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Surface Appearance of Electrodeposited Zn-Fe Alloys

Takeshi ADANIYA, Tomihiro HARA, Hisaaki FUKUSHIMA, and Kei HicasHI

Synopsis :

Zn-Fe alloys were electrodeposited on a rotating sylindrical copper electrode from the sulfate bath,

and the surface appearance of the alloys were observed.

The alloys electrodeposited under certain

plating conditions demonstrated a characteristic striated patterns which followed the direction of flow of

the solutions.

The reason of appearance of this striation was considered on the basis of the anomalous
electrodeposition mechanism of Zn-Fe alloys proposed so far by the authors.

In addition, several

attempts were made in order to diminish the striated pattern.

1. 4

BR Zn DO ZREMOPAEA L LTUAS AVWbBRT
WAHR, FEEFTETHLIEMLER - =k ¥ —
faty FRe FHRED $ELL H - OoTCHEER
WML KRE Zn BoOASEY ™Y, HELY, B
b9 @ & 5 HEEEOBBRIRFF I TWE9. o
T, Zn-Fe £&90 % R A, WMk, B3, n
TH7e S ABERMR E LCEHTREEEEAHRE T
53D L LTHERIRTWAD. fEK, AGERDD
DXIITE L UTHBBEBNMERA I TW50, #EitA
FU oy PO ERTOEE, HABMEMHTETA
FY oy TORKOFRCREFENLREL, 20 &R
AEGREZD O EWMNO TENEECH LS IcEH
Lo Tw5b.

—7F, Zn-Fe 4% 1iL BRENNER OIS &,
BRI (Anomalous Codeposition) )& L, TRIL
PRI B Zn A3 ETr Fe it _BEFTH T2 LW 5 F
BMART. COREMIZ Zn-Fe ZrBHT, Zn-g
EeBRICEWT—RICHET 52, FEELIXLOR
e oWTHEk X b 4 RET RN L, BFEFCRIT S
52 pH o LR B IO ZThctES Zn KBREWHTH %2
EZRLI-EFHNELEIMEELREL TV 599, K#
S PR ERSERERERY - 0 ASEMEEC IS
THE L, B FOHEBRE D TREREER ILOX R
OWTHH LIEERY T LDHLDTHS.

2. R R A&

[ |

SRR L EARIB AR, BME&EEYRCTT. &
#3513, FeSO,-7H,0 0.9 mol/I (250 g/1), ZnSO,-7H,O
0.9mol/l (259¢g/l), Na,SO, 0.21mol/l (30g/l),
CH;COONa2a-3H,0 0.09mol/! (12g/l) DT, H
B a3 a1 A VRS BK R R LUK R 8,
fime< pH 3.0 @B LT R L. RBHAR &
e L b eidho Fert o fbafl<icd Ny #RAEK
AL, BRRIZER 2em o Cu MR (BAHE 18.85
cm?) T, BREEERC L B4 OEER CHiE X ¥,
HEEA LY » TOOXORNEBECTER L. Bk
REROGRE— 5 X5 eHER Zn R (BEE 13
cm, B 6cm) Vs, B 40°C, BEHBE 50A/
dm? CEBHREME T oL, RESIX 10C/cm? ¢, =
FUL BRI 100% © Zn BARZ B ET5 L5740
g/m? OEFEEBECHLT 5.

BoREEMIREREZO D EERYE, HiER
THEL, Fe XU Zn 2 THAEBC IV EELT
BHIA SR RE L.

Kz, HOEFRAFEIFGE L LT, BHFERH,
SR AEM, REEEFS X OWNFIowM, % pH ©
EFEVOBREFOEE Y Th Lhidie, 70k
2 ORAR I TET L.

3. BRBIUEE

3.1 HOXRARBREDORH

ARBTG5 DO EREERIIECREET ST T
7, BRI D HIRETHAOTAMIEE LR T
ZEMNRBACAM bR TWA. £ CETHRENRET
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Fig. 1.
density on the surface appearance of the electro-
deposited Zn-Fe alloys.

