Don’t forget to visit our companion site
hitp://www.vulcanhammer.org

Use subject to the terms and conditions of the respective websites.


http://www.vulcanhammer.net
http://www.chet-aero.com
http://www.vulcanhammer.org
http://www.vulcanhammer.info

A
SHORT HANDBOOK
OF

HEAT

TREATMENT

PEACE PUBLISHERS MOSCOW



. KAMENICHNY

A SHORT HANDBOOK OF
HEAT TREATMENT

PEACE PUBLISHERS
Moscow



TRANSLATED FROM THE RUSSIAN BY I. SAVIN
DESIDNED BY V.NOVOSELOVaA



CONTENTS

Page
Preface . . . . . . . .. e 5
Chapter I. Physical Characteristics . . . ... ... .. ... 7
Mechanical Characteristies . . . . .. .. ... ... 7
2 Thermal Characteristics . . . . . .. ... .. .... 8

3. Electrical Characteristics . . . . . ... .. .. ...

4. Some Properties of Elements and Materials Dealt with
in Heat-treatment of Metals . . . . ... ... ... 10
Chapter 1I. Quality Control of Metals . . . . . ... ... .. 13
1. Hardness Tests . . . . . . . . . . ... ... .... 13
2. Detection of Cracks in Metals . . .. . ... ... . 2
3. Approximate Determination of Steel Composition, . . 24
Chapter I111. Steel . . . . . . . .. .. .. .. ... ... 26
I. Constituents of Steel . . . . . . . .. ... .. ... 26

2. Structure of Iron and Steel. Equilibrium Diagram of
Iron-carbon Alloys . . . . .. .. .. ...

3. Alloying Elements and Their Effect on the Propertles of
Steel . . . . . . L s e .31

4. Chemical Composition and’ Hardness of Market Steels . 31

5. Common Uses of Various#Grades of Steels and Alloys . 61

Chapter IV. Heat-treatment of Steel . ... . . . .. .. ... 74
1. Heating of Steel . . . . . . . . .. .. .. ...... 74
2. Oxidation and Decarburisation.on Heating . . . ... 76
3. Annealing . . . . . .. ... L. e e e e e 78
4. Normalising . . ., . ... . . ... e e e e 81
5. Hardening . . . soi® o mvo v v o v o 0oL oL 81
6. Tempering . . . . . . . . . . v 0 i i e e e 93
Chapter V. Case-hard%ning .................. 104
1. Carburising . . .. .. ... e e e e e e e e e 104
2. Nitriding . . . . . . . . ..o oo oL 113
3. Cyaniding . . . . . o e e e 116
4. Calorising . . . . . . .. .o o000 122
5. Sulphiding (sulphating) . . . . . . . ... ... .. 122
6. Cleaning and Pickling of Articles after Heat-treatment 128
7. Anticorrosion Protection for Articles after Heat-treatment 129



Chapter VI. Heat-treatment Technology . . . . . . . . . .. 130
1. Approximate Heat-treatment Schedules and Mechanical

Properties of Various Grades of Steels . . . . . .. 130

2. Practical Hints on Heat-treatment of Articles . . . . . 161

Chapter VII. Heat-treatment of Cast Iron . . . . . . .. e 197

Chapter VIII. Heat-treatment of Non-ferrous Metals . . . . . 201

Chapter 1X. Forging of Ferrous and Non-ferrous Metals . . . . 223

1. Forging of Steel . . . . .. L. oo 228

~2. Forging of Non-ferrous Metals” . . . . . .. ... .. 230

Chapter - X. Manufacture of Built-up Cutting Tools . . . . . . 234
Chapter' XI. Equipment, Fuel -and Accessory Materials for Heat-

treatment Shops . . . . . PR I Lo . 243

1.-Furnaces . . . .. ... .. e e e ee. . 243

2. Refractories . . . . .. ... ... ... ...... 252

3-Fuel . .t v o000 e e e e e 252

4.  Temperature Control Instruments . . . . . . . . . . . 254

Q’h.apter' XIl. Salety Engineering . . . ... ... .. 268



PREFACE

The present handbook aims at giving the operat-
ing personnel of heat-treatment shops a reference
book which would serve fo overcome difficulties
arising in everyday practice.

The handbook describes heat-treatmen! charts,
heat-treatment procedures for tools, parts of lathes,
automobiles, and agricultural machinery.

In addition the handbook deals briefly with
the following subjects: quality control of metals
before and after heat-treatment; heat-freatment and
case-hardening of steel; heal-treaiment of cast iron,
non-ferrous metals, and alloys. T he book also contains
some practical hints on safety engineering.



Chapter [
PHYSICAL CHARACTERISTICS

1. MECHANICAL CHARACTERISTICS

Term Definition
Delormation Change of shape or dimensions of a body
without alteration of its mass
Elastic Deformation of a body which occurs when
deformation a force is applied, and which disappears
upon removal of the force
Permanent The part of the deformation which remains
deformation after the stress is removed
Strength Ability of -a material to withstand stresses
. without rupturing
Elasticity Property of a material to recover its origi-
nal configuration when the forces are
removed
Ductility Property of a material to withstand consid-
erable permanent deformations withoul
fracturing
Brittleness Property of a material to [racture withoul
noticeable plastic deformation
Resilience Work required for rupturing a sample
Hardness Property of a material to resist indentation
by some other body
Fatigue Development and propagation of cracks in
a material as a result of a great number
of repeated alternating stresses
Endurance Property of a material to withstand rup-
turing by fatigue stresses
Creep. Property of a material to flow gradually
and continuously under constant stress,
especially at elevated temperatures
Wear Gradual reduction of the size of a part &
a result of friction



Conlinued

Term

Defin{tion

Wear resistance -
Strain hardening

Limif of proportion-
ality op, kg/mm?

Elastic limit o,
kg/mm?
Yield point gy,
"~ kg/mm?
Tensile sfrength,
o, kg/mm?
€longation 8, in %

Relative reduction in
area P, in %

Specific resilience
-.ap, kmjem?

Endurance limit
Oy, kg/mm? )
Creep limit o, kg/mm?

Property of a material to resist wear

Change in properties and structure of a
metal due to deformation

Highest stress prior to which deformation
increases proportionally to the load ap-
plied

Stresses at which permanent elongation is
negligible (up to 0.02%)

Least strain at which the sample flows
without noticeable increase in stress

Highest stress preceding fracture of a
sample

The ratio of the increase in length of a
sample, produced by tensile stresses, to
its original length

The ratio of the reduction of area at the
point of fracture of a sample to its original
cross-section area

" The ratio of the work required to rupture

a sample to the cross-sectional
the point of fracture
Highest' stress which a metal can withstand
without evidence of fatigue failure _
Highest stress at which the rate of creep
or total creep, in a given time interval,
does not exceed a specified value

area. at

2. THERMAL CHARACTERISTICS

Term

Definition

Calorie (cal)'b
Kilocalorie (kcaly

Heat capacity C,
cal/°C

Specific heat ¢,
cal/g-degrees C

he amount of heat required to raise the
temperature of I gram of water 1°C

The amount of heat required to raise the
temperature of 1 kilogram of water 1°C

The amount of heat required to raise the
temperature of a material 1°C

The amotint of heat required to raise the

" temperature of 1 gram of a malerial 1°C



Continued

Term

Definition

Heat conductivity

Convection
Heat radiation

Calorific power Q,
kcal kg

Temperature t

Absolute Zzero

Thermodynamic
temperature
scale, °K

Coefficient of linear

expansion,

The ability of 2 body to conduct heat from
one part to the other, as well as to an
adjacent body when in physical contact
with the latter )

Transfer of heat by the flow of a heated’
agent (air, water, etc.)

Transfer of heat by heat rays .emitted by
an incandescent (hot) body

The amount of heat generated by burmng
I kg of a fuel )

The thermal condition of a body

Temperature equal to —273.2°C’

Temperature expressed in terms of degrees
Centigrade and referred to absolute zero
as a standard

Increment of length per unit of length for
a temperature rise of 1°C

mm/m-degrees C or
cm/cm - degrees C

8. ELECTRICAL CHARACTERISTICS

Term

Delinition

Electric current

Current I,
-amperes
Resistance R,
ohms
Resistivity g,
ohm-mm?/m
Voltage E, volts

Power P, watts

The flow of electrons along a conduc-

The quanhty of electricity passing through
a conductor in 1 second

The ability of a material to impede the
flow of electric current o

The resistance of a conductor 1 m in length,’
1 mm? in cross-section, at 20°C

The difference of electrical potential across
the terminals of a conductor

The work performed when | ampere flows
through a potential difference of 1 volt



4. SOME PROPERTIES OF ELEMENTS AND MATERIALS DEALT WITH
IN HEAT-TREATMENT OF METALS

. Specific Melting
Material Formula gravity géiﬁ?l?é
Solids

Aluminium Al 2.7 658
Ammonium chloride NH,CI 1.53 -
Antimony Sb 6.68 630
Asbestos — 2.4-2.565 | 1480-1510
Barium Ba 3.5 850
Barium chloride BaCl, 3.86 962
Beryllium Be 1.82 1350
Birch — 0.51-0.77 —
Bismuth Bi 9.8 271
Bone — 1.7 —
Borax (anhydrous) Na,B,0, 2.37 711
Boron 2.32 2300
Brass — 8.1-8.6 | 880-910
Bronze, aluminjum — 7.7 —
Bronze, phosphorus — 8.8 950-970
Bronze, tin — 8.7 —
Brick — 1.4-2.0 —
Cadmium Cd 8.64 321
Calcium Ca 1.55 850
Calcium carbide CaC, 2.22 2300
Caliche (sodium nitrate) NaNO, 2.26 308
Carboloys, BK type — 14.3-14.9 | —
Carboloys, TK type - 9.5-11.0 | —
Charcoal, lumps ~ 0.4 -
Charcoal, crushed — 1.4-1.5 —
Chromium Cr 6.92 1615
Clay, dry - 1.8 -
Coal — 1.2-1.5 —
Cobalt Co 8.9 1490
Coke, lumps — 0.6 —
Coke, crushed — 1.25-1.4 —
Copper Cu 8.92 1083
Corundum ALO, 3.9-4.0 " | About 2050
Diamond 3.51 3500
Duralumin — 2.6-2.8 —
Fireclay (chamotte) — 1.8-2.2 —
German silver — 8.5 1100
Glass —_ 2.4-2.6 —
Gold Au 19.3 1063
Graphite C 2.25 -
Grey cast iron - 7.0-7.2 —
Ice at 0°C —_ 0.917 —-

10




Continued

) ; Melting
Material Formula 25:5:?; poorm[tx'sior(nzg
Iridium Ir 22.42 2450
Iron Fe 7.86 1535
Iron carbide Fe,C 7.4 —
Lead Pb 11.34 327
Magnesium Mg 1.74 651
Malleable cast iron — 7.2-.7.6 -
Manganese Mn 7.2 1260
Molybdenum Mo 10.2 2625
Nickel Ni 8.9 1452
Niobium Nb 8.4 2500
Oak — 0.7-1.0 | —
Potassium nitrate (niter) KNO, 2.11 333
Phosphorus, yellow 1.82 44
Pine — 0.31-0.76 | —
Platinum Pt 21.45 1774
Potassium K 0.86 62
Potassium cyanide KCN 1.52 634
Potassium ferricyanide K,Fe(CN), | 1.93 —
Potassium ferrocyanide K, Fe (CN), | 1.85 —
Potassium hydrate KOH 2.04 360
Rhodium Rh 12.5 1966
Salt, common
(sodium chloride) NaCl 2.16 800
Sand, dry ' — 1.4-1.6 —
Silicon Si 2.4 1420
Silicon carbide
(carborundum) SiC 3.17 2700 min
Silver Ag 10.5 961
Soda ash Na,CO, 2.53 851
Soda, caustic NaOH 2.13 318
Sodium Na 0.97 97
Sodium cyanide NaCH — 564
Steel, carbon — 7.7-7.8 —
Steel, grade P9 — 8.25 —_
Steel, grade P18 — 8.8 —
Sulphur S 1.92-2.07 | 115-119
Tellurium Te 6.24 452
Tin Sn 7.28 232
Titanium Ti 4.5 1800
Tungsten W 19.3 3370
Tungsten carbide wC 15 7 2777
Vanadium \% 5.87 1720
Wood, air-dry — — —
Zinc Zn 7.14 419




Confinued

. Melti

Material Formula gp:‘c,l?}c, of efutslir:'xgg

. point, °C

Liguids

Benzene — 0.88 —
Gasoline - 0.7-0.75 -
Glycerine — 1.26 —
Hydrochloric acid HCI 1.19 —
Kerosene - 0.8-0.82 —
Machine oil - About 0.9 —
Mercury Hg 13.55 —39
Nitric acid HNO, 1.5 —
Petroleumn - 0.89 max -
Sulphuric acid H,SO, 1.84 -
Water at 4°C 1.0 -

Note. Specific gravitles and melting polnts of alloys are approximate and

may vary depending on the composition.

Fig. 1. Conversion of degrees Centigrade to degrees Fahrenhelt



Chapter Il
QUALITY CONTROL OF METALS

1. HARDNESS TESTS

Hardness may be measured by various methods, depending on the
condition of the metal (hardened, annealed, eic.), and on the size of
the specimen.

Brinell hardness test. This method is chiefly used to test rolled and
forged pieces, castings, as well as dies and tools whose hardness does
not exceed 450 units.

The Brinell hardness number (abbreviated to g and expressed in
kg/mm?) is determined by forcing a hardened ball 10.5 or 2.5 mm in
diameter into the metal being tested under a load of 15.6 ta 3,000 kg
in a special press (see Table I).

- When testing specimens for hardness the following conditions are
to be ensured:

1. 'The point of indentation should be free from scale and/or decar-
burised layers.

.2. Rounded surfaces should be so machined as to present a- plane to
the indentor (a flat should be filed).

3. If the bottom or lateral walls are strained following indentation,
the test should be repeated by the use of a ball of a smaller diameter
and an appropriate load.

4. This method cannot be used to determine the hardness of carburised
or nitrided surfaces. g

5. The centre of the impression should be situated at least bne ball
diameter from the edge of the specimen, and at least two chameters
from an adjacent impression.

- The diameter of the impression is measured by means of -a special’
magnifying glass, and the hardness number is then read in the table,

When testing for hardness with a 5-mm ball the actual diameter of
the impression is to be multiplied by 2; when a 2.5-mm ball is used,
the result is to be multiplied by 4.

13



Example:

Ball diamefer . . . . . .. . ... 5mm 2.5 mm
Load . . .. ... ... .. ... 750 kg 187.5 kg
Impression diameter . . . . . . . . 1.8 mm 1.1 mm
Multiplication . . . . . . .. .. 1.8X2= 1.1x4=

=3.6mm =4.4 mm

These diameters correspond to the
following hardness numbers (see
Table2) .. ... Ve e e e 286 187

Table !

Hardness Test

Specimen Thickness and Load Application Time in Brinell

Hardness | gpeci Ball Load
Material “‘,-‘;“be" Hﬁecim:?. diamaeter, Loag P, appllg:tlon
B mm mm time, sec
150-450 | Over 6 10 3,000 10
3-6 5 750 10
Below 3 2.5 187.5 10
Ferrous metals
Below | Over 6 10 1,000 10
150 3-6 5 250 10
Below 3 2.5 62.5 10
Copper, brass, 35-130 | Over 6 10 1,000 30
bronze, magne- 3-6 5 250 30
sium- and alumin- Below 3 2.5 62.5 30
jum-base alloys
Aluminium, anti- 8-35 | Over 6 10 250 60
Irietion alloys 3-6 5 62.5 60
Below 3 2.5 15.6 60




Table 2

Conversion of Hardness Numbers and Their Correlation with
Tensile Strength

oy -
Brinell hard- | Rockwell hardness |E2 H Tensile strength,
ness number number SE @B kg mm?
>3 e3
- ot gE £ =
o8 . Scale E % 88 c 2 S
Se.| TaE 52 125, | 23 v (2535
EEE|2E2) ¢ | 4| s |38 |320| 8% | 5% [z3id
2.2 | 780 | 72 | 8| — (1,224 - - — —
2.25| 745 | 70 | 8 | — {1,116 — - - —
2.3 | 712 | 68 | 86| — 1,022 — - - -
2.35| 682 | 66 | 85| — | 941 | 9 | — - | -
2.40f 653 | 64 | 84| — 868 86 - - -
2.45) 627 | 62 | 83| — 804 84 - - —
2.50 | 601 60 | 82| — 746 8l — - —_
2.55| 578 | 58 | 81 | — 694 78 - - —
2.60 | 855 | 56 | 79| — 649 75 — — —
2.65| 534 | 54 | 78| — 606 71 — — —
2.701 514 | 52 | 77| — 587 69 — — —
2.75) 495 | 50 | 76 | — 551 66 | 178 173 168
2.80| 477 | 49 | 76| — 534 65 |172 167 161
2.85 | 461 48 | 75| — 502 64 | 165 — —
2.90 | 444 |} 46 | 74| — 473 61 |160 156 —
2.95| 429 | 45 | 73| — 460 59 |[155 150 146
3.00( 415 | 44 | 72| — 435 58 |149 145 |l41
3.021 409 | 43 | 72| — 423 57 | 147 143 139
3.05{ 401 | 42 | 71| — 412 56 | 144 139.5 |136.5
3.10| 388 | 41 71 — 401 55 |139.5 [136 132
3.15| 375 | 40 | 70| — 390 53 | 135 131.5 ]127.5
3,201 363 | 39 | 70| — 380 52 |[130.5 |127 123.5 --
3.25) 352 | 38 | 69| — 361 51 1126.5 123.0 |119.5
3.30 | 341 37 | 68| — 344 50 (122.5 |119.0 |116.0
3.35 | 33l 36 | 681 — 335 49 (119.5 [116.5 |113.0
3.40 | 321 35 (67| — 320 48 (115.5 {112.0 [109.0
3.45 | 3l 34 | 67| — 312 47 |111.5 |108.5 [105.5"
350302 1| 33 | 67| — 305 46 [108.5 |105.5 |102.5
3.55 1 293 | 3l 66 | — 291 43 |105.5 |102.5 |100.0
3.60 ) 286 | 30 | 66| — 285 42 [103.0 |100.5 | 97.5
3.65| 277 } 29 | 66| — 278 41 99.5 | 97.0 | 94.0
3.70 | 269 | 28 | 65| — 272 40 | 97.0 | 94.0 | 91.5
3.75 | 262 | 27 | 64| — 261 39 | 94.5 | 92.0 | 89.5




Table 2 continued

! =iy [T~
Brinell hard- | Rockwell hardness | EX &2 Tensile strength,
ness number number g 2B kg mm?
S >.3 o= -
: &5 |2tk E |2
) g Scale | §§ %9 . Z S g
E2EITEd| c | a B 1ASx (52 5% U% |z%E%
880 | 255 26 64 — 255 33 92.0 | 89.0 | 86:5
3.85 1 248 25 63| — 250 37 83.5 | 87.07 84.5
3.90 | 241 24 63 | 100 240 36 87.0 81.5 | 82.0
3.95 | 235 23 62 99 235 3 841.5 82.5 |°80.5
4.00 | 228 22 62 98 226 34 82.5 80.0 | 77.5
4.05 | 223 21 61 97 221 33 80.0 77.5 | 76.5
4.10 | 217 20 61 | .97 217 33 78.0 76,0 | 74.0
4,15 | 212 19 60 | .96 213 32 76.0 74.0 | 72.
4.20 | 207 18 69 [. 95 203 32 74.5 72.5 | 70.5
4,25 17202 16 59 | 94 201 31 72.0 71.0 | 68.5
4.30 | 196 15 58 | 93 197 31 70.5 63.5 | 66.5
4.35 | 192 15 53 | 92 190 39 69.0 67.0 | 65.0
4,40 | 187 — 57| 91 186 — 67.5 65.5 | 63.5
4.45 | 183 — 56 | 89 183 — 66.0 | 61.0 | 62.5
4,50 | 179 — 56 88 177 — 64.0 62.5 | 60.5
4.55 | 174 — 55| 87 174 — 62.5 | 61.0 | 59.0
4.60 |.170 | — — | 86 171 — 61.0 | 59.5 | 58.0
4.65 | 166 — 85 165 — | 60.0 | 58.5 | 57.0
4.70 | 163 — - 84 162 —_ 58.5 57.0- | 55.5
4.75 | 159 — — | 83 159 — 57.5 | 55.5 | 54.5
4801156 | — | —| 82 154 — | 56.0 | 54.5 | 53.0
4.85 | 153 — — | 81 152 — 55.0 | 53.5 ( 52.0
4.9 | 149-| — | —| 80 | 119 | — | 535 | 52.0 | 50.5
4:95-(- 146 — - 78 117 — 52.5 51.0 | 50.0
5.00 | 143 — —| 76 It} — 51.0 | 49.5 | 48.5
5:05: 140 —_ — 76 —_ — 50.0 49.0 | 47.5
5.10:| 137 — —| 75 — — 49.5 48.0 | 46.5
5.156-| 134 — -— 74 — — 48.6 47.0 | 45.5
59 | 181 | — | —| 72 | — — | 47.0 | 45.5 | 445
5.25 1928 — —| 71 - — 46.25| 44.75| 43.5
5.30 | 126 — — | 69 — — 45.0 | 43.5 { 42.5
5-‘.35_,_ 124 — - 69 — — |-44.0 43.0 | 42.0
5.40 [ 121 — — 67 — — 43.5 42.5 | 41,0
5.:.45(_ 118 - — 66 — — 42.5 41.5 | 40.0
5,50 116 — — | 65 — — 41.75| 40.75| 39.25
5,55 | 114 — — | 64 - — 41.25( 40.25| 38.75
5.60 | 112 — — | 62 - — 40.5 | 33.5 | 38.5
5.65 | 109 — — | 6l — — 39.0 — —
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Table 2 continued

) T
Brinell hard- | Rockwell hardness |E38 &3 Tensile strength.
ness number number 2B GE kg/mm?
=3 e3
o 25 |t g 03
0% g 8| (B OISR |5 | € it
Egz| SgE Es (83 .| o3 | &3 [E:%3
E3E|Z€8| ¢ |a | B |aSx (53x"| 3% | 6% |Z5Ed
5.70 | 107 — 59 — — | 38.5 — —
- 5,75 | 105 | — 58 — — | 38.0 — -
"5.80 | 103 | — | — |57 - — | 37.0 — -
5.85| 101 — | — 156 — — 36.5 - -
5,90 | 99 — — | 54 — | 3.5 — —
595 97 - — | 83 — — 35.0 — —
©6.00) 9% | — | — |52 — — | 34.5 — -
6.10 | 92| — — | 49.5] — — 33.0 - -
6.20 88 | — — | 47 — — | 32.0 - -
6.36| 84 | — — | 43.5| — — | 30.0 — -
6.48) 8 | — | —|[40.5] — — | 29.0 — -
'6.551 78 | — — | 38.5 — — | 28.0 — —

Note. Brinell hardness numbers were obtained with a 3,000 kg load and

a 10-mm ball.

Rockwell hardness test. This method is used to determine the hard-
ness numbers of metals (abbreviated to R¢, R4 and Rp) by forcing into
them a conical diamond with rounded point, called the penetrator,
under a load of 150 or 60 kg or a 1.59-mm steel ball to which a 100 kg

load is applied. Test conditions are described in Table 3.

Metal

1. ~Annealed steel, brass,
bronze, aluminium and

magnesium hard alloys

2. Hardened steel

iron, white cast iron

3. Thin plates, case-carbu-
rised and nitrated. arti-

cles, carboloys

= Table 3--
Rockwell Hardness Testing Conditions
(1]
b ]
E n vy = o 2 Effun .
% @g| Typeof [ V8.5 €0 Seal
%E'E'E penetrator E 'g'E‘E-E” J“sg‘,"—?: cale
<@ 22 S|=228 583
60-230] Steel [100] Rp |25-100] Red
ball, dia,
1.59 mm
and cast {230- -fPiamond (150 R, | 20-67 | Black
700 | cone
Over Ditto |60 | - R4 | Over | Black
700 67
499 17



On testing for hardness the following requirements should be met:
1. The piece being tested should be free from scale, decarburised
layers, dents, grease or traces of machining.

9. Hollow thin-walled specimens should not be tested since the
results would be wrong (because the piece will spring back or cave in).

3. For the same reason no pads should be inserted between the piece
being tested and the anvil of the testing machine.

4. The piece to be tested should be thick enough to prevent buiging
on the reverse side.

5. The centre of the impression should be spaced from the edge of
the specimen not less than 2.5 mm for scales A and C, and not less
than 4 mm for scale B.

6. Round-shaped specimens being tested for hardness by means of
a diamond cone should be no less than 15 mm in diameter. When
testing pieces of smaller diameters Correction Tables 4 and 5 should
be consulted.

Table 4

Correction Values for Hardness Numbers Measured on Cylindrical
Surfaces of Specimens by a TK Testing Machine (Rockwell Test)

Hardness of cylindrical surface (RC)

Diameter of

specimen, mm 8 | 89 | 60 61 62 63
Values to be added to the hardness number obtained
6 2.5 2.0 2.0 2.0 2.0 —
7 2.0 2.0 1.5 1.5 1.5 -
8 2.0 1.5 1.5 1.5 1.5 -
9 — 1.5 1.5 1.0 1.0 1.0
10 —_ 1.0 1.0 1.0 1.0 1.0
11 - 1.0 1.0 1.0 1.0 1.0
12 - 1.0 1.0 - 1.0 0.5 0.5
13 — 1.0 1.0 0.5 0.5 0.5
14 and 15 — 1.0 0.5 0.5 0.5 0.5

18



Table 5

Correction Values for Hardness Numbers as Measured on Spherical
Surfaces by a TK Testing Machine (Rockwell Test)

Hardness of spherical surface, R

c

Ball diameter, mm

56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | €a

" Values to be added to the hardness number

obtained

Conversion of Rockwell

s on
=X
Wk n
owrtonon
NN W
onmuoo
—oLea
cmooo

1
1

Lk
cmoowmn
mNh LWk
ocoou;,m
—D A G
cowv;
FEl

.5
.0

o
o

Table 6

Hardness Numbers Measured by the Use

of Diamond Cone under Loads of 150 kg (Scale C) and 15,
30 and 45 kg (Microhardness Scale)

oAy Microhardness number 3.0 Microhardness number

£e2 under loads of, kg Ee2 under loads of, kg

o2& T E

°c§3.0 0539

SEErS 15N | 30N ] 45N | &2 2 15N | 30N 45N
68 93.2 | 84.4| 75.4 43 82.0 62.2 46.7
67 92.9 83.6 | 74.2 42 81.5 61.3 45.5
66 92.5 82.8 | 73.3 41 80.9 60.4 44.3
65 92.2 81.9172.0 40 80.4 59.5 43.1
64 9].8 8l.11]71.0 39 79.9 58.6 41.9
63 91.4 80.1 ] 69.9 38 79.4 57.7 40.8
62 91.1 79.3 | 68.8 37 78.8 56.8 39.6
6l 90.7 78.4 | 67.7 36 78.3 55.9 38.4
60 90.2 77.5 | 66.6 35 77.7 55.0 37.2
59 89.8 76.6 | 65.5 34 77.2 54.2 36.1
58 89.3 75.7 | 64.3 33 76.6 53.3 34.9
57 88.9 74.8 | 63.2 32 76.1 52.1 33.7
56 88.3 | 73.9 | 62.0 31 75.6 51.3 32.5
55 87.9 73.0 | 60.9 30 75.0 50.4 31.3
54 87.4 72.0 | 59.8 29 74.5 49.5 30.1
53 86.9 71.2 | 58.6 28 73.9 48.6 28.9
52 86.4 70.2 | 57.4 27 73.3 47.7 27.8
51 85.9 69.4 | 56.1 26 72.8 46.8 26.7
50 85.5 68.5 | 55.0 25 72.2 45.9 25.5
49 85.0 67.6 | 53.8 24 71.6 45.0 24.3
48 84.5 66.7 { 52.5 23 71.0 44.0 23.1
47 83.9 | 65.8 | 51.4 22 70.5 43.2 | 22.0
46 83.5 | 64.8 | 50.3 21 69.9 42.3 | 20.7
45 83.0 | 64.0 | 49.0 20 69.4 41.5 | 19.6
44 82.5 | 63.1]|47.8




To determine the hardness of thin layer of metals, a special testing
machine “Super- Rockwell” is used.

The test is carried out by means of a diamond cone or a 1.59- mm ball
under loads of 15, 30 and 45 kg (Tables 6 and 7).

Hardness test by a diamond pyramid penetrator, Hy in kg/mm2.
The hardness of metals is determined by indenting a tetrahedral dia-
mond pyramid penetrator under loads of 5, 10, 20, 30, 50, 100 and
120 kg. Loads should be selected by referrmg to Tables 8 and 9.

The diamond pyramid can be used to test soft, as well as heat-treat-
ed metals. The diamond pyramid test is wide]y used to determine the
hardness of thin specimens and articles with hard superficial layers,

Table 7

Conversion of Rockwell Hardness Numbers Determined by the Use
of a Steel Ball under Loads of 100 kg (Scale B) and 15, 30 and
45 kg (Microhardness Scale)

3 § e Microhardness number Tae Mlerohardness number
Ecy under loads of, kg 2 ‘,5_3 under loads of, kg
$TE u CTE o
&2 15T | s0T | 45T | ®EE« 1sT | aor 45T

100 93.0 83.0( 73.0 75 85.5 67.5 49.0
99 92.5 | 82.5 72.0 74 85.0 66.5 48.5
98 92.5 82.5|71.0 73 85.0 66.0 47.5
97 92.0 81.0] 70.0 72 84.5 65.5 46.5
96 92.0 80.5 1| 69.0 71 84.0 65.0 45.5
95 91.5 80.0 | 68.0 70 84.0 64.0 44 .5
94 91.0 79.0 | 67.0 69 83.5 63.5 43.5
93 91.0 78.5166.0 68 83.5 63.0 42.5
92 90.5 78.0 | 65.0 67 83.0 62.0 42.0
91 90.0 77.0 | 64.0 66 83.0 61.5 41.0
90 90.0 76.5 | 63.0 65 82.5 61.0 40,0
89 89.5 76.0 | 62.0 64 82.0 60.5 39.0
88 89.5 75.0 | 61.0 63 82.0 60.5 38.0
87 89.0 74.5 | 60.0 62 81.5 59.0 37.0
86 89.0 74.0 | 59.5 61 81.0 58.5 36.0
85 88.5 73.5 | 58.5 59 81.0 58.0 35.0
84 88.0 73.0 | 57.5 58 80.5 57.0 33.0
83 88.0 72.0 | 56.5 57 80.0 56.0 32.5
82 87.5 71.5 | 85.5 56 80.0 55.5 31.5
81 87.0 71.0 | 54.5 55 79.5 55.0 30.5
80 87.0 70.5 | 53.5 54 79.0 54.5 29.5
79 86.5 70.0 | 52.5 53 79.0 53.5 28.5
78 86.5 69.0 | 52.0 52 78.5 53.0 28.0

77 86.0 68.5 | 51.0 49 77.5 51.0 25.0
76 86.0 68.0 | 50.0 48 77.5 50.5 24.0

47 77.0 50.0 23.0
45 76.5 49.0 21.0
42 75.5 47.0 18.0
40 75.0. 46.0 16.0
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Table 8
Recommended Loads for Diamond Pyramid Hardness Testing

Hardness number HV
Thickness of
specimen,
mm 20-50 50-100 100-300 | | 300-200
Recommcnded loads, kg
0.3-0.5 — — — 5-10
0.5-1.0 - — — . 10-20
1.0-2.0 5-10 5-10 10-20 —
2.0-4.0 10-12 20-20 20-50 20-50
Over 4 20 and 30 and 50 and —
higher higher higher
Table 9

Recommended Loads for Diamond Pyramid Hardness Testing
of Tubes and Various Thin-walled Articles

Wall thickness of tube or article, mm

OQuter diamcier

of tube or 05 |o7s | 1o |15 | s | 20 | 25 | 30
article, mm
Recommended loads, kg
0-10 10 — 20 — — — —_ —_
10-20 5 10 20 — 30 - - -—
20-30 — 5 10 — 30 30 30 30
30-40 —_ 5 10 — 20 30 30 30
40-50 — 5 5 10 20 30 30 30
50-60 — — 5 10 20 30 30 30
60-70 —_ —_ 5 5 10 20 30 30
70-80 — — 5 5 10 20 30 30

The surface to be tested should be dry, clean, free from pores, scale
and decarburised layers and bear no rough traces of machining. The
diagonal of the impression is measured with a microscope attached to
the testing machine; the hardness number is determined by referring
to a special table. .

The TII testing machine can be used for Brinell hardness testing
with 5- and 2.5-mm balls, which are part of the machine, under loads
of 62.5 and 15.6 kg.

Shore scleroscope hardness test. A well-finished part (specimen) is
set in the machine and an indentor is dropped onto the surface from a
certain height. Upon rebounding the indentor deflects the pointer on a
dial, thus indicating the hardness number of the part tested.

Shore hardness number is abbreviated to Hg.
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Approximate hardness testing by ball impact indentation. The
procedure employs a portable testing machine intended for the approxi-
mate hardness testing of bulky articles. This is accomplished by
pressing a ball, with an impact of medium force, simultaneously into
the article being tested and into the standard specimen; the hardness
number is then determined by referring to a special table attached to
the testing machine.

The hardness number in the table is found at the intersection of the
columns giving the impression diameters of the article tested and the
standard specimen. The precision of the method is within +7%.

Filing hardness test. Tools and articles (such as taps, reamers, drills,
small-size tools) whose hardness cannot be determined with testing
machines are tested by filing with smooth files and by comparing
the abrasion with that produced on standard specimens. The latter con-
sist of a set of quenched rings of varying hardness ranging from 45 to
63 R, with gradations every 3-5 units. The hardness number is deter-
mined with adequate precision by alternately filing the article and
the standard specimen and by comparing the forces applied.

2. Detection of Cracks in Metals

The most widely used methods of finding surface cracks are:

(a) magnetic-particle crack detection (applicable only to steel and
cast iron);

(b) deep etching;

(c) kerosene or hot oil tests or blacking-in;

(d) fluoroscopic crack detection.

The method of magnetic-particle crack detection is performed as
follows: the article under test is magnetised in the crack detector, af-
ter which it is dipped into a bath or flushed with a suspension of magne-
tic particles. The magnetic particles will settle on the cracks, if
there are any. After the test, the article is demagnetised.

The first step in the preparation of the magnetic-particle powder is to
thoroughly mix finely crushed ferric oxide or ochre with kerosene or oil
to a paste of medium consistency. The paste is then packed into a cru-
cible or tube, which should be tightly closed, luted and held in a fur-
nace at 600-800°C until the kerosene is completely burned, after which
the paste is allowed to cool down to room temperature. The resultant
magnetic powder is thoroughly ground with a small amount of kero-
sene or oil to a thin paste, after which kerosene or oil is added to
obtain 1 litre of suspension for every 25-40 grams of powder.

