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Attempts have been made to elucidate a variation in wear resistance of CrN films with
these process parameters: substrate temperature, substrate bias voltage and nitrogen gas
pressure. The films were deposited onto substrates of SCM440 chromium molybdenum steel.
Hardness measurement was performed on the films using an Akashi Corp. ultra micro-
Vickers hardness tester, MVK-G3. Internal stress of the films was determined using siny
method. Line broadening of X -ray diffraction was utilized to determine grain size of the films.
An increase in substrate temperature and nitrogen gas pressure as well as a decrease in
substrate bias voltage induced lower film hardness caused by a decrease in compressive
stress and an increase in grain size. These results may suggest that structural relaxation of
the films is caused by an increase in mobility of adatoms on films in accordance with the
above change in process parameters. Tribology tests were carried out under unlubricated
conditions with a reciprocating type testing apparatus. Structural relaxation resulted in a
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decrease in wear loss.
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Self-propagating high-temperature synthesis (SHS) method is a beneficial process to
obtain intermetallic compounds from elemental powder mixtures. In this study, production of

nickel aluminide coatings on 304 austenitic stainless steel using SHS reaction was investigated

for Ni-Al powder mixtures ranging in composition from 25 to 75at%Al. As a result,
compound formation was found to take place for all specimens. However, the coating layer
comprised multi-phases with uniformly distributed fine pores, which resulted in scatter of
micro-Vickers hardness of the coating layer. At the highest composition tested, 75at%Al, a
diffusion layer from the bonding interface into SUS304 substrate was observed. Its growth

was restricted by SHS reaction.
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Adhesion Behavior of Cu Plating Film
on Sulfonated Polystyrene Resin

;o B

Tsutomu Morikawa

BE B3FExx

Masayuki Yokoi

(20034 7 A16H =)

By conventional electroless copper plating process and the following acid copper plating,
40 um thickness copper film was plated on polystyrene resin sulfonated by dipping in
concentrated H2S04. Adhesion strength of copper film on the resin was measured by a
peeling test as a function of treatment time of resin sulfonation and time elapsed after plating.
Both the copper and resin surfaces peeled off were studied by XPS, correlated with the
adhesion strength.

The sulfonic group (-SO3H) determined by XPS increased in amounts on the resin surface
with increasing sulfonation time. The appropriate treatment time resulted in good appearance
of copper plating. Adhesion strength of Cu film immediately after plating was weak to be
about 50-100 gf/cm; however, it increased up to 650 gf/cm after several days. In addition,
the intensity of ESCA spectra for Cu20 was found to increase with increased adhesion
strength, indicating the importance of the chemical state of interfacial metal oxide for
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adhesive film formation on the resin.
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Surface roughness (Ra, Rmax, Rz) and increase
in surface area of PS resins shaped by pressuring
with the emery papers.

Surface Emery paper No(#)
features as molded| #320 #600 #1000 #1500
Ra(um) 04 15 45 34 28
Rmax( tm) 40 49.5 420 26.5 215
Rz(um) 15 420 325 235 19.5
supreseing | 04 163 [ 123 | 105 | 81
I Ji12]: 1 | 10%NaOH. 50°C,1053 1
LK%
| thfn | 5%H,S0,, B2, 201
1 K%
N concH;S0,, 30-70°C, 30Fpfl1-2
RILR{E ol
1 k%
SnCly* 2H;0 20g/L+ 40mL HCI,
B2 30°C, 45
1K
PdCl,2H,0 0.25g/L+ HCI
| AasR{L I 25mL/L 30°C. 4min
1k
CuSO4 *5H,0 10g/L + DotAll
BBARAHSE | 508/L + NaOH 10g/L. 30°C, 10
2m
1 k%
| el | swiso.mE 0w
1 k3
| REEDH-T | mwmms, G oum
Bl »-o&xT5

Process of Cu plating on PS resin.
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K2 Ak Bz 5 C/SEFILDOZE
Changes in C/S atomic ratio of PS resin surface
with the sulfonation time in conc. H2SO4 at 50T.
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Effects of sulfonation time and temperature on

the appearance of Cu plating.

Texp,
B INE] W 40 50 60 70
0.5 - - - - o)
1 - - A A @)
3 - - O O A
5 - - O O A
10 - O O X X
20 - O X X X
30 A O X X X
45 O X X X X
60 O A X X X
120 A X X X X

~: no deposition, Airregular deposit, O: uniform deposit, A:small
number of blister, X :large number of blisters
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Effect of aging timé at room temperature on

adhesion strength of Cu plating on PS resin

sulfonated with various dipping time in conc.

