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212141J1  of_Regubst  and Oblect of Investletion: 

On May 26th, 1943, Engineer Rear-Admira1 H. A. 

Sheridan, British Admiralty Technical Mission, 58 Lyon St., 

Ottawa, Ontario, sent in two samples, taken from defective 

boiner tubes, for examination. 

It was stated (letter of May 26th, File No. 21-16-8-3) 

that these tubes had oitted after a relatively short period of 

service in  a  .::ylindrical boiler of H.M.S. "Anticosti", it %val.; 

also atated  that.best  qualiy seamless steel tubes  were spec .1- 

fled and  it was desired to establish whether these samples were 

seamless or whether they were butt-welded. A full report on 

this examination was requested, 
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Macro-.Eramirlationr 

sempls submitted were oxidized on both the 

inaide and outside cf ciao 1-11f of the tube. The oxidied  - 

areas eÈhibitcd a number of large pît-holea. Figure3 l j  2 

trid 3 are rhotographs illuatratag the nature  of  these 

defects, Th.:  uno.dized au..rfac') was .rlt atcke:  ae$ nay tt 

se en  by reference to Figure 3 which chows the im7Ler surface 

of one side  :$i* the ti.£be, 

SCALR OU OUTYR SOliPA‘.".*:. OF TUBES. 

(Approximately 	size). 

SHOWING SCALE ON  INNER 
SURFACE OF TUBE.  

SHOWING Irimn SURFACE OF TUBE. 
FREE FROM SCALE. 

(Approximately to size). 
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(Macro-Ex.am:inatlon.)1 cont'd) ~ 

A full cection o~ the tuba was polished and given 

an etch at 180° F 0 in a. solution of 12 per cent H2S04, 38 

per cent HC1 a.Tld 50 per cent HzOo ' F1igure 4 is a photograpl 

ah.owing the duplex nature of the etch0d su..:-face 9 the ou·i-- r 

half -0f the material being qui to sound ·«i th the remai ning 

inn I' mate :1.al appare:::1tly '~eir.lf:, of lov,rel" density o 

PHOTOGRAPH SHOWING HIMi.ffiD S:'rR" CTURE .. 

(ApproxiliiS. tely to size L 

Che mi ea:' Ane. l .E_!.!,: 

'l,h.0 e teel tub~ was fovnd to have the following 

composition: 

Garb on 
Man ge.ne so 
Silicon 
Phci;phorus 
Sulphur 

fer cent 

Oo07 
0°'33 
Oo008 
Oo006 
00036 



A : arân°.-5 s'urvey crcvJed t'r.i3 'tuba to b^ . ^:,mswh^'l

softer on the *)iztar surface t.:ia:z an t:-is iruxer pcr t-on,

_._......^^°:a^t^.c?^^

Outer. Portion .?.OC) i1Gq 11G" 1i1,
: i-m e r 'i ^ 3i 1 y :L19" 11.i? , 1.20o

SulpY:i.u° Pr'.iit

A sulphur pr^.nt vr.is taken àt one point of pitting.

T:iis is I3.:Lustrated, in Figure 50

i. _ï^^.:ïi: t^ s.?^ISI7 T,

;A,p-i,pr. oSl.ma^,t^ay to sIM:3 ) o

r•;^ crosc^i -r ar.^na t? en^ . _.w_,___._._.....Y.^a.

Sp®ci;neizs cut rro,^ the tu.bi:ag were iucunted in

bakelitst pal î.sh^c., ^n,i th^^ z e xaDr^Izia^ in the- un-.)tc,*hod

condition under the r,iiürescope, The steel centpined a

large nunbbr of oxide and soxs^e su7_phi:à6 inc7..us:.cnso The

spec:.r:ens nuxt al•checi In x Qol.utAcr. of 4 por cent

pier^ c acid ir Figure ra io e-

p:iotam3,crograr)h8 at X100 ina;nj.f.`3.catic_^i, showing, the Ar,,

grained 13tr1.1C "Mu-0 of t513 3 teyI, Figure 7 is a 7hCitomi crv-

grsph, at X100 ma,gmI.ftca±io7a, showing scs.13 (tY.,j gney

constituent) on the outer sur-Axe of the tube, Figura 8

is a prhatcmicrcgr:7piz,a at X1O0 rr:.s.L;nïfioation, sh:}srS.ng the
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ElLure Fieure  

X100, picra  etch, 

START OF FITTING  ON 
SURFACE OF TUBE, 

-  Page b - 

(Microscopic 7.xamination, contld - 

start of pitirig on the auter face of the tube. 
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X100, picral etch, 

GRAIN STRUCTUrE OF STEEL. 
*MIR 

X100 1  picral etch, 

SHOWING MALE ON 
SURFACE OF TUBE. 



rftnnerke in Literature on Oaueee of Pittipgoin_Poiler_Tubes: 

p. 

