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BHE B ARG, RAEFTHrBFELBRER, Sl h et ARt o B 5MRITTHR., ER L0
W Aotk 5 4 RO 4mol/L BKIE &R, 35°C KisiZIR 6h, MHiZIREHR 022%, HHIZFIEH 2.4%,
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FIVEBEVEG B PE R, SCI 1y rh BRI A4 B,
FE L A E TR . ST A ik
YIAR S BT 73, a1 o0 A ) 46 O o A e 1
R HU 1 SR Tmol/L B R M 36 7K Y 1= B, i 8
T B AR 3R R AT R 92% FT 64%(LARITT), X Rl Jy
T B AR RE IR L O R R A, L R A A ] —
K2 To ik S B4 B, ELME B R ORI L L
Eouress UV T i e th ZUK IR PR, 45 5
T EOK TR . TR A ) Bh g R
TR MR (AsS) S EERD (FeAsS) 73 fif
h As,O5 Fll FeS,, TR LA I T, i IR X
FRIRF] 80.10%. %Ay e I e B AV B IR IR Y 1B 4
PRARYE

WA T VRt R A R %) e B B B A
z— 0 B 2000 ZAEMITERD U % R
(14 B M B ) B RS AR . A SC LA R
AT THERME R IR 0 A R BEAS, DA Bk o o
FUHE L1, 2K IR BBUME 5 S AL AN R
TUHE B, i A SRR, 0 o AU ) v Tk
ALY, TG S A i T E R IR R . R T,
ST T B RS B Ak 2R P A B R ) B SR, T
A A BT i g 3 S A M B R
[P, A, Ji SR 4 T P 2 R FH B B

1 s
1.1 AR A

ICP-OES 7400 74 o AN & 45 B8 71K & 9Ptk
I CEE) . FETAESRM Ty ml A 25 oy
1150W, TAESMAN S 4m <, 55 s it 0.6L/min,
il B U 0.5L/min, ZE 3 S50r/min, X /&5 B R
12mm, % K4 189.042nm 5§ 193.759nm(FH T 2 A
(A FIEERDAR) -

I HF R (O3 E M 0.1mg). 1H IR KB TR 7 f
(L8 &R A8 B A R A DD, IR % M % 180+
20r/min, KGN (FFRZ, A SN SoKE
B T A . FAE R B (R 2 I S a8
FARIF A BT, AT 100 ~350°C.,

1.2 BRUET AN 32250

A AREA IR [p(As)=1.00mg/mL](E XA (4 )8
KR TR R il oL, GSB 04-1714-2004)

6 FR IR K eI : 2mol/L 61k (W64 =ik ¥
RFA PR T, 36.0% ~ 38.0%); 4mol/L E/KIEI (K
B E FAE A T A RAE, 25.0% ~ 28.0%);
2mol/L & F AL B W R BT R Ak il T,

96.0%); 1g BE A O AR 4k T A FRA F,
99.8%); 15.7mol/L fi§ & (VG4 =itk 2= 0 A PR~
), 65.0% ~ 68.0%); 17.8mol/L B g (i #F BLFe 1k
2 A BR S, 95.0% ~ 98.0%); &K (5: 95, KT
B TR TARAH], 25.0% ~ 28.0%).

12 8 o A B AR 1/ 9 B S 7R 70 TR
(R BT B0 b 27 38 50 A BR A 7 ); 50% B R %5 TR
(95.0% ~ 98.0%, KW #F T BL B 4k 2 & A R 2 Al );
500g/L MUALSR IR (99.0%, KT AL AS 44k T4
PR Fl); 200g/L 18 A FREATE T (99.0%, K HEA 21K
FIA R F]); Sg/L VEMTE R FR A
)); 0.01mol/L BiARHTFREAIE WL (99.0%, KT #FH
Ae2A 50 FR A 7]); 50% E KR (25.0% ~ 28.0%,
KB E TR AL T A BRA F]); 120g/L Ak R S Ah it
FERUL (99.5%, R HET ACHRE 40 1k 2% 5 - K A BR A
Fl); 0.01mol/L BUARVE T (99.8%, KT HEIL A 4H
L TAHBRA ).

e i B | 3R 4 A DL 4, S 2 FHK Ry
54 GB/T 6682—2008 F 2K .

