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Investigation has been done on the corrosion behavior of zinc-coated steel(gal-
vanized steel) in exposure to animal wastes for five years. Result from this expo-
sure test can provide quantitative corrosion rates to design engineers, live stock
raisers, and builders. For the first experiment, several types of steel panels were
exposed to animal wastes as encountered in agricultural environments. The types
of exposure panels included bare steel(cold rolled 1020 steel), GALFAN
(commerical name of the zinc+ S%Al+rare earth element alloy coated steels/GF-
90, GF-60), epoxy coated steel, stainless steel, galvanized steel, and drawing qual-
ity(DQ) galvanized steel(G-90). The panels were exposed in four different loca-
tions : D near animal living quarters; @ suspended above a manure reception pit;
® suspended above the liquid level over anaerobic lagoons;and @submerged in
anaerobic lagoons. The four different environmental situations were tested for
three animal types : swine, dairy cattle, and laying chickens. Each panel was
weighted prior to exposure test. The sample panels have been removed and in-
spected 10 times. Batch galvanized and stainless steel test panels were found to
provide superior corrosion resistance as compared to epoxy coated steel and other
zinc coated steels in animal waste environments.

1. M E NEF2EY g AAAQ 71AH Ago] A
8 5] o) o} @k
A2 2y 24 Ade AH FREEL FHA B3], 24870 vaF 4% 224d A

A 2dEY NEAE 2 P2 AN €93
o &4 dAZos WELHY] AW AAWET
2 AzAE HY F& T AYY Ao =
gt gl 48 MR FFAYG ARk
AolN zt Bopzl LA AMHE 7HF WA

A F2E AHgEHe A&AAE Ad dds
of el dAFo F Hf FLF WFUAR
E7sn AFAA A R I FRABRFAN A
Bol WE FASHS AP 77 ol EE
52 @ol 2A7AAE AT ARHP o



B8oldEg B FAE AFAHzA ] A A A7 203

HAEE H3 v "Holth 71Feol AFF=
Al FHBRAL U7 B AHY, 1S Es
A A Alztel Zugedl wep gEYelrise]
Aol F7lHe] F4oz2 @ Fd9 AHAA(R
%, 4, Bol=, Duct’| 7 F)7F F @7 =
Z=o Aok ofd FAHAAM 71FHe] v A
HIHAME Aol 5% AEHPLe +28
o ¥ & Fe3e FAAA 9dezA Ad
B fFAHEFY o v&E HaNA HF
S AR Fad 71dEA @ FHelt

B d7E $ANE 2 4% 559448
oldrw 29, ~H A= B, dFA5A o
B8 F)E w719 AHA FAEAA dAd
o, B &2 H24=(Corrosion rate)E &3 3}
3, AABAqA ZHE AYgEARE vRom
g5 HMAH FTEEA HgE Y81V dde
7Z2A8E #43AH o

2. Ay

2 HEANA AR 671R A2 YdE AEY
#HEL 5dF¢ AIEY. AHY zAe
712 16emx A 2 30cm X 57 0.2em@om A2
Bl & 4xH AlHeo] A A

ABLA AXE 7HERA FHUE), WAE
Agdv 4, HidEE B2 AW RolE 4
E 9ol FH(H), dX &4l WF Fol &
7 dxstded, AE HXAH L AdEe] vt
Zoz28E B HAA olgHAAE Fad A
o7 9, EHel A 2gn gdo] R 3
Z3 vmd 2ol Ag Ao AP FA
FY 1HAM e FAHE vws] Hrlgstd A
Asg o

ooz e HdYL vF exAate]YF Gar-
nerol 91X & A3, Rocky MountAldl #13]
% siz] ZA}¢} PrincetonA] ZHd e %A
Aol A 8 &tod Fp?

