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INTRODUCTION

This is the third annual report on a stud y of “Hydrogen in HY—130

Weld Me tal” , Contrac t No. N00014—74—C—0407. The period covered is from

July , l97~~, to July, 1977.

Hvdr~ gen can cause crack ing in both the weld heat affected zone

and weld metal of high yield strength steels such as HY—l30. In these

steels delayed crack ing results from the presence of hydrogen in combina-

tion with a hard structure and residual stresses. Presently many precautions

a:3 utilized when gas metal—arc welding these steels in order to meet

req ui red mechn ical proper ties in weldments. The present study has as its

objective the elimination of hydrogen related problems in welds by using

add itives in the weld metal which will chemicall y combine with the hydrogen

to render it innocuous .

During the initial years work on this program* it was shown that

,~~i ,iduition of getter materials (misch metal) to HY—130 steel would tie

up the diffusitle hydrogen . Misch metal contents in the range 0.1 to 0.2

perc ent in experimental steels were capable of get tering hydrogen in steel

in arc meltin g atmospheres of up to 5 percent hydrogen. Also , spec ial ly

made short lengths of filler wires containing about 0.2 percent misch

metal operated without significant erfect on arc characteristics. Problems

of considerable magnitude were shown to exist in the fabrication of weld-

ing wires in usef ul prod uction leng ths con ta i n i n g  enough misch metal to

overcome arc losses and give the desired weld metal composition . A 0.2

percent rare earth stee 1 was fabricated into 1/16 inch (1.59 mm) wire only

with difficult y . St eels with hi gher than 0.2 percent misch metal were

too hot short to allow suitable wire fabrication.

Efforts during the second year of the program** took 2 direc-

tions : (1) toward perfecting a method or producing electrode wires

con taining a pure misch metal core , and (2) toward utilization of com-

mer c i a l l y fabr icated experimental electrode wire having a rare earth

su icide core.

* Annual Report , ONR Contract No. NOOOl~ —74-C-O4O7 (NRO31-770), dated
July 31 , 1975.

** Annual Report , ONR Contract No. NOOOl~~-7.4-C-O4O7 (NRO31—77O) , dated
July 31 , 1976.
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The successful fabrication of m i s c h  m e t a l — s t e e l  c o m p o s i t e  w e l d i n g

wire was not realiz~ d because of cracks th at developed in the wire d u r i n g

the rollin g and dr :iwing operations. These cracks appeared to initiate

from f ins formed and rolled into the sur ri r e durin g the rolling operation.

The cracks thus formed resulted in wire with continuous longitudinal

sp lits. A second contributing factor was the low temperature use~ in the

heat treat cycle , it was not high enough to remove prior cold work in the

steel , thus making it more susceptible to crick propag’tl~ n. Measures

designed to overcome the difficulties encountered have been outlined but

net pursued .

The specially made electrode wire having a rare earth su icide

core rather than misch metal was evaluated by cold—wire addition to welds

being made with Airco AX—14O electrode wire. Several proble ms wer e

encountered. Both the silicon content of the wire and the method of

addit i i I  seemed to be causes of these problems .

Hydrogen gettering tests showed that silicon did not reduce

the potency of the rare earths present. But , add ing it resulted in a

weld metal containing over 0.50 percent silicon. These welds show

significan t reduction in notch toughness when compared to welds made

without the additions. Therefore , work toward add itions which do not

advers e ly influence mechanical properties was indicated .

During the third year of the program which is the subject of

this report the major effort has been aimed toward the development and

use of cored electrode wires which do not contain silicon. To this end

nickel—misch metal alloys have rep laced misch metal silicide is the source

of rare ear ths in the experimental electrode wires.

Considerable effort was also expended during this report period

seeking a weld metal cracking test that could be used to economical ly

evaluate the crack susceptibility of the experimental weld metals.

MATERIALS

Base Plate

The base metal being used for producing weldments is 1—inch—

thick (25.4 mm) HY—l4 0 gr ade st eel p la t e having the following analysis.

—~~~ 
—.-- -
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N ickel 4.76 per cent Vanadium 0.D~ percen t

Manganese 0 .84 percent Copper 0.06 percent

Chromium 0.49 percent Aluminum 0.03 percent

Molybd enum 0.36 percent Carbon (total) 0.12 percent

Silicon 0.34 percent Phosphorus 0.003 percent

Zircon ium 0.11 percent Sulfur 0.007 percent

Primary Steel Electrodes

Two primary electrode wires for welding were furnished by the

Sponsor. One was an experimental wire known as AX—140 and is 1/16 inch

(1.59 mm) in diameter , bare and brigh t. It was produced by Ai rco  Weld ing

Prod ucts and is recorded as Heat Number 51252 Lot LK4. The second was

also an exper imental wire designated as Linde U~OS , 1/16 inch (1.59 nun)

in diameter and came from Heat Number 151140.

