SYNOPSIS

P - This thosis eonsidors an invostiration
“into the naturo and magnitude of corrosion of mild
stecl by condonsing vapours from polutions of ammo-
‘nium ealts ot 80°C. Tests with drops of condonsate
on steel gpocimens are deseribed and it is adviped
that they bo used ao & simplo proliminary bsfore '
elaborate corropsdon tostn are applied in industrial
practice, - Twe types of corrosion were found = by
differentlal acration cells and by direct attnck,
Tho type of corrosion Qoponds on the naturs of the
- condensation on the matorial to be oxamined, 1.c¢.

- whethor dropwise or filme-type. Corrosion varied

- from extremely high rates of attack by sulphur di-
oxide besring vapours to complote protoction by

o purely ammonliacal vapours. The attack is not con-

- trolled by ammonia but by the acid constituent of
- the vapours. Ve L .
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_ Gorrcsion bv annﬁanaeé vapaur 1n ah@mical plants,
whore apparatug is in c@nbact with a eondanaabl& zes near ite
_&ew~ps£nt, im often a maaor problem, resuzting in ineraaaeﬂ
maintenance aogta and losa of time for repaxrs.. Thia partica
ular type of,cnrrcsion.haﬁ,lfer_axnmpie, baen.féuna in a ter
distillabian‘byaprsﬂact'giant for the réeéverﬁ_@f.banémle fore-
runnings fram gaa‘wmrkﬁ.éfuﬁ@s._ Vapours rising frdm the hot
solution in th@ resiﬁue reeéiv@ra or the bolley atiil eonﬂenae
on th@ cola aurfaaas of pipa 1ines, -and cauae s@r&oua aeteri@rv
ation of the pipnt by e@rrnsive attaek. ﬁ@rrosinn of this
‘naturs should n@t be @cnfugea with impingoment attack or
‘@r@ﬂiﬁn, which takeﬂ placo in condensers and plant where the N
igases nay travel 8t & cmnsianrabla v@locitv@ {3

o Tn@ 1nvaatigation s@t out 1n this thesia, wasn

'@avrica cut to detorzine the nature and magnitu&e of carrosion
by th@ ﬁanﬂenaing vapours @f ammonium malts, which wero th@
chief causes of eowrcgian in the easgo ﬂeaoribea abova. A8 a
g@neral_basim-for.;nv@atigatian, canﬂ;tiena w@ra_reprnduae&
_nﬁmiiér tﬂ'thasa‘undar'wﬁieh eorrosion t@akﬂplaac, i;e.f slow
stream of alr and vapour fr@m & hot. molution oendonsing on tha
calﬁ surface of a tost mp@cimen‘ | | |

, A deaaripﬁiom will be given of tho methcd and
apparatus that was used to fulfil this aim, and the may,in
which the canﬁraliinggfanﬁérsffram the éérrqaioﬁxstanabﬁint
'weré congidéraa,&na ﬁua provision made for them. ‘petailed
acoounts of tho eorrosive attach. “or each salt studled will
be accompanied by_th@arieg'toexﬁialn ths m6¢hahi§m of‘thQ:

eorrosion.



Numerouﬁ thewries h&ve been advanﬁeﬁ t@ aecount

for tha ﬁarroﬁicn of ﬁw&n, oniv 1 f@w ez whiah hdve baen aceept-
-aﬁ as meeting the eon&itians undor whieh rusting takea plaea,
.'ana explaining the phencmena that oecur, |

_ ‘Aeaaraing t@'ane\thme?y, pﬁr@‘iﬁon'will not
eorrode in eontaet with pura watey evan in tha presanc@ of
QXY EONe Perfectly pure water 19 nat ragar&aﬁ a8 belng an
'eleatfalyt@. fha presence of & fourth aubstanee, an. ematmlyte,i
- gven in trace9, is deomed. to be esssntial for eorraszon $0 oeour.
, J,A@m ?rien& {2) lent strong suppart to this themrye Tt 18
olectrochemical in neture, but the follawﬂng iﬁ ths nore gcn~

eraliy accopbed electrarh@mical ths@ry.

Aeeorﬁing to this tha@ry, (3)(4)(3)(6}(?), the
rcacti@n tak@s placo through a cell b@t%@@n %wa arcar on the
metal surfaco. A% %ha‘anaﬁs aurfase, the mﬁt&l @GGB into gal«
ution, while onc or marﬁ aarrespOnﬁlng reaetions gm on at the |
cathﬁda_aurfa@e;at the same timea _The curr@nt paasee irom the 
anods to the cathodo thréugh'ﬁhﬂ é@iutién7ana'ba@k to the anode
 through thE*meﬁais ‘Floetrons fl@w in the appoqibe &irectian. ’
 It 1¢ nosumed that water an& air or @xyg@n are ﬁha only requi-
 31%@@.far @arreeive attack,. Wat@r is @uppasaﬁ to bc slightly |
joniged, \ o |
" HD <= H +oH' R |
vhen iron 18 immerced in ﬁat@rg'an exchangélof slectrons oceurs
Vbatwean the. hyarogan iong and the ﬁran atamg go that the wator
/in the prox&mitv of the matal e@nhains ferraus 1onﬁ and hy&rcxyl
- dons e@rrespanﬂing to-a ‘solution of rerroue‘hyﬁroxi&ep‘ The
_diaeharg@& hy&ﬁ@gen fons form molscular hyﬂragena :

Fe + 2H' + ?E)H' I“é}“ + EQH‘ Ii

If the smlutien is aerate& ana axysen has a@eeas te Lhe farrous
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hydroxide, it is oxidised to hydrated ferric hydroxide and
deposited as rust,

In order for this theory to be true, it is neces-
gary for iron to oontinuoualy'pall into solution, and “this
depends upon 1. the solution pressure of iron, and 1i. the
solubility produot,[}b'f]ﬁbﬂijf Acaording to J.W.Mellor (8)
the reaotion Fe + 2H* - Fe** + H, 1s in equilidrium when k. &
[?o‘{g[ﬂ']zs 67 x 10 ‘ana since, for water at 18°c.[ﬁ€][bﬂf]¥
0456 x 10 'k, k® [Fe**J[on']'® 2,1 x 10°% This assumes that
the ferrous hydroxide is completely ionised. If the true value
of the solubility produot of ferrous hydroxide is less than k,
some hydroxide will be precipitated before equilibrium is |
reached, and iron will continue to pass intc solution. On this
basis, Mellor maintains that the electroohemical theory has not
boinwsatilrnctorily proven, since the value of tho'solubility
product of ferrous hydroxide is not accurately known - values
1ie on either side of the above figure., Calculated and experi-
mental results that have been given in literature are:=
1.64 x 10 “(9), 847 X 10 (10), 9454 x 10 *(11), 3.9 x 10 "= 1n
the absence of oxygen - (12), 7.93 x 1645(13). 3,2 x 10 (14),
1.6 x 10 (15), and 4.8 x 107°(16).

The source of Mellor's value of 67 x 10 “for the
equilibrium product [éo“JEHPKLin not quoted; and the results
of H.O.Halvorson and R.L.Starkey (17) show that it is not con-
stant and varies with pHe They determined the equilibrium
concentrations of both ferrous and ferric ions in contact with
metallice iron in solutions of differing pH values. Thelr
results are as followsi-

pH 3e0 4.0 5¢0 6.0 Te0
[Fe**l 2,7 x 10" 2,70 2,7 x 10 2,7 x 167 2.7 x 16"
[Fe***] 641 x10' 641 x 10” 6,1 x 16" 641 x 10~ 641 % 20"

From these figures, it may be ocalculated that the equilibrium
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product (re**J[on'] 18 cqual to 2.7 x 107, This value &5 below
all ef‘tﬁe values for the solubility product quoteﬂ_abbve,,and
hence, no precipitation of forrous hydroxide will take place.
This does nbt-mgaﬁ,’hawever} that_cnrroainn_¢annét_caeur.u

Oxygen is one of the requisites bfudrrogion: and thevferrous
‘hyGroxide in solution 1s oxidised to form faorric hydrcxﬁde, which
i6 presipitated. The figures of Halvorson and ﬁtark&y result in
en equilibriun produet [ﬁa"‘ ZOH{I equal to 6 1 x 10 R whieh
is larger than the solubility product - 1.1 x 10 (18). Conso=

. quently solution of iron will dontinue, and corrogion,;s p@éaible

according ia th@_electroehamicni thoory,

¥hen iron has oﬁee'begun to ruﬁt,-thsvaubﬁaquent
progreaa'ﬁrnee@ﬁe more quickly even under conditions wnere_brmght
Aron would remain unattacked. Suggostions have beon made that
tho rust acts eatalytiually.ﬂs sn-oxygsn'marwiar {19), and also
that the rust 1s’very porous and hygruscapia g0 that it bocomes
moiat and provides the necessary oleetrolytic conditions.
- JeAnton (20} has shown that wet rust is anodicvto bare iron,
an& hence attack takes plece immediately balbﬁ ﬁhé‘dépoait ’
The wet rust shiel&a tho metal frsm-oxygen and ronders it anocdic.
Ae&erﬂing to R, J.ﬂcx&y (21) the rust acecelerates the corrosion
in’ two ways, i. oxyeen is romoved by its reaction with forrous
hydraxide, an& ils iron, whieh would aet up a countor a.m.f,'

in the oxygen ¢encentration coll, is removed by procipitatian.

| J@A,ﬁ.Fviena-(aa) has_ﬂuggestaa a cnllci&al
theory of corrosion in which he oxpregsses the view that iron 4c
passive in Qistilled water in the absence of a eatalyst, and
passes into golution only with extrome glowness, owing to tracos
of éleetraiytee that are present. The dissolved iron 1s prob-
ably at first present in & more or 1essfcbmp1@tely jonised
gtate as ferrous ions, but is rapidly converted into the sol
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of ferrous hydroxide. This sol then undergoes oxidation by
dissolved oxygen into the sol of a higher hydroxide, ferric
hydroxide sol being formed under the most favouradle con@itions,
and probadbly ferroso-ferric hydroxide scl when the supply of
_oxygen 1s limited. The higher hydroxide sol now acts cata-
lytically by oxidising metallio iron with relative repidity
and simultanecusly undergoing reduction to a lower hydroxide
801, only to be oxidised again as oxygen from the air diffuges
towards it. In effect, the theory of Friend means that the
hydrosol of iron hydroxide acts as an oxygen carrier as it
passes alternately between the ferrous and ferrioc states.

Those salts that favour the rusting of iron are
supposed to peptise the 0olloid, whilst those salts that inhibit
corrosion are supposed to flocculate the ¢0lloid. This theory
has not reoceived general ascceptance. U.R.Fvans (23) eonsiders
that corrosion inhibitors aoct by covering the anodic areas of
iron with a proteotive film, W.G,Whitman and coeworkers (24)
have shown that the effects of salts on the rate of corrosion
40 not vary concomitantly with the stability of colloidal iron
hydroxide.

The conditions under which corrosion occurs when
vapours sondense on a metal surface need not necessarily be
similar to corrosive conditions in ocases of total immersion,
even when the surface is aerated. Evans (25) conducted quale
itative tests in the presence of fumes of volatile reagents
vhen investigating atmospheric sorrosion, and found appreciable
attack on most metals when sondensation took place. These
tests were all done at room temperature, and the liquids em~
ployed were very conocentrated, E.Anderson (26) expressed the -
view that the corrosiye action of mists and fumes is the same
as that of the resultant solutions. However, he carried ocut no
quagp.tzvo experiments to obtain verification of this theory.
As long as the temperature of corrosive gases is maintained
above the dew p&int. usually no serious corrosion results.
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In many casces, ﬁh@ gnseg;whieh carry the suspended material
85 o miat or fuma may 06rve to form a prot@ctive acating, 80
‘%haﬁ m@talﬁ and ailoya may at timoe be ﬁuea@ﬁsfully used in
the presence of a mist or fume (26).

The Oondongation of VYepours.

_ | Wak;ﬁ&ﬁé@?»(??):disbinguiaheaﬂfcﬁr ﬁypes of cone
densation of liquid@'frém th@ir vapau%a.

1. Dropuise condensation is that case wheve tho con=
aensata deaa not wet the eurfaee of the metal on whieh the
vapour i @ondensingq} Omly ar@pa appear, ané when large Gﬁ@ﬂﬁh,
fall off as such. | |

2 ?ilmutvpe condeneatian i that case 1n whieh the
_c@naeneate wets the surfece of the aon&anﬁ@r. .

 3e Hixed aonﬂensaticn is a casa 1n whieh pertain
aress are not wettod and certain other arcas are webted, ie0e
some arens BY'® ﬁropwiae ané some are Film=typoe -

4+ The case oveurs where the whole of the surface is
| not, wettod ., amﬁ yet appreeiabla ayens may be blankett@d by |
Btreams of condensates - In this case the streams of eondensste
8o not have & fixed poaiticn but nove ah@ut serope the surface.

_ The type of conﬁ@nsing that takes plaae dopends
_Qn the nature and condition of the SUPLHcE. Dvoyw&se c@n@sne |
uati@n docs not usually ceaur unlesa the aaalins\surfaae 15 in
Home way. e@ntamin&ted,by on @ily subatanee, Very gnooth or
polished surfaces do show a ten&@ncy 1) inﬁuce dropwise conﬁena

.satian_withaut the knmwn preaene@\af ailn_ Glcan staam nornally

" gondensed in a'lem on el@ah éurfaaes'wheth@r rough or sm@othp

File~type condensation can aoeur on vayy rgugh or vary foul
" gurfaces oven 1f comted with oii (28), o

B A - Condensation, even OR nondwetted aurfaeea sueh
&n an aily aurface, bagiﬂs a% very alight supersaturatien.
The aewﬁr@ga always form at the sane acbive contreg whiﬂh are

probably apots on tho surface wh@rm_ther@.ara impurities whose
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~ ana1@ ofvé@ntant with watei is am&ilér‘thaﬁ>that'of oil. Gona>
denaatinn.@n meta1$ begins‘at v@ny smight,éﬁp&?gétufétioa,,but
on drying an&'repeabing.'ﬁﬁ bégina*abev& tha'&éwpaiﬁt in the
eago of non«nobie motalss - This 15 aseribed to the preaenca of |
 591ub1e impuritles in the pores of the metal, and may have an |

B impartant b&awing on ecryosion {?9)»

*;Gorsﬁsiéc,;;dkriéﬁ@aﬁo

The aar@@aian of iron op ateal by B drop of

_agueous liquiﬁ deponds 1n nost cas@s nn aleatrachemical action»
betwean tha aentral, unaeratéﬁ pnrtians, whﬁeh beegme anodic
| and suffor att&ek; and tho ﬁsrivharal asrated p@rﬁians, which
| beaame cathodis aﬁ& in general, r@main unaztaakea. The velo¢— 
ity of attaék ﬁ@penda largeiy on wheth@r the eathodlc and
:1anodia proﬁuets ara se&ubls or net. In ‘the @asa of pure watar,
the anodic praﬁuat, ferroua hﬁdroxia@, im peraaptibly ealuble,
and gprea&in@ outwards, becamas oxidised at the 5unction bet~ -
’wa@n th@ aerataa and unaera&ed ragions, yielﬁing a brawn ring
' of &he nearﬁy ingoluble ferric hyuraxiﬁa, which also extends
'aver the %ap af the drop aa a.meﬁhraneq These wore tha con-
’ clusiaﬁa drawn by U, R*Lvann {30) who corried aut tests on cor~
rosian undoer droga at room temparatures. v.n Evana, LeCs
Eanniater and uscsﬁribtan hav@ sucaeasfully conducteod ewperw
Vimenba to tap currents from rsrraﬁing partions of diffarentiai
aoration @ellm, and chown that the amount of. oarrosion ie

equivalent 0 the aurrent flawin@ (31)s

: ﬂeaer&ing £0 A«R.Warnen and H.sfnavy (32) gor-
rwsisn octurs in the mil& steel at;ll heaﬁs of tar ﬁistillatiwn
equipm@nt due ta the vapours which are given off auring the
' prbcesa. The mechamiem ef the Procecs of earr&aiam ie & ¢oma
| plicate& one, anﬁ uhay f@unﬁ it ﬁifficalt to form a theory ta
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fit in with‘ali'the conditions that ﬁay exist in“tha sﬁillg
They wore of the epinian that the dissociation of ammonium

chloridea asmonium sulphide, d@ﬁﬂﬂiﬂﬁ hyﬁromuiphide gnd ammon=

 dum cvanide, an& the- aubsaquant actinn Gf theé. ﬁiﬂseciation

_proﬁucts upan the 1ron9 was the ﬁhﬁef nauge of eoﬁraaimnb The

‘plates wors eaten away at & gr@ater'apﬁeﬂ.at~th@ge points whero
exeessive gondensation takes place, and this 18 due, in 211
. probability, to the @antinueug flow of liquiﬁ ram@ving tho proe
duets of eorrcmion nore rap&dlg, nna thna expmsin@ fregh gups
face of 1§ iron to the attaak. Th@ final products into which the-
gorroded iron is canvsrbeﬁ, appesr uﬂ be Fsrr@us sulphiﬁe an&
ammoniun ferrosyanide. Aumonium thiccyanate cecurs in small
quantitiess PO
o E mﬁviavestigaﬁimn was nade hy'wéfnéé and Davy to
verify this apinﬁ@n; 1% weula therafafe only bé-trﬁé to state
that one or more @f the 5ubsbﬁnc@a mcntione& abova, or thatr |
i&isﬁmaiaﬁi@n gro&untsg causen ﬁhe GOPTDSlGﬂg Th@ugh ﬁietill—
aﬁion of tay preﬁucté s#arta at 8@“6, the tamperatura rRNge at
which moet of the moal tar is &iaﬁilleﬁ, 250% « 350%C, 1s very
'muah nigher fhan tha n@mpavature ‘8t which the ﬁxperimenta Poe-
eor&eﬁ in,thig.bhesisﬁ wers @arrie& @utg Also iimtle o n@ |
- gondensation of wﬁt&é vapaurbiakéa plaﬁe,;ﬁhiéh pleys an imé'
partant r@l@ in carroaion by canﬁensing v&pﬁurs fram hot 50d=
vuﬁionﬁ, 1% 1o tharefare 1ikeiy that aireet attack by the de- |
_'campaaition products 16 experienced in. the ﬁar ﬁ&still&timn
'-equipmantg and ia not af the natur& af Qarrﬂeive attack desoribed

in the fallowing pREess

Corrogion in Bonzol. Plants.

 SE.¥hitchead (33) found that corrosion of .
vwroﬁght'iron.and mild steel in benﬁol_plantg cnly.apéearé& when_
;%he’gaééaéonﬁain@ﬁ ammanié; Ho 414 not, ha#avér, attfiEute‘

" the atiaak-té ﬁmﬁ@nialnmr:té hy&ragemjﬂﬁlphida whiehfalsé méy
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be present, The analysis of deposits rrcn ooﬁoﬂﬁ preheaters
always ocontained a fairly wgc proportion of eyanogen oonpwndq;
which are well known to be highly corrosive.

The investigations that have been oarried out on
ammonium sulphide vapours indiocate that corrosion is not &ue to
hydrogen sulphide in the presence of ammonia. Whitehead sup~
posed that corrosion was due to oyanide eompounds that are pro-
duced dy the reaction botwm ammonia and carbon disulphide.

308, + 8NH, —> NH ONS + (NH ),8, + 2NH ON + 2H 8
Results that have been obtalined in tests with ammonium thioce
oyanate, go to show that this supposition is probably correect,
The advice %0 eliminate all traces of ammonia from the gas
before its entry into the sorubbers, is therefore sound.

» .

‘The genersl conclusions arrived at through the
murch investigation of condensation corrosion deseridbed in
this thesis, are dealt with in this seotion.

The eorrosion of't netal by condensing wvapours
ean bi divided into two types acsording to the way in whieh
aondensation takes place on the metal surfsce. In the first
~ type of attaok, dropwise oondensation risultn in the formation
of drop=cells in which each drop of liquid forms a separate
eleotrolytic cell. Corrosion osours on asoount of differential
aeration. The area just within the outer edge of the drop, to
.whloh oxygen has free access, besonmes & oathodic ares, vhile
‘the inner portion of the drop, from which oxygen is eomparative
1y excluded, becomes the anodio area. It is an essential of drop
oell attack that oxygen be present to provide the necessary

electrolytic conditions, so that the exclusion of oxygen prevents
corrosion of this nature, The nett result of drop-gon attack
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{5 that corrosicen takes ﬁh@ f@rn ef pitting unaev the drops.

:. “In the other form of cerrosi@n, direct at%ach of’
 the whole surfaae of the metal 15 effectod by can&ennatien of
the filu=type. In thia sone, 4t iz not always nevessayy for
oxygen to be pré@@ntgian&wbaﬁraaioh has becn oboorved in its
»abaene@a Thﬂugh filmﬂtyp@ condengation was aagoeiatgﬁ wiﬁh

the aevareat aﬁtankg St was algso @resent in the casos of camw"

' -'pleta freedon frgm aarﬁas&ens and. @vi&eﬂtly ney: affar& 8 meau

aure of proteation under a@mtain Oﬁ?ﬂumﬁt&nﬁeﬁn Drop=cell
attaek nay be more ﬁanger@un fram the gtandpaint Q& failura of
 chﬁmicq1 plant, pinse the penetration may ba @reatar oven thuugh
th@ total loss af meﬁal is Jesn uhan th& axperiﬁnced in gome
aseg of azraat aktack, |
In bmna?alg the ammmnium i@n playeﬁ 11%@1@ part
dn the meahanasm of carroa:va mﬁtack, anﬁ the governing factor
- wes the anien agsocisted with 4t. The total corrosion varied
rrﬁm conplots prateeticn Lo extrsmaly high rates of attaﬁk.



