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SUMMARY

Autoclave tescing, utilizing modified Huey procedures, under
conditions simulating those anticipared in removing HIS from geothermal
steam by scrubbing with Cu5ﬂh hag shown that the higher ausreniric stain-
legs steels will be generally useful materials of construction if con-
dicions leading to crevice corrogion can he avoidad.

It iz recommended that the scrubbing column and trim for the 100M
PPH field test facility be constructed of C20Ck3 and €20 slloys inasofar
as possible, and that titanium, which is passive vhder all conditions
tested, be conaiderad as a back up matevial.

In the presenca of f“HE}ZSGh at tha expected levels of concentya—
tion (50-100 /&) and controlled acidicfes {stqﬁd 30 z/2) a concemtration
of 1-2 gf2 of copper ia aufficlent to pasaivate austenitic stainless
steels in the "bare metal" state. While little evidence has been seon of
gtress or weld corrosion or pittlng attack, all alloys tested were sub-
ject to crevice corrosion, probably due to local depletiom of the solutiom
copper content. The order of passivicy of the alloys tested under simulated
process conpositions is:

T4 >> EB26-1 > C20Cb3 ~ UHB904L > T33O ~ T3I1O > TINE ~ T3I16

These results were confirmed in field test work on an 8" scrubbing column
ayatem om teal geothermal steams. In general, the wrought alloys appear
to ghow superior raesistance to the comparable cast varsion.

Continwug on-1line monitoring of the corrosion rate in an opera-
ting system with a current measuring instrument {Mapna Corporation’s
Corrator ®. Petrolite Corporation's Corrosion Bate Instruments) will mot

be feasible dus to the cupricfeuprous redox reaction occurring in parallel

with the metal diasolution reaction. The use of a resistance measuring

instrument (Magna's Gorrnaimstetﬁa) would be possible, however.




OBJECTIVES

Praliminary autoclave testing in synthetic solutions under simulated
gcrubbing conditions had demonstrated that austeniric stainless steels
showed promise aa generally wseful materisls of construction, although
they could be activated and corrode rapidly under some conditions, There
12 an obvioua economlc advantage to the vuse of stainless steel vis-a-vis
titanium, which is known to be pamaive, particulerly in trim components
such a8 pumps and valvesg.

The oblective of thias task 13 to verify the suiltability of austenitic
stainless steel under a wide range of operating conditions and for forms
which would be utilized fn the copstruction of process equipnent., Thia
would entail testing a varisty of solution composictions and alloy typas
and for tescing alloys in the plain, stressed, and welded states as well
a8 testing for galvanic and crevice corresion and for wrought and castable
alloys.

The limits of utility of various alloys was to he defined in terms
of paxfmum allowable acidity or chloride or minimum allowable copper
contents for manageable corrosion rates for the bare wetal, strassed,
walded, creviced, and galvanically coupled states. Potentiostatic and
corrosineter probe tasting would be used to supplement the results of
coupon immarsion testing.

TEST PLAN

The corresion ratea of commercially avallable auatenitic staialess
gteels under simulated scrubber conditions were to be determined by pena-
tration rates calculated from weight loss measurements on test coupons.

A variety of alloys was to be tested, and mill test reports were
to be obtained for each so that exact compesitions would be known. The
coupons would be immersed o varyving degrees to test for interface corro-
sion, and welded and stressed {bent) coupons would be tested. Galvanic
couples would be formed with dissimilar alloys and crevices would be created




between coupons by bolting them together with and without gasketing
material.

While the temperature and pressure of the testr would be limited to
a nominal 175°C, 115 psip, test salution compositfons would be varied over
wide range of copper contents (ﬂ. 5=5 gfr), acidities (4=-42 g/t n,50, ),

‘s (darived from varying (HHﬁ} SD cantents from 50-200 g2/1), nnd
chloride econtentg {0-25 ppm C17). In addition to weight losz (penetra-
tion rate), the corrosion mechanism was to be determined visuvally and
metallographic sxamination would be carried out as required.

Limited potentiostatic testing would be carried out at process
condicions in addiecion to the coupon testing to deatevmine the relative
pagaivitica of the alloys tested in the abseuce of the cupric lon. Alse,
the use of commercially available corrosion monitoring instrunents would
be evaluated in this system in an attempt to obtain back up or alternative
data to supplement the results of coupon testing and to determine theirx
sultability for uee as a direct readout field analytical and control
instrument.

EQITPMERT, PROCEDURES, AND ARALYTICAL TECHNIQUES

Coupon teating was carried out in stirred and wnstirred autoclaves
and in the laboratory (4" dia) scrubber om simulated fluids and fn the
8" dia field scrubbing unit during a test on gecthermal steam. Potentio=
mtatic testing was carried out in an uastirred sutoclave on simulated (but
copper free)} fluids while tests with commercially available corrosion
monitoring inscruments were carried oot on both the laboratory and field
gctubbing unitcs.

