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Approval for Abridged version of Advertisement

Annexure-A for Tender approval note Ref: BHE ATP 629026E Dt.02.08.2010

(& vg F FFT
BHARAT HEAVY ELECTRICALS LIMITED -
””’l (A Government of india Undertaking) AN
TIRUCHIRAPPALLI - 620 014. ISO 9000
COMPANY

ADVANCED TECHNOLOGY PRODUCTS
SUB-CONTRACTING.

PHONE: 0431 —2575189, FAX: 0431- 2520565
E-MAIL : mtr@bheltry.co.in

Sources Required for Testing, Machining & Aluminisation for Nut M120 x 6.

BHEL REQUIRES SOURCES FOR Testing, Machining & Diffusion Aluminisation by
packed cementation process for Nut M120x6 for a quantity of 60 numbers. Full details are

available in BHEL website http://www.bhel.com (Tender Notification page) or in Govt.

Tenders website http://tenders.gov.in (Public sector units, Bharat Heavy Electricals
Limited, page). Interested parties may contact the person in charge indicating the
respective reference number given below:

Contact Name  : M. Thiyagarajan

' Reference Number : 629026E Manager / Sub contracting / ATP
| Phone :+91 431 2575189 / 2575180
Fax :+91 431 2520565

| E-Mail - mtr@bheltry.co.in




BHARAT HEAVY ELECTRICALS LIMITED
TIRUCHIRAPPALLI - 620 014.

SUB CONTRACTING / ADVANCED TECHNOLOGY PRODUCTS

ANNEXURE TO TENDER 629 026 E

COMPONENT DETAILS: -
Sl. DESCRIPTION RAW MATERIAL WORK ORDER No & Reqd.
No SUPPLY DETAILS DU - PART No. Qty.
Nos.
Rod dia 200 x 1200 mm
1 NUT M120 X 6 BLANK — 1B — 04 Nos. D098 - 001 -1 - 90 -102 30
3 -90 -628 -109 - 00826 / 04 (01 no for Trial pieces) 022 - 0104
specn: 25XIM®P
| ‘
|, NUT M120 X 6 ';‘ﬁ:l'; 30108)(—13;)?1::1 D099 -001-1-90-102 |,
| 3-90 -628 -109 - 00826 / 04 _ ’ 004 - 0104
| specn: 25XIM®
SCOPE OF OPERATIONS:
1)  Carryout confirmatory Test on all the Rods supplied by BHEL as per Specification.
2)  Carryout Ultrasonic Test on all the Rods as per Procedure and Acceptance Criteria for
Ultrasonic examination of F321 BARS & FORGINGS.
3)  Manufacturing of NUT M120 X 6 Trial pieces — 02 nos. by machining as per drawing.
4)  Prepare one Test coupon (size will be given )
5)  Diffusion Aluminisation by packed cementation process of NUT M120 along with Test coupon.
6) Quenching and Tempering of NUT M120 along with Test coupon.
7) Testing of Mechanical properties, metallurgical evaluation and chemical composition as per
approved procedure.
8)  After getting clearance for Trial job, actual job 60 Nos. Shall be manufactured following the same
sequence.
9) Stage and Final Inspection by QC / BHEL & QS / BARC.
NOTES:
1)  The supplier should have supplied similar components in diffusion Aluminisation by packed
cementation process for Nuclear applications ( supplied to NPCIL / BARC etc., )
2)  End users certificate will not be given.
3) Delivery period requirement by January 2011.

Interested Vendors can receive the procedures and specifications thro’post from the
contact person mentioned.

Manager
SubContracting / ATP
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Specification for Aluminization, Heat Treatment & Testing of Nut M120

2.2

4.2

Scope of Work

s Carryout UT on supplied FIM

° Conduct confirmatory test on supplied FIM rods
. Machining of Nut M120-2 nos Trial pieces.

. Conduct diffusion aluminization as per approved procedure, quenching
and tempering on Nut M120 -2 nos ( trial pieces ) and one Test Coupon &
carryout Mechanical and Metallurgical Testing of Test piece to establish
procedure.

. Machining of actual job.

. Aluminization of Nut M120 along with Test Coupon.

o Quenching and tempering of Nut M120 along with Test Coupon.
° Testing of Test Coupon and job for acceptance.

. Packing and delivery with final approvad documents.

General Requiremernts

The FIM rods of size $200 mm -1200 mm Length of material grade 25X1M®,
shall undergo Ultrasonic Test by both normal and angle beam method as per
procedures MDN/BHEL/321/UTP/0608 dt 03.06.2008 using reference blocks
made from one of the batch.

Specimen location on test coupons of supplied material shall be done after
accounting discard length as per approved material sampling and test plan
(MSTP). The specimen crientation, position and numbers shall be as per
approved MSTP.

Material from each batch of supply shall be tested for mechanical properties,
metallurgical evaluation and chemical composition. Refer Annexure-1 for extent
of testing and Annexure-2 for acceptance norms.

In the event of specimens not meeting the required property, retest shall be
carried out with double the number of specimens under advice of BARC & BHEL
(custorner) representatives.