The AX—140 wire was used in all early work during the peri~ d

covered by this report. After receipt of the 140S wire it became the

major wire used. The data cited identifies the wire in specific experi—

mets .

Rare Earth—Nickel Cored Electrode Wire

As a method of produc ing a weld metal which should have better

ductility than when misch metal silicide is added to getter hydrogen it

was decided to use a rare earth—nickel powder alloy . This special alloy

was produ ced by Novame t of Wald~ ick , N .J. Two lots of it were used during

the present report period . Their composition is given in Table 1.

TABLE 1. COMPOSITION OF RARE EARTH—NICKEL ALLOY POWDER

Weigh t Percent
Heat Number Ni Rare Earth Al C 0 N

T—80086 68.1 32.0 0.14 0.004 0.010 0.0022

T—80837 68.3 32.0 —— 0.005 0.030 0.0030



Hobart Br~~thers , lr~ v , Ohi. , pr dured three lots of 0.045 inch (1.14 mm)

diamet er wire cont a ini n g the rare earth-ni ckel powder for use during the

report period covered.

Cored_ El ectrode wi re Lot No. FF8— 1i5—2

Th is wire was designed to contain 10 percent rare earth metal—

nickel powder; the actual composition as produced was 10.1 per perc ent.

The remainder of the wire was nominally 81) percent law carbon sheath md

10 per cent iron powder. As received this wire was slig h tl: oversize

(0.045 in. 51.14 mm), was discolored (nearly black ) and the scum in t h ~~

sheath w~ s sl ightly open . Fifty pounds of this lot of wire were re~ ei.~~d.

The rare earth—nickel powder used was from Heat No. T8008b .

Rare earths were placed in the weld metal by cold feed ing the

cr red wire containing the additive into the forward edge of the molt en—

pool made by the gas metal arc weld. Bead—on—plate weld pads were made

for analysis of the rare e~ rth content using weldin c parameters f~ und

suitable earlier for making cold wire additions. The addition rate used

was calculated to produce a weld metal containing approximatel y 0.12 per—

~eut rare earth based on past recovery experiences. Subsequent spectro-

grap h ic analysis of the weld metal produced showed less than 0.004 percent

rare earth when using either argon or argon plus 2 percent ~xv~ en is the

arc shielding gas.

Based on the physi cal condition of this lot of wire , and

observation that the wire was losing core material as it was uncoiled

during welding, p lus the analysis of the weld metal led to a concern about

its usefulness for the intended purpo se. Consequently , hydrogen getter ing

tests (see annual report July 31 , 1975 , pp. 12) were under taken to deter-

mine the hydrogen tie— up capabilities of this rare earth—nickel containing

wire. The results indicated that the subject wire did not introduce suffi-

cien t rare earth elements to getter hydr ogen.

As a consequence of the hydrogen gettering tests results it

became desirabLe to determine whether the rare earth—nickel alloy would

infact tie—up hydrogen in a weld metal. This was done by melting 10 g

buttons of AX—140 filler metal wire under argon , drilling holes in them

of vary ing volume , filling the holes with rare earth—nicke l powder
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and then performing the usual hydrogen gettering tests on these composite

butto ns. The results showed that the rare earth—nickel alloy would tie—up

the hydrogen. They showed also that approximatel y 0.25 percent rare earth

was needed to eliminate hydrogen evolution during the test. This was

a good check on past work; a recovery efficiency of the order of 30 to

-.0 percen t is valid for these experiments.

It was apparent af ter the two series of hydrogen gertering

tests that the “gettering quality ” of the subject wire had been affected

by the fabrication procedure. Therefore the manufacturer was contacted

and these factors important to the possible usefulness were learned .

(1) The dark color is ordinarily not harmful, it is a

function of the strip making procedure and the wire

lubricant used.

(2) Lubricant residue (carbon) has been found on

finished wire.

(3) The wire is baked in air at temperatures up to

600 F (315 C) to deact ivate or remove lubricant.

Baking temperature depends on lubricant used.

(4) Oxidation of the core does occur and is quite

var iable depending on strip variations and die

wear.

