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Effect of Addition of Bi on Stress-Corrosion Cracking
of Al-Mg Alloy.

by Yoshio Baba, Michiki Hagiwara and Junji Hamada :

In order to improve the resistance to stress-corrosion of Al-Mg alloys containing more
than 5% magnesium, effects of additional elements, especially Bi, were investigated. Stress-

corrosion tests were carried out on Al-6%Mg and Al-8%Mg alloys

containing additional

elements, subjected to solution-treatment at 400°C and aging at 130°C for 7 days, in 3.5%
NaCl solution at room temperature under conditions of constant load and deflection. The
mechanism that the addition of 0.2 to 0.4% Bi reduced the susceptibility of stress-corrosion
of the Al-Mg alloys was studied by means of electrical resistivity measurement, EPMA, X-
ray diffraction and polarization measurement. The results obtained are as follows :

(1) Resistance to stress-corrosion cracking of Al-6%Mg and Al-8%Mg alloys
improved by the addition of 0.2 to 0.4% Bi.

is greatly

(2) Tensile properties, grain size and aging characteristics of Al-Mg alloys containing
0.2 to 0.4% BIi are the same as those of the base alloys.

(3) The Bi exists as an insoluble compound BizMgs and makes the potential of the base
alloy less noble. The favorable effect of Bi addition may be due to the sacrificial protective
action of the electronegative BiaMgs compound.
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AFEBICEWIHENL, AlL6%Mg A4 LU AlL8%
Mg @&2#HE4L LD THDH, %7 Al-Mg RE
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U bRBnic, 99.9%A1 Hié % B Al-8% Mg i
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Ni, Ge, Sn, Pb, Sb, Bi, In ¥ X ¢¢ Cu 2 ¥l 0.05at%,
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Tablel Chemical composition(wt%)of test specimens

Alloy identification Mg | B | o | oz | cu Fe si
Al-8Mg 8.2 — — — - 0.01 0.01
Al-8Mg-0.05 Bi 8.2 0.06 — — - 0.01 0.01
Al-8Mg-0.1Bi 8.2 0.10 — - — 0.01 0.01
Al-8Mg-0.2Bi 8.1 0.22 - — — 0.01 0.01
Al-8Mg-0.4Bi 8.2 0.40 — — — 0.01 0.01
Al-8Mg-0.2Bi-Cr 8.2 0.21 0.19 — - 0.01 0.01
Al-8Mg-0.2Bi-Zr 8.2 0.19 — 0.18 — 0.01 0.01
Al-6Mg 6.2 — — - — 0.17 0.09
Al-6Mg-0.2Bi 6.2 0.18 — - — 0.17 0.09
Al-6Mg-0.2Bi 6.1 0.39 — — — 0.17 0.09
Al-6Mg-0.2Bi-Cr 6.2 0.22 0.19 — — 0.18 0.08
Al-6Mg-0.2Bi-Zr 6.2 0.18 — 0.17 - 0.17 0.09
Al-6Mg-Zr-Cu 6.2 — [ — 0.18 0.24 0.17 0.09
Mg ZE4OENL, Sz g s, AETEL X0 Table2 Effect of additional elements on the resistance

BT 1 mm B L0 5400°C T 1 s Ak
60°C/hr, 10°C/hr % L /KIS O3EHOBHEE THHL,
130°C ¢ 7 H B DB SIH REALER % £T 70\, iRz 180°
iy o — FIREBR T % 5 AIED 3.5% &k 14/ME
BUTHNOBEEZFEL 7z, Al-8%BMg RERDOEENT,
Al6ZMgRES L ALIET 1l mmE$ CEIEHEL00°CH S
KE L 130°C CREZIIERALER U 72 % SZITIE LS mm,
E318mm OREFT R L, 3.5% AfKRCERELE
kDS - B e R o A, TR B R § 1T
Iaq ofCo

BRI A8 Mg &4 & Al8%Mg &G Cr B &
Bl 2B 0. 1at% WML 3 D% 1. 2mmo e Tl
1 400°C < 1 By M A GIR K E U 130°C CREZ)IR
BPEZLTHREL 2,

FREEZ, EPMA O, SfilEs Lo XRETE,
Al-8%BMg &4 d B\ Al-8%Mg-0.4%Bi &4 D FEE
PRI OWTITE 570, OBIUEL 3.5% Al /AKFTH
TEARAT vy g A%y P EAWT, BAMEDME 0.1
V/min & U, WH#EEORETERE 1 HERICHEL 72,

3. 2 B B R
3.1 BHERAIhRRM

R U 7= Al-8% Mg B4 DG B A RER A T DG
HERHENEZHEC B LI TRERINTREOHE % Table
2RT, INJVEEHNEZEE T 50RO 57
RITTEIEBLZr 8 X8 CrTtd b, Cr OFEIMTD>WTik
kA6 AlMg BEEOMEIVERTHE) & b EH
FaE UT5083 0 ERBEMINTWAD, MERTI,
¥z, BiACr XRESEL L AlMg REEDMIGIE
BEEYTHH L ERMERINT,

SRR ERT SR LD BN D 5B,

to stress-corrosion cracking for U-bended Al-
8%Mg alloy sheets, water-quenched from 400°C,
33% cold rolled and aged at 130°C for 7 days,
immersed in the test solution of 90°C containing
K2CrOr, CrOs and NaCl for 30 min

Element Be,Ag.Zn,Ti,V,Mn,Ca,Si,
None | Zr,Cr Bi Ge,5n,Cu,Li,Cd,In,Mo,Fe,
y Co,Ni,Pb,Sb
at%
0.05 > ] o Py
°
0.10 ol o o

@ failed, (P failed a little, O unfailed

ZzT e, Al-Mg ReeD3.5% EHKP T OGITE A
WK TN 5 BIRMOME %2, #HHS cHEHT
bBHEMWRIN Zr,Cu B L Cr & DHEBHCIBWTHK
#HU7,

Table 3 i AL R OBHHEE 2 LA B ROV
T, BRI I Nz AL6B Mg 840G RENTE X
23 Cu,Zr, Cr 3 L 08 Bl BNOM R L b~ DTH
%, Bi OB, Bi& Cr oREEEHRN, Bi & Zr ORI
s Lot Zr & Cu ORFRMOWITN & IEHEAN
BT 3
Bi R ME NG ENRNELLCHNCHB L ENBDhr 5T,
BRI DI HIRE 3 IS B AN B R S A, B
HIFBE DR WIS S AN ERT b, 60°C/hr 0B
HIFEE TS ITGEERNA S 2 T & IS AHIN 2
A%, B, Cr, Zr SN s s wkig#f 3 L 0810°C/
min OEBHBE D § O TIHIEIEE#HNZEL ThB,

Fig. 112, 3.5%A%/Kb T Al8HME &&DIEE
BHNE B LEZTBLCr BL U Zr OB OWTERNE
BERIGD-RN M e RO LA DTH B, KL Bi
BRINO S 4, 0.05%L E$ 5 i & b s

Table3 Effect of additional elements on stress-corrosion cracking of Al-6%Mg alloy quenched from 400°C
at various rates and sensitized at 130°C for 7 days, tested by U-bended method in 8.5%NaCl solution

at room temperature for one year

Quenching rates and No. of specimens

Alloy identification Water-quenched 10°C/min 60°C/hr
Unfailed Failed Unfailed Failed Unfailed Failed
Al-6Mg 0 5 0 5 5 0
Al-6Mg-0.2Bi 5 0 5 0 5 0
Al-6Mg-0.4Bi 5 0 5 0 5 0
Al-6Mg-0.2Bi-Cr 5 0 5 0 5 0
Al-6Mg-0.2Bi-Zr 5 0 5 0 5 0
Al-6Mg-Zr-Cu 3 2 5 0 5 0
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Ti Failure (hr)
Time to Failure w.Q 1 10 100 1000

Fig.1 Effect of addition of Bi, Cr, and Zr on stress-
corrosion cracking for Al-8%Mg alloy water-
quenched from 400°C and sensitized at 130°C for
7 days in 3.5%NaCl solution at room tempera-
ture.

MEL R VRSEARHNENEEIND T ERDI D,
%72 Zr »5\WE Cr & Bi2AREEFRMa N b Olk, Bid
BASRTRIOM & b B UWTEERE RS U K B e b IS IR A
MO LS T & D,

PDEo#RLY, Mg&EROZ W ALME ZEEDG
TS EENBZEOE T Bl kL bEHENTWD
Cr & B \WEBIHS Tak~7z Cu & Zr OREEBEML b 7
TNTWAHTERED BN, 50 Bi BRMOEMNIZY T
{Bi&Zr 5\ Bi & Cr oREERMNC LD 3 5N
EARENERE LTS ERERIN,

3.2 BIRMESIUCHERNE

Table 4 iz Al-8%Mg &4 O8EME I X379 Bi, Cr
BIXOZriENMoKE2RT, Bllk0 4R nL Ttdide
AEBIEEEB I OHRRNECLESER5 L0\, —F Bi
Z2Crdd\Wk Zr & ARBENTA L X EIEMRS,
WhzLERswsELBPEHBRNEZ NI LTS,

4, % =

Al-Mg RESOKBIE & R AT HU 726 #
(Mg2Als) MRERERTHICECRBRTSEEZEA N,
B TIiE Cu OB X > TR 2EL D LILLD
BRA~D Mg: Als Ol 2#A, BHROCEITERHEN
R TT S & 2Nz, $/Zr, Cr iz & DRI,
FEEBL OBAMIE L AT ORB e OERT L b AT
% MgoAls OEEITHHEEIER I X b IS ITE AN 2

P2 TFSHT & bk~

Aging Time (hr)

Fig.2 Effects of Bi and Cr on the prolonged isother-
mal aging at 180°C for Al-8%Mg alloy water-
quenched from 400°C.
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Fig.3 Anodic and cathodic polarization curves of

Al-8%Mg, Al-8%,Mg-0.2%Bi and Al-8%/Mg-0.4
%Bi alloys water-quenched from 400°C and
sensitized at 130°C for 7 days in 3.5%NaCl
solution.

