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(57) Abstract: A method for testing a phase transformation point of aluminium alloy, comprising cutting an aluminium alloy materi -
al to obtain at least three samples to be tested; performing heat treatment on a first sample to be tested to obtain a first resistiv -
ity-temperature curve; respectively performing quenching treatment and annealing treatment on a second sample to be tested and a
third sample to be tested to obtain the second sample to be tested at a quenched state and the third sample to be tested at a fully an-
nealed state, and respectively heating the second sample to be tested at a quenched state and the third sample to be tested at a fully
annealed state to obtain a second resistivity-temperature curve and a third resistivity-temperature curve; obtaining a relative resistiv-
ity-temperature curve; and determining a phase transformation starting temperature and a phase transformation termination temperat-
ure of the sample to be tested according to the relative resistivity-temperature curve. By means of this method, a phase transforma-
tion behaviour and a phase transformation temperature under a non-linear cooling condition can be tested. The range of a cooling
rate which can be tested in the method is wide, and a phase transformation behaviour of a small volume fraction and precipitated
phase information about a small size can be captured.

67) HE.



WO 2017/152397 A1 W00 00 TR A

— MG SR R, AR RS AR T UIR], RIS =AM A XS AR LT
PR, SREUE —r PR R A dl ks 028 AR St AN R AR DUAE 2 AT VR K A BEADIR K AR, BRI
KA B S8 —AFIAE A A0 78 70 1R KA HO S8 = A AR, VAR KA IO 58 A S A 78 70 1R KA 28 =1 DS
mn o AT IR, DASKHUEE — WA 28 R AL dh S AN 28 = W PR ZR R AR i 4 ARAESREUE N H PR 2R R AL 4 AR
5 AEDS Fi, B 22 -0k P ol et e 5 WU o () A AR AR AR TRl S AR AR 28 LRI RS o T VAR SRBLN AR M JI R AF T
%%%ﬁgf?&ﬁﬁﬁﬁ%%ﬁ,ﬂ%ﬁ%%ﬂﬁ%%ﬁﬁﬁ,E%%ﬁ%$%ﬁ%ﬁ%ﬁﬁﬁ%&$ﬁ
MR E%Am\o



WO 2017/152397 PCT/CN2016/075988

—MEE ST RRRATE

BRI,

AR S IR RN AT, e AR & e AR i Iy
e
BREA

G ENHRLE T Zg, A AR B SR R G S0
AE~ DURTRMEREAIN TYRRE A AR5 KA. R, ARSI AN R E Ba
R IR RO TR ME .

i BE RIS B2 g 0 6 S [ AR RN &R, SeheAd - hia & & TR
eI £E GRE-IN T 28D SRARZRIER, XN AR SRR % JFHES
S FE T 298 R 7 A AR B A 08, N, PR ARSI R A E) 1000°C
fmin PLE, BISIEUR JGE T R, HA AR AR /. ERR %%
T, wmEElHRER R, AT B AAYS, HRS BN, H
I A2 AL (DSC) Al HY TR e B 2 1 v 2026 1 T 2R
HIAHARAT N, TR JE BT EECE (4 5-475C/min), HAZRRBERIE, %)
TAMER I BOHARAT 9 S /N RS B B AR A EBURR BEAIR, 3 AR s Wi (1 A AR 0

RHAANE

AR IR T2 F AR T3 0 MR & AN R A vk, REBs LB HE
LRNEVS A S A T ARARAT Ay MR IR L AN, HLA AN RV I C0E ,  AEs i3
AT B AIARAT 9 S/ SR BFT SRS 2

AR R U BoAR T %



WO 2017/152397 PCT/CN2016/075988

MRAEIR T RAFI R & S APREEAT DIE], SR D =N ARURE

e AFURE AR AT AL B, FESRIBUR AR IR 7 AL 90 J I A A Y
S5 FLPH AR TR 2

O 2 T AFIURE i AN SR AR 20 S AT AR FRAR KAL B, SRR K
A AR AT 8 70 I8 KGS 28 = AFIURE i, TSRS IS A5 AR
AT IR S IR AR IIRE 20 EEAT A, DARHCEE — Ha BE AR -1 1 i £ A oS
— B [E AR TR i 2

AR 1 [ 2 IR UGS L PR A — T Hh £ -

(T) - (T) » KA ~, N - N
p, = Lu P, Horb, AT S o — e OEL - B B R BRIV K
Pl T = pe, (T

5 (0 AR RS S TEIR B T A BE s Aol T MR o — e B 35 3 2R 3R
(76 5B KA =AM RE R FEIRE T (e fEsR, ACD JgiREE s — F A AR
F 2 3K P A B AR (05— U RE R R IR BE T 1 PR

AR R S L L 2 — 5 38 2070 R 5t P RS RS B T S RAT AR 25 1
.

