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ABSTRACT

» The conditlons obtaining within the corrocsiocn
- chamber of the salt spray test have been investiguted,
employing commercial coutea steel specimens ana sult

solutions of aifferent concentrations.,

Evidences of aistinct heterogeneity of vapor
concentration have been found; and explanstions are
offered to explain its effect on the reli=bility of
the results obtained. The fallucies attendaing the
‘use of the gain in weight method of meuasuring corro-
sion have been ocutlined, and recommendations have
been maae towards possible improvements in the meth-
od, with special references to strength of solution,
time of exposure, znd the physical details of the

apparatus,
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INTRODUCTION

One 6f the most important problems facing the
manufacturers of sheet steel coatea for protection
against atmospheric corrosion is the development of
an anccelerated laboratory test which will give reli-
able informution with regard to the probable resis-

tance of the product to weathering.

The salt-spray test in use in many laboratories
is the most common test now employed for this purpose
and by the use of this method, results can be cobtain-

ed within a perioua cf 100 hours,

Discussion of the reliability of this test in'
the various journals =ud textbooks together with
private communications with the more important manufac-
turers using this test have pointed to the fact that
- there exists consicerable aistrusf and aoubt with
regard to the reliability of the salt spray test as
an indication of general weathering resistance of

coutea steel sheet.

One metallurgistl has criticized the method on
the following points:
"(1) There has been no standard appauratus

1 private confidential communication




acceptea for making the test,

(2) The mechanical applications of producing
the spray are subject to interruptions, both from
mechaniecal fuilures, air pressure variations, ang
clogging aue'to salt accurnmlations on the apparatys,

(9) Evuporation Causes the concentration of
the salt solution to vary unless properly vented and
the air cenditioned,

(4) The orifices and spacing in the spray gun
(nozzle) affect the wuality of the spray as to wheth-

er fine or course, und the circulation,.M

Vie have undertaken an investigation of the actual
conditions obtaining in the salt spray chambep using
ordinary commerciél coated steel sheets in an uttempt
to aiscover the fundamental sources of aifficulty in
salt spray testing, To this end, we have Ssubjected
different samples to salt spray conditions in g
manner similar to that employed in practice today,
varying the position in the tank and other condi-
tions in an'attempt'to determine the existence of
& relation between the rate of corrosion in the -alt
spray and the position of th? sample within the cham-
ber, and other relationships pointing to fundumental

limitations of the methou,




MATERIAL

~ The specimens used in the investigation were
eut from standard coated steel sheet furnished through
thé courtesy of the Superior Sheet Steel Corporation
of Canton, Ohle, The liét of the aiffereht coatings

with the designation assigneu to each is given below:

(1) Commercial coat galvanized (8 gage) GA

(<) Galvanized spelter tight coat (30 gage)  TC

(3) Long Terne 8 1lb, couted (X2 gage) LT
(4) Gulvannealed (24 gage) GN
(5) Super Metal white Cu-bearing (<4 gage) SW

{6) Super Metal polished Cu-bearing (¢4 gage) SP
v (7) Pickled blue - not oiled (x6 guge) PB
! (8) Galvanized extra-tight cout {30 guge) ET

To the best of our knowledge, the galvanized
coatings were applied by the standard hotfaipping

process, The aifferent descriptions refer tp aiff-

erences in the thickness of the zine coﬁting.

"

The process of manufacture of the gulvannealed
and super-metal coatings is described by the manufac-
turers, as follows; " _ from the coating pot, the

) sheets are indiviaually transferred to & heat-treating

furnace, where the temperature is higher than in the

1 Superior Sheet Steel Corporation, Cunton, Chio.

|
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coating pot: consequently the steel sheet eXxpands,
permitting the apelter.to penetrate into the pores,
thereby forming a perfect bond ih the nature of =
fusion between the coating and the base metal: This
process also aistributes the coating uniformly, and

produces an etchea or met-1ike surface on the sheet "

- The base metal in the galvannealed szmples 1s
ordinary low carbon steel - in the super metal speci-
mens, the base mebtal contains small percentages of
copper, aaded fpr the purpose of increasing the corro-

sion resistance,

The pickled blue sample has an oxide coating over
the buse metal produced, as may be inferrea, by & heat-

treatment operétion following the pickling operation.,

Terne coatings are ulloys of lead and tin of

comparatively heavy thickness,

The specimens were cut to a 5" by 3% size and a
hole ﬁrilled close to the top of eéch sample for
purposes of support in the chamber.' The edges &eX=-
posed 1n the cutting operation were coatea to avdepth
of 1/25 with a specilal acia-proof paint, leaving an

area of =20 syuare inches corroaing surface.




