BE T NaAlSixO F R P E E—HENEHET RO FHIETFR
& F30m R
PREGE 12 26512 KERH ) SRSV Rtk v
P SRR DY BRimE 12
D (UK 55 T3 e i, BiAl 610065)
2) (MUK Re 2 LB R U A se i %, B 610065)
3) CTWARTHIT RS, KA TEEWHTL, T 315201)
W =
PFRP RN “ T2 £7, HFEZEHARH Y NME L (NaAlSi20e) o FERIEZMET, A
LA RS AR S RAR TG ZR M I FE I S b K 5 [R] Rl 7 B 1S 2 TR) R OU ) A AR . BRI, B A
NaAlSi>xOs 7 F 7F ey He T 25 A28 T B8 5 1) 3B 3 A8 % B3 ) B 5 AL A AR )R a7
T IA R AR F A AR B DL SR A A O & S eotE T2 B B 28 . AR
s E R TR, H4E X WEATH . fsouil MR s RIE, Rei 1
0—5 GPa T [l N NaAlSi>Oe & RAEIELL R 21 T IR R L AR W RIRIL T, FHaih 1
HE Jyma SRR o 45 SRR EH A K [m) 3R AR AR AR I B Bl 1 e 3 BRE s AEZ) 2.2
GPa 2614 F R WA UL 2 3 B8 44k, 7E 3.0—5.0 GPa YU Bl N Ak iR 4G 1R FE fa & T 1000—
1050 °C, ZILELFII S ive . Bl s BRI, 24k 360 | — 33 0 n) #H AR R 4 12 57
A B AR R R g SRR, S5RGBT 2R R & O e R AL S
#.

F& [HEE R GiHES . 2023YFA1406200) #3144 .
t BE/E#. E-mail: duanweihe@scu.edu.cn
H—1E#H. Email: 2023226060041@stu.scu.edu.cn



KA =R R AR, SR AR, NaAlSiOe, MAIFHAL

PACS: 81.70.Pg, 07.35.+k, 64.70.dg, 64.70.dj

i}

1 3
K (NaAlSix06) A& —FI R M ERIREERR Fh W), TR s R 25 1F T, B

R0 LI BT R AT B TG R EURA G, SR

=

U FAHRAH AT AR S AKIZ B0V . 7E NaAlSiOs 7R R, BE E X RS A
P A, AR A ARIE R AT T R R PR B A s A2 B S AR I 2 1 v e R 5%
TR X AT ER RO, RIZAR R BA O R — 3 — B K 00 A i AR AR,
20 et 50 AEARRISK, AT A FESERE K 108 % R B RIARF T JE T K= LI it 7t
Robertson 5% H 4 [ Bridgman M & 2 B FT 1 K4E 1.0—2.5 GPa /12641 NI
TR R, JHEHER R KA MR A SRR T, PR A — & WA
BJ5, Bell A1 Roseboom KA ZE R 4 B, RGH [ mik 4.5 GPa x4 P E . 4
KA IR A Z A AR E R R 45 R W], i RAEL) 3 GPa WA B ) T KA —BUa,
MAE 2.5—2.9 GPa Z [HI K A —FUE, A KA +BED . Williams 1 Kennedy
BE— B TR 19 3 6.0 GPa, 24454 DTA S KSR HHMTHE, HiR T B
DTA 555 3K45, 184 il 28 (11 52 473 75 SR T — V2 DR R S VR 43 i), )=
Litvin F1 Gasparik F) X 3K Hofili 2 BAG 709 FE 42 16.5 GPa, JFFREINATFE 1 Wil
— R ELE L ARG R, BUAIN S, BT A TAE SN NaAlSi:Os 74 & H i 13 E K
FRAE R PR AL 7 LA

UTAEA, NaAlSinOs M ARTE o s 26 A T IS5 1 ST FU AT T Rpekidk g . Sakamaki
S AL X SR ATHIIE LR T, £ 4.9 GPa LA, NaAlSirOe JA 4 145 K281k 3 Bifk
DUAE A R &) B NG F de Koker 25 158 — PR SR 737 3h 71 50 72 KB, NaAlISizOg

2



WA M R BT A 5 A M E R VIR, AR B HCR E00 i
i 97 477 22 el FEREIEAE |, Sakamaki S50 Xu 5570 5 MITS T NaAlSizOs M54 1E 5
JE mi AT R I R, JR48 A SO IR TER R X SO 5 2 MBI A 5%, H
B R AR A I B R T R D R R O T AR M S v
T, NERZAR RBIEFRE LI G m R A AT o fit 7 B .

