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The Influence of Copper on Steel.

The followinyg intformation iIs collected from the mocst important urticles
on the subject of the Influence of Copper on Steel, and for the most paxt is
vased on researches conductea since 1900. A fey references of earlier dute,
together with some vrief conclusiorns will be given.

1. Louis Savet (1627) stateu that copper made iron brittle znd mentiones
the difficulties experienced by "smiths®™ in working iron containing corper.

2. Jars (1774) said "it is gener.lily, thou:-ht that copper is a pest for
iron®, but adds uvhat Crumer told nim that copper up to 1% had no deleterious
effect.

3. TFaraday and Stoadard,(182C) melti-. steel -vith 2% Copper but fcund tie
ateel was not improvede.

4. Musnet (1835) found steel melted with 5% Coppér to ve considerably
hardened, but could not be forged. lle concludea, as a result of his exper-
iments, that coppuer unites vith iron more freely as L.e cuarbon percentage de-
creansen.

5. willis (1880) found tnat 0.1% Copger did not produce sny apprecizcle
effect on the uuality of steel.

6. Wasum (1882) mude =xperiments in which he investiguted the effect of
Copper alone, of Sulphur alcne, and the two together upon steel. He ccnclud=-
ed that, up to 0.862% Copper, this element did not produce a truce of red-
shortness. Copper und Sulphur combined did not appeur to produce red short-
ness unless the percentage of Sulphur = ione wa3 high enough to cause it.

7. Choubley (1884) confirms the ovservations of “asum on the rolling
yualities of copper steel, and found that even 1.0ﬂ of copper in the absence
of Sulphur did not produce reda-shortness.

8. Holtzer (1889) exhibited some copper steels at the Paris Exposition
in 1889 containing from 3 to 4% of Copper. They were remarkable for their
extremely high elastic limit, especiully the hardened bars, which gave values
as high aus 142,228 1lbs. pzr sy. inch.

9. Brustlein (1689) suys that steels with more than 1% copper were de-
cidedly red short and had no future; also that Copper did not mke a thorough
mixture with steel, and that it favored the i .smtion of blowholes.

10. Ball and Wingham (1889) ovbserved in the course of their experiments
that the presence Of carbon seemed to favor the more intimate mixture of
copper with iron. Some of their sracimens with amall percentages of carbon
and corper worked well boln cold and hot. They found that copper made iron
und steel extremely hard, and that "within certain limits copper dces not
prejudicially affect the mechaniczl properties of steel.®
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11, Riley (1890) claims t¢ have observed that copper is not really
alloyed with iron but exists dissemincted throughout tre metal. If alumi-=-
aum is used in making the alloy, &« perfect mixture is oLtained.

12. Schneider (1890) obtained a4 patent unpon a method of «lloying cop-
per witn steel. His alloys wer:- remarkable for grent strength, tenacity,
and malleability. They were claimed to be especially useful in the manu-
facture of ordnance armor pl.ite, sun tubes, precjectiles, etc. These alloys
containea between 5 and 20% Copper.

13. Scranton (1,91) of the Scrunton Steel Wcrks, is said to havitually
sanufacture Bessemer © Iails sith 0.5% to 0.55% Ceouper, which are not red
short.

4. Howe (1891) declares thut iron &nd copper unite in all progortions
and the alloys of iron with smll amounts of copper are saida to be homogen-
eous. He also stutes thot ccpper lws a similar =ffect to sulphur in caus-
ing red shortness and incapabilit, of being weiaed.

15. Garrison (1891) points to the very high elastic limit of copper
steel.

16. Arnold (1894) had no difficulty in hamm:ring an ingot with 1%
carbon and 1.87 copper. He states th.t copjpeyr nas o greater influence than
rmanganess in raisténg the elastic limit.

17. Colby (1899) states tw.t small percentages of copper have no
deleterious effact upon steel. He mide propellor shafts for United States
battleships,and gun tubes,by forging steel containing copper,which fulfillea
the specifications of the Government. The tensile strength was not less
than 75,000 lbs. per s4. inch, and the elastic limit not less than 36,000
lbs. per s4. inch, witn elongation of 20% in 2%, It stoou bending fairly
well and could be succesafully welde... The copper ccentent vas 0.525%.

18. williams (1900) experimented upon the atmospheric corrosion of
copper steel and concludes tlat the 1lcss due 16 weathering decresases as the
copper increuases.

19. Lipin observed that copper increazsed the fluidity of steel and
makes 1t more and more cryatualline at the fracture. He found steel to be
red short when the copper reached 4.7%. He thinks tool steel may contain
copper up to l%. and suggests yuenching in cil iastead of water. He con-
ciudes that the presence of copper need not cause apprehension, although
there may not be any advantage in its presence. He also found that as the
oarcentage of curbon increased, the proportiorn of coprer must be reduced,
otherwise the metal cracked during working.

