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I. INTRODUCTICH
This work was begur in order %o obtain data on the effect

of manganese and sulfur on the rates of malleablization or
graphitization of white cast iron. Two basiq compositions
were chosen, one ofabout»2.40% carben and 1,0%.§i1icon, and
the other 2.10% carbon and 1.10 - 1.15% silicom. In both cas-

es the phosphorus was maintained at about 0.15%. The attenpt
was mede to keep tﬂe sulfur at a2 low and constant amount. The
variable element was manganese, which'waslstarted from a low
value znd increased at definite intervals. This experimental
program.wés followed as near as it was possible, Although the
heat treating results are somewhat of a gualitative nature,
they are indicative of the result tkat was sought at the begin-

ninge.
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I1. HISTORICAL

Probably one of the earllest references that was made in
regard to the effect of manganese and sulfur on wkite ?ast
iron was that of Haﬁmer. Schwartz (9) guotes Hammgr to_the
effect that there exists, A chemical ratic as between car-
bon and silicon, and manganese and sulphur.®* In 1875 Hammer
established his laboratory which was one of the first in the
industry. |

Schwartz (9) states tkat to form manganese sulfide 2
slight excess of manganese over the theoretical amount is nec-
essary. BHe also mentions that the only hérmful.effect sulfur
will have is to prevent complete graphitization.

Hayes ané Flanders (é) from their results of studying a
number of samples of white iron eoncluded that sulfur has a
very karmful influence on the rates of’graphitizatib; and that
& small amount of manganese corrected the difficulty. They al-
so found that a little suifur corrected 2 high manganese irpn.

Schwartz and Guiler (10) say, "It is of common knowledge,
also, that the presence of sulphur or manganese in abnormal a=-
meunts will greatly retard or prevent znneal in the»ialleable
industry.® |

Flanders (1) wkile working with material for complete ab-
sorptiéﬁ of free cementite found thet the worst condition met
was a high sulfur ?élué with low menganese. A low sulfur com-

bination also increassed considerably the time of graphitiza-

[LSta——
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tion. He alsc found that a definite minimum time exisis for
the graphitization of a well balanced manganese sulfur combin-
ation.

Yemenidijan (13}‘conc1uded that the best percentage of .
manganese to balance the effect of sulfur on the rates of.grgph—
jtization could be expressed by the equation, ¥nr = 25 + 0.15.:
Apparently; this constant {0.15) is lewer for higher‘values of
gilicon. His resullts of alloy series numbers é and 3 are shown

in ta2bles I and II, respectively. These tables follow.
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| TARIE 1 (a)
TERCENT CEESMICAL ANALYSIS

i Number : -

of Szwmrle C Si P _Eh ‘-S
1 2.48 | 6.84 0.134 0091 0.132

2 2.48 085 0.132 0:175 0.130

3 2.4% 0.83 0.135 0.209 0.136

4 2.46 C.84 Q134 0.3C6 - 0+132

S 2.45 C.85 C.131 0,406 0,129

-6 2.49 - 0.85 0.133 0:478 0:126

7. 2.53 0.83 0.132 0.662 0.133

TABIE I (%)
MfLT SPUmA r~x~r-—a-wn

BEATST Y

Tumber . pime 8t - Tima ot -

of Semple 1700 F. . 1300° .
1 . 444 hours cL _——
2 22 hours . 38 hours
3 22 hours 36 1/2 hours
4 19 hours 33 hours
5 19 hours 30 1/2 hours
S 19 hours 32 1/2 hours

18 hours - 35 hours
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TABIE II (a)

ERCOBHT CEL‘IICAL ANATYSIS
Humber ‘ ,
of Semple C Si ¥ ¥n S
1 2.50 0.87 0.142  0.115 0.160
2 2.52 1.11 0.140 0.215 0.159
3 2.48 1.11 0.141 0.306 0.158
4 2.54 1.1 0.140 0.393 0.159
5 2.54 1.10 0.139 0,443 0.159
5] 2.51 1.10 0.141 0.535 C.1E2
TARLE II (b}
HEAT TREATHENT
Number Tine 21 - Time at
of Samgpiz 1700 ¥, 1300%° Ff..__
1 38+ nours '
2 10 hours 18+ hours
3 g hours 13 hcurs
4 ¢ hours 11 hours
5 9 hLours © 11 1/2 hours
5 g hours 13 1/2 hours

A A e i €30 g e a1 1 TS



Kumber
of Sample

-

TABLE II1

RxSULTS DERIVED TROM TABLES T AMD 1I

- ¥n,S Ratio

¥n - 25

Total Time
for Annesling

ST WMk AN

O O > GBS fee

1-1.5
103"1
1 * 5-1
2 .-5’1
302’1
3.8-%
4.7-1

1-1.4
l.4-1
1.9-1
2.4-1
2.8=1
Ja3-1

0173
-0.085
~C.C63
C.C42
G.148
0,226
G.396

-0.205
-0.1C3
0.C1C
6.075
0.125
0.211

44+x hours
€1 hours

58 1/2 hrs.

