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Corrosion and Fouling of Various Heat
Exchanger Tubes in Flowing Treated
Sewage

By Shiro Sato, Koji Nagata and Mikio Shimono

This paper describes the effect of flowing rate, pH value and water analysis on the corrosion
and fouling of several heat exchanger tubes, such as copper and copper alloys, titanium, stainless
steel, and steel tube, when multiplely treated sewage circulates as cooling water of heat exchanger.
Corrosion and fouling tests were made by model condenser where concentrated treated sewage of
2 to 5 times flowed at the rate of 2 to 3.9 m/s for 5000 hours. pH value was adjusted to high
value by the addition of inhibitor and to low value by HCl. Treated sewage served to this test
contains a great amount of inorganic matter and shows high conductivity as follows.

Feed water Circulating test water
SO« (ppm) 83~235 528~3432
Cl-  (ppm) 69~110 407~450
ammoniacal nitrogen (ppm) 2.8~7.5 1.2~7.6
COD (ppm) 8 ~33 20~55
pH 6.8~6.9 7.4~8.4
conductivity (pgr/cm) 513~1242 2364~7071

Following results are obtained.

(1) Both pure copper and 10% cupronickel tubes do not suffer from any sign of local corrosion.
Corrosion rate of both alloys is less than 0.01 mm/y. This value is fairly less than that by circulating
drinking water. Titanium tube shows the perfect corrosion resistance, Stainless steel tube suffers
from the general corrosion with rough surface. Steel tube suffers from the spot-liked corrosion of
which max. depth is 0.5 mm.

(2) Corrosion rate of copper and copper alloy tubes depends on the pH value, not on the amount
of dissolved inorganic matter, such as SO.*", CI" and NH.*, In case pH is more than 7.5, pure copper
and 10% cupronickel show good corrosion resistance, while in case pH is less than 6.5, corrosion rate
remarkably increases. ‘

(3) Fouling of test tubes is generally small except steel tube with a great amount of corrosion
product. Regardless of the addition of inhibitors, fouling matter is mainly composed of corrosion
product, and not of slime and sludge peculiar to sewage water.

(4) Because the corrosion rate of copper and copper alloys in treated sewage decrease with
increasing pH, these alloys are considered to be free from both corrosion and fouling when pH value
is controlled more than 7.5 by addition of some alkaline materials.
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Table 1. Corrosion test conditions.

Test Circulating test water Addition of inhibitor Flowing
;0— Feed water Ratio of ' Adjustment of Scale an.d corrosion| Slime . rate Duration
concentration | pH (value) prevention® prevention®* (m/s)
1 | Drinking water 2~ 4 None (7.1~8.7) None None 3 12 0ct. 77
112 3 ~5 None (6.2~8.8) None None 3 ) !
B Treated sewage 2 ~ 4 None (7.1~8.8) Yes (1) Yes (1) | 3 10 May."78
4 3~5 None (7.8~8.7) Yes (Y%2) Yes (%8| 3, 39 | 95 ay.'T8
1 _-g— Treated sewage 2 ~ 4 Yes (6.4~86.7) Yes (1) Yes (1) 3, 39 2
6 2~ 5 Yes  (6.0~6.6) None None 3, 39 | 6Sep.78
7 2~5 Yes (6.8~8.1) None Yes (%2) | 3,39 | gg ep. 78
I T Treated sewage 2 ~5 Yes (6.3~7.2) None Yes (1) 3, 39 l
9 2~ 4 Yes  (84~72) None Yes (1) | 3 20 Dec.'78

* Continuous injection of phosphate type inhibiton.

**% Intermittent injection of both 4th ammonium salt type inhibitor and sodium perchlorate.
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Table 2 Analysis of feed water and circulating water. (average value)
Test 1 Test I Test Il
Feed water Circulating water ‘I;Zig " Circulating water gzicel " Circulating water
Drinking| Treated Treated Treated
water sewage No.1 | No.2 | No.3 sewage No.4 | No.5 | No.6 sewage No.7 | No. 8{No.9
Temperature 40 19.5 19.5 1 19.5]19.5 | 19.5 28 28 28 28 22 22 22 22
* ¥ £ % F
pH 7.0 6.9 8.3 7.4| 8.0 6.8 8.4 6.5 6.3 6.9 7.6 6.9 6.9
Conductivity (gg7/cm) 283 1242 924 | 7071 | 6417 513 2364 | 1743 | 2553 586 2150 | 2703 | 2518
M Alkalinity  (ppm)| 30 69 88| 82 | 156 44 120 13 | 7 66 2| 12| 10
Ca Hardness  (pom)y| 56 75 | 102 | 320| 311| 70 | 310 253 510 75 | 268| 367 252
Cr (ppm) 35 81 123 | 407 | 416 110 450 | 349 | 458 69 230 | 372 232
SO« (ppm) 41 235 173 | 3432 | 2998 83 528 | 591 | 1388 114 382 | 750 | 535
PO+s (ppm) 0.05 10.4 0.7 126.9|41.1 4.6 7.7127.6 | 14.5 2.1 4.7 87| 9.1
Total Fe (ppm) 0.35 0.46 0.34| 1.7 7.5 0.48 1.5 1.0 0.8 0.69 {0.77 1.4 1.37
Cu (ppm) Tr 0.03 0.021 0.2 0.1| <0.05 |0.07|0.12 | 0.53 0.07 0.2,0.34]0.29
TDS (ppm) 326 881 786 | 8220 | 8243 388 2369 | 1644 | 2612 326 1165 | 1408 | 1329
NHs-N (ppm) 0.3 6.7 0.4, 7.6 7.2 2.8 1.2} 7.5} 9.4 7.5 1.9 14.7 | 11.2
COD (ppm) 1.3 33.0 3.9 29.0{ 55.0 7.6 29.74% 27 |30.5 10.2 22.5130.8120.8
Turbidity (ppm) 0.5 13.4 2.8 40 111 4.3 7.4 14 7 3.6 6 30 18
SS (ppm) Tr 7.6 4.4 41.5 1 113 4.9 29 17 9 33 10.8] 16 | 22.3
Langelier Index -1.8 —1.4 {+0.4|—0.7 |+0.5| —1.6 |+1.5|—2 |—2.1 -1.5 —-1.0|-1.7 —1.9
*:Adjusted by the addition of H2S04
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No.1: Drinking water
No.2: Treated sewage without inhibitors
No.3: Treated sewage containing inhibitors
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Fig. 8 Effect of pH value on corrosion rate of OFHC
and 10% cupronickel at Test No. 4 to 9 using
treated sewage. Test conditions are as follows:
duration : about 1200 hours, flowing rate; 3, 3.9
m/sec, circulating water ; treated sewage.
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Fig. 9 Surface roughness of deoxidized copper tubes
tested for 5170 hours at Test No. 1 to No. 3.
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Table 3 Maximum surface roughness.

unit : g

Test No. | Deoxidized OFHC 10% . 3075 '

(pH value) | copper cupronickel |cupronickel
(8%3) 16.0 — - 16.0
7o 9.5 4.0 6.5 3.5
(8:.30) 1.5 2.0 1.0 1.5
(8%4) - <1.0 4.0, 7.5 —_—

(6?5) - <1.0 | 4.0, 4.5 —

(6(.53) - 85~12.5| 6.0, 6.5 —

(7?6) - <1.0 6.0 —

(62.38) - 2.0 6.0, 11.0 —

(6?8) - <1.0 14.0 —
i??;(cel; ore Vis‘\f:
m\n

500 &

Fig. 10 Surface roughness of cupronickel tubes
tested for 5170 hours at Test No. 1 to No. 3.
No.1: Drinking water
No.2: Treated sewage without inhibitors
No.3: Treated sewage containing inhibitors
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(with inhibitors)

Amount of deposit (mg/km?) Steel
(en]
2.
Q

IR UIEHRHBID 2 ~ 4 fERX VDT H B, B I B —'-(Sgi;g'glsg)stgel"‘—'
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(7K, #E) B 3 EMEONEDRORNELICH Fig 13 Comparison of amount of inside deposits for
U, MEMoLE% Fig. 13 ¢, KEB® & o7KE oL tube materials tested in flowing treated
. e sewage of Test No. 2 and No. 3.
% Fig. 4R LI,

f\ Deoxidized.copper
2

e Nol ——2

No.2

No. 3

0 I ! L L L

30% Cupronickel

=

~ Fig. 11 Appearance and cross section of corroded part
of STB 35 tested for 5170 hours at Test No. 3.

Amount of inside deposit {mg/cm?)

Corrosion depth (mm)

0.5 — No.3
aNo.1 (Drinking water) 0 ! | | ; )
o No.2 (Treated sewage without inhibitors) )
o No.3 (Treated sewage with inhibitors) - Titanium
0.4
1
0.3 o No. 1
No.
0 102
100
Steel (STB35)
60
/ No.2
0.1 | 40 2
| N M
PR
1 ) N L : i | ! L L
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Test duration (hours) Test duration (hours)

Fig. 12 Maximum corrosion depth of STB 35

Fig. 14 Effect of water qualitily on amount of inside dep-
tested at Test No. 1 to No. 3.

osit of typical tubes tested at Test No.1 to No. 3.
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Fig. 15 Changes of COD and turbidity of feed
water and circulating water.
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HELTOWEWERDNS 74 v SORERS %25 % & Fe,
Si, Ca S SN T3, HBICpH M9 CHWEEE & -
72 7 2 b No.3 Off¥ GH/KEFH 2,980 B4 BB » 5
11.7% @ Ca st x hiz, CaCO: OIERMBHETLIZ & D
LEZOND, HRMETHEARERBCLZ AN
% Cu s, BIZEMMBEKLIINEMEOS - RE» 5658
B (30~50%) wiriiani, Sikv X Cads, 7% &
OBE AL, 72 MNo.2, 3OBKEEOELRS
(840 IRS) 2 HHEIT (SI DTS5 ~7%, Caico
WTIE25%RE) e iz, 25 L2 E» b3, BR
HEkic X 3Fe & Ca, SidBHI NI,

NE s b PR BEYERAEED S, §EDOFEEKSER
HRMTH B EFHEL I, AOWHEREAED A CRER
BNV T LEOAT - VEBIEIRAEEETA TR L
PR LTV 3,

3) FhiR#

EREERBRCH S hcE o 1,000 RREEEREOEE
HEB L O EDRAERREE % Table 5 iWRT,

h ABLERSAE, RSB L SARB AR 2y
h, BRI EBEORE Ry —VT—RICE L B
b, FEPEIS~6EZ L, COHERHEIIEZELL
KE, FECK T HAEHRROMETHEIL, HE 2 m/sec
HERE TH50%, 3m/sec BERE TH30%ICEL TV 3,
HBEIZ 2R L OF— v (2707, 22¢ REEE) %
1EEBI®Z LTI > TREDPBRES N, HAERR
W 2m/sec $ B X 08 3m/sec #HT LU 3x107° 72 5 AT
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B ik i E D e oy UREGIERB A e S E D E
BRTH > EEEOWTRBLLTREEL, BEORE
Wb L& BOFe 24%) BHEEINIZC 256, KRHEH
OEBRIDPOBEH UGS OSHEULTELES 55,

10%* = 7o 2o X VB I OF & VEDOHNRED T/
L, FEEEL LT,

TWAERDIC X > Tdbhiz STB35 OENIRKEL
POAR L FR— VBT - TEEEL - 12,

D EOENAGERR L & RN EZEDEIESERE»
5, WRMER I UF 2 v 2dkER OB REAE
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MOBREIBD THHTH D, BOERAMERZFRL D 5
bOLATINIT, AT 4 LI ORMIPMEEMEERF ©
DA TH B EDEERICIZED I - 12h5, KEE
BOTIIEKERBEG P20 &, BRFES LA
Edofo g b, REMEROELHEERERTCH D

Table 4 Analysis of inside deposit.

T, CORRDWTRERBHPSBETH S, Dol Ly,
rhyk B Ze S HIATER T2 B LBE LItEREANO
ELWERE, BRH®E3m/sec, pHIE % IrE @ (B4,
7.5~8.8) Wi ITIELEZ25Th b, AUKFIHIKEL
FENBEECKLILEBTVEELLND,

(wt.%)
Tube material Test No/Testperiod¥ Cu Fe Mn Mg Si Al Ca Na SO
1 9.6 13.0 0.3 0.2 4.3 0.1 2.2 0.1 0.0
1 2 27.2 11.5 0.5 3.9 9.6 0.4 1.1 | <0.1 0.4
3 30.1 3.4 0.3 0.2 3.5 | <0.1 | <0.1 | <01 0.4
1 12.0 2.0 1.0 0.5 3.0 0.2 10.6 3.0 0.2
ﬁgpper and Copper 2 2 51.3 1.8 0.7 0.1 1.2 0.3 1.1 0.3 0.7
atoys 3 51.4 | 25 | 0.2 |<0.1 | 1.8 <01 |<0.1 | 0.1 | 0.3
1 22.1 2.5 2.0 1.0 5.9 0.2 25.0 2.9 1.6
3 2 4.3 1.3 1.2 0.5 0.2 0.2 4.1 0.3 2.5
3 46.0 1.9 0.8 0.5 0.3 | <0.1 0.5 | <0.1 0.2
9 2 0.9 7.9 | <0.1 0.5 14.5 1.9 5.5 | <0.1 25.0
3 0.4 12.0 | <0.1 0.4 0.9 0.2 | <0.1 0.4 3.8
Titanium
3 2 1.5 2.6 0.1 1.2 3.4 | <0.1 11.7 | <0.1 22.0
3 <0.1 3.3 | <0.1 1.4 0.8 | <0.1 1.5 | <0.1 2.0
9 2 0.3 5.5 0.1 0.8 2.3 0.4 8.2 0.2 3.0
Stainless steel 3 0.1 9.3 | <0.1 0.4 1.6 0.1 0.4 0.3 0.6
(SUS 316 s 2 06 | 38| 02| 12| 13| 10| 88| 55 | 12.0
3 0.1 4.1 0.5 1.0 0.8 | <0.1 0.9 0.2 1.4
* 71 Oct. T7~Nov. 77 : 840n
2  Oct. '77~Feb. '78 : 2,980h
3  Oct. "77~May ’'78 : 5170h
Table 5 Fouling of tubes tested for about 1,000 hours under the flowing conditions of
multiplely treated sewage without inhibitors.
5 ; ; Overall heat ; : :
Alloy Testing time Flowing rate transfer rate Fouling facter Inside deposit
(hour) (m/sec) (Kcal/m®h'C) (%105, m*>h’C/kcal) (mg/cm?)
9 2433 21.1 2.5
. 840 2359 22.4 2.9
Deoxidized copper , ,
3655 7.1 -
9 4447 <1 0.5
4370 <1 0.4
109 Cupronickel , 850 ,
(Nov. '77~Dec. '77) 5 4605 <1 0.3
4591 <1 0.3
9 3260 3.0 0.03
e 1270 3338 2.2 0.03
Titanium , ,
(Dec. "77~Feb. '78) 3 3305 1.6 0.02
3357 1.9 0.02
9 2719 11.7 38.1
2819 10.4 .
Steel (STB 35) , 2190 , 57.0
(Feb. '78~May '78) 3 2733 3.0 o
2767 7.5 34.0

— 10 —
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Corrosion Protection by Zinc
Diffusion Treatment

by Hiroshi Ikeda

3003 aluminum alloy sheets with various zinc diffusion treatment were examined by some acce-
larated corrosion tests to find the optimum conditions of the treatment that would bring the best
property to protect core metal from pitting corrosion.

