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d|, fire assay= AlESF 44 EFEE 1000TAA
£33 collectorZ 28l WHOR FH-go) ¥
L HFE Y45 B9 - 558 7 7] Wi A
89 AAzlo] ®ol o]8¥r} Chlorination i
A WFE die ¢Hdo] {Fud § o, akali
fusiono] <3 Az Wpge thEFe] §AE 78
W&o AASY ICP-AESZ AFE wf E8]3<) U3
Zubg B ooluel §AUY wF BBl LEHER
&g 24 ARE A7) ot

w8, addd 4RE HAAZIE  microwave
digestion®| o]} acid digestion bombH3} ZE closed
system WHe A% Mog WFE Yird &4 ¢l
o] AT 4 7] W 7P UwHHR] AA=
uoz FEED gt B =FdMe PGMY HA
2 W F closed systemo] 7PF AAAYE A|Als}
fct.

adga AxE AEE B4 gaMe F2
AP o} olfdrl EAvE o]8F ICP-AES
Holu} ICP-MSH& spectral interferencel} isobaric
interference & w28} Fojoigt AT vlEAAE A
B3 B & o] U] A&HoT o jE F
Ae BA dhgolrt =3 YAFTETYL vjEYE
A AsA worn AEFASL & WYo)AT 7t
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B ERdNE AE7A LR WIE 948 ¥
Fahe NREY A PER 24 PAEE FY9
of dsaa gk $4 PGM] EEsied 40|
EiA dot HrZ Ft.

2. PGM9| Qltby ®H3 Saiststs By

¥ F (Platinum : Pt) : EefelUEia s E29E 9
& eude AF%oE eNY gdEln, A -
Aol itk A% oHEE JIEE £ FElEA
F7RIAY AL "o #AEL s AY
ZotA, &gl 779 Hid #Helsd 3oy FE
Fole we A meor rldsE WA ¥
i, b e Fste] WaAdol Ack et gepol
E AME w1, B0 - 94 %44 537 7bd
 dhgdit) &, D2olME @A uheEte g
WEE YAsla RAR7) e A4S A HEg,
A BFES BAVIGA Mg 332 e g
7t B2 &Y ER 508 rdile Ae ik A
ol Fok! W7ol U, 7HA7t ol g o, WAl
A R} ARZA ok YvkHoE FATE A 23}
= gl AMEHY, FHFcze AFR wrskag
FE Ad APENONE AAEY] HF AEx o)
of 7} wol AMg€th &£ M4 s 34 2 3
A9 A 2A 1 a7t Frkeka e Sl
Akt

olg} F(Iridium : Ir) : 2¥4 F2ogz <dAo] 7
3 F BN 7hEAel FHow, B3 BaEol 3
o9 7HEE 4 gA dd dAnA 2AE 25 F
oM 71 54 Agdo] A3 Aoz 48 glon,
Lo g APAE wg $5E 1Y AT
£02, 4. o) BA a1, Yol =2 go
W #9448 YEF EA8 M sldsid 19 g4
o Hegh 7 FelA HdsE 800TRE At
AEE I, 1140T o) Ne A8lEA ged. 3%t
£ dx7ke 1,234,667} 594, 3719 8§HEe] 7}
F &3 HggdolM 48 W I HaF B
458 B24 FAgoz A BRI giage Ud
ojuy} Fel& A/RANA FAY weo] FiHEEA 9
7 5% ¢ A7le Aol gtk HE dg + s
A BLo)B2(99.9%) LA ALY, 1FH

<

7E - &3fEte] JF(ngo) 08 TED ojEEL 9
5 Y49 4 AAAF7) Wi, o4& §7 0|
EU7I(H39%0%, olelE10%)u whdde] 5o ALE
g} olste] §H f8 42 dolx, D WeR
7RSS A713A - A% J7 FolE ARG

L 2F(Osmium : Os) : AZHY Feo] W= F
£08, & "FE IR, W3 F& FoA 1R
& £33 g Jehie 9 1R 84 Ao
2 ¢eH Qo 37) FoMe gAY, Y 3y
o] F&2 A2M 4o FAsta =58 JA9 3
WAool e AMIBHE(0sO)E A3 A3tdct =
3 A A G Fit - ol ol adt Fol meo
U gerolle =2 etk 2,34,68719) o3 3%E
€ TER, Fdx F wED 7dEE Aslexry
(Mhe] €t A8t 2B (VDS 7180 98 849
o] e 2F(IV)o] ok FA4A7} - Gyl A
T 4F W3 g 2ol 9o AV HAH Ag,
AT e, #§719 vls Fo2 AMgEHL o
SlEHe Fae HFo AW dojzgez A8 @
o, AR AEDE #5310, £ 233y
Adahe go] gonz =9 sopdict!

%l (Palladium : Pd) : S8 oz dAe
WFHT} ot "olAm, AR Erle BERo} o
7t 3tk B WEE 44 oM g Bk g
7198 HEE da FA AR Fsi, 44 2
gl 53, £ T2 doew 1d galix o}
Ztzte] ¢fo] @' ER02 . daoke 43, -
A -l -HlA T s HEsid 2ged B
£tk 7|4, B3 $£48 F58e A44e AY
=, A& - A4Skl o 8508le] FAE {43,
ol F3FHA WA dudsiAn, FHAEN QA
o] Zolgth &, o] FAE AF £ WEAAA
A7) 49 vPIAR 840) At WEE 3%
F 7P M3 5] 2 402 g4 ue
A AA 7HEsAY wAER geth WEEG gl
A3 79 getE Euie)l o AMggd. vw
A 2o o 7y BAY A9 REoEx A}
52, oopgeld sleterE A TR} FaF &
2 2olvf, o] wo] FFo| FElz A7) HA -
B A ANF Foz AgEn” dAde Az
Aol Zebs a7t HE gked, Al o
g w717t A7 Aol whe) dAle AR &
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wjofl tH¥k AL8-o] HA A8-Fo] 60%o)ldE 223}
i Qich