RE ANBHELE Aoy Eo Ao A3

A, F 16809 ANHEH 249 Eo] 48
HAot S&AHES RFowx A" 2.5cmx
10cm Y2#2E Hol i o) RQAAH 4
3 ot

Z+ NHES ol REd HEE FHolyo 4
AAH, FF T A2 FEHEZE sl A
88 EF&AI8e] FH Table 13 2t

EE, 54 ANHEEd di Roz Fo n9
2 AXNE WEsZ, WASIAE AU
o &4d FEA W 7 HA BAHAAM 8
Aol AEE AAME HA (D A EEd va
ZAEIE T 7 AHES HA xHe B n)
27 Ad FAE ZAsn RHo VPP %
AlEe] BAE AEFAHI £dE FAR 2Y
H A % (Corrosion rate)& Ar&3stgth. z A
214 9] 92y ol(NH;)¥= Draeger Tube& o] &
el =gsHech

3. #x o nH
3.1 YA

o] YAIZE of 7RinlEle] HE vl2m o
AFdE BHAALE 7R Qo HEddA
A 3o g X ojF A 9
Bolrt RFo FEFHI, T FHH W
Zd dAgd B FF ZH dd Ex A%
2 FFEt o] HEC ¥ ¥¢Ex AFo
TAEC TFHE olfEHo EAo) BEY &
H 2ol 58 5 AA = o

ol 5o Wd WEd He HHEE A3
o] &, H3 udeo] Moz Ho o} 2
Loz "olAA =Hol Ut o uige] Helx
HAEdEEL Hr|Hoz B2 Aoua =EHaule
A 2 E gdold molf Hrh o] 2B &
Fol kel Alzte] AU FALE AL 7te}
g3, 1 9 FEY A= 2EH EBo] 4Y
TR0 FAHARE olFed, I AfxFHo

2 oBAA AYST AT HEL TAL 7

o & r B

P o



204 LEERL TR

A268 A3zA 1997. 7

Table 1. A|lBT &

“ o EEA A
+ ¥ Code () Bk
RilibARs BS 37k Al (AT 1020)
o1 & 7 HCS Wik Al (ARL 1020)
o o EA] 2
Galfan-60 GF60 13 7nt+5% Al+rare earth
aloy 289 B4
Galfar-90 GF% 1 n®

Drawing Quality(DQ) DAG-0 16 Uyt shgoz AH4H

Steel{G-90) £ ol v

Fgolded 2% BG 80 §Hokddl 2€E A
A& Fe-Zn #4743
e 84AA Ay
e 34

Stainless 7% SS SUS 304

hu

Hor A} &7t dFFel B vix(E)
& Hed wald, AMEE it ndwE g
A#sta ook oot He mudz dIHE
$203 29 WdERg o ¥ 84HUric
Acid) & EYelg Rt Q.

2ol m¢l Y+ 31.000zallon®a]  di-
gester tank(7} 29 ZFHa)T FLo o3
Aol van~g AYsA =Hed, U
AL AR Werias FAZAM AlRHeE
BEHE 5% 12N A= 7EAE 7 AU
g £ A48 AdF @ 2 ERHel &
9 2Bl A2 gl A HEEH
FTEEL woh

Az S g =F HdPAA= AR
870l Feif AlAE FAAA oA v 4
o 7} LA & AT A¥EE 8§
old =g Zstul 2 dela FABAA HFH =
Hge) gigert, 7 nFol ¢HAAY AF
ANz Zhdd A Es o =o] HHEAY. Table 2
el Al dAFE 5d Fo| AdE Y

>

WART Re B0l HA Uelg & Ue
BANAE ofdwEFol <dE WA gHol
AEA ZPE B A 100% Hol&o], 4

£

Table 2. ATl HX[& T 54 F FY
(%)

a% d%

7wt gu X SN ddsnd 9
BS 84.55 0 100 0
ECS 99.55 73.05 100 0

GF-90 100 100 100 0
GF-60 100 100 100 0

DQG-50 100 100 100 0
BG 100 100 100 100
SS 100 100 100 100
100
90+ ‘«_‘\
80F
70}

__sof

= 5ok

40}

=
T

301

10 \

0 5 10 15 20 25 30 35 40 45 50
7l A

Fig. 1. AAIF AHEHa| ol dX&E Al 7|
ol B (%)

