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Development of Partitioning Method : Construction of Optimum Separation Process for
Tecnetium-Platinum Group Metals by Precipitation through Denitration
— Factors Affecting the Acid Concentration of the Denitrated
Solution and Consideration of the Reaction —

Kenichi MIZOGUCHI, Isoo YAMAGUCH]I, Yasuji MORITA
Takeshi FUJIWARA and Masumitsu KUBOTA

Department of Chemistry and Fuel Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received September 11, 1997}

For the purpose of constracting the optimum separation process for tecnetium and platinum group
metals by precipitation through denitration, the acid concentration of the denitrated solution and the
precipitation ratio of elements were examined using simulated DIDPA raffinate at the various con-
centrations of elements and nitric acid and in the various heating conditions.

When the simulated DIDPA raffinate was heated strongly at the denitration, the several-times
concentration of the raffinate was required for efficient separation of platinum group metals. If the
twice concentrated raffinate was denitrated by the addition of formic acid with the ratio of (HCOOHY
[HINOQ;] = 2.4, or if the 4-times concentrated raffinate was denitrated with the ratio of [HCOOHY
[HNOs] = 2, pH of the denitrated solution increased to neutral region and then the platinum group
metals was separated as precipitates.

In case the denitration was performed without the concentration of the simulated DIDPA raffinate,
the temperature rising rate of the solution was found to be an important parameter. In order to
increase the pH of the denitrated solution to neutral region and to separate the platinum group
metals as precipitates by the denitration at [HCOOHJ/[HNO,]= 2.2, the temperature rising rate should
be slower than a threshold value ane the solution temperature after the rising should be over 95C.

It was confirmed that the denitration reaction of the simulated DIDPA raffinate progressed as
follows. The reaction where formic acid decomposes nitric acid {or nitrate ion) proceeds in the initial
period. The heat added per unit volume of the solution seems to be concerned with the initial reaction
rate and the reduction of the rate. When this reaction almost finishes, the reduction of Pd by formic

acid begins, which results in the Pd precipitation. After the almost all of Pd precipitates, the reaction
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of formic acid decomposition by precipitated Pd begins. The sum of the quantities of the formic acid

used for the Pd reduction and decomposed by the precipitated Pd seems to be constant regardless of

the heating condition.

Keywords: Partitioning, High-Level Liquid Waste, Denitration, Technetium, Platinum Group
Metals, Precipitation, Acid Concentration, pH, Nitric Acid, Formic Acid
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Sr—Cs BRUFOIMOTERO 4 BICSEET S50 TH A, 4HHORE oA TR, FILAELE
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L7z,

D DRE T T A TRHRERRZFEA L

9. 2 MEST 7 x—FORH

HeHF 30MW/MT. #RKERE 28,000MWD/MT D4&{E THREE S € 7oB A IRE % 5 FFmEIO5,
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CFES< k3 Zr, Mo, Te, Fe, 7 7 v ARRUHTERFREE b0 & Uiz, EZ, =
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F— b OREATHERIBE 05M & LT,
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REOREE S 7 47— FRTEL . HEES 7 4 % — b 16mL 2 EAML 1.6 ~ 2.4 THA L, i
TR HE DEEIBEE K O pH % Table 5 12T, 2 {FBFEICHAET S V2 ARE IMMEERS 7 «
Z— FTEEAR 24 T, F70 4 FEEAYO 1 ERE M MEEET 7 o 2 — b THREAML 2
PILET, B O pH BSYRHERRIRIC 2 o7, J o T, REEETOBRERE IR O®ITIC R
X RREARFIEL., BREAEDNITRMBEERO pH S HERICET L T bhol,
BiEE O fIL, pH BHHEERI 2 > b OIEEEHIT R o728, BRI LI b B
B & T LBOERETH -, pH SHHERFERIC 2 o7z b Ok, RARKBRIER L,
1foeE oM RS T 7 « R — MZO0 T, BMEBERTOTRREE2WMRE Fig. 1
Y, pH ARSI S & BEERE. NI RO Cridig & A E LR L7, Pd 0%
ERREE LA pH 1L F AR Lis T A, St RU Ba i3 EE @ pH 83 & A &
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Te % 50%EM L7254 17, BASHSIE OB 2 pH fEIIC 20 72 74 €, Zr RTF Mo DRSS
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v A — R RUSAT T ARy b L POMARERR T, V4 FRE 0.5M MEEE
57 ¢ %— b 15mL #FE/H 2.2 TR L, BEEOTEEEES, 20 CICHRMEBRORER
B R pH % Table 82777, —oONBFES bio, FHERESN 110W LEVES, 3R
EIEIER LEAR LT, MBEHBRAL TH CHERIMA LN IAERLT LHRALTE
RS, FEROBREIARFIIHMEROBEBECIEEACHBEREI RN EFTALI,