APPARATUS

made of soapstone ends and bottom, glass sides, ung
4 removable glass roof, It is shown in figure one,

At one end of the Chamber, u glass tube dipping into
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Figure oOne

the brine reservoir at the bottom of the tank, con-

aucted the Solutiol up into the path of the uir jet,

furnished by the pump and the Institute aireline,
and introduced into the chamber by means of g glass

tube passing through « hole in the soupstone end,

i & small uiumeter of orifice ang adjusted with relatien

-.15 ]

to each other to give as fine a SPray as poosible,
g As will be brought out later, the size and relative
{ | position of the auir jet, insofur a it affects the
&,
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size of the particle of spray, has an uppreeciable
effect on the corrosion rate, and care was taken to

ensure the finest spray particle size possible,

At the end of the chamber ongsiﬁe the spray
npzzle? avhole was cut inrtﬁebb?ttom of the tank in
order to allow thé solution @o'dfain from the tank
at the conclusion of the run. This hole Wus made
‘water-tight by pouring molten paraffin around the
stopper, and painting thé'paraffin with the same

acid-proof paint used to coat the edges of the samples,

A canvas gasket, approximately 1/32" thick, was
placed around the edges of the tank under thevglass
‘roof to prevent excessive Ieakage of spray from under
the roof. This gasket acted also as un outlet for

excess spray and prevented the constant influx of

spray from establishing a pressure within the tank,

The semples were suspended vertically by hang-
ing them from glass rods approximatelybl/4“vthick,
extending the length of the tenk, There Were three
glass rods holding three rows of samples, supported
at the ends by wooden sStundards couted with the same
acld-proof paint mentioned above, Glass hooks passed

over the glass rods through 1/8" holes near the top of
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the specimens und ensured the electrical insulation

of the sémpies;

As shown in the sketch of the appuratus, figure
two, the chamber was tilted slightly towards the nozzle
énd. The purpeose of this inclination was to allow
the drops of solution condensed on the roof of the
chamber to run down the roof to the end of the chamber,

)

and from there, dqwn the end to the main body of solu-

tion.

Scarcity of time made it necessary to have the
tests continuous, For u continuous supply of air,
a York vacuum pump, belt-driven, powered by a G. E.
110 volt, 1/6 H. P. motor, was employed. The pump
and motor Were insulated from the test chamber in
order that the vibrations of the pump wouid not shake
cofrosion product from the specimens under test. As

shown in-the sketch, precautions were taken to prevent

the inclusion of oil globules in the ailr feed, the
trap ecting also as an air-humidifier. A drying
bottle was placgd in the‘air-feed_to the pump to
prevent mqigture from enteriﬁg the working cylinder

of the pump.
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PROCEDURE

The specimens, after cutting and painting,
were cleaned with turpentine to remove excess paint,
wiped with u towel suturated in CCl,, und weighed

on a standard chemicai balance,

The arrangement of the samples in the tank

is shown in the sketch below, figure three.

- | —
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Figure Three

Six liters of brine containing,vin the first
run 1200 grams of commercial NaCl, and in the second,
300Agrams of the salt were introduced in the bottom
of the tank, und the spray adjusted. The sumples
were removed from the weighing dessicator and intro-

duced immediately into the chamber,

After approximately 25 hours exposure, the spray
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was turned off and the roof removed, The samples
were allowed bto dry in the tank, then placed in =
dessicator and weighed, taking care not to lose any

of the corrosion product formed on the surface.

After weighing, the samples were replaced in
the tank, and the run continued for another 25 hours,

followed by weighing. Final weights were taken at

the end of 100 hours of exposure., At each weighing;
the samples were inspected for signs of rust, and

for the general appearance of the corrosion product.

At the cenclusion of the first run, the tank
was given a thorough cleansing and inspection, which
include recaulking the drain, The pump end motor

were lInspected and olled at regular intervals,

In the preliminary run, the samples were sus-

- pended 1n a single row down the center of the tank,
In the subsequent runs, the samples were arranged in
three rows in such a manner that any concentration of

vapor in the tank would show up in the results. Also,

in the second run, one of the rows of saumples was de-
pressed below the level of the other two rows, in ordaer

to determine if the height of the samples in the tank

haad an effect on the corrosion rate,
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- For the first run, the samples were cut to a

size supposedly sﬁfficient to give an area of sur-
face exposed of <0 sguare inches, with a half-inch
border of paint along the gdges. Dﬁe to an error

in the cutting operation (not daiscoverea until after
the samples were painted for the first run) the urea
exposed in the first run was only 12.14 sqyuare inches -
for the second run, the size of the border was re-
duced to givé the correct area of exposed surface,
In the calculations, a cqrrection was made for the
err;r in area in the first run. The protection
affefded by the paint on the edges was yulte sub-
stantial = in suspending the samples from the glgss-v
hooks, however, the paint film must have been broken,

