W OE

ENBBAE, BHEUTRA: SR, BRERE. KEEZ. ik
5. B, EPHERD, EXOFERENEMLE, TRAXBRETENR
MyEE. ERESERETE D, SORNEERS, B5HRNEHEEHR
RMABERZ, P KEHES. SRR RE R EBHA 3.
—RCR AR T ERBRXHEAN BE,, —RESTRNEETER, RN BEH
BRI ).

AL EEFGR T HERMPHINA, ARTEMHERBIRERR. K5,
YEENET L KOH FEEFBUCHERIN PRE- KR RIX—FiE R, EXNMH
HEP, HTFRBEREE, BREEDRER, BEFPREMNKEFAIE TH
RN REm, EREKENEEPREKERS, SOERERENNS
ERERE, R, SERESBRTEE TR Taik. £43%, FF
FT e & Fh R i X — 1 R SRR S DA B AL AT R

FEE=%DP, EEVRTHERREKER4 mol-L" KOHF FE- /K7 i+
ISR e X A AR AR R AL AT AR . SREREW, X
HES, BRPKHMARKDE TEONERN, X aEAEMNREITR
T—EHauAdBmleRS. BESRTHERMIBNHR, ZHHR
BT, XREANGRMSEREH, BRITREHRR TR, LYREKE
20%§¥14 mol-L”" KOH F BZ-7K #7# *F # 11100015 mol-L"Na,SnOs i , H 2R &%
. HERRBBEIRERER, BRUBMAXKES T BERERP RS
thaE, T EHBRME ERK, BERMRBLF. £ 00.02 mol-L! NaSnOsHI& /K
0%, SRR ABPEREA TH—PH%E, 7E30mA-om? BARABRT,
JBCRL B Rl TR 50/ BA_E o

BN ES, EEHRTEREGKE 0% 4 mol-L' KOH FEE- Kt
TR ZnO 1 HT (BE MR, hydroxytryptamine) J& %+ 4l40 AR i AL 24T



W =

AKIEM . 16 R R KB P IS AT LRI AR S i, HT
TEE MR T o LUESR AL R IE . FRPUIE ST M s B BB R
BT Zn0 RIBUALLBRRIMIIR T & B mEISmER, HT
e E T HEBRRRINTTRENR, F2F PR, NREERELEREM
ERFIAR

K. 8, BEFREKRE BWFETh, B, SN, M, SLH

1



Abstract

Abstract

Aluminum is a very attractive anode material for energy storage and conversion
because of its negative standard electrode potential, high theoretical capacity,
abundance in nature and low price. However, in neutral solutions, the surface of
aluminum tends to form passive film and become inactive. In acid or alkaline
solutions, aluminum is an active anode, but undergoes serious self-corrosion with the
evolution of large amounts of hydrogen gases. The above problems must be solved
for aluminum to be commercially used in batteries. There are two ways to solve the
problem. One is to dope aluminum with other elements. The second is to modify the
electrolyte by adding inhibitors, additives or complexing agents in order to make the
electrolyte less corrosive.

In this dissertation, the history of the usage of aluminum in electrochemical
batteries as well as the development situation of various kinds of aluminum batteries
was reviewed. Then, the author introduced a new electrolyte system based on
potassium hydroxide methanol solutions. In this medium, aluminum is
electrochemically active due to the use of alkali and hydrogen evolution is inhibited
because of the substitution of methanol for solvent water. However, aluminum still
displays larger corrosion rates in the potassium hydroxide methanol solutions with
relatively high water contents, and the passive phenomenon occurs for the aluminum
anode discharged at relatively large current density. In this work, the effects of
different inhibitors were investigated.

In the third chapter, the effects of Na,SnO; on the corrosion and anodic
dissolution behaviors of pure aluminum in 4 mol'L"! KOH methanol-water mixed
solutions with various methanol/water volume ratios were investigated. The

experimental results indicated that the addition of stannate greatly inhibited the
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corrosion of aluminum in the 4 mol'L! KOH methanol-water solution by the
deposition of tin with a higher hydrogen evolution potential on the electrode surface,
and in the electrolytes with higher stannate contents the inhibition effect decreased
due to the occurrence of some cracks on the tin deposition film. In the 4 mol-'L™! KOH
methanol-water solution with 20% water the electrolyte system with 0.0015 mol-L’!
stannate provided larger inhibition efficiency. The results of galvanostatic discharge
showed that the discharge of aluminum in the Na,SnOs;—containing 4 mol-L”! KOH
methanol-water solutions was obviously improved, and the improvement effect
enhanced with the increase of stannate content. It was noted that the aluminum anode
stably discharged for more than 50 h at 30 mA-cm? in the 4 mol'L” KOH
methanol-water solution with 30% water and 0.02 mol-L”! Na,;SnO;.

In the fourth chapter, the effects of ZnO and hydroxytryptamine (HT) on the
electrochemical behavior of aluminum in the 4 mol'L"! KOH methanol-water mixed
solution with 40% water were investigated. The addition of ZnO could obviously
inhibit the corrosion of aluminum in the 4 mol-L”" KOH methanol-water solution, and
its inhibition effect was enhanced in the HT-containing KOH solution. The results of
EIS and SEM revealed that ZnO produced the inhibition effect by the formation of a
zinc deposit layer on the surface of aluminum, and the cooperative effect of ZnO and

HT improved the deposit of zinc.

Keywords: Aluminum, Alkaline methonal solution, Electrochemical behavior,

Corrosion, Inhibitor, Stannate, Zinc oxide
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Table 1.1 Some widely used anode materials for electrochemical power sources

Theoretical potential ~ Theoretical special capacity Theoretical special energy

(V vs. 0,/OH") (Ah/g) (kl/g)
H, -1.23 26.59 117.7
Li -3.45 3.86 419
Al -2.70 2.98 29.0
Mg -3.09 221 24.5
Ca -3.42 1.34 16.5
Na 3.12 117 13.1
Zn -1.65 0.82 49
cd 121 0.48 2.1

#: HRETAAHERSZNAOAFLERR, TUSRPHHARRE bl SR i, FER
AT R ALR AN $1E OHEEER 1 FIFHR I O/OH il i T+ 8 89

HE=AL, AREOTFEDET 25410 t. —MELLK, BEMER 7=
EBK, NAR WHBER, 1996 FABRETRIEA 1.7<107 t, EILEESM
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EY, XER RS ESERRE TR,
H-HEREBIBMN A T Ft B FMERRAR, BhT&RERE
A—BRFE, BUERESBata, SEHARREEERTHERE. TR,
ANZRXERFARE LR AR P HATE BBV, BT LR
mREMRPE, REEMNRNEE, BXRB—HELTE EREEEKN
FIEERME T RO EE R, BETRERS S, XEEBRG T HEANE
WP RN . IEEERIE T T R & g R 40 B AR R A N R AR RO S R, BB rR
BEFRIE T REESIR, T TENR AR TR,

