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1- Introduction

The need for materials with high toughness and strength
led to the production of metal composites (MMCs)
reinforced with ceramic nanoparticles. Initially, due to
the high cost and complexity of the production process,
the use of these types of composites was limited to the
military and aerospace sectors. But today, due to the
invention of easier manufacturing methods, these types
of composites have replaced various metal alloys in
different equipment. The use of boron nitride-reinforced
steel composites in tank armor, boron-fiber-reinforced
aluminum composites in space shuttle hulls, aluminum-
based composites in the brake discs of Lotus Elysee and
3M (which reduces the weight by 50% compared to cast
iron), silicon carbide (SiC) based titanium composites
used in the manufacture of Porsche car cylinders, and the
use of copper-silver-based composites reinforced with
diamond particles as electronic chips are part of the
applications of MMC composites in industry.

TiB; is a very suitable choice as reinforcing phase in
aluminum composites. The high hardness and melting
temperature of TiB2 are due to the strong bond between
the titanium and boron atoms. The hardness of this
material is about 2500 Vickers. Besides, B.C is formed
by the covalent bonding of boron and carbon. B4C can be
used as a ceramic matrix to build tank armor, bulletproof
vests, ballistic missiles, and space shuttles.

Stir casting is one of the most common methods in

the production of metal-based composites. The
production costs in this method are about 30 to 50 percent
lower than other production methods. One of the most
important features of this method is the production of
large and complex parts. But there is a need for a
secondary process such as extrusion due to the uneven
distribution of reinforcement [1, 13].

2- Experimental

In this study, Al A359 was used as the matrix material.
The chemical composition is listed in Table 1. B4C
powder with average particle size of 0.8 um and 99%
purity was used as the reinforcement.

The TiB2 nanoparticles were processed in situ by using
cryolite precursors (NasAlFg), titanium oxide (TiO,), and
potassium tetrafluoroborate (KBF4) (with 1:1:2
stoichiometry ratio between them) in aluminum melt.
B4C microparticles were added directly into the melt.
Argon gas was used to prevent the formation of
aluminum oxide in all stages of the production process.
After casting, all samples were subjected to T6 heat
treatment. According to the standard of the current cycle,
the sample was heated to 540 °C and kept at this
temperature for 12 hours to complete the dissolution of
silicon. The sample was then quenched in water at 80 ° C
and kept at 155 ° C for 12 hours for the aging process.
The sample codes and volume fraction of reinforcements
are shown in Table 2.

Table 1.Chemical composition of the aluminum alloy
used as matrix

Element | Wt.%
Al balance
Si 7.01
Mg 0.43
Mn 0.03
Fe 0.15
Cu 0.05
Ti 0.05
Zn 0.03
Pb 0.01>

Table 2. Sample codes and volume fraction of
reinforcements.

vol%
Sample code -
B4C | TiB2
1 0 0
2 25 0
3 5 0
4 7.5 0
5 25 | 25

3-Results and Discussion
The processes used to make the TiB; reinforcement are

shown in stoichiometric relations of 1 to 6. Fig. 1
indicates the XRD analysis of sample No. 5. As can be
seen, in addition to the TiB, phase, other phases such as
AlsTi, as an intermetallic compound, could be observed
in the X-ray diffraction pattern.

4A143Ti02-3Ti+2Al203 (1)
KBF4—~KF+BF3 )
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Figure 2. a) Force-displacement curve b) Ultimate tensile
strength of various samples.

The force-displacement and tensile strength diagrams
of TiB,- and B.4C-reinforced A356 matrix composites are

shown in Fig 2. Addition of 2.5 vol. % B4C (sample No.
2) leads to a 35% reduction in strength values compared
to the reinforcement-free sample (No. 1). However, the
addition of 5 vol. % and 7.5 vol. % of B4C to samples No.
3 and 4 increases the tensile strength values up to 29%
and 42% more than sample No. 1, respectively. Silicon
blades are created in the aluminum matrix after the
casting step. Fig. 3 show the SEM image and EDS
analysis of sample No. 1 taken to validate the blade
material. The EDS analysis taken from the desired area
in Fig. 3a clearly shows a huge number of silicon
particles.

