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Figure 63,10, Recurrence of water phase films on motals.
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Figure 63.2, Layout of facilitles on the testing ground.
@30- * Moscow
o Batumi
& Zvenigorod
x Murmansk * Moscow
o~ @ Viadivostok @ o Batumi
:
e 100 [~ o Visdivortok
g o}
1 *
" ol g or
e L
:
-1 g o
<
[T NN W YN NN N W NN N i
1 Wom vV oveovi vl ix X x1 X -]
Month , P L 1 -ttt 1 & 1 1 1|
Figure 63.7. Yearly alr P fatfons at tho test 1 ot v oV ViV vilE IX X X1 Xi
Month
Figuse 63.8, Yearly air relative humidity variations at the
1+" * Murmansk
o Bstumi @
o Visdivostok
03 & Zvenigorod - f> 0.24 catf{cm?/min)
P = 100~ Pl W
g x 1]
02 .E 4 . _9’2238\:
01 %‘ Il/ x x I \u "%
y ] / .’ £>048 N
' : I S
0 I 1 = ®r Y aly, e 'O\
16 -5 ) 5 10 16 20 25 30 LG SO 3 L N Y
Temperature,*C 5 / e '>o1z‘l\"~ '\' \
. Figure 63.9. - Recurrence of air relative humidity over 70% at various temperatures. ,,—"‘ L Rt "oy Yy "“ \ ’
«4 A
N ot il ‘*rxn'm\’i Nlsx }
A o bt ] 0 ow v v:JI vil Vil IX X Xt Xu
Ll o 3 lonth
’ :m:smok Figure 63.11.  Distribution of total solar radiation intensity in a rural onvironment.
03l & Zvenigorod
02—
-
0 1 | | 1 1 | 1 J
-10 -5 0 5 10 15 20 % 30
Temp., °C

— 42 —



"umujumE pue ‘aurz ‘adde ‘pa jo uoolo)  L1'fy MnSiy

sddo)

SHEM URIIUIA g '
YUM WOOIN0IG =me
2YATOUN Y e ] .

SI19M UBHIBUIA
M LIOGII0IG ==

ANy — @

*sAofjE wnujwage Jo uopowred Supiy  *61°g9 anyy

' o “(Aup/, wfBw) powgows

jwmeg Moo posoBiuanZ AN i0—o0 *( Ww/iw) poyow vokendsy :—.—~ @ oY 1§ UoHERULdLCS ;Oétutl:l's::"s“su
o o

TIRM UTIUIA
3 WOOCIIONG ==
Adydsouny —— =400z ‘

z 2 2 i 2 212 ¢
a 2 ° a_ |8 2 SZ=3x
AR/ 7 7 o 2l
é | ’ ~—{vo'0 J‘P"\ ‘
7 2 é X \foo NL" .
y 7 {800 2 8
7 g 05 S
% o0 B " - f
? 20 g R L VY R n . . §
z Jao 3 W W R .V ) ]
p ; 001 §
${jOM USHBUA - 0Z'0 .
Yim Woos— 21015
susydsouny .3 _| pz'@ @
081
“Hoddns—g “s1923u09 oI ’
-09]9—8 ‘urea—/ ‘}Jeys 10J0W OLI%A[9—9 ‘ISIP—G ‘s10A3[ °
Jo walsAs—p ‘plf Yleq—¢ ‘1a1eal] SWOIYHNI—T “ers
-outsy) Yim g JPW InJns—[ ‘sjunowe YA Iny
-jns Sununq pue Supdures 10} smyereddy ‘G g9 smSig "]
$
00t g
E
ost &
sm—ssavz 00z
0]




