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EDTA @R LD ANV T AL <75y AOERENTESMCEA IR THD, HI0FERLLS,
PRONRRNES L, CuEne-Bray? L I53DTHAH). LTORKETH LI AL, HEOWMHKLE
YWEHPDOINY Y BB IR YT ADEBRETH D, i+ 7N I =V &« TV H VIR OYETROK
Fi, RE—T7vE=THBRELLY, 2y T sBBOHEREI LV A4 FEHVTWS, L0,
&2 RHEESFIFELERRCEBEREINTHEH5, +HESHOBE HICRIEL Lo Tw50
%, ELLT i) ELROBREFIIRBKOTEL, D BROPSLTHD X5 ey v A3ERE A
v7 34 P b T SCheRRERZRVWETZ 20 20oTHS X 5 KBbRh 5,

EEIET L2V A FPI VT SCHICERELYRET A OO FHERE LT, LEMKBSWTHE
5E5BOAINYY A= F Yy A RELT ARBECONT, KROWTELMT EDTA HEL
Bolw, Ay akEEREL THiz: Murexide+Naphthol Green B'%; Calcein # #-i3 Calcein+
charcoal” ; Calcein+thymolphthalein!®; Calcon®; %X 2-Hydroxy-1-(2-hydroxy-4-sulfo-1-
naphthyl-azo)-3-naphthoic acid (PATToN-REEDER $§RE L X &2 L IT5)Y, RENCIIKERZED
FSRIBERP L DY, EREOHEI LECORRSTIZRBAETS L, ELHIFFNCREOD D
TR TWB LEDRDT, ZheTTH0,

RICE Z I T B IR BT R OBRE ¥ I BROMEL, KAILT i) HEREPREAtoS
SFOHE L, i) HEHHKOSHOBEL T, LAREFERIELDZXTTHBLBbI5, fiET
13, PETERIBEYOHLE LTOEGRTCHT -~V 35501, BNWRBLH L LTOSETH
RV PERIA— Y PATF WS X5 REETHRETHAORN L, BETIELT, PHELROE
BELHNYOARNRA UL b Dorder RhH20bThHoH, ABMTIIET i) OBACOVLTEARL, K
W|C i) DBAFRCONWTEETHI LTS,

Hitd RBEBRRMBETOBL b r A BB O b DIEMMERE, ot d 7 v{bkRLEZ
IVSBLTr A BEBRELLCOL DEMEFRII BT ERO X 5K, HEOHBRE 100 mgicoW\T
PELFE (FLLTFe, Al Ti, Zr KX Mn) 2BYOHTEbLL THtmeg, HEHERIEHOH
TERLLTHE mg Is\ LT75DH mg A TWD, 0.01M EDTA B 1mil 1% CaO #0.56 mg 5%
Wik MgO # 0.40 mg AT HDTHEh b, WMECHRHALL 5K 0.01M EDTA BEH 17l

) LEBERINHRER



— 80 — HERBBMERE £ 1255

&b 1ml FIEDERACZL, Ca HE: (Cat+Mg) WECKHEOELREL LT—HiciL 200mg
%, HRYOSEDOBLCE L X T 100 mg BT ORI L LTSBELTHTHS I, LD THHE
EROGESBEY LT mg It LERT mg RBTH5THAH5,

COBREOROPHELRY ST BT S L1, THETHRG, Tk XITEZEDOR
Zfe PRIBIL D F Y =& 7 5 3 viE!™ 3, PaTTON-REEDER 7RI X 5 CafiEIc 5 2 F2 5 L5 @
bhi, LU EBT HEREC LS (Ca+Me) HEIIAVLRIRWOT, FE|TIEIRA Ligsh ot
GBS 1, 28RN, BHL L L I5FBRELO= VT vy 7 ADBREKRTHOT, F
B8 MBS EECH Ok, £ CHIBYRIC X 2 Dl s 2 inb S Bk 2 e footen’, FERIK B
AZNTWBD1IR, RREUETH7 ve=THREY Thd, RROHEMIRELELDTRRTHS
521, Mn OSHENRLRRELTHBY LELhBDT, Thicfbhab0r UGBRBT vE=7 &
—7 vE=THBE" CAMMBER: IS LLT5) 2RBAM, tBd ) 1 D0RKRLLT, AxvV
BRI X b Fe, Al, Ti, Zr RSB L @KL 7 v A0 25U T, BROAF > v LREPFED
BAAFVFA4 v 2BREL, RBRO=FAL « OFF « A2 b=z vk shiiic X D Mo 2K
E£TBHE (¥ v-DDTC K ISz eiedsd) #RUL, BEORTOODL, BIFELYEILL
DCUTREATEH Z 22T 5,

2. ERRBRMEE

2.1 BHBEROO(YA

2.1.1 YV 2% EETHHE

HEERY S LD 30ml BALL Y Fpic, BEHL 1g 2FRT%5, 105~110°C T 5 B E ik
1 REHR L THRERY D LO0D, SREKKEF Y v A 5g LIAMT? GERAPIIRERR X
DR LT D TCNBDT, NalCOs LERGTS L XFCERLETD), AR - BRtko HCL 4
B AREEC LDV Y DOBK ) ORE « TR L OBRIEIZTRT, EH1L KoLTHOFF-SANDELL
DEBVC LD T B, L, EBIRREEIMES e — AP TR, ¥ ) b OEBIIIRE
T No. 5C VT %, F2EE DY ) #HEROEK &t %, HCl kowThied &b 2NE
LELUTHLEREBHLT 50ml { HLWIREOELKRE TS, 100ml AR« 77225 DL, KTE
—H—kTFAIRANRECZATHD, KTEBFL TS, €y P TED 26ml k 20ml HWL, %
hzh Ca gL (Cat+Mg) WHEDKDOBRBER L TS (B OBE % 25ml F|MLT7 vE=7k
BEEALL, SLBYBEYS/WMLCFr vk XD Fe & Ti #HEEE"Y T, Si, Fe, Al—
VEDOPEE—, Ti, Ca $XU' Mg O 6 TREHBNRECERTHZ LNTESD),