B4C microparticles accumulated at the silicon blades-
matrix interface and inhibited a uniform distribution of
silicon particles after the T6 heat treatment, which
resulted in a decline in tensile properties in comparison
with the reinforcement-free sample.
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Fig. 3 a) SEM image and b) EDS spectrum of sample no. 1.

Fig. 4 indicates the optical microscopy image of the
composites containing 5 vol. % and 7.5 vol. % B4C after
the T6 heat treatment. By increasing the volume
percentage of B4C in samples No. 3 and 4, reinforcement
particles encircle and inhibit the development of Si
blades. Because of this, the blades become more delicate
and spherical. On the basis of the SEM image and EDS
analysis of sample No. 4 shown in Fig. 5, the presence of
Si particles is confirmed. Moreover, the intermetallic
compound a-Alis(FeMn)sSi is detected at the matrix-Si
blade interface (see Fig. 5¢).
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Sample No. 5, which had 2.5 vol. % B4C and 2.5 vol.
% TiBy, had the highest tensile strength. It had a 235%
increase over the reinforcement-free sample.
The similar distribution of the reinforcements and the
presence of TiB2 nanoparticles in the matrix is the reason
for the higher tensile strength of sample No. 5 than that
of sample No. 1. Stress is transmitted to the
reinforcement via the interface when force is applied.
This results in increased strength values.
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Figure. 4 OM images of samples No. a) 3 and b) 4.
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Figure. 5 a) SEM image and b) EDS spectra of sample no.
1. (Blue arrow) c) EDS spectrum of sample no. 1.
(Red arrow).

4- Conclusion

In this study, the effect of the addition of 2.5, 5, and 7.5
vol. % B4C microparticles and 2.5 vol. % TiB;
nanoparticles on the microstructure and mechanical
properties of the A356 aluminum matrix composite were
investigated. The results were as follows:

The T6 heat treatment in the reinforcement-free
sample broke the Si blades and improved the
microstructure, but in the sample containing 2.5 vol.%
B.4C, the pile-up of microparticles at the Si blade-matrix
interface prevented particles from crushing during the T6
heat treatment. After adding B.C reinforcement, the
ultimate tensile strength and hardness were initially
lowered and subsequently enhanced. In terms of tensile
strength and hardness, the samples containing 2.5 vol. %
B4C and 2.5 vol. % TiB; had the greatest and the lowest
values, respectively.




Ali Alizadeh - Mehdi Abdollahi Azghan



user
Rectangle


’Z";j);‘)w:fﬂj‘;wg/b 0
https://jmme.um.ac.ir/

(OA=£ )slgo 5 5l ondige 425
DOI: 10.22067/jmme.2022.74511.1037

*Gﬂé; S5 Uy 9y 4 obuagl Al A356- B,C/TiB; S dgmols” ( SClCo HUEy (ws g

Mol e i

Dosljels e
Cogals s 22 plSomteal Ul o (TiB2) ole by sz L3l 5 BaC) L )5 ds oo 030381 il oSl el 3 0SS
Sy Sy ez 170/ LTIB2 oSy 485 5 V/0 50 N/0 oz~ (sl ;0 LBaC oSy 4d7 .85 15 anllles 5 40 A356 ,,ij/'.a,aj
ples ST (NasAIFe) culy S olse i thnost s 5, LTiB2 <ol)3 0l . i 655 dina 40 Loy i [d Coei 10 °C glos s ls S
bl gy shitons A o 3)ls podins &y 42 BAC 35 S0 s A (555 /‘}:';:‘j//—%)u" 23 (KBF4) sl 35l |5 el 5 (TiO2)
S Gl e 5 03lize (SEM) gy s ST 553 Ko 5 (OM) (65 rsKe s o {XRD) o/ el 3L S JUT 5 e ) 5
ol 2t S Ut 8] ol 5 alS ol 1 BAC 0558 5l Ol i ks bz ] oy gl SUSo U5 ey oy slite 40 e 5
o 5 Ceel TiB2 o 1770 4BUC o 1/0/ (o5l isas 0 Lo (S plSntea] Ol i« pimact ol 0 LlilS Cy 387 O g 0 o
Ao 3 1O 0liSCy 387 O 4 pod 40 Caenned BaC o= 1/0)) Lois (o5l m‘jw’tfi,‘ifflf;;;ﬂ/ Lol ol Oliid 3 4y o o TVO 0 LliSCy 385 Jpcls 4 po 0
3 S Ut Ule g e 3 iy 313 O [ BAC e V0, (sl o nlS s st i e i ool il 2l slS
DS Iy il 58] sy T oSy 45 a4 pad b g lin 43 4555 TiB2 oz 1770 5BaC azem 10/ (sl i pas