A non-corrosive liquid designated KHUO is used as an aqueous suspen-
sion of magnetic particles toreveal very fine cracks; it has the following
composition:

denaturated alcohol . . . . . . . .. 400 millilitres
water . . . . ... .. .00 .. 150 millilitres
sodium hydroxide NaOH. . . . . . . 40 grams

oleicacid . . . . .. .. ... .. 120 millilitres
naphthenic acid . . . . .. . .. .. 200 millilitres
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The KHUO liquid is added in the proportion of 40 millilifres per 1 litre
of water, containing 2 grams of soda ash, after which magnetic powder
is introduced into the mixture.

Fluoroscopic crack detection. This method is used fo reveal cracks in
non-magnetic metals, as well as in various other materials (e. g.,
plastics, etc.). The test is performed by the use of the JIKOM-1 testing
machine manufactured by medical equipment plants. The piece to be
tested is immersed in a special liquid after which it is flushed with
water, wiped dry, sprinkled with magnesium oxide (the excess parti-
cles being blown off) and then examined in the ultra-violet light. If
there are any cracks, the solution contained therein wets the magnesium
oxide and the cracks are exposed upon examination in a dark room
under the rays of a mercury vapour-quartz lamp. '

The liquid used is a mixture of 15% (by volume) of transformer oil
and 85% of kerosene.

The detection of cracks and other faults in steel by the deep etching
method requires the use of the etchants listed in Table 10.

The following etchants are used for copper-base alloys:

a) 10-20% aqueous solution of ammonium persulphate;

b) 10% solution of hydrogen peroxide in saturated aqueous solution
of ammonium;

¢) solution of ferric chloride (10 grams) and hydrochloric acid (30 cu
cm) in water (120 cu ecm).-

The latter etchant is also used for nickel-base alloys.

To etch duralumin, the following etchant is used: 16.5% hydrochlo-
ric acid, 16.5% nitric acid, 4.5% hydrofluoric acid, and 62.5% water.
The etchants act quickly; following etching the specimen should imme-
diately be washed and dried.

‘ Table 10
Etchants Used for Deep Etching of Steel
Etchant(g;n‘llgcl:ﬁir}lieo)n in % Etching schedule
Material 3] ,
eiched Lo = s
oT 2 s1e Sle 8> c
$8395 EE% —C’-'E‘Q, < ES Holding time
IGRT| Z85 | ST (B &2
Carbon steel .| — — 17 |83 60 Up to 2 hrs
Ditto .. .| 50 — — |50 60-70 | 10-45 min
Ditto .. .| — 50 — |50 70-80 1-2 hrs
Alloy steel . .| 17 — 33 |50! Up to 100 | 20-60 min
Ditto .. .| 66 — 10 |24 95-98 20 min-2 hrs
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Table 11
Characteristics of Grinding Wheels for Spark Testing of Steel

Wheel characteristics casl:?;g;ezgggfgl?g('jisﬁgs For teasrttii"cgl‘e;iniShed
Wheel diamefer, mm . . . 300-350 150-200
Wheel thickness, mm . . . 40-60 25-40
Grain size . . . . . . .. 36-40 60-80
Hardness . . . .. . . .. Grade Cr.1 steel | Grade Cr.l steel

Deep etching is usually applied when testing parts for possible cracks.
Since acids tend to dissolve metals, the parts may decrease in size as
a result of etching.

Crack detection by blacking-in. The piece is immersed in a solution,
then thoroughly washed with cold water, coated with a thin film of
aqueous suspension of white clay, and finally dried in an air jet. The
solution forced out of the cracks colours them brightly.

Composition of the solution:

kerosene . . . . . .44 4. ..o 65% by volume
transformer oil . . . . ... .. . 30% "
turpentine . . .. . ... .. .. 5% »

Sudan 111, sudan II, sudan I or fatty orange are added as colouring
agents.

gKerosene or hot oil testing. The parts are immersed in kerosene or
kot oil for 10-20 min, after which they are sand-blasted or wiped
dry and rubbed with chalk. The kerosene and oil retained by the
cracks make them appear as thin streaks.

Sonic inspection. Cracks can be detected by experienced operafors
by striking suspended parts. A cracked part gives off a dull sound when
hit with a hammer.

8. APPROXIMATE DETERMINATION OF STEEL COMPOSITION

Steeloscope inspection. Spectroscopic analysis is being more and more
widely used in heat-treatment shops, as a means of determining the
approximate composition of steel. In the spectroscopic method an
electric arc is struck between the piece being tested and an electrode.
The light of the arc is directed by a lens, into the slit of a special
apparatus—the steeloscope—where the spectrum is examined. Most of
the components of steel emit characteristic spectral lines on burning.
The pattern and intensity of these lines when referred to the special
tables accompanying the apparatus, give information as to thé approxi-
mate content of the various elements in the steel. The procedure takes
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only a few minutes and no damage is done to the piece tested. Carbon,
sulphur and phosphorus cannot be determined by this method.

Spark test. The determination of the composition of steel by the spark
test requires blacking out of the site of the test, adequate grinding

PR it
—-—:’—‘"’-——-""":_-—‘
i

Low Carbon

s ke
S T e

Medium Carbon

High Speed

Fig. 2. Pattern of sparks produced
by varlous grades-of steels

wheels (Table 11), as well as branded specimens of the steels used
in the plant. By examining the colour and pattern of the sparks.
emitted from the part being tested and a standard specimen, one may
determine approximately the steel grade.

Low-carbon steel throws off a long beam of light-yellow sparks with
no explosions. As the carbon content increases the beam becomes
shorter and wider and the number of explosions increases (Fig. 2).

As compared to carbon steel the colour of the sparks produced by
chromium steel is darker, with a lesser ‘number of explosions. Steel
containing tungsten throws off dark-red sparks.



Chapter Il
STEEL

1. CONSTITUENTS OF STEEL

The internal arrangement of steel and other alloys is called their
structure. The structure visible only under a microscope is called micro-
structure. To determine the microstructure of a steel specimen, the
latter should be ground, polished, etched and examined with the aid of
a microscope. Table 12 indicates the constituents of steel and presents
some data on their formation, physical properties, etc.

2. STRUCTURE OF IRON AND STEEL. EQUILIBRIUM DIAGRAM
OF IRON-GARBON ALLOYS

The crystal lattice of pure iron changes its structure, i. e, the
arrangement of its atoms, with temperature. Various lattice struc-
tures are presented in Fig. 3. Data on lattice structure modifications
on heating and cooling are given in Table 13.

Fig. 4 presents an equilibrium diagram of iron-carbon alloys. The
temperatures at which solid-phase changes occur in iron and its alloys
are called critical points (Table 14).

O
1\ -7
L 7
\ 7

! 4
rN

I
i X
[

r \

Fig. 3. Structure of crystalline lattice:
a—alpha- and delta-iron; 6 ~gamma-iron
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Table 13

Stability Temperature Ranges of Various Crystalline Forms
of Pure Iron

On heating On cooling
Stable lattice Temperatyre Stable lattice Lamperggure
Body-centered cu- [ Up to 910 | Body-centered cu- 1539-1390
_bic alpha-iron bic delta-iron
Face-centered gam- 910-1390 Face-centered cu- 1390-898
ma-iron bic gamma-iron <
Body-centered cu- 1390-1539 | Body-centered cu- | Below 898
bic delta-iron bic alpha-iron

Notes.

onl
bot

1. Disagreement between transformation
coollng Is called the thermal hysteresis.

. The difference in fhe structures of alpha-
to the distance between the atoms, the muiual arrangement of atoms of
structures being identical,

and detla-

temperatures on heating and

iron {s attributed

o A
C 1539 0*5{9- T ] j
1500 8 —
A S B Ligquid
7400 F+ \\ - \\!\ o
1300 - —
200 1—_Austenite A Liguid+ |~~~ FesCrLig.
ustenite L,
1100 y 3 1130" =
1000 A :
900 ConpeAustenite+ A Austenite+ Cementite cementite
Ferrite _Austenite +Ledeburite +Ledeburite
MAZ~S] 57 +Cementite 72371
700 ;5025 V0 pegriite | PearliterCementite | cementite
600 fPearlite_* — 11— +ledeburfte ——T—t—+
200 i j' - I - 7T N FLEEETTiE
+Ferrite | | +Cementite a+FesC i
0 07 2 ;|§ I
) : 4 43 5
Steel carbon, weight per cent cast Iron

Fig. 4. Iron-carbon equilibrium diagram
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Table 14

Principal Phase Transformations In Iron-carbon Alloys on Slow

Heating and Cooling

o Designation
. 5L0 of critical
Lineof | <0° points
ftg:mn:-. 'g.'ég- Nature of transformation ——
tion | ES%E on on
8 g heating|cooling
PSK | 723 | Transformation of pearlite to austenite | Ac,
Transformation of austenite to pearlite Ar,
MO | 768 |Loss of magnetism for steels containing A
approximately up to 0.5% carbon Ce
Regaining of magnetism for the same Ar,
steels
GOS | 910- | The end of the dissolution of ferrite in| Ac,
723 austenite in hypoeutectoid steels
The beginning of the separation of ferrite Ar,
from austenite in hypoeutectoid steels
SE | 723- | The end of the dissolution of cementite| Ac,
1130 in austenite in hypereutectoid steels
The beginning of the rejection of cement- Ar,
ite from austenite in hypereutectoid
steels
1IE The beginning of melting of steel on| —
heating
The end of solidification of steel on —_
cooling
ECF [ 1130 | The beginning of melting of cast iron on| —
heating
The end of solidification of cast iron on —
cooling
ABCD| — |The end of melting of steel and cast iron| —

on heating
The beginning of solidification of steel
and cast iron on cooling




3. Alloying Elements and Their Effect on the Properties of Steel

Alloying elements are added to steels with the aim of imparting
specific mechanical and physicochemical properties to the latfer (see
Tables 15 and 16).

Table 15
Conventional Symbols for Elements Contained in Steels
. Designation of ele-
Designation of ele- | menysSn'saviet Stand-
Element ent tables S
ch?micsal";onauptesit?én ards forgT:Jel;mg steel
Aluminium . . . ... .. Al 0
Borom ... ... .... B P
Carbon . . . ... .... Cc v
Chromium . . . .. . .. Cr X
Cobalt . . ... ..... Co K
Copper . . . . ... .. Cu il
Manganese . . . . . . .. Mn r
Molybdenum . . . . . .. Mo M
Nickel . .. .. . . ... Ni H
Niobium . . . . . . . .. Nb B
Phosphorus . . . . . . .. P n
Silicon . . . .. .. ... Si C
Sulphur . . ... .. .. S —
Titanium . . . ... ... Ti T
Tungsten . . . .. . ... w B
Vanadjum . . ... ... \Y d

Alloying elements comprise aluminium, boron, vanadium, tungsfen,
cobalt, molybdenum, nickel, titanium, chromium, ete. Silicon and
manganese are considered alloying elements, only if they are con-
tained in the steel in amounts higher than usually.

4. Chemical Composition and Hardness of Market Steels

Steels are divided into three classes according to their use:

1. Structural steel is used mainly for the manufacture of machine
parts and various structures.

2. Tool steel is used for the manufacture of tools.

3. Steels with specific physical and chemical properties are used for
the manufacture of special machinery and machine parts.

Structural and tool steels are divided into carbon and alloy grades
according to their chemical composition.

Tables 17 to 36 present chemical composition, hardness numbers of
various grades of steels (manufactured according to Soviet Standards
and, partly, according to ministerial specifications), as well as criti-
cal temperatures of steels on heating.
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Table 17

Chemical Composition of Plain Carbon Steel

Chemical composition, %

0.0
0.0

Grade
Carbon Manganese Silicon
Open-hearth steel
MCr.0 =< 0.23 —_ —_
MCr. 1K 0.06-0.12 < 0.05 0.25-0.50
MCr.2KII 0.09-0.15 < 0.07 0.25-0.50
MCr.3KIT 0.14-0.22 =< 0.07 0.30-0.60
MCr.3 0.14-0.22 0.12-0.30 0.40-0.65
MCr.4KII 0.18-0.27 = 0.07 0.40-0.70
MCr.4 0.18-0.27 0.12-0.30 0.40-0.70
MCr.5 0.28-0.37 0.15-0.35 0.50-0.80
MCr.6 0.38-0.49 0.15-0.35 0.50-0.80
MCr.7 0.50-0.62 0.15-0.35 0.50-0.80

Notes. 1. Phosphorus content should not exceed 0.07% for steel MCr.0, and
corresponding amounts of sulphur are 0.06% and

45%

for other grades;
£59% respectively.

2. Table 32 lists chemical composition of open-hearth steels,

34

Table 18
Chemical Composition and Hardness Numbers of Free-cutting
Steels

Chemical composition, % Brinell

Grade hardness

Carbon Silicon [Manganese | Sulphur |Plosphorus| number

Al2 0.08-0.16(0.15-0. 35 0.6-0.9 |0.08-0.20/0.08-0.15| 167-217

A20 0.15-0.25|0.15-0.35| 0.6-0.9 |0.08-0. 15| Below | 167-217
0.06

A30 0.25-0.35(0.15-0. 35 0.7-1.0 |0.08-0. 15| Below | 174-223
0.03

A40I" 10.35-0.45|0.15-0.35| 1.2-1.55[0.18-0.3 | Below | 179-229
0.05




Table 19

Chemical Composition and Mechanical Properties of Quality Carbon

Steel
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Table 19 continued

Chemical composition, % Mechanical properties

tﬁ
] -

Grade o Sa o %_'_5 El g, E
Carbon Silicon Manganese | 2RE| S (8¢ E ES E
2ZE| 54 |556E|ZE %
SE2| &3 |ESEE =8 B
40T 0.37-0.45 | 0.17-0.37|0.70-1.00 60 17 4.2 | 207
457 0.42-0.50 { 0.17-0.37|0.70-1.00 63 15 4.1 217
50T 0.48-0.56 | 0.17-0.37/0.70-1.00 66 13 4.1 217
60I" 0.57-0.65 | 0.17-0.37|0.70-1.00 71 11 4.0 | 229
650 0.62-0.70 | 0.17-0.37(0.90-1.20 75 9 4.0 | 229
70T 0.67-0.75 | 0.17-0.370.90-1.20 80 8 4.0 | 229

Notes. 1, Sulphur and phosphorus content for

all grades of steel averages

< 0.04%, 5e‘;cept for grades 05KII, 08 and 10 where phosphorus content amounts

to £ 0.035%.
2. Hardr;)ess numbers of steel grades marked with an asterisk refer to non-

annealed steel, the balance representing hardness numbers of annealed steel.

Chemical Composition and Hardness Numbers
for Plough Share Rolled Steel

Table 20

Chemical composition, 9%

Brinell hardness number,

as supplied
Grade oth Minimum Maximum
Carbon Manganese elertneer:’ts iglizl;ﬁistl;n hardness
mm number
JI53 0.47-0.57 0.5-0.8 Silicon 3.8 256
0.15-0.4
Sulphur
below 0.05
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Table 21

Chemical Composition and Hardness Numbers
of Alloy Structural Steel
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Table 21 continued
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Table 21 continued

Brinell
hardness
Chemical composition, % number
after an-
nealing
Grade E-'E
E|f8
o
Carbon Manganese | Chromium eloc}::'f;ts §§_§ SE
Egw S
c:5 52
SES =8
36XHIM®A |[0.32-0.4 0.3-0.5 | 1.3-1.7 1.3-1.7 Ni
0.3-0.4Mo
0.08-0.15V
45XHM®PA |0.42-0.5 | 0.5-0.8 | 0.8-1.1 1.3-1.8Ni
0.2-0.3Mo
0.1-0.2V
30XHBA 0.27-0.34| 0.3-0.6 | 0.6-0.8 | 1.27-1.65Ni| 3.9 |(24]
. 0.5-0.8W
38XHBA 0.34-0.42]| 0.3-0.6 | [.3-1.7 | 1.25-1.65 Ni| 3.7 |269
0.5-0.8W .
40XHBA 0.37-0.44( 0.5-0.8 | 0.6-0.9 1.25-1.35“1;Ii 3.7 1269
0.8-1.
40XHMA 0.37-0.44| 0.5-0.8 | 0.6-0.9 [ 1.25-1.65Ni| 3.7 |269
0.15-0.25 W :
30X2HBA |0.27-0.34| 0.3-0.6 | 1.6-2.0 1.4-1;21\\”Ii 3.7 |269
1.2-1.
38XH3BA |0.34-0.42|0.25-0.55] 0.8-1.2 2.72-8.%5\{;“ 3.7 269
18X2H4BA 10.14-0.2 |0.25-0.55(1.35-1.65 | 4.04.51\\){; 3.7 |269
0.8-1.2 :
25X2H4BA |0.21-0.2810.25-0.55(1.35-1.65 4.0-4.31\}1} 3.7 |269
0.8-1. ’
30XHB®A |0.27-0.34| 0.3-0.6 | 0.6-0.9 2.0-2,5Ni
0.5-0.8 W
0.15-0.3V
30X2HB®A |0.27-0.34| 0.3-0.6 | 1.6-2.0 1.4-1.8Ni | 3.7 (269
1.21.5W
0.18-0.28V
38XH3BdA [0.34-0.42(0.25-0.55| 1.0-1.4 3.0-3.5 Ni
0.50.8 W
0.1.0.2V

a9



Table 21 continued
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Table 22

Chemical Composition and Hardness Numbers
of Non-annealed Spring Steels

Chemical composition, % Brinellhard-

ness number

E

E -2

Grade E.‘S:—' E,N
Carbon Silicon M::sg:- Other elements | 283 :E1§§

EEHEEE

SEgIsSE

65 0.6-0.7 10.17-0.37]0.5-0.8 — 3.8 255
70 0.65-0.75(0.17-0.370.5-0.8 — 3.7 | 269
75 0.72-0.8010.17-0.370.5-0.8 — 3.6 285
85 0.82-0.9010.17-0.37{0.5-0.8 — 3.5 ] 302
55IC 0.52-0.60| 0.5-0.8 |0.6-0.9 — 3.6 | 285
65T 0.6-0.7 [0.17-0.37(0.9-1.2 — 3.7 | 269
50C2 0.47-0.55| 1.5-2.0 |0.6-0.9 — 3.6 | 285
55C2 0.52-0.60f 1.5-2.0 |0.6-0.9 — 3.6 | 285
60C2 0.57-0.65( 1.5-2.0 |0.6-0.9 — 3.5 | 302,
60C2A 0.56-0.64| 1.6-2.0 |0.6-0.9 - 3.5 | 302
63C2A 0.60-0.65| 1.8-2.2 |0.6-0.9 — 3.5 | 302
70C3A 0.66-0.74| 2.4-2.8 |0.6-0.9 — 3.5 302
70C2XA |0.65-0.75| 1.4-1.7 |0.4-0.6} Cr 0.2-0.4 — —

(A1142) .
50XT 0.46-0.5410.17-0.37(0.7-1.0| Cr 0.9-1.2 3.5 | 302
50XTA 0.46-0.5410.17-0.37{0.8-1.0| Cr 0.95-1.2 3.5 302
S50XPA 0.46-0.54|0.17-0.37|0.5-0.8 C\:}r 0.8-1.1 3.5 | 302
0.1-0.2
50XIrdPA [0.48-0.55{0.17-0.37{0.8-1.0] Cr 0.95-1.2 3.4{ 321
-V 0.15-0.25
60C2X DA |0.56-0.64| 1.4-1.8 |0.4-0.7| Cr 0.9-1.2 3.5 | 302
vV 0.1-0.2 '

60C2XA |0.56-0.64| 1.4-1.8 |0.4-0.7| Cr 0.7-1.0 3.4 | 321
65C2BA 0.61-0.69| 1.5-2.0 [0.7-1.0] W 0.8-1.2 3.5 | 302
60C2H2A |0.56-0.64| 1.4-1.8 |0.4-0.7| Ni 1.4-1.7 3.5 302
55CT [ 0.5-0.6 1.3-1.8 (0.8-1.0 — 3.6 285
60CI" 0.55-0.65| 1.3-1.8 [0.8-1.0 — 3.6 285
60CT'A 0.56-0.64| 1.3-1.8 |0.8-1.0 —_ 3.6 285

Notes. 1. The 70C2XA (9M142) grade steel is marketed in the form of

strips.
g. In addition, high-quality steel differs from quality steel as to lower
sulphur and phosphorus content.
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Table 23

Chemical Composition and Hardness Numbers
ol Ball-bearing Steels

T+ inell hardn

Chemical composition, % Br :um erd ess

E -

Grade Eg_é;’ ) __E_E
Carbon |Manganese|Chromium| Silicon -E‘a_,_._EE EEEE .
SESEg|SE2Ex

HIX6 1.05-1.15| 0.2-0.4 | 0.4-0.7 10.15-0.35] 4.2-4.6 | 170-207
119:4) 1.0-1.1 |1 0.2-0.4 | 0.9-1.2 |0.15-0.35| 4.2-4.6 | 170-207
mWXx15 0.95-1.1 {0.2-0.4| 1.3-1.65(0.15-0.35| 4.2-4.6 | 170-207.
MXi15Cr [0.95-1.1 | 0.9-1.2 | 1.3-1.65| 0.4-0.65| 4.2-4.6 | 170-207

mX10 0.32-0.42] 0.4-0.7 [ 0.8-1.2 10.17-0.37

Notes. 1. The grade IIX10 steel contains maximum 0.03% both of sulphur
and phosphorus. The remaining grades of steel contain less than 0.027% of
sulphur and less than 0.029% ol phosphorus.

2. Nickel content may rise up to 0.3%, that of copper up to 0.25%, while
their sum should not exceed 0.5%.

Low-coercivity magnetic steels and alloys are used for the manu-
facture of parts of electrical machines. These steels comprise electric
sheet steel, low-carbon electric steel, high permeability alloys and
alloys with specific magnetic properties. .

Table 24 lists data on electric sheet steels, while Table 25 presents
data on low-carbon electric steels.

High permeability alloys, i. e., permalloys, include iron-nickel
alloys of grades 45H, 50H, 50HII, 05HII, 38HC, 50HXC, 79HM,
80HXC, 79HMA.

Table 26 presents data on alloys with specific magnetic properties.

Table 24
Electric Sheet Steel
Sil D
Grade contle{'xctc:"% aflgg;iengor
311, 212, 213, 31100, 21200, 21300 0.8-1.8 Low
221,922 .. .. .. ... ... .. 1.8-2.8 Medium
231, 232, 33100, 33200, 3310, 2320,
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Table 24 continued

Grade

Silicon

content, 9,

Degree of
alloying

9330, 9330A . .
941, 342, 243, >
D47, 248 . . .

34,

2.8-3.8

344, 45, 346,
N I N

Fairly high
High

Note. The steel grade designation is read as follows: 3 — electrie; the Arst
figure designates the degree of alloying with silicon; the second figure — guaran-
teed electric and magnetic properties; the letter “A” after the last figure de-
notes extra low specific losses; the third figure “0° means that the steel has
been cold-rolled and possesses adequate texture; the paired figures 00" denote

that the steel is cold-rolled and has no defnite texture.

Low-carbon Electric Steel

Table 25

Chemical composition, %. max
Grade Former name
Carbon |Manga-|silicon| Phos- [ Sul- |copper of steel
nese phorus| phur

3, DA, 2AA ’ 0.04

0.2 i 0.2 '0.025' 0.03

0.15 ' Armco iron

Note. The difference between the grades is set by checking thelr magnetlc
properties after annealing. Coercivity of steels of grades 3, 9A and 3AA should
not exceed 1.2, 1,0 and 0.8 oersteds, respectively.

Table 26

Alloys with Special Magnetic Properties

Name

Avefage content of
main elements, %

Nickel lCobalt I [ron

Permendur . .

Ditto . ... ..
Perminvar . . . .
Ditto . .. . ..
Ditto . ... ..
Isoperm . . . ..
Ditte . ... ..

- 50 | 50
- 49 149
45 25 | 29.4
70 7 | 22.4
45 2 | 21.9
50 — 1 80
36 — |55
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Table 33

Chemical Composition and Hardness Numbers
of Carbon Tool Steels

Chemical composition, % Brinell hardness number

Grade I'mpression Hardness

Carbon Manganese |Otherelements| diameter, number,

mm, maximum

minimum
Y7 0.65-0.74 | 0.20-0.40| Silicon 4.4 187
Y8 0.75-0.84( 0.20-0.40( 0.15-0.35 4.4 187
yar 0.80-0.901 0.35-0.60 4.4 187
Y9 0.85-0.94| 0.15-0.35| Sulphur 4.35 192
Y10 0.95-1.04| 0.15-0.35| 0.03 max 4.3 197
Yil 1.05-1.14 0.15-0.35 4.2 207
V12 1.15-1.24] 0.15-0.35| Phosphorus 4.2 207
Y13 1.25-1.35] 0.15-0.35| 0.035 max 4.1 217
uality steel differs from quality steel, the amount of carbon

Note. High-
being equal %orqb

oth, by lower sulphur and phosphorus contents, 0.02% and
0.03 as a maximum, respectively, and by a slightly different conient of man-
ganese and silicon. High-quality steel is designated ¥7A, ¥8A, YBTA, etc.

Table 34

Chemical Composition and Hardness Numbers
of Alloy Tool Steels )

Chemical composition, %

Brinell hardnass

number
Grade n
- . €s-
Carbon |Chromium| Tungsten elSrE]he;rts 3i:ll1prdia. I}‘.&‘,ﬂggis
mm
7X3 0.60-0.75| 3.2-3.8 | — — 4.0-4.4|229-187
8X3 0.76-0.85| 3.2-3.8 | — - 3.8-4.9| 955-207
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Table 34 conlinued

Chemical composition, %

Brinell hardness

number
Grade Tmpres -
Carbon |Chromium| Tungsten egﬁ,{’;{ts Sionrgia' f.‘lua:ndg:fs
m
65X 0.60-0.70[0.50-0.75 — — 4.4 min|187 max
9X 0.80-0.95( 1.4-1.7 — - 4.1-4.5/ 217-179
X 0.95-1.10{ 1.3-1.6 - — 4.0-4.4/229-187
X09 0.95-1.10[0.75-1.05 — — 4.0-4.5| 229-179
X05 1.25-1.40) 0.4-0.6 - - 3.9-4.3| 241-197
Xi2 2.00-2.30[11.5-13.0 — - 3.7-4.1/269-217
o] 0.95-1.05 — — Vanadium
0.2-0.4 [4.1-4.5/217-179
Bl 1.05-1.25/ 0.1-0.3 | 0.8-1.2 | Vanadium
0.15-0,30 |4.0-4.4)229-187
XT 1.3-1.5(1.3-1.6 — Manganese
0.45-0.70 |3.9-4.3)241-197
4XC 0.35-0.45] 1.3-1.6 — Silicon ,
1.2-1.6 14.2-4.6|207-170
6XC 0.6-0.7 (0.95-1.25 — . Silicon
0.6-1.0 |4.0-4.4]229-187.
XrcC 0.95-1.1 | 1.4-1.8 — Silicon
0.5-1.0 {3.8-4.2|255-207
Manganese
0.8-1.2
9XxcC 0.85-0.95|0.95-1.25 —_ Silicon
1.2-1.6 [3.9-4.3/241-197
8Xd 0.75-0.85) 0.5-0.8 — Vanadium
0.15-0.30 |[4.2-4.6]207-170
85X 0.80-0.90(0.45-0.70 —_ Vanadium
0.15-0.30 (4.2-4.6[207-170
4XB2C (0.35-0.44{ 1.0-1.3 | 2.0-2.5 Silicon
0.6-0.9 |4.1-4.5/217-179
5XB2C |0.45-0.54| 1.0-1.3 | 2.0-2.5 Silicon
0.5-0.8 (3.8-4.92/255-207
6XB2C [0.55-0.65| 1.0-1.3 | 2.2-2.7 Silicon
0.5-0.8 [3.6-4.0{285-229
5XBlr 0.55-0.70| 0.5-0.8 | 0.5-0.8 | Manganese
0.9-1.2 (4.1-4.5|217-179
9XBl 0.85-0.95| 0.5-0.8 | 0.5-0.8 | Manganese
0,9-1.2 |3.9-4.3|241-197
XBT 0.90-1.05 0.9-1.2 | 1.2-1.6 | Manganese | ,
0.8-1.1 |3.8-4.2/255-207
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Table 34 coniinued

Chemical composition, %

Brinell har dness

number
Grade I res
mpres-
Carbon |Chromium| Tungsten eg:,‘f:,fts sionpdia. I;llgrmdg:?s
mm
3X2B8 [0.30-0.40| 2.2-2.7 | 7.5-9.0 — 3.8-4.2| 255-207
4X8B2 ]0.35-0.45| 7.0-9.0 | 2.0-3.0 - 3.8-4.2] 255-207
XB5 1.25-1.50] 0.4-0.7 | 4.5-5.5 | Vanadium
0.15-0.30 |3.6-4.0|285-229
X12M 1.45-1.70|11.0-12.5 —_ Molybdenum
0.4-0.6 |3.8-4.2|255-207
Vanadium
0.15-0.30
5XHM 0.5-0.6 | 0.5-0.8 — Molybdenum
0.15-0.30 |3.9-4.3| 241:197
Nickel
1.4-1.8
5XI'M 0.5-0.6 | 0.6-0.9 — Molybdenum
0.15-0.30 [3.9-4.3|241-197
| Manganese
1.2-1.6
5XHT 0.5-0.6 | 0.6-0.9 — Nickel
1.4-1.8 |3.95-4.35| 235-192
Titanium
0.1-0.2
5XHC 0.5-0.6 | 1.3-1.6 -— Nickel
0.8-1.3 |3.8-4.2/255-207
Silicon
0.6-0.9
5XHCB | 0.5-0.6 | 1.3-1.6 | 0.4-0.6 Nickel
0.8-1.3 |3.8-4.2/255-207
Silicon
: 0.6-0.9
5XHB 0.5-0.6 | 0.5-0.8 [ 0.6-1.0 Nickel
1.4-1.8 |3.9-4.3{ 241-197
45XHT 10.43-0.5 | 1.2-1.4 —_ Nickel
1.5-2.0 |3.9min|24lmax
Titanium
0.03-0.12
45XtB |0.43-0.5 | 0.5-0.8 | 0.6-1.0 Nickel
1.5-2.0 [3.9min|24Imax
X1241 [1.45-1.7011.0-12.5 —_ Vanadium
0.7-0.9 |3.8-4.2{255-207
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5. COMMON USES OF VARIOUS GRADES OF STEELS AND ALLOYS

Steel grades

Uses

10, 15, 20, 25, 30, Cr. 1,
Cr. 2, Cr. 3, Cr. 4,
Cr. 5, 18I, 20T

35, 40, 45, 50, Cr. 6,
3or, 4o0r, 50r, 30re,
4072, 45I'2, 50I2

55, 60, 65, 70, Cr. 7,
60T, 65T, 70T

15X, 20X, 20X3, 15X®,
90X®, 15XT, 20XT.
18XT'T, 18XI'M, 13H2A

Carbon Structural Steels

Parts of machines, non-heat-treated, work-
ing under light loads, such as pins,
screws, nuts, studs, flanges, couplings,
rollers, caps, etc. Parts of machines
requiring high surface hardness and
subjected to carburising: gears, spindles,
arbors, pivots, shafts, sliding blocks,
etc. Measuring tools: carburised horse-
shoe gauges and templets. Steels Cr. 30
and Cr. 5 are used to manufacture
carburised simple-shaped parts

Parts of machines working under medium
loads. These steels are used after nor-
malising, as well as after a special
heat-treatment process aimed at improv-
ing their machinability (quenching
and high-temperature tempering): screw
fastenings, tie bars, levers, spindles,
gears, shafts, supports, disks, connect-
ing rods, couplings, rods, etc., pliers,
hand vice, screw-drivers, spanners,
jaws for lathe chucks, track tools.
Steels with increased manganese con.
tent possess higher hardenability and,
following heat treatment, are harder
and tougher than carbon steels with
similar carbon content. This must be

taken into account when choosing
steels

Collets, coil and plate springs, spring
washers, expanding rings, vehicle

springs, construction and harness-mak-
ing hand tools. Manganese steels are
best as far as springiness is concerned

Alloy Structural Steels

Carburised extra-strength parts of . ma-
chines working at high speeds and under
heavy loads: gears, shafts, arbors, worms,
spindles, plungers, pushers, cams, piston
pins, pivots, crosspieces of agricultural
machinery, etc. Slim and intricate-
shaped carburised measuring tools
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Continued

Steel grades

Uses

I5XH, 20XH, 12XM,
15XM, 20XM, 12XH2,
12XH3, 12X2H4.
19X2H3MA,  13H5A,

13XHBA, 13XHMA,
18XHBA, 18XHMA,
20XH3A, 20X2H4A,
18X2H4MA

38X A, 40X, 45X, 50X,
40XT, 40XH, 45XH,
40XM®A, 50XMOA,
35XT'C, 35X MOA,
30X M, 35XM,
35X2MA, 25X2MPA,
30M; 35XI'2, 37TXH3A,
40XHMA

45XHM®A
34X M, 34XHIM,
34X H2M, 34X H3M,

34X2H3M, 34X H3M®,
35X MA, 33XH3MA

30X, 356X
33XC, 37XC, 40XC

27Cr, 35CIr

62

Large heavily loaded parts working af
high speeds and subject lo impacts,
Following carburising and quench-
ing they acquire a wear-resistant
case and a tough and resilient core:
gears, shafts, worm-shafts, jaw clutches,
piston pins, connecting rods, parts
of vibroshears, - spindles of automatic
lathes, ete. The latter five grades can
also be used after heat-treatment

Heavy loaded heat-treated parts working
under increased bending loads and low
speeds, as well as cyanided parts and
those subject to quenching and low-tem-
perature tempering, working at high
speeds and under heavy non-impact
loads: gears, shafts, arbors, spindles,
couplings, water-pump rotors, critical
fastennings. The more the steel is al-
loyed, the more it is suitable for the
manufacture of large critical machine
parts

The heaviest loaded critical parts: gears,
spindles, shafts, clutch pawls for enga-
ging presses, etc. Fancy-shaped parts
which are to be minimum in size

Large heavily loaded parts: spindles,
torsion shafts, etc.

Turbine disks and shalts, and turbine
rotors

Axles, arbors, rockers, gears, fastenings,
autocrane gears, ete.

Extra-strength and tough parts with high
torsional resistance: torsion shafts,
cranks, axles, chain links, etc.