52 hours’
49 1/2 bhrs.
51 1/2 brs.

53 hours

38+x nours
28+x hours
22 hours
20 hours’
20 1/2 hrs.
22 1/2 nhrs.
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Eikuta‘éjgonclusions in reéafd to manganese and sulfur
were that the former should be limited to‘Q.é% and the lat-
ter to 0.06% for good results in annealing. An excess of -
either one hinders malleablization especially in the second
stage, Table IV which follows gives alleys studied by Xikute
and the results of time at tkhe first (925° C.) and second

(710° C.)} stages of gravhitization.
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«lle

v {(a)

CHEXICAL ANALYSIS

iC+x hours

¥umber : } ‘
of Samole 2c % si % in %5 %22
12 2,09 1.22 .24 04025 0.122
21 2.45 .86 0.19 0,029 0.115
24 2.42 1.07 0.1%7 '0.028 0.134
30 2.51 1.15 0.46 0,033 0.127
47 2.62 1,15 0.22 ‘0,026 0.126
aAg 2.50 1.14 0.22 0.051 0.121
49 2.5¢4 1.14 0.22 0.066 0.128
50 2.45 1.15 0.22 - 0.072 0.120
56 2.54 1.13 0.22 0.027 0.212
58 2.40 1.14 0.22 0.039 . 0.451
60 2,41  1.08 0.20 0.059 0.792
TABIE IV {b)
. TIME CF GRAPHITIZATION
- Numbver ‘ o
of Sample - 925° c 710 C

14 6 1/2 hours ‘25 hours "

21 9 hours 25 hours

24 5 1/2 hours 16 hours

30 5 1/2 hours 24 hrs.{zt 700° c)

47 S hours 10 hours

48 . € hours 15 hours,

49 7 hours - 23 hours -

50 Y/ l/z hours 22+x ‘hours

56 & hours 11 hours

58 . 4 hours . 9 rours

50 , 2 z/s hours

NV g e b T s b AN



Kumber
of Samrnle

RESULTS DERIVED FROY T
¥n - 28

¥n,S
Ratio

=12~

Totzl Time
for Annenling

14
21
24
30
47
48
49
50
56
58
60

S.e6-1
6.5-1
6,1-1
14,0-1
84,5-1
4,3-1
Sed=1
30« l"l
8.2~1
S5.6-1
Sed=-1

0.190
0.132
0.114
0.394
0.268
0.118
0.088
0.076
0.166
0,142
0.C82

31 1/2 hrs.

- 34 hours’

21 1/2 krs.

29 1/2 krs.
15 hours
21 hours
30 hours

28 1/2+x hrs.
17 hours
13 hours

12 2/3+x hrs.
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Gilmore {2) showed that the minimum for the ratio,
¥n/S, should be 1.7. He recommended for good practice
Mhlz 1.7 x S + 0.1 for those cases where the sulfur rang-
es from 0.0% to 0.15%. He applied this relation to air
furnace, open hearth and electric furuace pperation. The
relatibn for manganese and sulfur in cupola iron is the
same in regard to the minimum, but for recommended prac-
tice in this case it is, ¥In = 1.7 xS + 0.20._ The added
constant is higher because the suifur is higher, namely,
from 0.15% to 0.30%; and alse because‘gf‘greater varia-
tioﬁs in botk manganese and sulfur. IGilgore concluded
that whenever the menganese sulfur (ratio) falls below the
limit 1.7, the materizl can not be made into good malleable
iron. ‘ | | |

Smith (11) drew the following conclusions in regaf@ to
sulfur in the production of malleable cast iron (whits heart],
first, ®Sulphur is not removed during tke ordinary annealing
?rocess“, and seccnd, "When the exterior of the casting is‘
oxidizeﬁ, sulphur tends to.segregate into the unoxidized por-
tions.® |

Norbury (8) guoted Evans and Peace as follows, "The man-
ganese must be in sufficient quantity to neutralize whatever
quantity of snlphqr is present. The amount is not, howeve:.‘_
the theoretical requirement to form manganese sulphides i. e.,