S S w G Al (el L) pes ABBE psie )T (ST (S 059

Jed O ot SO ol ST slap s T dodin

aslie 53 fmly St 5 o ol W S (S
o3lital Eol 48 tias e Ol 355 Sl g5l UT Ll b
-5 gelS 53 elizal 3550 SLaSUT sl &y ol WOT 51 22y
& plSol W5 4 A356 ¢ sin I [5] ol 00l MMC (sl
-5 Sehl s b el (3o 4 ceslis L 05
ool GOl Bldl i e 5 e 68
oz 31l o T (6 S,y WSUT cp s 08
ol ol Gl S 5 s pdylanl SUT 5 5 ol slee
Sy 5 b ool ol S, ) Pl L Olsi e S
[6] iz
(Glamio 5 ddy SUD w g Glaedis g 58 0353
50655 BUD w gl 5 (ALOs) a1 5 L5 (o3l S ol
(A1203) AeS1 o gie JT (SIC) )l ks ol ()3
SH w53 (BaC) Ly Lol 5 (TiB2) (sl )52
L7 5, B w1y ool 5 (SSlKe ol S et ol 33l
22 eS8 ol gl el Sl w0 S TiB,

T PP PRSP SUIRCI PPN [PEOS BP PG LS

Email: a_alizadeh@mut.ac.ir

Gl 5 5elS W 5 e WU o) 5 (Ko i Loslpe w0 5L
sdis 58 (MMC(Metal Matrix Composites)) (ks as
“CselS g onl el danl s s Sl ly3 50 L
Pl i 4o 5 AnT 3 e sVl an e s a s
ol gla s, gl Jds 4 o3 ,0l Ll as 0 Labl g
Sl Ly 5alS § 5 nl Sl 3l ol 3 SOL
=58 Sl eslanal [1,2] conl odd Cilises (515 (sla 5L
WS o)) oo Ao s boedd Cusll oV 58wy sla
Gy 53 o BUIL ol Sy sl o sein I wise 3 Glay § guelS
S 53 oz sl aes Glacy 58 aliab sla fiLs
3M =S5 5 (Lotus Elise) o3l sy (sla foe sl 50 5
feglio 53 Sy 035 b3 0 [RalS el o) SIS ol
o dd Lo 58 a5l A Lo jspelS (Sl ol Sz g8 L
Sl Jows sl sddew b 3 (SIC) Al ko SUN L
Loodd s 0 )8 = s n) S jaelS Sleslital 5 4k s
=38 5l pasy S Sl slaadl 5 Olse 4 Wbl ol 3

[3:4] el ces )5 MMC slac 5508 s

Al VEVT Y 0T i dy B V8 N e il b ¥

O ril Sl mis o8 wlge i (panads (5,55 o st sk 35 (V)