Axles, shalts, connecting rods, cranks,
buckets of excavating: machines and
other parts requiring high toughness
and wear resistance - - :



Continued

Stcel grades

Uses

25XTC, 30XTC

35%10A, 38X MIOA

25H, 30H

X6
X9
mX15

X 15Cr

mx1io

I'13

EX
EX3., E7B6
EX5K5, EXSK15M

a1, 22

Arbors, gears, main rods, rods, critical
fastenings, critical welded and stamped
parts, excavator buckets

Highly corrosion-resistant nitrated parts
working in abrasive media: spindles,
shafts, rams, plungers, measuring tools

Extra-hard critical parts having high
resistance to impacts: crankshafts,
atxles. connecting rods, gears, rotors,
etc.

Ball-bearing Steels

Balls up to 13.5 mm, rollerss up to
10 mm

Balls from 13.5 to 22.5 mm, rollers from
10 to 15 mm

Balls from 22.5 to 50 mm, rollers from
15 to 35 mm

Rings with wall thickness from 20 to
30 mm

Balls above 50 mm, rollers above 35 mm,
rings with wall thickness above
20-30 mm

Flat wire used for flexible rollers

Wear-resistant Steels

Machine parts working under heavy
impact loads: track shoes, and other
excavator parls, crusher jaws and jaw
plates, bucket lips, buckets, tracks of
excavating machines, railroad switches
and frogs

Magnet Steels

Rotors of internal-combustion engines

Magnets in telephones, electric meters, etc.

Powerful magnets for navigational de-
vices, etc.

Electric Sheet Steels

Armature and pole shoes of d-c electrical
machines

- 63



Continued

Steel grades

Uses

24, 24

3, 2A, 3AA

45H, 50H

S0HII, 65HIT

38HXC, 42HC, 50HXC

79HM, 80HXC, 7T9HMA

OX13, 1X13, 2X13,
4X13, X14, 2X13H4T9,
X14T'14H, X14T'14H3T,
1X13H3

9X18, 1X17H2, 2X17H2,
X17, 0X17T, X25T,
X25H9], X17H7I0,
O0X2IHS5T, X28
1X21H5T, 00X18H10,
0X18H10, X18H9,
2X18H9, X18HI10E,
0X18HIOT, XI18HIOT,
OX18H11, O0XI18H12T,
X18H12T, 0X18HI9B,
X28AH, X18H9T,
X17T9AH4, XI17AT14,

0X10H20T2, X16H15M36
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Stators and rotors of a-c electrical ma-
chines, magnetic circuits of transform-
ers, electromagnets for a-c apparatus
(measuring instruments)

Low-carbon Electric Steels

Magnetic circuits of relays, screens of

audio-frequency apparatus, etc.
High-permeability Alloys

Cores of power transformers, choke coils,
relays and elements of magnetic cir-
cuits operating at high inductances,
mainly with no or negligible magnet-
ising

Cores of magnetic amplifiers, choke
coils, commutating devices, elements
of computers, etc.

Cores of impulse transformers and audijo-
and/or high-frequency communications
systems, operating with no or negli-
gible magnetising

Cores of miniature transformers, choke
coils, relays as well as magnetic
screens

Corrosion-resisting Steels

Intended for operation in weak corrosive
media below 30°C (aqueous solutions
of salts, dilute nitric and various
organic acids, food media). Steels are
adequately resistant to corrosion by
fresh water, steam, air

Intended for operation in average cor-
rosive media—nitric’ and organic
(except acetic, formic, lactic, oxalic)
acids, most of the solutions of organic
and non-organic salts at various tem-
peratures and in various concentra-
tions



Continued

Steel grades

Usces

0X 21 H6M2T,
X17H13M2T,
0X 17H16M3T

0X23H28M2T

0X23H28M3 13T

¥7 and Y7A

V8, V8A, V8r

Y9, ¥Y9A

Y10, V10A, VY11, Y1IA,
Y12, YI2A

3969

For operation in highly corrosive media,

organic acids in particular: formic,
acetic, lactic, oxalic (below 5%), etc.,
as well as phosphoric (up to 32% P,0y),
containing {fluoric compounds; boric
acid with admixture of sulphuric acid
(up to 1%); hydrosilicofluoric acids
(up to 109% concentration)—for tem-
peratures below 40°C

Recipients for dissolving: sulphuric acid

in low concenlrations (up to 20%)
below 60°C; phosphoric acid, containing
fluoric compounds, and for other highly
corrosive media

Recipients for sulphuric acids in all con-

centrations, below 80°C; phosphoric
acid (32-50% P,0;), containing fluoric
compounds; hydrosilicofluoric acid in
increased concentrations (up to 25%)
below 70°C

Carbon Tool Sfeel

Cold chisels, cape chisels, simple hand

dies, snaps, screwdrivers, lathe cen-
tres, plate cutters, augers, lettering
dies, centre punches, dinking dies,
compound ‘pliers, cutting pliers, ham--
mers, forging punches, chisels shaping
dies, pneumatic tools, coppersmith’s
and tinner’s tools, woodworking plan-
ing cutters, chip axes, twist drills,
joiner’s tongs and mason’s tools

The same as for grade ¥7 steel plus

metal cutters, collets, simple dies for
cold punching, plane bits

Blades for saws, cold punching dies,

centres, woodworking tools—twist drills,
changeable cutters, planing cutters,
gouges, axes, chisels, planing bits,
stone chisels

Small simple-shape metal cutters working’

under light loads: round-nose tools,
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Continued

Sieel grades

Uscs

Y13, Y13A

7X3, 8X3

9X

X09
X, HIX15

X056
X12, X12M, X1201

Xr

metal slitting and end-milling cutters,
drills, reamers, screw taps, threading
dies, files, saw blades, scrapers, cold
punching dies, hand wood saws, cross-
cut and band saws. Measuring tools.
The choice of one of the above-men-
tioned steel grades is dependent upon
the intended use of a tool*)

Scrapers, razors, engraving tools, drawing
tools for the working of hard stones

Alloy Tool Steel

Hot upsetting dies, dies and punches for
hot bending, working below 500°C and
under slight impacts

Rolls for cold rolling, cogging rolls, let-
tering dies, drifts, cold upsetting dies
and punches

Cold punching dies, measuring tools

Round-nose tools, milling cutters, drills,
reamers, threading dies, screw taps,
measuring tools, cold punching dies,
wood saws. Grade IIIX 15 steel is superior
to grade X steel

Scrapers, engraving tools, sharp surgical
instruments, razors, drawing tools

Broaches, thread-rolling dies and knurls,
drawing tools, knives for presses and
cold metal slitting shears, intricate-
shaped dies for cold pressing

Grade X12 steel is intended for tools
which require no great impact strength
and which are not subject to heavy
impacts

Lorg and fancy-shaped tools for which,
at hardening, slight deformation is
allowable such as cutting tools work-
ing under light loads: milling cutters,
screw taps, threading dies, reamers,

* Tools subject to slight impacts in the course of operations should be
manufactured jrom steels lower in carbon. Tools which require extra hardness
and which suffer no impacts should be manufactured from high-carbon steels.
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Continued

Steel grades

Uses

Bl
XB5
5XBI

9XBTl

XBT

8Xo
85X @
4XC

6XC

9XC

Xrc
4XB2C

5XB2C

broaches, etc.; measuring tools, cold
pressing dies, press moulds for plastics,
woodworking cutters, jig bushings

Drills, screw taps, reamers, saw blades,
roller knives

Cutting tools for working of extra-hard
metals at low cutting speeds

Intricate-shaped dies for cold and hot
pr?ssing, which tolerate slight warping
only

Cutting and measuring tools of compli-
cated shapes. Dies of complicated con-
figuration for cold pressing which tol-
erate slight warping only. Long knives
for cold cutting of ‘metals

Cutting and measuring tools of long and
complicated configuration which tol-
erate slight warping only

Screw taps, threading dies, embossing
dies for thin pieces, dies for the man-
ufacture of bolts, nuts and rivets

Knives for cold cutting of metals, dies
for cold trimming, centre punches

Woodworking tools: saws, cutters, knives,
etc.; paper-mill knifestools '

Dies for hot pressing, knives for cold
and hot cutting of metals, pneumatic
tools

Knives for cold and hot cutting of
metals, small dies for cold pressing,
prneumatic fools

Cutting tools, mainly subject to grinding
in the manufacturing process: drills,
centre points, milling cutters, reamers,
counterbores, screw taps, broaches.
Dies for cold pressing

Measuring tools

Press moulds for low-temperature pres-
sure casting, hot pressing dies, knives
for hot cutting of metals, pneumatic
tools

Dies for cold and hot pressing, knives
for cold and hot cutting, press moulds
for casting low-melting alloys, thread-
ing rolls



Conlinued

Steel grades

Uses

6XB2C
3X2B8

4X8B2

5XHM, 5XI'M, 5XHT,
5XHC, 5XHB, 5XHCB

P9, P18

Pod5

POK 10

Pl494-
Pl8d2 -

PISKE®2. « -
PI8KS, P18KI0 - -

68

Cold and hot pressing dies, threading
rolls, woodworking tools

Press moulds for pressure casting of alu-
minium and copper alloys, hot pressing
dies and knives for hot cutting of
metals working under heavy-duty and
high-temperature conditions

Press moulds for casting non-ferrous
alloys, dies for hot pressing working
under heavy-duty and high-temperature
coaditions

Forging dies

High-efficient cutting tools which retain
their cutting ability at a temperature
of up to 600°C. Grade P9 is more
difficult to grind than the P18 grade

Efficiency, wear resistance, and red
hardness of steels listed below with
their particular features and uses are
higher than those of the P9 and P18
grades

Chiefly used for the manufacture of
finishing tools. A difficult-to-grind ma-
terial

Heavy-duty cutting tools. Drills for
working of heat-resistant alloys and
hard-to-work materials

This steel has a tendency to decarbu-
rise

Cutting tools for the working of extra-
hard- materials. A difficult-to-grind
material )

Cutting tools for the working of mate-
rials of - different hardness numbers,
and -of stainless and heat-resistant
alloys i

Takes grinding satisfactorily

Cutting tools for the working of hard-
to-work materials

1.Satisfactory -grindability
-} High-speed cutting tools. Retain hardness
- - at temperatures up to about 670°C



Heat-resisting and Non-scaling Steels *

Heat-re- Non-
Grade Use sisting scaling
up to, °C
X5 Pipes — 650
X15M, X5B® Parts of oil-refinery equipment| 600, v.l.d. | 650
X6CM Pipes, parts of pumps, valves | 660, 1.d. 700
1X8B®D Pipes for furnaces, apparatus
and mains of oil-refining : )
plants 500, 1.d. 650
4X9C2, Exhaust valves of internal com- | 650, 1.d. 850
4X10C2M bustion engines, pipes of re:
(U107) cuperators, - heat exchargers,
fire bars - i BN
1X12H2BM® Compressor disks, blades and| 600, s.d. 750
(2H961) various -heavy duty elements . .
1XB, 2X13 Parts of machines and hard-| 500, 1.d. 750
ware requiring high plasticity:
turbine blades, valves, bolts,
etc.
0X13 Ditto v — —
3X13, 4X13 Machine parts requiring high
hardness: cutting, measuring
and surgical instruments,
springs, hardware — e
3X13H7C2 Valves for automobile engines — 950
(3U72)
1X13H3 Heavy duty parts working in|.
fresh and/or sea water - — -
1X17H2 High-strength steel for blades .

(31126-8) of axial compressors _ =
9X18 (31229) Bearings for oil-refinery equip- -
ment and various extra- hard

) wear-resistant- parts e —
X6C10 (9M428) | Parts of boiler installations - —_ 700
IX11M® "l Blades of steaifi boilers - 550 Ld. -
1X12BHM® Rotors, disks, blades, bolts 570 ld. ’
(31/1802) :

* The terms «heat- resisting” and “non- scallng" whel'l referring - fO steelr
are rather loosely used and it is necessary to finalise their meaning.
Heat-resisting steels -are those that retain much of their strength afistevaied

temperatures.

Non-scaling steels are those that are highly resistant to-corrosion at ele-
vated temperatures.— 7r, .
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Heat.re. Non.-
Grade Use sisting scaling
up to, °C
92X 12BMB®P | Rotors, disks, blades, bolts 600, 1.d. 750

{31993) .
1X12B2M® Rotors and disks of steam tur-

(31756) bines, blades 600, I.d. -
1X12CI0 Valves of engines and various .

(SH404) other parts - 950
X14 (3U241) Parts turned in automatic

lathes—screws, nuts, threaded

parts - —
X17 Equipment of nitric acid plants,

hardware. Not recommended

for welded structures - 900
OX17T (21645)| The same as for the X17 steel

and also recommended for

welded structures — 900
X25T (9M439) | Structures (including welded

structures), working in more

corrosive media than the X17

steel. Thermocouple shields,

pipes for pyrolisis installa-

tions, etec. — 1050
X18CIO (3M484)( Pipes for pyrolisis installations,

various equipment, etc. - 1050
X28 (91349) Same uses as for steel X25T,
X28AH (91657)) as well as for media contain-

ing acetic acid. Pipes for

pyrolisis installations, heat

exchangers -_ 1150
2X13H419 Parts manufactured from sheets

(3U100), and strips welded by point
X18HY, welding. When welded by
2X18H9, other methods, intercrystal-

X18HIOE line corrosion is possible.

(PN453), Furnace fittings, etc. _ 800"
X14I'MH, - :
X17HT 14,

9I0 Extra-strength steel working in

(31904), the air & € - —
X17H7I0
. (PN9T3)
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Continued

Heat-re. Non-
Grade Use sisting scaling
up to, °C
9X 17H2 The same as above, but in cor-
rosive media
(5H732)
X20H 14C2 Furnace conveyors, carburising
(3K211) boxes — 1050
0X21H5T Manufacture of welded appara-
(3U53), tus for various branches of
1X21H5T industry. Furnace fittings,
(2Uslly, parts of exhaust manifolds — 800
XI8HIOT,
X18HIT,
XI8HI2T,
X 14T 14H3T
9X 18H10T Welded apparatus operating in
(3H914), higher corrosive media than
0X18HI11 those manufactured from steel
(311684), X18HIOT. Parts of furnace
00X 18HI0 equipment —_ 800
(211842),.
0X18HI2T,
X18HI2T,
0X18HI12B
0X21H6M2T Parts operating in boiling phos-
(OU54), phoric, formic, lactic, acetic
X17H13M2T acids and other highly cor-
(911448), rosive media —_ -
X17H13M3T
(2H432),
0X17H16M3T
(3U580)
0X 23H28M2T | Welded structures operating in
(311628) hot phosphoric and sulphuric
acids, below 60°C . — —
0X23H28M3/J13T| Welded structures operating in
(9M1943) hot sulphuric acids (below
80° C), resistant also to hy-
drofluoric acids — —
4X 18H25C2 Furnace conveyors and other
heavy-duty parts —_ 1100
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Heat-re- Non.
Grade Use sisting scaling
up to, °C
0X23H18, Pipes and parts [or methane
X23H18(3U417) conversion and pyrolisis in-
stallations, for gas mains,
combustion chambers 1000, d. | 1050
X25H16T'7AP Parts of gas mains, manufac-
(21835) tured from sheet steels 950, s.d. | 1100
X25H20C2 Boiler brackets and ‘supports,
(PH283) pipes for pyrolisis installations - 1200
1X25H25TP Parts of different systems 950, s.d. | 1100
(3K1813)
XH38BTIO Turbine and compressor disks
(DHI787) and blades 750, s.d. | 900
X H6010 Parts of gas mains, and equip- .
(9H5594), ment 850-1100,| 1200
XH70I0 s.d.
(2H652) _
XH78T (3M435) | Ditto ~ — 1100
X H70 (3U442) Equipment — 1150
4X 12H8r8M®B Turbine disks 650, s.d. | 750
(341481) _
X12H22T3MP Turbine disks 750, s.d. | 850
(2H33) g
0X14H28B3T3!OP| Ditto 750, s.d. | 900--
(91786) o .
X12H20T3p Turbine parts 700, s.d, | 850 .
(21695) : o T
1X [4H16B Superheater pipes and extra-
(311694), high pressure pipelines 650, 1.d. | 850
1X14HI6BP )
(21694P), 650, 1.d. | 850
1X14H18B2B
(21695), 700, 1.d. | 850
1X14H18B2BP
(3U695p) - o ] 700, 1.d. | 850
1X14H18B2BP1 Turbine rotors, disks and . )
31/1726}3 blades . {700, 1.d. | -850
4X14H14B2M Engine valves pipeline ﬁttings 650, 1.d. | 850
(31169) )
4X15H7T7902MC | Blades of gas turbmes fasten- :
(3H1388) ings 650, s.d. | 800
1X16H13M2B Forgmgs for disks and rotors,
(311680) blades 600,v.1.d.] 850
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Continued

Heat-re- Non-
Grade Use sisting scaling
up to, °C
X16H15M3b Superheater pipes and high-
(D11847) pressure pipelines ’ 350, v.l.d. 850
3X19HIMBbB Rotors and disks, bolts 600, v.l.d. 800
(S1572)
XH35BT Gas-turbine blades, disks, ro-
(3U612) tors, fastenings 700, 1.d. —
XH35BMT Turbine blades, fastenings 700, 1.d. 900
(9H1692) . ‘ ) .
XH35BTP Gas-turbine parts manufactured
(3N 725) from thick sheets , 780, v.l.d. 900
-XH38BT. Parts manufactured from sheet '
(9U703) steel and working at medium ’
pressures 600-950, s.d.| 1050
XH70BMIOT Blades, fastenings 750, v.l.d. 10 -
(9V1765) 800, 1.d, 00
XH70BMTIO Turbine blades 850, s.d. 1000
(211617)

XHS80TBIO Turbine blades, fastenings 700, v.l.d. 1050
(2H607) o
XH70MBTIOB | Turbine blades 850, s.d. 1000

(911598)
XH67MBTIO Turbine blades 800, 1.d. 1000
 (9U1445P) 850, s.d. }
XH75MBTIO Turbine parts manufactured ' )
(311602) from sheet steel 800-950, s.d.| 1050
_XH77TIO Turbine disks and blades 750, s.d. 1050
(PU4374)
XH77TIOP Ditto 750, s.d. 1050
(9M1437) _
. XH60B Turbine parts manufactured
(211868) from sheet steel 800-1000,
s.d. 1200

Notes. 1. High-temperature resistance is defined as the temperature of the

beginning of intensive scaling.
2. Short duralion of service o

f an element (s.d.)‘ denotes a life span from

100 to 1,000 hours, while long duration (1.d.) Implies an Interval from 1,000
to 10,000 hours; very long duration (v.l.d.) signifies a considerably longer

period, -extending usually from 50,000 to 100,000 hours.



Chapter IV
HEAT-TREATMENT OF STEEL

1. HEATING OF STEEL

A heat-treatment procedure consists in heating metal_s and alloys to
a certain temperature, holding and cooling them at various rates with
the aim of altering their structure and properties. .

Each of the heat-treatment processes comprises the following opera-
tions:

1. Heating to a prescribed temperature.

9. Holding for heat saturation and completion of structural changes.

3. Cooling at a requisite rate.

The rate of heating depends on chemical composition, shape and size
of the work. ) .

A. When using flame or electric furnaces the following work may be
charged into a furnace preheated to a given temperatire: (1) articles
from low-carbon steels, regardless of their structure, shape and size;
(2) small- and medium-size articles from other grades of steels which
have been annealed or normalised.

Articles with sharp angles, large-size articles, as well as any artigles
subject to repeated hardening should be heated up gradually, after be-
ing charged to a cooled furnace.

B. When using salt or lead baths, the following articles may be im-
mersed in a bath preheated to a given temperature: (1) articles from low-
carbon steels, regardless of their structure, shape or size; (2) articles
from other grades of steel having simple configuration, and with no
abrupt changes insection (rolis, rollers, tools with welded bits, etc.).

The heating of all other articles should comprise a preheating pro-
cedure to about 500-800°C. Preheating can be carried out in separate
furnaces as well as in bath-type furnaces hy repeated (depending on
size) immersion of the article in molten salts (see Table 37) or lead for
2-3 seconds. Two preheatings, up to 600 and 850°C, are necessary for
artt'icles from high-speed steels having a highly complicated configu-
ration.

Approximate duration of heating in various furnaces may be found
by referring to Table 38.

The duration of heating is influenced by many factors, e.g., the
number of articles charged into the furnace, the useful volume of the
furnace, the arrangement of articles in the furnace (in bulk or in such
a way that each piece is flushed by the hot gases), charging tempera-
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fure, temperature uniformity, looseness of furnace door, etc. Practically,
the duration of heating is to be determined on the spot with due consid-
eration of the all above-mentioned factors.

Heating temperature, holding time, and cooling rate are dependent
upon the steel grade and the heat-treatment process employed.

Table 37
Salt Mixtures Most Frequently Used for Heating in Salt Baths on
Hardening
Mixture components Chemical Weoight, Melting Rticnc-:gleTae{lLﬂ-id
formula % point, °C ranges, °C
Common salt NaCl 50 560 590-900
Soda ash Na,CO, 50
Common salt NaCl 50 595 630-850
Calcium chloride CaCl, 50
Common salt NaCl 22.5 635 665-870
Barium chloride BaCl, 77.5
Common salt NaCl 44 660 720-900
Potassium chloride KCl 56
Common salt NaCl 100 800 830-1100
Barium chloride BaCl, 100 962 1100-1350
Table 38
Approximate Heating Time for Articles in Various Types of
Furnaces
Heating time for 1 mm of diameter
Furnace or thickness of article, sec
tempsrature,
c Round Square Rectangular
section section section
Electric furnace 800 40-50 | 50-60 | 60-75
Qil furnace 800 35-40 45-50 55-60
Salt bath 800 12-15 15-18 18-22
Lead bath 800 6-8 8-10 10-12
Salt bath 1300 6-8 8-10 10-12
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2. OXIDATION AND DECARBURISATION ON HEATING

ce gases affect the heated steel by oxidising and d'ecar_bu.
risﬁi[r?geiftl.”’ll:lge cgmbination of the oxygen of the furnace gases with iron
resulls in the formation of scale, while its combination with stee

decarburisation. o ‘
cal:l?kfg bc:sliss'lsethod to protect the work from oxidation or decarburisa.

tion is the use of muffle furnace provided with controlled or protective
here. .
atgg:{)ro?ied atmosphere composed ?f }(]‘,02, CO, Hz, and Ng is mostly
sed in the practice of heat-treatment shops. .
ugédorllrt]rolreg atmospheres may be produced by incomplete combustion
of coke-oven, generator, natural and various other gases, purified from
CO. and thoroughly dried to remove water vapours.

11

e

O 0O 0O 0 O
O 0O O O o
O O O O O

Fig. 5. Perforated cylinder used for deoxidlsing
salt baths

If no installations are available for the production of controlled
atmosphere, the articles to be heat-treated are packed into containers’
filled with insulating solid material consisting of: (a) used carburiser;
(b) cast-iron chips, fresh or with the addition of 50% of the used ones;
(c)-burned asbestos, etc. -

Pure charcoal is not an effective means of protection of high-carbon
steels against- decarburisation.

- Tools from high-speed and high-chromium steels are protected against
gecarburisation by preliminary immersion in a saturated solution of
orax.

Upon heating, the borax melts and spreads itself in a thin layer
over the surface of the article, thus safeguarding the latter from reac-
tion with the oxidising medium.

To protect heated paris against oxidation, some charcoal is placed
in the furnace near the charging door.
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Smaller parts are protected against scaling by immersion in the so-
lution prepared as follows: 1 part of calcium chloride is dissolved in
95 parts of water; after boiling the solution is allowed to cool, then
9 parts of ground fluorite are added to it.

To avoid decarburisation, salt baths should be deoxidised 2-3 times
per shift by adding, to the molten salt, crushed 75% ferrosilicon (200-
300 g per one CI13-75 type bath), boric acid, and 40 to 50 g of potassium
ferrocyanide or potassium ferricyanide per bath. The deoxidation of
2 barium chloride bath is effected at 1300-1320°C. With the deoxidis-
ing agent charged, the bath is allowed to stand for 15-25 minutes, after
which the slag is skimmed and the temperature brought down to th
required level. -

Deoxidation of salt baths with charcoal is widely gaining recogni-
tion. A perforated cylinder with a welded handle (Fig. 5) is filled with
charcoal and immersed in the molten salt. As the cylinder with char-
coal is immersed, big tongues of flame appear and then fade away grad-
ually (within 15-20 minutes) and disappear. This indicates theend of
the deoxidising process. It is recommended to deoxidise the baths in
the above manner 2-3 times per shift.

Salt baths are checked for deoxidation with the aid of ordinary
safety razor blades. A blade heated for 3-5 min. in a properly deoxidised
bath and quenched in water should rather break thian bend.

The deoxidation of alkaline baths is effected by charging potassium
ferrocyanide on the bath surface in the amounts equal to 0.2-0.3% of
the alkali weight. The bath should be mixed for 15-20 minutes, after
which the slag is skimmed.

A layer of charcoal 15-20 mm thick is charged on the surface of fead
baths to protect the latter against oxidation.

Files are safeguarded against decarburisation by luting (Table 39).

Table 39
Lutes Used to Protect Files Against Decarburisation on Hardening
Composition, %
Material
Ne I | No.2
Crushed horn . . . . . . . .. oo ... 30 45
Potassium ferrocyanide . . . . .. ... 3 4.5
Common salt . . ... ... ...... 38 45
Saltpetre . . . . . . . ... ... 12 -
Flour. . . . . ... ... ... 17 1.5
Joiner's glue . . .. ... .. ... — 4

A Leningrad plant uses abrasive powder No. 100 as a protective Jute.
The files are flushed with joiner’s glue, coated with the abrasive powder
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to a layer 1.0-1.5 mm thick, and dried. A simple reliable protective
means is 8 prehardening pickling of files for 10-15 minutes in an acid
solution eomposed of (% by volume): sulphuric acid (concentra-
ted) — 7%, nitric acid (concentrated)—7%, water—86%. After pick-
ling, ihe files are dried near the furnace.

3. ANNEALING

Annealing is used to decrease hardness, fo relieve infernal siresses,
to correct structure, to eliminate strain hardening, to improve machin-
ability. Data given in Table 40 may be useful to determine the type
of annealing necessary.

Recrystallisation Annealing of Cold-Worked Steels

Heati .
Grade of steel tempegrcaxlpl.ﬁ'e, %gglilt?r%
V7-¥13, Y8, ®, BI, 08-70, I5[-70T,
10T2-50r'2, 70C2X A, EX3 680 Air
IIX6-1IX 15, LIXI5CT, 40X, 38X A, 20X3,
10XDA, 38XMIOA, 30XICA, X, 9X.
X05, 7X3, 8X3, 9XC, XIC, 4XC, XT.
4XB2C, 5XB2C, 6XB2C, XBI', XB5 700 Air
P9, P18 760-780 | Water
X12, X12M, X121, 9X18 730-750 | Water
X9C2, X10C2M, X17 850 Water
1X13, 2X13, 3X13, 4X13 720 Air
0X18H10, 1X18H9, 1XI8HOT, 2XI3H4Tr9,
X18H11B, 2X18H9, X15H60, X20H80.
X20H8OM3, 4X14H[4B2M, 4X18H25C2 850 Water
19XH3A, 12X2H4A, 20XH3A, 30XH3A,
37XH3A, 40XHMA 660 Air
18XHBA, 25XHBA, 20XH4®A 640 Air
X13104, 1X17605, 0X17105, 1X25105,| . .
0X25105, X925, X27, X28, X25T 700 Water

Note: Holding at recrystallisation temperature on open heating can last up
to one hour.
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4. NORMALISING

Normalising is used to correct the structure of overheated steel, to
relieve internal stresses and to improve machinability of structural
carbon and low-alloy steels.

For normalising, the articles are heated to 30-50°C above the Ac,
point and then cooled in still air. ‘

When it is necessary to increase the depth of hardening of carbon
tool steeis, thiey are also normalised.

Hardness numbers of carbon steels in annealed and normalised
conditions are presented in Table 41.

Table 41

Brinell Hardness Numbers of Steels iﬁ Annealed
and Normalised Conditions

Structural steels
Condition
Low- Medium- High-
carbon carbon carbon
Annealed . . . . ... . ... ... 125 160 185
Normalised . . . . . . ... ... 140 190 230

- 5. HARDENING:

Hardening is used to impart maximum hardness fo steel. Prior fo
hardening of hypoeutectoid steel, the latter is heated to 20-30°C above
Ac,, while eutectoid and hypereutectoid steels are heated to 20-30°C
above A¢, and then, after holding, rapidly cooled. The work is cooled
in water, oil or air depending on its chemical composition, size, and
shape. . .

Ccp)oling of work on hardening.The rate of cooling on hardening should
be sufficient to ensure the transformation of austenite to marten-
site. In practice, the required rate of cooling is attained by cooling car-
bon steels in water; alloy steels, depending on their composition, are
cooled in water, oil, kerosene or between plates, while certain grades
of high-alloy steel are air-cooled (Table 42). . ‘
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Table 42

Cooling Rates of Steels in Various Quenching Media
(according to S. S. Steinberg)

Cooling rate per
Cooling media second at
650-550°C | 300-200°C
Water at 18°C . . . .. .. .. ... 600 270
Water at 26°C . . . ... ... ... 500 270
Water at 50°C . . ... ... .... 100 270
Water at 74°C . . . . .. ... ... 30 200
Solution of 10% of sodium hydrate in
waler at 18°C. . . . . .. .. ... 1200 300
Solution of 10% of common salt in wa-
terat 18C . . ... .. .. .... 1100 300
Solution of 10% of soda in water at
G e e e e e 800 270
Solution of 10% of sulphuric acid in
water at 18°C. . . . . ... . ... 750° 300
Soap water . . .. . ... ... ... 30 200
Mineraloil . . . .. ... ... ... 100-150 20-50
Kerosene . . . . ... ... 160-180 40-60
Copper plates . . . . ... .. 60 30
Jron plates . . . . ... ... .... 35 15
Table 43
Oils Used for Isothermal and Step Hardening and Tempering
. Flash
0il po‘:éat?mc ol poindtf °C
Spindle oil 2. . . . . . 165 | Cylinder oil 2 . . . . 215
Spindle il 3. . . . . . 170 Viscosine 3 . . . . . 240
Motor oil 4. . . . . . . 180 [ Cylinder oil 6 . . . 290
Machine oil JT . . . . . 180 Distillate 6 . . . . . 300
Machine oil C . . . . . 190 |Vapour T . . . ... 320
Machine oil C¥ , . . 200

Oil retains ifs hardening ability from 20 fo 150°C.

Copper and iron plates are better when hollow and water-cooled.
When using massive plates, their surface should be coated with a thin
film of oil to add to their cooling ability.
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When hardening work from high-carbon steels and of very complicat-
ed configuration, 50% aqueous solution of caustic soda (sp.gr.
1.36) at 20-60°C is used as a hardening medium. The quenching in the
above solution is to be effected under the hood.

When employing isothermal or step hardening, hot oil or low-melt-
ing salts are to be used (Tables 43, 44).

Fig. 7 shows the manner in which the work should be immersed in
the cooling medium to prevent warping.

Table 44

Compositions of Salts Most Frequently Used for Hardening
and Tempering

. Melti Temperature
Constituents Formula We}ysht, ;oi;n?.g recommended
o for use, °C
Potassium nitrate ., . . . . KNO, 56 153 175-500
Sodium nitrate . . . . . . NaNo, 44
Potassium nitrate . . . . . KNO 50
Sodium nitrate . . . . .. NaNé, 50 220 245-500
Sodium nitrate . . . . .. NaNOQ,; | 100 317 325-500
Potassium nitrate . . . . . KNO, 100 337 350-500

When considering hardening, the following methods are to be dis-
tinguished:

1. Hardening in one cooling medium. The heated work is cooled down
to below 150-100°C in one medium, This is the chief procedure for hard-
ening oil-cooled alloy steels and carburised carbon steels cooled in
water; this method is also used for hardening simple-shaped work from

Cooling Medium

Fig. 7. Dlrectlon of immersion of tools in a cooling @M



medium- and high-carbon steels. Carbon-steel articles up to 6-7 mm in

diameter are oil-hardened. . led in
2. Hardening in two cooling media. The heated work is COQ] eb %h

water down to 200-250°C, then it is quickly trans_femj.d to an oil at

for further cooling. Approximate duration of cooling in water prllor o

transfer is about I-1.5 sec for every 5-6 mm of diameter or thickness,
This is the main hardening procedure for carbon tool steels.

Table 45

Effect of Salt Temperature on Cooling Time of Heated Steel
Cylinders

Salt temperature, °C

205 | 260 | 315

Diameter of
cylinder, mm

Time necessary to bring the cylinder to the salt
temperature, min

25 5.0 4.0 3.5
50 8.0 7.0 6.0
70 13.5 12.5 11.5

3. Jet hardening. Cooling is by a water jet or shower, this method
being used for work with through or blind holes. . .

4. Isothermal hardening. The heated work is cooled in hot ail,
molten salt or metal (lead, tin) at 20-30°C above the beginning of the
martensitic transformation for the grade of steel considered (Table 45).
Once the transformation of austenite is over, the work is air-cooled.
As a result of isothermal transformation, acicular troostite is formed.
Tempering, following isothermal hardening, is optional. .

This method is used to harden work of complex shape with a view
to avoid cracks and warpage. ,

5. Step hardening. 1) The heated work is cooled in a hot medium to
20-30°C "above the martensitic transformation point to even the
temperature throughout the cross-section, following which it is air-
cooled. Alfter the work is removed from the heated medium, it can be
straightened before the austenite transformation is over. This method
is used for the hardening of complex-shape articles from carbon tool
steel up to 8-10 mm in diameter. o

2) The heated work is cooled, first in a hot medium at 150-180°C,
to balance its temperature, then in the air. This method prohibits the
straightening operation but the number of rejected pieces due.to cracks
and warpage, as compared to the usual hardening procedure, is consid-
erably reduced.

6. Tempering combined with hardening. The working edge of the
heated work is water-cooled, then removed and tempered to the colour
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required. This method is mainly used for percussive fools made of car-
bon steel.

7. Hardening through air-cooling. The work, heated above the
required temperature, is air-quenched down to normal hardening tem-
perature, after which it is hardened. This method is widely employed
for carburised work when the latter is hardened directly from the
case-hardening temperature (chiefly used for dies manufactured from
grade 5XHT steel, etc.).

8. Bright hardening. The work, heated fo hardening temperature
is cooled in molten alkalis, after which it is flushed, first in hot water,
then with a heavy jet of cold water and, finally, immersed in aqueous
solution of 1.5% sodium nitrite and 0.3% soda ash to prevent corrosion.
The bright-hardening technique, while displaying all the merits
of the isothermal and step hardening procedures, is superior to them on
the following points: the work remains bright, warping is minimised
and higher mechanical properties are obtained.