2.1.2 YV AEEELEVBE IV Y 2R JICERETIHE

HEfERY D Lok 30ml RELLY K, BEEHL 1 2FFRT 5, 105~110°C c5RfE
BIESR L TEREREY D LOEOD, BOALY AhbIThi/NMETHL, KARAKEHRIL, &
Brery FOREIUTNDOTWBEHS S5 R CHERBINS ¥ TR L TORERY D L5 (Z0iR
TREIOBHEEY D L DD EN D T, UTOBABELYEIR L E, £ ORMISHBELCW5E
DD HRIGICIE Uit WERZ D 5 DT, HDETHD),

Ay FxRHED L, S L THLTRELLELZELLE TOHER/NEDOKTHEZ LD LE
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% (HBFPHIERB L ) SOEBHK LT VAL, COBRERMOLOERYETS), KLiEHL
BEBLTHE, Sl i oT (142) HSOs 4ml » 60% HCIO, 2ml %Nk, Bitic 46% HF 10 ml
BARY =F v VEAERCIINAD LoTng, Y XREPEBY S X THEYEES (REEIETLE
WHED JIS HEAEAVS, LTIRTAL), Y% V7 7 tROZSE (Fig. 1) Fkx, 4%
T 1IBERETLLTHE YRR TS, -

. ,‘%\ ‘s ;\‘
F—RRL, Ll LRI T i

RNLCCONIEE o B o B o M ANV
TESET B, Fbic BWEERCESD  2%4R0 1" T %@%ﬁgﬁz
ORREETYX | sozaty JERLEE L BTN

2, éb'?&%%ﬁi?j‘:ﬁkﬁ ) —RiIige > T ﬂﬁ?ﬁ’)m A WTATAN DR TRA \}%\‘w&(?g

%o TOANLEMDILD I IO TLE PP
5 ¥ CORMITMBCHEHCIER LR L AED
ThdHH b, WHAR LA E T oo bin
D, SO ez FTTLB LT, F1X 7 YEKRRLUEAESE
SOs #i3E D CT o Iel Footeb, BEHH Fig. 1. Air bath for hydrofuoric acid treatment
5EHLTUEDL KB L, 6N HSO, 2ml CL v EOBERIEE & LT 55 60% HCIO; 0.5ml %
HmiNT 5. v ACAEBYSEL THEY EELDLE D, Sioicl fERBC LT 256 L cER
L, BRBCEIEECHR DI CVREBCETEOTPL (20 2 0EREL, B0 HF 25105
RRBRETHLDEE IR DTH D).

B, TEHRFTVEDOKLBLACTHEY 100ml € -5 —dic 551, 6N HCl 20~40 ml ¢
WY FEHEOTURE —H —MAL, BB -7 —CHHIOLE L TT7 AX &BLEOR, /),
RTCEHL, LINREBLOST TEARREYERT 5. FT— ROBL LV OXTEMRED S O
Db, HEREK No. 5C THLBL, ©—» — LKLY v 2508 (1+20) HCL Tk, %K &5
Wx 200ml €—H =3 FAND, WEILEFTAGRALL Y FRCHEAL, KL - 98T 5, K
LT (1+2) HSO: 2, 3FTL®L, 46% HF 2ml %Mz BKBHCMEAL, SO: KT TT
B ETCR TS, F737 PHORR=ZAR LK X, NETCHRACMEAL, SHICHEL RS
Ex b, BER NaC0O; 0.5~1g #MZ THML, BRMEKLBALTAY Xhbikisl, HCl g
L, B%ZIEOWBCEPT 5,

BRERZROThE Iiohind Th, REBEOBEKIX HCl ot td 2N HE: LThb,
30~50 ml FCHERE  WiET 5, BELTHD 100ml 2 A« 75RaRk>352L, KCERLT B, £
v FTE® 25ml x 20ml HWL, FhEh Ca fE: (Ca+Mg) WEDIDORBER LT 5,

2.2 BETROKRER

2.2.1 EREEERIEER

2.1.1) B35\ (2.1.2) OREIC 100ml EEL LIERD 25ml & 20ml €<y +T200 ml
€—H —h SR L (RERERBORK 0.2¢ KiHY), ThEhie 6N HCl1oml %z, KT5F
BDTRE 100ml 235, 2F0 - Ly FIERE 0.1% w/v 7o2 -8R 1, 2@ENi, HRE
PEETHET 6N NHOH &z 5, :BRE7 vE=v s CAEME - 48 ¥ 1¢ ¥z, EHT
BHETEBT S, BHLILUDAD, 6N NHLOH #ERL T4z, RKiC Lo>T NHOH /N i@
Hehs L5el, LEBSEERLOOT S, “BRC L2 T NHOH &b UM S5 Z L i
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FER” Licob, WED I DL BB LTHRATI R THD, HERK No. 5A, 9em 28 L CEHEICHE
WL IEBREAT LI BERBENIL ) 23T, €—h—%W®E T, 2EE BETIV), BT
BEnbOR 2% w/v NHCL B8 (x4« vy FIERERHL 6N NHOH Thl5 rEES®
7ed D) T3, 4EE, EEEERIE 300ml ¥ —Hh -3 )b (BREcaBRbuE, ¥ HCl ©
B LT bERFE - B L TR ). ‘

