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\ Properties of Metals and Alloys Used for 

Chemical Equipment. 

--o--
Object: - In the working out of this thesis an attempt has been 

made, first, to collect a.nd put in comprehensive form all avail­

~ble data concerning the commercial metals and alloys with part­

icular reference to their ability to withstand the corrosive 

action of chemical used in the chemical industry· and s,cond . ' 

to perform corrosion tests on the alloys for which no data dre 

available. 

In the first instanc9, it was found that, out of the 

large number of allofs u3ed in the chemical indu ·~try published 

data could be found for only a few of them. In some case the 

data which ~epublished ~~ so vague as to be useless for the 

purpose intended. In other cases, however, the tests that 

had been carried out by others were very thorough and the data 

obtained reported in excellent form. 

In the second place, difficulty was experienced in 

obtaining samples of the alloys on which to run corro ion tests. 

The difficulty was in not being ablA to locate the firm that 

manufactured the alloy. In a few cases the firms did not r -

spond to a request for samples but in most instances they were 

very accommodating , not only sending the samples at once but 

gladly offering further service . 

As a consequence the field of alloys is only partiall-

y represented in the twenty-one on which tests were made. ore 

corrosive agents for different lengths of time and at aifferent 

temperatures and concentrations should be included before a 

working knowledge of any given alloy could be obtained. 
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,/ Mechanical and physical pro}:e-:tioo are required in addition to 

make the research complete . 

Introduction : - The corrosion problem is a very large one, 

being nearly unlimited in its scope . 1V!hJn we consider the me ta la 

such as zinc , copper , nickel, aluminum, iron and tin, which are 

the most commonly used metals and then consider tte nearly end­

less chain of alloys which can be made by combining those with 

each other and with other elements such as chromium, cadmium, 

uranium , vanadium, tungsten, silicon, molybdenium, titanium, 

manganese, and others in all combinations which are possible 

and each alloy formed having its peculiar characteristics, 

we begin to realiee what a la~ge field it really cov,rs. And 

one peculiar thing about the phenomena of corrosion is that the 

reault cannot be predicted. By adding one metal to another to 

form an a l loy, we ma:r expect to get an alloy tl1 0. t is v ,ry re is­

tan t to the action of a certain solvvnt but when it is tried it 

may increase the solubility of the first m tal. 

~. D. Hichardson in his article " he Solutions of 'e­

tals in Acids" in the Transactiora of the 11.merican Electr -

chemical Society, vol. 38 p. 245 says that th incon ist nt b -

havior of the metals in corrosion and acid solution phenom na 

on the basis of the electro-chemical eries c n only be ex­

pleined by taking into consideration a numb,r of factors. 

"The principal factors are solution tension, th 

hydrogen influence, the oxy en influ nee, the carbon dioxide 

influence the cathode influence and the halogen in-luence. 
' 

"Corrosion and solution of metals in acids may be 

considered as actions tending to go forward at rat,s proportion-
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al to solution tension and hydrogen ion concentration, but sub­

ject to the accelerati~g and etarding influence of many sub­

stances acting as catalyzers. 

"Indications of the sensitiveness of various metals 

to the H2 and o2 influences can be obtained y their behavior 

when treated as couples in dilute acids and neutral salts and 

connected through a sensitive ~oltmeter or galvanometer. 

"Studying the behavior of metallic catalyzers on the 

rates of solution of copper-bearing i~on, pu ~ open-hearth iron, 

grey cast iron and semi-steel in normal sulphuric, hydroctloric 

and nitric acids at 16 C. , with sev .ral metallic cata.lyzers, it 

was found that the rolled metals in general showed different 

behavior to that of the bast metals. 

" ,Under conditions of corrosion the . . . . 
cast metals are relatively less attacked in the presence of 

much oxygen than the purer rolled metals. They ar also rel­

atively less attached by an oxidizing acid, such as nitric acid, 

then by the non-oxidizing acids, sulphuric and phyd ochlo~io. 

The catalysts silver, copper a.nd formaldehyde all revers this 

action and cause the rates of the cast metals in nitric acid 

to be increased and the rates of the copper bearing in pure open­

hearth iron to be reduced. Platinum whil c~talyzing th rolled 

metals negatively in nitric acid, catalyzes them positiv ly in 

sulphuric and phydrochloric and is without action on the ca~t 

metals in any acid. The failure of platinum to catalyz th 

cast metals is p_obably due to the evolution of poisons from 

the impure metals by the ~ction of the acid ·" 

The above statements of 1.fr •• ichardson hav be n cited 

to bring out a few of the facto s that must be considered when 
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dealing with the phenomena of corrosion or solution of mP.tals. 

"Corrosion is known to be electrolytic in many case.,, and pure-

ly chemical in .others. It is generally recognized that chem-

icnl and electrolytic corrosion are practically identiccl . d 

r ecen tly this has been shown by Turrentine,, in the case of the 

action of nitric acid on copper. Hence, in the c0rrosion of 

alloys by means of the elect~ic current, the amount of corr-

osion which it would take years to obtain chemically, can b 

obtained i n a -:0:: hou"'.' ,lec trochemically." - A. T. Lincoln Tr. 

A• E. S. 11 , 43. 

The corrosion of non-ferrous alloys may, according to 

H. s. Rawdon, belong to one of four distinct type - namely, 

(a) Selective attack of certain constituents, (b) inter-cry­

stalline brittleness, (c) internal oxidation and (d) the sim­

iltaneous action of stress and corrosion. As examples of each 

type he gives tho following: 

Type (a) 

Type ( c) 

Type ( d) 

Brass (50% Cu. 40%Zn) was exposed to sea w t Jr for 
several years. The alpha constituent, (65% Cu.) was 
untouched while the beta constituent (50%" Cu.) was • corroded by a bleaching out of the Zn. 

