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... .I. 84 C.tli7 ~I. --. O .. ')O4~ l~ !.I. 0039 

(2 ). 71 0.015 4- c.oece ~ 0 .0006 ~( 
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<3 ). 71 0 .. 01] a::: 
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0.0010 4 0.0008 3 0000062 

--L':'O:1 ~~!. - it:. . "i~; J.'L!!l, .t,t: ) 

(2 )0 8 ,... "",.v""\ '~") 0.0130 16 0.0033 11 O"OC22 Etc!!e ............ ..:. J'-' 

(3 )0 1 C~OO03 'I · (;,,(;01...5 5 ..... """""'., c: 0"GOI03 v~- .' 'tJ t'J! il!;h tlj'P p~",:, 
_. OV-..,.l. .) 

etche.d 

DU.r-icD." -- (C".. 1" r:..~ l;,.. .. ':) n"'1 ~e:' .Lt...l.L ..J....... ., dJI,J, .:~~ ""'~' -IQ-.; -
Fe) 

U). 123 (' 025 'j'O O~o143 60 OoC12 59 !)~ 0.12 E:tched brlghtly 

(2 }o 90 :,),U.Ld 20 v;COhl .. .., '" r.n·")'? .......... n,m6 E-;~hc, , I 
J..,,:,l ............... , •• 

154- "'r C"O!l.~ 60 O<C12 1£' O.ell .) ;~ . ..} , .. 
(1) ... I,U15 IJ S'30 .P~~t9"""'rJ3'-' ~"''' o.o1U~ .r''''68 ~,-Ol(;5 316] 0.1+92 

(2) • cl 0) 'JOq 56 0 ,. (Joa'1 63 0.013 (. .. C .. O 'JJ 

'-3). 3190 1.120 520' 0.0-31 ... _1 '" ,""I", 3420 0 .. 53 ~!" v .... 'fJ 

I!:..s-:'t.':':;'v~i ': (i.~i - 56:;;. 01' .• l~.%l 7t0 - l'/;s. W - 5%) CI') , .... /- 1+ (:~oot)6 4 o.00ob 7 0.0011 16 v.J(;~6 l1nC!la!lt-~e 
, '" \ .) ; <. 24- 0.004- 32 0,005 57 OGOG92 O'~ ,oJ Q - --1:5 !inr:hanged 

. lot Column numbers In par:;ntheses sl<;!".ifics thcsolutiop.1J used , (l ), :2% }f~O-;)~ (2)0 1% H':'l~ '-
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1st 
~O ~r=;o 
~ 

(1)0 2 
(2)~ 73 
(3).. 1 

(1)0 3 
(2)0 96 
3)" 14 

,1).3045 
(2) .. 556 
3). 378 

(1).. 20 
(2 )' .. r ' 

" '!' ~l' 

(3). 413 

(1 ),2740 

l2)g 125 
(,3) 18ao 

~'tT. A'"1. 
: ~li tl(i1 ..:..v~.:l -r "2::' ~"<3tt~ti'" 

Penetration 2nd Pene~ation ax + - 48~~ '. -
P.ete 1\.8 hrs. 2nJ 4. hrs.l lIrs. hi's. .A.v.l.oas 

1st l!~ "":~~ 2_ ,~.n . :;- de . e dc: A :!~ ~ 90 b-s. 
ipy .l.l)Y .l.Pii j" -: .. , ... 0-

l:liu:: r~. (~Ji ., jO]~t C[--: - ~2~C i C!! Uo ~ 5% I' roo - 4;g ~ ~1 ft 2%) .... 
Co~OO3 C.I'\~C3 

.. c,ooo'6 0.5 - ..i. 

0.010 68 0 0 010 ~, 0,,0083 63 .J-

0.0002 ? 0.005 1 J"ocuJ.b o '.) 
J OJ 

Illium R (Hi - 6110. Cr "3!%t 01.: •• ~JL Me ... 6 • .5%) 

0 .. 0005 6~o5 
0.00008 0.2 0.00003 0.2 

0.020 0.0114- 'Z1 000045 70 
0.0023 0·5 1).00008 O~2 0.00(103 0.1 

- - . , -0 ~~~ ~1 1 ~~} 
J::.1i'~;."UIl.'!' \.u - :-' ~';),~t 0;) "" • .)J'> 

o y~o 2906 ().~t88 78-2 00131 15!~6 
0,,093 514 0,,086 34J O~058 ~26 
Ou~6lt 27l~-5 ~~I~~O '~J.9 O~j20 ('I"~ ... t-lJ 

~::B04 (~!1 .. . 6'l%12[e .. 2ci.~i9~e!l. 9~) o~oi5 511 
.0?1 2·73 0 .. 0445 172 00028 1~1 

0.067 2588 O.i;.220 6~'~ O.lOj lt57 -'-' 

Ni~kel eNi •• 99% =Un •• Fe - 0 .. 5%: ell. - 0 0 25%) 
0,4.44 24 O.O03~ 10 00 0016 1l~34 

0.020 96 0, .. 01.56 86 0.014 137 
0.310 170 0 .. 0275 lS2 l)a029 134-

0,,00· 
0.010 
0 0 000\)46 

00000033 
0,,012 
0~OOOO17 

0.,259 
0,,038 
0.167 

0.084 
00016 
O ·>~70 

0.2'-12 

0.022 
0,022 

1st Co'::'·.;mm Zlumb~a th~3es 3ie,~il'ie3 th~ .... lution:; use::'.{l)o 2% ~lNC3; (Z). 1% W..)l, 

, 

. . t 

iJnc .... Wl!e 
Etched & 81. ~.te.in~ 
Uncrumger7 

Unchanged 
Etche1 & alo pitt~ 
Slightly etahed 

baaly atched & acc=ee 
rlv etched 

cored. 

Etched, ,smoothly 
1<+,,10""0' C>e:"; ......... ; ....... f-.~q ..... "'..., •• .." .,,; ...... ...~ .. ,,-..! 

~t~ed t& 3tsi~e 

VeJ.·~ beioily ~;tcb.~d 
and perfOi"&ted 
.E"tche 
Etched 

, J,. 2;;F-1' .1:: He" 

1-' 
'0 
" 
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Loss 
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U). 71 
(2).lh7 
(3) .6]2 

!n!.~~al l.OC 

Penetl a tion 2nd 
~te 1.D lirs 

1st 4d brs. 2 ds. 
ll:L. _ Y.:id. 

Lh I (uo~tinUeti) 

. Fene·~rAtion 43 ~ 
2l"!c1 ~e r..r 

:2 ds. 
-l:4£L 

A' 
.fene'" .. !"ttt.!.')l1 

48 + 1l;.4 
t.rl!. 

8 0. 
iEi 

.,~ ,'- .... ~, ( ~'4 ?5t!' J'~ ..... ., • ~r l~ ~tr.. Fe - 8. ryt, Cu 0.51 ....... .,,4..,1 •• __ .'-
0.012 96 ".01h9 .. 2'':7 . , 0,037 
0.025 107 0.0181 79 0.013 
O.~07v 2' -.~ .a.'" ... C.3590 533 " (10'" _ 0 J/ ..... 

96 hours expos 
at 70 e;"in ner; 
.)f.):r: 

.0.'7. L03S 

9 

e 

~ iDY 

1l:2 
1?9 

13R? 

0.027 
C.022 
('I 23" 

}..~ . 

( 

Etcned semi-brlght~v 
Etched 
'tched 

'st C'clUll!!!. nu:nl.lers in parenthest)a signifies the so1utlo!l;3 used. (1). 2% I3N03t (2). 1% Hel, (,3). 2% B110,3: Ocl;~ ReI 
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2 ). 
(:3 ). 

(1 ). 
(g ). 
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(3). 
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2). 
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. J). 
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(2 ). 
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Loss 
1st 

48 hrs. 
)/".'{i 

0.1 
0 0 '( 

.J-.;3 

('.8 
C.B . ", 

Oc.5 

a .... 

... , 

0·5 
O.C 

c.B 
136 

o 

~ 

749 

1 

ITliH'=.l T 

~netra tion 2nd 
Rate 48 hrs. 

1st 48 hr8. 2 da. 
_ ....::~'.p:.;;!_ Yd6. 

Fenetrat.lon 
2nd 48 hrs. 

2 6.a. 
~_l..., ~~. ___ 

. , . 
s 

48 ~ 
144hr. 

B da. 

~!---

i'(.netrEi't ... o 
48 ~ 144-

hrs. 
8 da. 
i£/: 

Stainless Steel 316 Pickled and Pasaiv&ted 

0.000018 
( ... tOOl 
),0 

Stainles.'" 
O.COC14 
0.00014 
(. r"" 1 , • 1t,.I-. ... ' __ 

0.3 
~ ... 
o 

steel 
v • .,) 

0·5 
... ~ '-'. ~ 

0.00006 
0.000 
DoC 

c ~ 

0:>6 
c 

.316 Cb (Cr - l~%. Ni -1.4%. 
C.ouJ9 u.~ 

r.C009 0.2 
c,on)!! 0.,. 

c.OOOC1B 
C.Or-OIl 
D.C 

1,10 2-4%, Cb -
C.00002G 
0.000036 
c 000036 

~t~inless Steel jlO <Cr - 24% min., Ni 19%. C - 0.15%) 

r 00f't}"l 0 . .3 0.00006 0.1 C ;000018 
- .1.9 1.3 0.(.. ........ <;- 12.5 C.uu~3 

0.0Dl -.!:.. f). !) 0 f)? 5 o_t:; r 0009 

90 hours e~~oaure 
-i' ..,,,0... .' nne .... -, :v v A. .. 

Av. Loss 
96 hrs. 
rr.dd 

0 .. 1 
0, 1 

o J 

0.8% c-
0.0 
0.6 
0.1 

0.0 
9,38 

0 . .3 

J.V. 

Penetration 
96 bra. 
i~ 

0.00001.8 
0.0000.54 
0.000054. 

.C8~) 
0.0 
0.000109 
0.000018 

0.0 
. Vr170 

0.0000511 

s· .. .;~' ,c=~ St.:cl 317 {Cr !'" ""in .• Hl 1l!..<:S; ':0 - 3-h%: r, - 0.)0%) 

r' of'\~~' 

0.']0009 
0.00(12 

~':orth:" tc 
O.CO()l4-
u ('25 
O. v 

0.6 
O.L. 

'1 'J')J.~: 

0.00012 
0.00016 

(
"'" ...... ,., 'loT: "I,e! Ie - J-n. ~- - _~v 

('.8 0.00014-
1) 

f 
v 

.0023 
C.CCll 

"w_ 

4 6 
0.1 
0.1 

C 00067 
C.000018 
C.C00018 

2~t ~Q -3= r' - .08:{) 
G~l C 0C0018 

10 • .) c (;u13 
, 1.4 c (\C~25 

St8h,~e3S ~rteel 1!4t (vr - 2.3-30t, C .. O.35~) 

U UIJUJCi 

0.141 

O.OOOltl 

0·4 
..i.8 

.8 

v.uvvvb 
O "'''''!. .VVJI! 

O~00015 

V Go 

19 

(;.2 

" 

"""-"'''"'''''"'...):;; 
~ ,.."",,,1 

vU.)".J 

D.000038 

o.c 
0.4 
0.2 

0.8 
105 

(1,2 

!'\ '" "'''-
2·,5 

u·3 

C 
,., 

oV 

0.000073 
0.0000,36 

0.COC145 
O.C~9 
0 , 0("10018 

~ ":,,,,~~c. 
v ....... _ ...... J-

0 .. 0001:.7 

O. (;vOli.)"( 

( 

'\I-pear'ance 
::l. -:1 No;t.t;.;l. 

'vncnanged 
l_nchaDged 
!}n~he~p,d 

-rJ..chalJ6~~ 

l.'n~hanged 
t:_.:~~1a!Jg~a 

Unchanged 
~aj ... y ~tche 
~jt~~ 
tn~har~ed 

.... tched hrig.'1tl7 
'Gil(;~~ 

t;ncha~ed 

t,' r:cr.sI'.gecl 
~~Jhed fin<ny 
"ncbQ:nged 

C"=·;;h :'::;;C:i 

in parentheses aigr!.if1es the eolutions used. (1)0 2% HN03t (2)0 l~~ .sC: .. U) ~% m.~03 

!\) 
i-..:-.J 
C 

,-



) 

1ni tie .. 
I.e 
1st. 

bP }'I 

.if.dd 

0"8 
O~5 
0.3 

1.0 
?:: • 

".v. 
Loes 

Penetra~ion 48 , 
48 b."S. 2nd 48 :r..rs. l44 h!'s. 

2 1'" _ 2 d;,' 8 1a 
__ -=1.J;:jp;y~_. -1l~ _ ipy _ Meld 

96 lJ,oura expcsU!'r;; 
:v' • at 70c;0 in .ne 

Penetration portions of Medls 
48 ~ l44 Av. 

hrs. A~. Loss ~netrat1n 
8 da 96 hrs. 96 hrs. 
ipY __ Mdd iPJ 

Sta i "',less ~" :Cr - 25-30% 
" .. """15 , O. , 

Hi - .3%~ Mo -
0 0 000019 

• ~5% 
U .. 3 
o,,~ 

c - c.:%) 
00(\057 

OoOUOO9 1 Q"O(1019 0~3 
0 0 000057 00 1 0.000019 0 

Mjd - L~.. per C<l" d:n o per 
ipy ~nche2 pentration p~r year 

0.000057 
DoO 0 06 

0.000057 
0.000.113 

Ap,:)earanee 
and Notes 

Uncha:r~ed 

Uncnanged 
Unchanged 

'-

t Co2~ nurrber.s in peranthese ifi~s the soluticna used. {l)c 2% HN03~ (2)0 1% HOl o (3) 2% HN03~ Oal%HCl 

l\) 
w .., 



f 

D-05.29 

ON _-, .. -__ ---. 
E':l !ne n 

., 3/) 45 

5mBll r'IJ:!.onG of Silic:cno ease ,~1"B placed in i~,~st· tub33 

oorl to e I'rns added onp. of the rear;ents, aJ.lmle(, tc st~md for 

. hours Ill; I'oom ternperatur er~ ell "..min~ 

"ilEl intel d nnd comrltlr~d W.1. th Hll u:rlUsed t.,!~pl 

!l9a~e!1j! 

Hel (1:20) 

,1'}1 (concenti'Litud) 

I~S04 (1:20) 

~2S04 (concentrated) 

iNO) (1 :10) 

N03 (concantrated) 

Ii' (1-) 7) 

arbon T(:l1j:roc nloride 

hi s'I1ullhl1, was obof'rvc(l within 3 
s. Thore tillS no &pparont eff'!ct on 

ca~~ih(~ properti8!.l nfter '::! hours 
exuosur. 

Slight. s"ol11n~ Q ·~curred l-v:i. i,h in 
after er.poBut"e to the ac.id [1 I::C 0; 

a slieh"ii decreasE) in Vi[' ~O~li'jy; 

cham~'f) imf> observed "lu!'inf~ " 
hours 0 

3 nOllI'S 

pdllied by 
no 00her 
eXt, 9 

No effect. \,,:a8 o:)srH"Ted oth~r the.n a alip,ht 
swelling whic:'l ('oacood a :fJa.~imum aftar :3 
hours expmlllra. 

A cle~.r \riscous solut~.on "O).'i'!'Ied v..fter J 
hours exposure. Dilution .... th \,rater did 
not preci;)itate the Bjlj.cOTlI' f~reQse. 

SVIC:Utn~ was sJ.iJ:htly !,!;)'cat, r than it 
in the cnse of j% hydrochlo ic acid sol\) 
tion. The lubricating pr0p'~r ties appar· 
en·t.ly r~Nained ur.changed, lh'en up to 12 
hours exposure,) 

The ~ili('on9 \ms cteco~o)'i 
within 1 hOUY.'n 

am! liqui!'ll..'i:l 

The ailic!on9 bro}e up slo/1y irto lump;:), 
p.nd finl?lly liquH'j ed ::lft,]~ 6 hot\~s ~ 

collcldal susptns:l on " las formed \nth:i.n 
hours which riie' not br e9.\{ dovl!i. on 

clmtinu~d expos'~'o to CC14 i'or :.2 hOt'rs., 



, 
-'P("o 

c lUJ1.0 .; cllnpl i~~one 

nt to o.-4;.t.e, ~ I':: b ... · \'r(~n\t: 8( ids . t!\lch as h~'1r')·~hloric (1:20) 

:tn,: ni :2ia (11 10) • 

11 no. · o n3'net ·, , 

CJ:1cen furi~ hlrtlr(I'~"lU(jric 

{ l:lj'): m .rjt.\.JO 

t 3m S ·~8 

/19/43 

F,!..~T5 

.; :1!!E..0£ ~ i'lura,: om t.1~perHt.u" 

ne~ Ona h'Jt 

" tu··i ,us: .~ N HCl (1306~: a~ld 2 l\ J ~OJ (1,:%) 

(~~e tAble) Subr:lergGd 

')CGd 11' arious M~ta19 v:'·ue $'ll' •. ed in h N HGl (eql.dvaloll'l:. to 1 N Irc ..... ~ 

B )illtio'1 •. r<.bOL\"(. 30%) 81ld 2 :·1 I1W03 o 

lult,): 01 Ly TantaluM. 5U( .:nBt;rull~r witi1.:rt,c'ndr:l botiJ-. ficido J liaqtelloy C 

i) next choice. 

'M1'/:al 
~"'_1;, 

In Dna1 

1101":1 s: 
N l'Jkel 
S :-''linl!~?ls Steel 
T ;.ltal1! 11 
P.istel1~~ 
1 ,ntal1 ')y C 
K ;llfJ.~ 

b.QB§. 

4H Bel 

SI3"d 

:;;....u'. -~ ~!.:~ 

2N ~03 

Oo028( 
0.028; 
Joo54 . 
O.(nau 
O. C'·l)2 
0,,0000 



C') RHO[) LON OF' ,~LUHINlJ 

_~l: turQ : (1) and (2) i~oon tcmporllturc (3) ·'O,·le. 

l.ms: (1) 130 !'l;i,nuto3 (2) 05 f:irLlte (3) 'I j lili ,ute 

~olut.:hn: (1) oJ{(Il rC14' ('2) 2N mlo3 and Ij,,2U 1'C1h, (3) <...N UNO) 

a terj,l: Sheot A1I<Dlinum (1) 1-5/1611 J: hI' ~2) &. OJ 2" :{ . " 

It'3su1t<. • 

Tfls't Penetrat.ion , 

!E' 
;/1 

A12 

#3 

On0221 

On0151.l 

o~oo96 

oouh 
3.03 

1 ~90 

(1) and (2) had ~as evolved nnd t:1e alwllinum ..... <18 etched; 

U) was otched to a Emooth mJ.tte fin:lGhc 

(lom,10SION EXr~Hl!I~NT = ~f..~~IIO .!.lu\?~ m:ACTI(~ 
me: 36 h(JU1· ... 

;:..mplw: lr,connl, Hallory, COf;pc:r , Nick~l :Ul.j ~'J(d.lle~s Steel 

)r.9..c.lli "1!~: Was::1 t,wo piC!cE:f. of 0 : ch :ll~ltal j,el CCJ.4' i1eigh. Fcc eaci' pail' 

of ~P.t .... 15 fix up a reaction tub') conta:i.n:L~i~ :.0 ,;. 1'0] and 100 ntl. 

'(a4" Place one piece in the bojlar <' nd suspcnrl the ,)tht (' neal' t·h~ 

t«)P so th;..l. t. it '.vill L-e in tt.o vapor. Doil for 36 hOl.·S. Remo,,"e, 

H13h 1.1 wali?r and scrub w:l.tl a ;:>oJ.icw· ano Wash in Cell.. Weigh 

t~su:.,-

2, 

toact~.r)n in Liq..tid: I Inc~llli C01)OHr N~!~k~J~ I Litatnloss 
_"'§"t:.~.L 

mea after I ~een film 
m: 

Rl\.'!Y film , very cor- I un(:hanged 
on top of rodG~j 

p&~tial1 

greonish 
black fillll~b" lC;C and 

r~ll 

~er roaction l.(8)6 0 4918 - 3018?-8-1 2.m.93 r1.700J 
'::md 8crubb~.ng : ______ ~ __________ + _________ . I 



f c(,)' grs.3n film grey fill:l very I!or- unchanged eref..njs 
rodcd in spot r

• 

h1.B.C ~{ and 
f;l'r,{:' 

"1t. aft,er reac t.:"on 101169 0.)·,B76 3.5i,sh 2.26)', 1.37(1;, 
and :~rubLin~ 

iVt,. b!' j'ore .. :oac~,iCll 101168 o. ;0,1)6 3,,~7~,1 2,2635 L3127 
and f;crul bj.llg 

ang<) in i:r.'r •. , I~:.·"'.n,: C.JOOl ~,0.O189 -0.04·17 0 0 00(1 -00002 

ch. ll~e/, 1I2 0.06 ~l:~ .6 -9.3;; 00023 ~·O .L2 

In cato o-£' lncoa:l and Stti.nlae:s S';'o91 var" liti;,lt, ilet ch[ng 

ar:SISTANCE OF U~JIAI .. S TO C'JHUOS.lON BY GUNK. III --- ---.,--... -. - ---_. 
t:al'lloleo "''1)l'='' lJ:~tachecf to the D=l "Gunk cat.chur" opponite the source. 