ZHFRhodium : Rhy) : 294 F&og . % 3
-9 FHAEAT Aok A - QAo an, ofd Jto]
FFoE Ex gett’ dedxe Aga) gou
7tE &H AM3] AlEle A8l 2F Rh0so] A7)
Ak Y g A BEEe 34 94 ER
o] g} Bae Eyos 2FIolz dled), oA
gl MA3Z] merk 2EE FE I A3
7] A% FEAE 2900k 23 BFF FEFA
WiAbgo] 71 947817 Wil ohst el BdA
2 A o, doA Frld ofs] R4 ALY
HAE)A] 7] Eo] =g3luzl s B4 A7
ZEE 3 F &8 o BYely oE FHEo| o
FHol olEUE BHE UET W FF oj8¥ch
T3 B8 7)7)9 MBS viee g 2Q0ch ¥y
o 2EE 4% FUiEld wE 58 "WIEg oS
daste], &AM 5 WFEG FFY Favt
HAY A wekAs 345 AFHAA AMgse HEE

Table 1. Physical and chemical properties of the PGM

111 A

E4E ¥ T/ME BE o §Fog wED 2F
10%9} W390%2 @ §34E o8 d4y 92
A7 e dA7|%thermocouple) & N2-& FAY &
N AR I A%o] o' WF-2F FF WY
A udAdel "oy A - GA7E, gEUole]
AbeHg Zofl, A - WAA o' o)lBEk F A
¥ =702 frEd FRAA Mi¥EEE Agdd
T3 AL AFE ALE AT AFA oo} gol
AR$ET Qi

#eH(Ruthenium : Ru) : FHEFL WgS A4
FAME 7P A3, AP ofF LAY EA
gk Pele) e 29 FE&on dudldMx F
HAdz, A5 650, ke olaziAg o
gol 7|ME W2 T B 4 &4 7pEE
A kel A ASFREHERuO)0] i, I3
RuO,2A4 Husict. Atele 3] Ao, 24 4
FAE %2 gerh! FAFIEFNGO)TH 2L 2
3 g gAle] ek 889 FHES S4%
4 IA2eH Y olRu0)E FFSI 9low, B

Group VIl (PGM) Platinum Iridium Osmium Palladium Rhodium Ruthenium
Atomic number 78 77 76 46 45 44
Atomic weight 195.09 192.22 190.2 106.42 102.91 101.07
Density (kg/m”) 21.45 224 225 12.02 12.41 122
Melting point(C) 1772 2410 3045 1552 1966 2310
Boilihg point(C) 3827 4130 5027 3140 3727 3900

o +1,+2, +3,+4, +2,43, +1,42,43 44,
Oxidation state +2,+4 344 4648 +2,+4 446 5464748
First ionization. potential
8.88 8.7 8.7 83 77 17
(V)
Resistivity
i 985 471 8.12 9.93 433 6.71
(microohm-cm at 20C)
Hardness
43 6~6.5 7.0 48 - 6.5
(Mho’s scale)
Dissolved b Dissolved by
Reactivity towards l:S;vN ¢ ’ AR Not | acked b
1 t . ‘
eac' vity ov.v attacke dob Not attacked | Not attacked | attacked by boiling H SOy Not attacked
i . 280,,
mme]r;lll l:1c1ds pe Yl by acids. by acids. | boiling H2SO,, hot HB by acids.
(Bulk) single .mmera hot HNO, and ot HBr
acids.
HCI

# AR : Aqua regia.
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xol oH@ 2ElFA ol&Ru0))o] B0l e &9
o] ©}. Ao & RuOE TE FF4A FH
¥ st 294 £438%2EH AEE] &
FE& 71gsd 2o seyo) g gl F2
717} 47 gon, BAdyE F FAH HAY A
o7 WE/} WS @y g HgH WN2FHY
e F&£He 3 Y9429 2. ug - giE
59 ARAZ AMgEHT, BE 45% FHE 2
A4, WF 10%FeHE & A& - A7 HY
Ae4oz ASEL E LAF - 2EHY FF&
#Z So| ASE/E ok FHE SEES dust
BAE 483l nEAFY FeHE ARE F
W2 AFREL, FHEAS 5 g 43 34 A
dgo] dMo] # gtEE & F ME 2HE 94
e o At

ol@d WIE F&o| B 28y 4BVE Table
13 gt

3. PGMQ| #4 Wi

WIE FHEL BHOR ol FAR B4
< AUz 97 Q) B4 Pz vi&sit WgS
2F4¢ BEMde WYHoEE gravimetry, titrimetry,
spectrophotometry, electrochemical techniques, AAS,
ICP-AES, ICP/MS 9] uhgo] ek’

Gravimetry$} titrimetry methodi= A|RUje] ¥WgF
249 gFo] HAE FF ol Wyt H& 7153
1, ko] Agg Aesopdt suE FiFe] HE
Age] BAde FAsic

Spectrophotometry$}  electrochemical  techniques
ppmol A SAHE FF7A b FE HHAAAM £
7Fsshd, BAA Ate 25U 4] R 28 AR
matrixe]] @2} 2A FTE LA =Hol EMsted of
Hee Zet oy BA WHEL HAde ¥
A7t wEFHYed, HIdE A o&HT A
23 ik

OHEE B =RdME A2 PGME #43hkst)
wo] o853 Y& AAS, ICP-AES, ICP/MS of 2%
B4 whfol] chaiA gt ka3 A2 @k

ols AAEFY o PGM EA W] & ¥
9= Table 29} 7th

Table 2. Selection of the determination techniques of

PGM
Concentration -range
Technique
sub-ppb ppb ppm 0.1% Above0.1%
(.in.ivnnetry & Yes Yes
titrimetry
Spectrophotometry Yes Yes Yes
Electrochemical
. e Yes Yes Yes Yes
techniques
AAS Yes Yes Yes
ICP-AES Yes  Yes Yes
ICP/MS Yes Yes Yes

3.1. AASOl 2i8t PGM 24

Bgog YARAA EAs= FAAS(flame atomic
absorption spectrophotometry)E= THE ol Bl A&
A3l s, g FdPol viuF H3 HeAo
Frh 23 203y B FEE EE & A
S B0 7Ps3ith. 28y o] WP Beer-Lambert
Ho mae AA g9o] FA1~2 order), HIEA
HCL (hollow cathode lamp)st 22 #lo] da3H
Y B4E 7] ofele wlol Ao

B3e  o]83lx] @3 HGA(beated graphite
atomizer)L} CRA(carbon rod atomizer)E o| 83t A7
H 7tge] o8 fASNA EMSRE  ETAAS
(electrothermal atomic absorption spectrophotometry)<
£2yo) w8 A= F3, 3F Az Y ¥4
ageg 2% AgolAy IwjFez EAe ¢
AES BAY 4 Aok au B uis) AEA
o] HojAm, B Hl & A7te] HW, £¥H 7]
£2 AU 2L ot Fo. £H HRESF
(background absorption)& ®o] Yo7|=E WIEA] uh
BEAS ¥ ¢ de A7 Jojopdt .