20. Rufus (1900) givea from .4 to 5% coprer =& the limit beyond which
red-shortness is produced.

21. St~ad and Rvans (1901) investigaied the influsnce of copper cn
steel rails and plates. Four series of Bessemer steel rails werc made con-
taining respectively about 0.5, 0.9, 1.3 and 2.04% Copper. One open-hearth
charge was also experimented upon, this charge having had added abcut 0.5%
copper. In each trial the fluid charge of the liquid steel in the ladle
was divided into two parts, Lo one of whicin was added the copper. Thie
method was chosen to get a good comparison of the copper steel with that to
which none was added. In all cases the cold copper ingots when thrown into
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the liquid Bteel readily melted and mixed most perfectly with it. In no case
did it deaden or muke the steel more lively 1In the molds.

In every parallel cuse the steels contalning copper rolled as fperfectly
as those without it, with the exception of the steel containing sbout 2.0%4
copper, which was torn on the flanges. An examination of inese finished
rails showed the defect to be due to over-heating; the heads, however, weze
perfect, and after being slotted off, were reheated and rolled into wire rod
without oracking 0Or breaking up in the leuBt degree. The comxpanion lngots
without the copper were not over-heated. Ve (Steau -nd Evans) conclude frou
this that steel with very large percentuges of copper, although not red-snort
in the ordinary sense, will not bear the same amount of heat as when copper
is absent, and that iis effect in this respect resembles that of carbon and
not of sulphur.

A remarkable result wes cbtained with open-hearth steel to which 0.5%
copper nad been added. In rolling the non-cuprous part, e€very ingot cracked
perceptibly, whereéue the same steel contuining copper rolled -ithout a flaw.
The tensile tests on these heauts are shown below.

Average results - Copper steels.,

: T. 8 ¢ E. L. :Xlong. : Contrac- : Carbon
:Tons per:Tons per:in 2%. : tion. € :

:890 in. :Bs- in. @

Series NWo.(l) 0.60Z Cu. : 46.55 : 25.00 : 19.30 21.38 42
v * (2) 0.889% Cu. : 49.4 : 2@.1 1 23.0 :  37.¢ 49

. " (3) 1.286% Cu. : 42,0 : 280 : 23.0 : 35.06 32

L * (4) 2.00% Cu. : 49.7 : 35.9 : 21.5 : 35.4 30

: OPPER~-FREE STHEL. : :

1 t 44,63 : 25.20 : 20. : 27.5 : 42

2 : 48,00 : 24.80 : 21.00 : 32.00 : 49

3 : 41.6 : 23.4 : 26.00 : 39.9 32

4 : 39.7 22.1 : 27.00 : 41.00 : 30

. » -
- . - Py

The above specimens were taken from the rail secticne and not annealed.
The average results on the annealed rails are given below. 1

Apnealed Kails.

t Tensile : &longation in : Contracticn
t Strength. : two %2) inches. @
: Tons pexr Q" : In. :
Cuprous : 47.&5 : 19.75 : 35.87
Normal : 41.80 : 24.50 : 41.30 ]
: o : 1

The tensile strength tests on the acid open hearth trials showed no marked
difference in eitner strength, elongation or contraction. The elastic limit
was not gaiven.

Among other conclusions which Mr. Btead and Mr. Evans arrived at is the
following: - "In small quantities copper slightly raises the elastic limit and
tenacity, dbut, unlike phosphorous, does not sensibly rmrake the steel liable to
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fracture under shock." They arrived at this conclusion from the duta ob-
tained on dropping & one-ton weight on the rails. This test showed the ones
containing copper to deflect equally as well as thoese without it, and also
that the ones with 2.0% copper which had flauws on the flanges were broken by
the second bloews The raile in series I, II anua III were 90 lbs. to the yarad
and of full head section, while YNo. IV was & flanged series of 5¢ 1lbs. per
yard. The weight of 1 ton was drogpped 2C ft. in the first three series =und
15 in the Jourth.

22, Stead and Vigham investigated the influerce of varcying anounts
of copper on steel for sire drawing. Thelr data, ugon iaspecticn, shoas
copper to have no beneficial effect, and in sever.l instances it was observed
that the copper steel yire was much lower in tensilc stirength. Their researc
on this subject was not of such nature toc lead one to0 relieve absclutely tnat
small percentages of copper are detrimecntal in wire murin;, yet tre, conclude
that for wire musking ~vhere the carbvon is 1% or thereauvouts, copper shoula be
avoided.

23. Campbell (19C7) says tnat most of tiie Zessemer and Open-hearth
steels mentioned in his book contained from 0.3 to G.5, copper. *This will
be sufficient proof tiat tne besti ateel may cont.i: up to 1.0ﬂ cepper without
being seriously affecied, but if at the szme time sulphur is high, say .08 to
+1%, the cumulative effec. is too great for molecular cchesion at hizh tem-
peratures, anad it crucks in rolling.® He found no diff-rence in the ulti-
mate strenyth of steels with high or low copper content. "The hi,h copper
2ives a slightly higher elastic ratio which is & benefit and a better elonga-
tédon and reduction of area."

24. Breuil. (19¢7) Tne present work of lir. Breuil, to te hirein de=-
8cribed, re.resents onc 0f tre most extended investigations on the «ffect cof
copper on the properties of steesl. He studied

ist. A mild steel, Series A, contsining carbon approximate-
1y +15% and copper 0, C.49, 1.005, 2.015, 3.99, 8.05,
15.97 &nd 31.927%, respectively.