Tropical China
N BXpeeurs site - Shaaghet
Basja | Type of
3 1
T.Biestek,Inst.Precision Mechanics, e
(epen s1r)
Warsaw,Poland Tutien o TR Leeme)
$ a2 28 a3
" RTTES 2
] e Jas ,’;/27/; ',//'/',,ffiu
2 | st |ewo VAL 558 M
3 o Jods /I/,T/ / -
- % St -
[’\—4 2 oy_joaiz 27%1, 5_/( fr s
. 5 os |cazs VSR PR Y -
Y lteWrerrs 2L, .
[ 8s 2315
7 sy fcarse -
o o 111
9 8% Imae Vo r7.X 00707, B
5 L
. 10 [ 8t mss L2 PR TP
$9 11 8t jcuanizer ////
. w2 | s fuomen V777
1
3
/3 1 O, VDR R R
I S 7 5///'//,4//,”/{,?92'/ :, 2 B
% o) e Newmvaen Vo 74077720577 h//u,
/] 19| ca Newmeserr [772720 7 077702 70,7704
/ / /% 20| eu |cwse2 720/, ’/' O/
7 7 7 ’ BT P A s Yo -
2XZ2A VIV W /.
22 | e Cuw/agiZpe :.r//.[, ’//,"/r;‘ /2 ,F;, R
2| ce lowsgrmps |7/ lVssessivsses, Y
R o
Bxposurs stte - Julin
/ Fix
(wpen-etr) -
(/ A Duration of testing {sashe)
/ [ ” »n
7T A77 7,
4 ’ : TN
AAYAIRA YD)
/ 7 e WA
7, :
» A ANTD
7, 1% 0
/ o (a Canton 4" A s
/ 4 2%
A3
,/ A L7277/ 27 ///1
/ L/ // Julin
4 Hanos . A
77, (PARARA
"w* A PR VYl
77 B
4 2 3 ; T ARG
7 //4 VZXPRRAZLIA
Figure $4.1.  The location of exposure sites in China: 1-Tropical and subtropical atmosphere, gz AR
2-Tropical humid atmosphere. 3-Tropical dry atmosphere. 7 A//
D
PTG SR
) 7 v 772, %7 %
::;' 3’5;:: hponu-o #1te - Centon Universitgy Exposurs site - Canton University /Lfg/’,/; ;;;}‘,f;;;,
- 2 p W Y
A% Eanliaiant K4 A v 2 Y2
(natting shed) (matting shed)
Durstion of testing (mentha) Duration of testing (eonths)
6 | 12 | 2 a5 58 3 12 28 a5 8
A T ~ ” SR 7
I P P i A W, '/,’4, >
77 7 KA, 77 7
2 | sv_ 230 ”,/,Aﬂ//,/// ,55/, 37,000 %2,.5% ,;//,,/, ,, AL M s
I XL
3 | sv Jces ”’///”///”’ SAARASA DA // 00,7225 ///”’
A 7 P 7777, 1 7z 7
. sy jcanz 00.20,,257, Z’f/(”/”////f;//’f/// Y 7y X% /’/ A A r R s
A 7 7 v 7,
5 st jcaas /u’u”/ ;//,,//.9/;,//// z;/;,’r 0 0757 % ,////,,/ PR 77
6 | st |zsise !
1 57727744
7 | st Jcaise i 5057 P
8 st |zo5el ! ”/4”/'?«
o 77 %ix//;
9_] st |carsal A I - 22t
7,
0§ st jm2z 000500000 //””j /// 7 AR v
1 | se }nse L ’o_“ R 7
7s w0 v
12 ] st |mz AR 7/ VAprrs A 0004
13 | st jcuzomstoc YN




®TABI.E 614 CHARACTERISTICS OF THE EXPOSURE SITES~SOUTH AFRICA

Southern. Africa .

Town/city and province Site : Environment “Industrial pollution
B.G.Callaghan Pretoria, Gr csIR Rural ' Very Low
Transvaal Mamelodi Rural/mild industrial Low
National Bldg.Research E 1sCOR Industrial High
CSIR,Pretoria, . CapeTown, D  VYsterplaat Mild marine Low
Inst. ' ’ ? Cape Province Docks Marine Moderate
South Africa H | Simonstown Marine - Very Low
Durben, C  Salisbury Istand Marine Moderate
Natal B Buff Severe marine Moderate/low
Walvis Bay, A Military Camp Severe marine Low
Cape Province Rooikop Desert Nil
Sasolburg F  Industrial Site Industrial High
Orange Fres State .
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Figure 61.1, Comparison of the six types of metal exposed at the various sites.
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® TABLE 61.2 CORROSION RATES AND MAXIMUM PIT DEPTHS OF SHEET ALLOYS,
ADDINGTON HOSPITAL, DURBAN

