
f*»a»jwpw?“r ______ ______

BV-15829

•I m
Ckeolatry-Seporation Procese'etf 
For Plutoniun ,\nd Uraalua

CORROSION OF CONSTTOCTION MATERIALS 

IN 23^ -5  PROJECT SOLOTIONS

T W .  mm * ' w  k i * * *  W
. **-C—*

,< i« •»* -*•*. •» *•*-•* •*  * *»•**» ••••'•
M,  J  iw-i.fi '*** * •  CT ‘*“‘T.

fc_to «.«*.«« *•-**«. *P~-.
V. W. Koenig 

M e ta llu rg y  S e c tio n  
T e c h n ic a l D iv ielona

Photostat Price t  3  ’ 2> &  

MIcrtNIm Prlct S - J -  V sd

Aval lob l« from the 
Office of Technical Services 
Deportment of Commerce 
Washington 25, D. C.

Ja n u a ry  31, 1950

HANFORD WORKS 
RICHLAND, WASHINGTON

O p era ted * fo r t h e  A tonic Energy Com nlsoion
by

G en era l E le c t r ic  Company 
under

C o n tra c t #  W -31-109-eng-52

1
\WSi-i

•*«MJK£«W MSC7A»

— i —  — j - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - r
R oute To j  Read By I  D ate Route To Read B y D ate

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
j

■ - j
1
1



HW-15829-3-

TABLI or COHTENTS

Euraiary ..................................
Doto.Ho

Toot Environments..............................
Construction Materials . .......... ..............
Specimen Preparation ...............
Toot Data

Aeration ...................................
Agitation ..................................
Apparatus ................... ..............
Circulations............. .
Ciouiing, Post-Zxpoouro.................. . .
Corrocivo Media.............................
Duration . . . .  ............................
Teraperaturo........................... .
Velocity.......... ........................

Evaluation of Bosuite *..............................
Duriron ........  . . . . . . . . . .  ............
Eastelloy f i & C ................................
Stainless Stool, austonitlc.............
Tantalum ... ..................................
Fluorothono (see MFP-10)........................
Buvog 4l and 43 . . . .  *.................. .
Koroscal......................................
Lucitu.......................................
MFT-10 ....... ................................
No op ro no......................................
Polythene ............ .........................
Suran............... ............ , .........
Teflon ....................................... .
Tygon (S 22-1) ..................................
Vinylite 1911 and 6461 .......... . . . . . . . . . .

Appendices
Appendix 1: Bibliography........ ................
Appendix 2: Table 1 - "Composition Of Corrosives" . . .

Table 2 - "Plastics Data" . . . .  ......
Table 3 * "Metal and Alloy Data" . . . . . .

Appendix 3s "Tost Data for Non-Motallics Exposed to 234-5 
Projoct Process Solutions" . . .  ........

HU
Introduction

Page(s)
4
4

5
5
5. 6

6 6 6 6
6. 7 
7
7
7
7
7. 38 8
9 
9
9 
9 
9 
910 
10 
10
10 
10 
10
10, 11

12

ll
15

16
Appendix 4: Graph 

Appendix 5 s Table

"Construction Materials vs 234-5 
Project Process Solutions"....... 17

f
"Corrosion Rates Of Metals & Alloys Ex« 
posed to 234-5 Project Process 
Solutions"............. .

illI



B/-15029.1*.
CORROSION OF CONSTRUCTION HATB3IAL8 
H  234-5 PROJECT SOLUTIONS ^

introduction .
Laboratory corrosion studies la support of the 234-5 Project at the Hanford 
Works vara authorised over an eighteen month period vhich began in May 1943 
and ended In November 1949. Construction materials vere to be selected for 
equipment vhich night arbitrarily be classified in one of three categories 
(a) Pre-process equipment, e.g., solution preparation vessels and transfer 
lines, (b) Process equipment, e.g., vessels, agitators, air spargers, valves 
and transfer lines, and (o) Laboratory equipment, e.g., hoods, palls, beakers, 
etc. Such materials as glass and tantalum, both knovn to be most resistant 
to the liquid environments under consideration have definite limitations for 
some applications; glass, of course, has a propensity for breaking and tantalum 
Is quite expensive.

This program vas to Include metals, alloys and non-met allies of Interest to the 
234-5 Projeot Development Croup. While the prims objective vaa to be the selec
tion of corrosion resistant materials and the determination of their corrosion 
rates in procoss solutions, a secondary objective, namely the evaluation of 
the effects of heat treatment and surface preparation on the corrosion resist
ance of aueteittlc stainless steels vas undertaken In order to establish 
vhethor these steels vould have limited application In the process.

The laboratory oorroslcn tests vhich vere employed to carry out this program 
and the data procured therefrom are contained heroin. The original notes are 
contained in laboratory notebook HW-23J1-T,

SUMMARY
According to the data obtained from laboratory corrosion tests vhich simulated 
234-5 Project environments, tantalum Is the only metallic material vhich can 
bo employed under all test conditions. Of the non-metalllcs, Tluorothene and 
Teflon shovod satisfactory resistance.

Durlron, austenitic stainless steels T-304 ELC and T-316 and Bastelloys B and 
C and MFP-10 (Plasticized), Car an and Vlnyllte 1911 and 6461 may have limited 
use depondlrg upon specific requirements. Haveg 4l and 43, Korosoal, Luclte, 
Neoprene, Polythene and Tygon (2 22-1) failed to exhibit satisfactory re Dist
ance in laboratory tests.

(1) Supersedes:
(a) M234-5 Project 3tatic Corrosion Tests; Plastic and Synthetic Rubber in

Hydrlodic Acid and/or Procoss Supernatant Solution," W.W. Koenig, HW- 
12172, l-3-*9.

(b) "Corroslon Tests on Tantalum, Hastelloy C and Durlron in 234-5 Project
Solutions,** W. W. Koenig, HW-12552* 2-25-49.

(o)”Vinylite and Hydrlodic Aoid Solutions," W. W. Koenig, HW-13419, /
5-18-49. /
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DETAILS

>

Actual duplication of process environments for corrosion testing vac hold to bo 
impractical under existing conditions, therefore the laboratory corrosion tests 
employed vere designed to simulate vhe most corrosive process conditions which 
could be anticipated and yet maintain simplicity of test equipment.

Tect Environment a

The tost evnironaonts Included the following solutions and their vapors:
(a) ftrdrlodic acid, Vft by vt. at room temperature* (2). (b) Ssmthetio 23̂ -5 
Projoct supernatant at rooa temperatures and, (c) Synthetic 23*-5 Project 
supernatant at boiling teaporatures.

Construction Materials

The following construction materials were tested:

Motals it Alloys Non-Metolllcs

Puriron Havog 1*1
Hantolloy B Hovog U3
Hastelloy C Korosoal
Stainless Steels: Lucite

T-304 . MFP-10 (Fluorotheno)
T-3C4 ELC Neoprene
1-316 Polytheno
T-3**7 Saran
T-309 SCb Teflon

Carpenter 20 Tygon S22-1
Tantalum Vinylito 1911 

Vinylito 61*61

Specimen Preparation

By and largo tho shapos of the tost specimens wero dictated by tho samplos 
which vero recolred from tho miuxufacturer for tost purposoe. In goneral, tho 
teot 8peclmons wore rectangular in shape with the ratio of surface to maos 
largo and that of edge area to total area relatively small. Tho edges of 
all samples vero finished, either by machine In the case of the aetollics, 
or by sanding with No. 00 paper In the caso of tho non-metallics. Prior to 
weighing to ± 0.0001 gm. and test exposure, the metallic* vere degreased, 
rinsed In alcohol and air dried. The cleaning and degreasing methods em
ployed with tho non-metallics varied according to their individual charactoi- 
istics. / * /A,

/ *>
In general the austenitic stainless steels vere tostod In the "as received' 
(hot rollod, annealed, pickled), "as welded" and' the "welded-annealed-vater 
quenched" conditions. Tantalum and tho remaining alloys vere tested 'Mi 
received". Appendix p. l8» "Corrosion Rates Of Motels and Alloys typised 
to 23 -̂5 Project Process Solutions", lists tho fabrication for each Xf’tF/ 
dividual test specimen of the metallic group in addition to the tesyrymlts

(2) Tantalum, only, vac also tested in V# HI at boiling temperaturtbl
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Tho non-oetalllca vere all tested "ns received". The data arts contained 
in Appendix 3, p. 16 , "Test Data For Ron-Metallic aq>osed To 23^5 Project 
Process Solutions".

Aeration

All corrosives employed were considered to be initially air saturated. Ko 
ottonpt vas mod© to aerate the test onvironmsnts during the expoeuro periods.

Agitation

Tho room torpotature tosts voro carried out under static conditions. Tests 
at boiling temperatures were naturally agitated by convection currents 
and solution bubbling.

Apparatus

For. the room tonporaturo tests the apparatus consisted simply of glass 
Jars vlth covors and glass holders designed to hold the tost sunple in 
tho deslrod environment. The apparatus for the boiling tompornturo tests 
vas ossontially tho snmo, except that ovlonmoyor flasks and condensers, 
attached by moans of ground glass connections, vuro usod. Boating was 
accomplished by moans of eleotric hot plates.

Calculations

mils/yr " DAT
Wheres

mils/yr Corrosion rato in mils ponotration por yoar 
assuming uniform corrosion.

- Loss in veight, expro8sod in grams, of tost 
spGCimen.

■ Density of motal or alloy oxprosoed in grams 
por cubic contlmator.

A

T

B Area of test piece in square Inches. 

« Expoeuro tirafc expressod in hours.