After une rlUl thr:r.r ';/ere removed, w.:l.'3hed off with ho'~ \vater ant. "loss of 

eirrht." detormined. Con fusin~ rE'sults did not tio in ",1th SU(,l timEt 

~t·ol·n as duration of Tlrl", lcmp.:1.h of time exposoll to nir, at.(. , alao 

eov.r: .'1.g th£l 6anp~'.t)s nth abrani,·o claa o rp.mcvo the rlepo~dte 0 This 

us c 'l mged to :li!l.?ly rub t,h? pi(Jc~f, \nth ~loth ~:;-'tar \T8sh:1nf~ and wnig::ring. 

old w1d sihrer p!.a~e ar~ best :'oj' COrl'OEi~.1 n rosiato.nco for afloemblie~ that 

"11 trJ washed ,vith hot v{at.ern 



PO'" 

.l bre J:' 

flf.cJ.lo1') 5.'3 

.00 
00 0 

6107 
7.3 
9.1 

1.00 

~1.J. 
,'~2 
I~ .> 

-:--~~.-----~-

(./6 0 0 4~r 
8;1 5. ---__ _. .. ~ _ __...._ ....... *'._ .. ~J ~ _______ J. 

St.t.i.cluIB 5\'_01 13.6 105 
0.6 6~ 
......... '-... ~--'-'~----""""'-"""""""'II':""' 

I !:llJtcl: / }:)r B \8~8 1 
<5 amin lS 

.~~~ ... ----.--". ..... 
all tclJ.o), C ].7.3 11 

JhO 
2.7 

~--.: ' - W 

}ono:. 3.5 2:' lL ___ ._ .11 --.-:t __ ... ~~ ... 

'rOll te..lll; ~ 5 . .5 20 
10.8 J~ 0 

_t ___ -.,.."_.~,_::_=___.~ ___________ 

l~ nitfl1 7.'d. 1~9 
9·, .-

2;1 18 
2,,4. 16 
107 12 

6 --.. --------~----..-
.5 ~ L~ 48 

, ~~~ !:il) -_._----
ILd IfL !\t~ 0.1 Oo,3l 

3oJ. 907 

~ 

~l'he lllo1.r;.:t U<!Iat.LDn IlJ.oano 
'100IIIIII __ ,. _ .... 

Thl0 bOIJOlllfl15 sl1!thU 
d 



QUA OUWll' 

1~1 Cllnl lplI. 

'it 

n ,;fer 

lor.) in t 1/2 DIS (Nt., ( 01'). VElI'O plaul;)d 

111 ~~ u.be o d tc 450')0, 1'014 eJ.lolf(ld 1;0 

<k)l.I!OI:8( ilnd 1Ja''lcJdzoti off. Romovod .,hen GO() .. , 

R~P2~ 

-. 

Ii ~.11 wet .. ,. 

(1) 
(2) 

450 ... .5oY O 

hou)' (h1all lacm.ur ' 

i n OC14• lIn nd 

·'~q .. :ln 

COPi:"jiR BY 

N101:o1 all!l C:olcJ."nltth"i G(.I"p:r otl'ipn ~It l: Jlt. 

or 

ove. 

1.!U ~(lJ~LI c.rp'>lU 

10. " A'" y. \' r.I.H1.lli ... ,U.U<llll'IJ .'.' " , '.1-, "' .... ,1 .... ". , l$C"J. 

c:'l. •. 

)f.RATllRR 

ODd l-:~:·~on. 11(1 ~.v:1.d(ln~m of bl:/.(.1ariu"l on. ~;1l12 n1",b.i\ pJ,Cl'tt .. ,,, .. 

mO:\.l loou ct fmi~ht ... ",O. OcnOI~ '~D(.. ~Il. 

Chel ~-

<) 



, t 

C''1eJ':t 5-90 

~ 

Chm.! 5-18) 

& . , 8 C, .oningc, C" Hollingshead 

abovt 

0 .. 0:1.6" x 3" ~ 311 

TClh vapor 

No hllst,ering - to'~al gain in vl9ight - 000040 g or 

O .. 0()022 gfeqo in" The samples rliucolored buff to 

29" 

bluo-~ray 0 The surface f'i1rn resiuto firlgf\r-nall scr atching.., 

FilQ No. 652 

COIcBDSlon OF NI~~IST. BY HYDBOCHlORlC ACID •• PEROllDE SOWl'IONS --.......-..--..... -- - - . 

~~l t 

~I~: 

§.p£ 5~~!2!l : 

!!!!!: 1!!: 

Roas Curmdnga - ,)/21/43 

2tJOc 

6 1/2 hours 

Cut. fi'Om USE.d t~1-ReaiLt J~CaDt.1ng and immersed in test 

solution" 

1/2% HCl" 1/2% H
2
0

2
j 2% HCl, 1/2% 82°21 Oo47J!t TC14; 

t.lJ HCl (1306%) 

1/2% H01, 1/2% H20 

2% HC1~ 1/2% H202 

O,,47M TG1
4 

1.N Hel (1.306%) 

~ .. ~ .. .,~. E.£..Y.~": 

LI0 

1,30 

0008 

0046 

TheSEI raten are about tmce the rate ot copper, 3 t.:tmes nickel, LLnd 

140 '~~imefl Stalnleos Steel o ?'he irY.lication tram. t.he last rate in com

pare JOIl ulth the above is thv.t the peroxida is l1Dre i.rnportant than the 

acic 'Ltyo 



; 

 30" 

Chern 3-Jl FUe No o JllS 

HOlJ CORfiOSION ..... ~ .....-.... -~ 

H. R. lLcCombie - 1/13/43 

TheS3 are some mterials which are :-:oesistant to HCl nnd temperature" 

Concsntration ~. 

60°C 

Uaterial ,Pescrigt.i.ol! ..-.... ............. ..----.. 

30% ~1C1 Asplit Acid-proo! cement 
Duro Non-porous bricks 

Cold HCl Saran P1asttc: mater:1.a1 (tube) 

30% ;-fCI, cont.ain
ing ,~ert.llin or.· 
ganiJs 60°C 

Hot ;iCl 

HCl 

CD-G3-20 

~,.~: 

" 

Solutions: ---

Saran Plastic material 

J~ove 80°C Snra"l Plastic material. 

boiling T~~~a1um 0heet netal 

SOLVENT RESISTIVI'!y' OF SYNTHETIC GASKE."l'S 

Lio E. HaLl, C. D. Susano - 3/13/45 

(1) Neoprene-Cork Ar1!lStrong 
(2) ·Silastic-DoVi 
(3) du Poat D-29 
(4) Koroseal 
(5) Ty~on TU-3400 
(6) Tyeon TLU-2807 
(7) TYeon TLU-I03 

Ao Aqueous solution 2,; Im03 - 2% HCl 
Bo Aqueous solution 2?.> H202 - 2% HCl 
C~ Alpha Gunk 
0 .. Dibuty1 Carbito1 

Behavior 

Best 
Best. 

Excellent 

Satisfactory 

Unsatisfactory 

'1ery good 

Sacrples imnercsed coq)letely in test solutions at the temperature 

and tims l ist.ed irrrnediatelJr below., 

Exposure Time Interval 

24 hours 
5 hours 
5 hours 

~nperature 

Room ter.peratllre 
6QOC 
95°C 



; 
I

t 
10l. 
-~ 

Nsop.:'oIl(t ,· 24 Bra. - rocm 11 
~'o :It :omp. 

.\rIlS tro.oJ.'1 5 lire. - 60°0 1') .. 
5 hru .... 9.5°c 

S11aut:lo'1 2l:. :3 
DOl. '\ i~ 

~ 

d\U-'O'lt D,.29 24- 0 
.s I) 

J 

KOrOleft1 24 :l 
S .) .. 
S ') .» 

'l'7a9ll TO·· .3400 24 1 
5 :L 
5 ,~ 

4. 

~['yaOu TU •• :a807 24 ? .. 
5 2 
S J 

TYao 1 TLU",lO.3 24- 0 
5 :l 
5 :) 

.Q£4er ,g .• ,, ___ ~ N':.;'::'~ __ _ •• ___ .;; 

i03:?~~ 

1~ d'U'OD; D-2t) 
2 0 ~l8oD rl'lD.,. .W3 
30 rrIT ... 28o 1 
4~ 'l'U~3/~() 
5. S'.lns·;.lo-Dt)l 
6. Na9pr\.c.~-C()J·k: 
7. Koro8u:l1 

~ t.l-",., ... :?'t' Bnl 
~~.a_ .. _ 

duPont V..29 
TU-260.., 
Tycon Tl"J-lO:J 
'l'O .. 34° 
S11eot1Cl)o" 
Neopr(lD(l· ·JorJ: 
KoroHlll 
24 hour 

.!) hour 

.5 ho1.Lri 

CRET 

9 

9 

c 
6 
6 

0 
0 
0 

1 
1 
1 

0 
0 
.3 

0 
0 
2 

0 
0 
3 

lihe q~ 

1:°0 

01·11; 

J.O 22 

1,3 27 

0 25 
2 ~5 
.5 .31 

0 0 
0 0 
0 0 

' 1 #0. 7 
' 1 t . !8 
' 1 '. 10 

(i 6 
~, 11 , 
~J 15 

Cl 0 ,I 0 
" 0 ,,, 

( I 7 
u 7 
J 12 

J2!.!'utl~ 

dUl'ont :0....29 
TO· 2607 
'l'Ll ... 10. 
ro·.340f' 
Noc,prew.-Corlt 
81l&st1.o-Do 
KoI'o.en1 



.. 
,38 

Re •• " ~. 5J;~l/43 

f; :20 hcJ\U"a 

fuamn.n 

~olu:Oj 0J:l3 ~. 
~----

O()~pal", 4,. 

Rasu1 1; . , : 

StCl1 11 (1: ~I02) 

Xl. 4.~)o802 

fl Ir , n;Bn. I .!QZ"ouah 

J Chlo,,"1Jl. and .team 1fIJ'~ pc int .• ) .. tube C:OI.\ta.1 I · .·EJ~ 

ter:laJ.1i tor t our hour,;. 

,, ___ , __ ta· _ .. 

l~~. C.kol 

lnco.uel 

M(mtll 
rfL~talun 

Btl8t.UQY A 

Rlotel 1oy B 

.Hilswl loy C 
lrlron 

11)I1d 
S'ta1.al')BfJ ste$l, 

lB-a 
stainl etJ" stolll 

'3~ 
Ct,)1il st:lver 10% 

Gvi)vor 
Ibvea (PlasUc) 

•. 20 

nl~9 

"':'-45 
c>l~ 

.:20 

0185 

.. 3? 

.. 46 ' 
... /~o .' 

205 

.168 
~1·0 ,,4 

+1.3 

! 

sl.'\8h~l 

U ':" 

'· l.!il"O~ . LL.-~' 

clUDE. and d:f.8color1na 
SQIllO {Jtoh1.~ ood disco1orillB 
Somo 0.11001(£·" 

Very i.eep etohi 

oep Cfl tcb1~ 

No otob1Ds. ~rn!}d bla 
SUrtrw. CttaJling lUld 001 0 n 40 

bol. •• no'" 
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.. 

I) 

,30 mtnutes. (5 hour te.t p C! ~od 

ROEJUJ.t.~ 

..!_.2 

:) t'\1nle n I) steel.310 -402 vor1 a.ep 
1 ~Ut:l" .. 7-
].\iQkal ~"4; 

1 (f.:~l» I ) .,15 SUrf ,100 ".1 ,,(,1('t'011 
Qd (SlJ,lPl o II) .. ') Surt 

;, lumimm .. 59 Deop 
:..114 Stool ... 256 
Copper .• 1 
i .reBS ,~213 

'J.'!".u '-It: m ¢ 0.02 SUr! l08 ill ,W;. t].y d.1.acolc,,,·f;(\ 
f ilTer <~ 

r!',atoli oy C ... ltl. '7 
:' nllQD,O) .. 12~ 

al"QIl - Co 3 
, ,,,,2~ (r'lns'U.) 1), 0 •. 07 SUf;b~ 45..' ulo.:r;C\t1O!l 
'y&on (plaaUo) ~ 21, su.rtIlCO \)l.~.ierCtd J .laDtici ty ~OllA' 

~'l o Th4 reSl.llts of IJ.! ~elJtQd 'U:tlt 0-29, n11To1', \ mta}.un., 1( ld. awl 

haflt()llol' 0 lI01"O tile to.t.in iil('l1i (lrde).·o 1'M D- )~ und t:~\n';~I'\lllm w. 

not adap1;able to our use. Thc.1 oilleors 'II t"o roatee,t.ed m ~h ahlorino and 

a "",am 1 n tho pre -'JOIl" of 

81¥l halt 1n IUl atmosphere of' 012 1n at 

1!!.~;lt.1 

Th h.alt ~ .. d 

lie .trot-" or '1~ was bLlbLl 

u 'the ~ ak al.~4t(Jd w1tb 
2 

j~te.rlL,l (klin{ .go) er J .0881' ..• ) lIJiU c:JI1~ !i2! --
,U.1Tor '1 4 ... ( .. a~ blackened 

d -55 ,0 :e bad11 pitwd 
s~l~o,. 0 .. 1.1 

Tht) .bow piece of 511 TOl? was I'03' .. ea1;ed in tho Bt W~;I to ,\e'!;el1Zl1 

thr:; &tebi11~1 of the AgO: .. cQa~" o IlfJ'\r wet IhOWU. 

a aat1staotOl'7 l .. sult . UO "-lloy C samplo in all toot 

(p~.a81'Yo characteriBUo -to rtJ3is ", lorro,.ioD to de",e1 )p)o 



.... .I" 

, 25°0 

l.!U:ture or COl1 Jent .. 'B~ -"d l:iclf '~ ~o~ md O'lnk ( 181~4) 

811"1", lead f\1d ~"1"": Lloy C 

11ftX' 
l,et~d 

11;:lStGllc,y " 

H&B1!:&lUOY C look!! t o. 

11ID r.~II ~l.iO Acid oorroaiolll ---.. ~-- -~ 

::....k~.!!l 
2 .. , 

." 30 
0 ... 

aDlt 

o o.Jlll) la. of 

"~u.lltiono 

• 

B1,.uU(4 
{lltta(·, 

"" .308 

3]·6, •• r. ~atod with Q ~olu~lo ti. OQDt!\.h uD& 90 sram'J ~f ox.etl1o said 

d.1.tJ"drata pCtr l1~r at SC .700~ t or :3 1/2 ~QurL"l clud, tht' ~ at 25°0 tor 

~ 

Gllotber 17 houro.. At~r the tea ts the solution had tl ver1 f.uut gr8CR 

tltrt .. Both eaJii)lea «5111 He! 11 emi . ) anA ware 1;11ao ' d in 

o.I l.nranOQl a );lC>1JQft1', it i ll ba11e led tbat i~rB .• OIl ber of 

Dlea. 1 Will w1 thllta» & thia cerro.ion 'f101or.tl,.,. 

53 

' .~£" 

Do M~ Pi ~t _ .. 3/7/45 

r.OD~er. ~~t rolled 1).· "'-.1 cUld 3tEl~. nles. S'toe1 

)6. '\ 
I 

C~ j\bl('oru.o "old (. :\00 ,it 0.': w~t<tX') PH ;, 1 0 0 

eI·I~~:!.' Roan tomp&mtur 

Pfcthod , 8ampl ,- :..--:,.- andtlut in ttdf solut. ,on" .'3on'O 1JCIr9 

E' ob spoci :f.$h1ns tVB~ ". a.ll' d IlIld put 

. aclt. ot: r tor the :t"Ull t .· 

~ 1:a1nleull no tU "~r att:.J' 8 daY!' 0 lIO 

() llata i tl 81 wn be:.ODdtht, ti ... . 



3:,: 6 s &:>L 
.. ~ •• 'J C"! ' 
,.I ' , ..:,:\. !. 
;):1,6 ss .. : ~ 
~ " () Sf3.·.l 
;3: .. 6 S3«·l 
:;6 2-9 .. ,,3 
.3.6 ss-t 
~ ' l. C:Q ' .J" • t; .. ~4" R",{4 
3 6 SO"; 
c . ~14 1'011\14 ... 1 
; ,)14 _~". 1l.d,..1 
OtJ14 ;('0 lled '2 
e, ~4 rc> llc4 1 
h :.t X'ol L@d 1. 
h ·;)t r ·o) leld 
Jl·:rt x'ol Led 2-
11 :> t l'ollo4 
G JP~or l, 

1 
2 
1 

0-1 
0 .. 4-
0 .. 4 
1..,_. 
0.6 
0 ... 8 
4-8 
()"1, 

o· 
O~ 
0s.4 
0-4 
1.-4-
0-1 
~lt, 
(t.,-·4 
1-4 
0",1 
0 .. _ 
()e,4 
1-

I).C.~r. 
.Ol! .. 

0.0.4e 
nc; 

0.0),), 
0.0)/:5 
U .. Oi}',S 
o.o.toS 
~0060 

-. 7.1: <:.. ..t 

lotr 
1;9 
'1 • ~_ . 
_&0_ 

,.3~O 
504~ 
5.1" 

1.U~ 

nOll5 
O~oolts 
O.OOl.? 
O.OOl~] 

v.oo,: 
O~oOl: 
o~45a 
O~308 
0.,3 
o~261 
;17 

o~90~ 
o~tJ6.5 
O:i'<:>·" 
0 0 17 
O,,:L52 
0.193 
0.19 

o ,eo, 
0 .. 0003 
0.000,1 
.J\~ 

000 
0'000" 
0 , 000 
O c OOO~ .. 
o 000" 
0.058 
o 0,)9 
0··041 
o o~ 
o'Zl 
O ~ ll 
o 1.\ 
0 .. 060 
0 0 016-
o "Oll;.. 
O~ O),7 
0,\018 

35" 

D~t&~· (UCIU.) F.U~ No. 2901 
,.-

~ Illm.\'rJi! DE'rA W,1;,,!l ...... ~_~a __ .. _ ........ _ . __ 

Mo D. tB.lCCl\ .....715 

20. '/'0. alld 100" • 

~.Wt.~~!!1 .5% Btro,3' Eot~ Waall (Jf,.16 e.tu\ 2C1C~;g trtl5 JP.trl~ Q(;~ d' 

~~1:~..: S1lver (Coi'. foi l), loppor {puro electrolyt1c autt f .. OIl" tram stoek) 

.. ... ttample8 W(l)re 1nJnsr.~:. ~ 

l~' 1. hoqrll 20 hours, 68 lu .ill'. 

!!2!!.q~i!~. ~9 were .aah(:~ wHh uooru.))' and clr1ud a1j HiUoC . Vle:i.81lt 

nld be 4Jwcl~c. to 0 0 ~ I I)(itl.olat-cu'lily ul"il i\~8: " I <'.1 If~11o 

JJ81y~t() ooppeX' (1) coat ~d \"5, til fluro~c1o by o:"",poaure '·m I i&? tum.,)So 

(;.~) goatlDd wii;b IJUlfH!o 117 eT.j)oourtt to 132'3 ~aJ)O~; i'rOiI\ li,-'(u:Wll ullf1d-,} 

,1utl()u.. FU.7."e silYer G( n bel oOludderubl;y 1 IIlllv;i 'fllted . ~() It! tric by the 

fo:t1lU.lt i on ot Q '~h1orid. ;,:'llTJt> Iii 1B .mtpel'1or tc aopp .t(, t'Ol' \\61) 1.n 

subJ"fli;ed to Ioxtri<.:·· o111orldo Qo~,dono Ch.ll~n~1 @r'1oUga at 



t . 

" 

I"" 

t lie c lit invest · 

~i' I c1 ctrtou 

\ ; ;, 't.iiOU t roIII01::.118 th~ fi ~'tfiL" 'thi s, 

D. L· mil reI" tmd r oc 

13 emmo».:l ' Ir.m.plotol,f rom~ 

10 tJoat11lg ~niJ tUlalys:" !CX':' ']\ ool1.o~J" ).n all CflU080 

.ture --..,..-.-. 
ILl '1 
)~ 

.~~; .. ~.~. 

2ti ' t ..... .. -
llr.O 
<2.1., 

oi:Df"'t'},,2 
__ ~ .... 1.--' 

"MO .... 
.r.;~ 

J5 
J~3 

H water (tlt flU t61l4l'ex-·~tui'm' fJhuw;~) 1l!J doto(ftT1ble 

cf~.Jm,) 

' lOOO~ 
_c.-~ , 

or hour) 'J,,?~uJ.te,j. KG':~ ll";tM :l1rr·:u::.nnl1£:. AS R'\ tn.,A' 

ifor.!osioD. ""a~ in n1 trl ... . 

\1a"ih tiolutioll oonta1D~ ''t 4.J.&;, fl" ... ;'X:;, niyt'j,(J Qc!..{t fit ,:(i 

'-~I - " C ~ 146(- -lJlVdlfi~ }~!."JL\30.4.) 
'~o m;.s. , " l~lJ hro. 

