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Microstructural Study of Stainless Steel Composites Reinforced with
Carbide Compound Particles by Electron Microscopy
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Abstract

The microstructures of stainless steel 316L reinforced with silicon carbide and titanium
carbide have been studied by light microscopy (LM), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). The chemical composition was analyzed by energy
dispersive spectroscopy (EDS). Vickers hardness was also measured. It was found that the
microstructure of stainless steel 316L reinforced with silicon carbide consisted of austenite grains, and
discontinuous particles phase at grain boundaries and precipitation of particle within austenite grains.
While the stainless steel 316L reinforced with titanium carbide, the microstructure consisted of
austenitic grains and continuous Ti-rich particles at grain boundaryies. However, no particles
precipitated within austenite grains. Vickers hardness of the stainless steel 316L reinforced with
silicon carbide was higher than the stainless steel 316L reinforced with titanium carbide. This is due to
the precipitation of particles within austenite grains in stainless steel 316L reinforced with silicon

carbide.

Keywords: microstructure, stainless steel, electron microscopy, silicon carbide, titanium carbide
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2.3 MANNAUNTDING (Tool steels)
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2.4 Taqnoulndn (Composite materials) [3-4]
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unh 3
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3.1 MIAFTUFUNUIALTIUNTUNIUA (Materials and chemical composition)
@ v @
Funuithanimsitedl fAenduuesnenTn@nmAantamuaeeemailannsa 316L
A a 1 o a . 2 a = d . 1
A uusadodanauns lug (SS+SIC) uaziias unsedas lnnuilonarslug (SS+TIC) dIuney
¥ @ .
MUATVDIBFUNIUNG 2 AU Laad Tums1ah 3.1
¥ v .
TUADUMTIATENAIBI S NINMSHIMANN AT EAuEe 3161 MmuaIunauiiuaasluy
] i & i a '
15199 3.1 mamugﬂaﬂuwammaau i Fumesseluussomeavesniylalas
= a @ = @ Iy a = =
uitgavall 1150°C iWlunar 6 $aTus JUN 3.1 HARNANEUSVDIFUNUIALUTIINNING N

wndamIaseaiisgamanaznaaeuanuuda

A15190 3.1 Aruraunse e srununlFlumsnaass

FUIU AIUNAUMAUAT (vol%)
C Cr Ni Mo | Mn Si P g Sic | TiC
SS#SiC | 0.03+] J6-18.5/ | 10-14 | 2-3 <2 <1 [<0.045|<003| 6 .
SS+TiC | 0.03 16-18.5 | 10-14 2-3 = <] |<0.045| <0.03 - 6
1 cm.

\—/

—
S

3171 3.1 Aumisduaudmsumsinsizd lasasiganin
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32 msanulasead1egama (Microstructural study)

MsfnyIAI8NAI9ansssmiuas (Light microscopy; LM)

- A P o ¢ . A o <
MawsenFuauiiodnm Inssaisganadiondosgansseniuay Suanmsthiuaui
2 y - ¥ ;
YuiSoumdany1y (grinding) et AmIhTuuiidenensourlssieenld dwnszaunsie
] 2
(SiC-paper) 18ISN9IANTLATENSIOIUBS 180, 240, 360, 500, Az 1000 MIWARU 1A
1handain (polishing) AUHITAMNYS (diamond suspension) $AuAUMMuzHY TauFuarAnanss
wa 6 uag 3 luaseu sawfumsndedu uazegiumua 1 Tuaseu 1952ufuh vaanny
Y  aa @ s o A o W a % W 458
FouRaInmMITanFuay vdwnduthFuaulddnnvazeia ihlvuve nazildfanse
Tavesazatenldlumsiansa fe msazaiy glyceregia fitlsznouday nsalelasansdn :
nAwesea : nsalunsa ludasidiu 3:2:1 lasmswaunsalelasaasdnfiunsalunianou
o =2 1 = [~ @ w 9 Y o _ =
uaRsAewd veaaslunfwasoausuduganie ldnailunisdansadszuia 10 3w

a o 1
MIANYINIBNABINANT SAUBIANATOULLUADINT 1A (SEM)

Funufimiuuiodnudiondesanssmiuas  aunsarhindnulnseedreganinos
FunuiimdwnsgaivdaundesanssmisiEaaseuuuudensia suinisiosszno
muativearanie) AemsIamsnIznendnuUesITond (energy dispersive spectroscopy,
EDS) UL point analysis }l8¥ line scanning

