertheless, it favours the process by the ,,disintegration” of the surface.
It follows from all this that some kind of ,,decomposition”, loosening up, of
the metal surface would be the possible explanation for the apparent multi-
layer exchange, while on the metal surface exhibiting the original metallic
structure the surface layer can only take partin the exchange. This assumption
seems to be supported by the fact that the exchange rate is also affected by
the nature of the anions. The exchange is accelerated by a chemical effect of
the anion on the metal [8]. The investigations of ScEWABE [12] on anion adsorp-
tion serve as indirect proof. According to these investigations, the probable
reason of the slow uptake of anions by metal surfaces (Pt, Ni, I'e) may be the
penetration of the anions into the “‘interior” of the metal, which proceeds
along the crystal grain border. When SO}~ ions are adsorbed on mickel sheet,
the sheet with the finest crystal grains exhibits the greatest adsorption.
Adsorption on the border of the crystal grain was made visible by autoradio-
graphy. According to these findings, if the “penetration” of anions and the
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Table XIII
Isotopic exchange in 0.001 molar FeCl; solution

Solution: 10 ml of H,O -+~ 0.3 ml of active FeCl,
Activity of the solution: 2.82x10° ¢/100s; 6.40:<10% ¢/100s/mg Fe

i |

! Surface |
j ctivity, Activity! Exchange refer- | rough- | Rough- = Exchange |
Plate | Geometrical Time x‘ie:\:’ul;ﬁ 'za;éullf‘y red to the 1’2;- r‘;ess ! g:ss‘ to t\ilce actueal ;
No. surface ex(changc ed L ated metric 1sourface : mcazur- falctolr : surflaﬂce Remark
i m*® test 11005 | < x - 1071 - (xc 107
i (o) frest) (c/100:) i (cf100%) mg( Fefem? (Ieia, ’ Cgt[::i | m(;Fe“cm‘-')
] 1“A . : N am) ! - o
18/a, 2x227 0.5min . 886 660 455 - [ 015] 5 0.9 | Polished
| 820 640 | 442 ,
18/b| 2»2.27 | 0.5 min | 1105 742 . 512 -, | 1.6 53 0.1 Lapped
11133 821 | 5.66 i |
18/a | 1 min 1406 1100  7.60 ., E 13
| 1224 7420 512
18/b 1 wmin | 1665 1100 @ 7.60 o2 0.15
1744 1280  8.84 ©- ;
18/a 3 min | 3543 2820 1945 .. f 31
2967 1720 | 11.90 **' ‘
18/b 3 min | 3587 2460 | 17.0 .. 0.32
3675 | 2630 | 18.15 - ‘ ‘
19 | 24227  05min = 3536 | 376  2.39 ﬁ !  Polished
! | 697 500 3.45 : {one side),
! : : . ~ lapped
! i (other side)
1 min 1105 780  5.39
1235 . 880  6.06

“penetration” of several atomic layers of isotope into the metal surface is
accepted, this also means that a structural decomposition or transformation
of the metal surface must be assumed, which can be considered as the beginning
of corrosion process.

In our investigations, no significant or evaluable difference was found
between the isotope exchange in ferric chloride solutions and that in ferrous
ammonium sulfate solutions. (Roughness factors of adjacent surface areas
of 1 cm?® of a given plate, are more different.) Presumably, in the true surface
isotope exchange the role of the anions is unimportant.)

When plotting our measuring results (Fig. 1), and connecting values
belonging together, curves of the same shape are obtained, as those measured
by. IMrE [7] in the exchange of "'Ag jons on a silver surface, and in that of
#Cu ions on copper surface.
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Table XIV
Isotopic exchange in 0.001 molar FeCl; solution

Solution: 20 ml of 0.001 m FeCl; + 0.2 ml of active FeCl,
Activity of the solution: 1.28 x10° ¢/100s: 3.00 <103

. Surface
Activity Activity | Tough-  Rough-
Plat. Geometrical Time | measur. | caleul.. Exchange referred to . ness | mess Exchenge tu the
~o. surface exchange | o4 ated | the geometric surface  measur- | factor actual surface
- (em?) (test) (¢/100s)  (¢/100s) 1 (x - 107¢ Fejem?) (}e{i : calt(:lél- ({1074 ng Fefem?;
H a, 1 ate H
! ‘ sem)
2lja | 2273 | lmin @142 86 1.05 0.64 21 0.05
21/b | 231 Imin | 148 | 45 0.3 27 90 0.02
200 166 1.8 : '
21/a 6min | 294 178 2.2 0
21/b 6 min | 442 ° 270 2.9 0.03
21/a 16 min | 686 | 400 4.9 0.24
21/b 16 min | 1110 = 500 5.4 : ; 0.06
21/a 76 min | 614 |
626 « 400 4.9 ~ 0.24
21/b 1200 | 540 5.8 ~' 7 0.064
2lja | 256 min 540 | 400 4.9 0.24
600
21/b 256 min | 1505 | 785 8.45 .11
‘ 11620 1110 . - 11.95