Confirmatory tests of raw material in the as supply condition:

The Vendor shall prepare NDE reference blocks to carryout UT of the supplied
rods as per approvad sketch/drawing by customer.

The supplied FIM rods shall undergo confirmatory tests prior to further
processing for machining of Nut M120 as per para 2.3 above.

Machining of Mi70 Muls

M120 Nuts -2 nos shall be machined to requirements of drawing. The rnachined

pieces shall be subjected to inspection (dimension, surface condition, checking
of thread profile etc.) by customer.

Easily removable rust preventive coating shall be applied on the finish machined
pieces. \M
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4.3
4.4

@)

6.1

6.2

g3

7.1

7.2

73

7.4

7.5

8.1

8.2

The machined pieces shall be stored in soft packing to avoid damages.

Rust preventive coating shall be removed properly to the satisfaction of
customer just prior to loading for aluminization.

Establishment of Aluminization Procedure using Trial Piece

2nos of M120 Nuts and Test Coupon of adequate size shall be subjected to
aluminization and subsequent heat treatment as per annexed procedure and
approved QAP. Witness stages shall be clearly identified in the QAP. Nut M120
will be checked for aluminization thickness on both Thread profile and other
surfaces. Test coupon will be subjected to mechanical testing and metallurgical
evaluation as per Annexure-1. After Successful completion of trial piece and

establishing the procedure, actual job shall be manufactured follcwing the same
sequence.

Heat Treatment for Aluminization

Heat treatment for Aluminization, Quenching and Tempering of trial piece, test
coupons and job shall be carried out in Vertical position with suitable fixture

using ELECTRIC FURNACE as per Heat treatment plan enclosed. Supplier
shall use calibrated furnace.

Furnace Loading scheme for Heat treatrnent & position of thermocouples on the

job shall be submitted for approval along with QAP. At least four thermocouples
shall be used for each container.

Heat treaatment shall be performed to meet the requirements, generating heat

treatment chart / graph. The grayh shall be submitted along with final
documentation.

Material Testing subsequent to Heat treatment
Material Testing subsequent to heat treatment shall be done as per Annexure-1

of this specification. Two samples per batch for parallel metallographic study
shall be given to customer. :

Liquid penetrant test and Ultrasonic Test by Normal beam shall be done as per
approved procedure as referred in para 1 of this document.

The coated surfaces shall have a smooth, uniform appearance.

Visual inspection of the coating shall be performed prior to dimensional
inspection.

The threads in final condition shall be checked by both GO & NO GO gauges.

Re-Test

Retesting shall be conducted with prior written approval of customer.

Retest shall be done using double the number of specimens for each failure.
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10.2

10.3

i1

11.2

11.3

Stages for Witness / HOLD point

Job shall be carried out as per approved QAP. At the minimum following shall
be Witness / HOLD point during the processing:

» Material Verification
s Dimension checking after initial machining of M 120 Nuts

o Verification and acceptance of purity of ferro-aluminium powder and
aluminization mixture

o \Verification of surface cleanliness of job and container prior to Aluminization
» Verification for spacing of job and test pieces of container during packing
o Sealing of container and its air tightness

o Verification of furnace parameters for aluminization, quenching and
tempering

o NDE (PT & UT)

o Material testing (mechanical & metallurgical)

Documentation & certification
For certification of completion and acceptance of job, details of heat treatment

carried out, HT chart, properties obtained, observations on chemical and

metallurgical aspects, observations in UT etc. shall be furnished. These will also
form part of final documentation.

Two copies each, of the Test Certificates shall be provided in ink signed form.

Scanned soft copies of all documents shall also be provided in CDs as final
documentation.

Marking, Packing & Safe-delivery

In addition to original identification marks, clear marking of HT Batch number
shall be provided on each nut.

Sea-worthy packing shall be carried out before dispatch.

Safe-delivery to BHEL, Tiruchirapalli shall be done for further manufacturing.

L N NSt
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2.0

2.1
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2.6.

2.7.

3.0

3.1.
3.2,

3.3.

34

3.5.
3.6.

3.7.

PROCEDURE FOR DIFFUSION ALUMINIZATION

This document describes the procedure, quality control, acceptance norms and inspection stages
for diffusion aluminization of components followed by quenching and tempering for fasteners
manufactured from material grade 2SX1M®. The method of diffusion aluminization is by pack
cementation process.

Definitions
Container — Vessel for carrying out the aluminizing process.

Batch — Specific quantity of jobs, test coupons and dummy jobs determined for undergoing
combined specific stages of diffusion aluminisation in a single container.

Job — Number of finished machined jobs undergoing aluminisation as per approved drawing.
Test coupons — Steel blanks to manufacture specimens for mechanical tests.

Dummy jobs — Aluminized simulated fasteners to determine the thickness of aluminized layer
on surfaces and threaded portions.

Charge — One or several batches with each batch consisting of jobs with the corresponding no.
of test coupons and dummy jobs of the same heat treatment cycle.