AAS] 93 PGMEAL 90dE o]He] B AT
7} @E %) Persiani®t Durking scrap copperg %
& elele] Pdg B43H 1" Shuvendut meteorite S
gAeste] 12 AASE BM3ted FrHA EAE
AN i g dw3EF &N 9P
interferenceo] i, TH& lths T3] W2 sensitivityo)
th”? Merdivan S& catalyst AliEolAl Skl b2

Analytical Science & Technology



Platinum Group Metals®] £4& $13 #A2] 44 113 A
Table 3. Determination of PGM in different types of samples by AAS
Matrix Elemests Method ] et
determined
Scrap copper sample dissolved in AR,
Scrap copper Pd Determination of analytes by AAS. 12
Pd measure absorbance at 247.6nm
Meteorite sample dissolved in AR,
Meteorite sample, I digestion with AR for 2 hours; 13
platinum samples Platinum Samples dissolved in AR.
Srparation by liquid chelating exchange.
Catalysts PLPdRh alumina-supported cataly.st sample dis'solved in H;SO4+AR. 14
Insoluble residue fused with NaOH.
Rock PtPd Decompo.sition of 'samples by AR+I‘¥F. s
add tellurium solution + SnCl,. filtering.
Decomposition of samples by AR.
Soils,rocks Pd waveleng of 244.8nm were selected. 16
detection limit 0.0124g/g.
Decomposition of samples by H:SOs+HF+HCL.
Catalyst Ru interferences by Al, Na, Ti, Co, Na eliminated by adding 17
aluminum.
Decomposition of samples by HF + AR and HCl + KCIO; for
Rocks,ores and sulphide PLPARR sulphide matrix samples. 18
float samples > Insoluble residue fused with sodium peroxide.
Analytes were collected using selenium as collector
Carbonaceous Annealing of rock(600~700C, 2-3 hours)
rocks PLPd.Rh Annealed sample dissolved in HNO; & HCL 1
Decomposition of samples by HF + AR,
Rocks PLPd add tellur.'iun% solution, SnCl,, 20
Determination of analytes
by AAS after filtering
Dried sample (at 110C) leached with AR, insolubles dissolved
Catalysts Pt,Pd,Rh by fusion with NaOH and dissolved in dilute HCl and 21
evaporated.

# AR : Aqua regia,

HA2)g & insoluble material® NaOHZ fusiond}o]
AASE BRI Fryerst Kemiche rocksld 944
s} HFZ AAstd BM3¢” Parkesk soil
rockdl X 952 HAesle] B39 Fabecd
catalystZ H,SO.+HF+HCle] EFitoz A3
AASE BEA3ACE” vt thord A)2elA PGME
AASE B3

a8 AASE PGM B0} offch 49 F
Frol JEgE Bg B oply FE FEH A
231 1 %ol mEtME IA FBL BA Hol ¥
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Astey ojAgo] AUtk AASH) o3 AEEE B4
& dlZ Table 39 eI

3.2. ICP-AESO| 28t PGM &4

ICP-AES(inductively coupled plasma - atomic
emission spectrometry)® U] Fu4 ARE FY
°F AgEe EBYoE, & 2x9 FUE A
dnz Ko & ARE AT, MY Be 948
M 4 e e E ¢49A ok 2R BEA
714 o2 ETtzr FUoE ARdER fE
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Table 4. Determination of PGM in different types of samples by ICP-AES

Matrix Elements determined Method ref.,
Sample collected on glass filters, leached with HNO; / H:0:
. . diluted with water. Solutions were mixed with Septonex o
Airbome particulates Pt,Pd cationic surfactant and HCl and separated using modified
silica gel. Determination of analytes by ICP/MS,JCPAES
Used avtomobile Microwave digestion. of 'sample with H.N03 + HCl + H;0..
catalysts Pt,Pd,Rh Filtration and analysis. 23
Y NIST 2557 as standard
Decomposition of samples by HF+AR and HCl + KCIO; for
Rocks, ores and PtPARR sulphide matrix samples. 24
sulphide float samples Pd, Insoluble rtesidue fused with sodium peroxide.
Analytes were collected using selenium as collector

¥ AR : Aqua regia.

Fol wis] Bt sl Fgo] Aen, FA B
Q0] BAo| 7158l ¥ 259 FU& AR
A3 B stuz M4 HF FUE Zde
CgEtA & A B ZAM FAE, vIFAE
nA A AR 7hedich 28y ARF B A
2aia 2o A FAE o83t Mokt &
t}. 38 ICP-AES¥ DCP-AES(direct cument plasma
AES)S} o] AL AMgEA] gomz Ajgd dig
Aoz RE e 2¢o] glov, Eekzrl oM Alg
] residence timeo] 7] WEICmsFE) H& Y
& #th 28y ¥ £59 Egar UL AR
oz Boh Be 2HEYe] Ar|i o) Q8] 3
849 Hhsj(spectral interference)7t =L}, ICP-AES #
Aoj A9 HAHY A7l gk 132 FE 94
T B3 FHEH BAEEY 2HER 9L BAI
gopstn BAslol Sk £F ExpFo] AL {7 &
WES 92 AREshs A o)EY FudEY WE
ZalzaE fA3] odA Hu, ¢ F5% 2
o] o}&8 Ayt Fe PLEL HE AL BL
o, o]Zo] thE EASY ol Wi V2 F T
k! zelEE Mg AAed glold ¢HEFA &
Folut AgA £8L = A BAETe ATt
gola)4 Brt o|HF APole BEFE HMHoE
ol&3 Wale AT + Ut ICP-AESE 19700
Futy)o] s 7] AREte) 1980dTH 2RE B4
o} 45]7] AZaIch. Viasankova & #AARANA
Adoz ANF F P, PAE ICPE A3}

HT

o rlo

SngmLel AE¢AE AUE? Hemandez= A5 A5
zolg 958 WA F ICPE o83t PGME
BA89ch” Malhotra & geological sampied]A] %
49} HF2 AAste 23U ICP-AESE AAS
o Hlal Ao FE WL, FAHE Bo| EAY
e AZHAE 7N, FA A FHo shedEt
3, B84 71AsA B 2EE o]83EE AAS
Hrh 22 948 AT & Q1o olfo] FuHR
Ak

