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THE INFLUENCE OF COIPZR ON THE GRAPHITIZATION
BERAVIOR OF WHITE CAST IRON

I. PREFAQE

White Cast Iron contains only combined carbom (FezC),
and it is, therefore, practiocally fréa from free *graphitio®
carbon. It is essentially a conglomerate made up of masse
ive cementite (FegC) dispersed in a matrix of intimately
mized ferrite (Fe) and cementite, known as pearlite. Any
impurities found in white ocast iron may be found in the
massive cementite phase as well as in the pearlitic phase,
Elements found 4in the free cementite may be praa&nt as
admixed carbides or as isomorphic forms of the iron car-
bide. The foreign substances found in the pearlitic matrix,
may be found in cementite portion (in a manner similar to
the presence in the massive cementite), or the ferrite por-
tion as a solid solution in the iron. The usefulness of white
cast iron is entirely due to the practical possibility of
ohanging it into the more dueotile malleable iron by a suite
able graphitizing heat treatment,
, When the white csst iron is heated above the critiesal
- temperature it is converted into an»asgrogata of austenite
gnd meesive cementite. If the temperature is maintained
several hundred degrees aﬁ@vn the cri%ieal the free cemen-



B
tite is decomposed into austenite, or ferrite, and temper
carbon (C): |

; FegQ == 3Fe 4 C.

The amatani#&a\aaiiakselﬁ&&en is stable at this high
tempersture; but, when the temperature is slowly lowered
through the transformation range, ox, when the Stemperature
ie brought to just bélam the transition temperature and
maintained there, the austenite ls gradually converted in-
to tempey c¢arbon and an austenite of a lower oarbon composi-
tion, 1In paesing the euteotold point, the remaining solid
solution regolves iiself into ferrite and more temper car-
bon. ,

In the o0ld established procese, the white casting is
heated come 200°F above the eutectoid point and maintaine
ed at the temperature for a day oy more., After this pre-
~ liminary heating the casting 4s allowed to cool to handling
temperature over a period of a week, A newer process con-
slate in heating the white cast 1xaavfo: & predetermined
time at approximately 1l700¢F and then cooling the material
to a temperature below the lower oritical point. This cool~
ing may be sccomplished by quiek’coaling or guenching to
Just above the eutectoid transition and cooling through the
transition point at the rate of approximately 100eF per
day. The material may also be cooled frdn the high temp-

erature to just below the oritiocal temperature, in a per-

iod of a few hours, followed dy heiding the temperature
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ence to its afxeetau It alao promntes,the‘effeet’of 0.30
pér‘@an%:ﬂtlia¢ﬂ in the slloys containing 2.50 per cent
carhon¥, However, Sawamara's results are mﬁinly gual-
itative and bear no relation to a regular coumercisl

annealing process.

B. Effect of Copper on the Graphitization of

| Gray Cast Iron.

The earliest reference to this subject is due to
Lipin (28). Working with copper additioms to pig iron,
&tpiniecnpluﬁaa that the copper does not tend to retain
carbon in the combined form. H. wedding (47) stated
in 1906 that copper hinders the formstion of pearlite caus~
ing the cementite to segregate; no w@ﬁﬁion'in made as to
the atability'af the éaxbaﬁé. Working with a series of
covper additions to a‘highrailtcan, low=garbon gray iron,
Hemasumi (17) found that graphitization is not affected
by the copper. In reporting their work on the irone
copper-carbon system, lshwara, Yonekura and Ishigaki (24)
fognﬁ»thﬁt copper promotes graphitization of steel cone
taiﬁ&ag'high~earb@n,, In the‘sama year, Mikailof (29)
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Guillet and 3&11&y'(15) report that copper has very little
aotion on the graphitization of cementite. However, these
authors state that copper seema to act as an accelerator
in the graphitization process. In a later work, Hurst (33)
says that copper acte similar to nickel, but it ie more
moderate,

C. .ﬂalatad Ideas from the Iron-Copper-~Carbon System.

No attempt will be made to review the iron-carbon-
copper system, It suffices to say that this system has
been thoroughly studied by Ishiwara, Yonekura and Ishigaki
(24) in 1926. The results published by these workers is
pretty well in accord with known faots. Howewer, there
seems to be some digpute congerning carbon content of the
~ eutectold and solublility of copper in pressnce of carbon.
It is the writers opinion that éastyei this disagreement
is caused by the presence of varying amounte of other
elemente, and by the great tendency of copper to form
&w@@w&&vurmﬁoé solid solutions with iron, which do not
attain equilivrium readily (8).



