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SUMMURY

iletallic couples, selected from aluminium, two light alloys,
throe stainless steels and tin, were immersed in T,L, H.T.P,
(sodiun stannate stabiliscd) at rom temperature for pcriods of
up to cight months, In all cases attack above the surface was
initially more marked than belew the surface, in which respect
aluminiwa was tho loast satisfactory. Elcctrochemical attack
ocourrcd below thoe surface and was veory marked in the case of tin
and aluminium, The behaviowr of the three stainless stocls
oxamined under these and alsn under tropical conditions, suggests
that thoy should not be usod as eonstructional matorials for
H.T.P. containers,

% INTRODUCT ION

fron o study mado some twelve months aic of available reports, it appearoed
that little experimental work had been carried out on metallic couples in H,T.P,
W2 and Lovell's cemprchonsive bibliography (Ref, 1) made no specific refcronce
tc work of this ncture, but recognised the necessity for such an investigation
(Pago 12), Oocasi-nal tests had appcared in other reports, Beard ( Ref, 2)
referred to o couple between an Aluniniuy/liagnosiwm Alley (F.L. W, 3310) and
Birmabright 2 in T,L, H,T.P., and obsorvod cvidence similar to that roported
below, but over shorter perinds., Turther results on the same matorials have
been roported moro rocently (Ref. 3). Two combinatinns 5,80 (=V,.28) with L.3%
(commercially pure aluminium) and L,33 (1356 silicon allsy) have boen examined
by Mikolajowski anl lurray (Ref. 4), ZEnhanced decrmpesition end vapnur phase
corr-sion with T,S, H.T.P, (Phosphoric acid stabilised) was roported, GConoper
and Forbes have reccntly roported (Ref, 5 and 19) tho effoct of H,T.P,
stabilised by various rethods (incluling stannato stabilisation) on couples
c-mposed »f aluninium with a 7% magnesium allsy and aluminium with F,M,B,
(18/8 stainless stecl plus molybdonum). Corrosion after €0 days wes very
slight, Beccn (Ref. 6) cxanincd the effect of coupling 99.77 pure aluniniun
with type 321 stainless steel (195 ohromiury, 110 nickel) in tho preosonce of
unstabilised, and phosphate stabilisec, hydrogen pcroxides The aluminium
tended to corrode and corrssion »f both iwetals was more noticeable in the
presence »f unstabilised hydrogen pernxide,

Published information is obviously very limited in scope anc refers to
only a fow specific materials, It hsas beec rme increasingly clear here and
clsewhero ( Refs, 2, 3 and Aprendix 3 ~f Ref. 5) that T.L. hylrogen peroxide
is probably more corrosive than T.S., hydrogen peroxide, and that a stucy of
vapour phase corrasiosn and esrrosion »f netallic enuples in T,L, hydrogen
pernxide is required, It was inlicsated at D.i.E.R,'s infarmal meeting on
8/8/49 (.G, 2,213, P,G. 2(B) 47 linute 1,3) that such wrk was contemplated
anl the report belw roviews the results to date,
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48 the immediate intention was to obitain data on which to base the
design of torpedo components and containers, investigation was limited to
the followin: materials of interest in this respoct: -

(a) Aluniniun alloys

STl 7/L3 (commercially nure aluminium)
S T, /010 (10% magnesium)
STl 7/iW10 (0,65 magnesium 1% silicon)

(v) Stainless Stecls

ST 4e5/V25 (13 chromiun 1% nickel)
S.T..5/V27 (4185 chromiut 8% nickel)
S.T.L.5/v28 (18% chromiun 25 nickel)
(¢) Pure tin
lnalyses of the actunl bateches of materials employed arc given in Teable 1

end analysis of the H,T,P, is given in Table 2, The H,T.P, was supplied
as8 T,L, grade, but the tin content was probably very low,

2, EXPERIMENT..L, WORK

The general arran ement of the first eighteen couples can be seen in
Figure 15, The clectrodes consisted of accurately turncd M diameter rods,
with tho immersed end hemisgherieal in shape to c¢litinate edgoe effects, The
tin clectrodes wore initially cast in test tubes and tnen turncd to the
final diameter. The clectrodes were suspendec by thick aluninium wires from
terminals arransed in pairs, each alternate pair being shorted by an
aluminium strip, Each pair of clectrodes passed through a pliable P.V.C,
cap into a 250 ml. tall form pyrox beaker containing a definite quantity
(170 mls.) of T,L, H.T.P, The following volume to surface ratios obtained -

Volume of H.T.P./immersed surface areca of specimen = 8,3 cms,
Voluie of H.T.P./surface area of specimen exposed to vapour = 9,7 Cms,

Araa of surfece of H.T.P./surf‘aoo area of specimen exposed
to vapour = 1,45

The caps were noulded from a P,V.,C. paste and fitted tightly over the rim of
the beaker and round the electrodes, 4 third hole lonsely closed with a

P, V.C. plug wes uscd for sampling, This type of closurc is rogarded as
ossential in long term tests to provent the ingress of air-borne dust and
funes, It was noticeable that, even in the isolated laboratory where the
couples were standing, the nutsile »f the beakers beceme contaminated., The
fourth couple developed a split in the P.V,C. cap some time after
comniencement and, although temporarily covered with a P,V.C. shect, the
carly onset of cnrrosinn an? the relatively rapid fall in concentration
were attributed partly to ingress of air-borne dust,

The following pickling and pascsivating processcs were applied to the
various materials before use :=

(a) /



(2)

(v)

(c)

(a)

A) and AW10

Degrease in trichlorethylene wapour, Half minute hot
(14 °F (60°C)) 2% caustic soda, 24 hours 1:1 nitrio acid
(1volume concentrated nitric acid to 1 volume of water)., Wash
well, Stand in warm distilled water half an hour, Allow to
drain,

4C10
Degrease in trichlorethylene vapour, Half minute hot %o
caustic soda, Four hours 1:1 nitric acid, Wash vcll, Stand in

varm distilled wator half an hour, Allow to drain.

Stainless Stocels

~ Degrease in trichlorethylenc vapour, Half hour boiling
106 coustic soda., 24 hours concentrated nitric acid., Wash well,
otand in distilled water half an houwr, Allow to drain,

i
3trnd in white funing nitric acid for 18/17 hours. Wash in

warn 5% sodiwn cerbonate for threc hours. Stand in warm
distilled water one hour, Allow to drain.

