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Preface.

In this thesis we have endeavored to
check previous investigations and comparisons of cool-
ing media for hardening steel, acaing some interesting
data in comparing the hezt absorbing power of cooling
media, at different temperzturecs, for our particular
test piece.

The work was done by oractical tests
under conditions which were anzalogous to those in
modern shons.

In our theoretical work we used the
followinz books and articles as refesrences.

Factors in Hardening Tool Steel, by
John A. latthews and Howard J. Stagg, Jr.

Handbook for lLlechanical Zngineers,
by Kent.

Journal of the Iron and Steel Institute,
1908, II p.208. An article by Benedicks.

Yiillie on Heat Treatment of Steel in

The Proceedings of A.5.T.M., p.28, Vol. XV.
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Part I

Description of anparatus and method of running

the tect.

Part II

Resulting curves and their analysis.

Part III
Comparison of absorbinz power of ccoling media

at various temperatures, with illustrative curve.
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DESCRIPTIVL APPARATUS AND 1STIOD O ZUNIING THZ TEST.

The tect piece was turned from & plece
of cold rolled steel to the dimensions given on the
drawing. The piece was then bored for the thermel
counle, the hole ta»ped and a plece of three-cuarter
inch »nipe, twelve inches lonz, screwed into the hole.
This pipe acted as a handle and as a conduit for the
thermal couple leacds. It also admitted withdrawing
the couple for insnection, if necessary.

All thermal couples used, wvere counles
made from iron and constcntan wire.

The source of heat was a ;zs furnace
used in connection with a leau bath, which wacs kept
at & temperature of 1200°F.

Five gallons of each medium wzs used
in each test.

The followins method was used through-
out the test.

The test piece was immersed in the

lead beth together with znother thermopyle. <‘hen the

couple insice thre test piece read 1200°F., and the

couple in the lead pot read 1200°F., the tect piece

vas removed and quenched to 700°F. in the guenching



medium under consideration. At the start the nmedium
was maintzined at room tempmerature. The time that it
took the tect piece to rell from a temperzture of
1200°F. to 700°F. wzs noted with the aid of 2 stop w=atch.
The coolinz of the test piece in the
nedium naturally raiced the temperature of the mediun.
The tecsl piece wazs then replaced in the lezd, heated
to lSOOOF., cuenched in the medium &t this known hirh-
er temperature and the time z-ain taken with the ston
vatch. These operations were continued until the
quenching medie had attained such = temperature that
excessive smoking or boiling prevented its further use.
Durin; the above operations care vas
taken that the test »niece wee immersed the same amount
each time both in the leacd bath and in the cooling
media. The test niece during all the quenchin; rested
on the bottom of the conteiner of the medium and the
mediyn was not stirred exce»t when talkin: its temm-

erzture just before immersing the test niece.



RIZULTING CURVLS AllD THIIR ANALYSIS.

In plotting the followin_ curves, the
results obtained by our exneriments, time in seconds,
Tor a fall from 1200°F. to 700°7., were nlotted agzinst

the temperature of the cuenching mediur.,

n
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v
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An analycsies of the curves ic intere N
The 1I.A.C. well water, Fiz. II, hac c fairly coastant
cucnchin~ rate up to 120°F. At 150°F. the slove of the
curve is cuite mariked. =Zxcecnive “ollin  uvrohitits
further use of the medium over 180°F.

A saturatcd =s2lt colution (MaCl) zives

[©]

a quicker rate of cooling than water and a feirly

constant rate up to 125°F. From 125°F. to 180°F. where

excessive boilin; occurred, the slove is very decidec.
The soda golution, Fig. I, NaHCCly

7 Ho0, has an extremely culcit rates of quenching and

has the neculiar characteristic that it cools much

faster at moderate temperature (85°-110°) than at

either lover or hisher temperatures. Toaming and
boilins was excessive zt 120°F. fThic medium would

the pieces wers

nrobably ceuse craciiin; ol steel where
of conciderzbls size, but for emall nieces here

extreme harcness was desired, should prove satisfactory.



The speed of cooling is much greater than even the
selt (lMaCl) solution. |

Xerosene oil, Tiz. V., at low temper-
atures hes 2 cuick cooling rate, tor zn oil, but de-
crecses &t a nearly uniform rate tihrouzhout its use-
ful raense. At 250°F. wnc asove unnleasant gasszs are
given off and the use of thic¢ 01l chould be confined
to temperatures below 250°F. A temperature above
400°F. was rcecheld before the oil cauc;ht fire.

"Renovn" engine oil, Fiz. VI., ic a
fairly thick oil similar to gas engine cylinder oil.
Its slope ic less than kerosene o0il but is much slower.
‘“there the piece recuired 100 seconds to cool in this
0oil at 70°F. it cooled in 70 seconds in the kerosene.
The rate of cooling was nearly constant up to 360°F.
but smoking was excessive above 300°F. and this medium
should not be used on this account above that temperaturs.

