PNC TJ1058 91-012

RBHA— Ny 7 DRETEMETD
SRR S 5 5E

@I - BIRRIBAREEN B HREE)

199149 H

PRt w7 SEipr



SORRNE, BEREOMREL L IED S 2, FH RS L BRE LT IR
LOTT, DT}, BH, B, JMELTLLVLD, FLBZHE~OBRLIA
ﬁmﬁ&wiiﬁﬁLfTéwoitéﬁmﬁﬁﬁmuﬂmzammﬁ%L&wxiﬁ
EELTFE 0, - .

AERHZ DV THOR WAL RIS i 1.
T107 HREEBEXHFK1I-9—-13
BJIIR - BB RN
Heilsii J0#8 BuE R




PNC TJ1058 91-012
19914 9H

REFF - N~y VOBTEHTOBALEICHT IR
MECRT  FIHMEARERT duligser
PRIAIME™™™ ) W HBEEBERT
= =

AWEIL. & UANVESEHHEREEIMBELASBREHERO—RLE LT, & —75-1%y J R
PR TH B RFEHO B RITH D (LFEHNRIBELO T FMLCET 2%, RURZEHOR
BEEEORHEBLCREREOER(LICR I BAEER, FEET- 7.

REFOERICHES (LB LD T F I Lici 4 3145t
REMOBESNERBRRERESAL, =7 7 1 - FOLENBETLLEET 5/
DICKHERET NV (BEBRTTFN) 25 L1,

REROKAEBBORRL L VBAREOERICET 3HE

(1) BER#rE=5) v L-2REaRS

@
@

EHEN IR X2 ALEETOEKRBTD 0. 2~0, 3ppnDAEREF B I,
REABN ZAPRBENEENLBEE. AV Y - DEIIMSEHINBLD S
PPREDOBEPOBEERENRHE I,

2) BREHTOES(LEHR

@

@

EMEN K ZASRETOHAREBMIZEMRELRTRERNE LI LRL,
BEMEEZTREFLOEREED SR,
Eﬁﬁm@&ﬁémmLﬁ@m?ﬂ%ﬁrk¢Oékénéﬁ EHIZER T HE
DHIFBRIDIC X D BREI NS T EMNH - 12,

8) HEERHEOERAOFEH

®

@

BLEHERE., BCRARESY L EERaRS XOBERERPOThORREFICE
WTHY=110 x X'? TEEIISB,
BEAFRRREICES T 2B THME., SYHORRTRE L m~E10um,~
FOLHBEEENTHEZNTED , BRICBEFEL(RDT L I EPHEINT
W3,

AR @ ﬁTAﬁﬁFiﬁﬁ#@ﬁb AR EERORICKOEEL
hwﬂ%—cﬁ%o

HMES:020D0166

EEMEMMREEL L CHIE  RIEENTH R HEE RIS HIECr CHERBE)

*
%k 3k
%k 3k
¥ ok

: RIGIINBAFE SR B I BAFEE (AH #)

BT =T Y Y EER T R A~ - (LR TR

BT =T Y VB ERI R NF - - (LRERET
% P INVIRPIZIEFE ok ok ok x  2 L ORISRV R 8
%k %k EETERRA I R A E



CORROSION BEHAVIOR OF CARBON STEEL OVERPACK UNDER REDUCING
ENVIRONMENTAL CONDITION '

Fumio MATSUDA® ,Ryutaro WADA® , Jyunpei NAKAYAMA®™® ,Kazuo FUJIWARA =*=,
Kaoru SASAKAWA**** and Haruo Tomari®***** S .

ABSTRACT

This research work has investigated the modelling of chemical envir-
onmental change due to the corrosion of carbon steel which is one
of the candidate materials for overpack, and also performed the corro-
sion evaluation concerning the corrosion mechanism and quantitative
estimation of corrosion rates mainly under reducing conditions, as a
course of technical development of geological isolation of high level
radioactive wastes.

1. Investigation on the Modelling of Chemical Environmenta! Change
due to the Corrosion of Carbon Steel.

Based on the electrochemical test results of carbon steel, the
mathematical model required to estimate the chemical environmental
change in near-field, has been investigated and the parameter was

quantified preliminary.The results were summarized for publication.

" 2. Research on the Corrosion Mechanism and Quantification of Corros-
ion Rates of Carbon Steel.

(1) Immersion Type Corrosion Tests Monitoring the Reducing Conditions.
@ Even in the test solution blowing high purity N. gas,
dissolved oxygen of about 0.2 ~0. 3ppm was detected.
@ When oxvgen is contained in the blowing gas,dissolved oxygen a
little more than the value calculated from Henry' s law was detec-
ted.

(2) Electrochemical Tests under Reducing Condition

@ Corrosion potential under N: blowing condition shifted to
noble direction with the lapse of immersion time in simple
immersion, but such phenomeman was not observed in mixed immer-
sion tests.

@ It was clarified that the corrosion reaction under reducing
condition is rate-controlled by the hydrogen discharge reaction’
at cathode during initial stage of immersion, but by anodic dis-
solution reaction after long term immersion.

(3) Evaluation of Experimental Equation on the Propagation Rates of

Corrosion

@ During the oxidizing periods, the relatoinship between the maxim-
um penetration depth Y and average penefration depth X was summar-
ized as Y=110 X X '7%, irrespective of test conditions.

® During the reducing periods corresponding to extremely low dis-
solved oxvgen content, uniform corrosion rates of several to dozens
pm/vear was estimated bv short term corrosion test and extreme
decrease with immersion time was also confirmed.
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%2.1.2-1 BARLERZEOASRASLUIEREE

e #F m 8 (%) 5l & ¥ =
# &
BRK Sl E | U
C Si Mn P S (kgf/aa?) | (kgf/wn?) | ()
J18G3106
SH41B 0.10 | 0.22 | 1.0t | 0.014 |0.003 32 44 31
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%2.1.2-3

(1-R#8)

RERRIROBEMARATHR

BB ®w E Y o 2 EGrm

80°C. AL#K 80°C. ALH#EK 80°C, AL#K

BX53 34T : 7T%02+ 9 83%NaH R
REWEAL, 1 »H AERERAS, 1+ H MEAL, 1 » 7

HEE RRE - BB RBE REH REE
Na 105 110 |[10500|11000[10500 -
Mg <1 <1 1280 | 1800 | 1280 -
Ca <1 <1 408 400 403 -
Al <1 <1 <1 <1 <1 -
Sr <1 <1 22 30 22 -
Ti <1 <1 <1 <1 <1 -
Mn <1 <1 <1 3 <1 -
S 10 10 10 10 10 -
T-Fe |<0.05 |<0.05 {<0.05 | 1.24 |<0.05 | 0.41
Fe2* |<0.05 |[<0.05 |<0.05 | 1.14 |<0.05 | 0.25
re- | <0 05 <005 1<0. 05 4010 <005 | 018
COs 20 158 15 o 4 15 -
Ce 80 87 19800|20200/19800 -
S04 <1 1 2690 | 2700 | 2690 -
Br <1 <1 65 68 65 -
F <1 <1 P 3 2 -
K <1 1 88 93 88 -
B <1 6 5 7 5 -
P <1 <1 <1 <1 <1 -
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%2.1.2-4  ResBukoSRUIRARER

(65 R5R)

HEBR B R S o B E(m

n % g e 8 0°C. AL#Xk 80°C. AL#K 80°Cs AL#EK
AREREAL, 6+ H RERERZ, BrA | AKEWREAS, 6+ A
R HEE RERE HEE B REE
Ne ‘105 143 105 - 10500| 8900
Me <1 0.09 <1 -~ 1280 | 978
Ca <1 <0.1 <1 - 408 306
Ag <1 0.04 <1 - <1 0.02
St <1 |0.008 <1 - o2 32
Ti <1 |o0.008 <1 - <1 1.1
Mn <1 0.11 <1 - <1 0.72
Si 10 100 10 - 10 o
T-Fe | <0.05 | 0.90 |<0.05 | 1.60 |<0.05 | 1.25
Fe* |<0.05 | 0.10 |<0.05 | 0.22 |<0.05 |<0.05
Fes* |<0.05 | 0.80 |<0.05 | 1.88 |<0.05 | 1.25
e T 5 T T T = T
Ce 8 0 28 80 - 1880017000
SO, <1 <1 <1 - 2690 | 1900
Br <1 <1 <1 - 65 28
F <1 <1 <1 - o 6
K <1 1 <1 - 88 300
B <1 48 <1 - 5 28
P <1 <1 <1 - <1 <1
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%2.1.3-1 REZHORRRL

®© B B ®:AI#K
® % % 8 E:50°C
® WMEAIHNR:HNF 2
® X % M M:1-8
K®EM| pH BEBRER BMAAETELN |BREHOHABRL
(B) (ppm) (nV¥vsAg/4AgCl) (nVvsdg/hgCl)
0 .11 - +141 -
4 .90 0.482 + 72 -570
7 - - + 66 -5868
11 .02 0.480 - -58290
15 - - + 55 -614
17 86 - +680 -5 88
18 - - +42 -5205
19 .48 - - -712
20 - 0.382 + 72 -768
— T,
28 .46 0.441 +5 8 -4 81
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%2.1.3-2

REZHOERE

t

O B 7 AT SB K/ BHERXR

® 8B B B8 E:bH0T

@ WMEAZINZA i #MN.FTX

@ 5 B ¥ M:83+,AH8

RBEME p H BEERE BiETEL REFHOBEREN

(8> (ppm) (nVvshg/AgCl) (nVvsAg/AgCl)
0 .81 | 0.511 +1586 -720-
20 .70 - +91 -512
28 .49 0.188 +70 - 485
35 .49 - +44 — 488
5 3 .88 | 0.248 +24 — 449
8 0 .01 0.291 +60 ~480
8 0 .91 0.25 1 + 71 —-471
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%2.1.3-3 (1)