2nd, A semi-nild steel, Sexies P, containing carbon approx-
imately 354 (.28 - .41 bzing the most extreme limits)
and copper approximately ire sume as in Series A.

Jrd. Fard steel, Series C, with c.riur about .56% as an aver-
uge, anu copper the same as in Ceries A and B.

The ingots cast were about 110 lbs. weiprt .ind the shaje of a truncated
pytamid. 33 pounds was cropped trom the tor «nd 11 from the tottcm of each
ingot. Upon cropping the ingots they were cvut ac ae to leave a considerabdble
portion of metal, and then broken. The object. was to study the fruacture.

In each ingot the percentage of copper &t ti¢c base and near the top was
determined, while the other conetituernts were det-rmined but once.

Chemical analysis and tne fractures showel at once that when the per-

centage of copper wus less than 4, there was no segregation, nc mtter what
the carbon content might bve.

Owing to the fact that the steels of higher copper content being of no
particular practical value, and for the sake of brevity, only those steels
with from O. to 4.0% copper will be coneidered in detail.
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Ingots containin: less thun 8.0% copper shcse.d no coloration at treir
fractures.

The ingots of Series A and B conlaining less than 4.0% couper were the
only ones capuble of bein, ro.led. The remainder were red-snort and fell
Lo piszced sneia forgeds

Critical points detcrmined by the usual method seems to indicate no
distinct chmnge of the Ary und AT, points in Series A (mild -teel series)
vith cuppei up to 8.0%. In Series B, with no copper present, the Ar;
point occurs at 720°C. while witn 16.07 couper it occurs at 63C°C. In
Series C the Ar) point occurs in all the steels between 570°C. and 67C°C
Thus it seems that copper does noi lower tne Ary ;cint below 550°C.

The bars containing less than 47 of copuer, after rolling were tested
mechanj~ally, «fter bein, treated as follovs:e

1. Burs as roilea {untreated)
2. Annealed at 9(0°C. (Series A and E)
" L 3000.( L] C)
3. Quenchea at 870°C. ( = A and B)
" §30°C. ( " ©)
4, Quenched at 870°C., drawn at &C0®°C. (Series A & B.)
* B830°C., ® " 350°C. ( * ¢C)

Tensjle Tests.

The ternsile specimens were 13.8 millimeters in diameter und 1CO
millimetiers lomny. 1) the buars of Series A (low carbon) behsved well on
%uenchinb. Series B, wire s -vnt oryods.  Series €, except the one with

0.5% coppexr, CGrackeu uDlG or less on -tenching. A table of the resultis is
on page 17 of tne Journsl of the Iron and Steei Institute, No. II, 19C7.

In the rolled conaition the yield point ans tensile strength appesr to
increase as the cuppe:r content increases. 1his is also true of the guenched
specimens. It is true of tre aanealeu specimens &lso, thouub not nearly to
80 greatl an extent. In the table it is clearly shown thnt copper greatly
increasses the strenxgth of the rolleu mmterisl. ftriking results are also
to be found in the yuencrea specinens.

Mr. Breull statee as followst- "Nevertheless, ii is possible to perceive,
by considering only the steels in their unireated state, that the ccpper
stecls obtained by the author are equal to. foi exumple, nickel steels, from
the point of view of tensile stren.th, They geznerclly possese a hitcher
elustic 1imit and maximum s tren, th than the lattel."

From studying the untreated bars )r. Freuil notes that copper has a
more active influence on steel than nickel, manganese or chromium, and ap-
proaches than of vanadium. The annealed steels, however, do not bvear out
this statemant.

By comparing the data on some of hadfield's tests on nickel steels with
those of Breuil on copper steels, it is found thet steels containing copper
are closely comparable to steele containing nickel or chromium of the same
carbon content, and follow the same laws in respcct to their increased ten=-
8ile strength with increused percentages of copper.
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Wigham has found thzat +ith wire contsining increasing percentages of
copper, but not exceedirg 1.0% gf timt metal tiat the teneile stren:th in-
creases with the ¥ of copper, although only slightly when the steel has been
annealed.

Shock tests.

These tests were carried out first by tre notche’ bar method, and
second by the plain bar method. (Not a2 Charpy test) The zetual sork acone
in breaking & given section ¢f the bare was calculated in =ach case. he-
sulte in the form of & itable showed the maximum resistarce for (1) the an-
nealed bars, Series A, to be 4% Cu.; (2) the rulled burs A 0.07 Cu. and A
0.5% Cu.; (3) the yuenched bars A Oﬂ Cu. with A 0.5% Cu. closely approxi-
mating A 0.0; and (4) the wueuched and drewn bars, A OZ Cu. with A 0.57 Cu.
approximating A O.

In Seriea B, B 0.5 Bliows the greatest resistance to shock in the
rolled bars. In all the others B O is sirongest, with the rest decreasing
in their shock resisting powsr as the copper increuses. In Series A the
yuencined and 4uenched wnd Arwwsn sgecinens give high resilieqce as compared
to tue rest.