ﬁ;*pmw:\i) D 200ml €—Hh—FEE, EAXROAS-FAREL 1, 2/ Na:SOs GHti
BB BHEML 6N HCL 10ml %/ e — 5 — R CHEBEL FTHLLD DO, HBIHOHE Lic
MTFLTHETS (—EREALTLEY L, Z0X)PEOBTII LML ENT, WWBBRKES
Ficr &, BPTHREVHLOBBTREEZ D LI DOLEDTHD, BfEXYOST5L 5 EL{¥L). &D
Jogh 6N HCL 5 ml CREMEEY, RBCEBEBHCTHHE . 200m € —» —HOBEREKRTI T+
DR 150ml LU, AF0- Ly FHEREL, 2%z, HRENEETSFET6N NHOH &Nz
5, LITE 1 MOWBIMK L ACEETS, 2L, BRI X DT NHOH 0 /N BRECHD L)
ELTELRE WL ODT LN, IFRWBEFTLHLTAKEE LK Z T2 5 L TRFI
AN, ¥IABBTTEDLRIFERLTHL, KEOENREY TS, BRLEKELE 1 EOREHL, &%
WiET5 (CLEOBHBT vE=v 4-7 ve=7{KEX, K& HiLesranp et al. OFER" K LD
126

B E TSR S Teo e R HNOs 40ml Zhik, V57 FrROKBETHREL, EFLWHE
WHRAELHFHIMD ST HT, FF 7 bhDKy b o A b (120~140°C { BV L TCHERET B, B
NELDTUMBLIE O THERZHFIILDL, b IO AL, KETLO LR EA LT HC 10ml
Mz, v b FrA b ETMEAL, RBEARPLARLRFIZ ST TEREL, HCl BT NERSL E
TET5 GRRET v =v 2OHMERYE LT HSO: 235555, BELAR),

7K 20ml < HWEEBLTHAREML, HERK No. 5A, 9em THAL, B €—»— -8
ERLEE Vb OBB TR, KL WKL 200ml F—n - E—p—Ffeika=nhr - €—n—
5%,

2:2.2 #+%+ v-DDTC ¥

(2.1.1) BT (2.1.2) OREBIT 100ml EEE LB D 25ml & 20ml €2y T 200ml €
— A =SB L (B EREOM 0.2 KHY), TNEHKT) THTKRE 60ml 2L, FHTS
FCET B, PIFALENRLERZELT 6 N NHOH %z, 24620XbdThrTHCRETHIEES
TBEXOL D5, EBR2AIALELND 5% w/v %> VIR Cr v v—ADEME - Hf—
25¢ WKEERE 63ml %Ik, €—H—KBHIMOSCE L, KFETHER - BRLTHBKTI THT
£ 500ml L35, BEAICOWTH 2M, ~ VAt “Ly F” #5 ARMOe VREY vREETS)
ZABREEMZ 5 (ALOs & LT 5.7mg o2& 1ml SLE; B 10~20 ml OflHIIIV\), KT 2
M EfER7 v &= & (154.28 [ D RRACMZ THREBLZAEE LD, REBCIBERECHBIZRE
B 2M T vE= Y ABRREILIC 25ml BINLTEL (@FETHRAK 50ml CHWETTH
DI T). BrabmZA L, L TCWABKBLET 10~15 SHBRERLALOD (Z O L&
DWEHEEEEL, MBI KREISHT LD L5 7b, +%v v LBFHROBRNEL THOEDTH
%), BEaAn XA LRSS, &1HBEKS T, WlZREERE No. 5B, 11om TRBL, Hevhb
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DEP 40~50ml T 5 (€—» —fMHEL T2 UKL ERINCIBEN 5 27 TH,

It

ZTHUT I, U L TEHE 200ml € — A — 12535 (LAEDF+ F o vk, K&k KOLTHOFF-

SANDELL DFER'® K XD272),

W OBRIENBEIE TH Ok b,
bbH, BREDOHH L XX, #7ABRPHITREL, &
EAHuYL 6 NNH,OH THET S, BH% 250 ml
wHASKR (Fig. 2) @5 2LAK, E—-H—%TX
BRGVEDOKTR RN, 7 rrar s (1#
R% 11 SR Ah, 2N HSO,, 1N NaOH, KT
KBS 7 DB, RERTD CaO TRKLTHHIEHE
L, B 2% v[v &ieh X5 EK7 = —AEmL
T, B VAR FELTHL) 10ml &7 5 AF§ERT
e Tz, M14HEKRE > - it 32, RBLECHELT
FHEAGEELED, TRR2EEDKTT,
5ml T 5 1EIRMCHET %, KiIC 2% w/v DDTC #&
% (Na diethyldithiocarbamate——FfIYe4iE « 1 #k——

DK D I TORER AR No. 5A CHMBLICH
Do 2ALBWVIEEDL S THBD, RERLMBEDDE
DL DOTHEELDOE B HH L) 2ml &bz T swirl

VA =R =3 W N

ZZTERD pH 1T AK S5 BT#E (4.940.1) Do TWAILTT

ik

$16 Stop-cock (A)
Rbw 72 T2 (A)

%13 Stopock(B)

Rk 72397 (B)
250-mf
Pear-shaped (s &)
Separatory funnel
(N&BH)

¥:6 Stop-cock(C)
by 72 Iw7 (C)

E |nner diameter
ra) ca.6mm.
8 (12 #Hemm.)

%2@ 7:1127]:/!,/)\%&%%\?&%&#

Fig.2. Chloroform extraction funnel.

L, Zemka 10ml C1E, 5ml ¢2EH, £15H
TomHEr I 5 GERIIFA—EEDIE S T TI\v, BEROBINL, 1H/SOBHLARCL Tk
S0, TREFOBIERL TRMBEEAVCIANGRN IS THS), KEE 300m ©—5—ic
SHAR, SERSNEVETOOKTIERE ) - ST 500 THhOHEK LRI TRT, SRt
DTFTEBWIKTLD LICHERK No. 5A, 9em #BLTE—H—RKH5TANBDTHB, KEIK
T3 EEEKEED o

€—»—POEREKBELIEARY b - T b ETERL, HBWOKHESHH L Rl kA
L, HNO; 20ml 22 CF7 7 bepDKB ETIRL, (XFLVRENRRPALED,
b T b ETHAHILE ST CRET D, KERE LD, HCL 10ml F*or 2[EKSE - @%b
27T, REDOEKE 6N HCl 1, 2fLK 20ml < HuLE it THEPL, HHEWEK No. 5A, 9em T
WL, BEHM - €= — - WREZEE V2L OBBE T, WKL ERE 200ml b= - E—p—%7
E—Hh—>5F%,