LERTHEL NS, Tabb BlOofERNNS Al-
Mg RESOGIE AN BZEO KT FL W BR%
IRTLEIEDNWTEEL THIW, Tabled WREIN TN
k5, Al-Mg R&&~D0.4%BE D Bi I’k Cr
2 Zr IR YBIREE R L ORI & A SR
REZI G, EcFig. 2WWRT & 5 i Bl IRINER 2Rk
WREAEEEREZTREETH D AIBLME Bd: L F
UEBE2RELTWD, LA T BiowEimg, CrZrd
Bk Cu OEINC X B D& ITRL - BB TIHIER
HNEZER2ETIRTWEEDEELLND,

400°C CIA KRG KS L130°CT 7 H RIE )L L 72
Al-8%Mg& 4, Al-8%Mg-0.2%Bif &k L ¥ Al-8% Mg-
0.4%Bi &4 D 3.5% RIE/KPTOT / —FBI TNV~

Table4 Effect of additional elements on tensile properties and grain size of Al-8%Mg alloy
water-quenched from 400°C and sensitized at 130°C for 7 days

. P U.29% proof Tensile Elongation Grain size

Alloy identification stress(kg/mm?) strength(kg/mm?) (%) (mm)
Al-8Mg 14.2 31.7 33 0.15~0.20
Al1-8Mg-0.06Bi 144 32.2 32 0.16~0.20
Al-8Mg-0.1Bi 14.1 31.8 33 0.15~0.20
Al-8Mg-0.2Bi 13.9 31.3 31 0.10~0.15
Al-8Mg-0.4Bi 14.3 32.0 32 0.10~0.15
Al1-8Mg-0.2Bi-Cr 18.4 38.2 27 0.02~0.04
Al-8Mg-0.2Bi-Zr 18.0 37.8 28 0.03~0.05
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Fig.4 Anodic and cathodic polarization curves of Fig.5 Anodic and cathodic polarization curves of Al-
Al-6%Mg and Al-6%Mg-0.3%Bi alloys water- 6%Mg and Al-6%Mg-0.3%Bi1 alloys water-
quenched from 400°C and sensitized at 130°C for quenched from 400°C and sensitized at 130°C for
7 days in 3.5%NaCl solutions with and without 7 days in 3.5%NaCl solutions with and without
2 ppm Bi3" measured after 1 day immersion. 2 ppm Bi3* measured after 1 month immersion.

Fig.§ Micro-structure of the cross-section of specimens
water-quenched from 400°C and sensitized at
130°C for 7 days corroded in 3.5%NaCl solution
for 20 days at room temperature. (a) Al-8%Mg S
alloy (b) Al-8%Mg-0.4%Bi alloy (x100x2/8) Fig.T Micro-structure of (a) Al-8%Mg and (b) Al-8%

Mg-0.4%Bi alloys water-quenched from 400°C
and sensitized at 130°C for 7 days. (x400)

Foimihine Fig. 3R Ui, BiBEHNINBEE58D

BREMELIE 70~280mV Rzt b, BABHRL LD %Bi MM T2 10.26mg/dm? & b, B X - T
THKRT %, 3.5% REKPCRRTHBBEL S WAEENEL (AL T,

Db 3 HRIOEEEINE Bl &£ Lok T1x0.52mg/ Ui T, Bi BIROKE 5 E460OMAEITEL ¢
dm? Td 578, 0.2% Bi A<k 1.97mg/dm?, 0.4 BHLENRTFHEIN, LCENBOBEBCITA b

— 4 —
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WG U fzo 20ds, IR~ Bi** Ok
BRI EIRE Bl 2R U - IB88 A0 BV, pH SRR A
V= LTI 5T,

Fig. 4w 1 HREB OO th #% ARU A, BB
Bi** 2RMU B EBRABRELZd T B L TG
WA, [BREREIE I S TR L TWD T Db,
LT LWBERRT Bid* REETHC L LD, MO
HWEARBEIND L L2BETE D LEDbNS, T4b
b Al-Mg-Bi ¢ NERMRTHAL 4E, AUk Bitt
HEAZLIDEEICIAOLOERAEBIETIOLE
ZeNb, Fig. 5IcRL A 1 4 ABEEO SRR T,
[RABIREENRFRDL TH HHlBOE S L Thi, T

Ingot

Sheet

Sample current image

Mg KgX-ray image

NiE—ic Wb s L 5 KEARIGHNBEEDHCIE S DY
TELL, BHOBBE & CBEREERAEASL T
EERTIDTH Y, RACERRISHEINC I\ THAHE
YR TH - 72 b ORRIRE MBI 23 b, WP TR
REICHEBERER S MR OMEENERTS L 2R
TWwh, £ COEE, G&~D Bl RNOBFMDOELD

FhliE-5b Ll E-Tkh, EHMRBEOKRE L{—
WML TW5B, BAOEEE, Fig.6rRdTc e Bi &N
CXDEHEANRELLERTAHT ERDMS,

Fig. 713 Al-8%Mg &4% L8 Al-8%Mg-0.4%Bi &
& D EER % 400°C 2+ & 7kipth 130°C © 7 HERZILE L
-y DOBEWBEBEETH AN, Bi BZRIIshHE&R
FEERI RPN 23D b 72 S FERENL 5 i i S 7z 8
ROESRBELEMO L X3 ONRE R IND, Al8%Mg-
0.4%Bi &4 0B & 7400°C THEMEE 130°CT 7
H RS L RO EPMA Sir§HR 2 Fig. 8 wiRd,
Mg, S WTIERFE 2 7 e ffifi e L TWBH 24,
LI Tl —e DL TwWb, —F Bl ik, #HHWT

Bi LyX-ray image

Fig.8 Electron beam scanning image of Al-8%Mg-0.4%Bi alloy
Ingot:as cast, Sheet:water-quenched and aged at 130°C for 7 days. (x500x2/3)
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Fig.9 X-ray diffraction lines of Al-8%Mg-0.4%Bi
alloy water-quenched from 400°C and sensitized

at 130°C for 7 days.
Target: Cu K, , Filter: Ni
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(1) F&E2370EA, BiR Al-Mg RE40BIIEARIN
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Chemical Composition of Alodine Conversion Coating

on Aluminium

by Akinari Ichiryu

The chemical composition of amorphous phosphate conversion coating or Alodine coating
on aluminium, has been investigated using chemical analysis, X-ray fluorescence and infrared
spectroscopy.

It was found by chemical analysis that the coating dried at room temperature contained
20.1% chromium, 12.2% phosphor and 2.5% aluminium. The weight ratio or fluorescent X-
ray intensity ratio of chromium to phosphor in the coatings was independent on film thick-
ness, and even during the dissolution of coating, this ratio was constant. Therefore, it
was possible that chromium and phosphor composed one compound. With the above results,
the composition of Alodine coating was estimated as 8CrPQO4-Al:O35-44H,0.

On recording by KBr disk method, infrared spectra of coating coincided with that of
chromium phosphate reagent. By attenuated total reflective ard polarized reflective methods,
1030 and 550 cm™* band at disk method shifted respectively to about 1100 and 620 cm™t. The
absorbance of these bands increased in proportion to film thickness. Therefore, the bands
near 1100 and 620 cm™* were due to P-O and Cr-O bond in CrPOs, respectively., When the

coating was baked, 1100 cm™ band shifted toward higher frequencies according to the
baking temperature, but 620 cm™ band was not change. It seemed that this shift was due

to increasing of bond strength at P-O with water removing.

1. & U ' ®» (&

T =T ACIRREEZ OV T, WElrm L
b, EEBEEoBEERENS R EN, LELVERT
bbb, COMBREBENEE LTy v s bEW 2 v
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u AERRERDBHE, B WEXBSITE L -To e A
BRROBFHERIBELUI, 2L T/ nsime s osdid
WEX SRR O, BHERCEEIND & —8
3@%@#%01 O JFEE HEL BETHH EDHCT
&, ERRERCPHEEONEL D S EEORWHETH D
c&%mbt“obm U, MO EMns, ZRb0l
REZFEOMBRC DN TR R2RND L5ThY, &
CHERED Y VBRI, WhWwh7 oo FEOMMRED
WTIET T2, 3DMWM&END B,

Tisbb, Hess? HESWFHE LY, 7 wvas:l18~20
%, Vv . 15~17%, 7 i =9 s :45%, 7-55%:0.2
BOFERZEH TS, Reeves & 20 X33O FEEM

e

5 CrPO«-6H:20 »% 76.6~88.8% & Al,0s-H.0 »311.7
~2BABEEINT VB LU, BARL - THENES LD
ELTWh, —HERES RS HI L b CrPO4-He0
MERDT AlPO4-2H:0, CrOu2” REHETHEL T
%o Nimon 5% dFRAMAOHFCHEL, YV rBIa DK
TR ERDTHBHT &, MBREHR U RBETR Y By
a sDKMPE Y VBTV =Y ADOKIMOBREWTH
BTk, BRI X > THEBEMBRIEELL W & 2T
W,

PED X3 MENRD BN, LHREBERCSTHBTL
UL TELY, FhFMzx <y P VOBRZENT S
EMBOND, 6L, GREEAGROKR &G
THRTHEDTH D, ZORPEORELRTML WL ToW
PHREETH D &, RADT TSSO R 2T F v
RO W =2 Lin b, FRPO LS v —

TMBOLNITNC X - THTAREECH B T Licdkl
bDOTH D, AT, BFEOW, TWXBOW, HHN
DXy, EEELYCIDOT vy FIHEOMKRZ IR L
THABLEL U,
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{CBRALERR 2 UCIEEE UTHEAEARS & ML T
Wi 7 aor $401/45 2ER Uz, 7aor 401 OEE
132~3%, 7oy $45130.2~0.3% & L, 30°COWRIR
KLUT7ME =y alieRESY, ZOLBERZELD
Leekh, BECEZ biotiz, MEEEREATTS
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U7z,

F /R & LT, HsP0O.(85%)21g, NaF 5g, CrOs
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2.2 MEHE

B DAb2E3Ht © BB R L U TiX, 3 TR
L5 dA+1DHNOs, 50°CEBELIDL, BEHEO s o
L, Tz h, JREESMCL > TRD, B
2 INA, HREEE CINEREL CRETCHEK 2
BUDE 7 a sl 7 2 =— BV NRY 5 R, Fib3
=Y Lk F VU, VI NF R ) TR
B X 572,

FTWHEXBIE 57 e sk ) vollE - CrKa & PKa
DIFEER Do, BEITEFEEAMI063A SEAHEHL,
CrKa &4 vy A5 v &~y METLRV-45mA, )%
R LiF, BBy rsrv—~yvavhvs—, PKa
X7 mAg—5y MNET 4BRV-45mA, DVEEERIL Ge,
BT T o —v s m v 2 —2HWTHIEL 72,
% BCrKa OREIRTHRY i, 7 n s EBER2RD,
BEOBEZE Ui,

BEDOHRNR <7 bv  BASHBUIRA—28 2 A
U, 74 2275B%E ATRE FXFKEET4000cm 1~
400cm™ D2 <2 bV HIE L f.