for almost all of the samples showed evidence of

localized corrosion around the suspending holes,

Weights of the samples were taken at convenient
hours approximuting as closely as possible the 25,
50, and 100 hour .intervals desired, and ure given

as an appendix on pages

Previous experimenters have stressed the
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importance of‘the size of sPrayrand the effect of

the fineness on the corrosion rate. Throughout our
1ﬁvestiga?ion, care has been taken to have the spray
at all times of the same fineness. Unfortunately,
after 40 hours of exposure in the first run, the

tube leading the solution from the bottom of the tank
cracked, and had to be replaced, The effect of this

replacement on the results will be described later,

Some aifficulty was experienced in aajusting the
rate of flow of air through the humidifier and oil-
fllter. It wa: necessary, in order to prevent & back
pressure from building up and bursting the bottle, to
introduce un outlet in the line to by-pass some of
the air to the atmosphere., This outlet was also used
in chenging from the pump to the Institute air line,
a change made necessary by a tendency of the pump to
overheat., It was found necessary also, to install an
0ll reservoir above the pump to take care of violent

fluctuations in the oil level in the pumnp.

As received, the soapstone ends of the tank were
higher than the glass sides.: By filling these ends
it was possible to adjust the level of the ends and

siges, When assembled with the gasket in place, the

- C e e —————— v 5 3 . 8 St £ € ——————— s
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tank was practlically eir-tight, with just eﬁough
clearanee tp‘éllowbe;cess vapor to escape (thus
preventing the pressure of the vapor from building
up #ithin the tank.) |

Asvmentioned ebove, two aifferent brine concen-
trations were used in the investigation in order to
determine the effect of salt concentration on the
rate of corrosion, The effect of the variation in
concentration is discussed under results, but it
will be well to mention at this point that checks
were run on the solution concentration at”;egular
intervals during the run, and no consistent aiver-
gence from the initlal concentration was noticed,
Though some vapor escaped through the gasket, it is
reasonable to aqume that thils vapor was of the same
salt concentration as the boay of the corroding
- solution, and the only effect of thils loss would be

to decrease the total amgunt of solution available,

The tank was tiltea, as mentioned ubove, in
order to allow the drops of ;olution condensing on
the roof of the chamber to run to the end and from
there down the sides of the tank to the maln body

of the solution. Prolonged observution showed that
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the angle of tilt'éas not sufficient, and some of
the drops condéﬁsed on the roof actually evaporatea
in situ, leaving_é aeposit of salt, Due either to
a subsequent solution of these deposits or to their
insignificance in comperison with the total amount
of salt in solution, this points could be considsred
negligible, as evidenced by the lack of ailvergence

of concentration inaicated by test.

Some of the drops conqénsing on the top of the
tenk agglomeratea sufficiently so that they were |
able to drop frbm the roof onto the specimens,

Such an occurrence was inevitable with the tipping
angle fixed by the other aimensions of the apparatus,
‘The effect of the arops falling.fromﬁthe roof,
together with the solution that was able to condense
on the samples themselves, was to wash some of the
'cgrroaion producf from the samples to the fldor of
the chamber.v This 1ntroduced an error in the work,
end the effect of this error will be discussed in

full under results,

The logical method for measuring the rate of
corrosion would undoubtealy have been to remove as

much of the corrosion product as possible and then
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weigh the samplg# to determine the loss in weight.
Due in part to the ﬁanger of removing some of the
paint film along with ﬁhe corrosion product, and
also to the aifficulty of removing the tightly-
adherent zih; cﬁloride product from the gulvanized
specimens, it was deemed aavisable to conserve as
much of the corrosion product as possible on the
surface of thé specimens, and measure the gain in
weight. ©8uch 2 methoa 1s responsible for more or
leSs,surprising reSults, and sn explanation of this

will be found under results,
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TABLE I
DISTRIBUTION OF TOTAL CORROSION (EXPRESSED AS 100)
ACCORDING TO TIME INTERVALS

RESULTS
20% Run

Symbol 0-25 nrs. 25-50.hrs.  50-100.hrs.
ET 1 25,9 ' 25,7 48.4
ET 2 38,3 27,4 34,5
ET 3 31.4 3.7 44.9
PB 1 25,5 21,5 5.2
PB & 37.7 29.6 32,7
PB 5 30.7 30.5 58,6
sP 1 22.% 25,9 51.9
SP & 37.9 6.5 55,7
SP 5 51.4 31,9 37.3
SW 1 20.5 23,5 " 55,5
SW & 31.0 24,% 42,4
sW 3 11.2 18.5 70.1
GN 1 23.6 24.5 51.9
GN z 54,3 26,5 39.1
GN 3 32.2 31.3 37.1
LT 1 32,3 - 32.8 54.9
T £9.2 49.4 21.5

T © 30.5 28.5 41.0

S B B AR~ A—: == = y e e eee————— e~ .



