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Study on the Improvement of the Qualities

of the Homemade Alloyed Zinc Anodes and

on the Establishment of the Judgement Criteria
of those Qualities.
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Abstract

This paper is intended to establish the criteria for estimating the qualities of alloyed

zin~ anode for corrosion protection. And here also is described the possibility to make

the sacrificial anode of good qualities using the KS D2351 3rd class zinc metal,

which

is considered to be useless as the zinc anode according to KS D2351 and MIL—A—18001

H for corrosion protection.

1. The conditions of good sacrificial anode drived from the experiment are as follows.

(1) In the polarization test with the 0.5mA/cm? anode current density during one

week, the difference between the polarization potential measured after one day

and the one measured after seven days should be less than 10mV.

(2 After the above test, the open circuit potential should be less than —1040mV SCE,
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and the difference between anode potential measured with 0 mA/cm? and the one
measured with 1.0mA/cm?® should be less than 35mV.

(3) The current efficiency of alloyed zinc anode should be more than 95%, or the
generated electric charge should be more than 780 A-h/kg.

2. A large number of commercial homemade alloyed zinc anodes are poor in anodic
characteristics, because either some zinc anodes use too low grade zinc metals or
others alloyed too less effective metals in a little higher grade zinc metal.

3. Anodes which are added 0.2~0.4% Al and 0.06 % Cd, or 0.2% Al and 0.06~0.15%
Cd to the KS D2351 3rd class zinc metal that contains the iron component about
65ppm are the same quality as the good alloyed zinc anode of MIL-A-18001 H class.
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1.2 wZEAM

Bl $-elvhete] TRBEel RERT oot WA ERS S Fo) Btz ool meh B
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Fig. 6 Schematic diagram of apparatus showed in Fig. 5 Fig.7 Anodic test piecce.
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Table 1. Qualities of sea water used for the experiment

i 1 Shecific . o Total
}z,;llllsgmlmw | Specific ?epflt{“r(uc ‘ nH ]rl :"J}w\ I| alkalinity Chlox ide
ey Eraviy (‘.'z'»cfmi i ’1‘7;’“‘ CaCO,) | (ppm Ca(.Oq)l (ppm Cl7)
20. 5 ‘ L0264 270, G 75w 150 ‘ 10, 105

UM A

i VTVM(Vacuum Tube Voltmeter), K-1142(Kyoritsu Co. )
Multi-tester, TM-707(Tackwang Co.
5 Wk : Saturated Calomel Electrode(Shimadzu Co. )
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Fig.8 Experimental apparatus of galvanostatic Fig.9 Schematic diagram of apparatus
current test showed in Fig. 8

(1) #BH : 600ml uo]#
(2) TISRBER A DEEHEAR Y A—(EER 20cm?)
(3) BfE : 18-85 o] 2] HR 8cm, To] Teme] Mg
O BE= BE) BE : BEst BES Fig 99 2o E#sdon, A& ERIA4 22 lem
BlE BexA 3L,

(5) &M : B RREL F—

(6) Jeitss : MBI, BAEH, WEBES 4EEERBEE A—3dlz, FABEHE= &
F Zkg.

SRS MEE Fig. 103 Zor, Hiie BERL #RAD. RES BES A= e} 600
ez dutdt ohg G282 BRY o FEY T, BES o WE /i REHS Sem=A &
3 2 veA] PR G EAMKEA YdA g}

2) HBks
ARG EREEY BHETES 0.5mA/cm?= Shx, HBREEM-E 240RkAfo = v}, 2nm
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Fig.1 A part of apparatus for chemical Fig.2 Manufacturing apparatus of zine
analysis in zinc metals alloys.
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AHARSY Bio]l AlE 660.1°C, Zno] 419.5°C, Cde] 320.9°Ceolm =2 Ale] Bi&S 2E &
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Fig. 3 Manufactured zinc alloys and the mould Fig.4 Commercial zinc anodes
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alcohol 50g+H,0=1000ml Sol.

