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heat treatment. The finished links are reguired vo
withetand a loed of 10,000 pounds when bent hetwoen
8=inch centres, They wust also have a fils-bard surface
and & bending sngle of at least five degrees on the
broken sample.

in the making of the whitehesrt malleable
iron, & portion of the carbon from the cast-Iiron is
romoved by oxidation, However, excessive oxidation
during the process of decerburization besides burning
the carbon will alse tend to build up a heavy scale ab
the expense of the irom cesbing. This detrimentel effect
cen be congiderably decresged by adjustling the e@mp@&ié“
tion of the cast iron, and by using preper methods in
the decarburization procass., The following report
discusses diffeovent posgibls decarburisation methods
anﬁ gome partlcular propertiss conferred by various
heat treabments. This investigation alse describes
bthe vresults obiained on the finished awtielesgvand
glves & detalled ageount of the chemlcal tests, bend
teabs, break tests, havdness tesbts, and microscopic

gxaminations.

Oeigin of Material:

The iron castings used in this investigalbion
were sent by the Interustlonal Harvester CGo. of Canada,

Limited, Hamllton, Cabario.

Maervogscoplic Examination:

The links cast by the Internatlounal Harvester
Coo. of Caneda, Limited, appeared to mest with the dimen-

sionel veguirements of the War 0ffice specifications,
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excopt for the Learing holeg af each end of the liunk.
Thess holes were found to be a 1ittle overasized.
Farthermore, a careful inspectlion of the castings ve<

vealed the presenge of several blow holesg.

Chomical Analyvsis:

A sample taken from pne of the eastings

analysed as follows:

Carbon 2,90 per cent
Manganosge 0.27 per cent
Siilicon 0.59 per cent
Sulphue 0,087 por cent
Yhosphorusg 0.113 per cend

Decarburization Teatas

The castings wers decarburized through the
use of {1) a so0lid oxidising medium; (2) o gaseouvs
oxidising medium.

lo Decarburization through the uwse of a

golld oxidising medium: The method used in Burope

to obtein whiteheart mallsable castings consists in
heating the article at 1600° to 1700°F for several
days in a sultably treated packing of irvoen oxidss.
Experiments wore therefore conducted to debermine
ths conditions undsr which the oxidation of carbon
could take pilace in & solid packing medium without
formation of excessive scaling. Furopean cast-irvons
are -velatively low inisilicen and mengenese, though
high in sulphur. Ivons of this compositilon decarburize
more resdily, as thelr carbides are mors ghable.
Higher silieém c@nteﬂt also tends to incremse scaling;
due to Tthis highly oxidisable constituent. {Tngall
and Fleld, Jour. Ivon & Steel Insb., 1, 265, 1925)
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The different packing media used weres com-
poged of hematibe or wmixbtures of hematlite and mill
secale provided by the International Hawvester Co. of
anada, Limited., Baxg of cagt-iron of the type men=
tioned were embedded In some packing medium placed
in & well Iuted pot. The following table ligts the
medis used, snd the tobal oxygen present in the var-
fous medias

No. Hematite, MI1ll Scale, Oxygen conbent
3 9 3 s

. Per cent _per cent per cenb
-1 160 e 6?? 09
2 g 25 69.2
S GO ‘Q:G 69 ° 8
4 B0 70 71 .2
5 - 100 TR

The scale bthickioss was derived from the
acbual msasurements oi’ the Eaﬁa befeore and after
heating in the variove wWixbures for 96 hours at’
18709, The cooling rate in thig, and in all sube-
segquent oxperiments, was approximately the same and
averaged A per minute bebween lSOOOF and 1000°F,

At the end of every @Gmhﬂn? eycle, the cagt-iron bars
were removed for examinasion and replaced by new onss
of the sams orviginal welght,

Decreage in the Total Thicknegs of Bayx

o A B ¢
i .088 inch 2023 Inch
o ;081 ineh =
3 = .01l2 inch
& <068 inch . =
5

054 iach -

Uout 9T/T FurIedesy
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A==Mixtures of fresh oxildes.

Be=Mixbtures of oxides after undergoling 96-
hour annealing cycle.

Ce=Mlxtures of oxides afber undergoing twice
this 96-hour annealing cycle.

Layer samples were taken Irom Noo lG and 3C

and anslysed for carbon, The following results were

obtaineds
Carbon content, per cenb
i 30
Content of original casting 2,90 2,90
1st layer, 1/32 in. from surface 0.48 0,53
2nd layer, 1/32 in. to 1/16 in.

_ from gurface 1.08 1,07

3rd layer, 1/16 in. to 3/32 in. '
from surface 1,39 1.46

4tk layer, 3/32 in. te 1/8 in. '
from surfece 1,80 1.92

A link weighing 3 pounds was embedded in
approximately 5 pounds of a mixture of 60 per cent
hemetite and 40 por cent mill scale. It was kept ab
1670°F for 96 hours and cooled at the rate of 10F per
minute down to below the lower eritical point. A heavy
scale was noticed on the surface of the casting, After
gandblagting away this scale, the bearing holes were
found to be approximately Q.0485 inch larger then befowvs
the heating.,

The following tavle sghows the varliation in
the carbon content of this link and of a link treated
by the Interyational Harvegter CGo, of Canada, Limited,
in their regular packipg material for 100 hourg at

1600° to 1700°p;

{(Next page)
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Layer Zone from Carbon sonbtent, per cend
D I} 3!