Olpl Ol il S g Rzl ol glag ks 5 sl @K:le o (§5S3 gamiils (V)


https://jmme.um.ac.ir/
https://jmme.um.ac.ir/article_42177.html

.. a./u./@"/j; .AI A356' B4C/TiBZ C’f’/’j’»"‘gl.fg’& )L:ﬁ) o

A

Coe g oo o5t 4 STy plndl (gl (Sl po 5
c el 03 S G Oldianiils (gl |y Ol g ol e DU

" Ol e 4 BaC 035581 50 [6] Ol 5 (sl
I O O L R C P Iy R H [ PP LY
O3 asdlas 3550 15 ABE6 (S5UT 4y L ujsnlS SUIS
S3 o3l 5 ez dao s il 5l U5 S sdalie Laol sl
Olyae )ls dlis 1) 3 aelS 5 Jodss ol 58l siS' ey 45
o= deos Gl b sl O30 5l Lol 05y tals
3 3 Il il man 5 4l 25l ediS i
a5l Lol & sls 0L 1 Gile & Cwjslie S ot
3o Jolo 1 LL e Wl 5 oS o 58 5 wie) o s
Cdaadly ule a4 Cwlie

St Slio 56 035530 56 [14] 0K 5 oLl
s il 3G ol s (Saldb el 1S
5 &.ﬁb; G, sy 4 el A5 AIB06L g;*’fé-:‘ﬂ
$U 03530 L a8 Wsls Olas Lol Lsls 513 s 3540
sl S sad St s 31 S US| Slis
el a8l 5 g b W4 e Ao a YE L

3 e SO ol ol uss [15] 0 Kes 5 Kl
Rl 0> LS s s el el > TiB2 Ly
Slkes 5ot GlacIl 55 ABE6 oy I SLIT (tassy
S alie pslie ;3 TiBy 5 i) Olge 4 ol Sl >
e 4l Clde e o ST plnil 51 fol
L3S sdal e LOT .08 S 13 ) 350 oS 45
ool el el Sis oy AU siS ey 58 il
Isb SRl 5 (o 5 (st (phadt oS l) SO
S yde 01 3L

X/0 5TiB2 S5 b ez Y07 LU ol Gudsed 53
Sl ol 5 sltlagy 5 BaC o ez Ao 3 V/0 50
0pSE .3 S 513 andllas 350 ABB6 g s Il e o selS
Slag s pediS s Dl UL dkaly 5o oS Slides
Sy el 0 plnil st JT SSUT SIS ol
Seeladsa 5 o g i Sliiod 4 S Sl G
ool s obleny e 5 S bl |3 Sl rl>,;,|
ol edle il il 3350 £ 8 5s sl o Sl
Gl SOl Sk, 5 I8 00 glaanl b pluls

e el 3 5 56l el e 558 X s I 2L TIB:
Coglie b glas )8 55 a8 ol 5,555 Yor s spu osle ol
LS e ol eslinal 55 eS8 Ol YU il @
el 4 5L &Blse 3 Canl sl L TIBy <YL ¢S
TiBa L iy 55 gorin I S 50 510 ¢l 035 5 VU s
22l pedle BL ke by S o me 51 S Olpea
15 VL Conslie O gl lnST 4 o e3le ol YU (slales
5 bt gl Sl 5 (S 4 TiBr caslie (ieas
oAl o iy spelS Sl [8,9] ol Ol
315 JWs 4 L AT (656 s oS 5 3l TiB2 L sl 55
Silg o5 oo gl SOl Lol s 2alS sl oS
S 38 AB56 aey CujsnelS SO ol [10] O, K0
OLES XRD 3 el Conls 2 LS s 1 TiB2 Lo
sdalie Lol 355 o 0 ss AlTi (55l o oS 5 51 6 ol
L S 13 Sl w8l Olles Cow &S pladisas L5 S
mapes b annlis 53 (6 %S (1S 5 WL LAES Jae 5 plSnl
-t Ol s (G Slhes 05) ol g S, sl
Las

Wl om0 S 505 pobe VIS L gy 51 BaC
Lol Cnl o ol ate 55 Ol 68 g (pl 2575 &S
arlid osle p SCSw (aSe H i b iy wladl 5l a5 e
3 S ) 53 e iS g8 Olge 4 Ols e BaC Sl o ss
WlBus sbdids LU o)) cole jkien (Sl
A s pslie Oladad ¢ slas sls Bla (Sl sla s 5
[11,12] 5 S eslizl sdslur 5 5 sl

