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of Lat. 

ORE DRESSING AND METALLTUUA...E, LABORATOR:ES. 

Investigation No (,  1424. 

E.7amirstion  cf 3ainp1e of English, AmerLean 
and Page Hersey Canadian)  Steel Tubing. 

ornor Sau19sarti.ect of 3nventization: 

On May 25th,  194Z. 9  1;.1? (  H. H. . Scotland, cf the 

inspetion  Eoard of  the.  United Kingdom  and Canada, Ottawr,, 

Cntario, submitted samples of solid drawn tubes which were 

sa:l.d  te ha're ben  made tn England, the  United Ztate3, 	 - 

end the  Canadian  Page qersey  plants.  

Requeat was mede  (letter May 24th, 1943, File 10. 

4/4/10/P.H.M) for  a determination  of the grain size,  eicro-

structure, cleanliness, and susceptibility to ageing o'r  the 

ra3e Hersey tubes. It was reported that on going into 

cor ,rette boilsrs some Page Hersey tubes were splittfLng W.Len 

they were expanded on he Interior race Of  the  crown sheet 

prior to "rolling! " the  tube./ in the crown sheet itself.  41e.t;-:-„, 
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(Origin of semples  and Object.of Investigation, contîd) - 

or not trouble was  being experienced with British. and .American 

tubes was not stated,' 

Tho .steel In the tubes was supposed to confOm to • , 

Speoltleation N466, copy of whid.4 was submitted.. Page Hersey , 

tubing was said to have met the required mechanical tests 

though the tensile strength was near the top  limit of 26 tons. 

per square •1fich0 ,  The tubes wore reported to.have been given 

tholr'finalbright apmeal'around.1400  F 0 - 

• A portion of a Page.Hersey tube .which . pracked4n'a 

. :_flattening test  and  was said  to  be not.cuactly -representative 

of the failures encountered was also submItted. There. was  

not.o.noue . :of this tube-to 'conduct  a full investigatlen.of it. 

Consequently„ unleas thïe cracked sample is referred to specif= 

leally the Page Hersoy tubes discussed must bo considered as 

, °those mentioned in  the firat paragraph. 	• 	. 

choeq:4_4»,0, 4yeg 

Turnings takon feom the tubes .fter the surface had 

• been romei/ed -were:chamle'alIy.anal -yited• The.resultssfollowz 

• •• • • 	 . Page Hersey 
Amorican Pageltersee Cracked 

- Per  cent  
. 	. 

Carbon ' 	- 	0.09 	0 0 20 	0.14 	0.09 . 
0.044 - ..•• 	.0.56 	: -' 	0,39 	0 .,;;..54 

Silleon -  • 	NJ). . 	0.26 	. 0.11 	0.006 
SulPhIlr'' • .0.032 	0.026 . 	'0 0 033.' • 	• •• 
Mjesphorus ' - 	'• 	 • 0 005 	0.005 	0 0:005 . 
Nicka1 • 	. -. . 'Trace.. Trace.  
Cheomium • ..-.- 	• • 0.01 . 	0.01.  

' Molybdenum. - • 	- N.D-  • 

detected) 

Macre-Examination 

. • • • 	Tbe'Amorloan and Page Horsey tUbos hada rather. bi.ight .. 	. :. 	. 

eurfaco,whi1e the Englisk one wns . coloured -.à•deeP blue.:Y. 

The eage.Horsey tube whloh cr3o1od -1n. a .fiàttonfLug 

	

. 	. 

test did so with a Auplex type fracture. Appaantly, part of 



ritiEth Arcer,Lcan , 	. 

As Received -- 91.2-95 ° Z) 120-139 	114,123 

,age Her8eY- 
Cracked 

95 ° 8-100 

PVt.,,ft-  110:C80V 

00 

659 $00 
44800 

65.0 000 
43,400 
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(Macro-Examimatlon, oput 8 à) 

the fracture via 	longitudima defect extending inward about 

0.022 inch from the dutalde surface of ti;ho tube. 

A cross-section from each of  th tour  types of 

tdbln;isubmîtted was etched  in a hot $0 por cent aqueoue 

solution of hydrochloric acid.' The 3Pago Horsey tube which 

had cracked in a flattening test was seen to be made from 

rimming steel. This is shown in Figure 1 0  Tho other American, 

British..., and Page Mr:iesey tubos were evidently madefrom killed 

steel. 