11 BENFRERH AR L

BIE1SHAS0FEA, HulotHBIERMAIRA R, RAERERF AR, B
B A BRBEAR . 18574, BB —KIEAMRMETEBf BikFEM. 20
HAL60FER, B-FRBERBARY, HE, HREXTE-ZSBBHIHAR.T0
FER, KRB BEAERF OB KRR AR,

1.2 SRR FEFNEER
He A P AR 2y, 4RI ET AA K BRin fait . K IR AR At
1.2.1 KBHB B

X FREMEVE T BER, KSR RERERE, MHIREER, 55
L, BHAKKBBEBBERE Al-MnO,. Al-AgO. Al-H;0,. Al-S.
Al-K3Fe(CN)s F1 AL S &4k 2212,

12 AW T HERIBTE R, M TAE— KB, RE
FERMAEREABMILERMER, Kb Al-Ag0. AIS FHMILERES
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Table 1.2 Comparison of classic primary batteries and aluminum battery

Open circuit potential (V) Theoretical Theoretical
Battery type special capacity  special energy
Theoretical measured (Alvkg) (Wh/kg)

Al-MnO, 24 1.7 278 667
Al-AgO 2.7 2.0 375 1013
Al-H,0, (30%) 23 1.8 408 940
Al-S 1.8 1.4 595 1090
Al-K3;Fe(CN)g 2.8 22 81 230
Zn-MnO, 1.5 1.5 223 334
Zn-HgO 1.35 1.35 190 257
Zn-AgO 1.6 14 282 451
Li-MnO, 33 35 285 942

1.2.1.1 $8/=G g mwlrY

MnO, & F it B % AR AR R . HFHERA AR AR AL,
L h) E R SRR B AR B AIMnO, TR, Al B8 Zn 16 RS,
it FHEENZEM 0.9V, ERHTEREMAWBERNBEMmRN, £FEER
WINT KA 02V, AHEFEANAT LLEESRRESNERRBERTH
FHARAT H, FHBE Al-MnO, FHILHMB EBIERE. &RRVAESSERAK Alll
mol/L MgClL+& M5l MnOy(c)4RMR T ridth, HBUBHRHETIENR GFBBE.
MR BR. BAAR) WA ERTEmEARME, RBEHATESENA
BEAEA Al-MnO, Hit i 47 4 A 7T 51,
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AgOt B Z NAT B Rs k. SRR el rmae
i, BTHRLETERS, DREBZHTXRE, TEREFERKTINER,
HRIITLUE L, AFRHRBERKBEH T ZAHE: a. HiREBIBHE;
b. /AR BRAE KB B o B/ALRBIEKHE. BEHBROAR,
MR L ThR ML B A BE RS, NTTEAENHERKIES, HEEET.
MBS B E B I IR R R BRAMBT RS AT LB R, A\ RE/AL
WA A TRNNEEES, MEANBPIAMSEE/ERBEME, 2R
MibhE. R ITENELSE, DHeH—RaBmhhRRNTE. 880K
AR AR, WRRER. BUSHEE. Ketlf. EPme. ERGE
HHE P,
1.3 FRKREHB M LR #ER Bt

Table 1.3 Comparison of batteries used in different countries

(= 531 1 * £ %
LiURs s G7e MK37-0 Sting Ray g
FRALAEAR 1939 1957 1983
o i # /S Kk
CMCEY T Hime REE BrELR IR
B2 HLRE(Wh/kg) 170 460 440 1090
FLERHAE(Whkg) 30-40 50-90 80-100 100-200
wE W 27 30 26-35 >50
W2 (m) 8000 5500 7000-10000 10000

1.2.1.3 S/ S LS RnST

WAt Al-H,0, iSRS ANg o
2 A1+ 3 H,O0,+2 OH=2 AI(OH)4 (1.1



H,0, ZEBAMR L3I R R & -
3 HyOx+ 6 =6 OH 12
BEH()AIBEE, EHEKQHRNER. BRNE—HH.
2 H,0,=2H,0 + 0, (1.3)
2H,0+0,+4€¢ =4 0H (1.4)

B EH0.32(1. DM b R 2R, T ELRE fA# # -P Ho 0, A vk FE 388 hn
T TR R, 3 B PR A% 2 TE AR R0 P A 0 0 PR AR 3R T A SR8 v AR . B R
MR RRAK, FIERMEEME. SRNRRETARNEEERNOERER
k.
4 Al+ 3 Oy+ 4 OH'=4 AI(OH)y (1.5)
B RNR(QDAAS) SENFEERMERITE, MEEE5KETAR
MR, FIEURBEE B RRBIR, XREtEAl H0, it Lt ae R
EYNGFAL B
2 Al+ 6 H,0 +2 OH'=2 A(OH)s +3 H, (1.6)
BEAEBXERKRABEAT, B2 FEEEHF ¢iB. 17 g Ho0,f162 g 7
mol- L'KOH# i, XA RMWAEEI305 Ah. 58 ERN B K Huginll 5
UUVAM Bt/ B S i, ZERT7E3-5 mmol- L fH,0. 3K E T THE, Hh s
R %1% 580%-90%!"),

1.2.1.4 $5/55 e 5tS10

Licht XEESEEITRT —FLUKEE P BAIR RN, 50 FEREH
REmimt. ERNBEBRE S ZRAHNEE KSR, BRPHAEFR OH
&b, FH HS . $7 S% S S ST, MR RNAN:

2(x-1) AH3 §,7+3(x-2) OH'=3x HS+2(x-1) AI(OH);  (x>2) (1.7

Licht BRSNS TR T X— AR FEREMARIERE. L EHEmfS
A2 SR A R B T B K LR IR BB B
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1.2.1.5 S/ s

T Fe(CN)e"5 Fe(CN)s* 2 IR M LEZR, KiFe(CN)s 2 BMAT
RGP . Licht F AH KsFe(CN)g B 4% 5545 BE R 21 i it it -
AH3 Fe(CN)s>+3 OH'= AI(OH)3+3 Fe(CN)s* (1.8)
BRBMILARAE, BEHTFHRAEANTRBREE, HHEHKH
A AT LUA E) 2000 mA-em?, H#HIHER 2 W-em?,

1.2.1.6 /=S @m>8

ERTSAMRAZSAERR, Bk ibr A 80T 5 B & A4 R
R AT RPN R . FEEH Zaromb ZF 20 42 60 FRIEL T HY
FEEMARERAR LT SERARZK KOH BB maAmmk. 1t
JFERENKERAABN T RABEBEME. EBKM, Despic FHEMAT U
EK(K) AR ER B,

SR7E FRAR A VR R R R R A

Al+4 OH =Al(OH); +3 ¢ (1.9)

BEEAERB TERRR LN E SREETEHEE BEHRAEL
BV FEFRB L AERET:

Al(OH); = Al (OH)3 + OH (1.10)

(LB T L3R & B 4848 AR AR S B0 3E & F U8 R R A6 JS ol R R (LR B 7R
) ERER I R R AR B R R

6Al+6 H,0=2Al1(OH) 3+ 3 H, (1.11)

FLHA AR 5T 2 B4 R A A% PR 0 Bk R 4R 45 B 2 b n B4R I F ol R, BRI TR
ERAH( £99.999 % E) fEBARSEAREIEEMEEBK. EXTHANHR
BAT AR PIERE, BERME S TEWNGa, In, Mg, Mn, Ti ZH&HEE
%, BT ZHmA.