IR, TR R AT PS5 — P 2 7 R 58 T A A
FIUAIAS 2 1L 35 7T 64

TE TR MO LB 26 — 6L B 23 S0 S AN SR BE L R A2 1

D T3k S AR 0 e 2 T E 100 2.2 15 738 A0 P L -5 3 1 25 150 90
D3 35 A R A

DA T3k S ¢ 11 2 T 7E 100 2.2 15 78 ATO0T P B -3 3 W 28 150 90
Y3 AR 25 1 P

HE AP, FTRAVCEN R . S5, K EINL

2



WO 2017/152397 PCT/CN2016/075988

BE— 0, TEITIARXT S — AR IR S AT A 5, D ERE: SRECE—fr
A 5 5 A AL A R0 2 A (10 U P2 -k (1) T 28

HE— 20 0, 08 AR RN S = AR IUAE & 43 AT R KA FRAR K b R,
AREUAE RS B2 AR SR 78 70 3B K S 28 = A U ol ] B4

W 2 T ASFIRE SR B AR RE 2 I AT EAR IR, DA SR A R0 2R
SRFIRE TV A R I AR B IR AR R, I S is i KR 7 AT A,
SRAFVE RS ISR AR SRR S I 2 = AR

HEE K ZS I EE AR AE S AE TR IR BE R AT IR K, U3 = ARl i 1
R, [SE AR AEE B2 My f S, BRAS 7070 1R K AS IS = AR b

Forr, VKA AR R I RO R R E s IR RS IR =
FFIURE S B BE A B e/ IME

BE— I, A S B S AR IS R 78 4R K S I B = AR g AT
TUAERF, VRS BB AR A i R 70 430 K S R 28 = A R 5 9 A S 7
1000°C/min A b,  HPE K S EE AR 5 0 7870 18 KA B A = AR AT 404N
RAFAE.

), FEREIREIE AR, PR R CR RS A R SRR
JRA 23 BUA T

P, FERACEA AR T, S AR s TR PR A A R S Ak
BEAT A A0

), ERAEE EE R T, AR IRE P 2 A D R A
2.58-1240°C/min 2 [0,

RERTTEPIEER: EARKHT, B658MHEERE 3 Mo 4: 5
BRI BVER G Sou R AN AT S AR RS . AR

3



WO 2017/152397 PCT/CN2016/075988

IR H 57 5% p, — LoD PO, AT I T B

K, RBEERNEE SN,

AR M S BLIK —Fhin & e AR MR Ts i, I IREUR EE AR R AE
FAAE AR P 1) L BE AR T RS MR 2 AU v S I F B R T B 2 A
B =RFUFE S 7e IR S FE R R Bl 28, ARIE P 22 3045 BUAF G FaBE R -
i S5 M £, 38 I ARDORT PR 50 R o R RS T o B AT A AR Jm Tk AT AR 24 1
W, MIEASER, REWE S R MR A A F T R A A AR AT O SANAZ TR L 1
Mk, HAE A & SRS AR H N IRy, HRgs i/ Ma
RO B BIANAEAT 9 B/ N RS AT AR AS B

B Pl

N TR R UL AR B SR T 58, T T RS ] S 48 S i3 P P 7
FEFI BRI, =28, DU 3R A ) B P AR AR A Y S 5], ) T A 43
IR N GURYE, EAMT SRS RTHE T, BT RAXFIX L8 [} I AT
B A&

B 1 DA I St ] — B G B FELRE R iR P 5 R s

B 2 SR AR A ST B (AL ) ek 2 - IS Tr) o £

B 3 SR AR A ST SR AL R 5 AF U i PRI SOT P B 3 - T 2 2

B 4 S AR A ST ALK SR AR i A A A AR S ) e 2 s

B 5 2 AR A STt — B (AL A F BE R S T < AR A

B 6 52 A A ST — B (AL ) ek JEE - IS ) o £

7 SR AR A ST — B AL FR 55 AU i PR SOT P B 3 - T 2 2

B 8 S AR A ST ] — R AL AR 2 Ap R it A A A AR S ) S B s

4



WO 2017/152397 PCT/CN2016/075988

B 9 SR AR A STt 5] — B (AL ) FR BH R S T < AR A

] 10 52 A K BH S it 051 = i P P ik B2 - i) g 28

B 11 SR AR B STt — B (AL PR 285 AU o PRI OOT P B 3 - T 2y 2

B 12 A AR I STt 1] = (R 02— AR DA dol A ZE AR Ja B S A 2R
B 13 A2 AR 5 B sl it 51 DY e 3 ) PR 36 g i B R 2R s

B 14 72 AR 5 W SI it 51 DY i £ (4 P2 i) ey 2

B 15 72 AR 5 W SI it 51 DY i £ (00 585 AR T o O ARG R BE =R -0 2 b £

B 16 A2 AR 5 W St 51 DU S H B0 585 R A i A AR AR AR T B9 il AL A IR

FAELHG A

RS Y B AR B B T S ATIR JE . e Btbaiig, AR, P
S B ST 2 A AR W B 20 ST, T AN i B S, 20N T IR AR
IR B B, T AN 2 2R AR i I B ) T3 8 B 1 S 8] o T A D5 A P ) S i
B, AR EE SR N AERCE i B3 PR 57 SR 5 T PIrsk A5 00 Jir A7 oAl S it
B, #JET AR AR Y .

