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ABOUT BIS

Bureau of Indian Standards (B1S), the National StandardsBody (NSB) of Indiawas established under the BIS
Act, 1986 and cameinto existence on 1 April 1987 assuming the functions of the erstwhile Indian Standards
Institution (1S1). The Sl was established on 6 January 1947. The BISAct, 2016 cameinto force on 12 October
2017 superseding BISAct 1986. The BI SAct, 2016 providesfor the establishment of anationa standardsbody
for theharmoniousdevel opment of theactivitiesof standardization, conformity assessment and quality assurance
of goods, articles, processes, systemsand servicesand for matters connected therewith or incidental thereto.

BISthrough itscore activities of standardization and conformity assessment, has been benefiting the national
economy by providing safe, reliable and quality goods; minimizing health hazardsto consumers; protecting the
environment; controlling over proliferation of varieties; promoting exports and imports substitutes, etc. The
standardization and conformity assessment schemesof Bl Sapart from benefitting the consumersand industry so
support variouspublic policiesespecialy in areas of product safety, consumer protection, food safety, environment
protection, building and infrastructure devel opment, etc.

BlSalsorepresentsindiaininternational standardsbodieslike International Organization for Standardization
(1SO) and the International Electrotechnical Commission (IEC) and participatesactively in theinternational
standardization work undertaken by these bodies. BI S presentsthe nationa viewpointson new areastakenup for
international standardization and on variousdraft international standards during the process of devel opment of
these standards so that the country’ sinterest is protected and reflected in these standards. Thisalso enablesthe
BI Stechnical committeesto consider adoption of theinternational standardsas|ndian Standards, with or without
modifications, in order to enable our productsand servicesto integrate with global trade and commerce.

What are Sandar ds?

Standard isadocument, established by consensusand approved by arecognized body, that provides, for common
and repeated use, rules, guidelinesor characteristicsfor activitiesor their results, aimed at the achievement of the
optimum degree of order inagiven context.

I mportanceof Sandar dization

Standardization isthe process of devel oping technical standardsthrough consensusof different parties. This
standardization aimsto addressoneor dl of compatibility, interchangeability, variety control, safety, environment
protection, product protection and fitnessfor purpose. Standards provide numerabl e benefitsto thetechnol ogists,
producers, consumersand tradersbesides defining purposefor each of these entities.

Standards can beformulated at variouslevel sranging from anindividual to National (IS) throughto International
leve (1S0). Also, depending onthesubject in hand, standards can be made on various aspects such asterminol ogy,
specification, sampling, testing, code of good practice and model form of contract.

STANDARDIZATIONACTIVITY OFBIS
Sandardization Sructure

Thereare 16 Technical Departmentsformulating
standards in various subject areas.
Corresponding to these departments 16 division
councilsexist. Each division council hassevera
sectional committees working under it. The
standards cover important ssgmentsof economy
and helptheindustry in upgrading the quality of
their goodsand services.



Theprocessof standardsdevelopment of BIS
is aligned with accepted international best
practicesthat are based on the core principles
of openness, transparency, impartiality and
consensus. The process begins with the
identification of the standardization needsof the
given sector or subject following which the
development of the standard istaken up and
planned bythe relevant technical committee.
Apart from consultation within thetechnical
committees, draft standards are also open for
publicviews/comments.

Sandar dsFormulation Process

Thelndian Standards are devel oped by technical
committees that are representative of various
stakeholdershavinginterest intherelevant subject
of standardization under the scope of such
committeesthrough aprocess of consultation so
that viewsof al aregiven dueconsiderationanda
consensusisevolvedinformulaing astandard. The
stakeholdersinvolved in nationa standardization
can broadly be categorized asindustry, consumers/
users, technologists(R& D and scientificinditutions,
academia, individual subject experts, etc) and
government departments/regulators.

Standards Devel opment Process Flow



INTRODUCTIONTOMETALLURGICAL ENGINEERING DEPARTMENT (MTD), BIS:

Metallurgical Engineering Department(MTD) isone of the 15 technical departments of BI Swith the scope
“SQandardization inthefield of metallurgy and metallurgical engineering including ferrousand non-ferrous
metals, alloy and their products, ores and minerals, foundry, refractories and powder metallurgy, heat-
treatment, corrosion protection, metallic and non-metallic coating (excluding paints, pigments and
enameling) and welding (excluding electrical welding equipment) and Nanomaterials and technologies’.

MTDC isdivison council of MTD department.
Total standards published by MTD (asof March 2022): 1709
Aspect wisedigtributionisasfollows:

BlSisafounder member of International Organization for Standardization (1SO) and isactively involvedin
development of International Standards by acting as Participating (P) member or

Observer (O) member on various Technical Committees, Sub-Committees, Working Groups, €tc.
MTD, BISisa‘'P member in 57 committeesand ‘O’ Member in 31 committees of 1 SO.

LIST OF TECHNICAL COMMITTEESWORKING UNDERMTDC

Under MTDC, thereare 20 Sectiona Technical Committeesworkingin varioussubject areas. List of committees
withtheir scopeisasfollows:

T.C. T.C.Name SCOPE
Number

MTDO03 | Mechanicd Testing of Metals | Sandardization in the field of mechanical testing of metals

MTDO04 | Alloy Stedlsand Forging Sandardization in the field of steel and wrought steel products
including classification, designation and coding of steels

MTDO6 | Pigironand Castiron Sandardization in the field of pig iron, various types of cast
iron castings

MTDO7 | Oresand Feed Stock for Sandardization in the field of Aluminium Ores and other feed

AluminiumIndustry, its stock for Aluminiumindustry and Sandardizationin thefield of

