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On the Extraction of Copper-Diethyldithiocarbamate
Complex with Benzene
Spectrophotometric Determination of Trace of
Copper in Zirconium, Titanium and Their Alloys

by Toshio Sawada and Sakae Kato

The reactions which take place when a solution of a metal cation is admixed with one of
a complexing agent cannot, as a rule, be represented simply.

Naturally, the same considerations can be applyed to the extraction of copper
diethyldithiocarbamate complex with benzene under the specified conditions added ethylendi-
aminetetra-acetic acid, and the following equation may bz held, depending on the pH, to the
conditional extraction constant of copper diethyldithiocarbamate complex with benzene:

K:§£ . _,w_l — o N_l_
TSy kin  (HY)
where K is the conditional extraction constant, Sg is the solubility of copper diethyldithiocar-
bamate complex in benzene, in moles per litre, S, is the apparent solubility product of copper
diethyldithiocarbamate complex under the specified conditions and k; (g+ is the apparent
formation constant of copper ethylendiaminetetra-acetic acid complex.
At pH 8 the constant is about 5.6 104,
Thus the recovery of copper may be obtained in a general manner by the equation:
__ Kr
R:Kr—l—l
where R is the recovery of copper, Kr is the effective extraction coefficient, and r=V,/V,;

V, is the volume of benzene; V, is the volume of aqueous solution, under the specified
conditions respectively.

At pH 8 the value of recovery is about 0.9999.

Using experimental values of S, depending on the pH, it has been confirmed that the
equations give a recovery-pH curve for copper which agreed very well with that given by the
practical extractions of the complex with benzene on the pH region 1 to 10. From these
observation, complete recovery of copper may be expected on the pH region 1 to 9 under the
specified, developed conditions.

Provided herein is the method for the spectrophotometric determination of trace of copper
in zirconium, titanium and their alloys by the use of diethyldithiocarbamate-benzene
extraction.

Transfer 1g of the sample containing up to 90 ug of copper to a polyethylen-beaker, add
10 ml of 6N hydrochloric, 8 ml of 2M citric and 6 ml of 11.5N hydrofluoric acids, and heat to
dissolve.

When the reaction subsides, add 3 ml of 8N nitric acid, and heat the solution gently until
dissolution is complete. Add 1.5g of boric acid, and dissolve completely. Add 5 ml of 0.25M
disodium ethylendiaminetetra-acetate solution and adjust the pH to 8-8.5 with ammonium
hydroxide solution.
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This may be done by adding 2-3 drops of bromothymol blue to the solution.
Cool the solution below 20°C, transfer it to a separatory funnel, and dilute to about 100 ml

with water.

Add 5 ml of 1X10-2 M sodium diethyldithiocarbamate solution and shake for 3

min with exactly 20 ml of benzene. Allow the phases to separate, draw off the aqueous layer,
and when the benzene layer is free from water droplets run it directly into a suitable cell,
after drying the stem of the funnel with a piece of filter paper rolled around a thin glass rod.

Measure the absorbance at 436 myu.

Under the conditions the system conforms to Beer’s law, as given by 13850 for the

molecular extinction coefficient of copper.

All elements would be normally found in

zirconium, titanium and their alloys cause no interference except bismuth.
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Fig. 1 Etfect of pH on extraction of copper diethyldith-

iocarbamate complex with benzene.
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Fig. 2 Absorption curves of copper diethyldithiocarb-
amate complex extracted with benzene from

solutions having pH 1.0 and pH 8.0, respectively.
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Fig. 3 Absorption curves of substances extracted with
20ml of benzene from copper-free solutions of
zirconium, titanium, hafnium, and reagent blank,
at various pH values.

(All of these curves were obtained)
against pure benzene as reference.
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Table 1 Apparent solubility of bonzene and of carbon

tetrachloride in the aqueous solution under the

developed conditions.

pHof | Temperature, | AFRSTEN, SelbI
aqueous
solution °C Benzene S}zlilrt?rf;g’éetra-
1 10 0.30 0.25
2 10 0.30 0.30
3 10 0.30 0.30
4 10 0.30 0.3
5 10 0.30 0.30
6 10 0.30 0.30
7 10 0.30 0.30
8 5 0.25 0.25
8 10 0.30 0.30
8 15 0.30 0.30
8 20 0.35 0.35
9 10 0.30 0.25
10 10 0.30 0.30
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Table 2 The half-lives of diethyldithiocarbamate ion as

a function of the concentrations of hydrogen ion.

pH et ves Half-lives
<4 4 Within 43 sec
5 5 6 min
6 6 42 min
4 8.5 12.5 days
8 8.8 15.8 days
o 8.6 13 days
10 9.0 31.7 days
i 10.3 36 days
iz 11.3 40 days
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Fig.4 Stability of diethyldithiocarbamic acid itself as a function of the concentrations of hydrogen ion at the

temperatures of 20 to 35°C.

x o TRUAREE £ 0.15M, EDTA#rr : 0.01M) %5/ LT 1xX
10-3M, 1X1072M, 1 X100 MEB L X IMOEZ I mF V5
I BNV VBERE L LicDh, 20°C DIREET RIAERED
Ay Y FWT b AR Uic Db ks E % 58 U
Ny ¥y EiIcEEEDO 5X10-4MCu2* 0.15M 7 = v E,
0.01M EDTA Dyt A H ¥ % pPHT.5+0.5 DA%
WA TRET LS FHNy 2V BB Licy o F vy
FA BRI VBREFEZETEBI S,

W XN - Y F T F A p a3 v BRENE DT
ExllE LU CRDIe P Fp T4 m o83 o 20°C
sl 5~y ¥k A Extractability #5% (3) # W\
T pH OHE U TR LD Table 3 Th %, 7272 Ly
[3:6] EITOND LS« YZF NI F ANV VR
g oA CuDy & L. Feflii v (HDJe 25
(D)w=(HD)sddea —HDJo.founa & UTEE Lo
3-6 R PIFNTFAF AN B 0K EsEE
ORBEE

R LEEEA LT - Yo F v FF a8 v
PRI OMRUATERE Lo RS OIKIE D pH 23 8 Tl
FEHIA S 4rfilds L OR2640 R, & Fo i pH==5CHh Ml %
S E UTHE LR EFIg STt Uiz BIEIL I3
Table 3 Extractability of diethyldithiocarbamic acid itself

with benzene.

Composition pH of Concentrations of (D~)uw;*

of aqueous  aqueous | 1x10-8, 1x10-2, 1x10-1, 1
solution solution E<(HY

0.15M 5 2.6x1071 7.0x1073 | 4.0x10-2 —
citric 6 1.1%x10-1 6.8x10-3 | 2.0x10-2 —
acid 7 3.0x1072 2.6x10"3 | 7.8x 1073 —
and 8 <1 x107% 1.9%10°3 | 9.2x104 | 4.1x10-3
0.01M 9 <1 x107% 1.7%x10% | 1.6x10* | 7.8x10-*
EDTA 9.5 <1 %1073 2.4%107% | 3.0x10°* | 5.4x10-*

* (D) ==(HD) added —{HD}] found in benzene
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Fig.5 Relation between copper and sodium diethyldith-

iocarbamate concentrations.
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b & & EXLHD FECOONHMGE U CREREBEY
LblzDh, #EO#No. 6) % AWTZ Lbidi

Z Bk oA 8 i EI L, DDC g (1X10-2
Mysmlg iz fe Db, v ¥y %ELL 20ml iz TH 3
SENIT UL S D EE T U TR EANE Lizo BIU
AR, BIRE 7 LT pH LB S LB
W B A 228 TR IR Uc B & SR oo

$A - VmF T o33 vEREE, CuDy DR
X, R L->THELBRD,

CuDy==Cu2*t+ 2D~
sy S &3hid

S(CuDy)={Cu2t)(D~)2
BT OBRIRERE, Sp ik Z0BA

Sp=21Culu(D7)2 (5)
(5) BB D LT DBIRER A RDTRL
t~DH Table 4Th %,

ok, BT o7 (NaCll=0.1DKk BRIk
WK o SR DY T & Table 4 10 9f50 Lizo

TERIER D EBOL T OBEMERIZ. PH1I~T0%
HTHRLNENITE—EDOHEEF 2720 L L, (NaCl]
=01DKBERCH T HEMBERT K U Th D K&,
FLTC, PHAR8 XD KREL /b LBEMERIRE ko
Too TNHOFEH LT, D¥OEEANEREFL LT
BELTWBLDEEL BN,

Tikb, PH>8 O&MTik M3-3] it~k ik
M**—EDTA DA DR EEERHAAREL DT

€5

= ey
(SR (N

8

Table 4 Apparent solubility product of copper diethyl-

dithiocarbamate complex.

Composition of pH of aqueous Apparent solubility
agueous solution solution product, Sp *
3 ml of 46.5% HF, 1 1.12x 10718
1.5 g of H3BOs, 10 ml 3 1.07x10717
of 6N HCI, 3 m1 of 5 8.78x10-18
8N HNOj3, 8 m! of 7 1.12%10-27
2M citric acid 8 7.68x10-18
and 5 ml of 0.25M 9 6.71% 10714
EDTA per 100 ml. 9.5 1.89x10-18
10 7.52x 1013
(NaCly=0.1 7.8 4.93x10-20

*Sp=3 (Culw (D)2

L, [EEEER T HCuBtREDTAH Y b kKD X H i
¥ U~ FEST B CuDe DR OIRBED RIS
ZETHbo

Cuzt+HY3-=CuY2-+H* (pH7~9)

Cu2+4+Ye-=CuY2- (pH10)

F7c. pH<S OLMETIL [3-5] BiTH~NIdzF v F
A H NI VERA A Y DR S, CuDg ORI
KAD LS

CuDy—Cu2*+2D~ (decompose)

JEREIMNTH DL T Th Do P2, TOBEIEL I3
WORLEEL LIcBEETNETH D,

Lic/io T, SEEDOL NI OBRER L LToRRTH
U TN S B8, & S B i BRI AR Bk
DOEBREDO—DRBESMC LIERTEER LD LEEX
% o]

37 $H - STFNSFFINNIVBREBEOREE

TEHESRYA R A 2P T U OIS Lo i Vv [3-1] o
Vel Ue S o CTHI L gt 0~ v € Y Bt kit 5%
EEARHE Lo

Welk 10~30°C ., WEFTICFo oA, B HXa BT
TR 5 1Ak L UEEE L D SmOIE (BOHPR)
AR 5 1B A D FNFND LM TEIfERO—BI% Table
SR L7zo

Table 5 Stability of color of copper diethyldithiocarb-
amate complex in benzene on exposure to light.
(Solution kept in separatory funnel: 50 pg of Cu

in 20 ml benzene)

Conditions Stand time. min
1~5 | 15 | » | a5 | e | e | 1
Absorbance
Darkness 0.547 | 0.547 | 0.549 | 0.549 | 0.550 | 0.552 | 0.554
Near window*] 0.545| 0.547 | 0.850 | 0.552 | 0.552 | 0.554| 0.555
Desk top ** 0.545| 0.545| 0.549 | 0.549 | 0.549 | 0.552 | 0.554

* Sunny day (not in direct rays of sun)
** Five metre from window
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WIRO L, Ny ¥ B0 b OORBIEEIZ
&S EE TR BNz, 10~30°C o—E iR AR -
Foi 4+ 5°CORERE T CTRHERTE o JORERAR
L ORI NTELHERL D, $EIX EROR Y 572
MRBE RN TL 2B LB EL S 2, Pl &b 21K
MUREETH D Z &Moo T BHEMRMI605 28 2
B EDTNTOWMNENTE  fnofohi, SIUIHIERIER
FERTBR Y ¥ BEBEOERIT X o CENT R
MEDENB LR L DD EEL Do

BlEDER®D, BEOENTCERIETE D Z L2 HREL
720
3-8 HERFOXE

[3-1] DRI Ui o THITTHE OFE) Mzt Lok
H% Table 6 /R Lz,

Table 6 Amounts of many elements not interfering with

extraction and spectrophotometric determination

of copper.