S5

R 1 NARBIERA NG S SNEFERD R, FllEEE0sms
e 1 fon, HPimouRE.

%=1
TR Cu | Fe Si Al
RS 4.0 | 0.10 10.195| Bal.

(wt.%)




WO 2017/152397 PCT/CN2016/075988

ARSI A5 (R A B B A AR R R D SR BRI T

AR BRI G SMREHT YIS, R D AR S, o fs
MRS ST A 200X 5 X Imm,  AFBEEHITE 0.02mm BLA .

DB B AEMRE S TE 535 C R RIE 2h J5, K2 —RrIRE R T
BIFSPITRTT 300m ARBEATA D CEE—RRIURE 10974 50 52 2 I iy S 55
HREZN , HE AT DR 55— Aer R ot J0 AR LA AR A AT LA ORI, 7RV AT
SRR S PUSRET R I V2R B — R IURE i 1 3 — R PR R A 42, I3k
B — PR S R - (A Hh 8 GAATHRZ), HA B 1 ARSI — S AL )
MR SR R, WE 1 FR, 1 A — BERe-E R Lk K] 2 ARSI
Bl — R PRG-I T 2R, A 2 s, R - A Aoy AR 2Rt R, Hdd
2 HHE S L H 8 BE A% T 55 H ~F 25578 A Dy 2.58°C/min.

TEARSEHEI T, B —RFRE Rl mT LB i ) A R B AT ¥ A
L, OB 5 P A2 T e S5 e PR DY PR 5 55— A I ot PR 5 T 2 RO BRR G 3 42
HAERIEST 2 ASFMRET 8 DU B, T RS B R = AU Y 2 N RET
IR, I HR AR RS 58 — AR R S e, F T RS — RRRE o i
JEAE T o Kl L R4 20 B H AR DA AR A% IR s aR BB IR S T A S5
ML, s AR AN R IR ZORT LTS 3 — R IR i ) FLBEL e, ZETHBEATL
A T S ) P BEL 3 5 AR R S T DL B R BE R 2R, IR HAE
PLEEBS 10K AR HUR LS TN (5 B, Bk, @i s e, 15
HLTT LA B B2 i 2 -1 ] 22

AIR= s X AR R R AR 0 9 HEAT VR AL B ATIR AL 2R,
1N S /1) S R 1 el 12 v 2 1 L e 1 P R

2l
9 =AFIRE T B PTVE M TS VR R B SR R, IF o I8 I KR Y Uy AT A

6



WO 2017/152397 PCT/CN2016/075988

K, RIS IEE AR AR K ES I 28 = Ar R s VR RS IR =17
A ot ZE Pl IR BE AT IR U, DU B8 AR DU (5 11 o B 3 R FE 4 )N
PAFA B IS IR ZAREE S SRS, RERAS 1038 AR RS 5 R 78 43R 2k
S ZAFMFES 2 BL 1000°C/min R IIFAZ 535°C, FRTFEE s fHA-
W P M 2 A2 = B AR R 2, ROV KAS 28 AR o 00 PR 2 -3 R b 2
7053 1B KA —FRAE R e PR 2k, il 1 B, B 12 5
TARFIRE T E B R R 2R, 13 AR AR I L S R R R 2k, SL
S5 TR (10 B L R -5 e A S5 = R (10 e L R - e 2 ) s
43 351 3 S AT IR 1R 6

TEAR ST 7, AN 5] 7 BOASR IR i AT 8 JORITIR K I T B A [R]
T E T CAARSE SR A S I PR R R A o VR S I 55 R DU i (1) B BEL %y
Wl KB 705318 RS B2 = A A o 1 e BE 3R D B fe /M

AIRVY s ARHE a0 2 FOREUE X H 28 — i i 28 -

(T) — p,(T N P ‘ s \
p = DL e, AT R B - R R 7 K
Pl T) = pe, (T

B AR MRE S FEIRBE T AR R AT R a5 = o E - I 13 2R 3K L
(789038 KA = AR EIRE T e, AT R RS R i
H 25 38 HR ) A AL e B 05— MR R FE LS T (K FRFEL s ZEASha il
S AT 1 3 AN R BRI EIAS A Sn R R
S RHT BB S ORI R R R, R g bR M R PR R A R

p = LD = 2D g st e g T AR AR L, AN L R A

Pl = pp, (T
HE T A,
FEA ST, 7RSS —rRH AR A 2k b, MRy T 026 R BE = 0

7




WO 2017/152397 PCT/CN2016/075988

Jgpl D gEss I AR-IR AR L, W T WL Ry (D fE
A BE R I b, IR T AR R A AT R T R, i
T I, TR AL oD A D oD g 2D L (D ACD

