EA2% 2 % Hi A Vol.42,No.2
2019 ££2 H NUCLEAR TECHNIQUES February 2019

Y

BESSR MR R SER B X H%%k
TSR

M &' ¥ 3 F&= FF7 Xl
TCREHL RS (db R0 BRE 2Bt Ak 100083)
20db R HiER S =EAEERE b 100871

FEE SV ARPE R B R E R AR A5 M IR S R SRR SR N T b R R D P6y/m . R H
T2 0 S AN 3 M A TR s AR K P R 0 AT T 3 R JRAE 1 1 54 o X 2R AT SRR AT, S0 fo o [
JN11.51 GPao fESEEGE JJTEFR A, RS BIRE 5L R A AR . BEE R 10T, b SR G T i R 47, L o g
1™ a SR o Bl ) PR 48 28 LM 55, B SV IO B R 4R 26 a>co B EMRSHOR BB 81 . FIFH =B Birch-
Murnaghan R 7 FE A 152, BT B K, =87.4(37) GPa, MU A B E K, =52.3(17) GPa «
KRR ST, BT, FRDERS, Wi, 40

FESES TLY

DOI: 10.11889/j.0253-3219.2019.hjs.42.020101

In-situ high-pressure single crystal X-ray diffraction of natural pyromorphite and mimetite
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Abstract  [Background] Pyromorphite [Pby(PO,),Cl] and mimetite [Pby(AsO,),Cl] are phosphate minerals with a
typical apatite structure [A4(BO,);X], which have many substitutions of both metal cations and anionic complexes.
Therefore, it is important to figure out the effect of substitutions of different elements on compressibility by studying
their high pressure structures. [Purpose] This study aims to reveal the crystal structure and compressibility of the
natural pyromorphite and mimetite under high pressure. [Methods] High pressure single crystal X-ray diffraction
experiments on pyromorphite [Pby(PO,);Cl] and mimetite [Pby(AsO,);Cl] were performed with the pressure up to
11.51 GPa at ambient temperature. Both the in-situ high pressure synchrotron radiation X-ray diffraction and
diamond anvil cell were applied to the experimental tests. [Results] No phase transition of pyromorphite and
mimetite was observed within the experimental pressure range. The P-V data was fitted by the third-order Birch-
Murnaghan Equations of State (BM-EoS), where K,=52.3(17) GPa, ¥,=0.638 4(5) nm’, K,'=8.9(6) for pyromorphite
and K,=87.4(37) GPa, V,=0.673 3(7) nm3, K,'=1.2(6) for mimetite. [Conclusion] The substitutions of B in BO,

tetrahedron have little effects on its cell parameters and bulk modulus, but have great influences on the axial
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compressibility.
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Fig.1 Schematic diagram of pyromorphite's structure
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Table 1 X-ray fluorescence datum of pyromorphite and mimetite

W &4 Pyromorphite fH4YH Mimetite

2R FiE R o &= =Rty g JLE B AN g JLHR P+

Compound H45tt Element H4rt  Compound H4rtt Element B4t Compound B4kt Element H4rtk
/% /% /% /% /% /%

