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FCI\E'NCllD 

Thia report de1oribe1 re1earch bein& carried out to improve the 
•torablllty ot ocmcentrated J:IJdrolen peroxide. The work ii beinc conducted 
to'!' tbe ilr rorce under Contract No. a 04(611)-11416, ProJect No. ,148, 
PIJI ~,1..a. 1he oontl'aot proJect otticer 11 1/Lt Ralph rar,nolt, USAF, 

Ah .. Pore Rocbt Propulaioa Laborator:,, RPOL, ldwarde, Calitornta. Tbil 
Quarterl1' Report No. 2 4e1cribe1 the wor1, carried out by Shell Development 
CCWll)l"Y, lller:,Y1lle, California in the period June l to Auguat ,1, 1966. 

Publication ot thi1 report doee not onetitute Air Force approval 
ot tbe report•• tindinf• ot ccnclueione. It 11 rubliehed only tor the 
lll:chanc• and etimulation ot ideu . 

W.H.Ebelko, Cnlonel, USAF 
Chiet, Propellant Divieion 
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/..BSTRACT 

Investigation or means for reducing the rate of decomposition of 
concentrated HP by rem:>ving th~ catalytic clements carried in the HP and by 
reducing the catalytic activity of the various materials ot construction for 
use as containers has been continued. 

For aluminum alloys various chemical treatments have not s\ll"J)assed 
the caustic-nitric acid - hot concentrated HP sequence in achieving miniDlllll 
surface activity. For stainless steel alloys only minor changes in surface 
activity have been achieved by chemical pretreatment. For both tY!)es of alloys 
the chemical composition is a primary factor governing surtace activity. 

Various combinations of inorganic ~on-exchange media have not proved 
to be more effective than ~stannic acid alone in reducing the decomposition 
rate <.1£ the treated HP. Evaluation of HP-90 which had been treated by a 
P-stm 1ic acid bed and stored in aluminum tor approximately 1 year 1.Jhowed the 
HP to have about 1/3 the decoJll)Osition rate of the untreated f'eedstoc . • 

Activities of tin surfaces electroplated onto aluminum have been 
shown to be several times higher than the best tin surface or the ·oeat 
passivated aluminum surface • 
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STmABLE OOHCEN'l'RATm HXDROOEN PmCDCIDE 

Int.~uction 

'nae deeign ot ay.temm eDIP~lll concentrated l),)'dl'Oien peroxide (HP) 
r-.,.u!re.s alk'ffan.ce in one iorm or another for the decomposition of a small 
r,·a~t.ion of the peroxide in the syate11 tankl and lines. For syetems intended 
tor lOl1I term 1toraae UD!er se led condition, this allowance m.i,t be in the 
torm ot ullage ll)&Ce and vessel va.11 str,engtb in order to confine the gas 
liberated. by 4ecoap,sition ,of the peroxide. The present investig.ation has 
been concerned with meane of reducing the am:,unt of decoq:,osition ot concen­
trated HP whioh would occur w!er storage conditicna as a result of 1) dia­
aolved and suspecded contaminants in the liquid phase, 2) catalytic activity 
or the container surfaces submln-ged 1n the HP and 3) catalytic activity of the 
container surfaces not ,ubmerged but 1n contact with the vapor from the HP. 
Aa in 'the previous repoi·ta trom these laboratories on this subJ ect the 
d,ecoq>oeition rates stemiog trom these so\U'cea will be separated whenever 
possible aod will each be treated a, ti"".'st order reactions with respect to HP 
ooncentration. The as9Wll>'tion that the reaction is first order rather than a 
hicher or a zero order will cause no significant errors 1n decoJll)Os1t1on 
~alculation, u long u minor chaqres in HP concentration occur. In CODl)Sring 
aurtace activity measurem:its nde with HP-90 and HP-98 differences n.:y appear 
it the autual ren.ctio11 .mechan18m u other than first order in HP concentration. 

In the following data, theretare, the rat constants for the hom::>­
geneous liquid phue deconweoition will be designated k1, that for the 
heterogeoeous reaction on .1\lbmerged a\U'faces will be designated k,a and that 
tor the heterogeneous reaction on non◄ubmerged surfaces will be designated 
k:,. In 11.ne with previous meuur.ementa an Arrhenius type activation energy 
will be u~umed to apply to all three rate c.onstants in extrapolating and 
coq,e.rtn,; rates at various temperatures other than those specified for the 
particular meuurement. .In all cues the rates are determined by gas evolution 
metho:11 instead <ii chemical analysis since the expeci.,cd change in composition 
in m:.iat samples is too small for the latter method to give accurate results. 
'lhe gu evolution method alao allova for differential rate determination during 
the course or observations. 

ObJl!Ctivea ot the Program 

The investigation of methods ot purification and stabilization of HP 
an4 means of preparing and puaivating inactive surfaces tor contact with HP 
will M .mt inued in order that storege of concentrated HP in sealed containers 
ror periods up to 5 years might be feasible. 

The .acope of the investigation will be: 

1. To continu" laboratory investigation of ion-exc~e, distillation 
and recrystallization techniques tar purification of 90~ to 98,~ HP in order to 
reduce the rate ot hom:>geneoWJ de onq>o1ition; 
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2. to continue laboratory investigation of tin plating on aluminum 
and on steel in order t o achi eve inact ive tin sw.•faces; 

3. to investigate additional materials of construction which have 
attractive physical or chemical properties for tentative use with concentrated 
HP; 

4. to continue laboratory investigation of means ot passive.ting 
surfaces of materials of construction tor intended ust: with concentrated HP; 

5. to develop ion-exchange equipment !or processing quantities of HP; 

6. to demnstrate with saqilee of HP of 5 gallon size, stabilized 
and stored at 25•c, the various purification techniques and surface coatings 
developed 1n the laboratory studies; 

1. to continue the observation of the storage samples already in 
existence which are deaonstrating stabilization 1'ormulas 1n HP-90, end which 
are stored 1n pyre::, aluminum and Kel-F lined aluminum containers. 

Observation of Previously Stored Sag,les 

1-bni taring has continued of the 1amples 1n 5-gal containers ,lbich 
were placed 1n storage a year or mre ~o. Since the previowi quarterlY report 
only one sample has shown a si£ni,ficant change 1n trend - the sample vi th the 
initial concentration ot l 'llf!,/1 as tin. The decoq,osition rate ot this sample 
a.wears to have leveled off at about the same rate as three unstabilized 1amples 
after having increased steadily during the previous year. Thia wuld imply that 
the effective complex ot tin am metallic ions had been reduced to near zero 
with the exception ot the tin-aluminum coq,lex. 

According to Hood et ala) and Le\na and Waltersb) the precipitation 
of the tin--aluminum complex beg1.ns when the mlecular ratio of tin to aluminum 
is reduced to about 8 or less by increase in aluminum ion concentration. For 
the above example this would require only o. o, ~/1 of a1um1.nt,~ Alt.bough the 
original analysis of this feedstock shwed lees than o.~ .,./1 of alWDinum, 
the higher concentration would be easily attainable in HP-90 in an aluminum 
vessel. 

The 3 unatabilized &8.JXl)les aho\fed slight increases 1n decoq,os1t1on 
rate about 6 m:mths ~o and apparently are remaining conrlaut at that level now. 