B, MREA R, = L0 = AT Fp b b R R A R

PralTD = poy(T)
P, JFLNREE T v X i, AXEFEZAOY Y Bl 0RT AL AR A BE -5 o
2, Ll QAN B BE AR P B A ki o 1] 3 D AR S A SR AR AR A G F PE
EEHIZ, WA 3 s, faae CHRIFESD fEA AR, X BER
B I B R O T R AR . BB SRR EIERE R, JTURET,  AHX B BE AR AR
URANER Ry BRGNS, AT HPE AT 20 B SMERD AR R AL, (Y
SRONFHARRROR TR AHARSE RS, AN B BE S AR RS MDA 2 RS &, AN L PE
R AL I bR R B A, R RONARAR R . Jhrp, A an Ak
22 ARG L FE AR - T RS E 2 AR AR A 5 2R — AHAR I 2 Ta) (YRR AN R AR AR I 2
PEHR >, AMEZ I ERRZ N AHN] FR PR A IR H 2 | i fm — M AHAR I 5 28 1R Ab 22 [
HIRERAN AR AR R AR
BESIEAIERES, S 2 AR RO 7 1-F 3 3 AR,
SN A R LA R, SRS S RERAE EIE, BRIt E IR
HI TR A S, =58 —AH BRI 0 BB N/ B8 — B T BV, 55
FHA S A B BRI RE 5 . Wl 3 B, JFGRIN, 8T 28 AR R
SNUNTETFSE RN, SSRGS AR B,
FHXTHLPE AR B, UK AR I ) B e 45 B RO S T T E
HAR, fa SRR, A R RD . H5 T AAHR R R TRT
H-F-2 B RN, 856 S0 R R SR BEAE 5 AR RO B B0 AR, AR L RE

8



WO 2017/152397 PCT/CN2016/075988

T, B LUBOR A AR I 1) T TR

APBR A AR AFGT PR R 28 — Il 22 00 5 AR DU ol R AR S AR R B AR AR 24
LR E

FEASSE N T, A 2 AHAR EC Uil AARAR 2 LB T RS 1) 592 B Oy FEAHNS R
BEL %6 — L BE T 28 1 o3 Tl s AMERC AR SR B R AR 1B R 2, DA 4R B4R P
FE B B2 55 AT B PEL AR - IR B 28 X A i Joxss 2 Bt 5 O AH AR R R T BE s DAAMIE
2 11 BR 2R PR Y B 5 ARG R P 38 - T A2 B 28 1 A2 s T 0 I iR DY AR AR 2% 1
T o

FEA ST AF] o, W& 3 o, AR LRI N 510°C, AHAR 2 1B TR N 106°C,
FROS FL PR AR - B 2 E 3G I 3 AN ARAR UG, RIS —FRIURE S 3R A 1 = Fh
A, M 1 3 M AR B 4 RS 4R AL R S AR S A AR AR AR JE Y
BAHLE ), wiE 4 s, SRR R IEE 3 B, 205 0+
OFHAT 07#H, JLA Bl 3 A FEPE AR B AR B 3 AMAHAR I R % R 4
Ty oA, 0 FA 07 Wl 4 o, B H S EAR A A 5 R BB Ty
0 fH, 300nm CL_E HPAT T {001} 4 77 M FIERACN 0°4H, 100—150nm FJ%HR
FHOA 07FH o R — AR A 2 o A2 PR AH AR 5 R 6 Bl PEL 48 - 3518 AT 288 S5 S PR A
AR S BT AR [E) Y, ] b 3B A AR XS B PEL - T 8 28 P DA 78 AH AR AR S i B A A
AR (2 R R

FE bR S A b, R SN AR B S S AT 2 OO AR A, 7522
K AF I B0 A DI FI R 220 A5 IURE R BT 20 I BEAT b 3, JF HaRfg &b
PSR — F BRI BE R 2, (H R VAR KSR 28 AR MU o 1) B L 230 - T iy 2820
789318 K IS A IUURE Y B PR TR RS B 2R E VS HU i 48, AR AT &
HARHCRIT] s JF 53RAH) /0 A28 — B PR IR R, 00l i e 2220 IS4

9



WO 2017/152397 PCT/CN2016/075988

X B E AR TR L Hh 2, AT A e A AR S IR TR FEATARAR 25 1R R L

S 5] —

ARSI 5 S — AN 2 ARTE T 1) 3 R IR S & 8 1A 5 A AN
[5); 2 NARSEHE] L H AR S SRR R s RIS By
R 2 iR

*x2
546k | Mg | Zn | Fe Si | Mn | Zr Cr | Al
JRESE | 119 | 437 1 0.17 | 0.11 | 0.15 | 0.14 | 0.11 | Bal.