ICP-AESo] 9J3 O3 A5 £4& FHsd
Table 49} 7t}

3.3. ICP/MSO|| 2|8t PGM #4

ICP/MS(inductively ~ coupled plasma -  mass
spectrometry)x= %S 7%, 7133 background spectra
g AZIeg gREY 24 940 diste ppoFE
9] ¥e AZFAE 7PAg. ICP-AESKET} 1008) 2]
10008 A=2 AEFAZ gt 24 44 gREd
0.5~5ngl Ax9) HEPAE 2tzm Aok’ 53 Y&
F Y9458 ICP-AESHT} 2HE-o] Zighg ¥ oh
g} AZAE PP vt AFREHE 4 glene
=91 9aME AT 5 Ao mpee] o} 80
o}4491 7% backgrounde] 4aj@&o] v F7] wWF
o AT BHL & & glh ICPMSE #4 4¥
u]3 4 e polyatomic ion®] FFE nEsof
T5% golu} Aae Aol Fe backgroundE FA|T
atol} ZHe polyatomic ion€ WEAY ERE
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Table 5. Determination of PGM in different types of samples by ICP/MS
Matrix Elements
samples d ined Method ref.
Geological Pt,Pd,Rh, NiS-FA of sample, digestion in HC] containing bromine and subjected o
materials Ru,Ir,Os to anion exchange chromatography. Recoveries 75-95% for sample
Cost-effective NiS fusion.
Rock, ores and heavy Pt,Pd,Rh, NiS dissolved in HCl/Te-coprecipitation. 35
mineral concentrates RuJr PGM sulphide in HCI/H,O..
Internal standardization with Tl for Pt, Ir and Tm for Rh, Ru, Pd.
Rock, ores and other PdRul Na;O, fusion, separation of analytes by Te-coprecipitation. Isotope 36
geological samples PtPd,Ru.Ir dilution
Rocks,soils, Analytes collected in Ag prill, dissolved in HNO; + HCL
sediments and humus Pt,Pd Synthetic calibration solutions in matching acid and silver 37
samples concentrations
Silicates, PLPARhIr High pr::hss;m (r)mc;owave digestion wnl.\ HFfand [;‘ll;adum:ul?les fused 39
Fe formation rocks with Na;0s. lon exchange separation of combined solutions.
Chromiti Pt,Pd Rh, Microwave acid dissolution followed by fusion of the residue with 2
wromitite Ru,ir Na;0/Na:CO; or pure Na,O; dissolving the melt in pure HCI
Sulphide ores PLPd Multi-acid digestion involving AR/Bry/HFYHCIO4, and H;O: in Teflon 41
vessels
) Pt,Pd Rh Ore sample microwave digestion with AR,
Ores samples Ir,Ru operated at SO0W for 20 min. 42
Annealing of rock(600~700C, 2-3 hours)
Carbonaceous rocks PLPA.RR Annealed sample dissolved in HNO; & HCI, “
Geological Pt,Pd,Rh, Microwave digestion. alkali fusion. 44
sample Ru,Ir cation exchange chromatography.
sample in HCl buffer at pH7 was injected into plasma. Calibration
Blood plasma R graphs were linear from 0.3 to 1000g/L s
Deproteinised blood and precipitated proteins were digested in
;Lpg_’g microwave oven prior to analysis. Rh and Pd were interfered by Pb, | 46
Human blood U St, Cu and Zn
Blood treated with HyO;+ HNO;,
PP Ir DL were 0.2(Pd),0.3(P1),0.03(I0ng/L i
. Sample digested with UV-1000 digestive system with small amounts of
Fluman urine i HNO; and H;0; using the method of standard addition. 8
Sample + HNO; + H0, digested
in microwave system.
Urine Pt,Pd,Rh diluted with water and analysed. 49
Interferences due to Cd, Cu, Mo, Pb, Rb, Sr, Zn were examined.
DL were 0.1,0.04,0.03ng/L for Pd,Pt,Rh
Onion, potato, Sample digested with HNO; at 170,
maze, Pt diluted with water 50
broad bean uted with wal ,
. Sample collected on glass filters, leached with HNOyHO, diluted with
Airbome particulates Pt,Pd water. Solutions were mixed with Septonex cationic surfactant and HCl . 22
and separated using modified silica gel.
Water PLPd Analytes adsorbed on activated charcoal. dissolved in AR after ashing. 51
(Surface, brines) > Isotope dilution for PtPd
Natural waters, Pt Sample digested in microwave digestion system s

automobile catalysts

with HNO; and HO,

Vol.14. No.6. 2001
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(to be continued)
Matrix Elements
. Method ref.
Geological samples determined €
Evaporation of the fluids; dissolution of the residue in HF-AR,
Interstitial pore fluids Pt,Pd Te-coprecipitation. 53
isotope dilution for Pt, Pd

Hydrothermal fluids PtPd Evaporation and Pb-FA of the residue. external calibration 54
Automotive catalytic PLPA.Rh Sample treated with HNO; and HCYHF in microwave digestion. 56

converters ’ followed by boric acid digestion.

# DL : Detection limit AR : Aqua regia. NiS-FA : NiS Fire assay

background& FEZ Pitol} Fate] ARG 3ok
P R fae HE S ol isotoped
MR & 929 isotope’t THE A9 isotopest
AAEe Yol 7bsattk. 0s9 PtAlolel isobaric
overlapo] A%t 13y} o]H 3 overlapS Os2} 7
XA %= Pt ThE isotopeE A Oso FEE
RAY gl

ICPMSE 90 dth o]F PGM &AMof @& 77}
AR, ppbrEe] R FEHAE AV o
o ooy Agdlx PGME BAE F g
BalaramE-2 geological samplesl ] Pts} PdS ICPMSZ
289"  ore  sample®, geological  sample®,
biological fluidol M= ICPMSEZ #A8t94ct Casetta®s
‘9— biological fluid WollA PtE #As=t] 1ICPMS2

2% F7HA gagEdl dstel A3 st 1A
° spectra] interference$} matrix-related interference ©|

i

Table 6. Decomposition of inorganicforganic sample

T® ICPMSE AASL} ICP-AESHTH IR 3o A%3
AE 7HAEZ PGMY v E4o] o] 48 F it

ICP/MSe] 2l§ ddgt A5 PGMY B4 S £¢
& Table 59 2}

4. PGM2| HX2| WY A7 ¥ DH

1. ®x2| Ygloll cHst D&

AASY ICPY) 98] A& F 58 9488
7l fdME ARE A 4 Y Sdo=s
Eolof ¥t UnbHozs AgE AFV @FE=
HAA F5 Ao g o, ARu gBEE
#7t HA @ A gAS g4 L83t A
goz TEVIE Fo &80 A% HA} oHA
U &3EHA @e e FEE ol8d JjE AR
€ 27|k @k olE AMe WHES FHeE

