


"8=-80" gtainless steel was &ir cooled
and slowly cooled Trom 2250° ¥, and then
re-hest treated by hestiax to 1800 +o
for 8, 5, and 10 hours, followasd by &an oil

quench and a draw at 12000

1850° W,

Iv was found bthat ths impect strengih
of the sbeel was sericusly impairved by the
high=temperature treatment and that even 10

hours at 1800° P, only very alightly westored

tihdls valus,

The loss in lapact strength ia thought %o
be related to bhe formstion of cerbides st the

grain boundaries at the ferribo-mertensibe

interfaca, 1t wasz found that at normal heabe
treabiag temperstures these carbides were Very

parsiatent, ten hours at the heat=troating

temperatu
re-diasolve them,

No conclusive oy
relating to grain 2iz

QLD
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i3

7
&

re nov belng sufficlent to complebtsly

;ice could bho found
> grain reflinement,

A phage ddegrom and some twenty photoe

nhy
micrographs sre prasonted to 1llustzat
argumenta asdvenced,
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Ovlein of Bequest and Ohjeck of Investlpebion:

p RO

On March 20%th, 1948, Wing Commender &, J, Smibth,
on hehaly uP the Divector of deronsutical Ingpecitlion, Depeart-
meny of Natiomal Defenca for Alp, Otbawa, OnGardio, ingulred
with regard to the offect that high-tempersturs forglng might
heve on bthe lmpact propertlss of "S5-80" giainlegs steel,
A letter expressing a tenbatlve opinion was written from
these Lebhoratorios on April 7th, 19435,

Ty ordar that this sltuation wmight be clarlfied,
a gories of expsriments was conductaed on soms "S<B0" gteod
thmi was svailsble, The pressnt veport presenta tho results

A

obtained ia those bests and disousaem their lmpllcaiions,
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MiCﬂO 0 XA MINATION

)

The following methods of preperation of the
" mer ¥ TAMA e 34 =y & o oy VTR : 1 icl 2
apecimens Lor wlcrogcoplic sxeminetion were employed:

Polighing:

A A ST

m~
%

For Plgures 1, 2, 4, .5‘85 i, snd 13 to 19,
the ﬁpécim&ﬂ& wOYe glectrolytically polished,

Por Flgures 3, G» 9, 1?9 18 end 20, the specimens
were polished by hand, Thisg latter procedurs
wes found necessary bfnaus@ the electrolytic
polishing preferentl ally attecked the [ree
carbides at thoe gﬁuid bfundari@ac :

To reveal the marteu@j#LP snd Peoriitlic pheses,
th@‘fqllgwing;@tehwng procedurss were employeds

1

Specimens Cop Flgures 1, &, 6, 7, 8, 11, 15, 14, 15,
16, V7, snd 18 wars ebehed in the following reagent:

vﬁvcaco erwmﬁhiua%c aeld,
A opram pleric acid, L
) 100 e, ethyl @leohol,

Spaclmens i@r Pigures 2, 9 ﬁqﬁ 19 wora alasctrolybically
akﬂhad &8 follows: ‘

Ble 3lvt® = | 10 ¢o0, hydeochloric aeld,
‘ 2C o,¢, ethyl aleobhol,
; o | .
| o Voltago = |4 wolbs,
' ' Gurrent = | 0.4 ampa,
CTAwme = | 10 aseconds,

The results of thﬂ%w Lo prqﬂaduﬁﬁw BPH ﬁd@ntica

f

Spavimens for Plgures &, 8, 10, 12 and ﬁ were olecirow
lytically @t@hwd a f@130w39

E}@b?ﬂQZVuﬁ = |10 groms tartaria acidq
: 90 e.,0, wabar, ' ‘

Volhage = 6 volts

s Qurrant _ Oomsﬁmp
Pime = 8B to iO mﬁuuL 83,

2.