The 2 samples stored in tin plated vessel.a and the 2 eaq,lea vhich 
were treated by ion-exchange have been discontinued and analyzed. The results 
are shO\-m 1n Table 1. Chemical analysis tor HP content w agr,eed well with 
that calculated for the aaapla on the basis or the total , .as evolved. Chemical 
analysis for tin showed the HP in the tin lined vessels bad picked up 4 '/fC/l 
m,re than the am:>unt added as 1tabili1er, presumably by c01To1ion of the tin 

a) Hood, a. c., Evans, I. J. arid Pierotti, o. J., tiid. §ii. cliem. g 1212 
(1958). 

b} l.ewis, T. J., and Walters, T. M., J. Ai,pl. C~\E:ID. !2, ,96 (1960). 
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surface. In one case the increased tin and added stabilizer was apparent in 
the observed evaporation residue; in the other sample the evaporation re~idue 
was similar to tbe original indicatine that some precipitation must have 
occurred to renove material from the sample. 

Analyses for tin in the t"10 ion-exchange treated samples allowed a 
loss of over ~ of the am,unt added as atal>il1$er or present in the original 
feedstock and all of the am,uni. picked up during the treatment. In both 
samples the evaporation r'!sidue was less than that in the untreated .feedstoclc 
indicatinc that material equivalent in weight to JD:Jre tba.n that added u 
stabilizer had pr cipi tated or bad been rem:>ved during the ion-exchange 
treatment. The amount of aluminum ( 0.1 ~/1) 'tilhich would have 1>een irequired 
to form the insoluble aluminum-tin col!!Plex was not found missing from the 
original. content but could easily .have been picked up from the aluminum 
containers used !or storage vessels. 

Sall!Ples were taken from the aoove 4 storage vessels and decomposition 
measurements were nmde at 1oo•c. CO?Tection was 111Bde tar the contribution a.de 
by the sample test nask on the basis of pretest measurements with a standard 
feedstock HP. These values were then extrapolated to 25•0 in order to compare 
them with the total decompos!i.tiu~ measured in the 5 gal containers. The 
difference is preEnl!Ded to be due to heterogeneous deconp:,aition occurring on 
the Sl.ll't'ace and, after division by the surraoe to volume ratio or the conta1n,ar, 
gives the values f(!)l' the ,rurface activity, Jr.e., at 25•0. The values for ke !01· 
the tin-lined oontainera are 26 and 67 times as active u the lowest value 
obtained on tin whioh had been electroplated onto tin ·metal .. The value 
similarly calculated fc,r the p;yrex container (ample 1019-B) ia ODly approxi­
mate since wide wriation in the total deoolll)Osition ·.-as mea.eured prior to 
this sampling. 

The wlue for k.2 cal0\1lated .for the 1260 aluminum vessel ( ■BJll)le 
1022) is also 14 times as hith as the best ftllue Gbtain..A. ror 11.260 aluminum 
atter ccmtact with hot HP 'but in l'teasonable agreement wd. th that tor 126·0 
aluminum prior to this treatment. An add1 t1oca1 measurement waa obtained on 
this particular c<X1tainer in ·a previous test ( sample 1019) .in ,mi.ch the BP wu 
observed and later transferred tei> the pyrex veaael u sample 1019-B. '81\lJll'.tni 
that essentially all or t.be decOJll)Osi tion 'WU the haqeneoua deooq,o !ltion in 
sample 1019-B ( as co.ntll.rmi by the agreement between the calculated rate for 
25•c as compared to ... .he oriiginal measured rute in this ve eel), then the 
wrrace activity caI.cun.ated for sample 1019 1a yery uearll,y the ■ame aa that 
calLcu!l.ated for 1aq,l.e ll022.. Tbe difference ~ be :real and indicates an 
improvement with time. 

The boncgaoeous decolllp(l)aitian of the ·-weated m» abown 1n •~l• 
101,9, 1019-B an1 1022 !Lmicate. that i.n;,rovement 1n the stabillty of ·the HP 
feedstock wu ·accOllll)lilBhed by the tr•tment with f>,9tann1c ·acid. The bom:>­
geneous decomposition rate of the teeda~, extrapolated from 1188G .trementa 
made at 1oo•c, was o_."064 yr-1 at 25•0. The aeoond 18JJl)le .Pl'fl>&red by ion­
exchange treatment of this 11eedstoclt showed ,a .bo11K>geneous aeool!lp(l)sition of 
0.001:7 yr- ;. at 25•c indicat:Lqg an lnp-o~ement by a fiactcr or 4 oer the 
unstabii.liz«l \V\llue ·but onlly a tactc,r or about, 3 wer that :ach1evec1 vt"th the 
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1ame level ot 1tabili1ation of the original. Thia rate of honx>geneous de~om­

poeition 11 not aa low a, can be achieved by other means of purification since 

the HP uaed in 1uplea 1023-B and 1024 aa well aa that atored in p:yrex ( sample 

101,-.&), vbich vu from a different method of production, baa shown homgeneous 

deooap01ition rates or 0.0003 to 0.0007 yr-1 at 25•c. Additional samples of 

HP purified by the ion-exohqe technique will be prepared tor storage in the 

Mure. 

Purification of HP 

In order to reduce the decompoai tion occurring in the liquid phase 

the 1uspended and di110lved catalytic elements must be complexed in such a way 

tbat their catalytic et'ticiency is nullitied or they must be removed from the 

aolution. The chelating ag9nta 10 far found effective for use with HP do not 

0011plex all or the 00111110n catalytic ions roum in HP or at least do not com­

pletely eliminate their catalytic activity. Therefore methods for further 

purit'yinl the HP and remonna the auapended and disaol ved material are being 
puraued. • 

Ion Exchge 

larlier aucaees vi th the use of the insoluble alpha-- and beta-stannic 

acid as inorganic ion-exchange media baa been followed by examination of 
several other insoluble inorganic solids potentially effective for this purpose 

with HP. Several oombinations of these agents have also been tried on the 

U1U111Ption that one acy be a better anion exchanger and another a better cation 

exchanger thereby affording the beat chance of rellK:lving both types of ions. 

In thia ~ the catalytic chromate ion might be absorbed. 

Teats of several different compounds and combinations completed in 

this quarter are shown in Table 2. The nx>lecular sieve 5A previously used gave 

an effluent having a relatively high pH. This material vas treated with l p 

nitric acid in an attempt to reduced the pH of the efnuent to a IIK:lre usable 

range. Although, aa shown in Table 2, the pH was reduced by the above treat­

ment, it waa still too high for practical use and the stability of the effluent 

waa only slightly improved, A stronger acid treatment would probably break 

down the cellular structure of the mlecular sieve. 

A sample or ~stannic acid (batch No. 2) which had been used as an 

exchanger until it became partially inetfective was given a regeneration 
treatment with 7<1,; nitric acid, washed well with ion-exchanged distilled water 

and reused with Bee co BP-98 as feed. The effluent showed t sample No. 171) a 

decomposition rate as low as the pretest HP standard and a~oximately 1/3 
that of the feedstock, after allowance of about o.ooo4 day- is made for the 

effect of the test vessel walls. The acid solution used for this regeneration 

was analyzed in an attempt to disclose the type of i!Dp\ll"ities which had been 

absorbed from the HP. The results are discussed later. 

