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CORROSION TESTS ON TANTALUM, HASTEIXOT 0

IN 237-5 PROJECT SOUTfIQIB

INTRODUCTION,

’I/Room temperature and elevated temperature, static immersion and vapor luape”
sion, corrosion tests vere conducted vIth Duriron, Baatelloy C, and tantatap'
In 'hydr leaic acld and 237-5 project process supernatant solution (synthetic
environments. The .data relevant to these test* are contained herein.

SIft-MAHY

W-
Corrosion-tests indicate that tsakalup and Qurlron can te employed in 237-5
project process streams. Of the two, tantalum is recommended. Durlron has

limiting fabrication disadvantages. Hastelloy C is not recommended for thIf
use, jlI*)

The corrosion tests discussed in this report wero of two types: (a) complete
iamorsion tests - in which the test specimen was suspended by means of a glass
holder in the corrosive, and (b) vapor suspension tests - in which the test
specimen was suspended'by means of a glass holder in the vapor above the cor-
rosive. Both types wero conducted at room temperatures and/or at boiling
temperatures depending upon tus test requirements for any one opoolmcn.
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Apparatus for the room temperaturo tests conslsted of quart Mason Jars, the

lids of which vers fitted vith polytheneU) gaskets to awid contact of the
corroelvo vapors with foreign metallic ions free the natal lids and conse-
quent contm I nation of the test corrosives. One complete ianorstaa and one
vapor suspension speciwn vas contained per Mason Jar. Tests at boiling teagper-
aturoo woro carried out in 500 al Erlerooycr flasks to which 300 nl Allihn con-
densers were fitted with 45/50 | ground glass Joints. As in tho roan teepur-

ature tests oach unit contained two test specimens, one in the corrosive ad
one in the vapors.

Tho volume of tho tost corrosive was iIn excoss of 250 ml per squr.ro inch test
specimen, Ho attempt woe made to aorato tho corrosives slnco no external
aeration iIs anticipated in process. All roan togporc.turc tosts were static.

Tho olevatod tomparaturo (boiling) tosts wore agitated In so for as oonvootlon
currents and solution "bunping” agitato n solution ot its boiling point.

Tost sraplos wore dogroasod, alcohol rinsod and air dried prior to weighing
and exposure. Post-oxposuro cleaning was vith water and bristlo brush for tho
poriodic Inspections. In such instances vhoro adherent films were encountered,
additional cloming .was accomplished after tho final oxposuro period by pick*
ling ina 3# HIKY* solution for 2-3 minutos at room temperature.

Corrooivos voro rongent grade hydriodic acid and 234-5 project supermatant
solution (oynthotio) prepared from roagont grade chemicals. 800 Table I,
"'"Composition of Corrooivos," Appendix, p. 7. In thoeo tosts conducted at olo-

vated temperatures (boiling) tho solutions voro renewed at 24 hour intervals
to compensate for iodino losses.

The rate of corrosion was calculated in terms of mils penetration per year (3)
and recorded to tho nearest mil. Any corrosion rate found to bo less than one

mil was rocordod as "Nil'" since corrosion rates of loso than ono mil fall beyond
tho Harts of experimental error. Calculationsl

. 1 SGTID. M

where V m vt. loos In grans

1 = density of material
A 8 area in sg- iIn.

T « oxposuro timo iIn hrs.

Tho polythono plastic, normally milky-white, acquired a violot huo,
Indicating iodino absorption. Soo Koenig, V.W., '234*5 Projoct Static
Corrosion Tests - Plastics and 8ynthotlc Rubber in HI and/or Procoss
Supermatant Solution/ Poe. Ho. HW-12172, Janurxy 13, 1949.

By volume.

(® Assumes uniform corrosion.
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Evaluation of Pooults

Soe Tabic X1, "Spcclaon Ixposuro ard Corrosion Rato Bata,' Appendix, pp, T&9.

Durlron

Data free thcao teats (complete inmersion and vapor suspension) revealed
very little change In tho.physical chorocteristics of this material foHav-
ing oxposuro to UTi HI "*1 Both tho cooploto immersion and vapor suspen-
sion tosts vers characterised by a measurable Initial (First 48-hr.) cor-
rosion rate accoepanied by tho formation of an adherent dull groy film*
Subsequent exposure porlods failed to produce additional corrosion vhich
could bo ncasurod by tho mutbods employed. In addition to tho grey film
the v~_por suspension tost spocinon shoved slight ovldonco of rusting in

tho fora of soatturod rust spots, varying in also free pinpoint to plnhsad,

This material (Qurlron) is cccoptablo freo tho corrosion standpoint for

use vharo process conditions similar to thooo tost conditions nay bo en-
countered.

