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Investigation the effect of chemical composition of additives on physical,
mechanical and structural properties of SiC-TiB, nanocomposites reinforced by
Graphene Quantum Dot nanoparticles (GQD).
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This research focuses on the production of silicon carbide matrix composites and investigates the addition
of titanium diboride and graphene quantum dots (GQD) to enhance mechanical, physical, and structural
properties. The aim of this research is to produce SiC-TiB,-GQD composites with high physical and
mechanical properties such as fracture toughness and Young's modulus higher than pure silicon carbide.
The experimental design was carried out using the Taguchi method and finally 23 samples with different
chemical compositions were prepared and the final sapmples were produced in the form of tablets after
hydraulic pressing. The samples produced with different amounts of additives and also the appropriate
amount of silicon carbide matrix powder were prepared and subjected to sintering at 2150°C. By examining
microstructure, fractography, mechanical and physical properties, the optimal conditions for producing
these composites were determined. Finally, the highest fracture toughness (6.13MPa.m'?) and Young's
modulus (523MPa) were obtained for the sample containing 20 wt% TiB, and 0.3 wt% GQD.
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Fig. 1 Silicon carbide phase diagram [3]
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Table 2 Variables and levels of test change at sintering temperature at
2150°C
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Fig. 2 X-ray diffraction pattern of silicon carbide powder

prmlins 3 )57 1000 eSSl anl 3l (66512 JSCS

00-022-) slbJSoss  Jols a5 a-SiC 56 2 o
111R(01-) 4 15R(00-039-1196) 4H(00-029-1127) 6H1273
Sy g0 odalin sl 089-4744
S oS LIS 5 i 30 59 sl 2225 sl o2
Sabowg 4 1,09 LIS 5 ol (0395 pateio (6 ftagsS il slacnnsi b
L ;01 410 ;00 4 delS i b o jogy 5 ol plosl glo )l (sl
Soe 4 ol Wi bgls S a5 iz 5l obaalslS L gl
0950 LG e 5 0l plowl adBs 5 190 200 ey b g csl 2 Lo
T 5 o dslol o .sas eslo I8 aids 30 e 4 150°C sles b
oseensll SU st 53, 9 00d @yl S5 jlead Ll o5 (S5l
A 00,8 ) e sles cow snile (Bl Cugb g 8 0lge b asass (s
60 S 31y ook 31 adyl Sl (sl 53y s i i a5 ]
ol 1o 0305 solol adyl EIiSy ieelS joe 5wl dgl S e
JF15 ey aizd S 18 Slg aem o al B Cot 0nd oS 5 sl yog
ael Jlas 5 80bar adsl ,las L 5 wad aky, 1.6em b 4 JG
slal 4 ol e )8 oles ;o 5 Wad yuyp 10s by was ;o 305MPa
ool 2 g5l s, 5l eslitl & adsl Lialejl >k ot oy 8%16mm
5 TiB2 oS5 5 GQD oS 5 Jolis )25 9 a5 )90 (nl @ 0l
L9 (52) csasl,T 31 ooliasl b cules 1o s 428,85 1o gelans 5 ol plus’
Bl (S glite oS 5 g Liulej] 25 olaw aas ce Hlid &S wb s
5 0 00l o 55alS ol )0 e ile st @ el )5 g2 AL
6lo,5iSl el 00gy ol g o8 Bl 4z 0 2150 o S i sleo
S s s e K0 SIC 4 wisg TiB2 ws o § GQD ws s Lol

0359405 (5 )9US 9 pgle &y juis



2940l 59U 9 pole &y puiss

Ol 5 Lis

GQD =b3556 L o _uﬁmSIC/TlBZ ) 920l8 3L (s olabw 9 (Sl (50 olen o o 53938 lrewis _;J).»).ut SRR

oolazwl CV-15-2400 Jow ol 3 g0,65 5y ldos plxl ol

Elkos 50 1y 5651 yiai! ;5 2300°C glos b 15 il 0,65 ol s
58551 yiusil ;5 10 °C/min oo &)l > &5 L 2150°C gles ,o i
JH13-10 35 b 65,1 yanadl b 055 40 ladigas yiiw o .ol plox]
sy eSiben . plosil o )5 il 4z 50 2150 sles yo 9 815 slaass
S 0595 Slasin 4 Jgaz 0 .04 5 0C/mIN sgax ladiges (o oy

ol 00l 6)91)); ‘) Lmdu}a.:

asiges i 0,55 Lot d Jyaz
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Fig. 4 FTIR analysis for the sample containing SiC=79.7wt%,
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Fig. 3 Research steps (including optimization of raw materials, image
analysis, and analysis of analysis results)
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Table 3 Composition of prepared raw samples

GQDs (wt%)  TiB2 (wt%)  SiC (wt%) [EXHN

0 20 80 1A
0/3 2/5 97/2 2A
0/3 5 94/7 3A
0/3 7/5 92/2 4A
0/3 10 89/7 S5A
0/3 12/5 87/2 6A
0/3 15 84/7 7A
0/3 17/5 82/2 8A
0/3 20 7917 9A
0/3 22/5 77/2 10A
0/3 25 747 11A
0/1 20 79/9 1B
0/2 20 79/8 2B
0/3 20 7917 3B
0/4 20 79/6 4B
0/5 20 79/5 5B
0/6 20 79/4 6B
0/7 20 79/3 7B
0/8 20 79/2 &B
0/9 20 79/1 9B

1 20 79 10B
1/5 20 78/5 11B

2 20 78 12B
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Fig. 5 AFM image of the sample with 20 wt% TiB,: a) two-dimensional
image of the surface topography (Topography), b) line profile (Line scan
data), c) three-dimensional image (3D AFM), and d) histogram image of
the sample
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