The exchange process time can be described by the empirical kinetic
equation

lgx =a-lgt-+ b,

where x is the exchange of Fe ions referred to unit surface, ¢ is the time of ex-
change, and a and b are constants depending on thesystem (Fig. 2). A similar
relationship was obtained on lead surface for the exchange of lead ions in 10-%
m PbCl, solution (pH 5.05) at various temperatures, and in the exchange
Bi/Bi3* in the bismuth salt solutions of various anions (CI~, NO7, SO;™) [8].

Presumably, the rate determining step is the liquid phase diffusion
(ion diffusion). This is supported by the results of experiments in otherwise
identical conditions, in which smooth and rough plates were placed simul-
taneously into the solution (see e.g. Table 16). Owing to the almost four times
as great actual surface area (having presumably a proportionally greater
number of active spots), it was to be expected that in these experiments the
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Fig. 2. Log diagram of the isotope exchange on the surface vs. exchange time

Table XV/a
Isotopic exchange in 0.001 molar FeCl; solution

Solution: 20 ml of 0.001 m FeCl; + 1 ml of active FeCl,
Activity of the solution: 4.97 X 10° ¢/100s; 3.00 X 105 ¢/100s/mg Fe

; ! Surface 2
| e tee gh- | Rough- |
Plate Geometrieal 1 Time iz?::g z‘slt;:x}f) Exchange referred to 1‘(;1;;5 zzss Exchange to the
~o surface | exchange ed ated | the geometric surface | measur- | factor actual surface
o {em®) ] (test) (¢/100s) | (¢/100s) (% * 1074 mg Fejem?) ed caleul-  (x - 107¢ mg Fejcm?)
f (Ra, ated
; um)
22/a ‘ 2x3.12 1 min 540 410 4.4 3.9 0.64 21 0.16
I 460 186 2.0 7
22/b 2x3.26 1 min 445 164 1.7 2.7 90 0.03
537 431 48 28
22/a 6 min | 1180 960 103 . 3 0.35
1025 | 400 43
22/b 6 min | 1510 900 9.2 9.3 0.10
1543 | 020 9.4
22/a 18 min | 1992 1440 154 |, 0.64
1714 1 880 95 -
22/b 18 min | 2420 | 1460 14.9 15 0.17
2472 | 1490 15.2 *°
22/a 32 min | 2590 | 2040 21.8 15.7 0.78
2185 | 890 9.5 = ‘
22/b 82 min | 3341 | 2260 | 23.1 50, 0.22
3176 | 1700 174 777
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Table XV/b
Isotopic exchange in 0.001 molar FeCl; solution
i
: Susf .
Geo- . Activity] Activity Exchange refer- rlc:fxgalf ] Rough- | E?:h&n:e
Plate | metrical Time ' peasur-| caleul. | T6d to the geo- | mess | mess | popug] gur.
No. surface | exch?nge | ed ated metru.: f(;xfface me:;ux»} gglcctlr;lr_ ! face Remark
ca) | () (e71009) | (o/1009) ufg Feomt) | (Re, | ated | -F:;)c;:z)
i um) e
22/a 124 min | 3522, 2180 23.3 29.9 1.14
34721 2100 22.6 °7
22/b 124 min | 4735] 3200 36.0 30.1 0.33
. 4472 2380 242 °7 .
22/a 259 min = 4743] 3100 33.2 20.8 1.5
4429 2475 26.4 777
~ 5
22/b 259 min = 5280 ! 3510 39.5 33.5 0.40
45101 2720( 27.6 °°7°
22/a 168 h 23700 182601 1952
22/b 168 h 22800 | 17380 1781
15400
, - |
22/a — 2520 1551 16.6 93.3 ‘
3156 2816, 30.1 °7
22/b — 3400, 2618 26.8 The oxide
! layer polish-
] ed off, and
i etched in
i taric acid
solution

magnitude of the surface ion exchange will be about its four times. Neverthe-
less, our measurements showed the magnitude of ion exchange, referred to
geometrical unit surface, to be almost identical. This phenomenon may be
explained for by the fact that initial isotope exchange is governed by ion
diffusion, which is identical for identical geometric conditions. On the other
hand, with advancing time, surface areas, owing to etching by dissolution
or to refinement by the dissolution of the peaks, tend to become of identical
surface fineness, proportional to their geometry.