F77 bRDF v

Xa=An-
2.3 Ca #5470 Mg o EDTA &%
2.3.1 WHERREH
2.3.1.1 7K
HEOHASCHELTITNTOBRELXBEL T, Wb BELBIEK (f + v3ciElgo €/ <+ A
IRBEEBER Lo TRHR LK) RV,
2.3.1.2 EE¥ELW
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(1) MgSO. ¥¥g, 0.01 M.... 8% ik zhll Lo ffzo MgS0:-7H.O (7 KBRS VEET 5
B%d o, 7TKESEHELKI %Oﬁ%%%Aa‘Lf:?V;‘—ﬂ —RICFR L TRV Aad DR AWV50
#24) 2.46508 HFFRLTKICEDL, 11 AA+ 75 A2 CERL TS, BHRCLTEBR LAY =
F LV EVHRIBEEL, 200C KRBT BERHHL TR,

(2) EDTA ¥, 0.01 M....4&8 EDTA (2Na) # 3.7g KcEm»rL T 1l 1L, #V=FV
v VIR T 5, 0.001 M MgSO, E#eps#i ¢ EBT fsr¥Ex AW CEET% (2.3.3),

2.3.1.3 #RIE

(1) EBT #EmR%E Mg H5vix (Ca+Mg) WEM) ....=0A7wv—n+7797T (ACH
Dotite BT #F\ ) 0.5 V=475 3 v CRGHIZE - &) 50ml wehl, BEhlUape v
FRE Y LRSS, BRBLAV I 3 EETEDR & 72 ARLETSH %,

(2) PatTonN-REEDER :j%‘n;-:%”’ (Ca #7EH) ....Parron-Reeper 7R3 (HE{-H Dotite NN iK%
V) 0.58 RSP THERIC LI KiSO: 508 L TEXLRIFE—~L b, B/ vhREF
T5 (B Tk KSO: Oftdbvic NasSOs #HVTV3),

2.3.1.4 pH HEH|

(1) NHCI-NH,OH %% (Mg &5\ (Ca+Mg) #EEH) ....NHCl 67.5¢ % NHOOH (L&
0.880) 570ml 7K 250 ml DRAWC E L, KTLBEL L LThbLRY=F v v EVvHRRETS,

(2) KOH ¥k, # 8M....KOH 225¢ %7K 500ml @i hL, RY) =51 v vhfETs,

2.3.1.5 RRWH|

(1) eFmr*v3 3 VEK... . BBfe FrPo 3 3 VD 5% w/v KEK, BZLEoL %,

(2) KCN ¥¥....KCN O 5% w/v /K¥EHK, BZ Lol %,

2.3.2 WERLHAUTAKER

2.3.2.1 JEHR

FIEIL TR CEBERE 200C KOV TREL, BARCREME L KRMELHTIZE Z L.

(1) ¥avyb... EDTA BWEEHA 50ml €. vy b+, RBAWKHO Ca & Mg © EDTA
ERK 10ml EHEC vy bERIZ1I0m 37r-Eovy b (EBH31HE=0.02m) A5,

(2) 77A=....1,000ml &K¥x 100 ml &

(3) €=y tb....25ml KL 20ml &

2.3.2.2 UTAEE

RS ERF VI AKX T —. . TEEL bRAOMEE T, BREEYE CEVRENTTESRET
BZROPIEHET 2N LD b, ZOBOLITARBRVRETH D, 78 h OBEILREE THRRIC
Yoz bhddDONREFRTH S,

2.3.3 EDTA #REES A

MgSO. EHERE 25 ml &=y FTL Y, KTHTHTKHE 90ml L1, NHCI-NH,OH BFHH 10
ml, e Fexss 3 vEKH 1ml, KCN 8%S 1ml 2IBRML TRETS, €Uy tDEeEdbb
BNRTERD, BRABALRSEDL (LEEEIHTRVWEBEOEI ) EBT HRE2Hr Mz, ED
i EDTA B TIRET %, RENVHD D E TRERMBRELYEURWRENTTALNHEEL, REH
DLERL TH 4 MAL (BECPLOERLNDDD), %%Ki)'ﬁ%%ieu‘tt.x\%élfcfxofcﬁl’aﬁ%
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BEETHY Dind L 3EOPHERD D5,

2.3.4 e (Ca+Mg) © EDTA fEs:

RBEREIK T TOTRESOM L1, Tes FEt—s TL—HERE 0.1% w/v 743 —LEGE
) 1, 2@EEmz, MEH»TALAsS 8M KOH Bl BAY <y M CRmL, 11T
BETHET, BEEHIOE ml 2EL, BRBEERCIOLLEDHIP—BREEEDOT LD Y B LE
L+%), NHCL-NH,OH B4 10ml, ¢ Fe*v5 s vEKH 1 ml, KCN B 1 ml ZIEKRML T
BETH, Ealy bDE¥e EhheMNTELD, EBT ERE 2L L CTEBIC EDTA % CHE
T, (2.3.3) tAMRCLTRAEDS 2DD%

2.3.5 RBEw o Ca o EDTA EEE

R ER TS TOTKAEE 80ml L1, Tra-FE—s FTA—EFREL, 28\ENL, KBEH»
A LAEDS 8M KOH TRl (EEFHEIR (2.3.4) KAL), HFELLHILI 8M KOH
Wy amlBRCL, 3~5AH (Do &b 3AM, KE—BEFBHRIV) LErErIZAL
DB B, e FerFvIF I VERK 1ml, KCN B## 1 ml, Parron-Reeper $57R3EH 0.1 ZIRKMN
%, BHETRENRE—BCEELELEDI EDTA B CIEET 5, a0 5 % CIHRRREY4E
URWBERTTRRNHEL, RENLOLELERL THA4MAL ERIPLPVDERLHLDD),
ELHRRE BN WFRR e oBE A &R L T5%