Powder Batch — All Ferro-Aluminium powder batch from same certified lot.
Requirements for manufacturing and preparation of jobs, test coupons and dummy jobs
The blank shall be machined to requirements as per drawing.

Surface finish of fully machined surfaces of the job and test coupons shall be better than Ra 1.6
pm.

Protective temporary rust preventive coatings shall be applied immediately after machining to

prevent corrosion of surfaces. Proper cleaning of surfaces shall be ensured prior to use for
aluminisation.

Both test coupons and dummy jobs shall be of same heat and melt as the actual job. They shall
undergo combined specific stages of diffusion aluminisation and heat treatment with the actual

jobs. Proper identification shall be provided by punching at approved location on each job, test
coupons and dumiuy jobs.

One container may contain many jobs as per approved scheme.

Size of the charge is determined based on power and capacity of the furnace and load lifting
capacity of the heat treatment fixture by the manufacturer performing the job.

Adequate no. of dummy jobs shall be planned for each batch of jobs and be located as per
approved sketch. Figure-1 may be used as reference.

Size of the dummy jobs shall be such that it simulates the actual thread profile on job. This shall
not be smaller than diameter 20 mm and length 60 mm.

Test coupons shall be in the form of hollow cylinders with OD 170 mm, wall thickness 25 mm
and height 100 mm.

“LK LU};/(\/;% \g\ . Ngwiw«z// Page 1 of 10




4.0 Preparation
4.1. Cleaning of parts, test coupons and dummy jobs

4.1.1. Prior to processing of parts, all surfaces (internal and external) shall be cleaned to be free of
oil, grease, mill scale, and other foreign materials.

4.1.2. Cleaning procedure involves acid pickling to remove mill scale, removal of oil, and grease
by vapor degreasing and abrasive/grit blasting. Jobs, test coupons and dummy jobs shall be

washed with acetone/isopropyle alchohol or electrochemically degreased prior to
aluminisation.

4.1.3. Presence of scales and rust on the inside surfaces of container, surface of jobs, test coupons
and dummy jobs 1s not permissible.

4.1.4. From this point on until packing, parts should be handled with clean cotton gloves to
prevent contamination.

4.2. Containers
4.2.1. Material of construction — 5 mm thick sheets of approved grade of Austenite SS.

4.2.2. The inner surfaces of the containers, before aluminizing, should be free of rust, oil, water

and other liquids. This shall be witnessed by customer prior to filling with aluminizing
powder.

42.3. Welded hermetically sealed containers with fused stonner fo nrevent antry of axygen shall
be used as per figure 1. Use of unsealed containers is not permitted.

5.0 Preparation of ferroaluminum powder

Refer Annexure-1 for the method of ferro-aluminum powder preparation. Re-use of ferro-

aluminium powder shall not be done and for each batch fresh ferro-aluminum powder shall be
used.

6.0 Preparation of aluminizing mixture

6.1. Prior to mixing, all the aluminizing constituents shall be dried for each at least one hour till the
water vapors arc rarveved as undor -

6.1.1. Drying of ferroaluminum powder at a temperature of 150-300 °C for at least one hour.
6.1.2. Calcination of Alumina at a temperature of 800 °C for at least one hour.

6.1.3. Drying of Ammonium iodide in clean trays at a temperature of 50-100 °C for at least one
hour.

6.2. The sequence of preparation of aluminizing mixture is as under: -

0.2.1.  Aluminizing mixiore shall be prepared by wixing the following in specified propoitions. -
a) 89 % by weight of ferro aluminum powder of particle size from 0.2 to 1.0 mm.
b) 10 % by weight of Alumina powder.
C) % by weight of Ammonium iodide powder.

6.2.2. Weigh the aluminizing mixture constituents (ferroaluminium, alumina and ammonium
iodide). L
fl AT
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6.2.3. Fill the constituents in a barrel and stir them till mixture is uniform. Mixing is permissible

by other means, but without additional grinding.

6.2.4. After aluminizing, the mixture is sieved through a sieve with mesh of 2-3 mm.

0.2.5. 'The freshly prepared mixture before use should be subject to sensitized heating in the

7.0

8.0

8.1.

3.2.

8.3.

container with fused stopper. Charging in the furnace at not more than temperature of 500
°C, heating up to 850-870 °C, holding time of at least one hour and after heating the
container, air cool it. Charging temperature and rate of heating are selected to avoid spilling

of mixture and is specified depending on the size of the container, in which sensitized
heating is carried out.

Check for chemical composition of the aluminizing mixture (charge)

Details of the measurement means, auxiliary apparatus, materials, calculations and processing
of the results are described in the Annexure-II.

Packing for aluminizing

Packing of part like fasteners in the container should be done in the vertical position keeping
some in one row. Nuts may be kept in several rows along the height keeping the hole vertical.

Dummy jobs should be placed in the hottest and coldest sections of the furnace loads.

Determine such locations prior to actual processing of parts through furnace surveys. This shall
be done with approval of customer.

