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CHAPTER 3

EXPERIMENTAL PROCEDURE
3.1 Introduction

T he  study o f  the m ic ro s tru c tu re , d is loca tion  substructure, frac tu re  mechanism  

and mechanical p roperties o f  w ro u g h t n icke l base supera lloy E l 698 Y D  as func tions 

o f  high tem perature  tests such as tensile , creep, fa tigue , iso therm al cyclic  creep and 

cyclic creep w ith  therm om echanica l fa tig ue  w ere  carried out. T he  specimens fo r  

testing  investig a tion  w e re  taken  fro m  heat treated  as-w roug h t n ickel base superalloy. 

M echanica l p roperties w e re  assessed as fu n c tio n  o f  types o f  h igh tem p erature  tests.

3.2 Materials

See m a te ria l’ s deta ils in  lite ra tu re  survey, chapter 2.

3.3. Tensile Tests.

T h e  eva lua tio n  o f  m echanical p roperties o f  the  a llo y  was done by lo ng itud in a l 

tensile  testing  at ro o m  tem p era tu re  and elevated tem perature  o f  650°c at s tra in  rate o f  

0 .28 m m /m in . T he  size and d im ensions ( in  m m  u n it)  o f  specimens fo r  tens ile , creep, 

fa tig ue  at constant h igh tem p era tu re  and cyclic  tests at constant tem p era tu re  are

show n in  F ig u re  3.1.
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Figure 3.1 Schem atic rep resen ta tion  o f  Size and D im ensions o f  Specimens fo r  

Tensile ,C reep , Fa tigue  at H ig h  C onstan t Tem p era tu re  and C yc lic  Creep 

at C onstan t H ig h  T em p era tu re

3.4 Creep Tests

Th e  creep tests to  define the  creep strength w e re  carried ou t at d iffe ren t 

cond itions  fo r  eva lua ting  the e ffects o f  va ry ing  stress leve ls on life  tim e. T h e  creep 

tests w ere  carried  o u t on the  creep m achines V U H Z  2000  at a tem perature  o f  650°c. 

T h e  stresses w e re  612, 706, 740, 760, and 850 M P a . A ll o f  these creep tests w ere  

constant load creep test.

T h e  e lon g a tio n  w ith  tim e  w as recorded. T he  creep d e fo rm a tion  w as measured 

by extensom eter. T h e  e long a tion  was measured by tw o  m icrom eters. T h e  average 

va lue o f  these obta ined data was b roug h t to  p lo t the creep curves on e lon g a tio n -tim e  

axises. T he  stress o f  740 M P a  w as chosen as a constant load param eter fo r  eva lua tion

o f  cyc lic  creep b ehav iou r o f  the  a lloy .



41

T o  study the  deve lopm ent o f  creep d e fo rm a tion  in  dependence on tim e  at 

chosen creep stress (740  M P a .)  and tem p era tu re  o f  650°c, the  tw o  ad d itiona l creep 

tests w ere  realized. Th e  f irs t test was in te rup ted  accord ing to  the tim e  period  fo r  

transc ient, the  second test was in te rup ted  correspond ing  to  secondary' creep stage. 

T he  creep d e fo rm a tio n  progress was evaluated  by em p loy ing  T E M  o f  th in  fo ils .

B o th  add itiona l creep tests w ere  also constant loaded (7 40  M P a .) creep tests. 

These tests w ere  started by heating  up the  specimens u n til reaching the tem perature  at 

650QC. Th e  tem p erature  fo r  creep w as c o n tro lle d  by tw o  P t-P tR h  therm ocoup les by 

means o f  the rm a l com pensator. T h e  tem p era tu re  was m aintained w ith in  the  range o f  ±  

l° c .  T he  load (7 40  M P a .)  was applied w hen h igh tem p erature  was stabilized.