B lat 0 to 1/32 in. 0,48 0,51
-, 2nd 1/32 o 1/18 in. 0.7 1.15
‘ Brd 1/16 o 3/32 in. 1.02 1.05

. 45h 3/32 to 1/8 in. 1,23 1.82
- 5%h 1/8 so 3/18 in. 1039 2,18
Originel contendt 2.90 20,80

- #--Cavhon value high at surface dues to

eyanliding .

CA==Link L1 decarvburized in a mixtuvrs of
60 peor cent hematite and 40 pew egnﬁ mill scale ab
1670°F for 96 houvs.

Be=Link ﬁeeaﬁbufized by the Intervnailonal
Harvester (o, of Canada, Limited, for 100 hours at
1600° £o 1700°F in Ghelr vegular packing.

2. Decavburidzation through the nse of 2 gassous

oxidising medium: Three differvent methods of decavbur-

ization were tried--{1) with & “synthetie" flue gas,
(2) with 2 stream of pure carbon dloxide, (3) with
carbon dioxide in a statlonary system.

A mixture of nitvogen, carbon dloxide, and

oxygen wag tried as & decarburizing medium. It had the

following composition, averaging tlet of fluwe gas, with
the exception of its water vapor content snd traces of

galphuor diexide:

Oxygen 6 per séub -
- Carbon dioxide 12 per eent
Nitrogen 82 per eenb

The gas mixture was passed over the hot essgbings con-
tained 1n a closed vessel which was kepb at 1680°F fop
96 hours. The rate of flow of the gas entering the
reaction vessel wag k@éﬁ congbant at 170 c.c. per min-

ute throughout the whols opevation., The scale wag
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approximately .03 lnch thick. The degree of decerbur~

ization is gilven below.

The decarburisation of the same Ltype of
wag also btried, making use of carbon dloxide inste
of "gynbhetic® flue gas: and obherwise wvsing the s
exporimental conditions (96 hours et 1680°E)° The
secaling was practically nil and the decayburizatio

wag Falrly good, as shown by the fellowing figures

iron
ad

ama

A

&
o

Leyer Zone from Gaxrbon content, per csub
T A 3
1st 0 to 1/32 in. . 0,.80% 0.56
2na 1/32 to 1/16 in. 0,83 0,71
3rd 1/16 to 3/32 in. 1.09 1.08
4th 3/32 %o 1/8 in. 1.72 1036
5th 1/8 to /16 in. 2,21 1.68
Original content 2.90 2.90
#-=Carbon valueg high at surface due to cyan=
iding.

A==Link L2 treated in "synthetic" flue gas

for 96 hourg at 1680°F,
Be=ldnk Ii® treated in cavrbon dioxids fov
96 hours at 1680°F,

A new decavburizing method was tried, us

ing

cavbon dloxide In a stabtionary system. The castings

were placed in an alr-tight vessel oun top of a btray

containing hematite ore. No portion of the casbiungs

was in actual contact with the ore, At the stars,

the air in the vessel was replacad by a carbon dioxide

atmosphere and the whole system was heated to 1680%0

for 96 hours, The decarburization, in such a gystem,

would teke place through the carbon dloxide which

would be continually regenerated by ths actlon of the

hot metallic oxide {after being transformed inbo cavrbon
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monoxide in sonbact with the iron carbide of the

castings). The same cexpeoviment was also tried ab a
highewr tem@@ratuve==lWﬁﬂ°Fu Upon complotion of the
sreatment, the aspeclmen showed ne appreciable amount

of scaling., On anslysisg, the followiung Tiguves were

obtained:
Layer Zone from Carbon conbent, per coent
A B [4
1lat 0 to /82 %a, 0.71%  0,69% 0,76
ond 1/32 to 1/16 in. 0.86 0.8 0.73
3¥d 1/16 o 3/32 in. 1.88  1L.BL  1.14
4th /32 s0 1/8 in. 1.90 1,98  1.93
5%h 1/8 to 3/16 in. 2,10 2.18 2,06
Original content 2.90 2,80 £.90
#e=Carbon values high at surfece due to cyan-
id ing o

A==Tdnk 1.4 treated ab 1680°F for 96 hours.
Be=Link L& treated at 1680°F for 96 hours.
Ce=Link LD treated at 1?405F Tor 96 hours.

Cyvaniding Treatments

Prior to cyeniding, the surface of the easting
wag woll sandblasted. A double cyanlding treatment was
then given to the decarburized castings. The purpose
of this double treatment is to obbain a tough core, to-
gether with a bard case, Thé links wewve firsti heated
Por 40 minutes {(Sotal time) to 17B0°F 4n a eyaniding
bath of the Yollowing ccmp@siti@ns

Sodivm cyanldest 50 psr cend

Sodium cavbonate 30 per eent

Sediuwm chloride 20 per cent

#==Approximately 1.5 per cont of sodiuvm cyanlde
was added for svery hour of hsating to keep the proper

concentration.
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They wevre theon ceoled in alr at room vemperatuve, reheated
t0 a temperabuve above the eriticsl vange of the high
cavbon cage {(about 30 minutes total time), and quenched
in a puve mineral oll to prevent any saponificabion.

This o1l wos kept at room temperatnilrs.

The dvawing wag dons ab varions tenpsiratures
ranging from 400°F to 565°F for about 1 hour., Yo appresi-
sble variation of surfaceo havdness was notlceed for these
different drawing toemperaturesg. |

The filvst treatment was the same for all the
differont links treabed, . 6., 40 minutes heabing to
1750%F in the cyanide bath and c@oliﬁg glowly in air.