The rate determining role of ion diffusion is supported also by experi-
mental results obtained in solutions of various concentrations. In general,
-investigations were carried out on 0.001 molar Fe(I1I) solutions, but also the
exchange values measured on 0.1 molar solutions (Table 18) are identical.
During the same unit time, a greater isotope exchange was found for solutions
of higher temperature. (See e.g. in Table 19 experiments at 97 °C.)
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Table XVI

Isotopic exchange in 0.001 molar FeCl; solution
Solution: 20 ml of 0.001 m Fe,Cl + | ml of active FeCl,
Activity of the solution: 4.96.10° ¢ /100s: 3.00::10%/100s/ mg Fe

i ; ‘ i Surface ‘
Activity| Activity, : rough- | Rough-
Plate Geometrical Time ;xxxc:a:u;-) i;lté::ﬁ‘ i Exchange referred 10 (r)ll;:'sl g:ss | Exchange to the
Ne. surface exchange ed ated | the geometric surface | measur-; factor , actual surface
(em?®) (test) (c/1005) | (c/100s) (x - 107 mg Fefem?) | ed caleal- | (v« 10~¢ mg Fe/em?)
: ; i (Ra, ated |
s : - um) !
23/a 2x3.99 1 min | 1158 680 5.7 5.6 0.47 16 0.35
1108 645 b) e ! :
23b | 2x3.8 | 1 min | 1330 | 900 19 ., 27 90 0.08
1188 | 700 6.2 ! ‘
23/a 6 min | 2860 | 1720 144, . % 0.9
2820 | 1700 14,2 77
23/b 6 min | 3100 | 1880 167 ., 0.18
3000 | 1820 16.1 ~°° i ;
23/a 18 min | 3976 | 2860 23.8 19.2 1.2
3564 ; 1750 14.6 =77
23/b 18 min | 4062 | 2490 22.0 994 | 0.25
4054 | 2480 22.0 77 5
23/a 35 min | 5350 | 3700 309 ,¢ o ? 1.6
4925 | 2530 21.1 7
23/b 35 min | 6062 | 3670 325 .o , ' 0.36
0 7

| : 16152 1 3740 33

Exchange investigations on stainless steel plates of type KORR-5
showed that no substantial isotope exchange took place even after 6 hours
with 20 per cent of the surface atoms.

Our results indicate that further development of isotope exchange
investigations will furnish a method suitable for the evalution of the corrosion
bebhaviour of metals. In our further work, also the behaviour of activated
steel plates in the solution of their own ions will be investigated.
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Table XVII
Isotopic exchange in 0.2 molar HCI solution
Solution: 20 ml of 0.2 m HCI (inactive)
! Surface |
: ctivity! Activity! Tough- | iyr: - Exchang
Plate Geometrica 1 Time ie;sn:? ::altculf' Exchange referred to ?:léss Lons ;fe Zﬁ?ﬁa?
No. surface exchange e ated | the geometric surface | measur- | factor ! surface
{em®) (test) (e/100s) | (¢/100) | (¥ - 107* mg Fe/em?) ed caleul- | (x - 10-¢
] ; (Ra, ated | mg Fefem?)
R " R W 2 N
23/a | (redissolv- (initial 5350 | 3700 30.9 26.0
ing) activity) | 4925 | 2530 21.1
23/b | (redissolv- (initial 6062 | 3670 32.5 32.5
ing) activity) | 6152 | 3740 33.0
23/a ‘1 min | 5050 | 3650 30.5 22.7
4256 | 1756 14.7
23/b 1 min | 5408 | 3080 21.3 29.5
5556 | 3580 3L.7
23/a 6 min | 3480 | 2110 17.6 17.7
3518 | 2140 17.8
23/b 6 min | 4036 | 1980 17.5 22.5
4423 | 3120 27.6
23/a 20 min | 2285 | 1360 | 114
1465 |
R ]
23/a I 20 min | 2728 | 1200 10.6 16.2
! 3198 | 2480 21.9
23/a | - 1760 1060 8.8 |
23/b | 1972 970 8.6 11.0 |
: 2121 1530 13.5 ;
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Isotopic exchange in 0.1 molar FeCl; solution

J. FARKAS «t al.

Table XVIII

Solution: 20 ml of 0.1 m FeCl; 4 1 ml of active FeCl;
Activity of the solution: 4.42 X108 ¢/100s; 51.50 x 104