BRAkOENEL

@ #® R BIAIBK/BEHERR
@ W B B E:50°C
@ MEASHTR I HNH R
@ # B H HM:6~+rA
R pH BEEBE BiLETEN REHOBRB M
(H) (ppm) (mVvsAg/heCl) (mVvsAg/AgCl)
1 .92 0.418 + 132 —820
20 .00 0.331 + 90 -5186
4 5 .78 + 37 — 425
6 5 .07 0.343 + 85 -449
97 .36 + 856 —-—4629
131 .59 + 29 - 447
173 .10 0.340 - 28 -501
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%2.1.3-3(2)  REZKOBEEL
@ B B WM AI#mk
®@ X B BB E:50°TC
®@ WMEAZNR I FNH 2
@ ® B 4 M:12~rA
R p H BEBRE BILEXTEN | RKEHEOBREBM
(H) (ppm) (mVvsAg/AgCl) (mVvsAg/AsCl)
0 [8.10 - +1489 ~508
4 7.486 0.897 + 8 8 -744
7 - - +28 -747
11 9.11 0.46 8 - -—8065
14 - - +814 -8189
1.7 1 9.36 - + 58 —808
18 7.08 0.281 + 84 —-81506
24 8.2656 - +117 -811
31 8.08 - +87 —-60686
50 8.82 - +39 —4089
70 |9.00 [0.2959 +91 -556
102 8.18 - +102 —440
136 8.48 - + 30 - 477
172 9.12 0.28090 - 11 -517
200 9.21 - -850 — 444
241 8§.61 - ~ 88 — 4896
271 8.77 0.220 -101 —4586
30658 8.91 - —-132 -—478
361 8.81 0.320 - 38 —416
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C$0.13-0 ERAKOBELL

® B % W:AIZK
@ % % B2 E:80°C
@ WMEABHA R IHNAR
® K B #M M:1sH
B8 B I p H BEEBES BLETEL |KILHBOHABH
(8> (ppm) (nV¥vsig/AegCl) (nVvsAg/AeCl)
0 -— -— — —_
2 .08 -- +181 -
6 77 |0.172 +868 -571
9 - - +45 ~744
18 06 [ 0.186 - -755
186 - - +74 -747
19 .91 — +82 ~7589
20 - - +94 -762
2 1 A2 - —~ -7186
22 - 0.122 +77 ~751
26 .07 - +114 -758
29 .41 | 0.148 +586 -748
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£9.1.3-5 EREBOSEEL

@ R 5 B T AIHBARK/ABHERZ
@ R B E BE:80<T
@ WMEABHRA I HNH 2
@ R B H B:6+s8
B % B R p H BEBRE BLETE M REWOBRS &
(H) (ppm) (nmY¥vshAg/AgCl) (nVvshg/AgCl)
1 .18 0.224 +150 -780
20 .18 0.361 +786 - 866
45 77 - +72 -7867
85 .18 0.392 +58 -782
9 7 .22 - +70 -559
18381 .91 - +38 - 458
1738 .00 0.370 —-12 — 451
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50.13-6 BEABOSELL
@ R B H:IAI#®K
®@ B B &8 E:80°%C
® MEASIHFRX ! TR0 +93%UNHFR
@ H: = M M:1+~H
ROR R p H BTEEER BB EN BEHEOBRABELN
(8) (ppu) (mVvsAg/AgCl) (nVvsAg/AgCl)
2 .01 - .+ 144 -
B .13 2.45 +127 | -
g - - +130 -708
13 85 2.39 - -7238
186 . - - +1861 -718.
18 .86 8 - + 8 2 -7009
20 - - + 125 -718
21 .51 - - -711
22 - 2.7 4 +101 =720
— T - PR I
29 18 2.861 + 108 -7089




REZHEOBREL

@ B B ®:AI®X
®@ K B B E:80°C
@ WEABHT XA T%0.+88%UNF X
® %ﬁﬁﬂ?sﬂ:S#E
R ER B p H BEBR BRILEXEN | REHOEHARTL
(8 (ppm) (nVvsAg/AgCl) (mVvsAg/AgCl)
0 .01 - + 131 -526
2 - - ~ -858
3 13 - +18 —-658
5 .28 3.45 +21 —-686057
7 - - - -85 3
9 .91 - —38 -655
17 39 2.48 + 4 8 ~-673
49 186 - + 48 "82_“8
8 3 .01 - +27 -b786
.119 90 2.23 -4 -5b¢9
147 87 - + 4 —bbb
.175 .7 B 2.35 -9 -bb7




£0.15- BEABOEELL

i B O AT EK
® B & E:180°T
WERZHN R I KK

xR B2 B M:1+R

® ® ® ©

RBRER p H BEER BfkEmEN

(8) (ppn) (uVvshg/AgCl)
0 7.81 6.6 4 -
17 8.70 - +128
‘24 6.6 3 - +188
25 - 6.3 8 ~

30 7.81 - +1186




%2.1.3-9

REZBOBRIL

® B B ®:AImk
® W B B E:807T.
@ MEABNTR ! K&
@ R B M:6rH
B K p H BEERZE BALELEN | REBOHREBH&
(8) (ppm) (m¥vsAg/AgCl) (m¥vsAg/AgCl)
0 .11 - +128 -807
2 - - ~ -651
3 17 —~ + 34 -86514
5 .43 6.7 7 +40 —6";18
7 - - — -649
9 .00 - +45 -649
17 13 6.8 1 +8 2 -6 41
_49__ .78 —  +8686 -575
8 3 .91 - +88 -885
119 .87 6.9 2 ~-70 -565
147 8 2 —~ +18 -~ 4865
175 .91 6.8 7 + 2 - 481

13



%2.1.3-10 REAHOBREL

B R W:IAI®EXR
R R 8 E:50°C
RERAZHF R L HN AR
R B ¥ HM:1rA

® ® ® ©

RBEEMH p H BEBRE BB B AL

(8) (ppm) (mVvsAg/AgCl)
0 8.01 [0.541 +122
20 7.80 - +5 4
2.8 7.70 - + 32
2 8 —~ 0.198 -

31 7.7 7 - + 6 8




%2.1.8-11 REAHOBRREL

®© =5 2 W: AT#HEK/BEBERER
@ ® B E E:50°T
® WMEAZHFAHN.F 2
R B 8 M:3+H
R B R p H BEEBES BiEITE BEEOBARAEN
(8g) {pprm) (mVvsAg/AgCl) (vasAg/AgCi)
0 .08 |0.8002 +141 -582
20 .78 —~ +88 -607
28 .77 | o.229 +72 —-801
35 .81 — +48 ~802
5 3 .91 | 0.321 +98 - -5868
8 0 .97 |o.a81 +31 ~-591
80 .88 +29 -800

0.238




%2.1.8-1

2 (1) R

STfif
HX
==
D
55
piEE
X

R

BMIAIBARK/BHBHER

® H® B
@ &R B 8 E:50T
@ MEAIGHARA I HN.H R
@ BB M ®M:864+H
E> | p H BEBE BB E A KEMOEHRE L
(H) (ppm) (nVvsAg/AgCl) (mVYvshg/AgCl)
1 .02 0.342 + 82 -740
20 .94 0.242 + 21 -57T20
4 5 .89 - + 2 4 —-—581
65 .89 4 0.230 +30 —-585
g7 .88 — + 786 -6810
131 .81 - + 51 -597
178 .31 0.270 — 305 —5H 814




£2.1.8-12(2) REZKROBREL
@ | B ®W:AIEK
@ ® % B E:50°C
@ WMEASHFTRIFHEN R
@ #H ® ¥ M:12~+A8
iR 5 R pH BTBE BEBTEN | REFOEBRZBL
(8 Cppm) . (mV¥vshAg/AgCl) (nVvsAg/AgCl)
0 | 8.18 ~ +1189 ~569
4 |8.06 [0.8399 +44 “716
7 - - +91 -720
11 |]8.04 |0.481 — -592
19 | 8.07 [ 0.3380 +58 -8286
24 | 7.70 - +96 -B845
31 | 7.64 - +43 -631
70 |7.89 | 0.310 +98 -B815
136 l7.95 | . - +47 | =844
172 | 8.12 |0.240 +20 -590
200 [7.22 - ~-40 -825
241 | 7.71 - -1309 -668
271 | 7.18 [0.280 - 13686 ~B861
305 [7.22 —~ -180 ~800
361 |6.89 | 0.3860 -72 -5914




%2.1.3-18 REZAOERZL

©@ ] B ®:AL#EKX
® ® B B E: 80T
@ MEAINR I HNHF A
@ R B M M:1zr58
REREMN p H BEBFH BILETEN
(8> ~(ppm) - (mV¥vsAg/AgCl)
G 7.7 9 0.591 —
17 B.505 - + 140
2 4 8.3¢9 — +1561
250 - 0.2814 -
30 6.7 1 - +1289




£2.1.3-14 REZHOBREL

® =R 5 B IALEKRK/BEHERSR
® ® B B E:80°C
€) &%ﬁéﬁ‘z:ﬂNgﬁx
@ B B H ﬁﬂ:sfrﬂ
R BB p H BEBSE B Ak & ot B/ A REHOBREN
(g) (ppm) (nVvshg/4gCl) (mV¥vsAg/AgCl)
1 .98 0.341 + 148 -7 28
20 .31 0.370 + 185 -708
45 .88 - +101 ~748
6 5 .71 0.8183. + 80 —T46
97 .94 - + 88 - 738
181 .24 - +742 -726
173 3.3 4 0.18020 - 20 -7 289




%2.1.8-15 REABOEREL

AT #EK

® B OB W
@ B ®m & E:80T
® WEAZHTZ:T%0+93%NH=
@ B B o M:1rA
REBEH p H GCREB%E BILEITE
(g) (ppm) (nVvsAg/AgCl)
0 7.9 2 3.91 -
17 B.71 - + 78
.24 5.6 4 - + 8 8
25 - 2.4 7 -
30 6.78 - + 51

80




=i

2.1.3-16 REZHOBHEL

© WATEA/ BESER
® & B E:80C
@ ﬂk%:‘éé&f:‘x:?%02+93%Naﬁz
® K B M M:6,A
K@BE| oH BEEBE BIEBRTER |BREHOLATH
(B) (ppm) (mVvsdg/AgCl) (mVYvsAg/AgCl)
1 7.9 8 3.97 +147 - 711
20 B.30 2.55 +101 -701
45 6.4 2 - + 81 -6 8 4
B 5 5.81 2.70 + 38 —-—B78
97 7.30 2.5 1 + 89 -6 861
131 7.00 — +91 - 66 2
173 7T.01 - + 40
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%2.1.8-17 REAKOEREL

B R O OH:AIT#EX
R B E:80°C
WERABHFT R K&

B R M HM:1-H

® ® ® ©

R R pH BEBR BRILETEAN

(8) (ppm) (n¥vsAg/AgCl)
0 7.98 6.2 38 -

17 6.2 1 - +118
24. 8.10 - + 108
25 - 8.5 4 -

30 6.2 9 - + 67

82




S %2.1.8-18

REEZHOBREL

@ B B ®:IAIEX
®@ ® B 8 E:80°C
@ MEABF R K&
@ B B B : 8 » A
B RE p H BEERSE BELtEREN | RFHOEREM
(8) (ppm) (uVvsAg/AgCl) (nVvsAg/AgCl)
0 .82 - +1289 —654
2 - - - -874
3 .83 - +78 -689
5 .21 8.71 +486 -882
7 - - - ~-6882
9 .81 - -17 ~683
17 .88 6.90 +183 8789
49 .29 - +1860 ~-665
83 30 - +110 -647
119 .98 6.81 '+19 -630
147 .98 ~ +11 ~615
175 .90 6.79 +17 -601
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£2.1.3-10 BRERROVRARERRE

