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Effect of Magnesium Content in Sphervoidizing Additives
on Chill Formation Tendency of Sphevoidal Graphite
Iron Cast into Metal Molds
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The effects of magnesium content in the spheroidizing additives and the treatment

temperature on the chill formation tendency of spheroidal graphite iron cast into metal

molds, 20, 25 and 30mm in diameter were studied. The tendency of the chill formation was

moderated by reducing magnesium content

and by lowering the treatment temperature

from 1550C to H00C. When the additives with Mg content less than 5% were used, the

treatment at 1350°C resulted in greater tendency of the chill formation than that at 1400C.

The chill formation tendency was increased with increasing magnesium vaporizing

pressure caiculated from the equation reported by P.K.Trojan, and a significant chill

formation occurred in the specimens treated at 1500C and Mg vaporizing pressure more

than 2 atm. The lowest tendency was, on the other hand, observed when specimens were

treated at 1400C and 0.3-0.5 atm of Mg vaporizing pressure.
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Experiments using SUS304 as well as boron-ion-implanted SUS304 were performed with a

self-manufactured reciprocating type tribology testing apparatus. The tribology tests were

carried out under unlubricated conditions in air at room temperature. Compared with the

unimplranted SUS304, the hardness of the boron-ion-implanted SUS304 increased. No iron

borides were, however, identified in the boron-ion-implanted SUS304. From the experimental

results, some tribological improvements were obtained by the boron ion implantation treatment

into SUS304. This could be related to stress induced martensitic transformation during the

ion implanting process and microscopic strain due to the boron ion implantation.
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Crystal Structure of Solvated Squarylium Dyes

The squarylium compounds, 2, 4-bis

[ (3-propyl-2
cyclobutenediylium-1, 3-diolate (1) and 24-bis [1-ethyl-3, 3-dimethyl-2-
methyl] -cyclobutenedivlium-1, 3-diolate (2),

Hl

Kazuki Natsukaiwa

g T

Hirovuki Nakazimni

-benzothiazolvliden) methvt] -

indolinvliden)

were synthesized and their solvated single

crystals were obtained from CHCly and CHCla-CH.OH (1 :1) mixture, respectively. X -ray

structure analysis on these squarylium dve crystals showed that both dyes are strongly

combined with solvents by an intermoleculur hydrogen bond and the ratio of dve (1) : CHCls

as well as of dve (2):CHiOH is equal to 1

1 2. From the neighouring bond length of a

square ring in each dves, it was recognized that a conjugated system spreads over the whole

dye molecule.
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in parentheses. s /A
LS X Y Z S1-C6 1733650 | C8-C9 1375061
S1 3507(2) 1587(1) 1174(2) S1-C7 1.740(5) i CY-Cl0 1.473(6)
N1 2677(4) — 453(4) ~ 679(5) N1-Cl 1.392(6) ! CY9-Clo* 1.475(6)
01 5364(4) 1873(3) JH2(4) N1-C7 1.368(5) « Cl0o-01 1.239(H)
C1 2327(5) 405(5) —1723(7) N1-Cll 1.470(6) | C11-C12 1.495(7)
C2 1702(5) 197(6) —3428(7) Cl-C2 1.401(6) i Cl12-CI13 1.513(8)
C3 1500(6) 1160(7) —4241(8) Cl-Cb 1.391(7) ; C14-CL1 1.74 (1)
C4 1903(7) 2325(7) —3460(10) €2-C3 1.353(8) | Cl4-CL2 L (1)
C5 2514(6) 2542(6) —~1790(9) C3-C4 1.382(9) | C14-CL3 1.76 (2)
C6 2721(5) 1576(5) — 895(7) C4-CH 1.369(8) ' Cl4-CL4 1.732(7)
C7 3304(5) 17(4) — 927(6) C5-C6 1.398(7) | C14-CL5 1.67 (1)
C8 3725(5) ~ 657(4) 2206(6) Ci-C8 1.393(6) 1 C14-HI 0.9¢
c9 4449(4) — 242(4) 3778(6)
C10 5139(5) 859(5) 4754(6) S A
Cll1 2341(6) —1751(5) —1250(6) -
C12 891(6) -1978(5) — 819(7) -C6-Cl 111.7¢4) | C9-C10-C9* 91.0(4)
C13 525(8) —3997(7) ~1539(9) 51 C6-C5 128.7(4) | C9-C10-01 135.0(5)
Cl4 6809(7) 4087(5) 6450(8) S1-C7-C8 124.0(4) | CY*-C10-01 133.9(4)
CL1 6730(10) 5480(10) 5780(20) S1-C7-N1 -~ 110.8(4) | C10-C9-C10* 89.0(4)
CL? 6080(10) 4290(10) 8550(20) N1-C1-C2 127.8(5) | CI11-C12-C13  112.3(5)
CL4 8503(20) 3441(20) 6644(20) N1-C7-C8 125.2(4) | CL1-C14-CL3 16 (1)
CL5 5990(20) 4690(10) 8310(20) NII‘C]] -Cl12 113.1(4) | CL1-C14-CL4 113.6(6)
Hi 6329 3390 5768 Cl1-C2-C3 118.3(5) | CLL1-Cl14-CL5  93.5(7)
C1-C6-CH 119.5(5) | CL2-C14-CL3 126.1(7)
s " L, X _ CI-N1~C7 114.8(4) CLZ-CH-CIA 106.8(5)
LA E L7 AGRIES & DHMHIL.6TA T, ZHENDT 7 CI-NI-CI1  121.9(4) | CL2-C14-CL5  16.7(7)
STFNLT—IL AMIEIZ3.04A, 2.72ATHY, HEHEHNZ C2-C1-Cé 120.5(5) | CL3-C14-CL4 106.4(6)
) - - C2-C3-C4 122.2(5) | CL3-C14-CL5 109.5(3)
DIA T ORI HAIIZ A3 AATH Y, _0)@,% C3-C4-C5 120.1(6) | CL4-Cl14-CL5 117.6(7)
2BV T LKFEFEAHIERD S L, C4-C5-C6 119.4(6) | H1-C14-CL1 121.15
(3) 9FOFEH C6-S1-C7 91.1(2) | H1-C14-CL2  102.52
27977 L REWRT ARERTORAZINED OIS M | meci-crs o
Hoesd i #1502 TEHEH0.0043~0.0047A, C8-C9-C10 140.3(5) | H1-C14-CL5  110.68
0.0173~0.0215A T, > 7077 L BN 2 iz C8-C9-C10*  130.6(4)