Thus , the possibility existed that the desirable properties of the rare

earth—nicke l core material was lost due to oxidation or other alterations

mos t likely dur ing the baking step of the wire making procedure.

To determine whether or not the core of the wire had been

oxidized X—ray diffraction (XRD) analyses were made on the as—received

rare earth—nicke l alloy powder , on this same powder after heating for 3

hours in air at 625 F (330 C) and on very small samp les of powder as

recovered from the as—received cored wire. The compounds identified are

shown in Table 2. The patterns were taken in a 57.3 mm Debye—Scherrer

camera using CuKa X—radiation. Compound identification was obtained by

matching the experimental patterns against standard patterns in the Powder

Diffraction File (PDF) maintained by the Joint Committee on Powder Diffrac-

tion Standards. The compound (RENi 5) represents a rare earth—nickel alloy

with a hexagonal cell. While this compound is not listed in the file there

4- 
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are several analogous compounds given such as CeNi 5, LaNI , PrN i5, NdN i ,

et c. The rare earth atoms appear to occupy sites in the lattice necessary

to produce  a p a t t e r n .  The compound l i s t e d  as Fe 30, p r o b a b l y  c o n t a i n s

some Ni and rare earths , since agreement with the standard pattern is not

good as normally observed . No patterns of rare earth metals were observed

except the alloy .

TABLE 2 :~:—RA Y DIFFRACTION OF WIRE CORE MATERIALS

Pat terq
Sample Compound POE ° Strength~~~

Powder (RENi 5)~~
6
~ 

— —  Very strong
(as rece ived) Ni 4—850 Very strong

Powder aft er heating (RENi 5) —— Very strong
330° C— 3hrs N i 4—850 Medium weak
(~ 26 F) CeO (Cerianite) 4—593 Weak

W ire , powder core NiO (Bunsenite) 4—835 Strong
(Fe)2B(Kamac ite) 6—s96 Medium
Ni 4—850 Medium
Fe304 19—629 Med ium
CeO 3—593 Medium weak

(a) Pattern strength is the intensity of the strongest line of a
compound ’s pat tern . It services as a rough quantitative estimate.

(b) This compound appears analogous to (CeNi5). The lat tice para-
me ters are a~ =4 .907 , c0 3.009 .

The XRD analysis shows that simple air oxidation of the rare

earth—nickel alloy powder is not serious at 330 C (626 F). The picture

is not as clear for the powder removed from the wire. However since

extensive oxidation apparently took place at the same temperature , th is

may be related to the presence of lubricant and the iron powder in the

wire core. Analytical results show that both the nickel and the iron

appear to alter significantly while the presence of metallic rare earths

seems lost.



No f u r t h e r  w e l d i n g  w ork  was u n d e r t a k e n  w i t h  w i r e  f r o m  Lot  N o .

F F S — 1 l 5 — 2  because  of  t h e  e v i d e n c e  n r e s e n t e d  t h a t  t h i s  w i r e  was not  s u i t e d

fur tying up hydrogen in  t he  weld m e t a l , because  of p r e ox i d a t  ion (o r

n i t r o d a t i o n ) .  Ar r a n g e m e n t s  were  made to p r o d u c e  cored w i r e  c o n t a i n i ng

rare earth—nickel powder which was not subjected to the lubricant hake—

off step.

Cored El ectrode W ire Lot No. EFS— l15—3

This wire was prepared using the neat rare earth—n iciKel p -waer.

The fill content , determ ined after fabricatin g to 0.045 inch (1 .13 ~n)

d iamete r  wi re  was I~~.9 per ~~en t  powder or 5 . 4 percent rare earths. The

w i r e  was not  c leaned be -m d the normal wiping after drawing and no baking

was allowed . Three pounds of t h i s  lo t  were  recei’.’ed , i t  consumed a l l

of the r a re  e a r t n — n i c k e l  a l loy  on hand ~Hea t  No .  T80086) .

Hydr ogen gettering tests using buttons made from AX— 140 welding

eLectrode wire and varying quantities of the new rare earth—nicke l cored

wire. The results indicated that the contained powder was capab le  of

tying—up th e diffusible hydrogen remaining in the button when it was

m e l t e d  under  e i t h e r  argon +0.5 or +2.0 percent hydrogen .

On the bas is of the tests described work proceeded on the

prod uction of welds containing rare earth—nickel additions to eliminate

delayed crack ing ca used by hydrogen .