Al
A

e

x ML MrocfL ok

Inorganic sample

Organic sample

A. Dissolution under the atmospheric pressure

a) Water : <100°C for soluble
inorganics
1 <300C
(Nonoxidizing acids: .
HCLHF HBr,cold dil.H.SO4)
(Oxidizing acids:
HNO3,HCIO4,hot conc.H.SO4)
c) Alkalis : 100C (NaOH,KOH)
d) Fusion : 700~1100TC
(Alkaline flux: NaOH,KOH,
Na;B407,Na,CO3K.CO3 +-9)
(Acidic flux: KHSO.KHF;)

b) Acid

<500C
<300C
(Oxidizing acids: HNO3; HCIO,,
H;0,, HNO;-H>SO4,HNO3-HCIO,- <)
¢) Fusion : 700~1100C

(Same as inorganic sample

except more oxidizable flux)

a) Dry ashing :
b) Wet ashing :

B. Dissolution under the pressure

a) Acid digestion bomb : 160~275T

1200~5000 psi in a stainless steel bomb

b) Microwave digestion system : 100~250T

100~ 1200 psi in a polymer bomb

Analytical Science & Technology
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Table 63} 20} A2 wHie FFAlo) whs) G
of gie ¥ WHe Hdsoolgnt 124 PGME
Pt PAE A st Aol 452 Heshe dukd
QMM WHose Pa#s) ofy. aze
PGM #4f oA 2+ 48 AA2 WYl fire
assay(FA), chlorination, acid dissolution, fusion®] HM
o] QEE,PT £ ogg A Wl s
n&s 2o

4.1.1. Fire assay(FA)

Geological materials % rocks, soils, sediments®] A
& HAY) A9 N F8F we] fire
assay(FA)o|c}.

Fire assay:= AE9} A9 EHEE 1000THA
£318lo] collector2 B2l W o2, collector?} Pb
L} NiSubol] mhe} Pb-FASE NiS-FAZ FARED? ™ o]
HHE $Hr8o] @2 PGME ¥ - 55¥ 4 U
HEo| Ag9 AHeof @o] o]gsn, 2&¥ PGM
€ GFAASY ICPMS %202 BEA3HA dch

Pb-FAE 2 F%9 PtPdRhE rocks, soils,
sediments FOo2XE Bl - 5% shod o]48A
gh*2 o 9] Rulr,Ost& cupellation WHAolA £4l0)
A so] E43h=t BHEsi.

a2 NiS-FAE RE PGM 54 oj88 4 9
th®* Paukert?} Rubeskat PGM 24& )8 NiS
collector AMg-3te] F5 - B2] § GFAASZ E A3}
Aet® ZereiniS® vlA7}AZ NiSE 0|88 PGM
2 23 - BHIIT® B8 S5 rocksete] PGM
& BA37] 9J3) NiSFAE o]&3ld Axz s,
ICPMSE AFste dE AU o]4Y NiS-FA
2 EE PGM #4o] ol43}41, PGM 358 7

117 A

6~85%0°|™, collector mass & NiS9] <] oz} g}
=S

Aol IE FARAS] o& 298319 Table 73} ).

FA: R8stz FUd £APYes, ZE PGM
40| 7Fs(NiS-FA)3l: B %o AEE & 4
Aen @2 AZHAE 7MY 23U Gl A
fr5E large reagent blanke] &7} ggog 23
2o mg BAgEd Azto] 9@ 2850, wig
@4 AT Yo

4.1.2. Chiorination

PGME4e]  glojA  chlorination L direct
chlorination, wet chlorination, dry chlorination®] 37}%]
wyo] glck®

Direct chlorinationS alkali chloride\} alkaline earth
metal chloride®] t}# EAS oA Axe]sh= uhygol
BE, reagentZHE A7E 29 wid PGM B4
Zqalx] gom, alkaline earth metalso] <3} o}23}
a9 ool ICPY ICPMSH o] 23 s}t

Wet chlorination& W € tube<tol| A HCI3} Aks}A)
€ Wil B2 259 FEstiA A o] Wy
=& sl De) =7] g)&o) insoluble chloride
etEo]l HAHE 4 Aok =& o] HC 4H)A)
= PGM &48 fie & gloy, 32 agtd) 9%
APAE FAE 4 Qo s ARe =:
0.1~0.5g o|32 #A 7+ Utk

Dry chlorination® 500~600TC oA A#ke] NaCla}
EE NEE =AR CQh gasE FHAA FAN F
AT oA X dieE, 4% HCH
NaClE ARB3til Cl gas¥t AMSSlEZ w)g W
blankE 7}At}. PGME  chlorides$} PGM-bearing

Table 1. Determination of PGM in samples by fire assay method

Sample Elements | Collector Procedure D“m;‘:'t's"“ Ref.

S edimk;’s(‘;ﬁsog) PLPd Pb-FA Ag Prill dissolved (ICP/MS) 0'(11;30 6
ma:f:;:?&) PLPA.R,Ir.Ru (?;Z'Fﬁi) PGMs dissolved (GF-AAS) . 65
| npiee | 1 o e |
I(llosc:)s PLPARAIr.Ru,Os 21;:13 Collector, anab&zsp;dhidsgc;lved in bombs 0-(():8;;-4 61

Vol.14. No.6. 2001
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sodium salts(water soluble sodium salts)® ¥H3 o] £
& HClY| g7 gajdtt =38 A89 A7l Ajo]
Qo] & ANEFe gFedr olgrsan® a7
1} chlorination W& reagent2RE A7)x o W&
of PGMe] &4o] fd 4 slom, oj3} Wl 3
8 WA Hoj E43ked ool AUk

4.1.3. Acid dissolution

PGM &4 73 ®Wo] ol&sy Wi R, HA,
HF, HCIO,, HNOs, HBr, Br, H:0,59] ©dtol} o
£ giitez duoly 3HAN Y NeFez
N AEE Faeke Wyoz v ASE AT
F AP Aokt ANEE Abebr) A4 drgHAe
A AAE ¢ Uk 22 o] WEe EaATe
Hol AlE7t 4A LE=HAY I{dd 94 53] Ry,
0s2] &4e] M71A Ho] acid digestion bombg o]&
A, alkali fusiong o3t Hide 4 Yoh®
Table 8& Algo| W& acid dissolution?] & HY

