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DETERMINATION OF LOH TEMPERATURE NOTCHED IMPACT STRENGTH 
OF 3/8 INCII "LA)"  STEEL  NAM 

by 

Do E0 Parsons* 

Physical Metallurie Division 

SUMMARY OF RESULTS 

Impact results were obtained on Charpy V notch 

bars broken at temperatures between 200 °F and -40°F and gave 

15 ft-lb transition temperatures of 80°F 9  107°F and 42°F on 

three samples of 318 inch gateo The plate samples repres-

ented three heats of "LoDo" steel purchased by the Canadian 

National Railways/ 

The difference in the transition temperatures  vas 

ascribed to the finer ferrite grain eel and to the higher 

manganese-to-carbon ratio of the good (42°F) heato 

Scientific Officer p  Physical Metallurgy Division,  Mines 
Branch 9  Department of Mines and Technical SurveYs 9  Ottawa,. 
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ORIGIN AND SCOPE OF INVESTIGATION 

Three samples of steel plate 9  31,11 ine x 22 in A x 10 ine 

in size 9  were submitted by the Department of Research and Development 9  

Canadian National Railways 9  1801 LeBer Street 9  MOntreal 9  Quebec 9  to 

the Physical Metallurgy Division 9  Mines Branch 9  Ottawa,' The covering 

letter, File "LAB" 55/4825/4652 9  dated Sepiember 25 9  1957 9  stated 

that the plates represented three heats 9  Nose 10512 9  10519 and 10525, 

of "Li),"  steel manufactured by Dominion Fcundries and Steel Ltde l  and 

requested that the low temperature notched impact strength of the plates 

be determined° 

Accordingly 9  Charpy V notch bars t  standard and half-size 9  were 

prepared with the notch-axes normal to the plate surface°  Bara  cut in tha 

longitudinal and transverse direction from each of the three plates uere 

broken at -40°F 9  32°F 9  80°F 9  140°F and 200°F0 The results of these tests 

were reported by letter 9  C0 b:0R0  file "LAB" 55/4825 9  on Nevember 28 9  1957 

and it was decided that an additional examination would be made of the  thre: 



Fig° 1_0 

plates to determine 9  if possib1e 9  the naason for the hier  transition temp-

erature observed in heats 10512 and 10519 compared with heat 10525Ç 

Thelesults of the impact tests and the subsequent metallurgical 

examination of the plates ara included in the pre sent  report° 

MATERIAL 

The plates representing heats NOSo 10512 p  10519 and 10525 were 

designated "An e  "B", "C" respectively- Figures l e  2 and 3 illustrate the plate 

specimens and show the locition of the substandard Charpy Y notch specimens/ 

These substandard bars were cut from the centre of the plate sections and had 

an area under the notch of half the standard areae Standard Charpy V notch 

impact bars were also cut from adjoining araase In the latter instance the mil". 

surface was not removed, since no extra material was available for clean-upe 
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Fig. 3,, 

Plate C 

PROCEDURES niND RESULTS 

The examination vas carried otAt as follovag 

10  Determination of 15 ft—lb Charpy V notch 
transition temperature ., using substandard 
and standard Charpy V notch impact bars. 

20 Chemical, spectrographic and gas analysis of 
the plates. 

30  Matallographic examination and deep etch of 
plate sections, 

4. Ferrite and auntenita grain size comparisons. 

5. Hardness  tests, 
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L  Netched Bar Impact Tests. 

The results of the impact tests using osubstandardn Chsrpy V notch 

bars are Shown in Figure 4. 

Fig. 4. 
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The results of the impact tests using "standard" (unmedhined 

side surfaces) Charpy V notch bars are shawl in Figure 50 
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The appoaranoe of the broken impact test bars is shown in Figure 6a

Fig. 6a
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Table 10  -  Estimated % Cleavage Fracture. 