Alcertain amount of wark wag d@n¢ which previaeﬁ

_experienae and an. inﬁigh% into the pr@blema anﬂ faaters that
~ hesded attant¢ang in @r&ev aﬁequat&lj te fulril the aima of the
‘inveatigataan.- A ﬂinple appawabua was set upge anﬁ a number of

tentn were carried auts'

,niragﬁgﬁaragiom'zﬁabiﬁpggratug (Plate 1),

The original agp&raﬂua @mpieyéd to éﬁamiﬁé ihe o
cﬁrrcgién'@f7the:miié gﬁaaia%eet piea@é %y"thg.éoﬁ&énsing vap-
.»uur@.f&ensiaﬁeﬁ nf¢él'ligf@ flask which c@ntaineﬁufhé solution.
E This'flask wasvheétéﬁfanﬁimaigtaineﬁfat}a'ﬂqnstant'témpéraﬁura
by & Glaceol electrie heating jackeb sentrol led through & Power-
stat variabla t?&ﬁﬁf@fmﬁfb It wae thug passible to keep th@ '
tempevatmre constant tb 1“6. Th@ fisek wag connected to a’
corrosion chamber by a glaﬁﬂ tu%e which gasged down £ tha |
bottom of the gorrosion ghamhar amé onded inla_hbrizeatal ring
: Wiﬁm.@vaniy apaéed'haiéﬁ arcunﬁ’thé iagia@;"fhia ring wos |
ccvorea by & layer of glaas ‘heade to evan Lhe £low of vapauv

over tha wﬂalefcrmgaeaaction.f mhe part of the ﬁl&ss tube

b@tween'tﬁé flask'anﬁ the corrosion chomber that was exposed,
was lagged with aebemtaa atring tc CORBETVE heat and ta miniﬁ |
‘ mise'aena@naatian@ This was not altog@ther aff@ctive as & gere -
tain améunt @f_canﬁensatiqn a&waya took place auring the expore
imsnts The éaﬁr@aicm an&mbgr'waé a,ﬁﬁ‘ineh,high, 3 iﬁeh diéﬁ
- meter Pyrex container thatvwaa'fittéﬁ.with‘a large yubber bung
'_aﬁ the tops It was xaptvat-aﬁ‘evan temperature in a the?me~ 
sta%ieally contyolled waterhath, which was rontinuously atirrea
by & motor ﬁrivgn atirrer. ’ '

ﬁir was drawn through the salutian in the flask'

and passecd into the c&rrosian cheiber where it aameyiﬂ.ﬁmntaet
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with the test ?iecesc The test pieeeu were é inch external
ﬁiametﬁr, 4 inch 19ng with the walls 1/16 inch thi&k.- ?hey
wore of mild steel; and were cooled by & stream of wateor flow~
ing through the inside. Thiﬁ oaasea the vnpoura ta con&ense on
- the oator surfaé@;A The alr flow waa maintaineﬁ at 2 stendy
rate by keeping 8 constant mamonoter head on a capiljary £lowe.
metor at the inlet of the apparatuga Ths eapillary flow-meter
_wag graﬁuateﬁ by mainﬁaining various ¢onstant heaﬁs and meas=-
uring th@ rate of flaw of air bv displacing & &efinita volume
_'of watar from a atandard rlaek and noting th@ tine taken. ‘From
these resulﬁa, & groph wase mrawn from which the volune rate of
_ficw sould be r@&d. f?igure 2) h

‘ There were earﬁa&m éraw%aeks ta thig preliminary
:st«up, which wore rectified in the finel appa,mtua. B
1. On acaaunt ef &v&peration from tae open uaterbath. it
had to be topped up with water at 80% from time to time aurins
testo. ?his moant constant attentﬁoa, anﬁ ne teste of 1ong
dquration eould be perfcrmeﬁ. | o o
:_2. There was an undesirable amount Qa eonﬁansation in the
tube between the ﬁlaah anﬁ the corroston chaﬁbar in. apite of
the lagging.
| ,35 Th@ condongate frem tha tesﬁ pieﬂea coliecteﬁ in the
batﬂom of tha carroaien cnam’berg anﬂ biocked the aiatribution
holess It was,avercame_by w&thﬁrawing eond@nsate pgrisﬁica;ly
though & giass tnbé.' The-~1ass beads,'als&,ﬁhaﬁ %0 be'taken
"aut and tha“oughly washed bﬁﬁween etach teut.
) 4+ The toat epeeimen eoula not be wamehed auring ) test.
’Hence, the type ef condenaatian anﬁ the pregrasa @f cerrosion
_caula not bo sson. o . , i
- 58 The rate of flow af caoling water thrsugh the test
pieee was not coﬁatant, tnouah.tha flow was adjuated Lo approx-
_ 1mately 250 CsCe pEX minute‘ This would naturally aff&et the

aanﬁensing con&ition&a anﬁ the temperature of the surface mf
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the spegimeon would not remain,c@ngﬁanﬁg

;@giﬁn_bv1Wa§§ﬁLV@gggga

| On. aemm@ﬁeing aafvaﬁicn tcﬂts, iﬁ was noted
that the e@alﬁng watwr was ay taeking th@ inaiﬂe aurfaea of the
teat piﬁﬁﬁa This wop gronter then the eawraaiun by . the cone
.ﬁﬁnsina wapouy %tselfﬁ and 1% was ﬂesﬁﬂcd te’ e@au the intorior
surface of the ueat giece with & prat@cting nateeialg To do
%his, & ﬁﬁivtiam @f Pcrapax in umyl acotaLe W&ﬂ uaeﬂ, Th@ '
eoaﬁ;ng was tﬁwtﬂﬁ fo% o pericd of 65 hours by paseinq cmaling
- water hbraugn a ape@imeﬂ having the @utvr aurrae@ wr@teeted by
& iayer af Erease; the logs in wolght ammuutaﬁ to o quantity
of 0.0001 g pey h@ﬂ?u This ropult e & hi@h fi,are, and anothmr
f test for 1T -hours gove & flgmr@ loey than helf of this value
1.8, 0.00003 gm por hour. For the shurﬁ test_§eriaﬁs,.mhe~prsb~
ablé_lmaa»is less than the aeeufaay'of %ﬁ@‘weigh1ng, ﬂﬁﬁ'fﬂf

‘the>lwngér-peﬁiaﬁ@, %h@ 1@aa is amali @nough‘tefb@ négl@etaﬁ.

A s@ﬁiag of tests wer@ carri@ﬁ ouﬁ wiﬁh dﬁgtillea
wat@r in ﬁh@ flagka & pufficient numbor of tests was pade
’te plot & graph of corrosion up to 6 hours ﬁnr&tign of time.

- The longest period hed to be limited becsuse the water bath '
had to bo hopp@é“uy pe?iadiéaiiy:im make uﬁ Tor gvaporation
-199@é§h Tae praerdure WAL ﬁararully felimwaﬁ im eaoh expera ‘
' imant, and waa ag f@ll@W&u' , _ ' ' .

The aonﬁitign of the ﬁsﬁal ﬁurfae@ 18 very
'imggrtanﬁ from the corrcsion atandpoint, and the amount and
even the n&ﬁura 0? the attaﬁk may  be amngiaﬁrabﬁy affocted by

| diffewent surrace mandiﬁicns. This &B particularﬁy the case |
in th@ initiai stages of the corrcaive attaak.« \ polishea
purface h&gubh@ sffeot of delaying tho initistion of attack
for o considerable periovd (34}« The sp@eimén'waﬁ‘ﬁher@f@w@
narefully preparea nafar@ &&ch ﬁagte It wes omoothed down 7
“with @m@ry clctn, hﬂoﬂ being the fin&l graﬁe ugeds _A.gurface
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wag obtalined that was swmoolh but net polished. The last rub
was always done by hand, because speclmens may be different
if the ~rindins of one has heen more vigorouvs than the other,
sinee izolated masses of oxide pushed down below the surface
may vary 1n such cagesn, and affect the reproducibllity of
results. In order Lo prevent the possibdle presence of glue
from the emery cloth, the test plece was then washed 1In ethyl
aleohol and ether in turn. /~ftor ryiars in a deslccator, it
was welrhed carefully. ‘he interior surface was coated with
a filn of rerspex by pourins some golutlion i1ito the specimen
and then pourins it out araine Tufficlent adherea to the
surface tc provide an aderunte film of uniform thickness when
dried. The snecimen is now ready for test.

In the meanwhile, the temperatures in the flask
and water batli were raised to 80°C and air was drawn through
the system at a manometor head of 1 inch of water which
corresponded to a rate of flow of 1fL e¢.¢. per minute or
1.7 iner.es per minute over the specimen surface, Later the
water in the manometer was chanced to lirhit oll since it evap~
srated $oo rapidly. Coolins water was run through the test
plece at about 25C c.c. por minute, and 1t was inserted into

the corrosion chamber when steady conditions obtalned.

nor: completion of the test pericd, the test
plece wes removed snd cleaned of all the correslon product by
rubbines with & soft cloth. lio other methed of removal was
deered necegssary ag the nroduct wag very loogse. The Uerspex
coatinz was removed Ly thoroushly weshing with acetone.
Finally the speecimen was washed once more with aleohol and
ether; and on drying, it wes welghed. The process was repeated
until e constant welrht was obtained. ¢ larpre number of
exnressions or units are used Lo axpress the corrosion resls-
tance of materizls. s the weight of the speclimens was deter-

mined in grams, the tern adopted 10 express the amount of
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,cerrmﬁzon“was nilligrams per square degimetor, 'Gniy vhole
- numbers need genarally be uged to record carrosion of any .

yraetiaal signifieanca with thiu term.

| Corprosion took the torm af'pitting, and a yelleww

brvwﬁ corrasian product was fawmed Over the pit halas. In one
case avvegy_high result was obtained which, it ig believed,
‘waavdu@ to surface contamination. Th@ regults of the ﬁééts |
TWegs'piotted~qn‘a éraph_(?igﬁre'BJ. which gave a smooth curve
and showed an inereasing rate of earrméibn'withliiﬁe faﬁ,the |
‘period uﬁﬁer‘cﬁnmiaeration;-.rn view-af.the;sﬁbse@uent test |
results with the final apparatusg.it should ba‘noﬁéa that all
the wator vapouy earre5¢on tosts were doae @n the gamo piece

. of 51’0@@1 ioeo tast @i@@@ NOQIIH

Reference wes made by Nosalevieh (35) that, of
the constituents of amméniaeai liquors, the moat aangeﬁdue f%om
& corrosion standpoint is amm@nium\thioéyanate,lpﬁrtiéulariy
on a@count of possible accumulation, This subﬁtanéé.was the

first galt to be QXaminéﬂ'with fagar& to corrosion by vapours.

A<dilute.aelutian of ammonium . thioayﬁnate’was‘béiiéﬁ,»but'it
was found that no th;oayan&te wan @arried over in the va“@urs
until & Qone@ntration of about 9% in the mother liguor hﬁﬁ boen
reached. Qn the @tner.hwndw when fiowars of sulphuy waa_a&éed
-t@ 8 aolﬁtinﬂ'~*au1phur‘ia préaent in the residue re@eiver\cf'
the benzole yeocovery plant - aistinet signs of thiocyanate wereo
ghown in the distillate when spatategtea with acidifia& ferric
-'nitrate. Indications w@re shown 1n the vapours from & Bolution

with & concentration as low &s 04 9% smmonium thiccyanate.
Amm@nium‘%hiocyamate»is apparently vaporised as scueh, ainca'f-'

‘there was no indication that the compovni decomposed in the
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vapouy phaée»' Thejvapadrs were tosted for pfnbabla ﬁéﬁémpaaf
_sition praduata - ammonia ana hydrogen Eﬂlph&de - with negaa'
‘tiva resulis. It Wag thmught possible tha% th@ effevt wag due
toa catalytiu,raaptien,, Put 1t was nesessary o use. & 5 gram
~quaﬁt1ty of suiphuyr to'pfﬁcure‘aigiiliationiaf'%hidcyanat@, 80
this thsery wan ruleé @ut‘ other insolubla solida proénaed
the same phanomenonﬂ' Chipa af pormuﬂ pot anﬁ pgwﬁerea quartz
-u@rm found to cauae diatillation of ommoniun thi@eymnate at

law csncentrations.

| Tha affoet, 1& depen&@nt on the area of thé
 eurrace expcseﬁ in the s@&utiﬁn and m@t on th@ total quantitg
of polid preaent._ ?ine ehips of paroua p@t h&d & greater
effeet than the same wolght of lorge pi@e@s., Theré'was aloo
5 decrease in aetivity when th@ SEmG DPOTOUS pob was useﬁ nmors
than OneO. mhia 1@& to the suggeaticn that the slight aciaAty
of thﬁ nat@rial ar@mﬂteﬁ tho riae of vapnur pressure. of the -
ammonium thimevanat@. Howevar, inveﬁtiga%ions by Gell (36)
‘shoewed that thﬁs Waﬂ prcbably nut the Cant. Thv cenalusian
_therefare, ia that‘aistﬁllation of the ammonium thiaoyanate ie
“brought about, hy a aurfae@ action by the insaluble 806118 present
" in the solution. Not 81l 1naalub1@ #olide have this reaction,
'for example, br@ken plaﬁs 1@ inact Live; and the oxact mechanism

of tne phenomenon ig unknowna-

Seeing that the soiuticn

An the residue reeeiv@r of tho banzole rGGQVGry plant aantainea
2% amnponium thioeyanataa thie was the ecneentration used for

the g@lution in the filook: & quantity af powdered gmlphur wag
addod (about 5 grama)a Titratians of the solution with N/10 -
gilver nitrata wnr@ made baf@re and aftar each tost using '

forric nitrate &n&ieaﬁor {37)e In no casge 4id tho caneontration |
alter by more thad Gilﬁ@ The mean valua ﬁuring eaeh tost WaB,

. : |
,in\ganoralp egow@? in endeavour wag made to measure the amounts
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- Pent ?139@ Durati@n Gcrr@aion 6arresion CGnaensato on
: No.  of Test. L - . .. Specimen.
~ hours ; mgm»,,; mgm/dm, T gaCa/hr.

' Distilled watar vapaurn.

:fI 1.2 2;0 _'I; R ,:' ’
11 2.0 3.3 T.5%
1T - Xa3 L 242 o 1.T

1T v 3, 7696.,..'-_ |

1 252 . zmi2

Iz ' 546 '_u,ng : o 280
'I:' ’ ,7?43 - 1?45 _ ; 203

- Ammonium Thiaeyanate with sulphur in suapensien. )

W 1nalome o 2.1 . 3.6
B S o 419 843
I R 12& ) ] 2156 _
’ II T 27&&. ' dﬁog .
I 23,1 39,0
IEI NN - 14.8 2540
W 2049 354
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of water vapour nassing over during each test by measuring the
volume of solution in the flasik bDefore and after each teet,
This was not very ascurate on account of the solution that re-
mained in the flask achering to the sides afier it was noured
baek into a 500 rl. standard measuring flaslk. From these rough
firures it was caloulated that about C.07 me ammonium thio-
eysnate passed over in the vapour per hour under the conditlons
of test, which were tiic same as those for weter vapour, Ko
attermt was made to abgsorb the vapours for anslysis, though
meang for that purpose were under consideration.

The first three results fell on a smooth curve
which showed 2 sherp rise in rate of attack. Further tests
rave varylng rosults which were much below the curve énd ala
not asree with ocech other. it was fiprst thourht that the low
variable results might be due to moisture condensing on the
coolins water tubes that were exposed above the test piece.
This water would run down and blaniket the condensation of fure
ther vapour on the specimens themselves, and yield Tilmetyne
condensation. liowever, whon thls fault wes corrected, more
tests alco falled to rive results that nade any appréach to a
gmoolh curve. ‘hese tesis were made on differcat test pleces.

rn examination of photorraphs of the specimens
showed that the first tegts resulted in corrosion in the forn
of numerous small rounc¢ pits which were evenly spread over the
gurface (Plate 3). The later tests showed corrosion in the
form of long atrealks interposed by uneorroded patches {Plate Ade
1t was thoucht that these reaults were cependent on the type
of eondensation occurrling on the aurfaces, The round nltting
could probably be cdue to dropwise condensation; the streaky
corroslon may occur wlth film=-t7pe condensatlion which has
stroams of condensate flowing down the surface, It wae ot

wnown why different types of sondensation should take place,
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sn the surfaces in each ¢ase wers ldenticsl and had been pre-
pared in the same way.. - '

Pests with this apparatus were discontinued,

and an ﬁmpravgd'aetnug'usede'ﬂ' e
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The preliminary test apparatus had a number of
disadvantages that have been listed on page 15 of this thesis,
and consequently a completely new arrangement was made to over-
come these difficulties. Minor alterstions were introduced
into the first set-up of the new modified apparatus as improve~
nents were found advantageous. The general system is desoribed
below, and is illustrated by a diagram. (Figure 4)

Since the mechanical flowmeters that were avalile
able were unsuitable for use at pressures other than atmospheris,
it was nesessary to blow air through the system instead of using
suction as in the first apparatus. The water suction pump wes
converted into a blower by conneocting the ejection end to a
large 10 litre bottle {A) where the water and air are separe
ated., The water passes up a tube and overflows to the drainj
under pressure of the water overflow head, the air is blown
through the system. The pressure of the air is controlled bdy
a hydrostatic release head (B), and a constant stream of excess
air passes into the atmosphere. The rate of flow of ‘dtr through
the apparatus is regulated with a needle valve to maintain a
constant head of 1} inches on a capillary flowmeter (D) which
gave a flov rate of 100 ce.0. por minute Or 2.3 inches per
minute over the test speoimen,

The air passes through soneentrated sulphurio
a0id to dry it, then up a tower of caustic soda pellets to
remove carbdon dioxide and to ensure that it is thoroughly dary
(E)s The purs air passes through a coil immersed in the solu-
tion in the flask (F) that is kept at a constant temperature by
a Glascol electrically heated jacket, which can be conirolled
to within at least 1°C. The air is bubbled through the solution,
pioka up vapour, and enters the outer sorrosion chamber through




N

A. Fomp Sysbem. -~
B Aw ~pressure Head.
C Needle Volve

D CopL'//or_'y Flowmeter
E. Drying Tower:

F Flask

6. Corrosion Chamber

H Thermostat Control
J Test specimen.
A. Analysis Line.

L. Corrosion Line.

/\7. F/owmel’er

| V. Constant-head Apparalus

—

—~ |
—

— Diacrar o Corrosion ArraraTys —
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aﬁ'annuiaf ring with evenly spacsd holes arounﬁ'ﬁhé inside,

The @nrraﬁion chanber is laggeﬂ with asbesbos pap@r, and TEge

ulat@d in t@m@@ratura by an aly thermostat (H) aparating a

N heg&ing\ﬂeil_&h&ﬁ 48 wound round tho chember, - A gap is lefty
limlﬁhe.agﬁaataé-iaggiﬁg ?@r.@bﬁervaﬂiﬁm of tho spocimen during
-.ﬁéﬁt,_-Aﬁ‘air_thﬁﬁmasﬁaﬁ‘wag ustd for nantrai‘ﬁeaanee a 1ligquig
_control did not operate as muickly, - Detween the flack and the
'anrﬁ@@ieﬁféhﬁmb@r brovﬁﬁien ié'm&&@ for vapour %@‘bé~arawn7@ff

for snalysis in an analysie 14ne ijfz'”h@ het vapours riee up

- the outor chamher ana then pass down an inne& centa¢nar in

which ﬁh@»test pieae‘(a}-im plaee&. Vzpaur sondonses on the
toot pieae ana the remsining gao lmaves the chamber through an
vinwart&& priee@ ab -the bottom. . o
- The &aaaa far amaiyais anﬁ fram the torrogion
| chamher pasa rirnt ﬁhrauph a e@nﬁenaer and th@n thrauqh absorp
.qtiﬂn batﬁleﬂ @Qntaining agprmpriate abaerbents._ The wolume
passing ghrgugh each liub ig measur@d.by the mochanical f£low-
meters () b@fare'ieaﬁiﬁg‘thﬂ-mywt@ﬁg _Th@a@ gaaes‘rr@m the
sorrosion 1ino (tl?nisé ‘pass thrﬁughA&;ﬁépiilar§;f&@wmet@r'
wﬁich in k@pﬁ 8t & constant hends ' _
- The flmw of ﬁ@elin@ w&taﬁ ﬁh?@uﬁh ﬁhe tast plece
. is kept @onstant by the use of & constant h@aﬁ awrangement.

whieh alsa suppiies water for the cenﬁanﬂ@ra¢

_ ' Th@ can&itians un&er whiah earﬂesiwn is teste&,
' - ¢8n only be @xaatly iﬂentieal if the apecﬁm@nﬂ are all tosted
&t the pane timc An the same apparatuq. One apeeim@n muet
.'r@main in th@ npparatua for bhe whole tﬁm@ of the test, whilo
:1atheru are withﬂrﬁwn at sui%ahla pewiadg for Qxamimatimn. wWhen
thisg syston aannat ?eaa@nahiy B Qarriea oub, aff@rtﬁ miet be
‘made 4o rwprﬂ&uee th@ conditions as clasaiy aa in poesﬁble far

each teat Yun. ?h@ variables 1n the earroaian tests with
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¢ondensing vapours sre considered in this seotion, . -

It ia Esﬁential for a aaﬁis;aetary ﬁorroeion test,
that the ﬂample to be tostod should b@ of & large size to plva

 a re@ult thet i murfﬁeiently r@pra entamzva unﬁ@r the condi=
tions of ORPOSUTSs The sige ig gencrally xzmite&. howsv@r, by
'%he capaeity of’tha aﬁrraaﬁom Lemt apparatu@u in p?ﬂ@tiﬁéy the
expose& surfaee of tha ap@niman should not be lema than two

) _aquare inchaa; anﬂ the lwrgeat tost plece paSﬂable for the togt
-7'apparaﬁnﬁ ahwuld be- ua@a, Drﬁviﬁ@ﬁ it may be aecurately waighsa¢ '

_ In the eeleetian @f th@ pize of the speeinens
used in those tests, oniy an 13 inch 1ang$h of £ ineh externai
&1ameter mild staal tube was avaiiable,_ The tuba was eut into‘.
- four apaaimena each 4 inches in length which.gave & surface
aren of over ¢ gauore inch@s, whien is ample for t@mﬁ. The
- thickness of the walls of tho tube wne 1/16 of an inch. The
typs of a%eei ﬁaéénfﬁil undor £he nUEDEr SeAsEe 1085 according
to the ﬁ@cia&y of Autamwtiv@ hngin@@ra nwmbering sy@tam, hnd
- had & eompsaiﬁinn. :
| Carbon sseees 14087

Hanganeso sss 04T

811500n seses 0,04

 Phonmhorne 11 0101

The welght- ef the epeaimsns v&wiea ﬁuring the testa, since the
preparation for-eaah teat nea@saitatea rubbing with‘amemy'eloth
and & cmnsequenﬁ loas in weight. On an ﬂvarage‘they ﬁéighéﬁ :

55 grams each,

| ?@stq on materialﬁ for chemical plants snauid be
~ carried out én th@ materimla in the atato in which they will be
S useds. A w111 be describod 1atoy, the test pleces vere heat¢
.irentm& to obtain unifcrmity for eacn teat@ The 5trueture of
| the natui is altered, apd h@nca prabably the rate mf attack;
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but the lack of fresh matorial made the treatment.neaesaafy@

grature,

| | The offect of temporaturs on the corrosion of
iron in\aquecua sqlutians is not enly'depénﬁenﬁ upon the nofmal
- inorease in r@n&tibn‘rate due to a rise in température,’&ut
'thera 15 aleo the retardation of corrogion owing to the de-
croasing solubllity of oxyaon in wator with riaing temperaburag
A moximum effect will thereforo be obtained at some eritical
)temparatur@ when the effect of the decroasing solubility of
oxyzen ia‘greﬁter‘ihahlthe_effeet-Of & riae’im'temperature-an
 tho renction rates Acaording ga'the oboervations of B.Endo (38),
this eritical point lies betwoen 60° and 80%C, In Flgure 5,
the regults of H.Endo are plotted on a‘graph. The tegts des~
eribed in this thesis were corriecd out at & vapour phase temp~
erature of 80°C. At this tomperature, the offect of the de-
eremsed polubility of oxygen is dominant, and it is thersfore
prdb&bia that the‘maxﬂﬁum,rﬁtg'of corrosion has been r@aoheda
‘ If*thié i@ the cage, variationé'of temp¢rature; e#en by as much
ag 2° - 3°, w111 only have & nmgligible effect on the amount of ’
eerrnﬁieng Howevers th@ temperature of the reaction.is nat the
same as the temp@ramure of the vapours, but ia controlled by
'the surface temperature of the m@tal; and a8 a canaequence, the

-ealubility or @xygen may not yet be the daminating facter.

