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Rapid decomposition and analysis of refractory tungsten
compounds by fusion with ammonium hydrogen sulfate
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A simple and rapid method for the decomposition of refractory tungsten compounds
has been proposed. The tungsten samples (WO3, WSy, WC, alloys and ores) were de-
composed by fusion with ammonium hydrogen sulfate, which was found to be a suitably
powerful flux for dissolving various refractory tungsten compounds. An accurately
weighed sample (ca. 40~50 mg) was placed in a dry Pyrex glass test-tube (16 mm o.d.,
180 mm length). Ammonium hydrogen sulfate (ca. 2 g) was added to the tube and mix-
ed with the sample by agitating of the tube. The bottom of the test tube was gently
heated with a swirling motion over a small gas flame of a Bunsen burner with a fish-tail
at a temperature of ca. 350~450°C. Heating was continued until a clean, translucent
yellow melt was formed. The cooled melt was dissolved in a 10% (w/v) ammonium tar-
trate solution. Tungsten(VI) oxide and sulfide were dissolved by heating for about 4
min, for carbide it was about 8 min. Finally, the concentration of the tungsten in the re-
sulting solution was determined by atomic-absorption spectrometry using a dinitrogen
oxide-acetylene flame. This method was applied successfully to various hard metals and
ores (scheelite). The tungsten, cobalt and iron in the samples were determined.

Keywords : decomposition of tungsten(VI) oxide, tungsten(IV) carbide and sulfide; fu-
sion with ammonium hydrogen sulfate; determination of tungsten, cobalt and
iron in alloys and ores.
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RAICE>THEULBILT B2, AEOEIHHBK
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U, RROBKIHKEE S oI, KAk dEmY
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g, BBt oRSEIEEMS ZoICE, ¥R
BAFHBRARTH O, HRPERD S OHEESEHB T
BESKETH S, ChET, BBELSY V7 AT LE
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HEELT, CNETT vEDY LAERBREROBEE
DHTERY., 7 vEDY LRI ENEOIIEEE TR
fRU, —RICEAREBOREMOBRET ¥ =T (T
59, HREBICEAE T SBIIBRREOHEICHANT
—BLEmhnRISEEE O, BistobamE by
BRI BRSNS, Ty LERBEET v EZY
LEZBFIE UCHRU, B0 RN 2 R AIRICH
RULPREETH 5. X, BoNLHEMET v E=
I AEELBIBHIZ, KIZBBETHY, BRIz <
KRR AR TE B0 EDEENH Y.

ARG TIEFRICHENL U RBKE T ¥ =7 AR
BOWEERT 5 LIk, iAoy v I A
5y VD), RILZ v ATV (V) ROFILY v AT
Y (IV) ZINBHRT 2HAOREREZRVIZL, 7
MRWVE SRR CHREEZ ¥ v T AT VLAY OB S &R
REAZREICHBL, BERRSDy v 72T v 23U
DA, BEKELICEETE AMEELIBITERZ
T LTz,
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WEKET v 4 RERRFEZH V.

By v 725 (VD) &3 SO 99.9% #ME
DH D% 1000°C T 4 REFEMBMLE L TRV,
wiby v 72T v (IV), Bifbs v 727 v (AV): ¥
F b AR R R = W 2.

y v JAT VBRI, SIENEAR, T/%v MERE
W (% 1 mg/ml) : HIRORETFRICH O R EERK 2
Wi, ThH5DBEREFEROMERELICERL THL
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B E4: Kennamtal 8 (45 45) OB ERIZS 3
BEOAEZHRALK. A8MK; (1)WC-Co (10%),
(2)WC-Co (15%), (3) WC (54%) +[WC-TiC-TaC
(50+30+20)]1 (23.3%) + [WC-TaC (20+80)] (16.7%)
+Co(6.0%). A&FH=ZT £ v TBEHRBHEEL
TR UK.

FDE» ORI T TS E BV, KIZEEKE
A AU IZLEDEHNT.