The sequence of packing the jobs, test coupons and dummy jobs along with the aluminizing
mixture in the containers is as under: -

8.3.1. At the bottom ammonium iodide with mass fraction of 0.05-0.1% of the mixture mass of the

container is put, then a layer of aluminizing mixture at least 50 mm thickness is put and
further jobs, test coupons and dummy jobs should be kept at a distance of at least 10 mm
and the distance from the wall of the container - at least 20 mm.

8.3.2. While filling the mixture in the container it is necessary to pack it by lightly knocking the

8.4.

container with a hammer. The top of the part should be covered with at least 10 mm thick
aluminizing mixture.

Hermetic sealing of the container: -

8.4.1. It is necessary to seal a cover for which fill the chute with dry calcinated river sand to half

of its height and fill the cover of the container after burying it with sand.

==

8.4.2. Fill sodium silicate crushed to pieces up to 3 mm till the edge of the slot formed between the

cover and the chute.

8.4.3. TItis preferred to use easily fusible soda-sulphate block.

9.0
9.1.

9.2.

Aluminisation process

During the aluminisation process, aluminium diffuses into the substrates and the surface
becomes rich in aluminium.

Temperature mode of aluminizing is checked by thermocouple of furnace and control
thermocouples fitted in the container.

?/\ ‘\/(“:ijﬂ/;/o:f\ \g ng\ﬂ%\o} Page 3 of 10




9.3. Furnaces during aluminisation should have wmifonu temperature pattern of £10 °C in charging
and ensure maintenance of given temperature mode within an error band of 10 °C.

9.4. Observe the following regimes of heating and cooling of the container (capacity up to 0.25 m’)
during aluminisation: -

9.4.1. Placing of the container in the furnace to a maximum of 500 °C and holding it for 3 hrs
(depending on the volume of container) by the control thermocouple.

9.4.2. Heating the furnace to 750 °C by the control thermocouple and holding it for 3 hrs.

9.4.3. Further heating the furnace to 860 °C by the control thermocouple and holding for 10-12
hrs.

9.4.4. Cooling in air or in water without wetting the smooth shutter.

9.5. The duration of holding and temperature regime given above is confirmed for specific
equipment and container, depending on the thickness of aluiminized layer being obtained.

10.0 Dismantling of containers after aluminizing
10.1. The containers cooled to normal temperature are unpacked.

10.2. The parts and dummy jobs should be cleaned by using metallic and ordinary brushes. The place
of significant sticking may be cleaned by an abrasive paper of graininess 25-10. The finally
cleaned parts should be thoroughly washed in hot water, dried or wiped with a cleaning cloth.

11.0 Quality Control of parts after Aluminizing

11.1. Dummy jobs are to be examined according to ASTM C 664-87, “Standard Test Methods for
Thickness of Diffusion Coating”.

11.2. The quality control of jobs after aluminizing includes visual inspection of parts, determination
of thickness of aluminized layer and checking using thread gauges.

11.3. Visual inspection of the state of aluminized parts surface is carried out for the expected features
enlisted below.

11.3.1. Compact surface of selidified silicate block in the cover of the container is smnoth or
blistered due to gas reiease.

11.3.2. Free flow of the mixture and its grey colour.
11.3.3. Absence of significant scouring and flaking on aluminized surface of parts

11.3.4. Color of parts: - matty silver, bright, grey and dark grey. Spots in the form of dark points
and of different color are permissible.

Final conclusion about the aluminizing quality may be done after heat treatment.
11.4. Thickness of the aluminized layer should be checked on one dummy job from each container.

11.5. The thickness of aluminized layer is determined by the microstructure at a resolution of 100X
on metallographic specimens manufactured from dummy jobs.

11.6. Unetched zone separating the frontal boundary from the structure of the base metal is taken as
the thickness of the aluminized layer.

z,lx L»Q%’L:(:j/ &M\I\\/ﬁ\p(\ Page 4 of 10




11.7. Electrolytic etching should be carried out in aqueous solution of oxalic acid with mass fraction
of 10% or alcohol solution of nitric acid with mass fraction of 4%.

11.8. A brittle zone of aluminized layer which gets partially flaked during manufacturing of the
metallographic specimen is not considered.

11.9. The thickness of the layer should be within 0.10-0.12 mm. Quality control reporting should
include the maximum, minimum and average coating thickness of the individual measurements
made on the dummy job.

11.10. In case the thickness of aluminized layer is not sufficient, repeat aluminizing is carried out at
temperature in the recommended regime and with the holding time calculated w.r.t. the
increasing of the aluminized layer thickness by 0.01 mm in 10 minutes. The recommended
calculation for holding time is decided with approval of customer.

11.11. In isolated cases, the thickness of the aluminized layer may be kept within 0.12-0.20 mm
provided remaining requirements of design document are observed. Decision regarding

tolerance in the production of parts with aluminized layer thickness of up to 0.2 mm is taken by
the manufacturer s department.

11.12. Test coupons have to undergone mechanical testing as per the approved MSTP to determine

any mechanical property changes due to the aluminisation cycle. This testing also includes
hardness/micro hardness measurements.