Metals/Alloysand Products | Aluminium Metals, their alloys and products




T.C. T.C.Name SCOPE
MTDO8 | Oresand Feed Stock for Sandardization in the field of copper ores and other feed stock
Copper Industry, itsMetals/ | for copper industry and standardization in the field of copper
Alloysand Products metals, their alloys and products
MTDO9 | Oresand Feed Stock for Sandardizationinthefield of Non-Ferrous Oresand other feed
Non-Ferrous (Excluding stock for Non-Ferrous Industry and Sandardization in thefield
Aluminiumand Copper) of Non-Ferrous Metals, their alloys and products. (Excluding
Industry, their Metals/ Alloys | Sandardizationinthefield of Oresand Feed Sock for Aluminium
and Products and Copper Industry and their Metals, Alloys and Products)
MTD10 | PreciousMetas Sandardization in the field of precious metals
MTD11 | Welding Generd andits Sandardization in the field of welding fundamentals, \
Applications consumables, equipments (other than electrical), testing,
training, safety etc. and all welding processesincluding joining,
surfacing, repairing and thermal cutting, soldering, brazing,
friction welding, explosive, ultrasonic welding, beam welding
(laser and electron beam), etc.
MTD213 | Oresand Feed Stock for Sandardizationinthefield of Ferrousores, Ferro Alloys, Soonge
Ironand Steel Industry Iron/Direct Reduced Iron and other Metallic additions/Feedstock
used in the Iron and Seel making Industry
MTD14 | Foundry and Stedl Castings | Sandardization in the field of foundry materials, foundry
practices and steel castings
MTD15 | Refractories Sandardization in the field of refractories
MTD16 | Alloy Stedlsand Forging Sandardizationinthefield of alloy & special steelsand forging,
including classification, designation and coding of related steels
MTD19 | Steel Tubes, Pipesand Sandardization in the field of steel tubes, pipes and fittings
Httings including classification, designation and coding of steel tubes
MTD21 | Non-Destructive Testing Sandardization in the field of non-destructive testing
MTD22 | Metdllography and Hest- Sandardizationin thefield of metall ography and heat-treatment
Treatment of ferrous and non-ferrous metals and alloys
MTD24 | Corrosion Protectionand Sandardization in the field of corrosion, passivation and
Fnishes protection of metals, metal products in different applications,
characteristics of protective and decorative metallic coatings,
anodic oxide coatings, applied by eectrolysis, hot dipping, thermal
spraying, chemical meanstheir testing and inspection methods
MTD25 | Powder Metalurgica Sandardization in thefield of powder metallurgical materials
meaterialsand Products
MTD26 | Indudtrid Fud-Fired Furnace§ Sandardization in thefield of industrial fuel fired furnaces
M TD33 | Nanotechnologies Standardization in the field of Nanomaterials and
Nanotechnologies
MTD34 | Methodsof Chemical Sandardization in the field of chemical/instrumental analysis
Analyssof Metds of ferrous, non-ferrous metals, ores and other raw materials




IMPORTANT STANDARDS OF MTD

Following isthelist of important Indian standardsformulated by M TD:

Gold and Silver jewellery/artefactsstandards

BISisoperating Halmarking Schemeof gold and slver jewel lery/artefacts. ThisHalmarking schemeisbased on
thefollowing Indian Standardsformulated by MTD.

1. | 1S1417 Goldand Gold dloys, jewd lery/artifacts—finenessand marking.
2. | 1S2112 Silver andsilver dloys, jewellery artifacts—finenessand marking.
3. | 1S15820 Generd requirementsfor competence of assaying and halmarking centre

Ferrousand Non-Ferrousproduct standards

MTD hasformulated following important standards on Ferrous and Non-Ferrous products:

1. |1S191 Copper — Specification

2. | 1S737 Wrought duminiumand auminiumaloy sheet and stripfor generd engineering purposes
—Specification

3. | 1S1239 Sted tubes, tubularsand other wrought sted fittings— Specification

(Severd Parts)

4. | 1S2062 Hot rolled medium and high tensilestructura steel —Specification

5. | 1S2830 Carbon steel cast billet ingots, billets, bloomsand labsfor re-rolling into steel for
generd structura purposes—Specification

6. | 1S4367 Alloy stedl forgingsfor genera industrial use— Specification

7. | 1S5522 Stainlesssted sheetsand stripsfor utensils— Specification

8. | 1S12444 Copper WireRodsfor Electrica Applications— Specification

9. | 1S15392 Aluminiumand auminiumaloy barefail for food packaging - Specification

Destructiveand Non-Destructive Test standards

1. [1S1500 Metalic materiad s—Brinel | hardnesstest

(Severd Parts)
2. |1S1586 Metdlic materials— Rockwell hardnesstest

(Severd Parts)
3. [1S1608 Metallic materials—Tensletesting

(Severd Parts)
4. |1S2417 Glossary of termsused in ultrasonic non-destructivetesting
5. |1S3415 Glossary of termsused in magnetic particleflaw detection
6. |1S3658 Codeof practicefor liquid penetrant flaw detection




7. | 1S3703 Recommended practicefor magnetic particleflaw detection
8. | 1S4904 Cadlibration blocksfor usein ultrasonic non—Destructive testing — Specification
7. | 1S12965 Glossary of termsusedin e ectromagnetic (Eddy Current) testing
8. |1S12710 Acousticemissiontesting—Glossary of terms
9. |1S13805 Generd standard for qudificationand certification of non - Destructivetesting personnedl
—Specification
Chemical Analysisstandards
1. [1S228 Methodsfor chemical analyssof stedls
(Severd Parts)
2. | 1S504 Chemical andysisof duminiumanditsaloysparts1to 12
(Severd Parts)

Miscellaneous Sandar ds

1. |1S814 Covered e ectrodesfor manual metal arc welding of carbon and carbon manganese
sted — Specification

2. 115822 Codeof procedurefor inspection of welds

3. | 1S1068 Electroplated coatingsof nickel pluschromium and copper plusnickel pluschromium
- Specification

4. | 151987 High sllicasand for useinfoundries— Specification

1S 2629 Recommended practicefor hot-dip galvanizing of iron and stee!

