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Laboratory Corrosion Testing:
Realism and Reproducibility with

Modern Methods
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ASTM B117

ASTMIZE T
RIE (1939)
SRERFRAE M U.S.DERN K ER R
MHTEREINT- ELTIERRAENT= (1964)

(1914) ‘
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ASTM BL17 (X IR ERBILLFEON TWOWSERHAERBFIETHS
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ASTM B117

e 5% NaCl I5/KMEZE, 35°C

e pHHETE

« HINMWE (EHEEREZAWVWTEIRRIZTS)IZEST
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e 1SO 9227 EHRDAERZTEL
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- BFERERIEIZIKIETS

e CASS (ASTM B368; ISO 9227)
— “Copper-Accelerated Acetic Acid-Salt Spray”

« MO —T 4O RTLDREEE
— BR.EREE . TIZZIOLEED
Copper/Nickel/Chromium E7=I& Nickel/Chromium A3

— [BGBEIETILES=D L

-

SanyoTrading |teman—sar sk 11



IBKEZFDER

¢« [FEALEDERREZTHITUTaL— 30 L

« KIEDIZE. BAIRRTICTSIEECS BRLSIEEE
ELHERITIES

- BAVERABRERELEBRLTEV AR

D<ETCLMEEHE/EEHABRLTEMRIT
FEEEME /3T RA BRI HiRER TIEAAL

SanyoTrading Btepan—vars2k 5



mN/EE Y14 IILEER

SKESE > FZ1E

= Chamber

Heater /

Sanyo 'ﬁ‘adlng BeOao—oav5 Ak We make testing simple.



mN/ELIR AU ILERER
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(O THRIGIEESN =D [LASTM G85 Annex 5 (1985)
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ASTM D5894
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HXTE/ R RY R LR

ISO 12944-6 (and -9)

Day 1 | Day 2 | Day 3 Day 4 | Day 5 | Day 6 Day 7
UV/condensation — ISO 16474-3 Neutral salt spray — IS0 9227 Low-temp.
exposure at
(-20£2)°C

SIS
)I“:'a':;:\{
« 4 BFRS UVA-340, 0.83 W/m2/nm o EIRIE/KIEFE 35°C
at 340 nm, 60 °C B &t 7205
- AR BBELHE, 50°C - ZFNDEZRAERE (-20°C) 24K

B &t 7205
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First-Generation Cyclic Automotive Tests
Salt Fog = Dry-Off = Wetting (Humid)

EEYV (VI EHR-F—HE-
(KB > 548> M)

Controller

Wetting specimens
after dry-off
reinitializes corrosion

Bl IC Y I EES T LT
BEZ=BYHRT 3
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First-Gen Cyclic Automotive Tests
Salt Fog = Dry-Off 2 Wetting (Humid)

- Electrolyte: NaCl, CaCl,, others to simulate road salts
NaCL»CaCl2, ZdZr@EFI0BERZBENE L1k

« Solution: applied by either direct Spray or Fog
/K v T —EIEKRT L —

« Cycle: Salt spray applied intermittently in “ambient” conditions
ERRBREBOEBATIEKI 7L =EiThhiz

« Verification: Use of corrosion coupons to minimize test variability
RBROIT SO EWZ B, a0—Y 3y —RyEHH
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RH (%)
Temp (°C)

First-Gen Cyclic Corrosion test
HEYMVIER S—HKD—H

100

85 +
0o 4
BS +
B 4
75 4
T A
BS 4
B+
55 +
50 4
45 +
4 4

35

a0 Hf
25 4
20 +
15 4
10 4
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| Ambient
Humid
| Fog | H,
1
| _\V"
7
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|V | N |
| (
I | TEST CYCLE i b,
5 function leen EH tme  ramg
1 SUBCYCLE REPEAT STEPS 24 BX {graph shows 2}
2 FOG e H 4100
3 AH 27T B0 400 Buln
4 AH 407 100%. 16200  Buln
AH 27T B0 1200  euln
0 4 8 12 16 20 24 28 32 3% 40 44 48 5 56 &0
Time (hrs)
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HWEYIOLRBE— HRORBREY