Cable sheath of lead exposed und~rground became brittl 
due to the destruction of the inter crystalline me.terial 
(usually non-miscible impurities as Fe Cu, Ni Zn or 
miscible entectic forming elements as S~ or Sb). Thi 
type of corrosion can be induced by immer ion in lead 
acetate solution. 

Boiler safety plugs of S~ deteriorated by char f 
metal to infusible oxide under influence of moist h at. 
The same type of change is found with Al-Zn allo~ • In 
this case moist heat causes the oxidation and sw lling 
of the entectic matrix. 

Brass and lead under combined stress and corrosion will 
fail far below normal stress. This is due to sel ctive 
corrosion of the alpha constituent in the former, and 
to inter crystalline brittleness in the latter. 

Although the four illustrations have been described 



as distinct types for convenience, it is quite evident thnt 

they are distinct types only so far as appearance is concerned. 

Fundamentally, they are all very similar. 

The increased corrosion due to internal strains 

or fla'rvs as in the case of the 1 ead pipe will probably account 

for the failure of the cf!.st iron acid egg which ·IVas reported to 

have been in service for six months for handling mixed nitration 

acids when it suddenly cracked. 

Thus, we are constantly confronted with instances 

where the unexpected has happened. Men have attempted to ex­

plain those ha2penings and have propounded theorie to explain 

them. Those theories suggest possibilities but they have no 

been accepted generally. A great many men who have spent rruch 

time on this subject do not ~~ree wholly with the statemJnte 

of Mr. Richardson, Lincoln, and Rawdon as given above but hav 

propounded theories of their own. Although those xplanationa 

of what corrosion really is seem to differ widely. In genera1 

they are very similar. 1he.e the chief difficulty lies is in 

the fact that the various expr~rimen ters have worked on di ff r... t 

types of alloys and under different conditions and have natur­

ally obtained different results. For example, one rw.n may work 

on the co~rosion of brasses using all possible comb natione of 

zinc and copper with possibly the addition of a third element 

and get all possible data. He would then feel competent to 

theorize on what corrosion was and h may do it very vell for 

this class of alloys. Another man may work on chromium steels, 

for instance, and after having obtained all possible data, may 

try to put his findings in the form of a theory. Each one's 

theory may work very well as far as his class or type of alloy 
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~ent, but would all do: mi 

class . 

ly h n appli 

Yhat is n Ad d i a mor n 1 v 

alloy~ and und r conditions 

actual conditions which 

n a 1 

1 m t 1 re c 

resi t. e also n ed a univ rs 1 o t n d 

the rat or amount of co~ oaion . 

Experim ntal: - :i:he sampl s a ob in d mo 

of he t . hes had to b 0 o nd in o 

b conv ni n tly handled . ttin 

abou ~n inc!; ouare and poli h~d, h 

m asur d and r cord d. .. h ob c 

to ob ~ain th ]o in w 1 ht p it 0 

0 the data u 11 hed 1 1 n n 

his do n 't mean any thin un 1 0 

h m 1 corrod d iv n. 

eta in th o m of h 0 0 

ch•mical ould h c n 0 

the same 1 ht 0 tbl'! n h 0 

corrod d or t. 1 h 0 

cau in th 1 t n anc h 

th n in th 8 cond . B t h 0 

pos d ould b th s in h 0 

he sam 1 h n 0 

hot sodium yd o:xi 0 

ch lo ic cid, xc p• in h 0 

with at r, al ohol, nd th c 

ov r a flam and plac in a ic 

0 

t 0 

0 ibl 

1 0 

0 

n 

1 

n 

in the d sicc tor th pl r 1 1 h n 

'22 ..... 

0 h 

0 

0 

c 

0 

h 
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weights recorded . The sample wa s then placed in a beaker, tilte 

upon a glass bead and cove ed wt th about 100 cc . of the corro ive 

agent . The beaker wa s then covered with a glass plate and allowe 

to stand at a constant temperature of about 22 centigrade for 

a given length of time . The length of time ·'Wa s det9rmined 

by the rate at which the sample was attached by the chemical . 

In most instances the period of time was taken as 21 days, but 

in the case where concentrated nitric acid was used many of the 

samples were rapidly attached a~d were removed . These tests 

proving conclusively that this particular alloy was not fitted 

for use with this chemical. Other instances of this type were 

also found. 

The sample was tilted up on a glass bead to reduce the 

area of contact of sample with the beaker to a minimum. ~his 

gave a point contact with the bead and one edge of the sample 

with the beaker . 

After corrosion, the sa~ple was taken out, ashed 1th 

water and the scale removed by means of a wire brush. care be-

ing taken not to remove any of the me~al. he sampl a then 

washed successively in water. alcohol, and ether, quickly dried 

and weighed. The w~i ht was recorded and the lo s in eight in 

gram per quare centimeter surface exposed calculated. Th 

date along with the publish~d data ~~ tabulated in on large 

table . 

TLe solutions of the corrosive agents ere made up 

and the concentration determin d by means o a hydrometer. Tti 

is not an altogeth r accurLte method but th variation as not 

sufficient to make any perceptibel diff renc in th losa in 

weight of the sample being corroded . There was, of cour e , some 

7 ' ~ 
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evaporation of the so l ution durin the ti~e of co rosion but 

this was so slight a~ to b negligible as shown by actual 

measurement of the liquid from time to time. 