AE~ }! 9 lIt~dl't ,1)!d.n(:2 "5) Ai: JOG ' r1Fld.l] ~ (6.4 D ) 
'-

per hC1U:,:' in P~Y' ~:~ @lIiam" 

.'0 ta~. aorroo~":'l~ (ta he'> rr) ~OOO 111!!JI/dm2 .,. M ~ u ltCO ll!1J.'O/Cm?· 

San.., 0X):1BrimeIlt l'U.'r1" AG jd 

!6il. 

. 'I> I 8 Ct! 1&:0 
111" (~" I.~ lJra oJ . ..1.7) .,. 

is l3.1) 
20 bro. 

( a (4) 

H'i.lIn. 11\ ':~bc d11u"t.: 11.01(1 W·'lD l'Wfl\ DJOftJ t DflCJW) 

.heA IlION eOl(lI)DU"A.tod It'iv,o 

OOPP~:I' tt:1:~ m;,lIIOI11d c (l()ppOr 

flD a yellow d.:i. tu.ballatz. . It~ b"ld to u.a-oCel.'ape' off 

'lull tnt1TeI '~est for '1 >~l T;tUJ }:NGlCn~o Tho 

1 film f'P:::J 
'.~~ 



xpc l'" monte on pasol b1e pa 
re gj Ton in 'l'ahlo III. 

:1 ,t copr:or with • r SULfido 

CQ'=".t"o.IiOll Rc tea (mem/drl per hr.) 

o C\: coa tel. wi th FluoriCl 

2&..J.J~ hr I t:cmplo I 
8elllP~ II 
oontrol 

43 1.%' 1 oamplo 
8am,t)lo TI 
oontrol 

oO~5 
00,8 
.0'4-
01, ,0 

011' 8 
Do~6 

b. au 10atel vi t.h sulfide 

"O,5'l 
, ~ll) (coat r l uked) 
,,05~ 

.0,31 

0056 

37. 

Flu.rr: de pTe no pro~ct1c.n J n lIolutic,nD c-outaini fll1.. beta t:!l!Jh and n1 tric--

. 
corro:'·1, 11 rate incroflPcd. Att(.illptf; to co~t the aamp131l by .e t proce4ure 

fallod to produce prot.ect1vo f;' ~o ·It 18 doubtful that tb( proceduroa deaor1 
I 

.. vill l>e of use aa 1 t 1. cONickred 1 to olean cOPP'3r betneu runs o whioh 

would ~~un romoTal ot r1~ _11 pareut lagh oC1X'os10n los8~ 

Chem o-t~9 

CORRo.qION TESTS ON G.ll.'P_~Y:..L. X *:n ENAL'W~,JW IHQl '. 

Rot; . CWlW~" 

1. ~Lill0.l21 Small pleces ot roll 
No., 14l ... .U~ K wil l"t 
:No . 11~2 _ .. l~ K ~lllJaw on ~l 
.No. 143 -- 20 K 

Te:l't :lc~.utiollS· ----..- - ----...., ~l~. 221 , , 
'3aL1ples jIm~.r8ed in 0 0 41 r.~ 'rel;" fJolutiOil tor 25.4. hourJ nt l" 

tempe:"a·:;ure. flo loss in wel.:,h '; or lhnnde in appeartlllCeo 

HN03 & ~lmuplelJ lnmersed in ~ . R0
3 

'for 5 hr h at 65·7000. .1.,030 in 

weiab'lI, .eo clulnea in !!.lPI;eartme' 0 

m12.3: 

'!C~.:!!,;~ 

li'{ll!!

:~ 43 
:42 
41 

; 43 
' 42 
· 41 

m. 

0.0005 
0.01f. 

O ~ OCOOOO.5 
oOCuOO2l: 

0.000001 



I . 3 

) .. eI'b 10 I;}!l 

'0 .08 1rQ1~, 11 1fi"/! c(j' lUlt gr.w ,w. ooat. a t.b. afr~ 2 t 

h ', t.e tl1an enahel all OV(JT.· o 

0. 10 em 4.. dried c 17~ ; ,.gbcc 

~ a" 65 ... 7000 to'!! 5 . lOU r l( b-,orl!)$ 0llfqU, cbal 

:l..,ar thro~ 10 the baet! metal. If; 10 aoft "n~ \\Q'Jl to ,'lc~tltl:b "l.~h the 

f1 £' .Dail. It flaked f~ ':f 60 t sc " , 

wto 2 oJ. tl or O.l£) ~IN, . Hl~ 

,S1.3.ill3(J 

Jm:ueracd 1n O,471~ 'rn14 tor 24 hmuoa (rt l'oon t~lf4ler~tu1>oo 

311 and 'G\)'J C(lltll}g uas crft'l.eO. &.t.1 OV()j~ . It h:: c beon 

c.,tteucd 80 1 t .all be fSC ltch:d)C (ti1'.lll<':rn&il) t thro 

~ 00. qol11o th~ bl1lJO Goat , "xcept at tIl() c'18o I. LoE'a 1.4 

~14 !apora Vacuum •• l'.:" '&t\lar p r ccodure, Th(J sl1gl: tly ydlowod 

f'u,d 1 tg ~urtaco has acqu.i.rnd .m trido8oollt film. It to be hard and 

in 600( condi ti un. Total loss 1n w.,i£ht, 00006]& Ol' O. OCO,5 qa illo 

Cl'fJm 392 1'110 :No . 3~6 

...Q.Qt:[~Q!i. II~!L 

ROBS Cunm1ngs. C. I:iollj rS1Sheud - ~. 4/3/43 

» ;~, Oampletl cleaDed in Cell, dC'yed aDd wo1~do In 1.116 ni trio acid 

ero illillerl!lOd i.n ~n v.i f.ric ftcid for (1-4. hCII.ll' /I ) , 

T< mper lture 70or:J. Wath .... dTled ':}nc' \'1f}ighod o III tlin TCl AolutiNl, 

t .. d sampl(,t, WOl ;rle1.>~d ill 0.4' TC14 ,'OOU\ 1;omperatu " 

0.1 and H!!..~lt.; I 't:D'ttl'aUon (1 .. 1;0 

E'YfJrdur sheet fran lJ~r1 <:an Dnass Comptl~ 

TOl tce't 0.10') Glolor leader, surtace e",ched 4 . 
Tile to11ow111& samplt>a tl'OJll the wel.JtlDgbau;" E 4: 

n.D.S. 7610 Evf.~~'dur plr to, woldsd ~1 tt Are : ,1"" 8h101do4 

'\lroll28 Vi.ill, 1'014 '~:e8t pl{ .in 0,122 1t"oltted Oollti oolor l"Ixldor t aurtac 

etched~ Black o08~ ;ing on HQ~. 



.~" j(),{). r{ 1 

• 
d O~l: 
d ~!o.5 t:lo 

'110 te'. , . n. (!u. 

by Ol'"41oll1o 3 16-rI db> :;(v." 

!.1 Ii 

S·te,[I).. .Bo,,: 

... A2CS'e 1J:1p0 3l~'l S1;:J.ih,i ... .,n 5 ~ft(J 

14 teu·,~lai:Q. 0,080 1'0111.J, 0.:·: 
03 _lit ~J.ai"l Oo.OOH8 1i~ld ~Jl O. OJ I' .Q.on",m~gnot1 

C).')'pCl ~ s. s. lf~a'~ NQ. nl~ 04 

"J'G14 tllnt ~)J.a1u ~O078 T.·Gld"~,"1 .~. OO~l 
:0, teot i.)1Il1n 0) 01)')), wl!.!.:11 .,1l'*,3 

1"YPu 316 6.S. f}en'6 NI;I. 9.5( u .. 

'1t:~4 tea' ,)1a1u ~Oo-111.3 lmlro:1 ;.1)02(; 6 
m;o, WlIt \,ldu oCl1J.5 w~l.d;)l cllU 

l.':o la-a Sta.1nlo .m ,2- X 1ft ;!t .!~') 

6,,5 ... w . '10°C (Wo..l ), '14) 

{104 bOlI1: J) 

f BI.'Io,. and O.,4'1t.! 1'_:~ 

~ • . i.iam,pl.m ... ~ QAeau:JQ ;iJ) Gel. g art.,.-l mld ~n1 jt~d 

e o,)lut1011l;. Wa in .ch 



E."'qJ()mro \.0 ;1<1 i, 0
3 

at 65 

H~a·:.~tl'ellted elrt 
Hea1~"·treCJ.ted l:mk" 
"eli 1 not he at.· t -re ate" 
Bls.p'< 

l!.)~(lSU:-:''' t.o 0,,47 'rcl4 at 

Hea:r,··treatcd eid 
Hea~,· ·tr'eated hnk 
\';elr' not heat treated 
Blank 

oOC 

uo20 ipy 
0·,79 
,"\ ,02J. 
1,(,083 

CUl tenperature 

o lOG 
{),09h 
0.017 
0 .. 003 

QQJ t¥?,§JON OF ..!!iQJ)l~W ALUt:~ 

/,,0. 

~~~: 24039 f.lq. in" plece elf 23 Aluminum ·'lith surl:J.ce "tl'ea: 

ment)J ailed blm.ilite no 

!!!lr~U!:!: Hoorn Tempernt· ('3 

!.~: .. : 

2!!.!. ~: 

lW.:-s tl!,.s: 

18u~ hcurs 

Tel 

'f:tn.\·· 

'st. hour 
ld ~our 
.ext~ 16,,2 

~~~...!.~" 

O.JJOS( 
O,,\)''!8:) 
:1 ,,00'" 

Co.c.rou.lGn st, c~rts slo':.j y but, a\!c 

'\ppr'oxim<?tely hal.f the rat,( for pl!!'E:l r' 

~;Vl.f. (Lr.mer!Jed) .. 

Thi:, ( rate 1.8 

th.) pln.te was cO'7er~d vr.ith a white coatille with JTHrw dad S1 ~cks" 

Ct.eJ S-137 Fj~€ No . 6 

Roso C - .")/20/43 

~tc;~: Stebless stee' \ .. ype 302, app·o.d.matal.v ~If ~II ~, 0,,022" war 

<.:omp .ctely :1.rnsr< ("13e jn.r:J,; 

1...ad ed in. tap water a 1C C.f " 

j.ds (see t '.lb~ ~toc RET 



.. 

'. 

T:ir).l: ' 3J) .33 and 39 .. B3 hOllrS 

!~!2~1~"!.: 2)VC LlIld 8E' C 

-!!~~. S :npJ.es el ,..: :.ned wi th ~C1/, I and .lcsled with het t~u.t,OJ 
a "tel' e:xnos lre 

!~lblj I 

He ;ults: -----. 
Soluti~ Terrpe,C"ture °c ~£Hlet!:Qt!E1 - . 

5% HN03 
1% TC1i,. 

16.,33 ° 0(-057 8 

5% HNO) 
1~ TC1, •. 

39,,83 Q"IX'Ol "0 

5% HN0,f 
1/10% CJ.4 
5% llNO~ . 
1/ 10% C14 

16,.33 O"OC04~' 

39083 OoOCO 

8 

67% IINO) 
1% TC14 

16v33 0,,020 8 

67% IINO) 
1% Tell. 

39 .. 83 O.0c:025 '"0 

67J~ HN06 
1/',0% T .14 

16,,33 0,,013 8 

67Z In~O) 
1/,.0% TC14 

39 .. 83 Q"OC{)2~ o 

10~ H250}, 
1% TC14 , 

o 39~42 0,,037 

A-'OOO IN....lt'l llo,) 2298 

CO!.3'Osl£ .. ---~ _ .. 

• July 1, 1944 

Uet.~: Tuballoy with 8lTooth ~ound surfac 

;)O~ ~~, .. ~: D:"ltilled ,'I.ter and 1 x 10-5 Ilfl2 

'l:t3J'!2era.td!!:!: )'l, 50jo 60 1 70, 00 Md 90°C 

TJ!t~: 8 to 38 hOUTS 



~~ced.2t,~ 'fest.s were mi'ldo in open hCO [.J. b,~llI.{e1'5, (IVer (,.QU.-like 

hoi. plates VI .11 m stirrinr ~ ard [l.ddHl.on to hold con-

stant volum! 