~ Both the temperatura_and'the rate of flow of the
¢oaliﬁg water within the tost specimena play & part in deter-
ﬁining’the'Burfaca'tempeﬁa%ure af’the test ﬁi@@@ﬁi The tempors
,ature of the gurface in turn &etarnines the am@unﬂ of condensate
ag wall a6 the amount of corrosion and the actual temperature
of the raaction» Tha rate of fiow of cooling water 434 not
vary by more than 10 ¢e¢. from the set rata of 250 GeCe DOT
mimibe throughout the tests. Complete condensation of the

vapours ook, placé at thie rate of fiow¢




page 29

1016

S
N

/008

TOTAL CORROSION = gm per cm* per 30days

1004

00

70° 40° 60° 80° /00%¢
TEMPERATURE = °(

Figure 5. EFFECT of TEHPERATURE

on_CORROSION




page 30

Th@ opinion was held that the varistion in témp~

grature of the enﬁiing vater.heﬁween'aummer ahﬁlwinter had
- Little eff@ntvon the corrosive raaatieﬁ at the sﬁrfaé@'ﬁﬁ'the
tost plece. Calculationo vore made to ﬂeierminagtha rospeative
. tempsratﬁres of the sgrfaqa of the %éét'pieceﬂVfor\low‘vin@ér
and high Eummgg‘ﬁaoling uater temperatﬁrea& #&gurén'w@ra'taken
from actual test resulis and‘calauiaﬁibn@ appaar‘in\Appsn&i#‘Ie

| -Théggr&ategt variation in the températureﬁ of
the cooling wabers oogurred durihg tonts with distilled wéﬁer»
In thisvease,Aﬁarrasimn took plﬁ&é‘&tiﬁﬂ?f&@& temparatures
‘batwean ?QQF'(eﬁga) and 76.5°p (ﬁd;7°ﬁ). Rafﬁr@nee to rigure 5
vwall ahow that the error involved for a singie reaaing im neg— |
1151b1&5 metween 20°¢ and 6090 ﬁh@re im 8 @ifference An corro~
sion of 1%,1.9: for a variation 6? a;7°c ibeVaifferénae in the
amount of carrosian is less than one tenth of one porpocnt.
fThis had no @ff@@ﬁ on the apra&ﬂ of results, the higheet sur=
'face tamperature b@ing founa with the loweat result asg often a8

nct, an& vﬁce vara&. '

The vatn of flﬂﬁ of gae wao arbitrarily adjusted
to give & flow past ﬁhﬁ Leot piaee estimated to soyraopond to
the rate that vapours would rise from‘an @gen vespel containing
the solution at the temperaturc in quéstiong Thie rate was
puch that, in éraetice. only 4 negligible amount_of the vﬁgours
ai& not condenge on the auﬁf&ce of the tseﬁ piage@ Uéually;
complete candensation-eceurréeg ﬁhiah-foilewed'an'immeaimtg
clouding of the metnl scurface whon the specimen was inserted

into the apparatus at the begimning of oach tost.

, The rate.of flow of easvmateﬁialiy affects ﬁhe
degreo of saturation of the vapours. It 1s Goubtful whother
_camﬁleté saturation was ever obtained under the conditions of
thé eﬁpaﬁimantaa Hawaver,;thé main sim of cohdenaing a suffi-

clent quantity of wvapour on the surface wes aschieved; and tho
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goses nust hava>appraaahed_satﬁratinn-since only & slight low-
ering of th@,températura caused procipitation of m@imﬁure in |
the chort tube betwoon the flask and the vorrosion chamber.

‘ ,'_ No oanaenaatian af vapours sh@uiﬁ ﬂaaur hefore R
they eome in eontact with the best pi@@@ surfsce. - This
netogeitatos earaful tempexature contyrol of the vapours after
leaving the flack. xn'ﬁheffiwst‘tests,°eandenéétian‘tmok place
in the tube*betwe9n the.fiégk an& the corraaién @ham%er, and
in tho ahgmbar‘itgélﬁg After these paris had been well-lagged
and provided with a heaﬁing coil @@ﬁtraileélﬁy an. &if‘th@fﬂ@»ﬁ&%;
no further condonsation trouble was axperi@naeﬁ and the gases

- reached the test b pioco ab. 80%. "

whﬁfvapeur pfagﬁu?ea'ef the golute and/or the .
| decompopition prﬁaﬁatg‘aapanﬁtan the éannan%rati@n ofﬁ®h$
ébiutian; whore ﬂihé&t-ﬁttaak-ﬁ&keé pia¢ég‘the amount of :
aarrééion is aertainiy dependent upon the @@h@dgitzon of the
s@iutian éiﬁeethiﬁvdaﬁerminé@tha @@nﬁ@nﬁration of the7cowro¢;
sive agent in %ﬁ@'ﬁﬁﬁﬁ@ﬁﬂ&ﬁ@a "Where'attaék is due to drop=
-09113, this noed not ne@eaearily o the easty and the oeneenﬁ

tration is not nf aueh great practiaal importance., ,.[n

B Inntha"case'af amm@nium ﬁhiaeyanateﬁ'the concene
tration was detormined to correspond with that present in the
benzole rocovery plaunt {i)@,”xn @ther:eaﬁas;Athe’eonc@ﬁtratien
WaS aajuste& to yield moasurable quantities af»gas@é%iﬂ‘Zhs
aﬁa&yaia'stﬁaama 'In'genoraig tha*%a?iaﬁlan'gf{ﬁ@nﬂentraiion
&ue to gwa@oratian wos of no araat &mpartanee - 25 ammoniﬁm

:ﬁhiceyanate aalution anly altered by 0.2% aur&ng iong %ests¢
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_ } In eorroai@n bg can&ensing vapours frem & eolu~
tion, the baaie erﬂterian on which the carraeivs eﬂrect of &
diasolveﬂ aalt iz evngiﬁereﬁ, sh@ulﬁ be the eorroaian effestéa
lgby the solvent. For'ail the tosts in this series. the aalvent
was diatilie& water, and aonaequantly it was @xamine& first.

The eendxtians unﬂer whieh t@ats wors aarraa& out

- arp as followss The raﬁe of flaw of eooling waﬁer through the

1%@5@ ‘plece was maintain@d at between 250 a.cg ana 260 o.¢g per
minute, whieh gave a rise in temp@rature af ‘about 0;5 ¢ between
the‘inlat and the outlets Ths temperature\diff@r@nce was
measaraaﬁfreé;timaAt@ time Quring tosts with thermbmétefa that
could b resd $0 0,01°C by the use of & magnifying lons; and
they hﬂ&“haen atandaraigea'iﬁ melting ice for the Zoro resding
and checkea agﬁinat aaeh ath@r at various temparatures. A
sarrection ourve was drawn and used to determine the correet
difference of thﬁiinlwt anaa@utlet tempqraturee‘of the cabling
wator. ) | o :
The hy&?astatie hea& at the oil manom@tér of

'the eapillary Tlawmet&r that r@gisterea tha total flow of alr
through the ﬁyat@m, was kapt eanatant at 1.5 inches, whila that
in the 1ina from the e@r?esian ehamber wae regulated at o roade
Cing of 1.0 ineh on the manometor. Thus constant goa flow con-
 gitione woro maintained throughout tho testa. The aiz thermo-
 stat kopt the temperature of the corropion @hamber aﬁ a eonstant
809 to within 19 « the aame temporature a8 that of the 1iqu1a

in the flask.. The necosoity for meintalining & strict control |

| on thﬂ tomperature io ilzustratau by a éiff&eulty that arose

at th@ b@ginn ng @f earroaicn teeting; '



page 33

' There was an unaccountablo dlscrepancy between
ﬁhe quan&ity of vapour condensing in the analysis 11ne and ‘tho
quan&ity of eonaensate eolloated from th@ cbrr@siom'ehamber
through the bleod tuba proviaca for the purpoee at the bottom.
These quantitiea should be pregurtionﬂl to the vmlum@a of gas
flowing past\tha test piocco, whicn aondenses the‘vapcur, and
' thr@ugh the analyais 1ine condenser. The highar proportian in
the uorrosiun chamber may hame been ﬂua to more erfieient con-
densation on the metal specimen, 80 a glags tube of the same
‘dimensiona as the temt pieees wan plaeed An the corrosion
chanber unﬁer the pame conditions that were set for normal
~ corrosion tests. It was obvious from the start that more vap-
our wap eoﬁiactihg in theveorrbsicn chambeyr tiah'iﬁ the anslysie
1ine, though the valuﬁaﬁ paséiﬁgfthreugﬁ the tﬁa'iinaa wore
about tho same, L.0. 6445 1itres per hour through the analysis
lliné and 5.7 1itres per hour'through the acrrosidn‘linea Con=-
,dennaze'waa aiséavéfed dropping froﬁ ﬁha bloed tuﬁe of the
‘analyeis'lina-ﬁhichucﬁme Out'veriiﬁally at: the top of the cors
rosion chamber in the initial set-up. This accounted for the
error. - |
| _ A woll lagged Y~tube was°ihsé§taa‘bet9éen the
flask and thé sorrosion chamhaﬁ and tho analysis gas wae drawn
from this points The diserepancy imﬁeﬂiately consed, and never

reourred.

Corronion Tontge.

_"Gréat care was talten with thé_watﬁr vapour
téats to ensure that the test Speaimén.was thnrmughly elean
and that the surface was properly prepared. The gonoral pro-
ee&nre of the preliminury tosto was followed. At the start of
each toat it wog noticed that tha oondensation wop complotoly
drmpwise, and that only. when the eondensate flowed down the
tube 414 film-type condengation take plaaa on thone arcas undor

the ntreams Dropwise cendengation in this case may bo duc to
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_th@ ﬂmaathnesa of the aurface as it wus uertainly &n no way
olly. Anather reason may be that the rate af e@nﬁan«atian 13

‘ vary sicw, and thm normal rules for aonﬁensamian may not be

| a@piioabie sineﬁ th@y wero ﬁ@termiﬂea f@r rapi& eanﬁengati@n

' fr@m boiling solutiana@ Bnlika the praliﬁinafy Water Vapour
'testa, thg Gﬂ?ﬁ@ﬁ&@ﬂ reﬂults u@re vory erraﬁ&e ana &ia not £a1l
ona sma@th eurvea | | B

?hree yaasiblé eﬁplanatﬂanm wore advﬁn@cﬂ f@r o

- th@ @auae of thens @rratie resulio.

1. Fﬁn@tra$1an of hyﬁrogén at %h@ cathodic arses of
' the eorrodling metal by 4if fna*en anﬁ ite p@gsibl@ alioying,

. may affect the surfasce properties in ﬂubs@quent.tastai' This
'_Ihaa "bfaenv'mﬁﬁeaﬁ@&‘m work on hydrogen overvoltage {3@% In
';eré@r‘ﬁé avéﬁe@mé,thia_pasaibiiity,aflhyar@gén abéarptﬁ&n;'aha'
to obtain uniformity of apeeimﬁnﬂ,:ﬁha'tegt'pi@éaé-ﬁéra to bo
~ heated under vacuun at a temperaﬁure nbhove ?0006 fbr a auitabla |
"lengbh of times . : | o ," o
i Pe Tha test piloces themsslvos ey mut be unif@rm;

Q-:' Thi5 it o pagaibility, even though they Wore @11 cut fram tha

1aam@ longth of mild stool tnbing that was only»iﬁseif_ia inches
. “ 30' Tne nature @f hh@ @arresien nay gﬁv& err&tin ro=
sultes Garroaian in the form of pi&%ing ie aotorious for -

'unpraﬁiatabla re@ul%s in practi@e‘

_ } ‘ Approaehing the problam from th@ poimta of view A
anamarateﬂ ah@vag £ noy pr@ae&ure was aﬁa@teﬁ far prep&riﬂg tho
's@eﬂimens for teshs The sg@cim@n is first rubbed uy wzth Ho.1
grade emory gloth and thoen with finer graﬁeﬂ untzl there ig 8
emooth finish.free fwmm pit h@10§; th@ finai rub ia made with
:graae Ho.FF omory olothe Aftor an 1nitia1 troatment 1n whieh
'the apéﬂimen 1s heateﬁ ot 85000 fov six h@urag it 15 heated
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for ono hour at that temperature botween oach test. Later it |
| was changed to a a»heur soakzn@ at BJOQG betunan testes The |
' tomperature of the furnhce was ﬂetermin@ﬂ with & thermocouplas
The furnnce eonsistcd of a 1 inch diametar rused 81lica tube -
wnunﬁ with 8 75Q watt h@atiﬁg soll and lagged with asb@atoaa
The furnace tube was connceted to a uater vacuum pump, and
durdng both the soaking and coaling poriods the maximum vaeuut
was maintainaﬁ. rh;s'waa nocessary to prevent exoeasiva oxide-
'atien. After ccoling, which took about 40 minutes, thb teat |
‘sposimen was removed from the furmace, and the oxide e¢leancd
off by the method of Clarke deseribed below. Th@ tost piéee
wig rubbed onee more with No.FF enory éna'giveh a final rub
with grade ma;o; The tost apeeinﬁn wag then washed 1n alcohol
and eth&r &5 bofore, and was rsaﬂy for test, ° |

' This mothod was used in an endeavour to drive
.off ﬁzssolvoﬁ hydrogen from the suvfaae 1ay9rs of the metal, -
thus aentrgying,tha efreat,of sny hydregen=iron eleatro&e; and
also to make the specimen as uniform ae possible. S.J.Fronch
and L.Kaﬁlénberg {40) have sald that gaﬁ*ﬁetal olectrodes are
specific for each p&rticul&?‘gaa'ana netal, and éra.relatéa to
the sbsorbing power of the metal for the goss also, the com~
bination potential is due both to abﬁorbéﬂ a5 and to & cone
densed film of @aa'On‘thé‘ﬁurfaaa éf'tha netal. Oxygen and
hydrogen have th@ oppasita effeat to cach othor. |
| .The grain structu%e of the motnl in cansiﬂerahly
“altered afﬁer a number of hoatings in the furnase. The process
is cbmpérabie o aﬁnealingg but:aa the ta@peraﬁure'ia below the
1uppar critical point, thﬁ tont p&e@a 15 unﬂer-anneal@ﬂ. A
1arge grain structure is bullt ups - g0 fmeh 80, that the atruc~
ture can be seon with the naked eye whnn a tagt pieoe is taken
‘out of tho furnuce after ccoling; A certain amount of oxide
scale is fafmeﬁ»at each end of the speciman in the furnace, oven
though it ia under vacuums This soale wus’removediiﬁ the first
fow instanees by cleaning with emory cloth, but é much easier
mothod was found by ﬂianﬁing'&t chemiéaiiy by the mothod of
Clarkc. | - |



Whan the beats for th@ 12~h0ur and the 18«hour |
perimas WOPS ea?riéﬁ eut, part of the @arrcazom prnauet wae
v. difficult to romoves &nd ruhbing with‘a soft elohh.wav un&v&ilu
| ihga_ It wags decided to @mplﬂy some’ other mesns $o romove the
adherenﬁ pra&uat,_ The ahoiee lay betwean eathoaic traammanﬁ
“and a chﬁmiaal methods catnoaie methaﬁm tenﬁ ba give low values
"f@r eorreaian, whils ehamieal nethods give earre@ponﬁingly high'

| .reaultg. Cathodic treatment entails alaetralyaim for 10 to 30

| minutea with the tost apeeiman as the cathode &n a suitable
alaetrolyt@, & quﬁexer and more c@nv@ni@nt methoﬁ is the cheme
 1ca1 pProsens ﬁmpﬂayaﬂ by gmﬁgciarka (él)a This was the method
a aﬂ@pﬁeﬁ for ali t@sﬁs. N
| , | aoﬂeantraﬁed hydvochlarﬂa aei& in an affactive
aolvent f@r rust, anﬂ 1% may he. usaﬁ for th@ auantitative do=
| 7ruﬁt1n@ of @teel 1£ thﬁrc is p?eaents (&) a suitable inhibitor
| to prévént attaek on the steal at the por@s ar denuded areaa
" 4n the rust eoaﬁimg, (b) a r@ﬁuoing aﬁent to reduco ferric
. ahlaride formed by th@ diasolving rust. methnd has been -
‘devieod in which the rusted ateel ia imm@rﬁeﬁ in a vigorously
;ﬁtirre& nalutien of the foi*awiug ﬁcmgoaitianz ” -
| ﬂﬁH3e hyﬂr@ahloria BELE oesvses 100 parﬁs
Anﬁinonicum oxide, 3b303 ssenes 2 parts
stanngua ehloriﬁs erystajﬁ PRTAN 5 parhs
‘ ﬁ tost picc@ was elaanaﬁ fromn all rust, then the
.suffaé@ wa@’r&bbe&;with am@ry ¢loth, followed hy’the usual
waﬁhing'iﬁ'alcohoiiéna ethér; 'Tﬁﬁ ihﬁeﬁi@r'was'éaaﬁaa with a
film of Perspex 1&qusr 1nth® ugual manner. wh@n'thﬁé specinen
'was 1mme?aad in th@ above aoluuian with vig@reum gtivring for
'J minuten, the Loss im waight amoan%eﬁ %0 1.5 mgm. A A series
of tests were osrried out whi¢h4ﬁhQWGé'%ﬁat_phe loes in weight
wae nearly pfépar@ienél-ha_ﬁim@a R@sultabaﬁé_glﬁen in the
table bolow. | ’ o S |



30 gac. . 0.2 mgm

Tmine  Oud mam
. L X . [ ]
2 mine Oo7 mgm
5 mihg _ - 1.5 mpm

For the longer teats with a vory 1arge anounm of

,a@orrasi@n product aﬂh@ring to th@ surfaae of tha metal, the time
of immarsian in the aearustimg solution was between 40 and 80

'ﬁeconﬂsa Heneo the maximum @rror that io 1neurreﬂ for the

severept corr@aion is n@vcr nore. than 053 mgm. For those tests (

‘ whare there wos ssarcely any earr@ai@n product, the impersion

 time was generally not m@&@-%han\lﬂ sosonds, anﬁlugually~amount~

o8 t0 & more dip in the sbiﬁtion, Henece invthésé’ﬁaaas; the

- error in the reﬁult wauiﬁ melaam exaee& 001 mgm..'Thésé errars
are prababiy on tha high siﬁ@, aince mast of the time of zmmar»
~sion As apant in removing the uarroaian groauﬂt aﬁﬂ thﬁ aalutian

1@ nmt 1n eanta@t with th@ maﬁa& until thie is seeomplzahaﬂﬁ
cavraetiana for this factor in the @xperimentﬁ

Wore. appli@do

[ &fter the heat#%remﬁment'af the téét'ﬁpeeimans '

'_wns intrc&usea, tha rﬁaul s of the t@gts inprmveﬂ aanaiﬁerably.
lTh@ figuras for ﬁiffer@nt teat piec@s wore af thﬁ aamp magni-

tude, and fram the r@sults tham havo been platﬁeﬁ on 2 graph,

4% ig cliear that there ig no a@eia@a éifr@renea between the

topt gpaaimena when thay h&ve been treated in the i&antiaal
manner. deat—traating the tesﬁ pieeee has therefore been

| _Bneaesaful in thig ﬁiweetinn. The aorrasion vmluea ebtained,;
“however, 4o not lie cias@ tas@thar, ut are spac@d 1n & band

that gets wi&ar a¢ the test poriod innreaﬁea,.v a
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| Statiotioal anaiyﬁim mathoaa wave applied ta tha
'valu@g obtained in tho tests on account of ﬁhe eanalaerablﬁ
 deviations from ﬁh@,mean that were founds The mathematical
theory of orrors ﬁaa‘usé&:ﬁa“a&t@rmine‘whieﬁ readlﬁs'wére un=
- hoceptables xm or&ar to rajact reeulha, rsauurse must be made
"ta the Nuil ﬁypathaﬁia, whieh sorves aa & g@neral basis upon.
which to aob. Th@ HFull hvpoﬁhﬁsis staﬁ@az~ When a reading has
ia-résiauél-gvﬁatar*than & volue with & gefinito ratio to the
-'pkabgbie,ﬁ@vﬁatiwn 9f'a aiﬁgle'rnaﬁihg, tﬁé:raéﬁit'may’be ro-
’garﬁea aﬁ a~ﬁ1&tak$; The ratio depends on the number of .
‘_obsgrvatzens that war@ made. A vesidual is the differance
'-'heﬁwaan a rsaﬁang aad the arithméti@~mﬁan“@f a'ﬁei of readinge.
"A miatak@ ig a result that, due to some experinental syror, has
a value that éannﬁt be aeﬁepted a8 baina a trué value for the
tost, and is_eangequantly,rajﬁatsd. _ Sherwood and. Re@d (42)
aﬁv@eate %ha-f@je@%i@n @f va1ues=with tho ﬁeviatian from the
mean greater than fiv@ timea tha averaga &eviaﬁzon.i'This sinmple
rule is gupp@sed ta be aﬂequata far meat ordinary work, On the
'ethar'hanﬁ, h.ﬂaﬁonﬂ (43) reeﬂmmends 8 mare exaﬁt rule ¥nown
as ﬁhauvenet*s @rit@?ian@ as-a gulﬁe far the wejevtiaﬁ of an
. ‘uﬁs@rvaticn; Chauvanet 8 orit@rion ﬁta%ea that a reaﬂing mey

_o 2y X

Ga3@4 IS- '-'Lﬂx >> ‘ﬁgnmwi

~where r & probablo doviation

xR % kr = largest error, 1¢a‘ errer ar the
o guspeﬂt readings '

= namber of abs@rv&tianaa
{sec Appenﬂix i - o
- Henoe, when 1% was found that a , value obtained in & tegt could
be due to & mietake, that valua wan raj@ct@&a"“ thé cage of
the B«hmur tegtmg the first tonte on apeeimens Noel and nu.xv
wara carried out after anly three or f@ur ‘hours haatwtrewtmant

4in the vaeuum‘furnae@, which\probably @xplaina why the velues



Raaults below arg for heatﬂtraataa apecimenﬁa
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“ﬁip&iaa&és that the gas flow wae ﬁaubleﬁ,--

. S
- Corronion

mgn/an?.

Points of
Attack,

2850
2300

2120
2100

00
1410
3350
3520

3900

4000

4000
4050
3600

2620
2080
4220
3580
3700

.3000
3550
4000
4320
4020
3900
4300
4150

4130
4050
2110
3960
- 3500
3720 -

3950
- 3360

- Condonsate on

Toot Plece.
G4t /hour

1.0
15

h

1.3

Heat

cal/ain

130
137
130

129
133
122

132
134

143 -

2%

Rate of
Gas Flow.
cm/min

s
a§§

10,6
10.3
947

8.5
a1
0.7

3.7

8.3
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p&ga 4%

doeviated so mueh fram th& reﬁults of the reat of the tastg.
- The ethﬁr’results wors obﬁnined after haat~traatmant fer over

"ten hanrs. (see page 39)

e

‘lie“‘

2y, Of Errora.

