@ < Y A A A o a
NITIVIAUANHUSVDUUANNAUATOIND H13 ﬂﬂflu@ﬁ“lﬂ\illﬂﬂwa']ﬁiﬂ

wwanygansd thls

”3%mﬁwuﬁ'ﬂfgﬂudmwﬁwmmiﬁﬂymmwé’ﬂqmﬂ‘?mﬂuﬁmﬂﬁumﬁmumﬁmcﬁ@
drmsnennssulanms  MaIrIaInIsulanms
AUZAAINTTUANAAT  NINTAINNIINGSD
Umsdnm 2548
ISBN 974-53-2810-3

a a J a [
AVANTUYDIPWIAINTUNNIINYIAY



CHARACTERIZATION OF PLASMA NITRIDED H13 TOOL STEEL

Miss chuleeporn Paa-rai

A Thesis Submitted.in. Partial Fulfillment.of the Requirements
for the Degree of Master of Engineering Program in Metallurgical Engineering
Department of Metallurgical Engineering
Faculty of Engineering
Chulalongkorn University
Academic year 2005
ISBN 974-53-2810-3



ar - ' s [ ] - e =
viodednentinug NIWIANANHEIBIMANNALATRINE H13 I luRs ey

WAIGHT

oy wae gansd thld

A117917 Aaanssulannig

anansinm 819154 A7, U0 AqvEiinene

ay = R L L L 3
ALAAININAERT 9RN8INTRTuM AN Ay aWTR WLAne inudariuiitiudou

J - L
wiesamsAnen unangasFni uingm

T e AR ANt

PER T

(AaRs1an3tl A, AlEn AIIUEAT)

ADLENTIUNAaLANLTINUE

................ : Uszarungsunag
(fournans1ansd 1Az AgHASE?)
f;”'],;““”"”ﬁ* anansdifinm
(a1an7el me. Ugun qvEivinena)

NITUNTT

(sa4MARTI1909tET AT Useasd AReTyde)



gansd 1hls : nsmqudnyuzveamdnnduaiosile H13 i TuaseRawumaimn,
(CHARACTERIZATION OF PLASMA MITRIDED H13 TOOL STEEL) ®. f'.l'lﬁﬂ‘ld'l ;

9. a3. g Fgniiinina, 135 nih. ISBN 974-53-2810-3,

A - =t v '
manndunieaile AISI H13 dWumdnaduaiesdenims ldnusiaunsnawlugaamnssy
(| o o am, d’.'- = d = A4 o
udedn lsimmmanndwiiaiideidiude ninszuumsiivanuudaia thetiueynis 1¥uves
- ¥ A - o ) -: wr t’d i’r ‘rl ol o & A w
Fudruindadromanndriiall dniulumsinuniaiitdiiaguszmadiomquanyuzues
A ol oy : [ 1 -
manndunieailo H13 i luasisRwuumae Tassununaasagniniseanidiu 2 ngu fie nqui
A =y i A = [
WhumanndunTeaile H13 Und taznguueandnndunioaile H13 AlMIgyEemIvounouh lu
u : : L o b J =
AswAMUYNAIAY Fuaniarpangupmit luassAwmunaimniigungi 773 uaz 823 K il
[ ¥ ¥ » »
a1 10 uaz 20 92 Tua dgaiu luudag ngulalivuaminguas 4 FuahimsmguanyuzvoIFuny
»
2 i
ninualavldndoaganasemiing Afee XRD 1LY GAXD 3 luaz 5 0ar uazuuy 0=20, EDS,
A - ]
EPMA uaznageuauudisnoniomanoununiauyluInsinned sinmsaseaeunyiinm
Y 2 B L . o
uazgunpiiinademamiuinvesnnunuvesiu luaswaniiatiu fe iWena1 nFegungiistiala
ko 2 z 2 -
obramitadindu sai I uasednndy. Tassadisganinvesdi luasodvesduauilng
oy &
Usznoudaunla Fe N, Fe,N tiaz CrN 1aiiaiu Ssians1anin Tnssadreganinvesin luaswdves
Funiimsgadenfveuifanrunsomitlddiuaewinufe vinalndiuii Taswadaganin
£ ' - :I.d
udun dsznoudiomla Fe,N, Fe,N uazuinudomiihuninaiidmid dszneudronla Fe,N,
- - - 3 v -
Fe,N uag CrN Uty CiN i e Insdioums Tudagroumsii luaswRamumaan
a = a
Sudhl189 e idaenmsftezaenluTasmudi hlunuilozaounivouluTasdoumylud
n‘: - = = paly u' =
wenoniisuluasodi ldaunsafivnnuudfuniuan1d Taoianar guugll uazmsgaiv
P P P o - P - A ol lﬂ & -~ ¥ [ &
miveunimniinanomamdwesing luasedisiuiufie dioam viegugi oo lasdimils
o 3 - = . -
dina anuudsiuluasodoranat iazduamftims gydemiveuiinai TunsoAuwumamn
o i g = > ¥ i - - - Py o =
1 773K vz Wawmudsiavesiuluaswamind ludualod nasusnuniinie gaudomivouia

