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RT KR EZEAAMETEF SN T A FLFANAZTR NS
PRMMERFH S FA, BREE - KBRTRKABECERE R -
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THRERT S oA ERG, BFIAN TR ZOIFEEZ m K, AL
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BEX T T TFHEEANS. 3%, KA0EeF B FAREFROKRETHELTFHMRL, —FEF a8
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KSR, 0 BRI, IEIBOE AT 200 mL R,
A il & B 8 0.5 wg/mlL, i H] WFX —
120B R 7 IR e e T (b st b o Fa Al 3 B4
fr s w]) Bl e D 0. 0400 FE A7, Wi AL FAAS £k
PEFE IR EER, ol LI ZE IR AL - ERE I MHRAE,
ELHAT A IR T FAAS U5, 32 i 4 0l i 43 B
W%, HFERURE I =20. 0 g i), A7 T R Z I 15 L
R EIKIE R FAAS 3 EAE I E 6 RE R 15 31 ]
FEROGE R, TSI g ity (0L 4B DR 3 A R 1 BE S £ )
AR ARSCHITFE T e b (57 < DR A 0 Y R A 54 B
SEATPEAE B0, AL T — P it (07 48 1) DR S0 A J7
T RER KR , 70 B IR, DEWUE A HAR R
FiAAS 52 G (RIS - FAAS 3%, DR fR AR
KT o T R H A S (Au -
1) A A1 SMSAE bl 0 A7 — JE ZE bR HEAE b 5
E T I5 3R B RTAT I, BT X RE i A Bk A T U OO
AT AT AT BE 1T TR s TS

e
L1 2% R TARAAT

WEX - 120B B 7 W i et it (b satib e
B M AR 23 7 S SR FHARAT B Wk o U 5
ROE . R TAES B 1.

# 1 WS TS

Table 1 Working parameters of the AAS instrument

TIES4 WS TAESHL BEE AT
Wk 242.8 nm/267.6 nm|| B 45 L/h
$T LR 5 mA 773, Repeated mean
B 5E 0.2 nm TS BFIR] 3s
ok e e e s 6 mm FIE IR ] 10 s

1.2 bl A A0

GARER L B p(Au) =10 pg/mL (i GHRTE
R

50% F 7K :100 mL K H i A 75 mL £ fR A1 25
mL R, JEorR 2] . BURBLRL .

250 o/ L S AL BRI BRI 250 g /K & S AL Bk
(FeCl, - 6H,0) F 400 mL KR, il A 200 mL ¥
IR, KR REZE 1 L

10 o/L RIE LI 0 PRI 1 ¢ RIVA LA
T 100 mL Z8RK R, HCE B, BEREAT S0
fift, 2
1.3 FUKIEFE - FAAS 53H itk

PRH20.0 g AR T 807 fH A LY
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T, AR FE 2 650 ~ 700°C KB RE , 1500
1.5~2.0 h, BHE R A 250 mL =i,
F/DE KR, i 50% F 7K 80 mL, 7EAIG IR H A I
ik 1 h JFHCT 30 A 10 1% 10 g/L RIS L5
(ZREER, AR TR0 R 385, il J s
PP PRI U8 DA 250 mL 25 0 R 3 (AT AR
PERE S IR BRI RAS A E) , FH 5% oK
PRI =AM SR 22 UK, T 28 B I v ) B (8 4R
FR IR ERIEBTK E R B2 KGRSO
AGHATINAE
1.4 prfihsk

43EL 0.00.,2.00 4. 00 .6.00,12. 00, 16. 00 ,20. 00
mL ] 10 pg/mL SFRUEF T 50 mL A RHHH, A
10 mL 50% (%) FK , K e 2205 3557, & o

2 TUKIEHE - FAAS 3B ik A T PSS Ik

PEURIEITAE Hom G0 A0 (Au - 1) SME
SR ARE R BT — R GERR A A D ST
G AR L3 TSR AR BROR F ORI HE  FAAS %
SIHT A, IR R A - FAAS 357 K07 ik (R
AL AR E AR ) I E 2 R AT X LA
WUk EKIEFE — FAAS 085 ik (i) Byl 471k
2.1.1 SERITAERAET AR i