• Physical Ex,a.mination • 

Hardness readings were taken, ustng the Vickers 

method with a 10- 1 i1ogram load, on the tubes as roceivedt 

Vickers Uardnens Numbers 

Since the tubes were not long enough to permit a 

eandard tube tonelle test, bars with a nominal diamotor•of 

0 ° 5 inch (curvature in bar dIsnngarded) and a 2-inch gauge 

length were removed °  These  gage  the following valus at  test 

Ameri..0an ..PÈleè Horsey 

re • 

UltInate stress, poo f„ 
Ylold point»  p„s 0 :5,,, 

. Elongation in 2 Inches„ 
.Por cent 

504,300 
30 0 000 

30 

Rings from English and•American tubes passed a 

flattening tout while two . Page nersey samples opene.d up 

slightly. 

A ring from a Page Hersey tube, passed a fiattenAng 
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(Physical Examinationcontu.d) 

. 	 W:1„1;h no 	of 	 E.I.ftcp.,  :It 1a1. bo en .anyle 
, 	. 

1400° F „ an (3. s 3. - co ol. ed. • 	 . 

Rirtgs r aro. e a c„›.12 f the th.r ea .b.y.p es of tub e s sub-witted 

Erw rc Wrat or- quench ed fran 1260° F 0  The £olïowthg htr4n 3 ..  

rotiding, wor e th  en ob t inà d 	• 

Vic ke Ts Harcb. s s Number 
, •J in e 

. 	 - 	 . . 	. . 	 . 

:Hex die.1 s 8 .' a a. quell °lied , , 	. . .-...  ].34i39,.  147-151 .• 
A f t e r air-ago Ing . 160 33.0.0.2,-s - - 188-1.92 	179-. 109'..... 

151. ' 
94 -198 

oatxmc tur o 	. 

	

, 	. 

' 	 ..,and 3?age c Y.° ey tube, s Ive; tliefLr à arbi de • 

c On  4t1t,itet pre sent as pe a r 	e, will 1.e tho. e the Amer ax); one 

• s poar.lit a that has-  beo 	\iVeiiy ph° o 	e „ The ferrite 

. .14. ;  .p.:),„1, araple • 3:-4 an bo!D 3.71 r0c3rjej 	j. 2; C3.W hiio  the  c arb ide coi  • 

s 	 tb.0 A,311C:;. r can tube le ea, ga t od the p ee,r11„ le; a  U the 

„.; ng1,1,sh and Page Y.lefs.1 oy. tu:bo s. Show Y,1 0 pr o f err ed, o:c entat or.). 0 

 Phoao  pont,  oo 11us tr. ated•in ig,ur es 2 to ...5 W3)IC1) aro 	o to - 

rgrucapha o  t 250 magn fj., 0, at fi.ons g, of  6L.00dlo.ig1Lw3 ..Ina.1 

	

. 	. • s Mi.. s from each of tho tuba.  

- • . Pxo steel Th  all  o'  thei Se tuba.  s. was 'found .  to '  be 	r y . 	. 

• c 1 a.an 
•! • 

'• ••:i 	2b.c' gr 	; sof 17., O' 	t.; Ca 	thé,s é thr.  
. 	. 

. 	- typo s of tubing, . as  (le term,:r.i.e(.'1 by  a 1‘,1e,Q,ald'Ehn t e st; pack-. 

• carbth,ed 8 hour  at 1700e! , and • ,s 1. 	c o ol ) p trier e Brltia h 

7-8 9 AMO ri .can 7-89  and Page flora a 3-5 0  
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Discussion. of Resultei 

Chemical analysis results àhow that the steel 

the three types of tubing la of the normal low-to-eedium-earbon 

type. 

Since the cracked Page liersey tube was made fram 

rimndng steel it dos not conform to Glause 1 of the specifi-

cation° No relation between this fmct &  however, and the 

cracking of the tube in a finttening test is seen, The defect 

uresont extended only partly into the outer elm of comparatively 

sound metal in the tube. Since this tube was already broken 

open when received&  exact determination of the nature of the 

defect îa: not.possib1e 0  but it would seem to have been caused 

by an Ingot defect, 1p or  deep score&  which subsequent drawing 

had transformed into a tight-lipped defect extending longitud-

inally along the tube °  It is felt that this tube cracked. In 

flattening because of the notch affect of this defect °  

Physical tests »  while not very acourats„ indicate 

that the American and Page .er y tubeà may have a 

higher tensile atrangth than the specification allows. This 

and the hardness of the se two tubes reflects their hleor 

carbon content as compared with that of the Engliah tube 

Th•• slight opening-up of a ring from the Page Horsey 

tube in a flattening test may have been caused by its high 

yield and tensile sizqmgths °  It is also possible, however, 

since oue lead-anneàled sample passed. the teste that Page Harsey 

tubes are 'picking up SOM3 hydrogen either inthoir manufacture 

or, more probably& ,from Khe furnace atmosphere - used ln bright' 