H2S04 at 50°C. Open symbol; without pealing off

of copper plating, solid symbol; with pealing off of

copper plating on one side.
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Effect of sulfonation time on adhesion strength of
Cu plating on PS resin sulfonated in conc. H2S04
at 50C, as a function of aging time of plated PS
resin. Open symbol; without pealing off of copper
plating, solid symbol; with pealing off of copper
plating on one side.
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O® #6600
A A #1000
vV ¥ #1500
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750

Adhesion strength (gf/cm)
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> AHH N OBERE

Effects of surface roughness of PS resins on
adhesion strength of Cu plating as a function of
aging time. PS resin was sulfonated in conc.
H2SO4 for 5min at 50C. Open symbol; without
pealing off of copper plating, solid symbol; with
pealing off of copper plating on one side.
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Changes in the color of peeled off Cu surface with
the aging time of Cu plated resin.
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Chronopotentiograms of the peeed off Cu film
from PS resin and Cu plating dipped in Pd
solution.
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Binding Energy (eV)

X1l Cu® o %3|#EmD ESCA A7 IV

Changes in ESCA spectra of peeled off Cu film
from PS resin with Ar etching time.
(Adhesion strength; 750g/cm)
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TNaAF Y FEHGZERIKE U8R TiOz
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Preparation of Spherical and Needle-Like TiOz
Submicron Fine Particles

HiE #@Etr* #3 Fm|* v AF*
Ayako Hioki Yoshiaki Sakurai Hisayoshi Shiozaki
ARAE  EH*

Masaki Kimoto

(20034 7 A16H <H)

Mono-dispersed titanium oxide particles were prepared by hydrolysis and condensation
polymerization of titanium alkoxides in alcohol solutions. The spherical particles were
obtained in alcohol containing 0.2-2.0 vol% H20, whereas the needle-like particles were
obtained only within the case where particles were prepared in a methanol rich solvent

containing < 0.1 vol% H:20.

Sizes of particles were varied depending on the reaction period. In particular, the aspect

ratio of the needle-like particles increased with increasing reaction period.
The any shape particles obtained were amorphous before heat treatment. The particles
possessed anatase structure after being heat-treated at 500C for 1 h. '
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Recycled Polyethylene Modified
by Compounding Method

By BRE*
Toshihiko Okumura

(200347 H16H %)

Modification of recycled high-density polyethylene (HDPE) by compounding method was

reported in this paper. HDPE was modified with recycled low-density polyethylene (LDPE)

or recycled linear low-density polyethylene (LLDPE). Elongation at breakdown point of
compounding polyethylene indicated from 6 to 10 times as large as that of recycled HDPE
in case of HDPE/LDPE system. In HDPE/LLDPE system, elongation at breakdown point of
the compounding polyethylene was from 4 to 7 times as large as that of recycled HDPE.
Thermal properties of the compounding polyethylene were maintained that of recycled HDPE
whichever -of LDPE and LLDPE was used for modification of HDPE. In this investigation, it
was cleared that modified HDPE with LDPE or LLDPE has excellent tensile properties,
keeping good thermal properties of recycled HDPE.

F—O—R:3VROVT«J, RUIFULY, HEEE, BRYE, SIERSE, ReOVEH,

NFUTZIWUYALTIL

1. XUHIC

7T AF v 7 B ORBEELL O IR MERELEE
BT AHEELT, 7T7AF v 7 MEHCBEBS LA,
WERILA, TSR EOREH BN ICRET S
BHRXarnRy s F1 7ERTHL. AL, RE
TIAF v VM EBRNICRESDE S I L TR
BRERBRY)—TOLL(TL ¥ F) HHiE, =
YINY T4 TERENR-RE LEMBERREEL
wxaDh,

TIRAF v IMBOVY A 7 VOWENRENEE
ZHEH=— Xt B oTWDH2, FTH, ¥FUTL
JHA 7N (HHBAE) RO EEShENERE
LEINTVE, B—DTI5AF v 7MEDENLL S
BEYUREE, BSI5AFy 70EROUEL, 5
WIFIRAMIZEDRWIENSE, T0L B,
BROMEO 7L Y FEERE LARSFHARBICBNT

* EEEME TIRAFvIEWIN-T

&, IRy 7 HEROBRBIERE V.
BT, a9 F4 0 TERICEBATTIT
VYA I Vo—FlE LT, YHA4 7 VE)ZFL Y
OHBREELVHITE. 7u—KEm (B Pl
FoBRTRETS [AF] $IAY 3y FaDHH
WEMRAROBEN L L THERBEES /003y
Y T4 TR OVWTERETS.