BT R A S0 AR (Au - 1) 2Rt
e b (A < 40 LA R i, < HEOA 54T we/g, H
B T TP T R B U AR AAS T E 4 RPN L
Au =1 AR = A, i JR R T4 58 7= I X
ST T | 3 < 3t eI 5 B s L B
SR RS A N G A S IR TSR | R R B
<G PR B A U PO TS PR 23 30l R PRI IR & 4R
- FAAS 355 RBR A5 A RO 4 B ROA % 2 R
ISR E(E AT

RPRTE Wl L BT A0 i N KA -
FAAS BRI A 71, LA Au — 1 I CRE i, 70 )5
AT B SR 4RAF 75 Au 242. 8 nm PR H] FAAS
B, 9T 5 HAL T IR GEIKE % - FAAS 37
WAL OB IR ) IS 45 R BT AR,
XA R IR 20 X Au -1 BEghTT &, Ak
Fofly 53k il 5 — 20, R R Tt R
Wil o 5 RE (Au = 1) JCig BERE MR AR 234 7 AR AE
PR R A0S R, B E K AR - FAAS B
E TR AL T FAAS AR B R4, LA
L BTG TR o3 I R ah i n] A5, AT LA £ 52
B, S B g i (07 <5 A DR A o



544

B HAE : FARIERE — SO IR T IR TR LI v o 0 A B < i

o

e

g

3

2 JiibAIRIAL:

Table 2 Comparison of analytical results of Au with aqua regia

dissolution-FAAS and others analytical methods

Z IR IESS B T ARTT R 0 T, AST7 300 8
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Table 3 Comparison of analytical results of Au in inspection samples

SMERER FEA

EHMEE( pe/s)

Ejinc2 T ks _ FAAS 33 EIKHFRE - FAAS 35
2012B15 1 0.20 92.4
1 3.49 15.81
2 3.66 19. 66
2013B68
3 0.09 14.60
4 0.09 6.24

A ( H«g/g) RSD
W% _— e —k
SR U E (B EHME brdfEfm2s N7
546 568 538
FKBEME -FAAS Ik 542 560 547
(KiEn=12) 550 539 sa3 ¥ 876 1.60
555 546 549
IR B 4E - FAAS 3030 550 550 540
(nes) i a6 547 7.56  1.38
565 561 559
TR R 569 552 544
(n=11) 546 saa sz oL 1098199
540 542
544 543 546
Kit4EEE 552 549 555
(n=10) 557 557 ss4 o1 342 098
556

4 B AER - BhRUERERRY S Brai R
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Table 4  Analytical results of Au in gold ore national standard

PIHEAME AR L 2012B15 55 2013B68, % 1 4 77
N AL A, S B EOLHEULE py/s,
AT I 2 A5 o

Nt YL F KR - FAAS i (A3 iy al
ATV, SE 56 SR AR 1 L IR 846 — FAAS 357 [ B
PEAT oM, N3 3 AT AR Y, PR 5 5 1 o T4l R
WY RAZES . X T A AMERE IR R AR -
FAAS 35170 5 B T 356 W 92 B i 34 15 44 7 (i A
A AHSMEAE fh AR B 5 BOHESE &5 1, AL IS
SIS BORE] TR RS ORI E i R
e WP RE i (R B T 5 e o AR L3RS Dl
BT IR SR — FAAS 357 B o S a o wl &g, ifi 4=
¥ BRI R R v S, T REJE R TR EEAT 0
BeAl R AFAE R I TR 7E ] FAAS AT
SEIS A I PR T IR W
i ol 0 2 SR A v
2.1.3 G0 A EE—FARERER BT