Salt baths used for heating prior to bright hardening should confain
no barium chloride as its presence spoils the allali bath. The best
composition is 100% KCl or a mixture of 50% NaCl and 50% KCI.
Table 46 gives chemical compositions of alkali baths and their opera-
tion temperature charts.

Table 46
Chemical Composition of Alkalis Used for Bright Hardening

Bath composition g | Melting point. ,aﬁg‘g‘g?'ﬁggfic
Potassium hydrate . . . . .| 75
Sodium hydrate . . ... .| 25 130 150-250
Water. . . ... ... .. 6
Potassium hydrate, . . . .[ 63
Sodium hydrate . . . . . . 37 159 180-350
Sodium hydrate . . . . . .| 100 392 350-700

Baths working above 250°C are deoxidised, when necessary, by addi-
tions of potassium ferrocyanide (0.2-0.3% of alkali weight).Parts treat-
ed in non-deoxidised baths blacken. Baths working below 250°C do
not require deoxidising. In case the bath thickens, small amounts of
30-50% aqueous solution of potassium hydrate are added, at below
200°C, in minute portions, with the aid of a long-handled ladle, in or-
der to fluidise the bath and to enhance its hardening ability.

Hardening power of low-temperature alkali baths depends on the
amount of water added to it. Maximum hardness is displayed by arti-
cles processed in baths with 10% of water. A greater amount of water
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causes soft spots. No eruptions are observed when water is added. The
amount of water in the bath is determined by measuring the hardness
of samples hardened under similar conditions. Fig. 8 presents hardness
curves of samples from grade 45 steel 26 mm in diameter and 50 mm in
length.

Tghe alkali bath should be agitated by an impeller at 800 to
1,400 r.p.m. or by a rotating worm at 600 to 800 r.p.m. The bath
should be cleaned periodically from foam and sediments.

When bright-hardened parts rust as a result of inadequate flushing,
the defect may be corrected without change of the part’s size, by heat-

ing it in a special solution at

52 70-80°C for 30-40 min (to remove

7 rust) with subsequent thorough
/ washing by a strong water jet and
immersion in a solution of sodium

nitrite. The solution is prepared
/ 2 as follows: 100 grams of chromic

% anhydride and 110 grams of ortho-
// phosphoric acid (sp.gr. 1.6) are dis-

N
=Y

BNy
A

solved in 200 cm® of water, after
which water is added to obtain 1

o
Q
~J

litre of solution.
9. Sub-zero hardening (sub-zero

// treatment). The structure of hard-

W
o0

ened carbon and alloy steels always
includes some amount of austen-
ite. In articles tempered above
200-250°C, this austenite turns to
tempered martensite upon heating.
In articles tempered below 200°C,
the austenite is “frozen dead” and
remains unaltered in the steel.
i 3 7 % . Austenli1t_e his“remalikalbly stdable
in some high-alloy steels, and on
water, per cent tempering, its transformation to
Fig. 8. Relatjon of hardness number  martensite is incomplete. Maximum
of a Sﬂtmpfle frfm Slteteldct 35 tothe austenite decay can be achieved
O tomperatute aleo batni® @ through additional cooling to below
1—bath temperature equal 1o 2000c;  Zero alter hardening. Table 47 lists
2—bath temperature equal to 250°C  the sub-zero treatment tempera-
tures for some grades of steels. Sub-
zero treatment should be carried out immediately after the article has
cooled down to room temperature, since maturing at room temperature
makes austenite very stable. Time interval from hardening to sub-zero
treatment should not exceed 1-3 hrs while it should be still shorter
for carbon tool steels. Sub-zero treatment should be carried out prior
to tempering. It has been found that sub-zero treatment does not
improve the cutting ability of high-speed steels. Rapid cooling should
be avoided in order to prevent cracks. Liquid nitrogen, liquid oxygen,
fiq“d carbon dioxide, freon, etc., may be used as cooling me-
ia.

[5%Y
]

“Rockwell Hardness Number R,

8

24
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Table 47

Sub-zero Treatment Temperatures for Some Grades of Steels
to Enhance Austenite Transformation

Treatment Treatment
Grade of steel lempeﬂr(a:ature, Grade of steel tempq’réture.
y8 0 X15 —30
YI0 0 X121 —70
Y12 —20 18XHBA (carburised) —85 *
Xr —50 12X2H4A (carburised) —85*
XBr —80

& For the carburised layer.

10. Surface hardening. It is effected by heating the work quickly
in an electrolyte, oxygen-gas flame, by contact method or high-fre-

quency current.

The electrolyte used is a 5-10% aqueous solution of soda ash or pot-
ash. Direct current at 180 V, as a minimum, is used.

There are three methods of heating in an electrolyte:

(a) butt heating used to heat the tip of an article;

(b) surface-heating method used to heat the work surfaces;

(c) heating in which the work is gradually passed through an electro-
lyte. The lower part of the work is insulated by a bushing and is not

heated.

11. Surface hardening by oxy-gas flame (flame hardening). This
procedure consists of local heating of the part to be hardened by means
of an oxy-gas flame, and of subsequent cooling. The depth of harden-
ing ranges from 1 to 6 mm, and cooling is ensured by a sprayer.

There exist the following methods of surface hardening by oxy-gas

flame:

1. Stationary. The work and the
burner are stationary, the former
being cooled after the withdrawal
of the burner.

2. Rotary. The work rotates at
100-200 r.p.m, The burner is sta-
tionary. The work is cooled fol-
lowing the extinguishing of the
burner.

3. Flat-translafory. The work
moves in a straight line, while the
burner is stationary, or vice versa.
Cooling is continuous, being ap-
plied at a distance of 10 to 20 mm
from the burner,

1. Parts with negligible hard-
ened areas, such as teeth of
chain gear, cams, lathe centres,
short end-cutting tools, etc.

2. Cylinder-shaped parts up
to 20 mm in diameter, e. g.,
necks, journals of arbors and
axles, low-module gears, etc.

3. Flat parts of considerable

length: frame guides, shears,
ete,
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4. Rotary-translatory. The part
Totates slowly, The burner is sta-
tionary. Cooling is continuous,
being applied at a distance of 10
“to 20 min from the burner.

5. Helical-translatory. The work
-rotates slowly. The burner moves
in a straight line. Cocling is con-
tinuous, being applied at a dis-
tance of 10 to 20 mm from the

urner.

6. Combined. The ring-shaped
burner moves in a straight line
along the axis of the part which
rotates rapidly inside the burner.
Cooling is continuous, being ap-
plied at a distance of 10 to 20 inm
Irom the burner.

4. Cylinder-shaped parts with
diameters exceeding 200 mm:
wheel bands, mounting rings,
crane wheels, large-diameter
rollers, etc. A tempered streak
borders on the hardened area.

5. Cylinder- and helix-shaped
parts: worms, screws, etc. An
annealed streak is formed at
the point where the helices
meet.

6. Slim cylinder-shaped parts:
shaits, spindles, rods, ete.

Gas burners used for prehardening heating should follow the profile
_of tht? work to be hardened (Fig. 9). This ensures uniform heating and

U
A

Fig. 9. Configuration of hardening inductors:
a — flat rectilinear configuration; b—angle configuration;
¢ —annular conflguration for surface hardening of cylinder-
shaped parts; d—annular conflguration for hardening of
internal surfaces; e—modular configuration

completion of the hardeniné process in one run. Cooling is ensured by
water dispersed by a sprayer. Water consumption .is 0.4-0.5 litres/min
per 1 cm? of the surface being cooled. The less the distance from the
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burner to the hardened work and the less the speed, the greater the
hardened depth.

Stationary or rotary hardening procedures for alloy steels are to be
followed by oil-cooling. Large parts are hardened in special hardening
machines which ensure the requisite directiofi and speed of the work
and the burner. Hardening in special machines permits automation,
use of control instruments, etc. :

12. Hardening by high-frequency current. When a high-frequency
current flows through a solenoid-shaped inductor, a magnetic field is
created in the coil. As a result of a great number of magnetising cycles
per second, current is generated in the work located in the magnetic
field; the current heats the work up very quickly, the depth of heat
penetration being a function of the current frequency.

A

Fig. 10. Diagram illustrating dis{ribution of currents in a con.
uctor at various frequencies:

a—at 50 cps; b—at 2,500 cps; ¢—at 250,000 cps

Heat-treatment induction heating makes use of audio- (from 1,000
to0 10,000 cps) and radio-frequencies (from 100,000 to 1,000,000 cps).
The depth of heat penetration diminishes, as current frequency in-
creases. Fig. 10 presents a diagram showing the eflect of current fre-
quency on heat penetration. ’

In practice, radio-frequency current, supplied by radio-tube oscilla-
tors, is employed to heat articles up to2-3 mm in depth, while a deeper -
heating, including heat soaking, requires audio-frequency current,
supplied by motor generators.

The best material for inductors is red copper. Brass should be used

only when red copper is not available. Usually, the inductors are made
of square or rectangular red-copper tubes which carry water for cool-
ing. :
Table 48 gives data on tube profiles. Inductors for fancy-shaped
work are made sectional, cast or forged. The thickness of the sides of a
water-cooled inductor ranges from C.5 to 2 mm,. while that of an un-
cooled one reaches 7-10 mm.

‘To prevent the inductor from coming into contact with the work,
if is wound with ashestos cord impregnated with soluble glass.
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Table 48

Profiles of Copper Tubes Used for Inductors

Initial diameter, mm * Cross Initial diameter, mm Cross
External | Internal section, mm | py{ernal Internal section, mm
4 3 2.5X5.5 13 11 or 10 8x12.5
5 4 3.5%x4 13 I1 or 10 10x10.5
6 4.5 4.5%5 14 12 or 11 8x14
7 5 4x7 14 12 or 11 10x12
8 6.5 5X7.5 14 12 or 11 11x11
9 7 4x10 15 13 or 12 8.5x15
9 7 5x9 15 13 or 12 10.5X%13
9 7 7x7 16 14 or 13 10x15
10 8.50r7 5%10.5 16 14 or 13 12.5%12.5
10 8§.50r7 7.5%8 17 13 10x16.5
11 9or8 5x 12 18 16 or 14 12x16.5
11 9or8 6x11 19 16 10 20
11 9or8 8.56x8.5 19 16 1515
12 10 or 9 7x12 20 17 or 16 11.5x20
12 10 or 9 8x11 20 17 or 16 15x16.5
12 10 or 9 9% 9 —_ —

The inductors should be brazed with hard solder.
The following methods of induction hardening are in general use:

1. Simultaneous hardening of
the whole area to be treated.

2. Step hardening of separate
sections of the work. Each section
is heated separately. When treat-
ing pieces with large surface areas,
tlie heating is carried out by a
continuous-successive method.

3. Continuous-successive method
of hardening (Fig. 11).

1. Used for hardening disk-
shaped pieces.

2. Used for hardening gear
teeth, axle journals, etc.

3. Used for hardening parts
of great length. Cylinder-shaped
parts are to be rotated in
order to obtain a uniform hard-
ened layer; speed of rotation

is from 50 to 200 r.p.m.

To prevent uneven heafing, particular care should be faken to centre
the work properly in the inductor. The clearance between the work
and the inductor should remain within 2-6 mm. Inadequate spacing
may cause contact between the work and the inductor, or the puncture
of the air gap between them, and overheat the external layer, particu-
larly when vacuum-tube oscillators are used. Larger clearance is re-
quired for brazing or for deeper hardening. The spacing of turns in a
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multiturn inductor should be minimum to ensure uniform heating.
Practically this gap should average 2 mm. .

Induction heating considerably raises critical points of steel and
widens hardening temperature ranges.

Fig. 12 presents temperature diagrams for induction heating of some
grades of steel in initial annealed state.

To avoid overheating and even melting of the sharp edges of the
work, it is recommended to fill the grooves with brass or copper inserts

Fig. 11. Relative pasitions of inductor
and sprayer when hardening a shaft:

I —shaft; 2 —inductor; 3 — sprayer

or to use an adequately shaped inductor in which the sharp edge of the
work would remain at considerably greater distance from the sidey of
the inductor than the rest of the work.

Parts from carbon steels, heated by means of high-frequency current,
are cooled in water, those from medium-alloy structural steels—in
aqueous solutions, while those from high-alloy steels—in oil. The latter
is pll;acticable only in case of simultaneous hardening of the whole
work.

When the continuous-successive method of hardening is employed,
cooling is effected by a sprayer in which the orifices, 1-2 mm in diame-
ter, are spaced at an angle of 20-30° to the axis of the work and oriented
away from the inductor. This prevents early cooling of the heated work.

When the simultaneous method of hardening is used and the work is
cooled by water or aqueous solutions, spraying is ensured by the induc-
tor itself (Fig. 13), the internal section of which is provided with a
number of orifices. After the work has been heated, current is switched
off and the inductor tube is supplied with water or aqueous solution
undér -pressure,” which_quenches the work. i ’ T
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Fig. 13. Inductor for simultaneous hardening of articles

6. TEMPERING

Tempering is employed to lessen or eliminafe entirely internal
stresses, to soften the hardened steel and to increase its ductility.

Tempering consists in heating the hardened steel to below Ac,, in
maintaining the work at the said temperature and in subsequent
cooling. For tempering, the work is heated in oil, saltpetre or alkali
baths, as well as in furnaces with air atmosphere. The total holding
time for work in such a furnace should not be less than 30-40 min-
utes and should average 2-3 min per each millimetre of the least
section. )

When the work is charged in bulk in large numbers, the holding time
should be increased 1.5-2 times. After tempering, the work is usually
air-cooled.

To avoid temper brittleness in some grades of -steels, the latter are
cooled in oil in the 450-650°C range; these steels include chromium,
chrome-nickel, chrome-silicon, chrome-manganese, chrome-silicon-
manganese, chrome-nickel-vanadium, chrome-aluminium steels.

Colour tempering or tempering with surface hues as temperature in-
dicators is.carried out in the 220-330°C range (Tables 49 and 50), with
subsequent dipping in oil or water. . . _ . :

Colour tempering of selected areas. of the work is. done chiefly inlead.
baths which ensure rapid heating necessary to prevent tempering of the.
rest of the work.. L L

The above-mentioned tempering process may be effected much quick-
er in an inductor. .. The rate of heating and the. necessary tempering
colour are dependent upon the distance between the work and. the indue-
tor. . To facilitate.and-stabilise the operatjon, .the. .inductor. is encased
in an asbestos sheath (Fig. 14) which serves as a mounting for the work.
to be tempered.. The thickness.of the sheath permits adjusting the dura-

tion.and degree of itempering. . . ... T
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Table 49

Tempering Colours

Temperature Approximate thickness

Tempering colours pnc ' of ox;r;iilcsreé:ln;ayer,
Pale yellow . . . . . . . . . .. 220 0.45
Straw . . . . . .. ..o 240
Yellowish brown. . . . . . . .. 255 0.50
Purple brown . . . . . . .. .. 265
Violet . . . . .. ..« .. 280 0.65
Blue . . . .. ... ... ... 300
Light blue. . . . . . . . . ... 315 0.72
Grey . . . v v i e e e 330-350

Table 50

Approximate Holding Time at Tempering Temperatures

Holding time at the
temperinghtemperature,
rs

Tool diameter
or thickness, Furnace type
mm

Up to 20 | Oil or saltpetre baths, 1.0
21-40 electric shaft furnace, 1.5
41-60 type INH-31, ITH-32 or 2.0

2.5

Above 60 TIH-34 furnaces

. At present, tempering, in some planis, is carried out in induced
heat installations at the expense of incomplete cooling following hard-
ening; this is theso-called “self-tempering”. The work heated for hard-
ening in an induced heat instailation is cooled for a definite length of
time, determined by calculation or, in most cases, experimentally. At
a given moment cooling is automatically cut out and the work heats
itself up to the tempering temperature at the expense of accumulated
heat. This method is applicable in plants with mass or large-scale pro-
dg}:tion, provided they are equipped with up-to-date automatic ma-
chines.

To avoid warping and cracking, the work, after grinding, is subject-
ed to low-femperature tempering, also called ageing, at 120-160°C.
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The heat-treatment process consisting in hardening the work with
subsequent high-temperature tempering at 500°C and above is called
improving*.

Section AA

Fig. 14, Inductor for tempering of parts:

1 —inductor; 2 — nipple; 3 — asbestos sheath; .4 — asbestos plug for
fastening and centering the sheath

The improving is used fo reduce the coarseness of structure as well
as to attain the best combination of strength and foughness in structur-
al steels, and chiefly in the alloy steels.

Table 51 lists defects which may be met with in heat-treatment
processes.

* The word improving (a literal translation from the Russlan) [s used to
denote aTspecIal heat-treaiment procedure aimed at bettering the properties of
steel. - Tr.
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Chapter V
CASE-HARDENING

The combined chemical and heating treatments called case-harden-
ing consist in the heating of the work up to a given temperature in a
specially chosen chemically active medium, e. g., in coal with addi-
tions of salts, in a medium producing atomic nitrogen, in chemically ac-
tive molten salts, etc. As a result of the interaction with the surround-
ing medium, the chemical composition of the outer layer of the work is
altered.

The work subjected to case-hardening acquires surface hardness,
high resistarice to corrosion, heat resistance, wear resistance or the abil-
ity to harden, depending upon the nature of the treatment. Pertinent
details on the different case-hardening processes can be summarised
as in the following paragraphs.

1. CARBURISING

Carburising consisfs in the saturation of the surface layers of the
steel with carbon. The carburised work, following hardening, acquires
an extra-high surface hardness while retaining a tough core.

Carburising is used for work from carbon and alloy steels with up to
0.25% carbon. Steels with up to 0.3-0.4%C may be used for large sim-
ple-shaped parts as well as for parts requiring high core strength.

In shop practice carburising is being used for tool steels (chiefly alloy
chromium steels) hardened in oil. Cold stamping dies of regular shape,
extruding dies, etc., are subjected to carburising which raises consider-
ably the wear-resistance of the above tools.

Carburised tools are not to be ground, as in this case the most valua-
ble wear-resistant layer will be removed. The carburising procedure
follows the usual pattern yielding a I-mm case. Hardening should be
carried out carefully, with all precautions taken against warping and
decarburisation. Hardening temperature averages 800-820°C, while
tempering is accomplished at lower temperatures.

Steels are carburised in solid, gas or liquid media, called carburis-
ers.

Carburising by solid carburising compounds (pack ecarburising).
Table 52 lists the chemical composition of carburisers used in shop
practice. Charcoal, chiefly oak or birch by its nature, is crushed to
pieces 3 to 10 mm in size and impregnated with a solution of carbonate
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salts, after which it is dried at 100-150°C. Sometimes plain mixing of
charcoal with powdered carbonate salts proves to be satisfactory.
Table 52

Composition of Carburisers for Pack Carbarising
(% by weight)

Cal-
No. | Charcoal ?:r';gg‘ate Soda ash c;?‘ﬁg’,\_ Coke | Turf coke | Fuel oil
ate
1 74-78 12-15 1.0-1.5 ] 3.5 | — - 4.5-5.0
2 65 10 1 1 20 — 3
3 87 — 10 3 — — —
4 85-90 — 10-15 — — — —
5 90 10 — - — — —
6 — — 10-15 — — 85-90 —
7 60 40 — — — — —
8 45 12 — — 43 — —
9% | 98 2 — - | - — —

# This carburiser is used for boron-bearing steel.

The moisture content of the carburiser should not exceed 5-7%.
A carburising mixture consists of 20-30% and 70-80% of fresh and used
carburiser, respectively. Parts subject to carburising should be dry
and free from scale, rust, dirt, grease, etc. The parts are packed into
boxes or containers made of heat-resisting steel, and, when the neces-
sary steel is not available, boxes manufactured from plain structural

1 2
IRy ate & Vg3

0-30

10-20

g 10-20

' 15-25

Fig. 15. Arrangement of parts in containers:
1 —outside *witnesses”; 2 —luting; 3 —contain-

er; 4 —carburiser; 5 —internal “wifness”; 6-—
parts
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steel are used; the wall thickness of the box or container should be equal
to 4-6 mm. The shape of the box should follow, as much as possible,
that of the carburised work. The packing of the work should conform
to the dimensions indicated in Fig. 15. The width of the box should
not exceed 250 mm in order to facilitate its handiing and to hasten heat-
ing.

gl'he boxes are luted with a mixture consisting of two parts of refrac-
tory clay and one part of river sand, diluted to paste-like consistency.

The boxes are charged into a furnace heated to the required tempera-
ture. The boxes should be heated through at 780-800°C, after which
the temperature is raised to 900-950°C, this being taken as the begin-
ning of the carburising process.

Table 53

Relation of Holding Time to Layer Thickness in Carburising by
Solid Carburisers at 900-950° C

Thickness of carburised layer, mm
T o o 0.25 | 0.5 | 0.7 | 0.9 | 1.1 ] t2 | 1.3 ‘ 1.4
box, mm
~ Total holding time in furnace, hours
100 30(40) 501 6.0 7.0 7.5 8.0 8.5
150 35| 45| 55| 6.5 | 7.5 85| 9.5(10.5
200 45 | 5.5 | 6.5 7.5 | 8.5 9.5 10.5|11.5
250 55| 6.5 |75 | 85 | 9.5 |10.5]|11.5|12.5

Too rapid a heating to 900-950°C of cold boxes causes a difference in
carbon saturation of parts situated near the walls and in the centre of
the box.

Witness samples for determining the depth of the case are 6 to 10 mm
in diameter. These samples are manufactured from the same steel as
the carburised parts, or from grade Cr. 15-20 steel.

After the supposed ending of the carburising process, the outer wit-
ness sample is extracted from the container, hardened and the fracture
is etched for 1 minute in a compound composed of 100 cm? of methyl-
ated alcohol, 1 cm?®of hydrochloric acid and 2 g of copper chloride.
Copper separates out at the non-carburised core. The thickness of
the case can also be found by tempering of the fractured hardened wit-
ness until tempering colours are observed; in this instance the case
and the core are coloured in different tints.

" After the case-hardening process, the containers are cooled on the
shop floor.

Paste carburising. Table 54 presents the composition of pastes used
for carburising. The prepared powder of one of the pastes indicated is
diluted in a 15% aqueous solution of molasses or glue, to a consistency
which permits colouring.
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The surface to be carburised or the whole work is coated by alay-
er 3-4 mm thick, the coating being accomplished by immersion or by
the use of a brush. This done, the parts are dried and packed into boxes
provided with sand seal (ref. to Fig. 22). The paste carburising process
is carried out at 920-930°C, the approximate speed of case-hardening
being 1 mm per hour.

When the carburising is completed, the parts are air-cooled or
quenched immediately after they are taken out of the container.

Gas carburising. In gas carburising, the parts are heated up in a gas
atmosphere containing carbon.

The following gases are used for carburising: 1) natural gases, 2) ar-
tificial gases (producer gas, pyrolysis gas, etc.).

An artificial gas produced by dissociation (pyrolysis) of oil products
has gained widest application.

Table 54

Chemical Composition of Pastes Used for Carburising

Paste number

Stalite
Paste component _ 3 4 5 6 7
|
Composition in % by weight
Ivory black or coke|30-60(30-60|30-60| 35 45 40 50
Barium carbonate. .| — —_ —_ 15 20 15 —
Sodium or potassium
carbonale. . . . . 20-40 | 20-40 | 30-60| 20 20 20 40
Cyanide compound
«THUIX" . . . .. 5-10| 5-10 — — - — —
Sodium or potassium
oxalate. . . . . . - 5-10} 5-10| — - — 10
Nickel formiate or
cobalt oxalate . .| — 5-10 — - - — —
Ferrochrome (for car-
bon steel) . . . .| — — 15 15 — — —
Sand. . . ... .. — — — — — 5 —
Potassium ferrocya-
nide . . .. ... 5-10 5-10f — 15 15 20 —

Note. The composition of the cyanide compound «[MI1X*» is given In ihe foot-
note to Table 64.

Carburising is effected chiefly in shaft furnaces of the “I1” series.
When the carburising is carried out in shaft furnaces, the pyrolysis
of oil products occurs directly in the furnace retort, as the carburi-
ser is fed by drops. Kerosene, benzene, pyrobenzene, spindle oil, and
synthol filtered from solids are used as carburisers.
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Table 55
Amounts of Black, Coke and Gas Obtained in the Pyrolysis of Some

Carburisers
Amount of gas Al:no(unt of )blackl anc}
i i f 1 3 rams) per | cm
Carburiser (mggsgarrt?ﬂisercm coxe o% carburiser
Benzene. . . . . . « . .« 0.42 822
Pyrobenzene. . . . . . . . . 0.58 .04
Kerosene . . . . . « o « « « 0.73 . >
Synthol . . . . . . . . ... 0.80 0.

A new carburiser for gas carburising, the so-called synthol, which
produces less black and coke and increases the speed of the process,
has currently found wide application in shop practice. Table 55 pre-
sents data onthe amounts of black, coke and gas generated in the pyrol-
ysis of some carburisers. Maximum effectiveness has been obtained
with the use of synthol in continuous furnaces. Synthol is currently
used in a great number of plants.

Table 56

Recommended Kerosene Feeding Rate for Carburising in Shaft
Furnaces of Various Sizes

Furnace type
12s | uss | ueo | wrs | Lo ]Luos

Drops per minute

During the heating with
temperature reaching
800°C .. ..... 20-40140-50| 70-80 | 90-100/120-140{160-180

During the heating with
temperature reaching
900°C ... ... .|60-70|70-80110-130|160-180|200-220{240-260

Table 56 presenfs the kerosene feeding rates recommended for shaft
furnaces of various sizes during the carburising process. These data are
compiled from published literature, and practical results obtained in
a number of plants. The author considers it expedient to cut off the car-
buriser feed one hour beforethetermination of the gas carburising proc-
ess in order to give the carbon enough time to diffuse into the inner
areas of the work and to avoid oversaturation of the outer layers. This
is of utmost importance when a thicker case is required.
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As the carbon absorption rate on the work surface decreases with
holding time, some investigators believe that kerosene should be fed at
maximum rate at the beginning of the carburising process and that its
supply should then be gradually diminished (Table 57).

Table 57

Kerosene Feed Rates Recommended for Carburising in Shaft Furnaces
(Data by Chirikov V. T.)

Kerosene fed during the
initial period Kerosene fed (drops

Furnace type per min) during the

remaining period

Drops per minfFeed duration, hrs

25, 1135 70-80 2-3 20
1160, 1756 100-120 2-3 30-40
1190, 11105 -200-300 2-3 50-70

Note. Furnaces may be fed either with artificial or nataral gases, instead ofthe

iquid fuel.

The following sequence of technological operations for gas carburis-
ing process in shaft furnaces is recommended:

1. Charge the work into the furnace heated to 850-950°C.

2. Wiiness samples for process control should be charged at the
same time as the work.

3. Press lhe cover tightly on the retort.

4. Feed the kerosene according to Table 56.

5. Set fire to the waste gases; in a normal process the flame should
smoke slightly.

6. The termination of the process is determined with the aid of wit-
ness samples; to this end, the process is interrupted, the samples ex-
tracted and hardened (Table 58).

At present the gas carburising process has been automated by con-
trolling the carburising medium for its dew point.

Table 58 -

Approximate Holding Time for Gas Carburising at 900-950° C in
“I1”-Type Furnaces : '

Time, hrs 2-3 ' 4-5 6-7 ’ 8-9 ‘ 9-10

Layer depth, mm/| 0.3-0.5 | 0.6-0.7 { 0.8-1.0

1.1-1.2 "1.2-1.4
Note. Time is counted off from the moment the temperature of 900° C has
been attained.

The composition of the waste gases should be within the following
limits: carbon dioxide—0.5%, oxygen—0.5%, unsaturated hydrocar-
bons—10%. Surplus pressure varies from 8 to 256 mm water gauge.
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Liquid carburising. This process is practised in a number of plants,
in baths, where the carburising component is carborundum (silicon
carbide). The usual composition of the bath is: soda ash (Na,CO,)—
80%, common salt (NaCl)—10-12%, carborundum (SiC)—8-10%.
This compound is currently supplemented with ammonium chloride
(NH,CI), which speeds up the carburising process, and produces active
nitrogen, which in conjunction with carbon saturates the surface of the
work.

A liquid carburising process such as it is practiced at the Kharkov
Sewing Machine Plant is described below.

The composition of the bath is: soda ash 70-74%, common salt 9-
12%, ammonium chloride 8-9%, carborundum 9-10%. The carborun-
dum used is black, coarse-grained, the size of grains being 24-50 mesh
(mesh is the number of openings per linear inch).

Soda and salt are melted first, then ammonium chloride is added.
As soon as the bath heats up to 850-870°C, carborundum is charged.

Ammonium chloride and carborundum, to avoid vaporisation and
rapid burning out, are charged into the bath in paper wire-corded pack-
ets, sunk to the bath bottom with a poker, perforated bell or some oth-
er object and held there till melting, after which the bath is brought
to the carburising temperature through continuous mixing. The process
is sometimes accompanied by such intensive foaming that the bath
temperature is to be temporarily lowered.-

To protect the bath against oxidation, a layer of slag 10-15 mm
thick is left over, while the remainder is skimmed. The amount of salt
should not exceed 2/, of the bath height, the remaining volume being
intended to counteract foaming.

The work subject to carburising should be dry and clean. The tem-
perature of the process averages 850-900°C. Holding time is a function
of the case thickness (Table 59). Hardening is carried out either in oil
or water depending upon the grade of the steel.

Table 59

Approximate Time of Carburising in a Liquid Carburiser
as a Function of Case Thickness

Case Duration of the Case Duration of the
thickness, mm process, hrs thickness, mm process, hrs

0.4 1 1.2 4

0.6 1.5 1.4 5

0.8 2 1.6 6.5

1.0 3 1.8 8

Note. The bath should be refreshed every 5-8 hrs of operation by addi
carborundum (2-5% of the total salt weight).y perat! y adding

A complete replenishment of salt is carried out every 3-4 weeks of
cgqlt_xtrluous bath operation, as the bath thickens and loses carburising
ability.
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The bath is controlled by observing the following practical symp-
toms: 1) considerable laming and foaming (runs against the normal
functioning of the bath); 2) the work should possess a uniform silvery
colour (dark spots are signs of bath exhaustion).

Carborundum consumptlion averages 10-12 kg per 1 ton of work.

High-temperature carburising. High-temperature carburising, at
1050°C and above, is currently finding increasing application. Pack
carburising at the above temperatures is sffected in [urnaces with silit
(silicon carbide) resistors. After carburising, normalising and harden-
ing or double hardening are carried out.

High-temperaturée gas carburising is a current practice at the Likha-
chev Plant, where induction heating in a special installation is
being applied.

Protection of work surface -not required to be carburised.

1. Positive allowance which is machined off after carburising.

2. Luting (Table 60).

3. Copper-plating (Table 61).

To protect holes against carburising, a mixture of quartz sand and
scale (from the hardening tanks) is used, or the apertures are plugged
with metallic plugs.

Heat-treatment schedules for carburised work are presented in Ta-
bie 62.

Table 60

Lutes Used for Protection against Carburising

Lute composition

C nent % Method of manufaclure
omponen A

Copper monochloride . .| 70 The powders are mixed thoroughly
Minium . . . . .. .. 30 and diluted in alcohol rosin
varnish (250 g of varnish per
litre of ethyl alcohol). The lute
is spread over the surface of the
part in a uniform layer with the
aid of a brush. Layer thickness
is equal to 0.5-1 mm

Silica . . . . . . ... 60 The paste consistsof both the lig-
Alumina . . . . . . .. 35 uid (20-25% by volume) and
[ron oxide . . . . . . . 3 solid (75-80% by volume) phases.
Titanium oxide. . . . . 0.25 The liquid phase comprises
Magnesium oxide. . . .| 1.75 809% soluble glass and 20% wa-
ter. Prior to use, both phases
are mixed and then spread over
the part with a brush. After
drying (after 30-40 min) the part
is given a second coat




Continued

Lute composilion
Method of manufacture

Component %
Sand. . . . ... ... 40 The compound is diluted in soluble
Refractory clay 44 glass and applied uniformly over
Borax . . . . .. ... 10 the work. The clay should be
Sodium saltpetre . . . .| 3 well ground
Lead oxide. . . . . . . 3
Taleum . .. ... .. 50 The clay is well ground. The com-
Refractory clay . . . .| 25 pound is diluted in soluble glass
Water . . . ... ... 25 to paste-like consistency
Fireclay . . . . . . .. 90-95| The compound is diluted in water
Asbestos powder . * . 5-10 to paste-like consistency

Table 61

Relation of Copper Coating Thickness to Depth of Carburising

Required carburising depth, mm Below 0.8 0.8-1.2 Above 1.2

.Thickness of copper coating, mm | 0.02 0.03-0.04 | 0.05-0.07

Table 62
Heat-treatment Schedules for Carburised Articles

Heat-treatment schedule Application Notes

.Hardening from 860-900°C | 1. For natural coarse-
Hardening from 760-800°C| grained steel in-
-Tempering at 160-180° C clined to overheating
2. Wheneverextra-high
quality is required
for carburised parts

.Hardening from 800-850°C| 1. For natural fine-

. Tempering at 160-180° C grained steel

2. For non-critical parts
from natural coarse-
grained carbon steel
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Conlinued

Heat-treatment schedule

Application

Notes

1. a) Tempering at

2

b)
c)

d)
¢)

b)

<)
d)

e)
f)

640-650°C
Hardening from
850-860° C
Tempering at
160-180° C

Sub-zero treatment
Tempering at
160-180° C

Rapid partial cool-
ing in a molten
salt or oil from car-
burising tempera-
ture to 250-550°C
Transfer to a fur-
nace heated to
550° C, and a 4-8 hr
holding

Air cooling
Tempering at
630-680° C for 8-10
hrs with cooling in
air or furnace
Hardening

Low-temperature
tempering. Harden-
ing from carburis-
ing temperature
with air-blast cool-
ing to 740-840°C.
Tempering at 160-
180° C. Sub-zero
treatment. Temper-
ing at 160-180°C

&

For “high-alloy steel
(grades  18XHBA,
12X2H4, 12X H3,
etc.)

For parts from high-

alloy steel of the
18XHBAgrade which
was given the gas
carburising  treat-
ment '

2. NITRIDING

High-temperature
tempering  and
sub-zero  treat-
ment decrease
residual austenite

The heat-treatment
method was pro-
posedbyV.T.Chi-
rikov to ensure
optimum  struc-
ture both of the
case and the core

Nitriding (nitrogen-hardening) consists in the saturation of surface
layer of steel or cast iron with nitrogen. There exist two varieties of

nitriding:
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1. Strength-nitriding aimed at increasing hardness, wear resistance
and fatigue endurance (Table 63). ) )

2. Anticorrosive nitriding aimed at increasing the resistance to cor-
rosion in water (fresh) and in humid atmosphere (Fig. 16).