Cored Electrode Wire Lot No. FF8—1l5—4

The third lot of cored wire used during this report period was

designed to contain 10 percent of the rare earth—nickel powder. It was

not cleaned nor baked af ter drawing. Twelve pounds of 0.045 inch (1.13 nun)

diameter containing rare earth—nickel powder from Heat No. T80837 were

received.

Several  h ydrogen g e t t e r i n g  t es t s  on b u t t o n s  were  made f r o m

Linde 140S (Hea t  No.  151140) wire  and the  wi re  f r o m  Lot No .  FF8—ll5-4.

The calculated rare earth content of these buttons assuming a 35 percent

recovery , ranged from 0.06 to 0.33 percent. The results showed that the

d iffusible hydrogen was tied—up in all buttons containing a calculated

_
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4 0.13 percent or more rare earth. Thus the ex~ eri me n tul wire from Lot N ).

FFS—l 15— -~ was considered useful for producing t e st  we1d~~.

EXPERLMENTAL WELDIN G

C r a c k i n g  T e s t s

.
~ pp ed Bead—on—Plate (GBOP) Tests

As indicated previousi: it was d e s i r a b l e  in t h i s  r e s e a r c h  n r o —

gram to find an economic cracking test suitable for evaluating the effect

u f  r a r e  e a r t h  a d d i t i o n s  on HY—l3O weld metals. Thus it was decided to

examine the usefulness et t he  r e c e n t ly  developed GBOP (gapped  b e a d — o n — p l a t e )

test * for this purpose . In c o m p a r i s o n  w i t h  o the r  weld metal hydrogen

c r a c k i ng  t e s t s , t h i s me thod is simple and inexpensive. ‘~et , it is used

t u  cuantitati velv determine the effect s of important welding variables

on cracking susceptibility.

The basic test compr i ses  two b locks  clamped t o o e r h e r  w i t h  a

gap f o r m e d  by i groove mach ined  in one of the  b locks  as shown in F i g u r e  1.

\ f t e r  d e p o s i t i n g  the -geld bead as i n d i c a t e d  in Fi gu re  1, it is set as ide

f o r  12 to 72 hours  to a l l o w  a d e q u a t e  t ime  f o r  de l ay ed  c r a c k i n g .  The t e s t

weld is examined by removing  the  c lamp , h e a t i n g  the weld bead to a du l l

red with a torch to heut—ti nt any cracked surfaces , allow ing the weld to

cool , and f r a c t u r i n g  the  weld across the  gap.  C r a c k i n g  appears  as a bl ue

t h u m b n a i l  on t he  f r a c t u r e d  weld me ta l  s u r f a c e .  O t h e r  i n v e s t i g a t o r s  have

related the incidenc~ of cracking in CBOP tests on shielded metal—arc

welds to :

(1) the hydrogen content of the weld—metal deposit

(a) McParlan , M ., and Grav il le , B. A . ,  “Hydrogen Crack ing Weld Metals” ,
Weld. J. 55 (3) 95s—102x (1976).

(b) McParlan , M , and Grav ille , B. A., ‘Development of the GBOP Test for
Weld Crack ing” , IIW—IX—922—75 (April , 1975).

(c) Grav i lle , B. A., and McParlan , N ., “Weld—M e tal Cold Cracking ” , Metal
Constr. and Brit. Weld , J . ,  h ( 2 )  6 2 — 3  ( 1 ) 7 4 ) .
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2) the prehea t temperature and cooling rate needed to

p r e v e n t  c r a c k i t g

(3) the f iller—met a l composition and strength

(.. ) t he  w e l d i n g  proress ; shielded metal—arc , submerged

arc , and f l u x — c o r e d  gas m e t a l — a r c  w e l d i n g

( 5 )  th e  f i l l e r  wi res  h a v i n g  t h e  same nomina l  composi-

t ion bu t purchased from different supp liers

( b )  t he  le’.e l  of  r e s t r a i n t  t h a t  was v a r i e d  by modif y ing

t h e  t e m , t b l o c k  g e o m e t r y

( 7 )  the te st block composition .

00 100

— 

,~~_.M~ chi n.d

Test  Wild

Clo m p ~~~~~ ca ~~

Mochi nid R.ci,,
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In t he  present program the GBOP test was used e s s e n t i a l ly  as

o u t l i n e d . The e v a l u a t i o n  was made by m a k i n g  weld beads w i t h  t h e  AX — 14 0

standard electrode wire and argon shielding gas containing either 0.5

or 2.0 percent hvdorgen . A total of 12 tests were made during which

welding parameters were varied to obtain different heat inputs and weld

penetration. The gap (notch sharpness) was also varied by making the

weld across the buttin g part of the blocks away from the machined gap.