7. B Table 8Lz LHic, Z—ATIARALFY kP L— oA E DI D
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HE—EI LTRERPERD, O 20FERH B, L. WIhoFEL, BPICEsy
FFL— hOHAEF-ECHROLEDET D,
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W% EREDT 25 | CEHMEEES : 10W) 26 HEVT 6 ) (CFEHEHES : 200W) ETEL
SET. V4 {FBEE 0.5M WEEEES 5 7 4 3 — b 25mL 2 E/VE 22 TR L2, &y T — b
PHAF—EI LTHESE 2 HERTHE, Sy M L—oWhe—E (HEY 14, F5
WBE 7 : 140W) 1oL, 14 {SIREE 0.5M WEEHEE S 7 ¢ K ~ OWE % 15mL H 5 60ml T
Fip S8 TEAM 22 T UL, 72k, MEROERERIXT V= — /R ZEEERTIEANT
RE LT,
ﬁ%%“ﬁKLTTYF7V~%®ﬁﬁ%£it%%®\%ﬁﬁ@ﬁﬁﬁﬁ%ﬁgZﬁ\$y
FFr— DM PE—EBIC LTREEEA TS &0, REEORBEES Fig 37=T, W
®%%%\ﬁ#Q%ﬁL%MTm~ﬁOC@ﬁhﬁgﬁ%ﬂ?hﬁ&~ﬁﬁ%éwf\:@ﬁ%
UTFOFEMTHNDZEET D,

40 ~ 60 COTH TR & BIREIK O pH OBHE % Fig. 4 R d, WEEZ—ECLTEY b
e hOH AR EATES AR ECLTREZEA RS L bICEERLERZ LT
BY . REHEENIOVEHEST A — —FThBHIENTERENT, YOy FEBAEY—Z 3BEHE
%ﬁWQ(TﬁbE%ﬁﬁm@ﬁﬁﬁ)%ﬁbfwéoD@%ﬁﬁk%ﬁfﬁkbgﬁkﬁ@m
S LD (RESRE . ARBL Ao bo (FHK) . OIREERIC 2> TRETEE
Eﬁbt%@(%%ﬁﬁﬁ)f%éoﬁﬁﬁgﬁ%IS%mminﬁw&\%%%W®pH@%
1 FIE< . OB LB L Bilidamot, L, BELESHMRAER L, FREEDH
9«41%mmfm\mm&ﬁ@pHu%Zk%<@U‘ﬁ@ém%<ﬁoto@B\:@%ﬁ
%%%@%@%@ﬂiﬁbtoﬁﬁﬁgﬁ%Stmmi0E<ﬁék\%%@W@pH@*ﬁﬁ
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W72 0. EORITIEEFETIC L TRALEBNPER L, ZOREEE (1 8 C/min) b,
VMR O AT R 72 0 W 2 b A BRE Z TSI 0.5M MO HE - HEEZAVTRD L L,
#3 X 10 J/em ® 'min & 725,

ZEE D 40 ~ 60 COFIRIEE. %ﬁ&@@@ﬁﬁ&ﬂiEﬁﬁx%@ﬁ*%@i%Tmmg
BIR10 IR T, PAd DT OBEE S LB L TV AR, Ru R U Rh EBLREEE A +20E1T L
pH ZSthEsEmIZ 2 BV S IR L2 & v 5 LB EMNTHD, pHOK2 &0, BROE
NEHT OB THIREED L BEITETHEMIIE VT, Ru KT Rh FEELZVH O
D, ALEEOEEBEZ > T D LD EHESNDS,