| 1 Surface N
H y PPN ivi o rhe R gh-
Plate Geometrical | Time ;;z:;:;} t;:féuﬁ} Exchange referred to n:::zass nogss_ Exchange to the
No. surface | exchange ed ated | the geometric surface | measur- | factor actual surface
(em®) (test) (c/100s) | (c/1005) (x » 10-¢ mg Fejem?) ed calcul- | {x - 10~¢ mg Fefcm?)
(Ra, | ated
pm) |
24/a | 2%2,0 10 min 223 167 16.2 0.64 a1 0.77
i 192 122 i1.8 0.56
24/b | 2x2,38 10 min 404 340 27.8 2.1 ‘ 90 0.31
348 219 17.9 i 0.20
24(a © 35 min 720 560 54.4 2.6
| 660 400 38.8 1.85
24/b ‘ 35 min | 1341 | 1000 81.7 { 0.91
1224 800 65.4 0.73
24/c | 2x3,8 1 min 221 157 8.0 0.67 21 0.38
231
. 13min | 1139 | 750 42.4 2.0
| 1211 905
| 280 min | 1427 |
! 1009 | 865 44.3 2.1
24/d | 2x2.97 ! 280 min | 1139 940 61.6 45.3 0.64 21 | 2.15
] 855 442 28.9 °* |
Table XIX
Isotopic exchange in 0.001 molar FeCl; solution
Solution: 10 ml of 0.001 m FeCl, + 0.5 ml of active FeCl;, at 97°C
Activity of the solution: 2.24 X 10% ¢/100s; 2.39 X 105 ¢/100s/mg Fe
‘ ‘ Exchange | Swface Exchange ]
o ) | Activity | Activity | Teferred to | rough- . to the |
Plate | Geometrical | Time | measur- | caleul- | the geo- ness actual sur~ |
No. surface | exchange ed | ated metric measur- face Remark
fem? 1 (st (1005) | (ef1009) (i“fffocg (Ee{i aleal | (x- 204
| mg Fejom?) | pum) | me Fefem)|
95 | 2x3,7 | 1min | 2079 1570 ] 178 | 048 16 1.1
1883 1180 | 134
11 min @ 3363 | 2520 28.5 1.8
. 3040 ¢ 1940 22.0 1.4
41min | 16000 11200  127.0
i SR - -
I 2319 1940 22.0 1.4 Slimy rust
i 1778 1474 16.7 1.0 layer dis-
i solved
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Table XX

Isotopic exchange in 0.1 m Fe(NH,),(50,), solution

Solution: 20 ml of 0.1 m Fe(NH,),(S0,), + 1 ml of active FeCl;
Activity of the solution: 3.78 X 10° ¢/100s; 4.40 X 10¢ ¢/100s/mg Fe

Surface hane
Geo- . Activity) Activity Exchange refer- | rough- Rough- E:;: :;1: ¢
Plate | metrical Time measure | caleul. | Ted to the geo- ness ness actual sur-
No. surface exchzu:;ge ed ated mc(tnc ls(;xffacc me;lgur— é’zlcctolr face Remark
3 test g x - 4 : ul- 10—
(cm?) (tes (100s) : (c/1005) mg Fefem®) (Ra, | ated | m(g Fi;)cx;z) !
| i ) | |
26/a] 2x4.83| 1 min| 411 274 . 12.9 048 | 16 0.8
439 @ 316 14.8 0.9
26/b; 2x3.68| 1 min 495 | 395 24.4 19.9 3.0 100 0.2
400 | 227 4.0 =7~
26/a 19 min! 890 630! 29.7 1.8
26/b 19 min| 1273 705 ¢ 43.5 61.6 0.6
1605 | 1290 | 79.8 "~
26/a 54 min| 900} 640 30.0 19
26/b 54  min| 1205 | 800 { 49.5 54.3 0.54
1305 955 | 59.1 ™
% The ,,rust™
26/a 96.60 min | 830 | 717 | 33.8 ! 2.1 pickled in
670 514 | 24.2 1.5 tartaric
! 3‘ acid solu-
! ! p
i ! tion
: e
26/b  96.60min| 570 | 422 | 26.1 0.3
673 5380 { 35.9 | 0.4
Table XXI
Self-diffusion of metals
Metal 3{%’ Tefép" D em?s E kealjg
a Fe 1555 800 | 3.1 x10-u 73.2
v Fe 1520 1058 | 4.3 x 10 74.2
Co 1495 1150 2 x 10—u 67
Cu 1083 839 | 1.05 x 10—t 47.15
Ag 960 936 | 4.6 x 10~° 45.5
Hg | 38.9:Z 23 1 1.79 x 103 1.16

Hevesy —Groh at 250 °C Dp; 0.0001 cm?day
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Summary

The isotopic exchange has been measured on pretreated (mechanical and short alkaline
treatment) commercial low-alloy steel surfaces. in aqueous ferric chloride and Mohr’s salt
solutions, at room temperature, in function of time. The surface fineness of the plates used in
the investigations has been determined experimentally, and from these values conclusions
were drawn on the basis of proportionality of the magnitude of the actual surface. It was
established that isotopic exchange without a change in the metal surface (structural trans-
formations. corrosion, etc) takes place only over a certain percentage of the actual metal sur-
face, and involves not more than a monomolecular surface layer. The exchange vs. time can be
represented by the kinetic equation lg x = a - lg ¢t + b. Presumably, the rate determining
process iz the diffusion of iron ionsiin the solution.
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