Cloonlng, Post Exposure

Upon removal from tho test environment the test specimens wore vat or 
washed and brushod vlth a bristle brush. This vas in most instances 
adequate for tho removal of test solution and such corrosion products 
which might havo formod. tfoma of the alloyB, however, voro covorod or 
partially covorod with a scalo-like deposit which vao quite adherent.
A noli) dotailed investigation would havo called for covers cleaning 
uros, o.g., wire brushing, chipping or electro-chemical cleaning, to;

mm .§ * * ------------- -------

an
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f f y  remove th is  product, however, 8Inc® these specimens had failed and the 
4 ( f j  prime object o f these t®ata was to  determine corrosion resistance, 

further oxenlnation was not thought to be varranted.

Corrosive Hod fa

All corroolvea in te§t» a t boiling temperatures were changod daily and 
those in testa  at rocta temperaturo at each te a t period, or weekly, which
ever cane f i r s t .  See Appendix ?, Table l ,  p . 13, ’’Composition of 
Corrosives."

The «oqpo8ure tine was largely  deternlned by the resistance of the ind i
vidual materials tested to  the corrosives. Those epecineno which evi
denced resistance were exposed up to 1.3 months while those which failod 
were usually taken from the tea t at the tine of fa ilu re .

Temperature

Those ten ts were carried out. at tlrroo temperatures. The room tenporature 
was approximately 22.2* C (72* F), the boiling temperature of the 234-5 
process supernatant was 101*C and the temporature of the vapor atmosphere 
over the boiling supernatant van 100*C.

Specific data for each sample are inoluded in Appendicus 3 and 5, PP» 16,18.

Boiling temporaturo toats: unknown

EVALITATT ON 0? RESULTS

Tantalum exhibited suporior corrosion resistance to  both 47^ (by v t.)  hydriodic 
acid and the 234-5 Process supernatant solution under a l l  laboratory te s t  con
ditions which includod room and boiling temporaturos. In addition to  the normal 
4?£ hydriodic acid te s ts , hydriodic acid vhlch had boon stabilir.ed with 1.5f 

was also used.

Pur iron exhibited corrosion resistance a lter becoming p an oi voted in the f i r s t  
43-hour exposure period during which a grayish film was formed on the te s t  
specimens. However, I t  has disadvantages which are discussed below under the 
appropriate heading. Hastelloy B and C and several austenitic sta in less s tee ls , 
notably T-316 and T-304 ELC, exhibited liuitud resistance to individual te a t  
solutions under specific conditions, o.g., tho 234-? Project supernatant 
solution a t  room temperatures (22.24C, approximately).

While these materials cannot bo rcconmcnded without defin ite  lim itations, they 
may find some use as m aterials for laboratory equipment, or such plant equip
ment as ag itators, air spargers, addition tubes and the like .

Among the p las tics , Toflon and Fluorothone exhibited excellent resiston  
Saran exhibited good resistance; howevor, i t  became somewhat discolorod 
exposure,

fu ration

Velocity

Boom temporaturo tes ts : none

4
▼
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-0- Htf-158891111tjpbsurd data are contained in Appendix 4, p. 17* "ConstructIon Material* ro 
Synthetic 234-5 Project Process Solutions", Appendix 5, pp.10 , "Corrosion 
Rates Of Metals and Alloys Exposed to 234-5 Project Process Solutions", and 
Appendix 3, pp. 16. "Test Data For Hon-Metallics Exposod to 234-5 Project 
Procoss Solutions".

Duriron

According to the data collected from cosploto immersion and vapor suspension 
tosts in ̂ 7$ (by vt.) hydriodic acid and its vapors at roon temperatures, 
Duriron acquires a grayish film and becomes passlvatod during the first 48- 
houro of exposure and the initial High rats of corrosion folio off to a lov 
rate on tho ordor of 1-T*il por year or less. Total oxposuro tine vaa approx
imately 1.5 months.
However, since Duriron in a coot notorial, of high silicon content and con
sequently fabricated vlth difficulty, it has definite structural limitations. 
For this reason it was notjsubjoctod to further tests. A test program suffi- 
ccntly broad to include castings of this material may show it to have definite 
valuo.

Haste11oy B & C

Hastolloy B in tho "as received" condition resisted attack by 47$ HI at room 
temperature under partial lasers ion conditions during a 4-day test period.
A very slight discoloration of the inner sod portion was noted along with a 
corrosion rate of 1.77 mils/yr. In 47$ HI at boiling temperatures and in 
234-5 Projoct supernatant solution, however, this matoriol failed, oxhibiting 
general corrosion with definition of grain boundaries ondopitting. This 
matoriol apparently would have limited application under those conditions.

Haotolloy C was tosted in the "as cast", "as rolled", and "as velded" con
ditions. In gonoral it shoved rothor low corrosion rates and signs of some 
pasolvation in 47$ (by wt.) HI and 234-5 Project supernatant solution ct room 
tomporaturos although corrosion products which would contaminate any process 
stream wore formed. These vero apparently due to chemical reaction with com
ponents of the alloy, notably nickel. In two casos high corrositn rates wore 
observed for this matoriol, A sample of 'fccllod-welded-sandblasted" material 
in 47$ HI (total immersion test) sufforod a corrosion rato of 65.2 mils/ycar 
along with the formation of corrosion products, and a sample of "as cast - 
ground finished" material shoved evidence of limited pitting in both environ
ments but no evidenco of general corrosion on its ground surfacos. Hovcvor, 
each specimen contained a suspension hole vhich was left in the "as cast" 
condition and these holes ehovod evidence of general corrosion and tho for
mation of corrosion products.

In 234-5 Project supernatant solution all samples exhibited high corrosion 
raton. ‘

While it night bo possible to omploy Hostclloy C undor certain conditions at 
room-tomporaturos where contamination by foreign ions is not a factor//this 
matoriol cannot be rocommended without reservation. /

i zzs&m-
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talnless Steel, austenitic

re types of austenitic stainless steel were tested, 7-309 SCb. T-304,
T-3^7, T-304 ELC and Carpenter 20. None can be recommended for use in kjf 
HI or 234-5 Project supernatant solution without reservation. They are 
definitely unsuited for use in (a) k'ft HI solution, in which severe general 
corrosion was noted, or in its vapors, in which erratic pitting and discolor
ation were noted or In (b) 234-5 Project supernatant solution or its vapors 
at boiling tenporaturee, in which environments, especially the latter, severe 
corrosion was noted.

In 234-5 Project supernatant solution at room temperatures, howevertheeo 
steels shoved some resistance* although erratic pitting, especially at 
liquid-vapor intsrfaces, and discolorations were noted. The T-316 and 7-304 
ELC types were the most resistant in the order named. Since several of these 
specimens acquired superficial pits there is no guarantee that the protective 
oxide film will remain unbroken &r any predictable period. However, for 
such application as agitators, addition tubes* etc., those two stainless 
steels may well be exposed in plant tests.

Tantalum

Tantalum was exposed to V #  (by wt.) hydriodic acid, V7£ HI plus Ĥ POg, 
234-5 Project supernatant and 234-5 Project supernatant containing HoPOg. 
solutions and their vapors at room and boiling temperatures. Exposure periods 
of 2.5 weeks at room temperature failed to show detectable weight or appear
ance changes. Six days exposure at boiling temperatures failed to reveal 
any appearance changes and no corrosion rates * ±0.79 mils.

Fluorothone

See MFP-10 

Haveg 4l and 43

Haveg 41 and Haveg 43 were exposed to 734-5 Project oupernatant solution ar.d 
its vapors at room temperatures. After seven days exposure both materials 
evidenced discoloration and I0S6 of surface compound although weight in
creases from 0.?.% to 1.3£ vere measured, indicating absorption. Unacceptable

Koroseal

Eoroseal exposed to 234-5 Project supernatant solution and its vapors for 
4 days at room temperatures evidenced surface embrittlement in tho solution 
Immersion test and svolllng and deterioration (the surface became putty
like) in the vapor suspension test, along with weight gains from ldj to 76£. 
Unacceptable.

Lucit3 |i

Lucite (plain and cemented sheets) vere exposed to both 47$ ivdrlodlc acid 
and 234-5 Project supernatant solution at room temperatures lRr 14 days. 
Weight gains, due to absorption, from 12.Tf> to 31*7$ vere ceclurod and dis
coloration and swelling of the edges of this material wore oblirvod. 
Unacceptable. ll

Mi
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1

10 (F luorotbene)

MFP-10 vac exposed t o  234-5 P ro jec t supcrnat a n t so lu tio n  and i t s  Taper# a t 
room tetqperatures fo r  4$>-days w ithout undergoing any d e te c ta b le  chem ical 
o r  p h y s ica l changes, excep t fo r  a 0.012# to  0 .021# v t .  lo s s .  A cceptable.

MFP-10. P la8t l c l i e d

P la s t ic is e d  MFP-10 vaa  exposed to  both  234-5 P ro je c t supernatan t e o la tio n  
and 47# hydriodio a c id  and th e i r  vapora a t  room tenperatureB . In  th e  former, 
a  20-day  exposure p e rio d  produced an amber d is c o lo ra tio n  and w eight g a ls  o f 
0 .139# in  the  so lu tio n  and 0.021# in  i t s  v ap o rs . In tho V?# environm ent a 
w eight lo s s  o f 0.216# woe measured fo r  th e  sanmle exposed to  th e  so lu tio n  
a f t e r  a  35-day p e rio d  and a  weight l o t s  o f 0 .242# fo r  th s  sample exposed to  
th e  vapors a f te r  a  l i k e  p e r io d . A p o ss ib le  lo s s  lu  p l i a b i l i t y  vac noted  in  
b o th  oases. Q uestionab le .

Secpreno

Neoprene exposed fo r  10-days to  234-5 P ro je c t  supernatan t o o lu tio n  and i t s  
v apo rs a t  room te n p e ra tu re s  showed high  a b so rp tio n  w ith  weight .gains o f  46.3# 
and 23.9# re sp e c tiv e ly . Unacceptable.