(wt.%)

2) BRI A S VIR R ANE o AR SRR AR5 & D0 B AR S
JSF 150X 5X0.8mm, A& JEFEHITE 0.02mm CApy. o, SF—fplifth. =
PR SR 28 AR i R RS S04 )

3) SRR o A R DL VA 50 5% AN T o AR S5 e 8] oK 28— AR
E 470°C AR Th FEHEAT 237, SRIUER — H S R0 5 b 2 R P -k ) 28,
e Bl S AR S — SRt iy SR SR R R I, 21 SNEE— HPE &R
B2k, B 6 JyaAsseitifs] — 3R AL AR e - 1R B 2%, 3885t I - I T Bl 4R 7T DA 5
H 28— AR RE i 144074 F15H % 41.3°C/min.

4) VKSR AR SR 78 5338 KA 128 ARSI R SR A AN
R S TG 5 S K KRS TR B R D R 7 43 TR RS [ 35— R U 5 2 A
1200°C/min [3EZFANHE 470°C, SRAF 5 — AL PH -0 2 b 2R A0 55 — i PH AR -ifR 52

HHER, Jrr, 28 = ef P AR AR AN S — R B SRR R 2R & 5 s, 22 N

10



WO 2017/152397 PCT/CN2016/075988

9 T RBEAR-R LI, 23 VR R RR L, HIEINER TR R

& 7 A St — e R AL A FR E AT AR o e r A R P SRR
H £ 1R 75 7 32k CA S SR ORI AR 4 T P RAT AR 2% 1R B R U vk 5 St A+
o Wil 7 o, 2B AFRE f A AR R aa TR EEAAR AR 2 L IR EE 70 9) O 440°C A
86°C, XS FRPH - L £R B 1 2 ARARE, RUAEE - ARRE S AES JE AR
FAEPUANAR o B 8 A — $R LA ¥ 10 & A A ANAR B 28— fRp R o ) S
T By Wl 8 s, n AOFRBIBCIRAN, o AHREB, Oy 10—30nm,
HIE 7 101 2 A AR 73 530568 LA AEARAR IR — AR b (9 o AT o A0 o (AL B
S B H S AU o A AR AT AR R 0 g AR R BEL % - T Hh 28 e 2 fR AT AR 45 SRR
FHTENER, AT DA T ARG Fi B 3R - 58 H 28 A 5 ) AR AR A 4 Tl P AN AR A2 2% 1R T
o

St 451 =

A St = 5 S — AR ZARE T 1D B A A & S AL Ry
AN 3R 3 AR SERA I AR AL & e L Lo R s ARl e & I AL AR
rIER 3 .

%3
&4t | Cu | Mg | Zn | Fe Si | Mn | Zr | Cu | Al
JREH | 237 |2.15] 6.1 | 0.15 | 0.12 | 0.09 | 0.1 | 2.37 | Bal
(wt.%)

2 2Ry DAY fh ] DR T DA v BAR AR AN TR o ARSIt 451 R 275 155 DU i
£ 470°C VA TRIR Th Jai#EAT A &, SREUES — R BE 030 32 b 2R AR -
I [ 2, Herp & 9 DY ARSIt (] — S B B PR SRR R &, 31 e —H

11



WO 2017/152397 PCT/CN2016/075988

BEL AR B 2R o 1] 10 D ARSIt = S (L 0 T S - N ) i 28, T et i - I () it 2K
AT PATHEE B 28— AR ol B P 45574 213 22 05 768.8°C/min.

3) KRS IES ARFIRE SR FE R K AR I B AR SR ISR A AN
RST8] T 43 AT S TR B AR MR 5 R 70 2 IR RS TR B = R TR R 48 A
1400°C/min [JEEFJIIAE 470°C, FR1F 55 — HLBH AT ih ZR AN 2 = e PHAR R 2
HiZe, o, 28R BE R 2R SR = B R R EE 2 Wi 9 FOR, 32 M
AR, 33 N = dmHR-RA AR, HINE MR R

B 11 R AR S A B A 0 B — A5 TR 5 R FELBEL R P il 2, Al
SO FEL BEL 3 - T FEE oy 28 (14 R A5 75 32 DA A SR BOURH A S 4 Tk B A AR 246 LB 3 P82 11 5 32
St — A . il 11 BTN, B —RRURE R AR R AA TR B R A AR 2% 11 I S
B 402°CHI 196°C, AN HIPH IR BERHZR H I | 1 AHAR I, RIS RrllRE
S TEV H FR A R A AR o B 12 AR St 1] = 4 (L 1A 1 5 R AR A AR 1Y)
— R RE S R R Ay W 12 Fios, g ATE ALZr BT B, RSFZ)
N 30—50nm, HI& 11 AT 1 ANFIAS IS B AR AR AR (KA RS S0 (6 7 A TR
S B B — R I T R A A R A VO -5 A o L S 2 - T i 488 S R PR A AR 4 R
AT 7, B S A o B L 4 -3 P it 88 T DA AR 8 1) A A S 2 T R A A 246 B3
JE.