KRR AR R EEARBUR KB M. W B S PR AR R
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IR D, BB FE . FHAMERKOH, HEIKIMEN A
i A AL B RCR A T AT R R IR B B R AR, MM FXHE g
FE, USSR EFREFMERE. RASEIME, BERKERE HEG-S)
mol'L!, LMETFEEABMIH .

RS ERAEMENE R R N FEA R &R EAT SRR ST Beakk
ST, DMESEMABRNAERRNEE. EERRE R AR RE R R, ER
WS AT BBERURER RSN FEHONE T BEH# P, KRERSRE
AR ERERLD, BRITH. BANFEREGEKE.

BESMMBNARMTZ, FEREUTIAAKSHE:

1. X, BXMARXETSERK, XX HEL—8r R EBRXESMtm
AKX, FEREE. WEBUSMRT BEABIRE, EXFER TKD)
ZEE/IZ[BIR FHEE T K,

2. PEBREEK, WL, FEBRBAMEKLHFRITERE. S/550
Fark@ F), TREIHEBRENEER TS, ATEESWPERAERITT .
B LA ep S M Th 3 i it IR 4958 A T 78X 2 05 THI B2

3. AT HXTELMB I EE, BRI ERgErxH et
=9

4. B/ RE AT Rz FE .

1.2.2 dekEARE

X FARBB, FRARADHRRERS, BRERERB/D, FERLEIE
KA, SR ARG AR, AR R, B, ZEIEKERE
AP HE R R RHRS .

1.2.2.1 RESDBEER
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NaCl-AICl; T4 M NaCl-KCI-AICl; =T £h 2 48 i ith 5 5 F B R
WA T S — R RV R b S RS B B AE EHAD 70 AR
RETHR, MENHIREEESTTRRNEE. S, BRERBTES
111

BEX—ARPUIERN, dTHAEBIRER, RIEFEZERT
B, EmRESERE . B4 1930 F, SRIMM NaCl-AICL k4 K
RUBBH = T B & . 5K, 7 Midorikawa f1— R XHHR T XK.
BifE, WEMATMZE, R Tah¥mal,

AWM ET LIRS, —REUERRYHOER, —RAXEAEDR
MggdRnEE. RENS, oGBS RSB MAR AT
31U BA B B TR B R R b s 0 18,

BB PR A SIS 1 s AR A4 it R AL-CL bR, T Cl, ek
7, BRRUTUSEEUYERRYR. R, £&8BEDERSLPHERR
PRSI T B B R,

RO ERETERBERAERRY R, A, REN, MEX—FRPHE
R, BRERHS, EmhEARdEeRE N RILFHAIAE, Him
FeS,« FeS. TiS;+ Cr;S3+ NaFeS;. Co,S3+ NiS. NisS;. MoS; %, X T#EE
B BAP £ R,

AUNaCl-AICl/MeS, 1 h TR B AE TAERE A 175°C, A T RIRRERE,
Hjuler ZAPFRT AUNisS, I RKEHER S Y BMRE, THEEKAN
100C, Takami % APHRI M EHHAE THEWDIREYTE AUFeS, it
THEEIFHR 100CER.

1222 RIFHEHER

AICL AT A 5 R F PLE b ih, B0 IE T ZE S ALntE 25 (BuPyCl). 1-F 3-3-
Z ALK M EE(MEICT A 2-F 3-3- R E AL E 22, TERBRALP). 1,4-
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ZHE-124-Z 5 i(DMTC)S AICL KRA & htha] LAR/ES — kit
¥y e,

T ZER, X AICL FE/MT 50%EE/R A7 LR %, R 2B/,
FEFEER AICL R CI; T2 AICL & B KT 50 %PE/RE L, ARRER
o), BIETFEER ALCY . &R RN BRI BRIk, B it
a3 R E— R i, TRt ps s BE AT LU F— ke, el LAF 2K
HLYt.

MERIEEFFRNBTURRRLEAR, IAESBHEMECY, Wil
ETX—@]RFRTRE—KM KB, B0 Al-Cl,. Al-FeClys Al-CuCl,.
Al-FeS, %6231,

1.2.23 HipIEkB ARG R

HROMSO)#iREtE R, WU EHERES, 5&ERETFERS,
W T, ETEAY AT RS RIbKRE A B A HP. Legrand
2 \PIR IR BER L 2:1 (9 AICL-LiCl #53P, #0707 LARTS syt B Rnya g, T
TERE/REG 11 BAE R P A M BRI,

S. Licht % AP S84 8 e % A A HLRARER, TIR T EMRREX LG
RPET b . TARYZE TEA (T HRIE) /BLA, TEA/CAN (ZJF)
WRAZRPEMARBAESR, BRMBETE1V, MESKNECREES.
FEMRALEY AICI/KCVBLA W#H, BERH—ERTHHE, XAELERPO
R HbIR G T AT AR,

BB S AP T 454 KOH-ZREA P BT h, BIARIA, 445
FEWAERFT T EEEES/D, SRR AR 5 A BALTE B A IR B E
TR 5K BBAA R MR, 7 10 mA-em? FIEREBHE T, BB 5000 s J5, 6
RHALRE EF, BOBPEYIE AR R TG TR ME—Si#tiT. TR
FHEAPHAT T 484 KOH-F BB ML 3AT h, RIS R H



B EER

PEERRAD, BUERERPRM—ELANK, BRREERERXHKN
. [, Ambick FAPYERMS T REABTRM—ELOIKK, SRERE
A TEGERRREE 56%NTLLERRFHMEMTEAMER, BERTHREE
BAOKIER, RITMET SHE .

B, A —FHK AVL bR IR M, BECRALEE, BIRKABm
ARG E RS RGN BE, TR ER TEMEA RN Al #
JE, AP TATBAZE AIL BB R P ES, BARBBARMYIER R R RE 0.79
V, BARX—F fLth B4R H AR R T AOTE A B FR R ok ) T R B P B R PR AR )
_Ejj[”] .

13WEEBRAPRRAASARERRILFFIRER

ERREARAE, XRXKBEET R RNEE, BETHEHEHRIBE
B, EIRET BRAMmHEcE. Fit, JLFRERmIESRnEER
KOH 5 NaOH %1k it >, 7Esmt il g M ists, Eme
PASR LR K% i R R RE B Th 3R . SR T, SRTESRIMEE P S 2 B| AL
R, FEREBRNEASHBRER. AOPRNEE&TE, REEREPH
e SRV e ckiiE ) ge B &kt A c:

1.3.1 EiEf RP AR REERBHNIETRER

BEFERR TR BAERM LR R A,

AH4OH=AI(OH), 43¢ (1.12)

2H,0+2¢=20H+H, (1.13)

K, P ARNRNHBREESR, FEPRERTT RPN,
B FEERRMEE.