1.72 times the sulﬁhur content, but is in excess of this. Ac-




tual practise has established that the excess required increas-
es with the sulphur content. ¥ith 0.04 percent sulphur the ex-
cess reguired is in the neighbourhood of 0.2O percent ﬁangangse.
If the excess is more than 0.2$,perCent, the manganese retards
gfaphitisation% Nbfbury in his study of gray iron showed two
phoﬁographs in which 2 small érea of i:on sulfide was enclosed
within a much larger area of ceméntite.. He suggested:that_fhis
cementite was not é;aphitized because 6f iron_sulfidé} The
field surrounding the cementite was pearlitic. ‘

:Levy.(é) annealed (a) iron free'froﬁ sulfur, (b) iron con-
taining;0;2% sulfur;,and (c) iron containing 0;80%,§u1fur at
1000° C. in a gas muffle furnace for a perioed of_siity hours.
He fcund areas of_fiee cementite still pérsistingiin'the 0;2%
and‘also in thelc,s% sulfur iron. 1In the iron free frém\sulg
fuf, thg cementite was absorbed sometime between ten and thir-
ty hours’'at 1000° C. | ‘ o

Levy (7) concluded- that the sulfur acts mechanically and
rhysically so that the conditions which favor the breakdown
of cemegtite are oprosed, physically, by the lgwering of melt-
ing poiﬁts and by surface tension, mechaznically, by;the forga-
tion of sulfide films whick envelope the.ceméntitg crfstéls.
Thesé'enveioﬁes, according to Levy, may glso hinder1the_exr
pansianiwhich‘aécqﬁpanies thé graphiﬁe formation. In regard
to manganeSe Levy observed thaﬁ‘for the quantities usuzlly

found in cast iron, manganese tends to form carbides wkich are

A g Tt 1t 8 L K £ ks o
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very stable. o

Hetfield (3), in his work on the influence of suiiur on
iron carbide in the presencé of siliécng found that, (a) the
sulfur increased the stability of the cemeﬁtite at the higher
temperatures} (b} the small amount of sulfur associated with
the carbide is procbably the cause of the stability of the lat-
ter; (c) tke action of sulfur is chemical in nature, which is
not in accord with Levy's ideaj (d) the effect of silicon was
to neutralize the detrimental action of the sulfur; and (e)
manganese neutralizes the action of the sulfuf. |

Stead {12} while working with gray irons determined that
sulfur crjstallize&‘with the carbide.. This waé determined by
analyzing the‘carbidevresidue ﬁhich was ebtained from ireatment

of the iron with a 10% hydrochloric acid solution.
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IIl. EEXFERIINNTAL PnOCEDUREE ALD DATA

As Zrevsration of 2iloys

The meterisls used in the rreparzticn of these alloys
consisted of Armeo iron, graphite, ferro-silicon f&ﬁ% sil~
icon}, ferro-msnzsnese (465 maﬂganese}, ferro-phosyhorns
{25% phoéghorus}, ané ferrous sulfide {50% sulfur).

About 500C grams of Armeo ifon were melted in 2z small
Flumbazo erucible by msans of a‘35 XV - a.Ajax.ﬁorthup.elsc—
tric furnsce. The gra§hite, ferro-silicon, ferro-phosphorus,
and Terrcus gulfide were then soidsd in guantities to give
white iron compositions. Izmmedistely after these additiens
wera made the melit waé stirred with an Armeo roém “he molien
matal s poured into bars of ccavenient'size bj uzing sand
molds. 7This was the basic stock of the material. The basic
étock'sas theu remelicd znd ferroe-manganase added to procuce
the desired perceantsge of msnganese. ARy carrect#ons in com-
rozition were meds nt this remelting. The dars on the remelt
wers pcured in irdivicduzl sznd molds 3In 12 inch lengths have-
ing 5/8 inck diameter. A4 ponring temperature of 2400° - 2500°F.
wns used a3 determined by 2 Leeds and Xoritup oplicail Dyro-
meter. The sand molds had besn alloved to dry ot room lempers
ature for o periecd cf 48 - 50 hours. &fter pouring'ihe remelt,
the sand mold was allowed to stend 30 minutes before breaking

it. Trne fracturs of the bars iz 21l cases wes white. Izay
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bars, however, had an area of shrink in the middle.