It is not possible to give any definite decision based on tnese
tests, however, since the shock test «f thide kiund is not very reliable. In
pome lustlances tne slLéel containing copper a8 Teatly superior,in regara
to the shock resisting powsr, 0 those witacul couper.

The Brinell hardness number in all ciéses, rolled, annealazd,
quencned, etc. increased as tne copper cortent increased. The ordinary
Brinell muchine with 1¢ mu. ball aad 3C0CC kus. wt. was used.

HicrosconLic exumination was rade ornd severul microphotograghs sub-
mitted witnh the papex. Cogper seems Lo retara the formaticn of pearlite,
thus wmaking toe steel «ppear mere porbitic, and it «lsc jroduces a terdency
toward a finer grain.

Corrosion Tests.
A great mmny corrosiun tests have veen rade upon copper steels
scih by Mr. B®euil and utihers. All the investigations seem to indicate
that copper is beneficiel In reducing corroeicn.

Torsion tests were made on a Vicksteed rachine. The data obtainec
sanows that the lwmw of the ircremse in resistarce to torsicn is exactly the
gare 8 that of the resista..ce to tensile siress, so far ne copper wes con-
cerned, the total anglees of twreion causing i{recture corresponding approxi-
mately to the elongation.

Bome conclusicne which may be drawn Irom this investigaiion are:-
(1) Copper steel does not yield « meétal capable in practice of being rolled
if the perocentage of coprer exceeds 4.0%; (2) as re_nrds tensile strength,
the copper steels appear stronger(when in the rcolled condition) in propor-
tion as they contain more copper, the difference being more manifest in pro-
portion as the curbon is lower; (3) Annealing leaves the steele with the same

characteristics but greatly reduces the differences observed in the untreat- "
ed (rollec) bars.

Mr. Breuil alseo concludes tlmt copper s teels egual nickel steels ’
in view of tensile strength, and that copper stsele are no more brittle than
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nickel steels containing ewuivalent % of nickel.
agsreement w#ith those arrived at by Lr. Sceau ¢ trls sare sutject.
Xr. Beeuil next investligated tre influtnce of copper on steel
carbon.
also.

Tne table of properties shown t; the tensils

These ccnclusicns are in

#ith 14
The tesls describec in tne formeil experim:nts were carried out here
test is given velow.

: :Apperent laxinmum

: :Eleng. :Cont.:Actual
Treatment.:Nature of steel: E. L.

istrengthe:¥ before: of

:Breaking: Remarks
crer O mmeszer O mme:fracture:area.: STEENGTH:

: : Kgs. Kga. : : 4 :per Dm
: : : : : sTrcke
As : D 0.% Coprer : 63.8 88.4 9.0 :C.15 : 87.0 :ncrmally
rolled. : D 0.57 * : 71.1 102.8 5.5 : .04 : 103.0 :EBroke
: : :near hea
: D14 . : 6943 111.0 €.C .C7 : 110.C :Broke
: ) tncroally
: D 3% . 97.5 117.0 1.5 «01 : 118.0 :Broke
. . cnedar nea
Reheated : D 04 Copper : 45.1 71.4 20.0 <39 90.C
to 825°C. : D .52 * 1 48.0 794 16.2 .34 97.C :Broke
: D1.0%Z * : 56.5 80.0 16.9 .32 %9.0 inornally
: D3.04 v : 63.7 B4.C : 13.6 43 1.0 :
Quenched : D 0.% Copper : 70.0 : 9%.0 8.6 «22 : 11C.0 :Broxe
at £25°C.,: D C.5 * 7640 108.0 Be2 ¢ .27 : 110.0 :rnormally
Hou wsater.: D 1.0Z * 7040 g2.5 8.0 : .31 : 1C3.0 :Eroke
+ D 3.07{; b M :608 107.6 4.05 . -17 . 12300 tnear hea
These tensile vars wele 0! tne sune dimensicns as trnose useo in trne foui-er

tests, viz: 13.8 mz. diaweter and 1(C na. in lengthe

The data presernted on the shock tests of this steel did nct show any notice
able decrease oY increase in shock resistance by increasins Cco;pper percentsge,
and it thus appears that copper steeles containing 1% of cairbern snow no more
brittl=neses tnan theee i ithout it,

The prinell haraness tests may bte

briefly noted in the following table of

resultis.
: : Steel as :Reheated to :¥ater cuenched at:
: : rolled. :  Ba2sgecC. :829°C. (Hot water):
:D 0.0¢ Copper :  3C2 . 217 : 332 :
:D 0.5% . : 286 : 235 : 332 :
:D 1.0% . : 364 277 : 311 :
:D 3.04 * : 375 : 277 311

The most recent extended investltigaticn of the effect of copper on steel
is that of Clevenger and Rauy, which will now be descrived.
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Bxperimental.

MAKING INGOTS. ®Small, circular, oil fired fuinace used, (using lo« pressure

burnerj, to heat the No. 25 graphite crucivles in ahich tne st:el x.8 made.