G E K PARUERE b — R KOk
AAS LA Z R I)T IR A A, HARME(E R 2 Rl
JTEERE R . LR Z A0 bR R A,
R EKIEHE - FAAS 3 (AR 35) A IR & 4€ -
FAAS 355 i — 25 B0 E , 2 Wi A o (9 AT SR R B, A
F A BT LA L i BdE ol 2. 1.2 4y s
CrRE AT 25 R0, YUK B B — FAAS 357 i
(ESGARIENEIM) A, T AR 325 AR 00 R (L5 A o (Lt 22 2
R, AR E AR AL S I 77 A T W A T

samples
FRAER B pee)
B gy TR - FAAS IS TKTRRE - FANS I8
5 (A3 0

GBW 07809 10.6 10.52 17.15
GBW 07205 14.0 13.83 19.74
GBW 07297 18.3 18.46 20.49
GBW 07206 19.4 19.40 25.24
GBW 07803 20.9 21.20 32.83
GBW 07802 37.3 37.15 56.52
GBW 07801 57.2 57.14 71.20

3 &0 AXEAP RIS TV

STEW AP E S B BBk BT R
AT R S P TG R X 4 R A R
At TR RN B o 2 R i AR K™ SR T 24t
B C 2R, AN 6] B 2 B8 07 ¥ 5 T BE X 0 0 B
i KAy e BV AT i D45 e ME T 3 AR I 7 4 B BT AR T
ﬁ[lf)] 5

SCHRL 12 T4, 2600 2R 00 4 Ja 7 A TP IR & i
LB ICERR, BT SR AEAE , HA (B 2 S R
RGeS DL, 4 FE T 2R JA A v o5 40 B SR RN
FHRITRZMMH AL E, S R E T R — %,
TER R EREE T, 4 iR T 2247 0 SHIAR C &
FAARL, ZEBL T BB A SRR

W 2. 1.2 A1 2. 1.3 Ry al 47 etk wg
FEMILARTTR L TR AT REVEROR o 385 e
LB RN Au 242.795 nm, I K A
Os 242.7900 nm, W 242.7813 nm,Mn 242.7753 nm,
V 242.7745 nm, Fe 242. 820 nm, Ag 242. 8196 nm,
Mo 242. 818 nm, Sr 242. 8095 nm, Pt 242. 8035 nm,
Hrr,0s W Mn,V Ag Mo Sr Pt iy & & — B HEA
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R FOKE AR IS OU T XS TRZE thiE 0 FOKIARE — FAAS 3 (R3%) M FHTE
ABR, H Au 242.795 nm [ A2 R R 152
SREEARAG, BT AR & i I AN = A B ik 2k %6 bsikiags
T, Fe242.820 nm B ERAEHL, HEHE R Table 6  Analytical results of addition standard
PG, KU R R AR, DU e Bk A W 5 B TRe &t (%) AR (pne/s)
HEREENTIITE, 0 0.79
3.1 Btk TG 0.50 g/, " s
AEAX BRI A PE AR IRV LT, 4% T BE 0. 4 SR 5 3.42
nm &8 0.2 nm, %6 & R L Au 242. 795 nm A 10 5.65

YR Au 267595 nm, 14 250 /1. 5B
BEE T4 o RO, W2 25 R0 T4 5. St

) SRR 4 A Au 242,795 nm K
R Au 267.595 nm K45 B R, FLTF 3R
e . T LA B R 4O 77 AR R T4

#5 TCEmEkERe b e e 85R

Table 5  Analytical results of Au in iron solutions without Au

\ WobHE SR (ne/e)
HUEEaE S
242.795nm 267.595nm  242.795nm  267.595nm
0.1130 0.0657 2.64 1.90
0.1269 0.0654 2.98 1.89
250 g/ L A Ak
. 0.1139 0.0672 2.67 1.94
ks 0.1208 0.0681 2.83 1.98
0.1115 0.0635 2.61 1.84
3.2 KMk B b A el 0y s

oA T IRTERE it HR S B 1 e I 0 E T A )
IR AR IRIK AR AR SEI 00 A [l — e B 1) i
HEFIB R A [ 5 4 A R0 (SRAL BRI Raam) )
E B, FOR K — e o Pk it AT T oA
TR, AT AT R e o < A ) TR o