EOESRERGFOMOTRIC OV THBERETOTRRAE LW/ AERE, BHEL—E
LTy FFL— hORAEEZHBAIIFg 5, By F L FOEAE—EILLTEER
2Tz - BA 1 Fig. 612, FNENREY HMERO pH & LTRY, WFEhOBESEELE D
t@ﬁ%$bfk0\RmmLN&U%kmmﬁé@iﬂ%%”@%%&&Hﬁb?%otc

kDL iz, MBEGHHLH, HREZEPLLTREHEEZECTLIZLT. 14 & E 0.5M
RERRIEES S 7 4 — FOBMITEWT, ASELR LT+ RENETHEE LTHEBTES I
BHBEMER2T,

. FIEVE X BT, 40 ~ 60 TOFEERENHK 6 C/min LD & D RRMETHMET -
F T A WEROBIZERL oS, BREEEO pH i 5 £ TOLERICE EE N, BRKRTE
TR L ARV S V) BERE NS, TOERICBTS. BREE Lo TROBRER
W OACE . MOEBRIV G 1 CUEEr-T, Tab5, HICMBREHDRE IO TR,
CEEEICREL AR, HARENEOBELMA TRoRIERLRV HD Vi, FoRE
FLTHABU EMAR TRV E VI RELELFEET S L BEESND,

ARBOMENS . DR EHROZLEALPICTH I LN TER, 14 FRE 0.5M HEE
BUET 7 4 27— b 7R OMBRE CHAST 35S, 40 ~ 60 TOFREE 23T 8 C/min LIT

(ﬁ&@%ﬂ%ﬁ%t@i%z&hé&% (CHAES A L H3 X 10 Jem ® omin BUF) 2 0#R
AR08 CLLEIR A2 A & D RRETHIET A D ik T, WHEHED pH 2 THERIZTE, A
@ﬁx?%%ﬁ&bf%%f%éo

3. 2 MMERKEOETIZ OV TOBE

Cecille &V Iz LA &, &L LEEORBRIEE., OFEIHBLZBELHETDOAT v 7.
DOXMIT L D BEETRRA AL OBLCASBNER L THEBROABEI R, BRI
Fon TEBHEMRTAART v 7. OF LELEPXBEL LTERT AT v 7 O=Z20AT
o F T, @ORTF v FERAFEOHBRISICB VN TBRZVE, O, @DAT » /22w
O RS . BN pH 2 PEERRIC R A A M TR AT, BT, BRI
BoF Y T BT, TRIBERA 4 REONTIC L) BSOS TR, o7
U RHEA LS CARHEE SR/ T AOBMIC ZRERFELESH, Ry bTL— O]
LEHBEYT4) CEHBBESN 140W) (2 LT, V4 (GFRE 0.5M MRS 7 ¢ % — b 45mL 2%
AH 2.2 TR UTn, U L F B S 1R Z LK ImL 1T o 7,

_7_



JAERI-Research 97-071

M%ﬁ@%%mowfﬁ.Mﬂﬁ%%%1ﬁﬁf%ﬁ®éﬁ%6wﬁémﬁkbto%35%
B T ISR O @R B 20 ik, O 30 i IIEE A FEITFREAID T, TORLEN
%<@Uﬁﬁ\6%ﬁ%mﬁyfj/7Ltﬁﬂi@%f@ﬁéﬁﬁé@ﬁmmﬁw\%@%%
MERE LT,

GRS OFIERE & O pH D& L% Fig. 7TITRT, BE R A O EE ISR E R SR LR <
BRI EBT A IO TIEATIA LB IR T,

%ﬁ@@%@%ﬁ/\%@4%/&Um$4ﬁ/®%§%M%HgSK\%%ﬁ@ﬁﬁ¢@ﬁ
%ﬁ%%%ﬁgQK%TDM%ﬁ%ﬁ%B%%@¥@4fy\ﬁ@%ﬁyﬁﬁ&%mxEuié
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b L, Pd MR A SILEE LBEBROANES LT b, XBEA 4 viREORD
g . INEABRAA D B 6 BRRITRITI, XA A VBEERISIE IRt E FBEEA A VRE
Lowfi‘%wawMMJmﬁﬂgammm\ﬁ@ﬁm%ﬁ&wMMJf%éﬁ\m%ﬁ%
%6ﬁﬁfﬁammWL&ﬁoto:n@\ﬁ&bfngntﬁﬁfﬁymﬁbf%\ﬁ%ﬁ
FEMEI > TWAEIEERLTND,