19038 388D OY3 UOC 309JJ9 Oou 8wy juso Xed g o4 dn xeddoo eyl
99838 ‘(¥¥) ueTBOH Puev A03048 9w Tles 8% ‘(PZ) SIGNIOM-OD
8TY PU® BIBATURI ‘Ieddop JO oeWeXOUT WITA Ieupl Bujwooeq
osrTaved oys ‘esjreved pus O031IIZ JO 83878UCO 10038 Buypaweq
-x9ddoo ® seys punof (BT) tuseley ‘L1sueocex »I0M ‘uysid
Iouls v seonpoad pue 2931xeed JO UOTLRWIO Y3 SpPIVIGX
19998 v uy xeddoo 3uyy segeys (8) xelucserd ‘esjriwed pe
-{I0W SIOW ¥ DUS exnjonige zo ediy Ieuyy ®

% ut Xeddoo jeyy punoy (L) Tyne3d ‘pOet ee ArIve sy
*(9g) ‘(vg) (uoyynyos
PITO8 uoxt-ieddoo puw 84312363 JO eangxIm) snceusBoXejey

3xd 1eese

aIe eBuUIWRT 93jIIsy-91TIXved oyus 4BYs posxfe L1rereusd
A0U 87 337 ‘eInjonyys PeLRUTURT-TISA ® 8vy ‘xeddoo uyja
pe£oTT® 19095 I0 uwoxy uj ‘o3yrxeed ous wAnowsry ‘(exmy
-onz3 e Projoesns exnd w saatd n) ¢24°8 Pue OYET¢T) TGITA
Y3 Of UOT4BIUGOUOCD PYOJOIIRe 8Y3 Seowydsyp xoddoo Jwys

PUNOZ 9H °PIOJOOING UOGIWOHOIT Y3 U0 NI0N JUS0HX SIY ul
(92) pooy 4Aq pesngex 8y syyl ‘Ieddeo Jo eoussexd eyy Jo
JUNOH0T BYY UO UOTIVIXEA ¥ OBxzepum O3 WO 40U FEOD BULY

PIo30eINe oyl uo ﬁe«gﬁ»aﬁ#@g&g ﬁwpaﬁa oy} 3vyYs pejxod
-0 (y2) TASITYII Puw eIUNPUOL ‘BIBMTYSI ‘926L UI
*(e2) ‘(0g) *(8)
uoxy puw 10938 BuiIweq-zeddoo Jo 309739 Sujuepruvg-ede
Y3 03 81X vald SUOTINTOS PITOB pejvIngwsIedne esoyl
e



e L

struoture. That copper has no influemce on the structure
up to one peyr cent, is the conolusion of Bauer, Vogel and
Holthaus (3). However, Kinneay (gﬁ)_f&nda that oopper~bearw
ing steel or iron has a fine structure. Nore regcently,
Reed {36) has found that "free ferrite persists in the
microstructure as éaat; while in the snnealed state, copper
promotes migration of ecementite to the grain boundaries.®

Clevenger (©) has reported that the addition of oopper
hardens the ferrite and that segregation is produced by b
more than 3 per cent copper. Summarizing the influence
of copper on corrosion, Smith and Aufderhaar (43) state
that the maximum resigtance to corrosion is produced by
one per cent copper.