21 g

AAYEct 4, # E48 & gle WL MAn
qou §714 #AE BArk® Ao vl tgoes
7t Ae &4 whEe] AASY ICP-AESZ A #sle=t]
e dodle Yol oz FUe FAE AR
oM Aggods sE B nEYAE Y
A ggojol gt} AASIIME EEAHSQ A& Bol
| g, uleded 748 4odle 8l H7|
T 3uE 489 o3 AE HIAE #& AFfde
wEAl olFdt 891E Fqhajolwt #o}. ICP-AESS]
Atelx 374EY BRPAE e Ffde o9
2L HEAEe] Bol EA3HA HYE B3 WIE
Bo] wrethy dEA o &84l & AHE
e Atdle §A9 vRgE Y BAS Fojoiwt
gk =3 §AE gol AH8goZM FAWY B¢
ol e¥d 7187} 718t LA} wWol BE 4
Ao] vEALe AFE BrbssiA wedh A
fusiono] olg HAE ¥ ¢, purifications}
preconcentration®}g o] FolHTE Fasict® PGM

Table 8. Determination of PGM in samples by acid dissolution method

Sample Elements Procedure Detection limits Ref.
. 0.2(Pd)
Reference materials Pt,Pd Aqua regia & HF, Solvent extraction,(GF-AAS) 0.5(PY) 70
(RMs)
(ng/g)
Pt,Pd.Rh . .
RMs (5g) IrRu,Os Aqua regia & HF, ion exchange,(GF-AAS) - 71
RMs (2-5g) PtPdRhIrRu,Os | Aqua regia & HF, Te coprecipitation, (GF-AAS) - 72
. . . . 1.3(Rh)
Aqua regia & HF, microwave digest, alkali -
RMs PLPd Rh.Ir,Ru,0s fusion, cation-exchange chrom., (ICP/MS) 11Pd) &
(ng/g) - -
4.1.4. Fusion A9 QoME fusiong o] &3t AXE FAlE

Fusion® ¢F 700T o]Aatel mgold 2 gAhd

¢FAY A A AAAPeEN JHEAEeE

ek 2% AMSeE A4 §A4Ee KHSO4L KHE,
Fol 93, 4B §AZE NaOH, KOH, NaCOs,
K:CO;, Na0,, NaB4O;, LiBO;, Borax %o] Sich
PGM EAd] glo]d HE Na0, b Na0:9 NaOH
ERES Bol AR §AE Age] %ol s
5~308) Axe] B 4L sietd AuESG & He ¥
1AM 7HE8ly, fusiono] EVH 4hE AMGEHA 4t
Ao HPT AASU ICPE BA%C) Fusiond THE

A Pl Ay FHIEE 4o £ Sid 19y
B2 alkali fusiondl] ¢ AAz WHE ¥3f7t &)
T A9 HF9 sdojgn AAEn, € F e
3 AME-g HFolt gt oj2id We s BHe F
o) Wr}. Reference materials (ores) 0.5-1g& Na,O,
alkali fusiong 3 ¥ 848 F3A ICPMSE A&
oj7} Ack” EnzweilerS$-& reference materials 0.5g&
o}27}A 2 Na,O; alkali fusion§t 3ol Pt, Pd, Rh, Ir
£ ICPMSE EAMSATE & Zereini 5L reference
materials(Kimberlites) 50g-& NaS} Li tetraborates®] 1:1

Analytical Science & Technology
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EHREE fusiond}o] GFAASE EAsi9rh®

AF7tA PGM9] AAE] WY, fire assay(FA),
chlorination, acid dissolution, fusion®} 4712 W¥e)] oj
sto] ks Egic

22¥ PGME FA37] f8 e 4ed A
2] el tisie YeluxE Fck PGME Eojgel
HoZ ulf FAM B4E AYR U] Wi B
T Hlsdith o7ide AAe W) AR A
¥, & Pto} Pd, Rh} I, Rud} Oso] Ax2] whio)
ate] A7) Eoh A4 o} pde) AN el
alA golr A} gk

4.2. Pt 2 Pdel TXa2| Wy AP

Pts} PdE 8 HFE Fo ulg] AHesr) 4
3, 9ol B =g’ B3 P Add F Se
Pt} Pde o] 0} soluble HoPtCle®} HoPACLS]
do] Ho fA £4% 4 Uk

Terashima+= reference materials 0.5~2g& ¢
HFE #Axj2] &< solvent extractiondt ¥ GFAASE
Pt} PAE FF3gt”

Merdivang-& catalystefl A} Pt} PAE 237 93
92 AA)El2, insoluble materials= alkali fusion
ol s =2l F AASZ BT

T3 Hall#} Pelchat2 geological sample(rocks, soils,
sediments, humus)2 HNOs(3M) + HCI(2.5M)o]] &3] A}
#A ICPMSZ Pt} PAE BA&ct o)X3 Pio} Pd

119 A

£ ¥4dede 9 odg glol $4E Asid
AASY ICPE E4% 4 U
Barefoot environmental - biological materials <] C}
g Aol Pe) oMol isted 4w gt
Table 9= TRUE ABoA Pro} Pde] Axz oy
9 4§ B33 9. ' '

4.3. Rh & Ir2} EXa| Wy o7

Rht r& of@ Aoy Fgolx =2 ghet). Yt
AAE Rl dajMe BEEA 7] gEe) 59
3 Mg Wyo] a7EY. A gl 2§ B
o] git). 1&o|A Nay0; NaiCOs, KOs NaOH,
KOHS} #2 ¢Zeld §AE 7Ista Aafess
g 4 Utk Enzweiler$-S geological sampleg
Na;0; fusion® @ X33} ICPMSE B
Zereini®} SkerstuppE-& chromitites sample-& NapB,O;
7} LiBOs9] il EFEAZ fusiondle] FAI3hgch®
au g §8UE AR 10w ol4del U
E Bol AHBER IRE FIA A 31, o= 2
3 7He-d ol wWol EAEA = AASLY ICP-AESE
BAE o 23 wHE 4ol & g By of
Uz, §4 W9 i B 2gHEE Fosjof
Pk F thE WY O 2 acid digestion bomb Fig.1o]u}
microwave digestion system Fig2& o]&&}o] Hajsi
Aotk & A ¢S JlElFo] Esishs 71k
Bage olgsle Holth®