BKE, DA 3 A T R ARE R R GBI TT . R R A i 5
DA % 385 3 i) A5 s e A0 T R v 4 v R A A AT g s TR S -5 38 ) 1 e K A
G, RERI AT G — SR AE SR A BRI ST 2 G0 40 ORI LRz L A T AT AR
AR TREfR IR, &R T AN LG B 2R sl 5 R AR THR T 20, Rk
T2 JTT AN T IR AS TR IR AR I AR, T A E R 58 TR 7 A PR 8] 2% A HE L
) R A e 15200, DR, A 06 B TR AR TR SR AL S0 2R R, X NaAlSizOe 4 &
HHREE T [ B A B B 1) B S A RS GG T R R SR A

T Ul AHE IR A AL ZE TR, JESE AV K RIORE S i X S 2T A
(X-ray diffraction, XRD). 725G H 7 5B (scanning electron microscope,
SEM) RIE, REWI 0—5 GPa U NaAlSiOe 14 R 7EE L HEBAR T A 1 7 B 55
LA R B ) R A AL R AR 1A B, E R AT R AN BB AR A TR e 3 L P ) s 7 i
RIE R AR 2R, A R TE S 00 25 1 T I S Bt AR AT S 5 20 v i 5 1 5 #4Ad
BT 2REE DRt ss.
2 I8
2.1 JRRE, AL ki

ARSI BT PR JERE 7= 1 40 ) A R AR TE B o B 1), XRD Z5 SRR ]

G i LABE A (NaAISi06) AT, EASZIGMGIE AT TR IR ARIE . 1285 KT



B HEZE 5 GPa MBI 7 X 0] 5 (£ 0.0001 GPa) B = [ B F 4 A8 S AG 71 KSL-
1700X B pprd #E47 . KN LiF g SRR E T ALOs Hind, MW=IRTHEZE 850—
1100 °C, FHEA PR FEL 2SI 120 min, HAE H ARG T {RIE 30 min.

o 7 L S A P [ P X 6 14 MIN NTH TR LS, 256 41285 A 358 1K 0 2
[ 58 FUEEATRRE, JFE Eh A B NARE SRS 10U R — A ok R kAT
TRHE, SRR ZH 25 P90 s R ) AR T8 T VE W SCHRE B, AR SOANTERIR . SIS
FEFEW AP EB: (1D LRI AR B: Hmg=IRIHRZE 1000—2000 °C, JFE
H bRl BN ORI 3 ming (2) BRI R K FA AL BrBe: {8 FH7E 3 GPa. 1600 °C T {&1fi 3 min
#1453 (1) NaAlSi2O¢ FIGENWILAFE S, SRR A 750—1400 °C, FEAE HARGREE T IR
It 30 min. SEEGHT, HHIHET 200 °CNHKE 2—6h, DLEFRFHBPIAK ;. SEERIS
BB R BT E HARE F1, SRJE BL 100 °C/min FERTHE, #5256 404 R Tt

IR OREF— 8 el S AP EE U, AR ORRF A AR A 26 T SLRI DI F i,

Ao ot PR A A 22 S, o s A IR




(a) (b)

Steel plug
E M
< | olybdenum
g Natural Jadeite Dolomite
g; Thermocouple
&
= Sample
PDF#97-001-0233 hBN
bl T ey e Dby Graphite
10 20 30 40 50 60 70
26(°) Pyrophyllite

B 1 () RIaaHE a1 XRD B (b)SEiH 3R s B (o)A B (A B s S iy Hop e il o

T ZHE BRI ANGLE , A5 7R ToAF it AR A e 0] ) i AE ot J1s X 45K

Fig. 1. (a) XRD pattern of the starting material; (b) schematic diagram of the experimental assembly; (c)

local photographs showing the thermocouple arrangement. The left image shows the insertion position of

the T reference thermocouple, and the right image shows the T, sample thermocouple inserted laterally

into the sample-chamber region.
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Fig. 2. Sample temperature and DTA curves during the jadeite-to-glass transformation at 4.0 GPa. The

horizontal axis represents the relative time normalized to the starting point of data acquisition. The curves

shown are representative DTA results.
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Fig. 3. Optical photographs and fracture-surface SEM images of samples during the jadeite-to-glass
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transformation at 4.0 GPa. (a)—(c) Optical photographs of the sample before treatment and after treatment at

