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1. 43

JifEA Ccalcite) EBRIRES (CaCOsz) fEMEZZAF FIARE LM, 2 —FhrE KBRS
W yEEEMONFEET Y, AW FEERA R —, s e
FAHENHOIRERER, L5 A AR AR P Aa e A AE T Hum@ e, ot 0 s 1y e KR
o KT CaCOsMI4E ), HI N AR Z MRkIE, b ek Py iR AR 57481k, CaCOsfEf
FHAAE KGR AE . CaCO; Hll CaO AR #RA WIMEE NSy, T4 & Fh i
B RIESIER KRS FoE T AR BEvE oL, B DA 3y 22 A A e A A 3
PRI R B VR T S I 9T (1) #1818

J5 fil A R L g R R R AR B0, A N ERIE I H S MR S B 1619T . David
GNP T HEZ kW (DFT) W —MEEE L, REUHA 7 SR AT
[ M E 2 a7 A 1 (R3e) BJ7fA 11 (P2ic) FIAHAR . K FH EVE I foh
(QHA) JiFA33| 7ML A B, YNMAHMAEE /128 1.5 GPa. Kaichi' AN & R4
ARFBMTL T CaCOs 1 il a5 AF T HIAHAR G R, SR B YR/ E\34 GPa i), J7
filefs 1 865 RS04 Caragonite) 5 2 Fi (IR FUAH L ARAS B UFRDEIN FEH SCH A A 2
Hi e B BB AR . X ST ERAT IR FU R B SCA AR T LAAE 40 GRa LU PRFFARE 1, BT
PLARAR N G SCA A (post-aragonite), J& 3CAAHBEA IEAZ N HR A (Pimn), 7F 86 GPa [+ /)
AR R E 2 FEEEBIE ST, JE SRR SR R oG SCA A (C222,) 28,
KRR 82 2, XFEJ#EE 65 GRa MM E M, WAMALH T
A F 5. Pickard Fl Needs $2H 1 —MERIZEH (P2,/0), P24/c MHIIAMEACT €222, 40
(13,300 2 AR M S ISR SE i 44 9 P24/c-h (hfXFRENED, N A CaCO57E T b ()45 e AH
O B T AHARSL, TR BEE IR T A RONAMES (CaO) A& bR (COy, i
A JE A 2 AL SRR SR AR R 22 5

TR, X7 A SRR oy e P= W) s 1 i . LTI DA R I R e O E
TIRFEBERIREBIB], A& G R AR HIBR A B RCIRAS . Pah i) DU R B AL B S ) i
HEZHZ —, HOPTUAAD > o WA S, ke s S 2R N i B
PRI AT R 2 RIC G OB o Robeftson 55 N E 17 A 1 KRG R, (HI7 A AR
PI I T 2 S AT 8] 22 5 AT LA S fRIE 0 . Ak, X T =) CaO Ik
T2, Ma % AP Vyas 55 NP SR S8 5 FETHE T CaO TEAF RS T T
FAH . X TI7 A A faCaO =P T 38 22 57 DL R AR 22 e O OU L H RTIE AN B T o
TEARWEFLH, 8 5 ol H 5 45 G B 30 ) 5 7 VR FUAR AR SR i AT S AR 3R
B 1% TS INENE 2 R BERRS HER IO R B 5 5 R IR BAE A, @i st sl /)
UPE W) RANS SR TR, BRI ShengBTE AR ARSI /R 2% 2 finig T HE,
AJTE SR RPN S AR G R . Zk B 2 N T P ikdina M T 7t o4,