Armstrong I Braham'Bi5t T A4R7E SIS R BB o B, RIUNTE
ERRRTRAMERE, 5B pHETX. EAEBNEE R pH EH

10
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BTN, B EAIEMENEESPRRNEREEEWAEE, X
B RAAR S N AR R AR B R AR

FIREE I e B R AR S i, B EE Moon Al Pyun"BF R T 48 mARK
FAUEMAEKMERIRE, RAEBEERP RS MESLRNEK, T
WAERBREE. ElefRABKE, FEEREMEN, SUBEOERRRE,
XEHTERSMEET ARRENEWESBYREEIREY, T OH
WA IRIR A ARR T, AR T E A RE R R,

+H 3 Emregil A0 Aksat! VPR AR AL th£% M BIRE AL 0, A
Ingig, EZBIFEFBG, ATALXF<HER"IERRE TRREME IR,
A ATIBE T A S B B o A S A PN IE &2 LR R BE R R A B 2, FF
MR RGOS BHES T LB KB . 7€ 0.1 mol-L” 1 1 mol-L! NaOH
BRI RLA R 2~3 A3 FRIERE, T7E3 mol' L' NaOH B+, BE
HEF 149 T

J. Bernard A A REEE AR AR T T 0 EYES P 04T N, 7EHR
fram T ABRBMAMERT, FEREMRENBBRN, BHIATHELSD
RIS T R L HIEAT, T8 EABIR R A : EBALIRT IR il
BERT, HTHEREENZSILEHRFDRE, HERNLETMHEREIZINS .

StFHFTE KR, D. D. Macdonald 25 AMSHA K FRHT o 9 58 24 1E 40 2
B AfbE RNGIER, KAUGRMHAERBHFAREREREEEZ K BELM SR,
MRHENETERELRERTIERN. MATAABERESE B HBaLEE
RABEEFEUTEELR:

LERAEBEWER, FFEXEXEFEL, BEHEREKE, BREEA;

2AEFENS L, EBRERFHEABTFIRKES;

3=k B S A AR

4H, LB, X—dRMEREES LT, FEETFTNFLRAMK.

RALEEH S ERETT RN AT T R EHR:

11
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Al(ss) + OH = Al(OH),gs + € (1.14)
AI(OH)y45 + OH" = AI(OH)z, ot + € (1.15)
Al(OH),, o5 + OH = AI(OH)3 o + € (1.16)
Al(OH)3, o5 + OH™ = AI(OH)s + ss (1.17)
ss + HyO + & =Hys + OH (1.18)
Hags +HyO + & = H, + OH +ss (1.19)

W EBRESIERUED), BEEREHEMLT, NRE Rl (K
o) AR, EREHBAT, rEBRNAT AR, REPLN{DAREEE
# (FRREAR). BETTARNEREAIBRARE N, BRI R 777 .
Ht, Macdonald ¥ FHE R SR RESEE, FFKRIBBEIERDIE, &7
T—ANEBUERR, iR ERTEETRN, HEBEOHRE T B FHEGTE
B HAFAE

R, FRUTEERNERTE, SBHRAKSHASE, Macdonald HEH
ER MRS LR EE P EEN AR ES . REMERNSHETRS
AL, AR KPR PTIE R A et 5 R IR, BSBBUETIAA
R S i L.

B EANS MR TR RN Y, FHTRSERNRSHET
HIEN B SARER, IFNERERPBEPRE TXERELEMNE, K
BTSN ETRNSBOELZERNRNYOROE ST, ILHETEE
FEHPBRAMRREKE B ESR. B, BETREZEREERN
MEHM IMPD MEOEREFBRERMBIUSRTEES, ST HPREZE
RIS AR ) 4, LUK EIS MIRRIESR. BB THRER M35 XEE
AR PR E AL — AL R YR =R BN E; S5 g RERMN
VEHZEEEBRREXRNSH. RANEET EIS MNEEHSREZEY
i Tal BRI AR 24k

12
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1.3.2 EiRAPRS SRR A RER

AT BES-ZRRMARERN AR, BRNTEZ - —RESTRN
He&BuEk, O SRREERERRAEIER, RERhteE. BFEF
METEE: . 8. 8% %, 8. . &%, FZAATRULEESE, U
EN-E R AR EK.

1.3.2.1 B SPRRAFRIEBER

1988 4E, D.D.Macdonald"*%@ il E4EA P 4 BRI Zn. Bi. Te In. Ga.
MTETE, #RT-RIN-ITTES, HHRTXEEE 50T, 4 molL’
KOH F ke, &ERH: Al-0.1Zn. Al-0.1Te. Al-0.01Ga. Al-0.01In } 7
EEPHEREN. BREENBME, ZxXE&NAREREX.

Al-Ga-Mg BRI EE&REBLHESE, EHEEREEML, REETRE
THEASMHBMEEERE, T 99.99% KEmaAts, TH 94.18~99.95%
AERCHl. HEFIX Gas Mg. Mn K Fe. Si HuRMIERAMT iR inA.
Al-Ga-Mg RFI&£7 5 1.0 mol-L™! AP 0.06 mol-L™ Sn**# 4.0 mol-L” NaOH
AP RS, EMEI IR RO R, RILLRFRREER, |
ERRBREET, IARMAE. THLRARSOATERRELHT, 2
Fe SBRFIRIERMME, w7 HEMEERIRE. BMEEAERE P,
Al-In-Mg RFEG SRR WRMEENR, KA F AR R N B
G, kB T ERX AR R A R SRS & TE Mg B
Mn FERE T #R, RIBTHERATE Fe MRS EHEHE, RNXHZHE
HEEHPETERITTHR. Al-In-Mg R5E S 7ERIER B B %
MI&MHT, RIME TR BMLFEERE.

HHEZEAPIL Al-In-Mg & & 53R, EHFMPb. Mn. Snil& 742648
E&MBME. B AR, TR, BRI T AR T RS LMK
fEc(NaOH)=4 mol- LW+ ML BT, VST EERS N RE
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F-BE R

B RBBB A EEHRERNEZH. SRRM: HIEM34A1-In-Mg-Sn)&
% 4#(A1-In- Mg-Sn-Pb) & &:FHAR7Ec (NaOH)=4 mol/L+¢ (Na,SnOs)= 0.04 mol/L
Wl PRI BTkt Ge, BA LLAiR(99.95%)F B IT B AL, /M
I S bt 2 N E (R A BHAR AR AL

W30 NPYEILE T B R A4 & 19 Al-Ga-In-Zn-Mg-Mn & £ 1Al-Ga-In-Sn
-Zn-Mg-Mn& &, H=MHRESSAEME. TREH: EFRKBERTE
PR R AR B R EE AR BRAA; S-SRI AR
MR EERRN B RRER. M FREESSHRMEAGRRABLE
P BER REF RO A pheERE, No.l. No.1-1A1 No.3PH#RZES0 C. HFH E K800
mA-cm® &M F . ERMWERIENEABRAET, HRETVHEMmSHERT
-1.576 V. -1.574 VHI-1.53 V( Vs. HyHgO); RIHA&&MRER RIFH%EENE
RERILON THERE.