: weight-percentage of Fe in deposit.

Effects of relative flow rate and current

D5 T BB EEEE b bR AR KT
LI OEMRER XOERBEE 2B« 23T, D
EREBEXITOLERYBENASHEK & 2T Fig.
1 iRt B A&BEVOBRBDEIIVTRE 90~95
% BETHOR. ol BEEREIhTHZT
X8 Zn HOXOBMBEMY #ERB L TCERBER 10
~50 A/dm?, EAREIEHE 0~2000rpm (FHXHAHE O
~2.1m/s) & L7

Fig. 1 X LTz Eabmot:.

(1) BB IR EAEHRLE Ligys. Photo.
[(a) REBEYOERIE S ELENBETHEMEMHT
BT, EEREDTHOE LAERBTHDLA, FERE
AERD BRisue,

(2) EBHBREOLEBEHRRI EBVHCBETI25E, ©
F VML BHHEL, BREBESIKEVELREIRE
Lodv. ¥, SEREEFHEC S W OIENRED
Kl HRLRIEL 7o b2, BimE e A
5E5T B EMNDS.

(3) FHhnidsrRE T Table 1| @RTX5CE
MESHER & FERECIMHELRA DR, 6§40 Fe &
FROBRC LI IFENRBE LTI ADTWS. Itk
L, (1) TlhRX51, BB TREIAEDHHH
FERBRENR 5HSHER THRREIREE LRV,

Table 1. Relationship between the alloy compo-
siton and the surface appearance of the alloy
electrodeposited in the presence of flow.

Weight-percentage

of Fe in deposit Surface appearance

~2 milky white, striation-free
2~14 gray, striation-free
4~9 gray, weakly striated
9~ gray, striated

Photo. 1 (b) w#HX & 1.05m/s, 50 A/dm? &
EIRIBAORERELRT. e BCRENRE
LTRDY, DEFEOREY*EbLTHAIICheEiEL
LTAWAZ LT 5.

3.2 HOXRAEXEREBBOWE

—RRCHRBIEIS 7DD Lo-iES R 58D BHT 28
ERBEOMINCS LEBKRSBAEENHT 5 E
W BB Zo MEETH T2 EER~BITL, BFic
BRBEELHEMIES LREENFE D LW 5 B8H
BELERT. BEEODPREL TV HHEEBYY X5 L
THIIL T X5 @il EI 5.

EEBREEFERD & 5 KREREEENELS, BER
M pH #% Zn KE{LWAEROBEFECE LW 5BE,
ALBENMCRELBOBENBERM I h, BRILER
CERABREBVEENBT A IEFREN LD, 0
REIVERBEELHARIES L, KERERENK L
7cb, BEAE pH 2 Zn KERLMd: OB FECE
T5% LB B Zn KBILWEESER IR, Zn i3z
RhEIDBEHTS. LiL, Zn KEREHARL @ X 52
e X bR pH X8 ESE O KB{bHH £l
HEERMEE TIREIFELISVOT, $ESRBIX A VvIRT
HAEL, Zn KM Ex BT R ETHRETS
Lk, HoT, BESBOARTHEIIFECNKE
2 Zn KEEWEIEIEIIC X o R, HESh, B
Zn pMEENTH A RERIN LB, #OT, BRE
B/ NS WD DR AR IR TN LB SENM
FE EBREREE) CASBEMIEEN» IR
HR~BITTH. BRERIIBECSOTHWAEE0ES
DEHREBETERX Lo KBILYWBIEO B I KET S
A, ZOEBEE XKy X b RESMEERIC AR
TAHEE L Zn B X ) BRILFHCHBE I WD EE
DFREVWTHRED EELDhD. 2T, ECERE
EEEARIETOOEE, BMBERX Zn BINEE &
EEMGLTWB0T, KEAREE XD HEEENK
Einh, HERE AR TobbREEIHIT 5.