Element | Added as | Amounts || Element | Added as | Amounts
that did that did
not not
interfere, interfere,
mg/100 ml mg/100 ml
of aqueous of aqueous
solution solution

Group 1% : Group 2 * :
Al AlClg 5 Cd CdClz 5
Cr CrCly 10 Ca CaCl. 5
Co CoCl» 5 Mg Mg(NO;). 5
Fe Fea(804)s 10 Mo Na:MoO, 10
(NHy)e
Mn MnSO, 10 P 110, 3
Ni NiCl. 10 w Na: WO, 5
Pb Pb (NOj)» 5 Zn ZnS04 5
. Ti-Si

Si Alloy 5 Sn SnCl. 30
v NasVo0, 10 Zr Metal 1000
Ti Metal 1000

* According to AEC list for zirconium sponge lot (1956)

KE AEC &E v v o= v A EERE (1956)1Ic=0 b
Tw5b Groupl ik L0 Group 2 WE T HETLHROFEX
b innoilcs

%%Kiof%%bk%i%@%@%@\bdﬂ%?w
Q= Yo=Y AheBLUF S YIS ENET
Mok IOEeeTROEGEHEN ETH o2,

BRVESR M T BB N0 @ BRI ST RIRL T
Y B & DBACILIER ORI RO YA
WUy v o bn ) v niEE (0.595)200ml i 7 = v BT
@M)2.5ml & iz CRfA4 %, pHiE8403TH%,) &#n
ZCSREME AWM LD b, A—FEEa HnTNy €y
BEOENELE L, BUOBREE (Cu+Bi) & ks
DOEIEDBD L DENLBIAGEREROD T ENTE D,
ZOBEL X » T, Blllmg® CHECE 1,

9

39 & B &

R A 0, 10, 30,50, 70 35 L O° 90ug DA/
HEOCHEMUTHE LB E, Yva=yvrlgkd
U 2 v 1 g CABCIRERM LT L7 aniap 4 1
W T4 ¥R 1 Ui TR U OB/ ROt & 3
it & OBIFRAVER L TR LA Fig, 6128 Lo ©
%o

1.0 ; T T

0.8

o
o

Absorbance
T
;

<
~

0.9 y:

|
A436mu, 10-mm cells

e} 1 1 L l i 1 i3
0 20 40 60 80

Concentration of copper, g/ 20ml benzene

Fig. 6 Calibration curve for copper.

HEERND, YF VT FF AN v B—_r H Y
TR X DD - FRERE, &m %R 13850 2187

(%S, Ei1x0.218 Absorbance. ppm~1),

0.01 DEIE 2 TR & Li-Be, HEsEBlizgeE
436my, 10-mm-t v % AT 1~90pg SATH 5,

3-10 # 2=

AET, R - S FATF A BT BEE DR
Z U OB USRI DOWTERE Ly S & D Bl odh
HUE A RO TR - YT F v F 4 B8 v EREEHR OE
WHEA BB INC T B e DICEE R T0

RSt cii. EDTA, HyY OHETH - Y F4 s
F A BN L RS, CuDsOAIRECH D & &
5. pH7~9 o Gk Cu* L Hy Y 13 ko SEfghasic
BB ET Do
Cuz*+HY3-=CuY2-+H+
Sefge s Ky &
kiao=[CuY2-J/(HY3-)(Cu2*)
7e72 s Kaan @ CuY 2 g 0 Bl O e
TrxFNTFF A NRE vER, HD & CuY2- o FISix
CuY2~+2D~+H*=CuD, +HY3- (pH7~9)
B DR E R A Ko & 30K

©)
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[D_]2[1{+] :k ECUD2]w
[HY®") H(OVER <0,

F 72, CuDg OKEWHE &~ v € v BOMDIEE
(CuDg)w =(CuDs),
SEAREE ky & iUk

kp=[CuD3)o/(CuDslu (8)
@AM THRLT
kp__ (HY3-) 1 1
(CuD2Joimyesy T+ D32 ©)

“ﬁ:(9)@1¢inﬂ (HY3-3/(CuY2 )% X (6) THE#H 2 T
ky_ [CuDsl, 1 1 1

ke (Cu?Jw ki (HT) (D)2 10
westciz, EDTAofiic 7 =y BRI O7 v E=Y
T & DI Do LiadioTy (Cu2leid Kp/ks
=K' o E Lo S(Culw itk » CTHEHL D DH0EY)
LHE 2 B ND, k7o, (CuD)>(Cu*)ThBNb

(Cu2*3,= 3 (CulwXKs
A0

K mkﬁmﬂhb 11 1
T2 Cwlw kyn (HT) (D732 an

ZZie, [CuDglo=55
S (CulyX(D~)2=S,
7272 U, Sp i SSED Y ¥y BRI X B IR
Sy RO BT OEMER
LB ZENRTEDBND, A oMfiEs, Kik

KNSB 1 1
TSy kin (HY) 1)

XA A AT, CuDy $53E D BT OhEIER,
K sk i-fk#4 Table 7 @ik Lico

SEEME B S KIBRE & Xy ¥ BoMiz At s D
B, CuDg s HD DA EE 2 DI ENTE D, UL,
pH=4 cix HD X LwAMABE L, F7 pH?~9 TiX
E.:(HH=1X103 ThhrZ b, HD oxXvEviEz
OHTEEITFEHE FERETX DT TSH S, LichiaoT, Sl
OIS CuDg $it o I IMEE S ME S ULTHE
Zhhb,

B XWWHE Licd T ofiiEs, Kk

> CuDyls/ X (CuD2lu=K (13
KB E Ny OBEEE Vo, Vo L, Vo/Vu=1 &35
LM, RsRAD LD

R = (QCuD)oNI ( 1

(Qcuby)w 1+K (14)
7275 Ly (Qeup,)w * BUEHAWR FR DS
(Qcuby)e * BB BIaH Uiz iiE
n ootz X B EPER
— 1 n
Ryz=1- Q+K) (15)

Vo OKEBBECH LT, FH I LV, Oy EvEx
JZERIAY el nl SNl

=gy (18)

Table 7 Conditional extraction constant of copper diethyl-

dithiocarbamate complex with benzene.

pH log. aH log. ky (H+) log. Sp Conditional
for Cu¥Y?~ extraction
constant, K
1 17.20 1.60 —15.9493 3.34x1013
3 10.63 8.17 —16.9689 9.41x10°
5 6.45 12.35 ~17.0561 7.60%107
6 4.65 14.15 —_ -
7 3.32 15.48 —16.9504 4.41x108
8 2.26 16.54 —15.1144 5.61x104
9 1.29 17.51 —13.1732 6.88x102
9.5 0.83 17.97 —12.7219 2.67x102
10 0.45 18.35 —12.1234 8.88%10
log. Sp=~1.8253
Vo/Vw:r, n=1 &'é‘ﬂbi
_ Kr
R= “Kr+i an
A7) 1k, RSz L BER A B8R 3 CuDs DIEHX
HEEx %,
r=02x09R=09999 70, —EIDHIIC L HEHED
EUERIE R X100=99.99(%) &7 h T &b, ﬁ'ﬂ’?%ﬁi
(PH8) I\ KA BICERET 5 FREE0ugCun ik

Ve 0.0l pgic $ o

X X ok 7-CuDaglit D pHI~10 IV B s D
HiE# (Table )25, KA & D EUXHEZ KD ENER
%t pH OBIRCR LA, Fig. 7 iR Liciliti i<
BB Higdiwic, [3-3] HiCRMRDMERGIz CuDy #
o imZs pHOBfR#R (Fig. 1) & §F3 Lico
MRS, BE—B L ERE S X e & ZIEE
Ui siid, ERERIC L <EAT5H, LsL, XA
B oditiEs, Kk, CuDs g§f 0 AR iR & Rk
sy, Cuz*—EDTAgEsE % B, HD O E S,
BIXOKEA A+ VIBECHB LTS, ZOZ &b, A
s Ui BB WTE 2 BB ENERO FIGHEREIZ O
TOZNBOEE. WINLIKEED A 4 ¥ HECKET
B ENPBNTH Do Lichio T, ELLILEREZEA
LI BAWLEETH Bo

FOf, [3-5] 3L 08 [3-6] HiTH~ 7z & 5 ke pH
<5pEmIc s HD oa@eg, CuDq g4 OEBGH
EE. ¥ L UpH 7~9.50D AW I 1) B CuD o g oD i3 B2
MR ()T L - TRELE B T G0 B0 D IR
gt Ko O F 3 CuY 2 R DI D% EEER
7 E DB E LTELBND, SNBHIEDOWTE, RERK
CFDREFVHIPSMACTH I EREBCRETHD Z &
N, ERNEBEERE LD I ENTERN T,

10 —
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100 0~ —— @ 0B —r) ——CO —— O ——-CO—CO-

o]
O
L& —]

o
o

pa
O
<

Percent recovery, %

el
o
—

O 1 I 1 1 1
0 2 4 6 8 10
it
—(O—(—: Recovery calculated from the conditional extraction
constant using equation (17)
—@ —@—: Recovery given by the practical extractions under the

developed conditions
Fig. 7 Recovery of copper as the complex with diethyl-
dithiocarbamic acid by benzene-extraction.