Coupon Tasting

Coupon testing was carried out as a modified Huey rest accordimg to
procedures gpecified in WACE Standard TM 02-70, “"Laboratory Corresiom
Testing of Metals on the Process Industries”. Generally, however, the
tests were of shorter duration than recommended in an attempt to cover




ag wide a varlety of sawples and conditions as possible in a linmited time.
Occasionally, more coupon surface than recommended, (125 mlfin?} waz exposed
az well,

The coupons were inserted in about one litre of tesf solution which
vag contained In a two 1itre glase liner fitred inside two litre Parr
autoclavas, Model Ho. 4522, The autoclaves vere equipped with pressura
gauges and one was fitted with g thermowell, agitator, and sample tuba,

A thermocouple was insgxted in the thermowell to measure and control the
temperabure in the autoclave by varyivg the heat input to an electrically
heated jacket, A six bladed turbine agitator was used in the atfrred
autoclave, with the speed contreclled, as desired, from 0-600 ypm, The
temperature (pressure) in the unstirred autoclave was controlled by varying
the Yariac setting to control voltage 1?put to heating tapes wrapped arcound
the autoclave, Generally, the gtirred autoclave was used for short terwm
testa ¢ 72-hrs) because of the difficulty of maintaining a shaft seal
under the conditions run while the unstirred autoclave was used for longer
tests. -

For testing in the 4" laboratory and 8" field scrubbing units, the
coupona were mounted directly on test racks and Inserted in the column
sumps.

Test coupons of certified composition were obtained either directly
from the alloy manufacturers or from Corrosion Test Supplies Co. Tha coupsns
uged ware generally 172" x 3" x 1716" or LfB" thick, 1" x 2" x 18" thick,
or were diskg of about 1-1/2" dia x 1/&" thick. The composicion of all
alloys tested is summarized in Table I. Since, in general, the test coupons
were used ;ore than once, they were Iinszpected vigually and their condition
and test history moted prior to each test. The dimensions and state of the
coupon (plain, welded, stressed, etc.) were noted and they were weighed on
an analyeical balance, along with a "blank" sample, to within t 01, mg.
Crevice or galvanically coupled specimens were then prepared if reguired

\




Alloy

k1]
i0g
104
304
1041,
SO4L
&L
J0GL
114
316
3146
116
$16L
315L
316L
3160
310
10
110
130
130
C20CH3
120
180-1)
Hhrthitl{ll
DHEDﬂﬁLul
EB2é-1
T4

T

Sanpla

Ho.

11=17¥
=10
18-20
1=6
-7
1=10
15-20
1-5
“1ll=17
T=L
18-20
I~6
11-17
7-14
1g-20
1=3
4-B
S=10
1-3
4rb
tall)
(ell)
{all}

(all)
{all)

tl]ﬂoﬂin&l campogdtion.

£

.062
.08

.055
+ 07

025
D24
014
026
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.67
059
. 050
+ 003
.22
L0310
020

+ B9
o 54
04
« 4
«33

+ 05
L 1Y nT
.02
<8013
.04
+012

¥n

l.63
1.45
1.7
1.73
1.73
1.8%
1.54
1.70
1.3
1,65
1.33
1.7%
1.60
1.82
1.82
1.36
1.86
1.77
I.64
1.45
1.58

« 10

- 75

1.75
.01

012

Compogltion of Alloys Tested
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27.7
24
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and the samples were Immersed to the desired extent {(completely, half, or
unimersed) in the test solution by hanging them with wires looped over
the top edge of the autaclave's liner.

Test golutions were made up by disgolving the required amount of
reagent prade GuSﬂﬁ-EHZD, {HHi)zSDﬁ, and stug in distilled water, The
degired chloride concentration was obtained by adding in the required
amount of a standard 1000 ppm Cl™ solution prepared from scdium chloride
and distilled watar, The copper content of the scluvtion was checked
against calibrated standards before and after the tests by spectrophoto-
netric analysis at 825 u., The solution pl's were also measured before
and after the test with a Corning Model 109 pH meter.

After the gamples had been immersed, the liner was placed inaide
the autoclave, the syatem closed, and the space above the solutlion swept
with nitrogen to purge oxygen while the solution was brought to boiling.
The flow of ailtrogen was shut off when the solution temperature approached
100°C, but the vent was left open for at least five minutes after a steady
strean cf steam waa evolvad to Iinsure all inercs had been purged. The vent
waa then closed and the autoclave brought to temperzture as rapidly as
possible. Csre was taken, however, to minimize the “overshoot™ of the
conirol set point by decreasiung the rate of heat input as the temparatura
approachad 150°C.

At the conclusion of the test, the ackteclave was removed from its
heat source and quenched by fmmersfion in cold water. The pressure (vacuum})
in the vapor apage above the cooled solution was recorded, and the ‘auto-
clave was cpened, The level of coupon imgersien, the state of the coupons,
and the appearance of the golution were recorded. The solutiow copper
content and pH were then recorded, Ehe coupons were clesped, inspected
under a metallagraph if they showed evidence of attack, and reweighed,
GCorrosion rate was calculated from the cobserved weight loss and the known

coupon density, immersed area, and test duration.




