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ABSTRACT Plused-high-energy—density—plasma (PHEDP)} has been used for the surface mod-
ification. Alumninum nitride (AIN} film was formed on 45 steel, y—stainless steel et al. Structural
characteristics of the formed AIN were studied by XRD, XPS and TEM. The formed films are com-
posed of nanocrystalline-structured aluminum nitride phase, whose crystal size is about 14 nm, Two
types of AIN phase structure were found in the film on different substrates. AIN formed on austenitic
stainless steel and copper has rocksalt structure (c—AIN}. AlX formed on 45 carbon steel has wurtgite
structure (h-AI%}. The characteristics of AIN formation in PHEDP surface modification were analyzed.
KEY WORDS pulsed high energy density plasma, c—AlN, h-AIN, microstructure
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Fig.1 Schematic diagram of the PHEDF gun
1. Eledtromagentic valve
2. Charging and discharging circuit

3. Coanial plasma gun 4. Vacuum chamber

5. Sample hulder 6. Quter electrode

7. Inner electrode

H Al, N Ef. TR TSR F4EMRGE BT T S5
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10 Pa, fUE BB R 1.5 kV, Bknrisy 50.

# PHEDP ®EHEHE DMAX-RE fit4{{ L
PEITHE . CuKa AFTHE. K 40 kV. @8
T # i A6 PRl PHISOS sz, ook i
WA ERERNERAN T BEES 5 H%H (JEOL
100CX B JEOL 2000FX) U8 m d ik a2
[RES
2 R#ER

2 4 45 SRREECEGH X HEATHE (XRD),
HirgtigtrEm#E 1 Brn. &, & TR E N
HH LA, EE AN AR AlFFe BAL &M,
BETE 45 S LA AIN B2 %W (a=0.311 nm,
c=0.4979 nm). @ 3 k% 2 B Cu SR B YWHGH XRD
E SRR, WIEF 7 AIN #. AlLCu ik
LA % CuzN %, P AIN BEHFEREER. Hol
AR FUH AR R4 1h.

A7 AIN B—HEmE. SETAEREEAN, &

110uF.

200,.F-
121 u-Fe
220, Fa

L . i
4000 60 00 8000 100 CO
28 deg

B 2 FPHEDP d#:& 45 54 XRD

Fig.2 X-ray diffiaction pattern from PHEDP-niodified
surface of 45 carbon steel
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Table 1 Indexing of the XRI} in Fig2.

FPhase 28, deg d, nm djopps, nm hkl
a-Fe 4480  0202] 0 2027 110
6520 0.1430 0.1433 200
52.40 01169 0.1170 121
AIN 3313 0.2702 0.2695 100
3592  0.2408 0.2490 002
3800 0.2366 0.2371 101
60.64  0.I526 0 1556 110
7248 01303 £.1300 201
Al 3Fey 2852 0.3127 0 3118 203
4220  0.2140 0 2130 515
47.36  0.1920 0.1910 333
50.80  0.1796 0.1792 141
TTL6 01235 0.1235 446
AlyFe 2024 03052 0.3074 231
azsz  D.2TH D 2760 151
3502 02498 0.2497 251
3920  0.2296 0 2319 292
4116  0.2191 0.21%9 302
AlFe 3120 0.2%64 (1.2899 100
5376 01704 0.1672 111
63.80  0.1451 0.1447 300
7936  0.1184 0.1182 211
9812  0.1020 0.1024 220
Alz Oy 4840  0.1880 0.1876 203
5728 01607 0 1642 04
6108  0.1516 0.1507 302
25
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B 3 PHEDP itk Cu §) XRD 3%
Fig.3 XRD fronu PHEDF meodified Cu
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Table 2 Indexing of the XRD in Fig.3

Phase 20, deg d, um djoppg, nm hkl
(h2+&241%)
Cu 4344 0.2081 0.2087 11
50,60  0.1802 0.1808 200
74.28  0.1276 0.1278 220
90.12  0.1088 0.10890 311
c-AIN J8.04  D.2363 0.2379 111
44,22 0.2047 0.2060 200
64.28 01448 0.1458 220
T9.80  (.1240 0.1242 311
CupAly 3524 0.2345 0.2512 202
4812 D.18BS 0.1899 421
4932 01846 0.1855 332
51.16  0.1784 01776 442
7628 01247 0.1256 444
5-CugAl, 4572 01983 0 1990 (19)
46.52 01951 0.1950 (20)
4932  0.1846 01850 (22)
AL36  N.1510 0.1510 {33)
6220 0.1491 0.14890 (34)
CugN 44.84  0.2020 0 2200 111
58.08 D 1587 01.1560 211
7427 01276 0.1270 300
79.40  (.1206 0.1210 10
Cuz O 36.36  0.2456 0.2465 111
42,40 0.2130 0.2135 200
73.53  0.1290 0.1287 311
300 .
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B4 PHEDF Mt)5 51 49 XRD
Fig.4 XRD from PHEDP modified 5i
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FRREFFAMFEMBEEE 1773 K. M REFHHEHE
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BREE AR AR A Mk &R T E b
W EHEmEE EREseEme VM EHSEmRES
mr R

P. = Pexp|AH(T — T4)/(RTT,))
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f# ke, Th HEFEHEHTHRLRE TR
AH=310.4 K.]/mul. Ti=2860 K, 4 T=17T33 K 0. H
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Fig.6 TEM from medified surface of 45 carbon steel

{a) srlected area diffraction {SAD}

(b} dark-ficld image (DF}

BT v THEMACEEK TEM M
Fig.T TEM from meditied snrface of 7—strainless steel
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Fig.8 TEM from modified surface of Cu
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Table 3 Result of calculation on formation energy of AIN

CGibhbs free energy Formed on o- Fe Formed un + -Fe

10~ % k) h AIN  c-AIN  h-AlN ¢ AIN
AG e S14.34% 3712 STTTR -201°
-33.728 Laz7ib L1meTtt a1zt
Al e 2.04 1.82 1.36 0.05
AGotram 9.50 3.95 183 0.12
AG -380* 206  -158%  .1.83°
2218 -15.04Y  -12.08F  -1214B

BHMFEN b AN § cAIN #9122 B die 2%
b ERBH TR, AN AUERAEH I i
GRS G WAL 4 y-Fe FERSBA AN,
th EATR, B e 0 R T R A 0
TR ORI R B E AR TR E
o AN pE %
1 i
B R AR A TR (AL N) U BT
FAER AT SR BALI AN BL R4
10 nm. ALY M HIESEHST R, ERAFRLLTE
kBRI AN . TR
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