CR B

| AT#K

R B EE:50C
@IREABH 2 L HINH 2 -

Bl R FEREEs FREEs s [RERE REEE
M No. (g) | (g) (g) (g/m?) |(g/m? h)

B—1-1]1108.8790 11098.1795 [0.19856 41 0.057

B-1—-2;109.5354 109.3617' 0.1787 35 0.049
1+H _

B-1—-81109.5807 [109.4138 |0.186868 34 0.047

B—1-41141.2714 RIEATH

B—-2-11109.9258 |108.5457 [0.37989 78.83 0.038

B—-2-2]109.6737 |109.2951 | (0.37886 78.0 0.036
3»H

B—-2—-3}1098.8045 |1108.4928 [0.3122 64.3 0.030

B—-2—-41186.4325 FHEFNTH

B—3—-1[1109.5919 [109.1794 [0.412% 84.6 0.020

B—342 1069.2601 108.85684 |0.4017 82.3 0.019
6+»H -

B-3-3]109.6566 [ 109.3877 |0.2689 B5.1 0.018

B—3—-4|138.00486 FEETE -

B~-4-1]1110.0154 [108.80083 | 0.4151 85.1 0.010

B—4—-21109.7980 |109.85183 |0.4477 91.8 0.010
128

B—-4-3|109.4088 |109.0832 0.34086 69.8 0.008

B—-4—4|138.8389 ZEmERH
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H.10-20 MR AR

@R %  ATHOK
- GRBREE.HO0C
@REFIAZH A FENH 2

RoB| R®N | AemEs (um)
% %

ME| N. |%E|E@
B—1-1 0 0| #-Ima
1»8 |B~1-2| 0 0| Hma
B—1-3 0 0| #Hma
B—2~1] 0 o| mma
3-8 |B—2-2 0 0| Bmma
B~2-3 5 5| #ma

B-3-1 80 50 | fl&. BEA

B—3-3| 100 | 110 |f.&, EHEL

B—4—-1] 145 125 | L&, BREE

128 |B—4-2| 135 115 | fl&. HHER

B—4-3 55 | 1056 |f&. RHER
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x2.1.3-21 EHRERCSYSRRHENCHR
OR B | ATk
G BREE: 80T
@R EABH R L HINH A

® g | ser | demsEs Hmpms B | RAEE | mews
M M| No (2) (g) (g) (g/m?) | (g/m? h)
D—-1-1(109.8688 [108.8344 (0.03854 7.2 0.010
D—-1—-2(109.9916 [108.9082 (0.0824 16.8 0.023
1+H
D—1-3 109:5888 108.488689 |0.0689 14.2 0.020
D—-1—-4]|1188.68722 FERTH
D-2-11107.8985 |11086.9708 |0.4227 86.7 0.020
D=2=2]108. 9516 |100.0684 |0.8695 | 61.8 | 0.014
6+H
D—2-31108.5242 (109.1824 {0.3418 70.1 0.0186
D-2—-4]1141.7100 SRIETRAT A
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%2.1.3-22  EHRERRBY HARR e
QR B W ATHK
G R EE:80C
@REABH A L FENH X

®OR | By | AARE (tm)

M No. ®XE|BE@

D—-1-1| 20 10 FRREE

i {D—-1-2| 65 85 BRI R

Ip-i-8| 80 | 25 | mmme

D—2—-1| 70 |110 |f&. HEE:

6xH |D—-2-2 0 25 | A&, EHE&

D—-2-3| 75-|115% |A&. BHER

87



§2 1.8-23  FRwREy bRRHEERR

O B W ATk

@A BE E:80C

@REFABZHFZ L T%0,+9 SUNH A

Er FL oy HBREE PREER HREEY | BERE | ReEE
H oM No. (g) (g) (g) (g/m2 | (g/m? h)
E—-1—1]1109.4526 |108.90835 |0.5491 112 0.1686
E—-1—-2(.109.4599 (108.9840 |0.49859 101 0.140
1-H
E-~1-83]108.4816 |1108.8180 (0.01286 1056 0.148
E-1—4},1898.4891 FEEATH
E—-2—-11108.4170 |105.1131 [4.30838 878 0.203
E=2~<21109.3499 [105.9805 138.3894 | 887 0.159
8 »H
E—2—31108.2998 | 105.16880 |4.13819 8483 0.185
E—2—-41137.8790 FREATH
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2.

[.3-24 EHRERRSY ARG
O B W ATHK

CR B EE:80C

@REABAR 1 T%0,+9 BUN,H 2

BB | REH | AeRs (um)
W =
MMl N |%E E®
E-1-1| 80 | 85 | Ko MMRR|
7R [E-1-2| 225 | 110 | BoAR, HERR
E-1-3| 255 | 30 |Kwif, BERa
(TR BIO ) 185 \ELvRERS |
6rA |E-2-2| 470 | 200 ﬁb‘«r‘%&ﬂﬂﬁﬁ‘
E-2-3] 280 | 250 ﬁbhﬁiﬂ'bﬁﬁ

89




i‘%2 1.3-20 HARRRCSYBRRHENER

- R B W ATIvk

SGRARBREE:80C
@R EABH R+ KK
R BEA PERAER PEEER 235D REEE fR s
- | No. (g) (g) (g) (g/m?) | (g/m?-h)
F-1-11109.13381 |]107.9142 [(1.2189 249 0.349
F—1—-21109.2985 {108.0036 (1.2889 2683 0.385
1+4 _
F—-1-8|1108.0682 | 107.93586 |[1.1328 231 0.321
F—1—-41140.88682 AT
F—-2—-1(1108.4316 |104.2737 |5.1579 |1052 0.244
F—-2—-217109.2354 7'104.4189 [4.8155 | 8§82 0.227
6+H
F—2-31108.83433 (104.2332 [5.1101 1042 0.241
F—-2-41187.8341 | ZmFnH
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%0.1.3-00  MUEEECRY ST AT IS

QR B W ATHK

G B EE: 80C

| OmERBAR IR
% B me | AaEs (um)
| ' S
ME| N. |2 HE| E®E
F-1-1| 200 | 180 | RekEe
18 |F-1-2| 115 | 170 | muss
F-1-3| 200 | 215 | ReuEs
F-2-1| 285 | 295 | BLVRELRER
678 |F-2-2| 475 | 325 |#LVAHELRR
F-2-3| 290 | 385 |#LWAEUES
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#0.1.3-27

R B DREHE TR

O B ¥ ATHEK

. @R % EE:50C

 @RERBHR HNLH R
51 No. (g) (g) () (g/m?) |[(g/m? h)
2-1-11108.0323 1108.8732 10.1591 32.5 0.045
2—1-2(109.4296 [109.2664 [0.1632 | 88.3 | 0.0486
128
2—-1-311098.3826 {109.1888 [0.21838 413.6 0.081
2—1—4(188.86118 ﬁﬁﬁ@’lﬁ‘ﬁﬁ_
2—2—11109.0291 108.7404 10.2887 59.5 0.028
2—-2-21109.88634 {108.0807 [0.2727 58B6.2 0.0286
3+H
2—2-81109.5908 |109.27186 |0.3187 65.7 0.030
2-2-4/189.2812 | HEEHA
2-8-11108.1973 |1107.6853 |10.5120 {105.0 0.024
2—3—-21108.1698 [108.5561 [0.8137 |125.8 0.029
B8+H
£2-3—-3(108.9876 |108.4885 |(0.4981 102.3 0.024
2-83-4|188.7110 | smwis
2—-4-11109.3475 |107.7293 [1.6182 | 331.7 0.038
2—-4—-21109.4427 108.0751 1.83676 | 280.4 0.032
12+H
2—-4-31108.4506 [108.0593 ]1.83913 [285.2 0.0383
2—4-4(1138.38566 Fam T

g2




%2.1.3-28  BARERK By SRR ISR
CRBBEBEIB0C
@ EABH R L FiN A R

OB | A | AREE (um)

M M No. ®H| E®

2—-1-1 0 5 TViE

1A |2-1-2; 10 10 Bywilg

2-1-3| 15 5 AN

2—2-1 5 10 LS R 2

3-8 |2-2-2| 10 5 | H-ma
2—2-3| 0 5 | #—me

1 Je—s—il- 51 ol wme |
6+H | 2-3-2| 10 5 | wme
2-3-38| 10 0 | #-me

2—4—-11 bb 50 . #

1278 2-4-2] 45 40 . #

2—4—-31 835 45 l &
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%0.1.8-20  BHRER S sRANSLE
@R RO ATHEK
GA BB E:80C
@R EIABH A L FiN A A

B OB E Iy PR ER RetER HRED [HEEE [
# R No. (g) - (g) (g) (g/m2 |[(g/m2 h)
4-1-1]108.2500 |109.1372 |0.1128 | 28.0-| 0.032
4—1-21109.8297 |109.5091 10.1208 | 24.6 | 0.084
1»A
4-1-3/108.5788 | 109.4698 |0.1090 | 22.2 | 0.031
4—1-4]189.3891 SRR
4-2-1|109.4256 | 108.9146 |0.5110 [104.8 | 0.024
41-=2=21108.6047 |108:2118 |0.3829 | 80.5 | 0.019 ~
6+ H
4-2-3|1098.6195 [ 109.2511 |0.3684 | 75.5 | 0.017
4-2—-4|138.0842 | =@E&E
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#2.1.3-80  HHRERCH)AAARHEES
TR B ATEK
G R EE:80°C
@R EABH A + FENL H 2

R B BBy | AEEE (um)

U No. XRE|E@A

4—-1-1 10 40 |{&. BHEEE

16‘}% 4—-1-2| 75 55 ?Lﬁ\ ﬁf’aﬁfgﬁ

4-1-3| 50 |- 85 |ff. EHMEe

4—-2-1 15 45 flig
BrR {4—2-2| 70 65 Eih-
4-2-3| 50 | 85 L&
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£0.1.3-31  BHBEREYSRANENRLE