Data obtained : -
" ALUMI~UM BRONZE - TEMPE TUIE 2 C 

J 

Duration 
Corrosive of test 

Area in 
Sq . cm. 

Initial Ht . ]'inal · t . 
Grams Grams 

90% H2S04 21 days 15 . 388 25 . 4926 

50% H2so4 21 days 14.94 14. 3296 

25% H2S64 21 days 13. 39G 12 . 1395 

60% HH03 30 min. 14.774 14. 6027 

3o% HN03 100 min. 14.554 14.27 

lo% ID o3 12 days 13. 390 12. 11 

35% HCL 21 days 14. 660 14. 5628 

10% HCL 9 lays 15 . 5 14. 4640 

35% aOH 15 days 14. 94 

25% aOH 28 days 15.5 
Glacial 
cetic 33 days 15 . 3 

Con . IH4 0H 2] days 15 . 5 

3% NaCL 21 days 14.12 

Ta~ 'a ter 21 days 13. 86 

1% NaOH 21 days 14.616 

14.3270 

15.1138 

15.7151 

15 . 1122 

14.64 

14.7105 

14.49 

* After removing cal 

(1) Gain in eight 

15.3392 

14.3270 

12 . 11 

Dissolv d 

'1 . 8968 

7.8243 

12.8909 

13.9~75 

1.4 . 327 

15.1122 

15.5281 

14.464 

14.6106 

14.7128 

14.4 22 

Loss 
Gm ./sq. cm. 

. 6598 

.00017 

0022 

. 64403 

. 32006 

.11405 

. 03396 

.oo 

.000103 

.01222 

. 04182 

. 00208 

.000169(l) 

.00190~ 



TOBIN BRO ZE - TEMPERATURE 22° 0 

Duration Aro a in nitial Wt . Final Vt . Loss 
Corrosive of test Sq . cm. Gr ams Gr ams * Gms./ q . cm 

90% H2so4 21 days 17 . 3 25 . 3105 24 . 795 . 02979 

50% H2so4 21 days 15 . 840 23 . 1531 23 . 15 . 00019 

25% H2S04 21 days 17 . 413 24 . 4192 24 . 372 • 00271 

60% HN03 30 min . 15 . 98 22 . 8033 oo .oo Dissolved 

30% m;o3 100 min 15 . 39 18 . 0335 6. 393 . 75633 

10% HH03 12 days 17.413 24 . 3720 18 . 954 .31115 

35% HCL 21 days 16 . 882 24 . 394 22 . 926 . 08696 

10% HCL 9 days 15 . 931 22 . 208 22 . 00 . 01305 

35% NaOH 15 days 15 . 84 23 . 15 23 . 15 . ooo 

25% NaOH 28 days 15 . 9Zl 23 . 2976 23 . 2965 . oo 069 

1 % NaOH 21 days 16.410 23 . 2284 23 . 155 . 0447 

Glacial 
Acetic 33 days 16.5 24 . 6271 23 . 982 • 03::11 

Con.NH4 0H 21 days 15 . 931 23 . 2965 22 . 2080 .06833 

3 % NaCL 21 days 14 . 924 22 . 9079 22 . 8634 • 00298 

Tap \i'a ter 21 days 15 . 697 23 . 721 23 . 721 . oo 

* After removing ca le 
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Ampco - Temperature 22 c 

Dura ti on Area in Initial · t. Final 11t . Loss 
Corrosive of test sq. cm. Grams Gms. * 1..rm • / C!. cm. 

90% H2so4 21 days 14.608 14.7242 14.4910 . 00911 

50% H2so4 21 days 13.971 13.9312 13.9270 .00030 

25% H2so4 21 days 15 .894 16.174 16.1590 .00094 

60% HN03 30 min. 15.358 15.4067 Dissolved 

30% HN03 100 min. 14.175 13.6106 5.3068 . 59946 

10% IW03 6 days is.894 16.159 12.0310 . 25972 

35% HCL 21 days 15.637 16.0336 l-3.873 .13814 

10% HCL 9 days 14.07 14.0344 13.9640 . 005003 

35% Ne.OH 15 days 13.971 13.927 13.9268 . 000014 

25% a OH 28 days 14.07 14.361 14. 3592 .000127 

1% Na.OH 21 days 14.320 14.2646 14.2280 .00255 

Glacial 
Acetic 33 days 15.666 16.1687 l-6/1030 .00431 

Con J: H40H 21 day~ 14.07 14.3592 14.0344 . 00189 

Tap Vater 21 da;1s 14.704 14.6284 :J.4.6280 . 000027 

* After removing scale 

I tJ . 
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22 c 

Duration Area in Initial t . FinP. t . Loe 
Corrosive of test sq . cm. Gm • m • m . / • Cr.I . 

90% H2so4 21 days 27 . 042 44 . 8437 4 . 6808 602 
~ 5070 H2 S 4 21 day 19 . 382 24 . 0551 24 . 0"20 .ooo 6 

25/~ H2 ::> 4 21 da.f S 22 . 682 26 . 6100 26 . r-.20 .003 3 

60% ID o3 10 min . 23. 413 19 . 7470 is olv d 

3o% 3 100 :nin. 11. 415 141 . 5804 4 . 34.0 . 89662 

10% ffi 3 6 days 22 . 682 26 . 5320 22 . 091 . 19578 
., 

35~ HCL 21 day 26 . 391 37.2585 27 . 64 9 

lo% HCL 9 days 26 . 130 44 . 4200 3. 710 

35% a H 15 day 19 . 382 1~ • 0520 24. 699 .o 0 1) 

25 a.OH 28 days 26 . 130 44 . 7~ 4 . 7 "0 .ooo 

15% a OH 21 day 26 . 850 45 . 02 . 0220 
Glacial 
Acetic 33 days 27 . 044 4 . 7 . 22 0 . 01 7o 

Con . H40H 21 day 26 . 130 44. 7 50 . 2 0 .012 

3% 'aCL 21 day 26 . 78 43 370 • 320 0106 

r:iap ater 21 days 11 . 501 1 ~. 3 0 16 . 80 . 0 00 

t ovin 1 

(1) ain in i C)'h • 

I 



CLEBRIU i -
0 

TEL!PE.RATUHE 22 C 

Lura ti on Area in Initial \'it. Final t . Loss 
Corrosive of te .:;t sq. cm. Grams . Gms. * Gms./sq . cm. 