F-C. DIDPA #5774 F— F QBRI T O X T T A T EBREANT, T,
EEEDESEE (6 L < iLTNEEA A ) BB oM DS Z B, TORBMEFEEALEILEDD
rEEC XS Pd AT ARSAAE Y . Pd BB LiED 5, Pd 2 TIE&BILE L THR
@ pH 2% 2 BECR VEROEBRLED L, X OSMEFSHE Z Y . B O pH PR
uﬁéif_wﬁﬁm%<o?@b%\&mmB;ié@&ﬁ@@z?yiﬁﬁtﬁﬁbfw
HIEDER TR

Wiz, BT pH 2SRRI E LRV R TEMEIT. SRR R ek A g I/ 5]
ST, TEREESALVBEOSITICE 0 RN eI R, Ry P L— FOHINE
E@Ufmj(%%%ﬁ4%W)_bT\U4G%E0&A%Mﬁﬁ774* k 45mlL % E /UL
2.2 TR L%,

m%ﬁwﬁ%mowrm\m%%%%%1%%?@%@éﬁ%5wﬁém%mbto%3%%
%#6@ﬁ®éﬁ%ﬁ<ﬁ0%®\%Sﬁﬁﬁﬁm&ﬁﬁﬁﬁQEKEoto%@%‘mﬂ%i
WA E TR, BRERE L Labot, 2B, BATRENHEER LT,

RS Ewo pH IEE—E (WpH 1) Th-7 BLEs T O X B A AL, WEEEA A RT
*$4ﬁy@%EEM%Fglom\m%ﬁ@@ﬁ¢®ﬁ$ﬁ%$%Fg11m%¢Dmﬂﬁ%ﬁ
£, 2 BRET SRR A T & B A DREE TIE L AETIELTNARNA, BEEZEY TLICF
BeA AL, EERA A VIRE & BIT, WAL IR T D, ET, WA &4 Fig 8 &Lk
7P EREIELS . BIROBMEES IR LASEENRL VTS, FEEAME (BL

< VLRl A A L) HIEILS) S B RIGEENEL R TN D I EBRD, SnEABA bE 2 REE AR
i\%@4%/%§iﬁ@ﬁ¢\%@4%/%§@%mﬁ&bfkb\f&$®Pd®ﬁ%#%
BEfE 2B - T LT D, T7-. Pd 2MTIT R B L EABILG 5 RRLIED . X8R4
BRI LTV 5, ZZC. Fig. 8 & Fig. 107 CEsV T, Pd DSIEER L THSERA A IRED
ﬁ&ﬁiiof(EgSTHM%%%&B%%\H;N?HM%%%%Zﬁ%)ﬁB\Mﬁ%i
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¥ B ETOXMA A OWPEE Table 11107Y, FEOBIEIELOLHLEBERALTH L,
et Pd OBTICHEDNS FBEOR L LE LT PAC Lo THRT 2 FMOBOMIL, WK
OEMEREH TV ICML o N IBEBCERRZE-ETHLLEER L,

ThHDERFRAT S L. DIDPA it T 7 4 F— M ORMBISIZUTOL 5 ILEITT 5 &
ghsacx n, BT, FEATEEE (b LIS 4 Y) FREAMTSRIENE 5. ZORIE
EER A ICED LTVE, HOABENRR- kL ZATRABICHYT S, TORBEENT, {]
O RS E R ORISR OMA OfEF T, W OBMEES 0 ICNA b SRESBRLT
WA EEZ BN, THbL, WIROUMEE DV ITNA bW ABRERDRNIEE, TIHOK
FEEILE RSREORSOEFLESHTHEOT, RISHIEED & EiCiFEe LTNRE
SOREEA AR RL IR TN D, HOTIORERIEEAEILEDE, ¥ Pd &
BT OIS RE ST, Pd AR L5, Pd BISEERLEL TrbL, MERLLZ PdC
Lo TXBOPMEISBREL 5, 22T, PAOBTICHELONS XHOBR LKL PAIZL»T
ﬁﬁéﬂéﬁ@@%@ﬁﬁ\m%wﬁﬁmi%f_ﬁ&%zEnéoLﬁbﬁﬁg\x@ﬁ%@
(5 U< MRS A >) R BRI RSN EH L &, e LTMA TS ORMBRS A 5
Pl PR ARSI XA A VBELHDY L T0NE, B b T roFERITHE Sh TERO pH i1
PRI R D
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V4 R 05M FEEMERE S 7 4 x— FOTEIRE. WMEBEL S EELSET T BHEEE
70, BRISRIEOBBECSDL S BB RETOPERA N

