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ABSTRACT

A kinetic study of the dissolution of tin has been made by
rotating tin cylinders in air-saturated hydrochloric acid solutioms,
The observed rate is essentially half-order with respect to the stannic
tin concentration, The autocatalytic half-order rate ig directly pro-
portional to the square root of the A/V ratio and to the square root
of the oxygen partial pressure in the gas phase, Above 11,000 r,p.m,
the experimental energy of activation is 4,7 kcal per gram mole over

_O
the temperaturs renge 25

N O N .
- 407C, HAydrogen ion accelerates the cor-
rosion process over a limited vange of cercentration but above 0,55 N
BCl the rate tends to decrease with increzsing acid concentration.

The autocatalytic rate of dissolution of tin in 1 N ECl may

be expressed by the empirical rate law

[t

, 1 1 4700
it 5 2 5 -
dfls - ot 21 A 2 0.92 R
[ 2t ] = 1&-.07 % 10 3 [51‘1 ++‘*:] ( i.f.) (Pog) (r.p'.m.) 9 e T
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IHTRODUCTION

Comparatively little work has been reported on the dissolution
of metals in aqueous solutionsusing time as variable, Britton and
Michael (1) have investigated the local corrosion of tin in dilute
chloride solutions. Ammar and Riad (2), Britton and Angles (%) have
investigated the inhibition of tin dissoclution by chemical addition,
None of the investigators studied the effect of varying operating con-

3

ditions on the dissclution mechanism. The object of this thesis is to

T

provide more understanding of the mechanism by which metals dissolve in
aerated acid solutiocns,

Considerable effort has been devoted to the disgsolution of
copper in aqueous solutions, Previcus investigators have shown that over
a wide range of conditions the corrosion process is autocatalytic, It
is of interest and considerable importance to determine whether auto-
catalysis plays a significant role during the corrosion of other metals
having two oxidation states., The tin-hydrochloric aéid system has been
chosen for study because it bears strong resemblence to the copper-
hydrochloric acid system with vespect to complex formation and metal-

salt equilibrium. tdditionally, tin provides a system capable of dis-

solution by hydrogen evolution,
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IX

LITERATURE REVIEYW

To provide a smooth transition from the well studied copper-
acid system and the relatively unknown tin-acid system, it will be
advisable to review briefly some of the results and conclusions of

earlier investigators,

Copper Dissolution

Lu and Graydon (h,S) studied the rate of copper dissolution
in aqueous ammonium hydroxide and aqueous sulfuric acid sclutions, Weeks
and Hills (6) studied the initial corrosion kinetics in hydrochloric acid

solutiong. Their work was extended by Gayp (7).

Tin Dissolution

Ammar and Riad (2) investigated the corrosion rate znd corrosion
potential of tin in 8 different acid, alkaline and neutral solutions., The
corrosion potential measured against the saturated calomel electrode,
increased with increasing solute concentration, The corrosion rate
increased with increasing concentrxation, but this increase was not
significant in sodium chloride solutions, A maximum rate of attack was
obseryea in maleic acid solution, Pyrophosphatévwas found to inhibit the
corrosion rate in acid and alkaline medium, but had no effect in neutral
solutions,

Britton and Michael (1) studied the local corrosion of’tin in

chloride solutions and concluded that local corrosion ig accelerated by
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3

by lowering the pH of the sclution

crevices produced by surface defects and
below 4, However, the local corrosion of tin surfaces in dilute chloride
solutionsis not associated with the conditions of the surface itself
Whitman and Russell {8) had some preliminary results on the
effect of 6xygen on tin dissolution in hydrochloric acid solutions, They
concluded that the presence of dissolved owygen usually increased the
corrosion of the metal, Since tin evolves hydrogen gas in acids, the
oxygen effect is more impcrtent in weaker acids where hydrogen evolution

