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The improved properties of the alloy of the present 
invention are demonstrated by the following specific ex 
amples and by the drawings. Table I sets forth the 
analysis of the material tested which includes alloys pos 
sessing the composition of the present invention and 
known commercially available compositions for which 
comparative dimensional stability test data is given. Ap 
plicant’s compositions are identified by the designations 
AL-123, AL-123 (2) and AL-123EZ, while the commer 
cially available materials are identified by their common 
tradenames Airloy, XT-028 and XT-028EZ (EZ mean 
ing a high sulfur machining grade). 

TABLE 

Designation C || Mm || Si Cr || Mo || V S 

AL 128------------------ . 85 || 2. 08 i . 27 || .77 || 1. 36 || ... 84 || ------ 
AL-123(2)---- | . 81 || 2.00 || ... 25 || 1.02 || i. 28 || ... 50 ||------ 
AL-123EZ- | .86 || 2. 16 . 26 . 76 || 1.31 ... 8 117 
Airloy--- . 04 || 2. 92 || .28 || ... 08 || 1. 01 01 . 014 
XT-028- . 72 || 2. 14 || ... 36 || ... 06 || ... 35 || ... 03 ------ 
XT-028E . 69 || 2.02 || ... 24 || 1. 02 || 1.22 || ... 02 - || , 08 

The superior dimensional stability of applicant’s alloys 
as compared to the prior known similar compositions is 
particularly illustrated by the data shown by the following 
Tables II, III and IV and FIGS. 1 and 2 of the drawings. 
In Table II, there are shown the dimensional changes 
effected on 34 inch round x 2.000’’ long specimens of the 
material designated in Table I as AL-123, Airloy and 
XT-028 when the material is hardened and hardened plus 
tempered at temperatures ranging up to 1000° F. Each 
of the commercial grades was hardened by air quenching 
from the temperature recommended for the specific grade 
to secure optimum mechanical properties and applicant’s 
composition was quenched from 1525 ° F., which is within 
25° F. of the quenching temperature of the other mate 
rials and which temperature gave applicant’s composition 
equivalent or superior mechanical properties as well 
as superior dimensional properties. The dimensional 
changes were determined by measuring the length of the 
bars before and after heat treatment. The data of Table 
II is plotted graphically in FIG. 1 to more clearly show 
the advanages of applicant’s analysis. In FIG. 1 dimen 
sional changes are plotted against tempering temperatures 
and curve 1 represents applicant’s alloy, while curve 2 
shows the dimensional stability of the XT-028 analysis 
and the curve 3 the Airloy composition. The line 0 rep 
resents no dimensional change and the initial plots indi 
cate the dimensional change occurring upon quenching. 

TABLE I 

Dimensional Stability 
Average change inches/inch of length 4” round x 2.0000” 

long samples) 

Têmper 
ing 

XT-028 
6-80C 
No W 

Airloy 
(0 C 

3.00 MAI 

--. 00062 
--. 00070 
--. 00060 
--. 00060 
--. 00110 
---“, 00096 
-- 00062 
--. 00065 
--. 00058 
-- 00052 

--. 0005 
--. 00017 
--. (J0008 
--. 0002 
--. 00060 
--. (00045 
--. 00010 
--. 00000 
--. 00003 
-, 00003 

--. 00049 
--. 0}{049 
--. 00035 
--. 00035 
--. 00097 
--. 00099 
--. 00057 
--. 00052 
--. 00047 
--. 00037 

1.As hardened, change from the finish machined 
SŽ3. 

NOTE 1.- , Denotes expansion, - denotes contrac 
10. 

NOTE 2.-XT-028-Hardened at 1550°F, for 8 min 
utes TAT-Air Quench. AIL-123-IIHard 
ened at 1525ºF for 8 minte:S TIA-Air 
Quench. Airloy-Hardemed at 500°F 
for 8 minutes TAT-Air Quench. 

It may be readily observed from either Table III or 
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4 
FIG. 1 that applicant’s alloy exhibits less dimensional 
change either as quenched or as quenched and tempered 
at any tempering treatment up to 1000° F. Although 
greater dimensional change is experienced by all three 
alloys in the 450 ° F.-600° F. temperature range, appli 
cant’s alloy exhibits the least change or deviation from the 
original dimensions of the bars. 

Table III shows the dimensional properties of 4/4" 
round samples of the same materials employed to obtain 
the data shown by Table III and FIG. 1. This data con 
firms the data of Table IH in that in nearly every instance, 
applicant’s alloy shows far greater dimensional stability 
than the other grades. 