# Ed
yinTuaswaswma I 823K s i udsivosiu luas oaganiuduamalng

= = 5 - l’_'uff ; I“
MATYY...o L 3RNTSNTANMT . WOLBAOURA..ceerernns o1 o 1 SR
- - A = 1
AN AANTTUTANNS e, EElRYRDIOR TN, .?."&...:‘.i‘.:*..?.‘l!!.’!f; e

Um3fAnET o 2548...0ceesrereieeriinns



# # 4670674121: MAJOR METALLURGICAL ENGINEERING
KEY WORD: AISIH13 TOOL STEEL/ PLASMA NITRIDING/ DECARBURIZING

CHULEEPORN PAA-RAI : CHARACTERIZATION OF PLASMA NITRIDED H13 TOOL
STEEL. THESIS ADVISOR : PATAMA VISUTTIPITUKUL, Ph.D.,135 pp. ISBN 974-53-
2810-3.

AlSI H13 tool steels, are widely used in industries, however, need to improve surface
hardness for the performance. Thus the purpose of this study was to characterize plasma
nitrided H13 tool steels. The specimens were divided into 2 groups, the group of non-
decarburied and the group of decarburized H13 tool steels. Both of them were plasma
nitrided at 773 and 823 K for 10 and 20 hours, thus each group has 4 samples. All of them

were characterized by optical microscope, GAXD in XRD at 1°, 5°, and 9=29. EDS, EPMA
and Vicker's microhardness testing. It was found that time and temperature affect on layer
depth increasing, increased either time or temperature, increased layer depth. The
microstructure of nitrided layers of non-decarburized group, dark gray, consisted of Fe,N,
Fe,N and CrN all of the layers different from the others were separated to two areas, closed
to the surface was the white area consisted of Fe,N and Fe,N, and the next one was the dark
gray area consisted of Fe,N, Fe.N and CrN. The area, that found CrN, had chromium
carbide before plasma nitriding process. It is possible that CrN formed by replacing of
nitrogen atom at carbon atom in chromium carbide. Moreover, the surface hardness of both
has increased after plasma nitriding, with effect of time, temperature, and decarburizing.
Either increasing of time er temperature, the surface hardness has deceased. And at the
same nitriding time and temperature, the surface hardness of 773K plasma nitrided
decarburizing specimens were lower than the non-decarburizing specimens but the surface
hardness of 823K plasma nitrided decarburizing specimens were higher than the non-
decarburizing specimens.
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Factor H13
Maijor factors

Wear resistance 3
Toughness 9
Hot hardness 6
Minor factors

Usual working hardness, HRC 40-53
Depth of hardening D
Finest grain size at full hardness, 8
Shepherd standard

Surface hardness as-quenched, HRC 51-54
Core hardness (25mm, or 1 in., Diam round), HRC 51-54
Manufacturing factors

Availability 4
Cost 1
Machinability 8
Quenching medium A
Hardening temperature, °c 995-1040
Dimensianal.change on hardening L
Safety on hardening H
Susceptibility to decarburization H
Approximate hardness as rolled or forged, HB 500
Annealed hardness, HB 192-229
Annealing temperature, °c 870-900
Tempering range, °c 540-650
Forging temperature, °c 1065-1150
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(9471) (%) A) (9371) A)