PbO 78.73 Pb 73.09 SrO 0.0141 Sr 0.0119 PbO 74.2 Pb 68.876 0

P.O, 889  Px 38  Br 0.0117 Br 0.0117 As,0, 203 As 16.136 0

SiO, 5.46 Si 2.55 Yb,0, 0.0102 Yb 0.009 Cl 2.13 Cl 2.1299

Cl 1.68 Cl 1.68 MoO, 0.0176 Mo 0.0117 CaO 0.524 Ca 0.3743

ALO, 120 Al 0.636  AmO, 0015 Am 0.014 PO, 0516 P 0.2552

050, 0469 Os 0315  Dy,0, 0.0144 Dy 0.0125 SiO, 0209  Si 0.097 5

Fe,O, 0.365 Fe 0.255 SnO, 0.0094 Sn 0.074  ALO, 0.102 Al 0.053 4

CaO 0.326 Ca 0.233 Pr,O, 0.0071 Pr 0.0059 F 0.0746 F 0.074 8

MgO 0.314 Mg 0.189 710, 0.007 Zr 0.005  Fe,O, 0.0715 Fe 0.0500

Na,O 0.277 Na 0.205 In,0, 0.0064 In 0.0053 ReO, 0.0243 Re 0.020 7

K,0 0.104 K 0.0863 NiO 0.005 Ni 0.0039 NiO 0.0185 Ni 0.014 5

As,O, 0.085 As 0.065 ZnO 0.0049 Zn 0.0039 Na,0 0.007 Na 0.005 2

La,0, 0.072 La 0.061 Ta,O; 0.0037 Ta 0.003

U,0q 0.0691 U 0.0586  GeO, 0.0027 Ge 0.0019

TiO, 0.0630 Ti 0.0379 Cr,0, 0.0025 Cr 0.001 7

Bi,0, 0.0534 Bi 0.0479 BaO 0.002 Ba 0.002

HgO 0.0393 Hg 0.0364 1 0.0014 1 0.001 4

HfO, 0.027 1 Hf 0.023 SeO, 0.0001 Se 0.000 1

Rb,O 0.0231 Rb 0.0211

A7t Total  98.247 83.470 2 0.1352 0.1789 &t Total 99.176 9 88.087 5

40 pm
—_

2 PR R A (AuCH HERR , Mime ARRAHEED , Pyro AR R B AR
Fig.2 Microphotographs of samples in diamond anvil cell (DAC) (Au is pressure calibration gold, Mime and Pyro are
abbreviation of mimetite and pyromorphite, respectively)
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I, R IR A AT S A B 38 o ) 43 A R AE B R
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Fig.3 Single-crystal X-ray diffraction patterns of pyromorphite (a,b) and mimetite (c,d) collected at 1.93 GPa and 11.51 GPa
(the spots in the square are the sample's diffraction points, the white circles are Au's diffraction rings)
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Table 2 Cell parameters of pyromorphite and mimetite as a function of presssure

£ 77 T &5 Pyromorphite T Mimetite

Pressure / GPa a/nm c¢/nm V/nm’ a/nm ¢/nm V/nm?®
0.000 1 0.998 1(3) 0.734 0(4) 0.638 4(3) 1.023 9(2) 0.743 2(2) 0.6721(2)
1.93(4) 0.990 3(1) 0.728 5(3) 0.6187(2) 1.017 5(1) 0.737 6(1) 0.661 4(1)
2.19(5) 0.989 0(1) 0.726 0(3) 0.615 1(1) 1.016 4(1) 0.737 0(1) 0.659 3(1)
2.95(6) 0.985 7(1) 0.724 0(3) 0.609 2(2) 1.012 6(1) 0.735 0(2) 0.652 7(2)
3.79(1) 0.981 3(1) 0.722 8(3) 0.602 9(2) 1.009 2(1) 0.731 8(2) 0.645 4(1)
4.19(3) 0.980 4(1) 0.721 3(3) 0.600 9(2) 1.007 4(1) 0.730 8(1) 0.642 2(2)
4.94(4) 0.977 9(1) 0.719 9(3) 0.595 6(2) 1.004 3(1) 0.728 6(2) 0.636 4(2)
5.47(6) 0.976 6(1) 0.716 7(3) 0.592 1(2) 1.001 7(1) 0.727 5(1) 0.632 1(3)
6.24(8) 0.973 6(2) 0.714 8(3) 0.587 0(2) 0.998 9(2) 0.725 7(1) 0.627 0(2)
6.85(2) 0.971 6(1) 0.714 0(3) 0.583 8(2) 0.997 0(1) 0.724 6(1) 0.623 8(2)
7.68(6) 0.968 8(1) 0.712 4(3) 0.579 1(2) 0.994 1(1) 0.722 7(1) 0.618 6(1)
8.18(7) 0.967 3(1) 0.711 5(3) 0.576 5(2) 0.992 5(2) 0.721 2(2) 0.615 3(2)
8.85(8) 0.965 2(1) 0.710 4(3) 0.573 2(1) 0.991 4(2) 0.719 3(1) 0.6122(2)
9.39(8) 0.963 2(1) 0.709 8(3) 0.570 3(2) 0.988 0(1) 0.718 4(1) 0.608 4(3)
9.90(8) 0.962 0(1) 0.708 6(2) 0.567 3(1) 0.987 1(1) 0.715 2(2) 0.603 5(1)
10.74(15) 0.960 7(1) 0.707 4(3) 0.565 9(2) 0.984 9(3) 0.713 5(1) 0.600 0(3)
11.51(12) 0.958 5(2) 0.707 0(2) 0.563 1(1) 0.983 5(2) 0.713 0(1) 0.597 2(2)