The second treatment of ssch Llink will be considersd.
separabelys

mixture of hemativte and mill scale Tor 96 hours ab 16?@9”0)
Heated to L478°F for 30 minubes; quenched in olly drawn

at 535°F for 1 hour,

Link 02 - (Dscarburized in a "synthetic' flue
gas mixture for 96 hours at 1680°F.) Heated to 14¥E°F
fov‘SO minutes; quenched in oil; drawn at 400°F for 1 houw.

g§§§;§§ - {Decarburized in a ecarbon dioxide
stveam for 96 hours at 1680%F.)  Heated to 1475°F for
30 miuunbtes; guenched in @i?;'dréwn abt &00°F for 1 hour,

Liok L4 - (Decarburized over hemstite for
96 hours at 1680°F.) Heated to 1440°F for 25 minutess
guenched in o0ilg drmwn-aﬁ 5658 Por 1% houws,

Tdnk 15 - (Decavburized over hematite fov

96 hours et 1740°F,) Heated to 1500°F rfor 30 wminutes:
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guenched in o0il; drawn ab 535°F for 1 hours
Lixk 16 - {Decarburized over hematite fox
96 hours at L680°F.) Heated to 1400°F for 256 wminubes;

quenched in oil; dvawn at 535°F for 1 hour.

Havrdnoas Testa:

Haxdness tests were run on the case and The
cove of the treated link, the Vickers method being used
in all cases. For the core, a 30=-kllogrom load was
used. Hardness determinations on the case were mede
with leads of 10 kilogrems, 5 kilograms, end 1 kilogram
on the outside surface and, In several instances, on
the Inner bearing surface of the link. No appreclable
difference was observed between the oubsids and inner
bearing surfece deberminations indieating that the
cyaniding, as well as the quenching, was satisgfactory
in thet pavticular portlon of the 1link.

Hardness {Vickers)

Case Gore (350-Kg., load)
I<Kg. 5-Kg. 10<Eg., 1 mm. £Tom £ iMl. 1YOm Gencre
load load 1oad edge edge of core
1 484 477 473 183 206 331
Lg e 844 673 408 301 309
L3 o 516 = en e 243 285 365
L4 439 423 385 187 214 283
(5) e e 526 514 874 451 291
1.6 551 469 e 166 199 28354
British~-mads
1ink 481 310 Sl 155 o 245

Bend Tests:

The links, treated as mentioned above, wWers
bent between 8-inch centres in an Amsler Universal
testing machine, the guide portions of the casgtings
belng in a vertieal position during the test. The bend-

ing angle was caleulated for different loads by measuring
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the permaneat deformabilon at thesme loadg. To measurs
thisg deformation, ths load had Lo be renoved. - In res
l@&dimg the link there was probably a ee?tain'amgunﬁ'
of woxk havdening which wouvld tend t¢ valse the ultimate
breakiﬁg load slightly. The values @bﬂerve& for each
link arg given, togetvher with the moagurad bénﬁ on the
broken parts of the link, Thig bend is greater Than
that calculated at the ultiwate breaking load, dus to
subseguent deformabion alfber %his witimete load is
&tﬁagﬁedo For comparison, typleal values obbained

in eaviier work on o Britishemade 1link ave also given.

Load in pounds

' : Bayd in degreeg .
Ll L2 TS Ld L5 L6 Britishemade
— o — e dink
5,000 L e o Cae e I R - 0.8
6,000 0.6 0.5 0.4 03 0.2 0.8 . e
99000 103 Oo:’? 10:'3 106 Sea 201 103.
109000 ) 19“? 3.00(3-@) s 802 Oo% ‘502 103?
10,500 LS S 201§§§ we me . e e
11,000 7.3 )% = s me o= Bo3 N
11,8500 . eea . wes wren L0 oo oe -
11,800 T e == e {M) o= o= C oo
12,000 3.0 we . me =e Q.7 8.7 4.6
12,500 = T me = oo (M)} = ‘ =
12,580 4.9{M) == me o ee e 308 e
13,500 e e S T .
13,5850 e v e = ws (M) e
13,650 <= == ma T me ee o o A{w
Mesgured Dend _ » :
on broken . :
parts 2] & 8 8.5 1 i1g 12

(M) =-Naximum lead.

%=mAftéf reaching meximum load.

{1)==Inspection revealed a large blow hole
at pelnt of Lracture.

In actual gervice wost links failed in the
bearing holes. A ﬁesﬁAwaaéﬁher@f@ra made ob this

peint on the finlghed 1ink 16, The bearing wap homrenred
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down uwntil it brokes tho bend on the broken pavts of
the bearing was found Lo be appr&ziﬁ&ﬁ@ly 20%. Pigurs
9 shows the radlus deformamtion of the boaring ailier
wndergeing the bharmering, together with a similar

boaring before delormation.

icroscopic Exeamination:

Samples were cut from the decavburized limks

-before and afbor the ¢yaniding treatwments. Where the

cage condibion was of inberest, Lhe gamples Wora moonted
in bekelite to prevent vrounding of the edges duving the
polishing.

| AR thgsG'samplgg were given & meﬁall@graphi@
polish and otehed with o 2 por cent soluiblon of nitxic
acld In slcohol.
| Photographs of the outer sectlons of the
decarburized links were teken, prlor teo aﬁy eyeniding
treatment, to show the general effect of the variouns
decarburizing treatments {(wmegnificabion leQ)a Plgure
1 gives the structure of the desarburized gurfasce layer
of a link treated by the Internaflonal Harveahon 0.
ofAGan&dag Limiwed, iu thelr regular packing meterial
Por 100 hours at e bemperature of L600% Lo 17009,
The grey material on the loftebhand side ils pearlita,
the iven carbide eubeectold; the white-grained méherial
on the rilght-hand silde is ferrite, the iron ecnstituent;
& fow t@mp@r_carban partlielss can also be seen. In
the same wey, Figuve 2 {link L1), Figvrse ¢ (iink LE)S
Figure 6 {link L&), and Figuve 7 {1ink 5L4) illustvate

the degree ¢f dscarburization baking place in the outer
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zome of the castings with different bLreabmentd.