D. Relation of the Critical Temperature to the Com~-
position ard Malleabllization Temperatures of
¥hite Cagt Iren.

In this review, the writer will only consider actual
values of the Ay (Apzgy) temperature inm irom or steel
containing 0.60 to 1.00 per cent of silicon. The reason
for the choice of this range is that malleable iron une

iversally contains the amount of silieon referred to.
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Authors Year %S4 Ay
Hague and Turner (16) 1910 0.88 72800
" " 1910 0.97 73000
" L 1910 1.18 73400
Phillips (35) 1932 0.80  748°C
Hayes and Diedericks (20) 1924 © 0.95 7600C

Stutzman (45) 1933 0.96 765°C

From these values, and from the general influence of copper
on the oc#itical, i1t might be expected that several per cent
- of cocper will lower the Ap value below 700°C
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B. Details of Alloy Preparation.
 Breliminayy Alloys. Two sets of alloys were made in
this investigation. The first set was made up for the exe
gkaﬂakpuwpaza of making & prol&ainaxy ptudy of the effeqt
:ef copper on the microstructure of commercial white irem
‘ before and after o pralangeﬁ anneal, The materials used
in the preparation of the preliminary alloys were elece
trolytic doppax wire and gommeroclial white oast iron tegte

bars of the follewing composition:

Total Carbon -~ e Bod8%
silicon - SN W

Eanganeae ww—— - 0.2310%
gulfur — - 0.031%
Phogphorue ' - 0,141%

Abont 2000 grams of the cast test~bars were melted
in a @ixniaén plumbago ecrucible heated by the secondary
goils of a 30 K. W, Ajax indﬁatian furnace. The caloul-
ated welght of copper was then added to the molten iron,
and the melt stirred and skimmed with an Armico irom rod.
when the melt reached a temperature of 3400°F (as shown
by a standard optliocal pyrometer), the molten metal was
poured into a vertical cyolindrical cavity contained in a
wet samd flask. This produced vertical ocast bare that
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were 10 inches long and one~half inch in diameter. The
bare wezre allowed 40 cool to below red heat before they
were removed from the mold. Some difficulty was experienc-
ed in getting sound bars as some of them were found to be
bhollow. No attempt was made to make up for any loss of
carbon, silicon, sulfur or phosphorus &nmiaga%ha melting
process. It was attempted to make alloys containing var-
ious amounts of copper from O to 3 per cent. These sam-
ples were numbered from one to ten,

Final Alloys. This new set of alloys vas made up
from eammaréi&l white cast iron, in the form of test~
barg, of the following composition;

Total Carbon ww——- e 3 [
silicon e 0.885;
Hanganese - o o 0.24%;
gulfur , = 0.042%;
Phosphorug e 0, 13653

Comuercial electrolytic copper wire was used as the source
of the added portions of copper. The ferro-alloys, used

to build up the composition of the alloye, had the followe
ing composition: |
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POTYOMANZENGHE =—wwcwwmmwe  B0% Mnj
Ferrosilicon - m——-  50% S1;
Ferrous sulphide e—we—we- 37.5% 5;
Gas Carbon (10 mesh) ~-- 100.0% C;
Armige Iron - cmsow  09,8% Fe.

Thyee thousand grams of white capt iron were broken
up and placed in a siz-inch plumbago orucible supported
inside the gecondary coils of a 30 K. W. Ajax induction
furnace. The contents of the covered orucible were heated
to melting point in 20 %o 30 minutes using 8 to 15 X. .
of power. When the 1rﬁn was just fluid, the calculated
welghts of copper and ferro-alloys were quiokly added
{separately) with plenty of stirring with an Armico iron
rod. Ueing 14 to 1B K. ¥. power, the heating was continued
until a temperature of 2500°F was reached. The temperature
was read by using @ Leeds and Northrup optical pyrometer,
and by sighting vertiocally thru a 3/4 inch opening in the
crucible cover. The molten alloy at 3B00°F was quickly
poured inte a damp send flask that was inclined approx-
imately 10% from the horizontal. This process gave a
casting coneisting of three bars, 6/8-inch in diameter
and 15 inches in length. The casting was allowed to ocool
in the flagk until it had reached a temperature below red
heat. The flagks were made up during the period of heate
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ing from well-mixed foundry sand that had been suitably
dampened,