TABLE I 
[4’’ round x 2.0000’’ long samples—Heat treatment 

identical to %”’’ rd. samples] 

Temper 
ing temp., 

o F. 
XT-028 AL-123 Airloy 

--. 00005 
--. 0008 
-- 00051 
-- 00066 
-. 00033 
--. 00007 
--. 00060 
-. 00081 
--. 00089 
--. 00.103 

--. 00005 
--. 00005 
-. 00005 
--. 00008 
--. 00020 
--. 00051 
--. 00012 
--. 00031 
--. 000-45 
-- , 00055 

--. 00050 (1) 
--. 00048 200 
--. 00037 300 
--. 00020 400 

. 00000 500 
--. 00080 600 
--. 00110 700 
--. 00090 800) 
--. 00070 900 
--. 00060 || 1,000 

1 As hardened. 

In Table IV and FIG. 2, there is shown dimensional 
stability of applicant’s alloy AL-123EZ for different 
quenching temperatures. FIG. 2 and Table IV also show 
the comparative dimensional stability of a similar grade 
identified as XT-028EZ (see Table I). These analyses 
contain sulfur that has been added to improve machin 
ability. 34-inch round x 2.000” long samples were har 
dened at the recommended temperatures for the respec 
tive materials and at temperatures 50° F. above and 50° 
F. below these temperatures for 8 minutes and air 
quenched. The specimens were measured (lengthwise) 
to the fourth decimal place before hardening, after har 
dening and after each temper. The results were as fol 
lows: 

TETABLE V 
Dimensional Stability Average Change 

[Inches/inch of length %4’’ round x 2.000” long samples 

AL-123EZ XT-028EZ 
Tem 
pering 
t?p, Austenitizing temperatures, º F. 

1,475 1,525 1,575 1,500 1,550 1,600 

Ashard 
ened|| 1 --. 00045 || ! --. 00015 || --. 00{j35 || --. 00070 || --. 00062 || --. 00082 

200------ --. 00045 || --. 00017 || --. 00020 || --. 00060 || --. 00070 || --. 00070 
300------ ----. 00035 || --. 00008 || --. G0005 || --. 00060 || --. 00060 || --. 00045 
400- --. 00030 || --. 0002 || -. 00005 || --. 00060 || --. 00060 || --. 0035 
500- --. 00075 || --. 00060 || --- 00055 || --. 00090 || --. 00110 || --. 00105 
600- --. 00060 || --. 00045 || --- 00042 || --. 00075 || --. 00096 || --. 00092 
700. --. 00030 || --. 00010 || --.00007 || --.00050 || --. 00062 || --. 00062 
800------ --. 00020 . 00000 || --. 00008 || --. 0000 || --. 00065 | --. 00050 
900------ --. 00005 | -.00003 || --. 00028 || --. 00025 || --. 00058 || --. 00032 
1,000----- --. 00015 | -. 00003 || --. 00050 || --. 00010 || --. 00052 || --. 00015 

1 Dimentional changes are in inches?in. 

In FIG. 2 the plots represent the actual dimensional 
changes as set forth in Table IV. The graph more clearly 
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shows the advantages of applicant’s analyses. All plots 
designated A, A" or A” are plots of analyses reported in 
Table I above (AL-123EZ), which are within the scope 
of the present invention, while all plots designated X, 

6 
sess uniformly high hardnesses which are substantially 
retained upon subsequent tempering. Over this harden 
ing range a fine grain size is maintained as shown by the 
Shepherd Fracture grain size ratings of 94% or higher. 

TABLE V 
Hardening and Tempering Data 

(Samples 2'’ long x 14?rd. of steel having the analysis shown by Table F, were hardened for 5 minutes at the indicated temperature and air cooled. They were fractured and tested for hardness. The samples were then tempered cumulatively for 1 ho?r at the indicated temperatures with the Rockwell “C” hardness checked after each temper) 

Grain size Hardening temp., || Hardiness | Shepherd 
or as quenche | rating 

300° F. 

26. 5 5 27 
52. 5 7% 54 
57 94% 58 
59. 5 () 6 
59. 5 0 60. 5 
62. 5 0 62 
63. 5 9% 62. 5 

1,700 ---- 63 10 62 
1,750.- 63 0 63 
1,800- 63. 5 10 63 
1,850- 62. 5 9 62. 5 
1,900- 63 9 63. 5 
1,950- 63 9 63 
2,000--------------- 62. 5 8 62. 5 

Cumuiative 1-hour draw at 

400° IF. || 500° F. || 600° F. || 700º F. || 800º F. || 900° F. || 1,000º F. 