Link L& and link L6 bad an outer decarburized
zone stuncbure simllaer to link Légkgh@wn In Figuve Y.

?h@ gentre caré‘stru@%uye of link L1 is ghown
in Figuve 33 rave Gemper carbon pariticles are sgscatbored
in o peariite and ferrito beckground. PLEure 8 ond
Figure 8 1llustrate a structure known as the bull's-eye
pattern, consisbing of dark aveas of graphibe surrounded
by white ferrite areas in a grounduags of pearlite.

Figure ;:a,o; (2ink 31), Pigure 11 (1link 12),
Flgure 12 {1ink 13), Figure 13 {1ink Bdd, and Figure
15 {1ink 1LB) are ell photomicrographs at xLO0 magnifi-
‘cation ghowing the case on five diffevent links after
cyaniding., The ouker zones shown all h@vé a lighﬁﬂé.-
obeching mavbensitle structuve ?astinghan e troosto-gor-
bivie inner zon@a_ The subgtrataqu these various ecrses
reveal a Wid@lﬁange of atructures. The white aveas
et the left of Figuve 10 are ferrvite, the darker ones
are peavriite. In Flgure 12 s shown A S@?biﬁié pearlive
subatratum, Pigure 13 shows thls sore veglon imme&igﬁaly
after the sase as belng an easily distingulsbable iighter
atehing fervite network enclosing greins of pearliie.
The centre of the cors in 14nk L4 {Figuve 14) vepreosonts
a sﬁruaﬁuré compoged of bemper carbon particles suw-
rounded by sorbitic poarlite. Plguve 11 ghows 8 mavrs
tensibe and broosto-sorbitic gubstratumg and Figﬁr@ 15,
e wartonsite and sroostite substraiumm. Pigure 18
(magnification x1000) indicates ¢ledvly the prosenrce

of martonsite and trocstite in the cove of link 15,
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Figure 1?,Qnd Figore 18 (magnificabion x100) sghow the

case and cove ghructure of 1livk L6. The substratum

of the. case is a forvite network survounding peaviite
graing: a temper cavrboen particle can be seen 1in the

troosto=gorbitie zone of Hhe Cn8d.

Digcusglion of Resultss

Macroscopic Examinablon = Dimensional requlirse-

ments aro cf_importanceg 88 8 twéntybliﬂk'&saembly musﬁ
pass the wrap test. The distance between cenbres at
the bearing holes of the Inbernevional Harvester Coo

of Gonads, Limited, link appear to be the same aa the
British link, but the bearing holes in théif@rm@r 1ink
wers lavgsy §n the three-bsaring-hole sids, Although

thﬁré—wéfé—héé éufficient 1inks aveilable for the

weayp tost, it iz considered thet the test could nob

be passed unless these bearing holes were reduced in

EKRAC TN

Chemical Anslysis and Decarburiration - The
fundementaly of the decarburization preocess sghouwld be
reviewsd briefly before a@ﬁ@mpﬁing to consiﬁér the
infiuencs of varicuaie@mpmnents of cagb=-ivon. It
ghould be remaerked &b Lirst ﬁhat'ﬁeear%urizatian is
mainly o surfa@g reaction, The caébon from the innser
gone, therefore, has to &iffusa to the ouber zone before
being removed by oxidation. It is obvious that this
cerbon in the solid phage will migvebe o the edge ouly
after undé@g;ing digselutlon in the austenite.

| For a given decarburizablon bempevature, the
s011d solutlon of ausbonito will tend to veach 1s

gaturation. AL the sbavt it will do so walinly at the




= Poge 1B -

expounse of the free cementiive preasenk, whiahnwill &o
veadily into solution. This will procoed at a Ffaiw
apasd ab 1650%7 o 1700°F, However, whon a polab is
reachsd where there I no more free comentite pregent
(80 te 80 hours), the carboneiren equilibwiua will be
sabisfled by dlssolving some of the preelpitated
graphite, The spoed at which the sarbon is dissolved
will, thevefoéea govern the vate at which it migretes
sovwands the surfacs where it is vemoved. In any cago,
the apeed of oxidation should nevew go fap beyanﬂ'thSE
at which the carbide is brought fo the ouber zone.

If the oxidabion overbalences thils wmigratlon of the
cavbon, surface oxldabion of the ivon will bake pléaé
dvue to the lack of & sulbable probective atwoapherse

of carbon wmoroxide =and cavbon dloxids g@h@faﬁeﬁ fyrom
the burning cavrblde in contact with the packing medium.
This will result im mealing and, ef the worst, in iren
oxtide penetration. Por that same veason, ag is shown
by some work done by Ingell ebdd Meld (J@ura of Ivom
& Steel Insb., Ne. 1, 1925), vapid heating will alse
promobe peel growth since in the eccoler covs the
cementite has ne tims to dlgsolve and dlffusge ab a
vabe necessavy e counteract the penetrating oxidae.