The procedure was repeated using the pame amounts
of ferro alloyas and an amount of aawvau,awna sufficient
to make an alloy of the desired composition. Samples
numbered 11 through 21 were made to contain from 5 to O
per cent of copper. may@waa 33 through 35 were made to
contain one per cent of copper and from 2.8 to 3.8 per
cent carbon. Alloys from number 368 through 39 were to
contain one per cent copper, and siliocon varying from 1.0
t0 1.2 per cent. Numbers 30 and 31 were to have a com-
position of one per cent copper, in each case, and 2.3
per cent carbon and0.76 per cent silicon, respectively.
Unless otherwise specified, the composition of each sample

was made up to glve:

T — - 3.50%
g8ilicon - o - 0.87%
HANZEREHS mmmmmimmmmmmmmne O, 345
BULLUr weorerems o e 0.03%
PROSPhOZUE == S 0.34%

After the casting had cooled, it was broken into
pleces one inch in length, The middle portion of the
central bar was reserved for making the chemical analyses.
gome of the ssmple pieces showed distinot shrinkage areas
near the center,
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€. Hethods and Results of Analysis of Cast Alloys.
| Qgggggg;_ggﬁgxgig, The bars reserved for chemiocal
analyeie were cleaned by a power wire brush and then
turned down on a lathe at a slow speed ueing a high speed
tool. The turnings used for analyeis consisted of all
but the central portion (l/éwinah ia diameter) of the bar.
The methods ua#d, in the chemiocal analysis, were
those of the U. 8. Steel Corporation as desoribed in
their latest book #nt&tlads "Methods of Analysis of
gteel." The ¢arbon was determined by absorbing the COgy
(in Asoarite) formed by the uanbﬁﬁttenyaf the sample at
1000°C in an atmosphere of 0. Silicon was analyzed for
by the nitric-sulfurie aold dehydration method combined
with the hydrogen fluoride volatization method. The
copper conient was found by titration of the precipitated
ouprous thiooyanate with potassium iodate and sodium thiow
sulphate. Sulfur was determined by oxidation to sulphate
ion with nitric acid and precipitation as barium sulphate
after reducing the ironm to the ferrous state. In the
aaalysia for manganesge, this element was oxidiged to per-
manganate ion (using ammonium persulphate in presence of
gilver nitrate) and titrated with standard sodium arsen~
ite solution. The phosphorus wag dissolved in nisric acid,
oxidized to phosphate ion with permanganate ion and pre-
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TABLE 1
CHEMICAL COMPOSITIOR OF ALLOYS

33 0.92 23.84 0.84 0.038 0.34 0.115 White
’83 . ﬁtga 3468 Quaﬁ 0&@3@ 9135 Qvllﬁ ﬁﬂttled
34 0.94 3.38 0.83 0.030 0.3¢ 0.116 Gray

28 0.98 .47 0.83 0.038 0,25 0.118 .

36 0.81 3.71 0.8 0.038 0.28 0.115 Mottled
27 0.94 2.61 1.07 0.033 0.36 0.115 "

28 0.87 2,88 1l1l.14 0.034 0.26 0.115 Gray
a8 0.85 3.54 1.32 0.033 0.3¢ 0.130 .

30 0.94 2.08 0.83 0.030 0.26 0,107 White
31 0.82 2.50 0.88 0.050 0.36 0.107 Y

R* 0.00 3.51 0.88. 0.042 0.34 0.138 White

¢ ! Per Cent Chemi 10 $ H
t Alloy S ! s H 1 tFraoture :
s+ Bo. ¢ Ou 3 ¢ : 8% ¢ 8 11 ¥n : P ¢ of s
i R R e : iCepting
3 :
: 1 3.00 2.01 0.86 0.03 0.30 0.141 Yhite
4 - 3.12 2.06 0.86 0.03 0.20 0.141 White t
1t 3 nlué&\ 2&&9 quﬁ " " # " :
: 4 0.4 2.08 0.656 " " # " 3
:+ 5 1.08 2.08 0,65 " . n # :
+ 8 0.73 23.09 0.68 " # " " t
E I { 0.80 2.08 0.656 " " " " s
: 8 0.3 2.08 0,66 " . " " H
1 @ 0.30 2,1} 0.88 * LR " a K
: 10 Gt@‘ gplﬂ QQ&& " i L " ‘:
H \ :
: 11 4.47 2,33 0.8 0.033 0.24 0.119 ¥hite :
: 18 3m16_ zﬁsg Qagﬁ Qaggﬁ 0133 Gélaa " H
: 13 2.86 3.49 0.81 0.038 0.3% 0.130 . :
r 14 1.94 3.54 0.81  0.033 0.28 0.133 " t
:+ 16 .38 2.63 0.83 0.028 0.28 0.133 " $
s 37 1.03 2.80 0.88 0.08k 0.38 0.1 " !
s W7 0.76 3.B% 0.85 0.0368 0.23 0.120 " !
4 1& 0.60 3.@@ 0.84 0.034 0&33 0.130 " .
s 19 0.40 8. Gt84 0.03% 0,356 00130 " t4
s 321 0.0 2.83 0.84 0,033 0.35 0.110 " :
s 4
3 H
: t
H H
? H
: H
3 :