The appearance of the specimen after pickling was as follows: -

(a)

(b)

(c)

(a)

(c)

AS

= hCouplgs“1 - 6: very pale b rown tett surfice., Couples 19

anc 20: wver;” pole bro.u in patches, .ith revminder ~hite: ot “surface,
Uniform very pale brown natt surface,

Couples 7 to 12: matt white swrface oxcept for onds showing
red-brown streaks, Couples 21, 22: wiform specked red-brown,
This speckling is associatod with tho heat treatment and does not
appaear to alffect compatibility adversely., On the contrary,
it appears to improve both compatibility and corrosinsn resistance,
The localisatinn of the effect in the first group »f electrodes
was caused by gravitation of "spent" acid tc tho bottom of the
pickling vessol, Subsequently the bath was stirred at intervals,

Stainless Steols

Clear, bright surface,

it

Dull surface., Black oxidc spots whero small pits occurrod
in theo casting, TFaint brovn film sver parts of the surface,

. Table 3 gives ~ complcte list of the couples studied, Briefly, the
arrencement wag o8 follows: =

L3 /
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43, AW10 and AC10 were each coupled with V25, V27 and V28, Each couple
0.8e A3 and V25, was duplicated, one of the duplicates carrying en external
conncotion to complete the elecetro-cheirical circuit, Dy this means, it was
hoped that the unconnccted pair would act as - control for the pair with the
complotod circuit, A later proposal that tin should be uscd for bursting discs
ncoossitated the stuly of possiblc combinations of tin and other structural
materials, Accordingly, duplicate pairs of couples were nade from tin with
A3, IW10, AC10, V25, V27 and V28,

Tho original physical con’ition of the 1aterials is of some importance
and is given in Table 1, It has been found from other H,T.P. corrosion
stulics carried nut at this esteblishment = in particular on 3.T.4, 7/AC8
(5 silicon 0,54 magnesium) - that heat treatroent 2y mako a prafound
diffeorcnce to the compatibility and enrrosion resistence of the alloy,

In particular, LW10 chould be fully heat troate’ an® AC10 procipitation
hardened and solution treated., Attention is driwn to the frct that the carbon
content of tho stainless steels is somewhat low, & factor which probebly also
contributes o their corrnsisn resistance, (Cf rof, .1, Chroniun stoels),

For example, = sample of V25 stoel containing 0,28/ corbon, pickled and
pessivated as above, tonded to rust superficially Curing washing after
passivetion, wiicreas no trouble was expecricnced with the V25 stecl containing
0.185 and 0,195 carbon,

The beakers wore taken from stock, washed anl thon allowed to stand
£illed with eoncentrated nitric acid for soveral :oys before use, Over-
glaborate surfice troatments of glassware appear neither nccessary nor
desirable for tests of this nature, The plastic caps wero allowe to stand:
in <ilute hydroachloric acid for several hours and thon in Jistilled water,
B3ath caps an beakers were oven dried before usg, the latter being invorted
to> vrovent ingress of dust,

The tests wore carried nut at ambient temperaturcs botwoen 57°F and 720F
(14 t» 22%C), averaging about 64°F (18°C), Compatibility anl ecorrosien
resistanco of a2luminium and these light alloys, at clevated temperatures
(140°F (607°C)) have been reported previously (Refs, 7 and 8), Tests on
stainless stocls have also been carricd out at these temperatures (soo
Appenix 1), They show those stocls to be virtually uscloss un’cr certain
con’itions becruso of rapid chromium extraction, These results agreo
substontially with the findings of Beard (Ref, 3 anl 20) but cxtend the
stuly to the cxemination of various surfacc treatments., Correct rickling
troatuent can reducc chromium extraction, but appears uneble to oliminote it
conmpletely,.

Concontration changes in the solution werc fHllowel ot intervals by
ronwing a small sample and titrating with N prtassiu permancanate,
Tho pntential liffcerence between the two clactroics was measures with a
valve voltmetor on filling the beakers, 2 hours lator, 19 hours later,
26 hours later, after 2 days, 3 days, and 6 days, anl thereaftor at wockly
intervals, It was found in practice that, aftcr removel of 2 short,
tho E.M,P, rosc rolatively slowly and, in time, woull rrobably have roeached
a value similar t- its partner, JAccordingly, the EM,F's of thc onuples
with external comoctions, i.e, Nos, 1, 3, 5, eto. wore takon arbitrarily
30 sceconds after removal of the short, The visual cprearance of the
specimens was also recorded from time to time.

Light was not cxcluded, but, as far as possible, all beakers in each
of tho two groups 1 = 18 and 19 = 30 wero illuminate? equally, The soocond
group roceive’ light directly from an East window, vhereas the first group
was illuminated obliguely, The difference in rate »f fall in concentration
of tho blanks in the two groups probably arises from this cause (Ref, 8),

S
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The first 18 couples were hrersed for 36 wocks and the remainin
12 (tin couples) tor 20 wecks. By this time, the concentration had fallen
in several cases to below 10/ and there appearcd no point in continuing
the tests, The appoarance of the couples at the cnds of theso periods can
be scen from Figs, 1 = 8 and the associated changes in concentration and
potontial difference from the graphs (Figs. 9 = 13). Concentration changos
in the "blarks" appear in Figure 14k,

(a)

(b)

Concentration Chancos

The rate o fall in concentration was initially quite slow in
most casos, but gradually accolerated, causing the graph to
approach the horizontal axis morc rapidly, In the first six
couples (aluminiuy/stainless steels), notwithstanding tho
considerable sodiment, no very rapid increesc in decomposition
occurrcd, The corrngion products of pure aluminium aro only
slightly catalytic, In the casc of No, 19, whore the solution
at the end had the consistersy of pasto, the rate of fall was
naturally very ruch higher, In Couples 7 to 12 (AC10/stainless
stocls) and 13 to 18 (AWIC/stainless steels) the fall in
concentration was usually norc rapid ns thesce alloys aro not quito
so compatible with H,T.,P, ~s aluniniw: cnd the corrosion products
arc probably morc catalytic, Generally deconposition at the steel
clectrode appenred riorc pronnunced than decomposition at tho
alloy or tin clectrnde ond, in onc case whero the stoel corroded
below the surface, (No, 25: ~ large number of small spots can be
secn) concentration fell vory rapidly, The rapid fall in
concentration of No. 23 (AW10/Tin) cormenced when corrosion
started bolow the surfrce, It is noticeable that all the tin/
stecl couples (Nos, 25 to 30) lost sirongth very rapidly
and that, as mentiored nbove, the "blanks", associated with the
second group of trials (Nos. 19 to 30), lost strength rnore rapidly
than the first "blank",

Potential Differenco

The initial polarity of the couples is indieccted in
Figs, 9 = 14 and the usunl convention as regards sign is adopted,
The potentinls were mensured with a Cambridge Ph meter, used as a
millivolt-moter, and the positive sign indicates that this
clectrode wes conncotod to the positive terminal of the instrument,
In drawin: the graphs, Nos, 1 to 18 have scales from ¥0 to + 0.8
volts, No, 19 ond No, 23 (with high negative vnluos) from
- 0.8 to t 0 volts, and the remaindcr from - 0.4 to + O.4 volts,
In couples 1 to 13, the steels were positive to their partners
cxcept for very slight ncgative values in a few cases (Nos, 7,
8, 11 and 12, near the commencement, In couples 19 to 30, the
tin wos nogotive to the other clectrode initially ( with the
exception of No, 19), but polarity later reversed in all couples
with light alloys and -.ith ccrtain of the stecls (Nos, 25, 26,
29 an? 30). The potentinl (iffcrence, whoro no oxtornal
conncction is made, rises slowly and more or less uniformly
throughout the porisd of test, This gradunl risg may possibly
bo associatel with the gradual fall in concentration., More
significance can be nttached to the potontial Aifference whero
the externnl circuit is complcte, In this case, a relatively
suldeon rise occurs wheon corrnsion of the alloy corwences below
the surface ~nd, although not imncdiately visible, inspection a
few weecxs later uswlly reveals some surface blemish,

e/
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If no corrosion of the connected couple occurs, then the
potential differonce romains low ( Nos. 9 and 21), Although

the trond is obvious, once corrosion has oommenced, individual
values of potential differonce may vary considerably, which is
perhaps not surprising in viow of tho incrustation of tho surface
with corrosion products, In addition temperature was not
controlled, but the effect would be small, With regard to the
throo typos of stainless stecls, it may bo obscrved that V,27 (18/8)
remains consistontly positive in all oases, whereas, V,25 and
V.28 oocasionally become nogative, This lod to the on=set of
corrosion in tho case of No, 2?. (V.25/Tin) From this and
other ovidonco (see Appendix I) it has gonerally beon conoluded
that the fully austonitic stainless stoels arc proforable to
others, A comparison of tho potential difference and
ooncontration curvaes roveoals no ovidenco of tho on=-sot of
oorrosion at a particular concontration or, more gonecrally, at a
very low concentration of hydrogen peroxide, If potential
difforonce incroases and tho oxternal circuit is ocomploto,
corrosion of tho nogativo electrode occurs,