12.0 Heat treatment of aluminized parts and post-HT QC
12.1. Heat treatment of aluminized parts shall be carried out as per approved heat treatment plan.

12.2. In view of the presence of various impurities in cooling mediums, the colour of the aluminized
surface after heat treatment may change from light grey and from bright to yellowish- grey with
spots of various shades and temper colours. Main rejection sign (while analyzing the quality of
aluminized surface) is testing the aluminized layer.

12.3. Scouring of the surface - aluminized layer to a thickness not more than 0.02 mm, when total
thickness of the layer is at least 0.08 nun is permissible. Brittle zone is included in the total
thickness of the aluminized layer.

12.4. Checking of mechanical properties of parts after heat treatments should be carried out on test
coupons which have undergone heat treatment in one batch.

12.5. Hardness must be tested at piace envisaged in the drawing. Before measuring the hardness
scuffing of surfaces with abrasive paper is permissible.

12.6. After heat treatment, dimensions of thread are checked by using gauges (GO/NO GO).

12.7. In case of flaking of surface layer after hardening with tempering, it is necessary to carry out
hydro abrasive or sand blasting by using quartz or corundum sand and ground grain or ground
powder with graininess not more than 32. Cleaning is carried out till flaking particles of the
surface layer are removed. Parts like inner threads and faces are subjected to sand blasting.

12.8. Cleaning of flaked layer with a metallic brush or abrasive paper till readings releasing flaking
particles are removed is permissible.

13.0 Transportation and storage of parts: The parts should be transported and stored in a tare
preventing coﬁminatiom and formation of dents.

BN y\/(& - A o Page 5 of 10
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Annexure-{

Preparation of Ferro-Aluminum powder

1.0 Aluminum mass fraction 45-50%

2.0 Iron mass fraction 55-50%

3.0 Chemical composition of the molten ferro-aluminium shall be checked prior to use.
4.0 The powder mix shall be free from rust, oil and other contaminations.

5.0 Handling of the powder shall be with use of gloves.

6.0 Sieving shall be carried out for a period of 30 minutes. For preparing aluminizing mix, a
fraction of 0.2 to 1.0 mm only shall be taken.

7.0 Powder of size less than 0.2 mm goes waste. Powder of size more than 1.0 mm may be used
after grinding and subsequent acceptance as per para 1.3 and 1.4 above.

8.0  The aluminizing mixture shall be dried at a temperature of 120 °C - 150 °C for at least 2 hours.
The thickness of the mixture layer in trays or in boxes should not exceed 200 mm during
drying.

g,/’/
ol v JA A
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Annexure-ii

Checking of chemical composition of Aluminizing mixture

1. Required apparatus and material:-

»  Laboratory balance with a weighing error of £0.0003 gm.

Draying cabinet with maximum heating temperature of 150°c.
Muftle furnace with maximum heating temperature of 900°c

»  Laboratory funnels.

»  Demineralised paper filters: red strip, blue strip,
»  beaker

»  Measuring flask

»  Pipette

»  Burette

»  crucible

»  Desiccators

>

>

(A) Determination of mass fraction of ammonium iodide in aluminizing mixture by
volumetric method

1 -Reagent solution —

o Analytically pure carbamide, in the solution with mass fraction of 20 %.

e Chemically pure sodium nitrite, in the solution with mass fraction of 3 %.

¢ Chemically pure sulphuric acid, in the solution with mass fraction of 20 %.

o Potassium iodide, 1%, in the solutior. with mass fraction of 20 %.

s Crystalline sodium thiosulphste, in the solution with mass fraction of 0.1 mole/gm.
e Pure soluble starch, in the solution with mass fraction of 0.5%

e Distilled water

2 —Analysis preparation —

Charge sample of 70 gm is put in a beaker, 50 cm’ of distilled water poured and stirred. The
solution with a precipitate is allowed to seitle and then liquid with a prcc1p1tdte 1s drained
th‘OU"h a filter (red strip) into a measuring flask with a capacity of 250 cm®. The operation for
washing the charge is repeated five times, after which the solution in flask is brought to the
marking by adding distilled water. The obtained solution is used for measuring ammonium
iodide on the basis of iodine content.

3 - Measurements —

An aliquot part (50 em?) of solution is pat in flask, 50 cm’ of carbamide solution and 8 cm’ of
sodium nitrite solution poured. The solution is stirred 10 cm® of sulphurlc acid added, closed
with a stopper and then stirred agam after every 1-2 minutes for a perlod of 15 minutes. By
slightly opening the stopper, 10 em® of potassium iodide solution is added into the flask,

2’9\ \/(M%/ASP;N/] &\W Page 7 of 10




stirred and iodine is titrated by using sodium thiosulphate solution and by adding starch
solution at the end of titration. The titration is completed when full decolouring of the solution
1s obtained (disappearance of blue colour of the solution).

