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Abstract

In almost all areas of modern industry, traditional materials can no longer meet
the requirements placed on them, due to increased necessity to use new materials
having combined properties. New generation materials must possess a number of
unique properties, such as low density, high strength, heat resistance and much
more... At the same time manufacturing process should be easy and cheap. Similar
requirements apply to metals and non-metals materials, as well as their
combinations. A material obtained by combining two or more materials with
different properties is called a composite material. With combination of different
combinations of constituent elements it is possible to obtain composite material
tailored specific tasks and the industry. Basically, composite materials is a
combination of a metal or ceramic matrix reinforced by various elements and
compositions.

The present study aimed to obtain composite materials based on carbide and
boride compounds of titanium and silicon, reinforced by different high-temperature
and plastic materials, in order to use as armor materials. The widely used boride
material is titanium diboride, as well as carbides of titanium and silicon.
Consequently, TiB2-TiC-SiC has been selected as a base and matrix of the researched
composite materials. Mainly attention has been due to the fact that they are
characterized by high melting temperature, high hardness and corrosion-resistance.
Different additives and systems of raw materials are used to increase the hardness
and strength of composite materials.

Matrix of TiB2-TiC-SiC composite has been obtained from elements (by
reaction 7Ti+3B4+C+3Si=6TiB2+TiC+3SiC) or using desired ratio of TiB2, TiC, SiC
compounds. Composite materials has been produced as a multi-phase matrix and
with reinforcement elements. Reinforcement elements have been chosen to reduce
brittleness, increase hardness and strength, considering that researched materials
were to be used as armor. Mentioned materials have been reinforced by AIMgB14,
AlsB4C7, AlsSiC7, AlsSiCs4, TizAlosSio.sC2, FeNi materials and their combinations. In
some cases titanium nitride TiN was also used. Has been developed technology of
obtaining armor tiles and their assembling. Initially has been calculated ratio of
composite components in order to prepare mixture of precursor element.
Appropriate amount of powders of elements (Ti, Al, Si, C, B, Mg, Fe, Niand so on...)
or compounds (TiB2, TiC, SiC, B4C, AIMgB1+ and so on...) have been mixed and
prepared for synthesis.

The sample have been sintered by spark-plasma synthesis/sintering (SPS)
method. The sintering has been performed in a vacuum, in a laboratory-made
device. In order to prevent the release of low-temp. elements/compounds from the
system, the pressure and temperature have been adjusted accordingly. Density and
porosity have been determined of samples obtained after sintering process.
Hydrostatic method has been used for density measurements. Hardness tests have
been conducted by Vickers micros-hardness method. Morphology and
microstructure have been investigated by optical (LEITZ WETZLAR) and scanning
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electron (SEM-JEOL JSM-6510LM) microscopes. Phase and elemental analysis have
been performed by X-ray diffractometer XZG 4A.

This research also aimed to design armor tiles from the developed composite
materials and their ballistic examination. Composite materials with low density,
high strength and toughness were selected for the construction of armor tiles.
Mainly, armors are made by one whole plate, customized on human body or combat
vehicle. While elite military corps uses armors made from the small rectangular or
hexagonal shaped low-weight tiles. Armor tiles with size-50X50mm and 8-10mm
thick are usually used for ballistic testing. Making a plate of this size is associated
with high energy costs and technical difficulties such as uneven sintering. An
anisotropic temperature distribution through the sample body leads to the
insufficient density and hardness.

To solve this problem, relatively small plates were sintered and used to assemble
an armor plate of appropriate size. Different three-layer armor tile has been
obtained, which was assembled from 2 different size plates (8pieces-24x24x3mm
and 9pieces-16x16x3 mm). The first and third layers were assembled from 4pieces
of large plate, while the middle layer consisted of 9pieces of small plate. The edges
of the previous layer were overlapped by each subsequent layer. Assembling the tile
with this method will also allow us to construct the plates using different materials.
With different layouts of materials it is possible to achieve the optimal
configuration.

Ballistic testing was conducted at the GTU-based shooting range in compliance
with required safety standards. The conducted ballistic testing meets the
requirements of the NATO standard-NIJ standart-0101.06 typellIA. Five different
samples were tested and two of the appeared to be bullet resistant. The sample TiB2-
TiC-Ni was found to be the most resistant to the used bullets, which could fully
neutralize bullet energy and sample showed back face signature (BFS) less than
3mm. Also good results showed sample made by B4+C-TiB2-SiC-Al4SiCa. In this case
BFS was around 15mm. According to the NIJ standart maximum allowed BFS is
44mm.