A5 5s Jsle gla s, 51 (S 2ls S 6 S, o)
A glaagze S Cl b ae gl pels
ho 3 00 B spd gy cpl 5o (651w slaly ) 5elS
Sxs i NSl S Mg sl sy ple 4 S
oy 5 Sop Olakd A5 0 os sl pde 4 Ol of
33 oSy 85 Db ot 5 b w8 e 4 Ll s S 6L
L1238 505 3 5 5 055 ST ile g S0 sl 3 4 5Ls o)

Ll s sty el ple Sl Soluzge s S
Sl el e o ol il el jasiie
508 Fu kS Lo | RSl S bl Selis g 5
Glaslsl e 5 a3s el asls STy St 40 (S BIRUV

!bhﬁi,@i‘[ajijdu

e 5 505k sl L



LV

S e (cdgs —odlile o

w3 Olpe 4 AZ56 s J1 SUT Gl G > L0/pe
S pobis (1) s .23 8 513 ealinal 5550 o5 5elS
Lo sto b 535 g 0 BaC s oo 0L 1 SUT ol sias
s3lial 5550 Q47 o sl o3 5 /A UM 350 L3 63l
sl a3 S 3

(SEM) s ofs S ppas (1) IS8
olis 1, BaC <l y35 K. (Scanning Electron Microscope
8 by Slge iy 5 TiB2 &yls Ay shateay das e
(KBFa) ls 5)s 155 aemly 5 (KeTiFe) ks 5,508
A eslinal (K el Sigma-Aldrich 1 s (o)l &)
Shedd ol #) (CeO02) o oSt G3538) 51 piean
Sl L a5l ol ad eslizud (K Sigma-Aldrich
o St TiBo S35 5 psianll o i (535
o5 1S e i e g | oSG 5 e
3,50 Sesl e 5 033 SaS Olse 4 s (NasAlFg) Sl
o3 5 15 szl

e 5l s S BiC 5 TiBy L st 5a5Al A356

Ll ol i

wsed Sl g ool a5l U8 Kelyose i (gjlednd
Y gz 5 b (ST (Soalus e 5 ooy 2 sBeas (5508
D33l p sl A5 eslizul HSC Chemistry 6.0 i3l p 5 51 0
il 40T L Ol e oS ol (Salussa s I3 p 5 S
(S Sl eelige Bl (Soypr Salusse s
6lp (Sealugo 5 SVsles la 36 ol S o o Szl (65, e
3le s ol S 4ol Sl 0d b ous el
03 e ilime glaslh 5 ol o Seen Ol5 e
GBS R s ate Sesbes g5 Bl Sl e
A356 U1 ya> s plowil LB sla_miSly alas cdae
o slos 53 TiBy 3406 Wy slse Jiw 5 BaC S35
Gl S50l Sl (sl 5L 5550 (L8 glex) Ve 00 °C L

2 8 N3 ey s s0 (il

Pb Zn Ti Cu Fe Mn

Mg | Si Al s

<u/0) /ey v /e0 /0 VAY:) /ey

AV VY | ekl Bl | St

BsC ol)35 ,Ss SISEM 5 VIS

Hpe 5 sy le pkige 4

]f'] ‘JJ;JZ«JT_}«:‘;J.NJL«



.. a./u./@"/j; .AI A356' B4C/TiBZ C’f’/’j’»"‘gl.fg’& )L:ﬁ) o

A

Oxford S 4 =l EDS Slulii 4 s4e 45 TESCAN
A eslenwl Instruments
SITiB2 sdSey 58 56 plubd jshay oyl ol 5o
0l 5 S Cadls L (XRD) oSSl andl 3l olSaws
oS 5 oL (SAXS (Small Angle X-ray Scattering)) (.5
—oslel e 5 A esliel dda 538 D792 Jie anshid

o o2 ekl S5 sl el ke L gole
(Hydrochloric  duwl G IS5 um 55 aw pai s a1 3
A356 p sia ST Bl Iy B LS 63l )3 Acid (HCD)