6. |1S2644 High strength steel castings for general engineering and structural purposes —
Specification

7. | 1S4736 Specification for hot —Dip zinc coatingson mild stedl tubes

8. |1S9139 Specification for malleableiron shotsand gritsfor useinfoundries

9. | 1S15769 Flux cored (Tubular) eectrodesfor gas shielded and self - Shielded metal welding of

carbon or carbon - Manganese steel
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METALLOGRAPHY AND HEAT-TREATMENT

Metallography and Hesat-Treatment Sectional Committee, MTD 22 isoneof the 20 sectional committees
working under MTDC with the scope* Sandardization in thefield of metallography and heat-treatment
of ferrous and non-ferrous metals and alloys’.

Thiscommitteehasformulated total 39 standards. Completelist of sandardsformulated by thiscommittee

isplaced below:

S.N.|ISNo. TITLE

1 1S1956 (Part 1) : 1976 Glossary of termsrelating toiron and steel Part 1 general metallurgy
hest treatment and testing (First Revision)

2 1S3848: 19811S0O 642:1999 | Method for end quenchtest for hardenability of stedl (First Revision)

1S4075: 1985 Method for macrostreak flaw test for steel (First Revision)
4 1S4163: 2021 Sted - Determination of content of non-metallicinclusions-
SO 4967:2013 Micrographic method using standard diagrams

5 1S4748 : 20211S0 643 : 2019 | Sted - Micrographic determination of theapparent grainsize

6 1S5699: 1970 Methodsfor chill testing of castiron

7 IS 6396 : 20001 SO 3887:2017 | Methodsof measuring decarburized depth of steel (Second Revision)

8 1S 6416 : 2022 Method for measuring case-depth of steel (Second Revision)

9 IS7739 (Part 1) : 1975 Codeof practicefor preparation of metallographic specimensPart 1
generd features

10 |IS7739 (Part 2) : 1975 Codeof practicefor preparation of metallographic specimensPart 2
eectrolyticpolishing

11 |IS7739 (Part 3) : 1975 Codeof practicefor preparation of metallographic specimensPart 3
auminiumanditsaloysandtheir examination

12 |IS7739 (Part 4) : 1975 Codeof practicefor preparation of metallographic specimensPart 4
copper and itsaloysand their examination

13 |IS7739 (Part5) : 1976 Codeof practicefor preparation of metallographic specimensPart 5
ironand steel and their examination

14 |I1S7739 (Part6) : 1975 Codeof practicefor preparation of metallographic specimensPart 6
lead anditsaloysand their examination

15 |IS7739 (Part 7) : 1975 Codeof practicefor preparation of metallographic specimensPart 7
magnesium and itsalloysand their examination

16 |IS7739 (Part 8) : 1975 Codeof practicefor preparation of metallographic specimensPart 8
nickel anditsaloysandtheir examination

17 |1S7739 (Part 9) : 1975 Codeof practicefor preparation of metallographic specimensPart 9
goldslver platinum paladiumandtheir dloys

18 |IS7739 (Part 10) : 1975 Code of practicefor preparation of metallographic specimens Part
10tinanditsaloysandtheir examination




S.N.|ISNo. TITLE
19 |IS7739 (Part 11) : 1976 Codeof practicefor preparation of metallographic specimensPart 11
zincanditsaloysandtheir examination
20 |IS7754:1975 Method for designation of the microstructure of graphitein castiron
21 |[1S8860: 1978 Codeof practicefor heat treatment of duminiumaloys
22 [1S9415: 1980 Method for determination of hardenability and grain Sizeof tool steels
by penetration fracturetest
23 |1S10138: 2010 Macroscopic methodsfor determination of non-metallicincluson
SO 3763:1976 content inwrought steels(Second Revision)
24 |1S11371: 2022 Method for macroetch testing inspection and rating of wrought steel
products
25 |1S12037: 1987 Specification for macrographic examination of stedl by sulphur print
1SO 4968 : 1979 Baumann Method
26 |1S12211:1987 Specificationfor micrographic method for ngthedistribution
SO 5949 :1983 of carbides in tool steels and bearing steels using reference
photomicrographs
27 |1S12366: 1988 Recommended practicefor heat treatment of titanium and titanium
dloys
28 |1S12378:1988 Method for macroetchtest for titaniumaloys
29 |1S12573:2010 Method for macroetch test for wrought duminiumandauminiumaloy
products (First Revision)
30 |1S13417:1992 Codeof practicefor heat treatment of steels
31 |1S13484: 1992 Method for macroetch test for copper and copper aloys
32 |1S13605: 1992 Method for macroetchtest for zincand zinc alloys
33 |1S13655: 1993 Guiddinesfor heat treatment of castiron
34 |1S13691: 1993 Stedl —Determination of total or effectivethicknessof thin surface—
SO 4970:1979 Hardened layers
35 |1S14598: 1998 Heat treatment of maraging steel —Code of practice
36 |1S15426: 2004 Steel —Metall ographic characterization of duplex grainsizeand
SO 14250:2000 digtributions
37 |1S15839: 2021 Determination of ferrite content in austenitic stainlesssted castings
SO 13520:2015
38 |1S17174: 2020 Determination of Percentage of Resolvable Pearlitein High Carbon
SO 16574:2015 Steel WireRod
39 |1S17175: 2020 Stedd Measurement Method for the Eval uation of Hydrogen
SO 16573:2015 Embrittlement Resistance of High Strength Stedl's




List of important Indian standardson M etallography and Heat-Treatment:

Sl No. [ ISNumber ISTitle

1 IS 3848 Method for end quench test for hardenability of steel (firstrevision)

2 1S 4075 Method for macrostreak flaw test for steel (first revision)

3 1S4163 Steel —Determination of content of non-metallicinclusions— Micrographic
method using standard diagrams (fourth revision)

4 1S4748 Steed — Micrographic determination of the apparent grain size( thirdrevison)

5 IS7739 (Part1) | Codeof practicefor preparation of metallographic specimensPart | Genera
features

6 IS 8860 Codeof practicefor heat trestment of duminiumaloys

7 1S 13417 Codeof practicefor heat treatment of steel




|S 13417 CODE OF PRACTICE FOR HEAT
TREATMENT OF STEEL

SCOPE

Thisstandard describesthe heat treating procedures, temperature schedul es, equipment requirement and other
detail srelating to the heat treatment of plain carbon and low alloy stedls.