4 - Processing of result —

Mass fraction of ammonium iodide in percentage by weight in the charge is calculated by —
NH=N.V.M.V/ A.Va10
N - Molar concentration of thosulphate solution, mole / dm”

V- Volume of sodium thosulphate solution consumed during titration of liquid part of the
solution consumed during titration of liquid part of the solution being analyses, cm’

M- Relative molar mass of ammonium iodide

Vy - capacity of measuring flask, cm®

A- Mass of the charge taken for analysis, gm; ‘

Vy - capacity of pipette (aliquot part of ammonium iodide solution being analyzed), cm’
Relative error of given method is + 2.8 %

(B) Determination of mass fraction of ammonium oxides in aluminizing solution by
gravimetric method:

1-Regent and solution —
»  Chemically pure hydrochloric acid, in 1:1solution.
»  Chemically pure nitric acid
»  Distilled water

2- preparation for carrying out analysis -

A charge sample weighing 0.5 gm is put in the beaker, 20 cm’ of hydrochloric acid added
and is put in the sand bath for heating till the sample ism fully dissolved . Then some drops
of nitri¢ neid added to the solution and the solution is boiled for seme minuets for complete
removal of nitrogen oxides '

The solution is cooled and filtered into a measuring flask with a capacity of 250 cm3
through a filter “blue” strip. The charge residue on the filter is first washed several portion
of 1% mass fraction of hot hydrochloric acid till there is negative reaction on iron ion and
then many times with water ,after which the solution in the flask is brought up to the
marking by adding distilled water. The precipitate is used for measuiing aiuminum oxide
and the solution for measuring 1ons of iron and aluminum

3- Carrying out the analysis:

The washed precipitate on the filter is dried and calcined in muffle furnace at a temperature
of 100 °C and then reduced ash and calcined in muffle furnace at a temperature of 800 °C

till the mass is constant . After cooling in the desiccators the crucible with a precipitate
with a weighed.

L ‘
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4-Processing of result:

Fraction of aluminum oxide in % by weight in the charge is calculated by following
formula

AlLO; =A. B/ 100
A- Calcined residue mass of the charge, gm.
B- Sample weight of charge, gm.

Relative error in the given method for determining insoluble residue of the charge 1s +
8.3% as there 1s:-

a) Non uniformity in distribution of job of the charge.

b) Difference in sizes of charge grains that were included in the sample for
analysis.

(C) Determination of mass fraction of iron and aluminum in aluminizing mixture by
chelatometric method.

The methodology is meant for measuring concentration of aluminum and iron contents in
the aluminizing mixture.

1-Reagents and solution -

»  Sulphosalicyclic acid 2H,0, analytically pure in solution of with mass fraction of 20 % ;
> Analytically pure trilon in solution of 0.1mole/gm’,
S

Analytically pure zinc sulphate 7H,0 in solution of with mass fraciion of 10 % (buffer
solution pH -5)

\

Chemically pure ammonium hydroxide

s

Sample of 5.5 gm of chemically pure ammonium acetate, is dissolved in 35 em® of
ammonia and the solution is brought to the level of 100 cm’ with distilled water (buffer
solution pH-10);

»  Chemically sodium chloride

»  Xylenon orange indicator, indicator sample of 0.2 gm 'md 20 gm of sodium chloride is
thoroughly dissolved in mortar till a unifcim coloured powder isi formed.

2-Preparation for carrying out analysis:

Ratio between the treated solution of trilon b and zinc sulphate is set by tritating trilon and zinc
sulphate. '

10 em’ of trilon (from burettc) is put in the conical flask with a capacity of 250 cm?, 100 cm® of
distilled water and 5 cm’, of buffer solution pH-10 added and treated with zinc sulphate
solution till the colour of the indicator change from blue to rose. The ratio between the solution
of trilon and zine sulphate are calculated as per the following formula-

('1=V1NZ

V- volume of trilon solution taken for titration, em? ;

I ALY L«/ L
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. . . . . . 3
V,- Volume of zine sulphate solution consumed for titration, cm”.
* Dark blue chromium serves as indicator.
3-Carrying out analysis

An aliquot part (25 cm ) of solutxon obtained as per above is put in the conical flask with a
capacity of 500 cm® and 50 cm’ of hot distilled water is added so that the temperature of the
solution is within 50-60 °C, 5 e¢m® of sulphosalicyclic acid is added, the solution gets a violet
colour and pH of solution is checked on a universal indicator paper

pH-2 and titrated by vigorously stirring with trilon solution till the colour changes to lemon-
yellow;

Then 25 em’ of trilon is added to the solution, heated to temperature of 80 °C, paper “Congo” is
inserted and buffer solution pH-5 added till the indicator colour chenges from blue to rose and
10 em® of buffer solution pH -5 is added. This solution is titrated with zinc sulphate solution till
the colour changes from orange to bright red; xylinon orange is the indicator.

4-Calculation of measurement result:
Praction in -weight percentage in the charge sample, being analysed is calculated as per the
following formula
Fe=10.002792.% V¥K*VF100/ V7 a
v lere 0.002792- iron titrate of trilon, gm/cm’;

Y- Velume of trilon used for titration of iren, em.

