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Effect of Tin Crystal Orientation on the Corrosion of Tin Plate

Synopsis:

Hidejiro Asano and Yashichi OYAGI

+ For the purpose of improving the corrosion resistance of tin plate, the effect of tin crystal orientation om
the corrosion was investigated by electrochemical methods.

The results obtained are as follows:

1. In a 6g/l citric acid solution, the ccrrosion rate of tin depended on the exposed crystal plane, that is,

the rate decreased with orientation of the single crystal plane according to the order;

(010).

(001)>(011)>(110),

2. When two single crystals of tin with different orientations were made a galvanic cell, the more closely
packed plane became a cathode and was protected by the other of more loosely packed crystal.
3. In order to improve the corrosion resistance, it is necessary that the orientations of plated tin crystals.
should be all alike and they should be those of more closely packed planes.
(Received Aug. 15, 1968)
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SRARIC SnZ A v X L7z, Wb T Y *11; {HiEH
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DFEROD, HAMEET B SV, THHO LT
%@%,%iﬁﬁ@%m%ﬁEﬁ%mBhfwé.S%
Fe G &RBAHAEKICE 2 DR IEFRTHE I NS
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AT.C. 3 ExE:O (alloy tin couple test) OBIFEwC L b,
BT CTHEED LWEERPREIND X S ik ork.
E 72, S0 OV TRE—HE L, © & — Vv ORFs
PIEMIT 7L 1 §RIS H B 35RO (iron solution value test)
REWE2T, BW7 Y+ RBEEIND X5 T/ok.

LHL, v ¥&BTHD SnBEDL S AEETH
HREDPTALEABEVID. SHBID WO L 5T Y+
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T TCEESE, P T ) FOWIRHRILEZE
PEOWER B E LT, # » 50 OFEEH ETRED
BMR AT ~72D, KEETIE Sn oBEEEKEAY, Bk
B, ERRECHLIEEINTVS 7 T EKIBHH
T, Sn OFEEFIE X OESLFNZEEZHEL, Sn
DOHWHARFEESHEEIZ VW KEEL S XIET,rE2H
AN, FVEDA Y X Sn VPR HLRNENEETLT
L.

2. HEHBIURBRAE
21 & O

2-1-1 BfEEOFERK

EBCHEAL Sn ofiES Table 1 Wi,

BREGERERT 2 - DRERMFERV, BHFFE~ b
T Sn REHFLOLRE L. REEMFORES
f#iw Fig. 1 xR,

KEFW T 10°C /hr OEETHWHREERE L7z Sn 0B
%, Table 2 OEMMERMGTHEL, BRI D
DERITCHEFL R T 210°C 3 hr OESIAFTIVERIC
HL 7z,

2:1-2 HRiOREH

2-1-1 HTER L B oM A M2 BHEH 7 ¥ ©
B =7y bW, BE:2TkW, 2L 7400 AH]
PEEE : 32mm) THEIEL 7.

Sn {XERLL L DIRE TIRIES B F 22 8-Sn
MEECHD. Lieh>T, fEmkL-BiEREEo bR
IR IcHT, B-Snd (001} FEHREREZFHETL
Lt

Fig. 2173 (00D R HIH I 35\~ T (001)-(110) -
(010) ZATNIK T X TOFNNEEND LEXLIE
BTED. T ZTHEEBoBRIE Fig. 3 0=A
BoLicR®RRT 5.

Fig. 3 R {EIBREIC oW T, BEFOEF & #am
KR LIcon Fig. 4 TH5. Fig. 4 L b, FEMUED
BETEER B-Sn OFRMEMmTOLO)THH, (001),
(1) R EREENEFEEORVETHS.

2.2 EBAHE
2.2-1 ZriGph g oR|E

BEEE Y l\hr @ﬁbfﬁﬁ%%&%mf: 6g/l o
5 x U ROKIE TR 551 B 5 kRl r SRR & b ]
EL7.

BEEEREOHEYR Fig. 5 i,

TR maﬁﬁ iEs E-PHR M ol 7- B S8ME
FREL VKP-21 8% v, EiFHIHEREY ER-122
BEFHAI,

Table 1. Chemical composition of tin used (wt%).

Elements Sn Fe ‘ Cu Pb As

% 9999 0°003 | 0-0004

0-00041 00001

Table 2. Condition of electrolytic polishing.

Ethylalcohol: 140m!, Butylalcohol:
Electrolyte 16 ml, ZnCly: 45g, AlCl: 10g,
H,O: 32ml
Temperature | <30°C
Current 2
Density 10A/dm
Cathode Copper plate
280 - —
Codling rate 10 °C/nr
260 //\|\
|
N\
: \ Initiol temperoture
;J 240 . | / gradient
et td - $
- ~ )
v | AN 1
g / ! N N
5 ! ! h
o 220 . >
o - | Y
£ RS \
S 7 | ‘-\: \
/ I ™ \\
200 / Final temperoture grodient\ AY \
X
: : \\ \
I ] N
A : I
.|I ! 1 1 !
: 5 10 15 20 25 320 35 40
! Distance  {cm)
: e © o © : ° o: ° ° o

Fig. 1.