:

Commercial stock test~bars.
?ﬁi values for 8, Mn and P for alloys 1 to 10 are calculated
values.

£ ]
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The polighed sample wae prepared for microscopical
examination by immersion in ethyl alecohol containing 5%
of nitric acld. Two to five seconds were required to
bring out the pearlitioc structure. To detect the pres-
‘ence of massive cementite, the polished sample was vms
mersed in a boiling sodulm piorate solution for five to
ten minutes. .When desired, photomicrographs were taken
on aninverted, projecting microscope. The sodium pio=
rate etched surface was taken as the oriterion for de-
termining the presence or absence of cementite. The
nitric acld etoh was used to determine the presence of
pearlite and ferrite,

Photomiorographs of the oast bars, and of important
stages in the heat treatment are reproduced in the appen-
dix.

D. Preliminary Trials and Investigations.

When this work was started, there was a prevalent
idea in this laboratory that the addition of copper to
cast iron would give a heterogeneous micro-structure.
Two alloys, containing approximately two and four per
cent of copper, were made up from some malleadble iron
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50% of good pearlite. There seemed to be no relation be
tween the copperx content and amount of pearlite in the
micro seotion. The ferrite and pearlite seemed to be
homogeneous., No evidence was found of the separation
of free copper or any other body save carbon and ferrite.
Evidently the copper stays dispersed in some manner even
after a prolonged anneal above the oritical temperature.

In order tﬁ get some preliminary information regard-
ing the proposed heat treatment of the alloy series 11 {o
31, several trial anneals were made on the commercial
white cast iron (used in making the juet mentioned alloys).
The axxangwmaﬁt and manner of heating were the same ns des-
eribed in section F (following). The first trials con-
elsted in heating for 12 hours at 1700°F, cooling o 1300F
in 6 or 8 hours and then maintaining the temperature at
1300°F for a suitable length of time. No trace of pearlite
was found in any sample after one hour at 1300°F! It was
thought that ﬁhu pearlite might have spheroidized bhut all
available microscopiosl etohing methods failed to ehow the
presence of cementite in any form. The matrix sesmed to
be mormal ferrite except for the presence of some graing
that ssemed to be ful of mipute specks, when viewed undeyr
a magnification of 500 éiaweters.

The heat treatment was repeated except that the mate-
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erial was cooled to 1200°F, However, the samples appeared
%0 be completely graphitized ufter one or two hours at
1200°F. However, if the white cast iron samples were heat-
ed for twelve hours at 1700°F, coocled to 1450°F in aix hours,
cooled to 1375°F in five minutes (opem-furnace quench), and
then maintained at 1275°F, then 6 hours at 12375°F were re~
quired before the pearlite disappeared Irom the gamples 80
annealed. No fuvther change took place after heating at
the lower temperature for 40 houre. Tﬁe latter heat treat-
ment just desoribed was repeated using some gopper bearing
oast iron {numbers 12 and 30); eimilar results were obtained
since both samples contained pearlite after two hours at
1375°F but none after five bours. This seemed to indicate
that the commercisl white cast iron (aoupaaitian given
under final alloy preparation; III, seotion B) could be
fully graphitized by heating at 1700°F until the massive
cementite is decomposed and then cooling to 1300eF or

lower at a rate slower then 50°F nper hour.