(o) Appoaranco

Tables 4 and 5 give dctails of the appearance of tho
eloctrodes after various intervals of time, The stools remained
throughout bright and polished bolow the liquid surface (oxocopt
No. 25) and oxidised superficially up to 1" abowe tho surface
mroducing the usual range of "temper" colours. The tin electrodes
gradually bocameo a light straw ocolour bolow the surface and stecl
groy abova, No noticeable corrosion of tho tin ococcurred. Tho
oasting flaws in tho tin oleotrodes, e.g, No., 29, ocoourred at the
top and as they were outside tho vessel are irrelevant to the
mrosont investigation, The aluminium eleotrodes commenced to
corrodo above the surface within two months and later below the
swface if connected extornally to their partners. No.19
began to corrnde both abnve and below the surface within one
month and eventually filled the vessel with a golatineus
precipitate, The AC10 elcctrodes showed very good resistamce
both above and below the surface for long periods but, if
oonnected oxtornally, pitted seriously onoe film breakdown had
ocourrad, Tho AW10 behaved in a similar manner, Both alloys
were botter than aluminium as rogards onrrosion resistance, but
poorer in respeot of compatlbility, In additinn, the corrosion
products of aluminium arec relatively innoounus, as can be seen
from the comparatively small falls 'n ooncentration even whore a
onnsiderable quantity of golatinoi® precipitate had acoummulated,

4, DISCUSSION

It oan bo seen from the above that corrosive attack above the surface
is different in character from corrosion below the surface, due, no doubt,
to the nature of the corroding medium, Above the surface, after a
rolatively short period, tho gas phase oonsists of oxygen saturated with
water vapour and hydrogen peroxide vapour, In addition, however, this
phase has suspended in it a very fine mist of H.T.P. droplets, Tho
supply of droplets is maintained by tho continual gassing of the solution
and this type of mist oan be seen ococasionally like wisps »f stoam noar the
acooss ports of storage tanks,

Tho liquid phasg was nominally T.L. hydrngen poroxide (30 parts per
million »f hydratod sndium stannato) but probsbly oontained a negligible
amount of tin, As a polarngraph was not available until the trials wore
ncarly oompleted, tin oould not be dotermined with any accuraoy, Couples

Nos./
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Nos. 20 tn 30 were howevor oxamined polarographically (Ref. 9) for tin in
snlution at tho ond of test and, mytwithstanding tho tin electrndes, n» tin
was dotected (1limit of detoction under condition »f tost 1 %o 2 parts per
million), Samplos of T,L. H.T.P, proparod in tho laborat-ry (as describoed
by Wond and Radford (ref, 16)) from unstabilisod H.T.P, adjusted with dilute
sulphurie acid t» an acidity equivalent to 30 mgms, of sulphuric acid per
litre have been found t» contain nn detectable tin after 48 hours in glass
onntainers., (This may be due to ingolubility of stannic sulphate sec ref,
19 pg, 20), Adjusted with nitrio acid in the same manner the tin may or
may nmht remain in solution, Conditions which promote precipitation are
mt clear, but it seems safer t» regard the T,L. H,T,P. used as high purity,
stabiliser~free hydrogen pernxide of relatively low acidity and normal
nitrate content (10 to 20 parts per million as NOz). In this respoot it
may be recalled that both Cooper and Forbes (Ref.”5) and Bocen (Rof, 6)
found that corrosinn of the light allny component »f cnuples was more
pronounced with unstabilised (Becen) hydragen pernxide than with stabilised
samples »f pernxide,

(a) Corrosion in the Vapour Phase

Corrosion in the vapour phase has beon consistontly more
marked than oorrosion of the fully immersed areas, Thoe atmosphero
is not merely oxygenated but is actively oxidising more nrticeably
up to approximately 1" above tho surface, The stoels, for
example, show a whole scries of interference tints, due to »oxide
film formation (Ref, 10) ranging from yellow, through brown and
mauve, to deep blue. As tho liquid level falls, rapidly to begin
with, then more slowly, due to decompositiom, the sories may be
repeated; compare, far example, tho stoels in N, 9 (36 woeks)
and No, 27 (20 waeks), Normally, theso interference colours are
n»t observed at low temperatures »n iron., Oxidation in this
temperature range probably nccurs (Ref, 11) predominantly by
diffusion »f the nxygen to tho substrate, through the initially
formed oxido layer, rather than by diffusion nof the metal ions
cutwards to the oxygen, which would thus cause external thickening
of the nxide film, At a later stage in these trials bronzing of
some of the steels bolow the surfacoe (notably Nos, 4, 9 and 10)
also nccurred, presumably dusc tn thickening »f the oxide film in
ocontact with the liquid taking place at a muoh slower rate than in
tho gas phase,

This heavy and continuous oxidatinn of tho stecl suggests a
possible mochanism of attack on tho aluminium surfacv, Vernon
has shown (Ref, 12) that oxidation of aluminium ocours by
periodio rapid increases followed by intervals of very slow
change, The nxide film builds up rapidly and then cracks as the
volume »f the nxide is greater than the volume of the paront metal
and the oxide layer, anohored to the substrate, is therefore under
oompression, Recently Bradshaw and Clarke (Ref, 13) have
demonstrated the incidenco of this stress in anodised aluminium
after sealing (but not before) and suggests that hydration and
"plugging" of the pores canses its development, Vapowr phase
gorrosion of thse aluminium would appear to ncour, therefore, by
oxide film formation, "plugging", cracking, fnllowed by further
oxidatinon and a repeat of the oycle. The exfoliated appearance
nf the onrrosion products would tend to support this view, The
vapowr phase attack on the alloys was »f the same general character
but was much more localised and appoarod to follow definite paths
along the surface, As corrosinn progressed on the aluminium the

corrosion/




(v)

o0

corrosion products reached the peroxide surface, absorbed liquid
ard became swollen and golatipous, Evontually thoe products foll
into tho liquid and formed a gelatinous layer on tho bottom of the
container (sec Fig, 1, ocouplos 1, 3, 4 and 6, roading from left to
right), Corrosion is gertainly accelerated by this absorption

mrocoss, probably by olectro-chemical action within tho gelatinous
layer,

If the above mochanism is oorreect, the high concentration of
oxygen in the gas phase plays 2 major role in corrosion, Under
Yorpedo conditions, the containers will, in addition, be under
slight pressure due to spring loading of the vent valve and
conditions ocould be worse than thoso obtaining during these trials,
In order to test this hypothesis, it is intended to carry out
trials in which tho atmosphore above the solution is continually
purged with filtered air in order to maintain only a low
conoantration of oxygon,