Experimental apparatus for preparing tin
single crystals.
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Z VBB O T2 LEMPIC Lhr REREE.

SRMERL : 2cm X6cm X3 mm DFELEZ 7 & b T
WL, IRWT 0'5% NaCO3 JKIEUHTREHELZTE
e L TEBRESTS. IOVOERSIEZFV-TO0 1sec
Mﬁ'chkEkLTQ@ SR LERTE, EER
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Fig. 3. Stereographic triangle showing crystal
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Tig. 2. Standard(001) projection for tetragonal cells(c/a=0-5456).
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2.2.2 Couple EiiniflE .

Fan IR ORL D Sn BREEGE /T U8, B3IV >
RRDKEEWITIZE L, BRBNCHEA L T 20br fRiE,
M ORI S Btk X i 2 #IE U 7.

& : AT.C. 3B (alloy tin couple test) AV 7=
FEOZTOZEEHEA L. $T70bb, hnEiia Lt
, Bt s 2RlRic L, ERFESICL TH 5 MmBpisiic
Atomic density (O10)>(110)>(0i1)>{001} BT, BEKRDOEBE 2 NEES Uik sEEw Fv T
@ ~Crystal orientations of tin us2d ;"%'H]ff: e E-'——JVI'E’:'VG‘?‘E’_?_LKﬁEE%’LKE\/‘J:,"j iz L
TERFHIIC LTHRBHICANS. BLEKE
Fig. 6 127# 3. skl 221 X FEBRICERL 72,

2 o4
o-v
3

o1 (e]]e]

orientations of tin used.

BooCTy—Iiisb. JERHE : - KBRS, Sk T @R 6g/
TR FREKICERR ) T R 6g /] DRERERE ORBECERLE. RBREREHEOSE L LT, 85%

ORHR Y VR 28/ 1 RHFERULBEHEDER L.
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: tin electrode(sample) b: reference electrode(S. C. E.)
: counter electrode(Pt) d: luggin capillary
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Fig. 5. Apparatus for electrochemical experiments..
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Fig. 6. Experimental apparatus for electrochemical
coupling of tin electrode.
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Fig. 7 2 fRihRoBlE & 74 . RlE L 75 iahig
DE#ES #IER L, Cathode, Anode BIDLH LD,
%ﬁ%‘ﬁi(Ecqrr.): BRER (icorr.) BIXUEMERSS
DLEE S tafel slope Hkdi-. 6g/l O 7 T LEEK
Biith TOBEIERSRZ Table 3 RT.

Table 3 XY, BREM (icorr.) REFEBEDOK
HaMmE D ORE Nol, No2 pAikXx<, FEFEED
HIREIE W HE No6, No8 I/ X7pfEamii. B
BEAL (Ecorr) V3E5F
X OEELRVIC ) = VEEKBIRP TOHDEEIL ca-
thode ETH D, Eio, HWHMEIC L H5HREOHER
cathode 23R tafel slope BRI DH T GBI LM
5.

o | T
Crystal  No |
Eeonm.  06IOV
- 400 /carr. QN7 MA/cme
wt
v 500
g |
I
[ o) —— _— —
= Ecor. ] :
5 700 ! N
2 : \\
& 800 : e
I
:l‘con, ™~
[o]] 05 | 5 10 50 100

Current  (pA/cm? )

Fig. 7. Polarization curve of tin single crystal.

Table 3. The results of polarization

measurements.
Sample Ecorr. icorr. by be
No (V) (pA/cm?) | (mV) (m V)
1 —0-61 0-17 37 101
2 " —061 0-14 24 105
4 —0-60 0-11 25 92
5 —0-60 0-12 21 97
6 —0°60 0-09 20 77
8 —0-60 0-07 21 97

Note: Ecore. 13 S. C. E. w4 AENMERT

I X % #EIZ/HE . tafel slope

3.2 Couple B

Table 4 T 6g/l & = L EIKBHER KO 28/l ) VR
IKESWEFRIT 31 B 500 Bos B BIRT I it 72 couple®
Tl & Wt % w7

Table 4 X H FRIZEDKEV(B~6) DI LEDLEIC X
% couple Bt A b A & <, [RFHEDEE T il A
S R FADOEI/NE T IE(3~4), coupleE
RII/NE LI B T EpbhDo7. Fi- couple L7cHe
DT, B~4), G~6) DFER 2 LRFEEDOE VT D
12545 cathode 7B b DEEZIBNE. DX
Bt s = VE, ) UBVWTRIRESVWTHED L.