INVURER- S 3t i Al o iy

In parentheses.

£33

No. 6, 1993

(4 2 DI IR

Atomic parameters ( X107) for dye 2 with their es.d.s

- X Y Z

N1 | 79.8(7) 152.0(3) 510(2)
01 96.9(6) ~ 51.0(6) 1016(2)
02 101.1(7) —181.3(8) 1161(3)
01} 141 (5) 159 (1) 419(3)
C2 158 (1) 207 (1) 279(3)
C3 ‘ 223 (1) 203 (1) 221(3)
C4 264.3(9) 155 (1) 300(3)
¢y ¢ 246 (D 109 (1) 136(3)
6 | 182.1(9) 11 (1) 195(3)
c7 149 (1) 638 (1) 648(3)
cg 82 (1) 100 (1) 640(3)
9 27 (1) 83 (1) 747(4)
SU 17 (1) | 36 (1) 889(3)
Cll o H ) ] =20 (D) 1007(4)
12 2% ()| 194 (1) 153(3)
Cl13 - 11 (| 161 (1) 233(3)
Cl4 178 (1) | () 819(3)
Cls 16 (1) 1 = 3 (1) 576(3)
€16 ! H2 (1) =178 (D) 135
HEL o 1006 0 —129.9 1 11021

£ BE2 DGR ML

All bond lengths and bond angles for dve 2 with
their es.d.s in parentheses.

Ol /A

N1-Cl 1412y P e7-cu 1.51(2)
N1-C8 1.36(2) -Cl15 1.49(2)
N1-C12 1.45(2) | C8-CY* 1.39(3)
C1-C2 1.39(2) 1 C9-C10 1.37(2)
Cl1-C6 1.37(2) © Cl0-C11 1.48(2)
C2-C3 1.40(2) | Cl0-C11¥ 1.48(2)
C3-C4 1.37(2) | C11-01 1.24(2)
C4-C5 1.36(2) 1 C12-C13 1.51(3)
C5-C6 1.39(2) | C16-02 1.40(3)
C6-C7 1.50(2) | O2-H1 1.15
C7-C8 1.51(2) |

