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L SECTION I

METALLURGY LABORATORY INSTRUCTIONS



FOREWORD

With the rapidly increasing importance placed by

industry upon the development, treatment, examination and

testing of metals and their alloys, there follows increaeing

stress on sound fundamentale in metallurgical laboratory

practice as employed by the student majoring in this field,

Following a study of the requirements which must usually

be met by the graduate who intends to continue his work in

metallurgy, a series of experiments has been carefully

planned, performed, and thoroughly studied to determine

their value to the student,

This work was done under the direction and direct

supervision of Professor H, V, White, Head of the Department

of Metallurgical Engineering of Virginia Polytechnic Institute,

and with the facilities of the laboratory under his charge,

General instructions in the selected experiments and

typical laboratory reports are contained in the pages which

follow, Since a large part of the experimental work was

done with laboratory equipment developed for these specific

experiments, description of apparatus and certain explanations

are included in Section II, Experiment Reports,

E, J, Freeman



THE LABORATORY INSTRUCTION MANUAL

lt is the purpose of the instructions contained in

the pages following:
l, To outline for the student a series of laboratory

experiments illustrating the fundamental theories and facts

pertaining to the various courses of study in Physical

Metallurgy,

2, To give general and specific instructions in the

performance of experiments, care and use of laboratory equip-

ment, study of recorded information, and writing of rep0rts•

An effort is made to guide the student in laboratory

work rather than lay out for him “rule-of-thumb" methods

of performing a “cut-and-dried" set of standard experiments•

It is recognized that, for instructions to be of value, care

must be exercised not to destroy initiative or relieve the

student of the task of finding and using recorded information,

With this in mind, certain highly important data, facts,

and features are either omitted or only referred to without

elaboration,

The experiments outlined here may be altered or replaced

entirely by other experiments with equal or even better

results, However, this possibility is limited by the follow-

ing necessary considerations:
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l, The time allotted to the student for a laboratory

period,
2, The number of laboratory periods allotted to the

course,

5, The number of students in the laboratory,

4, The cost and availability of materials consumed

by the experiment, A
5, Available equipment,

GENERAL PROCEDURE

Experiments are assigned by the instructor at the

beginning of the laboratory period or, in some cases, far

enough in advance of the period to allow the student time

to study the instructions and necessary parallel work, Two

students constitute a group, and work together, independent

of other groups except where otherwise specified,

The student should bear in mind that the written

instructions are expected to relieve the instructor of

certain time·absorbing details and make him available for

explanations, advice and suggestions, Therefore a thorcugh

study of the laboratory procedure should be made before the

instructor is called on for assistance,
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LABORATORY REPORTS

In most cases, calculations should be made, data and
results checked and, as far as possible, errors and

troubles cleared up before the student leaves the laboratory,

Full advantage should be taken of long waiting periods

sometimes necessary between readings, adjustments and manip-

ulations, The laboratory report should be prepared outside

and submitted one week after the experiment is performed,

Experiment reports are not examined by mass production

methods, therefore no fixed form of presentation is specified,

Other than the necessary information for filing, they should

contain:
Title, Object, Apparatus and materials used, Explanation

of set-up, where necessary, Data and curves, if any, and

Discussion or conclusions,
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TABLE OE REFERENCES

References are given immediately following the title

of many of the experiments, and in some cases in the body

of the instructions. To save repetition of titles, etc.,

capital letters are used throughout to indicate these

references, and this table is a key to the various publi-

cations referred to.

When a reference is included in the body of a set of

instructions it will be designated - Ref. A, - followed

by the numbers of pages to be consulted,

Key Letter Title, Author, Etc.

A National Metals Handbook

B Principles of Metallographic
Laboratory Practice, by Kehl,
1959 - lst edition.

C Pyrometry, by Wood and Cork,
1927 - lst edition.

D Principles of Metallography,
by Williams and Homerberg,
1959 - 4th edition.

E Engineering Physical Metallurgy,
by Heyer, 1959 - lst edition.

F Physical Metallurgy, by Woldman
1950 - lst edition.

G An Introduction to Physical
Metallurgy, by Van Wert,
1956 - lst edition.

H Principles of Physical Metallurgy,
New Second Edition - Gilbert E. Doan
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GENERAL INSTRUCTIONS

There are certain routine methods, procedures and

precautions that are common to several or all experiments•

Instead of repeating them in the instructions for each

experiment, they are listed and only referred to by

number•
Pages

1, Temperature Measurements through the Critical Points

for Low Melting Point Pure Metals and Alloys••.....••• 6

2. Immersion Corrections for Thermometer Readings•••••••• 7

5, ‘The Preparation of Alloy Specimens.„„••.••.•.„.....••• 8

4, Cutting and Surfacing Specimons Preparatory to

Polishing...„......................•............„••••• 9

5, The Brown Potentiometer Pyrometer•••••••••„.....•„,•••lO

6• Electric Heat Treating Furnaces and Controls„•••••••••l5

7. Instructions for Using the Standard Brinell Hardness

Testing Machine••••.•••.•„••..•„„„•........„.„„•...••.l5

8, Standard Laboratory Equipment and Procedure•.„•••..•.•2O
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GENERAL INSTRUCTION NO, l

Temperature Measurements through the Critical_Pgints

for Low Melting Point Pure_Metals and Allovs

APPARATUS:

Bunsen burner, ring stand, ring and crucible holder,

pyrex crucible, 40o°c thermometer, pyrex thermometer pro-

tecting tube, thermometer bushing and clamp,

MATERIALS:
Metal specimen, furnished by the instructor or

prepared under his direction, Wax cover,

SET UP:
The asbestos lined cruoible holder, attached to the

ring, is supported by the ring stand in position to be

heated by the Bunsen burner in the standard manner,

PROCEDURE AND PRECAUTIONS:
The thermometer is placed in the protecting tube as

soon as the specimen is heated to high enough temperature

to melt the wax cover, The brass bushing is used to center

the thermometer, The clamp is placed to hold the thermometer

bulb near the center of the mass of molten metal,

After the temperature run is oompleted the thermometer

should be removed before the wax cover freezes,
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GENERAL INSTRUCTIONS NO, 2

Immersion Corrections for Thermometer Readings

Temperature readings taken from a thermometer should

be corrected when necessary for partial immersion and

constant error and corrected readings recorded on the

report data sheet,

Temperature curves which are plotted to show shape

only, may be plotted from uncorrected temperature readings,
Corrections should be made, however, for all points of

specific interest, Thermometer corrections are made for:

(1) Constant error, plus or minus,
(2) Correction for immersion,

Where TC is the corrected temperature, TT is the
temperature as read,

D is the number of degrees of emergent mercury column

in exeess of the degrees which would be exposed if the

thermometer were immersed according to specifications,
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GENERAL INSTRUGTIONS NO. 5

The Preparation of Alloy Specimens

The preparation of alloys of two or more metals some-

times involves necessity for precautions, not easily found

in published data, Failure to produce the desired specimen

may be due to

(l) Melting the metals in the wrong order.

(2) Lack of proper control of temperature, resulting

in rapid oxidation,

(5) Improper fluxing•

(4) Bad technique in pouring•

The student should calculate the weights for the per-

centages specified for the alloy, weigh out the proper

amounts of each metal and set up the apparatus for melting

and pouring the specimen, He should then call on the in-

structor for specific instruction in melting, mixing,

fluxing, and pouring• In some cases, where a very small

percentage of a metal is required, it is necessary, for

accurate results, to make up a “Master Alloy“ in quantity

enough to prepare all of the specimens, A "Master Alloy"

is one considerably richer than desired, from which the

alloys are prepared by dilution•

The correct quantity of this alloy is weighed out to

give the proper composition for the desired specimen.
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GENERAL INSTRUCTION NO. 4

Cutting and Surfacing Specimens Preparatory to Polishing

To get a true picture of the internal structure of

a metal it is often necessary to cut the specimen through

the center and examine the inside surface under the micro-

scope.

If the specimen has been previously heat treated in

such a way that further heat applied will alter the structure

desired, great care is exercised to avoid heating during

cutting and grinding, These operations are carried out at

slow speed and with wheels well flooded with water.

Soft metals applied to grinding wheels and abrasive

discs clog the pores between grains, rendering them in-

effective. For this reason, the hack saw and file are

always used on this type of metal.

REFERENCES

B, Page, 3.
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GENERAL INSTRUCTIONS NO. 5

The Brown Potentiometer Pyrometer

FOREWORD: -
The Brown Potentiometer is used for accurately measur-

ing temperatures in several of the experimente regularly

assigned in the laboratory, Intelligent use of any

instrument demande a knowledge of the basic principles

upon which the instrument is designed. If the student is

unable to reproduce and explain, from memory, the electrical

circuit upon which the potentiometer ie based, he lacks the

fundamentale essential to procedure in pyrometrics. He

should therefore review his study in potentiometer circuits

and consult one or more of the reference texte in the

Metallurgy Library.

The following directions assume the necessary basic

knowledge.

REFERENCES:
C, Fg. 66-78

DIRECTIONS:
Mechanical Balance - Before using the potentiometer

it is advisable to check the galvanometer for mechanical

zero; that is, to see that the galvanometer pointer rests

on zero when no current is flowing through it. To accom-

plish this, the "Bal—Zero“ knob is turned to zero. If the
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pointer shows deflection from zero, adjustment is made

through the screw head exposed just above the galvanometer

scale,

The instrument seldom requires this adjustment, the

necessity for which is due only to rough handling or acci-

dental heavy shock, If the student has any doubt as to

the necessity for this or any other adjustment, or of his

ability to make the adjustment correctly, he should consult

one of the instructors,

Current Standardization — The current which is to “Buck“

the current from the thermocouples is supplied by a dry cell

within the instrument, This standardization should be

checked before each experiment and when the instrument is

in use for several hours it should be checked not less

frequently than at the end of each hour or service, To

check, the "Bal—Zero" knob is turned to “Bal" position, and
the thermocouple switch to

“On“
(either low or high range),

If unbalance, indicated by deflection of the galvanometer

from zero, is observed, adjustment is made by turning the

“Rheostat“ knob, (clockwise, if the deflection is to the

left, and counterclockwise, if to the right), The “Bal-

Zero" knob is held at
“Bal"

position until the thermocouple

switch is turned to "0ff“•
Measuring Temperatures - The instrument is provided

with two scales, low range, from zero to lOO0°F, and high
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range, from 1000°F to 2000°F, The thermocouple switch is

used for selecting the scale necessary for the temperature

to be measured•

To make a measurement, the scale is set at a reading

estimated to be that of the temperature to be measured,

and the thermocouple switch thrown to the proper scale•

The reading is then adjusted by turning the main knob

until the galvanometer pointer shows zero deflection,

The instrument thus indicates the temperature of the hot

junction of the Chromel·Alumel couple to which it is

connected,
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GENERAL INSTRUCTION NO. 6

Electric Heat Treating Furnaces and Controls

REFERENCE:

C - Pg. 193-201.

A number of experiments regularly assigned in the

laboratory require heat treating specifications which are

not conveniently met by manual control of furnace temper-

ature. For this reason the laboratory is equipped with

the Hoskins Electric Muffle furnace and the Hevi Duty

Electric multiple unit furnace with Leeds and Northrup

Micromax control.

Both furnaces are resistance type, electric with manu-

ally adjusted rheostat for control of heating rate. The

equipment is so wired that either furnace may be operated

at 110 or 220 Volts, with or without automatic control by

the L & N. Micromax.

The Micromax is a potentiometer pyrometer built on

the same principle as the Brown Pyrometer, (See General

Instruction No. 5.) However the mechanical construction

of the Micromax differs in that the Voltage balance

across the galvanometer is automatically, rather than

manually, controlled. Also, the instrument is designed to

hold the furnace at any desired temperature. The knob

on the front of the instrument may be turned, moving the

lower pointer along the scale to the maximum temperature
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desired, When the furnace reaches this temperature a

relay switch is automatically actuated, operating the

power switch on the furnace, thus holding the temperature

within a few degrees of the setting,

Before using this equipment the student should not

only review his study of potentiometer circuits, as in'

the case with the Brown potentiometer pyrometer, but

familiarize himself with the switchboard and wiring be-

tween the furnace and pyrometer•

Since this apparatus is used for a number of ex-

periments, it is well to have some idea of what to

expect as to heating and cooling rates under different

Voltage and resistance settings, For this reason the

student should keep a record in his notes, of Voltage

applied and approximate rheostat settings, with correspond-

ing heating rates for each run made, These data are found

to be helpful in estimating proper settings for subsequent

heat treating experiments,
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GENERAL INSTRUCTIONS NO, 7

Instructions for Using

the Standard Brinell Hardness Machine

REFERENCES:

A, see index,

B, pages 153 — 140,

A, S, T, M, Standards, latest edition,

These are special instructions applying to the machine

in the laboratory and are not intended as complete working

instructions, The student must consult the references for

the theory of the test and methods for making the test,

Note carefully — A Brinnell test on brittle materials

is dangerous and may result in serious physical harm to

the operator and observers,
I

A brittle material may not stand the heavy loan con-

centrated on a small area as required in making the test,

If the material is too brittle sudden rupture will take

place with mild explosive violence, throwing small frag-

ments of the test specimen. As the specimen is little

below eye—level there is considerable danger that the
ß fragments may strike someone in the face,

If there is any doubt about the ability of the specimen

to take the test without breaking, a shield should be
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placed around the specimen, The shield should be put in

place before the load is applied and kept in place until

the load is removed,

ORDER OF STEPS PEREORMED IN MAKING TEST,

l - The hand wheel on the base of the machine is

checked to see that it is turned counterclockwise

as far as it will go,

2 · The properly prepared specimen is placed on the

anvil of the machine and raised until in solid

contact with the ball,

5 - The handwheel is turned clockwise until the dial

on the machine indicates the desired load, If any

doubt exists, the shield is put in place before

the hand—wheel is turned,

4 - The dial is held at the desired load for the proper

period of time,

5 — The handwheel is turned counterclockwise as far as

it will go, the anvil lowered, and the specimen

removed,

6 - The impression is measured with the special micro-

scope and the hardness number either calculated

or, if the student is thoroughly familiar with

this calculation, recorded from the table of

Brinell Hardness Numbers, This table may be

found in any handbook, and there is a OOPY of it
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on the laboratory wall,

If the desired load cannot be reached, that is, if

the handwheel turns as far as it will go clockwise and the

dial still does not indicate the desired load, the machine
needs more oil in the hydraulic cylinder, The instructor

is called on for assistance in refilling the cylinder.

To check load indicating dial: - Pressure gauges of

the type provided on this machine cannot be considered

thoroughly reliable, They vary from time to time and are

susceptible to damage due to incorrect use,

The gauge should be checked at frequent intervals by

the following series of operations:

1 — To check the 5000 Kg load, two large and one small

weight should be on each hanger; to check the 500

Kg load no weights are required, the cross arm and

hangers being sufficient. No provision is made

for checking at other than these two standard loads.

2 - A piece of metal is placed in tie machine as if to

determine its hardness; steps l and 2 above,

5 — Load is applied as in step 5 above, until the cross

arm carrying the weights is lifted about half an

inch. Due to static friction the dial will now

read higher than it should for any given set of

weights on the cross arms, To overcome this

friction the weights are put in motion and the

dial observed while the weights are moving slowly,
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The reading obtained is correct for the load in

question and is to be used when making tests•
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INSTRUOTIONS FOR USING DEAD WEIGHT BRINELL MACHINES

Under certain conditions the standard Brinell machine

cannot be used for hardness determinations, For these

cases two small dead weight machines are provided, One of

these machines has a weight of 45 Kg; the other 120 Kg, A

series of balls of different diameters is provided for

each machine,

The student should consult the references for details

of load and ball diameter to be used for these special

Brinell tests. The latest edition of the Standards of the

American Society for Testing Materials gives the details,

To use these machines the properly prepared specimen

is placed on the anvil and elevated by means of the small

hydraulic jack until the specimen comes in contact with

the ball, One full stroke of the pump, made very slowly,
A will now elevate the weights from their rest and apply

the full dead load on the ball resting on the specimen•

After holding for the proper time the specimen is

removed, the impression measured, and the number calculated,

The table of Brinell Hardness Numbers cannot be used

directly because it applies only to standard tests; that

is, to either 500 or 5000 Kg loads on a 10 mm, ball,
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GENERAL INSTRUCTION NO, 8

Standard LaboratorX_§guipment and Procedure

No instruction is here given in certain laboratory

technic which has to some extent been standardized, To

aid the student in finding information on such procedure

and equipment, the following references are given:

SAMPLING:
B, pages 2 and 5,

MOUNTING:

B, pages 17-21,

D, page 260,

POLISHING:
B, pages 7 and 8,

D, pages 260-269,

ETCHING:
B, pages 25-29, 104-108, Appendix, pages 291-512,

D, pages 511-517,

F, pages 259-258,

MICROSCOPE AND PHOTOMICROGRAPHY:
B, pages 42-101,

D, pages 270-296,

F, pages 5-15,
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EXPERIMENT NO, 1

TITLE:
The Cooling Characteristics of a Pure Metal,

I OBJECT:
” To plot from experimental data the cooling curve for

pure tin and study the characteristics of cooling,

REFERENCES:

D, pages 2-4

E, page ll

F, page 26

APPARATUS :
General Instruction No, 1, Stop watch,

MATERIALS:

150 grams of pure tin, (Specimen in crucible furnished

by instructor•)
4

PROCEDURE:

Heat is applied by the burner and the thermometer

placed according to instructions,

The burner 1S Shut off when the thermometer shows a
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temperature of about 70°C above the melting point of tin•

When balance is indicated by no further rise in tempera—

ture, readings of time and temperature are recorded,

These readings are taken in 50 second intervals from be-

ginning of cooling through a temperature of about 50°C

below the melting point of pure tin, To prevent under-

cooling, the liquid should be stirred gently with the

thermometer between each reading•

CALCULATIONS:

General Instruction No. 2,

CU RVES :

A curve is plotted between temperature, as ordinate,

and time, as abscissa, to show the characteristics of

cooling•

QUESTIONS:

(l) Why does the cooling curve above the freezing

point not follow a straight line?