Boatolloy C

All samples of this material shovod ovldonco of corrosion although not all
to an undoolrablo dogroo, However, any uso of this material would bo
closely lialtod by conditions vhich would make its uso impractical.

Tho corrosion products encounterod wore of two typoar (@ a looso, finely
granular black deposit coolly rooovod with water and bristle brush, and
@®) an adheront, snooth, grocnish deposit which could not bo removed with

vator and bristle brushing. This vas apparently donickolIficaljion typo of
corrosion.

Tho specloons exposed to procoss supomatant solution at olovatod temper-
atures (boiling) had a faster corrosion rate than those oxposod at room
tonporr.turo.  Four spocinons (HC-10, HC-16-18) exposed to tho S.N. solution
shoved ovldonco of linltod pitting vhllo only ono spocinon (HC-1U) oxposod
to EX pitted. OfF these all but HC-10 (rollod-voldod-sandblaotcd) were cast-
ground spocinon*} HC-10 and IU were room temperature tosts vhllo the othars
vero run at olovatod (boiling) temperaturos.

On tho basis of tho rooults from those tosts, i.0., onr.tic pitting of spec-

imens and tho formation of corrosion products which would llkoly contanlnnto

tho procoss, tho uso of Hoctolloy C as a natorial of construction far tho
234-3 projoct is not rocomondod.

Tantalum

This octal provod to bo most resistant to thoso test corrosives and con-
ditions and can bo rccocncndod for uso with tho 234-5 projoct procoss streams.

WWK/00

D gy weight. J Metal lurgy & Control Division
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Motel
or
AUox

raumr
(High silicon
iron)

HASTHLOT C
(Hlckoi-
molybdomm-
chromiun-
tron alloy)

Nominal
Compos | tion

Silicon 14.50#
Carton 0.8"
Hangoneso  0.50#
Sulfur 0*00#
Phosphorus  0.20jb
Rlckol 5*.5-59.#

Molybdenum  15-19#
Carton 0.04-0.15#
Iron , *-T*
Chrcoil® 13-16#
Tungsten 3*5-5.1#

- 5-
TABLE |

METAL AVD ALLOT DATA

Physical and Mechanical Ctyj-“ctcrlsUca

Density 7-0

Rockwell C 52

Tensile stroigth psi (£" din. bar): 16,000
Casting shrinkogo/ft.s 3n16" :
Coefficient of expansion: 12.2 x 10*"

per dog. C. 20®to )90®C. Hat. Bur. Stde.

Density 8.9*

Brincll: Cast: 175-215
Boiled annealed: 160-210
Ultimate tcnsllo strength, Ib. per eq. in.:
Cast: o 72,000-80,000
Boiled-anno ilcd: U 5,000-120,000
Hold point, Ib. per og. In.:
Cast: U5,000-H8,000
Bollod-annoalod:  55,000-65,000
Elongation, f in 2"
Cast: 10-15
Rolled-annoalcd:  25-50
Molting range, VAT, 1,270-1,305
Thermal conductivity, ego, 0.03
Specific boat: 0.092

Mean Coeff. of thermal expansion, per °C,

0-100°C. 0.0000113

0-1000°C. 0.0000153
Casting shrinkage, In. per ft. £"

HV-12532

Special Charac:toristies

Very hard.

Machined by grindlig.
Available in cast form.
Relatively inexpensive.

Machlnublo at moderate speods
and con bo voided by the oxy-
ucctylcne, atomic hydrogen, cr
metallic ere method. Corrosion
resistant to strong oxidising
igcnts such os nitric acid (con-
ditions important), free chlor-
ine, aqueous solutions contain-
ing chlorine or hypochlorites,
and acid solutions of ferric

or cupric salts. Resists hydro-
chloric and phosphoric acid)

Im highly resistant to acetic,
formic, and sulphurous colds;
and has excellent resistance

to dry battery mix. Available
as costings and hot-rolled
sheet or plate.