Z LR, UEY, EHRHAMFN—FE&ETRREME HEETT
R AR, MBELHEEPRMEHHUETEBREESSREZ B AEE M.
K. FHBMKEESRE.

1322 BEEAMNELINEHRER

BEEESSNUIRITR, HAREEXEENERESENRNIE, &
EPEMTENEART RENPIALE, RETEHARKXTES SMARK
EALE YL

19834E, A. R. DespicP2HRH T 4IRS LB R IS5 B £ Ip (R B R
Big, EENERBRBSHMETRRERRE, BXRARR KiK.

19844, M. C. Reboul®™%42 4 7 & In. Hg. ZnMIERRAGIELILER, HNE
£ VR — BTN . 2B AR AR T ALK AR AR FRIALKR A Bk
EXH RN TITRBAIRE . XA RN RS BALEOEE. NfEA
R AL R R AL T s . ZERBE T ENRIE, HRARSHESEEHR
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FELR
RITEHLER R . MDY, RBEPIL KRB 2B R TR
R — BUIB AL BT T RAE.

Gurrappai@ tt T i B AR, SN, & MKRHE A thfHIE,
ALOBBEE M/, EREREEAMBHNLES SRS, RMELHFETH
FRTFHABT I, NAEHTESME9EE. X—EiRNATSn. Hg.
InfELBIALE PR, SXFFERSGREHERXNYE, RNEETUBEERR
EELERNERESR K RRE L EAZOR.

1323 FEZS &R BMARIELENR A

LA &TEG™

HETEGaHRA SRR, FERNARTAEBRERELIRES
FEME R R, ATESHREESS. HIR, Ga5HEA4&TEWBI. Pb
%, EHRRIEREGI~100C)TF, BRIEABREY, BIFBREHEE.
54, EEHFLRHEBET, BT HNBERR GURESSLBEREEED),
SIEGa™ R AL, B EFEWAER. BAIRHNR, BEGAE
pim, EAESMRRMEBALESR, BRMETH, KA EREBRECE.
28448 LEN

BETENTERRNER, FERMENRGRBOELEED, BTER
ERALE. InfFELER, BE&E&PERANSELTESBBIRSEEN,
InSHEREENBERERAEM . K, §&TENERE LN EShEE
wh, XERAFREONATRALEX.
3.5€LE Sn

KeirZ0 4. sn" BT AN BHREELE, RREET, T
EHEFENR, SBELBRGE T RERAD, ATEAEHR. thishRRMN
RAO¥AEER, TRARSEMNSBFEETEMRSEABERL, B
Sn* IR A ELE R . B Venugopal SIS 2 MR 1 TS, A AESn*
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F-E LR

S’ BB TEREFHEFASBESNHETEME TER™ 4 TALO,
B, IETEAEDHEBRETHIY, AETTUHEBO". CIETHITE, M
A SRR .
4. 54 EMgHMn

Mgt ZIMAB B TR ERASNERE. EREITFHRE, XBEEHMe
BB R, B it B Mg R 5 5 ALR B A BCE R BE AR HE I Bl = PIMg, AL,
XSRS S RRBRA AL, FRTFERERUE. wEHR%RY
Mgt R E A EHRMEREN, BT EMBIRM ARG, MR
ERRRFERE. SETEMADTRESSETEAH THIUEhMEE; &
LTLEMRR/ N E S ERBREA M THE M, HERESRAFexcENTEFLH.
5. @& nEZn

InZHEESEARMBEFESSNE. InNFEAERE T ZnALOM=E,
WMT R EFRBES, HMEE&4TEGSH . Hg. B)E—&®, %
M RAERTENEMRENE, NTREMHHKA L &R, B Maim
e, Al-Zn = e & &R BT HARRIPERE. ZnfEABESSREMEMESTE,
EEEHARAEUTEENRESR: HE&lk, BN, BA710.1~03V,
SiEt, EYH % .

1.3.3 HER A P EAENP ZRER

MEWMFIN K ERE, BNSEAERESEYRESNDEREBEBRPH
Zohil. J5RX AR MR AR SRR S TYRAEREMmR, X
RITRT —MBENEEFTHERERF, HPEEERTEDSEETIXNERH
BHIZEMBR,
1.3.3.1 FCHLZE )68 691

B 20 2 20 FR, UEHBRY. B ERBHEFIEEETILEER

16



B—F %

BEREERT O, FHAAXLETHEOEWIEE TSI s RN
YRR TRRE LIFRERRNMELSE. BX, ENELE, B2
FEMHTH RS, WIFHREREMETNY GERA. RERE). EXFE
ENEZERMAP, UEH. FL5IERESLOEAMENERNZRERHF
AARZHNA. BRRWANATABRLEs, & U HTFHk

7E 20 2 40 ERTFRMB AR MA EEH 10%BBRAF 0.05%~0.2%FERL
WESZEWA, ZEWHTUERINHEEREER PR H. YN FRIOZ
AT HERERRN. RERWEIIE, EI0T5 5 AT 59 B Fe i
B .

BT 20 4 70~80 FAL, FEMA T HRHERMBAPIHENEWMIER, K
BLZE 5 mol-L™ MIELEAL W, IO 0.05 mol-L” HISBRBIRT, TTLAEE] 87%
MEE, £ 20 H 80 AP, EATRERE. SHRE. TB™ME.
HRERARSEFRAEMMEROTIIIEAWBRPERE WS, £2KH, &
R, BRI BRRT .

1.3.3.2 HHLE e

AIULE Y AR P R Z A T 20 HEAD 20 FAUAI. HRNA
MEZABHAR. 3HE. BREERRENDH. BT 30 £/, RIE 4%
FULHIERT, A 18%WERE, WEDHNEMEIJLEEEMME. HR 20
A 50~60 FR, FEERMRITAEIULEWEABEREERPHEBE
i), EERBFEL, HEAMRESE. 50 FRYARAOEARBREOSHE
HLER 3 224 5 AT LI IR T SR A R 1o 60 SEAURIL T X EEEMEATAY). B-
THEIR. SREBEABMME. HRTEVMBETEYET CUE DB A
Zni. 20 4D 70 SEALVE, XHTHMHANE TESHIRR, FERATL
KB T A R R
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F-EHER

1. ZERH

Ui RIMERRNIEN 02~0.6 mol- L™ EEALBEM K40 S phiIRUR
B EROBN, IVREEE. BARERNERA LRI ER—BERES
B, FRRERBRXRKZ G, AERRREE, ERmBRREE. 55,
R A BRI 2% NapB,O7 & KoSeO, I, EAILMER R EF 90%L
E. EHBEEREMANEMERTERERMN, EHERE LMRBEERLR
K2SeOs. NapB,O; FIE R EIMF TR .
2. BER

