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Abstract: By using the liquid nitrogen (LN2) fracturing to create a massive network of fractures in the reservoir, the thermal
energy extraction efficiency of hot dry rock reservoirs can be effectively improved. To investigate the effects of LN2 cold shock
treatment on the fracturing mechanism and fracture effects of reservoirs at different temperatures, the uniaxial compression tests
are conducted on the granite samples undergone high-temperature heating (25°C~400°C) and liquid nitrogen cold shock
treatment. The evolution characteristics of the mechanical strength and acoustic emission parameters of granite are analyzed,
and an acoustic emission constitutive model for damage of granite is further established to evaluate and predict the deformation
and strength characteristics of granite after high-temperature heating and liquid nitrogen cold shock treatment. The results
indicate that the combined effects of high-temperature heating and LN: cold shock significantly degrade the mechanical
properties of granite, with the gradual decrease in the peak strength and the maximum reduction of 32.8%. Meanwhile, with the
increase in the heating temperature, there are differences in the thermal expansion deformation between different mineral
particles, resulting in a lack of coordination in deformation between mineral particles. With the increase in the initial heating

temperature, the average maximum b-value of acoustic

emission significantly increases, with the maximum increase of ESTHE: ERARMSIATE (52274096, 12202353, 12002270)

32.2%, and the strain corresponding to the initial silent stage of WS HHEA: 2023-06-12
#EEMEE (E-mail: jliu@xaut.edu.cn)
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acoustic emission ringing counts decreases significantly, with the maximum reduction of 54.3%. With the increase in the

heating temperature, the LNz cold shock treatment causes the microcracks to grow more densely. Under the external loading,

the microcracks continuously expand and penetrate, making it easier for the granite to undergo shear deformation and for the

initial stress level of shear failure to gradually decrease, with the maximum reduction of 62.3%. Meanwhile, the proportion of

RA-AF scatter plot values in the shear zone increases, with the maximum increase of 29.5%. Additionally, an acoustic emission

constitutive model is established using the accumulated ringing counts as a variable, which can describe the evolution

characteristics of different mechanical parameters of granite during the deformation and failure process after high-temperature

heating and LN cold shock treatment.

Key words: granite; acoustic emission; high-temperature heating-liquid nitrogen cold shock treatment; damage and failure;

constitutive model

0 5 =

Hh AR RE A LR FANME IS e IR, 7ER AR REIR
fabl, HGEAESIHE T REEBEZERY. KT
#E (HDR) BUh#hgeR LR E . FE. ATEEm
M S5 s 51 R T T 2 R0 . T IGE e — Pl A 1,
FEAMNERKE, AWEEE, BANERE. BT
HACTLBR BB E MR i, TSR E P i34
RE B IRARAMER A5 HOT R P, e, N T R m AR I
R, WERAMEAMMARS (EGS) , @Bil/KIE
2411077 I I )2 16075 8 M AN LB i@ PB4,

KRR, A A R ST
VB IE PRI TE U7 T B A R AR B . AT R
TRECR RS RSN B &25 5, RINHE N —Fh K
PR, T RUPEARIA SR 5 Y, Gk R YRR 206,
T A E PR EVERETE 150C~500CUS, A E
N—FMRIRSR (-195.8°C) , WAERKIRZERIA
350°C~700°C, ¥ ki AT LA A Hb 2 P i F
SR, RO I LR X 2%, AT K B2 3R T i
JE R BRI,

TR EARGBIGE BT, LN, A SR
5 Z AR 72 o AT OV 465 A 3 R — s R B
I, TR A A 3R 2 PR o = AR e, 3
SRIE . PrhiomEE. RMERTESE )RR R, K
BT LLE I hE R A e KRR R et
BN R % 7 B IR T A R 1B B 1Y, Zhang
SOOI e I VR U R s 2, RILE IR
BATMACELSS, SRAE A RGO ER N, HER4L
H H IR /NG R NI 5 2 I R I 2 1 K T 1
He WX R AR K 5 B E A 222 th T P4
HITE RN TIN5 R N, B ) R[]
MIREEVE R, SUicdasiit, . X, R&E
K RIS (1) 28 it o 2 16171