Haterial: (1) ¥ild eteel panchings .23% C.; (2) best grade of clectrclytic
copper; (3) 80X Ferro-mar.zanese; (4) a good grade of commercial aluminum. 3C
los. of pune.iings charges in crucible and melted. Then ®"killed® for 20 to 2§
minutes. Tnen 2.9 ounces of ferro-manzanese was added and stirred well.

5 to 7 minutes later the reguired amcunt of copprer wua added and agdain stirred.
Arcut 5 minutes later C.096 o0z. aluminum 28 added =2nd after szain stirring,
the metal wad pourea into a previcusly heated ingot asid. Sufficiernt 8lag
was udded tc each char.e to form « protective coati:, over the molten retal.

This was done to prevent tne aovBOrp.tiocn of gases. At farst sound inzots wsere
hard to get, but by carefully fcllowing tre above outliae this difficulty was
eliminated. Thorough investigatici, on tnis topic was not nads, but we were

lead to the following conclusions in regird to maxing sound inzots:- (1) thor-
ocughly kill the metal before addin. tne copper, (2) add some deoxidizer, as
Aluminum, just before pouring.®

*Each ingot weigned about 30 1lbs. and »as 3" x 3" x 12%. Bignht (8) in-
gotls were made. An attempt was made to kee, everything constant in the com-
position except the copgper. The copgper was intended to be as follows:-

+00%,

5 - «25%
- 150%
-1.00%
2.00¢
3.004
4,004

5.00%2

All were Bawed to a depth of 1® on tso opposite sides, 2" above the botitom.
After breaking, a fracture approximately 1% x 13" as8s shoasn. In sawing and
breaking, the following was observed:- A O, soft and tough, about like macn-
ine steel. The brittleness becamé¢ more evident aith increasing copper, except
in A 5, which had a coarser yrain than any."

L 3 8 X 2
\n#UNH.0.00
N ¢

"Segregation .8 not noticeable to the eye in any. All wer: white,
lustrous, and uniformly graineda in fracture. There were reddisn streaks ol
Copper Oxide in the form of very thin films on the surfaces of A 4 and A §.
The slags from the high copper steels were 8lightly tinged red from copper
oxide, it was thought."

*FORGING, All were heuted in a large forge and reduced to 1-1/8® octag-
onal bars by the steam hamner. All forgzed abtout like ordinary machine steel.
A 2 seemed somewhat softer than the rast. A 5 showed red shortness, and
after cooling the surface showed minute cracks.®

*YELDING® Lap welds were tried upon the eisht bars with the following
results:- A O meemed to weld perfectly at a bright red heat, almost yellow,
similar to machine steel.® A 0.25 appeared rather over-heated but welded
easily. A 0.5 could not be welded with the hand hammer at yellow heat, and
welded with difficulty under the drop hammer at bright yellow. A 1 welded
fairly well under drop hammer at bright yellow. A 2, at bright yellow,
scintillating, welded with difficulty under drop hammer. A 3} could not be
welded at any heat from red to almost white. A 4 ~ the ends slipped off and
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critled to pleces at bright yelios under tite drog namzer. Metallic cepper
sncsew vn Lie sulfoce of th. fewlegd cads sac.. Codue A 5 - tnz eous aud not

s.ick at an, heat, ‘resisted all ailei, s LO weiu; COLDET &, Ox3d Gl <uls -ues
0t neute. ents aus in A 4.°

*Test giccer 8Ty turned frou the welac. 3gecli.vus afda L Llca.sils
dile:_th aztermiiuea.

tEreakln Stres, vo: tlleaning Stren th of
waThks T Lis. uel P Fraciuzres. tunanneales s3.cCie. 3.
: B84+ 15Cle : : Lus. per By. ifn. }
AO : 22,300 : 86,700 :Along weld.
A 0.25 : 75 ,50C : 99,5¢¢C : v
A 0.50 : 88,200 : 99,C0C :Alon: & across weld.
Al : 83,000 : 97,400 .on " " . %
A2 : 39,600 : 120,600 *Alon - weld.

- -

Acaiysis. Coupar, sulvhur aui caruon only are ,iven hcere, OLher
elements O.K.

: ¢ Cogper : Carcon : Sulphuvr :
:_Marks. % : : % HY
: AO I 010 : .46 : .036 :
: A 029 165 : <00 : «029 : '
: A 0.5 o493 : 52 : .C39 : |
: Al T.846 : 47 : 036 :
: A2 : 1.657 : <53 : 022 :
: A 3 P 2.773 . «43 . «020 N .
: A4 : 3574 : 4 : «021 :
: AS 1 4,512 : «46 : .019 :

Here and in other paperes alon, thia line it seems that copper has a tendency
to decreass the sulphur.

A 1 spows ( by chemioul analysis) that the copper has a slignl tendency
to sugregate. A 3, more marked, and in A 5 it was serious. The copper tends
to Begregate to the boitom. Breuil (Journ. Iron & Steel Inst., 1907, II,

p. 6) noticed the same thing only that segregation did not take place till
over 4% copper was preseént. He also founi that high copper steel had a
tendency to form a copper-rich core »ith a shell of loa copper ocontent.