Metal
or
Alloy

TANTALUM

Nominal
Coapoettloo
Tantalum 99« 9#

Chrcmiua 0.3~
Iron 6.01%

6
TABUt 1 (continued)

METAL AMD ALLOT DATA

Physical and Mechanical Characteristics

Density 16.6

Melting point 2996°C

Specific heat 0.036

Thermal conductivity, cgs. 0.130
Thermal expansion, per °C 65 x 107

Machinalllity - like cold rolled steel.
Rockwell E:

Sheet, annealed 60

Sheet, worked 95
Elongation, F In 2":

Sheet, annealed ho

Shoot, worked 1
Tensile strength, pel:

Sheet, annealed 50,000

Sheet. worked 110,000

EM-12552

Special Characteristics

Cos4oe ion resistant metal used
in heat-transfer area in acid-
proof chemical equipment. It
oxidises in air above 300°C
G/0°T), is soluble in hydro-
fluoric acid, in strong al-
kalies end In solutions that
contain free sulfur triloxlde.
In general, It is corrosion
resistant except whan subject
to galvanic couple action.
Tantalus can be spot and seam
resistance welded.
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TABUS 11

COMPQ3TTIOW OF CONX)SrVK3

1. -5 Project Process Supematant Solution (Synthetic)*

Fo(TIO3)3.9H20 . . . o ... 1.616 gn/litcr
Ce(K>3)3JAD ... 0.362 "
HIS(Gy6 HJO - .- oo oo ... 0.164 |

[ S O 8.17

KHOPOR™ . - oo 0.272

. 6.4

HI (Anhydrous tails) 103.7 N

12 o 33.0

BOQC C OE . oo 217

2. Hydriodic acid: Merck reagent, . Or. 1.7:

Aceltyj HT ... ... ..... 55-56*

Maximus impurities: -
Ron-volatile , 0.010*
Chlorine, bronino s Cl) . . , . 0.050*
Phosphorus = . 1. ... ... , 0003
8ulfato &™) .. ... ... .. .. _.._. 0.005*
Heavy metals (asPb) = ... .. 0.001*
Ilron (Pe) - - o oo 0,001*

Mol. We. . e e e e emaaaa - 127.93

3. HyAriodic Add (Stabilised): Bakor®s Roagent, $. Or. 1.71
Assay, HI (min.) . . . .. ... .. 56*

Maxim® Impurities: /
Chlorine and broninoV(rj CI) . . . 0.05*

Sulfate (80uU) - ... . ... 0.005*
e Iron (P€) ccooooooo i 0.001*
Heavy metals (asPb) .......... 0.001*

HJPOg (Preservative) approx,. . . . 3.0
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TABLE I11
SPECIMEN, KXPOSDBT. AND CORROSION BATE D m FOR BURIRON, HASTKLLOY C AVD TANTALUM IK EIERIODIC ACID IND 234-5 PROJECT SUPERKVTANT SOLUTION (SNYTHETIC)

Corrosion Data (Bate Expressed in MPT-Hils

specimen Data Fenetration per Tear to Nearest Mil)

M ater- Exposure Data 48 48 T7a 217 74k
ial\l) S 2 fa Test Wo. Temp. Corrosive Hrs. Hrg8. Hrs. Era. Hrs. Cumulative Bcaark»(3)
Buriron C.8. ST.,.C-l1. HC-2$ Rm. ) 10 X &1 Hii(<1) Nil Nil(1079 hrs.) Pull grey film
C.8. Y. HC-27 Em. f 53 X 41 Nil Nil Nil( - ) Dull grey film > HC-26, slight rust formation.
Eastel- R.S. ST.,C-l. HC-1 Rm, t 19 X Nil Nil 3 «nn( = )y  Grayish-green corrosion products (adherent)
loy C R.8. V. HC-2  Rm. It 7 X 2 5 5 2 ( ) " " gradual etching vith disappear-
ance of deposits.
R.S. sT.,C-X. HC-3 Rm. S-N. 26 X 3 1 3 2 (" ) Black and light-green deposits (adherent).
R.S. »y. HC-4 Rm. . it 33 X 10 N il 7 1 (" ) ” " " " * > gray oxide spots. *
R.S. C-X. HC-5 Bolling'5) » 77 35 X X X 56 (96 hrs.) Green deposits, etching and partial deposit removal.
R.S. Y. HC-6 . . 29 4 X X X 17 (96 hrs.) Light green deposits (adherent).
R.W.S. ST. C-I. HC-0  Rm. 4TE. HI 89 X no 88 53 65 (1079 hrs.) Black deposit.
¢ Y. HC-9 t ! 5 X 4 5 5 4 (" ) Yellov-gray and green deposits, some rust.
Il n . _—
i ST.,C-1. EC-10 h S-N. 46 X 22 3 13 4 ( ) Black and green, deposits (adherent), etch, veld pit
o Y. HC-11 " 29 X IB 12 Nil 5 ( ) Black and greenish deposits (adherent).
C-l. HC-12 Bolling " 139 88 X X X 114(96 hrs.) Light green deposits (adherent).
RWX.S, Y. Hc-13 " " 21 Nil x X X u({ "™ ) Green deposits (adherent), veld macro-etched.
C.G. ST..C-l. HC-14 Rm. 47tF HI 0 X 1 1 1 Nil(1079 hrs.) Pc. slightly dulled, limited pitting, as cast hole attacked
. V. hc-15 " ' 3 X 2 2 2 Nil( " : ", blackish deposits, “
! STe,C4+e HC-16 ! S-W. 4 X 2 2 2 1 " " ", limited pitting, "
y V. Hc-17 ¢ . Nil  x . Nil Nil Nil Nil( : ' ' e ”
c-l. HC-18 Boiling " 70 73 X X X 72 (96 hrs.)
v HC-19 It 21 3 X X X 12( * ) Pc. dulled,groeni8h deposits (adherent) "
C.W.S. ST..C-I. EC-20 Rm.  47% HI 4 X 2 1 2 NU(1079 hrs.) Blackish deposits, brightening.
" V. Hc-21 i I 6 X 7 2 3 Hil( v ) ) ", some etching.
C.WX.S. ST..C-l. Ec-22 " S-W . 4 X 1 Nil 1 Ni K " . Etching.
! V. HC-23 " p Nil x  Nil s 1 v 1OIHL( Grayish and greenish deposits.
! C-I. HC-24 Boiling " 59 63 X X X 6l (97 hTs.) Green deposits, macro-etch.
" V. No 8ample available - - - * - -