Strength-nitriding. Nitriding is chiefly applied to special grades of
steel (35XI0A and 38XMIOA), containing aluminium, with a view to
raise their hardness. In addition to these, alloy tool and stainless steels
are also nitrided. Maximum hardness, after nitriding, is displayed
by articles made from grade 35XI0A and 38XMIOA steels (1000-
1150 Hy). . ]

Plain alloy structural steels—chrome-nickel, chrome-nickel-molyb-
denum, etc.—arenitrided to increase fatigue endurance. Surface hard-
ness of these steels, after nitriding, is 600-700 Hy.

s 11
] Area of Brittle
Layers
a© 700
8
S, Areq of 07;’\
NS Porous and '%Q
8 650 a7 Corrosion-
S |of Porous S Resistant
Q ; Layers
® and QO(r05/on- : X
é” gopidensitive Layer:
|
t
550 05 15 25
Time in hours

Fig. 16. Diagram for computing optimum schedules of anticorro-
sjon nitriding

Cast irons, subject to nitriding, should contain some aluminium and
chromium. Hardness of cast irons foliowing nitriding is 1000 Hy.

Prior to nitriding, steel parts are hardened and tempered at 550-
ggO"c, while those from cast iron are hardened and tempered at 600-

0°C.

Protection against nifriding. Areas not to be nitrided are to be in-
sulated by one of the following methods: (1) tinning; (2) nickel plating;
(3) luting with compounds composed of three parts of powdered tin,
one part of powdered lead and one part of powdered chromium oxide.
A well ground mixture is diluted in a solution of zinc chloride. After
luting, the part should be dried.

Strength-nitriding checking. 1) Hardness is checked by instruments
with diamond tips, at low loads (Table8). 2) Brittleness is character-
ised by the distortion of the diamond indentation (shearing of the in-
dentation edges). 3) The layer depth is determined by etching a ground
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butt of a sample with a 4% solution of aqueous nitric acid, as well as
by the nature of the fracture and the microsection.

" Anticorrosion nitriding. Articles from carbon and alloy steels and
cast iron may be subjected to anticorrosion nitriding. Prior to nitrid-
ing, the parts should be thoroughly degreased.

Nitriding of work from high-carbon steels requiring high hardness
should be followed by hardening at adequate, for the given steel, tem-
perature.

The degree of dissociation should be maintained within the range of
35-70%.

Anticorrosion nitriding checking is effected through dipping or
wetting the part with 10% aqueous solution of blue vitriol (copper sul-
fate) for 1-2 min. Copper is deposited at pores, fractures, and other de-
fective points.

Uniform heating throughout the muffle furnace is essential for suc-
cessful nitriding. The volume of the retort should be filled with parts
to maximum capacity.

3. CYANIDING

Cyaniding consists in the simultaneous safurafion of the surface of
the steel both with carbon and nitrogen. Cyaniding is carried out in
liquid, gas or solid media. :

Two types of cyaniding are distinguished: (a) high-temperature
cyaniding aiming to increase hardness, wear resistance, and fatigue
endurance of parts from structural steels; (b) low-temperature cyanid-
ing intended to increase hardness and red hardness of tools from high-
speed steel.

1. High-temperature liquid cyaniding. To prepare the bath for oper-
ation, first neutral salts (soda ash, etc.) are melted, then cyanides are

<
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Fig. 17. Effect of duration of cyanid- Fig. 18. Effect of durati I id-
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of cyanided layer depth of cyanided layer

added. In baths containing compounds 6 and 7 (Table 64) excessive
foaming occurs when cyanide compound is charged; the excess foam
is removed, a thin layer being left to protect the bath from exhaustion.
The melt surface of a deep cyaniding bath {(compounds 4 and 5) is cov-
ered with a layer of graphite, 3-4 mm thick, for the same reasons.

The working temperature averages 830-860°C for common cyaniding
and 900-950°C for deep cyaniding (Figs. 17 and 18).
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The refreshing of baths with sodium cyanide is effected by adding
high-percentage sodium cyanide at a rate of 0.5-19% of the weight of the
salts in the bath per hour; for baths containing the “TUIIX" cyanide
compound, the additions should average 2-4% of the weight of the
salts in the bath every 2 hours of operation.

The author practises high-temperature cyaniding, in conjunction
with bright hardening, in a bath containing 38-40% sodium chloride,
38-40% potassium chloride and 20-24% potassium ferrocyanide. The
latter should be well dried and added by small portions, while mixing
the batg. On charging, foam and slag are formed, and they should be
removed.

Table 64
Composition of Baths for High-temperature Cyaniding

Composition of baths, %

Sodi (([‘H]‘!x" mm c . s
Compaundl Syamide | cvanide | sodaash | CRET | GSHE | o
compound
1 25 — 15-20 55-60 — -
2 40 — 30 30 — —
3 45 — 35-40 15-20 — —
4 50 — — 15 — 35
5 6 — — 14 — 80
6 — 9 — 26 65 —
7 — 9 — 37 54 —

Note. The «TUTIX» cyanide compound consists of: 43-499% Ca(CN),; 2-3%
CaCN.; 30-35% NaCl; 14-16% CaO; 4-5% C.

After requisite holding in the bath, the work is cooled in a 50% aque-
ous solution of caustic soda. Hardened parts are clean and bright.
The depth of cyaniding equals 0.15 mm, the holding time for the above-
mentioned compound averaging 15 min.

2. High-temperature gas cyaniding. Gas cyaniding is carried out in
a mixture of ammonium and carbonaceous gases used fcr gas carburis-
ing. The cyaniding mixture comprises: ammonium 20-30%, carburis-
ing gas 70-80%.

Benzene, pyrobenzene, kerosene and synthol are used as materials for
producing carburising gas. They are fed dropwise direct into the retorts
of shaft furnaces. ’

The working temperature of gas cyaniding should average 840-
860°C. For parts of simple shapes, the temperature may be raised to
900°C.

Approximate depth of cyaniding after 1 hour of operation at 850°C
is 0.12-0.16 mm (Fig. 19).

The hardening of the work, following liquid and gas cyaniding,
should be effected as soon as the work is withdrawn from the furnace
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at the termination of cyaniding. On high-temperature cyaniding, the
work is air-blast cooled. After hardening, the parts are tempered
at 160-200°C. Small non-critical parts from low-carbon steels are not
tempered at all.

Parts to be machined after cyaniding are air-cooled, then tempered
at 630-650°C; after machining they are hardened and then tempered
again.

gAreas not to be cyanided are copper-plated, the thickness of the coat
being 0.018-0.025 mm; the copper-plated layer should be compact.
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Fig. 19. Varlation. {n the depth of

cyanided layer in relation to tihe

duration of gas cyaniding at various
temperatures

The cyanided parts are checked in the shop by testing hardness with
Eihe aid of a file, diamond pyramid or cone, depending on cyaniding

epth.

3. Low-temperature liquid cyaniding. Tools are cyanided after final
machining, sharpening, cleaning, and degreasing. The temperature of
the process averages 540-560°C (Tables 65 and 66).

Table 65

Composition of Baths for Low-temperature Cyaniding

Sodi Potassl i el i
c}?arll‘iidn:a Iercn)-oac?a:ﬂe Soda ash potass‘;?&ummhgrdrate plvo‘ILnl%l nogc
50-55 — 23-30 15-20 515
85-90 — 10-15 — —

—_ 80-90 -— 10-20 490-500




Table 66

Relation of Holding Time to Cyaniding Depth in Low-temperature
Cyaniding of High-speed Steels

Layer thickness in mm, the bath containing the

Holding below-mentioned amounts of cyanide

time, min

90% 509, 309,
5 0.008 0.005 0.006
15 0.020 0.018 0.015
30 0.035 0.030 0.030
45 0.037 0.035 0.035
60 0.045 0.043 0.040
120 0.055 0.055 0.052
360 0.080 0.075 0.070

. Tools smaller than those indicated in Table 67 are not cyanided be-

cause of high brittleness. Optimum cyaniding depth for cutting tools
is 0.02-0.035 mm. Prior to cyaniding, the tools should be preheated in
a separate furnace or near the crucibles. Long, slim tools should be
suspended throughout the heating and cooling.

One of the Kiev plants performs low-temperature cyaniding in a
bath with a slightly poisonous compound of the following composi-
tion: 70% sodium hydrate and 30% potassium ferrocyanide. Potassium
ferrocyanide is added to the bath in the same way as for high-tempera-
ture bath. The bath is analysed for CN and CNO once every two days.
Normal cyaniding requires at least 5% CNO. Potassium ferrocyanide
is added as the bath exhausts itself. The above-mentioned plant cya-
nides dies for pressure casting; for more information refer to page 185.

4. Low-temperature gas cyaniding. The composition of the gas cya-
niding medium and the proportions of the gases are the same as for
high-temperature cyaniding.

After being held at 540-560°C the tools are air-cooled or cooled in a
furnace down to 200°C. In the latter case the tools acquire a silvery
tint (Table 68).

One of the plants in Leningrad conducts low-temperature cyaniding
of tools from high-speed steel in a “lI26” furnace, the kerosene feed
amounting to 60-80 drops per minute and that of ammonium to 2 litres
per minute. Aluminium-silicon alloy turnings are used as catalyst. Tak-
ing over the practice of the above-mentioned plant the author intro-
duced gas cyaniding of stamping dies from grade 3X2B8 steel in a shop-
made electric furnace with a retort 200 mm in diameter and 600 mm
high. The feeding rates are: kerosene—10-15 drops per minute, ammo-
nium—1.2-1.4 litres per minute. Positive mixing of the medium is
essential. Fig. 20 presents a schematic view of a cyaniding furnace.
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Fig. 20. Gas cyaniding

installation:
1 —muffle; 2 —rubber
gasket; 3 —water-

cooled muffle Iid; 4 —
tube for feeding kero-
sene into the furnace;
5 — kerosene dropper;
6 — impeller shaft; 7—
furnace lining; 8—zm-
monia feed sleeve; 9—
shackle for fastening
lid to crucible; 10—~
water inlet sleeve;
11 —gas outlet sleeve;
12 — waler outlet
sleeve; 13 ~kerosene
jeed orlfice




Table 67

Recommended Holding Time for High-speed Steel Tools Cyanided in
Liquid Media with Minimum Content of 50% Sodium Cyanide

Diameter or

Holding

Tools thickness, mm 568'?’5' ar;in
Drills, reamers, and counterbores 3-5 6
6-10 8
10-15 10
15-20 12
20-30 15
Above 30 16-23
Taps 5-8 5
8-12 8
12-20 10
20-30 12
Above 30 14-18
Broaches 5-10 8
10-15 12
15-20 14
20-30 16
Above 30 20-25
Threading cutters with non-honed teeth 25-35 12
35-50 15
Above 50 18
Threading cutters with honed teeth 25-35 10
35-50 12
Above 50 15
Tangential threading dies — 8-10
Hob cutters with non-honed teeth 50-60 30
Above 60 40-50
Hob and slof cutters with honed teeth 50-60 16
Above 60 20-26
Cylindrical profile cutfers and end cut- Up to 30 10-12
ters with honed teeth 30-40 16
40-60 20
Above 60 25-30
Disk milling cutters 1-2 6
2-5 8
5-10 12 -
10-15 15
‘ Above 15 18-23
Forming and fangential cutters — 12-30
Cutters for tooth-cutting machine — 10-12
Turning and shaping tools —_ 12-40
Gear cutters — 15

Note. Holding above the recommended limits results in a brittle cyanided

layer.
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5. Low-temperature solid cyaniding. The cyaniding mixture con-
sists of the following well-mixed components: 60-80% charcoal (size
of grains approximates 3-6 mm) and 20-40% powdered potassium fer-
rocyanide. The tools are packed into iron containers in the same manner
as for carburising (Fig. 15). o )

The temperature of the process is 550-560°C. Cooling is effected with-
out unloading the containers, in the air, down to 100-200°C.

Some of the defects which are met with in case-hardening of steel are
listed in Table 69.

4. CALORISING

Calorising or aliting is employed to increase the resistance to scaling
of steel articles working at high temperatures, and consisis in the
saturation of steel surface layer with aluminium. Calorising can be
carried out in solid, liquid or gas media, but at the present {ime solid
calorising treatment is most widely used. In this method, clean, deg-
reased articles are packed into steel containers filled with thoroughly
mixed powder-like mixture, consisting of 99.5% ferro-aluminium
alloy and 0.5% ammonium chloride.

Articles are packed in the same manner as for the pack-carburising
procedure. Areas not to be calorised are covered with asbestos or luted
with fireclay. Emphasis should be placed upon thorough luting of the
containers to avoid oxidation of the calorising mixture. A calorising
compound consists of used and fresh mixtures (80% and 20%, res-
pectively). The temperature of the process is within 850-1000°C. Calo-
rising rate is approximately 0.05-0.08 mm per hour depending upon
the temperature of the process.

The calorised layer is highly brittle which cannot be tolerated for a
number of critical parts. These calorised parts are annealed at 900-
1000°C for 3-6 hours to bring down the aluminium content of the sur-
face layer at the expense of its diffusion into the inner areas.

In thin parts, this may lead to a through calorising of the article and
cause brittleness throughout the whole section. Such defects should
be prevented by adequate choice of temperature and duration of
annealing.

6. SULPHIDING (SULPHATING)

Sulphiding is used to raise wear resistance of machine parts and cer-
tain tools manufactured from high-speed steel by saturating their sur-
face layers with sulphur.

Sulphiding is brought about through treatment in liquid or solid
media. In the liquid sulphiding process degreased dry articles are
placed in baths containing: 1) sodium chloride—17%; 2) calcium
chloride—38%; 3) barium chloride—25%; 4) iron sulphide—13.2%;
5) sodium sulphate—3.4%, and 6) potassium ferrocyanide—3.4%.

. The former three salts are melted first, then, gradually, the remain-
ing components of the bath are fused. After the complete fusing of the
salts and subsequent cleaning of the bath, the latter’s surfaceis coy-
ered with graphite. Sulphiding is effected within the 560.750°C temper-
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Table 68

Recommended Holding Time for Tools from High-speed Steels in Gas
and Solid Cyaniding

Holding time in hours
Diameter or at 550-560°C
Tool thickness,
mm In gas In solid
medium medium
Drills, counterbores, reamers Up to 15 1.0-1.5 2.0-2.5
15-25 1.5-2.0 2.5-3.0
25-50 2.0-3.0 3.0-4.0
Taps Up to 15 0.5-1.0 —
15-25 1.0-1.5 —
25-50 1.5-2.0 —
Threading cutters:
a) honed teeth 25-50 1.0-1.5 1.5-2.0
Above 50 1.5-2.0 2.0-3.0
b) non-honed teeth 25-50 1.5-2.0 2.0-2.5
Above 50 2.0-2.5 2.5-3.0
Threading chasers and dies:
a) screw pitch up to 2mm — 1.0-1.5 1.5-2.0
b) screw pitch above 2mm — 1.5-2.0 2.0-3.0
Worm and slitting cutters
a) honed teeth 50-75 1.0-1.5 2.0-2.5
Above 75 1.5-2.0 2.5-3.0
b) non-honed teeth 50-75 1.5-2.0 2.5-3.0
Above 75 2.0-2.5 3.0-4.0
Cylindrical, profile and end Up to 50 1.0-1.5 2.0-2.5
cutters 50-75 1.5-2.0 2.5-3.0
Above 75 2.0-2.5 3.0-4.0
Disk cutters Up to 10 1.0-1.5 2.0-3.0
Above 10 1.5-2.0 3.0-4.0
Round-nose cutters Upto b 1.0-1.5 2.0-2.5
5-15 1.5-2.0 2.5-3.0
Tangential cutters 10x10 1.5 3.0
2525 2.0 3.5

thNOtel'f. 1. Holding time !s counted off from the moment the tool Is heated
rough.

L 2. HoldIng time In excess of that recommended results in a brittle cyanided
ayer.
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ature rtange, but in no case above the tempering temperature of the
article. Approximate sulphiding rateis0.1 mm per hour at 560°C. The
duration of sulphiding of high-speed steel tools, depending upon tool
size, is within the limits of I to 3 hours. In solid sul.phldmg process,
the articles are packed in steel containers filled with a compound
having the following composition: 1) ground iron sulphide—30-40%;
9) graphite—50-60%; 3) potassium ferrocyanide—10%.

The heating temperature is the same as for liquid §u1ph1dmg. Hold-
ing time in solid sulphiding is approximately three times greater than
in theliquid process. After sulphiding, the parts are flushed in hot water
and heated in an oil bath at 110-120°C in order to protect them against
corrosion. The hardness of the articles after sulphiding remains practi-
cally unaltered.

6. CLEANING AND PICKLING
OF ARTICLES AFTER HEAT-TREATMENT

Articles are cleaned fromi salts, oil, and dirt in an aqueous solution
containing up to 3% caustic soda or 10% soda ash. The temperature of
the solution is approximately 80-90° C. Flushing takes 5 min and long-
er. The solution is replenished at least every ten days.

The articles are descaled in sand- or shot-blasting installations and
in pickling baths. )

Sand-blasting makes use of dry river sand, with grains sized to 1-
2 mm, the necessary air pressure being within 5-6 atmospheres.

Sand-blasting may be replaced, for the sake of improving the work-
ing conditions, by hydro-sandblasting, in which the articles are dressed
by a mixture of 50% sand and 50% water. This mixture is atomised by
high-pressure air supplied to the mixer outlet.

Hydraulic cleaning using a 150-atmosphere water jet may also be
used to dress larger articles.

Shot-blasting uses shots 0.5-2.0 mm in diameter.

Ferrous metals are pickled in a 5-18% aqueous solution of sulphuric.
acid or 7-20% aqueous solution of hydrochloric acid. To avoid over-
pickling, the solution carries 1% of the “KC”or 0.5% of the “3K” organ-
ic additions (by volume of the pickling solution). The addition is
effective for 100-150 hours. Pickling timie ranges from 30 to 60 min,
the temperature averaging 40-90°C for the sulphuric acid and 30-60°C
for the hydrochloric acid. The temperature should be increased as acid
concentration decreases. The minimum permissible acid content of
the working bath is 3-4%.

Stainless steels are pickled at 40-50°C in a bath composed of:
47% hydrochloric acid, 5% nitric acid and 48% water. They are then
immersed in a 5% solution of nitric acid and held over for 3-5 min.
Pickled articles are flushed in warm water, then in a 0.5% solution
?lf caustic soda, and dried at 120-150°C to eliminate pickling brit-

eness.
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Overpickling may occur when chemical descaling is applied; because
of this, parts finished to size or designed with negligible machining
allowance are to be electrochemically pickled in special shops.

7. ANTICORROSION PROTECTION
FOR ARTICLES AFTER HEAT-TREATMENT

After heat-treatment associated with the use of salts, alkalis, water,
and various other materials, which may cause corrosion of articles
on long-term storage, the latter are given the anticorrosion treatment
involving a 5-min dipping of cleaned, flushed and dried articles in a
20-30% aqueous solution of sodium nitrite; this done, the articles are
wrapped in paper impregnated with the same solution.

In such a wrapping, the parts can be stored for a long period of time.
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Chapter VI
HEAT-TREATMENT TECHNOLOGY

1. APPROXIMATE HEAT-TREATMENT SCHEDULES AND MECHANICAL
PROPERTIES OF VARIOUS GRADES OF STEELS

_ Plain carbon steels (grades from Cr. 1 through Cr. 7) are heat-treated
and case-hardened according to charts specified for structural steels
with similar carbon content.

Free-cutting steel is heat-treated and case-hardened according to the
same charts as above.

High-quality structural carbon steel, depending upon carbon content
and application, can be normalised, annealed, hardened or carburised.
In shop practice, steels with up to 0.5% carbon are normalised,
while those with a higher carbon content are annealed to improve ma-
chinability. Cooling rate is 50-150°C per hour down to 500-600°C with
. subsequent air-cooling.

Annealing is to be carried out in the lower range of temperatures
indicated in Table 70, while the upper temperature range is preferred
for normalising. :

One must bear in mind that steels of the medium-carbon grades
(grades 45, 50, etc.) are inclined to cracking when hardened in water,
and they should be quenched with intermediate transfer to oil bath.

Steels with high manganese content have a tendency to overheat,
and because of this their heating and holding time should be as short
as possible.

After tempering at 400-600°C, manganese steel should be cooled
rapidly so as to prevent temper brittleness.

Steel castings. Large steel castings which acquire quite a coarse-
grained non-uniform structure as a result of slow cooling are, first, ho-
mogenised at Ac,+4150-250°C, then annealed at normal temperature.

Medium- and small-size steel castings which are currently produced

in great numbers by precision casting are, as a rule, annealed or nor-
malised at Ac,+20-50°C for hypoeutectoid steels and at Ac,4-20-
30°C for eutectoid and hypereutectoid steels. Holding time on an-
nealing and normalising should be increased by 1.5 times as compared
to that specified for forgings and rolled blanks.
. Castings can be, depending upon the specifications, subjected to
improving (heavy duty machine parts) or hardened with subsequent
low-temperature tempering (tools, ete.) according to usual schedules.
~ Steel castings subjected to any kind of heat-treatment are less duc-
tile than forgings and rolled stock.
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of Quality Structural Carbon Steels

Table 70
Approximate Heat-treatment Schedules and Mechanical Properties

£8 wx ) Mechanical properties
< o gogé - ?‘E Hardness =,
o | E25520 | 23 | i3 45E | 4%
3| 58REEs | 3% EE Hyg R, |Z28E| g€
S | ZREEsZ QE =25 e @
Carbon Steels with Normal Manganese Content
Steels Subject to Carburising
08| 900-960 Air - 131 — 32 33 -
10| 900-940 Air — 137 — 34 31 .
15| 890-930 Air — 143 — 37 27
20| 880-920 Air — 156 — 41 25
Steels Subject to Improving
25( 860-900 Water | 200-300 — 33-27 — —
30| 850-890 Water | 200-300 — 35-30 — —
: 600 — 55 20
35( 840-880 Water | 300-400 — 50-41 — —
400-500 — 41-31 — —
: 500-600 — 31-23 | — —
40| 820-860 Water | 200-300 — 52-48 — —
300-400 - 48-41 — —
.400-500 — 41-33 - =
500-600 — 33-22 — —
45| 810-840 Water | 200-300 — 54-50 — —
50 : 300-400 — 50-41 — —
400-500 — 41-33 — —
500-600 - 33-24 — —
600-700 — 24-15 - —
551 790-830 Water | 430-450 — 42-33 - —
60| 785-820 Water, 400 321 — — —_
) oil 550-620 | 241-207 — — —_
65| 785-815 Water, | 300-400 — 52-45 — —
- oil ‘[ 400-500 — 45-37 — -
500-600 — 37-28 — —
70} 770-815 Water, 400 — .| 46-39 —_ —
75 oil 610-670 | 260-230 — — —
80| 770-800 Water, | 375-400 - 49-40 — —
85 oil = | 560-600 — 33-26 _ —
5*
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Table 70 continued

Mechanical properties

55,53 g
= E‘;E EDE Hardness g
EEEt=] wE oy 0= L 3
o | £285=F| =2 | &% ZPE| &
a | §2ELS 373 Eg H R so2 ) o6&
6| 285858 | SE | &ss B ¢ |es¥| a2
Carbon Steels with Increased Manganese Content
Steels Subject to Carburising
15"} 880-920 Air — 163 — 40 24
a0r ’ 860-900 Air — 197 - 43 22
25r' | 850-890 Air 197 43 22
Steels Subject to Improving
30r | 840-880 Water |200-220 —_ 54-52 — —
400-500 — 38-33 — —
: 600 196 — 70 15
40T" | ' 820-860 Water 600 235 — 80 15
50I | 800-840 | Water, 200 — 50 — —
oil 550-600 | 295-246 85 8
60 | 790-820 | Water, [200-220 — 60-56 — —
oil 380-420 — 46-40 — —
i 500-600 | 302-269 — 85 9
65I' | 790-815 Water, |150-200 — €0-58 — —
~oil 200-300 — 58-54 — —
300-400 —_ 54-47 — —
400-500 — 47-39 — —
500-600| - — 39-30 — —
70r" | 780-800 Water, |200-220 — 62-58 — —
oil 400-450 —_ 46-40 — —

Notes. 1. After carburising, steels are hardened and annealed, according
to usual schedules.

“2. Mechanical properties of steels mentioned in the table refer to samples
60-80 mm in cross-section.

B "1t should he borne in mind that steel castings, supplied to the heat-
hqatment shops, show a decarburised outer layer, the decarburisation
being sometimes very high. Decarburisation in the casting bay is
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caused by scales presenf in the moulding sand. When decarbdrisafion
is slight, the defect can be corrected by annealing in a carburising
medium. Castings are rejected if there is considerable decarbu-
risation. ’

Table 71

Approximate Heat-treatment Schedule and Hardness Number
of Steel Used for Plough Shares '

. . Rockwell

Grade of Heating temperature on Cooling | Tempering | hardpess
steel hardening, normalising or medium tempera- number
full annealing, °C ture, °C R ’

J153 800-820 Water 180-250 58-55

250-300 55-52
300-350 52-50
350-400 50-44

Structural alloy steels are either carburised or improved, depend-
ing on their carbon content. Alloy steels have lower heat conductivity,
and because of this fancy-shaped parts should be heated slower than
those from carbon steel.

Table 72 presents methods for softening alloy steel. Some grades of
complex alloy chrome-nickel steels cannot be annealed and are soft-
ened only by means of high tempering with prolonged holding time.
The parts are cooled down to 500°C within the furnace, and then in
the air.

It is a customary practice in some plants to substitute high temper-
ing for annealing for other grades of steel as well, as tempering is sim-
pler than annealing, and gives good results. When one is not certain of
the correctness of the forging procedure used for treating blanks, the
latter should be normalised prior to tempering. Approximate heat-
treatment methods for alloy steels are given in Table 73. Hardened

arts from alloy steels containing chromium or manganese should
ge cooled in oil or air, after tempering, to prevent temper brittleness.

Spring steel is generally not ground, and special measures are, there-
fore, to be taken to prevent heat-treatment decarburisation. This ap-
plies especially to silicon steels which decarburise much quicker than
other grades of steel. When hot-rolled, as well as heat-freated, spring
steel is to besoftened, high tempering at 660-700°C with minimum hold-
ing should be used. A tentative method for heat-treatment of spring
steel is presented in Table 74.
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Table 72

Softening Procedures for Alloy Structural Steels

134

Heating :
Grade Operalion tempgrcatl”e- ccg%léli]ﬁorr?ste
30X, 35X, 38X, 40X, Annealing 800-860 |[40-50°C
45X, 50X per hr
15X ®, 20XP, 40X D, Annealing 840-860 | 50-60° per hr
50X
33XC, 37XC, 40XC Annealing 860-880 |40-60° per hr
40XT, 35XTI2 Annealing 840-850 | 40-60° per hr
20XTC Isothermal 880-900 |Isothermal
annealing holding at
660-680° C
26BXIC Isothermal 870-890 | Ditto
annealing
30XTC Isothermal 860-880 | Ditto
annealing
3BXIC Isothermal 850-870 | Ditto
annealing
27Cr, 3s5Cr Annealing 860-880 |50-60° per hr
25HA, 30HA Normalising,| 840-860 | Air
tempering | 620-640 | Air
13H2A, 13H5A, 21H5A Tempering 620-640 | Holding,5hrs
25H3, 30H3A Tempering 650-670 | Ditto
15XMA Annealing 880-900 |30-40° per hr
20XM Annealing 860-880 | Ditto
30XM Annealing 840-860 | Ditto
35XM Annealing 830-850 Ditto
38XI0A, 38XMIOA Annealing 860-880 | 60-80° per hr
35X MDA Annealing 860-880 | 40-50° per hr
- 20XH Annealing 840-860 | 30-40° per hr
40XH, 45XH Annealing 800-820 | 30-40° per hr
50XH Annealling 798-8(1)8 Ditto
) Normalising,| 880-9 ] —
12XH2, 12X H3, 12X2H4 tempering | 600-640 —
20X H3, 30XH3, 37XH3A Normalising,| 640-650 |Prolonged
tempering holding
20X H4®A Annealing 850-860 [30-40° per hr
13XHBA, 18XHBA, Tempering 650-680 | Prolonged
18XHMA, 25XHBA holding
12X2H3MA, 12X2H4MA, Tempering 650-670 | Holding for
20XHM, 33XH3MA, 5-6 brs
40XHMA
456XHB®A Annealing 850-870 [40-50° per hr
18XI'T Normalising,| 900-930 —
tempering 670 —
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Table 74

Approximate Heat-treatment Schedules and Hardness Numbers
of Spring Steels

Heating tem-

peratures for Cooli Temperlng | Hardness
Grade |hardening and Cooling temperature, | number, Remarks
normfcl:ising, medium °C R
55 790-830 Water 430-450 33-42
65 785-815 0il 300 52
400 45
500 37
600 28
70 780-815 Oil 380 —
75 780-815 Oil 380 39-46
85 770-800 Oil 375-400 40-49
65I" 790-815 Oil 380-430 42-47
55I'C 790-820 Oil 390-420 39-46
580 25-31
55C2 850-890 Oil 480-500 39-43
60C2 840-870 Oil 400-510 | 43-50
60C2A 840-870 Oil 400-425 40-49 | For wire up
to 13 mm
in dia
820-840 Water 400-425 40-49 |For wire
above
63C2A 860 oil 400-510 j3mm
70C3A 850 Oil 400-510
50XT,
50XTA 840-870 Oil 450-480 41-43
60C2X A 860 0il 420
60C2X DA 840 Oil 450
65C2BA 840 Oil 450
60C2H2A 840 Oil -
55CI" 880 Oil 400-510
60CI'A 860 Oil 400-510
50X 840-870 Oil 475
50XDA 370-420 42.50
50XTdA 850-880 Qil 550 39-43
58CH2A 875-900 Oil 400-425 46-49
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Table 75
Spring Steel Not Subject to Hardening

Description Mechanical properties

Spring steel wire, heat-treated, from | Tensile strength from

1.2 to 5.5 mm thick 180 to 130 kg/mm?*
Carbon spring steel wire, from 0.14
to 8 mm thick: Tensile strength:
grade 1 from 310 to 150 kg/mm?
grade I from 270 to 140 kg/mm?
grade 11 from 225 to 110 kg/mm?

Steel spring band, heat-treated, from
0.08 to 1 mm thick:

11T (first grade of strength) Hy 375-485
21 (second grade of strength) Hy 486-600
3I1 (third grade of strength) Hy, over 600

* Depending on wire thickness.

Table 76

Approximate Heat-treatment Schedule for Ball-bearing Steel

Annealing Hardening Tempering

) Mini
Grade Heating | Hardness | Heating h“.,",‘d",‘];'s’;‘ Heatlng | Hardness
tempera- [ number, | tempera: | number tempera- [ number,
ture, °C Hp ture, °C R ' | ture, °C R,

mxe 780-800 | 170-207 | 800-825 62 150-170 | 60-62

: 200-220 | 56-58
X9 780-800 | 170-207 | 825-840 62 150-180 | 60-62
200-260 | 60-55
260-320 | 55-50
mx10 820-830 840-850 400 50-45
iX1s 780-800 | 170-207 | 835-855 62 150-200 | 64-61

: 200-300 | 61-56
300-400 | 56-49
gOO-SOO 49-41
00-600 | 41-28
LIX15CT | 780-800 | 170-207 | 815-835 62 170-200 | 61-65

Note. Oll serves as a cooling medium for ball-bearing steels, while kerosen
is used for plain-shaped articles requiring high hardness, €
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Ball-bearing steel. Ball-bearing steel is heat-treated according to
procedures recommended in Table 76. On annealing, the work, follow-
ing heat soaking, is cooled to 500-550°C at a rate of 30°C per hour
for grade IUX15CI steel and below 40°C per hour for grades X6,
11X9, 1iX15, after which the blanks are cooled in the furnace with
the power switched off. Isothermal annealing is also being applied,
according to the following sequence of operations: heating to 800°C,
holding till heat soaking is complete, cooling down to 700-720°C, hold-
ing for 3-4 hrs, cooling in the furnace down to 400-450°C, followed by
cooling in the air.

If no correction of structure is required and the annealing aims only
at softening, high tempering at 680-700°C for 3-4 hrs may then be
successfully applied.

When hardening large parts from the IIIX 15 steel, cooling should be
effected in kerosene down to room temperature in order to ensure hard-
ness above Rc=60. In this case all sharp changes of section and sharp
grooves are to be covered with a mixture composed of asbestos and
clay, so as to prevent cracking.

Electric steels and alloys are annealed to improve their magnetic
properties. Best results are obtained with vacuum annealing (Fig. 21).
If no vacuum installation is available, the work is to be annealed in
containers with solid protective. media—white mountain sand, asbes-
tos powder, aluminium oxide, etc. The protective mixture should be
calcined prior to use in order to eliminate all moisture. Fig. 22 shows
the packing of the containers. When a thin oxide skin is desirable,
the parts are annealed in the same packets but with no protective mix-
ture. Hydrogen annealing did not find wide application, because of ex-
plosion hazards and possible surface decarburisation.

Annealed parts are not to be distorted, dropped or hammered, as
this lowers their magnetic properties.

When cutting or stamping of permalloy is difficult, because of
strain-hardening, the alloy should be annealed at 600-650°C (holding
for 1-2 hrs and cooling at a rate of 100-200°C per hour).

Annealing schedules for electric steels and permalloys are given in
Table 77.

Magnetic steel is heat-treated according to schedules given in Table 78
in order to ensure the requisite magnetic properties. Holding time is
counted off as soon as steel is heated to the required temperature.

A special post-rolling softening treatment intended to obtain a
structure, ensuring best magnetic properties after hardening, is prac-
tised in some metallurgical plants. This must betaken into account by
the users who should not re-anneal the stock as this will change the
steel structure and entail (after hardening from normal temperatures)
worsening of magnetic properties of steel.

When bending magnets, the work should be heated below 700°C
for grades EX5K5 and E7B6, 750°C for grades EX and EX3 and 800°C
for grade EX9KI15M, in order not to impair magnetic properties
of steel.

Heat-treatment schedules for cast magnets are presented in Table 79.

Stainless steel, on annealing, is to be cooled to 250-300°C within
the furnace. Holding time on heating should be cut to.a minimum so as
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Fig. 21. Vacuum annealing installation:
I - muffle; 2 —water-cooled muifle lid; 3 — water outlet nipple;
4 —air exhaust nipple; 5— water inlet nipple; 6 — coupling bolts;
7 —furnace linlng



fo prevent grain growth. Depending on steel grade, the hardening
procedure aims at toughening or increasing ductility and chemical
resistance (tables 80 and 8I).

It should be noted that hardening always increases the corrosion re-
sistance of steel. Chromium stainless steels are characterised by tem-
per brittleness, and for this reason,
they are to be cooled in water or oil
after tempering.