Corrosion &'1 
HV(iroccn Pel 

~~~ 

11 t.e:lll) 

,'/ater N ld ;iJu.t.e 

4? 

* 'hese '1alu~ r: in pn.r. g~,;e th e rar~e of cJCpf;rirnental t'08ults.:. 

1 ID{ Icrrl'/hr .to ~(lu1vll L !Bt t.o a ullifonl t31.lT'f!lc(> 10~13 of oOl;"/roo 

Mc.t~: 

So.! ;;t.J£!' _ 

Var:dng '" the 9-·1~ tests, and. orrOI'S due t,o cnane 

in f:he hr)lOOgC' loity 01' the l.ld .. al gave P%'(Jo! that M .. curat 

y-es '.llt~ are rlcult t, as(~ertain 

Tuballo~Al1o'y8 

See Table I I ' Il'ld ra·.a'f A110 

4 J LC,-5N Ii j :> x 1 Ht):;, I 2 ,'pm CI"" (pH .~ 6.0) 

TI!;l! ')erat~: 90 

Tj.m!: S ~r hours 

f'lycedur!t: Sall1'3 as abov .. 

~~lli.' 1\11 results al'O eiven in Table II exr;~pt for the nicknl 

aUoys ~ It W<l.'J found tha~ .. only thes<. alloys sOOned any 

p"vruislng co:. 'Osion re6is~J.nce ~ (Se(1 liUC - JED 1128 

(N "46), #1.,9 (N 365) and PI3 .for t.hese results) 



r 

'n" 

.=~.-:;::::=~=====- . : ~  C z.::=:::::.:r--=...-==-=-
SSJ I~t 
No 

Z7 
27' 
21' 
21t 
2C!) 
22 

219 

265 
26~ 
2&) 
2SA 
26V 

27J 
26(' 
21. 
214 
210 
a:>~ 
22 
26ft 

29L 
9, 

,-..7;i 
27b 
27:' 

22') 
z;r 
2~· 

23") 

'3' 

2A.11 

46 

JI,1loying l':tanent 
!l.nri He atl)m1c 
per~ent ir.. Hl1uy 

-------_._-
r:u _ l/-l 

l' 
]. 

5 • 
10 
95 

99 

Sn ., 1/4 
l/'=' 
'\ 

5 
10 -

ur - 1/4 
l/':J 
1 

S1 

5 
10 
15 

50 

1/ 
1/ ;~ 
1 
5 
10 

At - 1/ 
1/., 
1 
5 

De -1 
l/l!. 
5 
10 

Sb - 1 

III "" 1 . 

5 

Rutfl. [JP../cm'fhr . Lone 

[n 47-10=:;:;-- 'N R'z;J'Z--
pH 

OQ~i ("08-..,57) 
" ~!3 L 1.4r.- 0 ro ) 
04 (.11 ... 65) 
o~; (,10 •. .40) 
,? (.06 ..... 29) • 

Salnp1t swelled ~Il th 
~t.. g , Ln~ then hrok 
up~ 

007., (., :104 ... ,012' 

0.2 (,,07 ... 29) 
9 L :'>'1. 3 ) 

:iamplo "ll'oke up 
Ss:.unpl clroke up 
JJi aiute 7atecl rllpldl 

0.6 (01& .85) 
• 3 Lll-~43) 
.7 (.55-.78) 
.31 2 d,et. 
.oa (.O~~oI0) 
~06 LOLl- u 08} 
.o'? (001 ... 003) 
.03 (.02-.05) 

".24 
08 
.7 
.57 
.34 

,. 
0-.1"; 

.2 
048 

.Droke 

On91 
.3 
• flO 
"BO 

(.18..",36) 
.fi9=o87) 
• .;,s...9~5) 

(.53-.60) 
.., C!.t'lt. 

r5 (1.4-l..6) 

ooe ~:t~ r;:,pillY'l wen 
to pi -,ce o 
Ii • L( 

0058 
3 
9 

.4 

O~46 

0 . 8 
-! 

.6 

.36 

.5 
~22 
022 2 
04 (.oZ ) 

0,.51 ( .. 45 .... 56) 
.9 (.5-1.3) 
B (.5..1.4) 
3 2 dot . 

.... Lla., .. 

0 0 5 2 det . 
8 . {04-1.Z 

05 2 det 
• r.6 2 <let 

2~O 



Clem n-4 Fil(J N • 310 

,~~!U?.t;.!!9ie9 

Ch€.!!d.(:ai G! oup - ,')eptcllIber 191,2 

Sec 'l'abJ 

,~::>()O~, 

T MO lOurS 

• 
h2.~~?;: l'uballoj' ChlOl:ict~ <:md :BromIde vapor 

Each sample s<'r-~_e::' off in yrex 1~\lbC \Ji.th 1,ho sarpl 

usponded abo 1..0 J: ediur' !J:'1 foieans of a const;rict on, 

Hl1.1ben heated ill , O\l,en ana efter opening the lJleta.ls were 

shod with m:t.er anr~ -w\'Ciehed <' 

Results: 
.,.--.~ 

he first cohron of the bromide results are £loom the first run 

1th this mat.\ rial J using th~ Bureau of Standa.ros product with-

u1.1t prelioinc?l''Y slblimatioll" In splte of the l'athflr thorough 

heating befo e~ing off J Ii cons.lderalJ1e pressure (HBr?) T:aB 

ao 

'rio1ontly u O])fning" All the oi.her tests Hub limed. 

~l:bd gave aIr £lb}, no gns 0 

Table 1 

1.I..CJI:?· 

Pyrex' 0,,1 
Pt 0.1 0 03 o I) 

Au 0,,6 0 0 6 () ,l 
L!o 0,,1 o ~J. ).,,7 
W 0.,5 1.,.3 
Ni 0,.1. 0.,3 '} 5 ....0 101 0.9 
Nichrome 309 2,,1 1·1. 
!tonol 006 ?"l 
Al L7 1105 

Stainl ;:ISS St.eel 3n6 205 5 .. 8 
Fe 5.5 4,,7 3,,4 9 .. !i 
~ 3,,4 IHoO 
eu 5,,9 7 .. 1 
Be 16.,2 16,,0 



45., 

Other tubes with the metal direct ly in contCl~t \'d.th the s:>lid Vlere 

made . These gave, in general, greater losses , but in about the same order . 

The corrosion was small for Pt, Au~ L:O (except pos5:ibly in the bro

mides) j pyrex, rl, ta, nichrome , (Boiling in liquid chloridl.'t we found that 

Th02 and al\UldUCl wer e badly attacked, whereas BeO, graphite an~ quartz were 

not " ) 

Chan 3-244 (UCRL) FUe No v 3180 

~.sION TEST IN CHWRINK ATWSPHERE .AT 500°C 

Nelson G·arden - l/28/44 

l.emPerature : sec --t 

!-)ressure: 1 mm. (appro~tely) 

~: 17 hours 

Procedur~: Passed in CO2 for l/~! hour (heat ing up period) j then pas s ed 

in C12 for 17 hours u 

Results: Worth - - Further 
2,w9Ele Approximate Anal.ysi~ Disappeared Poor Fair TrelltinK - - ---.~-

pt 10% Iro X 
Gold 20 K X 
Cb I 
Ta X 
1:0 X 
l.:onel eu ra X 
Stainle ss lA% Ni ,l 8% Cr X 
Nichrome 80% Ni'l 20% Cr X 
K- 42-B 45% IIi, 2:;% Co, 20% Cr 2% Ti X 
Inconel Ni 78 0 4%, Cr 13 ~ l% , Fe 7.2% .l 
Ni ckel 1. 
Haste110y B X 
Haste1loy C X 
Chromel A. X 
Rerractalloy X 
Disca11cJY X 

COlllDJercial Cr i'U S1 Ti ~ Me> -- - - - -... 

150 23 ,, 9 20 .. )' 20 06 1 ,, 79 X 
180 24 ,,4 209 Q47 1017 X 
190 17.,6 13,;~ .,55 1 069 2025 X 
200 8 ll .OO X 



less stood up under pure C12 but l'ail.oo llI' .. der other metallic chlorides· 

IJJlJt.ed with C12, atoosphore (followed by Cu bear alloy fniled) 

Sar.:R1e Original lTt., 

2 .. 52S2 
2 8611 
203149 
203319 

After 17 hrs~ 

205226 
208556 
203091 
2 ~3249 

0056 
0055 

.. 0058 
,, 0070 

hed (methyl Alcohol) d rochined bero and a.tter C~ coatine relooved 

8-527 (nocn) File Noo 7J1 

otB.ls: 

OORROSION IN THE UQUID PHASE REACTII 

George DeCroos - 8/12/43 

Stainless steol type J04 and 316, 2" x 5/16" x 1/16" (A size too 

omall. to give accurate or precise resultso The actual rate 

hould be lO\'j.;r) Held bead, ~J01ished smoother gnd dressed" T 

teat strips \'nre annealed for 15 minutes (304 at lB')O-19000F 

and J16 at 1900-19500 F). Picke1ed 5 minutes (too long as they 

appeared pitted) pa8s~.vated at 2')oC for JO minutes .in 30 vo ... ) 

% HNOJo 

erat~!: lJOOC 

: 4 hours 

:-~ium: ') .g of ROJt 2 g TC15 ~ and 50 cc of CC14" Other tests with 5% 

solution C~ in CC14 as a solvent 

Uet·hod: -- Samples seal,. d in pressur("l tubes containing the media 0 

!lesults: 

in CC14 without C12 React ion in CC14 lrith C12 
S a!!!? Ie 
JC4 

04 annealed 
16 

Jl£ annr.aled 

~ (Mg loss dec 2/24 hr~) 

66 
162 

27 
40 

Sagp1e ~ 

304 30 
304 annealed 36 
316 20 
J16 annealed 13 

.. 



BT-ll e No o 2854 

rro~re8s Report - 11/2/42 

S'!]I"~ry: Sta:ln1ess steel is sufficiently resiatont for r.lany purposes . but 

in many instances chromel A lbits ugh 

temperatures" 

Stainless steel 18-8 ren:L&h,ncl) to i'llseli rn.lxtures or: (1) NaF and T.I'4 

(2) N leI and TC14 (3) NaGl, CaC12JO and 'l'C14~ and (k.) NaP, Nael and TF4 

When tho .11<110 ratio of NaI' to TF4 (l) was 1..5:1 or createrQ the 

corros~('n of atainless stEel was ner;liblble; with a ratio 1:1 corrosion 

was excessive. All Vle ljxture3 containing TC14 corroded r"ai.nleaa 

Dsf,a on the corrosion of 

COI'1>osltl"n Highest Temp 
:r.:o:,-c-~Rat.!O Reached 

1 UaF: 1 'rF4 
L.l HaF: 1 TF4 
1 .. 5 NaF: 1 TF4 
2 HaF:1 TF4 llC:),lC (40 Uin) e hrs 
201 IJaCl: 1 TC14 10000 C (60 Uin) 7 hra 

NaCJ: 201 CaCI2: 
1 '~lCi4 10000C (10 Min) 4 hra 
1,,1 NaF~ 1.1 NoCl: 
1 ';'P4 llOOOC (10 Lbn) r. 3/4 hra 

\,/eight of toss in 
Sar.:ple rleight 
Grams t:g 

481 
350 
25 
31 

1000 

5,,27 601 

5.,90 45 

Bo Corrosion e,f Stainless ~y.-el,- !".,vI Cnrbon Steel. Pure Nlcke:~ 

Chrome1 A in Varlous L:edia. , ~. 

10 .. 0 
8., 
0,,6 
0.,,3 

17.,3 

23,,2 

2 .. 0 

:,tainless Steel satisfact,cry for containers for converaion ot TjlS to 

TCl.:- by Jmans or CC14" er romnJ. A for TCl4 (fused salt mixtures at 

higher temperature) 6 



, 

480 

}3, Results: 

~rab1o 1... 

1/,1 .. -;'-===':"'~&~ 

l:e(,11 
T 

<::. ... No lC'lM'Osio: uileS3 Steel S2C12 at B.P. 
_---1-!:-:~ ~ 

2 ~t a illleos steel. Reaction 11,) ture 6.395 0.15 
l e-8 T 30g and CC1 4 

~.-------~~ .. ---~--~-----
3 

.) 

oS me as 2 Same as 2 12SOC 5023 O .. lJ. 

Snm~ as 2 Pure TC1~ 500~C 10G3 706 CorTOslon 
,----.... _______ -.-. __________ ~. _______________ ~___ ~~2~j~y~ ________ _ 

s,..&~ __ V~n 

Fused sa...1..t mix
tures in tabl~ 1 

6 .. S 

1 .. 22 

______ runB-= __ 5 .... .2.~I..LJ).OO()C_ .11=o:.;:;1.) __ ~ 

Chc S 1. Fi.le No.. 1)34 

e~: 

.et.ale: 
~.-

R:w& Cummings - 6/25/43 

"0 hours 

1.500 C undu' vaeuum 

Solid TC14 
(See Table) Cm'ornel vlire, No. 22 g.'3.uge x 4 t j the steel sheets 

Vlere 3/1 x 1//. "by various gauges r, All salipJ.es \lere buried 

in the TC140 



• 

4' 

Samp' .es recovored 'J.1"ter run,! washer, in cold tmter, dried 

and l'/ei[:h ed 0 

ults: l{~. Yenetrat,lOn 1n1Jlcnes pel'" run 

(''hroms1 wire 0 
)tainle~s Steel: 

18-8 froIn We.Jt .1nghouse 0 ,,000112 
Type 302 0000012'1 
Type 310* 0000015S 
Type 316* 0,,000082 
'f'ype" 3160 OoOOOU3 
l'ype 31 'f' [,, ')OOlll 

ype 321* O.OvOll4 
Type 32~ o 000 
'J'ype 347* 0,,000069 
1"'Pe 3470 O,()OO099 

t.:i.lc ·e by Cruc ible ~3teel Curr.I' 
o )JakeI' unl.no11ll 

5-1.44 File No ~ 613 

porroslvn 0 

ne.. 5/25/43 

Sam )les \1el"C pl:-~ced in crude the larr.e at-ill.. At the 

of this run the.v l,'ere recovcJ:>cd 4 V("tshcd with hot. Hater and \'.eigh~d 

All Jretala shor: evidonce of corrosion c'ttht!r as disco1ol'r.tion 

ormnti'm of coatinp. or etchil"", )Cl 1095 in v.Ie.iP.ht was «lIeu 

latod .the penetration ill inches 1n this runo 

J.!etal 

Stainless ~tcel Resist:.l.l 
(Type 3(2) 
Nicke) 
HasteUoy B 
HiJ.stelloy C 
lnconel 
Ta 
Co 
Silver 
Cu 
Gold A.1l.oys 

Yellow &1a:.tel 
J.kK lihUe 
20K 

",\2 

o 0:>)0 
0 .. 01074 
0,000037 

• 



S )08 I, rl.QC' I ) F No . ?17 

6.·:!f7 

70R at Tel 

of litroaen 

. ~!I!.,l£ 

I.bnel 
N:C':kel 
r.oppe! ' 
Stalnl.e.'l3 St 

irBt repeat 
Staillt e:.lu Ste 
Firat N;peat 

,T. 

l 'h(-

Dialca 2 .125 u~ch,. 

typ~ 304 ood 

J. nnd then buried in c:pPl"'oxiLrmt..EU.;Y 

.~ 50-45(P' .. ~ in a slow stroDm 

~tJr".ws wO'e I'(c;;.ovEd and ft'aighed 

1.036 a«2r-. 

l.y 
J 

bet.tcr sar..p· 

r 'ile 110 ... 2163 

r. - 12/11/! .. ~ 

.etcr l/ere cut from .")1- copper, 1.'1on:1, 

~~ st.eel.. rrhi~kne!J8, G .. O"~) - ,,061 in 

•• ~: Rubbl d with abr" - ott ashed wilt-h aCbto,e, w8ter and d 

in 1/2% HtJZO 

dried and v:ei:h 

TC14 covered ',h(' 

Syat! m was Ui I 

~'lut .on for 5 mi'luteo. Washed ' in ,',rater 

P.J.nce :1 pyreX tube about 1 lnch apart . an 

l11.led the apac, 

,10-1, to , x .. lO-5 

cn them,. 

of Hg.. \'mGn If' 3 

:'''euched, \eCl.t.er13 were tllm~d on 0 Potal eJQ)OSUI'e t:iI:le wua r 

COI'tlod from t .()}[.)(~: 'atur f' 490°C until (~'1 '3 heat era wer'e turned off, 

When the app 

moveu, washe 

colJi. ·:tr.v air was admitted '"ind ea.'iplcs );'.,

.t o )ortiun~ of distilled H~( followed b, 

a 2-;1inute wa hj·· .. 3 in ~illl~ distUle!.l liater.. Drled" 

ie) \00 0 Inl tic: 1 :Upna c 1'I'l8 uad Each S<lq)~O was pl"Ccd 



.. 

1 

in 50 cc lIZ}. 120,~.Z; IIca 30 '.l'tion long enough to d.L:isolve 

a deg irud lay " 0 HaHhe. , d, \'leiehed.) 'ril'oo \7aS 12, 24 ard 

72 hours" 

~ Tha 3Lainlesf It .. ,ho''eo ,ignif lCD.nt in·.!r.;)ac.c :In pmetra-... io 

. 5-101 

betweon 12 an. , '1;~ ItUlU'S e:>~'(,ll re Go?p~r is Ut('! CIl]Y one tha t 

'i10\~ct a sign 

Taken f'l"'om Tal'. .6 ., 

i2 
~J 
6 

.... l·c ,:.~ n with in:reaeed U'f osu '. ~. 

14 
55 
2 
7 

"!'llt ire Sa-IV le I, Vapor 
.i..l1Cl 'o£;lDmn Il.n ... · Corj"Os:, :X.l _--.0.= .... __ .;.i _ ._ .. ___ --.. •• __ 

15:: 
55 
25 
7 

680SC 
3005 
) ,,78 
~o08 

"lie No .. 582 

Qo~ro5ion )f Vario .-~~ ~- -ig!L,Ter.1peratlL;"e 

. 
t :..-"-· -~· 

p, - J./L?/4'J 

Chroilllum plat d4 per 

llolyb'ler:um H~~ ~ st '.!inl~[. fl steel 

Plain lA-8 st r nle '! s steel r,--c.n 184" met.al stock 

Cast Hercu.loy ~ ~.ese-coppel· ) 

Cast . 'iveI'dur :r ;ili~on~c('ppel' ) 
Ni-Re ... istant l opp: r - 1)"ca gr".de oi' :U3h Nt C(l.<it iron) 

(1) Gl eaned s'pie'J vlit.h CC1Lv dr-led, cooled and ,Ylei~ed" He').' 

in vacuo to 43 OC or 1 ho Repeat (:t) 0 In the vacuum ru., 'nilC 

TC14 \1B.8 v~or~ z~d ,Uld illO\i~d to condense on th'" specimens .I.."l 

the cold zone r{ h,:>n the TC. I. ', s evapo::-ated .:rom to e surface ot 

the r-rJtals" rr ital t ilOO 1 hour" Temp'3ra.ture 450°C" Cooled, 

washotJ ll1 H~ It.ub ')ed with co~ton tl,a.uze, wnshed in CCl4. dried 

and ~( ~ighedo 



as (; .c; v erd ur : 

Sl.st 

Q.w.' 

!to .. s Cunn 

metl!.' .is Hheet c 

mens had .fOU 

dull and rougl the tullC!-

.u·cncl~ I rio oli:lt,erl.ng 

()~ Inth" 
black coat. 

o.,oo'W) I" 

O~OOO 
O.OC.r)2J,J 

o 

OuOOO22 

lk .• 593 

"lith O.,oo~n to O,OC:J" ni. 

(J0051t p&..11'HtillUl.. Tr. 

ini.:lh il ~qui 

Snec.lm9na wet' -hed \dt:l eel ~:led, (~'l) 0 

heated in vue 

Pu 

on s,' ,'f, .-:t1 rile: d 

( r{'("lired 

, 
s. 

Surfca.ce 

Rougtl 
HOO. l'Ol.i.~h 
tledo e.rncother 
Pol:i..shed 

0.'7532 
9,5/.98 
1 .:~80.3 
9,,6916 

(8J~OOF) w(j[!hed in CC;14~ dried and 

and Tell.;. vapor condensed 

at. 450°C ~ 1<'0110 ,inc thi s 

.) 

,.Cll,. J 

of .1b:;L\t 4 t. ~ oq in 0 

J.'alIlS l( 075 
.. 54c 

1l~37fJ2 
06898 

There clwn cs in \'~izht ar',~ Lmc:h create).' than wna ob::lerved with nickel plate. 

iscolor~l a lit Un 'yc~.lo 'rhe DolishEd piece was duD. 

c 'rubly" Sr;lall bl iSl; :.I'S aJ)pearf~ 't.he t'OUI;hcst Spcc"1Jllcn 

 

~ 



1 

I 

l'ou-:'" 3pecin:enB with B Jr J,-.'1ce a:reus 
Q 75 ::q • in. -4 

j ¥)1rJ~ T014 S01ution .ill loot weir::ltt, ' 

rrorn ,,03 gr.:'Jl!S t o· l ?3 gr[llUS .. All Here di8(.!olOl'Cda 'i'11e tm rougcl':'" 

"an:)1ca uequircd blis erflo l'ho 

cold plate laving bro '~enaW3'y 1 .. he nickaL N ., •• ~ co!)per \w. 

~: In generci al l v"""e unsat isfactol"'J l'CJJ .. vapor- or solutio 

S-225 (UGHL) -no N(·, 31 

Pc. Ho De.vid 

r'r ced1L'!.: Sll.IIple bottle 'l V/f-}re !!lado filled \'lith .app:"'Oxi.hlat.ely the awn. 

ll: 

;J;OOllllt of Tel , and Ruh ~P/"'tt-d to IJL~h t )f.1peraturc, in an lllcrt at 

I 

rrDsFhere to d' pl~£ate those I..s()d to -)I'I:;p31'e r.he uaJ.ted ellur. 

for the pola~ " rm 

Burne sa.'lplcs 

hOI'?' 

Stajnless Ste~)l 
Stainle3s Ster;l 
Glnsu 
Glal;s 
Nickel 
Nickel 

lie rcuidues wert, dete.l·w.ned on ~ho .. 

hem to a tcnpernture of 63SoC to 

conclusiv\31y that. nie~:·'J. is supcu·:\',:>r t iu1ces steol o 

N'lC'lrol-p1at. c·d cop,er bott_ es were t.ri without . .3U'';C C!:;So The nh-:kel pl 

] OS:ing tne cop PC VI h l.S r att1-.cked bv wnltcn rc~ 

~h( t.hin laycr of nickel l.t.self partial 

lr.alion of its resistance t.o eol'./,T,,;:! 

.,-
n.L • the Curie po1nt. 0.1' nicktl " ... ow the 0pOI' atin 



conditions" It seems imo"Obaole th:lt ukkel' s nnv..netic prop ert.iFlJ wiU 

c.ul1.:m a . .y difficulty inl:.l ,c operat.ion o f' the pol.lc.rono 

F··lO 

~e· 

rile Ilou 3055 

on 

Jo~ , llolkll C ... D, : SlISallO ·-VJ.2/1~5 

AISI No o 

3095 C()llrnhitlll-: ,~&l,alizcd 25% 8~1-!% .:u .. tee!. 
316 Holytxitinwn I .E:;~ Cr-8'~ N~ steel 
3l6S r.olurob:1.um.,r., lil ilizc 1 Ito l8%-C. ,'" 
321 'l'.ttaniulll,, ·a i (Jb ~~izcj 18% Or-£1% fa 
347 CnlumhiUJll><·Cl.!tlilizc'1 Htt Cl'-8'g hi 5-.. 001 

Hastelloy (' 

'l'uh:Jllo:1 tetrachloride was ntMdnl'd A),nha char~EI material furn .:'flied by 

u.an Bell" 

PL"\)~~.:!.: Test s'pecimen~, app1"(lx.irnal, (.l: :3 1/ ~ pquaro in,cl",s area, u 

cleaned tith .~ct)tonc to r01lm-e oil film and sClubbed l'd.th a 

brush us~.ng Il l~algonitell 0 'lh<) ap8ck'?M VIeI'6 rinsed with water 

alcohol and €' '~'L", f:\..nall~r ,t-'ied a :ld 'Neighed.. ThE) specimen; 

were placed h rl Hastello;r 1:xl at az follows: 

1
1) Olle inch .Jf charco f.laiJu· ~.al 
2) Glaas roc' .J 
3) Sample Ir£~'rkeii #1 

(4) One meh :;f ,:har-gc mnt(~':. aJ 
(5) Glass rocb 
(6) Samples m..U'l<'~d /;2 
(7) Fill the bo.1t cOfll!=>letuly with .:berge n9.te~.'''' 
(8) Glass roc 
(9) Samples D' u'tecJ #3 a.nd ~'l. 

i s then placed in the tube furnaco;) :-Ieatcd to 

5OCoC and Elvacu::itect m ~O to :3 'llkrons, at t.he end of the 

run {150 hours L ' 

-~ 



!l!;tui!! : Most r esistant l isted .firut 

Solid TCll. 

10 HasteUoy C 
2r 316 
3.. 3165 
40 .321 
5~ 347 
6" .3095 

Y.2-por TCl,~ 

Hautelloy C 
:3.21 
')47 
J16 
:n6S 
3C93 

T,tEU; ---

~ 

M'f!B in Wa.!ght of Some f'!' ~': AlI OY"_l ~sultj Ql From Their Expo.sure t.o 

![h 'p.1!!~d Vapor jJ at a TernI 1rat~of 500~C~nd Lc,! Pressure tOl' 150 HClUl~ .. 

§R.!s!!!m 

309S ~l) 
2) 

(3) 
(4) 

316 (1) 
(2) 
(3) 
(4) 

3163 (1~ 
(2 
(3) 
(4) 

321 (l~ 
(2 
(3) 
(4) 

347 (l~ 
(2 
(3) 
(4) 

H t~~ 
t~) 
(4) 

Solid 
Solid 
Vapor 
Va po 

Solid 
Solid 
Vapo 
Vapor 

Solid 
Sol:U1 
VapOl-
Vapor 

Solid 
Solid 
Vapor 
Vapor 

Solid 
Solid 
Vapor 
Vapor 

Sol id 
Solid 
Vapl".,r 
Vapor 

a 
I~. o 

07l. 
,oz: 

9.,096 
9.,')22 

o34~i 
~, 34J 
(. 34] 

9(J 34:~ 

10, )1) 
10, 46" 
1'1 599 
10,, 59,) 

~ u 77 
u733 
. 88'2 

ti 88:2 

8. 372 
,.423 
.372 

il,423 

Loss in \'It " 
Gm/39 0 Cr~ 

00 0309 
000520. 
000211+/) 
0,,02026 

0 0 01435 
0001757 
OoO'Zl79 
OD0283~ 

00 Jl994 
0002106 
0002376 
0 ~ 03531 

OoO~~L. ~ 5 
OJ 2516 
o o ()2C::tl 
0001898 

0003113 
0 003)00 
00 019 
0,,0 

0 •. 00095 
0, 00066 
0,. 00768 
0 ~Ol2J2 



JRC· lS (ML-4.3) 

PROGRESS Rl P()Rr on OORRC~ ¥lfl TESTS IN TC. 

Pvt Dcna1d R. H ... ,5/26}';'. 

Teet run 150 hOUl'S at 500C)C :1n lx>th solid and v<lJlor o A.U GDtlplos wcr 

alln'!aled~ Also tests wero run in the ' AJ.pha still nt '/()()oC for 12 hours 

Exposed To TCllv 

§r.ec~n rl!M.! 

.3095 ~olid .. 0900 - .15:'5 
rapor 00625 - .,05?O 

.316 Solid 0 .. 0418 - 0.05:...1 
Vapor 0.0810 - 0.0826 

316 Cb Solid o 0592 - 0.06"U. 
Vapor 0,0691 - 0.1025 

321 Solid o 0715 - 0.1732 
Vapor o 0590 - 0,05 

.347 Solid 0,0905 - 00098 
Vapor 0,0573 - Ov06r 

Hastelloy G Solid 0.0229 - 0.21.', 
apor 0 0 0196 - 0 0)10 

Haste1loy C Solid 2 39 ~ l~ 73 
Vapor o 895 ~ 0 '",'-"6 

316 &>lid 8o~ - O",W. . spor 2047 - :; .. 06 

.347 Solid 9(14 ·10 .. 46 
Vcpor 2,,72 .. ~.85 

3165 Solid 6.,27 .. 5~53 
'apor 2 .. 46 .. .' 2 .. 66 



RL 4~6 0289 Fj~e No., .32'78 

E CORROSION RES~ST1\rl~~. "'. :!-AJd!i'£:;' __ TO roIl, VIf.Q!! 

P.., lL Davidson" r 0 St , .3ct.er - 9: 5/44 

Between 2 x 10...,1" and 5 x 10-·' m:l Hgn 

Analysis: 

Thicla '~ !£!: ell! 2L~ Other C?!lBtituents 

.304 Stainless Steel 0 0 05' in 17,,8 11,7 67 6 
IncL'n )1 0.01( 1.301 78 ,0 6,,9 
Ur'1rome 0002l 17,,0 57,5 24,1 
'onE;l K 0006: ~,.3 2. 0 32~4% eu 0 .. 1% Al 
!ekel 0.00' n ,93 

Size 3" x 1/4" and th:t ckr.es:J statod a)OV8. .i\cotone and nator wash, samp) 

hEn subjected to 35cf C for two h01.r8 under high vacuumo Con-

iderab10 loss in weight or cured 0 Washed in concent.rated Hel fOl~ five 

minutes, then several timor in distill€d Tlt(lro It ..... ~ed at 125uC for 

ur.. Indiv-ldual weiel lts accurate to )0:. mg. Weight 10 

cCl1J:'ate to 002 mg. 

The charge uaterial \L: ed \'Ir.n mater i "'1 normal l y used t.o load charge 

bott.l.es. 'l'hree sa:rples weX'e run at the 'Jane tiJrlB .. 

.!!!§!!~ See table on pag·· 58. 



Ccrroalon Rates (Gram per !no 2/ hr x 105) 

1 '440 447 l6.,2 Bakecn!t 6.,2!-2.,4 4 ,,1"tL 6 6~2:t2 ~ 7 504!l .,5 ·3 • .3!102 

2 434 450 1400 II 2~4!200 Q"O!0,,9 o,o:!L6 102tOo9 O.2il.oO 

.3 ~J7 481 !SoB t1 8o~1,,5 -Oo9tO.,9 -o,,~il.o5 1,,212.05 0., 2!Oo 9 

4 44l 518 16,,5 p. l.3 ,,5!Oo7 -L6!O GB -o~ 7.t103 CoO!0 ,, 8 -10Otlo2 

'0 '0 ; l! '1. - 3~2n9 -1.0+'1,0 - ? 3+1 7 -... - ) :3 '?tL6 -1 .. 7tl ~4 

6 516 -
oJ 

523 19 ... 2 " 21 ... 5+.6_ 7 0,7::1 ,,0 0 .. .312,1 21,.4!209 -Oo2tocG 

J 
7 

t ~)~ 

k.83, It.:O!.2eO a.lc'~oZ '" "....J. "III! " 2,C!:.e -0071"1" ..  410 .;.it,,~ L : :&.,. -"c'" 

.. 401 4S4 16,,5 II RlA . 7 0.,7tLO L~loC · 1:.(;tl,,7 1 .. 9%1,1 O"O±1 .. 2 0 

'I 4/6 484 1501 " .3 00 0%0 0 7 loB!l,,) lol±l ,,9 2"lt1 .• 2 -o,,~Oo9 

 10 4~n 484 1.; .. 0 n 9 0,7!0 ,7 00 41:0 ... 9 1.,1't109 o .. 6"tloO O,,9toc9  
11 476 4B5 17 .. ~ :t 10 C,,6~Ou7 O .. J;v~,? O~v.!:l"l 0,,6:1,,0 OootO .. ? 

12 41t6 449 16,,; Dinc'~ 24oo!l,,7 19cOt),,2 19 0(,;.!4 0 1 ?~.O!3~0 16~2!106 
from 
SuOiimer 

41.-; • ! . ":-t ., . ") c=~ .. ~ ~L-;:in= 1 )8:1\.5 . -.. . - L1t::",,8 ,2,.,;:tloO - 7""1 -..., --. _.i'~ ••• .i.cJ. ... J.el. v .. - .:. oj. ., 

~ 



(1) The initirl oorrosion rate 01' the nickt:'l al..loys 

studied deCr6 UGe with time ',eCaUB(~ of the formation of a pro 

t("cti vo film - :'" pure n' eke 

(2) It is pr ,able that tl pe~ct wi[!:'h which th '11m fol'm3 

is :nughly Pl'1' orliiona] to he nickel content of tJle alloyo 

(J) Inconel, tlickel, nd .f,romo 13how neglib1ble corrosion 

ut a'U temper 1·,ur(J8 bet wee' oo~ and 520°C.. T~'Pe 304 Stain 

leas Steel and, :001191 K she, signjJ'1.ca.1t corro.1i0n, t.hat of 

304 oeing hieh( r t.hun rone,- K at all tcr.1p~ratllr(lS less than 

520oJ. 

(4) Type 304 ,ta u l1ess St COI:.!pare3 very wlfavornbly with 

the others 13... di Jd 

CheJll S • 176 File NOa 645 

. . 

3l9U 

~"""lIIlo#"""'''.. " ~IV' . .&.A.I' 4..IrA. BY Tal, V AI'OR . --- ---.- ....... -
Roo') C1.llllniru!s - 7/.,7/" ·~ 

1 hour heating (1 hour cool J.ng) 

ature: o J.BO C in vacuu 

Washed black :oati.ng fairly- c1e:m '\'d.th water. 'Un (8ama 

butt .m fol'Ill) ':J as 0 <) 64% wei[':ht I lead (i'o U C 11 round 

edge 'Uld beca] ) rough and pitted) 

94 
~SIO~: 

Stainless steel ard del of the follordng dimensio~i , respective 

i'to~ 

(1) 5.,O'{gg 
(2) 2. 
(3) 205%. 
(4) 3.,09g. 

8 
4 

. Eo.lJ:ltl.!: 
(1) 
(.2) 

So 
7" 



!.!et:l~ TC14 Vapor 

T.,lroorature: 5000 0 in vncuu' -.... -
IWr!bL..!!: 

Experi.nY 11 t T. 
Bar-ole 28 hOI .... -.' ..-.. 

~jt einless St.eel 
(1) 

m 0,,100 
0~07; 

~'ablo .t 

II 

0 ,,029 

( '0030 

~"ble 

XII 

0,,0084 

0,0077 

o .CObS 
0.0067 

11 

0,,0075 

O.,C0lJ8 
Q"O\t/l 

00(10(, 

Loas -U~, wei, .)1t per how:- (g/ CJn? /hr) 

Sarr1rii! ExQarinb:!] L! 

St:' i:'les9 Steel 
(1 
2 : o003t 
~3 ' 0002 
" 

nick~l 
(1 ' . 

.ll 

0,021. 
.0022 
otl025 

III -
.)00021 

0001 

00017 
0001.7 

1~ 

,OOO/~7 

,,(X')') 
.00)44 

gau) 

V 

(1 ., 0023 

0.0025 
0,0028 

Ci oC002 

v -
,,0001 

, ()cOll 
)c()13 

(} ,O 

0 ,0 
') .0 

J!! 

000 .l 

00012 

Coc 1'3d, dry air allowed t.(~ €nt, er - was' "3d st:!"ipa '/Ji th l'later, l~htly .300 .t-.~ed 

dri.E'!d before ?oe.!.eh~o :1: acl' fical.e flaIt:ed off of IJtainlp8s (Jasily. 1.:0 

adt erent to nickel. 

IlL 2S o 5025 Filf:l No ", 1879 

R" Gw.del finger 16/]4/4'+ 

Tantalum Ie life is probab y l1uch Cihort.€r with 'l'F/, '::'han w::"'h TC14 ~ 



l .91 

Ms~!:!!!!: 

F 0 H. SpEddirll~ 1 

TC14 Vapor 

TungDten 

• Wilhelm) lL. H. Da 

#1 Drain fin - v€ry little (:o:·:'r;)aion 

Drain. plates .,. unc()l'X'Oded 

File No o 2195 

I !") log(\ 8-514 (ROClt) filii) Noo 723 

Tir.r9 : ....... -_ .. 
. . 

C!!!!!!. 
. . 

1.100: -
R€:muts: ---

J. o Gates, ,Jr - 6/24/k.J 

4 hours 

350°-400°0 

70 grams of T.c, 

3138 tabl.e .or <. ;:.hat v·!O)~ buried in medium • 

SAmples were cleano!i, t' d in 'i'KS in Q 

slow stream of nitrogen. 

The best .S I.lS to the cOIT(}sion nru Pf.'audler 1Z1DJI9, 

stainless , 347, .317, 316, IU.twa G and 

Duriohrom ... ro . ~ no~ :3atiofnctory orten.a]. 

for lin.ing tho d:}cOl"!lpOSer in thu 1l1'eparHt:lon 0:. 1~Xk from 

TXS. (See ta.ble OrJ page (~) 
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§!!'i?J~, ('0 

25~36 Cr 
3-5 1:-' 
1-1 1/2 ~' 0 

---1-8~C:-: 

st c ~ le,19 Steel 
·~<n'''. No, 34'7 

~ I i .le.18 Stvel 
T. 1r 0 No 0 :116 

8 

54N 
24 Cr 

SOiA 
;Lld.i;\~___ 4 I!o .(). 

51j( i (llese steel 25 C 
T~1f.f) No, 310 20 Ni. 

7-1.0 -~r 

19-23 Nl 

) 
~~ 

iOl llo Stai - "- -
Uo St ain 

;53 flo Stain 
"--'-.~ ----

S ?2 

~~ .... ___ ""; __ '!"_.ll.;';;,· ___ _ 

12/, 
.--.~ ...... ---

Stcir~est'J Stt,el 
T_'n .t!, No. 325 1-1 1~1~'L ._~ __ 1~ __ _ _____ _ 

St •. inless steel 
~f'.;il.!~ No 0 JQ/~ 

l.a Or 
8 Ni. 

008 C 

eo N 
14 Ct-

, ____ ~ ___ .lW-=-_· P1ttetl-

__ ..:::~ .p~ _ _ ~ _ _ _____ ll~L-_...s.;;.:or;;.;:r:..;.;o.;,:;~;;'_d:....-__ 

S ~<iJ.1I1.9s stoel 
T\"~~!2.!'..212._ 2 N1. _ __ .___ 1m _!'!~t!.d ____ _ 

14 Si 
~~.s 3 C 

e )59 fl:ldlJ Corrodad 
Tantnlu!D. Pure _ _I ~_' .""01; _ ___ _ S.l\2 -1~4J,y Corroded_ 

No , :1-7 2O-3C Nt 
CUD!,!, N!cI<:el 'lo-8C..Q!!._~_ _""";ll)g9 ,~..!Iadl;- Corroded_ 

" SIJ SignitieB sat1sfact.)ry 1"£ i~EI 

.



'1' 

-528 (ROCH) FD.!) No ~ 731 

o AND D 

.- Dr Oro·" 8/12/4: 

4 and 24 hon "s 

I~~~~: 35cP- 400°0 t .3500 
- 4500(~. 60° ... 7(0 0 

• . 

telloy A - 5S Nis 20 
B • 62 raJ .30 
c - 5f. Ni , 14 
D .. 85 Ni . 8 C 

H20
2 

The Rn"'''''es 

ed in the 

"ried and v.eiJ!hed botor 

r:YllC 'lts, on reruns 01' the Batt' 

experiment th ro not polished.. The sam.e bl.tches ot 

T0402Hi> (dr l.ed at ,100°0) and 1'015 (Krans) WC1·(l used throu 

out. (1)70 Vil1l1S TC1S containing r.uried sa:nplEls in a por

e heated in the turne.ce with a slow stream 

ot nitrogen (4 hourll at 350--400°0 - 2 tests) . (~4 hours at 

350-45oOc - 1 t (2) 30 g!'arIl3 TOJ .. 2H~ - }1eated 4 hour 

at 3SQ-4000( - elow stream of nitrogen (d~). (3) 30 gram 

ro,,'2H~ 2S cc ot S% Ib020 (4) 30 volume H~2at 

60-7000 tor 4 hours~ 

' See page 64. 
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(1) u" Decomposit :l.on of TC1S to TC14 at 3. - 40fJC for 4 hou:t's: 

Test I Tost ---- ----

s~ 

A 
B 
C 
D 

Rat 

rUdec2/2l> he '8 

2a1 
95 .. 5 

-274 
285 

RJI.larks IT 

Slif3ht etai"l 
Slight mai'l 
Stain (gained l'ot ~ ) 
Stain 

'latt 

~.! 
,4 

55.6 
.180 
74 

~'arks -.-
.. night :. tain 
Slight rJ tain 
stain (based on S hr) 
Stain 

b~ Decompos~tion of TC15 to TC14 at 3 ~ -45/PC for 24 hours: 

A 
B 
C 
D 

A 
D 
~,' 

D 

1515 
1150 
194 
J .33 

Stained 
Sl:.ained 
St.m.ned 
Stained 

(2) Raduction of '1'04 Q2H~ to t:O,3 
Test 1 

17., 
lSQ!' 
35,,9 

-1509 

Slignt stain. 
Sligl-tt stain. 
No st.ain 
StHj '1 (nt. ~ain) 

(3) Dl"'JinG and d;:: (.:Ql1{Jositi)n of TJ4,H20~ . 

A 
jJ 

C 
D 

2 SLi.g:lt stai 
8£ Slight stai 
34 11!O stain 
11 Stain 

(4) 0.)1 idizinp Be ·i ou of H2.J2: 

!~tl 

-")J 

130. 
15 
137 

Sli/j -:t at ai 1 (,' 'i 
Pitt '.:d 
Slight stlLill 
Nt:; stain 

C~!!:.~. (I i D." Haste1- uy 13 - DOIT~ . 
• Haatelloy C amI D 

high -'[it f;;~ 

(2 Corrosion of ~ very 
(3, ~ ll very r eoi:Jtari;. to c 
(4) Ea. ;t(>lloy B u.~te l up~m 

'a~,e' of r!t,r-roqi lll. 

~" 
-1.9"i 
-1.70E 

.">.4~( 

90C 

dm'e Q 

1) -1(' 
8ex 
8: 
1",) t:.I:. 

Sl.i-eht stai n (wt.gain) 
SJi:;ht. stn:i n (1ft .gain) 
No stain 
Si~al.n (l\ i;.. gain) 

• 

SJ.iGh~. stain (..tu gam) 
Pitt.~d 
Slight st. tUll 
l~o stain 

ler I 51 ~ tl rdcl.~ i v('ly low t''lt. ea • 
tlo c( rros:i on ~ o~,h(. C'S sh.)w very 

11. 
:'Os .on . 
L t € vit _ rou.oly. othe:.~a h";.i l ow 



(,JO 

· 
Ohem 5-507 (l~OH) File Noo 716 

9QRHOSICN TE~f ~S IN THE DECOt.fP('SITION • TCrl ','0 '1'01 AT 300=350<'0 -5-- 4 -
J 9 W. Gates, Jr c ,fn/43 

Tw,pera-r,ure: 30()..· JSOoO 

Time:: 4 h/llrS -
ltediU1!!: 70 ! 'runs T01S in a slow strl A of CO:·~ 

~nples: Stai 11.ess steel and nickel \ !"e buri'ld in rredium 

R!!Lull!: 

s~ 

stainless ,tee!. 
TJtP8 316 ( ~ , ,lded) 
1st Repeat 
2m Repeat 
steel Rod 
1st Repea' 
Ni Plate 
1st Repeat 

Pure Ni 
1st Repaat 
2nd Repeat 

gain of 
loss of 
net 

gain of 
loss of 
lOBS of 
Net 

% Io~ 

005 .. 
oOJ~ 
02' o • 

.03: 
ollJ 
003 
0201. -o16~ 
oO:!( 
.15 
~ 
o14~ 

Remarks 

Nicl »1 chloride present 

RL 16 0 6.,72 File NoD 251 -

~: 

Medium: 

Me+.o.ln: --

TF6 AS A CHAOOEJ ERIAL 

Eo J. Iofcren - J 25/ ~4 

24 1, ·.EB 

250c 

TF6 lpor 

(Sec tabla) Samples '.rere a}:·; 
cen.1 irnetera 

"xi l1~t(ly ~ squ.'U'O 

S~les W4re 811posel in the , 111·.s radar va~uum nnd WC~ 
i gLed and brushed een roo ~do 



Nic <e1 
1 

COr''''OS 

at 

bu.t: 'l rubb 

r,raj J!lite 

Ill. , .2 

•• 8 Stce 

Br-a 

..I 

1.06 
0.40 
0~82 

C" 

h>m abc. 

It' 

'1" dUl1rlJ~ a 