The only deviation in the pouring of these alloys was in
the making of numbers 70y 71, 72 2nd 73, 74, 75. In these
cases each set of three was made by“meltingvgbqui SOOQ,gramsz
of Armeco iron and direc?ly'makiﬂg the necessary additicns for

the compositicn desired.
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B. Chemical Analysis of Alloys

The analytical methods used for tre determination of tke
chemical‘cgmppsitiqns were those recomuended by the.ame:icgn_;
Society for Testing Materials. Check and blank determinstiions
were macde In sll céses. The carbon determ;napipn_was made by
direct cembustion im oxygen, Ascarite being used as lhe absorb-
ent. The silicon method used was that of mitro-sulphuric acid
dehydration. The manganese method used wes the sodiug bismutk-
ate. Sulfur was ¢etermined bty the barium sulfate precipita- -
tion method. For Thosphorus, the a2lkali-acid titrzticn metheod

was tused.
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TABLE A

' CHEMICAL AWALYSIS

No.Sample ZC % si % M %S %3
6 2.11. 0.99 0.006" 0.040  0.14
9 2.06  1.06 0.012 0.057 0.14

15 2.08 1.07 0.033 0.046 0.14
16 2.10  1.11 0.034 0.058 .  0.15
17 2.11 1.11 0.036 0.054  0.16
8 2.07 1.08 0.066 0.053 0.14
24 2.16 1.13 0.063 0.043 0.16
26 2,10 1.14 0.061 0.038 0.13
31 2.13 1.14 0.087 0.043  0.14
32 2.12 1.10 0.098 0.043 0.13
14 2.09 1.07 0.104 0.053 0.14
41 2.08 1.15 0.143 © 0.050 0.16
40 2.08 1.16 0.149 . 0,040 0.15
42 2.08 1.14 0.156" 0.040 0.16
43 2.10 1.11 0.155 0.045 0.15
45 2.10 1.16 0.188 0.056 0.16
68 . 2.08 1.13 0.180 0.033 0.14
69 2.0%7 1.15 0.171 0.020 0.14
44 2.09 1.11 0.218 0.035  0.16
55 .09 1,07 0.220 0.037 0.16
73 2.16 1.10 0.358 0.041 0.16
74 2.19 1.00 0.350 0.040 0.15
64 2.12 1.15 0.388. 0.038 0.14
65 2.12 1.10 0.397 0.036  0.14
66 2.12 1.10 0.385 0.035 0.14

2.11 1.09 0.397 0.038 0.12

67
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TABIZ B

- CHBMICAL ATWALYSIS

To.Sawple ¢ < 84 < Yn £ 3 <
s 2.39 1.04 0.007 6,055 0.16
2 2,38 1,01 0,006 0.044 Col6
3 2,41 1.06 C.031 0.051 Cel8
9 2437 1.00 0.030 £.055 0.16

12 2,40 5,97 0.043 0.058 0.16
18 2.41 057 0.038 0,049 Celd
10 2.41 0.92 0.068 0.055 015
20 2,40 1.02 0.083 0.051 0.14
21 2.38 1.05 0.079 C.042 Ce16
22 243 1.C4 C.083 C.040 Gulb
z 2.37 1.03 0.089 0.026 C.l16
28 2,39 1.02 0,008 0,023 Oal5
29 2,40 1.02 0.084 0.023 Cal

30 2,35 1.02 0.085 0023 Celd
33 2.38 0.96 0.120 0.056 C.14
35 2.43 0.95 G.111 0.060 0.15
36 2.38 1.01 C.126 0. 053 Cel5
38 2.41 0,58 C.129 0.054 Oald
46 2,36 1,03 0.225 0.033 0.16
70 243 1.01 G.254 0.040 Cel3
71 2445 G99 G244 0.042 0.15.
72 2.44 1.C0 0.24% 0.C49 O.15
47 2.38 1.0% Ca274 0.042 C.16
45 2,37 1,09 0.271 0.028 0.14
4% 2.35 1.08 027G 0.033 0.15
50 2,42 1.09 0.273 0.031 C.18
51 2.38 1.08 0.374 0.032 017
52 2.33 1.10 0.372 0.033 0.18
53 2,37 1.07 04337 0.040 0.16
54 2434 1.08 0.355 0,040 Cal?
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C. Heat Treatment of Alloys

Samples of about one to two inches in length of the var-
jous alloys were placed in a Hump annealing furnace which had
previously been brought to a_temperaturg of 1700° Fa'(926°28.}.
The time required.to bring samples to 1700°~F,.(92é?»é.) de-
pended on the number of samples which were entered‘andzﬁhis
time was not included in the total time at 17C0° F., or the
first stage of graphitization. In order to~gvoi§ as much de- -
carbﬁrization 2s possible the samrles were racked with graphite
in gmall iron or darbpn contairers, In spite of this precau-
tion and that of keeping the furnace chamber as air tight es
possible, considerable decarburization occurred. The time re-