%ymhala useds Reaidual heeheraarnnns VU
.. Averago devlation s..» @
- gtandard deviotion ... 8 (for a aingle result)
: %m&%aww.”“”s(mrwmmmumww
- Probable deviation ... r % ko
- Number of results se... n

The valus of k 10 taken from a tabls (Ap@enaix III)(M).

v2
o 4 Jed e 4&84
. 11 5;‘3 096 ' . Qe%
IT 0 4@ =07 0449
I TeT 0 Zed dadd
L 22@2 > 5.6  10.1

| Arithmatia mean (A.F.) =56 n -4

8. +/ +0‘92 - @ -+ 5,6 _+ 1,62
3 '_- . 4 x5

8._+ ‘/1001 = 1%54 B A ‘34765 = l&sd =t 1041

The detormination of thﬁ eonfidenco limite (*L) betwean which

the trae value of uhe mean lies, is givanvby the equation:

v+yn; —,;___ (ﬂ)

whefe't is'knawn an qtu&ent 8 t'(AS), ‘Thﬂﬂé are the 1imit§
within whioh the mean of any other sot of n readinge will fall
with reanonable neeuracy. It is usually acaetha_that 1f the
rosult ia,rﬁghﬁ 19 out of 26 tines (iqa.'gﬁﬂ'aenfidenca), there
is reasénabim'aaadracy, o | ”

Tor & confidence of 957 and when n iz 4, the value of Student's



Ros ﬂﬂﬂuiﬁg..; v ¥R
mgm/mm S |

Limits of @arreeian ‘mean 2 8 ot 2,96
The value l.p ia ‘rojosted bocausd it is a miatake acm@raing
to Chauvenes's Grit@ri@n,,b@ing.agg timea~tna_pr@babla\&@viation
of & eingls reading (r)s Thero is an uﬁnauaiiy‘low number of
_peinﬁg af‘atﬁack; anﬁ thﬁ murfaae mﬁgt ‘have been udntamﬁnnté&.
@ha p@int &aGS 1ios belmw the Zowor hand 11mit anﬁ the prnbablc
orrovr, Ite value is ?uﬁt soceptableo by Cheuvenct's Gr%terion,
vut interpolation shows that the ariﬁhmetie mean should be
'highef; 7P the value 4.05 is &gnareﬁ, the arithmetie mean 1s
'raiaad suffioiently to fall en tn& interpalat@a aurvea‘ Th@
ecnfiﬂ@neg 1imit$ ara &t the same tim@ adjustea to auit the .

eurve, The new values are given halows

CHo. ﬁ@mult?‘ ' w2

: ; v :mgm/%gg" L o
XI S ?19 T : 0564 ’
T 1049 £e84
I 9.3 Ox 36
1x 10:9 -4424

21,05

III' L 6e8
B 5 P B




(3 —.t@m&ﬁ l

FLLOE -12,05 r—-e.?:»s x 2.,0% —:1..49 |

. iﬁ‘itn *t.he new valuas the pain‘b ﬁ,mﬁﬁ may be mﬂmta& 45 & mis- 3
take aeeorﬂing to chauvenet‘s Griterion. - 1t i 341,t1m95.re
Now for a _c@nﬁdem%_ of 5%, "

eﬁwﬂta cf nvwr@si@n me&n > 8y 65 - ?a@g

v v

Ge 8 - DeBd
‘?’3. 0 - 8.0 -
o =3eQ 0.0
‘ 2’%‘ “"gégﬁ
12.1 295

fg‘;+i§1§gi,=t.é,2i"
[29, ‘==..'_. +; 2ed3 © B 0798 x 2.43-t1.77

For a confidenco of 951,

. Nos E%‘esmltg v w2
L mam/ﬂm | 74

N e -

. 3:% o %?‘ o _"“"{3@’53 .81
o S 20.4 | GuB 064
ix - 18,9 Y } 0;49 .
I 204 - Os8 .(311

40,80 a.'ma % maodo.e:o

The vaiﬁ@‘lﬁaﬁ 1s\rejeﬁﬁ@d by ﬂhauven@tf@ Griterian. The



| | |
rosidual is 11.8 times r. ) | ,g

For a confldence éf 95%s , » SR \

' 1‘ =t Q)?QQ b4 9.40 +6’.58

Limits oi‘ enrmzsiom fican = 31.2 £ d.&ﬁ -
'Th@ values AT ami '5501 am z»eje@te& acaor&iag to Chauvenet's
criteriam 8inco *oh@ resﬁ&uals are grcauw than 343 ‘&imes the
‘probable deviamon; of a g‘;ngl@s reading fe0. 26458,




The numbar of p@inta of attaek on aaeh apeoinen

were countad frum the phatagrapha, which wera taken after oach
“tost yun, This is a eimpler and easier method than counting the
aotual numbor @f'p@ints on the speﬁﬁmen 1@9@1#.' A elear strip
 of phntagraphic film, with the emulsian romoved, was marked off
with an area eﬂrrespanding to an are& on the phatég?aph of ono
'sixteanth 0? th@ total aren of the teat piece surface, i.e¢‘0ne'
_’quarter‘of th@ c&raumraranca bg one quar%ar of‘tha h@ight.' The
-strip of film was plaeeé ﬂver the photograph of tha carr@daa
spacimen, and the number er pointa of attack in the marked ares

- wes amuntea, ‘the enunt was multiplieﬁ by sixteen ta @eﬁ th@

‘tatal number on ﬁhe whole sur*ae@ arca of the test spemimen. |

| The menh@d 15, of eaursa, subject to- 9rror, But,
:am the photogr@pha of the carra&ea speé¢imens ware takon where
the carrﬂsion was aa nearly averaga aa uoula %e juﬁgea by aye, A
the rosults of the counta w@ra aeeurata 6 within e Those '
~-eaunts which wore ﬂempareﬁ with.eaunta fron thm ape@imeaé'-
themselvaﬁ, ¢hoekod tﬁ'uithin“iba'painza éf‘attaek for tent
pﬁ.e@@m with from a,ooo to 3,000 points of attack. o |

| | The number of p@inta of attaek (see Figura 7) |
inerenges with time untili % hgurs of eorrocion has passed, |
aftor which the number @f points narmally remains eonstant t@ }
 311 practical purposes. When tha tast reaulta wewe abnarmaily |
1@w§-a corpsapondingly 103 mumber_af¢p0inta,@f attaﬁk‘wara ‘
caﬁ@te&g The nunber cf‘péiﬁzﬁ wﬁa,nst; h@ﬁev@r, markaaly
pr@ﬁortionai te'hhé'ﬂatai ebrraeinn; The poinﬁa of attack are
prabably formeﬂ very rapaﬁly at the eemmsncement af the test,
the rate of farmatioﬁ ueere&ses after a shmvt 1nt6rva1 and by
- the time 9 hourg 4@ reaehgd,,the‘rat@ of,increase iﬂ pa;ntg et
- attack 1s'p?actiea11y'zefa‘f After.thig;Vﬁafﬁaaimajdnly gréeseaé‘
atlthe'painta already fovmed.anﬁ inere&ses by eﬁla?gement or‘the

corrosion aréaﬁg which aprea&<aer959:the“méﬁa17su?fn@@»until',
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 Number

1
v
v

v
11
111

F54 S

IV
oI
oI

Iy
v

Irr

B & A
- IIX
R %

IV

11
iv .

CIIT

nurazi@n’
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- hours

Q}GG

2500
23100

4800
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(4300

6100 o
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9300
9300
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15100
© 15300
- 15¢00

15300
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mgn

18,0

13,2

| '18Q0

32
2446

375

- PB.G
'27i9 '
293

35¢ﬁ 

4440
B2
_4gig _
3548 -

51.8
436
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ﬁ9i7 :
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v

iy
111
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-cerrosian uaing 51 ﬁ@lution instoad
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6300

0eT

15.0
2746

. _28,2

'11a8

Total Corvosion
- Obgorved Corracted

‘,msm
1749
A3
:l7§9

. 34.0
T

2840

_'QQ}Q
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mem/an?
B0
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ATe2
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ATeT

4546

‘7 2 49,0
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641

763
601

87,1

T5:2
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1.0

of 27 solution,

14.9
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250
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Points of
Attaok. _

- 7600

4770
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7550
- 4440

4610
3880

4500
4500

3000
5400
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3340

3840
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3840

| BBAQ |

'nii

4300
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- Gas Hato
of Flow.
em/min

8.6
115
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8.9
8.6
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W

Qe
Ssl
el
045
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W0
»
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Cooling wator

Temparaturoe

18.63
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19.40
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Qe85
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inerease the‘eanéantratian‘af the &mmqnﬁum,thiqayanat@'in the
solution and hanee'in the vapours. The concentration in the

| fiask was 1nereaaea to 5%, and ﬁesis’wwra yun, Both the points
ebtainaﬁ for vapoura from the 5% ﬁelution fall within the range
of veluos f@r~vapaur5 for 24 sal@ti@nsar The amn@entwationgaf
ammonium thiccyanate in the anslysis line condensate inoreased
by sbout throe %iﬁeﬁ. In the aondenaate eolieat@d from ths
teat plece, the eoncentration miao ross to meamurable amcunteﬁ
~Henge it shows that this inaweaeﬁ in salntian.eona@ntratian,
while it raisea"ﬁhﬂ‘vﬁpﬂu@'presﬁnweﬁ'haa no effect on the
-garsﬁsi@n_ita@iff and only small amounts of ammonium thiocyans
]ate"iﬁtha,vapauré'wili-maisavﬁh@ egrrﬁﬁian_cénaiﬁerahay from

that of pure water.

- - 1009
1&;@
: 1:-15 .

L Aoﬁ» - 25@ | ne4 .
All thesoe results are acaeptabie &gaeraing t@ shauven@%'

"Griterisng

'gnimiﬁg‘of corrosion mean = 26.9 * 5.64
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4=houpr Corrosion Testg.

Loe Result v v
nem/dme
IX 4101 "3-7 1307
I11 472 2.4 548
I%% 33.7 -11.% 123.2
T3 2.7 259.0
Aully = MqaL n=/j
8 _4/299,0 . + 4,99 0=+ 17 =+ 8,58
N4 x3 . Vi x3

8 =_‘f )22;;9 =t 9-98 r=i0o766 x 9.98=t7a65

For a confidence of 957,

L _+ 278 % 0,08 _+13.9

1inits of corrosion mean = 44.8 ¥ 13,9
The arithmetic meon and the linmits calculated above do not fit
the interpolated curves from the other test period calculatlona.
Taking the interpolated valuss, we have!

1imits of corrosion mean * 43.5 1 9.5

For theno linmitn,

Student's t _+ gg_xgi _+2.0
- 76.9

This is equivalent to a confidence of 88.47,
[io values nay be rojécted acodrﬂinc to Chauvenet's Criterion.

6"h°u ' [¢) \ 3 y -
No. Resu1t2 v v2
mm/am '
IV 5343 1.6 2.6
I 63.0 11.3 128,0
I1Y AT T ~440 16.0
IV 4508 ‘—'60‘1 3701
IV ) - ) Z 2 3
258, 2"5."';’ 101.0
Al = 5107 n=5
§_+/103.0 _+ 3.09 o —t 25T -t 5.75
V65 x ’ Y52
8 =t/1'21d,g =+ 6490 r=10,740 x 6,90 =%15,10

For a confidence of 557,

T L4257 x6,90 =+ 7:94
£ 2eATE 220

Limits of corrosion mean = 51.7 % 7.94
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but, thé number actually Qecroascd after thé fi&sﬁ ﬁwo'h@uras
- It ig probable that the'gweater coprronive nature*df the
anponium thiaoyanatp vapours - iﬁ&ueea o greatﬁr nnmber mf cor=
roeimn aella than in the eaao of distille& watar V@psur, and
 that thege arb forme& nore rapiﬁlv~ Onee th@ maximun nnmber |
18 resched for the part&eular specimern, tha corrnsion eells
 inorease in slzc and many unite tag@ther with & aonsequenﬁ
reduction in the total number. |

A drop teat (page 1141 on & 54 solution of

ammanium thioaynnate rosulted in a gulphiﬁa eorrasman pr@&uct,
wheroas the attaok by condennate yielﬂed oxiﬁss. Honco it ia
- neceanamy to useg actual condensate o get & elear pieture of
the nature of pasaible eorrosive attaek hy aonﬂensing vapmura.
- The sanaentraﬁian af saiuble campmunﬂﬁ in a drop may have a
considerable effect on tha aorroa¢on and even ehange its naturo
_'altacethér- _ J e L |
' cmnsequantly & 1ar59 ﬁrop of aetual eonﬂsnsate
was uscd in 3 furthey drop tn@t. After an hmur, & ring of
"a?%nge~braﬂn &arrasien pﬁoﬁuct.haﬂ formed, hat;aﬁitheaswrfaﬂa,

but slightly away ffam'thé'aﬁae and inside the arop, thus
"_ loaving a clear outer aroa all round the odgo. Thé aren within

':tha ring of corrosion prgduet wog Eluﬂ aloar; bt after six
hours, it waa natiesﬁ that the imuer aurfaco had coated over
with the arangewbrawn soryrosion proﬁuctc The autar ring eoula'
be deaaribe& as a wall, sinae it was eomparatively narrow and
highe After thiop, the oorrosion product aiﬁ nct iucraaae‘very
markeﬁiy in bullk, anﬂ fuytheyr aﬁtack mast’ have been stiflea by
;the covoring 1ay6rs wnan thoe corraﬁea ppot was oxanmined, &

o sr@yish staln was apparent below tho buik of the product, but

not to tho sxtenx Qf the' mlaam depaait of sulphiae unﬁer the 5¢
dﬁ.wpf-
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These observations follow the apparent péﬁtéﬁh |

af aarragien by @@aﬂ@neing vapeura from the Ammonium thie— j

@yanate sazutiana. It io clear thﬂt thﬂ a&t&ak met be in the
‘neture of an slectrolytic aellvabrough-&iffew@ntial aeration.
When & drop fdrmsvcn‘tha surface of ihe _spocinen, it grows in
pize until ite own w&ight causes 1t 4o flow ﬁawn th@ tube and
~drop off atqthe b@ttwm. A stresm. of liquiﬂ is formod wﬁiah
acts‘iﬁhe‘a‘#ery élengatoa’aropg The unattaaked area avround
& arcp Just insiap the outer a&ge or alang the e&ge of a stream
'~@f downward fl@wing eanﬁensate, ia tha aera@eﬁ portion t@ whiah’
Oxygen is freely available by aiffusion,, It 48 @Qna@qu@ntly'
the eathode in the ﬁifferenﬁial seration c¢ells The imner part
is ngt 6s ryeely aerateﬂ, since difrugi@n ig’ not ae fr@e, and
 ¢hus bocomon the anaﬂe¢ The &ctﬁal nature of th@ part played

: bg aﬁmonium thiacyanwte ia not yet Glear, but will be dealt

- with lpter. &b the 3unctian of the anaﬁie and aathmaia areas,
irun app@arm te ba precipitate& ag oxiﬂa, which 1ater gpreands
,.1over the surfa@@ of the anodic area 40 bioek the tr@e passege

- of fons and stifle the attack. This would explain the decreas-
ing rate af'atﬁaek'nétiﬁ@ﬂ;in}thé~eanﬂenﬁatiag’%égté;. |

@a.efform was made to aeharmine %ha rale playa&

by oxygon in the corrsgian attaok by ammanium thiaeyanaté

vapours,
) ﬁll the oxygen in the eorrosion apperatus was
waahea out by p&ﬂ&iﬁg nitrogen through the syat@m far thirty
ninutes, 4 2t salutien of ammonium thiooyanste was again uged
in the flaolks niﬁv&g&n wae buhblea thraugh the solution hold

at 90°C to replase any ﬁiasoive& exygﬁn. AS the test piete

| waﬁ bMing plaa@d in the e@rraaion chambeég gas was allnwed t6’

BEeaps, thus agsuring that no gxygon wuula enter &ven at the

start of thc test._
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| } con@eneation took place on the test piece immeds
iately in the form of small droplets; bub after thirty minutes.

no ccrresion eculd be geoen, shewing ‘that the attaak had been

| markealy reduced, sinee with @xyg@n, attaek accurred after

only five minubtes, The tetal eorrogion for sa% hours wag

047 mgms whiah ig n@@l gible eompa"ed‘te the cth@r-re@ultaf

There were sone: small black spots on the suvface, but no ﬂlgns

of oxiﬂa product.-
‘Both the can&ensate in the analysie 1in@ and that
¢ollected from the test apecimen had the same caneenﬁration of
. anmonium thiacyanate, ‘which correspanaed %0 that which was
normally obtained in the analyais line using air and k! 2%
aolutiene whis obvieuely shows that ammanium thioeyanats

vapour dia naﬁ roact nor waa 5t dism@eiaﬁe& on the metal Bue

. fa@e» ,. |

» The conclvsion re&ehe&, is that 4he vapeurs .

' water aa woll as ammonium thiocyanate, since no attack was

| ?egistere& at all = &o nﬁt eorr@de mnild ﬂteel 1n the abs@nee .
of OXyBens It is eonfivmea that the atiack must‘therefcre be
due 0 a reaction involving &1fférentia1 seration. The vapﬁrﬂ
igation of ammonium thiocyanate is not dus to. any reaction '

with oxygen with subseauent reeombinatian on eondensation.

| It wes recognised that there might be & resction
batween th@ aorreéion pvoaﬁeﬁé ana’amﬁcniﬁm thioayan&te,' it
the ammonium thiocyanate does not enter into & airect QOTYO~
sion aﬁtack on the gteel, the aceeleratian of corrcsion maat
be due t0 a reaction with the initial corrosion product result-
ing from the attack by water vapour itself. A test specimen
wag therefore corraﬂe&. first in air~water vapour and followed

by exposure to vapours from gmmoniun thioayanate solution 1n

an atmosphers of nitrogens
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The water vapour attack was carried out for a

- 6=hour period, at the end of which the corrosion appeared to

be normal. Wwithout removing the test plece, the distilled
water was poured out, hot thlocyanate solution was subgtituted,
andvthe tost aontinued. Nitrogen was puassed thrbugh the aye=-
ten to drive out oxygen, and the ammonium thiocyanate solution
was saturated with nitrogen before starting the. second stage
of the test. Tho ﬁpeéimen was oxposed to the vapours from
the solution through which nitrogen was passed for ajfuprther
6-hour périoda The orange-brown corrosion ﬁreauet from the
water vapour attack hed turned hlack 1& 661our.and was reduced
in apparent4bu1k at the conclusion of the tesﬁ'p@rtad.

The Qorrosiah rosult (39.0 mgm/amel was'mueh.
higher than that for six hnurs corroaioﬁ.hy water vapour
(93 mgn/8m2). also, thore was a deorcage in the concentration
of ammohium thiocyanato in the condensate from the tont plece,
whieh;una'nat, however, a6 ﬁuch as in the presence bf OXYEGN,
This result demonstrates that in the ebsence of oxygen, for
exﬁmple‘unﬁér a covering of corrosion product, ammonium thio=-
cyanate can 5till rﬁaot, provided a carraeion cell has already
boen formed, There ie at the same tine, a change in the
nature of the corrosion product. The dark product under the
- covering of the main corrosion prbduat in the 15-hour tosts
was produced in this manner. The contimued activity of the
corrosion cell may be dug to a differential hydrogen cell.
Hydrogen, aboorbed on the ancdic area during corrosion under
‘nerated conditions, may 5t111 maintain the eleotralytié,con-

dttions necessary for corrosion.

, A mixture of iron £1lings and ferric hydroxide,
the probable corroaion product, was warmed with a ﬁilute
golution of ammonium thiceyanate, while a slovw stream of
nitrogen Was bubbled through the 1iquid. The brown hydroxide,
orange in dilute solutions, darkenocd and finaliy turned'black.»

_A.tést for sulphide gave a negative result, and it was taken
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‘that a reduction had taken place to form & lower oxide.

Following similar 1lines to the preceding ecom=
bination test, a test was carried out in which the specimen
was first exposed to ammonium thiooyanate vapours in nitrogen,
and then to water vapour alone, both for six hour periods. .

In this case the corrosion by thioceyanate vapour
in nitrogen again took the form of dlack aposs or stains on
the metal surface. The water vapour corrosion developed
norual orange-bvrown spots and the total corrosion was just
1649 mgn/am?, which is slightly below the water vapour aurve
at 12 hours. The attack 4id not appear te be out of the ¢

ordinary,

2heory of Corrosion Atkack.
. The following thobry has been developed to ex-
plain the phenomena which have ocourred in the tests.

On oondensing upon the surface of the steel,
sash aroplet of solution forms a separate differential aeration
eell, The outer rim of the drop, to which oxyzen has grester
ndenn. is the cathode, while the anode of the cell is the
imer, less aerated portion of metal, ¥“hen a number of drops
coalesoe to form a larger drop, it will run down the specimen
leaving & stresm behind. Corrosion still proceeds by differ-
ential asretion. In this case the cathode is situated just
vithin the edge of the stream, and the anode is down the
middle., Oxygen acts as & cathode depolariser, and a current
is set up within the metal, electrons pasbing from the anode
‘40 the cathode.

At the ¢athode, alkaline conditions are exper-
jenced and the solution of the oxide film is depressedt
}0p + Hyo + 2 @ —=2 OH'




'~paga 76 )

o O the anode, iron pagses into solution 68
ferfcus 1$n3¢ Ammoniun thiacyanaﬁe is mare highly jonised the
'-_pura watoyr, and the golution of iron ig ﬂaeiﬂtéﬂ by the
) preaanea of thiocyanate 1ans, which form ths aalourieas f@rrouf
thiocvanate with the ivon,
Fe + on® ——-—Fe“‘ ﬁg‘
?Pﬁdﬁks -a-amﬁa +-%vﬁ .
whan forrous thiosyanate maets th@ eathna@c
a@luﬁimn, the hydraxide rencts wit n it to yielﬁ ferrous hydrw
',VQtiae, whish im imme&iataly oxﬂdiﬁe& by ﬁiaaolveﬂ @xyg@n. and -
the h@unﬁary hetwe@n the anods and aathea@ araaa 18’ markea by
8 pvaaipitaﬁe of rarria hydwoxiaeu in 11ke mann@r, ferric
"hyﬁroxaﬁe is precipiteted over the anodie ar@a in the cantr9.
: - In this prnc@ss, smmonium th&oayaﬁate prnmetea
V.the car?esive atbaek by increae&ng the sonGuetivity of the
, menﬁenﬂat@¢A Only a small concentration of th&@oy&n&te will‘
raise the rato of attack three or four times the rate for |
| diabillad water,
_ “vantually the aerr@ﬁion pra&uet gaﬁs B8O thﬁek
.%hat it stifﬂes the anmde area, an€ eerrssiaﬂ pr@@eeds &g in
" the ahgen&e of oxygen. Suah attaak pfa&uees a blaek depeﬁit,
 ’w&£eh is attributeﬁ to the pamtial axidatian of f@rroms hydy=-
oxnsde to an interm@ﬁiaﬁe hv&?sxiﬁp or ta anhyareus magnetite
(55)s ' | o
o 6&.(@3) + o? —-—?Fe-%+ 60 |
o The blaek pr@ﬁuat 18 ¢losely aﬁnerent, and
',attack aiminishes a8 1t ia farmed; This may be seen from the
- sorrosion curva, whieh ohows a ?ﬁpiﬁ attaak ab first, and &

:"aecr&asing rate as tima paaseﬁ. (Figura 10)




' It has been elaim@& that the correaimn4in boenzol
| p}ants (33) wag not ﬁue to eithtr ammonia oy hydrogen ﬁulphiaa.
- It haa already baon shown that ammonia by itself‘affafds eom-

plete prmtaatian 1o gteol when in candenaing vapcuvs, corro-v
Agien whan hydrogen gulphiﬁe ig alﬂa presant is conaiaered in
th&s aeatianoﬂ ”

-~ The ugé @f‘ammahium'énlphi&é aﬁfﬁh@ corroding
'agen% raises prabiems ﬂat @neaumter@d with awmonium. thﬂ@-
cyanate. ﬁmm@nium thioayanat@ 15 a ﬁtable 9011&, vhile anmo=
nium suzphade cannat b@ prepareﬁ ﬁn the golid ata$e from
aquaous smluti@na beaauae it &1@eeeiates*vory readily into
' ammamia an& hyarogen sulphﬁﬁe* but 4t is @btaineﬁ 68 & eolour»
» 1953 ar?stalline eampounﬁ from a mixtuve of th& two gases kept
at ab@uﬁ «laoa. &t high@r bmmp@rabureﬁ 1t &eeompoaasg At
atm@sph@ric prasaure no combination takes place above 32.5@6
gven in aalutiﬂm, for at this t@mpermture tne tatal preseure
of the ammcnia and hyﬁragen sulphi@e 48 ?60 mm.ﬁg. (36). The I
prablam th@@ef@r& wa@ to law@@ tha vap@ur preasure, not ﬁo )
raiwe it as in the aase af thﬂa@yanaﬁe.

