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KEYWORDS  ABSTRACT
Powder Technology, This research aims to prepare the ternary alloy (Ti-6AIl-4Nb) Using powder technology and studying X-ray

Annealing, diffraction analysis and micro hardness of this alloy. Titanium, aluminum, and niobium, powders were mixed
Mechanical together to homogenize the elements, and then the pressing process was carried out under pressure (5Ton) and
Properties for a period of time(60sec) For the purpose of obtaining a cohesive alloy in the form of discs, then the heat

Treatment process (annealing) was conducted at different temperatures. (650,750,850,950,1050)°C for two
hours, the structural properties were studied through X-ray diffraction examination (XRD)And studying the
mechanical properties by measuring the micro hardness using the Vickers hardness method before and after
annealing, the results of the tests showed (XRD)The phases of the basic materials that make up the alloy, as the
crystalline structure of titanium appeared to be of the hexagonal stacked type(HCP)As for aluminum, it
appeared in a cubic system with concentric faces(FCC) and niobium in a body-centered cubic system (BCC)A
new phase also appeared after the annealing process, which is the phase(AINbTi2)Has a right rhombic crystal
structure(Orthorhombic) The results of the micro hardness test (Vickers) showed that the annealing process has
a positive effect on improving the mechanical properties, as the hardness value increases when temperatures

increase.

1. Introduction

Powder technology is one of the most important methods for preparing alloys that are characterized by
their ability to produce difficult-to-form pistons with uncomplicated shapes that have distinctive
properties and excellent crystal structures and high purity using pressure without using thermal
treatments [1]. The chemical composition, purity of the powder, and the shape and size of the powder
particles are among the distinctive characteristics of powders that improve the physical properties and
control the microstructure to reach the required homogeneity [2,3]. The pistons resulting from mixing
the elements are characterized by suitable structural and physical properties that are better than the
properties of the pure elements themselves that are relied upon in engineering applications [4]. To
improve and develop the properties of the pistons, they are thermally treated by annealing, as heat has
an effect on the properties of the microstructure of the annealed alloy [5]. The alloys are heated to a
temperature of (0.9-0.7) from their melting point and then left to cool slowly to obtain a dense, solid,
cohesive, homogeneous body with a high density [6,7]. The resulting material that includes more than
one metal One is called an alloy [8], as an alloy is a mixture of two or more materials (with metallic
properties) in which atoms or molecules of one material are randomly distributed throughout another
material in different proportions. The alloy resulting from mixing two elements is called a binary alloy
(Binary alloys) and may be a mixture of three elements, which is called a ternary alloy (Ternary alloys).
Alloys are divided into two main sections, which are (ferrous and non-ferrous alloys). Ferrous alloys
have good physical properties [9] and alloys have many wide applications in the field of industry
[10,11]. Titanium is one of the metals with good physical properties, such as high tensile strength,
density, malleability, corrosion resistance, and its ability to merge with aluminum, niobium, vanadium,

nickel, and other metals to produce strong and lightweight alloys [12,13]. As for aluminum, it has many
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desirable physical properties, as it is flexible, lightweight, a good reflector of visible light, malleable,
malleable, and highly durable and resistant to corrosion, so it forms many strong alloys [14]. As for
niobium, it is characterized by its high density and good resistance to corrosion and is added to other
metals. To improve the strength and durability of these metals[ 15 ].

2. Practical part In this study

the triple alloy was prepared using titanium materials of American origin with a purity of 99.95% and
a percentage of 90%, aluminum of German origin with a purity of (99.98%) and a percentage of 6%,
niobium of Indian origin with a purity of (99.99%) and a percentage of 4%, as the materials were
weighed in the mentioned proportions and mixed manually with an agate mortar for (2 h) to obtain the
required homogeneity, 6 identical alloys were prepared with the same components and mentioned
proportions and the pressing process was carried out with a hydraulic press type (HONMAKSAN) of
Turkish origin, using cold pressing technology and using the unidirectional pressing method for the
mixed powder, as a pressing pressure of (5 Ton) was applied for a period of time (60sec) to obtain six
cohesive and strong samples of the alloy, which were (20mm) in diameter and (15mm) in thickness.
The alloys are introduced into the electric furnace (Muffle Furnace) with Chinese origin, its
temperature reaches °C (1200) by placing each sample in a ceramic crucible and exposing it to the
following temperatures: “C (650, 750, 850, 950, 1050) for two hours. Thus, the samples will be ready
for laboratory tests. X-ray diffraction analysis was performed using an American-made
(PANALYTICAL’SAERIS) device at room temperature for the purpose of identifying the crystalline
structure and new phases formed in the alloy. As for the results of the microhardness test (Vickers),
they showed that the annealing process has a positive effect on improving the mechanical properties,
as the hardness value increases with increasing temperatures.