In the solution of low electrical conductivity, the surface concentration of zinc should be set
rather high (1~3 wt%), and the gradient of zinc profile should be kept to be steep (3~0.3 cm™).

Conversely, in the solution of high electrical conductivity, the surface concentration should.be
set lower value (1~2 wt%), and the gradient of zinc plofile should be kept to be more gentle

(<1 cm™).

As well as the corrosivity of the enviroment, the tolerable corrosion depth, that was decided by
designer, affected to the optimum condition of treatment.

In the case of heated alkaline solution, zinc diffusion treatmeut seemed to have no effect of
corrosion protecton, because aluminum had become more active than zinc.
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—RWEIDOTH B, LDLI LEEBOERIEATHE
Eo%a, BB X 3BEEEROBRSS Hh EELET
Hb, LEDOPHIEFHEIIZNL, Db B, FOHTH
BYEGRRIC X 2 BB RRILCFEAINTE D, FLADH
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y VVERRZFIALI A D CH D, COBFERFBLIIT L
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072 D BN TEARIT X - TE 5 1 5 BHAE I Tl
D3003%FETESDTH B, ¢ D70727 F » +3003% D
BEAT 2REI RIS OPEHTLROLHAETH 3,
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Table 1 Conditions of diffusion treatment and results of the EPMA analysis of diffusion layer.
Donor formation Diffusion treatment Property of diffusion layer
No. Thickness | Zn content Tempera- Time Zn content at Depth of Grad_ient' of
Technique| ©f donor in donor ture surface diffuslon Zn distribution

) (wt%) 4 (min) (wt%) )] (fract/cm)
1 Clad 95 2.35 600 240 0.90 534 0.169
2 ” 49 1.55 4 180 0.36 426 0.085
3 ” 24 1.55 ” 150 0.19 480 0.039
4 ” 95 2.35 ” 120 1.20 312 0.383
5 ” 97 5.00 ” 120 2.32 360 0.645
6 ” 48 2.35 ” 90 0.86 314 0.275
7 ” 100 3.23 ” 76 1.88 320 0.586
3 ” 194 3.23 ” 76 2.71 388 0.697
9 ” 24 1.55 ” 60 0.31 280 0.112
10 ” 170 5.00 ” 48 4.19 420 0.997
11 ” 106 1.55 ” 42 1.21 228 0.530
12 ” 28 0.37 4 38 0.09 178 0.054
13 4 23 0.78 ” 38 0.20 190 0.105
14 ” 49 1.55 4 31 0.79 182 0.435
15 ” 95 2.35 4 31 1.92 248 0.773
16 ” 100 3.23 ” 31 2.53 234 1.080
17 ” 194 3.23 ” 31 3.05 360 0.848
18 ” 97 5.00 ” 31 3.68 226 1.630
19 ” 24 1.55 500 120 0.52 130 0.403
20 ” 106 1.55 ” 120 1.49 184 0.811
21 7 100 3.23 ” 120 2.76 214 1.290
22 ” 49 1.55 ” 98 1.17 130 0.897
23 ” 48 2.35 % 98 1.63 126 1.290
24 ” 28 0.37 o 60 0.19 92 0.207
25 ” 23 0.78 ” 60 0.41 94 0.436
26 ” 106 1.55 ” 60 1.71 214 0.799
27 ” 23 0.78 ” 30 0.56 75 0.706
28 ” 24 1.55 ” 30 1.21 66 1.830
29 ” 48 2.35 ” 30 2.39 95 2.510
30 ” 95 2.35 ” 30 2.54 192 1.320
31 ” 49 1.55 450 53 1.53 115 1.320
32 ” 28 0.37 ” 46 0.33 64 0.518
33 ” 23 0.78 ” 46 0.60 58 1.030
34 Plate — *0.81 600 120 0.40 361 0.111
35 ” —— * ” 60 0.89 299 0.297
35 ” e * ” 40 1.04 216 0.481
37 ’” - *0.79 ” 20 0.89 152 0.586
38 ” —_— * 550 240 1.04 272 0.382
59 - ” —— ¥ ” 120 0.56 212 0.264
40 ” —— *0.76 ” 60 1.10 162 0.679
41 ” — * 500 480 1.11 245 0.453
42 7" — * 0.8 ” 300 1.39 190 0.732
43 ” e * ” 240 1.62 159 1.020
44 ’” — * o ” 120 1.86 124 1.500
45 4 — *0.99 450 960 1.34 216 0.620
46 ” — * oy ” 480 1.90 140 1.360
47 ” s * ” 240 2.62 107 2.450
48 ” — *0.96 400 1920 1.42 145 0.979
49 ” e * ” 960 1.77 88 2.010
50 ” —— *0.92 ” 480 3.13 88 3.560

51 ” — * ” 300 2.60 74 3.520

* Unit is (mg/cm?)
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VAR =R B HEEER S = No 2
- - . 032 i L
s, HEERBOREIEIRT0X0X2mmTd %, 0 100 200 30 200 500
2.2 RRFE Depth from the surface (u)
BRMDS B2 5 v FBIERLICE DILDLTIE, Y2,

Fig. 1 Results of EPMA analysis for some
1,280 4B EBERR (Fid ) BX T+~ typical specimens.

ZRE(FE N 2ERUIL, A v 3D BERLIZHD
o Tk 3) WRTHRAKREBERER%Z 8 » B EEEL
e SHICT Sy FHLIERLIZEDDS LRAEBNL D
o, ASTM D 1384% 2 L7z 4) B X 085 iR D LEEEE -1

TERERBRE 2 PHRRME L. £ F 1 1000ppmaCl, SO, HCO % 7 b ) o L4
D REREER X UTIRINU ISR A £ BT B, 107 LSRRI I
40°C, 3%NaCl/K¥FI (KFeh CpH3 i) B30T &, 80C x 8 WMl & i x 16 KM @v 1 7 v £ ¥ 5, Z 0fh,

S0CERIR SIS E < hRT, £ ofl, Faiz ASTM B =gz ASTM D 1384 i #4043

fb, 2@z JIS H 8681 I HEMLT 5,
3)  FKAPEEER
BIROXHEEH EAKRRK (2 /min) rRIZEBHT %,

192-44T* T #EHL 4 5 5 aREHEFR-1
2) CASS 2 BB ERBEE L, BEi24 2 10 ppm @ Cu™

50°C, 4%NaCl+0.26 g/I CuCl. /A Z2HET 5. T D i ELTHRMT %, 2034 CHL,

Table 2 Results of intermittent immersion test.

%% month 1 month 2 months 4 months
No. Appea pree il BNAC Appea: prn il LS Appea. Nty | aaght Appea: preil A
(#) | (mg/cm*) () | (mg/cm?) () | (mg/cm?) (1) | (mg/cm?)
1 P 185 3.12 P 230 5.54 P 244 11.75 P~L 271 19.23
2 P 235 1.95 P 313 4.50 P 500 10.18 P 990 14.18
6 P 176 2.28 P 175 4.52 P 209 9.68 P~L 264 15.40
7 P 82 4.89 L 74 8.25 L~D 112 14.61 P 121 22.40
9 P 219 2.16 P 282 4.15 P 522 9.83 P 990 16.47
10 L~D 114 7.21 L~D 103 13.22 D 120 26.31 D 185 46.98
14 P 110 2.65 P 125 4.79 L 144 9.90 L 392 15.49
17 L~D 92 8.31 D 129 18.10 D 140 36.77 D 165 43.09
18 D 73 8.72 D 70 18.12 D 130 32.20 D 133 34.14
21 D 70 12.89 D 93 22.53 D 120 29.87 D 130 33.27
10.02
23 D 53 6.80 D 51 D 65 14.39 D 85 19.87
26 L~D 46 7.12 D 70 12.00 D 80 19.49 D 105 24.90
28 D 20 3.80 D 28 6.41 D 65 9.99 D~P 762 17.16
29 D 12 11.53 D 55 13.53 D 75 15.33 D~P 603 23.98
32 D 312 3.38 P 520 6.55 P 618 13.60 P 1000 24.01

D: Dissolution by general corrosion, L: Local dissolution, P : Pitting corrosion
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Table 3 ~Results of CASS test.
145 month 1 month 2 months 4 months
No. Max. Weight Max. Weight Max. Weight Max. Weight
g%%za' depth | loss fa%%‘;a' depth | loss égféza‘ depth | loss g%%‘éa' depth | loss
(#) | (mg/cm?®) (#) | (mg/cm®) (#) | (mg/cm?) () | (mg/cm?)
1 P 201 6.30 P 275 11.37 P~L 346 30.22 D~L 530 64.10
2 P 238 5.16 P 330 8.77 P 412 23.27 L 925 47.07
6 P 128 5.58 P 236 9.94 P~L 264 18.83 L 550 44.66
7 D 73 9.85 D 78 22.79 D 110 37.81 D 170 68.82
9 P 176 5.01 P 242 8.90 P 472 24.02 P~L 990 45.44
10 D 106 16.45 D 72 29.11 D 165 87.52 D 245 127.19
14 P 104 5.13 L~P 208 11.75 L 240 20.89 D~P 760 46.08
17 D 96 16.56 D 112 38.36 |° D 120 62.11 D 230 109.54
18 D 65 22.49 D 90 35.97 D 125 64.22 D 218 94.86
21 D 37 24.22 D 88 43.65 D 138 67.12 D 250 90.30
23 D 29 15.33 D 55 28.37 D 110 39.80 D~P 480 68.52
26 D 52 15.56 D 70 37.14 D 100 50.36 D~P 285 77.53
28 D 20 10.25 D 45 18.24 P 332 30.59 P 990 68.74
29 D 14 24.01 D 65 31.31 D~P 137 65.05 P >1000 78.70
32 L~P 336 7.30 P 540 13.77 P 856 28.05 P {>1000 60.95
D: Dissolution by general corrosion, L : Local Dissolution, P: Pitting corrosion

Fig. 2 . Appearances of

No. 29

(b) Testing period : 1 month

(¢) Testing period : 2 months

No. 26
(a) Testing period : 1/2 month

No. 26

No. 26

No. 26
(d) Testing period : 4 months

No. 10

No. 10

No. 10

No. 10

specimens after intermittent immersion test. (x%%)
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Fig. 3 The transition of dissolution corrosion area
for intermittent immersion test.
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Fig.4 The transition of dissolution corrosion
area for CASS test.
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BIE—E LTI, UIghs - CTROENLIE & IIK OB A MEH
BOEA LB s EBbhis,

3.3 £BHRIABR-1BLITIOHER
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2Rig. TICR LI, ChbOEIRPTIEEEREIEEND
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Fig. 5 The change of the isometrical lines of
maximum corrosion depth with the time
for intermittent immersion test.
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Fig. 6 The change of the isometrical lines of maximum
corrosion depth with the time for CASS test.
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Table 4 Results of flowing tap water immersion test.
(Period : 8 months)

Max. depth Weight loss
No. Appearance ) (mg/cm?)
34 D~P 396 1.81
36 D 196 3.79
39 D 206 4.08
40 D 146 6.34
41 D 166 6.86
43 D 173 7.36
45 D 160 8.63
49 D 100 8.84
50 D 80 8.45
51 D 90 8.80

D: Dissolution by genenal corrosion
P : Pitting corrosion

4. & =

4.1 BEBFEMNEICOVT

ProfERo B Y HHEELER X > T—RICEDD
THRIFSHAAESE SN D, 7 TRBNIEICOWTR
HeaE, BRBEERE31IBLU32TEHLLLE LI,
EBEORAERICI > TRIZ5 L9 THE, SHRTFASH
BBABEINI->THRELLINEA5, L THROBEE
DV TRMAE 23T 5 C LICT B,

1) HROBREEESNIVEE

(2 BROBSEEEI KRS L, HFREAES HRS

»BEE :

() BROESEHESREL, FEEGAEISHR
PERAAY T

4.1.1 BREOBSGEEEMNNIVHEORHELE

IEAE s — 92— NE L — 2 —D& D ICHHRKY L
T2EER, PKMBSEREE T A, HRARERLRE
TORERENCNICEY TS, BREEEDNS L
Wirk TREAEE /DS 0, HRDOFILICER RO

No. 29
(a) Test soluton : 1000 ppm (Ci"+SO4~-+HCOs7)

No. 32 No. 29

Table 5 Results of imersion test.