Another bed of 13-etannic acid (batch No. 5) was also treated with 

7(1p nitric acid and then used to treat Becco HP-98 (s8.Jll)le No. 170). This 

also gave effluent with decomposition rat as low as the HP standard used in 

-5-
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Table 2. D!t<ffOSITION RATES OF ION-Ex:CHAKlE EFFLUENT /LT 1oo•c 

- Dec01q:1011t1on,GJ 
Ret Bed S1Ha) lttluent, 

lo.•) AOOUJa1\ at1Ye Saltple pHc) l)ay•l at 100°0 

97N- cc l/d Ill Be6 
1

• UISVb) lo. PretHt I Suple Stabil1Hd 
Vol I 

With lolecular 81e,e 6A, Unbonded, Ao1d Treatedt) 

13 8.6 1.7 360 41 19 131 1.68 0.0011 o.ooas 0.003'1 

With 8-Stannio Aold Solidi, 2 

91) 8.2 6.0 3000 388 4.8 sa 0.12 0.0011 0.0030 o.oou 
(h) • • 3660 446 9.2 128 o.ea 0.0009 o.oou 0.00211 

~lBI • • 3900 478 8 • ., 149 -0.18 0.0010 0.002'1 0.0016 
8.1 8.2 4200 613 16 l'll -1.a, 0.0010 0.0011 0.0011 

..... 
With 8-StaMic Acid Solidi , 6 

231) 'I.& 4.2 300 40 17 1'10 -1.43 o.ooog o.oooa 0.0010 
(g) • • 860 87 17 186 -0.20 0.0010 0.0020 0.0020 

Uitb Acidic StlMiO Pho1ph&te and B•St&Mic Acid, l'J, 1n S.riH - -
19 'l.'l,5.4 S.l 400 '14 2<. 12'1 -0.12 0.0010 o.coto 0.001'1 
(1) • • • 1160 232 2 1'18 -0.43 o.oooe o.oou 0.0016 

Utth a-St&Mtc Acid, S,and s~Stannic Acid, 4,1n a.r1e1 

218) 
• 

6.2,7.2 2.3 600 83 14 134 1.18 0.0012 0.0021 0.0019 

(g ) n • • '100 9'1 10 133 2.03 0.0011 o.oota 0.0021 

• • • 1000 139 9.8 138 2.01 0.0009 0.0046 -
• • • 1100 163 9.0 13'1 2.03 0.0010 0.0043 o.oois 

(1) • • • 1560 216 13 139 1.0~ 0.0011 o.oou 0.0031 

tf1tb ••Stann1o Acid, S. and •8tann1c Aoid, 4,IUlted 

261) 12 8.8 360 29 '1. 8 l8'1 0.11 0.0019 0.0021 0.0021 

a) led aiH •aaured vet with Bl-90 and, therttOl'e, upended. 1/d 11 the :ratio of 

the length to the a,erage d1wter and 11 appraztate 11Me the dlwt•~ ezpeDC11 

near the inlet tilter. ffllare two Nda t.re ued 1n H1"1H, ttw 1/d reter1 to the 

final bed onl7. 
b) Liquid bourlJ 11)1108 Yelocit:y in terM of Nd TOlUMI per bour. 

cl Dire treading with glaaa-Calcael cell•. When ettluut wa1 baaic, greater than 

o. 8 tor Bl-90, the au,ple wat neutraliaed with 1110. Htore aauuring the 

deo0111>011t1on rate. 
d) ValuH are uncorrected tor the contribution l>)' the THNl wall1. the ,rete1t1 

were with a 1tandard atabilised Bl-90 and 1n41oat• that appraztatelJ o.oooe 

daJ-1 11 due t4 th11 BP and the re•1n1ng to the THtel. 1or the tHt IUIIPl• 

the ditterence abon the pretHt plua about G.oooe c1a7·1 11 clue to the auple u. 
e) llectrol7t10 HP-90 VH u1ttd tor tHd exoept llhere noted otherwise. Deo01q:1011-

tton ot untreated teed approxlaatel:y o.oo~ daJ-1 at 1oo•c. 
t) Treated with ~ DO. 1n orct.z- to reduce the pl of the effluent. 

g) Du Pont nonelectrol1t1c Hl-00 used•• teed. Decca,o11tion of untreated teed 
approxtately 0.0034 c1a7•1 at 1oo•c. 

h) BJI in downward tlov through bed. 
1) Beoco HP-98 uaed aa teed. Dec01q:1011tton of untreated teed approxiutely 

o.oo~ u 1•1 at 100•0. 
j) Stannic acid 1ol1d1 were regenerated with 70,,; 1110,. 
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the pretut. Further stabiliaation or this effluent, as well as sample No. 171 
above, was not effective in reducing the decoq>0sition rate below this level. 
Thia bed vu next used to treat du Pont nonelectrolytic HP-90 (sample No. le6) 
but only reduced the decoq,osition rate by a factor or 2., a!'ter allowance of 
about o.0004 day .. 1 ia made for the effect or the teat vessel walls. 

Since previou, tel'te w1 th stannic phosphate alone or in series with 

uaed beds or stannic acid had been without success a t\n-ther test was me.de 
uaina a treah bed ot t3-ltannic acid as the final treatment followinf passage 
ot the HP tbrouah a bed of acidic stannic pioaphate. Both the electrolytic 
HP-9() and the HP-98 f'eedetoclca were iq,l"Oved significantly in stability 
(1Ul)ilea 127 and 176) over their \lJltreated values but apparently not 88 much 
N by the stannic acid alone. 

·' Freab. beds or c;.-atannic acid and 13-stannio acid were also used in 
sciea tor treatinc the three HP feedatocka aa shown in samples 1,3, 134., 137, 
l,S and 1'9. The at.ability of none of these aflDl)les waa improved to the level 
ot the pretest aaq,lea or the samples treated with f>-stannic acid alone. 

The beds uaed alone were then mixed together into one larger bed and 
uaed to treat the HP-98 feedstock (sample 187). The results were comparable 
with those or the beds in aeries except that the apparent pH or the effluent 
was leas be.sic. 

The above results indicate that the ~tannic acid alone is a better 
exchange media than any combination yet tried. This woul~ imply that some 
contem:I nanta were bei11g picked up from the other beds when used in combination 
with the stannic acid or that a shorter length or contact time is optimum 
before 10lution or the media into the HP takes place and thereby introduces 
contaminants back into the solution. Analys~s or ernuent and or exchange 
medi.a in order to ucertain which ions are absorbed have only been partially 

aucceaatul. 

Where the phosphate b~ was used analyses show that sufficient 
eydrolysia occurs to place mre than 40 x 10-e mles/liter of phosphorus into 
solution vi tbout a corresponding amount of tin, as shown in Table 3. It is 
assumed that the tin remained in the exchange bed as hydrated oxide although 
the high evaporation residue or one sample suggests that some suspended 
inaoluble exchange media~ also have come through the final filter with the 
effluent HP. Use of t>-atannic acid exchanger a!'ter the phosphate bed reduces 
the pboephorus content significantly but in these tests an appreciable aDX>Unt 

atill vu retained in the ernuent. 

Stannic acid beds pused variable amo\lJlts or tin through into the 
final ernuent, partly 88 8USPended solid. Since this amount would depend on 
the efficiency or the final filter the mst pertinent data ere the amounts of 
soluble tin in the effluent. 'l'hree saq>les indicate that soluble tin stabilizer 
ia not ablorbed by the stannic acid - one sample indicates that part of it was. 
The degree or coagulation or the colloidal eydrated stabili1er vould probably 
be the controlling factor allowing the tin to be filtered out but not absorbed 

on the exchange medium. 