3. Results and discussion

Structural properties (X-ray diffraction (XRD)): -

X-ray diffraction (XRD) was studied for the basic materials that make up the prepared ternary alloy
(Ti-6Al-4Nb) and to know the crystal structure of the materials, the results showed the phases of the
basic materials that make up the alloy, the appearance of the crystal structure of titanium of the
hexagonal packed type (HCP) and of aluminum of the face-centered cubic type (F.C.C) and of niobium
of the body-centered cubic type (B.C.C). The difference in the crystal structures of the materials
involved in preparing the alloy led to the emergence of a new phase after the annealing process that
took place at different temperatures °C (650,750,850,950,1050) for a period of (2h), which is the phase
(AINDbTI2) with the orthorhombic crystal structure (Orthorhombic) According to the standard card of
the American Society for Testing Materials (ASTM) numbered (00-152-2558), Figure (1) shows the
appearance of diffraction peaks for the alloy components before and after annealing at different

temperatures. We notice that with increasing the annealing temperature, the intensity level of the peaks
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decreases for the base material (titanium) after the annealing process. As for the rest of the components
(aluminum, niobium), there is a variation in their intensity between rising and falling according to the
temperature. This is due to their proportion in the prepared alloy. The appearance of the (AINbTi2)
phase indicates the presence of phase changes resulting from the interaction of the materials with each
other due to good mixing and the similarity of the grain sizes of the materials used and the exposure of
the model to high and different temperatures, which led to new bonds that formed the (AINbTi2) phase
[16,17].

[ Aftes Annewing . ]
2000 4 ! 3
1200 T=650 °C l (o Betore Annesing
(anm 90% Ti=Hexagon 1800 o 7‘"HP‘DJ7’D
0% Al=Cubic “1 0% Al=Cubic
= 1000 | 4% Nbv=Cubic = 1600 % Mo «Cube
c L € c
=] 1o = ~
> ‘ - 140X 8
[ < 5 b=
o~ g 8 5
% 400 - < E F 1200
& . | M & 1000 4
o v

2 600 =D Eo 4 ] >
: J ‘ *‘{; 3 Ses o = S 8004 =
8 [ 518fT T =73 v EX| § =
€ S1TH> | & = = * 6o z Az
= 0 1800 —

SRy (D21 WNINDT I

2 BT _T=850 T
(021 MUNBT L . TEHe wagunat 1600 pO% T '

2000

““asity {arbitrary unt)

1000 2 £ 800 =% < 2
i . R | - -
29 WINBT L e - o i
021 MUNBT NG ] T =104 1200 (D21 WIND
1400 Jl\ T n X Moo N3
‘ ‘_,g Al=Cutee 0% Al=Cubx i
- {44 N <Cutic 4% Mb=Cubec
= 00 et 900 R e —
_: = 2‘ (4]
g 10 9 = ;:-E
& X > >

3 B e - ::.
8 - | = !y
3 2 a £ .
I _ ; & 600 - | :‘ ;
§ t :( [ - |
@ = < EX T
= 400 f: | "

MWM“W'W“VT '“' W / MJVW W

0 ' ' PSP NCC I S U CC ML S U W S
'U ,‘L' )J 40 20 C-_l 10 20 n 40 =) B 70 B0
26(Degree) 20({Degree)

table (1) shows the results of X-ray diffraction of the alloy (Ti-6Al-4Nb). We see the values of the
grain size, the angle at which the diffraction peaks appeared, Miller coefficients, and the width of the
midpoint of the peak (FWHM). Obtaining this information shows the extent of homogeneity of the
alloy components with each other and the possibility of forming new phases. The phase (AINbTi2)
appeared at a temperature of “C (650) for the first time at the angle (27.392°,37.0117°,42.1505°), while
at a temperature of “C (750) the phase appeared at the angles (27.8314°, 42.6406°, 57.0052°), while at
a temperature of "C (850) the phase appeared at the angles (27.4865°,42.0611°,57.4206°), and at a
temperature of “C (950) it appeared at the angles (27.8489°,42.589°,57.9319°), at a temperature of °C
(1050) it appeared at the angles (27.2776°,42.1121°,57.434%). We noticed the repetition of the same

angles for temperatures (750°,850°,950°,1050°). I concluded that the annealing temperatures allffected
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the alloy to form the new phase with almost the same effect, with differences in the grain sizes and the

width of the midpoint of the peak at those angles. If we compare the appearance of the phase at different

temperatures at each angle, we see a small displacement of some peaks as a result of the stresses

resulting from the annealing process and the densities of the materials entering into the alloy

composition and the mixing ratios [18,19].