Corrosion in the Liguid Yhaso

Corrosion in the liquid phase, whoen it does oocur, is more of
an oleotro-chemical nature, Normally the protective oxide films on
both electrodes would offer very high resistance to curront flow
and the high specifie recsistance of H.T.P, would also limit its
magnitude,

Local surface defocts, which are mrobably always presont
even in the most carcfully prepared specimens, develop, the
protootive skin is broken and a pit begins to form (soo, for
oxample, couples 1, 7 and 13 in particular), At this stage the
effaect of completing the external circuit becomes vory apperent,
A glarmme at tho left~hand enuple in cach of Figs. 1-8 show that
breakdown below the surface has only occurred where the cirouit is
onmplete, Even in No, 20 wherae the pickling procedure left a
(visually) mon=uniform surface, no attack bolow the surface has
ocouwrred, whoreas, this non-uniformity almost cortainly
onntributed tn the rapid eorrosi-n of No, 19, In a gqualitative
manner, the iroidence »f c-rrosion below the surface is indicated
by a rise in the pntential difference to a high value. The
rolatively sudden rise in certain ocases is mrobebly due tn broeek-
down of the protective film at that particular time. There is
thas little doubt that coupling nf different metals in H.T.P,
can loead t» serinus eorrosinn, Onoupling of tim and aluminium is
particularly objoctionable and the casual nbsoervation that
unprepared tin and aluminium elaectroades left in contaet in H.T.P,
rapidly produse a Jjolly »f aluminium hydroxide was nne of the
faotors which suggested the necessity for this investigation.

T8 bursting disos in aluminium »r light alloy oasings aro there-
fore not reoommended, An aluminium bursting dise should be
insulated as far as pnssible from its holder and the employment
nf a thin P,V.C, diso backed by an aluminium dise is roeoommended,

Direot Chomical Attack

Some mentinn appears apmrnpriate of possible onrrosion by
dircet chomical attack on the individual unooupled netals by
HeT eSS In general, an inactive oxide layer appoars to be formed,
or is formed in the initial pickling and thon maintained, In
the special ocase »f chromium steels at tropical temperatures,
howover, direct solution »f chromium in the H.T.P. as a decp
purple eompound is observed ( see Appendix I), This purple

oompryund/
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eompound has been the subject of considerable research over a
period of years amd the latost contribution appears to be that

of Bobtelsky, Glasner, ard Bobtelsky-Chaikin (Ref, 14), They
suggost that the violet compound isthe anion of the well known
blue compound produced from chromates and hydrogen poroxide and
that it only occurs if the Ph is greater than 4.5. Thoir
conclusions refor to dilute solutions but the appoarance of the
violet colour in concentrated hydrogen peroxide is in agreement,
in as muoh as the Ph of the solutions is usually grecater than L4.5.

Compatability work with T,.S. hydrogen peroxide (Phosphorio
Aeid stabilised) has not beon continued here since the deecision to
use T,L. hydrogen peroxide for torpedoes, Corrosion of eertain
light alloys in T.L. has oecurrecd, but no comparison has been made
with T.S. poroxide, Published information »n corrosinn is
virtually limited to phosphate stabilised (T.S.) peroxide, stanuate
stabilised (T.L.) poroxide and unstabilised pernxide, the overall
picture appcaring to be that the latter tw> are more corroasive than
the former, Beard (Ref, 2) specifieally states that he has found
T.L. more cnorrosive to aluminium than T,S. and that the addition
of nitrate does not inhibit this corrnsion (Ref, 3)s Cnnper has
shown (Ref, 15) that the nitrate, however, does imhibit corrosion
caused by chloride ions, He also points out that "There is some
ovidence to suggest that stannate tends, other things being equal,
to oenhance enrrnsion »f aluminium in H,T.P. and this is eonfirmed
by nther tests nnt reported". This remark is repeated in Ref, 5.

Published evidence of corrnsion is difficult to assess far a
number of reasons, The length of time and tempeorature of the
tosts varies (prosont work - & months at ronm tempcratures; Ref,
15 = up to 4 months at 1220F (50°C); Ref, 2 and 3 = 2 months at
room tomperatures; Ref, 6 = up to L wecks at 151°F (66°C) and up
to ? ronths at 86°F (30°C)), The actual analysis of the
materials tested is frequently not stated and s-me of the
gharacteristies of the H.T.P, employed are unknown, As regards
T.L. H.T.P. small supplies received herc in aluniuium tanks have
goenerally been found to have more than 10 ppm, nitrate, very
small arpunts of the specified impurities and high stability,
Acicity however, has usually been low (less than 15 prm, as
sulphuric aeid by titratinon at 10=fold dilution in the specified
mannerland the tin content has probably been low although until
racently this has not beon accurately determined, Information
rogardirng tin eontont is extremely scanty, Normally the tin,
alded as stammuate, is precipitated (Ref, 16 Page 13) and the
practice has been to allow these precipitatinns tn nceur over a
fow days before decanting the T.L. H.T.P. (Ref, 15), The
remaining tin may be ncgligible (Wood and Radford (Ref, 16) quote
a single figure for T.L. of 1.8 ppm, (Speetroscopic))and, due to
the alkalinity of the stammate, the acidity is also slightly
lowered, Precipitation dnes nnt necessarily occur at the same
rate (refor above to the difference between samples acidified
with sulphuric acid and nitrio acid) and since the dispersion is
eolloidal may be influenced by peptising agon in one direction
and polyvalent ions in the other, The Japan A tae
by adding stannic oxide gel peptised with ammonia (ref, 12) may bo
nentioned in this eonneetion, and may, in fact, be a ncre
satisfactory method than adding sodium stannate,

Henee although tin compounds in solutinn night be expected to
eorrode aluminium and its alloys, thore seems little evilence that
they can be present in any quantity under normal eonditions, The
only other relevant features in T,L. appcar to be low acidity and
absence of phosphate, It is suggested that low aeidity may
favour the formation of &}uminium hydroxile or possibly an ilon

air complox (A1*3) (00H™!) analogous to the eomplox (Fe*3)
0CH™") formed by iron in hylrogen peroxide solutions (Ref, 18).
Phosphates/
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Phosphates are well known for their rroteciirs nntion and
phosphoric acid would both meintain scidity :ad vrotect the
metal,

(d) Hydrogen Peroxide Concentration

One aspect of the presen’t work which is somawhat
unzatisfactory is that hydrogen peroxide conconiiva*iors in the
later stages of the trials are very fer removed firom
concentrations ever likely to occur in practice. It may be
that dilute solutions promoto corrosion and *hat, if the
oonoentration is maintained at a high level, corrosion will rot
occur, Again although the pairs without exterial conrections
appear to act quite effevctivoly as “"controls" for the connected
pairs it would be desirable to know vwhether the individual
members of the controls behave in the same way i7" placed
seperately in H,T.P, To examino these possibilities, trials
are in mrogress with single electrodes immersed as before but
in separate beakers, In a proporticn of these beakers the
H.T.P., will be renewed monthly to maintain concoentration at a
level found in practice, Super purity aluminiun (99,96 +)
has also been included ‘o examine whether the 0,76 Impurity in
oommercial aluminium ocontributes 1o the vapovr phase corrosion,
Surveillance trials on small (%5 litres) aluminium lined
containers with stainless s*%esl exit pipes are alsc in progress,

CONCLUSIONS

1. The coupling of differenc metals in H.T.P. can produce serious
corrosion, If two metals are employed, thay schowld be elecctrically
insulated from one another, .