EamIE S/ C

N1-Cl1-C2 127(2) | C6-C7-Cl4 114(2)
N1-Cl1-C6 108(2) | C6-C7-C15 109(2)
N1-C8-C7 112(2) | C7-C8-CY 129(2)
N1-C8-CY 119(2) | C8-N1-CI12 129(2)
N1-C12-C13 110(2) | C8-C7-Cl4 111(2)
C1-N1-C8 109(2) | C8-C7-CI15 111(2)
C1-N1-C12 122(2) | C8-C9-C10 131(2)
C1-C2-C3 113(2) | C9-C10-Cl11 147(2)
C1-C6-C5 120(2) | CY9-Cl0-C11* 128(3)
C1-C6-C7 112(2) | C10-C11-01 136(3)
C2-C3-C4 121(2) | C10-C11-C10* 95(2)
C2-C1-C6 125(2) | C10%-C11-01 128(3)
C3-C4-C5 124(2) | C11-Clo-C11% 85(2)
C4-C5-C6 117(2) | C14-C7-Cl5 113(2)
C5-C6-C7 128(2) | C16-02-H1 101.40
C6-CT7-C8 98(2)
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1-2
Crystal data for Solvated squarylium dyes 1-2.

Compound 1 2
O
R<>~R R ©: = Q >=—
0 Pr (CHCL) Et (CHiOH)

Crystal Size/mm 0.8x0.6x0.6 0.6x0.1x0.1

Crystal system Triclinic Orthorhombic
Space group PT Pbca
Cell constants
a/A 9.548(4) 20.625(8)
b/A 11.122(4) 19.765(3)
c/A 7.785(2) 6.806(2)
al’ 102.37 (2) 90.0
8/ 93.48 (3) 90.0
v/’ 85.73 (3) 90.0
z 1 4
Dcalc/g cm *° 1.44 1.24
R(Rw)/% 1(6.8) 9.0(7.4)
Reflections 1982 416*

(I1>5.00(1) or 36(1)%)

gtz GEAETELCERZNL 7o T T REM
DIRLE E 0 M)EI37.8°, 246" TIERFRIIASILTE Y,
Plithiz L2 Lv, ZHKELECE, ~NToRD 3L
DVKRERI LA LD EEZ HILS,
(4) #EIER
Pra7T s
Mo EHLES
WK =IO

BiILENFANMY K2 BL K
2D TRY, BR1NDIHRDA
THL L, RHE-MGENNRAESEL
1.239(5)A Ot FREICENCL 2T v 2 — etk
fﬁéi—ﬁ’f'%mlﬁbx\ LR, RALLATALTEFE, 7

b THE X AUTY AR C RSO MEAIER Z O
ZEAETEL TV B,

—, RFE-REBOFILL, 1.473(6)A, 1.475(6)
ATHUDO LA 2BETHL 2, 2, 4, 4 -
FrIAFNALL T - T A—1, 3 - A—
WTEI 2 LA IRH — IRFENL DMA L iR " EiEA
DL.39A DTN A & - T ) K R L5
IHEATHILLEEZLILS,

Fro, HEAIL TRV EER2EL 707 T VAR
DB - 7200730 13A T H 5 D0 L TEER L
2 TRRENEDVEDSNT, Sfriy X7
I2& o TL s 2N BEGHEOE AN &Y B
XL NEEZLHILS,

RE2DFEAfS5~ToBRIZV 25008, 6%
1 Ti21.368~1.393A, ¥ 2 TIi31.36~1. AT
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Carbon contain gold (Au-C) thin filims were prepared by plasma sputtering deposition in a

mixture of argon (Ar) and methane (CH.)

. Au-C thin films in various contents ol C could be

fablicated by a control of the two sputtering parameters. sputtering voltage and partial

pressure CH, gas.

It was measured that the dependency of the electrical, structural properties and atomic

composition of Au-C thin films on various sputtering voltage and/or partial pressure of Cl: gas.

In the case of low sputtering voltage, increasing partial pressure of CHi gas, resistivity of

Au-C films were abrupt increase at P : CHi=6x10 ' Torr.

The structure of Au-C {ilms

became from Au(lll) phase to amorphous and atomic contains were C rich. In these

condition, Au-C films were CH-polymer contented Au atoms.

In the case of high sputtering voltage. increasing partial pressure of CH. gas. resistivity of
Au-C films were slightly increase. The structure of Au-C films didn't become until amorphous.

In these conditions, Au-C [ilms were Au and C composite f{ilms.