76 NAEO. 80 pe/mL SARER TR 705 IAA
BT R (TFe) & 0.5% 1% 5% 10% 1857 %
T CRAERIEIR) 2R FHE AR E AR RN 2 A6
o RTNIEST AR Au -1 57 g0 [
GEARIERE AL TFe 5 800 E (. M PTZH S0 K
B A A 0 B AR OR AR B B 1 i A A
Mo F6 KM LR — W E I SR HER P, A
By, M E B S i BRI O, SR, R 4 A
T TRARLEA T AT B AL S BT, B 4
AT, AR B AEE RN S AN, Au - 1A
AR 500 pe/g LA L, A BB AN L 2% , 8
o o BB IR ZETE A B, AL AE Au — 1 4
At BT B I S AR MR 2 AN LS 23 A X 45
Ho Al ATRIREN—A~ i 5 5 B A I R
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Table 7 Analytical results of iron content in Au-1 and gold ore

national standard samples

o it (pg/g) SRR R (TFe) EfE (% )

s s AERZECP) Sy e s 4918
Au-1 547 549 0.37 1.84 1.88 1.86
GBW 07809 10.6 17.15 62.3 5.94 5.99 5.97
GBW 07205 14.0 19.74 40.7 3.96 4.03 4.00
GBW 07297 18.3 20.49 12.0 4.89 4.87 4.88
GBW 07206 19.4 25.24 29.9 4.77 4.85 4.81
GBW 07803 20.9 32.83 56.9 12.93 12.93 12.93
GBW 07802 37.3 56.52 51.5 28.70 28.76 28.73
GBW 07801 57.2 71.20 24.5 28.95 29.15 32.83

4 FIREFE - FAAS 430875 1008 HIYE

VEH Au — 1 /E R T I I AL 5, Au - 1 B35 4
R, AR S AR, B Au - 1 R SR o
G AR SV LA FE H R 2 SR kR
T BORE A R R L B AT HE L S o 43 0l R R
Au-1FEfR R 1.0.2.0.3.0.4.0 g, 24 FFrHL
10 gft) Au—1 FESHI & 4 il 54.7 .109.4 164. 1
218.8 pg/g. TEXPULLFE i 43 i A AR W
AR S ) B R R IR B 2% 5% (10% (15% ,20% |
30% 35% , AL E 4 .

I 8 e B F  BEE A b & n i
SV TR S R 2 s, AR e R T
50 ~110 pg/g, AVFAES Th &8k E Y 10% ; & =1
110 ~ 164 pg/g, FRVFHE S P & 8 20% 5 4 &1
164 ~218 wg/g, VFHEM TP S ERE N 25% . K9 N
HR A 5% 43 JR AL A2 1 o0 5 2 A AT AR O i 25 AR /PR
(B T 158 4 4% e B e B ARV AR X 1R 2
xRz 7E ER AT, SR e
SRR O PRIRZEEOR . B TR EHb e
V54N 5. 63% 0 KRE A & 0 £1 E KA i
ity ) 5 R A AR AE T M (B BT, — M 0 A i Bk
FEWARD BB S AT, B, X T s /AN T
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Table 8 Effect of iron content on analysis of Au content

Au-1 BE N SEIEM (ny/'s)
Fritht (e) (%) BwEE(n=3) e T
54.4 55.6 54.3 54.8
5 55.7 54.3 55.2 55.1
1.0 10 54.0 54.3 53.6 54.0
(Eripht 15 55.4 55.7 56.2 55.8
54.7 pg/g)
20 57.0 58.2 61.6 58.9
30 57.8 58.4 58.4 58.2
2 109.4 108.0 110.8 109.4

15 107.6 108.4 109.6 108.5

(é‘;% 20 109.0 110.6 112.8  110.8
109_4Mg/‘g) 25 120.6 120.6 122.2  121.1
30 128.0 122.0 121.6  123.9

35 127.0 130.0 127.6  128.2

3.0 25 161.0 164.5 165.2  163.6
(& et 30 175.4 174.5 169.4  173.1
164.1 pg/g) 35 177.0 175.4 147.5  166.6
4.0 25 218.6 221.8 216.1  218.8
(&4 30 225.1 225.1 230.0 226.7
218.8 pg/e) 35 225.1 222.7 223.5  223.8

#9 BRNERTIFRE

Table 9  Permissible error of gold determination

Au -1 FREEE Ko i AVFHXRZE AT RE
(g) (pg/g) (%) (pg/s)
1.0 54.7 5.19 5.68
2.0 109.4 4.33 9.47
3.0 164.1 4.33 14.21
4.0 218.8 4.33 18.95