41.064 32.79 2.1962 03-0925 Fe,N 41.069 2.1960
43521 | 48.57 2:0778 11-0065 CrN 43738 2.0680
44,610 100.00 2.0295 06-0696 Fe 44.674 2.0268
47.784 18.14 1.9019 06-0627 Fe,N 47915 1.8970
647434 5.0 1.4387 34-0396 Fe-Cr | 64.779 1.4380
70.030 4.59 1.3424 06-0627 Fe,N 70.058 1.3420
82.123 | 18.27 1.1726 34-0396 Fe-Cr | 81.986 1.1743
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40.965 | 13.20 2.2013 03-0925 Fe,N 41.069 2.1960
43.609 53.67 2.0738 11-0065 CrN 43.738 2.0680
44546 | 100.00 2.0323 06-0696 Fe 44.674 2.0268
47.587 7.59 1.9093 06-0627 Fe,N 47.915 1.8970
64.812 |  4.87 1.4373 34-0396 Fe-Cr | 64.779 1.4380
69.920 2.18 1.3443 06-0627 Fe,N 70.058 1.3420
82.131 9.04 1.1726 34-0396 Fe-Cr | 81.986 1.1743
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41.145 95.83 2.1921 03-0925 Fe,N 41.069 2.1960
43.458 | 19.27 2.0706 11-0065 CrN 43.738 2.0680
44.581 100.00 2.0308 06-0696 Fe 44.674 2.0268
47.806 | 63,57 1:9010 06-0627 Fe,N 47.915 1.8970
65.026 8.95 1.4331 34-0396 Fe-Cr 64.779 1.4380
70.100 |  '18.64 1.3413 06-0627 Fe,N 70.058 1.3420
82.087 13.57 1.1731 34-0396 Fe-Cr 81.986 1.1743
84.703 | 16.31 1.1434 06-0627 Fe,N 84.651 1.1440
89.231 5.60 1.0950 06-0627 Fe,N 89.412 1.0950
98.942 5.10 1.0134 06-0627 Fe,N 98.869 1.0140
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(9371) (%) A) (9371) A)

41.109 42.44 2.1939 03-0925 Fe,N 41.069 2.1960
43596 | 24.97 2.0744 11-0065 CrN 43.738 2.0680
44.684 100.00 2.0264 06-0696 Fe 44.674 2.0268
47730 | 27.95 1:9039 06-0627 Fe,N 47.915 1.8970
64.905 7.25 1.4355 34-0396 Fe-Cr 64.779 1.4380
69.900 9.36 1.3446 06-0627 Fe,N 70.058 1.3420
82.088 14.58 1.1731 34-0396 Fe-Cr 81.986 1.1743
84.416 7.11 1.1466 06-0627 Fe,N 84.651 1.1440
89.231 2.37 1.0964 06-0627 Fe,N 89.412 1.0950
98.942 5.10 1.0134 06-0627 Fe,N 98.869 1.0140
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41122 | 1446 2.1923 03-0925 Fe,N 41.069 2.1960
43.476 23.51 2.0798 11-0065 CrN 43.738 2.0680
44.610 | 100.00 2:0293 06-0696 Fe 44.674 2.0268
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64.872 | - 4.14 1.4361 34-0396 Fe-Cr [|'64.779 1.4380
70.066 3.39 1.3418 06-0627 Fe,N 70.058 1.3420
82.199 |  9.42 1.1718 34-0396 Fe-Cr | 81.986 1.1743
98.737 3.01 1.0150 06-0627 Fe,N 98.869 1.0140
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soans iy 20=41.006° (d=2.1992 A) Hianududuinsiiu 10.19% uag
szozvineszninszuulndifesiuseans gy 20=41.069° (d=2.1960A) lumsadeya

JCPDS %na1ay 03-0925 waanan luasies (Fe;N)
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goans Wy 20=44.415° (d=2.0380A) Tanududusimsidlu 100% uazil
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41.006 10.19 2.1992 03-0925 Fe,N 41.069 2.1960
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47.780 14.95 1.9020 06-0627 Fe,N 47.915 1.8970
64.490 | 10.61 1.4438 34-0396 Fe-Cr | 64.779 1.4380
69.999 4.95 1.3430 06-0627 Fe,N 70.058 1.3420
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(94971) (%) A) (949f17) A)

41.097 | 100.00 2.1945 03-0925 Fe,N 41.069 2.1960
44.586 69.23 2.0305 06-0696 Fe-Cr 44.485 2.0350
47738 | 54.08 1.9036 06-0627 Fe,N 47.915 1.8970
64.867 | 2.55 1.4362 34-0396 Fe-Cr | 64.779 1.4380
69.996 | 18.01 1.3430 06-0627 Fe,N 70.058 1.3420
82.460 7.11 1.1687 06-0696 e 82.335 1.1702
84.386 | 13.71 1.1469 06-0627 Fe,N 84.651 1.1440
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Hszozvinszninszuulnafesiuesans gy 20=84.651° (d=1.1440A) lumsadoya

JCPDS %ine1as 06-0627 ypunan 1uas1os (Fe,N)

Uit 4.17 v) iugluumsEennve uBngis Sins e aen 1dnnns 14
GAXD 0=5° yiwaitlfissuifieusudeya JCPDS 1dkansnfionifioudaed 4.23 fio
wudmaﬂﬂﬁWﬁuu 20=37.810° (d=2.3775A) Hanududuinsithy 15.31% uazliszezvng
sendeszanulndiestuveansliiny 20=37.539° (d=2.3940A) lumsadoya JCPDS

ey 11-0065 vodlasdien luasiea (CrN)

goans Wiy 20=40.965° (d=2.2013A) anududuingiilu 99.90% uag
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(94971) (%) A) (949f17) A)