-7-
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Tbe etannic acid beds appear to reax:,ve part of the !klOsphorus and 
alUll:inum and reduce the evaporation residue content of' the feedstock HP. On 
thla buia it 1a aseumed that otber metallic ions vould also be absorbed 
thereby ;iving the improved stability observed in the effluent. Absorption 
ot the ni.trate and aul.tate aniona appears to be nil. Therefore, it is assumed 
-U.11 chroNte ion would not be reaK>ved by this medium. 

~•• ot the stannic acid solids by spectrometric methods em 
abeld.cal analylee ot 8'trong acid elutiona have tailed to show significant 
11110\Dlte ot iron, chromium ar copper u absorbed elements. The total amunts 
tound in the strona acid eluent of a used bed of stannic acid 'W8.8 the same 
u found in the acid used and in the eluent of fresh stannic acid. Dilute 
tW!?"'ia elutians of ueed beds gave similar results. The concentrations of 
elements found, unaarrected tar that contl'i buted by the acid or base used., 
vb.en cal.oulated on the buia or the total HP contacted with the beds wuld 
indicate concentrations in the HP or the order 10-e m/1 or less. This level 
1a well belov the limit or detection in the HP by direct analysis. 

Di1t1llation 

A distillation unit is being constructed tor preparing distilled HP 
ot 90-90; concentration according to tbe procedure discussed in the previous 
quarterly report under this ccmtract.a) Details of the unit will be described 
attC" it bu been caapleted and placed in operation. 

stuUee ot Container Surtacu 

Surface Activities 

Three additional aluminum alloys have been tested with stabilized 
HP-90 for catalytic activity towerd decomposing the HP am results are shown 
in Table 4. Al.so abown in the table o.re the results of tests on 3 alloys vi th 
HP-96 {as received with 1 •/1 tin as stabilizer) compared to previous tests 
and additional tests on these same samples with HP-9O. Al.so shown are the 
reeults or turthe:- tests on Kel-F plastic am the nuoro-ethylene-propylene 
(11P) Tenon. The procedures ror surface preparation or these samples are 
given in Table 5. 

The activities of' t1e 2014 and 2219 aluminum, after caustic and 
nitric acid treatments, are considerably greate.,;- than shown by the aluminum 
alloys previously tested in this program. This ~s expected because or the 
high copper content of the alloy. Also as expected is the contamination or 
the HP u a result or contact with these alloys, as show by the blank obtained 
after contact. Hmrever, the activity or the 2014 alloy arter contact with hot 
HP even a 9 hour period is surprisingly low. Apparently the corrosive action 
or the HP baa renDved the copper atoma rrom the surface am left a relatively 
pure aluminum oxide film exposed. After this hot HP treatment the overall 
decompoai tion rate is similar to alloy 6053. Alloy 2219 did not respond in 
the same manner on contact vi th hot HP. Al though the activity decreased, the 
rate of contamination or fresh HP in contact with it was relatively fast even 
a) King er, J. M., 'lRPL-TR-66-207., f.ia.ch..f.Ly 1966. 
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Table 4. StnFACE ACTIVITIES IN STABILIZE) HP AT 1oo•c 

Sln"f&ce Decomposition Rate 
S/v Sample HP Blanlc b) 

No. No.c) 
Type Prepar!- cm-i Overall, ];a, 

tion8 D~,.-1 Day-1 cm/day 

181 Al8-2 2014 l luminumd) 1,2,5,6 1.01 0.150 o.CXXi6 ) 0.141 

" II II II 1,2,5,6,7 0.95 0.0156 o.0139e 0.0018 
184 l.J.8-2 2219 Aluminunfl) 1,2,5,6 0.95 1.8 o.008) 1.9 

II II II II 1,2,5,6,7 1.02 0.196 o.142e 0.053 
U6 Al0-2 7039 Aluminum l 2.29 o.}43 0.0010 0.149 

II II I II 1,7 2.97 o.o856 0.0127 0.024 

132 II II 1,2,5,6 2.49 0.0709 o.0003 0.028 
II II II 1,2,5,6,7 4.53 0.0723 0.0090 0.0140 

168 II II d) 1,2,5,6 1.07 0.0562 o.006; o.047 
II II II d) 1,2,5,6,7 1.05 0.0204 0.0063 0.01}4 

174 II II 1,2,5,6,7 2.32 o.o}S4 0.0013 0.0151 
II B1198 II 1,2,5,6,7 4.3() o.~ 0.0314 o.0086 
II Al8-2 II 1,2,5,6_, 7 4.24 o.05et; 0.0063 0.0124 
II B1198 II II 1,2,5,6, 7 4.39 0.0960 0.0050 0.0207 
II II II II 1,2,5,6,7 4.67 0.124 o.006 0.0252 

!6 Al8-2 l.260 Aluminum 1,2,5,6, 7 2.07 o.CXXi6 0.0032 0.0016 

119 Bll98 II II 1,2,5,6,7 1.97 0.0108 o.oa?4 o.0043 
II II II II 1,2,5,6,7 2.22 0.0098 0.0025 0.0033 
25 1U8-2 5052 Aluminum 1,2,5,6,7 2.93 0,0124 0.0065 0.0020 

120 B1198 II II 1,2,5,6,7 2.22 o.oJ.68 0,0024 0.0065 
II II II II 1,2,5,6,7 2.97 0.0145 o,0047 0.0033 
92 1.18-2 ICel-F 6 3.75 0.0191 0.0011 o.0048 
II II II 6.7 4.68 0.0202 0.0015 o.OOl.o 

99 /J.8-2 Tenon FEP 6 6.02 0.0717 0.0027 o.ou5 

" II " II 6,1 6.97 0.0733 0.0011 0.0lll 

a) Surface preparation accord .ng to Table • 
b) For samples without treatment 7 the bl~ is df!'termi.ned before addition 

of the test sample. With treatment 7, arter repeated replacement of HP, 

the blank is determined arter test am remval of the sample. The blank 

includes the hoqeneous decomposition by contaminants and the hetero­

geneous decoq>0sition due to the vessel walls, incl\Xling any contami­

nants absorbed there. 
c) HP-90 from drum A18 with Na,aSn(OH)8 at 34 x 10-e m/1 and H?«)3 at 

69 x 10-e m/1 added as stabilizer, or HP-98 from drum B1198 which has 

tin at 8.4 x 10-e m/1 Fesent as stabilizer. 
d) Test sample is a }-in. diameter disc fitted to a special test vessel. 

Initial blank is obtained by substituting a pyrex disc. 

e) Final blank obtained °b'J transferring the HP to a standard test naak. 

-10-
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Treatment 
Number 

a 

l 

2 

' 4 

5 
6 

7 

8 

9 

10 

11 

l2 

14 

15 
16 

18 

Table 5. DES<JIIPrION OF TR!ATM!NTS IMPLOYID IN 
PR1PlfiAt16N or stiRf Ac!S 

Procedure•) 

Sample degreued in aronatic sol vent followed by a rinse 
in acetone, all at room teq,erature. 

Sample 1Ubmereed in l'p NaOH tor 10 minutes at room temp. 

Sample 1Ubmerged in 1~ NaOH rcr 16 bounJ at room temp. 