Cortosion rate (u/y1) Maxtmum plt depth (mm)
Alcen slloy Thickness -

"% 7 o mets! Alloytype  (mm)  2Yeas §Yewn 10Yean 20 Yean 2Yeass S Yea 10 Yews 20 Yeass
2516 99.2% Al 16 122 097 0.64 063 017 0.24 0.19 0.13
3S-H4 AlMn 16 1.22 091 0.73 0.76 0.12 0.10 0.19 0.21
65S-TF AlMgSlL 16 152 124 0.89 081 0.09 0.07 0.10 0.14
BSISTF AlMgSt 15 122 094 084 - 0.16 0.21 0.17 -
575-H6 Al2.2 Mg 1.5 086 081 0.61 053 019 024 0.16 0.20
MS7S-H6 - AR22Mg - 15 097 081 0.79 - 0.18 0.16 0.17 -
CS45-M AF3.S Mg 16 089 0.79 0.79 - 0.16 0.23 0.23 -
BS4SM . A4 13 112 084 0.79 - 020 034 0.21 -
245-TB Alclzd® 99.5 Cladding 1.8 122 081 0.76 0.63 b ] 1 0.08
755 TF Alcad® 728 Cladding 16 140 104 0.19 0.51 b b & 0.08
M75S TF Alclad” 725 Cladding 16 097 081 0.78 - 0.09 0.09 017, . -
Zinc 23 495 41 s -

Lesd 18 414 389 - -
Copper 08 206 135 1.14 -
Moncl 13 196 163 1.42 1.52
302 St. Steel 13 005 0035 0.03 0.03

0 09-mm cladding layer per side, Afler Godard and Ferguton {11].
Al teas than 0.08 mm.

TABLE 61.3 CORROSION RATE AND MAXIMUM DEPTH OF PENETRATION FOR ALUMINUM
EXTRUSION ALLOYS, ADDINGTON HOSPITAL, DURBAN

Corrosion rats (s/ys)* Max. penctration (aun)

Alcan slloy Alloy type 2Years S Ycars 10Yoars 15 Years 20Years 2Years S Years 10 Years 15 Years 320 Years
50S-TE ARMgSi 424 3.08 1.90 152 102 0.08 0.08 018 0.10 0.1
Anodized ’
SOSTE = b & ] b -] 041 041 102 0.89 0.97 -
24STE =~ AMCuMg 952 8.08 455 5.28 c 0.18 0.18 19 241 - 850°
265-TF * AkCu - 1118 1017 3 6.22 ¢ 015 0.10 0.28 0.30 s.0°
75STP AlZoMg-Cu 950 1344 1714 1549 1524 005 0.0 0.08 046 048
AS6SM AlMg 107 107 0.96 - - 015 023 0.28 - -

®After Godard and Fesguson [11).
No mass loﬁu taken,

Areas h &

to that aretel remalag, mass loszes thus Insccurste while penstration is grester than § men.

S.Feliu,M.Morcillo, Centro Nacional de Investigaciones
ANA v Metalurgicas,Ciudad Universitaria Madrid-},Spain

AVERAGE LEVELS OF POLLUTION WITH SO, AND CHLORIDES, AND ANNUAL CORROSION DATA AT VARIOUS

@ TABLE 62.2 DURATION OF RELATIVE HUMIDITIES OF 85% OR MORE AND TEMPERATURES GREATER THAN o'c,
TESTING STATIONS THROUGHOUT SPAIN (NUMBERS IN PARENTHESES INDICATE ESTIMATED CORROSION VALUES)