It is thereforve obvious that, in the produetlon of a
successPul malleable Lwvon, the predominant eénty@lling
factor is the vabe of migration of the carbon f@ém the
contre to the suriace., Az was alr@ady ghnown in 8
p@@vioﬁs report, the addition of any element promoting
graphitization {euch as gilicon and vhosphorug) will

glow down the decavburization, ogpscielly at its lest
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stage, and give rise to pseliung and iron oxide penebra-
tlon. Conversely, any clement stzbllizing the earbides
{such as sulphur avd mengenese) will have exacbly the
opposite affest.

In the partloulsr case of sulphuy and mengansse,
it should be stressed that, dve to the formation of man-
ganese sulphide, "Ma8," the addisvion of menganese up te
a cevtaln point will counterbelance the effect of swlphur,
Therefoyre, the totel resulting effect will be due to the
exeess of sulphﬁr or to the oxeess of manganege presens.
By "excess sulphme" is meant the tobal per cent of sule
phur less the manganese in por cent divided by the atomie
»atlo of the two elements, 1, 8., by 1.72, Similariy,
by "oxcess of wangonese is meant the total mangenese
in per cent less the sulphur in per conb mulbiplied by
1,72,

When a sulphur excess is present, there wlll
be Toxrmation of a Terrous sulphide whiéhg because of
its stabilizing actlion on the carbides, will speed up
the migration of sarbon towards the edgs and will pre-
vent scaling., In this gpeclal esse, the success of
- dscarburlzation, when wsing a rathse violent oxidising
medium like hewatite oxg will be closely relasbed to the
presence of thig excess gulphur, Thersfore, as one
posgible alternative, ths sulpbur content of whitoheard
should rize above the manganoge in per sent Alvided
by the etowmic vatio of these twe elementg, . 9., LY
1.72., The sulphur conteat unevertheless should not exe

ceed much 0.30 per ceni, obtherwlse it would be dAiffigult
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to mallesabildze the link core. Due to the close con-
nechion between sulphur and vangensse, the content of
this latter should therefore be adjusbed so that the
hecessary excess of sulphur can be present wibhoud
going beyond this maximum pormlssible conbent., - Approx-
fLwmately 0.85 par cenﬁ MANZaNness 19 rocommended and
about .0.25 per eent suvlphur, thus ensuvring a slight
oxcess of ferrous sulphide to vestrain graphulitization
and %e.speea up decarbuvization, In no case shiovld
the phosphorus much exceed 0,10 o 0.15 per cenbe

On the obher hend, a sufficlent mangsnese
excegs wounld have an effset sguivalent o the exe@aé
sulphur; and in the same way would slow down the
growth of éhe oxide layew WRiGhS ag aiveady mentioned,
is the vegult of & race between the rabe of oxidation
and the rate of eavbon gupply by diffusion from the
interior. In thﬁs cage, just as in the ocase of sulphur;
theve is a higher Limit ﬁé'ﬁhs poymisgible amount of
mengenese; otherwise, malleabiliding the 1ink core wguld.
become Aifficuld, aﬁﬁiﬁbis highéf ﬁaﬁgéﬁése sontent
would also have a tendency Lo lower and wi&en'ﬁhﬁ
eritical vange of the cove~-thus gilving »ise to aérioug
difficulties in the case~hardening %rﬁa@m@nﬁq Thig
higher 1imi% was not debexmined, However, 1t ig felb
th&ﬁg 1f the mengansse conbent is kepb ab approximately
0,50 §0 0,70 per cent; these difficuldes would nob
be experdenced; and. a suitable exoess of WANZANEse CaAn
be thug @?cviﬂeﬂ, if the gulphur @ént@nt ig,kept a8

low ag posgslible. FProm the foregoing congldervation, it
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ig epperent that the excsas of the carbﬂnngtabilizimg
element in the speclwon: subnitbed Lo decarburization
was glighty thus partislly explaining the secaling
obtained during the procegs of Qecarburiging. This
manganese oxcess would be fQP Lhat type of ixons

0,27 = (0,057 x 1.72) = 0,17 per cent WANEENese.

A chemical composition varying between def-
inlte values ghould be chogen for the Whiteh@arto Fyonm
experimental results obbained on bighe-gilicon-content
whiteheart, it should be emphesized that such high 8ll=
dlcon counbent is $o De avoided. FPreferably, not over
1.0 per>cent should be used. However, care mugh be
taken not o usge too low a silicon conbenty otherwlse,
@h guoling, there wight be geparation of pro-eutectold
sementite at the centre of the casgiing, with conseguentd.
ewbrittlement .

The idesl condition of decarburizetion would
be abttained through the use of a packing mediuvm which
would have & px‘e:i‘:’emni;ﬁ.a.l oxldlsing action on the iron
.aarbides leaving intsoet the ferrits. Hemabite packing
s far from Pulfilling this ideal condition, and, if
the compositlon of the whiteheart is not earefully ad-
justed when wslng 1%, scaling will vegult. However,
certaln other factors can be modified which will wreduce
in sertain vropovtion the smount of méalingo The ad=
dition of mill ascale to the hemetite packing can be
uged with gsome advantage 3n that vespect. Before
using the paecking mixbure, it should go through an

annealing cycle a Low times to reduce its oxidisivg




o
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propertles. Regeneratiocn of the packing umedium can
be done by adding & small propeortion of new hematite
ore after sach treatment (gonerally 1 part of new ore
t0 4 parvts of used owve), or by any other sppropriate
method meking uss of a suitable actlvabor such as
armmonium ehlorids.

Link L1l was decarburized in a 60-40 per cent
hematite and mill semlo mixbuve. The decarburlza-
tlon was found very satisfactory; however, the saalin;\\
was heavy. This scaling might alter the dimensions
of the castings beyond expectaiion and therefors eau&é
gorious difficulties.