PR (AE) HARTT DL IR B OO R v
T BRI A A PN R P AN A3 AL T RS 1), Sha 25120

FERAE IS AR B R AR R0 R B, FAKbFE IR R
KT 300°C, Ri7jox BT R R g, H N
Ab 1R AR A G [ 78 RSB R BT . B FLRR K
R, BRSO 5 HE B T BB AS B 1R,
PR SHE T TGN B W TR A v A B S A AT
i 3= REAR S R S AKUFAE, T T IE A2 BT TR
ZAVEVEAN AN R PR TN A A B B P22 R
S B T BB R TR AR, T ST R
P70 B I T AL K A R A TR, [ oA T
P15 e R BCR IR B (M . s P e A
TG RG AS R R LR 1, % e AT AR DR 5 M 3
IR-FECHEN, 5]\ Weibull 7347 2R BRI P78 &
AL T E T R A SR AR R

AR SN AN [R) 3 k= A v e A 3 S 1R E
FHAT R R ASRRIG AT, RS T AN ARG B AR
FA AR A R BRI R B T R A
TWRIA Mh o A3 5 A 1 25 FE 7R R S S B A
PR, 5 T a0 B X A R 2R (1 3 P PR AT S0 I
BT 90 435 SR XH A S0 S4B AR A b i 2 6ciss w1 B FH 38
7 — w2 RIS K .

1 REMREFE
1.1 REEHE

RIGFTR FH AR A B BT RN T, AR
T2 A 5 BB, A BRI, S5,
Ton] WaRFE . MATIXR S, MRS ISRM HEFE LT
X JEE BEAT R UIE 4TS5, fe 4440 s 100 mm,
FLAZ 50 mm PIARE FAEBRE o« 9 PROUE 9 3 170 1) D6~
B, NHRE S PSSR T T BRI, TR FE R IAE 0.02
mm. IRFEI A N F—PUA SR E L, B R IR 5E
HNE NS5 R AE
1.2 RWEE

LA e 458 B A #S  TAWD-2000 H i3 £] ik
HARIEERENR ARG (H D o BRG] ST



9

B, SR IR IR i AL TR S AE A P AR AR A S AR AR B 1851

FHABATZ MR . RS R Z PCL2 BE
R RS, ARG EHERYEFEEAT (PAC) &
77, A BONREHENE SRIEE 77, w] A DLSIZi d
FAWIBHAIER LR E . KA XMA-2000
L FATE R T B TR I, L Th R 2000
W, IERJGEN RT+10°C-300°C, #iRKE 1 N+1%,
PE IR % BN FE A+1°Co

L imas

LYk S W5 AL

IR B

1 TAWD-2000 i3 R Gen#ig &

Fig. 1 Schematic diagram of TAWD-2000 test system
1.3 IR

RIS 3 N wlredkit: SRt
TRV ENAETE ;B I Ak 3o S P R Ik

(D prAEEFRER % 5, I NM-4A 6%
TR P A 23 A S B A A A BB, PR oA
I HRRE S N —2H, AT R B B 45 ) 22 S 1 B
IR ZE .

(2) FEALRERT B, R e b e alie v 6 4, |l
S8, —HRXFRE T EERET EilR25C) A
BEAT INFAALHE, ol 4 AR ANz 100°C,
200°C, 300°CH1 400°C, 5Kt 5 RPN A
T AR . 5 —HAE R IR IR, A
PRI ENAL P, 6B FHR PRI AR AE XMA-2000 F
PAE R TR AT i G I S R A P T RO
KR 5°C/min FINAGEZS, KA TR
TZ. BB EPRREE, 53 h, BRI
J5 B A FE T RRAE Y B FE L B N RUE Y, 723
FHAHFREE 1 he fF58 R A G U B E 2 iR . 1E
BEAT TR — BT, B A RS E S IR N H AT 24 he

(3) feRE AP SE RS, A TAWD-2000
RV IR s A 02 PRI R G PCI-2 Y75 5 %
GREAT B e A S P R IR N B R SR Sk
GRETRREM, BATATRRI A 23, kR

P 3 MRS A, TR Z [ L
120° e, b PR Sk B 25U b v i 20 51
N 10 mm. AT EBCKASIE R E N 40 dB, [IHEEA
35dB, FFEH#EZE Ny AMSPS, it A] A 50 ps, fidr
(R 300 pso Hfl 450 LA 50 N/s (1438 2 it
o) K 7, W e B BeRe P e A R 2 ) AT N2
INEE R B E N 0.003 mm/s. MESFET, LS
B E SR RS 2K A 508 DA B 75 R S R