1.3 SRS

FECR B W R R T B R A R, M
Phik 5 ~ 8 HeprA, s ilin Tl ot A R G
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AT 50 5858 53 o AR WA 43 B B A it R J3E oy
0.100 ~ 0.074mm (=K E)

TE B A B A MR 0 0 SR T A e A
0.25mm R G0 i PRk I 2g . HERT 2g FIEERD
dg, ¥ 5 ) FH B B B A /N0 BB 20,100 ~ 0.074mm
R FH S BRI AR), R ARAF IR 1)

SEBGRE S N T RIEEAE &Y (G : SY-1. SY-2,
SY-3. SY-4. SY-5); EC il ¥ &b (4% : SH-7. SH-6.
SH-3. SH-2. SH-9), fifi & 2K 5% ~ 28%(Z % i
PRI SA L) o A it B 380 5 1 345 J CHb B 40 7 S5
MR BRI ) 27 2 0% A o MR
4 (DZ/T 0130.2—2006) AYEK
1.4 B kRS 2P S i i i il &

Foe R FEIED 10028 B EAT AR A . BRI
0.2000 ~ 0.5000g £ 5 F 250mL BEESAHEIEIR T, A
100mL 2mol/L #h 1R, fin %€, Z i T =7 =M 1.5h, &
UE, KPR, 195 1. UEW 1(R AL ART IR . A
BRI 1 AT P, A 100mL 4mol/L %7K,
T 35°C fER KB & th ¥R 7 1= B 6h, 108, H 5% &
IKPEER, 1355 2, DR 2(MEBTARVEIR) « Rk 2 ik
o] I T LR, AL 100mL 2mol/L & E AL 4 1A T,
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Fig. 1 Process flow of chemical phase analysis of arsenic ore dominated by orpiment and realgar.
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2.2 BEEEEEE S B AR T
FHES LS IR IR 20 ~ 50°C , EUKIE
J& 1 ~4mol/L, IZHUKH] 1 ~8h Z5(4° T, EE I VA# 30 ~
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PEATRA R Z AR, 253N E 3 fiis .

I B LA S I, B ) B AR R R
KRB 35°C, Z /KW 4mol/L, 12 HXES 8] 6h. 7E
A PETR, Mg, MERE LT SRR AR OR S
92.2%. 2.4%. 3.2%(IZ BRI, Bifn-F-4 T+ 1 AH
Xt 25 AN M 5%, WETE | M . dERD BT T Pk e
W, &R 60.6% . 70.0% . 46.0%(3CH H R
WEEE | HEEL | BERD AR AR
2.3 HEEEREVE S AR
2.3.1  MEERBGIRAFS

TR O B A — B AR L TR
Ped VSRR S5 1 T X B D AR BGHEAT RS,
BT Y Fe X T Fe B9E ALY DLTE, BLIS F 0D
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PR A BRTREN . A AL . S ELE 4 MR GR), X
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451

a. Electron probe photo; b. Realgar (Rlg) is replaced by arsenic (Arl) and orpiment (Orp), orpiment is distributed on the edge of realgar; c. Plate crystals

of orpiment (Orp); d. Knot-like structure of realgar (Rlg).

B2 SO AR REHRA () SR RN (b, ¢, d)

Fig. 2 Electron probe photograph (a) and optical thin section micrographs (b, ¢, d) of Shimen ore in Hunan.

ATTIE A AL, FERP AR IR 2.5%, R D AALFIA
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2h, BEUE, MEIER T As

TER PR R rh, M (0 S AR 0, I R B
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A B4 OH, A% ek W B 57 o5 RN 25 44 P45 5
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Fig. 3 The extraction rates of orpiment and realgar at different

temperatures (a), different concentrations of ammonia

(b), and different extraction time(c).

