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ABSTRACT

The 0.155-inch B-" sheet processed in the preceding report period

vas further processed to final gage, 0.050 inch. Te yield of 46.40

from extrusion billet ccmares favorably vith yields for other co m-

blu alLoWrs vhich are generally less difficult to fabricate. SMet

flatness vas excellent and vs 3.1%, maxim. Gae unifor ity wms

good, and AS specifications were generally met; additional vork Is

indicated to produce 1/2 AS tolerances in the alloy. O n1-85

ingot, 6-3/8-inches in d'ater a veigbing 303 poundsp was readily

forid to 2-5/8-inch thick slab SM a hig yield of material Is

expected from this operation.



1. flhTR)DUCTION

This, the second interim report unuer Contract N 600(19)-59%16,, descibes

the work conducted during the third, fourth, and fifth contract mouths.

During the first reporting period a 6-inch diameter, 250-pnd infpt of

B-66 (Cb-5M1o-5v-lzr) vas processed to 0.155-inch thick shoet.

Under similar contracts, Vestingbonse and Fansteel 11tallrgical, Corpor-

ation are to prepare two ingots of B-&6 and two of Ps-85 (cb_27!&-Ciw-1fr),

respectively. An Ingot of each alloy is to be excbanged between the con-

tractors for rolling to sheet (0. OIO - 0.060 Inch thick afd 18 Inches vide)

for evabaations of mechanical properties and weldablity. fedates of

initiation of the two contracts were such that, at the end of the first

report period, the only material being processed vas the 2 50-pon B-6

ingot at Westinghouse.



I. PROGRES DUPI G REPOT PERIO

A. B-66

At the end of the first report period, heat ]Z-602 had been pcessed

to 0.155-inch thick sheet and vas in four pieces, each veiulug 36 -

38 pounds. Te total available veight at this pai" was AT pens,

for a yield of 59% from extrusion billet.

Rolling from 0.500 inch down to 0.165 inch had been accomlishad fremi

2150eF, and 0.010 inch was pickled from the sheet thickne" to rove

contaminated etal. The folloving data show that bydrogen was nan-

tained at a low level and that oxygen contiti Ust have been

limited to a very shallow surface layer.

Condition 02, PIN 42, Pu

As-rolled and sand blasted 103 5

0.0( pickled from ~ 108

0.010W pickled from gaugs l(*

Te analyses also indicate that beating in a 1imic atmosphee at

ar@s Is an effective eans of preventing wontJm i and, farther,

that B-66 vlll not be particularly contaminated by a short-time exposure

to air at 2150o.

Since all colubim alloys scale freely at the rolling tummytos

used In this vork, it m expected that loose particles of sCal vil

produce an irregular surface pattern an the as-rollad sheet surfaces.

Such surface conditions were actully obtained, and to pra c uifoeim

-2-



surfaces attempts were made to belt grind the sheet* an a 3±-g

pinch-roll machine. DX-602 Bl was ground using 80-gpit sinicas

carbide cloth-baciod belts under a full flow of a water-soldas

coolant. Sixty-srit, belts were evalusted and discatd simes, tboy

proftCed areas um the sheet in which pind lines ware cbJctn~

deep. felife of tia belts wms extremely short; the silia emrWifi

MalM were almost caqetely rounded off after fow pases aeree

the sheet. In addition, the removed metal clomd ta b"lt fvmeb

costributing to poor belt efficiency. Approcelustly 10 mis VeW sift

were opou- fro DK-602 Dl, and it vs observed that taw aset, edse

vere -p momn rapiidU than the central portie of tM .et.

Cameqent, ediw-to-center crovn was Increased fro 10 wals at

0.155-Inch thick to 20 mils at 0.135-inch thick.