90% H2so4 21 days 29 . 130 '1 33. 5251 33. 3631 .00556 

50% H2S©4 21 days 31.140 36 . 7320 36 . 7270 . 00016 

25% H2so4 21 days 30. 378 35 . 9551 35 . 8846 . 00232 

60% m~o3 30 min. 27 . 90 32 . 1748 Dissolved 

30% HN03 90 min. 30 . 06 36 . 4620 25 . 1838 . 37518 

10% HN03 6 days 30. 378 35. 88•16 30 . 6492 .17234 

35% HCL 21 days 28 . 980 33. 4524 18. 6290 . 51149 

lo% HCL 9 days 27 . 90 31. 5854 31.1673 .01498 

35Jb HaOH 15 days 31.14 36.7270 36 . 7288 . 000057(l) 

Glacial 
Acetic 33 days 30 . 060 34. 8263 34. 3675 . 01526 

Con. rH40H 21 days 27 . 90 31 . 8102 31. 5854 .00805 

3% haCL 21 daus 30 . 832 35 . 8560 35 . 8420 . 000454 

ap ater 21 days 31.14 36 . 2700 36 . 2720 . 000063 

1% a OH 21 day 28 . 404 31. 8192 31. 8192 . 00000 

* After removing sea le 

(1) Gain in weight 

lo( . 
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FAN03ITE - TE~ ERATURE 22 c 

Duration Ar ea in Initial t. Final t . Loss 

Corrosive of test sq . cm. Gins . Gms. * Gms . /sq . cm. 

90% H2so4 67 hrs . 9. 252 n4 . 4700 4 . 4118 . 005209 

so% H2so4 21 days 5 . 800 2. 2265 1.4990 . 12543 

25% H2so4 

60% HN03 21 days 8 . 356 3 . 7151 2. 3529 . 16255 

30% HN03 

10% EN03 

35% HCL 5 min. 8 . 806 4 . 3922 3 . 6571 . 08348 

10% HCL 

35% a OH 

25~ l\aOH 28 days 8 . 074 3 . 5561 Dissolved 

1% HaOH 67 hours 8 . 386 4 . 6600 3 . 7151 . 11267 

Glacia1. 
Acetic 33 days 7. 95 5 3 . 7310 3. 7225 .oo 06 

Con. NH40H 21 days 7. 955 3 . 7225 3 . 7268 . 00054(l} 

s% NaCL 

Tap Water 
* After removing s cale 

(1) Gain in weight 



l ICKEL - TEMPERA'.rU RE 
0 

22 c 

Duration Ar ea in Initial Vt . Final t . Loss 
Corrosive of test sq . em. gms. Gms * gme . /sq . cm. 

90%H 2 SO 21 days 13.328 8. 2344 8.1757 .00440 

501' H2 SO 21 days 12 . 667 7.1607 7. 1270 .00266 

25% H.2 SO 21 days 13 . 848 8. 3650 8. 2785 . 00639 

60% HN03 21 days 12 . 106 8. 7007 2. 0144 . 55230 

30% ID 0 3 6 days 13 . 181 7. 2995 0 . 0000 

10% HN03 1 2 dn.:r 13 . 8'±8 8. 2785 3.7190 . 32907 

35% HCL 21 days 14. 282 8. 5656 3. 6464 . 34444 

10% HCL 9 days 13. 913 8. 3504 8. 1410 . 01505 

35% NaOH 15 days 12 . 667 7. 1270 7. 1282 . 000094(l) 

25% NaOH 28 days 13 . 913 8. 3729 8.3729 . 00000 

1% NaOH 
(1) 

21 days 14. 006 8.4179 8. 4184 . 000035 

Glacial 
Aceti c 33 days 14 . 224 8.4167 8. 0390 . 02655 

Con NH+OH 21 days 13.913 8. 3729 8. 3504 . 00161 

3% NaCL 21 days 21 . 76 7. 9678 7. 9678 .oooco 
( 1) 

Tap Water 21 days 14. 466 8. 5924 8. 5936 . 000083 

* After removing scale 

(1) Gain in weight. 
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90% Ha30 4 

50% H~04 

25% RtSO 4 

60% ~03 

3CJ% HU0 3 

10% HN0 3 

35% HCl 

10% HCl 

35%raOH 

25% l aOH 

1% NaOH 
Glacial 
Ac tic 

Con ~OH 

3% l aCl 

Tap ·· ater 

Monel Metal - - Temperature 22·c 

Duration Area in Initial Wt . Final ~t . 
of test s • cm. 

21 days 

21 days 

21 days 

30 min. 

6 days 

12 days 

21 days 

9 days 

15 days 

28 days 

21 day 

33 day 

21 days 

21 days 

21 days 

'1 

14. 770 

13. 936 

15. 75 

13. 000 

15 . 22 

15 . 75 

13. 971 

15. 77 

13. 936 

15 . 77 

17 . 804 

13. 860 

15 . 77 

13.665 

* After emoving seal 

(1) G~in in weight. 

