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The Inhibition of the White Rust Formation on Hot Dip
Galvanized Products
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ABSTRACT

The good corrosion resistance of hot dip galvanized steel products in nature environments is due to the
formation of a protective basic zinc carbonate film on the surface of the zinc coatings. However, in Taiwan, we
face a severe white rust problem for freshly galvanized works stored in high humidity out-doors environments.
This paper investigated the critical factors such as relative humidity, chlorides, sulfates for the formation of
white rust. It was recognized that a simple chromate treatment of galvanized products results in the production
of a passive film on the surface of zinc coatmg which inhibits white rust formation. However, in response to
upcoming environmental regulations, we should give a considerable amount of resources and time in the
development of environmental friendly manufacturing processes, particularly in the areas of chromate compound
reduction and environmentally compatible conversion treatments. This work concentrates on non-chromate
chemical conversion treatments of galvanized coatings to provide good resistance to the formation of white rust.
The present study develops the optimum condition for determining the protective value of non-chromate
conversion coating by exposing the zinc specimen contaminated with 1.5 |,lg/cm2 NaCl particles to 80% RH at

room temperature.
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Tablel Variation of the weight gain( %6 ) of
different salts as a function of relative
humidity.

weight gain

exposure
salt time (hr.)

relative humidity

70%  80%  100%

Nacl | 24 0 278 14.06
48] 0 538 2613

NH,C | 24 | 0 367 2638
48 | 0 6.95 49.69

ZnCl, | 24 [*6834 19478 —

48 |*69.01 205.19 -

(NHg),S04| 24 | © 003 166
48 0 0.06 3.15
* at 40% RH.
%2 FREASE RN NaCl EBE RAE
HIRERRFE

Table2 Variation of white rust formation time of zine
specimens as a function of the amount of NaCl
deposit and relative humidity.

amount of NaCl . —
2 relative humidity
(ng/cm<)

formation time 40% 60% 80% 100%
12 25 15 2.5 |

48 7.5 5 2 0.5

72 2.5 1.5 1.5 _

%3 RETERBEARNERE > BB

THERERIB R

Table3 Varation of white rust formation time of
different zinc specimens as a function of relative
humidity.

formation time relative humidity
salt 40% 60% 80%  100%
ZnClp 60 _ 48 48
(NH4)»804 96 60 36 36
NaCl 72 60 12 12

*zinc specimen contaminated with 2.5 ng/em? of
different salts.
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Table4 The amount of different salts needed for the
formation of white rust on zinc after 72 hours
exposure at 80 96 RH.

amount
salt 5
(ng/cm<)
ZnC12 0.9
NaCl 1.5
(NH4)QSO4 0.8
-0.90
.0.92 -__ —.—Zinc
R —o— chromate
-0.94 = —Xx— non-chromate
-0.96 |-
g L
& -0.98 -
pon >—\\
> X
-1.00
8 9«6/0\0
-1.02 |~ -
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time (hr)
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Fig.2 Variation of corrsion potentials of zinc -

chromate treated zinc and non-chromate treated
zinc specimens with time in 0.03 95 NaCl
solution.
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Fig.3 The Nyquist plots of zinc with various surface
treatments immersed in 0.03 % NaCl solution . (a)
untreated zinc (after 240 minutes) » (b) untreated
zinc (after 120 minutes) > (c) non-chromate treated
zinc(after 120 minutes) (d) chromate treated zinc

(after 120 minutes).
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Fig.4 The Nyquilt plots of non-chromate treated zinc
obtained at various immersion time in 0.03 9%
NaCl solution.
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Fig.5 Galvanic currents of three couples (ll)zinc-
steel, (O)chromate treated anic-steel and
(X )nonchro-mate treated zinc-steel in 0.03%

NaCl solution.
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Fig.6 Galvanized steel samples contaminated with 15
peg/anRH. left © untreated specimen after 3

days exposure. Center chromate treated

specimen treated specimen after days exposure.

DA E RO ETRR AT A0 AL 2 WG R A
HEFE S el R A AR BB E3E AN E R TE
R AR Rl R A 1) B TR A ) B B AR B
AR -

5 £E o {7 R 0 B B e SRR B — 3R
B E IR A 1.5 pg/em” NaCl ~ fEHEHREE
80%— By 3k A 2E B SRR 2R 1 72 - AR R AR
R = R #E % RS R BR 8
F T HHIE B ¢ (A B e R T R AR G T R
HPHFEESTRELC AR REAMALRE
B EFAER » WE 6 fix -

BT TERTEEREN R FIFEERE
it B e R AT 9 8 A I SR, - S B S 6
A RBEHSES TR ETEFRE KR
T 48 /R RSB EVEIEFEE r RE
B 5e A o {E A G 1k it T % S 86 e B LA
il LAY B TR R A 2 T A B I KRR B
IR o HERInREte - (EAETHIRE
(EPMA) i 25 I &% Tl B8 R 20 5 Fr R T 22 B9 B

s 3a

(b)

(c)
B 7 RSB LB BRIy BB
EHEEFBEERBERITH T - (@)
SEM (b) Cl mapping (¢)Cr mapping
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