29 28 28 27 23 25 23 
54 54 53 52 52 50, 5 49 
57 536 56 53, 5 54 53 51 
59 57 56. 5 53. 5 54. 5 54 52 
59 56 55. 5 55 56 55. 5 52 
60} 59 57 57 56 55 52. 5 
60. 5 57 57. 5 55. 5 56 55 54 
60 57 56. 5 56. 5 55 55 54 
60. 5 58 57 56 55. 5 55 53. 5 
62 57 57 56 55 55 54 
60. 5 57. 5 57 56 55. 5 55 54 
{6} 57. 57 55 55 56 54. 5 
59. 5 57. 56. 5 56 55 55 54 
59. 5 58 57 57 56 54 55 

X” or X” are plots of the XT-028EZ material. The tem 
peratures from which the samples were quenched varied, 
each material being air quenched from the temperature 
from which optimum die steel properties are obtained 
and at 50° F. above and below such optimum tempera 
tures. The precise quenching temperatures were as 
follows: 

AL-123EZ: XT-028EZ: 
A-1525 ° F. X-1500° F. 
'.1575 ° F. X”.-1550 ° F. 

A’’.-1475 ° F. ’’.-1600° F. 

As may be readily seen from the data of Table IV and 
from FIG. 2 at any given temper applicant’s analysis ex 
hibits far less distortion than the presently available com 
positions. This data shows that the degree of stability of 
applicant’s alloy varies to some extent in accordance with 
the hardening treatment, but that similar compositions 
also vary, but are generally less dimensionally stable re 
gardless of the exact head treatment given. 
As may be observed from the data of Tables II-IV 

and FIGURES 1 and 2, applicant’s compositions exhibit 
a closer relation to the theoretical zero limit of dimen 
sional change than other low alloy-air hardening die 
steels now being used. This holds true for both large 
and small sample size showing that the vanadium addition 
in combination with the proper level of carbon produces 
close dimensional stability. 

F?GS. 3 and 4 demonstrate the hardening properties of 
applicant’s alloy. These figures show the results ob 
taimed when 4” and 6” cubes of applicant’s alloy (AL 
123) were heated to 1550° F., air cooled and cut in half, 
them tested for Rockwell “C” hardness from the edge and 
corner of each to the center of the former cubes. The 
results, as shown, clearly illustrate the good deep harden 
ing characteristics of the material. These characteristics 
are known to be prevalent over a hardening range of 
1500° F. to 1800° F. Such a wide band of acceptable 
hardening temperatures is greatly advantageous to a fab 
ricator, since he can use a variety of equipment which 
may be available to him for such heat treatment and, 
additionally, can heat treat the material for purposes of 
quenching with other steels of various grades. 
Table V shows the wide hardening range of the AL 

123 analysis. Samples which were air quenched at tem 
peratures of from 1500° F. to 1800° F. are shown to pos 
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Table VI below, shows the Izod impact properties of 
the hardened and quenched AL-123 analysis. These 
properties are shown to be equivalent or superior to those 
possessed by the known commercially available materials. 

TABLE VI 

Izod Impact Tests at Room Temperature 
[Uninotched Izod samples 3 lpng x 425" square were hardened at the indicited temperatures and air quenched. Tempering for 1 hour at the 
indicated temperature preceded finish grinding to .394" squares. The 
samples were then tested in a 120 ft. lb. Izodl machine) 

Hardening ||Tempering Hardine:SS Average 
temp., ° F | temp., ° F | Rockwell “C” impact 

value, ft. lbs. 

1, 500 () 43 51. 5 
1, 500 300 42 62 
1, 500 400 39 - 74 
1, 500 500 42 82 
II, 500 600 40 96 
1, 600 (l) tö3 27. 50 
1, 600 3{}{} 61 -2 55 
1, 600 400 59 68. 25 
1, 600 500 56, 5-57. 5 82 
1, 600 {)} 55 -56 76. 50 
i, 800 (1) 62 -63 23. 25 
1,800 30 É0 -61 57. 25 
1,800 }0 58 -59 89. 50 
1,800 50 556 -57 (2) 
1,800 600 54 -56 (? 