T4 AT BRI 2 H DB T, WM L 72200~400
Xyva®D KBr K& BE& L, 7000kg/13mme THEZ
EHUTEI Imm OV .y F2ED, BRELCL-T
TR <7 bV BRIEL T,

ATRER, HEADSEBRATR—6MABEBIC LD, &)
BI56 < 20mm & 48X 20mmdD 2#K %2 KR S—5 7Y X &l
BEIY, BERHCLDEEL

RSB, RSP R2I4BEBI LY, &)
F190 X 35mm & 52 X 35mm D 2B NE ST 3 EFHED
HE %R Utzo FBRRIZ52X35mmDRE & 3 5 — 2 WH
IWTIHORETHEZ TYTLAEL 7=, MBS,
AL £80° & U ASTH R SEAT 2 RIEREA 2 B b Hi3 X 590°
CRYXFZ€w b LTz,

3. BBBLURER

3.1 BREO{bZI4h

BB W T Bieoicid, BEOARE DT En
BETHY, FOFENREETHH, FHERPBERTHHE
EUTH, MER N Y U AR, HERERY MY v AR
B, MEBY V= AR o aB—) CBORBRA
BIED H D5, BIENEBTUM S RIRBREO SR
BRI BT X - 72,

(1420) WMBOBBRBEBERTET NV = v 2K HMBOE

RENZ <, (1+10) FRROS0CIEB A TR DR
HEEAGE, (14 1) MRS CHEAE MR s & &

BolDT, WEEO (1+1) BET30~75CoEELE:
TREARE LARBRES L CRBEBOBCERT5
I u st WHEXBTHEL Thlk, Z0ERIEFig 1
BIUFig. 2 THY, 55°C U LCIEEERE-ITHI
TN =Y AEMOBMMILE S, LR, 45°CT
120~180%p, 50°CT60~120 N E M TH b,

45°CT 120 BB KL, MR L KERZEDET
ZFOWHD I u L, FVE=Ts, VoW TRESN
TERUZ, TOREL Tablel Th b, COBOKIR
WEIE729000g/200om? TH -7z, Flic 110°C CTHM L =
BEOWRBEZRD 5 E7700g/200cm? Tdh - 72,
FIEOBRERIC K 5HROEEAS L, 30BDOE
BT, 7uall2%, 7rviz=wvnr?, 1%, Y .6.1%,
60D BE Tk v 18.83%, 7rvi=vs3.1%, YV
10.7% <, BRI TIEEIRARO 7V 2 GEYMR L b L
BIRTHIOLMRTHLLMNTE, ik Fig.1, 2o
BRI NT 7 v 2 DEHEIE RSN ERHIGEL T
Whe, UL, BEOEMBEBILSWT IZnsL ) o

50
,/;Li:::::j
—~ 40 7/ 3
2 /// V/////A
£
£ 30 / :
~ ¥ Solution
2 temperature
L o 30C
=20 ® 40C —
= 8 45C
= A 50C
10 < "
0
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Dipping period (sec)
Fig.1 Weight loss of aluminium sheet with Alodine

coating after dipping in (1+1) HNOs.

— 2 —



Vol. 14 No. 2

FVEI =Y ADT Y EREEOMRIC DWW T C71)
10 800
L —
F E . O &
£ 8 R E
3 ~ ] 2 600 -
. \ :
=] Solution ©
§ temperature S 400
- ° 30C k=
£ 4 N . 00 N //(//
£ \ \ \ s 500 B 200
£ A 50C 3
22 & L
5 \ \
0
P ¥ S
% %0 150 0 0 200 400 600 800 1000

Dipping period (sec)

Fig.2 Chromium in coating on aluminium sheet after
dipping in (1-+1) HNOs.

ENHNRBIEZ—ETHHEND, 7usd ) ikl—k
SRR TWHEDEALTLENRTE S,

3.2 BEL/7Q0LFYVORECIOVLT

(LRI DRI & - TR D LA D B a2 15
HTBHldiE, syoafis ) v BOBEGEERDI, 271
fLESFELbneERkDB L Fig. 3 OBKAELN
Zaafd ) vEROEE-EEARTIENTE D,

Fig. 3 DBEIILEDIIC & 5 fefe BB DWW T
DEEBTH B, HAFBETOWTHE, TWEXHHT CrKa
& PKa OB 2 &5 LU, ¥ a sBRTH
10mg/m2? P bTik, Zosfiey) rEOLREI—~EELS
BT EMNTEI, BB 7 e afERI0mg/m2 DT Tk
ZuAfE)VBOMIF—EEATTIENTEZWER
WELNDBEND 5 72hs, TWIHEXEREMNRTEL, L
Mo T O EHRMEZTTORWERRIT SN,
ULinl, EREMCAWLGNDEE T 10mg/m? Y LETH
D256, REBEREHEL TWb,

Plrdy, BBLIhT gl sunak )y ORIX
—F T, A—EWEERL TW5B & A sh, BEERE
[EE X & e\, Tablel DOHFERNS, 7o v KR
DOHMRERDB L, ROX5RILD,

JRL R I 1 8CrPO4-Al;03-44H0
110°Cc DRI  8CrPO4-Al:05-32H,0

3.3 BEOFARRZ ML

IR 27 P AVORECIL, RS STLDITWBH
BEOENE, APOFEEHCHEIEHATRIET LK
TGS PREMN2 H T w5, RO LS cE&BER
ERIGUTHEUEEDRMNZ < SV 2HET -0
X, PR CHIZEC & B INHENMBE T L, HEiED 5
L, ATREEZKRS—0DLILBEENXRD ST X AL

Chromium in coating (mg/n?)

Fig.3 Weight relation of chromium and phosphor in
Alodine conversion coating.

HMEIEDLLENBET, 2REMTRERCEESTS
TERE 2B LWBEaRd b, kB2 B o0 B A
M D, —HRAFFEE, E5—BRAEHCORE 21T
b, AHMAEZAELL, Boftdsc ik bR
B CcORNCHETAREREZEELCROBTHETH D,
BRD &S e RAEIS WD, SRR RS PR TL BB
BELRCLE 5T, BETRRELEENRTTL B, Uk
o THAMTIE 3 BEOFETHEZFT - 70
T 1 RO ERE

BIE2E D 3 7edic, ERERLEZELFwn, B
B (7 e sfBFETH 1000mg/m?) OB ZIERL, K
DHEYHI 572, CD1.5mg % KBr 500mg & #fk,
BELEZOLEFRERT IV AU TREL, ChiRd -
TARYZ bV RHE LT, —fl% Fig. 4 WRUTz, KK
PROHMTHEELT, 1%0KBREF b Y 7 LKIKTE
Morvi=v s2iERUED, KELVTELNDILEY
PHET HHHBEIRAN, BOENDRNARRI L VOK
A FEHDE -2 BEEEUTH D, HEOHMTE
L BEDIINC & 2IEDT,

3.3.1

Table{ Chemical analysis of Alodine conversion
coating on aluminium.
Weight percentage | Weight percentage
Element | Total weight in coating, dried in coating, dried
by air blowing at 110°C
Cr 1460pg 20.1% 22.5%
Al 181 2.5 2.8
P 888 12.2 13.6

Specimen used : 100x100x0.2mm aluminium sheet (AA1080)

Weight loss after 120 sec dipping in(1+1)HNO; solution at 45°C:
7200ug/200cm?

Water content removed by heating at 110°C : 770:g/200cm?2
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Fig.4 Infrared spectrum of Alodine conversion coating, with KBr disk method.
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Fig.%5 ATR infrared spectrum of Alodine conversion coating on aluminium sheet, 39.1mg Cr. Number of
reflection : 13
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Fig.§ Polarized reflective infrared spectrum of Alodine conversion coating on aluminium sheet, 39.1lmg
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Table2 Absorption maxima of several reagents in KBr.

