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R ESULTS of tensile tests made with the nonprecious metals, notably alumi-
num, have proved that section size is not a factor in determining propor-

tional limit, provided the grain size is not excessive.' However, these tests were
made on specimens varying from 0.500 to 0.050 inches in diameter, and wrought
dental gold wires, in which the diameter is as small as 0.030 inches, are often
used. It is possible, therefore, that a similar relationship does not exist in
such a case.

A survey of the technical literature indicated that no analysis had been
made of the effect of section size on the mechanical properties of the dental
alloys. Such data would be of interest since they might reveal the validity
of applying the published values for one size wire while a different size was
being used in practice.

Previous work2 3 compared chemical composition, microstructure, and such
mechanical properties as Vickers' diamond pyramid hardness, tensile propor-
tional limit in bending, ultimate tensile strength and degree of set in bending.
In this report two additional factors were considered; the effect of cross section
of the wires, and the influence of high temperatures during the softening process
on these properties. This last test was limited to the wire least influenced by
section size using the proportional limits in bending and in tension as a criterion.
Tests were conducted in the softened (as quenched) as well as the hardened
states in the three wires investigated.

MATERIALS

All alloys were the standard commercial products, representing the compo-
sition and property range normally met with in wrought gold dental alloys.*
They were in the form available to the profession, as wrought wires with the
heat treatment, if any, that is normally performed by the producer before
release. The alloys were obtained as 20 gauge (0.030 inch), 18 gauge (0.040
inch), 16 gauge (0.050 inch), and 14 gauge (0.064 inch) wires, suitable for
tensile and bend tests. The chemical compositions of the alloys are given in
Table I.

HEAT TREATMENT

All alloys were heat treated before testing. The wires had apparently been
heat treated by the manufacturers, and it is obvious that this previous heat

These studies were aided by a contract between the Office of Naval Research, De-
partment of the Navy, and the University of Michigan, N6-onr-23 2, Task Order VIII (NR
181-360).
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J. M. Ney Company, Hartford, Conn., Spyco Smelting and Refining Company., Minneapolis,
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TABLE I
CHEMICAL COMPOSITION OF DENTAL GOLD WIRES

ANALYSIS (PER CENT BY WEIGHT)
ALLOY AU PT PD AG CU ZN NI

A 61.5 2.5 3.0 14.5 18.5 -- --

B 63.0 7.0 5.0 10.5 12.0 0.5 2.0
C 55.0 17.0 7.5 8.0 11.0 1.5 --

ANALYSIS (ATOMIC PER CENT)
A 40.1 1.6 3.6 17.3 37.4 -- __
B 43.8 4.9 6.4 13.4 25.8 1.0 4.7
C 39.5 12.3 10.0 10.5 24.5 3.2 __

treatment could influence the results obtained, particularly where the manu-

facturer's heat treatment took place at a temperature greater than that used
at this laboratory to insure a softened state. However, after considering these
possibilities, it was believed the best procedure would be to minimize such
variations as much as possible by heating all wires to 1292° F. (700° C.) for
10 minutes then quenching in water. The hardened state was obtained by re-

heating for 15 minutes to 6800 F. (360° C.) in a salt bath then quenching in
water. In the case of wire C, a further heat treatment was carried out. One
series of wires was heated 17000 to 1800° F. (9270 to 982° C.) for one hour, then
water quenched. This initial set was used for a series of bend tests. A second
set of wires was heated 17000 to 19000 F. (9270 to 1038° C.) for one hour, then
water quenched. The higher temperature in this case was due to lack of con-

trol on the furnace, a small laboratory type dental unit. Since the higher
temperature was used solely as a qualitative measure in determining its effect
on grain size and variation in mechanical properties among the different size
wires, this fluctuation in temperature was not considered to be of importance.

TABLE II

MECHANICAL PROPERTIES OF DENTAL GOLD WIRES

PROPORTIONAL LIMIT PROPORTIONAL LIMIT
WIRE (TENSION) (BENDING.)