E. The Influence of Composition on the Oritical Point
of vhite Cast Iron.~~Investigation and HResults.
‘The proposed heat treatment would consist in heating
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for a perliod of time above the alpha-gamma transition
temperature (the Apzp1; this will be designated in this
paper as just the A, pnint)'$eeling slowly thru the transie
tion point and then maintsining the temperature just below
this oritical temperature. The nature of this heat treat-
ment makes aeaasaary a falr knowledge of the Ay point of
each of the alloys to be heat treated. As pointed out
under Part II, Section I, the literature conteing no facts
regarding the influence of copper content on the A, point
of ordinary white cast iron. #ince s series of cast irons
{of desired composition) containing verying amounts of
copper was &t hand, it was decided to determine the A, and
Ay, point of this alloy series. |

To this end, differential h&ating curves and cooling
curves were run., The instrument used was a Leeds and
Northrup apperatus for the determination of thermal transi-
tion ﬁamparaturaa. In order to avoid lrregularities in
the heat of transition, the pamples uged were annealed at
a temperature of 18560¢F until all the massive cementite had
been broken down and the samples sppeared partiaslly mallw
eablized. After annesling, the samples were properly
machined to fit the instrument and were well insulated with
gheet mica. Preliminary to making a record, the samples
were heated, in the instrument, well sbove the coritical
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TABLE 3.

3 PATE RN (“ 4
L ; polo il o . L
L - H 1 } ¢ - H
1 10 : 0,04 ¢ 1365 120°F/min ¢+ 1405 1 30°F/min
t B : 0,39 ¢ 1380 ¢ L4 t 1408 4 o» LI
E IR § : 0.B0 ¢ 13486 " t 1400 3 ¢ LI
H 8 : 0.78 ¢ 1340 * + 1385 3 30eF #
: & s 0.72 ¢ 1346 " t 1400 : 30eF *
$ 4 1 0.4 ¢ 1330 " t 1380 : 19eFp "
: i : 1.46 ¢ 1310 : " : 1386 : A7eFP n
‘ y P Y 368 » [ * e . §o 1 4

The results of this investigatién clearly show; that

copper lowere the A, value of cast iron in a linear fash-
ion between O and 2 per cent of copper; that the A, point
is slightly lower in direct provortion to the amount of
copper up to 1 per cent, anﬁ that the amount of coprer
has no perceptible tnﬁluﬁmnq,on the A, and Ay temperatures,
above 1 and 2 per ¢ent copper, resgpectively. This is in
general accord with #&lﬂﬁa reported in the literature on
iron-copper and 1ruaéampp&i~aaxbcn alloys. The hysteresis
lag increases with the amount of copper; this ig also in
acoord with generally known facts. According to the work
of Hayee (18) and of Stutzmen (45), one per cent silicon
raises the Ay point 110°F and one per cent nickel lowers
the transition 60eF. Therefore copper lowers the Ap point
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about one~third as much as eilicon ralses it, and about
one~half as much as nickel lowers the transformetion
temperature,

These results indicate that for white cast Lirom
alloys, that might contain any amount of copper, it
would be necessary to finlsh the twowoysle graphitisation
process at 1360%-1376°F instead of at 1300eF, This is
necessary in order that there may not be any possibility
of being above the oritical temperature during the last
step in malleabilization treatment. From these consider-
ations 1% was deolded to use 12780F instead of 1300°F as
the lower temperature in the trial heat trestment.

F. The Process of the Heat Treatment of White Cast
Iron Alloys.
fethods and Apparatus. Any of the desired samples
to be beat treated where placed in orucibles made from

a ¢apped iron pipe that was 2 inohes in dlameter and

4 inches long. To minimize oxidation, the smmples were
surrounded by & paoking of coarse gas oarbon. Usually
these sample~poniainers were placed in the heast-treating
furnace after the furnace had attained the desired temp-

erature. The heat treatment was carried out in a vertice
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«35m
pample container (containing a piece of each alloy) into
the furnace every consecutive hour, until six have been add-
ed. After the last set of samples had been in the furnace
for one hour, the gamples were all cooled in the furnace
for anothey hour, before they were removed. This brought
the furnace temperature to 1450°F at the time of removal
of the samples. The time of primery heat treatment was
then the number of hours at 1700°F plus one hour of cool-
ing.