2. THE YT

AT 5 A B FEARAR RO S A = P ) T LART AR AR R B JO T B 1) SR FH T 2 bR
¥ (DFT) [#) Vienna Ab initio Simulation Package (VASP) #ff:112 1315k 52pl. Fodl 13
J7XBEEIRL (GGA) 1ERNAEHIRIIZ oF, HTE DFT HEZE Py B FH 4% 5 48~ ThT 8%
(PAW) JyigEtel, @i i st e 7 #ibiee, RARTA IS E N 800 eV,
SRR AR T A SR 2 B E N 1x107 eVieell 5 1x102 eV/A. Skt it #8721
Monkhorst-Pack 75U AERL K 5GMA% . TEABI S, A 1. A0, XA FXA-
CaO LS HE T 6x6x1. 4x5%x3, 5x3x4, 5x5%x6., 6x6x6 HEATLERIAL . 72 e i
SRFEp, R as by o I LR 2x2x 1. 2x2x2, 2x2x2, 2x2x2, 2x2x2 [
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i, A H PHONOPY {4 USISREL B 710 Sy 4. % T/ THa A0 F &R,
THE RIS NFEE m B I E R, AR T =0 E S T A RS A R
M EAEFHEE BN 0.4 nm, CaO FE/EH A1 FE M FH 25 LG4 FATXT Q MMMk Ek4T
TUSLIEINR, EIRZER ISR 13x13x7. 11x13x7, 13x11x13, 16x16x16. 16x16x16
(R ST DA ORGSR R A, MIHRSHG i B R — 8. BRI Z
B RARS U E R MSESIE TR 1 H.
= 1: CaC0; ZHHK Cal0 HHKITESH
Table 1: Calculation Parameters for CaCO; and CaO

Structure Space Group k-point g-point Supercell
calcite I R3c 3x3x1 13x13x7 2x2x1
calcite I P2ic 2x2%2 11x13x7 2x2x2
aragonite Pnma 4x2x3 13x11x13 2%2x2
post-aragonite Pmnm 2x2x2 16x16x16 2x2x2
CaO Fm-3m 2x2x2 16x16x16 2x2x2

PRF=Wr 1w BUR, KA ShengBTE #AF G4 — B A =i 73 BN BUR 28 2 7 2K
T AR, ARk 1Y)

1

Kiatt = 3N

Hor A PR B R Mo SCRa s, NOAJESE T4 /ORI, C gy, v Rt o)

MRANBEREFR S TR, SR EEZ U KYRENG I, Hh AR ERE NI &S

BRI e I8 B B KA RS, I DA M@ R 2% A1 T 0 F S e i sema A R, wT B

BUEATE . PR R 2 75 1l A AN S B, T, BT I T A A 3 ) A

%, nfLUtiE DFT/DFPT 1HE A TASKOC R, XRSKREAEE, HaamBERX k A

REETFI53]. B, BB, ReiEls. £k, FrS5E1re

(] (Rl O = B LA IR, Al 2R BT R AN S i S 20 A AR
SHER, X 5Em R 1 PR LR, Weas ik Rad 2.

3. AR 5L

3.1 A REBTEIHHRSE

N T BN T 2R e v, AT T SRR RE /1 R i (I
A FAEHE S, SR BN BT 75 IS O R A, R A IR Le LR 7R B SRR IR Ak A N A A
T Ra ety B NA W T T EA T A1 CaO 72 0 GPa FHIAGE R, FEHAE 7T AR S
GER SN SV SN T IR T VA SN, B R TRA IR LR — IR B T AT A S
AT NIRE A ZE 7 o TERRERZRAE N, A T MR eSS, B=Jr@ %, HA&NR
P, a5 c WEIHRS D58 4.050 14964 Wm'K!, H& RN 21.1%. BEEIR
FER TR R 3B T, a, ¢ PRI AT 2 515 B I ROC R 20 70l g T-020 K1 T-0675, 300
K MR, SEIRHGENY a, ¢ RIS E 55108 3.440 Wm 'K, 3.975 Wm K1, W LAE H L
IO AT A @ YOI E AT R E R E R E BT WA (D Y
REETHAR AR, WA GRS TR REA ERIA A (2) FRAR AL 32 B T o At
L PNTTE 2@ s P E AP A e et e €51 P L A T (S RN e o 2
i, AT LIRS 1) T R B AR T ER 052, MR TS, THHL R 2
AR

;C e
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Figure 1: Kk, of Calcite I and CaO at 0 GPat

Bl 225t 7 300 K24 ~, J5filf Je Hs AR P2 M i #2800 R s 1) A8k . FEIRIR 2%
PEF, JifdA T G ER 434 WK, 78 0-1.5GPa /M X (Al NG R B K. MK
J1EE| 1.5 GPa iy, JifdA TAHA AT RA L, SR FHEHE, X3 225 WK, HE
J1ikE|3 GPalf, FFRAMANCA, HMGFHRK295 Wm'K'o SCA TR RTE R &
JIFERRECRFRRR RS, BEE K SRR I S A G K, AR R BN 0334 Wm'K-
IGPa’!, 40 GPa It A IS RIAF] 153D WimlKA . 7E 40 GPa #1300 K 2644, iHE &I
Ja AR MRS R LTEA . 2R g SO T 2 Bl R a3 i i - T4 5
W%, M40 GPa i) 1537 Wm 'K #2865 GPa I 31.12 Wm 'K, HHMN AR 1L ik 3]
0.63 Wm''K-'GPa"!,
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Figure 2: k, of the phases of calcite at 300 K.
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Figure 3: K, of Calcite I, Calcite II, and CaQ,at b5 GPa,