(2) KA 1, 3 KMnO, J& % Ak I B

FREUMESS | RERD PRI 4L, — A 1gl,, 55
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M, S NRBOR, 2R EW. EAMAN L.
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Table 1 Comparison of the measured data obtained by chemical phase analysis and those of X-ray diffraction analyzer for orpiment
and realgar in arsenic ores.
iy iy
RS IR A WUE(E X BZRRTAT As AR A2 | DR As WAEH X BT As MBI AIXTIZ
(%) (%) (%) (%) (%) (%)
SY-1 6.36 6.5 -1.1 4.38 4.5 -1.4
SY-2 2.33 2.0 7.6 2.39 3.0 -11.3
SY-3 2.45 2.0 10.1 4.98 5.0 -0.2
SY-4 2.12 2.7 -12.0 8.83 9.0 —-0.95
SY-5 4.69 5.0 -3.2 12.12 12.0 0.50
4 OV MLA N EB TG Wi BB 4568 BRI RN 2539 /N T 5%, 45 JL 16 2 (H B

L, 22 n R . BRI Hr ik, )i
SRR 2 & m A T B IR AR A T S

AR A A S 3 B SO R A R A A T
W SR T GZFE PR A S D A 5
BAIG, MLA AR BEZS AN ZE L), B = UCE341MHE,
gE W 2. FEN&h SH-7. SH-6, SH-3, SH-2, SH-9
HHE R MLA 05 {85 fh 2 0 A 0 (L %) R ) i 22
WM 11.0%, ikES MLA 2 (H -5 kA YA 2
{5 (R HE T O 22 B 78N 13.7% . Wi B 1A 3 MILA )
FE 5 A0 2A P AR I S (B A A R 25 35/ N T 14.0%, %X
I g 225 9 2 A JBA0 77 S  4ak o E R 5
3 Ho3: A A G T BTEERRE (DZ/T 0130.3
—2006) BT HLIE YK
242 FHEHKEE

(1) 517 Wy AR RR 25 B A 5 4 6 A i B0
LA XS

SRR AT A AR A B i A A o BT AL
PR X W% 3, SH-7. SH-6, SH-3, SH-2, SH-9 it
B 5 B R A AR AR A R S 4 o B

2

7SI M R BRI ) 5 3 W4 A A ik
SR T B LG (DZ/T 0130.3—2006) B3R,

(2) BAEAS W P AR Ak 2= W AH 53 B 7 TR B M
IR 1P B P

Foe BRI 73k S 45 SRR . (E0 SR
JEE) 55 2 FB 3o b v I A vk R M S R Y
FEA T B N(GBIT 6379.2—2004) I EEsK . #1% 8 &
SR (LR TSI AT BT L TR S A
170 P i = iR a1 s AT INN £ B 4 e B
7= B YR B A I s | 1L AR A M TR 2R 0 5
VYA AT . T RR A TS RT . SN
H BT o S =) Hh R 2 5K % EE R IR .
AR UM 52 B AR b 2 e B 43 B W R AT B UIE,
MR A2 P AH D7 3 e 6 ) o7 (A0 75 i o 7€ SH-7.
SH-6, SH-3. SH-2, SH-9 Ti ML & Hf, 24N RE 5
B4 5 F 2 B ke AR AT IBCR 5 4 55, (B 44>
B LU B AL L e 2 SR, R R I A UL
PR ARYE 8 LI A IR 5 B UME S 8, G
A AR, WA B B I T AT P2 28 Grubbs

TR h B A R B A SR S i 5 42 1 i e B o e B bt

Table 2 Comparison of measured data obtained by chemical phase analysis and those of automatic mineral analyzer for realgar and

orpiment in arsenic ores.

i e g
FRARSRS T As MLA 7357 As HIXTWE | W As MLA 4597 As X 22
S5 1 (%) W5 (%) %) WA (%) W5 (%) %)
SH-7 2.62 3.46x0.606=2.10 11.0 2.32 2.51x0.700=1.76 13.7
SH-6 3.01 5.23x0.606=3.17 —2.6 4.70 6.48x0.700=4.53 1.7
SH-3 3.23 5.85x0.606=3.54 —4.6 8.04 11.24%0.700=7.86 1.1
SH-2 4.94 8.37x0.606=5.07 -1.3 12.52 17.32x0.700=12.12 1.6
SH-9 17.01 25.99%x0.606=15.75 3.8 9.30 12.71x0.700=8.89 23

s MESE T ERE TS 3 w(AS)=60.6%; HERTHL T4 M5 w(As)=70.0%.
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T3 B &Y PR BOUE 5 42 &R 9
D22

Table 3 The relative standard deviation of the sum of the data

of each mineral phase and the total data of arsenic

ores.

e i ASTIEE SR As  AHASHIRI A
FESh S N L
(%) MEE (%) PR 22 (%)
SH-7 5.70 5.84 -1.2
SH-6 8.71 8.65 0.35
SH-3 12.72 12.72 0.00
SH-2 18.95 18.87 0.21
SH-9 27.90 28.06 -0.29

L4 WY AFT VIR BT AR R PR A
FEERPERR
Table 4 Repeatability and reproducibility limits of chemical

phase analysis of arsenic ores.