K- Correction factor of molar concentration of trilon;

Vx- capacity of measuring flask, cm’.

V,- capacity of pipette (aliquot part of the solution being analszed), i’

a- mass of charge sample, gm.

[l

#esative error for determining iron content is 2.9 Y.

#4288 fraction of aluminum in % is calculated as per the foilowing formuia-
= 0.001349.(Vyp= Vi) * V" 100/ Vg 5 A

Wiere 0.001349 — aluminum titrate of trilon, gm/ em’;

Ve - Yolume of trilon added to the solution in excess, cm’;

V.. - Valume of zinc sulphate used for titration of trilon, cm,?;

@ - Ratio between the titrated solutions of trilon and zinc sulphate;

V- Capacity of measuring flask, cm®;

V., — Capacity of pipette (aliquot part of the solution being analyzed) cm’
A~ Mass of the charge sample, gm.

Relative error for determining aluminum is = 2.75
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PROCEDURE AND ACCEPTANCE CRITERIA FOR
ULTRASONIC EXAMINATION OF ¥321 BARS & FORGINGS

Pecao.  MDN /EHEL /:%2\/ UTP [tog

i SCOPE:

e e et o

This document describes the test procedures -and acceptance cideria for Ultrasonic.
examination of F321 Forgings by contact method. 5

4

2 ULTRASONIC TEST INSTRUMENT:

Make : Kraut Kramer / Panametrics

"fype . USNS2, USM25, USD 15X, EPOCH 4+
Freguemy ' C 05MHZ-25MUZ |
Calibratec& gain BN upto 110 dB

Opérating node “ : Pulse echo contact method

3 APPLICABLE DOCUMENT:

31 ASTM A3REM
32 ASTMAT4SM o
3.3 Asper Tender document specification No: T

I N T S
e I A

4 INSTRUMENT CALIBRATION:

4.1  Ultrasonic Testing Machine shall be calibvated as per T-3:0 of ASME B&PV Code
Sec V article 5 for screen height Linearity & Ampliude Co strol Linearity.
4.2 Scrzen height Linearity:  The UT instruments shail provide Linear Vertica!l

i presentation within + 10% for 20% to &% ! the Calibrate d Screen Height. This will
be performed at the beginning and end ot 2 1ift

4.3  Amplitude Control Linearity: The UT Instruments shall utilize and amplitude
control  accurate over its useful rangs (¢ & 20% of the nominal amplitude ratic.
This wiil also be performed at the begianizis and ¢nd of the shift.

/“"? 25
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4.4 ~ Checking & Calibration of Equipment: The proper  functioning of the

examination equipment shall be checked and the equipment shall be calibrated by the
use of the Calibration standard at the beginning and end of each examination, when
examination personnel are changed and at any time that malfunctioning is suspected,
as a minimum, If during any check it is determined that the testing equipment is not
functioning properly all of the products that has becn testec. Since the last vahd
equipmert calibration shall be reexamined. ,

Recalibration (if reqmred) as per Para 7.2.3 of SA 388.

45

5 All testing personrel shall be qualified as per requirement of SNT-TC-1A. Tcstmg shall be
done by Level Tor Il but inlerpretation shall be done by Level II Personnel. -

6 REFERENCE BLOCK
Material under test/material having similar ultrasonic characteristics shall be taken as
reference blocks wherever applicable or IW Vy or V; blocks.

7 SEARCH UNITS
The fol‘owmg probes will be wsed for Ultr1°onxc testing as per ASTM A 388M &
ASTM A 745 M

} Type Make [ Size Frequency ' |

| Normal Kraut Kramer or | 10-24 ~ mm dn 0.5 MHzJ o S MHZ depend‘ngl

{ beam Panametrics Tysta

UDL

u\. I" ST anse

t

|
1 Angle beam - -do- 78.1.” m X Smm to de- —'!
| I — _ - 1 20mm X 22mm | e
5 TESTING STAGE:
Solution Annealed & Machined.
% SURFACE COMDITION:

Mackir.cd to surface roughness svitable for Ultrasonic Testing as per ASTM A 388 M
and will not ex:eed 6 Microns. Pleparatton of forging for Ultrasonic exammcmon shall be as
per Para 6 of SA-388

10 COUPLANT:

Oil or any other suitable couplant shall be used for proper contract of the search it

with

the material, Oil + Grease will be used specially for scanning on vertical surfaces.

Couplants may not be comparable to one another and hence ihe same couplants shall be used
for calibration and examination

2 or 3



" 11 REFERENCE REFLECTORS:

. Normal Beam Testing : Zm" mm /5 mm CRR with attenuation, transizr and curvature
correction,

AngdBennTmtmg © 2mn/ 3 mm CRR

\ . aNg-
12 SCANNING: . &S‘W s’

Each product shall be 100% ultrasonically examined, For circumferential scanning 35° probe
and for axial scanning 45° probe shall be used. The rate of probe movement for testing shall not
exceed 150 mm/Sec. The extent of scanning and the directions are given in Table 1.