Sample 1Ubmerged in 1i HNOs rcr 5 minutes at room temp. 

Sample aubmer1ed in 35~ 003 for 16 hours at room teq,. 

Sample 1Ubmerged in HP-90 ,mtil used tor test, at room 
temperature. 

Sample 1ubmerged in stabilized HP-90 at the teq>erature of 
the tut rar 1 to 16 hour periods, followed by repeat 
treatmenta with trelh HP-90 ,mtil ateMy state conditions 
appear to be achieved. 
Sample 1\lbaerged in tuaed 1teario acid tar 1 hour at 
8o-1oo•c illllediately atter treatment by No. 2 procedure. 

Sample 1ubmrged in~; etbylene-diaminetetraacetic e.oid 
in '3(Yfo HaS04 tor :,0 minutes at 8o--90•c. 
Sample 1ubmerged in lp diaodium etbylenediaminetetraacetic 
acid in '5'fo m«:>s. 
Sample 1Ubmer1ed in tuaed pbthalic ~ride tor l hour at 
14o-15o•c illlllediately atter treatment by No. 2 procedure. 

Saq)le submerged in Viacaail 100,000, then wiped dry with 
absorbent tie1Ue. 
Sample submerged in 85-j, HsP()4 for 16 hours at room temp. 

Sample submerged in 35j H?l)s for 1 hour at 50-70•0. 
Sample submerged in 1; Viacaail in benzene, dried, 
reaubmerged and dried. 

Sample anodized in 25i HsP()4 at 1 amp/ s.q decimeter for 
6 minutes at room temperature. 

distilled water before further treatment. 

-11-
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after 9 hours contact with hot HP. The level of contamination by this alloy 
is 10 t imes greater than that of any other aluminum alloy teated. 

Alloy 70}9 without pretreatment behaves in a manner similar to 1ome 
of the more pure alloys previously tested. The cauatic am ni trio acid pre­
treatment joes not achieve the impl"~v~ment exhibited by the1e other alloy1, 
however. The lowest surface activity achieved ii hich, aec,cn! only to alloy 
2219 among those tested in this proeram. The rate ot contamination or the HP 
is well below that or the 2219 alloy. 

Surface activity measurements using 9a-; HP wer~ contliotinl in their 
results on the aluminum alloys. On the 70}9 aluminum the values appeared to 
increase with time as if adsorption of active specie• onto the 1urtace were 
occUITing. One activity measurement was 'telov that obtained with HP-90 but 
all others were 40 to 2~ higher. Some fluctuation might be expected due to 
the low stabilizer concentration, however, these data do not ahow concluaivel.y 
whether the activity in 98'~ is greater or equal to the activity in 9(1/i,. t-bre 
data were obtained with steel surfaces am these results are diacuaaed later. 

The passivation effect of hot HP on the aluminum aurracea ia shown 
in l'igures 1 and 2. In~• 1 the aluminum alloys 1260, 5052 an.1 6061 are 
shown as tested with only solvent degreaainl as the pretreatment or the surface. 
The values shown ere the total decomposition rates measured over thf;I period or 
time that the sample was in contact with fresh HP, with each symbol represent­
ing a new charge of fresh HP. t-bre rapid passivation vould probably have 
occurred with more frequent replacement o! the HP. 

Figure 2 shows the similarly obtained values atter the aluminum 
surfaces were cleaned with the standard caustic and nitric acid treatment. 
The initial decoq,osition rates in this case ere leas by factors of 10 to 4o. 
For the 5052 sample the intermediate values were not obtained because ot 
experimental difficulties but are presumed to have decreased in a manner 
similar to the 6~1 alloy. The other alloys teated in th:f.• progTam behaved 
in a similar manner with the initial am final values being u shown in 
previc•us tables. 

These curves imply that the chemical action of the HP preferentially 
dissolves the mre active elements witil a steady state condition is achieved 
in which the aluminum oxide prevents further corrosion except at the rate of 
dissolution of the aluminum oxide. 

Additional measurements were made on Xel-F plastic using a larger 
surface/volume ratio in order to olr..ain a value less innuvnoed by the blank. 
The values given in Table 4 show little ch~~e on long contact with hot HP and 
were consistent over a 57 hour test. Although the surface activity is higher 
than the best obtained with aluminum there is essentially no contamination of 
the HP. 

Fluoroethylene-propylene FEP) Teflon, which has quite different 
properties than TEF Tenon, was al.so te~ted over a 28 hour period with 
essentially no change in surfa(;e activity. The surface activity was aigniti­
cantl.y higher than that of TEF Tenon. No contamination of the BP vas epparci.1t. 

-12- Figures 1 and 2 follow 
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Snll"ll other surtace treetinc procedures were tried on 1.260 aluminum 
and on ,01-T 1tainle11 etNl in an eCtort to reduce the surface activities 
below tbo1 prmou,J.y meuured. The relUl ts are shown 1n Table 6. The 
tv!.ouia tr.taenta u,ed are li'HD in T::l:iJ• The stearic acid treatment was 
tried u a potential coatinl •teri&l ray have formed a chemical bond 
with the aluminum. the et.bylenediaminetetru.cetic acid in sulfuric and in 
nitric acid eoluti.on and the phthal.ic aneydride vere tried u chelating agents 
which my bave rem:,ve4 1cae of the active metallic elements trom the 81.ll"faces. 
!he Viecuil 100,ooo&) tr•tment1 vere used in order to test out a procedure 
uaed aatietactorily on am-e dilute HP aolutions elsewbere.b) Phosphoric acid 
tl-Mtment 19 ccwn,JYi uaed u a pickling agent for stainless steel and also is 
a chelating agent. 

W1 th 1260 aluminum, the initial acti vi tiee 21-,asured vere all lower 
than that obtained with 1260 aluminum which had only bP.en degreased with 
;)()lvent, axl4 tbe initial activities meuured after treatment with hot phthalic 
m1)3dride or vith l!D'l'A in 8Ul.tur1c or nitric acid were comparable to those 
ob'l.ained atter tr•tment with ,~ 1003 • Howev-::r, after contact with hot HP, 
only the sample treated with PDTA in 1003 Shoved activity as lOII as that 
obtained atter solvent degree.sing or 1003 treatment followed by contact with 
hot HP. The e&Jll)le treated with phthalic aneydride was only slightly nm-e 
active. The 1aq,ltt anodized in HsPQ4 was leas than half as active as one 
prmously anodised in 15P HaS04 but nm-e active than one anodized in sodium 
stannate and nearly 7 times as active as the nonanod.ized aluminum. 

Stainless steel type ,01-T vu slightly nm-e active arter the EDTA 
in 100s treatment than eithur the aolvent degreased or nitric acid treated 
metal. Thia difference 'JU largely rm:)Ved on contact vt th t.he bot HP. The 
difference may have been experimental error or ray have resulted from a small 
chemical change in the surface. Phosphoric acid pickling gave an initial 
activity aillilar to that mee.sl:red on the nitric acid treated sample but with 
further contact with bot HP the activity increased. The chemical nature of 
this surface Y4.tl different than that oft.le former as slx>wn by its failure to 
become bronzed in color by the 3 hour contact with hot HP. Treatment with the 
highly viscoua water-repellant Viscuil 100,000 succeeded in one sample in 
reducing the surface activity by about }(1,~ but was not a permanent coating as 
vu shown by the significant area which became bronzed in color from contact 
with hot HP. Application or thicker films of this material might incr ease the 
time required £or the HP to reach the metallic surface but wuld also increase 
the explosion hazard since this material in contact with HP-90 is impact 
aenaitive. 