 200°F 	transition -40°F 	32°F 	80oF 	140 2
o- 

Illige. 	shear 

 	tempe rature 

10525 trans0 	100 	75 	75 	10 	o 	- 

i 
10525 long0 	100 	80 	50 	 5 	o 	80°F 

10519 trans0 	100 	95 	80 	50 	5 	 140°F 

10519 1ong0 	100 	95 	80 	50 	5 	 140°F 

10512 trans0 	100 	95 	75 	50 	10 	 140°F 

10512  longe 	100 	95 	75 	50 	30 	 140°F 

The ferrite grain size of heat 10525 waE considerably finer than that  of 
heats 10512 or 105190 

Striations were observed in the fracture, 

2° ghleleILLJEELEmete_Lmil_22e_elLem - 

- -- 

  tir' 
» 	Ar1 

C 	Mn 	Si 	S 	P 	N2 	Al 	Cu 	Ni 	Cr 	Sn 

10512 	017 	032 	003 	0014 	0005 	0005 	0002 	.3 	.06 	001 	0007 	001 	1/3 ppnc 	.003 

10519 	r19 	035 	003 	.016 	0014 	0008 	1003 	03 	006 	002 	0005 	0009 	1/2 ppm0 	0006 

10525 	.12 	*37 	0 04 	0011 	0009 	0008 	.003 	 , 3 	.03 	002 	0009 	0025t<312  ppm* 	0006 

(1 ppm0  000001 wt%) 

Zirconium  9  titanium 9  vanadium 9  molybd3num and tungsten 
were not detected spectrographically. 

*Semi-quantitative spectrographic  analysie, 

Kjeldahl  leet  analysis for nitrogen, 

tit 
Vacuum fusiorl analysis for residual czygen 9  hydrogen 9  nitrogen. 

tt 



The analyses show that the plates conform to the specification for

RI SI 2018 steel in the instance of he at s 10512 and 10525 o float 10519 a having

0A9% carbon, conformes to the analysis specified for AISI 1012 stae3.ti

The steels were semi-killed aiod no unusual concentrations of residual

elsaoents or of residual oxygen9 nitpogen or :iydrogen were detected. The residual.

oxygen content of heat 10525 was higher than that of heats 10512 and 20519 This

higher o;Wgen analysis correlated with a slightly higher residual aluminium content

and the appearance of rnre numsrous AA203 inclusions in the microstructure of heat

10525?

3, Metallography and Deep Etch4

The appearance of etched cross sections and plate surface sections is

illustrated in Figures 7 and 8 re spective1yo

Figo o

I

/

CROSS SECITQPJS EâCHED 15 iiIrSUTES IN
1^1 11C1 AT a60°Fo

A

(#pproximately 4A a^.iua1 size)

Microexamination at section 1 show ,,)d that the lamination (arrow 2)
resulted from attack by the etchant on elong_:vted slag stringerso The presence
of slag stringers on the cross section F?as most evid.ent in specimen A. although
traces of stringers -^aere seer, in srecimê;ns B and C.



Fig. 8,0 

PLATE SURFiCES ETCHO 15 MINUTES 
IN 1:1 HC1 AT 160°F,, 

(Approximately  2/5  actual size) 

The plate surfaces of specimens A and B were considerably cleaner 
than that of plate C, The location of an inclusion at the surface of plate C 
is indicated by arrow 30 

Exnmination of samples from ez.ch  melt showed that heat 10519 was 

cleanest p  both the surface and the cross section appsaring satisfactory when  deep 

etched, 
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The plate surface of melt 10512 appeared satiefactory when deep-etched, 

but stringer inclusions were observed in the deep-etched cross section (arrow  2, 

Figure 7) 

Heat 10525 appeared to be the least clean of the three melts 9  and evidence 

of inclusion clusters at the surface was observed on deep-etched plate section 

(arrow 3 9  Figure 8)0 

In the "as-polished" condition, examination of microspecimens from each 

melt showed that the inclusions consisted of duplex onide-alumina type inclusions 

which lacked plasticity at the rolling tompernture 9  together with slag-oxide and 

manganese sulphide inclusions which were plastic during rollingn 

Since the inclusion direction was normal to the notch and fracture 

direction of the Charpy V notch test bars2  the presence of the inclusions probably 

did not affect the values of impact strength cbtained, Heat 10525 9  which contained, 

the most numerous oxide inclusions ;  also had the love st  transition temperature 

of the plates testa& 

Examination of etched samples freem the three heats showed evidence of 

pearlite banding in longitudinal sections from the three meltso The ferrite grain 

sizes (RSTH9  E-89-52) were  No o 6 9  Nbo 6 and Nc , e, 8 for heats 10512 9  10519 and 10525, 

respectively. The microstructures of transverse and longitudinal specimens etched 

in 2% nital are illustrated in Figures 9 to 14 9  inclusive 
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4a Ferrite and Austenite Grain  SizLijomarisono _ 	 - 

The ferrite grain sizes (ASTk E-89-52) were measurel on the transverae 

microspecimens illustrated in Figures 9 to 11 9  inclusive. Ebeuaid-Ehn specimens 

were also prepared and the austenite grain sizes at 17000F -'are  determimad, The 

results of the grain size determinacions are summarized in 'Table 3,› 

Table 3. 