The uge of a gassous oxidising wedium hosg
great potentialities in the manufacture of whibsheart
malleable, The use of carbon dioxide in a clvowlabory
gysvem, although glving o lesser dsgree of decarburiza-
tlon, hag the declded advantags of producing a small
gcale due probably to the protective eaxrbon monoxide
atmosphere generabed {link L3),

The sctlon of 2 mixture of gas corvasponding
to approxiuwately the composition of fiuve gases {with
the exceptlon of wabter vapor and sulphur ﬂi@xi@@j gave
2 decarburdzation approximetely 1/10 inch deep. This
treatment, however, developed an appraciable scale
which appears dquring the last stage of decarburization
{after about 50 hours) {1ink L2),

More satisfactory resulbs, lwwever, wore obe

telned by just heating the casbings in a closed vessael

over homatite, after veplacing the alr at the start by
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carbon dlexide. Vevy 1ittle scale is formed (Links Ldy
LS, and L6).
The tempersbure of decarburizabion hasg a
great influence on the rate of deecavburization. A
coﬁveniemt‘témpeﬁatur@fﬂangalia 1680° to 17600 dusing
tho firab stage of da@&r%urisationfwh@n'%h@ cementitie
is dissolved into the sustenite, snd glightly lower
during the sccond sbage where thé mdgvyation of carbon ‘

to the surface is the eontrolling factor. ‘

‘ Hoat Troabment Gﬁan&ﬂing io mainly 2 cap-
burising breatment. It %8 thevefore ovident thet any
olement baving some influence on the solubllisy ov tho i
rate of wigratlon of cerbon will consequently affect |
the speed of ecyaniding. In fact, althovgh being
opposite in effest bo decarburization, @yanidiﬁg will
be favoured in the same way by ocarbon-gtabllizing cloments
such asg gulphur end manganese., in short? the slloy
composition which is more suitable for decarburize-
tion, withia esrﬁain'limiﬁsg will bs found very sulte
able for cyaniding. The elsments pyem@%ing grapidtil-
zation, like silicon, will have a Uendensy to deereanse
the speed of cyanldings Divect proof of this faok
has been obtainsd in expepriments not repovbed hore,

in inbensely hard-cage surface is produced
by & doubls eyaniding %reatmehﬁ ag doséribed previously.
Great cave should be taken in ecleaning the surface of
the casting befors éyanidipga an ivon oxide skin or
iron oxide penetraticn Wﬁ11 make useless any attemph

to oyanide 1%, A high-pressure sand blast can be used
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fox that purpose.

| During the higher hemper&turg cyaniding
treatment the tomper carbon has a'tenﬁency to dissolve
in the sustenite and migrate towawds the edge. However,
this Divst treatment ié comparabively of & shovt duva-=
tion and no great awount of cavbon ean veach the ouber
zone., Siow cooling will then produce a aoft duetile
GOYS, ‘

_'In order to vetain pertly the ductllity of
the core, the ecase-herdening should be done by quench-
Ing from a Gemperature slightly above the eritical
range of the case, as any’h;gh@r tomperabure promotes
carbon aolubility in thé cove. - 45 tho core lsa well
decarburized, bthis ewitical range of the case can be
excecded by a ﬁeasanab1@<margin without altering too
mueh the ductility of the core. However, when the
decarburization oxbtends @niy to a few thirty-goconds
of an inch, the wargin by which the chenge point of
the case ocan be exceeded becomss very smell. Ths cholce
of the hardening tewmperature in that cnse Lecomes a
matter of groat importance. The cvitical margin between
the core and ecase~harvdening temperatures will also
vary according to the ty@s of mall@ab%@ irvon usod,

If, Por Instance, the silicon is high, as in true dlacks
heart, the case~hardening btreabment will wvender the
core exbremely hard and britile.

It was Tound that fov a high degrse of da=-
carburization {link L1), guenching from 1475°F 4in o1l

at room bemperabure gave a gatisfacbory core and case.
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notlced that the core hardness should not exceed dei-
inite values, The hardness of & typleal casgbing ab .
different points from edge to centre is ghown dlagram-
matlcally in Figure 19, This casting was submltied
to o double eysniding treatment, the guenching being
dome in oil from 1400°F {iink L6). The particular
structure at these different points is algoe shown,
thus giving a complete plebure of the physicel cone
ditions necessary to obtsin a tough product. It shonld
be noticed that a zone, the hardnesy of which avervages
180 (Vi@kevs}ﬁiia generally present when the band obe
tained is gﬂgdo In teats condueted on about 25 mal-
leable iidnks, all thoege which 4id not mset this con-
dition did not show a partlcoulaviy good bend {noh over
v ) o

To ascoertain that the inner bsaring had come
in contect with the cyanide, end especially with the
oll, during the quenching process, hardnesg tesis wers
made on swall samples cut from the lnner part of the
beaving; and they gave pregulits simller vo those ob-
valned on obther portions of ths surfacae.