Additional measurements of surface activity have been obt~ined on 
stainless steel alloys arter surface preparation by the degreasing/ caustic 
and nitric acid procedures. The activities in contact with HP-9(). ·am_ HP-98 
are shown in Table 7. • 

a) Viscasil 100,000 ls a dimethyl silicone fluid made by General !i.ectric and 
havioi a viscosity of 100,000 centistokes at 25•0. 

b) Haskell, W. W., Wood River Research Laboratory, Shell Oil Company, 
pri wte communicatiC",1. 
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Table 6. EFmT OF Stm'ACE 1.'RFA:TMEN'l' ON THE SlllFACE ACTIVITY .KT 100•0 

Surface Decompoeition Rate 
Saq,le HP I s/!t 

No. No.c) 
Preparation&) Overall, m.w,b) . ~ Type cm 

cm/d~ i Day"'"1 Derl 

61 1.16-2 l.260 Aluminum o.Ci)a6 . O.OOOC) 0.032 1,2,8 1.90 
" " II ti 1,2,8,7 2.29 , o.io;oc; I 0.0144 0.0012 1 

uo AlB-2 1260 Aluminum 1,2,9 1.71 : 0.iCJ.68 o.oooa o.QOCJ4 
u " " " 1,2,9,7 2.18 0.0164 o.0042 I 0.-0056 

lll J\18-2 l.260 Aluminum 1,2,10 2.~ · 0. 10148 : 0.0009 o.,tY~7 
II II II " 1,2,10,7 2.66 : 0.0093 o.0048 0.0017 

101 Al~2 1260 Aluminum 1,2,u • 1.65 0.0135 0.9009 o.cxm I 

" " I. II 
~82,11,7 2.19 0.()01)8 p.,005, o.~l 

163 AlB-2 1260 Aluminum 2.01 o.0459 
I 

0.0051 o.~o 
II " " " 18,7 2.08 0.0325 O.Olll 0.010; 

144 AlS-,2 301-T s. steel 1,:,,10 1.85 3.64 0.0019 • 2.07 
' 

136 A18-.2 :,01-T s. Steel ~ ,12 2.15 :,.o, 0.0011 .• 1.41 
14:, Al8-2 :,01-T s. steel 1,3,14 2.25 5.47 o.oooc; : 2.42 

Surface Acitivity at So•c 
' 

144 AlB-2 301-T S. Steel 1,:,,10 ) 1.85 1.66 0.000 : 0.91 
---"- " II II II 

1,3,l=i!O r 2.24 1.63 O.a!9 O.'rc? 
1:,6 Al8-?. 2.76 1.21 o.oes ' o.41 :,01-T S. Steel 1,12, 
143 Al8-2 }01-T S. Steel 1,3,14 2.25 1..49 0.000 o.66 

II II " rt " 1,3,14,7 2.76 3.11 0.24} 1.04 
159 .Al 2 }01-T S. Steel 15,16d 2.15 1.16 0.001 0.54 

aJ Surface preparation ~ccording to Table~ . 
b) For samples without treatment 7 the bl is determlned before addition 

of the test sanple. With treatment 7, after repeated replacement ,of HP, 
the blank ia determined atter teat and renmral o.t the sample. The blank 
incl\.des the oomogeneoua deooJll)Osition by contaminants and the hetero­
geneous decoJJl)Osition due to the vessel walls, incl\111.ng acy- contePdnaot.s 
absorbed there. 

c) HP-90 i'rool drum Al8 vi th NaaSn( CJi)8 at 34 x 10◄ m/1 mi Bll)5 at 
69 x 10◄ m/1 added as stabilizer, or HP-98 from drum B1198 which baa tin 
at 0.4 x 10-e m/1 present as stabilizer. 

d) Saq>le surface became bronsed by the bot HP. 

-14-
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I 

Table 1• SlltFACE ACTIVITIES IN sr.A.BILIZJ!D HP AT ao•c 

Surf'ace Decoq:,osition Rate 
s/v,_ Saq,le HP 

Blank,_ij No. Ho.c) 
Type Preparation•) cm-1 Overall., ka, 

Day-1 Day-1 cm/day 

121 BU98 301-T S. Steel 1,-7'1) l.68 1.37 0.000 o.82 
II 11 II II II 1, 7 ) 2.10 1. 31 o.004 0.62 

1,0 JJ.8-2 301-T s. Steel 1,3,5,6,1") 1.83 1.12 0.001 0.61 
II " ti II II 1,3,5,6,7e 1. C3 1.29 0.659 0.34 

129 AJ.8-2 347 S. Steel 1,3,5,6,'rd) 1.72 0.944 0.001 0.55 
II II II II 11 1,3,5,6,7e) 1.72 1.38 0 __ 544 o.48 

118 JJ.8-2 ~55 s. Steel 1,3,5,6 1.74 1.13 O.JOO o.64 
II II II II II 1,3,5,6,7f') 2.39 2.15 0.146 o. 84 

117 Al8-2 Al.mar 18-250 1,3,5,6 1.85 0.074 0.001 0.039 
II II II II 1,3,5,6,7 2.15 0.095 o.006 0.041 

175 Al 2 II II 1,3,5,6,7 1.95 0.187 o.006 0.093 
II B1198 II II 1,3,5,6,7 2.11 0.189 o.004 0.0GB 
II Al8-2 II II 1,:,,5,6,7 2.14 o.086 0.005 0.038 
II B1193 II II 1,3,5,6,7 2. 05 0.112 0.002 0.054 

S\lrf'ace Activity at 25•ce) 

129 Al8-2 347 s. Steel 1,:,,5,6, 7 1.72 0.00588 0.00182 0.00236 

Surface Activity at o•ce) 

1,0 Al8-t.' ,01-T S. Steel 1, 3, 5,6, 7 1. 83 0.00035 0.00010 0.00014 -
aJ surraoe preparation aoool'l:l ing to Table 5. 
b) For samples without treatment 7 the blank is determined before addition 

of the test saUJple. With treatment 7, after repeated replacement or HP, 
the blanlc is determined after . test em r8JIX)val of' the Si:iJDPle. The blank 
inolooes the hoqeneous dec~>111position by contaminants and the hetero­
geneous decomposition due to the vessel walls, including any contaminants 
absorbed there. 

c) HP-90 trom drum Al8 with Naa,Sn(OH)8 at 34 x 10-e m/1 and 1003 at 
69 x 10-e m/1 added as stabilizer, or HP-98 from drum B1198 which has tin 
at 8.4 x 10◄ m/1 present as stabilizer. 

d) Sample surface became bronzed by the hot HP. 
e) Measurements on these samples made at 25 or o•c after the first 

measurement and before the second mea...«r\Jl'ement at ao•c. 
f') Sample surface became purplish blue in the hot HP. 

-15-
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The value for surface activity obtained on }01-T S.S. with HP-98 is 
essentially the same as that obtained on the same sample wi th HP-9(). Contamina­
t ion of the HP in the half-hour co11tact was relatively small. The contamination 
resul ting from other 301 s.s. samples baa been dgnificantly hieher. 