Period: 2 months
Temperature : 80C X 8hr > RT X 16hr

(ASTM D 1384 soln.) X 10 SFAB";%‘H? {384 50ln) x10 v
No.| Appea-| Max. Weight || Appea-| Max. | Weight
rance depth | loss rance depth | loss

() |(mg/cm®) (#) |(mg/cm?)
1 P 128 0.44 P 198 0.65
2 P 52 0.43 P 133 0.74
6 P 46 0.41 P 134 0.63
7 P 60 0.48 P 88 0.71
9 P 54 0.46 P 92 0.65
10 P 57 0.50 P 76 0.89
14 P 100 0.63 P 89 0.74
17 P 58 0.68 P 61 0.87
18 P 46 0.72 P 65 0.85
21 P 49 0.62 P 59 0.81
23 P 39 0.60 P 33 0.84
26 P 60 0.53 P 76 0.75
28 P 40 0.49 P 35 0.76
29 P 44 0.56 P 44 0.78
32 P 36 0.45 P 61 0.73

No. 26
(b) Test solution : 1000 ppm (CI"+5O4~+HCOs )+ 10 ppm Cu**

P : Pitting corrosion

BEREEINLDO7 / — Iy — FHHEOBAED
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Hhud, RinFwwhfl TR 2BESRINTN S,
Utohs-> Tl & DTN R RS { T B0, Rk
Brmd thd I nids 5, UL UARHCHBRMEHE
S THBSEHEE AT Y20y, BEM KR
WEREL T EREBKRTHS 5, HBFER3.2ICL
NITEFMEEOHTERRIBIZ 1 ~3WtB EEALLND,
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ARHAEAEIREU(EETRETHS H, I LR
#U/REN L 0.3 fract/cm Bl BT AU TR FLA M 8 2 J T

e

No. 10 No. 2

Fig. 7 Appearances of specimens after full immersion tests modified ASTM D 1384 for 2 months. ( x%2)
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Fig. 10 Results of polarization measurement of 3003
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Heat Transfer Performances of “Pine X tubes

Experimental Study on Characteristics of
Aluminum Heat Exchangers (Rep. 4)

by Takehiro Chinen, Katsuhiko Hirata,
Isao Nakano and Katsuzi Takeuchi

This paper deals with the effects of coil pitch Pc, coil outer diameter Dc and coil rows Rc on

heat transfer performances of “Pine X” tubes.

(1) The effects of Pc, Dc and Rc on the thermal conductance ao of fin side are little. @o shows the
similar value under. conditions of Pc¢=16, 20, 26 mm, Dc=72, 84 mm andch:Z, 3.

(2) The heat transfer rate &o-Ao: Shows larger value with decreasing Pc, and increasing De and

Rc under the fixed space occupied by coils.

(3) Under conditions of Pc:=20 mm, the air pressure drop AP of Dc=72 and 84 mm show the

similar value.

(4) The thermal conductance @, of “Pine X” tubes is larger than that of the cross fin’ tubes and

the staked fin tubes.

[}
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Fig. 1 Dimensions of “Pine X” tube.
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Fig. 2 Appearance of “pine X" tubes core.
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BRI Y D ORBREE ao-Aor, BNIFTHER - BAIEY
BEZE YD OZHER ao-Aor, ZESMEELE JP %
JZE RN AR

4. X B # B

4.1 A4NEYF P OBE

Fig. 3 12, Wilson plot # TR ¥ 1z o, Xo-Alot iocl:U\dP
%P5 2 —4 ELT G OB %, Fig. 435
X 5> TRDIZGa=2kg/m? DB AICH T 2P DFE %
ZhENRT, ‘

o td, Ped516~25 mm O T 38~40 (kcal/m*h'C) &
BE—EEEZRUTO B, WoiE ), Go-Aoriz Pe 27
EWDT B, ik, Pel Ao SHHBIOBIGEICS b, Pe
BT LBEMAEY D IAL S 3 EREEA DS
B3I ThH 5, AP P 2T EHWADT A2, chidadg
B OBEKFRES Pe WHBILTREL 5D, 240 %
W 3 EERESRDT 31D TH B,

%, Fig.5i 1H1& LTC- 108 EREK,, WALTY
TRBEZE N b DRTIBE Q/ dtw 1 & 8 Ga DBIE 2 I 12,
Ko, Q/dtm WEMNIMHE Ve 2EATEHE HEN I
7o THEHNERL46EN3 VDT VDB
WHDEEBALND,

4.2 AMNAERDcOFE

Fig.6 {3C-4, C-5 22t T D&, Qo Aot L FAP EGa
DB ERT,

De %5 72mmips 584mm, U7odis T3 7 BET< 15 256

Table 1 Details of test cores.

No. of core c-1 | c-2 | c=3 | c—¢ | c-5 | c=6 | c-7
' i Cross fin [Staked fi
Type of tubes Pine X” tubes ttfl?:ss n tubees m
Width (mm) 400 308 270
Core size | Height (mm) 84 72 84 76’ 51
Depth (mm) 188 256 202 153 233
Coil outer diameter Dc (mm) 84 72 84 — -
Coil pitch P (mm) 6 | 2 25 20 8, 16% |10, 20*
Coil rows Re 2 3 — -
Tube length (m) 12.00 9.60 7.68 12.08 E 14.40 5.80 ’ 5.97
Total heat transfer area . 1.06 | 0.8 | 0.68 | 1.07 127 | o7 | 0.53
on fin side Aot (m?)
Heat transfer area on fin " " ,2
side per tube length A,(m?/m) 8.83x10 1310 8.8x10
Ratio of' fin side area to 4.6 5.4 44
water side area
Frontal area Fer( m?) 3.36x 1072 }2.88>< 10| 3.36 1072 | 2.34X 10| 1.38x 102

% Fin pitch.
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Fig. 3 Relations between thermal conductance on fin
side @o, heat transfer rate per unit temperat-
ure difference per unit frontal area Qo' Alot, air
pressure drop 4P and air mass flow rate Ga.

(C-1, C-2 and C-3)
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Fig. 4 Effect of coil pitch P, on thermal conductance
on fin side @o, heat transfer rate per unit tem-
perature difference per unit frontal area o Aot
and air pressure drop 4P. (C-1, C-2 and C-3)
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Fig. 5 Relations between overall heat transfer coeffi-
cient Ko, heat transfer rate per unit tempera-
ture difference Q/Atn, air pressure drop 4P
and air mass flow rate G,. (C-1)

mm#bs 5292 mm EBE LT § a3 L FXIPOZNENDZE

BEDHTHE N,

4.3 A4 NFE Rc OF

Fig.7 12 Ga & OBRIT BV TR DR 2R Yo Re '3
BB, 25N L TR ETAE ZEEZRLTN S
25, Re® o WRIFTHBIZNS 0, oAt & JP IO
Tz, 2R Tl THAFIEY b THLEBT 5 & 35ID%
OB N THE & b 6 PBEAXZHEZRLT S,
Tubb, AP B LK Aot i313F Re TP LT B C

EWTIL B,

4.4 40X TZAVEBIVCRT—7 7 48T

& DI

C-1& pHigie 81 TGa=2kg/m?® 5 5 MT AP=1.25
mmAq D4 #Table 21, %7:G. L OBKETFig. 81CZ

NENIRT,

C-112, Gats—EO T TCOHBITBNT I TR - T 14~
FIC6BLNATF—2 7 4 VEIC-TITHART, do, o A'ot,
BT b ORHEE do-Aot/V BENTV S, ZITL
C-6 O 4, AP 23 C-1 1t T65% BN TH B, T L
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Fig. 6 Relations between thermal conductance on fin
side @o, heat transfer rate per unit temperat-
ure difference per unit frontal area @, A'ot, air
pressure drop 4P and air mass flow rate G..
(C-4 and C-5)

T AP=125mmAq —EDOT T T 3 &, C-11d do-Aot
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AEBMBICI L, " RCHHECRFE L LTHNS
NTBGa=2kg/m®s OHE, @ 3 Pe, De B LR D
BrHEHRIENLITHD, €o=38~40 (kcal/m*h'C)
Th-l, T, BRI 5 200 HEHE OE#E
HRBARER SR L TAHB EMDE S5 Th B,

HIMOEMERRBOES, Pc 2/h3 {75 LpHEPR
DOEFRE TR UIZOWIRIETL, Pc=2lmm TR T=
—285C, P=16~20mm T T=—29C ¢ —EDHEZRL
K. E R ANBROEE b i Pc=2bmm, T=-105C,
Pc=203% 2 X 22mmTT=—115C &5 - 72, AEEROE
A&, Pe/had T30 iy hEREHESEML, Loy
5> Tlo-Aot iZKEL B ZDOTHHMERIIMELT UL SN
ETHHH, EHHABBRTRIZ0L > 2HABEZT S

(112)
200 T
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Fig. 7 Relations between thermal conductance on fin
side @o, heat transfer rate per unit temperat-
ure difference per unit frontal area @q-A’et, air
pressure drop 4P and air mass flow rate G,.
(C-2 and C-5)

Y, »HEMEEICE 5 SIHHERERITE—EME $ D,

TR OBERPEASN D,

MAROLEE, BEOWM, 7a4bb Pcds/hdlns
ERHBROBFERATRREREOES LIZVICRE LR
ZEAMBH Y, HOMEESEC, cNBERSHET LS
WOETHREBEINT 27D Th 3, BB, 0L xBH
BOBENOREERE R -ECAOBEMEENEL &
>12o COIHERZHET LW DI ORIT OBEA
TANTRPRILAHBPINZ2, REREO LR Uik
SDBH I A NVCE 2BHOHEBETTLDOTHS 3,
LH, T4 VR HBHEHEN Pc=16~20 mm T#E
AR B IS TR A SRS &R DR & s - 12,

KIBANBRR CRERSNS OTHRAK OB & &~
B3 5 BERORBESH LS, Padshad B3> THE
BEIERA U, Pc=25mmT 413cc, Pc=22mm ¢ 372¢ce,
Pc=20mm T 324cc &% -7z, KEBRTZ P k&
& 4P BHEL LB DT, BRWEBZNRKO>NTEL
ZY, URDB-TERRIETIDEEALLNS, Pt/
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(113) HE XK &8 & B B B April- 1980
Table 2 - Comparison between three types of cores.
\\\\ Performances* Qo Qo- Aot @o-Aot/V 4P
Types of cores | (kcal/m’hC) |  (keal/hC) (keal /m?h'C) (mmAq)
“Pine X” tubes, P.=16mm, C-1 | 40.0  (100) | 1250  '(100) | 6650  (100) | 1.25  (100)
Cross fin tubes. C.6 29.5 (74) | 1030 (82) | 6260 (94) | 0.81 (65)
)3 u N =
ross Hin tubes 34.0%  (85) | 1190%  (95) | 7250% (109) | 1.25%  (100)
Staked fin tubes, C-7 33.0 (&) | 1250  (100) | 5410 8D | 1.25  (100)
* At G,= 2kg/m?®s wk At JP= 1.25mmAq
200 SN TREBCIVEFEY ZPELPTVCLEEEETH
5%, Pe=20 5k X2 mm CHEOHHMERE  >O©I
- ERRRCFEERBD5DTHS 5, LILH-T, ER 2R
100E w |1 140 5B A1 Pe 35 X 0 do-Bor ORH L IE & DBILK 2 AR
- ] Wk DIRES T 2 BEND B,
_ 60 20
© 4
“J’E: 40 // / 10 6. # ]
~
s 4 / N KB F 2~ T OEREEMRBCRIET IS v E v T,
< / 34 WA X OTIROBBRTN, 0¥ OB EBI
§ / 8 (1) 74 B D L &2 5 L 2CRIET T4 NE 5 F,
AP / T4 AARB L OFIHOBBIZNS L, BE-FEOMEE S
10 6 o Do
N ] £ (2) ZTEHBIZ T ANV E y FAPI VLWL, T4
T 1 E PR L OTUMBHA BB ERE {2 Bo DE D, BIfIA
- / 1 o BUCIVA T & 5 EAGTREAHINT 5 10N T 2 s i3
<1
4000 4 A Ao
.t /{ 1 3) BEPESELRIE, T4V E» FHREL LB
2 NTEPL, 34V Ey FHBELOES, 21 VHEDRE
= 2000 2 B0, UL, SUBSHIA 2 & AP OB Lu,
(&)
= 4) A v XBF 2 — THEBATREED Y g &
,jlooc ] o v 5 2RI OCBNEEY ) OXBMEIE 02 - T 4 v
s T Fine X, 0oL W EOAT—5 - 74 VHE D BT 5,
5 800} —A= Crossfin,C—6 . - ] L
-/ ostares fin ] (5) MBOEMABRORE LI T 5 &, BHREEEI B
—U—-otake R - . T
6007/ P R H 0% &R ERIC X 5 2HEERE & ZHIC X 2 HHRR
400 ! L1 I 0.4 EHDOETHETZBENS 5,
1 2 4 6 10 20
Ga (kg/m?s) ¥ &
. 1) HEREE, R Ih, SEEBSE, PIA A, 20 (1979),
Fig. 8 Relations between thermal conductance on fin 39
side ao heat transfer rate per unit temperature - . ~ . .
difference per unit frontal area @o-A'es air 2) SEME, EHMTAM, 5 I, PRI AR, 20 (1979),
100.

pressure drop AP and air mass flow rate G,.
(C-1, C-6 and C-7)

3) SRR L RAK.
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A Study on Application of Sacrificial Anode
Al-Zn Alloy to Aluminum Heat Exchangers

by Toshiyasu Fukui, Hiroshi Irie, Hiroshi Ikeda

and Zen-ichi Tanabe

The behavior of zinc during brazing and the effect of zinc distribution on corrosion of
aluminum heat exchangers were studied. Zinc in the A7072 alloy is reduced .more remarkably by
brazing in the lowered atmospheric pressure. The zinc loss in fin stocks is bnly caused by
vaporization during brazing, and that in clad tubes is caused both by vaporization and diffusion
towards a core material: Zinc-bearing alloys such as A7072 are successfully used "as an outside fin
stock and an .inside inner-clad tube to improve the resistance to corrosion. Brazing under normal
pressure is recommended rather than in vacuum on the viewpoint of the residual content and

distribution of zinc in the brazed products.

1. #

i[i]

ABEAASRBIC S V2 —4%, b—4—a7, 51—

7Y (AUF Y- BIXTNEL—&—), F40
75— REDBHY, TNHOMZBMEBBITT VT = g Lhs
ZCHVBNTNAY, UL LENLHAEDATE 1

(ODOREEEL TV ERBETE LN, LEAE

50T — 2 TR (K& X ORE GBRAMD o
WER, A~z73 (A vFrd—Bizn®Lr—42-)

TROVEOEEDHEE S, $E+PoEEERBs1C

Fo TVILNDY,
LTAT, 7N LADIRAEEOHZEE LT, Al-ZnR

DOAN2 & 2 BHBEME UL THWA L EBEL XA
LNTEY, " FNELLERLINTWS, UrUpsb@
TREBELWWASIHTENB 8 OTIE; OB SBR

WdHb, FlZOEMAEEEREANI SERL ST hIE R
B I8N, o |

FRSERHZEER LD, ALIn REE 2355 L1
BROHF ORI L OZOHEYPBRH>WTHRZ DT
bH%Bo

2. M BLU RBRAE

2.1 #EH
BERRASIZATO72A4 € (0.13~4 mm &), A3004-A7072

*RGE, 29 (1979), 4101 —HFER
RREITITFERT « BATEEE, T3k -
R TS

76 T A4004 (B Bk XL AL-Si109) —A3004-A7072
75y FE 04mmB) B OEBEIERREY THERL
THSTER Amm B) Th 3, 'k, Ko »hA3003
HeR 0.15mm E) ¥ X rA30045 6K (0.2~4 mm )
$ iz,

Table 1 i 888 OB 57 27571,

Table 1. Nominal compositions' of test materials.