~~~ature: Not civcn 

.....=:b~. ( teJ:le) 

15 inch thl(' 

DBS 

CJ1J.2 x" 

o to , . 

t 

ular 

- Incrc33c 
·"'rrosio 

stri.ng 
into the 

- J:'robab1 

,'r an uJ.:.lI' 

eel 

ct with hyd 

entill. erro 

810n res.i8t~c 
1943 

d 

bad 9 usel- ' 

o 

d 

lUlre decimf:'ter ocr d 

net fluoroc 

bUna r<lbbOl" 

File jJo o 328) 

1)) (,Irea nd ar:'')roxicJ.:;.teJ.~ 

pl:lceci :m t r side • the .J 

:lamher and t.!1 ~ caused one sidE: to b e corroded th 



i. 
t.he ot :'ler .. ~{el anc platinum Vlere 1 'und pasted t.ogether 

and the pastE sides l el e perfectly cl ! an. l'here ~ore, the 

effective arc nre 5(-100% of the val I ~S eivEn in the table " 

~.h.2f~: Sarple :J Here Jhed irJ distilled Vlater md aru:.onhm oxalate, 

acrapeJ and i puJ. wei[ h.:.nG nu;deo 

Beaul ta . The ae ~un1 VIe ~ht losselio are: 

l~ctal 1<>138 (mg/... ~) 

u -4018 
Ineone -0 0 41 
llonel +0.20 l in 
l:olybd \1.IIIJ. -12.25 
Ni -lI-l o 06 :lin 
Pt -8 0 52 
Ag -34017 
Stainl 'is steel -2039 
Ta -4057 
W -21059 

ConclUS:LOns: The .:>ehavio· can be Jlacod in four cllsses: 

Ao ~letal e entiallv unchanged: In .. mel and Mme1 

Bo :!etal bl Ids up fF4 coat, but rep :ts very little 
',tsel!: Nickel 

Co ;~etal 1:: Ids up '1'FL. coat and a nln-volatile fluoride 
'oat: pper, .sUvt}r, Stainless ;teel 

Do :.1etal f 1 rns a volatile fluoride nat: 1.~o1yLdenum, 
>latinu Tantalwn, Tungst.en 

RL 2B .. 5 .. 24 File Noo 1869 

S1JtiUAi JF ImSEillCll PROGRESS I..Eh ,lID 

R Jundelfineer - 10/7/44 

rhe fluoride charg l react .nth ma-i:.erials normallylSed more r apidly than 

~hloride; thus Pira'~ h"!1 been found impractlcab:l. l! for w1.ndow frames, J 

lllts, and J baffl~s.. !Y' ,~co Uimating plates lave developed large 

rowtha which some' .imea c' up th) slits., A Thor' coated K hal3 been uoe 

on R-l ".nd opC!C'atcl all r except a ,!dclcel eo; ' ~..matin,~ plate was used 



• 
68 0 

and melted at the EI1ds and the tungsten ;; the K at the edges of the thoria 

layer were worn. ~onel was used for thr J barn ~ md stood up sat 1Bfact-

orilyo A gr!Y2hh e J chamber was used wi lOut tOI) much mar and a 'I-shaped 

copper J alit 1/8 inch thick VIUS used vri lOut to,) much vlear. A vm: .tiah 

material lIas de~ Jsited in the J chamber" )robabl~, copper fiuorideo The 

stainless steel iller or the vapor mani..;, ... d was .:ladl.y enten awayo 

RL 28.5051 File No" 3311 

~J: )SION OF llBTAL'> PLACED), J CHAM7ER OF 8 ,J-llNn: 

R. Gundelfingel ' 4/15/45 

Time: - 55 ho 

Medium: TF 6 va' .Jr 

11et.al.a: See ta !.o 

Method: One bl. .... ck of each metul was plu. 3d in t"le inte:r-J space subject 
only t corrosion. 

Results: 

lleta1 

Graphite 
Platinum 
Tungsten 
Tantalum 
Stainles9 steel 316 
llonel 
Kovar 
Inconcl. 
Nickel 

RL l~o609CY. 

Corrosion ~olume 
cC/ill 

"l'OoOOO8 
. ·~OoOOOl 
-0 0 OD:t.93 
-00 0233 
-0 .. 0305 
-0 0 03JJ. 
-OoQ4..~ 
-Oo04J.,4 
-00069 

)utteri~1g VolUJlle 
_...;c::;.:c~lLn2 . 

0.,J05 
001)15 
000238 
00083 
000975 
0 .. 077 
0007 ... 
O~)51 

Total Dapth 
or \i3ru- mils oJ 

2,,0 
5,,0 
5,0 

16,0 
22.0 
12 ,5 
13,5 

9,0 
aJ.o.,. 

Filo No o 2h05 

KOORROi !l! 

Abstract: 

Jo Ao Holmes . F. L~ 

Tur 1sten and tantalum. til 
je'" .ed to the Dction of rf it: 
3" ~ x 10'·Smm, Hg. Cold 
to ,1 o" the r ate O~· chemica 
~01 of. the corroa:.on is pre· 

lo1ds - 12/30/44 

its opel'ating at 250<f-'t: lt~Jre sub
.Lt a calculated pressur a 0 

Lstance measurelu;nts l'lEtre used to 
,tt.ack, ano a tlH~ol'etic:al rlachan 
lS ·3d. 



• 

Co 

, 

'he ::ec 

"'D- f'?O (SCl';'" 

... cell er 

1 . Dih'.lt.y. 

2 " All linas and fi1 

3. '::rzon was fou-flo t 
able to .... : .. thst.am 

.·~lJ Supplement 

'J irrr· 4 hot,l.'S 

\'/ 

6 

at 

Kl.'D.u. 

fo llo~·r.i..ng re ac li 

6 

\ 

b/4/q C 

!!er.~'c p ~ d"l11~ 

"/6/44 

el of g.J.aBS 

mat.cri<lls suit
ction inv)lved 

- --- -: (1):, ear boi I.ng ana (~) 80(e 

J:cd:.a: (1.) G;mk 50] 

gWlk Bol 
ion 1/2 ~ ' rturr~~ed with 
ion (fm l.. ) £n..l 3 '\ 

(N03)3 and (2) u1ka~ 



70u 

l: .~: St;;.:'.n..1.ess st~x'ls end Haste Iy C wel'e immersed in the r:-edia ... 

solutions" (1) Ceighed vllen half M~: Sar.eiles Here imlilersed in t 

voJ.,une had bum ccnccntrat 

um was evapornted o (2) 

ts were added at inte 

all~ .:>line 0 . 