(2) What takes place at the temperature indicated

by the first definite break in the curve?

(5) What does the end of the horizontal section of

the curve indicate?

(4) Why does continued loss of heat not lower the

temperature along this line?
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EXPERIMENT NO. 2

TITLE:
The Equilibrium Diagram for a Binary Alloy,

OBJECT:

To plot, from experimental data, the equilibrium

diagram for the Lead-Tin series and study the character-

istics of cooling,

REEERENOES:

A, (see index).
D, pages 17-27.

F, pages 25-26,

APPARATUS:

General Instruction No, l.

MATERIALS:

150 grams of each of the following specimens:

(1) 90.% Lead, lO.& Tin,

(2) 60,% Lead, 60.% Tin.
(:6) 40,% Lead, 60.% Tin.

Each speoimen in a pyrex crucible furnished by the

instructor.
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PBOCEDURE:

By the procedure employed in Experiment No, 1, data

is recorded and cooling curves plotted for each of the

three specimens•

CALCULATIGNS:

General Instructions No, 2,

CURVES:
A cooling curve is plotted for each of the three

specimens and points on these curves listed in the data

with corresponding points for other compositions furnished

by the instructor and the Equilibrium Diagram for the lead-

tin series plotted,

Tamman's euteetic-freezing-time curve is plotted on

the same sheet with the same abscissa and, time of freezing

of the eutectic, as ordinate• The intersection of the eutectic

and the solid solution lines is indieated by the cemposition

at which the eutectic freezing time becomes zero,

QUESTIONS:

(1) What does the first break in each of the cooling

curves except those for pure metal and eutectie indicate?

(2) Why does the horizontal section of the cooling

curves for 40,% Pb and 60,% Sn extend over a longer range

of time than for any other eomposition?
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(3) Why do the cooling curves for Lead—Tin alloys,

richer in lead than 30,5%, and richer in tin than 97,4%,

not show the horizontal line, or constant temperature range,

found in the ourves that fall between these compositions?
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TITLE:
The Relation between the Physical Properties and the

Internal Structure of Alloys,

GBJECT:
To plot from experimental data the Composition—Hardness

curve for Zinc—Cadmium alloys and study the relation of

physical properties to internal structure,

REIERENCES 2

D, pages 47-50,

A, (see index),

APPARATUS2
Electric furnace•

Clay crucible•

Cast iron specimen mold•

Tongs•

Welch triple beam balance,

Brinell hardness testing machine, microscope and chart,

MATERIALS2

Pure zinc and cadmium metal,

Amonium chloride, (Flux),
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PROCEDURE:

General Instruction No, 4,

Six specimens of Zinc—Cadmium alloy are made up and

molded, compositions as follows:

Specimen No. 1, —-- Pure Zinc.

Specimen No, 2, --- 99.% Zn, 1.% Cd,

Specimen No. 5, --- 98.% Zn, 2,% Cd,

Specimen No, 4, --- 97,% Zn, 5,% Cd,

Specimen No, 5, --- 96,% Zn, 4.% Cd,

Specimen N6, 6, -~- 95,% Zn, ca,
Each specimen is removed from the mold as soon as it

is solid. After cooling to room temperature the composi-

tion is stamped on each casting and two Brinell impressions

made in each at 500 Kg. load, with l0 cm. ball, held for

60 seconds, (General Instruction No, 6). Measurements

of two approximately perpendicular diameters for each

impression, are made with the Brinell microseope, the

average of these taken and the corresponding hardness,

taken from the Brinell chart, recorded,

CUR\U£S:

A curve is plotted between composition, as abscissa,

and Brinell hardness, as ordinate. On the same curve

sheet, and with the same abscissa, that part of the equi-

librium diagram which covers the same composition is

plotted from data found in the A.S•M, Handbook, Reference, A,
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QUESTICNS:
(l) Judging by the relation between the hardness

curve and the zinc-rich section of the equilibrium diagram

for zinc·cadmium alloys, what appears to be the factor

limiting the increase in hardness effected by the addition

of an alloying metal?

(2) In what way does the trend of the hardness curve

indicate that the maximum hardness for a solid solution

of Cd in Zn is higher than that for Zn in Cd?

(5) What would likely be the trend for the hardness

curve for:

(a) An alloy of two metals which form the

eutectic, but are completely insoluble

in each other in the solid state,

(b) An alloy of two metals which show com-

plete miscibility in the solid state,

(4) Answer similar questions concerning the effect

of composition on electrical and thermal conductivity,

and tensile strength•
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EXPEHIMENT NO, 4

TITLE:

The Micrestructure of Euteetic Alleys,

OBJECT:

To study the mierestructure ef a series ef binary

alleys and learn te reeognize the meehanical mixture known

as eutectic,
_

REFERENCES:
I

A, (See index)

D, Chapter II
E, Chapter II
F, P3, 48-52

APPAEATUS:

Welch triple beam balance,

Clay crucible,
E

Electric er gas furnace,
Cast iron speeimen meld,

Tongs,

Tools fer cutting metals fer specimens,

File,
Pelishing wheel,

B, & L, Metallograph, er micrescepe,
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MATERIALS:

Stock metals, furnished by instructor, polishing papers,

polishing powder• Etching solution, see Reference, D,

Appendix•

PROCEDURE:
Each student is assigned the preparation of a specimen

of eutectic alloy, selected by the instructor possibly from

the following list:

Silver -
Copper-----———————————Specimen, 10 grams,

Bismuth - Cadmium—--———--·—--—-Specimen, 25 grams,

BismuthSpecimen, 25 grams,

Cadmium - Lead--~----——-—-——-—-Specimen, 25 grams,

Cadmium - Tin——--—-·—----——-——-Specimen, 25 grams,

Cadmium - Zine---——-———--———-~-Specimen, 25 grams,

Lead · Antimony-——————-—-—---—·Specimen, 50 grams,

Lead - Tin-—---—---—--——-—---—-Specimen, 50 grams,

Tin — Zine———-——---———~--—————-Specimen, 25 grams,

Cepper - Copper oxide———---—-——Specimen, 50 grams,

Copper - Copper phosphide—-———-Specimen, 50 grams,

The eutectic composition of the assigned specimen

is determined from Reference A, (see index), The specimen

is prepared according to General Instructions No, 4,

After a study of Reference B, Chapter I through page 17,

the specimen is polished and etched under the supervision

of the instructor• Each student examines all of the
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specimens prepared by the class and includes in his report

drawings which show similarity and essential differences

between various eutectic microstructures•
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1 EXPERIMENT NO, 5

TITLE:

The Macrostructure and Microstructure of “A1pha" Brass,

OBJECT:

To determine the effect of various comercial

meehanical and thermal treatments on the internal structure
of Alpha brass, (70% Cu, 30% Zn), Study is made of the

brass:

(a) As cast,
(b) Cast and annealed,
(c) Cold worked,

(d) Cold worked and annealed,

The observed effects are general for all solid

solutions, and are very important in comercial handling

of many alloys,

REFERENGES:
A, See index, N
B, Appendix, Table VI,

E, Pages 107-114,

D, Pages 108-113, Pg, 64, Fig, 59,, Pg, 103, Fig, 81,

F, Pages 118-130,
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APPARATUS: ,
Triple beam balance, _

Cutting tools for metal bar,
Gas furnace and crucible,
Cast iron bar mold,

Handling tools• _
Hammer and anvil, ,
Electric heat treating furnace and controls,

Hack saw, file, polishing plates, and polishing wheel,

B & L metallograph or microscope,

MATERIALS:
Stock shot copper, and stick zinc•

Polishing papers and powder•

Etching reagents•

PROCEDURE: I
The cast iron mold is measured• The correct weights

of copper and zinc, necessary to fill the mold with the

desired brass, are calculated, Allowance is made for
estimated 5% oxidation of the zinc upon melting,

The materials are cut and weighed out, Instruction
No, 4 is followed for melting and casting the bar,

Four pieces are cut from the bar and treated as
specified in the table on the following page, Each piece _

is then polished, etched and examined under the microscope,
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TREATMENT OF SPECIMENS

Cold Working: Upsetting with hamer or press for about

20%~reduction in length,

Annealing: Heating to 750éF, holding for 2O minutes,

cooling in air, Fast cooling, as in

water, would not change the structure but

would cause internal stresses,

Specimen Length Treatment
(a) 5/B" None (as cast),
(b) 5/4" Annealed, sawed in half for ex-

amination of center, _
(c) l" Cold worked and annealed, Sawed

for examination in center,

(d) 1-1/4“ Cold worked, annealed and cold
worked: sawed for examination of
center,

The electric heat treating furnace with automatic

control is used for annealing• The work should be arranged

so that all specimens be placed in the furnace for anneal~

ing on the same heat run,

The general discussion in the laboratory report

should point out and explain the differences noted among

the four specimens, Appearance of each may be shown by

a freehand sketch,
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EXPERIMENT NO, 6

TITLE:
The effect of Cold Working of Metal,

OBJECT:

To determine the hardness effect due to the cold

working of alpha brass,

REFERENCES:

D, pages 55-75, p
G, pages 205-211,

F, pages 118-150,

APPARATUS:
Hydraulio press or hammer and anvil,

Micrometer, _

Hack saw and file, e
Brinell hardness testing machine,

MATERIALS:

. Bar of alpha brass as cast, 1/2" square, (Experiment

NO• 5)•

PROGEDURE:
Six one inch specimensof alpha brass are cut frdm
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the half inch square cast bar, annealed and treated as

follows; _ ,
Specimen No, 1, cut l/2", left as cast,,

Specimen No, 2, cut l", cold worked 10%,
Specimen No, 5, cut l", cold worked 20%,
Specimen No, 4, cut l", cold worked 55%,
Specimen No, 5, cut l", cold worked 50%,
Specimen No, 6, cut l", cold worked 65%,

The specimens are filed flat and a Brinell hardness
impression made in each end,

CURVES z
A curve is plotted between percent cold reduction,

as abscissa, and Brinell hardness as ordinate,

The specimens are marked for identification and kept

for use in Experiment No, 8,
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EXPERIMENT NO, 7

TITLE!
The Effect of Annealing Temperature on Grain Size,

OBJECT:

To study the effect on the internal structure of

alpha brass, due to annealing after cold work, and to

determine the effect of the recrystalizing temperature

on grain size,

REFERENCES:

D, pages 78-81, I
E, pages 118-150,

APPARATUS2 y
Press or hammer and anvil,

Electric heat treating furnace and controls,

Hack saw and file, ~
Polishing and etching equipment,

Microscope,

MATERIALS:

Six one inch specimens of half inch square cast

alpha brass,

Polishing and etching materials, D, Appendix, Pg, 523,
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PROCEDUHE:

The six specimens are cut from the brass bar and

upset about 50%, All specimens are placed in the heat

treating furnace and the controls set for a slow heating

rate. One is removed and cocled in air as the furnace

reaches each of the following temperatures; 650°F, 850°F,

10oo°F, llOO°F, l200°F, and l500°F•

The specimens are marked for identification, cut,

filed, polished, etched, and examined under the microscope,

The size of the grain in each specimen is noted and

a discussion of effect of the annealing temperature in-

cluded in the experiment report,
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EXPERIMENT NO, 8

TITLE:
The Effect of Cold Work on Grain Size Following

Annealing,

0
OBJEGT :

To study the internal structure of alpha brass after

cold w¤rk1¤g and annealing and to determine the effect of

the degree of cold work on the grain size,

REFERENCES:
D, pages 76 - 81,
F, ” 118 - 150,

APPARATUS:
Electric heat treating furnace and controls,
Polishing equipment,

Microscope•

MATERIALS:
The six specimens tested in Experiment No, 6,

PROCEDURE:
The six specimens are annealed at 800°F for 20 minutes,

They are then cut, filed, polished, etched and examined '

under the micrescope, The size of the grain in each speci•

men is noted and a discussion of the effect of cold work
included in the experiment report,
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EXPERIMENT NO, 9

TITLE:
The Heating and Cooling Characteristics of Carbon

Steel Through the Gamma;fAlpha Transformation Points,

OBJECT:

To plot the "Time-Temperaturem curve for carbon steel,
to determine the critical points, and to study the character-
istics of heating and cooling through the Gamma;éAlpha

transformation,

REFERENCES:
A, See Index, (Critical points),

E, Pages 161-165,

APPARATUS 2

Electric furnace, (Small vertical tube resistance),

Thermo-Electric pyrometer with chromel-alumel thermo-
couple and calibrated leads,

Manual control rheostat for furnace power line,

Stop watch,

MATERIALS:

Spocimen of carbon steel drilled to receive thermo-

couple,
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EXPERIMENT NO, 10

TITLE: _
The Dilation Effect of Allotropic Changes in Steel,

OBJECT:

To study the volume effect of the allotropic changes

in steel, brought about by changes in temperature,

REFERENCES:
B, pages 282-288,

APPARATUS: _

Electric vertical tube furnace,

Brown potentiometer pyrometer• _
Thermocouple, (Cr,-Al,) and leads,

Fused silica tubes, g
Dial indicator, (Ames),

MATERIALS:
Round bar "Armco Iron", Dia, 10 mm., length, 205 mm.,

or bar of steel of same dimensions,

NOTES ON APPARATUS:

The vertical tube furnace is constructed according to

U, S, Bureau of Standards specifications, Since the fused



42

silica tubes are very expensive and fragile, a minimum

of handling is necessary, Therefore the student is

assigned the complete apparatus, previously set up,

The Brown potentiometer is discussed under General

Instruction No, 5,

PROCEDURE:
The apparatus is accompanied by blue print showing

the construction of the furnace and location of the
specimen and indicator, A study is made of the set up

and check made to see that the thermocouple is placed

properly and connected to the pyrometer to read the

temperature of the specimen,

In order to facilitate calculations from recorded

data, the face of the dial indicator is turned so that

the pointer indicates a positive reading before heating

is begu¤•

The power is turned on the furnace and the tempera-

ture watched until about l200°F is reached, Simultaneous

readings of temperature and elongation, as indicated by

the dial, are recorded, These readings are taken at 20°F

intervals until elongation begins to decelerate• From

this point readings are taken as rapidly as possible until

shrinkage is complete and normal expansion is resumed, A
after which they are taken as in the first part of the run•

The power is shut off and, as the temperature falls,

readings are taken as before, the rapid readings being
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taken during expansion at about constant temperature,

From the recorded data, a heating and cooling curve

is plotted between elongation and temperature,

QUESTIONS:

g What takes place within the metal, causing sudden

contraction, on heating, and expansion, on cooling?

Calculate the theoretical change in volume and com-

pare it with.that found by experiment, Why does the

actual change differ from the theoretical?