Polythene

Polythene exposed f o r  10-deys to  234-5 P ro je c t  supernatan t s o lu tio n  and i t o  
vapo rs shoved d is c o lo ra tio n  and ab so rp tio n  a s  evidenced by w eight g a in s  of 
2 .47#  and 2.37# re s p e c t iv e ly . U nacceptable.

Saran

S aran  exposed fo r  20-days to  234-5 P ro je c t su p ern a tan t so lu tio n  and i t o  
v ap o rs  a t  room te e p e ra tu ro s  shoved s l ig h t  d is c o lo ra tio n s  and w eight ga in s 
o f  0.104# from so lu tio n  exposure and 0.059# from vapor exposure. Lim ited 
a p p lic a tio n .

foflon

T eflo n  exposed to  234-5 P ro je c t supernatan t and i t s  vapors a t  room tem perature 
appeared  normal a f t e r  42-days exposure. Wolght ga in s of only 0.C13# and 
0 . 019#  wore reco rded  f o r  th e  so lu tio n  immersion and vapor suspension  samples 
re s p e c tiv e ly . A cceptab le.

Tygon (S 22-1)

Tygon (3 22-1) shoved ab so rp tio n  o f l iq u id  (4 .21#  by v t . ) and vapor (2.02# by 
v t . )  upon 10-dayo exposure to  234-5 P ro je c t supernatan t so lu tio n . Unacceptable.

Vin y l l t e  1911 and 6461

V in y lite  fo rm ulations 1911 ond 6461 were exposed fo r  1 6 - d o y d ^  room temper
a tu re s  in  49# (by v t . )  HI and 234-5 r r o je c t  supom atan t so lu tio n s  and th e i r  
vapo rs. Weight g a in s ,  a t t r ib u ta b le  to  a b so rp tio n , which v a r ie d  from  O.O58# 
to  0.67# w ith  an averago o f  O.366# , were reco rd ed . Both v i n m t e

in
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typda acquired on olivo-dr; V d ece le ra tio n  but retalnod tb a lr  original 
aoni-gloaty ($1*61) and glo ay (1911) texture* and adhibited no dla*a*lonnl 
chrvcgoo. Questionable.

*
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TABLE I

CCiMPOSITIOH OF OQRROSIVES

23̂ -5 Project Process Supernatant Solution (Synthetic):

Fe (»3)3. 9 ^ 0 .................. .........
Co (HO-L.x^O............................
IJiSÔ .5 HgO...............................
KESÔ  . . . i » . * « « .
KĤ PO]* . . . a . . . . . . .
K » O j .......... ..........................
HI [Anhydrous basis) ................. .
\ ......................................HOgC.COgB

1.616 mg/llter
O.362 "
0.184
8.17
0.272 "
36.4
103.7 
33.0
27.7

Hydriodic Add; Merck roagent, Sp. Or. 1.7:

Assay. H I ................................... 55-58$
Maxinun inpurities:

Men-volatile . ................. . 0.010$
Chlorine, bromine (as C l ) ............. 0.050$
Phosphorus ..... . . .  ........  ..... 0.003$
Sulfato (SO4) ............................  0.005$
Heavy Metals (as Pb)........ . ....... 0.001$
Iron (le) . . .........................0.001$

Mol. Wt................................ 127.93.'
Hydriodic Acid (Stabilised): Bakor's Roagont, Sp. Gr. 1.7:

Assay, HI (min) .................... . 56$
Maxicun inpur it lost

Chlorine and bromine (as Cl).............. 0.05$
Sulfate (SO4 ) ....................... 0.005$
Iron (Fo) ...................... . 0.001$
Heavy Metals (as Pb) . . . . ...... 0.001$

HjPOg (Preservative) approx. . . < . .......... 3*0$

I
1111
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TABLE II 

PLASTICS DATA

Trade None Type Of Plastic

Bares Phenol-formaldehyde moulding compounds
Bareg hi Phenolic-aobestos filler
Barog 43 Phenolic-graphite filler
Koroseal Polyvinyl chloride elastomer
Luolto Acrylate or methyl methacrylate resin
MFP-10* Polymer of trifluoromonochloropolyethylene
Neoprene Pfolymsrs of chloroprone
Polythene Polyethylene - polymer of ethylene
Saron A polyvinyl!dene chloride
Teflon Polymer of totrofluoroethylene
Tygon F Furfural rosin
Tygon T (8 22-1) Modified rinyl derlrative plastic
Vinylite Vinyl chloride-acetate resins

* Fluorothene - was originally- a classified material vith tho code name of 
MFP-10; also KEL-F. In these tests fluorothene-A vas employed.

Uh
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1

Metal Or Alloy 
Duriron -

(High Silicon Iron)

Hastelloy B - 
(HI ckel-Wo j  ybdenunw 
I r o n  A llo y )

Stainless Steels -

T-3<*
T-304 ELC 
T-316

T-3^7

T-309 SCb (Dupont) 
020-B 

Carpenter 20

Tantalum

• * • *  <M V

• «
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TABU i n
METAL AMD AIXOT DATA

BV-13829

Mon Inal 
.Composition Special Characteristics

Silicon 14.50* Very hard
Carton 0.85)1 Machined by grinding
Manganese 0.50)5 Available in cast form
Sulfur 0.80* Relatively inexpensive
Phosphorus 0.20)5
Iron Balance

Michel 62.5-66.5* Beadlly voidable and machinable, i t  can be fabricated into almost
Molybdenum 26-30 any type of chemical processing equipment. Corrosion resistance
Carton 0.02-0.12* to  boiling hydrochloric acid and vet hydrochloric acid gas and
Iron 4-6* has good resistance to  phosphoric acid.
C Mn P s Si Hi Cr Other The chromium-nickel austenitic stain-
Max. t o . Max. Max. t o . .< i  f  less steels* as a class, exhibit a  h i-
0.00 2.0 0.04 0.03 1.0 6-10 6-20 Bal. Fe gh order of resistance to  corrosion and
0.03 2.0 0.04 0.03 1.0 8-10 6-20 Bal. Fo tarnishing in many media, maintenance
0.10 2.0 0.04 0.03 1.0 10- I k  16-18 Mo 1.75-2.75 of strength properties and resistance

0.04 0.03
Bal. Fe to  oxidation a t  elevated temperatures,

0.10 2.0 1.0 9-12 17*19 Cb lOxC Min superior forming characteristics, and

0.07 1.25-2.5 0.0350.03 

0.07 0.75

Tantalum
Chromium
Iron

99 .9#
0.03*
0.01*

Bal. Fe the ab ility  to  develop high mechanical 
0.75 12 Min 22 Min Cb lOtxC Min strength when suitably processed.

1.0 Max. Bal. Fe 
1 .0  29 20 Mo 2.0 Min

Cu. 3 .0  Min,Bal TO
Corrosion res is tan t metal used in  heat - transfer area in acidr 
proof chemical equipment. I t  oxidises in  a i r  above 300®c (570°F), 
le  soluble in hydrofluoric acid and in  that contain free
sulfur trloxide. In general, i t  is  corrosion resistan t except when 
subject to  galvanic couple action. Tantalum can be spot and 
seem resistance welded.

s r
i f
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TEST DATA FOR NCR-METALLlCS EXPOSED TC 2)4-5 rRWLCT IROC -S3 SOllTICMS

test c o io m o H S : r a a t f i A i m  -  room l  AH SOX. 22.2°C, 72°FJ.

exjcsure -  u ;-j : d i ia a s s ic s  and vapor suspension,, SEE 5SLCV.

AGITATION -  NOME. •

AES AT: ON -  SCSI. TEST SOLUTIONS RP1 ASSUMED TC 5 - INITIALLY AlR-SArJRATID.

M M U lf  AIL1C TEST SOLUTION
n r i

EXPOSURE
DURATION 

(DAYS 1
HP. CENT 

*T . CHANT! TEST remark*

t u n o  a 2)4-5 PROJECT SUPER*AT ANT, SYNTHETIC immersion 7 ♦ 1 .) HC-55 SOME DISCOLORATION ALONG SAVED EDGES AND ON SURFACES. LOSS O f S 'A fa C I Cu*KU*>.

■ VAPOR 7 ♦ 1.2 HC-56 •  ■ •

U V U  4) - IMMERSION 7 ♦ 0 .)8 HC-57 5C A DISIOLORATICN AND LOSS OF SURFACE COMPOUND.

• VAPOR 7 * 0.25 HC-58 •  . a

KfiftOSKAL • nczRsioN 4 ♦76.) HC-43 SURFACE C2BAITTUGSXT.

» vapor 4 ♦ 18.6 HC-44 SHILLING AT EDGES AND SURFACES PUTTY-USX.

UK1TS 47* RX * □0OR3ION 14 ♦ 3U7 HC-29 STILLING AT EDGES AND DISCOLORATION.

2)4-5 WOJECT SUPIMATAVT, SYNTHETIC IMMERSION 14 ♦15.9 HC-)0 •

w c m  [C M V T IL  SHEET) 47* D IMMERSION 14 418.4 HC-31 -  ' USION SATISFACTORY.

2)4-5 PROJECT SUPERNATANT, SYNTHETIC IMMERSION 14 ♦12.7 HC-)2 a  a

10V-1O • IU3HSICM 42 -  0.012 HC-45 APPEARED KCRUaL .

« • VAPOR 42 -  0.027 HC-46 a

MFP-10 ( j u s t : c u » i a I1CSR2I0K 20 ♦ 0.1)9 HC-)9 AMBER DISCOLORATION, STILL TRANSLUCENT, HOVSVXR.

• VAPOR 20 4 0.021 HC-uO a a

47* HI (1.5)1 H)T02> IMMERSION 35 -  0.216 HC-58 KO DISCOLORATION, POSSIBLE REDUCTION OF PLIABILITY.