DR B W AT

E:80C

CMEBIABHN A + T%HO+93%UNH 2

BB | e FENER SEpEE EERD | Ress | KaEE
I No. (g) (g) (g) (g/m2 |(g/m?h)
5—-1—-11109.2586 {108.8264 |0.4322 | 88.2 | 0.123
5—1-20109.1853 |108.7976 |0.8877 | 79.1 | 0.110
1+H
5—1-3|109.1345 |108.7374 |0.3971 | 81.0 | 0.118
5~1—41137.6095 ST
5—2-~11109.1465 [107.7442 {1.40283 |286.1 | 0.0886
5-2-21109.2187 |107.9875 |1.2292 {250.8 | 0.058
6+H
5-2-3(108.1085 {107.6332 |[1.4753 |301.0 | 0.070
5-2—-4]189.26874 SRR
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C%2.1.5-32  EMRER SRR e
O B W ATEK
@R % B E:80T
@REABHR : THO,+OB%N AR

= B | BBy | AeEs um)
# %
MM N |%E|E®E
5-1-1| 15 | 25 | SoES
1,8 |5-1-2| 15 | 30 | ZAS
5-1-3| 20 | 25 | =S
5-2-1| 25 | 55 | g
6-A [5-2-2| 15 | 25 | ZHOO
s-2-3| 20 | 40 | ZEER
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COR B OMATEK

 GRABEIE:80C

%2.1.3-33 BRI B ANRHENGR

@R EABH R 1 AR
H B BB PRAIEE HERES BEER) | RERE | ReEE
3 M No. (g) (g) - () (g/m?) [(g/m2-h)
6-1-1|109.6978 {108.8437°0.7541 | 154 | 0.214
6-1-2|109.3655 | 108.5069 |0.8886 | 181 | 0.251
1+H '
6-1-8|109.1851 | 108.3701 |0.8150 | 166 | 0.231
6-1-4|189.8712 | s
6-2-1(108.8893 |104.2270 [4.8728 | 953 | 0.221
6-2-2/109.2881 | 103.9565 |5.3316 | 1088 | 0.252
8 #E - L Bt S - .. [ - PR - - R . - -
6-2-3|109.1543 | 102.5684 |6.5859 | 1344 | 0.311
6-2-4(188.1607 | RERA
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£0.13-30  BEEERAIAR

@R B W ATEK

@ B B E:80TC

CWERABH A 1 KK

B o8| Ber | AaEs (um)
' " %

M| No. | & @ % &
86—-1—1| 20 30 LTERE
17A | 6-1-2| 15 25 LHERE
6—1-3| 15 20 LEEA
6—2—-1| 710 | 880 | #LVWER
68 |6—2-2 'L_Lmti"() 485 | #LVER
B—2-3| 610 | 565 | #HLVES
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21335

RRATHD KR

(MRS

B EREER
PEN |FBEE| WEAsRKZ R
e (A AT S W
3 ? ? ?
50 N,
6 Fes0, _ —
%iENaﬁz 8 Fe.304 - -
AI%R 7%02+N2 1 F3304 — —
BEN A
890 §] Fes O, — —
1 Fe;0, a—FeOOH —
KK
6 Fes 0, — —
1 a—FeOOH Fes 0, —
50 FEN,H 2 3 a-—-Fe —_— —_
5 a=Fe Fe 0. e
ﬁNgﬁz B — F33O4 o
ATHK
7%02+N2 1 - Feao4 - —
B&TA
80 B Fe; 0. — a-FeQOH
1 Fes 0, — a—FeOOH
i
B Fes; 0, — —

*kVS :Very Strong

S : Sirong
W Weak
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O 0.1.3-36  EEANSHORSCARLAEERE

BH RS PRERRHE (AN W ERSHTERAL %)
No. (WD | B | Ms | AQ | Si O | Fe | Na C
Co)) |
84 | ATHUK /B3R 0.5 | - - 16,6 | 34.1 | 1.9 | 25 | 45.9
87 80C | 720 | 10 - | - |®2 |40 74 |51 |23
B9 | HN.#R 20 - | = |20 |40 91 {57 |61
ATHR /B 0.5 | - 9.8 | 21.7 | 844 | 20 | 21 -
3-1 50°C 720 | 10 — | 136 | 186 | 646 | 2.4 | 0.8 -
FE N 2 20 — | 126 | 18.4 | 64.0 | 38 | 13 -
ATHok /4B 0.5 | ~— 9.6 | 22.1 {637 | 1.9 | 2.8 -
C-1 80°C 720 | 10 - |20 |18 |627] 2038 | -
HENH 2 20 — | 11.5 | 18.8 | 62.6 | 3.7 | 3.5 -
ANTHER/HEH | 0.5 | — 7.3 | 2.1 | 62.8 | 5.0 | 4.8 -
#1 lgoc 720 |10 | - | 9.4 | 182|563 92|48 | -
FENaHZ— - 1 0| =] 7.8 | 174|594 | 105 |49 -
e 9.5 . _24__0 J— _._13.-_8_ : 62'5 J S p— p— —
100 24 |10 | 292 | — |122 (501 06| - -
i 2 [wo| - [wuolsms] 7| - | -
ATHIR/BHiR 0.5 | 25.5 - 1.6 | 62.8 | — - —
200 180C. . __| 810|10._|31.8 | — | 124 |532]| 28| — -
N2 |20 294 | — | 137|536 ] 32| - -
S 0.5 | 227 | — | 57 |69.6 | 20| — —
300 1775|108 | 280 | - 9.0 | 85.4 | 28 | - -
20 |21.4| — 101 }85.58]) 29| — —
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£0.1.8-87  FRERRETHOV-9-5 vV DR LA REER

mNzﬁZ

RNo. REAE | BB | 1Y -SUESIc L A TEERE
ANTHER /7B
6—1 80C 18 B—FeOQOH
ARSI EAD
ATEOK/BEHTR
F—-1 80C 1+H 7 —FeOOH(?)
AKIR EAD-
ATHik /B4R _
2—-2 50C 3»H Fe304( E— 738E55)
FENoH 2
ANTHOK /B
B-2 | 50T 3x8 |EERI<VvAY FEREET
FEN2 A2
ATHIR /BRR ROy 7 TS5 v
4-2 80°C 6rA |BREERYORIEREE.
ﬂNﬂfz
ATHOK /BiEiZR ROy I T 590 AR
D-—-2 80C 6r8 | BEERYIORESREE,
FN. T2
ATHER /T
- geg 1 80T - BxA | RRkRYREERE
ﬂNQﬁZ
NTHOK /it _
c-2 80°C 6+ H B—FeOOH(?)
ﬂNQﬁZ
FINo. | Blarsts: pEEEE | FT-IRRIAFEESE
ANTHER /A
3—-2 80T B»+8A |&EE{tY
ﬁNzﬁ;’\
ATYoK/ it
c—-2 80°C B8+ H

F9304\ a—FeOOH




%2.1.3-08 |HHUBERRBYAENI AN As2ETC0
- RERHBROHBRETOFcAHEANER

B e B B & & F e (ppu)*
No. & KRB | Fe2+ F e3 2Fe
(A)
i 0.01 0.020 0.030
50 °C
1 AT #Kk 3 <0,01 0.010 0.010
S5 N 8" 20 % A &
B8 <0.01 0.020 0.020
12 <0.01 0.020 0.020
80T 1 0.01 0.011 0.021
o | AT ¥k
NI A Z A& 3 <0.01 0.03 0.03
1 0.086 0.082 0.142
50T
3 ATLHEK 3 0.03 0.080 0.110
SEN 1 AR = A %
B 0.88 0.458 1.148
12 | 1.10 | -0.998 | 2.096
80°C 1 0.03 0.103 0.133
4 ATEK
NI EAA 8 0.39 0.712 1.102
b 80°%C
AT #K 1 <0.05 <0, 05 <0, 05
7%0,+N,

BEVIREAH

% UDESHRTHYXEXESH (DR-2000) 2HWV CERAN
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#0.1.3-30 RELZAOBREL

© = B Wi ATHBK/SB&#=1:1
®@ ® B & E:507C

® WMEAZHF A HN,#F2R

® H® % H M:1+H

BN p H BERFE BIExTE

(g) (ppn) (mVvsAg/AgCl)
0 - 0.522 -
20 |6.986 — +129
2B 8.9 1 — T +131
o 8 -~ 0.184 =

31 7.4 86 — +110
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20.1.3-40 BUABOBELL

@ K B B:IAIRK/SEHEESR
@ ® B B E:bHO0C
® WM2AZFZ I HEN.# 2
@ ®X B H M:3-A8
RER B p H BEBRE BIEBXTELN |BXHBOEARAEM
(8) (ppn) (nVvsAg/AzCl) (nV¥vshg/AgCl)
0 .84 [0.5388 - ~-B8862
20 .88 — +121 -517
28 .89 | 0.212 +141 -488
35 .28 - +18389 —-405
5 3 .12 0.201 +181 — 458
60 .24 0.1889 +110 -481
80 .8 1 0.2486 +'5 4 —-4868
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%2.1.3-41(1)  REZHOBREL

mOBR O Om:

@ AT®KR/-7ESHEH1:1

@ W B B BE:BO0T

@ MBAZIHFRHN.F2

@ R®R =2 ¥ BM:6+A8
REBEH p H BEBE BiLB B BZHMOBREL
(H) Cppm) (mYvsAg/AgCl) (nVvsAg/AgCl)

1 .03 0.521 +118 -5 83

20 .18 0.24686 +1320 -5005
4 5 .61 0.22 7 + 107 -4 81
B85 .3 4 0.25 14 + 128 - 473
97 .8 8 0.240 + 102 —-522
131 .48 - + 124 —451
1738 .91 — + 5 8
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52.1.9-11(2)  REABOSEL

@ &R B B IAITEBKRK/-BEH1 ¢ 1
@ R 88 B E.50°T
® WEAZHRHNLHR
@ R B # M:12+58
REEM| pH | WHEE%E | RAEXEL | KEBOSABM
(") (ppm) (nVvsAg/AgCl) (nYvsAg/AegCl)
1 .03 0.559 +1189 ~443
2 0 .81 0.188 +124 - 4383
5 3 .28 0.1989 +182 ~5083
60 .85 0.223 +101 —424
1179 39 0.2 37 U6 =193
242 .87 0.2 4 — 38 -~478
3183 .89 0.27 - 88 —423
3586 .81 0.2 9 -10686 — 441




%2.1.0-12 REEBOBMEL

R B ®HIAIBR/BEH=1:1
R E & E: 80T

MERABHT A I FHNH 2

n R B BM:1rA

® ® ® ©

RRKM| pH | #ERE | BABITML

(g) . 1 (pprm) (u¥vsAg/AgCl)
0 —~ 0.501 -

17 6.9 4 - +124
2 4 .90 - +180
25 —~ 0.178 -

30 7.02 - +121
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%2.1.3-43 REZHOBREL