Symbol
TC 1
TC =
TC 3
GA 1

GA =

GA &

Average

. D=5 . hrs
29.5
35.9
26,8
7.8
3.0

37.9

29.5

21

TABLE I

(cdntinued)
20% Run

\25;50¢hr3.

| 50.4

26.6

7.9

22,5

26,1

35,6

28,2

- -50-100 hrs,
40.1
37.6
44.1
49.0
40.9
26,5

4z.1
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. TABLE I
DISTRIBUTION OF TOTAL CORROSION (EXPRESSED AS 100)
ACCORDING TO TIME INTERVALS

o

RESULTS
5% Run

Symbol 0-25 hrs. 25-50.hrs. 50~100 hrs,
ET 1 25.6 30.8 43,6
BT 2 26.6 35.0 38.4
ET 3 34.5 31.7 53.8
PB 1 20.5 26.8 52.7
PB & | £0.7 £4.5  sa.8
PB 3 24,9 31.8 43.5
SP 1 24,4 27.3 48,3
SP 2 28.8 35.4 35.8
SP 3 21.6 45.6 51.8
sw 1 5146 51.7 36.7
Wz 4646 | 41,1 52,3
sW 3 89,1 - 38,9 2240
GN 1 30.4 32,7 56,9
GN & 8,2 35,7 6.1
eN 3 20,4 50.1 | £9.5
IT 1 61.4 oz 36,5
IT 2 50.9 7.9 41.2
T 3

56.4 4.1 39.5




Symbol
Tc 1
TC 2
TC 3
GA 1
GA =
GA S

Average

. 0«25 hrs,
38.0
30.2
5.3
30.7
26,9

32.4

28.4

29

 TABLE I
(continued)
5%.Run
25-50 hrs.
28.7
38.3
56.6
30.9
39.8
54,9

S4.7

50-100 hrs,
5343
31.5
38.1
38.4
33,9

32.7

36,9
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TABLE IT
WEIGHTED AVERAGES AND RELATIVE GCORROSION IN THE VARIGUS ROWS
(EXPRESSED IN GAIN IN WEIGHT AS MILLIGRANS)

RESULTS

20% Run , 5% Run
ROW ROW

Symbol Aver, C.Aver, 1 b4 . D Aver, 1 2 3
ET 1289 2116 81 107 105 1694 104 98 101
PB 1188 1899 107 95 102 172¢ 106 96 1ol

SP 1085 1779 86 93 - 110 18699 137 88 87

sW 917 1503 89 117 76 1344 114 92 114
GN 937 1536 92 103 100 1459 104 98 76
LT 281 460 67 119 93 106 91 108 94

TC 1283 <104 101 115 68 1731 113 89 108
GA 1241 2035 97 100 102 1808 114 94 o8

I

preriey
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VISUAL EXAMINATION

'Ho signs of rustZWere noticeable on either the
20% or the 5% set of zinc-coatea samples (galvanized
and galvannealed) at the end of 50 hours exposure.‘

At the end of 100 hours time, there was, on the 5%
set, aistinct eviqenceg of rust, intermingled with
residual zinc chloride, The =0% set showed very
little 1if any rust associated with the zinc chloride
on the surface of the sheet., All the samples, however,
indicated the presence of small galvanic cells in the
region of the supporting hole and at the edges of the

samples, with localized areas of rust visible.

The oxide coating corroded guite baﬁly from the
start, and it was evident that the residual particles
of iron oxide were acting cathodically towards the
underlying base metal, It is to be noted that an
appreciable amount of corrcsion product from the o;;de

coated samples was found in the bottom of the tank,

The terne plate coating withstood the attack of
the salt solution to a2 remarkable degree, As mention-
ed above, there was evidences of galvanic action in
the region of the supporting hole and at the edges of