Chromium Trioxide ‘ Chromium Oxide l Chromium Phosphate
(Kanto Chem.) (Yoneyama Chem.) (Kanto Chem.)
cm™t I ‘ cm™1 I | cm™t I
3400 S, vb 615 S 3380 vS, vb
1620 M 570 vS 1620 M

940 vS 440 M, sp 1382 M, sp
902 S, sp 410 M, sp 1040 vS, b
890 S, sp 900 W, sh
78) S 550 S, b
(Hgla?ﬁliina Aluminum Fluoride | Aluminum Phosphate

Pure Chem.) (Morita Chem.) (Yoneyama Chem.)
cm~l I cm~t I cm~1 I
3430 S, b 3400 S, & 3400 vS, vb
1630 M 1625 M 1630 M
1398 M 1398 w 1398 w
1070 M 655 8, b 1105 vS, b
600 W 540 W, sh 910 W, sk

530 S, b
S=strong M=medium W=weak v=very

b=broad sp=sharp sh=shoulder

ERCSWORN A <7 bV, —BTCIBRETH - T,
ZORBUEHRLEVEERDTILE N, £ T TR
CRE T % L B A EWC OWTHEBETHR AR <2
v s 5 ThHBE, Table2 DFERNRE LNz, T,
5ADBE, KBOMBEROIRNA T MUY VY o
ADFRHNART PV E—FHLTWBL ERBDND,

VB v ARBEDOFEN A S Vv OSHE, 8L F
DBZETLTAHBE Table3 iz b, WE/SL FIC
BFOERHZLNDL, THZFORBBICE WBWAA D
ND, CHIEFHN AT FUVRAGERD L S CIRIETH BT
DI, BB BB IRE VA &, Zhick - TR
BREONUL BB LT LA EELbND,

Be#1040cm™ Hiz b OB ¥ — 7 XL & ) R
7 ATHRAUEETCH B, FOEMNDIEREEOS
REYEV, UHhUBBLE- 3BT, VY oB7
WEDFEZRWMRTHLEERETH B, B E7FN 2
DRI AR P VIKBRERE L, KA CHET ST
LEHRETH 57z, U2, BREBIZY VB2 o A
MERDTTHDLENHERT N, SERDSOREIRE

3.3.2 ATR&

ATS BTHONDIENA < bvo—fl% Fig.h i
MAU7z, Fig. 4 WHANTHEABMENRLL, 72& 21 550
cm™ DRI E— 7205 5 5 b EHTW WA, BBEEE
FUBRHNART NV THBL 202D, UL, BB
D1030~1040:m™* DI — 71k AT R#ETIx 1060~
1080cm™r d b b Tx b, 550cm™ O — 71k 620cm
TTRHHDNTND,

EREBEEMETZ 2 X > TELT B ERNFTEE
N, MEL BB THEL TA B L, 3400cm™1 & 1630cm
TLORINE — 2353 h, KIDOMERAD LN, =
7z, 1060cm™ @ ¥ — 7k EEiH-~v 7 F L 1140cm™*
BV — 2 2RI, UL, ATRETIRE®
DESCHELDORERD Y, BEIECEEECLL T
ZUCWOT, FHEMSBREIMRCEMETHEE 5 st Uiz,

3.3.3 ERREE

RERFETCBINDFNR<Z v vd—fl% Fig. b
CiRUlz, T2 L5 E340cm™ -0 00—HEESD
HRREIC X DB I AL > 2 b Lsnwa &, BBETOD
1030:m™ D ¥ — 2 231100em 1 h 7z b~y 7 R LTWB A
D2, T2 ATRERE~NTI000~1100cm™1 & 620
cm™ DE—ZIHKEL, LOE—I2BB0E 0 FRE
FHOBEDO LN &bhb,

VoMo o rRBER KRBT T 4 v EBESL, T
U AL TREESEETHELTASD E, BB
EFEIEE 3400cm™ b ¥ — 23R E L L TIHED
FEne—22i-TEh, ZOMISITHERE AL R
R7 bPVERUIZ, 7272 1000~1100cm ™2 B 7z b OF-Kik
BORMNE—7131060cm™ e d b, REEEO1100cm™?
LHBEERZDRT 5 T,

BEE & 1100om™ sEBEORNEDEZRE A 579, s n
AN EESOME/m? F CREORB 2R L, FXREE
THIEL THc, BEREL LB, B E— 2 D
Fr1100em™ 12 S EHB OB ~BITL, 7 n o5& 70

HWTH 70, mg/m? Cid 1120cm™ L /N € — 7 3P 572 LiL,
Table3 Major infrared bands observed in Alodine conversion coating on aluminium.
Present work
Polarined Nimon et al® Suetaka®)
KBr disk method ATR method reflective method
3400 S, & 3400 S, & 380000 W, o 3300 vS, vb OH-str 8175 »S  OH-str
1620 M 1620 M 1620 M 1640 S, & OH-bend 1625 M OH-bend
1400 W 1420 oW 1400 oW, sk CryOs-xH.0 1425 W
1250 sh —=
1100 #S, & 118) »S AlPO4-xH.0
1100 S, »b —
1060 sk AIPO.
1030 0S, vb 1060 S, vb 1050 »S CrPO,4-xH,0 105 S Erpon
900 oW, sh 900 oW, & 900 W Cr20;3-xH-0 900 W CrO—4~
610 W, vb 620 S, b 600 oW PO~ 590 W, b ?
550 S, vb 510 W, d ?
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Fig.7 Relation between film thickness and absorbonce
at near 1100cm~1 band of polarized reflective
IR spectra.
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Y2z 1050cm™* H7- it — 7 BHRT 5, 900mg/m?
wd s Bk, 1160cm ™ iz b I E8 < 7 » T, 980cm™?
ST THRNRINSBS b TL %, ATRETIE, i
& OHEFNE 1000~1100cm ™t R WA H - TRYER &
DY Wb nEREELADTERTER N, UL,
ARy BB s v 2 FR L T100me/m?* T Th
b, LOYE CrPOLMERDTH D E WA D, 620cm™
DE—JFBEEC L -TYy 7 b THL e, FlE
EWSERE &I EMRBRARIIL Tnwb, Liahis T 620
cm™ DY — 71X CrPO4 @ Cr—0 OFEEIIRETNE 3
DEZBLOND,

VTR % I U 72/ 0BT H B, METH &
X b BIKBEHRER B, O—HEErEHES SRR R
7 MNNVOE—ZIEHET D, Bk 1100cm™ 7ED &~
ZIEERERA~Y 7 ML, 620cm™t oY — 2y 7 L,
—770 500°C % THAEE T 30 HRIMEL 2254 D 1100em
LY — 2 DR OB EAB L Fig. 8 i b, T OmE
WX BN AR M vOERERE, BEZERSEE
E0ELE XL T WS, Nimond® 1ximEes o 7
BRIE Y 7V T KU e 2 THBELTWS
A, 620cm e — 7 OEEMRELL T &, Bl v A
DE—TBRRD LN N EM S, KT AR
EBP—OME~DOM BB LNETIHELLAER S,
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Fig.8 Peak shift of near 1100cm~1 band with heating
at 80 min at several temperature.

Thbb, METBENEKRDSFRP—OfEEiAML Tk
b, mMEGT AT Lk h, BKLUTRIFREIN, P—
OfEEMNEL VML Y, BERABGITHLDLEALD
N5,

s k5 110em ™t e~ Dy 7 MIATRET I
SXDEEDEND, UL, BELIAEMTATRE
TIRAED AT, REEHET I MEW X 28 EBEREL
HZ\N, Uihi- TIER X %Y 7 MEIEREOM { RFKT
DAETHEABEFHREAL TWBE D EEDN%,

DEFEM AT S b AT, 7ao v RERILY VY
TARERDTH-T, VBTNV =y LOEFEEIXED
BN, BESHOERNLAT, 20 s ) rDEN
Bl cadscend, B2RO4ELTHERRBLT VT
ST LBRBIBONEREEM I D LNRTE D,

TN AR VO I ©— 21D Tik Table3 &
S & BICE LD TBWI,

4. ¥ & &

TN =Y AOERE Y CBREE, Tabbrey
v BB OACEERUR 2 DL WX, Ao
TR L 72,

BRSO ORE, ETWHRLULER s v »520.1%
Y 12.29%, TR A2 5% REENTWHT LD
Slze MO 7 v ALY v OELRL, X WIEXER
MREE R & TR, S OBEmRRTT
BWTIABREMUEh Tz, LieRoToZu s k) ik
E— a2 ERL TW5 30 LBbhi, FERolEs
W OEEN S, MBI 8CrPO4-AlOs-44H,0 75 T &
TW5B D EHEREL 72,
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Importance of Initial Film Formation on the
Corrosion Resistance of Condenser Tubes

by Shiro Sato**, Akio Ogiso™**,
Shuichi Ando****, Yoshimi Yamaguchi**** and Katsuhiro OQnda****

This experiment was carried out to clarify the effect of initial surface cordition on the
corrosion resistance of aluminium brass condenser tubss (B;TF2).

Corrosion resistance of four kinds of tubes with different surface was tested urder
the polluted sea water condition which was made by injection of 0.1ppm of sulfide ion by
the dosage of sodium sulfide.

Following results were obtained;

(1) Tubes covered with ini:ial film of ferric hydroxide were resistant enough to the corrosion
of polluted sea water at least for five months. Furthermore thsss tubes showed excellent
property on heat transfer rate due to their anti fouling nature.

(2) Corrosion by pitting in depth of 0.22~0.44mm and appreciable amount of fouling were
observed on the tubzss of three different surface conditions which include the tubes with
film formed by pure sea water without ferrous ion injection, the tubes as mill finished ard
the tubes as pickled. ,

(8) It is noted that under the polluted sea water condition, the deposition of ferric hydro-
xide is also dependent upon the property of initial film already present, i.e. the deposition
of ferric hydroxide particles does not proceed onto the tubes covered with sulfide film but

does onto the ones rich in ferric hydroxide.