FERIEND 1 molL' SEMHBRPHEBHZHN. EHER. XFR
HEZE. MEK. HEK. FER. BEM. RERERSEMHERLRTP,
PABE R BRI R iR B 4T
3. ZHERYIR

LRV FL A TR B Z A, TiMHE 0.2~1 mol L &ML
MEBP R, ZMBETIE 90%. B TEEEMRS FHRHREEH
ERS AR M R ZMERMNER. TaERYREKET®R, REZMAE
Ho BATHERMEERYAE: BER. MEAME. 3. 8K, UR%,
KR RBYIHE DR BT
4. MARREMTED

MY R ILATA Y o4 A TR 48 FR 2 . 7€ 0.1 mol- L AL AP
FUPERUF T . KEEE>BEM>E B> SRR B> ER> SR E
K>S R
5. REHHLLEH

B LGB PR 58 R B A S E TR, 7E 0.1 mol L A AL
B 20~60°CHKMHT, JLAEHLEEE it SRR F . Btk P >R R 4>
FOCH>M B> PR W EL
6. B
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BRI AMEENRR. E— BB TATELENRRERT
BRI . Krishnan 18U T — R 3000 s B i lE A5 B IR D e LB AL
RZMFIERALET D, AASBFERROEMEER—RILE RN ERS. 7 1
mol-L”" ff) NaOH % H, %M 0.1 mol-L™ MIBEKLAY, X480 FRARE bl
RIRER:

ZHEE 63% >7KBE 60% >HERE 58% >4B-2K R 51% >Xf-2K HEE 49% >
BB 47% >F 8 41%> 28 26% >E 58 16%.
7. BEFIRER

7E 20 g 80 FARRIMBRERMATEY A MEABE P B Z M. 8
Wi iEE, HAREARBHDEEIRET, REBRREHGHEER.
8. HEMAK

XR—KTE 20 4 90 FRAR MR P EHZMA, HEMmHERRIRF W
T B> F RS L BRSSP R

1333 E5ZmH

EER, FHLMERIRE, HH VLS T STHE T RN R AR
WK, RETEFHEIEN AR, ARRMNE S EMAEE K EENRE
BER.

BB A2 PR N I BUBKRIT T B80H 28l R RS X AR ZE BT T
FHRZMERANBURER TSR FESEARREFZ RGO FERNE. 57
REH, COBMBFMERRMNEMBE, WARKEEIFIMOZRBRBD,
Ca®* 5l A MR RIE RN E N 8w, BEHRNN. FE RN
AR EEREERREY, KKIRET Ca(OH), ERBA R K EE, RN%E
TEFRBHE.

FreHS AR EDTA BMABMAOSEMERRD, BB LS EbHBR
SRAEDIBEMmIER, LR Ca(OH), 1 0.01 mol-L” EDTA S5 #I% 1
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fERIBR, HEWMMEIX 822%. EIS & EDAX 4k, MLt EBETS
EDTA BRMZE S YR E S EEREFHE A LR HTREMERN. fE5 T
RT EALEE S AR A R P O e A5 DE AL RER . 48
RH: WHEPMAEAEER LRI EIZE S ok, DE &8 )L FRE Z ik
H, BEELMKET, SREBFEMENER. EES TR ERENR
X DE M3 NSE T e ARmmR IR eR, 2B, MRTHIR
BS5HEERBNES SN, AMRINMREAFEMERNRR. i, EXR
RZ B ZnO FIRFMXH4AZE 4 mol-'L”’ KOH % K& th A 1R IF fmbIfE
M, ERZ-_ESTEMEM, ZmiEH 5%, PEG200 HEMBRRE.
$7E5 0.0015 mol-L'PEG 1000 1 0.2 mol-'L" ZnO #J 4 mol-L™ KOH %+,
AZEAR S KA R A PR . OBARE, HTFHBRENERER, BBk
BH B/ A BE R,
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Fig. 2.1 The schematic diagram of three-electrode glass cell

AL JIAFIAR AL dh 22 U iR{X 2§ £ B EG&G AR 273A RUERAL{L,
2.2 Fi7R; FRPLIE RS A 273A RUE B A7 (0RD 5210 BUBIARROR 28, BT M
M HyLIES], WE 2.3 fios. MK RBERER 5 mV, FEGEEY

29



BE PIRIESERT B

10° ~ 0.01 Hz.

W

EG&G 273A micro
R potentiostat computer

C

K22 BRI R SRR

Fig. 2.2 The schematic diagram of potential and polarization curve measurement system
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Fig. 2.3 The schematic diagram of EIS measurement system
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321 E8TR

% 3.1 758 T 2H457E 4 mol- L KOH ARIKFI F BEA RS LU BRI B i P iR
B BRHE R ERRFEEMENAE. SKERYKEEK- PR AR

# 3.1 SBASE I 4 mol-L” KOH /K- B BRIt S i % i
Table 3.1 The current densities of hydrogen evolution and inhibition efficiencies of pure

aluminum in 4 mol-L”! KOH methanol solutions with various water and inhibitors contents

Electrolyte icor (MA/cm?) n (%)
Blank(4 mol-L” KOH +100%water) 12.60 /
+0.0015 mol-L™" Na,SnO; 5.81 53.89
+0.005 mol-L” Na,SnO; 6.12 51.42
+0.01 mol-L™" Na,SnO; 8.85 29.76
+0.02 mol-L™! Na,SnO;3 4.97 60.55
Blank(4 mol-L" KOH +10%water) 2.94 /
+0.0015 mol-L” Na,SnO; 0.35 88.09
+0.005 mol-L™ Na,SnO; 145 50.68
+0.01mol-L” Na,SnO; 1.55 47.28
Blank(4 mol-L KOH +20%water) 3.84 /
+0.0015 mol-L™ Na,SnOs 0.51 86.71
+0.005 M Na,SnO; 1.79 53.39
+0.01 mol-L" Na,SnO; 1.94 49.48
Blank(4 mol-L"! KOH +30%water) 5.62 /
+0.0015 mol-L! Na,SnO; 0.71 87.36
+0.005 mol-L” Na;SnO; 2.16 61.57
+0.01 mol-L™" Na;SnO; 2.73 51.42
+0.02 mol-L™" Na;SnO; 1.93 65.66
Blank(4 mol-L" KOH +50%water) 7.7 /
+0.0015 mol-L” Na,SnO; 0.94 87.81
+0.005 mol-L" Na,SnO; 2.51 67.44
+0.01 mol-L™! Na,SnOs 4.00 48.12
+0.02 mol-L™! Na,SnO; 2.58 66.53

HMMEE AR, AL, LR, SEKENENT - MHRMN
WE. NRPTLUEN, MEPERERILKEM, AN RRE SRS
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APHERAELEL, REHFHBRSTESKEMN KRR, BANBEEMEM G
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RALFNES TP 085 A RE WA R MR SR P AR B R i R () SR

Pl 3.1 AiA7E R 7K EE 20% NaySnO; & AR 4 mol-L”' KOH FRE- /K #i b2y 6 /Mt JE
AR BB+ (a)45HM Na;SnOs3; (b)A 0.0015 mol-L” Na;SnOs: (c)H1 0.01 mol-L™" Na;SnO;
Fig. 3.1 SEM images of the aluminum anode after immersion in the 4 mol-L"' KOH methanol
solutions containing 20% water with various Na,SnO; contents for 6 hours:

(a) without Na,SnO;;  (b) with 0.0015 mol-L™ Na,SnOs; (c) with 0.01 mol-L” Na,SnO;
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Bl 3.2 4 /K it 30% Na,Sn0; & A FIf 4 mol-L' KOH FFRE-/K ¥ P il 6 /N o258
K AR : (2) 700 NaySnOs; (b) 1 0.0015 mol-L™ Na,SnO;: (¢) 1 0.005 mol-L”
Na,SnO3; (d) /1 0.01 mol-L” Na,SnOs; (e) /i 0.02 mol-L ™ Na,SnO;

Fig. 3.2 SEM images of the aluminum anode after immersion in the 4 mol-L" KOH methanol
solutions containing 30% water with various Na,SnO; contents for 6 hours.