2, Vapour phase corrosion of cluminivm was very mrrked, whoroas the
two light alloys showed only slight corrosion of this typo. The
stainless steels were heavily oxidised irmediately ahove the surface.

3 Tin is not recommended fcr bursting dises, especially in the
presence of aluminium,

L, Stainless steels are not recommended for storagn trnics or parts
thereof, If used, V.27 (18/8) is to be preferrcl and showld be
electrically insulated from aluminium or ligh% allo; conpenents.
Carbon content should be low.

Ly T.L. H.T.F., appears to be mora corresive than the T.S. variety
and its oontamination resistancas may bascome low dve %o tho
precipitation of the stabiliser. As phosphates are krown to confer
definite protootive action, it would sesm worth while ascertaining
what quantity of phosphete could be added, in conjunction with
stannate, without unduly shortoning the life of the catalyst,
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NOMINAL AND /CTUAL COMPOSITIONS OF ALIOYS

USED FOR COQUPLES IN H,T,P,

Alloy > Nominal Actual
Specification | Composition Batoh Condition Remarks
Composition
STL. /A3 A 99,66 Fully Oouples 1-6
Fe 0,22, 0.26 | Softened T.E.BE. Reg, No,
Si 0,16, 0,16 S.S. 4T
Mn < ,02
Mg < .02
Zn < ,05
Cu 0,05, 0,05
Fo 0,21 Fully Couples 19, 20
Si 0,19 Softened T.E.E. Reg, No, 202
Mn < ,O1
Mg € .0
Zn X .02
cu ¥ .0
Sn {',04
ST4.7/L.C0.10  |Mg 9.5/11.0 | Mg 10,00 Fully Heat | Couples 712
31 0,25 Si 0,18 Treated T.E.E. Reg. No.43
Fe 0,3 Fe -
Cu r15 Cu 0,07
Mn - Mn 0,25
Mg 9.84 Fully Heat | Oouples 21=22
S 0,16 Treated T.E.E. Rog. No.
Fo 0,23 166
Cu { .10
Mo € 1)
STA.7/L,10  |Mg 0.5/1,25 |Mg 0,59 Fully Hcat | Couplos 13-18 amd
Si 0.75/1.3 | 811,06 Troated 23, 24
Fe O, Fe 0,27 Note: low
Mn 1.0 Mn 0,03 manganese T.E,.B,
Raeg., No, 167
STA.5/V. 25 ¢ 0.18/0,25|¢ 0,18 Hardenod Couples 1,2,7,8,
Si 0,50 Si - ard 13,14
Mn 1.C Mn - Tempered T.BE.E. Rog. No,17
Ni 1.0 Ni 0,60
Cr 12,0/14,0 | Cr 13,2
C 0.19 Hardened Oouples 25, 26
Si 0,58 and T.E.E. Batoh No,
Mn 0,53 Tomperad G.P.4
Ni 0,53
Or 13.1
STA.5/V,.27 Jd 0,20 c 0,12 Fully Couples 3, 4 9
i 0,20 Si - Softonod | 10, 15, 16
Mn 1,00 Mn - 7.E.E. Rog. No,
Ni 8,0/10,0 [Ni 9,6 17
Or 16,0/20,0 |Cr 18,3
¢ 0.8 0,15 Pully Oouples 27, 28
Si - Softonod 7?.E.B. Batoh No,
Mn - @.P.10
Ni -

G 170 Ve

ocontd,



TABLE 1 (oontinued)

Alloy Nomi ]:L'l 1 {xC tual . )
Speoi- Composition Batch Conditinn Remarks
fication Composition
STA,gé g 10,25 C 0,14 Hardened and Oouples 5,6,11,
«28 si 0.1/1,00 si - Tempered 12,17,18
¥n 1,00 Mn - T.E.E. Drg. No.
Mg 400/3,0 Ni 2.57 5
Cr 16,0/20.0 Cr 16.4
¢ 0.19,0,21 Herdened and Couples 29, 30
51 - Tempcred T.%.1. Batch No.
Mn - Gl
M t:82s 1o8L
Cr 16.9 17.2
Sl Al — .
TIN Sn 29.9 + Not less than Block tin Couples 19-30
9%. 90 cast T.E.E. Reg. No,
91
T..BLE 2
COM OSITION OFF T.L. H.T.>
T.5. 5. BLTCH NO, 2 WIFCEIVED 12,7449
Concentr~tion ' % w 85.6 85.4
W
ILcidity mgnsHo S04 per 1 - 115
Nitrate npgms NO, per 1 194 10.5
Tin nms Sn” per 1 - -
Chloride mems C1  per 1 Os:5 -
Sulphnte mpmasH SOLL ner 1 1.0 -
Iron mms e rer 1 0. 04 -
Copner mpms Cu ner 1 0.03 -
Thosphate mgms 0, per 1 . 0.4 =
Stability ces oxyf#cn/cc/24 hrs. at 60°C s 3 2.2

NOTE: 1st results October, 1949
2nd results February, 1950,
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1
TECHNICAL INTELLIGENCE CENTER (OP-322-F2) - NAVY DEPT - WASHINGTON D C

AEC

Air War College
AirDevRonOne

Army Msp Service
AS ESB

BAR

Buler-TD-412
BuDocks

BuMed

BuOrd Tech Library
BuOrd Secret Files
BuShips

CADO

CIA

CinCLant

CinCNELM

CinCPac
ComPhibGrpOne
ComServPac
ComSixthFlt
ComSubLant
ComSubPac

DTMB Aero Lsb

DTMB Tech Library
EngnrCenFtBelvoir
EODS Indisn Head
Hydrogravhic Office
MID

Munitions Board
NACA

NADC Johnsville
NAMC Phila

nls 4

NAﬁTS Lake Denmark

NATC Patuxent
NATU NAS Quonset Pt
NT8 Newport

NBTI, Phila

NEES Annapolis

NEL San Diego

NGF Washington

NMCS Panama City Fla
NMRI NNMC Bethesda
NOL

NOP Indianapolis

REMARKS:

L}

N a2
[%

Norf Nav Shpyd
NORTLO MIT

NOTS Inyokern Calif
NOU Key West

NPF Indian Head

NPG Dahlgren

NRDL San Francisco
NRL

NUSL New London

N Y Nav Shpyd
0CSig0

ONR

ONR Boston

BNR Chicago

ONR New York

ONR Pasadens

ONR San Francisco
OpDevForLant

Ord Tech Musenm

PG School Annapolis
Phila Nav Shpyd

PIC

RDB

SADD Key West

San Fran Nev Shpyd
SeaBee Center Pt. Hueneme
Spec Dev Can LI
SPIA APL JHU

TRDS Ft Eustis Va,
USAF
UndSecNavAsstR&D
USCG

USMC

WSEG

CIA

Op-

SECREL

Underscore Addressee -- Reference to the right,
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TABLE 4 (Contd.)
Apoearance of electrodes Nos. 1-18 at different times after commencement of test X
o = T o TR B A T L G B | e i T T e [ ) -:..x.;\\szum Weels
No. Couple L, Weeks 11 Yeeks 20 Teeks 26 %eeks 30 ‘feeks (see Figs. 1-8)
AC 10 <.Mm;\ AC 19 ﬂM‘oWMMWMi\ HWo change No o:&d@m UHHde localised wdd%wﬁ.r- As before. WmeM.MMmmmMmNii -cﬂwHHMmd;wwmwmm:on<w.
13 "whiskery". Slack areas below. Fine
: gelatinous depocit.
External V.28 Brenzed above Purple-blue wmmwsm 4s befcere As before As before Strong coloured rings
connection surface. Few to yellow up to 3" above. Tew spots below.
s, 0ts above & above surface, .ﬂﬂw
belw surface darker rings.
~C 1C V.28 AC 1o very slizht No change Neo change As 11 (see wwo<wv As before Attack aleng szmm above
12 attesk. 1 spot surface. 1 suall spot
tclow surface. below.
Ne external V.28 Broazea abcve As 11 (see abeve) As before As befere As befcre Strong colecurea rings
connecticn surtcce. Lerge abcve.
s»0t awove &
an>ther oelcw
mcHw:om.
AT 10 V.25 AY 10 No cheige o change  Very slight attack 3% eforw. . . . e berape. Aibwk dions. = bung bleck 5i0 sk webmre
15 Above liquid surface. Attack high above liquid dgefinite lines, line, [Fitted on douied enda

V. 25 Bro.azirg atove
surface with

faint soots.

External
comection

Purhle-blue fading
wo yellow up to 3"
avove surface Ludr

Dmﬁrmﬂ dehm.

o change

hs 13 (see above)

AS before with few black

specks.

Sli_ht attack above
Hpmﬁpo surface
As 13 | see above)

surface.

As before, deep blue

As Hu but attack more
noticeable & lower.
As bpefore

As before

above)

As 135 (see

As Dbefore

A7 10 V.25 a7 10 .lo change
14
No external e 25 PRronzin: above
~ connection \:»Huno Zith
aint 300ts.
AV 10 vV, 27 Al lu Tig change
15
External V. 27 Eronziig above
- connecticn suriace with
ﬁ;».ﬁ spcts.
iy AU Z. 1C ko change
& 1¢
o extermal Ve 27 Tronzing ebove
connection surface wvith
.p},d u_oﬁ
) AT 1IC V.28 AT 10 10 n:aﬁ e
A 7
Zxternal ve 20 Brenzing ebove
cennectieon surface with
faint mJOdm
above Gmpo
AW 10 V.28 AW 10 1o change
18
No external Ve 7S Brom~ing above

curface with
faiant ssots
above & below.

cennection

o change

\

As 13 (see above)

No change

sronzing
alsoh
slight.

s Jh;.ﬁn.

only
Two dark

1o change

As 13 (see above)

md% slight attack
at one s»oot gbove
surface.

As 13 (see above)

g > ———————— ety . i S = b

»C/EGT
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mdoqm mpﬂwmom.

Very slight attack above
liquid surface.

& qottled rith
as before.

Bronzed
colours

Very slight attack

above ligquid surface.
As before

Very slight attack
above liquid surface

As before

Very mHHde attack As before w.dmmm above) UHHWTd attack
abecve liquid surface.
As before As befere As befcore, deep blue. Cclours

Slight attack above. TFine

gelatinous Pot.

Bronzed with coloured
rings.

"Attack along lines above.
Good beloi,
Bronzed with waarke

coloured rings.

As before tHP ht attack zwmp up. Very bad o>its at surface
One black spot (") belo: mﬁr on do-.ed end. Slight
surface. attack above. Fine gel

Ppt.

As before As before rings relatively Only relatively slight
pale colouring.

As before As Uaucwmvwcmw R N ,md-|mmprﬁw attack above

Jcondition only.

4s before As before)of all Only relstively slight

colouring.

As before light attack along  olight sttack above.
sowwﬁpro lines above One swall black area
surface. below.

As Dbefore As before, dee) blue. Colours well warked.

above eonly.

well uarked,
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THE COMPATIBILITY OF STAINLESS STESLS WITH HIGH TLST PEROXIIE
(P. T. Corbyn, T. Keir)

Summary

Three stainless steels were found to have poor compatibility
with stannnte stabilised H.T.P. (T.L.) at tropical temperatures
(2:0%F. (607C)) dQue to extraction of chromium. Phosphate
stabilised H.T.P.(T.S.) showed bettcr resistance than T.L.., Pickling
with sulphuric acid or hydrochloric acid enhanccs chromium extraction
and a method of pickling which reduces extraction to & minimum 1is
given, Polishing (follcwed by pickling and passivating) appears
te enhance this extraction.

1. INTRODUCTION

The extraction of chramium from stainless steels by H.T.P. has
occasionally been observed (ref. 1 = stainless stecls and chromium steels).
Usually room temperaturc tcsts have becn carricd out and, as cxtraction
is slow, the full effcct is missed. Beard, howcver, (rof. 2) has
rccently carried out tests at 14OOF(BO°C) and rcportcd extremely serious
dccomposition due to chromium extraction. The catalytic effcct of
Cr ions at a concentration of 1 gm atom pcr litre has bcen shown to be
?ven gr;ater than iron, copper, lcad and silver at similar concentratians

ref. 3).

Chromium ions in solution produce a deep purple colour observable
above a concentration of about 3 mgms/litre. It was first noticecd at
T.E.L. when attempting to condition o pickled stainless steel spring in
T.L. H.T.P. Previous short term tests (not reported hcrc) on polished
specimens had shown no such extraction with T.S. H.T.P. When using a
new pickling proc.dure prior to attempting long term tests on stainless
steels this colour was agnain cbserved and the investigation which
followed is given below.

2, EXPERIMENTAL WORK

Compatibility tests were carried out at 140°p (GOCC) as described
in S.T.R.'s 549, 557 (refa 4 and 5). A pyrex tube containing 30 mls.
H.T.P. is heated in a thcrmostat and the gos cevolved is collected and
measured in a Lunge nitrometers The comnection is then broken, a test
picce 13" x %" x .05" (11 sq. centimetres) is dropped into the H.T.P.
and the test is continued for any desired length of time. Rates of
gas evolution are measured ot intervals.  For the H.T.P. nlone gassing
rates arc quoted as cubic centimctres of gas evolved per hour per cubic |
centimctre of solution i.e. the obscrved hourly ratc dividcd by 30.

For thc test pieces the rates are given as cubic centimetres of gas
evolved per hour per squarc centimetre of surface i.c. the observed
hourly rate divided by 11. Normal practicc is to deduct the hourly

| rate $r the H.T.P. alone from the hourly rate for the H.T.P. containing
| the tcst piecc and then divide by the surfacc arca. This deduction is
| quite negligible in most of the cascs qucted here and accordingly, the

’ results are given without this corrcction. In ~» particularly bad case
for example the actusl rates were H.T.P. 0.9 ocs/hr., H.T.P. + test piece
~ 1540 ccs./hr.