• VAPOR 35 -  0.242 HC-54 •  a

o w n s 2)4-5 PROJECT SOl'iJiXATAXT, SYNTHETIC liaass ioK 10 446.) HC-35 ABSORPTION.

a VAPOR 10 42).9 MC-)6 •

polythene • IMMERSION 12 ♦ 2.47 HC-;3 DISCOLORATION.

• VAPOR 10 ♦ 2.37 H 3-)4 a

SARAH • nOSRSXOK 20 4 0.104 HC-41 (SLIGHT).

• 7AP0R 20 * 0.059 HC-42 a  a

teflon m IMMERSION 42 4 0 .01) HC-47 APPEARED NORMAL.

a VAPOR 42 4 0.019 HC-48 a

TTOOR (822-1) *• IMMSP.5I0X 10 ♦ 4 .a .  h : - ) 7 ABSORPTION.

•' a VAPOR 10 ♦ 2.02 HC-)8 a

n m i n  19U 47* HI IMMERSION 18 ♦ 0.167 1 OLIVE DRAB DISCOLORATION. KO DIMENSIONAL CHANGES; RETAINED OLOm  jJO/ f U i l *  
BILXTY; MOISTURE ABSORPTION.

• vator 16 4 0.058 2 a  a  a

2)4-5 PROJECT StJPJUUTANT, S«THIT1C QKOSIOK 18 ♦ 5.427 3 a a a
*

<1 VAPOR 16 4 C.)C8 4 a •  a a

v m u t i  U 6 i 47* a IMMERSION 18 4 0-41) f OLIVE DRAB DISCOLORATION; KO DIMENSIONAL CHANGES; RETAINED SEMI-GLOSS *KD 
FLEXIBILITY; M0ISHRE ABSORPTION.

VAPOR

IJSERSICS

18 ♦ O.)50 

4 0.670

A •  a a

2)4-5 PROJECT sm  O IK  AT ANT. SYNTHETIC 18 7 a a a

• 7AP0R 18 ♦ 0 .5 3 6 6 a a a

a«
S»
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tfrprpu s
:0RH03:0K SATE3 O f i t m i s  AND ALL0Y3 EXPOSED TO 2)4 -5  W O JlT r PROCESS SOLUTIONS

m - i t i i f

ROTES: 1 . CORROSION RATES ARE IOT43SED I*  MILS P tW n u T I  ON/YEAR, An I  RECORDED TO NEAREST 0 .0 1  MIL, AJOASSVME "JR I  FORM CORROSION FOR < S f S ^ T i a  
THIS JX7N3 A LOB CORROSION FATS FOR THESE SPECIMENS AMD DOES INDICATE THE MAXIMUM FIT DEPTH VHKRt PITTIN) OCCURRED. A PLUS I t )  S l> *  DOIwATES A NBI3ITF OaIN .  COmtOAlOA RATES

5 °T H IS I TABII4 A M ^ ^ S d 1C ATV^NO DATA FOR THE TEST PERIOD IN ;UE3TI0N AND INDICATES THAT THE TEST PERIOD IE WIJTION NAS OMITTED.
TEST CONDITIONS:

AERATION: NONE, CORROSIVES INITIALLY AIR SATURATED.
AOXTATION: NONE MITE ROOM TEMP. TESTS; CONVICTION CURRINTS WITH POILIW TQCP. T E S n .
TOm RATURl: AS INDICATED PKLQlr.

A. THE 2 )4 -5  PROJECT SUPERNATANT SOLUTION REFERRED TO 2BEXN IS  SYNTHETIC.

I .D . 7aS s W u W l w - t W t t - 0UI
ENVIRONMENT a s SPICIMSN PREPARATION NO, 48 HRS A8 HRS 72  m U f i U S U f i

4 7 *  H I. ROOM TEMP. (22°C ) STATIC, PARTIAL IMORSION AS RSCIITO) S-25 44.81 A .53 0 .2 4 0 .0 9 >1.70 1 6 .8 6
• • AS WAITED 3 -15 56 .04 7 3 .3 7 - - • •
• STATIC, TOTAL m iR S IO N VELD ED, ATTXALED AND ;UENCK1D 3 -45 57.99 178.10 - - - -
V STATIC, PARTIAL HAORSICN AS RECEIVED AND 4 -F  FINISHED S-15 53.40 9 0 .6 9 - - • -
a a AS WELDED ANT 4 -F  FINISHED 3 -5 50.11 128.13 - * - -

• a BELD8D, AKttASJB k  QUENCHED, A 4 -F  FINISHED S -5 6 A2.49 2 .6 7 0 .5 9 0 .10 25 .90 1 6 .4 )

• •4 1 ►w 8 AS RIGHTED S -2 6 0 .5 6 2A.15 0 .7 ) 0 .1 9 0 .3 5 0 .5 5
• • AS WELDED S -3 6 2 .49 6 6 .9 7 N il 1.78 0 .5 2 0 .0 0
■ a liLDED, aKH.aLZG A QUENCHED 3 -4 6 2 .52 1 9 7 .0 ) - • • -
a a AS R1C1IVEL AND 4 -F  FINISHED S -1 6 0 . ) 6 2 .6 0 2 .2 7 0 .0 ) 1 .03 1 .0 )
• a AS WELDED AND 4 -F  FINISHED S -6 N il 0 .7 7 N il 0 .1 6 X 1 .0 4
a a VEILED. ANNEALED A CUIMCKED, A. 4 -F  FINISHED S -55 14.43 A.92 0 .5 7 0.08 0 . ) 2 0 .8 2

2 )4 * 5  PROCESS SUPERNATANT, STATIC, TOTAL IMMERSION AS RECIIYED S -21 N il • 0 .5 0 0 .59 1 . ) ) 0 .1 0
ROOM TEMP. (22°C )

• STATIC, PARTIAL IMMERSION AS BILDED S - ) l O .U • 0 .4 1 0.12 ) .99 0 .0 4

• a NELDKD, ANNEALED, AND QUENCHED 3 -4 1 3 .7 6 X 1 .7 5 0 .) 0 0 .0 2 >11

• STATIC, TOTAL IMMERSION AS RECEIVED A*® 4 -F  FINISHED 3 -1 1 0 .3 8 X 0 .0 6 X 0 .1 1 0 .0 6
• • AS HIDED AND 4 -F  FINITFID 3 -1 N il 0 .3 0 X 0 .0 6 0 .4 6 0 .0 ?
• • ■ELDED. ANNEALED A CUEHCHZD, % 4 -F  FINISHED 3 -5 1 0 .0 9 X 4 .2 5 0 .90 0 .1 ) 0 .0 1
■ VAPOR SUSPENSION AS RIUtIVED 3 -2 2 0 .9 5 X 0 .4 ) 1.45 2 .) 0 0 .1 0
• a AS WELDED S -3 2 1 .1 0 X 0 .8 1 X 5 .5 4 0 .0 5

w VW< —
LATHI

1 0 .2 7
6 4 .5 6

1 1 8 .0 9
7 5 .0 5
8 9 .1 2

15 .0 4

i . > a
3 ,2 0

1 0 0 .1 8
0 .9 9
1 .0 2
1 .1 6
0 .6 7

1 .1 5

o.n
0.06
0 . 1)
0.*.7
0 .6 7
1 .4 2

f-)Q A

P'.-

• a WELDED, ANNEALED AND QUENCHED 
AS RKC1IVED AND 4 -F  FINISHED

3 -4 2 6 .6 7  X 1 .1 4 0 .7 ) 0 .6 1 2 .8 9 2 .2 6
a . .. . a S -1 2 G. ) 6  X 0 .1 8  ♦ (C .10) I 0 . 0 ) 0 .3 0
• a  * AS WILDES AND 4 -F  FINISHED 3 -2 0 . ) 8  2.4C X E l l 1 .3 8 0 . 8 } 0 .3 7
• a fSLDZS. ANNEALED 6  QUENCHED, A 4 -F  FINISHED S -52 0 .1 5  X 1 .8 4 0 .2 9  - 0 .7 4 0 .9 7 0 .9 2

2 )4 -5  PROCESS SUPERNATANT, TOTAL D 8O S I0N AS AXCIXVES 5 -2 ) 1 ,0 7  2 8 .4 5  1 .6 ) 33 .37 - - 1 2 .8 0
BOILING TEMP. (1 0 1 * 0 (24 HR3) (48 HRS) (4 8  HRS)

a • AS WELDED 3 - 3 ) 8 .1 8  20 .9 8  5 .4 5 8.77 . - - 11 .23
(24 HPS) (48  HRS) (40 HRS)

a a NILDED, ANNEALS: AND V. INCHED S -4 ) 56.78  4 .8 9  3 -50 3.56 . - 2 1 .5 8
(72  HRS) ( 4 8  HRS) (40  HRS)

• • AS HXKXVED AND 4 -F  FINISHED S - l ) 2 .7 0  454 .58  1 .3 9 • . - 152 .89
(24  HRS)

a a AS WILD ED AISO 4 -P  FINISHES S - ) 2 0 .3 )  U .3 5  8 .7 1 • • • 1 4 .8 )
( 4 8  HR- i

a a WllLED, ANNEALED A CUK*ClttDf A 4 -F  FINISHED S -5 ) 0 .5 9  6 ) .2 1  4 3 .9 2 8.62 . - 33 .16
(24 HPS) (48  HRS) (48 HPS)

• VAPOR SUSPENSION A3 RECJIV 2D S -24 0 .0 6  1 )9 7 .2 7  -
(24 HRS)

- - - 9 ) 1 .5 )

a • AS W1LDSD S -)4 10 .37  1202.52 -  J
(24 HRS)

- - - 805 .14

• • WELLED, ANNEALED, AND QUENCHES 3 -4 4 X )8% ,29 -
(24 HRS)