%

peratures, the corrosion by hydrogen gas evolution

is slow, At higher t
increases at a much more vapid vate than does the oxygen corrosion, hence
-the effect of oxygen corrosion becomes
Claudius (9) and Lindes (10} showed that tin was dissolved by
warm agueous ammonium chloride solurion§. Rammelsberg (11) found that

electrolytic tin dissolvés about 10 times as quickly as tin which has

D

been melted, Presumably a grester surface area per gram of metal is

1

exposed to the acid by the electrolytic metal,

o -

Lutoxidation of Stanncus Chloride by Alx

Because the autoxidation of stamnous chloride may bedsigni-
ficant step in the heterogeneous process, it will be advantageous to dis-
cuss the information available on the homogeneous oxidation reaction,
The oxid;tien of stannous chloride solution was first studied by Young (12)
who found that the reaction was dependent upon the acidity of the solution;
Lachman and Tompkin (1%) studied the effect of impurities on the homoge-
neous oxidation of stamnnous chloride solution§. Herinyg and Walton (1k, 15, 16),

Filson and Walton (17) studied some addizonal factore that affect the rezctionm,

They found that increasing temperatures increased the rate of autoxidation,
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L

Vigible light had no effect on the reaction but ultra-violet was absorbedA
and accelerated the process, The autoxidation of stamnnous chloride was
shown to be a photochemical chain reaction, Increase in liquid-gas inter=-
face did not increase the rate of autoxidation, The rate increased directly

with increasing acid concentration and hydrogen ion concentration,
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Material

Analar grade tin bar supplied by The British Drug Houses Ltd,
was machined into cylindersof 0.%60 inches in diameter with a concentric
hole to fit onto a rotating shaft,., The analysis according to the manu~

facturer is given below:

Lead 0,01 per cent
Copper 0.0025 per cent
Bismuth 0.002 per cent
Iron 0.002 pexr cent
Total Foreign Metals 0.04% per cent
Arsenic 0.0001 per cent
Antimony | 0.025 per cent

All reagents used were of analytical grade, and redistilled water

wags used for all solutions,

ABnaratus

The cylindrical tin samples were rotated on a stainless steel
shaft, Plexiglas sleeves and 2 cap screwed tightly at the end protected

the ends of the tin sample and the steel shaft from corrosion, The shaft

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



was rotated by means of a Type THM Hoover vacuum motor &t speeds ranging
fram 1,000 to 15,500 r,p.m, Figure 1 is a schematic representation of
the experimental apparatus,

The reaction vessel cecnsisted of a pyrex beaker fitted with a

plexiglas cover holding three plexiglas baifle plates mounted radially,

Procedure -

A measured volums of hydrochioric acid solution in the reaction
vessel was flushed with air for approximately 10 minutes before each
corrosion run, Inicially, the ailr pagsed throuzh & series of wash bottles
containing hydrochloric acid of the same concentration ac in the reaction
beaker,

Freshly machined ecpecimens were manually polished to a 3/0
emery paper smoothness, The polished cylinders were cleaned with
distilled water and dried with filter peper. OGrease stains were removed
before each run with absolute alcohol, After each run, the metal samples

vere washed and dried, care beipg taken to prevent am

Q&
ot
o
ol
ot
o
o}
O
o

surface film that might possibly form, & check on the materi
was maintained by weighing the clean dry specimens before and after each
run,

Sawmples of the covveding solutions were withdrawn for analysis
at convenicnt intervals of time, The concentration of tin was determined
by & poiavographic technigue described in Appendix I, For every sample
an equal volume of fresh acid was
added to the reaction vessel to eliminate excessive volume change during

the corrosion process,
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The surface roughness of the samples was measured before and

after each run by means of a VYrofilometer supplied by Micrometrical

Manufacturing Company of Ann Arbor, Michigan,
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- R , s 4 L
The half-order dependence on | Sn suggests autocaiclysis at
higher metal lon ceoncentrations, ¥Figure 6 shows the effect of initial

tin concentration on the dissclution reaciion, By Increasing the amount

3]

of stannic chloride added to the corvoding solution it is possible to

eliminate completely deviation

concentration,
Essentially the dissolution of Cin is an autecatalytic reaction

1 3 A e oty £y L e
that may be expressed by the rate ecuntion

3

-+

+

N

.
Lot

PO =

L
[us
i
il
=y
-
[¥5]
o
L
+
!
T
4;.
| "