St 51 DY

AV B S = AN ZARE T 25 R e R AR R
SRt AR S AFIURE A AE 470 C RIVEORIR 1Th JEREIT A IR A5 30, 3R
S5 P PE R Ty 2R P -IN TR] 2, A 1B 13 D9 AR S ] DY SR AR 2 F
PER-IR IR, 41 NSy AR MR 2R ] 14 JNASSIafo] DY £ (L A i J -

12



WO 2017/152397 PCT/CN2016/075988

I TR 2R, il 14 Pros, I - ra) il 2 P AT 50 2 — R R i 1 1
& AT 20N 1240°C/min.

TEARS A A, DRI AR IR R0 35 RS S 0 A 3 0 205 9] =
I, 47 380 A5 St A1) R [ 1) 255 e, BEL S5 i p 2 R0 575 — o L 3 P 2
LR (I 13 Jiom,42 AR Seiif g s — e R -0 LR, 43 AR St fsi 1 45
— A RE L, HINER MR R,

] 15 2 A ST 51 DY B2 A3 1 B — R R o (R A S - TR B b 2k . Al 15
AR, A EERE, A BRI A 2 1 DA AR, B EE —
RrAE S AE v E AR TR 3 AT H o B 16 ARSIt DY 4 (i ()48 4 f5 kAR
FAAZ RS —ARAE i (0 SRR S s il 16 JIow, ALZr R p E3ca KB g
AT H o PRI, S r A R ot A AR A7 100 5 AR Sk b B o - T s 288 s 2 1
AR S BT AR E Y

(B U BH B2 2 O I 7 (51 FR S 28— AU A ot > FH TV B R A 5 20, (H
T A B ST P AN TR B T30 28— AR A R VA B AR R 2, B mT B
X2 — R SR H 2 5040 3R K B I R SRR H Ay T A R A S5 75
B B0 28— R R RS SR AEA . AR ER A, (R
K STt FEAN R PR S ER AR I, IR AT DR XA RS J T I

CALEJr g, O B BAR Szt 5 2, HA R W I DR AP Ve B I E AN = IR T
B, ATAT B ARBAR SR AR N RFEAR IR ARTEE A, Wi 585
(AR A BB e, B RO 6 7E AR B IR VE 2 e B, 0% B R OR 45
Rz DA P BOR 25K ) OR3P 8 B A

13



WO 2017/152397 1;2 *lj % ;‘ﬁ :F; PCT/CN2016/075988

L. — M &SR 5%k, HREET,

MRIEICR P RAFI R & AR AT UIE], SR D 3 N AFIRE s

R AR AT AL B, JRIRIUST AR DR R A2 A FE v B0 R AP Y
S5 FLPH AR TR 2

OF S AR dol R EE AR U 20 S EEAT VR K AR ERAR KA FE, SRk
A AR S AT 78 70 38 KGS BB = A RE IV GS B 28 — AR
A7 38 RS AR = AFIAE i 20 9 EAT A0, DAZRHEES — Ha BE R -1 P £ A oS
— B [E AR TR i 2

AR 1 [ 2 IR UGS L PR A — T Hh £ -

(T) — p,(T N P ‘ s \
p = DL S, P g e R T M R AR K
Pl T) = pe, (T

B AR MRE PRI T BrpE s AT g R4 o5 — ey B 51 Hh 28 3K
7843 T8 K A5 = AR IURE S EIELEE T (0 e, 2O g hRag o el L 303 1
LR RIS AR b ()5 — R MURE R R IR T 1 AL

AR T RS0 P 3 — U 38 270 e A U 5 PO PR A AR 6 B R AR 21
.

2. HAEBURIESR 1 RN, FURAETE T+ TR MR AT e — Jih
P 200 M O R A A2 A PR AR R 25 L P 4

TE TR MO LB 26 — 6L B 23 S0 S AN SR BE L R A2 1

DT ik 41 A2 2 FFF L () 0.5 T A T o BEL 226 35 38 W 2210 42 15 T 0
[V P2 R O TR 5

DT iR M 24 1 R 2 FFFLE () 2.5 T ik A T o BEL 226 35 38 W 210 42 15 T 0
(R N A AS 26 IR

14



WO 2017/152397 PCT/CN2016/075988

3. ARIEAURIER 1 TR ()7, HARIELE T, TE Tt 88 —FE RS gt AT
AR S5, EEHE: SR —ARMIRE S 7E A A A A IR o (iR P - (] Y 28

4, MRAEBCRIESR | TRy, HARETE T, XEEE ZARMURE 5 R0 2 = Al
BRI AT VE KA ANIR KA ET,  SRELVR K ZS I 28 — AR AR R A 78 70 3R K S
RS AR IRE T, B

3 TR B AR RE R B = A RS S AT IR ORI, DAEER AR IIRE &)
FIER ARS8 AT VA AR 78 20 T AR BB T, I 40 Tlia e ARk e 11y AT 74
I, RV RS BB AR IR RV K ZS IR B = AR A i