2.3.6 i &

HtowmkEs Wmg, Ca fElE%L vml (20°C), (Ca+Mg) FHEMEEY Vml (20°C), L0 EDTA
WROWEY K =1 (200C) £35&, 0.00M EDTA, 1mI=0.5608 mg Ca0=0.4032 mg MgO C»
Bivh, RPOEBES S LI L Ca0 & Mg0 D-4—+ v 5[ IR L -oTERIh S,

Ca0, =" K, 100 o 5608 x-100. Wf.)xv

1 25

o 100 100
MgO, % o. 17720 (V

BB AL F LD TR CHBEET S 2, O THRBCERNS LHLND,
3. HEoaHwe)

3.1 FBERONR

J.T. Baker #fl A.G. &®D CaCO; & MgSOs-7H:0 5, CaO ic~o\~T 0.008919 M, MgO >
T 0.006198 M, FHICDOWT 0.01512M OBEEE 2L Dk, HNRPHELRBW L LT, 25mi e
AL;O; 30 mg, Fe.0; 15 mg, TiO: 2mg, P:Os 0.5mg X MnO 0.2mg &by, 1ml i
P:05 0.5¢ &L O ARL,

(Ca+Mg) E#EEIR 10 ml (20°C 123\ C 10.00 ml % CaO 5.001 mg & MgO 2.499 mg % 4is)
xrb, Thic Al, Fe, Mn 7o L OHELR Y ELER 25ml Tokmz, BREBEE 2.2.1) &+
# v v-DDTC & (2.2.2) RIDOTHELREBELDOL, Ca & Mg % EDTA HELLk (2.3),

* HETHOBITNT KON #&LDT, TTHLEEBEETS, HLEPPARDOKTHDT
HHTTC, HLIPRREDOKERL TEL, BEDKILEDTDIDTW3 L IANTHER
TTChHE, Y7V FARRELTERTH S,
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#1F FUEKFO Ca X0t Mg » EDTA g
Table 1. Complexometric titrations of calcium and magnesium in synthetic solutions
by the proposed methods
C i}%‘]ﬁi&féiﬁﬂifﬁﬁith ti THETLHED
ompositions of synthetic JToHR ¥ Ry
£ BIR® B solns. B xR %D*TEA@ § %DI{Q @&ﬂ‘é
H 5| & 5 (CatMg) BEIGELKOAN Procedure for | 1o oator fced [Volume of EDTA
Exp. |Sample| wyge* o DA % removing in complexome- std. soln.*s used
No. | No. IStd.soln.of Ca Addition of | interfering |'% SOMpPeXome- Std. sofn.
and Mg*!taken| interfering elements
wml (20°C) elements ml (20°C)
S 1 9.98 No 15.29
I S 2 ” Va — EBT 15.29
S 3 ” ” 15.29
S 4 9.98 +Int.*? o o 15.31
xine-DDT
o S 5 7 ” method EBT 15.29
S 6 ” Vs 15.30
S 7 9.98 + Int.*? 15.30
Persulfate
I S 8 ” ” method EBT 15.31
S 9 ” ” 15.30
S10 9.98 No 8.98
PATTON-REEDER’S
v S11 4 i - indicator 8.97
S12 Va ” 8.98
S13 9.98 +Int.*? 8.97
Oxine-DDTC |PATTON-REEDER’S
v S14 ” 7 method indicator 8.98
S15 ” V4 8.98
Si6 9.98 +1Int,*? 8.99
Persulfate PaTTON-REEDER’S
Vi S17 7 7 method indicator 8.98
S18 ” Va 8.98
S19 9.98 +P*3 8.98
PATTON-REEDER’S
w {| s20 ” ” — indicator 8.97
S21 ” ” 8.98
S22 9.98 + 2P*4 8.97
PATTON-REEDER’S
w { s23 ” ” — indicator 8.98
S24 ” ” 8.98

*110.00ml (20°C)=5.001 mg CaO0=2.499 mg MgO

*2 Solution of interfering elements (25ml) contains 30 mg Al.O;, 15 mg Fe:0;, 2 mg TiO.,
0.5 mg P.Os and 0.2 mg MnO.

*3 0.5 mg P05

** 1mg P.Os

*%.0.009862 M EDTA (2Na)

753 PaTtTon-ReEEDER #57R#EIC X % Ca © EDTA JEEINT5 POs- & ay M5, (Cat+Mg)
BIEAH 10ml i@ P:Os & LT 0.5mg & 1mg WML THEL Thic, BRIFIRTTTIIRC

ot

3.2 ¥togin
et LCREREO LB L2 AV WO Th 5, FRINCEET AR IEEEY S LD WD
T, #lic XoT NBS pE#RE No. 98, Plastic Clay # i\ 7z, ¥ SN HHEREH, D = DS
CRIES D % L BN D EERSOESMRK (140°C T2HMES LARlE Lt LTRbLTHS)
RPEPHTDE, KOX 5 Thb,
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SiO; ALLO, I(“ggg) TiO. ZrOq P.0; MnO Ca0 MgO
59.11 25.54 2.05 } 1.43 0.04 0.08 0.005 0.21 0.72

#osk ¥+ (NBS E#ER¥K No. 98, Plastic Clay) #o Ca X0t Mg © EDTA jE%E
Table 2. Complexometric determination of calcium and magnesium in the NBS Standard
Sample No. 98, Plastic Clay by the proposed methods

_ = Vol s f 0 3%9937M%DTA
= olume of 0.
Sample weights THETLER (2Na) soln. used in
= DR C
=B Procedure |(Ca+Mg) Pir?;ﬁ?of-
A wmE | omE | for | W Rooees €20 | MgO
N B E Dried |Ignited at | removing » |indicator-
0. Air-dried (140°C, dull interfering t'?D;:I:A EDTA V-0.8v
2hrs) | redness | elements | I{? ”1:l)n, titration,
v ml .
mg mg mg (20°C) (20°C) I ml 20°C)| % %
98—1 1040.7 1023.8 948.9 Oxine- 4.368 0.968 3.594 0.211) 0.70s
98—2 1051.6 1034.5 979.2 DDTC 4,492 1.044 3.657 0.225{ 0.70¢
98—3 1002.5 986.3 916.0 method 4,322 0.944 3.567 0.21s) 0.72s.
98—4 1016.4 1000.0 928.8 4,302 0.964 3.531 0.215; 0.70s
98—5 1283.2 1262.1 1170.9 5.620 1.290 4.588 0.223) 0.729.
98—6 1327.7 1305.5 1210.1 Persulfate 5.600 1.259 4.593 0.215{ 0.706
98—7 1360.2 1338.2 1242.9 method 5.788 1.284 4,761 0.214 0.713
98—8 1326.5 1303.8 1212.1 5.442 1.234 4.455 0.214 0.68s.