What is the critical point shown by the curves, and

why do not the heating and cooling curves coincide?
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EXPERIMENT NO, 11

TITLE:
The Malleableizing of White Cast Iron,

OBJECT:

To study the methods and effect of malleableizing

white cast iron,

REFERENCES:
F: Pg• 77• _
G, pg, 149-151,

H, pg, 555-558,

APPARATUS:
Electric heat treating furnace and controls,

)

Standard Brinell machine with microscope and chart,

Abrasive disc cut off machine and bench grinder,

Polishing plate and disc polishing machine,

Metallographic microscope,

MATERIALS:
Twelve specimens of centrifugally cast high silicon

white cast iron,
Abrasive polishing papers, grains, 2 through 5/O,

Titanium.dioxide and water,
l 600 grain alundum powder
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1%% Nital etching solution,

PHOCEDURE:

The specimens are broken from a scrap of centrifugally

cast white iron pipe, All except speoimen No, l are

placed in the furnace, the power turned on, and the control

set for a maximum temperature of 1700°F,

A section of number l is cut, polished, etched and

examined under the microscope, Findings are recorded,

Specimen No, 2 is removed from the furnace as soon

as the set temperature is reached, The others, in order,

are removed at intervals of one hour, Each specimen is

tested for hardness (General Instruction No, 6) as it is

removed from the furnace and cooled in air, As soon as

it is found that hardness does not decrease by longer n
soaking at 1700°F, the furnace control is set to l500°F,

A
One specimen is removed when the temperature reaches

l600°F, and the remaining, at one hour intervals, except

the last, which is left to cool in the furnace,

A11 specimens are tested for hardness, and the

following polished and examined under the microscope:

No, 1,

The first that shows no change in hardness at l700°F,

That which is soaked one hour at l500°F,

CURVES:

The Brinell hardness curve and the temperature curve
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are plotted on the same sheet with time as abscissa.

QUESTIONS:
What is the factor limiting reduction in hardness

at 1’Z00°F . *2
What takes place when the temperature is dropped to

1500 F., allowing further precipitation of carbon?

What advantage does this method have over that of

carrying out the complete treatment at 1500°F.?
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EXPERIMENT NO, 12

TITLE:

The Microstructure of the Unstable Equilibrium.Phases
of Hypereutectoid Carbon Steels,

OBJECT:
To study the microstructure of martensite, secondary

troostite, secondary sorbite, and spheroidized cementite,

REFERENCES:
A, See index,

D, pages 154-157,

E, pages 202-218,

F, pages 86-89, g
G, pages 176, 259-263,

H, pages 226-228,

APPARATUS:
Electric heat treating furnace with automatic control,

Abrasive disc cut off machine and bench grinder, U
Surface polishing plate and disc polishing machine,

Metallographic microscope,

MATERIALS: _
Specimen of 1,2% carbon steel, ä" square X 6",
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Abrasive polishing papers, No, 1 through 3/0,

600 grain alundum powder, _
1%% Nital etching solution,

10% salt quenching bath,

PROCEDURE!

A 6 inch specimen is cut from a % inch square stock

bar of 1,2% carbon steel as rolled, This specimen is

placed in the furnace and the temperature brought up to

l700°F,, held for 15 minutes, and quenched in 10% brine

solution, A sample specimen, No, 1, is cut, (See General

Instruction No, 7,) from this bar, polished, etched, and

examined under the microscope,

The remainder of the original bar is cut in three

parts, specimens 2, 3, and 4, Each is marked by grinding

notches in the end,

The furnace control is set to 300°F, When cooling

has reached this point the three specimens are placed in

the furnace,

Specimen No, 2 is soaked at this temperature for 30

minutes and cooled in air, The temperature is raised to

500°F, and No, 3 soaked for 30 minutes, and No, 4 for the
same time at 650°F,

A sampleiäut from each specimen, polished, etched

and examinedä
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The remainder of No. 4 is replaced in the furnace as
No, 5, held at 650°F for 4,5 hours and allowed to cool
in the furnace, This is also prepared and examined under

the micr0scope• Each of the five specimens is given the

file test for hardness•
A general discussion of the change in structure and

hardness of thus hardened and drawn carbon steel is in-

corporated in the laboratory report,
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EXPERIMENT NO, 15

TITLE:
The Formation of Primary Troostite in Martensite,

OBJECT:

To study the unstable equilibrium phase, "primary

troostite,"

REFERENCES:

A, See index,

B, Page 177,

D, Page 144 and 150,

E, Page 214,

F, Pages 90-92,

G, Page 176,

APPARATUS:
Equipment used in Experiment No, 12,

Permanent magnet,

MATERIALS: _

Sample of ,85% carbon steel,

Materials used in Experiment No, 12,

PROCEDURE:

The sample of eutection carbon steel is plaeed in the
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furnace and the temperature brought up to 1700°F and held

for about 15 minutes, The specimen is then removed from

the furnace and tested at short intervals with the horse-

shoe magnet, When it shows first signs of magnetization

it is quenched in 10% brine solution, A sample is cut

from the specimen, polished and etched as explained in

Experiment No, 12 and examined under the microscope,

QUESTIONS:

During what period of the above procedure is troostite

formed?

Why is steel of eutectoid composition selected for

the study of the formation of primary troostite?

What is the principal difference between "Primary“

and "Temper“ troostite?
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EXPERIMENT NO, 14

TITLE:
The Microstructure of Pearlite and Primary Sorbite,

OBJECTS

To study the formation and fundamental differences

between pearlite and primary sorbite,

REFERENGES:

A, see Index,
D, pages 130, 144, 154,

E, page 214, Y
F, page 90-91,

APPALQATUS :
Equipment used in Experiment No, 12,

MATERIALS:

Polishing and etching materials used in Experiment
No, 12,

Two samples of .50% carbon steel from bar stock as

rolled,

PROCEDUHE! ·
A

Both specimens of .60% carbon steel are placed in the
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furnace, heated to l700?F, and soaked at this temperature

for about 15 minutes• Specimen No. 1 is removed and cooled

in air and No, 2 cooled in the furnace• Both are cut,

polished, etched and examined under the microscope•

QUESTIONS:
What is the difference in appearance of the dark

areas noted in the two specimens? Why is this difference

shown?
Calculate the theoretical percentage of light and

dark areas and explain why specimen N0• 2 more nearly

approaches the theoretical than does No, l,
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EXPERIMENT NO, 15

TITLE:

The Widmanstatten Structure of Carbon Steel,

OBJECT:

To study the Widmanstatten lines formed in low carbon

steel by air blast cooling from well above the critical

temperature,

REFERENCES: _

A, see Index,

E, page 406,
G, pages 141-147,

H, pages 170-187,

APPARATUS :

Equipment used in Experiment No, 12,

High pressure air jet,

MATERIALS:

Two specimens of ,26% carbon steel cut from bar stock

as rolled,

PROCEDUHE:

The two specimens are heated together in the furnace
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to 2000°F, and soaked for about 15 minutes at this teme

perature, No, 1 is removed and cocled by air blast to

well below red heat, No, 2 is left to cool in the furnace,

A sample is cut from each specimen, polished, etched, and

examined under the microscope,

A discussion of the appearance of the Widmanstatten

structure and the theory which explains its formation is
included in the laboratory report,

QUESTIONS:

Explain the occurrence of the Widmanstatten lines
at predominantly 60 or 90 degrees to each other,

What is the relation between this structure and that

of martensite?
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EXPERIMENT NO, 16

TITLE: _
The Effect of Cooling Rate on Hardness of Carbon Steels,

OBJECT
:'

To study the hardness effect of different cooling

rates on carbon steels of various carbon content,

REFERENCES: _

A, See Index,

B, Page 158,

D, Pages 143-145,
E, Pages 251-256,
G, Pages 257-261,

APPIIRATUS :
Electric heat treating furnace with automatic control,

Abrasive disc cut off machine and bench grinder,

Standard Brinell hardness testing machine with micro-

scope and chart, (General Instruction No, 6)

Steel marking dies,

MATERIALS:

Three é" X 2" specimens of each of the steels listed in
the table below (next page), cut from stock bar
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as rolled.

spscimam _c% wnyz _1=% ‘_s% s1%
A, .26 .52 .029 .040 .16
B, .85 .72 .058 .055 .21
C, .15 .77 .015 .156 .06
D, .50 .90 .015 .058 .27
E, 1.05 .48 .059 .056 .22

H, "Armco“ ingot iron, Approx. 0% carbon.
10% brine quenching solution.

Quenching oil.

Soft iron wire.

PROGEDURE:
The specimens are stamped for identification and wired

together in three batches. Each batch contains one each
of the specimens listed above. The wiring is done in such

a way that the specimens are separated for even quenching
on all surfaces.

The three batches are placed in the furnace, heated to
17007E., soaked at this temperature for about 15 minutes,
removed and cooled as follows:

No. 1, cooled in air.

No, 2, quenched in oil.
No. 5, quenched in brine solution.
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One surface of each specimen is ground to remove

scale, (See General Instruction No. 7) and to prepare

surface for Brinell impression.

g Each specimen is given the standard Brinell test for

hardness. Two impressions are made in each with l0 cm.

ball and 5000 Kg. load, and the average taken as the

correct reading.

GURVES z
Two sets of curves are required to show the effect

of both composition and cooling rate on hardness.

The hardness effect of composition for each cooling

rate is shown on one curve sheet and the effect of cool-

ing rate for each composition on the other. (Reference

A, see Quenching media, cooling rate.)

A general discussion of the effect of cooling rate

on the hardness of carbon steels is included in the

laboratory report:

QUESTIONS:

What effect does composition appear to have on the

change in hardness due to change in cooling rate?

Possibly at what compositicn, indicated by the slope
of these curves, would the hardness be in nearly direct

proportion to cooling rate?
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EXPERIMENT NO, 17

TITLE:

The Hardening and Tempering of Eutectoid Carbon Steele,

OBJECT:

To study the hardness effect of temperature and time
in the tempering or drawing of eutectoid carbon steel
from the martensitic state,

REFERENCES:

A, See Index g
E, Pages 211-215,

E, pages 86,87,

G, Pages 262-265.
H, Page 516,

APPARATUS:

Equipment used in Experiment No, 16,

MATERIALS:

Thirteen specimens of ,85% carbon steel cut to 2"
8

length from 1/2" square stock bar as rolled,

Iron wire, I
Ten per cent brine solution.
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PROCEDURES
The thirteen speeimens are wired together with proper

spacing for even quenching, and placed in the furnace,

The temperature is brought up to l700°F, and held for

about 15 minutes, after which the furnace is shut off and

the specimens removed and quenched in 10% brine solution,

Specimen No, 1 is tested for hardness, The other _
twelve are grouped in three batches of four specimens each,

When the furnace temperature has dropped to about 550°F,

the three batohes are placed in the furnace and the tempera-

ture brought up to and held at 572°F, The four specimens

in batch No, 1 are tempered at this temperature and removed

from the furnace as follows:

No, 1 after 50 minutes,
No, 2 after one hour,

No, 5 after two hours, Ä
No, 4 after three hours,

All are cooled in air,
Batch No, 2 is tempered in the same manner at 952°F,
Batch No, 5 is tempered at 1292°F,, the last specimen

being left to cool in the furnace,

Each piece is prepared and tested for hardness by the

same procedure employed in Experiment No, 16,

CURVES:
The curve included in the experiment report should
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show the effect of time at each drawing temperature on
hardness of tempered martensite• Projected low points on

these curves are used to plot the Hardness-temperature

CUTV8 •

QUESTIONS2

Of the two factcrs, time and temperature, which is the

more important in the tempering of martensite? How is

this shown by the hardness curves?

In what temperature range does difference in temperature

have the greatest effect on reduction in hardness?

What appears to be the upper limit of tempering

temperature?
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EXPERIMENT NO. 18

TITLE:

The Softening Effect of Temperature in Tempering of

Martensite,

OBJECT:

To study the effect of temperature on hardness in

the tempering of martensite formed in eutectoid carbon

steel.

EEFERENCES: _

See Experiment No, 17.

APPARATUS: _ _

Equipment used in Experiment No. 16,

MATERIALS:

Eight samples of eutectoid carbon steel, (Steel B,

Ex-periment No, 16) cut to 2" length from 1/2" square
stock bar as rolled,

Iron wire,

Ten per cent brine solution.

PROCEDURE:

The eight specimens are marked for identification,
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wired together with proper spacing for even quenching,

and placed in the furnace, The temperature is brought up

to 1500°F, and held for about 15 minutes, The furnace

current is then cut off and the specimens removed and

quenched in brine,

One piece is tested and the Brinell hardness recorded,

The furnace is allowed to cool to about 250°F, A11 specimens

are replaced in the furnace, the rheostat set for slow

heating, and the power turned on,

As the temperature rises, one piece is removed at

each of the following temperatures, degrees F,2

500, 500, 700, 900, 1100, 1200, 1500, 1520, 1540, 1550,

1560, The first few pieces removed are quickly tested

for hardness and replaced in the furnace for treatment

as specimens drawn at higher temperatures, A11 are cooled

in air and tested for hardness•

CURVES 2
From the recorded data a curve is plotted to show

the effect of drawing temperature on hardness,

QUESTIONS2
In what temperature range does change in temperature

appear to have the greatest effect on change in hardness?

What is the upper limit of drawing temperature and

how is it shown by the curve?
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Explain what takes place within the metal at this

temperature 1imit•
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I EXPERIMENT NO, 19

TITLE:

The Austempering of Carbon Steel

OBJECT:
To study the method of austempering, and the differ-

ence in properties between austempered steel and tempered

er drawn martensite,

REFERENCES: _

D, Page 149, g
E, Pages 221, 222, Table XXIX•

APPARATUS:

Electric heat treating furnace and controls used

in Experiment No• 12,

Gas or electric crucible furnace, and cast iron

crucible•
Thermo-Electric pyrometer with chromel-alumel thermo-

couple and calibrated leads• _

Abrasive disc cut off maehine•

Rockwell hardness testing machine,

Vise, hack saw, hammer and file,



66

MATERIALS:

Two specimens of
1/4“

diameter drill rod, .75% carbon

steel, about three inches long•

Lead for quenching and drawing bath, p

Ten per cent brine solution•

PROCEDURE:

The two specimens of steel are placed in the heat

treat-furnace, heated to 1500°F• and soaked at this temp-

erature for about 15 minutes•

During this procedure the cast iron crucible is

placed in the crucible furnace and the lead melted, The

thermocouple is connected to the pyrometer and inserted

in the molten lead, The temperature of the lead bath is
brought up to, and manually held at, 650°F,

_
g After the two specimens are heated as explained above,

No. 1 is removed from the furnace, quenched in brine, and

immersed in the lead bath, No, 2 is removed from the

furnaoe and quickly immersed in the lead bath, Both pieces

are held submerged in the lead at 650°F• for thirty minutes,

removed and cooled in air. As steel will float in lead,

it is necessary to take preliminary measures to weight

the samples down,
“

Each of the pieces is placed in the vise and struck

with a hammer until rupture occurs• The difference in

toughness and elasticity is noted• Each is given the

file and Rockwell hardness tests and the difference n0ted•
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A general discussion of the physical properties

effected by austempering is included in the laboratory

report•



68

EXPERIMENTS NO, 20

TITLE:
Case Carburizing of Low Carbon Steel,

OBJECT2

To study the method of case carburizing and the

results obtained on low carbon steel,

REFERENCES2

A, See Index,
(

E, Pages 3l6, 327-329, 334-339,

F, Pages lO6,lll,

APPARATUS 2 _

y Electric furnace, (Vertical tube resistance type)

Potentiometer pyrometer with automatic control,

(See General Instruction No, 3)

Iron pack hardening box and cover,

Abrasive disc cut off wheel and bench grinder,

Steel marking dies,

Surface polishing plate and disc polishing machine,

Bakelite specimen mounting press,

Metallographic mieroscope,
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MATERIALS:
Following specimens cut from 1/2" round stock bar A

as rolled: 1- No. j, S.A.E. 1020, .20 % C. Cold rolled.

1- No. K, S.A.E. 1112, .12 % C. Bessemer Screw

E. F. Houghton's "Pearlite" pack hardening compound.

Special laboratory granulated pack hardening compound.

Ten per cent brine solution.

Polishing papers and 600 grain alundum powder.

1%% Nital etching solution.

Bakelite, (Granulated, raw), Brass identification

washers.

PROCEDURES
The specimens are cut from bar stock, stamped for

identification, and packed with the mixture of the two

carburizing compounds in the iron pack hardening box.

Care is taken that the pieces are well surrounded by the

compound and do not come in contact with each other or
the sides of the box. The box is completely filled with

the compound and the lid sealed on with fire clay.

The box is placed in the furnace and the temperature

brought up to 1700°F. where it is held for eight hours.

The specimens are then quenched from this temperature

in brine solution.

A section is cut from near the middle of each bar,

mounted in bakelite, polished, etched and examined under
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the microscope. The field is examined from the extreme

outer surface to the center of the specimen,

A discussion of the findings and the explanation of

the change in appearance from the outer circumference to

the center of the specimen is included in the laboratory

report,

QUESTIONS:

In what way do the two specimens differ in appear-

ance?