TYPESOFHEAT TREATMENT
Thevarioustypesof heat treatmentsgenerally applied to carbon and low aloy stedsareasfollows:

a)  Sressrdieving- Theprocesscondgtsinheating themateria dowly and uniformly to asuitabletemperature
below thetransformation range (AC, for ferritic steels), holding at thistemperaturefor apredetermined
time, followed by dow and uniform cooling to minimizethe devel opment of new internal stresses.

b)  Normalising - Normalising is accomplished by heating carbon steel to about 50°C above the upper
critical line of theiron-iron carbide diagramthat is; above AC, for hypoeutectoid steelsand AC, for
hypereutectoid steels, followed by coolingin still or agitated air.

c¢)  Annealing- Annealing denotesthe heating of steel above asuitabletemperature holding for appropriate
time, followed by cooling at asuitablerate. Steelsmay be anneal ed to achieve softness, produce desired
microstructure, enhanceductility, reieveinternal stresses, improve machinability, etc.

d)  Hardening - Hardening of steel involves heating to a temperature from 30-50°C above AC, (for
hypereutectoid steels) and above point AC, (for hypereutectoid steels) holding until the completion of
phasetransformation, followed by cooling at arategreater than thecritical coolingrate.

€)  Special Heat Treatment

I M artempering - Martempering or more appropriately termed ‘ marquenching’ isan elevated
temperature quenching procedure aimed at reducing cracking, distortion and residua stressesin
stedls. Martempering involves, quenching sted from the austenitizing temperature, into ahot liquid
maintained or just bel ow the M Stemperature hol ding in the quenching medium to ensuretemperature
equalization throughout theworkpiece, followed by air cooling to room temperature

ii.  Austempering-Austempering of steel consistsinisothermal transformation of theausteniteat a
temperaturelower than that of pearliteformation and abovethat of martensiteformation, resultingin
theformation of abainitic microgructure. Ausemperingisusudly substituted for conventiona quenching
and tempering to obtain increased ductility and notch toughness at agiven hardnessand to also
reduce cracking and distortion.

iil.  Patenting - Patentingisaheat trestment processthat isapplied to high carbon steel wirerodsand
‘inprocess wiresto develop afinesorbitic structurethat isamenabletolarge areareductionsin cold
drawingtohighstrengthlevels.

f) CaseHardening

I Carburizing - Carburizing of steel consistsof increasing the surface carbon content so that upon
heat treatment, ahard layer of martensiteis produced.
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ii.  Carbonitriding- Carbonitridingiscarried out by addition of ammoniato thegascarburizing atmosphere
S0 asto Smultaneoudly saturate the surface of steel with both carbon and nitrogen. Carbonitridingis
generdly applied to componentsof complex shapes, for examplegearswhich areproneto warping,

iii.  Nitriding- Nitriding consstsin saturating thesurface of ged with nitrogen by heatingitinanammonia
atmosphere at atemperature of 500° - 600°C. Nitriding increasesthe hardness, wear resistance,
endurancelimit, corrosion resistance of the surface layer by creating athin case containing alloy
nitrides. The nitriding treatment can al so be carried out by heating steel partsin molten cyanide
Ccyanate baths contai ning saltsof sodium and potassium.

iv.  Cyaniding- Cyanidingisperformed by heating sted in abath of molten akali- cyanides, mixed with
chloridesand carbonatesto saturate the surface with carbon and nitrogen s multaneoudy. Generally
the salt bath contains about 30% NaCN, 40% Na,CO, and 30% NaCl.

g  SurfaceHardening

i I nduction har dening - Ininduction hardening, localized heating of the surfaceto itsaustenitizing
temperatureisaccomplished by eddy current induced by an aternating magnetic field which surrounds
thested. The depth of hardened layer decreaseswithincreasing current frequency. Thistreatmentis
generaly used for crank shafts, cam shafts, gears, automobile components, etc.

ii. Flamehar dening - Thistreatment issimilar to induction hardening but employshigh temperature
flameto austenitize the surface of steel. The temperature flameisobtained by combustion of a
mixture of fuel gas such as acetylene or propane with oxygen or air. Flame heads are used for
burning the mixtureand are of dit-type (having asingleorificeintheform of adlit) or of multiple
orificetype. Thistechniqueisgenerally used for largework such asmill rolls, heavy shafts, large
gearsand dies, machinewaysetc.

ii. ‘Laser Surface Hardening and ‘Electron Beam Heat Treating’ can also be employed for
augtenitizingthested for surfacehardening.

INSPECTIONAND TESTING OFHEATTREATED MATERIAL

a)  Visual Inspection :Visua inspection of the heat treated articlesis conducted to see whether the articles
arefreefrom surface defects, such a, cracks, distortion, warpage, scaleetc. Extremely fine defects (internal
cracks) that are hardly visible may be checked by special crack-detecting methods as agreed upon between
the manufacturer and the customer.

b)  Mechanical Testing:Hest treated parts may be subjected to various mechanical tests, such ashardness,
tensilestrength, yield strength, percentage elongation, reduction in areaand impact strength. Hardness
measurementsareto beroutinely performed to asahest treatment process check. Partsand configurations
which do not permit measurement of hardnessmust be, during hest trestment, accompanied by test specimens
fromthe same stock.