quired for complete removal of free cementite was determined

'by'withdrawing samples at various time.iﬁterVals.‘Aihevpresence

or absence of free cémentite was checked byAfirstdgiinding suf-
ficiently an area of =z samples in order to avoid any surface de-
fects, and tken carefully polishing this area. The polished
sampléswere etched with,a 5% solution bf.nitrig acid in ethyl
alcohol and viewe&?gt é magnification of sbout a hundred times.
The nitric acid etéh was removed by:poliShing;and‘thé;samplesg
etched ﬁith sodium pierate solution, This served as a check on
the nltrlc ac1d etch. In each case the entire poliShed surface
was investzgated ulcrosccbically, areas of shrlnk not bezng in—

clude& in the ex=minetion. ¥Whenever free cementzte remalned,

4
1
}
!
1




o
the saﬁples were returned to the furnace at 1700° ¥. (926° C.)
for more annealing. _
After the total time for completion of the first stage

of graphitization at 1700° F. (926° C.} had been determined,

[ the samples were again placed in the containers and packed

with carbon as before. The samples were then placed in the -

furnace and heated to 1700° F. (926° C.). The power was turm-

ed off and the samples were allowedﬁto cool in the furnace to

1300° F. (704° C.). Tkis temperature was maintained for 2
sufficient time to break down the pearlite. The time neces-
Sary for the complete removal of tke pearlite was determined
by taking out the samples ot various intervals and checking
microsqopically the_progress of the second stage of‘graphi$i¢:
zaticn. If the pearlite was not b;okén down, the samples were
returned to the annealing furnace at 1300° F. (704° C.) for am-
other reriod. In sgme_cases it was neCessary‘tc.repeat this
procedure several times.,'ﬁﬁth a numbervof the_samp1es t@ig
procedure was abandoned because it appeared that the time re-
guired would bé of a long duration and of 1little value in this
investigation,

Upon removal from the furnace the samples were allowed to
cool to room temperatu;e in the containerj this required usu-
ally less than an hour. ‘ .

Because of thé fact that decarburization had occurred and

alsc because of the nature of the compositions, picture frame




N

was'eﬁcountered, and this ?aé_remcved~by'more annealing at the
lower temperature, 1300° F. (704° C.).

The temperature of the annealing furnace was controlled. -.

| and recorded by a Leeds and qutﬂhp Recorder. This temperature

was frequently checked by a portable pyrometer indicator which
in turn had been checked by a2 Leeds and Nortbup Student Poten-
tiameter‘(neW'model) end found satisfactory. Iron fh¢°n§t??t??i
thermocouples were used and fregquent replacements were necessary

due to the oxidation of the iron.
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TARIE C

FIRST STAGE CF GRAPHITIZATICE 1700° F. (926° C.)

Numnber Incomplete Almost Complete

of Sample at Complete at at
6 71 hours
9 71 hours
15 41 hours 43 hours 51 hours
16 ’ : ‘ ‘ . 20 hours
17 ; 22 hours 24 hours
8 20 hours 23 hours
24 20 hours 24 hours
28 - 7 hours 8 hours
31 7 hours ‘9 hours
32 , 22 hours - 24 hours
14 v 20 hours 24 hours 30 hours
41 5 hours & hours
40 , 6 hours % hours
42 _ L € hours 8 hours
43 10 hours . 12 hours
45 5 hours 6 hours
68 6 hours 8 hours
69 : 6 hours ? hours
44 5 hours ‘ 6 hours
55 4 hours 5 hours 6 hours
73 5 hours 6 hours
74 5 hours S 6 hours
75 , 4 hop:s 5 hours § hours
64 8 hours 12 hours
65 ' 4 hours 5 hours
66 — 6 hours 8 hours
67 4 hours B ——— 5 hours
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TABLIE D

PIRST STAGE OF GRAPHITIZATION 1700° F. (S26° C.)

Complete’

Number Incemplete Almost
of Samvle at Complete =zt at
1 49A hours 51 hours
2 49 hours 51 hours
3 26 hours 44 hours
7 26 hours P — 44 hours
12 20 hours JR— 22 hours
18 30 hours 44 hours
10 36 hours ——— 41 hours
20 : 18 hours 20 hours
21 28 hours " 30 hours
22 : I hours
27 6 hours
28 6 hours S, 7 hours
29 6 hours 7 hours S hours
30 6 hours . 7 hours
33 e 6 hours 7 hours
38 6 hours e 7 hours
36 s 5 hours 7 hours
38 20 hours
46 6 hours. 8 hours 10 hours
70 5 hours 6 kours 7 hours
71 5 hours . B e —— 6 hours
72 5 bours 6 hours 7 hrours
47 10 hours 12 hours .
48 4 hours Shours 6 hours
49 : 6 hours 7 hours
50 6 hours . 7 hours
51 10 kours 12 hours
52 6 hours 7 hours
53 6 hours 7 hours
54 & hours 8 hours

SR P B A




TABIE E |
SECOND STAGE OF GRAFPHITIZATION 1300° F. (704° C.)