4 AW HEE

S Lg R A T F Uy E e gD & D e (1
+1)10m1<3) 7 T v RERR (2 M>8z(rﬁ &7 v bkER 1+
1y6ml A 12 C B A TG . R (1+1)3m
bR O BELEE % % T & Ik L TR I H S Do

s ##0% EDTA i (0.25M) 5ml %12 T )
¥ledb, KeMLTH0mL L) b, 2FRL, 7
g T TR 2 T N ST B i
BETT V-Ez)mk%ﬂﬂi%)o

AHRACH L, DDC i (1x10-2M) 5ml %1%
5D EEEDD, 20°CHTFIANF Do

SHET B0°CLLTF) NvE¥vryaFLL 2011%)73[]%_“(%’{1 3
SRR U< 5 D & ETHIES Bo

B LTATA L, KIHE & D<o

NV E Y FO—EAEL-mm i & D, E4S6mp T
WA ) FIRCIRIE LT (37 BB 2225 [\ e
Db b LI LT b 5 RESN DR ORSE &

% RO Do
GE) (1) B b &b Bl JUBEIO S FV 20
FBLE, RS2,

;o oo m A BRI B R, ml
& # % | ve0m | goy | seom | HF —
% g A+h | M | d+D | (EH.g
0-0008~ o 1 10 8 6 1.5
0-0002~ ¢ 0.5 10 4 6 1.5
0.0004~ 0.25 5 4 4 1

2 ZorxopHix, 80k£05TH B,

(3) Zo&xoAkEHE, #9100mle 45,

4) Iz s EEONyYEyORE RO Y ¥ Y OREE—
SR UTEREL AT RIE R B wat, <Ny ¥ v OEIEERKe=12
37Q20°CY 55 £5°C DR (M) ECHEHFAETE %, 20
Wk, +£06% (VIV) OoRBRECHST %,

(5) &0 FEEFN 1 SR 300~400[E 0D o = — 7 — & 5B,

(6) Sfaid 30°C LUFOWE Gl 0 BT In< L b TR
ETH D,

(7) WuEdsnE. BiEsAmveh 0, 10, 30, 50, 70k L 0r90ug D4
ST /e B X D AW LTS Ui a Bl b, AR Uiz
o THIEE &z LR & OBRC/ERIL TR %,

5. TRARR

AEEBB IO vamy a, Yva=y anEE, FX
BB OY T4 48] @ Uizhio TER Lz
ERERO—F%A Table 8 iR Lz,

N

Table 8 Spectrophotometric determination of copper in
zirconium, titanium, and their alloys.

1. Copper in synthetic samples.

Copper present,
ppm 10 30 50 70 90
Copper found, ppm 10 29 48 72 92
11 31 49 70 91
] 30 50 68 88
10 30 50 70 88
11 31 51 71 89
Copper found
average, ppm 10.2 30.2 49.6 70.2 89.6

IL. Copper in samples.

Zirco- | Zirco- |Zircaloy| Tita- Titani-
Sample nium nium | -2 nium | umalloy|
Copper found, ppm 4 18 29 58 78
5 18 29 56 78
4 18 30 56 76
5 17 28 58 80
4 19 29 55 78
Copper found
average, ppm 1 4.4 l 18.0 29.0 56.6 78.0

6. #& 1%

i VT F NS F A B8 BREHEO A ¥ v T
LT, YoFnmIdF+ a3 vBABOREE, Y
FNTFF AT YO Y VI L B Extractability,
B VI F T F A TS VERESEO N ezt
THEME, B LOSEOMM & BIRER R E, OB
HIR I DWW TR A (T o 700

ETOBELRITIR o CHOCHER & KRR D, 45
HBODINT OB S L O S5 O I 28] B L
T WESL U7e 3 WTT IR DT Sl 7 & & A RS FER§ 5 &
ERTE I,

— 11 —
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308, 500 & £4.9%, 6.00> & 514, 7.00 & £83RH, ¥ LTS8
00 & %350 THBHZ EMWEEINT WS,
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S

Flo, U xF NI F A N8I RO Extractability ik, g
{728 & pHS.2~TD i © E,=16x10"°CTh % L #iE
ENTWhb,

S FNTFA ISR IBIFRADEFA F v LEIGT DA,
Cut* L E>ED L 5 IR LT
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Csz \ P
TR ATEEA R L, CDLDE s v askv it EOFBARC X<
Wit 5,
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Study on the Aluminium-Magnesium-Silicon Alloy (Rep. 1)

Effect of the Weight Ratio of Magnesium and Silicon on the Mechanical
Properties and Electrical Conductivity of Al-Mg-Si Ternary Alloy

by Shiro Terai and Yoshio Baba

This is to report on the study of the relation between the Mg/Si weight ratio and the
mechanical properties or electrical conductivity of Al-Mg-Si ternary alloy.

The findings are as follows :

(1) In the case of annealed materials, the strength in the excess-magnesium region is
more than that in the excess-silicon region, while in the precipitation-treated materials, the
relation is completely reversed. Electrical conductivity in the excess-magnesium region is less
than that in the excess-silicon region both in the cases of annealed and precipitation-treated
materials. These are considered due to the effect of excess-magnesium in aluminium solid
solution to the hardening of matrix and to the decrease in electrical conductivity, and the
effect of excess-silicon to the increase in strength and electrical conductivity by their
precipitation.

This suggests that in ternary alloy of Al-Mg-Si, there is some interaction between the
precipitates of Mg,Si and silicon, which gives rise to the increase in strength from “balanced”
to “excess-silicon” alloy, since in binary alloy of Al-Si, there is only a very slight precipitation
hardening effect.

(2) Regarding the relation between split aging effect and the Mg/Si content ratio, its
effect is recognized on the whole region of the ternary alloy, especially in the excess-
magnesium region and in the balanced Mg,Si. Split aging effect is observed in the electrical
conductivity more remarkable than in mechanical properties, and this effect decreases as the
temperature gets higher and the time of aging gets longer.

The rate of aging of the materials in the excess-silicon region, especially in high
temperature, is.more than that in the excess-magnesium region.

1. #

il

TVEI=Y aEEMCHG, ¥ 7%y aR L0 A #
MLt ES. BHINIERRETE D, BEE
BESKEGRFAOT, BERMHENE LT, ik
Aldrey &4, 2EC (B10144) 0 & & EEEEE 7 v
=Y LAEEE LTHEHEINTVWS,
CNBALI-Mg-Sio-4443, D. Hansonds L o*M.L.V.
Gaylor 5 DHFEDPIDD (T L 5T, ~ 7 4y y 1k o 4 %

O o e o

SRS

& MgeSi e 2 8BMbeWA > D, Chm7ri=y
2T % [EEA BE D ZE (L H3580°C T 1.695MgaSi, 200°C ©
0.27%MgeSi LR BT & D 237 D DA B 2 & h BB
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e & BB & ORIRIEOWTERE TR - TWDA
SIRHLE B B R AMED S DN TSN TR &
7D 1R %ﬁﬁ@ﬁ%V4%w@%W%W@\ﬁ
AR B A W AR DWW TIgRE & TR > T 2208
W~ 73y WAMT@Y%Wﬂ”'T%KWVOAJVCM
e SORAEDEREBEE Vg /SiE b oERIR DN
Tl = 72 7 5 BWET A FHRMRINOME, &5
W AL-MgoSi#i 2 THRA S & LT NSl L5
AR E DAL E VAT BHEEROFEFIZRZT HILD
2t Al-Mg-Si 3 044 & LT ORI RIZERD B 1o
X Bl R oW T, Wi s JORARY 2 Al-
Mg-Sig A& a4 27 A5, @, 77— 5, gk
ERREO AN} 22 1N T, 4 AR L ORI,
Al-1.3% Mg-079Si 44 ¥ LU Al-0.£9Mg-1.0%Si%
4Ol fritic w4 B8k L LAOEE, i bdhos &l BV
'pALlS%B&;18%SIfxﬁﬁmﬂﬁ&u:féﬂéﬁL,“ =
LB LU Yy OEECOWTREET Ao TS0
¥ 7o, FBOFZOFRAEOMEINLT TR % M OBHEAL
HALEI OB, MR E OB BT OWNWT . B.W.Bischofll
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miﬁwm%Fv@&Kiofﬁﬁeﬁhafé\bb@
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i Bt S AU DI IE OV THR LA R, BT
EpERFE L Lo TH e b P LS B LR IR L
Ty

bR RS ORI AT DLz, £T7
Favy nkB L0 A FEEAA, D 3 A &OVEHTD
7o % BINRARED, DWTHHROY st LR SR, TSR
X i, BN ST DWW TS IR AT
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Table 1 Chemical comp05|t10n cf test spec1mers

Alloy Ccrr’pcsxtxcp % ‘

Mg | si | Mg | si \ Fe \ Cu \ Zn 1 Ti | Al
0.5 050 | 0.7 0.00 oocz 0.003 0014\0012\ R
10 | gg | 099 0.26| o~ |0.011 | 0.005 0.008 1 0.0 s
1.5 1401 0.261 » |0.003]0.004 0020 0.05]
2.0 197 | 026 |+ | 0.005 | 0.065 0.024 | 0.013] ~
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Table 2 Melting and casting condition of the test ingots.
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Table 3 Extruding condition of the test specimens.
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! 1 mm m/min |
) - |
480 ‘ 350 1 350 \ 10¢ > 3holes \
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Fig.1 Effect of magnesium and silicon contents cn the
electrical conductivity and tensile properties of Al-
Mg-Si alloys. As extruded condition.
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Fig. 2 Effsct of magnesium and silicon contents on the
electrical conductivity and tensile properties of Al-
Mg-Si ternary alloys, annealed at 410°C for 2 hrs and
slow cocled after extrusion.
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Fig. 3a The Vickers hardness of Al-Mg-Si alloys (Mg 19 series), solution heat-treated at indicated temperatures

for 1 hr.
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Fig. 3b The electrical conductivity of Al-Mg-Si alloys (Mg 19 series), solution heat-treated at indicated temperatures

for 1 hr.
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Fig.4a The Vickers hardness of Al-Mg-Si alloys (Si 0.69% series), solution heat-treated at indicated temperatures

for 1 hr.
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Fig. 4b The electrical conductivity of Al-Mg-Si alloys (Si 0.6% series), solution heat-treated at indicated temperatures

for 1 hr.
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Fig. 6 Effect of magnesium and silicon contents on the
electrical conductivity and tensile properties of Al-
Mg-Si alloys, 520°Cx1 hr solution treated and
170°Cx 8 hrs precipitation treated after ex- trusion.
Not homogenized ingot.
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Fig. 7 Effect of magnesium and silicon contents on the
electrical conductivity and tensile properties of Al-
Mg-Si alloys, 520°C x 1 hr solution treated and 170°C
X8 hrs precipitation treated after extrusion. Homo-
genized ingot.
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Fig. 8 Effect of magnesium and silicon contents on the
electrical conductivity and tensile properties of Al-
Mg-Si alloys, 520°Cx1 hr solution heat-treated and
170°Cx 20 hrs precipitation treated after extrusion.
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Fig. 9 Effect of magnesium and silicon contents on the
electrical conductivity and tensile properties of Al-
Mg-Si alloys. 520°Cx 1 hr solution heat-treated and
170°C x 20 hrs precipitation treated after extrusion.
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Effect of magnesium and silicon contents on the
electrical conductivity and tensile properties of Al-
Mg-Si alloys, 520°Cx1 hr solution heat-treated and
230°Cx 2 hrs precipitation treated after extrusion.
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Fig. 12 Effect of magnesium and silicon con’tents on the
electrical conductivity (% IACS)of Al-Mg-Si alloys
as extruded and annealed after extrusion.