2 EEMPA-RRAAGIBENEN

BEELKSHESH S
2.1 TEREBRASRS T EUFIE

B 2 T iR A A i A B S AR A
TE BRI A FE R IR ) 7R SIR T 8
RIHRB T BRI IE . TEFRIEAS T B, il i) B F5-
AR 26 LA 2RI o A, RS AR b . AR
HOFET RN B, CAME MR A SE T
PER NG R, RS EAFEOT I, IR
ALk R — 2 AR MERHE, (HS IS R S5
AbF B K PPIRSTER SRR E Y RN, e A
PRI RN, R ETRA A, R E
SR, AEEESIE. RAEFINAM B, TERE
RIS E NG e G ) A NI 0D: : Y T -
SRR B 2 T, BEE INFAEE B 25 CHE N
F| 400°C, 6K AAFE A R BB AR, T REE A
EE] 32.8%. BEEMNFIRFEN TR, HBRETER A
WIBEE A R A B, BRI D 50 5 . AR JE
100°CHGME] 200°CH}, UEAE SR FERS A B0, v e
TR AR TR 73 i A A AR 2 A iR 45 F 7815
B, FRRGBMALAE, e TR A &G
770 BEAh, AN 2 R B NI EE B 25 C R 2
400°C, 75 R HTHIRE THE R 5 BRI B AT B 1) R AR
WA, YKL 54.3%. FHITE S FERIAA I Bl
AR SRR B2 W RS, ik — D UL
BAFERER, A T AT A SO S rE it 2 v

FIy . 220, BHid.
70 40 1400
— RiJy

60 — KEH 135

| o oy fawz
« = R
£ 0 25 & ﬁ
2 20 :j; 1200 %
2 307 {15 ¥ B

207 10 4100 &

10+ 105

0 02 04 06 08 10° o
REAE/1072
(a) RAHEIXTHEH



1852 Z = S D - 2024 4
e w0 0 2.2 EHS b EHH
S 35 > i E) == 2.
— R _ 200 b AESM T — M WL A R SR i B
5% |1s0 B HMES 5 5 Gutenberg 2512017 1941 R4, f o H]
= ey “
OF | THUERERII, SRRk T B R G e FE KO 1)
ez SRR, SRR G-R KRR T HTR:
1%° IgN=a-bM . (1)
e L 0 Ref: NAHFEUH: MAMFERL: a0 b AHH.
Bi2E/1072 FETHSL R R b AR, G085 DARS R AR B B LA 20
© (b 2 o 20 KA BRI MPY. T N, S HRIEA T
= - A (R SE I B 1R (75 R h R IEAT 9O
o o fis0z Horp A A7 AR
© = 2
g% Lo % |0 2 TE b8, FIAEREASSRRR BT 1 o U S
5 o} c| = MRS FEE. b IR AR [ i
ol 110 ™ 150 = fik7. Pickering SRS\ A BUREAR KT 200 24,
e o b (BB TR, AT (R b (T b, A
Y M e LI 500 AN AR S BN 1 Ok b (.
o o, S R IR T AR R (R B T R b
50— — 40 1600 TS, A THE 3 AR AT AR
o — Rl PR o 187 : :
£ 30t I _% 1.6F
S 120 & {300 & i i
R g e P l?ﬁ—-dv’:?'b“b '
{200 / - i
110 ® ;?—; g / == XQ
10r 100 12f ; g
0~ 02 04 06 o8 10 ° 0 10} | Eﬁggfg'zﬁ ‘
ﬁj@/lo_Z 95% Tl IX.[f]
(d4) 200°C+LN, 08— 40 s s 100
] — 40 1400 BLATKFA%
o) BEIE o oo - (a) FRALHX AL
£ 30} A ' |
S 20 ﬁ 200 § 185
B 20t & _% 1.6F ? s
10 % J100 ; |
o T80l ¥ ° N
0 02 04 06 08 10 12 ° 0 12r | T, |
REAB/1072 10+ 0 95% A5 X A
(&) 300C+LN, : GAADANER |
50 — 30 7350 08 20 40 60 80 100
— | 300 BEAIKFR%
P /“‘K 23 L b2 (b) 25C+LN,
120 S S
& 301 / % 200 g 201 2
E s = % 5
S 20} 1, ﬁ 150 _%
: 100 g |
e {05 50 ;
: il o 0
0 02 04 06 08 10 12 |
BiAE/1072 L — s
(f) 400°C+LN, 1.0F = ggﬁ%ﬁég
2 BEMBGEIRPIERE AE THERIHIE R 08 j . . a ;
Fig. 2 AE counting and axial stress of granite during uniaxial o 20 ;‘; ik q;g 80 100