Alloy AM355 stainless steal gave activity values or the same order 
as the 301 alloy after caustic and acid treatment w appeared to increase in 
activity on contact .with hot HP. Contamination of the HP resulting from a 
half hour contact at ao•c was less than that from~ alloy. 

Almer 18-250 alloy showed activity an order or magnitu:te less than 
those above and about half that shown by thi s material with only solvent 
degreasing. With or without the aoid treatment the activity arter contact 
with hot HP i s similar and is nearly the same that of the J.J.mar 18-200 
alloy. The activity of the 18-250 alloy was tested again after standing in 
air for 1 ioonth and showed an activity approximately equal to that or the 
solvent degreased sample. 

Using HP-98 and HP-90 alternately on the above 18-250 sample again 
brought the activity down to the o.o4 cm/day level after alx>ut 16 hours contact. 
The apparer.:t change in activity with time con.fuses the problem or assessing 
any change in activity with HP concentration, however, the final values indicate 
approximat ely 4o',~ greater apparent activity in HP-98 than in HP-9(). If the 
assumed lat order reaction mechanism were in reality a 1ero order, reaction, 
a difference of 10',j in the other direction would be expected. The observed 
difference in activities might be due to experimental. error or the effect or 
the stabilizer concentration. Very little relative contamination of the HP 
occurred in any of the tests with the Al.mar 18--250 alloy. 

One sample of 301 S.S. and one of 347 S.S. were measured in HP-90 
at ao•c and inlllediately artei~ at o•c or 25 •c, respectively and then again at 
80°C. The final blank reading in each case was also measured at 8o°C acd at 
the lower temperature used for the sample. In both cues the final actLity 
measurement at ao•c was slightly lower than the first. From this final value 
and the value measured at the lower temperature an Arrhenius type activation 
energy was calculated and found to be: 

301 S.S. o•c to 80°C E • 18.6 kcal 
347 s.s. 25•c to ao•c E • 20.r? kcal 

These values are in fair agreement with the 18 kcal value previously measured 
in these laboratories. 

Electroplating 

Additional experiments have been performed in electroplating tin onto 
aluminum surfaces. Variations in the pretreatment were performed in an attempt 
to prepare a firmly adhering tin film in a m:,re reproducible anner. 'lhe atepa 
which were varied incluied the formation of a 1inc plate on the aluminum by 
dipping in scdium zincate-cauatic solution or by ~lectroplating sine from a 
zinc cyanide solution, neutralizing the caustic adhering to the sample by 

-16-
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l!ipping into dilute acid betore tin plating, tin electroplating by the 
ao-called ''hot dip", t'uaing or the tin plate and tin plating in sulfuric or 
IUltaud.o acid be.tbs. A number or ~dftivea to the tin plating baths heve been 
qcwted by· varioua experimentersa)b c) and several of theee were also t r ied. 
Other platina procmuru, nuely, platina a tin-sine m:LxturedJ and plating onto 
an ID041sed aurtace,•) vere &110 tried but without the use of: a primary copper 
electl'Ol)late in tJle lattt.r cue. 

'nl.e bauic approach to the problem of applying a tin plate over 
alumlnum bu been to apply first a 1inc film by displacement of aluminum with 
aino through electrochemical action followed by appli cation of a tin plate by 
electroplating trom euli uric or aulfamic acid bath. The preliminary chemical 
tr•taent and the intermediate vaahee are also iDll)Ortant in achieving the 
bonding between metal.a necessary to prevent peeling or the film. 

Pretreatment with caustic, in order to remove the thick oxide film 
on the aluminum, and with dilute nitric acid, in order to fix a thin oxide 
ooat, was a stamard procedure. IDDi reaction time in causti c tended to 
increase the eurtace roughness, which affects bor¥1ing, but does not change 
the nature or surface bonding otherwise. 

A thin, firmly attached film of zinc was applied by submerging in a 
1ocU.um aincate-eaustic batb tor ,0 seconds and was usually found to be improved 
by treating with dilute nitric acid and then rezincating. Whether the zinc 
adheres by a metal to metal bom at this point is questionable but may instead 
be bonded by a coordinated oxygen lin!c si11Q.lar to the aul.t'ate metal network 
believed to be present in anodizfld fi1ms.t) By the latter nxxlel the f i lm wuld 
be noncontinl¥>us, could be improved by alternate dissolution of some ot' the 
■inc and r•incating, and wuld leave a porous aluminum oxide underneath con­
taining some electrolyte and capable c,f reacting chemically to form blisters 
under the succeeding metal plate. The double zincating treatments appeared to 
proDDte better tin adhesion than single zincating followed by zinc electroplating 
in a ■inc chloride-sodium cyanide bath or than zincating followed by electro• 
plating in a 1inc cyanide-aodi\DD atannate bath. The thinner films appeared to 
behave better than thicker ones. Failure ot "c.he tin plate usually occurred at 
the tin-sine i11terface and was evident from blisters or f'rom relative ease ot 
peeling. 

Since the application or the zinc or zinc-tin alloy film was 
accomplished 1n a basic aolution whereas the tin plating was accomplished in 

a) 1'M:idern Eiectroplating", F. 1. Lowenheim., editor, Electrochemical Society, 
1963. 

b) Ollard, E. A. am Smith, E. B., ''Handbook of Industrial Electroplating", 
1964. 

c) "Metal Finishing Guidebook", Metals and Pl astics Publications, 1959. 
d) Davis, P. E., Ordnance, September--October 1964, page 195. 
e) "Suegeeted Method tar Plating Copper on Aluminum", Technology Utilization 

Report, NASA-sP-5025, April 1966. 
r) lt1rpby, J. F., 11/i. Theory tar the Formation ot' Anodic Oxide Coatings on 

Aluminum", Aluminum Development Association I s Conference on Anodizing 
Aluminum, September 12-14, 1961, University of Nottingham, England. 
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an acid bath, the samples were given thorough rinsing and various degrees of 
neutralization in acid baths between these steps. Solutions or sulturic, 
phosphor!.:, nitric and acetic acids were used in dilute oonoentrationa in order 
that the zinc film would not be dissolved. or theae the moat 1ucceaa appeared 
to follow use or l to 'e!~ nitric acid £or 1/2 to 1 m:l.m!te. Without acid washing, 
blisters formed during the tin plating as it aoma o! the cauatic trom the 
preceding bath were absorbed in the aluminum oxide and 1till reacting with the 
aluminum. 

In the tin plating step the recomnended "hot dip", i.e., having t'le 
voltage applied before the aanple is introduced into the bath, was used at all 
times to prevent acid corrosion or the zinc film. CUrrent densities of 0.02 
amp/cri' were used. Stannous sulfate in sulturic acid bath gave good depo1its 
and in aul!'amic acid bath gave better and mre even depoaita. This better 
throwing power or the sulfamic acid bath was enhanced by the use of gelatin, 
m-cresol, dihydroxydiphenyl sulfone, starch and dextrine u suggested by the 
various previous inv&1tigators quoted above. On nearly all samples which were 
tin plated the tin fi:tm was a strong continuous film. One exception was the 
tin deposited on aluminum which had been anodized in phosphoric acid. 

Samples which did not form blisters during the plating procedure or 
which did not yield to ,;1mal.l shear force applied by the erv:1 of a spatula were 
soaked in HP-90 tor overnigh·'- and then tested at 1oo•c in HP-9(). The results 
or these tests are ii-ven in Table 8. The procedures used in forming these 
teat sa°"ln are given in Table 9. 