Tempera
tures
(°C)

2Theta
(Degree)

35.5609

38.8933

40.614
Before 44,7843
Annealin = 52.4211
g 62.3687
65.5289
70.5264
76.5686
78.6167
27.392
35.917
37.0117
38.4898
40.0523
42.1505
44.3808
52.0552
55.2325
57.4975
62.4251
70.0301
76.0164

78.5006
27.8314
35.4761
40.1371
42.6406
44.444

52.3823
55.6991
57.0052
62.0392
65.4012
69.3004
78.4081
27.4865
35.9087
40.0026
42.0611
44.8639
55.1021
57.4206
62.4531
65.7787

650

750

850

FWHM
(Deg)

0.2758
0.3166
0.1512
0.2177
0.359

0.4214
0.2057
0.447

0.4526
0.2406
0.5015
0.5674
0.4742
0.556

0.4646
0.6465
2.2386
0.4994
0.4572
0.4033
0.5048
0.971

0.667

0.5324
0.21
0.446
0.4568
0.4125
0.4351
0.3319
0.425
0.4079
0.4659
0.4117
0.5686
0.6496
0.1633
0.1994
0.4871
0.1891
0.2035
0.2212
0.19
0.2198
0.2371

dhki
Exp (°A)

2.5225

2.3137

2.21956
2.00511
1.71374
1.46657
1.42335
1.32607
1.24329
1.21595
3.14101
2.49831
2.42689
2.33703
2.24938
2.14214
2.03953
1.7247

1.66175
1.60156
1.4654

1.34247
1.25094

1.23065
3.20298
2.46129
2.24483
2.16718
2.03677
1.74526
1.67668
1.61421
1.47344
1.44553
1.35481
1.25952
3.24239
2.43343
2.25206
2.14648
2.01868
1.66537
1.60352
1.46482
1.43801

(oXS
(nm)

35.7877
32.5850
69.9563
51.9652
36.6746
41.0845
94.2333
53.8825
76.3759
169.0847
18.0327
17.4736
21.2052
18.4503
22.5780
16.7522
5.0186
26.1475
30.7975
37.0519
34.3614
24.2126
49.8176

75.6508
43.2368
22.1072
22.9921
26.4612
25.8486
39.6342
33.5252
36.1479
36.7572
46.8530
39.9510
52.5971
55.4264
50.3605
21.5194
57.1923
55.6681
63.4477
78.4822
78.9895
82.5452

hkl

(100)
(002)
(101)
(200)
(102)
(2-10)
(220)
(200)
(201)
(311)
(021)
(100)
(131)
(002)
(101)
(041)
(200)
(102)
(200)
(2-10)
(220)
(200)
(201)
(311)
(021)
(100)
(101)
(041)
(200)
(102)
(200)
(331)
(2-10)
(220)
(211)
(311)
(021)
(100)
(101)
(041)
(200)
(200)
(331)
(2-10)
(220)

Phase

Ti

Ti

Ti

Al

Ti

Ti

Al

Ti

Ti

Al
AINDbTi;
Ti
AINDbTi;
Ti

Ti
AINDbTi;
Al

Ti

Nb

Ti

Nb

Ti

Ti

Al
AINDbTI;
Ti

Ti
AINDbTI;
Al

Ti

Nb
AINbTi,
Ti

Al

Nb

Al
AINbTi»
Ti

Ti
AINbTi,
Al

Nb
AINDbTi;
Ti

Al

System

Hexagonal
Hexagonal
Hexagonal
Cubic
Hexagonal
Hexagonal
Cubic
Hexagonal
Hexagonal
Cubic
Orthorohombic
Hexagonal
Orthorohombic
Hexagonal
Hexagonal
Orthorohombic
Cubic
Hexagonal
Cubic
Hexagonal
Cubic
Hexagonal

Hexagonal

Cubic
Orthorohombic
Hexagonal
Hexagonal
Orthorohombic
Cubic
Hexagonal
Cubic
Orthorohombic
Hexagonal
Cubic

Cubic

Cubic
Orthorohombic
Hexagonal
Hexagonal
Orthorohombic
Cubic

Cubic
Orthorohombic
Hexagonal
Cubic

Card No

00-900-8517
00-900-8517
00-900-8517
00-150-2689
00-900-8517
00-900-8517
00-150-2689
00-900-8517
00-900-8517
00-150-2689
00-152-2558
00-900-8517
00-152-2558
00-900-8517
00-900-8517
00-152-2558
00-150-2689
00-900-8517
00-151-2524
00-900-8517
00-151-2524
00-900-8517
00-900-8517