* Upper figure: Non homogenized ingot
* Lower figure: Homogenized ingot
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Fig. 13 Effects of magnesium and silicon contents on the
electrical conductivity of Al-Mg-Si alloys, precip-
itated at 170°C for 8 hrs, 20 hrs and at 230°C for 2
hrs immediately after solution heat-treatment. at
520°C for 1 hr
* Upper figure: 170°Cx8 hrs precipitated
Middle figure : 170°C % 20 hrs precipitated
Lower figure: 230°Cx2 hrs precipitated
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Fig. 14 Effect of magnesium and silicon contents on the electrical conductivity of the Al-Mg-Si alloys, same as Fig. 10, but

precipitated after room temperature aging of 2 weeks.
* Upper figure: 170°Cx8 hrs precipitated
Middle figure: 170°Cx 20 hrs precipitated
Lower figure: 230°Cx2 hrs precipitated
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Fig. 15a Effect of Mg/Si weight ratio on the split aging and
mechanical properties of Al-Mg-5i alloys, aged at
170°C for 8 hrs.

A: Properties of test specimens, solution-treated
and immediately precipitated.

B: Properties of test specimens, solution-treated
and precipitated after room temperature aging
of 2 weeks.
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Fig. 15b Effect of Mg/Si weight ratio on the split aging and

properties of Al-Mg-Si alloys, aged at 170°C for 20
hrs.
A: Properties of test specimens, solution-treated
and immediately precipitated.
B: Properties of test specimens, solution-treated
and precipitated after room temperature aging
of 2 weeks.
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Fig. 16 The isotherms at 520°C and 175°C of the AI-Mg-Si
system.
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Fig. 17 Results of X-ray analysis of Al-Mg-5i alloys
annealed at 410°C for 2 hrs.

Table 4 Effect of Mg/Si weight ratio on the hardenability of AI-Mg-Si alloys by aging treatment.

; : Hardenability
Alloying Phases presented B. Solution heat-treated -
element, % at A. Annealed and precipitated E'Aé‘ %100, %
e annealed state oz, 0B, o2 0B,
Me st kg/mm? | kg/mm2 | O % Kg/mm? | kg/mm? 5, % Go.2 95
1.40 0.28 a, MgsSi 4.1 12.2 53 18.9 24.7 28 361 103
0.99 0.59 o, Mg,Si 3.0 9.0 63 26.1 30.5 22 770 240
0.54 0.92 a, Mg25i, Si 5.4 8.9 65 27.6 31.2 10 411 251
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Phote. 1 Typical microstructures of the Al-Mg-Si alloys (x400x 4/7)
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Fig. 18 Effect of temperature of precipitation heat-treatment on the electrical conductivity of the Al-Mg-S5i alloys,

precipitation heat treated immediately after solution heat-treatment.
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Fig. 19 Effect of temperature of precipitation heat-treatment on the electrical conductivity of the Al-Mg-Si alloys,
precipitation heat treated after 2 weeks room temperature aging.
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On Effectiveness of Ironing for Redrawability
of Sheet Metals

by Koichi Yoshii

Investigation into the effectiveness of ironing for redrawability of sheet metals is
presented in this paper.

Using maximum shearing stress theory, approximate calculation has been tried to define
the limit of redrawing ratio after various ironing treatment for materials which were
classified by work hardening cosfficient 7. In case of redrawing for circular cylindrical shells,
ironing which is carried out just before redrawing is favorable for every material, but there
is a limit of its effectiveness. Decreasing ironing ratio i (i=tf./f, f,: sheet thickness of a
blank ; %.: sheet thickness of an ironed shell at its side wall), the larger the work hardening
coefficient # is, the limit of ironing effectiveness is in the smaller ¢, therefore the more
effectiveness is expected at the smallest i for redrawability. These conclusions were
confirmed by experiments on aluminium, copper and 7-8 brass shests. In case of copper, it
was found that there might be more effectiveness of ironing than that of intermediate

annealing.
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Table 1 Data on materials
Sheet Proof stress, * Tensile strength * Elongation * Work hardning L.D.R.
Material thickness, 2.2 0B, 3, coefficient, (Plain drawing)

mm kg/mm? kg/mm? % 7 Cptim
Aluminium - O 1.0 3.3 9.4 40 0.27 0.50
Aluminium ~ J4H 1.0 13.5 13.7 7 0.05 0.47
Copper - O 1.0 5.3 23.8 52 0.46 0.46
Copper - 14H 1.0 25.1 27.5 28 0.11 0.47
70-30 Brass 1.0 12.5 35.3 63 0.53 0.46

* Tested with JIS No. 5 specimen.

Table 2 Tool dimensions.

. Profile -
Use Tool Dxarznr;ter, radius, Cleglr;nce, Number
mm
Plain Punch 33.0 5 s 1 pair
drawing | pje 35.9 3 :
Punch 33.0 5 1
Ironing 1.2~0.6
Die 35.4~34.2 3 5
Punch | 25.0~19.0 5
Redrawing 1.2 8 pairs
Die 28.4~21.4 4
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Electrochemical Studies on Corrosion of

Condenser Tubes by Polluted Water (rRep.1)
Potentiostatic Measurements of Polarization Curves of

Copper Alloys in Slowly Moving Aqueous Solutions

by Saburo Shimodaira, Hideo Sugawara and Takeaki Sato

Some inspections with corrosion damages of aluminium brass condenser tubes were made

out at the New Tokyo Steam Power Station using polluted estuarine water, thereafter the
potentiostatic measurements of polarization curves of copper, copper alloys and other several

metals were carried out in slowly moving aqueous sodium-chloride solutions containing
hydrogen sulfide.

The following results were obtained.

The principal corrosives are sulfur compounds, particulary hydrogen sulfide, and

The mechanism of corrosion reaction of copper alloys by polluted estuarine water is
summarized as follows ; copper sulfide that is produced by reaction of copper with sulfur
compounds, acts strongly as cathodes of local corrosion cells and also sulfur compounds
can be cathodic depolarizer, therefore the corrosion of copper alloys are unusually -
violent. It is a characteristic of the corrosion that both dissolved oxygen and sulfur
compounds act as cathodic depolarizer. The corrosion is cathodically controlled in local

1
@ dissolved oxygen in polluted estuarine waters.
(2) Sulfur compounds are released by the action of sulfate reducing bacteria.
(8) Sulfur reducing bacteria may be not growth in the condenser tubes.
) ‘
corrosion cells.
(&)

Chromium, tin, nickel and silver may bz effective alloy elements in copper alloys
against the corrosion by polluted estuarine water. Aluminium may be effective in the
range of natural electrode potential less noble than —0.50 volts (S.C.E.), but injurious in
the more noble range.
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Fig. 10 (4) Anodic polarization curve of Ni in 3% NaCl+
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Some Factors Affecting the Stress Corrosion
Cracking of Heat Exchanger Brass Tubes in
Petroleum Refining Plants

by Shiro Sato

An attempt has been made to clarify some factors affecting the premature failures of heat
exchanger brass tubes by cracking used in petroleum refining plant. To show the most
common form of cracking the summarization of enguete on the cracking of heat exchanger
brass tubes conducted by Corrosion Research Comittee of the Japan Petroleum Institute was
performed and the most typical failure by cracking was presented. The factors necessary to
produce the typical failure of cracking were reviewed.

The results obtained were as follows:

1. From the above enguefe, the most common form of cracking is characterized by four
features, (1) the installed positions of cracked tubes are in the vicinity of periphery of the
tube bundle (2) the cracks are circumferential ones (3) the distances of cracks from tube
sheet are in 10 cm (4) the cracks develope from the outside (shell side: oil vapour side) of
tubes,

2. The most cracks are attributed to the phenomenon of stress corrosion cracking.

3. The source of stresses is responsible for the assembling operation of tube bundle by
expanding. In this operation, tensile or compressive stresses in straight longitudinal direction
by mutual reaction between initially fixed tubes and the others and bending stresses by
bulging of tube sheet are created in tubes and the maximum stresses are produced at the
immediately behind the tube sheet where the straight and bending stresses are imposed
simultaneously. This is the reason why the cracks are developed behind the tube sheet.

4. Among the corrosive media capable of producing stress corrosion cracking, the most
potential one is ammonia but it is impossible to neglect the effect of sulfide and oxygen.

In this paper the important exceptions of cracks having different features have also been
reviewed.
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1. Materials of cracked
tubes.

Brass
(Unknown)
18—5%
stainless
steet
BsTF—~ 11"

5.Distance of cracks
from tube sheet.

<10cm

9.Duration of operation
-until cracking.

13.Maximum temperature
of tube side fluid.

17.Corrosion rate in the
vicinity of cracks.

None or mild

2.Heat treatment of
cracked tubes.

Stress relieved
(End annedled)

6.Direction of cracks.

Circumferential

'10.Cracked surfaces and
corrosion media.

Qutside
(Gosoline vap.)

A
Mg~
(%2 Inside

(water)

’ (sea water)

14.Maximum temperature

of shell side fluid.

18.Formation of scale.

Observed

3.Qutside diometer
of cracked tubes.

7.Percentage of cracked

tubes to the instolled ones.

<1%

a

1. Tube side fluid.

Sea water

- 15. Injection of corrosion
inhibitor .

Organic inhibitor (4
and ommonia

Organic
inhibitor

19.Distonce of buffle
plates in tube bundle.

4.Situation of cracked
tubes in tube bundle.

Periphery

Random

8.State of plants when
cracks were found.

Operating

After
washing

12.Shell side fluid.

Gasoline vap.
(Oil vep.)

16. PH value.

6.5~8

(1)BsTF-1: Admiralty Brass, (2) BsTF-2: Albrac (aluminium brass medified with silicen) (3)BsTF-3: Alcminium Brass containing manganese
or nickel. (4) Orgenic Inhibitor: Amine Compound. (Rescol or Kontol)

Fig.1 Summarization of enquetes conducted by Corrcsion Research Ccmittee cf the Japan Petroleum Institute to the
major refinerys in Japan on the failures of crackings of heat exchanger tubes. (These enquetes were issued in
September 1962 and 18 replys were obtained.)
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Photo 1. Projected and indented tube ends during operation by sliding to reliese the longitudinal
residual stress against the holding strength of expanded joints, which demonstrate
the existence of residual stress in compression or tension in tubes.
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Fig. 2 Schematic representation on the creation of tensile,
compressive and bending stress in tubes by tube ex-

panding operation.
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O Cracked tube

Fig. 3 Distribution of cracked tubas shown in Photo. 2.

