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EXAMINATION OF COLD HEADING STEEL STOCK

SUMMARY

Samples of steel from Canadian and U.S.
suppliers were examined to determine the metal-
Jurgical factors affecting their cold heading
properties, The Canadian steels were found to
have higher carbon and manganese contents than
the U,S, steels., This was the major factor which
made the U.S. steels more amenable to the cold
heading process., Examination of samples of the
satisfactory steels and of one of the Canadian
steels taken from the final stage of the process
preceding cold heading,indicated that the degree
of carbide spheroidization was considerably
better in useable steels,

A Seientific Officer, Physical Metallurgy
Division, Mines Branch, Department of Mines and
Technical Surveys, Ottawa, Canada.,
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INTRODUCTION

An enquiry, dated July 17, 1958, concerning difficulties
experienced with cold-heading screw stock was forwarded to the Mines
Branch by the P.L. Robertson Manufacturing Company, Ltd., Milton,
Ontario., Little difficulty had been encountered with C 10l2-capped
and G 10l5-capped stock, but, due to a trend towards higher carbon
contents for fastener materials, an attempt was made to use
C 1018-capped, C 1022-capped, and C 1022-killed steels, Material
ordered from Canadian sources proved to be unsuitable for the cold
heading operation. Stéels ordered to the same analysis from the
United States were found to be useable. It was decided that the lMines
Branch should attempt to find the reason for the difference in

properties so that Canadian produced materials could be used.

FROCESS

The method used for the processing of one size of stock is
cited as an example., Number 5 rod is given an initial pickle in a 10%
sulphuric acid solution, and is rinsed in cold water, The material is
then coated with an aluminum stearate - pulverized lime mixture and
baked to relieve hydrogen embrittlement and to bind the coating to the
rod, The coated rod is passed through carbide dies and reduced from
0.218" to 0.187" on the first pass, to 0.162" on the second pass,- and
to 0.140" on the third pass. Following this 36% reduction the rod is
annealed (spheroidized) at 1340 to 1360°F for a period of 3 hours under
a protective atmosphere. The load is cooled to 900°F in phe furnace
after the removal of the heating coils. Then the protective
atﬁDSphere seal is broken and the ﬁaherial is allowed to cool to a

convertient handling temperature. A short pickling,rinsing, lime



coating and baking operation precedes the final draw to the required

0.131" diameter,

MATERIALS

Samples of rod fr&n Canadian and U.S. sourcés were forwarded
to the Mines Branch. ‘Canadian stock was referred to as "A" type, and
U.S. stock as "B",'"C"; and "D" types. Code numbers‘l, 2, 3and 4
referred to: ‘

(l), as-received #5 rod

(25 0.140" wire before annealing

(3) O.ihO" wirekafter annealing

(4) 0.131" finished wire

The samples which were forwarded were as in Table 1.

TABLE 1

‘List of Samples Supplied

Material Condition
A—lOlS—éééped—lh1028—20 s 1
A-10184capped-1u1199-20 1
AflOé2;cappea-111211—l9 1, 2, 3, 4
A-1022-capped-97232-18 1
A-~1022~killed~102123-20 1
A-10-35 % . n
B~10~15-1348 | 1, 2,3, 4
¢ ¥4 oy
D-10-15 : 1, 2, 3, &

& Sample was 0.1l " dismeter finished wire,
AR Sample was stock that was ordered in the finished
condition, i.e, ready for cold~heading.







TABLE 2

Results of Chemiesl and Semi-Quantitative Spectrographic Analyses

. - Percent dnalyses SAE.  Type
Identification Indicated

C Mn  Si S P Ho Hi' Cu' Cpr! Ho! Sn' Cot A%t By Analysis
A—lOlS—C—lh1028—20(lj 23 .74 .01 .030 .0y ".004 .1 .15 04 - .03" ;007 004 N.D. C 1022
A-1018-0-141199-20(1) | «20 .74 .OL .019f .007 .OQL -1 .15 L4 .Ol? L0044t ,003 N,D. C 1022
A-1022-0~97232-18(1) .2; .86 04 032 ,008 .003 f07 A .04 02" 004" ,003 N.D. g 1022
A£-1022-0-111211-19(1) | .21 .89‘ Q4L 033 013 .004 .2 ’ .15 .03 .,oi® - .006 .CO3 N.D. G 1022
A—1Q22-C—;11211—l9(2> .21 1,01 .05 .034 .010 .002 .05 .15 .04 N,D..& 402 £.002 (.02 G 1022
A—lO?Z-K—102123-20(l) 23 79 W21 L0227 W011 LCO4 W1 W1 LCh4 Norky 004" 002 .02 ¢ 1022
A-10-35 (&), 29 .78 .23 .019 .0I0 .002 .06 .15 .05 N.D. 02 <.002 L0k | G 1030
B (l) A7 W68 .02 ,027 .0l0 .002 .09 .15 .03 N.ﬁ. 004" 002 .CO05 C 1019
B (2) .18 .59 .03 .038 .02 ,002 .0k .1 .05 N.D. €02 <.002 ¢.02 ¢ 1018
¢ (L) A9 .73 .01 027 .CO8 ,006 .15 .2 .04 LO2¢ 006" ,003 .009 C 1019
D (1) o15 W54 J02 029 ,013 .00k .09 .2 04 MN.D. 007 004 ,003% . ¢ 1017
D (4) 16 W46 .02 .030 L0 .003 .09 .2 JOh E.D. .007 .003 .002"  C 1017
1D (2) 6 W43 .01 J028 L0258 002 .07 .2 .0k <02 .02 (.002 (.02 ¢ 1017