Give the reason for this difference,

Under what type of industrial requirements would

steel thus treated be preferable to hardened high carbon

steel?
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EXPERIMENT N0. 21

TITLE:
The McQuid-Ehn Test for Grain Size in Steel

OBJECTS

To determine the grain size in steels by the McQuaid

Em tes lb Q

REFERENCES:

A, See Index.

D, Pages 150-158.

E, Pages 250-241.

H, Pages 544-549.

APPARATUS :

Equipment for heat treatment and preparation of

specimens used in Experiment No. 20.

Bausch and Lomb Routine Metallograph with ground

glass screen.

A. S. M. Grain size chart.

MATERIALS:

Following 2" specimens cut from 1/2" round stock

bar as rolled. 1- No. J. S.A.E. 1020, .20 % C. Cold rolled.

1- No. K, S.A.E. 1112, .12 % 0, Bessemer Screw.

1- No. L. S.A.E. 1095, .95 C. Hot rolled.
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Other materials used in Experiment No, 20,

‘
PROCEDURE:

The specimens are carburized by the method employed in

Experiment No• 20, but left in the packhardening box to

cool in the furnace• A sample of each specimen is cut,

ground, mounted, polished, etched, and placed on the stage

of the metallograph, The image of the hypereutectoid

field is projected on the ground glass screen at lOOX,

Comparison of grain size is made with the A. S. M, chart,

QUESTIONS:

Why should the carburizing temperature not be carried

above l700VE•?

Why is the grain size not revealed in steels below

hypereutectoid composition?

What is the difference between a fine grain steel

and a coarse grain steel with fine grain?

Why is the size of the grain in steel considered of

such great commercial importance?
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EXPERIMENT NO. 22

TITLE:
The Simple Time—Temperature Curve for Eutectoid Carbon

Steel

OBJECT:
To plot from experimental data the simple "Time-

Temperature“ curve for eutectoid carbon steel and study

the characteristics of cooling through the gamma—-alpha

transformation point.

REFERENCES:
A, See Index, (Critical points)

D, Pages 258-259

E, Pages 162-165

F, Pages 57

APPARATUS:
Electric furnace (Small vertical tube resistance).

Brown potentiometer pyrometer.

Chromel—alumel thermocouple and leads.

Two 22.5 ohm adjustible rheostats.

Stop watch. "

MATEHIALS :

Four specimens of steel, (Sample B, .85 C., .72 Mn.)

l/2" square X l-l/2" cut from stock bar as rolled.
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PROCEDURE:

One corner of each of the four specimens is ground

to leave a small hole in the center of the batch for

receiving the thermocouple. The pieces are bound together

with wire, the thermocouple inserted and connected to the

pyrometer, and the batch placed in the furnace for heating.

The two rheostats are connected in series in the furnace

power line. With the line resistance out, the temperature

of the furnace is brought up to about l500°F, (See General

Instruction No. 5.)
W

The rheostats are adjusted for about 55 ohms which

gives a fairly reasonable cooling rate. Readings are

taken of time, at half minute intervals, and corresponding

temperature, from l400°F. to l200°F,

CURVES:

From the recorded data the simple time—temperature

curve is plotted,

QUESTIONS:
What is the point indicated by the break in the curve?i

What is the allotropic change which takes place in

the steel at this point?

Is the heat involved exothermic or endothermic?

What difference would be noted in this point on the

curve had the steel been of hypoeutectoid composition?
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EXPERIMENT NO, 23

TITLE:

The Inverse Rate Curve for Carbon Steel

OBJECT:

To plot, from experimental data, the "Inverse Rate"

curve for ,26 carbon steel and locate the critical
E

points,

REFEEENCES:
B, Page 278,

D, Pages 258-260,

F, Page 57,

APPARATUS:

Equipment used in Experiment No, 22,

Two stop watches,

MATERIALS:

Four pieces of steel, ,26 C., .52 Mn,, ,16 Si.,

l/2“ square X 1-1/2", prepared as in Experiment No, 22,

PROCEDUEE:

The apparatus is set up as in Experiment No, 22 and

the specimens heated to about l600°F. with full power on

the furnace, The rheostats are adjusted for about 35 ohms
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in the power circuit, As cooling begins, readings are

taken of temperature and corresponding time for each ten

degree drep in temperature from l600°F, to about l200?F,

Since the cooling rate at high temperature is rapid, a

little practice in taking and recording readings may be

necessary, At the beginning of the run the observer sets

the instrument dial to selected temperature for start,

When the galvanometer pointer reaches zero he starts the

first watch, and immediately sets the dial to the next

temperature, ten degrees lower, When the galvanometer

pointer reaches zero he simultaneously stops the first

watch and starts the second, reads the first watch, punches

it back to zero, and sets the instrument dial for the next

ten degree drop,

The recorder records the temperature and the corres-

ponding time for drop of ten degrees to that temperature,

CURVES:
From the recorded data, the "Inverse Rate" curve is

plotted,

QUESTIONS: ·

What advantage does this method of determining critical

points in steel have over the simple time-temperature

method?
What transformation points are noted on the curve?

Which is the most pronounced and why?
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EXPERIMENT NO. 24

TITLE:
The Effect of Temperature on Grain Size in Carbon

Steels.

OBJECT:

To show that the simple horse-shoe magnet may be used

to detect the upper limit of the critical range in steels

containing more than 0.45% carbon.

To show that heating a steel to far above the AGB will
result in the formation of a coarse grain.

To show that heating a coarse grain steel to just

above the ACS will result in the formation of a fine grain;
i.e,, will refine the grain.

APPARATUS 2
Small gas fired furnace.

Abrasive disc cut off wheel.

Horse-shoe magnet, tongs, vise and hammer.

MATERIALS:
Bar of steel D, é" square, (.60% C, .90% Mn.)

Pyrofax gas and compressed air.

PROCEDURE:

One piece of steel about 2 inches long is cut from
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the stock bar, A second piece, about the same length,

is obtained by nicking the bar about half way through

and breaking with a hammer to reveal the fracture,

Each of the two specimens is nicked half way through

to be broken later into two one inch pieces,

Both specimens are placed in the furnace and heated

to a white heat, about 22oo°F., soaked for a few minutes,

removed from the furnace and cooled in air,

One of the specimens is placed back in the furnace

and, during slow heating, removed at short intervals,

tested with the horse-shoe magnet, and quickly replaced

in the furnace, When the steel is found to be nonmagnetic

it is removed and cooled in air,

Each specimen is then held in a vise and broken with

a hammer to reveal the fracture,

Resistance to fracture and appearance of the grain

in each specimen is noted,

QUESTIONS:
Which of the two specimens appeared to have the greater

strength and why?

Why can not this method be used to determine the AC5

points in steels of less than ,45% carbon?

To what extent can the method be applied to steels of

more than ,85% carbon?
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EXPERIMENT N0• 25

TITLE:

The Temperature-Difference and Derived Differential

Cooling Curves•

OBJECT:
To plot, from experimental data, the temperature

difference and derived differential cooling curves for

carbon steel and locate the critical points,

BEFERENCES:
B, Pages 278-280,

l D, Pages 258-260,

F, Pages 58•

APPARATUS:

Electric furnace, (Vertical tube resistance),

Brown potentiometer pyrometer•

Rubicon galvanometer and 50 ohm shunt,

Two adjustible rheostats for furnace power circuit,

total 45 ohms•

Chromel—Alumel straight and difference thermocouples

and leads•
Nickel bar, l/2“ Square X

5/4“
drilled for thermocouple•
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MATERI ALS 2

Carbon steel specimen, 1/2" square X
5/4“

drilled

for thermocouple,

PROCEDURE2

_ The specimen, neutral body and thermocouples are

assembled, (Reference B, Figure 148) and placed in the

furnace, The thcrmoccuple leads are connected in such

a way that the pyrometer indicates the temperature of the

epecimen and the deflection of the galvanometer is pro-

portional to the difference in temperature between the

specimen and the neutral body,

With all resistance out of the power circuit the

temperature is brought up to about 1500°F, The rheostats

are then adjusted for full resistance of 45 ohms and

cooling begins•

When the temperature difference appears to become

constant, the galvanometer is set to read 10 mm, deflectione

Readings are taken of temperature of the specimen in

5°F, increments and corresponding galvanometer deflection,

Reading is also taken at maximum deflection of the gal-

vanometer, The range of cooling is taken from about 1400

°F• through ll00°F•

CURVES2 X

From the recorded data, the “Temperature··Difference"

and "Derived Differentia1" cooling curves are plotted,
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QUESTIONS:

Explain the constant temperature difference between

the specimen and the neutral body,

Discuss the difference between the two curves,



~
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EXPERIMENT NO• 1

THE COOLING CHARACTERISTICS OE A PURE METAL

OBJECT: To plot from experimental data, the cooling curve

for pure tin through the liquid solid transformation point,

and to study the characteristics of coo1ing•

APPARATUS: Electric furnace

Ring stand

Ring and crucible holder

Pyrex crucible

400 C. thermometer

Bushing to center thermometer

Pyrex thermometer protecting tube

Stop watch

MATERIALS: 150 grams of pure tin

Wax cover

EXPLANATION OE SET UP: The apparatus was set up as shown

in the diagram, page 2, The crucible holder which is of

steel lined with asbestos, was supported by the ring stand,

and could be raised to allow removal of the furnace,

The pyrex crucible was fitted with a bushing to center

the thermometer. A clamp on the thermometer rested on the

bushing and prevented the thermometer protecting tube from

resting on the bottom of the cruoible„ The wax cover ex-

cluded the air from the molten specimen, thus preventing

oxidation•
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PKOCEDURE: The apparatus was set up as shown in the dia-

gram, The furnace circuit was closed and the metal heated

to a point well above the melting peint of pure tin, (252°C),

This point was taken arbitrarily at 500°C, When this tem-

perature was reached the heating unit was remeved and the

temperature continued to rise until a heat balance was reached

between the metal and the crucible holder, Cooling then

began and the temperature readings were taken from 5CO°C, in

half minute intervals through a point well below the freez-

ing point of tin, (2s2°c), This point was taken at about

l50°C, From these readings a curve was plotted between

time, as abscissa, and temperature, as ordinate,

CONCLUSIONS: From the curve, page 6, it is noted that the

metal cooled at almost constant rate to about 2s2°c. This

rate of cooling was not exactly constant, due to the change

in heat gradient between the crucible and the atmosphere•

At 252°C, the temperature ceased to fall, as shown by

the horizontal section of the curve. At this temperature

solidification or freezing began and continued through a

period of abeut ll minutes, The curve then assumed the

direction of almost constant temperature drop showing that

solidification was c0mplete•

The period of constant temperature was due to the_

dispensation of the heat of fusion of the metal which con-

tinued until all of the metal was solid,
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PRECAUTIONS AND SOURCES OE ERROR:

The thermometer used in this experiment had a constant

error of about-l•4°C• The correction for partial immer-

sion was 6 C, The total correction was ,6-(-1,4), or 2°C,

Since the shape of the curve is the important item to

be studied, the curve was plotted from readings, Points in

the curve are 2°C below corrected readings,

Care was taken to stir the liquid between each reading

to prevent under cooling•

It is noted that the horizontal line showing temperature

of freezing was plotted through temperature at beginning of

freezing, This is actual temperature, though some of the

points toward the end of freezing drop below this line. The

theory is, that the heat conducted through the thermometer

causes crystalization around the bulb, thus insulating it

to a small degree, The readings were therefore lower than

the actual temperature of the freezing metal,
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DATA

COOLING CURVE FOR PURE TIN,

THERMOMETER CORRECTION, (2°C)

READING TIME OBSERVED READING TIME OBSERVED
NO, MIN, TEMP,°C, NO, MIN, TEMP,°C,

1 0,0 500 25 11,5 229

_2 0,5 295 24 12,0 229

5 1,0 287 25 12,5 229

4 1,5 280 26 15,0 229

5 2,0 274 27 15,5 229

6 2,5 267 28 14,0 229

7 5,0 261 29 14,5 229

8 5,5 255 - 50 15,0 228

9 4,0 249 51 15,5 228

10 4,5 245 52 16,0 227

11 5,0 257 55 16,5 226

12 5,5 251 54 17,0 224

15
06,0

250 55 17,5 218

14 6,5 250 56 18,0 212

15 7,0 250 57 18,5 207

16 7,5 250 58 19,0 201

17 8,0 250 59 19,5 196

18 8,5 250 40 20,0 191

19 9,0 250 41 20,5 186

20 9,5 250 42 21,0 182

21 10,0 250 45 21,5 177

22 10,5 250 44 22,0 175





7

EXPERIMENT NO, 2

THE EQUILIBRIUM DIAGRAM FOR A BINARY ALLOY

OBJECT: To plot from experimental data the Equilibrium

Diagram for alloys of lead and tin,

APPARATUS: Equipment used in Experiment No, 1,

MATERIALS: 150 gram samples of alloys of lead and tin

from l0O& Pb, in increments of 10%, through 0% Pb, (Total,

ll samples), Wax cover,

EXPLAHATION OF SET UP: The apparatus was set up as shown

in Experiment No, l,

PROCEDURE: Temperature and time readings were taken and a

cooling curve plotted for each of the samples by the same

procedure employed with the pure metal in Experiment No, 1,

From these curves, the Equilibrium Diagram, page 12, was

plotted in the following manner;

With composition, (0% to 100% Pb,) as abscissa, and

temperature as ordinate, the liquidus curve was plotted

through the points indicating the beginning of freezing in

each of the cooling curves, These points were shown by a

sudden decrease in the rate of cooling as explained in Ex-

periment Ho, l, (See points “A“ on cooling curves,)
Two curves were formed intersecting at the point, B,
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This is the Euteetie point showing the temperature of T

freezing of the saturated solution of each of the metals

in the other,

The time of freezing at the eutectic temperature was

reeorded from each of the cooling eurves and the “Tammans‘

time eurve“ was plotted on the same sheet with the equili-

brium eurve with the same abscissa, but with time as ordi-

nate, From the points at which times became zero, verti-

cals were dropped to interseet the eutectic temperature

horizontal through B, These points are C and D, CE and

DF were drawn dotted, indicating that points were not lo-

cated on these lines,

CONCLUSIONS: From a study of the equilibrium diagram,

page 12, it is seen that;

Either of the pure metals, lead or tin, has its freez-

ing temperature lowered by addition of the other, This is

shown by the liquidus lines, EB and BF,

The eutectic freezing temperature for lead and tin is

about l85°C, This is also shown in each of the cooling

curves, 1

The eutectic eomposition of lead and tin is approx-

imately 61,5% Sn,, and 58,5% Pb,

No eutectic is formed in compositions richer in lead

than 86,5% nor in tin than 97,5%, These eompositions form

solid solutions when freezing, Any composition indicated
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by a point to the left of C, when cooled, will start freez-

ing at the liquidus line EB, the lead dissolving the tin,

When the temperature reaches the solidus line EC, freezing
(

will be complete and all of the metal will be in solid

solution,

The same takes place in a composition between C and B

with the exception that more tin is present than will be

taken into solid solution by the lead, Consequently, as

the temperature falls below the liquidus line the liquid

becomes rioher in tin until a saturated solution is reached

at the eutectic temperature, At this point the euteotio

alloy freezes, Any oomposition at the temperature indicated

by a point above the liquidus should be liquid throughout•

Any below the solidus ECBDF should be solid throughout,

Any point falling between these lines would indicate orystals

of solid solution and liquid of composition nearer the

eutectic than shown by the point, As example, point "a"

would indicate a composition of 75% Pb and 25% Sn, ,At the

temperature indicated there should exist crystals of solid

solution, Pb 88% and Sn 12%, Naturally the liquid would be

richer in tin than the original composition• As the temper-
·

ature falls the liquid becomes rioher in tin until the eutec-

tic temperature is reached• There freezing of the eutectio

takes place, At the temperature indicated by a, there

should exist crystals of solid solution (Pb 88%, Sn 12%)

as shown by the poing, b, In equilibrium with these Crys-

tals there should exist a liquid of composition shown by
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C, (Pb 52,5%, Sn 47,5%), Letting the vector, bc, represent

the 150 gram sample, ab/bc equals the proportion of liquid

present and is 56,8%, The amount of solid would be 65,2%,

SOURCES OE ERROR: The same sources of error that were en-

countered in Experiment No, 1 were prevalent here, Beside

these there was one other to be considered, Theoretically,

point c should show a composition of which there is no eu-

tectic, The experiment would have shown this had enough

time been allowed in cooling for the solid solution crystals

to become uniform in composition and a saturated solution,

This was impossible, since that time would approach infinity,

Therefore C shows a composition richer in lead than the

theoretical would show,
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V DATA