Coupon testing carried out in the 4" laboratory and 8" field
scrubbing columns was coaducted in a similar manner, except that the
gpecimens were moupnted on test racks insertad in the column sumps and
the solution conpositions and test timeg were dictated by HES scrubbing

efficiency test consideratrions.

Fotentiostatic Testing

Anodic oxidation behavior is a measurs of the passivity of metals,
and can be related to the metals registance to corrosjon. This method
has been uzedl to sutvey the properties of five alloys vnder conditions
of temperature and solutions composition comparable to those expected
in an integrated process. The samplea were potentiostatted at a gexries
of potentials avodic of the rest potentizl. At each of these potentials
the curtent was monitored as a functlion ¢f time. TFrom these data, current
demsity potential curves were derived which provide the characterization
of the metals,

The test cell was a glass lined two litre autoclave simllar to
that used in coupon testing except that no stirrer was used. The ther-
mocouple well amd gas dispersion tube were Teflon coated to prevent
corrozion sipce theze were immersed In the so0lution during the experi-
ments and the test gsolutiong contained no copper.

Three sclutions were tested:

s 2R Hﬁﬁﬂ&

¢ 100 g/x (NH ),50,, Z& gf% H,50,, 5 ppm CL°

s 100 g/ {Hﬂﬁ}zsna* 24 22 stuk
The solutions were purged for 30 minutes with “2 gas prior to bringing

thea contents of the auwtoclave to tegt tamperaturs snd pressure.




The Eive alloys tested were:

& 304 staioless
# 316 stainless
- & 310 staiunless
e C20Ch3

& E Brice

Leads were spot welded to the samples and the sanmple and the
leads were covered with heat shrinkable Teflon tubing. The one exposed
face of the sample was then poulished.- ’

For the potentlostatic measurements, a shiny Pt counter electrode
and a dynamic hydyogen reference electrode (DHE) were used. The potentials
ware set with a potentiostat {Wemking) and the currents were recorded
with a serdp chare recorder. The current was followed until it became

relativaly constant. Typically this required 3 to 10 minutes;

Corrosion Momitoring Instrumentation Testing

The use of en-line corrosion measuring instrumentation was evaluated
in both laboratory and fileld testing.

A Magna series 7000 probe with either stainless steel or Carpenter
20 elementa wap inserted in the aump of the 4" laboratory columna for
certain test seriem. The probe output was read directly, in mills per
¥ear, on a4 Magna Medel 1120 Corrator. Test coupons were also inserted
in the sump during these tests go that the instantaneous corrasion rate
r#ad outs could be checked apainst the integrated corrosion rate deter-
pined by coupon waipht loss measurements.

The operating pri;£1p31 of this Instrument, which measures the
current (voltage) flow between electrodes for a small potential difference
{current) is essentizlly the same ag for Pétrolite's Model M-212/3A-50% SS-F

except that a third-element is not used. 4




£ Magna Model 2053 Gunlrnsimpar'.pmht with a 40 aill Carpenter 20
wire element was inserted in the sump of the & figld t'e:ét column, The
probe output {resistance readina;s) were read on a Magna Hudel CK=3
Currnsnluter. . Test coupons wers also inserted in the sump durinl these
tests o that the corrosion rate derivnd from probe readings could ba
chacked :gainst the integrated mrrasi.un rate detm:hmd bj!' coupon wn:tght
loss meagurements.

TEST ‘RESULTS

. Coupon Testing |
Thicty thtee coum tasl: a:periumts were r.atried uut in seven
“kest serice in vhich the cnupnnn were expoud to:

¢ Solutions cunuinin; vuyin; HzED;, contents at a H.xed (:u
{H!Hﬁ}z 4" 1™ content. -

'w Selutiona containing va.tyin; (H'H‘ zsui cantul:s at a H.:ed Cu.
Hz 4 €l content. :

u Solutions cunta.:l.nin: varving Cu cnntenl:s al: ‘A - H.md uzsn,..
{lﬂﬁﬁ]z 43 cl content. .

] Soluciona containing van'in: ¢1™. contents nt. a ﬂ.mad t:n.
l:t2$ﬂ . {‘HH#.'I'IS{.'I'# content. _. - |

s 5Solutions &8s above but in which tha 'coupnrt_is vere welded or
stressed, ' S

¢ Solutions as above but in which the t:m.tpl:;ﬂ!l-ﬂf_ digainilar
metala were galvanically couplaed. '

-I Snluﬁmn as above but in which the coupons were fastened .
tngethér to form crevices bhman the flat surfaces.