( ~) Fe (N03 )JoGunk Soluti 

lUlU .:lg<in v.hen L/~ of or:, ginal vol-

was re lOved by (lJl4) 2C03 and small 

us to .:eep the ::'0 .• ution fliehtly 

Vlelght , we s 
J1,jg:!erimcnt II.) 0 Aleta! .J!!I i.E:. {Ihr c' 

#. 

,1 (So::'. ev,11) Orated tel 
1/ 2 ol~iJ ~ i.~1LU. vol" 

(SoL ev ~ )orated to 
4/5 ori ;wal vol o 

Hustcll< C 
St~ ~t . .6 
St. St. .7 

Hast ell 
Hastell 
St. St. 
St. St. 

C (on Ie not l'e:.!) 

C (pol .shed) 
6 
7 

(2) Ukalino Gunk Solutio (NH4) ~!C03 

Ha.-itelJ C 
St, St. )2 
St St ~ l6 
St. St l7 
st. St _.U 

L£ 
O"lJ;> 
Ou o16 

ed) 0, 933 
0 .1'18 
0. DO,3 
0,1)06 

Negati~;e s ien indic(l'i, aS that sampl ~;alr'.ed .'i'eighto Ha,~tel:.oy (! shows 

'.:..lieht (X) r 1'06 ion... or :'\e ot hers fon a very thin fU.m ·micll l l)O ked like 

oxide 

0-522 eEL-

~ 

C. R. I::stee, C larson - 1/10, •• 

25°C 

im..!: 1.5 days . . 
edium. Alpha G..1llk oxidized YI. h exce~;s H202 (pH : l.. '3-107 ) 

----, 



• 
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Metals: See table belowo Samples \ 1"e imne'~sed and rot ated constantly" 

Method: SS:t)les were 'fashed in aeet ne, dr1>3d and wei8hedo P:taced on a 

Results: 

ro l:.at~ spindle and immer~ , if in thl3 nediumo Exce~s poroxide con

eer,.c.ro.tion mainta:ined throt, lOut th ',3 teat .. 

Metal. LoSB ro' lO.. in. Penetration (:.py) 

l53 ,,00 O..,OOO(()O 
tl,· l53 ' .,00 0 .. 000000 
321 heat-treated I .18 0.000033 
3')2 j ~19 0,,000036 
31.'7 r ,19 0 0 000036 , 

L 23 0,,0000/.5 ) 

3c, ~ heat-troated I ,35 0 . 000064 
3 1-"'1 strees sample ; . 50 0 .0(X)093 
I..l .:onel l ,65 00000112 
3:') ! )01 00000'('32 
H~ rt.elloy B 11.1 .; ... 40 0 .. 205993 

N-153 and 1.>5 seem ~ll suited. H'll i,llloy B W£l.S badly pitt~:d, and seemed to 

have lost S.)i1l9 roatericl. by flaking .~ 1 Ue 330 1188 eaten throl..gh in several. 

spots 0 

CD-519 CEL-a 

CORBOSI( STUDIE..~ 

c. R. Eatee, C. l.!, Larson - 1/10/45 

TElnperature : 4050C 

'l'1me: 1.3 days -
!dium: -

getsbl·'!: 

Method. 

fi.esults: 

Alpha Gt Ilk oxtdizcd 1 'exees ;l H~2 

See tab],(J o Samples ,} immer ::ed and rota.ted co' ,~t antly .. 

Samples were washed:iJ leetone dried, 1I eighed lil1ri. immersed 

in the n..:ldium and rot l~ed 0 

MetAl 

316 
347 
Inconel 
330 
Nickel 
lloncl 
Spindll 

302 

y,ss q- . ~9. in. 

·23 
.2.3 
81 

1 10 
15~ 30 
2C~ 90 

· 44 
in 1),,40 

_

Penetration i1eY) 

OoOOC'049 
0.000049 
00000163 
0 .. 000.349 
O.30.36~ 
0.39;:!3Z) 
0000(10 
0.OOC085 
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)~n: Ap~)aren"~l;' hig 'lickel-copper alloys £IX' not suited for use wit 

such sO".l.ruions Despite the Pain in w(. !ht., sw.p1e ):)2 Bho\"lcd 

dei'init") l)itti on the surra es o Prob lly surface oxidE' waa 

forror-d. ~'he III \,11 Vla '~ badly ' l' :>rroded <3 ' crumb1in6 on removal 

may hav) eontr lted to the h gh weiGht I.OSS. 

n-G~-24 

2FFE~' OF O ' JlZED AIPHA G· NK SOLUTI J MID 
--....- --- - - ----

!!~hCXIDE:"rlgJ:,tITclTl) GT.JN~ .UMY .PN TIi~_ aLl.OYS.~15< "_._ 

n~!J_~: 

D.,c~-5 

o ~. F k, C. D. Swa I ~ - 3/13. 

2:-,0 ho E~11 

3,-400 ; 

Oxiciz"1ct Alph ,TJ!lk sell tl m and pelO. le-precip!tat,ed gupk 

N153 BId N155 ) re imnlelsed i n the :~e<1 

Agitat .011 and oration v.ere .J cco:flpl:isl~ -1 by pussing a alo' 

streau: o~~ air U'O UJ!il tI e ... .:1. "'-0 u5.ds " Th specin:..ens i 

and re.' Vlv(.d a ', or 1S hOl1IB t \ ashed t~'it ,. caleJrite, insed in 

'Inter , ;~.coho jJlO otJ eI' , dr .. ed and Z'C ' Jir.hed; then again ~ve 

24 hou 'c) unti I ". t.otJ.l. ot 2l{, hours ha-', elapsed 

Th31'tl Ill:] no .. I S in wel.eh .. d uring t ho n0-1D,-,r t est. perio .. u 

~ ~~.!ill~L(':)S 3'l'EE!! 

;. D. S 'UlO. H. A. To :1g - 8/1/ 

Oxidized ;11l1k 

_.:.:.~~" ReportE-d 'netlS S that equi,lm nt reqli:oiV"Ig \'/eld:lng should 

heat1'-t.rea~',ed to .vent cor mding in the Je of type 302, 304 and 

316 stainJ.cns at :" 0 'fypo 347 -..-;'hich c<'nt ' ' .DS oolwnbium is th e 
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best and doe l not. need 'c,he reat-treat 3nt, bu';, should be w el<. ed Tilth s 

. typ~ 347 rod, Type 321 i s satisf'act if \'Je .ded with 3h7 red 0 

Chern S-109 

_CO_RIlDS ___ :_:O_N....;O_F-....,;.Y_iiR_]_O_US;;..,.~;£TAlS B;~ GUNK m 1)...1 

Ross CLWninrc - 4/21,'4 

Method: Spe .;Jnens werE) attached to t '3 gunk ,:atcher of D-1 (PPCJt'lte the 

arc .. At the (ad of ona run hey war,) mshed in hot vrut.er, dried 

and . ;e'-ghed 0 

aesults: 

Cooper and C d per Allo; ~::!= Visibly a 
. -contamina 

ot 9.. .e5.lm on tho rootal Slrf. 
ut 8el.'V~S as pl~Jt !ction to m 

buUd (\ 9 resist .. 1t film .'is co 

SUve:r: Bell. loe much l tke cOPP3ro 
AgC12 m~ appcBJ -.3d us heavy p 
.. )rotc\~ .ive coat .lS copper. 

3cked b~ r TC14 801ut ion ~ r(\&~lting in 
-:>n of t '1e \;ash watt3r ar d formation . 

(Can de removed by l:lght scouring 
11 it 1 .lft on. ) Evwdl r (It.l8 not 
3r or 1:,\llory 53 (ueryJ lit1In-copper) . 

':TOded .. Iliver oonvertec tr 
~ipitat J in the so :.utic n. Li'orma a 

Aluminwn: H3.lvily attl.ckl!d but corr. lon products being adh( rent. 

TantiY-.!!m: Y' 7 Uttle corroded, but .)es not clean reeJlllyo 

lOWS exce: .lent resista!Ii} ... o 

Stainless st'.,,:: 11: Has l . moderate los£' does not seem to ibrm a llrutectivo ... - --- - -- -- - - -

Gold Plate: ;h01'lS good to excellent ~rroBio: l rcs:1Btanc"". 

tel-loll" B • .,9. and InI'lDel: Haw f i. l·ly low corrosion ; .. at~;. 'l'he Ha8ie.,~oye 
had h i.;her rate men f'irst tri j due to type of L!ll"aaCe (oandblas&t,)" 
When '.nl:lshed tlta rate was re.' }edo 

Decided:.y !lot satiBfa. )ry. C,.reme on nickel (v .ouaJ. in· 
oholia< ; plate gone i )1aces U'tor one C~~osl .re, ChrolJB on 

8 is h~ .!h and 1Illch c. ?8r vis .ble after one run" 

m..cke1 nnd N j ·~ts.el Plat! ~ t Fairly goo 
after luilding 11.1l"face !'ilm 
,rown L m-gra.Y. It up pears to 
asll , washed Bl .d no tEndency 

it. 

sista lCt.. to cOl'rosiDr 91 f'aciallJi 
f't.er ~)osure the mJrtt ce h 
3 char a. n:.eristic of nitkeJ. t twt it 
)r tub!l.l~oy conpounds to l:O lhere to 
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Dw'It-ion of 
exr,)Sure to 

l:l l·ation ail' befor 
Cd run li:l3hing Pemtratio·"6 tal 1 ·jura _ :10Urs incQ~,~ - -..... - .' 

Copper 
,. ,,5 20 0 15 

),.67 4.,0 62 
08 2.8 601 

,,7 30 0 407 
llallo.), 53 < .' b 5 6.0 45.0 
(Bery Jium-coppe .. ) i .0 108 5.5 

.. 25 1,,2 109 

E'Iero1tr I ;.0 22.0 
(Siliuon-copper) 42.0 

SU.ver J ~,.5 6.0 .36 .. 0 
'A O 1,,8 4.2 
.25 1.2 5.3 

1umitlUDl ).08 2.B 307 
7 J.O gain 

.'Iantalum .. • 67 l~.O 4 0 0 
',,50 2.0 2.0 

!I ol,rbdEnum :, ',.08 2.8 .. 1 
'..7 3.0 .12 

~tain) cas ateel .l ) " 2,,0 10.3 
)067 400 8.1 

}- aflte...loy B "" . .. J;) 105 ~2 
1.8 0 

25 1.2 106 
.aste ..... loy C ~n 105 12 

1.8 2.7 
,25 1.2 1.8 

Inr.on)). 5 1 .. 8 2.5 
.,25 1,,2 104 

(hron ~ plate OWl- S 1.8 4.8 
I inkel plate :·7.25 1.2 2.1 
(hrom.,) plate on :1(,.08 20 8 10.4 
(opper direct ~g .. 7 300 120 
Cold plate ; 1.8 • 
(In oonper : '7025 1(>2 .. 

,OS 2.8 1004 
t.7 30 0 02 

fI'ickel . ).,67 4.0 604 
").5 2,,0 500 

1> icke.·',. plate ;; 1.8 1.9 
1- au's plating l' ';) L8 1.7 
Yorks -, 7 .. 25 1.2 1..2 

1.2 .. 6 
2.8 102 
300 .2 

~ icke~1. plat-e 
Iol{n ':00 

l,500 25.,()t 
. 1500l'r 

* See dj.scumd.on 
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he'll 3-23 He ' 0 , 311'1 

COR '!J~iION ~I ~!S OF VlIiU~~ ~ALS 

RE\C'!'Oii W ~TH TO., ---..._-_._ ,-./ .. ~Alm&1 
I 

Ill;!Q.J1.Q!4....;.;.;;.,.= 

!.:cCorrbil 20/) 1 

R~s .uta - ~~ 

Cast Iron J .. 15 39 
Wrou,::htJ I 'or L15 IJ~ 
!:.oael 435 20 
St.:U.nles~ 18-8 la, 1 .. 7 
Stainless lL-8Mo 415 .1. ·7 
:to J ,ybdenu:. 4J~ 1,,6 
i~ichrome 400 0 0 18 
Inconel 1.35 o 2i. 
NiCkel h35 0,,1 

rrosi "l is u.Jual- y infJ.. .. l<Tlc(;d lar['\.~l)· b.l teropr.ra' tre a::; weD ~,3 by cor-, 

~'Ol'llVe .~) ro.:i .lets wh ct' ref)l.l~ t from tt' r~ <:hn.1ee in te I eratur~ o Ir.. this DOl---

t.ic JInx reaction au j ncr6a C i!l te:Jl[;e;:,: .. t lL 'e r:i v r inc'~e :.S9 111 

lOJ. L A1BO hydr~e{n-coni.[;i nl.ng mat,f~ri.:Jls in t.h( Ct, 4 :mr.h a~ cna
3 

Inf'T'( c 

·Qr l~08ir.l because (f HCl. J" 

Stai nless 18-8 1~l5 0 .. 28 
la~ 1." 

470 30 t 

Hickel J~OO 0 0 16 
4lS O~16 
/.35 0,,15 

70 0.13 

Hie \e.l. iJ piutic U.lr:r1~T fJUj 1e beC[l ' lf; E' oJ' t:'le emal i ni'j,uc-nr,e 0 f teJ:'p, :rd-

, ur ~ 011 corrosiOll [.s sboym ':',oovn 

Ft: e lb. ','Is 

--- . - OO~f'~~~:) FROM '1'03- .c.T~~_C£1 . 

J , W. Gates. Jr •. 6/J~/43 

r.1lnk' : 4 hours 

160VC 
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" 

5 grams T0,3 and 

See tabt 

cc o f CClh 

ethod: The sompJ.C' str;l.pD f'~re we:ighed 3lld plnced in a sealfXl tube ¥lith 
the medium ., 

lesultsr. --
§S!!?Ple 

Ni (1) 1-00 
Ni--sheet (CP ~ Lab) 
a-·sheet " II Dupl ~ 
fa (Pure-Tucker) 

Nl (plated) 
l'JO. 3Ot. St .St. (vlelded) 
No. 316 St. St .. (welded) 
No. 316 St.St. (revcat) 
unknovm St. St 0 (not. \'IEil cd ) 
;hromium Plate 
~old P1~:te . 
in Rod 

;11 VE'r Sheet 
Cop pfJr ~iheet. 
"tee1 ReId 

10£.'9 

£.~S 

anperat ure: 120-1600c 

~~: 

!."ults: 

See table 

003 ano CC'J'4 

§£ecimEw 

302 
316 
317 
321'1 
309 
.310 

0 0 023 
0 0 250 
OolC() 
00554 

0.625 
0 0 29) 
00064 
0 .. 517 
0.838 
0.6 
2 .. 7 
7,,9 

Too bad to measure 
'1'00 bad to Ine3.sure 

1 .. 7 

g,T:'~"lst.~ RllDlarka 

).k. 
l.k. 
. k . 

).k. 

.k. 
1. k 
>ok. 
J.k. 
>. k ft 
l.l<o 
ad 

)ud 
ad 

Dad 
'lad 

St00d overn1ght b 
fOl'S openin~ 

Stood ave~h " 

Stood ,overnieh 

Stood overnigh 
Severe corrosi 

Agel noted 
Cup ro us chlon 
Io(.al reductiot 

File r:o. 30tJ8 

-~ _···_·--LSTEEL Dt'1!lli!, 

RASE ClIlOR.:~rION OF,Ji.,., -- ."'=4 

Ao Kr~ua - 1l/1/4J 

Total HOll" 

-~'~L 
3/j.,8 
21~o2 
2J.~7 
1'08 
19~6 
110 0 

0,,043 
0,,004 
0 .003 
0,,009 
0 .. 017 
0,,010 

'rhe above time includes th e sxpooure during heatin, and cooling t he reactc 
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Chl:m F N()~ 722 

• G3.teo, ·Jr - 6/2A/4. 

• The Tlail; led, n . lUlled co .... rolicn. 3tripS ,are iltJilers(~ in per . 
oxide (T04· 2U?! l to be decl)nJ}:oBcd llnd lried for s:'.x, four-

hour dryings. '.'he rllteSal'e expres3eO. I3.S mgs. lons/dec2/, 

If lclm:t 
I,' 'l ~ ( ...... &t 1(). J. , ·I t .. • 

1506} 33.2 ar: suitshl· 
Ho. :3 4 I.t . , St 0 ~50 .. 0 

cn...as-:n '11e tJu. 2873 

!J.!!L.C!lRROSJ' 

STEf~ 'J.'lL!:!!iXA 

J. M. ~ .~k , c. D. Susano - '3/';. 14; 

... ~j£:j.9.: Stai.nl .. ~n:m stPG _ type 316 and 321. The 316 ::..ded with 

316 eloo':'rod," 

(,;.: 

(2) 

m 

'1'00 .321 TUB welded 

heat-treutF. ci. 

'. ccipitatiCln; peroJdd 

recip.ttat1,m; (5-50) 

iitnballato procipi'ta-,~ ... 
" I 

The spo~'lJOOn 7d.th 'l"!ate''', ·~.~len alcoho:~_, finally 

eth(Jr, c1i:-ied; );''lCi weighed" llllIle.rsed :L~ test oolui.iono T, 

8ol\~i~n3 we~e .gitated by mtans of a ,J ~1rrer for one day~ 

Specim! re:nonl)d, \'l '\shrd, dr led and v, Lghed wX)ve, them 

turned to r osOGctlve test solution i examined in accoraanc 

with tho £0J.:'.01 ng 8chedull'): 

0. 0 Twent:,-"'r.tvc days, al t.ernating JJve.ry d<l¥, betmen 

"perox:.da filtrate!) B to room te }erature, 'amnonia 
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,t 70°C, a nd IIperoxide err llJ.ent 

110 , alternlbirg every d II, betl'.'een "Per_ 

lX\.de fD.t.rate" at.. l")0" tempel'at, ("e and "annmium 

lecant:.'p':,e'l at 70' C ., 

c. ..... l:ty d[;I,i'C; iLuersi on i l". "pero' l.d J filtrnto" at. room 

el:lpcr ot lire. Af't.er ~2 days, !> Tn I. 0 r 3% !1YU~ 'ogen 

po;:'oxic:ie ,,:,m.s added to the solt "tj m every d£\V to roplc.c 

.tV} H2~ I.(lst by 8\ep')rl:1tion and deco~ositiono 

B.esl~: Jleat-treat Jd Untrcatod Titaniun StabUizc-' 
P.m. ~(~,'zti01!!!. _ .... :f.6 ___ --1!L_ 321 

25 724 0 0 00072 00 00019 0000056 
2B 

105 
12 321. 

CrJ.7 
0000065 0000007 0.00013 

50 824 0.000C3 0000003 0 .. 0000,') 

CD-C:S-12 Fil6 No 2347 

gQfRDSIVE ACTION O~CALCl'yl nITRATE ANi) CALCIULl Ch JRIDE BlUNl~ 

J. ~. Folk, c. D S1,tSl.lnO - 1/26,'45 

Calcium Chlorld, \ ~ 205 1. 
Calcium Nitrate - 305 

Cast iron, brnso. copper couple, copper ~ase alloy 

Tenr~Jt!: 140 F and room 'rJC(lP~rature 
. 275 hour') (SuPt,lement 475 lours) • 

f.~:.!.S!r..~' Clean test. metal. specimens war'" ;... sq" 1" 0 in area, clean, poliElhed 

with emery clotl l washed w:l.t.h 5% citric dCid, v,ateI and nlcc,hol 

dried with ether in a strearll ot' air, wei Bhed. Placeri in the 

lutions Dnd at. t'nproximatel.;r 10 hour in Ol'V.llS rerr.()ved, clum 

dried and weiched as above o S9-me proce (1ure oed 

but. timo 'laS ext,onded.. Speclro~ns were I ::"aced in tIle solution: 

in contnct. vdth "ach other, th~ ferrous metal ccntacts tm 

copper-bmle allO:T in tum ccnt:lcts the ' )ppf:lro 

Te8t~tem and the conUti( '!l§ or..£.,g£U_t~"l1# Rre J:('U, 1 intc;.ble I, Page 79 

!!~.1!:!! Tqles II 
82, 83 an 

II supr ' cment, IV t V and VI OIl followi~ {tagea 00, ' ED. , 
84 r (,Sf c:tivel~. ' 

; 
- -
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~Jro. 

1 

2 

3 

4 

5 

5a';1* 

6 

7 

8 

( 

10 

1. 

4b 

TATlLE: I 

CAS' ~ IRON. B (P'sJ. COPPER CO 'PIE 

Balt _ .. GaO Addl"!d 
.~1 Porcen~ 

Ca(NOJ);Z 3.5 

Ca(rID.3)2 305 0.0005 

Ca(N03)2 3.5 ' 0 0 001 

Ca(No3)2 3.5 0.0012 

Cs.(N03)2 3.5 -llSce Note 

Ca(N03)2 3.5 0.002 

K2Cr~'l 
! dded Perc m:. 