Chemical composition (wt.%)

Alloy Cu Si Mg Mn Zn

7072 i — - - 1.0

3003 0.15 — — 1.2 -

004 | — | — 1.0 1.2 —

4004 — 10 1.5 - =
XL ARSII0, — | .10 — — =
2.2 EBFE

KBRIZEES 5 417 (107 torr) #6 & OREME Y 2 BEK
5513 (ltorr~latm e No % 2, DP.<~65C, 0:
5ppm®) URBSOmAOEE, T75b bRFEMRY 5 Lo
WHEORIIE 20 TE & UTEPMAER & O Z6 #7tE T I8
2o ok, HEIORZ D <7329 AOEENIC DT § T
o 55T IXEE ¥ X O HEEESAEL (HI-Ipsen
W) T - T B 5T R, — OB RS, 500
C (F#Y—600C x3min (55 KF) TH %,

— 25 —



(115) # K B8 & R R & April 1980
Table 2 Corrosion testing method.
Term Test solution Test condition Referenced standard
Salt spray test 5% NaCl Continuous spray at 35°C JIS Z 2371
4 9% NaCl
CASS test +0.26 g/{ CuClz Continuous spray at 50°C JIS H 8681
pH3 (by acetic acid)
!ntermigtent 3% NaCl . Cycle of 40°Cx 3? min %mmersion‘ ASTM B 192-44T
immersion test pH3 (by acetic acid) and 50°C %30 min drying
0.165 g/¢{ NaCl
Recirculating test | +0.275 g/¢{ NaHCOs Cycle of 80°C x8hr recirculating BS 5117
(by GM soln.) +0.444 g/f Na280« and RT x16hr settling
+0.00265g /£ CuCl:-2H=0
IICATOT2 & B B & UTHY, Br 0B Fig. 1 1z A7072-0.13 mm #7 % 500 torr (N=), 1 torr (N=)

ST TR 5 BT 12 b OORERIC SV THENT, 35X 00107 torr T3 5 £ I U 12 e SRR 1 °C O 1
AR SEA & U THUKHBRAR, REREAER, © PO 2R T GDZn Ka OME TR BT E—
O & LT GMARKDBEKABR TS 5,

i b OB AR O % Table 2 IR L TR,

3. R B B R

3.1 A3 FFhOBEBORSRE b LU HBE
$TRG, 74 oMERREUTANR ASHAI DD FEEAL LAY, BEMTEPEIFEIL TS, 107

§E%®;}§%mow?%&to

Fig. 1 Effect of atmospheric pressure

WG LIS DBRE (%) Th b, thihMWboLETE
¢ % 5 K53 InEET o T ARUE T I C BRI 2k
T BR LT B, 500torr (N2) THiZE ALY
LTINS, WEOEE T bT »OHADRED
BESND, Ltorr (N2) CRAEFOET, HERITTOE

torr TREHBOBHIZCL DTN T, BLALOHTIRIZE

on distribution of Zn during brazing in A7072 alloy fin stock.
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(116)

LT3, FEEANC LY, BHOEHE DLV,

Fig.2 1 7072-0.13 mm i O EHE TOHAOHE Tk
I TIMASZHREOHRE 2R, 500 torr (N2) Tid
M DI0% P EOEE 2R LT 505, 1torr (N2) Tid 70~
BTEEOEE &, 10°torr Tit, DT » 256~30% &
BOBRETH 5,

Fig. 3 i3 A7072 £6# (0.2~4mm) OFH TOHHO
BRERCS I ITHEORER2RT, chdh, BESHE
B, HOBHEEN DL, FLERLTVD
TEMb» L, BEE TICESNT CA0M4 &KL DD
RI AL T LADFEFRICOWT S HhS, IR U B
HMBEDOND, L, B s 429 T, M
DOHBEERID 0,

DK EM e E UTATO2 &€ %2 5 v FLTHL
12 E QR OBENC DV THAT,

Fig.4 i3, A4004—A3004—A7072 =% 7 5 » I 0.4mm
#2 % latm (N2, 1torr (N2) B8 L X 10%torr TA 5 £
IE U TR AT0722 5 o FRITO O STRI 2R T,
M DEEIDSAT22 5 v FRIOEBERTH B, ik bh B
ShC b, BTG 40p DATOT2S 5 v K OHES
FHohs (217U EPMAD £ — &9 14 XOBETAT072

1.4

1.2
—~ e s
R 1.0 T ———
> S
c \\
~N 0.8
G
+ 0.6 \
3
5 0.4
© 0.13mm thick
0-21600°C x 3 min
0 |
latm 700 600 500 400 300 200 100 1 1075
Brazing atomospheric pressure (torr)
Fig .2 “Effect of atmospheric pressure on surface
content of Zn during brazing in A7072
alloy sheet (0.13 mm thick).
~ 1.4 [
X i ] l
12 s AT072 (Zn)
g x=———x A3004 (Mg)
5 LOfe
5 X
S 0.8 N -
; 0.6 \__m
5 0.4 ‘ §f
5 2.6 X10 Storr
© 0.2/~ 605°C x 3 min
0 . ! ]
Not brazed 4 3 2 1 0

Plate thickness (mm)

Fig. 3 Effect of plate thickness on surface contents
of Zn and Mg during brazing in A7072 and
A3004 alloys.

& A3004 R EEHOHEARIBI L TEDN TV S),
1atm (Ne) TS T % & HisRi0b (A3004) o rp~HkiE
U, EEHAEERHOS% KB LTS, UL Ui
DOOMERFMTELEL, OFH~O L ENEDTBIE
HEZ LT 5, 1 torr (N2) Tld, HHORHEBRI»IDH
Ll gy, LOHROAMRERL DD UASTTHAST
E—2 %R0, RETELUABEPUIEEZRL T 5,
10 torr Tid, WHABHB I I 5P, poHHOT
AREBHLOLLEY AT THOTILE—~7 2RT &
5185,

Fig. 4 Effect of atmospheric pressure on distribution
of Zn during brazing in A3004-A7072 clad sheet.

i [ ]
A 4004- A3004- A7072
1.2 — clad (Zn)

om0 A3004- A7072 clad{Zn)

A7072-A3004 clad(Mg)
AY i !

1.4 T I T T T

Contents of Zn and Mg (%)

\
0.8 \ \\ ¢
N
06 ‘\\ - \\ |
Lo N L N
0.4 | ) U e
0.4mm thick 1 h‘Q§:~\*
0-21605°C x 3min AN
0 Lo _
Not brazed latm 700 600500400300200100 1 9.3x107¢
Brazing atomospheric pressure (torr)

Fig. 5 Effect of atomospheric pressure on surface cont-
ents of Zn and Mg during brazing in A3004-
AT7072 and A4004-A3004-A7072 clad sheets.
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April 1980

Fibb, 1 torr (N2) 3 k8107 torr Tid, HgRO.OH
~OHBOA LS, BRI OEBIELTICLE
FUTWD, ¢ ORI 10°torr TRIBETH %,

Fig. 5 13 A4004—A3004—A7072 % X ¢ A3004—A7072
2359 FOATO2 HIOFEOHBBEZRT, ki, B2E
¥ Tt A3004—A70724 5 o F TDA3004 I DFEF D < 7 A
LY AR RT, chIb e e, latm (N2
FEREDT b FHEOIEHEA M 050~65%cmP LT
W5, 1atm (No) CREPEREBLAEERL TV D
5, WA UNHEHERY I v FOOMAIERLIZC &KL 5,
Ub UBRRESESES T3 R >hERBEHFBEIRS LT
Bh, FESTEORDS & L CHBOERIELTWVEL
LMD, ELIEEZE (19107 torr) TRERMOEH
TR T DTHTH b, —H, I3V LOEERS,
BEEUEASELTVAY, BRI v /Ay L0
BEIZEV. ChE, THEOHRKEY TbEALC, EHR
W A BICIIRERZ LM 2 Vo AMIHH L D IRE LI
NS, DM~ QI TR T 3 308 e SHEE
AN, , ‘

PEORER LY, 5 5[0 NEHOmROERIZRD X
FICBIEING, Thbb, 7 4 HMERGE U ATOT2
SE&EBMETR, BRI ITHHAOHIEHDBLVLD,
ERMSECHRE 2R, TNTHERTRBLIC L
h, COHRE 1atmEHE TR EALRD SNLVH,
EFEFLE (Ltorr) TR HEHL, S biIEEYE (107
torr) Wiz B ERWAMBERL, BHEICTL DTS,
— %, KEM 2R E LIy 5 v FHTHE, BREDUINCE
B (AT072) X b DB (A3004) ~OHEE S ID > T Bo
T latm EH TRIEHUZEOA T, W 5 v KR
A bR E» SBT3~ Fadmens
b3, EBFEKAE, 3 ORBRETCERARAEESME D, Ml
oY~ BREFOHOGENED, »OMHROREE
WA LT B,

Brazed in
vacuum
(1075 torr)

Brazed under
1 atm (N2)

Brazed under
1 torr (Nz)

Brazed in
vacuum

(10" torr)

Fig. 6 Effects of fin stock and brazing process on
outside corrosion of A3004 alloy sheet. (x20)

3.2 TERCsFTHEREY (Al-Zn) oXE

IR, S oM s XX TAT072Y & O
WERRR DR 2 BT,

Fig. 6 12 A3004 %044 & L, AL-Si (A4004 %k Of XL
AlSi10) &€& »iliEs o v FLizFv—o v —1F (1
mm B) £A3003 & B ik AT0722 v 7 — b7 4 v 2 TEE
LTA5R LR 2XEREARL, BN (TL-2
VL) OBROEERHSIHERTH B, kD
BWoprred, A003 7 4 w255/ LT v—Y
o~ P37y vy FOBRTGEBTCEVOARZELT
Whe —J5, AT072 7 4 v 2EWT latm (N2) T3 5 ff
U TRARIELAEL TORY, UL LATI72 7
4 vEANTS, Ltorr (N2) & %10 107 torr T3 5 4
Lz 0TIk, LAOHESEY LG, &Lk 107

A3003 fin.
Brazed in vacuum
(10 torr)

A7072 fin,
Brazed under 1
atm (Nz)

A7072 fin,
Brazed under 1
torr (N2)

A7072 fin.
Brazed in vacuum
(107 torr)

Fig. 7 Effects of fin stock and brazing process on outside
corrosion of A3004 alloy sheet. (x100)
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torr TELW, 72170, fLAROBESZA30037 v OEE WEAL, U IEAREIEZCLOTHLTHEH, Th®
EFBRLOERV, Chb0REATTCORB TR ONE H7Ze (107 torr) THIE LI S D ER LD P UA-TE

KBS 2HT2AAMONE 2 7 0l % Fig. T WR T,
A3003 7 ¢ v BRIV B DT, DD TELLAATH
%o AT0727 4 T4 10 torr TA 5T L1z d D,
KYDHARLIL>TWD, ELAHTT 4 VHMZEDLDDE
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100¢A - 12 34 TEESERIC b v 4 VIRITAEL T3, fEo
TEREISCREDDTELOEBED LN,

o b OB OB AMOME 2 v = Eo—F % Fig.11
ICRTS, WMAREBK DD THERESBED NS, T
hb, MR Lo g g 0B Cig, laver by layer
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BEOCEE N, HKEBESRRTIRAUHEESED SN,
RITEBITHT W proto-type O 5 2 — & — TCHE (32
ERERR) BIORE (GMARKDEARE) OEA
RE 2T -2, B Y 4 > & UTA3003% & o8 A7072,
1B K & L TA3003 35k (FA3003-A70724 5 B L
TZHD (L, WThEREICA 54, XL ALSi 10
2759 FLTWVE) 2ERERAG, 1 atm (N) 55
SPTHIRI LI, o Fig. 12 wxid, 295
DT A2 4 v TR EAYEREZEL TR
WS, A30037 4 T 0.4 mm OWE 2 EET 5 EATL
BEDEND, —F, Wik T, no clad #TrE
WIOHENVEEALBD 6505, AT072 7 5 v K TR T
CEBMEEEBEL TWBITTThb, CNODFHRELD
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BREEPRIEDbDTAE L, 418, WEE RN
FiETa5C EMNERTE B,

4. %

4.1 Al-Zn €405 5
KERIL I > BRSO 2% £ 5 & Table
DT ELITIED, Tibb, 74 VHMEROHREEE,

£

Fig. 8 Effect of brazing in vacuum on distribution of Zn in
Zn-diffusion treated sheet and its corrosion behavior.
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Fig. 9 Effect of brazing in vacuum on distribution of Zn in
Zn-diffusion treated sheet and its corrosion behavior.

Fig. 10 Effect of brazing in vacuum on distribution of Zn in
Zn-diffusion treated sheet and its corrosion behavior.
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Fig. 11 Effect of brazing in vacuum on the corrosion
of Zn-diffusion treated sheet. (x100)

(A) Outer side

A3003 fin

A7072 fin

(B) lnner side

No clad

A7072 clad

Fig. 12 Corrosion test results of proto-type radiator.

Outter side: Intermittent immersion test.
Inner side : Circulating test of modulated
corrosive water (GM).

500 torr (N2) Tidi3 A EEML T IRnDs, 1torr (N2)
T2 0.81% &b, 10%torr T3 0.3% &> Tinvbd, T
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WAL, 351 10°torr CIZZERM & H THEM & - CHl
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FNUITZTLOHEEAS ST, FREMCY T 4227 L
PHEIEIRDLER IS TAIMIT2ARERR LT B 40D
ThhH?, =73 s&BIERLEKEOHE (600CT
#10torr) BEHTIORMURTH B, 1015, HEA A
OWBHEEUVTEALEIN 225+ + U 7EY TR,
BHEED 0. 1torr TH 372 DEEH ORI b HHT
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Table 3 Varijation of Zn content at surface due to brazing.