_ The teat conditiﬂnn and raaults ares sumrized in Tabla IT. 1In
about & third of the tests, conditions were puch that signj.fimt
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Table II

Corroaion Test Log
Coupon Testing, Cloged Autoclave

Sampls  Samples  Salubien Comp., Cortmaion

Toat Sample Simple Co 1eion
¥n. Dealpnation £ H_E_ﬁy o g_thgm___mt_q_ gletory _Tdak Duratios Rate Commonks
1 i L 0,062 9,2) 18,35 0.0 - P. L2 NRew 2 pft Cu 0.4 i, o offeec
-2 n.02% J0.056 18,45 Q.51 - Py L2 * pit 2+ 1.7 L.1 Mo cifcce
3bal 3013 11.567 26,84 2,16 - ", 142 " 100 afeQuit,)3sns 2200 Senrral matdal loss, sulfido film
Mgt=h 0.00% 1%.07 17.42 .15 - F. 172 " 5 ppm C1=, 24 hr 10.4 #o eficck

¥, L/2? Rew Zo/K Ly 0ub 2000 tomernl metal lops, sulfide file

F Mar=¥ 0,014 103 18.0 - - :
a-1} o.06% 11,01 15.4% 2.1} - 5, 172 " pit 2+ 1.7 2.y Bo efleet
3 h=1B 0.03 12J.11 17.8] 1. 76 - W, 1/2 " 190 pfAdNI)a505 1200 Concral motal leso, aulfide {ilm
NéL-Ig 002 136 17,71 L.67 - W, /2 n 5 ppm £1=, 26 br 0o Conernl netal less, eulfide [dlm

3 J4al=h Guiith 1.3 IK0 - - K, If1 Mo 2 pft Cu 4.1 Light ntaluloap, spotcinp
=4 6.8 1,47 1484 2,)4 - r, 112 " pit 2.0 34.2  Hoknl] Joas abowe iwlerface
S6=11  0.05 1LIL 14.63 2.76 = W, I “ 01 pd% (NI Y2504 0,8  %Ipht stnlntng, gpoltlng
M-t 0,02 12,6 L7, 7Y 307 - ¥ 1f2 " 3 ppm £l G by 17.4  Megal loas under drled polldu

A A0k-4 G.0421 0,20 18,25 .M - Ty 142 trom ) 2 pft Gu 0.4 tiphe peatnlog, nspotilnp
I0ht=h 1.025 10.06 L1.45 0.11 - ro1f2 pit .08 d.4  Light mtalnbng, spatting
IE=1% £.03 1hl1l L7.%3 1.76 - Wy 1/2 PFrom ] 100 /& Qhilg, Y2504 0.9 Lipht scaiolng, apetcing
MGL-4 C.000 13.07 17,42 2.15 - . 1f2 Peom 1 Q9 ppm C1", Gf he 0.5  tight ctnining, spakeing

§ los-d 0.062 &.23 10.3% £.06 - 8 L2 Peom 34 2 p/L Cu 1.0  Uight otalning, spotting
WhL=4 0.023 10.06 IZ.43 0.11 - F.1 TFeom 4 pit 2.52 0.8 1ight eeaining, cpocting
FLLETS | 0.0F 1).11 17.6) .70 - W, 1/2 From 3,4 10D gfL QUIg Y504 2,2  Liphr atalning, spolting
ILLT~4 0.00% 10,47 17.42 115 - P,0 troml, 4 2 ppmbi*, G2 he 1] Ro thange

L Jnh-% 0.n62 5,23 12.0% 0.0 - 8, L2 Prom 14,5 2 g/ Bu 1.2 Light steining, spotring
AG=19 0.0% 13.11 17.63 .76 - W, L/ %yom 3,4,5 pi2 L.95 1.0  Lipht staining, cpetting
g=1 0042 L9.59 25.04 0,1~ P, LI2 How 100 g/L 0t 2504 9.2 Lipht spotting above fnterface
Ja0-1 .04 3544 19.0] - - P 172 Wew 5 ppm C1™, 6} hr 0.5 Lipght spotting ebove inteclace
Ti=! gz = - w MALATL P, UE 0 New - =  Lipghe prolninp, epoteing

En *o-1-§ Q.0L. 0.3 6.0 J.B - ¥, L Hw - 0.1  Light spoLtivg sbewy dntvreface

nx |1} noo  NoMN
Hoseai 1 » Completely {mmncmed, 1/2. = hall immorazd, D » unimwersed
F » Tinin (scyaighc), W » Walded, 3 » Stroswed
ALl teats at (nawd 175°C, 113 poig.
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Table II {continued)