4 a o T 1
MSANYINIYNABIYANTTAUBDIANATOUMIUADIHIY (TEM)

lums3setuniei 1819ndeswanssmisdnaseunuydesin wofinunTasserdreganin
fifwwotege dwsumseSentunuiuiusnmsdasuaudaeldn cen Wilhuiuis
anumulszang 200 lulaswas uazthudadaonszmunswmeananununfimiedszua
80-100 lupsou  91nfutine1da  puncher e IR 1A Fu i Tvuadurmaudnans
3 fiadwns wezinndandanlase Ifh-nfidaomses win jet electropolishing Inuld
1702010089 10% perchloric acid 8% 30% U8B 2-butoxyethanol luesiuea %uﬂﬁxﬁufﬁ'wmm
ngQ Tﬂuu’?nmamgﬁmqagﬁﬁu‘ﬁmqwaﬁ&ﬁﬂmaummmwzqmﬂﬁ

3U% 3.2 nera UM s s eNAI8e1 A5 UAnE InseaseganIndiondod LM, SEM

uaz TEM JU7 3.3-3.5 uaraendosiilolunisnaasy
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croas sectioning

n — cast specimens

directlon of chsarvation

- II . ,ﬁm

- I

TEM specimens

1

. direction of absarvation

(G2

axls
=] l
Ls-d..0. .

L end SEM specimena
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517 3.3 ndeeganssariuas (light optical microscope : LM)

1200grits
grinding




U 3.5 ndesganssmidifinaseunyudesru (TEM) ¥p1u55% Philips §U Tecnai 12

3.3 MINAADUANMUTL (Hardness measurement)

Taothdunuitelisanse lunaseuanuudamaavienuudalasuuuyinned
(Vickers macrohardness) Tng191011133 30 Kef Funan 15 3 Fauuuguimau 599 udn
vnmemds  dmsumsnagouanuufeganin (Vickerss microhardness) A16lLNTUYDS
poanu Tus Tﬂu‘l"ﬁ*&?yuﬂuﬁvhuﬂﬁﬁﬂﬂi‘ﬂ‘lﬂmﬁauﬁwm%mﬂﬁamﬂmﬁaqamﬂ Taels
viwiin 0.015 Kef luna 15 Juiil Sauvuguimau 10 9o udnihunmeumie
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4.1 Tﬂiaﬂ%ﬁﬂ‘gnmﬂhﬂﬁﬂﬂ (General microstructure)
nnmsAnur Inssadianiadisndesgansseninaeiimdwerwdn  wud  Iassede
] Y P an s ¥ 4
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Uinausunsuvesesamuluy  udedielsiawm lunumsanaznouveseynianislunsuves
¢ o = = da g ! =
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¥ v
MAweegn  wuheymaianazneuusnauuBLINTUYB R mMY IuNTidny e MIE o9
puussiies Awaadlugila 4.2 (v)
¥ ¥ v
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¥ F
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EHT =20.00kv  Scan Speed =11 Signal A= SE1 Fill= 2,689 A
Mag= 1.80KX WD= 22mm Spot Size = 300

U7 4.1 Taseadwganaveandnniiamues 3161 MiaSuussdedanounsludlszneudae
suvsteeamuluyl symafinnnzneumelunsunazvsumnsuresoanulusl (1) Mmnee

nnndeegansseniues (v) Muieanndesgansseidianasounuudesnsia
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3pm EHT=2000KkV  Scan Speed=12  Signal A= SE1 Fil | = 2,589 A
Mag= 400KX WD= 11mm Spot Size = 300

Wi 42 Tasseheannveaninndaauaaiiuus e innutlouns ludlsgaeudae
insuvesevamulul nareymafinnazneuuSnavennsu (n) Amioainndeaganssmiiag
(@) MM INndesgansImididnasouILUdons 1A
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43 maaanzvewndszneumuniidiemsiamsnszarendsnuvesiidisnd
MNMITINT1EHBIR sz AoUMuUnldromsIansnTeaende U ddng  (energy
dispersive spectroscopy, EDS) UL point analysis ypunanndaauEae 316L ﬁm?mrsaﬁ'm
Fanoumslud  wudunsuvoseeamuluiiazeymafinnazneuns lunsunazuinuvey
insuvesesamu luisznoudiesig man Tasiflon dnfa Faneu Tududdy uazasueu
Fuaasluglii 45 flefinneosdusznoumuni@ae Xeray line scanning  WUTUNTUVOY
oomnuluriglisng win dnfa Tufudiy azmeeguSiaann uvasfioumaiinnaznou
melunsunazusnuveuinsuvsssoam lusiazlisn Insfvyazaveguin fleRorsan
oymafianaznen nuhinsnaman e geulnanmunsuasisg Insfieunndi
vinaveunsy swansluglit 46 Swwidbunnnsaminisasnsunsnnnsuves
ooamu lufidigoymafinnaznew idinnndimalasdlen  wennnffezfiutimadaneuuas
asveuasmolusymaiinnaznousnniunsuvesseamylu  sufuezdinldieymad
anazneumeluinsunazveunsuliosrlsenoumunlimieuiuinindurasiafvfu
dwsumanndaauna 3160 TaSuussdaelnmiflouaslug 9015 Tinsed
pafi1lsznounuAliaag pointanalysis - wudnnsuvesommy luriiazeumafinnaznouusiu
YouMsLUBwemnu luilsznoudiona wmdn Tasdey fada Tnnudiey TuAuddy uay
afueu duaasluguil 47 snnsiinsedesdsenouniuaiidng Xoray line scanning WU
nsuvosevamu luil Ussneudiesiaman Tasilon dmfa was TuAudiy azanseyudSuna
wn - Tssoymauinavouinsudseneudiosia InnifouuazmifuenlulSinaiigand