C) Microscopic Examination : Microscopic examination may be carried out from time-to-time by the heat
treater asavaluabletool to monitor thequality of incoming steel stock, for in-processquality control and
for customer ingpection. Ingpection of incoming steel stock isnecessary prior to machining and subsequent
heat treatment for detecting excessive decarburization or segregation, surface defects such ascracksand
qudifyinganaloy’shardenability accordingtograinsize.

d) Test Report :If desired by the customer, the heat treater shall supply atest certificateincorporating the
resultsof al testscarried out on the heat treated material.

11



1S 3848 METHOD FOR END QUENCH TEST FOR
HARDENABILITY OF STEEL

SCOPE
Thisstandard prescribesthe method for determining the hardenability of steel by end quench or Jominy test.
PRINCIPLEOFTHETEST

Thetest consistsin heating atest pieceto agiven temperaturefor aspecified period of timefollowed by water
guenching at oneend and measuring the hardnessat various points, from the quenched end a ong thelength of the
test piecein order to determinethe hardenability of the steel by variation of thishardness.

TABLE 1REFERENCE NUMBERS

Reference | Description Value

Number

1 Tota length of test piece 100+ 0.5mm

2 Diameter 25405

3 Timeduringwhichthetest pieceismaintained at the heating temperature 30+ 5min

4 Maximum timelag between removal of thetest piecefromthefurnaceand 5sec

thestart of quenching

5 Temperature of water 5t0 30°C

6 Insgdediameter of vertica water supply pipe 125+ 0.5mm

7 Height of freewater jet (that is, without test piecein position) 65+ 10 mm

8 Distancefromtip of nozzleto the bottom of test piece 125+ 0.5mm

9 Depth of flatsfor the measurement of hardness 0.4t00.5mm
TEST PROCEDURE

1 Heating of the Test Piece

. Thetest piece shal be heated uniformly and then maintained for not lessthan 30 min at the specified
temperature. For particulartypes of furnaces, thisduration may belaid down asaresult of previous
experience, establishing the minimumtime necessary for the centre of the pieceto reach thedesired
temperature.

. Precautions shall betaken to avoid any decarburization of thetest pieceaswell asitscarburization
or amarked oxidation.

12



2.

Hardening of the Test Piece

The hardening apparatus consists essentially of ameans of fixing and centralizing the test piece
placed vertically abovethewater jet. Thewater pipe shall contain aquick actiontap, aswell asa
systemto vary theflow rate of water. Thelength of thewater supply pipe behind thetap shall beat
least 50 mm in order-to ensure non-turbulent water flow. Thedevicemay aso containadiscalowing
rapid opening and closing at thewater jet.

Thetest piece support shall enable automatic centralizing of thetest piece abovethewater supply
pipeand holding it during spraying. It shall bedry whilethetest pieceisin position; splashing of
water onto thetest piece shall beavoided whileitisbeing placed in position and beforethe actua
hardening garts.

MEASUREMENT OF HARDNESSAFTER HARDENING

Two flatsfor measuring the hardness shall be ground on the surface 180U apart and parallel to the axis of
thetest piece, along itsentirelength.

Thetest piece shall then be secured in asuitable holder and measurements of Rockwell hardness, onC
scale shall be carried out on the axis of theflats.

The hardness measurements may also be made on the Vickersscalewith a30 kgf load.

Presentation of results

Drawing of theHardness Curves—Hardness curves shal be obtained by plotting distanced on theabscissa
and the corresponding hardnessvalueson the ordinate.

Description of the Hardenability Characteristics of aParticular Steel

a)
b)

<)

d)

By drawing itshardnesscurve; or

By the hardness at three points, one point being 1.5 mm from the hardened end and the other two
pointsfixed by agreement; or

By the hardnessat two points situated at distancesfixed by agreement; and

By the hardness at one specified distance from the quenched end.

Specification for the hardenability of the product.

a)

b)

By the curve(s) of depth of hardnesswhichiseither acurve above whichthe Jominy curve of depth
of hardnessof the stedl shall befound, or acurvebel ow which the Jominy curve of depth of hardness
of thested shall befound; or thetwo limitsof scatter defining the areain whichthe curve of the steel
shal befound.

By particular pointsof the curve giving, the depth of hardnessand which may betheupper limit or
thelower limit or arange between thetwo limits, either by the distance from the quenched facefor
agiven hardnessor by the hardness at agiven distance from the quenched end.

13



|1S4163 STEEL — DETERMINATION OF CONTENT OF NON-
METALLICINCLUSIONS— MICROGRAPHICMETHOD
USING STANDARD DIAGRAMS

SCOPE

ThisInternational Standard specifiesamicrographic method of determining thenon-metalicinclusonsinrolled or
forged stedl productshaving areductionratio of at least 3 using standard diagrams. Thismethod iswidely used to
asessthesuitability of asted for agiven use. However, sinceitisdifficult to achievereproducibleresultsowing to
theinfluence of thetest operator, even with alarge number of specimens, precautions should betaken whenusing
themethod.

PRINCIPLE

Themethod consistsof comparing the observed field to the chart diagramsdefined inthis I nternational Standard
and takingin consderation separately each typeof inclusion.

s GroupA (sulfidetype): highly malleable, individud grey particleswith awiderange of aspect ratios (length/
width) and generally rounded ends;

«  Group B (dluminatetype): numerous non deformable, angular, low aspect ratio (generaly < 3), black or
bluish particles(at least three) aligned inthe deformation direction;

s GroupC(dlicatetype): highly malleable, individua black or dark grey particleswith awiderange of aspect
ratios(generdly > 3) and generally sharp ends;

«»  GroupD (globular oxidetype): non deformable, angular or circular, low aspect ratio (generdly < 3), black
or bluish, randomly distributed particles;

s GroupDS(singleglobular type): circular, or nearly circular, singleparticlewithadiameter > 13im.
DETERMINATION OFTHE CONTENT OFINCLUSIONS
M ethod of obser vation

— by projection onto ground glass,
— by observation by meansof an eyepiece.