Page 6 - 

'  "Pitting Is  a more danEerous type cf attack  on  
Iron and steel than that of al oe! and uniform waeting 
away of the eurfaee. Pitting io not usually  the  result 
of the enomical eompositien of the steel. In aome cases 
it may bo due to porosity or other physical imperfections 
in the meeal itself, but it Is more commonly due to 
external causes, euch as the breakin3 of a protective 
film, the presence of mill scale :  or contact of two pieces 
in euch fashion as to form e capillary space between them , 

 leading ta localise 'crevice corrosion' from an oxygen-
concentration cell." 

"Localized attack may result from corrosion 
attributable to oxy,sen-concentration cells such as oocur 
in 'water-line corrosion due to immersion at various 
depths in a  solution whore o:tygen diffusion is hindered 
and the electrolyte in contact with the iron has a 
different oxygen content at different pieces." 

"An analogous cause of corrosion is the presence 
of discontinuous patches of mill seale  on  the surface of 
the  Iron  or eteel, which localizes corrosion at the edgoe 
of the scale," 

e( 2 )  - ateuehton etatee 	tnat he has personally known 

seeere  corrosion and pitting in hishly "oXygenated"  steel and 

eseUeves  that nueh steel will corrode more severely than steel 

free from oxygen or oxides and that this ts  generally considered 

to be a fact. Stoeighton  includes oxyEen in blowholes or seme 

complex inclusions,  as  well as  that present  as  ferrous or 

manganous  oxide, in the term 'oxygenated'. 

■•••■•■•••••••• 

(1) Til7, ALLOYS OF IRON & CARBON, Vol.  II,  pp :  537-8. 

( 2 ) 

ibid. P. 549 :  

(McGraw-Hil .:„ Soak 0o., Inc.) 
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Discusalon of ResultIn 

The macro-examinatiou showed that the tubes were 

Seamless and that the 'duplex nature of the C eGA'surfteo 

Preved_them to have been made fnme rimming steel andnot 

frOm a.k1110à steel as Specified.: (.0he low silicon Content 

in the metal confirmed this.latter conclusion. Whe sulphur 

print showed a concentration oP smlphides In the ccntral and 

inner potionsof the tubing. This - is• characteristic. of 

.r5,mming steels, The sulphur content, however e  is not 

considered excessive. It• is thought that the scaled portion 

:faced the bottom  of the boll3r e  as the 'fact that all- tubing- . 

 In the boiler  was attaohod-removes:the possibility that a 

.low water level was rosPonsible, 	Ti..o only alternati 

.wolild - appear 	bp'an overheating cir the.bottom of the • ubing•  

as a result of steam tasulation e  whichHmight take place A.-n - a 

raid heating of a boiler. 

The mechanism of this reaction is describod by .-. 

Co Benediets •(Trans. Amer. Min, Met, Thgo 1925,9 ,71 e  597). 

Ho states that Éhara. steam bubbles do not detach themecives 

• freely, the. part covered with a largo flattened bubble of 

stemm may soon become badly overheated causing.trouble.both 

on watoralde  and  fireside.' 

The microscopic examination ahowed that the pitting 

Originated at a scaled portion of the tubing. 	 ' • 

In a rimming steo:1 Ingot, the outor portions ar 
much purer than the average, hnd the centri po'rt'len io 
highly segregated. ' 

According to Dr.Stoughton e  highly.  oxidized steel 

is subject to pitting. 'In, the present case e  since.thï.,. tubing 
pitted from the outside of the 

tube it Is improbable that pitting was due te the'.uso,of 

unsegregated nortion of the 

1 
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(Discussion of Results o  eontud) . 

_rimming teel in the tubing, Such stuol o  however o  la 

definitey forbiddun in U1Q SpecIfication o  aa it is 

aubàeot to other defects, 

C MOW SI ON S 

It is concluded Ulat the pitting of the tubing 

occurred as a result oV highly localized corrosion in 

scaled :eas which were present as a result oe overheating 

In serviceo  probably because of a too rapheattag of the 

boiler, The tubes are seamless but the tube steel i8 Of . 

the rimming type vhich definitely violates the specification, 
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