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Abstract

The equilibrium of the reaction of aluminate with oxalate was studied in alkaline
solution by the potentiometric titration method and the 8-quinolinolate extraction method.
It was found that, after neutralization of free alkali is completed, aluminate commences
to react with oxalate and liberates four moles of hydroxide ion per mole of aluminum

in a pH range of 8 to 9. The reaction is expressed as:
AI(OH); +3C,0% == Al{C,0,%3~+40H~

and the equilibrum constant is about 10-7.

Based on the above findings, a new potentiometric titration method for the rapid
determination of aluminate is proposed.

Recommended procedure: To a sample solution containing 0.02 to 0.2 m mole of
aluminum, 15 mé of 0.5M potassium oxalate solution is added and diluted to 100 mé with
distilled water. The titration of the mixture with 0.1 N hydrochloric acid is carried out
in a nitrogen atmosphere. Free and total alkali are determined by the first and the
second equivalent points respectively and the aluminum can be calculated from the
difference of total alkali and free alkali.

The average error for free alkali in a range of 0.5 to 1.4 meq/100 mé was 0.007 meq/
100 m¢ and that for aluminum in the range of 0.1 to 0.16 m mo4/100 mé was 0.003 m
mo#£/100 mé.
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35
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3-1-1 H2H(CET 58
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F e ClIRIE Q) 0¥4EETHh D,

Al(OH); +H* =~ Al(OH); | + H,0 (1)
AL(OH), | +3H* & A+ +3H,0 (2)

AApBE CIHELMROZERNL Eido ) s 20 @k hvERHI D2, £0
HEIBD THEMETH D, KBIET v 3 =5 A04M & FOWHEHOMBENC I\ TEKT L 3
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BEE S Tan,
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RHECERTED Z EDbh o 1,



76

Fig. 1

Fig. 2
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0.124N HCL, (mD)
Potentiometric titration curves of alkaline solutions with hydrochloric acid.

1; NaOH: 0970 m mo#4, Al: 0.107m mol, 2; NaOH: 0.970m mo#4, Al: 0.107m
mof, Cx07 : 5.0m mof, and 3; NaOH : 0.970 m mof per 100 m¥, respectively.

] | l |
0 2 4 6 8 10 Sz

0.124N HCL, {ml)

N

Potentiometric titration curves of solutions containing various amounts
of aluminum.

Al; 1: 00, 2: 0054, 3: 0.107, 4: 0.160m mof per 100 mé¢ and NaOH:
0.970 m mo# and CO% : 5.0 m mof per 100 mé, respectively.
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A=Y ARBECHAIL, ORI CHBEIRICERET L 2y ALOE AT 40201
Thote, Lichis T, ZOREMHOEKIE, KRN TRHLEZ LD LEELZ DN,

A{OH); 4+3C,0% = Al(C,0,)}~ +40H" (3)

3:1:3 VaUBAFVBEORE

pH #@ MR ORI % > o v A A VIBEOHEIC OV T Lie, TR X
Uik Fig. 310/R T, ¥ = VA A vIBEMEGSA i (I 1), fEo&hcl b &4
T, 222, B2YMBEEBRUMEE e » e SR LT, ¥ e YA 4 VIREN 5X1072M L
EoBEE, WY REE, o, H2UBEELWHETH -, Lol V= VEBRAA VR
BEDHIR E &b, RO pH XIEBIC R &/ B BUAARL, 81480 ACkT 5 pH
BALRIEIY Uic, S0 X 5 I O 268> TR T O 3-2 5 X 083-3) Ik TH
T %,

4 | | I | 1
0 2 4 6 8 70 14

0.124N HCL, (ml)
Fig. 3 Effect of oxalate ion concentration.

Cy0%:1:10,2:50,3: 10, 4: 20m mof per 100 mé and NaOH: 0.970 m moé
and Al: 0.107m mol per 100 m¢, respectively.