Manganese wear-resistant grade I't3
steel is given a prolonged tempering
at 600-650°C in order to improve its
machinability. )

Grade T'l3 acquires high wear re-
sistance after hardening in water at
1050-1100°C. Holding time on heating
is 2-3 hours.

Given below are approximate me-
chanical properties obtained after
hardening:

Tensile strength o,=70-100 kg/mm?2,

elongfgtion 8=25-45% , Skem/cm? ]

specific resilience a;,=20-25kgm/cm?, p : o

Brinell hardnessk number Hp= Fie: ”t'log-of:lé:l::féa'l%g oxida
197-212.

Affer tempering at 400-450°C, the hardness of the T'13 steel may
reach as high as Hp=400. This stcel has a tendency to decarburise.
Because of its very low heat conductivity, the steel should be heated
slowly up fo 600°C, to prevent cracking.

Carbon tool steel. The work is cooled from annealing temperature
at a rate of 20-50°C per hour down to 550°C, then the cooling is con-
tinued in the air.

This steel acquires best machinability and minimum hardness aft-
er sub-critical annealing (spheroidising).

Sub-critical annealing (spheroidising) is realised by heating and
holding the said steel at 730-750°C, then cooling it down to
520-550"0 at a rate of 20-30° C per hour, and, finally, cooling it in
the air.

Carbon tool steel is “high” tempered at 680-700°C with prolonged
holding and subsequent air-cooling, to lower hardness and remove
stresses.

Tools are cooled, following hardening, chiefly in water and, subse-
ltz}.lently, in oil. Small-sized tools are hardened in oil or kerosene (Ta-

e 82).

Alloy tool steel. The work is first cooled from anmealing tempera-
ture at a rate of 30-40°C per hour down to 550°C, and then in the air.
In case of isothermal annealing, the steel can be air-cooled from iso-
thermal holding temperature. When only decrease in hardness and
stress removal are necessary, the work is high tempered at 650-680°C
and then air-cooled.

Because of low heat conductivify, fancy-shaped tools should be heat-
ed slowly. )

{nside cover
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Steel with high silicon content shows great tendency to decarburisa-
tion and, due to this, tools from grade 9XC and other similar steels,
which are not subjected to grinding after heat-treatment, should be
carefully protected against burning-out of carbon.

1t is not recommended to cool the work within the furnace after
tempering (tables 83 and 84).

Table 80

Annealing Schedules Recommended for Corrosion-resistant
and Non-scaling Steels

Mechanical properties

Grade of steel Annetzlgnnpge:arh}?:a%-ing s;l':ennsgilteh, Elongation,
g%{,?mmuz&, mi noi/nrh um
0X13, 1X13 Ann, 860-880 40 21
Temp.  740-800
2X13 Ann. 860-880 50 20
Temp.  740-800
3X13 Ann. 860-880 50 15
Temp. 740-800
4X13 Ann. 860-880 56 15
) Temp.  740-800
X17, 0X17T
(2H1465) Temp. 740-780 50 18
X25T, X28
(311439, 2H1349) Temp. 740-780 54 17
X I5H9IO (2H904) Norm. 1040-1080 <110 20
X5 Norm.  850-870 40 24
4X9C2 (CX8) Norm. 850-870 75 15
X 6CIO (91428) Temp.  750-800 45 20
1X12CIO (3H1404) Norm.  800-850 50 15
X 18CIO (3M1484) Norm.  800-850 50 20

Notes. 1. Abbreviations used: temp. — tempering; ann. —annealing; norm,—
normalising.

4)(21.3I~:ither annealing or tempering is applied to steel grades 1X13 through
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High-speed steel. High-speed steel is annealed according to normal
or isothermal procedures. In normal annealing the work is cooled at
a rate of 30-40°C per hour. Isothermal annealing is conducted as
follows: heating to 830-850°C, holding for 1.5-2 hours, rapid cooling
to 720-750°C, holding for 3-5 hours, followed by air-cooling (Table
84). The steel is also high tempered at 720-750°C with subsequent air-
cooling, to lower its hardness.

High-speed steel possesses low heaf conducfivity and, because of
this, the tools should be preheated to 800-850°C on hardening. Pre-
heating may be omitted for regular-shaped and small-sized parts.

warer  Thermocouple \ /
Pressure [
‘ Gauge%:3 \C \
e \\

ﬁ sfeamin \\} / ////ﬁA steam

Gas

C RS

Fig. 23. Schematic view of a steam-treatment Installation

The work is preheated either in special furnaces of by twofold or
threefold dippings for 2-4 sec in the same bath wherein the final heat-
ing is carried out.

The work is hardened in oil, molten salt or air. Air-cooling results
inlow durability and can be recommended only for long thin tools with
a view to diminish distortion (Table 85). Hardening in molten salts is
effected at 250-500°C with subsequent air-cooling Tempering can be
either single-stage with holding for 2-3 hours, or two-stage with 1-hour
holding period for each stage.

Steam heat-treatment (tempering) of high-speed steel, recommended
currently, consists of the following steps: 1) fully finished (including
sharpening) tools are charged into an air-tight furnace, heated to 350-
370°C, after which steam is admitted into the furnace and the tools are
held at the said temperature for 30 min; 2) the tools are then heated to
540-580°C (steam being introduced continuously) and held for 20-
30 min at the above temperature. The work is first cooled in air down
to 50-70°C, and then heated in oil to 40-50°C.

This treatment results in the formation of oxide film Fe,O,, dark blue
in colour, which imparts appreciable corrosion resistance tothe tools,
as well as improves to some extent their service behaviour,
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To ensure adequate finish, the work is treated with superheated
steam; to do this, steam is superheated in a tube, situated inside the
furnace, prior to being admitted to the muffle.

Any type of boiler, of suificient capacity, heated by any fuel can
serve as a source of steam. Diagram of a steam-treatment installation
is presented in Fig. 23. ) _ )

Recommended steel grades, fempering temperaiures, and fool hard.
ness numbers are presented in Table 86.

Table 84

Technolagical Schedules for Isothermal Annealing of Tool Steels

Initlal heating Isothermal holding
Hardness
Grade Tempera- | Holding, | Tempera. | Holding, | "UT.Der:
ture, °C hrs ture, °C hr: B

X12 }850-870 1.5-2.5 | 720.750 | 3.5 | 288%5

X12M 217-255

X, WXI15, WIX12 770-790 | 1.5-2.5 | 670-720 3-4 197-228

9XC 780-810 | 1.5-2.5 680-720 34 207-241

XT 790-810 | 1.5-2.5 | 700-730 3-4 217-255

XBT 770-790 | 1.5-2.5 | 700-730 3-4 197-228

Bl 750-770 | 1.5-2.5 | 670-700 3-4 187-228

3X2B8 790-820 | 1.5-2.5 | 710-740 | 3-4 | 187-298

Vi1, V1A, Y12, |750-770 | 1.5-2.5 | 640680 | 1-2 | 187-207
YI12A

Y10, YI0A 750-770 | 1.5-2.5 | 620-660 1-2 179-197

V9, Y9A 750-770 | 1.5-2.5 | 600-650 1-2 170-187

P8 }830-850 1.52.5 | 720750 | 3.5 | 21025

P9 _ 228-255

P18K5, P18K10 850.870 1-2 730-750 4-6 217-269

In Table 86 hardening temperatures and cooling media are
not indicated. These data are given in tables 70, 72, 81, 82, 84.
Hardness numbers of tools are given in accordance with the Soviet
Standards, while those of machine parts—according to specialised
handbooks.
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Table 85
Approximate Heat-treatment Schedules for High-speed Steels

Annealing Hardening Tempering
7 - @ -
Grade Heating |Hardness | Heating E”E s Heating | 83
tempera- | number, | tempera- [ == | TG tempera-| 9%
ture, °C Hp ture, °C [ 89 [ w5 o | ture, °C|5E o
OE =x=1:4 Lex

P9 §30-860 | 207-255 |{2o0- 1259 61-63 | 540-580 | = 62
P95 | 840-860 | 203 |1220.12%0 62-64 | 575-585 | 64-66
PIOK5®5 | 840-860 | 203 |1oog—tous 62-64 | 575-585 | 65-67
POKIO | 840-860 | 293 |aooi% 62-64 | 575-585 | 65-66

1250-1270

Pl14®4 840-860 293 62-641575-585-| 65-66

0Oil, molten salt at 450-550°C, air. For

very intricate tools, having a tendency
to crack—oil at 200°C with subsequent

T230-1260| = 43

P18 830-860 | 207-255 | 12001332 < | 62-64|540-580| = 62
PI8®2 | 840-860 | 203 12501300\ £ 5% 5 | 6365 | 575-585 | 65-66
PI8K5®2 | 840-860 | 203 |12 1330 Eﬂ 63-65 | 575-585 | 64-66
g}gﬁo} TSa%ele 84 1280- 1320 % | 60-64|550-570 | 62-65

Notes. 1. On annealing the cooling rate is 20-25°C per hr.

2. The hardening temperatures given as numerators refer to cutters and
those given as denominators—to fancy-shaped tools; the lower temperatures
apply to thin tools, whereas the upper range—to the larger tools.

3. Tempering procedures are repeated from 2 to 4 times for tools made of
steel grades PY®5, PIOKS5®D5 and Pl4d4, and 2-3 times for the remaining
grades, the holding time lasting 1 hour in each case.

2. PRACTICAL HINTS ON HEAT-TREATMENT OF ARTICLES

Cutting tools. Long, slender tools should be suspended on heating.
When using chamber furnaces, the tools mentioned above should be
placed on special supports (Fig. 24) which ensure rectilinearity of the
ool on heating. Welded tools should beheated below the welding seam.
When heating large tools in electrode-salt baths, care should be taken
to prevent contact between the tools and the electrodes so as to avoid
sticking.

Upon air-cooling, tools should not be placed on the floor or plates,
but suspended or driven info sand boxes by their shanks.
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Small-sized cylinder-shaped tools, up to 6-8 mm in diameter, are
hardened by the use of a smoothing iron (employed as a chill bar)
(Fig. 25).

Thin, slender tools made from high-speed steel are hardened between
plates, which, when not positively cooled on the inside, should be
grea:ed prior to the hardening procedure.

%

Fig. 24. Brick with grooves for heating of cylinder-shaped parts
in horizontal position

L

Tools from grade 9XC and other silicon steels, which are not ground,
should be carefully protected against decarburisation.

Tools hardened in water should be immersed therein very quickly
so as to avoid cracking in that part of the tool which is dipped first.

Fig. 25. Schematic view of “lron® hardening: Fig. 26 Cutter {rom carbon

| ~bath; 2—'plate. 3—iron steel, slottegn[i):;xgor to hard-

Round cutters from carbon steel should be slotted by a 1-mm cutter
to prevent cracking on hardening (Fig. 26).
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Tools wifh sections varying step by step should be quenched with
the thick end down. Articles with blind holes should be cooled with the
orifice oriented upwards or in a special installation with the aid of a
water jet.

Tools with the cutting ends, when heated in salt baths, are heat
treated as follows: for carbon and alloy steels—first the shank,
then the cutting edge, while for high-speed steel the -sequence is
reversed.

Prior to re-hardening the articles should be annealed, this being of
utmost importance for high-speed steel articles in order to prevent
coarse-grained flake-like fracturing.

When testing files for hardness by the use of a hardened steel plate,
it may occur that the file slides on one side and sticks on the other,
i. e., one side is soft, the other hard.

In most cases, this failure occurs because of excessive hardness of
the pad on which the file is cut.

File dents when placed on the hard pad are dulled if the file is struck
on the opposite side. If the pad is made of a material which takes on
cold working (aluminium, etc.), it should be periodically annealed
(the periodicity being set from practice). One of the Soviet research in-
stitutes recommends grade MI'l magnesium, which takes no cold work-
ing, as a pad material. An alloy consisting of 87% lead and 13% anti-
mony is also used. :

Annular cracks in welded tools. Cracks, situated at about 1 to 3 mm
from the seam, can often be observed in high-speed welded tools.

These cracks are caused by rapid cooling of the tools from the weld-
ing temperatures and the subsequent air hardening of the seam area of
the high-speed steel.

To prevent cracks, the blanks, after welding, should be charged in-
to a furnace heated to 740-760°C. After charging, the furndce is cooled
to 500-600°C and the blanks are then discharged.

Hot stamping dies. On hardening, small- and medium-sized dies
can be charged into a furnace heated to requisite temperature, while
large dies should be introduced into a furnace heated to 750-700°C.

When no spraying is available in the quenching tank, the:die should
be immersed with the face up. Dies {rom carbon steel are preliminarily
‘normalised to increase the depth of hardening. For forging hammer
dies the hardness of the shank should be by.50-100 Hp less than that of
the working section. The shanks-are usually tempered through holding
on the plates or at the opened furnace doors. )

Dies should be tempered while still hot, immediately upon withdra-
wal from the quenching tank. When high tempering is.applied, it is
not recommended to place the .dies immediately.in the furnace heated
to tempering temperatures. '

Pressure casting dies. The most durable material for. pressure
casting dies is grade 3X2B8 steel. It endures well the tempering at
600°C. Die performance shows that the higher the die surface hardness,
the better is its wear resistance and the less the liquid metal sticks to
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its sides. The best means of die case-hardening should be recognised
nitriding and cyaniding, as they cause minimum distortion. .

Technology of casting die manufacture from grade 3X2B8 steel, which
is cyanided, is as follows: (1) preliminary machining of the blank;
(2) heat-treatment—hardening from 1075-1125°C and tempering at 700-
720°C to 30-34 R; (3) final machining; (4) gas, liquid or §ohq cyaniding
(at 560-580°C to a depth of about 0.08-0.10 mm);.\va's,hmg in kerosene
and wiping dry. The hardness of cyanided die is above 60 Rc.
Stresses appearing in the die during the operations, and casting
cracks can be prevented by giving the dies periodical temperings
after predetermined intervals of operation.

Cold stamping dies. Dies hardened in water should be protected
against cracks at fastening apertures (Fig. 27) by 2-3-fold water dipping
of the areas mentioned. To avoid warping when treating punches from

O ( N
A\ r—d

a
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@)
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A Nt

Fig. 27. Hardening cracks through auxiliar orifices of a
die—a, cracks

carbon steel, the shanks should be cooled first, and then the whole ar-
ticle immersed with the face oriented upwards.

The hardness of the perforating punches should gradually shade
Otff fl:om Rc=54-58 on the working end to Ry=40-44 on the
shank.

Measuring tools. While hardening measuring tools it should be bor-
ne in mind that if correct technology is not strictly followed, this
leads to greater distortion and warping. Improving of gauges after
roughing, as well as hardening in hot media, yields good results and
brings down distortion.

Measuring tools are tempered twice: the first time, after hardening,
to remove internal stresses, and, the second time, after grinding, to re-
lieve post-grinding stresses and to prevent distortion during storage
(artificial ageing). The ageing temperature should not exceed that for
the first tempering procedure. The duration of ageing is from 2 to 5 hrs
depending on thesize of the tool, from the moment the latter has been
lﬁeatgd through. Tools of long, slender form should be hooked up on

eating.
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The following data may be used to determine the carburising
depth in relation to tool thickness:

Tool thickness, mm 3-5 5-10 10-15 Up to 20 and
over
Carburising depth, mm  0.3-0.5 0.5-0.8 0.6-0.9 0.8-1.0

Woodworking tools. Disk saws are oil-hardened while being placed
vertically. As soon as the saw cools down to about 400-300°C, it is ex-
tracted from the tank and clamped between two plates till it cools down
entirely. The saws are tempered when gripped in screw clamps.
It is recommended to tighten screw clamps to arrive at an effective
straightening of the saw on tempering.

The gradual transition from the thin section to the thick one in lathe
gouges, as well as the sides next to the aperture in a hollow gouge should
be hardened so as to obtain minimum hardness.

Fitter’s tools. Built-up tools such as flat- and round-nosed pliers,
nippers and hand vice should be assembled and hardened with the jaws
open. The jointed sections should not be hardened.

To prevent cracking, cutters and combination pliers are quenched
in kerosene or oil, while providing effective mixing of the bath. Large
combination pliers should first be quenched in water and then trans-
ferred tooil. Hand shears are to be quenched in a disassembled state.
The opening for the rivet should neither be heated nor hardened.
The work is to be cooled in kerosene or oil.

When only the ends of carbon-steel tools (chisels, hammers, etc.)
heated throughout are to be hardened, these ends are quenched by
the alternating method.

In this hardening method, first, the thin part is quenched, then the
thick one, or vice versa. When hardening the thin part first, it should
be immersed to a greater depth than that required; if the thick part is
hardened first, the work should be heated up to the upper temperature
range.

Spanners, according to Soviet Standard I'OCT 2838-54, can also be
manufactured from carburised steels, the depth of the case being
0.3-0.5 mm for spanners 2.5 to 4 mm thick and 0.6-1.0 mm for those
from 5 to 8 mm thick.

Heat-treatment of springs. When heat-treating springs, effective
steps should be taken to prevent cracking, especially of those of the
smaller dimensions.

Holding in the furnace should be as short as possible. Small springs
should be placed onto a heated pan. Springs from wire over 6 mm in
diameter should be tempered at 670-700°C prior to hardening. Large
spiral springs should be heated, on hardening and tempering, in spe-
cial devices to prevent distortion. Prior to tempering, the springs are
to be degreased. Best tempering results are obtained in saltpetre baths,
holding time being from 10 to 12 minutes. When electric or flame fur-
naces are employed, tempering should take 20-40 min.

Brittleness, which develops in springs as a result of pickling or appli-
cation of an anticorrosive coating (pickle brittleness), is eliminated
by heating for 1-2 hrs at 150-180°C.
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When the abuve treatment does not remove the increased brittle.
ness, the springs should be annealed, and then the entire heat-treat.
ment procedure repeated.

The thermo-mould method is the best means to manufacture flat
springs trom a heat-ireated band. The spring band sheared torequisite
profile is clamped in a device, shaped to finished spring, then heated
for 20-30 min at 350-400°C, after which it is air-cooled together with the
device. When the spring, upon discharge, is not up to the required
profile, the configuration of the device must be corrected by the trial
method. The said clamping devices are of the multiple-recess type.

Repairing worn plug gauges. Worn small-sized plug gauges from
alloy and high-carbon steels can be repaired through tempering in an
oi} bath at 210-230°C. As a result of this treatment, the diameters of
the gauges grow because of the disintegration of residual austenite
(Table 87).

Table 87

Heat-treatment Schedule for Repairing Thread Plug Gauges
from Alloy and High-carbon Steels

Plug diameter, mm Heating temperature, °C Holding time, hrs
Below 25 225-235
25-35 225-235
35-40 215-225 2.5
40-60 205-215 )
60-80 205-215
80- 150 200-210

Straightening of hardened articles. When hardened and tempered
articles warp beyond the tolerated allowances, they are to be sub-
jected to straightening.

Tools from any grade of tool steel up to 15 mm in diameter or
thickness, hardness numbers being R =50 and above, are straightened
through brief, but not heavy hammering over the entire length on the
concave side except for the cutting edges and threads, until full
straightening is achieved. The tool should be laid on a hardened
plate, while siraightening is carried out. The configuration of the
hammer striker should not be pointed in order to avoid indentations
which cannot be removed by subsequent grinding.

. Tools from high-speed steel are hand-straightened while hot,
immediately after hardening; those larger than 15 mm in diameter
are straightened under a press, being heated to 500-550°C. When
trueing a tool the latter is bent in the direction opposite to that of
the detected convexity, to a degree slightly in excess of that of the
true shape; after a predetermined holding (determined from practice)
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and cooling, the work is discharged and inspected. If the procedure
has not given satisfactory results, it is repeated. The heating temper-
ature (500-550°C) is checked by the thermocolours. '

Articles whose hardness numbers do not surpass R =50 are press-
straightened while either cold, or preheated to tempering temperatures.

Files [rom high-carbon steel are eflectively straightened by the use
of a mallet or a special device, the hardening procedure being dis-
continued al 140-180°C.

Half-round files, prior to hardening, are curved in the direction
opposite to the flat face.

Flat, long articles are removed from oil at 150-200°C and inserted
for straightening into special slotted plates (the slots being thicker than
the articles by 0.1-0.15 mm), and re-cooled therein.

All articles without exception are re-tempered to remove stresses im-
mediately after press or mallet cold straightening.

Normalising, straightening and repeated hardening with the use of
all means to prevent warpage should be carried out in the following
instances:

1. When warpage is excessive, the shape of the article prohibiting
trueing (cutting edges or through threads, sharp changes in section,
etc.).

2.) When the article does not yield to trueing.

3. When large-sized carbon or alloy steel tools display excessive
warpage

Thermal straightening (thermo-trueing). Therma!l straightening can
be used whenever there is a need to straighten warped plates (Fig. 28).

/

3

Fig. 28 Arrangement of plates in thermal
straightening:

I —plates; 2 ~clamps: 3-—bracing bolts

A packet of plates is clamped in a device and is held till heat-soaked
in a furnace, the temperature being in the 240-280°C range for alumin-
jumn plates, and 400-600°C lor those made of brass. The upper tempera-
ture range is used for straightening thicker plates. -

A list of steel grades recommended for the manufacture of parts of
lathes, automobiles and agricultural machinery, as well as tempering
schdeglales and requisite hardness niumbers, are given in Tables 88, 89
an .
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Chapter VIl
HEAT-TREATMENT OF CAST IRON

Cast-iron articles, depending on specifications, may be annealed,
normalised, hardened, tempered or case-hardened.

Low-temp:rature annealing. Natural ageing, consisting of a pro-
longed maturing of articles in storehouses, was employed as a means of
removing stresses in cast-iron articles. This was a long-term operation

90\

50

\\

Residual Stresses in 7

0

30 90 150 Days

Fig. 29. Lowering of internal stresses in rela-
tion to the duration of natural ageing of cast
iron

which, all things considered, did not remove all the stresses entirely
(Fig. 29).

Currently, a low-temperature annealing procedure, relieving all the
stresses completely, has been successfully applied (Fig. 30); this proce-
dure is carried out according to a schedule which is the same for all
grades of cast iron: the articles are charged to a furnace heated to max-
imum 250-300°C, the furnace temperature is then raised and the said
work is held over for a period ranging from 2 to 8 hrs, depending on
its size and shape; after this, the furnace is cooled at a rate of 20-30°C
per hour down to 200-150°C, and the articles are discharged in the air.

Low-temperature spheroidising annealing. This procedure is gen-
erally used for extra-tough and malleable cast irons; it greatly in-
creases ductility, resilience and antifriction properties. This treat-
ment is rarely applied to grey cast iron, as along with a lowering of

7 —949* 197



hardness and improvement of machinability it brings down shaiply
its mechanical properties. ) ) _

The annealing schedule comprises: heating (gradual for fancy-
shaped parts) to 670-700°C, holding from 1 to 4 hrs and cooling with
the furnace. ) )

Spheroidisation of white cast iron. This process is en}ployed toreduce
hardness and to improve machinability of white cast iron. The work is
heated to 850-950°C and, after a through heat soaking, cooled with the
furnace; larger articles are air-cooled. )

To remove the whitening effect in the thin sides of castings from ex-
tra-tough cast iron, the articles are annealed according tq the follqw~
ing schedule: heating to 800-850°C, hol ding for 2-4 hirs, cool ing to 650°C,
holding for 4-6 hrs and cooling with the furnace to 200-175°C.

X100

s ™~

9 &0

2 TN

S 60 <

= 40 N
3 \
3

<

0 100 200. 300 <00 500 600
Degrees Centigrade

Fig.30. Effect of heating temperature on remov-
al of internal stressgstaccording to published
ata

Normalising. It is employed to increase strength and wear resist-
ance of grey cast iron. On normalising, the article is heated to 850-
900°C and, after a through heat soaking, cooled. Intricate parts should
be tempered, after normalising, at 600-650°C.

Hardening is intended to increase hardness, strength and heat re-
sistance of articles made of grey cast iron.

The hardening temperature in oil is 830-870°C, and in water 800-
820°C. Odd-shaped parts, prior to hardening, are heated slowly whereas
simple-shaped parts are heated rapidly by charging them into the
furnace heated to the requisite temperature. When initial structure is
ferritic, holding time is increased. Isothermal hardening of grey cast
iron, which markedly reduces cracking and warping, is carried out at
830-900°C through immersion in a bath at 200-400°C.

Tempering. Tempering of cast-ifon parts, after hardening, is imper-
ative. The process temperature is from 200 to 500°C, dependingon prop-
erties required. When maximum wear resistance is needed, the work is
tempered at 200-250°C. The best combination of strength and wear re-
sistance is attained in the 350-450°C range, the hardness averaging
Hz=321-418,
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Testing cast-iron articles for hardness. Rockwell hardness test, after
quenching, fails Lo bring forth the exact picture of the hardening effec-
tiveness, because of presence of graphite in the cast iron. Fig. 30 a
illustrates an indentation produced by the Rockwell testing machine
on the hardened surface of a tractor cylinder bushing, the load applied
equalling 60 kg. To ascertain what amount of graphite is included in
the indentation area of the diamond cone, a circle of equal diameter is
drawn next to the indentation. The hardness number of the said bush-
ing is 45 units R ¢ 5, While the hardness numbher of its metallic base de-
termined by the IIMT-3 device equals 62 Rc,5,. It is evident that the
R =45 is an average hardness number, which is a function not only of
the degree of hardening but also of the amount of graphite (Brinell

hardness number of only 6-10 kg/mm?) present in the cast iron.

Table 91

Causes and Correction Methods for Annealing Defects in Grey
and Malleable Cast Irons

Defect Detection Chief cause Cg:‘;f}c“t,éosn
Low hardness of | Hardness lest | Disintegration of | Normalising at
grey cast iron cementite on| 900-950°C for
after  stress- heating  above| plain-shaped
relieving an- 600°C parts and sub-
nealing sequent stress-
relieving tem-
pering
High hardness| Ditto Insufficient temper- | Repeated  an-
of white cast ature and/or| nealingatnor-
iron after holding on an-{ mal tempera-
annealing nealing ture and ade-
quate holding
time
Free structural | Microstructure |[Low  temperature | Repeated an-
cementite in| checking or insufficient| nealing ac-
malleable cast . holding at the Ist| cording to sef
iron stageof spheroid-| schedule
ising
Excessive Ditto Non-compliance = |Repeated an-
amounts of la- with cooling| nealing at
mellar pear- schedule or insuf-| 710-730°C
lite in malle- ficient holding at
able iron the 2nd stage of
spheroidising
Lamellar graph- | Ditto Presence of free|Irremediable
ite in malle- graphite in mal- defect
able iron leable iron
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Improving of extra-tough cast iron is eliected according to the fol-
lowing schedule: hardening in oil from 870-900°C and tempering at
500-600°C.

Mechanical properties: tensile strength up to 120 kg/mm?, yield
point up to 100 kg/mm?, Brinell hardness number—375.

Heat-treatment of white casl iron. Malleable cast iron is obtained
by annealing while-iron castings according to a number of technologi-
cal flowsheets, two of which are given below.

Flowsheet No. 1. The articles are packed into boxes and covered
with dry river sand. The boxes are heated to 1000-1050°C in a furnace,
kept there af the said temperature for 6-10 hours and cooled with the
furnace down to 680°C. The cooling in the 760-680°C range is slow (2-3°C
per hour), after which the cooling rate is immaterial. Prolonged hold-
ing at temperatures slightly below the A, point can be substituted for
slow cooling.

Flowsheet No. 2. Heating of articles in an antioxidising medium up
t0940-960°C, holding at the said temperature for 12 hours, cooling to
760°C, slow cooling (for 20-22 hrs) in the 760-680°C range, 10-hr cooling
down to 550°C, subsequent cooling effected at any rate desired.

Table 91 lists various defects encountered in the heat-treatment of
cast iron and the melhods required to remedy them.



Chapter VIII
HEAT-TREATMENT OF NON-FERROUS METALS

Copper and copper-base alloys. Copper is annealed to remove cold
working effects and to reduce hardness. To this end, copper is heated
to 500-700° C and then cooled after heat soaking. Any rate of cooling
will suit the case, the cooling being effected with the furnace, in the air
or water; when the work is water-cooled, the scale akes off more
readily than with the cooling being effected in the furnace or air.

The post-annealing mechanical properties of pure copper are tensile
strength ¢,=20 kg/mm?, relative elongation 6=50%, Brinell hardness
number Hg=3b (approximate data).

Conventional designations for copper alloys are given in Table 92.

Table 92

Conventional Designations of Elements in Specifications for Copper
and Nickel Alloys

Element Designation Element Designation
Aluminium A Magnesium Mr
Beryllium b Manganese Mu
Chromium X Nickel H
Copper M Silicon K
Iron K Tin o}
Lead C Zinc L

Brasses (copper-zinc alloys). The chemical composition of brasses
can be identified according fo the designation of the alloy, namely:
the letters indicate the elements contained in the brass, while the fig-
ures specify the percentage of these elements. The letter “J/1” designates
brass, while the subsequent lettersstand for elements comprising the
brass. The first figure designates the percentage of copper, the remain-
ing figures specifying the percentage of theelements in the same se-
quence as these are included in the designation of thé alloy. The
amount of zinc is the balance to 100%.

Examples:

1. J162—brass, copper—62%, zinc—38%.

2. JIPKMub9-1-1 —brass, copper—59%, iron—1%, manganese—1%,
zinc-—39%, )
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Brass is annealed to remove cold working effects and restore the
structure. On annealing, the parts are charged to a furnace heated to the
required temperature. Brasses, even when slightly distorted, tend to
crack when stored in moist atmosphere; because of this, all articles
and half-finished pieces should besubjected to low-temperature anneal-
ing at 300-350°C.

Intermediate annealing subsequent to the rolling of brass, as well as
annealing of blanks are carried out al temperatures listed in Table 93.
Brass castings which should display minimum deformation in machin-
ing and service are annealed at 300-350°C with 2 2-4 hr holding. Cast-
ings from brass JIK80-3J1 should be homogenised at 750-760°C for 1-
1.5 hrs in order to eliminate microporosity. When the said defect is
highly pronounced, homogenising should be repeated twice (Table 93).

Table 93
Approximate Annealing Schedules and Mechanical Properiies
of Brasses
Approximate mechan.
ical properties
Annealing
Name of brass Designation tempera- =, - g,
ture, °C | 2% | g |3 eg
25E| £¢ |EvE
1 Q -
Eo¥) ds |88E
Tombac. . . . .. . J196 540-600 | 24 52 | 59-63
Ditto . . . .. . . .| JI90 650-720 | 26 44 53
Semi-red brass. . . .| JI85 600-700 | 26 43 54
Ditto. . . . . . . . JI80 600-700 | 31 52 53
Brass. . . . . .. .| J170 600-700 | 33 55
Ditto . . ., ., . . . .| Ji68 520-650 | 33 56 52
Ditto. ., . . . . . .| JI62 600-700 | 36 49 56
Ditto . . . . .. .. J159 600-670 | 39 44
Aluminium brass . .| JIA85-0.5 650-700 | 35 60
Ditto. . .. . . .. JIA77-2 600-650 | 38 50 50
Ditto. . . .. . .. "JIAH59-3-2 600-650 | 50 42 17
Nickel brass ., . . .| JIH65-5 600-650 | 38 65 65
Manganese brass. . .| JIMuS8-2 600-650 | 44 36 85
Iron-manganese brass| JIXKMub9-1-1 | 600-650 | 47 36 80
Tin brass ., . . . . .| JIO90-1 650-720 | 28 40 57
Ditto . . ., . . . .. J1070-1 560-580 | 35 62 48
Ditto . ., , . . . .} JIO62-1 550-650 | 38 37 85
J1060-1 550-650 | 38 37 85
Lead brass . . . .| JIC74-3 600-650 | 35 48 55
Ditto . ., . . . .| JIC64-2 620-670 | 34 60 50
Ditto. . . . . . .| JIC63-3 620-650 | 35 45 80
Ditto . , . . . . .| JIC60-1 600-650 | 35 50
Ditto . . . . .. .. JIC59-1 600-650 | 42 43 75

Note. Cooling after annealing is effected in the air or within the furnace.
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Bronzes. Depending on their chemical composition, bronzes belong
fo the tin or tinless varieties. Chief constituents of tin bronzes are cop-
per and tin. Tinless bronzes are constituted by copper-bearing alloy
comprising one or several additional elements: aluminium, silicon,
manganese, etc. The chemical composition of bronzes is recognised by
the designation of the alloy, as is the case with brasses.

On heat-treatment, the work can be charged toafurnace heated to
the requisite temperature. Cooling, after annealing, can be carried out
in the air or within the furnace. Annealing temperatures are adopted
with relation to the thickness of the material. Temperatures lower by
10% as compared to those listed in Table 94 can be recommended for
bands and small-sized wire (up to 0.5 mm).

Table 94

Annealing Schedules and Approximate Mechanical Properties
of Bronzes

Approximate mechanical

properties
Heating
Name of bronze Desigunation tempera- =, e @,
ture, °C | 2%E | £ | 23
£8E | 5¢ | ZTE
7% | us | =22
Tin-phosphor
bronze . . . . . Bp.0O9$6.5-0.4 | 600-650 | 34-45]60-70| 70-90
Bp.Q®4-0.25 600-650 | 34 52 55-70
Tin-zinc bronze . .| Bp.OLl4-3 600 35 40 60
Tin-zinc-lead
bronze . . . . . Bp.OlIC4-4-2.5| 600 {30-35|35-45| 60
Aluminium bronze | Bp.A5 600-700 | 38 65 60
Ditto. . . . . .. Bp.A7 650-750 | 42 70 70
Aluminium-iron
bronze . . . . . Bp.AXK9-4 700-750 40 110

Aluminium-manga- _
nese bronze. . .| Bp.AMu9-2 650-750 | 55 45 107
Aluminium-iron-

manganese
bronze . . . . . Bp. A)XKMu,
10-3-1.5 650-750 [ 60-64|27-30| 120

Aluminium-iron-

nickel bronze . .| Bp.AKH10-4-4| 700-750 | 60 35 | 140-160
Beryllium bronze| Any grade 650-750 | 50 30 100
Silicon-manganese

bronze . . . . . Bp.KMu3l-! 600-680 80
Silicon-nickel

bronze . . . . . Bp.KHI!-3 650-750 | 45 12
Manganese bronze| Bp.MuS 700-750 | 30 40 80
Foundry bronzes of

various  grades 600-650
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Castings from a number of tin bronzes, which display leakage when
tested for water-tightness, are consolidated through annealing accord-
ing to the following schedule: heating to 700-710°C, holding for 2
hours for each 25 mm of thickness and cooling within the furnace.

Spring bronzes which are marketed in a strain-hardened state can-
not be annealed to facilitate bending. In this case tempering at 300-
320°C is sometimes permitted.

Beryllium bronzes should be quenched in water at 20°C as a maxi-
mum, while the transfer time from the furnace to the tank should be as
short as possible. Slow quenching tends to impair springiness of this
bronze. Dissoziated ammonium is the best medium for the preharden-
ing heating of beryllium bronze blanks.