* Samples are decomposed in 30-ml Pt crucibles by HC10;-H.SO,-HF treatment. Hydrochloric
acid solutions of the residues are diluted to 100 m! and the 20- and 25-ml aliquots are used
for Ca plus Mg titration and Ca titration, respectively.

7t%s CaO & MgO o L FSELEH T34 Lokl D % 8 ADFHBEOFHERL LT T5 &
RDL5TH5b,
Ca0:0.20, 0.20, 0.24, 0.17, 0.22, 0.27% 0.21, 0.22
MgO : 0.69, 0.75, 0.75, 0.67, 0.75, 0.91%, 0.68, 0.72
(FPHfER D LD EE, RAINLADR)
LEOEMECLIIME, KEWRE HERE L O FHRIEBICE
(2.1.2) DUBEERC X2 TCHRLEODL (RREOK LT, HEK+ X b L3 BAECER T 5/NE
DHEDB DT, KREMEREY NaCO; FRILAK), (2.2) BIU (2.3) W LB OoTHELLE, &FR%
2 RETRT,

4., % =

4.1 BRBEZCOVLTOER
4.1.1 BBER DL 9V F (2.1) ©oWnT
Na.COs HREL TV » ST 584 (2.1.1) ©oWTiE, JIch] @2 7o, HF UB%Y 35 54
(2.1.2) 2T, BEBF TS HF 2 TS RIZERBREL T IRLIRw 25 0o IsHiE
B, F- OBEOEENRLBEL HObNEDI, BT ve=7kBREC X 5EABRYIEORE
THoT, Al OUWBHEI EHDTARELILB L, Ca 2344 CaF: L LTHMKT 20 TH B, HO:
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s TiohBERETY SRCYGET D, COMELDFPEOLEFE LS ENED, —Tik
TEHRIFLTBREL TR MLERD S, Si DA OTRBERMED 7 Y RILEY L LThbhb0%
P mmT 58 e LTiE, ¥® HeSOs, HCIO, ¥/2i% HoSOs & HCIOs 2 fWbh3, F- Ok
FT, ThbBEORR - RELXL Y 12 TILRIDER N5, ERCRESERHRT LTiRE
WO, S, H.SO, ¥ X b HCIO, #¥RinT 544, #2EH0KER - RELEZEN % THREN
Tz bzrs, ZOX3RLTHBERRE HCl KR T2 00NKBRHNESTHAHZ iR D
foo F- ORLIMBRECEEV D ZHET, FARCLTHEIEEOER - BELRILLERLTHS 5,

4.1.2 PHELROBRFEILCDOWT

4.1.2.1 BEEBEDE

BB vE=Y ARERNTAUMNL, BEDO7 ve=THEBEROKEREST S, Thbdb
Mg Dkitk & 578, FMOBREEK 100ml o icd &b NHCI 2.5¢ #3#kFI 5 (NHCI
1g=HCl (12N) 1.6 ml) ; By BIFIC T 5D FIISLATH S ; BRI TLONCR IR S, BEE
TvE=Y I, BHEBLBLOBVEOEE LDB, FED CTRERC 1o THBEERT5E,
B OERBAKE &1 HCl AT\ 52, ZEEHIET L Na.SOs OFEF L HCl #Hv7z (MnO: %
THRRNC Mn** LT ADIEBRTHEZLELT5),

4.1.2.2 #*% v v-DDTC &3

Mn PAOIETLROES oxinates OYLB% PH5 TLICITHIH X #, ThbRIEAL, WK%
7 e s s UTRREOAF> v ZABED oxinates #EREL, HHIC Mn ¢ diethyldithio-
carbamate %2< b, 7 v riAAHHIOTERERETEOTHS,

Mn-DDTC # ¥ T5 & XKD pH Ko T, TR ELEHC, # s 2iF Cuene
et all¥ I pHI~4 B NTA Y «+ 7 I ATAa— AT L, Seecker et al.'” X pH 6.5 &\ T
7 ® oL A CHIL, Bope” 1% pH 6~9 O¥WHH D CCL CERMICHEZNS Lo T b, EE
B0y pH 6 BTBFNILIVWERDT, #F4+ Ly ¥ (pH 6.2 THE) » NH,OH ¢ pH %
BEHLD LRALD, BTRENEBETSZ v r kA A0 E bR TLEDTS & L dhinhot, &
BRIDOEE L VL TH 5 ABE pH 32 VT pH HEZRBIARZITRETH D2, HBIENED
&, BBOLDRENRS L TEENDLD LV, £ T pH #FDHZ L7 Mn-DDTC %2 b, srer
h A THB LR, 596 GE1ERLE2R) »bbhrbliic Ca & Mg © EDTA HEECIzEL
THENRVEEICE T Mn 2\BEINDB Z LA, -