(vacuum tower overhead condensar)
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Photo 2  An example of the most typical stress corrosion crack of aluminium brass tube in heat exchanger of refinery due
to action of stress, induced by bending, and some corrodent (ammonia), where the mrcumferentlal cracks at
the tension side by bending stress were observed near the tube sheet.
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(b) Cross section of cracks.
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%130

An example of abnormal stress corrosion crack of aluminium brass tube used in debutanizer overhead

condenser by sea water which was contaminated with hydrogen sulfide due to lcakage of oil vapour
containing 4 mol % of H,S from shell side to tube side.
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(a) Deposit of salt.

(c) Cross section % 100

Photo. 4 An example of abnormal stress corrosion crack of aluminium brass tube used in kerosene cooler in
atmospheric overhead condenser by local over heating of tube surface -at hot gas inlet portion,
showing the heavy deposit of insoluble salt and severe intergranular corrosion crack.
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(a) Stress corrosion crack

(b) Cross section %100

Photo. 5 An example of abnormal stress corrosion crack of aluminium brass tube by river water
stressed in tension 15 kg/mm? by spring type stress corrosion testing apparatus.

(duration of test: 1 year.)
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stress corrosion cracking of brass.
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On the Relation between Dealuminization and

Anodic Polarization of Aluminium Bronze.

by Zen-ichi Tanabe

The recent widespread use of aluminium bronze in industry may be attributed to its
high mechanical properties and resistance to corrosion. In certain corrosive environments,
however, aluminium bronze can suffer a selective corrosion kaowa as dealuminization.

This selective corrosion phenomenon results in a loss of aluminium from the alloy.
Dealuminization in aluminium bronze is similar in mechanism to the dezincification that

occurs in brass.

Dealuminization was studied by means of rapid dipping tests and anodic polarization
measurements of various Cu-Al alloys, in which the content of Al was less than 129, in
solution of CuS0,4 (1% mol), CH3COONa (34 mol), KCI1 (35 mol) and CH; COOH (23 mol). The
pH value of the above mentioned solution was 3.3.

The results obtained were as follows:

(1) The anodic current density at —0.05V (vs. S.C.E.) corresponds to the dealuminization

degree of each alloy.

(2) Only alpha Cu-Al alloys have high resistivity to the dealuminization in aluminium bronze.
(8) The other phases of Cu-Al alloys are more easily dealuminized than the alpha phase.
(4) The dealuminization degree of Cu-12% Al alloys is remarkably influenced by heat

treatment.
1. # B
T, 7V 3 =y RE I T ORI R OTN & 8

NTWAHZ &Ll » T, FEOHT THIFRGETH
boTRBELDDHD, LrL7VI=y 2FRHTENT
%\mm?Aﬁ@mmﬁﬁﬁrmwﬁéﬂ7w}“vkﬁ
BRI LIERD B, ShEeDnWT 2, 3OWER D 5
D WELERERLFIRINE E A ERENT W,
EHRERMAEGEON 7 v 3 = AEACDOWTERTS
RaBEstzbic, Cu-Al 40 55 12%A1 BUT OFEFHI
DT (HAASHE LAY ZoHBRIEET 5, ) Hill
7= WA%@&%%&U%@%@%%@ME%MK
W FORRT VI =y AEANSRE Lo

BUkha Table 1 @@iRd & & o S @AM L. B

* EASRZLBOEI 2 FER (196148108 BkED
ARSI s 2R 205 7 B Bl

**Ufjht

IR TR, $5E1 850°C & LE LT 1 mm OE v (2
F G R, oha Table 2 iwmd o & B L, 0/3
TAY ~{FETHEL, =~ 7 TR E A Lizo

Table 1 Chemical composition of specimens.

Chemical composition, %
Sample
Cu Al | Fe si Pb
No. 1 £9.89 Tr 0.001 0.01 0.01
No. 2 91.83 5.02 I 0.046 0.05 0.01
No. 3 92.83 7.01 0.064 0.01 0.01
No. 4 99.77 9.03 0.072 0.02 0.01
No.5 s7.43 | 1238 | 0.001 | 0.07 0.01
Table 2 Heat treatment of specimens.

1. AS CASL e rrrereeeereisenestnnsrrnnrsen e nsen oo ()

9. AS TOLL verreemrerreereserrornae A

3. 851°Cx3) min. W, Q. wreeeres 2o

4. 850°C X2hrs. W, Q. creverssnimrircsiscen@

5. 600°C x3) min. A. C. seevrrenmmvnnnan A

6. 850°Cx2hrs. A. C. wwerrerveen .

7. 600°C%3) min. F. C. weevevrrermneresronsvnns 4

8 850°Cx2hrs + 530°Cx 6 hrsF.C..--3%
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1. As cast — 0.25 0.59 0.8)
2. Asroll 0.32 0.32 0.40 0.79
3. 850°Cx30min W.Q. 0.33 0.40 0.47 0.87
4. 83)°Cx2hrs W.Q. 0.39 0.33 0.50 0.69
5. 600°Cx3Imin A.C. 0.40 0.33 0.42 0.85
6. 85)°Cx2hrs A.C. 0.39 0.21 0.35 0.87
7. 600°Cx39min F.C. 0.39 0.35 0.65 4.05
& 850°Cx2hrs
1 530°C x 6hrs F.C. 0.31 0.29 0.51 2.50
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Fig. 11 Relation between current density at—0.05V
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layer.
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Photo. 3 Microstructure of dealuminization layer of
Cu-99% Al x100x %
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(5) 600°Cx3)min. A.C.
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Photo. 4 Microstructure of dealuminization layer of
Cu~129 Al. x100x4%
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1) M. Schussler &. D.S. Napolitan: Corrosion, 12 (1956), 107¢.
2) R, Ak Bhfedel, 9 (1960), 529.
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IIHENEE D L FEBYOIES DX I BB LT D
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B I‘L LU

- = 100 150 200
AR 5
SISE SRR BRI 55 18 T (159 H. SO,
21°C, 18V, 99.50 Al)

3L W CORE LA L ErEoRE
B &k #
W ow M o b b o oL
°F °C °F °C
Amp/ft? | Amp/dm?2
12 1.3 1.8 1.0 9.5 5.3
24 2.6 3.8 2.1 17.1 9.5
48 5.2 8.2 4.5 27.5 15.3
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&, WMHEEERGRSS D LE LB ET D &, 2D
BIIIEMEE O IR I B R —ETh Do 29
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B A IR (S { LA i\fmm¢m<ﬁ/>ﬁﬁ
FCRAD, IUNEREOBBERNRENMET 751
ONTIETF4 52 EaER L TR, BEEATR Uiz
A1 LR AR R AR LT, 14 A)Y) oficrs
o MIT B BIREHLEE & o IFC b = DEIFI~10 (A/V) 7
Bk & L RET W2 —ETH Y., FERIEEH0%
(FH) &5 A 1AIV) BTER > T hiaeh
BRI OERIL R < T Do

{\L 10 WNT()?N & 2
nrx %M 7 ") }lﬂ’“‘i’"

é, 0 5 volts
Vo4 N 10 volts
Q 15 volts

0
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ORI
16 159 H,SO, MM CHEREND 99.99% Al DM
RETEREEL X LRI, RE OBR

COEEBIIREREN SR - TE D, FOLHEDS
SO LTI AN ABE A LT D, 08
DENEH A R Do Uit o TR I B R
DOEFEENEE, EREN5FEOFEHRBIZEL Lo
T F ORI AN, THEEESIIRT &b,

ZZTIHEMBOE vy EEIREBIL BT, —EE b
L DWTHEELTHR L H®, 15%mEE, 2130 EREE
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DEE %, 0.00088in/hr DA TR SN, ZHix3,725A
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(4.4.1)

TV = v L4f54:5152 X 1F 5652

AR B

FRERIAME 7 v 2 = v A &4 11 (5052) & FH PR pLs?
T % & -05152% L U'66520 2 BT D\ TSR AL
Tihdbob, GEEME, » 2y, WEBE, v, BHR
B, 180°h 7 BRI LU= Y 7 vl K e i

(4

WA e LCIISHBIZ L5240 TH Y, FHRER/NEX
Bl 7 R 57 R A AN THIE Lize BRICRIT HES
R DA ORI YE BB & S ROV HETH D, A&
JEH—E L 1 B TR Lico 7. EHE DWW T £

(1

UinhEBA F 2D DTh Do
b AT L D EE L-b D Th D, WIS
B(2Kke) HIEL L CTHEIE Lo AR ORIE

sEMET A L. BROBEINC L » TURET BT TR
tebBEBRF OB EROEENED DNIDbH B, £
NHREHEEE UTUR L

1 3
E1x 1t s 5, 5
o % \ 1t =4 5 5 %
Mg Cr \ Cu | si | TFe | Ma Zn Ti Al
Gy | AU | 2.0~2.8 <0.35 <0.20 <0.40 <0.50 <0.20 <0.25 - %
® 2.38 0.12 0.01 0.17 0.44 0.01 0.01 OB #
sy | AW | 22~2.8 | 0.16~0.35 <0.04 Si-+Fe<(.40 <0.01 <0.10 - 7%
®OOM 2.57 0.26 oo 006 | 0.1 0.006 B 0.01 n |
1) WAL Reynolds #d Al Data Book(1961) 78 & Tl BHERT
g 2% 5l GI a5 B
- 3] " o 7
H ﬁ mme | S W o, sy, | g, v, % v,
kg/mm? kg/mm?2 kg/mm? kg/mm?2 % %
cio2 B ¥ 18 RO % % 3.4 6.8 18.5 40.6 35 72
1% # 16 2% g %14‘ g‘E 4.5 6.7 19.5 4.4 32 65
WO % ¥ 2) o % % - 6.3 18.6 3.6 36 7
o R 17 Brmlg — 7.9 19.7 34.9 3 69
B3 E  wxv, TSROV
# Ed 1 S i )
# " o H 7Y 5 v, Ey a2, "y s VI, a7, 1(15”1%%5;) i;‘/gfn’,e“
10/500/30 10kg Fay-n & kg-m/cm?
WD % % O % “ 49 35 (10 2.7 12.0
N A 43 51 36 an a9 12.2
WO F & O E ¥ u 52 36 - 4.1 12.0
R Bruns 47 54 41 o) as.m 12.7 1

1) W@EO2 2y &RT,
2) BEAFIR 2T,
3) & WAL JISH4167, 20« ¥ B 7iCHE Ub § 0% iz,

W B’

mwasrl) P {E A EESE TERR NN E
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(4-4.2)