_the sample, and in aadition to this, the surface of
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the coating contained numerous pin-holes, at which
points corrosion had proceeded at a reasonably rapid
rate, The size and number of these pin-holes, however,

were of such small magnitude that the total corrosion

of the sample was not at all large,




27

CALCULATIONS

After determining the amount of corrosion for
thé aifferent intervals of time used in the experi-
ment, these amounts were multiplied by a factor con-
sisting of the number of hours actually under test
over the aesirea base number of hours to give the
amount of corrosion for the assumed buse number of
hours. The sum of these amounts gives the total
corrosion for 100 hours which is used as a base for
caleulating the relative amount of corrosion on the

basis of 10§ units for 100 hours of exposure,

‘Since there is reason to believe that the con-
dition of the vapor in the middle of the tank is
aifferent-from.that on the siaes, it would not be
quite justifiuble to take the usual arithmetical

average of these three totals, In order to bring

‘out the relative importance of the middle row, @

weighteu average of the totals was used, in which

the middle row was taken twice,

From the totals as aetermined, und this welight-
ed auverage, the relative corrosions in each row

listed on page @24 are determined by simple alvision,
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The values plotteu are the averages of the
relative corrosion of the three specimens of the
seme material for the aifferent periods of exposure,
and the average curve is plotted from the =verage of
all of these values, The average corrected for the
difference in area in the two runs, is listed as the

corrected average.
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DISCUSSION OF RESULTS

_ We imagine thé process of corrosion to be
(1) a deposition, on the surface of the specimén,
of a thin film of salt solution followed by a
solution of the coating in this film,‘at least in
the cuse of the zinc coutings, followed by (Z) a
replacement of this film, rich in zine chloride by
fresh brine, with conseyuent removal of some zinec
chloride, by daripping from the bottom of the speci-
men, and solution of more of.thé coatiﬁg. This
process of solution and removgl cpnxinues until the
coating is entirely aissolved, whereupon the film of
salt commences to attuck the iron base, It 1is not
to be inferred that the entire zinc coating must,
of necessity, be removed, before attack of the buse
metal can begin, As a matter of fact, as brought out
in the statement of the visual eXxamination, in the
case of the 5% run samples, there was unmistakeable
evidence of «inc chloride and rust present on the
same specimen., This might be accounted for by

variations in the thickness of coatings on the sheet,

Corrosion in the case of the pickled blue samples

commenced with an attack of the oxlde coating by the

PR BN Y WRE G KT A ————— N £ SETRISINE BRSNSt e o1 oSt - & - were ~ v -
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film of solution -~ on therbreakdown of the film,
exaemination of the corrodea sheet indicated the
establishment of many small galvanic cells (between
the remnants of the oxide film and the iron base)
with the production of small piles of corrosion
product in addition to the general solution action

of the salt f£film.

Evidence points out the ability .of the tin-lead
(terne) coating to withstand the action of the salt
film to a remarkable degreé., It is the authors!
bellief that the entire corrosion in the case of the
terne coating consisted in localized attack around
the pin-holes, coupled with galvanic corrosion

around the edges and the supporting hole,
RELATIVE CORROSION OF DIFFERENT SPECIMENS

The order of corrosion of the different speci-

mens for the two runs is given below.

20% 5%
(1) Extra Tight ~ (1) Commercial.
(2) Commercial (2) Tight Coat
(o) Tight Coat (3) Pickled Blue

(4) Pickled Blue (4) Extra Tight
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20% | 5%
(5) Super Metal Polished (5) Super Metal Polished
(6) Galﬁannealed . (6) Super Metal White
(7) Sdper Metal White (7) Galvannealed
(8) Long Terne (8) 'Long Terne

We may state, from the results as outlined above,
that zinc coatings ére least resistant to the corro-
sive action of salt vepor, followed inm order by oxide
coatings; treated zinc coatings, and lastly, terne
coutings. The scope of the test was not large enough
to attempt to draw an analogy between thevrates‘cf
corrosion in salt spray conditions and general atmos-
pherie corrosion, whieh might lead to some conclusions
with regard to the inherent value of the salt sSpray

test,
RELATIVE CORROSION VERSUS TIME OF EXPOSURE

The graph on page 29 shows the relation between
the relapive amount of corrosion and the time of
exposure, We may infer}ffom the degree of corres-
pondence of the two curves with the straight line

rate and the general aistribution of the individual

points on each side of the average curve that there

existed no such thing as an initiel rate of corrosion
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as aistinguished from e long time rate, or in any
event, no such differentiation appeared in the time
of'exposuré adopted in these runs, The unfortunate
accident to the delivery tube during the first run
might account for the aifference in-the ratio of the
<5 to the 50 hour figure in the two runs - though it
is to be expected that a different size of spray was
the result of changing tubes, the aifference is evi-
dently not great enough to cause a serious aifference

in the total amount of corrosion.
CCRROSION VERSUS STRENGTH OF SOLUTION

Galn in welght measurements inaicate that the
attack of a <0% brine solution is more severe than
that of a 5% solution. Visual examination, on the
other hand, shoﬁs presence of rust (and therefor,
complete penetration of the couting) only on the 5%

solution. We believe, trusting our visual examina-

tion, that the corroding power of a 5% brine solution
is greater than that of & <0% solution, and imagine
the apparent anomaly of the gailn in weight measure-

ments to be due to the following cause,

Assuming that the amount of brine depositeq as

a film on the surface of the specimens was roughly




34

the same in ﬁhé two runs, the concentration of salt
in the 5% solution is only one-fourth the salt con-
centration in the 20% solution. As a consequehee,
the 5% solution was able to ailssolve zine chloride
to a greater degree and aut a faster rate than the
207 solution., The effect of losing corrosion pro-
auct at this faster rate is to cause an actual loss
in weight which, in the case of the 5% solution, is
sufficient enough to cause the finel weight to fall
below the final weight of the 20% solution run, even

though the actual rate of corrosion is greater.