& Cathode(non-oxide copper—99. 999>

L// @ Anode(non-oxide copper—99. 922;)

+— ‘Y Beaker(250ml)

% Lead line

Fig. 10 Details of coppor electrometcr.
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4) WA SR
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SIZ, SYZel S mgs 2 & 1) W mHe(KS D235l 3 mHis)<l voze o
< Bz gEd

Table 2= o] RSl HEE H|EMMME MIL-A-18001 Hel sjA 447d BEABRS L B
s, odl oerd AAEES A@mHHE CON, MCC, MIZ& 0.0025~0.0040% Fe, 0.3~
0.4% Al, 0.03~0.06% Cde &flunz o ES BF Fe7} 0.0050% 2yl Az, 0.1~0.5% Al,
0.025~0.15% Cdql MIL-A-18001 Higsl A& E#pE1 =, HEASEHEE ILZ= MIL-A-
18001 Hitol B+ A& & 4 9o 284 BE ALEHHEL SAZE RES Hies {5 A 81
2 ¢ o1} MIL-A-18001 Hi#k B#gel vl A Alst Cdel wmiel @Aetx, YSZE Als Cde: =2
AenAdE afste gou Ferl &2 gov, SIZS SYZe ¥ R waad A} #
paA gEmE el ga Cde wmsEol A ¢+t = iRk BELES 3@l YOZ: Alst Cdrt
Ad a5 9A & Fe 65ppmik <] Hudzol vt

Table 2. Amounts of iron, aluminium and cadmium in zinc anode.

Kind of anode Iron(% W) i Aluminium(% W) Cadmium(% W)
C ON 0. 0040 0.3 0.06
MCC 0. 0035 0.4 0.05
M1 Z 0. 0025 0.3 0.03
1 L Z 0. 0028 0.11 0.05
Y S Z 0. 0060 0.5 0.10
S AZ 0. 0045 0.05 0.01
S YA 0. 010 0.01 0
SY Z 0.012 0.05 0
Y O Z* 0. 0065 0 0

* Zinc base metal (KS D2351 3rd class)

Table 3. Variations of anodic polarization characteristics by time elapsed.

. Potential(—mV, SCE)* Potential .

Kind of anode | " after 24 hr ! after 168 hr difference Amount of alloying component(% W)
C ON 1035 1025 10 Al:0.3, Cd:0.06, Fe:0.004
M CC 1045 1035 10 Al:0.4, Cd:0.05, Fe:0.0035
MI Z 1040 1030 10 Al:0.3, Cd:0.03, Fe:0.0025
1 L Z 1040 1030 10 Al:0.11, Cd:0.05, Fe:0.0028
Y s z 1025 1015 10 Al:0.5, Cd:0.1, Fe:0.006
S A Z 1030 1000 30 Al:0.05, Cd:0.01, Fe:0.0045
S 1 Z 1030 995 35 Al:0.01, Cd:—, Fe:0.010
S Y Z 1030 970 60 Al:0.05, Cd:—, Fe:0.012
Y O 2 1020 960 60 Al:—, Cd:—, Fe:0.0065

#Current density of zinc anode=0.5mA/cm?
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Fig. 11.¢ Ligd oMl sl BEEHE 0. SmA/cm?e] EEHEEZ 7HM68RM) Rk
BAL %& WA R RrEM e MRE %73tz, Table 3& o ERelA LBy
R0 18 (4BEME)HR S TH(168EsAD &S HEtel SEEL R 2 = AEELS £E HrT A

o] EEALE 3 REA LHeTRBES SEiliRe 71717 ol gtubstn EES A&
@ 71877t ofF Ak AR ET AEEHRRS BHREA 1E%TE THE7AA S 6H
Rge) AriEfEst MIL-A-18001 Hikel & &TEEEA A 10mVLd WA ERS A &TaEE
iyt YOZA AL 60mVit Soh oi7ldlA 1H&) SEEAE THES HEBLS LKE 7
ge 1S HEELE MERRE HET W RA RERG =t gol W3l HE
o] =t

Fig. 12+ E#&d 7HRI(168%: ) S B HRERERRS & %ol EHRBEGED BHE 0~
1.0mA/cm?Z WML HA 2 WY & SERNLE AR #5Rolx, Table 4= © HBA RETE
TispES) Wm0 mA/cm*d & 1.0mA/cm?d # ¢ HMERM R 2 F B #E RrI
o}, o @3t MIL-A-18001 Higsl RS L&TIEES BEEREEZ OmA/cm*d W 2 B
R (EBRA)F —1045~—1050mV, SCE e WA EES A&THEES —995mV, SCE
AR Aadts, BEBHBES 0mA/om® d # ¢ 1.0mA/cm* 4 H 4 F BEELY %71 MIL-
A-18001 Hige) BE9 ALTMEELS 35mV BT A EES) A&mEpBES S0mVyt H
o, = BE ke YOZE hid Zt5ol %% —1015mV, SCE$} 65mV e] v},

a5 Bl A ke WHFES 0.5mA/cm?¢}t 1.0mA/cm*2 3 7He & R g Bh R oll
TS HER AT wol s FEBEERFEST 0.5mA/em® Bl 2Z3 o+ 1.0mA/
cm® BEZ 7 #Eel

Table 4. Variations of anodic polarization characteristics of commercial zinc anodes by
current density.