As quenched. 
º Beyondi capacity of Immachine. 

From FGS. 3 and 4 and Tables V and VI, it is shown 
that applicant’s alloy exhibits good deep hardening char 
acteristics (FIGS. 3 and 4 and Table V) and good impact 
resistance (Table Vi), in addition to unusually good di 
mensional stability (FIGS. 1 and 2 and Tables II, III and 
IV). 
The following data shown by Table VII also illustrates 

the wide hardening range and fine grain size of the alloy 
of the present invention. The material tested had the 
analysis reported as AL-123(2) in Table I above. 

Samples 2” long were cut from 1” round annealed 
bar stock. They were hardened by holding for 5 minutes 
at the indicated temperatures and air cooling. Samples 
were fractured and Shepherd fracture grain size ratings 
obtained. Hardness measurements were obtained as 
quenched and after tempering cumulatively at tempera 
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tures of 300º F., 400º F., 500° F., 600° F., 700º F., 800° 
F., 900° F. and 1000° F. Results are tabulated below: 

8 
ability in the annealed condition and good dimensional 
stability during heat treatment. 

Hardness, Rockwell C 

Tempering temperatures 

TABLE V 

Hardening tempera- Shepherd 
ture, º F. fracture 

grain size As 
Quenched 300° F. || 400° IF. 500° F. 

3 25. 5 26, 5 26, 5 25 
8 53 53. 5 53 51 
8% 59 59 58 57 
92% 61 61 59 586 
9% 63 63 60. 5 58 
10 63 62 60 58. 5 
94á 63. 5 63 60 57. 5 
94% 64 62 60 57. 5 
94% 64 63 60 58 
94% 64 62 59 58 
8% 63. 5 62 59. 5 58. 5 
8% 63. 5 6 59. 5 58 
8 63. 5 61 59 58 
7 63-63, 5 61 59 57. 5 

600° F. || 700° F. || 800° F. || 900° F. || 1,000° F. 

25 24 23 22 21 
51 48, 5 45 44 41 
56 53 50 47 42 
54 5 47 47. 5 46 
57 54 52 50 47. 5 
57 56 54. 5 53 52 
57 56 55 53. 5 52. 5 
57 56 55 54 51 
57 56 55 54 53 
57 56 55 53 51. 5 
57 56 55. 5 54. 5 54. 5 
57 56 55. 5 55 55 
57 56 55. 5 55 55 
57 56 55, 5 55 55 

The above specific examples are given to illustrate the 
properties of applicant’s novel composition and in no Way 
limit the scope of applicant’s invention or claims to the 
exact analyses set forth. 

I claim: 
1. An iron base alloy consisting essentially of greater 

than .80% and less than .90% carbon, 1.85% to 2.15% 
manganese, .25% to .50% silicon, .75% to 1.10% 
chromium, 1.20% to 1.40% molybdenum, .45% to .85% 
vanadium, the balance iron plus incidental impurities, 
said alloy being characterized by good deep hardening 
characteristics, a wide hardening range, good impact re 
sistance, good machinability in the annealed condition 
and good dimensional stability during heat treatment. 

2. An iron base alloy consisting of greater than .80% 
and less than .90% carbon, 1.85% to 2.15% manganese, 
.25% to .50% silicon, .75% to 1.10% chromium, 1.20% 
to 1.40% molybdenum, .45% to .85% vanadium, the bal 
ance iron plus incidental impurities, said alloy being char 
acterized by good deep hardening characteristics, a wide 
hardening range, good impact resistance, good machin 
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3. An iron base alloy consisting essentially of .83% to 
.87% carbon, 1.85% to 2.15% manganese, .25% to .50% 
silicon, .75% to 1.10% chromium, 1.20% to 1.40% 
molybdenum, .45% to .85% vanadium, the balance iron 
plus incidental impurities, said alloy being characterized 
by good deep hardening characteristics, a wide hardening 
range, good impact resistance, good machinability in the 
annealed condition and good dimensional stability dur 
ing heat treatment. 

4. An iron base alloy consisting of .83% to .87% car 
bon, 1.85% to 2.15% manganese, .25% to .50% silicon, 
.75% to 1.10% chromium, 1.20% to 1.40% molybdenum, 
.45% to .85% vanadium, the balance iron plus incidental 
impurities, said alloy being characterized by good deep 
hardening characteristics, a wide hardening range, good 
impact resistance, good machinability in the annealed 
condition and good dimensional stability during heat 
treatment. 
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