loading

(¢) 100°C+LN,



5. AN AR P AR TR R AE B A P AR AL A AR R

1853

559 1 (R
1.8 3 1
1.6f
L /\M \
L — SMA :
1ol b 95%EEKIE :
. § 95% T X [f]
Gy 20 20 60 80 100
B 17K 1%
(d) 200°C+LN,
18 : :
16f
14} //}\ f‘vAAW/ K
|
L — s i
10k L 95%EAE XA
: i 95% T X [f]
0.8y 20 20 60 80 100
B 17K 1%
(e) 300C+LN,
201
1.8F
1.6
a4y
12r L —anms
L E95%EAFKIE
1.0} : 95% T X ]
0820 40 60 80 100
B F1KH%

(f) 400°C+LN,
3 MEEAESRMA-RR LA ELIBENENE b BETK
Fig. 3 Change in b-value of granite during loading after high

temperature heating-liquid nitrogen cold impact treatment

B 3 Dyl AR A i A B S AL R S b
EARAEIL . BEE R AN, S N ER S
IR R b AEAAC I BB BT T2 T B — 0
fiady. HRIIKTIINE] 20% A0, b SR LE
T ETRIRES, BERHFE R & P R B AN R SO 61E
Wi 22, 0of LT HI06 R B B 2 N KT K E] 20%~
80%, b fHEIIRG AT IRHIE, (HERE T 21848
MRAS, 4ERFE 1.3~1.4. NP8, fERE -
K b AE IR B EEBRIZ, R AT A o i (A5 4E
KE RIS H AR, KENCRE
B HAT R EEE e BUR RSV E R, XN TR R
GEREE KR A S REEARRS B R I BL. T IREA
i R R N RS A, H D ts U R 2
REAC PR A REELE N, RABARER b (KT 0%

T F iR - RA i A B (R o 24 B KT
80%, ZXWIZLFRI o LR N, b R B,

T BRI b BB R B AR
ST T K b A BREAR b A5 I ARELE 2 18] (R0 B 26
Fo H, Kb ERIEAFRRL BB b E 1R E
e, R b S A BT e . R
WEHHERTE, KA 2N b B TFIMERE . &
K b ELE 25C~300°Cab TH KA, B 12.7%,
300°C~400C EFAEHBTELR, ik 19.5%. B4k b H
5K b HIZEBFHAELL, 7E 25 C~300C L
Tt 6.9%, 300°C~400C, Lk 10.1%.

2.3 FEXHRA. AFERH

FE A RA-AF B W] FREBAEE 54 Rl f v
Ray 730 RA & _ETHI ] 5 S KR AR 2[RI B
fHo 24 RA EBROR, WIS e 5 i T3k B AH [FIMRAELRT 75
E LT RS, M R4 {ERVDN, TERZEN L
FHi Ik FE P R SRR M A 1 Ko P g 2 B AR
AF (AR VT R RS20 R LA . 24 AF EERK,
DUIAE [F]— R LIS B R 75 R SR T Eok 2, Y AF B
N, TR R RIPRES TH BT F (R R B2 )ik . F)
FAFH] DX 73 RiAR ZESURI B 4L

K 4 sl - E A s AL B S AL R TR
INER &A1) RA R AF EIRARHE . 4 RA HIL AF,
FUE A NI LB o 24 RA /N T AF,
KA A NI KRR N . R4 145 AF
ST ANER/ G NV & p ey sl a1 T W e
B A FE T R, RA Bk S AF 2RI 15 L
RN I (R 7KK ARG o A 25°C T30 F 1 61%3%
PR ZE 400°C 00 R 23%, RIAFEE DR 1)
T, FERR 7K 264 Rt B T 82 B Ui
g, FEOAFEER G R ARV, A5 KR
FE) 75 BARTIR . [FII o] U BIERES 7 TOL R,
RA W45 AF MIZer) s RS0 a XL T 2 458,
B AAE N TG AE 2B RA K AFIRZS, TR T N8
1 A58 3 B 2 A AR RAE D% i 28 A B DI PR AR

6 6
RA

5 | — RARAHER 15
- AF -
7| — AFfaEheR &
g 4r 14 2
2 [Jh
g A /\\I\J\l\/\r 1 g
®R 1 ' 11 8