(a) without Na,SnOs; (b) with 0.0015 mol-L"' Na;SnO3; (c) with 0.005 mol-L” Na,SnOy;

(d) with 0.01 mol-L" Na,SnOs; (e) with 0.02 mol-L”! Na,SnO;
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Bl 3.3 /Rl T AR S 20%K A K EE NaySnO; i) 4 molL”’ KOH HEE-
KB P R HZE . BT, 700 NaSnOs f5, ABMITHBMIEBET 0.2
vV EA.,

HETE RSP, EX—ARP A REEUTHEAY RN, BENE
fi#, S, URBHIRSER:

Al+40H =Al(OH)s +3 ¢ E’=-2.43 V (vs. Hg/HgO) (3.1)
2H,0 + 2 ¢ = 20H + H, E= -0.926 V(vs. Hg/HgO) (3.2)
3Sn0;%+4A1 +9H,0=3Sn+4A1(OH),+ 20H" E’=-0.123 V(vs. HyHgO)  (3.3)
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B 3.3 SR7E 20%KFIRFEIVREE NaySnOs 19 4 mol-L™ KOH FRRE-/K 7 ¥ 5 ) P AR AR AL B 2%
Fig. 3.3 Polarization curves of aluminum in 4 mol-L”" KOH methanol solutions containing 20%

water with various Na,SnO; contents
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Bl 3.4 SR 30%K A B EE Na,SnOs [ 4 mol-L™ KOH FP RE-/K ¥k = B AR AR AL th 2k

Fig. 3.4 Polarization curves of aluminum in 4M KOH methanol solutions containing 30% water

with various Na,SnO; contents
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Fig. 3.5 EIS of aluminum in 4 mol-L"' KOH methanol solutions with 30% water and various

Na,Sn0; contents at OCP
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Fig. 3.6 Glavanostatic discharge curves of aluminum in 4 mol-L” KOH methanol solutions
containing 10% water with various Na,SnOj; contents at 20 mA -cm™
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Fig. 3.7 Glavanostatic discharge curves of aluminum in 4 mol-L" KOH methanol solutions

containing 20% water with various Na,SnOj contents a t 20 mA -cm™
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B 3.8 ARAER 20%K. & (b) HAA (a) BRI 4 M KOH-FREE #H L 20 mA-cm™
T M T S Y B
Fig. 3.8 SEM images of the aluminum anode after being discharged in the 4 M KOH methanol
solutions containing 20%(v/v) water with (b) or without (a) 0.01 M Na,SnOj; at 20mA -cm”
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Fig. 3.9 Glavanostatic discharge curves of aluminum in 4 mol-L”" KOH methanol solutions

containing 30% water and 0.02 mol-L" Na,SnO; at different current densities
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FEE- KR BT A, RR R R MR R NE, BRGR
FREZMFOE WIS LRTHRNEE. AN LR Ry EEX
XE_EPNA.

421 ESEH

ATHREMTE, RAERTEEREREFHEKE 40%K 4 motL”?
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BE  ABAES In0 MG PE-KE R ARLET R

KOH FR-KEH AN ERD, mILPHEMAFRER ZoO M HT, BT
SEEMBEMHEERE 4.1. NRPALUFS, BMEFRPREM Z00 &, £1
HEAELCLHERHK, ZnO MM REBAZ] 50% U L, BREHEHEFFEM 0.02
mol-L" ZnO B, HBMMEF LAIXE] 95.20%. HT HIR BN P I E
R/, BERTLAESE Zn0 MEWIER, HA3ERYEM 0.02 mol-L” ZnO 1 1.0
mL-L" HT X B0 E ARG, HEWMBETE 98.77%.

F 4.1 BURAT/KE 40%M 4 mol-L' KOH I RE-/K % O BT 2L ML 2 A8 e e

Table 4.1 The corrosion current densities (Ior) of Al in 4 mol-L” KOH methanol-water
(v:v=3:2) mixed solutions with various additives and inhibition efficiencies (n) of additives

Electrolyte Toom /MA-cm™ n

4 M KOH methanol-water mixed solution 6.46 /
+0.05 mol-L”  ZnO 2.95 54.34%
+0.10 mol-L” ZnO 0.73 88.70%
+0.15mol-L? ZnO 0.59 90.87%
+0.20 mol-L? ZnO 0.31 95.20%
+0.5mL-L" HT 5.74 11.14%
+1.0mL-LTHT 5.36 17.02%
+1.5mL-L"HT 479 25.85%
+2.0mL-L"HT 4,68 27.55%
+5.0mL-L"HT 459 28.95%
+0.20 mol-L" ZnO +0.5mL-L" HT 0.19 97.05%
+0.20 mol-L" ZnO +1.0mL-L" HT 0.079 98.77%
+0.20 mol-L™! ZnO +2.0mL-L"' HT 0.13 97.98%
+0.20 mol-L™! ZnO +5.0mL-L" HT 0.15 97.61%
4.2.2 Wik

Bl 4.1 7t T SE4RZEVR INGE R BT S 8 40%7K ¥ 4 mol-L! KOH I BE-/K¥
BRI RARAR AL 2k . NEITFRILLE H, 50 ZnO BHEMTFB B ES T4 0.3
V, MHRRBRASEK. XEEN ik a RARTELE, WL bMciE
R BT PRI, BF AV AR -UTAR AL LR A AR FLAE 0 R s AR T B LA
FBHEEERERD,
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E NV vs. Hg/HgO

T ¥ L] T ¥ ) T ¥ L}
20 -15 -1.0 05 0.0 0.5 1.0 1.5 20 25
log(i /mA cm?)