Bl 145 T CaO HITHEAE LRI AT A 45 R, RIMASC I H S RS Ma 55 A BT
Vyas 55 N\ U811 55008 7E BN IR RE X [R) N #AF & AR BF 7671.5 GPa 2640, Jifa 1. 77
iR I LK CaO [T HRBEIRE AL I 3 iAo ACa0 M EF A 20.10 Wm 'K, B &
B TAHFE A N oA T A5 i T35 5 3R IBH 20 i I 2 TN = 358 DX i 3 &
BEA IR (TR AV B N R, 1E 60Q K 2 FT/ CaO FREIEERK, Ja8=gdimh, 5
MREE KO RO T09%, &5 SRR T EE#IRE . HEEE F, CaO [k
SRBIHA THKIT 4 5 EEMFAREX AN, CaO HMSRLEmT A I,
H = IS 3 BRI T S s e BRI 2 A, AN A EHE S2 theh T T A
PIFAHEAE 300 K 222000 KO DFAEER, nfLLE H AR AEATE 3 F1284, 78 300 K |
600 K 176 [ P #4523 T BREIR S TREE T BRI 2% -

3.3 AfEA L AL CaO HWEKRSE

1 300 K 25 A 1. Jiffn TLLK CaO fE 1.5 GPa MR T R 4
FiR. BRHCFRIRNG 5 TR MR B A S 2 U SR, i ShengBTE #4153k 45
FeAF B SPPRAR AT R TTIR, R T SRSy, SRR AR BAUE.
ABTR XS I AR AR LA R BT 7 AU RS 3R DTk T RUE W, TA 1. A
I fl CaO HYZRFH G 2R AR & TEARATE Bl PN 386 N HZ ik 2 5 K1H . 7 1.5 GPa %6 F T,
JfRA T 57 T ARG R0k 3 B2 AR T 75 rad/ps 75 1, CaO HI#GHRFEH
JE HATRAK T 85 rad/ps IS FHE, {H CaO BB R [ YK Mg B2 L0 ARA X [m) sz KTy
R I 5hAT. &8RN, A 1. A LR CaO 7S %2 5Tlk 7l
33.57%, 50.10%, 38.80%.
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3.4 BFTEHREMIFSHEH R

K5 (a) e T 1.5 GPa NU7fifA T MU AR R R G573 am i EED,
i R AR AT R AR R R R ARG T p%ﬁ?%ioM@¢ﬂu%$,E
RPRXI], 7 fidAn T RARIE AR R U] R AR T WA 1 1A an Bm T g A
0. J7ffAn T AT il AP 5 s 0, 5 (b)), [FIFFHIFEARSRIX R, 7 i
T FREIE L M i T 7 A o IR IR, MELISCRIIRA T IRGERH
JifeA TR AR 4

s)

Anharmenic Scattering (THz)
Group Velocity (kn

Weighted Phase-spaces (THz')
iy N B =

u caleite | (+)
o caleite ()

WS - i i = A ealelte I (+)
v v ealeiee 1T
(b) i (c)
6

I
a0 80 [ o 20 an 0

Frequency (rad/ps) Frequency (rad/ps)

K50 JifA T IAE 1.5GPa NHI (a) JARIBHUNZ, (b) AFREEEZS (o) BN,

Figure 5: (a) Anharmonic scattering rate, (b) phonon group velocity, and (c) weighted phase space of Calcite |

and II at 1.5 GPa.