Corroziom Test log

Coupon Testing, Closed Auteclave

Commcnty

Snapla Semple Compasicion, F Sampla  Eampla falukion fomp., Carrasion
Mo, Denignotios g AW Cr Ho Othcra Steeo History  _JFept Durotlon  Raetw, HEY
N0=1 0,047 19.59 15.04 0.3 F. 17? From Ist & 2 gfl Cy - D03 ToQ
330-1 F.04 35,04 19,03 - #, 12 " $#H 1.00 =~ 1.26 =300
Tixl D.012 = - - MAETLIF LI T 1q0 E-"”““ﬂzﬂﬂa -
Lne=1=L JOLmx  JJwx 26 ooo K nem r, 12 * y Speelt, BN .7
C100h-1 «031 31,00 1%.37 2.1% Cb¥To.d P, 1/2  New 2glfkCu+ 0l 220
clocu-2/3 .0 32,068 1%.3F 2.1% Ol4Ta.d C, 1 " pll 1,00 - 1.70 268
EN2bw1-1 .uln «Jmx 26 non L nom T, M2 Trom 6,7 100 g/e(HIL) 250, 3.6
ERZC-1-2/3 " " " $ €, 1 Wow S ppm C1%, 48 hr £.9
Tlel W01 - - = 0.8 7l F 1f¢ From 6,7 -
JoaL-A 04 19,1 14. - W, 1/ Trom 3 Zglttn .1
IL6L-h L0093 13,07 17.42 2.1% r, 1/* From 1,4, pif P10+ 167 1.5
302 J0R2 19,53 15.04 0,3 M 12 Mew 100 g/ LiMl; ko5 0. G
rOch=-1 L01 71,00 19.37 2,189 ChTa.l P, Lf2 From O 5 pym €17, oE tae he 1.4
rn?o=-1-1 .0Mwx . Jex 246 nem I onom P, 12 From ,7.8 0.4
Ti~l 012 - Q - »90.8°TL P Lf2 Frem 6,7,1 -
Aph1~-a +OL§ 10,3 )R, - W, 1/ Trom 2,9 2 pft &y 1.9 Geh
JLEL LW 13,07 17.42 1,13 g, 1f? From 1,4, pH 1.26~t. 31 3.z
310-2 LORT 19,90 25046 0.0 R, W2 Frem ® 100 pfriNm) Ny L7
CLOCL~-1 A3 3008 (9.7 2419 Cletad B, Lf? From 8,9 S ppm £1T, 65 W &7
Efff=lal .0lmx .Jdux 26 nom § uom T, 1/ From 4,7, i.t
Ti=2 A2 - - - w000 °TL P, 1/ Prom s}, n.?
CH=4216=12 0N 3N 084 19.33F 2.1W c, 1 Trem 8,9, I gfLCu+1,B 5.1/%.%
O06f 13.31 lo.40 k.17 L0/ Hew
e200h-271 0 13,08 19.37 2.19 CWTa,8 €, 1 From B et 1.26 + 1,31 7.2
C2OCh-4 03 3308 17.17 L1 CTo. A W, 1/2  Mew 100 gfLLRI, }o 50 2.4
CI0CHh-5 .00 3080 19,37 %19 ChTa.B 5, 112  How S5pm C17, 7O v 1.6
LP2G-1-& Jlnx J3ex 16 aem 1 vom ¥, 1I2  How 0.5
Ti-1 M - « MEITLE 171 Prom &=10 2.3

1L » Completely tsmerecd, 1% & hall inmeroed, O o yalenerred.

P = Plain (ctesipht), &= welded, § = stropond,

¢ = with crevica,

ganarcl loss of matnl
Ceneral losa of metal
Light staining, apoiting
Light etaining

Cark stzining

tark ntoln, erevice =orronion
intergeanular ¢groonfon

¥ effect

Lipht olaining

Light etoining

Light oteiniag

Lipht nenining, apokbing
Lipht ntaininp

Ho gllerr

Light abaining

Stain vemoved
Staie Temoved

Setnln womuvsd
Senle cronoved
Tigit otaining

Light atoining

Tight erewice gorronion,
ne-12

frain remevad
Light gtoinicg,
Light otoining,
Eight otoining,
Light strining,

n

apatting
spoeting
spetting
apatting




21

Tuak

1

11

15

1%

it

Nocemt

Sampla
Dasignotion €
343 £15
Mi=12 D67
C20CH -4 03
£I0CL L5 43
Culé=1=4 A1 mx
Ti-1 012
it «024
2612 057
CIOCDI~4 03
CIOCh3=3 83
CE26-1-4 0L na
Ti-1 012
110=2 AT
CAOCLY-S 03
C20Ch -2/ K]
KWl L=dy w01 mor
Ti=L 0k
ML=t A4
6-12 Rl H
£20ChI=4 .07
200035 1
CF2b=1=h 01 mx
Ti=) L3
180-20 06
£20003-4 03
2003213 i
ERdé~1-4 1 wx
“‘1 t“:

14
i

3
3.1
J3.08
3.0

» oy

1043

1L31
1108

1,04
+ Jmt

19.39
33,08

n.08
»dIma
13
13.11
1,08
a0

+ It

ar?