1. #

KBTS DX A TFFURAEDNT T VDN
TERTEBWNEDOO—D2K, HABREOHALIDED
MNd b, BEDHE Y i ihid, BEARE S bos
HHe T 2 EKBEOHEROEE, HREL L TR
BUTTH-T, BLEEZLLIDLRXEALWEL TS,
HHEE LU TIRIL.6%%2 5D THh, oW DTH
BLEDRDM ST NS,

SBRHROE A2 T T AEFEEZ L O DRAS
NTWBHR, BIEEL OL U THEOERANRD D, T
DER BN TEARE S HIS TR w, &, —ReHo
it A 5. A R 2 O RBME B SOBRLEBETH
BT EMBWA, EAREL LU TEIEBECHA-N TN
B7 NI =y AEMEOWKFIE T BRI, KR
(FeO-OH) ORFIC K&l RETHLERDI-T &

7‘—:2) ~4) °

i

Bk EE ORI 25 A B s DB ERAEB T
Tk, BEAMLEMINTELLLBTHEHD T, €
DI BT B IEME L BHE ¢ CHEEROTITE & KT 3

HICITI, 23(1972) 2071 — T
BRI TN

I
PRI B AR & BRI T e

UARBBRIZ L DIDTH T, $heqLHBEOER kA
FUOEAR L > THEIRDBCER LY, BHEEKRE
AT 270 =0 A 3EHEKERE O 8RS BIEORIR s
BHRTNDHS

WolE 5, MKRERLTHWAGBEEBIIBHEA LD
BEARREODWT I BE R L s T HBEOH AR
RBRNIZEne), ZOEMEBEEL O THLERL
KEZHRITPHE IR WSO LM I, UL,
CORERITTERL T DHIKAFICHA Ao 2HA L E &
DHREPEINDIIDTH T, TTREBBRENTHS
B QUM OBERERCH THLEEZBEEL TS
DTN,

% DERAFE AN, ERESHEKTERZELT
—ELTE 5T, HRUTWBBHEBHEIBIEE »HT
HLEDDHDFENRE N, COXSLHE, WEEREKER
BHCIERR SIWVCT W R, b0 BEIHIRZIE AR, 755K
FRBCRTELISbY THEODI B L LA THB, £
T, TORED\NTHEY & REESE OB RS & R
%?iﬁfﬂflo

5%, BOEOEKEHIIENHOEERE 2R+ 5EHMN
T sponge ball PEHHEEMIAS T SN T, CTOEHE
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2.2 EAEOTFHOE (FER: Ai~Ay)
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Aot REREKZHEL THIEZ £ L O2E
TR, LEHEREOEK Fe2t 2IML TWHig
RO BE I ik R K 2.0m/sec T 1 A AREAL, W
DWDLRMRYEKIT L DEIERER IS DTH B, 2B,
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Ag THHmREDE T OE
Ay T REOEONR 2B TR LY
2.3 BEaER
FHoBELATozEMCH#EEL, Fig 1 0B
YAFTfze 2 U CTETFMMEA 1~ A 23, T5LHEK, Fe?t
AT, ¥R~ VEREED L LT, BOHAK
AT r2 1,2, 38050 HDF R 0B LMATL
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Fig.1 Schematic diagram of Model Condenser.
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HARHROBEFILTIEDO LB I TH B,
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2.3.2 #BKERE : Bi, Be) | AIZ HIFEARBE O
K% L A, BYHEKOFE 252 5791 0.1ppm ©
AFTA4F% NaS-9H0 BEOR Fic X - TH AT,
Fe®" DEA%HE flid 23 B &0 ¥ kicik 0.03ppm @
Fe?* % FeSO4 -TH:0 OBHOM T L b 54, ks,
MBI LK 36 W THRFRALEEA s SN TWT, Killic s
A RET 0. 1ppm CEHE U,

2.3.3 RRVOR—EHEEHR: C1, Ca) 1 2F v
F— VBEE 2 BT 5B LT, SHE/EOHATR
RO K- VBERCE U, AR UK —ViTREED
B 26mm D02 HEH L7, o e

2.3.4 REHE(ER: D1~Dy) ! FHNEKNQC.15
~3.17) 2 TH, BlaivTREBREMcITwh 1,2, 3
BLXOOHABRTCERI AU THEH L o, ABERM
DHEARXTROLB I TH b, ‘

1#wHE . 3A1ITH~4 A16H

278 3H17TA~5 A14H

3XAE . 3AITH~6 A14H

SHA®E . 3A1TH~8 A12H

2.4 HBRELEHOEMHT

FROBER RSB ERE X b #H T 64k BEiL D
WTEB U7, AXBXCOXD=4X2xX2x4=64, 38
K2 —FE L T Table 1 iw/R T,

Table{ Test condition

Factors Condition
s | Gty Samiace PP Fet,
A : Pre-treatment As (\:lleelixéiisi ?tﬁ}géé
(Feb.15~Mar.17) As | As produced

A, | As pickled

B; | None
B : Injection of FeSO,

B: | 0.03ppm Fe2*

C, | None
C : Sponge ball cleaning

C2 | 5 chance/week

D; | 1 month : Mar.17~Apr.16

D: | 2 months : Mar.17~Mayl4
D : Test period ]
D3 | 3 months : Mar.17~Jun.14

Corrosion test in polluted
sea water(0.lppm S2-).

D4 | 5 months : Mar.17~Aug.12

2.5 HEROFE

HRERBETHROBICOWT, $TEMFEONE 2T
B, DWTERMED, NWEHRLZ2E8ETLEE A
FEYOLEIT 2T, BCEREIONGME & BERME
RO, BEEEOHER, HREREFEHEL LT
BEWmRESEE Fig 2) i b 1, BEAECIIEE
100°CofafiiEs, BEAmEHHKEZ 2.0m/sec TilEKL,
MEDORMT LOBEREOMK 23Ky, &R &L b HWHE
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Fig.2 Apparatus for measuring fouling fector on
heat pransfer,
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ot B o M TR o0 B M AR MR KL 443, 110
kcal/mih'C THEZOT, ChiELE LTRSS R 1 e foet Tlalsted Tra-treatnuant.
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Fig.5 Duration of test v.s. fouling factor.

1T 1
K K,
5T = (oK) 100

B, FHMIEA., Al DWTODHBLLEKE K B K
BRI 22 —VRBRIZRDL 5 Th -7z,

A (75K +0.03ppm Fe?t, F3E2.0m/sec) :

0.5~0.8mg/cm?

A (8K, #H2.0m/sec) © 0.8mg/cm?

Fic A, Ae OIBEYLEKIR/KERNC T 2P R B
Fig 30 el Tdh T, FHRENIEYEDN TN
BIEARAET TWE 5T,

3. R BR B R

3.1 =ESH

P R r — v DS E R L 8B R o |l 5E & R
Table2 & Fig. 4, 5KARU 7,

FHEERA L (FEHREK+ Fe?0.03ppm, #i32m/sec)
tRAe~As (GHEEHK—WHE 2m/sec, THHMRE, B
TEWIRIE) WHNTHEO B L Eb»TIEL, 7o
Fe?" BEADOFRITENEBE B LAY B2 LTS
Moz, ElAl BBWTIE, ARV R—WikE%E L
W &R ORI oM THENEEIIE T B S 558, Ik
BRI A3 v BRAUBITMNI BB L TIHENRER
B EAEED LW,

— 0

Inside deposit {mg/cm?)

0
0 1 2 3 4 5
Test period {month)
Ce

60 60

50 50 A

40} Confidence limit 95% 44 A !

3

30 30}

20 20 Az

10

0 R I '

Al Az A3 A4 Bi Bz

60 60

50 50}

40 40 As
0 30 As
20+t 20 As
18 18 Ay
60 B Bz 60+ Cl C2
50 50
40
30 gg o,_____gl.———-—o
20 ~ 20t T
10 10

0 C Og 0 él éz

A : Pre-treatment
B : Injection of FeSO4
C : Ball cleaning

Fig.§ Experimental result showing the effect of
various factors to the inside deposit.
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Corrosion depth {mm)

0.6

0.5

0.4

Corrosion depth (mm)

0.3}

Fig. 10 Duration of test v.s. maximum depth

0.6
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0.4}

O ’,"AZBZ
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Corrosion depth (mm)

3 4

Test period {month)

G

0.4F

- - -9 --- = - .

2 3 4 5
Test period (month)
G

of corrosion of each tube.

0.6

0.5r

. Aa 81 0.4+

Corrosion depth {(mm)

Test period (month)

G

_— g —

2 3 4 5
Test period (month) ‘
G

Fig. 11 Duration of test v.s. mean depth of corrosion of each tube.
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Table4 Chemical analysis of inside deposit.
Test condition Chemical composition (Wt%)
Tube No. Pre-treatment
Fe2+ Ball cleaning Cu Fe : S
1 N None 10.5 6.1 0.3
oy None
2 Clean sea water +0.03ppm Fe®, 5 chance/weelk 35.6 1.2 1.8
Velocity : 2m/sec
3 None 10.8 26.1 0.3
0.03ppm
4 5 chance/week 12.9 19.8
5 None 44.5 0.4 1.2
None
6 5 chance/week 39.2 0.3 0.9
Clean sea water Velocity : 2m/sec
7 None £8.9 2.8 3.6
— 0.C3ppm
8 5 chance/week 4.4 28 5.8
9 None 46.4 0.5 2.0
None
10 5 chance/week 39.4 0.3 2.8
As produed
11 None 47.2 23 4.9
0.03ppm
12 5 chance/week 39.4 2.0 5.5
13 None 45.2 0.5 3.9
None
14 5 chance/week 39.3 0.3 3.7
As pickled
15 None 39.1 1.7 1.8
0.03ppm
16 5 chance/week 30.3 1.5 2.8
* S not belonging to SO*4
8D (As) MDH > THRBRNIDNTED, THHEDA,
05-Cfd rt9%/05' A ~As OFMUIETBNT S Fet ZADHEEZ L BEN
mi -
0.4} Confidence ° 0.4 : Ad BRI A B NE D 5le, AEY U R~ VPEH 2T
82 gg Ay A, EhA5E /BEED S ORBEL L T LERE
oﬁ 51 A BITETER SN D2, BEORBIC X - THRTEED
. . 1
T ol . , ol EHAKRE,
E Al he A A B, B R 2 I b K & < ERES P R o — VOB R
2 o . DWT, B D BOENRW Y LT THERCHET S
@
: 0.4 O"4 A EX M T LRRDIHERN Fig. 6 TH B,
. 4 . "
2 0.3 03l T S DR TN DWTHHAN 2170 - 7o iR, EHRO
5 02f T .2l ; ot BERADANS BOBRETHEERE SN, TibDD,
g .0.1 0.1 : T E Ay OKBBAEBEIEOTZER) N OB 2 M
=
£ . | r . =z
% 0 B 5 0 G G THIDEEAL D,
= 3.2 AERR
ool o REMCIREHIE (BRI E 7 ) D%, 7
53 oé G R 2 Fig.7, 8 /AL, Helmmikss Fig. 9 iR
02l T o, % Utco %7z, @RMEOHAREIWEME2 Table3 s
o1l o1 & O Fig10, 11 R U 2o JAYE S IRERBEE & 1, 700mm
0 . 0 , D5 51, 200mmic 2T, 200mm BT & D RS-
G C B B2

A ! Pre-treatment
B : Injection of FeSOy4
C : Ball cleaning

Fig. 12 Experimental result showing the effect of
various factor to the maximum corrosion
depth.