A ayston was devim@ﬁ for the analysis of the
'vapeurs that warr given off fram the s&lution in the frask.
"Na abaarbenbs ware kn@wn whieh do n@t raact with oither ammonis
or hydrmgen sulphiﬂ@; that ean be used to eshimata maiature.
Aeiﬁie raagents like @h@spharuu pent@xiaeg ronct with ammonia;
basie abgorbonts 1ike iimc react wzth hyﬁr@gen wglph&ﬁe. Eyen
caloium ahloride comhinaa with ammonia t@ pr@duﬁe an addition
proﬁuat GaGlQ.BNﬂB. Finally exact a&curacy w&a eacrifieeﬂ,
and the m@iature 4in the gaﬂ atream wae measurea by passing 1t

'Zthraugh a aonﬁ@naer nn& m@asuring th@ valume ¢condensed during




- with the ioﬁine &snd euiphnr ie gr@@ipiﬁat@a.; Sin@é ‘dodine is
. volatil@, a furthe? wamh b@ﬁ%la was ugoed a@ntainiﬂg stanﬂura
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‘the period of teat, The‘unaanﬁenseﬁ gases then passed into
a atand&rd eoiution af i@din@ in 2N sulphu?ic aai&. Amyonia
1_&5 abaarb@a by the sulphurie aoﬁd; hyarbgen sulphide renatﬁ

.I_aaaium thioaulphaﬁw, which to&k up any vaiatiliaed dodine
 :coming fr@m tho previcua absarption bﬂtuléa_ The error 1ﬁ
using iaﬂin@ with a %hi@aulphgta trap is not more than Du2 . ml.
| in the titratian (57)+ At the end of the test, the total

| quantiti@w of gaaea were esﬁimat@a by eembiuing the conmensate
: and the Qantents of both wash b@ttlea. Titration of Lhe '
unug@a 1odine wit @tand&rd s@dium ﬁh&asulphate firstly, gAYS
“the hyﬁragen Qﬁlﬂh&d@ eentemt by &iff@rs&@egv Then @xaese

| sodium hydrmxi&e aelution Was ada@&, and tha mixtur@ b@iled
for the ammmnia to aiatil in&m a flask cantaining an EREOHE

| of gtanﬁarﬁ hy&r@ehlorie a@iﬁa The tz%ratian af thﬁs oReens
'with standard alﬁali onee ail the amm@nia wag drivon over,
gavo ‘ths ammania emntent @f the gaaea also by aifferenee.

From thﬁg@ valuea, ha partial prﬂsaur@s.wera calculateé.

~ The first aolmtiﬁn used in the flask f@r a

‘.laarroai@r teat was & p@lyaulphide ef amman&a, as it was

balievaﬁ that th£a~wwu1a be more atabi@ than the auipniae,

- and hena@ give slightar vapﬁur pr&a&uwas. sulphur was shaken
‘ up wﬁth an B% stock saiutian of amman&um sulphiae until no

m@re wqul& diﬂﬂOlVﬁg. The a@luti@n chamg§a cnlaur from yollow.

- toe very dark ruby red. This aeluﬂieﬂ was th@n‘ﬁiluteﬁ four
times %a aiva an’ appraximately ot aolutien. sﬁiphuv‘wag

j reaapitat@ﬁ, anﬂ at th@ aam@ time the colour ch&ng@a to an

orangs r@d. This aaluﬁion waﬁ uerd in 8 triml run to deter-

lminﬁ the aenatiuutian @f its vapouvs» ' _

| Th@ result of the trial run at 80% gave-a
 nydrogen auiphiae f&gure of 48+2 mgn/iitre of air or & partial
prossura of about 130 meHg. It was thnnghﬁ that this was
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a rather high aanaenﬁratian.'su the amluﬁinnvin the flagk was
.diluta& a further ten timess 4 trial run was made on this.
‘ ﬂalution, ana the hydrogen sulphide smounted to less than
© half the above propartiang "The ﬁilutad'selutiaﬁ wag used in
 tho earroai@n testsy f : o .
R a very rough method was used in order to detere
mine the apﬁrﬁximate aemp@sition of ths palysuiphiﬁ@ solutions. |
| 100 gm afvthe 8”-ammonium auiphide golution was taken»anﬁ
nulphar ad&@& until no mors aould be seen 0 Qipsolve. .Tha
,resultamﬁ aoluti@n wap fiitereﬁ and wpighﬁaﬁ ?he increase in :
woight gave the quantity of aulphur dissolved %@ form poly-
~ suiphides Galeulatiwn showe& the pwabablc cnnstﬁtutimn to
'be (NI%A)@)?M R\
| (Nﬁéég t (x - 1)32 ——»(NHA)Q;,

‘.-_ Let n ba tha mela fr&cticn of ammﬂnium ﬁuiphmﬁe involved.
n.:sa(x - 1) = 20,0
noﬁ&_ = 8;0» E

- d

‘Tha aulphnr g?eeipitﬂted wheﬂ this aalutian waE diiute& to

the salution uea& in the t@&ta. was filtere& off ana woighod.
Caleulation givea the formuia for the pnlyauiﬁhiﬁe in the

| | ﬁiluted golutions | ﬂ*luting 1245 ml. ﬁ@nﬁentratea aelutien
Lo 500 ml., 1.@ gm of aulpaur was preeipitated* .

(NHp)g86,3 —= ()8 +(6s3 = X) 5

‘ 12v5 mlo eome@ntratea ﬂaiutien eontains 1»0 gm (NHA32hm'

2=l

e

- ?ﬁl
| TK = Ae? .
1.6. polyculphide in dilutod solution is probably = (Nly)aSy.




For. corroaion teats, the corrasion line was also
' built up to cope with the analyais of the gases for hydrogen
sulphide ana ammoniaa ‘4 condenger was provided to condense
_exeess-moisﬁure»that\paaséd-theftéét piace, ;Tﬁeﬁ fdild#@é'a
'w wash‘battie cohtaihing QN»auiphuric acid to:absorbiammoniag M
anﬁla'standara soluticﬁ of iodine wvas placé& iﬁ the same:wash'
~ bottle to absorb hydragen sulphide. The total cancentratian
~in the gas stream was 80 high, that all the. io&in@ waq used
during the test run. Hence the procedure folloved in»the
analysis line, where the rate of gas flow was ﬁuch-léwer;
coulﬁ not. be use&. At the moment that the 1cdine was titr&t@&
by the hydrogen sulphiae in the gasg the total volume was reaa
on the flcwmeter, and, the hy&roﬁen sulphide cencentration
f'could be caleulated.' A final waah bottle eontaining & cancena
:tfated golution of iodine was used to prevent the escape of g
'»hyaragen,sulphiﬁe after the standard golutian'had been'usad

.' Ul

| " with very dilute polyaulphida soluhion in the
fiask,, Q—hour test was run. - No eorrosion was visible when
nthe test pieee was remavea, nar has there any less in weight
cf the test piece.' This no~cerresion rpsult wes confirmeﬁ by
running 8 6~hour test,'whioh resulted 1n a total 1093 in weight
_of only Oe5 mgm/am ’ which 1s 10w3r than that far the teet o
 'using nitragen and -ammonium thiacyanate‘; In the 6~h0Ur tast

- there was 2 uniform disawlauratien over the whole surfaae of

: the tegﬁ piece. . The oonﬁensate from the 5peeimen had the
'»1ight yellow oolour of ammonium sulphiée. | o

| @hen the 6»hour tesﬁ was started, it wae n@tice&
'l~that, though ﬁruplets formed 1mmediately the specimen Was
insarteﬁ, the condenaate spread rapidly over the surfaca ta
 ,31?9 a unifarm Tilm of liquld.- drap test waa carried Qut,,

vana ‘the ﬁrep also apre&d 4311 it coversd more than dcubie the




p&g@fal‘:

original area. No anrrasion ogcurred in the ﬁr@p temt. When
'th@ very c@neentrataﬁ eaiutian of &mmonium sulphiﬁe was drogpeﬁ
‘ on the surface of the pieee of eteal, 1t ﬁprea& very rapiély.

F@ilawing thasa reﬁulta, a taaﬁ WAS run uaing a
0‘5% soluﬁian of amm@ninm sulphide in the flaske, The same pro=
'ceﬁure\was_carriea out to determine the vapour @om@agitinn‘ag
 fop the-ﬁaiysﬁlphid% teati, '0n§e\maré,fihaﬁe ﬁaéfnélmor%ésion
| of the test piece and the motal vemained in its original elosn
_ﬁtate; Ganﬁenaazmcn was- agazn of the film»type* and th@ emn&@n~
gato had the yollow eelmur of ammunium su&phiﬁes theugh with a

strong amell af ammmnia. :

Thé %@sui%@ éﬁé%“ﬁhﬁﬁ th@‘vapéurﬁ f?@m sélutions

- of ammonium ﬂulphides have a prateetive effeat from the corro=
gion stanapoint. Even the normal corrosion axp@eted from water
vapaur.alene_ﬁaaa not oceurs The protection must be afforded by
 £hé eonaontrations af'amm@nia that are present in-th@ vapouy,
L.G.Betealf (53) h&ﬁ f@unﬁ that the ao*ﬁic ﬂolution of hyéWOgen
'suaghiaa in watef eauaea rapid eorrosion of ir@n either in the
ahsence or pr@s@nee of oxygen f@rming bla@k 1nﬁalub1e ferrcue ,
"sulphiée. and resu;ting in seriaug piﬂting around the aulnhiae
'partiazes"_d.c,cama (59) and Eiﬁaﬂamp and C.Phillips (60) have
discussed the severs eorr@aien of equipment gausged by hydrogen

f sulphiéa in the opewatiun of an o1l refinery, They consider
that both oxygen\anﬁ water are scoslovators of hy@rogen sulphide
‘céﬁf@gi@ng'aﬁé‘that both must be p%&sanﬁ'baf@?@lappraaﬁabié ’

. atback con osour. It i common br&mtieg in the petroloum indus-

tmy to injaet ammonia int@ diatillati@n units for the control
of earroai@n by hydrochiarie aei&, and 1% is pr@bable that a
vsimilav action takes plase in the sage of hydvggen aulphiée
goryosion. The ammoniaaul eancentratian in the condensate
protects the ateel by deprasaing the aolutian.of the thin oxide
fiim that ig presont. Another prct@ctive aid is th@ught 0

“be cﬁusa& by“ﬁh@ type mf-canﬁansatisn,v-Aﬁ thevﬁrapletﬁ of
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cenﬁensate ﬂpreaﬁ, they Joine& tagethar o f@rm a film over the
aurface. cmrrcmzon is thua provonteﬂ by biankebting thﬂ forme
ation of differential aeration dropncalis, that are normally

o aasaciate& with aropwlec c@nﬁenaatinn@ A mimiiar effect had

bean netice& when ﬂtreams form@ﬂ ﬂuriﬁg the thioeyanate attack.
Those gainxa of attaek within the bmﬁy af the atrenm were
stifled and c@ased ta nlay any marke& part 1n the marresian

pPrOCoss,




Ths ﬁeats on thn vapaurg from. th@ galutiona of
;tha ammonium %ulph&t@s, produced a typa of QQTTGELQH thot had
not been encountarca previously in theso teotse Thevﬂttaek
;as,dirac*_and vgrieﬁ in_iﬁtenaity aeeorﬁing_t@~theﬂoompﬁaitioﬁ
- of the sgluﬁlen,and the resulting vapours, At éne end of ih@
va@oﬁr‘cumpeaiﬁiﬁn serdes, almont aompl@ﬁag if not complete,
protoction was GXp&FiGnG@d, while at the other and. the attaak

- wap extrsmely vigorousﬁ

| o R sboak aalutica of ammonium sulnhite (2208%)
N wa@ taken and dilutea to gﬁvs an apprnximately 10% solution.
A trial run wes made bo determine the composition of the vap~
- ours given mff‘at HQQC,V This in done by eealing off all outliets
'anﬂ pnaaing the vapoura through the analysie line OﬂlYo '
The mathaa for the analyaig of the vapaurs in
the EmB straam from the salution, wag ocimilar to that uaeﬁ for
© the ammonium sulphidevvapaurs.‘ It was a m@dif;camicn of the
nethod ﬂf'Johhstené'(Gi)g.“ﬁ'danaenaer was uped to condense
tho m@istur@ inta 8 tube that was woigheﬂ before anﬁ after ’
oaoh tost, thue d@%ermanﬁng the wator conbent ef tha vapours.
After osth run, the condensate wes added to a wash. bottle which
f’aontained a ﬁtanﬁar& s@lnti@n of lodine and aiiute 2N ﬂuiphuria
acid. uuiphur diaxide reacts. with the iﬁdin@, whiie ammonia io
| aba@rbeﬁ in the gul phuric amiﬁs A.f&rth&r wash bottle WaO
ingluded to- qatch sny iodine ?apeurﬁ\coming from tho firét
~ wash hottle, in ctandard seaiuﬁthiosuiphaté.  The contents of
”this waah‘bottle wore aisa'ﬁembinéa wiﬁh the ia&ihe aolution'
bofore titrating the exceos ia&inﬁ wiﬁh BOTe standard thio~
: ¢'aulphate to esbimate the gulphu? diaxide Gentent ﬁy ﬁifference.
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Excoss ggﬂium'hg&roxiﬁe ﬁalutian_waﬂ &ﬁﬁéé§ ah@ @anténta of
the flaak'wara-b@iiea; and ammonia wes distilled into an

- oxeons of stahaarﬂ ?yﬁ?éehlerie-aciﬂa_ Titra%i@n of the sure
plus @nableﬁ ‘the ammonia eenten& of th@ vapaur@ to be eati«-

_ c@rr@sion tegts wore then earrieﬁ out with thie
aelution which wag f@una Lo have a me&aurable gaa eonatibutiang
.;The @orrasi@n line wag fitﬁaﬁ out in the same way aa thﬂ anne
1ysis 1ine to enable an estimmtionvtg.he mede of the gases
- aftor leaving tho gaﬁréamﬁ ehambers
| | &t;ﬁh@‘@tﬁrt of the test the test pi@aﬁ\aibuaea |
N gvérkan& drﬁpletﬁ‘werevfgrmea which opread to form larger |
dropss Attack ook place in 1&5@@ patchéé an&‘n@t under
individusl ﬂrcﬁaa Aﬁpﬁrénily'th@ attack wae'airaat ﬁnﬁ aid
| not take the farm of eie@tralytic egrwagion by &r@paoellao
| , - #hen the test pi@ce vas exomined arter th@ test'v
(Plates 21 and 23), it WA covered by large aroas of a blasck
deposit of ferrous sulphide with an overlayer of brown oxido.

The brown layor waa'biﬁtéhyg ﬁmﬁ had gaps thrangh'whidh black
| &époeitwc@uia be seeha' The results of the first two. ﬂahuur |
v_t@ets were in vory eloae agreement; Whiah mugg@sta that the .,
attaak is naarly unif@rm, anﬁ not au@ Lo & variabla nwmbar of

'separate eallaa

| 1t was found méuessary to use fresh solution in
the £lank after overy fsw %Qats. as the total earragien droppe&
and thﬁra wag a change Ain thﬂ nature af the corrcaion to that
- meve 1ike ﬁrapnaall attgcka_ At fivst, this was attributed to
the oxidation ﬁfm%he_guiphite‘ta the”sulphatm by the @xygen of
ﬁhe aly bubblihg‘throﬁgﬁ-%hé-ﬁelutiaﬁ. Hyﬂroquinana, and 1&%9?
"stannaug chl@riaeg wero adﬁ@& ag inhibitors of @xi&ation,"
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but there was little eff@etwin preventing the_ﬁimiﬁubiﬁﬂ of
eorrosion in subsequent tests. The offect was finally ybédai
- to the ai%eration in the vapouy prossures of thé gases'ag‘thé'

_geiuﬁion_compoaitien ehangeds

o When tests were carriaﬁ out with salutions pra—t='
pared from a fresh bott e of ammonium Bulphite aut of staek,
»no eorroaien of the test speeimen took place whatsoever. _
-.This remarkable result wao expiainaa when it was seen thaﬁ
the vapours had altered in compaaiti@n~:ATheveoncentration-af
vamm@nia hed risen from 1.04 mgm/iitre (0062 mm.ﬁg') t0 15,7 -
mgm/litre (14 mmaHg.). while the sulphur ﬁioxiia eonaentratian
decreased fram 337& mgm/litre {059 mm.Hg.) to 0.24 mEm/litr@ .
: (0.06 mmsHge )+«  Thug, in effect, theé speeim@ns were attaoked '9'
by vapoura with an entirely different gaa egmpoeitian ana
containing an excess of ammonia, uhereas, previously, there
had been a slight oxcess of sulphur.dioxide¢ It is therefere
probable that ﬁh@upraetieeﬂaf;aaﬁigé'ammania te the vap@urs.*»
_ugontainiﬁg-gulphnr dioxide in benzoi»treatm@nt=piéﬁta(57),
should bo effeetive'in préveﬁtiﬁg¢aofr@sien, provided that
the aesage is maihtained abnminubusly and is ﬁ@t interrupﬁed_
for any length of time during the aperatien of the plant;_‘v‘
In such & ease ‘the sulphur aioxide atﬁaok woul& take plaee
' vigorausly, and might, nullify the beneficial effeet of the _ 
addition of ammonia, o | | |

an an&lysis of the new stock. solution showed ,
- that it was émmonium sulphite with an. exeees of ammanium 1ona
vVery likely, the first battle had altereﬂ in camposition on
.standing for a number of years after b@ing openea‘ The
) ammonia probably evaporated until 8 balan@e was set up with
equal partzal pressures of ammania and suiphur dioxide. after

which the ammOnia and sulphur diaxide wauld ceme off in .

¢onstant proportiona@ This ﬁheorv 19 subgtantiated.by the
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figures obtained for the partial pressures. Sinee the vapour
preassure is governad by the number of molecules of gas present,
and though the vapour preasuras of the two gaeos nay be aqual,
the equivalence of-sulphur dloxide is grester than that of
ammbnia, and providos an excoss of Qulyhurcﬁa teid on nendén—

sation to react with the mild stoel test ploces.

in offort was made to fépraduce the previous

corrosion f@suitafby,converting the(seaona:salution to the
firgt bafofe'earrying‘out & test, Sulphur dioxide was passed
through & freshly mado (npproximately 10%) soclution (A) until
it was oaturatod and gas:was given off when it was shalken.
This new colution (B) wac then heatod to 80°C to abtainvsatuu
rated oconditions at that tamperahura, anﬁ after eooiing,
' analys&a was maﬁe wvhich gave the following firurens
Equivalents of 50, per 100. mle = 0,3540
Eﬁgivnlents of NH, per‘loc mls - 0.1530
Coneentration of NH,HSOz - 158
" There waa an oxcens of sulphur éiaxide.

' A p~hour corrosion tost was run meing solutien
(B} in tho flask. Corrosion oceurred immediately, and was
charncterised by & black depcslt of forrous sulphide (62)
cavaring:the surface of the ﬁpécimen;; Towarﬁe’the‘ena of ﬁhe
run, the deposit appomred to frost over, when it became coatoed
with a whito layer (Plate £3). The corrosion product wes very
thiek@'hara‘and tenacioud. Underncath, thé'metai chowed that
it had been attaeke&'unirormly and vefy v1g0rousiy, for the
graine stood out prominently. The corr@élen‘result %&a very
" high, over 1.2 gm being lost in the two hours of the test.
In the raaeiver for collaoting the condensate from the test
specimen, ¢ a white~coloured salt ﬂeparated out. Upon heating.
it decomposed to yleld a brown iron cxiaeu 1t haa;a reaucing
action on iodine; it was only slightly soluble in water, but
&1osolved when sulphur dioxide was passed through the 1iquid.
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- Thusg the salt @&h&biﬁ@é the prﬁpertiéa of forrous sulphite«
' in this teat, th@ eulphnr dioxide eoncentration
in the gas atre@m was vory large. ue_large was i%, that the
- usbal method of estimation of th@~géses“wnﬁ-nﬁt'cagriéa out,
but dirsct &etérminati@n in the anaiyaing 1ine was used.
| Stareh inﬁieator was aaﬁa& ﬁ@ the 1Qdine absarhént, an& the |

- volume. noted on the pagm@t@r whan it wan titrateﬁ by suipnur

dloxides Pram this fi@ura, the conventration was calaulaﬁeﬁ.
It was not a vary aceurate method of ostination, but ‘for the
~ high proportion af sulphur ddoxide @Qmpared with cther figures,
-'liﬁ waa regarﬁe& an being auffieientiy true. ‘ '

Gwrr@si@n is s vigeraua that 1t is pra%a%le thot
'aireat at%aak tak@s plaee. Thiﬁ ﬁe&uation 18 aanfirmeﬂ by
drop ﬁests thet ware aarrﬁed out on the eonﬁ@nsate f?om a
typiaai rung the ariginal sﬁluti@n and a soluticn of sulphurous
aeide In each caBe; the formatien of the black corrosio
product was &mmeﬁiabeg a@d_tba.ﬁrapﬁ showsd & tenﬁancy to
'Spréad, wﬁi§h w@u1& rosult in £iln formation unﬁér condensing
conaitions and prevent olectrolytic attack by dropeceils,
vﬂla@, in contyast to the casges of dﬁaphaeli attaeck, ne COYYC-
sion spots wvr@ noticed and the attaek wes uniform over -the
'surfaeee The Bubat&ncea dmto@&eﬁ in the ﬂarraaian pro&uct
that adhered %o 16 metal wore f@rr@ua sulphide, ferric hy@r=
" oxide and ferrous sulphite, while the eondensato aollected
Vfrem the test spacimen @@nﬁiste& of brswn forrie hy&z@xiﬁe ;
dissolved in en a@idia saluticn of Eerraus ﬁulphﬁte anﬁ
Bulphate (68). |

| B The mechaniem of attack s deGuced to be as
feil@wgs» The tron ai&solves in tha acidic eenﬁenéate to yield
~a golution of ferrous sulphite. .
. e ' 2H + 503" ! ____,_pﬁﬁ\ + 303”4— HQ |
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Atomie iron is a gtrnng‘roducingvagenﬁ; évan étrﬁnée?”ﬁh&n f
hyédrogeni and it roduces the ferrous auiphi&s to f@rraua au1~ |
 phide close to tho motal surface (63)s :At the same bine, )
forrous bydron;du Lo produced and aanv@rteﬁ‘to‘far#ie”hy&éé- ﬁ
oxide by oxygen of tho alw, - L -
3FG'+ Fos05 + 5&‘0 ——>QFes +—3F6£0F)2
dFa(OHJ2 + 02 + QHQO ff*—dFa(QHQB |

48 the cﬂating of suiphide setﬁ thieker, less a@ntaet is made
betweon forrous euiphite and iran ‘atoms, 8. tha& it 18 no 1@ngm@
‘converted to sulphide, but is preaipitatad over the surface
- when the ﬁoluﬁian booomes supwreaturateda F@rrauﬁ sulphiﬁe ia :
also oxidised by oxygen to nulphat@ which 1a f@una aisaalvsa

in thoe eon&ﬁnaate.

| The resulte that were ebﬁaineﬁ; in&iea&eﬁ that
tho sorroeion of the tost . spocimens by condensing vapours .
dependod upon the proportion of smmonie &nd ﬁulphur dioxido
in &hé‘vapour, and heneo ﬁp@n‘the_aanstitution of the SDiutian_
in the flask, o

A series of tests was th@h carried out to‘&atérn
mine t@‘what extent thisc was the cases Tests of two hours |
duration wers run ucing selutions in the flask of varying
praperti@ns of ammanium and aulphita iong in mrder o avolve
‘different oompositions of ammoniavanﬂ 6u1phur d&ﬁx&ﬁ@. Tablea
are drawn up (page 91), that 1ist thevﬁeiatioashipubatWﬁén
the solution constitution, the composition of the vapéurs and
. tho corrosion. It may bo gesn that the vapour composition

»&oég not, boar a definite rolation to the composition of the
G@luti@n;_but-cer@aaieﬁ io 1mf1u@nued'by the am@unt of au%phuﬁ
ddoxido in thé'vapouraa Granhﬁ of a@rras&on againﬁt een@en»
tration of sulnhur di@xaﬂe in th@ eondansate {Figures 10 gnd 113
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{2«nhour tests)

o) ggog,saguzxgmg
of AMMONIUM SULPHI' |

2400

2000

o

1600

1200

800

CORROSION = jmgm per dm™

400

20

40

60

8o

/00 1774}
CONCENTRARTION oF .50Z wv CONDENSATE = weght

4o

/60
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CORROSION by VAPOURS from SOLUTIONS
AMMONIUM SULPHITES.