2.2 & &
FETRGERE: A8 7-6100 BURFRIEET IR K
bm o 2SR T v 7 (W: 255.14; Fe: 248.33;
Co: 240.73 nm) AV fF1F, HEHAKD 100 ul = FT
WeEHICEAT 5 —HEPERWE. BBY VY ITAT
VORIEICWEER 7 VAN —F—2 BT,
SRES MEOBEEN 7 AMABKE (16 mm
FX180 mm) =AWz, '
ERERERT: K5 HPD2000 B iZ CRC #Hh
EED T THO.
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H 5 UDRHE (150 4 v ¥ 2 UF) & UzEso
¥t mg ZRBEIEO £H L, THICHREKRT Vv E
ZY L5 2g EMATSICRE LR, RBREO LB
HEBE XX AICES, RO BKLARERN AN—F—0
FTRBEOEREREI ITNHAT S, HEE & HICEE
YIIBEESERARE 25, RIGERBOBEC K &
kY, BSD S TEOETRT T 5. BHk, ABE
12 10% (w/v) BBAEEET YT LAKEK 6ml 2%,
BB BERBTPICEL, BMb U B ZBHRY
5. NABEYN N EH T ABMEF K (Toyo
GBIOOR) ZFHWTIKF[FBE L, PRZ A7 7 A3
BLUAN, 10% (w/v) EARBET v &= 7 LKERZ N
ZTCERETSH. COBRKFDY VATV BEZER
NeF—Z&B7 V- LRTFRNETEETS. X, [
BRRPOBRECaINNVMORBERIER-TLFL Y7
V- ARFRMEETERT S, 2B, BEERED 7
V- ABETRAEEEETE 55, KETE—RHE?
12 &0 ERHAR 2 R TIROEEHICEBA L 2.
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NeF—=D7 L—LTHETBHE, BBILY v 7 AT
V(VI) 2HBICHMTE DI EN, FHERTHR,D
shtz. $abL, REEOEMZMEAT S &7 ITH
BKRT vV EZ U LADBRML, ABREOARYIIRER
BWREEE 5y, BAIHENS, LEVWIRBOLEGIZK
U, BEBREARSICHBOBESELR. ok, B
BESOERMBE L 350~450°C TH-o72. LiEs <
#MELY, MBS EEDOBRSIBKIREBICIE 125,
gz (Lo TS 9 2 S RBRE R OREY S E G ICEH

LU, CORETCELNDIBLY v I72AF Y (VD) O
AR DIERE 2 HBUSE S T nd, DTFoR(1)
- THELBDEEZ NS,
W03+2 NH4 I‘ISO/;_">
(NHs4) 2 WO, (SO4) o+ Ho0O (1)

F o, BELU BBk EMACERTZE, »
SELABRBYEE . COUBEESBIERD pH
A 09~1.1 THotz. KTUET B &, BEEDHM
KGRI, NAKEDSY v 7 AT V# (HWO,) %2
BlizbDEEzNEOT, BULUZEBBEY %2 10%
(w/v) BRET v E=Y AKABRTUELIZE 5,
(WO, (CuHgO6) 12~ DA + v 2R LYY, ok i
TBIEUuLARBIBBTET.

F2T, BILY v TRAT Y (VI) #REITHET B2
DIZNERREAET v EZ Y LBERDB DI, H
5 U® 1000°C T 4 FeIINBIE U 2Bk y v 7 AT
¥ (V1) 30mg KHMKET v T bBEZEZTRA
U, 4 5HEMBGLEL 2. BfER, LROBIEICK->T
BIEEBRIZOVWT Y Y AT VEBEARTE L, DRE%
K7, MBKRDMEOB(LY v 7 AT ¥ (VD) IZ20T
LRBRICBRIEL THBERER . Z0ER% Fig. |
IR L T2, 1000°C T ¢4 FERINBGAE L 2Bk sy v 7 &
7 (VD) ROKRMBEDHIRDEEILSY v 7 AT v (V])
13, WIENLEEKET VEZ T AIZEVRLRICHET
EHIENTL ol UbbB(EY v 7R T2 (VI) &
EAIR I R D EAME SR T B 2 &5, ZOFEBRER
rPoHbEPD LN, X, HBKRT YV E=ZTILD 1g
B OINMRTEBEBILy v TAT (VL) BE2RKo T
LA, H40mg THoTz.

B, BRTHENBLUIZEBLESY v S AT OV) O
30 mg ZHBRE ICAN, BERE (70°C TINE) H5 0
WIRT v E=7K (F|iR) ® 6ml 2%, 30 7H»E
BEMELEECS, WINOBELEBEILYOK 5%
AL, BERE (59 200°C INE) 6ml IT1E, 20%
BEMNBBUIZIZITHoT. NoDERDL S, HEg

AR, WHEF  REAET V£ ABBIC S 2HBE Y v 7 AT VLA OBRES R 103
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Fig. 1 Effect of amount of ammonium hydrogen
sulfate on the decomposition of tungsten(VI) oxide

Sample weight: 30 mg; Heating time: 4 min; O:
ignited at 1000°C;; @: without igniting

KBT VvEZD LIHBEOBRLY v 72TV (VD) %
ABIHBRTELENRBHNCHEEERS.

32 RILZVTXT
> (IV) O

—%, Bty v I7A7 v (VD) KO LHAMTH IR
by > 727>(1AV) RO v 727 (V) b
BAZRT VEZY LEABAVWTNBSMRTE S &2 HEH,
Wiz, $abb, bLld 23 DEBIEICHE-> TR L 12
EZAH, Bt v 72Ty (1IV) IEBICE®EL, BE
BEREY 5 B S EBEOBEBRREIC . ®Ly v
TAT v (IV) OHBEE, RICMO—IRAS RS D _EER
KRB L, BBREDONEEZ 7)) -7 9512517, BifEY
PEPTEECOBERREICZZETIC, MEBLVEE
FEEZZELUZ. BILU BT 0T hb 10% (w/v)
WERET v E= 7 2KBRITIKS MBS T ICERT S
fo. INHONMIESPOBELZIRVIAL, R(2)
ROK(3) K-> THELLDEEZONS.