AThigheuahigr bleckens .f;a@‘éarbidaa &nd miao llgh iy
étch@@ @ﬁmp@fed'maét@nﬁiﬁ@qbiﬁvdmﬁa‘nat abtack the mawcsAm
“alte @ha%é formed on moaliﬁg_fﬂom al»ove the ori bicaj
temp@r&t&w@ (eithéftim,aiv o by qu@nching)‘and,gmﬁ

gub%@qucm 1y tempered,”

(00ﬂb¢n09d on ne ab pags)
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(Microscopic Bxamination, conbtid) -

A comparison of Figuves 1, 4 and 7 reveals that

) ﬁhage.r@digtrihutian hes taken place on heatlog up o E830° B,
The long continuaus’stfimg@rg o the ferritle phase have hosn
broken up but there is still some evidence of o banded strue=
bure, It 1d nov pbﬁﬁiblﬁg from these photomicrographs; te
got-any clear ides of the grain size of the étéelo However,
it does not have the appearsnce of being encessivaely coarses
grained and on comparing Pigures 4, 7, 14, 16, and 18 thore
doga‘not apéaar o be mueh mrain vafinement resultlng from
re-haeat teestuent after highat@mp@ratmfe treatment, About
the most striking oflfeet ol the highmtamp@ratufa ﬁr@atm@nt

has been bto parvly breosk up the Ferrite bands,
¢ ]

: PMeuwes 2, 11, 15, 15, 17, and 19 are presented bto
. show that the struoturs @fléh@ martensltic phase in the metal
in lus final\quﬁnchadw&ndwdr&Wn condition 1s about the seme
ag in the ateel in its origlnasl condidtion, This fact, combined
‘with the hardness values, wguldAt@mﬁ to Indlcsts that the
final btempering temperaturs ohosen was sbout the sawme s&s thab
used for the original heat treatment,
Oae of the poasons for the low impscet is evident
from studying Plgurss 6, ©, and 10, It will be noted thatl
\ ' .
I a carbide nebworl has been lormed, This network Lz more
. generel In cccurrence ah the martensite-rerrite lnterfnce bud

al80 exiats at some of the graln boudarles in the mertensita,
When cocled very slowly, as In Teat B, thils carbide evidently
aven precipitates within the Territe, This can be sgeen Lrom
g oatudy of botlhl Figure 9 and Plgure 10, The large gralns in
Flgures & anad 10 srs martengibe, These did not etioh because

they wore not tempered,

(Continusd on next page)
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(Micerogcoplc TBxemination, contid) -

<
Lvlﬁun @ uha cbeﬁu aaybld@a ere no ‘eiimxaanud

tOﬂ 2 hmuvu @b 8069 R iﬂ givcﬁ 1n kanrm luo “Th@
1mp&cﬁ JbJQﬂE»} @? COT éhL tf@ﬂénent 3n 6 ?oot nounds for
‘:Al amd 4 Tootb povn&ﬂ fov blothhAs ig orchably banause} .
more carb%dog WLfQ f@rm@d in Trepumonb B then in:Tr@aamanﬁ
1AQ. Iu wi 1 b@ noaod th@ ' ba ma u@uq}ba ;n th@&@ two
spaelmans an cbed h@cau&e chay w@%o OWpOP@d Tha Griﬁinaj
boundaries of ahe fd'PlL@ that Oﬁiéuod wftar TP@aumGPLﬁ A
“and ; ﬂr@ suﬂL“ Quﬁljnod by ﬂaybﬁdus ln Wigure 1? Tote
than sOme ai %he f&ﬁrlte haa Eaan ﬂumwontad chrouuh ah@
d@loawtONgamma 68 ﬂtﬁon to mar“@naiucgj |

Figur@ Q aaﬁwa chao ovan sfbar LD hourﬂ at

lQOCEiFS aomé;oi Lns 16 cavbad@u Bl % pefﬂﬁat "The,
:fimprovamemt in lmnnct a»rengbb is ﬂuhplbubed Lo th@
"elﬁmﬂuutiﬂm of most of his o@xbldm nQLWOﬂko

| q TL ig mv¢d@nt fmmm Fmgu?e a Lhab carbﬂdas
also exi G at Lhﬂ m@ruansl aaf@writu lnt@rfa 20 in uh@ L

s?@@l in the "ag T@“OLV d" gon@itiomu

(Pogoe 7 is a phaaaudiabfam )
{ chart, referred to in the)
 ("Dis cugsion of Resulbs™, )







DISCUSSTON Or
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itate & discuvsgsion of the wresulbs of this

%

investigation, = phase dlegram for thls Ty of ateal is

(r‘

iven (Page W), This g made uwp from information ohtainss

&,

i

o

from the following articlss:

3, P

"Tafluence of Nickel on the GU“QW¢Uﬁquﬂn~h&PDGm Consti tie
Glonal Diagrem," by V, N, Krivobok and M, A, Grosaman,