T3 = 445152 3 X (X 5652
BoMowmoM E

B4 3 EIRGEVIME, GIREREE L U3 % ek o g S Y5 i

ho
fih v %

e Bk 1R

B2R BRI O bk (RRERK107)

. 3 G AR DY IR,
ot g | DKEO | R, so g/ mm? YRIEY, B kg/mm?
p, mm Gk 1057 108 107 105 1000 107@ 105 100 107[@
co 1 14.8 11.6 10.2 1 1 1 — — -
WO E E 1.25 1777 10.5 8.6 8.1 1.41 1.35 1.26 - — —
15 0.30 3.00" 8.2 6.1 5.2 1.80 1.9 1.96 - — —
2 12.2 6.3 2.4
oo 1 i 15.5 12.5 10.8 1 1 1 5 @98 8
Iy # 1.25 1.77% 10.7 9.1 8.3 1.45 1.37 1.30 - - —
0.30 3.00" 8.6 6.7 5.4 1.80 1.87 2.00 — - -
1
o 1 15.0 1.7 10.2 1 1 1 — - -
B F ¥ 1.25 1777 10.5 8.7 8.0 1.43 1.34 1.28 - — -
0.30 3.00" 8.2 6.5 5.7 1.83 1.80 1.79 - — —
5652
2 12.0 6.7 2.5
- 1 3 15.2 11.9 1.1 1 1 1 o= @“h P
% % 1.2 1777 11.4 9.6 8.8 1.33 1.24 1.26 - - -
0.30 3,00 8.7 6.8 5.6 1.75 1.75 1.98 — — —
1) ANFRER 9 B (1,700rpm)ic & %,
2) 10mm ¢ BRI A
3) HEREROARBRA (D=12.5mms, d=10mms, t=1.25mm)
) 60°-VHmAIRRRH (B
5) 3 ALK (HTE1.02~1.03), HFia150~25Cce/ min, HIRE20EC, () PIOEMEATN DR HHIE 2l L& ORPRERT o
1
LS L
1.0 — ]
t
\ o0 Wz
0-9 \ \ ' A A K
08 \ i
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o
.E
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=3 Ea a3 r o
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© T2 ) © ”
5 / | = by © ) 0.2%
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(4.4.3)

1

= L

ik

i)

&4 5152 3 I 18 5652 0

P 3

\ i
16 16
o 14 "€ 14
£ N ak=1 .
~, 12 o2
9 ~ L
= 10 <10 Nuy k=177
o 8 n H o 0 1 st
= ~L1||l]| k=300 "=
6 . iyl
e
al_ p ;
10 10° 10° 107 10° 10" 10° 10° 107 10®
K MR OK R
#3X 5152 (WHoOEE) ©S —~Nhig H5R 5652 (WD FE E) S — Nl
18 T T 18 . | ;
| I | |
16 |- e S :
14— ‘ o 14 N ak= EEUEE
o TR ak=1 A, N Y AR
IS o ‘(_ \\b\ . . i i i i
\E ' 2 [ Tl & \\ >kk-—& o ||
210 S b — 0= 771 £ 0 L N S
. ™ ~+ ‘*?\M%\M x , ST e—— Ly
=g : N FEEET00 S T N ] ak=3.00 [l
w0 TN T L @ B Y ’
- AR~ S 4 . TN
6 T ) 1 — \g’i 6 \'\\"?«\
4 | ] Lak=1, T Ll 4 k=1, BHAE % o
BRI SRIE N il T
N l ! [ bt UL 5 P L e P
10t ! 108 107 10° 10* 10° 10° 107 10°
ST I 4 b UG [ ¢
B4R 5152 (WKED oS — Nl 86K 5652 (WKE) @ S— Nl
o =1
2. &ER SEEER. RECLER, EY&Inm)
#/ 5% 1k 5 j% 2
] 1 = P 2, %
7 H
Mg Cr Cu | si | Fe Mn Zn Ti Al
B EIR 2.0~2.8 <0.85 <0.20 <0.40 <0.50 <0.20 <0.25 - %
5152 R, A 2.28 BB 0.02 0.16 0.38 0.01 0.02 0.01 7
®H, B 2.33 B D 0.08 0.18 B 0.01 0.01 7}
FEAM 2.2~2.8 0.15~0.85 <0.04 Si+Fe <0.40 <0.01 <0.10 — #
5652 B, A 2.53 0.20 0.01 0.08 0.14 0.006 0.08 0.01 %
®it, B 2.56 0.25 W 0.07 0.12 0.006 — 0.01 i
1) WA Reynoldsito Al Data Book (1961) If8 & h T B4R R,
S o wovs %o
wasslD  dpfERXEBESE T EBRIKXISFE M
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(4-4.4)

~ A »
T3 = v 4445152 B L (85652
A LA -
e B OB B @
B 6 I Fs & OV RFEAER 0 5 15RHEELD,  180° i M Nic = ¥ 7 & > [ED
5152 5652
Y " EILE, I 1My RR |tV sy ol Wt 180° Uy BB | =y ey
% | m A | BEmmy, | fhe, W, | BlEm, e, ) )
kg/mm? | kg/mm? % oA R4 kg/mm? | kg/mm? % PR i
ok - ) (—) (=) (=) (=) (17.6~21.8) | (>>20) (- (=)
B, A j
W R N (€] 7.7 18.7 24 & 9.4 9.6 19.9 25 o bies 9.4
Hit, B 7.3 18.0 25 % 8.4 9.6 20.2 23 W % 9.5
15 19.9 21.7 6 Byo s 7.3 19.2 22.5 9 Ero 14 7.6
3 22.5 23.7 4 EEo 1% 7.0 23.7 25.2 5 Byolfs 7.2
BH, A i N
5 24.9 25.2 4 Yoo 6.1 25.3 27.4 4 o2 6.6
E o 70 25.3 27.5 3 | Evo3.5E 5.8 28.5 29.4 4 [ 03565 6.1
2 18.6 2.8 6 — 7.2 2.7 24.5 5 — 7.2
s B | 21.7 23.0 5 — 6.5 95.4 2.7 4 — 6.8
60 24.3 25.5 4 — 5.8 28.0 28.7 4 — 6.0
80 2.3 27.0 3 — 4.7 31.2 32.3 3 — 5.5
1) ®EAix FED. TEST METHOD STD. No.1510 Method 211, F2 (P{7aid 0.57, By 2°) ERF I TN Lo
2) JISZ 2204, 4 BRERN (EHEHFD)
3) JISB 7777, 2 SRR
BT xR 5152 ik ¥ X QU BRIEAEN o 41 X
i A P -
7 I R P YR At vahn el TEn
% 5kg | Bar-n | Bar-nv | Far-wl Har—n | BTar—~ 1 S0Tair—n 1 BTar—n
| s, A m - 4 32 79 511 - —
Boo® | ()
®it, B 4% - 38 28 77 50 — —
15 72 — 71 64 98 72 34 —
30 78 — 76 70 100 74 38 —
B, A
50 85 22 81 75 103 77 m 12
70 89 28 84 78 104 78 43 17
EE 20 71 — 71 61 97 73 — —
] 0 77 — 76 67 100 75 — —
®it, B
60 83 - 81 74 103 77 — —
80 83 - 84 77 104 78 — —_
1) BHE
B 8 & 5652 WHB LUHPIEME D 7 2
FE4E 47 b & o
2 81 B‘_/L%)fi, TN EEY A EI S i P I N e
5kg | BXr-nw I Exr—n | Ry —p | HAr - || 15T A7~ | 80T A7~ | dBTAr—nm
Rt A 5) — 47 20 84 570 — -
wOE | )
=i, B 55 — 52 45 85 571 — -
15 7% — 72 66 98 73 36 —
30 84 18 0 74 101 77 44 —
R, A
50 o1 28 82 78 104 78 £ 17
70 96 35 86 82 106 81 52 22
HE
Eoo® 20 84 - 80 72 102 76 - -
) 40 89 — 84 79 105 78 — —
#i, B
60 94 — 87 82 106 79 - —
8) 102 — 9 85 168 81 — —
1) a4
TR 1 T ¥ ﬁ p-d = - o oA
(ATE8 4 1 9) 1= FEwE TERBR RSt o + J
S H )

_.._4_
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24845 5152 3 ¥ 11 5652 0
G A B & S < D

10 R m— 130
i o 7‘73;)\/\—’_0 _______ -
100 {—-- SR S ‘ - - 120
1Y -
1o a 76]5—)\./—"‘1?\ i—_‘—__”__
- o
100 - 1 e
, 5\5}/
J ©
+ 90 :
;‘5 ’
EN #
+ 80 ; - 5
// Cﬂy\,—/fﬂt:/"'”’ !
;N ay 77 mnisT R
70 7
14
. // /I
60 1A
/i (fius s &)
7
7
50 -
7
y
20 40
0 10 20 30 40 50 60 70 8O 90 100 0O 10 20 30 40 50 60 70 80 90 100
T OME FE %
AR FE % R %
11 515248 (Biss. DFFEEE & 7 2 v DRER e o Y -
% W (b, B) DFEIEE BAGT HI2F 565280 (k. B) OFEMEE & # # v+ OB
B9 % 5152 L valBR Gk, B) OHshinM
AR mma | Bo®r omooHw » # v 180014 -
W 7 ] S SHERPIJ DR ]
oC x3h B‘:;a{/li}{ HooAl _— B, o, ¥y - X, PRV LYY ‘/::\/?'7;;1//%/'/ iﬁ?‘]g—g ERI L3
% kg/mm? kg/mm? % 5 kg Fay—w® Inshsy
(€3] () (€ 9] (7.3) (18.0) (25) (46) (28) B GIOEN (€ )] (8.4)
20 — 16.6 20.3 9 69 54 69 — 7.1
15 40 — 19.2 22.0 6 75 64 72 — 6.9
60 — 22.3 24.7 6 82 70 75 — 6.1
80 — 24.0 26.1 4 87 75 77 — 5.3
20 — 14.6 19.6 11 66 54 67 — 7.7
150 40 — 17.9 21.8 8 71 60 71 — 7.1
60 — 20.4 23.9 7 79 68 74 — 6.3
80 — 22.2 25.1 6 83 70 76 — 5.8
20 - 14.6 19.8 11 64 51 66 —_ 7.7
175 40 — 17.2 21.5 8 70 59 - 70 — 7.3
60 — 19.7 23.3 7 77 67 73 — 6.4
80 — 21.4 24.7 [ 82 71 75 — 6.0

1 BEAE FED. TEST METHOD STD. No.151 ® Methed 211, F2 GEfF#4 0.57,
2) &% i
3) JISB7777, 2 5HEA

FHRE 27), MRS MICSEATICERIR Lz
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73 = v a4 5152 3 X (8 5652 0