W RS I AR ZAFIIRE S PE TR IR R AT IR K, DAAEER AR 5 19
oL S A FE FE RSt /Iy, R AR 7000 R K S IR 5 =AU

oA, RS B 2R AR RS S B S OIS B R AR KA AR =
APIURE 5 1 E BE A R B0 B /M

5. MRIEACRIZER 1 k)77, HARHEAE T, A KA 05 ZAr R
FNFE A IR K AS I B AR URE 5 20 AT AT, VAR RS 0 28 AR ot AN 78 43
IR KIS = Ar AR & 0 D R 23578 1000°C/min LA b, HA KESIEE A7
PRI 78R S B AR IR R AS R AEFIAR

6 MRIEBURIEER 1 FrR (58, HAHMELE T, Pk #bsoA IR 3510
ED SR

7. MRARBOFIER 1 iRk, HAHEE T, ERVEIW IS, 5
FFMRE RS A B EAREA . KA. A A AT R

8 MRIEBUFIEIK | iR, HAHMEE T, EACEWEIE RS, 55—
BRIURE B T B AR TR A BR B AL HEAT V2 A0

9y MRAERCRIEKR 7 8L 8 ATk (7 ik, HAFELE T, 7ERCERA AR,

15



WO 2017/152397 PCT/CN2016/075988

SRR RS 5 P X598 FN R AE 2.58-1240°C /min 2 [A]

16



WO 2017/152397 PCT/CN2016/075988

$

K1

¥ ¥ T ¥ 3 ¥ T x ¥ 7
20 4804 [2HCy SO 0508

R

[ 2

K 2

1/8



WO 2017/152397

FRAS Hy B

-0.1 4
0.2 5

-0.3

0.4

PCT/CN2016/075988

0.3 4
0.2 4
0.1

0.0 5

100

200

wHEIC

2/8

300

400

500

600



WO 2017/152397

B ptyam

B

PCT/CN2016/075988

i

Ko

LA DR |
2N A

BE s

Py
i
=

K6

3/8

S

ot

R3
L



AR %R B

WO 2017/152397 PCT/CN2016/075988

~
\
0.2 4 Y
/Ntc
0.0 4
LY
0.2-
0.4- 86
\
AY
0.6 ! ' I ¥ I ' I ' ) v 1 ' 1 ' ) ¥ I '
50 100 150 200 250 300 350 400 450 500

BEIC

4/8



WO 2017/152397 PCT/CN2016/075988

Q& e

<9

R

o
P
o
[~
wk
I
g
j=3
by
[ 43
A

E 3

K10

5/8



WO 2017/152397 PCT/CN2016/075988

0.4

I I I 1 i
250 300 350 400 450 500

& IC

I I I
50 100 150 200

K11

K12

6/8



WO 2017/152397 PCT/CN2016/075988

105+

Bt om

L ¥ T ¥ L) ¥ } 2

"|¥m

K 13

fucy

7/8



WO 2017/152397

A AL

0.4

PCT/CN2016/075988

013-
0.2+
0.4 «—
0.0 -

0.4

Pl s A it A e A AT —N

50

]
100

4 Y T

R g
150 200

T s 1)

L t t
250 300 350
L 1C

K 15

R

8/8

s’ L 8

T J
400 450

L 8

500



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2016/075988

A. CLASSIFICATION OF SUBJECT MATTER

GOIN 25/12 (2006.01) i
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

temperature, resistivity, resisitance, measur+, curve

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS, CNTXT, DWPI, China Journal Full-text Database: transformation temperature, phase change, phase, trans+, chang+,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A CN 101776627 A (CENTRAL SOUTH UNIVERSITY), 14 July 2010 (14.07.2010), 1-9
description, paragraph 0006

A CN 105044151 A (CENTRAL SOUTH UNIVERSITY), 11 November 2015 (11.11.2015), 1-9
the whole document

A CN 101929967 A (NANIJING IRON & STEEL CO., LTD.), 29 December 2010 1-9
(29.12.2010), the whole document

A CN 1651908 A (SHIJIAZHUANG IRON & STEEL CO., LTD.), 10 August 2005 1-9
(10.08.2005), the whole document

A JP H09166561 A (NEC CORP.), 24 June 1997 (24.06.1997), the whole document 1-9

A US 4166378 A (VER. FOERDERUNG GIESSEREI IND.), 04 September 1979 1-9
(04.09.1979), the whole document

A WO 03083462 Al (PALLUEL, S.), 09 October 2003 (09.10.2003), the whole document 1-9

[ Further documents are listed in the continuation of Box C.