Anodic potential (—mV,SCE) B
Kind of anode|  Gurmem | Gument | Bl R
0 mA/cm? 1.0 mA/cm?
C ON 1045 1020 25 Al1:0.3, Cd:0.06, Fe:0.004
MC C 1045 1015 30 Al:0.4, Cd:0.05, Fe:0.0035
MIZ 1050 1015 35 Al:0.3, Cd:0.03, Fe:0.0025
1 L Z 1040 1008 32 Al:0.11, Cd:0.05, Fe:0.0028
Y S 2 1035 995 40 Al:0.5, Cd:0.1, Fe:0.006
S A Z 1030 980 50 Al:0.05, Cd:0.01, Fe:0.0045
s 12 1015 970 45 Al:0.01, Cd:—, Fe:0.010
S Y Z 995 947 48 Al:0.05, Cd:—, Fe:0.012
YO Z 1015 950 65 Al:—, Cd:—, Fe:0.0065

= Table 5= W ZEsB @RSl BERYEE 0.5mA/cm* S 242. 5K EERREST A
o BREE, WHHE, REERE A FEEHNAS BREFHES KR old S5 MIL-
A-18001 Hi%s) BE S &uisimel mits®e 95% Lkl s, EEY ALENEES 90%
= kiEEch o W WizhE 95%1d EHBES BEERES 780A-h/kg ol =t

ol 49 REANA Efd YOZ& HiRA<E HmsA g adaE RERBo2A #AY
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Table 5. Results of galvanostatic current test of commercial zinc anodes

ic 1 i . [

;(ni(r:éleof i é\jgﬁi\v 58%;1131 I Weight of ’anodc () | {?fxffveeriegr}llcte | eC&:Z;';;Eq ?}E{%rioacted
U ow ) sk | O hr | 2425hr | (@) : % Aomikg)
MCC i [{V55) ’ 1030 J 101. 570 | 98. 510 ' 3. 060 1‘ 96. 43 790.7
MIZ | 1050 L 1028 | ALAT2 { &s. 470 | 3102 1 9513 780, 1
ILZ \[ 1050 | 1010 ! 23. 654 J 90. 549 : 3. 105 “ 95.01 | 770,34
SIZ ; 1040 ‘ 985 i 37805 ‘ @4, 500 1 3.305 i 87.29 7311

| . * : % |
Copper electrometer
Weight of cathode ,i Difference of j Total electric
o hr 247 5 hr - weight (g) i charge (A-h)
‘ ‘ - i
10. 825 13. 895 2. 870 2.4198

Table 6. Alloying rate of manufactured zinc anode specimen(Al1—Cd—Zn alloys)

Kind of anode ‘: Aluminium(% W) ‘ Cadmium! %W) ! Iren 79W)
ZA—1 0.05 — ¢. 0063
A0 ! 0.2 | 0. D065
ZA—3 0.4 ~ G 0085
ZA—d 0.6 : — : 0. 0065
ZA—5 ! 0.05 | 0. 02 ‘ 0. 0065
ZA—6 0.0a ; 6. 06 0. 0065
ZA-T n. 05 .10 0. 0063
ZA—6 0.05 0.15 ; 0. 0085
ZA—9 0.2 0.02 ’ 0. 0063
ZA—10 0.2 | 0,06 | 0. 0063
ZA—11 | 0.0 U, 10 1 0. 0065
ZA—12 0.2 G 15 i 0. 0065
ZA—13 ‘ 0.4 0.02 0. 0065
ZA—14 U, 4 0. 06 | 0. 0065
ZA—15 0.4 0. 10 | 0. 0065
ZA—16 0,4 0.13 x 0. 0065
ZA—17 0.6 1 0.02 0. 0065
ZA—18 0.5 i 0.05 ; 0. 0065
ZA_10 0.6 0.10 | 0. 0065
ZA=20 0.5 [ 0.15 |] 0. 0065
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4 gote AL 4 4 . =GR BEALENBE bl FAT Eftde) U BHA
U, BES mihes AT Ad= FRESS B AmTezy HEBEoZAY Hese
#A438] A9z de Aol dve A& ¢ 5 & zEz MIL-A-18001 Hig] th#ke] BiF
T AEEHEESS oY #iEe Afste g A& ¢+ g

(1) BEEHRTE 0.5mA/cm’2 LEEM BRI S o 1H&S THEY F HEEMLS 271

10mV LITY #.