The polished gecilon of each heat-treatsd sample was
examined for the presence of Fe;C after etching with sod~
ium piorate. The decomposition of the cementite was con-
sidered complete whenever all the massive Fe3C boundaries
had disappeared. The entire polished gection wae invegt-
igated, but any areas of shrink were not included in the’
examination. The time needed to cause the decomposition
of the massive cementite is given in the following table.
Photomicrographs (nital etch) of each sample, at the end
of the decomposition, are given in the appendix,

The following treatment was used to determine the
time necessary at 1375°F to completely graphitize the
austinite into ferrite and carbon. Ten iron yzpcs, Qonw=
taining a pieae of each alloy cast iron, were gimultaneous~

1y placed in the furnace at 1700°F. The gamples were main-
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Iv  RESULT OF EXPERIMENTAL HEAT TREATHENT OF WHITE CAST

IRON ALLOYED WITH COPPER.

A. General Discussion and Results.

In Table 3 are shown the times necessary to complete
the first and second stages of graphitization of the
copper~bearing white cast irone. This table lists the
time required at 1700°F and 1275¢F, end does not include
the time (five and one~half hours) consumed in cooling
from the high temperature to the low temperature, The
total time required for malleablization is the sum of the
time at 1700¢F and 1375°F plue five and one-half hours.
The alloy marked *R* is the commercial white ocast iron
stock from whioh the other alloys were made,

A peouliar situation is brought up in reviewing the
results azvtha graphitization tests. Data previously
produced in this laboratory and results published by
others indicate that the timeg listed herein for complete
graphitization, of commercial white cast iron, are only a
fraction of the times usually recorded. The writer has
no egplanation save that the composition of the cast iron,
nsed in this work, sbows & higher carbon and much lower
manganese, sulfur and phosphorus than that used by others.
There is also the general possibility of the presence of

an undetermined chemiocal or physical factor.
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TABLE 3.,

TIMES NEOESSARY FOR THE GRAPHITIZATION OF THE MASSIVE
CEMENTITE AND OF THE EUTEOTOID CEMENTITE

- - . s——

' Jdeight per cent siﬁua Tor daeenw i?tua for graph-

t i % tposition of mas-:itization of eu-

Alloy: Cu : € : 81 *sivn semant&ta 1teotold carbide
NN T SR : & s gt 13750}
11 4.47 3.33 @.81 8 hﬂurs 3 hours

i3 3.10 2.52 0.84 5 # 3 0
13  2.236 2.48 Q.81 E o 3 ¢
14 1.84 3 54 0.8} 5 » 3 =
5 1.37 2.82 0.83 g 3 n
37 1.03 3.60 0.88 7 ® 4 »
17 0.76 2.68 0.85 7 " 4 »
18 0.8 2.80 0.84 7T ® 4 ¢
18 0.40 3.680 0.84 7 # 4
3{3 Qt}u? 3.@@ Q.B"' 8 " 5 L
21, 0.01 3.83 0.84 g g 0
30 0.94¢ 3.08 0.83 7 g8 @
3 1.03 3.6& 0.85 7 a 4
32 0.93 2.84 6.8& g 0 3 "
28 0,82 3,08 0,82 E 3 v
31 0.83 2,50 0.68 7 ¢ e v
37 103 2.80 0.86 T oon 4 v
a6 0.91 3.71 0.98 8 ¢ 4
27 0.94 3.81 1.07 g o 4 v
8 L 86 "

R 0.00 3.51 0.88

Fote: The pamples were cooled from 1700F to 1480°F
in five and one~half hours; from 1l450°F to 1375eF
in ten minutes.
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B, Effeot of Varying Copper Content Omly.