annealing, and thuà,becoming slightly embrittled o  

That the three ty-pes of tubiàg were subject to quench 

ageing  and,  by inforene° to strain ageing: wa Mâown by tbo 

Increase In hardness after the 1260') P. quench, Since, however, 
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(Discussion of ResUlts, cont'et) • 

the tUbes more,n6tharder theewould tei :.EaPoPteél,  and 

reperted4 occurred when the expanding Was taking 

possibility that ageing was a big factor In the 

the Pagzi la r sny tube,  F.; • is ,d1scounted. 	_ :•• , r - 

Microsteucture examiatlon would seem to indicatp 

even the Ilare Hersey tube feaï as : 

good •as an 'anneal from above the upper critical'point,having 

the ààmo.rate s eecoOling, becausep having been taken .  over the 

lower critical point the pearlite ia ogulaxed. Also e  the tàbe 

• was:evidently :  coldLiyerk -ed onoùgi. to make the recrystallizatîon, 

tompç.r, attar:,  e 0 . th0 iei te ho•be low 1400e •".ff.• The • Engli &a' tUbe 

was e."91UP:nt;lY given - ither the-,same heattreatmentas-tbe:Pdgo •. 	, 

Hersey one or an anneal &om a higher teaperaturo o , . The . Amrican 

. tube  seems to have been given a high'emb-critical-draw 0  

. 	- CONCLUSIONS: 	 . 

. l o  Longitudinal defeCtsp- such as . found in•the:Page 

Hersey tube whiCh tracked in a flattening test:, may.be  •fairly 

commeà. -  '.Phese weuld cause the tube .to' w.plit-whŒà1t.is  expanded.. 

Tubing coealffing .tygcal failures chould be adbmitted for•o.7..ram-. 

lnation. 

2, . Canadlan,ai6 kr,rt•erle.a:to.• tub 0 	have hi hcr t4',118118 

strengths than the speolfication'cal<ffl;... ff this Is•se e it , edght 

explan tbe fa:Lb:cc- of •00M0 1a.Eljersey' -;7e0es o . .Moreut rate -ls 
needed in order that a chee; mev be ma4m of this .ceint6 -  . 

Page  Homey tubes'may be "picking ve lhydrogen from 
the furnace atmosphom and becoming slightly embrittled'o  Ex.amdna- 

• . . .„ 	. 'Glen  of  typical Atilure'S wou1 èly ris point :alsO o  

0000000000000 
 f.:000000 

LKuGUB. 

.fagure of 

that the 1400° F o  anneal 

0  



% 
• 

Pizle-‘e 3 

Fieturs I 

PHOTOGRAPH OF Mil,CRO-ETCHED SECTION .17R0 
PAGE HERSEY  TUBE  MILJE CRACKED IN 

.  FLATTENING TZSTS. 
(Approximately twice actual size), 

FICIP-:"  2 . 
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ALL PHOTCYJCROGRAPhS, X250, NITAL- 
ETCHE4TAKEN FROM LONGITUDINAL SECTION. 

=======e=== 
IFT:GB13. 

. 	il 	- , . 	.1 	 . 	 - 	. 	-*- 	d" 	' 	--"' 	• 

	

, 	. „  I, e  	1 . 
„4 

, 	+,.. 	• 	V,  

	

, -.4p r 	-,_ 	 !1•,- 	• a 
i 1 .ili 	 , 	• 	',-\.... 	1. 	 •,l ,  .  .i -; /- 

_, 	, '‘. i • j . 	1 1 	. 	 .... 	.. «.  '  ' 	e ./, - 	F . 
. 	, 7 

- 	P • 	e 	 . • 	__, 

	

I e 	 / i . 	'Ss 

,  ; :  , , 	 -24! 1■ 1 	___ALL__-:____2r,t"-: 
-..."'" 	• ' 	' 	i -ir ) ... 	e 	1117  y 

	

__ 	 . 	• 	
, 	_ 