The effect of salt condensing on the specimens
(and being included in the weighing operation) is to
introduce an error, the gravity of which is much less
than might be imagined., There is no reason to

believe that the amount of salt condensed on one

sample of a number of specimens will be diffe?ent

than that on any other sample of the same run,

If time had permitted, the éuthors had intended
to Weigh the samples before and after & washing op-
eratioﬁ, Tests conducted by the British Iron and
Steel Iﬁstitution Corrosion Committeel along this line
1 British Iron anﬂISteel»Corrosion Committee - First

Report, 1951, page 118
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proved conclusively that the effect of condensed

salt was of distinetly minor importance,

Rust falling from the specimens introduces a
troublesome error, especially in tests (such as ours)
conducted with coutings of aifferent types where the
amount of the rust falling from each 1is likely to be
quite variable, As far as the authors are aware, no
convenient method of retainling the rust on the speci-
mens has yet been devised, Attempts to eatch and
weigh the fallen rust are not in harmony with the
general theme of simplicity and rapidity which char-

acterizes this test,

The reader will doubtless recall that the middle
row of the:spechmens was placed almost directly in |
the path of incoming spray, protected only by a
baffle plate., The results, when analyzed, indicate
that there 1s a heterogeneity of spray in aifferent
portions of the fank. If we distinguish between the
center section and the outside section (consisting of
the rows on both sides of the center row) the center
Section'in the case of the £0% solution in general
‘corroded more, and in the cace of the 5% solution in

generul corroded less than the outside sectlon.
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If we imagine the spray, a. it leuves the nozzle,
penetrating through the spray already present, to the
rear of the tank where it spreads out and‘returﬁs
aloﬁg the sides, there are two conditions at work that
may produce the above mentioned heterogeneity (1) the
entering spray, meeting that already present, tends
to concentrate along the middle row, uand the samples
in this row will be subjécted to more spray in a

given time than those in the outer section, and (<)

the spray particles on leaving the nozzle tend to

agglomerate as time goes on, and it is reasonable to
postulate that the coalescing effect is more pro-
nounced in the spray that has reached the outer section
than that in the middle section not as far removed
from the nozzle, To sum up, then, there is present

in the middle gsection, spray of relatively fine parti-
cle size, and relatively denser than that present in
the outer section. Now spray of a certain particle
size will not corrode as rapidly as spray of finer
particle size, and in addition, the more dense.the
spray, the thicker the film on the specimen is likely
to be, and for this reason, the greater the corrosion

rate,

We have, therefor, two opposing tendencies - in

the center region, & denser spray tends to promote
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relatively greater corrosion in that area, while a
coarser particlé,size in the outer regicn tends to

promote relatively greater corrosion in that section,

Frbm_the facts at hand, it is evident that in
the case of the z0% solution, the density of the spray
was the more important factor, while in the case of
the 5% solution, the particle size had the greater
effect, The authors are ﬁnable to explain this ob-
servétion, and offer it for ﬁurposes of discussion

and comment, -
CORROSION VERSUS POSITION IN THE TANK

In addition to the heterogeneity across the
tank discussed above, aifferences in corrosion rate
from the rear to the front (near the nozzle end) of
thé tank and differences in a vertical direction were

investigated,

As discussed under procedure, triplicate samples.
of each coating were arranged to bring out heteroge-
nelty in a lengthwise direction., The results of the
<0% solution run were not at all conclusive, but in
the 5% fun, the results showed unmistakeably a greater

corrosion rate in the rear of the tank. An analysis
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analageﬁs to that offered above in the case of
heterogeneity across the tank is inadequate, We

may 82y, in a general way, however, that clnce there
is no reason to SuSpect a larger particle size of
spray at one end of the tank than at the other, there
exists a larger concentration of spray at the rear
end of the tank, which would explain the greater

amount of corrosion at that end.