B W E D

%10 £ 5652 kA (BRE, B) OEMRAGYEH

s, | mmw | Bl om & H P | 7 # ” 18 .
E uE A N . . Aot BRAMN | =Y 2wl
' @ 7, BRI, e, €y p- R, ay vy, (2T el
*Cx3h % kg/mm2\ g /mm? ‘ % "5 ke \ Fayius [mpry=e, | F &
50 =) w m | e | @ § @3 i (55) \ (45) (5N ) (9.5
20 H32 17.7 22.2 9 74 66 72 — 7.7
25 40 H34 19.9 23.9 7 81 72 75 - 7.1
60 H35 23.6 26.8 7 88 76 78 - 6.3
80 H38 25.8 28.4 6 95 82 80 — 5.8
20 H32 17.1 22.6 11 7 62 70 - 7.8
5 40 H34 20.1 24.6 8 78 69 75 — 7.2
60 H33 22.8 2.5 7 84 74 7 — 6.5
80 H38 2.2 28.3 7 93 80 79 — 6.0
20 H32 15.9 22.3 11 70 62 70 - 8.1
75 40 — 18.6 23.7 9 76 68 74 - 7.5
60 - 21.2 26.2 8 84 74 76 - 6.9
80 — 23.5 27.5 7 89 78 8 — 6.2
@z FED. TEST METHOD STD. No. 1510 Method 211, F2 CE{Fifi0.57, B2, FAHRICTAIIR LI,
2 2 %
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AEEIMHAET VI =Y 254 28 (5056) &L/
SR % 4 -05356, 5456 35 J U556 3 B IT DU THEMR
HIEREL T7bb, BEREE. » 2y, TTRE. ¥
FEogshpe, 180°Mh vy BB AEE RS LU=V 7 v R &
BRI LI RAEE L Db DTH Do

B ARSI L DEE L b O TH D, Bk N
B (2kg) & JFHE U CHIE UTco AR Ol 7R

7 4 A4x 5356, 5456 1+ X (X 5556 D

PeOE (D

e LT JISHEE LB 50 Th D, JE5 AT/ NT KE
izl 2 7 5 S BRHE A F N Tl Udco ARSI H 570
LA OB IR & 5 ROFHETH Y . AL
F—fR g 1 FlA R Lo ks, IR DWTH £
HET S &, BROBHIC L » CEES BFTES Tl
DEBE OEECTEOEENRRDbNDEH 5. T
HitEgEEE U TR LI

- 1k 2 % aF
1t £ B 2, %
bl o
Mg Mn | Cr | Cu [ Fe ] Si Ti Zn Al
555 waEm | 4.5~5.5 | 0.05~0.20 | 0.05~0.20 <0.10 Fe+5i<0.50 0.06~0.20 <0.10 7%
®O# 4.85 0.14 0.11 0.04 0.13 \ 0.09 0.10 0.04 "
s | 4.7~55 | 0.50~1.0 | 0.05~0.20 ég;& Fe+5i<0.40 <0.20 <0.25 £
5455 )
B 5.17 0.62 0.11 0.10 0.13 l 0.09 0.02 0.03 7
556 gaEs | 4.7~5.5 | 0.50~1.0 | 0.05~0.20 <0.10 Fe-+5i<0.40 0.05~0.20 <0.25 b33
E 5.37 0.76 0.09 0.03 0.06 ’ 0.06 0.13 0.04 %
1) A% Reynolds #o Al Data Book (1961) i a T 24i% R
B 2x 5l ik : =
— 8l " t 7
=) s K ﬂ.
H a N Pl w o om, it 7, B[Rk, SRR, "o, w0
kg/mm? kg/mm? kg/mm? kg/mm?2 % %
gy | EHOEE 20 O ¥ -~ 12.7 20.1 54.1 33 60
w o om| w oo - 14.8 31.6 51.7 31 56
WO ¥ 18 RO F # 11.2 15.3 32.6 53.5 20 4
5456 ) (=) &) [ESEN)) 2.5 ] 16y )
I B 21954
16 360°C 12l 12.0 14.5 33.5 54.2 31 49
g | 0¥ E 20 O E ¥ - 17.7 39.2 — 25 —
W oE| W e - 16.5 3.1 - 25 -
B3R 2y, WHWERE IO A
A b 41 {{/R‘I»\]}gﬁvﬁ— « I,
¥ B n " 7 A, Eyn—~2, |uypvzm, |wyrvzr, | v o5 7, IS 35y (18mme)
10/500,/30 10 kg BRI FRy—n (& # 4 Kkg-m/cm? kg/mm?
WHOE F O & 63 74 - 68 12.4 17.8
5356
T80 T
#® " S5t 67 78 21 72 — 11.5 18.1
WHOEE PO E ¥ 73 8 32 77 a9 9.1 19.0
5456 -
P ; 219 e
# i i d 70 26 31 76 a8y 9.1 19.4
WHOFE O E % 80 91 — 83 - 7.0 20.7
5556 ~
n T8GR
#® % Shoaie 74 87 - 79 - 5.7 20.2
1) @O ZrERT,
2) & vEiRELE JIS H4167, 2@ & YIS IHECD S OR v,
LA I
mamsse 1) e {E AT B = W
=E T ek X =3t mob

— 9




(4.4.10)

7Tl = 444 5356,5456 3 X (X 5556 »
B o M H @

B4R TOEIIRE, PIREREGS LU 3 YRk o B LR

P WS E D, Kg/mm? B A F T Br SO AT ORARE, 15
& o | B m 10 107 1053 106 1078 10 108 107
oo 11 19.0 13.8 13.1 1 1 1 — — -
mEoEE | 1.25 1779 13.2 1.2 10.6 1.4 1.28 1.24 - - -
0.30 3.000 11.2 8.8 8.2 1.70 1.57 1.60 - -
5356
oo 19 18.5 15.1 14.1 1 1 1 B0 &b ey
W E| 1% 1779 14.0 1.6 11.2 1.32 1.30 1.96 - - -
0.30 3.000 1.1 8.7 7.5 1.67 1.74 1.88 - - -
o 19 20.3 15.5 15.0 1 1 1 - - —
mpoEE | 1.2 1770 13.8 11.6 10.9 1.47 1.34 1.38 - - -
0.30 3.000 11.8 9.5 8.7 1.72 1.63 1.72 - - -
5456 73 6.2 2.9
o 19 21.3 16.7 15.7 1 1 1 a3 S oy
W H| 1.2 1770 13.2 11.0 10.6 1.61 1.52 1.48 - - -
0.30 3.000 11.0 8.5 7.3 1.94 1.7 2.15 - - -
e ) 19.8 1.7 14.3 1 1 1 - e e
555 | % B| 1.2 1.779 13.6 9.9 9.4 1.46 1.49 1.52 — - -
0.30 3.000 10.0 7.9 7.2 1.98 1.86 1.99 - - -
1) /NEFSEGE R E R (1,700 rpm) KX 5,
2) 10¢ BLEERBRFT
3) PHBBROKRRA (D=12.5mm, d=10mm¢, t=1.25mm)
o 60°-V mEREIARRA (AR .
5) 3% Adfriik (W 1.02~1.03), #Fuk 150~250cc/min, #i813204:3°C, :
C ) PIOMRIBAR R OESRIE & ot LIl A OM P HA R T o
GRS L
1.0 —
O o 5356
AV 5456
20 0.9 \\ v 5556 T
0.8 \ <
15 = vk y A
X 07 )
$
2 N \\
. '
€ 0.6 \ Ny, A
E 4 [ Moz
310 ™~
~ / % )
s 0.5~ ; -
~ - < J %
12 il 4 N
s ]
& & & — 0.4
5 %5 7 , &
© : &
3 S b S b 0.3 S~
he] Sg ~ <t w
“ h © 0.2% \
) 0.2
M orv, % ] 2 3 4
B kR
FBIF B — Y s B2E UIRERE O (RREEHI0T)

oMy om

) dPIEXEETE THEHRRX=FE me oo s

WA

— 10 —



(4-4.17)

kg mm®

ISR

73 = 484 5356,5456 1 X (X 5556 @

BOMoW M H

o 24
! : P ‘ ol A s N
20 “ | i [
: : 1|l (a7
e g 16 - 4 "mi'* e e e T S
£ : i
G | ' H U
—S) 12 = , 12 i T 1; =
5 g | oo ST
@ 2 TN
2 . 4 ; ’k:]’ﬁf’u‘?kr']ﬂ Pt p—
| IRl
ol | 0 LS
10% 108 10* 10 10° 107 10*
W oW % f2 T G 1 I <4
#E3E 5356k (WMOEF) ©S— Nl EAE 53668 (WH) oS — Nl
28 ‘\
24 1
0 ak::
<] Bt
16— e } ! P
e ak=1.779} ;
12 o = b s
\v\7\“"\v—_
8 E
ak=3.00
“ Rl
0 i i {
10* 10° 10° 107 10®

Moo | K

BH5E 5456 (W0 %) © S Nl HE6R 5456 (WHE) ©S—N

- SO 4

BETE 5556 (WE) oS — NH

HH AR

mrrEl D o fE A EE B T ERR R 5

noW B




(4-4.12)

AN

TR = v L454r 5306, 5456 1 X (X 5556 @

oM W M @

2. WMEHEKR SBEEEHR. RECLER, Ev&imm)

g5 % ik = |54 o
it 2 o4 2, %
M 7
Mg Mn Cr Cu Fe 1 si Ti Zn Al
oA MW 4.5~5.5 | 0.05~0.20 | 0.05~0.20 | <0.10 Fe+Si <0.50 | 0.06~0.20 ] <0.10 7
5356
#® B 4.89 0.13 0.11 0.02 010 | o4 0.11 - 7%
" —— 2010 ;
5456 WA oMW 4.7~5.5 | 0.50~1.0 | 0.05~0.20 | S0-20 Fe+Si <0.40 <0.20 <0.%5 7%
#® ¥ 5.22 0.63 0.10 0.10 013 | 002 0.01 0.02 7%
556 ® & @ m 4.7~5.5 | 0.50~1.0 | 0.05~9.20 | <0.10 Fe+Si <0.40 | 0.05~0.20 | <0.25 23
# B 5.17 0.70 0.11 0.04 0.11 1 0.18 0.12 - "
1) RAMEINY. Reynolds #t@ Al Data Book (1961) ii2& AT 24k R T o
B 6 X RS L O 6y IR AERR o Bkt
B BB 7 % - —
B, A AV EoA- ey 180 s
# i W, | By, | M v, |eeaox, [FYIIEMEYIEALL Gy | BB S
2 2 9 r‘ ¥
% kg/mm? | kg/mm % SKE B ayon|F myon|G R S| W
i " (e 4 17.1 31.1 24 81 — 74 72 — o 14 8.8
15 29.8 36.0 10 104 — 86 81 - E 05 6.4
5356 30 34.0 40.0 8 116 - 91 83 - B o> 4 5.8
E 4 35.1 40.4 7 124 - 92 84 — B D5 4.3
60 37.6 4.5 5 130 - 95 85 — B 0 6 4 3.2
80 41.4 45.1 4 139 — 97 86 — B > 6 45 2.5
«  om (13.4~21.1)[(29.5~37.3)]  (>16) =) (=) (=) (=) ) ) ()
D) 17.0 34.7 22 87 34 76 75 4 By 02 7.9
15 31.8 39.0 10 115 57 90 83 61 B0 3 5.8
5456 30 34.5 4.1 7 128 65 94 86 65 — 44
E2 50 30.1 43.4 6 136 70 98 86 68 — 3.1
70 42.9 47.6 4 145 74 - 87 70 B 0> 6 45 2.6
% A I ) 16.9 34.4 22 89 — 80 76 — o1 7.9
15 33.5 40.3 9 120 - 93 84 - o2 i 5.6
5556 30 37.1 42.2 6 128 - % 85 - o4 4.5
E O o® 40 39.4 4.3 6 135 — 98 85 - Y0 64 3.3
60 3.6 47.4 5 145 — 101 87 — — 2.3
80 7.4 51.0 4 155 — 103 88 — — 2.2
1) H®EMi: FED. TEST METHOD STD. No. 151 & Method 211, F2 CGEFT# 0.5%, SLSHHEE 27), A FRICTTCER Ui,
2) Bl
3) JIS Z2204, 4 SEBF
& JIS BTV, 2 BRERE
~ (I
oeimsel ) dQe {E A B3R = e
B T KRR RE m oo A