¥ -

n

N.D. =

Semi-Guantitative Spectrographic dAnalysis
- Identification not certain
Not determinable




TABLE 3

Diamond Pyramid Hardness lesults Obtained on Transverse Samples

Using the Vickers Hardness Tester with a 10 Kg. load

Diamond Diamond
Identification Pyramid Identification Pyramid
' Hardness Hardness
A-1018-C-141028-20(1) 159 B (1) 120
A-1018-C-141199-20(1) 134 B (2) 2671
214"
A-1022~C0-97232-18(1) 147
. _ B (3) 126!
A-1022-C-111211-19(1) 147 9on
A=~1022-C-111211-19(2). 279 B (4) 216!
. . l52!l
A-1022-C-111.211-19(3) 135¢
ggn C (4) 169
A~1022-C-111211-19(4) 1591 D (1) 130
121" ‘ L
. D (1) # 140!
A~1022-K~102123-20(1) 161 - s 105"
A~10~35(4) 203 D () 232
D (3) . 1211
, 106"
. D (L) 146

# - Only one bar of this lot had a rim

! - Hardness of core

" - Hardness of rim (impression often as wide as rim)




-Results of

TABLE L

Tensile Testing of Wire Samples

bk

] ol

: Ultimate Yield . i
Saniple Tensile | Strength | llongation ; Reduction
Identification Strength |0.2% Offset | in 2 in, | in Area
‘ : kpsi. kpsi - ] -
A-1018-0-141028-20(1)" | 67.9 4341 30.5 67.8
A-1018-C-141199-20(1)' | 65.9 1R.7 3045 72,6
A=1022~0~97232-18(1)" 67.7 L34 27.5 67.0
A-1022-6~111211-19(1)" 67.3 44O 53,5 68,6
A-1022-C~111211-19(2)" | 120.0 108.0 6.0 50,0
A-1022-C~111211-19(3)' | 63.2 hloks :31.0 78,6
A-1022-C~111211-19(4)" | 70.6 70,2 13.5 7740
A-1022-C=102123-20(1)" | 75.4 L8k 29,8 70.8
A-10-35(4 )1 8345 70.1 8,0 70,0 .
B(1)! 5749 35.6 31.5 71.0
B(2)" 110.0 106.0 L+ 42.8
B(3)! 5749 36.8 " 34.8 78,6
B(4)" 89.2 89.0 4.0 5ke3
C(4)! 76,1 73.6 7.5 61.1
D(1)! 55.0 3443 35.3 71.5
D(2)" 98.6 93.6 b5 50,0
D(3)!. 50,0 29.7 33.0 ThysO
D(4 )" 60.5 5441 19.9 6.l

' « Average for 2 or more samples

" ~ Value for single

sample

o
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heading propertioes of steel B were reported to be inferior to those
of steel C, and both were inferior to D, The superiority of steel D
was apparently due to its low carbon and manganese contents (and
hence, low strength), It would be expected that, on the basis of the
reported analyses, the cold heading properties of B would be slightly
better than those of G, However, examination of the properties o0f the
annealed and finished~wire samples of B revealed that it had the
greatest increase in strength and hardness and the greatest decrease
in ductility of any of the series samples available, That is, the
final pass througﬁ the dies had a greater affect on steel B than on
the other steels, While the annealed sample of G was not available,
it is possible that it too was affected to a lesser degree by the
final draw tﬁan was steel B, and thus had bettef cold heading
properties in spite of the higher carbon content (as was reported).A

No significdant difference could be noticed in the amount or
type of non-metallic inclusions in the steels., A greater nunber of
the U,5. samples showed rims, but this probably had little bearing on
the problem since some of the unsatisfactory Canadian samples showed
rims as well., Comparison of the structures at a magnification of
1000 diameters revealed that all satisfactory finished-wire samples
supplied had a spheroidal carbide structure, whereas the
A-1022~0-111211~19 sample'which could not be cold headed héd some
lamellar carbides, that is, a considérably less spheroidized
strqcture. The annealing temperature might have been over the lower
critical temperature in the case of the less spheroidized steel., It
is possible that a slightly lower furnace temperature and longer

holding periods would give a more suitable product for cold heading.

It should be noted that the A-10-35 steel (0.30% C), which
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wag reported as being satisfactory in spite of the higher carbon
content, had a well spheroidized structure, The strength-ductility
properties of this stecl appear better-in relation to ¢old heading
than those of steel B (comp#ring finishéd~wir§ samples), It is
probable that this steel was affected less than was steel B by the
final pass through the dies.,

CONGLUSIONS
’ (l) The Canadian steels had higher'carbén and manganese
contents than the American steels, " Analyses showed the Canadian
steels (except A-10-35) to be SAE 1022, while the U.S. steels were
SAl (1017, 1018 and 1019.

(2) On the basis of the samples forwarded it appears that
all the useable steels were well sphersidized befofe the final draw.
through the dies, The oné unsatisfactory finished;ﬁire sample was
definitely less spheroidized. Slightly lower‘annealing temperatures

and a longer holding time might be beneficiai.
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