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had to be dreawn after Torming 1L it was to have the
specified tenelle strength. It wes shown that 1 the
recommended heat treatment, l.e., olose annealing aftsy
cold forming, were followsd the tensile strength of the
gteel would be below the resquired minimum. A falluare
of.one of the tubes in the flattening test was attributed
to a scaling of the specimen. The Stésl wag found o be
iow in csrben and precilcally free from silicon. 1L was
poilnted cult thei such low sillcon low carbon stesl was
.

Likely to be aubject to sbrain embrittliemsnt. Teats made

L2

£, £)

on the matorial showed that it was subject to guench aging,
g definite indication that it would algo be msubject to
gtrala aging.

It is penerally considered that the main cause
of strain aging ig the pracipitation of oxygen or nitrogen
conatituents from the ivon and that qguench aging is due
to carblde precipivate. As Low cavbon steels are e&péci&lly

-

likely to conteln these gasoous constituents they are

2

very subject Lo aging-efifects. Thers are two methods of

'~
preventing aging. The firat consiats in the controlling
of tha deoxidation practice {by the addition of fairly

large amounts of alumd

80 that the gaseous’

products leave the solution ag dooxidebion products. The

o

gsogond conagists in slowly cooling from o temperaturs high

L

enough to effect ﬁoln‘z. of the troublesome conatituenta,

Iin this siow cooling the congtituents come out of solubion

9§ e

ag large pariicles which do not aflect the stesl ductllity.

- I

Too fast a cooling results in the precipltation of

aa
A

e

embrititling particles,

&

(Continued on next page)
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As the stesl was made nothing could be done
about the deoxidaiblon practicﬁﬂ Gloge annealing will
correct for wmany aging cifects The steels submitted;
however, were too low i; carvon to pormit of close anuveal-
ing; as this btreatment lewered the ultimets strength below

=

the specified wvalue. The object of the following work wag
to deterine whether a draw at 1200° . followed by a

furnace coeol produced o sbabllized meterial.

Material

On January 1bth, 1948; Lieut. CGommander C. ©.
Olive gent in six sauole pliecea of superheater tubes for
further tests and exswinaition.

In « lester fyrom Vr. G. W. Flack, of the Sales
Dapartment, PAGE-HERSEY TURMWS, LIMITED, 100 Churceh Strveetl,

)

Toronto, Onterio, the fellowing informatlon wag glven:
P 3 & )

Lo The tubos were nanulactured by the Push Bench

rsheated and reduced in

process fronm o
rolis o 2Y Q0.D. ® Ll B.W.G., Afterwards cold drawm

in & passes to 1-1/0% 0.D. = 0.126% wall,

x

2o lose annealed in boxes at o tompsrature of

I2B0° 1, for 1 bo 1=-1/2 hours,.
o Carbon, MFH;&HUJQQ Sulphur, Phosphorusg
per cent nar cent per cent per ,aag

%
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Chemical Analysdg:

e of the tubas, in the "asg received" condi-
tion, wag sampled in a milling cutter for chemical analyslea

and the following results wera obtained:

Cerbon, an: anesoe, Sulphur Phogphorus,
per cent per cenb ber cent per cent

0,08 0,40 0.005 0,009

Tempor Teabas

The spoeclifilication reguirves that strips cubt Lyom
the tubes,; after heatlagy to 730° (. and guenching in water
2t 80° (., must withstand being doubled over a yadius of

ineh, Temper teabs were carried ouvb on strips from two

W
i

di.fferent tubes and the material pagsod this test,

Hordness Tastg:

The bardnesgs teasts were determined by the Vickers
method on a section of tubing immedlately after quenching
In water at 80° ¢, from a temperature of 730Y (¢. and also
after standing at room tewperature for 48 hours. The

following regult s wore obhained:

Vickors HMardness Number

After quench 135
48 houva aftor guench 160

Tenslle Tests:

Tenslle tests were cawvried out on full-sized tubes
of 12-inch length in the "as recelved,’ annealed, and drawa
conditions and also in the quenched and guenched-and- a5ed

state. The following resul ts were obtalned:

(Continued on next papse)
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Gonﬂition of

Tlbimate @ Yield s Blongationg
tubes qt1cgbthqg SLOPDthé ¢ poer cent in
PoSohe 3 PeBai 000, 2 inches

As received 44,7700 27,000 66.0

~Annealed 1600° w, 42,800 27,000 60.0
@prawn 12507 P, 41,300 24,200 72.0
®8Quenched 61,8040 3% 700 46,0
SO venched and
agead T 5 800 52,200 . 35.0

59 00 D9 0L OC B2 cc 06 £& B0 0¢ 95 adfeo o0 co

(Notos:s)

Geerpa

) .
¥ tooled in fUPMACE.