Zn content (%)
Test -specimens

Fin stock Clad tube

Base metal 1.10 1.10
1 atm — 0.71 (D)

500 torr 1.02 -

Brazed
1 torr 0.81 (V) 0.31 (D,V)

107 torr 0.30 (V) 0.13 (V)

Note; Vaporization loss (V)
Diffusion loss (D)

B, KITL, WHOEKEZHC L LEEIIRAETD 5,
COR, RIBEFEINTNEEY AFHEA S H0H &
1atm T3 513Y) Cid, HEOEFEMEIMET 2,
1L, BEASMUIRPE Yy UTHETRZ S » RO 5K
ELT= o2y a2 Ad004, X4104 2 503, R
FHEA 255/ (2 E A VAWEY) T, T
BOC2T22XR) Y v aRk&EAIT XL AI-SI &€& 2 v
BNFEND B,

HZEA 5[ TEFEUICHESE, A5 B A
EFU, CORESHEE LA, ft-T, AT072 RO
BehiR 23581, HHPEBLILVLS I M1 EH
ReWET HBENH B2,

4.2 Al-Zn ££ICLDBE

FE Dy sRROICHRORAKDEFE LT, M
PHLTVIZY LAEEOBBEEREIC X AHASREEL
h@menTsh, 75 FPELTEREINTL S,
ARG EDOHADRR, 759 F (BH) LTos
BEY, 74 vHMELTHOTI RN S, COFRIE,
Fig. 13 WRIEAREN (30 X Fig. 4 R
HABESERTHEENCHEBI NS, Tobb, A3003 &R
DO—uT AT072 81 % © 2 T D 413 400pg/cm OB
HE2HET5EAR (NaCl+Na:SiO: %) hic@BE7T 5 &,
ATO72 BB & b BTRERHEET 3 #ifH T A3003
BERCHAEBEL TVRV, T, AN248% B
—0.78V) =A3003&44% (9—0.58V) Ti2i 0.2V OEN

Fin
(less noble)

Protective

) Current

(most noble)

Tube (noble)

Fillet

Fig. 13 Schematic expression of the protection of
tube material by sacrificial anode fin.
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Fig. 14 Effect of sacrificial anode on corrosion of
A3003 alloy sheet.

(a) Without sacrificial anode.
(b) With sacrificial ‘anode, which is clinged
by rivetting.
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% 80~120p iHIBR L, FERE 2 1~0.8% i 75 C
EMFFE UV, COLD B EER2E T 5 EHRILEE 2E
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OEETu7 4 —hb0® (QRK) »5kEBE™,
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...... 2
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Ci: RETOWREEBRY
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X REH» S OELE
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d: 735y FES
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B & 240p (7359 FERI10%), » 5[ TRE% 600C &9
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SHTETHESEDA TV RS HITEBHI DL KA
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TESEBEET B2 D-HATAETH 5,

5. # E]

AT L - THEINIERE2EEDELROCEL T
HBbo

1 A7072 & (BUK)- FROE#E, latm B 5
S FEHKETRE EAEEFRL 201 torr, 107 torr
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2) A2 E5&2HMELTY Sy FLTH AR, 5
AT AT A3004 .0 ~ OISR DILEL 3 L B, L L,
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Recent Development in Aluminum
Alloys for Aerocraft

by Yoshio Baba, Teruo Uno and Hideo Yoshida

1. @ U & [

19794F 8 H27H £} American Metal Market i & — «
v BB BT67 i 2EHOF LT v =
D AG@RHERT S LI EEBHETHORBRN DN
EBLENBETHAS, TOBETEE200 A AFEDY OWNFED « »
T, 1982 MO FE S b, HSE Y YX EHfi &
U CIRARFRS R & O RIFBIEROERE, #E20H LT
Wb

COBAREDSLI% LTV = &, 4B, 2 %5
Fa v, 3UNEGER A5%D7 » 43— 5 2 2ET)
E->Tkh, ooy R Py FBATELL 55 &
FEUDB2U%H->T, HEAMEB 2 BWATHE, Thb
BkDOKRIERED B 7V E = £13AI-Cu-Mg 20244
4 L Al-Zn-Mg-Cu %20 7075 &€ OM, M, 8EH
BRI Th 255, SEHI2224H 510132324 271504
SOUHEREINEC Rt ITH B, X7 OERI
TH, BRHO—BEBLATHEY, ZRENOEM LHE
RSB THOBY TH 5,

2224-T3511 FHETHEBHFEANY v —
2324-T351 IRMTEREAX 7L — b
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F<, oA TSR TR D TARY, ERMICEL
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PEo&a@DC b, B TR74755 50 id7010 &0
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HGHE 7 v Fic & b BIEEEE SR & Qi s #
EAHEF L OM B %2 - 12 b 0T, T76 BJLITH LTI &
ey T ENTO D, 70108613 7050460 Cu & %24 UK
bYC &Itk b BEEE AR LIz b T, BN THFAR
anTwazzr Az A0 OERCHELNECENEE
> T3, *

CDXHREEDODCHERZACIIYREE 2XXX R,
7XXXR) &, % OWmE, Y, BEEHES OMmEeR s
10% > 5, Hks T (TMT) 2Auiud 20% &
FECHEETHY, TIALT v T DN ECHLSIEK
EHELINTHY, 1NVMERORBIEBHMOER LTS
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—75, WRBE, ZTORFOmENTEL LIS
b, —PEERHELTEREOEILEAT TS,
Al-Zn-Mg-Cu-Co = (MA87&4) Ot & 30 3%
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HINTV S, ChbOFEEEET Fe, Si EOREY
SEEPOFL, §&FOHE2HHHEORERSI S C
L X AR E KicOWERENE LILASETD 5,

2.2.2 2XXX R¥a€

2XXX BH AR TXXX RES A THAYMRALILE %
D5, TN, MEAMEKENTOIREYD 3,

XXX Ra&>WT S, BREMO ST S OHE 2
3w BN THAEOBIEST L, RFHL 2XXX

REETH A20245600MWNEEE& & L2124, 2224,
2324, 2048V HDEEMBHEIEIN TV B, 2124 5413 Fe,
Si SOy TERERBEHT b, Fi 2224,
2324, 2048 E %44 13 Fe, SioRstimTEROEE
LI ERMTEEORPTBET AL LD ASHOE2
HHEOR 2RSS ¥, W, i< ST HHOBEENHE
PWRTEEHRENRELZYBUILAGRTD 5,
2024254 & 12 6 SMUEN I 2XXXREE TH 522194

=1 EBRAE 7V = v A AR REES
ad|sEw 50| si | Fe | Cu | Ma | Mg N | za |V T et
2014 | USA |1954050-12| 0.7 |39-5.0 [0.40-12|0.20-08| 0.10 0.25 020Zr +Ti| 0.15 |0.05/015 %
2214 | USA |1954050-12| 0.30 | 39-5.0 |0.40-12|0.20-0.8| 0.10 0.25 020Zr +Ti| 0.15 |0.050.15 ~
2017 | USA |19540.20-08| 0.7 | 35-45 |0.40-10]0.40-0.8| 0.10 0.25 020Zr +Ti| 0.15 |0.05/015| ~
2017A| EWA A [ 1972/020-08| 0.7 | 35-45 |040-1.0/0.40-10] 0.10 0.25 025Zr +Ti 005|015 ~
2018 | USA (1954 0.9 | 1.0 |35-45| 0.20 |045-09) 0.10 | 17-23 | 0.25 005(015| ~
2218 | USA (1954 0.9 | 1.0 |3545| 0.20 | 12-18| 0.10 | 17-23 | 0.25 005|015 #
2618 | USA |19540.10-0250.9-13| 19-27 13-18 09-12 | 0.10 0.04-0.10/ 0.05| 0.15| ~
2618A| EWA A | 10720.15-0.25{09-1.4| 1827 | 0.25 | 1.2-18 08-14 | 0.15 025Zr +Ti| 0.20 |005/015| #
2219 | Alcoa |1954 0.20 | 0.30 | 58-6.8 020-0.40 0.02 0.10 [0.05-0.15/ 0.10-0.25 Z r 0.02-010 0.05| 0.15 |
2419 | Kaiser 1972 0.15 | 0.18 | 58-6.8 0.20-040 0.02 0.10 0.05-0.15 0.10-0.25 Z r 0.02-0.10| 0.05 | 0.15| ~
2021 | Alcoa (1965 0.20 | 0.30 | 5.468 020-0.40 0.02 %% 41998 | 0.10 |0.05-0.150.10-0.25 Zr 0.02-0.10 0.05 | 015 | ~
2024 | USA |1954 0.50 | 0.50 | 38-49 [0.30-09| 12-18 | 0.10 0.25 020Zr +Ti| 0.15 |006|015 7
2124 | Alcoa | 1970 0.20 | 0.30 | 38-49 |0.30-09| 12-18 | 0.10 0.25 020Zr+Ti| 0.15 |0.05|0.15| ~
2224 | Boeing 1979 0.12 | 0.15 | 3.8-44 |0.30-09| 12-18 | 0.10 0.25 0.15 |0.05|0.15| ~
2324 | Boeing | 1979 0.10 | 0.12 | 3.8-44 |0.30-09| 12-18 | 0.10 0.25 0.15 |0.05]0.15| ~
2025 | USA |1954050-12| 1.0 | 39-50 |0.40-12| 0.05 | 0.10 0.25 0.15 |0.05|0.15) ~
2048 [Reynolds| 1972 0.15 | 0.20 | 2.8-38 |0.20-06| 1.2-18 0.25 0.10 |0.05|0.15| ~
7001 | USA |1954 0.35 | 0.40 | 16-26 | 0.20 | 26-3.4 0.18-0.35 68-8.0 0.20 |005|0.15| ~
7010 | UK |1975 0.10 | 0.15 | 1520 | 0.30 | 2227 | 0.05 | 0.05 |57-67 011-0.17 Zr 005 0.15| ~
7012 | Ttaly 1975 0.15 | 0.25 | 08-12 |0.08-15 1822 | 0.04 5.86.5 010-018Zr 005|015 #
7049 | Kaiser |1968 0.25 | 0.35 | 12-19 | 0.20 | 20-29 (0.10-022 72-82 0.10 |005/015| ~
7049A] France | 1972 0.40 | 0.50 | 12-19 | 0.50 |21-3.1 0.05-0.25 7.2-8.4 025 Zr +Ti 0.04-0.08 0.05 | 0.15| ~
7149 | Kaiser 1975 0.15 | 0.20 | 12-19 | 0.20 | 2.0-29 0.10-0.22 7.2-82 0.10 |005(015| ~
7050 | Alcca 1971 0.12 | 0.15 [ 2.0-26 | 0.10 | 19-26 | 0.04 5.7-6.7 008-0.15Zr| 0.06 |0.05|015| #
7150 | Boeing |1979 0.12 | 0.15 | 19-25 | 0.10 | 20-27 | 0.04 59-6.9 008-015Zr| 0.06 |0.05/0.15] ~
7075 | USA 1954 0.40 | 0.50 [12-20 | 0.30 |21-29 (0.18-0.28 5.1-6.1 025Zr +Ti| 0.20 |005|015] ~
7175 | Alcoa |1957, 0.15 | 0.20 | 12-20 | 0.10 | 2.1-29 0.18-0.28 51-6.1 0.10 |0.05|0.15| ~
7475 | Alcca | 1969 0.10 | 0.12 | 12-19 | 0.06 | 19-26 0.18-0.25 52-6.2 0.06 |005(015| ~
7076 | USA 1954 0.40 | 0.6 |0.30-10|0.30-08 1.0-2.0 7.0-8.0 0.20 [0.05]0.15| ~
7178 | USA |1954 0.40 | 0.50 | 16-2.4 | 0.30 |2.4-31 0.18-0.35 63-7.3 0.20 |0.05|0.15| ~
7079 | USA |1954 0.30 | 0.40 |0.40-080.10-0.30 2.9-37 0.18-0.25 38-48 0.10 |0050.15| ~
7179 | Alcoa | 1957] 0.15 | 0.20 |0.40-0.8(0.10-0.30| 29-3.7 [0.10-0.25 38-48 0.10 |0.05|0.15| ~
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(3) ISML-ITMT, 514 576 175 29.4 30.4 508 573 18.2 29.6 33.8
(b) T73 AL3E%A
W% k ® 457 528 12 29 34.7 445 516 10.5 20.0 31.0
) FA-ITMT 468 528 16.5 | 48.5 51.3% 458 518 16.0 45.1 44. 4%
(3) ISML-ITMT| 454 520 16.5 | 50.0 51.6% 450 513 14.5 38.4 43.5%
{¢) FTMTLEH4
(1) FA-ITMT 574 607 13.71 37.4 24.9 561 603 12.2 34.6 22.9
(2) ISML-ITMT| 608 630 13.2 | 28.2 27.9 573 614 11.2 25.2 22.6
* = Kq
16
#£8 AFZn-Mg-CuZRé&ed TMT 14p
(1) S5BUOLEEEE — (P02 B SRR ~SEE o 1) 12k
Intermediate thermomechanical treatment
ITMT) ol
(I) ISML-ITMT #: (4 mm E#) ~ \8\ ©
SIS — (ALERER Cr%ﬁ%ﬁ@m%tb X gl e
TR EE T TR & D8 ToTIReRsIREAs
T)JHJ S R . \
e BRERE BT 5 70 Cr g 6 ~8-— 7178680297 v ©
FIREETTE (AheCrMgs) & UTHTHH &o
y;"_]"“'fbwﬂﬁ 4 r —0'—7075‘6\’:%,‘3 |Rog & xg
|
WHROBMINL R SRemRE SRR 2t —o—7075440.2%mt H
(D FA-ITMT # (25 mm E#)
= vt s LT 7S 1 0 L 1 L !
(@) EEMOBERLIT Cr 2HH S ¥ 5, 500 0 o0 s 00 750

@

() i?zﬂ]@ﬂﬂl@ﬂu%t Zn, Mg, Cu %)L
WL I 5,
()Mrbﬁ%méﬁétwﬂﬁwhmﬁéo

Final thermomechanical treatment (FTMT)

BB BTN G P~ R

i }552523«: T TC & righs
35 . A B2 BRI ESET B
%ﬁ%@3~7a
ﬁﬁ?AIﬁﬁwamK
?‘%ﬁz’ﬂ)llni B F 72I12463K L F T, 10~30% T
& N LR)---378~393K