Gram 

16.5652 

3 . 1702 

18 . 0270 

2. 9452 

17 . 4300 

17 . 9815 

15 . 8785 

17.938 

3 . 1676 

17.9872 

17 . 2640 

15. 6535 

17 . 9870 

15 . 5232 

17 . 5200 

!5 

16 . 5130 

3. 1676 

17 . 9815 

Dis ol d 

4 . 5100 

14. 9958 

13. 7485 

17 . 7963 

3.1688 

17 . 9870 

17 . 2 40 

1 .52 8 

17.9385 

15 . 5210 

17.5230 

• 02 5 

. 00018 

.oo 88 

. 84888 

. 189 6 

. 15246 

• cm. 

. 009017 

. 000086(1) 

.000012 

. 00000 

.00921 

• 030 

• 0 6 

.o 1 
1) 



• 
NICKEL SIL ' - ~E E 22 c 

Dura ti on Area in Initial t . l'inal t . 

Corrosive of tes t s • cm. ram rams 

90% H2S04 21 days 13. 612 4 . 8645 4 . 75 0 . 00797 

60% H2S04 21 days 13. 478 4 . 9848 4 . 9830 . 000 

25% H'2S04 21 days 13. 944 4 . 7 50 4 . 7230 247 

60% ffiW3 30 min 12. 988 4 . 6420 Di olv 

30% m o3 90 min 6. 873 4 .8 44 D olv 

10% HN03 3 days 12 . 944 4 . 7230 72 . 3 

~5% HCL 21 days 17 . 760 4 . 5316 • 168 

lo% HCL 9 days 14. 301 5 . 1816 . 11 0 

35% na H 15 days 13. 478 4 . 9830 • 830 .o 

26% 1"aOH 28 days 14. 676 5. 33 0 . 3285 • 

1% 
. 58 0 .o 

Na OH 21 day 14. 676 5 . 3 4 

.,lacial 
Ac tic 33 day 14. 030 5 . 0 36 . 90 

Con. NH4JH 21 days 14. 676 5.5285 . 1 16 .o 00 

3% 
4 . 420 4 . 22 .o 12 

{ ) 

c 21 ays 12. 48 (1) 
.o 01 

ap 
.. ate r 21 days 13. 663 5 . 0200 5 . 0220 

f t r r movin c 1 

(1) o.in in h 



ATERITE - 6 TEMPERA TU RE 
0 

22 c 

Duration Area in Initial Wt. Final t . Lo e 
Corrosiva of test Sq . cm. Gms . Gms . * Gms./eq . cm. 

90% H2so4 21 day5 8 . 692 13.2420 13 . 1782 .00734 

50% H2so4 21 days 8. 330 13 . 1733 13 . 1733 .00800 

25% H2so4 

60% BN03 1 'hr 9.07 14 . 0477 Dissolved 

30% HN03 10% 

10% HN03 

35% HCL 

10% HCL 9 da"yB 8 . 380 12 . 3952 12 . 2270 .02007 

35% NaOH 15 days 8.330 13 . 1733 13.17~0 . 00156 

25% liaOH 28 days 8 . 380 12 . 4334 :!,.2.4346 . 0014(l) 

Glacial 
Acetic 

Con . HH40H 21 days 8. 380 12.4346 12.3952 .00470 

3% NaCL 

Tap Vater 

* After removing scale if any has form d. 

( 1) Guin in wei • 
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A E ITE - 16 Tem-p.,r tur 22"0 

Duration Ar ea i n s Initial t. Fin 1 t . 
Corrosive of tes t s q . cm. Gms. m . • . c • 

90% H2so4 21 days 8 . 769 14 . 2504 14. 1058 • 0164 

50% H2so4 

25% H2so4 

60% H1 03 

30% HN03 
,,,, 

10/0 HN03 

35% HCL 21 days 8. 627 14 . 63F\9 5 . 4 65 1.0591 

10% HCL 

35~ !' aOH 

25% a OH 

1 % a OH 21 days 8. 291 12 . 76 1 • 6717 . 01 0 
Glacial 
Acetic 

Don. rH4 0H 

3% llaCL 21 day 8 . 354 12. 573- 1 569 . 0 

.... ap at r 21 days . 3 7 14. 093 1 .o. 90 . o 12 

* t r r moving c 1 

I 



ATERITE - 136 
0 

~empcratur-e 22 C 

Duration 1 rea in Initial Vt . i'ino.l ~t. Loss 

Corrosive of test sq . cm. Gms Gme . gne . / q. cm. 

90% H2S04 21 days 8. 346 14. 1461 14. 1004 .00547 

5o% H2S04 

25% .d2S04 21 days 8. 456 12.1236 12 . 1126 . 00130 

60% .till 03 

307~ HU03 lOOmin . 8. 680 13. 4250 5.6705 . 89336 

lo% m o3 12 days 8. 456 12 . 1~26 7. 9238 . 49537 

35% HCL 

10%HCL 

35% l~aOH 

25% a OH 

1% a OH 21 i9.y 9. 257 13 . 5208 13. 521 .oo 064<il 

Gla('i!ll 
Acetic 33 days 8.807 13. 5190 13. 4252 . 01065 

Con. lHit, JH 

3% NaCL 

ap Va ter 

* - fte remov ng seal 

(1) Gain in eight 

I? 



ACILIET Temperature 
0 

22 c 

Duration rea. in Initial 11t . Final t . Lo 

Corrosive of test sq. cm. Gms . Gms . Gms./sq . cm. 