THE EQUILIBRIUM DIAGRAM FOR THE LEAD·TIN SERIES

COMPOSITION BEGINNING OF EUTECTIC
PER CENT FREEZING OF FREELING

SOLID SOLU— TIME,
TION, (Correct- MIHUTES

Pb, Sm, cd readimg)°C,

100 0 527 0

90 10 502 0

80 20 276 1,7
70 50 255 4,2

60 40 256 6,2

50 50 214 8,2

40 60 185 11,2

50 70 195 8,7
20 80 204 5,8

10 90 215 2,9

0 100 252 0,
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EXPERIMENT N0, 5

THE RELATION BETWEEN THE PHYSICAL PHOPERTIES

AND THE INTERNAL STRUCTURE OF ALLOYS

OBJECT: To study the relation between composition and

hardness of alloys of zinc and cadmium,

APPARATUS: Electric furnace,

Clay crucible and specimen mold,

Balances,

Brinell hardness testing machine with micro-

scope and chart,

MATERIALS: Pure zinc and cadmium metal,

Ammonium chloride,

EXPLANATION 0E SET UP: The electric furnace was the same

used in Experiments l and 2,

The cast iron mold is shown in Fig, 1, page 25, It

consists of a base and two sides, designed to mold a speci-

men of approximate dimensions, (é" X l" X
l§“),

The Brinell testing machine is of standard make, The

pressure is applied hydraulically, The standard 10 mm, ball

was used, The microscope for measuring the diameter of im-

pression is graduated in ,05 mm,

PROCEDURE: Six 100 gram samples of zinc and cadmium were

weighed out as followsg

100 gm, Zn & 0 gm, Cd, Pure Zn,

99 gm, Zn & 1 gm, Cd, 1% Cd,
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98 gm, Zn & 2 gm, Cd, 2% Cd,

97 gm, Zn & 3 gm, Cd, 3% Cd,

96 gm, Zn & 4 gm, Cd, 4% Cd,

95 gm, Zn & 5 gm, Cd, 5% Cd,

Each of these six samples was, in turn, melted in the

crucible, stirred with a pine stick, fluxed with ammonium

chloride, poured into cast iron mold, and removed as soon

as solid, The composition was stamped on each specimen,

After cooling reached room temperature two Brinell im-

pressions were made in each at 500 Kg, with l0 cm, ball,

held for 60 seconds, Measurements were taken with the gradu-

ated microscope, of two perpendicular diameters of each im-

pression, and recorded on the data sheet, page 24, The

average of these diameters was computed and the corresponding

hardness recorded,

A curve was plotted between composition, as abscissa,

and hardness, as ordinate, On the same sheet, that part of

the equilibrium diagram which covers the same range of com-

position was plotted, Data for this curve was taken from

the A, S, M, Handbook,

GONCLUSIUNS: It is noted, from the curves, page 26, that,

as the percentage of cadmium is increased from zero, the

hardness of the alloy increases at a remarkable rate up to

maximum at the composition equal to the limit of solid

solubility of cadmium in zinc, about 1,8% Cd, At this

point the curve shows a uniform decrease in hardness as the

percentage of cadmium is increased into the eutectic range,
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This indicates that the hardness of a saturated solid so-

lution of cadmium in zinc is greater than that of zinc in

cadmium, and that any intermediate composition shows an

average hardness between the two solid solution saturation

points. It is found that other physical properties of

alloys are affected in the same manner by varying composition.

SCUHCES OF EHHOH: The principal sources of error lay in the

difficulty in reading the diameter of the impressions made

by the ball of the Brinell machine. The crystaline structure

of the alloy tends to cause breaks in the circumference of

the impressions.

DATA

HEAD- CCMPOSI- DIAMETEH OF IMPHESSICNS MM. BHINELL
ING TION, HIGHT LEFT AV. HAHDNESS

Zn. Cd. 1 2 l 2

1 100 0 4.72 4.42 4.55 4.55 4.45 y 51.

2 99 1 5.28 5.24 5.27 5.26 5.26 59.

5 98 2 5.12 5.14 5.10 5.17 5.15 64.

4. 97 5 5.11 5.16 5.25 5.26 5.20 61.

5 96 4 5.19 5.18 5.02 5.14

6 95 5 5.24 5.27 5.27 5.50 5.27 58.

Check reading for No. 5

5 96 4 5.20 5.24 5.22 60.
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EXPERIMENT NO, 9

THE HEATING AND COOLING CHARACTERISTICS OF CARBON STEEL

THROUGH THE GAMMA.: ALPHA TRANSFORMATION POINT

OBJECT: To study the heating and cooling characteristics

of carbon steel through the gamma.$ alpha transformation

point and to determine the critical points,

APPARATUS: Electric furnace•

Thermo-Electric Pyrometer, (Hoskins Type H A

_ No, 0, Serial No, 17060 for Chromel·Alumel

thermo·couple•)

Chromel-Alumel thermo-couple and leads,

Potentiometer, (L.& N, Type K, No, 245837)

Resistance wire No, 30, 5,96 ohms per foot

Power control rheostat, (Ware and Leonard)
L Stop Watch,

MATERIALS: Specimen of carbon steel,

EXPLANATION OE SET UP: The apparatus was set up as shown

in the diagram, page 29. The electric furnace is the same

used in Experiments l, 2, and 3,

The control rheostat, R1, is adjustible for control of

the heating rate of the furnace•

The specimen, S, is a bar of carbon steel of approx-

imately eutectoid composition, (,83% C,) lé" diameter and
2“

long, The hole, H, was drilled to receive the thermo-

couple,



28

The Hoskins Thermo—Electric Pyrometer is a milli—volt

meter, graduated for chromel-alumel thermo-couple in degrees

F•

The resistance, R2, is resistance wire No, 50, 5,96

ohms per foot, It is placed in the thermo—couple circuit

to correct for error in the length of the leads. The amount

of this resistance was determined by trial and error com-

parison with the Leeds and Northrup Potentiometer•
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PROCEDURE: The apparatus was set up as shown in the dia-

gram, page 29, The temperature was brought up to about 700

°F and the thermo-couple leads connected to the pyrometer

and then to the potentiometer, Readings were taken in both

cases, comparison made and resistance adjusted to calibrate

the pyrometer,

The control rheostat was adjusted for a heating rate of

about 50°F per minute,

When l000°F was reached temperature readings were

taken each half minute and recorded as shown in the data,

page 52, When the temperature reached 16oo°r the furnace

was shut off and readings continued through cooling to

about l200°F,
From these data the curve, page 55, was plotted be-

tween time, as absoissa, and temperature, as ordinate,

CONCLUSIONS: A study of the curve, page 55, reveals the

fact that the temperature of the steel rose at about con-

stant rate to approximately l400°F, At this point the

temperature remained practically constant for about four

minutes, This shows that a transformation was taking place

in the steel, absorbing heat and thus holding the tempera-

ture constant, even though heat was being Supplied,

When this transformation was complete the temperature

began to rise at approximately the same rate as before the

transformation, After the current to the furnace was shut
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off, cooling began and continued at almost constant rate

until a temperature of l570°F, was reached. At this point

the curve becomes again horizontal, showing a transforma-

tion in which heat was being given off by the steel. When

the transformation was complete the cooling continued at

uniform rate.

At the first transformation, noted above and shown in

the curve as Acl, pearlite, the eutectoid of alpha ferrite

and cementite, changed to austentite, a solid solution of

carbon or iron carbide in gamma iron.

Upon cooling, the temperature, Arl, indicates the

reverse change.

It is noted that these two temperatures were not the

same. Acl was raised and Arl lowered from the theoretical
due to the rapid rate of heating and cooling respectively,

The eutectoid temperature lies between these points and is

approached by each as the rate of heating and cooling is

retarded•

"Over heating" at Acl, and under cooling at Arl are

indicated by the curve. These show a lag in the transforma-

tion which was due also to the rate of heating and cooling.
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DATA
TIME TEMP• TIME TEMP. TIME TEMP. TIME TEMP.
MIN. °E. MIN. °F. MIN. °F. MIN. °E.

0. 1000 12.5 1400 24.5 1605 57.0 1558

0.5 1020 15.0 1408 25.0 1615 57.5 1560

1.0 1040 15.5 1415 25.5 1610 58.0 1565

1.5 1060 14.0 1410 26.0 1605 58.5 1570

2.0 1070 14.5 1410 26.5 1590 59.0 1570

2.5 1096 15.0 1410 27.0 1580 59.5 1570

5.0 1115 15.5 1410 27.5 1572 40.0 1570

5.5 1155 16.0 1410 28.0 1560 40.5 1570

4.0 1150 16.5 1412 28.5 1546 41.0 1570

4.5 1170 17.0 1415 29.0 1552 41.5 1570

5.0 1185 17.5 1420 29.5 1522 42.0 1570

5.5 1200 18.0 1428 50.0 1508 42.5 1565

6.0 1219 18.5 1455 50.5 1492 45.0 1562

5.5 1255 19.0 1450 51.0 1480 45.5 1558

7.0 1252 19.5 1470 51.5 1468 44.0 1555

7.5 1265 20.0 1485 52.0 1455 44.5 1545

8.0 1280 20.5 1500 52.5 1445 45.0 1555

8.5 1295 21.0 1512 55.0 1455 45.5 1525

9.0 1508 21.5 1527 55.5 .1425 46.0 1518

9.5 1522 22.0 1540 54.0 1415 46.5 1505

10.0 1555 22.5 1555 .54.5 1400 47.0 1284
10.5 1550 25.0 1565 55.0 1592 47.5 1285

11.0 1565 25.5 1580 55.5 1580 48.0 1275

11.5 1575 24.0 1595 56.0 1570 48.5 1268

12.0 1585 Furmace cut. 56.5 1565 49.0 1258
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EXPERIMENT NO. 10

THE DILATION EEEECT OE ALLOTROPIC CHANGES IN STEEL

oBJEcT; To study the volume effect of the allotropic changes

in iron and steel brought about by changes in temperature.

APPARATUS: Electric vertical tube furnace.

Pyrometer, (Hoskins Type HA, No, 0, Serial 19799)

Thermo-couple, (Chromel-Alumel)
Eused silica tubes

Dial indicator, (Ames)

Steel scale, hmn.)

Surface plate and blocks.

MATERIALS: Round bar of
“Armco“

iron, (10 mm. dia. X 205 mm.)

EXPLANATION OE SET UP: The set up is shown in the diagram,

page 56, The furnace is of the resistance type with verti-

cal tube heating chamber. lt was constructed in the Vir-

ginia Polytechnic Institute shops according to U. S. Bureau

of Standards specifications,

The large fused silica tube is closed at the bottom and

supported by the clamp at the top which also supports the

dial indicator so that the relative position of the tube and

indicator is fixed. The specimen of iron rests on the

bottom of the large tube and connection with the indicator

plunger, P, is made by the closed silica tube. Any move- _

ment of the top cf the specimen, due to expansion or con-
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traction, is thereby transmitted and shown on the dial

indicator.

The dial indicator is designed to magnify motion or

change of position, When the plunger, P, is moved in or

out the motion is transmitted by gear and pinion to the

axis of the pointer. The pointer indicates on the dial

which is graduated for .01 m. motion of the plunger.

The pyrometer is similar to the one used in Experi-

ment No. 9.
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PROCEDURE: The specimen was measured accurately by use of

the surface plates, blocks and scale, It was then plaeed

in the large silica tube and the closed end tube placed to

rest on the specimen• As the tubes are very fragile and

costly, great care was exercised in handling them,

The apparatus was set up as shown in the diagram,

The dial readings on the pyrometer watched, When about l200°F,

was reached, readings were taken simultaneously of temperature

and elongation, as shown on the dial indicator, These read-

ings were taken at 20°F• increments until elongation began

to decelerate. From this point readings were taken as

rapidly as possible until shrinkage was complete and

normal expansion renewed„ Readings were taken then as in

the beginning of the run,

The power was shut off of the furnace at about l780°F,

and as the temperature fell, readings were taken as before•

The rapid readings were taken on cooling during the period

at which the indicator showed expansion•

All readings were recorded on the data sheet, page 4l,

and a curve plotted between temperature, as abscissa, and

elongation, as ordinate, page 42,
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CONCLUSIONS: A study of the curve and calculations brings

out the fact that, as iron is heated, unfiorm expansion

takes place to about l620°F. This is the Aeg point at

which alpha iron changes to gamma iron. Shrinkage in volume

starts here and is aeeounted for by the following theory;

Alpha iron which exists below this temperature is “Body

Centered Cubic", BCC., with a latticc parameter of 2.906

Angstrom units, A. Gamma iron which exists above this

temperature is "Face Centered Cubic“, FCC., with a lattice

parameter of 3.6 A. The BCC unit cell contains two atoms

and the FCC four. If the volume of the FCC were twice that

of the BCC there would be, of course, no change in the

total volume of the metal at the transformation point, due

to the fact that it requires the atoms of two BCC cells to

make one FCC. The difference is shown in the calculations,

page 40. lt shows a theoretical volume shrinkage of 4.83%,

or a linear shrinkage of 1.6%.

For the same reason, upon cooling, a theoretical linear

expansion cf 1.7% is shown.

The actual experiment showed a linear contraction of

.149% on heating and a linear expansion of .166% on cooling.
r The great difference between the theoretical and the ex-

perimental figures is due to the bulk of the metal and the

rapid rate of heating and cooling. The heat gradient be—

tween the outer surface and the center of the bar caused

expansion and contraction in the center to lag, thus holding

back the change which would normally take place in the

outer surface.
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The temperature difference between the Aeg and arg,

the heating and cooling transformation points resnectively,

was due also to the rapid rate of heating and cooling•

This difference is shown by the curve.

SOURCES OF ERROR: The divisions on the scale of the pyro-

meter are in 20 degrees, This made it difficult to read

within close limits,

The expansion and contraction of the fused silica

tubes were not taken into account. The coefficient of ex-

pansion of silica is, however, very low and the temperature

range during the transformation of iron is small• This

would tend to make the error almost negligible,
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CALCULATIONS

Theoretical linear change.

Per cent elongation during allotropic change from.¢ to V .

Alpha iron is BCC, two atoms per unit cell, Lat. Par. 2.905 A.
1

lE§é§EQ—¢=l2.2576 cu. A., volume allowed to each atom.

Gamma iron is FCC, 4 atoms per unit cell, Lat. Par. 5.6 A.
1

Läääl-::11.664 cu. Ä., volume allowed to each atom.

l2.2576—~ll.664==.5956 cu. Ä., difference between volume

per atom in alpha and gamma iron.

Téégéég X 100.:*4.86% decrease in volume per cell and is
‘O

equal to per cent decrease in total volume of specimen,

since the number of atoms do not change.
3
V’1.0486-1.::.016, or 1.6% decrease in length on heating.

Change from gama to alpha iron would be,
3

Iiägää X l0O.==5.08%. V 1.0508 —-l.=:.0l7,:=l.7% increase
on cooling.

Linear change by experiment. Fromcx
toY’

iron on heating.

Contraction, .92 mm.-.615 mm.==.205 mm. from curve.

Length at beginning of change from alpha to gamma, Original

plus expansion from 65 to 1620 degrees F. .O0l8(l620-65)

::2.8. Original length plus expansion, 205. 2.8 205.8 mm.

éägää X 100.::.149% linear contractien on heating.
X 100.:.166% linear expansion on coolin .204 aa g
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_ DATA
SPHCIMEN, H, ARMCO IRON, LENGTH, 205 MM., DIA., 10.1Hd.