The table 3 clearly ahewg that two per cent of copper
shortens the total time for complete graphitization about
22%. The time needed to decompose the free carbide is
lowered 3?.5% by the presence of two per cent copper.,

The second malleabilization stage is shortemed from 4
hours fax tﬁe white cast iren}(&.@l% tu) to 3 hours for
the castings containing two per cent copper; this indi-
oates & 35% shortening of the second stage. Above 3 per
cent copper, there is no further change of time needed
for either the primary or secondary stage. In faot 4,47
per cent copper seems to be deleterious to the deocomposi-
tion of the free cementite. Furthermore the effect of
copper on the malleabilizing process is greater between

~ one and two per cent then from zero to one per ocent,

0. Effeot of Varying Oarbon and 8ilicon Content
~ for a Given Copper Content,
| Caxrbon and pilioon have the game influence in copper-

bearing castings as in ordinary white omst iron; that is,
the required tine for both gtages of graphitizetion is
shortened by increasing the carbon or silicon oontent.
Distinetly gray castings were produced (see Part III,
gection C) by 3.28 per cent carbon in presence of 0.94
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per cent copper and 0.85 per cent silicon. Gray castings
were also produced by 1.15 per cent silicon in the prege
ence of 3.58 per cent ocarbon and 0,87 per cent copper.
Theee castings were cast in wet sand flasks. Above
8.50 per cent, the effect of the increase of carxbon
pex_centage is three times as great as the same inorease
in eopper content, Similarly, the increase of 0.10 per
cent silicon (above .8%) is as effective as an increase

of 0.60 per cent copper.

V THE MICROSTRUCTURE OF THE OAST, MASSIVE CEMENTITE-
FREE ARD GRAPHITIZED ALLOYS.

A. Influence of Composition on Structure.
The dendriditic structure, of the castings alloyed
with ceopper, do not differ greatly from the structure of
pure white cast iron. There seems to be lese free cemenw
tite in the high copper alloye than in those containing
juet s 1ittle. This oondition indicates that the eutectold
compoaition is raised in carbon. High power examination
indioates that the oast alloys high in ocopper seem %o conw
tain sorblite or sorbito~pearlite instead of well laminsted
pearlite.

After the malleabilizing treatment, the high copper



‘ ~41-
castings show a greater grain refinement of the ferrite
than found in ordinary malleable iron. The mallesbilized
samples containing above one per cent copper yield a
ferrite that a%ﬂh&&,@g@k more readily than pure ferxrite,
and that geems to comtain & multitude of emall gpots,
that are just resolved by & high-power mioroecope. The
copper content does not ssems to change the kind and
size of temper carbon spois.

B, Photomicrographs of Typical Sectiona.

Fhotographs are given, in the Appendix, of typical
pections of the verious alloys ag osat, after decomposie~
tion. Alloy 15 has been chosen to serve &s an axample
%0 show how the procese of heat treatment progrecsed.
A1l photogrephs are at a magnitteatiéa of 2256 diameters.
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vl CONCLUBIONS AND SUMMARY,

1. 4 study has been made of the influence of copper
on the position of the izp) polnt of a white cast iron sult-
able for malleabilizing. This oritical temperature is low-
ered 45°ﬁ%(w1th a warked incresse in the temperature hysa~
teresis) by three per cent of copper.

3. The influence of copper on the malleablilizing ten-
dency, of white cast iron, has been studled quantitatively.
The times needed to effect the decomposition of the massive~
cementite (primary graphitization) and of the pearlite-
cementite (secondary graphitization) have been determined
for white oast iron containing varying smounts of corver,
carbon and silicon. This research indicates that copper
- phortens the time needed to decompose the carbide in both
stages of graphitization.

3. Photomicrographs are included (in an appendix)
showing the influence of copper on the structure of the
cagt, massive cemeatite~free and malleabilized white
cast iron alloye. These pictures indicate the copper
promotes grain refinement of the malleabilized alloys, and
that copper raisees the carbon content of the iron~-copper-
carbon eutectoid.
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VIII APPENDIX.

Key to symbols under photomlcrographs:
A number followed by no other number, or letter, signi-
fies the "ag cagt? sanple of the alloy listed under Part
11X, section ¢ (Table 1).
When the number (that of the alloy in Table 1) is follow-
ed by the letter H or L, the alloy has been heat-treated.
A number after the letter H denmotes the number of hours
heated at the primary annealing temperature (1700eF),
The number following L denotes the actual number of hours
at the lower annealing temperature (1275°F). For details

of the heat-ireatment gee Part III, section F.
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