The lard oil used, Fig. VII., had been
in use for some time in the M.A.C. forge shops. This
0il is particularly interesting in that througshout
the entire range of temperature used, the rate of
cooling was constant. The rate was slower than any of
the other oils, teinz about 10% seconds for all temv-

eratures. Even at the extreme temperature of 4:09F.
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the rate of cooling varied but little. 500°F. is a%-out
the practical limit for this oil as abowe that a gas
is liberated which is very annoying. |

Of the extrsmely heavy, viscous oils
it mi. ht be well to say that thoss of the steam cylinder
0il type zre unsuitable aes coolin: media.’ Heavy steam
engine cylinder oil under test was unable to carry
the heat away from the test niece rapidly enough and
the resulting highly heated gasses which wvere liberated
caught fire. There is a possibility however that this
type of o0il if used at a temperatiure somevhat above
room temperature might then be used, but w: believe
that the viscosity is too great for a zood cooling

medium,



VARIOUS TIMPERATTRES WVITH ILLUCTIATIVE CURVE.

In deterrmining the heat flow per sc¢. in.
of surface from the test piece, e referred to lent's
rlzndbook for the specific heat of steel. Observations
by Dr. I. P. Obenhoffer, cvuoteda in the handbook, gave
an average of .135 as the spmecific heat between the
points 700°F. and 1200°F.
The weight of the test niece (without
handle)} was 2310 grams.
Therefore the total heat given up in
cooling from 1200°F. to 700°F. ecuals
(1.00-700)x.310 x .1Z5 equals 156000 calories.
The sg. in. of surface of the test
nicce (without handle) equals the circumference times
the length nlus the arez of each end.
aquals (“vPr o x o< 1/3)+ 21Pr:"‘
Squals (tex £ 9/18 x ¢ 1,/3) + e souels 47.5 sc. in.
Therefore the number o; caloriees given
oif per sc¢. in. of surface ecuzls 15§OOO ecuals 338CC cal.
In plotting the accom;;nying curve,
the calories absorbed per sg. in. of steel surface per

gecond are nlotted against the tewmperature of the



quenching bath degree F.

Thie gives a gerizs of curves which,
after ons In>ws how many calories per second ouzht to
be talzen away for = given hardness, should be valuable.
As an examnle, supnoce we have the quenching mediums
at hand that are licted on the curve ana they are at
various tempzratures becaure of rec:snt use. 3Suppose
that we have a viece to bz hardeneda ané for the degree
of hardnesc decired 45 calories per seccnd chould be
taxen avay. A glancs then at the curve chouwes that
"Renown' engine 0il and lard oil arc too slow, hile

socda cfolution is alto:ctiier toc fast. The choice

¢

o

etiveen well water, calt water and Zlerosene oil.

'_.l

Salt water and well wvater, if cool, erc too fast and
the point at which thery carry awvzy 45 calories ner
second i¢ at a temperature which is almost prohibitive.
Theraforz, if e have llerosene oil at any tcmperzture
betveen 60°F. and 180°F. it will anewer the pUrpose.

A voint vhich has besn proven a creat
nuxber of times but which ic neverthelcess interesting
to note, is the fact of ths tendency of the test piece

to become round after reneated heatinge and coolinge.

In all the tect piccc was cuenched some G0 times.
Upon examination, after thece teste, the diameter of

the test piece at ths center was found to be 1/8 in.



The hole in the piece where the thermal

couple wac incertsd had cloced g0 thalt the thermal

o
o]

t
couple could not be withdrawn, althouch the hole was

much too larse originally.
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RENOWN ENINE OIL

TEMP IMEDIUM T IME of COOLING
69°F /MIN39.6 SEC,
8x° TApeC [ %

I = - / H2.4
P AR RSN e
! 68 ' 5¢.0"
/1 88° / S 3
21 %- / 428"
2.x0" 1 7.2
2s50° TR
288" / 422°
> 00" / Ny.e'
328 / 482
> L0° / 4.3
S Vit Y- 1

3 385 °RoILED

SoDivM BiCARBONATE

74 ° 2.5
g3° 45
170" 43
L 45°

/62" BoiLep



KEROSENE

T EMP.MEDIVUM TIME of CooLING

LREE JMIN2 3, (" SEC
130° / 17, 2

/170° / 24

) 60° ) 186.8
205° / 232

2 45° y 28.8

2 8o’ / 2985
3147 / H5 .2

H20 BoiLing

SALT SoLUTION

iy / b4
[ / 5.2
95 / &5 i)
‘20 A b &
‘L/.f ) //.5
/c8 702 5%
/a2 2 e

205 goiLED



GOLEEGE iAW ACER

T EMP.MEDIUM T IME of CoOLING
35°F /MIN 6.4 SEC
65° / /3
95° / /"
L2ag / /0
J58.0F / 7
175° /] 21

200° Bélh'ng

ERRD OhL

6o° RS 7
110° gl YL
1557 I 4o0.9
200 I 342
240 1 34.4
270 7 o LA
298 / 335
320 / “Ho
345 LiNnS 7, 2
370 I 39.3
385 AN A
395 il
Hi1o I Y7.4
425 I so
Nyo Il y5
H&o [ 45,1

470 BURNED