- - - 25 6 .1 9

a • AS RE JIIVED H D  4 -F  FI»13l!ID 3 -1 4 0 .3 0  • X 2 4 1 .6 8
(24 HRS) (120  HRS)

• • - 17 2 .6 7

a • AS WILD ED AMD 4 -F  FDX333D 3 -4  10 )5 .3 0 • - - 10 5 5 .3 0
a 9 NELSID, ANNEALED A %CENCRID, A 4 -F  FINISHED S -5 4  2 )60 .65 * - • 2 )6 0 .6 5

4 7 *  H I, ROOM TOO .  (2 2 0C) s t a t ic , pa rtia l  im m ersion A3 RICEIV2D 3 -104 48.24 • • - 40 .2 4

a a AS WILDED I NC 3 AM/LI.
• a WELDED, ANNEALED, AND VJENCKEO 3 -84 77.25 . w a» 77 .25
a • AS R IT IIT S : WC 4 -P  FINISIED S -94 70.44 • . •» 7 0 .4 4
a a A3 NILDtS AND 4-F  F lN IS i^ t X NO SAMPLE.
a a WILDID, ANNEALED A ^TOCPED, A 4 -F  F W IS O B  S-7a- 43.29 - - - 4 3 .2 9

m TAFOft SUSFW3IC# AS RiCEIVED S-IC 5 1 .60  3 .05  X 0 .7 8 1 .2 6  
(2 «K3)

X 1 .25

a • A3 NILDED I 80 SAMPLE.
a • NILDED, WEALED A ^UENCiED 3 -85 2 .2 2  2 .5 2  l 1 .08 1 .5 0  

(2 V S )
X 1 .5 7

a • AS RiCEITBC AMI 4 -F  FINISHED 5 -9 5 3.05 1 .1 6  X 1.30 1.61 
(2 1E3)

X 1 .6 1

a • AS *XLDED AND 4 -F  FINIDHED X NC SAMPLE.
• 9 w n x r r .  ANNEALED A iUENCFIO, A 4-F  FINISHED S-75 2 .5 ?  3 .7 0  I 1.96 • 0 . 2 ) 1 .69

2 )4 -5  PROCESS 3UPH-hAT.LT. STATU* IAHTlAl IlCttJiSlC* as m c t x v n S-10C 1.98 0.95 N il N il 0 .5 6 C.18
ROOM TBt) • 122°C)

AS NZLDrw
• a  v j ) (2  BFJJ)

a % X NC 3AMFU,
a • WtLDET, AWNEaLF.D AKL ^T7C(w:ZD 3 -8 0 15.02 • . 1 5 .0 2
• • AS h i z t v i z z  AMD a-F  .‘’IN IiH S: 2 -9 0 10.2} - - • 10 .25

I B I U

DINERAL CORROSION OF IHUnflED PORTION, FIT S 1 8  NUSN.
OKJORAL CORROSION OF UBOR8ID PORTION.

•  •
• •

OtMXJUL COReOJUN OP IlMNkSED PORTION. LDBJiTUDIMAL 
MELD CRACS AMD P lT T IIC .
n t m t L CORROSION OF IMMERSP PORTION. V O a lT V lM iL  
VEID CRACKS AND MELD PCEOSlTT.
SOM! ERRATIC ATTACK AMD BROBN DWCOUBAtlON.

•  •
0ESERAL CORROSION. A I D  MACRO ETCHED.
9 0 A  ERRATIC, SkuJLu>* HTTIMB AMD taROA STAINING.

•  •
•  •

SOME ERRATIC, SUPAKFlwlil PITT1 )0  -  P i l l  APPEARANCE.

ERRATIC ETCHIR1 OF I OUR HD KMTIU* A ®  PRASE UNA 
-  FAZE APPURAXCN.
8 LI OUT ERRATIC STCKUtt OF IMMIRtt!) PORTION AMD 
PHASE L K S  -  FAIR APPEARANCE*
0 0  SOPER F lJtA L  PIT -  GOOD APPEARANCE.
FEE SUPERFICIAL PITS AT ONI END -  FAIR APPlAJUMcS. 
SOME ERRATIC PU TIN S AT O S  END •  F i l l  APPSANAMCN. 
ERRATIC ETCHING.
ERRATIC K7CHIJIS. EELD CKaCX AM) fOBOSXTf i  A*iXVT
RICH TO K IP03JR *.

•  •
FE« SUPERFICIAL PITS.FAIR APPEARANCE.
SOME ERRATIC, SUPERFICIAL FITTXNO.
ERRATIC P i r n » .
ITCHXNO, ERRATIC PITT DO PARTICULARLY ALQNO NOTTOM 
EDGE.
s o n  erratic pn n « .
BTCKXNO, SLIGHT ERRATIC PX1TIM0.

GENERAL CORROSION, PITTISO, IN F . TOBARD BOTTOM O Q 4. 

• ERRATIC P U T IN S .

GENERAL CORROSION AMD PITT WO.

GENERAL CORROSION OF iMtftRSSD K A t l t t N .  VAPOR 
PORTION ST AWED.

GENERAL CORROSION OF IM BSED  PORTION, F A * *  
PORTION STaIKED, A SEVERAL PITS IN BELD Z L M . 
etching -  GOOD APPEARANCE.

ETCHING, B ID  POnOSlTY EfTtAUB) 
GENERALLY GOOD.
ETCKING -  30CD ATfEARANCS.
AT ) 6 I .

o n  SUPERFICIAL J  IT , SOME 
SLIGHT ET.H.

APPEARANCE

PITS REVAAiAL

PITTING Af?*CE AT UQPID-VaH*. UfTIU 
PITT2N3 ATT Awl AT U rUID-VAPOB INTERFACE
vapor p o r t io n .

m v w  uJ+rl**'. .
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I .D .  l * t  2nd 3rd Ufa 5tu 6tfa CWJ»
WYlROimpNT 3 2 1 GPECIWEN CTEPAftATlON KC. 68 HRS 48 HRS 72 1*3 i n u ? J J f i LATITI

2)<»-5 !n C ;u a  tf TURN A? AMT, 
NOuN TOO. (J /°C )

STATIC, PARTIAL u m bu ix o n AS WELDED AKD 6-P FINISHED 1 KC CABLE.

99.36• • WELDED. ANNEALED A QUINCMED, 6 6-F FISiS»!ED S-70 66 .)6 • m - •

• VAf® S'JSJENSICN AS RECEIVED S-1C1 ).5B  1.01 • 0.36 . 1.95 0 .9 )
• • A3 WE1DZD X !K 3AXFLE.

7.980 • WELDED, AJnXKlJT. ATX QUENCHED S -fll 10.69 5*92 - 5.41 8.21 
(2 n a )

•

0 • AS R2CEITED AND 9-F m iSHED S-91 2.99 1.59 • 0.09 • C .72 0.70
a • AS WELDED AKD 9-P FINISHED I  NC SABLE.

10.50• • WELDED. APPEALED A QUENCHED, « 6-P FINISHED S-71 9.75 0.59 - 13.72 10.69 •
(2 WES)

2 )* -5  InOCESC SITERNATANT, TCTAL HMD1SI0N AS RECEIVED S-1C2 186.90 89.61 - - • • 152 .0 )
K i u m  tu u  . i i c i 0 : ) (26 HRS)

• m AS VEIDED X we s a x p ie .
• •» WELDED, ANNEALED AKD QUENCHED «-86 560.19 • • • • 560.19m • AS RECEIVED AJX 9-P H K !S i ' l l 3 -92 67.8) )5 .80 * • • 63.82

(26 HRS)
• • AS WE1DED AKD 6-F F IN IS !® X NO SAB IE .

24*1.12• « WEIXU, ANNEALED A QUBKCISD, 6 6-F FINISHED S-72 2451.12 - • • •
* VAPOR 5' SUASION A3 RECEIVED 3 -1 0 ) 1777.80 - - m - • 1777.8u
m • AS WEIL ID X NC 3AKF1X.
• • WELDED, ANNEALED A Q'JENCFID S-j7 2256.7) - • m - - 2256.7)
<1 • AS RECEIVED AKD 6-F FINISHED 3 -9 ) 621.1* 749.01 • * • • 5)0 .94

(26 HRS)
• AS WELDED AKD 6-P FINISHED X NO sakflb .

• m WELDED, ANNEALED L QUENCHED, A 4-F FINISHED 3-73 7 9 ) .)7 - - - - • 793-37

n7S H I. ROOM TUB . 12200} S tL lIJ ,  I aIT I aX UKERSlON AS RECEIVED 3-169 1)6.92 - m 1)4 .92
0 • AS WELDED 3 -1 )4  106.06 - - - • • 2.06.06

m • WELDED, ANNEALED A QUENCHED 3-169 100.46 - • - - • 100.46

• • AS RKCI1VXD AND 6-F  FIEISIOD 3-129 116.99 - • m „ 116.99
• * AS WELDED ANT 6-F FINISHED 3-1*9  86.28 - - m - • 84.28

V,* • ■ WUDET, ANNEALED A QUWCKir.A 6-F FINIS12D S-119 99.62 - . • - • 99.62
• VAlOh BUSTIESICN as M c i ir s B 1 NC 3A B U .

PITTINO ATTACK AT UQUH>-VaF<* X K lt i t f tC l AM)
VAPOR PORT!OR.
rtchxhq akd a  f w  s u p e r f ic ia l  p it s  -  good appearance.

CKKfiUL CORR03ICS AKC FITTIKO.

SOM S im P lC U 1  FITTIHO.

i i n u w .

GENERAL ATTALA AM  PIN-POINT PITS.