13 ACCEPTANCE € RITERIA:

As mentioned in Table 1 for single defect and as per Table T-1 of TDC reproduced below.

Table T-1

— Acceptance levels for UT of forged shells, dished heads, hollows, bars and plates |

 Beam Scanning | Local Indication CRR Indications with linear | Accumulated

direction Miax (mm) extent indications
4 A A B Orientation | Length Total/m’
Normal Radial 3: 5 No extended

| Normal - Axial 2 3 Any flaw . -2 Numbers
_ﬁ'—éggl?._ | Axial 2 3 indication is
~ Angle | Circumferential 2 3 acceptable B

A — For thickness up to 40 mm; B — for thickness above 40 mm. _
1. Indications suspected to be planar in nature shall be investigated. Cracks we not ancepiable.
2. Iutended defects are not acceptable. ' :

14 RECORDABLE INDICATIONS:

All indications equivalent to 50% or above of a reflection from CRR as given - table 1 shall be
recorded and reported. The length of the recordable indication shall be measured by echo drop
method and the drop shall be up to the recording level. If the measured length is found to be
more than the size of the beam at the specific beam Dath the indication shall be considered

_ , | =
extended. K : ) Tﬁrqﬂﬂyx (o \"J— f
. : I ro N ) e
15 POST EXAMINATION CLEANING: Ser g M PSS
| . - T
All forgings will be properly cleaned with cloth soaked with Acetone. /'/ —
' L o [ oo\ = NIL-&*Aﬂ(_ N ©
/{‘/b/’T wad @ 42 UUR/ of
Reviewed By ‘ Approved By -

o~ b e
},!L'\ ’3 (P ENLA/USIM”L)
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1.0

2
<

v 2.1

4.0

PROCEDUR

SCOPE

REEN

; proceders 15 eppie ste for imumersion ultrasome siing of bars of dia <59

P PLICABLE BOCUN iIZn‘TS

VR TS T {5 (e e
ASTR FW51T 107 Lanes arity cheek for e instrument.

cm IBRATICH _ '

Calibration ¢ m he flaw de

ulirasotic system s shail be caliby nlcc‘ lor horizental nncam, and gain voraol ustng
stenclard referencs blocks gpor ABTMED \7

q £ R 6 , o Tt e el Tor
Line fosu SCf‘ prohe of SMIZ trequency - 72 > dia and 37 focal tength 15w for

0.on and suanng.
REFEREMCE 5T m\‘ DARD

Pv Crence S\{U “\llw QA(

pregrred from a ba g whicll i
mechanical processin g? t.ze

‘clt material.

G oaalid ‘.‘AI'C No-~’

Thres holes of dia 2mn shall be made with \"uy%d epih for moking DAC cuwive.

The ccho frorn the front surtace < meximized by adjusting the se arch unit

gofFS
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s PR BN

After normieiiZing 'u:k) ACT |t i q(’x\ et Lo avoi releranee cehocs deiore back echo..

The cehoes feom reforent E;j,‘/dd ot siandard are maimizad by aanual b Austinent of
scarch tnils, wallt s rottion of stondard,

43 GATE SETTINGS:

Intarface gate is iirodieed within the banc it of the surface 1o avold defect indications
due to surface echo i A':'tudvzs. ate is introduced by placing the start of the gate ofter the
Tnterface gate and up to-the beginning of vack wall echo '

50  INSPECTION
5.1 The bar to bo tested shall be nermalized for maximu surface, echo s with |

(5]
1S

The gain is in creased such that the an plitude of 2 dia TBH from the 3 FBIH heles shall be
brought to 80% of FSH. The » DAC cuive shall be stored in the program 2 and uscd while
testing. The g ain is corrected whenev er the reference standard being used and the
inspection requiremeat differ (if 3 mm equiva alent flaw is the acceptance m?ma- 7 &b will

be subiracted from the g gain uscd for drawing the DA(‘ on additionat 6B is add>d for
SCANDnY.

Lean

ia: AT A e e
e hoam width of the procs.

53 The axic} pidch i3 baseg on th

Linear s;pcecx:: RE M ¥ Effestive beam wwidth

Axial index = Linear¢ _WQ Grony| \/‘1» 3
60 ' :
54 lbe operator siali m omiox the ‘B n& “(‘f sean display and identily loca iong “'h sre: the

y AN
P [ TSP e, A
defoct echo is niore than relerenes fohnG.

5.5  Unless otherwise specified, noise lovel ssonkd net exceed 50% of the ecio signal.
6.0  Any indication rix ‘o than reference Pk is conside ed uiticceptatle.

70 INSPECTION .\hPJ ot

Inspection report shail L prepared in the T'or atNo: QU (1\”“)/111/1(‘ and signed by
ISNT/ASNT level I quatilied inspecier.

) P G AN T ANTTAT IWRICATION
8.0 PERSONINEL Q' AL U A TION
1 o 1 I . i

Inspection s

A e i Sl S raeeraiar LV\)V"/\U‘TT 3t
iod out by leyel T qualitied Operstr Oy NT.
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