(2=hour tests)

Flgure 12.

600 /
O NORMAL TEST
X AMMIONIA INIJECTION
so00 B WITH NITROGEN
400 P/
200 - / /
/G X
200 ﬁ
A "
100 20 X
x X
X
/ X
o . R 4 6 8 o 2 4 78

ONCENTRATION or SO, v CONDENSATE = weight 2



 page 94

wore Grawn, which fitted the points obtained from the tests
very closely with the exﬁeptian'af twe rnsuiﬁag éne af whieh
wae undoubtedly an sxperimental error, since 5ifficu1ty was |
 experienced in getting on ev&n f1ow of Bases thr@ugh the
apparatus. The corroaing guses wsnﬁ through %he carrasion B
chamber in a gories of spurts. Thetnlossnéaa of tho experiQ
mentel points to the curve, is a Gefinite indication that
attack was uniform and d&reuﬁ;.”?hs rato af'at%ack,waalvémy
rapid up to a concentration of about iog eulphur'éiaﬁiéé in
‘the condencate on tho test pieeee - Then the rate'dearé&sea %ﬁ'[*

& constant value,s

These results.poxntaﬁ_tﬁ'thﬂ.coﬁeiﬁsiaﬁ thmt_r'
corvopion by the vapours from aaiuﬁiang containing amm@ﬁig an&:
sulphur dlioxide (or ammonium Gulphita-e‘biﬁul@hiﬂe_aaiuhigms)  |
was in éome woy governod by the sulphur dioxide concontration
in the cmnﬁénsate‘@n the test pieco. The lower ratoe of éﬁta&k.
at the higher‘éoneentraticns_was probably auevna”the prbteaﬁian 
afforded by the corrosion pr@ductg.v‘rhﬁ results dia'not‘appﬁav
to be materially affected by the ammonia except perhaps at the
lower concentrations of sulphur dioxide, when‘th& anmonia cons
tent wae vory dominant. certainty could not bhe raa@hﬂ@:an‘the'.
last supposition, h@wevef, be@auaa the partial pressures do :'
depend oh the sclution composition, Whén'th@‘amménia-pmrtiall;
pressure ic high. the sulphur dioxide partial pr@asuﬁe’ie_iew; |
and viee versas It is not pcaaib&e'td g&t'boﬁh abﬁcent?ations
high at the samo time directly from ammonia - gulphuf diekide
. solutions. Consequently, it was plamned to run ordinsry teste
with a solution yielding & high sulphuy dioxide figur@,»and te
introquce ammonia into the gae phose dircetly. . |
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In order to have high concentrations af‘ﬁ@th
gases in the vapours, thﬁ-appavaéus was mo&if&e& {Figure 13,.
Plates 24 ond 25). AMr was bubblod through a solution of
ammonin, kept at 80°C by means of o simmorstat heating‘manﬁlﬁ@
The concontration of the smmonium hydroxide was varied for
different test runs, in order to alter tho amount of ammonia -
injoctod into tho gas stream. Immediately aftor th@_ammanium'_
sulphite « bisulphite solution flask,-a'mixﬁng tube was fitted,
into which the twu gas gtreans entered at right angles to gach
other, were mixed, and pasged ﬁnﬁ@ ‘the corrosion chanber, The
mixing tube waa kept 4t a temperature well above 80°¢ by haamﬂ

ing with & emall gas jot, to prevent candengatian tmking plaeagr

. Luring & trial run.te estimate the vapour compo~
pition, the ammania ana'sulphur dloxide Tormed é fune bf -
ammonium culphite, which was not toﬁal&y abgorbed in the ,
ennlysis 1ine. However, whon an nﬁﬁiti@n&l wash bottle cone
taining acid - lodine absorbent wvas included in the system, |
1t proved to be a&equaﬁe in removing all the fumas b@f@ra -

the lagt wash bottle.
After consulting tables iortha'vmpo&r_pvassur@ |

of ammonis solutions ot 80°C, & 0.05N solution was usod in
the ammonium hydroxide flaak far‘tha firet corrosion tes%@'v
gorrosion did take place, though attaakﬂwas no 1on@eﬁunniférm
over the whole surfage, but oceurred in fairly large_paﬁaneﬁg
and there was & change in the nature of the carroﬁi@n ﬁr@au@t—z
which consisted mogtly of rerrie hy&raxi&a with omall smounts
of ferrous aulphi&e; The condensate from the t@st pieae
contained ferrous ﬁuiphite. forrous suiphate, and 4 greani@h
hydvroxide prosipitate in ammonium hydroxide solution. Tho
corrogion result was re&uceﬂ to about & third of the éorrasien

for a corresponiing ccncentration of auiphur dloxido in bhe
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condonsats ‘without ammunia injaﬁtiano , _

The ammonla golution was ailuted to ono half of
its concentration; and another 2-hour tost wae run. This time,
corrosion wag rapid and of'the straight sulphur aiaxi&e tyye‘ “
with the produstion of a bloeck ferrous sulphido dapasiﬁg“ whe}
total eorrosion was, however, aleo cut down, but noﬁ ﬁy @u&h
8 great amount as in tho first test. Resulis of tests appesy
in the tablo on page 91 and are plotted on FigureilZ.

| Aftor furthor tosts with various concontrations -
of ammonia and aulphur dloxide, it became clear that th@_na@uré~
of tho corroston could bo divided imto two types according to
the gorrosion produat formod. The firat; with lesgsor amounts
of ammonia injected, was eimilar to normal sulphur dioxide
attack, with perhaps more forric hydroxide being formed. Tho
other occurrsd in the prosence of graa%@r am9un$a of ammonia,
and resulted in little or no formation of fmrrﬂus aulphiﬁea
In this oase, the &nnre&ae&‘praﬁarti@n of ammonium hydroside in
the condensate, reducas the aaiﬁiﬁy of the solution, the gols
ubility of the oxide £ilm, and hence, the ease with whiah iron
passes into solution. . The iron that does dissoive, onters the
solution as ferrous lons, feyrous hydroxide being the main
produet, and is immedlatoly precipitated as ferrie hya?oxi&e‘in
the presente of dicsolved oxygen. Amounts of sulphite may bo
converted to sulphide in the usual manner; bub, an tho conocens
tration of hydroxide increapes, this tendency gote logs, and
_ oxidation to sulphate is more often the case.

sinco the introdustion of ammonia into %he,gﬂﬁ
phase does not afford eomploteo prat@atien from attack, it aa
suggented tha% g nore offective and ﬂ@nvanianﬁ mothed of oorPo

gion prevention, ioc to add ammonia %o the mother liquor until
the vapour prossure of sulphur dioxide 1o so roduced, that
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corrosion 1s overaome. The possibility of this method was
demonstrated by running an ammonia injeotion test with s fairly
high sulphur dioxide sonsentration in the vapours, The GOrroe
sion figure was 59,8 mgn/du?, The ammonia gas was then ubbled
through the solution for twe hours; and followed by a straight
test, which had a negligible sulphur dioxide figure and the
corrosion was reduced to 0.17 mgn/dn?, It is pointed oms,
however, that prevention of corrosion is only effected ﬁu
adding & sufficient quantity of ammonia to the mother ligquor,
and if insufficient 1s added, sorrosion may be scarcely affested
80 that the injection of this amount of ammonia into the gas
would be more dbeneficial in the reduction of total agtank.»

~ Yapour Preggures.

HeFo,Johnstone (61) measured the partial vapour
pressures over a range of concentrations of ammonia and relae
tive conocentrations of sulphur dloxide in solutions of the
ammonia-sulphur dioxide-water system. Formulae were derived
to exprese the partial pressures:-

Pupge MafE=8l Al Ppop e MRl
where C is the concentration of ammonia in moles per 100 moles
of water and 5 is the concentration of sulphur dioxide., The
values of the constants N and ¥, are given by log X & 5,865 «
2369/T and log N T 13,680 = 4967/T, where T is the absolute
temperature in °X. The partial pressure of water follows
Raoult's Laws Johnstone's measured results were reasonably,
though not striotly, in acoordense with these formuilas.

The figures obtained for tie iapour pressures of
ammonia and sulpiur dioxide from ammonium sulphite - bisulphite
vapours in the corrosion teris showed a very great divergence
from the formulae. The measured values vary between a falirly
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'caosoenaroenont and over 3,000 times the caloulated figures.
Congern was felt over this disorepancy and an explanation was
sought.

It 1s pointed out that under certain eircum-

stances, the formilae give nezative values for the VADOUr presss

ures. This is a physiocal impossibility. The ciroumstances |
are: (1) vhen ths oonodhtrntion of ammonia (C) is greater than
twice the coneentration of sulphur diozido (8), and (2) when
the concentration of sulphur dioxide is greater than the con-
centration of ammonia. When the concentrations are equal,
Psop ® v 804 Py, @ Oe The answer therefore lies in the rela-
tive congcentrations of ammonia and sulphur dioxide, and the
formulse only apply when the relative concentrations are nearly
oqual and vhen C 18 grester than S. A1l Johnstone's results
fall in this oategory, and the ammonia and sulphur dioxide
have concentrations with & slight exoess of ammonia.
Johnstone's formulse do not, therefore, apply to
the values ensountered in the corrosion experiments, and there

18 no reason to suspect that either are in error.

some typical resultase

c 8 |_Caleulated Measured
NHx/100 Hz0 | 80/100 Hp0 Pui,| Psop Puhy Paog
Examples from corrosion testss

4028 0058 "1084 0038 9.7 0006
2,42 1,36 3.,00| 0.01 0410 1.17
2.76 3.19 ’0'12 .4.35 0110 973
vith nitrogen
2.53 1009 ‘3078 0001 0008 3075
rxamples from Johnstone's work:
25.36 15,71 14.5 | 2.7 11,6 2.9
22,28 20.35 1.3 |51.4 2,0 | 38.6
5.869 4,274 3ol 1.0 4,0 1.1




LA arap tost, uaina distillat@ from a aniutian
of ammonium ritrate, showed that corrosion by aan&ensing vapw'
ours from ammonjum natrate golutions eovld be exp@etea to ﬁak@.,
piaee by drop~coll attqek, ana that a&taek wnuld in all praba
ahility be guite ;ntenues A aerzes af_e@rwosiqn tea,a»was_'
thorofore started, tﬁ aet@rminé>ﬁhﬁeo&rﬁaian_aqué'an&-tha'» N

progess of attack by'aanﬁeneing vapourss

Although & number of warkerw'hav@-invéstigate& _,”
' th@ vapoup preagurea of wator ﬁb@ve solutions of ammonium 3 '7,
nitrate, 21l thelr doterminations wara carrisd out on naneenu.;g
’trated aolutians, and ro ogtimetion ef the partial presauras -
, @f the othor constituen%a of ﬁhﬁ vayaura was ataempt@ap-
| V.A.Kievke {64) staton that thore iﬂ almoat no &aoamposit&an
- of anmoniunm n&traﬁe during avaparaticn ﬁf ito ualutiana at,
" atmospherte or roduced pressurc, At has been secn in the case
~ of ammonium thiceyanate vapours, oven #ary small amounts of
dissolved eompound in & ednﬁemgaﬁa may have & groat offest on -
the corrbs&an\reaation; &nﬁ’hénee ﬁha\amﬁuntlof'ﬂeeomposition‘
that does take place in as&ﬁtiﬂna of ammbhﬁum nitrate may be
of importance 1n the corrosive aotion. vhon solid émmenium‘ -
'niiraﬁe is h@at@ﬁ, it normailg decomposes to fsﬁm,ﬁgﬁ\an& |
water starting at 1709@; but with extr@mely careful h@ating,
& gr@aﬁ part, of it may be apiit up, umdecumpoaeﬁ, into NHy ana
ENOg, when it shows tho phanﬁmenon of aubiimaﬁian by @anaensing
again on coolor p@rti@nﬁ of the vessel (65), It ie thﬁrafara
thought most likely that docomposition of symonium nitrate
does not take place at the temperature of the solution in the
tostag tut 4t 4c split up in tho vapours from tho solution
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a8 NHy and HNO.. This supposition 1o %@rne_@gﬁ:by tﬁé aik&«
line nature of the eondensates If tho ammonium nitrate
doconposed, tho vapour confencate would bs'ﬁaiaiaﬁan;paeaunt |
of dissolved nitrous oxide. ;Furth@r:eﬁnfirmaﬁiﬁn'ia r@é@ivea'_
- from the obgervations of Klevkéfan& kﬁskﬁna fﬁéj’whﬁ‘fauﬁa'
that amfionis hed a higher vapeur'praaaura than nitrie aaid
over solutiong eentaaning 554 = 851 of anmonfun nﬁtratea?';

To beglin with, a 5% aﬁlutiéh df ammanium nitfatG ’
- was uped in 4 trial run, to aat@rmina thoe vapaur prapcrtiana
at 80%. The system thal wao dovised to abmorb anﬁ.astimaiﬁ
the vapour constitubnba, was élao used in tha ahaiyaia‘andf
aorrasinn lines during @crrmai@n tooto, Hmiﬂtur@ waa'anae’;'
agaln conﬁenaad end run into a tube, that was waighaa o get
‘tha watev eontent. Tha gaa@a wore then hubbiaa thrmugh_a
.stanﬁara solution of hyﬁroehiﬁri@ aéiﬁ._ ﬁaﬁh.ammania anﬂ -’ 
nitric aeid are abaorbod in this agluti@n on a@@aunt af ‘their
groat solubility. sinco ammon&a has a higher vmpaur p?@asura
than nitric seid over solutions of ammoniun. nitrate, the )
~oxcess of free ammonik was fauna by titration of the unréaatéﬁ_
 gedd with standerd olkali, Then an ex&ass of ‘sodium hy&raxi&ef 
was added, and the total ammania ﬂeﬁermin@a by diatillatian
into stondard acid. The dAfference betwaen these two velues
@ives th@ concentration of nitric acid in the vap@uﬁa. -
1% waa found in thig test, that the dancantratians
-of ammonia and nitrie acid in the vapours ware»raﬁhar on the ’
low side, g0 it was deemed advisable to in@re&gé th@'saluﬁian

 eoncentration to 107 before aarmy&ng out @ormasion toste.
Unfortunatcly, whon this wae done, 1t resulted 1n tho el@gging
of the deiivery ond of the ppiral tube for hubﬁling aly
through the solution. as the hot air pubbled ont, of the h@las.
sniutiuﬁ wag ovaporated inside the ond of ghe tube, and ha@
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‘no time to rodinsolve before a new@aating_waﬂ'aeﬁoéiﬁad.' -
Thus the layer of‘ammcniﬂﬁ\giﬁrato'was bm&;t_up‘unﬁii 9?&&&;
ually the gas £low was regtr&#ﬁdﬂ anﬁ mtappéa. mhz d@p&ﬁite&
selt could be reﬁisaalved vory rapialy by stapping the filow |
for a moment and sllowing the oolution ta waah ba@k into the
. tubeg Thia msthbd may have ‘been ﬁuitabia f@r thﬁ short pari@d j
tontos but it was réalised that 1t would be hazardous to leave |
the apparatus unattenﬁea for more then an hour ot & tim3¢
ﬁonaequ@ntly the Qoluhion was brau@ht baek Lo 5% e@ncentratiane
At thﬁ uommeneamgat @r teats, the e@n&amsaﬁimn |
on the test piece surface @e&m@d to‘be‘a mizxture of ﬁropwis@f |
and film=types and it qppearaﬁ'atvfirat ﬁhat_ﬁh@ ammania.hﬁﬁ} -
~ afforded complote protection to the gtosl. But corrosion
wags glow in starting, and an1y a very few spote bm‘tha'metal:
surface were attacked, B@ubtﬂ WBPe'r&iﬂ6& bscaune the drop
teots had indicated that tho attack should most likely be '
intenses ﬂample of ean&engaﬁe was th@n ugod for another drep
test, and the rosults were identical with the obsorvations of
ﬂhé'@risinai,teﬂt; Corrosion teots were condinued, and 4t
became plain that attadk wag indeod inﬂanﬁe'am those ﬁpotg
whero cells 5aﬂ d@?&l@ﬂ@ﬂﬁ Tho pénﬂtratian Was much gronter .
than for sorrenponding corrosion veaulta for &zabiliaa watera“
Attack wan due to drmpaaeila {Plate 26), and the earraaimn | |
deposite over the pit holos conpisted mainly of forric hyr=
oxidos Tho condonsate was @istinotly olkeline, As corrosion
progrossed, thé corrodod arcas néar'th@ top of the spscimen -
 grew in sige until the praﬁuetfaprwaﬂ into broad etroaks l
{Piate 27). 1In the tosts for the longer periods, some of the
corrosion product was washod down 4nto the canﬂaﬂsaﬁﬁ reeaivar,
'whara\it oppearsd ap & precipitato ﬁn‘th@ alk&line a@lutien,-_

Thﬁ‘oerr@si@n-ﬁra@h»shawaﬁ a rapid rige 1n*aarq
rosion to begin withy the total corrosion was much above the
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. CORBOSION DY VAPOURS FROM AMMONTUN NITRATE

Test Piecs Duration = Total Corrocion  Corrosion - Pointe of Condensnte on  Cooling Water ‘Heut Rate of
funber .of Toat - Cheerved Corrvected B Attack Test Plees Tewporabure - das Flow
hours mem . mgm mem/dm= - 2.0+ /hour - 9¢ eal/min om/min
v 2100 2.9 2.9 49 | 102 1.6 16.02 80 W
XII ' ’ ‘QS OO 215 : @-6 - Ai'd ‘ 175 1&7 170 QS: _ 99 9&6

IV | 8500 4ed ded 7.4 | '172- 1.3 - 16.27: S T S 1Y
1T 8:00 5+6 ' 546 Q.4 _\ 170 14 , - 16,65 89 _ T3 )

111 10500 132 13.1 22,0 500 26 16,82 100 9.3

Iv 12:00 1447 146 246 - 1.8 17.16: 108 749
Ity - 12:00 1645 - 16.4 - 276 530 17 . 102 Te7

w o 18100 174 '317~3 S 29,1 545 261 17.01. 101 Be3
111 18100 19.3 19.2 30,4 594 C 2e2 16,85 | 103 848



CORROS/ON = pgm per dm x
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attack for water vapour, though tho 5uﬁhar,af pointalgf attack
wore only ebout 100 agéxnat 2300 for yatar:vmpnur”aﬁtaék; The
rate of attack decrsased rapidly, and nob maah.marelﬁﬁrr@sian:'
had token place at oight hpura;' Afﬁar~ab6u£ nine hours haﬁﬁ
ever, thers was anotheyr very sharp ris@’inf@evrbgion‘rate; | N
whieh again slowsd down 111 the total corrosion wae nearly the
seme as that- for wator vapour at elghteon hours, S£n69 thg' |
number of points of attask at this"aﬁﬁsa, was about, 560 for
armonium nitrate veapour and 5800 £er water vnpeur eorwasﬁan,'

~ the penetration for ammoniumn nltrate miph ba in the neighb@uww 2
nood of six times as deap aa for wator vapmu?; The. eurva |
appearg to follow a simllar a@urse to that of the earraaian

of aluminium by the atmosphere (67), and thua & periodic bveaka3
down and build up of a pratecttve‘apating mast take place in

BOME MAannors

sm of Attacke

1t is concluded that the foll@wim@ praeegé takes
. place auring attack by the vapours from ealutionﬂ of anmonium "
nitrate. Becauge th@ vapour. contains an exncess @f ammondn,

| there 16 a strong tendency for the @ona@nante to maintain ‘the
‘thin proteotive oxide film &gsaaiatadAwith nigh ph's. aonae*
quently, attack dosn not begﬁn‘very readily, nor &6@9 1& govor
& large arca with a great'nuﬁbar of &ragneeils. In aﬁy'case;_
there is also the tendoney of an ammaniaﬁai condensate to |
eprend over the surfaco in a £31m. But boeeuss the t@%al
ammonia content io so low, this tenﬁeney-aoes nat ﬁrgvaii, and.
-eondensation is almost aompletély'ﬂﬁapwiﬁ@; Noverthelons, whan1
a large smount of conﬁeneaté has foxmeagltheré is an cagler
production of wide streams of condensate, which may bend to

blanket drop=cell sorrosion.

HoT.J.Ellinghian (68) reached tho conclusion-that
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in attack by colutions of mitrie acid, tho oathodie reaction

Eaneiétalin its reduction %a‘form nitrous aeiﬁﬂ p&dvi&@ﬂ.thﬁt
the reaction | | - ”

| HNOy + 2H ——brmo,, + Hg0
pxpoaedé at & suff&cient rate to @mavé the &t@mic hyﬂrogen
 produced by tho roaction

B+ e »—a-Ho o

Nitrie aaid corroaion of iron takes piace @niy at’ eencentra«“
tione bolow 6573 at h;gher,aene@ntra%&ona iron he&amaalpaasive;.
-_HOSmialkowski (69)(70) has Gescribed the in%areryetalline |
orncke that occur on highly stressed seationa and around rivat 1
anﬁ bolt holes in tho prosenco of nitratos.. ninw60biﬁ¢iﬁttﬁ |
and . M.Boyer {(71) found that hoth nitrate ond an acidic caticn
‘wer@ n@aeaaary for otross vaﬁr@sian to oa@ura ﬂi%mat@a aﬁt an
cathodioc depolariaers an&, amaavding to E.ﬁﬁller {72}, pernit
| gorrosion in the absence of oxygen. Being oxidising ag@agm@j'

 they aleo inhibit the ancdic reagtion. |

| | Under conditions of-aéna@n@ing v@paurs,“%ﬁﬁ |

- eorrosion is concentroted ab tha.w@&k poig&s of an‘aﬁherﬁigﬂ o
protectivo film of oxides Since these points f&pﬁeaan$5énzy

s minuto fraction of the total aros, a.vary‘giightvatﬁaam will
- repragent a vory high anaﬁia\aurreﬁ%»éeneity wiﬁh.theiéanééé' -
quenee that the pen@traﬁicn will bo laraeiy'innr@asaﬁu'va“ |
ﬁ%uﬁy of thoe process ef goryosion in a drop. ﬁeﬁt aﬁsiabs in

the devolopment of the th@ary of attaek by @anﬁenaeﬁ Vapoury:
but it ia‘n@t strictly applieabl@ BiNCE &ha cathoddo greas»'

are proporticnally much grestors } _, -

A% tho weak points ef tho @ziﬂe film - the ana&t ,
aroas « fsrwauﬁ hydr@xide is ﬂimsolved in the ammcnium saiﬁ, |
which, in solution, has a pH low enough to pefmit salutian ef _
the hydr@xi&e, But as the ferr@um i@ns ﬁam@ inxﬁcmtaat with R

. oxygen in the condensato, they are oxidised ta_farriaxiang
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and forric hydroxido 1o prosipitated over tho point of attask,
. The pra@iptﬁataﬁéﬂver7prevants axygen:frum.reaghingvthe anode
~area to rebuild the protoctive 0&1&9 fiim; aﬁd attaek'tak@§
place by differentinl aeratianq-"Aa'tha_&ﬁps@ﬁt gets thiakeﬁgp
| the mobility of the dons is rotarded and the écwﬁﬁsién rate
goto lesas ﬁeﬁw@en eight and ninc houra SXPOSUre, a suaéeﬁ'f“
spreading of the.corrodod aros talkes placo accompaniod by
further breakiown of the oxide £ilm, and the rate of atback
- oneo. more inereases r&giﬁiyg‘ zn-aﬁe @@ﬁrée, itralga g@tﬁViaﬁﬁ
| when the corroded areas bocoms conted with a aufficianﬁiy '

thick layer of produat to raaunﬁ the attack,
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DROP_TESTS.