NaCl 0.9% Precise transition times
CaCl, 0.1% are not controlled, can
GM 9540P Shower or Fog 25% 18% 56% vary from chamber to
NaHCO3 0075% chamber
IFEL BT A E &
pH uncontrolled AT LS, B
DL > T/NTNZ
NaCl 5.0%
VW PV1210 Fog 9%* 7% 85%
pH=7 Transitions are fast for
reproducibility, but
JASO NaCl 5.0% there is little time in
i Fog 48% 3% 49% the middle RH zone
M605;1991 pH=7 FEMD-0, BITHEE

ZRESHEL LD, FE
BEDIFRIDFERICAZ L
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CCTE—HARDOBIEA-EBEIE-

«  Problems observed (HBEFDRIREE)
— Different corrosion chambers produced different results - FHEREEE ICHERENEL S
— Corrosion rates varied among metals from test to test FEZ L ICEEBDHEBEBERFREAER S

- Reasons / Areas for Improvement (REDT-$HDEES)
— Only full wetting, dry, uncontrolled room/ambient conditions possible LEHHITLiElE - 8
B iTE (R ICRE
— No control of RH transition times EEBITREAGE TCEAH -7
— Variable specimen dry-off rates /NT /NN Z B O IR EE
— No RH values in critical transition zones (DRH) HfZEE COBERT %A L T AL
— Slow application of salt solution from fog FEFETOIEKER TIZEEEL LD S
— Little time for dry-off and re-wetting of specimens H > 7L DezlkE - ‘ZEOEBAR SN 5

Sanyo 'n-admg B OaO—T3VF R 25 We make testing simple.




BEZREA

Natural & artificial sources of salt deposition
(BR/ATHLEERICTRET 2 EHEY)

Deliquescence of salts
(EDER)

Galvanic corrosion
(HINR=y VER)

Influence of relative humidity
(HE>RE)
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BOFEE/mNERE

« Salts deliquesce sswmi) - they absorb moisture from
the atmosphere until they dissolve and form a
solution.

(EEZRFRORELRINL, R, EREARERHET D)

 All soluble salts will create a liquid solution for RH
values <100%

(AT AME TN RBE FT<100% (2 TCARA KT 5, )
« This leads to increased time of wetness and

increased corrosion
(LEROBRISE ISENEEOHECERREICNEL 52 2)
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8515 B & iF#E 1% (DRH)

Salt DRH

Potassium Chloride (KCl) 85%
Ammonium Sulfate (NH,),SO, 81%
Sodium Chloride (NaCl) 76%
Sodium Nitrate (NaNO,) 74%
Magnesium Chloride (MgCl,) 33%
Calcium Chloride (CaCl,) 31%

if the environment is above this RH, a liquid salt solution will
form
FEXEED FADDENE Z#EZ S5% 5, 1aE kTS
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HILIN=wHER

Active (Anode)

Magnesium
B (&4E)

Zinc

Aluminum

Cast Iron/low carbon steel

Steel (low alloy)

Brass

Copper
Nickel

Stainless Steel (passive)

Silver

Noble (Cathode) Gold
& (B248) Platinum
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FULR, & BEE) FEEINICCN

T (BEStFHICER) ®BEHVERT S
(X
BRI ICEMBERICH DNEDLDH S
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A% E &R B ]
(FREITHEAIL VR EE)

100 -

90 -
L RELOEQ
70 -

60 -

FHEAED
HAEE® o -

40 -
30 -
20 -

10 -

O T T T T T T T T T T T T T T T T T T T T T T T T 1
Midnight 06:00 Noon 18:00 Midnight
Time of Day
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R B RN R