4.1.2.3 @BEERYEIE ¥ 4 % o v-DDTC HED

AHELL s 5 X5, MAHEOHELRREE L LTOBHRLLIE, WHELDELALRET
HBL, EIbKER, PhEIEBFOERC IS L, BRBEELT v =7 hBE L AROERY
HET55 21, BEBEOUBBROTT2MSDK, BRETKL 7 ve=74 (£—»—DZlic;BRIC
TEDTWB0E—EFKRTLSERVTHD, RELARVWERS) RIbI32x-0T, +4EEL
& Al ORBHBRAA TS LTed GEREC I OTIXL ZABENRL OMRERETHB), Al 1o
P43 T B L, ParTon-ReeDER R L HHE (2.3.5) KT LA LERE S Tievwithed, EBT
BREC L BHE (2.3.4 BHEIND, % v-DDTCRHR B HUBHRIZEHLD TEL T, Wk
DB - B D RALBELBELIRV, BERIEIRERECIID Lot k0L 5 hifrk L Bbhsh
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B LIRS, RO THNEEHLDTCHRT, VERVWILBEBOSLBILREROKREEL LTRENLDOTD
%o UEDENL, EBEXFAAELET L TREL TELH, % v-DDTC BOHRL YT hTwn
BEES,

4.1.3 Ca X0t Mg @ EDTA @O\ T

EBT =3 XAE Dienr-Goerz-Haca DAFTD I DHMREL ALbI T34, EBT OG@dlcx 3
BACTTATPL D, bhbNTELL 2 TLE > FTLEDObLBL ok LRI OhE (2
K DITORTELEKT S L, EXTOXDLTWHEDREEASL), EHBXYITTHL VKT
HE, K37 ARI DL bRTW5R, EEORBR TN BHLLEANMRALETLTNT, &
%?&%’ﬁw:%@#t’/\,ﬁ_ﬁ&?tf: {ieh, HBEIFRHAD X57d X Bbhhic,

DiskaNT® DIFIZ LB e, EBT 3tV =8/ 5 I VEELDTEHGRL LI D ELRLERET S, RiE
LigW XS RERLE2TE, P 275 AMIRIFCRBRD Y, EEIECHATHRALBED
X5 CHB, LR VV=2 753 VERTHDD, TORERBVONRNERRTHIFhED, RELA
BREF LTI,

Ca WEDOHED (Cat+Mg) HEDOHED & B, pH REHE ML 2EANC, KL NHOH ¢
76 { KOH #¥7zi3 NaOH %# 3o ThfL, BWikrKEPiEL T2 2 L RZbDTRETH %S, BKERE
FIIHFEOBROBERIE I T IV L THBHD, bbORMERD X 5 CHILEORE EfbtE
BRI VBB, ML THLREOEDO P HRER LML 5 ONRKRLTH D, HHFRELLTBT-B
HZ DA,

MHEL b, WREEXML TThR—RCEB LD, BELREERIILD, BERENREENNLDET
i, Eavy POREBREXECRVCERENOEI TEMETL, UEHAKASETHATIZ LAY
Thb,

4.2 FFRRICOVLTOER

4.2.1 FAMEBEDOHHTICOWT

NBS kL Ca & Mg OSEME-L, $HETLKTHS Fe 2 Mo OEELEOT, 1K
32 (2.1.1D) Fhk (2.1.2) DELLPOUERTHRL, ¥ I EHEEFIBRELLODL, R
BOFRE 100 mg THUTIERO—EFEL DT DT Ca & Mg © EDTA fERXT5HB4%1E
ELTC, ZOERERINLDL, Tivhb, Rbt0v ) » N OEEMAREY, ALO: 30%, Fe.0s 15%,
TiO: 2%, P:0s 0.5%, MnO 0.2%, CaO 5% x X0 Mg 2.5% LE2IDThHb, #1ED Exp.
Nos. I~VI NEDFERT, BHEEEE S A+ v-DDTC 33 L diIK, FRENRDETECOWTOL
ETERYEDINT T V7 OFE (BExp. No. T Fuk IV) OERIZLAL—HKLEELTELE,

Exp. Nos. VI & Wl %, P 22 P:Os 2 LCEhEh 0.5mg L 1mg 12} Ca ° Mg r3tFT5%
£, Parton-Resoer #REIC X5 Ca © EDTA MECKES 508 5 02 BELLSDTH B,
COXSHEEDL FIHEILPLERVE S ThB,

4.2.2 HitoHteounT _

H2ROFBRE (3.2) OB O 8 AOFHEDHFHEDK D, FHEL bAGRSDRITF I
Rrb252 bbb,

4.2.3 FRCRETHREBOGHAN
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CHOBEER, RN D TRl MLoLFMC b Z0EERATE (A bHARBETELL
DHACERTHZ L, YY) ACHEEEILIVIB LR LCEETILEIH D), Fl—#
CrABEERCAEIEHATE S L RIS,

Ca r Mg » EDTA {HEXMEE - ERECI 5 d, BRFBEROBZHHCOWTRRRE (100
~200mg { LWIKHHMTHREE) KL 5DT, BELROBRIREL L THHBBRELXRHA L, Lk
DOTREH & LTRYL TR 7 v = v MEEOSMR LR D0 0r, BN FERCE TG
El G« BBIALTOTCAS, O L TERDOWHP 5 RESHEE Tilial,

5. #&

TEHi RO ANy 2L </ F vy sk EDTA fiET 570, ¥V 2 SHEE idbrs Lo
BRHTHELRYBETHTFRELT, 1) BT vE=v 220tHT57 ve=7kEE MLT
BEREER) &, 1) pH 5 THF Y VIR I DBEAAF VXA PRI - DBELOD, BEOAF v
EERFTHIAPEDAF U RA b7 mwrbafiiLTob, ~v#vEd DDTC-2 v Fry s Al
LTz medsrafitl 3578 (L TH+ s v-DDTC %) ®RET S,

EDTA WEOl, pH HEBHZ L 2EMNK, B-T-B HRELHOTHET L4 ) THMTHZ Ly
BE LI, EDTA HWEDHEREL LT, (Ca+Mg) ARIZERESHEAEIN T35 EBT 0712 —
MEBORbIK, LDREDOPLIIC EBT OrY =%/ 7 s VEREZEAL, Ca ARZEERRRL
WORERMLIDIESEHAIR 5 MX oftbhic, Balfgiod 2 i ParroN-Reeber HERIEHIF:
Al

REBE LTI, BECERCBREETHD LB

b ) CERPRBER IR E L T RIS BEHERTECHEL R T 5,
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Complexometric Determination of Calcium and Magnesium—I
—Application to soil analysis—
The determination of calcium and magnesium in clays

Kinnosuke Niina

(Résumé)

To determine calcium and magnesium in soil clays by complexometric titrations, the
following two procedures are proposed for removing interfering elements such as aluminum,
iron, titanium, zirconium, manganese, etc. from the hydrochloric acid solutions obtained by
the Na,CO; fusion or HF-H.SO,;-HCIO, treatment of soil clays: Persulfate method and Oxine-
DDTC method.