The drop test is-an importent suxilisry to tho

study of corrosion by condonsing vapours. In the first place,
4t affords great assistance in detormining thﬁ,praﬁability or

1mpr@babilit3 of attacke It aleo indicates what type of cope
rosive attack is to bo expocted, whether dropecell a@rroaion.:
or dirsct uniform attacly and provides én ésséntial guide fop
the determination of the nﬁﬁur@ of the corrosive prmuésaa

It is a very.@implé test and may be used with advantage whon
testing to eliminate poor materisls from a corresion stands
point, and especially when a search 1s being made for'a&atébie

metals or alloys for use undor condensing vapour conditiona.

The procedure that was followed in tho drop tests
confucted in the laboratory, is as follows. 4 flat plose of

mild steel was smoothed down,.firat with a file, and then the

usual geries of grades of cmory cloth until grade No.O was

uged for the final xub. The surface was then washed with

ethyl alecohol, followed by ethor, and the met@ivallew&a to dry
in & deslceator. A large drop was formed on the propared motal
surface by allowing two drops of the eorroding ﬁalutiﬁn to flow
from a pipette. A piastia ring was placed round this drop andé
the ﬁhale‘coveﬁad by & micrcoscepe slide thiough which the pro-
gress of attack ﬁculd be observed. The enclosurse was nade @ir*

tight by coating the top and bottom surfaces of the plastic

- ring with top greaso, in order to keep out the dust and prevent

evaporation from the drops. Thﬁlplamﬁie ring and the glags
sover were removed from time¢ to time in order that the process
of the corrosive acbion might be ¢losely observed and a rocord
made on & photograph. »Thejeammra‘wnS‘fitte& with a gpesinl
lens of 1.5 inch facalllength for a closo-up picture. The
tost may be applied with a number of corrosive solutions at
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the same timo, but each &rcp mush th@m'b@ covered E@péﬁ&téiy@ o

The patﬁern of &h@ earrosive praeeas&a ?aveala&
in the drop tests, without exﬁepﬁﬁnn. ﬁiegely railaw@a tna
apparent mechanian of the attack in the condensing va@auv tonta.
¥hen no corrosion took plaee ﬁur¢ng a ﬂrop togt, umu&i&y aceon=
panied by the sproading of the drop, ther@ was somplete pro=-
teetion in the vapour corrosion tests; when ﬁﬁ@pwmell attaclk
wae expaﬁienﬁaﬁ in the condensation experimentyg, 80 alaa A8
the Grop tests reveal an attack of an ﬁleatralgt&v nature
wﬁth&n the drop: and whén the attack was direct and unifarm‘ ’
for conditions of condensing vapour, the ﬂrap taa§ ahﬂmeﬁ that
the solution had a tendency to spread ev&rvthe mobal surface
to form a fiim, which attacked the materiel directly. Honee ,
the arop test is a simple proliminary test that provides tho
infarmatian whether corrosion iﬁ,a_prab&bilitg or not in cone

densing vapours, Furthors the actual condensation attack takes

1 place under con@itions of eanatanuly changing liquiﬂ ea*rosiveg

which makes the following of the progress and process of attagk
very'ﬁiffiault and insdequate. The drop tést_p@rmi$e a close

gtudy of the whole procoss, and enables a permanent record of

" onch step 40 be made by means of phobtographs,

In the following y&geaia nnmbé%fbf drop tests
will bé daseribed; and th@a?iéa for the mechanisms of tho
r@actianﬁ concerned, will be aubmit%eas whén of c@nﬁequénae‘
and where posgibla, photagraphie aviﬁ@nee e; the prograaa of

attock will eccompany the texb.

A full description is given on page A8 of & awop
tost on distilled wator carried out by U.R.Evans. Howover,
only the final atate of tho m%apaaeil 15 doseribed, anﬁ an

peoount of the progr@sa of atta@k will he givan h&re,
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Elate 28s ehows the drep at the start of the ﬁ
bosts After abeut an hour, a thin line of carroaian praauct
could be seen in a ring Just inside th@,eag@-nf tha-ﬁrmp in
contact with the metal. Betwoen this ring snd the outer edge
was & NArrow baﬁd of ﬁuattaeke& metal all round the »ings On
the inside of the ring, no corrosion pr@&uét wae visible, but
aftor two hours {(Plate 28b), this arca was eaverea‘by'a\véry
th£n a1m09t tranapareﬁt layer of & yellowish-green product., B
By tho end of eight hours (Plate 28¢), the central aerroaiéﬂ ,
product was quite pronounced and had ehéﬁged to an oraﬁgﬁwﬁrOWﬂﬁ
colours The ring of corrosion product had @1@@ ﬂeveleyed; anﬁ
had become & low “wall™ just inside the edge of the drop. ?he

~ outer cirele of metal was still unattacked. At tw@ntynfour
noura, the corrosion product had increased in ‘bulk, and a' very

slight skin had formed over the surface af‘theuﬁrag;

The aavelapment of tho corrosive attack cénfirms'
the theory axprasaed by Evansg The thin line of corrosion -
pr@duet is formed after the formation of the two eleutrblyﬁia
aroas by the aiffusian ef-axygan*to the c¢athodes Where the
cathodic ares joins the anoaic gentre; forric hy&roxiﬁa is p
precipitated in o ring. Later, diffusion of oxygen from %he :
upper surfaces of the drop, prenlpitates, firs& the. graeny
hydroxide intermeaiate between fopris and ferrous hyﬁraxidee,
and finslly, the brawn ferric hydrsxiae 1tselfﬂ over the an@&e .
area in the centre of the drop. This precipitmte asslsts in o
proventing the access of oxygen to the anode arct.

Ths‘natuéelof theibnrr@aian'that waa ghown in the
drop test agreed with the finﬁinga'in the experimen$s on aqn*' 
| ‘densation corrosion by water vapour,"in which pitﬁing to0k place
due o drop~cells. The drop of aistillad wabsy in th@ drap test

showed no t@nﬁ@ney %0 spraad, an& ﬁanaansation was aimilarly

&z'opwiﬂe.
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4 drop tost carried out on a ﬁﬁlute gaiutian of
:ammonium hyaroxide showed that there was oampiete prat@ntion o
ef the auvface under the drop, and the metel was atﬁll bright
after twenty-four hours exposure. This rerult was @xpeated
in view of tho fact that the oxi&ea of iron are 1neoiuble in»ﬁ
ammonium hydr@xida aelutﬁon, and. @anaaqusntly th@ mﬁﬁﬁl emrfaae
romaing pasaive and proteataﬁ by an @mid@ Tilme The drcp heﬂ&
togethor, but no differontial nerstion eell could be formed '
‘aua to the total paasivity of the surfaso. The eand@ns tian.

Y

@arrasson was alaa zaro for the camo reaaane

) | A drop test was @arriaa out using 8 5% s@lubi@n f
of ammanium thiaoyanate. The @riginal aim of thiﬂ tcet wes o
dimcover the nature of the candensabzan attaclk, but it was aoon
geen that the two meehaniems Were quite ﬂif?@réntm 8&baequantmy
a &rﬁp of actual eonﬁenaate was . usaﬁ in & test to aetermine the
correct proeeas of thio@yanate vapour c@rrasi@no ‘"his @xﬁera
ience demonotyates the importance of usin@ tent liquia@ that -
are repregentative of th@ actual a@rmsding media found 1“::,.
practice, A aifferonce in eoncantratimn of ‘aiesolved aubetanaa |

nay aompleteiy change the corresaan pi@ture‘

, Following the usual prﬁaeaure, -3 ﬂrap of solu*i@n
was plaaed on the prepared surface of th@ aueel spaeimen ,
(Plate 29a). After an hour, & reﬁaimhmbrswn tranﬂparmnt rilm
wae noticed round the cdge of the.&rop in contact with the metdl
(Plate 29b). This fiim slbwly mounted uﬁwarﬁﬁ until it hed
totally ccvereﬁ the wvhole ocuter surface of the drop of ammond.um
thioeyanato at one and a half hours after appiieatian, Ry tha
ené of & two houy period, the t@p‘of,the membrone ha& bogun
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te form a wrihﬁﬁe (Plate 29c), The skin was st411 thin an0ugh :
to ve transparent, and the eurfaee of the metal unﬁer ths drap B
could be seeon to be unatb&okeﬁ ana.still.brighte The:membnana
grow thioker and the W?inkie‘en the top ma?aypréneunﬁed, At
s1x hours the drop darkenod considorably; and the metel wes no
longer vislible through the erust. Aftey fifteen hours, th@;‘
wrinkled membrane hed begun to opiit up on the top. 4 it 9
split, further film was formed over the nawiy exposed surface. .
. After twonty-four hours eﬁposﬁre, the drop was
oxamined. Tho membrana,wae‘b?aken into .glassy flakea@vana ﬁh@'
arop underneath oxamined. The iiqdid was @ei@uriegg;Abuﬁ‘the
metal was covered by & blaok ﬁéps@i*, an& it is considoresd
that this black deposit startea to be formed at the &axkening

that WRE obﬁ@rveﬂ after six hourau

| Tha attack io ﬁiv&de& ibma two stagest the“firat-
-ptago involvesn the formatiom of a skin over the surfaco of thﬁf
dvap, the seoond stage iz the f@rmatian of a blaak ﬁepneit sn
the metal eurf&co below the &rap. | o o
| ~ stage 1 bakea place wh@n forrous dons @aas nto
_solution in the ammonium salt ﬁoiutions These ions are not
precipitated. as ferrous~hy&raxida_is aoiuble in_soiutiona of
ammonium’saitag but they migrate to the aurfﬁee of the»&vap;
" and come in contaet with an abun&anea af oxygen at the gurfaee.
Here they are ‘oxtdisod, and ferric hyerV1ae ie preaipitataa ‘
in th@ form of & glasoy film, firet rounﬁ the edgos and then -
upwards owver the drop as the ions rise from the metal surface.
When the membrane covers tho whole 11quid suvfaﬁ@, axygan 18 |
~eut off from diffua&oﬁ‘into the drop and all trases are soon

used up. Stage 2 of ﬁh@ aorrasion ﬁhén %akag plaéeg

In the abaenﬂe of oxygen. tha thiocyanate is

reduceﬁ by atomic iron at the surface of eenﬁa&t batween the
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‘metal end the solutions 4 black @%meﬁpiﬁéte’af"fawraﬁéiauiﬁv'-
phide 1 farmea. which eoaﬁs the metal aur$aaa‘ The aorrbsion

procoedn in this menner until ell the thﬁocyanaﬁa has reaateﬁ.
In effoots

Fe + CN8' —»FeS + ON'

Tho nature of tho corrosive attack in the drop.
test with condensate from the aaalyais iine of the ean&ensatian
eorrosion apparatue, was antirely gifferent from the t@@t -
doseribed above. This time the maahan*sn was apparently iﬂanu 
“ticsl to the procesa which cauaaa the attaek in the aanﬁmn@ao |
tion teste, since the acrreaian_proﬁuat@‘W@re the same in-ba&h 

CREGE

& large drop of aan@ensaie'was.piaéeﬁ on the
surface of the ateel, and the gwogr@éﬂ of at&ack wa@*foii@weé'
in the usual manner, Th@ drep showed no tanﬁeney ta snraaﬁ
and aovera& the same area throughout the Pxperimanta ﬁﬁtﬂr an\v
hour, & ring of eemrnsion produst had been &epoaitea Just ine
gide the outer e&ge of the drop (Piabe 3@&), leaving an un~7'
attacked aren betweon it and tho 1ine of contact bﬂtween the ‘
‘metal and the edge. At firat, the srea enclosed witnin the ~
ring of eorrasi@n proﬁuat wae élaaw; but aftéf a while & thin
ya11@w13h~grean gelatinoua preﬁuat appearaa over the sumraua¢
The colaur aarkenea & 1t grew thiekcr, anﬁ at six haurs, th@’j
.”aorrosion preauct @avar&ng the. inner area was erangawbrown im
eslour (Plate 30b), There was no furthar ehmnge in the na&uf@
of the eorroaiﬁn products; and aft@r twentvufour hours (Pl&b@ |
- 30¢), the only differenee waa that the bulk h&d inareaseag |
'Undernaath the product, the metal had & groy stain (Plato 30ﬁ)'
whioch showed & ring h@law the part above whieh the first

Qorr@sion pvaauct farm@éa
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The following mechanism of oorrqnzon.by;bondon:ca
drops of ammonium thicoyanate vapours on a steel surface, 1s
the pattern of all oases of attaok by differential aeration
drop-cells. Figure 15 shows the direotions of flow of the
anions, the cations and the electrons within the drop-cell
system. '

Direction of Direction of
cations movement of
anions

F X/ N
A

Flow of elesctrons

Fisure 15.
£pd_Andons.

After a drop of condensate has formed on the
surfage of the steel, and when oxygen is present, the oxygen
diffuses into the liguid and forms an oxygen eleotrode Just
within the drop. This area becomes the cathode in the differ-
ential aeration cell, while the inner portion is the anode,
Assording to G.D.Bengough, U.R.Evans, T.P.Hoar, and F.vormwell
(73), the oxygen is first absorbed into the iron, and then
reacts with a hydrogen ion to yleld a hydroxyl ion, which,
together with another hydroxyl ion from the jonisation of
water, gives two hydroxyl ions.

H-OH + O + 2e¢ —>20H'
In this way, oxygen acts as a depolariser in the eathodio
reastion and prevents the formation of hydrogen at the more
noble electrode, ‘

At the interior of the drop, to which oxygen has
1ittle access, an exchange of electrons takes place between

hydrogen ions and atoms of iron. The iron passes into solution




-
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and the hydrogen iono ere aiséhargmﬁ@ ' L
Fe + au' —re** + 2m o
The hydrogen atoms that are proﬁua@aﬁ may follow either of twe
couracst~ (1) they may unite to form hy&r@gan gag, or (2) thoy
may be occluded on the surface of the metal, ,Ea the later ease,
which probsbly takes placc, a hydrogen el&abr@a@”iﬂ formed when |
the stomic hydrogen 4iffusos into the mebtals E;Teﬂff&ngér,
M.L.Renquist, A,Wachter and J.G.wilson (74) have stated that_a‘

~ high concentration of atomis hydrogen éﬁis@é on the sorroding

aurface, and that from this surfaco it may diffuﬁa into the
steels For hydrogen to @iffuse into the motal, (1) there gt f

.vbe a high concentration of atomiec hyaraaen an the surfaae, and

this normally occurs beésuse of the continued ‘aotivity of tho -

corrosion cell, and (2) the association of atoms to ngleeuloa -

- pust not occur at the motal surfaée which nust amtivaly promote

- the acteptance of hydrogon atoms.

pifferential aoration therefore results in an
oxygen olectrode « hydrogen electrods syotem with a potontisl
difference depending upon tho ﬁemp@raﬁura and the partisl proos-
ure of OXygon for each ¢ondonsed s@lution» . |

At ﬁh@ anode area within the &r@y, iron paegea
into golution ag ferrous ions. In distilled water the f@rrwua"
ione are present as hydroxide in a@lut@an,_but in the case of
a diseolved electrolytc whieh 1@‘m@fe highiy ionised, @ueh as

ammonium thiocyanata, they exist in anlution'as an ionised malt

. Belle ferraus thicoynnate, The gompleto 810&6 resction may bo |

r@preaantpa by the féllewiﬁ& oguationts
I‘e + ZH* + 20§ + ZNH§ + 20NS° |
T Fe” + zyms‘ + BNHY + 20H' + 2H

At-the»Juﬁcﬁicn of the anodic and @&»h@ﬁi@_ﬁaﬁuﬁiana; the

alkeline eathodié,aﬁluti@n‘eauaaﬁ‘the deposition of iron by
vencting with ferrous thiooyanate to yield forrous hydroxide
which i immediately oxidimed by dissolved oxygon to ferrie




 This £1lm grew in thickness until 1t hid tho surfaco beneath
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hydroxide and prebipitatedi In iik@ mahﬁer; forrie hyéroﬁi&é
1s‘§re eipitated above the anodie ares in the centros In th%? 
procons, the dissoived salt « ammanium thiuayamate - pr@moteﬁ}
the corrosive attack by inareﬁging the aanﬂuativisy of tho o
eonﬁenaate. - S |
‘Eventually the eorraaibn product gets s@ tEi@k
over the anodlt area, that it provents the £380 dodoss of oiymen .
and the corrosivé process is modificd. A black deposit is pros
}dudaa instead of the initiai_bﬁown,fbrwié'hyﬂraxiaﬁ@a.rﬁim 1o
| attributed to the incampiete oxidation of f@rﬁﬁuﬁ hyﬁrﬁxiﬁ@‘anﬁ
‘an intermediate hydroxide or mnhydraus ma@neﬁita ia praﬂu@eﬁ. '
6Fo(CRly + O —»az?o;od + 6Hg0 -

|

Y ;9 i ‘@Ei

A test solution of ammonium eulphite wag used in :
A normal drop tests. Imm@di&t@ly the firpd &r@p @f solutian wag :‘
allowed to fall on the surface of the steel, the drcp began o
spread, and this was incronped whan the second Arop was addedt ‘
It wae not long before the metal surface beneath the arap took o
on & greylsh staln, which soon &evelupa& into & black ﬁepagiﬁ |
of corrosion produet»(?lata 31b)e The supernatant arop remain@a
olear and colourloss for a considorsble time; but aftor three -

hours, a thin fiim could he soon forming over the gurface.

the drop from sight. By the end of a seven hour pariaag the

top of tho membrane had formed a large wrinkle {Pzaté 2la).

Ro decided change wae appar@nt after this. The membrene was

~ broken up into brown tranﬁparent fl&k@s, and the solution helew '»
1% wag stili\clear,‘theugh the black deposit had grown in bulk.

Falloﬁins‘ia ﬁh@_auggeeted_m@chahism“af‘attack,j“
e to the rapid spreading of the drop over the metal surfacs,
and t0 the vigour of attack, no corrosion ¢ell is formed end

sorrosive action is direct. 'Iran passes into soluﬁiaa'na_ 







POARO 1@3

ferrous sulphita by r@aatian with sulphurmum a@iéﬁ

Fe t+ 2H* + sug' ——Fott + s0%' + Ra
The feorvous sulphite 53 then rofdicod to TErrous auiphide by
atam&@ 1ron clope 10 the metal surfase, end is prac&pitateﬂ a8
& black deposit.

‘3Fe t+ FoSOy + 3H,0 —>TFes + mmm
The reduetion of & sulphite to & suiphide is an um@ﬂpﬁetﬂﬁ
resotion, since sulphurous acid anﬁ guiphites are thomselves
roducing agents. However atomio iron is even more powerful,
and congoguently is eapabla of per?arming the reduction. wha.
poasibility of the rosetion has boen damanatﬁaﬁ@a elsewhere (é?ém

Ferpous hydroxide is solubie in the arop-af g01=

ution, and produces npore ferreuavaulpﬁita‘ thie is reduced in\-
1ike manney, and the process cuﬁtﬁnuaﬁ nn%ﬁl &ii the’eulphi%a
nes been converted to culphide, after whieh,»ferfous nydroxide
migrates to the aurfece of the liﬁuiﬁu Eeravit iﬁ.éx&&&@@ﬁ¢ |
and yislds the brown transperent skin of ferric hyéraxi&éa

Dyon tsst showed th&t the process of attack wza
aifferent for dﬁff@renh gondensates, thﬁt wers amlleataa during
corrosion test rung. For confonssie with a 1@wﬁr sulphur
dsoxlde content, the eorvosion was sluggish and the end pro=
guets of corrosion w&rm‘mliahnly-ﬂifferent to those appearing
. 4n the drop test with a sciuti@@ of higher sulphi%@ cancahw

tration. In the latter cass, attack waa very rapid.

Condensate with Low ,@.xzmz.m_&mmmﬂmm

Phe condensabe useﬁ in the Laqt cane from yupour

with aonstituent vapour pProAsuUros, aulﬁhur di@xide - (59 mm«ﬁg.

 pumonia - 0.14 mmelige, ond water - 282 mnmﬁg., which ylolded a
_eonmensahe containing 0.8% sulphur dioxide by weights The ’
drop of condonsate on tho flat eteel surface ‘showed no tanﬁenay
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to aprond over the surfate once it had settled @n.the*ﬁeﬁa1§' 
After an hour (Plate 32b); & blask doposit was seen ab tho
odge of contact of the solution and the metal. This deﬁagit\v
gradually sproed inwards until there was a thih‘&eposit,@v@r_
the whole motal surface under the drop (Plate 32&2_ 'ﬁﬁifiva‘
hours exposure (Plate 324), the black deposit had becone brown
at the edgo of contact, and this also spread invards until the 1
biack deposlt wos compietaly hidden by the‘br@wn-ﬁv@rinyer» |
At tho came time (Plate 326), & very %hin_@aleurneﬁs fimm_
’formea‘at the surface of the drop, which developed; as ﬁravidua
membranes had done, untll after twenty-four hours 1% vas very
wrinklaﬁ on the top (Flate 32f). | |

The mech@niﬂm-of‘ﬁhe abﬁva‘attaek‘ia'helieveé to
be as followse Thé-&epoeiti@n of‘f&rrausvenlphiﬂe from tho
condensate tontaining sulphite {mr.aqlphnr'ﬁiexiﬂa} in solution
follows the process that hos been dealt wiﬁh‘bafare; Hﬂﬁﬁvér,
thore 1g only o linited amount of swlphur dloxide in this oone
densate, and consequently it &5 used up very soon in the react-
fon. Uhen this stege has boon aamplctea, a néw procaps beging.
The solutian is now totally ammoniacal, and hence thera 1a a
sendoney %o form & thin hydroxide or axiﬁe film ovar the matal
surface. This film formation g prevanteﬁ by the presonce ﬁf
pulphide, and the ferrous hyaruxmde in the golution (farmea
during the reduction of sulphite to sulphide), is @xi&isea by
dissolved oxyzon and presipitated sbove the sulphide. It in
also precipitated as ferrie hydroxide in & £ilm ovar'thé aurw
face of the drop, thus raising a'barrier to the>walut1¢n‘or :

oxygen and bringing corrosion to a standatill.