1. ILHIC

ﬁ$,ﬁ%'%%ﬁéﬁﬁﬁﬂﬁﬁﬁéukéfrh
AL L O EBBEBOERI A BT L BRI
WD RAYLEFI TS, Z0L ) wilEORE Y L
TiE, WBUERK, 7 4 09—, i — Lk,
LR EAEZ LiLs, FKrid, ML ) EEE
EAGEIL & DABHER () ZFL 2%) X aEHE
(Cu, Agh. Au™%) OGN Z R TE722hY, i
W AT T 2 AL E RO R 5 A0S & PEBLE & <k
L, ERT 2D ZENT L Z LI TH -
Pro T, LEHEBM L CRBTE R 7T Te sy

b OEmRAFIE EEHRRAMRN HRRNECBGT
183 P-2-38

MR BT T REFRE

o BORHEHTED

FEEN D Z Rt BOGTEAICS TS B Au
g4 b2 LT, RS T IR e e CH A 7,
%AM%DMU#ATéﬁ&C‘AmﬁWWCLMTit
'$CH#Fo5 "’?’)‘w S Au-CROHREA L 72, 2
DGR, ¥ — P FERXCHir 22 23345 2 &
12&- 7, Au—u%??f‘iﬁ%m%ff%l’%mL«J«Ll*ﬂ il T =
LEN D2 DT I I THENT

2. EBHI*&

(1) EfR4ER/ Ny FRE
[ 102 A THI G 72 TR 4 W7 oy o 2B ) YA X
R, 7T XN REN, e B £ OB i
#o%ﬁéufsu.%@#oﬁﬁéutﬂurxﬁﬁ
fodohiis &bz gl = B2 i, Bkl o Thel &
S, F£r2, RELET T AR F s =G
Tl I A i L0 PR ER S, -7 b
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{425 0AuN 2Ny Z 3B, IOWIERT T A=
RS T /- R M b1 TE
5.

WZEHE AL, o— 7 ) —H e 7 Rk EN7 7
fF 2 s 7 A0 L, FHEE 10 "Torr & Th
H. . FREREB - ARESE TN LY, ANy
FHIDESN Z 2y =22k ) FILFIEL 7.

(2) Au-CHBEDIER

£ VISR 2 ot JERUZ X 2700977 7 24k
(Tdmm X 17mm X 0.5") A R, SERNERIE R {7 -
Cetpve 4 FIEAW (BE)%99.9%, 60mm X76mm)
Mtz 4 b YOO EE A T0mmM T h A
Zoonxo ZAALE, ArA A (FUE99.99%) A HIve, CH.
I AATED I AL 2,
DL LT AT 7

W ~Z 4= v LT, 74 MTE (BLEVE X T

CViE, 300V ~ 1RV T2t 24k, CHyr 2003 (LU
CHy 2 122 X110 '~ 1 X10 *Torrd fiip T4 =

Anode

Target
Substrate
2°

_———FElectro
Magnelic
Coil

Vacuum l’
Pump iL

~[
X

T

I 1

\ O\

” Ar+CHe Gas \
S
El

Cathode
Filament

[T Wi WUz s~ B ORISR

Schematic diagram of DC tetrode sputtering system

£ oEEMN

Preparation conditions of samples

b = A 4X10 “Torr (5.3%10 "Pa)
[ G s M 3 Ar+CH,
A N S E N 1.5X10 *Torr (2.0X10 'Pa)

2,010 "~1.0x10 *Torr
(2.7X107°~1.3%X10 'Pa)

— 7 b ME Au (99.9%)
7= bR 300, 300, 750, 1000V
F— 7 MR ~50mA
EOWOM R £703947 7 2
M oW o # 1 AL (~100C)
mooBE o mE [

CH. 77 7 55 1

20min. ~60min.

150nm ~500nm

A 2IEA1.5%10 Torr
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70 B BEIE B2 20min., ~ 60min. THELIE 150nm ~
00nmTH -7z,

PR L 72 Au-C R oD A6 A 20 F5 VRN & L T, ol
M, AN, XAk (XRD) 12 & 5 &6
AR, A -2 ol ored (AES) 12 & B HIr
SRR AN

ERERRUEZR

(1) AR

PGS L5 Wl B 1 ARSI Tl U 72 I A iR ) T
W Tokedrz, 7%y 22k BAUBNEIZINL T,
CHyrzZi Aizfles, B S5~ b LToEidh
FLTCH 2 X ACHA M F 7202, CHa BRI
FACHAERT A 2 H2 5115, [212Au-CHEBDE
B IY DCHL & 2 FER A 2, AR TEILE ¢
72CHu A 20l 507, V=750V, 1000V = it
B =4 FE TR, P CHuASRIIY 512240
TR R IE AR 2 L T b, ZiUE, A28 7