Table 8. Determination of PGM in samples by acid dissolution method

Sample Elements Procedure Ref.
Biotic and environmental Sampl
totlc an cr(no ] zg)en ¢ Pt Acid digestion, PTFE bomb; electrodeposion; (GF-AAS) 77
Plasma, tissue Pt Acid digestion; (ICP/MS) 78
Serum,liquids Pt Dilution; (ICP/MS) 79
Cells Pt Aqueous dispersion; Acid digestion; (ICP/MS) 80
Rocks,soils,sediments and h . .
0ciS,Sofis,seciments and humus PLPd Dissolved in HNOs3M)+HCI(2.5M); (ICB/MS) 37
samples
Multi-acid digestion involving AR/Br,/HF/HCIO,, and
. 41
Sulphide ores P.pd H,0; in Teflon vessels; (ICP/MS)
Catalysts PtPd Dissolved in AR; (F-AAS) 55
Reference materials (RMs) (0.5-2g) Pt,Pd AR & HF; Solvent extraction; (GF-AAS) 70

¥ AR : Aqua regia.

Vol.14, No.6, 2001
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Screw cap{bronze, plated)
Top cap(stainless)

Spring
Pressure plate(stainiess)

Teflon cup with cover
Bomb body(stainless)

Corrosion disc

N Rupture disc
=== Bottom arifice(stainless)

Fig. 1 Assembly of high strength acid digestion bomb.

Teflon™ PFA

screw vent stem

Uttem® pr:gﬂwinide

Tefion " PFA
<" rupture disc

(&

) Teflon® PFA
lict

{ Teflon" PFA
L/ 190 mL liner

Ultem™ polyetherimide
jacket

Fig. 2 Schematic diagram of aTeflon® PFA microwave
digestion vessel.

Acid digestion bombie] Teflon§ 7)ol Al 9} AHE
7+8te] bombg 2P F A8 matrixo] wel U4
LA 9 At Bob BEE EA3A gk
Acid digestion bombg A7) o] Yol dF Lx(%F
250CAHE)E 7198 2084 31H1200~5000psi)st
oA Aoz A € 4 Ak 53 Rhvt kXY

BHAQl AXEE BHSRA 9= 79, acid digestion
bombg ol§3td AF FoTk EHY F Ut
g ZIHHEAY 5 ovlola2HE ol &3 UAY
eEztA Adde HZE 471UdAM AlgE st
= A2 Microwave digestion system® ©o]-§3lo £
HF 5 Aok rIgst dlAe R 4~1008 A
T way, ¢4 ojfslng 4@ JoRw 3
7t 7hs 8. ,

JarvisE-2 microwave digestiong ©]-&3}d E431Y
3, olu) Axele %49t HFE AR-3H%1, insoluble
materials®l] EAME alkali fusiono® B33
ICPMS2 ZA851ch” Hemandeze A5 #HEv o]
4] Rhg HNO;+HCI+H0.2 E#ste] ICP-AESE ¥
89T}, olwl standard® NIST 2557 ARg-8tch”
Krachler#} Alimonti%-& 2~5mLe| sample(urine)2
65% HNO:$} 30% H;0.2 microwave digestion® 2 &
st £3) Fol ICPMSE 2435t olafe] HE
7= 003ng/gRh)O|U:” Ceodod} Dorados &
geological material-g HF$} 9<=# &8l high-pressure
microwave digestiong ©]-23}% T} insoluble materials
& NayO, 2 fusiond}sd ICPMSZ EA3tgh”

Table 102 t}okgh AlEolA Rhol Ire] HAE 3
W] g HoFm gk

0]x) ¥ acid digestion bombo]\ microwave digestion
systemg ©]8& 7I9HHRE & closed systemuljolA]
Baly} o]folNug AR Fwo] fl, AT
upa} Aol A717F ALY ZaskA] gon, &rwe g
A9 F77t FEEAE geth tE Wyl Hls)
gtol A o) g3 F glomz HE oke] AFZ B
7 7Veska, Al AxE Alzte] ohE Wl HH
HA dd, 9RZ RE 2de Y 4 A 2
ok
ay AlgY ol AgHe] ew(HIE 01~
02g, ¥7]% 05g~2g), Rhs} Iri} o] E33}7] Y&
A4S, Bajghed B Aol Hla, 99 sHEe]
g o] Hyly] o] A7k 433 Aol
bombg @ & UL, AZAHYA 7HEe} A3 877 F
AEo] zg3tA AAEr] e BF gol Bl
o 3RS AAE F ke Ax 2] ¥ F
A, thrigkatel M H2sty] olgle AlEe] HAe
o Agsit.

Rhi} Ir& ofd Abolu} Feo] gt dvbAA HA

Analytical Science & Technology
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g o Re HEA ¢or g alkali fusionou} 7}
Table 10. Determination of Rh, Ir

121 A

E Wo| ARz EAUY BaEe] 298 V)Y

Sample Elements Procedure Ref.
Reference materials (RMs) (0.5g) Rh,Ir Na;O»; Té coprecipitation; (ICP/MS) 76
.. Pt,pd Flux contain 1:1 mixture of Na and Li tetraborates;
Chromitites RhJr PGMs dissolved; (GF-AAS) %
RMs Pt,Pd AR & HF, microwave digest; alkali fusion; 73
Rh,Ir cation-exchange chrom.; (ICP/MS)
. Microwave digestion of sample with HNO3+HCI+H,0;;
Used automobile catalysts PLPd.Rh Filtration and analysis; NIST 2557 as standard (ICP-AES) | >
2-5mL sample+ 65% HNO; + 30% H;O, digested in microwave;
diluted with water and analysed; Interferences due to Cd, Cu,
Urine Pt,Pd.Rh Mo, Pb, Rb, etc., were examined; 49
DL were 0.1,0.04,0.03ng/L. for Pd,Pt,Rh by microwave digestion
(ICP/MS)
PLPd High-pressure microwave digestion with HF and AR;
Geological .& related materials Rhir insolubles fused with NaO,, 39
> lon exchange separation of combined solutions; (ICP/MS)

# AR : Aqua regia.

g ez EHY 4= glon, R 2REe 99
olL} AASe} ICPE E4% o) B walg Hi
38 4 Sl AMHE B 4 Uk

4.3. Ru 2t Os®| HXz| Y P

Ruzt Osk of® Jjholu} g 2] gouz &
3 AAMeE gaw gk 53 o)F ¥ 94E 7
gt 3dAdol 2 RuO.SH 0sO2 HE2 ARz
ol go] AUtk

Yuty o g HA 3= HAL open systemoA] A
BE AR W o] g AMEHA Ha, A
Alto]l &) Aejr] i Aga dr|2HE ¥
FAE WA 4 Ak 28 closed systemoll A A

g A Hw 2% e A7) did oY
g Solx, 1] de)7| Wi Ef ALE 2=

A7\a B8 £8E F7HAE & ok

Ru9] 73 =x3 3 4oy HBro| Heth
OsE =33 A% Fibor} ALY, Fo|Folgdat B
of etk a8y o F Yiae AAMYshe FU¢ 7}
gsid Fusle FAE 21 JAnk? iR Z Ge,
As, Sed} Z& FEA Qo) dsirE alkali fusionol]
o8 Axelshe WHE o|43ch Rull Osk alkali
fusiono]] 23 Axg] WYL o] &¥ F AAWL, FA

Vol.14. No.6. 2001

DL : Detection limit.