Actual examination
Method A

Theentire polished surfaceisexamined and, for each type of inclusion, anoteismade of thereference number
which liestothesdeof the standard diagram which correspondsto theworst field examined, inthefineand thick
series.

Method B

Theentirepolished surfaceisexamined and each field of the specimen iscompared with the standard diagrams.
Thereference number of thefield (indicated to the side of the standard diagrams) which best correspondsto the
field examined for each typeof inclusionisnoted, inthefineand thick series.
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|S 4748 STEEL — MICROGRAPHIC
DETERMINATION OF THE APPARENT GRAIN SIZE

SCOPE

Thisdocument specifiesamicrographic method of determining apparent ferriticor austeniticgrainszein stedls. It
describesthe methods of revealing grain boundariesand of estimating the mean grain size of specimenswith
unimoda szedistribution. Although grainsarethree-dimensiona in shape, themetallographic sectioning planecan
cut through agrain a any point fromagrain corner, to the maximum diameter of thegrain, thusproducing arange
of apparent grain sizeson thetwo-dimensiona plane, eveninasamplewith aperfectly consistent grain size.

GRAINS

«  Granclosed polygona shapewith moreor lesscurved sides, which can bereveaed on aflat cross-section
through the sampl e, polished and prepared for micrographic examination

< Audeniticgraincrysta with aface-centred cubic crystal structurewhich may, or may not, containannealing
twins

s Feriticgraincrysta with abody-centred cubic crystal structurewhich never containsannealing twins
GENERAL

index

positive, zero or possibly negative number G which isderived from the mean number m of grainscountedinan
areaof 1 mm2 of the section of the specimen.

inter cept

N

number of grainsintercepted by atest line, either straight or curved

inter section

P

number of intersection points between grain boundariesand atest line, either straight or curved
PRINCIPLE

Thegrain sizeisrevealed by micrographic examination of apolished section of the specimen prepared by an
appropriate method for thetype of steel and for theinformation sought.

Thisaveragesizeischaracterized either:
a) byanindex obtained
1)  usudly by comparisonwith standard chartsfor the measurement of grain size;

2)  or by countingto determinethe average number of grainsper unit area;
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b) or by themean value of theinter cepted segment

A)

B)

1) “Bechet-Beayjard’ method by etching with aqueous saturated picric acid solution
2)  “Kohn” method by controlled oxidation

3)  “McQuaid-Ehn” method by carburizationat 925 °C

4) Proeutectoid ferrite method

5)  Bainiteor gradient-quench method

6)  Sengtization of austenitic stainlessand manganese steels

7)  Other methodsfor reveaing prior-austenitic grain boundaries

Characterization by an index

1) Formulae

Theindex isdefined by Formula():

m = 8x 2¢

Thisformulamay be stated asFormula(2):

lgm
_lsm
g2

or Formula(3):

lgm

2)  Planimetricmethod
3)  Edimationof theindex

Characterization by theinter cept method

1)
2)

Linear intercept ssgment method
Circular intercept segment method

16



|S 6416 METHODS FOR MEASURING CASE DEPTH
OF STEEL

SCOPE

Thisstandard prescribesthefollowing five methods of measuring casedepth (CD) of sted hardened by carburizing,
nitriding, carbonitriding, cyaniding or induction and flamehardening:

a Hardnessmethod,

b)  Chemica method,

C) Macrostructure method,

d)  Microscopic method; and

2) Fracture method.

TERMINOLOGY

Effective Case Depth— It isthe perpendicular distance from the surface to that point of the core of the pieceat
which hardnessisequal tothevaluesshownintable.

Total Case Depth—tisthe perpendicular distancefrom the surfaceto that point at which the changein chemical
composition, hardness or microstructure of the caseand core no longer can be distinguished.

Typeof Seel Seel with Carbon, HV | HRC [ HRA | Treatment
Per cent
0.28t00.32 350 35 68 | Hameorinductionhardened
0.33t00.42 400 | 40 70
0.43t00.52 450 45 73
Over 0.53 500| 50 76
Casehardening steels 550 - - Carburized, and hardenedand tempered
Nitriding and carbonitriding Valuesto be mutually | Nitrided and carbonitrided
agreed upon

a) Hardnessmethod
i Principle

Thismethod consists of cutting the specimen at right angle to the hardened case, preparing the
surface suitably for testing and making ahardnesstraverse on the case and core of the specimen.

ii. Preparation of SurfacetobeExamined
iii.  HardnessM easurement

Hardnesstestersthat produce small shallow indentations shall be used. Testersused to produce
diamond pyramid or Knoop hardness numbersare recommended. Thetest |oad will be between
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0.98 and 98.1 Newtons (0-1 and 10 kgf). Rockwell A or C scales produce acomparatively deeper
indentation and these can be used in case of flame or induction hardened cases.

b)  Chemical Method

Thismethod isgenerally applicable only to carburized cases, but may be used for nitrided, cyanided or
carbonitrided cases. The procedure cond tsin determining the carbon content (and nitrogen when gpplicable)
at various depths below the surface of atest specimen. Thismethod isconsidered the most accuratefor
measuring total case depth of carburized cases.