3.2 FIZI=HLEEORRBRES
Fig. 3 DKM OB B 2B 5o, v = ViBA A voRFT o070 32
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Fig. 4 Plots of molar fraction of mononuclear aluminum complexes* against pH
for various oxalate ion concentrations.
[C207]=1:0M, 2: 4x10-4M, 3: 8xX10-1M, 4: 1.0X10-2M. [Allrotar=4
X 10-4 M.
*  Determined by 8-quinolinolate extraction method!®, after aged for min
at 20.0x0.1°C.
2 3
w f= {[A13*‘]+ 3 [ALOH)™*)+[AlOH){ ]+ 2 [Al(czon:?*zm*']}/ [Allgoca

LA DOERET A L BENSH D, I OB BTS2 5~ 2 e BE I R Tur
L, EITC, EHELDRBRUALEET v =g AR RERIE @-F )/ —ak) EHL
T, pH~BE7 4 3 =9 afithe B A TER L, Zolifficd 42y . v+ v 0l
B OGN U fe, FBRES BA Fig. 410557, ok, TOFEC L VWEI M2 W7 A 3
= AU [AllLy Xk THE 2 B h b,

[Ally = [AP]+ Z]j [ALOH)F "]+ Zj][Al (G082 ]+ [AL(OH); ] (4)

KERAL DA A PR 5 RO IR T A 7ok, fid TROGMAES % L3 h T
WD, FBBEOIL, T =T aq g v ORGSR UG A AL R O I SO & E S S
B X o THE LGS, 7 ov o ViR 10 29 AP, gl oo i BT 4 ROGHEE 7 L3,
P, ZoOFMNePERREE b b, B2 2 RIN SRS T2 2 L a b n
L™, Lienins T, AHNC kW TR m, Aa BIMBSUR Lo b o P+
L L DT <, OB SISO PHIZET 5 MR TH 5,

T 20, Fig. 41 md Gethic o T, SRBUIREIET 12 40 [B152 o0 HA L B (R 18 4 B L #o, Fig.
412k, REMOEREEIEIT Y = TR 4 Vv BIEORIK L & LITREI T Lo )

NEBETHH, TAn VHUOHMBRLEEAEBE L8, Leso Ty VA4
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Akt Fg. )ik, v vBIAvORETEEAETLT LI =g 23T NTT7 L3 vl
AAVERDZERRTLOTHL, —J5, Fig.4 i 2~4 o BrEQE b i o pH &
T, a>—=2Thv, K7L =9 ask AP 44 v F ok ALGCO)E 2% 14 v &
D TLL, a=—3 THAHI LwHx b e, WKL FINCH 2L ME, Wi KERL
T2 AT, BT A= sl A vy L VA F v EDME, 7o & 2, Sillén
B NEDEEAHEE L T B [AL(OH)k (CO)s THB E#E 2 b b, LictisT, O
DAL E WA e T 5 4y (Fig. 4 ihii 4, Fig. S g 1) <ih, 74 3 viiEA 4 v o 4ok
LA 4 ik, Zo—HML I S i, 0w, EiFomE </, »o, B2
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3:3 L aUBMEKOERTE

BRSO B A A 2 Ui B o T, pH =8 (G (3) 10 243 4 fE iy oo Mtk

fDE) BT D T4 3 VA A v XU o v A [ANC,O)E 9] o fEEdElE (245
H) AL A, B0 SR XU R A Fig. 51208,

Fig.5 025, o . w4 A4 v 5X 1072 M Ll Lo &pkcix, AOH); 1+ vik &
AUCONM™ S8R~ BITT 5D 2 & ddon b, Fig. 5%, LBEHADERA EM Lo Ba DR
THY, ¥ VBBEDOEGCEUETE, Fig.d D ELL LW B X 51, SEEHREAED,
FEBEOBEAL & X—FK L, Lo L, [COI1256Xx107° M Tk, [AOH)T] i3 Hked T &

1.00 ¥ S
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0 - .
j07° sxig” 10 s5xi07 Jg7

(c,07),
Fig. 5 Plots of molar fraction of aluminum complexes against oxalate ion concentration.

Calculated from the constants!”: [Al+][OH-PB=10-3, [Al(OH);]1[OH-]=10-12
and B;=1018 and 83=1016-3 for Al(Cy0,)$ .
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{IgBHDT, TOMKFBEGTGEALBHTELILDOLEZ LD, D DRI,
313D Fig. 3 DR & L —FT 5, Lini- T, pH8~I DiEEHFOLIER & LT,
B RILFLETHE Z LWL LT~ T,

AwWgek, QXE7 L i vEBA A VvOBRBCGHT AL EENETHLOTHSLDT,
T oM BRI T A S L L L, TOVETEROBEMEE S B ol 2EDL S
AEA T 5 1o,

Fig. 2~Fig.3 DA PE M BT, Q) Rl 4 5@ o pH M e Th X
ZEir (4 pH=1), AI{OH); 75 AHCON™ 1+ vIinE 5 BB O ik