BOOTEE.

d K -5  KtOJfcSS SG m iATAKf, 
KOOK TUCF. (?2°C)

STATIC, IaRIXaL U0OH3ION

A3 WELDED
WILDO, ANNEALED A xm '2 J D  
A3 RtCtITSD A 4-F PiniSRBD 
A3 ■ A iu rr A 4-F FINISHED 
WELDED, ftKKEAiZT A QUENCHED, A .,-F 
AS R ld lY tX

AS WELD ID
WIIDED, ANNEALED A QtENCKED 
AS R tC lIV ©  AND 4-P FINISISL

3-1 )5  
S-165 
S-125 
S-155 

FINISHED s - m  
2

3 -1 )0
s-:oc
S- l iC

*

*»

239-5 iv o c itk . s t f r i iA a t a r i,
MSlLUto T M .  (101*0)

|16 •  7* i l l .  RCCH t t » .  {2?«C|

VAPOH SJBFIKSIOK

CCMTUrn HOOK3ION

a

•  •:

TAP® 3*BttN3l©» 
*

STATIC. TOT.a ERCKRtilOR

AS W2LIMD AND 4-F FINISHED
WILDEC, ANNEALED A QUIKCKID, A 4-P FINISHED
AS R IC t: TED
AS WlLDED
lE L D tt, ANNE Al ED AND WINCHED 
as H ic t r r c  and k - r  fin ish ed
AS WlXDkt A A-P PXNtSHII
WILTED, ANNEALED A QUEHCKED, A A-P FINISHED
AS REVIVED

150
>110

S'
s
1
3 -1 )1  
3-161 
3 -1 *1  
3-151 
3 - 111 
I

1.16 0.1,7
l . )>  •
0.12 0.92
X o . u
0 .5 ) 1.04

NO SMS 12.

0 ,)8  2 ,)7
1.54 ' C.98 
2 .9 ) -

0.2A 1.25
).0 2  5.5A

NO SANT12.
2 .1 ) 1.04
N il  1.98 
4.89 •

2.58 
5.24 

NO
3.57
s a x t u .

0.56

1.48
8.20
0.80

0 .7 )
X

3.52

0 .0 )
)6.67

9.20

1.-0

0.94
1.49

0. 6)
0.10

1.10

1.05
1.3)
i . o i
5.74
1.28

0.2C
0.20
2 .9 )

2.679.28
0 .9 )

a . 18
9.892.21
4.90

CDfEKAL CORROSION OP HHflUtftEP t t f t T U * .
OEKXSAL CORROSION OP IIQSRSEL I  CRT I  ON AND 3  IS C
op p it t in g  at u r r c f i a .
GENERAL CCKBOSXCN OP IM B r.lD  MfcUOB, 57AIN3 
VAPOR PORTION.

•  •
•  a

suhrucui pzrroE; sou stainiri.
SUPERFICIAL PITTING; STAINING.

•  •
•  •
■ •

10 VISUAL CUR 28 -  GOOD AHSARaRCX.
» •

ERRATIC l  im n o  ALOW LiQUiD-VAKHt 11fl« vp« e i AND 
SUBMERSED PORTION.

•  *
6 a

ERRATIC tETtUtt.
GENERAL CORROSION AM SCAR ERRATIC IITTIW. 
BttATlC UW-KJtWT PITTING.
ERRATIC PITTING. 
erratic p in - pcitt  P im m .

AS WILTED

« L * t r ,  ANNEALED A QUENCHED 
as R ic t r m  a a - p finished
AS HEUBD A 9-P FINISHED 
WELDED, ANNEALED A QUENCHED. 
AS RECEIVED 
AS WEL9ED
WELDED, ANXEaUR; A QUENCHED 
AS RfaCtXVES A 9-F FINISHED 
AS WEUCD A 9-F FINISHED 
WELDED, ANNEALED A iOENClSD,

3-1)2 U9.99
3*16) 48.98
S-122 586.67 
5-15) » 1 .)6  

A 9-F F lN lS Ilt 3-112 1556.26 
I  NC SAKFI 
3*1)3 lSe-8.64 
S-US 1672.60 
3 -12) 1)30,26 
3-132 1672.J) 

A 9 - f  FINISHED 5-11) 956.8)

?>*•* ftCCISX i'UURNUAHT, 
ROOM TAN!. (22°S)

VAPOR *«PW $tOT

STATIC, TOTAL 11011*$ ION

AS RECEIVED - S-170 352.94
13 WILTED 3-180 165.06
WELDED, ANNEALED A QtTENCf'ED S-19C 7).77
AS RlCUVED A 9 - f  FINISHES 3-200 >?),77
A3 WILLED A 9-P f lM S U tt 3-210 15... 3)
WELD*D, ANNXAlEC A QUENCHR, A 4-F FINISHED 3-220 25.99
AS B U IIT ID  0.171 J .;»
AS WILLED S-181 C .12
WELDED, ANNEaUB a QUENCHED 3-191 0.6?
AS R*CtrVa35 A 9-F FINISHED S-201 2.07
AS WILTED A 9-F FINISHED S-211 0.6*
WELDED, ANNEALED A QUENCHED, A 9-F FINISHED S-221 0.8)
AS RIC irviD  0-172 0.21

AS WELDED 3-182 2 ,1)

* - * • 149.94 erratic i  m i  no a m  oiulri 
oh s n e a e a .

« - • • • 48.56 • •
« - • • • 586.67 • •
— - • * * )J* »)6 • •

i • - •* 0 1559.24 • •
>•

. • 1808.64 GENERAL CQthOC ION AMD PL
• — • • 1672.60 • •

• - - 4* - 1)30.24 • »
» *. • 0 1672.)) • a

* — * » 0 956.1) • a

31*50 ♦ 22.98 28.0) 9.58 26.59 general corrosion.
?68.98 - 17.80 20.26 0

M m
«

6?.26 - )0.)9 l t . ) 2 lu.71 14.64 O M U L  COHN OS 101 A II?
4 l.9 ) — ♦»’ • - 157.58 3BOBU6L CQIfllQBlOi.

261.22 m ♦ m 207.77 a
90.62 • 21.61 14.51 10.75 16.68 • .■■■•'..vr ■■■

0.76 • 0.68 O.U 0.6) 0.66 SUPERFICIAL FmiHPG AND
!.)7 — 5.4) 0.4* 1.06 1.4) •
0.27 • 0.2? 0.5) 0.50 0.67 ■ a
0.56 ■ - 0.72 0.91 0.79 0.84 • «
1.22 - 0.75 0.91 9.99 6.51 s n c iu o i ALCiDftNIU urn
0* )6 — 0.05 c .n C, *0 » .4 i s u m p id A i P im m  a m
HU * 0,04 HU HU 0.01 »0 VISUAL tnANGH -  S1C8

C.66 - Q.06 0.04 C.O) o . l) * •

FABRICATION.



'

niTfcM ai musam
T-J16 2)4-5 PROCESS SlftSBMATAMT, 

IOCH OKI* (22°C)

2 34-5 fVOCIia SUPERNATANT,
w i u m  t e w . i ie ;° e j

T-JJAILC 47» HI, ROOM HUT. (22°0)

2)4-5 PBCCILiS
fiocu r a u

NUFIMIaTANT,
(22*0

2)4-3
k >:u «  tuc

*  20 •

A i r t K t l l  5 (CONTINUKDI

Mi-1582?

a a i SnuiMSI PRtPARATXOi
I.S .
ML-

1st
48 HRS

JoJ
ULJS2

CRR0310N

ZLffis
‘W " W -

u s  U S U £
~ m r r

w t m
static,  partial xiooflunos WIXDtD. AOTTSJJJCB A QUENCHED 3-192 2.70 0.68 - 0.40 0.16 0.07 0.26

• 43 RECEIVED A L-F F18XSKXD 5-20? 0.44 MIL „ i l l 0.07 0.01 0.02# AS WELDED A 4-F FINI5HEX5 S—212 4.24 1.66 . 0.01 NIL NIL 0.24• WXLDtr, AfVlAllD A ^UEKCFED,
43 RECEIVJD

A 4-F FINISHED 5-222 0.80 0 .) ) • 0.06 0.11 0.08
ML

0.12
vapor susikssion S-17) J-26 0.15 • NIL NIL 0.1)• AS MUTE) 3-18) 2.85 0,^1 . 0.09 0.4) 0.02 0.22• WLJ*D, tXKlklTJ A ,UENCFED S-19) 6.28 2.01 • 2.43 0.28 1.55 1.71• A3 RiCflViO A 4-f FINI5K1D 3-:o) 4.1* 0.1* . 0.09 0.01 i l l 0.10

• AS 6ELD8L A 4-F PXNI3IJZD S-213
(?4 KR3)

0.27 2. 37 ♦ 0.22 0.10 0,02 o ;u• WELDED. ABT.'XAXXD A QUENCHED, A 4-F FINISHED 3-22) 4.27 0.30 • 2.01 0,07 0.46 0.77
TOTAL XHORUIOW AS RECEIVED 3-174 84.99 • - « - 84.99

m A3 lElDID 3-184 21.84 3.30 • 3.56 • 8.08m WILD©, AJWSA«D A QUENCHED 3-194 18.85 4.09 7.35 • 10.59

AS RECEIVED A 4-f FINISHED 3-204 17.04 2.75
(48 HRS) 

*.87 2.99 0,53 • 3.78
• A3 VELISD A 4-F FINISHED 5-214 31.14 110.00

(48 HRS) 
5.48

(48 HRS)
• • 16.65

TAW* SUSPENSION

STATIC, TLTAi llft3R5lON
m n : ,  partial iwonsiOM

static, total n a n s i o i  
static, partial i m j u i i u

TAPQfl SUSPENSION

STATIC, W ax IttflBIMON 

STATIC, URTUL UDfltfeMftl 

STATIC, T6tAl UODtSiON

«ATi3, partial n aans ;m

tapqk S S M m tt i

StirEKNATART, TOTAL IMBBtalCIi
UCpC)

vatu*. r ;w m :< 5 *

NILWD. AMNlAlED A QUENCHED,
AS RECEIVED 
AS VSDO
HUED, AMKXAlED A QUENCHED 
AS RECEIVED A 4-P FINISHED

AS WELDED A 4-P FINISHED 
in  LOUD, ankbaud a quenched,

AS RE Cl IT ID 
AS IB1DID

WELDED, ANNULLED A QUEMHE) 
as i f ic E r ra  a 4 -r mushed 
AS WELDED A 4-P FINISHED