37.810 | 15.31 2.3775 11-0065 CrN 37.539 2.3940
40.965 99.90 2.0013 03-0925 Fe,N 41.069 2.1960
44570 | 100.00 2.0312 06-0696 Fe-Cr | 44.485 2.0350
47.880 42.41 1.8983 06-0627 Fe,N 47.915 1.8970
64.897 5.41 1.4356 34-0396 Fe-Cr | 64.779 1.4380
69.943 13.80 1.3439 06-0627 Fe,N 70.058 1.3420
82.392 | 10.35 1.1695 06-0696 Fe 82.335 1.1702
84.523 10.43 1.1453 06-0627 Fe,N 84.651 1.1440
98.826 3.51 1.0143 06-0627 Fe,N 98.869 1.0140
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poans Wiy 20=64.897° (d=1.4356A) Hanududuinsiilu 5.41% uazil
srovrinsz sz Indideaiuesansiligu 20=64.779° (d=1.4380A) lumsadeya

JCPDS #1181a% 34-0396 vodansazatgveudananiulasiiey (Fe-Cr)

soani My 20=69.943° (d=1.3439A) Hanuuduinsiiu 13.80% uaz
Nszeyrnszrinszuulndifoeiuseans gy 20=70.058° (d=1.3420A) Tumsadoya

JCPDS #ine1ay 06-0627 youman luasios (Fe,N)
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poans Wiyl 20=82.392° (d=1.1695 A) fianududuinsiilu 10.35% uag
szozvinszninszuulndifssiueoansiiyn 20=81.986° (d=1.1702A) lumsadoya

JCPDS #1181a% 06-0696 YOIUHAN (Fe)
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goans Wy 20=84.523° (d=1.1453A) Hanududuinsilu 10.43% uaz
Hszezvinszninszuulndifesiueoansiiiyn 20=84.651° (d=1.1440A) lumsadoya

JCPDS winuia% 06-0627 voamian luasied (Fe,N)
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srozrinszInszunlndifesiueeansiliyn 20=98.869° (d=1.0140A) lumsadeya
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Fuims | sEnInesziny FEHINTLUI

(94971) (%) (A) (949f17) A)

41.051 6.48 2.1969 03-0925 Fe,N 41.069 2.1960
44.608 29.52 2.0296 06-0696 Fe 44.674 2.0268
47703 | 100.00 1.9049 06-0627 Fe,N 47.915 1.8970
64.919 | 2.44 1.4352 34-0396 Fe-Cr'' || 64.779 1.4380
69.9967] 2.16 1.3430 06-0627 Fe,N 70.058 1.3420
82.135 492 1.1725 34-0396 Fe-Cr 81.986 1.1743
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Nszegrnszrinszuulndifosiuseans gy 20=44.674° (d=2.0268A) Tumsadoya

JCPDS #1181a% 06-0696 Yo IHan (Fe)




89
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41.097 62.44 2.1945 03-0925 Fe,N 41.069 2.1960
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37.670 3.75 2.3860 11-0065 CrN 37.539 2.3940
41.150 11:30 2.1918 03-0925 Fe,N 41.069 2.1960
44596 | 100.00 2.0301 06-0696 Fe 44.674 2.0268
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e GAXD 1° GAXD 5° XRD 0=20
(25.16 um) (125.66 pm) (1.25 mm)
Fe 100.00 - 100.00
Fe N 62.44 21.37 11.30
Fe,N (20~47°) 32.92 13.79 12.55
Fe,N (20~70°) 12.83 5.74 2.29
Fe,N (20~84.5°) 9.21 4.44 -
CrN - 6.93 3.75
Fe-Cr (20~45.5) - 100.00 -
Fe-Cr (20~65°) 4.52 5.43 6.59
Fe-Cr (20~82°) 10.24 13.72 16.22
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41.171 44.70 2.1908 03-0925 Fe,N 41.069 2.1960
44.615+| 1 100.00 2:0293 06-0696 Fe 44.674 2.0268
47.835 28.64 1.8999 06-0627 Fe,N 47.915 1.8970
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37.670 8.29 2.3860 11-0065 CrN 37.539 2.3940
41.043 18.86 2.1973 03-0925 Fe,N 41.069 2.1960
44.631 | 100.00 2.0286 06-0696 Fe 44.674 2.0268
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