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than forty per cent of the metal melted was going out as
finighed castings. Although large numbers of steel links
were belng produced there was still a heavy demand for the
mallesble castings. As a consequence, the Hetallic Minerals
Division of the Bureau of Mines {Ottawa} started an investi-
gation of the link heat-treatment. As a result of this

work two new methods of heat treatment were developed.
Results obtained were sufficiently promlising to warrant tests
in actual production. Congequently during the wesk of

June 9th to 14th, heat-treatment tests were made in the
Hamilton plant of the Tuternational. Harvester Company of
Canada Limited. In the following report these tests are

degeribed and test results obtained zre glven and discusssd.

e

Production Method Followed and Bend-Test Results Qbtained

Itmmediately Prior to Test Rung:

Lirnks were being produced in the following
manner :

White iron (hardiron) castings were being annealed
in an atmosphere containing sufficient (0, to slightly
decarburlze the link surface. In this anneal approximately
10,000 links are piled on each other. Purnace recorda showed
that the bottom of the pille came to the annealing temperature
{approximately 1%00° ¥.) much gulcker then the top. The
top, however, cooled somewhat faster than the bottowm, as
cold geaes entered at this polnt. The anncaled 1link was
heated for 30 minutes in a 35 per cent Parkcasge cyanide bath,

cooled along with other links in a sheet ivon box (referred to



as the "dog-house'), veheated for two minutes abt 14009 R,

In a low-gtrength cyanide bath, and bthen quenched in oll.
Selected Links were tested by bending between 8S-Ilnch centres.
The week pravioug to the heat-treatment tests the bending
strength of the links was less than 10,000 pounds on an
aVONOLS o

It nad been noted thabt linké which gave poor
regults in the bend Test showed black aress around the pin-
hole im the fractuyve. On exemination, it wes found that
these bleck areas were graphltic. The location of these
graphitic areas indicated that the graphite had come from
the core wash. The use of graphite as a core wash had been
dlgcontinued but graphite-lres links‘had not reached the heat
treatment stage at the time of the btests. Hecent tests
mede in Hemilton indlcate that link properties have beeu
improved by this graphite elimination.

Incidentally, it was noticed that bend<test results
from the International Harvester laborabory weare consisbently
lowar than the results obtained from bend tests made in
Ovtawa on gimllarly treated links. It was evident, then,
that the method of testing had some effect om the results
obtalned. Both laboratories tested et about the sams vrate
of speed but In vthe Internationael Harvester test the test
was made in a statlonary fMxbture while in the Burean of
Mines tests the link was supported om rollewrs. Breaking
loads obteined by the latter method aprpeared Lo be about

five hundred pounds higher.
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Hoat-Troatment Methods Developed in Bureau of Mines Laborastovies:

Heat for 30 minutes in 50 per cent cyanide bath
held at 1500° P, Quench in oil. Reheat for 30 minutes in
a low-gtrength cyenide bath held at 13259 P, Quench in oil.

| This method is dependent on the fact that the high-
nitrogen caase produced by the low-temperature cyaniding
hasg a lower change point than the link core., The first
heat treatment puts the case on the link and puts the core in
proper condition for further heat treatment. The gecond
treatmont further adds to the case depth and produces a
hard case backed by a tough spheroldized core. Excellent
bend-test results were obtained in Ottawa from links treated
by this method.
Hothod 2.

Heat for 30 minubtes in a 30 per cent cyanide bath
held at 15009 F. Quench in salt heated to 600° P, Hold
in galt for half an hour. Quench in water.

The cores of links treated by this method were
considersbly harder thaan the corves éf links heatetreated
by the usual methods. However, the hot-quenched, or
austempered, core has greater toughness for the same hardness.
The hot-gquench method also will harden thin sections while
leaving thicker sectiong soft. It should therefore bs
particularly sulited to link heat-treatment as it confers
the maximum physical properties where they ére néeded,
i.0., in the thin eye-hole section. Tests showed that the

hard, strong eye-sections of the hot-quenched links were




Test No.

1o

8,

bending strengths.

guite tough end ductlile.

treating equipment.
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Hot=quenched links also had good
The method had the further advantage

of making possible double the production from the same healt-

Details of HeétmTreatment Teats Made in the Internatlonal

Horvester PLAnt . June oth 0 Lobh, 49418

In the following tests the firat hedt treatment

cyanide bath.

Heat 1500° ¥,

was made in & 35 per cent cyanide bath., When the link was

glven a second heating this was done in a low-strength
g

Healt Treoatment.

for 30 minutes.

at 1.325° p, for 30 minutes.