KCI (DRH = 85%)

100 -

KEALDFN

90 - KCl (DRH = 85%)

80 -
70 -

60 -

FHEAED
HAEE® o -

40 -
30 -
20 -

10 -

O T T T T T T T T T T T T T T T T T T T T T T T T 1
Midnight 06:00 Noon 18:00 Midnight
Time of Day
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R B RN R

NaCl (DRH = 76%)

100 -

90 - KCl (DRH = 85%)

NaCl (DRH = 76%)

80 - Wetness at surface

70 -

60 -

FHEAED
HAEE® o -

40 -
30 -
20 -

10 -

O T T T T T T T T T T T T T T T T T T T T T T T T 1
Midnight 06:00 Noon 18:00 Midnight
Time of Day
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R B RN R

CaCl, (DRH = 31%)

100 -

%0 - KC| (DRH = 85%)

NaCl (DRH = 76%)

80 -

70 -

60 -
REEED
BXEES Wetness at surface

40 -

w \d

20 -

CaCl, (DRH = 31%)

10 -

0 T T T T T T T T T T T T T T T T T T T T T T T T 1
Midnight 06:00 Noon 18:00 Midnight
Time of Day
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8%t LR B 0D B &R 1% (NaCl)

Condition (1RHE) ?g;;;}g? Result (#8)
N ol js2,
- Very little corrosion from NaCl
o
Dry (&40 < 50% (& h EBRERE LB
Electrolytic cells around salt \ _
crystals; film formation as RH «  Corrosion of steel (maximum corroded
increasc;s area ~70% RH) and aluminum
e 50-76% K (RABE ~T0%) - TLIICLDER
(RH‘D-E%"T#OE%EEQ% « AL-Steel galvanic couple broken
gfﬁ%ﬁ AOWHEEER AL-$5FS D HIL A= v 2 BHE DR
_ o *  Maximum cathode area for steel; deeper

Uniform Electrolytic Film non-uniform corrosion RXF—/LDIEELVERS
formation >76% MIEIBERY , R —HEBEH A

(H—LEBRIRORA)

* Al corrosion in galvanic couple with steel
FIVEZILDHIVIN=VIEE

SanyoTrading Begpan—sar 52k

Dante, J & Macha, E, Southwest Research Institute
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BAROHILN=VIER
Low RH, <50%

90 -
80 -
70 -
60 -
RH 28T
%) ° T~

40 4B A5 RS T
30 -

1BRH - BB 7L
20 -

10 -

O [ [ [ [ [ 1 1
0 1 2 3 4 5 6 7 8
Time (hr)
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BITROHILIIN=VIEE
50% < RH < 76%

90 -

Al-SteelE =X (2R B7ELN
(Steel & Al B E)
RH

(%) 50 m = e e e e e e e e e, e e — - - -

40 4B A5 RS T
30 -

1BRH - BB 7L
20 -

10 -

O [ [ [ [ [ 1 1
0 1 2 3 4 5 6 7 8
Time (hr)
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BTROHILIN=vIEE

High RH > 76%

100
SEEITENTIVSIREE
90
Al-Steel )L/ =5t
80 (Al BE)
70 )
Al-SteelE =X (2R B7ELN
60 (Steel & Al [ER)
RH
40 ey s
BOMETRRIT
30 -
1BRH - BB 7L
20 -
10 -
0 | | | | | 1 1
0 1 2 3 4 5 6 7 8
Time (hr)
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BTROHILIN=vIEE

High RH > 76%

100
SEEITENTLNSIRREE
90
Al-Steel HJL/N=w %t
80 (Al BR)
70 .
Al-Steel £ =R TR0
60 (Steel & Al [ER)
RH
(%) 50
40 Y
BOMNGRRIT
30 -
Steel Al
1BRH - BB 7L
20 - fam %E (hr) &E (hr) -
=
10 - 2 0.5 4.0
. Zomn 1.75 3.0
0 1 2 3 4 5 6 7 8
Time (hr)
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HXEELER

