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HOWC'o'eT, threads rolled after the Q&T heat treatment had retained residual compressive Slres:;e$ in 
the thread roolS and remained frcc of see for exposure times of7 days and applied $Ires~s up to 
119 hi (820 MPa) as noted in Figure I Absence of see was determined by destructive 
fnu;tographyevaluat ion This contrast in results reveab at least a 3-fo1d increase in applied stress 
resistance to see associated with the optimum thread rolling process ofro!!ing after Q&T heat 
treatment 

FtGURE 2 ~ IGSee Depth ;n Mac:hin.ttd (Cutl Thr ... ds of Al93 B_7 Steel 
As. Fu nction of Exposure Time in Boiling Ammoniu m N,trate 
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The extent of IGSee, in terms of depth determined by fractognlphy of machined threads streued to 
about 50 K,i (345 MPa), is shown in Fisure 2 Extl'llpolation ofthe average depth trend implies that 
see initiales in less than one day, possibly It or near time zero. From Figure 2 the apparent efack 
grO',l.1h fate is about 30 to 40 mils pc.- day (0.0 1 x 10'" meters/second) TypicallGSCC shapes in 
both machined threads and threads heat treated after rolling are shown in Figures 3 and 4, 
respectively, after Olle day exposure \0 BAN at I thread sect ion stress of60 Ind 77 ksi (4 14 and 53 I 
MP8). respectively. Typical IGSCe patM observed in both ASTM A354 Grade 8 and A 193 B-7 
Q&T steel exposed to BA .... ., Ire shown 11\ Figure 5, for 8 _7 steel 

FIGURE 3 ~ IGSCe S ite Shape and Ceplh in Machine d te ut) Threads of Grade 8 Steel 
Tensile Pulled for Frmographic Evaluation Aft er sec Tes ting 
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FIGURE 4 . IGSCC Depth in Grade 8 Sleel Bohs He", Treated AFTER Thread Ro ll ing 
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FIGURE 5 - IGSCC C, ack. Palhs in Grade 8 St" e l Exposed to Bo il ing Am moniu m Nitrate 
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l UGH STRENGTII NICKEL-BASE ALLOYS 
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Testing to demonstrate rolled thread process improvements 10 sec resistance of high strength 
nickel-base fWene, alloys of X-7S0 and aged 625 was conducted by exposure \0 high temperature 
steam containing kno ..... n corrosive .,Iemenu. For Ihis study the aggressive .. nvifORmen! W3S 750"F 
(399"C) steam containing 100 pans per million (ppm) of chloride, nuoride. sulfate and ni trate, in 
addition 10 a hydrogen overpressure of II psi • . This doped steam (OS) environment has been 
5hown 10 produce rapid IGSCC in nickel-base alloys, Ref (b) Determination of \he rolling process 
effects was limited to a CQmparison of machined threads with rolled threads All threads were rolled 
after the precipitation hardening heat treatment, thus the process-induced residual compressive 
stresses were maintained 
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Mechanical properties of me lest bar 101 of gairuna prime precipitation hardened' Alloy X-750 lITH 
were t]7 ksi (807 MPa) yield strength, 175 Irsi (1201 MPa) ultimate tensile strength with. 
hardl'\ess oDS Rockwell C (HRC). Mechanical properties of the gamma double-prime precipitation 
hardened Alloy 625 were 1)4 ksi (924 MPa) yield strength, 176 ksi (1214 MP.) ultimate lensile 
Strength with a hardness ofJ9 Rockwell C (HRC)- Threads were 0 625 inch in diameter with a 
Unified National coarse thread pitch of 0 091 ioch (2 8 mm) 

Doped Sleam testing of aU machined (cut) threads showed IGSCC in short exposure times (as little 
l:I om: day), whereas controlled prO<:e$S rolled threads showed no {GSee as determined by 
destnJaive fraClograpllie evaluation for el<po5Ures orup to 75 days. As shown in Figure 6 lhe 
minimum applied siress that revealed IGSee in machined threads wu as [ow as 44 ksi (30) MPa)~ 

whereas, rolled threads survived wilh no IGSCC at appl ied stresses as high as 891<si (614 ~Wa), 

representing at leas! a two-fold increase in sec resistance to applied stress. Typical IGSCC 
iniliation and growth sites in CUt threads are shown in Figure 7 for both alloys studied 
Fractographically determined IGSCC depths from machined threads exposed from 04 10 12 days in 
doped steam at an applied 5eC1ion stress of about 75 hi (S 17 MPa) show that sec beHins at near 
zero time with crack. grO\>,1h rates of about 12 mils per day (0.003 x 10'" meters/second), Figure 8 

• 

fIGURf: l. . sec RflIsIM<:e 01 WaohkoO<l .... _ n,.ud. 
01 High Sl"'1JIlI Nlektl-a.. .. Alloy. In 7511 F Doped al ..... 

.. lit .. 40 to to !'O _ ... __ Stro",koI " " 
FlGURE 7 - TypicallGSCC Doped Steam Site Shapes in Alloy X·750 and Aged 625 C .. , Thre.ds 

A1loyX7SOHTH Au-o-d Alloy 625 
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loclusion ofthread roll ing process deviations in the I~t malrix d id reveal one thread rolled alloy 
X-750 HTH lest stud with IGSCC after 8 days exposure at an applied test stress of 15 Ksi (517 
MPa) or 700/0 ortlle yield stress. (Figure 6) This process deviat ion resulted from II full forming of 
the thread inlO tile roll ing die shape $0 thaI tile total thread volume was bound by tnc die (packed) 
and fUl1her die penetration inlo the thread blank was prcvemed During this packing stage the 
rolling machme rOlal ion and die contact continues and may degrade the process induced residual 
stresses Because some separately conducted fatigue tests of packed rolled threads has shown 
lifetimes no bcnerthan machined threads. packed threads may have reduced or minimal 
compressive residual stresses without any significant process benefi ts Accordingly, packed threads 
should be prohibited from production rolling where optimum fatigue and SCC performance are 
required Use or the aggressive doped $learn test that revealed IGSCC ,hows an abi lity to detect an 
unacceptable process deviation that affects $Iress cOtTosion cracking resistance 

LlMITATIONS 

While tests using aggressive chemical cracking environmenlJ have successfully shown the effects 
of manufacturing process on SCC resistance, they cannot be used 10 IlI.IlIr: the relative SCC 
resistance of dIfferent material$ In other application environments Chemical and elect rochemical 
factors, whiell differ for specific materials and specific environments. cornrolthe materials' SCC 
susceptibili ty 

CONCLUSIONS 

I) Aggrcssi\'e environmentlltesting is plllcticallO UIoW the benefilS of thread forming process 
Improvements relative to f,,$Iener survival times in SCC susceptible environments 

2) AggrCS5ive environmental testing is practical to identify preferred process o pl ions \0 achieve 
maximum SCC resistance 