WELDED, AlWlAlfD A QUENCHED, 
AS u se r1TED

AS fBlDBD

WILTED, UKVdXQ A QUENCHED 
AS MCUTltt A H-f finished

AS WEXOTD A 4-F FINISHED 
WELDED, AJMUUD A QUENCHED, 
as i t c f i n o

at u i r t i
WLPED, ABK1AUP A QUENCHED
as w c.iirsT  a 4-r finished

AS WELDED A 4-F MUSHED 
ttlX C  , AXMAIXL A QUENCHED,

AS WtCtlTMD

AS AEXDED
WtitfB. aks salts a %g*Nc»ED 
A3 WSiI iTTB & ,,-F flWICRK 
AS WIXWD AND i,»f MUSHED

811*©, ANN**!© A 1JEWMD,
at. received

AS WELDED

WLLEL, URIAH! A QUENCHED 

A3 WEUIIV!* A l-F  FIM3J0ED 

12 A fc-F FINISHED

(24 HJGJU8 HR31 
A 4 -f  FINISH© S-224 17.04 1.76

3-175 1527,54 -
3-185 161.28 
S -195 52.1) 810.56

10.)?
1527.5V

161.28
4) 1.45

8-205 69.58 0.12 2.90 
(48 KR9)

26.40 
(AS HRS)

0.15 • 13.26

3-215 1)75.46 - • m • • 1)73.46
A 4-P FINISHED 3-225 13)9.19 - * • m • 1)39.19

3-2)0 73.76 49.31 25.07 # 16.20 £1.87
S- 261 42.55 40.60 - 21.15 4. 14.5? 18.2)

3-277 36.66 40.24 • 20,6) • 15.47 15.69
5-250 69.7) 48.51 • 26.*.8 16.21 21.87
S-240 47.92 33.9) * 21.66 * 17.64 20.46

6 4-F FINISHED S-287 42.29 5.24 * 31.41 * U .67 18.))
8-2)1 1.27 6.22 • 0.2) • 0,6? 0.89

3-260 0.89 0.44 - 0.50 ♦ 0.44 0*47

5-271 NIL 0.15 . 0.47 . 0.44 3.41
3-251 1.07 3.66 - 2.2) — 0.92 1.36

3- 2*1 1.19 1.84 0.51 . 0.31 0.64
6 4-7 FINISHED S-2S3 NIL 0 .3 ) • 0.67 • O.48 0.48

5-2)2 v a t 0.21 * IXL - NIL 0.07

8-260 0 .0 m • 1U NIL NIL
3-272 0.30 0.12 • NIL . ML 0.02
3-25 3 C. 18 l.C l * 1.86 • ML 0.J6

5-242 0.27 NIL • 0 .)0 M l 0.08
l  4 -f FINISHED 3-2#l 0.15 NIL • 0,02 - NIL 0.01

S-2)» 3.29 0.62 * 1.36 « 1.3) 1.62

3-26) ) . jo NIL WTt » C.O? 0.10
3-278 l .U 0.30 « 81L • O.)0 0,)1
3 - i n 0,36 0.12 # 0.08 • NIL 0.0)
3-2i») C.Nfc 3.58 ♦ h n • o.c? 0.85

6 fc-F 3*28) 0.<36 NIL O.C) — ML 0.01
2-2)4 227.9*. i>?.?8 89.67 )5.C9 1

(48 HR3H4C 8PS)(
.05.46 56.96 

» » ) ( !  HE)
89.0?

K- V-. .
3-244

5-274

t»‘2H

3*244

48.06

47,0V

2C.74

?6.*9

2tb .4 . IV t.l*  

>?.«? a . i c

A1L0&S, AWVlALlt A QUENCHED, a 4*F FXMaMB 3-286 22.77 12.61

ao a* s u m
43 WELDED

WELDED. AKVSaLS: A Q&NCm*

a-. SiCiinro i  H t  finished 
vj vwuni. a «.-? finished

3-2)5
3-165

4*2.0)
t-.vv

3-279 U2.74

3-255
3-245

15U.W
?).05

«U»C'. KBSUUXt A QUENCHED, A 4-F FINIS'© J -285 152.46

11.68

4 M

i l .H  5 

fe.7U

s u o t r r  rauATzo* o r *0 ® *  alow  u « j© . tai«
PHASE LZVt.
10 visual chaw* - m b u j b r  A m m i c i .

•  •
•  •
• •

SUPERFICIAL PITS - OWO UMUJUHUl.t  •
80 VISUAL CKAXOi - UUSUSHT APfBAftAlCB.

sonopiciA L m s  - 0000 appsasaw i.
SUPBUPUXAJL PXT9 - FAQ APPlAUSCS.
KMATIC PXV-M1ST FITS.

U S-W IST PITS 08 S lo ts  -  OOOO APPIARAUCS.__
TKST SOLUTIOI BOII© O il 4  SASPU «AS ATTAOO.

118-DO 1ST, KSPZwXaLLT U  ALOIS -  PA21 AFMUAaSCI.

P18-P01ST MT3, B SFtttA iU  IS WUii MJUL.

rXi-WXST PITS. 8SF1CIAU.T XS 32043 A MUD WH8. 
MXBlAl COUOsioV AMD PITTIW .« O

1875.71 
(24 HH51

i , ; c  4v>.A7
<48 HBSim HRSl

4 4 7  76.17 - -  26.67
U« «B»}(96 J98)

37,01 32. 4V - - 29.25
M  BHSlIVt KS3)

*0,08 )8 .2^ >1.0) i t ) ) . 71 359.J5
(w8 » 8 H iA  I» 3 h 4 8  JUiSlU# Utt3)
W6.24 3).57 10.40 >1.4)

(48 a s i u t  EBSHv* i w n l i  Mt»
11.27 )27.V8 - -  117.10

(4« Kws;t56 ® ai
* -  -  -  M
3.88 .  .  247.90

148 » S /» 9 t KPS)
0.62 2.52 - -  30.34

U 8  I f tS tC W  W 5 )

CQSBOsm.
(HOnaUL C03805108 1HORSED W # n o i, QOttlAK 
D1SCOXJOSATI ja vans PWTXOS.M A
GKKZRAL :OKHOOI08.
jAKblai couRCexos nwni.UD ponnoa, a o n i s a
DISCOLORAHOS FAP08 FORTIOS.

•  •
u m i  sursiP ic iA i p x r n w .  f it s  at c o n  act pourn  
WITH 0 LA39 hOUHR, ttOWUSB DISCOISRaTIOV.
fsw a o m r ic x A i  p i t s ,  s o w  bkowhiss m a c o u m a h o b
• OOOD APFVA3ASCI,
SOW BlOWlSB DISCOLOA4TIOH -  060R APPIaAABCS.
som PxcxA A  r m i H ,  no tes i s  h m sc o w r a tx w  -  
p a is  A P m iu sc B .

•  •
•  •

SD VISUM. CHA8C8 - UCALLtR APFUlLAMCB.
•  •

, •  *
SLI38T SUmfXCXAL PITTIW, PITS IS 8HSS -
oeosc apfiamancb.
80 VISUAL CHAWI * tLXUMWt APftA fU iCI.
80 VISUAL CHAHCI - iXCAUlNt APVBaRAACI. « 1D
jcR M irr ntios to su'Odiw.
naUTXC WTtlW, BROAD a 2XS-F0Z«r SAFBClAU.1 
TOWARD U M I m i l ,
80 VISUAL CliAWt - UCULBNT aPFRaKaWB. 
l i t  I t t l  IS a tsss - OOOD 4PP3AUSCS.
80 V isttut CHAWI - MCELUKT AHSAlAWA.
I l l  SUSttf IClAl P in  ASD FITS IS ALOIS - 9006 
AFPtASASCR.
8UT8T ATC8 -  3000 AFfSAUXK.
6VW-ALL PX8-P0IST PlTTlAa.

P18-K> 1ST PITTI8C AMD PAlRLY AMSBU8T HAS  
CORK 03108 fhO K & ff.
OUtATXC HTTX80.

s c u n io s  SO USD D8T ON LAST 48-Aft T*3T PS8X06.

m tA n c  nmm.
-
SOLUTXCW SC I LCD DRY ON UaT (96 MS) TS3T IttlQD. 

SCNSHAl- CORAOUIOH AND PITT]

15U.91
418.34

258.1C

\



'

l  - !

i

mw.

UTIBOMUBT

DIS1KOI 47$ HI, MOM IM P . <22°C)

BimXJjOY 47$ HZ, BOOM T U P . (22*C) 
B 47$ HI, SOILING TBIT.

234*) hocus smuatuT
BOOH T U P . (2 2 * 0

HiSTtUJBY 47$ HI, BOOM TBMP. (22»C)

2 )4 -5  PROCESS SUPERNATANT, 
BOOM T O P. |22°C}

234*5 PRGCE&'l 5UFSRMRTA2T, 
hOlURQ T U P. 1101*0)

47$ HI, BOOM T U P. (*2°C)

2)4*3 IM0CLS3 SUnDUUTAHT. 
BOOM T U P. 122*0

2)4-5  IK0CK8S SUPERNATANT. 
BOXUBO T U P. (101*C)

•
4 7 $  U ,  BOOH T U P .  U 2 ° 0  

•

2)4-5  WOODS S C m iA T W T , 
BOOM T U P. (2 2 * 0  

•
2 )4 * 5  PROCESS SUPERNATANT. 