Trangactionz of American Soclely for Steel Teeating,
Velume 18, J ply-December 1930, page 808,

 0f Tthe iron=Chromivn=Carbon Constlitviional

Diegram,” by V., ¥, Keivobok and M., 4, Grossman,

Transactions of Americen Society for Stsel Trenting,
Volume 18, duly-Docember 1930, pige 760,

oy

"Nature of the ClwomluseTron-Carbon Diagrem,® by Maraous

A, Grosmmnan,

[

rstltube of Minlng and
J@l@m% LEZV, 1987, page ®l4,

Transans
Matalln

L 1e not held that thiz dlegrsm g abaoliutaly

aceurate, However; 1% ls thought %o be =z close ppproximation

to ths phoss Jdisgram, Tar stesel ln tho rangs belng lovesbips=

Led 1t azpres

:;,
L44]
2y
2}
j
N
Ly
"\'
-
g

all with the findings. At 811 Yoeumpera-
turas abmv@9 aboul L650° F., bovh delte and gouma ivon axisi,

At 22300 F, more delis

exigta than st 18009 P, Phis ig
svident from an exsminetion of Flisure 12 znd ié atao evident
from the phase dlsgram, The vaiio of ths digtance vetwsen
the line HE and 0L to the distance betwser lines YA ana OF

£

st any given bedporature glves an osztimale of the smount o

o
5
;,..J
&
b
P-b
l'\

ron prosent et equillbrium, The nearer HE approaches

OB the greater will be the smouwnt of gamne phage r 1z btrens-

S SN 'Nl, Y vy 3 °
roreabtlon produchl presentd,

I% i3 therafores svident that the sondlilons prevsut

in the stesl aatialy the requirsements of the phasa Alagraw



bapet
*
24
1Y
‘:&}
"
~
i

3

(Diacugsion of Results, conttd) : , ’

vaed to facilitete thils disgcussion,

Line HA vrepresents the! solubllity of the alpha

or dalta Lron fb? carbon, It will 0@ noted th&ﬁ i
solubpllity de ra?ﬁﬁf Jow at 1800Y F, bubh s ﬁuite appreciable
at 2250° #, Qecard ; tm,th@'phaga diagv&mg dnv* 1m§n foramed
gt 2050° W, comtain& about Q.08 nar‘cant'caﬁbrnﬂ A@'laﬁd“ e
1t can hold only 0,01 LQ! cent’dérbon-in aolid solubion,

The axce#s wiil be precipliated as C@Pbidﬁ@‘&ﬂ ig_shown In
Mepures 6 and 199 The slower Tha cooling ths greater ls the

1

omount of &“Pbi&” formed, - This 13 also llu tvabca ix
Figures 6 and 10,

uwinw te the very alow!rate of soliution of thig

NN

1 ' e v < -~ A s, Al - ' ’
carbide at 18007 ¥, s lig o»%cnﬂr La Pigures 12 snd 20,

e normal. heat trestment could uoﬁ ba expected Lo vemady this
L
&

L% ls svident, from n @ompariaon off Trestments Ay

caltuevion,

and Axz, bthet this cerbide natwor? heg an appreclable elloct
s . 1 ’ 13 i ’ - - N . o v .

oin the impact strengih of this steol, ag the Ilncreased Sime

‘allowed fow nn?uwduﬂ in Treatwment A beos raized the lmpsolb

gorangil from 6 oot pounds to L1 feot povands, However, L%iw

Flonal value of 11 foob pounds lg 2531311 far from the uriﬁJnaJ

44,7 Toot pounds and in view.of $he smail mmount of coaprhida

]
romzining alter Yresbtuent Ay Lt

5

1 doubbtful 1c; cemplote

!..'»

alimination‘wbuldﬁr&atorﬁ'kha or%gim&l impgctvgtrangthc'
"].‘h@:m ara two olthenr mw)oumr{ .E‘O&‘J()I)J u’ﬂﬂj’ tne
impact g WON'hh hag ﬁufférwd;g&_drmspicmlly Trom thie highe
cmmpvrwnu&u Lxﬁ‘lmdhu ma whﬁ furshow Péuh@aﬁ wrestngnt will
not westore 1t,

The firet is the dizitribubion cf i&vrfuan Tt wlll

be noted that the gtructurs of the qLun in inz original

v




= Page 10 =
(Discussion of Results, cont'd)

condiltion conglsts of long avarrow strlngers of ferrite end

wide stringers of mertengite, In this condition the Torelte

would have Little offect ocn the impact strength of the asvosl

when the fracbure tekes place sopross the divection of rolilog,

Likewise sny freo carbldes at the f@ﬁrit@mmargensit@ invore-
face 1n this type of airucture would have little offect on
the impact sbtreagith of the steeol when the Practure takes
place aceross the dirvection of wollling.