90-%> ~::304 21 days 13. 476 18. 6870 18.4294 .01911 

50% H2so4 21 days 11. 388 13 . 1014 13 . 0957 . 00012 

25% H2so4 21 days 12 . 174 18 . 2760 18.2256 . 00414 

60% Hl~03 21 days 12 . 174 18 . 7088 9. 7350 . 73713 

30% .fiU03 6 days 12 . 330 19.8850 5.157~ 1.1954 

10% HH03 3 days 12. 174 18 . 2256 4.0935 1. 0587 

35% HCL 21 days 11. 545 14.9925 11. 6614 .28852 

10% HCL 9 days 11 . 938 17 . 8500 17.6113 .01999 

35% a.OH 15 days 11.388 u~ . 0957 13. 0861 .000843 

25% Na.OH 28 days 11 . 938 17.9337 17.9320 .00014 

1% l: a.OH 21 days 12. 381 15.2056 15.0308 .01 4 

Glacial 
Acetic 33 days 11. 781 17.2415 15.0410 .19113 

Con. l: H4 OH 21 days 11.938 17 . 9320 7.8500 .00687 

3%Na.CL 21 days 10. 555 15.0386 14. 925 .01384 

Tap Via ter 21 days 12. 174 17.7140 17 . 6850 .003606 

* After removing seal 



4%" • n 2 c .. 

Duration in 
Corro iv 0 t t Cl • . 
90,.o H2So4 21 de. 8 15 . 8 22 . 2866 2 . 9 2 

50;;o H2 ,04 21 dav . 40 l . 99 0 . 9 2 

25% H2 )04 21 days 14 . 0 19 . 3 5 19 . 2 60 .. oo 
60% 3 21 day 1 • 21 a. 23 . 22 6 

30 HI o3 6 da s 1 • 7 - £..2 . 23 2 

10';"' ID 3 days 1 r- . .... oo • ? 60 

35% HCL 21 da, 14 . 8 61 l . 

10% H CL 9 15 . 60 1 • 

35% na H l~ d 1 . 40 12 

25% . a H 28 dn • 14.6 1 

1% a H 21 day 
Glee la 

. 3 1 9 a 
cetic .3 d 0 20. 216 

Con . H H 21 d y 1 ... 62 0 

3, a CL 1 • '04 21. 22 .o 
p t r 21 y 1 . 8 l 0 

ft ov'n c 1 

• 22-ew 



• 
6~ timoni e d -

,,, a tu 22 c ... 

Duration rea in sq . Ini ti 1 . t . in l • I . . 
Corrosive of te t cm. r ra 

90% H2so4 21 days 15 . 68 23. 3261 23 . 08 0 • l 2 

50% H2~o4 21 days 14. 724 22 . 3 40 22. 3370 .oo 

25% H2 o4 21 days 15 . 276 22 . 2974 2 . 2286 .oo 0 

6(1,i ID.I 3 2_ day 16.70 23 . 2 1 16 . 785 • · 1015 

30% ID o3 6 d&y 16 . 46 23 . 9745 7.1280 1.0 

10% m 3 3 days 15 . 276 22 . 2286 7 .1200 

35% HCL 21 ays 13. 80 20. 3929 12. 0 0 

lo% HCL ia 15 . 108 21 . 6910 21 . 50 0 

35% OH 15 a. y 14.724 2. 370 

25% a OH 28 day 15 . 108 21 . 772 2 • 7 0 

1% a OH 21 day 15 . 386 2. 0 2 . 6 

Glacial 
c tic 33 da 14. 0 8 20.0 

Con. H4 0H 21 aya 15. 10 21 76 0 2 . 6 10 0 

3% aC 21 days 1 • 9 ) 23.60 0 • 7 0 

4ap at r 21 day 14 . 436 21 •. 0 21. 7 

* .nf t r c 1 



8% Antimoni al Lead - Temperature 
0 

22 c 

Duration Ar ea in Ini t ial 1Vt. Final Wt . Loss 
Corrosive of test sq . cm. Grams Gms . * Gms: . sq . cm. 

9o% H2 so4 22 days 14 . 718 20. 6978 20. 4558 . 01644 

50% H2so4 22 days 14 . 940 21 . 1494 21.1458 . 00024 

25% H2so4 22 days 15 . 306 21 . 9535 21 . 9520 .000098 

60% HN03 22 days 15 . 560 22 . 0492 18. 1985 . 24747 

30% HN03 6 days 16 . 635 23 . 8865 6. 8090 1.02658 

10% HU03 9 days 14. 718 20.4558 1.1685 1 . 31648 

35% HCL 22 days 15.612 22 . 2630 12.2946 . 63851 

10% HCL 9 days 14. 607 20 . 9845 20 . 8514 . 009116 

35% NaOH 15 days 15 . 190 21 . 0497 21 . 0455 . 000276 

25% NaOH 22 days 14 . 607 20 . 9851 20 . 9845 . 00004 

1% Na OH 
Glacial 
Acetic 22 days 15 . 084 21. 7096 19 . 87 2 .12142 

Con. NH4 0H 22 days 14. 67 20 . 7840 20 . 7880 . 00027 
(1) 

3% NaCL 21 days 16 . 800 21. 2344 21.1314 . 006131 

Tap Via ter 21 days 16 . 284 23 . 4950 23 . 47 5 . 00119 

* After removing seal 

(1 ) Gain in weigh t 

:L3, 



• 
lo% An t imonial Lea d - Temperature 22 c 

Dura t ion Area in Initial a . inal i· Loss 

Corrosive o:f test sq . cm. Gms . Gme . G • sri. . /cm . 