Heat 1500° 7,
13256° 7, for

Heat 1400° P,
1325° », for

]}I@at 14;00 o B
Heat 1400° P,
Heat 1B00° ¥,

Heat 1600° 1,
13759 @, for

Heat 1600° B,
1400°¢ ¥, for

Heatbt 1600° @,
1400¢ @, for

Heat 1600° R.
Heat 1600° F.

for 30 minutes,
A0 minutes. 0il

for 30 minuvtes,
30 wminutes. 0il

for 30 minutea.
for 30 minutes.
for 30 minubes.

for So.minuﬁeso

.30 minutes, 01l

for 30 minubes.
2 minutes. 011

for 30 minutes.
4 minutes., 01l

for 30 minutes,

for 30 minutes.

Hold 20 wminutesg.

Heat 1600° 7.

at 1400° 7, for 4 minubes,

for 30 minutes,

Tasat air cool. Reheat
011l quench,

0il quench., Reheat at
quench,

0il gquench. Reheat at
quencho.

Quench in hot oil at 300° @,
Quench in hot oil at 400° ¥,
Quench in hot oil at 300° F,

0411 guench. Reheat at
quenche

011l quench. Reheat at
guench,

0il guench., Reheat at
guenech .

0il guench,

Quench in salt at 600° F,

Hot-water quench. Reheat

01l guench.
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Object of Heant-Treoatment Tests:

Lo

10,
1l.

12,

Gbject.

70 determine carbon solubility at 1500° . To
test effect of fast air cool. To determine whether
cage can be hardened from guberitical temperatures.

Same ag in Test No, 1, plus determination of the
effect of the double guench,

To determine carbon solubility at 1400° F. To 8eo
1T low=tempsyature cysniding alds case-hardening
from a subcritical temperature.

To determine carbon solubility at 1400° P, To test
effect of hot quencho.

Seme a8 in Test No. 4, plus determination of the effect
of incressing the temperature of quenchant.

To determine carbon sgolubility at 1500° B, To test
effect of hot quench on this materlal.

To determine carbon solublility at 1600° F., To test
possibility of hardening case by quenching from
just below 1400° p,

To determine whether link propertlies can be improved
by double quenching.

To determine time nesded in second bath when double-
guench method is used,

To test possiblilities of a single-guenching operation.

To test effect of hot-quench method on links containing
considerable carbon in solution.

To determine whether a hotewater = oll-quench method
can be uged in place of the double~coil=quench method,

Test Besultss

The following table gives the results of bend tests

made on the various links:

(see table on next page)




(Test Results, contid) -

Tegt No,

1o

$
Ao

10,

il

12,

Average hending
load (pounds)
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Average
bending angle,
dogreed,

B, 645

9,675

6,590

75420
6,780
11,300

11,420
10,680

11,310

12,250

5

12

)

4(%7)

Reuarks .

Black fracturs.
Gase soft,

Black and white fragce
ture. Case soft.

Black fracture.
Casne 30ft °

Black fracture.

Black frecture.

Case hard,

No tests as caée s80ft,
Casae soft.

(age bard, Only ome
link tested,

Very brittle break
at end of 1link,

Hard case. Eye
hardneas, 52 Rockwsll C.
Troad harvdness,

&5 Rockwell (.

Test unsuccessiul as
hot water splattered
badly and did not cool
properly.

DISCUSSION OF TEST RESULTS:

Taats Nog. 1, B, & and 7 show thalt under International ‘

Harvester conditions a guench from below critical btemperature

of the core doss not harden the case even when the case is

Tormed at 1400°¢ W,

gimilar critical temperatures,

produces a low=nitrogen case,

This means

that the cage and core have

1.8., that the Parkcase bath

Suberitical-=temperature case-

hardenlng was effective Ip Otbawa because the 50 per cent Nall,
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{(Dilscusalon of Test Results, contld) =

30 per cent Na2(0x, 20 per cent NaCl bath produced a
high-nitrogen case.

The low bend-test results and black Tractures of
Tegts Wom, 1 to § ghow that under International Harvester
conditions carbon solubility obtainsd in 30 minutes at 1B00° F,
is not satisflactory, while cavbon solubllity obtained in 30
minutes &tfléOQ°.Fa'ia practically negligible., To obbtain
satisfactory carbon solubility at 1B00° ¥., the hall~hour
soaking time would have to be increased. This 1s not
allowablazés it would interferse oo wmuch with productlon.

Heat=treoatment methods based on subcritical-
temperature hardening, then, would seem to be out of the
qu@&tigﬁs for 1f this method 1s to be effective ¢yaniding
masd b@ done, even with baths of optimum composition, ab
temperatures not exceeding 1500° F., because cyanlding at
higher temperatures rosults in too low a nitrogen content
in the cess. I, however, it is possidble to increzse the
sorking time the method is worthy of consideraibion, es the time
ianvolved in the second heat i nobt oplitical as it is in the
method now heing used., The method has the further advan-
tage of producing s link with a tough spheroidlzed core.