A F 2~3dw AYE 4 Rdoz AW 2
A7 golA ME £ oldnFol HYd
= gk =F¥ GF-903 GF-60 283 DQG-
90 E% 3do] AuE A9 =50 glolA w7
. 2eu Fig. 194 Ro|m gl ulebzto] &
golAx T Zua sdddx ZBe 5o
U5 o}F E§8 WA4E ®ol: AUtk

3.2 HL8E

o] E3pe o 120utg] Ax9 HAE AS3)
en 10vie] d9E &EHEE R 12709
Selgd s A Jded, & gEele Al
60 x 60feet A & o]},
29 HHEL gEE HFAAN dom A4
HoAE=d 7IAF =Ho den, o gereEl ¢
o2 ol wWjAEAEL R HEE2Z TA



EEOIAET B FAL AEANEAY B ot A7 205

Table 3. WS Foll Wx|#t Txie 54 % Zz
(%)
A2¥q 4z @
7w M3 X e & ABE0 4
BS 98.8 54.25 100 28.65
ECS 100 67 100 73.85
GF-9¢ 100 100 100 48
GF-60 100 100 100 0
DQG-90 100 100 100 43
BG 100 100 100 100
SS 100 100 100 100

EE 4A ol Ar) vlxe Hegae F4
2oz % "Jﬁ_-»] WA B &l AgFdA 2
3t A3} 6594 7.58 WE}LH%’C} o]
AEFANAM Alzte] A3 3 42 g =
2 Bojgy A ggolz olFA7Ith

A 80 Bg YdlH HdPE uleizge] B
2 F9 439 Mz@AHe g& AP 43
of RAdigt Age sgen, 1 A=
Table 3o Wb wjo} gr},

Table 394 By uviejzle] Ao AETn
iet AR el HAA YA AH
M W den ZAREE AdHo) oz
of dx A-Fo RARE mych 2} &
FoldEgd Auny 2Hdygr 29e =x
A FAT AdF FAANE HolA gt

Fig. 24l4 HE vielgde] AZEAME &§
oldEE Ao ~HAHA BB FFE Y
A4d& HolA gt GALFANYE o & olg=xg 7
Be o 20 WA 53 A4S Bolm
I ogde F58 40 dojuA FHEy,
ol GF-909 GF-607} 24z} 16um=} 13m A S
o g 7 FAE 7A: g7 w Folch

ZF, AHEL old 2F %] 2259 gloA
A HE FA Fo) dojde ¢ $ U

B

3.3 HX|FA

AN Z AN ASE Haol AEe o
FABAT. AHSHE HAY BAE =

70

0 5 10 15 %0 2 30 » 10 &
7l (AR
Fio. 2. HA2Fe H&ECo] ol 4XE AlES
7120l 2 F2H %).

oA 2503&= AR, o 308 HHow
482 AYFD UAch o MAESE
49 4$4Y 4Q AR $90lz w

U
7t FEe BE 29 dRoz By

=)
==

OB O

2L o

Rl

ol MAAFe FAAY BaBgs
™ Table 4o 2 $AA¥e) F3}E vhehy

i

Table 494 Hi= upe} zo] W7ty Huta
NEA) =EE Bool £ HdelA 100%9 &
& Hol Aldo] glojH wHow AFF A
E 4% BAE wych

ol NEEL 299 HAXNHAMNE ¥ A4
So uls] A8 2L RPEd ol BAHS
o] oldxgo] HAUAAY AHJA2 Ade
44e AAD g WY, dugd sge
ol HojdAl @km, E o ZA zyd 7w
& ol F Al Fzavkd A dhete I Ao
AE Edol AFFA
A% g Hgsa
& $441717] o 2olo,
lo) Fig. 3014 & ueigo] s
AgEAAY ARAA 3d0] AE §gojel
=39 2u3 JlE ddEIY Bue Auq
B BET GEo 4 WHHE BaFa
et