LS 5 U s e e LSE5 gla sl

Sl sod (23S ol and Gl (S oS s
Olx! (Santam)plee &S 5 Cxtle (23S olKaws 51 5 500lS
ASTM 5,lkkul 5 /eomm lol> <35 L STM-50 Ju
)‘ LQC,:")).:»[S ‘;'\'M ;fli))‘ )}k.ﬂdu A oaleiul [18] E8M
ESE o(Saws s ASTM EL0 5kl b o o osews 0]
mm e.,\.;j)j_)fb _)b_e B e kgf (_gj_}:; L DVRB.M JJAWAY
)‘ ej; A Ls\j" é.g&ﬂ éhd}ﬂ)] (abu‘ S eslaal Y/0
Gladgesl Sl ok 5158 laosls &S 03 HL Y Lok yas

el 0 fbu‘

g:.:q,@u

ol (olwand Tl o ol s Lle 2Ty (g lwand
Sl (Salusge s STy gleand glp edd S
.Uﬁ:& olis aMJJMSU J}A_}Lﬁs\" LS‘)‘ 4 \)A356/B4C
;l,ﬂduui;sv.aﬂ‘@Lﬂw@j\@lﬁ&:jﬁﬁ);ym
:ljfd:jl,.u«;.-)_»hnUYO&D:;\WJJnyﬂtp)
Juﬁf)jM‘\)W)b

2 Seelassn 5 sileand Sl Jol mls (V) S
ol Sl a5 L o 0L Jge sl S -y
LT 31 015 oo ol e el Ao y3 +/00 51 508 Laes 5l 3 5l
SS Ge

s e Ol 1y s osl Llaee 4 AlRTE e 56
0313815 4 OF oo 5 p gl Sl 0350 Jlad el ol e

= o 35 o ol p S bl e LS s adl ol

i byl 4 plaws gl Mol Ll sl
VY (60 58 st S LKBFa 5 KoTiFs NasAlFs (sla s 5
(posedl o S Vv a bl SV 500 e 5 )
osliiul (g pady aladzee 0555 alBs  He A S b e U
€on3 3B 5 BaC sl Ol 0555 4 Lol 3 e S
(ol 53 QL&GJJSJJL;»@.JJOLA\N'oC sz 5>
Sde g bglse SO Gien bu g 4ids ) Ol 4 Ol
S5 V0T (sles 53 slge gty Sy plawl ) liteny 43 £
e I ST S5 51 (6,8 sl glaten; [16,17] 3 ()l
S S S,y 5 s 3l pel g Aul b e alad s
o ads ol pale (5 Sy Al jo 5l day L eslinad 0 S
SUT 2 T6 ol Slles s S 513 T6 5, > olles
sl 5 4 0555 (oo SladrS IS oi5 ales 5 ABSE6
b el ol U Pl 55 el i 56
S Sl amys 08y Glas U &gad IS ol 3 s Il
b s 6,lueS Les s cell VY Dl w5 esls &l >
A T3 8503 O Sl g 358 JalS ki ISl ] 3
cela VY L;;swﬁ@;élﬁ“m@:js;l;&;u@,:
5 G osled A (G 5l 8 Sl amjy V00 gles 5o

el odd 6313 QLS (V) J s 53 LaedeS o 585 o Aoy

uﬁm&:ﬁﬁﬁ“))}@ﬁb)w YJ)-*’.‘

la 5353l ez Ao o yleds
TiB2 B.C “ yo
. . \
Y/0 Y
0 Y
V/e ¢
Y/0 Y/0 )

o p ssen ksl plaasie 5 o 4Ky S oy g
G558 T6 w15 5l e 5 3 bty Sl s
LS)):‘ ‘:)_}g"‘“}jg:‘ .b.,.»_,] u""l“‘” L;jLwoJLATJ" o IS .\.:.3_55
J)j.ﬁ BX61 JL:.:?U”J Q_:JJ)J @ Bl (Olympus) Jum‘yﬂ
Az S 13 aallas
S aes CuspelS s bedisy 58 oo L) glea
oS b e lw VEGA3 XMU s sSUl O sSs Seo