The r e s u l t s  i nd i ca t ed  t ha t  t he  t es t  was not  s u i t a b l e  f o r  c r a c k

s u s c e p t i b i l i t y  t e s t i ng  in the c u r r e n t  research program on gas metal—arc

w e l d i n g .  No de l ay ed  cracks  were found in any of the weld beads produced .

In c o n n e c t i o n  w i t h  the work done w i t h  the  GBOP t e s t s  one of

i t s  deve lopers  was c o n t a c t e d  f o r  c omments .  I t  was learned t h a t  o t h e r s

na’.’e had sim il ar negative experience. The difficulties are attributed to

d i f f e r e n c e s  in hea t  i npu t s , p e n e t r a t i o n  and the ch i l l ing  in f l uence  of the

spec imen .  The t e s t  d e v e l o p e r  uses lower heat  inputs  and a t h i cke r  (g rea t e r

hejt sink) test block. The discussion indicated that significant test

dev eiup rnen t work would  be r equ i r ed  to validate the GBOP test for our pro-

gram . T h i s  was c o n s i d e r e d  cu t s i de  the  ob j ec t i ve  of the program and work

on the GBOP teSt was dropped.

Other Crack ing Tests

Because the  need f o r  a s imp le  t es t  to  eva lua te  the  e f f e c t  of

rare earth additions on the HY—l3 0  weld  me ta l  remained , t h r e e  o t h e r  tech-

niques were examined :

(1) A spot fusion test made with a tungsten inert gas

welding arc hv melting a pooi in the surface of a

massive block of base metal. Filler metal and/or

rare earth bearing wire could be added to the molten

metal pooL.

(2) Restrained V—groove weld tests made in short scrap

pieces of base metal. Rare earth containing wire

and hydrogen containing shielding gases could be

used as desired for the particular test.

(3) Bead—on—p late tests in which rare earth

additions and shielding ~‘I s  cou ld  be va r i ed  to le arn

their Influence on general cracking.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — -.-~~ ---— 4
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Spot Fus ion  Test .  These t e s t s  were  made by m e l t i n g  a spot in

the center of the surface of a 3—inch square 1—inch—thick block of H Y — l 4 0

stud . The spot was melted with a tungsten inert—gas torch at 380 amps

mod 18 volts. After the spot froze it was dve—pen etrant checked for

cracks after 1 hour and after 23 hours.

Spo t s  were made under  a rgon , argon p lus 2 percent hydrogen and

arson p lus 5 p e r c e n t  hy drogen . AX— l30 filler was added to one spot and

a sput with out f i l l e r  m e t a l  was made under each gis. A ll but one test

was made with the block at r oom t e m p e r a t u r e .  The e x t r a  b lock  was c h i l l e d

in dr- -- ice before th~ spot was melted and quenched immediately after

-
~ el d n g .

None of the spots showed evidence of either hot or delayed

cracking either before or after the bead was ground f l u s h .  This  t e s t

was therefore abandoned .

Restrained V—Groove Test. The test specimen for this work was

a s h o r t  vers ion  (8 i n c h e s ;  2 03 mm long)  of the standard specimen given in

MI—30 -BEI1 , “Procurement Specific ation Electrodes , Welding, Base , Sol id

f o r  P r o d u c i n g  H ’f—1 3O Wel dmen ts for As—Welded Applications ” .

Radio~ raphL u results on 4 weld passes made in this specimen

showed transverse del ayed cracks when welded u s i n g  argon p lu s  2 p er - :en t

h’-drogen shielding ga~ . No cracks were found in welds made with argon

p lu s  2 percent oxygen ~is. Thus a relativel y inexpensive V—groove speci-

men can he used to show the influence cf rare earth additions. Addit ional

work w ith this specimen is reported later in this report.

Bead— on—P late Tests. During thi s program bead—en—plate tests

ire made to establish the welding parameters for control of heat input ,

he ad shape , arc stab ility, et c. This same test can be used to indicate

when rare earth containing additions are excessive thus leading to the

possib ility of both hot and delayed cracking. In Table 3 the data for

rests made te  show the effect of rare earth wire additions and different

sh ie l d ing  gases are given. The appearance of these beads—on—plate as

d’--e—penetrant tested is shown in Figure 2.