—_— r\l

B4
s
=)

he
=2
!
&

0,

ol > K
oL
to

m PN e o

or R

A o
N
B
2
2
=1
e

—
{



206 dA A A A26A

A3z A 1997. 7

Table 4. B{X|&Afol AXI8 B 54 ¥ H
(%)

A% a8

TR AARN W O ) ABdr 4
BS 97.6 0 100 16.1
ECS 99.9 0 100 18.6
GF-90 100 100 100 87.4
GF-60 100 100 100 84.7

DQG-90 100 100 100 76.2
BG 100 100 100 100
SS 100 100 100 97.8

6§ 10 15 20 25 30 35 40 15 50
7l (A
Fig. 3. ShX|ZAI2 HEC{o| 2o WXE AMEY
71zl 2 Z2H%).

3.4 QX2 &4F F AlHol ChE Test

BrlAE 5717 % EdY F9 Agos
248 Fol &4¢ Ut A7 Bk oA
238 nostd AYHez AH £¥e F
At o] AW A”E 2rE 57 x13gen,
APANBES FRAL(FG FH 05), RoE
48 Wew, E Steel Ballg o g3tel
gg stsd AflFez £4¢ FAUh

o AYANE AZAT £48 & A5
elA T WAAE mEss) Asel A2
98 Aun ojdEd Zuel ZAHYow,
A g (EHRER) S e $8oldE
20 Aus Wngd 28 L 2dddx 29
& Ay Adsact

olgA FHFARL F3Ixn EH AHEEL

45 A=z A9A 24, Hx 2 ' FAHe
290 99 AE 4 23 A FH 3R
A8t 300 Al@Egcoh o] AIEEL 3
He| 24 RAE 2Hsd FHAATE A4S
ded, AEA ZYE FHe AT HA9
Ao A} HAFA BZ gPoldM FAEHS
on, B3 FAZ AZAM AT Fo AN
th 19 olAEEH ZEe £ UAEE B
omn, o]g Table 5ol Yehlct Fnz ojF
& BN B u, olde] g =EE oldE
o] o)A@ o FA| ZHE ool vE &
FUAAE e e RAE

A =59 £8ol9=TY A=
Fulage By ez 43P 8 £ U

o]

o ok

R TR

F

35 AlHo| A& X|Hol ChEt BHEY

o] @79 ¥ T©E F3 AHo] H3x FHA
d ¥ AL B4 ot of ¥
A AR AHAMe BRI Fo] B wAE
Age F= F e 4AY 7AHSt F, &
e, AgHo Wy, 4% 9ol 9, 9%
o] el ol AJHEL A 7IA S A
Z3AY drgstn U,

Aot AR 9o o M FA
A FAAARYG B & o] dojur] AL B
Aoln AA A" dxdel UYAFAAME
Z vedn Aok g3 AN AR
2 &d9o] Mg F# NHy(gRYoh) &
T& 5~10ppme 2 wimAd ki, 2 & A7t
A FEY A FHAME 0~3ppmol 3] %
& AFLE BYoh

gdmyol 227 L AAAFL AH B
Ax EF gol, ¢EYol FE7 & €47
A 4 o] dFE ¢ F AN

3.6 QEOMY SANHY DF

Z#le] dELFOIAETHI(HABEMEHE
&Ha)7t Bt e fgotdREd G 7



EEHAET BA FAE AEAA MY LA U7 AF 207

Table 5. LAFIAM 3070E F TXol HolUe
B2 (%)

F ¥ A9 39 9% 399 9 Asg 9

EPS 100 95.65 66.7
GF-90 100 100 100
GF-60 100 100 96.75
DQG-90 100 100 96.2

Adde Paded, 2 d¥9e g 2dnd 2
A AARHAY. AR zaY|= 10%20%0.3emy
of, 4L e OAYL, @HAZA, OAE
Foldrt

48old=d BB viEy WHES 97
HEol He FEEY HFol HAgEs HAXXA
HAME ol $548 WAL E Bddg. galy,
dESFOIAETHI = A& 2w 713w
HEFR HFo] He wgdA o 0mPres &
AYER Folgeln 2 9o B§oldEF F
28 4 Z¥2z @ ARE Yoy & Fd A
&3t A& FAstdo.