Fig. 1 @R LB EE&D Fe SHERBIVTRLE
® Fe JEEH ([Fe/(Fe+Zn)1x100) 46% X vi&<,
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(Fe 35.25 %) (Fe 10.8 %) 50 A/dm? 30 A/dm*
Photo. 1. Surface appearance of the alloy (Fe 4.6 %) (Fe 2.5 %)
electrodeposited in the absence(a)

or presence(b) of flow (1.05 m/s)

Photo. 2. Effect of the supersonic radiation

at current density of 50 A/dm?2. on the appearance of the alloys.

o

duty 80 % duty 50 % duty 10 %
(Fe 4.5 %) (Fe 2.9 %) (Fe 1.2 %)

Photo. 3. Effect of the duty factor of the pulsed current on the
appearance of the alloys.

supersonic pulse

(Fe 7.5 %) (Fe 5.4 %) (Fe 3.1%)

Photo. 5. Effect of supersonic radiation or of pulse-plating on the
surface appearance of the alloys obtained from the bath
containing 5 g/l of dextrin.



supersnic | pulse
(Fe 114 %) (Fe 8.7 %) (Fe 3.8 %)

Photo. 4.

Effect of supersonic radiation
or of pulse-plating on the surface
appearance of the alloys
obtained from the Dbath
containing 2 ml of polyethlen
glycol stearylamine [(a)—(c)]
or 0.5 g/1 of dodecyltrimentyl-
ammonium chloride [(d)—(f)].

supersonic pﬁlse
(Fe 4.9 %) (Fe 5.4 %) (Fe 3.5 %)
Thi Potassium Sodium
lourea thiocyanate thiosulfate

0.2 g/1 0.2 g/1 0.2 g/1

Photo. 6.

Surface appearance of the
alloys electrodeposited from
the bath  containing the
additive S-compounds.

5.0 g/l 1.0 g/1 10 g/1
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FRUCHBC S TR BERIN L a0t 5 2 2
b, Ti, BREEOHINC X 540 Fe 55X
PR, TIRbbRAEHLIES LTRY, ERoEER
BEBCRG 558D BHEH YR LT5. ik,
DRAREDIKICHWEE D Fe SHRIZIEDILLARK
1, BEPDRncEHAd LTwhWaa, CHIZBE M ITA
XD Zn A A volikdicly, #ELeoT\W5
BRA R DR L t=dTh B L EL .

HIEI TR Lc X 9 R SRR BRE I 813 5 ERED
MAC XV FRINBIDOTHE, D, EhO L 5ks
B OEALBRIC K CEMROTIIC X b FEEES
LT LEHATELHBEYREL, NEXU TR L
7z
R (1) : BRRREE TOB OB O RT %
fih EEAH R TOBNAEHEHKRODP SE e 4
IOTENGRERBE(T S 2 &2 Fig. 1 @il
7, BRERECOBOMESIFHLARE—TH5 &, Hih
EEHARTMTOBRNEGEHEBICO SENEL, hn
AR CIREAOHACEE - LTAL 5. ZDREFTE
WAFEET DD, TEOEICH LE Sy %48 L
RTVEMEE T TLRENRE LTV Z Link s, L
2L, KRECFELAREET AN E Lo ho4 4o
BN X OTHE UL HESHROBLIIFhE K X < 7t
Vo BT, RERAEVEC ) RTVEREE 50A/
dm? BT, HRREE =5 0.5m/s oLzt
LTiLESD Fe KT 35% » 5 13.5% ~LrEL
WA TBA, FEREDOKZ D23\ 1.05m/s &k
D& LT 0.5~1.5m/s & HHiE s X8 Ty Fe
BREERY 2~3% LoEH Licw. #8657, BoFEnk
RED A — & D7 LR B P TR 23 7o 72 o i SR %
IO D B E W 5FZ ORI X OTIEB SO
WETh 5.