5 &ik

W I ST W MO I FH T 8 7 4 I 5
AR L A R A ST B IR B 4 - FAAS 37 B8
B T ARGF I IAE I B TR . AT EA
R, Sy T SR KR AR S
L A e KB T R IO s (E KB -
FAAS i) W58 5 s 4 7 0 P e i 07 o, Sl T
1 LA A P A R HTI E . AN K SRR
4 - FAAS =0 ML, B0 T IR & E— K Ab—%
VBRI A AR R EAR T A AT IR AL
R, AL ST IR ST AS 7 VR AE 4 e R 46242795
nm SR R 267. 595 nm LbHEFT 4 I E I £
A B I BOEIE T, X R T e AR R i
TR HA R CERR GRERRRE BT KT

" - FAAS 3¢ 4 2 AR K, 8O A e — 2
JRIBRE . AR, BEE 4 S LRGBS, VAR S TP
PRt S I, SERHIESE , 2 RE i b 4 i s 3
50 pe/g LA b Bk /NT 10% B34 AT R FHAS 248
FRUGLEZH 2 A S AR B R - FAAS 300 suBilm
A B AP AT o TR A P
H5.63% ,— W FE gk AR 8 BB R KOF,
PR A 7 3 AT LA 5 1) it 1o PR

i R AP N RN ¥ WA 1 | I R £ 2 S Tve- ¢ ]
Pt R B 2 T 22 500, BR Ak LASM I B R T4 ot
ROEAHA S m M, SR, S H A A TR R B4R
1R P RIS B A X AR ik 1) P 3 B T, X R
FARTCR TG D551 2 () U4 5 T it — 2 it
T A
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Direct Determination of High Grade Gold in Ore by Flame Atomic
Absorption Spectrometry with Aqua Regia Sampling Preparation

GE Yan-mei
( Heilongjiang Province Geology Ore Test and Application Institute, Harbin 150036, China)

Abstract: Atomic Absorption Spectrometry ( AAS) was applied to the determination of gold in ores with high grade
gold, effectively avoiding the problems caused by the fire assay gravimetric and volumetric method with forcyanide
quinone, such as the large amount of toxic chemical reagents required and limits of measurement conditions. Foam
enrichment-Flame Atomic Absorption Spectrometry (FAAS) can determine the grade of gold reached up to 500 wg/g
in gold ore, but this method adds the filter residue separation, diluted and foam ashing, redissolving process based on
the conventional FAAS method. Due to the increase in time of the operation process, the analysis efficiency is not
high with increasing probability of error. In this paper, a fast analysis method for high grade gold ore is described.
The gold ore sample was dissolved by aqua regia, followed by filtering of the residue. The filtrate with constant
volume without preconcentration and separation was determined with FAAS. The precision of the method (RSD) is
1.6% , which is an improvement on the precision of FAAS itself and meets the monitoring requirements of rapid
analysis for high grade gold ore samples. The gold ore sample collected from Heilongjiang province (a production
monitoring samples) , an inspection gold ore sample and a national standard gold ore sample were selected to study
the established method in this paper, foam adsorption-FAAS method, cyanide quinone capacity method and fire assay
gravimetric method. The results show that the accuracy of the iron content directly affects the high grade gold
determination. When the gold sample size was 50 - 110 pg/g, 110 - 164 pg/g and 164 —218 pg/g, the amount of
iron content allowed in the samples was no more than 10% , 20% and 25% , respectively. Based on these studies,
this presented method is suitable for gold ore samples with more than 50 pg/g gold and less than 10% Fe. The
average content of iron in the earth’s crust is 5.63% , and the iron content of most national standard reference gold
ore materials are close to the average value. The iron content in general gold ores are rarely at a higher level.
Therefore, this method is highly suitable. Compared with the method of foam adsorption-FAAS, the operation
processes of foam adsorption-ashing-redissolving were eliminated, which greatly improved the analysis efficiency.

Key words: high-grade gold ore; gold; aqua regia; Flame Atomic Absorption Spectrometry; iron
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