FHGAMIBA o~ A s 13, A IWHANRTHENRNBEL KXW,
Az~As DIZFOHTEZO B B KELBEIA NG
Wo Fe?t DEAEMCDOWTIE, BALRIEEE T
BB KREL L 57280 (Ae, As) RN T

T HRAERESI ZMEL, ZOPORKMER BRI
BRs, $-UEMI2MAOVEMZLEEAEI L LTE
AU,

PHMEEAL 1%, 2RO R—VEERTEbITE
Fet AT r0bbind, 57 AMBEREKEE
KUBEBWTHEBRIICE L TR r — L TH
HMINTWiz, 72170, Fe?™ 2BALTRLZWES D
BERBLUAEN KBRS — VO FICEHBA S~V §
MELBRDTEY, BHEOKHAL L DT —WHRE
g, TOFRGBAF—VIEIREBEH{ L -THLL S

— 10 —
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B otz ZUT Fe?t 2HAU TWIcEE, HWAKS 7 A
BOBEWT b &LEREASNRT, SDOTHELE
CEAT W, Fh, Fe?* 2HALTWEM-7EL 3
71 B#H O D BT\ Tz & e — I TH A

BRA BN, S ABOWI D ETIRHARIEE
UTWEh o,

W P FME A1 Th-Th, AELVOR—VEE
BITIE - 1o BE, AT — VRO Bz 2L ER
DEDEIL 5Tz, FULT Fe2* OEANTWE, #K1 A
BUPIE R — VBB U 7o & & B 3 D ERATHY g BURIR
BB B YRS R AE L, R OREIT >N THARFEE
WMAREATH L L D EEATEI bREE 572,

UL, Fe?t BEAULEEIIE, BARK3THETIX
FECHAMNTH Y, 51 AR THIMCENILR
HANPARCE U B E Lot 212, TOHA
IEIBAEAEE WS XL L ABEAE SIS DB
2HL T\,

FREMBEA o~ A 4T, RAEL O F—VIEEOHLCH
PhY BB EDORT 4 MRATF—VREL L,
Fe2* 2HAL TWEX L DRy —vd i # { Ko
AT —VHRREBL TWERBELh T, ZLTINGD
ik, 1hARKECSWTHERENRERFELTED,
BEoOBBC O N TEABBIIRE L7, 72, A
~A4 DNTROFMHUEE §HARER DWTIE, Fe?f
BEADEME, R0 R—-VEHROFRC X LKELEX
BOENBNE DT ol FREHW O EORNERR S
PEY BT, HERCETD e 2 M T 22RO R
RFig12TH B, LN DNTHRDT 278 - T H,
EHEOBERADAMNS BORBRECHE LIHE I NI,
FTHDL PR AL & U TKBRILEO IR 2 RS
RTELTEE, ZRUBOEAR?ILIHTE2L0EE
ABo

3.3 AEMESOHER

BN D EONEENE L T Ay — v 2Tl
BT RFTIS » ok S Table4d Th B, Fe?t % 0.03
ppm BESESEALNEKE 1 v BBEEE KL TE RS
Bim A — vk, YE20~30% DEREEN T WA,
DT EMEART, FPHIA L TBNTH Fe?t 2IFEA
Lignwe, 27— vhOSEHERIIEL L > T T LR
Pnb, BIRAL Y O R— R PITE » THEELHAED
HEU7E (A1B1Co) ik, #HOBFEENEDODTHELE
DBEERYCTH D Cu & SHE,

Fe2t ARITIE o7z b DIX, BEFERMN20~27%CHE
JuiEsk % 5oy ARGEAL TH, BB 3R v#aEx
BHEHSLTE D, ThbHiE Cu BXESHLE W,

U WBRIBRKEROE U FHBIE A~ A4, &
BEERMTHD Cu & SNEL, S$EEFERE Fe2t i
ANEEBNWTH 2~3LBE Y, Fe EEAECOW
TI1BUTTH D, L2l b DFMMEMOE TIL, A&

— ORI —EDEAITIE LA EALINIE T,
4. = &=

(1) A1, Txubb Fe? 2&HiciEHiEKe 1 v AHE
HIZBL 2 i X b KBS IR 2 T & 8, b
DRI DE —KREENE KT X ORI B EE2H
T HE, THHREOZ IO, BEWLLREDE—
CHIE L THREKE L - TEESN S L 2 BDmnEh
h Tz d, B, Wb®hb fouling $4R T EAbn
aite TOT L FeO-OH AN FHRTERIND KR
{eghRE Y 23, Sl 35 AR RENTD
BEMND TR, 274 2DFERS LUl L%
RUTW5B,

(2) Ar OFMATF A METL B, FEMLR
aHemahE, 3 A1B1C B (Fe?t L, AFY
K- VEEH S 0) oA BEEL DHNNCEREZR
Tk, FOREIE AL DAHOBEOEAERKELLUAE
W, ZODT XL, AR OFE—NHEHE(SE/E) 1 Fe?t
DIEANRIZNE TITEOMWIC T L2 s &,
B & U T OKBIEOER2RHLEDTLE2RL T
%, B Fe?* OEARTTE b TENE, FHEOK N
AA U R—NE (50 /H) k- THREBZZI K
EREBEENDT NI T,

() A1 BroxWEMEDCER T, Tabledic
BB EIALBLYE CKBRGEEIES b Fe?m IEAZL)
vk, 5w ARBOEKIT L YEEHFRIAECHEILTHD,
B Ai1B1Ce (AFV U F—BEH D) KBNTILH
W TH D, TN LT Ar1BE (Fe?r HAD D) K
BWT, A1B2C1 83X A1BCs o aNBEYH DG
DEBEMNB.1B L FI0.8BTHHLLLELWETD D,
CHIVTEIBRZ I & U T oKk % & e BEDS, 15 GLHEK
EHETESWTHRAEZDOND & & T Fe?t DIEAR
Lo TBEINBAUEDLDTH B ENDID,

) A.~ALE CRRMKIT X AEEE, THHMRE
DEB L CBEANE) TR fldtz S RAERY 2
KETEAZRONEDZEL TS, TbE, TNTDH
Ao~A, BREBU TEAESEY 0.17~0.39mm, X
0.20~0.44mm, NFPHOMENL30.3~48.0%, HEY
1% 17.4~53.3mg/cm? Th B, ZLCHEHTNELL
1% Fe &HRMAEL 0.3~2.8%12 T ¥\,

(5) TCZTHAAKDDH LT A, A MBI S
B BT, #2%L SLMEYNRBRIBREET
EENTH e ATJERESEIET A B LLOTHL, A
~As MBEZBNTIL, B BEBWTi#E2LLA0H
ZBRHT UL IEWT, HRPHET U RERD S
BRICFEL L ETHD, Thbb, A BTRIEHE
KEHTEBWT, Fe2™ DEAC I HYBRTE AT REK
BOERIND L EPERENIOEHL, A~AHET
R Fe2t 2EALTWT S S IEA BMEED
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ERES VBN D LA bRk, BEDOHRBIZERIT
DNERBRC L > T HICHONTWAREL LB TH D, ©
6) HBHMFAART S DEETI BB Fet D%H)
ED2WTHEThERD L 5CHh B,

¥, pH8.0, HoS=0.1ppm (8X1078mol/¥) iz~
TIEML 5284 0 R% (Fe2t) 3L (Fedtl 2L
TROPNEXRD L 58 B,

Fe?*+20H =Fe(OH)., K=1.8x10"5,
(Fe?*)=1,8x10"3

Fe3*+30H " =Fe(OH)s, K=6x10"38,
(Fe3t)=6x10"20

Fe2*+S2 " =FeS, K=4x10"%?, (Fe2+}=7x10"8
72120, HeS=2H*+827, K=1,9x10"22 ¢4 3%,

Lieho T, WInd i Fet i ans o 228013
NIEHRAER: (FeS) BT %28, —Bc BB I AT
BFEZ Sl Fe* ObHBWAE Fedt L b, 2o
HIAGIT Fe(OH)s L UTHBT B, Lichis T, HYL
MK EEA SNz Fe2t 136ifksk (FeS) & /kER{bak
DIETIRAEL TW BTSSR X U,

535, 2Fedt4-382"=Fe,S3, K=10"88 O 5iE, S2-
DOBRACKTIEAEET BB DB WEH N5,

(M ALEE A~ A BOREREOEL, BIEIKEB
EHREZHLTWHL ETH Y, BEEEREKRCS
WTIMBHEZIK 2 £, Chic B DR TWBEED D,

Fe2*: Al X A I OIE R Gasparini 512 & kg,
KBRIEBED a4 FEEORmMZE > TW5HCu0 7 4 v
LDBO BN (F—2FF v 4 0) BESTWDEWN
5o IRHRAGIEZIE LS, KEbERD 2 v 4 Ko Lk
BROBBEER EFZE UL BWRIBIZS 5 b0 & +hid, &
ERERIC BT DAEE As~A 4 BB BB
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395.