3.5 Cyclic creep tests

3.5.1 Cyclic creep tests at constant temperature

These tests w ere  carried o u t by the  co n tin u o u s  cyclic  creep tests w ith  d iffe re n t 

tension ho ld  tim es at upper stress load am p litud e  Gm ax = 740 M P a  T h is  stress leve l

was selected due to  obta ined resu lts  fro m  creep tests. The  w ave  fo rm  o f  stress as a 

fun c tio n  o f  tim e  was trapezo id al shape and was rem ained unchanged th ro u g h o u t the  

w h o le  test fo r  each ind iv id ua l ho ld  tim e  as show n in  F ig u re  3.2. Stress w as released 

repeatedly a fte r ho ld ing  tim e  fo r  1, 3, 5, and 10 hrs. T he  rem ained stress a fte r 

releasing load was m aintained at o m j r1 = 20 M P a  to  keep the load ing  system  in  tension.
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T h e re fo re  the  stress ra tio  R  fo r  each cycle test w as R  =  0 .02703. T h e  testing  

tem perature  th ro ug h  o u t the  test w as constant at 650°c.

The testing p rocedure  for program  A: heating  (zero load) —> load rising 
(01) —» hold tim e (12) load red uction  (23).

Figure 3.2 Scem atic rep resen ta tion  o f  F o rm  o f  Stress W aves o f  C yc lic  Creep at 

C onstan t H ig h  T e m p e ra tu re  (6 5 0 °C )

3.5.2 Cyclic creep tests with thermomechanical fatigue stress 

component

These tests w ere  carried  o u t by con tinuous  cyclic  creep w ith  tension ho ld  tim e  

at upper stress am p litud e  a m ax =  740 M P a . T h e  w ave  fo rm  o f  s tress-tim e w as

trapezo id al shape and was rem a in  unchanged th ro u g h o u t the  w h o le  life  tim e  fo r  each 

ho ld  tim e  as show n in  F ig u re  3 .3. C o o lin g  p r io r  to  re leasing load was done a fte r every 

ho ld ing  tim es at 1 , 3 ,  5, and 10 hrs. in  each cycle. T h e  tem perature  was heated to
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650 "C  by resistant heating. T h e  procedure steps in  each cycle was as fo llo w s : heating, 

load ing, ho ld ing , coo ling , load re lax ing , then heating and load ing  again, repeating  fo r  

each cycle T h e  a ir b lo w  c o o lin g  was applied to  decrease the  tem p era tu re  to  50°c. 

T he  stress a fte r load red uc tion  was m ainta ined at Gm jn = 20 M P a  to  keep the  load ing

system in  tension. T he  stress ra tio  R  fo r  each cycle test w as R =  0 .02703 . T h e  size 

and d im ensions are show n in  F igure  3.4. The  specimen is designed to  enable loca liz ing  

the heating and to  p rov id e  the  testing  tem perature  constan tly  in  g iven gauge length 

area. T h e  in -s itu  tem peratures at tw o  po in ts  on gauge length w il l  be recorded.

The testing p rocedure for program  B: heating  (zero load) —» load rising 
(01) ->  hold  tim e (12) - »  coo ling  (p rio r to load reduction ) - >  load 
reduction (23).

Figure. 3.3 Schem atic rep resen ta tion  o f  F o rm  o f  Stress W aves o f  C yc lic  Creep w ith

Therm om echanica l Fa tigue  Stress C om ponent
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Figure 3.4 Schem atic rep resen ta tion  o f  S ize and D im ens ions o f  Specimen fo r  C yc lic  

Creep w ith  Therm om echanica l Fatigue Stress C om p onen t

3.6 Fatigue Tests

T he  h igh tem p era tu re  (T = 6 5 0 °C ) fa tig ue  tests w ere  carried o u t fo r  com paring  

w ith  cyclic  creep at constant h igh tem p era tu re  (T = 6 5 0 °C ), in  te rm  o f  h o ld ing  tim e  

equal to  zero. T h e  tests w e re  done by using fa tig ue  tes ting  m achine hav ing  the 

fo llo w in g  cond itions as m a x im um  stress was 740 M P a . and m in im u m  stress w as 20 

M Pa. T im e  fo r  increasing and decreasing stress fro m  m a x im um  stress to  m in im u m  

stress was 1 m in. T h e  fa tig ue  stress w ave  fo rm  is show'n in  F ig u re  3.5. T h e  tests w ere  

obta ined in tw o  tests w h ich  w e re  ru p tu re  and u n ru p tu re  fa tig ue  tests. T h e  d is loca tion  

substructures fro m  u n rup tu re  test w as investigated  by using T E M .
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Figure 3.5 Schem atic rep resen ta tion  o f  Stress W a ve  F o rm  o f  Fa tigue  Test