9(ffo H2S04 21 days 11. 425 18 . 1660 17 . 9780 . 01645 

50% ~S04 21 days 16 . 196 19 .911 66 19 . 8895 . 00167 

25% H2so4 21 days 15 . 971 20 .7345 20 . 6809 . 003 2 

6o% ill 03 21 days 15 . 28 19 . 4258 15 . 6973 .2 399 

3dfo m~o3 6 days 14 . 100 18 . 3200 . 999 1. 22837 

io% m o3 8 days 6 . 196 19 . 8895 3 . 3026 . 8 980 

35% HCL 21 daye 13 . 568 17 . 5970 3 . 1420 1. 06565 

10% HCL 8 days 14. 502 18 . 4005 18 . 2287 . 0110:-

35% ' aOH 15 days 14 . 238 18 . 1188 18 . 1160 .oo~n 6 

25% FaOH 21 days 16 . 547 21. 7700 21. 7459 . 00145 

1% Nu.OH 
Glacial 
Acetic 21 day 15 . 578 19 . 6680 1 . 7800 . 12120 

Con . L H4.JH 21 days 14. 502 18. 4540 18 . 4005 

3% TaCL 21 days 15 . 351 19 . 8526 19 . 7600 . 00 ~03 

Tap .. ate r 21 days 14 . 208 18 . 2147 18 . 2 00 1 3 

After r moving seal 



Ch 

Du ation 
Co 0 v 0 t t 

90 Hr O 2 ye 

50% HE 'O 21 du 

25 H 0 21 d a 

6<JI, 21 a. 

o'fo 3 6 day 

l~ a 

35 HCL 21 

l c 

l 

2 

2 

21 

1. • . 70 

17 . 20 

~i . l 

16. 256 

1 . 6 

2 • 1 

l . 

.o 
1 . 

,. 

l .o 
1 

m 

. . 

1 

- 2 

08 

• 730 

5 • 

. . 1 0 

0 



"' COR.aOSIRON - TEIJPErtATU RE 22 C 

Dura ti on Area in Initi al '"It . Final ,, t . Lo 
Corrosive of tes t sq . m. Gram Jms. v: s . e . c ... 

90% H2so4 21 days 50 . 894 85 . 7387 

5o% H23o4 21 days . 18. 296 21 . 250 

2E~ t 2so4 21 days 44. 447 54 . 2829 

60% ID03 21 days 49 . 064 85 . 1651 

30% HI 03 21 days 49 . 694 84 . 1330 

10% HH03 12 days 44. 447 53 . 611 

35% HCL 21 days 44.447 58 . 8862 

10~ HCL 9 days 19 . 000 21. 1570 

35% aOH 15 days 18. 296 21.3848 

25% ~aOH 28 days 19 . 000 21.1415 

1% aOli 2l·days 47 . 551 7 .2017 
:ile.cial 
cetic 33 days 18. 68 21 . 2os1 

Con . NH4 0H 21 da s 19 . 000 21. ~56 

30% aCL 

ap ··ater 

21 d y 

21 days 

49. 89 

18.680 

8 .1600 

21.1940 

ft r r mo ing c le 

(1) 1 ain in ~ight 

85 . 73 1 

21. 3848 

53 . 4611 

85 . 1651 

84 . 1140 

53 . 4508 

54 . 3130 

20 . 9616 

21. 3692 

2 . 1556 

78 . 194 

21.194 

2:.1570 

85 . 1415 

... ~.1710 

. o 005 

• 00219 

. 018 9 

. o 000 

• 00039 

• 00029 

.10289 

• 01028 

• 00853 
(1 

. 00373 

. 00_23 



orrosi ve 

90/~ h 23o4 

50% H23 4 

25% H2so4 

60Jb h1 03 

3010 HN03 

10~ ~ 03 

35% HCL 

0% rlC 

35~ Fa. H 

25% .i. H H 
lacial 
c tic 

r.io.p Wll t r 

101v a H 

0 

DU L:tOr-1 ~ mporature 22 C 

Juration rea in Initial ., t . 
o test s • cm. Jms 

21 days 

21 days 

21 days 

E: days 

21 day 

12 days 

21 days 

9 J..nys 

15 days 

28 days 

33 a 

21 · ys 

21 da s 

21 days 

21 day 

22 . 890 5<;, . 7964 

21. 645 52 . 1269 

2t:..973 52 . 3055 

8.170 8 . 4745 

8 . 403 8 . 625 

22 . J73 52 . 1460 

8.955 9 . 03 6 

6. 496 5 . 97 8 

21 . 645 52.1200 

6 . 496 • 9765 

. 9 . 828 13.0060 

6 . 496 5 . 9765 

9 . 330 12.9525 

8. 170 8 . 4735 

t~r ~e' ovin c 1 

7 

inal t . 01 

52 . 7961 

52 . 1'"'0 

52.l 60 

8 . 4736 

8.5 90 

8 . 5622 

5 . 9 10 

52 . 1120 

5 . 976 

12. 993 

• 798 

12 . <;,26 

a. 60 

2.96 1 

m. • q . cm 

. 0000 

. 00032 

. 00694 

.000::.1 

. 000416 

. 000026 

.oo 

. 00036 

0 0 

• 0132 

050 ' 1 

.oo 20 

.o 28 

.0001 7 



0 

BUFLOKAST - T Ei.1PEK.:. TC 1 E 22 

Dura ti on Area in Initial t . l! in 1 t . lJOS 

Corrosive of test in gms. "' r.is • Is q • cm. sq . cm. 1.1 • 

90% H2S04 21 days 15 . 4 20. 9318 20 . 93 4 . 000025 

50% H2S04 21 daJS 13. 255 16 . 4695 16 . 46 5 . 00000 

25/b H2sv4 21 dnys l0 . 23d 11 . 3900 11. 3730 . 00166 

60% ill1U3 21 a·1ys 8 . 980 9 . 3729 9 . 3724 . oono555 

30% ID 03 21 days 15 . 40 20 . 0050 19 . 9995 . C00357 

10% BN03 12 days 10 . 238 11. 3730 11. 3890 . 00156(l) 