RE(2) : KEREMOBEEL AEBLROEN
ERIFIL 100% e HF, BLFKED HHTELES.
B D A& B X 5 L BRBEBERCE L TITER
MAE pH X Zn KE bW % AR T 5 A EC e,
FOTEBOINC B\ TR e BRI B
Fe EFENTH. LiL, 0 LoKEBEE I/
VD TKRERRES BAKRKERZD, R\ pH 2 LR
%5 & Fe o b Zn KBBLMEENR AR L, Zn O
DB E D FOBRERENNEENCHETT S, 584
DENDEE, EMFIEER Fe BUMIRN 50 Fe B
DHETHD THU LR AR LKA X h,
BROETIH NI I FD ER KRS L ITAy
EBOFENIE DTN Lo REAHBE X oC L8

BINDHZErbb LRASENMABROFZYMA 5 2t
Z5.

OB TESNEN T L b, BFEWM Fe &
P Zn KUY TLEWCEHLIRTL B, KEREX
REEBBICEPL, ZOX BT I LL R4eT
BIKBEIBEDO XA RIC L BKEA + v ods L [F
Fric @)l Fe EORE, D% b Zn KB X 5408
OEENRZ D, BEOETC LI OTH - 2 KERE
DOEWSELTEESRTLE Y. 0 X 5ekitics
VTR B BEA A b OEE T—EH AR D
BE, RETHRKESKMIIEE S AR & UTHkEe
MDD ENCKRA LEBE)T5 2 Lt/ h, ZoB
Wicie s, KEREOE AIERERT R 4 E
T5LEbRLDT, ChbhlEER & LIcBOEEND
DERMELHRHEE LTAZLS.

CORHEIBHE 31 R UTcdE Ra44MH (1)~
(3)M 5 ELHHTES. LM HEAFHEEL R
TIKEXREOBENL L DFINC L b EH~PBRhic
BT D7D, HEREHICE L, &8 (2)EERE
BT RAEKRRORMMREY D 0BT DI FEN
FELRT 0%, FHEMEIBRD TRE VG
BONC LY KBOBERNRES L7, RELBETS
FREEDVINE { Te D THRIENR 5T 78 Bb LW 5 L 5 e il
TE5. ¥ (3)ontTit, A5&0BFliEC
X5 EH5ED Fe FHENHEMT 5 2 &2 Zn KBLY
BN S 3L I 52 & wxHGT 525, REAS T WE
Fe ¥ 7% Fe-rich A ARRBAEDOEMRA L LTREX
NRT W e wEL L LHRTES.

3-3 FEMFNEORIT

I TR L X S EREMEEL LCES(2)0
TR FRESFEY XSRPTES. 22 RHE(2)ic
EDEFREIHT LR EE L. Thebb, BER
AT HREEILE Nk EREOEE S,
KEFRESYERCIES Z L X O TRIE ECokER
A ERFCTbE, EEEOBEELFIELLIS &L
oo ZOEZRE-T, kDO SO0 FEwRL 1.

(a) MEEERS - HHRELZELLED B L
FBEOHERYR SO DT, BEEOF 4+ €5 — o 4
VEIRI X D ERERROKZERWRE UEREL, AE
FHAEROBETEBIEEH TS 53D Th 5.

(b) SAAEBMF - NABRCIBBEME T 5
&, B off FRIKEREIZET b7, Zn Kb
WA SR ERAL R IG Cle o TlfT 5. fEo
T ORRCIEMERD Zn KBEic X b HE X h 56
Wrids.
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(¢) REEEFIOFEM - BBLBOmALrEE T, kB OK, B on-time K 50 A/dm?

THZERED, KRKWOBN YRS ICT 5.

(d) HMFOEE: - REREDOE A ~OBRET
Xb, TOFFCTOXKRREZINETS.