1500 °C and 1700 °C, respectively; (d)—(f) corresponding fracture-surface SEM images.
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Fig. 4. XRD patterns of samples on both sides of the jadeite-to-glass transformation boundary at different

pressures. (a) Samples treated below the transformation temperature; (b) samples treated above the

transformation temperature.
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different pressures. (a) Samples treated below the transformation temperature; (b) samples treated above the

transformation temperature.
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Fig. 6. Sample temperature and DTA curves during the glass-to-jadeite crystallization. The horizontal axis

represents the relative time normalized to the starting point of data acquisition. The curves shown are

representative DTA results. (a) Experimental result at 4.0 GPa; (b) experimental result at 2.2 GPa.
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Fig. 7. Fracture-surface SEM images of samples during the glass-to-jadeite crystallization at 4.0 GPa. (a)

Fracture morphology of the glass sample before crystallization; (b) fracture morphology of the sample after

crystallization.
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Fig. 8. Representative Raman spectra of recovered samples from the glass-to-jadeite crystallization

experiments under different pressures. (a) Natural jadeite reference sample; (b) sample treated at 2.2 GPa
and 1100 °C; (c)—(e) samples treated at 3.0 GPa and 1100 °C, 4.0 GPa and 1100 °C, and 5.0 GPa and
1150 °C, respectively.
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Fig. 9. Schematic diagram of the onset boundaries of bidirectional phase transformations between jadeite
and glass in the NaAlSi,Os system at 0—5 GPa. Red squares denote the onset temperatures determined by in
situ DTA; green solid line denotes the onset boundary of the jadeite-to-glass transformation; black solid
line denotes the onset boundary of the glass-to-jadeite crystallization; dashed line denotes the boundary
extension near the crystallization pressure threshold; solid or open circles denote recovered jadeite or glass
samples from jadeite-to-glass transformation experiments; solid or open inverted triangles denote recovered

jadeite or glass samples from glass-to-jadeite crystallization experiments.
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Abstract

Jadeite, the principal mineral constituent of jadeite jade, 1s widely regarded as the

“king of jade”. Under high-pressure conditions, both artificial jadeite-jade

synthesis and the modification of natural jadeite jade involve transformations

between crystalline jadeite and a glass with the same composition. Therefore,

clarifying the onset boundaries of the jadeite-to-glass transformation and the

glass-to-jadeite crystallization in the NaAlSi;Os_ system under high-pressure

heating conditions is important for understanding the phase transformation

behavior of this system and for optimizing related synthesis and modification

processes. In this work, the bidirectional transformation behavior between jadeite

and glass in the NaAlSi,Oq system was systematically investigated over the

pressure range of 0—5 GPa under continuous heating. High-pressure in situ

differential thermal analysis was used to determine the thermal anomalies and

onset temperatures of the transformations, and the phase and microstructural

characteristics of the quenched samples were examined by X-ray diffraction,
18




Raman spectroscopy, and scanning electron microscopy. The results show that the

onset temperature of the jadeite-to-glass transformation increases markedly with

increasing pressure. It increases from approximately 1116 °C at 1.3 GPa to

approximately 1750-1850 °C at 5.0 GPa., indicating that high pressure

significantly enhances the thermal stability of crystalline jadeite. In contrast, no

clear crystallization of NaAlSi,O¢ glass was observed at approximately 2.2 GPa

under the present heating path and holding conditions. When the pressure

increases to 3.0-5.0 GPa, glass-to-jadeite crystallization occurs, but its onset

temperature remains nearly constant at 1000—1050 °C, showing only weak

pressure dependence. This behavior suggests that the crystallization process is

more strongly constrained by kinetic factors such as nucleation, crystal growth,

and atomic diffusion. The comparison of the two opposite transformation

processes reveals a pronounced asymmetric pressure response of the onset

boundaries between jadeite and glass in the NaAlSi,Og_ system. The main

contribution of this work is to establish, within a unified experimental framework,

the onset boundaries of the jadeite-to-glass and glass-to-jadeite transformations

under continuous high-pressure heating, rather than only discussing equilibrium

phase relations or individual crystallization conditions. These results provide an

experimental reference for understanding the actual transformation behavior of

the NaAlSi,O¢ system under non-equilibrium heating paths and for selecting

pressure—temperature windows 1n high-pressure jadeite synthesis and heat-

treatment processes.
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