Number | :Incomplete:Complete but :CompletetHours to Remove
of Samvle: at :Picture Frame: tPicture Frame
6 — e D —
e —n e I
15 50 hours —
16 80 Hours ——
17
8 80 hours
24 80 hours S o ,
26 60 hours — 80 hours
31 60 hours 70 hours 80 hours 10
32 —— : 30 hours
14 80 hours_ :
a 15 hours - 18 hours - 3
40 12 hours 13 hours 25 hours 10
42 - S— : 1% hours 25 hours 10
43 15 hours 2% hours 30 hours R
45 20 hours 24 hours 30 bkours 6
68 T 15 hours 25 hours 1C
69 24 hours 30 hours 40 hecurs 10
44 12 hours 15 hrours 25 hours 10
55 20 hours s 30 hours —
73 22 1/°hrs. 30 hours 35 bours 5
74 12 hours e 30 hours =
75 22 1/2nrs. 30 hours 35 hours 5
64 24 hours 31 1/2hrs. 40 hours 8 1/2
65 30 hours ' 40 hours —
€6 15 hours 25 hours 30 hours 5
6% 20 hours 30 hours 40 hours 10

ety
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| TABIE F | |
SECOND STAGE OF SRAPHITIZATICN 1300° F. {704° C.)

Number . Incomplete:Complete but :CompletesHours to Remove
of Samvle: at :Picture Frame: sPicture Frame

1

2

3 80 hours ceme—— —

7 80 hours _
12 80 hours - —
18 8C hours e —
10 '

20 30 hours e 35 hours
21 i s 30 heours
22 22 hours 29 1/2 hours S 10¢
| | 39 1/2 hours |
‘29 20 hours. 22 1/2 hours 30 hours 7 1/2
28 20 kours 22 1/2 hours . 35 hours 12 1/2
29 22 hours - 24 hours 40 hours 16 '
30 20 nours 22 1/2-%0hrs  ______ 17 1/2
33 = 20 1/2hrs 34 1/2nrs o
35 : 12 hours — 15 hours ~
36 10 hours 12 hours 18 hours &
38 2C . hours 25 hours 35 howrs ic
46 » 15 hours 25 nours 10
70 12 hours 15 hours 22 hours -7
71 . 12 hours 15 hours 22 hours - S
72 12 hours 15 hours 22 1/2hrs 7 1/2
a7 JE— 15 hours 25 hours 10
48 22 hours 25 hours 30 hours 5
49 22 hours 24 hours 30 hours 6
50 15 hours 25 hours 10
51 ; 25 hours 30 hours 5
52 25 hours — 30 hours 5
53 12 hours 15 hours 40 hours 25
5

54 15 hours 25 hours 30 hours




TABIE G
TOTAL TIST FOR MALISABLIZATION

Nurber Eours at Hours at Total

of Samvrle 1700° 1300° Hours
6 71
9 71 —— —
15 51 50+x% 101l+x
16 20 80+x 1004x
17 24
8 24 80+x 104+x
24 24 804z 1044x
26 9 80 89
31 9 80 89
32 24 30 54
14 30 80+x 110+x
41 6 i8 - 24
40 i 25 32
42 8 5 33
43 12 30 42
45 6 30 36
68 8 25 33
&9 7 40 47
84 6 25 31
45 s 30 36
T3 & 35 41
74 6 30 36
75 5 35 41
64 i2 401 52
65 5 40 45
66 8 30 38
67 5 40 45
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TAELE H

TOTAL TIME FCR MALIFABLIZATION

Total

Xumber Hours at Eours at
of Sample 1700¢ 13C0° Hours
1 51 |
2 51 T -
3 44 - BO4x 1244x
7 44 80+x 1244x
12 22 30+x 102+x
18 44 80+x 1244x
10 41 : .
20 20 35 5
21 30 30 - 80
22 15 38 1/2+x% 54 1/2+x
a7 8 30 36
28 9 35 42
29 g 40 43
30 7 40+x A74%
33 7 34-1/2 41-1/2
35 Vi 5 22
36 " 18 25
38 20 35 55
46 10 25 35
70 7 22 29 -
71 6 22 28 -
P 7 22 1/2 29 1/2
47 ) 25 39
48 6 30 38
49 7 30 37
50 7 25 32
51 12 30 22
52 7 30 37
53 7 40 4%
54 8 30 38

o -



Fumber
of Sample

30~
TARLE I
WANGARESE SULFUR

im, S
Ratio

15
16
17

24
26

31
32
14

41
40
42
43

45
68
69

44
533

73
74
75

64
€5
66
&7

1-7
1-5

1-1.3
1-1.7
'1"‘-1'