ALOH); = AI(OH);-. (C,0,)3* == Al(C,0,)}

DO PHEER WD TEE LIcfix b o b D THDH Z & mT, £27T, AIOH), 1+ v
%, fed Oy pH EIFIC B\ T4 BOKRBIE A 4 v BT 5 E Bl L, #EHE O
AR TE, 73 VERA A v OXEEN Y o vER AL Lc b D & E 2, [AIOH);]=
[AUCO07] T 5 Ll iug, O) RO PHERIRANTEZBNS,

ﬁ:[AMQ0%1[0H14i[OH14 (5)
[AHOH) G057 [COFF

HuaE e Fig. 3 it 2, 3 x5 X100 4) BB\ 0, [COF rowar B [Al Jrorar TH DM, (B)
ROGBO . w4+ vilEr [C0r] =
ADI O > 2 IR A A i G, ] Table 1. Over all equilibrium constant ()
[COF Trotar EERLTED, K AxD&EHTE of the equation (3)

. o A S - %k 5 IR
WC P DfEAEFIE L kR E Tablel 5 [C20% Trota1, M | lonic Strength l —log 3
F. b, O)ROTEHERE 1077 0 | }
0.05 0.3 16.9
F =B = b DI Ebhs T, ] |
0.10 | 0.6 | 17.4
Fr, BV R B, R BInRR A E O 0.20 1.2 ' 175
i {
ZEMTE D,
 [ALOH)] . [AFY][COFP
PO = AT IO T~ P X TATIC,008 ] ()

LiedisC, B) RN PHER 8 DL, . VHEEOERER LMD, 743 vBA 4 v
DERER BAOME AVRET D ENTES, 73 VB 4 v DERFEIE,

AP +40H- = Al(OH); (7)
i, FORRNCKEET A3 =y AR BT AR, BENSHETRMETE L0 TH
D, BGAVORY DfEIZ DT, B X OV 7 v VI s T, ALY F 7oik ALOHD); 1 A
v EFBIC B BRI R A DR R b oKD TH D LHETH L2 8- T, Tht
NOBMEREDF — 2 A TE %25,

gyt
paromy = SANOWGIIT]

(8)

[ALT3[OH ™ I®* Kw
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(6) id & SIREA & 9T fpom; ZRETELFLEL L - T b, B) KRB L@ Rz ks
Bpromy DI 10¥ DA ~ 2~ TH O, LLEOW DM NFERTH D 2 &0 HEND B R,

4 FUAVBHEDPOERRT LAV ETILIVE
14V DEBRNDIEHR
41 ERBEHOKRS
Fig. 3 ofi Fuc s, WM 1B X O 2 M BEOMN T %, FHC, WIS HETE 55408
(Fig. 3 hff 2~3) %M, ha@ERErFe Lic, LN, 05M > o vEE» Vv AWK 15 mé/
100mé & L, fli « DEBIBREOME X RAr, FEHH S Table 2 10774, BB
T3 =y AEEERRYE GEMEIEILIE 0 5 X OV L14AX107 2N o § ©) KL 7 b U v 4 B
R AT 2O ETHERMLUTHEM Ui, 7ok, Table2 /o /r4 &AL, 743 viEA A4
DERITIE B U Q) i T, &7 VBE (e—x), BEHET L » VBB (a—
z—4y), TAi=T ABEXyCE), FRETREELLLOTH A,
2 H* +y AP* +a OH" —y AHOH); +(a— ) HyO +{a— 22— 4y) OH~ (9)

HREE OB S UGS, @A 7 v 3 = Ak KL b Y Y AR B Y

Al4+NaOH+H,0 — NaAlOQ,+1.5H, (10)
2, FEORBEWE T L =7 8% P ) Y AOFFETFTTKEMLT b v AERT S

Table 2. Determination of aluminum, free alkali and total
alkali in synthetic solutions