®10 2024%R&

-T4 MO H i L ixT

HGAUREE & A IE RO S
LI ﬁfg
2024 o gT ggi iﬁ&l1 ii

0.2%Mt 7. 3I5&k#E (MPa)
R23 FTMT X bt LIz 7075 B X N 7178 &
DRI & R DRAGR

VIR LWBEEBATBET S 5, O X 5 8 TMT w2 T
BIXXXd k02X XX Rz 7 v 2 = 0 A &% OM:RE
M2 UCIELBED SNT S,

4.5 EFHHOMEE

—MCE TV =0 L ERER, B, BEMRSE

TEMEBOLAREP L THRIC 2T R EN BRI
BRHTHHATE, STHMIC DO THEE, e, ©
PSS L B OWBBFITH 3,

D& BB DR A DR S O 2R &
UVCTHERAT2E8RSTHRNE YBET3HAMBH B D
T, ABEICE > TREBHAEE 0RO S ORI
Hrahi, RI0°2IE 14 LT2024 Bas T4 M0
BREGHETIC 35 & 13 T M0 & BB OB 2R T,

2024 L@ SR — T4 M oB S L ik

THEHENTTEBOEE 2B LT3, STHAOMH®
B UL KD, Civiekt URIHEE— O e R 2 i iEns
21z o1 TA M OB A ST SO Mt 272 b B
U, ¥z Fe, SI GO HMMITR 2 HH LI 2024 FiE 5%



(137)

X8 & B BB

April" 1980

OESIEBRNEZEO RSN 2EETL L
HEBEE S, DX 5k ST AHOHBMIOHZFLRI,
Fe, Si oA mEEROBHIT & 2 PO REELE
WE QR EENTI X 3 REELEROITH O,
W RSB E 0 ALENT & B ISR OMMAFIT L B LB A
5N %,

121 F OBLEED 6 E AT, KEEEAME~OEH
T d 505, NERH~OHAETRETH D, 5BDOL
i an i,

5. MO H M

BoR TR 0% Ui & &b, Jikr gk
I YRS A SNV ENTERE2E T AR O
BISEDSHED BN T B, kL7 v 2 = v 2B, B
ERGHTFHRCIABIT V=Y AG8d 5VIIERE
TENMEREETS ALLi-(Mg) RE&LEMBEONE
B DTH b,

7 i oY AROEAMEE UTRBHIRE T v 2 =
W L0 DIRENTEDTHY; B, Be, Si0:, Al:Os,
BC, #5%, h—* SOHMT X RIS R
T d, TO > EHHERAZIREE, WL, BT,
HEAMESOWRHSE UL, ERASKA N TVEN I
BERA LTV %, B4 1 H1& U TEREDEECoifl U
Trrv =Y AOEERE R U, #EEE7075
-T6 2 SAP it 6N ERETCHVEE ZHETI &M
TE B, D& BT, @HEREMEOVCTRAEEOES
BRI CrETaN T H, BEFNORLITEIEa A1
OERBSBOBELSIEE K-> T35, LHTDH
WE 7 - DB~ OER LI »Z hEAT S, HWHE

1200
1000 b 50vol %Borsic
50v ol %Si02 SR AL
sl
800 -
&
2
600
7075-T6
% R
o 40vol %Be
" 00k Rl S
\\ 50vol % }51/
200 \, 7T AR %
L — 5
s)\: =
20vol ¥ \‘\~~-~~
DEGRL(SAP) \ S l
0 ! ! I i i | |
200 400 600 800 1000

BE (K)

E94 SRR T v =9 A OEESIRERS O

~OEMRLIEHEE BEbN 5,

BEE, RITFAEM TV =Y afEE LTI SAP 23U
REIZ L DTH DY, FENKGENFE P/MK) X
BEHT VI =Y AEGOEEESEF S N, MA6S, MA
67, MAS7*, ALLi RS0 THRMSHRE NS &
& 4 iz, Spray cast (Sprat coo) ™ H % W iZMechanical
alloying ¥ ® X 5 BRI A b NS WE L0 BELE S
OESEEDBRIN TV 5, BER S TELPEATLS
MAS7 &4 (Al-6.5% Zn-2.4%Mg-1.6Cu-0.1%Co) 2=
BEIWIHER2EME LTBESN S, HATIHER
OGRS (/M) 1@ & 5 KBS O IC 5
T M 2, MASTES O /MBI L 55
H7 v =y ASEOMEIC 5TEY THMITSH 5D
DB T H B, TV ERP/M kT & b 8BS UIcMAST &
& L T/MBiT X b 85 U1c70754 & (R7050 & @ DFEIERE &
Holis U TR Lo ds, MASTA®IE 70754 4 & AR OB
MR & I 2 L, U b SIS R fn i & iRIEEs
i hssE U BTV 5. MAST A&iciR S THEFDOE T
FUIZvAEERF LTS P/AMEOIGHRTARETHD,
Bl 73 P/M e & b B S 7o 2024 A4 BAERIEI
T h B s NIRRT { B TR R IR A L (W
WINDCEHBHEIN TS, 423, spray cast IRTHR
Baxnlr i o v ASERRAESENLTHY, Al-8%
Fe Z4¢*"» 5103 AlFe-Ni REE™ TR SAP 51
12 RR58 LI Ot 2E 3% C EBREIN TV %,

Spray castiEic & b #E LIz Al-Fe-NiRA®E, K25
2o AL RO E ¢, RRE8 X b &35 »ICIHEWELE
NTH3ECAPbEBOTEMBKITHEIND,

70, WIZERREEEM 2 & b —ERRAT 5, BT
OFZEHABE N7 VI =0 588 LD T T U b
EOHNAEOBEREIEEND, COL D BERITHL,
BREVF oL (BEO0.G3) 2RMUICALILI REN&HO
P/M (B I/MEDIICE 3 TEEBRFSNL T3,
FNIZVACY FULRRMTSC EICk BRI

=11 (P/M) hic X b i shic MAST &L
7075 35 X 08 7050 & 520D L AR

“am

- & (P/M) (1/M)

= s MAS7 7075-T6 | 7075-T7X

5 A b5 L |sT| L | ST| L |ST
Aligas  (MPa) | 616 | 552 | 667 | 552 | 627 | 536

0.29% 77 (MPa) | 587 | 505 | 606 | 481 | 590 | 481
o (%) 13 | 11 | 10 8 | 14 8
WS (%) | 10 11 | 13 8 | 4 | 10
Kic (MN-m?2)  46.2 | 24.2 | 38.5 | 24.2 | 51.7 | 39.6

B (%)

# G 300MPa | — 0 — 1100 | — | 100
241MPa | ~— 0 — 1100 | — 67
172MPa | — 0 — | 100 | — 0

* QAR O EEERRRIT & b finoFEL BB O#&

— 48 —



Vol. 21 No. 2

BEOCHIHWA T VI =Y 244

(138)

L WETL EHRBEORCERE7 VI =Y 268%
B2 EVARETH 5, K261 1HlE LTAIMgRES
OB & R G R/ B s LT LiIRnog)
BRRUIH, 0o~ Nz k3 & B&ko BiE@ix, 7075
-T76 $EREC LLBIHEZE 2 30% Y B § % >, 7075-T76 DIERE
20%UW I LI HBE CHMM R 220 %W BT B ETH B,
Pl, BzEgRrr iy A600NROBIT >V TH
Bick Lo ThHcD, BERERKE-> TE AL, BER
st e n T 3 DC g5 J/MER) 0w B & 455 1980

R BE (cm)

600 -
(
500 |-
s
Q.
=
Xu
@ 400
ui
pr
og
o O Al-Fe-Ni &%
0F @ Rrrs8A4:
200 i { 1 1 1 ]
300 400 500 600
hoEiBE (K)
925 Spray castiEick b #bE L2 A-Fe-Ni RE®
& RR58 & 6 DT vk Hoilig
40.6 11.4
35.6 10.0
3
X
©
30.5 8.4
Z
#H
3Bk
[ = e = b
- SEE S E d6.9
NN— £ 3> -4
20.3 i 1 1 1 5.5
0 1 2 3 4 5
Lizsmn®E (wt%)
26 Al-Mg A&OMIER - BEOEITB T T

Liznofg#

FEROEHKRTH Y, ZOH ALLL, Al-Fe-Ni R & 0K
Ha (P/ME) B ieERLInT{3DEBDNE,

6. ¢ El U

BOR OIUEBR 7 v 2 9 5B DOWT, SESCHGE
EeLNDOOOWMRGERE2ILATE LY TAHTL: G,
FRZEA 7 v 2 = 0 AREOMENRRE 2D 5 L THEH
HOTBEBTENERNTH %,

x 8

1) A.Wilm: Metallurgie, 8 (1911),225.
2) BE+E B, UREE: OASEERE,
3) U.S.Patent, 3198676 (1965).

4) J].V.Luhan and T.J. Summerson: Metals Eng. Quart., 10
(1970), 201.

5) Alcoa Green Letter: Alcoa Alloy 7050 (1976).

6) M. A.Reynolds, P.E. Fitzsimmons and J. G. Harris :
Symposium of Aluminium Alloys in the Aircraft Indus-
try, Turin, (1976), 115.

7) E.Di.Russo and M.Buratti: Symposium of Aluminium
Alloys in the Aircraft Industriy, Turin, (1976), 115.

8) U.S. Patent, 3791880 (1974).

9) D.S. Thompsonand S.A. Levy : Symposium of Aluminium

Alloys in the Aircraft Industry, Turin, (1976), 115.

J.B. Robinson, F.R. Collins and F.G.Nelson: Metal Pro-

gress, 98 (1961), 318.

D.S. Thompson: Met. Trans, 6A (1975), 671.

M.O. Speidel : Proceedings of 6th International Confer-

ence on Light Metals, Leoben, (1975), 67.

J.H. Mulherin and H.Rosenthal: Met. Trans., 2 (1971),

427,

M.V. Hyatt: Symposium ot Aluminium Alloy in the Air

craft Industry, Turin, (1976), 31.

I.Kirman: Met. Trans., 2 (1971), 1761,

G.T.Hahn and A.R. Rosenfield : Met. Trans., 6A (1975),

653.

M. Buratti and E.DiRusso: Alluminio, (1979), 31.

R.J.H. Wanhill : Aluminium, 54 (1978), 455.

J. T.Staley et al: Aluminium. 53 (1977), 667.

M. O. Speidel : Met. Trans., 6A (1975), 631.

Alcoa Green Letter : Alcoa Aluminum Alloy 2219 (1967).

J.R. Tschudnowsky : Rev. de L’Aluminium, No. 362,

(1968), 297.

A.T.Thomas: 6 th International Conference of Light

Metals Leoben/Vienna, (1975), 58.

WLIBEEE « ¥R, No. 9 (1972), 101.

KA %, HHEE, BEIEA AR, 19 (1978), 112.

W. C.Rotsell and C.E.Gawthorn: Proceedings of the

Second International Extrusion Seminar, 2 (1977), 25.

3 (1939), 60.

10)

11
12)

13)

14)

15)
16)

)
18)
19
20)
21)
22)

23)

24)
25)
26)

— 49 —



(139)

B 2 B & B B B

April 1980

27)

28)
29)
30)
31
32)
33)

34)

35)

36)

S.N. Singh and M. C. Flemings : Trans. TMS-AIME, 245
(1969), 1303.

B, FEIEAE, M kI,

D.S. Thompson et al: Met. Trans., 2 (1971), 1149.

J. T. Staley : Met. Eng. Ouart., Nov. (1974), 50.
REHaRHE « ARE, 9 (1968), 240

F.Ostermann: Met. Trans., 2 (1971), 2897.

J. Walman, H.Sulinski and H. Markus: Met. Trans., 5
(1974), 573.

E.Di Russo, M. Conserva, F.Gatto and H. Markus : Met.
Trans., 4 (1973), 1133.

R.J.H. Wanhill and C.F.J. A. Gestel :
(1978), 573.

J. Waldman, H. Sulinski and H. Markus: Symposium of

Aluminium, 54

Aluminium Alloys in the Aircraft Industry, Turin,

37
38)
49)
40)
41)
42)
43)

44)
45)

46)
47)

(1976), 105.

SFUFRRAE, REERHE - )R, 26 (1976), 347.

FUEA, BEEE . e, 29 (1979), 360.

ENER  AAGBERE®, 18 (1979), 271.

OB EEMRITE, ORBGE, (1971), 411.

J. P.Lyle and W.S. Cebulak : Met. Trans., 6 (1975), 685.
C.T.Post: Iron Age, July 3 (1978), 41.

T.H.Sanders and E.S.Balmuth: Metal Progress, March
(1978), 32.

J.T. Staley : Met. Eng. Quart., May (1976), 52.
J.S.Benjamin and M.J. Bomford: Met. Trans., 8 (1977),
1301.

M. Lebo and N.J. Grant: Met. Trans., 5 (1974), 1547.
H. Ahlborn und D. Merz.: Aluminium, 47 (1971), 671,
730.

— 50 —



Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No. R-233)

& K o & K %
M as - A8
Water Vapor Permeation Through Coatings

by Hitoshi Sekiya

R &R T3k = 4 B0 F 78 A



& K o & K &

B e T &8

Water Vapor Permeation Through Coatings

by Hitoshi Sekiya

1. & C & &

Ty ARBRERETENO—2REEOR LT
Hb, WRIEANCIBELK(ENGTH 05, Bl
PR b DR EMICT  — FRIERI Vv — FK
ISERELIRLNE S, BRI - TESE R 2E8T 5
TETHY, SLIIIHEARIGCEETIRIKPBERE
A+ ofa 2o ETh %,

Ul - TEBICER SN 3 HEEO—D i, BESEL
TWaK, KER, 442 EolRicdds vy v—
HTH3, —BCEBRBEDL S 2Fv 77 4 Ve, Z
NoEETANARA A R E2RILEBL, EHOEA
DOERAELZCEDP DD, BLHRBEOKBESMET O
REXEZLDEE, KOBRE, BBOHEZNZ C LE®
JEDHRE 2 SEi T 2 L CIERIcETE L8 5,

WoiF 5, BEOREY 2BET 35, KX
ik 2 RIREA, AEL, 25y s EBREERERD
FHie, KoOBINEBBTHEFET2BEORY, 7V 22—
OFAE, BEEHE, ISREBEROER L - TIz—#OD
WL EZALBBEND L, ULhL, CCTREADE
RERTHBK, 1402 80BEEZBLTOBEOHE
ZRU IO OO EHEA U, BIROEBYE 2 R
EDBETERT 3,

2. BEEOBKHE

2.1 BXREOER

BER TS AF v 77 4 VLABEHEPKER EBEURLY
&, BREET 7 4 VA RECEBT 5, SHRBRLI
EHESTFREERHBOACEEE S TREBEOBEOR 2
UTBEILTY L, ChBBREARCENRT 3 Ao 8%
Thb, 35 IBULEMERIZ T 1 v LD OB
L OEHL, WERIERRENELE S, DL KK
ANV LRBPERBRNCEETIEE2ER LI,
WERT R TEIOCES £, FHBAD T 1 v o83, IKHE

TR

SEPiBLE P 0B 2L > THAEERELS, 7
4V ADEEEREE S O x ick 1T 3 BBAKERD
BELPCETAE, ERIRETT 4 VLARZEBBTEHZAD

[ 1) NN NNy,
IR R P [T o IKIEREP:
e—x—){
Tk momE o
?