In vimw of the results of pindin it vas decided to coiL roll ebmt

50 to 0.060-inch thick to planish the s&Met surfaces. An defects

could safely be spot couditiond at this gwp an the final rewtom

from 0.060 Inch to 0.050 Inch was, juiwd fc t larp to rumv,

an traces of spot Conditioning. Me on"s of each skeet mae, tme

fame, iMated to 450O*' and roled down to 0.030 I=& prim to attaching

leaer. 120imets wer tha Masted undr qmrts 2@q to 45Oi ama

rolled unde tension as a 81 z 38' x W~ fourh* mMl. gopang

schadles sed and the results of this rolling mr shm In gaU 1.

Me resultant surfaces owre in very Wad condition ang esseual

all of the Irregular pattern present In the but roled siets was,
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TABIZ I

First Cold Rolling of B46

rPass No. LU Ructin O

-602 0.160 1 70*
2 15 0.150
3 -

ii25 0.120
525 --

6 10 0.095
T 10 0.0803

xK-6am 0.135 1 90* 0.1.
2 15 O.1.5
3 15 0.090
4 10 0.080

lg-6c2T 0.150 1 85*
2 20 o.117

3 20

4 20 0.110

* Iwauss o.ok far elastic defomotmUia adu i com nts

oblet a - t,

1-62 ao.uld wU. Goo surfae
1-6o One en cracked an was herd

off. ro Lamd dow for no
lmer an rollig eomtimd.
Good surace.

x-6cT Rolled ,wel. Good surface
ir-6w21 BIgt sap craking aesseitstd

stowing at OJ.1". god - tufae.

-.



eliminated. Hand conditioning was limited to oe or two smll areas

on each sheet and D -62 Tl Vas trimmd slightly to remove the edW

cracks. The sheets were then warmed to 400'? and rolled on the am

mill as before. Data for this operation are in Table 2. Surface

quality and shape were pnerally ood except for ID-6W BI vhich

partially cobbled when one end of the sheet fractured. This sheet

also cotains umerous smell mill marks. It i5 likely that the

difficulties encountered during both rollings of DX-602 B resulted

from the uneven profile developed during belt ginding.

M leaders were then removed from the sheets and the sheet ends

sheared to remove the areas where leaders had been welded. Samples

of as-rolled material were then wraiped in tantalum foll and vacum

annealed in a laboratory furnace at I0"1 intervals. Ntsllopic

observations and hardness tests yielded the following data:

Condition hord ess, DPE* Remarks

as rolled 333

1700o? (1 hour) 283

1800O? (l howr) 260 Uscrystallisation
beginning

1900'? (I how) 221 8o recrystallizad

2000?r (1 hour) 211 90% recrystallized

2100'? ( howr) 233 100% r e-stalJlmsd

220' (1 hur) 230

2300*? (1 how) 221

21100' (1 how) 215

2500*? (1 how 2211

2600-? (1 hour) 228

* Averap of five iquressions
-5-



TABLE II

Second Cold Rolling of B-"

sheet Sttin poPass No. Mill Deduction Oa

IE-6oeT 0.11o 1 o.o6o* O.UO
2 0.02o o.105
3 0.010 0.095

o 0.0o 0.083
5 0.005 0.070
6 o.05 0.065
7 0.010 0.057
8 o.005 0.05

mx-6om 0.080 1 0.100* 0.068
2 0.013 0.061
3 0.000 0.05

40.000 0.052
5 0.000 0.0118

DX-6o2B 0.083 1 o.ioo o.07
2 o.005 0.070
3 0.000 0.063

o0.000 0.63
5 0.005 0.05
6 0.003 0.052

X-6.D 0.080 1 o.loo. 0.073
2 0.005 0.065
3 0.005 0.063

0.000 0.057
5 0.000 o.o56
6 0.000 0.053
7 0.00 0.051

SIneludes 0.030" for elastic deformation of ill coomuents

Dlmarks

All shmets rolled w.l except D-60211 on which an end brobe and sheet

partially cobbled. IZ-602B1 vas sheared and new leader attached; resmlting

sheet Is not as flat as olhrs and contains mill marks.



The sheet bad been rolled 901L belyw its recrystallization teupirature

from 0.500 inch to 0.050 inch, which explains the relatively low

recrystallization temperature of the final product. The samle

annealed at 1900"? has low hardness and is recrystallized to an

abnormally high degree. A malfunction of the laboratory furnce Is

suspected and a repeat sample has been scheduled.