(2) BEBEATE 0.5mA/cm?2 1B HM SERABRT % BHEEAMST —1040mV, SCELFel ¢
of &lxz, E o] SEAEEKS] BEEMEE T OmA/cm? 4 w9 1.0mA/cm? & ¢ F BEEMY
271 3/smVET ¢ A,

(3) B Ee) WighEe] 95% LIk, F EEES] BAEBHRRC] 780A-h/kghl | 4 A.

3.2 B HfeoR OIE YRARTHRBES] ik
65ppme] @& AHY HE DS 0D) S Bifidl A BT vt 2o FRELRNE B

Table 7. Variations of anodic polarization characteristics of manufactured zine anode
specimen by time elapsed.

Kind of anode Anodic potential(—mV, SCE)* Potential Amount of alloying
after 24 hr after 168 hr difference component (% W)

ZA -1 1025 995 30 Al : 0.05

ZA—2 1030 1005 25 Al : 0.2

ZA-3 1025 1007 18 Al : 0.4

ZA—4 1018 995 23 Al : 0.6

ZA—5 1020 990 30 Al : 0.05, Cd:0. 02
ZA—6 1020 980 40 P Cd:0. 06
ZA—T7 1025 978 47 v Cd:0.10
ZA—8 1015 975 40 % Cd:o0. 15
ZA—9 1033 1020 13 Al : 0.2, Cd:0.02
ZA—10 1035 1025 10 P Cd:0.06
ZA—11 1030 1020 10 ” Cd:0. 10
ZA—12 1030 1020 10 ” Cd:0.15
ZA—13 1035 1025 10 Al: 0.4,  Cd:0.02
ZA—14 1035 1025 10 ’ Cd:0.06
ZA—15 1032 1020 12 ” Cd:0.10
ZA-16 1030 1018 12 4 Cd:5.15
ZA-17 1030 1015 15 Al: 0.6, Cd:0.02
ZA—18 1033 1020 13 Py Cd:0. 06
ZA-19 1030 1015 15 » Cd:0.10
ZA-20 1030 1015 15 7 Cd:0. 15

* Current density=0,5mA/cm?
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metE b o E ‘ﬁ’ulﬂs fpoosal gl ool sl o] Hidel SO RIS A7k
ol or-wl 3t "Fr v gt ARshe RO e A IR 4 o S ubgh, o PhfBel &HTE =
JHE sk §)e /ﬂ Table 6oF e 20 Ol mhRgvh REE] AEPE O BB
ofl = 0.3~0.4% Al¢t 0.03~0.06% Cd% /?1’ kAL &‘ 0 BEYShaL BPE MiSiHLGel = Eisrel R
vhis Ao gholwlkel Rt WS e A Rl e 0.05~0,6%, RS 0.02~0.15%% A
7hal el
Table 8. Variations of anodic polarization characteristics of manufactured zine anode
specimen by current density

Anodic potential(—mV, SCE)

l
Kind of anode | Cunens demiv it iR | e (5 W)
R e .0 mA/cm? L

ZA—1 \ 1025 985 i 10 Al : 0.05

ZA-2 | 1030 | 995 | 35 Al : 0.2

zZA—3 | 025 998 | 27 | Al: 0.4

ZA—4 1020 985 | 35 Al : 0.6

ZA—5 ‘, 1020 950 10 Al : 0,05, Cd:0.02
ZA—6 1020 ‘ 970 : 50 ” Cd:0.06
ZA—7 1020 960 60 ” Cd:0.10
ZA -8 1025 965 60 2 Cd:0.15
ZA—9 1035 1005 30 Al : 0.2, Cd:0.02
ZA—-10 1045 1020 25 % Cd:0.06
ZA—-11 1040 1010 30 s Cd:0.10
ZA—12 1040 ‘ 1005 35 % Cd:0.15
ZA—13 | 1035 : 1008 | 27 Al @ 0.4, Cd:0.02
ZA—14 | 00 1018 22 ’ Cd:0.06
ZA—15 1035 1005 | 30 s Cd:0.10
ZA—16 1035 ; 1003 ﬁ 32 » Cd:0.15
Za-17 1035 1005 | 30 Al: 0.6,  Cd:0.02
ZA—18 ‘; 1040 1010 30 z Cd:0.06
ZA—19 1 1037 ; 1007 30 i > Cd:0.10
ZA—20 : 1040 l 1005 | 35 s Cd:0.15