The bead—on—plate data show that hot cracking can be expected

if the calculated rare earth content is over 0.10 percent. Also it

appears ~that the use of argon—oxygen shielding gas will permit higher

rare earth additions. This is probably because the rare earths are
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oxidi~ ed and thus are not e n t e r i n g  the weld m etal. ~t is believed that

the oxidizing effect is more imp rtant w ith respect t - tH~ - crackin g in

this test than when lower heat inputs are recerdtm d.

Tungsten—Arc Wel dln -~

During cracking test development work on the V-croove specimen

difficulties were encountered when using the exp erim ental wire :roa Let

No. FFS— l15—3. This wire contained 5.4 percent n r c  earths and tnus

req uired careful control for the feed rates. At the iccep tib ie gas metal-

arc welding feed rates for the main electrode the feed rates of the rare

earth bearing wire were quite low for accurate control in the available

equiPm ent. Nonuniform , prema tu re mel : in~ of the cold wire by

th e arc was especially difficult to overcome at the slower feed rates.*

Therefore tungsten arc welding using two cold wire feeds w~ s exam ined as a

method for makin g experimental V—groove welds. The advantage for tungsten

arc weldine for experimental purposes lay in the abilit y to vary both wire

feed rates over a wide range . Thus any level of rare earth addition could

be obtained with constant heat input.

After a preliminary series of bead—on—p late tests, tungsten arc

welds using two cold wires were attempted in short V—groove specimens.

.~ rear improvement in results were foand over those obtained when gas

m et al—arc welding and work with V—groove welds was stopped .

To d e t e r m i n e  w h e t h e r  or not an improvement  in r a re  e a r t h  recovery

e f f i c ie n~~; was possible when tungsten—arc welding three spectrograp hic

analyses were made on specimens made for this purpose. The additions made

were of the same order of magnitude as those for gas metal—arc welding so

tui t the data would be comparable. Table 4 shows the results. The data

show that the ~se of a tungsten arc and two cold wires for producing welds

containing rare earths is a much Less efficient method of accomp l i sh ing
the rare earth additions than the gas metal—arc process with either argon

