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FCRE WARD

This final report on Contract NOOC14-84-C-044C describes work carried out
at tt.e Engineerin6 Division of Pratt & Whitney (a division of United
Technologies) during the per--od 1 September 19841 through 31 July 1986. The
principle investigator/prorgram, manager at P&W was Dr. R.G. Bourdeau who
coordinatea all1 work with Dr. G.B. Olson of N:IT. Dr. B.A. M~ac Donald was the
ONR scientific officer in charge of' the probram.
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ABSTRACT v oA.Cr44k a

e-tso-14odatd-rapid ly . I id ified powders of iron
base ard steel compositionslfor the *.assachusetts Ia'stitute of Technology
(LIT) for use on a companion 0,1, prorar:. A total/of seven compositions were
converted to rapidly solidified powder in a P&W experimental rotary
atomizationi uevice. The powders were screened,, canned in extrusion containers,
extruded to bar stock and delivered to MIT. Mgahanese containing TRIP steels
and an iron base alloy were produced with refined structures where the
contaminants in the steel such as sulfides ere finely dispersed. Lanthanum
added to the alloy steel gettered the pho phorus and refined phosphides as
well as oxysulfides were produced for a coarsening resistance. The latter
steel is bein6 evaluated in sharp-crack toughness and K SC stress
corrosion resistance. In addition, Fe-Ni base compositicns were produced which
are being used to study the effect rapid solidification in as solidified
material
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SECTION I

INTPODUCTION

The program has as its objective the production and consolidation of
rapid solidified powder of iron base and steel compositions for the
Massachusetts Institute of' Technology (MIT). The compositions are for use by
N'IT on a companion ONP program. An earlier program demonstrated that the
contaminants is steels, ie. sulfides and silicates, could be finely dispersed
by rapid solidification and that these were effective in providing resistance
to grain coarsening during subsequent treatment at high austenitizing
ter.peratures (ref 1). The current program has produced TFIP steels and an
alloy steel with rare earth (lanthanum) additions. The lanthanum was used to
scavenge phosphorus for brain coarsening resistance as well as property
improvements. In addition, Fe-Ni alloy powders were produced for
solidification stuoies.

A total of seven compositions (four alloy steel and three Fe-N;i
compositions) were converted to rapidly solidified powder. The powders were
screened, vacuum canned, extruded to bar stock and delivered to MIT for use on
their program.
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SLCTION II

PFCGAM PLAN AND SCiIEDULE

The objective of this technical effort was to proauce a number cf iron
base alloy and steel compositions for the Vassachusetts Institute of

,echnoiok~y (MIT). The program was to be performea in full cooperation with 1:IT
which is conducting a basic program to demonstrate that the use of rapid

soiidification will produce superior fracture tou6 nness and stress corrosion
properties in high strength steels. The program was to produce also a number

cf Fe-lh base alloy compositions for use in basic resee- cn on solidification.

The program plan and schedule consisted of two tasks to be carried out

simultaneously. A task to produce the rapidly solidified powder front cast
ir6 ot obtained from a steel producer, and a task to screen and consolidate the

powders by extrusion in a P&!, extrusion press at conditions determined in

cooperation with MIT.

Due to delays in assigning an 1:IT graduate student to the program and due

to delays in obtaining alloy melt stock from a steel supplier, the program

schecule was extended from 12 months to 23 months. This delay was accomplished

without reduction in the level of effort.
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SECTI,, _-I

ALLOY PRCCESSING

The iron base alloy and steel com positions provided as cast uiliets by
the LTV Steel Corporation were atomized to rapidly solidified powder in one of
two small scale experimental P&W atomization devices. Some of the alloy
powders were consolidated to bar stock by extrusion and all material was
shipped to the Eassachusetts Institute of Technology (WIT), for use on their
studies dealing with the effects of rapid solidification on alloy steel
structure anc properties. This report covers tne processing and consolidat:on
of the rapidly solidified powder compositions produced during the program.

rowCer Processing

The base coripositiois processed were in the form of cast billets
approximately 4 inch in diameter by 7 inch long each weighing about 25 lbs.
The billets were remeited in the P&W atomization apparatus and converted to
powder.

The rapiuiy solioified powder was produced in an experimental powder
apparatus (ACT 5COCCO) cescribed in a prior report (ref 3). The liquid metal

* was vacuum induction remelted in a stoppered Al O crucible and the liquid
:etal metered through an Al 23 nozzle onto a ro~ating atomization disk. The
liquic metal superheated soi,.e 30CF (15CC) was poured in a heliur. atmosphere at

o--. an averaLe rate of 20 to 30 lbs per minute (150 to 225 gms per seconc) onto
tr.e disK rctating at a speed of 24000 RPM. The liquid metal desintegrated at
the ecge of the disk into droplets and these were -Jected at a velocity of
about 1S2 meters per second into the helium atmosphere. Dro letU
solidification rate were estimated to be in the range of 1C to 106 degrees
per second (ref. 2). The alloy compositions processed and the powder ielcs
obtained are presented in table 1.