B OB EREEROBBEICEE A YEEERES T, R, BBREEORLET
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4R FAFEEICIMEY (HBES 400W) BHLTRLNTZLDTHD,
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Dk T, BEREEEED pH AR LT, AEBETRE RO TE D,
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Fig. 1 BRIHEEDOTRERE
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Ry rTL— O BEY T4

FEHRED - 1400
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Rie 5R B D pH

Fig. 5 MREEEPOTERBE(EE—T)
1/4f5RE0. SMTEEERES D« 21—+ 25mL
[HCOOH] / [HNOs]=2. 2
ry FFL— DS BEY2.51~1T6)
E¥GEHBESD - 100~200W
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—e—Ru —®—Rh —&—Pd —e¢—Ni —=%«—Cr
--<--8r --o--Ba —<—-Na —O—-Rb —-&—-Cs

Y 3 4 5 6 7
A iEEEDpH

Fig. 6 B AEPORTEREEHI—F)
1/MEREQ SMEEESRES 7+ — b~ 10~60mL
[HCOOH] / [HNO3]=2. 2
Ry FFLU— OB BEY 4]
THEHBESN - 1400
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inzaeEfE (h)

Fig. 7 RRIEEFOERBERUPMHOZEL
1/MEREO SMIBEEIEES 7 « =— F  45mL
[HCOOH] /[HNQ31=2. 2
Ry FFL—FDOHA BEEYT4)
THEBED | 140W
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Table 1 & WV RIVBEH O EMR R TRE

pka EEM) Bk BE M) oy BEM)
H* 2.0 Te 0,015 Y 0. 0084

Fe 0. 038 Sr 0. 0165 La 0. 0147

Cr 0. 0091 Ba 0.0207 Ce 0. 0330

Ni 0. 0060 Cs 0.0371 Pr 0. 0137

Al 0. 00076 Rb 0. 0074 Nd 0. 0434

Na 0. 076 Ir 0. 069 Pm 0. 0012

U 0. 0076 Ru 0.034 Sn 0. 0086

Pu 0. 00095 Rh 0. 0080 Eu 0. 0019

NOs 3.0 pd 0.018 6d 0. 0010

PO, 0.0023 Ag 0. 00085 Am 0. 0012

Si0s  0.0076 ¢d 0. 00085 Cm 0. 00025
Mo 0. 069 Te 0. 0068

Table 2 ARBTHEALLEES 7+ 57— FOELMRK. BEXRUHAE
|4y BE () A OE 0%y BE (M) E
H* 500 HNOs Cs 9. 28 CsNOs
Cr 2. 28 Cr (NOs) s 9H:0 RD 1. 85 RbND s
Ni 1.5 Ni (NOs)2-6H:0 Ru 8.5 Ru (NO) (NOs}s
Na 19 NaNQs Rh 2 Rh (N{)s) 3
Sr 4, 13 Sr(NOs) 2 Pd 4. 5 Pd
Ba 5. 18 Ba (NOs) 2
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Table 3  BRYEREROBEBE TRRBEOYE)
05 MAERERE S 7« *— b 1omL
Ty hTL—roOWN BEDT0], HEENLA0W

(HCOOH] / [HNOa]
T EBE
1. 6 1. 8 2. 0 2. 2 2. 4
1/4 % 1. IM 0. 8M 0.9M 1. 0M 1. OM
1 f&F 0. 9M 0.8M 0. &M 0. IM 0. 7TM
Table 4 BB EOBRBERUPH WBERBEOEE)
14 {EEREES 7.« %+— b 15mL
Fy b L—ro N BENTI0), HBREL400W
HCOOH] / [HNO=]
AT RE A
1. 6 1. 8 2. 0 2. 2 2. 4
0.5 M 1. 1M 0. 3M 0.9M 1. 0M 1.0M
1.0 M 1. 2M 1M 1.1M 0.7 0. 6M
2.0 M 1.OM (pHO. ) 0.8M(pH!.0) 0.2M (pH2.8) 0.4M (pH2. 4) 1. 1M (pHlL. 8)

Table 5 i EEOBBERC pH GLRRERUCHEBEREDZE)