S R A Ak JEREIEUKE BRI PR
YR LR m(%) (%) R(%)
eyl 5.59 ~27.78 r=0.26+0.0016m R=-0.55+0.60In(m)
e 0.29~0.72 +=0.019+0.087m R=-0.0049+0.55m
I % v e 2.74~17.13 r=0.029+0.076m R=0.74+0.061m
T B v 2.38~12.35 r=0.19+0.023m R=0.82-0.0007m
FWhE 024~0.88 r=0.038+0.080m R=0.035+0.23m

JEH Cochron A58, SHRASI0 CElfifi | BfAE i | M
TP BER R RERD A ) AR ISR A B A, T
BT AGETT o AR SR RIS A 2
YEA 5 AARHSERRE, TRk i s 2
PR, FRELPERR . SEHRAEIR (R 4) R, AT LI E
SRR BLIEBR BA R L &R, #E— 20k
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Chemical Phase Analysis of Arsenic Ores—A Study on Selective Separation

Conditions of Orpiment and Realgar

DONG Yani, XIONG Ying, PEI Ruohui, ZHANG Xiao, XIE Guangjin, CUI Changzheng
(Shaanxi Experimental Research Institute of Geology and Mineral Resources Co., Ltd., Xi’an 710054, China)

HIGHLIGHTS

(1) The separation conditions of orpiment and realgar samples were determined by single mineral selective

separation technique.

(2) Ammonia was a good leaching agent for the selective separation of orpiment and realgar, and the leaching rates

were 92.2% and 2.4%, respectively.

(3) Iodine can oxidize realgar into arsenic oxide soluble in alkali, and the leaching rate of realgar was increased from

75.8% t0 92.2%.
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ABSTRACT: As a rich symbiotic mineral resource, orpiment (As,S;) and realgar (AsS/As,S,/As,S,) are common
sulfide minerals of arsenic. However, due to their similar chemical properties, the chemical phase analysis method
of arsenic has always taken these two minerals as the same phase analysis and determination, and cannot obtain their
respective contents. In the research, the orpiment and realgar arsenic ores of Shimen in Hunan Province were taken
as the object. The separation conditions of orpiment and realgar samples were studied by single-mineral selective
separation technology. The single mineral of orpiment and realgar was leached with 4mol/L. ammonia solution and a
35°C water bath for 6h. The extraction rate of orpiment and realgar was 92.2% and 2.4% respectively. Realgar was
leached with sodium hydroxide solution, the extraction of realgar was 75.8%. Due to the spatial structure of realgar
being oxidized, the addition of iodine can oxidize it into arsenic oxide that is easily soluble in alkali, increasing the
extraction rate to 92.2%. The building of the selective separation conditions lays the foundation for the development
of chemical phase separation methods for arsenic ores mainly composed of orpiment and realgar. The BRIEF
REPORT is available for this paper at http://www.ykes.ac.cn/en/article/doi/10.15898/j.ykes.202208050145.

KEY WORDS: orpiment; realgar; chemical phase analysis; ammonia; sodium hydroxide; selective separation