77777777777 /7 7777777777

BEET 4 )L (BHEA)
K1 KEXS D E B

HquE XD Fick DB 1HERTHSEDEIN S,

—_p.4€C
Q= Dwdx

T O T q 3BARER, BAMERE ST h OKERDOBEEE
TERRETHIENTH 5, ERDEBHERTH 5,
SEEREEC OBB T 7 4 v A OB /SR S EBNT
HBp ORI 2 HOOBEHETHITE 5,

¢ cz
qux:—Df&dZ ...... ©)
LTIt - T,
q:_QEC_‘l__Pi ...... (3)

MNRE B, 74 VLEBMTORKDER ci, c:idHenrym
A c=Sp (S EEBR~ORMEOBEMHEE) T » TR
EoFETHEDINE, THDD

— DS (pi—p2)
i

BBFRE PR, IERE D EARRES 0T ab DL,
P=DS &LTHoDLENDE, LI TWRIDBBFK

q

— 5] —



(141)

E X2 &£ R BB

April 1980

BPRXDLITHHDbDINDB,

P :_p(_l:'ip__ ...... (5)

FCHEER B D & & SRR S OB RTFHI, kD
Arrhenius IO BEZERNTH EDIN S,
§=Soexp (—AHs/RT) e (6)
D=Doexp (—Ep/RT)  «oeeme %)
2 2 TSo, DoldE ¥ o ithHH Lo & 3 DS, DDfE, 4Hs
W, EoikEtofifbs 2 ov ¥ —, RISREER,
TRiEESEE25 5607,
#-7T P=D-S kb
P=Poexp( —Ep/RT) oo (8)
i Bp=AHs+Ep THEBD A0 OFEEA= v ¥ —
BHHEHDLTW5,
2.2 BEELZOAESE
RER t i 2B U CEET A KEKOR ¢3RRI X
STHETEZHTHY, RRECI-THEDING,

p=R@=PaAL "

¢ P aEimas, PP dAkKESE, A, [ 37 40
OEH, B, t REABETH B,

— R T 4V A DKEROBEBOWE RBEEQ & X1
NAWBETHEbLENE, CTHIZBAERM, BHUEEYSD
DOKEKOFBET, A THoDINS,

— ¢ _ P(pi—p2)
Q'.M {

CCTHEBEEP R, BAKERS T 5 BEAEH,
%&%%%b@ﬁ%ﬁﬁﬁﬁfkﬁﬁ%%bén6o

-t
P= At(pl_pz) (l])

ENETNOBMNEROEEHTH 5,

q’ (g

Q (g-cm™sec™) JIS T (g-m™* (24hr) )

P (g-cm™-secmmHg™)

FEIRE ORFEFECoOVWTIE, JIS 2-0208 WHEIEE »
v TR IBFEFPBEINTVS, BH2IRTIOIK, ¥

s #55H
%/ //§§74MA K772
) $0I%# (CaClz)
S — b ‘\77"/”7"'

K2 mRE» v 7

BH 2 ANTBRES v TiIe7 4 vAZEEL, BENL
2 %, WEA0L1C OERIEEMIIC AN, B LR (245
R Eicny 72D HUTHRL, & v 7 O
—HBR 33T, THbbKEROBRIEHRETK S

TR B, REOHMELID, KA XV BREZFET
%,

Q= 24tOAq ...... a9
zcT, Q: ERE (g/m?*24hr)
A: 74V AOERE {cm?)
t o R OPPRMR Chr)
g tETOYy TOME (mg)
TdHab,
2.3 R

WEOECKOBEE LD, »3BEORRICI S
ENnAEE, KDTREMONEE TRAL, Z LIER
U RIECHEET 5. CORSEZRIED 50 EBKE X X
BRI S N3 KOBREBEI2RHTH 505, KL
WU, DV EIRRABICET 5, WA DK H
FAHITHT T BRI R HURE & & &

BAD EERES F IO 5Ky ok i Fick 2ok
®eH b, PHHORKTENTIRBKEREROYLHFRIC
HHT3ER2RLTIN S,

B/ 7wt =y s s b7 7 U ViR
PHREL, KKBELULIHEGORKE2ERETHEL,
DHEKRIBRESMNOE SR HLAT 2 HE2HERL, &
51 Fick BIDILE 2 B4R & U THLEEB D 11 6.07x 107
cm?/secE UTW 5,

Anzur® 53, T <v P s v BFEORKEE RIS RE
W], <Y s VRERORE 2 AROREE THE
Utzo B3ICART & 5 KRRV E { 5 5 i > THRIK
BEBLTEHE, bl vy s VEBREOKESHMSL
BERKEBDL B ABERERL T 5,

30 TER
—025°C, 38
—x_ I 108
a—a I 248
o—a |/ 318
/ -
20 v
S A
H / éy
< 3
& é -
/ /

R
4/

/‘

24 48 72 96 120
FRERE(hr)

B3 =<v = o BRIOWERE & BKE
—RIC BB OB, BIE2 RT3 BT OMmEERE

DEERKRS S FEIN Y, CORBRERBERHP O
OEECIABERMECLIZ 0B, =vvPs v



Vol. 21 No. 2 e

B o &

Ko (142)

MRl ETE, R, el s LR ESEKEIT A
E{BBEPE AL EBRLTV S,

BAEOBKOWEECRITHEE SBEOBBHIC >N T
Yaseen® 51 |1 WRT U EOBRBICE LTERBLTL
3o LLTREMTNETZKEROBRNEZ2HEL, B
BHEMS 2Rk T3, HIECBE4CRTEBZHu,
EHPEY” Tiisbh, MECEEEEOMEGRTD S &
WWHIEE NI,

BEEDE

: Bz
ag7 v o
Ny Ly
=7 DL ;%7\3
BENVIT-
BART 4 ILL

iﬁ%?ﬁ‘/T

R4 ARSI

R R LR ICRT, COER»LROBENDD D,

D RKESIREYE 23 O ERTIENT 3,

2) BEERZ-EBCUEERZLERISIES, KR

EAEBINL TV,
3) BoKERBEREREOEEHK I - TR, BHOL
WEZV (No. 7) DS OB 2R LTV,

VIRIEH S 12, 72 OBUKE 2 KEKETH 33T X b
‘Bond, BEGEHE, RECHEINE &L WEPL, BHY
B ICHG LTINS Wb » 5,

— RN EEROBE OV E ST R T 2RI L
R4, BN UK F EHELREBLCET 2, COXD
KRS T CRBAKROHEINE & 8 WmEEBHOKE
Wanthe s v b EBOEHESEL, BAKRNES
KA B DEEADN D,

2.4 KESHRME

AR OB OKELEBIEC MIE TIRE S E OB
2 C Yaseen® 5 133 1 WRTHEICS UTHEBR LT 5,
F2IHEDSABRBEBEES, COERIVELNIBRE
WP B X OCHEURE D 2EE L, SEEEOKERSE RS
BEELUT D,

1 ABEREOMR & FREEY

No. L A & (wt) # W
=, Alkydal R35W 168 0 . e

1 Foh— 1 Resydrol WM501 37 A Id 130C, 309

2 /7 ” ” = # 7
Maprenal WL 27 .,

3 ok~ 2 (5 T KR 70— 150C, 304
Resydrol VWY23 89

4 ” " 5 e ”
NC E510 clried
(=tuke—x) 120 i

5 NC 7 v 4~ Castor  0Oil 28 79— -
Dioctylphthalate 72

6 7 ” 7 % £ —

7 E=bT oy A Vinylite VYHH — 7 Y- 50C, 248

” Vi — = 1, Vi

Alkydal F251 512

9 FE F-2 58 Meprenal NPX 216 7 = 140C, 304
(2 7% KR

10 7 ” 7 5 &) 7

_ Alkyd 152 50 — i -

,11 7vH= 3 Cellulose nitrate 50 7 R W%

12 ” " ” E740 =187 N0 o ”
Alkynol 1363W 130 - '

13 Fw k- 4 < 130C, 305
Resydrol WM501 30 -

14 3% % —

EHid TiO: gkl (RNS7 rutile) %,

— 53 —



(148)

X B & R &%

April 1980
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v 7 R50% O RTHE U CHgbnic, EHEA
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3 EE ORI - THEBARBUIENT 5,
HETRONBBERP B X OBBEES » 5, HREF
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2, WEOWRSEEICS AR ) v Bk T

g9 Wk TR, BEOBEY
S Wk B (ERE %)
23C 11.7 17.2 23.0 28.3 33.9
50 65 80 94.5 98.5 50%

1 0.71 1.02 1.40 1.87 1.99 0.66 0.70 0.71 0.73 0.76

2 0.63 1.00 1.51 2.22 2.44 0.61 0.62 0.63 0.63 0.64

3 0.64 0.91 1.27 1.67 1.80 0.60 0.62 0.64 0.65 0.67

4 0.56 0.84 1.20 1.62 1.74 0.54 0.54 0.56 0.59 0.61

5 0.47 0.72 0.98 1.28 1.40 0.45 0.46 0.47 0.51 0.53

6 0.30 0.41 0.53 0.66 0.72 0.28 0.28 0.30 0.34 0.36

7 0.10 0.14 0.19 0.25 0.27 0.10 0.10 0.10 0.12 0.13

8 0.51 0.71 0.9 1.21 1.30 0.47 0.49 0.51 0.53 0.55

9 0.51 0.76 1.06 1.51 1.63 0.49 0.49 0.51 0.53 0.55

10 0.39 0.56 0.77 1.02 1.08 0.38 0.38 0.39 0.43 0.47

11 0.68 0.90 1.14 1.45 1.55 0.65 0.67 0.68 0.69 0.70

12 0.69 0.93 1.19 1.47 1.57 0.65 0.67 0.69 0.70 0.01

13 1.18 1.69 2.31 3.02 3.23 1.11 1.12 1.18 1.22 1.27

14 0.99 1.36 1.77 2.21 2.40 0.96 0.97 0.99 1.01 1.03

JESE 1055 1371 1688 19.94 2078 | 506 7.36  10.53 a4z 10.84

IREERE 3L &L b 5
R4 BEEICTTRE, BEOLY
K3 4-% 57 (0-50%RH) Oxy k-9 7 (50-100%RH) 1k B % B D

No. P %10 g/cm/sec/mmHg BEBOWEHE P x10” g/cm/sec/mmHg BAOFEE — Dx10%cm?/sec

{braov¥-_ = - K5 4 By b

23C 30C 40C Kcal/mole  23C 30C 40C Kcal/mole # o 7 By
1. 6.30 7.45 9.05 3.92 8.38 12.06 15.17 6.43 0.75 0.71
2. 6.15 6.95 8.56 3.58 19.17 23.31 29.16 4.54 0.63 0.99
3. 32.41 36.05 40.20 2.33 45.58 58.88 65.50 3.93 4.59 4.51
4. 21.37 23.90 27.76 2.84 42.25 47.83 56.37 3.12 2.59 3.25
5. 15.82 17.60 20.27 2.68 22.86 27.86 36.23 4.99 2.84 2.73
6. 16.37 18.86 21.43 2.91 26.20 32.76 36.89 3.71 3.46 4.58
7. 6.87 6.87 7.32 0.69 8.74 8.47 9.71 1.14 5.63 5.50
8. 5.54 5.61 5.78 0.46 10.92 12.93 13.24 2.08 0.68 1.03
9. 8.97 10.80 13.47 4.62 14.67 18.77 26.25 6.30 1.51 1.55
10. 7.76 9.48 11.71 4.46 11.48  16.59 20.71 6.39 1.27 1.34
11. 7.92 10.62 12.00 4.50 11.35 15.51  20.60 6.30 0.97 1.17
12, 89.90 97.16 123.00 3.40 137.67 148.67 212.75 4.74 19.13 25.03
13. 19.71  23.91 28.22 3.91 26.03 37.06 50.06 7.08 1.40 1.34
14. 4.18 4.84 6.17 4.21 8.8 11.86 17.24 7.22 0.34 0.59
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# B B (g/m?/hr)

No. KS4-hoT ULy b-hy S

(0 —50% RH) (50—100% RH)
23C 30C 40T 23C 30C 40T
1. 0.96 1.71 3.60 1.27 2.76 6.04
2. 0.93 1.59 3.41 2.91 5.3¢ 11.62
3. 4.92 8.26 16.01 6.91 13.49 26.08
4. 3.24 5.48 11.06 6.41 10.96 22.46
5. 2.40 4.03 8.08 3.47 6.38 14.43
6. 2.48 4.28 8.54 3.97 7.51 14.70
7. 1.04 1.58 2.92 1.33 1.94 3.87
8. 0.89 1.29 2.30 1.66 2.96 5.27
9. 1.33 2.48 5.37 2.23 4.30  10.46
10. 1.18 2.17 4.67 1.74 3.80 8.25
11. 1.20 2.43 4.80 1.72 3.55 8.24
12. 13.61 22.00 49.17 20.86 34.02 85.50
13. 2.99 5.48 11.24 3.95 8.49 19.94
14. 0.63 1.11 2.46 1.34 2.72 6.87
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x5 BEECRITEBORED
VAR IS G KM EE o B s
E o 3 ————
o5 ® H e HmEEQ BE EEEQ BE HREEQ
A W =,/ 77 16 — 10 17.40 12 7.62
B F 7 vy 19 — 10 10.02 12 6.30
C FHUINMBRAF L 18 3.14 11 5.14 12 3.12
D 7 4 Y v 19 3.58 11 6.36 11 5.17
E 7rUMBRAT VY 18 — 11 7.92 12 5.12
F #Hfkr=YyFv 14 2.20 11 3.07 11 2.43
G ” 14 0.03 — — — —
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RH 4+ MV pm <= R M*)y4na+ZH
DI AL TEHBRCY, 14 VBCDEI BEDD