Total alkali {meq)t Free alkali (meq)t Aluminum {m mof)}
No. added found error added  found error added found error
1 0.291 0.290 —0.001 0.076 0.067 —0.009  0.054 0.053 —0.001
2 0.970 0.968 —0.002  0.756 0.741 —0.015 0.054 0.059 +0.005
3 0.970 0.968 —0.002  0.542 0.541 —0.001 0.107 0.108 +0.001
4 0.970 0.980 +0.010  0.542 0.540 —0.002  0.107 0.110 40.003
5 0.970 0.961 —0.009 0542 0.540 —0.002  0.107 0.105 —0.002
6 0.970 0.968 —0.002  0.542 0.529 —0.013  0.107 0.112 +0.005
7 0.970 0.969 —0.001  0.330 0.334 +0.004  0.160 0.158 —0.002
8 1.94 1.91 —0.03 0.660 0.720 +0.060  0.320 0.298 —0.022
9 2.43 2.39 —0.04 0.720 0.710 —0.010  0.427 0.419 —0.008
10 0.836 0.837 +0.001  0.405 0.400 —0.005 0.108 0.109 +0.001
0.405 0.413 40.008)t
11 1.31; 1.305 —0.006  0.880 0.874 —0.006  0.108 0.108 0.000
0.880 (0.890 +0.010)ft
0880  (0.874  —0.006)t
12 1.78 1.78, —0.006  1.355 1.344 —-0.011  0.108 0.109 +-0.001
1.355 (1.33, —0.018)tt

T:in 100 m¢ 1T: by triethanolamine method?
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B IO 7 m — o~ FCRES HD el B 5
Al+0.85 NaOH +1.05 NaNQ; - NaAlO,+0.9 NaNO,+0.15 NH,+0.2 H,O
(11

B DFEF TR OEEERICKIGE S IR THh b, Lichi - T, BHir v » ) &
DHEE 2P ET B ok, TOEDO G (L) Hibhh o T igid uEis b o S
BB A 5, BEOPEFZOBEICH - TLY, Mz, (1) KoZ4Bmiciilrnd o Sh Tt
Lo FIT, HELITO) RNEAHEHEL TR 21170 1,

Table2 -5 a7 L 510, T3 =

Table 3. Average error of the determination

Longentmtlon ) Average error®

@ A 230.16 m mol/100 mé F Tix, Ml

i 3o 7 dn g TSSO ) e - i -
X T FROBERMEE L < —F L, TD Free alkali 05 l 4 meq ': 0. 0()7 meq
SEMgisE 4 Table 3 127553, Total alkali \ 0.3~1.8 meq | 0.004 meq

. Aluminat 1 0.1~0.16 C 0.003
ks, WEHET L H ) O BICI LCIE Aluminate m mo m mof

o, bV s s T Y DL in 100 m

LMEM L s L (Table 2, 3RS 10~11) 2%, AUHC XD MEME L —H LT %

T3 =y AES 0.3 m mol/l00 ms Bl E GURIEE 8, 9) Tk, T3 =29 ADEM
DBUERIE L H LANE e A AR Ui, ZOBEK, v o vEEA 4 v OB RSB Licie
W, T iay AO—HNnEEEKkE -l E B LD EELLRD, LIcdi- T, Kk
OFHBPO BRI, Tt = AEEICELT, H902mmol/I00ml THY, IhHEE
ELCRE oI Z T chlicdiudic b o,
4-2 & & &

DL EO B OB HHe s CTHESL L e B BB A LUl D,

002~02mmol 7L 3 = A% S ElBAK A 200ml O F -1~ 3 — i IL,
05M > . vEEH Y & AWK I5mE A2 7D, KTEEEAH100ml 1nd 5, EEF =

MR LB, 01 N ERBEERIK T L, pH WEMB AR 5, 28 1 48t

AH YRS, B2YEEEET AN Y BT REIMEYT S, B 1 ME N L2 a0 L DO
THBINEBOYBEO 450 Lk, 74 i =9 a0 ARCH:Ed5,

ZOHEE, OB REDY LT, TOREEBS THECH D, TOBEL &,
Lichio T, —MICIR ST E A HHETH D0, HiL, BBEONT L 1 =0 s B IR
IO ERERL L » GRECHW T 2RBEDO R L5650, HFRi BRIk E 5 THS S

5 # =
Ya VB A LTI VEEA A v OIRIGC o TH A DM R (T - 72, O, ¥
Heo> 7 o0 2 D OFFISGE T Lied s, pH8~9 DHUKT, 743 vl A A4 ik o 71 A
VERIBLTT A=y alealnd xR bWAa 2B+ 5 2 520Gl LRk,
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Al(OH); 43C,08~ == Al(C,0,)% +40H"
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ek, ZORISOFBERIF L0 ThD, ZORIEEFIHTLZ LI h, TAhY

BWEFROT AN Y LTI vlEAH v & BRERTEDHS /e B BT A W
O, BB OB IROSHSNI N E, TA I VERPOT L I vEBBOER
ETHHIEICIEIGHTE S THA S,

L7,
% LB
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