W 7 4 *— 1 15mL
Ty T L—-FOWH BENTII0, HEEN 400W

JCHIREE [HCOOH] / [HNOs]

)36y
[ A AR B 1. 6 1. 8 2.0 2. 2 2.4
/4%, 0.5M I IM 0. 8M 0.9M 1. 0M 1, 0M
1/2f%, 1.0M 1. iM 0.9M 0.8M 0. 7™ - {pH7. T}
1, 2.0M  0.8M (pHO. 6) 0.3IM(pHL. 0) - (pH9. 3) - (pHY. DD - (pHS.8)
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Table 6  BMUZARD V4 fHBE R UHE

5% B () i
Ir 17. 25 7r0(N03) 2-2Hz0
| Mo 17, 25 (NIL2) oMo 70z - 4H20
| Te 07 H>TeOs - 320
Fe 0.5 Fe (NOS)S'QHZO

Table 7 AR EOBBERU pH (RITEROEE)
1/4 fE¥EE 05 MBS 7« +— b 16mL
Ty N L—rolA BEDIW), HEEN400W

EMTERERVOFRNE © THCOOH] / [HNO s }
l/MEBEIHT O £
1. 8 2. 0 2. 2
0.8M 0. 9M 1. OM
1%ir+ 1%Mo—+ 50%Te 1.0M 1. 0M 1. OM
’ 5%7r+ 5%Mo+ 50%Te 0. 1M(pHL.2) 0.1M(pH1.3) 0. 1M{pHl. 4
100%Zr+100 %Mo +100% Te 0. 7M 0. 7M Y
1%Mo+ 50% Te 1.OM 1. 0M 1. 2M
5%Fe+ 5%Mo+ 50%Te 1.0M 0. 9M . 3M
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Table 8  RBHOBBERU pH (NAGEORE)
VA fS#8E 05 MBS EES 7« %— 1 15mL

EHEHESH  [HCOOH]/ [HNOs]

m #® F &
(W) 2. 2
FLETIAI I e -8 - 110 0. 2M {(pHO0. 9)
Z/7533, k97 - EED D 110 0. 1M (pHL. B)
(BED b 170 0.4M (pHO. 9)
(BEO10) 400 1. OM (HE. 7)

Table 9 PR, BRMBEOBMEE S pH KUHSKLROBTEARR (BE—E)
VA {588 05 MRS 7 ¢+ — b 25mL
[HCOOH] / [HNO3]=2.2
ey hFL— RO BENT25~T6], FIHRES : 100~ 200 W

FHE A0~60CH  BimEW Bimtew ek MeBETEOKRPERGE(%)
BEH FRHE COBREE

{W) (*C/min) (N) o pH o Ru Rh Pd
200 15.0 0. 26 1. 3 P SR 100 99 {
170 12.7 0. 44 1.1 oy hi) 98 97 0
140 1G. 6 0. 11 1. 8 B 97 100 0
110 9.5 0.20 1. & H2A 93 100 0
105 7.8 - f. 6 FiEEHA 1 0 ]
100 6.9 - 6. 8 IZIEENR 4 2 0
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Table 10 HEEE, BMEKOBEE - pH RUHSKECROBRTRER (Hh—E)
14 (580 05 MRYEREES 7« %— b 10 ~ 60mL
[HCOOH] / [HNQO3]=2.2
Ry R FL—rOHS  HEDI4), FHEBEENS: 40W

BR OA~60COH BIREE BRER  BRE  OSETROBTERERE(%)
AREE OCREE

(mL) (*C/min) (M) @ pH HOf Ru Rh Pd
10 16.0 0. 84 1, 2 PN i) 98 98 4
15 13.8 0. 34 1.3 #iet 99 99 0
25 1.1 0.08 2.4 L Fich 99 100 0
30 9.8 0. 14 1.8 B 100 100 0
45 8.0 - 7.0 =371 9 1 0
60 6.5 - 8.3 4= S 13 9 1 0

Table 11 BB A2 BEOHIDEIEF > THLSOFBI A OEAR
1/4 {5¥8EE 0.5 MR RRIEEES 7« *— ~  4bmL
[HCOOH] / [HNO3]=2.2

Fob7 b-b FIGHE REERE TR0

DA B/H (W) @ pH & (M)
10 400 7.0 0.13
4 140 .1 0.14