Results of ballistic testing showed the compositions that definitely can be used
for armor application.
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bm@.50-Bg 6583969305 2 Lbgosbbgs Jumgowol fobs s w3965 Tbatrggdo
AGILGHO0MOOL T999Y. 9600035 Fomyobds domdwm 4sdm3EsL. 60dmdo 356MoLOY,
0v)  35¢obGHO3MM0  BHLGH0MIooL 909y Jumzowol  3sbs  Fbostol
3990BbgJoemds 56 509d53Hgds 44 0-b.

bLOsnDg 51 Bobggbgdos  doEolGH03MMO  BHYLEGHOMYIOLIMZOL
8035900 5 Bbgoolbgs %3856 bo39mMds. mommgmerol 89d5wp0bwmds
dm399dMwos  3bModo 4. x53856 653900mdgd0 Sfgmdowos LEMsm 56-by
dmyzgbowo  60dmdol  dobgz00. 390mbsgo  boxsgzdbyg  gos
33900 5¢gdobols sdEeg PoGPBMBo MHMIGELsg J399msb dmliglL
05BoE@ol 10 33-0560, 393G:Mbol 388-0560 s MgBobol 8 83-0s60 g39bgdo.
390m3ol  §ob  x93856 Bo3gomdgdo  dgoxmoms  L3gEoswmo  f9dm3s60
©9b@H900L Lodmsegdoom (bw9©.51 d).

L. 51 doeolB03IM0 GguBHOMYdOLIMZOL IMTIDIYdINO %5356
gogdo: 1-TiB2-TiC-Ni, 2- B4«C-SiC, 3- TiB2-TiC-SiC-FeNi, 4-TiB.-TiC-
SiC-FeNi, 5- TiB2-TiC-SiC-AlsSiCs. 5) 5§gmdowo gowgdo , 0)
3§Ymdowo gowgdo {gdmzs60 wgb@om dgnmm3zol d9dymd.

050oLE03M0 BHILEH0M0S BoBHIOS LEY-U dDIBY sOLYOME oGm0,
MBsROMDMYdOL FgLsdsdolo B®mIdOL OE30m. oLty AsbbMm®mE0gw®s 25
d-ob 356d00sb, 0sMswom-Tikka T3x -Tac. Al (ool Log®™dg: 20").
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399mygbgdmo ogm 306RgLBHgMol 308  39eodMosbo  Byz0s,
dmbs3999%0m: 7,62x51, FM] 180 gégobo,

gbdowdo 4  dmiEgdmeos

3°9mbs3Is©  odbogdo

9mb5399930 5 35¢oLBH03MMO BHJLEHOMGOOL F99gd0.

300mbaggmn boxs3d6)
60dndo

by, 57)

Pmbo-11,7 g, LoBJsg-800 d/f0.

60393900l

L. 52 Loy 03369 530005 99393 5¢9dobol BoGBMLY, BB GO, 3536MHMbOL s
9060l BogdMb ghHmo.

3HOO0wOo 4. 35¢oLEH03MM0 BHILEGHOMGOOLIMZOL QdBIYOMo BodMmTgdol
dmb5390900 5 BHYLGHOMYOOL T9YRJ00.