LEHBRA EBBEILTOL

Malik™ 5%, 3HEEO7VF v FEEE S EROES
HE A BHEO4 3 o RMBERAE LT3, B
Bl A 5 2008 L OEic ki ah, 3EBREGRIQ
1288, 200~800 Wi KISZaEs » U, Ulfavarson and

Khullar™ @J5HET 4 4 > RBERBER2AE LTV 5, BBk
F—2 2RTIBLIUVRSIKRT,

0.6
0.5 <
N
0.4
<
, \.
~ 0. 2
x 0.2
€ o i
]
Eéz
S
N 0.26—
~ 15
-
€
14
0.1
11
)
0 200 400 600 800
BAEFEER  (hr)
K8 HKEBL 3% & o TRABAROEL®

£T7 HUKHBHREO4 4 RWRAERD
4 F XA R  mole /kg(BFH)
SR mow No. ok W B B () [?J;Oﬁ:mf
0 200 400 500 600 800

CEESS A 0.74 057  0.40 033  0.25  0.07 3
Red lead 1 0.15 0.5  0.04 013 0.2  0.10 7
TiO: 2 0.3 031 025 023 019  0.14 3
ZnCrOs 3 - — — - — — 9
Cr-Mn Oxide 4 0.22 024 021 021 018  0.15 3
Fe:0s 5 0.56  0.46  0.37  0.3¢ 027  0.19 2
(29 %) B 0.52  0.43  0.34 030 024  0.14 5
Red lead 6 0.08  0.08  0.08  0.07  0.06  0.04 9
TiO- 7 024 022 020 019 015  0.10 5
ZnCr O 8 — — — — — — 10
Cr-Mn Oxide 9 0.20 019 018 0.8 0.6  0.12 6
Fe:0 10 0.3 028 028 021 017 0.1 3
(59 =) C 0.3 032 028 024 021  0.16 7
Red lead 11 0.8 0.08  0.08 0.08  0.07  0.05 9
TiO: 12 0.14 013 012 011  0.09  0.04 5
ZnCr O 13 - — — - - — 10
Cr-Mn Oxide 14 0.1 0.1 0.0 0.9  0.08  0.04 7
Fe:0s 15 0.20 019 0.6 0.4 0.2  0.03 4

WK EEL ¢ 0.1M NaCl, 50+1C, PH 6.0
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S LT, BAEASHMZHOVDE BB EDBDM DS,

Uichs- T, Bitk, MWEL L THHEDE Y, K
iz & - TREMICKE LAk, TROLRETELZZTR
FTLOT, FTHRERHR,, HAEEH2HVL/HE5IE
RHRB LWL, - &b, BARAMER IR, Ei
BARERL SV P TRETHE, BRERKE 55, Rk
THEIEE 2 BDT, ZOBERLHLA 5,

7R =9 ASETHMEE ORI, k%ﬁ%ﬁmmﬁ
BRILEB BTV, CREFEBIOEHZHVS
BETHROBHERTLCE DD, REOAHEETH
HIESSBOMETH B L EEHEETH %,

— 67 —



(157)

® 2 B & B # &

April 1980

4. P IOV LEREERFE NI v Y
DREFHER
AR O EEEA 2 v T, HBRs4EE 4 BB ahic b
Sy o CTHEAB X CEFRBRZTLEL, 20007
A& IR R HIE Ui,
Rt v 7 OFEH LRSI, HKRNEZR8w, 4

o, Bk X "HE#E20km/hrb 5 O&EIE & Ui, g
ORAAEEB L, 27 THAARTHOER2ZNE
NE12%6 L CER3KAR L, FRTRBRE 2E14R T,
BB RS EMCH» 6 8 3, HilicEkds» s 8 ROHMEZ

£5 YR 7 v VOFEERET

MEPRICFNEFNRT, cOF3 v 7id, LHBRIOE v VB H ¥ A % 3 KF366
BEEEE TG, 7N U LAHIEH B VIRAS T RERTS B %~ w4 H B HIE WM
clbdb, LEOOREESL» S EWVICET, o = 2% 7 A E W
H O X OHER, (ERMORD CHER ST 5 v e B m L0945
FO7NIZYLEEEMOERZREICRT, kB, fit - -
. . . Hif&iE m 2.500
K57 OEMIIZIIMMO 7 ¥ b UHBERIN, B :
BAILS » E R OTIED BNTV B, HmEs®E wm 8.020
AU LS v 7 ORI, BUS vy OFBEE I kA4 —WR—Z m 5.330+1.270
500kg HiigL, BEKR, 8.5mAADT vy HIEET V3 S| by FGIXE)m 2.000% 1.870(1.535)
=7 Aéﬁ%ﬁ@ﬁ%%"ﬁ? AT BE M m 1.460
FAIE, K8 wwRd A—AlER & ¢ B—B ik O
Ak X OE N E O A AORIEA, RIOCRTZNE R m 8.500
N4BLeEiie, BB TH »— 2 KFC-5-C1-23 FEPUUSTE | B m 2.340
(B FfmEEs) 2BA L, MEEIRR N * DS B m 0.700
2% L NFRIRIT, 3 EIIEEAEZS S BA-SLT (B WA v Ry ke 6.620
sy 2EAT, B0 TAEIDPMSERS L OVERT v v o . = =
. . " . B E OE ke 1,890
757 RMS-11 (W3 b (B SLMAE RS & Auv CHlE - —
Ulze 0925 — 2 IR0 — B 2 BT R T, f gl mEEE 8710
FEHRERE LT, EERIPLIFO7 V=0 L1416 JHEER (3%) ke 165
W30 EE56h OF VI AR T 2ABPED, BARBERE ke 11,000
FEFTREE 15~20 km/hr ¢, B2 100mm o kR 5 - B 4 E B kg 19,875
O, RRE R, SARSRE RS L, $EH10~15kg/hr
IR (23%) HWHRA (24)
o 8 g
gl;
oo | aovusns § s | s § svous § swasame | s | wm—m | " § 0 § now e owwn § o | oo | sowwonss § s § s § s § oo s s | m—' 'E
40
&
A <] p<l
7 6 PI&8500
g 3E:
B R sk b 1 SK7 4 1 M
| \
”"> b \ AR K 3
1350 5330 1270 2870

B8 RN T v s DN
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Iy sHETIVE =

LB

fadaa oYt

{aeslNE
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#£6 HHELI v IHBOTNVI=

#£7 85mMHEBOFEF VI =Y

(Eiﬁi kg)
w " % WOR | E R N e AR
" 7 ' &) (kg) w \ L M H
SN S 96611 2 98 9 * 76 90 98
®mOB’R K $38194 23 171 BB X 142 157 171
BAKE &M $94311 46 12 WA B & M 12 12 12
K b { S38184 2+1 61 B b Y 54 61 74
=3 B | S95414 & S94311 - 50 B [ 50 50 50
=t 392 5t 334 370 405
2—M8
. yJs \l\_*ﬂ‘ ;(Yz) 1§ —
N
; Y5l (Y1) v1
Tl{ Y6 (Tl)“ll* 2
! 2 —M8 !N
i 1[ !
¥ i
A—A
b ol L [ oy
AR K
7/ - M Y4
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_%_ . €Y3) Y3
g I It . \
P ””ST
Bkt N Lo T4 .
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iz, EEEChAA, RERIRSDA-AR LI BB
Wi R 1A, B2 EoMR2RE, 20kic2s 72
EOeiz, 2O xOHHER 2R IWRT, HFEEL
FThb, FARRERBA TS, KHMOBRE 29,
% 30EER (FHER) »5AT, MEDLVEENT
TIEEIIR b B LVREED & O %, MHRE 2R T 57129
HERITREAIL,

DT H I T IR R IEO— G 2 B15% & CRI16ICR T,
SR A B L OGEARGEI, 0T A BB LIIIGE
P ORI BPEERIICEE D TRT,

BT 3Ry — DRI

B13 7o X3 TR

ﬁ:kiﬁﬁﬁﬁﬁ

April 1980

AR OISR EEEE 2R E T ARG T, ENKO
73, B RBRE T ARBIGNTRT, RPOEMIE
5313 BV IR BSTITEWV T & BIRT

e s, He168 boRER L s SHERADTIT—21
kg/mm?® ORI U, EEIEIE UTEEIGT] & IGR
BoRTHEbeE, kT ykic—2.1+£3.1kg/mm’
DOIEIHBEL T D, LIW->T, HEZEREDES L,
T1Cik—4.243.1kg/mm’ DISHDFEE LI LK 5o
Vo IF 5, BHBK IR, Y5T —32+3.0kg/mm’ D
EIBAEL TVWB. e bid, TEALVEBEINTS,
R17 wwRd, ZK60-T5 ittt O EA B HOFAEEN
RBEORICH S C &b b, LT, FAEEIENED
SN S U,

VWolEH, 2571128 JRIRL, A Y TEELUILE
03, BIRERE LUK, #RKOTL ¢—64+59kg/
mm?, BEEAOY1T—51+4.7kg/mm’, Y5 T—34+43

B4 T LB

®8 W W E R L k)

P e I
7 HY 3,950 5,010 8,960
Hb 2 16 TR A A2 6,140 19,660 25,800
A7 7 2MEREAAHY 4,140 15,980 20,120

1) EEOHEMERE R 50, AEMAHEEOMEERA
TWBIZHTH B,

2) TEMIESR 16,840kg

3) THEE 11,160kg
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kg/mm* D51 b5 L T
wh b, HE BRI,
Hi<3:16.8 b IR, BATHBRESB% A TV B0
W, M EZDTMC AT, 25 7112 VEROI
SVIGTIDVKE O, FFEREEASHEREIC, B—ITH
AENTO 0N L, BEFR 2 KOBRAEHEBHER
TBH5EV), O TH VOHAA 2RI >0

325, VTG AR P

THd, bUACT, L ORBEERE, K11.7(=23x11.2/2
>de %B@ﬁﬁH®Twﬁ§Kﬁ?6&$$WNﬁ
f<n5@f,%@icmiaﬁ<iamaé29mao
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WHICEE P KIS TE 00 D» 5,

LIS T, Bl ed s BERESNIZY, WEMNTY
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—1 I i | ! !
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5001 W \ o~ W
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2 500
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e
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0 Y2
500
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5 ETF
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(161) # A B £ B H 8 April 1980

x9 HHEA B IO EFROKI & NGEE

. fg%gzﬂ i % 16.8 + > B @ Z 5 7112 br B’
R A N REE
it  \ ®¢%7;%W%§ﬁ% DB | s | & ﬁ%ﬁﬁﬁm?ﬁ%*fgwmfg&@ L
< L I~ ] ~ . ] ~ L. I~ - I~
+2.4 | +1.0 | +0.7 +2.1 | +7.4 | +4.7
T1 | =21 | -300| —5.1| —3.2 —2.3 | —2.6 | _9§ | —3.9 | —3.5
: : 7| +1.0 ] +1.2
T2 o | T35 sos | TL2 ~0.2 [ ~0.4 | F3T ) FEOL S
-
T3 | 0 09 0T o | w07
T4 | —0.2 07 02| 0.9 | 414
+1.6 | +0.2 | +0.2 +0.7 | +5.1 | +4.0
&7 Y1 | ~1.0 | 36| —3.5| —3.0 —0.9 1 —1.0 \ 88| —4.7| —4.9
(kg/mm?) +0.4 | +0.7 | +0.4 +0.5 | +1.8 | +1.0
Y2 402 0 10| ~0.4! —0.9 -1.0 | -1.0 |\ 35| —1.0| -1.2
+1.0
Y3 | +0.5 ~0.2 +1.2 | +1.0
Y4 | —0.9 i8:§ +4.4 | +4.9
+2.3 | +2.3 | +1.2 +4.0 | +3.5 | +1.2
Y5 | —2.5 | —35| —-3.7| -2.3 8.7 | =8.2 | 46| ~3.7| —3.3
Y6 | —2.5 -2.8 | +0.9
e
L oo A0l S w01 | 02| w02 | — — T30 w05 | *o0s
. 0.8 | —0.4 | —0.4 0.9
Tt -
Gy | OB - o2 wos | 01| A0 - — | £0.6 | £0.2 | *0.2
= +0.2 | +0
A — -0 -0.2 - - |

1) ZEHEZEE LIZEIGT,
2) GEfTCE b5 2 518 L OV IR A 5.
3) BN FD TV~ ke su A oNRROGEEY, LA, §ifs X ER 2 IETER,

20
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1

0B 5}‘Trg\‘* \

Bt (108

= IS
3 107 o~
e 5 ()]

0 5 10 15 20 25 18 BT REMOMHR L 5 v 2
T (kg/mm?)

B®17 ZK60-T5 Mo RERE AVEI10.9 b v 2TEIW U T, AEE— KB 2 EE% L
D& E DT RIS L OIEE 2RIE L2, 2 OIHER,
LEh s vy FASOFEIAV LN ZFERI DV T KRENHE L % 60 km/hr TETHRIHRADOTITED 2,
BEHBRDRT LR B, —1.1£1.6 kg/mm® BERKEVINPIVEDTH -T2,
FEHEABROD L, A PSS v IR TV I ZTLEED T OEFEEXAPICRE ULER LT v 7 OB 2RBITRT,
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5. & h b [

SEBS T L, Py RO T VI DY
LEGHMERETLELE L, ZORERBBS IO 7 v
T LASHEE RO N v Y ORIEB X OESRR
2T, ZOMWRERER LI

g2, 7o AHRENEREICT v, Tabb
RIREE DM % & >, O Z hic < 500kg BT Dt
LB, LIRW- T, BEZNIZUBERER T C &P
BEL 23D TH B,

WFNIZUT S, BRI 3 REBER S EXYRD
EHHBER L BEEREEDT, b2 Va2 NRA
ApEIHT, 7D Y LEGHEEROFEEMMENRE
%o FEITIRHES L OBERBRTCHE FI 9 7 EH T,

BRMSORHERHIBEEA v v a2 MBI 5 TH,
SBFHA Uy PRETIOLEFHING, FOREBHEG
DERE, BER, XBERMBRL»OBRIILTEEOTH
%o

A N T v 7k, BS5E4L HOERE TH—EMT
65,234 km FEfT L1223, Hiy/ N3 AT OBIBARA RV
b 4 AWHG20% O T ETHRD o0 UM, {68
Wixgdb -1,

Bbhhic, cOftE 5 v 7 28ESh, BHERRPH
Alants, A4 EmER BT S e, FE, BB
frahi, BERABHETEMOBCEHBZ2ET 5,

X [
1) YR, (rERIESK ¢ KRS, 19 (1978), 81.