Powder size distributions for the alloys produced were found to be
typical of iron base alloys and similar to the powder distributions produced
on ccntract NrC14-81C-0016 (ref 3). The average powder particle ciameter was
approximately 70 microns.
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Table 1 Powder (-80 mesh) troduced for ,IT

Eillet Alloy Composition XSR # Yield

V-153 Fe-4CNi II- 423  3300 gms
V-188 Fe-30N1 II-430 2070 gins
V- 17 Fe-201i 11-431 5180 gms

1 -666 Fe-1ONi-16Cr-3.66Mn !1-424 46CC gms

V-149 Fe-10Gi-16Cr-0.471,n 11-425 4380 &rs
V-150 " t " 1-426 6080 gins

V196-I Fe-2Ni-1.51:o-0.4C-0.15La 11-428 1895 bn.s
V196-2 if " -G.05La 11-429 1210 gins
V196-1 " " " " -C.15La 11-432 2050 Lms

PrccessinL of the last two billets (V196-1 and V196-2) caused
difficulties cue to blockabe of the ceramic nozzles (used to control the flow

of liquid mptal) soon after the start of atomization. In process runs 11-428
and 1I-429, the liquid metal flow ceasea 33 seconds and 52 seconos
respectively after the start of processing. Energy dispersive X-ray
microanaiysis of tne cross sections of the ceramic nozzles indicated the

presence of lanthanum compounds at the nozzle-metal interface but none could
be cbserved in the Lulk of the soliaified metal in the throat of the nozzle.

The blockage during the last three process runs was unusual and therefore it
appeared that the lanthanum contributed to the problem . The last process run

1i-432 which was a re-run of the remaining V196-1 billet produced similar
results. The powder yields for the latter three process runs were less than
half the expectec yields but sufficient material was produced for MIT to
conduct its research studies.

Powder Consolidation

The iron base alloy powders produced were all sieved throu6h an 80 mesh

(177 micron) screen in a high purity helium atmosphere containing less than 3

ppm of oxygen. The first three powder alloys in Table 1 were screened and
shipped to MIT for use in their studies aealinb with solicification rate
effects. The remainder of the alloys in Table 1 were consoliaated by extrusion
prior to shipment to MIT.

The cannink of powders for consolidation by extrusion was accomplished in
a vacuum of at least 10- 5 torr by passing the powder through the hot dynaric
outtasser whose schen.atic is shown in Fibure 1. The stainless steel conta:r.ers
2.9 inch diameter by 7 inch long with 1/2 inch diameter inlet filler tubes
(schematic shown in Figure 2) were filled with a predeterminec volume o,
powder weighing about six (6) pounds. For the last three smaller powder lots,
11-428, 11-429 and 11-432, smaller extrusion cans with a 1.75 inch internal
diameter were employed. Sealing of the containers was accomplished by pressure

7



Powder Reservoir

Vacuum Pumps

Baffles

Tube Furnace

.5..

,. "['a--

Extrusion Can

Figure i Schematic of Hot Dynamic Outgasser.



0.2"1

Crimp-

2 .9 "...........

Nickel 200

347 Stainless Steel

1' Figure 2 Extrusion Can



welainb the inlet tutes in a hydraulic press followed by TIC welding to ensure

a permanent seal.

Powders fron process runs 11-424, IT-425 and 11-426 were extruded at

ratio of 25 to I while the remaining powders from II-428, I-429 and 11-432

were extruded at a ratio of 20 to 1. The latter powdc-rs were ali extruced at a
temperatures of 20CCF (1093C). in addition, a lila steel can filled with -27C
mesh 434C steel powder which had been proouced on prior contract 11CCC14-Ei-C-
1016 was extruded at a ratio of 2C to I at 2COCF (IC93C). All extrusions were
satisfactory re 4 ulring no aaditional processing prior to their evaluation.

These extrusions were submitted to NIT for use on their program.

%.u.mary of' Results

TLe rapicly solidified powders produced for NIT were either screened
througi. a -80 mesh screen, as for the three Fe-.Ni alloy compositions, or

canned and extrudec as for the remainin6 steel compositions. The TRIF steel
compositions (II-424, 11-425 anc II-426) were found to have finely dispersec
oxysulfides anu silicates while the steel with lanthanum additions (I-428,

ii-429 ana II-432) was found to have a fine distribution of phosphides in
accition to ox sulfides. The latter steels are under6oing further study at .IT

to evaluate KI-cc stress corrosion properties. A substantial increase in

stress corrosion resistance over conventionally produced material in
anticipated lor the rapidly solidified material. The investigation of

solidification rate effects in the Fe-Ni alloys (I-423, II-430 and II-431) is

in proprebs.
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