N
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SPECIMEN, EXPOSURE AND OCRROSION BATE DATA FOR PURIRON, HASTSILOT C A\D TANTALUM IK HYERIODIC ACID AND 234-5 PROJECT SUPERNATANT SOLUTION (SYNTHETIC)

Specimen Date

Exposure Bata

Corrosion Bata (Rate Expressed in MPY-Mils
Penetration Per Tear to Nearest Mil)

w o~ “T3T 48 120 3w
Material™l) Preparation” Test No. Temp.  Corrosive Hra/ 8 Hrs. Hrs. Hrs. Hrs. Cumulative
Tantalus  Sheet, as rac'd. ST.C-l. T-IA Rm. HI (1.5% H'POg) Hil(<l) *11 X X Nil Nil WO Hr«.)
H ST..C-l. T-IB Rm. AR N x Nil X Nil 216 Hr..)
V. T-2A  Rm. 11 HpPop I x X Nil Nil WO Hr.)
V. T-28  Rm. 7 HI A « % Nil X Nil 216 Hr.)
ST., C-l. T-2A Rm. S-N(1.5%-»P0p-HI) " U X X Nil  Nil 480 Hrs.)
ST.C-l. T-38 Rm. SN « N x Nil X Nil 216 Hrs.)
V. t-4a  Rm. 8-H(l.5ItH-JOo-HI) y X X Nil Nil 480 Hrs.)
V. T-4B  Rm. 8-N d t X Nil X Nil 216 Hr..)
C-I. T-5A Bolling I TMil X X Nil (144 Hrs)
\ T-bA Boiling HI ( 1 H'Oo) X X
V. T-SB Boiling 471&HI X X
C-I. T-7A Boiling 8-N(1.9jtaJ02-HI) X X
C-I. T-7B Boiling 8-N X X
V. T-8\ Boiling S-N(1.5Ste3P02-HI) X X
V. T-QB Boiling SN X X
(1) See Table I, Appendix, pp; 5-6, "Motol rod .Alloy D ata/
(2) Legend: C. : cast HI. m Hyurlodic acid, see Table II, 8. r Sandblasted e
C-1.- complete imaeralon Appendix, p. S-N.s Process supernatant solution
G. s ground finish R. =Rolled (synthetic). See Table II,
Appendix, p. 7.
Adherent as used in remarks signifies that the corrosion products could not be removed by sater and bristle brush.
00 products could be vaahed off, the greenish corrosion products vere adherent (apparently danickelification).
5) Al percentages are calculated on a by veight basis. 3ee Table Il, Appendix, p, 7> "Composition of Corrosives."

Boiling testa are naturally agitated by convection currents and solution bunping.

Renarks(3)

static test

\. r vapor

voided
veld ground flush.

In general, the black corrosion

All boiling solutions vere changed every 24 hours.