!bhﬁi,@i‘[ajijdu

e 5 505k sl L



¢4

S e (cdgs —odlile o

LALTI 5 ALCs AlBz C e sba3l & 0155 o i 0T
Sy 53 33 (HE) Jge kS NV 51/0 0 Sl sl
ood8) Jse kS N Slaas LTIBp sdiScy a8 56 5 (Y IS8
2S5 L (Y S 5l 53 o

AB56/BACHTIB2 oy 500lS (65l mu b s alm o 53
o 4 S s Ll 5 (8) s 238 13 e s
Ve il ey o pelS (Salisga 5 ST Soleand )
a3 g 0L J ek

S AlT 56 LT S ol cundls 53 .ol sl LG
53 ISy 48 Olge 4 45 del dalyst 54 g TIC 56 5 63l
Olyier opomen (IS daly A8 gli) & Cyjpls
3,05 AlBz 5 AliCs slasls L ALTI 56 &S 550 L i
ot ol dal gt s TiBy 5 TIC (glajl 5 ol 281y
bl Gl s S S5 S w e s Ll
J2S 5ok S AlTi 36 ouel 35 5 Jlax| s 2S5
Silwand 31 3k lasyslp s aals SOl O
e 31 oS Aol s 4 AB56/BAC s alS Sislys go 5

Goloand 53 ol a8 L5 sl bl 3 ¥ i

A356/BiC oy 5elS il Aol 5

Species Amount
Formula %
PHASE 1: 100
N>(9) 1.963?784
Al,Cs 0
B.C 98.03921
MgC. 0
MnC; 0
SiC 0
TiC 0
PHASE 2: 100
Al 90.95
AlB, 0
AlTi 0
AlsTi 0
B 0
C 0
Cu 0.2
Fe 0.2
FeSi(A) 0
FeSi2 0
FeSi>(A) 0
Mg 0.45
Mg.Si 0
Mn 0.1
Si 7.5
Ti 0.5
TiB 0
TiB; 0
TiSi 0
TiSi, 0
Zn 0.1
Zn(l) 0

Dens
MW g/mol g/l
22.4136 1.229
143.95917 | 2.3599999
55.250999 2.52
48.327 0
78.959999 0
40.0965 | 3.1600001
59.910999 | 4.9299998
26.981541 2.7
48.60154 | 3.1900001
74.881538 0
128.84462 0
10.81 2.3399999
12.011 2.26
63.546001 8.96
55.847 7.8600001
83.932503 | 6.0999999
112.018 | 4.7399998
112.018 0
24.305 1.74
76.695503 1.99
54.938 7.4299998
28.085501 2.329
47.900002 4.506
58.709999 0
69.519997 | 4.3800001
75.985497 0
104.071 4
65.379997 | 7.1399999
65.379997 | 7.1399999
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Fsgfrﬁﬁz Amount % | MW g/mol 37‘:15'
PHASE 1: 100
N2(g) 3.846154 22.4136 1.229
Al4C3 0 143.95917 2.3599999
B4C 96.15385 | 55.250999 2.52
MnC2 0 78.959999 0
SiC 0 40.0965 3.1600001
TiC 0 59.910999 4.9299998
PHASE 2: 100
Al 84.60465 26.981541 2.7
AlB2 0 48.60154 3.1900001
AlTi 0 74.881538 0
Al3Ti 0 128.84462 0
B 4.651163 10.81 2.3399999
Cc 0 12.011 2.26
Cu 0.186047 | 63.546001 8.96
Fe 0.186047 55.847 7.8600001
FeSi(A) 0 83.932503 6.0999999
FeSi2 0 112.018 4.7399998
FeSi2(A) 0 112.018 0
Mg 0.418605 24.305 1.74
Mg2Si 0 76.695503 1.99
Mn 0.093023 54.938 7.4299998
Si 6.976744 | 28.085501 2.329
Ti 2.790698 47.900002 4.506
TiB 0 58.709999 0
TiB2 0 69.519997 4.3800001
Zn 0.093023 65.379997 7.1399999
Zn(l) 0 65.379997 7.1399999
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