X See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not

considered to be of particular relevance

“E” earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or

other means

“P” document published prior to the international filing date
but later than the priority date claimed

“T” later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

invention
“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone
“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person
skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

01 November 2016 (01.11.2016)

Date of mailing of the international search report

17 November 2016 (17.11.2016)

Name and mailing address of the ISA/CN:
State Intellectual Property Office of the P. R. China
No. 6, Xitucheng Road, Jimengiao
Haidian District, Beijing 100088, China

Facsimile No.: (86-10) 62019451

Authorized officer

WANG, Yan
Telephone No.: (86-10) 62414399

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

. ) International application No.
Information on patent family members

PCT/CN2016/075988
Patent Documents referred Publication Date Patent Family Publication Date
in the Report
CN 101776627 A 14 July 2010 None
CN 105044151 A 11 November 2015 None
CN 101929967 A 29 December 2010 CN 101929967 B 06 June 2012
CN 1651908 A 10 August 2005 CN 100456029 C 28 January 2009
JPH09166561 A 24 June 1997 None
US 4166378 A 04 September 1979 DE 2629088 Al 05 January 1978
GB 1597149 A 03 September 1981
FR 2410272 Al 27 July 1979
WO 03083462 Al 09 October 2003 AU 2003232300 A1 13 October 2003
FR 2837925 Al 03 October 2003
FR 2837925 B1 07 January 2005

Form PCT/ISA/210 (patent family annex) (July 2009)




N

[ b BB S
PCT/CN2016/075988

A. FR 2R
GOIN 25/12(2006. 01) i

FEIR EFR %R 7328 (TPC) B [ I 42 i [ 28 79 SR RN TPC P f 732

B. o ZR AT

B3R R AR PR B SCRR (BRI 2 R ARG 355)
GOIN

AL RS Z AT (93 Fo 1 PR SCHR A A O B SRR

7 E BrAs R i & R I T AR E (BRER SRR, RS R CUEA) )
CNABS, CNTXT, DWPI, Ar[EHATIMASCHIERE: AR, #H7AE, E/E, M, HPAZ, #HLk, phase, transt, changt,

temperature, resistivity, resisitance, measur+, curve
C. HRRSCA
b SIRISCHE, Ent, FREME Bk PSR SN
A CN 101776627 A (R K22) 20104E 7H 14H (2010 - 07 - 14) 1-9

WA 550006 B¢

--------- A CN 105044151 A (R K22) 20154 11H 11H (2015 - 11 - 11) 179
43

--------- A CN 101929967 A (PN AR AT) 20105 12H 29H (2010 - 12 - 29) 179
43

--------- A CN 1651908 A CAZREMEIARAT) 20055 8H 10H (2005 - 08 - 10) 179
43

--------- A JP H09166561 A (NEC CORP.) 19974E 6H 24H (1997 - 06 - 24) 179
43

--------- A US 4166378 A (VER. FOERDERUNG GIESSEREI IND.) 19794 9H 4H (1979 - 09 - 04)179
43

--------- A WO 03083462 Al (PALLUEL, STEPHANE) 20034 10H 9H (2003 - 10 - 09) 179
43

[]aessor ek e i,

LRI R

*  BUHSCER AR,
A U AR S F R T IR — B A S
“pr g B H SRR A I S B F
“L’}

WROSRATE (. R Al 77 4 TR RS
2ATH T [ br BB BRI TR ESRAGL S B30 #

“n”
“p»

A]AEN L S BB SR PR BE B, BN ARE 5 — R 5 |
%%E?ﬁ%ﬁ%ﬁ%ﬂﬁ@%%ﬁﬁﬁ%ﬁ%x#(m
PR

X
A

7
3

“rr EHE AR A
KH 2 3B R ) £

B4
Xt
BBIAIRR I, S
T
HoA

E,5$%Kﬁﬁ%,@%7ﬁ%
B, NEERESRIRIA

“ X’}
H A B
BERLAERSCHE, S
B R B T A,
BN A B
e R S

REELEGRINES I

2
wy» — 1
AR5 WA, BERETHK

55
IV

“g”

I P R S 72 1)
20164 117 1H

I PR R 4 iy H 4
20164 117 17H

TSA/CN 42 FRFH 25 ikt

rrte N RILAN [ [ 2K &1 1R 7= A=) (TSA/CN)
AR B b RO IE X A PG L3R 65 100088

HEHS (86-10) 62019451

e
F

BiEERD (86-10) 62414399

% PCT/ISA/210 (Z5271) (2009%7H)




P R [ 1 3 5
KT AR EFIIE B

PCT/CN2016/075988
Ko ) P 0 S p (ﬁ;f . Rl R (ﬁ;f .
CN 101776627 A 20104 7H 14H T
----- CN 105044151 A 2015f|511H 11H 36
----- CN ""mi-(-)-1929967 A 2010£|512H 29H CN 101929967 B 2012£|56H 6H
----- CN ""--"""1651908 A 2005f|58ﬁ 10H CN 100456029 C 2009f|51H 28H
----- Jp H09166561 A 1997f|56ﬁ 24H 36
----- us """"""4166378 A 1979f|59ﬁ 4H DE 2629088 Al 1978£|51H 5H
GB 1597149 A 19814 9H 3H
FR 2410272 Al 19794 7H 27H
----- WO ------""(-)-3083462 Al 2003f|510H 9H AU 2003232300 Al 2003f|510H 13H
FR 2837925 Al 20034 10H 3H
FR 2837925 B1 20064 1H 7H

3R PCT/TSA/210 (RIGEERIFHE) (200947 H)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