Dh =g H 2 E—EIZ L TCHym 20 A R &
HTBNDT, EEL TRy SN THEEZ HIL
DAr7T ZIED ML L TvbzhThH B,

Sz Ve=300V, 500V X {2 —4" FETIE, Eo
ity Y il Bl TP CHaps ¥ % (2240 Tekay:
IR B B DS, : CH4=8.0x10 "Torrbd [z %
B LR 2 A, Ziug, P CHe=1.0x107°

TorrfHitTid, EFIZCHiw 2 E A5 2 ) CHADE S

HERTL TRUBGEIE D L T Beh S HiLA, £
7 Fh TP o CHL=2.0X10 * Torri 2 35V CAT 7 2D A
TR L 2o L ) L IEOEE AR E (e TV B DI,

300 T T

® 4
Q:300V 4

A 500 V

\ 0 :750 V
200 _\0 ® :1000V .
O
\ a

: \
= [ ]
= \\\ |
a r a
§ L QO \\\\.
a \ \ O
& 100 & a ] ° -
NN
@] ~—
! \~8\! :
o F— 1 PR 1 1 1
0 4 8 12

P, (x10™“Torr)
€2 Au-CiiEnp 5% HCH. 7 Z 50 TEAKTRE

Dependence of deposition rate on CH. gas pressure
of CH, gas. (total gas pressure was 1.5X10*Torr)
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312 Au-CilIR N HARI N CHL A 253 FEARTEME %915 F
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WHEDECHAD LD &, Vi=300V, 500V it
BEnLnLOKRECRLDHIZLOLDIGHILE,
HOCHs M 23 E T3 FHOEE LIk e % 73395,
VIDE 7T I—7D )3, VIO Zh— 712, b
EIHRRE LT b, £72, CHirASESLTS
SUIZ O TIURAL L W3 A liiz & 2 A3, Vmif&wb
2P CHi=6.0X10""Torr¥l EOCH. #2501z 50 B &
B ERHAT 5,

ZDE ) LR BAILA R Y L T, VA Aun
Zs%y Zwmh Bk X3, P rCHiolmiz s L4v:Co
TERCEDREM AT, AR O EMRY L 2 5] 2 =37
FTHEDIZHNL T, VIDIROGHAIZAUND 22 ¢y 7 4
P, MK ETHCH ML) LA 5CH
ROMBFBEDIEHAR - T B2 %3 5515,

(3) X#gERICL 2 RESEE

B4 12 Au-Cililn X #laldfrs < 8 — > HCH. 7 293112
& BZALZRY, RO A L M, Vs ttdigk
0750V, 1000VolE & Vi 2300V, 500V0lE - T
R - 2JH AN T, K4 (a) (37— 4

T T T T T T
(©]
PaS Vi
40 Q:300V 4
4 :500 V
0:7%0 Vv
@® 1000V
~~ o
£ 30 ¢ -
&
=]
>
>
Fof 1
o
¢
a o __—o
—0
ul °
10 F — 0O T
®__ o
O n 1 i 1 —_ 1
0 4 8 12

PCH4(x107™%Torr )
K3 Au-CllD B ACH. A Z o7 HAK £
Dependence of resistivity on the partial pressure
of CH, gas. (total gas pressure was 1.5X10*Torr)

FEFEAEE L TVE=300V, (b) 2y g —4"
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SREEA BT B

ELLDOEN BT LCH AN 4212 - L7
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MH, 72, TN T 4 > HAuD &ifi i iih & Din)
74> E—8L, AuDlF7 4 > DA BM XL
52D LCHu 22 BN o84 L ClEAug i
PUZALA M E L TTE A CAE LTI A 10Ty
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B4 5 LA DFERD L L b oo Ri{En Tk s
(LT bBLNEEZ HiLD,

(4) F—1BFFREICL ZHEAPT
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Dependence of Au and C atomic contents on the partial pressure of CH. gas.
The contents were determined by AES analysis.
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HIP Treatment of Partially-Stabilized Zivconia

R

Suguri Fnamura

717'5- #i skl

KK
Hideo Ujiie
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Kazuhito Uchida

K

Hiroki Mivamoto

ﬁ EH i}—;}g:‘k:}:

Shigehiko Arita

Yttria-doped tetragonal zirconia polycrystals were fabricated by sintering at temperatures

from 1400 to 1550C in air after formed by cold isostatic pressing (CII?), followed by hot

isostatic pressing (HIP) at 1400 and 1500°C under the Ar pressure of 2000kgf/cm?® HIP was

useful to densify the sintered zirconia bodies to more than 99.9% and to greatly improve

the fracture strength to about 200kgf/mm® but the hardness and the fracture toughness

were scarcely improved. These results were caused by the reduction of critical flaw size

during postsintering HID.
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