(e) ¥ pH DETF-FEKR OfiEY £ L
TRBTER IV, BELHOHEER DO DTHS.
Ei(a)~(e) DFERBHC, 0t 2 0%lAE
R TET L, FO/REEXLTRT.

3.3.1 FEHERCRETEFERFOPHR
BEWES (28kHz) %17\ /eath 1.05m/s, 30 A/
dm? 3 X 8 50 A/dm? T ®»0F Li-RKD KEREL
Photo. 2 1&i"3. Photo. 2 (a) IBHF RS BRI
Z DD BARLIERERRE (Photo. 1(b)) L[F—T
BB FERNIED 5T a0 T 5 2 &b b,
% 7> Photo. 2(b) 1wRT X 5 EBREE 30A/dm? T
REEITESTHER Lic. %, 2O&KE T Tk Fig. |
CXDEBEEYRE LEVEERENLRE LTV,
DX HEBEERHC I Y FERE ARSI DL
Rbnb.

3.3.2 FTEERCIIET A VABBROHR
on-time NEI% 10ms t—FilL, off-time %
2.5, 10, 90ms F LI 2 2 LI X DT AFIHE
80, 50, 10% &icn X 5 7s A ABHE W CHME
1.05m/s T¥o & Lic B EKMRE% Photo. 3 1R

LD X5k, Photo. 3 X b, ~AABMLEE
RAEER LIHS R o aibn b, AAAFIRR
809 THLIEIE 2n7sh 53 B n, AAAFIRERD
KT, Thbb off-time ORI X H FEITECH
B L, fiRoFHE—F L.

3.3.3 EEER RiF T FEEER O RINZHA
IEEEE LR DOBhEREET A L XD, B
LOKEROMB Y B T 5 REEER & LTHRR
T IEY T Do b b LDHEET 5 & &4
WEETHOIDT, Bia A VR, BAA VR, 1A
ZAFEESEFIOR»LRAE ICHVWLRTVWA D% 2
BE OO, ChbhBcEsDBE LD X5KH
L, BREE 50 A/dm?, HME 1.06m/s TEM
Lo ERIMADO B Ao, REMBHEFEOR
B, ERM:, BFRO 3 A0 AR THHE LR Y
Table 2 i3, = & THWIIMNEFHE G5 & Pho-
to. 1(b) kiR LicEBHER RGN striated (EH D),
matt (X)), milky white (FLEE) TH%.
Table 2 7 bbb L5, BA A+ v RAHEEMER
O X DR D X< 7ebh, FEEZHEEI
B BHIE Hicy. BERBS X ABREHHT
D ENRRUERFCHFEDIZEIAERVDODEDRH LR
7z,

Conc. of agent pulse Table 2. Surface appearance of the alloy
Surface-active]Striation S i . o
a;em: © Brzgtness ,:Efﬁi‘i;‘? duty (%) electrodeposited from the bath containing

10 Js0_lso the surface active agents.
sodium an~ [0.01 0.1 1 5(g/1})] 0.05(g/1) 0.05(g/1)
thraquinon | ——— a— 1) 05H4(002)05H3503Na
oAl A A4 Z (2) C1,H,50805Na
‘é (3) H(OCH CH,),NHC,sH3;
6 |dodecylsu- 0.0l 0.1 1 5(g/1) 5(g/1) 5(g/1) (4) [C12H25N(CH;)3]C1
& |ifuric acia - = - = N
© ?‘;‘)‘1“"‘ salt WA AW AY4 7 77 (5) CsHyg-{ /-0-(CH2'O-CH2)n"OH
polyethle- ml/1)| 2(ml/1) 2 (m (6) HO(CH:CH;0),C15Hss
ne glycol
stearylam- 7 7 7 / 7 7
8 line (3)
= -
8 [Godeeyree g0 T So/D[ 0.5(g/D) 0.5(g/1)
% Jimetylamm- —
O jonium chl- Powder
oride (4) Black
pelyethlen
glycol no-
nylphenyl
9 Jether (5)
H polyethyle-{0. 2(ml/1)
‘2 Ine glycol
@ |monooleyl — _—
ether (6)
iand striation- weakly= : .
Striation free striated g striated E £
- deeply~-
Brightness Dbright [Z::‘;;ht /] matt striated
Hue Dmetallic @ﬁ;i’;’e" m gray
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Table 3. Surface appearance of the alloy elec-
trodeposited from the bath containing the addition
agents.