Time at RH 3 B5% C fon during y
snd 7>0°C
Testing station and annual  (in thousands of SOy o Chlorides Mild steel Zinc Copper Alumlnu’m
expasure period hiyr) (mg 30,/dm?/dsy) (mg NaQl/dm?/day) {pum) {um) (um) (mg/dm")
Mi(?;‘::.-?lg)m from et 6.8 0.87 097 84.0 (81.6) 4.2 (4.8) 3.2 (4.0) 1063 (110.2)
{1976-17) 43 1.57 359 926 (109.9) 5.8 (7.8) 4.1 (64) 73.6 (143.2)
(1978-79) 432 1.58 1.66 603 (98.6) 63 (69) 100 (54) 100.1 (140.9)
MI(DI:;‘;:.-‘II:‘)) m from ses 4.3 0.16 078 269 (31.6) 093 (3.2) 1.7 (32) 146 (23.5)
(1978-79) 43¢ 021 025 255 (226) 1.6 (L1) 24 (1L.S) 231 (274)
M;’l‘;MJS) 32 048 » 520 (37.2) 29 (1.9) 34 (22) 198 (12.2)
(1976-77) -3 048¢ | 4 422 (37.2) 15 (L9) 3.2 (2) 9.8 (12.2)
c‘:lo9?;f!7°5) 54 0.30 3 1729 (99.2) 12,1 (60) 8.1 (44) 1098 (70.0)
(1976-717) 5.0 0.30° 1.18 509 (75.6) 92 (4.9) 53 (44) 98.8B (66.0)
B‘::g";::”) . ) 3.2 ' 0.68 043¢ 5§22 (433) 42 (23) 3.6 (22) 954 (70.2)
(1976-77) 3.2 0.6 045 499 (423) 22 (23) 29 (22) 410 {62.5)
(1978-29) . 3.2 0.85 0.45° 390 (464) 29 (2.5) '6.7(25) 543 (82.1)
Bilb: .
(1.9074-15) 4.2 149 1.40 1084 (88.5) 7.6 (6.8) 5.8 (6.2) 165.2 (136.5)
(1976-77) 30 101 0.67 696 (67.8) S.2 (3.8) 43 (3.3) 738 (83.5)
(1978-79) 3.0° 1.01* 0.67¢ 758 (67.8) 56 (3.8) 39 (3.3) 854 (83.9)
°€;1974-15) 4.1¢ 031 0.48¢ 438 (300) 23 (201) 1 (2;5) 934 (51.6)
(1976-77) 4.1 0.57 0.4a¢ 392 (30.7) 16 (2.1) 24 (2.5) 484 (56.4)
{1978-79) 4.0 047 0.48° 399 (304) 20 (2.1) 1.8 (2.5) 643 (55.0)
B o7a15) 39 0.10 » 13 (82) 060 (LI L1(14) 15 (9
(1926-717) 39¢ .0.10 4 25 (3.2) 087 (1) 10 (14) 1.2 (1.9)
(1978-79) 3.9 0.15 ) . » 110 (82) 26 (I_.I) 1.0 (34) 148 (3.7
M.(dl‘;?ldﬂs) 2.1 0.65 4 434 (306) 13 (0.89) 11(0.91) 48 (29)
(1976-717) 2.1° 0.70 4 437 (31.0) 14 (092) 14 (094) 25 (84)
Zsragota
B 2.1 0.57* ® $9.0 (303) 21 (0.82) 1.5 (0.71) 96 (1.6)
8:;;—;;; 1 0.574 4 319 (303) 11 (0.82)° 11 0.7 17 (2.6)
. SApproximate value. \ o
°Nz:i:iblc valus.