1.2=1
145-1
1e¢3=1

2.0-1
2e2-1
2—0’ 0-1
2.1-1
3T=1
3,9-1
3 L] 4-1

3.4-1
 5.4-1
8.5-1

§.2=1
6'0 0‘1

8,7-1
8.8«1

10.2-1
11.0-1
11.0-1
10.4-1

e s A ' b b Rl S S 017 W

A L S B A
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TABLE J

HMANGANESE SULFUR RELATIONS

¥uanber ¥n, 3 in - 23
of Samvple Ratio :

1 1-8 -C.103
2 1-‘7 0'3 has 0 .082
3 1-1.7 0,071
7 1-1.8 «~0.,080
12 l-1.4: -0,073
18 l1-.1,.2 -0.058
10 1.8-1 ~0.012
20 1.5-1 -0.019
21 1.5-1 -0 005
22 2.3-1 C.013
27 4,4-1 0.049
28 4,3=-1 C.052
29 S.7=1 0.038
30 3.8=1 G.039
33 2.1-1 0.008
35 1.9-1 -0,009
36 2.3-1 0.020
38 2 0'4“1 0 .021
46 6.8-1 0.15¢
70 C.4=1 0.174
71 5.8-1 0.160
48 9.5-1 0215
49 8.2-1 0.204
o0 8.8-1 0.211
52 11,6~ 0.306
53 8.4-1 C..257
54 8.,8~1 0276

nurse g ar o
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D. Thotogrzhing of Alloys

A number of the samples were photographed to show their. -
strocture, as cast, during the progress of the graphitization,
and upon completion of the same. Such magnifications were
used as would show the detail of the structure to the bést ad-

vantage.,

TP,
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Alloy 1. :
Structure as cast.
Nitric acid etched.

Alloy 35.
Structure as cast,
Nitric acid etched.

240X.

240X.

Alloy 6.
Structure as cast.
Nitric acid etched.

Alloy 44.
Struveture 2s cast.
Nitric acid etched.

240X.

240X.
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Alloy 65. | Alley 69.
Structure as cast. Structure as cast.’
Nitric scid etched. 240X. Fitric =2¢id etehed, 240X,

h g

75 482",

Allcy 6. Alloy 6. .
Annealed at 1700°F. (926°C ) Annealed at 1700°F. (926°C )
for 71 hours. ) for 49 hours.

Fitric acid etched. 240X. Scdium picrate etched. 100X.

TR RS L L8 TR FTEY it
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Alley 71.

Annezled at 1700°F.
for 5 hours.
Nitric zcid etched.

(926°C.)
240X,

Alloy 71.

Annealed at 1700°F. (926°C.)
for 6 hocurs.

Nitric acid etched. 240X,

Alloy 22.

Annealed at 170007,
for 15 hours.
Nitric acid etched.

(926°cC.)
240X.

Alloy 1.

Annealed at 1700°F. (926°C.)
for 49 hocurs. v

Sodium picrate etched. 100X,

e g



}:.110? .2;« !
Annezled at 17C0%F.
for 49 BOUTS.

Y

{o260e.)

Sodiwm picerate etched. 10CX.

3

‘: , %Q‘i\‘{#? .l.‘ W\ --
e > ~ Waon oo 77 4899 \:’
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Allcy G. :
innezaled at 1700°F. {926°3.)
focr £8 hourse .

Sodime picrate etched, 100

Annealed at I7C0CTF.

for 49 hours.

Scdivm pierate etched.

{326°C.}
100X,

Alley 1S. ,

Ammezled st I70C0°F. {926°C.)
for 48 hourc.

Sodiwn picrate eiched. 725&.

LA R ame s P B
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Ald.cy 3—.

Annealed at 1’?00°F. (926"0.)
fer 49 hours.

Scdium picrate etched. 725X,

Alloy 24
Annesled at l'?OO"Fu (9260(}.)

-for 48 hours.

Sodium picrate etched. 725X.

Alloy 6.

Annezled at 1700°F. (920"0 )
for 45 hours.

Socdium picrate etched. 725X%.

Alloy Qe

Annealed at 1700°F. (926°C )
for 49 hours.

Sodium picrate etched. 7451.

3
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Alloy 26.

Annealsd at 1300°F. {704°C.)

for 3¢ hours.
Xitric acid etched.

"

~

Alley 46.
Ammealed at 1300°F,
for 15 hours.

Hitric acid stcked,

105%,

(7049C.)
105%.

Alloy 24.