Table 7 [ l3F 20855 < 4atelel oial Al 0.5mA/em?e] MhHGEH ST R 1§ AM168KHD 4>
VAR S S W) o] RGEBEISE W EOMETRAIY BT JAAR el K 1 B (24RE M) #
S} T CI6SEERI A S Bide) ARy % o) F WA ERE BRT Aok = Table 82 = 20§
o) dilttel el A 0.5mA/cm?e) BT TR 118 HM(168RHD /MEHBT fel kel
Wi S 0~1.0mA/em?s sk 7 A oow e K ﬁf@’?& v E ;ﬂﬁu?ﬁ o Fell A B RGE R
1ob OmA femieh 1LOmA/em? <l w2 BIARCEATSE o F RS SRS Aelrh. 2o
Table 9= Miwsrhitithel fLafd Rel ZA 107 ZA 14 f% IYEEEEPEO] AR ARl ZA T R
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Table 73t Table 8 <s}e YOZ Zigfitidol 0.05~0.6% Ale 378 ZA 1~43K, 0.05%
Al 0.02~0.15% Cd% A 7h& ZA 5~89) B 2 0.6% AlS} 0.02~0.15% CdS Hmat ZA 17
~20EK = IR AOTESBES SEH TS A e 1 (24sR0) %4 2 7H (1688 A0 2>
WEAS B2/ UF 322, =% 84 6B BEEEELE UF 23, WEEE 0mA/cm?e}
L.OmA/cm* 9 =9 H@ERAY %7 YT =

Table 9. Results of galvanostatic current test of manufactured zinc anode specimen.

Kind of Angfgn%?tgéggll Weight (g) Difference Current ggrclfrﬁited
anode Ohr | 2425hr | Ohr | 2425 hr o B emcc‘i/;s y" | charge
(A-h/kg)
ZA-10 1040 1023 108. 515 105. 463 3. 052 96. 69 792.8
ZA—14 1048 1023 105. 930 102. 848 3. 082 95.75 785.0
ZA—7 1040 978 106, 388 103. 202 3.180 92.78 7€60.9
ZA—-8 1038 975 105. 101 101. 809 3.201 92.18 755.9

Copper electrometer

Weight of cathode (g)
0 hr ’ 242.5 hr

’ Difference of weight (g) | Total electric charge (A-h)

10. 8250 ' 13. 6950 l 2. 870 ] 2.4198

EZA T3} ZA 804 BWHHRE 9244 = vol ¢2, 28} YOZ mghtidel 0.2~0.4%
Al 0.02~0.15% CdE BME ZA 9~1630K ot dA2 LES BEAKUELES B34
T A% 3 AY BHEdE A= g K3 ZA 1000.2% Al, 0.06% Cd),ZA 11(0.2% Al,
0.10% Cd), ZA 12€0.2% Al, 0.15% Cd) ¥ ZA 14(0.4% Al, 0.06% Cd)= o] H#g =% g3
1. o] el A s ZA100] A% $45d. mESNY @SS SppmEEE 4HF KS D2351 I
St o = REARM MIL-A-18001 Hel BAH#L H3351: 4STHBES s 4+
o, o] il 0.2~0.4% Als} 0.06% Cdfg} 0.2% AlEES} 0.06~0.15% CdS Hmsha
ol MRS AT Hite 2E REY ASLSBEC S RHT 4 Y

4. B &

HES waelA o9 #He 94
D pEEES 2 (A= thfe] $& MIL-A-18001 HiES A4&miEEe o9 Hie A
sk e}

(D BEEREE 0.5mA/cm*s EHM 2ERRS A< o 109 THES 5 BEIEE
fre] #7F 10mVEIFY A,

(2) BEEREE 0.5mA/cm*s. LERM HERARS & $9 BKEMLS —1040mV SCELT
oz, °] RB#S BEEREE 0mA/cm29t 1.0mA/cmPl AN = EEEAS %7} 35mVETF
g A,

(3 FOERWES WghRe] 5% L Lol At 25 ALTHBES BEBRR] 780A-b/kg
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