T he  tim e-dependent d e fo rm a tion  in both cyclic  creep tests (3.5.1 and 3 .5 .2 ) 

and h igh tem p erature  fa tig ue  tests (3 .6 ) w ere  measured and recorded by the same 

m ethod o f  creep tests (3 .4 ). These tested specimens w ere  also investigated  by lig h t 

m eta llog raphy. Th e  fra c tu re  surfaces fo r  both  cyclic  creep tests at constant 

tem perature  and cyclic  creep tests w ith  therm om echanical fa tig ue  stress com ponent, as 

w e ll as frac tu re  specimen fro m  h igh  tem perature  fa tig ue  test, w ere  exam ined using 

S E M . T he  frac tu re  m echanism  and m o rp h o lo g y  o f  fra c tu re  w ere  investigated in  te rm s 

o f  the  e ffects o f  ho ld ing  tim e , load, load -tem peratu re  changes. T o  evaluate the 

superim posing  o f  cyclic  stress com ponent upon creep stress as a resu lt o f  cyclic  creep 

at constant h igh tem p erature  and cyclic  creep w ith  therm om echanica l fa tig ue  stress 

com ponent, the  fin a l deform ed substructure  w ere  investigated.

3.7 Microstructure, Dislocation Substructure and Fracture 

Mechanism Investigation

T o  analyze the  m ic ro s tru c tu re  o f  specimens a fte r creep test, lig h t 

m eta llog rap hy was used to  de te rm ine  the changes o f  g ra in  size, g ra in  boundaries and 

d is tr ib u tio n  o f  coarse carbides M C . The  specimens w ere  prepared fo r  lig h t 

m ata llog rap hy by c u tting  frac tu red  parts o f  specimens in long itud ina l d irec tion .
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Subsequently, cut specimens w e re  m oun ted  in  rasin. T he  m ounted  specimens w ere  

then using s ilicon carbide papers fro m  2 2 0 - 1 2 0 0  grade and polished on  c lo th  wheels 

using a lum ina r m ix in g  w ith  w a te r, then using d iam ond spreays fo r  0.5 pm , and then 

im m ersed in  o r  swabbed w ith  a m ixed  etchant, nam ely, M a rb le  etchant, fo r  5 -10  sec, 

rinsed in  w a te r and dried. T h e  M a rb le  etchant had the  fo llo w in g  chemical c o m p os ition  

as fo llo w : lO g .C uS O q , 50 m l.H C l, and 50 m l.FbO .

T o  characterize m o rp h o lo g y , and na tu re  o f  gamma prim e partic les, th e ir  size 

and shape, also the m echanism  o f  d e fo rm a tion  and state o f  gra in boundaries, the  T E M  

J E M  2000 F X  at accelerating vo ltag e  200 k v  was used. T he  th in  fo ils  fo r  T E M  w ere  

prepared by c u tting  a long  lo ng itud in a l axis o f  frac tu red  specimens to  m ake p la te -like  

disc w ith  the th ickness o f  0.5 m m . Subsequently , the  specimecs w ere  g round  to  the 

th ickness about 0.1 m m . T h en  th in  fo ils  w ere  e lec tropo lished  at a p o ten tia l o f  2 5 -30  

V  in  so lu tio n  o f  H C lO q  acid (1 0 %  by vo lu m e ) in  m ethanol. The  tem p erature  o f

so lu tio n  was c o n tro lle d  to  be less than  -30°c. A fte r  a suitable etching tim e , the 

specimens w ere  rap id ly  rem oved  and washed in  m ethano l and dried. W ith  th is  

e lec tro ly tic  e tching by w in d o w  technic m ethod , the  p rec ip ita tion  partic les and 

d is loca tion  substructure  w e re  revealed under crossed polarised light.

A d d itio n a lly , to  exam ine fra c tu re  characteristics, crack nuc léa tion  and m ode o f  

propagation , the scaning e lec tron  m icroscope (JS M -3 5  C F ) w as used at accelerating 

vo ltag e  (25 k v . ) .  T h e  frac tu red  specimens p r io r  to  S E M  test w as cleaned by

u ltrason ic  in acetone.
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