-
0.15 

0.39 

0.':;9 

--

0.18 

PH --
~1. 7 

7.0 

enS 

r/"O 

lOu9 

1;'00 

6 .. 2 

o 

nu5 

00 

CaC12 

CaC12 

CaC12 

CaC12 

CaC12 

2.5 

205 

2.5 

2.5 

205 

0.0005 

00001 

0012 

0.002 0.h5 H*L.,,2 

~ pn. ADt.:rIUL TL tET AL, CO.?PER COLPIE 

Ca(N03)2 3.5 0.012 

Ca(NOJ)2 3.5 0.012 

0 .. 15 

0015 

702 

7,,4 

Teap or 

14 

14 

14 

1.4 

14 

14 

14 

14 

14 

14 

14 

14 

77 

* Solid CaO was added until pI! of 100 9 v as obtain~ld. 
il* Contains a small alOOwlt .)1' i'ree tINO). 

*"'.;* The pH of solution 10 ~ . ~rJ changed to 10.4 after 200 hours by the 
addition of soL.d caO 

Hereafter in th.~.s repC'r i llll test, B.yste.lI1S will 1 '9 referred to bJr 
the i:.eat n1.l.llbero mOl'l11 ()ove. 

'{'hE) conposition:) of t hE: t, ,tal test DEcimens ar{ Sh(l\ill in '~'able IV. 
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TAJ3U; L'~ 

Cast Iron ConnoI'-bnfJ< 
'l'e:Jt 
~!O ' l .:I~I: -'140 ...... " .... ,u""..;;t( ,vOl. --.-.... - ,-- ~ .. - ::L'~~ ~:cnua,yc:a;r: !.i.J2,ql.SJ11 

1 1.21 0.00192 0<135 0,,00021 00141 

2 1c42 0,)0226 0.161 0 0 00025 0 .. 100 

.3 1014 0000181 0,178 0000031 0.080 

1050 0000239 0,,125 OoOOOlQ 0 .. 065 

a 0.89 0~ I)0173 0.047 0.00007 00020 

4h"1: 1.J4 0.00620 ').051 o.oooos 0.030 

5 2.74 O. ')0435 0.213 0. 00033 0 0 086 

6 3036 OoJ0535 0.178 0.00028 00144 

7 1..82 0.00290 0,,1l6 o 000lS 0.107 

B 2.20 0.00350 00154 0.00024 Ou246 

9 1.15 0.,)0199 00129 0000020 9,,130 

10 1042 0000224 0 0 087 0. 0001.3 OollO 

**r.E. 289 .. 00 10770 .71(>00 10626 2420 00 

*4b at. 77r'·V 

*qlur~tlon or test-70 hours 

'Jeight. loss POi' oq.. em fCll' n periot1 of 275 hour and lvor"l.l;e 
enetration per year, cr.'.culated on basis of 27 houra, fo 
ltaLJ exposed ';.0 eall!il.1il n lot rat£' n'1d cal.ciu.rc c, loride sol t

tions at 14oFo 

80" 

J.ncnc~Yf!!· 

0.000 

0000015 

O.OOOl 

O.OOGIO 

0.0001; 

0.00004 

0.00013 

o.ooo .. !l 

00000 ... 6 

0.OOCrJ7 

0.00019 

0.000 .6 

1.415 
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81. 

~-!! (Supp1anEn!;.) 

jWl)ra~e PcnJtr'ation jn IncheD IJer Year for }~etals Expc B~d to GalciuJD ratrl~t 
'ines at n Temperatle of ll~ol~. 

3n in Weight for 4? 5 L'urs 

erage: 
Cop{Jer Baso 

'l'est Copp ll' B'lse I~loys stajnle 
Ue) £!i3t Iron -l.:,l~~ 2.2.eP..!:~ lli!·~~ steel -

0 ... 00200 0 0 )Q')lh 0,,00014 (. 000 
Ie J .. 00382 r 00020 
10 0 .. 00317 r ,00023 000000, 
2 0,,00233 o. C)l6 o. )0(111 C 00014 
.3 0 .. 00204 o. :00:21 0.00(110 00016 
l~ 0 ... 00229 00 ,0,)15 0 . 00(,0.1 ( 0001 
4A 0.00143 o. jet):)'=] 0.f){)('05 ( 00007 

0.C0255 t 00028 
O.O(}20S ( 0OO2;~ 0 .0000 
0.00697 o • .>OOOS 0 .00005 ~ 0000 
0 ,00700 ( 00014 
0.00396 ( 00019 0.0000 
)~OO458 o. 1(1))1 O.OO(}l) ( 0002 

5C 0.00344 C.OOO2 
5D 0.00207 (,,00025 0 0 0000. 
(, 0.00478 00 ",()O:24 oooe )17 C 0002J. 
6G 0.00377 (.00020 

0000338 C 00040 000000 
0,,00314 o. )OO:U ... ' OoOO()lJ~ o.ooou 
0000354 00>O~19 ()."x;o27 r 0002; 
0.00190 00 10':>16 () nOO15 ( 00016 
0.00352 ( 0006 
".00232 C 000,30 0,,000 
l-,OCJ228 0 0 )C;JLO O~OOO14 ( 0001~ 
0000314 r 0001] 
).00191 f OOC20 0.0000 

l11';I' 1..770 1.62,S :l.,,/+l5 1521 , ., Q,00575 ( 00021 • . I .. X 

l1Jx u~OO272 {.00024 6.0000 .. 

*b tenp6 of TIoL 

** dural.. io' l of teet 70 hcurs 
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Copper. Tubing 
CQPPcr Plate 

Brass 

Adm;lrc1.lty }Jet!! 

Cast Iron 

~Vf.ll" S2~ 

TABlE IV 

JsrrrON OF !JETAI. SPEC ,-- ----

CO )P~l' 

Zi..1C 

Le.:d 

TlJ'l 

Al' m 1'l~1lI1 

n 

Corm m-

2inc 

Tin 

Tot.al et,.bon 

Gr r)h5. .. t.:i..c carboI' 

Ph06l)hOl~lS 

Sul.1'llr 

S1.U.con 

Zir 

CoPD( 

PErcent --
(00 3 

;605 

3~0 

Ooll 

0 .03 

009 

71 .. 4 

';,7.,3 

1 .. 2 

3~5 

2,,7 

044 

0.97 

0 .·11 

1 .. 6 

4909 

18.3 

15 .. 8 

15·,7 

 

82 · 

99 0 ge pe."'I ~nt copp 
99" 94 pe;>c' lilt copp 
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TABIE V 

Admiralty Metal & Copper 
Cast Iron Brazed nth Silver Solder rose in ';;eieht Penetrat. ion LOs s in We ight Penetratior, 

lrl./sg/crr. 48 hrs !nches!zear mgJ sg/ em 48 hr~ I!.i.ches~ar 

Ie 31M Ca(I:03 )2 3. 2 0.,1..7 O ~ OOL,.20 O~O34 0 ,COO29 

4C II rt 04 CaO. o15:,t; ~Cr:p7 7,2 0017 0 0 00150 0 .. 045 0.00029 

*4~ II ,I Ii " II 9,,2 O~54 OoCMa.90 V.V'>I. 0,000'<;>, 

5C " II n 039% II 7,2, 0 . .33 0,,00310 O~047 OoOOO4l 

6C 28M CnCl? .... 703 0 .. 54 o o OOi. 90 0 ,,118 0:00103 

9C " It ~CaO+.1S% ~Cr207 80 9 0,,38 OcOO340 0.204 0..,00181 
r

lOC 11 !! 11 045% " 702 00 32 0.00290 0,,005 0 0 00005 
 

'0 31\T " ("'C) ! '11·'" \ 30 0 2013 001920 O~062 0.,00054 - x ..- ... el •• :3 ~\! .. ~1.'3'  

*J...Cb - Roo~ 'l'emner.::..:. 'l"'" 

e 
" 
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TABLE VI 

Penetration Inches Per Year 
TeE££ 

F Iili 
Copper-base Copper-base 

Cast Iron AllOY C2ppe~ Alloy 

4 .3~ Ca(N0.3)2"lCaO.o. ~15% .~2Cr207 14° 700 0000239 0~OOO19 O.;COOIO 0,,00029 

4A If n " " 1\ 140 7.0 0 0 00173 0 . 00007 0 0 00003 o 00010 

4C 11 " II r! II 14° 7 2 0 ,001,0 o 00029 

4A[, I : 
i~ 9,, 2 " '\('\,('. r':~ _ .... vv_ ... _ ~ !'.f' -('\~ 

- .~ - .. ,""'---
4Cb 

1/ 11 II Ii " 77';;. 9,,2 0000490 0 0 00029 

- Ca. rass : COpOOl' 

4A-Cast Iron, Adrr.ircl.ty 1:etal, Coppe:o 

4C-Cast Iron, admiralty metal brazed to copper 

~ 

• 
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Pvt Ponald R~ l~~~flh -

cJ!pero..!&.!:!! ~ 900C 

14 do.ys 

::'~.::...:.= ~ GEC so1ut.ion 

tl-155, Hustello~, C, sensit iz€d stainle,'3s st€.eJ le 316 

Ticohium III . Stainless Eteel tu'pe 316 (not 

n,E~}...!:!!.!. JJo.teri:lls ~nctratio~_CiQYJ 

11-l55 o > 'X)(' '94 
Ho.stello.! C o J2'; 
Type 316 s.s . (liensitized) 0 0 J4. 
ll'iconium o )0(, OM 
Typo 316 8 0 3 < Oo)(}l 216 

L On the bnsiu of penetrlt.io:1, T1<:01 .\lin proved t o be th 

best» st 9.i.nlcs3 ateel type 316 was n~,uo . 

2~ Licr oscoDic '.Jxaull naU.on showed Ha~t:.e1.loy C, 1/4',155, 

TicOniULi and tiT9,~ 316 C.tairu.llSS steel ' 0 have no .form or 

int ergr anula eviden ~e ~ As o be eJtpe<:t-

eel, 316 SEn~ltbcl 5hOl rl3ranula r or~ciptt 

30 Arter ,8 test" T5.~o[Jj.u:n and 3:':.6 beth he!lt flat wit 

no crac!{s 0 .316 scnsiti;'.eci crCl(.~ ed l't!td ily at a. bend of about 

90° 0 N 155 ;ol ,he ef1p.es or bending .fJ lt Hust 

lloy C bent b£l fo re cl'E.ek:-.I'l.6, 

ltL L. ,5,,3 ''':\.10 No a :3898 

CHEt _. 

iesi1'ltanc'3 of TaC to T eon'osion is .... a· Ijigher th~n t hat of tantulum nrl.~l 
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.. 60914 File NI) 0 :>094 

F. Lu Reynolds, R. Parkel - 5/12/1..5 

")er~~_~ 

15 minutes 

~~J].9rature: 20000C in a uur of 1 >: l(r-3 .l11l HgQ 

,tq:1al. : TaC 

H~!!!: Tuhal.lo~ wiI 

J~3tl'~xi : A sintered "J slU b:, a cO"orundum SC,,'1 J.nto a 

small r(;ctar ular piect" about. 1/4 incl x 1/;; inch x 1 inch 

Then a hole /16 jnch III di:t.ne t.uJ" WA." rl 'rill (rt jJlt 0 the 

center '"I f th·e end of the blm:k fo r cllcut 3/4 D. 

this wa:J pla c€d ' cl~a.n piece: of tubal l oy v/i,r ... 

o Into 

This tim! 'ra~ crucible \l:.·~th its T-<netal cont,:;:nta wa 

placed in a 1 ~nt"l..l JIll tuLo (m.a , :. 3/4 j~h, 1enetll 4 inches) 

,,111cl1 hnd b~:er pre.s:.>ed closcld at Olte od to form Jl ..:rucibL 

itself ~ Fitw.lly, this WlS P!.OOl-'<i in r , lc1.I'ee quar·,~z crucib 

(4 inches lonF'~ <tiamcter 1-1/2 inc~)o T~lEl 

talltal 

small piece 

The R101" 

f"Jaed the 

t 

vacuwn ~arnbcr of the :bduction furna 

1 x 10-] mmo . ~~. \'las esttJbliBhed by h 

onc hou.. '" Then by :tnten;l1tt(mt Jy f1a 

per lods of t in ::. tile TaG cr\l(:i:.le und 

brought up t ) 200t""C for 15 nir.l}te ... " 

~se lor pnc!{ ~d \uth 

cad in ltur-cool 

o A 'laC.L n )f 

ne. .lS. 10:x)v C for 

inc t.o for short 

e we 

urnac 
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'V2S turned of ld nllo'J,,\oic a,lowly co')l in vacuum over 

n~hto 

!i<!~j~: T-metal interspersed in .the Tl.-.C Rl'oln bo iefl o eetion 

T : 

ing, it beencs IrD 'e dlfficul t a:j the ccnt.el was appro.Jched, and 

only \'.'i til ext reJ"e pel',Ji stone W:lS a sect tor uad e Po~ls hing .iUS 

, attained only vlith d.l.;1::1ond dust Ul'ld ell on ). paper lap, 

liqu d crt.c:,.te at 2O{I; ~C gt,tacks the C~Il'-

ides of j:,ant :dum 11] three • 

boundari es ; (0) b 

liquid solutLms j ( ... 

(a) 'ly ~nterine th'3 grain 

carbides cf tantal. iorro:i.r '> 

:1in5 fX'or,l ~'nC 

"'1'Ucture when the tlhul':.oy '-:-ntent is in ex 'ess 

2 ( . Comp lex 

and/or J slit mat,.:..r i.aL 

ClaY offer ossibilit.:\!~s as 

ch [;uperioT' to tante.lllll in lif 

' expectancy iJ110fa solution 1: ncerner. 

hardness of T,lC rr.: ~ht, r ~asonubl.v be exp 

;ment loss due to 3'J\li.t.cring) a 

to redur.o the fi1-

3.. Hard'less "1~:,T,,j indicat J trwt the C )(Jplex C[(rutdN\ 0-' Tt 

arxl Tare gre:n.er t~1aJ\ ' 3oror. CP ,} jde 3l1d fa I 1 bet"'If'en ';':lis and 

di~.JOnd 

0-)0 ndnutl)B 

~~: Room - 22C I)OC .n a vacuum 1 x 10' -6;:nm" n 

T 

TaC filament 

~1: A thread C') " ne 'es 1oop'ld Iver the 'l'nC fil .t 

VacUUIl establi(lhuC; and the fllampnt brou lt slOiily IlO to 

telilper at-ure 0 

rtf ( uJ. t-s: _.-.-_.-=- See tcl:l1e on pa~(J GB 
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~!-- °c 
Ter.p u of 
Bead~ 

0 Room 

.6;0 

740 

1740 

1740 

1740 

00 IS80 

2200 174':) 

0 2200 
, 

1740 

?5 1850 

185') 

1850 

0 2200 1850 

... _- 2 
-----...~ 

rr wllt-:tal rid£'r placed 

'!'-:ne1tinp; ~round TaC .til ~..ment Q 

't -bead beglns to grOVl t, Ie ft edge or T-rld 

Be 

'f""'lead .'11 ~n N>a.fne to grow to right of T-rl1ler
o 

Tl111 07idt elf T still Llan[' s over tho tantulUl.i.. 
.fi. lamonto 

'r-')r ·ltl to r1ght. c.ppro$.l te1y tllie s diauet.oJ. of 
r-LL .. \lJent 

'r-·hc'lds · enlarBjn_ 

'r-ileems t.o be dro.wn up i:,i' OlJ in Jjj c )f the l(~R:s 

:' t'le T· ·mcla r id er, shci'iIl by c:>1 'ipse of 
r-m ide coo t ~nf ~ 

'(n the regions where the two beads 
:-:mpeetive outfr hot por , ion of th 

filament di ameter sccrJB to 

OUIJ leg of 'r-rjder fall r- off ~ 

..om; IInu J.-Deau:; Geparu'te each goin.g toward it 
'I,·.'J:lpactive rot zone on t .le filac.wnt. 0 

1"113 two beds mout, 1/4" apart 

Tim rAe f'il ::Ir,-·i> d broke j 1st to tn(; .left of t 
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--or", .1usion: 10 The rae lh;.l~~h of thr' fjJ.&1Cllt has to som,' a:Y: .~ent 

gone in\:,o solnt. .. ' )l I in t he £.103. ten T. 

,~ 

2" 0", , )licEri~:ltion t.h:i.3 dl.s~olV(j d 'ree rf;c!"".r.'Jtcl.iz,1 

out as usndr l t.c3 

.30 It ~ 3 ob .nll.'3 ::'hat .lie-Ie V·"i.nf oj. Tae ha' n d.l ., 

lodged and flo:l';jet. to t hf ~Ha~fCl.co of t, "' e tubllllo;v bead" 

40 Fildnent were (:orc )let ely cal:oniz.~;d arc very 

!raeUe and rub ,j:ct to bl'eakJJge" 

" 

~ 

ECRET 
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~PmwIX A 

:mTBODUC'l'ION 

Due to the extensiveness of this report, and in order to include 

future report.s, it is neceBRary to record these reports as arl appendix. Th 

appendices wi.ll follcl'w each month a.M will }Jlclude the table of contents .for 

the material ood a complete index up to the date of 'Jach new appondUo 'llhe 

first appendix is APPENDIX A which is included with this report in the 

folloV'lng pi.1~e9 0 The next appendix wlll be APFr~ND1X B, and the paGe re

ference shown in the index hereafter aCCOfJl)anying appendices villi be shom 

by the appendix letter ru:I l-B, 2-B, or 1-0, 2-C. 

TABLE OF CONTEI'rrS 
~. - ..... -

1 0 CITRIC AClI? 

Ao 10% Citric scM 

Iron ,sh OC't CD-GSc042 9~ 

II. !ffi:!1IDCHW)UC ACID 

!!!Port No .. Page .No . 

A .. 10~ Hydrochloric acid, 005% k~on~ Acetate 

Iron, sheet CD-G8-42 92 

B, lO~ Hydrochloric acid, 2% AnUin, 

Iron, sh~et CD-{tS-42 92 

III . OXALIC AC ff!. 

Report Noo ~l:£ .. 

Ao 10% Oxclic Acid 

Iron, sheet CD-G5-42 92 

" R£ 
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ReEort. No. 

C .. 2-1/2% b..onium Acet ,lte ~ 7··1/2% Ar;monium Cit rat 3 

Iron, sheet C0-GS-42 

Do 10% Aunonium Aeetate , lC~ urmonium Chloride 

Iron, sheet CJJ.-G3-42 

E, 10% AnL~oniunl Citrate 

Iron, 8heet CD-GS-42 

F. 7-1/2% Amr.onilllIl Citr.Jje , :2 1/2% Ammonium Ar.ctat, 

Irun, sheet CD-GS-42 

Q , 2% Aniline jj 10~ Hydr<,e:hl ,1' ·.c Acid 

Iron, sheet CJ)..GS..·42 

Un 2% Aniline J 10~ Tart.. oil A~id 

Iron, sheet CD-G3--42 

ABSTRACTS 

'':D--G5-42 (Series A) 

nDtOVAL OF f T Am E DEPOSITS FRO:~~rnoN PIPES 

J .. Q. l·!tn.-,R.' I. , C. D. Suae'1o - 6/2 1/45 

soOc 

L~: 17 to 135 h 1UI 

}'{trt,al~ Shcot iron c,f . he follo'/ing tlr::!pcs.iti.)n: 

~l J~'-ni Per~ 

Cartx·~ • .. 0 ,, 12 
Suln ' J 0. 055 
S:i lk"n st .. 0,:)2 
£ang. 'te f. J ).in o 022 
PliospJ \01 .8 P 0021 

9.2 

~e No o 

92 

92 

92 

92 

Q2 

92 
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ldpdia: Ten 80 lutions. namely .. 