Stead says- "It was found that esteel sith 1% Carbon would dissolve and retain
in solution 7% of copper? but that shen this much was exceeded the copper
separated out as globules.
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Corrzssion Lests in 1-3 H2SO4 Zave the follovwinn result=:-

>

Samole Copper < loss by COTTOosics.
AO 0«00 22.20

A0.25 .165 7.14

A .50 <493 2.35

Al 846 .33

A2 1.857 11.31

A3 2773 32466

A4 3.574 37.0C

A5 4.512 42,60

Sam>le A 0O was badl, 210ted s0lld Adl. LA® Co 78I Sbecsls eIl orIrIroaed
smoothnly.

Walger (Wst. & Cheme hige, 521
5Leslsd anlch did N0t resist Sl 3 a2
ion wers founa Lo contain coupsr.

Y opoises oub tiat ers aing
Yo 2o w..4 Gl TIT2siwsi zcia 2¢-°ros-

Williazs (Iron Age, 19u., Icve 23%) dipusa Bz 2
iron in water freguently asa l2bu Qar, in air. u2. con
the copper increassed Lhe COLTCslon JEQr-aded.

4 aliw JIC .y U
P o As

Puck (Joura. of Isdust. & in;

oS Sy ~ g . b - P A 3
Chielie, Junz, 2%13) made ciluworiles wnd

cr'nviacing inves.izillias on Lhi sff-¢t of ec.,ar on corrnsion, His steels
contained 0.135%, G.24, and Ce34,, cop.exr, 18, z:oivel). It .5 _.:ue 1n coI=-
rugataa sheets and placeza (1) on reof in Penus,lvanis ¢ise ¢ -3 were L-e

air contained sulpnuric and sulsbarcus acia vantrs, (o) «. L ¢ sei-shore,
and () in a rural aistrict free of courrosive asents. ™I¢ uver. cuse tie
ate=l yitnh copper aadillons nave B8y M. lkel Tmaisod rrosion ue Crme

Ly . ige

= 2 Lo OO

pared . ith non-couper stscis, having on t... wv=ra.e nearly t:ice L. lif=."
All resulils sgest to pelnt to a peneficial effect of cniver in regard o re-
tarding corrosion.

¥icrostruciure. T.o series of sr.ecimmns ser- LI> sred, one as forged
and anotner after danqe:ling tha foried sveci~wens at 02C°C. All wer- etcned
sith lOﬂ HNO3 ir :lcohol aal rhotogra-had at Sauveur & “oylston's, Camrriuage,
ass. In the 3peciwens as forzsd, th2 ferrite is perreated with filaments

of csmentite, more or l}ess in proportion to the copper conteit. Large patch-
es of free ferxite appear in the specim.uns vtn decr=asing copser content

and the pearlite is less e8venly distributed. In the annenled si2cirens the
effect of ccpper is not suv marced in this res.ect. With rajid or fairly
ragid cooliag, copper 8#«.s tu romote t.e foermting of & finer srain. Tais
is also aot 80 visible in the a..saul2u sgpecianus. Un to & certain limie,
copper forms 4 homojeieoud alloy wita 1ron, bul veyond tnis tie copper cesins
to envelope tne grains of ferrite. Strad Bays the copper is in sclution
ti11l over 8% is reached.

o

The amount of cOpper wnich +ill harden the ferrite will depend upgon the
amount 01 iron shich remauins in excess of tnat needed to form cexentite sith
t.1e carobon. Hence, 4ll other conditicnas bein, egual, as tine amount of car-
pon ingsreases, tae leas copper it is capable of absorbing. Stead found
(Idem, p. 112) that s2en copyer wus in excess of tnal soluble it formed at
the boundary lines of the gruins and thut fracture followed the boundaries,
thue tre envelopes of copper are a source of weaknees. Breuil says the
presence of copper increases the pearlite in steels, and to some extent ocauaes
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tne steel to be more highly carvurized, and thus harder. wWith copper up to
44, tuese stsels contain no free copper, it all being in solution in the iron.

(1) it tenus to ,distribute the carcvide more
(#) it hardene the ferrite Ly
Accoraing to

Cogper acts in tsyo ways: -
evenly, tiuus teanldiny L0 produce a finer grain,
forming 1n 1lron copper alloy shicn is harder than pure iron.
Burgess and Aston, thn3 structure cf copper steels "ie & fine jearlite with a
fiorous camentite, wshlcn 1s liberatec¢ with increasing copper. This explains
the incrsusiag hardness. Tae hardness does not result from lowering the
critical raags.

Critigal points. Criticil points were determined. The Ary is lowered
from 736°C. &n A0 to 644 in A5. Breuil says "Corper lowers thé recalescenc
voint in steel, but not belioy 550°C." Muller found the arrest polints in
iron to be lowered 60°® to 50° Wy ropper.