PROPOSED PROCEDURES

(1) The preparation of sample solutions:

One-gram samples of soil clays are decomposed in 30-ml platinum crucibles by Na.COs
fusion!? or HF-H.SO,-HCIO, treatment. In the latter case, the expulsion of residual hydro-
fluoric acid must be carried on as completely as possible®’. The filtrates from silica separa-
tions or the hydrochloric acid solutions of the residues obtained by mixed acids treatment
:are evaporated to 30~50 ml and diluted to 100 m! in measuring flasks. From each of them,
25-ml and 20-ml aliquots are taken for calcium- and calcium plus magnesium-titrations,
Tespectively.
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(2) The removal of interfering elements.

i) Persulfate method:

Interfering elements are removed from each 25-ml! or 20-ml aliquot by the persulfate-
ammonia precipitation procedure described by W.F. HiLLeBranD et al.”? The filtrates and
washings from double precipitations are acidified and evaporated to wet dryness. Ammonium
salts are decomposed with 40 m/ of nitric acid. Nitrates are converted to chlorides by hy-
drochloric acid treatment. Sulfuric and perchloric acids remain with chlorides. The wet
residues are dissolved in boiling water and the solutions are filtered into 200-m! tall or conical
beakers.

ii) Oxine-DDTC method :

Interfering elements are precipitated from each 25-ml or 20-ml aliquot by the oxine
precipitation procedure described by I. M. Kovrtrorr and E.B. Sanperr!®. The filtrate and
washings are transferred into a 250-m! separatory funnel (Fig.2) with a small amount of
water. The pH of the solution should be about 5 (4.9+1.0). If there be any uncertainty,
the pH of it should be regulated to 5 with ammonium hydroxide using a glass electrode pH
meter before the transfer of it into the funnel. The excess oxine and traces of mixed
oxinates are extracted twice with chloroform (10! and 5ml) and one minute’s shaking.
Then 2 ml of freshly prepared and filtered 2% w/v aqueous solution of sodium diethyldithio-
carbamate is added into the funnel and the content is swirled. Mn-DDTC is extracted three
times with chloroform (10 ml, 5ml and 5ml) and one minute’s shaking. The aqueous phase
and washings are filtered into a 300-m! beaker through a lcose-textured filter paper wetted
with water.

The solution is evaporated to wet dryness and the residue is treated with 20 ml of nitric
acid. Nitrates are converted to chlorides with hydrochloric acid treatment. The almost dried
residue is dissolved in boiling water and the solution is filtered into a 200-ml tall or conical
beaker.

(3) Complexometric determination of calcium and magnesium in sample solutions.

i) The standardization of 0.01 M EDTA (2Na) solution:

Three 25-ml aliquots of a 0.01 M standard solution of MgSQO,. 7H:O are taken into 200-mi
tall or conical beakers and diluted with water to about 90 ml. Add 10ml! of ammonium buffer
solution (67.5g of NH,CI and 570 m! of NH,OH (sp. gr. 0.880) are dissolved in water and
diluted to 1000 #l), 1 ml of 5% w/v hydroxylamine hydrochloride solution in water, and 1ml
of 5% w/v KCN solution in water to one of the beakers. Magnetically stirring the solution,
add 2 drops of Diskant’s EBT solution (0.5¢ in 50 ml of triethanolamine)® and immediately
titrate it with an approximately 0.01 M EDTA solution from a 50-ml burette. Add rapidly
until the color becomes violet and then drop by drop until it turns pure blue. Calculate the:
molar concentration of the EDTA solution at 20°C from the average value of triplicate titra-
tions.

ii) The calcium plus magnesium-titration of sample solutions :

The solution obtained from a 20-ml aliquot of the sample solution after removal of
interfering elements is diluted to about 80 ml. Add one or two drops of a bromthymol blue
indicator solution (0.1% w/v in alcohol) to it and neutralize it with 8 M KOH solution. Add
10ml of ammonium buffer solution, 1 m! of 5% hydroxylaminée hydrochloride solution, and 1 m/
of 5% KCN solution. Magnetically stirring the ‘solution, add. 2 drops of Diskant’s EBT
solution and immediately titrate it with 0.01 M standard EDTA solution from a 10-m! micro-
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burette (1 div.=0.02ml). Add rapidly until the color becomes violet and then drop by drop
until it turns pure blue.

iii) The calcium-titration of sample solutions:

The solution obtained from a 25-ml aliquot of the sample solution after removal of inter-
fering elements is diluted to about 80 ml. Add one or two drops of the bromthymol blue indi-
cator to it and neutralize it with 8 M KOH solution, magnetically stirring it. Add 4 ml more
of 8 M KOH solution in excess and continue to stir it for 3 to 5 minutes. Then add 1 mlof
5% hydroxylamine hydrochloride solution, 1ml of 5% KCN solution, and 0.1g of PaTTon-
Reeper’s indicator!®. As soon as the solid indicator has been dissolved, titrate the solution
with 0.01 M standard EDTA solution from a 10-ml micro-burette (1 div.=0.02ml). Add
rapidly until the color becomes violet and then drop by drop until it turns pure blue.

Of the two methods for removing interfering elements, the author prefers the *‘Oxine-
DDTC method’’ to the ‘‘Persulfate method’’, because in the former the precipitation and the

filtration and washing of precipitates are very simple, and separations are very complete.