O ® =

W: AR/ EEHEHEL:1
®@ B B & E:80°<¢C
® m%ﬂéﬁ-Z:ﬁNzﬁz
® ® B M M:6sA
NEEME p H BEBRSE BILExTE & " BEEBOBEARAETBAM
(8) (ppm) (mVvsAg/AgCl) (mY¥YvsAg/AgCl)
1 .94 | 0.4980 +124 -7189
20 .84 | 0.19¢2 +141 -782
45 67 |0.148 +111 ~7862
85 18 |0.157 +7 3 -778
97 .38 | 0.181 +88 -780
1381 49 -~ +76 —439
178 51 - +25
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£0.1.3-44 REZROREZL

B OB B AIEBER/EGHM=1.1
B %k B E:50°¢C
MERIHFHA SN AR

OB OH OM:1sA

® ©® ® ©

RERM pH BEEE BILExX BN

(8> (ppm) (uVvshg/AgCl)
0 - 0.582 -
20 7.70 - + 85
26 7.21 - . + 71
28 - O‘.210 -
_.31 7.6 2 - + 102
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%0.1.3-40 REZHROEREL

®@ X B H:IAIBAK/SEHEHEESR
@ R B B E:50°TC
@ MEABZHFR I FIN W2
@ 3 % ¥ M:8»H
552 B Y p H BEBS RILEBTEN |BRE@BOBREN
(8) (ppn) (mVvsAg/AgCl) (s¥vsAg/AgCl)
0 .02 | 0.540 +118 ~-5897
2 0 .3 4 —_ +84 ~-715
28 .08 |0.178 +48 -700
35 .48 — +92 -897
5 3 .80 | 0.288 " +118 ~-B882
8 0 .20 {0.375 +22 ~-8B0
80 .78 0.2891 + 47 -631
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A= 7

%2.1.3-16 (1) REZEOBREL

© R B WAIER/EHMH=1:1

® W B B E:50TC

@ WMEAIHFARAHN. ¥ =2

@ R B M M:6+58
BB p H BEBS BiLtETEN REBOBARE
(H) (ppm) (nmVvsAg/AgCl) (mVvsAg/AgCl)

1 .02 0.501 + 118 - 740

20 .13 0.172 + 68 -570
45 .81 0.8388 +110 —-—5985
B 5 .23 0.144 + 138 -594
g7 .89 0.130 + 46 —-5920
131 .11 - + 87 -8089
173 .30 - +1 10
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%2

1.9-06(2)  BEAEOGEER

® K % WIATHK/BEML:1

® % % 8 E:50C

® WMEAAHFNRIHNHR

® X % M WM:12+A
KEMERM| pH BEERE | BUEREE | BEXEO0ERT&
(8) (ppun) (nV¥vshg/AgCl) (wVvsAg/AgCl)

1 .08 0.518 + 118 —-—581

20 .39 0.182 + 72 -68608
5 8 .79 0.248 + 865 -868089
80 .88 0.286 8 + 5 4 -6 34
242 .84 0.256 —2 8 — 653
313 .30 0.2 8 - 59 -B809
356 .44 0.21 - 71 -807
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£2.1.3-47 REXHOEREN

@ 53 WAL ER/E8GH=1 1
@ H B & E:80°%C
® MEAZHFRA!HNLAR
®@ B % ¥ M:1+»AH
BB B p H LEBRS BiExTENM
(8) (ppm) (mVvsAg/AgCl)
0 - 0.521 -
17 6.6820 - + 121
24 8.90 - + 108
25 - 0.847 -
30 8.82 - +1186
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£2.1.3-18 REAHOBEEN

O B B ®W:AL#EK/BEGH=1:1

@ K B £ E:80°<C

@ MEABRHFR :HN.HR

@ ® % M M:6+A
5 B B p H BERZ BLETEN |REEBOEREL
(8) (ppm) (mY¥vshg/AgCl) (mVvsAg/AgCl)

1 02 [0.442 +121 -748

2 0 82 [0.180 +106 -741
45 .20 [ 0.140 +102 -7 44
85 12 | 0.184 +49 -74 4
g7 .81 |o0.171 +68 - 787
181 .09 - +986 - 787
178 086 - +88
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%0.1.3~49 BEVEERRBYSHUNAAREREZLETCO

RERBROBHRERENNHR -

T4V IFT—ERLTHEN

1186

BER BE&H
EHEBRZEE® (ppn)
No. &
1 T5sv oy (KO H) 0. 4
2 50Cs AT®K/BEHM
HWN A AWEAB. 1 » A 0. 4
3 80C. ALK/ EEFH
BN T ZAMEASE, 1 » 8 0. 8
4 C BOC. Ak /" EHHE | -
BN F2AMEASL, 1 » 8 0. 8
5 80T, ATL#XR/BEEH
ﬁNaﬁX&%ﬁ;&w lﬁ'H c. 2
¥*UDESAHETEHHM1g28ERL. BEEAXAkEBE»LT




RLLI-50 ERIAFRLSYIRNAAREABEAT TO

BARBROREREREANLE- 0

HERBREH |
- - BTFEEBRIZRET (ren)

e "y | o
1 75vy (REKOZ) 0. 1
2 50C. AIT®K/BEH
| N A RARERD, 85 A 0. 4
8 | 50C. AL#AK/BE#H

ﬁNaﬁzW%ﬁa\é¢H 0. 8

*UD ESF’QR‘C%%HI g%*ﬂ’éﬁlb Hﬁﬁ?kkfézhxb‘t

o4 /ﬁ7*—$kf'ﬂ‘1‘ﬁ‘




%2.1.3-61  BEWHER Y sRRHENER

QR B

W ATk /E@k=1:1
@GR BEE:H0TC

CRERABH A L #iN. ¥ 2 (UED S{EEH)

E ] Fit iy HRRIER RREEs HERED BaEE REEE
# M| N (g) () (&  |(e/md |(g/m2h)

A-1-1]109.3739 |109.1224 |0.2515 | 51.3 | 0.071

A-1-2|109.7055 [109.4766 |0.2288 | 46.7 | 0.065
1-H

A-1-38|109.8629 |109.5050 |0.8579 | 73.0 { 0.101

A-1-4]189.89385 | =mEEFE

A-2~1|108.1808 [108.8875 |0.2738 | 56.3 | 0.028

A-2-2|109.2052 1109.0423 |0.1829 | 83.8 | 0.018
3»H

A-2-31109.1491 |108.8589 [0.1902 | 89.2 | 0.018

A-2-4|138.8699 SR

A-3-1|109.8779 | 109.1254 |0.7525 | 153.5 | 0.036

A-8-2]110.0107 |109.1384 |0.8723 {177.9 | 0.041
8x»H

A-3-8|109.9560 |108.9184 |1.0876 |211.7 | 0.049

A—3~4]140.4060 SRR )

A-4—11109.9789 |109.1987 |0.7782 | 158.8 | 0.018

A-4-21109.4958 | 104.2955 |5.2003 | 106089 | 0.128
12+H

A-4-3|109.3150 |107.6167 |1.6983 | 346.5 | 0.040

A—4-4|140.5565 SEERTH
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F0.15-50 SRR AR

O B W ATYR/E#EM=1:1
@A B EE:50C

@REABN X : HN#2 (UDE S{HR])
w OB Ry | AeESs (um)
# &

i No. ® E|E @

A-1-1 5 5 H-RE
1A |A—-1-2 5 5 B-1gs

A-1-8 5 10 H—Re

A-2-1| 10 10 | EguREuEs
3R 1 A—2-2 5 5 | EmsEEUES

A-2-3 5 - 5 | BEuEEUER

[A=8=1| 55| 20 [®LuEEvEe!
68 |A-3-2| 30 45 | BUVREHURE

A—-8-3| 440 | 350 |ELVEELES

A-4-11 70 45 REUEE
1248} A—4~2| 685 | 465 |#HLVWAEEE

A—@-3 105 | 170 |BLVWAEHLER

I1s




- %2.1.3-b8  GEMER By ARAHENEE
W ATHRABT R =1 1
@ BB E:80°C
@REABH R L #iN 42 (UDE SEEAD

OR B

® B | EmE | sonmm REAER R | ReRE | Rens
I No. (g) () (g) (g/m® |(g/m? h)
lc-1-1]109.5807 |109.8830 {0.1977 | 20.3 | 0.058
c-1-2{109.3263 |109.1714 |0.1549 | 81.6 | 0.044
1+8
C—-1-3|109.0958 |108.9209 |0.1749 | 85.7 | 0.050
C-1-4]187.1683 | =mEwHE
c-2-11109.26381 |107.0387 |2.2244 |453.8 | 0.105
lc-2-2]109.2465 |107.8272 |1.9198 |391.5 | 0.091
B8+A8
c-2-3|109.4478 |107.20389 |2.2437 |457.7 | 0.108
C—-2—4{139.5053 | z=mmim
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#0.1.5-51 BB IAL

QR B W ATBKREEH=1:1
@i B BEE:80C
@R EIABH A LHIN X (UDE SHHED

R g & | AaEs (em
i =
- | Np. X H | B @&
E:—1-; 0 5 HIRR
1+ [c-1-2| 20| 10 |EmmEeuze
c-1-3| 15| 10 |s#uEcuse
c-2-1| 185 | 215 |#lLvEmuss
6+A |C~2-2| 130 | 40 [@LvEEUES
C~2-3! 185 | 80 |HLuEELRL

191




#%02.1,3-55

SRR Bl AR REIER
QR B ¥ ATEK/8FH=1:1
@M BB E:50C
OREABAZ : HN, 72 (UDE S &)

R R | BB HRgER HRgES BEERY | BERE | KegE
| No. (g) - (g) (g) (g/m2) |[(g/m2 h)

1-1-1(108.3085 1108.1811 10.1224 25.0 0.035

1—-1—-21108.83287 |1109.1946 |10.1851 27.6 0.0838
1+H

1-1—-83]1109.4865 |1109.8084 |0.1771 386.1 0.050

1-1—-411839.2892 ALy

1—241 108.2454 [108.1387 (0.108B7 22.0 0.010

1-2-2 __109.0016 108.8925 10.1091 22.5 0.010
3+RA

1-2—-8(1109.8680 | 109.2152 10.1478 30.4 0.014

1—-2—4,138.8551 FmEtTH

1—83-11108.8959 | 107.3965 11.9994 1407.8 0.094

1—-83—-2]109.8392 |107.1449 |2.1943 |447.8 0.104
8»H —

1-3-87109.8730 [108.50186 [ 2.8714 |585.8 0.18386

1-3-4]138.7820 | =msmiE

1-4-11109.0818 {107.5842 |1.4977 |305.5 0.085

1—4—-211089.4801 107.5074 [1.9727 |402.4 0.047
1i2+8

1-4-31109.4689 [108.4112 |1.0677 |215.8 0.025H

1—-4—-4}1187.0111 RS
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#2.1.3-56  REPLFERREY AR SHbERR
OO B W ATHK/EEM=1:1