Bend Teats - Within cevtain 1imlits, mal-

leablility iz wore desglirable than strengtb, as in ssctual

s,

nge the links bave to adjust themselves to the reguived
ashape without breaking or csusing 2 break in other
parts of the machlnery., It should thevefore be om-~

- phasized that the complobe bend test giving the per=
monent deformabtion wodsr dlfferent leads ls the mein

gource of dnformation on the aabual uzefulnese of the

finlahed 1link,
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As can be seen by the resulbs observed on
diffevent links, the bend for this partiecular type of
whibehoart varles with the amount of decarburization
and the heet trestment. A good bend can be obtained
on a highly decaﬁburized link even after havdening tha
case by gquenching in oil from 1475°F. However, o
produce the sams bend on a slightly decavburized link
of this btype, the gquenching tewporature should be eore-
fully aedjusted o a value neay 1,420°%%,

Microgcople Exswination -~ The ferrite outsr

zone and the peaxiite-fervite core of the decarburized
castings show the degree of deearburization with dif-
fevent packing media. The emsting treated in o mixbure
of hewetite and mill scale (Piguve 2) and the one
trented in a stresm of carbon dloxide wveoveal a muach
greater decarburized section than the others. The

link decarburized in "synthetic" flue ges, as well as
those deecarburized over hemablte (Piguve 7)9 show lavge
areas of peariite in a Ferrive background, iIncluding

a fow Gomper carbon particles; which indicebes that

the cementite was dlgsolved at this stage aund that
graphitization was well under way.

The two links which falled to pass the bend
vast have a mueh ha§aer core, the consgtlbuents of which
appear in Figure 11, (link L2: marbensite and troosto-
sorbite) end elso in Figuve 16 {(link L5: mertensite
and troostite), This core stvucturs indicates thab
the case-hardening temperaturs uged was high enough to

allow vesolution of ecavbon sufficlent teo wesult in the
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Pormation of a merkengibe core. AL this temperaturs,
the solubion of the ferrite and earbids of the pearlita
ia complete, ag can be seen in Figuve 183 which gilves
an enlarged portion at the edge of the vore of iink
L8 {megnification U000}, showing clesrly the martensite
and troogbitse atrustnra.

O the other band, i¥ the case iz queunched
from a tewmpsrabure Just sbove that of the ceritlical
range of the case, some ferrite rewalns apd forms a
goft background to the havd gyanided ease, as cen be
geen in Figure 10 {link ILl), in Pigure 12 {1link I3),
in Flgure 18 {link L4), and in Figuve 17 {1ink L&),

In Migure 10 and In Plgure 12 is shown the
predominating fervite backgrouvndy in Flgure 13 and in
Figure 17V this ferrite stvucburve ls reducea to a fiue
ferriie nebwork enclosing coavge grains of pearvilie.
This ferrite structure will act as a soft modirm be-
twesn the havder fine-gralined covs and the h&yd casd,
and will thus ensure good duchbllity.

Sectlons from the two liaks which falled on
the bend test, 1ink L8 and link L5, ds not veveal the
progsence of any ferrite in the case substrabum, as
ghould be expected {Figure 11 and Figuve 18},

The immer cove of the links which pagsed
the bend test shows the pregence of temper carbon
particlies surrpunded by a sorbitic. pearlite sbructuve
(Figure 14 ond Figure 18). The 1inks which falled
roveal s much harder strucburs; mainly, of wmavitensite

and troogtlte {(Figuve 16),
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Conclugiongs

This work shows that a good decarbuvization
can be obbtained by packing the castings in iron oxide
which has been previ@us&y heated for a leng pericd in
e@ntacb.mith iron, It elso gives the infivence éf
silicon, manganéﬁag sud -suiphure on ﬁbﬁ docarburizae
tion rabe and on the saaling It ghows that the sulphup
and mangan@qu c@ntaata shovld be earefully adjusbed to
minimize the gealing, especlally when embedded in 8
bighly oxildising medlum 1lilke hemstilbe ove., As sulplur
and mangansse are closely relabted, either an excess
of gulphur or an excess of mangenese can be used in
the composition of whiteheart. By "exeoss of sulplme®
lg weent the tobal per cent of sulplur less the man=
ganese in per cent divided by the abomie ratis of
these two eloments, 1. 8., by 1.72. Simllerly, by
"oxcess of mangonese® is wsani the total mengancse
in por cent less the sulphur In per cenbt muliiplied by
1,78,

When an excess of sulphur 18 used, menganage
should be kept low and, converasly, whén an excess of
mangeness is uged, sulplme should be kept lew, With
regard to the perticular conditlon of productiom of
the Internsbional Harvestor Co. of Cemada, Limised,
it is Pelt that & whiteheart eonﬁaﬁning an excess of
manganese could be used with advantege. In all cases,
the silicon combent should be kept ms low ns conditilons
permit,

For hematite-packing de@arbnrizatiang~th@

views of Ingall and Filald on the growth of peeling with
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decreaslng 1t at the second stage whon the slow migva-
tion of the ecarbon vowards the surface becomos the
governing factows

For a succossful case-hpvdening, the vecoum=

mended practice should be followed carefully.

ADDENDUM
At the regquest of Mr. J. A. Ries, Superinten=-
dent, Imbernationel Harvester (o, of Canada, Limited,
we ave including an oxplanatory note on the following
regults obtained by the Hugh ¥, Davis Laboratorys
We have completed our tegta on the tank
1ink melleable parbs end (ost berg ammealed
in the ges-Tived carburiging farmeece ab the
Imife & bay and report sg follows:

Anelyels of Ivon Used:~

Silicon B35
Sul phur 72
Meoganegs 029
Phosphorug od&
Te Carbon 2,80

(1) Two setas of bars and llinks were made
with the wvegular irven of the heet ag poursed
of the above analysisg.

{2) Two zets of bars and links were mads
with the regular iron of the heat to which
was added enough Mangsunese to bring it up
o 0.50%.

{3) Two seta of bars and links were made
with the vegulawr Jvon of the heat Lo which
wag sdded enough Sulplmr to bring 1t up to
0.200% .

