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File 0. 316/39 Necember 14, 1932
Yasert n Arnenal

2 /8" Tound"Resistal" XAZ 1E~-8 Stainless Jteel Mars,

P.0.2075 Cruglible %teel Co.

furposy

The parpose of this Iinvestlgetion wia to ascertalin the
cause of longltudinal halr line "crasks" which appeared on
the surface doring 2old working and machining. For pure
poses of Ldantification in thily raport the flirst vayr subde
pltted wlll Lo e3lled o, 1 and the second Dar mdmitten
Noe 2

Higtoricul
Har. "ce 1o Iuring cold work Ly longltudlinel streiche

ing, fine longltudinel eracks or ‘wir linee (up te 3/4” in
length) appesred on the surface, whilch sevrned to open up and
Leeorme ore muaerous as the cold working progressed, Cold
working wes stopped at 16¥ {before ithe totel deslired cold

work of 307 was obtained). The bar wag Lhen atress re-
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lleved by soaicing at J00°C for 9 bours and muchined hoping to
renove Lhe cracks before continuing the cold working. It

was found thnwt as ecach cut was Laken these surface crrcks
were removed but new ones appeared, As this condition cone
timied after several cuts the bLar was rejected and specie

4 mens woere taken for tests and exemination to ascertain the

caunse of thaese crecke,
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Bare. 5o, 24 As the surface was somewhat rough, it was

desided %o machine 1/8" off the cdlameter befors cold worke
inge ™aring this machining rfine alr line longitudinal
"orucks" appeared on one side ol tie bar at intervals of

3" to <4” apart along the entire length of the bar, These
lines or cracks were taought Lo be sinmilar to those appears
ing in Lar YJo. 1. These "oracks”" were leass nuweerous but in
some oasea J" long. Uue %o the experience with nar lo, 1
thia .ar was also rejoctod and speocimens wera ocut from one
end for cxsml:iaticn.

Conclusione

1, ".1s bar apperently contelred very many mimabe yellow
oubic c¢rystals of Zirconlum Nitride wilch wore penerslly dise
trivuted and also segregeted £n short very closely packed
chaing.

8. It was segregated throu wub and sanded for aloui
1/2" from the outside forming concentric rings.

3. Due Lo ihe 167 cold work very many allip planes ape
poared pri:cipally in what probably were 20 one time the
dendrites.

4. These slip planes were not smooth edged tut "sawe
toothed". This irregularity of the odges was oaused by the
precipitation of carblides,



s
Lt T T T

- iy

8, Vhether she carbide precipitation was normaily
brought about by cold werking and ecaking at 300°C or wiethe
or the sieel war u usually ecnsitive to cold work and 3Q0°C
etrein reiloving 1o uniinowne

Ge e surface eracking arpeering during oeld vork and
after suosequent me hining was undoubtedly due to the claine
of cuble crystala of irconium “liride and to the segregated

andg danded oondiblon of Ghe stoul.

_T‘iﬂcam

le Tw specimon frosm this Yay containedn? Llrconium

Hitrides and only the umual awount of sulphides,
of
&y Uhs structuve had modlum sized gralwy/ twinned aua.

tenlie.

Je  There were & few 8llr plones indlcating bt tho
finsl 1oliling at the @mill wae dore st a relatively low tvupe
erature Lereby setilng wp some stralis,

¢e It 8lip plunes were geonrally atynight alded JLowe
ing theat cariuids precipitation had not een groat,

Bo 0 oexplanadion of the cracking was Tound {~ this
specimen, Tr s muoh as the oracks wera found L1 termitten$ly
i the Dar 14 le poaslule thali the specinen tauken dld not cones

taln & oracked soNG,




Hieroncoric ¥xeminetion

Tongitudinal and tranaverse sections wore cut frow the
specimens 'os. 1 and 2 whioh had becn previously macro-etched,
These sections vere prepered for rlcroscopic gtudles,

Fige 1 srows at X100 a typical segregation of inclus!
ia the transverse sectlon of lo, 1 ber, C6F-

Fige 2 snows at X100 a bad chain like sozregat! near
the surface in the longltudinal sectisn of Yo.l bar. 768«3

Figwe 3 und 4 show at X1000 the cuble crystals vefure
and after 10 minute boiling in 507 Potassium "ydroxide, Tho
ocublc crystals are Zirconium litride, the gray inclusions are
unid-ntified sulphides in Yo. 1l bar, COB=m?

Fig. 8 shows at X100 the sogregated condition oi the stael
of No.l bar. C8B=8

Pig. 6 shows at ¥X1000 the slip planes in Yo. 1 Par, Prve
eipitate carbides rmake the sidos of these planes "saw-to: thod”.

C6B=9

Pig. 7 shows at X100 a typleal shiort chain of incluslons
in Mo, 2 bar, CG8~11

Pig. 8 shows at X100 the mediur sized grains of twinned
austenite® of No. 2 bar, CéB-18

Fige § shows at X1000 slip planes in Mo, 2 bar, The sldes
of these planes are straight showing that the precipitation of
carbides has not been great. C68-13
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Hote in the etched micr ographs there are many round black
dots jthese &re pits rosuliing from attack ~n relucions and
surrvinéing sotal caused LY goveral etohings ond 1ight repol~
qahing NOOEESLYY to overcoms the amovphous flow of the metal

auring the orlginal polisnings

respoctfully sutmitted,

B. G. Carter
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rig. 1.

X100 Umtohod No. 1 Bar, Transverse Sestien. Showing Sypisal
& areas of tncluli.ou vm.eh are mostly zuoonh-
Nisr CEt-8
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Pig. 8
X100 Unetched MNo. 1 Bar, un:‘ !.s.oilu. Shewing & ded chain
segregation of tnolusions which are mestly Zireonium Nitride,
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Fige 3¢

X1000 Unetahed Ne. 1 Bar, Long Section. Part of Pig.8.
Cuble crystals yellow in coler are Zirconium Witrides, gray
salphides (unidentified). ceb-¢

inglusions Are
gy L. :5,;; N \, &“ j w

T
Pige 4o
Y1000 10 Mimute bolling 80f ¥OR otohing Yoo 1 ‘“fuldn section.
1 J

same area as Fig. 3. Cubic erystals are not attac ving

them to be Zirconiwm Hisride. C88-7
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X1G0 TeCly etohed 0. 1 Tar, Trunsverse Section, “howl
nminm condition. Note swall round black dots are plts
resul ing from attack on inclusinns of several etaohings
, light go '1shing necessary to overcome the samorphous flow of
: the meta)l during polishing. C68-8
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X1000 Focla stohing Neo. 1 Bar, Tiansverse Section, Showing

slip planes”in which are precipitated carbides. C68~9
i
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X100 DUnetehed Wo. 2 Bar, long Section. 'ryplnl group of
ineluslons, . ' = . i c68-11

!'15. 80
noo otM 0. & Bay, Transverse Section, MNedium sised
duuxw ntaining a fow slip planes. MNote small round
bhok dotl are pits umlnng from attack on inelusions of several
etohl and u.n negessary to overcome the amorphous

flow of the metal Mn. polishing. c68=-k2
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