@H B EE:50C

@R EAB N 2

*#EN 72 (UDE S&RD

o 4 AL (m)
i
- No. £ W B @
I-1-1 0 5 ¥-Re
1> | 1-1-2| 156 5 BHnie
1-1-3 10 15 [0 areihid
1—2—i 0 -0 H-RE
3rH | 1—-2-2 0 5 HRe
1-2~-3| -.5 5 L 7
1-3-1 85 | 100 | REUE&
6+8 | 1-3-2| 155 | 135 | meme
1-3—-3} 240 | 305 FHE{UER
1-4-1] 215 | 2380 RbEE
12-H| 1-4-2| 220 | 245 REUER
1-4-3} 115 680 RAHUR&
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%2.1.3-0T  GEMEREY ARENENRE
O B W ATk EEH=1: 1
@5 % B E:80C
@MEABHZ L HiN A2 (UDE SEERD

B B8R HidiEs RRgEs ERED | RERE | RAuE
- | No. (g) (g) (g) (g/m?) |(g/m?h)

3—-1-1}109.2561 |108.7180 |(0.5381 110 0.158

3—-1-21108.2268 [108.8322 [0.3948 80.5 | 0.112

1 3—1-3{108.4367 }108.1163 |0.83204 85.4 | 0.091
3—-1-4]138.4783 IR
3—2—-11108.2875 1107.7788 {1.5187 |1309.8 0.072
3—2-21108.2865 [108.2283 |1.0632 |216.8 0.060
6»H

3—-2—-31108.5604 ;1107.7163 |1.8441 [376.2 | 0.087

3~2-4[139.8624 | HEEFE.
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%2.1:3-58  RERLLERC B HRER MEER
O B W ATEK/EEH=1: 1

@GR EHEBEI80C

@RERBI R

EEN A (UDE SR

| & & | mer | Aazs e
| T
M| N |ZE|Z®E
38-1-1| 15| 15 | Fewxe
1»f |8-1-2| 5| 20 | REwER
3~-1-8 65 40 ik
3—2-1| 80| 50 | FuumEs
6+H | 83—2-—-2 40 25 RS
3-2~8| 136 856 RS E
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%2.1.3-09 HWeARWOXBEEFER
o (CEEES)

R [AW | KB BRYEAEESR
REW | BE
(C)| ZEX (A) Vs S W
1 45— | BEHH -
A T|50|#N.7x2 3 a—Fe £ 1% -
oK
/ 6 - BEH FesO, -
& &
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%0.8. -DATHAEERERBRORREES (VoA mARRHE LR
ORHH : ASTMREALRK
@ﬁ%i&aﬁz B8 7% 0+ NEBAEHR

# & B M

18 3+#A 6+H
RS | man | s | BB | oAD| ma
(em) (zm). ' (zm)
1. ]0.225 . 35 0.198 140 0.491 1190
2 10.194 15 0.142 180 0.4986 1270
3 |o.194 20 0.161 145 0.558 1650
4 |0.2083 30 0.187 155 0.532 1265
5 [0.248 20 0.230 325 0.584 1400
8 |0.289 30 0.248 | 895 0.538 1220
7 lo0.278 165 |0.205 | 165 |0.8668 | 1710
8 |o0.267 25 0.282 530 0.752 1545
o |o.279 30 0.312 585 0.665 1625
10 |0.275 15 0.263 390 0.650 1435
11 |0.298 25 0.588 600 0.845 1140
12 |o0.801 20 0.568 610 0.6689 1155
13 |0.425 25 0.232 195 0.6860 1675
14 [0.438 40 0.178 180 0.531 1510
15 |0.3424 20 0.205 130 0.437 1195
0.283 o4 0.267 310 0.588 13989
B @ - 60 - 1052 - 2401
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%2.3. 1-BATRAENRERREORRBE B L CEARIRAUEER

OREBHE: ASTME%AI@K

@ORERDHF R HO M2
g ® 8 M
- 1»A | 3»H 8+A
No. RERE BA R REEE BARL RERR BARE
(&/n?+h) BEER (g/n?h) RBES (g/12-h) RAZEs
(em) (m) (zm)
1 1.62 420 0.708 1055 |0.718 1070
2 1.45 380 0.675 1215 0.591 860
3 1.48 320 0.6834 1055 |0.541 795
4 1.27 270 0.5486 S50 |0.482 825
5 | 0.992 195 0.480 930 |0.574 9835
8 | 1.10 190 0.525 820 |0.523 995
7._}.1.83 320 |0.561 | 915 [0.474 | 1155 __
8 1.18 300 0.470 620 0.4583 1050
9 1.28 255 0.821 610 0.527 750
10 | 1.38 865 0.335 385 0.510 820
11 | 1.48 390 0.419 405 [0.517 | .1480
12 | 1.08 290 0.460 800 0.631 1920
18 | 1.02 275 0.497 975 0.575 1040
14 | 1.05 230 0.868 330 '_0.4-53 845
15 | 0.875 245 0.440 335 |0.491 890
wE| 1.28 298 0.494 760 0.587 1084
B omE| - 568 - 2374 - 2070
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\LHKESEEIERORARES LORARIRRNERS

T OFREBT « AT¥HK (2.5epnNaC # +2. 5epnNalC0s)

B & 8 H
- 14—5 3»H Sa-FJ _
"No. | BEEE | BABS | RER=E BARE | BREE | BABRS
cieoo) (efwBeh) RBEEE | (g/n%:h) BeEs . | (g/v®h) | BaEEX
(xm) (zm) (zm)
1 {0.083 10 0.040 5 0.0186 5
2 |0.065 10 0.028 5 0.01831 10
.8-10.082.}. ..10 0.027 50 0.01886 5
4 lo.o71 10 0.028 30 0.0182 5
5 |0.038 10 |o0.028 5 |0.0129 5
8 |0.084 10 0.028 5 0.0138 5
7 |o0.082 5 0.026 5 0.0138 5
8 |o.088 | 10 0.038 5 0.0138 5
.8 j0.089 | 10 0.087 { 15 _lo.0147 | _20_
10 |0.0489 10 0.029 0.0148 5
11 |o.0686 10 0.028 5 0.0132 5
12 [0.081 10 0.025 20 0.0132 5
13 |0.062 10 0.0286 15 0.0141 5
14 |0.085 10 0.050 15 |(0.0145 5
15 |0.038 10 0.082 5 0.0177 5
wigE| 0.048 10 0.082 18 0.0138 8
B o - 18 - 48 - 12
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%2.3.1-8 A\IRKERRRFRROREHES L VRARTRRHERR

ORI + AT ¥k (2.5epnNaC 2 +2.5epnNalC0s)

OWRERLHFA I REF+COHFRA

B m @ M
B35 7R - éyﬂ . 577
1™ No. | meme | aiEs | mezxs | BARS | ez | BRAES
U CefwEen) | BRES | (efneh) BEES | (g/hth) | BRES
(zm) (xm) (z£m)
1 | 0.38 315 0.268 560 0.122 915
2 | 0.26 180 0.232 595 0.102 860
3 | 0.25 125 0.202 755 0.108 595
4 | o.22 155 0.258 595 0.109 835
5 | 0.24 145 0.267 685 0.107 825
6§ | 0.81 205 0.276 605 0.134 825
7 0.381 280 0.320 625 0.181 780
8 | 0.25 245 0.338 650 0.128 | 1020
.89 J1.0.28. 1 _._116H__. |10.827. . ..BB55.. . |0.182. . |.._920__
10 | 0.28 180 0.284 735 0.1583 635
11 | 0.25 105 0.255 755 0.129 800
12 | 0.28 125 0.281 | 580 0.105 550
13 | 0.28 115 0.310 | 6865 0.129 760
14 | o.238 210 0.2968 | 665 0.158 845
15 | 0.26 190 0.841 595 0.158 990
WiE| 0.28 177 0.284 648 0.127 816
B {E - 4486 - 980 — 1670
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$0.8.1-0 ATHAUSBEARRORANES LURRRBRANT S

DR : AT Z7% (2.5epuNaC £ +2. 5epuNaliCls)

@RERBHA PO HA+COH A

B & B B
128 3+AH 6~ A

RER

. (zm) (zm) (zm)
1 0.29 175 0.821 480 0.2289 490
2 0.24 140 0.324 480 0.199 535
.3 |.0.25. 105 0.258 485 0.214 500
4 | 0.25 160 0.268 390 0.174 580
5 0.22 140 0.264 475 |o.182 580
6 | 0.24 165 0.280 380 0.194 535
7 | 0.81 120 0.308 555 0.198 445
g8 | 0.28 115 0.268 395 0.187 410
.9 |.o.27 . 110 0.262.| 775. |0.176_ 520
10 | 0.28 120 0.247 480 0.188 420
11 { 0.28 180 0.208 535 0.181 810
12 | 0.22 85 0.250 510 0.168 485
18 { 0.24 105 0.2886 360 0.134 545
14 | 0.28 115 0.812 385 0.151 595
15 | 0.29 175 0.310 375 0.189 585
wiE| 0.26 1381 0.277 465 0.182 | 522
o] - 274 -~ 925 ~ 502
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RS 1-LOATRREHBRRRRORARE S SUBRARAR S

OREM « ALk (2.5epmNaC g +2. SepaNalC0s)

@UEABHTRA 6 7%02+N22E’%'ﬁ‘2+002ﬁ2

B x &M

- .1 »H ..3 » A 8rA
|'No. | REBE | BARE | FREER | BARS | RaRE | ZASS
| Gefeh) | BRES (s/u2-h) | BWREF | (e/v*h) | BRES
(#m) (um) (£m)
1 | 0.48 255 0.198 475 0.175 575
2 | 0.38 180 0.160 350 0.147 575
38 | 0.35 170 0.205 265 0.164 590
4 | 0.33 165 0.162 230 0.160 745
5 | 0.84 260 0.212 | 175 0.158 735
8 | 0.87 215 0.168 120 0.152 570
7 | 0.40 150 0.175 210 0.140 675
8 | 0.87 310 0.181 250 0.178 565
9 0iAQ- ] _2.46 - -|0-1-56 - 2-70-- 0.1B88- 2738 .
10 | 0.82 130 |o0.182 180 0.148 670
11 | 0.82 140 0.130 395 0.148 600
12 | 0.834 " 295 0.181 165 0.123 550
‘18 | 0.41 210 0.1686 195 0.140 540
14 | 0.38 185 0.152 240 0.148 690
15 | 0.47 320 0.2138 300 0.200 505
FigE | 0.87 214 0.175 255 0.158 821
B OE| - 521 - 695 - 1012
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CE2.8.0-11 ATHK/BEHEFRONARES LURARRRNRES