Heating in dissociated ammonium makes it possible to detect the
defects of the material prior to manufacturing of parts, as the hydrogen
of the ammonium forms bulges or blisters on the blank surface by com-
bining with the oxides of the metal.

When heating in a usual chamber furnace in air atmosphere the fol-
lowing precautions should be envisaged:

1. Pans which carry the articles should be free from dirt, oil and
scale.

2. The articles should be piled on the pan uniformly. Heating in
bulk impairs the quality of the articles.

Holding time of heated articles should average 8-12 min at 760-
780°C.

Beryllium bronze is aged in an air furnace or saltpetre bath. Ageing
time is approximately 2-3 hrs.

It should be pointed out that sensitive elements (diaphragms, bel-
lows, etc.) manufactured from bronze Bp.B2.5 do not show superior
quality due to the fact that high beryllium content in the bronze fre-
quently causes structural non-uniformity, increased brittleness,
etc. .

The Moscow Research Institute for Non-Ferrous Metal Working has
recommended, for sensitive elements, a new grade of beryllium bronze,
the BHT!1.9 whose chemical composition is: beryllium 1.8-2.1%,
nickel 0.2-0.4% and titanium 0.1-0.25%.

Diaphragms and springs from the said bronze possess high fatigue
endurance (durability) and lower hysteresis.

The heat-treatment schedule for BHT1.9 bronze is the same as for
bronze Bp.B2.5. The low response of the former to heat-treatment
conditions and its cost, being lower than that of the Bp.52.5 bronze,
should be of interest. .

Tempering time of grade X0.5 chromium bronze is accepted to
be 6 hrs (Table 95).

Nickel is subject either to oxidising or bright annealing depending on
requirements. Annealing temperature for nickel is in the 750-900°C
range. Annealed nickel possesses a tensile strength o}, of 50 kg/mm?,
elongation of 40%, Brinell hardness number Hg=70-90.

Bright annealing of nickel is carried out in the atmosphere of dried
hydrogen from generator gas, of dissociated ammonium, etc. When
controlled atmosphere is not available, bright annealing is effected as
follows: parts or materials, subject to annealing, are placed into pots or
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boxes (cast-iron or steel), a small amount of charcoal is added there-.
to, the boxes are covered with lids, the seams are thoroughly luted with
a mixture of ordinary clay and fireclay, and then charged to the
furnace. After annealing the packets should not be opened until cold.

When annealing coils of wire, the latter, prior to packing, are dipped
in a water solution of whiting and dried, to prevent sticking of coils.

Nickel alloys. The chemical composition of nickel and copper-nickel
alloys can also be readily recognised by the alloy designation. When
nickel is the basic element of the alloy, the first letter of the alloy
designation is “H”, while if copper is the basic element, the first letter
of the alloy designation will be “M”. The letters and figures that follow
designate the elements and their percentage in the alloy.

Table 95

Approximate Hardening and Tempering Scheduies for Bronzes

Hardening Tempering
Name of bronze Designation .EBE" wE _?EQ :2'&:
Pol- = <o 25Q
SES | 3% | ged | £EE
22 SE T2 | 882
Aluminium-iron
bronze . . . .|Bp.A)X9-4 850 |Water 350 —
Aluminium-man-
ganese bronze | Bp.AMu9-2 800 Ditto 400 150-187
Aluminium-iron-
marnganese
bronze . . . .|Bp.AXXMu
10-3-1.5 830-860 | Ditto| 300-350 |207-285
Aluminjum-iron-
nickel bronze { Bp.AJKH10-4-4| 980 |Ditto| 400 |400 max
Chromium bronze | Bp.X0.5 950-1000 | Ditto| 400 -
Cunial . . . . . Bp.HA14-3 } gop |Water 500 260
Bp.HA6-1.5 or air 210
Beryllium bronze | Bp.52
BHT1.7} 760-780 |Water | 310-330 *| 300 min
BHTI.9
Silicon-nickel
bronze . . . .|Bp.KHI1-3 850 Ditto 450 150-200

* Bronzes used for diaphragms are tem‘pered at 290-310°C.

Examples:

Nickel alloys:

1. Alumel HMuAK2-2-1, averaging 2% manganese, 2% aluminium,
1% silicon, the balance (95%) being nickel and cobalt,
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2. Chromel HX9.5, averaging 9.5% chromium, the balance being
nickel and cobalt.

Copper-nickel alloys:

1. Copel MHMu43-0.5, averaging 43% nickel, 0.5% manganese, the
balance being copper.

2. Cunial MHA13-3, averaging 13% nickel, 3% aluminium, the bal-
ance being copper.

Bright annealing of nickel and copper-nickel alloys is similar to
that of nickel (Table 96).

“Copper-nickel alloys Cunial “A” MHA13-3 and Cunial “B” MHA
6-0.5 are toughened by means of heat-treatment according to the fol-
lowing schedule: hardening from 900°C in water and tempering at 500°C
for two hours. Mechanical properties following this treatment are:

MHA13-3 MHAG-0.5

Tensile strength in kg/mm? . . . . . . .. 90-95 65-75
Elongationin % . ... . .. .. . ... 5 7
Brinell hardness number . . . C e e e 260 210

Low-temperature annealing of nickel and its alloys, aimed at remov-
ing interna! stresses, is carried out in the 250-300° C range.

Magnesium alloys. Cast as well as wrought magnesium alloys
(Table 97) are subjected to a variety of heat-treatments, the set
purpose of which is indicated in Table 98.

The work is heat-treated in furnaces of the following types: shaft,
vacuum, chamber and bath-type furnaces (containing a mixture of po-
tassium and sodium bichromates).

It isrecommended, in order to prevent oxidation, toheat the work in
a controlled gas atmosphere composed of a mixture of air with 0.7-
1% of sulphurous anhydride. When sulphurous anhydride is not avail-
able, the protective or controlled atmosphere is obtained by charging
3-4 kg of pyrites per 0.7-1 ton of the weight of the work.

The furnace temperature should be adjusted to within +5°C with
the aid of an automatic regulator.

To avoid possible fusion, the heating of large articles should be a
two-stage procedure: first, up to 330-340° C or 360-370° C, depending
on hardening temperature, then, after a 2-4 hour holding, to the final
required temperature Prolonged holdings on heating are necessary
l];ecause of very slow consummation of the diffusion ptocesses (Ta-

le 99).

To prevent cracking on hardening, it is not recommended to use cold
water. ’

Strict temperature control is to be ensured when heat-treating mag-
nesium alloys, as the latter inflame readily. At no time should the reg-
uisite temperatures be surpassed. Articles to be heat-treated should be
clean from magnesium dust, chips, burrs, grease and oil. :

Defects possible in the heat-treatment of magnesium alloys are de-
scribed in Table 100.

Aluminium and its alloys. Heat-treatment of aluminium involves
annealing at 370-400° C with subsequent air-cooling. After annealing
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Table 97

Chemical Composition of Commercial Magnesium Alloys

Chemical composition, %
Grade
Alumintum Zinc Manganese Silicon Magnesium
Foundry Alloys
MJI1 — — — 1-1.5
MJ12 — — 1-2 —
MJ13 2.5-3.5 0.5-1.5 0.15-0.5 —
MJ14 5-7 2-3 0.15-0.5 —
MJI5 | 7.5-9.3 0.2-0.8 0.15-0.5 —
MJI6 9-11 Up to 0.1-0.5 — @
2.0 5
Wrought Alloys 3
-2}
MAIL — — 1.3-2.5 — =
MA2 3-4 0.2-0.8 0.15-0.5 —
MA3 5.5-7 0.5-1.5 0.15-0.5 —
MA4 6.5-8 2.5-3.5 0.15-0.5 —
MA5 7.8-9.2 0.2-0.8 0.15-0.5 —
MAS —_ — 1.5-2.5 Cerium
0.15-0.5
Table 98
Conveniional Designations, Uses and Varieties of . Heat-treatment

Processes Applied to Magnesium Alloys

Heat-treatment

Designation Purpose applied
T2 Removal of internal stresses, removal | Annealing
of strain-hardening and increase of
ductility
T4 Improvement of mechanical proper-| Hardening
ties
T6 Increase in yield point Hardening and
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the mechanical properties are: tensile strength ¢,—8-10 kg/mm?, rela-
tive elongation 8—40-45%, Brinell hardness number H 3z=20.

When only internal stresses are to be removed, aluminium is annea-
led at 150° C.

Two types of aluminium alloys are distinguished: the wrought alloys
and the cast alloys.

The wrought aluminium alloys are divided into two groups: (1) alloys
which are not toughened by heat-treatment; (2) heat-treatable alloys
(Table 101). .

Aluminium alloys acquire good ductility as a result of annealing in
saltpetre baths for 20-30 min or in electric furnaces in air atmosphere
for 1-2 hours. The duration of heating is indicated in Table 102, while
the temperatures for heat-treatment schedules are presented in Ta-
ble 103.

Best ductility and minimum hardness of aluminium alloys are ob-
tained after a 30-min annealing at 420°C with subsequent cooling,
first, within the furnace at a rate of 30° C down to 280°C, and then in
the air.

Heating for the toughening of aluminium alloys is carried out in the
furnaces mentioned above. Temperatures in excess of the upper range
of hardening temperatures may cause burning revealed by sharp darken-
ing of the surface, and by the presence of blisters and cracks.

Water temperature for hardening should not fall below 30°C. As
machine parts grow both in size and complexity, it is recommended to
increase {he temperature of water, bringing it up to 70-80° C. An in-
creasein temperaturerecucesthe formation of cracksas well as warping.
~ The time interval between the removal of parts from the furnace
and their immersion in water should not exceed 20-30 seconds

Parts heated in saltpetre baths should be thoroughly flushed and
wiped with rags after hardening. Following hardening aluminium
alloys toughen to a certain extent but are still as ductile as to permit
distortion of the article.

After a certain lapse of time the alloy ages. The time interval be-
tween the hardening and the beginning of ageing is given in Table
105. Ageing is speeded up through tempering at 150-170°C for
6-12 hours. )

“Fresh”-hardened condition of the articles can be retained by hold-
ing them at a temperature ranging from 0 to —20° C after hardening.

Hardnened and aged duralumin can be restored to “fresh”-hardened
condition through short-term heating (0.5-1 min) at 240-260° C. After
the necessary working (stamping, etc.), the alloy is aged again.

Cast aluminium alloys. Cast aluminium alloys (Table 104), depend-
ing on requirements, are heat-treated; the conventional designations
of the processes and their objectives are presented in Table 106.

Prolonged heatings are essential for the heat-treatment of cast al-
loys, because of their very coarse structure. Fancy-shaped parts are
preheated in electric furnaces to 300-350° C (Table 107) prior to heating
on hardening in salt baths.

When treating aluminium as well as magnesium alloys in furnaces
with air atmosphere, furnaces with positive mixing of atmosphere
shoulid be used to provide uniform heating (type [1H-31, etc.).
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Table 101

Chemical Composition of Aluminium Wrought Alloys

Chemical composition, %
Grade Copper |Magnesium| Manganese | Silicon Other elements ﬂ&rgll'
AMu — — 1.0-1.6 — —
AMr — 2.0-2.8(0.15-0.35| — -
AMrSn| — 4.7-5.7| 0.2-0.6 — —
hidl 3.8-4.8] 0.4-0.8| 0.4-0.8 — —
6 4.6-5.2/0.65-1.0{ 0.5-1.0 — —
oz 3.0-4.0/0.25-0.5{0.25-0.5 - —
J16  13.8-4.9] 1.2-1.8( 0.3-0.9 — —
IIIT |3.8-4.5| 0.4-0.8] 0.4-0.8 — -
O3rl |2.6-3.5 0.3-0.7| 0.3-0.7 — —
I16IT |3.8-4.5/ 1.2-1.6| 0.3-0.7 — —
J18I1 |2.2-3.0 0.2-0.5 — — — g
AB 0.2-0.6/0.45-0.9|0.15-0.35{0.5-1.2 — =
AK — — — 4.5-6.0 — 3
AK2 1[3.5-4.5/ 0.4-0.8 - 0.5-1.0| Nickel 1.8-2.3 ] &
Iron 0.5-1.0|
AK4 |1.9-2.5/ 1.4-1.8 - 0.5-1.2] Nickel 1.0-1.5
Iron 1.1-1.6
AK4-1(1.9-2.5/ 1.4-1.8 — — Nickel 1-1.5
Iron 1.1-1.6
AK6 |1.8-2.6/ 0.4-0.8| 0.4-0.8 |0.7-1.2 —
AK8 |3.9-4.8/ 0.4-0.8| 0.4-1.0 |0.6-1.2 —
Alln — 0.5-0.9 — 0.8-1.0{ Iron . 0.2-0.5
ni2 — 0.8-1.3| 0.9-1.4 — —
B9 |1.4-2.0[ 1.8-2.8| 0.2-0.6 — Zinc 6.0
Chromium 0.2

Note. Chromium may be substituted for manganese in the same amounts as
the latter in alloy grades AMr and AB.

Cast aluminium alloys with high magnesium content (AJI8) are to
be heated, on hardening, in air furnaces instead of saltpetre baths,
because of inflammation hazard. The interval between the discharge
from the furnaces and the cooling should be reduced to a minimum,
The more complex the shape of the article the higher should be the fem-
perature of ihe cooling medium.
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Titanium and its alloys. While being low in specific gravity (4.5)
titanium has great tensile strength and ductility, i.e., 5,=45-60 kg/mm?2,
elongation 6=25% (Tables 108, 109).

Commercial grade BT1 titanium and its alloys take on considerable
cold working when rolled without heating (stamping, etc.), and they
should be annealed in air atmosphere or vacuum to restore ductility.

Table 102

Approximate Heating Time On Hardening of Aluminium Wrought
Alloys (Minutes)

Thickness or diameter of work, mm

Heating '
equipment | UP 104 5.5 5l2.5.5.0( 5-12 |12-20 |20-50 | 60 | 70 | 80 | 90
Saltpetre bath 8 10 12 15 | 30 [40-60] 60| 70| 80| 90
Air electric fur-
nace . . . . 12 120-30| 40 80 | 90 | 110 {130(130/180{180

Notes. 1. Holding time is counted off from the moment the furnace reaches
requisite temperature after charging.

2, Holdinf time is reckoned bearing in mind the greatest cross-sectional
dimension oi the part.

1 3. Excesslve holding of plated alloys impairs the properties of the plated
ayer.

b 4}.l Il? case of repeated hardening, the time of heating should be cut down
y half.

Annealing femperafure for plain titanium is 510-570° C, while that for
titanium alloys is 650-750° C.

Finished articles and sheet stock are annealed at lower tempera-
tures and reduced holding time as compared to half-finished products
and bulky articles, Prolonged holding, especially at high temperatures,
causes scaling and brittleness.

Zinc is annealed at 50-100° C whenever its softening is required.
After annealing, the mechanical properties of zinc are: tensile strength
ob=7-10 kg/mm?; elongation 8=10-20%.

Silver and silver-platinum alloys are annealed at 650-700° C with
cooling being effected in water, preferably acidulated.
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Chapter IX
FORGING OF FERROUS AND NON-FERROUS METALS

The present chapter considers heating, forging and cooling of blanks
from ferrous and non-ferrous rolled stock.

1. FORGING OF STEEL

Heating rate. The heating of blanks prior to forging is carried ouf,
as arule, at a maximum rate (induction heating included). Rapid heat-
ing increases furnace throughput and reduces scaling. Slow preforging
heating is employed for steels with low heat conductivity, nameiy:

1. For medium- and high-alloy steels greater than 50 mm in cross-
section. Steels with total content of alloying elements exceeding 2.5%
are regarded as medium-alloy steels, while high-alloy steels are those
which contain over 10% of alloying elements.

2 For alloy steels with increased carbon content and high-carbon
steels over 160 mm in cross-section.

3. For steels in stressed condition. Slow heating is generally ensured
by charging the blanks in the [owest temperature zone, usually near
the furnace door, and then by pushing it gradually towards the high
temperature zone. Under all conditions heating should be uniform,
excluding pronounced local overheating of the blanks. Charging in
bulk is to be avoided and uniform distribution of the charge throughout
the furnace ensured.

Forging temperature ranges and cooling conditions applicable to
blanks are presented in Table 110. Steels attain best ductility in the
temperature ranges indicated. .

Too high temperatures at the beginning of forging cause overheating
and burning. Completion of forging at temperatures considerably in
excess of those. mentioned in the table provokes grain growth and for- .
mation of cementite lattice and embrittles the steel. When forging is
concluded at temperatures below those indicated in the table, steel be-
comes strain-hardened and cracks are possible.

Cooling rates indicated in the table ensure the best structure of the
forgings. The formation of cementite lattice may take place even when
high-carbon steel is very slowly cooled from normal temperatures.
Therefore, these steels are cooled in the air down to 700° C, heating col-
our being as a guide, and then at a slower rate. Practically, this meth-
od is employed for forgings with thin sides, as well as with abrupt
changes in section in which air-cooling from beginning to end may re-
sult in cracking.
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Large and simple-shaped forgings from the steels mentioned above
can be air-cooled to room temperature. To avoid cracks, no water is to
be splashed on the hot forgings and, furthermore, the latter should nev-
er be thrown on a moist floor or metallic plates, or cooled in the draught.
The higher the content of carbon and alloying elements in the steel,
the greater care should be taken in dealing with the cooling schedule.
Cooling pits should be filled with sand, ash or cinder. It isrecommended
to cool high-alloy steel forgings in pits with warmed-up sand or cin-
der; furthermore, each forging should be covered up separately.

Distinctive forging features of tool and high-alloy structural steels.
To obtain m'ost favourable structural characteristics and best mechan-
ical properties, the steel should be forged from all sides, this being of
great importance for high-alloy and high-speed steels larger than
50 mm in section, in order to disintegrate the carbides and to distrib-
ute them evenly over the entire forging.

The forging procedure should be started with rapid light strokes. As
the work cools, the force of the strokes should be increased, the frequen-
cy remaining unchanged. Light strokes at the end of forging may cause
cracks; at the same time, care should be taken to avoid overheating
the steel which may result from too heavy blows. A correct forging
schedule will ensure a through deformation of the forging and its slow
cooling during the hot-working. Excessive feed of blanks per blow of
hammer should be avoided to prevent internal cracks. No sharp angles
should be allowed to appear in forging manipulations; if these angles
appear they should immediately be hammered in because subsequent
hammering may cause cracks at the cooled angles.

Table 111 lists forging defects of steel and their correction.

2. FORGING OF NON-FERROUS METALS

Table 112 presents the temperatures of hot working of copper and
copper alloys.

Table 113 lists temperature ranges for forging aluminium alloys lia-
ble to plastic working. Alloys of grades /16 and 116 are not subject to
forging. The alloys mentioned are forged only in exceptional cases,
the utmost attention being given to the forging schedule.

All tools used for the forging of aluminium alloys, namely: strik-
ers, dies, etc., should be preheated to 250-300°C. Forgings are tobe
cooled in a heated pit. It is not recommended to throw them on a cold
floor. To avoid sticking of the alloys to the die, the surface of the lat-
ter is oiled with a lubricant consisting of 15-20% graphite and 85-
80% oil (or fuel oil).

Table 114 presents temperatures ranges for the hot working of nickel
and its alloys.

Table 115 presents temperature ranges for the forging of magnesium
alloys subject to plastic working.

All tools used for the forging and stamping of magnesium alloys
should beheated to 250-320° C. Forging and stamping should be effect-
ed by means of hydraulic and steam hydraulic presses, ensuring low
deformation rates.
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Steel Forging Defects

Table 111

Defect

Cause

Correclion and prevention

Oxidation

Decarburisation

Surface cracks

Internal cracks
(forging
cracks)

Carbide lattice

Oxygen contained in fur-

nace gases combines

with iron

Furnace gas oxygen com-

bines with carbon. De-
carburisation is pro-
moted by silicon, tung-
sten, vanadium, mo-
lybdenum, contained in
steel

Rapid cooling of the

metal during and after
forging

Poor-qualify metal, in-

sufficient ductility of
the blank core. Weak
forging, excessive feed
per hammer blow

Forging completed at too

high a temperature.
Slow cooling of hyper-
eutectoid steels from
forging temperatures

Furnace atmosphere con-

trol. Rapid heating of
the metal and normal
forging temperature
range. In calculations
the lossof metalthrough
oxidation and waste is
assumed to equal 2%

Ditto

Local rapid cooling of

forgings isto be avoid-
ed. Hammer in sharp
angles, preheat the forg-
ing in time, avoid
cooling in draughts, on
damp floors, ete. Fine
cracks should imme-
diately be cut out

Heat the blank through.

Forge the piece quickly
and vigorously. Feed-
ing rate should aver-
age 3/4 of the diame-
ter or side of the cross-
section of the forged
blank

Strict compliance to forg-

ing temperature range.
Correction: normalising
from Ac, +20—30°C,
then annealing accord-
ing to schedules usual
for the steels concerned
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Table 111 continued

Defect

Cause

Correction and prevention

Flaky fracture
characteristic
of high-speed
steels

Cracking of the
blank

Forging of

Burning of the metal

high-speed
steel completed at too
high a temperature

ule

Control of

time

Strict compliance to forg-
ing temperature sched-

forging tem-
perature and holding

Table 112

Temperature Ranges for the Hot Working of Copper
and Copper Alloys

Grade Rl Grade Tempeatite
Copper 900-800 JIC 60-1 820-780

Brasses JIC 59-1 780-640
J196 850-775 Bronzes
J190 900-850 Bp.0d6.5-0.4 770-750
J180 870-820 bp.0®4-0.25 780-750
J168 850-750 Bp.Oli4-3 750
J162 850-750 Bp.A5 880-830
JIC59 820-730 Bp.A7 880-830
JIA77-2 770-720 Bp. AX9-4 850-750
JIAH 59-3-2 750-700 Bp.AKMul0-3-1.5 825-775
JDXMu 59-1-1 730-680
JIK 80-3 850-750 Bp.AJKHI0-4-4 900-850
JIMu 58-2 730-680
JIH 65-5 850-750 Bp.AMu9-2 850-800
JIO 90-1 900-850 Bp.KMu3-1 850-800.
JIO 70-1 750-650 Bp.KH-1-3 910-890
JIO 62-1 750-700 Bp.Mub 850-800

Forging temperatures for titanium and its alloys are in the 800-
900°C range. Heating prior to forging should be carried out in two stages
to reduce scaling and prevent grain growth, first up to 700-750° C, and
then to 900° C. Holding lime for blanks at high temperatures should be
as short as possible, averaging 30 sec at the most per 1 mm of the

maximum thickness of the blank.
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Table 113
Forging Temperatures for Aluminium Alloys

Temperature, °C
Grade
Beginning of forging End of forging
AK?2 470 380
AK4 470 380
AK6 470 380
AKS8 460 400
B95 440 380
Ol 460 400
6 450 400
16 450 400
Table 114
Hot Working Temperatures for Nickel and Some of Its Alloys
Grade Description Teggegl:tt‘ée
HT Commercial nickel 1250-1140
HMu2.5 Manganese-bearing nickel 1250-1150
HMub Ditto 1150-1100
HM)XMu2.8-2.5-1.5 Monel metal. 1150-975
MHXMu30-0.8-1 Nickel silver 960-900
MHI9 Ditto 1030-980
MH5 Copper-nickel alloy 1000-950
MHA13-3 Cunial A 980-750
MHAG6-1.5 Cunial B 980-750
» Table 115
Forging Temperatures for Magnesium Alloys
Temperéture, °C
Grade - - - — ~
Beginning of forging End of forging
MAl 410 260
MA2 410 230
MA3 400 230:
MA4 350 300
MA5 385 300
MAS 420 2_80_




Chapter X
MANUFACTURE OF BUILT-UP CUTTING TOOLS

Built-up cutting tools are manufactured by means of butt welding of
high-speed and structural steels for the shank tools, as well as by weld-
ing or brazing of cutting tips to the holders of single- or multi-point
tools. Steels” of grades 40, 45, 40X, 45X are usually used when
manufacturing holders and shanks. Steel of grade ¥7 is also used for
the holders of fine cutting-off tools.

Butt welding. It is effected in a butt-welding machine. The blanks
should be descaled, cleaned from dirt and other deposits which prevent
a perfect contact with the grips of the welding machine. Table 116
lists an approximate projection length for blanks, the melting allow-
ance for the welding process included. Difference in the cross sections of
welded blanks should not exceed 1 mm. If this difference surpasses
1 mm, then the larger blank should be machined to the diameter of the
smaller one, on a length equal to approximately 3 or 4 welding allow-
ances. The transition from the larger size to the neck should be fil-
leted with a radius not less than 1-2 mm.

Table 116

Approximate Data on Projection Lengths and Allowances for
Butt Welding

Projection length, mm Welding allowance, mm
Blank
diameter High-speed Structural High-speed Structural
stee steel steel steel
Up to 10 6-8 10-12 3 2
10-20 8-10 12-15 4 2
21-25 - 10-12 15-18 4 2
26-30 12-14 18-22 4 2
31-35 14-16 22-24 4 3
36-40 16-18 24-28 4 3
41-46 18-20 28-32 5 3
46-50 20-22 32-38 5 3
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Whenever it is necessary to weld blanks larger. than those specified
by the welding machine rating, the articles are recessed in the butts
(Fig. 31) so as to reduce the cross-section, and then welded. An opening

Fig. 31. Large-seclion blank

machined in order tobe weld-

ed on a machine of insuffici-
ent rating

3-5 mm in diameter should be provided in the recessed part to ensure
the evacuation of gases.

Table 117
Dimensions of Shank Tools with Section
Recessed for Butt Welding
Diameter of Diameter ol recessed
Tool blanks, mm section, mm
End milling culier 30-35 14-16
35-45 16-20
45-55 20-25
55-65 25-30
65-75 30-35
75-85 35-40
Drills, reamers, counter- 30-35 14-20
bores 35-45 20-28
45-55 28-35
55-65 35-42
65-75 42-50
75-85 50-56

Table 117 presents recess diameters for various types and sizes of
shank tools. In order to avoid cracks, the welded blanks are charged to
a furnace at 730-760° C. Following charging the blanks are held over
till the blanks charged last are heated through; after this, the blanks
are removed to the air or cooled together with the furnace.

For structural steel, the quality of the welding is checked after
annealing by knocking the blank twice, at a distance 5-8 mm from the
welding seam, against the angle of a massive metallic plate, turning
the blank 90° after the first blow. For high-speed steels, annealing
is checked by means of the Rockwell hardness test at 2-4 mm from the
seam. The hardness number should not exceed R-=25.
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Tips from high-speed steel are welded by the use of welding com-
pounds, the composition of which is presented in Table 118. Welding
compounds are prepared by grinding ferromanganese and other compo-
nents to fine powder, sieved through a 0.2-0.3 mm mesh. The welded
faces of the holder and tip should be machined but not ground to ensure
the strength of the joint. The size of the tips should approximate
that of the holder seat. If the tips are well trimmed, the work can be
hardened immediately following welding, use being made of the weld-
ing heat. If the size of the tip does not fit the seat (particularly, when
the tip is larger than the seat), burning of the tool may occur, and,
therefore, the tools concerned should be hardened after sharpening.

Table 118

Composition of Welding Compounds for Welding
High-speed Steel Tips

s Ferroman- Borax or
Applicalion of compound ganese, Mn 1 glass Copper

1. For tools subject to
sharpening only 67-80 33-20 —
2. For tools in which the
welding seam is subject
to various methods of
machining 60-65 15-20 15-20

Brazing of carbide tips. The brazing of carbide tips is effected by
the use of hard solders. Table 119 presents the composition of solders,
recommended by a research institute VNII, as well as their applica-
tions. In shop practice, whenever the manufacture of complex solders
meets with difficulties, brass is used for brazing multi-point tools
while copper is employed for various other tools. The solder is used in
the form of foil, thin wire, fragments cut from sheet or band, chips or
filings. Fluxes, the composition of which is given in Table 120, are em-
ployed to prevent oxidising of the welded surfaces.

Commercial borax is generally employed when being calcined at
800° C prior to use and ground to fine powder. Calcined borax is to be
xept in a well-plugged recipient so as to avoid air moisture absorption.
Apart from powders, aqueous water solutions of fluxes are also used.
They are prepared by dissolving 1 kg of the flux in 3-5 litres of water.
The tools (chiefly with the slots for the tips being coated) are boiled
for several minutes in such a solution prior to brazing.
~ The welded faces of the holder and tip should fit one another snugly.
The clearancebetween the holder and the tip should not exceed 0.05 mm,
while that between the sides of the slots in a multi-point tool and the
tip should not exceed 0.15 mm. The tool tips are brazed in forges, fur-
naces, baths, resistance-welding machines and induced-heat installa-
tions. Brazing in an induced-heat installation is a highly productive
operation, which is, moreover, noted for its up-to-date technical level.
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Table 119

Soldering Compounds Recommended for the Manufacture
of Carbide Tip Tools and Their Applications

Chemical composition,
9/, (average content)
- ering- -~ N y . ° 0 4 T
csoox;l]%ox_l‘n Grade - , *E léb(") ReacppTiTaetig:d
. - ] ) S [ ] oy ’
S| z |Ee| O3 N [Ec
|
Copper ML 199.9 — | — | — 1083( Furnace brazing
Brass J62 61.5) — | — | — 905| Electrical brazing
of light-duty
tools of the BK
group
Nickel JIH [58.5{5.0| — | — 850| Brazing of heavy-
brass 58-5 3 duly tools of {he
5 BK group
Manga- JIMu |58.5| — |4.25} Iron | 'z | 850| Brazing of light-
nese 58-5 0.75 | © duty tools of the
brass 2 TK group
Nickel- JIHMu |56.5)4.5] 4.5| Ditto | = | 900] Brazing of heavy-
manga- | 56-5-5 . duty tools of the
nese TK group
brass
Alumini- | Bp. 190.5/3.0] 1.5| Alu- 1100
um- AHMu mini-
nickel-.| 5-3-2 um
manga- 5.0
nese ’
bronze

Fig. 32 shows inductors used for the brazfng of cutting tools, as well
as for the multi-point tools, each tip being brazed separately. This

B .C
Fig. 32. Inductors for heating by induced heat:

a~—for brazing and welding of tips on to cutter holders; b—for brazing of
drills; c— for brazing of reamers

method cannot be employed for gang milling cutters with negligible
clearance between the tips, as tips, next to those soldered, will-heat te
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a high -temperature, thus causing spoilage of the work. A method for
simultaneous brazing of carbide tip gang milling cutters in induced-
heat installations is described below.

Table 120

Fluxing Compounds Recommended for Brazing Carbide
Tools and Their Applications

Flux composition Melt
elting Recommended application
Component A@)?“‘::igigto'" point, °C

Commercial borax 100 741 Copper brazing of group
BK tips

Commercial borax 90 .| t00-€50 |Brazing of group BK tips

Boric acid 10 with low-meltingsolders

Commercial borax 70 800-850 |Brazing of group TK tips

Potassium fluoride 30 with all solders, as
well as brazing of car-
bide alloys onto chro-
mium steels

A groove is made in a refractory brick, to the dimensions of the bot-
tom inductor, with the aid of a cape chisel (Fig. 33). The brick 4, with
the inductor 1 inserted in the groove, is placed on the table, fixed in a
tapered bushing of the bottom part of the hydro-hoist of the I'3-46
apparatus (or on any other similar table mounted on any other type of
apparatus).

The brick is covered with sheet asbestos 3, the milling cutter (which
is “boiled” in a flux solution prior to the operation) is placed atop and
the inductor is seated over the latter; after this the two inductors are
clamped in the holder.

While clamping the upper inductor 2 should be slightly lifted, so as
to avoid contact with the cutter. The bottom coil of the inductor
9 should clear the cutter by 2-3 mm. It is intended to heat the body of
the milling cutter directly at the cutting tips. At the same time the
latter are also heated through heat conduction.

The upper coil of the inductor 2 is situated 8-12 mm above the tips.
Its destination is to ensure, in conjunction with the inductor 1, the
initial heating of the body of the milling cutter and the tips and to melt
the solder.

The rate of heating can be controlled by varying the spacing between
the cutter and the inductor coils. For the bottom inductor, the said
distance is adjusted by varying the thickness of the asbestos pad.

The brazing technique for multi-point cutter is simple enough:

1. The cutter is placed between the clamped inductors on the asbes-
tos pad. To facilitate the operation, the upper inductor is forced slight-
ly upwards.
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9. The flux is spread additionally around the tips with the aid of
a spatula.

3. Current is switched on and the cutter is heated through to approxi-
mately 800-900° C, after which heating is cut out and solder is added by
means of tweezers. The hard solder is in the form of two half-rings
fashioned to the diameter of the cutter (Fig. 33).

Section AA

Fig. 33. Device for simultaneous brazing of multi-blade
milling cutters with carbidte tips on induced heat appa-
ratus

4. Heatling is switched on again and the cuiter is brazed. The brazing
of a 150 mm dia and 15-mm thick milling cutter with 16 tips takes
2-2.5 minutes. The solder fills the gaps entirely. Table 121 describes
tool brazing defects and measures which should be taken to prevent
them,
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Table 121

Defects in the Brazing of Built-up Tools and Their Prevention

Defecis

Cause

Prevention

Manufacture of Brazed and Welded Tools

The solder does
not flow in the

gaps

1. The gap between the
sides of the groove and
the tips is too large or
too small

2. Insufficient heating

I. When assembling the
tools the gaps should
be limited to 0.05-0.15
mm. No continuity of
calking is necessary

2. Normal heating tem-
peratures and sufficient
holding time should be
ensured

The solder forms
balls on melt-

ing

1. Presence of oxides on
the brazed surfaces

2. Soldered surfaces have
been ground or lapped

—

. Sufficient amounts of
flux should be fed

The soldered faces
should not be ground
or lapped

N

Voids under the
tips

1. Maladjustment of tips
and holders

2. Switching on and off
of current after the
melting of solder

3. Premature pressing of
the tip

—

. Clearances and curva-
tures should be up to
the recommended val-
ues

. After the hard solder
has started melting, the
current should not be
switched off till the ter-
mination of brazing

3. The tip should be
pressed after full melt-
ing of the hard solder

[y}

Blackening of
the seam
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1. Insufficient feed of flux.