G gogbed 1 hour after guench,
o8 Tagted 6 days after quench.

@B8s yvigld atvengths determined by extensometer
e unod

Other Tealas '
Flattening testse Paased,
Ball mouthing testss Pagsged,
Water test:s Passed (ruptured 4,000 pos.le).
Ixaminations Polished specimens were sxamined

i o R T,

under the microgcoepe and the steel was found
to be fairly clean. The surfacesof the six
tubes were alao Ffound Ho be falrly free from

gseale and other surface lmperfections.

Ll
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Discussion of Results:

Chemiceal Analyslg «

Values obtained do not check with the figures
given Dy Mr., G. W. Flack, the steel being lower in carbon.
Sueh a Jow carbon low silicon stesl is very susceptible
to aging erffects.

Physical Testsg -

The steel in the Yas veceived! condition falls
to meet the speeification requirements for the wltimate
tensile strengbh. It passes all other tests. It ia of
note that hardness and tensile tests made on the Tresghly
guenched and the guenched-and-aged steels show that they are
subject to quench aging. The A.S.M. Handbook, 1939, p. 603,
states: "In peneral e matorial which Ls subject Lo quench
aging is also suﬁject to straln aging.® Bain and Davenport,
on page 1089 of the 1935 Transactions of the A.3.M., show
that the Impact strengths at voom temperature of ordinary
soft ateeol ero around 25 K ey, por (.2  in the normalized
condition and nnly around 4 in the aged condition.

The aging embrittlement occurs as o result of
a precipitation from the iron constituent. Quench aging,
of course, can be »rcevented by a slow cooling such as the
steel would receaive whan close amocaled, that ls, slowly
cooled from a high draw temperature. Strain aging, howevewr,
18 not so easgy Lo prevent. Vorking of a wmebal, followed
by o heating of the steel to a high draw temperature,
followed by & slow cool, causes a coaleascence of tlhie oxide
and nitride particles and conseguently removeg the embrititling
effect induced by the sging. Subsequent working, however,
may embrittle the steel as strain sging, unlike gquench agiag,

does not vequire & high degree of supersaturation of the
&
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(Disecussion of Results, cont'd) -

soluvte, prscipitation apparently occcurrving slong the slip
planes., The {irst reheating process, however, will reduce
the susceptibility of the steel to atrain hardening.

=

Failrly crude lopact tests indicate thet the
L.

material 1ls not brittle, an indication that it has been

cooled sufficliently slowly after the drawling operation.

Gonclusionss

1.
'

1. The tests show that ths "as received"
material falls to meet the ultimate strength requirements
but has all the other reguired physical proporties.
2. The work definitely indicates that the materisl

(O}

18 subject to quench aging, a strong indication

}.

that it
is alsgo subjeet to strain aging.
5. Orude impact tests indicated that the "as

received’ material was nct brittle, an indication that it

had been cooled sufficiently salowly in the drawing opera-

-

tion to eliminate quench aging and any strain aging that

o~

would oceur as a reault of the forming of the tubes prior
to drawing.

4. Tt was pointed out that if the tubes were
subaequéntly strained In service they mipght oossibly
become embrittled. If there ls no danger of straining
occurrying in service, and 1f the tensgile strenglh is
gufficiently high, the material '"ag received” is satis-
Factory.

. I a higher strength 1s regulired the carbon
content of the ftublng wmust be Increaged.

6. If strain ls likely to occur iu service, a
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(Conclusions, contid)

aon-eging steel (i.9., steel that has been well

deoxidized with aluminium, ete.) should be gpeci-

fied,
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