Tensjle tests. Tensile tesis were tajran (1) as forged, (2) for_ed and
annealed. The results of the te3ts are more eusily 8e2n by observing the

followving table.
yored.
: Copper : &. L. : T. S. "Elong.: Ccnt.:Breaxing :
Markse : %p :lbs.per : Lus. per : : , :Strength.: Remarks.
: :S94e due : 84. din. 2 %+ 9 :lb.per O%:
AD . o. 51,600: 86,700 : 20,0 : 33.2 : Same  :
A 0.25 : «i65 : 53,300: 9,,800 : 1C.CG : Oal :
A 0.50 493 +  $0,30C: 99,000 : 17.% : 21.7 : as
A 1. L340 : 60,300: 97,400 20.0 : 29.3 : :
A 2. 1.857 @ 354,00C: 120,600 : 10,0 4,0 : .Le@nsile :
A 3. 2773 94 ,6GC: 124,300 : 10.0 12.g : :
A4, Jeu74 ¢ 1Lce,3CC: 1ii, 300 @ 2. 5 J80:s8trea th,
A 5. : 4.512 @ 114,400 134,000 ¢ 2.3 3.54: :Flecs in center.
. ; ; m&-nn SP“‘CIHQA tO-  — ; ;
AO : o. : 39,000 75,200 @ 25.0 @ 54. 20: 62,000 :
A Q.25 : .165 : 43,30C: 93,500 : 16.25 : 48.25: 80 600
A C.50 493 1 49,000: 44,000 : 2n.00 : 31.40: 87 900 :
Al : .846 : 55, ooo: 37,150 : 15.0 37.6 1 79,400 :Showed flaw aft-
: : : : : cer breaking.
A 2. : 1.897 : 41, ;oo: 6,600 : 13.70 34 .9 88,350 :
A 3. : 2.773 : 66 600: ,000 : 16.35 : 3 84,300 :
A4, : 3.574 : 68 000: 99,980 : 18.25 : 37. o 1 90.260
A5, : 4.512 : 74,200: 11¢,000 : 17.5 : 43.8 : 85,360 :
In general these r«sults agree closely wit- those of other investigators

and point t0 the fucl that the vltimate atrenzth is in almost direct propertio:

to the copper conter.t.

be seen from the tucle.

Otu:r vroperties (elong. and contraction, etc.)

can
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Hardneasss as jlven oy L2 Shore Scleroscépe ure:-

A0 =28 A2 =37
A 0.25 =31 A3 =37
A 0.50 = 29 A4 = 40
Al =238 A5 =43

The hardness is sBup.p03<d 2 be due to tyo effects that the copper has, viz:-
(1) it retards iue rorwmutioa of pearliite and he.ce there 1s more diffused
cementite, lnerevy making t2e constitusnts of tae swesl finer; (2) it naruens
tae ferrite vy alloying wita 1v.

Burgiess « Aston founa no cheage in thie glecurical conductivity up co
7.0% copper ian copper-iron alioys. Witn over 9C% tae conductivity is in-
creased. Small amounts of irgu greall) uacreaae the conductivity of copper.

Fric found tnut cCugger iucreoases Lno Feslistuace Up L0 & certuin peint,
tiien it ceases Lo idc s0O.

Dillner found the magaslic properties not affected by 54 copper.

Conclusions

1. In making copper steel by the crucible vreccess it is necessary to
®*kill® ths metal pefore aaaing tae copper, and just rcfore pouring it is advi:
apvle to add a asmall amount of some dsoxidizing a:xent.

2. In forging vhe ingois containing from 0.437 teo .605% carbon, traces
of red snortness begam tC ve sndwn xith a copper content of 4.512%. Up to
tais point the steel forsed about like muchine steel.

3. Up to 0.846y covper our steels gave satisfactory selds. At 1.8574
copper the wseld a3 guch Jouwker and above tnis pol:ut tie ste=l sas not to te
yelded.

4, There nppears 10 be & marked tendenecy for corpes o elinminute
sulhur.

5. Ia the series of steel sludied the segregation of copper toward
tae bottom of the ingot be.ins to be slightly noticeable with (.8467% copper.
With 2.773% the segregation is more, and with 4.512,. it is very marked.

6. The presence of amall percentuges of copper up to 0.493% s a
most marked effect in preventing the corrosion of steel in dilute Hp804. As
the perc=ntuge of copper increases, ine loss by corrosion increases until
with 2.773% the loss is greater than with no copper aut all.

7. As the percentuje of copper increases the structure becomes tiner,
due to the more even distribution of fibrous cementite. This is more ap-
parent in the forged than in the annealed specimens,

Q. The Ar; was lowered from 730°C. in 0% Copper to 635°C. in the
4.512% copper steel.

9. The elastic limit in both the annealed and unannealed specimens
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iancresases steailly until witn 4.512% Copper it w23 increase. more than 1004
over the steel with 0.% copper.

Withuin the limits of tnis iaveeligation, U Lvllim.ie 831r nith seems to ;
incrzase in almost diresc¢. proportion t0 the coppeT incr--s€.

With the unannedalen s ecimens Lhe ~ctual vreakin; ctrengtir. in all cacses
was the 8.me a8 tne ultimatle strengihe. The aciual “reaking 3trenith in cuse
of the annealed spaciiens sn.ws ar increase <itr incr-ase of copnper. Irn the
anneuled, the elongation iz some vrat irregular, tut ir g-ner:l decrewses uwn
to 1.857.% cogper and tuer incru-szs, resching a masidnoe ot 4.5127 copuer. The
general teondeacy in the nie.lzd is to qecreass LY =lon 4icn up te 1.85°
copper and then increase i@ 1o 4,512%., In (11 unannsaisi, t5 - t=ner:l tznd-
ency is to descrease tn=2 elna . li0r Lrroughosutl tne acries.