2. Insufficient heating

. Sufficient amounts of
flux should be fed
2. Normal - heating  tem-
peratures. and sufficient.
holding ‘time should be:
. ‘ensured
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Table 121 continued

Defect

Cause

Preventiion

Burning of the

holder at the|

1. Contact surface is too
small

1. Contact area should be
“equal to the product of

point of- con- the holder width at the
tact with the point of contact by the
electrode thickness of the tip
b 2. Weak contact 2. Contact pressure on the
holder should be in-
creased
3. High degree of heating |3. Heating temperature
and prolonged holding| and holdingtime should
be decreased
Cracks in car-|]. Rapid cooling after|l. Slowcooling after braz-
bide tips brazing ing should be ensured
2. Contact between the|2. Electrode should be
electrode and the tip lowered to prevent con-
tact with the tip
3. Non-uniform heating|3. Reduce the thickness
of tip because of great| of the tip
thickness
Manufacture of Butt-welded Tools
Incomplete pen- | 1. Too low heating tem-|1. The work should be
etration perature heated till the butts
melt
2. Insufficient upsetting|2. Sharp upsetting is re-
strength quired
Voids Insufiicient upseiting be- | The work is to be welded
cause of too low ma-| in a machine of ade-
chine power rating quate rating or the
blanks should be re-
cessed according to Ta-
ble 115
Annular cracks | Local welding stresses are | Aller welding the blank

in high-speed
blanks at 1-3
mm from the

welded

seam

caused by too rapid
cooling of the welded
blank

should be immediately
charged to a furnace
and then, after holding,
cooled with the furnace
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Table 121 continued

Defect

Cause

Prevention

Overheating

blanks

Excessive heating of the

1. Keep strictly to the
projection lengths rec-
ommended in Ta-
ble 114

2. Follow strictly the
heating schedule



Chapter XI

EQUIPMENT, FUEL AND ACCESSORY MATERIALS
FOR HEAT-TREATMENT SHOPS

I. FURNACES

. According to the fuel used, furnaces can be of the solid-fired, liquid-
fired, gas-fired or electrically heated type.

Solid-fuel furnaces are used only when other types of furnaces are
not available.

Table-122 presents technical data on electric furnaces.

Metallic resistors (Table 123) are used for furnaces with working tem-
peratures up to 1100°C, while carborundum resistors (Table 124) are
used for those with higher temperatures.

In three-electrode CI1-2 and CII-3 bath-type, salt furnaces, the
electrodes are set on the walls of the working space at approximately
120° to each other. On heating, the current passes through the heated
work and, as the resistance of the metal is lower than that of the salt,
overheating of the article can occur, especially if the latter is nearer
than 25-30 mm to the electrodes.

Bath-type C-20, C-25 and C-45 furnaces with submerged electrodes
are provided with one pair of electrodes each, the latter being situated
near the wall at 12 to 25 mm from each other. With this arrangement
of electrodes, the current does not flow through the work and there is
no danger that the latter would be overheated. The fact that the elec-
trodes arespaced at a short distance from each other givesrise to pow-
erful electromagnetic fluxes, which mix the salt and equaliseits tem-
perature. Large C-50 and C-100 bath-type furnaces are provided with
three pairs of electrodes each situated near the back wall.

Another advantage of the bath-type furnaces with submerged elec-
trodes is the possibility of changing the electrodes during the run of
the furnace (hot reconditioning). After relining, bath-type furnaces
can best be dried with the aid of electric heaters. The working space,
where the heater is placed, should be covered with asbestos. Drying is
continued till the furnace shell heats to approximately 50-60°C;
drying time for the CII-2 furnace averages 30-40 hours. When drymg
by wood or coal, air should be fed to the bottom part of the working
space to ensure adequate combustion; otherwise, the fuel will smoulder
with ensuing poor drying of the furnace and p0551b1e eruption of the
salt op its initial melting. Steels of the heat-resisting grade X23H13.
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etc., as well as of low-carbon grade 10, 15, 20, Cr.2, etc., are used for
the manufacture of the electrodes of bath-type furnaces.
" Table 125 shows comparative data presented by the “Frezer” Works
and relating to electrode durability in three- and two-electrode bath-
type furnaces. The author considers these data as somewhat underval-
wed. Thus, a C-20 furnace in the plant, the author is connected with,
has shown a run of 16 days (a total of 106 hours) at 1220-1260°C be-
tween replacements of electrodes. '

Of great importance, when consumption of electrodes in two-elec-
trode furnaces is considered, is the furnace start-up method. The elec-

4

3
Fig. 34. Coil for melting of galt In salt baths:

1— asbestos-cement; 2—pin; 3—coil from @ 4 mm, 1-1.6 m wire; 4~
IIPT wire; 5—contact blade

trodes crumble generally during the start-up of the furnace, the trouble
spot being the line of contact of graphite powder with the electrodes.
The furnace is heated up at the highest voltage, and if contact between
the graphite powder and the electrode is lost, an arc strikes up and de-
stroys the electrode. Toreduce electrode wear, the heating-up operation
should be carried out at the highest voltage only to the moment when
the salt melts between the electrodes, after which graphite should be
immediately removed and the voltage lowered. The most efficient
method for initial, as well as repeated starting up of a submerged-elec-
trode furnace is with an electric heating coil. After the melting of the
salt, the coil is removed and subsequent heating is effected through
electrodes. At the end of operation, after the furnace has been switched
off, the coil is immersed in the molten salt to a 10-30 mm depth, and
the salt solidifies. Repeated starting of the furnace necessitales only
the switching-on of the coil current.

Motor generators as well as vacuum-tube oscillators are used to heat
up articles by means of high-frequency current.

Tables 126 and 127 present technical data on motor generators and
vacuum-tube oscillators manufactured in the Soviet Union.

Motor generators are used for heating up articles larger than 16 mm
in diameter, the depth of the hardened layer being not less than 2 mm.
Vacuum-tube oscillators are generally employed for heating up minute
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Table 123
Properties of Metallic Resistors

Orade of oy | NEmmyeripe | speclc redstance b
X15H60 1000 1.10
X20H80 1100 1.15
X20H89T3 1150 1.27
X 13104 1000 1.26
0X23105A 1200 1.35
0X23105 1200 1.35
0X 25105 1200 1.40

Table 124

Chemical Composition and Properties of Carborundum Resistors

Chemical composition, %/, Spectiic
Type ca0 tgl":g;?ﬁm-e resistanci in
sicl{siol c | Al | Fe |- 8i | + °oC ' ohﬂr{x-;oTcm
MgO
Silit 94.4/3.6/0.3/0.2/0.6/0.3/0.6| 1500 1,000-2,000
Globar |96.0/1.5(0.6/0.3(0.7|0.3/0.6 1500 930-1.950
Table 125

Comparative Data on Durability of Electrodes
in Bath-type Furnaces

Electrode durability in days
Working
temperature, °C Three-electrode Furnaces with sub-
furnaces merged electrodes
Up to 600 _ - 40-50
From 600 to 1000 90-110 18-24
From 1000 to 1300 10-13 1.5-2

and odd-shaped parts, the depth of the hardened skin averaging from
a fraction of a millimetre to 2-3 mm.

Tubular-type TOH heaters are most efficient for the heatmg of salt-
petre, alkalis, oil and other materials used in heat- et pech -
nology. =

G




Tubular-type electric heaters are curved tubes from carbon or stain-
less steels, which house insulated electric heating coils. The length and
the power rating of the heating unit, as well as the tube material are
selected in accordance with the bath volume, heating temperature and
the composition of the material to be heated. Table 128 lists approxi-
11_'lnatte data which may be used as a guide for the choice of tubular-type

caters. :

The feeding of protective atmosphere to furnaces can be effected by
ant endothermic gas generator, type OKB-724, having the foll owing
rating:

Output 30 m?/hr
Power rating 30 kW
Voltage 220/380 volts
Phases 31
Connection of resistors Star/Series
Working temperature 1050-1100°C
Composition of protective
atmosphere:
hydrogen 36-40%
carbon dioxide 18-20%
nitrogen The balance
Raw materials Natural gas, town gas, reduced
. . propane-butane compounds
‘Raw gas consumption 6 m®/hr
Overall dimensions:.
width 1,440 mm
length - 2,350 mm
height 2,500 mm
Weight 2,750 kg

The dimensions of bath-type furnaces working on liquid or gas
fuels are standardised (Table 129).

Tables 130 and 131 indicate types of burners which have found wid-
est industrial use.

Approximate furnace throughput rates are presenied in Table 132.

2. REFRACTORIES

Firebrick is chiefly used for the building and re-lining of heat-treat-
ment furnaces. :
" Eleetric furnace lining is patched with special-shaped refractory
brick or with plain firebrick shaped to the configuration desired.

Lutes composed of 25% fireclay and 756% crushed firebrick are used
for overhauls. .

Data on thermal insulating materials and refractories are given in
tables 133 and 134.

3. FUELS

Fuel oil with approximate calorific power of 9,600 kcal/kg is
“used as liquid fuel. ‘
 Various gases are used as gas fuels, the composition and calorific
power of whifch are presented in Table 135. ° o
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Technical Data on Vacuum-tube Oscillator

Table 127

& Overall dimensions, mm R
Type of 5 e g§ < Cooling \\t/?ter
escillator E%a .. |width |Length | Height | 88 B
A nie o ==

JIT'3-10A 8 |300-450{ 1,000 | 1,170 | 2,150 | 0.75 0.54

JI3-13 10 |300-450{ 1,020 | 1,120 | 2,050 | 0.85 1.2

J13-37 30 | 60-74 {4,020 | 2,200 | 2,250 | 2.7 1.75

JIT13-37 30 | 60-74 | 4,020 | 8,550 | 2,250 | 3.2 2.0

J13-67 60 | 60-74 [ 4,020 | 2,200 | 2,250 | 3.1 2.25

JIT13-67 60 | 60-74 4,020 | 3,400 | 2,250 | 3.4 2.5

J13-107 100 | 60-74 4,120 | 2,200 | 2,250 | 3.8 2.25

J13-207 200 | 60-74 |4,620 | 2,800 | 2,500 | 6.0 7.0

Table 128

Technical Data on Tubular-type Electric Heater
4 Power

Designation toh"eert":.llll)el,err"ngetthrec;r mk“an' m;tlz??al Application
HMM, HB, |From 0.5 through|From 0.5| Carbon |Heating of
HII 6 m, (11 sizes o 7 steel air, water

with gradations and oil

every 0.5 m)

HBT From 2 through6 m| From 2 | Carbon |Heating of
(8 sizes with to 7 steel alkalis
gradations every and- salt
0.5 m) solution

HCKX, From2through 6 m| From 2 |[Stainless | Heating of

HMX, (8 sizes with gra- to 7 steel saltpetre
HBX dations every and salt

0.5 m)

4. TEMPERATURE CONTROL INSTRUMENTS

Manometric thermometers are used to measure, record and control

temperatures

in low-annealing bath-type furnaces and

hardening tanks.

A manometric thermometer comprises essentially a thermal

isothermal

bulb,

a capillary, a tubular spring and indicating or recording devices.
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Table 129
Technical Data on Fuel-oil and Gas Bath-lype Furnaces

Designalion of Crucible dimensions,
bath-type furnaces mm i
9. Average throughput,
, 2= kg hr
Gas-fired F‘;?}égd- Diameter | Depth E'E‘f
oz
MTBr-1 | ITBM-1 200 350 49 20
200 535 73 35
INNTBI'-2 | ITBM-2 250 350 62 35
250 535 86 50
250 610 95 60
NTBr-3 | MTBM-3| 300 535 130 70
. 300 610 146 80
[ITBI-4 | [ITBM-4] 400 535 160 100
400 610 210 125

Manometric thermometers are classified as gas thermometers (filled
with nitrogen), liquid thermometers (filled with xylene, mercury or
methyl alcohol) or steam thermometers (filled with a liquid turning to
steam at a definite temperature).

. Table 138 lists data on manometric thermometers used in heat-
treatment departments.

Temperatures from —200° to 4-500°C are also measured with resis-
tance thermometers known for their very accurate readings. These
thermometers are manufactured either from platinum resistance wire,
the DTII type, with 11-a and 12-a scales and measurement range from
—200° to 4-500°C, or from copper resistance wire, the 9TM type, with
2-a scale and measurement range from —50° to +15°C. The many
types of resistance thermometers available are classified according to
design, application and temperature ranges. Thermometers are manu-
factured with protective sheaths from low-carbon or heat-resistant
steels, from 0.5 to 2 m in length. Indications provided by resistance
thermometers are read with the aid of measuring instruments
(Table 137). .

Thermocouples are the most widely used means for measuring tem-
peratures (Table 138). Table 139 lists and describes briefly pyrometer
millivoltmeters (galvanometers) operating in conjunction with thermo-
couples and telescope of radiation pyrometers. Care should be taken
that the graduation of thermocouples and galvanometers be similar.
Thermocouples are to be connected to measuring instruments by means
of compensating leads, or, when the latter are not available, with
plain insulated copper conductors.

Compensating leads are manufactured in impregnated cotton
sheath—the KIIO brand, inlead sheath—the KIIC brand, in steel wire
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Table 132

Approximate Furnace Throughput Rates (in kg/m®hr)
for Various Heai-treatment Operations

Heat-treatment furnaces

Heat-treatment

: Pusher-
operation Chamber | Car-type type, Conveyor,

continuous

Rotary-
electric hearth

Normalising 120-150 | 60-100 [ 150-200 | 120-220 | 160-200
Annealing 40-60 35-50 50-70 — —
Hardening 120-160 | 60-80 150-200 | 180-220 | 150-200
Carburising:
solid carburiser 8-12 8-12 15-20 — 15-18
gas carburiser — — 40-50 — —
Gas cyaniding — — 80-100 — —
Tempering 90-110 | 60-80 100-150 | 100-150 —
Table 133
Data on Thermal Insulating Materials
Materlal t?ri);ie?autﬁlre Volume weight,
of use, °C kgfdm?
Unburnt diatomite in lumps . . . . 800 0.68
Unburnt diatomite powder . . . . . 900 0.3
Burnt diatomite powder . . . . . . 1000 0.55
Diatomite brick . . . . . . .. .. 950 0.55-0.75
Foamy diatomite brick . . . . . . . 900 0.40-0.55
Fluffed asbestos . . . . . .. . .. 500 0.8
Asbestos millboard . . . . . . . .. 500 0.90-1.2.
Asbestos cord . . . . .. .. ... 300 0.80
Glass wool . . . . ... ... .. 600 0.25-0.30
Glassfibre . . . . . ... ... .. 600 0.10-0.20
Foam concrete . . . . . . . .. .. 300 0.40-0.50
Boiler cinder . . . .. ... ... 800-950 0.7-1.0

sheathing—the KIIIT brand, in flexible sheaths—the KIIT'O type, and
also in special-purpose sheaths.

When choosing thermal control instruments, it is recommended to
bear in mind the following points. Type 2I1I1, 3T11 and CII potentio-
meters are the most precise instruments, with permissible error not
exceeding £0.5% of the upper temperature range; for the type MIIII-
054 potentiometer the error does not exceed +1%, while for the rest
of the instruments described in Table 138 the accuracy of measurement
is within £1.5%. The upshot of this is that preference should be given
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Table 134

Refractoriness and Allowable Working Temperatures
of Refractories

Refractoriness,
°C

Allowable tem-

Refractory perature range, °C
Firebrick, grade A . . . . . . . .. 1730 1300-1400
» » B 1670 1250-1300
”  B.L.o.o o 1580 1200-1250
Silica brick, grade I . . . .. . .. 1710
» T grade 11 L ... 1690 1600-1650
Cerundum (alundum) articles . . . .| 1900-1950 1600- 1700
Carborundum articles (carbofrax) . .| 1850-2000 1400- 1500
Graphite articles . . . . . . . .. 2000 2000
Red brick . . . . . .. ... ... — 700-750
Table 135
Mean Chemical Composition and Calorific Power of Gases
Chemical composition, per cent O
U \J = Q.E
© = o = 7]
G £ | % g ] g | =8
as BE ,8% Methane Sgg -§ %D ‘5"‘.
- o b b : —
53 | SE £28| = z | S%
Blast-furnace gas | 11 27 Up to 1] — 3 58 900
Coke gas . .. .| 2 7 23 2 58 8 3900
Lighting gas . . .| 6 16 20 10 25 23 4500
Generator gas
(from coal) . .| 4.5 25 2 0.2] 13 55.3 {1350
Generator gas (from :
shale, Estonia)| 18 11 24 6 39 2 4760
Natural gases:
Saratov — 0.7 94.3 2.7 1.8 1.2 |8800
Dashava — 0.2 97.8 0.5/ 0.2 1.3 (8500
Kuibyshev . 0.8 — 75-80 8-10 — |11-13|8500
Ukhta . . . . . 0.2 — 93 1.2 - 1.2 | 8150

to potentiometers when treating aluminium and magnesium alloys,
beryllium bronze, as well as when tempering steel or performing vari-
ous other heat-treating operations within narrow temperatire ranges;
in heat-treatments requiring wider temperature ranges, indicating,
controlling or recording millivoltmeters (which are considerably
cheaper than the potentiometers, yet are as reliable) are to be pre-
ferred. The same considerations apply to ratiometers and balanced
bridges operating with errors up to +£1.5% and +0.5% respectively.
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Table 136

List of Manometric Thermometers and Their Briel Characteristics

Length of

Instrument Type Purpose capillary, min

Mcasuring
range, °C

Manometric re-
mote control
thermometer,

gas-filled . .| TI'-270| Indicating 0-300]20.40 and 60
Ditto , . . . . TI.278 | Indicating, with ’
signalling device 0-300|20.40 and €0
TI-410 | Recording, with clock :
drive 0-300]20.40 and 60
Ditto . . . . . Tr-610 | Recording, with syn-
chronous molor 0-300{20.40 and 60
Ditto . . ... .| TIr-618| Recording, with syn-
chronous drive and
signalling device . .|0-300(20.40 and 60

Regulating and
recording
thermometer. | 04-TT- .
-410 | Regulating and record-

ing, with clock drive |[0-200 —
04-TT-

-610 | Regulating and re-
cording, with syn-
chronous drive 0-200 —

Note. Specifications indicate extreme ranges of temperatures measured.
Praciical ranges are: 0-120. 0-160, 0-200 and 0-300°C.

High temperatures can be measured with optical or radiation pyro-
meters, data on which are listed in Tables 140 and 141.
© The radiation pyrometer of type PAIIHWP designed to measure
surface temperature of heated bodies, 35 to 200 mm in diameter,
consists of: (1) type TEPA-50 focussing telescope; (2) type [1Y2C-54
resistance panel (not required for the 400-1000°C and 600-1200°C
temperature ranges); (3) type 3APT-53 protective fixtures, as well as
auxiliary instruments (millivoltmeter MITIIIP-53, MCIIIP-54, electronic
potentiometers 3T11116 and 2I1102).

The telescope should be spaced at approximately 350-1500 mm from
the radiation source.

The surface temperature of a body can also be measured with ther-
mocolours, made from substances which change their colour when
subjected to temperature variations.
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Table 137

Brief Characteristics of Instruments Coupled
to Resistance Thermometers

Name

Type

Brief characteristics

Indicaling ratiometer with
profile scale -
Electromechanical balanced
bridge with automatic re-
cording on a tape chart .
Same with electric regulat-
ing device

Same with pneumatic regu-
lating device , . . . . .
Self-recording alternating-
current automatic electron-
ic bridge with disk chart

Same with electric three-po-
sition regulating device

Same with pneumatic iso-
dromic regulating device

Electronic automatic bal-
anced bridge with pesition-
al regulating device and
tape chart

Same with pneumatic iso-

dromic regulator . . .

JITp-53

AYM
AYMP

AYMPII

OMI-202

SMI-212

dMI.-232

SMTI-209

. | 2MII-209

For measuring temperatures

For measuring temperatures
in one, three or six points

For measuring and regulat-
ing temperatures in one
or three points

Same for liquid- or gas-fuel
furnaces

For measuring temperatures
in one point without regu-
lation

For measuring and regulat-
ing temperatures in one
point

For measuring and regﬁlat-
ing temperatures in liq-
uid- and gas-fuel furnaces

For measuring, recording
and regulating tempera-
tures in one, three, six or
12 points

For measuring, recording
and regulating tempera-
tures in liquid- or gas-fuel
furnaces -

Note. It is not recommended to use alternating-current Instruments SMJ
type wherever there is a possibility of inducing stray currents in the measu-
ring circuits. Direct-current bridges, marked 5M/J-102, 9MI-i12 and 3M[-

132, should be preferred.
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Table 139

Brief Characteristics of Temperature Control Instruments Coupled
to Thermocouples or Radiation Pyrometer Telescope

Substitute..
Instrument Type Brief characteristics ed for
types
Indicating  portable| MIII1-054 |For measuring tem-| CHKII,
millivoltmeter peratures MIT-08
Indicating panel- | MIIiIna-54 | For measuring tem-| T'H3C,
mounted millivolt- peratures. Not to be| MC-08
meter with flat scale coupled to thermo-
couples type IIT and
telescope type PI1
Indicating panel-mo- | MITlnp-54 | For measuring temper-| TIITY,
unted millivolime- atures MIT1B-46
ter with profile scale
Self-recording panel- | MCUInp-154| For measuring and| CI-1
mounted millivolt- recording tempera-
meter with prolile tures in one point
scale
MClInp-354| Same in three points | CI'-3
MClInp-654| Same in six points Cr-6
Controlling panel-mo- | MPlllnp-54 | For measuring and KT,
unted millivoltmeter regulating tempera- | 3PM-47
with profile scale tures
Electromechanical po- CI-1 For measuring and
tentiometer with CIl1-3 recording tempera-
recording on a tape CII-6 tures in one, three
chart and six points
Same with electric CITpP For measuring and rec-
controlling device ording tempera-
tures in one or three
points
Same with pneumatic CIpnn For measuring and
controlling device recording tempera-
tures in liquid- or
gas-fuel furnaces
Electronic automatic| 3I10-02 |For measuring temper-| 3I1[1-07
potentiometer with atures in one point
recording on a disk
chart
Same with electric po-| 2[11-12 |For measuring, record- | 3I11-17

sitional

controlling
device

ing and regulating
temperature in one
point
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Table 139 continued

o ! ) Substitu.
Instrument Type Brief characteristles ted for
- vtypes
Same with pneumatic| 2013-32 For measuring, record- | 3I1-37
isodromic  control- ing and regulating
ling device temperatures in lig-
uid-  or gas-fuel
) furnaces )
Electronic potentio~| 2I1B-01 For measuring tem- | 3I1Y-18
‘meter with rotating : peratures and
scale and stationary 2lY-28
temperature indica- N
tor :
Automatic electronic| 3I1I1-09 For measuring, record-
. potentiometer with ing and regulating
electric  positional temperatures in one
controlling  device or three, six and
and recording on a © twelve points
tape chart ’
Same with pneumatic| DII1-09 | For measuring,record-
isodromic  control- ing and regulating
ling device temperatures in lig-
uid- or  gas-fuel
furnaces ]
Table 140
Radiation Pyrometer Characteristics
Conventional ! - o Tolerated
designation Name Scale, °C . error
OIMNKYP-09 Optical pyrometer | 1. 800-1400
. : : 2. 1200-2000
OInnKuP-20-55 Ditto 1. 800-1400 121
. 2. 1200-2000 +30
OHNItNP-30-55 Ditto 1. 1200-2000 430
2. 2001-3000 +50

Note: The pyrometers are to be spaced at 0.7 m and over from the heat
source to be measured.
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Main Dala on TEPA-50 Telescopes

Table 141

Tolerated error
Telescope Measurenlent Gradua-
optics ranges, °C Temperature range Error tion
Quartz - 400- 1000 * -400-699 +12 | I'p.P1
glass 600-1200 700-899 +14 [p.P1
700-1400 900-1099- - 418
. : 1100-1400- +22 'p.P2
Glass K-8 900- 1800 - 900-1099 +18 [p.P3
1100-2000 1100-2000 422 :
Same 1200-2200 1200-2000 422 ) .
s - 1400-2550 - 12001-2200 . +24 ['p.P4
2201-2500 +28

* Temperature ranges not specified by Soviet Standards.

Each thermocolour changes ifs colour at a definite temperature
which is a function of its chemical composition. Thermocolours are jn-
tended to measure surface temperatures from 40° to 580°C om open

heating.

As-practice shows, temperatures can also be determined by heat col-
ours. It should be borne in mind that a change in shop lighting may be

the cause of considerable errors when this -method is applied (Table

142).

‘ . Table 142
Approximate Measurement of Temperatures by Heat Colours

Heat colour

Approximate
tempe{'ature. °C

Dark brown . . . . .. ... ... .. ...
Brown-red . « . . 0. .. ..o 0 D

Dark red

Dark cherry-red . . . . ... .. e
Cherry red © .0 . . oL v . o oo el
Light cherryred . . . . . . . . . .. ... ..
Light red . .. ... ... ... . ......
Orange . . . . v v v v v v e e e e ..

Dark yellow . . . . .. .. .. .. ... e

Light yellow -~ . ... . .. . . . .. ... ...
Bright white , . . . . . ... ... .. ‘.

530-580
580-650

650-730

© 730-770
© 770-800°

800-830

830-900
-900-1050

- 1050-1150 -

- -1150-1250

. <|- 1250-1300
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Table 143
Ink Composition for Recording Instruments

Material Quantity, v/,

Pure glycerine (spec. gr. from 1.21 to 1.26) 22.9
Pure alcohol (spec. gr. from 0.79 to 0.81) . . . . . 7.15
Distilled water . . ., . . . ... .. ... ... 68.70
Dye . . i e e e e e e e e e e e e e 0.1
Joiner’'s glue . . . . ... 000000 1.15

Note. The followlng chemicals are used as dyes: methyl violet, methylene
blue or light blue, eosin, orcein, etc.

Method of preparation: the colouring agent is dissolved in alcohol
with gradual addition of water by portions. Glycerine and glue are
heated till they mix perfectly. The cooled mixture is added by porfions
to the dissolved colouring agent while mixing continuously. After
complete mixing of glycerine, glue and colouring agent, the mixture
is allowed to stand for 4-5 hours, after which it is filtrated.

Accessory materials, used in heat-treatment, are given in Table 144,

Table 144

Approximate Consumption of Some Auxiliary Materials
Used in Heat-treatment

Consumption
Material ”ﬂfg?ﬂi;’t‘:ﬁ Remarks
articles
Hardening
Common salt, etc. . . . . . 10 Heating in the800-1000°C
range
Barium chloride . . . . . .20 Same for temperatures
above 1000° C
Spindle oil . . .. .. .. 20-30 Cooling medium
Caustic soda . . . . ... 1 Cooling medium
Tempering
Potassium or sodium ni-
trate . . ... ... .. 30-40
“Vapour” oil . . ... .. 10 For heating
“Viscosin” oil . . . . ... 20
Tead ., ... ... e e e 10
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Table 144 continued

Consumption

Material lirl:ggg?nt'lrseggd Remarks
articles
Carburising
Solid carburiser . . . . . . 60-100
Kerosene . . .. .. ... 20-30 For shaft furnace
Pyrobenzene ., . . .. .. 20-30 Same
Kerosene . ... ... .. 20-30 Production of pyrolisis
gas
Solar oil . . .. .. ... 8 Purification of pyrolisis
gas
Nitriding
Ammonia . . . ... ... 5-50 The smaller the size of
articles treated, the
greater the consumption
Cyaniding
Cyanide compound “THUIX” 20
Sodium cyanide . . . . . . 20
Calcium chloride . . . . . 50
Sodium chloride (common
salt) . ... ... ... 30
Iron vitriol . . e e e e 20 Neutralising
Cleaning
Sand, size of particles from )
ltollbmm .. .... 50-80
Shot 2 0.8-1.0 mm Up tol
Pickling
Sulphuric or hydrochloric 30-40
acid
Crack checking
Crocs + v s o o v v o o « 20



- Chapter XII
SAFETY ENGINEERING

SAFETY REGULATIONS FOR FUEL-OIL FURNACES

The following procedure is to be adhered to when starting up a fuel
oil furnace: (1) scavenge the furnace with air to evacuate accumulated
explosive gases; (2) introduce an electric-ignition device or a lighted
torch on along, slim rod into'the firing chamber, then open, first, the
air valve, then the fuel valve; (3) after: the stable flame has been ob-
‘tained, remove the device and increase gradually fuel and air feed.

The lid of the charging door should be kept open during the lighting
operation.

Do not peer into the firing chamber. Avoid drips and pools of fuel
oil underneath the burner and keep the latter in perfect condition.

In case of an abrupt cut in fuel oil or air feed, as well as after the ter-
milnation of operations, first shut off the fuel valve, then the air
valve.

SAFETY REGULATIONS FOR GAS FURNACES

Industrial gases are dangerous because of toxicity. When mixed with
air they present explosion hazards.

Methane content in the Behaviour ‘of the mixture

mixture on ignition
Up to 4% Neither burns nor explodes
From 4 to 156% Does not burn, but explodes
Above 15% Burns but does not explode

Explosiverange of an air-gas mixture may vary depending on compo-
sition, moisture and temperature.. Leaks should not be searched for
with the aid of a torch. An aqueous solution of soap should be employed
for this purpose.

The following procedure is to be performed when firing a gas fur-
nace:

1 Open the slide valve and the lid of the charging door, switch on.
air supply, and scavenge the furnace with air for 5 minutes, after
which cut the air supply off.
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2. Open the main gas valve, and scavenge the gas main for 5 min-
utes, discharging the gas through a riser.

3. Ignite the gas primer and gradually switch on the gas supply.

4, Adjust the combustion of the fuel in the gas burner by varying
air supply.

5. When igniting one should stand on one side of the burner; glass
goggles are to be on to protect the eyes. When laying off a furnace, cut
the air supply, first, then turn off the gas.

It should be borne in mind that 0.1% of hydrogen sulphide and
over 0.002% of carbon dioxide cause serious poisoning. -

FIRST AID IN GAS POISONING

When a person has been gas-poisoned it is imperative fo take the
injured person out of premises to the fresh air, unbutton his clothes
and not let him sleep until medical personnel arrives. If the person
dees not breathe, artificial respiration should immediately be
applied.

RULES FOR SAFE OPERATION OF SALT BATHS

Operation of salt baths using melted salts, alkalis or lead requires
sirict keeping to all safety regulations. :

" 1. Ventilation systems should be inspected prior to starting-up op-
eration.

2. Goggles and gloves are obligatory when operating the salt baths.

3. It is strictly forbidden to put one’s head under the draught hood.

4. Lead or salt should be added to the bath in small portions; the
added salt should be well dried, while lead should be thoroughly pre-
heated.

5. Parts and hardening devices should be dipped into crucibles
filled with salt or lead only after being completely dried and preheated
to 100-150°C. Cold parts may cause eruptions of salt or lead from
crucibles, which may burn the operator.

6. Spilled salt or lead should be covered with dry sand. Flooding
with water is prohibited.

7. Saltpetre ignites on heating above 550°C. A combinafion of
saltpetre, charcoal, soot and grease leads to explosions. The use of
saltpetre should be avoided. When the use of above components is
unavoidable, controlling apparatus with sonic signalling devices are
imperative. :

8. Special attention should be given to the drying of a salt electrode
furnace after relining. Inadequately dried furnace may explode after
a few hours’ operation, splashing all salt out.

 RULES FOR SAFE OPERATION OF CYANIDE BATHS
Cyanide salts are most violent poisons. The combination of cyanide
salts with acids produces a very poisonous gas—the prussic acid. Only
well-trained operators should be permitted to operate cyanide baths.
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One should adhere strictly to the following safety rules when working
with the cyanide bath-type furnaces:

1. Check the ventilation prior to operation. The operator should not
start working if ventilation defects are detected.

2. Furnace shell doors should be opened only when charging or dis-
charging ‘parts and adding salts.

3. It is forbidden to handle cyanide salts with bare hands.

4. Salt should be added to the melted bath by small portions, with
the furnace doors closed, and only when well dried. Goggles, gloves
and respirators should be used.

5. Hardened parts should be thoroughly water-flushed to remove
traces of cyanide salts.

6. All tools stained with cyanide salts should be stored under
draught.

7. No saltpetre or potassium bichromate should be admitted to the
melted bath, as this unavoidably causes explosions.

8. It is strictly forbidden to smoke or eat in the shop, as this pre-
sents mortal danger.

9. Prior to eating and smoking it is necessary to thoroughly wash
hands and rinse the mouth.

10. It is forbidden to wash hands in hardening and washing tanks.

11. In case the ventilation fails, shut the furnace off immediately,
leave the shop and inform the managing personnel.

12. All scratches or wounds, however small, should be bandaged pri-
or to work.

13. If one issuffering from a cold or some other indisposition, med-
ical care should be sought immediately.

RULES FOR DECONTAMINATING WATER FROM CYANIDE HARDENING
AND WASHING SHOPS

Decontamination of 1 litre of water necessitates 3 grams of iron vit-
riol and 1 gram of soda ash (assuming sodium cyanide content aver-
ages up to 0.1%).

The operation should be carried out as follows:

1. Prepare the necessary amount of iron vitriol and soda, in conform-
ity with the tank capacity.

2. Dissolve iron vitriol in water and ‘add soda.

3. Pour the prepared mixture into the hardening or washing tank and
mix it thoroughly. :

+ 4. Drain decontaminated water, simultaneously opening the water
tap to bring the concentration still further down.

SAFETY RULES FOR OPERATION OF EQUIPMENT

1. Fuel oil or grease spilled on the floor should be covered with gen-
erous amounts of sand and swept away.

2. Prior to work sleeve cuffs should be tied up and dangling bits
tucked away,
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3. No moist blanks should be charged as this may cause violent-
flame eruptions.

4. When quenchingslim articles with through holes, orient the lat-
ter away from shop personnel to avoid burns from vapour or oil.

5. Do not switch on bath-heating appliances when aqueous solu-
tions are thick or frozen (blueing solution, etc.), as eruptions of soluti-
ons and burns would be unavoidable.

6. When quenching articles with compressed air the operator shouid
put the goggles on and interpose a wire screen protecting him from the
rebounding scale. .

7. Water should be poured first into sulphuric acid pickling tanks;
sulphuric acid is added then in a thin jet.

8. Undried parts, tongs, hooks should not be dipped into a temper-
ing oil bath while the latter is hot.

SAFETY REGULATIONS FOR HANDLING ELECTRICAL EQUIPMENT

1. Moist clothes or foot-wear, damp floor or mats, etc. increase elec-
tric' shock hazard.

2. Only well-grounded electrical equipment is authorised for opera-
tion.

3. Switches and starting buttons should not be switched on by means
of pokers, tongs and similar metallic objects.

4. Rubber mats are imperative when operating electric furnaces.

FIRE PROTECTION

1. Pans with sand should be available underneath the burners when
liquid fuel is being used.

2. Sand and spade from the fire-extinguishing box should never be
used for operation needs.

3. Fuel-oil storage tanks should be situated far from fire.

4. 1t is strictly forbidden to heat up the fuel-oil mains with a torch
or a blow torch, or to heat fuel oil, stocked in storage tanks, by
dipping hot pieces of metal.

5. All quenching and tempering oil baths should be provided with
lids to prevent air access, if the oil ignites. i

6. On hardening it is forbidden to heat kerosene above 38°C.
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