The ratio ees /
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The ratio of volume to surface area was in all cases 2.7 cms.
The following stecls were examiped:-

Specification ST4.5/V.25 - nominally Cr 13% Ni 1%
STA.5/V.27 - nominally Cr 189 Ni 8%
STi.5/V.28 - nominally Cr 18% Ni 2%

~ctual compositions were unknown. The surface condition is stated in
the various tables and the five pickling metheds employed were as follows: -

Prooedure 1. % hour in boiling 10% caustic soda.

16 hours in cold 1:1 nitric acid (1 vol. of concentratecd
nitric acid to 1 vol., of water) with 3 mls of H.T.P.
added per 100 mls., Wash well with warm distilled
water. Rinse in H.T.P. before placing in tube.

Procedure 2. Cold conc. hydrochloric acid + conc. nitric acid in
ratio by volume¢ 17:3 - 3 minutes., 16 hours in cold
1:1 nitric acid + 3 mls H.T.P./100 mls. Wash well
with warm distilled water, ctc.

Procedure 3.  Hot (60°C) conc. hydrochloric acid + conc. nitric acid
+ water in ratio 10:1:10 - 3 minutes. 16 hours
in cold 1:X nitriec acid, etc.

Procedure 4e Hot (6OOC) conc., sulphuric acid + conc. hydrochloric acid
+ water in ratio 3:1:16 - 3 minutes. Worm (40°C)

20% 3 nitric rcid + & cc (per 100 mls) of hydrofluoric
ocid = 3 minutes. 16 hours in cold 1:1 nitric acid,
ctc.

Procedure S. Procedurc 2 but with 1% ant imony trichloride added as
inhibitor.

Each pickling procecurc was followed by the passivating treatment in 1:1
nitric acid. Concentrated nitric acid may also be used without any
apparcnt advantage. No. 1 is normelly adopted at T.E.E. No. 2 is
recommended by H. Walter (rcf. 6). Nos. 3 and 4 arc recommended by Firth
Vickers - the former with proprictary inhibitors. 4s the constitutions
of these inhibitors were unknown they werc not employed. No. & was an
inhibited modification of No. 2,

The T.5. H.T.P. employed was scveral yecrs old and of rather low

stobility. Its analysis (gﬁvun in 3.T.R. 549) shows 9 mgms. PO4 per litre

and acid number 0.35 (mls 166 NaOH per 10 mls H.T.P.). Two batchecs of
T.L.H.T.P. were used, both e very similar composition but differing by
o few per cent. in concentration. The annlysis of one of thesc batches

is given in S.T.R. 568.

Y]

RESULTS

Short term tests (8 hours) carricd out some two ycars ago on specimens
of thc above mentioned stecls, together with the specicl Firth Vickers
steels F.S.L., F.D.P., F.M.B., showed moderate compatibility (Similar
to the rcsults in table 6). Tests were oarried out in T.S. H,T.P. on
highly polished specimens, pickled by Procedurc le Machined surfaoces
arc cncountered normally, however, and at a later date machined specimens
of V.27 and V.28 were precpared for long term compatibility tests. The
pickling treatment recommended by H. Walter (Procedurc 2) was employed
and the results are given in Table 1. Ixtremecly high decomposition retes
were observed (N.B. Satisfoctory materials give rates of about 0.2 = 0.5
ccs./hr./sq. cm. under the conditions of test) and the solution containing
V.28 became purplc,

hLs these oo /
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As these results disagrecd with carlier figures pickling
precedure was suspected and the five different proccdurcs mentioned
above werc applicd to the third of the threc stainless stecls V,25.
Tables 2(4) and 2(B) show clearly thet pickling with sulphuric or
hydrechloric acid (Procedurcs 2 - 5) promotes chromium extraction
causing rclatively enormous increascs in ratce of decomposition.
Procedure 1 reduces this effcct but compatibility is rather poer and
mey deterioratc (sce below)., Chromium extraction probsbly causcs
this poor compatibility but the colcur is not observablc below about
3 mgm/litre,

Tables 2A and 2B refer to T.L. H.T.P. and it was thought probablec that
T.5. H.T.P. would show a better performance. Teble 3 indicates that in
fact T.8. H.T.P. is very much better than T.L. in this respect, but ncne
thc less dccomposition rates gradunlly risc as chromium is extractcd.

Although the purple colcur had ncw been observed several times, the
causitive agent was still unknown.  Chromium was suspected and additions
of quantitics up to 13 mgms/1 werc madc to both T.L. and T.S. peroxidc.
The rcsulting decompesition ratcs arc given in Tebles 4(A) and 4(B) and
shew, togethcr with the colecurs obscrved, that chromium extraction is
indeed one eof the caumes of poor competibility of steinless stecls with
H.T.P. The rate of decomposition, at any particular concentration, rises
gradually with timec and thcen dreps rapidly to zero as ncar complete
decomposition is reached. The solution at th%?gime changes frem purple
to yellew. The T.3. showed nco improvement over T.L. peroxide when
chromium was added direcctly which suggcsts that thc phosphoric acid
tends to repress the extraction of the chromium from the stccls.

On thc assumption that rcsidual acidity causes this extraction an
alkaline wash after passivation was suggested as a remedy. Table 5
shows that this was ineffcctive and agein points to the fact trat
Procedure 1 is the most satisfactory.

Accepting Procedure 1 for further surface treatment of stainless
stecls attention was turncd to the mechanical preparation of the stecl
surface. Buffed surfaccs arc compared with machined surfaces in table
64 nnd highly polished surfaces (finished with "blue back" emery) are
compared in taoble 6 (B). Rather uncxpectedly it was found that
chromium cxtraction was enhanced to some extent by highly polishing
the surfaces. This has also been observed by Beard (ref. 7) in tests
at room temperaturcs.

In the above tcsts V.25, V.27 and V.28 werc used more or less
indiscriminately, as intercst centred on chromium extraction rather than
on their rcspective compatibilities. In point of fact there is little
to chocsc between them at tropical temperatures as chromium cxtraction
can occur in all cases. V.27 (18/8) is probably preferable to the other
two for applications in tempcrate climotes.

although chromium extraction occurs rapidly at high temperaturcs it
has also been observed here aftcr long periods at room tempcraturcs
(ca 60°F.) Beard (ref. 7) has also obscrved chromium extraction in

thC Cold.
4., CONCLUSIONS ... /
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2.

s
CONCLUSIONS
1. Stainless steels V.25, V.27, and V.28 are not suitable for

prelonged contact with H.T.P. under tropical conditions.
High decomposition rates are coused by solution of chromium
iens.

If employed the stainless steel should be smooth turned and not
highly polished. It should be pickled with hot 10% caustic

soda for half an hour followed by 1:1 nitric acid (or concentrated
nitric acid) for about 24 hours.

T.5. H.T.P. appears to he more compatible with stainless stecls
than T.L. H.T.P. at 140°%F. (60°C.) but confirmation is required.

PO/ 8.
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TABLE 1

COMPATIBILITY TESTS ON STAI NLESS STEELS

Gas evolution in ces at N.T.P./hr./sq. centimetre
Total immersion in 81.8% TL H.T.P. at 140°F. (60°C.)

: Surface Surface HeT.Ps B
Material A
Condition |Treatment | ces/co/hre |gour 1 | Hour 2 | Hour 5 | Hour 7
V.27 Machined 2 +OLE e 16,8 174 ) 1947
Sharp edges
V.28 Machined 2 017 1L 15,6 19.4 | 2644
Sharp edges

V.27 Bright surface initially. Bronzed finally. No noticeable
colour in solution after 24 hours.