Annsaled a2t 130C°F. (704°C.)
for 8C heourses

Hitric ascid etched. 24CX.

Annealed at 13C0°F. (704°C.)
for 15 hours. Picture frame.
Fitric scid etched. 105,

Arreape g
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IV. DISCUSSICN OF RESULIS

| In considering what has.been designated as the 2.10% car-

" |bon series, tables A, C, E, G, I, pages 19, 24, 26, 28, 30, re-
gspectively, there are two samples & and 9 in which the free
%cementite hes not been removed even at 71 hours at 1700° F.
%(926° €.}. Therefore, complete data ﬁere not obtained for the
'gfirst stage of graphitization and consequently no data at all
Sfor the second stage.

Samples 8, 15, 16 and 24 were completed at the first stage
' of graphitization,“In each case, ?he total time consumed was
100 or more hours. The ¥n/S wes 0.93, and the Hn - 25 was
-0.051. A minimum timg of 24 hours for cqmplete graphitization
| was found for sample 41; whose ¥n/S was 2.1, and ¥n - 25 was

| 0.043%. |

Considering samples 40, 41, 42, 44, 68, there was an aver-

: ége total time of 30;6_hours, an average ¥n/S of 4.264 2nd an

average ¥n - 25 of 0.09%, =

§ For the maximum'manganese4percentage there may be cpnsid-
Ai ered samples 64, 65, 66, and 67, whose average total time for

malleablization was 45 hours. In this case, the aversge in/S

was 10.65 and the ¥n - 2S average was 0.308.

From these results it can be seen that tke total time for

malleablization pésses through a minimum at 2 Xn/S of 4.6, Fig-
| ure 1, page 32. This minimum corresponds to what is called a

well balanced manganese to sulfur ratioc.

]
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In similar manner the 2.40% carbon series; Tables B, D,
¥, H, Js rages 20, 25, 27, 29, 31, respectively, may be re-

viewed. In thﬁs group, these alloys which stand out as.the

' most resistant teo malleablization are numbers 3, 7y 12, and

18. From Table J, page 31, it can be seen that the average

Hn/S was 0.66, the Mn ~ 25 value was -0.07%. In this case
the total time of heat treating averzged 118.5 hours after
whiqh_the annealing was discontinued. A minimum‘tqtal time

of 25.7 hours was found for samples 35, 36, 70, 71, éz,, The
average value for ¥n/S was 4.28, and for ln - 2S was 0.128%.
In considering, however, samples 70, 71, and 72, 3 valus of
5,73 was obtained for ¥n/S, and for Mn - 25 a result of 0.16%.
Ihe average tctsl time of annesaling was 28.8 hours,

Referring to Tables H and J, rages 29 and 31,‘respective-
1y, for;the.higher manganese composition, it was found that
the.aveiage total };mg :Q;,malleablization was 41 hours, the
average in/S waa.lO.lS‘éﬁd'the average value for ¥n - 2S5 was
0.287%. Again, the total time for malleablization passes
through a2 minimum at a- hn/S of 5. 4, Figure 2, rage 33.

By ‘s compariscn of the two series & similarity wes found
in trat the total time passes tirough a minimum as the ¥n/S
increases. These results arévshown grgphicallyﬁin Figures
1 and 24 pages 32 ana 33, respectively. ‘They are in fai:;a—
greemeni with the results obtained by Yemenidjian (13) who

worked with a higher sulfur composition of white cast iron.
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His résnlts are graphed on page 34, Figure 3. Somewhat better
agreement is obtained with the results Qf Kikuta (5),'whose
results are shown grarhically ‘on page 35s Figure 43 this is
| probaﬁly accounted for by the closer agreement of the mangan~
g‘é-se and sulfur com;osition.‘

For samples 1, 2, 10 and 17, no data were reported for
the seconé stage of graphitizatioﬁ because anomalous resulis
2 were obtained; Since these abnormalities presented, in_thgm-
selves, 2 problem, it &as decided to lsave'them.for a futqre
and more extensive investigation aad studyf

 The manganese sulfur ratios were'arranged ig,gTQﬁPS_ha?'
ing nearly the szme numerical values, 2nd these valués aver=-
aged. In each of these grours, the correspdnding totai_houfs
of malleeblization were averaged. Fiéureé 1 and-é, — 32
and 33, respectively, show the curves obta;ﬁed by plotting
these averaged values. This gave representative curves of the
values plotted_and'due consideration to these velues which

were irregular,
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V. CONCLUSION
It has been foumd in this investigation that in both
the 2.10% and 2.40% carbon series, the total time for mal-

leablization Passes through 2 minimum as the manganese

sulfor ratio increases.

S
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