• BOltfHO T H C . (1U ® C J •
47$ HX, BOOM T U P . (22°Ci

234-5 FB0CBS8 SUHDUIATAl?, 
BOOM T U P . |22®C|

•
2)4-5  FtOCBU SUPERNATANT, 
DO!Line T U P. (i0 1 » O

TaMTUUM 47$ « U . 5 $  HjI 0 2 ) BOOM 
T&ift. (22°C)

47$ HI, BOOM T U P .(22°C ) 

2 )4 -5  PROCESS SUItRITATAlfT,

'rtiil& r'- som •
2}4-3 PROCESS SUPERNATANT, 
BOOM T U P . (22°C)

•
47$ HI <1.5$ H,P02). 
M1L2K3 TU T.

•

47$ a i ,  w il in g  m u .

•

2 )4 -5  PROCESS 37FKRNATAN? 
(1.5$ MjPOj-HX ), lOXUMPG

* •

2)4*5 IROCISS SUPERNATANT, 
BOILING TOG. ( lp i» C I

-  21 •

AirEMDU 5 (COWTXNJTDj *

**-1)129

CORROSION 1 TEST
I.D . “2a3 ^ f a Lit }t l 6 tk "CTIB-

a c t s m iw iN  fpepataticn 1C. *8 HP3 40 fRS \2t wa l a  LA LA n a n
STATIC. TOTU UfeUBSIOH 
VAPOR SUSPENSION

AS CAST a  3AMDBU3TID BC-26 9 .6 (♦1 .3 ) 0.1 0 .1 6 0 .1 6• BC-27 53.1 -  1 .) NIL - 0 .0 9 0 .21

STATIC. lARtlAL IMMERSION 
TOTAL IUEB320R

AS RECEIVED A MACHINE FINISH 1 1.69 -  1 .80 • 1.77■ 2 449.0 •a » . mm • 449 .0
STATIC, PAHTlAL XMMEB3ION • ) 1041.0 -  2804.0 - m - 2428.0

TOTAL HOURS IOM • 4 4416.0 m m • - - 4416,0

VAPOR SUSPENSION • 5 3)15.0 - - • ) U ) . 0

STATIC, TOTAL IUEBSXQH A3 ROLLED AMD SANDBLASTED RC-l 19.4 0 .2 C .l 2 .0 0.98
VATOR SVSP1KSI0S ■ HC-2 7.4 2 .2 4 .9 - 9 .7 1 .5

STATIC, TOTAL I1MB9I0K • 8C-> 15.8 3 .0 0 ,8 - ) . ) 1 .7

VAPOR SUSPU3I0I • KC*4 ) ) - i -  9 .6 0 .1 6 .7 1 .4

TOTAL XUZB3I0M • HC-5 1 76.5  ) 4 . )
(48 HR3)

- - - 55.5

VAPOR SJSrERSIGH • HC*A 1 29 .2  <..!
«40 HRS)

108.9

- • - 16 .6

STATIC, TOTAI XUEaSIOM 
VAPOR SUSPfMGIQH

ROLLED, WELDED A SANDBLASTED HC-8 89.1 87.7 m 53.1 65 .2• BC<9 . 4 .6 a.  i  - 5.2 - 4 .S 4 .2

STATIC, TOTU UMOBSlGM • RC-10 45.9 21 .7 3.0 - i).o 3.04

VAPOR Sl^rUSIOM • RC-11 27.2 1 0 .) 12.2 - NIL 4 .94

TOTU XUEB8XCS • BC-12 139.2 88.0 - - - 1 1 ).7

VAPOR SUSPENSION ROLLED, IS ID CBC’JKD FW3B, SANDBLASTED H :* n 21.2 NIL 1C.A
STATIC, TOTU ItflOKSZCB AS CA*n A GWCUHL PIVISB BC-I4 5.9 * 0 .7 0 .7 - 1 .4 0 .9 )

vapor s u s m s i o i • HC-J5 2 .6 1 .5 1.7 - 1 .8 0.66

STATIC, TOTU IMNUDIOB • H S -lt 3.7 - 1 .7 1 .5 - 1 .8 1 .2

vapor s v s n c is ic i ■ SC-17 0*1 •  U 0 .2 ) NIL m NIL NIL
TOTAL UHOS20M • RC-II 69.8 T t .) - - - 71.5

VAPOR SUSPtMbXOR • BC-H 21.4 2 .7 • I 2 . l ‘
STATIC, TOTU ZPSOBSIOV CAST, VS LI EL A 3AMTBLAT.ru KC-20 4.2 1 .7 0.7 m 1 .5 0 .72
VAPOR SU3F2K5ICR VI HC-21 6 .0 6 .6 1.5 m 3 .0 4 .9
STATIC, TCTU 1MMBHX0R C*3~, VEIL GROVKD PLUSH, 3ANDbLASTED HC-22 4.0 * 1.1 0 .5 - 1 .1 O .U

VAPOR suBrxniON • RC-23 (♦ ! .* ) ( ♦ 0 . ) ) ( O .6 - ) « D ) (♦ 0 .8 ) (♦0 .27)
TOTU UBOB8I0M 

VAPOR SU6P1X3I0M

• KC-24 I I , f  

EC SA10IE.

62.9 «•

‘

STATIC, TCTU XUER3X0* AS R ie ix m ' SHEET T-IA NIL MIL NIL
(2 RES)

- - MIL

vapor s u s r iw io R • T-2A N il Mil NIL
U WC5)

- - MIL

STATIC, TOTU IMMU^ICN • T-lfi »IL NIL NIL m MIL
VAPOR SUSPW3X0S • t- ;b Nil MIL NIL m MIL
STATIC, TOTU nURSICB • T -) a NIL NIL MIL

(2  VIS)
- - MIL

vapor sjspw sxor # t - aa NIL MIL NIL
12 «L>

- - NIL

STATIC. TOTU 1MMXP.T IOM • r-iB NIL MIL NIL - - N it

vapor a a s r tw ic * • T-%F NIL NIL NIL MIL
TOTAL IUEk!>IOR * t - ‘ A 0.fc€ («0.?3i {40.80  

4 l  HRS} 
U O ,? i!  NIL 

(48 HRS)

- - (♦0 .28)

VAPOR SUSPIMblOA • T-4A 0.79 * + - MIL

TCTU IMMERSIOI T-5B NIL MIL NIL
<w8 ISRi)

m - - MIL

vapor sG srm sioB i T-5B uc.it* 0 ,1 3  MU
U 8  HRS)

- - MIL

TOTU XUBihlC* • t-? A C.6S HC.«k) Mil 
(48 M 3 1

- - 86 MIL

VAPOR SURTUtSlOR • T-«A 0.72 4(C.7)I C-.U
( U  a a s)

B l l  (♦ 0 .1 5  
48 HRS1

4» - - MIL

TOTAL IUER3I0B • T-7B Nil • m - MIL

VAPOR 3U5FWSI0II T-RB U 0 .2 U  (♦ O .li l  O .U - m - MIL

Pi-Hums

SBAT PIXJI. MO PITTING.
OtAT FILM. LIMITED BUST PORMATlGN. MO PITT IMP.

T U T  SUCMT DL3C0LOCATION OP U ftU lD  W ST IO « .
GENERAL COBB0 3 IOM, GRAlM BOOTS)ART DEPIMITIOM.

•  ■

GENERAL C08ROOZ3M, ERRATIC P iT T IW  A fOBMATIOl 
OP LOO32 WEEN SCALE.
GBNtSAl COMBOS IOM, GRAIN DEFINITION. • i

ADHEREJ»T, GRAYISH-GREEN C«fU03IOM PtOMJCTS.
LOOSE. GRAllSa-HUIK COfcROSHM FK0DJCT3, GRADUAL 
BTCBIMG WITH DISAPPEARANCE OP DEPOSIT*.
10081 BUG! -0R.HO3I0K PRODUCT* POLLOVU BT 
ADHERENT USKT-CRIEM DEPOSIT*.
SMB AS MC-). LT. GRAIN DEPOSITS SOLUbiS 1M 50$
BCL. PC. C LU N K , U -U H S I D . BSCaIIE GUUTUU1.
QR2EM D1 FOB ITS, JiTJKlJO AMD PARTIAL DEPOSIT 
REMOVAL. BOILED CRT tt& IX l PlftST 4 l  HB TU T PERIOD. 
ADHERENT LIGHT Gfc*AM U H B IT S . BOILED BBT DURXJD
m a r  4 1  h» t u t  per io d .
LOOSE, BUCK CQA&WIO. KOOK TO.
YULOI-GRAT 4  GREU DEPOSITS, 8CWMU 50$ MCL.
SIMS RUSTING.
SIMILAR H C -) . E T C IO U  A t t  MILD P IT .

SUX*ADHEREBT BUCK 4 0  ttEU I XULUOVB DEPOSITS. 
BLUE AMD YILIC* TUMX3B.
ADHOBtfT LIGHT-SKEEN CQKR0S20B W0DUC7S.

0 t m t  GREER OMPOalTL, VELD MACRO ETCHED.
PC. SLIGHTLY DULLED, LIMITED H 171*0, TdM AS CAST 
HOLS 1R K .  BA9 ATTACUD.
PC. 9UGPTLT LULLED, BLACSlSH DEP0G1TS, TtU Ad 
CAST HOLS IK PC. BAS ATTaCUD,
IC . SLIGHTLY OTUEt, LIMITED PITTIMO, THE AS CAST 
HO IE IN r e .  IAS aTTacekd.
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PC. LULLED, ADIZUUT GREENISH I*K*»iT3.
LOOSE, rU C U S h  CAPOS ITS A SUBEE^SVr ETCH IMG.

•  •  •
30U  BTCBIMG.

H C -ll.
GftSX* DEIOCirs, MI ID MACRO ETCaXL.

KQ SIGRIPICaRT CHaMGM.
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