10. The hardness 01 bue sieel iner- ses «its anclzases 20.78rX content
aud corresponds fairly .ell . Lhs cznadiis L5058,

—— e

The following letter U'cwn Dr. 2. He Duiacy o6 Lre Onprmseaw, Officer,
jatertoa.n Ars:snal, (5. 1.47 .4/950) oootedns wonch, iaicoastics. pch is of in- 1
terest ,particulurly -=¢ as 4 ooy o2l of the data has not hersunfcre been

made public.

*I rolled !rom 1891 to 1093, avcut 00,00C tons of rails snich
contained frow aix Lo wight tenths of cne per cent of cepped. The ralle
aaich I rolled ia 1391 at Betnieheni, contalaeu cooper oul tne cunient
waB not 43 niga a3 the rails mentioned waicn I 1olled at Scrantun. These
were all SBesse2mer ralis and wsus puctly rmede froa the Cornwull ore from
Lebanon, Pa. Tine copper i3 contained in th- ore, asscciated =ith phos-
ghoraus .015. These ruils at botn Beinlehem and Scranton were mude
usder th: drup west, from astich 49 oblained frour t.oslve to sixteen per-
cent exhausted ductility. The phcsphorous sllou.ed in the rails sas 06,
the curbon Iaagin., frc.a «50 1o «65, thouyh in some of the 10C-1b. raiis
at Scranton, tne maxiwmum carovon xas a8 high as 68. The ccpuer evicgently
did not detract from Llie ductility of the metal and ve obtuined elastic
limits frow 55,000 to 65,000 pounds in teasil: tlesis. The rails after
fifteen Lo tweaty years service show but a limited amount of oxidation.®

*The rails w~ere rolled mostly in three rail length ingots tror 30-ft.
rails and the top rail was lettered "A™, the next rail in the ingot *B®
and the last one "C%, It was found in service that the ®“A"™ ruils -ore
8lizhtly more ra:pid thwn the "B® and "C" rails. e coul  «lsc Bee on
the inside corner of the head that there was nore scawling off of picces
from two to three incii¢s in leng th thuan on the *B® and “C® rails. Part
of this was uue to & sli unter higher percentaze of impurities in the ®A®
rail than in the lower parts of the ingots. The sigel 1in ingots of
fourteen to sixtleen inches on tie base, cust sclid, t.e shrinkage cavi-
ties in cold ingots hardly show more than a trace.®

*There hus not been any detailed technical account of these ruils
published to.date.” .
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*I should be pleased to arrange tc secure for you pieces of some of
the Bethlehem and also the Scranton ruails for your tests should you 8o
desire.®

*I had made one ot two experircients with Pessemer steel, putting
into the converter a few pounds of copper. I was not able tn pe present
when the experiments were made, but the mill pronounced them failures as
we did not obtain only a trace of coHper in the heat. Ve have made a few
experiments of putting about .25 of 1 of copper in tie plates to resist
corrosion, which shows qQuite a 1echeu lessening of the oxidation for
those plates compared to open heerth steel.®

*The brenkages of the .06 phosphorous and high carbon raile men-
tioned, with the contert of copper stowed but a very few hrreskazges in
th= track, and out of all the rzils I only know of 25 cases of split
heads after their many years of service. We shoull like tc male rails
at the present time with & content of copper in the ore for our results
of the ruils in service show that it wms beneficial ratrer thurn detri-
mentil. "

Prof. Carle Hayward, of !assachusetts Institute of Technology,
recently carried out some work on the effect of copper 1in steel in- which
the Churpy machiine at Watertown Arsenal was used to acterrine tre sicck resist-
ing power of tne two wuterials used. The analysis of these tx steels s
as follows:=~

¥ 41-42-43 21=-52-53-54
Carvon .38¢0 365
Phosphorous 012 053
fanganese 57 «59
Sulphur 030 .048
Copper .86 03

These specimens were tested in the forged conditicon, annealed, and after
various heat treatments. His results inaicate that the Charpy figure was
higner for the steel containing 86p Copper. Examination of his anulyses
will show, however that the steel conteining .867 Goprer had a Phosghorous
content of .012%, whereas the steel containing .03% Copper had a Phosnhoroua
content of .053%. In other words, the variation in Phoeprhorous is such that
no reliance can be placed on the effect of copper in increasing the shock re-
sisting power of the two steels which he used.

Lt. J. B. Rhodes,of the United States Navy, recently carried on some work
in which copper was introduced into the metal in the form of monel metal,
which is an alloy of copper &nd nickel. His steels ar~ essentinlly high
manganese steels containing over 1% of nickel and from «25% to .80%ycopper.
The results obtalned were very favorable. No blank heats were run which con-
tained high manganese, und & small amount of nickel 8~ trat it was impossible
to say with any certainty what the influence of copper was.

Respectfully,
Fo C.L&ng:‘ nberc.

wetallureimt.