ALLOY GAUGE SOFT HARD SOFT HARD

A 20 41,400 97,600 71,000 146,800
18 50,900 100,600 82,100 156,200
16 56,400 98,500 88,000 155,000
14 55,200 101,800 88,800 162,500

B 20 47,500 107,600 96,000 146,300
18 70,300 116,200 123,000 179,800
16 87,900 123,100 127,300 194,700
14 89,600 129,700 155,800 212,800

C 20 74,300 91,300 106,100 127,400
18 73,900 93,100 119,400 148,300
16 75,000 90,200 124,500 144,900
14 73,500 93,900 121,200 153,900

CC 20 48,500 62,000
18 55,500 87,000
16 63,600 103,900
14 59,500 99,800
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E'IJSTL' FROCIEI)URES

Tensile aindi bend tests as well as iaiuclless mOeasureellnents and polishing
tecllni(lues were perfo-rtmed in the ianner discussed inl pie\-ilis Peorts.2 A.
Tinius Olsen mechanical drive machine cx as usedI for the tensile tests. Bend
tests Were made oti a Tinius (lsen stiffness tester usilln 9-inch. wilcenlgths,
and hardnesses were (ieterrmiinei with a Viekeis hardness tes-ter using a 10 kg.
load anld a :136 (liaI-mo id pvnrainud point.

A/t.

C.

R.

D.

EFlig. 1.--Nlicro.Stuturots of w routng goltf \\ires. P otassiumi cyanide-Amninonium Per-
sujlfate E,'tchl. 1000 Iiaimeters. A, Alloy , soft. B. Alloy B1, soft. Ct thecy (C soft. D,
Ailoy CC.

Prlloportionladl limit inl bending and in tension wvas selected as a criterion
for comparison, and these are the only values tabulated ill Table TI .

mph0 nicrostructures of the tIlaee allos>s are given at -1000 diameters ill
Fig. 1 in the soft (as quenched) state. An additional m1ierostructure is also
given in Fig. 1. This illustrates the effect on thre g-rain size of alloy C of heating
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to 17000 to 18000 F. for one hour. The photomicrographs aid in predicting the
effect of grain size on the mechanical properties of wires as a function of the
section size.

The difference in grain size from alloy to alloy, as well as that occurring in
one particular alloy due to a variation in the heat treatment, is sufficient to
infer qualitatively the existence of a critical section size below which the pro-
portional limits decrease with a decrease in diameter. Above this critical cross
section no change in mechanical properties should be noted with an increasing
diameter.

DISCUSSION

In Figs. 2 and 3 are plotted the proportional limit in tension and pro-
portional limit in bending versus the wire diameter, definitely indicating that
no correlation exists between these mechanical properties and the section size
of the wire. Examination of Fig. 2, proportional limit in tension versus wire
diameter, does indicate that the different alloys, after the manufacturer's heat
treatment and the softening heat treatment, did not respond in the same fashion.
Alloy A has a critical diameter of about 0.044 inch, below which the proportional
limit decreases with a decrease in diameter, and above which no change occurs
with an increase in diameter. Alloy B responds in a similar fashion. In this
case the critical diameter occurs at 0.048 inch. Alloy C, however, has a critical
diameter less than that of the smallest wire tested (0.030 inch) since there is no
change in proportional limit noted from the largest to the smallest wire. To
determine the effect of excessively high heat treatment temperatures on an
alloy, the least responsive, C, was heated within a temperature range varying
from 17000 to 19000 F. and held there for one hour before being quenched in
water. These tests, designated by the code letters CC, had lower proportional
limits, a higher critical diameter (0.048 inch), and an increased grain size.

An examination of the proportional limits in tension as a function of
the diameter indicates that the wires are generally less structure-sensitive in
the hardened than in the softened state. Alloy A apparently has a critical
section size slightly greater than or, possibly, less than 0.030 inch. Alloy C
responds in the same fashion. The response of Alloy B differs from that of the
other two. The results indicate that the critical section size is definitely in-
creased. It is not possible to tell whether it is greater than 0.064 inch, but it
cannot be much less in any event. No adequate explanation of this phenomenon
is advanced due to lack of sufficient data; however, it is suggested that the
precipitation hardening which is so pronounced in this particular alloy may be
partially responsible.