Each sheet was degreased and vacuum annealed in a cold vall furnce

at less than 0.1 micron pressure. Sheets T and Bl were stress

relieved for one hour at l800*'F while sheets Tl and B were recrys-

tallized at 2500-P.

Th sheets were then roller-leveled, trimmed to the best sile of

usable material, Inspected, and test cut according to a prearraned

plan. Final yields were as follows:

sheet Total Length, in. v~als

T 120-lA4 32

T3. 90-1/1 28

Bi 841/-l 2T

B 91-1/2 2

Total usable weight 116

Yield from extrusion bille 46..%

With the exception of sheet T, virtually all the mterlal was 18

Inches wide or wider (mazin width was 20 inches). Mwlength

of 18-inch or wider mterial for sheet T was 75 Inches, and this
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was the expected consequence of a crack which developed during am

of the forging operations. The final yield of 46.4% compares favorably

with the anticipated yield of 49%.

Gauge variation and flatness are recorded in the table bela.

Gae at 01ap at
Sheet Flatness, % Sides, in. Crown, in.

T 3.1 0.047* - 0.051 o.01i8' - 0.051

Tf 2.6 0.050 - 0.053 0.053 - 0.055

BI 3.0 0.050 - 0.053 o.o52 - o.o58

B 2.6 0.09 - 0.051 0.052 - 0.055

* 0.06" at narrow (16-3/4") end

** 0.047" at narrow (16-3/4") end

Flatness was very good for all sheets and 3% flatness was almost

universally met. Sheet Bl, which partially cobbled during cold

rollIng, had a wavy shape after levellIng, but no area had worse

than 3% flatness. The AMB 222 pp tolerance of + 0.005 was met

except for one corner on sheet B, the narrow end of sheet T, and

in the crown of sheet Bl which bad 0.(0-inch crown after belt

gri nd I -%.

Test 'oupons were cut from the sheets for the evaltation progm

outlimed in the firat quarterly report. The locations of the samples

for each sheet are shown in Fies 1 - 3. The evalutions are In

progress and the results will be presented and discused in the fna

report under tkis contract. Test samples and procedures caneora to

those recomended in bbterIals AvIsory Report M3- -I

-841



B. FS-85

A 303-pound, 6-3/8-inch diameter, 25-inch long, ingot was received

from Fansteel Metallurgical Corporation. The ingot was reported to

be ultrasonically sound and to have been turned to a surface finish

of 500 rms. The chemical analysis reported by Fansteel is shom in

Table III. The ingot chemistry is well within specification limits.

Check analyses will be run on samples from the forged billets, in a

manner similar to that reported for the extruded billets of B-66 in

the first quarterly report.

The ingot was cut into two 150-pound forging billets which were sub-

sequently heated for 25 minutes in argon to 2420OF (1325C) and side

forged on flat dies to the sizes indicated below. This was accom-

plished without reheating.

Forged Size,
Bar Thickness x Width x length, in.

T 2-7/8 x 8 x 17-1A

B 2-3/8 x lo x 16_lA

The B billet was forged first, and some edge checking occurred during

the latter stages when the piece was being spread out to 10 inches.

Consequently, it was decided to stop forging on the T billet at a

greater thickness, and then condition and reforge both T and B to

1-1/2 inches thick prior to annealing. In pnral, the forg of

FS-85 was easily accoiplished; in fact it apears likely that lower

forging temperatures can be used without Impairing the fabricability

of the alloy.
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III. FUT WORK

As processing for the B-66 alloy tias been completed, the remaining werk

consists of the mechanical property and welding evalustions listed in

the first quarterly report. This work is In progress and result abhold

be available shortly.

The FS-85 mterial is being conditioned and wil be reforgmd to 1-1/2

inc s thick prior to recrystallization. Final processing and evaluation

of the sheet material will follov the outline presented in the first

quarterly report.

-Li .-
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