9

where

o e PR 4
LCXH sTannis Lons

in solution,

Because corrosion by sutocatszlysis is & much SO~
lem, more attention will be focused cn this halli-ordev process,

The autocatalysis may be discussed in terms of the following
basic assumptions,
(1) | The concentration of stamnic complex ion specles at the metal-

¢ the concentration of the complex ions in

%3

golution interface is egual

the bulk of the solution

: ot e
N 43 s ]
Sn . = of e

et

(2) The stannous species, stamnic species
o S S N o
&n + &n - 25n

assumed to be egtablished at all times at the wmetal solucion interface

gives
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e { o bbbt
[_ En ]l =] X - Z_ Sn ]

Bekier and Basinski (19) have shown that metallic tin dissolves in a solution

of acidic stamnic chloride oxr agueous stannic chloride containing ammonium

A
chloxide quite readily in the absence of oxygen.
(3) The removal of complex stamucus ion species from the metal-solution

interface is by a first-order process vepresented by

Since = < ESn' },
kN
it follows thatb
= k

o s
6]

o

.
couid

£in concentration is a

Table 2,

Tany
Laniade

3!
AV

25% o mol/iie) 9.5 x 1077
25°¢ 5.7 x 107" 6.2 x 107
26°¢ 1.05 x 1074 9.1 x 1075
26% 7.55 x 107 7.6 x 107>
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To interpret these vesults it iz necessary to refer to the examination of

the corroding sample. At all timeg a blackish £ilm anpeared on the metal

surface as the tin dissclved in the acidic solution, The thickness of the
)

deposited black layer was highly dependent on the condentration of stannic

tin in the corroding wmedium,

Vaubel {20) suzsested & the black powder deposited on a

polished tin sawple during Jdissolution wep cssenitlally & modificacion of

)
o
i«-&
Q
&
sy
PN

the original wmetal, produced oy e by nascent

hydrogen, This = laver dissolved only glightly even in concentrated

acid,

The daty in Yaubells (20>
suggestions, ‘he degreasc in hali-order dissolution vate at higher
stannic chloride concentrations may result from the formation of the more

insoluble form of tin which effectively blocks the more reactive surface
beneath,
Diffusion through this layer could play & predominant role in

the overall corrosion process,

Tffect of Surface &

on the rate of ¥in dissolution
has been studied by first corvoding freshly polished sa

rurning with & well developed crystalline structure,

samples having an avithmetic average suvrface roughncse

were corroded for two hours until etic average roughness was

of the order of 55-65 microinches, On a re-vun the average roughness
after tuo bours would be in the range of 50-100 microinches,
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Figure T shows that the initial zero-order dissoclution is

dependent on the surface gpeciman, The eafly
stage of corroszion are more rapid for samples having rougher surfaces,
Table 3 provides a summary of the ds in Figure 7.
5
Effect of Su

Sample Area Polished Run Re-Run

B f o o e ) M

k {zero-crder) k (zero-order)

1.83 cm2 0.z b4 10“5

2 o4

W
A
gog
O
@
;
(e
:
W
—~J

% 1077

AXS]
(8]
v
v
o

A
d

©

&

o

5.)49 G993

7,32 1.%5 = 1077 17 x 1070

it

Lpure O shows thas

3
e

that the incy

2]
ﬂ:
l'i‘
(@]
et
1ot
¥

1]
[
b

sy}
O
{

cannot be responsible for the

of Figure 3,

Congistently the & lie above rhe

initial results although both rates are cousl, A valid explonction avises

from a consideration of

previcusly., The higher

COUTLElon pralegs,
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