HEATING OOOLING

TEMP. DIAL TENP. DIAL TEMP. DIAL TEMP. JIAL
°F mm °F um1 °F mm °F mm

1200 .12 1620 .92 1778 .76 1570 .66

1220 .165 1650 .915 1775 .77 1565 .7

1240 .205 1640 .9 1770 .775 1560 .76

1260 .25 1645 .86 1760 .77 1560 .78

1280 .295 1655 .84 1740 .725 1556 .8

1500 .555 1660 .82 1720 .675 1550 .82

1520 .575 1665 .8 1700 .625 1545 .85

1540 .452 1675 .76 1680 .575 1540 .84

1560 .47 1680 .72 1660 .54 1555 .85

1580 .51 1690 .7 1620 .51 1550 .85

1400 .545 1695 .65 1600 .51 1520 .845

1420 .585 1700 .62 1592 .515 1500 .825

1440 .65 1710 .615 ‘ 1585 .525 1480 .8

1460 .66 1720 .62 1580 .555 1460 .77

1480 .705 1750 .65 1580 .55 1440 .74

1500 .745 1740 .65 1580 .56 1420 .71

1520 .785 1750 .67 1580 .57 1400 .675

1540 .825’ 1760 .69 1580 .58 1580 .645

1560 .86 1770 .71 1580 .59 1560 .61

1580 .895 1775 .74 1575 .6 1540 .58

1600 .91 1778 .76 1570 .61 1520 .54

1570 ,62 1500 ,51

1570 .64 1280 .475
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EXPERIMENT NO. ll

THE MALLEABLEIZING OF WHITE CAST IRON

OBJECT: To study the methods and effect of malleableizing

white cast iron,

APPARATUS: Electric Muffle Furnace, (Hoskins, Type FD 204,

No, 5459, with control board and rheostat•)

Wheelco Capacitrol, (Model 600, No, 6C-0056,

0 to 2500 degrees F.), Thermo-couple, C—A,

Standard Brinell machine, microscope and chart,

Alundum disc cut off machine•

Bench grinder,

Surface polishing plate,

Cincinnati Horizontal Disc Polishing Machine,

Bausch & Lomb Routine Metallograph, No, 215,

MATERIALS: Twelve specimens of centrifugally cast high

silicon white cast iron,

Norton abrasive polishing papers, 2 through 5/0,

Titanium dioxide and water, polishing compound,

600 grain alundum powder,

1%% Nital etching solution,
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PROCEDURE: The specimens used in this experiment were

broken from a short section of six inch centrifugally cast

high silicon white iron pipe,

All except specimen No, 1 were placed in the electric

furnace and the power turned on with the control set for

a maximum temperature of l700°F,

A section of No, 1 was cut, polished, etched, (Procedure

given on Page 45), and examined under the microscope, Find-

ings were rec0rded•

The other specimens remained in the furnace, and were

removed as shown on the data sheet, page 45, Each specimen

was tested for hardness as it was removed from the furnace

and cooled,

When it was found that hardness did not change by long-

er soaking at l700°F,, the control was set for l500°F, and

the other specimens removed as shown on the data sheet•

When soaking at l500°F, failed to change the hardness

the furnace was shut off and the last specimen allowed to

cool in the furnace,

Specimens No, l, 5, and 8 were examined under the micro-

scope and the findings recorded,
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TESTING OF SPECIMENS

BRINELL HARDNESS: The specimen was ground on the bench

grinder for surface clear of scale, Hardness test was made

by the same procedure employed in Experiment No, 5 except

that a 5000 Kg, load was used instead of the 500 Kg,

MICROSCOPIC EXAMINATION;

Specimen No, 1,; A small section was cut off with the

alundum disc cut off machine, One cross section face was

ground on the side of the bench grinder wheel, polished by

hand on No, 2, l, %, 0, 2/O, and 5/0 emery polishing paper

and finally on the disc polishing wheel with 600 grain

alundum powder, It was etched with 1%% Nital etching solu-

tion and examined under the microscope at 100 and 400 mag-

nification,

Specimens No, 5 and 8,; These were treated in the same

way as No, l, except that graphite was applied to the polish-

ing papers No, 0, 2/0, and 5/0 and titanium dioxide was

used for final polishing, due to precipitated carbon in the

specimens,
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DATA

SPECIMEN8 FROM CENTRIFUGALLY CAST WHITE IRON PIPE

Spec. Temp. TIME IN HOURS MINUTES Brinell Hard.
No. ‘°F Clock Fur- At At Read No.

2 1700 5:45 1:15 0. 0. 2,7 514

5 1700 4:45 2:15 1: 0. 5.8 255 ,

4 1700 5:45 5:15 2: 0. 5.95 255

5 1700 6:45 4:15 5: I 0. 5.95 255

6 1700 7:15 4:45 5:50 0. 5.95 255

7 1500 8:15 5:45 5:50 0. 4.65 167

8 1500 9:15 6:45 5:50 1. 4.65 167

9 1500 10:15 7:45 5:50 2. 4.65 167

10 Cooled in furnace 4.65 167

REMOVAL FROM FURNAOE

7 1, White iron as cast in chill mold. Polished.

2, Heated to 1700°F. in 1 Hr. 15 min.

5, As No. 2, and held at 1700°F. for l hour.

4, As No. 2, and hold at 1700°F. for 2 hours.

5, As No. 2, and held at 1700°F. for 5 hours. Polishod.

6, As No. 2, and hold at l700°F. for 5.5 hours.
7, As No. 6, and coolod to l500°F. in 1 hour.

8, As No. 7, and held ab 1500°F. for 1 hour. Polished.

9, As No. 7, and hold at l500°F. for 2 hours.

10, As No. 9, and coolod in furnaco.
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CONCLUSIONS: From a study of the curve, page 48, and the

microscopic examination of the specimens, it appears that

the following takes place during the malleableizing cycle;

White cast iron, specimen No, l, consisting of pearlite

and cementite, showed a Brinell hardness of 578, Micro-

scopic examination showed crystals of pearlite with inter-

stitial cementite, Fig, 1, page 102, When this is heated

pearlite changes to austenite at l333°F, Change in compo-

sition is shown in the diagram, page 49, At this tempera-

ture a slow reaction takes place, Cementite breaks down

forming carbon and, in addition, gamma ferrite which dis-

solves cementite, forming pro-eutectic austenite, The rate

of this change reaches maximum at l700°F, Time permits the

change to continue until equilibrium is established, Here

the hardness was found to be Brinell No, 235, Microscopic

examination showed pearlite, a small amount of alpha ferrite

and nodular carbon, Fig, 2, page 102,

Since primary austenite is a solid solution and will

not precipitate carbon at this temperature, the temperature

was lowered to l300°F, or just below the eutectoid point,

At l333°F,, all of the austenite changes to pearlite, Held

at l300°F, for a period of time, pearlite precipitates car-

bon, forming alpha ferrite and carbon, The hardness test
C

showed Brinell No, 167, The speeimen was soft and fairly

malleable, Microseopic examination showed large crystals of

alpha ferrite and nodular carbon, Fig, 3, page 102,
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EXPERIMENT NO. 12

THE MICROSTRUCTURE OE THE UNSTABLE EQUILIBRIUM PHASES

OE HYPEREUTECTOID CARBON STEELS

OBJECT: To study the microstructure of martensite, second-

ary troostite, secondary sorbite, and spheroidized eementite.

APPARNNUS: Electric Multiple Unit Eurnace, (Hevi-Duty

Electric Co. No. 45502).

Wheelco Capacitrol, (Model 600, No. 6C-0056,

0 to 2500°E.), Thermo-couple, C-A.

Alundum disc cut off machine.

Bench Grinder.

g Surface polishing plate.

Cincinnati Horizontal Disc polishing machine.

Bausch and Lomb Routine Metallograph, No. 215.

MATERIALS: Speeimen of 1.2% carbon steel %" square by 6".

Norton abrasive polishing papers, 1 through 3/0.

600 grain alundum powder.
E

1%% Nital etching solution.

10% Brine solution.

PROCEDURE: A six inch specimen was cut from a % inch stock

bar of 1.2% carbon steel as rolled. This specimen was placed

in the furnace and the temperature brought up to 1700 de-

grees F., held for 15 minutes, and quenched in 10% brine so-

lution. A sample specimen, No. 1, was cut from this bar,

polished, etched and examined.
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The remainder of the original specimen was cut in

three parts, specimens No, 2, 5, and 4, All were placed in
4

the furnace, heated, and cooled as shown on the data sheet,

page 52, A sample was cut from each, polished, etched and

examined under the microscope, The remainder of specimen

No, 4 was replaced in the furnace and treated as shown in

the data as specimen No, 5, A sample was cut from this

specimen, polished, etched, and examined under the micro-

scope, Each specimen was tested for hardness by filing,

CGNCLUSIONS: The microscopic examination and file test

showed the following:

No, l, Formation of martensite which is a solid solu-

tion of cementite in alpha ferrite, Due to quick cooling

this is an unstable phase, The file test showed extreme

hardness•

No, 2, A needle like structure of slightly tempered

martensite, A negligible amount of cementite precipitated•

The file test showed very little change in hardness,

No, 5, more highly tempered martensite, with slight

softening,

No, 4, Secondary troostite, much softer than Nox 5,

No, 5, Secondary sorbite• Cementite precipitated and

spheroidized to a small extent, File test showed great re-

duction in hardness•
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DATA

Specimen: 1,2% carbon steel as rolled,

HEAT TRHATHENT RESULT

HARDHNED TEMPIEREED

No, Temp, Held Cooled Temp, Held Cooled
°F Hrs, °F Hrs,

1, 1700 ,25 Quench— Not tempered Martensite
ed’in

2, 1700 ,25 10% _500 ,5 Air Tempered
Brine martensite

6. 1700 .26 " 600 .6 Air “

4, 1700 ,25
“

650 ,5 Air 2nd troostite

5, 1700 ,25
“

650 4,5 Furnace 2nd sorbite

Polishing with Norton abrasive polishing papers

N6. 2, 1, %, 0, 2/0, 6/0.
Finish with polishing disc and 600 grain alundum

powder•

Etching with 1%% Nital,
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EXPEHIMENT NO. 15

THE EORMATION OE PRIHARY TROOSTITE IN MARTENSITE

OBJECT: To study the primary unstable phase, "Troostite,“

APPARATUS: Equipment used in Experiment No, 12,

Permanent magnet,

MATERIALS: Sample of .85% carbon steel.

Other materials used in Experiment No. 12,

PROCEDURE: The sample specimen of eutectoid composition

carbon steel, was placed in the furnace. The temperature

was brought up to 1700 degrees E, and held for about 15

minutes. The specimen was then removed from the furnace

and tested at short intervals with the permanent magnet.

When it showed first signs of magnetization it was quench-

ed in 10% brine solution,
‘ A sample was cut from the specimen, polished and

etched as explained in Experiment No. 12 and examined under

the microscope,
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CONCLUSIONS; Microscopic examination showed, at about

55OX magnification, small nodules of primary troostite in

a field of martensite, The nodules consisted of extremely

fine pearlite which began to form from austenite at the

Arl point, which, in eutectoid steel, coincides with the

Arg and Arö points. At this point, Arl, where non—magnetic

gamma iron changes to magnetic alpha iron, slow cooling

would tend to form pearlite, However, the instant that

this point was reached, as shown by the magnet test, the

specimen was quenched. This rapid cooling caused the little

pearlite which had time to form, to be extremely fine grain—

ed and nodular, and is called troostite, Fig. 4, page 102.

That which did not have time to form troostite remained in

the unstable solid solution state, or martensite.

The nodular primary troostite awnears as dark areas,

almost circular, with only faintly visible radial lines of

extremely fine pearlite.
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EXPERIMENT HO. 14

THE MICROSTRUCTURE OF PEARLITE AND PEIMAEY SOHBITE

OBJEGT; To study the fundamental differences between pearl-

ite and primary sorbite.

APPAnaTU$: Equipment used in Experiment Ho. 12 and 13.

MATEHIALS: Two samples of .60% carbon steel cut from

stock bar
§“

square as rolled,

Other materials used in Experiments No. 12 and 15.

PHOOEQUHE: The two specimens of .so% carbon steel were

placed in the furnace, heated to 1700°F. and held at

that temperature for 15 minutes. The power was shut off

and specimen No. 1 removed from the furnace and cooled in air.

Specimen ho. 2 was left to cool in the furnace.

One short piece was cut from each of the original

specimens, polished, etched and examined under the micro-

scope by the same procedure employed in Experiment Ko. 15.

CONCLUSIONS: Specimen Ho. 2, which was cooled in the fur-

nace is here considered first,

The slow cooling allowed time for the precipitation of

ferrite and the consequent change in austenite to eutectoid

cemposition. The austenite, by slow cooling through the
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Arl point, changed to pearlite of eutectoid or .83% car-

bon in composition and was 50/83, or about 60.5% of the

total metal. The pearlite is identified by the lammelar

structure as shown in the dark areas, Fig. 6, page 102.

The light area is ferrite, about 39.5% of the steel.

Specimen No. l was cooled in air. This more rapid

cooling did not allow equilibrium to become established

between the austenite and the precipitated ferrite.

There fore when the Arl point was reached, less than the

ncrmal amount ef ferrite had been precipitated and the

austenite did not reach eutectoid composition. Thus the .

composition of the pearlite formed was less than .83%

carbon and the amount greater than 60.5% of the total.

The pearlite formed was extremely fine grained due to the

rapid cooling through the Arl point. This fine pearlite

is called sorbite, and differs from normal pearlite in

that the structure does not appear lammelar. Eigure 5,

page l02 shows dark areas, sorbite, and light areas,

ferrite.
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EXPERIMENT NO. 15

THE NIDMANSTATTEN STRUOTURE OE CARBON STEEL

OBJECT: To study the Widmanstatten lines formed in low

carbon steel by air blast cooling from well above the criti-

cal temperature.

APPAHAHUS: Equipment used in Experiment No. 12,

High pressure air jet.

MATERIALS: Two specimens of ,25% carbon steel crt from

half inch square stock bar as rolled.

Materials used in Experiment No. 12,

PHOCEHUHE: The steel specimens, No, 1 and 2, were plaeed

in the furnace and the temperature brought to 2000°E. and

held for 15 minutes. Specimen No, l remained and was cool-

ed in the furnace, Specimen No. 2 was removed and cooled

by air blast to well below red heat.

A small specimen was cut from each of the larger sam-

ples polished, etched, and examined under the microscope.

The findings were recorded as shown under "Conclusions.“
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GONCLUSIONS: Specimen No, 1, cooled in the furnace, showed

large crystals of pearlite in a field of ferrite, Fig, 7,

page 102. The pearlite is identified by the lammelar

structure. The composition was eutectoid, and the amount

about 26/85, or 51,5% of the total metal.

Specimen No. 2, which was cooled by air blast through

the Arl point, showed areas of sorbite cut by traces of fer-

rite planes, Fig. 8, page 102, The theory substantiated by

this, the Widmanstatten structure, is that rapid cooling

does not allow time for the precipitated ferrite to reach

the grain boundries of the austenite, This ferrite there-

fore forms, within the austenite crystal, planes parallel

to the planes of greatest atomic population. These are

octahedral planes cut through the cubic cells, and are pre-

eeminantiy “11o" and“l00“ pianes in the acc ana rec eubic
lattices respectively, Martensite is thought to be the

jidmanstatten of extremely fine pattern, accounting for the

needle like appearance,

The light lines seen under the microscope were traces

of the planes. The rapid cooling did not permit equilibrium

to be established between the ferrite and the austenite.

Thus the sorbite formed from austenite was of less than eu-

tectoid composition and the amount greater than the normal

51.5% which would occur in pearlite from a .26% carbon steel,
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EXPEHIMENT NO, 16

THE EFFECT OE COOLING RATE ON HARDNEBS OE CARBON STEELS

OBJECT: To study the hardness effect of different cooling

rates on carbon steels of varying carbon content,

APPABATUS: Eurnace and controls used in Experiment No, 12,

Alundum disc cut off machine,

Bench grinder,

Brinell hardness machine, microscope and chart,

Steel marking dies,

MATEHIALS: Three ä X
2“

specimens of each of the steels

listed in the table below, from stock bar as

rolled,

61>1c01m1«:1~1 0 56 111156 P;6 6% 31%
A ,26 ,52 ,029 ,040 ,16

B ,85 ,72 ,058 ,055 ,21

C ,15 ,77 ,015 ,156 ,06

D ,50 ,90 ,015 ,058 ,27

E 1,05 ,48 ,059 ,056 ,22

H "Armco“ ingot iron, Approx, 0% carbon,

Ten per cent brine solution

Quenching oil

Iron wire
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PROCEDURE: The specimens were stamped for identification,

wired together in three batches, NO, 1, 2 and 5, Each

batch contained one each of the specimens listed under

"Materials," page 59. Total was 6 specimens per batch,

The wiring was done in such a way that the specimens were

separated for even quenching on all surfaces,

The three batches were placed in the furnace and the

- temperature brought to 1700°F, This temperature was held

for 15 minutes, and the furnace shut off,

Batch No, 1 was removed and cocled in air, No, 2

was quenched in oil and No, 5 in brine solution,

One surface of each specimen was ground to remove

scale and prepare surface for Brinell impression,

Two Brinell impressions were made with 1O cm, ball and

5000 Kg, load on each and the hardness recorded as shown

on the data sheet, page 65,

From this data the hardness curves were plotted as

shown on the curve sheets, pages 64 and 65,
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CONCLUSIONS: The curves, page 64, plotted between carbon

content, as abscissa, and ßrinell hardness, as ordinate,

show the following:

(1) That the greatest Variation in hardness due to

carbon content was effected by the most rapid cooling rate,

brine quenching, and the smallest by the slowest cooling

rate, air cooling•
(2) That, with brine quenching, the hardness increas-

ed with increasing carbon content to a maximum hardness at

about ,70% carbon and rapidly decreased with higher carbon

content•
(5) That, with air cooling, maximum hardness was

reached at about ,90% carbon, near the eutectoid, and that with

an intermediate cooling rate, oil quenching, the maximum

hardness was not reached in the series of specimens used,

The curve indicates that maximum hardness would fall Very

near the maximum content of carbon steels, 1.7% carbon,

(4) That the hardness effect on pure iron due to

heat treatment was negligible,

The curves, page 65, were plotted from points on the

composition-hardness curVes with cooling time as abscissa

and hardness as ordinate, for five steels of different car-

bon content,

The units of cooling time were calculated from data

furnished by the A. S, M, Handbook on quenching media,
Y
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The cooling rate for a 4 mm. ball is given as follows;

Quenched in water, 5260 °F. per second, from 1528 °F. to

1022 °F. which is through the critical range.