M 4R LAE H, B 0 R 3Gm , i S A
FEYE™ 1K) a BT ¢ B 4 . LR a Bl S e Bl )
JE46 2%, K Bosfits 2 B F, ¥ & 5 B R =W
Birch-Murnaghan IR 25 75 #2 H1 ) V4 10%~11.51 GPa
JE 7736 Bl N B ST R 1 o 5 IS5 T
RABATIE 3 0K 1 a il 5 c B St .

W & W . M=724 (14) GPa. M, =4. M=
78.9 (32) GPa. M,'=4; i Y /" : M,=68.7 (15) GPa.
M,=4.M=69.9(18) GPa.M.'=4, L& MY
HIEHFR LK RN L=1/3M. i 5hE 45
F N p=4.60x10" GPa™'.5,=4.22x 10" GPa™; il 4}

B :p,=4.85%107 GPa™'.f=4.77x107 GPa™',
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Fig.4 Axial compressibility of pyromorphite (a) and mimetite (b) as a function of pressure
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=74.9(19) GPa,K,=4. FF ARSI THH g 5t 5
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WA . IX UL B KA TR ) Pbs (BO,),CL 1 B AL
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Fig.5 Unit-cell volume of pyromorphite and mimetite as a
function of pressure (the filled squares are pyromorphite's
volume, the unfilled squares represent mimetite's volume)
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Fig.6 Eulerian strain-normalized pressure (f-F) plot of the data based on the Birch-Murnaghan equation of state

for pyromorphite (a) and mimetite (b)

R3 BSIAN AROE SR MAFIEE
Table 3 The bulk modulus of pyromorphite, mimetite and vanadinite

Y] HREE  BRRERESH VR S T5 HE R
Mineral K,/ GPa K, Pressure range / GPa Methods Data sources
Pb.(PO,),Cl 52.3(17) 8.9(6) 0~11.51 B Single crystal 525 This experiment

67.7(17) 4(fixed) 0~11.51 B Single crystal ARSI This experiment

44(06) 15(3) 0~14.1 ¥ it Powder Wei et al. 2013

78(4) 4(fixed) 0~14.1 # i Powder Wei et al. 2013
Pb,(AsO,),Cl 87.4(39) 1.2(6) 0~11.51 F ¢ Single crystal A5 This experiment

74.9(19) 4(fixed) 0~11.51 HL ¢ Single crystal 5256 This experiment

46(8) 15(4) 0~14.1 #1 ff Powder Wei et al. 2013

83(5) 4(fixed) 0~14.1 #1 ff Powder Wei et al. 2013
Pby(VO,),Cl 41(5) 12.5(2.5) 0~7.7 A1 i Powder Gatta et al. 2009

57(1) 4(fixed) 0~7.7 # m Powder Gatta et al. 2009

55(1) 6.1(5) 0~8.74 #1 i Powder Fan et al. 2013

63(1) 4(fixed) 0~8.74 # & Powder Fan et al. 2013
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