Howevear, when the Terrlite ls srrangsd as shown
in Pigures 14 and 15, the nore oy less random arrangenenti
of the fsrrite might have the eoffect of qulite markedly
reducing the Impact strength.
| fnother possiblility is that there still persiats
n carbon concentration in the Lform of sub-mlercscopile

carbides or a higher-cacbon marvtensitic phaze at the grain

1
Eed

boundaries and that the rate of scolubtion and AlfTuglion of

3 o

the carbides le so gluggleh thet noe amount of heat Ltronbment

alone can “wwmoﬂﬂ the toughness of the mebtal, Forging would

Syl

be the only way to break up thisz nebwork of cerbon concentra-

tlon,

To sbﬂw what effect Carelte distribution would hav
o741 ﬁhe‘impact propertiss, lmpact bars could be obisined porc
the direectlon of rolling mnd parallel to the dirvection of

rolilng of bar atock, I the rosults obtained veary widely,

A4 wwuld'indﬂaﬁuo that Yerrite dlgtribution 3 ma. an influence
on the lmpect strength.

To chack on the sifect of carbon oonﬁent“nf,om
the Following expaoviment 1s suggssted: Obtein a piecs of 3=

gteel. of known impabt properties, Heabt to 22560° T, and alr

cool, Re-heat treat a portion of ithis plece and cut lupach

&

8%

80




(Diseussion of %@sultsg‘cbntqd)

bers . from 1%, Forge the ysm&inder»éﬁvlgooﬁ_Fo'tO‘IVOOQjFO
in. such &~maﬁnerwas ﬁo.avoidudiwwction&liprvpértiésa “This

: wiiljﬁhuroﬁghly,braak up the carbidé‘n@twork;:withcnﬁ'gi?img
an ordafly diatﬁibntﬁon to'thé ferrite phageé, Heat=treat

~this farged pJ@ue &nd determine 1ts impoct v@lueo'flf‘the

riginal impac“.Surquth hmw beeniommplcbﬂly restored, carbom

distributién @nd.not“;efri Le dlﬂ%ﬂibuhﬁon 1a thé -critical
factor ia the b@h&VlouF of. ?hla Jt@al;»-If‘bhé‘originalﬂ‘
impaot Sureﬂgih X ut¢il onlv parbtly westorad, Feprrite

uiﬂtfibm don e elao a factor.

. .coNci,Us:l:-omg N - |
When g-80" sssainlesg's't@él‘-zs heated to 2REOC P,

and élole cooled‘(@ichér'airééooled or’ Lurnaﬂawcoolad)

the of5g§naiﬁﬁmpéﬁt qtfengthléf the Sb9@1 is d@stroyed and

véub saquent hea+ Lr@atm@ab will not restore i @cmplet@lyj,

The reaaon znr thls lies iﬂ 8t least uwos and

i

‘poss?bly all, ‘of the following

1., A carbido natwork ia formod on-cooling from this
temporature, This network cen only be removed -
by subsequent scaking at the quenchlng temperature
for from 10 to £0 hours, - When this is dons the

impacﬁ atrength 1 cmmmwhat~impr ved,

'an Although the visible carbxﬁe network is oliminated
there lg the poa&7biijty that & carbon concentration
8611k persists ab uhe gwaLa boundarlies in the
martensite and thatv i1 %H impossible to break thie
up by heatb ure&tment ﬁLnﬂao 4

o The'more or loss raﬂdom rwangement»bf the ferrite

csused by the highmbembgraturw treatment may be the

‘eauss of the poor lmpact ppmpartieso

Iﬂ-eitbGW'B or & is covrocpg only forging at'a praper
temperaturs could ﬂestora the ﬁmpact pfbp@rﬁiese The expérimem?
outljnod at th@ cloge of the dj cusslon should throw ﬂcme 1Lghy

on thia subject,

P G AR e ATt
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Photomicrograph, Xi000, 4100, Electro-pollsh, etch
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