00-150-2689
00-152-2558
00-900-8517
00-900-8517
00-152-2558
00-150-2689
00-900-8517
00-151-2524
00-152-2558
00-900-8517
00-150-2689
00-151-2524
00-150-2689
00-152-2558
00-900-8517
00-001-1292
00-152-2558
00-150-2689
00-151-2524
00-152-2558
00-900-8517
00-150-2689
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69.7063
70.481

78.2272
27.8489
35.4127
40.9748
42.589

44.3182
52.1304
55.6194
57.9319
62.9503
65.318

69.2284
27.2776
38.0391
42.1121
44.7861
52.4077
55.0977
57.434

62.8699
65.2511

950

1050

4. Mechanical tests (Vickers hardness)
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0.298
0.2241

0.2957
0.2909
0.3628
0.4719
0.3567
0.3283
0.2909
0.3458
0.3469
0.5084
0.513

0.9775
0.5501
0.594

0.5451
0.6179
0.6214
0.4733
0.3941
0.3376
0.2265

1.34791
1.33498

1.23433
3.20101
2.46543
2.25357
2.16975
2.04226
1.7531
1.67894
1.61611
1.47531
1.4472
1.35605
3.15345
2.42516
2.144
2.022
1.71414
1.66549
1.60317
1.43621
1.40958

77.6871
107.2361

133.0873
31.2176
27.1556
22.5366
30.5752
34.1839
44.9642
41.1198
43.5959
34.7291
37.4823
23.1620
16.4226
17.1632
19.8565
18.3091
21.1815
29.6494
37.8510
52.1562
84.6786

(211)
(200)
(311)
(021)
(100)
(101)
(041)
(200)
(102)
(200)
(331)
(2-10)
(220)
(211)
(021)
(100)
(041)
(200)
(102)
(200)
(331)
(2-10)
(220)

Nb

Ti

Al
AINbTi;
Ti

Ti
AINbTi,
Al

Ti

Nb
AINbTi,
Ti

Al

Nb
AINDbTi,
Ti
AINDbTi,
Al

Ti

Nb
AINDbTi,
Ti

Al

Cubic
Hexagonal
Cubic
Orthorohombic
Hexagonal
Hexagonal
Orthorohombic
Cubic
Hexagonal
Cubic
Orthorohombic
Hexagonal
Cubic

Cubic
Orthorohombic
Hexagonal
Orthorohombic
Cubic
Hexagonal
Cubic
Orthorohombic
Hexagonal
Cubic

00-151-2524
00-900-8517
00-150-2689
00-152-2558
00-900-8517
00-001-1292
00-152-2558
00-150-2689
00-900-8517
00-151-2524
00-152-2558
00-900-8517
00-150-2689
00-151-2524
00-152-2558
00-900-8517
00-152-2558
00-150-2689
00-001-1292
00-151-2524
00-152-2558
00-900-8517
00-150-2689

The conditions for preparing the alloy greatly affect the properties of the resulting alloy. The powder

technology method followed by the annealing process was a positive indicator of improving the studied

mechanical property, which is Vickers hardness, as well as improving its physical properties, as what

enhances the increase in the Vickers hardness values of the alloy is the decrease in its porosity and

grain size, as The lower these two values, the higher the hardness values, that is, the relationship is

inverse, because the distribution of the components of the alloy will be better in this case, as shown in

Table (2) and Figure (2). The results of the Vickers hardness examination confirmed that the hardness

increases with the increase in the annealing temperature, and that temperature affects. It changes the

crystalline arrangement and makes it more regular, which leads to an increase in the bonding strength

of the atoms in the material. The formation of a new compound is (AINbTi2) as this compound works

to strengthen the material and reduce its porosity and grain size, which increases the hardness values

and improves the mechanical properties of the alloy [20,21].
Table (2). Vickers hardness values before and after annealing

Temperature °C
Before annealing

650
750
850
950
1050

Hardness HV

244
260
290
299
351
407
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430 -
410
390
370
350
330
310
290
270
250

Hardness Vickers )HV(

650 750 850 950 1050
T(°C)

The Shape (2) The Relationship Between Annealing

5. Conclusion and future scope

We conclude from the study that the powder technology technique is a successful method for preparing
alloys with good mechanical qualities and properties, and that the annealing time of two hours helped
improve all the studied properties of the alloy prepared at the temperatures. (650,750,850,950,1050)°C,
and through studying the structural characteristics in the Temperature and Vickers hardness values, the
best annealing temperature was(1050) °C for properties (structural, mechanical).
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