— 12 —
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R
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(o)
(@]

N
w
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BH9E 54561k HE ¥ L OVHTEIEAER OIS — i ¥R

NEIE l
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/
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&
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TS = 4445356, 5456 1 L (X 5556
B o W o ' ©
150
140
130}
120
10
90
A—s8— bk Lx )b
80 Oy JIIN, NST Ay — L
70
60 QL i i~/\—l’ b |
5 Ty sman, 3OT7\‘7—1L/
/
/ osa 5358 :
50 v 10V VYO @ 5456 i
J looe 5556
7
40 |/ - (HEBEAE)
; ;
| \ :
5 ; L
30 L : : ‘ ‘
0 10 20 30 40 50 60 70 80 90 100
O BE, %
BI2B [PHEE & 2 v OBER
BT & 5356 % s AL AL MR O B bk oAy ¥
CINE SN O P z 5
mmpg | 2 EW 180° 17k !
E g, BB | ow A, | BERM, | M €, | Evlex, oy s vma,] Aeseevany oY 7 e v
°Cx3h os oy 7w E Y, Py Ed
% kg/mm? | kg/mm?® % 5 ke Fry—pr® | 15T 27—
CR ) ) g F | any BLD 24) (81) 74 a (D 145 (8.8)
15 - 2.2 33.9 15 99 84 80 Ly 1,55 7.5
30 — 26.8 36.1 11 105 86 81 ELy 02.5(% 6.7
1% 40 — 28.2 37.1 10 108 88 82 L 02564 6.5
60 - 31.8 39.6 9 116 92 83 By 345 5.5
80 — 343 4.4 8 123 94 84 v 03.5% 4.1
15 — 22.4 33.7 16 95 82 79 Bl 01,54 7.4
30 — 2.3 36.0 13 100 86 80 By 2. 545 6.5
150 40 —_— 27.7 37.8 12 108 88 81 S D2.56% 6.1
60 — 31.2 39.5 10 114 91 82 By 34 5.7
80 e 33.3 41.5 9 122 94 84 BEyo 34 4.8
15 — 21.6 34.3 17 95 82 79 JE 1,565 7.5
30 - 25.1 35.4 13 99 85 80 o 24 6.8
175 40 - 2.3 36.2 12 105 87 81 o 2,545 6.3
60 — 29.7 28.2 11 112 91 82 Byro 345 5.9
80 — 31.7 40.5 9 18 93 84 Eyo 34 5.1
%3 ?%{ﬁ}#bi FED. TEST METHOD STD. No.1510 Method 211, F2 (TA7iig 0.5%, B 27), FEEH A TSR Ui,
l
3) JISZ2204, 4 B3EhF (FiEHr)
4 YISB77TT, 2 BRBA
] U
mersEl ) @ 1E A EE 2 B I % Bk =t = b .
B o3E

— 14 —




(4-4.15)

7t = v o4 5356, 5456 3 ) X 5556 o
A O S S

% 8 % 5456 % & b ALK O B BRI Mk H

Bl |t HY # P &
muge | 2EW : 180° 11 7 BRI W )
Ew | B | w o | shEmy, | M €, | EupeA, [ mysvmm| A-smeyan ) SRS
°Cx3h % Ty YI, P ED
° kg/mm? | kg/mm? % 5 kg Fry -2 | 15T 27 — v
) ) wm | aro | en | @ @ | ay | a2 (B0 16 (8.8)
15 H32 2.5 37.6 14 110 89 8 Eyo 24 6.6
1% 30 - 31.5 0.5 10 119 93 84 Eyo 31 5.8
50 — 37.6 3.5 9 131 96 85 BEyro 3% 4.4
70 — 38.5 46.0 8 139 | o8 86 B0 445 3.2
15 H32 1 25.7 37.7 13 109 88 81 Eyo 215 6.3
150 30 — 30.9 4.8 10 120 92 84 Eyo 34 5.5
50 — 34.0 3.5 10 129 95 85 Eyo 3% 4.6
70 - 37.2 45.4 9 137 ¢8 86 B0 44 3.4
15 H32 2.8 37.2 14 18 28 8l o 24 6.5
175 30 — 30.2 0.1 10 117 92 83 L 02,565 5.7
50 — 33.2 42.9 9 132 97 | 85 1 03,545 4.8
70 — 36.0 46.0 8 — - i — - 3.6

1) 3®ERx FED. TEST METHOD STD. No.151 ® Methcd 211, F2 (E{T#E 0.57, R 27), EFEFRICET IR Lz
2) Bl

3) JISZ2204, 4 BRBFT (EHEHR)

4) JISB7777, 2 588K

B 9 % 65556 %o s b AL BLKE O % bR 0y

wmmg | AW ‘ Bl ® # HY r 7 i 180° 17 ek
Ew o, | BB ow om | BEEy, | M ¥, | Eea-R, | myZymi, Aoy ) =07 %D
°C x3h % . R . oy 7 VI, | alE S
kg/mm? | kg/mm?> % 5 kg \ Fayr—pnm® 15T A7 — &
¢ - kB | 16.9) 1 (34.4) ‘ @2 (89) [ @) | (76) \ (B0 1) (7.9)
15 — 26.5 37.6 13 111 &9 82 BEyo 24 6.6
30 — 31.4 40.9 10 119 [ 83 Hyo 34 6.0
125 40 — 33.6 42.4 10 126 94 84 Eyo 345 4.7
60 — 37.6 44.8 8 134 97 86 By 03.51% 3.5
80 — 39.9 47.7 7 143 99 87 L 04565 2.7
15 — 25.2 37.6 15 107 88 81 Hyo 25 6.9
30 — 29.9 39.9 11 119 92 84 By 2.5 6.0
150 40 — 32.1 41.0 10 121 93 84 By D 34 5.1
60 — 35.9 4.5 9 132 97 85 Eyo 44 3.7
80 — 37.6 46.0 8 139 99 8 Evo 41 2.7
15 — 23.7 36.6 14 109 88 82 Eyo 245 7.1
30 — 27.1 39.1 11 116 91 83 4 02.505 6.3
175 40 — 30.4 40.2 10 117 92 84 BEyo 345 5.1
60 — 33.2 41.7 8 123 95 85 Byo 44 \ 4.1
80 — 36.8 45.1 8 134 97 85 o 445 3.4

1) ®EKix FED. TEST METHOD STD. No.1510 Method 211, F2 CPf#ii 0.57, B 27, FEAER IV TATICIR I L 720
2) B

3) JISZ2204, 4 BRI (EREFH)

4) JIS B7777, 2 5RBA

o B

el EPIERERIE TEBRRTH O, .

— 15 —




40

35

& H1. kg mm”

E18E  5356% s {LALEEM (150°Cx 3h) ofisd)— i e i

40

kg mm?

V21N

e, %

BEI5[  5556%bAlET (150°Cx3h) diy— (i & &K

4x 5356, 5456 1 J {x 5556 o
%WB@

Mg (8

B 54567 (LALEIR (150°C < 3h) oisy—{h v i

10 T T T
4 8 K ~5] T 7k g
N ~l A
A e S e
N -4/ === 150C |
o S
2 f 1 ] | |
50 ‘ R
45
125°CA50
40 175C |
Do < ] , |_125C
= =P Tm]b :;;iFﬂgyC
Bl 7 // o
v N1 o Vsc
//
\c\j) //x /f é
Vs
. /] / ot
& 25 y = : —
& % (SIS EAED 3 & Ol 2R )
&
= 20|
R \;\\ e
E o \\ /
10 \L~\\\“ ==
Bl — e
- J“‘ = T7Cs
S B TTe-al

0 10 20 30 40 50 60 70 80 90 100
SLBIRTIEALIE, %
BB16F 530647 o 2 s LALEHRTLEAE BE & BhirtoM I D BAIR

(38 4e 1 1)

D = Az E T 2RSS Rt

o Wl A
WIFEES

— 16 —
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£ 4 5356, 5456 H I (X 9556
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o OB oo O
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fiie,
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£
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2
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b e
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el T 25 C

0 10 20 3

BITE 54564 0 vk

0 40 50 60 70
LELRITALIY | %

80 90 100

{ i i !

]\ 15T1‘r»~1L -

o2 30 46 50 60
IRFERTFEALIE | %

iy s L Lt . 15 o~ F1E] 90 3 “',‘
SEALALIEUT TR AE B & BShk 9P D B R R O BHR
: 160 160 ‘ i 1 I B
i H (SR 8 2 Dl 2 57T) =t
150 150 f <
|
140 A 140
130 159% 130
3 120 | » 120
N %
o / & FREO—=A(BEM) L} 110 - 7
S /,/ ’/ ‘\ . /
/ 100 .
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e ] W/ /5‘1? ¢ .
/ - bél | 50
I AP~ — 1 s R e | P
2 e ST P25 Cs0°C /
80 £ B-= o 7\—»\"—’:’/‘«'/1«04'/*7:/“ 80 -
; J: \ISTATE 5 | .
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L ! 7 - a E 3 - o
80 56 oo 70 5 1 20 30 4050 8656 B0 90 100 o} 10 20 30 40 50 62 70 80 S0 100
AL % AL

#1950 535672 LALFRIR D WL EETFEAT
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20 545675 {LAULTE o MLBERTITAE EE21E G526 (LA IR o0 ML B FE
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(HEFn384E 1 )
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