With this taken as unity, other critical rates are

given as follows:
l

10% Brine, time 1/1.96 or .51

Oil, time l/0.2 or 5.0

Air, ·time 1/.028 or 55.0

These figures are taken as relative regardless of the

bulk of the specimen eooled.

The curves show:

(1) That in low carbon steels, the decrease in hard-

ness with increase in cooling time is very great in the
‘

rapid cooling range.

(2) That as the carbon content is inoreased, this

change becomes more gradual and approaches a straight line

possibly near the limit of carbon steels or 1.7% carbon.
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DATA

BATCH SPECI— 0% TREAT- BRIN, IMPRESS, DIA, MM, BRIN,
1üEN' IMSNT 12äRD

1 2 Av,

1 H 0,0 1700°F 5,15 5,5 5,52 125

1 C ,15 cooled 5,20 5,80 5,50 116

1 A ,26 in 5,20 5,20 5,20 151

1 D ,50 air 4,10 4,20 4,15 212
1 B ,85 “ 5,60 5,60 5,60 285

1 E 1,05 “
5,70 5,70 5,70 269

2 H 0,0 1700°F 6,50 6,55 6,40 86

2 C ,15 quench— 5,15 5,25 5,20 151

2 A ,26 ed in 4,40 4,45 4,45 185
2 D ,50 oil 5,50 5,55 5,55 269

2 6 ,85 “ 6.00 6.00 6.00 415
2 E 1,05 " 2,90 2,85 2,88 454

5 H 0,0 1700°F 6,00 6,10 6,05 94

5 C _ ,15 @uench— 4,10 5,65 5,88 244

5 A .26 ed im es es es es-

5 D ,50 brine 2,40 2,40 2,40 655

5 B ,85 “ 2,40 2,55 2,57 668

5 E 1,05
“

2,50 2,50 2,50 601

% No, 5-A, showed very umevem hardness, öeveral tests were made

OH each surface,
Hardmess ranged from 195 to 415,
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EKPERIMENT NO, 17

THE HARDENING AND TEMPERING OE EUTECTOID CARBON STEEL

OBJECT: To study the hardness effect of temperature and

time in the tempering or drawing of eutectoid carbon steel

from the martensitic state,

APPAAATUS: Eurnace and controls used in Experiment No, 12,

Brinell hardness machine, microscope and chart,

Bench grinder,

Alundum disc cut off machine,

Steel numbering dies,

MATERIALS: Thirteen specimens of ,85% carbon steel cut to
2“

length from
%“

sq, stock bar as rolled,

Iron wire,

Ten per cent brine solution,

PROCEDURE: The thirteen specimens of eutecteid carbon steel

were wired together, spaced for even quenching, and placed

in the furnace, Temperature was brought up to about 1700°F,

and held for 15 minutes to insure thorough soaking, The

furnace was then shut off and the specimens removed and

quenched in 10% brine solution,

Specimen No, 1 was tested for hardness, The other 12

specimens were grouped in three batches of four specimens

each, Each batch was, in turn, placed in the furnace and

tempered as shown in the data, page 69,
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Each specimen was tested for hardness and the results

recorded, page 69.

One curve was plotted between time held in the furnace

at eonstant temperature, as abscissa, and ßrinell hardness,

as ordinate, for each tempering temperature.

On the same curve sheet the temperature-hardness curve

was plotted as follows:

Jith temperature as abscissa and hardness as ordinate,

the curve was pletted through the low—hardness points taken

from the time-temperature curves. These points are those

which show no appreciable decrease in hardness due to time.

They were all taken at about two hours,

CONGLUSIOMS: From a study of the curves, page 70, it is

seen that in tempering martensite the important factor is

temperature rather than time. The "Hardness-time“ curves

show that the hardness rapidly decreases at a given tem-

perature to a point below which time does not appreciably

reduce it,

The "Hardness-temperature“ curve, which was plotted

through the projected low points on the “Hardness—time“

curves, indicates that the greatest effect on hardness in

tempering martensite falls in the range of temperature be-

tween soo°r, and lOOO°F.

Very little change takes place below sco°r. The Curve

reaches maximum slope at about 700°F, and Coutinues to

show softening of the steel through the limit of tempera-
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ture to which the experiment was carried, about 1292 °E,

This is just below the eutectoid temperature which is the

limit of tempering,

This highest temperature is above the practical draw-

ing point and is used to make steel more machinable by

spheroidiaing the cementite,

SOURCES OF ERROR: The specimens of steel used in this

experiment were not pure carbon steels, but contained small

amounts of Kn., P., 3,, and 3i, The curves, therefore, do

not coineide exactly with those for oure carbon steel,

The "Hardness-time" eurves are incomplete due to the

fact that there was some time effect on tempering while the

furnace was being brought up to temperature, However,

this did not affect the low hardness point on the curves,
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DATA

Specimen, .85% carbon steel.

A11 pieces heated to 1700 5F., held 15 winutes

and quenched in 10% brine solution,

SPECI- TEMPERING COOL- ——-BRINELL HAHDNE85---
MEN EO. °E TIME ED IMPRES3ION QIALETER HARD

HRS . 1 2 Av . H0 ,

1. . 2.45 2.45 2.45 627
2. 572 .5 Air 2.65 2.65 2.65 554

6. 572 1.0 “ 2.70 2.70 2.70 4 514
4. 572 2.0

“
2.70 2.70 2.70 514

E

5. 572 5.0
“

2.70 2.70 2.70 514

6. 952 .25 “ 5.10 5.10 5.10 622
7. 952 .5

“
5.15 5.15 5.15 575

8. 952 1.0 " 5.2 5.2 5.2 565

9. 952 2.0
“

5.5 5.5 5.5 541

10. 1292 .25
“

5.8 5.8 5.8 255

11. 1292 .5
“

5.9 5.9 5.9 241

12. 1292 1.0 " 4.0 4.0 4.0 229
15. 1292 1.0 % 4.0 4.0 4.0 229

% Cooled in furnace.
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EXPERIMENT NO, 18

THE SOFTENING EFFECT OF TEMPERATURE IN TENPERING OF

MARTENSITE

OBJECT: To study the effect of temperature on hardness,

in the tempering or drawing of martensite formed in eutec—

toid carbon steel,

APPARATUS: Equipment used in Experiment No, 17,

MATERIALS: Eight samples of eutectoid carbon steel cut to
2“

length from é" square stock bar as rolled,

Iron wire,

Ten per cent brine solution,

PROCEDURE: The specimens were stamped for identification,

wired together spaced for even quenching, and placed in the

furnace, The temperature was brought up to 1500 °F, and

held for 15 minutes, The furnace current was then shut off

and the specimens quenched in 10% brine solution,

One piece was tested and Brinell hardness recorded as

shown on the data sheet, page 74, The furnace was allowed

to cool to about 250 °F, All specimens were placed in the

furnace and the rheostat control set for slow heating, as

shown by the heating curve, page 75,

The furnace power was turned on and the speoimens

removed and cooled in air as shown in the data, page 74,

The first five specimens removed were quickly tested for
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hardness and replaced in the furnace for treatment as

specimens drawn at higher temperatures.

Curves were plotted as follows:

One was plotted between temperature, as abscissa, and

time, as ordinate, to show the heating rate of the furnace.

The “Temperature-hardness“ curve was plotted between

drawing temperature, as abscissa, and Brinell hardness, as

ordinate.

OONGLUSIONS: The "temperature-time" curve, JK, page 75,

shows that the heating rate was high at the beginning of

the run, and decreased, becoming about constant at 750 °F.

and remained so through the complete run.

The "Temperature—hardness" curve, GIA, shows decrease

in hardness with.increase in temperature. This decrease

was slow through 450 °F. and showed most rapid change at _

about 700 °F. The rate of softening decreased until about

1520 °F. was reached. This is very close to the eutec-

toid temperature. Here the hardness decreased almost mudden-

ly to A, and then rese rapidly. The theory is, that as the

temperature crosses the eutectoid, austenite is formed,

from wnich, on cooling in air, sorbite is formed, The

hardness was increased to CD which was taken from a pre-

vious experiment on the same steel. The dotted line through

B shows the theoretical turn of the curve. This would have

been reached if time had been given for complete change to
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austenite• The point, A, would thus have been shifted to B
or the eutectoid point,

The dotted curve, EIF, is a section of the curve taken

from Experiment No, l7, and was placed on this curve sheet

_ to show the effect of time in tempering. Through the

practical tempering range, 450 °F, to 770 °F,, the time and

temperature hardness curve (dotted), falls below the curve,

GA, Below 425 °F,, it lies above, indicating that even at

constant rising temperature the time element played an im-

portant part in tempering at low temperatures, No attempt

is here made to explain the sudden drop in hardness shown

by the line, EG•

SOUBCES OF ERROR: The same sources of error encountered

in Experiment No, l7 were prevalent here,
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DATA

TEMPERING OF MARTENSITE

Eutectoid carbon steel, heated to 1500 °F. and quenched

in 10% brine solution,

A11 specimens cooled in air after tempering.

SPECIMEN DRAW TIME IN ——-—--BRINELL HARDNESS----—-
NO. TEMP. FURN. IMPRESSION DIAMETER HARD

°F. MIN. 1 2 Av. NO.

1 Room 0. 2.4 2.4 2,4 655

2 500 2. 2.5 2.5 2,5 601

5 500 9. 2.55 2.55 2.55 578

4 700 22. 2.6 2.65 2.65 545

5 900 45. 2.9 2.9 2.9 444

6 11001 69. 5.5 5.5 5.5 541

7 1200 79. 5.4 5.5 5.45 511

8 1500 90. 5.6 5.6 5.6 285

9 1520 95. 5.8 5.8 5.8 255

10 1550 94.5 5.8 5.8 5.8 255

11 1540 96. 4.0 4.0 4.0 229

12 1550 97.5 5.9 5.9 5.9 241

15 1560 99.5 5.8 5.8 5.8 255
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EXPERIMENT NO, 19

THE AUSTEMPERING OE STEEL

OBJECT: To study the method of Austempering and the dif-

ference in properties between austempered steel and tem-

pered or drawn martensite,

APPARATUS: Electric furnace and controls used in Experi-

ment No„ 12,

Thermo-Electric pyrometer, (Hoskins, Type HA,

No, 0, Serial No, 17060 for 0-A thermo-couple),

Chromel-alumel thermo-couple and leads,

Electric furnace, (Vertical tube resistance)

Cast iron crucible, 400 cc,

Hack saw, bench vise, hammer and file,

Brinell hardness testing machine, (120 Kg., 2 mm,}

Rockwell hardness testing machine, (Diamond

cone, 150 Kg., No, SF-436, with chart)•

Alundum disc cut off machine,

MATERIALS: Two specimens of ä" Dia, drill rod, ,75% C, steel,

Lead quenching bath,

Ten per cent brine solution,
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EXPLANATION OF SET UP: The Hevi-Duty furnace and controls

are standard set up as used in Experiment No, 12,

The vertical tube electric furnace was 110 volt resis-

tance type similar to that used in Experiment No, l, but of
large? size,

The crucible was cast iron with capacity of about 500 cc,

This crucible, which contained the lead for quenching, was

placed in the furnace tube and the lead held in the molten

state, The temperature was read with the Thermo-electric

pyrometer and chromel-alumel therme-couple, The couple

was immersed in the molten lead, The temperature of the

furnace was controlled manually by a line rheostat,

PROCEDUAE: The two specimens of steel were placed in the

Hevi-Duty heat treating furnace, the control set for 1500

°F,, and the power turned on, The temperature was brought

up to l500°F, and held for 50 minutes•

During this procedure the lead was melted in the iron

crucible placed in the vertical tube furnace• The tempera-

ture of the lead was brought up to 650°F• and held at this

temperature by manually controlled line rheostat,

Specimen No, l was removed from the heat treating

furnace and quenched in 10% brine solution, and then immers-

ed in the lead bath• No. 2 was removed and quickly immersed

in the lead bath• Both specimens were held in the lead bath

at 650 °F,, for 50 minutes, removed and cooled in air,
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Each specimen was tested for comparison of properties

by the following procedure:

One end of the specimen was held in the bench vise and

the other end struck with a hammer until rupture occurred•

Sections were cut from each specimen and Brinell,

Rockwell, and file test applied for hardness determination,

CONCLUSIONS: Both speoimens showed very nearly the same

hardness by all tests, approximately Brinell, 400•

Specimen No, 1, drawn martensite, appeared to be very

brittle, with low elastic limit and extremely low ultimate

strength, No permanent bending was possible without rup-

ture•

Specimen No, 2, austempered, showed high elastic limit,

great toughness, and extremely high ultimate strength,

The specimen could be bent through an angle of about 45 de-

grees before rupture occurred•

This method of heat treatment is limited to pieces of

small cross section since, as the Bain "S" ourve shows,

extremely rapid cooling must be effected and stopped at

high temperature. This is impossible with large sections,
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EXPERIMENT NO, 2O

CASE CARBURIZING OF LOW CARBON STEEL

OBJECT: To study the method and results of case carburiz-

ing of low carbon steel,

APPARATUS: Electric furnace, (Vertical tube resistance),

Wheelco Capacitrol, (Used in Experiment No, 12)

Alundum disc cut off wheel,

Bench grinder,

Marking dies,

Iron pack hardening box and cover,

Surface polishing p1ates,·

Cincinnati Horizontal Disc Polishing Machine,

Bausch and Lomb Routine Metallograph, No, 215,

Bakelite specimen mounting press,

MATERIALS: Two inch specimens cut from
é“

round stock bar,

( 1- wo. J, (1020), ,20% 0,, ccia rolled)
( 1- No, K, (1112), ,12% C., Bessemer screw)

Houghton‘s “Pear1ite" Pack hardening compound,

Special laboratory granulated pack Hd, compound,

Ten per cent brine solution,

Norton polishing papers, 2 through.5/O,

600 grain alundum powder,

Nital etching solution, (1%%),
‘ Bakelite, (dranulated, raw),

Brass identification washers.
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PROCEDURE: The specimens were cut from stock bar as shown

on page 79, stamped for identification and packed with the

case hardening compound in the iron pack hardening box,

(See diagram, page, 80.)

The temperature control was set for 1700 °F. and the

power turned on. After this temperature was reached, one

hour was allowed for soaking. Eight hours at constant tem-

perature, 1700 °F, was then allowed for carburizing,

At the end of this run the furnace power was shut off

and the specimens removed and quenched in 10% brine solution.

A cross section specimen was cut from near the middle of

each piece, polished, etched and examined by the procedure

employed in Experiment No. 11. Specimens were mounted in

bakelite in order that polishing might be carried to the

extreme edges.

CONCLUSIONS: Examination of the case hardened specimens

under the microscope revealed the following:

Specimen, J, (1020), showed, at the outer surface, the

needle like structure of high carbon martensite, Fig. 9,

page 105, This was due to the absorption of carbon from

the carburizing compound and the drastic quenching from

austenite. As the field of study was shifted toward the

center of the surface of the specimen, a gradation toward

a lighter color was noted. This was due to lighter etching

of martensite less rich in carbon. When the field was

shifted further toward center and out of the zone of carbu—



82

rization, very fine pearlite, or sorbite, lean in carbon,
appeared, with negligible traces of precipitated ferrite,
lt was possible to see the faint lammelar structure of

pearlite,

Specimen, K, (1112), appeared very similar to J with
only the following differences:

K showed slightly more precipitated ferrite in the

non-carburized core, This was due to the much lower carbon

content of the original stock metal, Fig. 10, page 105.