OR - B

BATYKR: BEH=1 11

@REAHHAR L HN72 (UDE SER)

E & B M

. | 1+AH 3rA 6 rH |
“No. | BamE BARE | BeEE BARY BREE BARY
o Ce/uon) BRES - | (g/n+h) BRES (g/n2+h) BREX
(zm) (am) (xm)

. 1.-}0.048 20 0.019 15 0.010 10
2 |0.050 25 0.0189 30 0.010 15
3 |0.074 35 0.0186 5 0.018 10
4 |0.049 5 0.017 5 0.009 10
5 (0.084 | 10 0.019 20 0.010 10
6 {0.047 20 0.018 35 0.010 i5
7. ]lo.058 ]  30_  |o.018. 5.../0.018 | _ 10 .
8 {0.065 5 0.017 35 0.011 10
9 |0.080 35 0.017 5 0.034 115
10 |0.049 | 10 0.018 5 0.012 10
WiE [ 0.056 20 0.018 15 0.013 22
|® @| - | 109 - 92 - 98

197




% ALRK/SEMLERRBY IRERRRORRER S LU ARIRRHEES
2.3.1-12 O B W ATdok:EEH=1: 1
OWMEABHHF R ' K&

B OB #H M _
1»RA 3+ A 6+A
BRH
No. BEEE BARE BEgE | BAKER REEE BARE
(g/n+h) BRES | (e/nzh) | BEELX | (g/n%h) BEES
(zm) © (um) (zm)
1 l1.1258 745 0.522 1165 0.811 815
2 11.068 595 0.451 1005 0.255 820
3 |o.924" 520 0.488 765 0.271 800
4 |0.839 370 0.521 1140 (0.2867 1170
5 |0.788 365 0.675 1180 0.387 890
6. [0.511 275 0.8783 1190 0.224 680
7 lo.s804 255 0.466 | - 845 |0.811 |-~ 810 -
8 [0.487 | 260 0.520 820 0.245 | 740
S ]0.488 315 0.807 970 0.229 720
10 {0.588 | 415 0.618 1300 |0.3800 - 995
11 [0.180 165 10.620 | 1020 {0.8311 | = 900"
12 |0.1386 120 0.615 1185 |0.278 885
13 10.880 630 0.471 975 0.247 665
14 {0.1789 200 0.618 1400 0.278 1130
15 {0.338 | 185 0.5089 725 |0.2586 1060
EE | 0.578 361 0.568 1028 0.275 878
B ol - 1221 - -
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$2.9.1-18 ATHK/SEHLERREY s ERIRRONANES LS RIRAN LS

O B B AIEK: 8FHH=1:1
- ORERAZHNA IHNF X (UDE S &R

BB MmO
%tﬁh" _ 1»A ” 3%)@ 6 A
No, | BREE BARE EREE BARY BREE BAR®
(g/u?-h) BaEES (g/w?+h) BEES (g/m2-h) BEREX
(xm) (zm) (zm)
~1..]0.048 5 0.023 5 0.028 80
2 |0.043 5 0.022 | 80 0.028 30
8 10.040 5 0.018 5 0.022 25
4 |0.041 B 0.016 5 0.022 | 25
5 |0.042 25 0.0186 5 0.028 25
6 |0.040 "5 0.017 | 5 0.019 20
. 7_]0.047 '5._.|0.018 | _ 5 _ |0.018 | . _20._
8 |0.047 5 0.018 5 0.022 35
'8 [o0.041 5 0.022 5 0.020 25
10 |0.041 5. "|o0.022 5 0.028 15
wH@E|(0.043|7 7 T 10.018 8 0.022 - 25
2 E - | . 20 - 24 - - 76

[
|
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Al‘ﬂ?}(/% HRRE S J‘ééﬁﬁ%{éwlﬁﬁﬁa%waﬁﬁﬂ*’ﬁtﬂﬁﬁ

2.3.1-1 OR B W:ATEASEH=1:1
OREBEHZ KRR
2 B 8 M
—_— 1+A 3+HA _ 6+ A
No. | RERE BAR S ReRs | BABRS | BEeE:s BAEG
(e/ueh) | IBRES | (s/n2h) | BRES (s/n2+h) REZ s
(um) ; (em) (&m)
1 [0.187 30 1.43 1070 |[1.14 1750
2 10.801 g0 | 1.78 1425 |1.08 1895
3 |0.083 15 1.52 945 |0.830 | 1780
4 |o.257 65 1.49 1060 |[1.08 2570
5 [0.243 40 1.45 1680 |0.978 | 1745
8 |0.136 40 1.17 1150 |1.12 1850
7 lo.21489 45 1.586 935 |1.05 1830
8 [0.107 35 1.45 1210 [1.08 1695
g [0.089 20 1.48 920 |1.28 2085
10 |0.188 80 175 -} --1-025 Fol-1- [-1410 —
11 |0.807 65 1.6 4 1230 |1.88 2395
12 [0.108 15 1.68 1145 |0.796 | 1005
13 [0.181 30 1.64 | 1185 |0.750 | 1065
14 ]0.138 40 1.55 ‘1125 _|1.0¢2 1710
15 [0.107 25 1.82 1893 |0.890 | 1120
Wi | 0.172 38 1.583 1200 |1.02 1728
B E| - 124 - 2250 - 4190
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-original reference.
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boiling.

Reprinted with permission from Stress-Corrosion
Cracking and Hydrogen Embrittiement of iron Base
Alloys, Copyright 1977, Hational Association of
Corrosion Engineers, Houston, Texas.
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Tab]e 1.

Eﬁ@ﬂﬁwﬁ

BREREA SV IRBENE (4P o)

Threshold stress values (MPa) in b0111n

? nitrate
solutions of various concentrations.
Hitrate Selution Concentration

8N aN 2.5H 1N
HH4H03 15.5 23 54 92.5
Ca{N03)7 38.5 54 92.5 177.5
LiHOg 38.5 ¥4 146.5(2N) 177.5
KHO3 46.5 69.5 - 108 185.5
HaNO3 be 146.5 170 201
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%0 BEAN-NaNOSBMARsYb%E0SCCERRRREY
KNAOEE (NUEH197. 5UPe) ™

Table 2. Effects of additions to boiling 4N HaNO3 on
cracking severity ?f ? mild steel {initlal
stress 197.5 HPa).(29 :

Addition to 4H HahO3 Average Cracking Averge Ho. of

Time, hr. Cracks
Hone 26 |
1X KpCRO4 19
1% KpCrp0y - 22 18
0.1X KMnO4 A8 3
1% KMnQq , 22 19
1% "NaHC03 500 n.f.* 0
0 1% RapC03 500 n.f. 0
1% NapHPO4 500 n.f. 0
1% Hah0p : 13 ' 4
0.5% CHgH2S , 650 6
0.5% CgHg-COONa 260 2
1X CqHglg 27 numerous
1% CgHgO7 17 9

*n.f. = no failure in 500 hours.
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Figure 9. Current-density differences between fast- and siow-
sweep rate polarization curves and stress-carrosion
"cracking susceptibility as a function of potential
for C-Hn steez AT K03-, OH-, and C03“2-HC03'
enyironments.

The free corrosion potential for each of the three
envirornments Is also shown.

Reprinted with permission from Pergamon Press, Inc.
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Figure 10. Cracking velocity. as.z. functian .of. potential. for
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Figure 12. Time to failure of annealed iron and Fe-C alloys
in 5N NHgHO3 and 5N Ca(NO3)7 at 75° and 100°C as a
function of total carbon contigs)under stress g =

1.300.2% offset yield stress.

Dashes indicate uncertainty of the real course of

the curves.

Reprinted with permission from Corrosion, -
Copyright 1973, National Association of
Corrosion Engineers, Houstom, Texas.
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Figure 13. Current-d?%g{ curves for various steels in boiling
4N NaNOj.

Reprinted with permission from Corrosion,
Copyright” 1981, Hational Association of
Corrosion Engineers, Houston, Texas.
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Reprinted with permission from Pergamon
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Figure 18. Effect of pH on the electrochemical potential
range in which intergranular stress-corrosion
cracking of a pipeline steel was observed i
carbonate/bicarbonate solutions at 75°C. 43?

Courtesy of the Pipeline Research Committee,
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Figure 18. Effect of temperature upon stress corrosion of N
mild steel in constant strain rate tests at
various poientials in 1N NapCO3 + IH HaHC03.(41)

Reprinted with permission from Corrosion,
Copyright 1972, Rational-Assoctattonm of -
Corrosion Engineers, Houston, Texas.
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" Reprinted with permission from Amer1can Society
" for Testing and Materials, 1916 Racine Street,
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Figure 20. Effect of stress fluctuations on the threshold
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Reprinted with permission from Stress Corrosion
€racking and Hydrogen Embrittlement of Iron-

Base Ajloys, Copyright 1377, National Association
of Corrosion Engineers, Houston, Texas.
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Flgure 22. Polarization curves for_plain carbon steel in

H20-C07-CO at 115 zgﬁnz pressure for various (O
partial pressures.

Reprinted with permission from Stress Corrosion
Cracking_and Hydrogen Enbrittlement of lron-

Base Atlays; Copyright 1977, Hattonzi ‘Association
of Corrosion Engineers, Houston, Texas.
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Figure 23. Average crack-growth rates as .a function of -
) potential for various e?gggoments based upon
H20-C02-C0-07 mixtures.

Reprinted with permission from Stress -Corrosion
Cracking and Hydrogen Embrittlement of Iron-

Base Alloys, Copyright 1977, Hatlonal Association
of Corrosion Engtreers, Houstom, Texas.
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Figure 24. - Effect -of partial ‘pressure of C0 and €0z on stress-
corrosion cracking of carbon and manganeig itee]s
between 18" and 70°C for 168-1000 hours. (54
Reprinted with permission from Corrosion,

Copyright 1976, Hational Association of
Corrosion Engineers, Houston, Texas.
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Figure 25. Effects of chromium content and hardness on

stress-corrosion cracking of low-alloy steels

in distiiled water blank?EE? by Hz containing
15X €0, 45X COp at 50°C.