960ggo
60dmdol # | 99a9bomds Gbs BO®MOoL | 99090 BES
8 (Max44mm)
(mbo g/sm?
1 TiB2-TiC-Ni 159 | 4.27 2958905 Byz0s | <3 90
2 B4C-SiC 925 | 233 250b36M0@5 ~
3 Tle;—TlC—SlC]— 81 324 350b3M0@S -
FeNi 06003
4 Tle;—TlC—SlC]— 70 3.8 3°0b3M0GS ~
FeNi 603
TiB2- TiC-SiC-
5 ALSICa 105 | 2.73 399BgMs Byzos | =15 dd
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5 Bbgsolbgs 653900Md0@b BHYz00l dghgMgds dmobgebs 2-8s 60dw)dds.
Bodm8o #1 0905096 md00 TiB2-TiC-Ni 508mBbs g439oBg Moo
93990 3HYz300L 30FoMm. bLIMsMDY 58 ImYyz960e0s 50bodbEo bodmdols
§0bs 5 3565 oML FMEMBMOIGd0 BHYLGHOMGdOL F90yma. bLwyE. 58 5-sb
Bomeo  BBL  odlbgMgmo  Loxsgdbg Gows, MMIgEdsg  LEOWWSE
399690355 HYz00L 9696300, GO AsdmE M3sbs FbOHOL (LyG. 58 8, g.)
299mBbgJowmds mbsg FgLodhbgz0s. @o0BMTs 3sbs FBsGOL  565d9F0L
3o65d9@®o (BFS-Back Face Signature), Gmdgeog 96 s0gds@gds 3 90-U.
50L60d65300 OMT BoGMl LEbIOEH0 (NIJ standart-0101.06) s0bodbmemo
3565393M0L olsdz900 FogdlodoGo bLoogs 4490. sbg3g 39G0 T9EOIRO
5B396s 609/dds #5 (Ly®. 59), F99sa9gbermdom: B4C-TiB2-SiC-AlsSiCs. 50
39000bg3935d03 3HY300L 9bgeyos msbods Bowrsd, MdEs M3sbs 9BsdFol
LOOEY MBOM Booos 15 89, 30639w 60396 Fgsmgdom.

FMJ
11,79 180 grs
No. 2957/2

b6, 53. 35¢0bEH03IM0 GgbBH0MGOOLIMZ0L Jodmygbgd o Gyzos.

—_ =,

by®. 54. bodmdo #1- TiB2-TiC-Ni. s: obs dboey.
0: 3965 IboGg. 4: 339M©bg©O
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Bodmdo #3 (Lme. 60) s #4 (bLO. 61) F0MIOMEP0s JOMMOWH0YR03]
9996500996 md0m TiB2-TiC-SiC-FeNi, 0dgs bbgomds 9 mdomgmdls by o369
5300l BEGHO®MIGHMOsTo. 39Mdme 60odxdo #3-0o BsbdMwos dmwrosbo gows
(Lw©.51), bom bodmdo #4 fiymdowros 3oty DBmIol FoMHFBOEHIOOLYb
(b©.52). 506060 Fymds bgds@ Mo godmbsbmwos Lwy®. 32-%Bg. o3
608938900l ©sd5ds 103300390 296530MXMdS FoMO 3O ddEOLEO3MO
05h396999o. 898amdo Lsd)dsmgdo dodsMmmmwo 0dbgds 58 3mA3mBoEool
05JL0ToMMo@ FY3bMdOLO3ID, Goms BosBoM©gl 60dxdgdol 2s6dgmemgdomo

A9LEGH0MYDS.

L. 55. 60930 #5-TiBa2-TiC-SiC-AlLSiCa. o: §obs dbocy.
0: 3565 IbsMY. A 439MOb©O

b6. 56 by6. 6odmdo #3- B4C-TiB2-SiC- FeNi . o: (jobs dboy.
0: 3565 dbodg.

L. 57. 60380 4- BsC-TiB2-SiC- FeNi . o: (jobs dbomg.
0: 3965 dbstY.
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5009M0o  35olGH03MO0  GgbBHoMgds  5305YMBOgAL  Bodml
bBHobodEOL (NIJ standart-0101.06) dgLsdg  GHo3om  gom3zsobfobgdwye
dmmbmgbgdl.  x53856653900Mmdgd0  FoMmYdMs  B3gEose  LBgbwby
GIgog d93b9do 0ym Y3500 FoLom(3esliGgarobo). bLrBosmnby 62
6563969005 LBHYbDY B0TogaMgdo ghHmgMO o bodwmdo AsdmEol d909y.
2oLOWol J9dgy Bodmdol m396s Fbotgl AsdmBBYJMmEMds FHM39dL 335l
3ol gwobbg s dobo Lo®AoL AsBMIZz0 AO0bEYds 396> FBIGIOL
56509300l (BFS) boog.

L. 58. BoEobBH03MmO FBHbBHOMIOOL LEHYbBY ITMIOO
60dmdo godmEol 8999y.
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4. ©sb33bgd0
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Fe-Ni 3m33mb0o330900;

. 390m33Wgm0s 8999985390090 30033mBoE0emo doboggdol gobogm-
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. 3033mBogonmo  Foboergdol  LEAHOMIGHMOMo  530L9dMYOIOOL
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. 8909985390990005 5b5e00 3030L B9bM3560 5290w gdoL Loy 3869 B3oEIOL
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