adition Conc. of addition agent
:qent Striation
Brightness
Hue
0.1 1 10(g/1)
(NHg) 2S04 . -
L L LA L S
0.1 1 10(g/1)
nect 777777777,
0.1 1 10(g/1
Al, (SO4) 3
LLLLLL L L
N
0. 1 10(g/1)
pextrose? 777777777,
INEINENINS
0.1 1 10(g/1)
pererintt 77
[VANVAN
0.% 1 10(g{l)
Gelatin / //// [/

c ek striation- weakly- striated
striation [_Jgert i, B
i i- matt
Brightness Dbrlght [Z ls:;Tght /]
N ilky~
Hue Dmetall ic l::l’:.itg @ gray

* CgH1306 ** (CeH1205)n- XH,0

K, B4 v R AHESEAN LB EORMEE G
FOTHRERENZEFIHI N, BEWK, <A 2EED
R XY, BRHETERENER XL ko, 0%
HORAIAES Photo. 4 iZ/R$. Photo. 4(a), (d)
RREEERRmMOZL, (b), (e)XBXvi(e), (f)x
CHBERBHE JOANABREYHE LSS TH
5.

kB, A VERAEESFIISEREYREL, &
HEREEZIE DD FF I d 2 X NN IL X E S
X o R&EeMMER LIBD TEWL O Lo,

3-3-4 FHEMRCERIFTHRMA OFE

BEOERD O EOBICHERE BV bR B EMHE D S
DD HDEZEDY, h bR X 5 REIEOLE
IEZ /<7145 R % Table 3 i3, HOXRNEHEE
50 A/dm?, HXHREHE 1.05m/s TiihEie. Hlg7 v
=y A, BIEF bV YA, BRERE7 L 3 =% 4, Dextrose
DEMZ IO TREERD TN 5T kB BET, X
R, BFALIZEAEBL LD, Dextrin 134
BOWRINC X O FEABR L. ¥5F VilRNb &EY
METDRERB B, €5 F VXA EEDOTBICK
LIz b AEBBERFICT, e & LB L,
DO XRMETATE L.

PEX b, Dextrin RA&EMENRIREITHSD = L4t

biotony, bg/l MO XREREY BEHRA, <
WABBA O LB & L 68T Photo. 5 kg, B
FUWRE, "N RBRRC XY XRENRL LB, D
TEXDEENPOEBAINDBER 0. |

Table 3 iR LAEMANI S B> & T—RANC{ER
IRTWBLDOEFEBIRAIES D THOTeH, KX
BERCBTHFEREDOEEIBEL T, TOHEN
HHLBREFHTE AHEMFICOVCTRH L. — B
MARBERCRET S & L Lo CERYVE, 4
Bl S BERIETE, SO X5 ReE LISy
RHEIMEAHTO SO Tirnl, BIBEEOMGEBED
TCHEEE LD, BLEINLHBELOTWE., L2 A
T3d BN BEFEHE T HESBe L, BEHT
S, N RFpntr T Lici 5 %MEAWE, ThboF
THUBEFRHXHE L T—EOREF/EAN RV RE
ITH Z ERHBAT WA, 22 TAESLBIZED
X5 i b & HEMA & LTz 5 &, KEREDOFME
MTH5H Fe Fiix Fe-rich HiwBERET S LB
o, Z2oX5lmEE LTCF4+RE ((NH,),CS),
FACT VR AV YA (KSCN), FHHEE F VU v A
(Na,5,0,) % FEY, ZOREREIFTEELYR:
#3R% Photo. 6 /R, Photo. 6 L v, F+FEEF +
VYA, FAVT VEES Y Y AHRIMIAEYEE IS
CE|BIA, &R 53 a2t ¥, FARES
g/l BN CREEBEZBEMHEIRTE Y, FidoF
BEERT R Lok,

