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OTTAAA 	April 6, 1:'45. 

RF,PORT 

of the 

OR2 DR:i:S.,ILG AND  rETALLURGICAL LADORATOR:S. 

Investigation No. 1832. 

Ketallurgical Examination of Two (Xe)eRo and ToFeA.) 
ItOthaust Valves and. a VI:Ive Seat. 

Description of Material  and ubj22eLLof rnvestigatierl: 

On February 17, 1945, four samples for examination 

were received from the 'Inspector of ieleetrical Lnglneering e 

 Signals and OnGineering Branch., Inspection Board of United 

Kingdom and Canada, 479 Bank Street, Ottawa  o  Ontario. 

samples, shown in Figure 1, were identified aa follows 

1. Sil chrome :(,,c,p.„ exhaust valve. 
ToP,ko auste7-Atie valve. 

.e; Valve seat. 
Ear vtock from which wave seat 

was eut-. 

The covering request letter, dated 1 ,'ebruary :S e  

Pile Noo 4114/1(/e, stated tbet the valve seat wae alleged -.;;o 

be auste:initic steel. A one:la:Leal analysis of the three eteels 

war requestedo 

(Continued on next page) 
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(Description of Material and Object of Investigation, contd) 

FLwe  1, 

Ikt 

EXHAUST VALVES, VALVE SEAT, AND  BAR STOCK. 

(Approximately -;ei,  actual size). 

Magnetic Tests: 

The magnetic properties of the components submitted ;  

cibtained by testing with  a  horseshoe magnet, are as follows: 

TABLE I.  -  Magnetic Prorerties. 

X.C.R. valve . 
T.P.A. 
Valve seat and 

bar stook 

strongly mai;netic0 
slightly magnetic. 

non-magnetic. 

elb 

Hardness Examination: 

The results  of  hardness readinge obtained on the 

Viokera hardnees tester, using 20-kg. load, are as followz” 

TABLE II.  - Hardness Values. 
Vickers 	Rockwell ge0" 

(Convertedl_  
. 

X.O.R. valve 	 - 	404.412 
T.P.A. 	 - 	228-243 
Valve seat 	 - 	232-257 
Valve seat bar stock - 	256.260 

41-42 
19-21 
19-23 
23-24 
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25 	

- 
;o. 	â Yalve e Bar  Steak : No  15 Valve 

-iVer  Ge n 

Carbon 
Silicon 
Manganese 
Nickel 

0 436 0.40-0.60 
0.89 t 1.0 max. 
0.35 
4.38 : 4.5-6.0 

	

0.48 	0.41 
0.70 0.53 

	

0.46 	0.51 

	

13.62 • 	13.90 
13.55  Z 130B2 
0.24  :  0,34 
1055  

ab 

e0,30-0.80 

:13.0-15.0 
:13,0-15.0 
0.50 max. 

:1.75-3,0 

Chromium 	- r23085 :23.25-24.25 
Lolybdenum 	2,40 : 2.5-3.5 
Tungsten 	.  â 	! at. 

?Lie 0 4° 

ChAninal 

Tho reste of chemical analyses are campared in 

Table III with the specificatione for similar type alloys, 

as given in neference 

TABLE  IX  - ..gleael_e1212211- 

Micros22211_jenination: 

Figures 2  and  3  are photomicrographs, at X1000 magni-

fication,  of  a  sample out tram the XA.R. valve. Vilellato 

etching reagent° was employed to produce the microstructure 

in Figure 2, whereas  a ferricyanide etch.e was used in  Figure 3. 

The latter reagent, which Is  a  modification of MUrikamite reagent, 

is intended to differentiate between ferrite anci eigma phaE, o by 

turning the former  yéllea  un4 the latter light blue. Howevor 

tn  this (il2z)  tho effect was to increase the  definition between 

the ferrite and austonite constituente The black areas ar 

probably etching pits. 

Figures 4 and  5, both at X1000 magnification, shew 

the microetructure of  the  T.P.A.  valve and the valve seat bar 

stock, resectively. In  both cases  the  structures consist  of 

austenite and carbidea. The drain eize of  the bar  stock  ia 

considerably larger than that of the  T.P.A.  valve,  indicatImg 

that che  tcr. had been finished rolled at a temperature  higher 	 - 

gMfb. 	 Me.mo■Mel.eillembenememeem....111m0011.e... ,.. 

r'% 1 :11 ate›. RePizent. 
(FC1 	- 5 c.c.) 
(Picric  ecià -  1 gram  ) 
(AleohoI 	- 1  c.c. ) 

4e4' geriu&nide etch: 
(Potassium ferricyanide -  30  grams) 
CPotaasium hydroxide 	grams 
;Water    -  60 cc,  ) 
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(Microscopic Exaeination t  cont ,d) - 

than that used in the final forging ef the valves. 