- #8171 0D il 4]
R #2217 (Linear)
— FfElZERE
— BITRIR CERNIZEREENBITITHELOITRAELLGN
SHEIEIT S

72 7 [B] #5177 (Less Than)

- FFRZERE
- REFBRNIZHEDIRREIZCTESRYBZITISED
wl{E 9 S
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Fa e Rl 3% 1T EABR )
JASO M609

o stop2 —
80 CRH: RH step, 60 °C, 25% RH i
20 \ CCT: Dry, 60 |°c |
60 Step 1
.. 50 Fog, ;5 °C \ Temperature —
Temp (°C) \/
RH (%) :g A’ \ Step 3
20 e Cl e 50/ o
10 RH
0
0 1 2 3 4 5 6 7 8

Time (hours)
Fast Transition Times Designed to Improve Reproducibility
Very limited time in intermediate RH zone of 50-90%!
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F—XXABT 4

SAE J2334
IBACBR
0.5% NaCl A7
0.1% CaCl,
0.075% NaHCO; <>
(GP9540P GMW 14872 & |F | R DA M) @5 days/week(Manual)

@7 days/week(Auto)

BAKBERITE
RE (MERFAFRTER) <fFEH>
- iE5E ®B1TAEIZBH
o 7— (SHTERHLAYvy—) (BREFIB1T/ BT/ ITE FER)

QLA



BT

70 - 100
@) i
60 2\ 90
v ¢80
| o
250 [ L0 =
S L 60 =
o 40 ! -
£ : 0 o
o 30 : 0
= | 40 =
o« M
20
_rc% 10 Fmﬁﬁﬁu ------ RH Set Point 10
o 0 (6.9h) ——Chamber RH .

01234567 8 9101112131415161718192021222324
Time (Hours)

HIZSAE 12334ZF TS D Q-LabD T I A IL DR FLFE 1T

BTHh . NaCIDRERHE B Z TV D (X 1HR
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BREFRE 1T (RBEELIRBTT)

Programming Cycle

Function c:‘_:::g?: Sir RH (%) S(t:: :\i::)e Ramp
1 RH 50 100 6:00 Auto
2 SHOWER 25 0:15
3 RH 35 30 0:20
3 RH 60 50 17:25 Auto
4 Final Step - Go To Step 1
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BRAF 1T

70 100
__60 - : L~ - 90
) | F - 80
~— | <y
v >0 T\’k : l - 70 2\_;
3 40 | 60 2
© : - 50 .8
()
GEJ ! ——chamber_temp 30 T
|: 20 - = -chamber_temp_setpoint g
g 10 - NaCllZ&k 5 —RH - 20 E
£ BRHY - - -RH_setpoint - 10 &
] 0 - (6.4h) 0
: [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
o

0123456 7 8 9101112131415161718192021222324
Time (Hours)

SAE 233485 1T H HE DMK (USTRER) DiEE
#4758, NaClOEfRHA#8 2 T WL A BRI 125109
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TAOR(E

J2334 Mass Loss, 20 Cycles

6.00

53824

i Slow Dry Off
mmm Quick Dry Off

4.9598
51313

% BRIEBITRO Y2 A XE

Mass Loss

F:BREBITROY XA XE

Tk - OEMARIR D A(E

FORERE, NRNVIEBERRICEBLE Sample

Sanyo 'ﬁ'adlng BAeOan—o3vF Xk We make testing simple.