35% HC.u 21 days 10. 238 11 . 8688 11. 3900 • Qt 676 

4 10,o HCL 9 day 9 . 06 9. 8740 9 . 8164 . 00635 

35fo a OH 15 days 13. 255 16 . 4695 16.4678 . 000128 

25fo a OH 28 ds.y 9 . 06 9. 8725 i) . 8720 . 000055 

1% aOli 21 days 8.972 9. 8806 9.8740 . 00073 

lac ial 
cetic 33 day 10. 726 11.1738 11.173 .o 0076 

Con . 1 H4 H 21 days 9 . 06 9 . 8720 9. 8740 .o 22(l) 

3'fo ~ aCL 21 days 9 . 35 11. 1694 11.176 • 0074(l) 

·!at r 21 days 8 . 900 9 . 3735 9 . 3760 .00027 
(1) 

.1.a 

"' • ftor e moving seal 

( 1) Gain in eigh t . 



Discussion :- .1s bofore stat <;id , ··"- J co:rv 

have been employed . Bot,een five and t J~ 

ar;e:its should 

differP-nt str ngth 0 

each sulphuric , nitric , hydrochloric , and .c tic acid nd 

sodium hydroxide should have been h:> d al on~ ·i th such other 

reagents as ammonium hydroxide , ph nol, lactic acid , bJric acid , 

ammonium chloride , sodium chloride , sodium chlorid , water nd 

many others . Those actually used were : three str n th e ,h o 

sulphuric and nitric acids a1d sodium hydroxid , two of hyd o hlo 

ic , and one each of acetic acid , ammoniuo hyd~oxid , and ~odium 

chloride and wator . 

Duplicate sample in the varic~s corro ives should 

have been used also but a sea ity o sample p P-ven d thia . 

Conclusion:- From the dRta obtai!E'd in the corrosion t sts the 

followin facts Mere noticed . The alloys re divide into iv 

classes ; n mely , lead a.llo..,·...> , brasses , brcnz e, "lick 1 alloys , 

a~d silican ca.st irons . T o bras a and bronzes, he v r , ma 

be classed tcgetcer as far as t' l1ir ge!l"ral chara .. t istic to i 

stand corrosion ar conc3rned . Taki~ each class eparatAl it 

was found that the lead alloys ar v ry unstable in ni ric id 

and dissolve at a more rapid rate in dilut than in cone n a d 

except the alloy chemtal whi~L is mor ta~le in dilut than 

in concentTat d ncid . In ulphuric cid . In sulphuric aci" it 

was found that t ey are quit r si 'J ta.n t to the 5o% acid b t do 

not resist the 9o% or the 25% acid so 11, b in 1 n 

the latter than in the arm r . In hyd ochloric the are q1it 

s table in t he dilute acid bu~ corrod ath r apidly in th con ­

e n t r ated . Sodiun hydroxid J has v ry littl~ e ~ ct in ~hi 

class of alloys , the 25~ solution .aving the 1 t feet and the 

2.. 'I 



very dilute solation having the greatest . They do not resi t 

glacial acetic acid very well but are not apprP.ciably s ecte · 

by conce~truted ammonium hydroxide, 30dium chloride solution, or 

water. 

The brasses und bronzes are very resistant to sulphu ic 

being more resistant to the wenkP.r acid. They are badly corroded 

in nitric acid, tho strongestacid having the greatest fL f ct. 

They are fairly resistant to hydrochloric acid, e ·pecially th 

weaker acid. 3odium hydroxide has little or no effect on th q, 

they being less Qffect~d by the more concentrated solutions. 

They resist glacial acetic fairly well as they do ammonium hy­

droxide and co rode very slightly in sodium chlorid solution 

and are prac tially una ffected by water. 

The nickel alloys are readily dissolved in n·t~ic ~cid, 
'(" 

the more concentrated acid having the great f ec t exc pt 

in the case of pure· nickel where the more dilut acid had the 

greate~ effect. hey ar fairly resistant to ~drochlori acid 

esp cially the weaker acid. Sulphu_ic acid tas v y littl ff ct 

the 50% acid 1ho ing th, le st effect. Sodium hydroxide ha vory 

little or no L effect. The alloys a_·e fe irly re i. t n t to ace tic 

acid and resist ammonium hyd~oxid~ very 11. In . odium hlorid 

there is very little or no loss or v n a ain in 7 igh as in 

the ca.., of niJkel si1ver . Pure nickel, monel m J t o.l i:nd nick 1 

silver all gain in weight in a. ter and o. t ri t los v y little. 

The silico~cast irons ar the most r istont o~ all 

showing the greatest 103s in cone ntrat d hydrochloric a ut 

being fairly resi~tant to ev~n that and quit resis ant to th 

dilute hydrochloric. The next best orrosive being dilute ul-

phuric acid but that has but little effect . In aite a number 

3e> . 



of thP, othe cases ~her wns a gain in wei ht u in th~ ca e o 

concentrated ammonium hydroxide all thr,e sample hG''l d n 

gain in weight . 
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