Sample No. 112, tin deposited on type 5052 aluminum, gave initial 
and final surface activities very sim:11.ar to that obtained for tin ora 1260 
aluminum, as :reported previoWJl.y. Since these activities were hi&her than 
those obtained before on tin electroplated trom a sulfuric acid both the above 
samples were replated in a sulturic acid bath and remeuured. Sample 145 
shows an initial activity somewhat lower than SIJll)le 112 but the t'inal activity 
is essentially the same. The saq,le was greenish-erey in color atter 75 hours 
contact with hot HP. It 11 assumed that some ot the cCAMJtituenta of the 
sult'amic bath my be carried in the tin tilm and into ~~a teet HP in 1ome 

manner in order to give the higher initial result and the chemical clwlee in 
the tin plate. 

Samples 158 and 160, besides being 1inc electroplated prior to the 
tin plating, were heated after being tin plated in cn-der to Mlt the tin t'ilm. 
'nlese samples were then given a second tin electroplate, which was brighter 
and nr.:re crystalline in appearance than the first tin coating. Both 1oples 
retained their metallic appearance during the hot HP test but No. 158 developed 
blisters over a large portion or the surface. Saq,le No. 160 developed a few 
small blisters and showed a surface activity or the same magnitule aa the 
previous saq>les. Analysis of the HP arter 18 hours contact at 1oo•c ahowed 
less th&n o. 01 ~/1 of tin. Since no stannate stabiliser was added appearance 
ot' tin in this sample would have indicated corrosion ot the plating. 

I 
I 

I 
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Treatment 
Number 

21 

22 

25 

Table 9. TIN PLATitll fROCID~ 

Procedure 

Samples submerged in 2/o NaOH for 2 hours I then in 2i m«>s for 

10 minutes, then zincated. Samples 1incated in 16'~ NaaZnOa -

4'1,~ NaOH solution for ,O seconds at room telll)erature. 

Samples were then rinsed well and submerged in 'lp ~ tor 

1 minute. Samples were then sinoated again, rinsed and 

sul:merged in 2 1003 for 1 minute ~ain. Samples were then 

electroplated by submerging in 6.4i stannous sulfate - 5.0~~ 

sulfamio acid - o. 5,; dihydrexydiphenyl sulfone solution with 

the current on and maintained for 6 minutes at room t ,empera­

ture at 0.022 amp/cm2 (20 amp/sq rt). Samples were then 

rinsed well and submerged in HP-90 for 20 hours. 

Samples previously plated by procedure 21 were given an 

additional tin plate by ,ubmerging in 5.0~ st~us. sulfate -

5.(1/J sulfuric acid - 5.0r soc!ium sulfate - o.4~ gelatin -

0.21, m-cresol solution with the current on and maintained for 

6 minutes at room temperature at o. 022 u,;/ cril. Samples were 

then rinsed well and submerged in HP-90 for 20 hours. 

Samples were treated as in procedure 21 through the lat 

1incating step. Samples were then zinc electroplated in 

o.05~ zinc chloride - o.05i sodium cyanide - l l/, sodium 

hydroxide solution for l minute at room teq:,erature at 

0.022 amp/cull. Samples were then rinsed and submerged in 

~ 1003 for l minute and then tin electroplated aa in 21. 

The tin plate was then tused in a furnace at 265•c and then 

tin electroplated a 2nd time. Samples were then rinsed well 

and submerged in HP-90 for 20 hours. 

7 Same as in Table 5. 
L.,_.:__,L. ___ __:===-------- -----------
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The ratea achieved in the above tests are about 1/~ the rate achieved 
in the 5 gal container discuased in a previous section but not as low as 
desired. J~di tional plating ot ti1e tin lined 5 gal vessels will be performed 
in order to obtain this improvement. Plating of an aluminum containE'r will 
llao be attellll)tld. 

Plutio Lining• 

A teu expcrimntal baa liners tor 5 cal containers have been aade 
ot Aalar 5,0 film by aeel1nc the ed1• with a Robot strip seal.er and then 
heatinl vitb a bot air gun in order to make the corner folds necessary in order 
to tit the 01].indrical Yeesel. The top lip seal was al.so made by heating and 
stretching the plutic to t'it the container rim. The high degree ot crystal­
lini ty ot the Aol.ar 3:,C film cauau formation or corner cracks in the bag as 
thue 111111ipulationa are pert'ormed unless the film is properly heated before 
t'onllng. Care mat al.lo be ueed to a"VOid nenng ot the liner arteJ: it is 
place in the oontainer otherwise leaks in the film my be 1eveloped. The 
le11 crystalline grade 22A fil.11 ~ be less susceptible f.o tllie type of 
breakinl. 

The 5 gal "88Sels will be lined and tilled as they are needed in the 

Apparatus will be conatructed in order to apply the ion exchange 
procedure to 5 gal quantities ot HP. Provision will be made for the use of 
t'WO beds in aeries in order t.bat this larger scale teat might be coupared with 
th• laboratory teats. 

A laboratory distillation unit will be completed and used tor pre­
peri.na 90-9&,; HP. When test samples show autticient cleanliness of the unit 
the 5 gal etoreae aaq,lea will be made. 

Tin lined 5 gal v•aela previoual3 used and an aluminum vessel will 
·be tin electroplated in order to prepare vessels tar storage saq>les. 

Veseela ot aluminum lined with Aclar bags will be used tor ·several 
of the delll0ll8tration saq>lea in addition to the few which. will be stored in 
1lua. Both Aclar 8D4 glass will be used in order to minindze the effect of 
the heteroceneoua 4ecompoaition on the storage sample an•,l the interpretation 
of the reaulta. 

-21- Document Control Data follows 
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10. AVA ILAelLITY/LIIIIITATION NOTICII 

This document is subject to special export controls and eaoh transmittal to 
foreign J;overnments or foreign nationals may be D&de only with prior approval 
of .Affi.Pl RPPR-sTINFO) . F.dwarls. California 93'>23 

11 , SU,0,0L lltlNTAfCY NOTIS II, l"::AIIOIIINO MILITAlltY ACTIVITY 

Air Force Rocket Propulsion Laboratory 
APSC, USAF 
&!wards. California 

• IS. AIITlltACT 

In·v-estigation or means for reducing the rate of decomposi:tion of 
concentrated HP by removing the catalytic elements carried iu the HP and by 
reducing the catalytic activity of the various materials of construction for 
use as containers has been continued. 

For aluminum alloys various chemical treatments have not surpassed the 
caustic-nitric acid - hot concentrated HP sequence in achieving minimum surface 
activity. For stainless steel alloys only minor changes in surface activity 
have been achieved by chemical pre~~eatment. For both types ,.,r alloys the 
chemical composition is a prinary factor governing surface activity. 

Various combinations of iuorganic ion-exchange media have not proved 
to be more effective than f3-stannio acid alone in reducing the decomposition 
rate of the treated HP. Evaluation of HP-90 which had been treated by f3-stannic 
acid bed and stored in aluminum tor approximately 1 year shoved the HP to have 
about 1/3 the decomposition rate or the untreated feedstock. 

Activities of tin surfaces electroplated onto aluminum have been 
shown to be several tines higher than the best tin surface or the best 
passivated aluminum surface. 

62399 
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