3.08
3.08

» Jot

Table 11 gcuntinuedl
Correnion Test Log

Coupon Testing, Closed Autoelave

tion, X
Qtherg

“t -

16,458 I.17

15.77 1.19 CbiTa.8

19.37 1.19 Lb4Ta. B

26 nom 1 nom
- - S H

18, -

16,48 3.17
19.3Y 1.1% Cv¥Tn.8
19.37 1,19 Cb+Ta.B
26 nia 1wl

*99.4 7L

- -

23.04 0.3
19,37 2.1% Ch+la.id

19,37 2.1% ChiTa.l

2i nom 1 1ol
- = »9,8 11

Lo, -

1.4 2,17

1%.3? 2.)0 EréTo.8

1%.37 109 Chtta.d

2 nom 1 nom
0.0

19,9 2.05

1!.“ !-1! Mﬂ-it
19.37  1.19 s, R

26 nom 1 nom

99,0 TL

Sanple

Stace

P,
W,
s,
r,
P

L

1t
12
M2
172
32
1/2

112

12

Bfa, 2,
in

P,
%

/2
ip2

1 » Conplately {mmerasd, 1/2 » hulf immdesnd, 8 = unism
P o Plain {scraight), W = welded, % & preeunsd, © = v,

Lample Solutioa Coap.,
A pory Tast Doraclon
4

Prem 1,%,10 % £fé Qu » 1.07
From 11 pH 1.05 = 1.0
Fron 11 100 /% (Mity) 250,
Fran 11 5 ppo C1™, 40 hr
Fron 11
Frea 0-11
r‘ln; :-ﬁplﬂ k4 ‘J‘-l' Ga = 09
¥rom 13,13 pH L33 + L.20
Prom 11,12 200 p/faiHiy) 50,
From L[.1?2 5 ppm €1%, 6d hr
Fee 11,13
From 6-12
Yrem 9,10 2 gft Cu
Frn; 1,12 gl 1.1+ 1.1

1
From 9;11. 200 g/t (M0, ) 950y

11=]
Fl-'?'; 11,12, 5 pgm I'-‘J.-. 42 he
From 5=1}
ey 2 #ff Cu » 22
!’m-” 11,0 pll 1.17 = 1.06
From 11=16 200 pf2(NI,) 450,
From 11=14 O ppa €17, li 14
Feom 11=14 -
Frem 6-14 -
Raw £/t Caw 0)
Tron 1le13 ¥ .8+~ .90
?rﬂl: ;;1!. 100 g/t {Wigdatiog
From 11=15 © pps 017, 42 he
From 4=13
i
sevied,

Corrasion
Beto, WPY __ Commangs
16,1 Light peedindng
126 Lipht acoIning
2.4 ght steindng
1.2 Light sraining
5.8 tight scaining
2 Lighc staining
740 Coneral lows of wmetal
0.4 Light etadning, spoceing
15.% Light zeaining
- Light cieining
0.1 Lighe staining
- Lighg ataining
1,5 Ko aFfect
LA Scain Jightencd
5.6 Sgain Lighcencd
2.0 Lark sceinlng
1 Light atalning
6.2 Incocface wicifng,
pulllde (1
5.1 Lighe plriiug
1.7 Tighr aeralnlug
i.2 Light exalnlng
1.4 L1ighe etafulungy
- Light stalning
] Ficting, peneral loxd
of matal
260 Dark stoining
a0 Ligke previca corypaion
65,6 Intargraormulor
corriod lon

Derk staining




£l

Teat

W mllnﬂ Eiﬂn

17

L

13

20

Eanpla

Mb=12
Durimat 20

T50-20-1
CIRChI=)
ERYe-1-3
Ti-1

115~23

Purimct 2
I50=-10~3
CZOChY=1

FoiG-1-5
Ti-1

Prurimet 20
C20CbA~]

t20Ch3=]
CI0ch2-254

EN26al=}
Ti-1

Aurimer 20
Rarthite
EloCk)-1/1
ERlG-1-4
Fh26=1-6/7

E¥li=1-12
Ti~l

In anftion, I

¢ B & I gehems

«047 1331 1648 2.17

L8 37.8)  19.2 2,105

« 06 2.7 19.9 2.0%

«03 31,00 19.2F 2,19 CHTa
e Jdax ¥nm 1peem

pmi - - - '59;! “

6T 1331 1648 217

.039 217,83 18,2 2.05

+ 6 in.7 19,9 .03

53 2.0 19.3r 1,19 OWTa.B
+01 px Xmx 26 nam 1 nom

012 - - - 9.0 %

019  IF.B) 1%.% .03

93 JJtﬂ“ 191-3'? 211’ CHTI:.E

+03 3.98  19.37 2.19 CiHTe.0

0] N.d 13T 119 chéTall
Ol mx T wx 0 nam 1 pen

JL2 - - - 9.8 Ti

D3 TR A% 2.0%
+82 e Hooom 10 om ) nom

[ in) 33.08 1%.37  1.19 CbéTue.d
Ol me S o 26 mom 1 wom
WOl mx W) mx 26 mom 1 mon
Muxr 1wt Z6mom 1 nom

012 - -

Table II (contioued)

Corrosion Test Log

Coupon Testing, Closed Autgclave

Sample
SLate

kL2
hi1

|

T, 112
¥ 11
T 112

T, 112

r1
Fy 1
r, 1{2

*, o2
Y. Li2

P, 1
Py 1

r.1

LG,
iR

F'l 1’!