Heterogeneity in a vertical direction has been
also well established. As outlined under PROCEDURE,
the first row of samples (PBl, TCl etc.) were de-
pressed approximately 10 cm., below the level of the
other two rows, znd in very nearly every case showed
less corrosion than the corre8ponding samples in the
other rows, As in the previous discuséion, since
there is little reason to suspect a aifference in
particle size from top to bottom of the tank, the
concentration of vapor seems te be lecs at the bottom

than at the top of the tank,

v et S ome sm— Sy & % vn
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CONCLUSIONS

There exlsts within the salt spray chamber used,
at least under the conditions of the test, definite
evidences of heterogeneity in density and particle size
of salt spray, as shown by relativé corrosion rates |

of triplicate samples of the different coatings.

The rate of corrosion, per time interval, over a
periea of 100 hours seems almost constant for the

méterials under test,

The gain in welght method of measuring extent of
corrosion is of aocubtful value when used with specimens
coated by different processes and of aifferent composi-

tion.

A 5% solution of NaCl is a more severe corroding

agent than & <0% solution of the same material,

In the case of coatea steel sheet spécimens
subjected to the action of a salty atmosphere, the
order of corrosion is 2. follows:; (1) galvanized
bcoatinga, (2) oxide coatings, (o) treated galvanized

coautings, and (4) (most resistant) terne coatings.‘
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" RECOMMENDATTIONS

We recommend for the use of salt spray testing

in industrial practice

(1) - the support of;apecimens from the bottom
(possibly placiné them in groove®s cut in wooden
holders) to.eliminate exposure of the base metal re-
guired in forming the supporting hole,

(2) - the use of a 5% solution as opposed to a
20% solutlon, inasmuch as the rate of corrosion is
greater, and for this reason, comparable results,
fully as reliable, may be obtained in a shorter pericd
of exposure, '

(3) - the arrangement for introduction 6f_spray
through several nozzles sltuated at varlous points
around the chamber in an effort to counteract hetero-
geneity in the vapor,

(4) - the presence of adequsate éleanéing apparatus
for incoming air, in order to prevent'entrance of oil
into the corrosion_chamber,»

(8) = the painting of edges of specimens exposed
in the eutting operation,

(6) - the uce of Qqequate baffling arrangement in
front of the spray nozzle to prevent direct impingement

of the spray on specimens.
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We recommend for further investigation of the
salt spray test

(1) - the determination of the effect of addition
of more nozzles on the\heterogeneity of the spray with-
in the chamber,

(2) - the use of uncoated specimens, since there
is much more data on the atmospheric corrosion of un-
coated sheets than coated material,

(3) - fhe development of efficient means of re-
mbving carrosion proauct in preparation for measuring
loss 1n weight., The use of the galn in weight method
in the case of materlals with aifferent coating com-~
position, is to be discouraged, |

(4) - unless accuracy consumes no more time in
weighing, the authors fee; it unnecessary to carry
the weights of specimens beydnu the second decimal
point, especially wheﬁvthe magnitude of some of the

unavoidable errors is contemplated,




OBSERVATIONS

Symbol

ET
ET
ET
PB
PB
PB
8P
Sp
SP
sW
SW
W
GN
GN
GN
LT
LT
LT
T
TC
TC

1

4

WEIGHT OF SPECIMENS, 20% RUN

orig Wt.
35.640
55.803
55,542
40,192
40,229
40,997
58,095
58,190
 58.270
58,050
58,9020
58.845
65.440
65,700
66.100
7= ,000
73,490
73.650
40.555
40,100

 40.440

42

41 hr.

- 36,090

©6.663
06,.<08
40.709
40.908
40.671
58.454
58.9909
58.79z
58.6x1

.58.867

59,073
65.775
66,x48
66,597
7 .099
75.650
75.486
41,183
40.970
40.827

48 hr.
36.163
36.693
06,276
40.765
40.955
40.775
58.520
58.954
58.880
58.687
58.910
59.155
65.897
66,282
66.660
72.118
75,658
73. 507
46.300
41.01z
40.900

96 hr.
36,759
37.150
36.747
41,407
41,299
41.215
58.984
59.364
59.245
59.126
59,948
59,603
66 .68
66,647
66,995
72.181
70,727
73.610
41.798
41.544
41,272
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OBSERVATIONS
WEIGHT OF SPECIMENS,
Symbol Orig. Wt. 41 hr.