The results of proportional limit in bending versus wire diameter are
shown in Fig. 3. Analysis of the alloys in the softened state indicates that the
results are comparable to those obtained in the tensile tests. In Alloy A the
critical diameter is 0.045 inch. Apparently Alloy B is more structure-sensitive
in bending than in tension, since the critical diameter is greater than 0.064 inch.
Alloy C is also slightly more structure-sensitive. In tension the critical diameter
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was less than 0.030 inch. In bending the critical diameter is approximately 0.040
inch. Alloy CC has a greater critical diameter than Alloy C, as would be ex-
pected. Here, the critical diameter is 0.046 inch.

The hardened wires again responded in bending in a fashion similar to
that observed in the tensile tests. Alloy A had a critical diameter between
0.030 inch and 0.040 inch, somewhat higher than was observed in the tensile
results. Alloy C also fell in this same range, again higher than in the tensile
tests. In the case of Alloy B the critical diameter was greater than 0.064 inch,
duplicating the results of the tensile tests.

It is apparent that either tensile or bend tests are satisfactory for determin-
ing the critical section size. In some cases the slightly greater sensitivity noted
at smaller diameters, when using the bend test, indicates it might be preferable,
particularly since the test condition is more comparable to conditions in prac-
tice than is a tensile test.

A comparison of the photomicrographs in Fig. 1 indicates that grain size
is not the sole factor in determining the critical diameter. This is understandable
when the wide variation in chemical composition is noted together with the
definite over-all difference in shape of grain and type of precipitate occurring
in the various alloys. In Alloy C, where such variables as chemical composition
and type of matrix precipitate are eliminated, the increase in grain size accom-
panying the heat treatment at an excessive temperature can be considered to be
one of the most important factors in shifting the critical diameter upward.
It probably is not the sole factor, but it undoubtedly is responsible for some
of the decrease in the proportional limit and the shift in critical section size.

CONCLUSIONS

1. No definite correlation exists between cross-section of the wire in either
the soft or hard state and proportional limit in bending or in tension.

2. A critical section size exists below which the mechanical properties
change as the section size decreases, and above which, no change in mechanical
properties is noted with an increase in section size.

3. An increase in the platinum content is accompanied by a decrease in the
critical section size. This is attributed to the refinement in grain size which
accompanies such an increase in platinum.

4. An alloy with a small grain size is less structure-sensitive than an alloy
with a large grain size. In the same alloy an increase in grain size is accom-

panied by a similar increase in the critical section size.
5. If the wires are heat-treated at an excessively high temperature, an

increase in the grain size, and a decrease in the proportional limits in bending
and in tension, will occur together with an increase in the critical section size.
provided, of course, that the wires have not been subjected to a previous heat
treatment at a higher temperature.

6. Both tensile and bend tests are satisfactory for determining the critical
section size in hard or soft wires; however, the results indicate that the bend
test may have a greater degree of section sensitivity than the tensile tests, at
least in certain alloys.
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7. Published values of the proportional limits of various alloys, when based
on a single wire diameter, should be used for design purposes only when the
design structure is equal to or greater in cross-section than the cross-section of
the test wire. This precaution is unnecessary if it is known that the critical
cross-section is smaller than either the design or test wire cross-section.

8. Alloys in which a pronounced precipitation hardening occurs are ap-
parently much more structure sensitive in the hardened than in the softened
state. On hardening, the critical section size is shifted to a much greater value
in both tensile and bend tests.
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Errata

In Abstract 18 (J. D. Res. 30: 465, 1951), line 7 on page 466 should read
"The precarious lesions," not "The various lesions."

In Abstract 121 (J. D. Res. 30: 504, 1951), line 2 on page 505 should read
"erupted tooth," and not "unerupted tooth."