gaarasiusln 4.8
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dpm ! Electron Image 1

0
Full Scale 190 cts Cursor: 0.000 f ket

Full Scale 190 cts Cursor: 0.000 kew
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4.4 ANNN (Hardness)

nanamsnaaeuauiinduanuuds nududandeauea 316 A luieSunssd

g 1w A s s o z A 4 2
anuudasiiy 91 HV,, Wawiuusssoyniamd luderlianuuduisiy  Teemdnn

A a aa P} < T
qmad 316L MaSuuswiseynadanauns lud tnnuudaunnanidy 11339 HY,, uaz
anuudsgamanelunsuvesesamu luividy 16731 HV,,,, fweaslumsiedl 4.1 uay 4.3
awddy  daumdnndaewan 316L MaSuussdrsoymalnmuiloumslud  wudeaw
uaunamafiiy 97.72 Hv,, sazanuudgamenelunsussamulusivihiv 126.01 BV,
gaaaeluaseT 4.2 Lag 4.4 mudey
= a o = - 2 an o't =3 1 & 9/

msimanndemuaa NS uiseFanouns luasnNuLdgenIuanndamume
s oA | o A =4 9/ A A 2/ aa
S uuswan Innutlonas lud sraiisannnTumanamainumed 3161 Miasuusdiedaneu
a3 ludimsanazneuveseynamelunsuvesesamulud - R 49 usasmsiSeuiioy

anuudauvmanazgania lunsuvesesmmnu lun

3N 4] ANVLAINVNAVO UV ENNATLALIAT 3161 NS UL eFanouas lua

A% 4, 4, ANV (HV,)
1 7258 685.8 111.68
2 698.2 729.2 109.22
3 735.8 688.8 109.65
4 691.0 679.8 118.42
5 685.2 688.0 118.01
augumanands iy 11339 HV,,

= =~ = = =
P59 4.2 ANUUTINTAINvRIY ANPAIEIAMIAT 3161 Mies uusedae lnnnuiounslug

d, 4, amnuuda (HV,,)
1 7774 724.0 98.72
2 722.0 800.4 96.01
3 766.8 678.0 106.60
4 728.8 807.6 94.27
5 818.8 731.8 92.55
muademanands  ohiy 9772 BV,
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q06
“E37 ...
OV
= -1 'S o h‘-’;:"‘ VA
15197 43 anuudeganinnelunsuesamuluiveundnndiaawan 3161 Masunsnay
aa 4
Fanouaslud
4, d, AN (HV, )
1 12.31 11.86 190.5
2 14.44 13.45 143.1
3 14.22 13.79 141.9
4 12.52 13.60 163.2
5 12.43 12.48 179.4
. 6 13.29 13.86 150.9
‘ 7 13.87 13.46 149.0
8 12.41 13.97 172.7
9 ey 11.44 197.9
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Microsiruciure and Hardness of S?cihless Steel 316l Reinforced with Silicon Carbide and

Tiianium Carbide
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“Abstract: The microstructure of stainless steel 316L reinforced with silicon carbide and titanium carbide have been studied

by optical microscopy (OM) and scanning electron microscopy (SEM). The chemical composition was analyzed by energy
dispersive spectroscopy (EDS). Vickers hardness was also measured. It was found that the microstructure of SIC-added 316L
composite consistfed of austenite grains, and discontinuous particles phase at grain boundaries and within austenite grains.
This is due fo reaction between 316L powder particles and free elements diffused from SIC particles during sintering. In the
case of TIC-added 316L compasite, the microstructure consisted of austenitic grains, and contfinucus Ti-rich parficles af
grain boundaries. However, no particles precipitated within austenite grains. Vickers hardness of SiC-added 3141 was higher
than TiIC-added 314L. This is due to the precipitation of particles within austenite grains in SiC-added 314L composite.
Keywords: microstructure, stainless steel, electron microscopy, SIiC, TIC
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