Ko Zath 7 1.5 GPa FRIJI#EA T A CaO HIAREHUN AR A5 DL (L 150
FALT 85 rad/ps HIIXTAIA, CaO HYARIBHUN R BZART 0l T, s TR R 7
A1, X5 CaO A ERKMTFFRE B Bk, 0 1A CaO AT HIE K
U A1 DA A VR T3S R /N R Sk P 48 K ) 3 B8
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Figure 6: (a) Anharmonic scattering rate, (b) phonon group velocity, and (c) weighted phase’space of Calcite I and
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=W 77 BRI 73 )2 s e ARV O 28 1 R B 3, SEOR | AR I U 2
K, BTN ERBRMT, A 1, Jriffa IF CaO W K =M /1% %
435009 333 eV/A3, 330 eV/A3HI 14 eV/A3. CaO Ik =8 Ji Be] BN TI7 A 1 A5
i I o [FIE CaO HIEE/RIFER/D, M TRUNESEEE, MERREESRHREE, 5iHHE
SERE— BN . IBUM 7 A) B R e ARV IO R o RRBRIE I 5N IR 2 ] T (0, @
), fERE = FHUR R B RE AR 2 8] RS AN FEIE: RSO AR (P Rk
SRR (P, B 5(e)MAE 6(c)hes it 7 ITiA Y A\JTiffA T K CaO W IIAUR %5 18] 73 A o
TEFS FIRACT 75 rad/ps FIIX A1, T DAL oK T 54 1, 1 CaO M o8 WA
FIifdA T, X555 E 5@ 6(a)+ afte] 577 fd A I 5w AR s = — 2.

4. 751

AR TR S — VR B Tk, RGARIT 1A i R SR A T 7 A R A R Ay
fRF=H) CaO MIFAT R, TR 25N 0-1.5 GPa RN RA 1, 1.5-3 GPa NHISfR
A 11, 3-40 GPa FSCAFHN40°65GPa FIESCAHH, LLRIIHEIS ) CaO. FEMIRIRE
. Jififa TAE 1.5 GPaWAH AR T A T HTZ M 4.25 W 'K B E] 2.25 Wm 'K-!, 8
AR SARN G SO G HAVGEZIE N R, Hoh J5 SCA R RO R 5R . 7 T AR
3 GPa fHAE R4 BFVFEZ 0N 2.95 Wm 'K, 1 SCA1E 40 GPa B AHAR N G SCA G R LT
WA TP FRERETS, O r=1) CaO VR KRR INE 20.10 Wm 'K, H7E
300-2000 K, i O] A 16 AR B VT 2, RIASMR S IR R M X IR MME S . Ko
BT T PSRN E . BUR XSGR m . 7ffA T, DK CaO G R EEH
B T8 fad/ps 1 85 rad/ps W TRE, KIUAHA RIS iR fa 4T 2 AR 02 i 5 T
FEREE B BN 2RI F e 1. BRRA T P AR R RS, SR T X AR AR I R
Pz e R A A B AR % SO ER B R SR AL T ORI R S A, R T TR
FHAR 55 53 g o HOBK PR 35 A% T 1R 5200
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Zheng Hong, Yongqgiang Zhu, Yuanmeng Xiong, Cheng Lu, Kaihua He
(1. School of Mathematics and Physics, China University of Geosciences, Wuhan, 430074, China)

Abstract: The lattice thermal conductivity (k. ) of minerals plays a critical role in controlling heat
flow and temperature distribution in the Earth's interior. Calcite, primarily composed of calcium
carbonate (CaCQO3), can be subducted into the deep Earth and serves as an important carbon source.
As pressure and temperature conditions change with depth, CaCO3 undergoes phase transitions and
thermal decomposition, which significantly affect its physical properties. In this study, we
investigate the effects on thermal conductivity of calcite induced phase transitions and thermal
decomposition using first-principles calculations combined with lattice dynamics. Our results show
that the calcite I — calcite II phase transition leads to a reduction in thermal conductivity, whereas
subsequent phase transitions at higher pressures result in increase. The thermal’ eonductivity of
aragonite and post-aragonite increases nearly linearly with pressure increasing,and the latter
exhibiting a stronger pressure dependence. Upon thermal decompogition, the* CaO exhibits
significantly higher thermal conductivity than that of calcite, which may.enhance local heat transfer.
Analysis of relevant thermodynamic parameters indicates that the changes, it thermal conductivity
induced by phase transitions and decomposition are collectively*“determined by phonon group
velocity and anharmonic scattering rates.

Keywords: Lattice thermal conductivity; Calcite; Phasejtransition; First-principles
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