V.28 Grey-black surface initially. Dulled and rusting slightly
after 24 hours. Solution purple.

TABLE 2A

COMFATIBILITY TESTS ON STAINLESS STEELS SURFACE
TREATED BY DIFFERENT METHODS

Gas evolution in ccs at N.T.P. per hour per sq. centimetre.
Tptal imTIGTSiDn in 8108%) TeLe H.ToPe at lLLODFo (60000)

Material: V.25. #lachined surface.

I H.T.P. Gassing rate ccs/hr/sq. cme
t b S v
Treatment | ces/cc/hr Hour 1 { Hour 19| Hour 20 | Hour 23 | Hour 25
i .010 240 703 v 4 s
2 « 037 6 7 L5 - 65 =
3 +035 7.8 90 - i -
5 .052 17 4 ? e 3

Treatment 1 Solution very slighfly purple
Treatment 2 Soluticn purple

Treatment 3 Solution purple.

Decomposition complete by 22 hours,
leaving yellow solution.

Treatment L Solution purple
Treatment 5 As for 3 .(above)

PTC/EGT

/TABLE 2B




TABLE ZB

(REPEAT OF TESTS IN TAELE 24)

Surface | H.T.P. Gassing rate ccs/hr/sq. cme
Treatment [ccs/ce/hre | Hour 1| Hour 2 |Hour 3 | Hour 4 | Hour 5 | Hour 22
1 048 gl oiE geE 2 3.6 2,8
2 « 060 740 7s1 10 12 12 31
3 .029 16 16 1 i 20 100
! .103 o] A 1) 15 % 65
5 = = - 10 i 21 45

Treatment 1

Treatment 2

Treatment 3

Treatment 4

Treatment 5

No colour.

Purple solution.

Metal showed faint signs of
corrosion after 24 hours but remained bright.

remained bright.

Solution purple initially.
Metal as 2 above.

hours.

Solution purple initially.
Metal as 2 above.

hours.

Purple solution.

remained throughout.

TABLE 3

Yellow

Faint signs of corrosion but

after 24

Yellow after 24

COMPATIBILITY TESTS ON STATNLESS STEELS

SURFACE TREATED BY DIFFHRENT METHODS

Dark deposit after pickling

Gas evolution in cecs at N.T.P. per hour per square centimetre.
Total immersion in 84% TS H.T.P. at 147°F. (60°C.)

Material V.25.

Machined surface.

Surfhos H.T.P. Gassing rate ccs/hr/sq. cm.
/hr.
Lot ccs/cq g Hour 1 Hour 3 Hour 5 Hour 24
1 .19 A 2.1 2.2 4.3
2 i 1.8 1.8 1.9 3.6
) A i 7 2.1 25) 5.6
L‘. 022 l.O = 106 .
5 S lcl{- 2.2 =, 4.5

PIC/EGT




TABLE L4

EITECT OF ADDING CHROMIUM TO H,T .P,

Gas evolution in ccs at N.T.P. per hour per cc. of H.T.P.

81.8% T.L. H.T.P. at 140%F. (60°C,)

Cr added as solution of chrome alum., (Analar)

] Oeheermtratien H.T.P. -Gassing rate ces/hr/cc of H.T.P.
added of Cr ccs/cc/brs [Hour 1] Hour 4] Hour 24 ] Hour 28
mgas/1.
1 ml water 0 aay W11 U3 W41 o4
0.9 ml water 143 .08 1.8 1.6 245 2.5
0.1 ml soln,
0.7 mls water I .08 1.5 1ol 2,3 24
003 mls Soln.
1 ml soln. 13 NoA 3.5 55 6 6
TABIE LB

(REPEAT OF TESTS IN LA BUT USING 84% T.S, Z.T.P.

Amount Concentration HaE:Es Gassing rate cecs/hr/cc of H.T.P.
added of Cr ces/ce/hr ;
mgms/1 ?O;r Hour 4| Howr 24 |Hour 48
1 ml water 0 o2 G352 QRS7 - 0,51
0.9 mls water 143 Sk Tt 1ok 1.9 Biet)
001 mls SOlno
0.7 mls water L .19 146 2,0 2.9 6o
0,3 mls soln,
1 ml soln. 13 .22 53 9.3 13 242
Note: Solution containing 13 mgs/1 Cr nearing

complete decomposition in 48 hours,
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TABLE 5

CQUPATIBILITY TESTS ON STAINLESS STEELS
SURFACE TREATED BY DIFFERENT LETHODS
BUT WASHED IN HOT CAUSTIC SODA AFTER PASSIVATION

Gas evolution in cecs at ¥, T.P. per hour per squarec centimetre.
Total immersion in 81.8% T.L. H.T.P, at 140°7. (60°C.).
liaterial V.28, !iachined surface,

BurPece Bl Ey Gassing rate ccs/hr/sq.cm.

Treatment ces/ce/hr, Hour 2 Hour Hour 6 Hour 23

1 .06 147 241 2.1 2.6
2 5 7.0 8.0 8.5 -
3 A 11 10, 15 1

I 05 8.2 942 8.7 21

5 .05 i 9.9 11 28

Treatment 1 No colour

Treatment 2  Solution purple
Treatment 3 Solution purple
Treatment L4 Solution purple
Treatment 5 Solution purple




SECRET

TABLE &4

. COrPATIBILITY TESTS ON STAINILESS STEELS
WITH DIFFERENT SURY,CE FIIISHES

Gas evolution in ccs at I',T.P, per hour per sq., centimetre.
Total immersion in 85.2) T.L, H.T.P, at 1400F, (60°C.)
Material: V.28, Surface treatment No. 1 with
caustic soda wash ofter passivation,

No. Finish H,7,p, | -essing rate ccs/hr/sq,cm,
%
ces/oc/hrs Hour 1 Hour 2 | Hour 20 | Hour 2.4
Buffed
1 rounded ed.ges 0034 609 703 6. 5 ?o2
. 2 L .OL;.O 3-6 309 30}4- 305
3 ¥ .055 258 3.0 ds2 2.9
4 | Machine finish .0L9 101 ilierd 1e3 1.0
square edges
5 : 025 1.0 o) o2 1,0
6 b .029 2.2 2.5 2.6 245

Test piece, 1-2 slightly discoloured after pickling and showing
slight incipient corrosion after 24 hours. No solutions
coloured,

T/BLE 6 B

(REPELT OF TESTS IN TABLE 6i)

Now Finish H.T.P, Gassing rate ccs/hr/sq.cm.
ces/ee/hr. Hour 1 | Hour L {Hour 25| Hour 49| 5 days

1 | High Polish .0L8 249 345 549 546 648
Rounded edges

2 o .038 2.7 Se2 3.6 51 133

3 % 067 2.9 5! (e 6.1 23

| L4 | Machine finishj OL3 1e3 1.2 1.0 el 2.6
square edges

5 . «051 15 D o2 a7 Lo

6 L O 2 % 141 1.7 2.9

Concentrated nitric acid used for passivating.

Test pieces 1«3 slightly dulled at end of test and the

| solutions became slightly tinged with purple, Noe 3
solution after 5 days was pale yellow indicating near

’ complcte decomposition,

Test piecces 4 =~ 6 vere unaltered,
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