4.1 BE4RFER 4 mol-L! KOH FRRE-/K 45 #k B AR AR AL, i 2%
(a) TZH; (b)4H 0.2 mol-L” ZnO; (¢) ¥ 0.2 mol-L” ZnO 1 1.0mL-L™ HT
Fig 4.1 Cathodic polarization curves of aluminum in 4 mol-L’KOH methanol-water mixed
solutions
(a) without additives; (b) with 0.2 mol-L™'ZnO; (c) with 0.2 mol-L"! ZnO and 1.0mL L HT

4.2.3 BLFEHENE

B 4.2 7R T B4R AE R PP REVA TR P T R FRAL T I B AL B P . B e]
LEH, BMHLEKNERERNERTEHERAR, XEAZMAMMASET
BRI R RN E . RRIEFRZmFRN, ASRERARPHBLEHE
(B 42 ) HERSHMN: BARMEHIK, B MR N BR S
RYEFENEBECa)SBEEEE; PRSI, R R 36
FEYR IS AL RARX AR ERE RN ERSE RS RESIE Pl 4
WA 0.02mol- L ZnO J5, BRI ZAPILE 4.2b HEARFTHE 4.2a,
X —HBFEERPRENEIE S-SR DA — %@ AN /4
MBELAR. BTN ERRRE EEEREFOIBMEMRRN, FtEH
WP NAETINET A £ B R BB RO AT ESIER. B, X—
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4.2 HEEETTRE AL TS 7K E 30 %25 phifI R FIf) 4 mol-L KOH FREE-/K ¥ ¥ s Ak
ZEAHIE (a) TEMFA; (b) %M 0.2 mol-L'ZnO; (c)#E i 0.2 mol-L'ZnO #1 1.0 mL-L? HT

Fig 4.2 EIS of pure Al in 4 mol-L-1KOH methanol-water mixed solutions with
and without additives. (a) without additives; (b) with 0.2 mol-L” ZnO;

(c) with 0.2 mol-L” ZnO and 1.0 mL-L”" HT

PLRBUD (RBAD), RFXABBLERITHRER. NEPETLLES, X—
BPMHARENER, EMEOCALTFHEREFEMENRE, #AFES
FEEMRHAN”, HRX-RERUFEAERRRAGTIRRIFEETRFE
M. ERPURZIE HIBBAAA /4 BRE R RE) Warburg BT, RE¥TE
PRy HOL RS, WATHTA, B RARR E TR R B i AR TR
RAR, T ¥V P A9 Zn(OH),> ¥k BE MR/ , DRI T PR AR R R39S BE B 24 B ) Zn(OH)4>
A FHRRAMILN Zn(ON) KE SR EBBPHKRERBENED, Fik
BB T HEIRMMAT. EEETHENERP T BT ORI R ¥
T PR3 B, 2E M2 A PR 0% R B Warburg BT 5 M EHR 0 1.0 mL-L HT,
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FUE AR AR Zn0 MW PR KBEBPRBLET A

PBRFUEEI RAET RN (BE 4.2¢), HRAAEFIMANR, SR AEGIT R
HEIRAE R RS BT ER, RRMADINT SR B RRE R M HT
R, BT HRE 420 F1 4.2¢ ATLLE N, RN HT G, markB AP
K, XATHEREA HT BIMABKT mtkikie, TREE T HMTHR.

4.2.4 SEM

AERERAES 0.2 mol'L! ZnO M 1.0 mL -L HT # 4 mol-L! KOH FEE-K#
BPRAKDRE, BHIH, BEEFAKREMETRFERHBETUE
ERREER, WE43 iR, AERTLESR, SHRikREOE—BREME.
ATEHFHIRERBAELR, B LARBREIET, MX® B. C #1T EDAX #
B, GRATRA2P. BRTM, KB WRAARFEER Zn ML EK
ZnO, MX L C FEREEA. B Zn0 MWEETRERBEANFIRN Zn 55K
PRI SRMAERR . BT AR, EERRETRRET T RN:

ZnO + H,0 + 2 OH" = Zn(OH),*

3 Zn(OH)4> + 2 Al =3 Zn +2 AI(OH)4 + 4 OH’
BRI AT A E TS, U AEEBETRM Zn0 5, BHREIHT —
BFE, EXAKMBETHEREREE. ERMAM Zn0 i, BAHREMEIRE
gk, BIEHL, ERLAEBRPEULRENEE, EmskH SEM £k
. T HT BRI KT BARARIL, XN FAMENS SR, REBIRENES
HREHK. R HT KA R T HNRMEES, TEELRNERE
.
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FWE  AURAES Zn0 MBRYE F RE- KRR R AT N

»

5pot Magn  Det WD j—————— 50 pm
0 1000x SE 50 Zhejiang University

B 4.3 7E% 0.2 mol-L” ZnO i1 1.0 mL -L™ HT 9 4 mol-L”' KOH HIRE-/K ¥ s 2 i/
(RPN TR RE iR e iy
Fig. 4.3 The SEM image of the surface of pure aluminum after immersed in 4 mol-L"' KOH
methanol solution containing 0.2 mol-L” ZnO and 1.0 mL -L” HT for 2h

#42 K43 PERRMIFCKIKK EDAX 452
Table 4.2 Elemental compositions in different regions of aluminum surface shown in Fig. 4.3

Region Element Atomic Region Element Atomic
percentage /% percentage /%
B Al 1.76 & Al 90.34
o) 12.83 (o) 7.03
Zn 85.41 Zn 0.63

* Element H is not included.

4.3 KE/NT

EXRTEP, FEHERRTE, BHFHTE, RUOCBESEFRESTMAH
WER, GREEER T RTE S R EE PR K SR P AL EAT b . SRR
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BNE A4S Zn0 MK FR-KERTHBET

(1) #BFIMAFALSE AT R HU D SIAE R R o, HT A5 L FRAEE M
R, EEELHMKET, BRNMREENER.

(2) PR PR R R M B AR B HT MF s T HERBRRmn
TRR, FEV#, SR THIRESDERRAMNSS N, NikDga
SR MIERMRR.
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EREHTHAEERRR. REFE. AR, EIEBRBERRSZ

BT EMRE. AXELLEMSNTREMACMOEME, RAESE. B
W%, MACMEEFRESPHRBERE, FARGHERT &t
SRRITETATE TP B KR P I R AL AT A . EERFRRE T
(1) HRMERBBTRRM, BLdEBRRANREREES, TTUHEM
HI457E4 mol L' KOHF B H P I BERBBRES BN AMEP,
HTHREEPHRAM B, FREGREMEhERAE R, B
BPHSERERY, SESHREM MR PREBERE S W EMEERRR
KGR S BHM, AR R ERTE.
(2) 74 mol'L"! KOH HEE- /KB YL M AN AL S AT LUR A I 4 4045 A0
&, HT &8 )L FREEMIER, BEESHKET, ERERANLENIEA.
P rRAH R A ME AR HT MENSE T BEnaRRmanRr
B, FZEFE, WRTHNRESBERRNE S, NHERIMERALE
ZMERBRBR.

—. ¥

SREBHE S RBERLF RN FH— R ERFEREE R, DR R
AN TRINTAE. EIREM . BRREEHE, MIMAIRMEA-TSHBE
R BB EAARIE. EAGA R BRI RIS B mkm 4R,
BIAES SRR, BN TR RECEEER, MHRIERXELE
IR E R B 2 —.

SREENNERFAR SFEFD R, ACEXLELRE T T RE
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