P 12

P 1
P, G 1
¥, 172
5/?, G,
¢
W 1

- w¥5.0TL P, 1/2

Fample Bplytion Soep., Corrosion
Dotory | Zest Pewatien Rate, MPY
rrui;u-u. 1 ¢/ Cu= 52 .2
From Seop= pil 1.6 + 1.8] 1.3
ing Teots
Weu 100 p/t (01,1250, 16.9
Trem 5,01 3 ypm GIT, 1# he 1.7
Row “ia
From =15 -
From 11-1-1- 3 ul tu kP §
13,17
Feam 17 pit 1,64 1.4
New 1ot git {iﬂﬂ,m& 3.4
Trem 4,11, 5 ppm 21T, hr 1.5
17 -
Feom 17 4.3
From 0=17 -
Yrow 17,10 F pfR Cu > 08 D
From 0-19, o1 1.02 = 1,13 29,3
valindighed
;rm 5,11 50 pfL [I'IIQ}:SD,; bl1.1
I,.18
Trom =12 5 ppm €17, 66 hr 160
b 16,31-14
From 17,18 i
Fron o110 -
From 17-1% 2 pfi Cu + .02 110
Wew plf 1.1 + 1.22 9.1
Seq 1Y 50 git (RM;)50; 0502
Few i prm 817, ﬁ; e 9.4
Hew S
Bt 18,5
From §=19 -

Hotea: 1 = Complecaly immeroed, 1J2 = holf dwmoracd, D = unimmcrscd.
P = Flain {peraiphe), W = wvelded, 3 = ptranned, C = vith exeviee,

v

Comment e

Light staining
He affece

Servera pirring
Stain lightened
Spobting obbve intorisca
Light satocining

Drrk atainding

Ho afifest
Light pitting
Dark wizdning

Lipht otnining
Light staining

Savers pitring
Dotk atnining

Park stoining
Ceovice soTrosion

Intpraeanular sovrsolinm
Light ptaining

FArting

MEking

Crevite enrrosion
Light atalning
1ipht oeaining

Tark otainm on hest rona
Park staining




TAnL

Sampt e

R . Baaignnkdon

Il

i

1

e

Hutent

JML-
el

Hi=1
Ci0Ch -1
EBtd-1-T
Ti-1l

=2
EMCM =L
CATh=241
RAQE~]=}
Ti=1

n-r
CICHT-A
CIOCHT=25

F2h=]aT
-1

Dur szt 20
115113
CIOCEI-2F18-14

FO26=2-3/116-1%
Tt

Dur {mgr M
Jti=1l
£HCh1-2/314=14

Ml =7 )16=15
Th-1

Table II (continuad}

Corrosion Test Log

Coupon Testing, Unstirred, Closed Autoclave

1 = cowplately lemoracd, % = holf isesreed, & = wnlosoracd
T = Phain {ateaijht]), ¥ = wvoldod, 5 = atresssd, C = with croview,

N

.H.% L Conpesftien, T Snnpls Sawpla
[ 14 I Atherw, ftate Ristory
L4 0.1 14, W Fram 15
) 11.07 17.42 .15 LR From 1.6.5,
4,10
Sk 19,39 25,04 a1 . P;'u 3,10.14
N 13.08 1%. 11 1.1¢% HTs.E T, & From B-10, 1%
O +1 B 26 mpm 1 nom P, N From 20
013 - - - .l T PN From =10
N 19.3% 5.4 3 . Py ;:m 9,10, 14
K 1 19.8% 2.1% Chita,d P, 1 From 8-10,19,
Fil
.01 n.m 19.37 1.1% Chita. 8 FELY B 20S16
O mx N 6 repm 1 nam i From 30,21
JH2 - - - *METL P & Prom =11
&2 19.%9 25,0 N Fron 9,18, 14
11,22
. 1.0 19.37 .19 CMTe.E P, 1 Froa 210,19
0,2
«0 n.m 14.37 2.1% CWMa.E MG B 22
O my ) =x 6 now 1 nowm . U Frem 10-X1
013 - - - A1 M4 From 612
019 7.8 9.1 2.03 P 1 Rt
JOET 11.1 16, 4R 2.17 Py L
037,867 23,00 I 100771600 219207 OWTAS By 1AM G Ses 3N
i
AL 06T I3 XIteAR 1y P E C From 2033
T
N r - . - “H.ETL P, % From 11
« 06T 3.1 16,48 0! LM L]
AN T TLONAL LOOAN RN B w217 et B R, LR N0 Ses 20
From 14
O T TALAM 26516040 1.7 P, . .2 From 1D-24
Ty - - - *H.ETL P, Y From f-T