* The same problems were the reason for the production of Lot No. FF8—115—3
to contain only 3.2 percent rare earths. This permits higher wire feed
rates for equivalent additions . 

~~~~~~~~~~~~~~~~~~~~~~~~ - _ _ _ _ _ _ _  -~ ~-~-
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or argon—2 perc ent 0, gas s h i e l d i n g .  No e f f o r t  was made to find t he  cause

of the anomalous data for weld  “ A ” . I t  was expec ted  t h a t  at the  h i g h  hea t

input r e c e v er v  of rare earths would he poorer rather than bett er than for

th e other tests.

Because no advantage in welding technique over gas met3l—arc

w e l d i n g  was f o u n d  for tungsten arc welding and the rare earth recovery

efflcien~ v was low no t u r t h e r  e f f o r t  was expended on this process.

R e s i d u a l  Rare  E a r t h  M e t a l  in Wel ds

I t  was desirable to l ea rn  w h e t h e r  or not  any r a r e  e a r t h  metal

available for subsequent reactions remained in the completed weld.

Residual rare earth metal mi ght have one of several effects , among them:

(1) alter the weld metal mechanical properties ,

( 2 )  alter the corrosion properties of the weld metal ,

(3) influence the results of repair welding operations.

A knowled ge of the  p resence  of the residual rare earth metals react iv it y

was ga ined  by mak ing  h y d r o g e n  g e t t e ri n g  t e s t s  on specimens of weld metal.

These tests were made in the same manner previousl y reported . The da t a

collected are summarized in Table 6.

It is evident f rom the da ta  in T ab l e  6 t h a t  l it t l e , if any ,

rare  ear th me tal in the  form needed to tie—up the diffusible hydrogen is

present in any of the weld metals tested . In the case of welds made with

pure argon shielding gas the data indicates that an addition of the order

of one perc ent may result in the retention of active rare earth in the

fin ished weld. Data on weld metals made under ar~ on p lu s  2 percen t 0
2

do not show this indication.

The results of these experiments show that the rare earth—nickel

al loy  is most likely consumed by oxidation. Rare earth oxides included in

the weld would be expected to slag off when the weld metal was remelted .

The appearance of the test buttons did not indicate a slag coating.

S
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M e c h a n i c a l  Tes t  Specimen P r o d u c t i o n  and Testing

Based on expe r i ence  gained w i t h  the  several  we ld ing  pr o c e d u r a l

experim ents , it was decided to make V—groove specimens for mechanical

testin g . Because of a shortage of base plate materials these specimens

were designed to furnish mainly impact test pieces because in previous

work the greatest effect of rare earth additions was noted in the notch

touguness results.

The p r i o r  e x p e r i e n c e  gained was also important because the equip-

ment improvements made permitted satisfactory wire feeding uniformity. The

sh ielding gas chosen for production of mechanical test specimens was argon

+ 2 percent oxygen. This was done because of the better weld bead quality

ob tained versus that produced when welding with pure argon b ut knowing

the rare earth recovery was better when pure argon was used.

Pertinent welding and other information on the welds made for

mechanical testing is given in Table 5. The specimens as—welded were

e i t h e r  8 or 18 inches ( 103.  or -~37 . mm) long as indicated . In cross

section they simulated , as nearl y as available material would permit , the

Spe cification MI—30—BE/1 for the procurement of I-IY—l30 steel weldments. The

fini shed weidment V—9 is shown in Figure 3.

The method used to p la ce rare ear ths in the weld was to cold feed

the w ire containing the additive into the forward ed ge of the gas metal arc

weld pool. The welding parameters were set suitable for normal operation

using 1/16—inch (1.59 mm) diameter electrode wire. The 0.033 (1.13 mm)

diameter cored w ire was fed into the weld pool at a rate calculated to

over come arc losses and reach the desired rare earth concentration level.

Th is rate was determined from available data and checked by toe analysis or

bead— on—plate welds when using cored wire of known rare earth metal content

and a primary electrode feed rate of about 180 ipm (3 .57 rn/mm ). The results

of these bead—on—p la te anal yses are included in Table 5. The data collected

on the mechanical propert ies of welds made in the 1 inch (25.4 mm) thick

HY— 1 40 grade steel are given in Table 6. Also given in this table are the

result s obtained previously on welds made with rare earth silicide wire

addi tions.

The data in Table b show that if the power input is in the order

of 35. kJ/in. (1.14 kJ/mm ) rare earth—nickel additions to the concentration

_ _ _ _ _ _ _  4
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l evel be 1 i eved r e q u i r~~-i ca n he flI:Idt’ vi t h o u t  som.~ loss of toughness as

com p a r e d  to the  s p e c i f i e d  p r o p e r t ’.- . ~\PIen t h e  hea t  i n p u t  is a r o u nd  -~2 — 3 3

kJ / i n . ( i . 7 
~~.J/ mm ) there is a sign it ic an t loss in toughness. This occur s

even thou ch the rare earth content of the w e l d  m e t a l  is ove r t han  d e s i r e d .

The impact stren gth of the low heat input rare earth—nicke l

cont aini n g weld is l ower at ro om t e m p e r a t u r e  than  o b t a i n e d  when rare earth—

s i lj ~~j de  - s d i i t i o n s  were  made .  The r a r e  e a r t h — n i c k e l  we ld  m e t a l  m a -  a l so

aave in i n f uence  on the transition temper atur e . In all cases the add iti n

of rare earta m e t a l s  r e d u c e s  the  n o t c h  s t r e n g t h  of  w e l d s  in HY— l~~u s t e e l.

The ver’-- low impact properties of weld V—~ wer~- e’~1de~ ced by

ci r~ gray ar e a s  on t h e  f r a c t u r e  s u r fa c e  as sr ,own Ln ~ i g u r c -  . vii oh - : - o m n i r e s

V — ~~ : ra c t u r e s  w i t h  t hose  for the best  p r o p e r t i e s  o b t a i n e d . The ~ossibi lit

o~ t h i s  - o n d i t i o n  was a n t i c i p a t e d  f r 2 m  the w e l d  r a d i o g r a p h .  Macro granh—

ical lv t i~ - 5 e  g r ay  areas  a p p e a r  to indi cate a lack of meltin g and mixin g

of the- r i r e  e a r th  m a t e r i a l s  in  t h e  ld p o o l .  1o exp lana tion waS f o u n d

for such sn o c c u r r e n c e ;  one w i l l  be s o ugh t  d u r i n g  p r oj e c t e d  m e t - i l l o - c r a u h i c

inc met  . l l l :r g i c a l  w o r k .

D I S C L S S I ~~;

t is e v i d e n t  t h a t  the weld notch t ou gh n e s s  is  r educed  when rare

earth e l e m e n t s  a re  added to  th e  w e i d  m e t a l .  The r e du c t i o n  appears  g r e a t e r

when the r i re earths were  added as n i c k e l compounds  is opposed  to silicon

c o m p o u n d s .  The reason f o r  t h i s  is not  obv ious  s i n c e  a d d i t i o n a l  n i c k e l

would  be e x p e c t e d  to i m p r o v e  t o u g h n e s s  and s i l i c o n  to r educe  i t .  The

answer ma~; lie in the fact t o i t  silicon may o f f e r  more p r o t e c t i o n  to the

rare earth elements agai nst oxi da ti on , and that the rare earth oxide

inclusions affect tr ’e toughness. Evidence that the rare earth elements

were  ifi f~~~~t , in n- nm .-t i i  l i e  - ‘mo -:nU fo rm in the  weld m e t - i l  is t wI t o l d .

( a ,  M e t i l l o g r a p h i  Ina v si s  of weld  m e t - i l  in d i c at 1 s

t h a t  n u m e r o u s  s p n e ro i i a l  compound s  wer e  p r e s c n t

w i t- li n the grains. (Rare earths in met d u e  f o r m  a r e

gene r 111 :/ t I und as intergranular phases.

( b )  A f t e r  welding, specimens taken f r o m  t h e  weld  m e t a l

lost th ei r abilit -.’ to getter hydrogen in a but t - n

- - — - -— s- - - - - - - - ~~~~~-
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t e st  i n d i c a t i n g  t h a t  t h e  r a r e  e a r t h s  were  in a

more s ta b l e  - h e m i c a l  torn t han  is the  hy d r i d e .

To e s t i m a t e  i f  1:- :-:g -c n f r o m  t~~c a rc  at m o s p he re  ( - \r + 1 ”  02 ) cou ld  e n t e r  t he

v~-idm ~-ta: in ~ i~~~:c : t -nt  q u a n t i t i e s  to :omhine with all t ie  rare  e a r t h

~~l e ~~~ i t s  ac~~~-a c i  I c u l i r i o n  of ox - .gen  e n t r y  r i t e  was made u s i n g  same

ion s .

H~ wd en  a nd : t i L n e r * fo u n d  t h a t  in  the  o x Y g e n — t i t a n i u m  s ’- s t em
- - —3 — 1 -o xy g e n -. s s  a b e - r ~~eu i t  a r a t e  c t  l .  x iO g sec . Assuming  t h a t

i s  c u r a b l e  of  ~b~ u r i i n g  ox gen a t  t h e  same r a t e  (a t  least  f o r  d i l u t e

~c luti - ’n~ of  - :-: :Uen in i r n ) , about  0 .1  g mm 1 was b e i n g  abso rbed  by the