6.100 

Disoussion:  

Silenreme X.0.R. Valve. 

The X.C.R. valve, made from a high chrome-niekel-

molybdenum steel, conforms with the specifications of Alloy 

No. 25, which comes under the group classified as °Transforma-

tion Hardening, Age Hardening, or Precipitation Hardening° 

steel (see Reference'l). The  at  treatment for this steel 

consiete of quenching into vater from 2000° FO, followed by 

reheating to 1400° F o  and holding at that temperature , for 

about 16 hours. As a result of the latter operation, the 

hardness ' ie increased from 25 Roekwell ° C °  to over 40 Rock-

well °C ° . 

According to the ternary diagram given in the 

A03.!4. Handbook (1939), page 40riA, fig. 1, the constituents 

for this steel on water-cletenching from 2000° F. should be 

ferrite and austenite. Under equilibrium conditions, re-  • 

heating at 1400° F. should  recuit in the elimination of the 

austenite phase. However, because of the extreme sluggish-

ness of the steel, the austenite remains present after the 

aecond heat treatment, and the constituents evident under the 

miceoecope are ferrite and auatenite (see Flux% Et 3). This 

wae confirmed by x-ray diffraction testa. '2he increased 

hardneee on annealing at 1400° F. Is probably due to the 

precipitation of suhmieroscopic particles of oarbidee which 

oannot be discerned under the metallurgical microscope. 

'.the  following axcerpt is taken from aeference 1: 

°Recently, a high chromium-nickel-molybdenum 
steel (Ailey No. 25) has  been  introduced and 16  capab)e 
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(Discussion, contfd) 

of hardening to over 40 Rockwell 

"Alloy Xo, 25 has excellent resietance to 
burning and its wear and scuffing reelatance are 
in outetanding contrat to the auetenitic steele. 
it  Le  algaye used in the hardened condition and 
occasionally develops a condition of pronounced 
brttlenese in the valve head. This brittleness 
is probably due to phace change renuiting from 
repeatedly paing through the temperature zone 
from 1400 to 1600 ro" 

T0PA alXhaust  Valve and_Valve Seat. 

Chemicaâ analyees and magnetic and hardness tests 

indicate that the T.P:A. valve and  th'  valve eeatfaaz 71.guree 4 

and 5) are made  from eseentially identical material.  The 

microstructure consists of austenite and carbides. These  - 

steels belong to the austcnitic  croup, and fall within the 

limita  of the epecificatione  for Alloy  No  15 (see Reference 1). 

The following is taken from the same reference; 

//Alloy No. 15 is the mzet widely uced steel 
for aircraft exhaust valves, and  its  use  is almost 
exclusive in this covntry, Ita burning realetance 
is poor,  and  it would probably be unusable  but for 
the fact that it is almoet universally used with 
internal cooling  and  with  a seat facing  of  cobalt-
chramium-tungeten alloy." 

CONCLUSTüNS:  

1. The Silchrome X.C,R0 valve wae manufactured 

from  a steel which comes under the "Inaneformation Hardening, 

Age Hardening, or Preuipitation Hardening !' group. 

2. The T.P.A. valve and the valve seat are pra7t1- 

cally identioal in composition arid are of the "austenitie 

variety. 

••••■••••■••••••■ •■••••■••••■ 
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R2FZUNCES. 

1. "Exhaust Valve Materials for Internal Combustion Engines," 
by S.D. Heron, 04?.. Harder and Mo Ro Neater. (In 
copyrighted 'Symposium on New Materials in Transpor-
tation' published by the American Society for Teating 
Materials, rhiladelphia, F a., 19400) 

2. "The Trend in Poppet Valves," by A. T. Colwell , 
 Ontario Research Foundation, Toronto 5, (1939) 

3e "Constitution of Iron-Chramium-Carbon Allays„" by *Jalter  
Crafts. A.S.M. Ilandbook, 1939, page 407 A. 
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.X1000 b  Vilellata  etch, ce  

SILCHROM XOCRO VALVE, 

Ferrite and E,ustenite, 
••  M. 

1.4s_fiPe_çrAi'="Pr?M‘. 	 `'e.Tti.„ 

X1000 e  forricyaLu 	c11, e4)  

SILCHROME X000R.  VALVE 
Ferrite and austenite, The black 

areas are probably etching pits, 
«I I I 0 

• IN  • la • •  lam  • • •  • I  •  • •  II 1 • •  b.,.  • 	• • • C.  

Vilellats Reagent: 
(Ro: 	- 5 c 0 c, 
(Picric acid - 1 gram 
(Alcohol 	- I coo, ) 

EALTIIMMAII-1191: 
(Potasaium ferricyanide - 
(Posasaion hydroxide 
(Water 

30  grsms 
30  gramn 
60  coc ) 
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X1000, Vilellata etch. 

T.P.A. VALVE. 

Auetenite and carbides. 
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