Haluties Cowp. Corroaton
Tent Durstiog Rata, WEY
Tty .4
pil 1,59 + 1,45 3.4
100 g/ (Migdy 304 2.2
SpmCl™, 34 br .3
3.2
0.2
? git o 1.9
RN 5.0
11.1
S ppm C1=, 40 b 21
1.1
R TIN 1.1
M 147 = L] b
100 g/t (MY )50y 1.3
5 ppm C1™, 101 W 0.3
a.1
T gfL Cu 2.8
pn 14 5.9
00 gt (Eg)pE0y  1.9/%,7
5 pim 017, 193 W &.8/5.3
8.1
2-4/L fu 4.3
1.4 7.4
100 jft [ ) g0y 24116
% npm CI™, 9% he 1317
02

Crmmonin

bighE otmindag
Light stainiag

Light sEuining
ldghe stnining
Tork stoining
Light stafelag

Tight aeaining
$tain Lightensd
Htain lighosned
Dark acaining

Light seaining
Light scaining

Lishe wrainimp
Eizht atainlag

Light staining
Light staiming

Fo offect
Dark stxining
M eflcet/dark aoaintng

Tizht stainingfdarhk veaining
Lighe ataining

Ko wilost

Dark stniming

Bo el igerSfLight mtatning

tighe stalaing)dark staining
Light stafning




<t

Tear

Be.
e

17

L

Sample 1]
Deaignat ion 5 My
215-13 7 13.31
Wil=3 .03 7.0
C20ch3-17916-14 00087  13,08f
13,13
Ek2E-1-7/316~15 .OL17.06T TS
13,11
-1 512 -
hia? 019 1.1
£200EI-273915-15  .0AL.087 19,08/
12,1
THE6-1+7/316-1% 017 .06F T
1131
TI-1/ k=10 SIEF0ET - F
11.31
J6L-11712 22 11.43
1143-11/Eh=10 L 023F00  13,4)/
i |
IGL-14 fT1-2 LO22F.012 1353
TR25-1-4] -1 0L/ .012 .1
104-14/C020C03-1  .05/7.03 1L
33.08
Ji6=18/C20CH)=T 067703 13,01)
1308
306 =L3FA26-1-10 . 05/7.00 .17
.3
0% -1 T2 A500LE 9.f

adtlon,
Lr

16.40
1%.2
18.174
16.48
st

16.48

15.2
19,37
16,48
I8}
14.44
-
16.4E

17.08

17.08f
2E

1r.08f

6/

H BT
19,37
16, 4Ef
1937
8.3
16
1857

Takls I1 fconcinued)

Corrosion Test Log
Coupon Testing, Unstirred, Clogsed Autoclavs

3
—He Oxhery
2.1T7
1.05
219111 ChiTu.d
AfT.LY
- * 950 M
2.05
2.10/2.17 OeTe.l
1/2.1%
=f2,17 » ¥,E TL
1.5
3,542
2.5 a9 ATL
1t = #.3 T
=f Eh+Ta. B
2.1
2.1 CheTa, 8
FIT ]
- f
1
-9 * 95,2 T

1 = Canplately immoread, b = hWalf inogread, & = gnimesyesd.,
r = Flyln {acraighe)y, W = voldcd, 5 = sizenaod, € » with cravics,

Soanpla
1115 .
-
rl
PLIEMNC
B L, C

Pl

Fl

¥ LURNE
B.N.C
Bt

L. T1H
PA.E

| AR
4.0

ryft
P30
ok C
BN

Saaple
Niakory
Promm 24,25
Fpom 34,35
Sem 33
3uw 25
Froa =25

From 4=24
fea dE

Sae 26

Trom 6-256/Hav
Mine/ Tiew

o/ Sna
E.1-3

Haw/ Sen
B.1-3

See 16 /Prom
E-x7

Bep BL-A520
Son 8. 15127
fan H.le4

fea B1-4/2E

Solut lon Comp.
Test Em:hn

2pilifurl.8
pH 1.22

100 gf 6 {8y 2504

25 ppa £1°7,
18} hr

2§/ Cu» 05
pi .98 + 3,13

75 iy (M) o80y
% ppm €L, 255 Ry

2 eft Cu
pR .22

A0 GiR (NN, Ya50,
% ppm €17, 337 hr

3 gt da o+ .7
e 1.22

100 £/8 (FMy) 250
5 pps 17, 162 by

Coteassion
Baka, HFY
5.1

2.5
2.0/4.4
0.2f3100

11.3
6.0/1%4

={110

=f 2600
07T .4
58.841.2
10/ =
L.A/LY

2. Af13.7
1100474
z2.8f
2.1

Cammentcs

Light staining

He affoct

¥o efizsc/Light stalning

Ho wffect/local palwontc corrosion
He affwer

Datk scaining, FitEing
Dark steinfgensral lass af wotel

Incuegranalar stitack/ganeral loms of
Light stalnflocol gelvange corroaion
Ceavice correaion above interfnce
Colyonic corrosion sbove iptorince
Trevice corroslon pader clams

Bark steiving above intevfoce

Light wtalning
Intarface sevvosienflighe pitting
Lighe stalning
Tizhc scwining