~~~~~~~ Rare  e i r t i s  w i ~ ~~ ing added at a rate of approximately 0 . 3  g mm 1

S -t J th~ - cr~~i e l e c t r o d e .  A s s u m i n g  the t r i v a l e n t  form of the  ra re  e a r t h

m etals O X i S ts , 0.1 e of -jxv~ eri combines with approximately 0.6 g of rare

e~~r t u  me t al , It is p r o b a b l e  t h e r e f o r e  t h a t  the  r a re  e a r t h s  i n t r o d u c e d  i n t o

t ie  we ld me t  i i  are fu ll y oxidized during welding.

kelding in the future then must he carried out using a shielding

gas o: argon. IThen this has been t r i e d  in t he  pas t  b o t h  hot  c r a c k i n g  and

a poor head shape were encountered. The lot c r a c k i n g  was r e l a t e d  to h i g h

re:°yer~. rates of rare earth e l emen t s  and the  poor bead shape to the  absence

the wett:ng of fe:t of oxygen on m o l t e n  s t e e l .  These two i t ems  w i l l

r e : e iv e  p r i m a r . - i t t e n t i o n  by o p t i m i z i n g  r a r e  earth levels and arc variables.

.~ e l J~~ in H f — ~~30 s t e e l  v i i i  t h e n  be made to a l l o w  e v a l u a t i o n  of m e c h a n i c a l

rone rties iid s t r u c t u r e  b o t h  w i t h  and w i t h o u t  hy d r o g e n  c o n t a m in a t i o n  or

ti~ arc sh ielding cas.

* “Gas Absorption in Consumable Ele ctr 5d e Welding ’ , D. I . Howden and

3 ~ . R. Milner , Brit. Welding Journal I~~, 395 (1963).

_ _ _ _ _ _ _