7} F7keted @7} wWo| wAE 4 1, AASY ICP
2 Rgsted 714E doA A s dEe o
o7 & gtk Tejstd Adke] A|%E ALE3le 3
& 4 A 7RSS ol &3t A%

Jarvis9t  Totlande 949t HF 2 E]3le
microwave digestiong o] &3l Os9} IrS BA314
t}.” BegerowS-& biological sample-2 microwave oven
oA Axlzlsle ICPMSZ EA3¢ch® Hidalgos}
Gomej5-2 27HAE S HNOyH.0;9 &7 microwave
digestiondle] ICP/MS2} AASE B4 A, ulL3l
272 Yehhgio™

7ol AlEE BAAZIE HaA i &
Aol Ag F U1, IF drIZRE 2] HA
old &4 itk 2822 acid digestion bombo]i}
microwave digestion systemg )83 JIoMAESE 3§
il g4 £47 YEEREY 298 e £ 9]
ot 2 BRI AT JMETeEN FHiy
fau 7147 QEE 471408 #itEo] Eojrt £
MAze] APLE dolzmdA He vl g 2
#]8}] low pressure microwave digestiong ©]&3}o]
HAA gt .

Totland$}  Jarvist= low  pressure  microwave
digestion-HNO;-HCI-HF-HCIO, method& o] &38}3ch”
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2 05g¢] AEE microwave digestion system Qo
4mL HNOx(16M)$} 4mL HCH12M)E 7 10¥ F<
7tgstel A% ¥ 4ml HF(12M)E Cislo 7pdsta,
oAl 4% ¥ 4ml HCIO(2ME oA #7182 7
dlo] ARt o) S §4& ICPMSE £4
Bk ojA@ ntel] ojEA E44E0) &G
;e AL 3 F UL, A% S ARSE
2o AGOoRRE 2 LFEAE Y F WA
"ot

a#e2 0s2 Rud closed system ", & acid
digestion bomb ©]u} microwave digestion system& ©]
43t Fuby dae &4 R RE e9E ¢
S F a, B AF selA i ez AH
gatd BMgoEM mgtel o B4 QRS G4t
o} Ao 2RE ¢ 2¥& W & Atk Acd
digestion bomb ©]i} microwave digestion system& ©)
£33} AXFPoe EF AlHo] wel insoluble
residue7} FE A9 alkali minifusion 0.8 §-Ajel]
g 947 AASY ICPE BAFEd EEHQ L
£ A3 F Atk FHUEOE O0s9) Rugl Hug
EAE #2837 A E closed systemifo) o] HH
2] Wie] fré3itk

5d B

- AT4es ¢ WEF IS5 AT TUE A
B 9 AL, g, FAE, olFEE, ads FY
ofg] Al Hopel BHHEA ol Sick 22
WEE F4o djgFe FAH UV WEe) AFA
Zd), AF o), A BF 5 AAAREH WE5S
242 H43Ee A7t B AR D Ao

A#F PGM AE-E HEA37] dsjre ouid &
o] ABolE £F fdog ghEojop gt 1wy
PGM % Pt, PdE A 9staE tir|gslels ojd ito]
U g2 Agdshs 9irA wieze BAEA o
£t} E3] Rhi} 2 o by gfelx HA o
on, Rus} Os8] ¥ AEL 713 =] dE
of B A 7ige] aTEt

PGMel AAE o EE  fire  assay(FA),
chlorination, acid dissolution, fusion®] H}Hoj U=H],
fire assay AJES} A1 EFEE 1000TAA &3
&l collectorz BEdhe WEog FHgo) W

PGME #3] - 538 & Q7] BEd Alg9 HA:
of @] ojg¥th 2 fluxPolA FE=E large
reagent blank®] FA7} 1, E43ed A3te] L
Ao, wlgo] Bo| 285E YHE /AR %
Chlorination H'HS  reagentZHEIY] 2o i,
PGM¢] &4o) e 4 o] ket of# %ol
lth. Alkali fusiono]] €]% X2 WYL alkali fusion
of o3 S8AZ F Ao Ay o 3 §de
2 BE F ok 28y g3 §AE s1E] dR
o] AAS\} ICP-AESE AFE w £ WIE +
High # ol §AMe] v BEEe] eusER
AU BN ARE @7] ok

¥ 08 oz sightRsgel oF Axe
Yo gt} o] AL closed system Y% acid digestion
bombo]|L} microwave digestion bomb system& ©]&-3}
o AEE B2HE 4 Y, 53| closed systemmlol]
A AAE7} o]Foixy] wEe hr|ZEE Y] LYol
u Rut} Osz} 28 3iAe] &4 EAE sddg +
Atk EF AR gL s Fol £FY A& AL
£3rowm Ao zRElY QHEANE i ¥ 5
2ty 718] 3 low pressure microwave digestiong o]4
sroea mgtoz HAHE 871 W AR e
WA 4 A dn

I¥Eg PGM BAE Alge] w2t AXe Hhel
aol7t YAAT, AlFoERE 29 BA ¥4
Qe 3 &4 EAE u#dke closed systemu)
Ao} Azl WYe o]§3hs Aol uiEAY Ao
A ztgct, Closed system ¥ 3 acid digestion bomb
o]t} microwave digestion bomb system ©]-830 2
AN f712RE 9] 2ol Rut Os¥ 2 FHuAe
EAE A48 5 Az, 43T 48 JlE Fo &
Fo] A AHgo A Aoz REY o FAE
H43 & 4 3o PGME EAd=d v A
2 Azt
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