_45 —
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Australasia
Mineral Chem,,PortMelbourne
J.F.Moresby,CSIRO Inst.Earth Resources,Div. °?
1 TABLE $2.1 COMPARISON OF CORROSIVENESS OF
F.M.Reeves,Commonwealth Gover nment JTTRE SITES BASED ON STEEL AND ZINC, ONE-YEAR
) n TESTS; EXPOSED VERTICALLY
Paint Committee,Melbourne;D,dJ.Spedding
. Corrosion
Dept.Chemistrl;The University of Auckland, Type of N o rate (sm)
DARWIN . New Zealand Locality  snd contamination  from sea (km)  Steel  Zinc
® . . * Cloncurty Hot, dry 600 39 04 )
NORTHERN Innisfail Hot, wet, open, 10 23 . 17 i
| \TE““‘.TORY I ash from burnt
| \% sugar cans
1 Oy | oeMle Jownsvill © " innistat Hotwet,under 10 15 14
i Ly Cloncurry
westeRN ﬁ\_}",q_oueeusl.mn _ S Jungle canopy ‘ ¢
e ———— ST RAL T T T —— "0_0_”‘:“1’“'“ " A Cowley Hot wet, coastal 0.03 129 27
CAUSTRALIA A u'_ TRALLA =~ nkor Copricgrn sea salt
| | ==
SOUTH D h
l AUSTRALIA =N~ WORISOANE |
; 1 new >~ Yotocksmitns =N
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Burnis
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Figure 52.1. A tasia, showing places joned in the text and locations of Atmospheric Cor-

rosion Test Sites, past and present.



Italy

® TABLE 8.2 CLIMATE DATA OF THE CITY OF MILAN

.

Sky conditions (days)

Sperimentale Average  Total  Avergs  Average
F. Gatto ’ Istituto p temperature rainfall ~humidity cloudiness Hoar
dei Metalli Le gege ri ’ Month co (mm) (%) (in tenths) Fog Raln Snow frost Storm
January 235 1970 EL AT IR X} 1 14 7 7 -
Novara , Ital y February 6.05 946 7220 2 - 10 - - -
March 10.70 1384  63.65 60 3 9 - - -
April 12.81 56.6 49.72 87 - 10 - - -
A.Perrone ’ Alluminio May 15.76 156.2 60.59 63 - 16 - - -
June 20.56 61.2 50.57 59 - 13 - - -
Journal,Milan,Italy Tuly 2380 1502 65.66 “6 - 12 - - 8
August 22.55 193.2 .15 59 - 15 - = 9
September 19.03 26.4 68.76 L X 3 - - ]
October 15.35 1.0 82.25 6.4 s 9 - - 1
November 8.63 16.4 n.20 5.7 4 6 i 1 -
December 276 35.8 70.57 4.6 s 4 1 10 -
1977 Average 13.44 1277 67.04 - 18 121 9 18 28
@ -
% -
2
S0 -
§
F3
251 -
24M0,40.L0
_ g UKPLP “? /
[} o ) reli T S R 7,4.
0 11 | | 3 te s 6 2 i [ ft 1 ' 1fs s 8 2 .
L 4 Exposute yesrs ¥ Check . 4 Exposure yesrs ¥ Chock
Figure s&l& Pattem of pitting in marine atmosphere Figure S8.17, FPattorn of pitting in urbandndustrial

versus years of exp Ci degree is d
by the ISO 1462/72 method, consisting in laying on

the surface a template net with squares S mm ona dde .
and in establishing the ge of sg g
one or more corrosion pits.

TABLE $84 PARTICLE SIZE OF Fe-BEARING COMPOUNDS AND THEIR AVERAGE NUMBER PER CM?

Intermetallic compounds

Fe Type A Type B Type C Type D
%) 6+1Sum 4+6um 2+4um 2um A+B+C+D

043 15,000 30,000 60,000 180,000 285,000
0.17 13,0600 20,000 30,000 50,000 113,000
0.08 - 10,000 40,000 50,000 100,000
043 - 18,000 60,000 250,000 328,000
0.17 - 8,000 20,000 200,000 228,000
0.08 - - 10,000 160,000 170,000

N »

L =

'
. .
. .
: 9 .

Flguro $8.15. Typical

of

the surface of extruded

Ll
samples. Above: from mold castings; below: from direct uhm castings. From left to right: lron contents
0.08%, 0.17%, 0.43%.