C) M acr ostructuremethod

M acroscopic method of determination of case depthisrecommended for routine processcontrol, primarily
because of short timerequired for determinationsand minimum of specialized equipmentsand trained
personnel needed. Thismethod ismostly applied to hardened and carburized specimens.

d)  Microscopic method

Thetest congstsin determining the depth of preparation. Hardened surface under ameta lurgica microscope.
Inthe case of nitride partswhere depthisthin, thismethod isrecommended.

e) Fracturemethod

Thismethod of measuring case depth by fracturetest isapplicablefor carburized steel for routine process
control purposes. Recognizing the need for aquick shop-floor test, this standard has been prepared to
provide aguidefor procedureto be adopted for rapid determination of case- depthin carburized steels.
However, thismethod shall not be used asareferee method.
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|S 7739 CODE OF PRACTICE FOR PREPARATION
OF METALLOGRAPHIC SPECIMENS PART |
GENERALFEATURES

SCOPE

Thisstandard ( Part | ) coversthe recommended methods of selection : size, cutting, cleaning and mounting of
metall ographi c gpecimensfor microscopic examination.

OTHER PARTSIN THE STANDARD

IS7739 (Part 11) : 1975 - Code of practicefor preparation of metallographic specimens Part 11 Electrolytic
polishing

o Scope- Thisstandard (Part [1) coversdectrolytic polishing of meta specimensfor metalographic observation.

IS7739(Part111):1975- Codeof practicefor preparation of metallographic specimensPart 111 Aluminium
anditsaloysandtheir examination

o Scope- Thisstandard ( Part [11) coversthe polishing, etching and examination of duminiumanditsalloys.

IS7739 (Part V) : 1975 - Codeof practicefor preparation of metallographic specimensPart IV copper and
itsaloysand their examination.

o Scope- Thisstandard ( Part 1V ) coversthe polishing, etching and examination of copper anditsalloys.

IS7739(Part V') : 1976 - Codeof practicefor preparation of metallographic specimensPart V iron and steel
andtheir examination.

o Scope- Thisstandard ( Part V') coversthe polishing, etching and examination of iron and stedl.

IS7739 (Part V1) : 1975 - Code of practicefor preparation of metallographic specimensPart VI lead and its
dloysandtheir examination.

o Scope- Thisstandard (Part V1 ') coverspolishing, etching and examination of lead anditsalloys.

IS7739 (Part VIl ): 1975 - Codeof practicefor preparation of metall ographic specimensPart VII Magnesium
anditsaloysandtheir examination

o Scope- Thisstandard ( Part V1) coversthe polishing, etching and examination of magnesium and its
dloys

IS7739 (Part VIII): 1975 - Codeof practicefor preparation of metallographic specimensPart V111 Nickel
anditsaloysandtheir examination

o Scope- Thisstandard ( Part V111 ) coversthe polishing, etching and examination of nickel anditsalloys.

IS7739 (Part IX): 1975 - Codeof practicefor preparation of metallographic specimensPart I X Gold, silver,
platinum, paladiumandther aloys

-« Scope- Thisstandard (Part 1 X) coversthe polishing, etching and examination of gold, silver, platinum,
palladiumandther dloys.
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1S7739 (Part X) : 1975—Code of practicefor preparation of metallographic specimensPart X Tinand its
dloysandtheir examination

. Scope- Thisstandard ( Part X ) coversthe polishing, etching and examination of tinanditsalloys.

IS7739 (Part X1) : 1976 —Code of practicefor preparation of metallographic specimensPart XI Zincand its
dloysandtheir examination

. Scope- Thisstandard ( Part X1) coversthe polishing, etching and examination of zincanditsalloys.
CUTTING OF SPECIMENS
a) Dragging of themetal by the cutting edge. L ubrication during cutting tendsto keep dragging at aminimum.

b) Flame cutting completely altersthe structure of themetal at theflame cut edge. If flame cutting isnecessary to
removethe specimen, it should be cut sufficiently large so that it may berecut to the proper size by someother
method.

¢) Heating of hardened structure during cutting, thustempering the material. Thisheating may be minimized by
keeping thework cooled by water during cutting.

d) Wheregrinding or spark-machining techniques have been used to remove specimensfrom hard materials, care
shall betakento fully removethe affected layers by prolonged grinding on the coarse paper.

MOUNTING OF SPECIMENS

a)  Mechanical mountings

b)  Electroplated mountings

c¢)  Cast and cement-likemountings

d)  Thermosettingand ThermoplasticM aterials.

Thenominal Brindl hardnessva uesof themoulding materials, usngal0 mmball and 500 kg load, areasfollows.

Moulding M aterial Thermoplastic Nominal Brinell Hardness
Polystyrene 19-22

Methyl methacrylate : Soft 17-20

Hard 27
Thermosetting

Anilineformadehyde 30
Phenol-formal dehyde ( Bakelite) 42

CLEANING, GRINDINGAND POLISHING OF SPECIMENS

Rusted fractures may be cleaned with adiluted sol ution of ammonium citrate or phosphoric acid. In studying the
underlying steel in agal vanized specimen, the zinc coating shall be removed before polishing. The zinc may be
removed by solutionin cold nitricacid (HNO,) or indiluted sulphuric acid (H,SO,). TheHNO, method requires
careto prevent overheating, sincelarge sampleswill generate considerable heet. By placing the cleaning container
incold water during the stripping of the zinc, the underlying steel will not be attacked after theremoval of zinc.
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|S 4075 METHOD FOR MACROSTREAK FLAW
TEST FOR STEEL (First Revision)

SCOPE

Thisstandard prescribesthe method for carrying out the macrostreak flaw test for steel. The standard, however,
doesnot lay down or establish limitsof acceptability. Thistest isessentialy used for determination of the presence
of inclusonsabove 0.5 mm.

PRINCIPLE OF TEST

Thetest consistsin determining the presence of flaws on machined surface of hot-rolled or forged stedl. Thetest
piece shall be machined to specified dimens onsand inspected for flawsunder good illuminationwith unaided eye
or with low magnification up to 15 X or with both. In some cases, test pieces may be machined to smaller
dimensonsfor further examination after theorigina surfacesareinspected.