3:3.5 FKEMRCEIETHE pH O%FE

% pH 23225 1, 0 LETIRTESOREREY
A7z, pH 1 OB/ IAEME 0~2.1m/s, BRFEE
10~50 A/dm? OFFE THOEX BTN, BLALED
BESEIIRE Lishof. KREBEHE L CBREE 50
A/dm?, HHXRE 1.05m/s THOX LicHEOERK

Photo. 7, Surface appearance of the alloy
electrodeposited from the bath of pH 1.
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Table 4. Fe content of the alloys having a stria-
tion-free or weakly-striated surfaces.

Pulsed

Supersonic

Bath D.C. radiation current duty
28 kHz 50%

L 10. 8%* 4. 6% 2. 9%
additive-free Photo1¢(b) Photo.2(a) Photo3(b)
additive-free 1.85%

pH1 Photo.7(a)
polyethler}glycol 11. 4% 8 7% 3.8%
S‘earg?;‘}}?“ Photod(a) Photod(b) Photod(e)
dodecyltrimetyl- 4.9% 5. 4% 3.5%
amm”“(;}‘g;/cl‘“"“de Photo.4 (d) Photo.4d(c) Photod(f)
dextrin 7.5%

5g/1 Photo.5(a)

* Standard plating condition (1.05m/s, 50 A/dm? pH 3, 40C)

g4 Photo. 7 1wiid. %7, pH 0 oF4, FiE 1.05
m/s CEHEHEL 10~50 A/dm? (LI gien, X
TOBERENKRESE TH oM.

b »oXx EEARMENKY 4R, SR
FAEEFENHE b B0 BTASERYE L T
Table 4 T, 7ok, KCIIHEDO D ERERED
RLT: (Fh+H). i, S-EAEWD 5 bFFIREL
SSE IR BT, TOEHMT X b S
D, BENHOMBOELY LT L FHEINLDTE
By ciinwE#E 2, EhBERIN L. Table 4 X b,
ZEBMEINDHE, 580 Fe FHLIET LT
h, SERAESE(3)MNCCTHLHIZLTW%. Polye-
thlenglycol stearylamine FEIIDFF D4 Fe EHRED
ETHL BRIV, HBREIAELTE 5 ¥ 5 LI
Licn. Dextrin IRiNOBE, Thi Fe FFEOET
L7e, HEEREH, ~AABELLEL-DOT, KA
McirEF L Bbhns. ZEieRiE (Photo. 1(b))
CHREE, AL LBRLEL, HORERE T
HIxns01XE pH % 1 LB HEOARTH Dl

4. & =

WEEEIR 2 5D Zn-Fe FHBEHOBRICELDDDZ
KHEFEICO%, REMNESBENEBCESCTLOR
RxHEE L, FEMHNEE LCBFERBS, 2R
%, REEEFR XORMAOMERH, W pH 0ZXE%
AT L. ZOHE, ChLoRLBETFEERHO
BEAER Lo & &Y, RE LSRR AR
BWTRYTHOoEELDRS.

AR B TRBREFORBIIRENTH Y, BR
KR HROWBI ORI A bV » TDDOEDRKT
4 vERRBLDEELRS. ®OT, ARROFERL
FDOEFRTA VTORR LTI DI WA, FEEE
B LCIiE, ERBE, ¥ pH »AFNCEEL
R Thh, BV bOEREBUCK VW THE
B LOFRAENRTIhICEEZL bhb.
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