>av) RUBHILE2 > X5

WC+2 NH, HSO4+3/2 Oy—>

(NH4) s WO, (SO4) 3+ H,0+COo (2)
WS,+2 NH, HSO4+5/2 O;—>

(NHy) ; WO, (SO4) 3+ HyO+2 SO, (3)

ALY v ATV (IV) ZRBKET v £ LRFE
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100 -4 WSHRT B 12 DITRE L INEERIC OV TR BRI
¥® 5y 7 ATV (VD), RILY v 7 AT v (V) ROBLY
= Y725 v (VL) ®FNEN 50 mg ICHBART v E=
2 YLD 2g RAEL, MMEEAELEL, 23 OEBBRE
. i T ENENOSRERRD, ERE Fig. 2 KR
g Utz BALS ¥ 7 A7 v (VD) RUB{LSY ¥ 7 AT Y
§ 50 (VI) 349 4 HEOmMBTEECSBE h, R#ILy v
© 25 v (IV) 138 8 FEOMBATHBTE B 2 EPah
5 St RIS v TAT V(IV) OSBICKHAZET H
o Hi, 3-1 IRz k3 B o@PRIcERILy v 7 A7
5 (V) PREENEEZ ) - TIsHEELLN
a %.
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Fig. 2 Effect of heating time on the decomposition
of tungsten compounds

Sample weight: 50 mg; NHHSO4: 2g; O: tung-
sten(VI) oxide; @: tungsten(IV) sulfide; &: tung-
sten(IV) carbide

T 5 &, MRAOEFICHEBRE LEONEEIC AEERSNT
EU. EESHICLY COBRIREETHL LN
Behoont. bbb, ERoR(2) KkDERL
e IRMLREE, WEKRT VBT ADRGHE O
LT YESTESRBL, RET VE=T LZEK
L, [ELr-bDEEZLNS.

33 BILZ T ATV, RIL2>T AT
(V) RUBIEZ > T A5 > (V) OFBICRETN
HEFEOME

Bty v 7 A7 v (VI), ®#{by v AT v (1V) KO
Wby v 7257 v (IV) 2HEBART VEZY ATRES

BEaSRRILS v 72T (V) ZERS LT 55
Bz, N4V FELT 3~20% DA/ MRE
BEREL, BEEESENESLTHSH. BESCRED
B<, I TERERM, WEHRBEM G SIIA<HNS
NTW5BH, —RICBESEER 5T HtEe 2 H2
BT 5 &3, 20OBEY X B TRETH 51
poTrl, BRESRUARIET S &b RERET
H5. 22T, SEEOBESSERKEICIOSHEL,
Y TATFVEBESEOEEIIRE sEELRITT AN
Vv EBESHTLI.

BES2OKREE B mmX15mmX4mm) 2/
< —THITL, NSBEF 281z, ORI 25 @sk
LUTHRE UL, MBOSRETHESBETRTL, RE%
BYERd Nz o1, W UTAERZ Table 112
FE. WThORBHZ >N T, FRMEE—BUER
PELIWVEELRIFTHH. X, KEIAKRY VRERB
20 FOSFICHHEATE S (Table 1).  ORERD
5, ABRISRNESREBESSETRICTBTE
B ENTEDD SN,

Table 1 Determination of tungsten and cobalt in various hard metals
Sample Number of Tungsten Cobalt
determination gl 479, RSDY  Recomended, % Found, %  RSD”  Recomended, %
WC-Co 24 84.9 45 85 9.93 6.5 10
WC-Co 11 79.8 3.2 80 15.0 5.1 15
Alloy®™ 19 65.0 3.0 64.8 5.77 3.1 6.0
Co sponge® 25 — — — 100 4.6 99.99

a) Rerative standard deviation, % . b) Composition of this hard metal is WC (54% ) + [WC-TiC-TaC(50 + 30 +
20)](‘23.3%)+[WC—TaC(20+80)](l6.7%)+Co(6.0%). ¢) Purity of Co sponge: 99.99%.
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Table 2 Determination of tungsten and iron in hard metal and ores
Sample Number of , Tungsten Iron
determination Found, % RSD®  Recomended, % Found, % RSD¥  Recomended, %
Alloy® 11 84.9 4.5 85 0.13 14 0.10
Scheelite® 62.7 4.2 — 0.22 4.5 —
Scheelite® 7 65.2 3.8 — 0.023 6.6 —

a) Rerative standard deviation, % .

to contain about 93% CaWO,.

3¢5 FLUTRFUMADHREHKDOIR

VI AT ORENSIGETH BIKER [CaWO,]
EEN XBOWLEZD, FVISATFVROEINLY
T LSNP BOSEMBD =y N, < vy, 70
LDEENSERD b, 22T, KECLVKELRES

b) The same as alloy in Table 1. ¢) Produced from Matsuzato, Yamanashi;
This scheelite was assumed to contain about 90% CaWOy. d) Produced from Korea;

This scheelite was assumed
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