R

181
Rgrinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS Vol. 14 No. 2 April 1973

SOEAF DL LY Y A
E L COWBSE

mo OB *

F A& &R T K& H



SHOFRAF DSk Iy 8L LT OB

1. & U » I

WIEET I, A-FTEDYZ 7 — 7 8L 0.06~
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T DA BB, BEMCIEITERPE by
ASRIUEOBLIGHERE?Y 1oBETHLENTE D,

— 2

1.0 )/‘,f o
0.8 \\/0 / a, at
Q 0.6

™ ~pK,=3.14-
5 0.4 \
0.2 \
M/ \?
0 1 2 3 4 5 6 7
pH

Ky =(H*) (F)/(HF)=7.2X10"*

B 5o AEKEBREROMHER «, WEE « LT
FEIRHERE o iR
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SrF. 1190 2460 289.3 0.12 (27°C)
BaF. 1280 2187 285.2 1.61 (25°C)
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31 EARELER

311 R
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heb, KRbBEA, BBE2HNL TERLEZDOL, X
TLIE5 T TOAMBRZHM L zs AV o 2D
BB T WY L D HEL TR 7,

0. IMBEB7VIi=v 2B @B Vv =9 A (FifF
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3.3.1 SAoRAFVEFORRM
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MenbWons X5, &-FEA 4R 1decade
iz h OB NEAILPRERE2.303 RT /nF w—8 1L, B
#HE59.2mV/par- unit 254 7=, 72, BRICBEEIN
72 pH5.5 LT pH3 (BERRCTHEA) 6 X 8 pHIL (K

— 3 —



(104)

# ZE 8 &2 R B B

April 1973

Bt b)Y ABETHE) OZBRRRCBY 55 -FA
Z EBEMZE (mV) &A% A 4 U EROBKIRL,
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2.0 - 104
2.5 21, 23 —
3.0 11, 11 76, 83
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4.9 59, 43 76, 71
5.0 42, 37 78, 82
6.0 69 74
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8.0 68 78
9.0 42 48, 43
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WRNRFEELTB L, RECHEEOSBRLGMRE L N,

6 MBS BRI T

E6.(e) OB EOMBEMMAEYNL, K& OB
AINTWEPHEHO—BTHd, BEALFEEZHEDT

Wigh o fze TS~ MRANKEEHEICE U T i,
S LEERBRE s > TEE LT D, Wl LS
1/27}")7‘—:0

IR, LRBEARDOEL ~EMERTE oy
~ MRATEONERZE 6. ()R 7z, BAMIIL, AW
Fiskot4 7 a2 3 MR ERLTE D, Thb
DI D6 DKGFDBEAC L 5T S HERNKWS EE A
5N%o BHIEDWTIE, #iL OBLFIENR L ST
DT T EMD, Hvn=y ZERIER TRV, T
F - MRAEOEARIIREGE .(DDOML THH, M
R TH 57z, UL, BrEOBERIZEE. () B4
CRGE. (h) oind fis b, BHAE, HFRCH-THEE
SEFTUTWe, TORER, BHIT6LS UM ELitE s
%o 61S D, WHRECHEHT S MgeSi 7/ —F &L

— 4

TYEHL, CoBOBEARETHLRI{MENTWS,
FLEESE, Wy 0.2mm P EREL Tz,

Cﬂ%@@\,cwﬁﬂm,%ﬁ?&ﬁ%bbﬁﬁvm
U T, Thud, ABED, WHiSmicime 2Bl Tk
M%mmbfmt@mbm,%%m%;a%WMK%,K
DRMNEDZHRHL DNREE D 5z EEAL 5N 5,

B, Bb.(DIEN—FXF—FOMNERR LIz, TOM
F2nWTik, #hiciatErns b, $AmBgmMe v
THWMEEEBALONDN, KO2WINLBWEERD B/
», WEHORMRDS 5,

() FRIMREDIR L34

(b) FRIEDORTEHAE (x18)

(¢) ERIURFOD PR 3BT o A
6 HKE GEHRE2) ok
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(£) Vs — MENHOEAR (x5)

() JEEF Sl OB LT (< 100)

I SHE

4.1.4. AEMETE EHES4L)

RHFEOREIL, @WEGEET, ARES10EEE
BT Y Ry AN EGT, EHEaIRcEEO L
DI IEARR SN, T, T THBEDALN"D
BHEIFELN T, HR S B CERNBALGNDN,
B OB L 53 B BEEED b s oz, T
DR ZE 8. (@) KRz, BBEOEEZOWTS,
THEOBRABEZRRON - OO, BEOLHMITBEAL

— 0

i

8) =z y — MR O ATET (< 100)

(i) »~— — N D4HE

D OLNIEh T, COBDOEHE, K8, ()75 tbhi
HEORFEELHEERRETDH D,
M SNz, UL RS BHMEE, 14 L oI
8.(b) WRLZLS BRFBENFBEL Tnic, Ui
MoT, ML 61S HEUMCTHB LBFRaN DB, FL
FEXX0. 15 mmBEETDH 570

BEARBBREHEY, BANMEMMTERL T, T
PRI OBARIFIT, 3 20V BEOREE SR
THIDEEDNB,
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e

() 5t & el U 7S O H OB ARG (% 100)

B8 UESETH GRS 4) o

4.1.5. FIR7 =5 EE EHEESS)

8 FIMiv =4

FEHDRENE

HENE, BIOMBRCRL X 5 4 M &R
DTz, BMEEEOMNEIE, EREEAc 7 » v £ BICHE
U R BEOBIRFAENRR s, S RBEILL D 51,
CORAZ R0, (TR U f2o Ud UBIEHEES A 5 1L,
T EEDOL 5 —DDMEAEL LT, BEekicREE
51 LR S IRNARE R S iz, F10. (b) iR
UleWimoikBEHi L5, FHTE3 1 50pHa BR -
HEE AN D, BEOHMWIET € b 2EALTEY, ©
NREDFEREEEBLONLT V. LiRoT, 4.1.1.03)
OHAEBEEINDS, U UBEOERABIZ, ho=o
DEH S FB LI, U5 T, BT R DEH A
5 DINAHI X BWRIEOR N3 E A b NBN, Wi
UAEHETEZ & 3 2 TIRIZE > TWiW,

(b)  Huks & BN L 72T O OB AT (X 100)

R0 Fif7 = v 2 5%B GARES5) oRm

4.1.6. #ELE EHESE)

Bt i LIRSV o fEg

HBENE, BITCRU2 L 5 6 MBI b BRI Tz,
BR2HREVLRIEOMEONEL, 2hZFNEI2 @)
BLIMIWRL 2, fhosEhcL T, v <y MNED
DEEIZS 5 & $FEL L, BEIHELAT T, Th
CIEMER L O v— A DEETH Y, Bk Eeamn
Z\ne®, IRE)PEESYINRT OB X BRE DR
BEAOTRERBAL SN D, RIBOIBIL, BIEDHHE
MERLCTETRIEBTH > e OB L 720

Wit A DA & OB & O B O A & i
I, h b ORWEENED BN, LHE LT
BB OEH B L OB O KER2E12.(¢) 3 L (D
Rl COEEOAAEZT0.15mm P FIZFE L Tz,
4.1.7. TvovIL—LAE GHEST)

BRHEBOREOSEL, RHEAHPERE Bbh 58
5

&
cEib T, BEAMIRORI 2R3, (a) i©
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(C)  $ifl & Bl U 7o DIM A DIET LR (x5)

HIEW GRS 6) R

RUtco UL, REEIEAES TAZC &5 BMiET s
ol BELL, TPV DEARPBEIICELLLEDT
Hik, T2 UhbOHRANE DN —

Db LS, BMECH - THvN=y JEENELT
Wit, ZOMOBEEIE, WS ORI LD HERE
EBbN B, SRR L oBET, Y Xy MUY
EOWEHEAEEZ2EI. (D) WRUz, FLAEDRKRES
130.2mmb EREL TWAH D EHEIND,

Utco FIROEFE, #EA & U THEM s T gkt
Bedd, 20iopiitfggommci, ’13(e) 253

(b) FRIRKFDOULESHE

B3 =>roviv—aPiR G

—
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(d) BRRUEM & B 7o OB R I (X 100)

B3 =2 oiov— AP GRS 7) DR
4.1.8. R5¥v7 EHESS) MR UIz, LinL, BHMORT » T & O,
FRIR 5 & OB BRI DAMBIR & BRI <, T R AREORRRRIL TR Y, A&, BB
fe b HARDEAENBD b cBETH D, KMeed  ©0.3mmic $ L Tk, Eifik X CWITHOHKE
<, 2k b BRI TR AL Tl LT, R14.() 6 O (DRR L7z, TR, B ORR 5,
R 2R T & WA Do T O 618 BOMHIEM Tz <, IE ORI & % s h 5,

SR DRI (b}

i by i

() A7 v &Lz

T DIEH DBEHL (% 5) () 27 o THEBMU IR OTEM OB AFWITE (< 100)
14 2757 GREF

' 8) DIRBL

4.1.8. RIREXEHEN GEHESY) FRHURR L, RIEAHGBRET, 20 iclEo S ks
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(b) BB OWISME

SR GR

K15 i

SS9 DIRD

HBRELTH Y, WHEEEEELE
&b, THRTOBBEOHMENEL L, B 4 o mie

BEAPEE RSN, SIRBIBREETH 5720, T
IR TH, BiEE BB OMICT &7 &N, B Iﬁ‘%%
EHKD2ERIILT, LUAMEREZ LT LD
Mhbivd, BEOPHIEKE DM B2 EHERZ T 500 b, Ir:»Mﬁ
B HHELOHEBGHNGHTH DIz, LRIDY R
v OB EICEIEESBET D D,

PRI & oSkt o Ui o A8 2 B15(a) 3 Lot

J'ﬁj(. L/TZDOfCo [_I[ﬂﬂﬁ

(b>017—ﬁ L/'/'Co
4.1.10. #&m7 = 5 Af EHES0D

BRI OAERIE, U~y NERESO ISR 5 7 LIS,
LRI ORB R T 5, BREHNEROEmOMNEE”
16(a) WRL 7z, TORMS mm%mﬁﬁmﬂ,ﬁﬁ@m
TR OAENRRBD b le, T OWMITOWHEBEZ
otk TA, K16. @)@m<71/¢%r/ﬁ@mw
N2 HEL Tz,
4.1.11. XHEAESRS EHESID