380 AT S FoldEE ZWY oldx
FAE 43moln, dEEFAETHIANA
A HEE o] olAEF WY FHE 7S W)
HEFR HEPL AFE 15¢0, 71% WHE
T AP HFo] g oy &, P T A
48 A$e 9] 56id¢] Holn LdEH)

A% ol

4. & =

o] 4s Zo] B =EdME tIF FAFM
BAAA ZAA A AtgH Ax e A=
4 AN E 5 AL AN F{
T A8E HAefstdon, o4 AHE s
B o g

AA, 71EHE AR} E FEBRAAAN WRY
Sl £ detd ARE ggoldrF
ZHAHE 2d2 dEgon, o 59 sloje
A9 YeiA gstth a3y fgoldeFe
ditHoz ~HdH 2 2K sHHo] HYs

22 AAAdel g

EX, olAEFo] ¢tE Uuk Fyolu} o E 4
A" AL FA0M wW2HE 9479 gx
Yot Zhxe s 4% 54 Jehde] 3
WAANE Holg Zez B9ysAn). E3] %A
2ol Ag&dole) AAFA BE grolo) A
AP AZA ZEYH FBe 3 de =AY 7
Ztol A FF A @AIHol A2 100% g1oI4 b
3 ol o ZAz IYHAY s 2 %
Fo] HA gL ¢ £ YN

AA, old-2Fulg FFo] =2Fd GF-60u
GF-90& 4AZNELLS 538 Uade Ko
U otz g ol HAal Adgd o ydE
BREAG. 28 SEolAEBH o] ola
ZFol A =FEH Ye ARe 2HAH A
2893 vl 2 5d0] AUx FFE WAA
& Je sl

U, dryol(NH)e 24e i
Ao GAZH EAlY AZEAA B X
E Hycd ole RA@FHo e A v
& = den, waly o)ejzte FHAIAIAE B
Madgdel dS Fages ¢ 5 Atk

spA o R, fFHE BEE HAZANE £
Fold=F AWl FA, $HRE W (Miking
parlour), Al&% 3, gEl2le J|E 2 AEE,
Zhato]l Fol dg 2olm Jomg!® FrHo
2 E 9, vindg 71Fo] APsin,') £ ¥
A2 A"e 22 R RAPE AU &50}
AEF 2ol Al2g AT dav Qo

4 0 2 o

L wteld, dd <A, 299, p. 58, 1993.

2. JEIEHE, FE, 57(3), p. 66, 1977.

3. JEIEHE, 60(6), p. 66, 1977.

4. William Safley, Corrosion of Galvanized
Steel in Animal Wastes, ILZRO Project No.
ZE-327, 1990.



208 3 5241 8} 3] 7

A26A A3ZA 1997. 7

5. Goodwin, F.E., An up-date on Galfan, First
Int. conf. on Zinc-Coated stecl sheet, ZDA,
London, p. J/1-J/6, 1985.

6. Celestin, A.B., Galfan Coated steel for up-
graded formability and corrosion protection,
Metal Bulletin Coatings Conference, p. 15.
1985.

7. “VRAMEEERY - X O A", T - X HHEE
W€, p. 2, 1994,

10.
11.

. Galvanizers Association, Thickness of Zinc

Coatings, GA, London, p. 1, 1986.

Journal of the Japanese Galvanizers Associ-
ation, No.22, Decembear, 1989.

Porter, Zinc Handbook, p. 236, 1991.
Kiratler, T.S., Galvanized Steel-added cost
or capital investment, Mater. Performance

(10}, p. 34-40, 1975.