.._._".4'9 -

ph for L =low Fe; M = medium Fe¢; H = high

{

on § profite —

f Rack-hoiders
f————
1= Test specimeny

Plgure SB.3  Installation of test specimen holders on
tho skylight of Milan's sellroad station,

{

TypeA. 2X4X6umtod X 4X15um bits
Type 5. Smaller crystals, generally having a
more round shaps, with 4 to 6 um aversge
diamoter

Type C.  Even smaller crystals of the samo
kind, with 2 to 4 ym average diameter

Type D. Very finoe crystals, with diameter
less than 2 um

Fe; 0 = extruded from direct chill castings; P = extruded
from mold castings.
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Flgure §5.1. Corroslon of mild sieel 23 » function of expoture
time from a four-year test seties (1975-1979) ead a onc-yeas test
(3977-1978) on the samo steel,

]
1975 -1979 &
HARMAJA é
SALMISAARY
HARIAVALIA E]
ROSKI '
OTANEM

<

Flguro §5.2. Corrosion of mild stec) a3 a function of the imo-of-wetness (RH 2 8S%). Results from
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AlZnMgl (welded) upper~ and underside
AlMgsi 0,% dek F 22 upperside .
AlMgSi V F 232 upperside
AlSL 5 F 22 upperside

1Mg 3 deck T 18 upper~- ond underside

b :I:gun r upper- and underside
Aldg $ (wolded) upper- end underside
AlinMg 1 F upper- and underside
AlMgsi 0,5 deck F 22 underside
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AlSL S F 22 underside

Plguso 56,11, Intcgrated frequency of pit depths after an exposuse time of 10 years (coast

reglon; position of samples 45 degrees).
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. Corrosion test sites in Norway-aumbered for each couaty (Tabls 60.3).
Carbon steel Weathering steel .
(series 1) (series 4) Relative
Annual Annual corrosion rate:
AW rate AW rate weathering steel
Station (8/m*)  (um/yr) (&/m®)  (um/yr) carbon steel

SF 1 Hyllestad 201 6.4 124 39 62%
Ho2 Voss 151 4.8 94 3.0 62%
Ho4 Bg Tidende 390 124 114 3.6 29%
Ho5 VERITAS 241 1.7 123 39 51%
Ho9 Stend 212 6.7 131 4.2 62%
Ho 10 Stord 50 99 kB 111 35 112%
Ho3 Fredr.berg 243 1.7 136 4.3 56%
Ho 7 Minde 282 9.0 163 5.2 58%

TABLE 60.10 ATMOSPHERIC CORROSION OF VARIOUS METALS-ALL EXPOSURES STARTED IN

JULY 1971, (WEIGHT LOSS IN g/m?)

Figure 60.7. Test speci n
shoot. Dimensions in centimeters (Sem =2 in,),

Duration
Location 1 Year 2Years 3 Years 4 Years 5 Years 6 Years 8 Years
A. Commercially pure copper
Ho 10 Stord 50 9.6 179 - 21.0 - - -
F Ho 7 Bergen-Minde 11.8 19.8 - 30.0 340 36.0 -
B. Silicon-killed steel
Ho 5 Bergen-VERITAS 340 512 - 660 736 784 862
.Ho 3 Bergen-Fredriksberg 271 403 - 567 622 688 802
C. Silicon-killed, hot-dip galvanized steel )
SF 1 Sogn 794 1508 - 31 41.1 47.6 58.0
4 Ho § Bergen-VERITAS 1298 24.44 - 56.5 65.4 15.6 87.7
" Ho 9 Bergen-Stend 667 17.61 - 27.3 35.7 53.3

35.2
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toslon: (A) Is a zero resistance emmeter, theclscult of which Is shown to the right; (B) Is an electsolytic

DC voltzge source.

Q) Insulation  Impressed
Material ° thickness (im) voitage (mV)
Carbon steel,
weathering steel 400 200
Zinc 300 100 Figure 47.10. Genena!
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Figure 47,2, Cefl current In electrolytic cells of the ron-tron, 2inc-zlnc, snd copper-copper types, a0
wilh a0 imposed eml of 100 mV, and the selative humidity In Stockholm over the perfod of 5 April
7 Apill 1973 (1]
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Figurc 47.5. [ntegrated cusrent from carbon steel and weathestngstee] cells converted
to weight loss and welght loss of panels during outdaor expasure In Stockholm from
June 1975 to April 1979,
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