IRRDEET MV EEHERHE

I7—JLavT«qaF

Air Preconditioner

o~

Air Exhaust

o RSO IEHEZHIE
o mim B 1T O IE HE 7 A E]
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I77LaArT1iar—FHEICES
REDEL

No Air Preconditioner

100 -
95
90 -
85 -
80 -
75 -
70 -
65
60 -
55 -
50 -
45
40 -
35
30 -
25
20 -
15 -
10 -
5_
0,

Temperature (°C), RH (%)

—— Temperature

——Relative Humidity

5 6 7 &8 9 10

Time (Hours)
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With Air Preconditioner

100 v
5 V’
90
85
80
75
70
65
60
55
50
45

40
35
30
25

20
15 ——Temperature

10
5 —— Relative Humidity

0

Temperature (°C), RH (%)

Time (hours)
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I77LAVT4aT—HEIZES
AR ESEDEN

100 , ®
I e $ ® oo

9 - . /
:

80 [ dots represent set points of
! common automotive test methods -

20 | ' Ambient

RH = 60%

I e et
]
]

RH 5 - ¢ o
(%) o | ! Without Air

| Preconditioner
| /

30 - !

Ambient :

20 + Temp23°C
l " /

0 ] With Air
! Preconditioner

O I I 1 I I I I I I I I I 1
10 15 20 25 30 35 40 45 50 55 60 65 70

Temperature (°C)
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AR

A
=
5
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Ford L-467 / Volvo VCS 1027, 1449

Ccolor Code Chamber Load
Chamber Temparature Q-FOG CRH 600 (95) 47 X 12" X 0,035 S8 panals
Criamber Relatve Humidity Ford CETP: 00.00-L-467
note: dofted lines show the sat p}II'IISS
g g raag-m
[Tt fetel =1
o B2t = =1
\ [
95 1 YJ“ L|I T
a0 w
BE
BO
75
70 o
£ &5
£ a0
&G 55
gD o
g 5 . TEST CYCLE
E 40 - step function fampersture HBH 2 lme [amp
é a5 | f 1 SHOWER 25 00
i | { 2  RH 25 5% 0:20  auto
30 { 3 SHOWER  25%C 0:03
25 {1 / 4  AH B5°C  05% 297 auln
o | 5 SHOWER 25 0:03
£ AH B5°C  05% 264 aubn
159 7 SHOWER  25°C 0:03
10 & AH 40°C  05% D80 less inan 0:30
5 | 9 AH 50°C  T0% 1730 linear 200
0

01 2 3 4 & & T 8 9 10 11 12 13 14 15 16 17 18 189 2 2 22 23 24

Time {hours)
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1SO 16701

Color Chamber Load
Chamber Temperahra Q-FOG CRH 1100 {160) 4" X 12" X 0.035" SS panals
Chamber Relativie Humdity
note: dotied lines show the sat points ISO 16701
o o - o o -+ o @ pe o - - -
=3 =3 =9 =9 =9 = [0 = G B o o
I = & E E z o o oo ] i@ o
100 = = ] E = =8 ®H =
95 H‘_ - hl
30 '5, |

! 1

a0
75

_ 7O
£ g5
E &0l
D =5 !
§ 501
B 451
E 401 TEST CYCLE
-1 5 .
= i - el
Slep  funchion Iempersiure BH lme @mo i 1
30 4 1 SUBCYCLE REPEAT STEFS 24 6X {graph shows 2)
55 2 AH 35T 95% 400 Eulp
3 AH 3570 GO &00  lnear 200
20 4 4 AH 357 95% 200  Imesr 200
& SUBCYCLE REPEAT STEPS 67 3X
15 E  SHOWER 35T o185
10 7 AH 357 T 145 Bulp
B AH 3570 GO £00  lnear 200
5 9 AH 3590 e 200 Inear 200
0 . . : . : . : . . ! :
o 2 4 [+ B 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Time (hours)

Sanyo 'ﬁ‘admg BAeOan—o3yF Xk 52 We make testing simple. | @
QLAB




GMW 14872
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ERESE: GMW 14872

15 - -
14 A Underbody (Exp AD,E) Method 1/2 - 4 salt sprays per cycle /
Underbody (Exp A,D,E) Method 3 - 4 salt sprays per cycle
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