0 20 40 60 80 100 °

B S1KE%
(a) RAbHRXT R4



1854 " + I B % #® 2024 4F

6 6
RA
~ st T RABBS 15 .
[ ==}
é 4| ——AFEHLL PR
g 2t w 12 f‘f,
R i R
® 1f ——-—"‘"h} {1 ®
A R
0 20 40 60 80 100
B 17K 1%
(b) 25°C+LN,

6 6
_ sl —RA@;@% Is
—hrme =
£ 47 1*e
ig 3 13 %’f‘
§ 2t A 12 §
R ] R
® 1t u 11 8

0 20 40 60 80 100 °

BEFTK 1%
(¢) 100C+LN,
6 6
RA
~5 .—fx}%ﬁ% 1s
I> S E
Z 4l AFRSHE {43
g 2 Aﬂ —-/"\l/ 42 g
R ] R
0 1F ! 11 ¥
0 20 40 60 8 100 °
BEST7KE1%
(d) 200°C+LN,
6 6
RA
. sfRaBBg 1s .
PR ey =
LN 14 €
a ,| |, d
§ 3 3§
§ 2 12 B
=R : =R
®1 ! 41 8
0 20 40 60 80 100 °
B F1K 1%
(e) 300°C+LN,
6 6
RA
~ 5 __RAE%% 415

| — AR

BB RA(E/ (ms-v!
— [\*) w
oY g
- S
"¢ \
=
—
=
\
v w
B FHAFE/10%kHz

11

1 1
0 20 40 60 80 100
B F17K 1%

(f) 400C+LN,
4 mEHRERIRMA-R RS R LIREMTERRE RA FAF
BEEK
Fig. 4 Changes in R4 and AF values of granite during loading after

high temperature heating-liquid nitrogen cold impact treatment

Bl 5 a1 mim in - A bl A3 (AR
FINEIANE RA FIAF AERIEL S AifE L. X RA A
AF AT T VH— 1A B, AR4E RA-AF MEUE R E
FEIEIELR, KI5 H LA IR DX RN B DA 3R X 3,
XA B TR 1) B BRI 2R AT X o o ASTR] T
NIRRT A I AR . B IR B
Fhars KB B I ATEET NP BIR [X 34 A7 21 B 1)
TR X deko LBYUIIER X Sk s A A s il 25°C T
THI 57.7% LN 400°C TR 91.2%. BUIN#GEEE
R, AERA N ESI B A B, AR (AR S
%, ML 22 58 25 5) 1 IR IR R R A

1.0p

1

=

oo
g
R
g
5
™~
oo
2
g

£ os
g ) BN (51.5%)
R 041 ¥ d’:f
1 o - >
® TR s
o2p [/ W 2% e
] o °
0 02 0.4 06 08 1.0
BB RAE
(a) RALHXT 4
10 —0 °” ’
L) /
P 2,
0.8 '%0 ° /’
o b8 \ RANBEER (42.3%)
< 0.6 ’
g v
= o4l BWYIIR (57.7%)
R
P
02 d ° P °
L L OG.M %oa Iy n‘
0 02 04 06 08 1.0
B EHRAME
(b) 25°C+LN,
1.0 g
08 SN
a " BRBER (40.2%)
% 06
ﬂ o
LS . 05:3& . BULIENR (59.8%)
)
® v % % %
02 ,’ 30"“00 :qwo
/ ° 9, @
L . . ¢ S
0 0.2 0.4 06 08 1.0
B EHRAE
(c¢) 100°C+LN,
1.0 's ’
P R (35.4%)
0.8 P i
o
% 06
oy
B
R 041
R
0.2 .
P
0 0.2 0.4 06 08 1.0
B RAME

(d) 200C+LN,



5 9 3] B, SR IR IR i AL TR S AE A P AR AR A S AR AR B 1855

101 g0 -~
o° 7
0.8 RIBEIR (24.8%)
o
o6
§_ ‘> BIYIEIR (75.2%)
= 0.4
iy o .
02f | FPANY o0
. %ngn &
Yi L L Do e a 9,
0 0.2 0.4 0.6 0.8 1.0
BB HRAME
(e) 300C+LN,
1.0 ;:°w
0.8 z\
i ,:o iﬂfﬁ&ﬂ (8.8%)
g o6 %
§ °.  BILIER 91.2%)
g 04 : :"u
& 2 a
02k o @ °y o @ s
- e‘é’ > ° °f’w ¢
° o ¥ 0% °
0 02 04 0.6 0.8 1.0
BEIPEHRAME