TEST PIECE

a) Thetest piece(seefigurein Table 1) shal be machined to thedimensionsgivenin Table 1. Themachined
surface shall not be rough but shall befairly smooth. The surface roughness of thetest piece shall not
exceed 6.3 mm Ra.

b)  Sted of section other than round shall beforged down to around section and used asthetest piece.
TABLE 1DIMENSIONSOFTEST PIECE

NOMINAL | DIAMETEROF | DIAMETEROF DIAMETEROF | LENGTHOF
DIAMETER | THE FIRST STEP | THE SECOND STEP | THE THIRD STEP | EACH STEP
D D, D, D, L
Below 30 D-2 — — 64
30t0 75 D4 D "2/3 D"1/2 64
above 75 D-6 D"2/3 D"1/2 64
TEST PROCEDURE

a  Thelengthandthe number of streak flaws shall be determined on each step of the machined test piece.

b)  Thelength andthenumber of flawsshal bedetermined under good illumination either with an unaided eye
or with low magnification uptol15 X or both. Two streak flawswithin adistance of 0.5 mminthelongitudina
direction or 0.2 mminthetransverse direction between them shall be counted as one streak flaw.
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° METHOD OFESTIMATION
a  Thedresk flaw shal bedetermined by itslength and number.

b)  Thenumber of streak flaw shall be given for each step of the specimen by converting the number if
streak flaw belonging to the same notationinto the number per 100 cn* area. Thisshdll bereferred
toas' theconverson number’. The converson number shall dwaysberounded off tothefirst figure.

c)  Thetotal severity of theflawswill beasummation of the product of notation and the conversion
numbers.

TABLE 2NOTATION OF STREAK FLAW

NOTATION OF LENGTH OF NOTATION OF LENGTH OF
MACROSTREAK MACROSTREAK MACROSTREAK MACROSTREAK
FLAW FLAW FLAW FLAW
Q) (2mm (@) (Qmm
1 Over0.5t01.0incl 15 Over 12.0to 15.0incl
2 Over 1.0t02.0incl 20 Over 15.0t020.0incl
3 Over 2.0t03.0incl 25 Over 20.0t0 25.0incl
4 Over 3.0t04.0incl 30 Over 25.0t030.0incl
5 Over 4.0t05.0incl 40 Over 30.0t040.0incl
6 Over 5.0t06.0incl 50 Over 40.0t050.0incl
7 Over 6.0t08.0incl 60 Over 50.0t060.0incl
8 Over 8.0t010.0incl 70 Over 60.0
9 Over 10.0to 12.0incl
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|S 8860 CODE OF PRACTICE FOR HEAT
TREATMENT OF ALUMINIUM ALLOYS

SCOPE

Thisstandard describesthe heat-treating procedures, temperature schedul es, equi pment requirementsand other
detailsrelating to the heat-treatment of aluminiumaloys.

TYPESOFHEAT TREATMENT

a)  Annealing—iscarried out to soften work-hardened and heat-treated dloy structuresandtorelieveinterna
sresses. Aluminiumaloy castingsared so subjected toa* stabilizing’ anned for stabilizingitspropertiesand
dimensons.

b)  SolutionHeat-Treatment— iscarried out to effect solid solution of the alloying congtituentsand to improve
themechanical propertiesof thealloys.

C) Precipitation Treatment—iscarried out to provide hardening by precipitation of constituentsfrom solid
solution.

EQUIPMENT FORHEAT TREATMENT
F2) Heating Media

b)  Pyrometric Equipment

c)  Quenching Equipment

d  RingngEquipment
SOLUTIONHEAT-TREATMENT

a)  Temperature-Aluminiumaloy products, including aclad materia shall be solution hest-treasted withinthe
specified temperaturerange.

b)  Soaking Time-—After reaching the solution temperature range, the charge should be held within that
temperaturerangefor sufficient timefor the necessary solutionto take place and to ensurethat the specified
propertieswill be developed.

C) Reheat-Treatment—The heat treatment of amaterial which has previously been heat-treated shall be
considered areheat-treatment. Accordingly, thefirst heat treatment of amaterial purchased in the heat-
treated condition shall be considered arehesat-treatment.

d)  Quenching

i Wrought Alloys-Wrought aloy products (except forgings) should be quenched by total immersion
inwater of sufficient volumeor circulation, or both, so that thewater temperature at the completion
of the quenching operation and removal of theload will be not morethan 40°C.

ii.  Cadtingsand Forgings— Castings should be quenched by total immersioninwater at 65to 100°C.
Forgings should be quenched by total immersioninwater at 60to 70°C.
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e)  Control Sretching—Torelievetheresidua stressesinduced during solution heat-treatment, extrusions,
rolled products and complex forgings should be subjected to acontrolled stretching operation to the extent
of 1.5-2.5 percent.

f) Retar dation of Age-Har dening—Any necessary cold-working fabrication operation on the solution-
treated alloys-should be performed whileit isstill in soft condition, and should be completed withintwo
hoursor so, before age-hardening reaches any significant proportion.

PRECIPITATION HEAT TREATMENTS

Recommended Precipitation Treatment —Therecommended time-temperature cyclesare specifiedin Table 1
whicharetypica for variousforms, sizes, and methods of manufacture, and may not exactly describethe optimum
treatment for specific product. However, in general, for products of large cross-sectional areaor mass(such as
plate), thelonger time—lower temperature precipitation treatments are to be preferred to ensure maximum
uniformity of properties.

ANNEALING

a  Annedingof Work-Hardened Wrought Alloys

b)  Annedingof Heat-Treated Wrought Alloys

¢  Anneding(Stress-Reieving) of CastAlloys

d)  Annedingof AlcladArticles

TESTSON HEAT-TREATED MATERIAL

a  Mechanicd Properties

b)  Eutectic Mdtingand High-Temperature Oxidation
C) Intergranular CorrosonandAlclad Diffusion.

d)  Improper Heat Treatment
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