conditions

BRIEF REPORT

Significance: Orpiment and realgar are common arsenic sulfide minerals” and are produced together in low-
temperature hydrothermal deposits and sulfur volcanic fumaroles, so orpiment is a symbiotic mineral of realgar. It is
difficult to achieve the separation of orpiment and realgar due to its symbiosis and similar physicochemical
properties. At present, there are several methods for arsenic removal in industry, including roasting!*), hot pressing,
and bacterial oxidation. The roasting method causes significant pollution; The hot pressing method requires high
technical requirements, which need a corrosion-resistant equipment and has the risk of high pressure and high
oxygen; The bacterial oxidation method has the advantages of low investment, simple process, and environmental
friendliness. Liu Rongli et al.”! conducted an experiment on the treatment of Pingding gold mine in Gansu Province,
which contains both orpiment and realgar; Liu Shugen et al.! proposed the application of bacterial oxidation arsenic
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removal technology in the treatment process of arsenic containing solid waste residue; Yuan Qiuhong et al.” studied
the biological leaching mechanism of different bacterial strains on orpiment. The results of such studies indicate that
bacterial oxidation methods can not effectively separate orpiment and realgar from minerals or solid waste residue,
and their respective leaching rates cannot be obtained. Meanwhile, these exist a disadvantage of long leaching
cycles. Thus, the establishment of an efficient and reasonable chemical phase separation and analysis method for the
symbiotic ore of orpiment and realgar has guiding significance for the exploration, evaluation, beneficiation process
research and industrial application of arsenic ore.

Methods: The arsenic ores of Shimen in Hunan Province were collected and analyzed. The single minerals of
orpiment and realgar were selected from the 0.25mm test samples, and the single minerals were carefully ground to
0.100-0.074mm with agate mortar (the particle size was observed with a microscope while grinding). The single
mineral selective separation technology was used to separate the single mineral samples of 0.100-0.074mm.
Ammonia was used to extract orpiment. Sodium hydroxide solution was used to extract realgar, and oxidant iodine
was added to oxidize realgar into arsenic oxide that was easily soluble in alkali, thus effectively improving the
leaching rate of realgar.

Data and Results: Through the single mineral optimization experiment, the optimal leaching conditions of orpiment
were as follows: water bath temperature 35°C, ammonia concentration 4mol/L, and leaching time 6h. Under these
conditions, the leaching rates of orpiment, realgar and arsenopyrite were 92.2%, 2.4% and 3.2%, respectively. Four
kinds of leaching agents, namely ammonia carbonate, sodium carbonate, sodium hydroxide (NaOH) and potassium
hydroxide, were selected to carry out leaching tests on realgar arsenopyrite. During the leaching of the ammonia
carbonate solution, the leaching rate of realgar and arsenopyrite was 1.5% and 1.2%, respectively; for the leaching
agent of sodium carbonate, the leaching rate of realgar and arsenopyrite was 64% and 1.0%, respectively; in
potassium hydroxide solution, black precipitate was formed and the leaching rate of arsenopyrite was 2.5%,
indicating that potassium hydroxide could not effectively leach realgar; in NaOH solution, the leaching rate of
realgar was 70.2% and that of arsenopyrite was 2.2%, so NaOH solution was selected as an extracting agent of
realgar. Further condition optimization showed that when the concentration of NaOH solution was 2mol/L and
boiling water bath for 2h, the highest leaching rate of realgar was 75.8%, and the leaching rate of arsenopyrite was
3.7%. Realgar is susceptible to oxidation due to its spatial structure, in which the sulfide of As(II') is often oxidized
to the oxide of As(Ill, V) and released in alkaline solution, which can improve the solubility of realgar. Therefore,
the effects of different oxidants on the extraction rate of realgar were further explored. H,0O, was used to oxidize
realgar, and the leaching rate of realgar was 94%, where the single mineral of arsenopyrite gradually changed from
gray-black to yellow while leaching realgar, indicating that the surface of arsenopyrite was severely oxidized by
H,0,. At this time, the leaching rate of arsenopyrite was as high as 50%, so the oxidant with weak oxidation should
be selected for the test. I, or KMnO, were used to oxidize realgar. In the presence of oxidants I, and KMnO,, the
extraction rate of realgar was more than 90%, but during the oxidative leaching process, the solution with KMnO,
appeared as a dark purple precipitate and had poor operability, so I, was selected as the oxidant in this experiment.
The oxidation of I, increased the leaching rate of realgar to 92.2%, and 26.3% of the arsenopyrite was leached. This
condition had the best effect on the leaching of realgar, but the experimental effect on arsenopyrite was not ideal.
For the arsenic ore dominated by orpiment, the content of arsenopyrite was small or trace, and the leaching of
arsenopyrite did not affect the selective separation results of realgar. Under the condition of selective separation, the
relative deviation between the analytical values of orpiment and realgar samples and the measured values of X-ray

diffractometer and automatic mineral analyzer was less than 14.0%.
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