Specimen, K, showed minute apparent nodular material

interspersed through all fields, These were the cross sec-

tions of threads of manganese sulphide which were stretched

out in the rolling process of the stock steel,

Case hardening is the process of carburizing the outer

surface of a low carbon steel as used in this experiment

and quenching it to form martensite which is an extremely

hard unstable structure,
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EXPERIMENT NO, 21

THE McQUAID-EHN TEST FOR GRAIN SIZE IN STEEL

OBJECT: To determine the grain size in steels by the Mc-

Quaid-Ehn test,

APPARATUS: Electric furnace, used in Experiment No, 20,

Wheelco Capacitrol, used in Experiment No, 12,

Alundum disc cut off machine,

Bench grinder,

Marking dies,
)

Iron pack hardening box and cover,

Surface polishing plate,

Cincinnati Horizontal Disc Polishing Machine,

Bausch and Lomb Routine Metallograph, No, 215,

Bakelite speoimen mounting press,

MATERIALS: Two inch specimens cut from é" round stock bar,

(1- No, J, (1020), ,20% 0,, Cold rolled)

(1- No, K, (1112), ,12% 0,, Bessemer screw stock)
(1— Ne. L, (ioee), .96% 0., Het roiies)
Houghton‘s "Pear1ite“ Pack hardening compound,

Special Lab, granulated pack hardening compound,

Ten per cent brine solution,
.

Polishing papers, (Norton, No, 2 through 5/0)

600 grain alundum powder,
Nital etching solution, (1%%)

Bakelite, (Granulated, raw,)

Brass identification washers,
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PEOCEDURE: The apparatus was set up as explained in Ex-

periment No, 20. The specimens were cut from stock bar

as shown on page 85, stamped for identification and pack-

ed for case hardening as in Experiment No. 20,

The furnace temperature control was set for 1700°F,

and the power turned on. After this temperature was reached

one hour was allowed for soaking. Eight hours at constant

temperature, 1700 °F, was then allowed for carburizing,

At the end of this run the furnace power was shut off

and the specimens allowed to cool in the furnace.

A cross section specimen was cut from near the middle

of each specimen, polished, etched, and examined by the pro-

cedure employed in Experiment No. ll,

Specimens were mounted in bakelite in order that &„lish-

ing might be carried to the extreme edges,

The images of the fields which showed grains were pro-

jected on the ground glass of the metallograph and compari-

son made with the A. S. T. M. standard,
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CONCLUSIONS: In a coarse grain steel the grain size is

proportional to the temperature to which the steel is heat-

ed above the critical point. Upon cooling the size of the

grain remains that of the austenite formed at this tempera-

ture,

In a fine grain steel, deoxidized or killed by aluminum

or some other element, the grain size is not directly pro-

portional to temperature, but remains almost constant with

rising temperature to about 1700 °F. and then grows very

rapidly with further rise in temperature to a size even

greater than that of a coarse grain steel,

The grain size of steels of very low carbon content

can be determined by etching the grain boundaries of the

ferrite, and examining under the microscope, That of hyper-

eutectoid steels can be determined by examining the bounda-

ries of pearlite separated by precipitated cementite,

Eutec oid steels do not show grain boundaries because there

is no precipitation between the grains. Medium carbon er

high Lypoeutectoid steels precipitate ferrite within the

grains, thus not showing the boundaries,

The McQuaid-Ehn test consists of raising the carbon

content of the outer surface of the steel by carburizing

to hypereutectoid composition, cooling to form pearlite,

and precipitate cementite on the boundaries, examining the

crystals and determining the size by comparison with a

standard•
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The test in this experiment showed a grain size of

about 1,5 by the A, S, T, N, Standard, If the carburizing

temperature was not carried above 1700 °F, this indicates

that the specimens were of coarse grain steel,
Fig, ll and 12, page 203 show sketches of the speci-

mens as seen under the microscope, The field was taken in

each case from the outside to the center of the specimen,

Specimen K, is not shown but differs from J only in
that cross sections of threads of manganese sulphide appear,

Grain size is important due to the fact that fracture

is always made along the grain boundaries or through slip

planes within the grain, Small grains thus tend to give

greater ultimate strength in the steel,
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EXPERIMENT NO. 22

THE SIMPLE TIME-TEMPERATURE CURVE FOR EUTECTOID CARBON STEEL

OBJECT: To plot from experimental data the simple Time-

Temperature curve, and study the cooling characteristics

of eutectoid carbon steel.

APPARATUS: Electric furnace.

Chromel-Alumel therme-couples and leads.

Two 22.5 ohm adjustible rheostats.

Brown potentiometer pyrometer.

Stop watch. _

MHTERIALS: Four pieces of steel, (Sample B), ä" square X
e l%" bound together.

EXPLANATION OE SET UP: Each specimen had one corner at the

center of the batch beveled to form a hole for receiving

the thermo—couple. The specimens with inserted thermo-

couple were placed in the furnace and the leads connected

to the potentiometer. The two rheostats were connected in

series with the furnace and the 110 V. source of power.

PROCEDURE: The apparatus was set up as explained above.

With all resistance cut out of the power circuit, the power

was turned on and the temperature brought up to about l500°F.

The rheostats were then adjusted for about 35 ohms. This was

found to give a reasonable cooling rate.
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Readings were taken of temperature and time in intervals

of 50 seconds from 1000°F, through about l200°F, These data

were recorded and the cooling curve, page 90, plotted between

temperature of the sample, as ordinate, and time, as abscissa,

CONCLUSIONS: The maximum cooling rate was found to be, at

the beginning of the run, about 20 degrees per minute. As

the temperature gradient between the furnace and the room

was lowered, the rate was decreased to about 4 °F, per minute

at the critical point•

The specimen being of eutectoid composition, the Al,

A2 and A5 are common. The curve shows this point to be at

1284 °F, as shown by the horizontal section at A which in-

dicates zero cooling rate• Heat was here given off during

transformation, causing no further decrease in temperature

until transformation was complete,

The theoretical curve is carried out by dotted 1ines•

Points B and C fall off the theoretical curve due to under

cooling and time necessary to conduct heat through the

specimen,

The eutectoid temperature for plain carbon steel is

1555 °F, The curve shows a 46 degree depression of the

critical point, This depression is due to the cooling rate

and the presence of manganese in the stee1•
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DATA: Specimen, ,85% 0,, ,72% Mn, steel

Cooling rate, beginning of run, 20 VF, per min,

Cooling rate, end of run, 4 °F, per min,

TIME TEMP TIME TEMP TIME TEMP TIME TEMP
MIN, °F, MIN, °F, MIN, VF, MIN, °F,
0, 1400 8,5 1285 17,0 1281 25,5 1246*

,5 1590 9,0 1282 17,4 1281 26,0 1245
1,0 1582 9,5 1279 18,0 1280 26,5 1240
1,5 1572 10,0 1277 18,5 1279 27,0 1247
2,0 1265 10,5 1277 19,0 1278 27,5 1254
2,5 1557 11,0 1280 19,5 1277 28,0 1250
5,0 1549 11,5 1285 20,0 1276 28,5 1226
5,5 1542 12,0 1284 20,5 1275 29,0 1225
4,0 1555 12,5 1284 21,0 1274 29,5 1220 ‘

4,5 1528 15,0 1284 21,5 1272 50,0 1217

5,0 1522 15,5 1284 22,0 1270 50,5 1214
5,5 1516 14,0 1284 22,5 1268 51,0 1212

6,0 1510 14,5 1284 25,0 1265 51,5 1208

6,5 1505 15,0 1284 25,5 1261 52,0 1206

7,0 1500 15,5 1284 24,0 1257 52,5 1204
7,5 1295 16,0 1285 24,5 1254 55,0 1202
8,0 1590 16,5 1282 25,0 1250 55,5 1199
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EXPERIMENT NO. 23

THE INVERSE RATE CURVE FOR CARBON STEEL

OBJECT: To plot, from experimental data, the Inverse Rate

curve for .26% carbon steel and locate the critical points.

APPARATUSg Equipment used in Experiment No. 22.

Two stop watches.

MATERIALS: Four pieces of ,26% C., .52% Mn., .16% Si.

steel é" square by l%“, prepared as in
Experiment No, 22, T

EXPLANATION OF SET UP: The apparatus was set up as in

Experiment No, 22, Two stop watches were used alternately

for time readings.

PROCEDURE: The specimens were heated to about 1600 °F.

with full power on the furnace. The rheostats were then

adjusted for about 35 ohms in series with the power cir-

cuit. When cooling began, readings of time and tempera-

ture were taken as followsz

Alternating with the two stop watches, time was re-

corded for each temperature drop of 10 °F. from 1600 °F.

through about 1200 °F.

The data were recorded and a curve plotted, page 04,

between temperature, as ordinate, and inverse cooling rate,

(Time for unit drop in temperature) as abscissa.
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CONCLUSIONS: The Inverse Hate curve shows critical points

which are difficult to detect in the Time-Temperature curve,

It is noted that the Arö point is depressed more than the

Arl. This due to the higher rate of cooling through the

g upper critical point. The Ar? point is not detected,
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DATA

The inverse cooling rate for carbon steel,

Specimen, ,25% 0,, ,52% Mn,, ,16% Si, steel,

Temperature increments, 10 °F,
Cooling rate, Beginning of run, 28,5 °E, per min,

End of run, 4,0 °F, per min,

For 10 °E, drop to corresponding temperature,

TIME TEMP, TIME TEMP, TIME TEMP,
SEC, °F, SEC, °F, SEC, °F,

21 1580 50 1440 70 1510

21 1570 45 1450 74 1500

21 1560 67 1420 86 1290

21 1550 54 1410 87 1280

24 1540 51 1400 85 1270

25 1550 58 1590 570 1260 I
25 1520 62 1580 95 1250

24 1510 54 1570 86 1240

25 1500 61 1560 100 1250

26 1490 64 1550 105 1220

26 1480 64 1540 150 1210

27 1470 62 1550 150 1200

26 1460 72 1520 240 1190

50 1450°
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EXPERIMENT NO, 24

THE EFFECT OF TEMPERATUHE ON GHAIH SIZE IN OAHBOH STEELS

OBJECT: To locate the upper limit of the critical range

in hypoeutectoic carbon steel of more than ,45% carbon, and
to study the effect of temperature on grain size,

APPARATUS: Buffalo Dental Furnace,

Abrasive disc cut off machine,

Horse-shoe magnet, tongs, vise and hammer,

MATEBIALS: Bar of steel, D, é" sq,, (,50% C., ,90% Mn,)

Pyrofax gas and compressed air,

EXPLANATION OF SET UP: The Buffalo Dental Furnace is a

small cylindrical fireclay lined furnace, gas fired,

PROCEDUHE: Specimen No, l, 2 inches was cut from the bar,

Specimen No, 2, the same length was obtained by nicking the

bar about half way through and breaking to reveal the frac-

ture, By means of the cut off wheel, each specimen was

nicked about half way through to be broken in half,
Both specimens were placed in the furnace and heated

to a white heat, about 2200 °F,, soaked for a few minutes,

removed from the furnace and cooled in air,

Specimen No, 2 was placed back in the furnace and,

during slow heating, was removed at short intervals, tested

with the magnet, and quickly replaced in the furnace,

When the steel was found to be non-magnetic it was removed

and cooled in air,
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Each specimen was then held in the vise and broken

with the hammer to reveal the fraeture,

0ONCLUSIOU3: The fracture before heat treatment showed the

initial grain to be of medium size•

öpeeimen No, l, cooled from high temperature, showed

fracture revealing a very coarse grain, The specimen was

much more easily broken than specimen No, 2,

Speeimen No, 2, which had been reheated to just above

the Aegg point, as shown by the loss of magnetism, was
9

hard to break, and the fracture revealed a very fine grain

structure,

The experiment showed that the upper critical range of

hypoeutectoid steels ef more than ,45% carbon can be located

by means of the simple horse-shoe magnet,

The magnet cannot be used to locate the Aeg point in

steels of less than 45% carbon since, as shown by the Iron-

carbon diagram, the Aeg line drops below the Aeg for steels

ef lower carbon content,

To refine the grain in hypereutectoid steels, it is

necessary to heat to just above the Acm line, This is

above the Aclgg line, therefore the magnet test cannot be
used,
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EXPEhIMßNT NO• 25

THE TEMPERATUNE DIEPLXEICE AND DERIVED UIPEEXQNTIKL

CeQLING CURVES

OBJEGT: To locate the critical points for a sample of
( metal from the Temperature difference and Derived Differ-

ential cooling curves,

APPABATUS: Brown pctentiometer Pyremeter,

Ruhicon galvanometer and 50 ohm shunt,

Two adjustible rheostats, total 45 ohms•

Electric fnrnace• °

Chromel-alumel straight and difference

thermo—couples and leads,
Nickel bar, é" Sq, X 5/4" drilled for couple,

eteei tar, ·§‘;" eq. X 6/4**, cnqiiee rep coupie,

EXPLANaTION OF SET UP: The specimens and therme-couples

were set up as shown in the diagram.bel0w,

To potentiometer v”fT“——-«:« To galvanometer

Chromel" ’ ‘AlumelUI Nil
Specimen »V *~Neutral body, (Nickel)

Furnace

With the set up above, the potenticmeter shows the tempera-

ture of the speeimen, The galvanometer deflection is

proportional to the difference in temperature between the

specimen and the neutral body,
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PHOCEDUHE: The specimen and neutral body were placed in the

furnace and the therme-couples inserted and leads connect-

ed as shown in the diagram• The power circuit was closed

on the furnaee with the resistance out and the temperature
brought up to about 1500 °F• The rheostats were then ad-

justed for full resistance of 45 ohms in series with the

furnace power circuit and cooling began,

Qeflection of the galvanometer indicated a lag in the

cooling of the nickel behind that of the specimen. When

this deflection became constant the galvanometer was ad-

justed to read about 10 mm,

Readings were taken of temperature of the specimen in

increments of 5 °F, and eorresponding galvanometer def1ec—

tion, Maximrm deflection of the galvanometer was also read•

The cooling range was taken from about 1400 °F. to 1140 °F•

The data were recorded and curves plotted as follows:

page 101•

(1) The Temperature-difference cnrve, between tempera—

ture of the specimen, as ordinate, and galvanometer deflec-

tion, as abscissa,

(2) The Derived-differential between temperature of

the specimen, as ordinate, and change in deflection for each

5 °F, temperature drop, as abscissa,
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CONCLUSIONS: The temperature drop in the neutral body

lagged behind that of the specimen due to the difference

between the two in specific heat, conductivity, and radiation,

The Arl point is shown by the curve to fall at about

1254 °F, This critical point for eutectoid steel is 1555 TF,

The depression in the critical point shown in this experi-

ment was due to body the rapid cooling rate and the presence

of ,90ß manganese in the specimen,

The Argö point is not as pronounced as the Arl due to
the fact that the precipitation of alpha ferrite from austen-

ite takes place through a temperature range from Arg to

the Arl point,
At the Arl point all of the remaining austenite trans-

forms to pearlite at constant temperature, causing an

abrupt turn in the curve•
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DATA; Difference and Derived differential cooling curves.

Specimen. .50% Carbon, .90% Nanganese Steel.

Neutral body, Nickel. Temperature in degrees F.

TEN?. GALV. UNANGE TELP. GALV. CNANGES
SPEC. DEF. IN DEF. BPEC. DEF. IN DEF.

1400 6.8 0.2 1280 13.5 2.5
1395 6.5 0.3 1275 17.0 3.5

1390 6.8 0.2 1270 20.2 3.2

1385 6.8 0.0 1265 23.0 2.8
1380 6.5 0.3 1260 25.0 2.0

1372 6.3 0.2 1255 26.0 1.0

1370 5.2 0.1 1250 26.0 0.0

1365 6.0 0.2 1245 26.0 0.0

1360 6.0 0.0 1240 26.0 0.0

1355 6.0 0.0 1235 26.5 0.5

1350 6.0 0.0 Max.Def.79.0 52.5

1345 6.0 0.0 1230 77.0 2.0

1340 6.0 0.0 1225 73.0 4.0

1335 6.0 0.0 1220 68.0 5.0
1330 6.0 0.0 1215 62.0 6.0

1325 6.0 0.0 1210 57.0 5.0

1320 6.0 0.0 1205 52.0 g 5.0

1315 6.0 0.0 1200 47.0 5.0

1310 6.0 0,0 1195 43.0 4.0

1305 7.0 1.0 1190 38.0 5.0

1300 7.0 0.0 1185 34.0 4.0

1295 8.0 1.0 1180 30.0 4.0

1290 9.0 1.0 1175 27.0 3.0

1285 11.0 2.0 1170 24.0 3.0