J.O 

hlurld 
Acet·, 

et:lto 

Proc~: Specimens wore cl uaned \i.1.tj. l·~ou 11 eJlL3ry {''''Per, \Jaahed y,it.h 

.... , rinsed in ethyl alcohol , dr:i.ed h·ej.r,hed 0 'file spcr;:iJ~ns we 

then suspended b;r lI.e:J.t\s or 1;.L'lSD hook'3 '.ru .el·l.lCQ :tn 500 :lli of th 

variou~ 1: e~t sulut ions .. Te:.ver<ltm"· of 8CPC \'J"!S l ,<d: lt,ail''.!d~ ull 

periods r~\ lr (·d from 17 to 135 hour:;; Ai r Hns iJLi:, ~)led inter .. .lt t 

throUf,h the solutim 'l'he 0 0.'.1 le:s m;~r ' __ .oved tOl' obSel"v.:.:.tlon .:.t :j..t.d 

able intervals" Jt,;ncl! \ . .:1S bru3hcd cJ.f:3n \nth a ~lUn(l brush u r/.·..lshc• 

r . ' rin :>cd ruth al~ohol foEo~...oo by e ther t ins;;ected " 

tp'"iJ'l ret.urned to ·,he tt:3't 301ution ~ 'rh\~ a . .oWlt end (~xtmd .. of i t ti.!\'; 

\"I':J.S recorded 

_ .sult 

Solllt:i.on Tim. 
Identify- I.mruersed Pen~tro.til,.)n 

:!!18..1b>..!'- _H~_ !E£/8q~ dm ~Lhr 

1 112 3057 l) 0274 flo pitting 
2 112 :3 7') o 0278 No pltting 

17 7 OJ 0'>39 flo pUting 
4 93 14g 0 .0829 SH,tJ'l p1t.t ing 
5 64 20 0; :2 O,, 155 No pitLing 
6 1.35 36,,1 o_.!n Slight pitti! 
7 117 70.,1 0. 538 Sli3ht pit t L'1g 

67 100 2 O ~ 769 Severoly pU teo 
9 17 ~10 o· O ~ 845 No pitt~ 

10 17 686 0 3 66 Severely pitted 
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ol)~luslon On the bB."il3 ot theIr corrosive actiOl, the solutions m~ 

be grouped <:lS follows: 

N(;,g1.."tgib1e Corrocn.ol\ 

In 10% Amr.lOnll&m Chloride 
2 lO~ ~onium ~etat 
3, 10% Oxal ic Acid 
4 10% Ar.rncnitun Acetate J 10% J\um:oniuu Chloride 

~7 Sliehtly Corl'osi v 

50 7-1/2% l<IIIacmium Citrate, 2-1/2% kmonium Aceta"e 
6. 10% AU:lGni'UJ Citrate 
70 10% Hydroc111oric Acid, 0.5~ Acrllon'.um AcetcJtt! 

,~2w..!...9.9rrosion 

8" 10% Hydrochloric Acid, 2:£ Aniline 
9u 10% Tartar.lc Acid, z:I, AnDine 

100 10% CitI~C · Acid 
of 

The observations indi(Jate th::xt/the ten solutiona tested, only nlJ.m-

beM S. 9 am 10 vriil corrode black iron to i:Dre! thnn Cl negliJ;ib1e 

extent Yrithin n two hNU' period c In fact ., it a1,caI's proba.ble 

tha1. even the [;!Ore corrosive solutions ~CAl1d be used for occ.lsion-

al nushinga ... 1ithout nerio\l9 damnge to the pipe lines .. 

0-),,100 ... 18 (Serie9 A) 

Dc. RIWOVERY OF TUBALLOY Pi TANl'A~ 

E. La \tagner - 7/14/4; 

Tserature: 500-5250 C 

Time: Period of t" chlol"lnations (6 hours gach) -
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lledi~g 

J!etal~ --
Method: 

Result!: 

J" RoC .. 33 

Ihl.ol"ine 

llast"lloy C 

A boatJl made 0 1 Hastelloy C, \jM filled .\ri.th the K. 

tilamJot charge .. ) TW.d Vias e:xposed for a period of 

t\~ chlorinatiol~ . 

Approx.ima.t ely 50% eor:,o~,ion shown by dacre':lse in the 

",eight of the boat. from 150 grlUllf.' t.o 80 ~rnm.8 o 

File No ~ 4294 

REPORl' ON NATIONAL BOIlEAC OF ST 

ON INCONUh, ~AnUES.S S'l'~ 

R" Eo 'l'at,EI ~ 7/2/4~' 

Au Alpha Sublimation StjJl: 

~: 12 hours 

T!5?erat tJre; Approaches 760°C (14OOOF) (vacllU1ll) 

Materials : 1- 1/211 J; 2- 1/4" specimens of lneonel and ~)tuinles6 

. steel cOltcd ''lith ceramil" coatiI1CfI identified as 

A, D and ,E. 

Method: Weighed saples wero .tnmersed in 1..he solid material 

in a charge boat of an alpha subl1I:lation still ; 

after the run the sa:..plce wore wat er washed and 

weighftd 
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Results: 
'lit. Loss 

Sample Coating ~ in Grams 

8A4 A Inconel 00.3851 
8D2 D " 002090 

1.3D7 D Sto Sto 102094 
8E2 E 1oconel 005499 

. 
These weight losses show that the attack is quite severeo The com-

bination TCI4' side reaction products and high temperature cause :~st of 

the enamel to be rer.J.oved and the base metal to be e.'.tposed in spots o 

B. Beta~_ ynit 

I!!!!.: Duration of run 

rr:!3S?erature: Not Biven (melting point of lnconel 1.39:fe) 

Material: Same type as used in A. 

¥etlJod: Weighed specimens were placed in ~wo parts of the 11 unit, 

a group st~bject to ion bombardment. and a group on the 

noor of t"1e housing beneath the JCe slit system. Th 

investigation was carried out by t he follovdng steps: 

l~ 
20 
.30 
4. 

50 
60 
70 
eo 

90 
100 
lio 
120 

Microscopic examination of coating. 
Weigh 
Run in Beta M unit. 
First Wasb - .30 sec. in i.>oUi · · water, cooled, 
brushed with nylon brush for J. . ..n., and then 
given .3 rinses in boiling water. 
Weigh 
Count with a Geiger Uueller countero 
Microscopic examination of cO.:l.ting .. 
Second wash - scrub 1 minute in pH 1 .. 5 lm0.3 at 
roam t.emperature with a stainless steel tooth 
brush" Rinse once in distilled water 0 

Weigh • 
Count with a Geiger 1.1euller counter. 
Aiicroscopic exami nation of coating. 
Third wash - 30 sec. dip in 1...'PD solut ion. (Dis
solve .36.3 grams of eu in 455 ml concentrated llN0.3 
and add 272 grams H2'» followed by a thorough 
water rinse 0 

1.3. Weigh. 
14. Count with a Geiger Meuller count. 
150 Microscopic exami nation . 
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~erimental Results: 
TABLE I 

Run ... Fir st iiash 

.It . Loss wgr r:gr 
Coating Exposure Base SaJ.1Ple .'it o Loss GIll/meter Front ~ 

A Blank Ineonel BA5 '&()o0003 gain 

A Housing Ineone1 8A6 +0.0011 gain 1 0 0 7 . 2 

A Beam Ineone1 BAlO 301103 melted 1200 6 .. 6 

D Blnnk Ineonel 809 0 .0023 0501 

D l1ou~ ing lncon cl ~!13 :1" .0 ': / .... · 0 ' • . 1 _ ~ r' 202 

D Beam lne on el SOl 1 .1906 2600 7~ 6 5.0 

0 Blank SoSo 13D9 0 .. 0016 0349 

D Housing S.S . 13n4 .. {loOOOl gain 6 ,.3 0. 8 

E Blank Incone.l SE9 . 0",0000 000000 

E 1I0l.Asing Inc (m el ,IF,4 1 .. 0295 2250 0,,6 104 

E Beam Inconel SE5 0.OB95 1905 ) .. 2 300 

First ;:~VJh .• 30 sec. in boiling water, cooled, brushed with Ilylon 
brush for 60 ~ee 0, nnd then 3 r:L1:nes . in boiling wat er 

# 
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9,t1o 

• Second \'J~ 

lit. Loss {;'l:gt l..g'r 
~im1 Exposure ~ ,'-jcu:.ple .it. loss u.mLmeter2 IT~ BCle", 

A Blank' Inconel BA5 .0007 0153 

A Housing IncoIlcl BA6 00027 0588 o 2 0c6 

A Boom Incond BAlO 0(;309 l>o73 6 5 37 

D Blunk Inconel. 809 00001 0022 

D Housing Inconcl 803 00042 0915 1u6 1 
:; De-am Inconel SOl , .,Oe6) L3'1 J"O l.06 

0 B1p.nk S.S, 13D9 ~OOOO ,,000 

0 llousine SuS. 13D4 00026 .. 567 4 8 00 (': 

t;. Blank lnconel 8E9 .,0006 0131 

E (lousing lnconel 6E/~ 01393 30u2 0,,4 0 

E Beam lnconel BE5 ,,0294 6,,40 3 ,, 0 2,,0 

5e:cond ,jush - Scrub 60 sec.; in pII 105 InJO) at 4'0011 teci,perature 

• 

• 
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Third Wash 

~;mLmeter2 
*lJeT 1:gT 

Coating Exposure Base Sarp1e wto Loss gm. FrQnt Buck - -
A Blrulk Ineone1 BA5 .0001 0022 

A Housing Inconel 8A6 ,,0004 .087 neg . neg n" 

A Beam Ineone! BAlO .. 0199 4,,34 6 .. 4 13 , 

D Blank Incone! BD9 00001 ,,022 

D Housing Inccnel 8D3 00021 o l~58 0.5 0 . 6 

D Beam Ineonel SOl ,,0078 1 .70 107 103 

0 Blank SoSo 1309 00002 0,044 

D Housing S.So 1304 00034 0740 100 0 . 5 

E Blank Ineonel BE9 00000 0000 

E Housing Ineonel 8E4 00048 1005 neg. neg 

E Beam Inconel BE5 ,,0044 0960 2~2 2 4 

Thlrd iVaah - 30 sec. dip in ~.,pD solution followed by a thoroueh 

water rinse o 

** neg. signifies nee1igible 

Results: Sar.Jples exposed to t.he beam show: Coatint D vm.s eroded to th'3 

base rootal, Coatine E was badly blistered, and the Incone1 base 

or Coating A wa.s laeltedo SWilples ~:xposed to the TC14 condensinG 

vapors show: Coating E badly attacked, CO L.ting A had a slight 

deposit of Cu, Coat i Ag D (both) had a liGht deposit of grey 

materiaL 

The weight losses \..nd esti.rnated aJ!lounts of tllballoy on each 
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100 

sample after each treatment are shovm in Table I . 

Conclusion: Comparison with the blank acr.lples show that the Ioodla used 

in wasrd ng nttack the various coo-tines only slightly 0 It 

is sho\'m that c)ating D is .. _ost difficult to clean 15 it 

has a co;nparatively rough surfaceo (Coating D wns not 

cleaned to a point ",here the T hold-up was negligible as 

~easured by a Data counter.) 

llicroscopic exa.dnation shows coating \ and E are Gnooth, 

translucent nnd contain !:JlJfl7 bubbles, nozr.e of \'l1ich are 

broken in service und beCOfJe focal )Oi,lts for cOITosion 

and hold-up" Coatine D shows a relatire rour.h 5ur:-ace 

hich seums quite difficult to clean .. 

J, R"I. . ;)',' Fils No 42L 1 

, 
PROORESS RfPOR'l' ON OOaoosION SID!HES 

--- --..~ 

Donalo llu liash - 6/l)'/45 

~!:!U!!_ lBi:. D F.U.11.lP03hR 

T~)~~: 5,5{JOC 

~; 2 hours (three testa) 

!;!:t Ci.J-:~ ; See list unler r~su.l t 

1.!ediua: -- . Tela; deccm~osirlf': to Tel. 

:r.:e~hQ:<l : The sa::ples were tested in the DecorJf. J3ero 
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Results: The tollowinl are averaeE results ot the test rums: 

~ 

316 Cb 
.309Cb 
446 
347 
316 
Incone1 
316 Ti 
321 
Hustelloy C 
Ni 

Ueight --053 

(mg .. / c~ , !!!!!) 

0,,3', . 
Oo~l 
LO, 
0. 388 
00751 
0.178 
0.618 
0 ,, 856 
0 ".(24 
00812 

Remarks 

All t!on-macnetic 

except nickel 

.10: , 

Conclusions: To be abl e to choose the best i.uterinl for deCOl.lp )sit i Ul. 

ch.:u-ge bottles ~ the behavior ;JUSt be ascertairl'_ d un:!er thrpe din 

tinct phases: 

10 Durine the decO£l?osition of TC15~ in \'siu.ch nascent C12 ,'X:>uld 

thE" corrosive agent 0 

2 0 IA1.rin;:; the runs, TC1
4 

solid and vaporo 

30 Durinr: the wash i(1 which an aqueous SOlllti, n of' PT'1()-; and 'rcl.J. 

acts as the corrosive ~entQ 

Also, si'1ce the test runs at wout 550°C hr1thin the 

sensitizine r<J.n~e for the stainless steels) thl ' St . St Sll. .p'.es 01', 

doubt VKl tlld s how an increased corrosion ro.t~ o~ er a larCEr t est 1'U!'l , I(' 

to incrcD.sedenrbide precipitation ., 
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The p~ ., nuniJer mdicates the b eg~ng of t he report 
which c. vera t he material listed .. 

nIDE! -
Materials 

.\dnu -alty lIetal , ~ o l) (j 0 v 

Alum lUDl 
" 1) ." 0 0 o 

Alundum " .. o lot • • 

Antaciron . ~ • U $ 0 

Asplit ~ 0 ~ .. • 0 0 • 

Bt!ryllium '. • 0 0 • ~ . 0 

BeO .. 0 
. 

( . • • ;> .. .. 

Brass • • .. 0 0 • 

Bronze • • ~ .. ., 

Cadmium • ... .. • Q 

Cast Iron . .. • • • <> 

Chromel "An .. • • 0 ~ 0 .. 

Chrome1 wire 0 0 .. .. • 

Co lUf:lblum 0 • .. • ~ • 

Comnercial 150, 180, 190, 200 , II 

Copper o 0 C) o. • 

Copper (plated) Q 0 0 . .. .. 

Cupro I'; ic kel 0- 0 c.. " 

o 0 .. • ., ~ Ducalloy 

Downmetal OC'(I~U 'J O 00 •• 

Durichlor o 0 o " .. o · .. o Q 

Durichrome o " 0 0 0 ., o ~ v 

DuriI'On .. " vOf}Q"O I'~ " 0 <' 0 

78 

24, 32, JB t 44, 

44 

16 

.30 

44 

44 

32, 

65 

65 

75;1 

45, 

48 

45 

45 

65 .. 78 

78 

47 

5 73 

24, 32, 34, 35, 44, 49, 50, 
66, 73 , 75, 73 

~., 29 , 51 , 52, 53 , 65, 73 3 

61 

45 

65 

16 

6l. 

16, .32 
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Materials ~No , 

Duro .. Q 0 • ~ • Q " .. .' Q " 
, ~ " u n 0 30 

du PontD-29 c " 0 0 ~ 
, • 0 0 • (, 0 0 .30 , 32 

Enanelled 1roJ;; , (, .0 " • • 0 n ~ ~ · ~ ,. 'II 

Everdur ~ " · ., ~ · .. 0 • · · 0 0 · ~ " 16, 38, 1, 73 

Gla:l8 · A Q ~ " 0 · · u · · • • • · " 0 44, 53, r 1, 69 

Gold • 0 u · u · • " · • · Q 0 0 · • . 37:1 44;, i.$, 49, 6. 

GrCl;>hite . · • Q " 0 · c • · ~ .. • " 
0 J 44 , 67, J8 

Hastelloy 11 A " • 0 Q 0 · .. .. · · · 0 • .. 32 .. 63 

Hastelioy, B " 16" 24) 32, 45, 49, .,), 70, '7 ~ · 0 0 · 0 • .. • 0 0 co " 0 j 

Hastelloy. C G · 0 · • · · · · 0 " 16, 24 , 12, 45 , 49, }4 , 51,· 
73, 85 ) '4» 100 

Hastelioy ~ D • · 0 " • 0 .. u 0 0 · • · u 63 

Haveg · 0 " · 0 · • · · 0 , • 0 0 0 J2 

Herculoy , • · · ., · Q " , .. ,. " · r. u .. 51 

lllium, G v ~ .. 0 .. 0 ., , • " 16 11 61 

lllium, R · · ' j 0 · .. 0 · ~ ~ u .. 0 0 0 • 16 

lncooel 0 • ,. 0 0 u 0 .. • 0 · • · 16, 24 , 12, 45, 49, )7 jr 61, I ''''' ' 'I 

68. 70 . 11 " '3, 75, 95, )00 

Iron e · ~ • " u 0 ~ • • · · .. J · 44, 75: '7ay 92 

Iron, Enamelled , r .. · · • • u · • 0 37 

K-42-B " " 
. , 

" .. 'J ,) , 0 " u u 0 G 0 45 

\ Koroseal " 30 • 0 ., 
" · · ., · ? " 0 0 · " ~ 

• 
Kovar Q ~ 0 ,. D 0 , u · • U Q · 0 u 0 24 A 68 

... 
59 10 65 ~D.d " u 0 " b ~ 0 0 · · ,', 0 0 ~ n · 32 , 

Low C'arbon Steel e, 0 • · " • • • · · • c 47 

r..:a1lory " ~ • .. 0 • · c- o · I • 0 0 0 24Jj 63 

llanCGl'lese Steel " < ~ ., n ~ u 0 · 0 ., 0 3S 
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aterials 

Uild ::>tee .... ~ • o • Q o o 

~.:olybdenwn ; ~ o. '} 

l.:onel ~ .. • • .. • • 

lionel, K " • . • • 0 u • • 

N 15.3 • 0 0 

N 155 .. 0 

Neopre no-Cork · 0 ~ 0 e • 

Nichrome • • 0 • • o • • 00 · . . 
Ni ckel ." 0 • o • 0 " o • • • 0 ~ • I I 

Ni-Resist ~ • · .. ~ . 0 . · . . , . 
Nuriron .. , o 0 0 0 0 0 " • , ) ~ · . · 0 • 

Palladium • o 

Platinum 0 ~ 0 

Porcelnin (Refractory) 0 • • 0 

P,rea . ) ~ • . 0 ., 

Quartz " 0 • • • • G 

Refractory 0 

Sar.,'. 0 0 • 

S:l.] astic-Do\"1 () 0 ., 0 0 ~ 

Silicone Grease • ~ • 

Silver u n (, .0 o " 

Silver Solder 0 ., ., ., 

Steel 0 • 0 .. • • • 

Steel ( Uanganese) 0 • 

32 

44, 45, 49, 65, 66, 7.3 , 75 

16, )2, 44, 45, 50, 65, 66 
68, 71, 7 

57 

70. '12 

70> 72, 85 

30 

44, 45, 57, 75 

16, 24, .32, 44 , 45, 47, 49, 50, 
57, 59, 65, 66 :1 6'1, 6B, '71, 73 , 
71, 100 

2f:J, 51 

61 

65 

44, 

45 

44-

44 

45 

30, 

30 

23 

45, 

32 

65, 66, 68 

24, .32, 35, 44, 49, 65 , 66, 73, 

78 

32, 34, 47, 65, 75 

.38 
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Stainless stefJl 0 • • " u • 

Stainless Stool - Type 302 

Type 304 

Type 30B 

Type 309 

Cb 'rype .309 

Type l10 

Type 312 

Type 316 

Cb Type 316 

Ti Type 316 

Type 317 

Type 321 

Tantalum 0 • Q " 

Typo .325 

Typo 329 

Type 330 

Type 347 

Type 446 

o ~ c# 

Page lIE,<, 

o (, • 

., " 

o 24, 32, 44, 45, 4'1, 53, 59, 65 
66, 67, 69, 73, 75, 95 

• 0 32, 40, 45, 47, 48, 49, 51 , 69 
70, 71, 72, 75~ 76 

• ~ 16, 46, 50, 57, 61, 72, 75 , 

~ . • J2 

~ d 

o 0 

o 

~ . . 

00" 

o 0 0 • 

54, -56, 76 

•• 100 

~ 16, 38, 48, 61, 70 

61 

16, 32, 34, 38, 46, 48, 50, 54, 
61, 65, 68, 69, 'l0J 71, 72, 7;, 
71, 85, 100 

16, 56, 100 

100 

• • • ~ 0 0 16, 38, 48, 61, ~9, 75. 76 

0 .;' " u 0 38, 48, 50, 54, 56, 69. 7C 
76~ 77, 100 

) 

o 

~ 

o 

. ~ o. 61 

• 0 

• 0 
16, 38, 48, 61 

• 0 70, 71 

o. 16, 38, 48, 54, 56, 61, 70, 71, 72 
100 

16, 100 

" 0 ,. 24, 30, 32, 45, ~·9) 60, 61, 65 
68, 73 

Tantalum. Carbide o o. 0 85, 86 

Tantal...:m, K 0 • " . 1.1 '.J 60 

Thorium Oxide I:; Q . 1 (a o " 0 C> " 44 

Ticonium ., 0 ~ '0 • r 0 85 



-
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Materiall PM6 No, 

J Tin "" w o o . " " 59J1 65, 75 

Tuballoy (and alloys) o. • .. 0 0 41 

Tungsten " • • • .. " 0 • • • 0 0 " • u • " 44, 61, (,5, 66, 67. (8 

Tungsten (Thoriated) o .... 67, 68 

Tygon .. o 0 0 Q . " • 0 ., 0 o 0 Q 69 

Tygon 'l'W 10.'3 0 " o • 0 0 0 0 o 0 30, 32 

. Tygon TU 2007 0 0 " 0 o .. .. 0 0 0 C L) ..30, 32, 

Tygon TU J400 0 0 0 000 0 tau c 30, 32 

Worthit eO ? 0 o \,) 0 DO. o 0 0 o " 16 

~~ .C7'~ __ 
. Lo . J ittle 

C.i. ·~o 
CDS:mpt C. D7Tuaano 
Date submitted: 8/lJJ/4 
Attaclulelts: None 

Distribution: See page 107 
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