The condensate used in this test came from vapour
with the compositions suiphur dioxide « 2470 mmsHgs, ammaaia -
0s27 mmelige, nNG water - 280 mm.Hge This gave & condongate
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of 3,68 sulphur‘&ioxﬁda;by_waﬂght« Like s Buiph&ruugkaaia

. solution, the condensate attacks the metal‘vefy raa&ﬁiye A&ﬁa&k
ook place vigorouecly iﬁ a mattor of G@Gﬁﬁ&a whﬁﬁ‘@ drop was
allowed to fall on the prepared stecl suvrface. The 4rop apread |
rapiély, and even the first phet@graﬁhrlﬁiate F3%a) does nob ‘
show the original ares. It is possible to seo the original
size of the drop in Plate 33b, which was taken af&er‘ﬁwenty
seconds. It appoars ag & light ring within the drop, and the
photograph als80 ghows the fiwst'ﬂarkaning of the surface due |
to corrosion, After-thimty sooonds (Pléta 33¢), the majority
of the surface under the dr@p wag covered by & deposit, but the
original ares could bo atill,distinguiahé&. By two minutes tho
surface was‘nompmebely black (Plate 33&)6. &% 8 tosb @mpssurﬁ
of twelve minutes (Plate 53¢}, the usual mombrane was seon to
hove formed round the edgoes of the drop, an@ after thirty
minutes 1t had risen over tho drop surface (Plét@‘BBf),

The sorrosion follows the familier pattern for
sulphite attsck that has been described on page 121, Tho cor-
ropion ocours over & larger area than the original ares of the
arop, beeausé the ﬁinsolveﬁ gages lower the surface tonsion of
the 11qﬁ1a, and henée the angle of contact which gauses the

'&rcﬂ to sprezd (75).

A 5% solution of ammonium nitrate was uséﬁ in a
normal &?op teat. No tendensy to eprond wee ahawn,.aha the
drop covered the same ares throughout tho test. Attack took
place directly and there was no sign of an eleotrolytic ecll.
After ten minutes, the first signs of corrosive attack appeareds
& brownich coloured deposit was formed at the edge of contact
between the golution and the steels The doposit begon ﬁp'
epreﬁd inwvards. AL tnirtﬁ mninutes, it was soen that the romains~
der of the surface under thé drop was coatod with o groon
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’gelatinaus proﬁuet (Plate 34b), which darkoned in cciaur until
it had changed to a unifmrm brown in loss than eight haura : |
1(P1ate 346) . After twonty=Lfour ‘houps (Piat@ 3d&2, & akin h&a
-formed over the surface, and an examinntian af the ‘corrosion
 produet revealed that th&re wag B bia@k eoating on the netam
beneath the layer of brown. '

The atback 4 bsii@vaa't@ take placé iﬂ £h9 foié
ﬁowing mannern The £h§ﬁ0x1dé Lilmg thﬁt’is gssnﬁiaﬁﬁﬂ_wiﬁh _uv
the prbﬁeﬁbive-aatidn of'ammanium hgﬁwmﬁaae,'ia abiuble 1h
ammenium nitrabe on aceount . of tho hydrmlysis af the aalt whieh
results in an acidic golution. Iron then passes into solution
as ferrous ions while hyﬂrag@n ions avy a&aéhaxgeatv .

B Fe + =2if’ ——pe™ + 2N | | ‘
The hydrogen atons a&th&r'aasaoigne o form hy&rogon moleculss
or d1880lve in the motals The forrous lone are prosent in
. golution as ferrous hydroxide, which is oxidised by diffusing
oxygen and presipitated initially as a,gveén intermediate |
- hy@roxide, which s finsnly eonverted to brown ferric hydroxids

‘when suffiuianb oxysen is available, WhanAthé aEp@ﬁit'heaeméé :
"thiak enough 0 11m*t the supply of oxygen, anhydrous magnatita
35 produasd in contact with the m@ﬁﬁlg‘ Nembrane farmati@n,,’
takeé plaaé once apgain at'ﬁha»eag@;_afﬁgr wh&eh‘it trav@i@ up
over the drop &s migrating férréua Lons penetrate o thﬁ §urw
face and ar@lpréaipitateﬁ; uniii the whole ie @ﬁnioaeaa -

conaanaation conrﬁgian t@ﬁﬁs raw ammaninm nitrata'
geve. law wvaluos fcr corrosion (pago 161). whereae ong drop ﬁ@st_

_indicated that rapid corrosion mlght be expocted by drop-cell
attack. A second drop test wos sarrici out which confirmed tho
£irst rosulte Tho low condensation oorrosion results were aue'

to the emoll numbar of pminua of &ttnck, amﬁ nmt beaauee of a
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low rate of attask in the aropu6511¢ The progreaa or the aorm-f
rosive attaek in the elcetvmlytio esll was as follmwa. ”

A brown ring b@aame viaible wﬁthin the arap or
~ condensate after 1t had been resting on the ateel for about

~ half an hours . The ring wos quite’ definite after an hour (Plate j
4 35b). and was mituatad Juat, inaia@ the. edge of contact b@twe@n f
the metal ana the aolut;ona A faint graeniah gel eould be smen _
within thb-cirele\of Drown corrosion deposit. The ring of cer~ |
rogion product grew in wulk, and more green product’ waa alea
forned on the insido (Plato 356). Bventually (Plate 354), the -
green product became yellawuorange and rimaliy ch&ngeﬂ to brown.
(Plate 350). At the ond of twonty=four hours oxposure, the fi."
.gorrosion product had inarecascd conslderably in bulk, and the."'
“drop spread slightly. whieh only 1nareaa@ﬁ the arsa that was

» unattaekeﬁ.»

| - The mechaniom of nﬁtaek‘iéwsimiidrf%e ﬁho§é Gf'
) other drop-cells and foll@wa'the ﬁatteﬁn asgérABQﬁ_cn pageé
119 to 121 for ammonium thieeyahats; |

| A5 solution mf-ammoninmichiariﬂé’waé‘uéeﬁ‘infa‘
dr@pvteste Apart from a stain of groyish celeurlon“the‘mﬁffécc
~of tho metal. the only sign of corrosive acti@n was that & 9ur~
face membrana was fermoa. - This membrane sbarted aftor abﬁut an |
| »hour, and prograaseﬂ in the uaual mannar until tho whole sur~' _
,'i faco was eevsroﬁ. After that, 13 grew in thaekneaa and davelw'
opéﬁ a_wrinkle uh tha,tapm Tho meehgniam of attack &g aimilar 'f
'tavthat enéountareﬁ withlammdniﬂm nitrate so1utiona . |

A atstillato from the solution of ammonium
 shloride was abtainsd. but ainee 1t gave no in&ieatlon of
ammonium ion or of chloride,. it 1a cicar. that e@rreaion by vapa

ours from solutions of ammoniun chloride shgulﬂ follow the
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water vapour ¢urve. Honeo no spocial eondensation corrosion
tosts werevaaﬁeﬂf' - ,

| ‘ ﬁThou5h earbon dloxide and ammonia are both prosent
~ in vapours fron s@i@tiena of amnoniun cafboﬁéﬁo and biearbonate,
the armonia 1o eo dominant from the corrosion standpoint, that
ia”afféﬁﬁe camﬁlaﬁe.prat@ataaﬁ ﬁhen the vapours arc condenood
on @tcﬁl'eurfadésgl Solﬂtiﬁﬁ@ éf tho éarbcnatea_ave also none

éarr@siv& on aecaunt'pf the high pH.
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, o diacuaslan of the rasulta and the e¢onclusionn
&wawn fror them with regara to sorropion by aonﬁemaing vapours
is e@n@iﬁer@d in %his seetien.

“v?hs~@bﬁr@mion~af netel by"eanﬁenﬁing‘vaﬁaura ¢an
ba dlvided into tws alasdon of attask aceording to the way in
'whieh canaensmtion takhs place on the moetal auwfaeos It doos
not appoar thnt\bh@ state of the metal surface hag much offoct
on the typo of c@nﬁehgatidn tﬁét\takeé'pigce‘ﬁhen the ﬁapcur
,'gonﬂitiana'mfé suahathat‘the raﬁa'af'@@nﬂ@néatian'ig vory omall,
Thia'ﬁnlyaaﬁplieé if the metai gurface is free frﬂé»aéntaminants
that may ehange tho nature of th@ e@nﬁensation. ‘Under normal
aenﬁitiﬁns tm@n, @@ndenma%i@n io &rapwis@g Gmall ﬁr@pi@ts con=-
denso as o mistiness on the cold aurfaﬁe @f the matal, and if
'any chang@ ig brmugn& abaut, it mu@t be auy t@ a gpecial gon-

stitunnm of the vapourss

Pur@ wabenr Varaur and ammenium thi@oyanate vapour
| eandenmea on the surface of the test specinons in the forn of
little_dropa, and the earrmaign oceurrod in the form of small
pits which wore e@var@ﬂ'by_é layer of corrosion product. This
io the firot type of attock which always was'aaﬂéeiatea'with
 dropwics e@nﬁonﬁation¢ Dropwise condensation results in the
formation af arnp-eelia, in which the drop of liquié f@rms a
soparate eieetrelytic eell which ie pro&uca& on account of
‘laiff@rantial aeration conditions. Tha outer edge of th@ metal
under the &rc§ b@@@m@@leéthsai@, gince oxygen frocly asffuses
-~ to this section. The main funetion af'tha'ézygen is that 551&
~ﬁe§@1ﬂriaaf'af the oathodie roaction. The metal surface
'innlu&eﬁ.ﬁh‘zhisiout@r»ring hae ﬁalnbivaly‘llttia-amVGQn and
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- ,_hecnmaa the anode ares of tho coll. Tho aiﬁsblved=ammahium

. 8alt generally assiste at the anodie srea by increasing the
hyarngén‘i@n'aéneenﬁratﬁoﬂ vhon hydrolysis occurs. Thus the
solution of metsl s praﬁote&iby'a transfor of electrons from
the hyﬁrag@n long. The salt aleo accolerates attaok by ine
Lcr@naimg th@ aen@u@tivity af tha s@lutieng Gneoe the dissolived
netol r@aenas the cathodle aolutien which is alkaline, it ic
'praoipitatad 8o hydr@xia@ or hydrateﬁ oxiﬂe. Pnis precipitato
| aventually pr@vides a c@ver&ng to tho an@die araa, an& ainc@ it
s f@rm@ﬁ pone 1itt1n diatnnae away fron the matml surface, it
may not rebard thelatﬁaek, but night even profioto it by eoxclufe
- ing &iffusiﬂ@:bxygen_mar@veffeativaly from %hé ﬁnoﬂefaf tho
arop-coll. On the @thgr-hana. it reduces the mobility of the

" jons.

when th@ra in amménia yf@@ént“in the vapdué, it
"naturaily‘tanﬁs’tb bé'ﬁrat@@tive %ﬁfﬁhé‘metai surface by maine
taining tho oxide fiim over the surfsce, The acid constituent
is in @pp@aihinn by trying 0 dissolve the oxide and bring the
metal int@ ﬁaluti@ng Whore the ammonis in the vapours is in
oxceoss of th@,aaia.cﬁna@ituagt; it &ominatés'thg_corr@aiv@
antian. it may be h@wévér; that %hé’aﬂiﬁ'éﬁfeetm the broakdown
of thoe oxide film in cortain placas by 1@@&1&99& soncentyationn.
At these p&inte, eleetrolytic a%tacx takem piaea with the sur-
faeo, whieh i protoctod by tho ammonia, a¢ the cathode, and
‘the bﬁaken\appt oo the aﬁaﬂég. Atﬁéﬁk ot theno points will
probably be méva'inﬁense than in aetuai dropecolils, beesuse of
the nmuch 1arger gathode areas aaﬁparad with the anode spots and
the ?@sultan higher cu?rmnh ﬁansity at the ancdew The pene~
tration ia 1iablo t@ b@ much groator, though the imga in w&ight
ney be jen6. Thig type of attaek wa g aasoeimﬁe& with tho core

‘posion by amnanium nitrate‘

A1though dropwice condensabion profuced AURCrOUS
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»ar@piets over the whole metal surface, the corresion gen@r&lly
dia not tako place in the forn of & large mumber of ﬁrop~aelle.
Usually the dropwoells wore 1arﬁar and more widely apacea» It
seons apparent therarame, that each draplet dia m@t initinte o
point of attack, but that only a proportion of them wore cap-
~ able of forming éifférénaial seratlon sells. This phencmenon |
has baen‘attr&butéﬁ'fc thg noﬁ*uniformity'@f the surface of the
- ptool, and that,certaiﬁ ﬁpotaynég nore rsaétxve or lesS'pasaivv
| than_othar placess It may ﬁe that the oxide film ia-not'as %
" thiek or os gtrong at thogo are&s,'anﬁ-@dnnéﬁﬁ@nﬁlyjbreaka dowvm
1nore easily. Anoth@v suggeatian ta'aeoaunt fer‘thm phanom@non,
is hae@d on the thsmry that arystal graino d@ n@t @xhiblt ‘the
ﬂame proportios in evory- air@@tiﬁnaﬂ,while some erystal faces
, ara paosive others are com@mratinZy more aetiye. Dapenﬁing
@n whieh faco ia pregemtﬁa to the corrosive eon&@naatv, tho
_ drap will eithor attack th@ motal op nat« Aa additionnl evi-
;&anem for thip theory, it is noted that drop=colls were more |
. rumercup and elosely pecked when the metel grain ptructure wao
* finer (Piate 10). Under these aond&tiona,*morg'acﬁiva aentres
 _wouﬁﬁ ba‘pféaenﬁaﬁ fériattaek than when th9 grain5 waragiarger

in eizos

The bype of aondensation af vapours on a eold sure
raca sooms to be closely dependent on the nature of the vapours
ﬁ themaalvea, and eonsaquently on the saluble pubgbance or aubs
stancos in tho golution from which tho vap@urs-@riginatea |
Vhﬁour@'that‘aw@aa'fram aélutions'oflsazﬁa of aﬁmania whooe
s0id constituent wag no narmally very volatile or a gas at room
temperatures, eonﬁanaeﬂ on the atool surface in 8 ﬁropwiee
. pEnnor and aoryoded by arop-cell attack. ?h@eg apmonium malt
golutions that gave rise to vapoukm wﬁtﬁ'an acid econstituont
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that is gaaeous at’norma1 tamparatufea énﬁ Pressuros €.gs -

- sulphuy dioxide and h&&r@g@n aﬁlph&de, alﬂgyé repult in filmw
ﬁype'é@naénsatian on a cold motal ourface. wnere $he aeld.
eonatituent is fairly valatile Cef5e nitric aai&, a mixed type
mf candensati@n appoarg, in which part &epesﬁ%a by fﬁlm~type
@anﬁ@nﬁaﬁi@n anﬁ part by Qropwico. Anmonde $to0lf has a weak

» tendenoy to promote film-type can&enﬁatian whon it is 1n'éppreh
’aiahae'amounta in tha'vapduraa The abave goneral cbsarvntions

anly apply where the gagos are rﬁa&ily salubla in watcrs

In the canos of fiim-type aonﬂmnaation. the attack
io air@eﬁ and uniforn over the surface of the ateel if at all..

 Tho drop tosts that weva earria& out on theso condensates,

- phowed that the aolution apreﬁﬁ over the suffaae. whieh acéaunte

for the £ilm. farmatign in the aon&ennnta. It ia prabable, that
-in some aaaea, the fact that filmﬁtype cmndensatian takeos placo,
('is o factor in prsvanting earragian.cf tho stesl by conﬁansing.
-vapaurﬁg'vrhé uﬁifqrm £41r over tho metal surface precludes the
formation of_miéatwclytic:aella.hy'difrerentiaifaerabion, and
provided that ammaﬂium‘hwﬁrmxﬂ&é ia in euffici@nt amounts to
'neut?aiﬁae thﬁ acid and mointain the surfaéa~mx1&@'fi1m, no
‘carroéian will ocour, If’thé”aaia id not néﬁtrai&se& or if
- the acid conatituent haﬁ the power ta break down the axi&e £ilm,
attask will take plaoe. | - | -

| F@r irda recoon no ecrr@aﬁan was fmunﬁ in tha
ceso of the nuiphiﬁeag ainco thero was suffielent ammonia
"@vclvedité overoﬁme the acidity of hyﬁrugen aulphié@; Tho
sulyhite,attﬂak wae o Gifforeont mattor. For hore sone corroe
 51en took place even<wh@n-there wan a»@cnsi@erabie-amount'of .
‘ammonia’in excopsi and the oniy ﬁatisfﬁatéry way to reduce
corrosion to zere or megiigibl@’&mbunta\was o lower the vapour
pressure t0 such an extent, that thore were only traces of
" gulphur dloxide 1& the‘aohﬁensateﬁ 'sulphu? dioxide has the
power Lo bresk down tho thin oxide f&lm.even whon completeoly
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neutralised and in the presonce of oxoons of ammonium hydroxido.
The greater the @@ncentrati@n of sulphuy ﬁi@aiﬁ@. the more
-vigarous %he attaﬁka

- It is @bvioua that air p—_— be an esaen&ial faator
"-iﬂ the eorrosion by differential aeration, for it provides the
OXY@en NeCOsary for the«fmfmaﬁion‘af‘thé-eathﬂaie.nrea in theo
dropecolls Its effeﬁt hae been demonstrated in tests using
nitr@geﬁ as th@~vageur emrwi@ra Whﬁnﬁaroﬁéealls nﬁrmaily ‘

- Goveleoped in air, the uae @f nitragen prevented such attack

end campiete praﬁaatian wan mxperienaeﬁ in e@rr@aian teata,

'ij@annb%‘be stoted wﬁth‘any finality that aip
doos or does mot play & part in the attack whon corrosion
oecuraundeénfilmcanﬁﬁnsntinn éénﬁﬁtipna; It depends upon
th@-sténﬁgéiﬁﬁ frém‘whiﬁh the qu@gtﬁﬁn ia_appr0aah@a! Thero
. was no azt@fatéﬁn in the total corrosion, when nitrogen wes
used in plaaa of siv far tho sﬁlpnit o corrosion teotgs Thore
vad, nowaver, a change in tho appenrance of the corroded test
| apeeimen and in the products of n@wrasienu It was deﬁueea that
"tha actual ﬁireet attack was not 4nf1uane@& by oxyapen, tut that,
there wan & gubsoeguent rQaﬁtimn between th@ gorrosion products
| anﬁ the condensate, which aia not tako plade in the absence
of ai#, It may be that unaer e@r@ain cireunstances the attaek
| itaelf‘may bo affeoted by side peactions of tha 6orrbgimn |

| pﬁ@duets, B

]&fﬂﬁﬂg»@ffﬁ;ﬁ,ﬁu@%;i.~m;i”

L An examinatlnn of the moan vniue-aaéfaaion eurves
shows & very wide varimtian in corrosion rates and types of
BUPVO f@r th@ sub@tane@a aonnia@rea. The water yapour aurve is

nearly o straight 1ine, ammonium nitrate vapours ¢orrods in

7/
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staps; the ammonium thiocyanato ﬁafve ehaws an aéymptetiealxyv

' "ﬂecjma'sing rﬁte’ of ji;ttaak: dixd' the manin - _si;ipmfr -ﬁibxme V

| attaak varios f?amvzéré to eﬁtramely high raﬁegn' The type ofv

_'attauk alﬁa takon: two formn, 80 that it oan be cancludaﬁ that

-the anmﬁnium ion i@ not the conﬂrulling factar frem the COrro=

aion ﬁtandpsimm. i - |
It d@em ?eauue eorrouian 1n thaa@ oanes of un1~

form - attank wherﬁ it roacts with the aniﬂ radialga but in drop—

eolls it pr@mﬂteﬁ oorrﬁsian by acting ag a;eathaaie ﬁbimuiater,

: Gn,the Whmle.‘thareforﬁ,:iﬁ ia'thﬁ aeiﬁ'nnien that controls

| tha aerroazan, pgince it determinea the natura of tho attaek -

whether by arﬂpoeel s or by dir@et attaek, acenrﬁing ta the

conﬁanaatian, and tba magﬁituae of the total lcsa in waight

| hg SOrPOLive 20300
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 atare

- aren of heat transfer surface, sq‘ft.
- opesific heat at constant pressuro, Eat.ua/glb)(°r).
”,ﬁ&ﬂmetﬂfg PLa v
- individual coeffiai@nz of hoat transfer a
. Hmt.ua/(hr)(nq,ft)( g)

-uthermal @onduatzvitj, B@t.ua/(nr)(ﬁq.fﬁ)( r/ft)
« thloimess, fHhs
« longth of heat tranafer surface, £t.
—quantity of heat, B.T.u. oo
- Lemporaturo, 9F.
- avarall coaff;naent of hnnt transre

Eut “a/(h?)(BQafﬁ){ F)a

A ™
6 -
h -

Sy b
(O ez §

”@mpa of roaling water - Inlet NP 17a6ﬁ G
| L. Outlet ... 18.099C
L HOan ss000 1‘?@8*7@6 (64@2@F)
. Rate of flmw of 6ooling watoy s.... 255 ¢ .c./mina 1
TQ@@!‘&@U!‘@ 2’19@ Ghuﬁuqbava"v ituovOc ? :
' “@t&l heat wwmave& in Wator se..ess 120 eal/hin.v

= l 20 x 60 _
"352 :
. ‘ _ 28;6 Egtoue/murn
Qo ® U, A«I. T - Lamperatura differanae, |
Ue 0, |

BT ._v\ ;_

1. s A ";g. . (76)
UeR ﬁ;K Bk, E A E.A, B,

?he wall @r the Lost plece is 5@ ﬁhin that the difr@raneea in
tho arcag ave nogligible. ' _ , N

(a)
' f?f)ﬂ
' Q35 X %/
£ 9.25 % tez»s)/s - a
613 | | |
WGP ateal lpz fomlfo & 3. =k, ®26.0 {78)
. o 0 5600 | N

B ]

For Pargpex -'umox/z z_1 K sa) * 0.12 (78)
| Eﬁ 0.12 1440 (“@11“1“ )

ﬁ‘wha c@efficiﬂnta of ‘heat transf@r for th& gaa and con&enaing
~vapour are 6ambineds _

%a;ﬂ ';

ge Ry
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From eguation (o),

e 3. ( 1
 hy, 3091 7 (5000 T 1445 a5 6‘”"2“1« ")
' g = 0,255 "'fﬁgﬂﬂﬂg + Qaﬁ@ﬂy + 0.61633
2 0,238
h B Le2

N

3 .o s

‘cooling wator
' , t§J; '

B

‘ ,Temp. @f cnaling water - Inl@t aaa.,2066306
. - Outlot. s. 21:31% .
HBAN sevsn 212Q70C (59..9%')

Rate of fl@w of aaalinﬂ WALEY esevs 260 ﬁ.c./bin.
Tempﬁfaturﬁ rﬂ&@ EO ¥ KBS oeH ¢ AP B Ry N 0;&&(‘ T
Total hea* romoved in watar srvcaas 15? cal/min.

3 N

252 ‘

w® JG-Q Eeﬁiﬂp/h@ﬁri

ﬁ simxlar ea&culati@n wan mado to that absve.
, "ﬁ o Q»A;T . o ‘
U= “mmag&ﬁﬁzwlﬁﬁﬁﬁm
.3® 4K 10661

o

%gv Ze3iT ( 5005 “Z"”" '1.&:)
L - OaElB

| h - A*ﬁd I

ty = na = 4e31 % 06,1

405
= 98;“0F
tnmmglmaﬁgﬁ

Th@?ﬁ is h@nce a.ﬁifferenae of A;5°F (2;5°c) 1n the mean SuP=-
faee temner&ture of th@ sp@cimen whan tho Anlot t@mp@raﬁure
- 01‘ the emung Hm;cr- ripes by 5.8%' (3«2%% .
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. Number of | Raeject all valusa having raaiﬂuala

- 20

10
- 30

500_

- readings, n ‘grester thanis

(Probabla deviation ef a single
X rending) times '

Lee 1 8 .
' 29
33

. 7

. -'SQB

42

& ;ggg for k for Prg&_g;e Tt yiakimga .ﬁ;#fka}:,;5;_l'

;Number.of |, . Value for
| readingn, n T R
2 1.00
. 3 ) '0a816
4 0.766
5 0.740
6 0728
7 0.718
_IQ 'Ot?OB.
20 0,699
o0 066?4 N