GA 1 45.885  44.635
GA 44,635 45,310

GA S 44,150 44,955

20% RUN

48 hr. 96 hr.
44,680 45,257
45.358 45,846
45,048 45,470

N i o vy —— - b
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OBSERVATIONS
WEIGHT OF SPECIMENS, 5% RUN
Symbol Orig.Wt. 24 hr, 49 hr,. 110 nr,

Er 1 35,109 35.540 $6.080 37.014
BT & 33.275 55,697 54.275  54.952
ET 3 37,036 37.603 38,145  ©8.852
PB 1 40.361  40.720 41.210 42.380
PB % 40.112 40.443 40.850 41,860
PB 59.762 40.180  40.635 41.555
SP1  59.118 59.625 60.222 61,508
SP & 58.029 58.420 58,920 59,536
SP 3 56.866 57.143 57,790 58.332
swW 1 57.849  58.316 58.805 59.495
S 2 57.746  58.060 58.565  59.050
SW S 58,459 58.785  59.351  59.743
Gy 1 65.910 66,550 66.845 67.525
GN & 64,860 65.376  65.878 éé,sze
GN 3 64.855  65.075 65,640 66.040
IT 1 70.886  70.943 70.945  70.988
IT & 75,591 75,550 75.359 75,416
LT & 72,579 Te.435  Te.AB7  T.485
TC 1 40,697 41.415 41.975 4z.770
TC ¢ 40.078 40,525 41.1s5  41.710

TC o - 59,8357 $9.995 40,683 41.500
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45

WEIGHT OF SPECIMENS, 5% RUN

Symbol orig. Wt.

GA 1 43,200
GA & 45,988
GA 3 44,818

24 hr,
45.808
46.414
45,279

L u b S —— ——— e et .

49 hr,
44,443
47.088
45.895

110 hr,
45,413
47.788
46.605
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OBSERVATIONS
CHANGES IN WEIGHT

Symbol 41 48 96 Total 24 49 110 Total
ET 1 450 73 483 1006 431 540 934 1905
ET 2 863 50 457 1550 424 578 777 1779
ET 5 696 38 584 1518 567 542 707 1816

PB 1 517 54 634 1205 359 490 1170 2019
PB z 679 47 344 1070 331 407 1110 1848
PB 3 3260 10x 442 418 555 920 1899

SP 1 539 86 464 889 512 507 1286 2995

SP =« 743 21 410 1174 391 500 616 1507

Sp 5 Buz 88 63 975 287 647 542 1476
SW1 271 66 459 776 467 489 688 1644
Sw 2 547 45 438 1028 514 505 485 1304
SW 3 128 62 468 658 576 596 412 1584
o 1 555 62 451  8u8 440 495 680 1615
GN =« 548 34 365 947 516 502 448 1466
GN & 497 753 355 903 z18 557 400 1175
w1 99 19 63 181 57 2 45 102
Tz 160 8 69 =3  41° 9 57

LT 5 164 21 105 54 4 48 106
T¢ 1 628 117 498 1x43 716 56z 795 073

TC ¥ 870 42 53z 1444 447 598 587 1632
gc s @87 75 372 832 458 688 BVl 2017

© indicates loss in weight
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OBSERVATIONS
CHANGES IN WEIGHT
Symbol = 41 48 96 Total 24 49 110 Total
GA 1 550 45 577 1172 608 698 970 2216
GA = 675 48 488 1211 426 674 700 1800
GA & 785 113 322 11&0 565 622 708 1885




Symbol
ET

BT
ET
PB
PB

PB
SP
SP
sP
swW
sw

"sw
GN

GN 2

GN
LT
LT
T

TC

TC -

TC

NOH &N H G N

c"]

)
J

l\'}

3

H & N P W

OBSERVATIONS

20% Run
25 50
274 269
526 375
425 321
315 271
414 325
365° 363°
207 g4z
453 317
318 317
165 191
354 268
78 130
204 =1l
354 258
305 <88
61 62
o8 166
790  75°
383 395
530 93
236 245

© indicutes

48

ADJUSTMENT OF CHANGES IN WEIGHT

100

504
476
609
660
959

461

484
427
378
458
457
487
450
380
949

66

Te
107
50
555
368

Total
1047
1377

1355

1246
1098
1189°
935
1197
1013
814
1079
695
865
975
940
189
336
«61°
1298
1478
879

ad justed figure

e = = FEm

P25)
449
441
590
374

$44

745
465
476

5% Run
50 100
540 765
578 656
bdg 580
490 959
407 909
555 754
597 1052
506 505
647 442
489 564
505 598
596 338
495 557
50z 367
557 528
P 55
9 47
4 39
- 562 651
598 481
688 ﬁl4

Total
1754
1655
1712
1825

- 1660

1744
2182
141%
188
1539
1230
1554
1511
1406
111%

96

114°

29
1958
1544
1878
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OBSERVATIONS
ADJUSTMENT OF CHANGES IN WEIGHT
20% Run . : 5% Run

. Symbol 25 = 50 100  Total 25 50 100 ‘Total

GA 1 336 27% 601 1209 655 638 795 2066
GA & 411 3z5 509 1245 444 g4 574 1692
GA 3 479 451 356 1266 577 622 581 1780