Bk ORI, BEOSHCHEOOMAREONE ST,
S, BEREBOh MMz KEAED TEDbDR T,
UL, SEHEGomEL, REBES 1L LATEDY

THEHFTDH Y, BRI TWize LA - T, BIEKIEE

(o) W EHOEATEm (x100)

16 AT = > 4P (EREES10) ORE

B17 RIFPIrhge GREIRS1D OB
Wt D 2T SHE

BORTMONBOAZRTTCIRL 72,

4.1.12 RIFHEHpRE EHRES1D

ARBOEmL, HBENCECmeclfanid
DTH T, ZONBEB IOWHILAER2EI8. (@) &
MR U I, HalZ, ARz AEREROERERZR
LT\Weo s bbb, ZOEARER, 104
MORBEIE LTI EbD THIKT, ARINTWET
— 452 L FR—HL Tz, EBEZCE 52, EHL
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(b) M4 2R T DG L ¥R I
R18 ISR GUEIEE12) DRBL

TRILZ W, EMCIXBEEENECLTHH, HEAEE
e HERE B 5T,

FIRA DM & DM E, 0.02mmBEE OB/ LA
MEBFEL Tz, INHOER, KRB OWAELE
M ENRT LW,

4.1.13 gIRTH GHESD)

AB2EOEARERATE S, RITRLALL 3K, T
i (MR ESeHN T 52) ok, EHoBEu», &
HWEEBEBEOR 7 » T DEMMREESCERE Bbh
BEEOHEEREENRE L ot FEBIXFLIZ TS
M, BRFBEAEBDONIZ -1,

B19 AU TH GUREE13) ORIFOREE

L G A L
(b) HbF & B L 1 S OB OB R (< 100)
E20 AT = > HATE EUREIE1D OB

4.1.14 A7 v 5as GHESD

AREWC DOWT S, 7= v FIRCILED LR A5
B OERREEZ I N, ZNZhoRt»E20. (a)
BL D) BRLTz, 7L, AREOWEL, o7«
VEWWEITRZDHELMCHRREZEL Tz, LR
T, T4 L. QoBERERRERT X5\,
4.1.15. BT v ¥3E EHES1D

HENE, RINERU AL S IHRIA LR I TWi,
BWEOERIL, 7 v LBRAB R, OIS
My -E3EBEUL, BENELRALWEETH o7, T
DR % E22(a) TR Uz, F7-30p Ha TR DR R T 3 48
HE &N/, PPRETH > &k, IHoNEREH
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(a) RIS ORI

b) TEMA EBEMUIRSDEHBD
BELrplr (< 100)

B22 ®E7 = v X% GUEES1S) DR

4.2. {LERAS B LUBRAEE

A & BRI R 2, K X OB BB b DF
BTENFNE2BLFILRU I,

U AR

SHE, YNy FEBROWTIRERBICOWTITE 572,
TEHThH e xAT7 » L HREESS) BLPHI Y = >
£ ERERL) 0ZRENROEHIE, WTiLs2s
UM THD 5o YNy PR DWTIE, HEEHCESH
Awnsh T, COTIRERETMEL, UhdHHE
HEREDEK, >BE I GHRED6) LU «
EPRO 2EBIRD 3 DRBEL oA, o BRERE
DOENL Ml ok, BEEEERPOY Ny M ALY

SHMBEE ST Wizhs, T, BLRU2fiEs & O
Wb, BMERPEELCIDOEEDLNS,

b OFER, BBk, MHEEME L TE&TEETH
o

(@) EEWAtE

BEBRc oWk, RBOJERRDD, WETS
Bt b DREMS ST, UL, MEBEARCIWTIE,
HE B IEED oY, MWETELh 57z 0ok
CoOWT S, BIFLZRETH -/ELUTSUIMARNWT
55, 2k, KRR TH 7528 WEHIT TS EHE
FZOMTHh, MEDRIMITHMTHHL LB Dho72, C
o DOHEHABEE OWTIEE LT,

®£2 1 5 4 iy (%)
Bits LU Cu Fe Si Mg Mn Zn Cr Ti
T 45 R S M 0.02 0.22 0.10 2.72 <0.01 0.02 0.19 <0.01
% 0.24 0.35 0.58 1.09 0.02 0.02 0.24 0.01
PN 0.01 017 0.08 2.57 <0.01 0.01 0.24 0.02
B e 0.01 0.97 0.10 2.53 <0.01 <0.01 0.24 <0.01
®% 0.25 0.93 0.56 0.91 0.02 0.02 0.25 0.05
TSR TH " 0.01 0.24 0.13 2.78 <0.01 0.04 0.25 <0.01
% 0.33 0.20 0.56 1.06 0.03 0.02 0.23 0.02
e S 0.01 0.23 0.13 2.80 <0.01 0.04 0.24 <0.01
e 0.34 0.21 0.59 1.07 0.04 0.02 0.23 0.02
B 0.32 0.91 0.58 1.14 0.03 0.02 0.22 0.02
¢ 0.24 0.36 0.55 1.05 0.02 0.02 0.24 0.01
e L ®| A 0.01 0.17 0.08 2.56 <0.04 0.01 0.23 0.02
BB <001 0.14 0.10 2.40 <0.01 <0.01 0.20 <0.01
A 0.02 0.2 0.12 2.44 0.04 0.02 0.22 <0.01
0.02 0.28 0.13 2.64 0.04 0.02 0.22 <0.01
2.86 0.52 0.14 0.24 0.08 0.07 0.03 0.03
N 0.01 0.27 0.09 2.48 <0.01 <0.01 0.25 <0.01
27y TH ® 0.01 0.18 0.09 2.71 0.02 <0.01 0.22 <0.01
w # 0.02 0.17 0.10 2.75 0.01 <0.01 0.26 <0.01
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%2 (o 3 &)

Bk & OIS Cu Fe l si Mg Mn 1 Zn \ Cr J Ti
B SR 0.01 017 | 0.8 2.48 <0.01 | <001 [ 0.24 | 0.61
Wik 7 = v A0 | B B 0.02 0.17 0.09 2.49 0.02 <0.01 0.25 <0.01
% <0.01 0.13 0.10 2.36 I <0.01 0.01 0.20 <0.01
%N’;F 0.92 0.27 0.12 2.48 0.04 0.02 0.22 <0.01
0.02 0.27 0.14 2.57 0.04 0.03 0.22 <0.01
0.01 0.19 0.10 2.3 0.04 0.02 0.23 <0.91
T 0.04 0.51 £.13 <0.01 1.16 0.02 <0.01 <0.01
L . 0.91 02| o 2.51 <0.01 <0.01 0.24 <0.r1
W 0.24 0.35 0.55 1.08 0.c2 0.02 0.24 001
S 0.02 0.18 0.79 2.61 <0.01 0.03 0.24 0.02
W7 = v AHE | B M 0.01 0.22 0.12 2.65 <0.01 0.04 0.27 <0.01
% 0.34 0.22 0.59 1.1 0.04 0.02 0.22 0.02
Bl = v emm | 60 8| <0.01 0.25 0.08 2.63 <0.01 <0.01 0.24 <0.01
wlA 0.01 0.25 0.08 2.36 0.04 <0.01 0.22 <0.61
wiB| 0.3 0.20 0.57 1.12 0.03 0.02 0.22 0.02
B | s2s <0.10 <0.45 2.2~2.8 <0.10 <0.10 0.15~0.35 -
61S | 0.15~0.40 <0.7 0.40~0.8 0.8~1.2 <0.15 <0.%5 0.04~0.35 <0.15
35 <0.05 <0.7 <0.5 - 1.0~1.5 <0.10 - —
Al7S | 2.2~3.0 <0.7 <0.8 0.20~0.50 <0.20 <0.25 <0.10 —
7o, THRBELL hoBRB OWER R ZEET 5 L,
®I OB WM M M HE EHEERE?MNECT A ETREL I WEZL BN S,
swwsommaen | B3 Lomas (8, 0] gy | PEEREOTLAS, sEROBILCE, S, 45
T T e o~ ; BRELMCTH, BBRAEADEAZTZICENE &b
BTE L A — 1w o P " HRERPEEDLDIS, BEZVE =9 2 54DBOF V=
* 3P 1.17 25.0 19.8 10 v TERIERL TS UODAL Y, LeAi-T, Thb
p—— PR R 1 04 s DEMFEOBERE, AHAITSHERLEZLLND, I,
% # 1.74 32.1 29.4 11 KM O—FHEA S TN — KR~ FiX, HRENH
W7« SR R | 145 | 254 2.4 9 EUTIREHTD 528, KOFEOWN2HEL W EE
B 1.24 { 24.8 19.0 7 BLTWae®, AE2HEETERL LSS, B
TSP e Lon | 160 15.6 7 DRMMD 5 5,
KILSMER | W B 0.99 24.0 15.2 10 —F, Bzl 2R U TRk, KA
% 5| 1.3 27.1 23.7 10 TSN/ EEIEOB2SMAET b D, 52S BEDOIHA
W7 = X0 b EHEZREE 12 ek, —RICE CTEHESRTWAA, 12EAEET %0
T N e e e HTEEL T o UL T I, 7, Uy
sag ] 08~1.3 ) 2~2 >18 >4 AT OWT §, BEEAETRD 72 3R (AT T,
il ol TS Il Il BT B3 L ORI 7 = > 7 I FROBREREIRE, Bl
At o U e WFETH o feledin, EEACHRIN TV 5 12,
UFReiRT, ZRMosEAho § Dic>nWTh, BIFLRkeE
5, % & & ThHholzdUTEUIMARBRNTEDHA S,

P~k v, 28k 3 10FEMoBRE e LT
BEDODTEFIMAEELZRL T h, & EEBRI%ER
R T B BREHIIRD N h oz, HATEYTS
25, BHER (E gt e o) KBRS TS
Sz, KB, BEEMBE Xy b~ AP A VN
=y VBEARRONACCETHS 5, BB D
T, THEARAEROOBIMARE 2B A ENTEL) -

R L OBWBBRORKRIE, ZESEROWE X
—E L Tz, .
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