Originally published in "Tetsu-to-Hagane"
67 (1981} 9, p-1542, 1in Japanese.
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Table 3. Effect of varicus solutions and slurries Contiining
fe(Il1} and/or chloride on cracking at 3167C. 59}

Capsule Contents Result of Treatment®
{1) 0.0G1 M FeCl3 Capsules cracked and leaked within 6 to
15 hours.

(2} 0.0001 M FeCl3 Very shallow cracks were produced within

. ) . . . one week.,

(3) 0.0005 M Fep(504)3 Ho cracking observed within one week.

{4) 0,001 H Fe(H03)3 Ho cracking observed within one week.

{5) 0.003 H HaCl Mo cracking observed within one week.

(55 0.01 H HaCl . o Mo cracking observed within one week.

{7) 0.1 H HaCi B Slight attack at weld junction during
B . one week.

(8) 1 K Hall T Locallzed corrosion in martensite

penetrated welds within 20 hours.

(9) Aquecus slurry of Capsules cracked and .ieaked within
y-FeQOH containing 6 hours. )
0.6% C1
{10) Aqueous slurry of Capsules cracked and leaked within
v-FeQOH generated 12 hours. :
by corrosion in
HzQp contalning -
o’oksx 1~

(I1) Aqueous slurry of . Ho cracking observed within one week.
y-FeQOH generated ;
by corrosion in
high-purity water.

{12} Slurry of y-FeQQH in Capsules cracked and lezked within 6 to

11ne 1l and 0.0001 .. 12 hours.
K FeCl3
{13) Aqueous-siurry of Shallew cracks were produced within
y-feCOH containing one week.
0.01% C}
{14} Supernatant llquid Ho cracking observed within one week.
frem y-FeCOH slurry
in 1ine 9
{15) Slurry of c-FeOQH {apsules cracked and leaked within 3 to
in 1ine 13 and liquid 4 hours. :
in line 14 : )
{16) Sturry of a-FeQQH Hoderately deep cracks were produced
containing 0.01X within one week. N
1= and 0.003 H HaCl T
{17) Slurry of y-feg03 Hoderately deep cracks were produced
© contalning 9.01X within one week,
€1 and 0.003 M HeQ)
(18) Slurry of a-Fep03 Yery deep cracks were produced within one
. contalning 0.02X C1- - week. One capsule cracked and leaked
and 0.003 M HaC) within 4 days.
{19} Slurry of fe304 con- Ho ¢racking observed =ithin one week.

taining <0.0tX CI-
and 0.003 M HaCl

*AL Jeast 8 and usually more capsules were glven each treatment.
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Load-time curves for a tow-alloy steel (A508-C12)
tesged by slow strain rate, at a strain rate of
10~ sec'l. at 250°C in high-purity water

containing 8 ppm 0o and vagous concentrations
of €1~ (measured Zg‘C).(S

Reprinted with permisston from Electric Power Research
Institute, Copyright 1983, EPRI NP-2B853.
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Figure 28. Potentiodynamic polarization curves for 0.23 C iE%?‘
in IN Ha3PO4 + H3POq (pH4) at room temperature.

Reprinted with permission from Corrosion,
Copyright 1978, Hational Association of
Corrosion Engineers, Houston, Texas.
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Reprinted witﬁ-permission from Corrésion,

Copyright 1978, National Association of
Corrosion Engineers, Houston, Texas.
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Figure 30. Observed stress~caorrosion cracking domain for C-Mn
steel .n PO, solutions and domains calculated from
equations involving Fe3(P04)y and Fe30q as 5h§
Filming substances in the cracking domain. (28

At high potentials y-Fep03 is étable and at low
pHs, Fe.

Reprinted with permission from Pergamon Press, Inc.
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Figure 33, Correlation between the potential-dependence of
stress corrosion and the potential-dependence of
ancdic inh1b1tio? gor a steel containing 6X NI,
tested in MgClp. (07

Reprinted with permisstion from Corrosion,
Copyright 1973, Hational Association of
Corrosion ingineers, Houston, Texas.
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Figure 34. Effect of nickel on the SCC sﬁscept1b1]1ty of steelg
tested under freely corroding conditions in MgCly. 7)

Time to Fatlure Ratio = time to fallure in Hgllo/time
to fallure in an inert envirorment.

Reprinted with permission from Corrosion,
Copyright 1973, Matiomal Association of
Corrosion Engineers, Houston, Texas.
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.
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Table 4. Comparison of actual and syntheti? Ggande Ronde
' groundwater compositions at 25°C. 70
Chemical Actual Composition Synthetic Composition
Species ma/1 meq/ 1 mg/1 meq/1
Ha 363 15.8 358 15.6
X 3.43 0.0877 3.43 8.78x10-2
Ca 2.76 0.138 2.78 0.138
Mg 0.032 3.1x10-4 0.032 3.1x10-4
Total Cation
“milliequivalence 16.00 15.83
F 33.4 1.76 33.4 1,76
C1 310 8.75 312 8.8l
S0g 173 3.604 173 3.61
Alkalinity* 1.82 100 1.65
{as HCO3)
Total Anfons, meq 16.06 . 15.83

*Actual: 9.03 x 10-? mole/liter inorganic carbon, 76.1 mg/liter

silica.

Synthetic: 8.96 x 10-9 mole/1iter inorganic carbon, 76.2 mg/liter

silica.
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Table 5. Solution com?oiitions from stuaies by Braithwaite
: and Holecke. (/1) -

. Seawater Brine A Brine B
ion (ppin) {ppm) {ppm)
Ha* 10,651 42,000 115,000
X+ ' 180 30,000 ' 15
Hg+2 1,272 35,000 10
Ca+? 400 600 900
Sr+e 13 5 15
cl- 18,980 190,000 175,000
S04-2 884 3,500 3,500
I- .05 10 10
HCO3-~ _ 146 700 10
Br- o 65 ' 400 . 400
8033_ , - 1,200 10
pH 8.1 5.5 6.5
Total Dissolved

Solids: 35 g/1 _ 306 g9/1 287 g/1
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Table 7. Selected analyses of granite and basait groundwa;ers.(74)

(Rississipplan) {Carboniferous) " {Paleozoic}

: Granite Granite Granite Basalt

Rock type 4nd West Warwich KeCormaic Ellicott City Camas
locat lon g1l4) : to s.c.(a) - R vash.le}

Cepth {ft) 140 252 28 390
5107 20 3 39 49
al 0.0 . 0.1 ' 0.9 -
Fe 0.19 . 0.18 1.6 0.04
#n _ 0.0 0.13 0.0 .
Cu 0.0 0.0 ) - .
In .07 0.09 - ' .
Ca2e 6.5 13 ‘ 27 13
Mgl* 2.6 4.) b.2 9.0
Ra* 5.9 . : 8.4 9.5 &.%
x* 0.8 3.5 1.4 2.8
HCO3 3 17 93 ' 08
e 0 0 ’ o )
s02 3.9 6.9 : 3.2 4.9
- 5.0 3.8 5.2 6.9
Fe 0.5 - 0.2 s 0.0 ' 0.1
N0} 1.5 0.4 o 1.5 - 4.4
PO3" 0 0.1 _ - | -
$pec cond. 76 - s e BT
{uS at 25°C) )
BH 1.6 7.0 6.6 1.7
Teep (°C) 1.1 3.1 6.0 -
Rs (pC1/1)* 0.4 0.2 . -

U (pCl/t)- 1.4 - 0.4 - -

{"Results in =q/] except where roted.
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Table 8. Saline waters at depth in mines in the Canadian shield.(75)

1 2 3 4
cala) 29,40 17.47 30.78 16.90
Ha 7.24 18.32 - 5.63 15.70
X 0.002 0.65
1 63.32 ' 61.89 63.55 36.14

(by diff.)

S04 0.02 0.13 0.01 9.70
Mg Trace - 0.0 . 0.01
sio, 0.01 0.15
CO3 . - ) 0.01 ‘
Fe : 0.10
Saiinity 154 950 36 957 212 300 730
mg/1iter . -

(a)ATI results in percent total salt content.

No I Water Sturgeon River Gold Hines.

2 Hater Silver lslet Hine, Lake Superior analyst GC Hoffman;

Ann. Rep. Geol, and Nat., Hist. Surv. Can 1887, ptH p 29
(Analysis reculculated).

3 Quincy Mine, Hancock Hich; amalyst G. Sturger, USGS Bull.
770 p. 187.

4 Hater from pocket--1273m level, Mclntyre Mine, Porcupine;

Econ. Geol. Vol. 31, 1936, p. 609 (Analysis recalculated).
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Summary of the effects of vari?3351ons on the
corrosion of iron-base alloys.

Anion Effect Cation Effect
c1- Accelerate cu*2 Accelerate
Br- Accelerate Cu*? Inhibit
I~ Accelerate In*? ‘Accelerate
1= ‘Inhibit Ca+2 Inhibit
F- Accelerate Mg*e Inhibit
504'2 Accelerate FetZ Accelerate
503'2 Accelerate cr+3 Actglerate
Ci0y- Accelerate
103 Inhibit:

Tclg " - Inhibit
croz2 Inhibit
Crp072 Inhibit
HO3" Inhibit
N0~ Inhibit
Mn0g- Inhibit
103- Inhibit
AsOp" Inhibit
As04-3 Inhibit
AsQg~3 Decrease Strength
POg-3 Inhibit
HPO4-2 Inhibit
HzPO4~ Inhibit
€032 Inhibit
B40-2 Inhibit
B803-2 Inhibit
Ho042 Inhibit
W04~ 2 tnhibit
Siticate Inhibtt

66

)



107}

@ C Steel in NO3
< C Steel in OH™
Ferritic Ni Steel in MoClp
102 — A CSteetin CO5/HCO3
2 C Steel in CO/COL/H20
X En3bin SO3/NO3
j0-3 |- D En25in NaHaPO4
‘ *4 En3bin NazPOgs or NagHPO4 pH=4 -
§ += " » i n pH=5 [
'-E-. - " " " pH=g
E 1041 % En25in Acemare 30°C ) ,
z e " 75°C ® '
3 M En25 in Molybdare
L]
>
= 105 .
: 1
L 5] . .
M . %&‘
106 {— _ + ®
. [ ]
w07 —
108 l i ] - | | |
T o104 10-3 10-2 10°1 1 10

Current Density, Afcm2

Figure 38, Heasured streés—corrosioﬁ crack velocities and
current densities passed at a relatively bare

surface for fgrritic steel in a variety of
solutions. (28 g )

. Reprinted with permission from Pergamon
Press, Inc. o )
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