4. #E =

AR OBESTREIC S 2 588, (EFmMES
TR IOD, —fEciid 5 R IEELRERASER
ey, o X L REHCEAFLEIIECTEEINS
LLTW5. g

AERTS Sn OFFGMIEI X ) EFHEOHEVEIL,
BUWCEHOH 1/ 2BEORREETH S Z L brDrz.
—HTVFDOTELHMNORLDFERIETOTV DY

s, AN D OBEBIRULERIFHEOMEIREL ¢, galva-

nic cell R TH Lt bd. RERTIZEFEED
BT 9 A% cathode &7 > TH A X, anode L3
EERE O EEE L, couple U aMfESAE D A RIFE K
EViZEREPDI.

INLEREEN,DS, 7)) FOMEREEHET S0
i, * v * Sn DFRHEELLT, (1) v X Sn i
ROERANLHOTD, (2) NSO, &
TEEOBWHEGEZREIIC S DL EBUETHD &%
Zbnb.

5. =

Sn DEEEREZBY, 7T UEREICY UEEKIBHKD
T Sn OFEGEHA & BERLEMHEZAIE L TIRO &
w187

(1) 6g/l ®Y = U EKIFIEFIZE VT, SnDLE:

Table 4. Couple current densities and polarities of tin single crystal used.

=

Nos of paired sample
Solutinn item
~ Polarities* 3-A, 4-C 3-A, 6-C 6-C, 7-A

Citric acid (6g/I)
Couple current

0'066p A / cm?

0:676p A/cm? 0-066p A/ cm?

Phospholic acid

Polaritier* - 3-A,

4-C 3-A, 6-C 6-C, 7-A

(2g/l)

Couple current

0:0104A/ cm?

00501 A/ cm?

0°0624 A/ cm?

*  A:anode C: cathode

_ 88 —

/4



el

-

Na-7A 35— FEEM, 2YERAX /) —AEICIDY & VOB RAEDOME 28k 189

AEOBREIER Y, BIEEORVCERRTEED land, (1940) Amer. Soc. Metals Preprint p. 44
ELEIC L, W2EOERITHEEINS. TR 3) G.- G. Kamm and 4. R. WiLLey: Corrosion,

17(1961) 2, p. 99

VX, cathode JFEDCHEICREL TW5S.
cathode fFEDIFECIRE 4) G. G. Kamm, A. R. WiLLEy, R.E.BEgsE and

(2) FiroRixd Sn EEE galvanic cell Zif J. L. Krickr: Corrosion, 17 (1961) 2, p. 106
Bt s, RFEEOCEVHA cathode i hEHE 5) S. C. Brrrron and K. Brigur: Corrosion, 17
N5, i, ZOI\V anode 7LD EMBETHESTE (1961) 2, p. 120
OEEEEE, couple L7z 350 kD DEREOHRES ®) 4 R WuLsv, J 1;]21{(1;:5)(:61;; and R R Han

e e TweLL: Corrosion, , D-
KREVBERE LD, 7) PiontELLI: Electrochimica Metalloum, 1(1966),

(3) HEoRRID, 7)) FOfAEEEZALSES p. 5
FodiTiE, x v ¥ Sn OB EARKSEDOLRBLH DT 8) W. E. Bocgs, P. H. Kacuik and G. E. PELLIs-
0, LAdEFBEOEVELZREII D 5 LES ' siter: J. Electrochem. Soc., 111 (1964), p. 636

9) BT, kAK: BELBY¥EKERE IV ATV
ATE, (1967. 10),p. 179
x " 10) s, 9%, WA: £BE@EE, 18 (1967) 5

HD T EnbirDI,

1) T. P. Hoar, T. N. Morris and W. B. Apam: p. 185 ) :
_I- Iron Steel Inst., 140 (1939), p- 55 ; 144 11) H. H. UHFIG: Clorrosion, 19 (1963) July, p.
231 '

(1941), p. 133

2) R. R. HartweLL: Nat. Metals Congr., Cleve- 12) 4. GwaTtHMEY: Annuals New York Academy of

Sciences, Series II, 53 (1951) 4, p. 992

S$43.2/ : $uk.3 -3/ L2o /72.6L : BER )20/ L
Na-7ras5s— b M avE2x& 7 — ViRt 5

Y & R OB LR Y O R 0 B
BHEZEE - KPEXR™ - RFARE
The Study on the Isolation of Oxide Inclusions in Rimmed Steel by

Using Alcoholic-Iodine Solution Containing Na-Methylate
Haruo SHIMADA, Nobuo OBA and Tadamichi TAKEI

Synopsis:
The method for the complete isolation of the oxide inclusions from rimmed steel was studied. The results
obtained are as follows,
(1) In the case of using the generally applied alcoholic-iodine method, only a part of the oxide inclusions
can be isolated from rimmed steel.
(2) In the case of using the newly developed method using iodine-methanol solution containing a small
amounts of Na— alcoholate, the oxide inclusions can be almost isolated from rimmed steel.
(3) The oxide inclusions present in rimmed steel consist mainly of (Mn, Fe)O, which is enriched with

manganese.
(Received July 25, 1968)
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