One got of above wag pagked in iron ore
which had been activated by having gone throungh
anaealing eycle twice before, this being the
drd viwma.

One set of above was packed in our reg-
vlar packing material as uged at the Malleable
Foundry,

Gycles= 86 hours bebwesn 16009 - 1750° Fo

{Continved next page)
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44 hours were at 1800° F and 42 hours

at 1750° &,
" Pots were woll lubed and remained go

wnbil opened on conclugion of anmoal.
ALl bers were guite frea {vom scele.
Maeroscople examinetions

all Teasctures

generally white with sliight peppery appearance

in central portion, which conformed generally

to the carbon concentration shown in table
{ahoet #2),

Ag yob a micregecopic exewdnation hes
not been made to determine watic of fewvwvibie
to pearlitic portionsg., This will be done
1f thought nscessary.

The feollowlng table comprises the chowme
icals and physieals with the reapective kinds
of packing, comparing the British »osultScooco

% Garbon Goncenbracion

Below Surface o _ Tensile Elong.%

Kind of Ivon Pocking /82" 1/16" 3/5" 1/8" 8/16" P.S.L, 87
R@gvlar Analysis Regulaw .82 282 1.86 1,69 2,20 83328 6,25
a # Iron 0re .44 71 o768 1,14 1,86 82934 6.25
Hogo Bullt $0 .50 Mn. Regular .95 1.828 1.45 1.69 1.80 80198 4.70
i meoom o w W Tpon Ore .54 :58 .82 1,16 1,98 8802  6.25
" "W o00 Sul. Rogular .66 - 1.82 1,86 2.18 2,89 82478 6025
" weoow " % Tpon Ore .86 090 1,72 2,48 2,62 86086  6.25

Bl"fi.‘f’}ﬁ. Sh 068 089 ogg 1 010 1 02‘? = =
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atomic excess of manganese ovor gulphur is egua

{These results were btaken from "WHITHE

HEART MALLEABLE - TEST NO. 858, July 18, 1940.)

These results, besides finding an explanation

and wanganese.

in our report, buing alse a divect confivmabion to ouwr

observationg concerning the wrelabtive influonce of sulpimr

If we conglder the regular ivon decarburiza-

029 = {072 x 1,7) = ,16 per coent WANZaness.

tion (first two lines bonoath the colummn headings), the
1

tos3
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This excess of carbonesbabllizing element would favow
the decarburizatlion to a cerbain extent.

, Now, leot us congider the vegulayr iron bulle
$0 50 per cont mangsnsse (lines 3 and 4)., The de-
cavburizatlon in this cage is good, owing to a fair
atomiec excess of mangonese over gulpkur equal 03

B0 = {072 x 1.7) = .37 per cent manganasse.
Thils menganese excess acts as the atabllizing element
and spoeds up decarburiszation.

On the other hand, when the regular lron was
bulls b0 e value of 200 per cent sulphuv, the atomie
excess of sulghur over manganese ig:

oR00 = (.89 & L.7) 2 0,03 per cent sulphur,
The addition of sulphur thus slowed down the rae of
decavburlzation becaugs it wreduced the amount of car-
bide stebllizsr to @nlj’OoéS per cent. When the sulphur
we.s low, there was an excogs of maﬁgan58® éva? that
veguired to form "MnSY of 0.18 pew cent. Thﬁ variation
in the amount of effective carblds stabiliz@r pregent

thus explainsg the experimental resulbs.

RP3EPRF
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The microscopie specimens were all etched
with 2 per cemt Wival,

Figure 1

%100

Oubor zone of cagbing decavburized by
the Inbernational Hacrvegster Co. of Can-
ada, Limited, in their wregular packing.

' Figure 8

52100

Ouber zone of castlng decarburized in

a 60-40 per cont mixbure of hematite
and mill seale at 1E70YF for 96 hours.
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Plgure 3

%100
Core of casting decarburized in o

80-40 per cenbt mixbure of hematite
apd will scals abt 1670°F for 96 houvs.

Pigure 4

%100
Onger zbna of casting decarburdged in

Taynthetie” flue ges at 16B0°F for 96
hours. :



- Page 38 =

Piguve B

xlﬁ@

Gore 6f casting decas buﬂiveﬁ in "ayne
thotie” flue gas at 1680°%F for 96 hours.

Figure 6

x100

Outer zone of easting &@aaﬁbuWizva in eay-
bon dioxide.



Pigare ¥

v
P

®100
Ouber gone o casting degarburiaea GG
hematito. ' .
Figure 8
x3.00

Cove of casbing desarburized over hemmbite.
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Figwrs €

Approximebely =

Showlng radius deformation of bearing afiew
hammering (left hand side). .

Figuwe 10

%100

Case on decavburized and cyanided 1ink Ll,
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Plgure 11

x1.00

Cage on decarburised and cyanided link L2,

Flgave 12

%100

Case on decarburized and cyanided Link L3,



= Page 37 -

. Figure 13

1155.

Gasé on decarburized end cysnided 1ink Lé.

" Pigure 14

®3100

Gove of decarburized and eyhnided iink Lé.
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Figove 16

x100

Oase on deeavburized end eyanided 1ink T5,

Figure 18

11000 .
Cors of decarburiszed and cyanidsé 1link LB,



w00

Gase on decavburized and oy

Figure 18

#3100
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Tink 14

o of decarburized and eyanided link
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Flguve 19

x100 ..

Diagram showing hesdness and sgbructure at diffevent
digtances from the edge of a gablafactory melleanble
iron 1ink,. :

RE: BEPE