(f) 400°C+LN,
5 EIRMA-REHELIBEHIEREBENTE R4 R AF
ER— =
Fig. 5 Normalization scatter plot of moving average R4 and AF'
values of granite after high-temperature heating and liquid

nitrogen cold shock treatment

3 MA-RANEBEEEEELFTSHD
PR ARFIIREY
16 B 6 1R 5 T M AR T 45 ) 2 1 o 2% 2 31 A i 2
B, TERAED RSO . PR R GERT DO AL AR
e B R R A B O AR R AT SEIR D SR . AR
FENNEGS AR TP R IR T AR NS
BEAT[EE MR, ARAE RS & SINTE] ¢ ARG S DLAE
PIE NENER R, FoRA
e=kt+eg, 2)
X bk NGRS, g NIERIEVIIENAE, 7
MNSHS T EE P A1 R
XA A P R IHRES Rt g v 5 INR] ¢ th 2kt
ITHHEG, s TR R B R SRS Rt
K 55 N 8] PR R B 2R AT LK PR SR B0 AT RAE, 1
I N5 ¢ FIRBER R RN
N=4exp(Bt)+C 3)
X A, B, CEIAZE, BlREElSH5,
= (2) , (3 BRAL, 93IEKNRE Ritih
HERMERREERER, LRN

N=A,exp[B'(gT_g°)J+C )

MRHE Lemaitre NAZSEANTPEB UL, wT LUK A 45
FAE T AR R IR
o=E¢(1-D) (5)
A o NERRLTI; E AMEIRIRHIERE, ¢
JiAZ; D AR T .
BRBCESEVE AT BHI T IR L 2. Weibull 7347,

w2 el ] - o

AHF: m N Weibull 2RSS E, o A Weibull

R

AR S 4
WA D ST IR O A& -
i’—i:cﬁ(s) o (7

m= 6 MR (1) B

D:jip@ﬁgzl—eq{—fij . (8
0 a

B (8) RN (5) , BIEK AN 1-RAR A
A

G:Esexp(—ij ° 9)

a
Hrp, Z2%8m, o BABHENEHEE.
Bl (4, (9, BEFERNEIHIANS
RiAZ e, Nifjo, KT D Z A KRG KR

o=E¢ exp{—l(glnN_C

+%V}’(m)

+& > (11)

D=1 —exp{—l(ilnN_C
a B

+so)’”} . (12)

N TR ARL H IERA I A B, SR e
BEATHE. i a s AR, REIMRSH, W
R PR. Jrit—DuE e s P R IRE R
Ry w2 AR AR, Wi e, 7 PR,

N2 A= P R AR R Bl 45 R 5 A R R A
THES5 RACVERTH B B i — Btk AR, #4538
5 2T 1 SN Bl (AR 1 DL o 758 2 i AR PR AT
T B BROR A B 3 T S A A AT PN B X
PIANET B S A8 A RS B AR S, BT — € AT T
DU, TR AE W AT Y B B 2 & Ry o WS B B
e A BT WIR AR AR, 8T RS



2024 4E

1856 F S N O
1 Weibull 7 EHESHE
Table 1 Parameters for Weibull distribution and fitting
" ) Weibull 434 WEZHL
WS SUSEE Y
m a Ai Bi C k &
Untreated -1 b -1.78 1.22 0.7261 0.3036 -26.6 0.07659 -0.3779
Untreated-2 -1.59 1.43 0.9654 0.5638 -17.9 0.08867 -0.4738
25-1 259CHIN -1.445 6.357 1.48054 0.01243 -5.88255 0.00166 0.14985
25-2 ? -1.636 47.82 11.41 1.194 -7.369E-06 0.04658 0.4986
100-1 L00°C+LN -0.431 68.16 4.762E-05 2.872 -4.167E-08 0.1558 -0.01105
100-2 ? -0.699 59.73 4.085E-06 0.9768 -9.886E-05 0.02678 -0.0271
200-1 -1.511 26.63 0.59994 0.01529 -5.02845 0.00166 -0.01004
200°C+LN;
200-2 -1.194 47.75 0.2855 0.08134 -2.692E-08 0.003706 0.4613
300-1 -0.7796 -11.18 66.98773 0.00184 —-74.97969 0.0016 -0.08416
300°C+LN,
300-2 32.54 13.49 0.6103 0.7746 -0.483 0.09329 0.2313
400-1 -1.162 37.31 1.051 0.8312 -0.4491 0.1164 0.167
400°C+LN,
400-2 -1.503 25.91 21.03 0.2642 -0.489 0.02983 0.6208
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