2. EOBE

AR OBEEM I RO O DB T 3 0TH
5.

1) WafrETSEL I L.

2) BMUOKREVWHFEICART A L.

3) MEERBICHLREEEFET L L.
HEOHMB LT AMBEEEER)ZFL > (UT
HDPE) T, 7uo—gEICfERASN/-bDTHS., —
ic 7o — R CHER SN AR EHE, £
ITHOERDS, FFROKEV, BRIEEOEVH



126

HTha., ZOMBEIHEEICEIBRTVL, H0
PHBH/NE C, BEDZRINTEICHNSEOMEN
RETHILBRELLE>TWS, #Z T, HDPE
EHB L TS 2 PSRBT OB DK & Wit
ThHhHEEER)TFL > (LFLDPE) 3 & U'E#H
KEFERY) 5L~ (LLFLLDPE) # HDPE ¢ o
YR FTHIEICLY, LRDO3IONEERHE
TAMEANDYHEFEIZDWTRE LB RIZONT
HET 5.

3. R B

() HEBLUFTEAKES DIER
ERICEALZ-HBEIEHEO VA s R = F
L ~ (HDPE, LDPE, LLDPE) T& 5. Zhbizw
THOERGEZSmmAREIIERLLDIOTH),
MHRZL—-FEEIREYTHHI L EDPSTHTH
5, CITRBSHERCEOTIEHEDOT— ¥ INER
T&5T L%~ L7, HDPEIZOoW Tz ¢
BHLALBYTHAB. LDPEBLULLDPERY — b
M2 FNEFRARELALbIOFERICEHLL. Ths
SbENGETHY, ZL— FEEITRHETH L. BINES
ZBOABRPo>TNES,
MHOBRICZRBABBTHLIRKTIA LI
(W) BRI BMERT R 30C150) ZEA L7z, a v
Yy FHMEOBEERLICRY. 22T, LDI0OEW
5 #%E1d HDPE & LDPE #790/10 (& 1t) D4
REWTHD., RIIZFRTIV NIy FHE%£50g
AEL, RMBUBE250C, EEEHS50rpm, R
10min. D&Y TREET o7, 2B, TITRAME
BlRORBD/-0, HBE A% LORSHAIERLT
Wwiv, EDKBOREIZLVEShIza 3y
FitE 2 o — PRIBPAERICB L, EZEMRBEE
() k2R T ¥ 8 VSFA30) i2 & ) RiaZ iR A
LEVESImmO Y — M 2EF L. BREEIR
R EE L250CE Lz, EMERICLVBEON:
V= b2 HRE70mm, 1E10mmOFRMBIRORERH
ZUHHL, FIRRBREIT 2.

@ n =

FIERABRIE A ~ R b O UM EABRER (55828)) %1F
AL, RRRKE23T, BES0%TITo7:. 2h AR
[EMIZ40mmE L. 7 O0RA~y FEER, REBRA
DRERAHE L 2 HIEDHERE (MR 10mmKiH) ¢
1210mm/min, %1 LAB%iX100mm/min & L7:. #
HH O I REEESHR (LT DSC) (B 4
a—A4 AV Y EDSC220CU) % Aviz. e

AR RABREAOS — oW LAb D%
ERAL7. DSCHGOMBRHY — 7 BELBAL
L. B, HEEHFEEESKRT (#E50ml/min),
AiREE10C/minTH 5.

£1 arvyr PO

Component of compound materials.

HDPE LDPE LLDPE
(wt%) (wt%) (wt%)

LD10 90 10 -
LD20 80 20 -
LD30 70 30 -
LD40 60 40 -
LD50 50 50 -
LL10 90 - 10
LL20 80 - 20
LL30 70 - 30
LL40 60 - 40
LL50 50 - 50
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Tensile properties of compound materials.

(a) HDPE/LDPE
SIERMRRTRE  SIRMMER
(MP2a) (GPa)
HDPE 23.8 1.39
LD10 21.6 1.22
LD20 20.7 1.13
LD30 19.2 0.98
LD40 17.3 0.88
LD50 16.0 0.77
(b) HDPE/LLDPE
FIFRMRRGRE  SIIRBEMER
(MPa) (GPa)
HDPE 23.8 1.39
LL10 21.7 1.24
LL20 19.9 1.09
LL30 18.3 0.93
LL40 16.6 0.84
LL50 14.9 0.71
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