Hot quench tests made from 1400° F, were not
sabtisfactory because carbon solubllibty was too low. Tests
Nos., 6 end 11, however, definitely indicated that the hot=
quenching method had possibilities and that best results
could probably be sescured by allowing the ilsothermal trans-
formation to teke place aﬁpund 8007 to 700° T, iHarﬁnegsea

produced in this treatment were well above ths specifiled
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maxima. but these high hardnesses were not associated with
brittleness and the eye-hole flattened and the gulding lug
bent under hammer blows without any eign of cracking. (See
photographs at end of this weport). |

Tests Nos., & and 9 indicate that the double-oil-
quench method led to an improvement of the link bending
strength, although it was necessary to leave the link
somewhat longoer in the second bath if the case was to be
haprdened. Thia is because the link enters the bath colder
than in the usual heat treatment. Double-oil-guenched links
also gave much better resulbts in an International Harvester
test speclally designed to test the lmpact strength of link
agsgemblies, Tzod irpact test specimens cut from single-
gquenched and doubls-quenched links showed that the Ilmpact
strongth of the metal in the latter link exceseded by moxre
then forty per cent the impmet strength of the iron in the
single-quenched casting. The bend test, then, does not tell
the whole story, as it does not indicate the wresistance of
the material to impact, an important property in carrier
chain, It is not surprlising that the double-quenched link
hag superior properities, for in the single-quench operation
the final heat-treatment has no offect on the core of the
link which 1s in the laminated-pearlite annealed condition
produced by slow cooling in the %dog-house®., This annealsed
metal 1s not tough. The core of the double-guenched link,
however, ls in the tougher guenched-and-drawn conditlion, for

the final heat-treatment not only hardens the case but draws
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(Dliscussion of Test Results, conbtid) -

the oil-quenched core. Three photomicrographs showing the
core structures of single-guenched, double=guenched and
hot=quenched links follow this report.

Tests Nog. 10 and 12 showed vespectively thst
a gingle=treatment link was too brittle and that a hote
water quench could not be conveniently substituted for the

firat oll quenche.

Experimental Work in Progressa:

Dr. R. Potvin, of the Bureau of Mines, who has
conducted the experimental work on llnk heat-treatment in
Obttawa, is now preparing a report of his findings. A point
of considerable Inberest brought out by his work is that
links annealed at the botbtom of the annesling furnace have
better properties after the case<hardening treabtment than
have links annealed ot the top of the furnace., "As annsaledV
links from top and bottom of the charge differ in that the
former contains much pearlite while the latter is practically
Territic. This indicates that the top links have cooled
more rapidly in the final stages of the annealing operation,
In the heat treatment the dissolved carbonr of these top
links apparently becomes too high, with the result that they
gre embrittled. If a shallower caso-hardening ls allow&ble-
the propertises of top links could probably be improved by
heating them for a shorter time in the first cyanide bath.

Inclidentally, Dr. Potvintg work shows that heavy
decarburization of the link l1s not necessary and that
decarburization need only excesd case depth.

Herdnesses produced Ly the hot -guenching treatment
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(Experimental Work in Progress, contid) -

exceed the specified maxima; consequently, before these
links could be accepted they would have to be tested in
service. With this object the International Harvester
Company have shipped 400 links to Ottawa for hot-quenching
treatment as these cannot be convenliently treated at the
Hamllton plant. After being heat-treated these links

will be returned for assembly and test in a carrier,

goncluslonsg

The tests showed that the subceritical=temperature
method of hardening was not sulted to International Harvester
conditions. They also showed thet the hotequenching method
had conslderable promise. This work is being continued,

It 1s also believed that the superiority of the double-
quenched link over the single=quenched casting was demonstrated
and 1t is thought that this double-guench method of heat
treatment should be adopted.

Granting the superior properties of steel links,
there is no reason why the malleable ilron link should not bhe
uged in universal carriers, as the physical properties of a
properly heat-treateod blackheart malleable link would appear
to be more than adequate for the service. Indeed, where
conditions are such that surface abrasion is high the case-
hardened malleable ironm 1ink might well gilve betber service
than a steel link heat-treated to a 275 Brinell hardness
because under these conditions eye-hole wear might become
excossive in the latter link.

Objectlion has been raised to the use of a case-
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{Conclusions, eont'qd) =

hardened casting on the ground that the hard irregular
outer zone would cause link ewbrittlement. The case on -
an ollequenched link, however, is not file-hard and
congeguently has a certain ductillity. BService behaviour
of the oil-quenched cage-hardensd links would seewm t0
indicate that the presence of such a case does nothlead

to casting embritilement.
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