Ferrite G7Tià 

	

Heat 	 Size ai X100 

	

No. 	 (ASTM E-89-52 - No.)  

Austeneê Grain 
Size (McQuaid-Ehn No.) 

10512 

10519 

10525 

Predominantly Noo l(range 1 4 )
t 

Predominantly No. 2(range 1-4 ) *  

Predominantly Noo 3(range 1-5) k  

Steel is normal by the ECQuaideElen teat. 

Steel is abnormal by the MdQuaid-Ehn estr. 

5. Hardness Tests. _ 
The average of three Brinell impressions taken on aach ground plate 

samp/e gave results of 109 9  116 and 111 Brinell p respectively î for heats 10512 9 

 10519 and 105250 

D1SCUSSI3N 

The three heats of steel eare semi-killed and  were  relatively fine-

grained according to the ASTM (E-89»52) ferrite grain size classificatieno 

Of the three heats, the ferrite grain size of heat 10525 was considerably finer 

(ASTM9  go, 8) thaa  that  of hezta 10512 and  10519 (ASTM 9  Noo Ci).  Heat  10525 

possessed  the lowest (42°1?) 15 ft4b V notch transition temperature. Beeter lo 

temperature impact properties  i. 	10525 than an teaats 10512  and :0519 yeuld 



be anticipated because of its lower oa%bon “ntent (higher Ma/C ratio) and its 

finer ferrite gr2rîv size° The residual alumniug content of heat 10525 was 

slightly higher than that of heats 10512 and 10519, 

The three heats were coarse-grained in the licQuaid-Ehrt austenite  grain 

size test s  haata 10512 and 10525 possessing abnorlal McQuaid-Ehn characteristics 

whereas haat 10519 appeared normale 

The plates uer2 all very soft, of the order  of  10 Brinell and were 

in the hot-rolled and slow cooled condition, the nicroetructure consisting of 

banded pearlite and ferrite> 

The striated appearance of impact fracturev made in the tranevers 

direction was believed explained by the presesce of paLrEte banding and stringez.. 

Inclusions,  

SUNKAU 

Th  e highest 3  rt.-21 traneition temperatures determined for  hais 

 10512r  10519 and 10525 were 80 °F r  307°F and 42°F9  respective:le, Good agreement 

was obtlined be:vaen standard and substandard impact  test e e  and between long-

itudinaL and tran3verse epecimanso 

2e  The higher rote impact strength observed in heat 10525 at low 

tempera- :ures r  compared with heals  10512 and 10519, was believed explained  by it-F 

lower oarbon content  and  finer ferrite  grain zize.  (The  finer  grain size  plssiblp 

reflected  a  lower finishing teeperatur£ duri ro:ling e  and  use  of a larger 

quantity  of  deoxidizerb) 

3 	a7lite  handing.,  and  a  13 -, ine11 har -less of the order of 110, 

indicated that the  plates cooled slow after reining° 

dtp Slag vine o;cide  stringers  were oened in th  rrsi section of plat,- 

10512 r  and incluemm clusters -?e're -.3, sqrved a- . the surface  of  plate 205250 



- 16 - 

Melt 10525 appeared to contain more inclusions than melt 10519; melt 10512 

was intermediate in this respecte 

5c The stecla were semi-killed 9  having silicon contents of the ortil 

of 0 3 05% and residual (total) aluminium contents of the order of 0,002 to 0,00F'- 

The residual oxygen e  hydrogen and nitrogen contents appeared normal 9  except tha/ 

more or4y;en was held by the residual alumirdam Ln heat 10525 than ...11 heats 105: ,  

and 105193 The Malt ratios tended to be low, taing approximately 2;1 9  except 

the instaw;e of heat 10525 where  the  lower cartln content resulted in a 31 

Mnjt ratio, 

0 0 0 0 0 0 0 

000300 

0 

DEP:(PdS)D7. 


